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DISCLAIMER 

Mention o f  t rade names o r  commercial products does not const i tu te  
endorsement o r  recommendat ion  f o r  use by the U. S. Environmental Protect ion 
Agency. 

SW-846 methods are designed t o  be used wi th  equipment from any manufacturer 
t h a t  r esu l t s  i n  su i  tab1 e method performance (as assessed by accuracy, precision, 
detect ion 1 i m i  t s  and matr ix  compati b i l  i t y )  . I n  several SW-846 methods, equipment 
spec i f i ca t ions  and set t ings are given f o r  the spec i f i c  instrument used during 
method development, o r  subsequently approved f o r  use i n  the method. 'These 
references are made t o  provide the best possible guidance t o  laborator ies using 
t h i s  manual. Equipment not  spec i f ied i n  the method may be used as long as the 
1 aboratory achieves equivalent o r  superior method performance. I f  a1 ternate 
equipment i s  used, the laboratory must fo l l ow the manufacturer's ins t ruc t ions f o r  
t h e i r  p a r t i c u l  a r  instrument. 

Since many types and sizes o f  glassware and suppl i es  are commercially 
avai lable,  and since i t  i s  possible t o  prepare reagents and standards i n  many 
d i f f e r e n t  ways, those speci f ied i n  these methods may be rep1 aced by any simi 1 a r  
types as long as t h i s  subs t i tu t ion  does not  a f f ec t  the overa l l  qua1 i t y  of the 
analyses. 
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ABSTRACT 

Test Methods for Evaluating So 1 id Waste, Physical/Chemical Methods (SW-846) 
provides test procedures and guidance which are recommended for use in conducting 
the evaluations and measurements needed to comply with the Resource Conservation 
and Recovery Act (RCRA), Pub1 ic Law 94-580. These methods are approved by the 
U .S. Environmental Protection Agency for obtaining data to satisfy the 
requirements of 40 CFR Parts 122 through 270. This manual presents the state-of- 
the-art in routine analytical testing adapted for the RCRA program. It contains 
procedures for field and 1 aboratory qua1 ity control, sampl ing, determining 
hazardous constituents in wastes, determining the hazardous characteristics of 
wastes (toxicity, ignitabil ity, reactivity, and corrosivity), and for determining 
physical properties of wastes. It also contains guidance on how to select 
appropriate methods. 

Several of the hazardous waste regulations under Subtitle C of RCRA require 
that specific testing methods described in SW-846 be employed for certain 
appl ications. Refer to 40 Code of Federal Regulations (CFR), Parts 260 through 
270, for those specific requirements. Any re1 iable analytical method may be used 
to meet other requirements under Subtitle C of RCRA. 
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( t h e  method has been r e v i s e d  once) .  A  s u f f i x  o f  "B"  i n  t he  method 
number i n d i c a t e s  r e v i s i o n  two ( t h e  method has been r e v i s e d  t w i c e ) .  
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- - 

- - 

- - 

7060A 
(Up. I I )  

- - 

METHOD TITLE 

Bomb Prepara t ion  
Method f o r  Sol i d  
Waste 

I n d u c t i v e l y  
Coupled Plasma - 
Atomic Emission 
Spectroscopy 

I n d u c t i v e l y  
Coupled Plasma - 
Mass Spectrometry 

Atomic Absorp t ion  
Methods 

Aluminum (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Antimony (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Antimony (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Arsen ic  (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Arsen ic  (Atomic 
Absorpt ion,  
Gaseous Hydr ide)  

SW-846 
VOLUME/ 
CHAPTER/ 
SECT I ON 
LOCATION 

Vol I C  
Chap 5 

Vol I A  
Chap 3 
Sec 3-.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

CURRENT 
PROMUL- 
GATED 
METHOD 

5050 

Rev 0 
9/94 

6010A 

Rev 1 
7/92 

6020 

Rev 0 
9/94 

7000A 

Rev 1 
7/92 

7020 

Rev 0 
9/86 

7040 

Rev 0 
9/86 

7031 

Rev 0 
9/86 

7060A 

Rev 1 
9/94 

7061A 

Rev 1 
7/92 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

CURRENT 
PROMUL- 
GATED 
METHOD 

7062 

Rev 0  
9/94 

7080A 

Rev 1 
9/94 

7081 

Rev 0  
7/92 

7090 

Rev 0  
9/86 

7091 

Rev 0  
9/86 

7130 

Rev 0  
9/86 

7131A 

Rev 1 
9/94 

7140 

Rev 0 
9/86 

7  190 

Rev 0  
9/86 - 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol IA  
Chap 3 
Sec 3.3 

METHOD TITLE 

Antimony and 
Arsen ic  (Atomic 
Absorpt  i on, 
Borohydr ide 
Reduct i on) 

Barium (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Barium (Atomic 
Absorpt  i on, 
Furnace 
Technique) 

B e r y l  1  i urn (Atomic 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

B e r y l  1 i urn (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Cadmi um (Atomic 
Absorp t ion ,  
D i r e c t  
Aspi  r a t i o n )  

Cadmi urn (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Cal c i  urn (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Chromium (Atomic 
Absorp t ion ,  
D i r e c t  
A s p i r a t i o n )  

METH NO. 
THIRD ED 

METH NO. 
FINAL 
UPDATE I 

METH NO. 
FIN. UP. I 1  
(9/94), I IA  
(8/93), b 
I I B  (1/95) 

7062 
(Up. 11) 

7080A 
(Up. I I) 

- - 

- - 

- - 

- - 

7131A 
(Up. 11) 

- - 

- - 

DATED 
9/86 

DATED 
7/92 

- - - - 

7080 - - 

- - 

7090 

7081 

- - 

709 1 

7130 

7131 

7140 

7190 

- - 

- - 

- - 

- - 

- - 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 

7191 

7195 

7196 

METH NO. 
FINAL 
UPDATE 1 
DATED 
7/92 

- - 

- - 

7 197 

7198 

7200 

7201 

7210 

- - 

7196A 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), 8. 
I l B  (1/95) 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

7211 

- - 

METHOD TITLE 

Chromium (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Chromi um, 
Hexavalent 
( C o p r e c i p i t a t i o n )  

- - 

- - 

- - 

- - 

- - 

- - 

Chromi um, 
Hexavalent 
( C o l o r i m e t r i c )  

SW - 846 
VOLUME/ 
CHAPTER/ 
SECT 1 ON 
LOCAT 1 ON 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Chronii urn, 
Hexavalent 
(Chel a t i  on/ 
E x t r a c t i o n )  

Chromium, Hexa- 
va l  e n t  ( D i f f e r -  
e n t i a l  Pulse 
Pol arography) 

Cobal t (Atomic 
Absorpt i on, 
D i r e c t  
Aspi  r a t i o n )  

Cobal t (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Copper (Atomic 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

Copper (Atomic 
Absorpt ion,  
Furnace 
Technique) 

CURRENT 
PROMUL- 
GATED 
METHOD 

7191 

Rev 0 
9/86 

7195 

Rev 0 
9/86 

Vol I A  
Chap 3 
S e c 3 . 3  

7 196A 

R e v 1  
7/92 

Vol I A  
Chap 3 
S e c 3 . 3  

Vol I A  
Chap 3 
Sec 3.3 

Vol IA  
Chap 3 
S e c 3 . 3  

Vol IA  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
S e c 3 . 3  

7197 

R e v 0  
9/86 

7198 

Rev 0 
9/86 

7200 

R e v 0  
9/86 

7201 

Rev 0 
9/86 

7210 

Rev 0 
9/86 

7211 

R e v 0  
7/92 



nq 

iuj 
SW-846 METHOD STATUS TABLE (3/95), CONTINLIED 

r 

METH NO. 
'THIRD ED 
DATED 

METH NO. 
FINAL 
UPDATE I 
DATED 

METHOD 

7380 

R e v 0  
9/86 

7381 

Rev 0 
7/92 

7420 

Rev 0 
9/86 

7421 

Rev 0 
9/86 

7430 

Rev 0 
7/92 

7450 

R e v 0  
9/86 

7460 

R e v 0  
9/86 

7461 

Rev 0 
7/92 

7470A 

R e v 1  
9/94 - 

7380 

- - 

7420 

742 1 

- - 

7450 

7460 

- - 

7470 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), & 

- - 

7381 

- - 

- - 

7430 

- - 

- - 

7461 

- - 

SW-846 
VOLUME/ 
CHAPTER/ 
SECT ION 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

7470A 
(Up. I I )  

CURRENT 
PROMLIL- 
GATED 

METHOD TITLE 

I r o n  (Atomic 
Absorpt i on, 
D i r e c t  
Aspi r a t i o n )  

I r o n  (Atomic 
Absorption, 
Furnace 
Technique) 

Lead (Atomic 
Absorption, 
D i r e c t  
Aspi r a t i o n )  

Lead (Atomic 
Absorption, 
Furnace 
Technique) 

L i th ium (Atomic 
Absorption, 
D i r e c t  
Asp i ra t ion)  

Magnesium (Atomic 
Absorption, 
D i r e c t  
Asp i ra t ion)  

Manganese (Atomic 
Absorption, 
D i r e c t  
Aspi r a t i o n )  

Manganese (Atomic 
Absorption, 
Furnace 
Technique) 

Mercury i n  L iqu id  
Waste (Manual 
Col d-Vapor 
Technique) 

LOCATION -- 
Vol IA 
Chap 3 
Sec3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec3.3  

Vol I A  
Chap 3 
Sec3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec3.3 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 - 

747 1 

7480 

7481 

7520 

7550 

7610 

7740 

7741 

METH NO. 
FINAL 
LIPDATE I 
DATED 
7/92 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), b 
9 

7471A 
(Up. 11) 

- - 

- - 

- - 

- - 

- - 

- - 

7741A 
(Up. I I )  

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

CURRENT 
PROMUL- 
GATED 
METHOD 

Mercury i n Sol i d  
o r  Semiso l id  
Waste (Manual 
Cold -Vapor 
Technique) 

Molybdenum 
(Atomi c 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

Molybdenum 
(Atomi c 
Absorpt ion, 
Furnace 
Technique) 

N i cke l  (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Osmium (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Potassium (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

Selenium (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Se len ium(Atomic  
Absorpt ion,  
Gaseous Hydr ide)  

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap- 3 
Sec 3.3 

Vol I A  
Chap 3 
S e c 3 . 3  

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

7471A 

Rev 1 
9/94 

7480 

Rev 0 
9/86 

7481 

R e v 0  
9/86 

7520 

Rev 0 
9/85 

7550 

Rev 0 
9/86 

7610 

Rev 0 
9/86 

7740 

Rev 0 
9/86 

7741A 

Rev 1 
9/94 



7 

PPI SW-846 METHOD STATUS TABLE (3/95), CONTINUED 
- 

METH NO. 
THIRD ED 
DATED 
9/86 

- - 

7760 

- - 

7770 

- - 

7840 

7841 

7870 

7910 

ME'TH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

7760A 

7761 

- - 

7780 

- - 

- - 

- - 

- - 

METH NO. 
FIN. LIP. 11 
(9/94), I I A  
(8/93), 
110 (1/95) 

7742 
(Up. I I) 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

SW-846 
VOLUME/ 
CHAPTER/ 
SECT I ON 
LOCATION 

Vol IA  
Chap 3 
Sec 3.3 

Vol IA  
Chap 3 
Sec 3.3 

Vol IA  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec 3.3 

Vol IA  
Chap 3 
Sec 3.3 

Vol IA  
Chap 3 
S e c 3 . 3  

Vol IA  
Chap 3 
S e c 3 . 3  

Vol I A  
Chap 3 
S e c 3 . 3  

Vol IA  
Chap 3 
S e c 3 . 3  

METHOD TITLE 

Selenium (Atomic 
Absorpt ion,  
Borohydr i  de 
Reduct ion) 

S i l v e r  (Atomic 
Absorpt ion,  
D i r e c t  
Aspi r a t i o n )  

S i  1 ve r  (Atomic 
Absorpt ion,  
Furnace 
Technique) 

Sodium (Atomic 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

S t ron t ium (Atomic 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

Tha7l ium (Atomic 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

Tha l l i um  (Atomic 
Absorpt ion,  
Furnace 
Technique) 

T i n  (Atomic 
Absorpt ion,  
D i  r e c t  
Aspi r a t i o n )  

Vanadium (Atomic 
Absorpt ion,  
D i r e c t  
A s p i r a t i o n )  

CURRENT 
PROMUL- 
GATED 
METHOD 

7742 

Rev 0 
9/94 

7760A 

Rev 1 
7/92 

7761 

Rev 0 
7/92 

7770 

Rev 0 
9/86 

7780 

Rev 0 
7/92 

7840 

R e v 0  
9/86 

7841 

R e v 0  
9/86 

7870 

R e v 0  
9/86 

7910 

R e v 0  
9/86 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 

7911 

7950 

- - 

8000 

80 10 

- - 

8015 

8020 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

- - 

7951 

8000A 

8010A 

801 1 

80 15A 

- - 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
~ 8 / 9 3 ) ,  a 
I I B  (1/95) 

- - 

- - 

- - 

- - 

8010B 
(Up. 11) 

- - 

- - 

8020A 
(Up. 11) 

METHOD TITLE 

Vanadium (Atomic 
Absorpt i on, 
Furnace 
Technique) 

Z inc (Atomic 
Absorpt ion, 
D i r e c t  
Aspi r a t i o n )  

Z inc  (Atomic 
Absorpt i on, 
Furnace 
Technique) 

Gas 
Chromatography 

Hal ogenated 
V o l a t i l e  Organics 
by Gas 
Chromatography 

1,2-Di bromoethane 
and 1,2-Di bromo- 
3 -ch l  oropropane 
by 
M ic roex t rac t i on  
and Gas 
Chromatography 

Non ha1 ogenat ed 
V o l a t i l e  Organics 
by Gas 
Chromatography 

A r o m a t i c V o l a t i l e  
Organics by Gas 
Chromatography 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I A  
Chap 3 
Sec 3.3 

Vol I A  
Chap 3 
Sec3.3  

Vol I A  
Chap 3 
Sec 3.3 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol [B 
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

CURRENT 
PROMUL- 
GATED 
METHOD 

7911 

Rev 0 
9/86 

7950 

R e v 0  
9/86 

7951 

Rev 0 
7/92 

8000A 

Rev 1 
7/92 

80108 

Rev 2 
9/94 

8011 

Rev 0 
7/92 

80 15A 

Rev 1 
7/92 

8020A 

Rev 1 
9/94 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

CURRENT 
PROMUL- 
GATED 
METHOD 

802 1A 

Rev 1 
9/94 

8030A 

Rev 1 
7/92 

803 1 

Rev 0 
9/94 

8032 

Rev 0 
9/94 

8040A 

Rev 1 
7/92 

8060 

Rev 0 
9/86 

8061 

Rev 0 
9/94 

- 

METHOD TITLE 

Halogenated Vola- 
t i l e s  by Gas 
Chromatography 
Usiog Photo- 
i o n i z a t i o n  and 
E l e c t r o l y t i c  Con- 
d u c t i v i  t y  Detec- 
t o r s  i n  Ser ies:  
Capi 11 a r y  Col umn 
Technique 

A c r o l e i n  and 
A c r y l o n i t r i l e  by 
Gas 
Chromatography 

A c r y l o n i t r i l e b y  
Gas 
Chromatography 

Ac ry l  amide by Gas 
Chromatography 

Phenols by Gas 
Chromatography 

Ph tha la te  Es te rs  

Ph tha la te  Es te rs  
by C a p i l l  a r y  Gas 
Chromatography 
w i t h  E lec t ron  
Capture De tec t i on  
(GC/ECD) 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), a 
I I B  (1/95) 

8021A 
(Up. 11) 

- - 

803 1 
(Up. 11) 

8032 
(Up. I I) 

- - 

- - 

806 1 
(Up. 11) 

METH NO. 
THIRD ED 
DATED 
9/86 

- - 

8030 

- - 

- - 

8040 

8060 

- - 

SW-846 
VOLlIME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol '[B 
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

METH NO. 
FINAL 
UPDATE 1 
DATED 
7/92 

802 1 

803 0A 

- - 

- - 

8040A 

- - 

- - 



SW-846 METHOD STATUS TABLE (3/95),  CONTINllED 

METH NO. 
THIRD ED 
DATED 
9/86 

- - 

8080 

- - 

8090 

8 100 

- - 

8120 

- - 

METH NO. 
FINAL 
LIPDATE I 
DATED 
7/92 

8070 

- - 

- - 

- - 

- - 

8110 

- - 

- - 

METH NO. 
F IN.  UP. I 1  
(9/94),  I I A  
~ / 9 3 ) ,  a 
I I B  (1/95) 

- - 

8080A 
(Up. 11) 

8081 
(Up. 11) 

- - 

- - 

- - 

8120A 
(Up. 11) 

81 2 1 
(Up. 11) 

METHOD TITLE 

N i  t rosami  nes by 
Gas 
Chromatography 

Organochl o r i n e  
P e s t i c i d e s  and 
P o l y c h l o r i n a t e d  
B i p h e n y l s b y G a s  
Chromatography 

Organochl o r i  ne 
P e s t i c i d e s  and 
PCBs as A r o c l o r s  
by Gas Chromatog- 
raphy : Capi 11 a r y  
Col umn Technique 

N i t r oa roma t i cs  
and Cycl i c 
Ketones 

Polynuc l  ea r  
Aromat i c 
Hydrocarbons 

Ha loe thers  by Gas 
Chromatography 

Ch lo r i na ted  
Hydrocarbons by 
Gas 
Chromatography 

Ch lo r i na ted  
Hydrocarbons by 
Gas Chromatog- 
raphy: C a p i l l a r y  
Col umn Technique 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap- 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol [B 
Chap 4 
Sec 
4.3.1 

Vol I B  
Cnap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol [B 
Chap 4 
Sec 
4.3.1 

CURRENT 
PROMUL- 
GATED 
METHOD 

8070 

Rev 0 
7/92 

8080A 

Rev 1 
9/94 

808 1 

Rev 0 
9/94 

8090 

Rev 0 
9/86 

8 100 

Rev 0 
9/86 

81  10 

Rev 0 
7/92 

8120A 

Rev 1 
9/94 

8121 

Rev 0 
9/94 



T 

mid SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 

8140 

- - 

8150 

- - 

8240 

8250 

- - 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I 8  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.1 

Vol I B  
Chap 4 
Sec 
4.3.2 

Vol I B  
Chap 4 
Sec 
4.3.2 

Vol I B  
Chap 4 
Sec 
4.3.2 

CURRENT 
PROMUL- 
GATED 
METHOD 

8140 

Rev 0 
9/86 

8141A 

Rev 1 
9/94 

81508 

Rev 2 
9/94 

81 51 

Rev 0 
9/94 

8240B 

Rev 2 
9/94 

8250A 

Rev 1 
9/94 

8260A 

Rev 1 
9/94 

- 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

8141 

8150A 

- - 

8240A 

- - 

8260 

METH NO. 
FIN. LIP. I 1  
(9/94), I I A  
(8/93), b 
I I B  (1/95) 

- - 

8141A 
(Up. 11) 

81508 
(Up. 11) 

8151 
(Up. 11) 

82408 
(Up. 11) 

8250A 
(Up. 11) 

8260A 
(Up. 11) 

METHOD TITLE 

Organophosphorus 
Pes t i c ides  

Organophosphorus 
Compounds by Gas 
Chromatography: 
C a p i l l a r y  Column 
Tec hn i que 

Ch lo r ina ted  
Herb ic ides  by Gas 
Chromatography 

Ch lo r ina ted  
Herb ic ides  by GC 
Using Methyl a t  i o n  
o r  Pen ta f l  uoro- 
benzyl a t  i on De- 
r i v a t i z a t i o n :  
Capi 11 a r y  Col umn 
Tec hn i que 

V o l a t i l e  Organic 
Compounds by Gas 
Chromatography/ 
Mass Spectronietry 
(GC/MS 1 
Semi vo l  a t  i 1 e 
Organic Compounds 
by Gas Chromatog- 
raphy/Mass Spec- 
t romet ry  (GC/MS) 

V o l a t i l e  Organic 
Compounds by Gas 
Chromatography/ 
Mass Spectrometry 
(GC/MS) : 
Capi 11 a r y  Col umn 
Tec hn i que 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

CURRENT 
PROMUL- 
GATED 
METHOD 

8270B 

Rev 2 
9/94 

8275 

Rev 0 
9/94 

8280 

Rev 0 
9/86 

8290 

Rev 0 
9/94 

8310 

Rev 0 
9/86 

METH NO. 
THIRD ED 
DATED 
9/86 

8270 

- - 

8280 

- - 

8310 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I B  
Chap 4 
Sec 
4.3.2 

Vol I B  
Chap 4 
Sec 4.4 

Vol I B  
Chap 4 
Sec 
4.3.2 

Vol I B  
Chap 4 
Sec 
4.3.2 

Vol I B  
Chap 4 
Sec 
4.3.3 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

8270A 

- - 

- - 

- - 

- - 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
03/93), a 
I I B  (1/95) 

8270B 
(Up. 11) 

8275 
(Up. I I )  

- - 

8290 
(Up. 11) 

- - 

METHOD TITLE 

S e m i v o l a t i l e  
Organic Compounds 
by Gas Chromatog- 
raphy/Mass Spec- 
t r ome t r y  (GC/MS): 
Capi 11 a r y  Col umn 
Technique 

Thermal Chroma- 
tography/Mass 
Spectrometry 
(TC/MS) f o r  
Screeni  ng 
Semi vo l  a t  i 1 e 
Organi c Compounds 

The Ana l ys i s  o f  
P o l y c h l o r i n a t e d  
D i  benzo-p-Di ox i ns  
and Pol y c h l  o r i  - 
nated D i  benzo- 
f u rans  

P o l y c h l o r i n a t e d  
Dibenzodiox ins 
(PCDDs) and 
P o l y c h l o r i n a t e d  
D i  benzofurans 
(PCDFs) by High-  
Resol u t  i on Gas 
Chromatography/ 
High-Resol u t i o n  
Mass Spectrometry 
(HRGC/HRMS) 

Polynuc l  ear  
Aromat i c 
Hydrocarbons 



~d SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 

- .. 

- - 

- - 

- - 

- - 

- - 

CURRENT 
PROMUL- 
GATED 
METHOD 

83 15 

Rev 0 
9/94 

8316 

Rev 0 
9/94 

8318 

Rev 0 
9/94 

8321 

Rev 0 
9/94 

8330 

Rev 0 
9/94 

8331 

Rev 0 
9/94 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

- - 

- - 

- - 

- - 

- - 

METHOD TITLE 

D e t e r m i n a t i o n o f  
Carbonyl Com- 
pounds by High 
Performance 
L i q u i d  Chromatog- 
raphy (HPLC) 

Ac ry l  ami de, 
A c r y l o n i t r i l e  and 
A c r o l e i n b y H i g h  
Performance 
L i q u i d  Chromatog- 
raphy (HPLC) 

N-Methyl carba- 
mates by High 
Performance 
L i q u i d  Chroma- 
tography (HPLC) 

Solvent  E x t r a c t -  
ab le  Non -Vo la t i l e  
Compounds by High 
Performance 
L i q u i d  Chromatog- 
raphy/Thermo- 
spray/Mass Spec- 
t r ome t r y  (HPLC/ 
TSP/MS) o r  U l t r a -  
v i o l e t  (UV) 
Detec t ion  

N i t roaromat ics  
and Ni t ramines by 
High Performance 
L i q u i d  Chromatog- 
raphy (HPLC) 

Tetrazene by 
Reverse Phase 
High Performance 
L i q u i d  Chromatog- 
raphy (HPLC) 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93)9 a 
I I B  (1/95) 

83 15 
(Up. 11) 

8316 
(Up. 11) 

83 18 
(Up. 11) 

8321 
(Up. 11) 

8330 
(Up. 11) 

833 1 
(Up. 11) 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I B  
Chap 4 
Sec 
4.3.3 

Vol I B  
Chap 4 
Sec 
4.3.3 

Vol I B  
Chap 4 
Sec 
4.3.3 

Vol I B  
Chap 4 
Sec 
4.3.3 

Vol I 6  
Chap 4 
Sec 
4.3.3 

Vol I 6  
Chap 4 
Sec 
4.3.3 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 

- - 

90 10 

9012 

- - 

9020 

- - 

9022 

9030 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

9010A 

- - 

9013 

9020A 

902 1 

- - 

9030A 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), & 
I I B  (1/95) 

84 10 
(Up. 11) 

- - 

- - 

- - 

90208 
(Up. 11) 

- - 

- - 

- - 

.i 

METHOD TITLE 

Gas Chromatog- 
raphy /Four ie r  
Transform I n f r a -  
r e d  (GC/FT- IR)  
Spectrometry f o r  
Semi v o l  a t  i 1 e 
Organics : 
Capi 11 a r y  Col umn 

T o t a l  and 
Amenable Cyanide 
(Co lo r ime t r i c ,  
Manual ) 

T o t a l  and 
Amenable Cyanide 
(Co lo r ime t r i c ,  
Automated UV) 

Cyanide 
E x t r a c t i o n  
Procedure f o r  
S o l i d s  and O i l s  

T o t a l  Organic 
Hal i d e s  (TOX) 

Purgeable Organic 
Hal i des  (POX) 

To ta l  Organic 
Ha l ides  (TOX) by 
Neutron A c t i -  
v a t  i on Anal ys  i s 

A c i d - S o l u b l e a n d  
A c i d - I n s o l u b l e  
Sul f ides  

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol '[B 
Chap 4 
Sec 
4.3.4 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

CURRENT 
PROMUL- 
GATED 
METHOD 

84 10 

Rev 0 
9/94 

90 10A 

Rev 1 
7/92 

9012 

Rev 0 
9/86 

90 13 

Rev 0 
7/92 

9020B 

Rev 2 
9/94 

9021 

Rev 0 
7/92 

9022 

Rev 0 
9/86 

9030A 

Rev 1 
7/92 



a SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

- 

CURRENT 
PROMUL- 
GATED 
METHOD 

9031 

Rev 0 
7/92 

9035 

Rev 0 
9/86 

9036 

Rev 0 
9/86 

9038 

Rev 0 
9/86 

9040B 

Rev 2 
1/95 

9041A 

Rev 1 
7/92 

9045C 

Rev 3 
1/95 

9050 

Rev 0 
9/86 

9056 

Rev 0 
9/94 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCAT I ON 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

, 

Vol I C  
Chap 5 

METH NO. 
'THIRD ED 
DATED 
9/86 

- - 

9035 

9036 

9038 

9040 

9041 

9045 

9050 

- - 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), & 
I I B  (1/95) 

- - 

- - 

- - 

- - 

9040A 
(Up. I I )  

9040B 
(Up. I I B )  

- - 

9045B 
(UP- 11) 

9045C 
(Up. 1 [B)  

- - 

9056 
(Up. 11) 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

9031 

- - 

- - 

- - 

- - 

9041A 

9045A 

- - 

- - 

METHOD TITLE 

Ex t rac tab le  
Sul f i des 

S u l f a t e  
(Co lo r ime t r i c ,  
Automated, 
C h l o r a n i l  a te )  

S u l f a t e  ( C o l o r i -  
m e t r i c ,  Auto- 
mated, Methyl  t h y -  
mol Blue, AA 11) 

S u l f a t e  
( T u r b i d i m e t r i c )  

pH E l e c t r o m e t r i c  
Measurement 

pH Paper Method 

S o i l  and Waste pH 

Speci f i c 
Conductance 

Dete rmina t ion  o f  
I no rgan i c  Anions 
by I o n  
Chromatography 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

CURRENT 
PROMLIL- 
GATED 
METHOD 

9060 

Rev 0 
9/86 

9065 

Rev 0 
9/86 

9066 

Rev 0 
9/86 

9067 

Rev 0 
9/86 

9070 

Rev 0 
9/86 

9071A 

Rev 1 
9/94 

9075 

Rev 0 
9/94 

METH NO. 
'THIRD ED 
DATED 
9/86 

9060 

9065 

9066 

9067 

9070 

9071 

- - 

ME'TH NO. 
FINAL 
UPDATE 1 
DATED 
7/92 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93), 
I I B  (1/95) 

- - 

- - 

- - 

- - 

- - 

9071A 
(Up. 11) 

9075 
(Up. 11) 

METHOD TITLE 

T o t a l  Organic 
Carbon 

Phenol i c s  (Spec- 
t r opho tome t r i c ,  
Manual 4-AAP w i t h  
D i s t i l l a t i o n )  

Phenol i c s  (Co lo r -  
i m e t r i c ,  Auto- 
mated 4-AAP w i t h  
D i s t i l l a t i o n )  

Phenol ics  (Spec- 
t r opho tome t r i c ,  
MBTH w i t h  
D i s t i l l a t i o n )  

T o t a l  Recoverable 
O i l  & Grease 
(Grav ime t r i  c, 
Separatory  Funnel 
E x t r a c t i o n )  

O i l  and Grease 
E x t r a c t i o n  Method 
f o r  Sludge and 
Sediment Sarr~pl es 

Tes t  Method f o r  
T o t a l  Ch lo r i ne  i n  
New and Used 
Petroleum 
Products by X-Ray 
F l  uorescence 
Spectrometry 
(XRF) 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 



I w SW-846 METHOD STATUS TABLE (3/95) CONTINUED 

METH NO. 
THIRD ED 
DATED 
9/86 

- - 

- - 

9080 

908 1 

9090 

9095 

- - 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

- - 

- - 

- - 

9090A 

- - 

- - 

METH NO. 
F IN.  UP. I 1  
(9/94), I I A  
(8/93)9 
I I B  (1/95) 

9076 
(Up. 11) 

9077 
(Up. 11) 

- - 

- - 

- - 

- - 

9096 
(Up. 11) 

METHOD TITLE 

Tes t  Method f o r  
To ta l  C h l o r i n e  i n  
New and Used 
Petroleum 
Products by 
O x i d a t i v e  
Combusti on and 
Microcoulometry  

Test  Methods f o r  
T o t a l  C h l o r i n e  i n  
New and Used 
Petroleum 
Products ( F i e l d  
Test  K i t  Methods) 

Cat i on-Exchange 
Capaci ty  o f  S o i l s  
( Arnmon i urn 
Acetate)  

Cat ion-Exchange 
Capaci ty  o f  S o i l s  
(Sodi urn Acetate)  

Compat i b i  1 i t y  
Tes t  f o r  Wastes 
and Membrane 
L i n e r s  

P a i n t  F i l t e r  
L i q u i d s  Test  

L i  qu i d  Re1 ease 
Test  (LRT) 
Procedure 

SW-846 
VOLUME/ 
CHAPTER/ 
SECT I ON 
LOCAT ION 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

CURRENT 
PROMUL- 
GATED 
METHOD 

9076 

Rev 0 
9/94 

9077 

Rev 0 
9/94 

9080 

Rev 0 
9/86 

9081 

Rev 0 
9/86 

9090A 

Rev 1 
7/92 

9095 

Rev 0 
9/86 - 

9096 

Rev 0 
9/94 



SW-846 METHOD STATUS TABLE (3/95), CONTINLIED 

METH NO. 
THIRD ED 
DATED 
9/86 

9100 

9 13 1 

9 13 2 

9200 

9250 

9251 

9252 

- - 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

METH NO. 
FIN. UP. I 1  
(9/94), I I A  
(8/93)9 a 
JIB (1/95) 

- - 

- - 

- - 

- - 

- - 

- - 

9252A 
(Up. 11) 

9253 
(Up. 11) 

METHOD TITLE 

Saturated Hy- 
d rau l  i c Conduc- 
t i v i t y ,  Saturated 
Leachate 
Conduct iv i t y ,  and 
I n t r i n s i c  
Permeabi 1 i t y  

Tota l  Col i form: 
M u l t i p l e  Tube 
Fermentat ion 
Techni que 

To ta l  Col i form: 
Membrane F i  1  t e r  
Technique 

N i t r a t e  

Ch lo r i de  
(Co lo r ime t r i c ,  
Automated 
Fer r i cyan ide  AAI) 

Ch lo r ide  
(Co lo r ime t r i c ,  
Automated 
F e r r i  cyanide 
A A I  I )  

Chl o r i d e  
( T i t r i m e t r i c ,  
Mercur ic  N i t r a t e )  

Chl o r i d e  
( T i t r i m e t r i c ,  
S i  1  ver  N i t r a t e )  

SW-846 
VOLLIMEI 
CHAPTER/ 
SECTION 
LOCATION 

Vol I C  
Chap 6 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

Vol I C  
Chap 5 

CLIRRENT 
PROMUL- 
GATED 
METHOD 

9100 

Rev 0 
9/86 

9 13 1 

Rev 0 
9/86 

9132 

Rev 0 
9/86 

9200 

Rev 0 
9/86 

9250 

Rev 0 
9/86 

9251 

Rev 0 
9/86 

9252A 

Rev 1 
9/94 

9253 

Rev 0 
9/94 



SW-846 METHOD STATUS TABLE (3/95), CONTINUED 

CURRENT 
PROMUL- 
GATED 
METHOD 

9310 

Rev 0 
9/86 

93 15 

Rev 0 
9/86 

93 20 

Rev 0 
9/86 

Guidance 
Met hod 
Only 

Guidance 
Met hod 
Only 

METH NO. 
THIRD ED 
DATED 
9/86 

9310 

9315 

9320 

HCN Test  
Met hod 

H,S Test 
Met hod 

SW-846 
VOLUME/ 
CHAPTER/ 
SECTION 
LOCATION 

Vol I C  
Chap 6 

Vol I C  
Chap 6 

Vol I C  
Chap 5 

Vol I C  
Chap 7 
Sec 7.3 

Vol I C  
Chap 7 
Sec 7.3 

METH NO. 
FINAL 
UPDATE I 
DATED 
7/92 

- - 

- - 

- - 

HCN Test 
Met hod 

H,S Test 
Met hod 

METH NO. 
FIN. UP. I1  
(9/94), I I A  
(8/93), 8 
I I B  (1/95) 

- - 

- - 

- - 

HCN Test 
Met hod 

H,STest 
Method 

METHOD TITLE 

Gross Alpha and 
Gross Beta 

A1 pha-Emi t t i n g  
Radium Isotopes 

Radi um-228 

Test Method t o  
Determine 
Hydrogen Cyanide 
Re1 eased f rom 
Wastes 

T e s t M e t h o d t o  
Determine 
Hydrogen Su l f i de  
Re1 eased f rom 
Wastes 





ABSTRACT 

Test Methods for Evaluating Sol id Waste, Physica7/Chemical Methods (SW-846) 
provides test procedures and guidance which are recommended for use in conducting 
the eval uati ons and measurements needed to comply with the Resource Conservation 
and Recovery Act (RCRA), Pub1 ic Law 94-580, as amended. These methods are 
approved by the U.S. Environmental Protection Agency for obtaining data to 
satisfy the requirements of 40 CFR Parts 122 through 270 promulgated under RCRA, 
as amended. Thi s manual presents the state-of-the-art in routine analytical 
tested adapted for the RCRA program. It contains procedures for field and 
1 aboratory qua1 i ty control, sampl ing, determining hazardous constituents in 
wastes, determining the hazardous characteristics of wastes (toxicity, 
ignitability, reactivity, and corrosivity), and for determining physical 
properties of wastes. It also contains guidance on how to select appropriate 
methods. 

Several of the hazardous waste regulations under Subtitle C of RCRA require 
that specific testing methods described in SW-846 be employed for certain 
appl ications. Refer to 40 Code of Federal Regulations (CFR), Parts 260 through 
270, for those specific requirements. Any reliable analytical method may be used 
to meet other requirements under Subtitle C of RCRA. 

ABSTRACT - 1 Revision 2 
September 1994 





Method Number, 
h i r d  Edi t ion 

METHOD INDEX AND CONVERSION TABLE 

Cha t e r  Number Met hod Number 
Second ~ d i  t i o k  

Current Rev1 slon 
Number 

Ten 0010 
Ten 0020 
Ten 0030 

1010 
1020 

1110 
Elght (8.4 1310 
Sl x 1320 
Sl x 1330 
Three 3005 

Three 3010 0 
Three 3020 0 
'Three 3040 0 
Three 3050 0 
Four (4.2.1) None (new uethod) 0 

Four (4.2.1) 3510 0 
3520 0 
3540 0 
3550 0 
None (new uethod) 0 

Four 4.2.2 None new uethod I 0 
Four 4.2.2 None new uethod 
Four (4.2.2 1 3570 0 
Four 4.2.2) I None new uethod I 0 
Four 4.2.2) None new uethod 

Four (4.2.2) 0 

None (new uethod) 0 

5030 
3720 

Three 6010 
'Three 7000 
Three 7020 

METHOD INDEX - 1 
Revi $1 on 0 
Date September 1986 



METHOD INDEX AND CONVERSION TABLE 
- (Conti nued) 

Met hod Number, 
Th i rd  E d i t i o n  

Cha t e r  Number Method Number 
Second €dl  t l o ; ~  

Current Rev1 $1 on 
Number 

Three 
Three 
Three 
Three 
Three 

Three 7090 
Three , 7091 
Three 7130 
Three 7131 
Three 7140 

Three 
Three 
Three 
Three 
Three 

Three 
Three 
Three 
Three 
Three 

Three 
Three 
Three 
Three 
Three 

Three 
Three 
Three 
Three 
Three 

Three 
'Three 
Three 
Three 
Three 

METHOD INDEX - 2 
Revi $1 on 0 
Date September 1986 



Met hod Number, 
Thl r d  Ed i t i on  

METHOD INDEX AND CONVERSION TABLE 
(Conti nued) 

Cha t e r  Number Met hod Number 
Second ~ d i  tio; 

Current Revision 
Number 

Three 
Three 
Three 
'Three 
Three 

Three 7950 0 
Four (4.3.1) None (new method) 0 
Four (4.3.1) 8010 0 
Four (4.3.1) 8015 0 
Four (4.3.1) 8020 0 

Four (4.3 -1) 8030 
Four (4.3 .l) 8040 
Four (4.3.1) 8060 
Four (4.3.1) 8080 
Four (4.3.1) 8090 

Four (4.3 -1) 8100 
Four (4.3.1) 8120 
Four (4.3.1) 8140 
Four (4.3.1) 8150 
Four (4.3.2) 8240 

Four (4.3.2) 
Four (4.3.2) 
Four (4.3.2) 
Four (4.3.3) 
F i  ve 

F i  ve 
Five 
F i  ve 
F i  ve 
F i  ve 

F i  ve 
S i  x 
S ix  
S i  x 
S i  x 

8250 
8270 
None (new method) 
8310 
9010 

METHOD INDEX - 3 
Revi s ion 0 
Date September 1986 



M'ETHOD INDEX AND CONVERSION TABLE 
(Continued) 

Method Number, Cha t e r  Number Method Number 
Second   dl t i o h  

Current Revision 
Thi r d  Ed i t i on  Number 

F i  ve 
Five 
Five 
F i  ve 
F i  ve 

Five 
S ix  
S ix  
S ix  
S ix  

S ix  
F i  ve 
F ive 
F i  ve 
Five 

F ive 
F i  ve 
S ix  
S ix  
F ive 

HCN Test Method 
H2S Test Method 

Seven 
Seven 

HCN Test Method 
H2S Test Method 

METHOD INDEX - 4 
Revi s ion 0 
Date September 1986 



PREFACE AND OVERVIEW 

PURPOSE OF THE MANUAL 

Test Methods f o r  Eva1 uat ing So l id  Waste (SW-846) i s  intended t o  provide a 
uni  f led,  up-to-date source o f  information on sampling and analysis related t o  
compliance w i th  RCRA regulations. It brings together i n t o  one reference a l l  
sampl i ng and tes t i ng  methodology approved by the O f f i  ce o f  Sol i d  Waste f o r  use 
i n impl ementi ng the RCRA regulatory program. The manual provides methodology 
f o r  co l  1 ect ing and tes t i ng  representative samples o f  waste and other materials 
t o  be monitored. Aspects of sampling and tes t ing  covered i n  SW-846 include 
qual i t y  control ,  sampling plan development and implementation, analysis of 
inorganic and organic constituents, the estimation o f  i n t r i n s i c  physical 
propert ies, and the appraisal o f  waste characterist ics. 

The procedures described i n  t h i s  manual are meant t o  be comprehensive and 
deta i  1 ed, coupled w i th  the rea l i za t i on  tha t  the problems encountered i n  
sampling and analy t ica l  s i tuat ions require a cer ta in  amount o f  f l e x i b i l i t y .  
The so lu t ions t o  these problems w i l l  depend, i n  part,  on the s k i l l ,  t ra in ing, 
and experience o f  the analyst. For = some si tuat ions,  it i s  possible t o  use 
t h i s  manual I n  ro te  fashion. I n  other s i tuat ions,  i t  w i l l  require a 
combi nat ion o f  technical a b i l i t i e s ,  using the manual as guidance rather than 
i n  a step-by-step, word-by-word fashion. Although t h i s  puts an extra burden 
on the user, i t  i s  unavoidable because o f  the var ie ty  o f  sampling and 
analy t ica l  condit ions found w i th  hazardous wastes. 

ORGANIZATION AN0 FORMAT 

This manual i s  div ided i n t o  two volumes. Volume I focuses on laboratory 
a c t i v i t i e s  and i s  div ided f o r  convenience i n t o  three sections. Volume I A  
deals w i th  q u a l i t y  control ,  select ion o f  appropriate t e s t  methods, and 
analy t ica l  methods f o r  metal1 i c  species. Volume I B  consists o f  methods f o r  
organic analytes. Volume I C  includes a var ie ty  of t e s t  methods f o r  
niiscellaneous analytes and propert ies f o r  use i n  evaluating the waste 
character is t ics .  Volume I1 deals w i th  sample acquis i t ion and includes qua l i t y  
control ,  sampl i ng plan design and implementation, and f i e l d  sampling methods. 
Included f o r  the convenience o f  sampling personnel are dlscusssions o f  the 
ground water, 1 and treatment, and inc inerat ion monitoring regulations. 

Volume I begins w i th  an overview o f  the qua l i t y  control  precedures t o  be 
imposed upon the sampl i ng  and analy t ica l  methods. The qual i t y  control chapter 
(Chapter One) and the methods chapters are interdependent. The analy t ica l  
procedures cannot be used without a thorough understanding o f  the qua l i t y  
cont ro l  requi rements and the means t o  impl ement them. Thi s understanding can 
be achieved only be reviewing Chapter One and the analy t ica l  methods together. 
It i s  expected tha t  ind iv idua l  laboratories, using SW-846 as the reference 
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source, wi 11 sel ect  appropriate methods and develop a standard operating 
procedure (SOP) to  be followed by the laboratory. The SOP should incorporate 
the pertinent information from th is  manual adopted to  the specific needs and 
circumstances of the individual laboratory as we1 1 as t o  the materials to  be 
eval uated . 

The method sel ecti on chapter (Chapter Two) presents a comprehensi ve 
discussion of the application of these methods to various matrices in the 
determination of groups of analytes or  specific analytes. I t  aids the chemist 
i n  constructing the correct analytical method from the array of procedures 
whi ch may cover the matrix/analyte/concentration conbi nati on of interests. 
The section discusses the objective of the testing program and i t s  
relationship t o  the choice of an analytical method. Flow charts are presented 
along w i t h  tables to  guide in the selection of the correct analytical 
procedures t o  form the appropriate method. 

The analytical methods are separated into dist inct  procedures describing 
spec1 f i c, i ndependent analyti cal operations. These i ncl ude extract1 on, 
digestion, cleanup, and determination. T h i s  format a1 lows 1 inking of the 
various steps i n  the analysis according to: the type of sample (e.g., water, 
sol 1, sludge, st1 11 bottom) ; analytes (s) of interest: needed sensitivity; and 
avail able' analytical i nstrumentation. , The chapters describing M i  scel 1 aneous 
Test Methods and Properties, however, give complete methods which are not 
amenable t o  such segmentation t o  form dl  screte procedures. 

The introductory material a t  the beginning of each section containing 
analyti cal procedures presents information on sarnpl e hand1 i ng and 
preservation, safety, and sample preparation. 

Part I1 of Volume I (Chapters Seven and Eight) describes the 
characteri s t i  cs of a waste. Sections following the regulatory descr'lptions 
contain the methods used to  determine i f  the waste is hazardous because i t  
exhibits a particular characteri s t ic.  

Volume I1 gives background information on stat1 st1 cal and nonstati s t ical  
aspects of sampl'i ng. I t  a1 so presents practical sampl i ng techniques 
appropriate for situations presenting a variety of physical conditions. 

A dl scussi on of the regulatory requirements w i t h  respect t o  several 
monitoring categories i s  also given i n  this volume. These include ground 
water moni tori  ng , 1 and treatment, and i nci nerati on. The purpose of t h i  s 
guidance is t o  orient the user to  the objective of the analysis, and t o  ass is t  
in developing data qua1 i ty  object1 ves, sar~pl i ng plans, and 1 aboratory SOP'S. 

Significant interferences, o r  other problems, may be encountered w i t h  
certain samples. In these situations, the analyst i s  advised t o  contact the 
Chief, Methods Section (WH-562B) Technical Assessment Branch, Off ice of Sol i d  
Waste, US EPA, Washington, DC 20460 (202-382-4761) for ass1 stance. The 
manual is intended t o  serve a1 1 those w i t h  a need t o  evaluate sol id waste. 
Your comments, correct1 ons, suggest1 ons, and questions concern1 ng any materi a1 
contained i n ,  or  omitted from, this manual will be gratefully appreciated. 
Please direct your comments to  the above address. 
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CHAPTER ONE 
QUALITY CONTROL 

1.0 INTRODUCTION 

It i s  t h e  goal  o f  t he  U.S. Environmental P r o t e c t i o n  Agency's (EPA's) 
qual  i ty  assurance (QA) program t o  ensure t h a t  a l l  da ta  be s c i e n t i f i c a l l y  v a l i d ,  
de fens ib l e ,  and o f  known p r e c i s i o n  and accuracy. The da ta  should be o f  
s u f f i c i e n t  known qual i t y  t o  w i ths tand  s c i e n t i f i c  and l e g a l  chal lenge re1  a t i v e  t o  
t h e  use f o r  which t h e  d a t a  are obtained. 'The QA program i s  management's t o o l  f o r  
ach iev ing  t h i s  goa l .  

For RCRA analyses, t h e  recommended minimum requirements f o r  a  QA program 
and t h e  assoc ia ted q u a l i t y  c o n t r o l  (QC) procedures are prov ided i n  t h i s  chapter.  

The da ta  acqui red f rom QC procedures are used t o  est imate t he  qual  i t y  o f  
a n a l y t i c a l  data,  t o  determine t h e  need f o r  c o r r e c t i v e  a c t i o n  i n  response t o  
i d e n t i f i e d  d e f i c i e n c i e s ,  and t o  i n t e r p r e t  r e s u l t s  a f t e r  c o r r e c t i v e  a c t i o n  
procedures a re  imp1 emented. Method-spec i f i c  QC procedures are incorpora ted  i n  
t h e  i n d i v i d u a l  methods s ince  t hey  are n o t  app l i ed  u n i v e r s a l l y .  

A  t o t a l  program t o  generate da ta  o f  acceptable qual  i t y  should i nc l ude  both 
a  QA component, which enconipasses t h e  management procedures and con t ro l s ,  as w e l l  
as an ope ra t i ona l  day- to-day QC component. Th i s  chapter  de f i nes  fundamental 
elements o f  such a  da ta  c o l l e c t i o n  program. Data c o l l e c t i o n  e f f o r t s  invo lve :  

1. des ign o f  a  p r o j e c t  p l an  t o  achieve t h e  da ta  q u a l i t y  ob jec t i ves  
(DQOs) ; 

2. implementat ion o f  t h e  p r o j e c t  plan; and 

3 .  assessment o f  t h e  da ta  t o  determine i f  t h e  DQOs are  met. 

The p r o j e c t  p l a n  may be a  sampling and ana l ys i s  p l a n  o r  a  waste ana l ys i s  p lan  i f  
i t  covers t h e  QA/QC goa ls  o f  t he  Chapter, o r  i t  may be a  Qua1 i t y  Assurance 
P r o j e c t  P lan as descr ibed  l a t e r  i n  t h i s  chapter .  

Th is  chap te r  i d e n t i f i e s  t h e  minimal QC components t h a t  should be used i n  
t h e  performance o f  sampl i ng and analyses, i n c l u d i n g  t h e  QC in fo rmat  i o n  which 
should be documented. Guidance i s  p rov ided  t o  cons t ruc t  QA programs f o r  f i e l d  
and l a b o r a t o r y  work conducted i n  support  o f  t he  RCRA program. 

2.0 QA PROJECT PLAN 

It i s  recommended t h a t  a l l  p r o j e c t s  which generate env i ronment- re la ted data 
i n  s ~ l p p o r t  o f  RCRA have a  QA P r o j e c t  Plan (QAPjP) o r  equ iva len t .  I n  some 
instances,  a  sampl ing and ana l ys i s  p l an  o r  a  waste ana l ys i s  p l a n  may be 
equ i va len t  i f  i t  covers a l l  o f  t he  QA/QC goa ls  o u t l i n e d  i n  t h i s  chapter.  I n  
a d d i t i o n ,  a  separate QAPjP need n o t  be prepared f o r  r o u t i n e  analyses o r  
a c t i v i t i e s  where t he  procedures t o  be f o l l owed  a re  descr ibed i n  a  Standard 
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Opera t ing  Procedures manual o r  s i m i l  a r  document and i n c l u d e  t h e  elements o f  a  
QAPjP. These documents should be a v a i l a b l e  and re fe renced  i n  t h e  documentat ion 
and/or r eco rds  f o r  t h e  a n a l y s i s  a c t i v i t i e s .  The t e rm  "QAPjP" i n  t h i s  chap te r  
r e f e r s  t o  any o f  these  QA/QC documents. 

The QAPjP should d e t a i l  t h e  QA/QC goa ls  and p r o t o c o l s  f o r  a  s p e c i f i c  da ta  
c o l l e c t i o n  a c t i v i t y .  The QAPjP s e t s  f o r t h  a  p l a n  f o r  sampl ing and a n a l y s i s  
a c t i v i t i e s  t h a t  w i l l  generate d a t a  o f  a  qual  i t y  commensurate w i t h  t h e i r  i n tended 
use. QAPjP elements should i n c l u d e  a  d e s c r i p t i o n  o f  t h e  p r o j e c t  and i t s  
o b j e c t i v e s ;  a  s ta tement  o f  t h e  DQOs o f  t h e  p r o j e c t ;  i d e n t i f i c a t i o n  o f  those i n -  
vo lved  i n  t h e  d a t a  c o l l e c t i o n  and t h e i r  respons i  b i  1  i t i e s  and a u t h o r i t i e s ;  
re ference t o  ( o r  i n c l u s i o n  o f )  t h e  s p e c i f i c  sample c o l l e c t i o n  and a n a l y s i s  
procedures t h a t  w i l l  be f o l l o w e d  f o r  a l l  aspects o f  t h e  p r o j e c t ;  enumerat ion o f  
QC procedures t o  be fol lowed;.  and d e s c r i p t i o n s  o f  a1 1  p r o j e c t  documentation. 
A d d i t i o n a l  elements should be i nc l uded  i n  t h e  QAPjP i f  needed t o  address a l l  
q u a l i t y  r e l a t e d  aspects  o f  t h e  da ta  c o l l e c t i o n  p r o j e c t .  Elements should be 
o m i t t e d  o n l y  when t h e y  a re  i n a p p r o p r i a t e  f o r  t h e  p r o j e c t  o r  when absence o f  those 
elements w i l l  n o t  a f f e c t  t h e  qual  i t y  o f  da ta  ob ta ined  f o r  t h e  p r o j e c t  (see 
re fe rence  1 ) .  

The r o l e  and importance o f  DQOs and p r o j e c t  documentat ion a re  d iscussed 
below i n  Sec t ions  2.1 th rough 2.6. Management and o r g a n i z a t i o n  p l a y  a  c r i t i c a l  
r o l e  i n  de te rm in ing  t h e  e f fec t i veness  o f  a  QA/QC program and ensu r i ng  t h a t  a l l  
r e q u i r e d  procedures a r e  fo l lowed.  Sec t i on  2.7 d iscusses t h e  elements o f  an 
o r g a n i z a t i o n ' s  QA program t h a t  have been found t o  ensure an e f f e c t i v e  program. 
F i e l d  ope ra t i ons  and 1  abora to ry  ope ra t i ons  (a1 ong w i t h  appl  i cab1 e  QC procedures) 
a r e  d iscussed i n  Sec t ions  3 and 4, r e s p e c t i v e l y .  

2.1 DATA QUALITY OBJECTIVES 

Data q u a l i t y  o b j e c t i v e s  (DQOs) f o r  t h e  da ta  c o l l e c t i o n  a c t i v i t y  desc r i be  
t h e  o v e r a l l  l e v e l  o f  u n c e r t a i n t y  t h a t  a  dec is ion-maker  i s  w i l l  i n g  t o  accept  i n  
r e s u l t s  d e r i v e d  f rom environmental  data.  Th i s  u n c e r t a i n t y  i s  used t o  s p e c i f y  t h e  
q u a l i t y  o f  t h e  measurement da ta  requ i red ,  u s u a l l y  i n  terms o f  o b j e c t i v e s  f o r  
p r e c i s i o n ,  b i as ,  represen ta t i veness ,  comparabi 1  i t y  and compl eteness. The DQOs 
should be d e f i n e d  p r i o r  t o  t h e  i n i t i a t i o n  o f  t h e  f i e l d  and l a b o r a t o r y  work. The 
f i e l d  and l a b o r a t o r y  o rgan i za t i ons  per fo rming  t h e  work should be aware of t h e  
DQOs so t h a t  t h e i r  personnel may make in formed d e c i s i o n s  d u r i n g  t h e  course o f  t h e  
p r o j e c t  t o  a t t a i n  those  DQOs. More d e t a i l e d  i n f o r m a t i o n  on DQOs i s  a v a i l a b l e  
f rom t h e  U.S. EPA Qua1 i t y  Assurance Management S t a f f  (QAMS) (see re fe rences  2  and 
4 ) .  

2.2 PROJECT OBJECTIVES 

A s ta tement  o f  t h e  p r o j e c t  o b j e c t i v e s  and how t h e  o b j e c t i v e s  a r e  t o  be 
a t t a i n e d  should be c o n c i s e l y  s t a t e d  and s u f f i c i e n t l y  d e t a i l e d  t o  p e r m i t  c l e a r  
unders tand ing  by a l l  p a r t i e s  i n v o l v e d  i n  t h e  d a t a  c o l l e c t i o n  e f f o r t .  T h i s  
i n c l u d e s  a  s ta tement  o f  what problem i s  t o  be so lved  and t h e  i n f o r m a t i o n  r e q u i r e d  
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i n  t h e  process. It a1 so inc ludes  appropr ia te  statements o f  t h e  DQOs ( i  .e., t he  
acceptable 1 eve1 o f  u n c e r t a i n t y  i n  t h e  i n fo rma t i on ) .  

2.3 SAMPLE COLLECTION 

Sampl i n g  procedures, 1 oca t  i ons, equipment , and sampl e p rese rva t i on  and 
hand l i ng  requi rements should be s p e c i f i e d  i n  t h e  QAPjP. Fu r the r  d e t a i l s  on 
qual  i t y  assurance procedures f o r  f i e l d  operat  ions  a re  descr ibed i n Sec t ion  3 o f  
t h i s  chap te r .  The OSW i s  develop ing p o l i c i e s  and procedures f o r  sampling i n  a 
planned r e v i s i o n  o f  Chapter Nine o f  t h i s  manual. S p e c i f i c  procedures f o r  
groundwater sampling a re  p rov ided  i n  Chapter Eleven o f  t h i s  manual. 

2.4 ANALYSIS AND TESTING 

Ana ly tes  and p r o p e r t i e s  o f  concern, a n a l y t i c a l  and t e s t i n g  procedures t o  
be employed, r e q u i r e d  d e t e c t i o n  1 i m i  t s ,  and requirements f o r  p r e c i s i o n  and b ias  
should be s p e c i f i e d .  A1 1 appl  i cab1 e r e g u l a t o r y  requirements and t he  p r o j e c t  DQOs 
should be cons idered when develop ing t h e  s p e c i f i c a t i o n s .  Fu r the r  d e t a i  1 s on t h e  
procedures f o r  a n a l y t i c a l  opera t ions  a re  descr ibed i n .Sec t i on  4 o f  t h i s  chapter.  

2.5 QUALITY CONTROL 

The qual  i t y  assurance program should address bo th  f i e l d  and 1 aboratory  
a c t i v i t i e s .  Qua1 i t y  c o n t r o l  procedures should be s p e c i f i e d  f o r  es t ima t i ng  t h e  
p r e c i s i o n  and b i a s  o f  t h e  data.  Recommended minimum requirements f o r  QC samples 
have been e s t a b l  i shed by EPA and should be met i n  o rde r  t o  s a t i s f y  recommended 
minimum c r i t e r i a  f o r  acceptable da ta  q u a l i t y .  Fu r t he r  d e t a i l s  on procedures f o r  
f i e l d  and l a b o r a t o r y  opera t ions  a re  descr ibed i n  Sect ions 3 and 4, r espec t i ve l y ,  
o f  t h i s  chapter .  

2.6 PROJECT DOCUMENTATION 

Documents should be prepared and mainta ined i n  con junc t i on  w i t h  t h e  da ta  
c o l l  e c t i o n  e f f o r t .  P r o j e c t  documentation should be s u f f i c i e n t  t o  a1 1 ow rev iew 
o f  a l l  aspects o f  t h e  work be ing performed. The QAPjP discussed i n  Sect ions 3 
and 4 i s  one impor tan t  document t h a t  should be maintained. 

The l e n g t h  o f  s torage t ime  f o r  p r o j e c t  records  should comply w i t h  
r e g u l a t o r y  requirements,  o rgan i za t i ona l  po l  i c y ,  o r  p r o j e c t  requirements, 
whichever i s  more s t r i n g e n t .  It i s  recommended t h a t  documentation be s to red  f o r  
t h r e e  years  f rom submission o f  t he  p r o j e c t  f i n a l  r e p o r t .  

Documentation should be secured i n  a f a c i 1  i t y  t h a t  adequately 
addresses/minimizes i t s  d e t e r i o r a t i o n  f o r  t h e  l e n g t h  o f  t ime t h a t  i t  i s  t o  be 
r e t a i n e d .  A system a l l o w i n g  f o r  t h e  expedient r e t r i e v a l  o f  i n f o rma t i on  should 
e x i s t .  
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Access t o  archived i n fo rma t ion  should be c o n t r o l l e d  t o  main ta in  the  
i n t e g r i t y  of t h e  data. Procedures should be developed t o  i d e n t i f y  those 
i n d i v i d u a l s  w i t h  access t o  the  data. 

2.7 ORGANIZATION PERFORMING FIELD OR LABORATORY OPERATIONS 

Proper design and s t r u c t u r e  o f  t h e  o rgan iza t i on  f a c i l i t a t e s  e f fec t i ve  and 
e f f i c i e n t  t r a n s f e r  o f  in format ion and he1 ps t o  prevent important  procedures from 
being over1 ooked. 

The o rgan iza t i ona l  s t ruc tu re ,  f unc t i ona l  responsi b i l  i t i e s ,  1  eve1 s  o f  
a u t h o r i t y ,  j o b  desc r ip t i ons ,  and l i n e s  o f  communication f o r  a l l  p r o j e c t  
a c t i v i t i e s  should be es tab l ished and documented. One person may cover more than 
one o rgan iza t i ona l  f unc t i on .  Each p r o j e c t  par t i c . ipant  should have a  c l e a r  
understanding o f  h i s  o r  her  d u t i e s  and responsi b i l  i t i e s  and t h e  r e l a t i o n s h i p  o f  
those r e s p o n s i b i l i t i e s  t o  t h e  o v e r a l l  data c o l l e c t i o n  e f f o r t .  

The management o f  each o rgan iza t i on  p a r t i c i p a t i n g  i n  a  p r o j e c t  i n v o l v i n g  
da ta  c o l l e c t i o n  a c t i v i t i e s  should e s t a b l i s h  t h a t  o rgan iza t i on ' s  ope ra t i ona l  and 
QA po l  i c i e s .  Th i s  i n fo rma t ion  should be documented i n  t h e  QAPjP. The management 
should ensure t h a t  (1 )  t h e  appropr ia te  methodologies are  fo l l owed  as documented 
i n  t he  QAPjPs; (2 )  personnel c l e a r l y  understand t h e i r  d u t i e s  and 
r e s p o n s i b i l i t i e s ;  (3) each s t a f f  member has access t o  appropr ia te  p r o j e c t  
documents; (4)  any dev ia t i ons  from t h e  QAPjP are communicated t o  t h e  p r o j e c t  
management and documented; and (5)  communication occurs between t h e  f i e l d ,  
l abo ra to ry ,  and p r o j e c t  management, as s p e c i f i e d  i n  t h e  QAPjP. I n  add i t i on ,  each 
o rgan iza t i on  should ensure t h a t  t h e i r  a c t i v i t i e s  do n o t  increase t h e  r i s k  t o  
humans o r  t he  environment a t  o r  about t he  p r o j e c t  l o c a t i o n .  Cer ta in  p r o j e c t s  may 
r e q u i r e  s p e c i f i c  po l  i c i e s  o r  a  Hea l th  and Safety Plan t o  p rov ide  t h i s  assurance. 

The management o f  t he  p a r t i c i p a t i n g  f i e l d  o r  1  aboratory o rgan iza t i on  should 
e s t a b l i s h  personnel q u a l i f i c a t i o n s  and t r a i n i n g  requirements f o r  t h e  p r o j e c t .  
Each person p a r t i c i p a t i n g  i n  t h e  p r o j e c t  should have t h e  educat ion, t r a i n i n g ,  
t echn ica l  know1 edge, and experience, o r  a  combination the reo f ,  t o  enable t h a t  
i n d i v i d u a l  t o  per form assigned func t i ons .  T r a i n i n g  should be prov ided f o r  each 
s t a f f  member as necessary t o  perform t h e i r  f unc t i ons  p rope r l y .  Personnel 
qua1 i f  i c a t  i ons should be documented i n  terms o f  educat ion, experience, and 
t r a i n i n g ,  and p e r i o d i c a l l y  reviewed t o  ensure adequacy t o  c u r r e n t  
responsi b i l  i t i e s .  

Each p a r t i c i p a t i o g  f i e l d  o rgan iza t i on  o r  1  aboratory o rgan iza t i on  should 
have a  designated QA f u n c t i o n  ( i .e . ,  a  team o r  i n d i v i d u a l  t r a i n e d  i n  QA) t o  
mon i to r  opera t ions  t o  ensure t h a t  t h e  equipment, personnel , a c t i v i t i e s ,  
procedures, and documentation conform w i t h  t h e  QAPjP. To t h e  ex ten t  poss ib le ,  
t he  QA mon i to r i ng  f u n c t i o n  should be e n t i r e l y  separate from, and independent o f ,  
personnel engaged i n  t h e  work being monitored. The QA f u n c t i o n  should be 
respons ib le  f o r  t h e  QA review. 
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2 . 7 . 1  Performance Eva1 uat  i o n  

Performance eva lua t ion  studies are used t o  measure the  performance o f  the  
1 aboratory on unknown samples. Performance eva lua t ion  samples are t y p i c a l l y  
submitted t o  the  l abo ra to ry  as b l i n d  samples by an independent outs ide source. 
The r e s u l t s  are compared t o  predetermined acceptance 1 i m i  t s .  Performance 
eva lua t i on  samples can a lso  be submitted t o  the  l abo ra to ry  as p a r t  of the  QA 
f u n c t i o n  dur ing  i n t e r n a l  assessment o f  1 aboratory performance. Records o f  a1 1 
performance eva lua t i on  s tud ies  should be maintained by the  1 aboratory. Problems 
i d e n t i f i e d  through p a r t i c - i  pa t i on  i n  performance eval ua t i on  studies should be 
immediately i nves t i ga ted  and corrected. 

2.7..2 I n t e r n a l  Assessment by QA Funct ion 

Personnel performing f i e l d  and 1 aboratory a c t i v i t i e s  are responsi b l  e f o r  
c o n t i n u a l l y  mon i to r ing  i n d i v i d u a l  compliance w i t h  the  QAPjP. The QA func t i on  
should review procedures, r e s u l t s  and ca l cu la t i ons  t o  determine compl iance w i t h  
t h e  QAPjP. The r e s u l t s  o f  t h i s  i n t e r n a l  assessment should be repor ted t o  
management w i t h  requirements f o r  a p lan  t o  c o r r e c t  observed def ic ienc ies .  

2 . 7 . 3  External  Assessment 

The f i e l d  and l abo ra to ry  a c t i v i t i e s  may be reviewed by personnel external  
t o  t he  organizat ion.  Such an assessment i s  an extremely valuable method f o r  
i d e n t i f y i n g  over1 ooked problems. The r e s u l t s  o f  the  external  assessment should 
be submitted t o  management w i t h  requirements f o r  a p lan t o  co r rec t  observed 
de f i c i enc ies .  

2 . 7 . 4  On-Site Evaluat ion 

On-s i te  eva lua t ions  may be conducted as p a r t  o f  both i n t e r n a l  and external  
assessments. The focus o f  an o n - s i t e  eva lua t ion  i s  t o  evaluate the  degree o f  
conformance of p r o j e c t  a c t i v i t i e s  w i t h  the  app l icab le  QAPjP. On-s i te  evaluat ions 
may inc lude,  bu t  are no t  1 i m i t e d  to,  a complete review o f  f a c i l i t i e s ,  s t a f f ,  
t r a i n i n g ,  inst rumentat ion,  procedures, methods, sample c o l l e c t i o n ,  analyses, QA 
po l  i c i  es and procedures re1 ated t o  the  generat ion o f  environmental data. Records 
o f  each eva lua t i on  should inc lude the  date o f  the  evaluat ion, loca t ion ,  t he  areas 
reviewed, the  person performing the  evaluat ion,  f i n d i n g s  and problems, and 
ac t ions  recommended and taken t o  reso lve  problems. Any problems i d e n t i f i e d  t h a t  
are l i k e l y  t o  a f f e c t  data i n t e g r i t y  should be brought immediately t o  the  
a t t e n t i o n  o f  management. 

2 . 7 . 4 . 1  F i e l d  A c t i v i t i e s  

The review o f  f i e l d  a c t i v i t i e s  should be conducted by one o r  more persons 
know1 edgeabl e i n  the  a c t i v i t i e s  being reviewed and 'Include evaluat ing, a t  a 
minimum, the  f o l l  owing subjects:  

Completeness o f  F i e l d  Reports - -  This  review determines whether a l l  
requirements f o r  f i e l d  a c t i v i t i e s  i n  the  QAPjP have been f u l f i l l e d ,  t h a t  
complete records e x i s t  f o r  each f i e l d  a c t i v i t y ,  and t h a t  the  procedures 
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s p e c i f i e d  i n  t h e  QAPjP have been implemented. Emphasis on f i e l d  
documentation w i l l  he lp  assure sample i n t e g r i t y  and s u f f i c i e n t  t echn ica l  
i n fo rma t ion  t o  rec rea te  each f i e l d  event. The r e s u l t s  o f  t h i s  
completeness check should be documented, and environmental da ta  a f f e c t e d  
by incomplete records should be i d e n t i f i e d .  

I d e n t i f i c a t i o n  o f  Val i d  Samples - -  Th is  rev iew invo l ves  i n t e r p r e t a t i o n  and 
eva lua t i on  o f  t h e  f i e l d  records t o  de tec t  problems a f f e c t i n g  the  rep re -  
sentat iveness o f  environmental samples. Examples o f  i tems t h a t  might 
i n d i c a t e  po ten t  i a1 l y  i n v a l  i d  samples i n c l  ude improper we1 1  development, 
improper ly  screened we1 1  s, i n s t a b i l  i t y  o f  pH o r  c o n d u c t i v i t y ,  and c o l l e c -  
t i  on o f  v o l  a t  i 1  es near i n t e r n a l  combustion engines . The f i e l  d  records 
should be evaluated against  t he  Q A P j P  and SOPS. The rev iewer  should docu- 
ment t h e  sample va l  i d i  t y  and i d e n t i f y  t he  environmental da ta  associated 
w i t h  any poor o r  i n c o r r e c t  f i e l d  work. 

C o r r e l a t i o n  o f  F i e l d  Test Data - -  This rev iew invo l ves  comparing any 
a v a i l a b l e  r e s u l t s  o f  f i e l d  measurements obta ined by more than one method. 
For example, sur face geophysical methods should c o r r e l  a te  w i t h  d i r e c t  
methods o f  s i t e  geo log ic  c h a r a c t e r i z a t i o n  such as 1 i tho1 og i c  l ogs  
cons t ruc ted  du r ing  d r i l l i n g  operat ions.  

I d e n t i f i c a t i o n  o f  Anomalous F i e l d  Test Data - -  Th is  rev iew i d e n t i f i e s  any 
anomalous f i e l d  t e s t  data. For example, a  water temperature f o r  one we l l  
t h a t  i s  5 degrees h igher  than any o the r  w e l l  temperature i n  t h e  same 
aqu i fe r  should be noted. The rev iewer should evaluate t h e  impact o f  
anomalous f i e l d  measurement r e s u l t s  on the  associated environmental data.  

V a l i d a t i o n  o f  F i e l d  Analyses - -  Th is  rev iew v a l i d a t e s  and documents a l l  
da ta  f rom f i e l d  ana lys i s  t h a t  are generated in s i t u  o r  f rom a  mobi le  
1  aboratory as s p e c i f i e d  i n  Sect ion  2 . 7 . 4 . 2 .  The rev iewer should document 
whether t h e  QC checks meet t he  acceptance c r i t e r i a ,  and whether c o r r e c t i v e  
ac t i ons  were taken f o r  any ana lys is  performed when acceptance c r i t e r i a  
were exceeded. 

2 . 7 . 4 . 2  Laboratorv A c t i v i t i e s  

The rev iew o f  l abo ra to ry  da ta  should be conducted by one o r  more persons 
know1 edgeable in  1  aboratory a c t i v i t i e s  and i n c l  ude eval  u a t i  ng, a t  a  m i  nimurn, t h e  
f o l l o w i n g  sub jec ts :  

Completeness o f  Laboratory Records - -  Th is  rev iew determines whether: ( 1 )  
a l l  samples and analyses requ i red  by the  QAPjP have been processed, ( 2 )  
complete records e x i s t  f o r  each ana lys i s  and the  associated QC samples, 
and t h a t  (3)  the  procedures s p e c i f i e d  i n  t he  QAPjP have been implemented. 
The r e s u l t s  o f  t he  completeness check should be documented, and 
environmental da ta  a f f e c t e d  by incomplete records should be i d e n t i f i e d .  

Eva lua t ion  o f  Data w i t h  Respect t o  Detec t ion  and Q u a n t i t a t i o n  L i m i t s  - -  
Th is  rev iew compares a n a l y t i c a l  r e s u l t s  t o  r e q u i r e d  quan t i  t a t  i o n  1  i m i  t s .  
Reviewers should document instances where d e t e c t i o n  o r  q u a n t i t a t i o n  l i m i t s  
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exceed r e g u l a t o r y  l i m i t s ,  a c t i o n  l eve l s ,  o r  t a r g e t  concentrat ions 
s p e c i f i e d  i n  t he  QAPjP. 

Eva lua t ion  o f  Data w i t h  Respect t o  Contro l  L i m i t s  - -  This  rev iew compares 
the  r e s u l t s  o f  QC and c a l i b r a t i o n  check samples t o  c o n t r o l  c r i t e r i a .  
Co r rec t i ve  a c t i o n  should be implemented f o r  data n o t  w i t h i n  con t ro l  
1  i m i t s .  The rev iewer should check t h a t  c o r r e c t i v e  a c t i o n  repor ts ,  and the 
r e s u l t s  of reana lys is ,  are a v a i l  able. The review should determine 
whether samples associated w i t h  ou t -o f - con t ro l  QC data are i d e n t i f i e d  i n  
a  w r i t t e n  record  o f  t he  data review, and whether an assessment o f  the  
u t i l i t y  o f  such a n a l y t i c a l  r e s u l t s  i s  recorded. 

Review o f  Hold inq Time Data - -  Th is  review compares sample ho ld ing  t imes 
t o  those requ i red  by the  QAPjP, and notes a l l  dev ia t ions .  

Review o f  Performance Evaluat ion (PE) Results - -  PE study r e s u l t s  can be 
h e l p f u l  i n  eva lua t i ng  t h e  impact o f  ou t -o f - con t ro l  cond i t ions .  Th is  rev iew 
documents any r e c u r r i n g  t rends  o r  problems ev ident  i n  PE s tud ies  and 
eval  uates t h e i r  e f f e c t  on environmental data. 

C o r r e l a t i o n  o f  Laboratory Data - -  This  rev iew determines whether t he  
r e s u l t s  o f  data obtained from r e l a t e d  l abo ra to ry  t es t s ,  e.g., Purgeable 
Organic Hal i des  (POX) and Vol a t i  l e  Organics, are documented, and whether 
t he  s i g n i f i c a n c e  o f  any d i f f e rences  i s  discussed i n  t he  repo r t s .  

2.7.5 QA Reports 

There should be p e r i o d i c  r e p o r t i n g  o f  p e r t i n e n t  QA/QC in fo rmat ion  t o  the  
p r o j e c t  management t o  a l l o w  assessment o f  the  o v e r a l l  e f fec t i veness  o f  the  QA 
program. There are  t h r e e  major types o f  QA repo r t s  t o  p r o j e c t  management: 

Pe r i od i c  Report on Key QA A c t i v i t i e s  - -  Provides summary o f  key QA a c t i v i  - 
t i e s  d u r i v g  the  per iod,  s t ress ing  measures t h a t  are being taken t o  improve 
da ta  qual i t y ;  descr ibes s i g n i f i c a n t  qual i t y  problems observed and 
c o r r e c t i v e  ac t i ons  taken; r e p o r t s  in fo rmat ion  regard ing any changes i n  
certification/accreditation status;  descr ibes involvement i n  r e s o l u t i o n  o f  
qual i t y  issues w i t h  c l  i e n t s  o r  agencies; r e p o r t s  any QA organ iza t iona l  
changes; and prov ides n o t i c e  o f  t he  d i s t r i b u t i o n  o f  rev ised  documents 
c o n t r o l l e d  by the  QA organ iza t ion  ( i .e . ,  procedures). 

Report on Measurement Q u a l i t y  I n d i c a t o r s  - -  Inc ludes t h e  assessment o f  QC 
data gathered over t h e  per iod,  the  frequency o f  analyses repeated due t o  
unacceptable QC performance, and, i f  possib le,  t he  reason f o r  the  unac- 
cep tab le  performance and c o r r e c t i v e  ac t i on  taken. 

Reports on QA Assessments - -  Inc ludes t h e  r e s u l t s  o f  t h e  assessments and 
the  p lan  f o r  c o r r e c t i n g  i d e n t i f i e d  de f i c i enc ies ;  submit ted immediately 
f o l l o w i n g  any i n t e r n a l  o r  ex te rna l  o n - s i t e  eva lua t ion  o r  upon r e c e i p t  o f  
t h e  r e s u l t s  o f  any performance eva lua t ion  s tudies.  
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3.0 FIELD OPERATIONS 

The f i e l d  operat ions should be conducted i n  such a way as t o  prov ide  
r e l i a b l e  in format ion t h a t  meets t h e  DQOs. To achieve t h i s ,  c e r t a i n  min-imal 
pol  i c i  es and procedures should be imp1 emented. The OSW i s  cons ider ing  r e v i s i o n s  
o f  Chapter Nine and Eleven o f  t h i s  manual . Supplemental i n fo rma t ion  and guidance 
i s  avai 1 ab le  i n  t h e  RCRA Ground-Water Moni to r ing  Technical Enforcement Guidance 
Document (TEGD) (Reference 3).  'The p r o j e c t  documentation should con ta in  t h e  
i n fo rmat ion  s p e c i f i e d  below. 

3.1 FIELD LOGISTICS 

The QAPjP should descr ibe t h e  type(s)  o f  f i e l d  operat ions t o  be performed 
and t h e  appropr ia te  area(s) i n  which t o  perform t h e  work. The QAPjP should 
address v e n t i l  a t  ion,  p r o t e c t i o n  from extreme weather and temperatures, access t o  
s tab le  power, and p rov i s ion  f o r  water and gases o f  requ i red  p u r i t y .  

Whenever p r a c t i c a l ,  t h e  sampl i n g  s i t e  f a c i l  i t i e s  should be examined p r i o r  
t o  t h e  s t a r t  o f  work t o  ensure t h a t  a l l  requ i red  i tems are  ava i l ab le .  The actual  
area o f  sampling should be examined t o  ensure t h a t  t rucks ,  d r i l l i n g  equipment, 
and personnel have adequate access t o  t h e  s i t e .  

'The determi na t i on  as t o  whether sample shipping i s  necessary should be made 
du r ing  p lanning f o r  t h e  p r o j e c t .  Th is  need i s  es tab l ished by eva lua t ing  t h e  
analyses t o  be performed, sample ho ld ing  times, and l o c a t i o n  o f  t h e  s i t e  and the  
labora tory .  Shipping o r  t ranspor t i ng  o f  samples t o  a l abo ra to ry  should be done 
w i t h i n  a t imeframe such t h a t  recommended ho ld ing  times are  met. 

Sampl es should be packaged, 1 abel 1 ed, preserved (e. g . , prese rva t i ve  added, 
iced, e tc . ) ,  and documented i n  an area which i s  f r e e  o f  contaminat ion and 
provides f o r  secure storage. 'The l e v e l  o f  custody and whether sample storage i s  
needed should be addressed i n  t h e  QAPjP. 

Storage areas f o r  sol  vents, reagents, standards, and re ference mate r ia l s  
should be adequate t o  preserve t h e i r  i d e n t i t y ,  concentrat ion,  p u r i t y ,  and 
s t a b i  1 i t y  p r i o r  t o  use. 

Decontamination o f  sampl i ng equipment may be performed a t  t h e  1 ocat ion  
where sampling occurs, p r i o r  t o  going t o  the  sampl i n g  s i t e ,  o r  i n  designated 
areas near t h e  sampling s i t e .  P ro jec t  documentation should spec i f y  where and how 
t h i s  work i s  accomplished. I f  decontamination i s  t o  be done a t  t h e  s i t e ,  water 
and solvents o f  appropr ia te  p u r i t y  should be ava i l ab le .  The method o f  
accomplishing decontamination, i n c l u d i n g  t h e  requ i red  mater ia ls ,  so lvents,  and 
water p u r i t y  should be spec i f ied .  

Dur ing t h e  sampling process and dur ing  o n - s i t e  o r  i n  s i t u  analyses, waste 
ma te r ia l s  are sometimes generated. The method f o r  storage and d isposal  o f  these 
waste mater i  a1 s t h a t  compl i e s  w i t h  appl i c a b l  e 1 ocal , s t a t e  and Federal 
regu l  a t i ons  should be spec i f ied .  Adequate f a c i l  i t i e s  should be provided f o r  t h e  
c o l l e c t i o n  and storage o f  a l l  wastes, and these f a c i l i t i e s  should be operated so 
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as t o  minimize environmental contamination. Waste storage and disposal 
f a c i l  i t i e s  should comply w i t h  appl i c a b l  e federa l ,  s ta te ,  and l o c a l  regu la t ions .  

The l o c a t i o n  o f  long- term and shor t - term storage f o r  f i e l d  records, and the  
measures t o  ensure the  i n t e g r i t y  o f  t he  data should be speci f ied.  

3.2 EQUI PMENT/INSTRUMENTATION 

The equipment, inst rumentat ion,  and suppl i e s  a t  the  sampl i n g  s i t e  should 
be s p e c i f i e d  and should be appropr ia te  t o  accomplish the  a c t i v i t i e s  planned. The 
equipment and ins t rumenta t ion  should meet the  requirements o f  spec i f i ca t i ons ,  
methods, and procedures as spec i f i ed  i n  t he  QAPjP. 

3.3 OPERATING PROCEDURES 

The QAPjP should descr ibe o r  make reference t o  a l l  f i e l d  a c t i v i t i e s  t h a t  
may a f f e c t  da ta  qua1 i t y .  For r o u t i n e l y  performed a c t i v i t i e s ,  standard operat ing 
procedures (SOPS) are o f t e n  prepared t o  ensure consistency. and t o  save t ime and 
e f f o r t  i n  p repar ing  QAPjPs. Any dev ia t i on  from an establ  ished procedure dur ing  
a da ta  c o l l e c t i o n  a c t i v i t y  should be documented. The procedures should be 
a v a i l a b l e  f o r  t he  i nd i ca ted  a c t i v i t i e s ,  and should include, a t  a minimum, the  
i n fo rma t ion  described below. 

3.3.1 Sampl e Manaqement 

The numbering and 1 abel i ng system, chai n - o f  -custody procedures, and how the  
samples are  t o  be t racked from c o l l e c t i o n  t o  shipment o r  r e c e i p t  by the 
1 aboratory should be spec i f i ed .  Sample management procedures should a1 so spec i fy  
t he  ho ld ing  times, volumes o f  sample requ i red  by the  laboratory,  requ i red  
preservat ives,  and shipping requirements. 

3.3.2 ReaqenVStandard Preparat ion 

The procedures descr ib ing  how t o  prepare standards and reagents should be 
spec i f i ed .  In fo rmat ion  concerning s p e c i f i c  grades o f  mater ia l  s used i n  reagent 
and standard preparat ion,  appropr iate glassware and conta iners f o r  preparat ion 
and storage, and l a b e l i n g  and record keeping f o r  stocks and d i l u t i o n s  should be 
i n c l  uded . 

3.3.3 Decontamination 

The procedures desc r ib ing  decontamination o f  f i e l d  equipment before and 
du r ing  t h e  sample c o l l  e c t i o n  process should be spec i f ied .  These procedures 
should inc lude c lean ing  ma te r ia l s  used, the  order  o f  washing and r i n s i n g  w i t h  the  
c lean ing  ma te r ia l  s, requirements f o r  p ro tec t i ng  o r  covering cleaned equipment, 
and procedures f o r  d ispos ing  o f  c leaning mater i  a1 s. 
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3.3.4 Sample C o l l e c t i o n  

The procedures desc r ib ing  how the  sampl i ng operat ions are  a c t u a l l y  
performed i n  t h e  f i e l d  should be spec i f i ed .  A  simple reference t o  standard 
methods i s  n o t  s u f f i c i e n t ,  unless a procedure i s  performed e x a c t l y  as descr ibed 
i n  t h e  pub l ished method. Methods from source documents pub l ished by t h e  EPA, 
American Soc ie ty  f o r  Tes t ing  and Mater ia ls ,  U.S. Department of t h e  I n t e r i o r ,  
Nat iona l  Water Well Associat ion,  American Petroleum I n s t i t u t e ,  o r  o the r  
recognized organ iza t ions  w i t h  appropr ia te  expe r t i se  should be used, i f  possib le.  
The procedures f o r  sample c o l l e c t i o n  should inc lude a t  l e a s t  t h e  f o l l o w i n g :  

A p p l i c a b i l i t y  o f  t h e  procedure, 

Equipment requ i red ,  

- De ta i l ed  d e s c r i p t i o n  of p roced~ l res  t o  be fo l l owed  i n  c o l l e c t i n g  t h e  
samples, 

Common problems encountered and c o r r e c t i v e  ac t i ons  t o  be fo l lowed,  and 

Precaut ions t o  be taken. 

3.3.5 F i e l d  Measurements 

The procedures desc r ib ing  a l l  methods used i n  t h e  f i e l d  t o  determine a  
chemical o r  phys ica l  parameter should be described i n  d e t a i l  . The procedures 
should address c r i t e r i a  from Sect ion 4, as appropr iate.  

3.3.6 Equipment C a l i b r a t i o n  And Maintenance 

The procedures desc r ib ing  how t o  ensure t h a t  f i e l d  equipment and 
i ns t rumen ta t i on  are  i n  working order  should be spec i f i ed .  These descr ibe  
c a l  i b r a t  i o n  procedures and schedules, mai ntenance procedures and schedules, 
maintenance logs ,  and se rv i ce  arrangements f o r  equipment. C a l i b r a t i o n  and 
maintenance o f  f i e l d  equipment and ins t rumenta t ion  should be i n  accordance w i t h  
manufacturers' s p e c i f i c a t i o n s  o r  appl i c a b l  e  t e s t  s p e c i f i c a t i o n s  and should be 
documented. 

3.3.7 Cor rec t i ve  Ac t ion  

The procedures desc r ib ing  how t o  i d e n t i f y  and c o r r e c t  d e f i c i e n c i e s  i n  t h e  
sample c o l l  e c t i  on process should be spec i f ied .  These should i n c l  ude s p e c i f i c  
steps t o  take  i n  c o r r e c t i n g  d e f i c i e n c i e s  such as per forming a d d i t i o n a l  
decontaminat ion o f  equipment, resampl ing, o r  a d d i t i o n a l  t r a i n i n g  o f  f i e l d  
personnel . The procedures should s p e c i f y  t h a t  each c o r r e c t i v e  a c t i o n  should be 
documented w i t h  a  d e s c r i p t i o n  o f  t he  de f i c i ency  and the  c o r r e c t i v e  a c t i o n  taken, 
and should i nc lude  t h e  person ( s )  respons ib le  f o r  imp1 ement i n g  t h e  c o r r e c t i v e  
ac t i on .  
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3.3.8 Data Reduct ion and Val i d a t i o n  

The procedures d e s c r i b i n g  how t o  compute r e s u l t s  f rom f i e l d  measurements 
and t o  rev iew and v a l i d a t e  these da ta  should be spec i f i ed .  They should i nc l ude  
a l l  formulas used t o  c a l c u l a t e  r e s u l t s  and procedures used t o  independent ly 
v e r i f y  t h a t  f i e l d  measurement r e s u l t s  a re  c o r r e c t .  

The procedures d e s c r i b i n g  t h e  process f o r  r e p o r t i n g  t h e  r e s u l t s  of f i e l d  
a c t i v i t i e s  should be s p e c i f i e d .  

3.3.10 Records Manaqement 

The procedures d e s c r i b i n g  t h e  means f o r  genera t ing  , c o n t r o l  1  i ng , and 
a r c h i v i n g  p r o j e c t - s p e c i  f i c  records  and f i e l d  opera t ions  records should be 
s p e c i f i e d .  These procedures should d e t a i  1  record  genera t ion  and c o n t r o l  and t he  
requi rements f o r  r eco rd  r e t e n t i o n ,  i n c l u d i n g  type,  t ime, secu r i t y ,  and r e t r i e v a l  
and d i sposa l  a u t h o r i t i e s .  

Pro j e c t - s p e c i  f i c records  re1  a t e  t o  f i e 1  d  work performed f o r  a  p r o j e c t .  
These records  may i n c l  ude correspondence, cha in -o f -cus tody  records, f i e l d  
notes, a l l  r e p o r t s  issued as a  r e s u l t  o f  t h e  work, and procedures used. 

F i e l d  opera t ions  records  document o v e r a l l  f i e l d  operat  ions  and may i nc l  ude 
equipment performance and maintenance logs,  personnel f i l e s ,  general  f i e l d  
procedures, and c o r r e c t i v e  a c t i o n  repo r t s .  

3.3.11 Waste Disposal  

The procedures d e s c r i b i n g  t h e  methods f o r  d isposa l  o f  waste m a t e r i a l s  
r e s u l t i n g  f rom f i e l d  opera t ions  should be spec i f i ed .  

3.4 FIELD QA AND QC REQUIREMENTS 

The QAPjP should descr ibe  how t h e  f o l l o w i n g  elements o f  t h e  f i e l d  QC 
program w i  11 be imp1 emented. 

3.4.1 Cont ro l  Samples 

Con t ro l  samples a re  QC samples t h a t  are In t roduced i n t o  a  process t o  
mon i t o r  t h e  performance o f  t h e  system. Contro l  samples, which may i nc l ude  b lanks 
(e.g., t r i p ,  equipment, and l abo ra to r y ) ,  dup l i ca tes ,  spikes, a n a l y t i c a l  
standards, and re fe rence  ma te r i a l s ,  can be used i n  d i f f e r e n t  phases o f  t h e  da ta  
c o l l e c t i o n  process beginn ing w i t h  sampl i n g  and con t i nu ing  through t r anspo r ta t i on ,  
s torage,  and ana l ys i s .  

Each day o f  sampling, a t  l e a s t  one f i e l d  d u p l i c a t e  and one equipment 
r i n s a t e  should be c o l l e c t e d  f o r  each m a t r i x  sampled. I f  t h i s  f requency i s  n o t  
app rop r i a te  f o r  t h e  sampl ing equipment and method, then  t he  appropr ia te  changes 
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should be - c l e a r l y  i d e n t i f i e d  i n  t h e  QAPjP. When samples are c o l l e c t e d  f o r  
v o l a t i l e  o rgan ic  ana lys is ,  a  t r i p  b lank i s  a l so  recommended f o r  each day t h a t  
samples are  c o l l e c t e d .  I n  add i t ion ,  f o r  each sampling batch (20 samples o f  one 
m a t r i x  t ype ) ,  enough volume should be c o l l e c t e d  f o r  a t  l e a s t  one sample so as t o  
a l l ow  the  l a b o r a t o r y  t o  prepare one m a t r i x  sp ike and e i t h e r  one m a t r i x  d u p l i c a t e  
o r  one m a t r i x  sp ike  d u p l i c a t e  f o r  each a n a l y t i c a l  method employed. Th i s  means 
t h a t  t h e  f o l l o w i n g  c o n t r o l  samples are recommended: 

- F i e l d  d u p l i c a t e  (one per  day per  ma t r i x  type)  
-Equipment r i n s a t e  (one per  day per  m a t r i x  type)  
- T r i p  b lank  (one per  day, v o l a t i l e  organics on l y )  
- M a t r i x  sp ike  (one per  batch [20 samples of each m a t r i x  t ype ] )  
- M a t r i x  d u p l i c a t e  o r  m a t r i x  sp ike d u p l i c a t e  (one per  batch)  

Add i t i ona l  c o n t r o l  samples may be necessary i n  o rder  t o  assure da ta  q u a l i t y  t o  
meet t h e  p r o j e c t - s p e c i f i c  DQOs. 

3 . 4 . 2  Acceptance C r i t e r i a  

Procedures should be i n  p l  ace f o r  es tab l  i shing acceptance c r i t e r i a  f o r  
f i e l d  a c t i v i t i e s  descr ibed i n  t he  QAPjP. Acceptance c r i t e r i a  may be qua1 i t a t i v e  
o r  q u a n t i t a t i v e .  F i e l d  events o r  da ta  t h a t  f a l l  ou ts ide  o f  es tab l ished 
acceptance c r i t e r i a  may i n d i c a t e  a  problem w i t h  t h e  sampl i n g  process t h a t  should 
be i nves t i ga ted .  

3 . 4 . 3  Dev ia t ions  

A l l  d e v i a t i o n s  from p lan  should be docuniented as t o  t h e  ex ten t  o f ,  and 
reason f o r ,  t h e  dev ia t i on .  Any a c t i v i t y  no t  performed i n  accordance w i t h  
procedures o r  QAPjPs i s  considered a  d e v i a t i o n  from plan.  Dev ia t ions  from p lan  
may o r  may n o t  a f f e c t  da ta  q u a l i t y .  

3 . 4 . 4  Cor rec t i ve  Ac t i on  

Er rors ,  d e f i c i e n c i e s ,  dev ia t ions ,  c e r t a i n  f i e l d  events, o r  da ta  t h a t  fa1  1  
ou ts ide  es tab l i shed  acceptance c r i t e r i a  should be i nves t i ga ted .  I n  some i n -  
stances, c o r r e c t i v e  a c t i o n  may be needed t o  reso l ve  t h e  problem and r e s t o r e  
proper  f u n c t i o n i n g  t o  the  system. The i n v e s t i g a t i o n  o f  t h e  problem and any 
subsequent c o r r e c t i v e  a c t i o n  taken should be documented. 

3 . 4 . 5  Data Handl inq 

A l l  f i e l d  measurement da ta  should be reduced according t o  p ro toco l s  
descr ibed o r  referenced i n  the  QAPjP. Computer programs used f o r  da ta  reduc t i on  
should be v a l i d a t e d  before  use and v e r i f i e d  on a  r e g u l a r  bas is .  A l l  i n fo rma t ion  
used i n  t h e  c a l c u l a t i o n s  should be recorded t o  enable r e c o n s t r u c t i o n  of t h e  f i n a l  
r e s u l t  a t  a  l a t e r  date.  

Data should be repor ted  i n  accordance w i t h  the  requirements o f  t h e  end-user 
as descr ibed i n  t h e  QAP jP .  
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3.5 QUALITY ASSURANCE REVIEW 

The QA Review cons i s t s  o f  i n t e r n a l  and ex te rna l  assessments t o  ensure t h a t  
QA/QC procedures are  i n  use and t o  ensure t h a t  f i e l d  s t a f f  conform t o  these 
procedures. QA rev iew should be conducted as deemed appropr ia te  and necessary. 

3.6 FIELD RECORDS 

Records prov ide  the  d i r e c t  evidence and support  f o r  t h e  necessary techn ica l  
i n t e r p r e t a t i o n s ,  judgments, and d iscussions concerning p r o j e c t  a c t i v i t i e s .  These 
records, p a r t i c u l a r l y  those t h a t  are an t i c i pa ted  t o  be used as ev iden t i a ry  data, 
should d i r e c t l y  support  c u r r e n t  o r  ongoing techn ica l  s tud ies  and a c t i v i t i e s  and 
should p rov ide  t h e  h i s t o r i c a l  evidence needed f o r  1 a t e r  reviews and analyses. 
Records should be 1 eg i  b le ,  i d e n t i f i a b l e ,  and r e t r i e v a b l e  and pro tec ted  against  
damage, d e t e r i o r a t i o n ,  o r  loss .  The d iscussion i n  t h i s  sec t ion  (3.6) out1 ines  
recommended procedures f o r  record  keeping . Organizat ions which conduct f i e l d  
sampl i ng should develop appropr i  a te  record keeping procedures which s a t i s f y  
re1  evant t echn i ca l  and 1 egal requirements. 

F i e l d  records gene ra l l y  cons i s t  o f  bound f i e l d  notebooks w i t h  prenumbered 
pages, sample c o l l  e c t i o n  forms, personnel qua1 i f i c a t i o n  and t r a i n i n g  forms, 
sample l o c a t i o n  maps, equipment maintenance and c a l  i b r a t i o n  forms, cha in -o f -  
custody forms, sample ana l ys i s  request  forms, and f i e l d  change request forms. 
A l l  records should be w r i t t e n  i n  i n d e l  i b l e  i nk .  

Procedures f o r  rev iewing,  approving, and r e v i s i n g  f i e l d  records should be 
c l e a r l y  def ined,  w i t h  t h e  1 i nes  o f  a u t h o r i t y  included. It i s  recommended t h a t  
a1 1 documentation e r r o r s  should be cor rec ted  by drawing a s i n g l e  1 i n e  through the 
e r r o r  so i t  remains l e g i b l e  and should be i n i t i a l e d  by the  responsib le 
i n d i v i d u a l ,  along w i t h  t h e  da te  o f  change. The c o r r e c t i o n  should be w r i t t e n  
adjacent  t o  t h e  e r r o r .  

Records should i nc lude  (but  are no t  l i m i t e d  t o )  the  fo l l ow ing :  

C a l i b r a t i o n  Records & Traceabi l  i t v  o f  Standards/Reaqents - -  C a l i b r a t i o n  i s  
a reproduc ib le  re fe rence p o i n t  t o  which a l l  sample measurements can be 
c o r r e l  ated. A sound ca l  i b r a t  i o n  program should inc lude p rov i  s ions f o r  
documentation o f  frequency, cond i t ions ,  standards, and records r e f l e c t i n g  
the  c a l i b r a t i o n  h i s t o r y  o f  a measurement system. The accuracy o f  the  
c a l i b r a t i o n  standards i s  impor tant  because a l l  data w i l l  be i n  reference 
t o  t h e  standards used. A program f o r  v e r i f y i n g  and doc~.~menting the  
accuracy o f  a l l  working standards against pr imary grade standards should 
be r o u t i n e l y  fo l lowed.  

Sample C o l l e c t i o n  - -  To ensure maximum u t i l i t y  o f  t he  sampling e f f o r t  and 
r e s u l t i n g  data, documentation o f  the  sampling pro toco l ,  as performed i n  
t h e  f i e l d ,  i s  essent i  a1 . It i s  recommended t h a t  sample c o l l e c t i o n  records 
conta in ,  a t  a minimum, t h e  names o f  persons conduct ing the  a c t i v i t y ,  
sample number, sample 1 o c a t i  on, equipment used, c l  i m a t i c  condi t ions,  
documentat i o n  o f  adherence t o  p ro toco l ,  and unusual observat ions. The 
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actua l  sample c o l l e c t i o n  record  i s  u s u a l l y  one o f  t h e  f o l l o w i n g :  a bound 
f i e l d  notebook w i t h  prenumbered pages, a p r e - p r i  n ted  form, o r  d i g i t i z e d  
in fo rmat ion  on a computer tape o r  d isc .  

Chain-of-Custodv Records - -  The chain-of -custody i n v o l v i n g  t h e  possession 
of samples from t h e  t ime they are  obta ined u n t i l  they  a re  disposed o r  
shipped o f f - s i t e  should be documented as s p e c i f i e d  i n  t h e  QAPjP and should 
i nc lude  t h e  f o l l o w i n g  in fo rmat ion :  (1 )  t h e  p r o j e c t  name; (2 )  s ignatures  
of samplers; (3)  t h e  sample number, da te  and t ime o f  c o l l e c t i o n ,  and grab 
o r  composite sample designat ion;  (4) s ignatures o f  i n d i v i d u a l  s i nvo l ved  i n  
sample t r a n s f e r ;  and (5)  i f  app l icab le ,  t h e  a i r  b i l l  o r  o the r  sh ipp ing  
number. 

M ~ D S  and Drawinqs - -  P ro jec t  p lanning documents and r e p o r t s  o f t e n  con ta in  
maps. The maps are  used t o  document t h e  l o c a t i o n  o f  sample c o l l e c t i o n  
p o i n t s  and moni to r ing  w e l l s  and as a means o f  p resent ing  environmental 
data. I n fo rma t ion  used t o  prepare maps and drawings i s  normal ly  obta ined 
through f i e l d  surveys, p roper ty  surveys, surveys o f  mon i to r i ng  we1 1 s, 
a e r i  a1 photography o r  photogrammetric mapping. The f i n a l  , approved maps 
and/or drawings should have a r e v i s i o n  number and date and should be sub- 
j e c t  t o  t h e  same c o n t r o l s  as o the r  p r o j e c t  records.  

QC Samples - -  Documentation f o r  generat ion o f  QC samples, such as t r i p  and 
equipment r i  nsate blanks, dupl i ca te  samples, and any f i e l d  s p i  kes should 
be maintained. 

Dev ia t ions  - -  A l l  dev ia t i ons  from procedural documents and t h e  QAPjP 
should be recorded i n  the  s i t e  logbook. 

Reports - -  A copy o f  any r e p o r t  issued and any suppor t ing  documentation 
should be re ta ined.  

4 . 0  LABORATORY OPERATIONS 

The l a b o r a t o r y  should conduct i t s  operat ions i n  such a way as t o  p rov ide  
r e l i a b l e  in fo rmat ion .  To achieve t h i s ,  c e r t a i n  minimal p o l i c i e s  and procedures 
should be imp1 emented. 

4 . 1  FACILITIES 

The QAPjP should address a l l  f a c i l i t y - r e l a t e d  issues t h a t  may impact 
p r o j e c t  da ta  q u a l i t y .  Each l a b o r a t o r y  should be o f  s u i t a b l e  s i z e  and 
cons t ruc t i on  t o  f a c i l i t a t e  the  proper  conduct o f  t h e  analyses. Adequate bench 
space o r  working area per  ana lys t  should be provided. The space requirement per  
ana lys t  depends on t h e  equipment o r  apparatus t h a t  i s  being u t i l  ized, t h e  number 
o f  samples t h a t  t h e  ana lys t  i s  expected t o  handle a t  any one time, and t h e  number 
of opera t ions  t h a t  a re  t o  be performed concur ren t ly  by a s i n g l e  ana lys t .  Other 
issues t o  be considered inc lude,  bu t  are n o t  1 i m i t e d  to ,  v e n t i l a t i o n ,  1 i g h t i n g ,  
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c o n t r o l  o f  dus t  and d r a f t s ,  p r o t e c t i o n  from extreme temperatures, and access t o  
a source o f  s t a b l e  power. 

Labora tor ies  should be designed so t h a t  there  i s  adequate separat ion o f  
f unc t i ons  t o  ensure t h a t  no l abo ra to ry  a c t i v i t y  has an adverse e f f e c t  on the  
analyses. The 1 aboratory may r e q u i r e  specia l  i zed f a c i  1 i t i e s  such as a p e r c h l o r i c  
a c i d  hood o r  glovebox. 

Separate space f o r  1 aboratory operat ions and appropr ia te  anci  11 ary  support 
should be provided, as needed, f o r  t he  performance o f  r o u t i n e  and spec ia l i zed  
procedures. 

As necessary t o  ensure secure storage and prevent contaminat ion o r  
m i s i d e n t i f i c a t i o n ,  t he re  should be adequate f a c i  1 i t i e s  f o r  r e c e i p t  and storage 
o f  samples. The l e v e l  o f  custody requ i red  and any specia l  requirements f o r  
s torage such as r e f r i g e r a t i o n  should be descr ibed i n  p lanning documents. 

Storage areas f o r  reagents, so l  vents, standards, and reference ma te r i a l  s 
should be adequate t o  preserve t h e i r  i d e n t i t y ,  concentrat ion,  p u r i t y ,  and 
s t a b i l i t y .  

Adequate f a c i l i t i e s  should be prov ided f o r  t he  c o l l e c t i o n  and storage o f  
a l l  wastes, and these f a c i l i t i e s  should be operated so as t o  minimize envi ron-  
mental contaminat ion. Waste storage and d isposal  f a c i l i t i e s  should comply w i t h  
appl i c a b l e  federa l ,  s ta te ,  and l o c a l  regu la t ions .  

The l o c a t i o n  o f  long- te rm and shor t - te rm storage o f  l abo ra to ry  records and 
the  measures t o  ensure t h e  i n t e g r i t y  o f  t he  data should be spec i f ied .  

Equipment and ins t rumenta t ion  should meet t he  requirements and s p e c i f i c a -  
t i o n s  of the  s p e c i f i c  t e s t  methods and o ther  procedures as s p e c i f i e d  i n  the  
QAPjP. 'The 1 aboratory should ma in ta in  an equipment/instrument d e s c r i p t i o n  1 i s t  
t h a t  i n c l  udes t h e  manufacturer, model number, year  o f  purchase, accessories, and 
any mod i f i ca t i ons ,  updates, o r  upgrades t h a t  have been made. 

4.3 OPERATING PROCEDURES 

The QAPjP should descr ibe  o r  make reference t o  a l l  l abo ra to ry  a c t i v i t i e s  
t h a t  may a f f e c t  data qua1 i t y .  For r o u t i n e l y  performed a c t i v i t i e s ,  SOPS are o f t en  
prepared t o  ensure consis tency and t o  save t ime and e f f o r t  i n  prepar ing QAPjPs. 
Any d e v i a t i o n  from an es tab l i shed  procedure dur ing  a da ta  c o l l e c t i o n  a c t i v i t y  
should be documented. It i s  recommended t h a t  procedures be a v a i l  ab le f o r  the  
i n d i c a t e d  a c t i v i t i e s ,  and inc lude,  a t  a minimum, the  i n fo rma t i on  descr ibed 
be1 ow. 
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4.3.1 Sampl e  Manaqement 

The procedures desc r ib ing  t h e  r e c e i  p t  , hand1 i n g  , schedul i ng , and storage 
o f  samples should be spec i f i ed .  

Sample Receipt and Handl inq - -  These procedures descr ibe  t h e  precaut ions 
t o  be used i n  opening sample shipment conta iners  and how t o  v e r i f y  t h a t  
cha in-o f -cus tody  has been maintained, examine samples f o r  damage, check 
f o r  proper p reserva t ives  and temperature, and l o g  samples i n t o  the  
1  abora tory  sample streams. 

Sampl e  Schedul i n q  - - These procedures descr ibe t h e  sample schedul ing i n  
t h e  l a b o r a t o r y  and inc ludes  procedures used t o  ensure t h a t  ho ld ing  t ime 
requirements are  met. 

Sample Storaqe - -  These procedures descr ibe t h e  storage cond i t i ons  f o r  a l l  
samples, v e r i f i c a t i o n  and docu~i ientat ion o f  da.i l y  s torage temperature, and 
how t o  ensure t h a t  custody o f  t he  samples i s  mainta ined w h i l e  i n  t h e  
1  aboratory . 
4.3.2 Reaqent/Standard Preparat ion 

The procedures desc r ib ing  how t o  prepare standards and reagents should be 
spec i f i ed .  I n fo rma t ion  concerning s p e c i f i c  grades o f  mater i  a1 s  used i n  reagent 
and standard preparat ion,  appropr ia te  glassware and conta iners  f o r  p repara t ion  
and storage, and l a b e l i n g  and recordkeeping f o r  s tocks and d i l u t i o n s  should be 
i nc l  uded. 

4.3.3 General Laboratory Techniques 

The procedures desc r i  b.i ng a1 1  essent i a1 s  o f  1  aboratory operat  ions  t h a t  a re  
n o t  addressed elsewhere should be spec i f i ed .  These techniques should inc lude,  
bu t  are n o t  1  i m i  t e d  to ,  glassware c lean ing  procedures, opera t ion  o f  a n a l y t i c a l  
balances, p i p e t t i n g  techniques, and use o f  vo lumet r ic  glassware. 

4.3.4 Test Methods 

Procedures f o r  t e s t  methods desc r ib ing  how t h e  analyses are a c t u a l l y  
performed i n  t h e  1  aboratory should be spec i f i ed .  A simple re ference t o  standard 
methods i s  n o t  s u f f i c i e n t ,  unless the  ana lys is  i s  performed exact1.y as descr ibed 
i n  t he  publ ished method. Whenever methods from SW-846 a re  n o t  appropr iate,  
recognized methods from source documents publ ished by t h e  EPA, American Pub l i c  
Hea l th  Assoc ia t ion  (APHA) , American Soc ie ty  f o r  Tes t ing  and Mater i  a1 s  (AS'rM) , t h e  
Nat iona l  I n s t i t u t e  f o r  Occupational Safety and Hea l th  (NIOSH) , o r  o the r  
recognized organ iza t ions  w i t h  appropr ia te  expe r t i se  should be used, i f  poss ib le .  
The documentation o f  t h e  actual  1  aboratory procedures f o r  a n a l y t i c a l  methods 
should i n c l u d e  t h e  fo l l ow ing :  

Sampl e  Prepara t ion  and Analys i  s  Procedures - - These i n c l  ude appl i cab1 e  
ho ld ing  t ime, e x t r a c t i o n ,  d iges t i on ,  o r  p repara t ion  steps as appropr ia te  
t o  t h e  method; procedures fo r  determin ing t h e  app rop r ia te  d i l u t i o n  t o  
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analyze; and any o ther  in fo rmat ion  requ i red  t o  perform the  analys is  
accura te ly  and cons i s ten t l y .  

Instrument Standardizat ion - -  This  inc ludes concentrat ion(s)  and frequency 
o f  ana lys is  o f  c a l i b r a t i o n  standards, 1  i nea r  range o f  t he  method, and 
c a l  i b r a t i o n  acceptance c r i t e r i a .  

Sampl e  Data - -  This inc ludes record ing requirements and documentation i n -  
c lud ing  sample i d e n t i f i c a t i o n  number, analyst ,  data v e r i f i c a t i o n ,  date o f  
ana lys is  and v e r i f i c a t i o n ,  and computational method(s) . 

Prec is ion  and Bias - -  This inc ludes a l l  analytes f o r  which the  method i s  
app l i cab le  and the  cond i t ions  f o r  use o f  t h i s  in format ion.  

Detec t ion  and Report inq L i m i t s  - -  This inc ludes a l l  analytes i n  t h e  
method. 

Tes t -Spec i f i c  QC - -  'This describes QC a c t i v i t i e s  app l icab le  t o  the  
s p e c i f i c  t e s t  and references any app l icab le  QC procedures. 

4 . 3 . 5  Equipment C a l i b r a t i o n  and Maintenance 

The procedures descr ib ing  how t o  ensure t h a t  l abo ra to ry  equipment and 
ins t rumenta t ion  are i n  working order  should be spec i f ied .  These procedures 
i nc lude  c a l i b r a t i o n  procedures and schedules, maintenance procedures and 
schedules, maintenance 1  O ~ S ,  serv ice  arrangements f o r  a1 1  equipment, and spare 
p a r t s  a v a i l a b l e  in-house. C a l i b r a t i o n  and maintenance o f  labora tory  equipment 
and ins t rumenta t ion  should be i n  accordance w i t h  manufacturers' spec i f i ca t i ons  
o r  appl i c a b l  e  t e s t  s p e c i f i c a t i o n s  and should be documented. 

The type, purpose, and frequency o f  QC samples t o  be analyzed i n  the  
l abo ra to ry  and the  acceptance c r i t e r i a  should be spec i f ied .  In format ion should 
i nc lude  the  a p p l i c a b i l i t y  o f  t he  QC sample t o  t h e  a n a l y t i c a l  process, the  
s t a t i s t i c a l  t reatment o f  t h e  data, and t h e  responsi b i l  i t y  o f  1  aboratory s t a f f  and 
management i n  generat ing and us ing t h e  data. Fur ther  d e t a i l s  on development o f  
p r o j e c t - s p e c i f  i c  QC p ro toco l  s  are described i n  Sect ion 4 . 4 .  

4 .3 .7  Cor rec t i ve  Ac t ion  

The procedures descr ib ing  how t o  i d e n t i f y  and co r rec t  de f i c i enc ies  i n  the  
a n a l y t i c a l  process should be speci f ied.  These should inc lude s p e c i f i c  steps t o  
take  i n  c o r r e c t i n g  t h e  d e f i c i e n c i e s  such as preparat ion o f  new standards and 
reagents, reca l  i b r a t i o n  and restandardi  za t i on  o f  equipment, reana lys is  o f  
samples, o r  add i t i ona l  t r a i n i n g  o f  1  aboratory personnel i n  methods and 
procedures. The procedures should spec i fy  t h a t  each c o r r e c t i v e  ac t i on  should be 
documented w i t h  a  d e s c r i p t i o n  o f  t h e  de f ic iency  and t h e  c o r r e c t i v e  ac t i on  taken, 
and should i n c l  ude t h e  person(s) responsib le f o r  imp1 ementing t h e  co r rec t i ve  
ac t i on .  
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4.3.8 Data Reduction and V a l i d a t i o n  

The procedures desc r ib ing  how t o  rev iew and v a l i d a t e  t h e  da ta  should be 
spec i f i ed .  They should i n c l  ude procedures f o r  computing and i n t e r p r e t i n g  the  
r e s u l t s  f rom QC sampl es, and independent procedures t o  v e r i f y  t h a t  t h e  a n a l y t i c a l  
r e s u l t s  a re  repo r ted  c o r r e c t l y .  I n  add i t i on ,  r o u t i n e  procedures used t o  moni tor  
p r e c i s i o n  and b ias ,  i n c l u d i n g  eva lua t ions  o f  reagent, equipment r i n s a t e ,  and t r i p  
blanks, c a l  i b r a t i o n  standards, c o n t r o l  samples, dupl i c a t e  and m a t r i x  sp ike 
sampl es, and surrogate recovery, should be d e t a i l e d  i n  t h e  procedures. More 
d e t a i  1  ed va l  i d a t i  on procedures should be performed when requ i  red  i n t h e  con t rac t  
o r  QAPjP. 

4 .-3.9 Report i nq 

The procedures descr ib ing  the  process f o r  r e p o r t i n g  t h e  a n a l y t i c a l  r e s u l t s  
should be spec i f i ed .  

4.3.10 Records Manaqement 

The procedures desc r ib ing  t h e  means f o r  generat ing, c o n t r o l l i n g ,  and 
a r c h i v i n g  l abo ra to ry  records should be spec i f i ed .  The procedures should d e t a i l  
record  genera t i  on and c o n t r o l  , and the  requ i  rements f o r  reco rd  r e t e n t i  on, i n c l  ud- 
i n g  type, t ime, secu r i t y ,  and r e t r i e v a l  and d isposal  a u t h o r i t i e s .  

P ro jec t - spec i  f i c  records may i n c l  ude correspondence, chai  n - o f  -custody 
records, request  f o r  analys is ,  c a l i b r a t i o n  da ta  records,  raw and f i n i s h e d  
a n a l y t i c a l  and QC data, data repor ts ,  and procedures used. 

Laboratory operat ions records may inc lude l abo ra to ry  notebooks, inst rument  
performance 1  ogs and mai ntenance 1  ogs i n  bound notebooks w i t h  prenumbered 
pages; l a b o r a t o r y  benchsheets; software documentation; c o n t r o l  char ts ;  
re fe rence mater i  a1 c e r t i f i c a t i o n ;  personnel f i 1 es; 1  aboratory procedures; 
and c o r r e c t i v e  a c t i o n  repo r t s .  

4.3.11 Waste D i s ~ o s a l  

The procedures desc r ib ing  t h e  methods f o r  d isposal  o f  chemicals i n c l u d i n g  
standard and reagent so lu t ions ,  process waste, and sampl es should be spec i f i ed .  

4.4 LABORATORY QA AND QC PROCEDURES 

The QAPjP should descr ibe how the  f o l l o w i n g  requ i red  elements o f  t he  
l a b o r a t o r y  QC program are t o  be implemented. 

4.4.1 Method P ro f i c i ency  

Procedures should be i n  p lace  f o r  demonstrat ing p r o f i c i e n c y  w i t h  each 
a n a l y t i c a l  method r o u t i n e l y  used i n  t h e  1  aboratory.  These should i nc lude  
procedures f o r  demonstrat ing t h e  p rec i s ion  and b i a s  o f  t h e  method as performed 
by t h e  1  aboratory and p r o c e d ~ ~ r e s  f o r  determin ing t h e  method d e t e c t i o n  1  i m i  t 
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(MDL) . A1 1  te rmi  no1 ogy , procedures and frequency o f  determinat ions associated 
w i t h  the  l abo ra to ry ' s  establ ishment o f  t he  MDL and the  repo r t i ng  1  i m i t  should be 
we1 1  -def ined and we1 1  -documented. Documented prec is ion,  bias, and MDL 
in fo rma t ion  should be maintained f o r  a1 1  methods performed i n  the  1  aboratory. 

4.4.2 Control  L i m i t s  

Procedures should be i n  p lace f o r  establ  i sh ing  and updating cont ro l  1  i m i t s  
f o r  analys is .  Control  1  i m i t s  should be establ  ished t o  evaluate 1  aboratory 
p r e c i s i o n  and b i a s  based on the  ana lys is  o f  con t ro l  samples. Typ i ca l l y ,  con t ro l  
1  i m i t s  f o r  b ias  are based on the  h i s t o r i c a l  mean recovery p lus  o r  minus th ree  
standard d e v i a t i o n  u n i t s ,  and con t ro l  1  i m i t s  f o r  p rec i s ion  range from zero (no 
d i f f e r e n c e  between dupl i c a t e  con t ro l  samples) t o  the  h i s t o r i c a l  mean re1  a t i v e  
percent d i f f e r e n c e  p l u s  th ree  standard dev ia t i on  u n i t s .  Procedures should be i n  
p l  ace f o r  mon i to r ing  h i s t o r i c a l  performance and should i n c l  ude graphical  (cont ro l  
cha r t s )  and/or t a b u l a r  presentat ions o f  the  data. 

4.4.3 Laboratory Control  Procedures 

Procedures should be i n  place f o r  demonstrating t h a t  t he  labora tory  i s  i n  
c o n t r o l  du r ing  each data c o l l e c t i o n  a c t i v i t y .  Ana ly t i ca l  data generated w i t h  
l abo ra to ry  c o n t r o l  samples t h a t  fa1 1  w i t h i n  prescr ibed 1  i m i t s  are judged t o  be 
generated wh i l e  t he  l abo ra to ry  was i n  con t ro l .  Data generated w i t h  labora tory  
con t ro l  samples t h a t  f a l l  ou ts ide  the  establ ished con t ro l  1  i m i t s  are judged t o  
be generated dur ing  an "ou t -o f - con t ro l "  s i t u a t i o n .  These data are considered 
suspect and should be repeated o r  repor ted w i t h  qual i f i e r s .  

Laboratory Control  Samples - -  Laboratory cont ro l  samples should be 
analyzed f o r  each a n a l y t i c a l  method when appropr iate f o r  t he  method. A 
l abo ra to ry  con t ro l  sample cons is ts  o f  e i t h e r  a  con t ro l  ma t r i x  spiked w i t h  
ana ly tes  representa t ive  o f  t he  t a r g e t  analytes o r  a  c e r t i f i e d  reference 
mater i  a1 . 

Laboratory con t ro l  sample(s) should be analyzed w i t h  each batch o f  samples 
processed t o  v e r i f y  t h a t  t he  p rec i s ion  and b ias  o f  the  a n a l y t i c a l  process 
are w i t h i n  c o n t r o l  l i m i t s .  The r e s u l t s  o f  t he  l abo ra to ry  con t ro l  
sample(s) are compared t o  con t ro l  1  i m i  t s  es tab l  i shed f o r  both prec is ion  
and b ias  t o  determine u s a b i l i t y  o f  the  data. 

Method Blank - -  When appropr iate f o r  t h e  method, a  method blank should be 
analyzed w i t h  each batch o f  samples processed t o  assess contamination 
l e v e l s  i n  the  labora tory .  Guide1 ines should be i n  p lace f o r  accept ing o r  
r e j e c t i n g  data based on t h e  l e v e l  o f  contamination i n  t he  blank. 

Procedures should be i n  p lace f o r  documenting the e f f e c t  o f  the ma t r i x  on 
method performance. When appropr iate f o r  the  method, there  should be a t  l e a s t  
one m a t r i x  sp ike  and e i t h e r  one ma t r i x  dup l i ca te  o r  one ma t r i x  sp ike dup l ica te  
per  a n a l y t i c a l  batch. Add i t i ona l  con t ro l  samples may be necessary t o  assure data 
qual i t y  t o  meet t he  p r o j e c t - s p e c i f i c  DQOs. 
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Matrix-Specific Bias - -  Procedures should be in place for determining the 
bias of the method due to the matrix. These procedures should include 
preparation and analysis of matrix spi kes, selection and use of surrogates 
for organic methods, and the method of standard additions for metal and 
inorganic methods. When the concentration of the analyte in the sample is 
greater than 0.1%, no spike is necessary. 

Matrix-Specific Precision - -  Procedures should be in pl ace for determining 
the precision of the method for a specific matrix. These procedures 
should include analysis of matrix dupl icates and/or matrix spi ke 
duplicates. The frequency of use of these techniques should be based on 
the DQO for the data collection activity. 

Matrix-Specific Detection Limit - -  Procedures should be in place for 
determining the MDL for a specific matrix type (e.g . , wastewater treatment 
sl udge, contaminated soi 1, etc) . 
4.4.4 Deviations 

Any activity not performed in accordance with laboratory procedures or 
QAPjPs is considered a deviation from plan. All deviations from plan should be 
documented as to the extent of, and reason for, the deviation. 

4.4.5 Corrective Action 

Errors, deficiencies, deviations, or laboratory events or data that fall 
outside of established acceptance criteria should be investigated. In some 
instances, corrective action may be needed to resolve the problem and restore 
proper functioning to the analytical system. The investigation of the problem 
and any subsequent corrective action taken should be documented. 

4.4.6 Data Handlinq 

Data resulting from the analyses of samples should be reduced according to 
protocol s described in the 1 aboratory procedures. Computer programs used for 
data reduction should be validated before use and verified on a regular basis. 
All information used in the calculations (e.g., raw data, calibration files, 
tuning records, results of standard additions, interference check results, and 
bl ank- or background-correcti on protocol s) should be recorded in order to enable 
reconstruction of the final result at a later date. Information on the 
preparation of the sample (e.g., weight or volume of sample used, percent dry 
weight for solids, extract volume, dilution factor used) should also be 
maintained in order to enable reconstruction of the final result at a later date. 

All data should be reviewed by a second analyst or supervisor according to 
laboratory procedures to ensure that calculations are correct and to detect 
transcript ion errors. Spot checks should be performed on computer calculations 
to verify program validity. Errors detected in the review process should be 
referred to the analyst(s) for corrective action. Data should be reported in 
accordance with the requirements of the end-user. It is recommended that the 
supporting documentation i ncl ude at a minimum: 
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Laboratory name and address. 

Sample in fo rmat ion  ( i n c l u d i n g  unique sample i d e n t i f i c a t i o n ,  sample 
c o l l e c t i o n  date and t ime, date of sample rece ip t ,  and date(s) o f  sample 
prepara t ion  and ana lys is ) .  

A n a l y t i c a l  r e s u l t s  repor ted  w i t h  an appropr iate number o f  s i g n i f i c a n t  
f i g u r e s  . 
Detect ion 1  i m i  t s  t h a t  r e f l e c t  d i l u t i o n s ,  in ter ferences,  o r  co r rec t i on  f o r  
equ iva len t  d r y  weight. 

Method reference.  

Appropr iate QC r e s u l t s  ( c o r r e l a t i o n  w i t h  sample batch should be t raceable 
and documented). 

Data qual i f i e r s  w i t h  appropr iate references and n a r r a t i v e  on the  qual i t y  
o f  t he  r e s u l t s .  

4.5 QUALITY ASSURANCE REVIEW 

The QA rev iew cons is ts  o f  i n t e r n a l  and external  assessments t o  ensure t h a t  
QA/QC procedures are i n  use and t o  ensure t h a t  labora tory  s t a f f  conform t o  these 
procedures. QA rev iew should be conducted as deemed appropr iate and necessary. 

4.6 LABORATORY RECORDS 

Records prov ide the  d i r e c t  evidence and support f o r  the  necessary techn ica l  
i n t e r p r e t a t i o n s ,  judgements, and discussions concerning p r o j e c t  a c t i v i t i e s .  
These records, p a r t i c u l a r l y  those t h a t  are an t i c i pa ted  t o  be used as ev iden t i a ry  
data, should d i r e c t l y  support techn ica l  s tudies and a c t i v i t i e s ,  and prov ide the  
h i s t o r i c a l  evidence needed f o r  1  a t e r  reviews and analyses. Records should be 
1egi b le ,  i d e n t i f i a b l e ,  and r e t r i e v a b l e ,  and protected against damage, 
d e t e r i o r a t i o n ,  o r  l oss .  The d iscussion i n  t h i s  sec t i on  (4.6) out1 ines  
recommended procedures f o r  record  keeping . Organizat ions which conduct f i e l d  
sarr~pl i ng should devel op appropr iate record keeping procedures which s a t i s f y  
re levan t  t echn ica l  and l e g a l  requirements. 

Laboratory records genera l l y  cons i s t  o f  bound notebooks w i t h  prenumbered 
pages, personnel qual i f i c a t i o n  and t r a i n i n g  forms, equipment maintenance and 
ca l  i b r a t i o n  forms, chain-of -custody forms, sample ana lys is  request forms, and 
a n a l y t i c a l  change request forms. A1 1  records should be w r i t t e n  i n  i n d e l i b l e  ink .  

Procedures f o r  reviewing, approving, and r e v i s i n g  1  aboratory records should 
be c l e a r l y  def ined,  w i t h  the  l i n e s  o f  a u t h o r i t y  included. Any documentation 
e r r o r s  should be cor rec ted  by drawing a  s ing le  l i n e  through the  e r r o r  so t h a t  i t  
remains l e g i b l e  and should be i n i t i a l e d  by the  responsib le i nd i v idua l ,  along w i t h  
t h e  date o f  change. The c o r r e c t i o n  i s  w r i t t e n  adjacent t o  t he  e r r o r .  
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S t r i p - c h a r t  recorder  p r i n t o u t s  should be signed by t h e  person who performed 
the  ins t rumenta l  ana lys is .  I f  co r rec t i ons  need t o  be made i n  computerized data, 
a  system p a r a l l e l  t o  t h e  co r rec t i ons  f o r  handwr i t ten  da ta  should be i n  place. 

Records o f  sample management should be a v a i l a b l e  t o  pern i i t  t h e  r e - c r e a t i o n  
o f  an a n a l y t i c a l  event f o r  rev iew i n  t h e  case o f  an a u d i t  o r  i n v e s t i g a t i o n  o f  a  
dubious r e s u l t  . 

Laboratory records should inc lude,  a t  l e a s t ,  t h e  f o l l  owing: 

Operat i ns Procedures - - Procedures should be avai  1  ab le  t o  those per forming 
t h e  t a s k  o u t l i n e d .  Any r e v i s i o n s  t o  l a b o r a t o r y  procedures should be 
w r i t t e n ,  dated, and d i s t r i b u t e d  t o  a l l  a f f e c t e d  i n d i v i d u a l s  t o  ensure 
implementat ion o f  changes. Areas covered by ope ra t i ng  procedures are  
g i ven  i n  Sect ions 3.3 and 4.3. 

Q u a l i t y  Assurance Plans - -  The QAPjP should be on f i l e .  

Equipment Maintenance Documentation - -  A h i s t o r y  o f  t h e  maintenance reco rd  
o f  each system serves as an i n d i c a t i o n  o f  t h e  adequacy o f  maintenance 
schedules and p a r t s  inventory .  As appropr iate,  t h e  maintenance g u i d e l i n e s  
of t h e  equi pment manufacturer should be f o l  1  owed. When maintenance i s  
necessary, i t  should be documented i n  e i t h e r  standard forms o r  i n  
1 ogbooks. Maintenance procedures should be c l e a r l y  de f ined and w r i t t e n  
f o r  each measurement system and requ i red  support equipment. 

P r o f  i c i  encv - - P ro f i c i ency  i n fo rma t ion  on a1 1  compounds repo r ted  should be 
mainta ined and should inc lude (1) p rec is ion ;  (2) b ias ;  (3)  method detec-  
t i o n  l i m i t s ;  (4) sp ike  recovery, where app l icab le ;  (5) sur rogate  recovery, 
where appl i c a b l  e; (6) checks on reagent p u r i t y ,  where appl i c a b l  e; and 
(7) checks on glassware c lean l iness ,  where app l icab le .  

C a l i b r a t i o n  Records 81 Traceabi l  i t v  o f  Standards/Reaqents - -  C a l i b r a t i o n  i s  
a  rep roduc ib le  re ference p o i n t  t o  which a l l  sample measurements can be 
c o r r e l  ated. A sound c a l  i b r a t  i on program should i n c l  ude p r o v i  s i  ons f o r  
documenting frequency, cond i t ions ,  standards, and records r e f l e c t i n g  t h e  
c a l i b r a t i o n  h i s t o r y  o f  a  measurement system. The accuracy o f  t h e  
c a l i b r a t i o n  standards i s  important  because a l l  da ta  w i l l  be i n  re fe rence 
t o  t h e  standards used. A  program f o r  v e r i f y i n g  and documenting t h e  
accuracy and t raceab i  1  i t y  o f  a1 1  working standards aga ins t  appropr ia te  
pr imary grade standards o r  t h e  h ighes t  q u a l i t y  standards a v a i l a b l e  should 
be r o u t i n e l y  fo l lowed.  

Sample Manaqement - - A1 1  requ i red  records p e r t a i n i n g  t o  sample management 
should be mainta ined and updated r e g u l a r l y .  These i n c l u d e  chai  n -o f -  
custody forms, sample r e c e i p t  forms, and sample d i s p o s i t i o n  records.  

O r i q i n a l  Data - -  The raw da ta  and ca l cu la ted  r e s u l t s  f o r  a l l  samples 
should be mainta ined i n  1  aboratory notebooks, 1  ogs, benchsheets, f i l e s  o r  
o t h e r  sample t r a c k i n g  o r  da ta  e n t r y  forms. Inst rumenta l  ou tpu t  should be 
s to red  i n  a  computer f i 1 e  o r  a  hardcopy r e p o r t .  
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OC Data - -  The raw data and ca l cu la ted  r e s u l t s  f o r  a l l  QC and f i e l d  
samples and standards should be maintained i n  t he  manner described i n  the  
preceding paragraph. Documentation should a1 low c o r r e l a t i o n  o f  sample 
r e s u l t s  w i t h  associated QC data. Documentation should a l so  inc lude the  
source and l o t  numbers o f  standards f o r  t r a c e a b i l i t y .  QC samples include, 
bu t  a re  no t  l i m i t e d  to ,  con t ro l  samples, method blanks, ma t r i x  spikes, and 
m a t r i x  sp ike dup l ica tes .  

Correspondence - - P ro jec t  correspondence can prov ide  evidence support i ng 
techn ica l  i n t e r p r e t a t i o n s .  Correspondence p e r t i n e n t  t o  t he  p r o j e c t  should 
be kept and placed i n  t h e  p r o j e c t  f i l e s .  

Deviat ions - -  A1 1 dev ia t i ons  from procedural and p lanning documents should 
be recorded i n  1 aboratory notebooks. Deviat ions from QAPjPs should be 
reviewed and approved by t h e  author ized personnel who performed the  
o r i g i n a l  techn ica l  rev iew o r  by t h e i r  designees. 

F ina l  Report - -  A copy o f  any r e p o r t  issued and any support ing documenta- 
t i o n  should be re ta ined.  

5.0 DEFINITIONS 

The f o l l o w i n g  terms are  de f ined f o r  use i n  t h i s  document: 

BATCH : 

BIAS: 

The closeness o f  agreement between an observed value and 
an accepted reference value. When appl ied t o  a se t  o f  
observed values, accuracy w i l l  be a combination o f  a 
random component and o f  a common systematic e r r o r  (o r  
b ias )  component. 

A group o f  samples which behave s i m i l a r l y  w i t h  respect t o  
t h e  sampling o r  the  t e s t i n g  procedures being employed and 
which are processed as a u n i t  (see Sect ion 3.4.1 f o r  f i e l d  
samples and Sect ion 4.4.3 f o r  1 aboratory samples). For QC 
purposes, i f  the  number o f  samples i n  a group i s  g rea te r  
than 20, then each group o f  20 samples o r  l e s s  w i l l  a l l  be 
handled as a separate batch. 

The dev ia t i on  due t o  ma t r i x  e f f e c t s  o f  t he  measured value 
(x, - xu) from a known spiked amount. Bias can be assessed 
by comparing a measured value t o  an accepted reference 
val  ue i n  a sample o f  known concentrat ion o r  by determining 
t h e  recovery o f  a known amount o f  contaminant spiked i n t o  
a sample (mat r ix  sp ike) .  Thus, t he  b ias  (B) due t o  ma t r i x  
e f f e c t s  based on a ma t r i x  sp ike i s  ca l cu la ted  as: 

B = ( x , - X u )  - K  
where : 
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BLANK: 

CONTROL SAMPLE : 

DATA QUALITY 
OBJECTIVES (DQOs): 

DATA VALIDATION: 

DUPLICATE : 

EQUIPMENT BLANK: 

EQUIPMENT RINSATE: 

ESTIMATED 
QUANTITATION 
LIMIT (EQL): 

x, = measured value f o r  sp iked sample, 
xu = measured value f o r  unspi ked sa~iiple, and 
K = known value o f  t he  sp ike  i n  t h e  sample. 

Using the  f o l l o w i n g  equat ion y i e l d s  t h e  percent  recovery 
(%R) . 

see Equipment Rinsate, Method Blank, T r i p  Blank. 

A  QC sample in t roduced i n t o  a  process t o  mon i to r  t he  
performance o f  t he  system. 

A statement o f  t he  o v e r a l l  l e v e l  o f  u n c e r t a i n t y  t h a t  a  
decision-maker i s  w i l l i n g  t o  accept i n  r e s u l t s  der ived 
from environmental da ta  (see re ference 2, EPA/QAMS, J u l y  
16, 1986). Th is  i s  q u a l i t a t i v e l y  d i s t i n c t  f rom q u a l i t y  
measurements such as prec is ion ,  b ias,  and d e t e c t i o n  1  i n i i  t. 

The process o f  eva lua t ing  the  a v a i l a b l e  da ta  aga ins t  t he  
p r o j e c t  DQOs t o  make sure t h a t  t h e  o b j e c t i v e s  are met. 
Data v a l i d a t i o n  may be very r igorous ,  o r  cursory, 
depending on p r o j e c t  DQOs. The a v a i l a b l e  da ta  reviewed 
w i l l  i nc lude a n a l y t i c a l  r e s u l t s ,  f i e l d  QC da ta  and l a b  QC 
data, and may a1 so inc lude f i e l d  records.  

see M a t r i x  Dup l ica te ,  F i e l d  Dup l ica te ,  M a t r i x  Spike 
Dupl i cate  . 
see Equipment Rinsate. 

A  sample o f  ana ly te - f ree  media which has been used t o  
r i n s e  the  sa~iipl i n g  equipment. It i s  c o l l  ected a f t e r  
complet ion o f  decontamination and p r i o r  t o  sampl i n g  . Th is  
b l  arlk i s  use fu l  i n  documenting adequate decontaminat ion o f  
sampling equipment. 

The lowest  concent ra t ion  t h a t  can be re1  i a b l y  achieved 
w i t h i n  s p e c i f i e d  l i m i t s  o f  p r e c i s i o n  and accuracy du r ing  
r o u t i n e  l a b o r a t o r y  opera t ing  cond i t i ons .  The EQL i s  
genera l l y  5 t o  10 t imes the  MDL. However, i t  may be 
nominal ly  chosen w i t h i n  these guide1 ines  t o  simp1 i f y  da ta  
repo r t i ng .  For many analytes the  EQL ana ly te  
concent ra t ion  i s  se lected as t h e  1  owest non-zero standard 
i n  t he  c a l i b r a t i o n  curve. Sample EQLs are  h i g h l y  m a t r i x -  
dependent. The EQLs i n  SW-846 are prov ided f o r  guidance 
and may n o t  always be achievable. 
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FIELD DUPLICATES: Independent samples which are c o l l e c t e d  as c lose as 
poss ib le  t o  the  same p o i n t  i n  space and time. 'They are 
two separate samples taken from the  same source, s tored i n  
separate containers, and analyzed independently . These 
dup l ica tes  are usefu l  i n  documenting the  p rec i s ion  o f  the, 
sampl i ng process. 

LABORATORY CONTROL 
SAMPLE: 

A known ma t r i x  sp i  ked w i t h  compound(s) representa t ive  o f  
t he  t a r g e t  analytes. This  i s  used t o  document labora tory  
performance. 

MATRIX: The component o r  substrate (e.g., surface water, d r i n k i n g  
water) which contains the  analyte o f  i n t e r e s t .  

MATRIX DUPLICATE: An .intral.aboratory spl  i t  sample which i s  used t o  document 
t he  p rec i s ion  o f  a  method i n  a  g iven sample matr ix .  

MATRIX SPIKE: An a l i q u o t  o f  sample spiked w i t h  a  known concentrat ion o f  
t a r g e t  analyte(s) .  The sp i k ing  occurs p r i o r  t o  sample 
prepara t ion  and analys is .  A  m a t r i x  spike i s  used t o  
document t h e  b ias  o f  a  method i n  a  g iven sample mat r ix .  

MATRIX SPIKE 
DUPLICATES: 

I n t r a l  aboratory s p l i t  samples spiked w i t h  i d e n t i c a l  
concentrat ions o f  t a r g e t  analyte(s) .  The sp ik ing  occurs 
p r i o r  t o  sample preparat ion and analys is .  They are used 
t o  document t he  p rec i s ion  and b ias  o f  a  method i n  a  g iven 
sample mat r ix .  

METHOD BLANK: An ana ly te - f ree  ma t r i x  t o  which a l l  reagents are added i n  
the  same volumes o r  propor t ions as used i n  sample 
processing. The method blank should be c a r r i e d  through 
the  complete sample preparat ion and a n a l y t i c a l  procedure. 
The method b lank i s  used t o  document contamination 
r e s u l t i n g  from the  ana ly t i ca l  process. 

For a  method b lank t o  be acceptable f o r  use w i t h  the  
accompanying samples, the concentrat ion i n  the  blank o f  
any analyte o f  concern should no t  be h igher  than the  
h ighest  o f  e i t h e r :  

(1)The method detec t ion  1  i m i t ,  o r  

(2)Five percent o f  the regu la to ry  1  i m i t  f o r  t h a t  analyte, 
o r  

(3 )F ive  percent o f  the  measured concentrat ion i n  the  
sample. 

METHOD DETECTION 
LIMIT (MDL): 

'The minimum concentrat ion o f  a  substance t h a t  can be 
measured and repor ted w i t h  99% confidence t h a t  the  analyte 
concentrat ion i s  g rea ter  than zero and i s  determined from 
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ana lys i s  o f  a sample i n  a g iven m a t r i x  type con ta in ing  
t h e  analyte.  

For opera t iona l  purposes, when i t  i s  necessary t o  
determine t h e  MDL i n  t h e  mat r ix ,  t h e  MDL should be 
determined by mu1 t i p l y i n g  t h e  appropr ia te  one-sided 99% t- 
s t a t i s t i c  by the  standard d e v i a t i o n  obta ined from a 
minimum o f  t h ree  analyses o f  a m a t r i x  sp ike  con ta in ing  t h e  
ana ly te  o f  i n t e r e s t  a t  a concent ra t ion  t h r e e  t o  f i v e  t imes 
the  est imated MDL, where t h e  t - s t a t i s t i c  i s  obta ined from 
standard references o r  t h e  t a b l e  below. 

No. o f  sarn~les:  
3 

t - s t a t i s t i c  
6.96 

Est imate t h e  MDL as fo l l ows :  
Obtain t h e  concent ra t ion  value t h a t  corresponds t o :  

a) an inst rument  s ignal /noise r a t i o  w i t h i n  t h e  range o f  
2.5 t o  5.0, o r  

b)  t h e  reg ion  o f  t h e  standard curve where t h e r e  i s  a 
s i g n i f i c a n t  change i n  s e n s i t i v i t y  ( i .e . ,  a break i n  t he  
s lope o f  t h e  standard curve).  

Determine the  var iance ( s 2 )  f o r  each ana ly te  as fo l l ows :  

where xi = t h e  i t h  measurement o f  t h e  v a r i a b l e  x 
and x = t h e  average value o f  x; 
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Determine t h e  standard d e v i a t i o n  (s )  f o r  each analy te as 
fo l lows:  

Determine the  MDL f o r  each ana ly te  as fo l lows:  

where tCn-, - .W i s  t he  one-sided t - s t a t i s t i c  appropr ia te  
f o r  t h e  nuhbei. oP samples used t o  determine (s)  , a t  t he  99 
percent  l e v e l  . 

ORGANIC-FREE For v o l a t i l e s ,  a l l  references t o  water i n  t he  methods 
REAGENT WATER: r e f e r  t o  water i n  which an i n t e r f e r a n t  i s  no t  observed a t  

t h e  method de tec t i on  l i m i t  o f  t h e  compounds o f  i n t e r e s t .  
Organic- f ree reagent water can be generated by passing tap  
water through a  carbon f i l t e r  bed conta in ing  about 1 pound 
o f  ac t i va ted  carbon. A  water p u r i f i c a t i o n  system may be 
used t o  generate o rgan ic - f ree  deionized water. 
Organic- f ree reagent water may a1 so be prepared by b o i l i n g  
water f o r  15 minutes and, subsequently, wh i l e  ma in ta in ing  
the  temperature a t  90°C, bubbl i n g  a  contaminant-free i n e r t  
gas through the  water f o r  1 hour. 

PRECISION: 

For semivol a t i  1  es and nonvol a t  i 1 es, a1 1  references t o  
water i n  t h e  methods r e f e r  t o  water i n  which an 
i n t e r f e r a n t  i s  no t  observed a t  the  method de tec t i on  l i m i t  
o f  t he  cornpounds o f  i n t e r e s t .  Organic- f ree reagent water 
can be generated by passing tap  water through a  carbon 
f i l t e r  bed conta in ing  about 1 pound o f  ac t i va ted  carbon. 
A  water p u r i f i c a t i o n  system may be used t o  generate 
o rgan i c - f ree  deionized water. 

The agreement among a  s e t  o f  r e p l i c a t e  measurements 
w i thou t  assumption of knowledge o f  t he  t r u e  value. 
P rec i s i on  i s  est imated by means o f  dupl i ca te / rep l  i c a t e  
analyses. These samples should conta in  concentrat ions o f  
ana ly te  above the  MDL, and may i nvo l ve  the  use o f  m a t r i x  
spikes. The most commonly used est imates o f  p rec i s i on  are 
t h e  re1 a t i v e  standard dev ia t i on  (RSD) o r  t h e  c o e f f i c i e n t  
o f  v a r i a t i o n  (CV), 

RSD = CV = 100 s/:, 
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PROJECT : 

where - : 
x = t h e  a r i t hmet i c  mean o f  t he  xi measurements, and S = 

variance; and the  re1 a t i  ve percent d i f f e r e n c e  (RPD) when 
on ly  two samples are a v a i l  able. 

S ing le  o r  m u l t i p l e  data c o l l e c t i o n  a c t i v i t i e s  t h a t  are 
re1  ated through t h e  same planning sequence. 

QUALITY ASSURANCE An o r d e r l y  assemblage o f  d e t a i l e d  procedures designed t o  
PROJECT PLAN produce data  o f  s u f f i c i e n t  q u a l i t y  t o  meet the  data 
(QAP j P) : qua1 i t y  ob jec t i ves  f o r  a s p e c i f i c  data c o l l e c t i o n  

a c t i v i t y .  

RCRA: The Resource Conservation and Recovery Act .  

REAGENT BLANK: See Met hod B l  ank. 

REAGENT GRADE: Ana ly t i ca l  reagent (AR) grade, ACS reagent grade, and 
reagent grade are synonymous terms f o r  reagents which 
conform t o  t h e  cu r ren t  s p e c i f i c a t i o n s  o f  t h e  Committee on 
A n a l y t i c a l  Reagents o f  t h e  American Chemical Society.  

REAGENT WATER: Water t h a t  has been generated by any method which would 
achieve the  performance s p e c i f i c a t i o n s  f o r  ASTM Type I I 
water. For organic analyses, see t h e  d e f i n i t i o n  o f  
o rgan ic - f ree  reagent water. 

REFERENCE MATERIAL: A mater i  a1 conta in ing  known q u a n t i t i e s  o f  t a r g e t  analytes 
i n  s o l u t i o n  o r  i n  a homogeneous mat r ix .  It i s  used t o  
document t h e  b ias  o f  t h e  a n a l y t i c a l  process. 

SPLIT SAMPLES: A l i quo ts  o f  sample taken from the  same conta iner  and 
analyzed independently. I n  cases where a l i q u o t s  o f  
samples are impossible t o  obta in,  f i e l d  dupl i c a t e  samples 
should be taken f o r  t he  m a t r i x  d u p l i c a t e  ana lys is .  These 
are usua l l y  taken a f t e r  mix ing  o r  composit ing and are used 
t o  document i n t r a -  o r  i n t e r l a b o r a t o r y  p rec i s ion .  

STANDARD ADDITION: The p r a c t i c e  o f  adding a known amount o f  an ana ly te  t o  a 
sample immediately p r i o r  t o  ana lys is .  It i s  t y p i c a l l y  
used t o  evaluate in ter fe rences.  

STANDARD CURVE: A p l o t  o f  concentrat ions o f  known ana ly te  standards versus 
the  instrument response t o  t h e  analyte.  Cal i b r a t i o n  
standards are prepared by successively d i l u t i n g  a standard 
s o l u t i o n  t o  produce working standards which cover t h e  
working range o f  t h e  instrument. Standards should be 
prepared a t  t h e  frequency s p e c i f i e d  i n  t h e  appropr ia te  
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SURROGATE: 

TRIP BLANK: 

sect ion.  The ca l  i b r a t  i on standards should be prepared 
us ing  t h e  same type o f  ac id  o r  so lven t  and a t  t he  same 
concent ra t ion  as w i l l  r e s u l t  i n  the  samples f o l l o w i n g  
sample preparat ion.  Th is  i s  app l i cab le  t o  organic and 
inorgan ic  chemical analyses. 

An organic  compound which i s  s i m i l a r  t o  the  t a r g e t  
ana ly te (s )  i n  chemical composit ion and behavior i n  t he  
a n a l y t i c a l  process, bu t  which i s  no t  normal ly  found i n  
environmental samples. 

A sample o f  ana l y te - f ree  media taken from the  l abo ra to ry  
t o  t he  sampling s i t e  and re tu rned t o  t h e  l abo ra to ry  
unopened. A t r i p  b lank i s  used t o  document contaminat ion 
a t t r i b u t a b l e  t o  sh ipping and f i e l d  hand1 i n g  procedures. 
Th i s  type  o f  b lank i s  useful i n  documenting contaminat ion 
o f  v o l a t i l e  organics samples. 
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CHAPTER TWO 

CHOOSING THE CORRECT PROCEDURE 

2.1 PURPOSE 

This chapter a ids the  analyst  i n  choosing the  appropriate methods f o r  
samples, based upon sample ma t r i x  and the  analytes t o  be determined. 

2.1.1 Trace Anal v s i  s vs . Macroanal v s i  s 

The methods presented i n  SW-846 were designed through sample s i z i n g  and 
concentrat ion procedures t o  address the  problem o f  " t race" analyses (t1000 ppm), 
and have been developed f o r  an optimized working range. These methods are a lso 
appl i c a b l e  t o  "minor" (1000 ppm - 10,000 ppm) and "major" (>10,000 ppm) analyses, 
as we l l  as t o  " t race"  analyses, through use o f  appropriate sample preparat ion 
techniques t h a t  r e s u l t  i n  analyte concentrat ion w i t h i n  t h a t  optimized range. Such 
sample prepara t ion  techniques include: 

1) adjustment o f  s i z e  o f  sample prepared f o r  analysis, 
2) adjustment o f  i n j e c t i o n  volumes, 
3) d i l u t i o n  o r  concentrat ion o f  sample, 
4) e l  im ina t ion  o f  concentrat ion steps prescr ibed f o r  " t race"  analyses, 
5) d i r e c t  i n j e c t i o n  ( o f  samples t o  be analyzed f o r  v o l a t i l e  const i tuents)  . 
The performance data presented i n  each o f  these methods were generated from 

" t race"  analyses, and may no t  be appl icable t o  "minor" and "major" analyses. 
General 1 y, e x t r a c t i o n  e f f i c i e n c y  improves as concentrat ion increases. 

CAUTION: Care should be taken when analyzing samples f o r  t race  analyses 
subsequent t o  analys is  o f  concentrated samples due t o  the  
possi  b i l  i t y  o f  contamination. 

2.1.2 Choice o f  Apparatus and Preparat ion o f  Reasents 

Since many type 
avai 1 able, and s ince 
d i f f e r e n t  ways, those 
types as long as t h i s  
analyses. 

s and s izes o f  glassware and suppl ies are commercially 
i t  i s  poss ib le  t o  prepare reagents and standards i n  many 
spec i f i ed  i n  these methods may be replaced by any s i m i l a r  
s u b s t i t u t i o n  does no t  a f f e c t  t he  ove ra l l  q u a l i t y  o f  the  

2.2 REQUIRED INFORMATION 

I n  order  t o  choose the  co r rec t  combination o f  methods t o  form the 
appropr iate a n a l y t i c a l  procedure, some basic in format ion i s  required.  
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2.2.1 Physical S ta te l s )  o f  Sam~le  

The phase c h a r a c t e r i s t i c s  o f  t h e  sample must be known. There are sever* 1 
general categor ies o f  phases i n  which t h e  sample may be categorized: I 

Aqueous O i l  and Organic L i q u i d  
Sludges Sol i d s  
Mu1 t i  phase Samples EP and TCLP Ext rac ts  
Ground Water 

2.2.2 Anal ytes 
I 

Analytes are d i v ided  i n t o  classes based on t h e  determinat ive  methods whi =h are used t o  i d e n t i f y  and q u a n t i f y  them. Table 2-1 1 i s t s  t h e  organic analytes o, 
SW-846 methods, Table 2-2 l i s t s  t h e  analytes t h a t  may be prepared using Method 
3650, and Table 2-3 l i s t s  t h e  analytes t h a t  are c o l l e c t e d  from stack g a h  
e f f l u e n t s  using VOST methodology. Tables 2-4 through 2-31 l i s t  t h e  t a r g e : ,  
analytes o f  each organic determinat ive method. Some o f  t h e  analytes appear oku 
more than one tab le ,  as they may be determined using any o f  several methods. 
Table 2-32 ind ica tes  which methods are appl i c a b l e  t o  inorgan ic  t a r g e t  a n a l y t e s g  

I 
md 

2.2.3 Detect ion L i m i t s  Required 

Regulat ions may r e q u i r e  a s p e c i f i c  s e n s i t i v i t y  o r  de tec t ion  l i m i t  f o r  a P 
analys is,  as i n  the  determinat ion o f  analytes f o r  t h e  T o x i c i t y  c h a r a c t e r i s t i p  
(TC) o r  f o r  d e l i s t i n g  p e t i t i o n s .  Dr ink ing water de tec t ion  l i m i t s ,  f o r  those 
s p e c i f i c  organic and metal 1 i c analytes covered by the  Nat ional  I n t e r i m  Pr imarF  
Dr ink ing  Water Standards, are desi red i n  the  ana lys is  o f  ground water. kiUi 

2.2.4 Anal v t  i c a l  0b.ject i v e  bai 
Knowledge of t h e  a n a l y t i c a l  ob jec t i ve  w i l l  be usefu l  i n  t h e  choice o p 

a l  i q u o t i n g  procedures and i n  the  se lec t ion  o f  a determinat ive  method. This i~ 
espec ia l l y  t r u e  when the  sample has more than one phase. Knowledge o f  tho , 
a n a l y t i c a l  o b j e c t i v e  may not  be poss ib le  o r  des i rab le  a t  a l l  management l e v e l s b  
but  t h a t  in format ion should be t ransmi t ted  t o  t h e  a n a l y t i c a l  l abora to ry  
management t o  ensure t h a t  t h e  co r rec t  techniques are being appl ied t o  t h m  
a n a l y t i c a l  e f f o r t .  I w 

2.2.5 Detect ion and Moni t o r i  nq 

The s t ra tegy  f o r  detec t ion  o f  compounds i n  environmental o r  process samplep 
may be contrasted w i t h  t h e  s t ra tegy f o r  moni tor ing samples. Detec t ion  samples 
de f ine  i n i t i a l  condi t ions.  When there  i s  1 i t t l e  in format ion a v a i l  able about t h p  
composition o f  the  sample source, e.g . , a we1 1 o r  process stream, mass spec t ra -b  
i d e n t i f i c a t i o n  o f  organic analytes leads t o  fewer fa1 se p o s i t i v e  r e s u l t s .  Thus, 
t h e  most p r a c t i c a l  form o f  de tec t ion  f o r  organic analytes, g iven t h e  a n a l y t i c a p  
requirements, i s  mass spect ra l  i d e n t i f i c a t i o n .  'The choice o f  technique f o i  
metals i s  governed by the  de tec t ion  l i m i t  requirements and p o t e n t i a r  
i n t e r f e r e n t s  . P 

Moni tor ing  samples, on the  o ther  hand, are analyzed t o  conf i rm e x i s t i n g  an&@ 
on-going condi t ions,  t r a c k i n g  the  presence o r  absence o f  cons t i t uen ts  i n  an 

n n l l  
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environmental or process matrix. In well defined and stable analytical 
conditions and matrices 1 ess compound-speci fic detection modes may be used. 

2.2.6 S a m ~ l  e Containers. Preservations, and Hol dinq Times 

Appropriate sample containers, sampl e preservation techniques, and sample 
holding times for aqueous matrices are listed in Table 2-33, near the end of this 
chapter. Similar information may be found in Table 3-1 of Chapter Three 
(inorganic analytes) and Tab1 e 4- 1 of Chapter Four (organic analytes) . Samples 
must be extracted/analyzed within the specified holding times for the results to 
be considered reflective of total concentrations. Analytical data generated 
outside of the specified holding times must be considered to be minimum values 
only. Such data may be used to demonstrate that a waste is hazardous where it 
shows the concentration of a constituent to be above the regulatory threshold but 
cannot be used to demonstrate that a waste is not hazardous. 

2.3 IMPLEMENTING THE GUIDANCE 

The choice of the appropriate sequence of methods depends on the 
information required and on the experience of the analyst. Figure 2-1 summarizes 
the organic analysis options avail able. Appropriate selection is confirmed by 
the qua1 i ty control results. The use of the recommended procedures, whether they 
are approved or mandatory, does not release the analyst from demonstrating the 
correct execution of the method. 

2.3.1 Extraction and Sample Preparation Procedures 

Methods for preparing organic analytes are shown in Table 2-34. Method 
3500 and associated methods should be consulted for further details on preparing 
the sample for analysis. 

2.3.1.1 Aaueous Samples 

The choice of a preparative method depends on the sample. Methods 
3510 and 3520 may be used for extraction of the semivolatile organic 
compounds. Method 3510, a separatory funnel extraction, is appropriate 
for samples which will not form a persistent emulsion interphase between 
the sample and the extraction solvent. The formation of an emu1 sion that 
cannot be broken up by mechanical techniques will prevent proper 
extraction of the sample. Method 3520, a 1 iquid-1 iquid continuous 
extraction, may be used for any aqueous sample; this method will minimize 
e~iiul sion formation. 

2.3.1.1.1 Basic or Neutral Extraction of Semivolatiles 

The solvent extract obtained by performing either Method 3510 
or 3520 at a neutral or basic pH will contain the compounds of 
interest. Refer to Table 1 in the extraction methods (3510 and/or 
3520) for guidance on the pH requirements for extraction prior to 
analysis. 
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2.3.1.1.2 Ac id ic  Ext ract ion o f  Phenols and Acids b 

The ex t rac t  obtained by performing e i t h e r  Method 3510 o r  3 5 2 e  
a t  a  pH less  than o r  equal t o  2  w i l l  contain the  phenols and acicd 
ext rac tab l  es. 

A 
2.3.1.2 So l id  Samples ca 
Soxhlet (Methods 3540 and 3541) and u l t r ason i c  (Method 3550 

ext rac t ions are used w i t h  s o l i d  samples. Consolidated samples should b  
ground f i n e l y  enough t o  pass through a 1 mm sieve. I n  l i m i t e w  
appl icat ions,  waste d i l u t i o n  (Method 3580) may be used i f  the e n t i r e  
sample i s  soluble i n  the spec i f ied solvent. FA 

Met hods 3540, and 3541 and 3550 are neut ra l  -pH ex t rac t ion  techniques 
and therefore,  depending on the analysis requirements, acid-base p a r t i t i o b  I 
cleanup (Method 3650) may be necessary. Method 3650 w i l l  on ly  be needeo 
i f  chromatographic inter ferences are severe enough t o  prevent detect ion o h  
the  analytes of i n t e res t .  This separation w i l l  be most important i f  a GC 
method i s  chosen f o r  analysis o f  the sample. I f  GC/MS i s  used, the io?  
s e l e c t i v i t y  o f  the technique may compensate f o r  chromatographib 1 
in ter ferences.  

2.3.1.3 O i l s  and Orqanic L iquids 

Method 3580, waste d i l u t i o n ,  may be used and the resu l t an t  sample 
analyzed d i r e c t l y  by GC o r  GC/MS. To avoid overloading the a n a l y t i c a l F  
detect ion system, care must be exercised t o  ensure t h a t  proper d i  1  u t i o n W  
are made. Method 3580 gives guidance on performing waste d i l u t i o n s .  

P To remove interferences, Method 3611 may be performed on an o i l &  
sarr~pl e  d i r e c t l y ,  wi thout  p r i o r  sample preparation. 

Method 3650 i s  the only other preparat ive procedure f o r  o i l s  an dC 1 other  organic l i q u i d s .  This procedure i s  a  back ex t rac t ion  i n t o  an 
aqueous phase. It i s  general ly  introduced as a  cleanup procedure f o r  I 
ex t rac ts  r a the r  than as a  preparat ive procedure. O i l s  genera l ly  have a 
high concentrat ion o f  semivo la t i le  compounds and, therefore,  preparat ion 
by Method 3650 should be done on a  re1 a t i v e l y  small a1 iquot  o f  the sample. 
Generally, ex t rac t ion  o f  1 mL o f  o i l  w i l l  be s u f f i c i e n t  t o  obta in  a  
saturated aqueous phase and avoid emulsions. 

2.3.1.4 Sludqe Samples 

There i s  no set  r a t i o  o f  l i q u i d  t o  s o l i d  which enables the a n a l y s t l '  
t o  determine which o f  the three ex t rac t ion  methods c i t e d  i s  the  most 
appropriate. I f  the sludge i s  an organic sludge ( s o l i d  mater ia l  andn 
organic 1  iqu id ,  as opposed t o  an aqueous sludge), the sample should b e k  
handled as a  mu1 ti phase sample. 

I 

Determining the appropriate methods f o r  analysis o f  sludges i s r  
complicated because o f  the l ack  o f  precise d e f i n i t i o n  o f  sludges with' 
respect t o  the  r e l a t i v e  percent o f  1  i qu id  and sol  i d  components. They may 
be c l  assi f i e d  i n t o  three categories but  w i t h  appreciable over1 ap. P 
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2.3.1.4.1 L iquids 

Use o f  Method 3510 o r  Method 3520 may be appl i cab le  t o  sludges 
t h a t  behave l i k e  and have the consistency o f  aqueous l i q u i d s .  
U l t rason ic  e x t r a c t i o n  (Method 3550) and Soxhl e t  (Method 3540) 
procedures w i l l ,  most l i k e l y ,  be i n e f f e c t i v e  because o f  the  
overwhelniing presence o f  t h e  l i q u i d  aqueous phase. 

2.3.1.4.2 Sol i d s  

Soxhlet (Methods 3540 and 3541) and u l t rason ic  ex t rac t ion  
(Method 3550) w i l l  be more e f f e c t i v e  when appl ied t o  sludge samples 
t h a t  resemble sol  ids.  Samples may be d r i e d  o r  centr i fuged t o  form 
so l  i d  mater ia ls  f o r  subsequent determination o f  semivo la t i le  
compounds. 

Using Method 3650, Acid-Base P a r t i  ti on Cleanup, on the ex t rac t  
may be necessary, depending on whether chromatographic inter ferences 
prevent determination o f  the  analytes o f  i n t e r e s t .  

2.3.1.4.3 Emulsions 

Attempts should be made t o  break up and separate the phases o f  
an emulsion. Several techniques are e f f e c t i v e  i n  breaking emulsions 
o r  separat ing the  phases o f  emulsions. 

1. Freezi ng/thawing : Certa in emulsions w i  11 separate i f  exposed t o  
temperatures be1 ow 0°C. 

2. S a l t i n g  out: Addi t ion o f  a s a l t  t o  make the  aqueous phase o f  an 
emulsion too po la r  t o  support a less  po la r  phase promotes 
separation. 

3. Cent r i fugat ion :  Centr i fugal  fo rce may separate emu1 s ion 
components by dens i ty  . 

4. Add i t ion  o f  water o r  ethanol: Emulsion polymers may be 
destabi l ized when a preponderance o f  the  aqueous phase i s  added. 

I f  techniques f o r  breaking emulsions f a i l ,  use Method 3520. 
I f  t h e  emulsion can be broken, the d i f f e r e n t  phases (aqueous, sol id ,  
o r  organic 1 i qu id )  may then be analyzed separately. 

2.3.1.5 Multiphase Samples 

Choice o f  the  procedure for  a l i quo t ing  multiphase samples i s  very 
dependent on the  ob jec t i ve  o f  the  analysis. With a sample i n  which some 
o f  t h e  phases tend t o  separate rap id l y ,  the  percent weight o r  volume o f  
each phase should be ca lcu la ted and each phase should be i n d i v i d u a l l y  
analyzed f o r  the  requ i red analytes. 

An a l te rna te  approach i s  t o  obta in  a homogeneous sample and attempt 
a s i n g l e  analys is on the  combination o f  phases. This approach w i l l  g i ve  
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1 no informat ion on the abundance o f  the analytes i n  the i nd i v i dua l  phasea  
other than what can be impl ied by s o l u b i l i t y .  

PI 
A t h i r d  a l t e rna t i ve  i s  t o  se lec t  phases o f  i n t e r e s t  and t o  a n a l y z t  

on ly  those selected phases. 'This t a c t i c  must be consistent  w i t h  the  
sampl ing/analysis object ives o r  i t w i l l  y i e l d  i n s u f f i c i e n t  informat ion f o r  
the  t ime and resources expended. The phases selected should be compareb 
w i t h  Figure 2-1 and Tables 2-34 through 2-36 f o r  f u r t h e r  guidance. b 

2.3.2 C l  e a n u ~  Procedures 
I 

1Lpl, 1 
Each category i n  Table 2-35, Cleanup o f  Organic Analyte Extracts, 

corresponds t o  one o f  the  possib le determi na t i ve  methods avai 1 abl e i n  the  manual 1 
Cleanups employed are determined by the analytes o f  i n t e r e s t  w i t h i n  the ex t rac t .  
However, the necessity o f  performing cleanup may a1 so depend upon the matr ix  f ro*  
which t he  ex t rac t  was developed. Cleanup o f  a sample may be done exact ly  as 
ins t ruc ted  i n  the  cleanup method f o r  some o f  the analytes. There are some  
instances when cleanup using one o f  the methods may on ly  proceed a f t e r  t h b  
procedure i s modi f i ed t o  optimize recovery and separation. Several c l  eanup 
techniques may be possib le f o r  each analyte category. The informat ion provide* ' 
i s  no t  meant t o  imply t h a t  any o r  a l l  o f  these methods must be used f o r  the 
analysis t o  be acceptable. Extracts w i t h  components which i n t e r f e r e  w i  tp 
spectral  o r  chromatographic determinations are expected t o  be subjected t o  
cleanup procedures. P" 

kt& 

The analyst 's  d i sc re t i on  must determine the necessi ty f o r  cleanup 
procedures, as there are no c lear  cu t  c r i t e r i a  f o r  i nd i ca t i ng  t h e i r  use. Metho* 
3600 and associated methods should be consulted f o r  f u r t h e r  d e t a i l s  on extractb 
cleanup. 

2.3.3 Determinative Procedures 

The determ-i nat ive  methods f o r  organic analytes have been d iv ided i n t o  three 
categories, shown i n  Table 2-36: gas chromatography/mass spectrometry (GC/MS);P 
spec i f i c  detect ion methods, i .e., gas chromatography (GC) ; and h igh performancw 
1 i q u i d  chromatography (HPLC). This d i v i s i o n  i s  intended t o  help an analyst  
choose which determinative method w i  11 apply. Under each analyte column, SW-84 
method numbers have been indicated, i f  appropriate, f o r  the  determination o f  t h  ? 
analyte. A blank has been l e f t  i f  no chromatographic determinative method isYLa 
avai 1 able. 

A" 

Generally, the MS procedures are more spec i f i c  but  less  sens i t i ve  than the& 
appropri a te  gas chromatographi c/speci f i c  detect ion method. 

P@ 

Method 8000 gives a general descr ip t ion o f  the technique o f  gas$, 
chromatography. This method should be consulted p r i o r  t o  app l i ca t ion  o f  any o f  
the  gas chromatographic methods. 8~ 

Methods 8080 and 8081, f o r  organochlorine pest ic ides and polychl  o r i  natedm 
biphenyls, Methods 8140 and 8141, f o r  organophosphorus pest ic ides,  and M6thods 
8150 and 8151, f o r  ch lor inated herbicides, are pre fer red over GC/MS because OF 
the combination o f  s e l e c t i v i t y  arid s e n s i t i v i t y  o f  the flame  photometric,^ 
nitrogen-phosphorus, and e lec t ron capture detectors. 

m 
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Methods 8240 and 8260 are both GC/MS methods f o r  vol a t i  1 e analytes. Method 
8240 uses a packed co l  umn whereas Method 8260 employs a capi 11 ary col  umn. Bet ter  
chromatographic separat ion o f  the  vol  a t i  1 e compounds may be obtained by using 
Method 8260 ra the r  than 8240. Performance c r i t e r i a  w i l l  be based on Method 8260. 
Method 5030 has been combined w i th  both Method 8240 and 8260, w i th  which i t  was 
used exc lus ive ly .  A GC w i t h  a se lec t i ve  detector  i s  also useful f o r  the  
determination o f  v o l a t i l e  organic compounds i n  a monitor ing scenario, described 
i n  Sec. 2.2.5. 

Methods 8250 and 8270 are both GC/MS methods f o r  semivol a t i  1 e analytes. 
Method 8250 uses a packed co l  umn whereas Method 8270 employs a capi 11 ary column. 
Be t te r  chromatographic separat ion o f  the  semivol a t i  l e compounds may be obtained 
by using Method 8270 r a t h e r  than 8250. Performance c r i t e r i a  w i l l  be based on 
Method 8270. 

2.4 CHARACTERISTICS 

Figure 2-2 out1 ines a sequence f o r  determining i f  a waste exhi b i t s  one o r  
more o f  t h e  c h a r a c t e r i s t i c s  o f  a hazardous waste. 

2.4.1 EP and TCLP ex t rac ts  

The leachate obtained from using e i t h e r  the  EP (Figure 2-3A) o r  the  TCLP 
(Figure 2-3B) i s  an aqueous sample, and therefore,  requires f u r t h e r  solvent 
e x t r a c t i o n  p r i o r  t o  the  analys is o f  semivol a t i l  e compounds. 

The TCLP l eachate i s  sol vent extracted w i t h  methylene ch lo r ide  a t  a pH > 11 
and a t  a pH <2 by e i t h e r  Method 3510 o r  3520. Method 3510 should be used unless 
the formation o f  emulsions between the  sample and the  solvent prevent proper 
ex t rac t ion .  I f  t h i s  problem i s  encountered, Method 3520 should be employed. 

The solvent  e x t r a c t  obtained by performing e i t h e r  Method 3510 o r  3520 a t  
a basic o r  neut ra l  pH w i l l  conta in the  base/neutral compounds o f  i n te res t .  Refer 
t o  the  s p e c i f i c  determinative method f o r  guidance on the  pH requirements f o r  
e x t r a c t i o n  p r i o r  t o  analys is.  

Due t o  the  h igh concentrat ion o f  acetate i n  the TCLP extract ,  it i s  
recommended t h a t  purge-and-trap be used t o  introduce the v o l a t i l e  sample i n t o  the  
gas chromatograph. 

2.5 GROUND WATER 

Appropriate analys is schemes f o r  the determination o f  analytes i n  ground 
water are presented i n  Figures 2-4A, 2-4B, and 2-4C. Quan t i ta t i on  l i m i t s  f o r  the 
m e t a l l i c  analytes should correspond t o  the  d r ink ing  water l i m i t s  which are 
avai 1 able. 
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2.5.1 Special  Techniques f o r  Metal Analvtes 

A1 1 atomic absorpt ion analyses should employ appropr i  a t e  backgroun 
c o r r e c t i o n  systems whenever spect ra l  i n te r fe rences  cou ld  be present .  Severa 
background c o r r e c t i o n  techniques are employed i n  modern atomic absorp t io  
spectrometers. M a t r i x  mod i f i ca t i on  can complement background c o r r e c t i o n  i n  some 
cases. Since no approach t o  i n te r fe rence  c o r r e c t i o n  i s compl e t e l  y e f f e c t i v e  i P 
a l l  cases, t h e  ana lys t  should attempt t o  v e r i f y  the  adequacy o f  co r rec t i on .  Ibm 
t h e  i n t e r f e r a n t  i s  known (e.g. h igh  concentrat ions o f  i r o n  i n  t h e  determinat ion 
o f  se l  en i  um) , accurate analyses o f  syn the t i c  so l  u t i o n s  o f  t h e  i n t e r f e r a n t  ( w i  ttp 
and w i thou t  analyte)  could e s t a b l i s h  t h e  e f f i c a c y  o f  t h e  background  correction^ ~ 
I f  t h e  nature o f  t h e  i n t e r f e r a n t  i s  no t  establ ished, good agreement o f  a n a l y t i c a r  
r e s u l t s  us ing  two s u b s t a n t i a l l y  d i f f e r e n t  wavelengths cou ld  substant ia te  t h h  
adequacy o f  t h e  background co r rec t i on .  

W 

To reduce mat r i x  in ter ferences,  a l l  g raph i te  furnace atomic absorpt ion 
(GFAA) analyses should be performed using techniques which maximize an i sothermam 
environment w i t h i n  t h e  furnace c e l l .  Data i n d i c a t e  t h a t  two such techniques, 
L'vov p l a t f o r m  and t h e  Delayed Atomizat ion Cuvette (DAC), are equ iva lent  i n  t h i s  
respect,  and produce h igh  qua1 i ty  resu l  t s  . P 

A l l  furnace atomic absorpt ion ana lys is  should be c a r r i e d  out  us ing  t h e  bes lk  
m a t r i x m o d i f i e r  f o r  t h e  analys is .  Someexamplesof mod i f i e rs  a r e l i s t e d  below. 1 

(See a1 so t h e  appropri  a t e  methods. ) pl 

E l  ement ( s 1 Mod i f i e r ( s1  
Pm 

As and Se Nicke l  n i t r a t e ,  pa l  1 adi  um 
Pb Phosphoric acid, ammonium phosphate, pa l lad ium tm 

Cd Ammonium phosphate, pal ladium 
S b Ammonium n i t r a t e ,  pal ladium P 
T 1 Platinum, pal ladium irpr 

The ICP c a l  i b r a t i o n  standards must match t h e  ac id  composit ion and s t rengt*  
o f  t h e  acids contained i n  t h e  samples. Acid s t rengths  i n  t h e  ICP c a l i b r a t i o r ~  
standards should be s ta ted  i n  t h e  raw data. I 

2.5.2 S ~ e c i a l  Techniques f o r  Ind ica ted Anal.ytes and Anions 

I f  an Auto-Analyzer i s  used t o  read t h e  cyanide d i s t i l l a t e s ,  t h e  
spectrophotometer must be used w i t h  a 50 mm path 1 ength c e l l .  I f  a sample i 
found t o  conta in  cyanide, t h e  sample must be r e d i s t i l l e d  a second t ime an& 
analyzed t o  conf i rm t h e  presence o f  t h e  cyanide. The second d i s t i l l a t i o n  must 
f a l l  w i t h i n  t h e  14-day ho ld ing  time. 6 

I 
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TABLE 2-1 
DETERMINATIVE ANALYTICAL METHODS FOR ORGANIC COMPOUNDS b, 

Compound 
bm 

Appl icabl e Method(s) 
m 

Acenaphthene 
Acenaphthyl ene 
Acetaldehyde 
Acetone 
Acetoni tri 1 e 
Acetophenone 
2-Acetyl ami nofl uorene 
1 -Acetyl -2- thiourea 
Acifl uorfen 
Acrol ein (Propenal ) 

Acryl amide 
Acrylonitrile 
A1 achl or 
A1 di carb (Temi k) 
Aldicarb Sul fone 
A1 dri n 
A1 lyl a1 coho1 
Ally1 chloride 
2-Aminoanthraquinone 
Aminoazobenzene 
4-Ami nobi phenyl 
2-Amino-4,6-dini t rotoluene (2-Am-DNT) 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 
3-Amino-9-ethyl carbazol e 
Anilazine 
Aniline 
o-Anisidine 
Anthracene 
Arami te 
Arocl or-1016 (PCB-1016) 
Aroclor-1221 (PCB-1221) 
Arocl or-1232 (PCB-1232) 
Aroclor-1242 (PCB-1242) 
Arocl or-1248 (PCB- 1248) 
Arocl or-1254 (PCB- 1254) 
Arocl or-1260 (PCB-1260) 
Aspon 
Asul am 
Atrazi ne 
Azinphos-ethyl 
Azi nphos-methyl 
Barban 
Bent azon 
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TABLE 2-1. 
(Continued) 

Compound Appl i cab l  e Method(s) 

Benzal ch l  o r i d e  
Benzal dehyde 
Benz(a) anthracene 
Benzene 
Benzidine 
Benzo (b) f 1 uorant hene 
Benzo (j) f l  uoranthene 
Benzo ( k) f 1 uorant hene 
Benzoic a c i d  
Benzo (g , h, i ) pe ry l  ene 
Benzo(a) pyrene 

p-Benzoquinone 
Benzot r ich l  o r i d e  
Benzyl a1 coho1 
Benzyl benzoate 
Benzyl c h l o r i d e  
BHC (Hexachl orocycl ohexane) 
a-BHC (a1 pha-Hexachl orocycl  ohexane) 
P-BHC (beta-Hexachl orocycl  ohexane) 
6-BHC (del  ta-Hexachl orocycl ohexane) 
7 -  BHC ( L i  ndane, gamma-Hexachl orocycl ohexane) 
B i  s (2-Chl oroethoxy)methane 
B i  s(2-Chloroethy1)ether 
Bis(2-Chl oroethyl  ) s u l f i d e  
Bis(2-Chl oro isopropyl )  e the r  
B i  s(2-Ethyl  hexyl)  phthal  a te  
Bol s t a r  (Sul profos)  
Bromoacetone 
Bromobenzene 
Bromochl oromethane 
Bromodi ch l  oromethane 
4-Bromofl uorobenzene 
Bromoform 
Bromomethane 
4-Bromophenyl phenyl e the r  
Bromoxyn i 1 
Butanal 
n-Butanol 
2-Butanone (Methyl e t h y l  ketone, MEK) 
n -Buty l  benzene 
sec- Buty l  benzene 
t e r t  -Buty l  benzene 
Buty l  benzyl phthal a te  

TWO - 11 Revision 2 
September 1994 



TABLE 2 - 1. w 
(Continued) 

m 

Compound Appl i cab l  e Method(s) 

2-sec-Butyl -4,6-dini trophenol (DNBP, D i  noseb) 
Captafol 
Captan 
Carbaryl (Sevi n)  
Carbazol e 
Carbofuran (Furaden) 
Carbon d i  sul f ide  
Carbon t e t r ach lo r i de  
Carbophenothi on (Carbofenthion) 
Chloral hydrate 
Chl oramben 
Chlordane ( techn ica l  ) 
a-Chl ordane 
r-Chl ordane 
Chl o r fenv i  nphos 
Chl oroacetoni tri 1 e 
4-Chloroani l  i ne  
Chl orobenzene 
Chl orobenzi 1 ate 
2-Chloro-1,3-butadiene 
1 -Chl orobutane 
Chl orodi  bromomethane (Di bromochloromethane) 
Chl oroethane 
2-Chl oroethanol 
2-Chl oroethyl  v i n y l  ether 
Chl oroform 
1 -Chl orohexane 
Chl oromethane 
5-Chloro-2-methylanil ine 
Chl oromethyl methyl ether 
4-Chl oro-3-methyl phenol 
Chl oroneb 
3-(Chloromethy1)pyridine hydrochloride 
1 -Chl oronaphthal ene 
2-Chl oronaphthal ene 
2-Chl orophenol 
4-Chl orophenol 
4-Chloro-1,2-phenylenediamine 
4-Chloro-1,3-phenylenediamine 
4-C h l  orophenyl phenyl ether 
Chl oroprene 
3-Chl oropropene 
3 -Ch lo roprop ion i t r i l e  
Chl oropropyl a te  
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TABLE 2-1. 
(Continued) 

Compound Appl i cab l  e Method(s) 

Chl o ro tha l  on i  1 
2-Chl o r o t o l  uene 
4-Chlorotoluene 
Chl o r p y r i f o s  
Chl o r p y r i  f o s  methyl 
Chrysene 
Coumaphos 
Coumarin Dyes 
p-Cresid ine 
o-Cresol (2-Methyl phenol) 
m-Cresol (3-Met hy l  phenol) 
p-Cresol (4-Methyl phenol ) 
Cresol s (Methyl phenol s, Cresyl i c acids)  
Crotonal dehyde 
Crotoxyphos 
Cycl ohexanone 
2-Cyclohexyl -4,6-dinitrophenol 
2,4-D 
Dal apon 
2,4-DB 
DBCP 
2,4-D, butoxyethanol e s t e r  
DC PA 
DCPA d i a c i d  
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Decanal 
Demeton-0, and -S 
2,4-D,ethySl hexyl e s t e r  
Di a1 1 a t e  
2,4-Diaminotol uene 
D i  azinon 
D i  benz(a, h )ac r i d ine  
Di benz(a, j ) a c r i d i n e  
D i  benz(a, h) anthracene 
7H-Di benzo (c, g) carbazol e 
Di benzofuran 
Di benzo (a, e) pyrene 
D i  benzo (a, h) pyrene 
D i  benzo (a, i ) pyrene 
D i  benzothiophene 
D i  bromochl oromethane (Chl o rod i  bromomethane) 
1,2-Di bromo-3-chl oropropane 
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TABLE 2-1. 
(Continued) 

Compound 

l,2-Di bromoet hane (Ethylene di bromide) 
Di bromofl uoromethane 
Di bromomet hane 
Di -n- butyl phthal ate 
Di camba 
Di chl one 
l,2-Dichlorobenzene 

1,3-Dichl orobenzene 

1,4-Dichl orobenzene 

3,3'-Dichlorobenzidine 
3,5-Dichlorobenzoic acid 
1,4-Dichl oro-2-butene 
cis-1,4-Dichloro-2-butene 
trans-1,4-Dichl oro-2-butene 
Di chl orodi fl uoromethane 
1,l-Dichloroethane 
l,2-Dichloroethane 
1,l-Dichloroethene (Vinyl idene chloride) 
cis-1,2-Dichloroethene 
trans-1,2-Dichl oroethene 
Dichl orofenthi on 
Dichl oromethane (Methyl ene chloride) 
2,4-Dichl orophenol 
2,6-Dichl orophenol 
Di chl orprop 
l,2-Dichl oropropane 
1,3-Di chl oropropane 
2,2-Dichl oropropane 
1,3-Di chl oro-2-propanol 
1 , 1 -Di chl oropropene 
ci s-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Di chl orvos (Di chl orovos) 
Di chrotophos 
Di cofol 
Dieldrin 
1,2,3,4-Diepoxybutane 
Diet hyl ether 
Diethyl phthal ate 
Diethyl stil bestrol 
Diethyl sul fate 

Appl i cab1 e Method (s) m 1  
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TABLE 2- 1. 
(Continued) 

Compound Appl icabl e Method(s) 

1,4-Di fl uorobenzene 
Di hydrosaffrol e 
Dimethoate 
3,3'-Dimethoxybenzidine 
Dimethyl ami noazobenzene 
2,5-Dimethyl benzaldehyde 
7,12-Dimethyl benz(a) anthracene 
3,3'-Dimethylbenzidine 
a,a-Dimethylphenethylamine 
2,4-dimethyl phenol 
Dimethyl phthal ate 
Di ni trobenzene 
1,2-Dinitrobenzene 
1,3-Dinitrobenzene (1,3-DNB) 
1,4-Dini trobenzene 
4,6-Dini tro-2-methyl phenol 
2,4-Dini trophenol 
2,4-Di ni trotol uene (2,4-DNT) 

2,6-Dini trotol uene (2,6-DNT) 
Di nocap 
Dinoseb (2-sec-Butyl-4,6-dinitrophenol , DNBP) 
Di -n-octyl phthal ate 
Di -n-propyl phthal ate 
Di oxacarb 
1,4-Dioxane 
Di oxathi on 
Di phenyl ami ne 
5,5-Diphenyl hydantoin 
1,2-Diphenyl hydrazine 
Disperse Blue 3 
Disperse Blue 14 
Disperse Brown 1 
Disperse Orange 3 
Disperse Orange 30 
Disperse Red 1 
Disperse Red 5 
Disperse Red 13 
Disperse Red 60 
Di sperse Ye1 1 ow 5 
Di sul foton 
Endosulfan I 
Endosul fan I 1  
Endosul fan sul fate 
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TABLE 2-1. 
(Continued) 

Appl i cab l  e Method(s) Compound 
I ~ 

Endrin 
Endri n a1 dehyde 
Endrin ketone 
Epichl orohydr in 
E PN 
Ethanol (Ethyl  a1 coho1 ) 
Ethion 
Ethoprop 
Ethyl acetate 
Ethyl benzene 
Ethyl carbamate 
Ethyl ene d i bromide 
Ethyl ene oxide 
Ethyl methacryl a te  
Ethyl methanesul fonate 
Ethyl parathion 
E t r i d i azo le  
Famphur 
Fen i t ro th ion  
Fensul f o t h i on  
Fenthion 
F l  uchl o ra l  i n  
F l  uoranthene 
F l  uorene 

Fluorescent Br ightener 61 
F l  uorescent Br ightener 236 
F l  uorobenzene 
2-Fl uorobi phenyl 
2 - F l  uorophenol 
Fonophos 
Formal dehyde 
Hal owax- 1000 
Hal owax-1001 
Hal owax- 1013 
Hal owax- 1014 
Hal owax- 1051 
Hal owax- 1099 
Heptachl o r  
Heptachl o r  epoxide 
Heptanal 
Hexachl orobenzene 
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TABLE 2-1. 
(Cont i nued) 

Compound Appl i cab1 e Method(s) 

Hexachl orobutadi  ene (1,3-Hexachl orobutadi ene) 

Hexachl orocycl  ohexane 
a-Hexachl orocycl  ohexane (a-BHC) 

P-Hexachl o rocyc l  ohexane (P-  BHC) 

6-Hexachl o rocyc l  ohexane (6-BHC) 

7-Hexachlorocycl ohexane (7-BHC) 

Hexachl orocycl  opentadi ene 

Hexachl oroethane 

Hexachl orophene 
Hexachl oropropene 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 
Hexamethyl phosphorami de (HMPA) 
Hexanal 
2 -Hexanone 
HMX 
1,2,3,4,6,7,8-HpCDD 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7,8-HxCDF 
Hydroquinone 
3 -Hydroxycarbofuran 
5-Hydroxydi camba 
2 -Hydroxyp rop ion i t r i l e  
Indeno(l,2,3-cd)pyrene 
Iodomethane 
I sobu ty l  a lcoho l  (2-Methyl -1-propanol ) 
I s o d r i n  
Isophorone 
Isopropy l  benzene 
p- Isopropy l  t o1  uene 
I s o s a f r o l  e 
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TABLE 2-1. 
(Continued) 

Compound Appl i cab1 e Method(s) 

Isova l  era1 dehyde 
Ke pone 
Leptophos 
Ma1 a t  h i  on 
Maleic anhydride 
Malononi t r i l e  
MC PA 
MCPP 
Merphos 
Mestranol 
Methacryl oni  tri 1 e 
Methanol 
Met hapyri  1 ene 
Methiocarb (Mesurol) 
Methomyl (Lannate) 
Methoxychl o r  (4,4' -Methoxychl o r )  
Methyl ac ry l  a te  
Methyl -t - bu ty l  ether 
3-Methyl chol anthrene 
2-Methyl-4,6-dinitrophenol 
4,4'-Methylenebis(2-chl oroan i l  ine)  
4,4'-Methylenebis(N,N-dimethylaniline) 
Methyl e thy l  ketone (MEK, 2-Butanone) 
Methyl ene ch lo r ide  ( D i  chl oromethane) 
Methyl i od ide  
Methyl i sobutyl ketone (4-Methyl -2-pentanone) 
Methyl met hacry l  ate 
Methyl met hanesul fonate 
2-Methyl naphtha1 ene 
2-Methy l -5-n i t roan i l ine 
Methyl parathion 
4-Methyl -2-pentanone (Methyl i sobutyl ketone) 
2-Methyl phenol (0-Cresol ) 
3-methyl phenol (m-Cresol ) 
4-Methyl phenol (p-Cresol ) 
2-Methyl py r id ine  
Methyl -2,4,6-trinitrophenylnitramine (Tet ry l  ) 
Mevinphos 
Mexacarbate 
M i  rex  
Monochrotophos 
Nal ed 
Napht ha1 ene 
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TABLE 2- 1. 
(Continued) 

-- 

Compound Appl icabl e Method(s) 

Naphthoqui none 8090 
1,4-Naphthoquinone 8270 
I-Naphthyl amine 8250/8270 
2-Naphthyl amine 8250/8270 
Nicotine 8270 
5-Nitroacenaphthene 8270 
2-Nitroanil ine 8250/8270, 8410 
3-Nitroanil ine 8250/8270, 8410 
4-Nitroanil ine 8250/8270, 8410 
5-Nitro-o-anisidine 8270 
Ni t robenzene (NB) 8090, 8250/8270, 8260, 8330, 

8410 
4-Ni trobi phenyl 8270 
Ni trofen 8081, 8270 
2-Ni trophenol 8040, 8250/8270, 8410 
4-Ni trophenol 8040, 8151, 8250/8270, 8410 
2-Ni tropropane 8260 
Nitroquinol ine-1-oxide 8270 
N-Ni trosodi butyl anii ne 8250/8270 
N-Nitrosodiethyl amine 8270 
N-Nitrosodimethyl amine 8070, 8250/8270, 8410 
N-Nitrosodiphenyl amine 8070, 8250/8270, 8410 
N-Nitrosodi -n-propyl amine 8070, 8250/8270, 8410 
N-Nitrosomethylethyl amine 8270 
N-Ni trosomorphol ine 8270 
N-Ni trosopiperidine 8250/8270 
N-Nitrosopyrrolidine 8270 
o-Ni trot01 uene (2-NT) 8330 
m-Nitrotol uene (3-NT) 8330 
p-Ni trot01 uene (4-NT) 8330 
5-Ni tro-o-toluidine 82 70 
trans -Nonachl or 8081 
Nonanal 8315 
OCDD 8280/8290 
OCDF 8280/8290 
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 

( HMX 8330 
Octamethyl pyrophosphoramide 82 70 
Octanal 8315 
4,4'-Oxydianiline 8270 
Parathi on 8270 
Parathion, ethyl 8141 
Parathion, methyl 8140/8141 
PCB-1016 (Arocl or-1016) 8080/8081, 8250/8270 
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TABLE 2-1. 
(Continued) 

Compound Appl i cab l  e Method(s) 

PCB-1221 (Arocl or-1221) 
PCB-1232 (Arocl or-1232) 
PCB- 1242 (Arocl o r -  1242) 
PCB- 1248 (Arocl o r -  1248) 
PCB- 1254 (Arocl o r -  1254) 
PCB- 1260 (Arocl o r -  1260) 
PCNB 
1,2,3,4,7-PeCDD 
1,2,3,7,8-PeCDD 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
Pentachl orobenzene 
Pentachl oroethane 
Pentachl orohexane 
Pentachl oron i trobenzene 
Pentachl orophenol 
Pentaf l  uorobenzene 
Pentanal 
trans-Permethri  n 
Perthane 
Phenaceti n 
Phenanthrene 

Phenobarbital 
Phenol 
1,4-Phenyl enedi anii ne 
Phorate 
Phosal one 
Phosmet 
Phosphamidion 
Phthal i c anhydride 
Pi c l  oram 
2-Pic01 i n e  
P i  peronyl sul  fox ide 
Promecarb 
Pronami de 
Propachl o r  
Propanal 
Propargyl a1 coho1 
0-Propiol actone 
Propioni tri l e  
Propoxur (Baygon) 
n-Propyl ami ne 
n- Propyl benzene 
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TABLE 2-1. 
(Continued) 

Compound Appl i cab1 e Method (s) 

Propyl th iou rac i  1 
Pyrene 

Pyr id ine 
RDX 
Resorci no1 
Ronnel 
Sa f ro l  e 
Simazine 
Sol vent Red 3 
Solvent Red 23 
S t  i rophos (Tetrachl o r v i  nphos) 
Strobane 
Strychnine 
Styrene 
Sul fa1 1 a te  
Sul fotepp 
2,4,5-T 
2,4,5-T, butoxyethanol es ter  
2,4,5-T, bu t y l  es te r  
1,2,3,4-TCDD 
1,2,7,8-TCDD 
1,2,8,9-TCDD 
1,3,6,8-TCDD 
1,3,7,8-TCDD 
1,3,7,9-TCDD 
2,3,7,8-TCDD 

TEPP 
Terbuphos (Terbufos) 
Terp henyl 
1,2,3,4-Tetrachl orobenzene 
1,2,3,5-Tetrachl orobenzene 
1,2,4,5-Tetrachl orobenzene 
Tetrachl orobenzenes 
1,1,1,2-Tetrachl oroethane 
1,1,2,2-Tetrachl oroethane 
Tetrachl oroethene 
2,3,4,6-Tetrachl orophenol 
Tetrachl orophenol s 
Tetrachl o r v i  nphos ( S t i  rophos) 
Tetraethyl  d i  thiopyrophosphate 
Tetraethyl  pyrophosphate 
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TABLE 2-1. 
(Continued) 

Compound Appl i cab le  Method(s) 

Tetrazene 
Thiofanox 
Thionazine 
Thi ophenol (Benzenethi 01 ) 
TOCP ( T r i  -0-cresyl  phosphate) 
Tokuthion (Prothiofos) 
m-To1 ual dehyde 
o-To1 ual dehyde 
p-To1 ualdehyde 
To1 uene 
To1 uene d i  i socyanate 
o-To1 u id ine  
Toxaphene 
2,4,5-TP (S i lvex)  
2,4,6-Tri bromophenol 
1,2,3-Trichl orobenzene 
1,2,4-Tri ch l  orobenzene 

1,3,5-Trichl orobenzene 
l,l, 1-Trichloroethane 
1,1,2-Trichl oroethane 
T r i c h l  oroethene 
T r i c h l  o r o f  1 uoromethane 
T r i ch l  or fon 
T r i ch l  oronate 
2,4,5-Trichl orophenol 
2,4,6-Trichlorophenol 
T r i ch l  orophenol s 
1,2,3-Trichl oropropane 
O,O,O-Triethyl phosphorothioate 
T r i  f l  u ra l  i n  
2,4,5-Trimethylanil i ne  
1,2,4-Trimethylbenzene 
1,3,5-Trimethyl benzene 
Trimethyl phosphate 
1,3,5-Trinitrobenzene (1,3,5-TNB) 
2 ,4 ,6-Tr in i t ro to l  uene (2,4,6-TNT) 
T r i  -0-cresyl  phosphate (TOCP) 
T r i  - p - t o l y l  phosphate 
T r i  s (2,3-Di bromopropyl ) phosphate 
Vinyl  acetate 
Vinyl ch lo r ide  

833 1 
8321 
8141, 8270 
8270 
8141 
8140/8141 
8315 
8315 
83 15 
8020, 8021, 8240/8260 
8270 
8270 
8080/8081, 8250/8270 
8150/8151, 8321 
8250/8270 
8021, 8121, 8260 
8021, 8120/8121, 8250/8270, 
8260, 8410 
8121 
8010, 8021, 8240/8260 
8010, 8021, 8240/8260 
8010, 8021, 8240/8260 
8010, 802 1, 8240/8260 
8141, 8321 
8140/8141 
8250/8270, 8410 
8040, 8250/8270, 8410 
8040 
8010, 8021, 8240/8260 
8270 
8081, 8270 
8270 
8021, 8260 
8021, 8260 
8270 
8270, 8330 
8330 
8141 
8270 

( T r i  s-BP) 8270, 8321 
8240/8260 
8010, 802 1, 8240/8260 
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TABLE 2-1. 
(Continued) 

Compound Appl icab l  e Method(s) 

o-Xyl ene 
m-Xyl ene 
p-Xyl ene 
Xylene (Total ) 

TABLE 2-2A. 
METHOD 3650 - BASE/NEUTRAL FRACTION 

Benz(a)anthracene 
Benzo(a) pyrene 
Benzo(b) f l  uoranthene 
Chl ordane 
Chlorinated d i  benzodioxins 
Chrysene 
Creosote 
Dichlorobenzene(s) 
Dinitrobenzene 
2,4-Dini t rotoluene 
Heptachl o r  

Hexachl orobenzene 
Hexachl orobutadiene 
Hexachl oroethane 
Hexachl orocycl opentad i ene 
Naphtha1 ene 
N i  trobenzene 
Phorate 
2-Pic01 ine  
Pyridine 
Tetrachl orobenzene(s) 
Toxaphene 

TABLE 2-2B. 
METHOD 3650 - ACID  FRACTION 

2-Chlorophenol 
Cresol (s) 
Creosote 
D i  ch l  orophenoxyaceti c acid 
2,4-Dimethyl phenol 
4,6-Dinitro-o-cresol 

4-Ni trophenol 
Pentachl orophenol 
Phenol 
Tetrachl orophenol (s ) 
T r i ch l  orophenol (s) 
2,4,5-TP (Si lvex) 
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TABLE 2-3. 
METHOD 5041 - SORBENT CARTRIDGES FROM 
VOLATILE ORGANIC SAMPLING TRAIN (VOST) 

Acetone 
A c r y l o n i t r i l e  
Benzene 
Bromodi ch l  oromethane 
Bromoforma 
~romomet haneb 
Carbon d i  su l  f i de 
Carbon t e t r ach lo r i de  
Chl orobenzene 
Chl orod i  bromgmethane 
Chl oroethane 
Chloroform 
~ h l  oromethaneb 
Di  bromomethane 
1, 1-Di chl  oroethane 
1,2-Dichl oroethane 
1, 1-Di chloroethene 
t rans -1  ,2-Dichloroethene 

1,2-Dichl oropropane 
c i  s-1,3-Dichloropropene 
trans-1,3-Dichl oropropene 
Ethyl  benzenea 
Iodomethane 
Methyl ene ch lo r ide  
Styrenea 
1,1,2, 2-Tetrachloroethanea 
Tetrachl oroet  hene 
To1 uene 
l,l, 1-Tr i ch l  oroethane 
1,1,2-Trichloroethane 
T r i c h l  oroethene 
T r i  ch l  o r o f l  uoromethane 
1,2,3-Trichl or,opropanea 
V iny l  ch lo r ide  
Xyl enesa 

a B o i l  i n g  po in t  o f  t h i s  compound i s  above 132'~. Method 0030 i s  no t  
appropr iate f o r  quan t i t a t i ve  sampl i n g  of t h i s  analyte. 

Bo i l  i n g  po in t  o f  t h i s  compound i s  below 30'~. Special precautions must be 
taken when sampl i n g  f o r  t h i s  analyte by Method 0030. Refer t o  Sec. 1.3 o f  
Method 5041 f o r  discussion. 
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TABLE 2-4. 
METHOD 8010 - HALOGENATED VOLATILES 

A1 lyl chloride 
Benzyl chloride 
Bi s (2-ch1oroethoxy)methane 
Bi s(2-chl oroi sopropyl ) ether 
Bromoacetone 
Bromobenzene 
Bromodi chl oromet hane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chl orobenzene 
Chl oroet hane 
2-Chl oroethanol 
2-Chloroethyl vinyl ether 
Chloroform 
1 -Chl orohexane 
Chl oromethane 
Chl oromethyl methyl ether 
Chloroprene 
4-Chlorotol uene 
Di bromochl oromethane 
1,2-Di bromo-3-chl oropropane 
Di bromomethane 
1,2-Dichlorobenzene 

1,3-Dichlorobenzene 
1,4-Dichl orobenzene 
1,4-Dichloro-2-butene 
Di chlorodi fl uoromethane 
1, 1 -Di chl oroethane 
l,2-Dichl oroethane 
1,l-Dichloroethene (Vinyl idene chloride) 
trans-1,2-Dichloroethene 
Di chloromethane (Methylene Chloride) 
1,2-Di chl oropropane 
1,3-Dichloro-2-propanol 
ci s-1,3-Dichl oropropene 
trans- 1,3-Dichl oropropene 
Epi chl orhydri n 
Ethylene di bromide 
Methyl iodide 
1,1,2,2-Tetrachl oroethane 
1,1,1,2-Tetrachl oroethane 
Tetrachl oroethene 
l,l, l-Trichloroethane 
1,1,2-Trichloroethane 
Trichl oroethene 
Tri chl orofl uoromethane 
1,2,3-Trichloropropane 
Vinyl chloride 

For Method 8011, see Table 2-7 

TABLE 2-5. TABLE 2-6. 
METHOD 801 5 - NONHALOGENATED VOLATl LES METHOD 8020 - AROMATIC VOLATlLES 

Di ethyl ether 
Ethanol 
Methyl ethyl ketone (MEK) 
Methyl i sobutyl ketone (MIBK) 

Benzene 
Chl orobenzene 
1,2 -Di chl orobenzene 
1,3-Dichl orobenzene 
1,4-Di chl orobenzene 
Ethyl benzene 
To1 uene 
Xyl enes 
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TABLE 2-7. 
METHOD 8021 (METHOD Bol l * )  - HALOGENATED AND AROMATIC VOLATILES CBI 

Benzene 1,3-Di ch l  oropropane 
L 

Bromobenzene 2,2-Di ch l  oropropane 
Bromochl oromethane 1, l -Dichl  oropropene F 
Bromod i chl  oromethane c i s -  1,3-Di ch l  oropropene bad 
Bromoform trans- 1,3-Di ch l  oropropene 
Bromomet hane Ethyl benzene w 
n-Butyl benzene Hexachl orobutadi ene $II! 
sec-Butyl benzene I sopropyl benzene 
t e r t -Bu t y l  benzene p- Isopropyl to1 uene 
Carbon t e t r ach lo r i de  Methyl ene ch lo r i de  (DCM) 
Chl orobenzene Naphtha1 ene 

I 
Chl orodi  bromomethane n- Propyl benzene 
Chl oroethane Styrene 

~ 
Chl oroform 1,1,1,2-Tetrachl oroethane 

1 
b 

Chl oromethane 1,1,2,2-Tetrachl oroethane 
2-Chl o ro to l  uene Tetrachl oroethene 
4-Chl o ro to l  uene To1 uene 
1,2-Di bromo-3-chl oropropane* 1,2,3-Tri ch l  orobenzene : 1 
1,2-Di bromoethane* 1,2,4-Trichl orobenzene 
Di bromomet hane l,l, 1-Trichloroethane ~ 
1,2-Dichlorobenzene 1, 1,2-Trichloroethane 
1,3-Dichlorobenzene T r i c h l  oroethene 

1 
1 

1,4-Dichl orobenzene T r i c h l  o r o f l  uoromethane IRP 
Dichl  orodi  f l  uoromethane 1,2,3-Tri ch l  oropropane kA 
1,l-Dichloroethane 1,2,4-Trimethyl benzene 
1,2-Dichl oroethane 1,3,5-Trimethyl benzene 
1,l-Dichloroethene (Vinyl  idene ch lor ide)  Vinyl  ch l o r i de  
c i s -  1,2-Di ch l  oroethene o-Xyl ene 

~ 
CvLi I 

t rans-1,2-Dichl oroethene m-Xyl ene I 

1,2-Dichl oropropane p-Xyl ene I 
iPb 

* Ind icates the  on ly  two ta rge t  analytes o f  Method 8011. These const i tuents  a l ~  
also ta rge t  analytes o f  Method 8021. r"l 

TABLE 2-8. 
METHODS 8030/8031 - 
ACROLEIN, ACRYLONI'TRILE 

Acrol e i  n (Propenal )* 
Acryl  oni  tri 1 e 

TABLE 2-9 Lw 
METHOD 8032 - 

ACRYLAMIDE W 
C*rl 

Acryl  amide 
m 
I 

* Target analyte o f  Method 8030 only. r j I  
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TABLE 2-10. 
METHOD 8040 - PHENOLS 

2-sec-Butyl -4,6-dini trophenol (DNBP, Dinoseb) 
4-Chloro-3-methyl phenol 
2-Chl orophenol 
Cresol s (Methyl phenol s) 
2-Cyclohexyl-4,6-dinitrophenol 
2,4-Dichl orophenol 
2,6-Dichlorophenol 
2,4-Dimethyl phenol 
2,4-Dinitrophenol 

2-Methyl -4,6-dinitrophenol 
2-Ni trophenol 
4-Ni trophenol 
Pentachl orophenol 
Phenol 
Tetrachl orophenol s 
2,4,6-Trichl orophenol 
T r i  chl  orophenol s 

TABLE 2-11. 
METHODS 8060/8061 - PHTHALATE ESTERS 

Benzyl benzoate* 
Butyl benzyl phthal a te  
B i  s (2-ethyl  hexyl ) phthal a te  
Di -n-buty l  phthal a te  
Diethyl  phthal ate 
Dimethyl phthal a te  
Di -n-octy l  phthal a te  

* Target analyte o f  Method 8061 only. 

TABLE 2-12. 
METHOD 8070 - NITROSAMINES 

N-Nitrosodimethyl amine 
N-Ni t rosodi  phenyl ami ne 
N-Nitrosodi -n-propyl amine 
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TABLE 2-13. 
METHODS 8080/8081 - ORGANOCHLORINE PESTICIDES AND PCBs 

Arocl  or-1016 (PCB-1016) 
Arocl  or-1221 (PCB-1221) 
Arocl  or-1232 (PCB-1232) 
Arocl  or-1242 (PCB-1242) 
Arocl  o r -  1248 (PCB- 1248) 
Arocl  or-1254 (PCB-1254) 
Aroc l  o r -  1260 (PCB- 1260) 
A1 achl  o r *  
A1 d r i  n 
a-BHC 
P - BHC 
6 - BHC 
y-BHC (Lindane) 
Captafo l*  
Captan* 
Chl o robenz i l  a te*  
Chlordane ( techn ica l ) * *  
a-Chl ordane* 
y -Chl ordane* 
Chl oroneb* 

Chl oropropyl ate* 
Chl o ro tha l  on i  1* 
DBCP* 
DC PA* 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Di a1 1 ate* 
D ich l  one* 
Di c o f o l *  
D i e l d r i n  
Endosulfan I 
Endosul f a n  I I 
Endosul f an  su l  f a t e  
Endr i  n 
Endr in aldehyde 
Endri  n ketone* 
E t r i d i  azol e* 
Hal owax- 1000* 
Hal owax-1001* 
Hal owax- 1013" 

* Target  ana ly te  o f  Method 8081 only .  
** Target  ana ly te  o f  Method 8080 on ly .  

Hal owax- 1014" 
Hal owax- 1051" 
Hal owax- 1099" 
Heptachl o r  
Heptachl o r  epoxide 
Hexachl orobenzene* 
Hexachl o rocyc l  o- 

pentadi  ene* 
I s o d r i  n* 
Kepone* 
Methoxychl o r  
M i  rex*  
N i  t r o f e n *  
trans-Nonachl o r *  
PC N B* 
t rans-Permethr in*  
Pe r t  hane* 
Propac h l  o r *  
Strobane* 
Toxaphene 
T r i f l  u r a l  i n *  

TABLE 2-14. 
METHOD 8090 - NITROAROMATICS AND 

CYCLIC KETONES 

Dini trobenzene 
2 ,4-D in i t ro to luene 
2,6-Dini t r o t 0 1  uene 
I sophorone 
Naphthoqui none 
Nitrobenzene 
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TABLE 2-15. 
METHODS 8100 - POLYNUCLEAR AROMATIC HYDROCARBONS 

Acenaphthene 
Acenaphthyl ene 
Ant hracene 
Benzo (a) anthracene 
Benzo (b) f l  uoranthene 
Benzo ( j  ) fl uoranthene 
Benzo(k) f 1 uoranthene 
Benzo (g , h, i ) pery l  ene 
Benzo (a) pyrene 
Chrysene 
Di  benz(a, h)acr id ine 
Dibenz(a, j ) a c r i d i n e  
Di  benzo(a, h) anthracene 

7H-Di benzo(c,g)carbazol e 
Di benzo (a, e) pyrene 
Di benzo(a, h)pyrene 
Di benzo (a, i ) pyrene 
F l  uoranthene 
F l  uorene 
Indeno (l,2,3-cd) pyrene 
3-Methyl chol anthrene 
Naphtha1 ene 
Phenanthrene 
Pyrene 

TABLE 2-16 
METHOD 8110 - HALOETHERS 

Bi  s(2-Chl oroethoxy)methane 
Bis(2-Chloroethyl ) ether 
B i  s(2-Chl o ro i  sopropyl ) ether 

4-Bromophenyl phenyl ether 
4-Chlorophenyl phenyl ether 

TABLE 2-17. 
METHODS 81 20/8121 - CHLORINATED HYDROCARBONS 

Benzal ch lor ide*  
Benzotr ichlor ide* 
Benzyl ch lor ide*  
2-Chl oronaphthal ene 
1,2-Di ch l  orobenzene 
1,3-Dichl orobenzene 
1,4-Dichl orobenzene 
Hexachl orobenzene 
Hexachl orobutadiene 
Hexachl orocycl ohexaneff 
a-Hexachlorocyclohexane (a-BHC)* 
p-Hexachl orocycl ohexane (B-BHC)* 

* Target analyte o f  Method 8121 only. 
** Target analyte o f  Method 8120 only. 

6 -Hexachl orocycl ohexane (6-BHC) * 
y -Hexachl orocycl ohexane ( y  -BHC) * 
Hexachl orocycl opentadi ene 
Hexachl oroethane 
Pentachl orobenzene* 
Pentachl orohexanef* 
Tetrachl orobenzenes** 
1,2,3,4-Tetrachlorobenzene* 
1,2,3,5-Tetrachl orobenzene* 
1,2,4,5-Tetrachl orobenzene* 
1,2,3-Tri chl  orobenzene* 
1,2,4-Tri chl  orobenzene 
1,3,5-Trichl orobenzene* 
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TABLE 2-18. 
METHODS 81 40/8141 - ORGANOPHOSPHORUS COMPOUNDS 

(PACKED AND CAPILLARY COLUMNS) 

Aspon* 
A t raz i  ne* 
Azinphos e thy l *  
Azinphos methyl 
Bol s t a r  (Sul profos) 
Carbophenothion* 
Chl orofenvinphos* 
Chl o rpy r i  fos 
Chl o rpy r i f os  methyl* 
Coumaphos 
Crotoxypos* 
Demeton-0, and -S 
D i  az i  non 
Dichl  orofenthion* 
D i  ch l  orvos (DDVP) 
Dichrotophos* 
Dimethoate* 
Dioxathion* 
D i  sul fo ton  
E PN* 
Ethion* 
E t  hoprop 
Famphur* 
Feni t r o t h i  on* 
Fensul f o th i on  

Fenthion 
Fonophos* 
Hexamethylphosphoramide* (HMPA) 
Leptophos* 
Ma1 athion* 
Merphos 
Mevi nphos 
Monochrotophos* 
Nal ed 
Parathion, e thy l *  
Parathion, methyl 
Phorate 
Phosmet* 
Phosphami don* 
Ronnel 
Simazine* 
S t i  rophos (Tetrachl o r v i  nphos) 
Sul fotep* 
TEPP* 
Terbufos* 
Thionazin* 
Tokuthion (Prothiofos) 
T r i  ch l  orfon* 
T r i ch l  oronate 
T r i  -0-cresyl phosphate (TOCP)* 

* Target analyte o f  Method 8141 only. 

TABLE 2-19. 
METHODS 8150/8151 - CHLORINATED HERBICIDES 

Aci f l  uorfen* Di camba 
Bentazon* 3,5-Dichlorobenzoic acid* 
Chl oramben* 'Dichl orprop 
2,4-D Dinoseb (DNBP) 
Dal apon 5-Hydroxydi camba* 
2,4-DB 
DCPA d iac id*  

* Target analyte o f  Method 8151 only. 

MC PA 
7 
lui 

MC PP 
4-Ni trophenol* 
Pentachl orophenol* P 

I 

P i  c l  oram* 
2,4,5-TP (S i lvex)  
2,4,5-T 7 

u 
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TABLE 2-20. 
METHODS 8240/8260 - VOLATILES 

Acetone 
Acetoni tri 1 e 
Acro l  e i  n (Propenal ) 
A c r y l o n i t r i l e  
A1 1 y l  a1 cohol 
A l l y 1  c h l o r i d e  
Benzene 
Benzyl c h l o r i d e  
Bis(2-chloroethyl ) su l  f i d e  
Bromoacetone 
Bromobenzene* 
Bromochl oromet hane 
Bromodichloromethane 
4-Bromofluorobenzene 
Bromof orm 
Bromomet hane 
n-Butanol* 
2-Butanone (Methyl e t h y l  
ketone) 
n-Buty l  benzene* 
sec- Buty l  benzene* 
t e r t  -Buty l  benzene* 
Carbon d i s u l f i d e  
Carbon t e t r a c h l o r i d e  
Chlora l  hydrate 
Ch lo roace ton i t r i l e *  
Chl orobenzene 
2-Chloro-1,3-butadiene* 
1 -Chlorobutanef 
Chl o rod i  bromomethane 
Chl o roe t  hane 
2-Chl oroethanol 
2-Chloroethyl  v i n y l  e the r  
Chloroform 
1 -Chl orohexane* 
Chl oromethane 
Chl oroprene 
3-Chl oropropene* 
3-Chloropropioni  t r i l e  
2-Chl o r o t o l  uene* 
4-Chl o r o t o l  uene* 
Crotonal dehyde* 

1,2-Di bromo-3- 
c h l  oropropane 

1,2-Dibromoethane 
D i  bromomethane 
Di bromofl uoromethane* 
1,2-Dichlorobenzene* 
1,3-Dichl orobenzene* 
1,4-Dichl orobenzene* 
1 ,4-Dichloro-2-butene** 
cis-1,4-Dichloro- 

2-butene* 
trans-1,4-Dichloro-2- 

butene* 
1 ,4-Dichloro-2-butene** 
Di c h l  o rod i  f l  uoromethane 
1 , l -D ich l  oroethane 
1,2-Dichloroethane 
1,l -Dichl  oroethene 
cis-1,2-Dichloroethene* 
t rans -  1,2-Dichl oroethene 
1,2-Di ch l  oropropane 
1,3-Dichl oropropane* 
2,2-Dichl oropropane* 
1,3-Dichl oro-2-propanol 
1 , l -D ich l  oropropene* 
c i  s-1,3-Di ch l  oropropene 
trans-1,3-Dichloropropene 
1,2,3,4-Diepoxybutane 
D ie thy l  ether* 
1,4-Di f l  uorobenzene 
1,4-Dioxane 
Epichlorohydr in 
Ethanol 
E thy l  acetate* 
E thy l  benzene 
Ethylene oxide 
Ethy l  methacryl a te  
F l  uorobenzene* 
Hexachl orobutadiene* 
Hexachl oroethane* 
2-Hexanone 
2-Hydroxyprop ion i t r i le  
Iodomethane 
I sobu ty l  a1 cohol 

m 
I 

d 
* Target ana ly te  o f  Method 8260 only .  
** Target ana ly te  o f  Method 8240 only .  
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I sopropyl benzene* 
p- Isopropyl to1 uene* 
Ma lonon i t r i l e  
Methacryl oni  tri 1 e 
Methanol* 
Methyl acry la te*  
Methyl - t - b u t y l  ether* 
Methyl ene ch l  o r i de  (DCM) 
Methyl i od ide  
Methyl methacryl a te  
4-Methyl -2-pentanone 

(MIBK) 
Napht ha1 ene* 
Ni  trobenzene* 
2-Ni tropropane* 
Pentachl oroet  hane 
Pentafl uorobenzene* 
2- Pi co l  i ne 
Propargyl a1 cohol 
B-Propi 01 actone 
Propioni t r i l e  
n - Propyl ami ne 
n- Propyl benzene* 
Pyr id ine  
Styrene 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Tetrachl  oroet  hene 
To1 uene 
1,2,3-Tri ch l  orobenzene* 
1,2,4-Trichlorobenzene* 
l,l, 1-Trichloroethane 
1,1,2-Trichloroethane 
T r i c h l  oroethene 
T r i  ch l  o r o f l  uoromethane 
1,2,3-Trichloropropane 
1,2,4-Trimethyl benzene* 
1,3,5-Trimethyl benzene* 
V iny l  acetate 
Viny l  ch lo r i de  
Xyl ene (Total  )** 
o-Xyl ene* 
m-Xyl ene* 
p-Xyl ene* 
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TABLE 2-21. Wd 

METHODS 8250/8270 - SEMIVOLATILES 
P 

Acenapht hene Carbophenothi on* b~ I 

Acenaphthyl ene Chl ordane ( techn ica l  ) I 

Acetophenone Chl orfenvinphos* 
2-Acetyl  ami n o f  1 uorene* 4-Chl oroani  1 i ne q i  

l -Ace ty l -2 - th iou rea*  Chl orobenzi 1 ate* 
A1 d r i  n 5-Chloro-2-methyl a n i l  ine* i 
2-Aminoanthraquinone* 4-Chl oro-3-methyl phenol 
Ami  noazobenzene* 

r"i i 
3- (Chl oromethyl ) p y r i d i  ne hydrochl o r i d *  ~ 

4-Aminobi phenyl 1 -Chl oronapht ha1 ene I 
3-Amino-9-ethyl carbazol e* 2-Chloronaphthalene F 
Ani 1 a z i  ne* 2-Chl orophenol 
A n i l i n e  4-Chloro-1,2-phenylenediamine* L 1 

I 

o -Anis id ine* 4-Chloro-1,3-phenyl enediamine* 
Anthracene 4-Chl orophenyl phenyl e the r  !@ i 

Arami t e *  Chrysene b 
Aroclor-1016 (PCB-1016) Coumaphos* 
Aroclor-1221 (PCB-1221) p-Cresidine* A 
Arocl o r -  1232 (PCB-1232) Crotoxyphos* 
Arocl o r -  1242 (PCB-1242) 

b 
2-Cycl ohexyl-4,6-dini  t rophenol*  

Arocl or-1248 (PCB- 1248) 4,4'-DDD ~ f i  
Arocl or-1254 (PCB-1254) 4,4' -DDE* 
Arocl or-1260 (PCB-1268) 4,4'-DDT IPri 

Azinphos-methyl* Demeton-0* 
Barban* Demeton-S* mnn 
Benz (a) ant  hracene D i a l l a t e  ( c i s  o r  t rans ) *  
Benzidi  ne 2,4-Diami not01 uene* I 

I 
Benzo (b) f l  uoranthene D i  benz(a, j ) a c r i d i n e  
Benzo (k) f l  uoranthene D i  benz(a, h)anthracene F; 
Benzoic a c i d  D i  benzofuran 
Benzo (g , h, i ) pe ry l  ene Dibenzo(a,e)pyrenef I I 
Benzo (a) pyrene 1,2-Di bromo-3-chl oropropane* 
p-Benzoquinone* D i  -n -buty l  phthal  a t e  I 

Benzyl a1 coho1 Dichlone* I 
a-BHC 1,2-Dichlorobenzene F 
p - BHC 1,3-Dichlorobenzene buta 
6-BHC 1,4-Dichl orobenzene 
7-BHC (Lindane) 3,3'-Dichlorobenzidine 
Bis(2-ch1oroethoxy)methane 2,4-Dichl orophenol F" 

2,6-Dichl orophenol b 
Bis(2-chloroethyl ) e the r  
Bis(2-chloro isopropy1) e ther  D ich l  orovos* 
B is (2-e thy l  hexyl ) phthal  a t e  D i  crotophos* P 

I 
4-Bromophenyl phenyl e the r  Di  e l  dr'l n CPU 
Bromoxyn i 1 * D ie thy l  phthal  a t e  
Buty l  benzyl ph tha l  a t e  D ie thy l  s t i l  b e s t r o l *  m 
2-sec-Butyl-4,6-dinitrophenol (Dinoseb)* D ie thy l  s u l f a t e *  I 

w 
Captafol* D i  hyd rosa f f ro l  e* 
Captan* Dimethoate* rn 
Carbaryl* 3,3'-Dimethoxybenzidine* 
Carbofuran* Dimet h y l  ami noazobenzene la 

F 
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TABLE 2-21. 
METHODS 8250/8270 - SEMIVOLATILES (CONTINUED) 

7,12-Dimethyl benz(a)anthrac 
3,3'-Dimethyl benzidine* 
a, a-Dimethyl phenethyl ami ne 
2,4-Dimethyl phenol 
Dimethyl phthal  a te  
1,2-Dinitrobenzene* 
1,3-Dinitrobenzene* 
1,4-Dinitrobenzene* 
4,6-Dini tro-2-methyl phenol 
2,4-Dini t rophenol 
2,4-Dini t r o t o l  uene 
2,6-Di n i  t r o t o l  uene 
Di nocap* 
Dioxathion* 
Di phenyl ami ne 
5,5-Di phenyl hydantoin* 
1,2-Diphenyl hydrazine 
Di -n -oc ty l  phthal  a te  
Di su l  fo ton* 
Endosul f a n  I 
Endosulfan I 1  
Endosul f a n  s u l f a t e  
Endri  n 
Endrin aldehyde 
Endrin ketone 
EPN* 
Ethion* 
Ethy l  carbamate* 
Ethy l  methanesul fonate 
Ethy l  p a r a t h i  on* 
Famphur* 
Fensul f o t h i  on* 
Fenthi  on* 
F luch lo ra l  i n *  
F l  uoranthene 
F l  uorene 
2-Fl  uorobi  phenyl 
2- F l  uorophenol 
Heptachl o r  
Heptachl o r  epoxide 
Hexachl orobenzene 
Hexachl orobutadi ene 
Hexachl orocycl  opentadi ene 
Hexachl oroethane 
Hexachl orophene* 
Hexachl oropropene* 
Hexamethyl phosphoramide* 
Hydroqu i none* 

Indeno(l,2,3-cd)pyrene 
Isodr in*  
Isophorone 
Isosaf ro le*  
Kepone* 
Leptophos* 
Ma1 a t h i  on* 
Maleic anhydride* 
Mestranol* 
Methapyri 1 ene* 
Methoxychl o r  
3-Methyl chol anthrene 
4,4' -Methylenebis(2-chloroanil ine)*  
4,4'-Methylenebis(N,N-dimethyl a n i l  i ne ) *  
Methyl methanesul fonate 
2-Methyl naphtha1 ene 
2-Methyl - 5 - n i t r o a n i l  ine* 
Methyl parathion* 
2-Methyl phenol (0-Cresol ) ' 
3-Methyl phenol (m-Cresol )* 
4-Methyl phenol (p-Cresol ) 
2-Methyl pyr id ine*  
Mevi nphos* 
Mexacarbate* 
M i  rex* 
Monocrotophos* 
Nal ed* 
Naphtha1 ene 
1,4-Naphthoquinone* 
1-Naphthyl amine 
2-Naphthylamine 
Nicot ine* 
5-Ni troacenaphthene* 
2-Ni t r o a n i l  i n e  
3-Ni t r o a n i  1 i ne 
4-Ni t r o a n i  1 i n e  
5-N i t ro -o-an is id ine*  
N i t r o  benzene 
4-Ni t robiphenyl*  
Ni t ro fen*  
2-Ni trophenol 
4-Ni trophenol 
N i t roqu ino l  ine-1-oxide* . 
N-Ni t rosod i  b u t y l  amine 
N-Ni t rosod ie thy l  amine* 
N-Ni trosodimethyl amine 
N-Ni trosodiphenyl amine 
N-Ni t rosod i  -n-propyl amine 
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TABLE 2-21. 
METHODS 8250/8270 - SEMIVOLATl LES (CONTINUED) 

N - N i  trosomethyl e thy l  amine* 
N-Nitrosomorpholine* 
N-Ni t rosopiper id ine 
N-Ni t rosopyrro l  id ine*  
5-Ni t ro -o - to1  uid ine* 
Octamethyl pyrophosphoramide* 
4,4'-Oxydianil ine* 
Parathi on* 
Pentachl orobenzene 
Pentachl oron i trobenzene 
Pentachl orophenol 
Phenaceti n 
Phenant hrene 
Phenobarbital * 
Phenol 
1,4-Phenyl enedi ami ne* 
Phorate* 
Phosal one* 
Phosmet* 
Phosphamidi on* 
Phthal i c  anhydride* 
2-Pic01 ine  
P i  peronyl sul  f oxide* 
Pronamide 
Propyl t h i  ouraci 1 * 
'yrene 
) y r i  d i ne* 
Resorci no1 * 
Saf r o l  e* 
Strychnine* 
Sul fa1 1 ate* 

* Target analyte o f  Method 8270 only. 

k 
Terbuphos* 
Terphenyl m 
1,2,4,5-Tetrachl orobenzene 
2,3,4,6-Tetrachl orophenol 
Tetrachl orvinphos ( S t i  rophos)* I 

Tetraethyl d i  t h  i opyrophosphate* P" 

Tetraethyl  pyrophosphate* bit# 

Thionazine* I 

Thiophenol (Benzenethiol )* rn 1 
To1 uene d i  i socyanate* 
o-To1 uid ine* k 

, 
Toxaphene 
2,4,6-Tri bromophenol P@ ~ 
1,2,4-Trichl orobenzene w 
2,4,5-Trichl orophenol I 

1 
2,4,6-Tri ch l  orophenol m I 
O,O,O-Triethyl phosphorothioate* 
T r i  f 1 u ra l  i n *  ~ I 
2,4,5-Trimethyl a n i l  ine* P I 

Trimethyl phosphate* 
1,3,5-Trinitrobenzene* bz9 I 

T r i  s(2,3-di bromopropyl ) phosphate* I 

T r i  -p-to1 y l  phosphate* p 
Lppl 

TABLE 2-22. 
METHOD 8275 - SEMIVOLATILES (SCREENING) 

A1 d r i  n 2-Chl orophenol Hexachl orobenzene 
Benzo(k) f l  uoranthene D i  benzothi ophene 4-Methyl phenol 
Benzo (a) pyrene 2,4-Di ch l  orophenol Naphtha1 ene 
Carbazol e 2,4-Dinitrotoluene Phenanthrene 
4-Chl oro-3-methyl phenol Di phenyl ami ne Pyrene 
1 -Chl oronaphthal ene F l  uorene 
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TABLE 2-23. 
METHODS 8280/8290 - DIOXINS AND DIBENZOFURANS 

2,3,7,8-TCDD 1,2,3,4,7-PeCDD 1,2,7,8-TCDF 
1,2,3,4-TCDD* 1,2,3,7,8-PeCDD 2,3,7,8-TCDF 
1,3,6,8-TCDD* 1,2,3,4,7,8-HxCDD 1,2,3,7,8-PeCDF 
1,3,7,9-TCDD* 1,2,3,6,7,8-HxCDD 2,3,4,7,8-PeCDF 
1,3,7,8-TCDD* 1,2,3,7,8,9-HxCDD 1,2,3,4,7,8-HxCDF 
1,2,7,8-TCDD* 1,2,3,4,6,7,8-HpCDD 1,2,3,6,7,8-HxCDF 
1,2,8,9-TCDD* OCDD 1,2,3,7,8,9-HxCDF 

2,3,4,6,7,8-HxCDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDF 

* Target analyte o f  8280 only 

TABLE 2-24. 
METHOD 8310 - POLYNUCLEAR AROMATIC HYDROCARBONS 

Acenaphthene 
Acenaphthyl ene 
Anthracene 
Benzo (a) anthracene 
Benzo (a) pyrene 
Benzo(b) f l  uoranthene 
Benzo (g , h , i ) pery l  ene 
Benzo( k) f l  uoranthene 

Chrysene 
Di benzo(a, h)anthracene 
F l  uoranthene 
F l  uorene 
Indeno(l,2,3-cd)pyrene 
Naphtha1 ene 
Phenanthrene 
Pyrene 
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TABLE 2-25. 
METHOD 8315 - CARBONYL COKPOUNDS 

Acetaldehyde 
Acetone 
Acrol  e i  n (Propanol ) 
Benzal dehyde 
Butanal (Butyra l  dehyde) 
Crotonal dehyde 
Cycl ohexanone 
Decanal 
2,5-Dimethyl benzaldehyde 
Formal dehyde 

Heptanal 
Hexanal (Hexal dehyde) 
Isova l  era1 dehyde 
Nonanal 
Octanal 
Pentanal (Val eraldehyde) 
Propanal ( Propi onal dehyde) 
m-To1 ual  dehyde 
o-To1 ual  dehyde 
p-To1 ual  dehyde 

TABLE 2-26. 
METHOD 8316 - ACRYLAMIDE, 
ACRYLONI'TRILE AND ACROLEIN 

Acrol  e i  n (Propanol ) 
Acry l  ami de - 
A c r y l o n i t r i l e  

TWO - 36 

TABLE 2-27. 
METHOD 8318 - N-METHYLCARBAMAT? I 

i r r i l  

A1 d i  carb  (Temi k) 1 
A1 d i  carb  Sul fone 
Carbaryl  (Sevi n) 

m I  

Carbofuran (Furadan) u l  
Dioxacarb ~ 
3 -Hydroxycarbofuran m l  
Methiocarb (Mesurol) I 

Met homyl (Lannate) 
Promecar b 
Propoxur (Baygon) P" I 

m 
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TABLE 2-28. 
METHOD 8321 - NONVOLATILES 

Azo Dves 
Disperse Red 1 
Disperse Red 5 
Disperse Red 13 
Di  sperse Ye1 1 ow 5 
Disperse Orange 3 
Disperse Orange 30 
Disperse Brown 1 
Sol vent Red 3 
Solvent Red 23 

Anthraaui none Dyes 
Disperse Blue 3 
Disperse Blue 14 
Disperse Red 60 
Coumari n Dyes 

(Fluorescent Br iqhteners)  
F l  uorescent Br ightener 61 
F l  uorescent Br ightener 236 

Chlor inated Phenoxvacid Com~ounds 
2.4-D 
2; 4-D, butoxyethanol es te r  
2,4-D, e t h y l  hexyl e s t e r  
2,4-DB 
Dal apon 
Di camba 
Di ch l  orprop 
Di  noseb 
MC PA 
MCPP 
Si  1 vex (2,4,5-TP) 
2,4,5-T 
2,4,5-T, b u t y l  e s t e r  
2,4,5-T, butoxyethanol es te r  

A1 kal  o ids 
Strychnine 

Orqano~hosphorus Compounds 
Asul am 
Di  ch l  orvos 
Di met hoate 
Di  sul  fo ton  
Famphur 
Fensul f o t h i o n  
Merphos 
Met homyl 
Methyl parat  h i  on 
Monocrotophos 
Nal ed 
Phorate 
T r i  ch l  o r fon  
Thi ofanox 
T r i  s-(2,3-di bromopropyl ) phosphate, 

(Tris-BP) 
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TABLE 2-29. 
METHOD 8330 - NITROAROMATICS AND NITRAMINES 

4-Amino-2,6-dini trotol uene (4-Am-DNT) 
2-Amino-4,6-dini trotol uene (2-Am-DNT) 
1,3-Dinitrobenzene (1,3-DNB) 
2,4-Dini trotol uene (2,4-DNT) 
2,6-Dini trotol uene (2,6-DNT) 
Hexahydro-1,3,5-trini tro-1,3,5-triazine (RDX) 
Methyl -2,4,6-trinitrophenylni tramine (Tetryl ) 
Ni trobenzene (NB) 
2-Ni trotol uene (2-NT) 
3-Ni trotol uene (3-NT) 
4-Ni trotol uene (4-NT) 
Octahydro-1,3,5,7-tetrani tro-1,3,5,7-tetrazocine (HMX) 
1,3,5-Trini trobenzene (1,3,5-TNB) 
2,4,6-Trini trotol uene (2,4,6-TNT) 

TABLE 2-30. 
METHOD 8331 - TETRAZENE 

Tetrazene 
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TABLE 2-31 
METHOD 8410 - SEMIVOLATILES 

Acenaphthene 
Acenapht hy l  ene 
Anthracene 
Benzo (a) an t  hracene 
Benzo (b) pyrene 
Benzoic ac id  
B i  s(2-ch1oroethoxy)methane 
B i  s (2-chl  o roe thy l  )e the r  
B is (2-ch lo ro isopropy l  )e the r  
B i  s (2 -e thy l  hexyl )phthal  a te  
4-Bromophenyl phenyl e the r  
Buty l  benzyl phthal  a te  
4-Chloroani l  i n e  
4-Chl oro-3-methyl phenol 
2-Chl oronaphthal ene 
2-Chl orophenol 
4-Chl orophenol 
4-Chl orophenyl phenyl e the r  
Chrysene 
D i  benzofuran 
D i  -n -bu ty l  phthal  a t e  
1,2-Dichlorobenzene 
1,3-Dichl orobenzene 
1,4-Dichlorobenzene 
2,4-Dichl orophenol 
D i e t h y l  ph tha la te  
Dimethyl phthal  a t e  
4,6-Dini tro-2-methyl phenol 
2,4-Dini t rophenol 
2,4-Dini t r o to luene  

2,6-Din i t roto luene 
D i  -n -oc ty l  phthal  a t e  
D i  -n-propyl phthal  a te  
F l  uoranthene 
F l  uorene 
Hexachl orobenzene 
1,3-Hexachl orobutadiene 
Hexachl orocycl opentadi ene 
Hexachl oroethane 
Isophorone 
2-Methyl naphtha1 ene 
2-Methyl phenol 
4-Methyl phenol 
Naphtha1 ene 
2-Ni t r o a n i  1 i n e  
3-Ni t r o a n i l  i n e  
4-Ni t r o a n i  1 i n e  
Ni  trobenzene 
2-Ni trophenol 
4-Ni trophenol 
N-Ni trosodimethyl amine 
N-Ni t rosod i  phenyl ami ne 
N-Ni t roso -d i  -n-propyl amine 
Pentachl orophenol 
Phenant hrene 
Phenol 
Pyrene 
1,2,4-Trichl orobenzene 
2,4,5-Trichl orophenol 
2,4,6-Trichlorophenol 
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TABLE 2-32.  
ANALYSIS METHODS FOR INORGANIC COMPOUNDS 

Compound 

A1 umi num 
Antimony 
Arsenic 
Ba r i  urn 
Bery l  1 i urn 
Bromide 
Cadmi urn 
Cal c i  urn 
Chl o r i  de 
Chromi urn 
Chromi urn, hexavalent 
Cobal t 
Copper 
Cyanide 
F l  uo r ide  
I r o n  
Lead 
L i t h ium 
Magnesi urn 
Manganese 
Mercury 
Molybdenum 
Nicke l  
N i t r a t e  
N i t r i t e  
Osmi urn 
Phosphate 
Phosphorus 
Potassium 
Sel en i urn 
S i  1 ve r  
Sod i urn 
S t r o n t i  urn 
S u l f a t e  
S u l f i d e  
Thal 1 i urn 
T i n  
Vanad i urn 
Zinc 

Appl i cab1 e Method (s)  

TWO - 40 Revis ion ;4" 
September 199% 



TABLE 2-33. 
CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES FOR AQUEOUS MATRICES~ 

Name Container 1 Preservation Maximm holding time 

Bacter ia l  Tests: 
Coliform, t o t a l  p, G 

Inorganic Tests: 
Chlor ide p. G 
Cyanide, t o t a l  and amenabie p, G 

t o  ch lo r ina t ion  

Hydrogen i o n  (pH) 
N i t r a t e  
Su l fa te  
Su l f i de  

Cool, 4°C. 0.008% Na,S,O, 6 h w r s  

None required 28 days 
Cool, 4°C; i f  ox id iz ing 14 days 
agents present add 5 ml 
0.1N NaAsO, per L o r  0.06 g 
o f  ascorbic ac id per L; 
adjust pH>12 u i t h  50% NaOH. 
See Method 9010 f o r  other 
interferences. 
None required 24 hours 
Cool, 4°C 48 h w r s  
Cool, 4°C 28 days 
Cool, 4"C, add zinc acetate 7 days 

Metals: 
Chromiun V1 p, G Cool , 4°C 24 hours 
Mercury p. G HMO, t o  pHe2 28 days 
Metals, except chromiun VI p f  G HNO, t o  pHe2 6 months 

and mercury 
Organic Tests: 

Acro le in  and a c r y l o n i t r i  l e  G,Tef lon- l ined Coo l ,4 "C,0 .008%~a,~~0~,  14days 
septun Adjust pH t o  4-5 

Benzidines G,Tef lon- l ined ~ o o l , 4 " ~ , 0 . 0 0 8 % ~ a , ~ ~ 0 3 ~ ,  7 d a y s u n t i l e x t r a c t i o n f 4 0 d a y s  
cap Adjust pH t o  6-9, s tore i n  a f t e r  ext ract ion 

dark 
Chlorinated hydrocarbons G, Teflon-Lined Cool, 4"C, 0.008%NaaS,0, 7 days u n t i l  extract ion, 40 days 

CBD - a f t e r  ext ract ion 
Dioxins and Furans G,' ~ e f l o n - l i n e d  Cool, 4"C, 0.008% N~,s,o: 7 days until extract ion, 40 days 

cap a f t e r  ext ract ion 
Haloethers G, Tef Lon- 1 ined Cool, 4"C, 0.008% Na,S,O, 7 days unti 1 extraction, 40 days 

cap a f t e r  ext ract ion 
Nitroaromatics and G, Teflon- 1 ined cool, 4"C, 0.008% Na,SaO, 7 days u n t i l  extraction, 40 days 
c y c l i c  ketones cap store i n  dark 

3 
a f t e r  ext ract ion 

N i trosemines G, Tef Lon-lined cool, 4"c, 0.008% Na,S,O, , 7 days u n t i l  extraction, 40 days 
cap store i n  ark f a f t e r  ext ract ion 

O i l  and grease G Cool, 4°C 28 days 
Organic carbon, t o t a l  (TOC) p f  G Cool, 4"c2 28 days 
PCBs G, Teflon-Lined Cool, 4°C 7 days u n t i l  extraction, 40 days 

cap a f t e r  ext ract ion 
Pest icides G, Tef lon- l ined Cool, 4°C 7 days unti 1 extraction, 40 days 

cap a f t e r  ext ract ion 
Phenols G, Tef Lon- Lined Cool, 4"C, 0.008% Na,S,O3 7 days unt i 1 ext ract  ion, 40 days 

cap a f t e r  ext ract ion 
Phthalate esters G, Teflon-Lined Cool, 4°C 7 days until extraction, 40 days 

cap a f t e r  ext ract ion 
Polynuclear aromatic G, Teflon- 1 ined Cool, 4"C, 0.008% Na,S,03 7 days until extraction, 40 days 
hydrocarbons cap s to re  i n  dark a f t e r  ext ract ion 

Purgeable aromatic G, Teflon-Lined cool, 4'c, 0 . 0 0 8 % ~ a , ~ , 0 ~ ~ ~  14days 
hydrocarbons septun 

Purgeable Halocarbons G, Tef Lon- Lined Cool, 4"C, 0.008% Na,S,O, 14 days 
septun 

Total organic hal ides (TOX) G, Tef lon- l ined Cool, 4"c2 28 days 
cap 

Radiological Tests: 
Alpha, beta and radiun p f  HNQ t o  pH<2 6 months 

A Table excerpted, i n  part,  from Table 11, 49 FR 209, October 26, 1984, p 28. 
Polyethylene (PI o r  Glass (GI 
Adjust t o  pH<2 u i t h  H,SO,, HCL o r  s o l i d  NaHSO,. 
Free ch lo r ine  must be removed p r i o r  t o  addi t ion o f  HCL by the appropriate addi t ion o f  Na,S,O,. 
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TABLE 2-34. PREPARATION METHODS FOR ORGANIC ANALYTES w 

Acids 3510 
3520 

Acrol  e i n 
A c r y l o n i t r i l e  
Acetoni t r i l e  

Sol i d s  S1 udg,es O i l s  ~ s r  
Emu1 s ions ( p ~ ) ~  

Aromatic Vol a t  i 1 es 
Base/Neutral 

Ch lor ina ted 
Herbic ides 

Ch lor ina ted 
Hydrocarbons 

Halogenated 
Vol a t  i 1 es 

5030 
3510 
3520 

(pH >11) 

Ni troaromat i c and 
Cycl i c Ketones 

8150 
8151 

(pH (2) 
3510 
3520 

(pH 7) 

5030 

Non- ha1 ogenated 
Vol a t  i 1 es 
Organochl o r i  ne 
Pest ic ides  and PCBs 

Organophosphorus 
Pest ic ides  

Phenol s 

- I ' I f  attempts t o  break up emulsions are unsuccessful, these methods may be used. 
2 

3 
Method 3580 i s  o n l y  appropr ia te  i f  the  sample i s  so lub le  i n  t h e  s p e c i f i e d  solven), 
pH a t  which e x t r a c t i o n  should be performed. 

&"I 

5030 
3540 
3541 
35502 
3580 

3510 
3520 

(pH 5-91 

Phthal a te  Esters 
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8150 
8151 
35802 
3540 
3541 
3550 
35802 
5030 

5030 

3510 
3520 
3665 

(pH 5-9) 
3510 
3520 

(pH 6-8) 
3510 
3520 

(pH 12) 

P 
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F ,  

5030 
3520 

(pH >11) 

3540 
3541 
35502 
3580 

3510 
3520 

(pH 7) 

5030 " : 
3650 
35802 

bra 

8 150 
8151 

(pH (2) 
3520 

(pH 7) 

5030 

5030 

3540 
354,12 
3 580 
3665 
3540 
3541, 
3580 
3540 
3541 
35502 
3580 

35802 
d 

35802 pm 

d 

5030 
ird 

3520 
(pH 5-91 

3540 
354b1 
3550 
35802 

i 
Pol ynucl  ear  
Aromat i c 
Hydrocarbons 

5030 

3520 
(PH 5-91 

3520 
(pH 6-81 

3520 
(pH <2) 

35802 
P 
w 

3520 
(pH 7) 

Vol a t  i 1 e Organics 

3510 
3520 

(pH 7) 

1 

5030 F 

35802 
e 
ivsi 

35802 

bpll 

3650 
35802 

35802 rnsl 

5030 

3540, 3541 
3550 
35802 

~ 

~ 
I 

I 

I 

5030 

3520 
(pH 7) 
v 

35802 

5030 5030 '2 ' 



TABLE 2-35. 
CLEANUP OF ORGANIC ANALYTE EXTRACTS 
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TABLE 2-36. 
DETERMINATION OF ORGANIC ANALYTES 

*This method is an alternative confirmation method. It is not the method of choice. d 

GCIMS Determination 
Methods 

TWO - 44 
bej 
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Specific GC Detection 
Methods HPLC 

SMIVOLATILES 

Acids 

BaseINeut ral 

Carbamates 

Chlorinated Herbicides 

Chlorinated Hydrocarbons 

Dyes 

Explosives 

Hal oethers 

Nitroaromatics and Cyclic 
Ketones 

Ni trosoami nes 

Organochlorine Pesticides and 
PCBs 

Organophosphorous Pesticides 

Phenols 

Phthalate Esters 

Pol ynucl ear Aromatic 
Hydrocarbons 

VOLATILES 

8270 
8250 

8270 
8250 

8270* 

8270 
8250 

8270 
8250 

8270 
8250 

8270 
8250 

8270* 

8270* 

8270 
8250 

8270 
8250 

8270 
8250 

8150 
8151 

8120 
8121 

8110 

8090 

8070 

8080 
8081 

8140 
8141 

8040 

8060 
8061 

8100 

8316 
8315 

8316 

8315 

8315 
8316 

Acrolein, Acrylonitrile. 
Acetoni tri le 

Acryl ami de 

Aromatic Vol at i 1 es 

Formaldehyde 

Hal ogenated Vol ati 1 es 

Non-haloqenated Volati 1 es 

Vol ati 1 e Organics 

8318 

8321 

8330 
8331 

- - - 

8321 

8310 

8240 
8260 

8240 
8260 

8240 
8260 

8240 

8240 
8260 

8030 
8031 

8032 

8020 
8021 

8010 
801 1 
8021 

8015 

8010 
801 1 
8020 
8021 
8030 
8031 



FIGURE 2-1 .  
ORGANIC ANALYSIS OPTIONS 
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Sample 

Vnhtiln Frtr-le 
for Extradables 

- 
Physical 

Characteristic 
ol Sample 

Solid. Oil, or Sludge Aqueous Sample Aqueous Liquid Oil Physical 
Chsraclerislic 

01 Sample 

Aqueous Liquid 1 Sdid 

I I 
E xlraction 

ProceCre: 3540. 
Extraction 

Procedure: 351 0 
Sample 

Preparation: 5030, 

I 
Exlraclion 

Procedure: 3650 
5040, or 801 1 

Sample 
Preparation: 5030 

3540, or 3550 

Extraction 
Procedure: 3520, 

3550. or 3580 or 3520 or 3580 

I I I I 
I I 

No 

HPLC GC1M.s 
GClMS Analysis 
Procedure: 
Packed Cobmn: 8240 

Capillary Column: 8260 

GC 

GC Analysis Procedure 
Haloqenated Volatile Organics: 8010 
EOB and OBCP: 801 1 

Cleanup Procedure: 
Abmina Cdumn: 3610 
Abmina Cdumn for Pelroleurn Wastes: 361 1 
F b h i l  Cobmn: 3620 
Silica Gel Column: 3630 

G d  Permeation: 3640 
Acld Base Patlilioning: 3650 
Sulfur: 3660 

Nonhalogenaled Volatile Organics 801 5 
Aromatic Vdatile Organics: 8020 
Halogenated Volatile Compcunds: 8021 
Acrolein, Actylonitrile: 8030 
Acrylamide 8032 

8040 

8310,8318.8321.8330.8331 8060 
Niirosam~nes: 8070 

SClMS 
Org~ochkr ine Pesticides and PCBs: 8080 

HPLC Analysis Procedures: 
Acrdein. Actylonitrile. Acrylamide: 831 6 
Formaldehyde: 831 5 

Nilroaromlics and Cyclic Ketones: 8090 
Polynuclear Aromatic Hydrocarbons: 8100 

GClMS Procedures: Halaelhers: 8110 
packed Column: 8250 Chlorinated Hydrocarbons: 8120.8121 

capillary CoClmn: 8270 Organaphosphorus Peslicides. 8140,8141 
Chlorinated Herbicides: 01 50. 81 51 
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FIGURE 2 - 2 .  
SCHEMATIC OF SEQUENCE TO DETERMINE 

I F  A WASTE I S  HAZARDOUS BY CHARACTERISTIC 

No 

Yes 

Yes 

ignitable? 
of waste? 

Perform Paint 
Filter Test 

Methods 1 1 10 and 9040 

Is waste 
Hazardous 

Nonhazardous 
for mrrosivity 

Methods 101 0 or 1020 

Is waste 

m 
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FIGURE 2 - 2 .  
(Continued) 

for ignitability 

Is waste 
leachable and Nonhazardous 

toxic? for toxicity 
(Method 131 1) characteristic 

Hazardous a 
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FIGURE 2-3A. 
EP 

Ba- - 

I 

1 8881 1 
Pesticides 

1310 

TWO - 48 

kw 

iJ 
Revision 2 

September 19941 

bil& 

m 

3010 
(7760 Aq) 

b 

a 

& 

6010 7470 
Hg 

3510 
Neutral 

8150 
8151 

Herbicides 
F 
upp. 



FIGURE 2-38. 
RECOMMENDED SW-846 METHODS OF ANALYSIS FOR TCLP LEACHATES 

I Sample I 

Neutral  V o l a t i l e  Herbic- 
Basic ides 

Pest i c- 
ides 
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FIGURE 2 - 4 A .  
GROUND WATER ANALYSIS 

Organic I ~ m ~ i e  

1 - Optional: Cleanup required only it Interferences prevent analysis 

'I 'I 

TWO - 50 
k A  
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FIGURE 2 -4B.  
INDICATOR ANALYTE 

1 - Barcelona. 1984, (See Reference 1 ) 
2 - Riggin. 1984. (See Reference 2) 
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903819056 
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FIGURE 2 - 4 C .  
GROUND WATER 

GROUND WATER' 
SAMPLE 

I GFAA I 

t 
I 

t 

Alp Ba. Ag, Al, As, Ba, Be, Ag - 7760 AI - 7020 
Cd, CO, Cr. Cu, Fe, cd, CO, cr, CU, Mn, Ba - 7080 Be - 7090 
Mg, Mn. Mo, Ni, Pb, Ni, Pb. Sb, TI, Zn Cd - 71 30 CO - 7200 
Sb. Se. TI. V. Zn Cr -7190 Cu-7210 

SAMPLE PREPARATION 
3005 OR 301 5 

Follow the digestion procedures as detailed in the individual 
determinative methods. 

SAMPLE PREPARATION 
301 5 OR 3020 

' When analyzing for total dissolved metals, digestion is not 
necessary if the samples are filtered at the time of 
collection. and then acidified to the same mcentrafjon as the standards. 

W 
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CHAPTER THREE 

METALLIC ANALYTES 

3.1 SAMPLING CONSIDERATIONS 

3.1.1 I n t r o d u c t i o n  

T h i s  manual con ta ins  procedures f o r  t h e  ana l ys i s  o f  meta ls  i n  a  v a r i e t y  o f  
mat r i ces .  These methods are w r i t t e n  as s p e c i f i c  s teps i n  t h e  o v e r a l l  ana l ys i s  
scheme - -  sample hand1 i n g  and p reserva t ion ,  sample d i g e s t i o n  o r  p repara t ion ,  and 
sample a n a l y s i s  f o r  s p e c i f i c  metal  components. From these methods, t h e  ana lys t  
must assemble a  t o t a l  a n a l y t i c a l  p ro toco l  which i s  app rop r i a te  f o r  t he  sample t o  
be analyzed and f o r  t h e  i n fo rma t i on  requ i red .  Th is  i n t r o d u c t i o n  discusses t h e  
op t i ons  a v a i l a b l e  i n  general  terms, prov ides background i n fo rma t i on  on t he  
a n a l y t i c a l  techniques, and h igh1 i g h t s  some o f  t h e  cons idera t ions  t o  be made when 
s e l e c t i n g  a  t o t a l  a n a l y s i s  p r o t o c o l .  

I 

d 
3.1.2 D e f i n i t i o n  of Terms 

Optimum concen t ra t i on  ranqe: A  range, de f i ned  by l i m i t s  expressed i n  
concen t ra t ion ,  below which sca le  expansion must be used and above which curve 
c o r r e c t i o n  should be considered. Th is  range w i l l  va ry  w i t h  t h e  s e n s i t i v i t y  o f  
t h e  ins t rument  and t h e  ope ra t i ng  cond i t i ons  employed. 

S e n s i t i v i t y :  a) Atomic Absorpt ion: The concent ra t ion  i n  m i l l i g r a m s  o f  
metal  pe r  1  i t e r  t h a t  produces an absorp t ion  o f  1%; b) I n d u c t i v e l y  Coupled Plasma 
(ICP): The s lope o f  t h e  a n a l y t i c a l  curve, i .e . ,  t h e  f u n c t i o n a l  r e l a t i o n s h i p  
between emiss ion i n t e n s i t y  and concent ra t ion .  

Method d e t e c t i o n  l i m i t  (MDL): The minimum concen t ra t i on  o f  a  substance 
t h a t  can be measured and repo r ted  w i t h  99% conf idence t h a t  t h e  ana l y te  
concen t ra t i on  i s  g r e a t e r  than zero. The MDL i s  determined from ana l ys i s  o f  a  
sample i n  a  g i ven  m a t r i x  c o n t a i n i n g  ana l y te  which has been processed through t h e  
p r e p a r a t i v e  procedure. 

T o t a l  recoverab le  metals:  The concent ra t ion  o f  meta ls  i n  an u n f i l t e r e d  
sample f o l  l ow ing  t rea tment  w i t h  ho t  d i  1  u t e  m inera l  a c i d  (Method 3005). 

D isso lved  metals:  The concent ra t ion  o f  meta ls  determined i n  a  sample a f t e r  
t h e  sample i s  f i l t e r e d  through a  0.45-um f i l t e r  (Method 3005). 

Suspended meta ls :  The concen t ra t i on  o f  meta ls  determined i n  t h e  
p o r t i o n  o f  a  sample t h a t  i s  r e t a i n e d  by a  0.45-um f i l t e r  (Method 3005). 

T o t a l  meta ls :  The concen t ra t i on  o f  nietals determined i n  a  sample f o l l o w i n g  
d i g e s t i o n  by Methods 3010, 3015, 3020, 3050 o r  3051. 
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P 
Inst rument  d e t e c t i o n  l i m i t  ( IDL):  The concent ra t ion  equ i va len t  t o  a  s igna l  

due t o  t h e  ana l y te  which i s  equal t o  t h r e e  t imes t h e  standard d e v i a t i o n  o f  a  
s e r i e s  o f  7  rep1 i c a t e  measurements o f  a  reagent  b lank 's  s i gna l  a t  t he  same , 
wave1 ength . , 

h 

I n t e r f e r e n c e  check sample (ICS): A s o l u t i o n  c o n t a i n i n g  bo th  i n t e r f e r i n g  
and ana l y te  elements o f  known concent ra t ion  t h a t  can be used t o  v e r i f y  background FA 
and i n t e r e l  ement c o r r e c t i o n  f a c t o r s .  wz 

I n i t i a l  c a l i b r a t i o n  v e r i f i c a t i o n  standard ( ICV): A c e r t i f i e d  o r p  i 
independent ly  prepared s o l u t i o n  used t o  v e r i f y  t h e  accuracy o f  t h e  i n i t i a l  i 
c a l i b r a t i o n .  For ICP ana lys is ,  i t  must be r u n  a t  each wavelength used i n  t he  1 
ana l ys i s .  

yw 

Cont inu inq  c a l  i b r a t i o n  v e r i f i c a t i o n  (CCV) : Used t o  assure c a l  i b r a t i o n  1.. 
accuracy d u r i n g  each ana l ys i s  run .  It must be run  f o r  each a n a l y t e  as descr ibed 
i n  t h e  p a r t i c u l a r  a n a l y t i c a l  method. A t  a  minimum, i t  should be analyzed a t  t h e  F 
beginning o f  t h e  r u n  and a f t e r  t he  l a s t  a n a l y t i c a l  sample. I t s  concen t ra t i on  $ 
should be a t  o r  near t h e  mid-range l e v e l s  o f  t h e  c a l i b r a t i o n  curve. 

C a l i b r a t i o n  standards: A s e r i e s  o f  known standard s o l u t i o n s  used by t h e  P" 
ana lys t  f o r  c a l i b r a t i o n  o f  t h e  inst rument  ( i .e . ,  p repa ra t i on  o f  t h e  a n a l y t i c a l  L 
curve) .  

Ps 
L inea r  dvnamic ranse: The concent ra t ion  range over  which t h e  a n a l y t i c a l  kr 

curve remains l i n e a r .  
P 

Method b lank:  A volume o f  reagent water  processed through each sample L, 
p repa ra t i on  procedure. 

C a l i b r a t i o n  b lank:  A volume o f  reagent water  a c i d i f i e d  w i t h  t h e  same llnnl 

amounts o f  ac ids  as were t h e  standards and samples. a 
Laboratory c o n t r o l  standard: A volume o f  reagent  water  sp iked w i t h  known 

concent ra t ions  o f  ana ly tes  and c a r r i e d  through t h e  p repa ra t i on  and ana l ys i s  
procedure as a  sample. It i s  used t o  mon i to r  loss / recovery  values. 

F Method o f  standard a d d i t i o n  (MSA): The s tanda rd -add i t i on  technique L 
invo l ves  t h e  use o f  t h e  unknown and the  unknown p l u s  severa l  known amounts o f  
standard. See Method 7000, Sec t ion  8.7 f o r  d e t a i l e d  i n s t r u c t i o n s .  

F 

Sample ho ld inq  t ime:  The storage t ime al lowed between sample c o l l e c t i o n  w 1 
and sample a n a l y s i s  when t h e  designated p rese rva t i on  and storage techniques are  1 
empl oyed . P 
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3 . 1 . 3  Sample Hand1 i nq and Preservat ion 

Sampl e  ho ld ing  t imes , d i g e s t  i o n  procedures and suggested co l  1  ec t  i on vol  umes 
are  l i s t e d  i n  Table 1. The sample volumes requ i red  depend upon the  number o f  
d i f f e r e n t  d i g e s t i o n  procedures necessary f o r  ana lys is .  Th is  may be determined 
by t h e  a p p l i c a t i o n  o f  g raph i te - fu rnace  atomic absorpt ion spectrometry (GFAA), 
f lame atomic absorp t ion  spectrometry (FLAA), i n d u c t i v e l y  coupled argon plasma 
emiss ion spectrometry (ICP), hydr ide-generat  i o n  atomic absorpt ion spectrometry 
(HGAA) , i n d u c t i v e l y  coup1 ed p l  asma mass spectrometry (ICP-MS) o r  co ld-vapor  
atomic absorp t ion  spectrometry (CVAA) techniques, each o f  which may r e q u i r e  
d i f f e r e n t  d i g e s t i o n  procedures. The i nd i ca ted  volumes i n  Table 3 - 1  r e f e r  t o  t h a t  
r e q u i r e d  f o r  t h e  i n d i v i d u a l  d i g e s t i o n  procedures and recommended sample 
c o l  1  e c t  i o n  v o l  umes . 

I n  t h e  de te rmina t ion  o f  t r a c e  metal s, c0nta.i ners can in t roduce e i t h e r  
p o s i t i v e  o r  negat ive  e r r o r s  i n  t he  measurement o f  t r a c e  metals by (a) 
c o n t r i b u t i n g  contaminants through leach ing  o r  surface desorpt ion,  and (b) 
d e p l e t i n g  concent ra t  ions  through adsorpt ion.  Thus t he  c o l l  e c t i o n  and treatment 
o f  t he  sample p r i o r  t o  ana l ys i s  r e q u i r e  p a r t i c u l a r  a t t e n t i o n .  The f o l l o w i n g  
c lean ing  t reatment  sequence has been determined t o  be adequate t o  minimize 
contaminat ion i n  t h e  sample b o t t l e ,  whether b o r o s i l i c a t e  glass, l i n e a r  
po lyethy lene,  polypropylene, o r  Te f lon :  detergent,  t ap  water, 1 : 1 n i t r i c  acid,  
t a p  water, 1 : l  h y d r o c h l o r i c  ac id ,  t ap  water, and reagent water.  

NOTE: Chromic a c i d  should n o t  be used t o  c lean  glassware, e s p e c i a l l y  - 
i f  chromium i s  t o  be inc luded i n  t he  a n a l y t i c a l  scheme. Commercial, 
non-chromate products  (e.g., Nochromix) may be used i n  p lace  o f  
chromic ac id  i f  adequate c lean ing  i s  documented by an a n a l y t i c a l  
q u a l i t y  c o n t r o l  program. (Chromic ac id  should a l so  n o t  be used w i t h  
p l a s t i c  b o t t l e s . )  

3 . 1 . 4  Safe ty  

The t o x i c i t y  o r  c a r c i n o g e n i c i t y  o f  each reagent used i n  these methods has 
n o t  been p r e c i s e l y  de f ined .  However, each chemical compound should be t r e a t e d  
as a p o t e n t i a l  h e a l t h  hazard. From t h i s  v iewpoint,  exposure t o  these chemicals 
must be reduced t o  t h e  lowest  poss ib le  l e v e l  by whatever means ava i l ab le .  The 
l a b o r a t o r y  i s  respons ib le  f o r  ma in ta in ing  a cu r ren t  awareness f i l e  o f  OSHA 
r e g u l a t i o n s  regard ing  t h e  sa fe  handl ing o f  t he  chemicals s p e c i f i e d  i n  these 
methods. A re fe rence  f i l e  o f  ma te r i a l  data-hand1 i n g  sheets should a1 so be made 
a v a i l a b l e  t o  a1 1 personnel invo lved  i n  t he  chemical ana l ys i s .  Add i t i ona l  
re fe rences  t o  1 abora to ry  s a f e t y  a re  a v a i l  able.  They are: 

1 .  "Carcinogens - Working w i t h  Carcinogens, " Department o f  Health,  
Education, and We1 fa re ,  Publ i c  Heal th  Service, Center f o r  Disease 
Cont ro l ,  Na t iona l  I n s t i t u t e  f o r  Occupational Sa fe ty  and Health,  
Publ i c a t i o n  No. 77-206, August 1977. 
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TABLE 3-1. 

SAMPLE HOLDING TIMES, REQUIRED DIGESTION VOLUMES AND RECOMMENDED COLLECTION 
VOLUMES FOR METAL DETERMINATIONS I N  AQUEOUS AND SOLID SAMPLES 

%ld 

D iges t i on  Treatment/ 
Vol.  Req." Col 1 e c t  i on Preserva t ive  m 

Measurement Volume (mL)" Ho ld ing  Timec w 

Metal s (except hexavalent chromi um and mercury) : 

Aqueous 
To ta l  HN03 t o  pH (2 

6 months 

D i  sso l  ved 100 600 F i l t e r  on s i t e ;  
HNO, t o  pH (2 
6 months 

Suspended F i l t e r  on s i t e  
6 months 

Sol i d  
To ta l  6 months 

Chromi um V I  : 

Aqueous 

Sol i d  

Mercury: 

Aqueous 
Tot  a1 HNO, t o  pH <2 

28 days 

Dissolved 100 400 F i  1 t e r ;  
HNO, t o  pH <2 
28 days 

Sol i d  
To ta l  28 days 

"Unless s ta ted  otherwise. 
b ~ h e  h o l d i n g  t ime f o r  t he  ana lys is  o f  hexavalent chromium i n  so l  i d  samples has F 

n o t  y e t  been determined. A ho ld ing  t ime o f  "as soon as poss ib le "  i s  recommended. b 

"A l l  non-aqueous samples and a l l  aqueous samples t h a t  a re  t o  be analyzed f o r  
A mercury and hexavalent chromium must be s to red a t  4°C f 2°C u n t i l  analyzed, , , 

e i t h e r  g lass  o r  p l a s t i c  conta iners  may be used. w 

I 

b 
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2. "OSHA Sa fe t y  and Hea l t h  Standards, General I n d u s t r y "  (29 CFR 1910), 
Occupat iona l  Sa fe t y  and Hea l t h  Adm in i s t r a t i on ,  OSHA 2206, r e v i s e d  
January 1976. 

3 .  "Proposed OSHA Sa fe t y  and Hea l t h  Standards, Labora to r ies ,  " Occupat ional  
S a f e t y  and Heal t h  Adm in i s t r a t i on ,  Federal Reg is te r ,  J u l y  24, 1986, p. 26660. 

4. "Sa fe ty  i n  Academic Chemi s t r y  Labora to r ies ,  " American Chemical Soc ie t y  
Pub1 i c a t i o n ,  Committee on Chemical Safety ,  3 r d  e d i t i o n ,  1979. 

3.2 SAMPLE PREPARATION METHODS 

The methods i n  SW-846 f o r  sample d i g e s t i o n  o r  p repa ra t i on  a re  as 
f o l 1  ows' : 

Method 3005 prepares ground water  and su r f ace  water samples f o r  t o t a l  
r ecove rab le  and d i s s o l v e d  meta ls  de te rm ina t i on  by FLAA, ICP-AES, o r  ICP-MS. The 
u n f i l t e r e d  o r  f i l t e r e d  sample i s  heated w i t h  d i l u t e  HC1 and HNO, p r i o r  t o  metal 
de te rm ina t i on .  

Method 3010 prepares waste samples f o r  t o t a l  metal de te rm ina t i on  by 
FLAA, ICP-AES, o r  ICP-MS. The samples a r e  v i g o r o u s l y  d iges ted  w i t h  n i t r i c  a c i d  
f o l l o w e d  by d i l u t i o n  w i t h  h y d r o c h l o r i c  ac id .  The method i s  a p p l i c a b l e  t o  aqueous 
sampl es, EP and mobi 1  i ty -p rocedure  e x t r a c t s .  

Method 3015 prepares aqueous samples, mobi 1  i ty-procedure ex t r ac t s ,  and 
wastes t h a t  c o n t a i n  suspended so l  i d s  f o r  t o t a l  metal de te rm ina t i on  by FLAA, GFAA, 
ICP-AES, o r  ICP-MS. N i t r i c  a c i d  i s  added t o  t h e  sample i n  a  T e f l o n  d i g e s t i o n  
vesse l  and heated i n  a  microwave u n i t  p r i o r  t o  meta ls  de te rmina t ion .  

Method 3020 prepares waste samples f o r  t o t a l  meta ls  de te rmina t ion  by 
fu rnace  GFAA o r  ICP-MS. The samples a r e  v i g o r o ~ ~ s l y  d i ges ted  w i t h  n i t r i c  a c i d  
f o l l o w e d  by d i l u t i o n  w i t h  n i t r i c  ac id .  The method i s  a p p l i c a b l e  t o  aqueous 
samples, EP and mobi 1  i ty -p rocedure  e x t r a c t s .  

Method 3040 prepares o i l y  waste samples f o r  de te rm ina t i on  o f  so l ub le  
meta ls  by FLAA, GFAA, and ICP-AES methods. The samples a re  d i s s o l v e d  and d i l u t e d  
i n  o rgan i c  s o l v e n t  p r i o r  t o  ana l ys i s .  The method i s  a p p l i c a b l e  t o  t h e  o rgan ic  
e x t r a c t  i n  t h e  o i l y  waste EP procedure and o t h e r  samples h i g h  i n  o i l ,  grease, o r  
wax con ten t .  

Method 3050 prepares waste samples f o r  t o t a l  meta ls  de te rmina t ion  by 
FLAA and ICP-AES, o r  ICP-MS. The samples a re  v i g o r o u s l y  d i ges ted  i n  n i t r i c  a c i d  
and hydrogen pe rox i de  f o l  lowed by d i  1  u t i o n  w i t h  e i t h e r  n i t r i c  o r  hyd roch lo r i c  
ac i d .  The method i s  a p p l i c a b l e  t o  s o i l s ,  sludges, and s o l i d  waste samples. 

Method 3051 prepares sludges, sediments, s o i l s  and o i l s  f o r  t o t a l  
meta ls  d e t e r m i n a t i o n  by FLAA, GFAA, ICP-AES o r  ICP-MS. N i t r i c  a c i d  i s  added t o  
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la4 
the representative sample in a Teflon digestion vessel and heated in a microwave ,, 
unit prior to metals determination. 

ran( ' Please note that chlorine is an interferent in ICP-MS analyses and its use 
should be discouraged except when absol utel y necessary. bai 
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METHOD 3005A 

ACID DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR 
DISSOLVED METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY 

1.0 SCOPE AND APPLICATION 

1.1 Method 3005 i s  an ac id  d iges t i on  procedure used t o  prepare surface 
and ground water samples f o r  ana lys is  by flame atomic absorpt ion spectroscopy 
(FLAA) o r  by i n d u c t i v e l y  coup1 ed argon p l  asma spectroscopy (ICP) . Sam~pl es 
prepared by Method 3005 may be analyzed by AAS o r  ICP f o r  t h e  f o l l  owing metals: 

A1 umi num 
An t i  monyf* 
Arsenic* 
Bar i  um 
Bery l  1  i um 
Cadmi urn 
Cal c i  urn 
Chromi urn 
Cobal t 
Copper 
I r o n  
Lead 

Magnesi urn 
Manganese 
Molybdenum 
Nicke l  
Potassium 
Sel en i  um* 
S i  1 ver  
Sod i um 
Tha l l  i um 
Vanadi urn 
Zinc 

* ICP on ly  
**May be analyzed by ICP, FLAA, o r  GFAA 

1.2 When analyz ing f o r  t o t a l  d issolved metals f i l t e r  t h e  sample, a t  the  
t ime o f  c o l l e c t i o n ,  p r i o r  t o  a c i d i f i c a t i o n  w i t h  n i t r i c  acid. 

2.0 SUMMARY OF METHOD 

2.1 To ta l  recoverable metals - The e n t i r e  sample i s  a c i d i f i e d  a t  the  t ime 
o f  c o l l e c t i o n  w i t h  n i t r i c  ac id.  A t  t h e  t ime o f  ana lys is  t he  sample i s  heated 
w i t h  a c i d  and s u b s t a n t i a l l y  reduced i n  volume. The d iges ta te  i s  f i l t e r e d  and 
d i l u t e d  t o  volume, and i s  then ready f o r  analys is .  

2.2 Dissolved metals - The sample i s  f i l t e r e d  through a 0.45-pm f i l t e r  
a t  t h e  t ime o f  c o l l e c t i o n  and the  l i q u i d  phase i s  then a c i d i f i e d  a t  the  t ime o f  
c o l l e c t i o n  w i t h  n i t r i c  acid. Samples f o r  d isso lved metals do no t  need t o  be 
d iges ted  as l ong  as the  ac id  concentrat ions have been adjusted t o  the  same 
concent ra t ion  as i n  t h e  standards. 

3.0 INTERFERENCES 

3.1 The ana lys t  should be caut ioned t h a t  t h i s  d iges t i on  procedure may not  
be s u f f i c i e n t l y  v igorous t o  destroy some metal complexes. 
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P r e c i p i t a t i o n  w i l l  cause a lower ing  o f  t h e  s i l v e r  concent ra t ion  and t h e r e f o r e  an 
inaccura te  ana l ys i s .  

4.0 APPARATUS AND MATERIALS 

4.1 G r i f f i n  beakers o f  assor ted s izes  o r  equ iva len t .  

4.2 Watch g lasses o r  equ iva len t .  

4.3 Q u a l i t a t i v e  f i l t e r  paper and f i l t e r  funnels .  

4.4 Graduated c y l  i nder o r  equ iva len t  . 
4.5 E l e c t r i c  ho t  p l a t e  o r  equ i va len t  - ad jus tab le  and capable o f  

ma in ta in ing  a temperature o f  90-95OC. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a1 1 t e s t s .  Unless otherwise 
ind ica ted ,  i t  i s  in tended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Society ,  where 
such s p e c i f i c a t i o n s  are  a v a i l  ab le.  Other grades may be used, p rov ided i t  i s  f i r s t  
ascer ta ined t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  pe rm i t  i t s  use 
w i t h o u t  lessen ing  t h e  accuracy o f  t h e  determinat ion.  

5.2 Reagent Water. Reagent water s h a l l  be i n t e r f e r e n c e  f r e e .  A l l  
re fe rences  t o  water  i n  t h e  method r e f e r  t o  reagent  water  unless o therw ise  
spec i f i ed .  Refer  t o  Chapter One f o r  a d e f i n i t i o n  o f  reagent  water.  

5.3 N i t r i c  a c i d  (concentrated) ,  HNO . Acid should be analyzed t o  
determine l e v e l  o f  i m p u r i t i e s .  I f  method b l a n i  i s  < MDL, then a c i d  can be used. 

5.4 Hydroch lo r ic  a c i d  (concentrated) ,  HC1. Ac id  should be analyzed t o  
determine l e v e l  o f  i m p u r i t i e s .  I f  method b lank  i s  < MDL, then a c i d  can be used. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampl i n g  p lan  t h a t  . 
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample conta iners  must be prewashed w i t h  detergents,  ac ids,  and 
water.  Both p l a s t i c  and g lass  conta iners  are s u i t a b l e .  

6.3 Sampling 

6.3.1 To ta l  recoverable meta ls  - A l l  samples must be a c i d i f i e d  a t  
t h e  t ime  o f  c o l l e c t i o n  w i t h  HNO, (5 mL/L). 

6.3.2 Dissolved meta ls  - A1 1 samples must be f i l t e r e d  through a 
0.45-pm f i l t e r  and then a c i d i f i e d  a t  t h e  t ime o f  c o l l e c t i o n  w i t h  HNO, 
(5 mL/L). 
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7.0 PROCEDURE 

7.1 Transfer  a 100-mL a l i q u o t  o f  well-mixed sample t o  a beaker. 

7.2 For metals t h a t  are t o  be analyzed, add 2 mL o f  concentrated HNO, and 
5 mL o f  concentrated HC1. The sample i s  covered w i t h  a r ibbed watch g lass o r  
o the r  s u i t a b l e  covers and heated on a steam bath, ho t  p l a t e  o r  o ther  heat ing 
source a t  90 t o  95OC u n t i l  t he  volume has been reduced t o  15-20 mL. 

CAUTION: Do no t  b o i l .  Antimony i s  e a s i l y  l o s t  by v o l a t i l i z a t i o n  from 
hydroch lor ic  ac id  media. 

7.3 Remove t h e  beaker and a l l ow  t o  cool .  Wash down the  beaker wa l l s  and 
watch g lass  w i t h  water and, when necessary, f i l t e r  o r  cen t r i f uge  the  sample t o  
remove s i l  i c a t e s  and o the r  i nso lub le  mater i  a1 t h a t  could c log  the  nebul i z e r .  
F i l t r a t i o n  should be done on l y  i f  there  i s  concern t h a t  i nso lub le  mater ia ls  may 
c l o g  t h e  nebu l izer ;  t h i s  add i t i ona l  s tep i s  1 i a b l e  t o  cause sample contamination 
unless the  f i  1 t e r  and f i 1 t e r i n g  apparatus are thoroughly cleaned and prer insed 
w i t h  d i l u t e  HN03. 

7.4 Adjust  t he  f i n a l  volume t o  100 mL w i t h  reagent water. 

8.0 QUALITY CONTROL 

8.1 A l l  qua1 i t y  con t ro l  measures described .in Chapter One should be 
f o l  1 owed. 

8.2 For each a n a l y t i c a l  batch o f  samples processed, blanks should be 
c a r r i e d  throughout t he  e n t i  r e  sample preparat ion and a n a l y t i c a l  process. These 
blanks w i l l  be usefu l  i n  determining i f  samples are being contaminated. Refer 
t o  Chapter One f o r  t he  proper p ro toco l  when analyzing blanks. 

8.3 Rep l ica te  samples should be processed on a r o u t i n e  basis.  A 
r e p l i c a t e  sample i s  a sample brought through the  whole sample preparat ion and 
a n a l y t i c a l  process. Rep1 i c a t e  samples w i l l  be used t o  determine prec is ion .  The 
sample l oad  w i l l  d i c t a t e  the  frequency, bu t  5% i s  recommended. Refer t o  Chapter 
One f o r  t he  proper p ro toco l  when analyzing r e p l i c a t e s .  

8.4 Spiked samples o r  standard reference ma te r ia l s  should be employed t o  
determine accuracy. A spiked sample should be inc luded w i t h  each batch. Refer 
t o  Chapter One f o r  t he  proper p ro toco l  when analyzing spikes. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 
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METHOD 3005A 
ACID  DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR 

DISSOLVED METALS FOR ANALYSIS BY FLAA OR I C P  SPECTROSCOPY 
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METHOD 3010A 

A C I D  DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS FOR 
TOTAL METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY 

1.0 SCOPE AND APPLICATION 

1.1 This d iges t i on  procedure i s  used f o r  the  preparat ion o f  aqueous 
samples, EP and mobi l i ty-procedure extracts,  and wastes t h a t  conta in suspended 
sol i d s  f o r  anal ys i s  , by f 1  ame atomic absorpt ion spectroscopy (FLAA) o r  
i n d u c t i v e l y  coup1 ed argon p l  asma spectroscopy (ICP) . The procedure i s  used t o  
determine t o t a l  metal s. 

1.2 Samples prepared by Method 3010 may be analyzed by FLAA o r  ICP fo r  
the  fo l lowing:  

A1 umi num 
*Arsenic 
Bar i um 
Bery l  1  i um 
Cadmi um 

Magnesi um 
Manganese 
Molybdenum 
Nickel  
Potassium 
*Sel en i um 
Sod i um 
Tha l l  ium 
Vanadi um 
Zinc 

Calcium 
Chromi um 
Cobalt 
Copper 
I r o n  
Lead 

* Analys is  by I C P  

NOTE: See Method 7760 f o r  the  d iges t ion  and FLAA analys is  o f  S i l v e r .  

1.3 This d iges t i on  procedure i s  no t  s u i t a b l e  f o r  samples which w i l l  be 
analyzed by g raph i te  furnace atomic absorpt ion spectroscopy because hydroch lor ic  
ac id  can cause in ter fe rences dur ing furnace atomization. Consult Method 3020A 
for  samples r e q u i r i n g  graph i te  furnace analysis. 

2.0 SUMMARY OF METHOD 

2.1 A mixture o f  n i t r i c  ac id  and the  mater ia l  t o  be analyzed i s  re f l uxed  
i n  a  covered G r i f f i n  beaker. This step i s  repeated w i t h  add i t iona l  por t ions  o f  
n i t r i c  ac id  u n t i l  t he  d iges ta te  i s  l i g h t  i n  c o l o r  o r  u n t i l  i t s  c o l o r  has 
s t a b i l  ized.  A f te r  the  d iges ta te  has been brought t o  a  low volume, it i s  re f luxed 
w i t h  hydroch lor ic  ac id  and brought up t o  volume. I f  sample should go t o  dryness, 
i t  must be discarded and the  sample reprepared. 

3.0 INTERFERENCES 

3.1 In ter fe rences are discussed i n  the  r e f e r r i n g  a n a l y t i c a l  method. 
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4.0 APPARATUS AND MATERIALS 

4.1 G r i f f i n  beakers - 150-mL o r  equ iva len t .  

4.2 Watch glasses - Ribbed and p l a i n  o r  equ iva len t .  

4.3 Qua1 i t a t i v e  f i l t e r  paper o r  c e n t r i f u g a t i o n  equipment. 

4.4 Graduated c y l i n d e r  o r  equ iva len t  - 100mL. 

4.5 Funnel o r  equ iva len t .  

4.6 Hot p l a t e  o r  equ iva len t  heat ing  source - ad jus tab le  and capable o f  
ma in ta in ing  a  temperature o f  90-95OC. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless otherwise 
i nd i ca ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
of t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Society ,  where 
such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, p rov ided i t  i s  
f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  t o  permi t  i t s  
use w i thou t  lessen ing  t h e  accuracy o f  t h e  determinat ion.  

5.2 Reagent Water. Reagent water w i l l  be i n t e r f e r e n c e  f r e e .  A l l  
re ferences t o  water i n  t h e  method r e f e r  t o  reagent water  unless otherwise 
spec i f i ed .  Refer  t o  Chapter One f o r  a  d e f i n i t i o n  o f  reagent water.  

5.3 N i t r i c  a c i d  (concentrated),  HNO,. Ac id  should be analyzed t o  
determine l e v e l s  of ' Impuri t ies. I f  method b lank  i s  < MDL, t h e  ac id  can be used. 

5.4 Hydroch lor ic  ac id  (1: I ) ,  HC1. Prepared f rom water  and hyd roch lo r i c  
ac id .  Hyd roch lo r i c  ac id  should be analyzed t o  determine l e v e l  o f  i m p u r i t i e s .  
I f  method b lank  i s  < MDL, t h e  ac id  can be used. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a  sampling p lan  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample conta iners  must be prewashed w i t h  detergents,  acids, and 
water. P l a s t i c  and g lass  conta iners  are  bo th  s u i t a b l e .  See Chapter Three, Step 
3.1.3, f o r  f u r t h e r  in fo rmat ion .  

6.3 Aqueous wastewaters must be a c i d i f i e d  t o  a  pH o f  < 2  w i t h  HNO,. 

7.0 PROCEDURE 

7.1 T rans fe r  a  100-mL rep resen ta t i ve  a l i q u o t  o f  t h e  wel l -mixed sample t o  
a  150-mL G r i f f i n  beaker and add 3  mL o f  concentrated HNO Cover t h e  beaker w i t h  
a  r i bbed  watch g lass  o r  equ iva len t .  Place t h e  beaxer on a  ho t  p l a t e  o r  
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equivalent heating source and cautiously evaporate to a 1 ow vol ume (5 mL) , making 
certain that the sample does not boil and that no portion of the bottom of the 
beaker is allowed to go dry. Cool the beaker and add another 3-mL portion of 
concentrated HNO . Cover the beaker with a nonribbed watch glass and return to 
the hot plate. &crease the temperature of the hot plate so that a gentle reflux 
action occurs. 

NOTE: If a sample is a1 lowed to go to dryness, low recoveries will result. - 
Should this occur, discard the sample and reprepare. 

7.2 Continue heating, adding additional acid as necessary, until the 
digestion is complete (generally indicated when the digestate is 1 ight in color 
or does not change in appearance with continued refluxing) . Again, uncover the 
beaker or use a ribbed watch glass, and evaporate to a low volume (3 mL), not 
allowing any portion of the bottom of the beaker to go dry. Cool the beaker. 
Add a small quantity of 1:l HC1 (10 mL/100 mL of final solution), cover the 
beaker, and reflux for an additional 15 minutes to dissolve any precipitate or 
residue resulting from evaporation. 

7.3 Wash down the beaker walls and watch glass with water and, when 
necessary, filter or centrifuge the sample to remove silicates and other 
insoluble material that could clog the nebulizer. Filtration should be done only 
if there is concern that insoluble materials may clog the nebulizer. This 
additional step can cause sample contamination unless the filter and filtering 
apparatus are thoroughly cleaned. Rinse the filter and filter apparatus with 
dilute nitric acid and discard the rinsate. Filter the sample and adjust the 
final volume to 100 mL with reagent water and the final acid concentration to 
10%. The sample is now ready for analysis. 

8.0 QUALITY CONTROL 

8.1 All qua1 ity control measures described in Chapter One should be 
fol 1 owed. 

8.2 For each analytical batch of samples processed, blanks should be 
carried throughout the entire sample-preparation and analytical process. These 
blanks will be useful in determining if samples are being contaminated. Refer 
to Chapter One for the proper protocol when analyzing blanks. 

8.3 Replicate samples should be processed on a routine basis. A 
replicate sample i s  a sample brought through the whole sample preparation and 
analytical process. A rep1 icate sample should be processed with each analytical 
batch or every 20 samples, whichever i s  greater. Refer to Chapter One for the 
proper protocol when analyzing replicates. 

8.4 Spiked samples or standard reference materials should be employed to 
determine accuracy. A spiked sample should be included with each batch of 
samples processed and whenever a new sample matrix is being analyzed. Refer to 
Chapter One for the proper protocol when analyzing spikes. 

8.5 The method of standard addition shall be used for the analysis of all 
EP extracts and del istivg petitions (see Method 7000, Step 8.7). Although not 
required, use of the method of standard addition is recommended for any sample 
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t h a t  i s  suspected o f  having an i n te r fe rence .  

9.0 METHOD PERFORMANCE 

9.1 No data  provided. 

10.0 REFERENCES 

1. Rohrbough, W .G. ; e t  a1 . Reaqent Chemicals, American Chemical Soc ie ty  
Spec i f i ca t i ons ,  7 t h  ed.; American Chemical Society :  Washington, DC, 1986. 

2. 1985 Annual Book o f  ASTM Standards, Vol . 11 .01; "Standard Speci f i c a t i  on f o r  
Reagent Water"; ASTM: Ph i lade lph ia ,  PA, 1985; D1193-77. 
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METHOD 3 0  10A 
A C I D  D I G E S T I O N  OF AQUEOUS SAMPLES AND EXTRACTS 

FOR TOTAL METALS ANALYSIS BY FLAA OR I C P  SPECTROSCOPY 
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METHOD 3015 

1 
SAMPLES AND EXTRACTS 

1.0 SCOPE AND APPLICATION 

1 . I  This d iges t ion  procedure i s  used f o r  the  preparat ion o f  aqueous 
samples, mobi 1 i ty-procedure extracts,  and wastes t h a t  contain suspended sol i d s  
for  analysis, by f l  ame atomic absorpt ion spectroscopy (FLAA) , graphi te furnace 
absorpt ion spectroscopy (GFAA) , induc t i ve l y  coupl ed argon plasma spectroscopy 
(ICP) , o r  i n d u c t i v e l y  coupl ed argon plasma mass spectrometry (ICP-MS) . The 
procedure i s  a hot ac id  leach f o r  determining ava i lab le  metals. Due t o  the  rap id  
advances i n  microwave technology, consul t  your manufacturer's recommended 
i n s t r u c t i o n s  f o r  guidance on t h e i r  microwave d igest ion  system and r e f e r  t o  the  
SW-846 "DISCLAIMER" when conducting analyses using Method 3015. 

1.2 Samples prepared by Method 3015 using n i t r i c  ac id d igest ion  may be 
analyzed by FLAA, GFAA, ICP-AES, o r  ICP-MS f o r  the  fo l lowing:  

*Cannot be analyzed by FLAA 

2.0 SUMMARY OF METHOD 

A1 umi num 
Antimony 
Arsenic* 
Bar i  um 
Beryl 1 i um 
Cadmi um 
Calcium 
Chromi um 
Cobalt 
Copper 
I r o n  

Lead 
Magnes i um 
Manganese 
Molybdenum 
Nickel 
Potassium 
Sel en i um* 
S i  1 ver 
Sod i um 
Thal l  i um 
Vanad i um 
Zinc 

2.1 A representat ive 45 mL aqueous sample i s  digested i n  5 mL o f  
concentrated n i t r i c  ac id  i n  a f luorocarbon (PFA o r  TFM) d igest ion  vessel f o r  20 
minutes using microwave heating. A f t e r  the  d iges t ion  process, the sample i s  
cooled, and then f i l t e r e d ,  centr i fuged, o r  allowed t o  s e t t l e  i n  a clean sample 
b o t t l e  p r i o r  t o  analysis. 

3.0 INTERFERENCES 

3.1  Many samples t h a t  contain organics, such as TCLP extracts,  w i l l  
r e s u l t  i n  h igher vessel pressures which have the po ten t ia l  t o  cause venting o f  
the  vessels. Venting can r e s u l t  i n  e i t h e r  l oss  o f  analytes and/or sample, which 
must be avoided. A smaller sample s i ze  can be used but the  f i n a l  water volume 
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II"" 
p r i o r  t o  n i t r i c  a c i d  a d d i t i o n  must remain a t  45 mL. Th i s  i s  r e q u i r e d  t o  r e t a i n ,  
t h e  heat c h a r a c t e r i s t i c s  o f  t h e  c a l  i b r a t i o n  procedure. L i m i t s  o f  quant i  t a t i o n  
w i l l  change w i t h  sample q u a n t i t y  ( d i l u t i o n )  as w i t h  i ns t rumen ta t i on . "  

PaA 

4.0 APPARATUS AND MATERIALS 

4.1 Microwave apparatus requirements FJ 

*ui 
4.1.1 The microwave u n i t  prov ides programmable power w i t h  a  

minimum o f  574 W, which can be programmed t o  w i t h i n  + 10 W o f  th% 
r e q u i r e d  power. Typ ica l  u n i t s  p rov ide  a  nominal 600 W t o  1200 W o f  
power. Temperature mon i to r i ng  and c o n t r o l  o f  t h e  microwave u n i t  areY" 
des i  r a b l  e. 

F 

4.1.2 The microwave u n i t  c a v i t y  i s  c o r r o s i o n  r e s i s t a n t  andm 
w e l l  v e n t i l a t e d .  

F 
4.1.3 A1 1  e l e c t r o n i c s  are p ro tec ted  aga ins t  co r ros ion  f o r  safeiy, 

opera t ion .  

4.1.4 The system requ i res  f luorocarbon (PFA o r  TFM) d i g e s t i o n P  
vessels  (120 mL capac i t y )  capable of w i ths tand ing  pressures up t o  7 . 5 h  
k 0.7 atm (110 2 10 ps ig )  and capable o f  c o n t r o l l e d  pressure r e l i e f  a t  
pressures exceeding 7.5 f 0.7 atm (110 f 10 p s i g ) .  PI 

ksi 
4.1.5 A  r o t a t i n g  t u r n t a b l e  i s  employed t o  i n s u r e  homogeneous 

d i s t r i b u t i o n  o f  microwave r a d i a t i o n  w i t h i n  t h e  u n i t .  The speed o f  theF 
t u r n t a b l e  should be a  minimum o f  3  rpm. I 

u 
CAUTION: Those 1  abora tor ies  now us ing  o r  contemplat ing t h e  use o f  
k i t c h e n  type  microwave ovens f o r  t h i s  method should be aware o f p  
severa l  s i g n i f i c a n t  s a f e t y  issues.  F i r s t ,  when an a c i d  such a s w  
n i t r i c  i s  used t o  a s s i s t  sample d i g e s t i o n  i n  microwave u n i t s  i n  
open vessels,  o r  sealed vessels equipped w i t h  ven t i ng  f e a t u r e s , ~  
t h e r e  i s  t h e  p o t e n t i a l  f o r  t h e  a c i d  gases re leased t o  corrode  the^ 
s a f e t y  devices t h a t  prevent  t h e  microwave magnetron f rom s h u t t i n g  
o f f  when the  door i s  opened. Th i s  can r e s u l t  i n  opera tor  exposure 
t o  microwave energy. Use o f  a  u n i t  w i t h  c o r r o s i o n  r e s i s t a n t  s a f e t y P  
devices prevents t h i s  from occur r ing .  i, 

CAUTION: The second s a f e t y  concern r e l a t e s  t o  t h e  use o f  s e a l e d p  
con ta ine rs  w i thou t  pressure re1  i e f  va lves i n  t h e  u n i t .  ~empera -L ,  1 

t u r e  i s  t h e  important  v a r i a b l e  c o n t r o l  1  i n g  t h e  r e a c t i o n .  Pressure 
i s  needed t o  a t t a i n  e leva ted  temperatures b u t  must be s a f e l y  con-p 
ta ined.  However, many d i g e s t i o n  vessels  cons t ruc ted  f rom c e r t a i n '  ' 
f luorocarbons may crack, bu rs t ,  o r  explode i n  t h e  oven under t 
c e r t a i n  pressures. Only u n l i n e d  f l uo roca rbon  (PFA o r  TFM) 
conta iners  w i t h  pressure r e l i e f  mechanisms o r  con ta ine rs  w i t h p  
f luorocarbon (PFA o r  TFM) l i n e r s  and pressure r e l i e f  mechanisms& I 
a r e  considered acceptable a t  present .  

P 
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Users are there fore  advised not  t o  use k i tchen type microwave 
ovens o r  t o  use sealed containers wi thout  pressure r e l i e f  valves 
f o r  microwave ac id  d igest ions by t h i s  method. Use o f  laboratory 
grade microwave equipment i s  required t o  prevent sa fe ty  hazards. 
For f u r t h e r  informat ion consult  reference 1. 

CAUTION: I n  addi t ion,  there are many safe ty  and operat ional 
recommendations s p e c i f i c  t o  the  model and manufacturer o f  the 
microwave equipment used i n  i nd iv idua l  1 aboratories. These 
s p e c i f i c  suggestions are beyond the  scope o f  t h i s  method and 
requ i re  the analyst  t o  consul t  the  s p e c i f i c  equipment manual, 
manufacturer and l i t e r a t u r e  f o r  proper and safe operat ion o f  the 
microwave equipment and vessel s. 

4.2 Volumetric graduated cy l inder ,  50 o r  100 mL capaci ty  o r  equivalent.  

4.3 F i l t e r  paper, qua1 i t a t i v e  o r  equivalent.  

4.4 Ana ly t i ca l  balance, 300 g capacity, minimum accuracy + 0.01 g. 

4.5 F i l t e r  funnel, glass o r  disposable polypropylene. 

5.0 REAGENTS 

5.1 Reagent grade chemicals sha l l  be used i n  a l l  t e s t s .  Unless 
otherwise indicated,  i t  i s  intended t h a t  a l l  reagents sha l l  conform t o  the 
spec i f i ca t ions  o f  the  Committee on Ana ly t ica l  Reagents o f  the American Chemical 
Society, where such speci f i c a t  ions are a v a i l  able. Other grades may be used, 
provided i t  i s  f i r s t  ascertained t h a t  the  reagent i s  o f  s u f f i c i e n t l y  h igh p u r i t y  
t o  permit  i t s  use wi thout  lessening the accuracy o f  the  determination. I f  the 
p u r i t y  o f  a reagent i s  questionable, analyze the reagent t o  determine the l e v e l  
o f  impur i t ies .  The reagent blank must be less  than the MDL i n  order t o  be used. 

5.2 Reagent Water. Reagent water sha l l  be in ter ference f ree.  A l l  
references t o  water i n  the method r e f e r  t o  reagent water unless otherwise spec i f -  
i e d  (Ref. 2). 

5.3 Concentrated n i t r i c  acid, HNO . Acid should be analyzed t o  
determine l e v e l s  o f  impur i t ies .  I f  the methoa blank i s  less  than the R L ,  the  
ac id  can be used. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been co l l ec ted  using a sampling plan t h a t  
addresses the considerat ions discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample containers must be prewashed w i t h  detergents, acids, and 
water. P l a s t i c  containers are preferable. See Chapter Three, Step 3.1.3 o f  t h i s  
manual, f o r  f u r t h e r  informat ion.  

6.3 Aqueous waste waters must be a c i d i f i e d  t o  a pH o f  c 2 w i th  HN4. 
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7.0 PROCEDURE 

7.1 Cal i b r a t  i on o f  Microwave Equipment m 

NOTE: I f  t h e  microwave u n i t  uses temperature feedback c o n t r o l  - 
capable o f  rep1 i c a t  i ng t h e  performance s p e c i f i c a t i o n s  o f  t h e  
method, then t h e  c a l  i b r a t i o n  procedure may be omi t ted.  R 

d 
7.1.1 Measurement o f  t h e  a v a i l a b l e  power f o r  heat ing  i s  

eval  uated so t h a t  absol u t e  power i n  wa t t s  may be t r a n s f e r r e d  from one rr 
microwave u n i t  t o  another. For c a v i t y  t ype  microwave equipment, t h i s  
i s  accomplished by measuring t h e  temperature r i s e  i n  1 kg o f  water 
exposed t o  microwave r a d i a t i o n  f o r  a  f i x e d  p e r i o d  o f  t ime.  The ana l ys t  
can r e l a t e  power .in wa t t s  t o  t he  p a r t i a l  power s e t t i n g  o f  t h e  u n i t .  The 
c a l  i b r a t  i o n  format  r e q u i r e d  f o r  1  aboratory microwave u n i t s  depends on i, 
t h e  type  o f  e l e c t r o n i c  system used by t h e  manufacturer t o  p rov ide  
p a r t i a l  microwave power. Few u n i t s  have an accurate and p r e c i s e  1  i n e a r  
r e 1  a t i o n s h i p  between percent  power s e t t i n g s  and absorbed power. Where 
1 i n e a r  c i r c u i t s  have been u t i l i z e d ,  t h e  c a l i b r a t i o n  curve can be d e t e r -  " 
mined by a  t h r e e - p o i n t  c a l  i b r a t i o n  method (7.1.3), otherwise, t h e  
ana l ys t  must use the  m u l t i p l e  p o i n t  c a l i b r a t i o n  method (7.1.2). P 

w 
7.1.2 The mu1 t i p l e  p o i n t  c a l  i b r a t i o n  i nvo l ves  t h e  measurement 

o f  absorbed power over a  1  arge range o f  power s e t t i n g s .  T y p i c a l l y ,  f o r  ln 
a  600 W u n i t ,  t h e  f o l l o w i n g  power s e t t i n g s  a re  measured; 100,99,98,97, ibli 
95,90,80,70,60,50, and 40% using t h e  procedure descr ibed i n  s e c t i o n  
7.1.4. Th i s  da ta  i s  c l u s t e r e d  about t h e  customary work ing power ranges. 
N o n l i n e a r i t y  has been commo~ly encountered a t  t h e  upper end o f  t h e  
c a l  i b r a t i o n .  I f  t h e  u n i t ' s  e l e c t r o n i c s  a re  known t o  have nonl i n e a r  
d e v i a t i o n s  i n  any r e g i o n  o f  p ropo r t i ona l  power c o n t r o l ,  i t  w i l l  be 
necessary t o  make a  s e t  o f  measurements t h a t  b racke t  t h e  power t o  b e m  
used. The f i n a l  c a l i b r a t i o n  p o i n t  should be a t  t h e  p a r t i a l  power, 
s e t t i n g  t h a t  w i l l  be used i n  t h e  t e s t .  T h i s  s e t t i n g  should be checked 
p e r i o d i c a l l y  t o  eva lua te  t h e  i n t e g r i t y  o f  t h e  c a l i b r a t i o n .  If a, 
s i g n i f i c a n t  change i s  detected ( f 1 0  W), then t h e  e n t i r e  c a l i b r a t i o n  
should be reeva l  uated. k& 

7.1.3 The th ree -po in t  c a l  i b r a t i o n  i nvo l ves  t h e  measurement o f  P 
absorbed power a t  t h ree  d i f f e r e n t  power s e t t i n g s .  Measure t h e  power a t b  
100% and 50% us ing  t h e  procedure descr ibed i n  s e c t i o n  7.1.4, and 
c a l c u l a t e  t h e  power s e t t i n g  corresponding t o  t h e  r e q u i r e d  power i n  wa t t s  p 
s p e c i f i e d  i n  t h e  procedure from t h e  (2 -po in t )  l i n e .  Measure t h e  L 
absorbed power a t  t h a t  p a r t i a l  power s e t t i n g .  I f  t h e  measured absorbed 
power does n o t  correspond t o  t h e  s p e c i f i e d  power w i t h i n  f 1 0  W, use the, 
m u l t i p l e  p o i n t  c a l i b r a t i o n  i n  7.1.2. Th is  p o i n t  should a l s o  be used t o  
p e r i o d i c a l l y  v e r i f y  t h e  i n t e g r i t y  o f  t h e  c a l i b r a t i o n .  w 

7.1.4 E q u i l i b r a t e  a  l a r g e  volume o f  water  t o  room temperature 
(23 t 2  " C ) .  One kg o f  reagent water i s  weighed (1,000.0 g  + 0.1 g ) b  
i n t o  a  f luorocarbon (PFA o r  TFM) beaker o r  a  beaker made o f  some o t h e r  
ma te r i  a1 t h a t  does n o t  s i g n i f i c a n t l y  absorb microwave energy ( g l  ass , 
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absorbs microwave energy and i s  no t  recommended). The i n i t i a l  
temperature o f  t he  water should be 23 + 2 'C measured t o  + 0.05 "C. The 
covered beaker i s  c i r c u l a t e d  cont inuously  ( i n  the normal sample path) 
through the  microwave f i e l d  f o r  2 minutes a t  the  desi red p a r t i a l  power 
s e t t i n g  w i t h  t h e  u n i t ' s  exhaust fan on maximum (as i t  w i l l  be dur ing  
normal operat ion) .  The beaker i s  removed and the  water v igorously  
s t i r r e d .  Use a magnetic s t i r r i n g  bar i nse r ted  immediately a f t e r  
microwave i r r a d i a t i o n  and record the  maximum temperature w i t h i n  the  
f i r s t  30 seconds t o  2 0.05 'C. Use a new sample f o r  each add i t iona l  
measurement. I f  the  water i s  reused both the  water and the  beaker must 
have re turned t o  23 f 2 "C. Three measurements a t  each power s e t t i n g  
should be made. 

The absorbed power i s  determined by the  fo l low ing re1  a t ionsh i  p 

Eq. 1 
t 

Where: 

P = the  apparent power absorbed by t h e  sample i n  watts (W). 
(W=joule-sec- ) 

K = the  conversion f a c t o r  f o r  thermochemical ca lo r ies-sec- '  t o  wat ts  
(-4.184) 

= t h f  he? capacity,  thermal capacity,  o r  s p e c i f i c  heat 
;gal .g- a ° C -  ) , o f  water 

m = the  mass o f  the  water sample i n  grams (g) 

AT = the  f i n a l  temperature minus the  i n i t i a l  temperature ("C) 

t = the  t ime i n  seconds (s)  

Using t h e  experimental cond i t ions  o f  2 minutesland ,l kg o f  d i s t i l l e d  
water (heat capac i ty  a t  25 " C  i s  0.9997 c a l - g '  - 'C-  ) t he  c a l i b r a t i o n  
equat ion s i m p l i f i e s  to :  

P = (AT) (34.86) 

NOTE: Stable l i n e  vol tage i s  necessary f o r  accurate and reproduc- - 
i b l  e ca l  i b r a t  i on and operat ion. The 1 i ne vol tage should be w i t h i n  
manufacturer's spec i f i ca t i on ,  and dur ing  measurement and opera t i  on 
no t  vary by more than +2 V. A constant power supply may be 
necessary f o r  microwave use i f  the  source o f  the  l i n e  vol tage i s  
unstable. 
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Fsl 
E l e c t r o n i c  components i n  most microwave u n i t s  a re  matched t o  t h e  units', 
f unc t i on  and ou tpu t .  When any p a r t  o f  t h e  h igh  v o l t a g e  c i r c u i t ,  power 
source, o r  c o n t r o l  components i n  t h e  u n i t  have been serv iced  o r  
replaced, i t  w i l l  be necessary t o  recheck t h e  u n i t s '  c a l  i b r a t i o n  power.n 
I f  t h e  power ou tpu t  has changed s i g n i f i c a n t l y  ( + l o  W), t hen  t h e  e n t i r w  
c a l  i b r a t  i on should be reeva l  uated . 

PJ 

7.2 A l l  d i g e s t i o n  vessels  and vo lume t r i c  ware must be c a r e f u l l y  a c i d ,  
washed and r i n s e d  w i t h  reagent  water.  When sw i t ch ing  between h i g h  so l  i d s  
(concentrated)  samples and 1 ow s o l  i d s  (1 ow concen t ra t i on )  samples a1 1 d i g e s t i o *  
vessels  should be c leaned by l each ing  w i t h  h o t  ( 1 : l )  h y d r o c h l o r i c  a c i d  (g rea te r  
than  80°C, b u t  l e s s  than  b o i l i n g )  f o r  a minimum o f  two hours f o l l owed  w i t h  hotb 
(1:  1) n i t r i c  a c i d  (g rea te r  than  80°C, b u t  l e s s  than b o i l i n g )  f o r  a minimum of two 
hours, r i n s e d  w i t h  reagent  water, and d r i e d  i n  a c l ean  environment.  Th isw 
c lean ing  procedure should a l s o  be used whenever t h e  p r i o r  use o f  t h e  d i g e s t i o n b  
vessels  i s  unknown o r  c ross  contaminat ion f rom vessel s i s  suspected. Polymeric 
o r  g l ass  vo lume t r i c  ware and s to rage con ta iners  should be c leaned by l e a c h i n v  
w i t h  more d i l u t e  ac ids  (approx imate ly  10% V/V) app rop r i a te  f o r  t h e  specific, 
p l a s t i c s  used and then  r i n s e d  w i t h  reagent water  and d r i e d  i n  a c l ean  env i ron -  
ment. I n  add i t i on ,  t o  avo id  p r e c i p i t a t i o n  o f  s i l v e r ,  ensure t h a t  a l l  HC1 has, 
been r i n s e d  f rom t h e  vessels .  

k6b 

7.3 Sample D iges t i on  
pn 

7.3.1 Weigh t h e  f luorocarbon (PFA o r  TFM) d i g e s t i o n  vessel,  v a l ~ e ~ ~  
and cap assembly t o  0.01 g p r i o r  t o  use. 

7.3.2 A 45 mL a l i q u o t  o f  a w e l l  shaken sample i s  measured i n  a F 
graduated c y l  i nde r .  Th is  a1 i q u o t  i s  poured i n t o  t h e  d i g e s t i o n  vesselh 
w i t h  t h e  number o f  t h e  vessel recorded on t h e  p r e p a r a t i o n  sheet.  

F 
7.3.3 A b lank  sample o f  reagent  water  i s  t r e a t e d  i n  t h e  samem 

manner a1 ong w i t h  sp i  kes and dupl i cates.  
m 

7.3.4 Add 5 mL o f  concentrated n i t r i c  a c i d  t o  each vessel  that^ 
w i l l  be used. Check t o  make sure t h e  pressure re1  i e f  d i s k s  a r e  i n  t h e  
caps w i t h  t h e  smooth s i d e  toward t h e  sample and s t a r t  t h e  caps a fewc 
t u r n s  on t h e  vessels .  F i n i s h  t i g h t e n i n g  t h e  caps i n  t h e  capping s t a t i o n  
which w i l l  t i g h t e n  them t o  a un i f o rm  to rque  pressure o f  12 f t - l b s .  
(16 N-m) o r  t o  t h e  manufacturers recommended s p e c i f i c a t i o n s .  Weigh each 
capped vessel t o  t h e  neares t  0.01 g. rn 

i 
CAUTION: Tox ic  n i t r o g e n  ox ide  fumes may be evolved, t h e r e f o r e  a1 1 
work must be performed i n  a p r o p e r l y  o p e r a t i n g  v e n t i l a t i o n  s ~ s t e m . ~  
The ana l ys t  should a l s o  be aware o f  t h e  p o t e n t i a l  f o r  a v igorous 
r e a c t i o n .  I f  a v igorous r e a c t i o n  occurs, a l l o w  t o  coo l  beforeh - 
capping t h e  vessel .  

m 
7.3.5 Evenly d i s t r i b u t e d  t h e  vessels  i n  t h e  carousel  according& 

t o  t h e  manufacturer 's  recommended s p e c i f i c a t i o n s .  Blanks a re  t r e a t e d  
as samples f o r  t h e  purpose o f  ba lanc ing  t h e  power i n p u t .  When f e w e r ~  
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than the  recomnended number o f  samples are digested, t he  remaining 
vessels should be f i l l e d  w i t h  45 mL o f  reagent water and 5 rr~L o f  n i t r i c  
a c i d  t o  achieve the  f u l l  compliment o f  vessels. This  provides an energy 
balance s ince t h e  microwave power absorbed i s  p ropor t iona l  t o  t he  t o t a l  
mass i n  t he  c a v i t y  (Ref. 1). 

7 -3.6 Program the  microwave u n i t  according t o  the  manufacturer's 
recommended s p e c i f i c a t i o n s  and, i f  used, connect the  pressure vessels 
t o  the  c e n t r a l  over f low vessel w i t h  PFA-fluorocarbon tubes. The chosen 
sequence w i l l  b r i n g  the  samples t o  160'C + 4°C i n  10 minutes and w i l l  
permi t  a slow r i s e  t o  165-170 'C dur ing  the  second 10 minutes (Ref. 3) .  
S t a r t  the  t u r n t a b l e  motor and be sure the  vent fan  i s  running on h igh  
and the  t u r n t a b l e  i s  tu rn ing .  S t a r t  t he  microwave generator. 

7.3.6.1 Newer microwave u n i t s  are capable o f  h igher  
power t h a t  permi t  d iges t i on  o f  a l a r g e r  number o f  samples per 
batch. I f  the  analyst  wishes t o  d iges t  more samples a t  a time, 
t he  analyst  may use d i f f e r e n t  power se t t i ngs  as long as they 
r e s u l t  i n  t he  same t ime and temperature cond i t ions  def ined i n  
7.3.6. That i s ,  any sequence o f  power t h a t  b r ings  the  samples t o  
160°C + 4'C i n  10 minutes and permi ts  a slow r i s e  t o  165-170°C 
dur ing  t h e  second 10 minutes (Ref. 2) .  

Issues o f  safety,  s t r u c t u r a l  i n t e g r i t y  (both temperature and 
pressure 1 i m i t a t i o n s )  , heat 1 OSS, chemical compatibi 1 i t y ,  
microwave absorpt ion o f  vessel mater i  a1 , and energy t ranspor t  w i l l  
be considerat ions made i n  choosing a1 t e r n a t i v e  vessels. I f  a1 1 
of t h e  considerat ions are met and the  appropr iate power se t t i ngs  
are provided t o  reproduce the  reac t i on  cond i t ions  def ined i n  
7.3.6, then these a l t e r n a t i v e  vessels may be used (Ref. 1,3) 

7.3.7 A t  t he  end o f  the  microwave program, a l l ow  the  vessels 
t o  cool f o r  a t  l e a s t  5 minutes i n  t he  u n i t  before removal t o  avoid 
poss ib le  i n j u r y  i f  a vessel vents immediately a f t e r  microwave heat ing. 
The samples may be cooled outs ide  the  u n i t  by removing the  carousel and 
a1 lowing the  samples t o  cool on the  bench o r  i n  a water bath. When the  
vessels have cooled t o  room temperature, weigh and record the  weight o f  
each vessel assembly. I f  the  weight o f  t he  sample p lus  ac id  has 
decreased by more than 10% d i  scard the  sampl e. 

7.3.8 Complete the  preparat ion o f  t h e  sample by c a r e f u l l y  
uncapping and vent ing  each vessel i n  a fume hood. Transfer  the  sample 
t o  an acid-cleaned b o t t l e .  I f  the  d igested sample conta ins par- 
t i c u l a t e s  which may c l o g  nebu l izers  o r  i n t e r f e r e  w i t h  i n j e c t i o n  o f  the  
sample i n t o  the  instrument,  the  sample may be centr i fuged,  allowed t o  
s e t t l e  o r  f i l t e r e d .  

7.3.8.1 Cent r i fugat ion :  Cen t r i f uga t i on  a t  2,000-3,000 rpm 
f o r  10 minutes i s  usua l l y  s u f f i c i e n t  t o  c l e a r  t he  supernatant. 
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P 
7.3.8.2 S e t t l i n g :  Al low t h e  sample t o  stand u n t i l  the, 

supernatant i s  c lea r .  Al lowing a sample t o  stand overn ight  w i l l  
u s u a l l y  accomplish t h i s .  I f  i t  does not ,  c e n t r i f u g e  o r  f i l t e r  th% 
sampl e . 

Wd 

7.3.8.3 F i l t e r i n g :  The f i l t e r i n g  apparatus must be I 

thoroughly cleaned and prer insed w i t h  d i  1 u t e  (approximately 1 0 F  
V/V) n i t r i c  ac id.  F i l t e r  t h e  sample through qual i t a t i v e  f i l  t e ~  
paper i n t o  a second acid-cleaned conta iner .  

C 
7.3.9 The concentrat ion values obtained from ana lys i s  must be 

cor rec ted f o r  t h e  d i l u t i o n  f a c t o r  from the  a c i d  add i t i on .  I f  t h e  s a m p l p  
w i l l  be analyzed by ICP-MS add i t i ona l  d i l u t i o n  w i l l  genera l l y  be 
necessary. For example, t h e  sample may be d i l u t e d  by a f a c t o r  o f  2 0 p  
w i t h  reagent water and t h e  ac id  s t rength  adjusted back t o  10% p r i o r  t o b  
analys is .  The d i l u t i o n s  used should be recorded and t h e  measured con- 
cen t ra t i ons  adjusted accordingly (e.g., f o r  a 45 mL sample and 5 mL o f p  
a c i d  t h e  c o r r e c t i o n  f a c t o r  i s  1.11). 

k& 

8.0 QUALITY CONTROL 

8.1 A l l  qual i t y  con t ro l  measures described i n  Chapter One, o f  t h i s w  
Manual , should be f o l  1 owed. 

F"1 
8.2 For each anal y t  i c a l  batch o f  sampl es processed, a n a l y t i c a l  r e a g e n b  

blanks (a l so  f i e l d  blanks i f  they  were taken) should be c a r r i e d  throughout t h e  
e n t i r e  sampl e prepara t ion  and a n a l y t i c a l  process. These blanks w i  11 be usefulp 
i n  determining i f  samples are being contaminated. 

lrrW 

8.3 Dup l ica te  samples should be processed on a r o u t i n e  basis.  A 
d u p l i c a t e  sample i s  a r e a l  sample brought through t h e  whole sample prepara t io*  
and a n a l y t i c a l  process. A d u p l i c a t e  sample should be processed w i t h  e a c h  
a n a l y t i c a l  batch o r  every 20 samples, whichever i s  t h e  g rea te r  number. 

8.4 Spiked samples o r  standard reference m a t e r i a l s  should be employe 
t o  determine accuracy. A spiked sample should be inc luded w i t h  each group o 
samples processed and whenever a new sample m a t r i x  i s  beiqg analyzed. 

i 
I""" 

9.0 METHOD PERFORMANCE iar! 

9.1 Refer t o  Table 1 f o r  a summary o f  performance data. m 
I w 
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TABLE 1 
MICROWAVE DIGESTION METHOD 3015 ( N i t r i c  Acid Only) 
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METHOD 3 0 1 5  m 
MICROWAVE ASSISTED ACID  D I G E S T I O N  OF AQUEOUS SAMPLES AND EXTRACTS h..2 
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METHOD 3020A 

ACID DIGESTION OF AQUEOWS SAMPLES AND EXTRACTS 
FOR TOTAL METALS FOR ANALYSIS BY GFAA SPECTROSCOPY 

1.0 SCOPE AND APPLICATION 

1.1 Th is  d iges t i on  procedure i s  used f o r  t he  preparat ion o f  aqueous 
samples, mobi 1 i ty-procedure ex t rac ts ,  and wastes t h a t  conta in  suspended so l  i d s  
f o r  ana lys is  by furnace atomic absorpt ion spectroscopy (GFAA) f o r  the  metals 
1 i s t e d  below. The procedure i s  used t o  determine the  t o t a l  amount o f  the  metal 
i n  t h e  sample. 

1.2 Samples prepared by Method 3020 may be analyzed by GFAA f o r  t he  
f o l l  owing metals: 

Bery l  1 i um 
Cadmi um 
Chromi um 
Cobalt  

Lead 
Molybdenum 
'rhal 1 i um 
Vanadi um 

NOTE: For t he  d i g e s t i o n  and GFAA ana lys is  o f  arsenic and selenium, see - 
Methods 7060 and 7740. For the  d iges t i on  and GFAA ana lys is  o f  
s i l v e r ,  see Method 7761. 

2.0 SUMMARY OF METHOD 

2.1 A mix ture  o f  n i t r i c  ac id  and t h e  mater ia l  t o  be analyzed i s  re f l uxed  
i n  a covered G r i f f i n  beaker. Th is  s tep i s  repeated w i t h  add i t i ona l  po r t i ons  o f  
n i t r i c  ac id  u n t i l  t he  d iges ta te  i s  l i g h t  i n  c o l o r  o r  u n t i l  i t s  c o l o r  has 
s t a b i l i z e d .  A f te r  t he  d iges ta te  has been brought t o  a low volume, i t  i s  cooled 
and brought up i n  d i l u t e  n i t r i c  ac id  such t h a t  t he  f i n a l  d i l u t i o n  conta ins 3% 
(v/v) n i t r i c  ac id.  Th is  percentage w i l l  vary depending on the  amount o f  ac id  
used t o  complete the  d iges t i on .  I f  the  sample conta ins suspended so l ids ,  i t  must 
be centr i fuged,  f i l t e r e d ,  o r  al lowed t o  s e t t l e .  

3.0 INTERFERENCES 

3.1 In te r fe rences are discussed i n  t h e  r e f e r r i n g  a n a l y t i c a l  method. 

4.0 APPARATUS AND MATERIALS 

4.1 G r i f f i n  beakers - 150-mL, o r  equivalent .  

4.2 Watch glasses - r i bbed  o r  equivalent .  

Revision 1 
J u l y  1992 



4.3 Q u a l i t a t i v e  f i l t e r  paper o r  c e n t r i f u g a t i o n  equipment. 

4.4 Funnel o r  equ iva len t .  

4.5 Graduated Cy l inder  - 100mL. 

4.6 E l e c t r i c  ho t  p l a t e  o r  equ iva len t  - ad jus tab le  and capable o f  
ma in ta in ing  a temperature o f  90-95°C. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless otherwise 
ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Society ,  where 
such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, p rov ided i t  i s  f i r s t  
ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use 
w i thou t  lessen ing  the  accuracy o f  t h e  determinat ion.  

5.2 Reagent Water. Reagent water w i l l  be i n t e r f e r e n c e  f ree .  A l l  
re ferences t o  water i n  t h e  method r e f e r  t o  reagent water unless otherwise 
speci f ied.  Refer  t o  Chapter One f o r  a d e f i n i t i o n  o f  reagent water.  

5.3 N i t r i c  ac id  (concentrated),  HNO,. Acid should be analyzed t o  
determine l e v e l s  of i m p u r i t i e s .  I f  method b lank i s  < MDL, t h e  a c i d  can be used. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p l a n  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A1 1 sarr~ple conta iners  must be prewashed w i t h  detergents,  ac ids,  and 
water. P l a s t i c  and g lass  conta iners  are bo th  su i tab le .  See Chapter Three, Step 
3.1.3, f o r  f u r t h e r  in fo rmat ion .  

6.3 Aqueous wastewaters must be a c i d i f i e d  t o  a pH o f  c 2 w i t h  HNO,. 

7.0 PROCEDURE 

7.1 Trans fer  a 100-mL rep resen ta t i ve  a1 i q u o t  o f  t h e  we1 1 - m i  xed sample t o  
a 150-mL G r i f f i n  beaker and add 3 mL o f  concentrated HNO,. Cover t h e  beaker w i t h  
a r i bbed  watch g lass.  Place the  beaker on a h o t  p l a t e  and c a u t i o u s l y  evaporate 
t o  a low volume (5 mL) , making c e r t a i n  t h a t  t h e  sample does n o t  b o i l  and t h a t  no 
p o r t i o n  o f  t h e  bottom o f  t h e  beaker i s  al lowed t o  go d ry .  Cool t h e  beaker and 
add another 3-mL p o r t i o n  o f ,  concentrated HNO,. Cover t h e  beaker w i t h  a non- 
r i bbed  watch g lass  and r e t u r n  t o  the  h o t  p l a t e .  Increase t h e  temperature o f  t h e  
ho t  p l a t e  so t h a t  a gent1 e r e f 1  ux a c t i o n  occurs. 
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7.2 Cont inue heat ing,  adding a d d i t i o n a l  a c i d  as necessary, u n t i l  t he  
d i g e s t i o n  i s  complete (gene ra l l y  i nd i ca ted  when t h e  d iges ta te  i s  l i g h t  i n  c o l o r  
o r  does n o t  change i n  appearance w i t h  cont inued r e f 1  ux ing)  . When the  d i g e s t i o n  
i s  complete, evaporate t o  a low volume (3 mL) ; use a r i bbed  watch glass, n o t  
a l l o w i n g  any p o r t i o n  o f  t h e  bottom o f  t he  beaker t o  go dry.  Remove the  beaker 
and add approx imate ly  10 mL o f  water, mix, and con t inue  warming the  beaker f o r  
10 t o  15 minutes t o  a l l o w  a d d i t i o n a l  s o l u b i l i z a t i o n  o f  any res idue  t o  occur. 

7.3 Remove t h e  beaker f rom t h e  ho t  p l a t e  and wash down the  beaker w a l l s  
and watch g lass  w i t h  water.  When necessary, f i l t e r  o r  c e n t r i f u g e  the  sample t o  
remove s i l  i c a t e s  and o the r  i n s o l u b l e  ma te r i a l  t h a t  may i n t e r f e r e  w i t h  i n j e c t i n g  
t h e  sample i n t o  t h e  g r a p h i t e  atomizer. (This  a d d i t i o n a l  s tep  can cause sample 
contaminat ion unless t h e  f i l t e r  and f i l t e r i n g  apparatus are thoroughly  cleaned 
and p re r i nsed  w i t h  d i l u t e  HN03.) Ad jus t  t o  t h e  f i n a l  volume o f  100 mL w i t h  
water. The sample i s  now ready f o r  ana lys is .  

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  c o n t r o l  measures descr ibed i n  Chapter One should be 
f o l l  owed. 

8.2 For each ba tch  of samples processed, method b lanks should be c a r r i e d  
throughout  t h e  e n t i r e  sample p repara t ion  and a n a l y t i c a l  process. These b l  anks 
w i l l  be use fu l  i n  determin ing i f  samples are being contaminated. Refer t o  
Chapter One f o r  t h e  proper  p ro toco l  when analyz ing b l  anks. 

8.3 Repl i c a t e  samples should be processed on a r o u t i n e  bas is .  Repl i c a t e  
samples w i l l  be used t o  determine p rec i s i on .  The sample load  w i l l  d i c t a t e  
frequency, bu t  5% i s  recommended. Refer t o  Chapter One f o r  t h e  proper p ro toco l  
when ana lyz ing  r e p l i c a t e s .  

8.4 Spiked samples o r  standard reference m a t e r i a l s  should be employed t o  
determine accuracy. A sp iked sample should be inc luded w i t h  each batch o f  
samples processed o r  5% and whenever a new sample m a t r i x  i s  be ing analyzed. 
Refer  t o  Chapter One f o r  t he  proper  p ro toco l  when analyz ing spikes. 

8.5 The concent ra t ion  o f  a l l  c a l i b r a t i o n  standards should be v e r i f i e d  
aga ins t  a q u a l i t y  c o n t r o l  check sample obta ined f rom an ou ts ide  source. Refer 
t o  Chapter One f o r  t h e  proper  p r o t o c o l .  

8.6 The method o f  standard a d d i t i o n  s h a l l  be used f o r  t h e  ana lys is  o f  a1 1 
EP e x t r a c t s .  See Method 7000, Step 8.7, f o r  f u r t h e r  in fo rmat ion .  

9.0 METHOD PERFORMANCE 

9.1 No da ta  prov ided.  
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METHOD 3 0 2 0 A  
A C I D  D IGEST ION FOR AQUEOUS SAMPLES AND EXTRACTS 

FOR TOTAL METALS FOR ANALYSIS BY GFAA SPEC'TROSCOPY 
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METHOD 3040 

DISSOLUTION PROCEDURE FOR OILS, GREASES, OR WAXES 

1.0 SCOPE AND APPLICATION 

1.1 Method 3040 i s  used f o r  the preparation o f  samples containing o i l s ,  
greases, o r  waxes f o r  analysis by atomic absorption spectroscopy (AAS) o r  
induct ive ly  coupled argon plasma emission spectroscopy (ICP) f o r  the fol lowing 
metal s : 

Antimony 
Beryl 1 i um 
Cadmi um 
C h romi um 
Copper 

I ron  
Manganese 
Nickel 
Vanadi um 

1.2 This method i s  a solvent d isso lut ion procedure, not a digestion 
procedure. This procedure can be very useful i n  the analysis of crude o i l ,  
but  w i th  spent o r  used o i l  high i n  par t i cu la te  material i t  1s less ef fect ive;  
most pa r t i cu la te  material i s  not dissolved, and therefore the analysis i s  not 
a " t o t a l  " metal determination. Because the highest percentage of metals i s  
expected t o  be contained i n  the par t i cu la te  materi a1 , o i  1 analysis using 
Method 3040 w i l l  not provide an adequate estimate o f  the t o t a l  metals 
concentration. 

2.0 SUMMARY OF METHOD 

2.1 A representative sample i s  dissolved i n  an appropriate sol vent 
(e .g . , xy l  ene o r  methyl i sobutyl ketone). Organometall i c  standards are 
prepared using the same solvent, and the samples and standards are analyzed by 
AAS o r  ICP.  

3.0 INTERFERENCES 

3.1 D l  1 uted sampl es and di 1 uted organomtal l  i c standards are of ten 
unstable. Once standards and samples are di luted, they should be analyzed as 
soon as possible. 

3.2 Solvent blanks should be used t o  r inse nebulizers thoroughly 
f o l  1 owing aspi ra t i on  of high concentration standards o r  samples. 

3.3 Viscosi ty dif ferences can resu l t  i n  d i f f e ren t  rates o f  sample 
introduction; therefore, a l l  analyses shal l  be performed by the method o f  
standard add1 ti on. Peri s ta l  ti c pumps of ten prove useful when analysis i s  
performed by ICP. 
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4.0 APPARATUS AND MATERIALS 

4.1 Volumetric glassware. 

4.2 Balance. 

4.3 Atomic absorption spectrometer: With an auxi 1 i a r y  oxidant control 
and a mechanism f o r  background correction. 

4.4 Induc t ive ly  coupled arqon plasma emission spectrometer system: With 
a mechani sm f o r  background correct ion and i ntere l  ement interference 
correction. A p e r i s t a l t i c  pump i s  optional. 

5.0 REAGENTS 

5.1 Methyl i sobutyl ketone (MIBK) . 
5.2 Xylene. 

5.3 Organometall i c standards (two possible sources are Conostan 
Divis ion, Conoco Specia l i ty  Products, Inc., P.O. Box 1267, Ponca Ci ty ,  OK 
74601, and the U.S. Department o f  Commerce, National Bureau of Standards, 
Washington, DC 20234) . 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been col lected using a sampling plan t h a t  
addresses the considerations discussed i n  Chapter N ine  o f  t h i s  manual . 

6.2 Samples shal l  be stored i n  an undi luted s ta te  a t  room temperature. 

6.3 Samples should be processed and analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Weigh out a 2-9 representative sample o f  the waste o r  extract .  
Separate and weigh the phases i f  more than one phase i s  present. 

7.2 Weigh an a l iquo t  o f  the organic phase and d i l u t e  the a l iquo t  i n  the 
appropri a te sol vent. Warming fac i  1 i tates the subsampl i ng o f  crude-type o i  1 s 
and greases and wax-type wastes. Xylene i s  usual ly the preferred sol vent f o r  
longer-chain hydrocarbons and f o r  most analyses performed by I C P .  The longer- 
chain hydrocarbons usual ly requi re a minimum o f  a 1:10 d i l u t i on ,  and l i g h t e r  
o i l s  may requi re only a 1:5 d i l u t i o n  i f  low detection l i m i t s  are required. 

7.3 A l l  metals must be analyzed by the method o f  standard additions. 
Because the method o f  .standard addi t ions can account on ly  f o r  m u l t i p l i c a t i v e  
interferences (matri x o r  physical interferences) , the ana ly t i ca l  program must 
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account f o r  addl ti ve i nterference (nonspecl f i  c absorption and scatter1 ng l n  
AAS and nonspecific emission and interelement interference I n  ICP)  by 
empl oylng background correction. 

7.4 Sample preparation f o r  the method o f  standard additions can be 
performed on a weight o r  volume bas1 s. Sample a1 iquots o f  viscous wastes 
should be weighed. Welgh Ident ica l  amounts o f  the sample i n t o  three wlde- 
mouth vlals.  D i lu te  the f l r s t  v i a l  such tha t  the f l n a l  concentratlon f a l l s  on 
the lower end o f  the 1 inear port ion o f  the cal ibrat ion curve and significantly 
above the detection 1 i m i t .  Add su f f i c len t  standard t o  the second a l iquot  t o  
increase the sample concentration by approximately 50%. Adjust the t h i r d  
sample concentration so tha t  i t  i s  approximately twice tha t  o f  the f i r s t .  The 
second and t h i r d  al lquots are then d i lu ted  t o  the same f l n a l  volume as the 
f l r s t  a1 iquot. 

7.5 Set up and cal ibrate the analyt ical  instrumentation according t o  the 
manufacturer's d i  rect ions f o r  nonaqueous samples. 

7.6 Report data as the weighted average f o r  a1 1 sample phases. 

8.0 QUALITY CONTROL 

8.1 Preparation blanks (e.g., Conostan base o i l  o r  mineral o i l  plus 
reagents) should be carr led through the complete sampl e-preparatlon and 
analyt ica l  process on a routine basis. These blanks w i l l  be useful i n  
detecting and determi n i  ng the magnitude o f  any sample contamination. 

8.2 Dupl i ca te  samples should be processed on a rout ine basis. Duplicate 
samples w l l  1 be used t o  determine precision. The sample load w i  11 d ic tate the 
frequency, but 20% I s  recomnended. 

8.3 Samples and standards should be d i lu ted as closely as possible t o  
the time o f  analysis. 

8.4 A l l  analyses must be performed by the method o f  standard additions. 
See Method 7000, Section 8.7, f o r  fur ther  lnformatlon. 

8.5 Data must be corrected f o r  background absorption and emission and 
i ntere l  ement i nterferences. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

10.1 None required. 
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METHOD 3050A 

A C I D  DIGESTION OF SEDIMENTS. SLUDGES, AND SOILS 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  an ac id  d iges t i on  procedure used t o  prepare sediments, 
sludges, and s o i l  samples fo r  ana lys is  by flame o r  furnace atomic absorpt ion 
spectroscopy (FLAA and GFAA, respec t i ve l y )  o r  by i n d u c t i v e l y  coup1 ed argon p l  asma 
spectroscopy (ICP) . Samples prepared by t h i s  method may be analyzed by ICP f o r  
a1 1 the  1 i s t e d  metals, o r  by FLAA o r  GFAA as ind ica ted  below (see a lso  Step 2.1): 

F LAA G FAA 

A1 umi num 
Bar i  urn 
Bery l  1  i uni 
Cadmi um 
Cal c i  urn 
C hromi um 
Cobal t 
Copper 
I r o n  
Lead 

Magnes i um 
Manganese 
Molybdenum 
Nickel  
Osmi um 
Potassi um 
S i l v e r  
Sod i um 
Tha l l  i urn 
Vanadi um 
Zinc 

NOTE: See Method 7760 f o r  FLAA preparat ion f o r  S i l v e r .  

2.0 SUMMARY OF METHOD 

Arsenic 
Beryl  1  i um 
Cadmi um 
Chromi um 
Cobalt 
I r o n  
Lead 
Molybdenum 
Sel eni  um 
Thal 1 i um 
Vanadi urn 

2.1 A representa t ive  1- t o  2-9 (wet weight) sample i s  d igested i n  n i t r i c  
ac id  and hydrogen peroxide. The d iges ta te  i s  then r e f l u x e d  w i t h  e i t h e r  n i t r i c  
ac id  o r  hydroch lor ic  ac id.  Hydrochlor ic  ac id  i s  used f o r  flame AA and ICP 
analyses and n i t r i c  ac id  i s  used f o r  furnace AA work. D i l u t e  hydroch lor ic  ac id 
i s  used as the  f i n a l  r e f l u x  ac id  f o r  (1) t he  ICP ana lys is  o f  As and Se, and (2) 
t h e  f lame AA o r  ICP ana lys is  o f  Ag, A l ,  Ba, Be, Ca, Cd, Co, C r ,  Cu, Fe, K, Mg, 
Mn, Mo, Na, Ni,  Os, Pb, TI, V, and Zn. D i l u t e  n i t r i c  ac id  i s  employed as the  
f i n a l  d i l u t i o n  ac id  f o r  t he  furnace AA ana lys is  o f  As, Be, Cd, C r ,  Co, Fe, Pb, 
Mo, Se, TI,  and V. The d i l u t e d  samples have an approximate ac id  concentrat ion 
o f  5.0% (v/v). A separate sample sha l l  be d r i e d  f o r  a t o t a l  % so l i ds  
determinat ion.  

3.0 INTERFERENCES 

3.1 Sludge samples can conta in  d iverse  ma t r i x  types, each o f  which may 
present i t s  own a n a l y t i c a l  chal lenge. Spiked samples and any re1 evant standard 
re ference ma te r ia l  should be processed t o  a i d  i n  determining whether Method 3050 
i s  appl i c a b l e  t o  a g iven waste. 
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4.0 APPARATUS AND MATERIALS 

4.1 Conica l  P h i l 1  i p s  beakers - 250-mL, o r  equ i va len t .  

4.2 Watch g l  asses r i b b e d  o r  equ i va len t  . 
4.3 D ry i ng  ovens - That can be ma in ta ined  a t  30" C. 

4.4 Thermometer - That covers range o f  0-200°C. 

4.5 F i l t e r  paper - Whatman No. 41 o r  equ i va len t .  

4.6 C e n t r i f u g e  and c e n t r i f u g e  tubes. 

4.7 A n a l y t i c a l  Balance - Capable o f  accu ra te l y  weigh ing t o  t h e  
neares t  0.01 g. 

4.8 E l e c t r i c  Hot P l a t e  o r  equ i va len t  - Ad jus tab le  and capable o f  
m a i n t a i n i n g  a temperature of 90-95°C. 

4.9 Glass Funnel o r  equ i va len t .  

4.10 Graduated c y l  i nder  o r  equ iva l  e n t  . 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless o therw ise  
i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Corr~niittee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Soc ie ty ,  where 
such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other grades may be used, p rov ided  i t  i s  f i r s t  
asce r ta i ned  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  t o  pe rm i t  i t s  use 
w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rmina t ion .  I f  t h e  p u r i t y  o f  a  reagent  
i s  ques t ionab le ,  analyze t h e  reagent  t o  determine t h e  l e v e l  o f  i m p u r i t i e s .  The 
reagent  b l ank  must be l e s s  than  t h e  MDL i n  o rde r  t o  be used. 

5.2 Reagent Water. Reagent wa te r  w i l l  be i n t e r f e r e n c e  f r e e .  A l l  
r e fe rences  t o  wate r  i n  t h e  method r e f e r  t o  reagent  wa te r  un less  o the rw i se  
s p e c i f i e d .  Re fe r  t o  Chapter One f o r  a  d e f i n i t i o n  o f  reagent  water .  

5.3 N i t r i c  a c i d  (concentrated) ,  HNO,. Ac id  should be analyzed t o  
determine l e v e l  o f  i m p u r i t i e s .  I f  method b lank  i s  < MDL, t h e  a c i d  can be used. 

5.4 Hyd roch lo r i c  a c i d  (concentrated) ,  HC1. Ac id  should be analyzed t o  
determine l e v e l  o f  i m p u r i t i e s .  I f  method b lank  i s  < MDL, t h e  a c i d  can be used. 

5.4 Hydrogen perox ide  (30%), H202. Oxidant  should be analyzed t o  
determine 1 eve1 o f  impur i  t i e s .  

Rev i s i on  1 
J u l y  1992 



6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a  sampling p l an  t h a t  
addresses t h e  cons ide ra t i ons  discussed i n  Chapter Nine o f  t h i s  manual . 

6.2 A l l  sample con ta ine rs  must be prewashed w i t h  detergents ,  ac ids,  and 
water.  P l a s t i c  and g l a s s  con ta ine rs  are bo th  s u i t a b l e .  See Chapter Three, Step 
3.1.3, f o r  f u r t h e r  i n f o rma t i on .  

6.3 Nonaqueous samples s h a l l  be r e f r i g e r a t e d  upon r e c e i p t  and analyzed 
as soon as poss ib l e .  

7.0 PROCEDURE 

7.1 Mix  t h e  sample thorough ly  t o  achieve homogeneity. For  each d i g e s t i o n  
procedure, weigh t o  t h e  neares t  0.01 g  and t r a n s f e r  t o  a  con i ca l  beaker 1.00-2.00 
g  o f  sample. For  samples w i t h  l ow  percent  so l  i d s  a  l a r g e r  sample s i z e  may be 
used as l o n g  as d i g e s t i o n  i s  completed. 

7.2 Add 10 mL of 1: 1 HNO,, mix t h e  s l u r r y ,  and cover  w i t h  a  watch g lass.  
Heat t h e  sample t o  95°C and r e f l u x  f o r  10 t o  15 minutes w i t h o u t  b o i l i n g .  A l l ow  
t h e  sample t o  coo l ,  add 5  mL o f  concentrated HNO,, rep lace  t h e  watch g lass,  and 
r e f l u x  f o r  30 minutes. Repeat t h i s  l a s t  s tep  t o  ensure complete ox ida t i on .  
Us ing a  r i b b e d  watch g lass,  a l l o w  t h e  s o l ~ ~ t i o n  t o  evaporate t o  5  mL w i t hou t  
b o i l i n g ,  w h i l e  ma in ta i n i ng  a  cover ing  o f  s o l u t i o n  over  t h e  bottom o f  t h e  beaker. 

7.3 A f t e r  Step 7.2 has been completed and t h e  sample has cooled, add 2 mL 
o f  wa te r  and 3  mL o f  30% H20,. Cover t h e  beaker w i t h  a  watch g l a s s  and r e t u r n  
t h e  covered beaker t o  t h e  ho t  p l a t e  f o r  warming and t o  s t a r t  t h e  perox ide 
r e a c t i o n .  Care must be taken t o  ensure t h a t  losses  do n o t  occur due t o  
excess i ve l y  v igorous  ef fervescence.  Heat u n t i l  e f fervescence subsides and cool  
t h e  beaker. 

7.4 Cont inue t o  add 30% H202 i n  1-mL a1 i q u o t s  w i t h  warming u n t i l  t h e  
e f fe rvescence  i s  minimal o r  u n t i l  t h e  general  sample appearance i s  unchanged. 

NOTE: Do n o t  add more than a  t o t a l  o f  10 mL 30% H202. 

7.5 I f  t h e  sample i s  be ing prepared f o r  (a)  t h e  I C P  ana l ys i s  o f  As and 
Se, o r  (b )  t h e  f lame AA or I C P  a n a l y s i s  o f  Ag, A l ,  Ba, Be, Ca, Cd, Co, C r ,  Cu, 
Fe, K, Mg, Mn, Mo, Na, N i ,  Os, Pb, T I ,  V, and Zn, then add 5  mL o f  concentrated 
HC1 and 10 mL o f  water ,  r e t u r n  t h e  covered beaker t o  t h e  ho t  p l a te ,  and r e f l u x  
f o r  an a d d i t i o n a l  15 minutes w i t hou t  b o i l i n g .  A f t e r  coo l ing ,  d i l u t e  t o  a  100 mL 
v o l ~ ~ m e  w i t h  water.  P a r t i c u l a t e s  .in t h e  d i g e s t a t e  t h a t  may c l o g  t h e  nebu l i ze r  
should be removed by f i l t r a t i o n ,  by c e n t r i f u g a t i o n ,  o r  by a l l ow ing  t h e  sample t o  
s e t t l e .  

7.5.1 F i l t r a t i o n  - F i l t e r  through Whatman No. 41 f i l t e r  paper ( o r  
equ i va len t )  . 
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7.5.2 C e n t r i f u g a t i o n  - C e n t r i f u g a t i o n  a t  2,000-3,000 rpm f o r  
10 minutes i s  u s u a l l y  s u f f i c i e n t  t o  c l e a r  t h e  supernatant .  

7.5.3 The d i l u t e d  sample has an approximate a c i d  c o n c e n t r a t i o n  o f  
5.0% (v/v) HC1 and 5.0% (v/v) HNO,. The sample i s  now ready f o r  a n a l y s i s .  

7.6 I f  t h e  sample i s  be ing  prepared f o r  t h e  f u rnace  a n a l y s i s  of As, Be, 
Cd, Co, C r ,  Fe, Mo, Pb, Se, 1-1, and V, cover  t h e  sample w i t h  a  r i b b e d  watch g l a s s  
and con t i nue  h e a t i n g  t h e  ac id -perox ide  d i g e s t a t e  u n t i l  t h e  volume has been 
reduced t o  approx imate ly  5  mL. A f t e r  coo l i ng ,  d i l u t e  t o  100 mL w i t h  water .  
P a r t i c u l a t e s  i n  t h e  d i g e s t a t e  should t hen  be removed by f i l t r a t i o n ,  by 
c e n t r i f u g a t i o n ,  o r  by a l l o w i n g  t h e  sample t o  s e t t l e .  

7.6.1 F i l t r a t i o n - F i l t e r t h r o u g h W h a t m a n N o .  4 1 f i l t e r p a p e r ( o r  
equi  v a l  e n t )  . 

7.6.2 C e n t r i f u g a t i o n  - C e n t r i f u g a t i o n  a t  2,000-3,000 rpm f o r  
10 minutes i s  u s u a l l y  s u f f i c i e n t  t o  c l e a r  t h e  supernatant .  

7.6.3 The d i l u t e d  d i g e s t a t e  s o l u t i o n  con ta ins  approx imate ly  5% 
(v/v) HNO,. For  ana l ys i s ,  w i thdraw a1 i q u o t s  o f  a p p r o p r i a t e  v o l  ume and add 
any r e q u i r e d  reagent  o r  m a t r i x  m o d i f i e r .  The sample i s  now ready f o r  
ana l ys i s .  

7.7 C a l c u l a t i o n s  

7.7.1 The concen t ra t i ons  determined a r e  t o  be r e p o r t e d  on t h e  
b a s i s  o f  t h e  ac tua l  we igh t  o f  t h e  sample. I f  a d r y  we'ight a n a l y s i s  i s  
des i red ,  t hen  t h e  percen t  s o l  i d s  o f  t h e  sample must a l s o  be p rov ided .  

7.7.2 I f  percen t  s o l i d s  i s  des i red ,  a  separate d e t e r m i n a t i o n  o f  
percen t  s o l i d s  must be performed on a homogeneous a l i q u o t  o f  t h e  sample. 

8.0 QUALITY CONTROL 

8.1 A l l  qua1 i t y  c o n t r o l  measures descr ibed  i n  Chapter One should be 
f o l  1  owed. 

8.2 For  each ba tch  o f  san~ples processed, p r e p a r a t i o n  b lanks  should be 
c a r r i e d  th roughout  t h e  e n t i r e  sample p r e p a r a t i o n  and a n a l y t i c a l  process. These 
b lanks  w i l l  be u s e f u l  i n  de te rmin ing  i f  samples a re  be ing  contaminated. Re fe r  
t o  Chapter One f o r  t h e  p roper  p r o t o c o l  when ana l yz i ng  b lanks.  

8.3 Repl i c a t e  samples should be processed on a r o u t i n e  bas i s .  Repl i c a t e  
samples w i l l  be used t o  determine p r e c i s i o n .  The sample l o a d  w i l l  d i c t a t e  
f requency, b u t  5% i s  recommended. Refe r  t o  Chapter One f o r  t h e  p rope r  p r o t o c o l  
when ana l yz i ng  rep1 i cates.  

8.4 Spiked samples o r  s tandard re fe rence  m a t e r i a l s  must be employed t o  
determine accuracy. A sp iked  sample should be i nc l uded  w i t h  each ba tch  of 
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samples processed and whenever a new sample ma t r i x  i s  being analyzed. Refer t o  
Chapter One f o r  t he  proper p ro toco l  when analyzing spikes. 

8.5 The concentrat ion o f  a1 1 ca l  i b r a t i o n  standards should be v e r i f i e d  
against  a q u a l i t y  c o n t r o l  check sample obtained from an outs ide source. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 
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METHOD 3 0 5 0 A  
A C I D  D I G E S T I O N  OF SEDIMENTS, SLUDGES, AND S O I L S  

Start (2 
7.1 Mix 

aamplm; taka 
1-2 g portion 

for mach 
digma tion 

7.2 Add HNO., 
rmf1ux;rmpmat 
HNO. rmflux 

until aolution 
ia 5 m1 

7.3 Add rmagmnt 
watmr and H808; 
hmat bmakmr to 
atart pmroxidm 

rmaction 

7.4 Continum 
adding H.O. 
with hmrting 

7.6 Continum 
hmrting to 

rmducm volumm 

Furnace 

7.5 Add 
concmntratmd 

HC1 and 
rmagmnt 

watmr; rmflux 

ICP or Flamm A A  
analgaia for 
Aa, Ag, A1, Ba, 

7.6 Dilutm with 7.7.1 Rmport 7.5 Cool ;dilutm 
rmagmnt watmr concmntrationa, with rmagmnt 
and filtmr and X aolida of water, filtmr 

particulatma in aamplm for dry partculatma in 
digma tat. H wmight analpaia H digmatat. 

analgaia Bm, Ca, Cd, Co, 
for Aa, Ba, Cr, Cu, Fm, K, 
Cd, Co, Cr, ng, ~kr, no, ~ a ,  
Fm, no, Pb, Ni, Oa, Pb, Sm, 
Sm, Tl, V T1, V ,  2n 

7.7.2 If X 
aolida 

rmquirmd,uam 
homogmnmoua 

aamplm aliquot 
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METHOD 3051 

MICROWAVE ASSISTED ACID DIGESTION OF SEDIMENTS, 
SLUDGES, SOILS, AND OILS 

1.0 SCOPE AND APPLICATION 

1.1 Th is  method i s  app l icab le  t o  the  microwave assis ted ac id  d iges t i on  o f  
sludges, sediments, s o i l s ,  and o i l s  f o r  the  fo l l ow ing  elements: 

A1 umi num Cadmi um I r o n  Molybdenum Sod i um 
Antimony Calcium Lead Nickel  St r o n t  i um 
Arsenic Chromium Magnesi um Potassi um Thal 1 i um 
Boron Cobalt Manganese Sel eni  um Vanadi um 
Bar i um Copper Mercury S i  1 ver Zinc 
Bery l  1  i um 

1.2 This method i s  provided as an a l t e r n a t i v e  t o  Method 3050. It i s  
intended t o  p rov ide  a r a p i d  mult ielement ac id  leach d iges t i on  p r i o r  t o  analys is  
so t h a t  decis ions can be made about s i t e  cleanup leve l s ,  t he  need f o r  TCLP 
t e s t i n g  o f  a waste and whether a BDAT process i s  p rov id ing  acceptable 
performance. I f  a decomposition i nc lud ing  hydroch lor ic  ac id  i s  requ i red  f o r  
c e r t a i n  elements, i t  i s  recommended t h a t  Method 3050A be used. Digests produced 
by the  method are s u i t a b l e  f o r  ana lys is  by flame atomic absorpt ion (FLAA), 
g raph i te  furnace atomic absorpt ion (GFAA), i n d u c t i v e l y  coup1 ed plasma enii ss ion 
spectroscopy (ICP-ES) and i n d u c t i v e l y  coupled plasma mass spectrometry (ICP-MS) . 
Due t o  the  r a p i d  advances i n  microwave technology, consul t  your manufacturer's 
recommended i n s t r u c t i o n s  f o r  guidance on t h e i r  microwave d iges t i on  system and 
r e f e r  t o  the  SW-846 "DISCLAIMER" when conducting analyses us ing Method 3051. 

2.0 SUMMARY OF METHOD 

2.1 A representa t ive  sample o f  up t o  0.5 g i s  d igested i n  10 nrL o f  
concentrated n i t r i c  ac id  f o r  10 min us ing microwave heat ing w i t h  a su i tab le  
1 aboratory ~ii icrowave u n i t .  The sample and ac id  are placed i n  a f luorocarbon (PFA 
o r  TFM) microwave vessel.  The vessel i s  capped and heated i n  the  microwave u n i t .  
A f t e r  cool ing,  t he  vessel contents are f i l t e r e d ,  centr i fuged,  o r  allowed t o  
s e t t l e  and then d i l u t e d  t o  volume and analyzed by t h e  appropr iate SW-846 method 
(Ref. 1 ) .  

3.0 INTERFERENCES 

3.1 Very r e a c t i v e  o r  v o l a t i l e  mater ia ls  t h a t  may c rea te  h igh  pressures 
when heated may cause vent ing o f  t h e  vessels w i t h  p o t e n t i a l  l o s s  o f  sample and 
analytes. The complete decomposition o f  e i t h e r  carbonates, o r  carbon based 
samples, may cause enough pressure t o  vent t h e  vessel if the sample s i ze  i s  
g rea te r  than 0.25 g when used i n  the  120 mL vessel s  w i t h  a pressure re1 i e f  device 
t h a t  has an upper l i m i t  o f  7.52 0.7 atm (110 f 10 p s i ) .  

Revision 0 
S e p t e r  1994 



4.0 APPARATUS AND MATERIALS 

4.1 Microwave apparatus requirements. 
!@ 

4.1.1 The microwave u n i t  prov ides programmable power w i t h  a b  
mininium o f  574 W, which can be programmed t o  w i t h i n  k 10 W o f  t h e  requ i red  
power. Typ ica l  u n i t s  p rov ide  a  nominal 600 W t o  1200 W o f  p0wer.m 
Pressure, o r  especi a1 1  y  temperature, moni t o r i  ng and c o n t r o l  o f  the- 
microwave u n i t  a re  des i rab le .  

4.1.2 The microwave u n i t  c a v i t y  i s  co r ros ion  r e s i s t a n t  and w e l l  P 
v e n t i l a t e d .  b 

4.1.3 A l l  e l e c t r o n i c s  are  pro tec ted  aga ins t  co r ros ion  f o r  safe 
opera t ion .  i*M1 

4.1.4 The system requ i res  f luorocarbon (PFA o r  TFM) d iges t i onm 
vessels (120 mL capac i ty )  capable o f  w i ths tand ing  pressures up t o  7.5 +A 
0.7 atm (110 f 10 p s i )  and capable o f  c o n t r o l l e d  pressure r e l i e f  a t  
pressures exceeding 7.5 + 0.7 atm (110 + 10 p s i ) .  a 

I 

4.1.5 A r o t a t i n g  t u r n t a b l e  i s  employed t o  i nsu re  homogeneousb 
d i s t r i b u t i o n  o f  microwave r a d i a t i o n  w i t h i n  t h e  u n i t .  The speed o f  t h e  
t u r n t a b l e  should be a  minimum o f  3  rpm. la 

CAUTION: Those 1  abora tor ies  now us ing  o r  contemplat ing the  
b 

use o f  k i t chen  type microwave ovens f o r  t h i s  method should be 
aware o f  several s i g n i f a n t  s a f e t y  issues. F i r s t ,  when an a c i d  F 
such as n i t r i c  i s  used t o  a s s i s t  sample d i g e s t i o n  i n  microwavew 
u n i t s  i n  open vessels, o r  sealed vessel sequippedres, t h e r e  i s  
t h e  p o t e n t i a l  f o r  t he  ac id  gases re leased t o  corrode t h e p  
sa fe ty  devices t h a t  prevent t h e  microwave magnetron f r o m k  
s h u t t i n g  o f f  when t h e  door i s  opened. Th is  can r e s u l t  .in 
operator  exposure t o  microwave energy. Use o f  a  u n i t  w i t h p  
cor ros ion  r e s i s t a n t  sa fe ty  devices prevents t h i  s  from- 
occur r ing .  

CAUTION: The second sa fe ty  concern r e l a t e s  t o  t h e  use oflp 
sealed conta iners  w i thou t  pressure re1  i e f  va lves i n  t h e  u n i t  . 
Temperature i s the  important  v a r i  abl  e  c o n t r o l  1  i ng t h e  
reac t i on .  Pressure i s  needed t o  a t t a i n  e levated tempera tu resp  
bu t  must be s a f e l y  contained. However, many d i g e s t i o n  vessel s  b 
constructed from c e r t a i n  f luorocarbons may crack, burs t ,  o r  
explode i n  t h e  u n i t  under c e r t a i n  pressures. Only un l  inedp 
f luorocarbon (PFA o r  TFM) conta iners  w i t h  pressure r e l i e f  
mecahnisms o r  conta iners  w i t h  PFA-fluorocarbon l i n e r s  andb 
pressure re1 i e f  mechani sms are considered acceptable a t  
present.  

k& 

Users are the re fo re  advised n o t  t o  use k i t chen  t ype  microwave 
ovens o r  t o  use sealed conta iners  w i t h o u t  pressure re l i e f l sn  

w 
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va lves  f o r  microwave a c i d  d i g e s t i o n s  by t h i s  method. Use o f  
1 aboratory-grade microwave equipment i s  r e q u i r e d  t o  prevent  
s a f e t y  hazards. For f u r t h e r  d e t a i  1 s consul t re fe rence  2. 

CAUTION : There are many s a f e t y  and opera t iona l  
recommendations s p e c i f i c  t o  t h e  model and manufacturer o f  t he  
microwave equipment used i n  i n d i v i d u a l  1 abora to r ies .  These 
s p e c i f i c  suggest ions are beyond t h e  scope o f  t h i s  method and 
r e q u i r e  t h e  ana l ys t  t o  consu l t  t h e  s p e c i f i c  equipment manual, 
manufacturer  and l i t e r a t u r e  f o r  p roper  and sa fe  ope ra t i on  o f  
t h e  microwave equipment and vessel s. 

4.2 Vo lumet r i c  graduated c y l  inder ,  50 o r  100 mL capac i t y  o r  equ iva len t .  

4.3 F i l t e r  paper, q u a l i t a t i v e  o r  equ iva len t .  

4.4 F i  1 t e r  funne l ,  g l ass  o r  d isposable po lypropy lene.  

4.5 A n a l y t i c a l  balance, 300 g capac i ty ,  and minimum + 0.01 g. 

5.0 REAGENTS 

5.1 A l l  ac i ds  should be s u b - b o i l i n g  d i s t i l l e d  where poss ib l e  t o  min imize 
t h e  b l ank  l e v e l s  due t o  m e t a l l i c  contaminat ion. Other  grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t  p u r i t y  t o  
pe rm i t  i t s  use w i t h o u t  lessen ing  t h e  accuracy of t h e  determinat ion.  I f  t h e  
p u r i t y  o f  a reagent  i s  quest ionable,  analyze t h e  reagent t o  determine t h e  l e v e l  
o f  i m p u r i t i e s .  The reagent  b lank  must be l e s s  than the  MDL i n  o rde r  t o  be used. 

5.1.1 Concentrated n i t r i c  ac id ,  HNO,. Ac id  should be analyzed t o  
determine l e v e l s  o f  impu r i t y .  I f  the  method b lank  i s  l e s s  than t h e  MDL, 
t h e  a c i d  can be used. 

5.2 Reagent Water. Reagent water  s h a l l  be i n t e r f e r e n c e  f r ee .  A l l  
re fe rences  t o  water  i n  t h e  method r e f e r  t o  reagent  water  un less otherwise 
s p e c i f i e d  (Ref. 3 ) .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p l an  t h a t  
addresses t h e  cons ide ra t i ons  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample con ta ine rs  must be prewashed w i t h  detergents ,  ac ids  and 
water .  P l a s t i c  and g lass  con ta ine rs  are bo th  s u i t a b l e .  See Chapter Three, sec. 
3.1.3 o f  t h i s  manual, f o r  f u r t h e r  in fo rmat ion .  

6.3 Samples must be r e f r i g e r a t e d  upon r e c e i p t  and analyzed as soon as 
poss ib l e .  
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7.0 PROCEDURE 

7.1 C a l i b r a t i o n  o f  Microwave Equipment 
e 

NOTE: I f  t h e  microwave u n i t  uses temperature feedback c o n t r o l l u  
capable o f  rep1 i c a t  i ng the  performance s p e c i f i c a t i o n s  o f  t h e  method, 
then the  c a l i b r a t i o n  procedure may be omit ted.  m 

I 

7.1.1 Measurement o f  t he  a v a i l  ab le power f o r  heat ing  i s  evaluated" 
so t h a t  absolute power i n  wat ts  may be t r a n s f e r r e d  from one microwave u n i t  
t o  another. For c a v i t y  type microwave equipment, t h i s  i s  accompl ished b f l  
measuring t h e  temperature r i s e  i n  1 kg o f  water exposed t o  microwave& 
r a d i a t i o n  f o r  a  f i x e d  per iod  o f  t ime. The ana lys t  can r e l a t e  power i n  
wat ts  t o  t h e  p a r t i a l  power s e t t i n g  o f  t h e  u n i t .  The ca1.i b r a t i o n  f o r m a t p  
requ i red  f o r  l abo ra to ry  microwave u n i t s  depends on t h e  type o f  e lect ronic i ,  
syste~i i  used by t h e  manufacturer t o  p rov ide  p a r t i a l  microwave power. Few 
u n i t s  have an accurate and p rec i se  1  i nea r  re1  a t i o n s h i p  between percent  
power s e t t i n g s  and absorbed power. Where l i n e a r  c i r c u i t s  have been 9 
u t i l i z e d ,  t he  c a l i b r a t i o n  curve can be determined by a  th ree -po in tw  
c a l i b r a t i o n  method (7.1.3), otherwise, t he  ana lys t  must use t h e  m u l t i p l e  
p o i n t  c a l  i b r a t  i on method (7.1.2) . m 

7.1.2 The mu1 t i p l  e  p o i n t  c a l  i b r a t i  on i nvol  ves t h e  measurement o f  
absorbed power over a  l a r g e  range o f  power s e t t i n g s .  T y p i c a l l y ,  f o r  a  
600 W u n i t ,  t h e  f o l l o w i n g  power s e t t i n g s  are  measured; 100, 99, 98, 97,Id 
95, 90, 80, 70, 60, 50, and 40% us ing  the  procedure descr ibed i n  sec t i on  
7.1.4. Th is  da ta  i s  c lus te red  about t h e  customary working power ranges. 
N o n l i n e a r i t y  has been commonly encountered a t  t h e  upper end o f  t h e p  
c a l  i b r a t i o n .  I f  the  u n i t ' s  e l e c t r o n i c s  are known t o  have nonl i n e a r b  
dev ia t i ons  i n  any reg ion  o f  p ropo r t i ona l  power c o n t r o l ,  i t  w i l l  be 
necessary t o  make a  se t  o f  measurements t h a t  b racket  t he  power t o  be used .p 
The f i n a l  c a l i b r a t i o n  p o i n t  should be a t  t h e  p a r t i a l  power s e t t i n g  t h a t b  
w i l l  be used i n  t h e  t e s t .  Th is  s e t t i n g  should be checked p e r i o d i c a l l y  t o  
eva lua te  t h e  i n t e g r i t y  o f  t he  c a l i b r a t i o n .  I f  a  s i g n i f i c a n t  change isp 
de tec ted  ( + l o  W), then the  e n t i r e  c a l i b r a t i o n  should be reevaluated.  

Bruci 

7.1.3 The t h r e e - p o i n t  c a l i b r a t i o n  i nvo l ves  t h e  measurement o f  
absorbed power a t  t h ree  d i f f e r e n t  power s e t t i n g s .  Measure the  power a t F  
100% and 50% using athe procedure described i n  sec t i on  7.1.4. From t h e w  
2 -po in t  l i n e  c a l c u l a t e  t h e  power s e t t i n g  corresponding t o  t h e  requ i red  
power i n  wat ts  s p e c i f i e d  i n  t he  procedure. Measure t h e  absorbed power a t n  
t h a t  p a r t i a l  power s e t t i n g .  I f  the  measured absorbed power does n o t k  
correspond t o  the  s p e c i f i e d  power w i t h i n  210 W, use the  m u l t i p l e  p o i n t  
c a l i b r a t i o n  i n  7.1.2. Th is  p o i n t  should a l so  be used t o  periodical ly,  
v e r i f y  t h e  i n t e g r i t y  o f  t h e  c a l i b r a t i o n .  

b 

7.1.4 Equ i l  i b r a t e  a  1  arge volume o f  water t o  room terr~perature 
(23 + 2°C). One kg of reagent water i s  weighed (1,000.0 g  + 0.1 g)  in tom 
a  f luorocarbon beaker o r  a  beaker made o f  some o t h e r  ma te r i a l  t h a t  does& 
n o t  s i g n i  f i cant1 y  absorb microwave energy ( g l  ass absorbs microwave energy 
and i s  n o t  recommended). The i n i t i a l  temperature o f  t h e  water should bem 
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23 + 2°C measured t o  + 0.05"C. The covered beaker i s  c i r c u l a t e d  
cont inuously  ( i n  t he  normal sample path) through the  microwave f i e l d  f o r  
2 minutes a t  the  desi red p a r t i a l  power s e t t i n g  w i t h  the  u n i t ' s  exhaust fan  
on maximum (as i t  w i l l  be dur ing  normal operat ion) .  The beaker i s  removed 
and the  water v igorous ly  s t i r r e d .  Use a magnetic s t i r r i n g  bar inser ted  
immedi ate1 y a f t e r  microwave i r r a d i  a t  i on and record the  maxi mum temperature 
w i t h i n  the  f i r s t  30 seconds t o  k 0.05"C. Use a new sample f o r  each 
add i t i ona l  measurement. I f  the  water i s  reused both the  water and the  
beaker must have returned t o  23 + 2°C. Three measurements a t  each power 
s e t t i n g  should be made. 

The absorbed power i s  determined by the  fo l l ow ing  re la t i onsh ip :  

Eq. 1 

Where: 

P = the  apparent power absorbed by the sample i n  watts ( W )  
( ~ = j o u l  eqsec'') 

K = the  conversion f a c t o r  fo r  thermochemical calories.sec-' t o  wat ts  
(=4.184) 

C, = t he  heat capaci ty ,  thermal capacity,  o r  s p e c i f i c  heat 
(ca l .g- ' . "~- ' )  o f  water 

m = the  mass o f  the  water sample i n  grams (g) 

AT = the  f i n a l  temperature minus the  i n i t i a l  temperature ("C) 

t = the  t ime i n  seconds ( s )  

Using the  experimental cond i t ions  o f  2 minutes and 1 kg of d i s t i l l e d  water 
(heat capac i ty  a t  25 "C i s  0.9997 cal -g- ' . "~- ' )  the c a l i b r a t i o n  equation 
s i m p l i f i e s  to :  

Eq. 2 P = (AT) (34.86) 

NOTE: Stable 1 i ne  vol tage i s  necessary f o r  accurate and 
reproduci  b l  e  ca l  i b r a t  i on and operat ion. The 1 i ne vol  tage should be 
w i t h i n  manufacturer's spec i f i ca t i on ,  and dur ing  measurement and 
operat ion should no t  vary by more than +2 V .  A constant power 
supply may be necessary f o r  microwave use i f  the  source o f  the 
1 i n e  vo l tage i s  unstable. 

E lec t ron i c  components i n  most microwave u n i t s  are matched t o  the 
u n i t s '  f unc t i on  and output.  When any p a r t  o f  t he  h igh  vol tage 
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c i r c u i t ,  power source, o r  c o n t r o l  components i n  t h e  u n i t  have been 
serv iced o r  replaced, i t  w i l l  be necessary t o  recheck t h e  u n i t s '  
c a l i b r a t i o n .  I f  the  power output  has changed s i g n i f i c a n t l y  (+ lo  W), 
then the  e n t i r e  c a l i b r a t i o n  should be reevaluated.  

7.2 A l l  d i g e s t i o n  vessels and vo lumet r ic  ware must be c a r e f u l l y  a c i d  
washed and r i n s e d  w i t h  reagent water. When swi tch ing  between h i g h  concent ra t ion  
samples and 1  ow concent ra t ion  samples, a1 1  d i g e s t i o n  vessels should be cleaned 
by leach ing  w i t h  ho t  (1 : l )  hyd roch lo r i c  ac id  (g rea te r  than 80°C, bu t  l e s s  than 
b o i l i n g )  f o r  a  minimum o f  two hours fo l lowed w i t h  ho t  ( 1 : l )  n i t r i c  ac id  (g rea te r  
than 80°C, b u t  l e s s  than b o i l i n g )  f o r  a  minimum of two hours and r i n s e d  w i t h  
reagent water and d r i e d  i n  a  c lean environment. Th is  c lean ing  procedure should 
a l so  be used whenever the  p r i o r  use o f  t he  d i g e s t i o n  vessels i s  unknown o r  cross 
contaminat ion from vessels i s  suspected. Polymeric o r  g lass  vo lumet r ic  ware and 
storage conta iners  should be cleaned by leach ing  w i t h  more d i l u t e  ac ids  
(approximately 10% V/V) appropr ia te  f o r  t he  s p e c i f i c  p l a s t i c s  used and then 
r i n s e d  w i t h  reagent water and d r i e d  i n  a  c lean environment. To avoid 
p r e c i p i t a t i o n  of s i l v e r ,  ensure t h a t  a l l  HC1 has been r i n s e d  from the  vessels. 

7.3 Sampl e  D iges t ion  

7.3.1 Weigh the  f luorocarbon (PFA o r  TFM) d i g e s t i o n  vessel,  va lve  
and capassembly t o  0.001 g  p r i o r  t o  use. 

a 
7.3.2 Weigh a  w e l l  -mixed sample t o  the  nearest  0.001 g  i n t o  the  

f luorocarbon sample vessel equipped w i t h  a  s ing le -po r ted  cap and a  
pressure re1 i e f  va lve.  For so i  1  s, sediments, and sludges use no more than p 
0.500 g. For o i l s  use no more than 0.250 g. ~ 

7.3.3 Add 10 k 0.1 rr~L concentrated n i t r i c  a c i d  i n  a  fume hood. 
I f  a  v igorous r e a c t i o n  occurs, a l l ow  the  r e a c t i o n  t o  s top be fore  capping 
t h e  vessel .  Cap the  vessel and torque the  cap t o  12 f t - 1  bs (16 N-m) o r  h@ , 
according t o  the  u n i t  manufacturer 's d i r e c t i o n s .  Weigh t h e  vessels t o  the  
nearest  0.001 g. Place the  vessels i n  t he  microwave carousel.  1 

ta, 

CAUTION: Toxic n i t r o g e n  ox ide fumes may be evolved, t h e r e f o r e  a l l  
work must be performed i n  a  p rope r l y  opera t ing  v e n t i l a t i o n  system. a 
The ana lys t  should a l so  be aware o f  t he  p o t e n t i a l  f o r  a  v igorous 
reac t i on .  I f  a  v igorous r e a c t i o n  occurs, a l l o w  t o  cool  be fore  kh 

capping t h e  vessel . 
F I 

CAUTION: When d i g e s t i n g  samples con ta in ing  vo l  a t  i 1 e  o r  e a s i l y  w 
ox id i zed  organic compounds, i n i t i a l l y  weigh no more than 0.10 g  and 
observe t h e  r e a c t i o n  before capping t h e  vessel .  I f  a  v igorous 
r e a c t i o n  occurs, a l l ow  t h e  r e a c t i o n  t o  cease before  capping t h e  
vessel .  I f  no appreciable r e a c t i o n  occurs, a  sample weight  up t o  
0.25 g  can be used. P 

kh 
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CAUTION: A l l  samples known o r  suspected o f  conta in ing  more than 5- 
10% organic mater ia l  should be predigested i n  a hood f o r  a t  l e a s t  15 
minutes. 

7.3.4 Proper ly  place the  carousel i n  the  microwave u n i t  according 
t o  the  manufacturer's recommended spec i f i ca t i ons  and, i f  used, connect the 
pressure vessel s t o  the  cen t ra l  over f low vessel w i t h  PFA-fl uorocarbon 
tubes. Any vessels conta in ing  10 mL o f  n i t r i c  ac id  f o r  ana ly t i ca l  blank 
purposes are counted as sample vessels. When fewer than the  recommended 
number o f  samples are t o  be digested, t h e  remaining vessels should be 
f i l l e d  w i t h  10 mL o f  n i t r i c  ac id  t o  achieve the  f u l l  complement o f  
vessels. This  provides an energy balance s ince t h e  microwave power 
absorbed i s  p ropor t iona l  t o  the  t o t a l  mass i n  the  c a v i t y  (Ref. 4). 
I r r a d i a t e  each group o f  sample vessels f o r  10 minutes. The temperature o f  
each sample should r i s e  t o  175 "C i n  l e s s  than 5.5 minutes and remain 
between 170-180 "C f o r  t he  balance o f  the  10 minute i r r a d i a t i o n  period. 
The pressure should peak a t  l ess  than 6 atm f o r  most s o i l ,  sludge, and 
sediment samples (Ref. 5). The pressure w i l l  exceed these 1 i m i t s  i n  the  
case of h igh  concentrat ions o f  carbonate o r  organic compounds. I n  these 
cases the  pressure w i l l  be l i m i t e d  by the  r e l i e f  pressure o f  t he  vessel t o  
7.5 2 0.7 atm (110 2 10 p s i ) .  A l l  vessels should be sealed according t o  
the  manufacturers recommended spec i f i ca t i ons .  

7.3.4.1 Newer microwave u n i t s  are capable o f  h igher  power (W) 
t h a t  permi ts  d iges t i on  o f  a l a r g e r  number o f  samples per batch. I f  
the  analyst  wishes t o  d iges t  more samples a t  a time, t he  analyst  may 
use d i f f e r e n t  values of power as long as they r e s u l t  i n  t h e  same 
t ime and temperature cond i t ions  de f ined i n  7.3.4. That i s ,  any 
sequence o f  power t h a t  b r ings  the  saniples t o  175°C i n  5.5 minutes 
and permi ts  a slow r i s e  t o  175 - 180°C dur ing  the  remaining 4.5 
minutes (Ref. 5). 

Issues o f  safety,  s t r u c t u r a l  i n t e g r i t y  (both temperature and 
pressure 1 i m i t a t i o n s ) ,  heat 1 oss, chemical compat i b i  1 i t y ,  microwave 
absorpt ion o f  vessel mater ia l ,  and energy t ranspor t  w i l l  be 
considerat ions made i n  choosing a l t e r n a t i v e  vessels. I f  a l l  o f  the  
considerat ions are met and the  appropr iate power se t t i ngs  provided 
t o  reproduce the  reac t i on  cond i t ions  def ined i n  7.3.4, then these 
a1 t e r n a t i v e  vessels may be used (Ref. 1,2). 

7.3.5 A t  the  end o f  the  microwave program, a l low the  vessels t o  
cool f o r  a minimum o f  5 minutes before removing them from the  microwave 
u n i t .  When t h e  vessels have cooled t o  room temperature, weigh and record 
the  weight o f  each vessel assembly. I f  the  weight o f  ac id  p lus  sample 
has decreased by more than 10 percent from the  o r i g i n a l  w e i g h t ,  
d iscard  t h e  sample. Determine the  reason f o r  the  weight l oss .  These are 
t y p i c a l l y  a t t r i b u t e d  t o  l o s s  o f  vessel seal i n t e g r i t y ,  use o f  a d iges t i on  
t ime longer than 10 minutes, too  l a rge  a sample, o r  improper heat ing 
cond i t ions .  Once the  source o f  the  l oss  has been corrected, prepare 
a new sample o r  set  o f  samples f o r  d iges t i on  beginning a t  7.3.1. 
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7.3.6 Complete t h e  p repa ra t i on  o f  t h e  sample by c a r e f u l  l y  uncapping Pliw 

and v e n t i n g  each vessel  i n  a  fume hood. T rans fe r  t h e  sample t o  an a c i d -  
c leaned b o t t l e .  I f  t h e  d i ges ted  sample con ta ins  p a r t i c u l a t e s  which may 
c l o g  n e b u l i z e r s  o r  i n t e r f e r e  w i t h  i n j e c t i o n  o f  t h e  sample i n t o  t h e  ks 
i ns t rument ,  t h e  sample may be cen t r i f uged ,  a l lowed t o  s e t t l e ,  o r  f i l t e r e d .  

7.3.6.1 C e n t r i f u g a t i o n :  C e n t r i f u g a t i o n  a t  2,000-3,000 rpm 
f o r  10 minutes i s  u s u a l l y  s u f f i c i e n t  t o  c l e a r  t h e  supernatant .  

I 

lrml 
7.3.6.2 S e t t l i n g :  A l l ow  t h e  sample t o  s tand  u n t i l  t h e  

supernatant  i s  c l e a r .  A l l ow ing  a  sample t o  s tand  o v e r n i g h t  w i l l  iY"" 
u s u a l l y  accompl ish t h i s .  I f  i t  does no t ,  c e n t r i f u g e  o r  f i l t e r  t h e  
sampl e. rn 

k 

7.3.6.3 F i l t e r i n g :  The f i l t e r i n g  apparatus must be 1 
t ho rough l y  c leaned and p re r i nsed  w i t h  d i  1  u t e  (approx.imately 10% V / V )  rn 
n i t r i c  ac id .  F i l t e r  t h e  sample th rough q u a l i t a t i v e  f i l t e r  paper 
i n t o  a  second ac id -c leaned con ta ine r .  

7.3.7 D i l u t e  t h e  d i g e s t  t o  a  known volume ensur ing  t h a t  t h e  samples m 

and s tandards a re  m a t r i x  matched. The d i g e s t  i s  now ready f o r  a n a l y s i s  
f o r  elements o f  i n t e r e s t  us i ng  t h e  app rop r i a te  SW-846 method. 

F 
7.4 Ca l cu la t i ons :  The concen t ra t i ons  determined a r e  t o  be r e p o r t e d  on t h e  

i 
bas i s  o f  t h e  ac tua l  we igh t  o f  t h e  o r i g i n a l  sample. i 

8.0 QUALITY CONTROL 

8.1 A l l  qua1 i t y  c o n t r o l  da ta  must be ma in ta ined  and a v a i l a b l e  f o r  1 r e f e rence  o r  i n s p e c t i o n  f o r  a  p e r i o d  o f  t h r e e  years .  T h i s  method i s  r e s t r i c t e d  I 

t o  use by, o r  under supe rv i s i on  o f ,  exper ienced ana l ys t s .  Re fe r  t o  t h e  iu 
a p p r o p r i a t e  s e c t i o n  o f  Chapter One f o r  a d d i t i o n a l  q u a l i t y  c o n t r o l  guidance. 

la I 
8.2 D u p l i c a t e  samples should be processed on a  r o u t i n e  bas i s .  A  d u p l i c a t e  ;L, 

sample i s  a  sample brought  th rough  t h e  whole sample p r e p a r a t i o n  and a n a l y t i c a l  1 
process. A  dupl  i c a t e  sample should be processed w i t h  each a n a l y t i c a l  ba tch  o r  : 
every  20 samples, whichever i s  t h e  g r e a t e r  number. A  dupl  i c a t e  sample should be 
prepared f o r  each m a t r i x  t y p e  ( i  .e., s o i l ,  sludge, e t c . ) .  b 

each 
numbe 
be ing  

8.3 Spiked samples o r  s tandard re fe rence  m a t e r i a l s  should be i nc l uded  w i t h  
group o f  samples processed o r  every  20 samples, whichever i s  t h e  g r e a t e r  w 
r. A  sp iked  sample should a1 so be inc luded  whenever a  new sample m a t r i x  i s  

analyzed. m 

9.0 METHOD PERFORMANCE W 

9.1 P rec i s i on :  P r e c i s i o n  da ta  f o r  Method 3051, as determined by t h e  
s t a t i s t i c a l  examinat ion o f  i n t e r l a b o r a t o r y  t e s t  r e s u l t s ,  i s  l o c a t e d  i n  Tables 1 
and 2. 

A9 
i l  
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9.2 R e p e a t a b i l i t y :  I f  successive r e s u l t s  a r e  ob ta ined  by t h e  same ana l ys t  
w i t h  t h e  same apparatus under cons tan t  ope ra t i ng  c o n d i t i o n s  on i d e n t i c a l  t e s t  
m a t e r i a l ,  t hen  t h e  d i f f e r e n c e  between these successive r e s u l t s  w i l l  no t ,  w i t h  95% 
p r o b a b i l  i t y ,  exceed t h e  r e p e a t a b i l  i t y  value. For  example, i n  t h e  case o f  lead, 
an average o f  o n l y  1 case i n  20 would exceed 

i n  t h e  l o n g  run ,  where x  i s  one r e s u l t  i n  pg/g (Ref. 6 ) .  

9.3 R e p r o d u c i b i l i t y :  I f  two successive measurements a re  made independent ly  
by each o f  two d i f f e r e n t  ana l ys t s  work ing i n  d i f f e r e n t  l a b o r a t o r i e s  on i d e n t i c a l  
t e s t  m a t e r i a l ,  then  t h e  d i f f e r e n c e  between t h e  average r e s u l t  f o r  each ana l ys t  
w i l l  no t ,  w i t h  95% p r o b a b i l i t y ,  exceed t h e  reproduc i  b i l  i t y  value. For example, 
i n  t h e  case o f  1  ead, an average o f  o n l y  1 case .in 20 would exceed 

i n  t h e  l o n g  run, where x  i s  t h e  average o f  two successive measurements i n p g / g  
(Ref .  2 ) .  

As can be seen i n  Table  1, r e p e a t a b i l  i t y  and r e p r o d u c i b i l  i t y  d i f f e r  between 
elements, and u s u a l l y  depend on t h a t  element 's concen t ra t ion .  Table 2  p rov ides  
an example o f  how users  o f  t h e  method can determine expected va lues f o r  
r e p e a t a b i l  i t y  and rep roduc i  b i l  i t y ;  nominal va lues o f  1  ead have been used f o r  t h i s  
model (Ref. 6 ) .  

9.4 B ias:  I n  t h e  case o f  SRM 1085 - Wear Meta ls  i n  O i l ,  t h e  b i a s  o f  t h i s  
t e s t  method i s  d i f f e r e n t  f o r  each element. An es t imate  o f  b ias ,  as shown i n  
Table  3, i s :  

B ias  = Amount found - Amount expected. 

However, t h e  b i a s  es t imate  i n h e r i t s  bo th  t h e  u n c e r t a i n t y  i n  t h e  
measurements made us i ng  Method 3051 and t h e  u n c e r t a i n t y  on t h e  c e r t i f i c a t e ,  so 
whether t h e  b i a s  i s  r e a l  o r  o n l y  due t o  measurement e r r o r  must a l s o  .be con- 
s ide red .  The concen t ra t i ons  found f o r  A l ,  C r ,  and Cu us ing  Method 3051 f a l l  
w i t h i n  t h e i r  c e r t i f i e d  ranges on SRM 1085, and 95% conf idence i n t e r v a l s  f o r  Fe 
and N i  over1 ap w i t h  t h e i r  r e s p e c t i v e  c e r t i f i e d  ranges; t he re fo re ,  t h e  observed 
b iases  f o r  these  elements are probably  due t o  chance and should  be considered 
i n s i g n i f i c a n t .  Biases should  n o t  be est imated a t  a1 1 f o r  Ag and Pb because these 
elements were n o t  c e r t i f i e d .  Therefore,  t h e  o n l y  two elements considered i n  t h i s  
t a b l e  f o r  which t h e  b i a s  es t imates  a re  s i g n i f i c a n t  a re  Mg and Mo. 
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TABLE 1. 
EQUATIONS RELATING REPEATABILITY AND REPRODUCIBILITY TO MEAN 

CONCENTRATION OF DUPLICATE DETERMINATION WITH 95 PERCENT CONFIDENCE 

E l  enien t Repeatabi 1 i t y  Reproduci b i  1 i t y  

"Log transformed v a r i a b l e  based on one-way ana lys is  o f  var iance. 
b ~ e p e a t a b i l  i t y  and reproduci  b i  1 i t y  were independent o f  concentrat ion.  
"Square r o o t  t ransformed v a r i a b l e  based on one-way ana lys is  o f  variance. 
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TABLE 2 .  
REPEATABILITY AND REPRODUCIBILITY FOR LEAD 

BY METHOD 3051 

Averaqe Val ue Repeatabil i t y  R e ~ r o d u c i  b i  1 i t y  

A l l  r e s u l t s  a r e  i n  mg/Kg 
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TABLE 3. 
RECOVERY AND BIAS DATA FOR SRM 1085 - WEAR METALS IN OIL 

Amount Amount 
Expected Found* Absolute Re1 a t i v e  S i g n i f i c a n t  

( C e r t i f i e d  (95% Conf Bias Bias (due t o  more 
El emen t Range) I n t e r v a l  ) (M/g) (Percent) than chance) 

A1 1 values i n  mg/Kg 

- - - - 
0 N 0 

- 2 No 
- 2 No 
+4 No 
- 9 Yes 
- 18 Yes 
- 3 No 

*Results taken from t a b l e  4-7, Ref. 2. 

**Value not  c e r t i f i e d ,  so should no t  be used i n  b ias  de tec t i on  and est imat ion.  
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3.3 METHODS FOR DETERMINATION OF METALS 

Th i s  s e c t i o n  o f  t h e  manual con ta ins  seven a n a l y t i c a l  techniques f o r  
t r a c e  metal  de te rmina t ions :  i n d u c t i v e l y  coupled argon plasma atomic emission 
spect rometry  (ICP-AES) , i n d u c t i v e l y  coupled plasma Illass spectrometry (ICP-MS) , 
d i r e c t - a s p i r a t i o n  o r  f lame atomic absorp t ion  spectrometry (FLAA), g raph i t e -  
fu rnace  atomic absorp t ion  spectrometry (GFAA), hydr ide-genera t ion  atomic 
absorp t ion  spectrometry (HGAA), cold-vapor atomic absorp t ion  spectrometry (CVAA), 
and severa l  procedures f o r  hexavalent chromium ana lys is .  Each o f  these i s  
b r i e f l y  d iscussed below i n  terms o f  advantages, disadvantages, and cau t ions  f o r  
a n a l y s i s  o f  wastes. 

ICP's p r imary  advantage i s  t h a t  i t  a l l ows  simultaneous o r  r a p i d  - 
sequen t i a l  de te rm ina t i on  o f  many elements i n  a  sho r t  t ime. The pr imary 
disadvantage o f  ICP i s  background r a d i a t i o n  f rom o the r  elements and t h e  plasma 
gases. A1 though a l l  ICP inst ruments u t i l i z e  h i g h - r e s o l u t i o n  o p t i c s  and back- 
ground c o r r e c t i o n  t o  min imize these in te r fe rences ,  ana l ys i s  f o r  t r a c e s  o f  metal s  
i n  t h e  presence o f  a  l a r g e  excess o f  a  s i n g l e  metal  i s  d i f f i c u l t .  Examples would 
be t r a c e s  o f  meta ls  i n  an a l l o y  o r  t r aces  o f  meta ls  i n  a  l imed (h i gh  calc ium) 
waste. ICP and Flame AA have comparable d e t e c t i o n  1  i m i t s  ( w i t h i n  a  f a c t o r  o f  4) 
except t h a t  ICP exh i  b i t s  g r e a t e r  s e n s i t i v i t y  f o r  r e f r a c t o r i e s  (A1 , Ba, e t c . )  . 
Furnace AA, i n  genera l ,  w i l l  e x h i b i t  lower  d e t e c t i o n  1  i m i t s  than e i t h e r  ICP o r  
FLAA. De tec t i on  1  i m i  t s  a re  d r a s t i c a l l y  improved when ICP-MS i s  used. I n  general 
I C P - M S  e x h i b i t s  g r e a t e r  s e n s i t i v i t y  than e i t h e r  GFAA o f  FLAA f o r  most elements. 
The g r e a t e s t  disadvantage o f  ICP-MS i s  i s o b a r i c  e l  emental i n t e r f e rences .  These 
a re  caused by d i f f e r e n t  elements forming atomic ions  w i t h  t h e  same nominal mass- 
to -charge  r a t i o .  Mathemati c a l  c o r r e c t i o n  f o r  i n t e r f e r i n g  i ons  can min imize these 
i n t e r f e r e n c e s .  

Flame AAS (FLAA) d i r e c t  a s p i r a t i o n  determinat ions,  as opposed t o  ICP, 
a re  norma l l y  completed as s i n g l e  element analyses and a re  r e l a t i v e l y  f r e e  o f  
i ntere lement  s p e c t r a l  i n t e r f e rences .  E i t h e r  a  n i t rous-ox ide /ace ty lene  o r  
a i r / ace t y l ene  flame i s  used as an energy source f o r  d i s s o c i a t i n g  t h e  asp i ra ted  
sample i n t o  t h e  f ree atomic s t a t e  making ana l y te  atoms a v a i l a b l e  f o r  absorpt ion 
o f  l i g h t .  I n  t h e  ana l ys i s  o f  some elements t h e  temperature o r  t ype  o f  f lame used 
i s  c r i t i c a l .  If t h e  p roper  f lame and a n a l y t i c a l  cond i t i ons  a re  n o t  used, 
chemical and i o n i z a t i o n  i n te r f e rences  can occur. 

Graph i te  Furnace AAS (GFAA) rep laces t h e  f lame w i t h  an e l e c t r i c a l l y  
heated g r a p h i t e  furnace. The furnace a l lows  f o r  gradual hea t i ng  o f  t h e  sample 
a1 i q u o t  i n  severa l  stages. Thus, t h e  processes o f  desol  va t ion ,  dry ing,  
decomposit ion o f  o rgan i c  and i no rgan i c  m o l e c ~ ~ l e s  and s a l t s ,  and fo rmat ion  o f  
atoms which must occur  i n  a  f lame o r  I C P  i n  a  few m i l l i seconds  may be al lowed t o  
occur  over  a  much l onge r  t ime  p e r i o d  and a t  c o n t r o l l e d  temperatures i n  t h e  
furnace.  Th is  a l l ows  an exper ienced ana l ys t  t o  remove unwanted m a t r i x  components 
by us ing  temperature programming and/or m a t r i x  mod i f i e r s .  The major  advantage 
o f  t h i s  technique i s  t h a t  i t  a f f o r d s  ext remely  low d e t e c t i o n  1  i m i t s .  It i s  t h e  
e a s i e s t  t o  per fo rm on r e l a t i v e l y  c l ean  samples. Because t h i s  technique i s  so 
s e n s i t i v e ,  i n t e r f e r e n c e s  can be a  r e a l  problem; f i n d i n g  t h e  optimum combination 
o f  d i g e s t i o n ,  hea t i ng  t imes  and temperatures, and m a t r i x  m o d i f i e r s  can be a  
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c h a l l  enge f o r  complex matr ices.  

Hvdride AA u t i l  i z e s  a  chemical reduc t i on  t o  reduce and separate arsen ic  

advantage o f  being ab le  t o  i s o l a t e  these two elements from complex samples which 
r: I o r  selenium s e l e c t i v e l y  from a  sample d iges ta te .  The technique t h e r e f o r e  has t h e  , 

may cause i n te r fe rences  f o r  o the r  a n a l y t i c a l  procedures. S i g n i f i c a n t  
i n te r fe rences  have been repor ted  when any o f  t h e  f o l l o w i n g  i s  present :  1) e a s i l y  1 
reduced metals  (Cu, Ag, Hg) ; 2) h igh  concentrat ions o f  t r a n s i t i o n  metals  (>200 
mg/L) ; 3) o x i d i z i n g  agents (oxides o f  n i t rogen)  remain ing f o l l o w i n g  sample 
d iges t i on .  

Cold-Vapor AA uses a  chemical reduc t ion  t o  reduce mercury s e l e c t i v e l y .  
3 

The procedure i s  extremely s e n s i t i v e  bu t  i s  sub jec t  t o  i n te r fe rences  from some 
vo l  a t  i 1  e  organics, ch lo r i ne ,  and s u l f u r  compounds. I 

W l  

'am 
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METHOD 6010A 

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROSCOPY 

1.0 SCOPE AND APPLICATION 

1.1 I n d u c t i v e l y  coupled p l  asma-atomic emission spectroscopy (ICP) 
determines t r a c e  elements, i nc lud ing  metals, i n  so lu t i on .  'The method i s  
app l i cab le  t o  a l l  o f  t h e  elements l i s t e d  i n  Table 1. A l l  matrices, i nc lud ing  
ground water, aqueous samples, TCLP and EP ex t rac ts ,  i n d u s t r i a l  and organic 
wastes, so i  1  s, sludges, sediments, and o ther  so l  i d  wastes, requ i re  d iges t i on  
p r i o r  t o  ana lys is .  

1.2 Elements f o r  which Method 6010 i s  app l icab le  are 1  i s t e d  i n  Table 1. 
Detec t ion  l i m i t s ,  s e n s i t i v i t y ,  and optimum ranges o f  t h e  metals w i l l  vary w i t h  
t h e  mat r ices  and model o f  spectrometer. The data shown i n  Table 1 provide 
est imated de tec t i on  1  i m i  t s  f o r  c lean aqueous samples us ing pneumatic 
nebu l i za t i on .  Use o f  t h i s  method i s  r e s t r i c t e d  t o  spectroscopists  who are 
know1 edgeabl e  i n  t h e  c o r r e c t i o n  o f  spec t ra l ,  chemical, and physical  
in te r fe rences.  

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  analys is ,  samples must be s o l u b i l i z e d  o r  d igested using 
appropr ia te  Sample Preparat ion Methods (e.g. Methods 3005-3050). When analyzing 
f o r  d i sso l ved  cons t i tuents ,  ac id  d iges t i on  i s  n o t  necessary i f  the  samples are 
f i l t e r e d  and ac id  preserved p r i o r  t o  analys is .  

2.2 Method 6010 describes the  simultaneous, o r  sequent ia l ,  mu1 t i e 1  emental 
de terminat ion  o f  elements by ICP. The method measures element-emi t t e d  1  i g h t  by 
o p t i c a l  spectrometry. Samples are nebul i zed  and t h e  r e s u l t i n g  aerosol i s  
t ranspor ted  t o  the  plasma to rch .  Element-speci f ic  a tomic- l ine  emission spectra 
are produced by a  radio- f requency i n d u c t i v e l y  coupled plasma. The spectra are 
d ispersed by a  g r a t i n g  spectrometer, and the  i n t e n s i t i e s  o f  t he  l i n e s  are 
monitored by photomul t i p l  i e r  tubes. Background c o r r e c t i o n  i s  requ i red  f o r  t race  
element determinat ion.  Background must be ~iieasured adjacent t o  ana ly te  1  ines on 
samples du r ing  ana lys is .  The p o s i t i o n  selected f o r  t he  background-intensi t y  
measurement, on e i t h e r  o r  bo th  sides o f  the  a n a l y t i c a l  l i n e ,  w i l l  be determined 
by t h e  complexi ty  o f  t h e  spectrum adjacent t o  t h e  ana ly te  1  ine.  The p o s i t i o n  
used must be f r e e  o f  spec t ra l  i n te r fe rence  and r e f l e c t  t he  same change i n  
background i n t e n s i t y  as occurs a t  t he  analyte wavelength measured. Background 
c o r r e c t i o n  i s  no t  requ i red  i n  cases o f  l i n e  broadening where a  background 
c o r r e c t i o n  measurement would a c t u a l l y  degrade the  a n a l y t i c a l  r e s u l t .  The 
p o s s i b i l i t y  o f  a d d i t i o n a l  in te r fe rences named i n  Sect ion 3.0 should a lso be 
recognized and appropr ia te  co r rec t i ons  made; t e s t s  f o r  t h e i r  presence are 
described i n  Step 8.5. 
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TABLE 1. 
RECOMMENDED WAVELENGTHS AND ESTIMATED INSTRUMENTAL DETECTION LIMITS 

Detection 
Element 

Estipated 
wavelengtha (nm) Limit (ug/L) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 

Molybdenum 
Nickel 
Phosphorus 
Potassium 
Selenium 

8 
15 
51 

See note c 
7 5  

Silver 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

9 h e  wavel engths 1  i sted are recommended because o f  t h e i r  s e n s i t i v i t y  and 
o v e r a l l  acceptance. Other wavel engths may be subs t i t u ted  i f  they  can prov ide 
t h e  needed s e n s i t i v i t y  and are t rea ted  w i t h  t h e  same c o r r e c t i v e  techniques f o r  
spec t ra l  i n t e r f e r e n c e  (see Step 3.1). I n  t ime, o ther  elements may be added as 
more i nformat i  on becomes avai 1  able and as required.  

4 h e  est imated inst rumental  de tec t i on  1  i m i  t s  shown are  taken from 
Reference 1 i n  Sect ion 10.0 below. They are g iven as a  guide f o r  an 
inst rumental  l i m i t .  The actual  method de tec t i on  l i m i t s  are  sample dependent 
and may vary  as t h e  sample m a t r i x  var ies .  

'tIighly dependent on operat ing cond i t i ons  and p l  asma p o s i t  ion.  
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3.0 INTERFERENCES 

3.1 Spec t ra l  i n t e r f e rences  a re  caused by: ( 1 )  over lap  o f  a  spec t ra l  1  i n e  
f rom another  e l  ement a t  t h e  a n a l y t i c a l  o r  background measurement wavelengths ; (2) 
unresolved o v e r l  ap o f  mo lecu la r  band spectra;  (3)  background c o n t r i b u t i o n  from 
continuum o r  recombinat ion phenomena; and (4 )  s t r a y  l i g h t  f rom t h e  l i n e  emission 
o f  h i gh -concen t ra t i on  elements. Spec t ra l  over lap  can be compensated f o r  by 
computer -cor rec t ing  t h e  raw da ta  a f t e r  mon i t o r i ng  and measuring t h e  i n t e r f e r i n g  
e l  ement . Unresolved o v e r l  ap r e q u i r e s  se l  e c t i o n  o f  an a1 t e r n a t e  wavel ength. 
Background c o n t r i b u t i o n  and s t r a y  l i g h t  can u s u a l l y  be compensated f o r  by a  
background c o r r e c t i o n  ad jacen t  t o  t h e  ana l y te  l i n e .  

Users o f  a l l  I C P  ins t ruments must v e r i f y  t h e  absence o f  spec t ra l  
i n t e r f e r e n c e  from an element i n  a  sample f o r  which t he re  i s  no inst rument  
d e t e c t i o n  channel.  Recommended wavel engths a re  1  i s t e d  i n  Tabl e  1 and p o t e n t i a l  
s p e c t r a l  i n t e r f e r e n c e s  f o r  t h e  recommended wavelengths a re  g iven  i n  Table 2. The 
da ta  i n  Table 2  a re  in tended as rud imentary  guides f o r  i n d i c a t i n g  p o t e n t i a l  
i n t e r f e r e n c e s ;  f o r  t h i s  purpose, l i n e a r  r e l a t i o n s  between concent ra t ion  and 
i n t e n s i t y  f o r  t h e  ana l y tes  and t h e  i n t e r f e r e n t s  can be assumed. 

3.1.1 El  ement -spec i f i c  i n t e r f e r e n c e  i s  expressed as ana ly te  
concen t ra t i on  equ i va len t s  ( i  .e. fa1  se ana l y te  concen t ra t ions)  a r i s i n g  from 
100 mg/L o f  t h e  i n t e r f e r e n c e  element. For example, assume t h a t  As i s  t o  be 
determined ( a t  193.696 nm) i n  a  sample con ta in i ng  approximately 10 mg/L o f  
A l .  According t o  Table 2, 100 mg/L o f  A1 would y i e l d  a  f a l s e  s i gna l  f o r  As 
equ i va len t  t o  approx imate ly  1.3 mg/L. Therefore,  t h e  presence o f  10 mg/L 
o f  A1 would r e s u l t  i n  a  f a l s e  s i gna l  f o r  As equ i va len t  t o  approximately 
0.13 rrlg/L. The user  i s  caut ioned t h a t  o t h e r  ins t ruments may e x h i b i t  
somewhat d i f f e r e n t  1  eve1 s  o f  i n t e r f e r e n c e  than those shown i n  Tabl e  2. The 
i n t e r f e r e n c e  e f f e c t s  must be evaluated f o r  each i n d i v i d u a l  ins t rument  
s i n c e  t h e  i n t e n s i t i e s  w i l l  vary  w i t h  ope ra t i ng  cond i t ions ,  power, v iewing 
he igh t ,  argon f l o w  r a t e ,  e t c .  The user should be aware o f  t h e  p o s s i b i l i t y  
o f  i n t e r f e r e n c e s  o t h e r  than  those s p e c i f i e d  i n  Table 2  and t h a t  ana lys ts  
should be aware o f  these i n te r f e rences  when conduct ing analyses. 

3.1.2 The dashes i n  Table 2  i n d i c a t e  t h a t  no measurable 
i n t e r f e r e n c e s  were observed even a t  h i ghe r  i n t e r f e r e n t  concentrat ions.  
Genera l ly ,  i n t e r f e r e n c e s  were d i s c e r n i b l e  i f  they  produced peaks, o r  
background s h i f t s ,  corresponding t o  2  t o  5% o f  t h e  peaks generated by t h e  
a n a l y t e  concen t ra t ions .  

3.1.3 A t  present ,  i n f o rma t i on  on t h e  l i s t e d  s i l v e r  and potassium 
wavelengths i s  n o t  ava i l ab le ,  bu t  i t  has been repo r ted  t h a t  second-order 
energy from t h e  magnesi um 383.231-nm wavel ength i n t e r f e r e s  w i t h  t h e  1  i s t e d  
potassium l i n e  a t  766.491 nm. 
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TABLE 2. 

ANALYTE CONCENTRATION EQUIVALENTS ARISING FROM 
INTERFERENCE AT THE 100-mg/L LEVEL 

~ n t e r f e r e n t  

Wavelength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Analy te (nm) A1 Ca C r  Cu Fe Mg Mn N i  T1 V 

Aluminum 308.215 
Antimony 206.833 
Arsen ic  193.696 

Bar i um 455.403 
B e r y l l i u m  313.042 

Cadmi um 226.502 
Cal c i  um 317.933 
Chromi um' 267.716 
Cobal t 228.616 
Copper 324.754 

I r o n  259.940 
Lead 220.353 
Magnesium 279.079 
Manganese 257.610 

Molybdenum 202.030 
Nicke l  231.604 
Sel en i  um 196.026 
Sod i um 588.995 
Tha l l i um 190.864 
Vanadium 292.402 
Zinc  213.856 

%ashes i n d i c a t e  t h a t  no i n t e r f e r e n c e  was observed even when i n t e r f e r e n t s  were 
in t roduced a t  t h e  f o l l o w i n g  l e v e l s :  

%he f i g u r e s  recorded as ana l y fe  concent ra t ions  are n o t  t h e  ac tua l  observed 
concent ra t ions ;  t o  o b t a i n  those f i g u r e s ,  add t h e  l i s t e d  concen t ra t i on  t o  t h e  
i n t e r f e r e n t  f i g u r e .  
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3.2 Physical in te r fe rences are e f f e c t s  associated w i t h  t h e  sample 
n e b u l i z a t i o n  and t r a n s p o r t  processes. Changes i n  v i s c o s i t y  and surface tension 
can cause s i g n i f i c a n t  inaccuracies, espec ia l l y  i n  samples conta in ing  h igh  
d isso lved so l  i d s  o r  h igh  ac id  concentrat ions. D i f fe rences i n  s o l u t i o n  vo l  a t i l  i t y  
can a l so  cause inaccuracies when organic solvents are involved. I f  physical  
i n te r fe rences  are present, they must be reduced by d i l u t i n g  the  sample o r  by 
us ing a  p e r i s t a l t i c  pump. Another problem t h a t  can occur w i t h  h igh  d issolved 
s o l i d s  i s  s a l t  bu i l dup  a t  t he  t i p  o f  the  nebul izer ,  which a f f e c t s  aerosol f l ow  
r a t e  and causes inst rumenta l  d r i f t .  The problem can be c o n t r o l l e d  by wet t ing  the  
argon p r i o r  t o  nebu l iza t ion ,  us ing a  t i p  washer, o r  d i l u t i n g  t h e  sample. 
Changing the  nebu l i ze r  and removing s a l t  bu i ldup a t  the  t i p  o f  the  t o r c h  sample 
i n j e c t o r  can be used as an add i t i ona l  measure t o  con t ro l  s a l t  bu i ldup.  Also, i t  
has been repor ted  t h a t  b e t t e r  con t ro l  o f  t he  argon f l o w  r a t e  improves instrument 
performance; t h i s  i s  accomplished w i t h  the  use o f  mass f l ow  c o n t r o l l e r s .  

3.3 Chemical i n te r fe rences  i n c l  ude mol ecul a r  compound formation, 
i o n i z a t i o n  e f f e c t s ,  and so l  u t e  vapor iza t ion  e f f e c t s .  Normally, these e f f e c t s  are 
no t  s i g n i f i c a n t  w i t h  the  ICP technique. I f  observed, they can be minimized by 
c a r e f u l  s e l e c t i o n  o f  operat ing cond i t ions  ( i n c i d e n t  power, observat ion pos i t ion ,  
and so f o r t h ) ,  by b u f f e r i n g  o f  t h e  sample, by m a t r i x  matching, and by standard 
a d d i t i o n  procedures. Chemical in te r fe rences are h i g h l y  dependent on ma t r i x  type 
and the  spec i f i c  ana ly te  element. 

4.0 APPARATUS AND MATERIALS 

4.1 I n d u c t i v e l y  coup1 ed argon plasma emission spectrometer: 

4.1.1 Computer-control 1  ed emission spectrometer w i t h  background 
co r rec t i on .  

4.1.2 Radio frequency generator compl i ant w i t h  FCC regu la t ions .  

4.1.3 Argon gas supply - Welding grade o r  b e t t e r .  

4.2 Operat ing cond i t ions  - The ana lys t  should f o l l o w  the  i n s t r u c t i o n s  
prov ided by t h e  inst rument  manufacturer. For operat ion w i t h  organic sol  vents, use 
o f  t h e  a u x i l  i a r y  argon i n1  e t  i s  recornmended, as are so l  ven t - res i s tan t  tubing, 
increased p l  asma (cool  ant)  argon f l  ow, decreased nebul i z e r  f low, and increased 
RF power t o  ob ta in  s tab le  operat ion and prec ise  measurements. S e n s i t i v i t y ,  
inst rumenta l  de tec t i on  l i m i t ,  p rec is ion ,  l i n e a r  dynamic range, and in te r fe rence 
e f f e c t s  must be es tab l ished f o r  each i n d i v i d u a l  analyte l i n e  on t h a t  p a r t i c u l a r  
inst rument .  A l l  measurements must be w i t h i n  the  instrument l i n e a r  range where 
spec t ra l  i n te r fe rence  c o r r e c t i o n  f a c t o r s  are va l  i d .  The ana lys t  must (1)  v e r i f y  
t h a t  t h e  inst rument  con f i gu ra t i on  and operat ing cond i t ions  s a t i s f y  the  ana ly t i ca l  
requirements and (2) ma in ta in  qua1 i t y  con t ro l  data conf i rming instrument 
performance and a n a l y t i c a l  r e s u l t s .  

4.3 Class A vo lumet r ic  f l a s k s  

4.4 Class A vo lumet r ic  p ipe ts  
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4.5 A n a l y t i c a l  balance - capable o f  accurate measurement t o  4  s i g n i f i c a n t  
f i g u r e s .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless otherwise 
ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
of t h e  Committee on A n a l y t i c a l  Reagents of t he  American Chemical Society ,  where 
such s p e c i f i c a t i o n s  are  ava i l ab le .  Other grades may be used, prov ided i t  i s  f i r s t  
ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use 
w i thou t  lessen ing  t h e  accuracy o f  t h e  determinat ion. I f  t h e  p u r i t y  o f  a  reagent 
i s  i n  ques t ion  analyze f o r  contaminat ion. If the  concent ra t ion  i s  l e s s  than the  
MDL then t h e  reagent i s  acceptable. 

5.1.1 . Hydroch lor ic  a c i d  (conc) , HC1. 

5.1.2 Hydroch lor ic  ac id  (1: 1) , HC1. Add 500 mL concentrated HC1 t o  
400 mL water and d i l u t e  t o  1 1  i t e r  i n  an appropr ia te  beaker. 

5.1.3 N i t r i c  a c i d  (conc), HNO,. 

5.1.4 N i t r i c  a c i d  (1:1), HNO,. Add 500 mL concentrated HNO, t o  
400 mL water and d i l u t e  t o  1 l i t e r  i n  an appropr ia te  beaker. 

5.2 Reagent Water. A l l  re ferences t o  water i n  t h e  method r e f e r  t o  reagent 
water unless otherwise spec i f i ed .  Reagent water w i l l  be i n te r fe rence  f ree .  
Refer t o  Chapter One f o r  a  d e f i n i t i o n  o f  reagent water. 

5.3 Standard s tock  s o l u t i o n s  may be purchased o r  prepared from u l t r a -  
h igh  p u r i t y  grade chemicals o r  metals (99.99 t o  99.999% pure) .  A l l  s a l t s  must be 
d r i e d  f o r  1 hour a t  105OC, unless otherwise spec i f i ed .  

CAUTION: Many metal s a l t s  are extremely t o x i c  i f  inha led  o r  swallowed. 
Wash hands thoroughly a f t e r  hand1 i n g  . 

Typ ica l  s tock  s o l u t i o n  prepara t ion  procedures f o l l  ow. Concentrat ions are  
ca l cu la ted  based upon the  weight o f  pure metal added, o r  w i t h  t h e  use o f  t h e  mole 
f r a c t i o n  and t h e  weight o f  t he  metal s a l t  added. 

Metal 
wei h t  m Concentrat ion (ppm) = vol:me IL?)  

Metal s a l t s  

Concentrat ion (ppm) = 
weight (mg) x  mole f r a c t i o n  

volume (L) 

5.3.1 Aluminum so lu t i on ,  stock, 1 mL = 1000 ug A l :  D i sso l ve  1.0 g  
o f  a1 uminum metal, weighed accura te ly  t o  a t  1  eas t  f o u r  s i g n i f i c a n t  
f i g u r e s ,  i n  an a c i d  mix ture  o f  4  mL o f  (1 : l )  HC1 and 1 mL o f  concentrated 
HNO, i n  a  beaker. Warm g e n t l y  t o  e f f e c t  s o l u t i o n .  When s o l u t i o n  i s  
complete, t r a n s f e r  q u a n t i t a t i v e l y  t o  a  1  i t e r  f l a s k ,  add an a d d i t i o n a l  
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10 mL o f  ( 1 : l )  HC1 and d i l u t e  t o  volume i n  a  1,000 mL volumetr ic  f l a s k  
w i t h  water. 

5.3.2 Antimony so lu t ion ,  stock, 1 mL = 1000 ug Sb: Dissolve 
2.70 g  K(SbO)C,H Os6 (mole f r a c t i o n  Sb = 0.3749), weighed accurate ly  t o  a t  
l e a s t  f o u r  s igni ) icant  f igures ,  i n  water, add 10 mL (1: 1) HC1, and d i l u t e  
t o  volume i n  a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.3 Arsenic so lu t ion ,  stock, 1 mL = 1000 ug As: Dissolve 1.30 g  
o f  As 0, (mole f r a c t i o n  As = 0.7574), weighed accurate ly  t o  a t  l e a s t  f ou r  
s i g n i f i c a n t  f i gu res ,  i n  100 mL o f  water conta in ing  0.4 g  NaOH. A c i d i f y  the  
s o l u t i o n  w i t h  2  mL concentrated HNO, and d i l u t e  t o  volume i n  a  1,000 mL 
vo l  umetr ic  f l a s k  w i t h  water 

5.3.4 Barium so lu t ion ,  stock, 1  mL = 1000 ug Ba: Dissolve 1.50 g  
BaC1, (mole f r a c t i o n  Ba = 0.6595), d r i e d  a t  250°C f o r  2  hours, weighed 
accura te ly  t o  a t  l e a s t  f o u r  s i g n i f i c a n t  f igures ,  i n  10 mL water w i t h  1 mL 
(1 : l )  HC1. Add 10.0 mL (1 : l )  HC1 and d i l u t e  t o  volume i n  a  1,000 mL 
vo lumet r ic  f l a s k  w i t h  water. 

5.3.5 Be ry l l i um so lu t ion ,  stock, 1 mL = 1000 ug Be: Do not  dry. 
D isso lve  19.7 g  BeS0,-4Hz0 (mole f r a c t i o n  Be = 0.0509), weighed accurate ly  
t o  a t  l e a s t  f o u r  s i g n i f i c a n t  f igures ,  i n  water, add 10.0 mL concentrated 
HNO,, and d i l u t e  t o  volume i n  a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.6 Cadmium so lu t ion ,  stock, 1  mL = 1000 ug Cd: Dissolve 1.10 g  
CdO (mole f r a c t i o n  Cd = 0.8754), weighed accurate ly  t o  a t  l e a s t  f ou r  
s i g n i f i c a n t  f i gu res ,  i n  a  minimum amount o f  (1 : l )  HNO,. Heat t o  increase 
r a t e  o f  d i s s o l u t i o n .  Add 10.0 mL concentrated HNO, and d i l u t e  t o  volume i n  
a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.7 Calcium so lu t ion ,  stock, 1 mL = 1000 ug Ca: Suspend 2.50 g  
CaCO (mole Ca f r a c t i o n  = 0.4005), d r i e d  a t  180°C f o r  1  hour before 
weig&ing, weighed accura te ly  t o  a t  l e a s t  f o u r  s i g n i f i c a n t  f igures ,  i n  
water and d i sso l ve  cau t i ous l y  w i t h  a  minimum amount o f  (1: 1) HNO . Add 10.0 
mL concentrated HNO, and d i l u t e  t o  volume i n  a  1,000 mL volume\ric f l a s k  
w i t h  water. 

5.3.8 Chromium so lu t ion ,  stock, 1 mL = 1000 ug C r :  D issolve 
1.90 g  C r O  (mole f r a c t i o n  C r  = 0.5200), weighed accurate ly  t o  a t  l e a s t  
f o u r  s igni ) icant  f i gu res ,  i n  water. When s o l u t i o n  i s  complete, a c i d i f y  
w i t h  10 mL concentrated HNO, and d i l u t e  t o  volume i n  a  1,000 mL volumetr ic  
f l a s k  w i t h  water. 

5.3.9 Cobalt so lu t ion ,  stock, 1 mL = 1000 qg Co: Dissolve 1.00 g  
o f  c o b a l t  metal ,  weighed accurate ly  t o  a t  l e a s t  f o u r  s i g n i f i c a n t  f igures ,  
i n  a  minimum amount of (1 : l )  HNO . Add 10.0 rr~L (1 : l )  HC1 and d i l u t e  t o  
volume i n  a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.10 Copper so lu t ion ,  stock, 1 mL = 1000 ug Cu: Dissolve 1.30 g  
CuO (mole f r a c t i o n  Cu = 0.7989), weighed accurate ly  t o  a t  l e a s t  f o u r  
s i g n i f i c a n t  f i gu res ) ,  i n  a  minimum amount o f  (1 : l )  HNO,. Add 10.0 mL 
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concentrated HNO, and d i l u t e  t o  volume i n  a  1,000 mL vo lumet r ic  f l a s k  w i t h  
water. 

5.3.11 I r o n  so lu t i on ,  stock, 1 mL = 1000 ug Fe: D isso l ve  1.40 g  
Fe203, (mole f r a c t i o n  Fe = 0.6994), weighed accura te ly  t o  a t  l e a s t  f o u r  
s i g n i f i c a n t  f i gu res ,  i n  a  warm m ix tu re  o f  20 mL (1 : l )  HC1 and 2  mL o f  
concentrated HNO,. Cool, add an a d d i t i o n a l  5.0 mL o f  concentrated HNO,, and 
d i l u t e  t o  volume i n  a  1,000 mL vo lumet r ic  f l a s k  w i t h  water.  

5.3.12 Lead so lu t i on ,  stock, 1 mL = 1000 ug Pb: D isso lve  1.60 g  
Pb(N0 )., (mole f r a c t i o n  Pb = 0.6256), weighed accu ra te l y  t o  a t  l e a s t  f o u r  
s i g n i f i c a n t  f i gu res ,  i n  a  minimum amount o f  (1 : l )  HNO,. Add 10 mL (1 : l )  
HNO, and d i l u t e  t o  volume i n  a  1,000 mL vo lumet r ic  f l a s k  w i t h  water.  

5.3.13 L i t h i u m  so lu t i on ,  stock, 1 mL = 1000 ug L i :  D isso lve  5.324 g  
l i t h i u m  carbonate (mole f r a c t i o n  L i  = 0.1878), weighed accu ra te l y  t o  a t  
l e a s t  f o u r  s i g n i f i c a n t  f i gu res ,  i n  a  minimum amount o f  (1 : l )  HC1 and 
d i l u t e  t o  volume i n  a  1,000 mL vo lumet r ic  f l a s k  w i t h  water.  

5.3.14 Magnesium so lu t i on ,  stock, 1 mL = 1000 ug blg: D isso lve  
1.70 g  MgO (mole f r a c t i o n  Mg = 0.6030), weighed accu ra te l y  t o  a t  l e a s t  
f o u r  s i g n i f i c a n t  f i gu res ,  i n  a  minimum amount o f  (1 : l )  HNO,. Add 10.0 mL 
(1: 1) concentrated HNO, and d i l u t e  t o  volume i n  a  1,000 mL vo lumet r ic  f l a s k  
w i t h  water.  

5.3.15 Manganese so lu t i on ,  stock, 1 mL = 1000 ug Mn: D isso lve  
1.00 g  o f  manganese metal, weighed accura te ly  t o  a t  l e a s t  four  s i g n i f i c a n t  
f igures,  i n  a c i d  m ix tu re  (10 mL concentrated HC1 and 1 mL concentrated 
HNO,) and d i l u t e  t o  volume i n  a  1,000 mL vo lumet r ic  f l a s k  w i t h  water. 

5.3.16 Molybdenum so lu t i on ,  stock, 1 mL = 1000 ug Mo: D isso lve  
2.00 g  (NH ),MoP1,.4H 0  (mole f r a c t i o n  Mo = 0.5772), weighed accura te ly  t o  
a t  l e a s t  f o u r  s l g n i h c a n t  f i gu res ,  i n  water and d i l u t e  t o  volume i n  a  
1,000 mL vo lumet r ic  f l a s k  w i t h  water. 

5.3.17 N icke l  so lu t i on ,  stock, 1 mL = 1000 ug Ni  : Disso lve  1.00 g  
o f  n i c k e l  metal ,  weighed accura te ly  t o  a t  l e a s t  f o u r  s i g n i f i c a n t  f i gu res ,  
i n  10.0 mL ho t  concentrated HNO,, cool ,  and d i l u t e  t o  volume i n  a  1,000 mL 
vo lumet r ic  f l a s k  w i t h  water. 

5.3.18 Phosphate so lu t i on ,  stock, 1 mL = 1000 ug P: D isso lve  
4.393 g  anhydrous KHZP04 (mole f r a c t i o n  P  = 0.2276), weighed accu ra te l y  t o  
a t  l e a s t  f o u r  s i g n i f i c a n t  f i gu res ,  i n  water.  D i l u t e  t o  volume i n  a  1,000 
mL vo lumet r ic  f l a s k  w i t h  water. 

5.3.19 Potassium so lu t i on ,  stock, 1 mL = 1000 ug K: D isso l ve  1.90 g  
KC1 (mole f r a c t i o n  K  = 0.5244) d r i e d  a t  l l O ° C ,  weighed accu ra te l y  t o  a t  
l e a s t  f o u r  s i g n i f i c a n t  f i gu res ,  i n  water, and d i l u t e  t o  volume i n  a  1,000 
mL vo lun ie t r i c  f l a s k  w i t h  water. 

5.3.20 Selenium so lu t i on ,  stock, 1 mL = 1000 ug Se: Do n o t  dry.  
D isso lve  1.70 g  H2Se03 (mole f r a c t i o n  Se = 0.6123), weighed accura te ly  t o  
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a t  l e a s t  f o u r  s i g n i f i c a n t  f igures ,  i n  water and d i l u t e  t o  volume i n  a  
1,000 mL vo lumet r ic  f l a s k  w i t h  water. 

5.3.21 S i l v e r  so lu t ion ,  stock, 1 mL = 1000 ug Ag: Dissolve 
1.60 g  AgN03 (mole f r a c t i o n  Ag = 0.6350), weighed accurate ly  t o  a t  l e a s t  
f o u r  s i g n i f i c a n t  f igures ,  i n  water and 10 mL concentrated HNO,. D i l u t e  t o  
volume i n  a  1,000 rr~L volumetr ic  f l a s k  w i t h  water. 

5.3.22 Sodium so lu t ion ,  stock, 1 mL = 1000 ug Na: Dissolve 2.50 g  
NaCl (mole f r a c t i o n  Na = 0.3934), weighed accurate ly  t o  a t  l e a s t  f o u r  
s i g n i f i c a n t  f igures ,  i n  water. Add 10.0 mL concentrated HNO, and d i l u t e  t o  
volume i n  a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.23 Stront ium so lu t ion ,  stock, 1 mL = 1000 ug Sr: Dissolve 
2.415 g  o f  s t ron t ium n i t r a t e  (Sr(N0 ),) (mole f r a c t i o n  0.4140), weighed 
accura te ly  t o  a t  l e a s t  f o u r  s ign i# i can t  f igures, i n  a  1 - l i t e r  f l a s k  
conta in ing  10 mL of concentrated HC1 and 700 mL of water. D i l u t e  t o  volume 
i n  a  1,000 mL vo lumet r ic  f l a s k  w i t h  water. 

5.3.24 Tha l l ium so lu t ion ,  stock, 1 mL = 1000 ug TI :  Dissolve 
1.30 g  TlNO (mole f r a c t i o n  T1 = 0.7672), weighed accurate ly  t o  a t  l e a s t  
f o u r  s ign i&ant  f igures ,  i n  water. Add 10.0 mL concentrated HNO, and 
d i l u t e  t o  volume i n  a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.25 Vanadium so lu t ion ,  stock, 1 rr~L = 1000 ug V: Dissolve 2.30 g  
NH,O,. (mole f r a c t i o n  V = 0.4356), weighed accurate ly  t o  a t  l e a s t  f o u r  
s i g n i f i c a n t  f i gu res ,  i n  a  minimum amount o f  concentrated HNO . Heat t o  
increase r a t e  o f  d i s s o l u t i o n .  Add 10.0 mL concentrated HNO, and  d i l u t e  t o  
volume i n  a  1,000 mL volumetr ic  f l a s k  w i t h  water. 

5.3.26 Zinc so lu t ion ,  stock, 1 rnL = 1000 ug Zn: Dissolve 1.20 g  
ZnO (mole f r a c t i o n  Zn = 0.8034), weighed accurate ly  t o  a t  l e a s t  f o u r  
s i g n i f i c a n t  f igures ,  i n  a  minimum amount o f  d i l u t e  HNO Add 10.0 mL 
concentrated HNO, and d i l u t e  t o  volume i n  a  1,000 mL volumeyric f l a s k  w i t h  
water. 

5.4 Mixed c a l  i b r a t i o n  standard so lu t i ons  - Prepare mixed ca l  i b r a t i o n  
standard so lu t i ons  by combining appropr iate volumes o f  t he  stock so lu t ions  i n  
vo lumet r ic  f l a s k s  (see Table 3) .  Ma t r i x  match w i t h  the  appropr iate acids and 
d i l u t e  t o  100 mL w i t h  water. P r i o r  t o  prepar ing the mixed standards, each stock 
s o l u t i o n  should be analyzed separate ly  t o  determine poss ib le  spectra l  
i n te r fe rence  o r  t he  presence o f  impur i t i es .  Care should be taken when preparing 
t h e  mixed standards t o  ensure t h a t  t he  elements are compatible and s tab le  
together .  Trans fer  t he  mixed standard so lu t i ons  t o  FEP f luorocarbon o r  p rev ious ly  
unused polyethy lene o r  polypropylene b o t t l e s  f o r  storage. Fresh mixed standards 
should be prepared, as needed, w i t h  t h e  r e a l  i z a t i o n  t h a t  concentrat ion can change 
on aging. C a l i b r a t i o n  standards must be i n i t i a l l y  v e r i f i e d  us ing a  q u a l i t y  
c o n t r o l  sample (see Step 5.8) and monitored weekly f o r  s t a b i l i t y .  Some t y p i c a l  
c a l  i b r a t i o n  standard combinations are 1  i s t e d  i n  Table 3. A1 1  mixtures should then 
be scanned us ing  a  sequent ia l  spectrometer t o  v e r i f y  t h e  absence o f  interelement 
spec t ra l  i n te r fe rence  i n  t he  recommended mixed standard so lu t ions .  
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NOTE: I f  t h e  a d d i t i o n  o f  s i l v e r  t o  t h e  recommended a c i d  combinat ion 
r e s u l t s  i n  an i n i t i a l  p r e c i p i t a t i o n ,  add 15 mL o f  water  and warm t h e  
f l a s k  u n t i l  t h e  s o l u t i o n  c l e a r s .  Cool and d i l u t e  t o  100 mL 
w i t h  water.  For t h i s  ac id  combination, t h e  s i l v e r  concent ra t ion  
should be 1 i m i t e d  t o  2 mg/L. S i l v e r  under these c o n d i t i o n s  i s  s t a b l e  
i n  a tap-water  m a t r i x  f o r  30 days. Higher  concent ra t ions  o f  s i l v e r  
r e q u i r e  a d d i t i o n a l  HC1. 

TABLE 3.  
MIXED STANDARD SOLUTIONS 

Sol u t  i on Elements 

Be, Cd, Mn, Pb, Se and Zn 
Ba, Co, Cu, Fe, and V 
AS, MO 
Al ,  Ca, C r ,  K y  Na, Ni ,L i ,& Sr  
Ag (see Note t o  Step 5 . 4 ) ,  Mg, Sb, and T1 
P 

5.5 Two types o f  blanks a re  requ i red  f o r  t h e  ana l ys i s .  The c a l i b r a t i o n  
b l  a r ~ k  i s  used i n  e s t a b l i s h i n g  t h e  a n a l y t i c a l  curve, and t h e  reagent  b lank  i s  used 
t o  c o r r e c t  f o r  poss ib le  contaminat ion r e s u l t i n g  from v a r y i n g  amounts o f  t h e  ac ids  
used i n  t h e  sample processing. 

5.5.1 The c a l  i b r a t i o n  b lank  i s  prepared by a c i d i f y i n g  reagent  water 
t o  t h e  same concentrat ions o f  t h e  ac ids found i n  t h e  standards and 
samples. Prepare a s u f f i c i e n t  q u a n t i t y  t o  f l u s h  the  system between 
standards and samples. 

5.5.2 The method b lank  must con ta in  a l l  t h e  reagents and i n  t h e  
same volumes as used i n  t h e  processing o f  t h e  samples. The method b lank  
must be c a r r i e d  through t h e  complete procedure and c o n t a i n  t h e  same a c i d  
concen t ra t i on  i n  t h e  f i n a l  s o l u t i o n  as t h e  sample s o l u t i o n  used f o r  
ana l ys i s .  

5.6 The inst rument  check standard i s  prepared by t h e  ana l ys t  by combining 
compat ib le  elements a t  concent ra t ions  equ i va len t  t o  t h e  midpo in t  o f  t h e i r  
r espec t i ve  c a l  i b r a t i o n  curves (see Step 8.6.1.1 f o r  use). The ins t rument  check 
standard should be prepared from a source independent f rom t h a t  used i n  t h e  
c a l i b r a t i o n  standards. 

5.7 The - in ter ference check s o l u t i o n  i s  prepared t o  c o n t a i n  known 
concent ra t ions  o f  i n t e r f e r i n g  elements t h a t  w i l l  p rov ide  an adequate t e s t  o f  t h e  
c o r r e c t i o n  f a c t o r s .  Spike the  sample w i t h  t h e  elements o f  i n t e r e s t  a t  approximate 
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5.7 The interference check solution is prepared to contain known 
concentrations of interfering elements that will provide an adequate test of the 
correction factors. Spike the sample with the elements of interest at approximate 
concentrations of 10 times the instrumental detection 1 imits. In the absence of 
measurable analyte, overcorrection could go undetected because a negative value 
could be reported as zero. If the particular instrument will display 
overcorrection as a negative number, this spiking procedure will not be 
necessary. 

5.8 The qua1 i ty control sample should be prepared in the same acid matrix 
as the calibration standards at 10 times the instrumental detection limits and 
in accordance with the instructions provided by the supplier. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the material in Chapter Three, Metallic Analytes, Steps 3.1 
through 3.3. 

7.0 PROCEDURE 

7.1 Preliminary treatment of most matrices is necessary because of the 
complexity and variability of sample matrices. Water samples which have been 
prefiltered and acidified will not need acid digestion as long as the samples and 
standards are matrix matched. Sol ubi 1 i zat i on and digestion procedures are 
presented in Sample Preparation Methods (Methods 3005A-3050A). 

7.2 Set up the instrument with proper operating parameters established in 
Step 4.2. The instrument must be allowed to become thermally stable before 
beginning (usually requiring at least 30 minutes of operation prior to 
cal i brat ion). 

7.3 Profile and calibrate the instrument according to the instrument 
manufacturer's recommended procedures, using the typical mi xed cal i brat i on 
standard solutions described in Step 5.4. Flush the system with the calibration 
blank (Step 5.5.1) between each standard or as the manufacturer recommends. (Use 
the average intensity of mu1 ti pl e exposures for both standardization and sample 
analysis to reduce random error.) The calibration curve should consist of a 
blank and three standards. 

7.4 Before beginning the sample run, reanalyze the highest mixed 
cal i bration standard as if it were a sarnple. Concentration values obtained should 
not deviate from the actual values by more than 5% (or the established control 
limits, whichever is lower). If they do, follow the recommendations of the 
instrument manufacturer to correct for this condition. 

7.5 Flush the system with the calibration blank solution for at least 
1 minute (Step 5.5.1) before the analysis of each sample (see Note to Step 7.3). 
Analyze the instrument check standard (Step 5.6) and the calibration blank (Step 
5.5.1) after each 10 samples. 
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8.0 QUALITY CONTROL 

8 . 1  A l l  q u a l i t y  c o n t r o l  da ta  should be maintained and a v a i l a b l e  f o r  easy 
re ference o r  inspect ion .  Refer t o  Chapter One f o r  a d d i t i o n a l  qual i t y  c o n t r o l  
procedures. 

8.2 D i l u t e  and reanalyze samples t h a t  are more concentrated than t h e  
l i n e a r  c a l i b r a t i o n  l i m i t  o r  use an a l t e rna te ,  l e s s  s e n s i t i v e  l i n e  f o r  which 
qual i t y  c o n t r o l  da ta  i s  a1 ready establ ished.  

8.3 Err~ploy a minimum o f  one method b lank  per  sample batch t o  determine i f  
contaminat ion o r  any memory e f f e c t s  are occur r ing .  A method b lank  i s  a volume 
o f  reagent water a c i d i f i e d  w i t h  t h e  same amounts o f  ac ids  as were t h e  standards 
and samples. 

8.4 Analyze one r e p l i c a t e  sample f o r  every twenty samples o r  per  
a n a l y t i c a l  batch, whichever i s  more f requent .  A r e p l i c a t e  sample i s  a sample 
brought through t h e  who1 e sample prepara t ion  and a n a l y t i c a l  process i n  dupl i cate. 
Refer  t o  Chapter One f o r  a more d e t a i l e d  d e s c r i p t i o n  o f  an a n a l y t i c a l  batch. 

8.5 It i s  recommended t h a t  whenever a new o r  unusual sample m a t r i x  i s  
encountered, a s e r i e s  o f  t e s t s  be performed p r i o r  t o  r e p o r t i n g  concent ra t ion  da ta  
f o r  ana ly te  elements. These t e s t s ,  as o u t l i n e d  i n  Steps 8.5.1 and 8.5.2, w i l l  
ensure t h e  ana lys t  t h a t  n e i t h e r  p o s i t i v e  nor  negat ive  i n te r fe rences  a re  opera t ing  
on any o f  t h e  ana ly te  elements t o  d i s t o r t  t h e  accuracy o f  t h e  repo r ted  values. 

8.5.1 S e r i a l  d i l u t i o n :  I f  t h e  ana ly te  concent ra t ion  i s  s u f f i c i e n t l y  
h igh  (min imal ly ,  a f a c t o r  o f  10 above t h e  ins t rumenta l  d e t e c t i o n  l i m i t  
a f t e r  d i l u t i o n ) ,  an ana lys is  o f  a 1:4 d i l u t i o n  should agree w i t h i n  + 10% 
o f  t h e  o r i g i n a l  determinat ion.  I f  not ,  a chemical o r  phys i ca l  i n t e r f e r e n c e  
e f f e c t  should be suspected. 

8.5.2 Post d i g e s t i o n  spike add i t i on :  An ana ly te  sp i ke  added t o  a 
p o r t i o n  o f  a prepared sample, o r  i t s  d i l u t i o n ,  should be recovered t o  
w i t h i n  75% t o  125% o f  t h e  known value. The spike a d d i t i o n  should produce 
a minimum l e v e l  o f  10 t imes and a maximum o f  100 t imes t h e  ins t rumenta l  
d e t e c t i o n  l i m i t .  I f  t h e  spike i s  n o t  recovered w i t h i n  t h e  s p e c i f i e d  
1 i m i t s ,  a m a t r i x  e f f e c t  should be suspected. 

CAUTION: I f  spec t ra l  over1 ap i s  suspected, use o f  computerized 
compensation, an a1 t e r n a t e  wave1 ength, o r  comparison 
w i t h  an a l t e r n a t e  method i s  recommended. 

8.6 Check the  inst rument  s tandard iza t ion  by ana lyz ing  app rop r ia te  check 
standards as fo l l ows .  

8.6.1 V e r i f y  c a l i b r a t i o n  every 10 samples and a t  t h e  end o f  t h e  
a n a l y t i c a l  run, us ing  a c a l i b r a t i o n  b lank (Step 5.5.1) and a check 
standard (Step 5.6). 

8.6.1.1 The r e s u l t s  o f  t h e  check standard are  t o  agree w i t h i n  
10% o f  t h e  expected value; i f  not ,  te rminate  t h e  ana lys is ,  c o r r e c t  
t h e  problem, and reanalyze t h e  prev ious t e n  samples. 
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8.6.1.2 The r e s u l t s  o f  t he  c a l i b r a t i o n  b lank  are t o  agree 
w i t h i n  t h r e e  standard dev ia t i ons  o f  t he  mean b lank  value. I f  not,  
repeat  t h e  ana l ys i s  two more t imes and average the  r e s u l t s .  I f  the  
average i s  n o t  w i t h i n  t h ree  standard dev ia t i ons  o f  t he  background 
mean, t e rm i  na te  t h e  ana lys i  s, c o r r e c t  t he  problem, reca l  i brate,  and 
reanalyze t h e  p rev ious  10 samples. 

8.6.2 V e r i f y  t he  in te re lement  and background c o r r e c t i o n  f ac to rs  a t  
t h e  beginning and end o f  an a n a l y t i c a l  r un  o r  tw ice  d u r i n g  every 8-hour 
work s h i f t ,  whichever i s  more frequent.  Do t h i s  by analyz ing t h e  
i n t e r f e r e n c e  check s o l u t i o n  (Step 5.7). Resul ts  should be w i t h i n  + 20% o f  
t h e  t r u e  va lue obta ined i n  Step 8.6.1.1. 

8.6.3 Spiked r e p l i c a t e  samples are t o  be analyzed a t  a frequency 
o f  5% o r  pe r  a n a l y t i c a l  batch, whichever i s  more f requent .  

8.6.3.1 The r e l a t i v e  percent d i f f e r e n c e  between r e p l i c a t e  
de te rmina t ions  i s  t o  be ca l cu la ted  as fo l lows:  

RPD = 
1 X I 0 0  

(Dl + D2)/2 
where : 

RPD = r e 1  a t  i ve percent  d i f f e rence .  
D, = f i r s t  sample value. 
D, = second sample va lue (rep1 i c a t e ) .  

(A c o n t r o l  1 i m i t  o f  + 20% RPD s h a l l  be used f o r  sample values 
g r e a t e r  than t e n  t imes t h e  inst rument  de tec t i on  1 im i  t. ) 

8.6.3.2 The sp iked r e p l i c a t e  sample recovery i s  t o  be w i t h i n  
+ 20% o f  t h e  ac tua l  value. - 

9.0 METHOD PERFORMANCE 

9.1 I n  an EPA round- rob in  Phase 1 study, seven l a b o r a t o r i e s  app l ied  t he  
ICP technique t o  a c i d - d i s t i l l e d  water  matr ices t h a t  had been sp iked w i t h  var ious 
metal  concentrates.  Table 4 1 i s t s  t h e  t r u e  values, t he  mean repor ted  values, and 
t h e  mean percent  r e l a t i v e  standard dev ia t ions .  

9.2 I n  a s i n g l e  l a b o r a t o r y  evaluat ion,  seven wastes were analyzed f o r  22 
elements by t h i s  method. The mean percent  r e l a t i v e  standard d e v i a t i o n  from 
t r i p l i c a t e  analyses f o r  a l l  elements and wastes was 9 + 2%. The mean percent 
recovery  o f  sp iked elements f o r  a l l  wastes was 93 + 6%. Spike l e v e l s  ranged from 
100 ug/L t o  100 mg/L. The wastes inc luded sludges and i n d u s t r i a l  wastewaters. 
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TABLE 4. 
ICP PRECISION AND ACCURACY  DATA^ 

S a m ~ l e  No. 1 Sample No. 2 Sample No. 3 

E l  e- 
ment 

Mean Re- Mean Re- Mean Re- 
True po r ted  Mean,, True por ted  Mea% True po r ted  Meanb 
Value Value SD Value Value SD Value Value SD 
(ug/L) (ug/L) (%I (ug/L) (ug/L) (%I (ug/L) (ug/L) (%I 

750 733 6.2 2 0 2 0 9.8 180 176 5.2 
3 50 345 2.7 15 15 6.7 100 99 3.3 
750 749 1.8 70 69 2.9 170 169 1.1 
200 208 7.5 22 19 23 60 63 17 
150 149 3.8 10 10 18 50 50 3.3 
250 235 5.1 1 1  11 40 70 6 7 7.9 
600 594 3.0 2 0 19 15 180 178 6.0 
700 696 5.6 60 6 2 3 3 160 161 13 
5 0 48 12 2.5 2.9 16 14 13 16 
700 512 10 2 0 2 0 4.1 120 108 2 1 
250 245 5.8 3 0 28 11 60 55 14 
250 236 16 2 4 3 0 32 80 80 14 
200 20 1 5.6 16 19 4 5 80 82 9.4 
4 0 3 2 21.9 6 8.5 42 10 8.5 8.3 

- 
% o t  a l l  elements were analyzed by a1 1 1 abora to r ies .  

%D = s tandard dev ia t i on .  

' ~ e s u l t s  f o r  Se are f rom two l a b o r a t o r i e s .  
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METHOD 6020 

INDUCTIVELY COUPLED PLASMA - MASS SPECTROMETRY 

1.0 SCOPE AND APPLICATION 

1.1 I n d u c t i v e l y  coupled p l  asma-mass spectrometry (ICP-MS) i s  appl i c a b l  e  
t o  t h e  de te rmina t ion  o f  sub-m/L concentrat ions o f  a  l a r g e  number o f  elements i n  
water  samples and i n  waste e x t r a c t s  o r  d i g e s t s  [1,2]. When d isso lved  
c o n s t i t u e n t s  are requ i red ,  samples must be f i l t e r e d  and acid-preserved p r i o r  t o  
ana l ys i s .  No d i g e s t i o n  i s  r equ i red  p r i o r  t o  ana lys is  f o r  d isso lved  elements i n  
water  samples. Ac id  d i g e s t i o n  p r i o r  t o  f i l t r a t i o n  and ana l ys i s  i s  r equ i red  f o r  
groundwater, aqueous samples, i n d u s t r i  a1 wastes, so i  1  s, sludges, sediments, and 
o the r  s o l i d  wastes f o r  which t o t a l  (ac id- leachable)  elements are requ i red .  

1.2 ICP-MS has been app l ied  t o  t he  de te rmina t ion  o f  over 60 elements i n  
var ious  mat r i ces .  Analy tes f o r  which EPA has demonstrated t he  a c c e p t a b i l i t y  o f  
Method 6020 i n  a  m u l t i - l a b o r a t o r y  study on s o l i d  wastes are l i s t e d  i n  Table 1. 
Acceptab i l  i ty  o f  t h e  method f o r  an element was based upon t h e  mu1 t i  -1 aboratory  
performance compared w i t h  t h a t  o f  e i t h e r  furnace atomic absorpt ion spectroscopy 
o r  qinducti v e l y  coupled p l  asma-atomic enii ss ion  spectroscopy. It should be noted 
t h a t  t h e  mu1 t i -1 aboratory  study was conducted i n  1986. Mu1 t i  -1 aboratory  
performance da ta  f o r  t h e  1 i s t e d  elements (and o thers )  are prov ided i n  Sec t ion  9. 
Inst rument  d e t e c t i o n  l i m i t s ,  s e n s i t i v i t i e s ,  and l i n e a r  ranges w i l l  vary  w i t h  t h e  
matr ices,  ins t rumenta t ion ,  and opera t ing  cond i t i ons .  I n  r e l a t i v e l y  s imple 
matr ices,  d e t e c t i o n  1  i m i t s  w i l l  gene ra l l y  be below 0.02 pg/L.  

1.3 I f  Method 6020 i s  used t o  determine any ana ly te  no t  1  i s t e d  i n  Table 
1, i t  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  ana lys t  t o  demonstrate t h e  accuracy and 
p r e c i s i o n  o f  t h e  Method i n  t h e  waste t o  be analyzed. The ana lys t  i s  always 
requ i red  t o  mon i to r  p o t e n t i  a1 sources o f  i n te r f e rences  and take  appropr ia te  
a c t i o n  t o  ensure da ta  o f  known q u a l i t y  (see Sec t ion  8.4).  

1.4 Use o f  t h i s  method i s  r e s t r i c t e d  t o  spec t roscop is ts  who are 
know1 edgeabl e  i n  t h e  r e c o g n i t i o n  and i n  t h e  c o r r e c t i o n  o f  spec t ra l ,  chemical, and 
phys i ca l  i n te r f e rences  i n  ICP-MS. 

1.5 An app rop r i a te  i n t e r n a l  standard i s  requ i red  f o r  each ana ly te  
determined by ICP-MS. Recommended i n t e r n a l  standards are 6~i, 4 5 ~ ~ ,  "Y, l o 3 ~ h ,  
l151n, 15'~b, 1 6 5 ~ ~ ,  and ' 0 9 ~ i  . The l i t h i u m  i n t e r n a l  standard should have an 
enr iched abundance o f  6~i, so t h a t  i n t e r f e r e n c e  from 1  i th ium n a t i v e  t o  t he  sample 
i s  minimized. Other elements may need t o  be used as i n t e r n a l  standards when 
samples con ta in  s i g n i f i c a n t  amounts o f  t h e  recommended i n t e r n a l  standards. 

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  ana lys is ,  samples which r e q u i r e  t o t a l  ( "ac id - leachab le" )  
values must be d iges ted  us ing  appropr ia te  sample p repara t ion  methods (such as 
Methods 3005 - 3051). 
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2.2 Met hod 6020 desc r i  bes t h e  mu1 t i -elemental  de te rm ina t i on  o f  anal y t e s  u 

by ICP-MS. The method measures i ons  produced by a  rad io - f requency  i n d u c t i v e l y  
coupled plasma. Analy te species o r i g i n a t i n g  i n  a  l i q u i d  a re  nebu l i zed  and t h e  P 
r e s u l t i n g  aerosol t ranspor ted  by argon gas i n t o  t h e  plasma t o r c h .  The i ons  6 
produced are en t ra ined  i n  the  plasma gas and in t roduced,  by means o f  an 
i n t e r f a c e ,  i n t o  a  mass spectrometer. The i ons  produced i n  t h e  plasma are  so r ted  
accord ing t o  t h e i r  mass-to-charge r a t i o s  and q u a n t i f i e d  w i t h  a  channel e l e c t r o n  ? 
mu1 t i p 1  i e r .  I n te r fe rences  must be assessed and v a l i d  c o r r e c t i o n s  app l i ed  o r  t h e  irvj 
data  f lagged t o  i n d i c a t e  problems. I n t e r f e r e n c e  c o r r e c t i o n  must i n c l u d e  
cornpensation f o r  background i ons  con t r i bu ted  by t h e  plasma gas, reagents, and 7 
c o n s t i t u e n t s  o f  t h e  sample ma t r i x .  tw 

3.0 INTERFERENCES rn 
3.1 I s o b a r i c  elemental  i n te r fe rences  i n  ICP-MS are caused by iso topes  o f  

d i f f e r e n t  elements forming atomic i ons  w i t h  t h e  same nominal mass-to-charge r a t i o  
(m/z). A  da ta  system must be used t o  c o r r e c t  f o r  these i n te r fe rences .  Th i s  
i nvo l ves  de termin ing  the  s igna l  f o r  another i so tope  o f  t h e  i n t e r f e r i n g  element 
and s u b t r a c t i n g  t h e  appropr ia te  s igna l  f rom t h e  ana l y te  i so tope  s i g n a l .  Since 
commercial ICP-MS inst ruments nomina l l y  p rov ide  u n i t  r e s o l u t i o n  a t  10% o f  t h e  
peak he igh t ,  very  h igh  i o n  cu r ren ts  a t  ad jacent  masses can a l s o  c o n t r i b u t e  t o  i o n  
s i g n a l s  a t  t h e  mass o f  i n t e r e s t .  Al though t h i s  type  o f  i n t e r f e r e n c e  i s  uncommon, 
i t  i s  n o t  e a s i l y  corrected,  and samples e x h i b i t i n g  a  s i g n i f i c a n t  problem o f  t h i s  
type  cou ld  r e q u i r e  r e s o l u t i o n  improvement, m a t r i x  separat ion,  o r  ana l ys i s  us ing  
another v e r i f i e d  and documented isoptope, o r  use o f  another method. 

3.2 I s o b a r i c  molecular  and doubly-charged i o n  i n t e r f e r e n c e s  i n  ICP-MS are  
caused by i ons  c o n s i s t i n g  o f  more than one atom o r  charge, r e s p e c t i v e l y .  Most 
i s o b a r i c  i n t e r f e r e n c e s  t h a t  cou ld  a f f e c t  ICP-MS determina t ions  have been 
i d e n t i f i e d  i n  t h e  1  i t e r a t u r e  [3,4]. Examples i n c l u d e  ArC1' i o n s  on t h e  7 5 ~ s  
s igna l  and MOO+ i ons  on t h e  cadmium isotopes.  Whi le t he  a ~ p r o a c h  used t o  
c o r r e c t  f o r  mol ecul  a r  i s o b a r i c  i n te r fe rences  i s  demonstrated be1 ow us ing  t h e  
n a t u r a l  i sotope abundances from the  1  i t e r a t u r e  [5] ,  t h e  most p r e c i s e  c o e f f i c i e n t s  
f o r  an ins t rument  can be determined from t h e  r a t i o  o f  t h e  n e t  i so tope  s i g n a l s  
observed f o r  a  standard s o l u t i o n  a t  a  concen t ra t i on  p r o v i d i n g  s u i t a b l e  (<1 
percent)  count ing  s t a t i s t i c s .  Because t h e  3 5 ~ 1  n a t u r a l  abundance o f  75.77 
percent  i s  3.13 t imes t h e  3 7 ~ 1  abundance o f  24.23 percent ,  t h e  c h l o r i d e  
c o r r e c t i o n  f o r  a rsen ic  can be c a l c u l a t e d  (approx imate ly)  as f o l l o w s  (where t h e  
3 8 ~ r 3 7 ~ 1  + c o n t r i b u t i o n  a t  m/z 75 i s  a  n e g l i g i b l e  0.06 percent  o f  t he  4 0 ~ r 3 5 ~ 1  + 

s igna l  ) : 

co r rec ted  arsen ic  s i gna l  (us ing  n a t u r a l  i so topes  abundances f o r  
c o e f f i c i e n t  approximations) = 

(m/z 75 s i g n a l )  - (3.13) (m/z 77 s i g n a l )  + (2.73) (m/z 82 s i g n a l ) ,  
b 

(where t h e  f i n a l  te rm ad jus t s  f o r  any selenium c o n t r i b u t i o n  a t  77 m/z), 

NOTE: Arsenic  values can be b iased h igh  by t h i s  t e  o f  equat ion  when t h e  
n e t  s i gna l  a t  m / r  82 i s  caused by i ons  o the r  than %e+, (e.g., " B ~ H '  f rom 
bromine wastes [ 6 ] ) .  7 
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corrected cadmi um s ignal  (us i  ng natura l  i sot  opes abundances f o r  
c o e f f i c i e n t  approximations) = 

(m/z 114 s igna l )  - (0.027)(m/z 118 s igna l )  - (1.63)(m/z 108 s igna l ) ,  
(where l a s t  2  terms ad jus t  fo r  any t i n  o r  MOO' cont r ibu t ions  a t  m/z 114). 

NOTE: Cadmium values w i l l  be biased low by t h i s  type o f  equation when 
-0' ions con t r i bu te  a t  m/z 108, but  use o f  m/z 111 f o r  Cd i s  even 
subject  t o  d i r e c t  ( 9 4 ~ r ~ ~ + )  and i n d i r e c t  ( g O ~ r ~ + )  add i t i ve  in ter fe rences 
when Zr  i s  present. 

NOTE: As f o r  the  arsenic equation above, the  c o e f f i c i e n t s  i n  the  Cd - 
equation are ONLY i 11 u s t r a t i v e .  The most appropr iate c o e f f i c i e n t s  f o r  an 
instrument can be determined from the r a t i o  o f  the  net isotope s igna ls  
observed f o r  a  standard s o l u t i o n  a t  a  concentrat ion prov id ing  su i tab le  ( 4  
percent) counting prec is ion .  

The accuracy o f  these types o f  equations i s  based upon the  constancy o f  the  
OBSERVED i s o t o p i c  r a t i o s  f o r  the  i n t e r f e r i n g  species. Correct ions t h a t  presume 
a  constant f r a c t i o n  o f  a  molecular i on  r e l a t i v e  t o  the  "parent" i o n  have not  been 
found [7] t o  be r e l i a b l e ,  e.g., oxide l e v e l s  can vary. I f  a  co r rec t i on  f o r  an 
oxide i o n  i s  based upon the  r a t i o  o f  parent- to-oxide ion  i n t e n s i t i e s ,  the  
co r rec t i on  must be adjusted f o r  the  degree o f  oxide formation by the  use o f  an 
appropr iate ox ide i n t e r n a l  standard previously demonstrated t o  form a  s i m i l a r  
l e v e l  o f  oxide as the  i n t e r f e r a n t .  This type o f  co r rec t i on  has been reported [7] 
f o r  ox ide- ion  cor rec t ions  using ThO+/Th+ f o r  the  determi na t ion  o f  r a r e  ear th  
elements. The use o f  aerosol desolvat ion and/or mixed plasmas have been shown 
t o  g r e a t l y  reduce molecular in ter fe rences [8 ] .  These techniques can be used 
provided t h a t  method detec t ion  l i m i t s ,  accuracy, and p rec i s ion  requirements fo r  
ana lys is  o f  the  samples can be met. 

3.3 Physical in te r fe rences are associated w i t h  the sample nebul i z a t i o n  and 
t ranspor t  processes as we1 1  as w i t h  ion-  transmi ssion e f f i c i e n c i e s .  Nebul i z a t  ion  
and t ranspor t  processes can be a f fec ted i f  a  mat r ix  component causes a change i n  
sur face tens ion o r  v i s c o s i t y .  Changes i n  ma t r i x  composition can cause 
s i g n i f i c a n t  s ignal  suppression o r  enhancement [9]. Dissolved sol i d s  can deposit  
on the  nebu l izer  t i p  o f  a  pneumatic nebul izer  and on the  i n te r face  skimmers 
(reducing the  o r i  f i c e  s i  ze and the  instrument performance) . Tota l  so l  i d  l eve l  s  
below 0.2% (2,000 mg/L) have been c u r r e n t l y  recommended [ l o ]  t o  minimize sol  i d  
deposi t ion.  An i n t e r n a l  standard can be used t o  co r rec t  f o r  physical 
in ter ferences,  i f  i t  i s  c a r e f u l l y  matched t o  the analyte so t h a t  the  two elements 
are s i m i l a r l y  a f fec ted  by ma t r i x  changes [ll]. When the i n t e n s i t y  l e v e l  o f  an 
i n t e r n a l  standard i s  l ess  than 30 percent o r  g reater  than 120 percent o f  the  
i n t e n s i t y  o f  the  f i r s t  standard used dur ing c a l i b r a t i o n ,  the  sample must be 
reanalyzed a f t e r  a  f i v e f o l d  (1t4)  o r  g reater  d i l u t i o n  has been performed. 

3.4 Memory in ter fe rences can occur when there are 1  arge concentrat ion 
d i f f e rences  between samples o r  standards which are analyzed sequent ia l l y  . Sample 
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d e p o s i t i o n  on t h e  sampler and skimmer cones, spray chamber des ign,  and t h e  t y p e  k 
o f  n e b u l i z e r  a f f e c t  t h e  e x t e n t  o f  t h e  memory i n t e r f e r e n c e s  which a re  observed. 
The r i n s e  p e r i o d  between samples must be l o n g  enough t o  e l i m i n a t e  s i g n i f i c a n t  m 
memory i n t e r f e r e n c e .  

& I  
4.0 APPARATUS AND MATERIALS * I 

4.1 I n d u c t i v e l y  coupled plasma-mass spect rometer :  w 

4.1.1 A  system capable o f  p r o v i d i n g  r e s o l u t i o n ,  b e t t e r  t han  o r  Pl 
equal t o  amu a t  10% peak h e i g h t  i s  r equ i red .  The system must have a  mass bi 
range f rom a t  l e a s t  6  t o  240 amu and a  da ta  system t h a t  a l l ows  c o r r e c t i o n s  
f o r  i s o b a r i c  i n t e r f e r e n c e s  and t h e  a p p l i c a t i o n  o f  t h e  i n t e r n a l  s tandard  
technique.  Use o f  a  mass-f low c o n t r o l l e r  f o r  t h e  n e b u l i z e r  argon and a  
p e r i s t a l t i c  pump f o r  t h e  sample s o l u t i o n  a re  recommended. 

4.1.2 Argon gas supply :  h i g h - p u r i t y  grade (99.99%). 

5.0 REAGENTS 

5.1 Ac ids used i n  t h e  p r e p a r a t i o n  o f  s tandards and f o r  sample p rocess ing  
must be o f  h i g h  p u r i t y .  R e d i s t i l l e d  ac ids  a re  recommended because o f  t h e  h i g h  
s e n s i t i v i t y  o f  ICP-MS. N i t r i c  a c i d  a t  l e s s  t han  2  p e r  cen t  ( v / v )  i s  r e q u i r e d  f o r  
ICP-MS t o  min im ize  damage t o  t h e  i n t e r f a c e  and t o  m in im ize  i s o b a r i c  m o l e c u l a r - i o n  
i n t e r f e r e n c e s  w i t h  t h e  ana l y tes  . Many more mo lecu la r -  i on i n t e r f e r e n c e s  a r e  
observed on t h e  ana l y tes  when h y d r o c h l o r i c  and s u l f u r i c  a c i d s  a r e  used [3,4] .  
Concent ra t ions  o f  antimony and s i l v e r  between 50-500 m / L  r e q u i r e  1% (v /v)  HC1 
f o r  s t a b i l i t y ;  f o r  concen t ra t i ons  above 500 M/L Ag, a d d i t i o n a l  HC1 w i l l  be 
needed. 

5.2 Reagent water :  A1 1  re fe rences  t o  wate r  i n  t h e  method r e f e r  t o  reagent  
wa te r  un less  o therw ise  s p e c i f i e d .  Re fe r  t o  Chapter One f o r  a  d e f i n i t i o n  o f  
reagent  water .  

5.3 Standard s tock  s o l u t i o n s  may be purchased o r  prepared f rom u l t r a - h i g h  
p u r i t y  grade chemica ls  o r  meta ls  (99.99 o r  g r e a t e r  p u r i t y  ) .  See Method 6010A, 
Sec t i on  5.3, f o r  i n s t r u c t i o n s  on p repa r i ng  s tandard s o l u t i o n s  f rom s o l i d s .  I 

5.3.1 Bismuth i n t e r n a l  s tandard s o l u t i o n ,  s tock ,  1 mL = 1 0 0 ~  B i :  
D i s s o l v e  0.1115 g  Bi203 i n  a  minimum amount o f  d i l u t e  HNO,. Add 10 mL 
conc. HNO, and d i l u t e  t o  1,000 mL w i t h  reagent  water .  1 

I 
5.3.2 Holmium i n t e r n a l  s tandard s o l u t i o n ,  s tock,  1 mL = 100 m Ho: 

D i s s o l v e  0.1757 g  Ho2(C0,),. 5H20 i n  10 mL reagent  wa te r  and 10 mL HNO,. P 
A f t e r  d i s s o l u t i o n  i s  complete, warm t h e  s o l u t i o n  t o  degas. Add 10 rr~L 
conc. HNO, and d i l u t e  t o  1,000 mL w i t h  reagent  wa te r .  

6n 

5.3.3 Ind ium i n t e r n a l  s tandard s o l u t i o n ,  s tock ,  1 mL = 100 p~ I n :  
D i s s o l v e  0.1000 g  'Indium meta l  i n  10 mL conc. HNO,. D i l u t e  t o  1,000 mL 
w i t h  reagent  water.  

I 
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5.3.4 L i t h i u m  i n t e r n a l  standard so lu t i on ,  stock, 1 mL = 100 '~ i  : 
Disso lve  0.6312 g  95-atom-% %i, Li2C03 i n  10 mL o f  reagent water and 10 mL 
HNO,. A f t e r  d i s s o l u t i o n  i s  complete, warm t h e  s o l u t i o n  t o  degas. Add 
10 mL conc. HNO, and d i l u t e  t o  1,000 mL w i t h  reagent water.  

5.3.5 Rhodium i n t e r n a l  standard so lu t i on ,  stock, 1  mL = 100 pg  Rh: 
D isso lve  0.3593 g  ammoni um hexachl ororhodate ( I  I I )  (NH4),RhC1, i n  10 mL 
reagent water.  Add 100 mL conc. HC1 and d i l u t e  t o  1,000 mL w i t h  reagent 
water.  

5.3.6 Scandium i n t e r n a l  standard so lu t i on ,  stock, 1 mL = 100 M Sc: 
D i sso l ve  0.15343 g  Sc203 i n  10 mL (1+1) h o t  HNO,. Add 5  mL conc. HNO, and 
d i l u t e  t o  1,000 mL w i t h  reagent water. 

5.3.7 Terbium i n t e r n a l  standard so lu t i on ,  stock, 1  mL = 100 M Tb: 
D i sso l ve  0.1828 g  Tb,(CO,),-5H20 i n  10 mL (1+1) HN03. A f t e r  d i s s o l u t i o n  i s  
complete, warm t h e  s o l u t i o n  t o  degas. Add 5  mL conc. HNO, and d i l u t e  t o  
1,000 mL w i t h  reagent water. 

5.3.8 Y t t r i u m  i n t e r n a l  standard s o l u t i o n ,  stock, 1 mL = 1 0 0 ~  Y: 
D i sso l ve  0.2316 g  Y2(C0,),.3H,0 i n  10 mL (1+1) HNO,. Add 5  mL conc. HNO, 
and d i l u t e  t o  1,000 mL w i t h  reagent water. 

5.3.9 T i tan ium so lu t i on ,  stock, 1 mL = 100 p g  T i :  D isso lve  0.4133 g  
(NH4),TiF, i n  reagent water. Add 2 drops conc. HF and d i l u t e  t o  1,000 mL 
w i t h  reagent water. 

5.3.10 Molybdenum so lu t i on ,  stock, 1 mL = 100 pg Mo: D isso lve  
0.2043 g  (NH4),Mo04 i n  reagent water. D i l u t e  t o  1,000 mL w i t h  reagent 
water.  

5.4 Mixed c a l i b r a t i o n  standard s o l u t i o n s  a re  prepared by d i l u t i n g  t h e  
s tock-s tandard  s o l u t i o n s  t o  l e v e l s  i n  t h e  l i n e a r  range f o r  t h e  inst rument  i n  a  
so l ven t  c o n s i s t i n g  o f  1 percent  (v/v) HNO, i n  reagent water. The c a l i b r a t i o n  
s tandard s o l u t i o n s  must con ta in  a  s u i t a b l e  concent ra t ion  o f  an appropr ia te  
i n t e r n a l  standard f o r  each ana ly te .  I n t e r n a l  standards may be added o n - l i n e  a t  
t h e  t ime  of ana l ys i s  us ing  a  second channel o f  t h e  p e r i s t a l t i c  pump and an 
app rop r i a te  m ix ing  man i fo ld . )  General ly,  an i n t e r n a l  standard should be no more 
than  50 amu removed from the  anal t e .  Recommended i n t e r n a l  standards inc lude  
'Li, 4 5 ~ ~ ,  8 9 ~ ,  lo3I?h, ll'ln, l S g ~ b ,  '9H~, and 'O9I3i . P r i o r  t o  p repar ing  t h e  mixed 
standards, each s tock  s o l u t i o n  must be analyzed separa te ly  t o  determine poss ib le  
spec t ra l  i n te r f e rences  o r  t he  presence o f  i m p u r i t i e s .  Care must be taken when 
p repa r i ng  t he  mixed standards t h a t  t he  elements a re  compatible and s tab le .  
T rans fe r  t h e  mixed standard so lu t i ons  t o  f r e s h l y  ac id-c leaned FEP fluorocat=bon 
b o t t l e s  f o r  storage. Fresh mixed standards must be prepared as needed w i t h  t he  
r e a l  i z a t i o n  t h a t  concent ra t ions  can change on aging. Cal i b r a t  i o n  standards must 
be i n i t i a l l y  v e r i f i e d  us ing  a  q u a l i t y  c o n t r o l  standard (see Sec t ion  5.7) and 
moni tored weekly f o r  s t a b i l  i ty. 
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m 
5.5 Blanks: Three types o f  blanks are requ i red  f o r  t h e  ana l ys i s .  T h e k  

c a l i b r a t i o n  b lank  i s  used i n  e s t a b l i s h i n g  t h e  c a l i b r a t i o n  curve. The 
p repa ra t i on  b lank  i s  used t o  mon i to r  f o r  poss ib le  contaminat ion r e s u l t i n g  fromm 
the  sample p repa ra t i on  procedure. The r i n s e  b lank  i s  used t o  f l u s h  the  systemIb 
between a l l  samples and standards. 

5.5.1 The c a l  i b r a t i o n  b lank  cons i s t s  o f  t he  same concent ra t ion(s )?  
o f  t h e  same ac id (s )  used t o  prepare the  f i n a l  d i l u t i o n  o f  t h e  c a l  i b r a t i n g b  
s o l u t i o n s  o f  t h e  analy tes [ o f t e n  1 percent  HNO, (v/v) i n  reagent  water ]  
along w i t h  t h e  se lec ted  concent ra t ions  of i n t e r n a l  standards such t h a t  r 
t he re  i s  an appropr ia te  i n t e r n a l  standard element f o r  each o f  thei, 
ana ly tes .  Use o f  HC1 f o r  antimony and s i l v e r  i s  c i t e d  i n  Sec t ion  5.1 

I rn I 5.5.2 The p repa ra t i on  ( o r  reagent) b lank  must be c a r r i e d  through 
t h e  complete p repa ra t i on  procedure and con ta in  t h e  same volumes o f  b I 

reagents as t h e  sample s o l u t i o n s .  
a 

5.5.3 The r i n s e  b lank  cons i s t s  o f  1 t o  2  percent  HNO, (v/v) i n k  
reagent  water.  Prepare a  s u f f i c i e n t  q u a n t i t y  t o  f l u s h  the  system between 
standards and samples. P 

NOTE: The ICS s o l u t i o n s  i n  Table 2  a re  in tended t o  eva lua te  - I 

c o r r e c t i o n s  f o r  known in te r fe rences  on o n l y  t h e  ana ly tes  i n  Table 1. I 

I f  Method 6020 i s  used t o  determine an element n o t  1  i s t e d  i n  Table / 
1, i t  i s  t h e  r e s p o n s i b i l i t y  o f  t he  ana l ys t  t o  modi fy  t h e  I C S ~  1 
s o lu t i ons ,  o r  prepare an a1 t e r n a t i v e  ICS s o l u t i o n ,  t o  a l l o w  adequate I 

v e r i f i c a t i o n  o f  c o r r e c t i o n  o f  i n te r fe rences  on t h e  un l  i s t e d  element F 1 
(see s e c t i o n  8.4). b 

5.6 The i n t e r f e r e n c e  check s o l u t i o n  (ICS) i s  prepared t o  con ta in  known rial 
concent ra t ions  o f  i n t e r f e r i n g  elements t h a t  w i l l  demonstrate t h e  magni tude o f  ii 
i n te r fe rences  and prov ide  an adequate t e s t  o f  any co r rec t i ons .  Ch lo r i de  i n  t h e  
ICS prov ides  a  means t o  eva lua te  sof tware c o r r e c t i o n s  f o r  c h l o r i d e - r e 1  ated 
i n te r fe rences  such as 3 5 ~ 1 1 6 ~ +  on 5 1 ~ +  and on 7 5 ~ s + .  I r o n  i s  used t o  r 
demonstrate adequate r e s o l u t i o n  o f  t h e  spectrometer f o r  t h e  de termina t ion  o f b  
manganese. Molybdenum serves t o  i n d i c a t e  ox ide e f f e c t s  on cadmi um isotopes.  The 
o the r  components a re  present  t o  eva lua te  t he  a b i l  i t y  o f  t h e  measurement system p 
t o  c o r r e c t  f o r  var ious  molecu la r - ion  i s o b a r i c  i n te r fe rences .  The ICS i s  used to, 
v e r i f y  t h a t  t h e  i n t e r f e r e n c e  l e v e l s  a re  cor rec ted  by t h e  data system w i t h i n  
qua1 i t y  c o n t r o l  1  i m i  t s .  rs 

ktw 5.6.1 These s o l u t i o n s  must be prepared from u l t r a - p u r e  reagents. , 
They can be obta ined commercial ly o r  prepared by t h e  f o l l o w i n g  procedure. a 

5.6.1.1 Mixed I C S  s o l u t i o n  I may be prepared by a d d i n g w  
13.903 g  A1 (N03),'9H20, 2.498 g  CaCO, ( d r i e d  a t  180 C f o r  1 h  be fore  
weighing),  1.000 g  Fe, 1.658 g  MgO, 2.305 g  Na2C03, and 1.767 g  K2C03 F" 
t o  25 mL o f  reagent water.  Slowly add 40 mL o f  (1+1) HNO,. A f t e r  I, 
d i s s o l u t i o n  i s  complete, warm the  s o l u t i o n  t o  degas. Cool and 
d i l u t e  t o  1,000 rr~L w i t h  reagent water.  w 

b! 
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5.6.1.2 Mixed ICS s o l u t i o n  I 1  may be prepared by slowly 
adding 7.444 g 85 % H3P04, 6.373 g 96% H2S04, 40.024 g 37% HC1, and 
10.664 g c i t r i c  ac id  C,O,H, t o  100 mL o f  reagent water. D i l u t e  t o  
1,000 mL w i t h  reagent water. 

5.6.1.3 Mixed ICS so lu t i on  111 may be prepared by adding 
1 .OO mL each o f  100-m/mL arsenic, cadmium, chromium, cobalt ,  
copper, manganese, n i cke l ,  s i l v e r ,  and z inc  stock sol u t ions  t o  about 
50 mL reagent water. Add 2.0 mL concentrated HNO,, and d i l u t e  t o  
100.0 mL w i t h  reagent water. 

5.6.1.4 Working ICS Solut ions 

5.6.1.4.1 ICS-A may be prepared by adding 10.0 mL o f  
mixed ICS s o l u t i o n  I (5.7.1.) ,  2.0 mL each o f  100-m/mL 
t i t a n i u m  stock s o l u t i o n  (5.3.9) and molybdenum stock so lu t i on  
(5.3.10), and 5.0 mL o f  mixed ICS s o l u t i o n  I 1  (5.7.1.2). 
D i l u t e  t o  100 mL w i t h  reagent water. ICS so lu t i on  A must be 
prepared f resh  weekly. 

5.6.1.4.2 ICS-AB may be prepared by adding 10.0 mL o f  
mixed ICS s o l u t i o n  I ( 5 7 . 1 1 )  2.0 mL each o f  100-m/mL 
t i t a n i u m  stock s o l u t i o n  (5.3.9) and molybdenum stock so lu t i on  
(5.3.10), 5.0 mL o f  mixed I C S  s o l u t i o n  I 1  (5.7.1.2), and 
2.0 mL o f  Mixed ICS so lu t i on  I 1 1  (5.7.1.3). D i l u t e  t o  100 mL 
w i t h  reagent water. Although the  ICS s o l u t i o n  AB must be 
prepared f resh  weekly, the  analyst  should be aware t h a t  the  
s o l u t i o n  may p r e c i p i t a t e  s i l v e r  more qu ick ly .  

5.7 The qua1 i t y  con t ro l  standard i s  the  i n i  t i  a1 ca l  i b r a t i  on v e r i f i c a t i o n  
s o l u t i o n  (ICV), which must be prepared i n  the  same ac id  mat r ix  as the  c a l i b r a t i o n  
standards. This s o l u t i o n  must be an independent standard near the  midpoint o f  
t he  l i n e a r  range a t  a concentrat ion other  than t h a t  used f o r  instrument 
c a l i b r a t i o n .  An independent standard i s  def ined as a standard composed o f  the  
analytes from a source d i f f e r e n t  from those used i n  the  standards f o r  instrument 
ca l  i b r a t  i on. 

5.8 Mass spectrometer tuning so lu t ion .  A so lu t i on  conta in ing elements 
represent ing a l l  o f  t he  mass regions o f  i n t e r e s t  ( f o r  example, 10 pg/L o f  L i ,  Co, 
In,  and T I )  must be prepared t o  v e r i f y  t h a t  the  r e s o l u t i o n  and mass c a l i b r a t i o n  
of t he  instrument are w i t h i n  the  required spec i f i ca t i ons  (see Sect ion 7.5). 'This 
s o l u t i o n  i s  a1 so used t o  v e r i f y  t h a t  t he  instrument has reached thermal s t a b i l  i t y  
(See Sect ion 7.4). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Sampl e c o l  1 ec t  i on procedures shoul d address the  considerat ions 
described i n  Chapter Nine o f  t h i s  Manual. 
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6.2 See t h e  i n t r o d u c t o r y  ma te r i a l  i n  Chapter Three, I no rgan i c  Ana ly tes ,b  
Sect ions 3.1.3 f o r  i n fo rma t i on  on sample hand l ing  and p rese rva t i on .  Only 
po lye thy lene o r  f luorocarbon (TFE o r  PFA) conta iners  are recommended f o r  use i n p  
Method 6020. 

Lw 

PROCEDURE 

7.1 Sol u b i l  i z a t i o n  and d i g e s t i o n  procedures are  presented i n  t h e  sampleL 
Prepara t ion  Methods (e .g., Methods 3005 - 3051). 

W 
7.2 I n i t i a t e  appropr ia te  opera t ing  c o n f i g u r a t i o n  o f  t h e  i n s t r u m e n t s b  

computer accord ing t o  the  inst rument  manufacturer 's i n s t r u c t i o n s .  
I 

7.3 Set up t h e  inst rument  w i t h  t he  proper  ope ra t i ng  parameters accord ing rn 
t o  t he  inst rument  manufacturer 's i n s t r u c t i o n s .  b 

7.4 Operat ing cond i t i ons :  The ana lys t  should f o l l o w  t h e  i n s t r u c t i o n s p  
prov ided by t h e  inst rument  manufacturer. A l low a t  l e a s t  30 minutes f o r  the& 
inst rument  t o  e q u i l i b r a t e  be fore  analyz ing any sarnples. Th i s  must be v e r i f i e d  
by ana lyz ing  a t un ing  s o l u t i o n  (Sect ion 5.8) a t  l e a s t  f o u r  t imes w i t h  r e l a t i v e r r i  
standard d e v i a t i o n s  o f  5 5% f o r  t h e  ana ly tes  conta ined i n  t h e  t u n i n g  so lu t ion . '_  

NOTE: Precaut ions must be taken t o  p r o t e c t  t h e  channel e l e c t r o n  
m u l t i p l i e r  f rom h igh  i o n  cu r ren ts .  The channel e l e c t r o n  m u l t i p l i e r m  
s u f f e r s  f rom f a t i g u e  a f t e r  being exposed t o  h i g h  i o n  cu r ren ts .  T h i s b  
f a t i g u e  can l a s t  f rom severa l  seconds t o  hours depending on t h e  
ex ten t  o f  exposure. Dur ing t h i s  t ime per iod ,  response f a c t o r s  a r e m  ' 
c o n s t a n t l y  changing, which i n v a l  i d a t e s  t h e  c a l  i b r a t i  on curve, causes& 
i n s t a b i l  i t y ,  and i n v a l  i da tes  sample analyses. 

7.5 Conduct mass ca l  i b r a t i o n  and r e s o l u t i o n  checks i n  t h e  mass reg ions  o f  
m 

i n t e r e s t .  The mass c a l i b r a t i o n  and r e s o l u t i o n  parameters are r e q u i r e d  c r i t e r i a  k13 
which must be met p r i o r  t o  any samples being analyzed. I f  t h e  mass c a l i b r a t i o n  
d i f f e r s  more than 0.1 amu from the  t r u e  value, then t h e  mass c a l  i b r a t i o n  must beF" 
ad jus ted  t o  t he  c o r r e c t  value. The r e s o l u t i o n  must a1 so be v e r i f i e d  t o  be l e s s b  
than 0.9 amu f u l l  w id th  a t  10 percent  peak he igh t .  

m 
7.6 C a l i b r a t e  t h e  inst rument  f o r  the  ana ly tes  o f  i n t e r e s t  (recommendedi, 

i so topes  f o r  t h e  ana ly tes  i n  Table 1 are  prov ided i n  Table 3) ,  us ing  the  
c a l i b r a t i o n  b lank  and a t  l e a s t  a  s i n g l e  i n i t i a l  c a l i b r a t i o n  standard accord ing 
t o  t h e  inst rument  manufacturer 's procedure. F lush t h e  system w i t h  t h e  r i n s e 9  
b lank  (5.5.3) between each standard s o l u t i o n .  Use the  average o f  a t  l e a s t t h r e e  La 
i n t e g r a t i o n s  f o r  both ca l  i b r a t i o n  and sample analyses. 

R 

7.7 A l l  masses which cou ld  a f f e c t  data q u a l i t y  should be moni tored to i ,  
determine p o t e n t i a l  e f f e c t s  from m a t r i x  components on t h e  ana l y te  peaks. The 1 
recommended isotopes t o  be monitored are l i s t e  i n  Table 3. P"I 

7.8 Immediately a f t e r  t he  c a l i b r a t i o n  has been es tab l i shed,  t h e m  
c a l  i b r a t i o n  must be v e r i f i e d  and documented f o r  every ana l y te  by t h e  ana l ys i s  o f  
t he  c a l  i b r a t i o n  v e r i f i c a t i o n  so l   tion on (Sect ion 5.7). When measurements exceed tm 

k 
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+ 10% o f  the  accepted value, the  analyses must be terminated, the  problem 
corrected, t he  instrument reca l  i brated, and the  new ca l  i b r a t i o n  v e r i f i e d .  Any 
sampl es analyzed under an ou t -o f - con t ro l  ca l  i b r a t  i o n  must be reanalyzed. During 
the  course of an a n a l y t i c a l  run, t he  instrument may be "resloped" o r  reca l i b ra ted  
t o  c o r r e c t  f o r  instrument d r i f t .  A r e c a l i b r a t i o n  must then be fo l lowed 
immediately by a new ana lys is  o f  a CCV and CCB before any f u r t h e r  samples may be 
analyzed. 

7.9 Flush the  system w i t h  the  r i n s e  b lank s o l u t i o n  (5.5.3) u n t i l  t he  
s igna l  l e v e l s  r e t u r n  t o  the  method's l e v e l s  o f  q u a n t i t a t i o n  (usua l l y  about 30 
seconds) before the  ana lys is  o f  each sample (see Sect ion 7.7). Nebulize each 
sample u n t i l  a  s teady-state s igna l  i s  achieved (usua l l y  about 30 seconds) p r i o r  
t o  c o l l e c t i n g  data. Analyze the  c a l i b r a t i o n  v e r i f i c a t i o n  s o l u t i o n  (Sect ion 5.6) 
and the  c a l i b r a t i o n  b lank (Sect ion 5.5.1) a t  a frequency o f  a t  l e a s t  once every 
10 a n a l y t i c a l  samples. F low- in jec t i on  systems may be used as long as they can 
meet t h e  performance c r i t e r i a  o f  t h i s  method. 

7.10 D i l u t e  and reanalyze samples t h a t  are more concentrated than the  
l i n e a r  range f o r  an ana ly te  ( o r  species needed f o r  a cor rec t ion)  o r  measure an 
a1 te rna te  less-abundant isotope. The 1 i n e a r i t y  a t  t he  a1 te rna te  mass must be 
conf irmed by appropr ia te  c a l i b r a t i o n  (see Sec. 7.6 and 7.8). 

7.11 Ca lcu la t ions :  The q u a n t i t a t i v e  values s h a l l  be repor ted i n  
appropr ia te  u n i t s ,  such as micrograms per  l i t e r  (M/L) f o r  aqueous samples and 
m i l l  igrams per  k i logram (mg/kg) f o r  so l  i d  samples. I f  d i l u t i o n s  were performed, 
t he  appropr ia te  co r rec t i ons  must be appl ied t o  the  sample values. 

7.11.1 I f  appropr iate,  o r  required, c a l c u l a t e  r e s u l t s  f o r  s o l i d s  on 
a dry-weight  basis  as fo l lows:  

( I )  A separate determinat ion o f  percent s o l i d s  must be 
performed. 

(2) The concentrat ions determined i n  the  d iges t  are t o  be 
repor ted  on the  basis  o f  the  d r y  weight o f  t he  sample. 

C x  V Concentrat ion (d ry  weight) (mg/kg) = - 
w x s  

Where, 

C = Digest  Concentrat ion (mg/L) 
V = F ina l  volume i n  l i t e r s  a f t e r  sample preparat ion 
W = Weight i n  kg o f  wet sample 

% So l i ds  
S = 

100 

Ca lcu la t ions  should i n c l  ude appropr iate i n te r fe rence  co r rec t  ions (see 
Sect ion 3.2 f o r  examples) , i n t e r n a l  -standard normal i z a t i o n ,  and the  
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summation o f  s i g n a l s  a t  206, 207, and 208 m/z f o r  l e a d  ( t o  compensate f o h  
any d i f f e r e n c e s  i n  t h e  abundances o f  these  i so topes  between samples and 
s tandards) .  rn 

8.0 QUALITY CONTROL b 

8.1 A l l  q u a l i t y  c o n t r o l  da ta  should be ma in ta ined  and be a v a i l a b l e  f o r  
easy r e f e r e n c e  o r  i n s p e c t i o n .  kd 

8.2 Ins t rument  D e t e c t i o n  L i m i t s  ( IDLs) i n  pg/L can be es t imated  byq  
c a l c u l a t i n g  t h e  average o f  t h e  s tandard d e v i a t i o n s  o f  t h e  t h r e e  runs  on t h r e b  
non-consecut ive days f rom t h e  a n a l y s i s  of a  reagent  b l ank  s o l u t i o n  w i t h  seven 
consecu t i ve  measurements p e r  day. Each measurement must be performed as thoug b i t  were a  separa te  a n a l y t i c a l  sample ( i  .e., each measurement must be f o l l o w e d  bj, , 
a  r i n s e  and/or any o t h e r  procedure no rma l l y  performed between t h e  a n a l y s i s  OF 
separate samples). IDLs must be determined a t  l e a s t  every  t h r e e  months and kep t  ~ w i t h  t h e  ins t rument  l o g  book. Re fe r  t o  Chapter One f o r  a d d i t i o n a l  guidance. F 1 

d 
8.3 The ' I n t e n s i t i e s  o f  a1 1  i n t e r n a l  s tandards must be mon i to red  f o r  every  

ana l ys i s .  When t h e  i n t e n s i t y  o f  any i n t e r n a l  s tandard  f a i l s  t o  f a l l  between 3Cp 
and 120 pe rcen t  o f  t h e  i n t e n s i t y  o f  t h a t  i n t e r n a l  s tandard  i n  t h e  in i t ia l ,  
c a l i b r a t i o n  s tandard,  t h e  f o l l o w i n g  procedure i s  f o l l owed .  The sample must be 
d i l u t e d  f i v e f o l d  ( 1 t 4 )  and reanalyzed w i t h  t h e  a d d i t i o n  o f  a p p r o p r i a t e  amount % o f  i n t e r n a l  standards. Th i s  procedure must be repea ted  u n t i l  t h e  i n t e r n a l ;  
s tandard i n t e n s i t i e s  f a l l  w i t h i n  t h e  p resc r i bed  window. The i n t e n s i t y  l e v e l s  oflPeu 
t h e  i n t e r n a l  s tandards f o r  t h e  c a l i b r a t i o n  b l ank  (Sec t i on  5.5.1) and i ns t rumen t  
check s tandard (Sec t i on  5.6) must agree w i t h i n  + 20 pe rcen t  o f  t h e  i n t e n s i t p  
l e v e l  o f  t h e  i n t e r n a l  s tandard o f  t h e  o r i g i n a l  c a l i b r a t i o n  s o l u t i o n .  I f  they  dabsl, 
n o t  agree, t e r m i  na te  t h e  anal  y s i  s, c o r r e c t  t h e  p r o b l  em, r e c a l  i bra te ,  v e r i  f y  t h e  
new c a l i b r a t i o n ,  and reana lyze  t h e  a f f e c t e d  samples. n 

k I 8.4 To o b t a i n  a n a l y t e  da ta  o f  known qual i t y ,  i t  i s  necessary t o  measure 
more t h a n  t h e  ana l y tes  o f  i n t e r e s t  i n  o rde r  t o  app ly  c o r r e c t i o n s  o r  t o  determine I 
whether i n t e r f e r e n c e  c o r r e c t i o n s  a re  necessary.  I f  t h e  concen t ra t i ons  o f f  ~ 
i n t e r f e r e n c e  sources (such as C, C1, No, Z r ,  1 )  a re  such t h a t ,  a t  t h e  c o r r e c t i o h  , 
f a c t o r ,  t h e  a n a l y t e  i s  l e s s  than  t h e  l i m i t  o f  q u a n t i f i c a t i o n  and t h e  ~ 
c o n c e n t r a t i o n  o f  i n t e r f e r e n t s  a re  i n s i g n i f i c a n t ,  then  t h e  da ta  may g~  ' 
uncor rec ted .  Note t h a t  m o n i t o r i n g  t h e  i n t e r f e r e n c e  sources does n o t  necessa r i l y y  
r e q u i r e  m o n i t o r i n g  t h e  i n t e r f e r a n t  i t s e l f ,  b u t  t h a t  a  mo lecu la r  spec ies may be ' 
mon i to red  t o  i n d i c a t e  t h e  presence o f  t h e  i n t e r f e r e n t .  When cor rec t t ione ,  
equa t ions  a re  used, a l l  QC c r i t e r i a  must a l s o  be met. Ex tens ive  QC for1 
i n t e r f e r e n c e  c o r r e c t  ions  a re  r e q u i r e d  a t  a1 1  t imes .  The mon i to red  masses mustisi 
i n c l  ude those  elements whose hydrogen, oxygen, hydroxy l  , c h l o r i n e ,  n i t r o g e n ,  
carbon and s u l f u r  mo lecu la r  i ons  cou ld  impact t h e  ana l y tes  o f  i n t e r e s t . P  
Unsuspected i n t e r f e r e n c e s  may be de tec ted  by adding pure ma jo r  m a t r i x  componentsb 
t o  a  sample t o  observe any impact on t h e  a n a l y t e  s i g n a l s .  When an i n t e r f e r e n c e  
source i s  present ,  t h e  sample elements impacted must be f l agged  t o  i n d i c a t e  ( a ) w  
t h e  percentage i n t e r f e r e n c e  c o r r e c t i o n  a p p l i e d  t o  t h e  da ta  o r  (b )  an uncorrected, 
i n t e r f e r e n c e  by v i r t u e  o f  t h e  elemental  equa t i on  used f o r  q u a n t i t a t i o n .  The 
i s o t o p e  p r o p o r t i o n s  f o r  an element o r  mol ecu l  a r - i o n  c l u s t e r  p r o v i d e  information, 
u s e f u l  f o r  qual  i t y  assurance. 

b 
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NOTE: Only i sobaric e l  emental , mol ecul ar, and doubly charged inter ference - 
correc t  ions which use the  observed i sotopic-response r a t i o s  o r  parent- to-  
oxide r a t i o s  (provided an oxide i n t e r n a l  standard i s  used as described i n  
Sect ion 3.2) f o r  each instrument system are acceptable cor rec t ions  f o r  use 
i n  Method 6020. 

8.5 D i l u t i o n  Test: I f  the  analyte concentrat ion i s  w i t h i n  the  l i n e a r  
dynamic range o f  t he  instrument and s u f f i c i e n t l y  high (minimal ly,  a  factor  o f  a t  
l e a s t  100 t imes greater  than the  concentrat ion i n  the  reagent blank, r e f e r  t o  
Sect ion 5.5.2) ,  an analys is  o f  a  f i v e f o l d  (1t4) d i l u t i o n  must agree w i t h i n  + 10% 
o f  the  o r i g i n a l  determinat ion. I f  not,  an in ter fe rence e f f e c t  must be suspected. 
One d i l u t i o n  t e s t  must be inc luded f o r  each twenty samples ( o r  less)  o f  each 
m a t r i x  i n  a  batch. 

8.6 Post-Digest ion Spike Addi t ion:  An analyte spike added t o  a  p o r t i o n  
o f  a  prepared sample, o r  i t s  d i l u t i o n ,  should be recovered t o  w i t h i n  75 t o  125 
percent o f  t he  known value o r  w i t h i n  the  labora tory  der ived acceptance c r i t e r i a .  
The spike a d d i t i o n  should be based on the  indigenous concentrat ion o f  each 
element o f  i n t e r e s t  i n  the  sample. I f  the  spike i s  not  recovered w i t h i n  the  
spec i f ied  1  i m i t s ,  t he  sample must be d i l u t e d  and reanalyzed t o  compensate f o r  the  
m a t r i x  e f f e c t .  Results must agree t o  w i t h i n  10% o f  the  o r i g i n a l  determinat ion. 
The use o f  a  standard-addi t ion analys is  procedure may a lso  be used t o  compensate 
f o r  t h i s  e f f e c t  (Refer t o  Method 7000). 

8.7 A Laboratory Control  Sample (LCS) should be analyzed f o r  each analyte 
us ing t h e  same sample preparat ions, ana ly t i ca l  methods and QA/QC procedures 
employed f o r  t he  t e s t  samples. One LCS should be prepared and analyzed f o r  each 
sample batch a t  a  frequency o f  one LCS f o r  each 20 samples o r  less .  

8.8 Check the  instrument ca l  i b r a t i o n  by analyzing appropr iate qua1 i t y  
con t ro l  so lu t i ons  as fo l lows:  

8.8 .1  Check instrument ca l  i bra t ion  using a  cal  i bra t ion  blank 
(Sect ion 5.5.1) and the  i n i t i a l  c a l i b r a t i o n  v e r i f i c a t i o n  so lu t i on  
(Sect ions 5.7 and 7 .9 ) .  

8.8.2 V e r i f y  c a l i b r a t i o n  a t  a  frequency o f  every 10 ana ly t i ca l  
samples w i t h  the  instrument check standard (Sect ion 5.6) and the  
c a l  i b r a t  i on b l  an k  (Sect ion 5.5.1) . These sol u t  i ons must a1 so be analyzed 
f o r  each analyte a t  the  beginning of the  analys is  and a f t e r  the  l a s t  
sampl e. 

8.8.3 The r e s u l t s  o f  the  i n i t i a l  c a l i b r a t i o n  v e r i f i c a t i o n  so lu t i on  
and the  instrument check standard must agree w i t h i n  + 10% o f  the  expected 
value. I f  not,  terminate the  analysis, co r rec t  the  problem, and 
r e c a l i b r a t e  the  instrument. Any sample analyzed under an out -o f -cont ro l  
ca l  i b r a t  i o n  must be reanalyzed . 

8.8.4 The r e s u l t s  o f  the c a l i b r a t i o n  blank must be less  than 3 
t imes the  cu r ren t  IDL f o r  each element. If t h i s  i s  not  the  case, the  
reason f o r  the  ou t -o f - con t ro l  cond i t ion  must be found and corrected, and 
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a f f e c t e d  samples must be reanalyzed. I f  the  1  aboratory c o n s i s t e n t l y  ha& 
concent ra t ions  g rea te r  than 3  t imes t h e  IDL, t h e  IDL may be i n d i c a t i v e  o f  
an est imated IDL and should be re-evaluated.  m 
8.9 V e r i f y  t h e  magnitude o f  elemental and molecul a r - i o n  i s o b a r i b  

i n te r fe rences  and t h e  adequacy o f  any co r rec t i ons  a t  t h e  beginning o f  an 
a n a l y t i c a l  run  o r  once every 12 hours, whichever i s  more f requent .  Do t h i s  b F  
ana lyz ing  t h e  i n t e r f e r e n c e  check so lu t i ons  A  and AB. The ana lys t  should be a w a r k  
t h a t  p r e c i p i t a t i o n  from s o l u t i o n  AB may occur w i t h  some elements, s p e c i f i c a l l y  
s i l v e r .  Refer  t o  Sect ion 3.0 f o r  a  d iscussion on in te re ferences and p o t e n t i a p  
s o l u t i o n s  t o  those in tereferences i f  a d d i t i o n a l  guidance i s  needed. I b 

8.10 Analyze one d u p l i c a t e  sample f o r  every m a t r i x  i n  a  batch a t  R 
frequency o f  one m a t r i x  d u p l i c a t e  f o r  every 20 samples. 

k a  

8.10.1 The r e l a t i v e  percent  d i f f e rence  (RPD) between d u p l i c a t e  
determi na t i ons  must be ca l cu la ted  as f o l l  ows : l l ~ l  

ID, - 02 I 
RPD = x 100 

(D, + D,)/2 

where: , 

P I 

RPD = re1  a t i  ve percent d i f f e rence .  b ' 
D, = f i r s t  sample value. 1 
D, = second sample value (dupl i cate)  e 

A c o n t r o l  l i m i t  o f  20% RPD should no t  be exceeded f o r  ana ly te  values 
g r e a t e r  than 100 t imes the  inst rumenta l  de tec t i on  1  i m i t .  I f  t h i s  l i m i t  i 
exceeded, t h e  reason f o r  t h e  o u t - o f - c o n t r o l  s i t u a t i o n  must be found a n c  
corrected,  and any samples analyzed du r ing  t h e  o u t  - o f  - c o n t r o l  c o n d i t i o n  
must be reanalyzed. P 

9.0 METHOD PERFORMANCE b 1 

9.1 I n  an EPA m u l t i - l a b o r a t o r y  study, 10 l a b o r a t o r i e s  app l i ed  t h e  F 
ICP-MS technique t o  both aqueous and s o l i d  samples. TABLE 4  summarizes t h k  
method performance data f o r  aqueoljs samples. Performance data  f o r  so l  i d  samples 
i s  prov ided i n  TABLE 5. ? 
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TABLE 1. ELEMENTS APPROVED FOR ICP-MS DETERMINATION 

i - I 
h i  i 

Element CAS* # I 

A1 umi num 7429-90-5 
Ant i  mony 7440-36-0 Cn I i 
Arsenic 7440-38-2 

7440-39-3 
iphi 

B a r i  urn I 

Beryl  1 i urn 7440-41-7 i 

Cadmi urn 7440-43-9 P 
Chromi urn 7440-47-3 b 
Cobal t 7440-48-4 
Copper 7440-50-8 P 
Lead 7439-92- 1 lrpo 

Manganese 7439-96-5 
N icke l  7440-02-0 
S i  1 ver  7440-22-4 r@ 
Thal 1 i urn 7440-28-0 bid 

Zinc 7440-66-6 
r 

hl 

I 

b 
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TABLE 2. RECOMMENDED INTERFERENCE CHECK SAMPLE COMPONENTS AND CONCENTRATIONS 

Sol ut i on 
component 

Solution A Solution AB 
Concentrat ion (mg/L) Concentrat ion (mg/L) 
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TABLE 3. RECOMMENDED ISOTOPES FOR SELECTED ELEMENTS 

Mass 
F"' ' 

Element o f  i n t e r e s t  b 

A1 umi num 
A n t i  mony 
Arsen ic  
Bar i um 
Bery l  1  i um 
Bismuth ( IS )  
Cadmi um 
Calcium ( I )  
Ch lor ine  ( I )  
Chromi um 
Cobal t  
Copper 
Holmium ( IS )  
Indium ( IS )  
I r o n  ( I )  
Lanthanum ( I )  
Lead 
L i t h i u m  ( IS )  
Magnesium ( I )  
Manganese 
Molybdenum ( I )  
N i cke l  
Potassium ( I )  
Rhodium ( IS )  
Scandium ( IS )  
S i  1  ve r  
Sodium ( I )  
Terbium ( IS )  
T h a l l  i um 
T i n  ( I )  
Y t t r i u m  ( IS)  
Z inc  

NOTE: Method 6020 i s  recommended f o r  o n l y  those ana ly tes  1  i s t e d  i n  T a b l e p  
1. Other elements are  inc luded i n  t h i s  t a b l e  because they  a re  p o t e n t i a l b  
i n t e r f e r e n t s  (1 abeled I )  i n  t h e  determinat ion o f  recommended analytes,  o r  because 
they  are commonly used i n t e r n a l  standards ( l abe led  IS) .  Isotopes are 1  i s t e d  i 
descending order  o f  na tu ra l  abundance. The most general l y  use fu l  i so topes a r  
under l ined and i n  boldface, a l though c e r t a i n  mat r ices  may r e q u i r e  t h e  use o  
a1 t e r n a t i v e  isotopes.  " These masses are a1 so use fu l  f o r  i n t e r f e r e n c e  c o r r e c t i o n  
(Sect ion 3.2). I n t e r n a l  standard must be enriched i n  t h e  ' ~ i  isotope.  Th i sR  
minimizes i n t e r f e r e n c e  from indigenous l i t h i u m .  rrvi 

i 
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TABLE 4. ICP-MS MULTI - LABORATORY PRECISION AND ACCURACY DATA FOR AQUEOUS 
SOLUTIONS 

Comparabi 1 i t y a  %RSD 
El ement Range Range N~ SC 

A1 unii num 
Ant i mony 
Arsenic 
Bar i um 
Bery l  1  i um 
Cadmi um 
Cal c i  um 
Chromi um 
Cobal t 
Copper 
I r o n  
Lead 
Magnesi um 
Manganese 
N icke l  
Potassium 
Sel en i um 
Si  1 ver  
Sod i um 
Thal 1 i um 
Vanadi um 
Zinc 

a Comparabi l i ty  r e f e r s  t o  the  p e ~ c e n t  agreement o f  mean ICP-MS values t o  those 
o f  t h e  reference technique. N i s  the  range o f  the  number o f  ICP-MS 
measurements where t h e  ana ly te  values exceed the  1 i m i  t o f  q u a n t i t a t i o n  (3.3 t imes 
t h e  average IDL va l  ue) . S isd the  number o f  samples w i t h  r e s u l t s  greater  
than t h e  l i m i t  o f  q u a n t i t a t i o n .  No comparab i l i t y  values are provided f o r  
antimony because o f  evidence t h a t  t he  reference data i s  a f fec ted  by an 
in te r fe rence.  
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Comparabi 1  i t y a  %RSD 
Element Range Range Nb Sc F 

A1 umi num 
Antimony 
Arsenic  
B a r i  urn 
Bery l  1 i urn 
Cadmi urn 
Cal c i  um 
Chromi urn 
Cobalt  
Copper 
I r o n  
Lead 
Magnes i urn 
Manganese 
N icke l  
Potassium 
Sel en i urn 
S i  1  ve r  
Sod i urn 
'rhal 1  i urn 
Vanad i urn 
Z inc  

a Comparab i l i t y  r e f e r s  t o  t h e  petcent  agreement o f  mean ICP-MS values t o  those 
o f  t h e  re fe rence technique. N i s  t h e  range o f  t h e  number o f  ICP-MC , 
measurements where t h e  ana l y te  values exceed t h e  1 i m i  t o f  quan t i  t a t i o n  (3.3  time^ 1 
t h e  average IDL va l  ue) . S i sd t h e  number o f  samples w i t h  r e s u l t s  g r e a t e F  I 
than t h e  l i m i t  o f  q u a n t i t a t i o n .  No comparab i l i t y  va lues a re  p rov ided f o r  
antimony because o f  evidence t h a t  t h e  re fe rence da ta  i s  a f f e c t e d  by a p  
i n t e r f e r e n c e .  LSI 
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METHOD 6020 
INDUCTIVELY COUPLED PLASMA - MASS SPECTROMETRY 
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METHOD 7000A 

ATOMIC ABSORPTION METHODS 

1.0 SCOPE AND APPLICATION 

1.1 Metals i n  s o l u t i o n  may be r e a d i l y  determined by atomic absorpt ion 
spectroscopy. The method i s  simple, rapid,  and appl i cab le  t o  a l a rge  number of 
metals i n  dr ink ing ,  surface, and s a l i n e  waters and domestic and i n d u s t r i a l  
wastes. While d r i n k i n g  water f r e e  o f  p a r t i c u l a t e  matter  may be analyzed d i r e c t l y ,  
ground water, o ther  aqueous samples, EP extracts,  i n d u s t r i a l  wastes, so i l s ,  
sludges, sediments, and o ther  s o l i d  wastes requ i re  d iges t ion  p r i o r  t o  analys is  
f o r  both t o t a l  and ac id  leachable metals. Analysis f o r  d issolved elements does 
no t  requ i re  d iges t i on  i f  the  sample has been f i l t e r e d  and a c i d i f i e d .  

1.2 Detect ion l i m i t s ,  s e n s i t i v i t y ,  and optimum ranges o f  the  metals w i l l  
vary w i t h  the  matr ices and models o f  atomic absorpt ion spectrophotometers. The 
data shown i n  Table 1 provide some i n d i c a t i o n  o f  the  detec t ion  l i m i t s  obtainable 
by d i r e c t  a s p i r a t i o n  and by furnace techniques. For c lean aqueous samples, the  
de tec t i on  l i m i t s  shown i n  the  t a b l e  by d i r e c t  asp i ra t i on  may be extended downward 
w i t h  scale expansion and upward by using a l ess  sens i t i ve  wavelength o r  by 
r o t a t i n g  the  burner head. Detect ion l i m i t s  by d i r e c t  asp i ra t i on  may a lso be 
extended through concentrat ion of the  sample and/or through so l  vent ex t rac t i on  
techniques. For c e r t a i n  samples, lower concentrat ions may a1 so be determined 
using the  furnace techniques. The detec t ion  1 i m i t s  given i n  Table 1 are somewhat 
dependent on equipment (such as the  type o f  spectrophotometer and furnace 
accessory, the  energy source, the  degree o f  e l e c t r i c a l  expansion o f  the  output 
s igna l  ), and are g r e a t l y  dependent on sample matr ix .  Detect ion 1 i m i t s  should be 
establ  ished, emp i r i ca l l y ,  f o r  each mat r i x  type analyzed. When using furnace 
techniques, however, t h e  analyst  should be cautioned as t o  possib le chemical 
reac t ions  occur r ing  a t  elevated temperatures which may r e s u l t  i n  e i t h e r  
suppression o r  enhancement o f  the analys is  element. To ensure v a l i d  data w i th  
furnace techniques, the  analyst  must examine each mat r ix  f o r  in ter fe rence e f fec ts  
(see Step 3.2.1) and, i f  detected, t r e a t  them accordingly, using e i t h e r  
successive d i l u t i o n ,  ma t r i x  modi f i ca t ion ,  o r  method o f  standard add i t ions  (see 
Step 8.7). 

1.3 Where d i  rec t -asp i  r a t i o n  atomic absorpt ion techniques do not  provide 
adequate s e n s i t i v i t y ,  reference i s  made t o  specia l ized procedures ( i n  add i t ion  
t o  the  furnace procedure) such as the  gaseous-hydride method f o r  arsenic and 
sel  eni  um and the  co l  d-vapor technique f o r  mercury. 

2.0 SUMMARY OF METHOD 

2.1 Although methods have been reported f o r  the  ana lys is  o f  so l i ds  by 
atomic absorpt ion spectroscopy, the  technique general ly  i s  l i m i t e d  t o  metals i n  
s o l u t i o n  o r  so l  ub i  1 i zed  through some form o f  sample processing. 

2.2 Prel  iminary treatment o f  waste water, ground water, EP extracts,  and 
i n d u s t r i  a1 waste i s  a1 ways necessary because o f  the  compl ex i  t y  and v a r i  abi 1 i t y  
o f  sample mat r ix .  Sol ids ,  s l u r r i e s ,  and suspended mater ia l  must be subjected t o  
a sol u b i l  i z a t i o n  process before analysis. This process may vary because o f  the  
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meta ls  t o  be determined and t h e  na tu re  o f  t h e  sample be ing  analyzed. S o l u b i l  i- 
z a t i o n  and d i g e s t i o n  procedures a re  presented i n  Step 3.2 (Sample P repa ra t i on  
Methods) . 

2.3 I n  d i r e c t - a s p i r a t i o n  atomic abso rp t i on  spectroscopy, a  sample i s  
a s p i r a t e d  and atomized i n  a  f lame.  A  1  i g h t  beam f rom a  h o l l o w  cathode 1  amp o r  an 
e l e c t r o d e l e s s  d ischarge  lamp i s  d i r e c t e d  through t h e  f lame i n t o  a  monochromator, 
and on to  a  d e t e c t o r  t h a t  measures t h e  amount o f  absorbed l i g h t .  Absorp t ion  
depends upon t h e  presence o f  f r e e  unexc i t ed  g round -s ta te  atoms i n  t h e  f lame. 
Because t h e  wavelength o f  t h e  1  i g h t  beam i s  c h a r a c t e r i s t i c  o f  o n l y  t h e  meta l  
be ing  determined, t h e  l i g h t  energy absorbed by t h e  f lame i s  a  measure o f  t h e  
c o n c e n t r a t i o n  o f  t h a t  metal  i n  t h e  sample. T h i s  p r i n c i p l e  i s  t h e  b a s i s  o f  atomic 
abso rp t i on  spectroscopy. 

2.4 When us ing  t h e  fu rnace  technique i n  c o n j u n c t i o n  w i t h  an atomic 
abso rp t i on  spectrophotometer,  a  r e p r e s e n t a t i v e  a1 i quot  o f  a  sample i s  p l  aced i n  
t h e  g r a p h i t e  t ube  i n  t h e  furnace, evaporated t o  dryness, charred,  and atomized. 
As a  g r e a t e r  percentage o f  a v a i l a b l e  ana l y te  atoms i s  vapor ized  and d i s s o c i a t e d  
f o r  abso rp t i on  i n  t h e  tube r a t h e r  than  t h e  f lame, t h e  use o f  sma l l e r  sample 
volumes o r  d e t e c t i o n  o f  lower  concen t ra t i ons  o f  elements i s  poss ib l e .  The 
p r i n c i p l e  i s  e s s e n t i a l l y  t h e  same as w i t h  d i r e c t  a s p i r a t i o n  atomic absorp t ion ,  
except  t h a t  a  furnace,  r a t h e r  than  a  f lame, i s  used t o  atomize t h e  sample. 
Rad ia t i on  f rom a  g i v e n  e x c i t e d  element i s  passed th rough t h e  vapor c o n t a i n i n g  
g round-s ta te  atoms o f  t h a t  element. The i n t e n s i t y  o f  t h e  t r a n s m i t t e d  r a d i a t i o n  
decreases i n  p r o p o r t i o n  t o  t h e  amount o f  t h e  g round-s ta te  element i n  t h e  vapor. 
The meta l  atoms t o  be measured a re  p laced i n  t h e  bean1 o f  r a d i a t i o n  by i n c r e a s i n g  
t h e  temperature o f  t h e  furnace, thereby  caus ing t h e  i n j e c t e d  specimen t o  be 
vo l  a t i l  i zed .  A  monochromator i s01  a tes  t h e  c h a r a c t e r i s t i c  r a d i a t i o n  f rom t h e  
h o l l o w  cathode 1 amp o r  e l  e c t r o d e l  ess d ischarge  1  amp, and a  p h o t o s e n s i t i v e  dev ice  
measures t h e  a t t enua ted  t r a n s m i t t e d  r a d i a t i o n .  

3.0 INTERFERENCES 

3 . 1  D i r e c t  a s p i r a t i o n  

3.1.1 The most t roublesome t y p e  o f  i n t e r f e r e n c e  i n  atomic 
abso rp t i on  spect rophotometry  i s  u s u a l l y  termed "chemical  " and i s  caused by 
l a c k  o f  abso rp t i on  o f  atoms bound i n  mo lecu la r  combinat ion i n  t h e  f lame. 
T h i s  phenomenon can occur  when t h e  f lame i s  n o t  s u f f i c i e n t l y  h o t  t o  
d i s s o c i a t e  t h e  molecule,  as i n  t h e  case o f  phosphate i n t e r f e r e n c e  w i t h  
magnesium, o r  when t h e  d i s s o c i a t e d  atom i s  immediate ly  o x i d i z e d  t o  a  
compound t h a t  w i l l  n o t  d i s s o c i a t e  f u r t h e r  a t  t h e  temperature o f  t h e  f lame. 
The a d d i t i o n  o f  lanthanum w i l l  overcome phosphate i n t e r f e r e n c e  i n  
magnesi urn, ca lc ium,  and bar ium de te rmina t ions .  S i m i l a r l y ,  s i l  i c a  
i n t e r f e r e n c e  i n  t h e  de te rm ina t i on  o f  manganese can be e l i m i n a t e d  by t h e  
a d d i t i o n  o f  ca lc ium.  

3.1.2 Chemical i n t e r f e r e n c e s  may a1 so be e l  im ina ted  by sepa ra t i ng  
t h e  meta l  f rom t h e  i n t e r f e r i n g  m a t e r i a l .  A1 though complexing agents are 
employed p r i m a r i l y  t o  inc rease  t h e  s e n s i t i v i t y  o f  t h e  ana l ys i s ,  t hey  may 
a l s o  be used t o  e l i m i n a t e  o r  reduce i n t e r f e r e n c e s .  
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3.1.3 The presence o f  h i gh  d i sso l ved  s o l i d s  i n  t he  sample may 
r e s u l t  i n  an i n t e r f e r e n c e  f rom nonatomic absorbance such as l i g h t  
s c a t t e r i n g .  I f  background c o r r e c t i o n  i s  n o t  ava i l ab le ,  a  nonabsorbing 
wavelength should be checked. Pre fe rab ly ,  samples con ta in i ng  h i gh  so l  i d s  
should be ex t rac ted .  

3.1.4 I o n i z a t i o n  i n te r f e rences  occur when t h e  f lame temperature i s  
s u f f i c i e n t l y  h i gh  t o  generate t h e  removal o f  an e l e c t r o n  from a neu t ra l  
atom, g i v i n g  a p o s i t i v e l y  charged ion.  Th is  t ype  o f  i n t e r f e r e n c e  can 
g e n e r a l l y  be c o n t r o l l e d  by t h e  add i t i on ,  t o  bo th  standard and sample 
so lu t i ons ,  o f  a  l a r g e  excess (1,000 mg/L) o f  an e a s i l y  i on i zed  element 
such as K, Na, L i  o r  Cs. 

3.1.5 Spec t ra l  i n t e r f e r e n c e  can occur when an absorbing wavelength 
o f  an element p resen t  i n  t he  sample b u t  n o t  be ing determined f a l l s  w i t h i n  
t h e  w id th  o f  t h e  absorp t ion  l i n e  o f  t h e  element o f  i n t e r e s t .  The r e s u l t s  
o f  t h e  de te rmina t ion  w i l l  then be er roneously  high, due t o  t h e  
c o n t r i b u t i o n  o f  t h e  i n t e r f e r i n g  element t o  t h e  atomic absorp t ion  s i gna l .  
I n t e r f e r e n c e  can a l s o  occur  when resonant energy from another element i n  
a  mu l t ie lement  lamp, o r  f rom a metal  i m p u r i t y  i n  t h e  lamp cathode, f a l l s  
w i t h i n  t h e  bandpass o f  t h e  s l i t  s e t t i n g  when t h a t  o t h e r  metal  i s  present 
i n  t h e  sample. Th i s  t ype  o f  i n t e r f e r e n c e  may sometimes be reduced by 
narrowing t h e  s l i t  w id th .  

3.1.6 Samples and standards should be moni tored f o r  v i s c o s i t y  
d i f f e r e n c e s  t h a t  may a l t e r  t h e  a s p i r a t i o n  r a t e .  

3.1.7 A l l  meta ls  a re  n o t  e q u a l l y  s t a b l e  i n  t he  d iges ta te ,  
e s p e c i a l l y  i f  i t  con ta ins  o n l y  n i t r i c  ac id ,  no t  n i t r i c  a c i d  and 
h y d r o c h l o r i c  ac id .  The d i g e s t a t e  should be analyzed as soon as poss ib le ,  
w i t h  preference g i ven  t o  Sn, Sb, Mo, Ba, and Ag. 

3.2 Furnace procedure 

3.2.1 Al though t h e  problem o f  ox ide  fo rmat ion  i s  g r e a t l y  reduced 
w i t h  fu rnace  procedures because a tomiza t ion  occurs i n  an i n e r t  atmosphere, 
t h e  technique i s  s t i l l  sub jec t  t o  chemical i n t e r f e rences .  The composit ion 
o f  t h e  sample m a t r i x  can have a major e f f e c t  on t h e  ana lys is .  It i s  those 
e f f e c t s  which must be determined and taken i n t o  cons ide ra t i on  i n  t he  
a n a l y s i s  o f  each d i f f e r e n t  m a t r i x  encountered. To he lp  v e r i f y  t he  absence 
o f  m a t r i x  o r  chemical i n t e r f e rence ,  t h e  s e r i a l  d i l u t i o n  technique (see 
Step 8.6) may be used. Those samples which i n d i c a t e  t h e  presence o f  
i n t e r f e r e n c e  should be t r e a t e d  i n  one o r  more o f  t h e  f o l l  owing ways: 

1. Success ive ly  d i l u t e  and reanalyze t h e  samples t o  e l im ina te  
i n te r f e rences .  

2. Modi fy  t h e  sample m a t r i x  e i t h e r  t o  remove i n te r f e rences  o r  t o  
s t a b i l i z e  t h e  ana ly te .  Examples a re  t h e  a d d i t i o n  o f  ammonium 
n i t r a t e  t o  remove a l k a l i  c h l o r i d e s  and t h e  a d d i t i o n  o f  
ammonium phosphate t o  r e t a i n  cadmium. The mix ing  o f  hydrogen 
w i t h  t h e  i n e r t  purge gas has a l s o  been used t o  suppress 
chemical i n t e r f e rence .  The hydrogen ac ts  as a reduc ing agent 
and a ids  i n  mo lecu la r  d i s s o c i a t i o n .  

Revis ion 1 
J u l y  1992 



3. Analyze t h e  sample by method o f  standard a d d i t i o n s  w h i l e  
n o t i c i n g  the  precaut ions and l i m i t a t i o n s  o f  i t s  use (see Step 
8.7.2). 

3.2.2 Gases generated i n  t he  furnace du r ing  a tomiza t ion  may have 
molecul a r  absorpt ion bands encompassing the  a n a l y t i c a l  wavelength. When 
t h i s  occurs, use e i t h e r  background c o r r e c t i o n  o r  choose an a l t e r n a t e  
wave1 ength. Backgro~~nd c o r r e c t i o n  may a1 so compensate f o r  nonspec i f i c  
broad- band absorpt ion in te r fe rence.  

3.2.3 Continuum background c o r r e c t  i o n  cannot c o r r e c t  f o r  a1 1  types 
of background in te r fe rence .  When the  background i n t e r f e r e n c e  cannot be 
compensated f o r ,  chemica l ly  remove t h e  ana ly te  o r  use an a l t e r n a t e  form o f  
background co r rec t i on ,  e  .g., Zeeman background c o r r e c t i o n .  

3.2.4 In te r fe rence  f rom a  smoke-producing sample n ia t r i x  can 
sometimes be reduced by extending t h e  c h a r r i n g  t ime  a t  a  h ighe r  
temperature o r  u t i l i z i n g  an ashing c y c l e  i n  t h e  presence o f  a i r .  Care 
must be taken, however, t o  prevent l o s s  o f  t he  analyte.  

3.2.5 Samples con ta in ing  1  arge amo~~nts  o f  o rgan ic  mater i  a1 s  should 
be ox id i zed  by convent ional a c i d  d i g e s t i o n  be fore  being p laced i n  the  
furnace. I n  t h i s  way, broad-band absorpt ion w i l l  be minimized. 

3.2.6 Anion i n te r fe rence  s tud ies  i n  t h e  g r a p h i t e  furnace i n d i c a t e  
t h a t ,  under cond i t i ons  o the r  than isothermal ,  t h e  n i t r a t e  anion i s  
p re fe r red .  Therefore, n i t r i c  a c i d  i s  p re fe rab le  f o r  any d i g e s t i o n  o r  
s o l u b i l i z a t i o n  step. I f  another a c i d  i n  a d d i t i o n  t o  n i t r i c  a c i d  i s  
requ i red ,  a  minimum amount should be used. Th is  app l i es  p a r t i c u l a r l y  t o  
hyd roch lo r i c  and, t o  a  l e s s e r  extent ,  t o  s u l f u r i c  and phosphoric acids. 

3.2.7 Carbide fo rmat ion  r e s u l t i n g  from t h e  chemical environment o f  
t h e  furnace has been observed. Molybdenum may be c i t e d  as an example. When 
carb ides form, t h e  metal i s  re leased very s lowly  from t h e  r e s u l t i n g  metal 
carb ide  as a tomiza t ion  cont  i nues. Molybdenum may r e q u i r e  30 seconds o r  
more a tomiza t ion  t ime before the  s igna l  r e t u r n s  t o  base l i ne  l e v e l s .  
Carbide fo rmat ion  i s  g r e a t l y  reduced and t h e  s e n s i t i v i t y  increased w i t h  
t h e  use o f  p y r o l y t i c a l  l y  coated graph i te .  E l  enients t h a t  r e a d i l y  form 
carb ides  are noted w i t h  t h e  symbol (p) i n  Table 1. 

3.2.8 For comments on spec t ra l  i n te r fe rence ,  see Step 3.1.5. 

3.2.9 Cross-contaminat ion and contaminat ion o f  t h e  sample can be 
major sources o f  e r r o r  because o f  t h e  extreme s e n s i t i v i t i e s  achieved w i t h  
t h e  furnace. The sample prepara t ion  work area should be kept  sc rupu lous ly  
c lean.  A l l  glassware should be cleaned as d i r e c t e d  i n  Step 4.8. P ipe t  
t i p s  are a  f requent  source o f  contaminat ion. I f  suspected, they  should be 
a c i d  soaked w i t h  1:5 n i t r i c  ac id  and r i n s e d  thorough ly  w i t h  t a p  and 
reagent  water. The use o f  a  b e t t e r  grade o f  p i p e t  t i p  can g r e a t l y  reduce 
t h i s  problem. Special  a t t e n t i o n  should be g iven t o  reagent  b lanks i n  both 
ana lys i  s  and i n  t h e  c o r r e c t i o n  o f  a n a l y t i c a l  r e s u l t s .  Las t l y ,  p y r o l y t i c  
g raph i te ,  because o f  t h e  product ion  process and handl ing,  can become 
contaminated. As many as f i v e  t o  t e n  h igh- temperature burns may be 
requ i red  t o  c lean t h e  tube before use. 
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4 . 0  APPARATUS AND MATERIALS 

4 . 1  Atomic absorp t ion  spectrophotometer - S ing le -  o r  dual  -channel, 
s i n g l e -  o r  double-beam ins t rument  having a g r a t i n g  monochromator, photomul t i p 1  i e r  
de tec to r ,  a d j u s t a b l e  s l i t s ,  a  wavelength range o f  190 t o  800 nm, and p rov i s i ons  
f o r  i n t e r f a c i n g  w i t h  a  g raph i ca l  d i sp lay .  

4 . 2  Burner - 'The burner recommended by t h e  p a r t i c u l a r  ins t rument  
manufacturer  should be used. For c e r t a i n  elements t h e  n i t r o u s  ox ide burner i s  
r equ i red .  

4.3 Hol low cathode lamps - Single-element lamps are p r e f e r r e d  bu t  
mu1 t i e l e m e n t  1  amps may be used. E lec t rode less  d ischarge 1 amps may a1 so be used 
when a v a i l a b l e .  Other types o f  lamps meeting t h e  performance c r i t e r i a  o f  t h i s  
method may be used. 

4.4 Graph i te  furnace - Any furnace dev ice  capable o f  reaching t he  
s p e c i f i e d  temperatures i s  s a t i s f a c t o r y .  

4.5 Graphica l  d i s p l a y  and recorder  - A recorder  i s  recommended f o r  
fu rnace  work so t h a t  t h e r e  w i l l  be a permanent r eco rd  and t h a t  any problems w i t h  
t h e  a n a l y s i s  such as d r i f t ,  incomplete atomizat ion,  1  osses du r i ng  char r ing ,  
changes i n  s e n s i t i v i t y ,  peak shape, etc. ,  can be e a s i l y  recognized. 

4.6 P ipe t s  - Micro1 i t e r ,  w i t h  d isposable t i p s .  Sizes can range from 5 t o  
100 uL as requ i red .  P i p e t  t i p s  should be checked as a poss ib l e  source o f  
con tamina t ion  p r i o r  t o  t h e i r  use. The accuracy o f  automatic p i p e t s  must be 
v e r i f i e d  d a i l y .  Class A p i p e t s  can be used f o r  the  measurement o f  volumes l a r g e r  
t han  1 mL. 

4 . 7  Pressure-reduc ing va lves - The supp l ies  o f  f u e l  and ox idan t  should 
be mainta ined a t  pressures somewhat h i ghe r  than t he  c o n t r o l l e d  opera t ing  pressure 
o f  t h e  ins t rument  by s u i t a b l e  va lves.  

4 .8  Glassware - A1 1 glassware, polypropylene, o r  T e f l o n  conta iners ,  
i n c l u d i n g  sample b o t t l e s ,  f l a s k s  and p ipe t s ,  should be washed i n  t h e  f o l l o w i n g  
sequence: detergent ,  t a p  water,  1: 1 n i t r i c  ac id ,  t a p  water, 1: 1 hyd roch lo r i c  
ac id ,  t a p  water,  and reagent  water .  (Chromic a c i d  should n o t  be used as a 
c l ean ing  agent f o r  glassware i f  chromium i s  t o  be inc luded  i n  t he  a n a l y t i c a l  
scheme.) I f  i t  can be documented through an a c t i v e  a n a l y t i c a l  qua1 i t y  c o n t r o l  
program us ing  sp iked  sarr~ples and reagent b lanks t h a t  c e r t a i n  steps i n  t he  
c l ean ing  procedure a re  n o t  r e q u i r e d  f o r  r o u t i n e  samples, those steps may be 
e l  im ina ted  f rom t h e  procedure. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a1 1 t e s t s .  Unless otherwise 
i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
of t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Soc ie ty ,  where 
such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other grades may be used, p rov ided  i t  i s  f i r s t  
ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i gh  p u r i t y  t o  permi t  i t s  use 
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w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rmina t ion .  A l l  reagents  should be 
analyzed t o  p rov ide  p r o o f  t h a t  a l l  c o n s t i t u e n t s  a re  below t h e  MDLs. 

5.2 Reagent water.  A l l  re fe rences  t o  water  i n  t h i s  method r e f e r  t o  
reagent  wa te r  un less  o therw ise  s p e c i f i e d .  Reagent grade wate r  w i l l  be of a t  
l e a s t  16 Mega Ohm q u a l i t y .  

5.3 N i t r i c  a c i d  (concentrated) ,  HNO,. Use a spect rograde a c i d  c e r t i f i e d  
f o r  AA use. Prepare a 1:l d i l u t i o n  w i t h  wate r  by adding t h e  concent ra ted  a c i d  t o  
an equal volume o f  water.  If t h e  reagent  b l ank  i s  l e s s  than  t h e  IDL, t h e  a c i d  
may be used. 

5.4 H y d r o c h l o r i c  a c i d  (1:1), HC1. Use a spect rograde a c i d  c e r t i f i e d  f o r  
AA use. Prepare a 1 : l  d i l u t i o n  w i t h  water  by adding t h e  concent ra ted  a c i d  t o  an 
equal volume of water .  I f  t h e  reagent  b l ank  i s  l e s s  than  t h e  IDL, t h e  a c i d  may 
be used. 

5.5 Fuel and ox idan t  - High p u r i t y  ace ty lene  i s  g e n e r a l l y  acceptable.  A i r  
may be supp l i ed  f rom a compressed a i r  l i n e ,  a  l a b o r a t o r y  compressor, o r  a  
c y l i n d e r  o f  compressed a i r  and should be c l ean  and d r y .  N i t r o u s  ox ide  i s  a l s o  
r e q u i r e d  f o r  c e r t a i n  de te rmina t ions .  Standard, commerci a1 l y  a v a i l  ab le  argon and 
n i t r o g e n  are r e q u i r e d  f o r  furnace work. 

5.6 Stock s tandard metal  s o l u t i o n s  - Stock s tandard s o l u t i o n s  a r e  prepared 
f rom h i g h  p u r i t y  meta ls ,  oxides, o r  nonhygroscopic s a l t s  us i ng  wate r  and 
r e d i s t i l l e d  n i t r i c  o r  h y d r o c h l o r i c  ac ids .  (See i n d i v i d u a l  methods f o r  s p e c i f i c  
i n s t r u c t i o n s . )  S u l f u r i c  o r  phosphor ic  ac i ds  should be avoided as t hey  produce 
an adverse e f f e c t  on many elements. The s tock  s o l u t i o n s  a re  prepared a t  
concen t ra t i ons  o f  1,000 nig o f  t h e  metal  p e r  l i t e r .  Commercial ly a v a i l a b l e  
s tandard s o l u t i o n s  may a1 so be used. Where t h e  sample v i s c o s i t y ,  su r f ace  tens ion ,  
and components cannot be accu ra te l y  matched w i t h  standards, t h e  method o f  
s tandard  a d d i t i o n  (MSA) may be used (see Step 8.7).  

5.7 C a l i b r a t i o n  s tandards - For  those ins t ruments  which do n o t  read o u t  
d i r e c t l y  i n  concen t ra t ion ,  a  c a l i b r a t i o n  curve i s  prepared t o  cover  t h e  
a p p r o p r i a t e  c o n c e n t r a t i o n  range. Usua l l y ,  t h i s  means t h e  p r e p a r a t i o n  o f  
s tandards which produce an absorbance o f  0.0 t o  0.7. C a l i  b r a t i o n  s tandards a re  
prepared by d i l  u t i n g  t h e  s t o c k  metal  s o l u t i o n s  a t  t h e  t i m e  o f  a n a l y s i s .  For bes t  
r e s u l t s ,  c a l i b r a t i o n  standards should be prepared f r e s h  each t ime  a ba tch  o f  
samples i s  analyzed. Prepare a b l ank  and a t  l e a s t  t h r e e  c a l  i b r a t i o n  s tandards i n  
graduated amounts i n  t h e  app rop r i a te  range o f  t h e  l i n e a r  p a r t  o f  t h e  curve.  The 
c a l i b r a t i o n  s tandards should be prepared us ing  t h e  same t ype  o f  a c i d  o r  
combinat ion o f  ac i ds  and a t  t h e  same concen t ra t i on  as w i l l  r e s u l t  i n  t h e  samples 
f o l l  owing process ing.  Beginn ing w i t h  t h e  b l ank  and work ing toward t he  h i g h e s t  
standard, a s p i r a t e  t h e  s o l u t i o n s  and reco rd  t h e  read ings .  Repeat t h e  ope ra t i on  
w i t h  bo th  t h e  c a l i b r a t i o n  standards and t h e  samples a s u f f i c i e n t  number o f  t imes  
t o  secure a r e l i a b l e  average read ing  f o r  each s o l u t i o n .  C a l i b r a t i o n  s tandards f o r  
fu rnace  procedures should be prepared as descr ibed  on t h e  i n d i v i d u a l  sheets  f o r  
t h a t  meta l .  Cal i b r a t  i o n  curves a re  always requ i red .  
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the  i n t roduc to ry  mater ia l  i n  Chapter Three, M e t a l l i c  Analytes. 

7.0 PROCEDURE 

7.1 Pre l im inary  treatment o f  waste water, ground water, EP ex t rac ts ,  and 
i n d u s t r i a l  waste i s  always necessary because o f  t h e  complexity and v a r i a b i l i t y  
o f  sample matr ices.  Sol ids,  s l u r r i e s ,  and suspended mater i  a1 must be subjected 
t o  a s o l u b i l  i z a t i o n  process before analys is .  This process may vary because o f  the  
metals t o  be determined and t h e  nature o f  t he  sample being analyzed. 
Sol u b i l  i z a t i o n  and d i g e s t i o n  procedures are presented i n  Chapter Three, Step 3.2, 
Sample Preparat ion Methods. Samples which are t o  be analyzed f o r  d issolved 
cons t i t uen ts  need not  be d igested i f  they have been f i l t e r e d  and a c i d i f i e d .  

7.2 D i r e c t  aspi r a t i o n  (f lame) procedure 

7.2.1 D i f fe rences between the  various makes and models of 
s a t i s f a c t o r y  atomic absorpt ion spectrophotometers prevent t he  fo rmula t ion  
o f  d e t a i l e d  i n s t r u c t i o n s  appl i cab le  t o  every instrument. The analyst  
should f o l l o w  the  manufacturer's operat ing i n s t r u c t i o n s  f o r  a p a r t i c u l a r  
inst rument .  I n  general,  a f t e r  choosing the  proper lamp f o r  the  analysis,  
a l l ow  the  lamp t o  warm up f o r  a minimum o f  15 minutes, unless operated i n  
a double-beam mode. During t h i s  period, a l i g n  the  instrument, p o s i t i o n  the  
monochromator a t  t he  co r rec t  wavelength, se lec t  the  proper monochromator 
s l i t  width, and ad jus t  the  cur ren t  according t o  t h e  manufacturer's 
recommendation. Subsequently, 1  i g h t  the flame and regu la te  t h e  f l ow  o f  
f u e l  and ox idant .  Adjust  t he  burner and nebu l izer  f l ow  r a t e  f o r  maximum 
percent absorpt ion and s t a b i l  i t y .  Balance t h e  photometer. Run a ser ies  o f  
standards of the  element under analys is .  Construct a c a l i b r a t i o n  curve by 
p l o t t i n g  the  concentrat ions o f  t h e  standards against absorbances. Set t he  
curve c o r r e c t o r  o f  a d i r e c t  reading instrument t o  read out  t he  proper 
concentrat ion.  Aspi r a t e  the  samples and determine t h e  concentrat ions 
e i t h e r  d i r e c t l y  o r  from the  c a l i b r a t i o n  curve. Standards must be run  each 
t ime a sampl e o r  se r i es  o f  samples i s  run. 

7.3 Furnace procedure 

7.3.1 Furnace devices ( f l  ameless atomizat ion)  are a most usefu l  
means o f  extending detec t ion  l i m i t s .  Because o f  d i f fe rences between 
var ious makes and models o f  s a t i s f a c t o r y  instruments, no de ta i l ed  
opera t ing  i n s t r u c t i o n s  can be g iven f o r  each instrument.  Instead, the  
ana lys t  should f o l l o w  the  i n s t r u c t i o n s  provided by the  manufacturer o f  a 
p a r t  i c u l  a r  instrument.  

7.3.2 Background co r rec t i on  i s  important when using flameless 
atomizat ion, especia l  l y  below 350 nm. Cer ta in  samples, when atomized, may 
absorb o r  s c a t t e r  1 i g h t  from the  lamp. This can be caused by the  presence 
of gaseous molecular species, s a l t  p a r t i c l e s ,  o r  smoke i n  the  sample beam. 
I f  no c o r r e c t i o n  i s  made, sample absorbance w i l l  be greater  than i t  should 
be, and the  a n a l y t i c a l  r e s u l t  w i l l  be erroneously high. Zeeman background 
c o r r e c t i o n  i s e f f e c t i v e  i n  overcoming composit ion o r  s t ruc tured background 
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i n te r fe rences .  I t  i s  p a r t i c u l a r l y  use fu l  when ana lyz ing  f o r  As i n  t h e  
presence o f  A1 and when ana lyz ing  f o r  Se i n  t he  presence o f  Fe. 

7.3.3 Memory e f f e c t s  occur when t h e  ana l y te  i s  n o t  t o t a l l y  
vo l  a t i l  i z e d  d u r i n g  atomizat ion.  'rhi s  c o n d i t i o n  depends on severa l  fac to rs :  
v o l a t i l i t y  o f  t he  element and i t s  chemical form, whether p y r o l y t i c  
g r a p h i t e  i s  used, t he  r a t e  o f  a tomizat ion,  and fu rnace design.  Th i s  
s i t u a t i o n  i s  detected through b lank  burns. The tube should be cleaned by 
ope ra t i ng  t h e  furnace a t  f u l l  power f o r  t he  r e q u i r e d  t ime per iod ,  as 
needed, a t  r egu l  a r  i n t e r v a l s  d u r i n g  t h e  s e r i e s  o f  de termina t ions .  

7.3.4 I n j e c t  a  measured micro1 i t e r  a1 i q u o t  o f  sample i n t o  the  
furnace and atomize. I f  t h e  concent ra t ion  found i s  g r e a t e r  than the  
h ighes t  standard, t h e  sample should be d i l u t e d  i n  t h e  same a c i d  m a t r i x  and 
reanalyzed. The use o f  m u l t i p l e  i n j e c t i o n s  can improve accuracy and he lp  
d e t e c t  furnace p i  p e t t i  ng e r r o r s .  

7.3.5 To v e r i f y  t h e  absence o f  i n te r fe rence ,  f o l l o w  t h e  s e r i a l  
d i l u t i o n  procedure g i ven  i n  Step 8.6. 

7.3.6 A  check standard should be r u n  a f t e r  approx in iate ly  every 10 
sample i n j e c t i o n s .  Standards are  r u n  i n  p a r t  t o  mon i to r  t h e  l i f e  and 
performance o f  t h e  g r a p h i t e  tube. Lack o f  r e p r o d u c i b i l i t y  o r  s i g n i f i c a n t  
change i n  t h e  s igna l  f o r  t he  standard i n d i c a t e s  t h a t  t he  tube should be 
rep1 aced. Tube 1  i f e  depends on sample m a t r i x  and a tomiza t ion  temperature. 
A  conserva t ive  es t imate  would be t h a t  a  tube w i l l  l a s t  a t  l e a s t  50 
f i r i n g s .  A p y r o l y t i c  coa t i ng  w i l l  extend t h a t  est imated l i f e  by a  f a c t o r  
o f  t h ree .  

7.4 C a l c u l a t i o n  

7.4.1 For de termina t ion  o f  metal  concen t ra t i on  by d i r e c t  aspi  r a t i o n  
and furnace: Read t h e  metal va lue f rom t h e  c a l i b r a t i o n  curve  o r  d i r e c t l y  
f rom t h e  read-out  system o f  t h e  inst rument .  

7.4.2 I f  d i l u t i o n  o f  sample was requ i red :  

ug/L metal  i n  sample = A  (C + B) 
F 

where : 

A  = ug/L of metal i n  d i l u t e d  a l i q u o t  f rom c a l i b r a t i o n  curve. 
B = Ac id  b lank  m a t r i x  used f o r  d i l u t i o n ,  mL. 
C = Sample a1 i quo t ,  mL. 

7.4.3 For so l  i d  samples, r e p o r t  a1 1  concent ra t ions  i n  c o n s i s t e n t  
u n i t s  based on wet weight.  Hence: 

ug metal /kg sample = A  x V 

where: W 

A = ug/L o f  metal i n  processed sample from c a l i b r a t i o n  curve. 
V = F i n a l  volume o f  t he  processed sample, mL. 
W = Weight o f  sample, grams. 
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7.4.4 Different injection volumes must not be used for samples and 
standards. Instead, the sample should be diluted and the same size 
injection volume be used for b o t h  samples and standards. If dilution of 
the sample was required: 

ug/L of metal in sample = Z ( C + B) 
C 

where: 

Z = ug/L of metal read from cal i bration curve or read-out system. 
B = Acid blank matrix used for dilution m L .  
C = Sample aliquot, mL.  

8.0 QUALITY CONTROL 

8.1 All qua1 i t y  control data should be maintained and available for easy 
reference or inspection. 

8.2 A calibration curve must be prepared each day with a minimum of a 
calibration blank and three standards. After calibration, the calibration curve 
must be verified by use of a t  1 east a cal i bration blank and a cal i bration check 
standard (made from a reference materi a1 or other independent standard materi a1 ) 
a t  or near the mid-range. The calibration reference standard must be measured 
within 10 % of i t ' s  true value for the curve t o  be considered valid. 

8.3 If more than 10 samples per day are analyzed, the working standard 
curve must be verified by measuring sat isfactori ly  a mid-range standard or 
reference standard af te r  every 10 samples. This sample value must be within 20% 
of the true value, or the previous ten samples need t o  be reanalyzed. 

8.4 A t  least  one matrix spike and one matrix spike duplicate sample shall 
be included in each analytical batch. A laboratory control sample shall also be 
processed with each sample batch. Refer t o  Chapter One for more information. 

8.5 Where the sample matrix i s  so complex that  viscosity, surface tension, 
and components cannot be accurately matched with standards, the method of 
standard addition (MSA) i s  recommended (see Section 8.7 below). Section 8.6 
provides t e s t s  t o  evaluate the need for using the MSA. 

8.6 Interference t e s t s  

8.6.1 Dilution t e s t  - For each analytical batch select one typical sample 
for  ser ial  dilution t o  determine whether interferences are present. The 
concentration of the analyte should be a t  least  25 times the estimated detection 
1 imi t .  Determine the apparent concentration in the undiluted sample. Di 1 ute the 
sample by a minimum of five fold (1t4) and reanalyze. If a l l  of the samples in 
the batch are below 10 times the detection limits,  perform the spike recovery 
analysis described be1 ow. Agreement within 10% between the concentration for the 
undiluted sample and five times the concentration for the diluted sample 
indicates the absence of interferences, and such samples may be analyzed without 
using the method of standard additions. 
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8.6.2 Recovery t e s t  - If r e s u l t s  from the  d i l u t i o n  t e s t  do n o t  agree, a  
m a t r i x  i n t e r f e r e n c e  may be suspected and a  spiked sample should be analyzed t o  
he lp  conf i rm the  f i n d i n g  from t h e  d i l u t i o n  t e s t .  Withdraw another a1 i q u o t  o f  t h e  
t e s t  sample and add a  known amount of ana ly te  t o  b r i n g  t h e  concen t ra t i on  o f  t he  
ana ly te  t o  2 t o  5 t imes t h e  o r i g i n a l  concentrat ion.  I f  a l l  o f  t h e  samples i n  t h e  
batch have ana ly te  concentrat ions below t h e  de tec t i on  1  i m i t ,  sp ike  t h e  se lec ted  
sample a t  20 t imes the  de tec t i on  l i m i t .  Analyze t h e  spiked sample and c a l c u l a t e  
t h e  sp ike  recovery.  I f  t h e  recovery i s  l e s s  than 85% o r  g rea te r  than 115%, t h e  
method o f  standard add i t i ons  s h a l l  be used f o r  a l l  samples i n  t he  batch. 

8.7  Method o f  standard add i t i ons  - The standard a d d i t i o n  technique 
i nvo l ves  adding known amounts o f  standard t o  one o r  more a l i q u o t s  o f  t he  
processed sample so l  u t i o n .  Th is  technique compensates f o r  a  sampl e  c o n s t i t u e n t  
t h a t  enhances o r  depresses t h e  ana ly te  s igna l ,  thus producing a  d i f f e r e n t  slope 
from t h a t  o f  t he  c a l i b r a t i o n  standards. It w i l l  no t  c o r r e c t  f o r  a d d i t i v e  
i n te r fe rences  which cause a  base l ine  s h i f t .  The method o f  standard add i t i ons  
s h a l l  be used f o r  ana lys is  o f  a l l  EP ex t rac ts ,  on a l l  analyses submitted as p a r t  
o f  a  d e l i s t i n g  p e t i t i o n ,  and whenever a  new sample m a t r i x  i s  being analyzed. 

8 .7 .1  The s implest  vers ion  o f  t h i s  technique i s  t h e  s i n g l e - a d d i t i o n  
method, i n  which two i d e n t i c a l  a l i q u o t s  o f  t he  sample s o l u t i o n ,  each o f  
volume V,, a re  taken. To the  f i r s t  (1 abeled A) i s  added a  known volume V, 
o f  a  standard ana ly te  s o l u t i o n  o f  concent ra t ion  C,. To the  second a l i q u o t  
( l abe led  B)  i s  added the  same volume V, o f  the  so lvent .  The a n a l y t i c a l  
s i gna ls  o f  A  and B are  measured and cor rec ted  f o r  nonanalyte s igna l  s. The 
unknown sample concent ra t ion  C, i s  ca lcu la ted :  

where S, and S, are the  a n a l y t i c a l  s i gna ls  (cor rec ted  f o r  t h e  b lank)  o f  
s o l u t i o n s  A  and B, r espec t i ve l y .  V, and C, should be chosen so t h a t  S, i s  
rough ly  t w i c e  S, on the  average, avoid ing excess d i l u t i o n  o f  t he  sample. 
I f  a  separa t ion  o r  concent ra t ion  step i s  used, t h e  a d d i t i o n s  are best  made 
f i r s t  and c a r r i e d  through t h e  e n t i r e  procedure. 

8.7.2 Improved r e s u l t s  can be obtained by employing a  s e r i e s  o f  
standard add i t i ons .  To equal volumes o f  t h e  sample are  added a  s e r i e s  o f  
standard s o l u t i o n s  conta in ing  d i f f e r e n t  known q u a n t i t i e s  o f  t h e  analyte,  
and a l l  s o l u t i o n s  are d i l u t e d  t o  the  same f i n a l  volume. For example, 
a d d i t i o n  1 should be prepared so t h a t  t he  r e s u l t i n g  concent ra t ion  i s  
approximately 50 percent o f  t he  expected absorbance from the  endogenous 
ana ly te  i n  the  sample. Add i t ions  2 and 3 should be prepared so t h a t  t he  
concent ra t ions  are approximately 100 and 150 percent o f  t h e  expected 
endogenous sarr~pl e  absorbance. The absorbance o f  each so l  u t  i on i s  
determined and then p l o t t e d  on the  v e r t i c a l  a x i s  o f  a  graph, w i t h  the  
concent ra t ions  o f  t he  known standards p l o t t e d  on the  h o r i z o n t a l  ax is .  When 
t h e  r e s u l t i n g  l i n e  i s  ex t rapo la ted  t o  zero absorbance, t h e  p o i n t  o f  
i n t e r c e p t i o n  o f  t he  abscissa i s  t he  endogenous concen t ra t i on  o f  t h e  
ana ly te  i n  t h e  sample. The abscissa on the  l e f t  o f  t h e  o r d i n a t e  i s  scaled 
t h e  same as on the  r i g h t  side, but  i n  t h e  opposi te d i r e c t i o n  from the  
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o r d i n a t e .  An example of a  p l o t  so obta ined i s  shown i n  F i gu re  1. A  1  i n e a r  
r eg ress i on  program may be used t o  o b t a i n  t h e  i n t e r c e p t  concen t ra t i on .  

8.7.3 For  t h e  r e s u l t s  o f  t h i s  MSA technique t o  be v a l i d ,  t h e  
f o l l  owing 1  i m i t a t i o n s  must be taken i n t o  cons ide ra t i on :  

1. The apparent concen t ra t ions  f rom t h e  c a l  i b r a t i o n  curve must be 
l i n e a r  over  t h e  concen t ra t i on  range o f  concern. For t h e  best  
r e s u l t s ,  t h e  s lope  o f  t h e  MSA p l o t  should be n e a r l y  t h e  same 
as t h e  s lope  o f  t h e  s tandard curve.  I f  t h e  s lope i s  
s i g n i f i c a n t l y  d i f f e r e n t  ( g rea te r  than  20%), cau t i on  should be 
e x e r c i  sed . 

2 .  The e f f e c t  o f  t h e  i n t e r f e r e n c e  should n o t  va ry  as t h e  r a t i o  o f  
a n a l y t e  concen t ra t i on  t o  sarripl e  m a t r i x  changes, and t h e  
s tandard a d d i t i o n  should  respond i n  a  s i m i l a r  manner as t h e  
ana ly te .  

3. The de te rm ina t i on  must be f r e e  o f  spec t ra l  i n t e r f e r e n c e  and 
c o r r e c t e d  f o r  nonspec i f i c  background i n t e r f e r e n c e .  

8.8 A l l  qua1 i t y  c o n t r o l  measures descr ibed i n  Chapter One should be 
f o l  1  owed. 

9.0 METHOD PERFORMANCE 

9.1 See i n d i v i d u a l  methods. 

10.0 REFERENCES 

1. Methods f o r  Chemical Ana l ys i s  o f  Water and Wastes; U.S. Environmental 
P r o t e c t  i o n  Agency. O f f i c e  o f  Research and Development . Environmental  Mon i t o r i ng  
and Support  Laboratory .  ORD P u b l i c a t i o n  O f f i c e s  o f  Center f o r  Environmental 
Research I n fo rma t i on :  C i n c i n n a t i ,  OH, 1983; EPA-600/4-79-020. 

2. Rohrbough, W.G. ; e t  a1 . Reaqent Chemicals, American Chemical Soc ie ty  
S p e c i f i c a t i o n s ,  7 t h  ed. ; American Chemical Soc ie ty :  Washington, DC, 1986. 

3. 1985 Annual Book o f  ASTM Standards, Vol . 11.01; "Standard S p e c i f i c a t i o n  f o r  
Reagent Water"; ASTM: P h i l  adel ph ia ,  PA, 1985; D1193-77. 
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TABLE 1. 
ATOMIC ABSORPTION CONCENTRATION RANGES 

D i r e c t  Aspi r a t  i o n  
Furnace ~ r o c e d u r e ~ ' ~  

Detec t ion  L i m i t  S e n s i t i v i t y  Detec t ion  L i m i t  
Metal (mg/L (mg/L) (ug/L) 

A1 umi nurn 
A n t i  m o n ~  
Arsenic 
Bar i urn 
Bery l  1  i urn 
Cadmi um 
Cal c i  um 
Chromi um 
Cobalt  
Copper 
I r o n  
Lead 
L i  t h i  urn 
Magnesi urn 
Manganese 
Mercury 
Molybdenum(p) 
N icke l  
Osrni um 
Potass iug  
Sel en i  urn 
S i  1  ve r  
Sod i um 
S t r o n t  i um 
T h a l l  i um 
T i n  
Vanadi um(p) 
Z inc 

NOTE: The symbol (p) i n d i c a t e s  the  use o f  p y r o l y t i c  g r a p h i t e  w i t h  
t h e  furnace procedure. 

 or furnace s e n s i t i v i t y  values, consu l t  inst rument  opera t ing  manual . 

kaseous  hydr ide  method. 

 he l i s t e d  furnace values are those expected when us ing  a  20-uL i n j e c t i o n  and 
normal gas f low,  except i n  t he  cases o f  arsenic and selenium, where gas i n t e r r u p t  
i s  used. 

4 0 1  d  vapor technique. 
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FIGURE 1. 
STANDARD ADDITION PLOT 
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METHOD 7020 

ALUMINUM (ATOMIC ABSORPTION, DIRECT ASPIRATION1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 Aluminum may be as much as 15% ionized i n  a nitrous-oxide/acetylene 
flame. Use o f  an ion izat ion suppressor (1,000 ug/nL K as KC1) as i n  Method 
7000, Paragraph 3.1.4, w i  11 e l  i m i  nate t h i s  interference. 

3.3 A1 un~i num i s  a very cormon contaminant, and great care should be 
taken t o  avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4,l For basic apparatus, see Section 4.0 o f  Method 7000. 

4,2 Instrument parameters (general ) : 

4.2.1 Aluminum hollow cathode lamp. 
4.2.2 Wavelength: 324.7 nm. 
4.2.3 Fuel: Acetylene. 
4.2.4 Oxidant: Nitrous oxide. 
4.2.5 Type o f  flame: Fuel r ich. 
4.2.6 Background correction: Not required. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards : 

5.2.1 Stock solutlon: Dissolve 1.000 g o f  aluminum metal i n  d i l u t e  
HC1 wi th  gentle warming. D i lu te  t o  1 l i t e r  wi th Type I1 water. Alterna- 
t i ve l y ,  procure a c e r t i f i e d  standard f r o m  a suppller and ve r i f y  by 
comparison with a second standard. 
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5.2.2 Prepare d i l u t i ons  o f  the stock so lut ion t o  be used as 
cal  i brat ion standards a t  the time o f  analysis. The cal  i brat ion standards 
should be prepared using the same type o f  ac id and a t  the same 
concentration as w i l l  r esu l t  i n  the sample t o  be analyzed a f t e r  
processing. Samples and standards should also contain 2 mL KC11100 mL 
so lu t ion  (Paragraph 3.2 above). 

5.3 Potassi um chlor ide solution: Dissolve 95 g potassi urn ch lor ide (KC1) 
i n  Type I1 water and d i l u t e  t o  1 1 i ter .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation of the sample 
are given i n  Chapter Three, Section 3.2. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

-9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are avai lable i n  Method 202.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

9.2 The performance character is t ics  f o r  an aqueous sample free of 
Interferences are: 

Optimum concentration range: 5-50 mglL, wi th  a wavelength o f  309.3 nm. 
Sensi t iv i ty :  1 mg1L. 
Detection ldmit :  0.1 mg1L. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
Method 202.1, December 1982. 
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METHOD 7040 

ANTIMONY (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 I n  the presence o f  1 ead (1,000 mg/L) , a spectral interference may 
occur a t  the 217.6-nm resonance l ine. I n  t h i s  case, the 231.1-nm antimony 
l i n e  should be used. 

3.3 Increasing the acid concentrations decreases the antimony 
absorption. To avoid t h i s  ef fect ,  the acid concentration i n  the samples and 
i n  the standards should be matched. 

3.4 Excess concentrations o f  copper and nickel (and possibly other 
elements), as well as .acids, can in te r fe re  wi th  antimony analyses. I f  the 
sample contains these matr ix types, e i ther  matrices o f  the standards should be 
matched t o  those o f  the sample - or- sample should be analyzed using a 
n i t rous  oxidelacetyl ene f 1 ame. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Antimony hol low cathode lamp o r  e l  ectrodeless d l  scharge 1 arp. 
4.2.2 Wavelength: 217 .6 nm (primary) ; 231.1 nm (secondary). 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxldant: A i r .  
4.2.5 Type o f  flame: Fuel lean. 
4.2.6 Background correction: Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 
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5.2 Preparation o f  standards: 

5.2.1 Stock so lu t ion:  Care fu l l y  weigh 2.7426 g o f  antimony 
potassi  um t a r t r a t e ,  K(Sb0) C4H406* 1/2H20 (ana ly t i ca l  reagent grade) , and 
d isso lve i n  Type I1  water. D i l u t e  t o  1 l i t e r  w i t h  Type I 1  water; 1 mL = 
1 mg Sb (1,000 mg/L). A1 t e rna t i ve l y ,  procure a c e r t i f i e d  standard from a 
supp l ie r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t i on  t o  be used as 
c a l i b r a t i o n  standards a t  the t ime of analysis. The ca l  i b r a t i o n  standards 
should conta ln  0.2% (v/v) HNO3 and 1-2% v/v HC1, prepared using the  same 
types o f  ac i d  and a t  the same concentrat ions as i n  the sample a f t e r  
processi ng. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion o f  the sample 
are given i n  Method 3005. Method 3005, a s o f t  d igest ion,  i s  present ly  the 
on l y  d iges t ion  procedure recommended f o r  Sb. It y i e l d s  b e t t e r  recover ies than 
e i t h e r  Method 3010 o r  Method 3050. There i s  no hard d iges t ion  f o r  Sb a t  t h i s  
time. 

7.2 See Method 7000, Paragraph 7.2, D i  r e c t  Aspi r a t i o n  Procedure. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance charac te r i s t i cs  f o r  an aqueous sample f r ee  o f  
in ter ferences are: 

Optimum concentrat ion range: 1-40 mg/L w i t h  a wavelength o f  217.6 nm. 
S e n s i t i v i t y :  0.5 mg/L. 
Detect ion l i m i t :  0.2 mg/L. 

9.2 I n  a s ing le  laboratory,  analysis o f  a mixed industr ia l -domest ic 
waste e f f l uen t ,  digested w i t h  Method 3010, a t  concentrat ions o f  5.0 and 15 mg 
Sb/L gave t he  standard deviat ions o f  +0.08 and - +O. 1, respect ive ly .  Recoveries 
a t  these l e v e l s  were 96% and 97%, respect ively.  

9.3 For concentrat ions o f  antimony below 0.35 mg/L, the  furnace 
procedure (Method 7041) i s recommended. 
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METHOD 7041 

ANTIMONY (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SllMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sectlon 3.0 o f  Method 7000 I f  Interferences are suspected. 

3.2 High lead concentration may cause a measurable spectral Interference 
on the 217.6-nm 1 ine. I f  t h i  s i nterference i s  expected, the secondary 
wave1 ength should be employed o r  Zeeman background correct ion used. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 ~nstrument parameters (general) : 

4.2.1 Drying t ime and temp: 30 sec a t  125.C. 
4.2.2 Ashiqg t ime and teap: 30 sec a t  800.C. 
4.2.3 Atomizing t ime and teap: 10 sec a t  2700.C. 
4.2.4 Purge gas: Argon o r  nitrogen. 
4.2.5 Wavelength: 217.6 nm (primary) ; 231.1 nm (a1 ternate). 
4.2.6 Background correction: Required. 
4.2.7 Other operating parameters should be set as speci f ied by the 

.par t i cu la r  instrument manufacturer. 
NOTE: The above concentration values and Instrument condit lons are f o r  a 

Perkin-Elmer HGA-2100, based on the use o f  a 20-uL in ject ion,  
con t i  nuous-f 1 ow purge gas, and nonpyrolyt i  c graphite. Smal l e r  
sizes o f  furnace devices o r  those employing fas te r  rates o f  
atomi zat ion can be operated using 1 ower atomization temperatures 
f o r  shorter t ime periods than the above-recomnended settings. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 
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5.2 Preparation o f  standards : 

5.2.1 Stock solution: Careful ly we1 h 2.7426 g o f  antimony 
potassi urn t a r t r a t e  (analyt ical  reagent grades and d l  ssol ve i n Type I1 
water. D i  1 ute t o  1 1 i t e r  w i th  Type I1 water; 1 mL = 1 mg Sb 
(1,000 mg/L) . A1 te rna t i  vely, procure a c e r t i  f i ed standard from a 
suppl ier and v e r i f y  by comparison w i th  a second standard. 

5.2.2 Prepare d i l u t i ons  o f  the stock so lut ion t o  be used as 
cal i b r a t i o n  standards a t  the time o f  analysis. The c a l l  b ra t ion  standards 
should contain 0.2% (vlv) HNOQ and 1-2% (vlv) HC1, prepared using the 
same types o f  ac id and a t  the same concentrations as i n  the sample a f t e r  
process1 ng . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Secti on 3.1.3, Sampl e Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation o f  the sample 
are given i n  Method 3005. Method 3005, a s o f t  digestion, i s  present ly the 
only d i  gestion procedure recommended f o r  Sb. It y i  e l  ds be t te r  recoveries than 
e i the r  Method 3010 o r  Method 3050. There i s  no hard digest ion f o r  Sb a t  t h i s  
time. 

NOTE: The addi t ion o f  HC1 ac id t o  the digestate prevents the furnace 
analysis o f  t h i s  digestate f o r  many other metals. 

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The cal  C I J ~  at1 on 
i s  given i n  Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are not avai lable a t  t h i s  time. 

9.2 The performance character is t ics  f o r  an aqueous sample f ree  o f  
interferences are: 

Opti mum concentration range : 20-300 u g l  L. 
Detection l i m i t :  3 ug/L. 
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METHOD 7060A 

ARSENIC (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7060 i s  an atomic absorp t ion  procedure approved f o r  
de te rmin ing  t h e  concen t ra t i on  o f  a rsen ic  i n  wastes, m o b i l i t y  procedure ex t rac ts ,  
s o i l s ,  and ground water.  A l l  samples must be subjected t o  an appropr ia te  
d i s s o l u t i o n  s tep  p r i o r  t o  ana lys is .  

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  ana l ys i s  by Method 7060, samples must be prepared i n  o rder  
t o  conver t  o rgan ic  forms o f  a rsen ic  t o  ino rgan ic  forms, t o  min imize organic  
i n te r f e rences ,  and t o  conver t  t h e  sample t o  a  s u i t a b l e  s o l u t i o n  f o r  ana lys is .  
The sample p repa ra t i on  procedure v a r i e s  depending on t h e  sample ma t r i x .  Aqueous 
samples a re  sub jec ted  t o  t h e  a c i d  d i g e s t i o n  procedure descr ibed i n  t h i s  method. 
Sludge samples a re  prepared us ing  t h e  procedure descr ibed i n  Method 3050. 

2.2 Fo l l ow ing  t h e  app rop r i a te  d i s s o l u t i o n  o f  t h e  sample, a  r ep resen ta t i ve  
a l i q u o t  o f  t h e  d i g e s t a t e  i s  sp iked w i t h  a  n i c k e l  n i t r a t e  s o l u t i o n  and i s  placed 
manual ly  o r  by means o f  an automatic sampler i n t o  a  g r a p h i t e  tube furnace. The 
sample a1 i q u o t  i s  then  s l o w l y  evaporated t o  dryness, charred (ashed), and 
atomized. The absorp t ion  o f  ho l low cathode o r  EDL r a d i a t i o n  d u r i n g  a tomiza t ion  
w i l l  be p r o p o r t i o n a l  t o  t h e  a rsen ic  concen t ra t ion .  Other m o d i f i e r s  may be used 
i n  p l ace  o f  n i c k e l  n i t r a t e  i f  t h e  ana lys t  documents t h e  chemical and 
concent r a t i o n  used. 

2.3 The t y p i c a l  d e t e c t i o n  1 i m i t  f o r  water samples us ing  t h i s  method i s  
1 ug/L. Th i s  d e t e c t i o n  1 i m i  t may n o t  be achievable when analyz ing waste samples. 

3.0 INTERFERENCES 

3.1 Elemental a r sen i c  and many o f  i t s  compounds are v o l a t i l e ;  there fo re ,  
samples may be sub jec t  t o  losses  o f  a rsen ic  d u r i n g  sample p repara t ion .  Spike 
samples and re1  evant standard re fe rence  mater i  a1 s  should be processed t o  
determine i f  t h e  chosen d i s s o l u t i o n  method i s  appropr ia te .  

3.2 L ikewise,  c a u t i o n  must be employed d u r i n g  t h e  s e l e c t i o n  o f  
temperature and t imes  f o r  t h e  d r y  and char  (ash) cyc les .  A m a t r i x  m o d i f i e r  such 
as n i c k e l  n i t r a t e  must be added t o  a l l  d i ges ta tes  p r i o r  t o  a n a l y s i s  t o  minimize 
v o l a t i l i z a t i o n  losses  d u r i n g  d r y i n g  and ashing. 

3.3 I n  a d d i t i o n  t o  t h e  normal in te r fe rences  exper ienced du r i ng  g raph i t e  
furnace ana lys is ,  a r sen i c  ana l ys i s  can suffer from severe nonspec i f i c  absorp t ion  
and 1 i g h t  s c a t t e r i n g  caused by m a t r i x  components du r i ng  atomizat ion.  Arsenic  
a n a l y s i s  i s  p a r t i c u l a r l y  suscep t i b l e  t o  these problems because o f  i t s  low 
a n a l y t i c a l  wavelength (193.7 nm) . Simultaneous background c o r r e c t i o n  must be 
employed t o  avo id  e r roneous ly  h i g h  r e s u l t s .  Aluminum i s  a  severe p o s i t i v e  
i n t e r f e r e n t  i n  t h e  a n a l y s i s  of arsenic ,  e s p e c i a l l y  us i ng  D, a rc  background 
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co r rec t i on .  Although Zeeman background c o r r e c t i o n  i s  very  use fu l  i n  t h i s  u 
s i t u a t i o n ,  use o f  any appropr ia te  background c o r r e c t i o n  technique i s  acceptable. 

a 
3.4 I f  t h e  ana ly te  i s  n o t  completely v o l a t i l i z e d  and removed from t h e  

furnace du r ing  atomizat ion,  memory e f f e c t s  w i l l  occur. I f  t h i s  s i t u a t i o n  i s  
detected by means o f  b lank  burns, t h e  tube should be cleaned by opera t ing  t h e  
furnace a t  f u l l  power a t  r e g u l a r  i n t e r v a l s  i n  t h e  a n a l y t i c a l  scheme. F"I 

4.0 APPARATUS AND MATERIALS 
m 

4.1 G r i f f i n  beaker o r  equ iva len t :  250 mL. k 

4.2 Class A V o l u m e t r i c  f l a s k s :  10-mL. F 
4.3 Atomic absorpt ion spectrophotometer: S ing le  o r  dual channel, s i n g l e -  rvlsl 

o r  doubl e-beam inst rument  having a g r a t i n g  monochromator, photo-mu1 t i p l  i e r  
de tec tor ,  ad jus tab le  s l  i t s ,  a wavelength range o f  190 t o  800 nm, and p rov i s ions  P 
f o r  simultaneous background c o r r e c t i o n  and i n t e r f a c i n g  w i t h  a su i  tab1 e record ing  crrti 

device. 
m 

4.4 Arsenic ho l low cathode lamp, o r  e lec t rode less  d ischarge lamp (EDL) : 4 
EDLs prov ide  b e t t e r  s e n s i t i v i t y  f o r  arsenic ana lys is .  

P 4.5 Graphi te furnace: Any g raph i te  furnace device w i t h  the  appropr ia te  , 
temperature and t i m i n g  c o n t r o l  s. w 

I 
I 
I 

4.6 Data systems recorder :  A recorder  i s  s t r o n g l y  recommended f o r  F 
furnace work so t h a t  t he re  w i l l  be a permanent record  and so t h a t  any problems L 
w i t h  t h e  ana lys i s  such as d r i f t ,  incomplete atomizat ion,  losses  d u r i n g  char r ing ,  i 

changes i n  s e n s i t i v i t y ,  e tc . ,  can e a s i l y  be recognized. I! 

4.7 Pipets:  M i c r o l i t e r  w i t h  disposable t i p s .  Sizes can range from bd 

5 t o  1,000 uL, as requ i red .  
P@ 

5.0 REAGENTS ~pl l  

5.1 Reagent water: Water should be monitored f o r  i m p u r i t i e s .  A 
A l l  re ferences t o  water w i l l  r e f e r  t o  reagent water.  iuu 

5.2 Concentrated n i t r i c  ac id:  Acid should be analyzed t o  determine l e v e l s  P o f  i m p u r i t i e s .  I f  a method b lank  us ing  t h e  ac id  i s  <MDL, t h e  a c i d  can be used. I 

b 
5.3. Hydrogen peroxide (30%): Oxidant should be analyzed t o  determine 

l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank  us ing t h e  H202 i s  tMUL, t h e  reagent can 
be used. b2 

5.4 Arsenic standard s tock  s o l u t i o n  (1,000 mg/L): E i t h e r  procure a im 
c e r t i f i e d  aqueous standard from a suppl i e r  and v e r i f y  by comparison w i t h  a second 
standard, o r  d i s s o l v e  1.320 g o f  a rsen ic  t r i o x i d e  (As203, a n a l y t i c a l  reagent 
grade) o r  equ iva len t  i n  100 mL o f  reagent water con ta in ing  4 g NaOH. A c i d i f y  t h e  , 
s o l u t i o n  w i t h  20 mL concentrated HN03 and d i l u t e  t o  1 l i t e r  ( 1  mL = 1 mg As). 

b 



, '  
imd 

5.5 N icke l  n i t r a t e  s o l u t i o n  (5%) : Dissolve 24.780 g  o f  ACS reagent grade 
Ni  (N03);6H20 o r  equ iva len t  i n  reagent water and d i l u t e  t o  100 mL. 

5.6 N icke l  n i t r a t e  s o l u t i o n  (1%): D i l u t e  20 mL o f  the  5% n i c k e l  n i t r a t e  
t o  100 mL w i t h  reagent water.  

5.7 Arsenic  working standards: Prepare d i  1  u t i ons  o f  t he  s tock s o l u t i o n  
t o  be used as c a l i b r a t i o n  standards a t  t he  t ime o f  t h e  ana lys is .  Withdraw 
appropr ia te  a1 i quo ts  o f  t h e  s tock  so lu t i on ,  add concentrated HNO,, 30% H202, and 
5% n i c k e l  n i t r a t e  s o l u t i o n  o r  o the r  appropr ia te  m a t r i x  mod i f i e r .  Amounts added 
should be rep resen ta t i ve  o f  t h e  concentrat ions found i n  t he  samples. D i l u t e  t o  
100 mL w i t h  reagent water. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing a  sampling p lan  t h a t  
addresses the  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample conta iners  must be prewashed w i t h  detergents, acids, and 
reagent water.  P l a s t i c  and g lass  conta iners are both su i t ab le .  

6.3 Special  con ta iners  (e.g., conta iners used f o r  v o l a t i l e  organic  
ana l ys i s )  may have t o  be used i f  very v o l a t i l e  arsenic  compounds are t o  be 
analyzed. 

6.4 Aqueous samples must be a c i d i f i e d  t o  a  pH o f  <2 w i t h  n i t r i c  ac id  and 
r e f r i g e r a t e d  p r i o r  t o  ana lys is .  

6.5 Although waste samples do no t  need t o  be r e f r i g e r a t e d  sample handl ing 
and storage must comply w i t h  t he  minimum requirements es tab l i shed i n  Chapter One. 

7.0 PROCEDURE 

7.1 Sample p repara t ion :  Aqueous samples should be prepared i n  the  manner 
descr ibed i n  Paragraphs 7.1.1-7.1.3. Sludge-type samples should be prepared 
according t o  Method 3050A. The appl i c a b i  1  i t y  o f  a  sampl e-preparat ion technique 
t o  a  new m a t r i x  type  must be demonstrated by analyz ing spiked samples and/or 
re1 evant standard re fe rence mater i  a1 s. 

7.1.1 Trans fer  a  known volume o f  we1 1  -mixed sample t o  a  250-mL 
G r i f f i n  beaker o r  equiva lent ;  add 2  KIL o f  30% H20, and s u f f i c i e n t  
concentrated HNO, t o  r e s u l t  i n  an ac id  concentrat ion o f  1% (v/v) . Heat, 
u n t i l  d i g e s t i o n  i s  complete, a t  95°C o r  u n t i l  the  volume i s  s l i g h t l y  l ess  
than.50  mL. 

7.1.2 Cool, t r a n s f e r  t o  a  vo lumetr ic  f l a s k ,  and b r i n g  back t o  50 
mL w i t h  reagent water. 

7.1.3 P ipe t  5  mL o f  t h i s  d igested s o l u t i o n  i n t o  a  10-mL volumetr ic  
f l a s k ,  add 1 mL o f  the  1% n i c k e l  n i t r a t e  s o l u t i o n  o r  o the r  appropr ia te 
m a t r i x  mod i f i e r ,  and d i l u t e  t o  10 mL w i t h  reagent water. The sample i s  
now ready f o r  i n j e c t i o n  i n t o  t h e  furnace. 
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7.2 The 193.7-nm wavelength l i n e  and a background c o r r e c t i o n  system are  b 
requ i red .  Fol low t h e  manufacturer 's suggest ions f o r  a l l  o t h e r  spectrophotometer 
parameters. Fw 

*r% 
7.3 Furnace parameters suggested by t h e  manufacturer should be employed 

as gu ide l i nes .  Because temperature-sensing mechanisms and temperature 
c o n t r o l l e r s  can vary  between inst ruments o r  w i t h  t ime, t h e  v a l i d i t y  o f  t h e  laai 

furnace parameters must be p e r i o d i c a l l y  conf irmed by s y s t e m a t i c a l l y  a1 t e r i q g  t h e  
furnace parameters w h i l e  ana lyz ing  a standard. I n  t h i s  manner, l osses  o f  ana l y te  
due t o  o v e r l y  h igh  temperature s e t t i n g s  o r  losses i n  s e n s i t i v i t y  due t o  l e s s  than bnal 
optimum s e t t i n g s  can be minimized. S i m i l a r  v e r i f i c a t i o n  o f  fu rnace parameters 
may be r e q u i r e d  f o r  complex sample matr ices.  

7.4 I n j e c t  a measured micro1 i t e r  a l i q u o t  o f  sample i n t o  t h e  furnace and F" ~ 
atomize. I f  t h e  concent ra t ion  found i s  g rea te r  than  t h e  h ighes t  standard, t h e  k 1 

sample should be d i l u t e d  i n  t h e  same ac id  m a t r i x  and reanalyzed. The use o f  I 

mu1 t ' l p l e  i n j e c t i o n s  can improve accuracy and he lp  d e t e c t  furnace p i  p e t t i n g  F"A 
e r r o r s .  U I 

8.0 QUALITY CONTROL Isq 

8.1 Refer  t o  sec t i on  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 P rec i s i on  and accuracy da ta  are a v a i l a b l e  i n  Method 206.2 o f  Methods 
f o r  Chemical Ana l ys i s  o f  Water and Wastes. I im 

h 
9.2 The opt imal  concent ra t ion  range f o r  aqueous san~ples u s i v g  t h i s  method 

i s  5-100 ug/L. Concentrat ion ranges f o r  non-aqueous samples w i l l  va ry  w i t h  p 
m a t r i x  type .  k a  

9.3 The da ta  shown i n  Table 1 were obta ined f rom records  o f  s t a t e  and 
c o n t r a c t o r  l a b o r a t o r i e s .  The da ta  a re  in tended t o  show t h e  p r e c i s i o n  o f  t h e  
combined sample p repa ra t i on  and ana l ys i s  method. lvrr 

10.0 REFERENCES 
L 
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TABLE 1.  METHOD PERFORMANCE DATA 

Sample 
Matr ix  

Preparation 
Met hod 

Laboratory 
Rep1 i cates 

Contaminated soi 1 3050 

O i l y  s o i l  3050 

NBS SRM 1646 Estuarine sediment 3050 

Emission control  dust 3050 

a ~ i a s  o f  -30 and -28% from expected, respect ively.  
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METHOD 7 0 6 0 A  
ARSENIC (ATOMIC ABSORPTION, FURNACE TECHNIQUE)  
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METHOD 7061A 

ARSENIC (ATOMIC ABSORPTION, GASEOUS HYDRIDE 1 

1.0 SCOPE AND APPLICATION 

1.1 Method 7061 i s  an atomic absorpt ion procedure f o r  determining the  
concent ra t ion  o f  a rsen ic  i n  wastes, mobil i t y  procedure ex t rac ts ,  s o i l  s, and 
ground water. Method 7061A i s  approved on l y  f o r  sample matr ices t h a t  do 
conta in  h igh  concentrat  ions o f  chromium, copper, mercury, n i cke l ,  s i  1  ver, cobal t ,  
and molybdenum. A l l  samples must be subjected t o  an appropr iate d i s s o l u t i o n  step 
p r i o r  t o  ana lys i  s. Spi ked sampl es and re1 evant standard reference mater i  a1 s are 
employed t o  determine the  applicability o f  t he  method t o  a g iven waste. 

2.0 SUMMARY OF METHOD 

2.1 S a m p l e s a r e p r e p a r e d a c c o r d i n g t o t h e n i t r i c / s u l f u r i c a c i d d i g e s t i o n  
procedure described i n  t h i s  method (Step 7.1). Next, the  arsenic i n  the 
d iges ta te  i s  reduced t o  t h e  t r i v a l e n t  form w i t h  t i n  ch lo r ide .  The t r i v a l e n t  
a rsen ic  i s  then converted t o  a v o l a t i l e  hydr ide using hydrogen produced from a 
zinc/hydrochl o r i c  ac id  reac t ion .  

2.2 The v o l a t i l e  hydr ide  i s  swept i n t o  an argon-hydrogen flame located 
i n  t he  o p t i c a l  path o f  an atomic absorpt ion spectrophotometer. The r e s u l t i n g  
absorpt ion o f  t h e  1 amp r a d i a t i o n  i s  p ropor t iona l  t o  t he  arsenic concentrat ion. 

2.3 The t y p i c a l  de tec t i on  1 i m i t  f o r  t h i s  method i s  0.002 mg/L. 

3.0 INTERFERENCES 

3.1 High concentrat ions o f  chromium, cobal t ,  copper, mercury, molybdenum, 
n i c k e l ,  and s i l v e r  can cause a n a l y t i c a l  in te r fe rences.  

3.2 Traces o f  n i t r i c  ac id  l e f t  f o l l o w i n g  the  sample work-up can r e s u l t  
i n  a n a l y t i c a l  in te r fe rences.  N i t r i c  ac id  must be d i s t i l l e d  o f f  by heat ing the 
sample u n t i l  fumes o f  s u l f u r  t r i o x i d e  (SO,) are observed. 

3 . 3  Elemental a rsen ic  and many o f  i t s  compounds are v o l a t i l e ;  therefore,  
c e r t a i n  samples may be sub jec t  t o  losses o f  arsenic dur ing  sample preparat ion. 

4.0 APPARATUS AND MATERIALS 

4.1 Beaker o r  equ iva len t  - 100-mL. 

4.2 E l e c t r i c  ho t  p l a t e  o r  equivalent  - adjustable and capable o f  
ma in ta in ing  a temperature o f  90-95°C. 
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4.3.1 Medicine dropper - Capable o f  f i t t i n g  i n t o  a s i z e  "0" rubber  
s topper  and d e l i v e r i n g  1.5 mL. 

4.3.2 Pear-shaped r e a c t i o n  f l a s k  - 50-rnL, w i t h  two 14/20 necks 
( S c i e n t i f i c  Glass JM-5835 o r  equ i va len t )  . 

4.3.3 Gas i n l e t - o u t l e t  tube - Constructed f rom a m ic ro  c o l d - f i n g e r  
condenser (JM-3325) by c u t t i n g  t h e  p o r t i o n  below t h e  14/20 ground-glass 
j o i n t .  

4.3.4 Magnetic s t i r r e r  - To homogenize t h e  z i n c  s l u r r y .  

4.3.5 Polyethy lene d r y i n g  tube - 10-cm, f i l l e d  w i t h  g lass  t o  
prevent  p a r t i c u l a t e  ma t te r  f rom e n t e r i n g  t h e  burner.  

4.3.6 Flow meter - Capable o f  measuring 1 1 i ter /mi  n. 

4.3.7 Class A vo lumet r ic  f lasks.  

4.3.8 Graduated c y l  i nder o r  equi va l  en t  . 
4 - 4  Atomic absorp t ion  spectrophotorneter - S ing le  o r  dual channel , s i n g l e -  

o r  double-beam ins t rument  having a g r a t i n g  monochromator, p h o t o - m u l t i p l i e r  
de tec to r ,  ad jus tab le  s l i t s ,  a wavelength range o f  190 t o  800 nm, and p r o v i s i o n s  
f o r  i n t e r f a c i n g  w i t h  a s t r i p - c h a r t  recorder .  

4.5 Burner - Recommended by t h e  p a r t i c u l a r  ins t rument  manufacturer f o r  
t h e  argon- hydrogen f l  ame. 

4.6 Arseni c h o l l  ow cathode 1 amp o r  a rsen ic  e l  ec t rode l  ess d i  scharge 1 amp. 

4.7 S t r i p - c h a r t  recorder .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a1 1 t e s t s .  Unless o therw ise  
i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Society ,  where 
such s p e c i f i c a t i o n s  are a v a i l a b l e .  Other grades may be used, p rov ided i t  i s  f i r s t  
ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  pe rm i t  i t s  use 
w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de termina t ion .  

5.2 Reagent Water. Reagent water  w i l l  be i n t e r f e r e n t  f r e e .  A l l  
re fe rences  t o  water  i n  t h e  method r e f e r  t o  reagent water  unless o therw ise  
speci f i ed. 

5.3 N i t r i c  a c i d  (concentrated) ,  HNO . Ac id  should be analyzed t o  
determine l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank  i s  < MDL, t h e  a c i d  can be 
used. 
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5.4 S u l f u r i c  a c i d  (concentrated) ,  H2S0,. Ac id  should be analyzed t o  
determine l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank  i s  < MDL, t h e  a c i d  can be 
used. 

5.5 Hyd roch lo r i c  a c i d  (concentrated),  HC1. Ac id  should be analyzed t o  
determine l e v e l s  o f  i m p u r i t i e s .  If a method b lank  i s  < MDL, t h e  a c i d  can be 
used. 

5.6 D i  1  uent  - Add 100 mL 18N H2S0 and 400 rnL concentrated HC1 t o  400 mL 
wate r  and d i l u t e  t o  a  f i n a l  volume o f  1 f i t e r  w i t h  water.  

5.7 Potassium i o d i d e  s o l u t i o n  - D i sso l ve  20 g K I  i n  100 mL water. 

5.8 Stannous c h l o r i d e  s o l u t i o n  - D isso lve  100 g SnC1, i n  100 mL 
concentrated HC1. 

5.9 Arsen ic  s o l u t i o n s  

5.9.1 Arsenic  standard s o l u t i o n  (1,000 mg/L) - E i t h e r  procure a 
c e r t i f i e d  aqueous standard from a s u p p l i e r  and v e r i f y  by comparison w i t h  
a  second standard, o r  d i s s o l v e  1.320 g o f  a rsen ic  t r i o x i d e  As203 i n  100 mL 
o f  wa te r  c o n t a i n i n g  4 g  NaOH. A c i d i f y  t h e  s o l u t i o n  w i t h  20 mL 
concentrated HNO, and d i l u t e  t o  1 l i t e r .  

5.9.2 I n te rmed ia te  a rsen ic  s o l u t i o n  - P ipe t  1 mL s tock  a rsen ic  
s o l u t i o n  i n t o  a  100-mL vo lumet r i c  f l a s k  and b r i n g  t o  volume w i t h  water  
c o n t a i n i n g  1.5 mL concentrated HNO Jl i t e r  ( 1  mL = 10 ug As). 

5.9.3 Standard a r sen i c  s o l u t i o n  - P ipe t  10 mL in te rmed ia te  a rsen ic  
s o l u t i o n  i n t o  a  100-mL vo lume t r i c  f l a s k  and b r i n g  t o  volume w i t h  water 
c o n t a i n i n g  1.5 mL concentrated HNOJliter ( 1  mL = 1 ug As). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p l an  t h a t  
addresses t h e  cons ide ra t i ons  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample con ta ine rs  must be prewashed w i t h  detergents ,  acids,  and 
water .  P l a s t i c  and g lass  con ta iners  are both s u i t a b l e .  

6.3 Specia l  con ta ine rs  (e.g. con ta iners  used f o r  vo l  a t i l e  organic  
ana l ys i s )  may have t o  be used i f  very  v o l a t i l e  a r sen i c  compounds are t o  be 
analyzed . 

6.4 Aqueous san~ples must be a c i d i f i e d  t o  a  pH o f  < 2  w i t h  n i t r i c  acid.  

6.5 Nonaqueous samples s h a l l  be r e f r i g e r a t e d ,  when poss ib le ,  and analyzed 
as soon as poss ib le .  
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7.0 PROCEDURE 

7.1 Place a  50-mL a1 i q u o t  o f  d igested sample (o r ,  i n  t he  case o f  ana lys is  
of EP ex t rac ts ,  50 mL) o f  t h e  ma te r ia l  t o  be analyzed i n  a  100-mL beaker. Add 
10 mL concentrated HNO and 12 mL 18N H2S0,. Evaporate t h e  sample i n  t h e  hood 
on an e l e c t r i c  ho t  p la$e u n t i l  wh i te  SO fumes are  observed (a volume o f  about 
20 mL). DO n o t  l e t  t h e  sample char.  1 f  cha r r i ng  occurs, immediately t u r n  o f f  
t h e  heat, cool ,  and add an add i t i ona l  3  mL o f  HNO,. Continue t o  add a d d i t i o n a l  
HNO, i n  o rder  t o  main ta in  an excess (as evidenced by t h e  fo rmat ion  o f  brown 
fumes). Do n o t  l e t  the  s o l u t i o n  darken, because arsen ic  may be reduced and l o s t .  
When the  sample remains co l  or1 ess o r  s t raw ye1 low du r ing  e v o l u t i o n  o f  SO, fumes, 
t h e  d i g e s t i o n  i s  complete. Cool t he  sample, add about 25 mL water, and again 
evaporate u n t i l  SO, fumes are produced i n  order  t o  expel ox ides o f  n i t rogen.  
Cool. T rans fer  t h e  d igested sample t o  a  100-mL vo lumet r ic  f l a s k .  Add 40 mL o f  
concentrated HC1 and b r i n g  t o  volume w i t h  water. 

7.2 Prepare working standards from t h e  standard arsen ic  so l  u t i on .  
Trans fer  0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL o f  standard t o  100-mL vo lumet r ic  
f l a s k s  and b r i n g  t o  v o l ~ ~ m e  w i t h  d i l u e n t .  These concentrat ions w i l l  be 0, 5, 10, 
15, 20, and 25 ug A s / l i t e r .  F 1 

J 

7.3 I f  EP e x t r a c t s  are being analyzed o r  if a m a t r i x  i n t e r f e r e n c e  i s  
encountered, take  the  15-, 20-, and 25-mg/l i t e r  standards and q u a n t i t a t i v e l y  
t r a n s f e r  25 mL of each o f  these standards i n t o  separate 50-mL vo lumet r ic  f l asks .  
Add 10 mL o f  t h e  prepared sample t o  each f l a s k .  B r ing  t o  volume w i t h  water 
con ta in ing  1.5 mL HCl/l i t e r .  

7.4 Add 10 mL o f  prepared sample t o  a  50-mL vo lumet r ic  f l a s k .  B r ing  t o  
volume w i t h  water con ta in ing  1.5 mL H C l / l i t e r .  Th is  i s  t he  zero a d d i t i o n  
a1 i quo t .  

NOTE : The absorbance from the  zero a d d i t i o n  a1 i q u o t  w i l l  be o n e - f i f t h  t h a t  
produced by the  prepared sample. The absorbance f rom the  spiked 
samples w i l l  be one-ha l f  t h a t  produced by the  standards p l u s  the  
c o n t r i b u t i o n  from o n e - f i f t h  o f  the  prepared sample. Keeping these 
absorbances i n  mind w i l l  a s s i s t  i n  judging the  c o r r e c t  d i l u t i o n s  t o  
produce optimum absorbance. 

7.5 Trans fer  a  25-mL p o r t i o n  o f  t he  d igested sample o r  standard t o  the  
r e a c t i o n  vessel and add 1 mL K I  s o l u t i o n .  Add 0.5 mL SnC1, s o l u t i o n .  A1 low a t  P 
l e a s t  10 minutes f o r  the  metal t o  be reduced t o  i t s  lowest  o x i d a t i o n  s ta te .  irrral 
At tach the  r e a c t i o n  vessel t o  t he  spec ia l  gas i n l e t - o u t l e t  glassware. F i l l  t h e  
medicine dropper w i t h  1.50 mL z i n c  s l u r r y  t h a t  has been kept  i n  suspension w i t h  9 
the  magnetic s t i r r e r .  F i rm ly  i n s e r t  the  stopper con ta in ing  t h e  medicine dropper 'w 
i n t o  the  s ide  neck o f  the  r e a c t i o n  vessel.  Squeeze the  bu lb  t o  in t roduce the  
z i n c  s l u r r y  i n t o  the  sample o r  standard so lu t i on .  The metal hydr ide  w i l l  produce m 
a peak almost immediately. A f t e r  t he  recorder  pen begins t o  r e t u r n  t o  t h e  base 
l i n e ,  the  r e a c t i o n  vessel can be removed. kt 

CAUTION: Ars ine i s  very t o x i c .  Precaut ions must be taken t o  avo id  P 
i n h a l i n g  a rs ine  gas. 'a 

h 
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7.6 Use the  193.7-nm wavelength and background c o r r e c t i o n  f o r  t he  
anal y s i  s o f  a rsen ic  . 

7.7 Fol low the  manufacturer 's i n s t r u c t i o n s  f o r  opera t ing  an argon- 
hydrogen flame. The argon-hydrogen flame i s  co lo r l ess ;  there fo re ,  i t  may be 
use fu l  t o  a s p i r a t e  a low concent ra t ion  o f  sodium t o  ensure t h a t  i g n i t i o n  has 
occurred. 

7.8 I f  the  method o f  standard add i t i ons  was employed, p l o t  the  
absorbances o f  sp i  ked samples and b l  ank vs. t he  concentrat ions.  The ex t rapo l  ated 
value w i l l  be o n e - f i f t h  t h e  concentrat ion o f  t he  o r i g i n a l  sample. I f  the  p l o t  
does n o t  r e s u l t  i n  a s t r a i g h t  l i n e ,  a non l inear  i n te r fe rence  i s  present. This  
problem can sometinies be overcome by d i l u t i o n  o r  a d d i t i o n  o f  o ther  reagents i f  
t h e r e  i s  some know1 edge about t he  waste. I f  t h e  method o f  standard add i t i ons  was 
n o t  requ i red ,  then  t h e  concent ra t ion  can be p a r t  o f  t h e  c a l i b r a t i o n  curve. 

8.0 QUALITY CONTROL 

8.1 Refer t o  sec t i on  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 P rec i s i on  and accuracy data a re  ava i l ab le  i n  Method 206.3 o f  Methods 
f o r  Chemical Ana lys is  o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods For Chemical Analys is  o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 206.3. 

2. Rohrbough, W.G. ; e t  a1 . Reaqent Chemicals, American Cheniical Society  
Spec i f i ca t ions ,  7 t h  ed.; American Chemical Society:  Washington, DC, 1986. 

3. 1985 Annual Book o f  ASTM Standards, Vol. 11.01; "Standard Spec i f i ca t i on  f o r  
Reagent Water"; ASTM: Ph i lade lph ia ,  PA, 1985; Dl193-77. 
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METHOD 7061A 
ARSENIC (ATOMIC ABSORPTION, GASEOUS HYDRIDE) 
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METHOD 7062 

ANTIMONY AND ARSENIC (ATOMIC ABSORPTION, BOROHYDRlDE REDUCTION) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7062 i s  an atomic absorpt ion procedure f o r  determining 1 pg/L 
t o  400 pg/L concentrat ions o f  antimony and arsenic i n  wastes, mobil i t y  procedure 
ex t rac ts ,  s o i l s ,  and ground water. Method 7062 i s  approved f o r  sample matr ices 
t h a t  conta in  up t o  a  t o t a l  o f  4000 mg/L concentrat ions o f  cobal t ,  copper, i ron,  
mercury, o r  n i c k e l .  A s o l i d  sample can conta in  up t o  40% by weight o f  the 
i n t e r f e r e n t s  before exceeding 4000 mg/L i n  a  d igested sample. A l l  samples 
i n c l u d i n g  aqueous matr ices must be subjected t o  an appropr iate d i s s o l u t i o n  step 
p r i o r  t o  ana lys is .  Spiked samples and re levant  standard reference mater i  a1 s  are 
used t o  determine t h e  a p p l i c a b i l i t y  o f  t he  method t o  a -g iven waste. 

2.0 SUMMARY OF METHOD 

2.1 Samples are prepared according t o  the  n i t r i c  ac id  d iges t i on  procedure 
described i n  Method 3010 f o r  aqueous and e x t r a c t  samples and the  
n i  t r ic /peroxide/hydrochl  o r i  c  ac id  d iges t i on  procedure described i n  Method 3050 
( furnace AA op t ion)  f o r  sed-iments, s o i l s ,  and sludges. Excess peroxide i s  
removed by evaporat ing samples t o  near dryness a t  t he  end o f  the  d iges t i on  
fo l lowed by degassing t h e  salrlples upon add i t i on  o f  urea. L-cyste ine i s  then 
added as a  masking agent. Next, t h e  antimony and arsenic i n  the  d iges t  are 
reduced t o  t h e  t r i v a l e n t  forms w i t h  potassium iod ide .  The t r i v a l e n t  antimony and 
arsenic are then converted t o  v o l a t i l e  hydrides us ing hydrogen produced from the  
r e a c t i o n  o f  t he  a c i d i f i e d  sample w i t h  sodium borohydride i n  a  continuous-flow 
hydr ide  generator.  

2.2 The v o l a t i l e  hydrides are swept i n t o ,  and decompose i n ,  a  heated 
quar tz  c e l l  loca ted  'In t he  o p t i c a l  path o f  an atomic absorpt ion 
spectrophotometer. The r e s u l t i n g  absorpt ion o f  t he  lamp r a d i a t i o n  i s  
p ropo r t i ona l  t o  t he  arsenic o r  antimony concentrat ion. 

2.3 The t y p i c a l  de tec t i on  limit f o r  t h i s  method i s  1.0 pg/L. 

3.0 INTERFERENCES 

3 . 1  Very h igh  (>4000 mg/L) concentrat ions o f  cobal t ,  copper, i ron ,  
mercury, and n i c k e l  can cause a n a l y t i c a l  in te r fe rences through p r e c i p i t a t i o n  as 
reduced metal s  and associated blockage o f  t r a n s f e r  1  i nes and f i t t i n g s .  

3.2 Traces o f  peroxides l e f t  f o l l ow ing  the  sample work-up can r e s u l t  i n  
a n a l y t i c a l  in te r fe rences.  Peroxides must be removed by evaporat ing each sample 
t o  near dryness fo l lowed by reac t i on  w i t h  urea and a l lowing s u f f i c i e n t  t ime fo r  
degassing before ana lys is  (see Sections 7.1  and 7.2) .  
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3.3 Even a f t e r  a c i d  d i g e s t i o n ,  o rgan i c  compounds w i l l  remain i n  t h e  4 

sample. These f lame gases and these o rgan i c  compounds can absorb a t  t h e  
a n a l y t i c a l  wavelengths and background c o r r e c t i o n  must be used. R 

4.0 APPARATUS AND MATERIALS d 

4.1 E l e c t r i c  h o t  p l a t e :  Large enough t o  h o l d  a t  l e a s t  severa l  100 mL 
Pyrex d i g e s t i o n  beakers. 

4.2 A  con t i nuous - f l ow  hyd r i de  genera to r :  A  commerci a1 l y  ava i  1  a b l e  
con t i nuous - f l ow  sodium borohydride/HCl hyd r i de  genera to r  o r  a  genera to r  
cons t ruc ted  s i m i l a r l y  t o  t h a t  shown i n  F igu re  1 (P. S. A n a l y t i c a l  o r  e q u i v a l e n t ) .  

4.2.1 P e r i s t a l t i c  Pump: A  four-channel  , va r i ab le - speed  p e r i s t a l t i c  
pump t o  p e r m i t  r e g u l a t i o n  o f  1  i qu id - s t r eam f l o w  r a t e s  ( Ismatec Reglo-100 
o r  e q u i v a l e n t ) .  Pump speed and t u b i n g  d iameters  shou ld  be ad jus ted  t o  
p r o v i d e  t h e  f o l l o w i n g  f l o w  r a t e s :  sample/blank f l o w  = 4.2 mL/min; 
borohydr ide  f l o w  = 2.1 mL/min; and potassium i o d i d e  f l o w  = 0.5 mL/min. 

4.2.2 Sampl i n g  Valve ( o p t i o n a l  ) : A sampl i n g  va l ve  ( found i n  t h e  
P. S. A n a l y t i c a l  Hydr ide  Generat ion System o r  e q u i v a l e n t )  t h a t  a1 1  ows 
s w i t c h i n g  between san~ples and b lanks  ( r i n s e  s o l u t i o n )  w i t h o u t  i n t r o d u c t i o n  
o f  a i r  i n t o  t h e  system w i l l  p rov ide  more s i g n a l  s t a b i l i t y .  

4.2.3 T rans fe r  Tubing and Connectors: T r a n s f e r  t u b i n g  ( 1  mm I .D . ) ,  
m i x i n g  T's, and connectors  a re  made o f  a  f l uo roca rbon  (PFA o r  TFM) and a r e  
o f  compat ib le  s i z e s  t o  form t i g h t ,  l e a k - p r o o f  connect ions (La tcha t ,  
Technicon, e t c .  f l o w  i n j e c t i o n  apparatus accessor ies  o r  e q u i v a l e n t ) .  

4.2.4 M ix i ng  C o i l :  A  20 - tu rn  c o i l  made by wrapping t r a n s f e r  t u b i n g  
around a  I - cm  d iameter  by 5-cm l o n g  p l a s t i c  o r  g l a s s  r o d  (see F i g u r e  1 ) .  

4.2.5 M ix i ng  C o i l  Heater, i f  app rop r i a te :  A  250-mL Erlenmeyer 
f l a s k  c o n t a i n i n g  100 mL o f  wa te r  heated t o  b o i l i n g  on a  ded i ca ted  one- 
beaker h o t p l a t e  (Corn ing PC-35 o r  e q u i v a l e n t ) .  The m i x i n g  c o i l  i n  4.2.4 
i s  immersed i n  t h e  b o i l i n g  water  t o  speed k i n e t i c s  o f  t h e  h y d r i d e  fo rming  
r e a c t i o n s  and inc rease  so l  u b i l  i t y  o f  i n t e r f e r i n g  reduced meta l  
p r e c i p i t a t e s .  

4.2.6 Gas-L iqu id  Separator:  A  g l a s s  apparatus f o r  c o l l e c t i n g  and 
sepa ra t i ng  l i q u i d  and gaseous p roduc ts  (P.T. A n a l y t i c a l  accessory o r  
e q u i v a l e n t )  which a l l ows  t h e  1  i q u i d  f r a c t i o n  t o  d r a i n  t o  waste and gaseous 
p roduc ts  above t h e  l i q u i d  t o  be swept by a  r e g u l a t e d  c a r r i e r  gas (argon) 
o u t  o f  t h e  c e l l  f o r  ana l ys i s .  To avo id  undue c a r r i e r  gas d i l u t i o n ,  t h e  
gas volume above t h e  l i q u i d  should n o t  exceed 20 mL. See F i g u r e  1 f o r  an 
accep tab le  separa to r  shape. 

4.2.7 Condensor: Mo i s tu re  p i cked  up by t h e  c a r r i e r  gas must be 
removed be fo re  encounte r ing  t h e  h o t  absorbance c e l l .  The m o i s t  c a r r i e r  
gas w i t h  t h e  hyd r i des  i s  d r i e d  by pass ing t h e  gasses th rough a  smal l  (< 25 
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mL) volume condensor c o i l  (Ace Glass Model 6020-02 o r  equivalent)  t h a t  i s  
cooled t o  5°C by a water c h i l l e r  (Neslab RTE-110 o r  equ iva len t ) .  Cool tap-  
water i n  place o f  a c h i l l e r  i s  acceptable. 

4.2.8 Flow Meter/Regul a to r :  A meter capable o f  regu la t i ng  up t o  1 
L/min o f  argon c a r r i e r  gas i s  recommended. 

4.3 Absorbance Ce l l  : A 17 c111 o r  1 onger quar tz  tube T - c e l l  (window1 ess i s  
s t rong ly  suggested) i s  recommended, as shown i n  F igure 1 (Varian Model VGA-76 
accessory o r  equ iva len t ) .  The c e l l  i s  he ld  i n  p lace by a holder  t h a t  pos i t i ons  
the  c e l l  about 1 cm over a conventional AA a i r -ace ty lene burner head. I n  
operat ion, t h e  c e l l  i s  heated t o  around 900°C. 

4.4 Atomic absorpt ion spectrophotometer: S ingle o r  dual channel, sing1 e- 
o r  double-beam instrument having a g r a t i n g  monochromator, photomul t i p 1  i e r  
detector ,  ad jus tab le  s l i t s ,  a wavelength range o f  190 t o  800 nm, and prov is ions  
f o r  i n t e r f a c i n g  w i t h  an appropr iate record ing device. 

4.5 Burner: As recommended by the  p a r t i c u l a r  instrument manufacturer f o r  
an a i  r - a c e t y l  ene f l  ame. An appropr iate mounting bracket attached t o  the  burner 
t h a t  suspends t h e  quar tz  absorbance c e l l  between 1 and 2 cm above the burner s l o t  
i s  requi red.  

4.6 Antimony and arsenic hol low cathode 1 amps o r  antimony and arsenic 
e l  ec t rode l  ess discharge 1 amps and power supply. Super-charged hol  low-cathode 
lamps o r  EDL lamps are recommended f o r  maximum s e n s i t i v i t y .  

4.7 S t r i p - c h a r t  recorder  (op t iona l  ) : Connect t o  output  o f  
spectrophotometer. 

5.0 REAGENTS 

5.1 Reagent water: Water must be monitored f o r  impur i t i es .  Refer t o  
Chapter 1 f o r  d e f i n i t i o n  o f  Reagent water. 

5.2 Concentrated n i t r i c  ac id  (HNO,) : Acid must be analyzed t o  determine 
l e v e l s  o f  impur i t i es .  I f  a method blank i s  (MDL, the ac id  can be used. 

5.3 30% Hydrogen peroxide (H202) : Peroxide must be a t i n - f r e e  grade. 

5.4 Concentrated hydroch lor ic  ac id  (HC1): Acid must be analyzed t o  
determine l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank i s  <MUL, the  ac id  can be used. 

5.5 D i  l u e n t  so lu t i on :  A 3% HC1 s o l u t i o n  i n  reagent water must be prepared 
as a d i l u e n t  s o l u t i o n  i f  excessive l e v e l s  o f  analytes o r  i n t e r f e r i n g  metals are 
found i n  the  und i l u ted  samples. 
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5.6 Urea (H2NCONH2) : A 5.00-9 po r t i on  o f  reagent grade urea must be added 
t o  a 25-mL a l i q u o t  o f  each sample f o r  removal o f  excess peroxide through 
degassing (see Sect ion 7.2). 

5.7 L-cys te i  ne (C,H,,N204S2) : A 1.00-9 p o r t  i o n  o f  reagent grade L-cyst ine 
must be added t o  a 25-mL a l i q u o t  o f  each sample f o r  masking the  e f f e c t s  o f  
suppressing t r a n s i t i o n  metals (see Sect ion 7.2). 

5.8 20% Potassium iod ide (KI) :  A 20% K I  so lu t i on  (20 g reagent-grade K I  
d isso lved and brought t o  volume i n  100 mL reagent water) must be prepared f o r  
reduct ion  o f  antimony and arsenic t o  t h e i r  +3 valence states.  

5.9 4% Sodi um borohydride (NaBH,) : A 4% sodium borohydride so lu t i on  (20 
g reagent-grade NaBH, p lus  2 g sodium hydroxide d issolved i n  500 mL o f  reagent 
water) must be prepared f o r  conversion o f  the  antimony and arsenic t o  t h e i r  
hydrides . 

5.10 Analyte so lu t ions :  

5.10.1 Antimony and arsenic stock standard s o l u t i o n  (1,000 mg/L) : 
E i t h e r  procure c e r t i f i e d  aqueous standards from a supp l ie r  and v e r i f y  by 
comparison w i t h  a second standard, or d isso lve  1.197 g o f  antimony 
t r i o x i d e  Sb203 and 1.320 g o f  arsenic t r i o x i d e  As203 i n  100 mL o f  reagent 
water conta in ing  4 g NaOH. A c i d i f y  the  so lu t i on  w i t h  20 mL concentrated 
HNO, and d i l u t e  t o  1 1 i t e r .  

5.10.2 Intermediate antimony and arsenic so lu t ion :  Pipet 1 mL 
stock antimony and arsenic so lu t i on  i n t o  a 100-mL volumetr ic f l a s k  and 
b r i n g  t o  volume w i t h  reagent water conta in ing 1.5 mL concentrated 
HNO,/l i t e r  ( 1  mL = 10 pg each o f  Sb and As). 

5.10.3 Standard antimony and arsenic solut ion:  Pipet  10 mL 
intermediate antimony and arsenic so lu t i on  i n t o  a 100-mL volumetr ic f l a s k  
and b r i n g  t o  volume w i t h  reagent water conta in ing 1.5 mL concentrated 
HNOJliter ( 1  mL = 1 pg each o f  Sb and As). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been co l l ec ted  using a sampling p lan t h a t  
addresses the  considerat ions discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample conta iners must be prewashed w i t h  detergents, acids, and 
reagent water. P l  as t  i c  and g l  ass containers are both sui  tab1 e. 

6.3 Special conta iners (e.g., containers used f o r  v o l a t i l e  organic 
ana lys is )  may have t o  be used i f  very v o l a t i l e  antimony and arsenic compounds are 
suspected t o  be present i n  the  samples. 

6.4 Aqueous samples must be a c i d i f i e d  t o  a pH o f  (2 w i t h  n i t r i c  acid. 
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6.5 Nonaqueous samples s h a l l  be r e f r i g e r a t e d ,  when poss ib le ,  and analyzed 

as soon as poss ib le .  
brl 

7.0 PROCEDURE 
iuu 

7.1 Place a  100-mL p o r t i o n  o f  an aqueous sample o r  e x t r a c t  o r  1.000 g  of 
a  d r i e d  s o l i d  sample i n  a  250-mL d i g e s t i o n  beaker. D iges t  aqueous samples and 
e x t r a c t s  accord ing t o  Method 3010. D iges t  so l  i d  samples accord ing t o  Method 3050 
( fu rnace AA o p t i o n )  w i t h  t h e  f o l l o w i n g  mod i f i ca t i ons :  add 5  mL o f  concentrated 
h y d r o c h l o r i c  a c i d  j u s t  p r i o r  t o  t h e  f i n a l  volume r e d u c t i o n  stage t o  a i d  i n  
antimony recovery; t h e  f i n a l  volume reduc t i on  should be t o  l e s s  than 5  mL b u t  n o t  IY, 
t o  dryness t o  adequately remove excess hydrogen perox ide  (see no te ) .  A f t e r  
d i l u t i o n  t o  volume, f u r t h e r  d i l u t i o n  w i t h  d i l u e n t  may be necessary i f  ana ly tes  
a re  known t o  exceed 400 pg/L o r  i f  i n t e r f e r e n t s  are expected t o  exceed 4000 mg/L 
i n  t h e  d iges ta te .  1 

Note: For s o l  i d  d iges t i ons ,  t he  volume r e d u c t i o n  stage i s  c r i t i c a l  P 
t o  o b t a i n  accurate data, e s p e c i a l l y  f o r  a rsen ic .  Close mon i to r i ng  , 
o f  each sample i s  necessary when t h i s  c r i t i c a l  stage i s  reached. I 

i 
I"Ci I 

7.2 Prepare samples f o r  hydr ide  ana l ys i s  by adding 5.00 g  urea, 1.00 g  L-  i; I 
cyste ine,  and 20 rr~L concentrated HC1 t o  a  25-mL a l i q u o t  o f  d iges ted  sample i n  a  
50-mL vo lume t r i c  f l a s k .  Heat i n  a  water bath u n t i l  t h e  L -cys te ine  has d i sso l ved  
and ef fervescence has subsided (A t  l e a s t  30 minutes i s  suggested. I f  !@ 1 
ef fervescense i s  s t i l l  seen, repeat  s tep  7.1 w i t h  more volume reduc t i on . ) .  B r i n g  
f l a s k  t o  volume w i t h  reagent  water  be fore  analyz ing.  A  1: l  d i l u t i o n  c o r r e c t i o n  
must be made i n  t h e  f i n a l  concent ra t ion  c a l c u l a t i o n s .  ~ 

h I 
7.3 Prepare working standards from t h e  standard antimony and arsen ic  , s o l u t i o n .  T rans fe r  0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL o f  s tandard t o  100-mL 

vo lume t r i c  f l a s k s  and b r i n g  t o  volume w i t h  d i l u e n t .  These concent ra t ions  w i l l  pi 
be 0, 5, 10, 15, 20, and 25 pg Sb and A s / l i t e r .  

7.4 I f  EP e x t r a c t s  (Method 1310) a re  being analyzed f o r  a rsen ic ,  t h e  6 
method o f  s tandard a d d i t i o n s  must be used. Spike app rop r i a te  amounts o f  b 
i n te rmed ia te  o r  standard antimony and arsen ic  s o l u t i o n  t o  t h r e e  25 mL a1 i q u o t s  
o f  each unknown. Sp i k ing  volumes should be kept  l e s s  than 0.250 mL t o  avo id  
excessive s p i k i n g  d i  1  u t i o n  e r r o r s .  F". 

b 
I 

7.5 Set up i ns t rumen ta t i on  and hydr ide  genera t ion  apparatus and f i l l  C, 
reagent  con ta iners .  The sample and b lank f l ows  should be s e t  around 4.2 mL/min, 
t h e  borohydr ide f l o w  around 2.1 mL/min, and t h e  potassium i o d i d e  f l o w  around 0.5 " 
mL/min. The argon c a r r i e r  gas f l o w  i s  ad jus ted  t o  about 200 mL/min. For t h e  AA, 
use t h e  217.6-nm wavelength and 0.7-nm s l i t  w i d t h  ( o r  manufacturer 's  recommended 
s l  i t - w i d t h )  w i t h o u t  background c o r r e c t i o n  i f  ana lyz ing  f o r  antimony. Use t h e  k, 
193.7-nm wave1 ength and 0.7-nm s l  i t  w i d t h  ( o r  manufacturer 's  recommended s l  i t  - 
w id th )  w i t h  background c o r r e c t i o n  f o r  t h e  ana l ys i s  o f  a rsen ic .  Begin a l l  f l ows  p 1 
and a1 low 10 minutes f o r  warm-up. I I I 
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7.6 Place sample feed 1 i n e  i n t o  a prepared sample s o l u t i o n  and s t a r t  pump 
t o  begin hyd r i de  generat ion.  Wait f o r  a maximum s teady-s ta te  s igna l  on t he  
s t r i p - c h a r t  recorder  o r  ou tpu t  meter. Switch t o  b lank  sample and watch f o r  
s i gna l  t o  d e c l i n e  t o  base1 i n e  be fo re  sw i tch ing  t o  t he  next  sample and beginning 
t he  nex t  ana l ys i s .  Run standards f i r s t  ( low t o  h igh) ,  then unknowns. Inc lude  
app rop r i a te  QA/QC so l  u t i ons ,  as requ i red .  Prepare c a l  i b r a t i o n  curves and conver t  
absorbances t o  concent ra t ion .  If a heat ing  c o i l  i s  n o t  be ing used, K I  must be 
added t o  t h e  samples and heated f o r  t h i r t y  minutes t o  ensure reduc t ion .  

CAUTION: The hydr ides  o f  antimony and a rsen i c  a re  very  t ox i c .  
Precaut ions must be taken t o  avo id  i n h a l i n g  t h e  gas. 

7.7 I f  the  method o f  standard add i t i ons  was employed, p l o t  t h e  measured 
concen t ra t i on  o f  t h e  spiked samples and unspiked sample versus t he  spiked 
concent ra t ions .  The sp iked concent ra t ion  a x i s  i n t e r c e p t  w i l l  be t h e  method o f  
standard a d d i t i o n s  concent ra t ion .  I f  the  p l o t  does no t  r e s u l t  i n  a s t r a i g h t  
l i n e ,  a non l i nea r  i n t e r f e r e n c e  i s  present.  Th is  problem can sometimes be 
overcome by d i l u t i o n  o r  a d d i t i o n  o f  o ther  reagents i f  the re  i s  some knowledge 
about t h e  waste. I f  t h e  method o f  standard add i t i ons  was n o t  requi red,  then the  
concent ra t ion  i s  determined from a standard c a l i b r a t i o n  curve. 

8.0 QUALITY CONTROL 

8.1 See sec t i on  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 'The r e l a t i v e  standard dev ia t i ons  obta ined by a s i n g l e  l abo ra to ry  f o r  
7 rep1 i c a t e s  o f  a contaminated s o i l  were 18% f o r  antimony a t  9.1 ug/L i n  s o l u t i o n  
and 4.6% f o r  a rsen ic  a t  68 ug/L i n  so lu t i on .  The average percent  recovery o f  t he  
ana l ys i s  of an 8 pg/L sp ike  on t e n  d i f f e r e n t  samples i s  103.7% f o r  a rsen ic  and 
95.6% f o r  antimony. 

10.0 REFERENCES 

1. Methods f o r  Chemical Ana lys is  o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Met hod 206.3. 

2. "Eva lua t ion  o f  Hydr ide Atomic Absorpt ion Methods f o r  Antimony, Arsenic, 
Sel en i  urn, and T in" ,  an EMSL-LV i n t e r n a l  r e p o r t  under Contract  68-03-3249, 
Job Order 70.16, prepared f o r  T. A. Hinners by D. E. Dobb, and J. D. 
L indner  o f  Lockheed Engineering and Sciences Co., and L. V.  Beach o f  the  
Var ian Corporat ion.  

Revis ion 0 
September 1994 



METHOD 7062 
ANTIMONY AND ARSENIC (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION) 

7.1 Add 
ooncentrated 

7.1 Use Method 
3060 (furnace AA 
option) t o  digest 

1 .O g sample. 

7.2 Add t o  
aliquot urea: 

L-cysteine, HCI: 
heat H20 bath; 

bring to  volume. 

7.1 Use 
Solid Method 3010 ' to digest 100 

rnl sample. 

7.1 Do final 
volume 

reduction and 
dilution, 06 

described. 

I 

7.3 Prepare 
standards from 
standard stock 
solutions ot  Sb 

and As. 

7.1 Further 
dilute wi th - 

diluent. 

7.4 Use the 
method of 

Type? standard 

sdditions on EP 
extrects, only. 

7.6 - 7.6 Analyze 
the sample 

using hydride 
generation 
apparatus. 

7.6 -7.6 Analyze 
the sample 

using hydride 
generation 
apparatus. 

7.6 - 7.7 Determine H 
7.7 Determine 

Sb and AS conc. Sb and As 

from standard concentrations 

calibration by Method of 

curve. Standard Addkionm. 
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METHOD 7080A 

BARIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Sec t ion  1 . 0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Sec t ion  2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sec t ion  3.0 o f  Method 7000 i f  in te r f e rences  are suspected. 

3.2 High ho l l ow  cathode cu r ren t  s e t t i n g s  and a narrow spec t ra l  band pass 
must be used, because bo th  bar ium and ca lc ium emit  s t rong l y  a t  barium's 
a n a l y t i c a l  wavelength. 

3.3 Ba r i  um undergoes s i g n i f i c a n t  i o n i z a t i o n  i n  t he  n i t r o u s  oxide/ 
a c e t y l  ene f l  ame, r e s u l  t i  ng i n  a s i g n i f i c a n t  decrease i n  s e n s i t i v i t y .  A1 1 
samples and standards must con ta in  a i o n i z a t i o n  suppressant. The type  o f  
suppressant and concent ra t  i o n  used must be documented. 

4.0 APPARATUS AND MATERIALS 

4.1 For  bas i c  apparatus, see Sect ion 4.0 o f  Method 7000. 

4.2 Inst rument  parameters (genera l ) :  

4.2.1 Barium ho l low cathode lamp. 
4.2.2 Wavelength: 553.6 nm. 
4.2.3 Fuel : Acety l  ene. 
4.2.4 Oxidant:  N i t r o u s  ox ide.  
4.2.5 Type o f  flame: Fuel r i c h .  
4.2.6 Background co r rec t i on :  Not requ i red .  

5.0 REAGENTS 

5.1 See Sec t ion  5.0 o f  Method 7000. 

5.2 Prepara t ion  o f  standards: 

5.2.1 Stock so lu t i on :  D isso lve  1.7787 g barium c h l o r i d e  
(BaC1;2H20) a n a l y t i c a l  reagent grade i n  reagent water and d i l u t e  t o  1 
1 i t e r  (1000 mg/L) . A1 t e r n a t i v e l y ,  procure a c e r t i f i e d  standard from a 
suppl i e r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  of t h e  s tock s o l u t i o n  t o  be used as 
c a l i b r a t i o n  standards a t  t he  t ime o f  ana lys is .  The c a l i b r a t i o n  standards 
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should be prepared us ing  the  same type o f  a c i d  and a t  t h e  same hh 

concent ra t ion  as w i l l  r e s u l t  i n  t h e  sample t o  be analyzed a f t e r  
processing. A l l  c a l i b r a t i o n  standards and samples should con ta in  t h e  
i o n i z a t i o n  suppressant. ivrS 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING gn 

6.1 See Chapter Three, Sect ion 3.1.3, Sample Handl ing and Preservat ion.  
I 

7.0 PROCEDURE 

7.1 Sample prepara t ion :  The procedures f o r  p repa ra t i on  o f  t h e  sample are  
g iven i n  Chapter Three, Sect ion 3.2. 6 i I 

Y 
7.2 See Method 7000, Sect ion 7.2, D i r e c t  Asp i ra t i on .  

8.0 QUALITY CONTROL 
F 
L 

8.1 See Sect ion 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE bm 

9.1  The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  o f  i n t e r -  
ferences are: tUr 

Optimum concent ra t ion  range: 1-20 mg/L w i t h  a wavelength o f  553.6 nm. 
S e n s i t i v i t y :  0.4 mg/L. !M I 

De tec t ion  l i m i t :  0.1 mg/L. W 

9.2 I n  a s i n g l e  labora tory ,  ana lys is  o f  a mixed i n d u s t r i a l - d o m e s t i c  waste 
e f f l u e n t ,  d iges ted  w i t h  Method 3010, a t  concentrat ions o f  0.4 and 2 mg Ba/L gave iu 
standard dev ia t i ons  o f  20.043 and 20.13, respec t i ve l y .  Recoveries a t  these 
l e v e l s  were 94% and 113%, respec t i ve l y .  m 

10.0 REFERENCES 
'L 

1. Methods fo r  Chemical Ana lys is  o f  Water and Wastes, EPA-600/4-82-055, r 
December 1982, Method 208.1. b 
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METHOD 7 0 8 0 A  
BARIUM (ATOMIC ABSORPTION, D I R E C T  ASPIRATION)  

Start 0 
5.2 Prepare 
standards. 

7 .1  For sample 
preparation see 

Chapter 3, Section 

7.2 Analyze using 
Method 7 0 0 0  
Section 7.2. 
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METHOD 7081 

BARIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Sec t ion  1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Sec t ion  2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sec t ion  3.0 o f  Method 7000. 

3.2 Barium i s  known t o  form a bar ium carb ide  i n  t h e  g r a p h i t e  furnace. 
Th is  l e s s  v o l a t i l e  ca rb ide  can cause losses  o f  s e n s i t i v i t y  and memory e f f e c t s .  

3.3 
t h e  o p t i c a l  
i n t e r f e r e n c  

The l ong  res idence t ime and t h e  h i gh  concent ra t ion  o f  t h e  ana l y te  i n  
pa th  o f  t h e  g r a p h i t e  furnace can l ead  t o  severe phys ica l  and chemical 

:es. Furnace parameters must be opt imized t o  minimize these e f f e c t s .  

3.4 Because o f  poss ib l e  chemical i n t e r a c t i o n ,  n i t r o g e n  should no t  be used 
as a purge gas. 

3.5 Hal i d e  ac ids  should n o t  be used. 

4.0 APPARATUS AND MATERIALS 

4.1 For bas i c  apparatus, see Sec t ion  4.0 o f  Method 7000. 

4.2 Inst rument  parameters (genera l  ) : 

4.2.1 Dry ing  t ime and temp: 30 sec a t  125°C. 

4.2.2 Ashing t ime  and temp: 30 sec a t  1200°C. 

4.2.3 Atomiz ing t ime and temp: 10 sec a t  2800°C. 

4.2.4 Purge gas : Argon (n i t r ogen  s  houl d  not be used) . 
4.2.5 Wavelength: 553.6 nm. 

4.2.6 Background c o r r e c t i o n :  Not requ i red .  
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4.2.7 Other opera t ing  parameters should be se t  as s p e c i f i e d  by t h e  m 
p a r t  i c u l  a r  inst rument  manufacturer. 

his 

NOTE: The above concent ra t ion  values and inst rument  cond i t i ons  are f o r  a 
Perkin-Elmer HGA-2100, based on t h e  use o f  a 20-uL i n j e c t i o n ,  bRI 
cont inuous- f low purge gas, and nonpy ro l y t i c  g raph i te .  Smaller s i z e  b 
furnace devices o r  those employing f a s t e r  r a t e s  o f  a tomiza t ion  can 
be operated us ing 1 ower a tomiza t ion  temperatures f o r  sho r te r  t ime 
per iods  than t h e  above-recommended s e t t i n g s .  

m 
U 

5.0 REAGENTS 

5.1 See Sect ion  5.0 o f  Method 7000. 

5.2 Prepara t ion  o f  standards 

5.2.1 Stock s o l u t i o n  - D isso lve  1.7787 g barium c h l o r i d e  
(BaC1, 2H,O, a n a l y t i c a l  reagent grade) i n  water and d i l u t e  t o  1 1 i t e r .  
A l t e r n a t i v e l y ,  procure a c e r t i f i e d  standard from a s u p p l i e r  and v e r i f y  by 
comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  t h e  s tock  s o l u t i o n  t o  be used as 
c a l i b r a t i o n  standards a t  t he  t ime o f  analys is .  The c a l i b r a t i o n  standards 
should be prepared us ing  t h e  same type o f  a c i d  and a t '  t h e  same 
concent ra t ions  as i n  t h e  sample a f t e r  processing (0.5% v/v HNO,). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Step 3.1.3, Sample Handl ing and Preservat ion.  

7.0 PROCEDURE 

7.1 Sample Preparat ion - The procedures f o r  p repa ra t i on  o f  t h e  sample are  
g i ven  i n  Chapter Three, Step 3.2. 

7.2 See Method 7000, Step 7.3, Furnace Technique. 

8.0 QUALITY ASSURANCE 

8.1 See Sect ion  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 P rec i s ion  and accuracy da ta  are n o t  a v a i l a b l e  a t  t h i s  t ime.  
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METHOD 7090 

BERYLLIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 Background cor rec t ion  may be requi red because nonspecif ic absorption 
and 1 i g h t  sca t te r ing  can be s i g n i f i c a n t  a t  the ana ly t i ca l  wavelength. 

3.3 Concentrations o f  aluminum greater than 500 ppm may suppress 
bery l  1 i um absorbance. The addi t ion o f  0.1% f l  uoride has been found e f f ec t i ve  
i n e l i m i n a t i n g  t h i s  inter ference. High concentrations o f  magnesiumand 
s i  1 icon cause s i m i l a r  problems and requ i re  the use o f  the method o f  standard 
addi t ions.  

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Bery l l ium hol low cathode lamp. 
4.2.2 Wavelength: 234.9 nm. 
4.2.3 Fuel: Acetylene. 
4.2.4 Oxidant: Ni t rous oxide. 
4.2.5 Type o f  flame: Fuel r ich .  
4.2.6 Background correct ion:  Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock so lu t ion:  Dissolve 11.6586 g bery l  1 ium sulfate, BeSO4, 
i n  Type I 1  water contain ing 2 mL n i t r i c  ac i d  and d i l u t e  t o  1 l i t e r .  

7090 - 1 
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Beryl 1 ium metal can a1 so be d i  ssolved i n  H2SO4. A1 te rna t ive ly ,  procure a 
c e r t i f i e d  standard f r o m  a suppl ier and v e r i f y  by comparison w i th  a second 
standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t ion  t o  be used as 
ca l  i b r a t i o n  standards a t  the t ime o f  analysis. The cal  i brat ion  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentration as w i l l  r e s u l t  i n  the sample t o  be analyzed a f t e r  
processing (0.5% v l v  HNO3). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Sect1 on 3.1.3, Sampl e Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sarnpl e Preparation: 'The procedures f o r  preparation o f  the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i rec t  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  f o r  an aqueous sample f ree  o f  i n t e r -  
ferences are: 

Optimum concentration range: 0.05-2 mglL w i th  a wavelength o f  234.9 nm. 
Sensit ivity.: 0.025 mgIL. 
Detection l i m i t :  0.005 mg/L. 

9.2 I n  a s ing le laboratory, analysis o f  a mixed industrial-domestic 
waste eff luenk, digested w i th  Method 3010, a t  concentrations o f  0.01 and 0.25 
mg/L gave standard deviations o f  +0.001 and +0 -602, respectively. Recoveries 
a t  these 1 eve1 s were 100% and 97%,-respecti veTy. 

9.3 For concentrations o f  bery l l ium below 0.02 mg/L, the furnace proce- 
dure (Method 7091) i s  recommended. 

10,O REFERENCES 

1, Methods f o r  Chemical Anal y s i  s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 210.1. 
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METHOD 7091 

BERYLLIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 The long residence time and high concentrations o f  the atomized 
sample i n  the opt ica l  path o f  the graphite furnace can resu l t  i n  severe 
physical and chemical interferences. Furnace parameters must be optimized t o  
minimize these effects.  

3.3 I n  addit ion t o  the normal interferences experienced during graph1 t e  
furnace analysis, beryl  1 i um analysis can suf fer  from severe nonspecific ab- 
sorption and 1 i g h t  scatter ing caused by matrix components durlng atomization. 
Simultaneous background correction i s  requi red t o  avoid erroneously high 
resul ts. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Drying time and teap: 30 sec a t  125.C. 
4.2.2 Ashing time and temp: 30 sec a t  1000.C. 
4.2.3 Atomizing time and teap: 10 sec a t  2800.C. 
4.2.4 Purge gas: Argon. 
4.2.5 Wavelength: 234.9 nm. 
4.2.6 Background correction: Requi red. 
4.2.7 Other operating parameters should be set as specif ied by the 

pa r t i cu la r  i nstrument manufacturer. 
NOTE: The above concentration values and instrument conditions are f o r  a 

Perkin-Elmer HGA-2100, based on the use o f  a 20-uL Injection, 
cont i  nuous-f 1 ow purge gas, and nonpyrolytic graphite. Smaller 
sizes o f  furnace devices o r  those employing faster  rates o f  
atomization can be operated using 1 ower atomization teaperatures 
f o r  shorter time periods than the above-recomnended settings. 
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5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparati  on o f  standards : 

5.2.1 Stock solut ion:  Dissolve 11.6586 g bery l  1 i um su l fa te ,  BeS04, 
i n  Type I1 water containing 2 mL concentrated n i t r i c  ac id  and d i l u t e  t o  
1 1 i ter .  Beryl 1 ium metal can also be dissolved i n  acid. A1 te rna t i ve ly ,  
procure a c e r t i f i e d  standard from a suppl ier  and v e r i f y  by comparison 
w i th  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the  stock so lu t ion  t o  be used as c a l i -  
b ra t ion  standards a t  the t ime o f  analysis. The c a l i b r a t i o n  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentrations as i n  the  sample a f t e r  processing (0.5% v/v HN03). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample Preparation: The procedures f o r  preparat ion o f  the  sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The ca l  cu l  a t i on  
i s g i  ven i n  Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Precis ion and accuracy data are not  ava i lab le  a t  t h i s  time. 

9.2 The performance charac te r i s t i cs  f o r  an aqueous sample f r ee  o f  i n t e r -  
ferences are: 

Optimum concentration range: 1-30 ug/L. 
Detection l i m i t :  0.2 ug/L. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 210.2. 
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METHOD 7130 

CADMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 Nonspeci f I c absorption and 1 l g h t  sca t te r ing  can be s lgn i  f l can t  a t  
the ana l y t i ca l  wave1 ength. Thus background cor rect ion i s  requl  red. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Cadwi urn ho l  low cathode laap. 
4.2.2 Wavelength: 228.8 nm. 
4.2.3 Fuel: Acetylene. 
4.2.4 Oxidant: Air .  
4.2.5 Type o f  flame: Oxidiz ing ( fue l  lean). 
4.2.6 Background correct ion:  Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solut ion:  Dissolve 1.000 g cadmi um metal (analyt ical  
reagent grade) i n  20 mL o f  1:l HNO3 and d i l u t e  t o  1 1 i t e r  w i t h  Type I1 
water. A1 te rna t i ve ly ,  procure a c e r t i f i e d  standard from a suppl ier  and 
v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the  stock so lu t ion  t o  be used as c a l l -  
b r a t i o n  standards a t  the t ime o f  analysis. The ca l i b ra t i on  standards 
should be prepared using the  same type o f  ac id  and a t  the same 
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concentration as w i l l  r esu l t  i n  the sample t o  be analyzed a f te r  
processi ng . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Sect1 on 3.1 -3, Sample Hand1 1 ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation o f  the sample 
are given I n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character ist ics f o r  an aqueous sample f ree o f  In te r -  
ferences are: 

Optimum concentration range: 0.05-2 mg/L wi th a wavelength o f  228.8 nm. 
Sensi t i v l  ty: 0.025 mg/L. 
Detection 1 l m l t :  0.005 mg/L. 

9.2 For concentrations o f  cadmium below 0.02 mg/L, the furnace procedure 
(Method 7131) i s recomnended. 

9.3 Precision and accuracy data are available i n  Method 213.1 o f  Methods 
f o r  Chemical Analysis of Water and Wastes. 

9.4 The data shown i n  Table 1 were obtained f r o m  records o f  s ta te  and 
contractor 1 aboratories. The data are intended t o  show the precision o f  the 
combined sample preparation and analysis method. 

lo .  0 REFERENCES 

1 . Methods f o r  Cheml cal  Anal y s l  s o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 213.1. 

2. Gaski 11, A., Compi 1 at lon and Eva1 uation o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. CIETHOD PERFOWlWCE DATA 

Preparatf on 
Method 

Laboratory 
Rep1 1 cates 

-- 

Em1 sslon control dust 3050 2,770, 1,590 ug/g 

Wastewater treatment sludge 3050 12,000, 13,000 uglg 
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METHOD 7131A 

CADMIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Sect ion 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Sect ion 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sect ion 3.0 o f  Method 7000 i f  in ter fe rences are suspected. 

3.2 I n  a d d i t i o n  t o  the  normal in ter fe rences experienced dur ing  graph i te  
furnace analys is ,  cadmium analys is  can s u f f e r  from severe nonspeci f ic  absorpt ion 
and 1  i g h t  s c a t t e r i n g  caused by ma t r i x  components dur ing atomization. Simultaneous 
background co r rec t i on  i s  requ i red  t o  avoid erroneously h igh  r e s u l t s  . 

3.3 Excess ch lo r ide  may cause premature vo l  a t i  1  i z a t i o n  o f  cadmium. 
Ammonium phosphate used as a  ma t r i x  mod i f i e r  minimizes t h i s  loss.  Other 
mod i f i e rs  may be used as long as i t i s  documented w i t h  the  type o f  suppressant 
and concentrat ion.  

3.4 Many p l a s t i c  p i p e t  t i p s  (yel low) conta in  cadmium. Use "cadmium- 
f ree "  t- ips. 

4.0 APPARATUS AND MATERIALS 

4. I For basic apparatus, see Sect ion 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Drying t ime and temp: 30 sec a t  125°C. 

4.2.2 Ashing t ime and temp: 30 sec a t  500°C. 

4.2.3 Atomizing t ime and temp: 10 sec a t  1900°C. 

4.2.4 Purge gas: Argon. 

4.2.5 Wavelength: 228.8 nm. 

4.2 -6 Background cor rec t ion :  Required. 

4.2.7 Other operat ing parameters should be set  as spec i f i ed  by the  
p a r t i c u l a r  instrument manufacturer. 
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NOTE: The above concent ra t ion  values and ins t rument  c o n d i t i o n s  are+ 
f o r  a Perkin-Elmer HGA-2100, based on t h e  use o f  a  20-uL i n j e c t i o n ,  
con t inuous- f low purge gas, and n o n p y r o l y t i c  g raph i te .  Small e r  s ize-  
o f  furnace devices o r  those employing f a s t e r  r a t e s  o f  atomizatior, 
can be operated us ing lower a tomiza t ion  temperatures f o r  s h o r t e r  
t ime  per iods  than the  above-recommended s e t t i n g s .  na 

5.0 REAGENTS 

5.1 See Sect ion 5.0 o f  Method 7000. bq 

5.2 Prepara t ion  o f  standards: F 

5.2.1 Stock s o l u t i o n :  D isso lve  1.000 g o f  cadmium metal u 
( a n a l y t i c a l  reagent  grade) i n  20 mL o f  1: 1 HN03 and d i l u t e  t o  1 1 i t e r  w i t h  
reagent  water.  A1 t e r n a t i  ve ly ,  procure a c e r t i f i e d  standard f rom 
suppl i e r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  t h e  s tock  cadmium s o l u t i o n  t o  be used? 
as c a l i b r a t i o n  standards a t  t h e  t ime  o f  ana l ys i s .  To each 100 mL o f 4  
s tandard and sa~i iple a l i k e  add 2.0 rr~L o f  t h e  ammonium phosphate s o l u t i o n .  
The c a l i b r a t i o n  standards should be prepared t o  c o n t a i n  0.5% (v/v)  HN03.F 

5.2.3 Ammonium phosphate s o l u t i o n  (40%) : Disso lve  40 g o r  
ammonium phosphate, (NH4),HP04 ( a n a l y t i c a l  reagent  grade),  i n  reagent  water  
and d i l u t e  t o  100 mL. M 

pbrl 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING pl" 

L! 
6.1 See Chapter Three, Sect ion 3.1.3, Sample Handl ing and Preserva t ion .  

w 
1 

7.0 PROCEDURE + 
7.1 Sample p repara t ion :  The procedures f o r  p repa ra t i on  o f  t h e  sample a r e F  

prov ided i n  Chapter Three, Sec t ion  3.2. i 

7.2 See Method 7000, Sec t ion  7.3, Furnace Procedure. The c a l  c u l  a t  i on i s,p 
prov ided i n  Method 7000, Sec t ion  7.4. L 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Sect ion 8.0 o f  Method 7000 . 
I 
h 4  

9.0 METHOD PERFORMANCE 
I 

9.1 P rec i s i on  and accuracy da ta  a re  a v a i l  ab le  i n  Method 213.2 o f  Methods 
fo r  Chemical Ana lys is  o f  Water and Wastes. w 

F 
k 
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9.2 The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  o f  i n t e r -  
ferences are: 

Optimum concen t ra t i on  range: 0.5-10 ug/L. 
De tec t i on  1 i m i t :  0.1 ug/L. 

9.3 The da ta  shown i n  Table 1 were obta ined f rom records o f  s t a t e  and 
c o n t r a c t o r  l a b o r a t o r i e s .  The da ta  a re  in tended t o  show t h e  p r e c i s i o n  o f  t he  
combined sample p repa ra t i on  and ana l ys i s  method. 

10.0 REFERENCES 

1. Methods f o r  Chemical Ana lys is  o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 213.2. 

2 .  G a s k i l l ,  A., Compi la t ion and Eva lua t ion  o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Cont rac t  No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

- - 

Sample 
Mat r i x  

Preparation 
Met hod 

Laboratory 
Rep1 i cates 

Lagoon s o i l  3050 0.10, 0.095 ug/g 

NBS SRM 1646 Estuarine sediment 3050 0.35 ug/ga 

Solvent e x t r a c t  o f  o i l y  waste 3030 1.39, 1.09 ug/L 

"Bias o f  -3% from expected value. 

F 
& 
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METHOD 7140 

CALCIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000. 

3.2 A l l  elements forming stable oxyanions (P, B, Si, C r ,  S, V, Ti, A l ,  
etc.) w i  11 complex calcium and in te r fe re  unless 1 anthanum i s  added. Addi t i o n  
o f  lanthanum t o  prepared samples ra re ly  presents a problem because v i r t u a l l y  
a1 1 environmental samples contain su f f i c i en t  calcium t o  require d i  1 u t ion  t o  be 
i n  the l i n e a r  range o f  the method. 

3.3 PO4, SO4, and A1 are interferents.  High concentrations o f  Mg, Na, 
and K in ter fere.  

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Calcium hollow cathode lamp. 
4.2.2 Uavelength: 422.7 nm. 
4.2.3 Fuel: Acetylene. 
4.2.4 Oxidant: Nitrous oxide. 
4.2.5 Type .of  flame: Stoichiometric. 
4.2.6 Backgmund correction: Not requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

Preparation o f  standards : 

5.2.1 Stock solution: Suspend 2.500 g of CaC03 (analytical reagent 
grade, d r ied  f o r  1 h r  a t  180'C) i n  Type I1 water and dissolve by adding a 

~ e v i  s i  on 0 
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minimum o f  d i l u t e  HC1. D i l u t e  t o  1 l i t e r  w i t h  Type I 1  water. 
A1 t e rna t i ve l y ,  procure a c e r t i f i e d  standard from a suppl i e r  and v e r i f y .  by 
comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t i on  t o  be used as 
ca l  i b r a t i o n  standards a t  the t ime o f  analysis. The ca l  i b r a t i o n  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentrat ion as w i l l  r e s u l t  i n  the  sample t o  be analyzed a f t e r  
processing, inc lud ing  1 mL o f  lanthanum ch lo r ide  per  10 mL sample o r  
standard (see Paragraph 5.2.3) . 

5.2.3 Lanthanum ch lo r i de  so lu t ion:  Dissolve 29 g La203 i n  250 mL 
concentrated HC1 - 

CAUTION: REACTION I S  VIOLENT - 
and d i l u t e  t o  500 mL w i t h  Type I1  water. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparat ion:  The procedures f o r  preparat ion o f  the  sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Dl r e c t  Aspi ra t ion .  

8.0 QUALITY CONTROL 

8.1 See Sect ion 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion and accuracy data are ava i lab le  i n  Method 215.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

9.2 The performance cha rac te r i s t i c s  f o r  an aqueous sample f r e e  o f  
inter ferences are: 

Optimum concentrat ion raoge: 0.2-7 mg/L w i t h  a wavelength o f  422.7 nm. 
Sens i t i v i t y :  0.08 mg/L. 
Detect ion l i m i t :  0.01 mg/L. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 215.1. 
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METHOD 7190 

CHROMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 An i on i za t i on  in ter ference may occur i f  the samples have a s i g n i f i -  
can t l y  h igher a1 k a l i  metal content than the standards. I f  t h i s  inter ference 
i s  encountered, an i on i za t i on  suppressant (KC1) should be added t o  both 
sampl es and standards. 

3.3 Background correct1 on may be required because nonspeci f i c absorption 
and sca t te r ing  can be s i g n i f i c a n t  a t  the ana ly t i ca l  wave1 ength. Background 
cor rec t ion  w i t h  ce r t a i n  instruments may be d i f f i c u l t  a t  t h i s  wavelength due t o  
low- in tens i t y  output from hydrogen o r  deuterium lamps. Consult the spec i f ic  
instrument manufacturer's 1 i tera tu re  f o r  detai  1 s. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Chromium hol low cathode la*. 
4.2.2 Wavelength: 357.9 nm. 
4.2.3 Fuel : Acetyl ene . 
4.2.4 Oxldant: N i t rous oxide. 
4.2.5 Type o f  flame: Fuel r ich .  
4.2.6 Background correct lon:  Not required. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 
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5.2 Preparation o f  standards: 

5.2.1 Stock solution: Dissolve 1.923 g o f  chromium t r i o x i d e  (Cr03, 
ana ly t i ca l  reagent grade) i n  Type I1 water, a c i d i f y  w i th  r e d i s t i l l e d  
HNO3, and d i l u t e  t o  1 l i t e r .  Al ternat ively,  procure a c e r t i f i e d  standard 
from a suppl ier and v e r i f y  by comparison w i th  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lut ion t o  be used as cal  i- 
brat ion  standards a t  the time o f  analysis. The ca l i b ra t i on  standards 
should be prepared using the same type o f  ac id and a t  the same 
concentration as w i l l  r e s u l t  i n  the sample t o  be analyzed a f t e r  
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparatlon o f  the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  for an aqueous sample f ree  o f  
interferences are : 

Optimum concentration range: 0.5-10 mg/L w i th  a wavelength o f  357.9 nm. 
Sens i t i v i t y :  0.25 mg/L. 
Detection l l m i t :  0.05 mg/L. 

9.2 For concentrations o f  chromium below 0.2 mg/L, the furnace procedure 
(Method 7191) i s recomnended. 

9.3 Precision and accuracy data are avai lable i n  Method 218.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

9.4 The data shown i n  Table 1 were obtained f r o m  records of s tate and 
contractor laboratories. The data are intended t o  show the prec is ion o f  the 
combined sample preparation and analysis method. 
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10.0 REFERENCES 

1. Methods for Chemical Analysi s of Water and Wastes, EPA-60014-82-055, . 
December 1982, Method 218.1. 

2. Gasklll , A., Compilation and Eva1 uation of RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sampl e Preparation Laboratory 
Matr ix Method Replicates 

Wastewater treatment sludge 3050 6,100, 6,000 ug/g 

Emi ssion control dust 3050 2.0, 2.8 ug/g 
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METHOD 7191 

CHROMIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 Low concentrations of calcium and/or phosphate may cause 
interferences; a t  concentrat ions above 200 mg/L, c a l c i  um's e f f e c t  i s  constant 
and el iminates the e f f e c t  of phosphate. Calcium n i t r a t e  i s  therefore added t o  
ensure a known constant e f fec t .  

3.3 Nitrogen should not  be used as the purge gas because o f  a possible 
CN band i nterference. 

3.4 Background cor rect ion may be required because nonspecif ic absorption 
and sca t te r ing  can be s ign i f i can t  a t  the ana ly t i ca l  wave1 ength. Background 
cor rec t ion  w i t h  c e r t a i n  instruments may be d i f f i c u l t  a t  t h i s  wavelength due t o  
low- i  ntensi  ty  output from hydrogen o r  deuter i  um 1 amps. Consult the spec i f i c  
instrument manufacturer's 1 i tera tu re  f o r  deta i  1 s. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Drying t ime and temp: 30 sec a t  125'C. 
4.2.2 Ashing t ime and tenp: 30 sec a t  1000'C. 
4.2.3 Atomizing t ime and temp: 10 sec a t  2700'C. 
4.2.4 Purge gas: Argon (nitrogen should yJ be used). 
4.2.5 Wavelength: 357.9 nm. 
4.2.6 Background correct ion:  Not required. 
4.2.7 Other operating parameters should be set  as speci f ied by the 

p a r t i  cu l  a r  instrument manufacturer. 
NOTE: The above concentrat ion values and' i n s t r ~ ~ m e n t  condit ions are f o r  a 

Perkin-Elmer HGA-2100, based on the use o f  a 20-uL in jec t ion ,  
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continuous-flow purge gas, and nonpyrolyt ic graphite. Smaller 
sizes o f  furnace devices o r  those employing f a s t e r  ra tes o f  
atomization can be operated using lower atomi z a t i  on temperatures 
f o r  shorter t ime periods than the above-recomnended sett ings.  

5.0 REAGENTS 

5.1 See Sectlon 5.0 o f  Method ?000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solut lon: Dissolve 1.923 g o f  chromlum t r i o x i d e  (Cr03, 
ana ly t i ca l  reagent grade) I n  Type I1 water, a c l d i f y  w i t h  r e d i s t i l l e d  
HNO3, and d i l u t e  t o  1 11 ter .  A1 te rna t l ve ly ,  procure a c e r t i f i e d  standard 
from a suppl ier  and v e r i f y  by comparlson w l  t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t ion  t o  be used as 
c a l i b r a t i o n  standards a t  the t ime o f  analysls. These standards should be 
prepared t o  contain 0.5% (v/v) HNO3; 1 mL o f  30% Hz02 and 1 mL o f  c a l c i  um 
n l  t r a t e  sol  ut lon,  Section 5.2.3, may be added t o  1 essen interferences 
(see Sect l  on 3.0) . 

5.2.3 Calclurn n i t r a t e  solut lon: Dlssolve 11.8 g o f  calclum 
n l  t r a te ,  Ca(N03) 2.4H20 (ana ly t l  ca l  reagent grade), I n  Type I1 water and 
d l l u t e  t o  1 l l t e r .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Sectlon 3.1.3, Sample Hand1 I ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat lon o f  the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The ca l  cu l  a t i on  
i s  given I n  Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Precis ion and accuracy data are ava l lab le  i n  Method 218.2 o f  Methods 
f o r  Chemlcal Analysis of Water and Wastes. 
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9.2 The performance character is t ics  f o r  an aqueous sample f ree o f  i n t e r -  
ferences are: 

Optimum concentrat ion range: 5-100 ug/L. 
Detection l i m i t :  1 ug/L. 

9.3 The data shown i n  Table 1 were obtained from records o f  s ta te  and 
cont ractor  laboratories. The data are intended t o  show the prec is ion of the 
combi ned sample preparatlon and analysl s method. 

10.0 REFERENCES 

1. Methods f o r  Chemical Anal y s l  s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 218.2. 

2. Gaski l l ,  A., Compilation and Evaluation o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sampl e 
Mat ri x 

Preparation 
Met hod 

Laboratory 
Rep1 i cates 

Paint  pr imer 3050 

Contaminated so i  1 3050 

O i l y  lagoon s o i l  3050 

NBS SRM 1646 Estuar ine sediment 3050 

EPA QC Sludge 3050 

NBS SRM 1085, Wear Metals i n  
1 u b r i  c a t i  ng o i  1 3050 

aBi as o f  -45 and -38% from expected, respect ive ly .  

b ~ i a s  o f  -24% from expected. 

CBias o f  +4 and +19% from expected, respect ively.  
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METHOD 7195 

CHROMIUM, HEXAVALENT (COPRECI PITATION) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7195 i s  t o  be used t o  determine the concentration o f  d is-  
sol ved hexavalent chromi um [ C r ( V I ) ]  i n  Extract ion Procedure (EP) t o x i  c l  t y  
charac te r fs t i c  ext racts  and ground waters. This method may also be applicable 
t o  ce r ta i  n domesti c and i ndust r i  a1 wastes, provided tha t  no i n t e r f e r i  ng 
substances are present (see Paragraph 3.1 be1 ow). 

1.2 Method 7195 may be used t o  analyze samples containing more than 5 ug 
o f  Cr(V1) per 1 i t e r .  E i ther  flame o r  furnace atomic absorption spectroscopy 
(Methods 7190 and 7191) can be used w i th  coprecipitat ion. 

2.0 SLIMMARY OF METHOD 

2.1 Method 7195 i s  based on the separation o f  Cr(V1) from solut ion by 
coprec ip i ta t ion o f  lead chromate w i th  lead sul fate i n  a solut ion o f  acet ic 
acid. A f t e r  separation, the supernate [containing C r ( I I I ) ]  i s  drawn o f f  and 
the p rec ip i t a te  i s  washed t o  remove occluded C r ( I I 1 ) .  The Cr (V1 )  f s then 
reduced and reso lub i l  ized i n  n i t r i c  acid and quant i f ied as C r ( I I 1 )  b e i t he r  
flame o r  furnace atomic absorption spectroscopy (Methods 7190 and 7191 f . 
3.0 INTERFERENCES 

3.1 Extracts containing e i t he r  su l fa te  o r  ch lor ide i n  concentrations 
above 1,000 mg/L should be d i l u ted  p r i o r  t o  analysis. 

4.0 APPARATLlS AND MATERIALS 

4.1 F i l t e r i n q  f lask:  Heavy wall ,  1 - l i t e r  capacity. 

4.2 Centri fuge tubes : Heavy duty, conical , graduated, glass-stoppered, 
10-mL capacity. 

4.3 Pasteur pipets: Borosi l f c a t e  glass, 6.8 cm. 

4.4 Cent r i fu  e: Any centr i fuge capable of reaching 2,000 r p m  and 
accepting 6 t e cent r  fuge tubes described I n  Section 4.2 may be used. 

H meter: A wide var ie ty  o f  instruments are comnercially avai lable 
and su i tab 4e5 b e o r  t h i s  work. 

4.6 Test tube mixer: Any mixer capable of imparting a thorough vortex 
i s acceptable. 
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5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored for  
impurities. 

5.2 Lead n i t r a t e  solution: Dissolve 33.1 g of lead n i t r a t e ,  Pb(N03)2 
(analytical reagent grade), in Type I1 water and di 1 ute t o  100 mL. 

5.3 Ammonium sul fa te  solution: Dissolve 2.7 g of ammonium sul fa te ,  
(NH4)2S04 (analytical reagent grade), in Type I1 water and d i lu te  t o  100 mL. 

5.4 Calcium n i t r a t e  solution: Dissolve 11.8 g of calcium n i t r a t e ,  
Ca(N03) 04H20 (analytical reagent grade), in Type I1  water and di 1 ute t o  
100 mL f1 mL = 20 mg Ca). 

5.5 Nitric acid: Concentrated, d i s t i l l e d  reagent grade o r  spectrograde 
qua1 i ty  . 

5.6 Acetic acid, g lac ia l ,  10% (vlv) : Dilute 10 mL glacial  ace t ic  acid, 
CH3COOH (ACS reagent grade), t o  100 mL with Type I1 water. 

5.7 Ammonium hydroxide, 10% (vlv) : Di 1 ute 10 mL concentrated ammoni um 
hydroxide, NH40H (analytical reagent grade), t o  100 mL with Type I1 water. 

5.8 Hydrogen peroxide, 30%: ACS reagent grade. 

5.9 Potassi um di chromate standard solution: Di ssol ve 28.285 g of dried 
potassi um dichromate, K2Cr207 (analytical reagent grade), in Type I1  water and 
di 1 ute t o  1 1 i t e r  (1 mL = 10 mg Cr) . 

5.10 Trivalent chromium working stock solution: To 50 mL of the potas- 
sium dichromate standard solution, add 1 mL of 30% Hz02 and 1 nL, concentrated 
HNO3 and d i lu te  t o  100 mL with Type I1  water (1 mL = 5.0 mg t r iva len t  chro- 
mium). Prepare fresh monthly, o r  as  needed. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been collected using a sampl ing plan tha t  
addresses the considerations discussed in Chapter Nine of t h i s  manual. 

6.2 Since the s t a b i l i t y  of Cr(V1) in EP extracts  i s  not completely 
understood a t  t h i s  time, the analysis should be carried out as  soon as 
possible. 

6.3 To retard the chemical ac t iv i ty  of hexavalent chromi um, samples and 
extracts  should be stored a t  4'C until  analyzed. The maximum holding time 
prior  t o  analysis i s  24 hr. 
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7.0 PROCEDURE 

7.1 Transfer a 50-mL por t ion  o f  the sample t o  a 100-mL G r i f f i n  beaker 
and adjust  t o  a pH o f  3.5 + 0.3 by adding volumes o f  10% acet ic  acid dropwise. 
Proceed immediately t o  Step 7.2, tak ing no longer than 15 min between these 
steps. 

NOTE: Care must be exercised not t o  take the pH below 3. I f  the pH i s  
inadver tent ly  lowered t o  <3, 10% NH40H should be used t o  readjust 
the  pH t o  3.5 2 0.3. 

7.2 Pipet a 10-mL a l iquo t  o f  the adjusted sample i n t o  a centr i fuge tube. 
Add 100 uL o f  the lead n i t r a t e  solut ion,  stopper the tube, n ~ i x  the sample, and 
a1 low t o  stand f o r  3 min. 

7.3 A f t e r  the formation of lead chromate, t o  help re ta i n  Cr(II1) complex 
i n  solut ion,  add 0.5 mL g lac ia l  acet ic  acid, stopper, and mix. 

7.4 To provide adequate lead sul fate f o r  coprecipi tat ion,  add 100 uL o f  
ammoni um su l f a te  solut ion,  stopper, and mix. 

7.5 Place the stoppered centr i fuge tube i n  the centrifuge, making sure 
t h a t  the tube i s  proper ly counterbalanced. S ta r t  the centr i fuge and slowly 
increase the speed t o  2,000 rpm i n  small increments over a per iod o f  5 min. 
Hold a t  2,000 rpm f o r  1 min. 

NOTE: The speed o f  the centr i fuge must be increased slowly t o  ensure 
complete coprecipi t a t i  on. 

7.6 A f t e r  cent r i fug ing,  remove the tube and withdraw and discard the 
supernate using e i t h e r  the apparatus deta i led i n  Figure 1 o r  careful  
decantation. I f  using the vacuum apparatus, the pasteur p i pe t  i s  lowered i n t o  
the tube and the supernate i s  sucked over i n t o  the f i l t e r i n g  f lask.  With 
care, the supernate can be withdrawn t o  w i th in  approximately 0.1 mL above the 
prec ip i ta te .  Wash the p rec ip i t a te  w i th  5 mL Type I1 water and repeat steps 
7.5 and 7.6; then proceed t o  7.7. 

7.7 To the remaining p rec ip i ta te ,  add 0.5 mL concentrated HNO3, 100 uL 
30% M202, and 100 uL calcium n i t r a t e  solut ion. Stopper the tube and mix, 
using a vortex mixer t o  d is rup t  the p rec ip i ta te  and so lub i l i ze  the lead 
chromate. D i l u t e  t o  10 mL, mix, and analyze i n  the same manner as the 
ca l  i bra t i on  standard. 

7.8 Flame atomic absorption: A t  the time of analysis, prepare a blank 
and a ser ies o f  a t  l eas t  four  ca l i b ra t i on  standards from the C r ( I I 1 )  working 
stock t h a t  w i  11 adequately bracket the sample and cover a concentration range 
o f  1 t o  10 mg Cr/L. Add t o  the blank and each standard, before d i l u t i n g  t o  
f i n a l  volume, 1 mL 30% H202, 5 mL concentrated HN03, and 1 mL c a l c i  um n i t r a t e  
so lu t ion  f o r  each 100 mL o f  prepared solut ion. These ca l i b ra t i on  standards 
should be prepared f resh weekly, o r  as needed. Refer t o  Method 7090 f o r  more 
deta i  1. 
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7.9 Furnace atomic absorption: A t  the time o f  analysis, prepare a blank 
and a ser ies o f  a t  l eas t  four  ca l i b ra t i on  standards f r o m  the Cr( I I1)  working 
stock t h a t  w i l l  adequately bracket the sample and cover a concentration range 
o f  5 t o  100 ug Cr/L. Add t o  the blank and each standard, before d i l u t i n g  t o  
f i n a l  volume, 1 mL 30% H202, 5 mL concentrated HNO3, and 1 mL calcium n i t r a t e  
so lu t ion  f o r  each 100 mL o f  prepared solution. These c a l i b r a t i o n  standards 
should be prepared f resh weekly, o r  as needed. Refer t o  Method 7191 f o r  more 
deta i  1 . 

7.10 Ver i f i ca t ion :  

7.10.1 For every sample matr i  x analyzed, ve r i  f i cat ion i s requi red 
t o  ensure t h a t  ne i ther  a reducing condit ion nor chemical interference i s  
a f fec t ing  prec ip i ta t ion.  This must be accomplished by analyzing a second 
10-mL a1 iquo t  o f  the pH-adjusted f i l t r a t e  t h a t  has been spiked w i th  
~ r ( V 1 ) .  The amount o f  spike added should double the concentration found 
i n  the o r i g i n a l  a1 iquot. Under no circumstance should the increase be 
less than 30 ug/L Cr(V1) .  To ver i f y  the absence o f  an interference, the 
spike recovery must be between 85% and 115%. 

7.10.2 I f  addi t ion o f  the spike extends the concentration beyond 
the ca l i b ra t i on  curve, the analysis so lut ion should be ,d i l u ted  w i t h  blank 
so lut ion and the  calculated resu l ts  adjusted accordingly. 

7.10.3 I f  the  r e s u l t  o f  v e r i f i c a t i o n  ind icates a suppressive 
interference, the sample should be d i  1 uted and reanalyzed. I f  necessary, 
use furnace atomic absorption t o  achieve the optimal concentration range. 

7.10.4 I f  the interference pers is ts  a f t e r  sample d i l u t i o n ,  an 
a1 te rna t ive  method (Method 7197, Chelation/Extraction, o r  Method 7196, 
Colorimetric) should be used. 

7.11 Acidic ext racts  t h a t  y i e l d  recoveries o f  less than 85% should be 
retested t o  determine i f  the low spike recovery i s  due t o  the  presence of 
residual  reducing agent. Thi s determination shal l  be performed by f i r s t  
making an a l i quo t  o f  the ex t rac t  a lka l ine  (pH 8.0-8.5) using 1 8 sodium 
hydroxide and then respik ing and analyzing. I f  a spike recovery of 85-115% i s  
obtained i n  the a1 ka l  i ne  a1 iquo t  o f  an ac id ic  ex t rac t  t h a t  i n i t i a l l y  was found 
t o  contain less than 5 mg/L Cr (V1)  , one can conclude t h a t  the analy t ica l  
method has been ver i f ied.  

8.0 QUALITY CONTROL 

8.1 A1 1 qua1 i t y  control  data should be maintained and avai l ab le  f o r  easy 
reference o r  i nspect i on. 

8.2 Cal i bra t ion  curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l  i b r a t i  on curve should be made f o r  every hour o f  
continuous sample analysis. 
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8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they fa1 1 on the plateau o f  a ca l i b ra t i on  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  deterniine i f  
contamination o r  any memory e f f ec t s  are occurring. 

8.5 Ve r i f y  c a l i b r a t i o n  w i t h  an independently prepared check standard 
every 15 samples. 

8.6 Run one sp i  ke dupl i cate sample f o r  every 10 samples. A dupl icate 
sample i s  a sample brought through the whole sample preparation and analy t ica l  
process. 

8.7 The method o f  standard addi t ions (see Method 7000, Section 8.7) 
sha l l  be used f o r  the  analysis o f  a l l  EP extracts, on a l l  analyses submitted 
as p a r t  o f  a d e l i s t i n g  p e t i t i o n ,  and whenever a new sample matr ix  i s  being 
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Precis ion and accuracy data are ava i lab le  i n  Method 218.5 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 218.5. 
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METHOO 7195 

HEXAVALENT CHROMIUM: COPAECXPITATION METHOO 

Pi0.t e a j u s t e a  samol. 
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eaa i e e a  n i t r a t e  
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METHOD 7195 

HEXAVALENT CHROMIUM: COPRECIPITATION METHO0 
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METHOD 7196A 

CHROMIUM, HEXAVALENT (COLORIMETRIC) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7196 i s  used t o  determine the  concentrat ion o f  d issolved 
hexavalent chromi um [Cr (VI ) ]  i n  EP/TCLP c h a r a c t e r i s t i c  ex t rac ts  and ground 
waters. This  method may a l so  be app l icab le  t o  c e r t a i n  domestic and i n d u s t r i a l  
wastes, prov ided t h a t  no i n t e r f e r i n g  substances are present (see Paragraph 3.1 
be1 ow). 

1.2 Method 7196 may be used t o  analyze samples conta in ing  from 0.5 t o  
50 mg o f  Cr(V1) per  1 i t e r .  

2.0 SUMMARY OF METHOD 

2.1 Dissolved hexavalent chron~ium, i n  t he  absence o f  i n t e r f e r i n g  amounts 
o f  substances such as molybdenum, vanadium, and mercury, may be determined 
c o l o r i m e t r i c a l  l y  by r e a c t i o n  w i t h  diphenylcarbazide i n  ac id  so lu t ion .  A red-  
v i  01 e t  c o l o r  o f  unknown composit ion i s  produced. The reac t i on  i s  very sens i t i ve ,  
t he  absorbancy index per gram atom o f  chron~ium being about 40,000 a t  540 nm. 
Add i t i on  o f  an excess o f  diphenylcarbazide y i e l d s  the  r e d - v i o l e t  product, and i t s  
absorbance i s measured photometr i  c a l l  y  a t  540 nm. 

3.0 INTERFERENCES 

3.1 The chromium r e a c t i o n  w i t h  diphenylcarbazide i s  usua l l y  f r e e  from 
in te r fe rences.  However, c e r t a i n  substances may i n t e r f e r e  i f  the  chromium 
concentrat  i o n  i s  re1 a t  i v e l y  1 ow. Hexavalent molybdenum and mercury s a l t s  a1 so 
r e a c t  t o  form c o l o r  w i t h  the  reagent; however, t h e  r e d - v i o l e t  i n t e n s i t i e s  
produced are much lower than those f o r  chromium a t  t he  spec i f i ed  pH. 
Concentrat ions o f  up t o  200 mg/L o f  molybdenum and mercury can be to le ra ted .  
Vanadium i n t e r f e r e s  s t rong ly ,  bu t  concentrat ions up t o  10 times t h a t  o f  chronlium 
w i l l  no t  cause t roub le .  

3.2 I r o n  i n  concentrat ions greater  than 1 mg/L may produce a ye l l ow  
co lor ,  bu t  t h e  f e r r i c  i r o n  c o l o r  i s  no t  strong and d i f f i c u l t y  i s  no t  normal ly  
encountered i f  the  absorbance i s  measured photomet r ica l l y  a t  t h e  appropr iate 
wave1 ength. 

4.0 APPARATUS AND MATERIALS 

4.1 Co lo r ime t r i c  equipment: One o f  t he  fo l l ow ing  i s  requi red:  E i the r  
a spectrophotometer, f o r  use a t  540 nm, prov id ing  a l i g h t  path o f  1 cm o r  longer, 
o r  a f i l t e r  photometer, p rov id ing  a 1 i g h t  path o f  1 cm o r  longer and equipped - 
w i t h  a greenish-yel low f i l t e r  having maximum transmit tance near 
540 nm. 
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5.0 REAGENTS 

5.1 Reagent water: Reagent water should be monitored f o r  
i m p u r i t i e s .  

5.2 Potassium d ichro~ i ia te  s tock so lu t i on :  D isso lve  141.4 mg o f  d r i e d  
po tass i  um dichromate, KzCr 0, ( a n a l y t i c a l  reagent grade), i n  reagent water and 
d i l u t e  t o  1 l i t e r  ( 1  mL = 50 ug Cr) .  

5.3 Potassium dichromate standard so lu t i on :  D i l u t e  10.00 mL potass i  um 
dichromate s tock  s o l u t i o n  t o  100 mL ( 1  mL = 5 ug Cr) .  

5.4 S u l f u r i c  ac id,  10% (v/v) :  D i l u t e  10 mL o f  d i s t i l l e d  reagent grade 
o r  spectrograde q u a l i t y  s u l f u r i c  acid, HzS04, t o  100 mL w i t h  reagent water. 

5.5 Diphenylcarbazide so lu t i on :  Dissolve 250 mg 1,5-diphenylcarbazide 
i n  50 mL acetone. Store i n  a brown b o t t l e .  Discard when t h e  s o l u t i o n  becomes 
d i  sco l  ored . 

5.6 Acetone ( a n a l y t i c a l  reagent grade) : Avoid o r  r e d i s t i  11 mater i  a1 t h a t  
comes i n  conta iners  w i t h  metal o r  meta l -1 ined caps. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p l a n  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Since the  s t a b i l i t y  o f  Cr(V1) i n  e x t r a c t s  i s  n o t  complete ly  
understood a t  t h i s  t ime, t h e  ana lys is  should be c a r r i e d  o u t  as soon as poss ib le .  

6.3 To r e t a r d  t h e  chemical a c t i v i t y  o f  hexavalent chromium, t h e  samples 
and e x t r a c t s  should be s to red a t  4OC u n t i l  analyzed. The maximum ho ld ing  t ime 
p r i o r  t o  ana lys i s  o f  t h e  samples o r  e x t r a c t s  i s  24 h r .  The 24 h r  ho ld ing  t ime 
begins a f t e r  e x t r a c t i o n .  

7.0 PROCEDURE 

7.1 Co lor  development and measurement: Trans fer  95 mL o f  t h e  e x t r a c t  t o  
be t e s t e d  t o  a 100-mL vo lumet r ic  f l a s k .  Add 2.0 mL diphenylcarbazide s o l u t i o n  
and mix. Add H,S04 s o l u t i o n  t o  g i v e  a pH o f  2 + 0.5, d i l u t e  t o  100 mL w i t h  
reagent water, and l e t  stand 5 t o  10 min f o r  f u l l  c o l o r  development. Trans fer  
an appropr ia te  p o r t i o n  o f  t h e  s o l u t i o n  t o  a 1-cm absorp t ion  c e l l  and measure i t s  
absorbance a t  540 nm. Use reagent water as a reference.  Cor rec t  t h e  absorbance 
reading o f  t h e  sample by sub t rac t i ng  t h e  absorbance o f  a b lank  c a r r i e d  through 
t h e  method (see Note below). An a l i q u o t  o f  t h e  sample con ta in ing  a l l  reagents 
except d iphenylcarbazide should be prepared and used t o  c o r r e c t  t h e  sample f o r  
t u r b i d i t y  ( i .e . ,  a  t u r b i d i t y  b lank) .  From t h e  cor rec ted  absorbance, determine 
t h e  mg/L o f  chromium present  by re ference t o  t h e  c a l i b r a t i o n  curve. 

NOTE: I f  t h e  s o l u t i o n  i s  t u r b i d  a f t e r  d i l u t i o n  t o  100 mL i n  Step 7.1, 
above, take an absorbance reading before  adding t h e  carbazide 
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reagent and c o r r e c t  the absorbance reading o f  the f i n a l  colored 
s o l u t i o n  by sub t rac t i ng  the absorbance measured prev iously .  

7.2 Preparat ion o f  c a l i b r a t i o n  curve: 

7.2.1 To compensate f o r  poss ib le  s l i g h t  losses o f  chromium dur ing 
d i g e s t i o n  o r  o ther  operat ions o f  t h e  analysis,  t r e a t  the  chromium 
standards by the  same procedure as the sample. Accordingly, p ipe t  a 
chromium standard s o l u t i o n  i n  measured volumes i n t o  250-mL beakers o r  
con ica l  f l a s k s  t o  generate standard concentrat ions ranging from 0.5 t o  
5 mg/L Cr(V1) when d i l u t e d  t o  the  appropr iate volume. 

7.2.2 Develop the  c o l o r  o f  t he  standards as f o r  the  samples. 
Transfer  a s u i t a b l e  p o r t i o n  o f  each colored s o l u t i o n  t o  a 1-cm absorpt ion 
c e l l  and measure t h e  absorbance a t  540 nm. As reference, use reagent 
water. Correct  the  absorbance readings o f  the  standards by subt rac t ing  
the  absorbance o f  a reagent b lank c a r r i e d  through the  method. Construct 
a c a l  i b r a t  i on curve by p l  o t t  i ng corrected absorbance val ues against mg/L 
o f  Cr(V1). 

7.3 V e r i f i c a t i o n :  

7.3.1 For every sample ma t r i x  analyzed, v e r i f i c a t i o n  i s  requi red t o  
ensure t h a t  n e i t h e r  a reducing cond i t i on  nor chemical i n te r fe rence  i s  
a f f e c t i n g  c o l o r  development. Th is  must be accompl ished by analyzing a 
second 10-mL a1 i q u o t  o f  t he  pH-adjusted f i l t r a t e  t h a t  has been spiked w i t h  
Cr(V1). The amount o f  spike added should double t h e  concentrat ion found 
i n  the  o r i g i n a l  a l i q u o t .  Under no circumstances s h o l ~ l d  the  increase be 
l e s s  than 30 p g  C r ( V I ) / l i t e r .  To v e r i f y  t he  absence o f  an in ter ference,  
the  spike recovery must be between 85% and 115%. 

7.3.2 If a d d i t i o n  of the  spike extends the  concentrat ion beyond the 
c a l  i b r a t i o n  curve, t he  ana lys is  s o l u t i o n  should be d i l u t e d  w i t h  blank 
s o l u t i o n  and the  ca lcu la ted  r e s u l t s  adjusted accordingly.  

7.3.3 I f  the  r e s u l t  o f  v e r i f i c a t i o n  i nd i ca tes  a suppressive 
in ter ference,  the  sample should be d i l u t e d  and reanalyzed. 

7.3.4 I f  the  i n te r fe rence  p e r s i s t s  a f t e r  sample d i l u t i o n ,  an 
a l t e r n a t i v e  method (Method 7195, Coprec ip i ta t ion ,  o r  Method 7197, 
Chel a t i  on/Extract i  on) should be used. 

7.4 Ac id i c  e x t r a c t s  t h a t  y i e l d  recover ies o f  l ess  than 85% should be 
re tes ted  t o  determine i f  the  low spike recovery i s  due t o  the  presence o f  
res idua l  reducing agent. This determinat ion s h a l l  be performed by f i r s t  making 
an a1 i q u o t  of t he  e x t r a c t  a1 ka l  i n e  (pH 8.0-8.5) using 1 N sodium hydroxide and 
then r e s p i  k i ng  and analyzing. I f  a spike recovery o f  85-115% i s  obtained i n  the  
a'l ka l  i n e  a1 i q u o t  o f  an a c i d i c  e x t r a c t  t h a t  i n i t i a l l y  was found t o  conta in l ess  
than 5 wg/L Cr(VI) ,  one can conclude t h a t  the  a n a l y t i c a l  method has been 
v e r i f i e d .  
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7.5 Analyze a l l  ex t rac ts ,  a l l  samples analyzed as p a r t  o f  a d e l i s t i n g  
p e t i t i o n ,  and a l l  samples t h a t  s u f f e r  from mat r i x  in ter ferences by t h e  method o f  
standard add i t ions  (see Method 7000, Sect ion 8.7). 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  con t ro l  data should be maintained and a v a i l  able f o r  easy 
reference o r  inspect ion .  Refer t o  Chapter One f o r  more in format ion.  

8.2 D i l u t e  sarr~ples i f  they are more concentrated than t h e  h ighest  
standard o r  i f  they f a l l  on the  p lateau o f  a c a l i b r a t i o n  curve. 

8.3 Employ a minimum o f  one blank per saniple batch t o  determine i f  
contamination o r  any memory e f f e c t s  are occurr ing.  

8.4 V e r i f y  c a l  i b r a t i o n  w i t h  an independently prepared check standard 
every 15 samples. 

8.5 Run one mat r i x  spike r e p l  i c a t e  o r  one r e p l  i c a t e  sample f o r  every t e n  
samples. A dup l i ca te  sample i s  a sample brought through t h e  whole sample 
preparat ion and a n a l y t i c a l  process. Refer t o  Chapter One f o r  more in format ion 
concerning m a t r i x  spikes and m a t r i x  spike dupl i ca tes .  

8.6 The method o f  standard add i t ions  (see Method 7000, Sect ion 8.7) s h a l l  
be used f o r  t h e  ana lys is  o f  a l l  ex t rac ts ,  on a l l  analyses submitted as p a r t  o f  
a d e l i s t i n g  p e t i t i o n ,  and whenever a new sample mat r i x  i s  being analyzed. 

9.0 METHOD PERFORMANCE 

9.1 The data shown i n  Table 1 were obtained froni records o f  s t a t e  and 
cont rac tor  l abora to r ies .  The data  are intended t o  show t h e  p rec is ion  o f  t h e  
combined sample preparat ion and ana lys is  method. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Methods 218.4 and 218.5. 

2. Gaski 11, A., Compilat ion and Eva1 ua t ion  o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

- - - - - - - - - - 

Sampl e Preparation Laboratory 
Mat r i x  Method Rep1 icates  

Wastewater treatment 
s l  udge Not known 0.096, 0.107 ug/g 

Sediment from chemical 
storage area 3060 
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METHOD 7 1 9 6 A  
CHROMIUM, HEXAVALENT (COLORIMETRIC) 
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METHOD 7197 

CHROMILIM, HEXAVALENT (CHELATIONJEXTRACTION) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7197 I s  approved f o r  determining the concentration o f  
dlssol  ved hexaval ent chroml um [Cr(VI)] I n  Extraction Procedure (EP) t o x i c i t y  
character1 s t1  c extracts and ground waters. Thl s method may a1 so be appl i cab1 e 
t o  ce r ta l  n domestl c and I ndustr l  a1 wastes, provided tha t  no i n te r fe r i ng  
substances are present (see Paragraph 3.1). 

1.2 Method 7197 may be used t o  analyze samples containing from 1.0 t o  
25 ug o f  C r ( V 1 )  per 1 l t e r .  

2.0 SUMMARY OF METHOD 

2.1 Method 7197 I s  based on the chelatlon o f  hexavalent chromium with 
amnonl um pyr ro l  Id1 ne d l  thlocarbamate (APDC) and extract ion w l  t h  methyl 
lsobuty l  ketone (MIBK) . The ext ract  I s  asplrated I n t o  the flame o f  an atomic 
absorptlon spectrophotometer. 

3.0 INTERFERENCES 

3.1 Hlgh concentratlons o f  other metals may Interfere.  

4.0 APPARATUS AND MATERIALS 

4.1 Atom1 c absorption spectrophotometer: Slngl e o r  dual channel , 
s l  ngl e- o r  doubl e-beam Instrument, havl ng a g r a t l  ng monochromator, 
photomul t i p 1  l e r  detector, adjustable s l  I t s ,  and provlslons f o r  background 
correction. 

4.2 Chromium hollow cathode lamp. 

4.3 St r ip-char t  recorder (optlonal) . 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored for 
lmpurl t les .  

5.2 Ammonl urn pyr ro l  Id1  ne d l  thlocarbamate (APDC) sol ut lon: D i  ssol ve 
1.0 g APDC I n  Type I1 water and d i l u t e  t o  100 mL. Prepare fresh dally. 

5.3 Bromphenol blue Ind ica to r  sol utlon: Dlssol ve 0.1 g bromphenol blue 
I n  100 mL 50% ethanol. 
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5.4 Potassium dichromate standard so lu t ion  I (1.0 mL = 100 ug Cr) : 
Dissolve 0.2829 g pure d r ied  potassium dichromate, K2Cr207, i n  Type I1 water 
and d i  1 u te  t o  1,000 mL. 

5.5 Potassium dichromate standard so lu t ion  I1 (1.0 mL = 10.0 ug Cr) : 
D i l u t e  100 mL chromium standard so lu t ion  I t o  1 l i t e r  w i t h  Type I1 water. 

5.6 Potassium dichromate standard so lu t ion  111 (1.0 mL = 0.10 ug Cr) : 
D i l u t e  10.0 mL chromium standard so lu t ion  I1 t o  1 l i t e r  w i t h  Type I1 water. 

5.7 Methyl i sobutyl ketone (MIBK) , ana ly t i ca l  reagent grade: Avoid o r  
r ed i  s t i  11 materi  a1 t h a t  comes i n  contact w i t h  metal o r  metal -1 ined caps. 

5.8 Sodium hydroxide so lu t ion,  1 M: Dissolve t o  40 g sodium hydroxide, 
NaOH (ASC reagent grade), i n  Type I1 water and d i l u t e  t o  1 l i t e r .  

5.9 S u l f u r i c  acid, 0.'12 M: Slowly add 6.5 mL d i s t i l l e d  reagent grade o r  
spectrograde-qua1 i t y  s u l f u r i c  acid, H2SO4, t o  Type I1 water and d i l u t e  t o  1 
1 i te r .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been co l lec ted using a sampl i n g  p lan t h a t  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Because the s t a b i l i t y  o f  Cr(V1) i n  EP ex t rac ts  i s  not  completely 
understood a t  t h i s  time, the chela t ion and ex t rac t ion  should be ca r r i ed  out  as 
soon as possible. 

6.3 To r e t a r d  the chemical a c t i v i t y  o f  hexavalent chromium, the  samples 
and ex t rac ts  should be stored a t  4'C u n t i l  analyzed. 

7.0 PROCEDURE 

7.1 P ipet  a volume o f  ex t rac t  containing less than 2.5 ug chromium 
(100 lr~L maximum) i n t o  a 200-rnL volumetric f l ask  and ad just  the volume t o  
approximately 100 mL. 

7.2 Prepare a blank and s u f f i c i e n t  standards and ad just  the volume o f  
each t o  approximately 100 mL. 

7.3 Add 2 drops o f  bromphenol b lue i nd i ca to r  solut ion.  ('The adjustment 
o f  pH t o  2.4, Step 7.4, may be made w i t h  a pH meter instead o f  using an 
indicator. )  

7.4 Adjust the pH by add i t ion  o f  1 M NaOH so lu t ion  dropwise u n t i l  a b lue 
co lo r  pers is ts .  Add 0.12 M H SO4 dropwise u n t i l  ,the b lue c o l o r  j u s t  disap- 
pears i n  both the standards an 3 sample. Then add 2.0 mL o f  0.12 M H2S04 i n  
excess. The pH a t  t h i s  po in t  should be 2.4. 
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7.5 Add 5.0 mL APDC so lut ion and mix. The pH should then be approxi - 
mately 2.8. 

7.6 Add 10.0 mL MIBK and shake vigorously f o r  3 min. 

7.7 A1 low the layers t o  separate and add Type I1  water u n t i l  the ketone 
layer  i s  completely i n  the neck o f  the f lask. 

7.8 Aspirate the ketone layer  and record the scale reading f o r  each 
sample and standard against the blank. Repeat, and average the duplicate 
resul ts.  

7.9 Determine the mg/ l i te r  o f  Cr(V1) i n  each sample from a p l o t  o f  scale 
readings o f  standards. A working curve must be prepared w i th  each set o f  
samples. 

7.10 Ver i f icat ion:  

7.10.1 For every sample matrix analyzed, ve r i f i ca t i on  i s requi red 
t o  ensure tha t  ne i ther  a reducing condit ion nor chemical interference i s  
a f fec t ing  chel ation. This must be accomplished by analyzing a second 10- 
mL a l iquot  o f  the pH-adjusted f i l t r a t e  t ha t  has been spiked wi th  Cr(V1). 
The amount o f  spike added should double the concentration found i n  the 
o r i g ina l  a1 i quot . Under no c i  rcumstances . should the increase be 1 ess 
than 30 ug/L Cr(V1). To v e r i f y  the absence o f  an interference, the spike 
recovery must be between 85% and 115%. 

7.10.2 I f  addit ion o f  the spike extends the concentration beyond 
the ca l i b ra t i on  curve, the analysis solut ion should be d i lu ted  w i th  blank 
so lut ion and the calculated resu l ts  adjusted accordingly. 

7.10.3 I f  the r e s u l t  o f  ve r i f i ca t i on  indicates a suppressive 
interference, the sample should be d i  lu ted  and reanalyzed. 

7.10.4 I f  the interference pers is ts  a f t e r  sample d i lu t ion ,  an 
a1 te rna t i  ve method (Method 7195, Coprecipi tat ion, o r  Method 7196, 
Colorimetric) should be used. 

7.11 Acidic extracts t ha t  y i e l d  recoveries o f  less than 85% should be 
retested t o  determine i f  the low spl ke recovery i s  due t o  the presence o f  
residual reducing agent. Thi s determi nation shal l  be performed by f i r s t  
making an a1 iquot o f  the ext ract  a1 kal ine  (pH 8.0-8.5) using 1 N sodium 
hydroxide and then respik ing and analyzing. I f  a spike recovery o f  85115% i s  
obtained i n  the a1 kal ine  a l iquo t  o f  an ac id ic  extract  tha t  i n i t i a l l y  was found 
t o  contain less than 5 mg/L Cr(VI), one can conclude tha t  the analyt ical  
method has been ver i f ied.  
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8.0 QUALITY CONTROL 

8.1 A l l  qua l i t y  control  data should be maintained and avai lab le f o r  easy 
reference o r  i nspect i on. 

8.2 Cal ibrat ion curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l i b ra t i on  curve should be made f o r  every hour o f  
continuous sample analysis. 

8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they f a l l  on the plateau o f  a ca l i b ra t i on  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contamination o r  any memory e f fec ts  are occurring. 

8.5 Veri f y  cal  i brat ion w i th  an independently prepared check standard 
every 15 samples. 

8.6 Run one spi  ke dupl i cate sample f o r  every 10 samples. A dupl i cate 
sample i s  a sample brought through the whole sample preparation and analy t ica l  
process. 

8.7 The method of standard addit ions (see Method 7000, Section 8.7) 
shal l  be used f o r  the analysis o f  a1 1 EP extracts, on a1 1 analyses submitted 
as pa r t  o f  a d e l i s t i n g  pe t i t ion ,  and whenever a new sample matr ix  i s  being 
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are avai lable i n  Method 218.4 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 218.4. 
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METHOD 7197 

HEXAVALENT CHROMIUM fCHELATION/EXTRACTIONl 

P i p e t  e x t r a c t  
I n t o  f l a s k :  

A d j u s t  pH b y  
add ing  naon: 

add HzS04 

Ad0 APOC 
s o l u t i o n  : mlx 

Add MIBK: 
shake t17 

ketone  
l a y e r :  r e c o r d  

s c a l e  readings: 
r e p e a t :  average 

r e s u l t s  
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WETHOO 7197 

HEXAVALENT CHROWIUW (CHELATION /EXTRACTION) 
(Cont lnued l  

Oetermlne 
cr  ( IV I  i n  esch 

sample: prepmre 
work1nQ curves  r I 

every  
ssmpls m s t r l x  
by s n s l y z l n g  

mecond 01 i a u o t  
s p i k e d  t i l t r s t e  

sns l ys im  
s o l u t i o n  w i t h  

b l s n k  s o l u t i o n :  
s d j u s t  r e s u l t s  

I m  t h e r e  s 
suppress l v e  

D i l u t e  ssnwls 
and r e s n s l y z e  

I t  no v s l i d  
r e s u l t 8  and chromium 

c o n c e n t r o t  i o n  ove r  
t h r e s h o l d  l i m i t s .  

ssmple e x h i B l t S  
EP t o x i c i t y  
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METHOD 7198 

CHROMIUM, HEXAVALENT (DIFFERENTIAL PULSE POLAROGRAPHY) 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  used t o  determine the concentration o f  hexavalent 
chromium [ C r ( V I ) ]  i n  natura l  and waste waters and i n  EP extracts. 

1.2 The method can quant i ta te  chromium i n  concentrations of up t o  
1.0 mg/L t o  5.0 mg/L, depending on the mercury drop size. Higher concentra- 
t i ons  can be determined by d i l u t i o n .  

1.3 The lower l i m i t  o f  detect ion f o r  C r ( V 1 )  i s  10 ug/L f o r  the 
instrumental condi t ions given i n  t h i s  method. The 1 i m i t  o f  detect ion could be 
easi l y  lowered by changi ng these condit ions. 

2.0 SUMMARY OF METHOD 

2.1 Method 7198 measures the peak current  produced f r o m  the reduction o f  
C r ( V 1 )  t o  C r ( I I 1 )  a t  a dropping mercury electrode dur ing a d i f f e r e n t i a l  pulse 
vol tage ramp. 

2.2 The method described herein uses 0.125 M NH40H-0.125 M NHqCl as the 
support ing e lec t ro ly te .  I n  t h i s  e lec t ro ly te ,  C r ( V 1 )  reduct ion resu l t s  i n  peak 
cur rent  occurr ing a t  the peak po ten t ia l  (Ep) o f  -0.250 V vs. AgIAgC1. 

2.3 A1 t e rna t i ve  support ing e lec t ro ly tes ,  such as those given i n  Table 1, 
may be used. 

2.4 The technique o f  standard addi t ions must be used t o  quant i ta te  the 
C r ( V 1 )  content. 

3.0 INTERFERENCES 

3.1 Copper i o n  a t  concentrations higher than the C r ( V 1 )  concentration i s  
a po ten t i a l  in ter ference due t o  peak overlap when using the 0.125 M amnoniacal 
e lec t ro ly te .  Increasing the ammoniacal e l ec t ro l y t e  concentration t o  0.5 M 
s h i f t s  the copper peak cathod ica l ly  (Ep = -0.4 V), e l im ina t ing  the 
in ter ference a t  a copper-to-chromi um r a t i o  o f  10: 1 (Figure 1). 

3.2 Reductants such as ferrous i ron,  s u l f i t e ,  and su l f i de  w i l l  reduce 
C r ( V 1 )  t o  C r ( I I 1 ) ;  thus i t  i s  imperative t o  analyze the samples as soon as 
possible. 

4.0 APPARATUS AND MATERIALS 

4.1 Polarographic instrumentation: Capable o f  performing d i f f e r e n t i a l  
pu l  se analyses, inc lud ing  recorder o r  p l o t t e r .  
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Current x 102 nA 
18 Jan 82 No. 1 
Sample: DPP 
Init~al E: -0.100 V 
Final E: -0.450 V 

Current x 102 nA 
18Jan82 No.2 
Sample: DPP 
Initial E: -0.100 V 
Final E: -0.459 V 

Peak 1: -0.292 V 
2.047E2 nA 

-0.2 -0.4 

A. 20 ppm Cu, 2.5 pprn Cr, 0.1 N buffer. 

Peak 1 : -0.256 V 
2.680E1 nA 

Perk 2: -0.396 V 
9.740E 1 nA 

9. 20 pprn Cu, 2.5 ppm Cr, 0.5 N buffer. 

Figure 1. Two polarograms illustrating shift in copper peak at higher ammoniacal 
elcctmlyte concentrations. 

Revlslon 0 
Date September 1986 



TABLE 1. POLAROGRAPHY OF HEXAVALENT CHROMIUM 

Supporting electrolyte Peak potentlal (vs. SCE) 

1 M NaOH 

1 M Pyrldlne, 1 M NaOH 

1 M NHqOH, 1 M NHqCl 

0.1 M NHqOH, 0.1 M (NH4)2 Tartrate 

0.2 M KC1, 0.3 M Trlethanolamlne, pH 9 

1 M Na2SOq 

0.1 M NHqOH, 0.1 M NHqCl 
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4.2 ~ r o ~ ~ i n ~  mercury electrode assembly: Capable o f  performing 
d i f f e r e n t i a l  pulse analyses. 

4.3 Counter e l  ectrode: P l  a t i  num w i  re. 

4.4 Reference electrode: AgIAgC1 o r  SCE, w i t h  a slow-leakage f r i t t e d  
t i p  ( un f i  red Vycor) . 

4.5 Ni t rogen gas and c e l l  outgassing assembly. 

4.6 Micropipets and disposable t i ps .  

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies .  

5.2 Chromium standard so lu t i on  I, 1.0 mL = 100 ug C r :  Should be made 
d a i l y  from a 1,000-ppm standard stock so lu t ion  made w i t h  Type I1 water. 

5.3 Chromium standard so lu t i on  11, 1.0 mL = 10 ug C r :  Should be made 
d a i l y  from a 1,000-ppm standard stock so lu t i on  made w i t h  Type I1  water. 

5.4 Chromium standard so lu t i on  111, 1.0 mL = 1 ug C r :  D i l u t e  10 mL 
chromium standard so lu t i on  I1  t o  100 mL w i t h  Type I1 water. 

5.5 Ammoniacal e l ec t ro l y t e ,  2.5 N: Dissolve 33.3 g o f  NH4C1 i n  150 mL 
o f  Type I1  water, add 42.2 mL o f  concentrated NH40H, and d i l u t e  t o  250 mL. 

5.6 Concentrated n i t r i c  acid: Acid should be analyzed t o  detern~ine 
l eve l s  o f  impur i t ies .  I f  impu r i t i es  are detected, a1 1 analyses should be 
b l  an k-corrected. 

- 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been co l lec ted  using a sampling p l an  t h a t  
addresses the considerat ions discussed i n  Chapter Nine o f  t h i  s manual. 

6.2 S t a b i l i t y  o f  C r ( V 1 )  i s  no t  completely understood a t  t h i s  time. 
Therefore, the  ana lys is  should be ca r r i ed  ou t  as soon as possible. 

6.3 I f  the analys is  cannot be performed w i t h i n  24 hr, take an a l i q u o t  o f  
the sample and add a known amount o f  C r ( V 1 )  (0.1 mg/L f o r  natura l  waters, 
1 mg/L f o r  wastewaters, and 5 mg/L f o r  EP extracts) .  Analyze t h i s  known 
add i t i ona l  sample a t  the same t ime the sample i s  analyzed t o  determine whether 
C r  ( V I )  was reduced d u r i  ng storage. 

6.4 To r e t a r d  the chemical a c t i v i t y  o f  C r ( V I ) ,  the  sample should be 
t ransported and s tored a t  4.C u n t i l  t ime o f  analysis. 
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7.0 PROCEDURE 

7.1 Soak the voltammetric c e l l s  overnight i n  1 + 1 HNO3 and/or 1 + 1 
aqua reg i  a. 

7.2 ' Rinse the electrode assembly w i th  Type I1  water, then w i th  1 N HNO3, 
and f i n a l l y  w i t h  Type I1 water p r i o r  t o  and i n  between sample analyses. 

7.3 The instrument should be set  using the fo l lowing instrumental 
parameters. 

7.3.1 Mode: D i f f e r e n t i a l  pulse. 
7.3.2 Scan rate:  2 mV/sec. 
7.3.3 Drop time: 1 sec. 
7.3.4 I n i t i a l  po ten t ia l :  -0.05 V + 0.05 V vs. AgIAgC1. 
7.3.5 Fina l  po ten t i a l  : -0.50 V - + n.10 V vs. AgIAgC1. 
7.3.6 Pulse height: 0.05 V. 
7.3.7 Deaeration time: 240 sec o r  less i n i t i a l l y ,  30 sec between 

standard addit ions. 

7.4 Analysis: 

7.4.1 Pipet a volume o f  sample contain ing less than 10 ug C r ( V 1 )  
i n t o  a voltammetric c e l l  ( the maximum volume depends on the voltamnetr ic 
c e l l  volume, usual ly  10 mL). 

7.4.2 Add 0.5 mL o f  the ammoniacal e l ec t ro l y t e  and adjust  volume t o  
10 mL w i t h  Type I1 water. 

7.4.3 Place the  electrode assembly i n  the so lu t ion  and outgas w i th  
n i t rogen f o r  a t  l eas t  120 sec. 

7.4.4 Engage the electrode assembly t o  the po l  arographi c analyzer 
and displace a t  l e a s t  10 mercury drops before i n i t i a t i n g  the voltage ramp 
and obta in ing the pol  arogram. 

7.4.5 Figure 2 gives t yp i ca l  d i  f f e r e n t i  a1 pul se polarograms. 

7.5 P r i o r  t o  the analysis o f  any samples, and dur ing analysis a t  a 
frequency o f  a t  l e a s t  once every 10 samples, v e r i f y  t h a t  the c e l l  contamina- 
t i o n  i s  less than 10 ug/L C r  by analyzing demineralized water and the appro- 
p r i a t e  volume o f  supporting e lec t ro l y t e  i n  a manner s i m i l a r  t o  the procedure 
described i n  7.4.3 and 7.4.4. 

7.6 Cal ibra t ion:  

7.6.1 A f t e r  running a d i f f e r e n t i a l  pulse polarogram on the sample 
solut ion,  quan t i ta te  the  chromi um using the technique o f  standard 
addi t ion.  
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Current x 102 nA 
26 0ct 81 No. 1 
Standard No. 1 DPP 
Initial E: 0.000 V 
Final E: 4 . 3 5 0  V 

Current x 103 nA 
26 0 c t  81 No. 1 
Standard No. 2 DPP 
Initial E: 0.000 V 
Final E: -0.350 V 

Peak 1; -4.154 V 
1.146E3 nA 
2.500 ppm 

Figure 2. Typical differential pulse polrrogram at 0.25 ppm and 2.5 ppm Cr 
in 0.1 N buffer. 
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7.6.2 Three standard addit ions should be made t o  obtain the best 
precis ion and accuracy. The f i r s t  standard addi t ion should be approxi- 
mately one-half the concentration o f  the sample, the second equal t o  that  
of the sample, and the t h i r d  about 1.5 times the sample concentration. 
The t o t a l  volume due t o  standard additions should not exceed the c e l l  
value by more than 10%. 

7.6.3 Add an appropriate a l iquot  o f  chromium standard solut ion I, 
11, o r  I11 t o  the sample i n  the ce l l ,  Deaerate f o r  30 sec t o  mix the 
sol u t i on  and remove oxygen added w i  t h  the known add1 t ion. 

7.6.4 Repeat the analysis procedure, beginning with Step 7.4.4 f o r  
each standard addition. 

7.7 Calculations: 

7.7.1 Calculate the concentration o f  chromium determined by each 
standard add1 t i o n  procedure as f o l  lows: 

where: 

11 = Current peak height f o r  the sample (nA); 

ii = Current peak height f o r  the sample plus standard (nA); 

VU = Volume o f  sample i n  the c e l l  (mL); 

V i  = Volume o f  standard taken f o r  spiking (mL); 

V = Volume i n  c e l l  p r i o r  t o  standard add1 t ion; 

Cs = Concentration o f  standard used t o  spike (mg/L); and 

Cu = Concentration o f  the unknown i n  the sample (mg/L) . 
7.7.2 Some microprocessor pol  arographic systems w i  11 perform 

these cal  culat lons automat1 cal  l y .  

8.0 QUALITY CONTROL 

8.1 A1 1 qua1 i t y  control  data should be maintained and avai lable f o r  easy 
reference o r  f nspection. 

8.2 I f  necessary, d i l u t e  samples so tha t  they f a l l  w i th in  the working 
range. 
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8.3 Quanti ta t ion  must be performed by the method o f  standard addl t ions 
(see Method 7000, Section 8.7). 

8.4 Veri f y  cal i bra t i  on w i  t h an i ndependentl y prepared check standard 
every 15 samples (see Chapter One, Section 1.1.8). 

8.5 Standards should be compared t o  a reference standard on a rout ine 
bas1 s . 
9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data f o r  t h i s  method are sumnarized I n  
Table 2. 

10.0 REFERENCES 

1. Methods f o r  Cheml cat Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 218.4 and 218.5. 
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TABLE 2. PRECISION AND ACCURACY OF THE DPP OF HEXAVALENT CHROMIUM 

2a. Precision 

Sample type No. o f  repl icates Average val ue X RSD 

2b. Accuracy (spi ke recovery data) 

Standard 
Spike level  No. o f  Average X deviation o f  

Sample type (mg/L) samples recovery X recovery 

EP extracts 5.0 8 92.8 6.4 

2c. Methods compari son 

D l f f .  pulse APDC extrac- Ion chromatography 
pol arography ti on ICAP-OES coup1 ed t o  ICAP-OES 

Val uea 1.87 1.84 1.91 

aLeachate sample from a waste disposal s i te.  
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METWOO 71DO 

UEXAVALENT CmOMfUu ~OICCEL~ENTIAL PULSE POLAAOGLIAPW) 

vo l t amms t r i c  
c e l l s  o v e r n i g n t  

uaue t h r e e  
stanamra 

a a a i t  i ons  

e l e c t r o a e  

s o l u t i o n :  
ou tgas  w i t h  

a1 i a u o t  
o f  chromlum 

stanae-a 
s o l u t l o n :  
aaaerate P-l Engage e l e c t r o d e  

assemaly: d l s o l e c e  
mercury droos: 

i n l t i a t e  v o l t a g e  
ramo: o b t a l n  

oo la rg ram I e i e c t r o a e  
aSS8mDl~ b e f o r e  

ana between 
mamole analyses 

Set  ins t rumant  + d u r i n g  a n a l y s i s  s tanaara  
v e r i t y  t h a t  a a a l t l o n  

c e l l  contamin. a t a c t i n g  w i t h  
1s c 10 u g / l  ~r s e c t i o n  7.4.4 

mamole 
w i t h  haxava lan t  

chromlum an to  
vo l t amme t r l c  

C a l c u l a t e  
c o n c a n t r a t i o n  I ou1se 

oolarogrmm on 
mamole s o l u t i o n  I 

7.6.1 

~ u a n t l t e t e  
ch~om ium u s i n g  

techn loua  o r  
atanamre aaa. P- 
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METHOD 7200 

COBALT (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 I f  interferences are suspected. 

3.2 Excesses o f  other t rans l t l on  metals may s l i g h t l y  depress the 
response o f  cobalt. Matr ix matching o r  the method o f  standard additfons i s  
recommended. 

, 4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Cobalt hollow cathode laq. 
4.2.2 Wavelength: 240.7 nm. 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: A l r .  
4.2.5 Type o f  flauz: Oxldlzlng (fuel lean). 
4.2.6 Background correction: Requlred. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparatfon o f  standards: 

5.2.1 Stock solution: Dlssolve 1.000 g o f  cobalt metal (analyt lcal 
reagent grade) l n  20 mL of 1:l HNO3 and d l  l u t e  t o  1 l i t e r  n l t h  Type I1 
water. Chlorlde o r  n l t r a t e  sa l t s  of cobalt (11) may be used. Although 
numerous hydrated forms exlst ,  they are not reconmended unless the exact 
composl t f o n  o f  the compound f s known. A1 ternat ively,  procure a c e r t i f f e d  
standard from a suppl ler and v e r i f y  by comparison n l t h  a second standard. 
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5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t ion  t o  be used as 
c a l i b r a t i o n  standards a t  the t ime o f  analysis. The c a l i b r a t i o n  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentration as w i l l  r e s u l t  i n  the sample t o  be analyzed a f t e r  
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion of the sampl e 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i rec t  Aspirat ion. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance charac te r i s t i cs  f o r  an aqueous sample f r e e  of i n t e r -  
f erences are : 

Optimum concentration range: 0.5-5 mg1L w i th  a wavelength o f  240.7 nm. 
Sens i t i v i t y :  0.2 mgIL. 
Detection l l m l t :  0.05 mgIL. 

9.2 I n  a s ing le  laboratory, analysls o f  a mixed Industr ia l -domest ic 
waste ef f luent ,  digested w i th  Method 3010, a t  concentrations o f  0.2, 1, and 5 
mg1L gave standard deviat lons o f  +0.013, +0.01, and - +0.05, respect ively.  
Recoveries a t  these l eve l s  were 98% a id  97%, r ~ s p e c t i v e l y .  

9.3 For concentratlons o f  cobal t  below 0.1 mglL, the furnace procedure 
(Method 7201) l s recommended. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysl s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 219.1. 
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METnOO 7 2 0 0  

COBALT (ATOMIC ABSORPTION. OIRECT ASPIRATION) 

p r e p a r e  
s t a n d a r d s  

I Analyze  u s i n g  
Method 7000. 
S e c t i o n  7 . 2  I 

Revi sion 0 
Date September 1986 





METHOD 7201 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 Excess chlor ide may interfere. It I s  necessary t o  ver i fy  by 
standard addit ions tha t  the interference i s  absent. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Drying ti= and teup: 30 sec a t  125.C. 
4.2.2 Ashing t ime and teup: 30 sec a t  900.C. 
4.2.3 Atoaizlng time and temp: 10 sec a t  2700'C. 
4.2.4 Purge gas: Argon. 
4.2.5 Wavelength: 240.7 nm. 
4.2.6 Background correction: Requi red. 
4.2.7 Other operating parameters should be set as specif ied by the 

pa r t i cu la r  instrument manufacturer. 
NOTE: The above concentration values and instrument conditions are f o r  a 

Perkin-Elmer HGA-2100, based on the use o f  a 20-uL injection, 
cont i  nuous-f low purge gas, and nonpyrolyti c graph1 t e e  Smaller 
sizes o f  furnace devices o r  those employing faster rates o f  
atomization can be operated using lower atomization temperatures 
f o r  shorter time periods than the above-recomnended settings. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 
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5.2 Preparation o f  standards: 

5.2.1 Stock solution: Dissolve 1.000 g o f  cobalt  metal (analyt ical  
reagent grade) i n  20 mL o f  1:l HNO3 and d i l u t e  t o  1 1 i t e r  w i th  Type I1 
water. Chloride o r  n i t r a t e  sa l ts  o f  cobalt (11) may be used. A1 though 
numerous hydrated forms ex is t ,  they are not recomnended unless the exact 
composition o f  the compound i s  known. A1 te rnat ive l  y , procure a c e r t i f i e d  
standard f r o m  a supplier and v e r i f y  by comparison w i th  a second standard. 

5.2.2 Prepare d i l u t i ons  o f  the stock solut ion t o  be used as 
cal  i brat ion standards a t  the time of analysis . The cal  i brat ion standards 
should be prepared using the same type o f  acid and a t  the same 
concentrations as i n  the sample a f t e r  processing (0.5% v/v HN03). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter 'Three, Section 3.1.3, Sampl e Hand1 ing  and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation o f  the sample 
are given -In Chapter 'Three, Section 3.2. 

7.2 See Method 7000, Paragraph, 7.3, Furnace Procedure. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are not avai lable a t  t h i s  time. 

9.2 The performance character ist ics f o r  an aqueous sample f ree  o f  
interferences are : 

Optimum concentration range: 5-100 ug/L. 
Detection l i m i t :  1 ug/L. 

10 -0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 219 -2. 
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METHOD 7210 

COPPER (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sectlon 3.0 o f  Method 7000. 

3.2 Background correct ion may be requi red because nonspeci f i c  absorption 
and scatter ing can be s ign i f i cant  a t  the analyt ical  wavelength. Background 
correct ion w i th  cer ta in  instruments may be d i f f i c u l t  a t  t h i s  wavelength due t o  
low-intensi t y  output from hydrogen o r  deuteri um 1 amps. Consult speci f ic 
instrument manufacturer's 1 i terature f o r  detai 1 s. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Copper hollow cathode lm. 
4.2.2 Wavelength: 324.7 nm. 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: A i r .  
4.2.5 Type o f  flm: Oxidizing (fuel lean). 
4.2.6 Background correction: Recomnended, i f possl b l  e. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solution: Dissolve 1.00 g o f  e lec t ro l y t i c  copper 
(analyt ical  reagent grade) i n  5 mL o f  r e d i s t i  1 l ed  HNO3 and d i  l u t e  t o  
1 l i t e r  w i th  Type I1 water. Alternatively, procure a c e r t i f i e d  standard 
from a supplier and v e r i f y  by comparison wi th a second standard. 
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5.2.2 Prepare d i l u t i ons  o f  the stock so lut ion t o  be used as 
cal i brat ion  standards a t  the time o f  analysis. The cal i brat ion  standards 
should be prepared using the same type o f  acid and a t  the same concentra- 
t i o n  as w i  11 r e s u l t  i n  the sample t o  be. analyzed a f t e r  processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sampl e Hand1 ing  and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation o f  the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  f o r  an aqueous sample f ree  o f  i n t e r -  
ferences are: 

Optimum concentration range: 0.2-5 mg/L w i th  a wavelength o f  324.7 nm. 
Sens i t i v i t y :  0.1 mg/L. 
Detection l i m i t :  0.02 mg/L. 

9.2 Precision and accuracy data are avai lable i n  Method 220.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 220.1. 

Revi s ion 0 
Date September 1986 



NETHOO 7210 

C-A (ATOMIC ABSORPTION. OIRECT ASPIAATIONI 

~nalyrm using 
umtkod 7000. 
section 7.2 

Revision 0 
Date sept-6 





METHOD 7211 

COPPER (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Sect ion 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Sect ion 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 I f  in te r fe rences  are suspected, see Sect ion 3.0 o f  Method 7000. 

3.2 Background c o r r e c t i o n  may be requ i red  s ince nonspec i f i c  absorpt ion 
and s c a t t e r i n g  can be s i g n i f i c a n t  a t  t he  a n a l y t i c a l  wave1 ength. Background 
c o r r e c t i o n  w i t h  c e r t a i n  instruments may be d i f f i c u l t  a t  t h i s  wavelength due t o  
low i n t e n s i t y  output  from hydrogen o r  deuterium lamps. Consult spec i f i c  
inst rument  manufacturer 's 1 i t e r a t u r e  f o r  de ta i  1s. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic  apparatus, see Sect ion 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Dry ing t ime and temp: 30 sec a t  125OC. 

4.2.2 Ashing t ime and temp: 30 sec a t  900°C. 

4.2.3 Atomizing t ime and temp: 10 sec a t  2700°C. 

4.2.4 Purge gas: Argon o r  n i t rogen.  

4.2.5 Wavelength: 324.7 nm. 

4.2.6 Background c o r r e c t i o n  : Recomnended. 

4.2.7 Other opera t ing  parameters should be se t  as spec i f i ed  by 
t h e  p a r t  i c u l  a r  instrument manufacturer. 

NOTE: The above concentrat ion values and instrument cond i t ions  are f o r  a - 
Perkin-Elmer HGA-2100, based on the  use o f  a 20-uL i n j e c t i o n ,  
cont  i nuous-f 1 ow purge gas, and nonpyroly t  i c graphi te.  Small e r  s i ze  
furnace devices o r  those employing f a s t e r  ra tes  o f  atomizat ion can 
be operated us ing lower atomizat ion temperatures f o r  shor te r  t ime 
per iods  than t h e  above-recommended s e t t i n g s  . 
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5.0 REAGENTS 

5.1 See Sec t i on  5.0 o f  Method 7000. 

5.2 P repa ra t i on  o f  standards 

5.2.1 Stock s o l u t i o n  - D i sso l ve  1.00 g o f  e l e c t r o l y t i c  copper 
( a n a l y t i c a l  r egen t  grade) i n  5 mL r e d i s t i l l e d  HNO and d i l u t e  t o  1 l i t e r  
w i t h  water .  A1 t e r n a t i v e l y ,  p rocure  a c e r t i f i e d  szandard f rom a s u p p l i e r  
and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  t h e  s tock  s o l u t i o n  t o  be used as 
c a l i b r a t i o n  s tandards a t  t h e  t i m e  o f  ana l ys i s .  The c a l i b r a t i o n  
s tandards should be prepared us ing  t h e  same t y p e  o f  a c i d  and a t  t h e  same 
concen t ra t i ons  as i n  t h e  sample t o  be analyzed a f t e r  p rocess ing  (0.5% 
v/v HNO,). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Step 3.1.3, Sample Hand1 i n g  and Preserva t ion .  

7.0 PROCEDURE 

7.1 Sample P repa ra t i on  - The procedures f o r  p r e p a r a t i o n  o f  t h e  sample 
a re  g i v e n  i n  Chapter Three, Step 3.2. 

7.2 See Method 7000, Step 7.3, Furnace Technique. 

8.0 QUALITY CONTROL 

8.1 See Sec t i on  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 P r e c i s i o n  and accuracy d a t a  a re  n o t  a v a i l a b l e  a t  t h i s  t ime.  

9.2 The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  o f  
i n t e r f e r e n c e s  are:  

Optimum concen t ra t i on  range: 5-100 ug/L. 
D e t e c t i o n  l i m i t :  1 ug/L. 
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10.0 REFERENCES 

1 .  Methods f o r  Chemical Analvsis o f  Water and Wastes; U.S. Environmental 
Protect ion Agency. O f f i c e  o f  Research and Development . Environmental 
Monitoring and Support Laboratory. ORD Publ icat ion Of f ices  o f  Center f o r  
Envi rorlmental Research Informat ion: Cincinnat i  , OH, 1983; EPA-600/4-79-020. 
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METHOD 7380 

IRON (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 I ron  i s  a universal contaminant, and great care should be taken t o  
avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 I r o n  hollow cathode laap. 
4.2.2 Wavelength: 248.3 nm (primary); 248.8, 271.9, 302.1, 252.7, 

o r  372.0 nm (a1 ternates) . 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: A i r .  
4.2.5 Type of flame: Oxidizing ( fuel  lean). 
4.2.6 Background correction: Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards : 

5.2.1 Stock solution: Dissolve 1.000 g i r o n  wire (analyt ical 
reagent grade) I n  10 mL red i  s t1  1 l e d  HNO3 and Type I1 water and d i l u t e  t o  
1 l i t e r  w i th  Type I1 water. Note tha t  I r o n  passivates I n  concentrated 
HNO3, and thus some water should be present. Al ternat ively,  procure a 
c e r t i f i e d  standard from a supplier and v e r i f y  by comparison wi th  a second 
standard. 
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5.2.2 Prepare d i l u t i ons  o f  the stock solut ion t o  be used as 
cal i brat ion standards a t  the time o f  analysis. The cal  i b ra t i on  standards 
should be prepared using the same type of ac id and a t  the same 
concentration as w i l l  r esu l t  i n  the sample t o  be analyzed a f t e r  
processing. 

6 .O SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7 -1 Sample preparation: The procedures for  preparation o f  the sampl e 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character ist ics f o r  an aqueous sample f ree o f  i n t e r -  
ferences are: 

Optimum concentration range: 0.3-5 mg1L wi th  a wavelength o f  248.3 nm. 
Sens i t i v i ty :  0.12 mgIL. 
Detection l i m i t :  0.03 mg/L. 

9.2 Precision and accuracy data are avai lab1 e i n  Method 236.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Met hods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Met hod 236.1. 

Revision 0 
Date September 1986 



S t a r t  0 

Analyze using 
mothod 7000. 
section 7 . 2  

Rev1 slon 0 
Date September 1986 





METHOD 7381 

IRON (ATOMIC ABSORPTION, FURNACE TECHNIQUE1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000. 

3.2 Iron is a universal contaminant, particularly at the low levels 
determined by this method. Great care should be taken to avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Drying time and temp: 30 sec at 125OC. 

4.2.2 Ashing time and temp: 30 sec at 1000°C. 

4.2.3 Atomizing time and temp: 10 sec at 2700°C. 

4.2.4 Purge gas: Argon or nitrogen. 

4.2.5 Wavelength: 248.3 nm. 

4.2.6 Background Correction: Recommended. 

4.2.7 Other operating parameters should be set as specified by the 
particular instrument manufacturer. 

NOTE: The above concentration values and instrument conditions are for a 
Perkin-Elmer HGA-2100, based on the use of a 20-uL injection, 
continuous-flow purge gas, and nonpyrolytic graphite. Smaller size 
furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for shorter time 
periods than the above-recornmended settings. 

Revision 0 
July 1992 



5.0 REAGENTS 

5.1 See Sec t ion  5.0 o f  Method 7000. 

5.2 Prepara t ion  o f  standards 

5.2.1 Stock s o l u t i o n  - D isso lve  1.000 g i r o n  w i r e  ( a n a l y t i c a l  
reagent  grade) i n  10 mL r e d i s t i l l e d  HNO, and water  and d i l u t e  t o  1 l i t e r  
w i t h  water .  Note t h a t  i r o n  passivates i n  concentrated HN03 and, thus, some 
water  should be present .  A1 t e r n a t i  ve ly ,  procure a c e r t  i f l e d  standard f rom 
a suppl i e r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  t h e  s tock  s o l u t i o n  t o  be used as 
c a l  i b r a t i  on standards a t  t h e  t i m e  o f  ana l ys i  s. The c a l  i b r a t i  on standards 
should be prepared us ing  t h e  same type  o f  a c i d  and a t  t h e  same 
concent ra t ions  as i n  t h e  sample t o  be analyzed a f t e r  processing (0.5% v/v 
HNO,) . 

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

6.1 See Chapter Three, Step 3.1.3, Sample Handl ing and Preserva t ion .  

7.0 PROCEDURE 

7.1 Sample p repa ra t i on  - The procedures f o r  p repa ra t i on  o f  t h e  sample a re  
g iven  i n  Chapter Three, Step 3.2. 

7.2 See Method 7000, Step 7.3, Furnace Technique. 

8.0 QUALITY CONTROL 

8.1 See Sec t ion  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 P rec i s i on  and accuracy da ta  a re  n o t  a v a i l  ab le  a t  t h i s  t ime.  

9.2 The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  o f  
i n te r fe rences  are: 

Optinium concen t ra t i on  range: 5-100 ug/L. 
De tec t i on  l i m i t :  1 ug/L. 
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10.0 REFERENCES 

1. Methods for Chemical Analvsis of Water and Wastes; U.S. Environmental 
Protect ion Agency. Office of Research and Development . Environmental Monitoring 
and Support Laboratory. ORD Publication Offices of Center for Environmental 
Research Information: Cincinnati, OH, 1983; EPA-600/4-79-020. 
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METHOD 7460 

MANGANESE (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 i f  inter ferences are suspected. 

3.2 Background cor rect  i on  i s  requi red. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Manganese hol low cathode laup. 
4.2.2 Uavelength: 279.5 nm (primary) ; 403.1 nm (a1 ternate). 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: A i r .  
4.2.5 Type o f  flame: S1 i g h t l y  ox id iz ing  ( s l i g h t l y  fuel- lean t o  

sto ichiometr ic) .  
4.2.6 Background correct ion:  Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards : 

5.2.1 Stock solut ion:  Dissolve 1.000 g manganese metal (analyt ical  
reagent grade) i n  10 mL r e d i s t i l l e d  HNOQ and d i l u t e  t o  1 l i t e r  w i th  
Type I1 water. A l te rna t i ve ly ,  procure a c e r t i f i e d  standard from a 
supp l ie r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t ion  t o  be used as 
ca l  i bra t i on  standards a t  the  t ime o f  analysl s. The ca l  i bra t lon  standards 
should be prepared using the same type o f  ac ld  and a t  the same 
concentrat ion as w i l l  r e s u l t  I n  the sample t o  be analyzed a f t e r  
processing. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion o f  the  sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i rec t  Aspirat ion. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance charac te r i s t i cs  f o r  an aqueous sample f ree  o f  i n t e r -  
ferences are: 

Optimum concentration range: 0.1-3 mg1L w i th  a wavelength o f  279.5 nm. 
Sens i t i v i t y :  0.05 mg1L. 
Detection l i m i t :  0.01 mg1L. 

9.2 Precis ion and accuracy .data are avai l a b l e  i n  Method 243.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Met hod 243.1. 
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METHOD 7470A 

MERCURY IN LIQUID WASTE (MANUAL COLD-VAPOR TECHN IOUEL 

1.0 SCOPE AND APPLICATION 

1.1 Method 7470 i s  a cold-vapor atomic absorpt ion procedure approved f o r  
determining the  concentrat ion o f  mercury i n  mobi l i ty-procedure ex t rac ts ,  aqueous 
wastes, and ground waters. (Method 7470 can a lso be used f o r  analyzing c e r t a i n  
so l  i d  and sludge-type wastes; however, Method 7471 i s  usua l l y  the  method o f  
choice fo r  these waste types.) A l l  samples must be subjected t o  an appropr iate 
d i s s o l u t i o n  step p r i o r  t o  analys is .  

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  analys is ,  the  1 i q u i d  samples must be prepared according t o  
the  procedure discussed i n  t h i s  method. 

2.2 Method 7470, a cold-vapor atomic absorpt ion technique, i s  based on 
the  absorpt ion o f  r a d i a t i o n  a t  253.7-nm by mercury vapor. The mercury i s  reduced 
t o  t h e  e l  emental s t a t e  and aerated from s o l u t i o n  i n  a closed system. The mercury 
vapor passes through a c e l l  pos i t ioned i n  the  l i g h t  path o f  an atomic absorpt ion 
spectrophotometer. Absorbance (peak height)  i s  measured as a func t i on  o f  mercury 
concentrat ion.  

2.3 The t y p i c a l  de tec t i on  l i m i t  f o r  t h i s  method i s  0.0002 mg/L. 

3.0 INTERFERENCES 

3.1 Potassi um permanganate i s  added t o  e l  iminate poss ib le  i n te r fe rence  
from s u l f i d e .  Concentrat ions as h igh  as 20 nig/L o f  s u l f i d e  as sodium s u l f i d e  do 
not  i n t e r f e r e  w i t h  the  recovery o f  added inorganic mercury from reagent water. 

3.2 Copper has a1 so been repor ted t o  i n te r fe re ;  however, copper concen- 
t r a t i o n s  as h igh  as 10 mg/L had no e f f e c t  on recovery o f  mercury from spiked 
samples. 

3.3 Seawaters, br ines,  and i n d u s t r i a l  e f f luents h igh  i n  ch lo r i des  requ i re  
add i t i ona l  permanganate (as much as 25 mL) because, dur ing  the  ox ida t i on  step, 
ch lo r i des  are converted t o  f r e e  ch lo r ine ,  which a1 so absorbs r a d i a t i o n  o f  253.7 
nm. Care must t he re fo re  be taken t o  ensure t h a t  f r e e  c h l o r i n e  i s  absent before 
the  mercury i s  reduced and swept i n t o  the  c e l l .  This  may be accomplished by 
us ing  an excess o f  hydroxylamine su l fa te  reagent (25 mL). I n  add i t ion ,  the  dead 
a i r  space i n  t h e  BOD b o t t l e  must be purged before adding stannous su l fa te .  Both 
inorgan ic  and organic mercury spikes have been q u a n t i t a t i v e l y  recovered from 
seawater by us ing t h i s  technique. 

3.4 Cer ta in  v o l a t i l e  organic mater ia ls  t h a t  absorb a t  t h i s  wavelength may 
a1 so cause in te r fe rence.  A p r e l  iminary run  wi thout  reagents should determine i f  
t h i s  type o f  i n te r fe rence  i s  present.  
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4.0 APPARATUS AND MATERIALS 

4.1 Atomic absorp t ion  spectrophotometer o r  equ i va len t :  Any a t o m i c p  
absorp t ion  u n i t  w i t h  an open sample p resen ta t i on  area i n  which t o  mount ther& 
absorp t ion  c e l l  i s  s u i t a b l e .  Inst rument  s e t t i n g s  recommended by t h e  p a r t i c u l  a r  
manufacturer should be fo l lowed.  Inst ruments designed s p e c i f i c a l l y  f o r  t h e  
measurement o f  mercury us ing  the  co ld-vapor  technique are  commerc ia l ly  a v a i l a b l e n  
and may be s u b s t i t u t e d  f o r  t h e  atomic absorp t ion  spectrophotometer.  w 

4.2 Mercury ho l low cathode 1 amp o r  e l  ec t rode l  ess d ischarge  1 amp. @? ~ 
4.3 Recorder: Any mu1 t i  range v a r i  abl  e-speed reco rde r  t h a t  i s  compat ib le  

w i t h  t h e  UV d e t e c t i o n  system i s  s u i t a b l e .  
G 
r ~ 

4.4 Absorpt ion c e l l  : Standard spectrophotometer c e l l s  10 cm l o n g  w i t h L  ~ 
qua r t z  end windows may be used. Su i t ab le  c e l l  s  may be cons t ruc ted  f rom P l e x i g l a s  
tub ing ,  1 i n .  O.D. x  4.5 i n .  The ends a re  ground perpend icu la r  t o  t h e p  
l o n g i t u d i n a l  ax is ,  and qua r t z  windows ( 1  i n .  diameter x  1/16 i n .  th ickness)  a re  iw' 
cemented i n  p lace.  The c e l l  i s  strapped t o  a burner  f o r  support  and a l i gned  i n  
t h e  1 i g h t  beam by use o f  two 2 - i n .  x  2 - i n .  cards. One-in.-diameter ho les  a re  c u t q  
i n  t h e  midd le  o f  each card. The cards are  then p laced over  each end o f  t h e  c e l l .  
The c e l l  i s  then  p o s i t i o n e d  and adjusted v e r t i c a l l y  and h o r i z o n t a l l y  t o  g i v e  t h e  
maximum t ransmi t tance.  F 

4.5 A i r  pump: Any p e r i s t a l t i c  pump capable o f  d e l i v e r i n g  1 1 i t e r  a i r /m in  b 
may be used. A Mas te r f l ex  pump w i t h  e l e c t r o n i c  speed c o n t r o l  has been found t o  
be s a t i s f a c t o r y .  P4 1 

4.6 Flowmeter: Capable o f  measuring an a i r  f l o w  o f  1  1 i t e r /m in .  I F 
4.7 Ae ra t i on  tub ing :  A s t r a i g h t  g lass  frit w i t h  a coarse p o r o s i t y .  T y g o n b  

t u b i n g  i s  used f o r  passage o f  t h e  mercury vapor from t h e  sample b o t t l e  t o  t h e  
absorp t ion  c e l l  and r e t u r n .  I 

P I 

4.8 D ry ing  tube: 6 - i n .  x  3/4- in . -d iameter  tube con ta in ing  20 g o f  mag-k 
nesium pe rch lo ra te  o r  a smal l  reading lamp w i t h  60-W b u l b  which may be used t o  
prevent  condensat ion o f  mo is tu re  i n s i d e  t h e  c e l l .  The 1 amp should be posi t ionedkA 
t o  sh ine on t h e  absorp t ion  c e l l  so t h a t  t h e  a i r  temperature i n  t h e  c e l l  i s  a b o u t b  
10°C above ambient. 

F 
4.9 The cold-vapor  generator  i s  assembled as shown i n  F igu re  1 of l ,  

re fe rence 1 o r  according t o  t h e  inst rument  manufacturers i n s t r u c t i o n s .  The 
apparatus shown i n  F igure  1 i s  a c losed system. An open system, where t h e  
mercury vapor i s  passed through t h e  absorp t ion  c e l l  o n l y  once, may be u s e d F  
i ns tead  o f  t h e  c losed system. Because mercury vapor i s  t o x i c ,  p recaut ion  m u s t h  
be taken t o  avoid i t s  i n h a l a t i o n .  Therefore, a  bypass has been inc luded i n  t h e  
system e i t h e r  t o  vent  t h e  mercury vapor i n t o  an exhaust hood o r  t o  pass t h e  vapor 
through some absorbing medium, such as: 

1. Equal v o l ~ ~ m e s  o f  0 .1 M KMnO, and 10% H,SO,; o r  P 
2. 0.25% Iod ine  i n  a 3% K I  s o l u t i o n .  

Lri 
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A s p e c i a l l y  t r e a t e d  charcoal t h a t  w i l l  adsorb mercury vapor i s  a1 so 
a v a i l a b l e  f rom Barnebey and Cheney, East 8 t h  Avenue and Nor th  Cassidy 
S t ree t ,  Columbus, Ohio 43219, Cat. #580-13 o r  #580-22. 

4.10 Hot p l a t e  o r  equ i va len t  - Ad jus tab le  and capable o f  ma in ta in ing  a 
temperature o f  90-95°C. 

4.11 Graduated c y l  i nder o r  equi va l  ent .  

5.0 REAGENTS 

5.1 Reagent Water: Reagent water w i l l  be i n t e r f e r e n c e  f ree .  A l l  
references t o  water i n  t h i s  method w i l l  r e f e r  t o  reagent water unless otherwise 
spec i f i ed .  

5.2 S u l f u r i c  a c i d  (H2S04), concentrated: Reagent grade. 

5.3 S u l f u r i c  ac id ,  0.5 N: D i l u t e  14.0 mL o f  concentrated s u l f u r i c  a c i d  
t o  1.0 l i t e r .  

5.4 N i t r i c  a c i d  (HN03), concentrated: Reagent grade o f  low mercury 
con ten t .  I f  a h i g h  reagent b lank  i s  obtained, i t  may be necessary t o  d i s t i l l  t h e  
n i t r i c  ac id .  

5.5 Stannous s u l f a t e :  Add 25 g stannous s u l f a t e  t o  250 mL o f  0.5 N 
H2S04. Th is  m ix tu re  i s  a suspension and should be s t i r r e d  con t inuous ly  du r i ng  
use. (Stannous c h l o r i d e  may be used i n  p lace  o f  stannous s u l f a t e . )  

5.6 Sodium ch lo r ide-hydroxy l  amine s u l f a t e  so lu t i on :  D isso lve  12 g o f  
sodium c h l o r i d e  and 12 g o f  hydroxylamine s u l f a t e  i n  reagent water and d i l u t e  t o  
100 mL. (Hydroxyl amine hydroch lo r ide  may be used i n  p lace o f  hydroxylamine 
su l  f a t e .  ) 

5.7 Potassium permanganate, mercury-free, 5% s o l u t i o n  (w/v) : Disso lve  
5 g o f  potassium permanganate i n  100 mL o f  reagent water. 

5.8 Potassium pe rsu l f a te ,  5% s o l u t i o n  (w/v): Dissolve 5 g o f  potassium 
p e r s u l f a t e  i n  100 mL o f  reagent water. 

5.9 Stock mercury s o l u t i o n :  D isso lve  0.1354 g o f  mercur ic  c h l o r i d e  i n  
75 mL o f  reagent water.  Add 10 mL o f  concentrated HN03 and ad jus t  t he  volume t o  
100.0 mL ( 1  mL = 1 mg Hg). Stock so lu t i ons  may a l so  be purchased. 

5.10 Mercury working standard: Make successive d i l u t i o n s  o f  t he  stock 
mercury s o l u t i o n  t o  o b t a i n  a working standard con ta in i ng  0.1 ug per  mL. Th is  
work ing standard and t h e  d i l u t i o n s  o f  t he  s tock mercury s o l u t i o n  should be 
prepared f r e s h  d a i l y .  A c i d i t y  o f  t h e  working standard should be maintained a t  
0.15% n i t r i c  ac id .  Th is  a c i d  should be added t o  t he  f l ask ,  as needed, be fo re  
a d d i t i o n  o f  t h e  a l i q u o t .  

Revision 1 
Septenker 1994 



6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING UI 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampl i n g  p lan  t h a 7  
addresses t h e  considerat ions discussed i n  Chapter Nine o f  t h i s  manual. b 

6.2 A l l  sample conta iners must be prewashed w i t h  detergents,  acids, 
reagent water. P l a s t i c  and g lass  conta iners  are both s u i t a b l e .  an* 

Ua 

6.3 Aqueous samples must be a c i d i f i e d  t o  a pH (2 w i t h  HN03. The 
suggested maximum ho ld ing  t imes f o r  mercury i s  28 days. Li 

lpj I 
6.4 Nonaqueous samples s h a l l  be r e f r i g e r a t e d ,  when poss ib le ,  and analyzed 

as soon as poss ib le .  F 

7.0 PROCEDURE 

7.1 Sample preparat ion:  Transfer  100 mL, o r  an a l i q u o t  d i l u t e d  t 
100 mL, con ta in ing  t1.0 g of mercury, t o  a 300-mL BOD b o t t l e  o r  equ iva len t .  Ad 
5 mL o f  H2S04 and 2.5 mL o f  concentrated HN03, mix ing  a f t e r  each a d d i t i o n .  Add 
15 mL o f  potassium permanganate s o l u t i o n  t o  each sample b o t t l e .  Sewage s a m p l e 9  
may r e q u i r e  a d d i t i o n a l  permanganate. Ensure t h a t  equal amounts o f  pern ianganatb 
are  added t o  standards and blanks. Shake and add a d d i t i o n a l  p o r t i o n s  o f  
potassium permanganate so lu t i on ,  i f  necessary, u n t i  1  t he  pu rp le  c o l o r  p e r s i  s t 9  
f o r  a t  l e a s t  15 min. Add 8 mL o f  potassium p e r s u l f a t e  t o  each b o t t l e  and heatW 
f o r  2 h r  i n  a water bath maintained a t  95°C. Cool and add 6 mL of sodium 
c h l  o r ide-hydroxy l  ami ne su l  f a t e  t o  reduce the  excess permanganate. A f t e r  a de l  ay F o f  a t  l e a s t  30 sec, add 5 mL of stannous s u l f a t e ,  immediately a t tach  t h e  b o t t l e  
t o  t h e  ae ra t i on  apparatus, and cont inue as described i n  Paragraph 7.3. kt&! 

7.2 Standard preparat ion:  Transfer  0-,  0.5-, 1.0-, 2.0-, 5.0-, and 10.0 
mL a l i q u o t s  o f  t he  mercury working standard, con ta in ing  0-1.0 ug o f  mercury, t 
a se r ies  o f  300-mL BOD b o t t l e s .  Add enough reagent water t o  each b o t t l e  t o  make 1 
a  t o t a l  volume of 100 rr~L. Mix thoroughly and add 5 nlL o f  concentrated H2S04 an 911 1 2.5 mL o f  concentrated HN03 t o  each b o t t l e .  Add 15 mL o f  KMnO, so l  u t i o n  t o  e a c b  
b o t t l e  and a l l ow  t o  stand a t  l e a s t  15 min. Add 8 mL o f  potassium p e r s u l f a t e  t o  , 
each b o t t l e  and heat f o r  2 h r  i n  a water bath maintained a t  95°C. Cool and ad 
6 mL o f  sodium ch lor ide-hydroxy l  amine s u l f a t e  s o l u t i o n  t o  reduce t h e  exces 
permanganate. When the  s o l u t i o n  has been decolor ized,  w a i t  30 sec, add 5 mL o 
the  stannous s u l f a t e  so lu t i on ,  immediately a t tach  t h e  b o t t l e  t o  t h e  a e r a t i o  
apparatus, and cont inue as described i n  Paragraph 7.3. 

7.3 Analys is :  A t  t h i s  p o i n t  t he  sample i s  al lowed t o  stand q u i e t l y  
w i thou t  manual a g i t a t i o n .  The c i r c u l a t i n g  pump, which has p rev ious l y  b e e y  
adjusted t o  a r a t e  o f  1 l i t e r / m i n ,  i s  al lowed t o  run  cont inuously .  '[he-, 
absorbance w i l l  increase and reach a maximum w i t h i n  30 sec. As soon as t h e  
recorder  pen l e v e l s  o f f  (approximately 1 min), open t h e  bypass va lve  and con t i nu  
t h e  ae ra t i on  u n t i l  t he  absorbance re tu rns  t o  i t s  minimum value. Close t h e  bypas @ ;  
valve, remove the  stopper and frit from the  BOD b o t t l e ,  and cont inue th&  1 
ae ra t ion .  Because o f  inst rument  v a r i a t i o n  r e f e r  t o  t he  manufacturers recommended 1 
opera t ing  cond i t i ons  when using t h i s  method. F 

irw 
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7.4 Construct a c a l i b r a t i o n  curve by p l o t t i n g  t h e  absorbances o f  stan- 
dards versus micrograms o f  mercury. Determine the  peak he igh t  o f  the  unknown 
from t h e  cha r t  and read t h e  mercury value from the  standard curve. Dupl icates, 
spiked samples, and check standards should be r o u t i n e l y  analyzed. 

7.5 Ca lcu la te  metal concentrat ions (1) by the  method o f  standard 
add i t ions ,  o r  (2 )  from a c a l i b r a t i o n  curve. A l l  d i l u t i o n  o r  concentrat ion 
f a c t o r s  must be taken i n t o  account. Concentrations repor ted f o r  multiphased o r  
wet samples must be appropr ia te ly  qua1 i f i e d  (e.g., 5 ug/g d ry  weight). 

8.0 QUALITY CONTROL 

8.1 Refer t o  sec t ion  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion  and accuracy data are ava i l ab le  i n  Method 245.1 o f  Methods 
f o r  Chemical Analys is  o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analys is  o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 245.1. 
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MERCURY IN SOLID OR SEMISOLID WASTE (MANUAL COLD-VAPOR TECHNIQUE) 

1 . 0  SCOPE AND APPLICATION 

1.1 Method 7471 i s  approved f o r  measuring t o t a l  mercury (organic  and 
i no rgan i c )  i n  s o i l s ,  sediments, bottom deposi ts ,  and s ludge- type ma te r i a l s .  A l l  
samples must be subjected t o  an appropr ia te  d i s s o l u t i o n  s tep  p r i o r  t o  ana l ys i s .  
If t h i s  d i s s o l u t i o n  procedure i s  no t  s u f f i c i e n t  t o  d i s s o l v e  a  s p e c i f i c  m a t r i x  
t ype  o r  sample, then  t h i s  method i s  no t  app l i cab le  f o r  t h a t  ma t r i x .  

2 . 0  SUMMARY OF METHOD 

2 . 1  P r i o r  t o  ana lys is ,  t h e  s o l i d  o r  sem i - so l i d  samples must be prepared 
accord ing t o  t h e  procedures discussed i n  t h i s  method. 

2 . 2  Method 7471, a co ld-vapor  atomic absorp t ion  method, i s  based on t h e  
abso rp t i on  o f  r a d i  a t  i on a t  t h e  253.7-nm wave1 ength by mercury vapor. The mercury 
i s  reduced t o  t h e  elemental  s t a t e  and aerated f rom s o l u t i o n  i n  a  c losed system. 
The mercury vapor passes through a  c e l l  pos i t i oned  i n  t h e  1  i g h t  pa th  o f  an atomic 
abso rp t i on  spectrophotometer.  Absorbance (peak he igh t )  i s  measured as a  f u n c t i o n  
o f  mercury concen t ra t  i on .  

2.3  'The t y p i c a l  ins t rument  de tec t i on  l i m i t  ( IDL) f o r  t h i s  method i s  
0.0002 111g/L. 

3 . 0  INTERFERENCES 

METHOD 7471A 

3 . 1  Potassium permanganate i s  added t o  e l i m i n a t e  poss ib l e  i n t e r f e r e n c e  
f rom s u l f i d e .  Concentrat ions as h i gh  as 20 mg/Kg o f  s u l f i d e ,  as sodium s u l f i d e ,  
do n o t  i n t e r f e r e  w i t h  t h e  recovery  o f  added i no rgan i c  mercury i n  reagent water.  

3 . 2  Copper has a1 so been repo r ted  t o  i n t e r f e r e ;  however, copper concen- 
t r a t i o n s  as h i g h  as 10 mg/Kg had no e f f e c t  on recovery o f  mercury f rom spiked 
sampl es. 

3 . 3  Samples h i g h  i n  c h l o r i d e s  r e q u i r e  a d d i t i o n a l  permanganate (as much 
as 25 mL) because, d u r i n g  t h e  o x i d a t i o n  step, c h l o r i d e s  a re  converted t o  f r e e  
c h l o r i n e ,  which a l s o  absorbs r a d i a t i o n  o f  253 nm. Care must t h e r e f o r e  be taken 
t o  ensure t h a t  f r e e  c h l o r i n e  i s  absent be fo re  t h e  mercury i s  reduced and swept 
- in to  t h e  c e l l .  Th i s  may be accompl ished by us ing  an excess o f  hydroxylamine 
s u l f a t e  reagent  (25  mL). I n  add i t i on ,  t h e  dead a i r  space i n  t h e  BOD b o t t l e  must 
be purged be fo re  adding stannous s u l f a t e .  

3 . 4  C e r t a i n  v o l a t i l e  o rgan ic  m a t e r i a l s  t h a t  absorb a t  t h i s  wavelength may 
a l s o  cause i n t e r f e r e n c e .  A  p r e l i m i n a r y  r u n  w i t hou t  reagents should determine i f  
t h i s  t ype  o f  i n t e r f e r e n c e  i s  present .  

4 . 0  APPARATUS AND MATERIALS 

4 . 1  Atomic absorp t ion  spectrophotometer o r  equ iva len t :  Any atomic 
absorp t ion  u n i t  w i t h  an open sample p resen ta t ion  area i n  which t o  mount t h e  
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Fn 
absorp t ion  c e l l  i s  s u i t a b l e .  Instrument s e t t i n g s  recommended by t h e  par t icu lar iu i  
manufacturer should be fo l lowed.  Instruments designed s p e c i f i c a l l y  f o r  t h e  
measurement o f  mercury us ing the  cold-vapor technique are  commercial ly avai lab lepn 1 

and may be s u b s t i t u t e d  f o r  t he  atomic absorpt ion spectrophotometer. I 1  

I 
4.2 Mercury ho l  1  ow cathode 1  amp o r  e l  ec t rode l  ess d i  scharge 1  amp. 1 

bA I 
4.3 Recorder: Any mu1 t i  range var iable-speed recorder  t h a t  i s  conipati b l  e k  

w i t h  t h e  UV d e t e c t i o n  system i s  su i t ab le .  1 
I 

F I 
4.4 Absorpt ion c e l l :  Standard spectrophotometer c e l l s  10 cm long  w i thw  

quar t z  end windows may be used. Su i tab le  c e l l  s  may be constructed from P l e x i g l a s  1 
tub ing,  1 i n .  O.D. x  4.5 i n .  The ends are ground perpend icu la r  t o  t h e  M i l o n g i t u d i n a l  ax i s ,  and quar tz  windows ( 1  i n .  diameter x  1/16 i n .  th ickness)  are1 
cemented i n  place. The c e l l  i s  strapped t o  a  burner  f o r  support and a l i gned  i n k  , 
t h e  l i g h t  beam by use o f  two 2 - i n .  x  2 - i n .  cards. One-in.-diameter holes are  c u t  1 
i n  t h e  middle o f  each card. The cards are then placed over  each end o f  t h e  c e l l  .F 
The c e l l  i s  then pos i t i oned  and adjusted v e r t i c a l l y  and h o r i z o n t a l l y  t o  g i v e  t h e b  
maximum t ransmi t tance.  

m 
4.5 A i r  pump: Any p e r i s t a l t i c  pump capable o f  de l  i v e r i n g  1 L/min a i r  mayir 

be used. A  Master f lex  pump w i t h  e l e c t r o n i c  speed c o n t r o l  has been found t o  be . . 
s a t i s f a c t o r y .  

4.6 Flowmeter: Capable o f  measuring an a i r  f l o w  o f  1 L/min. zaii 

4.7 Aera t ion  tub ing :  A  s t r a i g h t  g lass  frit w i t h  a  coarse p o r o s i t y .  Tygonm 
tub ing  i s  used f o r  passage o f  t h e  mercury vapor from t h e  sample b o t t l e  t o  t h e L  
absorp t ion  c e l l  and r e t u r n .  I 

m I 
4.8 Dry ing  tube: 6 - i n .  x  3/4- in.-diameter tube con ta in ing  20 g  o f  

magnesium pe rch lo ra te  o r  a  small readirlg lamp w i t h  60-W bu lb  which niay be used k 1 
t o  prevent  condensation o f  moisture i n s i d e  the  c e l l .  The lamp should be ! 
pos i t i oned  t o  shine on the  absorpt ion c e l l  so t h a t  t h e  a i r  temperature i n  t h e p  ~ 
c e l l  i s  about 10°C above ambient. s i 

I 

I 
4.9 The cold-vapor generator  i s  assembled as shown i n  F igure  1 o f p  l 

re fe rence 1 o r  according t o  t h e  inst rument  manufacturers i n s t r u c t i o n s .  T h e i  
apparatus shown i n  F igure  1 i s  a  closed system. An open system, where the  i 
mercury vapor i s  passed through t h e  absorpt ion c e l l  o n l y  once, may be used I i ns tead o f  t he  c losed system. Because mercury vapor i s  t o x i c ,  p recaut ion  must b e y  , 
taken t o  avoid i t s  i n h a l a t i o n .  Therefore, a  bypass has been inc luded i n  t h e h  
system e i t h e r  t o  vent t he  mercury vapor i n t o  an exhaust hood o r  t o  pass t h e  
vapor through some absorbing medium, such as: P 

1. equal volumes o f  0.1 M KMnO, and 10% H2S04, o r  
2. 0.25% i o d i n e  i n  a  3% K I  s o l u t i o n .  

A  s p e c i a l l y  t r e a t e d  charcoal t h a t  w i l l  adsorb mercury vapor i s  a l so  
a v a i l a b l e  from Barneby and Cheney, East 8 t h  Avenue and Nor th  cass idyT 
S t ree t ,  Columbus, Ohio 43219, Cat. #580-13 o r  #580-22. kmb 

k 
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4.10 Hot p l a t e  o r  equ iva len t  - Ad jus tab le  and capable o f  ma in ta in ing  a 
temperature o f  90-95°C. 

4.11 Graduated c y l i n d e r  o r  equ iva len t .  

5.0 REAGENTS 

5.1 Reagent Water: Reagent water w i l l  be in te r fe rence  f r ee .  A l l  
re ferences t o  water i n  t h i s  method r e f e r  t o  reagent water unless otherwise 
s p e c i f i e d .  

5.2 Aqua reg ia :  Prepare immediately before use by c a r e f u l l y  adding t h ree  
volumes o f  concentrated HC1 t o  one volume o f  concentrated HNO,. 

5.3 S u l f u r i c  acid,  0.5 N: D i l u t e  14.0 mL o f  concentrated s u l f u r i c  ac id  
t o  1 l i t e r .  

5.4 Stannous s u l f a t e :  Add 25 g stannous s u l f a t e  t o  250 mL o f  0.5 N 
s u l f u r i c  ac id .  This  m ix tu re  i s  a suspension and should be s t i r r e d  con t inuous ly  
du r i ng  use. A 10% s o l u t i o n  o f  stannous c h l o r i d e  can be s u b s t i t u t e d  f o r  stannous 
su l  f a t e .  

5.5 Sodium ch l  o r ide-hydroxy l  amine s u l f a t e  s o l u t i o n :  D isso lve  12 g o f  
sodium c h l o r i d e  and 12 g o f  hydroxy l  amine s u l f a t e  i n  reagent water and d i l u t e  t o  
100 mL. Hydroxylaniine hydroch lo r ide  may be used i n  p lace  o f  hydroxylamine 
su l  f a t e .  

5.6 Potassium permanganate, mercury-free, 5% s o l u t i o n  (w/v): D isso lve  
5 g o f  potassium permanganate i n  100 mL o f  reagent water. 

5.7 Mercury s tock  s o l u t i o n :  D isso lve  0.1354 g o f  mercur ic  c h l o r i d e  i n  
75 mL o f  reagent water.  Add 10 mL of concentrated n i t r i c  ac id  and ad jus t  t he  
volume t o  100.0 rr~L (1.0 mL = 1.0 mg Hg). 

5.8 Mercury working standard: Make successive d i l u t i o n s  o f  t h e  s tock 
mercury s o l u t i o n  t o  o b t a i n  a working standard con ta in ing  0.1 ug/mL. Th is  working 
s tandard and the  d i l u t i o n  o f  t he  s tock  mercury so lu t i ons  should be prepared f r e s h  
d a i l y .  A c i d i t y  o f  t h e  working standard should be maintained a t  0.15% n i t r i c  
ac id .  Th is  ac id  should be added t o  t h e  f l a s k ,  as needed, before adding the  
a1 i quot . 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p lan  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A1 1 sample con ta iners  must be prewashed w i t h  detergents,  acids, and 
reagent water. P l a s t i c  and g lass  con ta iners  a re  both s u i t a b l e .  

6.3 Non-aqueous samples s h a l l  be r e f r i g e r a t e d ,  when poss ib le ,  and 
analyzed as soon as poss ib le . "  
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7.0 PROCEDURE hc 

7.1 Sample p repara t ion :  Weigh t r i p l i c a t e  0.2-9 p o r t i o n s  o f  un t rea ted  
sample and p lace  i n  t h e  bottom o f  a BOD b o t t l e .  Add 5 mL o f  reagent  water  and 
5 mL o f  aqua r e g i a .  Heat 2 min i n  a water  bath a t  95°C. Cool; then  add 50 mL 
reagent  water  and 15 mL potassium permanganate s o l u t i o n  t o  each sample b o t t l e .  F Mix thorough ly  and p lace  i n  t h e  water ba th  f o r  30 min a t  95°C. Cool and add 6 Y. 
mL o f  sodium chlor ide-hydroxy lamine s u l f a t e  t o  reduce t h e  excess permanganate. 

CAUTION: Do t h i s  a d d i t i o n  under a hood, as C1, cou ld  be evolved. 
Add 55 mL o f  reagent  water.  T rea t i ng  each b o t t l e  i n d i v i d u a l l y ,  add 
5 mL o f  stannous s u l f a t e  and immediately a t t a c h  t h e  b o t t l e  t o  t he  
a e r a t i o n  apparatus. Continue as descr ibed under s tep  7.4. rn 

w 
7.2 An a1 t e r n a t e  d i g e s t i o n  procedure employing an autoc lave may a1 so be 

used. I n  t h i s  method, 5 mL of concentrated H2S04 and 2 mL o f  concentrated HNO, 
are  added t o  t h e  0.2 g o f  sample. Add 5 mL o f  sa tu ra ted  KMnO, s o l u t i o n  and cover  L 
t h e  b o t t l e  w i t h  a p iece  o f  aluminum f o i l .  The samples a re  autoc laved a t  121°C 
and 15 1 b f o r  15 min. Cool, d i  1  u t e  t o  a volume o f  100 mL w i t h  reagent  water, and 
add 6 mL o f  sodium chlor ide-hydroxy lamine s u l f a t e  s o l u t i o n  t o  reduce t h e  excess !'@ 
permanganate. Purge t h e  dead a i r  space and cont inue as descr ibed under s tep  7.4. b 
Refer t o  t h e  c a u t i o n  statement i n  sec t i on  7.1 f o r  t h e  proper  p ro toco l  i n  reduc ing  
t h e  excess permanganate s o l u t i o n  and adding stannous s u l f a t e .  P""R 

b 
7.3 Standard prepara t ion :  Trans fer  0.0-, 0.5-, 1.0-, 2.0-, 5.0-, and 10- 

mL a l i q u o t s  o f  t h e  mercury working standard, con ta in ing  0-1.0 ug o f  mercury, t o  
a s e r i e s  o f  300-mL BOD b o t t l e s  o r  equ iva len t .  Add enough reagent  water  t o  each 
b o t t l e  t o  make a t o t a l  volume o f  10 mL. Add 5 mL o f  aqua r e g i a  and heat  2 min 
i n  a water  ba th  a t  95°C. A l low t h e  sample t o  coo l ;  add 50 mL reagent  water  and 
15 mL o f  KMnO, s o l u t i o n  t o  each b o t t l e  and r e t u r n  t o  t h e  water  ba th  f o r  30 F 
min. Cool and add 6 mL o f  sodium chlor ide-hydroxylam' lne s u l f a t e  s o l u t i o n  t o  
reduce t h e  excess permanganate. Add 50 mL o f  reagent  water.  T r e a t i n g  each 
b o t t l e  i n d i v i d u a l l y ,  add 5 mL o f  stannous s u l f a t e  s o l u t i o n ,  immediately a t t a c h  
t h e  b o t t l e  t o  t h e  a e r a t i o n  apparatus, and cont inue as descr ibed i n  lug! 

Step 7.4. 

7.4 Ana lys is :  A t  t h i s  p o i n t ,  t h e  sample i s  a l lowed t o  s tand q u i e t l y  
w i t hou t  manual a g i t a t i o n .  The c i r c u l a t i n g  pump, which has p r e v i o u s l y  been 
adjusted t o  a r a t e  o f  1 L/min, i s  al lowed t o  r u n  cont inuous ly .  The absorbance, 
as e x h i b i t e d  e i t h e r  on t h e  spectrophotometer o r  t h e  recorder ,  w i l l  i nc rease and $ 
reach maximu~ii w i t h i n  30 sec. As soon as t h e  reco rde r  pen l e v e l s  o f f  Crw 
(approx imate ly  1 min), open t h e  bypass va lve  and cont inue t h e  ae ra t i on  u n t i l  t h e  
absorbance r e t u r n s  t o  i t s  minimum value. Close t h e  bypass valve,  remove t h e  p 
f r i t t e d  t u b i n g  from t h e  BOD b o t t l e ,  and cont inue t h e  a e r a t i o n .  kii& 

7.5 Construct  a  c a l i b r a t i o n  curve by p l o t t i n g  t h e  absorbances o f  s tan-  
dards versus micrograms o f  mercury. Determine the  peak h e i g h t  o f  t h e  unknown 
from t h e  c h a r t  and read t h e  mercury va lue from t h e  standard curve.  Dupl i ca tes ,  
sp iked samples, and check standards should be r o u t i n e l y  analyzed. 

F 
7.6 Ca lcu la te  metal concentrat ions:  (1) by t h e  method o f  s tandard i 

add i t i ons ,  (2) f rom a c a l i b r a t i o n  curve, o r  (3) d i r e c t l y  f rom t h e  ins t rument 's  
concen t ra t i on  read-out .  A l l  d i l u t i o n  o r  concent ra t ion  f a c t o r s  must be taken i n t o  p 

C*tl 
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account. Concentrations repor ted f o r  mu1 t i  phased o r  wet samples must be 
app rop r ia te l y  qua1 i f i e d  (e.g., 5 ug/g d ry  weight). 

8.0 QUALITY CONTROL 

8.1 Refer t o  sec t ion  8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion  and accuracy data are ava i l ab le  i n  Method 245.5 o f  Methods 
f o r  Chemical Analys is  o f  Water and Wastes. 

9.2 The data shown i n  Table 1 were obtained from records o f  s t a t e  and 
con t rac to r  l abo ra to r i es .  The data are intended t o  show the  p rec i s ion  of t he  
combined sample prepara t ion  and ana lys is  method. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analys is  o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 245.5. 

2. G a s k i l l ,  A., Compilat ion and Evaluat ion o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sampl e  
M a t r i x  

Prepara t ion  Laboratory  
Met hod Rep1 i c a t e s  

Emission c o n t r o l  dust  Not known 12,  12 ug/g 

Wastewater t rea tment  sludge Not known 0 . 4 ,  0 .28  ug/g 

'La 
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7.1 Heat, cool. 
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chloridr- 
hydroxylamine 

METHOD 7471A 
MERCURY I N  SOLID OR SEMISOLID WASTE (MANUAL COLD-VAPOR TECHNIQUE) 

Star1 
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hydroxylamine 
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v 
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METHOD 7480 

MOLYBDENUM (ATOMIC ABSORPTION, DIRECT ASPIRATION1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 Inter ferences i n  an a i r lacety lene flame from Ca, Sr, SO4, and Fe are 
severe. These inter ferences are g rea t l y  reduced i n  the n i t rous  oxide flame 
and by addl t i o n  o f  1,000 mg/L aluminum t o  samples and standards. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Uolybdenum hol low cathode lanp. 
4.2.2 Wavelength: 313.3 nm. 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: N i t rous oxide. 
4.2.5 Type of flame: Fuel r i ch .  
4.2.6 Background correct ion:  Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solut ion:  Dissolve 1.840 g o f  amnonium molybdate, 
(NHq) Mo7024-4H20 (ana ly t ica l  reagent grade), i n  Type I1 water and d i  1 ute B t o  1 i ter ;  1 mL = 1 mg Mo (1,000 mg/L) . Al ternat ive ly ,  procure a 
c e r t i f i e d  standard f r o m  a suppl i e r  and v e r i f y  by comparison w i t h  a second 
standard.. 
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5.2.2 Prepare d i l u t i ons  o f  the stock so lut ion t o  be used as 
cal  i brat ion standards a t  the time o f  analysis. The cal  i bra t ion  standards 
should be prepared us1 ng the same type o f  acid and a t  the same 
concentration as w i l l  r esu l t  i n  the sample t o  be analyzed a f t e r  
processing. The samples and standards should also contain 1,000 mg/L 
a1 uminum (see Paragraph 5.2.3). 

5.2.3 Alminum n i t r a t e  solution: Dissolve 139 g aluminum n i t ra te ,  
A1 (N03)3*9H20, i n  150 mL o f  Type I1 water; heat t o  e f f e c t  solution. 
Allow t o  cool and make up t o  200 mL. - To each 100 mL of standard and 
sample a1 i ke, add 2 mL o f  the aluminum n i t r a t e  solution. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 ing  and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation of the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  fo r  an aqueous sample f ree  o f  i n t e r -  
ferences are: 

Optimum concentration range: 1-40 mgIL wi th  a wavelength o f  313.3 nm. 
Sens i t i v i t y :  0.4 mgIL. 
Detection l i m i t :  0.1 mgIL. 

9.2 I n  a s ing le  laboratory, analysis o f  a mixed industrial-domestic 
waste ef f luent ,  digested wi th  Method 3010, a t  concentrations o f  0.3, 1.5, and 
7 -5  mg1L gave standard deviations o f  +0.007, +0.02, and +0.07, respectively. 
Recoveries a t  these level  s were loo%, 95%, and g5%, respeciively. 

9.3 For concentrations o f  molybdenum below 0.2 mglL, the furnace 
techni que (Method 7481) i s recommended. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Met hod 246.1. 
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METHOD 7481 

MOLYBDENUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 Molybdenum i s  prone t o  carbide formation. Use a py ro l y t i ca l  l y  
coated graphi te  tube. 

3.3 Memory e f f ec t s  are possible, and cleaning o f  the furnace may be 
requi red a f t e r  analysis o f  more concentrated sampl es o r  standards. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.8 
NOTE: 

Drying t ime and temp: 30 sec a t  125'C. 
Ashing t ime and temp: 30 sec a t  1400'C. 
Atomizing t ime and temp: 5 sec a t  2800'C. 
Purge gas: Argon (nitrogen shoul d not be used) . 
Wavelength: 313.3 nm. 
Background correct ion:  Requi red. 
Other operating parameters should be set  as spec i f ied by the 
p a r t i c u l a r  instrument manufacturer. 
Py ro l y t l ca l  l y  coated graphi te tube. 

'The above concentrat i o n  val ues and instrument condit ions are 
f o r  a Perkin-Elmer HGA-2100, based on the use o f  a 20-uL 
in jec t ion ,  continuous-f low purge gas, and nonpyrolyt ic 
graphite. Smaller sizes o f  furnace devices o r  those 
employing f as te r  ra tes o f  atomization can be operated using 
1 ower atomization temperatures f o r  shorter  t ime periods than 
t he  above-recommended s e t t i  ngs . 
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5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards : 

5.2.1 Stock so lu t ion:  Dissolve 1.840 g of amnonium molybdate, 
(NH4) 6M07024-4H20 (ana ly t i ca l  reagent grade) , i n Type I1  water and 
d i l u t e  t o  1 l i t e r ;  1 mL = 1 rng Mo (1,000 mgIL). A l t e rna t i ve l y ,  procure a 
c e r t i f i e d  standard from a supp l ie r  and v e r i f y  by comparison w i t h  a second 
standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t i on  t o  be used as 
c a l i b r a t i o n  standards a t  the  t ime of analysis. The c a l i b r a t i o n  standards 
should be prepared using the same type o f  ac id  and a t  the  same 
concentrat ions as i n  the sample a f t e r  processing (0.5% v l v  HN03). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion o f  the  sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The ca l cu la t i on  
i s  g iven i n  Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion and accuracy data are not  ava i lab le  a t  t h i s  time. 

9.2 The performance cha rac te r i s t i c s  f o r  an aqueous sample f r e e  o f  i n t e r -  
ferences are: 

Optimum concentrat ion range: 3-60 ugIL. 
Detect ion l i m i t :  1 ug/L. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 246.2. 
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METHOD 7520 

NICKEL (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 Background correct ion i s  requi red. 

3.3 High concentrations o f  iron, cobalt, o r  chromium may interfere, 
requi r ing e i  ther  matr ix matching o r  use o f  a n i  trous-oxide/acetyl ene flame. 

3.4 A nonresonance 1 i ne  o f  N i  a t  232.14 nm causes nonlinear ca l ibrat ion 
curves a t  moderate t o  high nickel concentrations, requir ing sample d i l u t i o n  o r  
use o f  the 352.4-nm l ine.  

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Nickel hollow cathode laap. 
4.2.2 Wavelength: 232.0 nm (primary) ; 352.4 nm (a1 ternate). 
4.2.3 Fuel : Acetylene . 
4.2.4 Oxldant: A i r .  
4.2.5 Type o f  flame: Oxidizing (fuel lean). 
4.2.6 Background correction: Requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5 .2.1 Stock solutlon: Di ssol ve 1.000 g n i  ckel metal (analyt ical 
reagent grade o r  4.953 g nickel  n i  t rate,  N i  (N03)f*6H20 (analytical 
reagent grade , i n  10 mL HN03 and d i l u t e  t o  1 1 i t e r  w t h  Type I1 water. 
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Al ternat ive ly ,  procure a c e r t i f i e d  standard from a suppl ier and v e r i f y  by 
comparison w i th  a second standard. 

5.2.2 Prepare d i l u t i ons  o f  the stock so lut ion t o  be used as 
ca l  i bra t ion  standards a t  the time o f  analysis. The ca l i b ra t i on  standards 
should be prepared using the same type of acid and a t  the same 
concentration as w i l l  r e s u l t  i n  the sample t o  be analyzed a f t e r  
processi ng . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3,. Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation o f  the sampl e 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  f o r  an aqueous sample f ree  o f  i n t e r -  
f erences are : 

Optimum concentration range: 0.3-5 mg/L w i th  a wavelength o f  232.0 nm. 
Sens i t i v i t y :  0.15 mg/L. 
Detection 1 i m i t :  0.04 mg/L. 

9.2 I n  a s ing le laboratory, analysis o f  a mixed industrial-domestic 
waste e f f luent ,  digested w i th  Method 3010, a t  concentrations o f  0.2, 1.0, and 
5.0 mg/L gave standard deviations o f  +0.011, +0.02, and +0.04, respectively. 
Recoveries a t  these 1 eve1 s were 100%, 97%, and g3%, respecTi vely. 

9.3 'The data shown i n  Table 1 were obtained from records o f  s tate and 
contractor laboratories. The data are intended t o  show the prec is ion o f  the 
combined sample preparation and analysis method. 
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OSMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7550 i s  an atomic absorption procedure approved f o r  
determi n i  ng the concentration o f  osmi um i n  wastes, mobi 1 i t y  procedure 
extracts,  so i l s ,  and ground water. A l l  samples must be subjected t o  an 
appropriate d isso lu t ion  step p r i o r  t o  analysis. 

2.0 SUMMARY OF METHOD 

METHOD 7550 

2.1 P r i o r  t o  analysis by Method 7550, samples must be prepared for  
d i r e c t  aspirat ion. The method of sample preparation w i l l  vary according t o  
the sample matrix. Aqueous samples are subjected t o  the acid digest ion 
procedure discussed i n  t h i s  method. Sludge samples are prepared using the 
procedure described i n  Method 3050. For samples containing o i  1 s, greases, o r  
waxes, the procedure described i n  Method 3040 may be applicable. Due t o  the 
very v o l a t i l e  nature o f  some osmium compounds, the a p p l i c a b i l i t y  o f  a method 
t o  a sample must be ver i  f i  ed by means o f  spi ked samples o r  standard reference 
materials, o r b o t h .  

2.2 Fol 1 owing the appropriate d isso lu t ion o f  the sample, a representa- 
ti ve a1 iquot  i s aspi rated i nto  a n i t rous  ox i  delacetyl ene flame. The resul t ing 
absorption o f  hollow cathode rad ia t ion  w i  11 be proport ional t o  the osmium 
concentration. Background correct  ion must be employed f o r  a1 1 analyses. 

2.3 The t yp i ca l  detect ion 1 i m i t  f o r  t h i s  method i s  0.3 mg/L; typ ica l  
s e n s i t i v i t y  i s  1 mg/L. 

3.0 INTERFERENCES 

3.1 Background correct ion i s requi red because nonspecific absorption and 
1 i g h t  scat ter ing can be sign1 f ican t  a t  the analy t ica l  wavelength. 

3.2 Due t o  the v o l a t i  li t y  o f  osmium, standards must be made on a da i l y  
basi s, and the appl i cabi 1 i t y  o f  sampl e-preparation techniques must be ver i  f i ed 
f o r  the sample matrices o f  in terest .  

3.3 Samples and standards should be monitored f o r  v i  scosi t y  dif ferences 
t h a t  may a l t e r  the  aspi ra t ion rate. 

3.4 Osmium and i t s  compounds are extremely toxic; therefore, extreme 
care must be taken t o  ensure t ha t  samples and standards are handled properly 
and t h a t  a l l  exhaust gases are properly vented. 
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4.0 APPARATUS AND MATERIALS 

4.1 Atomic absorption spectrophotometer: Single- o r  dual-channel, 
single- o r  double-beam instrument w i th  a grat ing monochromator, photomul- 
t i p i i e r  detector, adjustable s l  i t s ,  and provisions f o r  background correction. 

4.2 Osmi um hol low cathode 1 amp. 

4.3 Str ip-chart  recorder (optional). 

5.0 REAGENTS 

5.1 ASTM Type I 1  water (ASTM D1193) : Water should be monitored f o r  
impuri tl es. 

5.2 Concentrated n i t r i c  acid (HN03) : Acid should be analyzed t o  
determine 'levels o f  impuri t ies.  I f  a method blank using the acide i s  <MDL, 
the ac id can be used. 

5.3 Osmium standard stock so lut ion (1,000 mg/L) : Procure a c e r t i f i e d  
aqueous standard from a suppl i e r  and v e r i f y  by comparison w i th  a second 
standard. I f  necessary, standards can be made f r o m  osmi um compounds. 
However, due t o  the t o x i c i t y  o f  these compounds, t h i s  approach i s  not advised. 

5.4 Osn~ium working standards: Prepare d i l u t i o n  o f  the stock sol u t lon  a t  
the time o f  anal sis. These standards should be prepared t o  contain 1% (v/v) 
HN03 and 1% (v/v T H2S04. 

5.5 - A i r :  Cleaned and dr ied through a su i tab le f i l t e r  t o  remove o i l ,  
water, and other foreign substances. The source may be a coalpressor o r  a 
cy l  i nder o f  i ndustr i  a1 -grade compressed a i  r. 

5.6 Acet lene: Should be o f  high pur i ty .  Acetone, which i s  usual ly 
-7- present i n  acety ene cy l  inders, can be prevented from enter ing and a f fec t ing  

flame condit ions by replacing the cy l inder  before the pressure has f a l l e n  t o  
50 psig. 

5.7 Nitrous oxide: Cyl inder  sui tab1 e f o r  instrumental analysis. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been col lected using a sampling p lan tha t  
addresses the considerations d i  scussed i n  Chapter Nine of t h i  s manual . 

6.2 A l l  sample containers must be prewashed w i th  detergents, acids, and 
Type I1 water. P las t ic  and glass containers are both suitable. 

6.3 Aqueous samples must be a c i d i f i e d  t o  a pH <2 w i th  HNO3. 
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6.4 Nonaqueous samples sha l l  be refr igerated,  when possi ble, and 
analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Sample preparat I on : Aqueous sampl es should be prepared accordi ng t o  
the procedure descri  bed i n  Paragraph 7.2. Sl  udge-type samples should be 
prepared accordi ng t o  Method 3050; sampl es contai n i  ng 01 1 s, greases, o r  waxes 
may be prepared according t o  Method 3040. The appl i c a b i l  1 t y  o f  a sample 
preparat ion technlque t o  a new matr ix  type must be demonstrated by analyzing 
sp i  ked samples, re levant standard reference mater ia l  s, o r  both. 

Sample preparat I on o f  aqueous samples : 

7.2.1 Transfer a representative 100-mL a1 iquot  o f  the we1 1 -mixed 
sample t o  a G r i f f i n  beaker and add 1 mL o f  concentrated HNO3. 

7.2.2 Place the  beaker on a steam bath o r  hot p l a t e  and warm for  15 
min. Cool the  beaker and, i f  necessary, f i l  t e r  o r  centr i fuge t o  remove 
i nsol uble materi  a1 . 

7.2.3 Add 1 mL o f  concentrated H2SO4 and adjust  the volume back t o  
100 mL. The sample i s  now ready f o r  analysis. 

7.3 The 290.0-nm wavelength 1 ine  and background correct ion shal l  be 
empl oyed . 

7.4 A f ue l - r i ch  n i t r ous  oxide/acetylene flame sha l l  be used. 

7.5 Fol low the manufacturerls operat l  ng I nstruct lons f o r  a1 1 other 
instrument parameters. 

7.6 E i ther  (1) run a ser ies o f  osmium standards and construct a 
ca l  i bra t i on  curve by p l o t t i n g  the concentrations of the standards against the 
absorbances, o r  (2) f o r  the method o f  standard addit ions, p l o t  added 
concentrat ion versus absorbance. For Instruments t h a t  read d l  r e c t l y  i n  
concentration, se t  the curve corrector  t o  read out the proper concentration. 

7.7 Analyze a1 1 EP extracts, a1 1 samples analyzed as p a r t  of a del i s t i n g  
pe t i t i on ,  and a l l  samples t h a t  su f f e r  from matr ix interferences by the method 
o f  standard addit ions. 

7.8 Duplicates, sp l  ked samples, and check standards should be rou t ine ly  
analyzed. 

7.9 Calculate metal concentrations: (1) by the  method o f  standard 
addit ions, (2) f r o m  a ca l i b ra t i on  curve, o r  (3) d i  r e c t l y  f r o m  the instrumentls 
concentrat ion read-out. A l l  d i l u t i o n  o r  concentration factors  must be taken 
I n t o  account. 
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8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  control  data should be maintained and avai lab le f o r  easy 
reference o r  inspection. 

8.2 Cal ibrat ion curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l i b ra t i on  curve shobld be made f o r  every hour o f  
continuous sample analysi s. 

8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they f a l l  on the plateau o f  a ca l i b ra t i on  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contamination o r  any memory e f fec t s  are occurring. 

8 .5 Veri f y  ca l  i bra t ion  w i th  an independently prepared check standard 
every 15 samples. 

8.6 Run one spi  ke dupl i cate sample fo r  every 10 sampl es . A dupl i cate 
sample i s  a sample brought through the e n t i r e  sample preparation and 
analy t ica l  process. 

8.7 The method o f  standard addi t ions (see Method 7000, Section 8.7) 
shal l  be used f o r  the analysis o f  a l l  EP extracts, on a l l  analyses submitted 
as p a r t  o f  a d e l i s t i n g  pe t i t i on ,  and whenever a new sample matr ix  i s  being 
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are not  avai lab le a t  t h i s  time. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis of Water and Wastes, €PA-60014-82-055, 
December 1982, Met hod 252.1. 
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METHOD 7610 

POTASSIUM (ATOMIC ABSORPTION, DIRECT ASP1 RATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 In airlacetylene or other high-temperature flames (>280O0C), potas- 
si um can experience partial ionization, which indi rectly affects absorption 
sensitivity. The presence of other a1 kal i salts in the sample can reduce this 
ionization and thereby enhance analytical results. The ionization-suppressive 
effect of sodium is small if the ratio of Na to K is under 10. Any enhance- 
ment due to sodi um can be stabi 1 i zed by adding excess sodium (1,000 ug1mL) to 
both sample and standard solutions. If more stringent control of ionization 
is required, the addition of cesium should be considered. Reagent blanks 
should be analyzed to correct for potassium impurities in the buffer stock. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Potassi m hol low cathode 1 anp. 
4.2.2 Wavelength: 766.5 nm. 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: Air. 
4.2.5 Type of flame: Slightly oxidizing (fuel lean). 
4.2.6 Background correction: Not requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 
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5.2 Preparat i on o f  standards : 

5.2.1 Stock solution: Dissolve 1.907 g o f  potassium chlor ide, KC1 
(analyt ica l  reagent grade), dr ied a t  llO*C i n  Type I1  water and d i  1 ute t o  
1 l i t e r  w i th  Type I1  water. Al ternat ively,  procure a c e r t i f i e d  standard 
from a suppl ier and v e r i f y  by comparison wi th a second standard. 

5.2.2 Prepare d i l u t i ons  o f  the stock solut ion t o  be used as 
cal i brat ion  standards a t  the time of analysis. The cal i brat ion standards 
should be prepared using the same type o f  acid and a t  the same 
concentrat-ion as w i l l  r esu l t  i n  the sample t o  be analyzed a f t e r  
processi ng . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation of the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspi rat ion. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics f o r  an aqueous sample f ree  o f  i n t e r -  
ferences are : 

Optimum concentration range: 0.1-2 mg/L w i th  a wavelength o f  766.5 nm. 
Sens i t i v i ty :  0.04 mgIL. 
Detection l i m i t :  0.01 mg/L. 

9.2 I n  a s ingle laboratory, analysis o f  a mixed industrial-domestic 
waste e f f luent ,  digested w i th  Method 3010, a t  concentrations o f  1.6 and 6.3 
mglL gave standard deviations o f  9 . 2  and +0.5, respectively. Recoveries a t  
these leve ls  were 103% and 102%, respectively. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 258.1. 
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METHOD 7740 

SELENIllM (ATOMIC ABSORPTION, FURNACE TECHNIQLIE) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7740 i s  an atomic absorption procedure approved for 
determining the concentration of sel eni um in wastes, mobi 1 i ty-procedure 
extracts,  soi 1 s ,  and ground water. A1 1 samples must be subjected to  an 
appropriate dissolution step prior t o  analysis. 

2.0 SUMMARY OF METHOD 

2.1 Prior t o  analysis by Method 7740, samples must be prepared in order 
to  convert organic forms of selenium to  inorganic forms, to  minimize organic 
interferences, and t o  convert samples to  suitable solutions for  analysis. The 
sampl e-preparation procedure varies, depending on the sample matrix. Aqueous 
sampl es are subjected t o  the acid-digestion procedure described i n  th i s  
method. Sludge samples are prepared using the procedure described i n  Method 
3050. 

2.2 Fol lowing the appropriate di ssolution of the sample, a representa- 
t ive  aliquot I s  placed manually or  by means of an automatic sampler into a 
graphite tube furnace. The sample aliquot i s  then slowly evaporated t o  
dryness, charred (ashed) , and atomized. The absorption of lamp radiatf on 
during atom1 zation w i  11 be proportional to  the sel eni um concentration. 

2.3 The typical detection limit for  t h i s  method I s  2 ug/L. 

3.0 INTERFERENCES 

3.1 Elemental selenium and many of i t s  compounds are volatile; 
therefore, samples may be subject t o  losses of selenium during sample 
preparation. Spi ke samples and re1 evant standard reference materi a1 s should 
be processed t o  determine i f the chosen dl ssol ution method i s appropri ate. 

3.2 Likewise, caution must be employed during the selection of 
temperature and times fo r  the dry and char (ash) cycles. A nickel ni t rate  
solution must be added t o  a l l  digestates prior t o  analysis t o  minimize 
volat i l izat ion losses during drying and ashing. 

3.3 In addition to  the normal interferences experienced during graph1 t e  
furnace analysi s, sel eni um analysi s can suffer from severe nonspecific 
absorption and 1 ight scattering caused by matrix components during 
atomization. Selenium analysis i s  particularly susceptible to  these problems 
because of i ts low analytical wavelength (196.0 nm) . Simultaneous background 
correction i s  required to  avoid erroneously high results. High iron levels 
can give overcorrection with deuterium background. Zeeman background 
correction can be useful in t h i s  situation. 
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3.4 I f  the analyte i s  not  completely v o l a t i l i z e d  and removed from the 
furnace dur ing atomization, memory e f f ec t s  w i l l  occur. I f  t h i s  s i t u a t i o n  i s  
detected, the tube should be cleaned by operating the  furnace a t  f u l l  power a t  
regu la r  i n t e r v a l  s i n the  ana ly t i  cal  scheme. 

3.5 Sel en1 um analysis suffers in ter ference from ch lor ides ( x 0 0  mg/L) 
and su l fa te  0200  mg/L). The add i t ion  o f  n icke l  n i t r a t e  such t h a t  t he  f i n a l  
concentrat ion i s  1% nicke l  w i  11 lessen t h i s  inter ference. 

4.0 APPARATUS AND MATERIALS 

4.1 250-mL G r i f f i n  beaker. 

4.2 10-mL volumetric flasks. 

4.3 Atomic absorption spectrophotometer: Single- o r  dual -channel , 
sing1 e- o r  doubl e-beam instrument w i t h  a g ra t ing  monochromator, photomul t i  - 
p l  i e r  detector, adjustable s l i t s ,  a wavelength range of 190-800 nm, and 
prov is ions f o r  simultaneous background correct ion and i n t e r f a c i n g  w i t h  a 
s t r i  p-chart recorder. 

4.4 Sel eni um hol  low cathode lamp, o r  electrode1 ess discharge 1 amp (EDL) : 
EDLs provide b e t t e r  s e n s i t i v i t y  f o r  the  analysis o f  Se. 

4.5 Graphite furnace: Any graphi te  furnace device w i t h  t he  appropriate 
temperature and t im ing  controls.  

4 .6 S t r i  p-chart recorder: A recorder i s  s t rong ly  recommended f o r  
furnace work so t h a t  there w i l l  be a permanent record and so t h a t  any problems 
w i th  the analysis, such as d r i f t ,  incomplete atomization, losses dur ing 
charring, changes i n  s e n s i t i v i t y ,  etc., can eas i l y  be recognized. 

4.7 Pipets: M i c r o l i t e r  w i t h  disposable t i ps .  Sizes can range from 
5 t o  1,000 uL, as required. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies .  

5.2 Concentrated n i t r i c  ac id  (HNO3) : Acid should be analyzed t o  
determine ' levels o f  impur i t ies .  I f  a method blank made w i t h  the  ac id  i s  (MDL, 
the ac id  can be used. 

5.3. Hydroqen peroxide (30%) : Oxidant should be analyzed t o  determine 
l eve l s  .o f  impur i t ies .  I f  a method blank made w i t h  the oxidant i s  (MDL, the  
oxidant can be used. 
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5.4 Selenium standard stock so lu t ion  (1,000 mg/L): E i the r  procure a 
c e r t i  f i e d  aqueous standard f r o m  a suppl ier  and v e r i f y  by comparison w i t h  a 
second standard, o r  d isso lve 0.3453 g o f  selenious ac ld  (actual assay 94.6% 
HzSeOg, ana l y t i ca r reagen t  grade) o r  equivalent i n  Type I1 water and d i l u t e  t o  
200 mL. 

5.5 Nickel n i t r a t e  so lu t ion  (5%): Dissolve 24.780 g o f  ACS reagent 
grade Ni  (N03)2=6H20 o r  equi val ent  i n  Type I1 water and d l  1 u te  t o  100 mL. 

5.6 Nickel  n i t r a t e  so lu t ion  (1%) : D i l u te  20 mL o f  the 5% n icke l  n i t r a t e  
t o  100 mL w i t h  Type I1 water. 

5.7 Selenium workinq standards: Prepare d i  1 u t ions o f  the stock so lu t ion 
t o  be used as ca l  i b r a t i o n  standards a t  the time o f  the analysis. Withdraw 
appropr iate a1 iquots  o f  the stock solut ion,  add 1 sL  o f  concentrated HNOQ, 
2 mL o f  30% H202, and 2 mL o f  the 5% n icke l  n i t r a t e  solut ion. D i l u t e  t o  
100 mL w i t h  Type I1 water. 

5.8 - A i r :  Cleaned and d r i ed  through a su i tab le  f i l t e r  t o  remove o i l ,  
water, and o ther  fo re ign  substances. The source may be a compressor o r  a 
c y l  i nder o f  i n d u s t r i a l  -grade compressed a i r .  

5.9 Hydroqen: Sui tab1 e f o r  instrumental analysis. 

6.0 .SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been co l lec ted using a sampling p lan t ha t  
addresses t he  considerat ions discussed i n  Chapter Nine o f  t h i  s manual. 

6.2 A1 1 sarnple containers must be prewashed w i t h  detergents, acids, and 
Type I1  water. P las t i c  and glass containers are both sui table.  

6.3 Speci a1 containers (e.g . , containers used f o r  v o l a t i  1 e organic 
analysis)  may have t o  be used i f  very v o l a t i l e  selenium compounds are t o  be 
analyzed. 

6.4 Aqueous samples must be a c i d i f i e d  t o  a pH o f  <2 w i t h  n i t r i c  acid. 

6.5 Nonaqueous samples sha l l  be re f r igerated,  when possible, and 
analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Sample preparation: Aqueous samples should be prepared i n  the 
manner described i n  Steps 7.1.1 t o  7.1.3. Sludge-type samples should be 
prepared according t o  Method 3050. The appl 1 cabi 1 i t y  o f  a sample-preparation 
technique t o  a new matr ix  type must be demonstrated by analyzing spiked 
samples and/or re1 evant standard reference mater ia l  s. 
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7.1.1 Transfer 100 mL of well-mixed sample to  a 250-mL Griffin 
beaker; add 2 mL of 30% H 02 and sufficient concentrated HNO3 to  result P in an acid concentration o 1% (vlv) . Heat for 1 hr a t  95.C or until the 
volume i s  slightly less than 50 mL. 

7.1.2 Cool and bring back to  50 mL with Type I1 water. 

7.1.3 Pipet 5 mL of th i s  digested solution into a 10-mL volumetric 
flask, add 1 mL of the 1% nickel ni trate solution, and dilute to 10 mL 
with Type I1 water. The sample i s  now ready for injection into the 
furnace. 

7.2 'The 196.0-nm wavelength l ine  and a background correction system must 
be employed. Follow the manufacturer's suggestions for  a l l  other spectropho- 
tometer parameters. 

7.3 Furnace parameters suggested by the manufacturer should be employed 
as guide1 i nes. Because temperature-sensi ng mechani sms and temperature 
controllers can vary between instruments or  with time, the validity of the 
furnace parameters must be periodically confirmed by systematical ly a1 te r i  ng 
the furnace parameters while analyzing a standard. In t h i s  manner, losses of 
analyte due to  overly high temperature settings or losses in sensitivity due 
to  less than optimum settings can be minimized. Similar verification of 
furnace parameters may be requi red for compl ex sampl e matrices . 

7.4 Inject a measured uL-aliquot of sample into the furnace and atomize. 
If the concentration found i s  greater than the highest standard, the sample 
should be diluted in the same acid matrix and reanalyzed. The use of multiple 
i njecti ons can improve accuracy and help detect furnace pipetti  ng errors. 

7.5 Analyze a1 1 EP extracts, a1 1 samples analyzed as part of a del is t ing 
petition, and a l l  samples that suffer from matrix interferences by the method 
of standard additions. 

7.6 Run a check standard a f te r  approximately every 10 sample injections. 
Standards are r u n  in part to  monitor the 1 i f e  and performance of the graphite 
tube. Lack of reproducibility or significant change in the signal for the 
standard indicates that the tube should be replaced. 

7.7 Dupl i cates, spi ked samples, and check standards should be analyzed 
every 20 samples. 

7.8 Calculate metal concentrations: (1) by the method of standard 
additions, (2) from a calibration curve, or  (3) directly from the instrument's 
concentration read-out . A1 1 di 1 ution or concentration factors must be taken 
into account. 
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8.0 QUALITY CONTROL 

8.1 A l l  qua1 i t y  cont ro l  data should be maintained and ava i lab le  f o r  easy 
reference o r  i nspect i on. 

8.2 Ca l ib ra t ion  curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l i b ra t i on  curve should be made f o r  every hour o f  
continuous sample analysis. 

8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they f a l l  on the plateau o f  a ca l i b ra t i on  curve. 

8.4 Employ- a minimum o f  one blank per sample batch t o  determine if 
contamination o r  any memory e f f ec t s  are occurring. 

8.5 Ve r i f y  ca l  i bra t i on  w i th  an independently prepared check standard 
every 15 samples. 

8.6 Run one sp i  ke dupl i cate sampl e f o r  every 10 samples. A dupl i cate 
sample i s  a sample brought through the e n t i r e  sample preparation and 
ana l y t i ca l  process. 

8.7 The method o f  standard addi t ions (see Method 7000, Section 8.7) 
sha l l  be used f o r  the analysis o f  a l l  EP extracts,  on a l l  analyses submitted 
as p a r t  o f  a del  i s t i n g  p e t i t i o n ,  and whenever a new sample matr ix  i s  being 
analyzed . 

9.0 METHOD PERFORMANCE 

9.1 Precis ion and accuracy data are ava i lab le  i n  Method 270.2 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

9.2 The data shown i n  Table 1 were obtained from records o f  s ta te  and 
cont ractor  laborator ies.  The data are intended t o  show the prec is ion o f  the 
combi ned sample preparat ion and analysis method. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 270.2. 

2. Gask i l l ,  A., Compilation and Evaluation o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sampl e Preparation Laboratory 
Matr ix  Met hod Rep1 i cates 

Emission control dust 
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METnoo 7740 

SELENIUM (ATOMIC ABSORPTION. FURNACE METWOO) 

Sludge-type 
Type of  smmple s m n ~ l e s  

t o r  sample 

p o r t  ion 
of  cmmole t o  

be8k.r: add 30% 

Cool: b r i n g  t o  
volume 

I s o I u t l o n  
i n t o  f lask:  mdd 
n i c k e l  n l t r m t e  

solut ion:  d i l u t e  I 

Prepmre sample 
according t o  
Metnod 3050 
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S e t  tnstrummnt 
parmmeters 

Check v a l i d i t y  
o t  t u r n a c e  
parameters  

I n j e c t  sample 
i n t o  turnacm: 

a tomize  

m m l y z e  
b y  method o f  

st8ndmrd 
ma8 1 t i o n  

check s tandard  
a f t e r  10 sample 

i n j e c t i o n s  

7.7 mouttnmly I anmlyre 
a u o i  i c a t e s .  

SOlk.8 samplms. 
end chmck 
s tandards  

' C a l c u l a t e  m e t a l  
c o n c e n t r a t t o n s  
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METHOD 7741A 

SELENIUM (ATOMIC ABSORPTION, GASEOUS HYDRIDE) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7741 i s  an atomic absorp t ion  procedure t h a t  i s  approved f o r  
de te rmin ing  t h e  concen t ra t i on  o f  se l  en i  urn i n  wastes, mobi 1  i ty-procedure ex t rac t s ,  
s o i l s ,  and ground water, p rov ided  t h a t  t h e  sample m a t r i x  does n o t  con ta in  h igh  
concent ra t ions  o f  chromium, copper, mercury, s i l v e r ,  coba l t ,  o r  molybdenum. A1 1  
samples must be sub jec ted  t o  an app rop r i a te  d i s s o l u t i o n  s tep  p r i o r  t o  analys is .  
Spiked samples and re1  evant standard re fe rence  ma te r i a l  s  are employed t o  
determine appl i c a b i l  i t y  o f  t h e  method t o  a  g i ven  waste. I f  i n te r f e rences  are 
p resen t  - t he  ana l ys t  should cons ider  us i ng  Method 7740. 

2.0 SUMMARY OF METHOD 

2.1 Samples a re  prepared accord ing t o  t h e  n i  t r i c / s u l  f u r i c  a c i d  d i g e s t i o n  
procedure descr ibed i n  t h i s  method. Next, t h e  selenium -in t h e  d i ges ta te  i s  
reduced t o  Se(IV) w i t h  t i n  c h l o r i d e .  The Se(1V) i s  then converted t o  a  v o l a t i l e  
hyd r i de  w i t h  hydrogen produced f rom a  zinc/HCl o r  sodium borohydrate/HCl 
r e a c t i o n .  

2 . 2  The v o l a t i l e  hyd r i de  i s  swept i n t o  an argon-hydrogen f lame l oca ted  
i n  t h e  o p t i c a l  pa th  o f  an atomic absorp t ion  spectrophotometer; t h e  r e s u l t i n g  
absorbance i s  p r o p o r t i o n a l  t o  t h e  se l  en i  um concent ra t ion .  

2.3 The t y p i c a l  d e t e c t i o n  1  i m i t  f o r  t h i s  method i s  0.002 mg/L. 

3.0 INTERFERENCES 

3.1 High concent ra t ions  o f  chromium, coba l t ,  copper, mercury, molybdenum, 
n i c k e l ,  and s i  1  ve r  can cause a n a l y t i c a l  i n t e r f e rences .  

3.2 Traces o f  n i t r i c  a c i d  l e f t  f o l l o w i n g  t h e  sample work-up can r e s u l t  
i n  a n a l y t i c a l  i n t e r f e rences .  N i t r i c  a c i d  must be d i s t i l l e d  o f f  t h e  sample by 
hea t i ng  t h e  sample u n t i l  fumes o f  SO, are observed. 

3.3 Elemental s e l e n i u m a n d m a n y o f i t s c o m p o u n d s a r e v o l a t i l e ; t h e r e f o r e ,  
c e r t a i n  samples may be sub jec t  t o  losses o f  selenium du r i ng  sample preparat ion.  

4.0 APPARATUS AND MATERIALS 

4.1 100-mL beaker. 
ria*; 

4.2 E l e c t r i c  h o t  p l a t e  o r  equ i va len t  - Ad jus tab le  and capable o f  
ma in ta i n i ng  a  temperature o f  90-95°C. 

4.3 A  commerc ia l ly  a v a i l  ab le  z i n c  s l u r r y  hyd r i de  generator  o r  a  generator  
cons t ruc ted  f rom t h e  f o l  1  owing mater i  a1 (see F igure  1) : 
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4.3.1 Medicine dropper: F i t t e d  i n t o  a s i z e  "0" rubber s topper U 
capable o f  d e l i v e r i n g  1.5 mL. 

m 
4.3.2 Reaction f l a s k :  50-mL, pear-shaped, w i t h  two 14/20 necks L 

( S c i e n t i f i c  Glass, JM-5835). 
rarl 

4.3.3 Gas i n l e t - o u t l e t  tube: Constructed f rom a mic ro  c o l d - f i n g e r  L 
condenser (JM-3325) by c u t t i n g  the  p o r t i o n  below the  14/20 ground-gl ass I 

j o i n t .  I 

n I 
I 

4.3.4 Magnetic s t i r r e r :  To homogenize the  z i n c  s l u r r y .  1 

4.3.5 Polyethylene d ry ing  tube: 10-cm, f i l l e d  w i t h  g lass  wool t o  r 
prevent  p a r t i c u l  a te  mat te r  from en te r i ng  the  burner .  Cvrj 

4.3.6 Flow meter: Capable o f  measuring 1 1 i ter /mi  n . 
4.4 Atomic absorpt ion spectrophotometer: S ing le  o r  dual channel, s i n g l e -  Lw 1 , 

o r  double-beam inst rument  w i t h  a g r a t i n g  monochromator, photomul t i p 1  i e r  de tec tor ,  
ad jus tab le  s l i t s ,  a wavelength range o f  190-800 nm, and p rov i s ions  f o r  F 
i n t e r f a c i n g  w i t h  a s t r i p - c h a r t  recorder  and simultaneous background c o r r e c t  i on .  ul, 

4.5 Burner: Recommended by the  p a r t  i cu l  a r  inst rument  manufacturer f o r  a 
the  argon - hydrogen f 1 ame. h 

4.6 Seleni  um h o l l  ow cathode 1 amp o r  e l  ec t rode l  ess d ischarge 1 arr~p. rn 1 
4.7 S t r i p - c h a r t  recorder  ( o p t i o n a l ) .  L, 

5.0 REAGENTS b n ~ r  I 

I 

5.1 Reagent water: Water should be monitored f o r  i m p u r i t i e s .  Reagent u I 
I 

water w i l l  be i n te r fe rence  f r e e .  A l l  re ferences t o  water w i l l  r e f e r  t o  reagent 
water.  F 

h 
5.2 Concentrated n i t r i c  ac id:  Acid should be analyzed t o  determine 

l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank  made w i t h  the  a c i d  i s  tMDL, t h e  a c i d  can r 
be used. IIB~, 

5.3 Concentrated s u l f u r i c  ac id:  Acid should be analyzed t o  determine 
l e v e l s  o f  i m p u r i t i e s .  I f  a method blankmade w i t h  the  a c i d  i s  tMDL, t h e  a c i d  can 
be used. 

5.4 Concentrated hyd roch lo r i c  ac id:  Acid should be analyzed t o  determine 
l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank  made w i t h  t h e  ac id  i s  tMDL, t h e  a c i d  can 
be used. 

5.5 D i l uen t :  Add 100 mL 18 N H,SO, and 400 mL concentrated HC1 t o  400 
mL reagent water and d i l u t e  t o  a f i n a l  volume o f  1 l i t e r  w i t h  reagent water.  

5.6 Potassium iod ide  so lu t i on :  D isso lve  20 g K I  i n  100 mL reagent water.  
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5.7 Stannous c h l o r i d e  so lu t i on :  D isso lve  100 g SnC1, i n  100 mL o f  
concentrated HC1. 

5.8 Selenium standard s tock so lu t i on :  1,000 mg/L s o l u t i o n  may be 
purchased, o r  prepared as f o l l ows :  D isso lve  0.3453 g o f  se len ious a c i d  (assay 
94.6% of H,SeO,) i n  reagent water.  Add t o  a 200-mL vo lumet r i c  f l a s k  and b r i n g  
t o  volume ( 1  mL = 1 mg Se). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p lan  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample con ta iners  must be prewashed w i t h  detergents,  acids, and 
reagent water.  P l a s t i c  and g lass  con ta iners  are both su i t ab le .  

6.3 Special  con ta iners  (e.g., con ta iners  used f o r  v o l a t i l e  organic  
ana l ys i s )  may have t o  be used i f  very v o l a t i l e  selenium compounds are  t o  be 
analyzed. 

6.4 Aqueous samples must be a c i d i f i e d  t o  a pH o f  t 2  w i t h  n i t r i c  ac id .  

6.5 Nonaqueous samples s h a l l  be r e f r i g e r a t e d ,  when poss ib le ,  and analyzed 
as soon as poss i  b l  e. 

7.0 PROCEDURE 

7.1 Sample p repa ra t i on  : 

7.1.1 To a 50-mL a l i q u o t  o f  d igested sample (or ,  i n  t he  case o f  
e x t r a c t s ,  a 50-mL sample) add 10 mL o f  concentrated HN03 and 12 mL o f  
18 N H,SO,. Evaporate t he  sample on a ho t  p l a t e  u n t i l  wh i t e  SO, fumes are 
observed (a  volume o f  about 20 mL). Do no t  l e t  i t  char. I f  i t chars, 
s top  t h e  d iges t i on ,  cool ,  and add a d d i t i o n a l  HN03. Ma in ta in  an excess o f  
HNO, (evidence o f  brown fumes) and do n o t  l e t  t h e  s o l u t i o n  darken because 
selenium may be reduced and l o s t .  When the  sample remains c o l o r l e s s  o r  
s t raw y e l l o w  du r i ng  e v o l u t i o n  o f  SO3 fumes, t h e  d i g e s t i o n  i s  complete. 

Caut ion: Vent ing r e a c t i o n  vessels should be done w i t h  
cau t i on  and o n l y  under a fume hood o r  w e l l  v e n t i l a t e d  
area. 

7.1.2 Cool t h e  sample, add about 25 mL reagent water, and again 
evaporate t o  SO, fumes j u s t  t o  expel oxides o f  n i t r ogen .  Cool . Add 40 mL 
concentrated HC1 and b r i n g  t o  a volume o f  100 mL w i t h  reagent water. 

7.2 Prepare working standards from t h e  standard s tock so lu t ions .  The 
f o l l o w i o g  procedures p rov ide  standards i n  t h e  optimum range. 

7.2.1 To prepare a working s tock so lu t i on ,  p i p e t  1 mL standard 
s tock  s o l u t i o n  (see Paragraph 5.8) i n t o  a 1 - l i t e r  vo lumet r i c  f l a s k .  B r i ng  
t o  vo l  i~me w i t h  reagent water con ta in i ng  1.5 mL concentrated HNOJl i t e r .  
The concen t ra t i on  o f  t h i s  s o l u t i o n  i s  1 mg Se/L ( 1  mL = 1 ug Se). 

Revis ion 1 
Sept&r 1994 



7.2.2 Prepare s i x  working standards by t r a n s f e r r i n g  0, 0.5, 1.0, 
b 

1.5, 2.0, and 2.5 mL o f  t h e  working s tock  s o l u t i o n  (see Paragraph 7.2.1) 
i n t o  100-mL vo lume t r i c  f l a s k s .  B r i ng  t o  volume w i t h  d i l u e n t .  The 
concent ra t ions  o f  these working standards a re  0, 5, 10, 15, 20, and 25 ug 
Se/L. 

7.3 Standard add i t i ons :  

7.3.1 Take t h e  15-, 20-, and 25-ug standards and t r a n s f e r  
I 

hlll q u a n t i t a t i v e l y  25 mL from each i n t o  separate 50-mL vo lume t r i c  f l a s k s .  Add (II 
10 mL o f  t h e  prepared sample t o  each. B r i n g  t o  volume w i t h  reagent  water  
c o n t a i n i n g  1.5 mL HNO,/liter. 

bPI 
7.3.2 Add 10 mL o f  prepared sample t o  a 50-mL vo lume t r i c  f l a s k .  I 

B r i ng  t o  volume w i t h  reagent  water  con ta in ing  1.5 mL HNO,/liter. Th i s  i s  
t h e  b lank.  Fn 

7.4 Fol low t h e  manufacturer 's i n s t r u c t i o n s  f o r  ope ra t i ng  an argon- 
hydrogen flame. The argon-hydrogen flame i s  c o l o r l e s s ;  t h e r e f o r e ,  i t  may be 
use fu l  t o  a s p i r a t e  a low concent ra t ion  o f  sodium t o  ensure t h a t  i g n i t i o n  has 
occurred. 

I i I 

7.5 The 196.0-nm wavelength s h a l l  be used f o r  t h e  'ana lys is  o f  selenium. 

7.6 Trans fer  a 25-mL p o r t i o n  o f  t h e  d iges ted  sample o r  s tandard t o  t h e  
r e a c t i o n  vessel .  Add 0.5 mL SnC1, s o l u t i o n .  A l low a t  l e a s t  10 min f o r  t h e  metal  
t o  be reduced t o  i t s  lowest  o x i d a t i o n  s ta te .  A t tach  t h e  r e a c t i o n  vessel t o  t h e  
spec ia l  gas i n l e t - o u t l e t  glassware. F i l l  t h e  medicine dropper w i t h  1.50 mL 
sodium borohydrate o r  z i n c  s l u r r y  t h a t  has been kept  i n  suspension w i t h  t h e  
magnetic s t i r r e r .  F i rm ly  i n s e r t  t he  stopper con ta in ing  t h e  medicine dropper i n t o  
t h e  s i d e  neck o f  t h e  r e a c t i o n  vessel.  Squeeze t h e  b u l b  t o  i n t roduce  t h e  z i n c  
s l u r r y  o r  sodium borohydrate i n t o  t h e  sample o r  standard s o l u t i o n .  The metal  
hyd r i de  w i l l  produce a peak almost immediately.  When t h e  reco rde r  pen r e t u r n s  
partway t o  t h e  base 1 i ne, remove t h e  r e a c t i o n  vessel . 
8.0 QUALITY CONTROL 

I 

8 , l  Refer  t o  s e c t i o n  8.0 o f  Method 7000. k r b l  

I 
I 

9.0 METHOD PERFORMANCE F 
I 
i 

9.1 P rec i s i on  and accuracy data a re  a v a i l  ab le  i n  Method 270.3 o f  Methods ~ 
f o r  Chemical Ana lys is  o f  Water and Wastes. P 

b 
10.0 REFERENCES I 

P I  1. Methods f o r  Chemical Ana lys is  o f  Water and Wastes, EPA-600/4-82-055, iY 
December 1982, Method 270.3. 
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METHOD 7 7 4 1 A  
SELENIUM (ATOMIC ABSORPTION, GASEOUS HYDRIDE) 

7.1.1 Add 
concentrated 

Has04 and HYOa 
to aample and 
evaporate 

Standard Preparation 

7.2.1 Pipet 
atock 

aolution into 
flaak; bring 

to volume 

Sample Preparation 

7.1.1 Stop 

I 1 

7.2.2 Prepare 6 
Se working 

atandarda from 
atock; bring to 

v o l u u  

I I*. 
7.3.1 Tranaier 

3 atandard 
portiona,add 

aample,bring to 
volume -i 

7.1.2 Cool 
aample,add 

rmagent water, 
evaporat.,cool 

7.3.2 To 
prepare blank 

add aamplm to a 
flaak and bring 

to volume 

7.4 Follow 
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argon-Rgdrogen 
flu. 
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veaae1,add 

7.5 Uae 196.0 
nm wavelengtb t- 

7.6 Allow to 
atand ,attach 
veaael to 

g1aaaware,add 
2n alurrg r-l 

7.6 Record Se 
concentration 
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METHOD 7742 

SELENIUM (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION1 

1.0 SCOPE AND APPLICATION 

1.1 Method 7742 is an atomic absorption procedure for determining 3 p g / L  
to 750 M/L concentrations of selenium in wastes, mobil ity procedure extracts, 
soils, and ground water. Method 7742 is approved for sample matrices that 
contain a total of up to 1000 mg/L concentrations of cobalt, copper, iron, 
mercury, and nickel. A solid sample can contain up to 10% by weight of the 
interferents before exceeding 1000 mg/L in a digested sample. All samples 
including aqueous matrices must be subjected to an appropriate dissolution step 
prior to analysi s. Spi ked samples and re1 evant standard reference materi a1 s are 
employed to determine the applicability of the method to a given waste. 

2.0 SUMMARY OF METHOD 

2.1 Samples are prepared according to the nitric acid digestion procedure 
described in Method 3010 for aqueous and extract samples and the 
nitric/peroxide/hydrochloric acid digestion procedure described in Method 3050 
(furnace AA option) for sediments, soils, and sludges. Excess peroxide is 
removed by evaporating samples to near-dryness at the end of the digestion 
followed by dilution to volume and degassing the samples upon addition of urea. 
The selenium is converted to the t4 oxidation state during digestion in HC1. 
After a 1:10 dilution, selenium is then converted to its volatile hydride using 
hydrogen produced from the reaction of the acidified sample with sodium 
borohydride in a continuous-flow hydride generator. 

2.2 The volatile hydrides are swept into, and decompose in, a heated 
quartz absorption cell located in the optical path of an atomic absorption 
spectrophotometer, The resulting absorption of the 1 amp radiation is 
proportional to the selenium concentration. 

2.3 The typical detection limit for this method is 3 pg/L. 

3.0 INTERFERENCES 

3.1 Very high (>lo00 mg/L) concentrations of cobalt, copper, iron, 
mercury, and, nickel can cause analytical interferences through precipitation as 
reduced metals and associated blockage of transfer lines and fittings. 

3.2 Traces o f  peroxides left following the sample work-up can result in 
analytical interferences. Peroxides must be removed by evaporating each sample 
to near-dryness followed by reacting each saniple with urea and allowing 
sufficient time for degassing before analysis (see Sections 7.1 and 7.2). 

3.3 Even after acid digestion, flame gases and organic compounds may 
remain in the sample. Flame gases and organic compounds can absorb at the 
analytical wave1 engths and background correction should be used. 
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4.0 APPARATUS AND MATERIALS 

4.1 E l e c t r i c  ho t  p l a t e :  Large enough t o  ho ld  a t  l e a s t  several 100 mL 
Pyrex d i g e s t i o n  beakers. 

4.2 A cont inuous- f low hydr ide generator:  A commerci a1 l y  a v a i l  able I 

cont inuous- f low sodium borohydride/HCl hydr ide generator o r  a generator  F 
constructed s i m i l a r l y  t o  t h a t  shown i n  Figure 1 (P. S. A n a l y t i c a l  o r  equ iva len t ) .  ii ~ 

4.2.1 P e r i s t a l t i c  Pump: A four-channel, var iable-speed p e r i s t a l t i c  
pump t o  permi t  r e g u l a t i o n  o f  1 iquid-st ream f l o w  r a t e s  (Ismatec Reglo-100 
o r  equ iva lent ) .  Pump speed and tub ing diameters should be adjusted t o  
prov ide  the  f o l l o w i n g  f l o w  ra tes :  sample/blank f l o w  = 4.2 mL/niin; g 
borohydride f l o w  = 2.1 mL/min. I 

Cvri 

4.2.2 Sampling Valve (opt iona l  ) : A sampl i n g  va lve  (found i n  t h e  
P. S. A n a l y t i c a l  Hydride Generation System o r  equ iva lent )  t h a t  a l lows 7 
swi tch ing  between samples and blanks ( r i n s e  s o l u t i o n )  w i thou t  i n t r o d u c t i o n  iw i 
o f  a i r  i n t o  t h e  system w i l l  prov ide more s igna l  s t a b i l i t y .  

4.2.3 Transfer  Tubing and Connectors: Transfer  tub ing  ( 1  mm I .D.) , 
mix ing  T's, and connectors are made o f  f luorocarbon (PFA o r  TFM) and are 
o f  compatible s izes  t o  form t i g h t ,  leak-proof  connect ions (Latchat ,  
Technicon, e t c .  f l o w  i n j e c t i o n  apparatus accessories o r  equ iva len t ) .  p 

Cu I 
4.2.4 Mix ing C o i l  : A 20- turn  c o i l  made by wrapping t r a n s f e r  tub ing  

around a 1-cm diameter by 5-c~n long p l a s t i c  o r  g lass  rod  (see F igure  1 ) .  

4.2.5 Mix ing C o i l  Heater, i f  appropr iate:  A 250-mL Erlenmeyer 
f l a s k  conta in ing  100 mL o f  water heated t o  b o i l  i n g  on a dedicated one- 
be'aker h o t p l a t e  (Corning PC-35 o r  equ iva lent ) .  The ni ix ing c o i l  i n  4.2.4 
i s  immersed i n  the  b o i l  i n g  water t o  speed k i n e t i c s  o f  t h e  hydr ide  forming 
reac t i ons  and increase s o l u b i l i t y  o f  i n t e r f e r i n g  reduced metal 
p r e c i  p i  t a t e s  . 

4.2.6 Gas-Liquid Separator: A g l  ass apparatus f o r  c o l l  e c t  i ng and 
separat ing 1 i q u i d  and gaseous products (P. S. A n a l y t i c a l  accessory o r  
equ iva lent )  which a l lows t h e  1 i q u i d  f r a c t i o n  t o  d r a i n  t o  waste and gaseous 
products above t h e  l i q u i d  t o  be swept by a regu la ted c a r r i e r  gas (argon) 
out  o f  t h e  c e l l  f o r  analys is .  To avoid undue c a r r i e r  gas d i l u t i o n ,  t h e  
gas volume above t h e  l i q u i d  should not  exceed 20 mL. See F igure  1 f o r  an 
acceptable separator shape. 

4.2.7 Condensor: Moisture p icked up by t h e  c a r r i e r  gas must be 
removed before encountering t h e  hot  absorbance c e l l  . The mois t  c a r r i e r  
gas w i t h  t h e  hydr ides i s  d r i e d  by passing t h e  gasses through a small (< 25 
mL) volume condensor c o i l  (Ace Glass Model 6020-02 o r  equ iva lent )  t h a t  i s  
cooled t o  5°C by a water ch i1  1 e r  (Nesl ab RTE- 110 o r  equ iva lent )  . Cool tap -  
water i n  p lace o f  a c h i  11 e r  i s  acceptable. 
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4.2.8 Flow Meter/Regul a to r :  A meter capable o f  regu la t i ng  up t o  1 
L/min o f  argon c a r r i e r  gas i s  recommended. 

4.3 Absorbance Ce l l  : A 17-cm o r  longer quar tz  tube T - c e l l  (windowless i s  
s t r o n g l y  suggested) i s  recommended, as shown i n  F igure 1 (Varian Model VGA-76 
accessory o r  equ iva len t ) .  The c e l l  i s  he ld  i n  place by a holder  t h a t  pos i t i ons  
the  c e l l  about 1 cm over a convent ional AA a i r -ace ty lene burner head. I n  
operat ion, the  c e l l  i s  heated t o  around 900°C. 

4.4 Atomic absorpt ion spectrophotometer: S ingle-  o r  dual -  channel, 
s i n g l e -  o r  double-beam instrument having a g r a t i n g  monochromator, pho tomu l t i p l i e r  
de tec tor ,  ad jus tab le  s l  i t s ,  a wavelength range o f  190 t o  800 nm, and prov is ions  
f o r  i n t e r f a c i n g  w i t h  an appropr iate record ing device. 

4.5 Burner: As recommended by the  p a r t i c u l a r  instrument manufacturer f o r  
an a i r -ace ty lene  flame. An appropr iate mounting bracket attached t o  the  burner 
t h a t  suspends the  quar tz  absorbance c e l l  between 1 and 2 cm above the burner s l o t  
i s  requ i red .  

4.6 Sel en i  um hol  1 ow cathode 1 amp o r  se len i  um e l  ect rodel  ess discharge 1 amp 
and power supply. Super-charged hollow-cathode 1 amps o r  EDL lamps are 
recommended f o r  maximum s e n s i t i v i t y .  

4.7 S t r i  p -cha r t  recorder  (op t iona l  ) : Connect t o  output  o f  
spectrophotometer. 

5.0 REAGENTS 

5.1 Reagent water : Water must be monitored f o r  impur i t i es .  Refer t o  
Chapter 1 f o r  d e f i n i t i o n  o f  Reagent water. 

5.2 Concentrated n i t r i c  ac id  (HNO,): Acid must be analyzed t o  determine 
l e v e l s  o f  i m p u r i t i e s .  I f  a method b lank i s  <MDL, the ac id  can be used. 

5.3 30% Hydrogen peroxide (H202) : Peroxide must be a t i n - f r e e  grade. 

5.4 Concentrated hydroch lor ic  ac id  (HC1) : Acid must be analyzed t o  
determine l e v e l s  o f  impur i t i es .  I f  a method blank i s  tMDL, the ac id  can be used. 

5.5 D i l u e n t  so lu t i on :  A 3% HC1 s o l u t i o n  i n  reagent water must be prepared 
as a d i  1 uent s o l u t i o n  i f  excessive l e v e l s  o f  analytes o r  i n t e r f e r i n g  metals are 
found i n  the  und i l u ted  samples. 

5.6 Urea (H,NCONH2): A 5.00-9 p o r t i o n  of reagent grade urea must be added 
t o  a 25-mL a l i q u o t  o f  each sample f o r  removal o f  excess peroxide through 
degassing (see Sect ion 7.2) . 
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5.7 4% Sodium Borohydride (NaBH,) : A 4 % sodium borohydride s o l u t i o n  (20 
g reagent-grade NaBH, p l u s  2 g sodium hydroxide d i sso l ved  i n  500 mL o f  reagent 
water)  must be prepared f o r  conversion o f  t h e  selenium t o  i t s  hydr ide.  

5.8 Selenium so lu t i ons :  

5.8.1 Selenium standard s tock  s o l u t i o n  (1,000 mg/L) : E i t h e r  
procure c e r t i f i e d  aqueous standards from a s u p p l i e r  and v e r i f y  by 
comparison w i t h  a second standard, or d i sso l ve  0.3453 g o f  selenious ac id  
(assay 96.6% o f  H,SeO,) i n  200 mL o f  reagent water ( 1  mL = 1 mg Se). 

5.8.2 Selenium working s tock  so lu t i on :  P ipe t  1 mL selenium 
standard s tock  s o l u t i o n  i n t o  a I L vo lumet r i c  f l a s k  and b r i n g  t o  volume 
w i t h  reagent water  con ta in i ng  1.5 mL concentrated HNOJl i t e r .  The 
concent ra t ion  o f  t h i s  s o l u t i o n  i s  1  mg Se/L ( 1  mL = 1 p g  Se). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a sampling p lan  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample con ta iners  must be prewashed w i t h  detergents,  acids, and 
reagent  water.  Pl a s t i  c  and g l  ass con ta iners  are bo th  s u i  tab1 e. 

6.3 Specia l  con ta iners  (e.g., conta iners used f o r  v o l a t i l e  organic  
ana lys is )  may have t o  be used i f  very v o l a t i l e  selenium compounds are suspected 
t o  be p resent  i n  t h e  samples. 

6.4 Aqueous samples must be a c i d i f i e d  t o  a pH o f  (2 w i t h  n i t r i c  ac id .  

6.5 Nonaqueous samples s h a l l  be re f r i ge ra ted ,  when poss ib le ,  and analyzed 
as soon as poss ib le .  

7.0 PROCEDURE 

7.1 Place a 100-mL p o r t i o n  o f  an aqueous sample o r  e x t r a c t  o r  1.000 g of 
a  d r i e d  s o l i d  sample i n  a 250-mL d i g e s t i o n  beaker. D iges t  aqueous samples and 
e x t r a c t s  accord ing t o  Method 3010. Digest  s o l i d  samples according t o  Method 3050 
( furnace AA op t i on )  w i t h  t h e  f o l l o w i n g  mod i f i ca t i ons :  add 5 mL o f  concentrated 
hyd roch lo r i c  a c i d  j u s t  p r i o r  t o  t h e  f i n a l  volume reduc t i on  stage t o  a i d  i n  
convers ion o f  selenium t o  i t s  p l u s  f o u r  s ta te ;  t h e  f i n a l  volume reduc t i on  should 
be t o  l e s s  than 5 mL bu t  n o t  t o  dryness t o  adequately remove excess hydrogen 
perox ide (see no te ) .  A f t e r  d i l u t i o n  t o  volume, f u r t h e r  d i l u t i o n  w i t h  d i l u e n t  may 
be necessary i f  t h e  ana l y te  i s  known t o  exceed 750 pg/L o r  i f  i n t e r f e r e n t s  are 
expected t o  exceed a t o t a l  o f  1000 mg/L i n  t h e  d iges ta te .  

Note: For s o l i d  d iges t ions ,  t h e  volume reduc t i on  stage i s  c r i t i c a l  - 
t o  o b t a i n  accurate data.  Close mon i to r ing  of each sample i s  
necessary when t h i s  c r i t i c a l  stage i n  t h e  d i g e s t i o n  i s  reached. 
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7.2 Prepare samples f o r  hydr ide  ana lys is  by adding 1 .OO g urea, and 20 & 

concentrated HC1 t o  a 5.00 mL a l i q u o t  o f  d igested sample i n  a 50-mL vo lumet r i c  , 
f l a s k .  Heat i n  a water bath t o  d i sso l ve  s a l t s  and reduce selenium ( a t  l e a s t  3 
minutes i s  suggested). B r i ng  f l a s k  t o  volume w i t h  reagent water b e f o t  
analyz ing.  A t e n - f o l d  d i l u t i o n  c o r r e c t i o n  must be made i n  t h e  f i n a l  
concentrat  i o n  ca l cu la t i ons .  I 

InA 
7.3 Prepare working standards from t h e  standard s tock  se l  en i  um so l  u t i o n Y  

Trans fer  0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL o f  standard t o  100-mL vo lumet r ic  
f l a s k s  and b r i n g  t o  volume w i t h  d i l u e n t .  These concent ra t ions  w i l l  be 0, 5, lop 
15, 20, and 25 pg Se/L. .krr 

7.4 I f  EP e x t r a c t s  (Method 1310) are being analyzed f o r  selenium, t h  
method o f  standard add i t i ons  must be used. Spike app rop r ia te  amounts o f  work in 
standard selenium s o l u t i o n  t o  th ree  25 mL a l i q u o t s  o f  each unknown. S p i k i n  
volumes sho r~ ld  be kept  l e s s  than 0.250 mL t o  avoid excessive s p i k i n g  d i l u t i o n  
e r r o r s .  P 

j* 

7.5 Set up ins t rumenta t ion  and hydr ide generat ion apparatus and f i l l  
reagent conta iners.  The sample and b lank  f lows should be se t  around 4.2 m L / m i n ~  
and t h e  borohydr ide f l o w  arollnd 2.1 mL/min. The argon c a r r i e r  gas f l o w  ib 
adjusted t o  about 200 mL/min. For t he  AA, use t h e  196.0-nm wavelength and 2.0-nm 
s l i t  w id th  ( o r  manufacturer 's recommended s l  i t - w i d t h )  w i t h  background c o r r e c t i o n  
Begin a1 1 f l ows  and a l l o w  t h e  inst rument  t o  warm-up according t o  t h e  i n s t r u n e n p  
manufacturer 's i n s t r u c t i o n s .  h 

7.6 Place sample feed 1 i n e  i n t o  a prepared sample s o l u t i o n  and s t a r t  pum 
t o  begin hydr ide  generat ion. Wait f o r  a maximum s teady-s ta te  s igna l  on t h  

base l ine  be fore  swi tch ing  t o  t h e  nex t  sample and beginning t h e  nex t  ana lys i s  

e 
s t r i p - c h a r t  recorder .  Switch t o  b lank sample and watch f o r  s igna l  t o  d e c l i n e  t o  

Run standards f i r s t  ( low t o  h igh) ,  then unknowns. I nc lude  appropr ia te  Q A / Q ~  
so l  u t i ons ,  as requ i red .  Prepare c a l  i b r a t i o n  curves and conver t  absorbances t@ 
concent ra t ion .  See f o l l o w i n g  a n a l y t i c a l  f lowchar t .  

p 
CAUTION: The hydride o f  selenium i s  very toxic .  Precautions must be t a k e b  
t o  avoid inhal ing the gas. 

1'" 
7.7 I f  the  method o f  standard add i t i ons  was employed, p l o t  t h e  measured 

concent ra t ion  o f  t h e  spiked samples and unspiked sample versus t h e  sp ike  6 
concentrat ions.  The spiked concent ra t ion  a x i s  i n t e r c e p t  w i l l  be the  method o f  
standard add i t i ons  concentrat ion.  I f  the  p l o t  does n o t  r e s u l t  i n  a s t r a i g h d  
1 ine, a non l i nea r  i n te r fe rence  i s  present.  This  problem can sometimes be*l 
overcome by d i l u t i o n  o r  a d d i t i o n  o f  o the r  reagents i f  t h e r e  i s  some knowledge 
about t h e  waste. I f  t h e  method o f  standard add i t i ons  was no t  requ i red ,  then t h 8  
concent ra t ion  i s  determined from a standard c a l i b r a t i o n  curve. ywrpi 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Sect ion 8.0 o f  Method 7000. 

1 
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9.0 METHOD PERFORMANCE 

9.1 The r e l a t i v e  standard dev ia t i on  obtained by a s i n g l e  labora tory  f o r  
7 r e p l i c a t e s  o f  a contaminated s o i l  was 18% f o r  selenium a t  8.2 ug/L i n  so lu t i on .  
The average percent recovery o f  the  ana lys is  o f  an 2 m / L  sp ike  on ten  d i f f e r e n t  
samples i s  100.5% f o r  selenium. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analys is  o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 206.3. 

2. "Evaluat ion o f  Hydride Atomic Absorpt ion Methods f o r  Antimony, Arsenic, 
Sel en i  um, and Tin" ,  an EMSL-LV i n t e r n a l  r e p o r t  under Contract 68-03-3249, 
Job Order 70.16, prepared f o r  T. A. Hinners by D. E. Dobb, and J. 0. 
Lindner o f  Lockheed Engineering and Sciences Co., and L. V. Beach o f  the 
Varian Corporat ion. 
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METHOD 7 7 4 2  
SELENIUM (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION) 
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METHOD 7760A 

SILVER (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7760 i s  an atomic absorpt ion procedure approved f o r  determining 
the  concent ra t ion  o f  s i l v e r  (CAS Reg is t ry  Number 7440-22-4) i n  wastes, m o b i l i t y  
procedure ex t rac ts ,  s o i l s ,  and ground water. A1 1 samples must be subjected t o  an 
appropr iate d i s s o l u t i o n  step p r i o r  t o  analys is .  

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  ana lys is  by Method 7760, samples must be prepared f o r  d i r e c t  
asp i ra t i on .  The method o f  sample prepara t ion  w i l l  vary according t o  the  sample 
ma t r i x .  Aqueous samples are subjected t o  the  ac id -d iges t ion  procedure described 
i n  t h i s  method. 

2.2 F o l l  owing the  appropr iate d i s s o l u t i o n  o f  t he  sample, a representat ive 
a1 i quot i s aspi  r a t e d  i n t o  an a i  r / ace ty l  ene f l  ame. The resu l  t i  ng absorpt ion o f  
h o l l  ow cathode r a d i a t i o n  w i l l  be propor t iona l  t o  the  s i l v e r  concentrat ion. 
Background c o r r e c t i o n  must be employed f o r  a1 1 analyses. 

2.3 'The t y p i c a l  de tec t i on  l i m i t  f o r  t h i s  method i s  0.01 mg/L; t y p i c a l  
s e n s i t i v i t y  i s  0.06 mg/L. 

3.0 INTERFERENCES 

3.1 Background c o r r e c t i o n  i s requ i red  because nonspeci f i c  absorpt ion and 
1 i g h t  s c a t t e r i n g  may occur a t  t h e  a n a l y t i c a l  wave1 ength. 

3.2 S i l v e r  n i t r a t e  so lu t i ons  are 1 i g h t - s e n s i t i v e  and have the  tendency t o  
p l a t e  ou t  on conta iner  wa l ls .  Thus s i l v e r  standards should be stored i n  brown 
b o t t l e s .  

3.3 S i l v e r  c h l o r i d e  i s  inso lub le ;  therefore,  hydroch lor ic  ac id  should be 
avoided unless the  s i l v e r  i s  a l ready i n  s o l u t i o n  as a c h l o r i d e  complex. 

3.4 Samples and standards should be monitored f o r  v i s c o s i t y  d i f ferences 
t h a t  may a l t e r  t h e  a s p i r a t i o n  ra te .  

4.0 APPARATUS AND MATERIALS 

4.1 Atomic absorpt ion spectrophotometer: S ingle-  o r  dual -channel, sing1 e- 
o r  doubl e-beam instrument w i t h  a g r a t i n g  monochromator, photomul t i p 1  i e r  detector,  
ad jus tab le  s l  i t s ,  and prov is ions  f o r  background cor rec t ion .  

4.2 S i l v e r  ho l low cathode lamp. 
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4.3 S t r i p - c h a r t  recorder  (op t i ona l ) .  

4.4 Graduated c y l  i nde r  o r  equivalent .  

4.5 Hot p l a t e  o r  equivalent  - ad jus tab le  and capable of main ta in ing  a  
temperature o f  90-95OC. 

4.6 Ribbed watchgl asses o r  equival  ent. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless otherwise 
ind ica ted,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t he  Committee on Ana ly t i ca l  Reagents of t he  American Chemical Society, where 
such spec i f i ca t i ons  are ava i lab le .  Other grades may be used, provided i t  i s  f i r s t  
ascer ta ined t h a t  t he  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use 
w i thout  lessen ing t h e  accuracy o f  t h e  determinat ion. 

5.2 Reagent Water. Reagent water i s  i n te r fe rence  f ree .  A1 1  references t o  
water i n  t h e  method r e f e r  t o  reagent water unless otherwise spec i f i ed .  

5.3 N i t r i c  Ac id  (concentrated), HNO,. 

5.4 Ammoni um Hydroxide (concentrated), NH,OH. 

5.5 S i  1  ver  Stock Standard So lu t i on  (1,000 mg/L) , AgNO,. D isso lve  0.7874 
g  anhydrous s i l v e r  n i t r a t e  i n  water. Add 5  mL HNO and b r i n g  t o  volume i n  a  500- 
mL vo lumet r ic  f l a s k  ( 1  mL = 1 mg Ag) . ~l terna t i ve fy ,  procure a  c e r t i f i e d  aqueous 
standard from a supp l i e r  and v e r i f y  by comparison w i t h  a  second standard. 

5.6 S i l v e r  working standards - These standards should be prepared from 
s i l v e r  s tock  s o l u t i o n  t o  be used as c a l i b r a t i o n  standards a t  t h e  t ime o f  
ana lys is .  These standards should be prepared w i t h  n i t r i c  a c i d  and a t  t h e  same 
concentrat ions as t h e  a n a l y t i c a l  so lu t i on .  

5.7 Iod ine  s o l u t i o n  ( IN) .  Dissolve 20 g potassium iod ide  (KI) ,  i n  50 mL 
o f  water. Add 12.7 g  i od ine  (I,) and d i l u t e  t o  100 NIL. Store i n  a  brown b o t t l e .  

5.8 Cyanogen iod ide  so lu t i on .  Add 4.0 mL ammonium hydroxide, 6.5 g  
potassium cyanide (KCN) , and 5.0 mL o f  i od ine  s o l u t i o n  t o  50 mL o f  water.  Mix and 
d i l u t e  t o  100 mL w i t h  water. Do no t  keep longer than 2  weeks. 

CAUTION: This reagent cannot be mixed w i t h  any ac id  s o l u t i o n s  because 
t o x i c  hydrogen cyanide w i l l  be produced. 

5.9 A i r .  

5.10 Acety l  ene. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing a  sampling p lan  t h a t  
addresses the  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample conta iners  must be prewashed w i t h  detergents, acids, and 
reagent water. P l a s t i c  and g lass  conta iners are bo th  su i t ab le .  

6.3 Aqueous samples must be a c i d i f i e d  t o  a  pH < 2  w i t h  n i t r i c  acid. 

6.4 When possib le,  standards and samples should be s to red  i n  t he  dark and 
i n  brown b o t t l e s .  

6.5 Nonaqueous samples s h a l l  be re f r i ge ra ted ,  when possib le,  and analyzed 
as soon as poss ib le .  

7.0 PROCEDURE 

7.1 Sampl e  p repara t ion  - Aqueous samples should be prepared according t o  
Steps 7.2 and 7.3. The a p p l i c a b i l i t y  o f  a  sample p repara t ion  technique t o  a  new 
m a t r i x  type  must be demonstrated by analyz ing spiked samples and/or re levant  
standard re fe rence mater i  a1 s. 

7.2 Preparat ion o f  aqueous samples 

7.2.1 Transfer  a  representa t i ve  a1 i q u o t  o f  t he  w e l l  -mixed sample t o  
a  beaker and add 3  mL o f  concentrated HNO . Cover t h e  beaker w i t h  a  r ibbed 
watch g lass.  Place the  beaker on a  ho t  p l a t e  and cau t i ous l y  evaporate t o  
near dryness, making c e r t a i n  t h a t  t he  sample does no t  b o i l .  DO NOT BAKE. 
Cool t he  beaker and add another 3-mL p o r t i o n  o f  concentrated HNO,. Cover 
t h e  beaker w i t h  a  watch g lass  and r e t u r n  t o  t he  ho t  p l a t e .  Increase the 
temperature o f  t h e  ho t  p l a t e  so t h a t  a  gen t l e  r e f l u x  a c t i o n  occurs. 

NOTE: I f  t h e  sample conta ins  t h i o s u l f a t e s ,  t h i s  s tep may r e s u l t  i n  - 
s p l a t t e r  o f  sample ou t  o f  t he  beaker as the  sample approaches 
dryness. Th is  has been repor ted  t o  occur w i t h  c e r t a i n  photographic 
types o f  samples. 

7.2.2 Continue heat ing, adding add i t i ona l  acid,  as necessary, u n t i l  
t h e  d i g e s t i o n  i s  complete (genera l l y  i nd i ca ted  when the  d iges ta te  i s  1  i g h t  
i n  c o l o r  o r  does n o t  change i n  appearance w i t h  cont inued r e f l u x i n g ) .  
Again, evaporate t o  near dryness and cool t h e  beaker. Add a  small quan t i t y  
o f  HNO, so t h a t  t he  f i n a l  d i l u t i o n  conta ins 0.5% (v/v) HNO, and warm the  
beaker t o  d i s s o l v e  any p r e c i p i t a t e  o r  res idue r e s u l t i n g  from evaporation. 

7.2.3 Wash down the  beaker w a l l s  and watch g lass  w i t h  water and, 
when necessary, f i l t e r  the  sample t o  remove s i l  i c a t e s  and o ther  i nso lub le  
ma te r i a l  t h a t  cou ld  c l o g  the  nebu l i zer .  Adjust  the  volume t o  some 
predetermined v a l  ue based on t h e  expected metal concentrat ions.  The sample 
i s  now ready f o r  ana lys is .  
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7.3 If p l a t i n g  ou t  o f  AgCl i s  suspected, t h e  p r e c i p i t a t e  can be 
red i sso l ved  by adding cyanogen i o d i d e  t o  t h e  sample. Th is  can be done o n l y  a f t e r  
d i g e s t i o n  and a f t e r  n e u t r a l i z a t i o n  o f  t he  sample t o  a  pH > 7  t o  prevent  fo rmat ion  
o f  t o x i c  cyanide under ac id  cond i t ions .  I n  t h i s  case do no t  ad jus t  t h e  sample 
volume t o  t h e  predetermined value u n t i l  t h e  sample has been n e u t r a l i z e d  t o  pH > 
7  and cyanogen i o d i d e  has been added. I f  cyanogen i o d i d e  a d d i t i o n  t o  t h e  sample 
i s  necessary, then t h e  standards must be t r e a t e d  i n  t h e  same manner. Cyanogen 
i o d i d e  must n o t  be added t o  t h e  a c i d i f i e d  s i l v e r  standards. New standards must 
be made, as d i r e c t e d  i n  Steps 5.5 and 5.6, except t h a t  t h e  ac id  a d d i t i o n  s tep  
must be omit ted.  For example, t o  ob ta in  a  100 mg/L working standard, t r a n s f e r  10 
mL o f  s tock  s o l u t i o n  t o  a  small beaker. Add water t o  make about 70 mL. Make t h e  
s o l u t i o n  bas i c  (pH above 7) w i t h  ammonium hydroxide. Rinse t h e  pH meter 
e lec t rodes i n t o  t h e  s o l u t i o n  w i t h  water. Add 1 mL cyanogen i o d i d e  and a l l ow  t o  
stand 1 hour. Trans fer  q u a n t i t a t i v e l y  t o  a  100-mL vo lumet r i c  f l a s k  and b r i n g  t o  
volume w i t h  water. 

CAUTION: CNI reagent can be added o n l y  a f t e r  d i g e s t i o n  t o  prevent  
fo rmat ion  o f  t o x i c  cyanide under a c i d i c  cond i t i ons .  CNI 
reagent must n o t  be added t o  t h e  a c i d i f i e d  s i l v e r  standards. 

NOTE : Once the  sample o r  sample a1 i q u o t  has been t r e a t e d  w i t h  t h e  
CNI reagent and d i l u t e d  per  i n s t r u c t i o n ,  t h e  s o l u t i o n  has a  
cyanide concent ra t ion  o f  approxiniately 260 mg/L. A  sol  u t i o n  o f  
t h a t  cyanide concent ra t ion  must be considered a  p o t e n t i a l  
hazardous waste and must be disposed o f  us ing  an approved 
s a f e t y  p l  an i n  accordance w i t h  1  ocal a u t h o r i t y  requirements. 
U n t i l  such t ime t h a t  a  d e t a i l e d  d isposa l  p l a n  can be f u l l y  
documented and approved, t h e  use o f  t h e  CNI reagent should be 
avoided . 

7.4 The 328.1 nm wavelength l i n e  and background c o r r e c t i o n  s h a l l  be 
empl oyed. 

7.5 An o x i d i z i n g  a i r -ace ty lene  flame s h a l l  be used. 

7.6 Fol low t h e  manufacturer 's opera t ing  i n s t r u c t i o n s  f o r  a l l  o t h e r  
spectrophotometer parameters. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  sec t i on  8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 P rec i s ion  and accuracy data are avai 1  ab le  i n  Method 272.1 o f  "Methods 
f o r  Chemical Ana lys is  of Water and Wastes." 

9.2 The data  shown i n  Table 1 were obta ined from records o f  s t a t e  and 
c o n t r a c t o r  l a b o r a t o r i e s .  The data  are  intended t o  show t h e  p r e c i s i o n  o f  t h e  
combined sampl e  prepara t ion  and anal y s i  s  method. 
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TABLE 1. 
METHOD PERFORMANCE DATA 

Sampl e 
Ma t r i x  

Preparation Laboratory 
Method Rep1 i cates 

Wastewater treatment s l  udge 

Emission control  dust 

Revision 1 
Ju ly  1992 



METHOD 7 7 6 0 A  
S I L V E R  (ATOMIC ABSORPTION, D I R E C T  A S P I R A T I O N )  

Start a 

7.2.1 Tranafmr 
aamplm aliquot to 
bmakmr,add cone 

HNO,,mvaporatm to 
nmar drgnmaa,cool, 
add cone HNO,,hmat 
B O  gmntlm rmflux 

action occur8 

7.1 Prmparm aamplm 
according to Mathod 

3040 

7.1 Prmparm aamplm 
according to Umthod 

3050 

to nmar drgniaa, 
coo1,add cone HNO,, 
warm to diaaolvm 1- + 

any prmcipitrtm or 
rmaidum 

7.4-7.6 Smt 
inatrumant 
parammtmra 

7.2.3 Filtmr armplm 
if nmcmaaarg,adjuat 
volumm with water 

1 

7.7 Con~truct 
calibration curwm 

1 
7.8 Analgzm by 

method of atandard 
addition if 
nmcmaaarg 

IB platin 
out of ~ g z l  
auapmctmd? 

7.9 Crlculatm mmtal 
concmntration C 7.3 Adjuat pH with 

NH,OH,rinam 
mlmctrodm into 
aolution with 

watmr,add cganogmn 
iodidm,wait 1 

hour,tran*fmr to 
flaak,bring to 

volumm with watmr 

7.3 Nmutrrlizm 
armplm,add cgmogmn 
iodidm to diaaolvm 
prmcipitatm,rmmrkm 
~tandrrda omitting 

rcid,tranafmr 
aliquot of atock 

80lution to bmrkmr, 
add wrtmr 

Revision 1 
July 1992 





METHOD 7761 

SILVER (ATOMIC ABSORPTION, FURNACE TECHNIQUEL 

1.0 SCOPE AND APPLICATION 

1.1 Method 7761 i s  an atomic absorpt ion procedure approved f o r  
determin ing t h e  concent ra t ion  o f  s i l v e r  i n  wastes, mobi 1 i t y  procedure ex t rac ts ,  
s o i l s ,  and ground water. A l l  samples must be subjected t o  an appropr iate 
d i s s o l u t i o n  procedure. 

2.0 SUMMARY OF METHOD 

2.1 See Sect ion 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sect ion 3.0 o f  Method 7000 i f  in te r fe rences are suspected. 

3.2 I n  a d d i t i o n  t o  the  normal in te r fe rences experienced dur ing  graph i te  
furnace analys is ,  s i l v e r  ana lys is  can s u f f e r  from severe nonspec i f i c  absorpt ion 
and 1 i g h t  s c a t t e r i n g  caused by m a t r i x  components dur ing  atomization. 
Simultaneous background c o r r e c t i o n  must be employed t o  avoid erroneously h igh  
r e s u l t s .  

3.3 I f  the  analyte i s  no t  completely v o l a t i l i z e d  and removed from the  
furnace du r ing  atomizat ion, memory e f f e c t s  w i l l  occur. I f  t h i s  s i t u a t i o n  i s  
detected, t h e  tube should be cleaned by operat ing the  furnace a t  h igher  
a tomiza t ion  temperatures. 

3.4 S i l v e r  n i t r a t e  so lu t i ons  are l i g h t  s e n s i t i v e  and have the  tendency 
t o  p l a t e  ou t  on conta iner  wa l l s .  Thus, s i l v e r  standards should be stored i n  
brown b o t t l  es . 

3.5 S i l v e r c h l o r i d e i s i n s o l u b l e ;  therefore,  h y d r o c h l o r i c a c i d s h o u l d b e  
avoided unless t h e  s i l v e r  i s  a l ready i n  s o l u t i o n  as a c h l o r i d e  complex. 

4.0 APPARATUS AND MATERIALS 

4.1 For bas ic  apparatus, see Sect ion 4.0 o f  Method 7000. 

4.2 ' Instrument Parameters (General ) : 

4.2.1 Dry ing Time and Temp: 30 sec a t  125OC. 

4.2.2 Ashing Time and Temp: 30 sec a t  400°C. 

4.2.3 Atomizing Time and Temp: 10 sec a t  2700°C. 
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4.2.4 Purge Gas Atmosphere: Argon. 

4.2.5 Wavelength: 328.1 nm. 

4.2.6 Background Correct ion:  Required. 

4.2.7 Other opera t ing  parameters should be s e t  as s p e c i f i e d  by the  
p a r t i c u l  a r  inst rument  manufacturer. 

NOTE: The above concent ra t ion  values and inst rument  cond i t i ons  are - 
f o r  a Perkin-Elmer HGA-2100, based on t h e  use o f  a 20 uL 
i n j e c t i o n ,  cont inuous f l o w  purge gas and n o n - p y r o l y t i c  
g r a p h i t e  and are t o  be used as gu ide l i nes  on ly .  Smaller s i z e  
furnace devices o r  those employing f a s t e r  r a t e s  o f  a tomiza t ion  
can be operated us ing lower a tomiza t ion  temperatures f o r  
sho r te r  t ime per iods than t h e  above recommended se t t i ngs .  

5.0  REAGENTS 

5.1  See Sect ion  5.0  o f  Method 7000. 

5.2 S i l v e r  Stock Standard S o l u t i o n  (1,000 mg/L), AgNO,. D isso l ve  0.7874 g 
anhydrous s i  l ver  n i t r a t e  (AgNO,), a n a l y t i c a l  reagent grade, water.  Add 5 rr~L 
concentrated n i t r i c  a c i d  (HNO,) and b r i n g  t o  volume i n  a 500 mL vo lumet r ic  f l a s k  
(1 mL = 1 mg Ag). A1 t e r n a t i v e l y ,  procure a c e r t i f i e d  standard f rom a s u p p l i e r  
and v e r i f y  by comparison w i t h  a second standard. 

5.3 S i l v e r  working standards - These standards should be prepared w i t h  
n i t r i c  a c i d  such t h a t  t h e  f i n a l  a c i d  concent ra t ion  i s  0.5% (v /v)  HNO,. 

5.4 Ammoni um hydroxide (concentrated),  (NH,OH) . Base should be analyzed 
t o  determine l e v e l s  o f  i m p u r i t i e s .  I f  i m p u r i t i e s  are detected, a l l  analyses 
should be b l  ank-corrected. 

5.5 I od ine  s o l u t i o n  ( IN) .  D isso lve  20 g potassium i o d i d e  (K I )  , a n a l y t i c a l  
reagent grade, i n  50 rr~L water. Add 12.7 g i o d i n e  ( I 2 ) ,  a n a l y t i c a l  reagent  grade, 
and d i l u t e  t o  100 mL w i t h  water.  Store i n  a brown b o t t l e .  

5.6  Cyanogen iod ide  so lu t i on .  To 50 mL water add 4.0  mL concentrated 
NH OH, 6.5  g potassium cyanide (KCN), and 5 . 0  mL o f  i o d i n e  s o l u t i o n .  Mix and 
d i l u t e  t o  100 mL w i t h  water. Do n o t  keep longer  than 2 weeks. 

CAUTION: Th is  reagent cannot be mixed w i t h  any ac id  s o l u t i o n s  s ince 
h i g h l y  t o x i c  hydrogen cyanide w i l l  be produced. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1  See Chapter Three, Step 3.1.3, Sa~iipl e Hand1 i ng and Preservat ion.  
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6.2 Standards and samples should be s to red  i n  t h e  dark, i n  brown bo t t l es ,  
and r e f r i g e r a t e d .  

7.0 PROCEDURE 

7.1 Sample p repara t ion  - Aqueous samples should be prepared according t o  
Steps 7.2 and 7.3. The a p p l i c a b i l i t y  o f  a  sample p repara t ion  technique t o  a  new 
m a t r i x  type  must be demonstrated by analyz ing spiked samples and/or re levant  
standard re fe rence ma te r i a l s .  

7.2 Preparat ion o f  aqueous samples 

- 7.2.1 Transfer a  representa t i ve  a1 i q u o t  o f  the  w e l l  -mixed sample t o  
a  beaker and add 3  mL o f  concentrated HNO,. Cover t h e  beaker w i t h  a  watch 
g lass.  Place the  beaker on the  ho t  p l a t e  and cau t i ous l y  evaporate t o  near 
dryness, making c e r t a i n  t h a t  t he  sample does n o t  bo i  1. DO NOT BAKE. Cool 
t h e  beaker and add another 3-mL p o r t i o n  o f  concentrated HNO,. Cover the 
beaker w i t h  a  watch g lass  and r e t u r n  t o  t he  ho t  p la te .  Increase the  
temperature o f  t he  ho t  p l a t e  so t h a t  a  gen t l e  r e f l u x  a c t i o n  occurs. 

NOTE: I f  t h e  sample conta ins t h i o s u l f a t e s ,  t h i s  s tep may r e s u l t  i n  
s p l a t t e r  o f  sample ou t  o f  t he  beaker as the  sample approaches 
dryness. This  has been repor ted  t o  occur w i t h  c e r t a i n  types 
o f  photographic wastes. 

7.2.2 Continue heat ing, adding a d d i t i o n a l  acid,  as necessary, u n t i l  
t h e  d i g e s t i o n  i s  complete (genera l l y  i nd i ca ted  when the  d iges ta te  i s  1  i g h t  
i n  c o l o r  o r  does n o t  change i n  appearance w i t h  cont inued r e f l u x i n g ) .  
Again, evaporate t o  near dryness and cool t he  beaker. Add a  small 
q u a n t i t y  o f  HNO, so t h a t  t he  f i n a l  d i l u t i o n  conta ins 0.5% (v/v) HNO, and 
warm t h e  beaker t o  d i sso l ve  any p r e c i p i t a t e  o r  res idue r e s u l t i n g  from 
evaporat ion. 

7.2.3 Wash down the  beaker w a l l s  and watch g lass  w i t h  water and, 
when necessary, f i l t e r  t he  sample t o  remove s i l i c a t e s  and o ther  i nso lub le  
ma te r i a l  t h a t  cou ld  c l o g  t h e  nebu l i zer .  Ad jus t  t he  volume t o  some 
predetermined va l  ue based on the  expected metal concentrat ions. The sample 
i s  now ready f o r  ana lys is .  

7.3 If p l a t i n g  o u t  o f  AgCl i s  suspected, t h e  p r e c i p i t a t e  can be 
red i sso l ved  by adding cyanogen i od ide  t o  t h e  sample. Th is  can be done on l y  a f t e r  
d i g e s t i o n  and a f t e r  n e u t r a l  i z a t i o n  o f  t he  sample t o  a  pH > 7  t o  prevent format ion 
o f  t o x i c  cyanide under a c i d  cond i t ions .  I n  t h i s  case, do no t  ad jus t  the  sample 
volume t o  t he  predetermined value u n t i l  the  saniple has been neu t ra l  i zed  t o  pH > 
7  and cyanogen i o d i d e  has been added. I f  cyanogen i od ide  a d d i t i o n  t o  the  sample 
i s  necessary, then t h e  standards must be t rea ted  i n  the  same manner. Cyanogen 
i o d i d e  must n o t  be added t o  t he  a c i d i f i e d  s i l v e r  standards. New standards must 
be made, as d i r e c t e d  i n  Step 5.2, except t h a t  the  a c i d  a d d i t i o n  step must be 
omi t ted.  For example, t o  o b t a i n  a  100 mg/L working standard, t r a n s f e r  10 mL o f  
s tock  s o l u t i o n  t o  a  smal l  beaker. Add water t o  make about 70 mL. Make the  
s o l u t i o n  bas ic  (pH above 7) w i t h  NH,OH. Rinse the  pH meter e lect rodes i n t o  the  
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s o l u t i o n  w i t h  water. Add 1 mL cyanogen iod ide  and a l l ow  t o  stand 1 hour. 
Transfer  q u a n t i t a t i v e l y  t o  a 100-mL vo lumet r ic  f l a s k  and b r i n g  t o  volume w i t h  
water.  

CAUTION: CNI reagent can be added on ly  a f t e r  d i g e s t i o n  t o  prevent  
format ion o f  t o x i c  cyanide under a c i d i c  cond i t i ons  . CNI 
reagent must n o t  be added t o  the  a c i d i f i e d  s i l v e r  standards. 

NOTE: Once t h e  sample o r  sample a l i q u o t  has been t rea ted  w i t h  the  CNI reagent 
and d i l u t e d  per  i n s t r u c t i o n ,  t h e  s o l u t i o n  has a cyanide concent ra t ion  o f  
approximately 260 mg/L. A s o l u t i o n  o f  t h a t  cyanide concent ra t ion  must be 
considered a p o t e n t i a l  hazardous waste and must be disposed o f  us ing  an 
approved sa fe ty  p lan  i n  accordance w i t h  l o c a l  a u t h o r i t y  requirements. 
U n t i l  such t ime t h a t  a d e t a i l e d  d isposal  p lan  can be f u l l y  documented and 
approved, t h e  use o f  t h e  CNI reagent should be avoided. 

7.4 The 328.1-nm wavelength 1 .ine and background c o r r e c t i o n  s h a l l  be used. 

7.5 Fo l lowing the  manufacturer's operat ing i n s t r u c t i o n s  f o r  a1 1 o the r  
spectrophotometer parameters. 

7.6 Furnace parameters suggested by t h e  manufacturer should be employed 
as guide1 ines.  Since temperature-sensing mechanisms and temperature c o n t r o l  1 e rs  
can vary between instruments o r  w i t h  t ime, the  v a l i d i t y  o f  t he  furnace parameters 
must be p e r i o d i c a l l y  confirmed by sys temat ica l ly  a1 t e r i n g  t h e  furnace parameters 
w h i l e  analyz ing a standard. I n  t h i s  manner, losses o f  ana ly te  due t o  h igher  than 
necessary temperature s e t t i n g s  o r  losses i n  s e n s i t i v i t y  due t o  l e s s  than optimum 
s e t t i n g s  can be minimized. S i m i  1 a r  v e r i f i c a t i o n  o f  furnace parameters may be 
requ i red  f o r  complex saa~pl e matr ices. 

7.7 I n j e c t  a measured uL a1 i q u o t  o f  sample i n t o  t h e  furnace and atomize. 
I f  t h e  concent ra t ion  found i s  g reater  than the  h ighest  standard, t he  sample 
should be d i l u t e d  i n  t h e  same ac id  m a t r i x  and reanalyzed. 'The use o f  m u l t i p l e  
i n j e c t i o n s  can improve accuracy and he lp  detec t  furnace p i p e t t i n g  e r r o r s .  

7.8 E i t h e r  (1) run  .a se r ies  o f  s i l v e r  standards and cons t ruc t  a 
cal.1 b r a t i o n  curve by p l o t t i n g  t h e  concentrat ions o f  t h e  standards against  t he  
absorbances o r  (2) f o r  t h e  method o f  standard add i t ions ,  p l o t  added concent ra t ion  
versus abosrbance. For instruments t h a t  read d i r e c t l y  i n  concentrat ion,  se t  t h e  
curve c o r r e c t o r  t o  read out  t h e  proper concentrat ion.  

7.9 Analyze, by the  method o f  standard add i t ions ,  a l l  EP ex t rac ts ,  a l l  
samples analyzed as p a r t  o f  a d e l i s t i n g  p e t i t i o n ,  and a l l  samples t h a t  s u f f e r  
from m a t r i x  in ter fe rences.  

7.10 Ca lcu la te  metal concentrat ions by (1) t h e  method o f  standard 
add i t ions ,  o r  (2) from a c a l i b r a t i o n  curve, o r  (3) d i r e c t l y  from t h e  inst rument 's  
concent ra t ion  readout. A1 1 d'i 1 u t i o n  o r  concentrat ion f a c t o r s  must be taken i n t o  
account. Concentrat ions repor ted  f o r  mu1 t i  phased samples must be approp r ia te l y  
qua1 i f i ed . 
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8.0 QUALITY CONTROL 

8.1 A1 1 qual i t y  con t ro l  data should be maintained and a v a i l  able f o r  easy 
reference o r  inspect ion.  

8.2 C a l i b r a t i o n  curves must be composed o f  a minimum o f  a c a l i b r a t i o n  
b lank and th ree  standards. A c a l i b r a t i o n  curve must be prepared each day. 

8.3 D i l u t e  samples i f  they are more concentrated than the  h ighest  
standard o r  i f  they fa1  1 on the  p lateau o f  a c a l i b r a t i o n  curve. 

8.4 Employ a minimum o f  one reagent blank per sample batch o r  every 20 
samples t o  determine i f  contaminat ion o r  any memory e f f e c t s  are occurr ing.  

8.5 V e r i f y  ca l  i b r a t  i o n  w i t h  an independently prepared qual i t y  con t ro l  
reference sample every 10 sampl es . 

8.6 Run one spiked r e p l i c a t e  sample f o r  every 10 samples o r  per 
a n a l y t i c a l  batch, whichever i s  more frequent. A r e p l i c a t e  sample i s  a sample 
brought through the  e n t i r e  sample preparat ion process. 

8.7 Dupl i ca tes ,  spiked samples, and check standards should be r o u t i n e l y  
analyzed. Refer t o  Chapter One f o r  t he  proper p ro toco l .  

8.8 The method o f  standard add i t ions  (see Method 7000, Step 8.7) sha l l  
be used f o r  t he  ana lys is  o f  a l l  EP ex t rac ts ,  on a l l  analyses submitted as p a r t  
o f  a del  i s t i n g  p e t i t i o n ,  and whenever a new sample ma t r i x  i s  being analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion  and accuracy data are ava i l  ab le i n  Method 272.2 o f  Methods 
f o r  Chemical A t ~ a l y s i s  o f  Water and Wastes. 

9.2 The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  o f  
i n te r fe rences  are: 

Optimum concent ra t ion  range: 1-25 ug/L. 
Detec t ion  1 i m i t :  0.2 ug/L. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analvs is  o f  Water and Wastes; U.S. Environmental 
P ro tec t i on  Agency. Of f i ce  o f  Research and Development. Environmental Moni tor ing 
and Support Laboratory. ORD Pub1 i c a t i o n  O f f i ces  o f  Center f o r  Environmental 
Research In fo rmat ion :  C inc inna t i ,  OH, 1983; EPA-600/4-79-020. 
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METHOD 7761 
SILVER (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 
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METHOD 7770 

SODIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SllMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 Ion izat ion interferences can a f fec t  analysis f o r  sodi um; therefore, 
samples and standards must be matr ix matched o r  an ion izat ion suppressant 
empl oy ed . 

3.3 Sodium i s  a universal contaminant, and great care should be taken t o  
avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, 'see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Sodium hollow cathode l-. 
4.2.2 Wavelength: 589.6 nm. 
4.2.3 Fuel : Acetylene, 
4.2.4 Oxidant: A i r ,  
4.2.5 Type o f  flame: Oxidizing (fuel lean), 
4.2.6 Background correction: Not required. 

5.0 REAGENTS 

5.1 See Section 5,O o f  Method 7000. 

5.2 Preparation o f  standards : 

5.2.1 Stock solution: Dissolve 2,542 g sodium chloride, NaCl 
(analyt fcal  reagent grade), i n  Type I1 water, a c i d i f y  w i th  10 mL 
r e d i s t i l l e d  HNO3, and d i l u t e  t o  1 l i t e r  w i th  Type I1 water. 
A1 ternat ive ly ,  procure a c e r t i f i e d  standard f r o m  a supplier and v e r i f y  by 
comparison w i th  a second standard. 
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5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t ion  t o  be used as 
ca l  i b r a t i o n  standards a t  the t ime o f  analysis. The c a l i b r a t i o n  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentration as w i l l  r e s u l t  i n  the  sample t o  be analyzed a f t e r  
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion of the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i rec t  Aspi ra t ion.  

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance charac te r i s t i cs  f o r  an aqueous sample f r ee  o f  i n t e r -  
ferences are: 

Optimum concentration range: 0.03-1 mglL w i th  a wavelength o f  589.6 nm. 
Sens i t i v i t y :  0.015 mg/L. 
Detection 1 i m i t :  0.002 mg/L. 

9.2 I n  a s ing le  laboratory, analysis o f  a mixed industr ia l -domest ic 
waste ef f luent ,  digested w i th  Method 3010, a t  concentrations o f  8.2 and 52 
mg/L gave standard deviat ions o f  +0.1 and +O.8, respect ively.  Recoveries a t  
these l eve l s  were 102% and loo%, respect ively.  

10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 273.1. 
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&a METHOD 7780 

STRONTIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

,- 1.0 SCOPE AND APPLICATION 

W 
1.1 See Sect ion 1.0 o f  Method 7000. 

T 

M 2.0 SUMMARY OF METHOD 

2.1 See Sect ion 2.0 o f  Method 7000. 

I r -  

3.0 INTERFERENCES 

I d  3.1 See Sect ion 3.0 o f  Method 7000. 
.WII 

3.2 Chemical i n te r fe rence  caused by s i  1 icon, a1 uminum, and phosphate are 
baa$ c o n t r o l  l e d  by adding lanthanum ch lo r i de .  Potassium c h l o r i d e  i s  added t o  suppress 

the  i o n i z a t i o n  o f  s t ront ium. A l l  samples and standards should conta in 1 mL o f  
Pq lanthanum chlor ide/potassium c h l o r i d e  s o l u t i o n  (Step 5.3) per 10 mL o f  so lu t ion .  

"ri 4.0 APPARATUS AND MATERIALS 

4.1 For bas ic  apparatus, see Sect ion 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Stront ium hol low cathode lamp. 

4.2.2 Wavelength: 460.7 rim. 

4.2.3 Fuel : Acetylene. 

~ 4.2.4 Oxidant: A i r .  

4.2.5 Type of flame: Ox id iz ing  ( f u e l  lean).  
d 

, 4.2.6 Background co r rec t i on :  n o t  requi red.  
T 

ad 5.0 REAGENTS 

5.1 See Sect ion 5.0 o f  Method 7000. 

5.2 Preparat ion o f  standards 
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5.2.1 Stock so lu t i on :  (1.0 mL = 1.0 mg Sr ) .  D i sso l ve  2.415 g o f  
s t r o n t i u m  n i t r a t e ,  Sr(NO,),, i n  10 mL o f  concentrated HC1 and 700 mL o f  
water.  D i l u t e  t o  1 1 i t e r  w i t h  water. A l t e r n a t i v e l y ,  procure a . c e r t i f i e d  
standard from a suppl i e r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  t h e  s tock  s o l u t i o n  t o  be used as 
c a l i b r a t i o n  standards a t  t h e  t ime o f  ana lys is .  The c a l i b r a t i o n  standards 
should be prepared us ing  t h e  same type o f  a c i d  as t h e  samples and cover 
t h e  range o f  expected concentrat ions i n  t h e  samples. Cal i b r a t i o n  standards 
should a1 so con ta in  1 mL o f  1 anthanun chlor ide/potassium c h l o r i d e  s o l u t i o n  
per  10 mL. 

5.3 Lanthanum Chloride/Potassium Chlor ide  So lu t i on .  D isso lve  11.73 g o f  
1 anthanum oxide, La,O,, i n  a minimum amount o f  concentrated hyd roch lo r i c  a c i d  
(approximately 50 mL). Add 1.91 g o f  potassium ch lo r i de ,  KC1. A l l ow  s o l u t i o n  t o  
cool  t o  room temperature and d i l u t e  t o  100 mL w i t h  water. 

CAUTION: REACTION IS VIOLENT! Add a c i d  s low ly  and i n  small p o r t i o n s  t o  
c o n t r o l  t he  r e a c t i o n  r a t e  upon mix ing .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Step 3.1.3, Sample Handl ing and Preservat ion.  

7.0 PROCEDURE 

7.1 Sample prepara t ion  - The procedures f o r  p repa ra t i on  o f  t h e  sample are 
g iven i n  Chapter Three, Step 3.2. 

7.2 See Method 7000, Step 7.2, D i r e c t  Asp i ra t i on .  

8.0 QUALITY CONTROL 

8.1 See Sect ion 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f ree of 
i n te r fe rences  are:  

Optimum concent ra t ion  range: 0.3 - 5 mg/L a t  a wavelength o f  460.7 nm. 
S e n s i t i v i t y :  0.15 mg/L. 
De tec t i on  l i m i t :  0.03 mg/L. 

9.1.1 Recoveries o f  known amounts o f  s t ron t i um i n  a s e r i e s  of 
prepared standards were as g iven i n  Table 1. 

Rev is ion  0 
J u l y  1992 



10.0 REFERENCES 

1. Annual Book o f  ASTM Standards; ASTM: Philadelphia,  PA, 1983; D3920. 
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TABLE 1. 
RECOVERY 

Amount Amount 
added, found , 
mg/L mg/L Bias 

% 
Bias 

Significant 
(95 & 

confidence 
level) 

Reagent Water Type I1 

Water of choice 

Reference: f L  ASTA: Philadelphia, PA, 
1983; D3920. 
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METHOD 7840 

THALLIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 i f  interferences are suspected. 

3.2 Background correct ion i s  required. 

3.3 Hydrochloric ac id  should not be used. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Thall ium hollow cathode lamp. 
4.2.2 Wavelength: 276.8 nm. 
4.2.3 Fuel: Acetylene. 
4.2.4 Oxidant: A i r .  
4.2.5 Type o f  flame: Oxidizing ( fuel  lean). 
4.2.6 Background correction: Required. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  ~ e t h o d  7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solut ion:  Dissolve 1.303 g t h a l l i u m n i t r a t e ,  TIN03 
(analy t ica l  reagent grade), i n  Type I1 water, a c i d i f y  w i th  10 mL 
concentrated HNO3, and d i l u t e  t o  1 l i t e r  w i th  Type I1 water. Alterna- 
t i v e l y ,  procure a c e r t i f i e d  standard from a suppl ier  and v e r i f y  by 
comparison w i t h  a second standard. 

Revision 0 
Date September 1986 



5.2.2 Prepare d i l u t i o n s  o f  the  stock so lu t i on  t o  be used as 
ca l  i b r a t i o n  standards a t  the  t ime o f  analysis. The ca l  i bra t i on  standards 
should be prepared using the  same ' type o f  ac id  and a t  the  same 
concentrat ion as w i l l  r e s u l t  i n  the  sample t o  be analyzed a f t e r  
processi ng (0.5% v l v  HN03) . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i n g  and Preservation. 

7.0 PROCEDURE 

7.1 Sampl e preparation: 'The procedures f o r  preparat ion of the  sampl e 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i r ec t  Aspirat ion.  

8.0 QUALITY CONTROL 

8.1 See Sect ion 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance cha rac te r i s t i c s  fo r  an aqueous sample f r e e  o f  
in ter ferences are: 

Optimum concentrat ion range: 1-20 mglL w i t h  a wavelength o f  276.8 nm. 
S e n s i t i v i t y :  0.5 mglL. 
Detect ion l i m i t :  0.1 mgIL. 

9.2 I n  a s i ng le  laboratory,  analysis of a mixed industr ia l -domest ic 
waste e f f l uen t ,  digested w i t h  Method 3010, a t  concentrat ions of 0.6, 3, and 15 
mg/L gave standard dev ia t ions o f  +O.Ol8, +0.05, and +0.2, respect ively.  
Recoveri es a t  these 1 eve1 s were 100% ,-98%, ande98%, respectTve1 y . 

9.3 For concentrat ions o f  t h a l l i u m  below 0.2 mgIL, t he  furnace technique 
(Method 7841) i s  recommended. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis of Water and Wastes, EPA-60014-82-055, 
December 1982, Met hod 279.1. 
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METHOD 7841 

THALLIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Sectlon 3.0 of Method 7000 i f  interferences are suspected. 

3.2 Background correct ion i s  required. 

3.3 Hydrochloric acid o r  excessive chloride w i  11 cause vol a t i  1 i zation o f  
t h a l l  ium a t  low temperatures. Ver i f i ca t ion  tha t  losses are not occurring, by 
spiked samples o r  standard additions, must be made f o r  each sample matrix. 

3.4 Palladium i s  a sui table matrix modif ier f o r  tha l l ium analysis. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general ) : 

4.2.1 Drying time and temp: 30 sec a t  125'C. 
4.2.2 Ashing time and teap: 30 sec a t  400'C. 
4.2.3 Atomizing time and tearp: 10 sec a t  2400.C. 
4.2.4 Purge gas: Argon o r  nitrogen. 
4.2.5 Wavelength: 276.8 nm. 
4.2.6 Background correction: Requi red. 
4.2.7 Other operating parameters should be set as specif ied by the 

pa r t i cu la r  instrument manufacturer. 
NOTE: The above concentration values and Instrument conditions are f o r  a 

Perkin-Elmer HGA-2100, based on the use o f  a 20-uL inject ion, 
cont i  nuous-fl ow purge gas, and nonpyrolytlc graph1 te. Smal l e r  
sizes o f  furnace devices o r  those employing faster  rates o f  
atoml z a t l  on can be operated usi  ng 1 ower atoml zat i on temperatures 
for shorter time periods than the above-recommended settings. 
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5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 S tockso lu t i on :  Dissolve 1.303 g t h a l l i u m n i t r a t e ,  TIN03 
(ana ly t i ca l  reagent grade), i n  Type I1  water, a c i d i f y  w i t h  10 mL 
concentrated HNO3, and d i l u t e  t o  1 1 i t e r  w i t h  Type I1 water. Al terna- 
t i v e l y ,  procure a c e r t i f i e d  standard from a supp l ie r  and v e r i f y  by 
comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the  stock so lu t i on  t o  be used as 
c a l i b r a t i o n  standards a t  the t ime o f  analysis. The c a l i b r a t i o n  standards 
should be prepared using the same type o f  ac i d  and a t  the  same 
concentrat ions as i n  the sample a f t e r  processing (0.5% v/v HN03). 

5.3 Palladium chlor ide:  Weigh 0.25 g o f  PdC12 t o  the  nearest 0.0001 g. 
Dissolve i n  10 mL o f  1:l HNO3 and d i  1 u te  t o  1 1 i t e r  w i t h  Type I 1  water. Use 
equal volumes o f  sample and pal ladium solut ion.  

6.0 SAMPLE COLLECTION , PRESERVATION AND HANDLING 

6.1 See Chapter Three, Sect ion 3.1 -3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion o f  the sample 
are given i n  Chapter Three, Sect ion 3.2. 

7 .2 See Method 7000, Paragraph 7.3, Furnace Procedure. The ca l cu la t i on  
I s  g iven i n  Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion and accuracy data are no t  ava i lab le  a t  t h i s  time. 

9.2 The performance cha rac te r i s t i c s  f o r  an aqueous sample f r e e  o f  
in ter ferences are: 

Optimum concentrat ion range: 5-100 ug/L. 
Detect ion l i m i t :  1 ug/L. 
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10.0 REFERENCES 

1. Application of Matrix-Modification in Determination of Thallium in 
Wastewater by Graphi te-Furnace Atomi c-Absorpt ion Spectrometry, Tal anta, 31 (21 
(1984), pp. 150-1520 
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METHOD 7870 

TIN (ATOMIC ABSORPTION, DIRECT ASPIRATION1 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 i f  inter ferences are suspected. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 T i n  hol low cathode lamp. 
4.2.2 Wavelength: 286.3 nm. 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: N i t rous oxide. 
4.2.5 Type o f  flame: Fuel r i ch .  
4.2.6 Background correct ion:  Not requi red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solut ion:  Dissolve 1.000 g o f  t i n  metal (analyt ical  
reagent grade) i n  100 mL o f  concentrated HC1 and d i l u t e  t o  1 1 i t e r  w i t h  
Type I1  water. A1 te rna t i ve ly ,  procure a c e r t i f i e d  standard f r o m  a 
supp l ie r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  o f  the stock so lu t ion  t o  be used as 
ca l  i b r a t i  on standards a t  the time o f  analysis. The ca l i b ra t i on  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentrat ion as w i l l  r e s u l t  i n  the sample t o  be analyzed a f te r  
processing. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation o f  the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Di rect  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  f o r  an aqueous sample f ree  o f  
interferences are: 

Optimum concentration range: 10-300 mg/L w i th  a wavelength o f  286.3 nm. 
Sens i t i v i t y :  4 mg/L. 
Detection l i m i t :  0.8 mg/L. 

9.2 I n  a s ing le laboratory, analysis o f  a mixed industrial-domestic 
waste e f f luen t ,  digested w i th  Method 3010, a t  concentrations o f  4, 20, and 60 
mg1L gave standard deviations o f  +0.25, +0.5, and +0.5, respectively. 
Recoveries a t  these 1 eve1 s were 96%, lbl%, and-101%~ respect ive ly  . 
10.0 REFERENCES 

1. Methods f o r  Chemical Analysi s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 282.1. 
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METHOD 7910 

VANADIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  interferences are suspected. 

3.2 Background correct ion may be required. 

3.3 High concentrations o f  aluminum o r  t i tanium, o r  the presence o f  B i ,  
C r ,  Co, Fe, acet ic  acid, phosphoric acid, surfactants, detergents, o r  a1 kal i 
metals, may in te r fe re .  The inter ference can be cont ro l led by adding 
1,000 mg/L a1 uminum t o  samples and standards. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Vanadium hollow cathode lamp. 
4.2.2 Wavelength: 318.4 nm. 
4.2.3 Fuel : Acetyl ene . 
4.2.4 Oxidant: Ni t rous oxide. 
4.2.5 Type o f  flame: Fuel r i ch .  
4.2.6 Background correct ion : Requ i red. 

5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

5.2 Preparation o f  standards: 

5.2.1 Stock solut ion:  Dissolve 1.7854 g o f  vanadium pentoxide, 
V205 (ana ly t i ca l  reagent grade), i n  10 mL o f  concentrated n i t r i c  acid and 
d i l u t e  t o  1 l i t e r  w i t h  Type I 1  water. A l ternat ive ly ,  procure a c e r t i f i e d  
standard from a suppl ier  and v e r i f y  by comparison w i th  a second standard. 
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5.2.2 Prepare d i l u t i o n s  of the stock so lu t ion  t o  be used as 
cal  i bra t ion  standards a t  the time o f  analysis. The c a l i b r a t i o n  standards 
should be prepared using the same type o f  ac id  and a t  the same 
concentrat ion as w i l l  r e s u l t  i n  the sample t o  be analyzed a f t e r  
processing. I n  addi t ion,  2 mL o f  the aluminum n l  t r a t e  so lu t i on  descr l  bed 
i n  Paragraph 5.2.3 should be added t o  each 100 mL o f  standards and 
samples. 

5.2.3 Aluminum n i t r a t e  solut ion:  Dissolve 139 g a1 umi num n i t r a t e  
(A1 [N03]3*9H 0) I n  150 mL Type I1  water; heat t o  complete d isso lu t ion.  f A1 low t o  coo and d i  1 u te  t o  200 mL w i t h  Type I 1  water. A1 1 samples and 
standards should contain 2 mL o f  t h i s  so lu t ion  per  100 mL. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparat l  on: The procedures f o r  preparat ion o f  the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i rec t  Aspirat lon. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance charac te r i s t i cs  f o r  an aqueous sample f r ee  o f  
in ter ferences are: 

Optimum concentrat ion range: 2-100 mg/L w i t h  a wavelength o f  318.4 nm. 
Sensl t i v i  t y :  0.8 mg/L. 
Detect ion l i m l t :  0.2 mg/L. 

9.2 I n  a s i ng le  laboratory) ,  analysis o f  a mixed industr la l -domest ic 
waste e f f l uen t ,  digested w i t h  Method 3010, a t  concentrat ions o f  2, 10, and 50 
mg/L gave standard deviat ions o f  +0.1, +0.1, and 20.2, respect ively.  
Recoveries a t  these l eve l s  were loo%, 93%, and-97%, respect ively.  

9.3 For concentrat lons o f  vanadium below 0.5 mg/L, t he  furnace technique 
(Method 7911) i s recomnended. 

Revision 0 
Date September 1986 



W 

10.0 REFERENCES 
Lip, 

r~ 1. Methods for  Chemlcal Analysl s o f  Water and Wastes, EPA-600/4-82-055, 
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METHOD 7911 

VANADIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 o f  Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

3.2 Background cor rect ion i s  required. 

3.3 Vanadium i s  r e f r ac to r y  and prone t o  form carbides. Consequently, 
memory e f f ec t s  are com?on, and care should be taken t o  clean the furnace 
before and a f t e r  analysis. 

3.4 Nitrogen should no t  be used as a purge gas. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 

4.2 Instrument parameters (general) : 

4.2.1 Drying t ime and temp: 30 sec a t  125.C. 
4.2.2 Ashing t ime and tern: 30 sec a t  1400.C. 
4.2.3 Atomizing t ime and tern: 15 sec a t  2800.C. 
4.2.4 Purge gas: Argon (nitrogen should - not be used). 
4.2.5 Wavelength: 318.4 nm. 
4.2.6 Background correct ion:  Required. 
4.2.7 Other operating parameters should be set  as spec i f ied by the 

p a r t i c u l a r  instrument manufacturer. 
NOTE: The above concentrat ion values and instrument condit ions are f o r  a 

Perkin-Elmer HGA-2100, based on the use o f  a 20-uL in jec t ion,  
con t i  nuous-f low purge gas, and nonpyrolyt i  c graphite. Small e r  
s izes o f  furnace devices o r  those employing f as te r  rates of 
atomization can be operated using lower atomi zat ion temperatures 
f o r  shor ter  t ime periods than the above-recomnended s e t t i  ngs. 
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5.0 REAGENTS 

5.1 See Section 5.0 o f  Method 7000. 

Preparation o f  standards: 

5.2.1 Stock so lu t lon:  Dissolve 1.7854 g o f  vanadi um pentoxide, 
V2O5 (ana l y t i ca l  reagent grade), i n  10 mL o f  concentrated n i t r i c  ac i d  and 
d i l u t e  t o  1 1 i t e r  w i t h  Type I1 water. A1 te rna t i ve ly ,  procure a c e r t i f i e d  
standard from a supp l ie r  and v e r i f y  by comparison w i t h  a second standard. 

5.2.2 Prepare d i l u t i o n s  of t he  stock so lu t i on  t o  be used as 
ca l  i b r a t i o n  standards a t  the  t ime of analysis. The ca l  i b ~ a t i o n  standards 
should be prepared using the  same type o f  ac i d  and a t  t he  same 
concentrat ions as i n  the sample a f t e r  processing (0.5% v l v  HN03). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparat ion o f  the  sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The ca l  cu l  a t1  on 
i s  g iven i n  Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Sect ion 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion and accuracy data are ava i lab le  i n  Method 286.2 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

9.2 The performance cha rac te r i s t i c s  f o r  an aqueous sample f r e e  o f  
in ter ferences are: 

Optimum concentrat ion range: 10-200 ug/L. 
Detect ion l i m i t :  4 uglL. 

10.0 REFERENCES 

1. Methods f o r  Chemical Anal y s i  s o f  Water and Wastes, EPA-60014-82-055, 
December 1982, Method 286.2. 
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METHOD 7950 

"1 

up* 1.0 SCOPE AND APPLICATION - 1.1 See Section 1.0 o f  Method 7000. 

mw 

rn 
2.0 SUMMARY OF METHOD 

w 2.1 See Section 2.0 o f  Method 7000. 

m 

w 3.0 INTERFERENCES 

rn 3.1 See Section 3.0 o f  Method 7000 i f  inter ferences are suspected. 

w 3.2 High leve ls  o f  s i l i con ,  copper, o r  phosphate may in ter fere.  Addi- 
t i o n  of stront ium (1,500 mg/L) removes the copper and phosphate interference. 

fm 

usd 3.3 Zinc i s  a universal  contaminant, and great care should be taken t o  
avoid contamination. 

mm 

d 4.0 APPARATUS AND MATERIA'LS 
"3 

4.1 For basic apparatus, see Section 4.0 o f  Method 7000. 
ltllv 

4.2 Instrument parameters (general) : 
'9 

4.2.1 Zinc hol low cathode lamp. 
4.2.2 Wavelength: 213.9 nm. 
4.2.3 Fuel : Acetylene. 
4.2.4 Oxidant: A i r .  
4.2.5 Type .of  flame: Oxidiz ing (fuel lean). 
4.2.6 Background correction: Requi red. 

b.rr 

nar 
5.0 REAGENTS 

u& 5.1 See Section 5.0 o f  Method 7000. - 5.2 Preparation o f  standards: 
I 

5.2.1 Stock solut ion:  Dissolve 1.000 g z inc metal (analyt ical  
reagent grade) i n  10 mL o f  concentrated n i t r i c  ac id  and d i l u t e  t o  1 1 i t e r  
w i t h  Type 11 water. A1 ternat ive ly ,  procure a c e r t i f i e d  standard f r o m  a 
suppl i e r  and v e r i f y  by comparison w i th  a second standard. 
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5.2.2 Prepare d i l u t i ons  o f  the stock so lut ion t o  be used as 
cal  i bra t ion  standards a t  the time o f  analysis. The cal  i bra t ion  standards 
should be prepared using the same type o f  ac id  and a t  the same concentra- 
t i o n  as w i l l  r e s u l t  i n  the sample t o  be analyzed a f t e r  processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sarr~pl e Hand1 i ng and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures f o r  preparation of the sample 
are given i n  Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, D i rec t  Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance character is t ics  fo r  an aqueous sample f ree  o f  
interferences are: 

Optimum concentration range: 0.05-1 mg/L w i th  a wavelength o f  213.9 nm. 
Sens i t i v i t y :  0.02 mg/L. 
Detection 1 i m i t :  0.005 mg/L. 

9.2 For concentrations o f  z inc below 0.01 mg/L, the furnace technique 
(Method 7951) i s recommended. 

9.3 Precision and accuracy data are avai lable i n  Method 289.1 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Methods f o r  Chemical Analysis o f  Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 289.1. 
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METHOD 7951 

ZINC (ATOMIC ABSORPTION, FURNACE TECHNIQUE1 

1.0 SCOPE AND APPLICATION 

1.1 See Sect ion 1.0 o f  Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Sect ion 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Sect ion 3.0 o f  Method 7000. 

3.2 Background c o r r e c t i o n  should be used. 

3.3 Z inc  i s  a un iversa l  contaminant. Because o f  t h i s  and the  h igh  
s e n s i t i v i t y  o f  t h i s  method, g rea t  care should be taken t o  avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4.1 For bas ic  apparatus, see Sect ion 4.0 o f  Method 7000. 

4.2 Inst rument  parameters (general ) : 

4.2.1 Dry ing  t ime and temp: 30 sec a t  125OC. 

4.2.2 Ashing t ime and temp: 30 sec a t  400°C. 

4.2.3 Atomizing t ime and temp: 10 sec a t  2500°C. 

4.2.4 Purge gas: Argon o r  n i t rogen.  

4.2.5 Wavelength: 213.9 nm. 

4.2.6 Background c o r r e c t i o n  : Requi red. 

4.2.7 Other opera t ing  parameters should be s e t  as s p e c i f i e d  by the  
p a r t i  c u l  a r  inst rument  manufacturer. 

NOTE: The above concentrat ion values and instrument cond i t ions  are 
f o r  a Perkin-Elmer HGA-2100, based on the  use o f  a 20-uL 
i n j e c t i o n ,  cont inuous- f low purge gas, and nonpyro ly t i c  
g raph i te .  Smal l e r  s i ze  furnace devices o r  those employing 
f a s t e r  r a t e s  o f  a tomizat ion can be operated us ing lower 
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atomizat ion temperatures f o r  shor ter  t ime per iods than the  
above-recommended se t t i ngs .  

5.0 REAGENTS 

5.1 See Sect ion 5.0 of Method 7000. 

5.2 Preparat ion o f  standards 

5.2.1 Stock s o l u t i o n  - Dissolve 1.000 g  z i n c  metal ( a n a l y t i c a l  
reagent grade) i n  10 mL o f  concentrated n i t r i c  a c i d  and d i l u t e  t o  1 l i t e r  
w i t h  water. A l t e r n a t i v e l y ,  procure a  c e r t i f i e d  standard from a supp l i e r  
and v e r i f y  by comparison w i t h  a  second standard. 

5.2.2 Prepare d i l u t i o n s  o f  t h e  stock s o l u t i o n  t o  be used as 
c a l  i b r a t i o n  standards a t  t h e  t ime o f  analys is .  The c a l  i b r a t i o n  standards 
should be prepared using t h e  same type o f  ac id  and a t  t h e  same 
concentrat ions as i n  t h e  sample a f t e r  processing (0.5% v/v HNO,). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Step 3.1.3, Sample Handling and Preservat ion.  

uls$ 
7.0 PROCEDURE 

7.1 Sample Preparat ion - The procedures f o r  p repara t ion  o f  t he  sample are  
g iven i n  Chapter Three, Step 3.2. 

7.2 See Method 7000, Step 7.3, Furnace Technique. 

8.0 QUALITY CONTROL 

8.1 See Sect ion 8.0 o f  Method 7000. 

9.0 METHOD PERFORMANCE 
hi 

9.1 Prec is ion  and accuracy data are no t  a v a i l a b l e  a t  t h i s  t ime. P 
irPrl 

9.2 The performance c h a r a c t e r i s t i c s  f o r  an aqueous sample f r e e  o f  
i n te r fe rences  are: F 

Optimum concentrat ion range: 0.2-4 ug/L. 
Detec t ion  1 i m i  t: 0.05 ug/L. 
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PP 10.0 REFERENCES 

bw 1. Methods f o r  Chemical Analysis o f  Water and Wastes; U.S. Environmental 

p%.B Protect ion Agency. Off i c e  o f  Research and Development. Environmental Monitoring 
and Support Laboratory. ORD Pub1 i c a t i o n  Of f ices  o f  Center f o r  Environmental 

M Research Information: C inc innat i ,  OH, 1983; EPA-600/4-79-020. 
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Z INC (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 
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APPENDIX 

COMPANY REFERENCES 

The f o l  lowing 1 i s t i n g  o f  frequently-used addresses i s  provided f o r  the 
convenience o f  users of t h i s  manual. No endorsement i s  intended o r  imp1 ied. 

Ace Glass Company 
1342 N.W. Boulevard 
P.O. Box 688 
Vineland, NJ 08360 
(609) 692-3333 

A1 d r i  ch Chemical Company 
Department T 
P.O. Box 355 
Milwaukee, W I  53201 

A1 pha Products 
5570 - T W. 70th Place 
Chicago, I L  60638 
(312) 586-9810 

Barneby and Cheney Company 
E. 8 th  Avenue and N. Cassidy S t ree t  
P.O. Box 2526 
Columbus, OH 43219 
(614) 258-9501 

Bio - Rad Laboratories 
2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 

Burdick & Jackson Lab Inc. 
1953 S. Harvey S t ree t  
Muskegon, MO 49442 

Cal gon Corporati  on 
P.O. Box 717 
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Washi ngton , DC 20234 
(202) 921-1000 

Pierce Cheml cal  Company 
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