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To: Recipients of manual "Sampling and Analysis Methods f o r  Geothermal Fluids 
and Gases, July 1978" 

T h i s  document i s  the culmination of e f f o r t s  to  assemble a manual of sampling 
and ana lys i s  methods f o r  geothermal f l u i d s  and gases. 
been made t o  e l iminate  grammatical e r ro r s  i n  the content,  some wil l  undoubtedly 
appear i n  th is  ed i t i on .  

Although an e f f o r t  has 

The sampling and ana lys i s  methods contained have been evaluated under f i e l d  
s i t ua t ions .  T h e  appendices contain the data generated during f i e l d  evaluat ions.  
Appendix 1 dealing w i t h  the f i e l d  evaluation of sampling methods a t  the Republic 
Geothermal , Inc. , East Mesa, C A ,  s i t e  i s  cur ren t ly  being wri t ten and wil l  be 
mailed separately.  

Comments on the content of this manual a r e  welcome and should be submitted t o :  

J .  C.  Watson 
Ba t t e l l e  Pac i f ic  Northwest Laboratories 
314 Building/300 area 
Richland, WA 99352 

Phone: (509) 942-5941 
FTS 444-5941 
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INTRODUCTION 

This manual i s  the t h i r d  document issued i n  the process of formulating a 

manual of sampling and ana lys i s  methods f o r  geothermal f l u i d s  and gases. 

document i s  the r e s u l t  of e f f o r t s  begun in 1975 t o  assemble a manual of 

recommended methods of sampling and ana lys i s .  

T h i s  

The f i r s t  manual issued in August 1976 as a "Comment Issue,  included 

t ab le s  of ana ly t i c  options f o r  l iqu ids  and gases and summaries of standard 

methods of ana lys i s .  They were selected from standard references for con- 

s t i t u e n t s  of i n t e r e s t  t o  geothermal inves t iga to r s ,  however, no attempt was 

made t o  recommend o r  rank t h e i r  s u i t a b i l i t y .  

t h i s  ro le  served i t s  purpose in s t imulat ing i n t e r e s t  and comment. 

included was a graphic presentation of the concentration ranges of cons t i tu -  

en t s  found i n  a var ie ty  of brines and a matrix devised t o  r e l a t e  cons t i tuents  

or propert ies  of i n t e r e s t  t o  spec i f i c  tasks  and object ives  in the development 

and u t i l i z a t i o n  of  geothermal systems. The purpose of the matrix i s  t o  help 

those using the manual t o  determine the scope of ana ly t ic  programs t h a t  meet 

s p e c i f i c  needs w i t h o u t  including unnecessary analyses.  

"Comment Issue" suggested new references , corrected e r ro r s  and inconsis tencies  , 

and proposed a l t e r n a t e  ways t o  arrange o r  emphasize the material presented. 

Responding t o  spec i f i c  requests f o r  suggestions on sampling and on the conduct 

of  round robin comparison of ana ly t ic  methods, the reviewers were i n  general 

I t  was a place t o  s t a r t  and  i n  

Also 

Reviewers of the 
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agreement t h a t  i t  was perhaps too  ear ly  t o  standardize sampling methods, par- 

t i c u l a r l y  the hardware and methodology necessary t o  representat ively sample 

wells producing two phase flow. They f e l t  t h a t  premature attempts t o  s tan-  

dardize might slow ra ther  than contr ibute  t o  progress in t h i s  d i f f i c u l t  area 

of methods development. 

Favorable reactions t o  the proposed evaluation of ana ly t ic  methods 

t h r o u g h  a round robin program came from reviewers and others contacted dur-  

ing vis i ts  t o  several l abora tor ies .  

was conducted a t  the Ba t t e l l e  S e a t t l e  Research Center in Sea t t l e ,  WA on 

May 24-25, 1977. 

ana ly t i c  se rv ices ,  and government agreed t o  an ambitious summer schedule f o r  

sampling and analyzing two br ines .  

uled t o  review r e s u l t s  and r e f ine  procedures and ground ru les .  

coordinated the e f f o r t ,  preparing control samples t o  accompany the br ines ,  

co l lec t ing  and shipping the brines and compiling r e s u l t s .  

and a s s i s t ed  i n  obtaining samples from East Mesa 6-2 in July and the more 

complex brine from Woolsey #1 near the Salton Sea in August.  

l abora tor ies  became involved with nineteen par t ic ipa t ing  i n  the f i r s t  round 

r o b i n  and twenty-two in the second. 

Mesa, C A Y  served as a consultant throughout the program and a s s i s t ed  in the 

arrangements and conduct of f i e l d  work. 

To implement this program, a workshop 

Fourteen labora tor ies  representing industry,  commercial 

Two subsequent discussions were sched- 

Ba t t e l l e  

The USGS monitored 

Additional 

Otto Vetter of Vetter Associates, Costa 

An "Interim Manual was issued i n  January 1978 as  a r e s u l t  of the 

above program. In this  manual we attempted t o  e s t ab l i sh  the format o f  the  

( b )  D.  W. Shannon e t  a l .  , Sampling and Analysis Methods f o r  Geothermal Fluids 
and Gases, January 1978, Preliminary Edition, PNL-2750, Ba t t e l l e  Pac i f ic  
Northwest Laboratories, Richland, WA. 

G 
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63 f i n a l  manual. The c o n t e n t  r e f l e c t e d  i n p u t  f rom over  t w e n t y - f i v e  sources, 

i n c l u d i n g  a p r o d u c t i v e  exchange o f  i n f o r m a t i o n  and d a t a  generated by twenty  

l a b o r a t o r i e s  p a r t i c i p a t i n g  i n  round r o b i n  analyses o f  two geothermal b r i n e s .  

The sampl ing s e c t i o n  was w r i t t e n  w i th  the  a i d  o f  O t t o  V e t t e r  and i n c l u d e d  

sampl ing methods r e p o r t e d  f rom l i t e r a t u r e  sources. Copies o f  t h e  i n t e r i m  

manual were s e n t  t o  p a r t i c i p a n t s  o f  t h e  round r o b i n  program and o t h e r s  f o r  

comment on c o n t e n t  and m o d i f i c a t i o n s  o f  fo rmat .  

A f i e l d  e v a l u a t i o n  conducted by PNL personnel  o f  some o f  t h e  methods 

c o n t a i n e d  i n  t h e  sampl ing s e c t i o n  was conducted d u r i n g  March and A p r i l  o f  

1978. 

t h e  f i e l d  t e s t s .  

I nc . ,  Eas t  Mesa, C A Y  s i t e .  Sampling methods were e v a l u a t e d  u t i l i z i n g  two 

p r o d u c i n g  geothermal w e l l s ,  Repub l ic  w e l l s  56-30 and 16-29. Comments f rom 

t h i s  f i e l d  e v a l u a t i o n  o f  t h e  sampl ing methods have been i n c l u d e d  i n  a r e w r i t t e n  

sampl ing s e c t i o n  c o n t a i n e d  i n  t h i s  manual. The sampl ing f i e l d  t e s t  r e p o r t  

(Appendix 1 )  i s  c u r r e n t l y  b e i n g  w r i t t e n  and w i l l  be a v a i l a b l e  s h o r t l y .  

a n a l y s i s  s e c t i o n  has a l s o  been c o r r e c t e d  t o  i n c o r p o r a t e  t h e  comments o f  

r e v i e w e r s  o f  t h e  i n t e r i m  manual. A d d i t i o n a l  f e a t u r e s  o f  t h i s  manual i n c l u d e  

a s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  round r o b i n  d a t a  generated d u r i n g  1977 and 

t h e  a d d i t i o n  o f  some sampl ing methods wh ich  have r e c e n t l y  been r e p o r t e d .  

O t t o  V e t t e r  served as a c o n s u l t a n t  and a s s i s t e d  i n  arrangement o f  

These t e s t s  were per formed a t  t h e  Repub l ic  Geothermal, 

The 

The i n p u t  f rom t h e  c o n t r i b u t i n g  o r g a n i z a t i o n s  as w e l l  as t h e  comments 

of  r e v i e w e r s  w i l l  h o p e f u l l y  make t h i s  document b e n e f i c i a l  t o  those i n v o l v e d  

i n  geothermal endeavors. 
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MATRIX OF GEOTHERMAL TASKS A N D  R E L A T E D  C H E M I C A L  ANALYSES 

T h e  complexities of geothermal sources,  the phases included in samples, 
and the varying appl ica t ions  f o r  ana ly t ic  r e s u l t s  i n  explorat ion,  development, 
and u t i l i z a t i o n  a l l  influence the scope of an ana ly t i c  program. 
re la t ionships  of these var iables  a r e  presented here i n  m a t r i x  form as an  
a id  t o  defining the scope a n d  c a p a b i l i t i e s  of an ana ly t ic  program. 
c i t ed  a r e  the basis  f o r  the matrix in i t s  present form and typica l ly  place 
grea te r  emphasis on the evaluation and appl icat ion of ana ly t ic  r e s u l t s  
than on the methods used t o  obtain da ta .  

The i n t e r -  

References 

Because the matrix emphasizes chemical aspec ts ,  i t  obviously cannot 
be regarded as a basis  f o r  complete sample charac te r iza t ion .  
omissions essent ia l  t o  f u l l  charac te r iza t ion  include: temperature, pressure,  
flow r a t e  a t  time of sample, flow h is tory ,  documentation of sampling and 
s torage methods. Categories re la ted  t o  the operational phase of energy 
recovery have been included t h o u g h  e n t r i e s  a re  few. The in t en t  here i s  t o  
provide users a format f o r  making t h e i r  own e n t r i e s  a n d  e s t ab l i sh  a basis  
f o r  l a t e r  revis ion as the industry a n d  i t s  needs develop. 

Obvious 
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MATRIX OF GEOTHERMAL TASKS AND RELATED CHEMICAL ANALYSES 

18.19 

3 

LEGEND 

1 SAMPLEFORM 

S - SOLID 
L - LIQUID 
G - GAS 

3 PROPERTY OF INEREST 
F - FIELD ANALYSIS 
L - LABORATORY ANALYSIS 

4 DISSOLVED SOLIDS SGASES 

F - FIELD ANALYSIS 
1 - LAB ANALYSIS 
R -RATIO WITH OTHER CONSTlllJENT 
M-CONSTITUENT MODIFIES INTERPRETATION 

b -ISOTOPIC COMPOSITION 

2 SAMPLING PROCEDURE (51 

E - ESTABLISHED 
D - DEVELOPED BUT NOT UNIVERSALY APPLIED 
U - UNDER DEVELOPMENT 
N - NONE DISCOVERED BY AUTHORS GEOPHYSICAL OR of OTHER RESULTS 

OTHER ANALYTIC METHODS MAY SATISFY REQUIREMENTS A- 5 
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Geothermics Special  Issue 2 ,  Vol. 2 ,  p t .  2 ,  p p .  1232-1329, 1970. 

39. R .  B .  Glover, " I n t e r p r e t a t i o n  of Gas Compositions from the Wairakei 
Field Over 10 Years," Geothermics Special  Issue 2 ,  Vol. 2 ,  p t  2 ,  
pp .  1355-1366, 1970. 

40. A.  L. Austin e t  a l ,  T h e  L L L  Geothermal Energy Development Proqram 
Sta tus  Report, January 1975 through A u q u s t  1975, U C I D  16954, 
Lawrence Livermore Laboratory, September 1975. 
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Sampling Procedures 
f o r  Geothermal Fluids and Gases 

I .  The sampling methods contained in t h i s  sect ion a r e  taken from 
l i t e r a t u r e  sources and a l so  communicated by those people cur ren t ly  
involved in geothermal sampling. 

11. Some of the sampling methods were evaluated during a f i e l d  t e s t  
a t  the Republic Geothermal Inc. F a c i l i t y ,  East Mesa S i t e ,  CA 
during February - April 1978. 
a re  contained on the pages describing the appropriate  method. 

Comments re levant  t o  t h i s  f i e l d  t e s t  

111. A format of the presentat ion f o r  each method i s  given on the 
fol  1 owing page. 

IV. The sequence of methods in t h i s  sect ion i s :  

a )  
b )  
c )  Sampling steam-lines.  
d )  Low pressure separator systems. 
e )  High pressure separator  systems. 
f )  Two phase sampling. 
g )  Downhole samplers. 
h )  Miscellaneous methods. 

Sampling hot  spr ings,  fumaroles, e t c .  
Sampling condensed brine and  entrained gases.  

V. Illustrations and descriptions o f  some o f  the sample methods 
contained in t h i s  sect ion a r e  under copyright 1977,  by Academic 
Press ,  Inc. These sect ions were reproduced with the permission 
o f  Academic Press ,  Inc . ,  111 F i f th  Ave., New York, NY 10003. 
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METHOD TITLE: 

D e s c r i p t i v e  s ta tement  o f  method 
SAMPLE TYPE: 
Gas o r  l i q u i d s  

APPLl CATION: 

SAMPLE POINT: 
P i  p e l  i ne, we1 1 bore,  
fumaro le ,  e t c .  

Sampling o p e r a t i o n  t o  be per formed.  

NO. I Sampl i ng Reference Number 

REFERENCES: 

L i t e r a t u r e  source o f  sampl ing method. 

D ESCR I PTI 0 N 

Summary o f  sampl ing  procedure and s p e c i a l  equipment r e q u i r e d .  

CO M ME NTS: 
L i m i t a t i o n s  o f  method i n c l u d i n g  f i e l d  exper ience  w i t h  method. 

E DlTlO N: 
Month and 
y e a r  o f  

c u r r e n t  page 

I PAGE: I B - 2  



METHOD TITLE 

SAMPLE TYPE: 

L i q u i d  

Immersible b o t t l e  method f o r  co l lec t ing  
a i  r-f ree water. SAMPLE POINT: 

Hot springs or weir box 
i \  

SampliRg h o t  springs o r  weir boxes (from 
s i l e n c e r s ) .  

NO./ 1-s 

REFERENCES: 
E l l i s ,  A.J. and  W.A.J. Mahon, "Chemistry and 
Geothermal Systems," Academic Press ,  New York, 
1977 .  (See note V on page B - 1 )  
E l l i s ,  A.J. e t  a l . ,  "Methods of Collection and  
Analysis of Geothermal F lu ids ,"  Report Plo. 
C . D .  2103, New Zealand Dept. of Sc i .  a n d  I n d .  
Res. ,  New Zealand, July 1968. 

DESCRl PTI 0 N 

Two g la s s ,  or  polyethylene, sample bo t t l e s  with 15-cm lengths of wide-bore butyl 
rubber tubing over t h e i r  necks and w i t h  a screw c l i p  placed halfway up the  tube a r e  
used. Rubber stoppers f i t t e d  with s t a i n l e s s  s t ee l  tubing a r e  placed in  the ends 
of the wide-bore t u b i n g .  
under the surface and  the long tube i s  exposed. 
b o t t l e  being purged w i t h  an ex t ra  500 ml of water.  
i s  closed, allowing the water in the purged b o t t l e  t o  cool i n  the absence of a i r .  

The assembly i s  submerged so t h a t  the  sho r t e r  tube i s  

The screw clamp on the tube 
Both bo t t l e s  f i l l ,  with one 

COMMENTS: 
Sample b o t t l e  contains water t h a t  has not been exposed to  the atmosphere ( a s  would 
happen i f  a b o t t l e  were placed d i r e c t l y  within the hot s p r i n g ) ,  

EDIT10 N: 
7/78 

PAGE: 
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i LLUSTRATI ON: 

BUTYL RUBBER HOSE 

SAMPLE BOl lLE 

A 

CLAMP 

APPARATUS FOR COLLECT1 NG A I  R-FREE WATER SAMPLES FROM A WE1 R 
BOX OR HOT SPRINGS 



METHOD TITLE: 
Water displacement 
gases from h o t  spr SAMPLE TYPE: 

Gas 

method f o r  co l lec t ing  
n g s .  SAMPLE POINT: 

Hot springs 

APPLICATI 0 N: 
Sampling gases from h o t  spr ings.  

NO.1 2-s 

REFERENCES: 
Finlayson, J.B. "The Collection a n d  Analysis 
Df Volcanic and Hydrothermal Gases," Geo- 
thermics Special I ssue  2 ,  V o l .  2 ,  p .  1344- 
1354, 1970. 
E l l i s ,  A.J. and W.A.J. Mahon, "Chemistry a n d  
Geothermal Systems ,I' Academic Press ,  New 
York, 1977.  (See note V on page B - 1 )  

D ESCR I PTI 0 N 
1. Glass o r  polyethylene funnel i s  attached t o  the top of a g lass  b o t t l e  with rubber 

t u b i n g  (Figure 1 ) .  
immersed i n  the h o t  spring and f i l l e d  w i t h  water. The assembly i s  then posit ioned 
w i t h  the  funnel over the most ac t ive  bubbling area of the spr ing.  
funnel must be kept beneath the water surface a t  a l l  times t o  prevent a i r  contamina- 
t i o n ;  a lead r i n g  around the funnel l i p  wil l  help keep i t  submerged. A clamp on 
the rubber tubing joining the funnel with the b o t t l e  s ea l s  the b o t t l e  when i t  has 
f i l l e d  with gas.  

The b o t t l e  and  funnel ,  at tached t o  a pole i f  necessary, a r e  

The l i p  o f  the 

2 .  A polyethylene funnel f i t t e d  in to  a butyl rubber hose attached t o  the f l a sk  i s  
placed below water level above a stream of gas bubbles (Figure 2 ) .  Carbon 
dioxide a n d  hydrogen su l f ide  a re  the predominant gases in h o t  spr ings a n d  may 
be absorbed in to  so lu t ion  by the addi t ion of a caus t i c  soda so lu t ion  t o  the 
f l a s k .  This allows the co l lec t ion  of l a rge r  volumes of nonacidic gases.  

COMMENTS: 

EDIT10 N : 

7/78 
1 PAGE: 
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i LLUSTRATION: 

F I G  1. GAS COLLECTION FROM A B U B B L I N G  S P R I N G  BY 
WATER DISPLACEMENT 

\ HANDLE 

/ 0 

F I G  2. APPARATUS FOR COLLECTING GAS SAMPLES FROM S P R I N G S  



. . .. . . . . . 

SAMPLE TYPE: 
L i q u i d  

METHOD TITLE: 

SAMPLE POINT: 
Hot springs seep 

Seep (from hot spr ings)  sampling method. 

APPLICATION: i 
Sampling of seeps from h o t  springs where 
l imited amount of l iqu id  i s  ava i lab le .  

NO.1 3-s 

D E S C R I PTI 0 N 

1 .  

2. 

For sampling seeps from h o t  springs where only a l imited amount  of f l u i d  i s  ava i l ab le ,  
a 1 / 4 "  diameter tygon tube i s  inser ted d i r e c t l y  i n t o  the flow, and.water i s  drawn 
with a hand-operated vacuum pump. 
b o t t l e ,  the water can a l so 'be  drawn d i r e c t l y  t h r o u g h  a 0 .45 p ce l lu lose  ace t a t e  
f i l t e r .  

500 ml Nalgene bo t t l e s  were used f o r  co l lec t ing  bo t t l e s .  Nalge a l so  manufactures 
the hand operated vacuum pump. 

Instead o f  passing d i r e c t l y  in to  the co l lec t ion  

COMMENTS: 

EDITION: 1 PAGE: 
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! LLU ST RAT i 0 N: 
n 

FLOW - 
FROM SEEP 

I t 

0.45 p FILTER 

COLLECTION BOTTLE 
HAND OPERATED V A C U U M  P U M P  

Portable f i l t e r i n g  apparatus with hand-operated vacuum pump. 



METHOD TITLE: 

Round bottom f l a s k  method f o r  co l lec t ing  
vol cani c gases.  

APPLICATION: 

I N d  4-s 

SAMPLE TYPE: SAMPLE POINT: 

Gas Fumarole 

REFERENCES: 
Sampling volcanic gases. Giggenbach, W .  F . ,  "A Simple Method f o r  

Collection and Analysis of Volcanic Gas 
Samples," in  press Bul . Volc. 

D ES C R I PTI 0 N 

1 .  The apparatus i n  Figure 1 of the i l l u s t r a t i o n  has been used t o  sample volcanic gases. 
The use of a r igh t  angle bend i n  the  intake tube ca.10 cm from the,end allows f o r  
convenient connection of the sample bo t t l e s  f o r  any fumarolic o u t l e t  configuration 
encountered. The sample bo t t l e s  a re  300 ml cy l indr ica l  round-bottomed f l a s k s ,  
equipped w i t h  a Rotaflo te f lon  stopcock and containing 50 m l  4N NaOH. 

2. A var ia t ion  (Figure 2 )  cons is t s  of 2 f l a sks  joined on the bottom by a two-way 
te f lon  stopcock. One f l a s k  contains 25  ml 0.1 N As203 so lu t ion  i n  1 N HC104, 
the other  contains 50 m l  4 N NaOH. Both bo t t les  a r e  evacuated a n d  weighed. I n  
the  f i e l d ,  the co l lec t ion  tubes a r e  connected to  the arsenic-containing b o t t l e ,  
the f l a s k  i s  t i l t e d  t o  allow passage o f  the  g a s  t h r o u g h  the absorbent.  After 
pressure equal izat ion due t o  accumulation of unabsorbed C02, the  connecting 
stopcock i s  opened ca re fu l ly  a n d  the acid gases a r e  rapidly absorbed by the 
a lka l ine  so lu t ion .  The f i r s t  b o t t l e  i s  u s e d  primarily f o r  t r a p p i n g  s u l f u r  
containing gases while the second i s  primarily f o r  trapping C02. 

COMMENTS: 
In Figure 1 ,  the use of t i tanium intake tubes prevents react ion of the tubes w i t h  
volcanic gases.  

E DIT10 N: 

7/78 

1 PAGE: 
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I LLU STRAT 1 ON: 

n 

T I T A N I U M  TUBES 

Figure 1 .  Apparatus f o r  co l l ec t ion  of 
volcanic gas samples. 

SINGLE FLASK DOUBLE FLASK 

TEFLON STOPCOCK 

/-- 

Figure 2 .  Collection bo t t l e s  f o r  
volcanic gas samples. 



METHOD TITLE: 

Evacuated f l a s k  method f o r  fumarole 
sampling. SAMPLE TYPE: I Gas 

IN0.I 5-s 

SAMPLE POINT: 

Fuma r o  1 e 

AP P LI CAT1 0 N : 
Sampling steam and gas from volcanic  
fumaroles. 

REFERENCES: 
E l l i s ,  A.J. e t  a l . ,  "Methods o f  C o l l e c t i o n  and 
Analysis o f  Geothermal F lu ids, ' '  Report No. 
C.D.  2103 New Zealand Dept. o f  Sc i .  and Ind.  
Res., New Zealand, J u l y  1968. 
Finlayson, J.B. "The C o l l e c t i o n  and Analysis o f  
Volcanic and Hydrothermal Gases," Geothermics 
Special Issue 2, Vol. 2, p. 1344-1354, 1970. 
E l l i s ,  A.J. and W.A.J. Mahon, "Chemistry and 
Geothermal Systems ,I' Academic Press, New York, 
1977. (See note V on page B-1) 

DESCRIPTION 
The gas and steam emanating f rom a fumarole i s  c o l l e c t e d  i n  an evacuated c o l l e c t i n g  f l a s k  
conta in ing 100-200 m l  50-70 Vol. % NaOH o r  KOH so lu t i on .  The f l ask  capaci ty  i s  0.5-10 
l i t e r s .  A s t a i n l e s s  s t e e l  dome i s  placed over the  vent o f  the  steam fumarole. The 
base of the  dome i s  covered f o r  i n s u l a t i o n  and t o  prevent a i r  i n f i l t r a t i o n  through cracks 
between the  l i p  of t he  dome and the  edge o f  t he  vent.  
condensation, leaks excess discharge t o  the  atmosphere and sample discharge through a 
t e e - j o i n t  near i t s  base t o  an a i r  condenser. 
of a i r  by the  fumarole discharge, the  f l a s k  i s  attached t o  the  condenser and opened, 
gradual ly ,  t o  avoid drawing i n  a i r  through the  p i p e  i n  the  dome. 
The a l k a l i n e  condensates a re  analyzed as soon as poss ib le  a f t e r  c o l l e c t i o n ,  if necessary 
i n  the  f i e l d .  A l k a l i n e  sodium s u l f i d e  ox id izes r a p i d l y  i n  the  presence of small amounts 
of a i r .  A l i quo ts  o f  the  sample a re  withdrawn from the  f l a s k  by means o f  a probe s i m i l a r  
t o  t h a t  shown i n  F igure 3.  The probe i s  evacuated by a hand'vacuum pump o r  f i l l e d  w i t h  
d i s t i l l e d  water before use. Sodium carbonate so lu t i ons  a re  s tab le ,  and may be re ta ined  
fo r  long per iods before analys is .  
The p a r t i a l  pressure of res idua l  gases can be measured i n  a simple f i e l d  l abo ra to ry  and 
the  gases t ransferred t o  small g lass ampoules f o r  storage, us ing the apparatus shown i n  
Figure 3.  A l l  connections are  made o f  th ick-wal led (OD 22 mm; I D  7 mm) b u t y l  rubber, 
which i s  impervious t o  gases. The pressure o f  res idua l  gas i n  the  storage ampoule i s  
kep t  as near atmospheric pressure as poss ib le .  
l abo ra to ry  us ing standard PVT techniques o r  gas chromatography. 
steam discharged from a fumarole i s  assessed from the  analyses o f  carbon d iox ide  and 
hydrogen s u l f i d e ,  the  p a r t i a l  pressure and ana lys i s  o f  the  res idua l  gases, the  temperature 
of t he  f l ask  dur ing res idua l  gas pressure measurement, and the  known volumes of the  f l a s k ,  
condensate, and sodiun hydroxide. 

A v e r t i c a l  p ipe ,  lagged t o  reduce 

When the  dome and condenser have been purged 

The res idua l  gases are  analyzed i n  the  
The composit ion o f  the  

COM M ENTS: 
The f l o w  o f  vapor through the  sampling o u t l e t  can be c o n t r o l l e d  4 t h  a g r a v i t y  f l a p  va l ve  
on top  o f  the  s ta in less  s tee l  tube i n  the  fum8role (F igure  4 ) .  
ad j u s  ted  according t o  the  v e l o c i t y  of t he  d i  scharge. 

C o l l e c t i o n  i n  KOH o r  NaOH t raps  C O z  and H2S. 
a re  made i n  evacuated f l a s k s  conta in ing no a l k a l i .  

1. 
The f l a p  va lve can be weiqht 

2. Flask i s  cooled by water o r  by a i r  when water i s  n o t  ava i l ab le .  
3.  Separate c o l l e c t i o n s  f o r  NH3, F, B ,  and Si02 

pressure equals the  steam i n l e t  pressure. Add i t i ona l  c o l l e c -  
t i o n  fo r  H2S and C02 can be achieved by a t tach ing  a vacuum puvp 
t o  the  f l ask  o u t l e t  and removing the  res idua l  gases, 



ILLUSTRATION: 

AMPOULE 

COLLECTING FLASK 

L RUBBER TUBING 
STAINLESS STEEL 

FUMAROLE VENl 

F IG  1. METHOD OF SAMPLING FUMAROLIC GAS & STLAM BY CONDENSATION I N  EVACUATED FLASKS 

CLIP: 

BUTYLRUBBER 
SEAL ICONNECTORS 

SEAL ICONNECTORS 

SEALICONNECTORS 

F I G  2. 

CONNECTION 
TO VACUUM PUMP 

BUTYL RUBBER 
SEALICONNECTORS 

F I G  3 

F I G S  2 & 3. APPARATUS FOR TRANSFERRING STEAM CONDENSATE AND GAS SAMPLES I N  THE FIELD 

BUTYL RUBBER 
SEALICONNECTORS CLAMPS 

<EALICONNECTOR S S  PROBE 

r 
F I G  4 APPARATUS FOR SAMPLING LARGE FUMAROLES 

. 



ME'THOD TITLE: 

SAMPLE POINT: Naughton tube  method f o r  sampl ing v o l c a n i c  
fumaro les  . 

Fumarole 

QPPLI CATIO N: 
Sampl ing o f  gases f rom fumaro les .  

~~~ ~~ 

R E F E RE N c E s : 
F in layson ,  J.B. "The C o l l e c t i o n  and A n a l y s i s  
o f  Vo lcan ic  and Hydrothermal  Gases," Geo- 
the rm ics  Spec ia l  I s s u e  2, Vo l .  2, p. 1344-1354, 
1970. 

DES CR I PTI 0 N 
1. 

2. 

3.  

5. 

The Naughton tube shown i n  t h e  i l l u s t r a t i o n  c o n s i s t s  o f  a one meter  l e n g t h  o f  Pyrex 

g l a s s  tube (10 mm OD) w i t h  an en la rged  s e c t i o n  near  one end and break-sea ls  a t  each 

end (one f o r  sampl ing and one f o r  a n a l y s i s ) .  

S i l i c a  g e l ,  f o r  a d s o r p t i o n  o f  t h e  a c i d  gases and wa te r  vapor ,  f i l l s  t h e  narrow s e c t i o n  

and i s  a c t i v a t e d  by h e a t i n g  t o  350°C d u r i n g  evauca t ion  o f  t h e  tube .  

The break-sea l  a t  t h e  sampl ing end i s  hook-shaped t o  f a c i l i t a t e  opening o f  t h e  tube  

w i t h  a w i r e  p u l l - o f f .  

A c o n s t r i c t i o n  between t h e  s i l i c a  ge l  s e c t i o n  and t h e  sampl ing t i p  a l l o w s  t h e  tube  

t o  be sea led  w i t h  a p o r t a b l e  gas-oxy t o r c h  w h i l e  t h e  t i p  remains i n  t h e  v e n t .  

Fo r  a n a l y s i s ,  t h e  gases a r e  r e l e a s e d  th rough t h e  enc losed break-sea l  t o  a p ressu re  

measur ing and gas t r a n s f e r  system. The gases adsorbed on t h e  s i l i c a  g e l  a r e  desorbed 

by g r a d u a l l y  b r i n g i n g  t h e  tempera ture  o f  t h e  adsorbent  up t o  300°C. 

CO M M ENTS: 
React ions  between c o l l e c t e d  gases ( e s p e c i a l l y  H2S and S O 2 )  a r e  prevented  i n  t h e  

Naughton tubes by  a d s o r p t i o n  and s e p a r a t i o n  o f  t h e  a c i d  gases on a c t i v a t e d  s i l i c a  g e l ,  

which a c t s  i n  t h e  same manner as a chromatographic  column. 

'EDITION:[ PAGE: 
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I LLU ST RAT ION: 

n 
DITAIL  OF SAMPLING TIP 

WITH PULL-OFF WIRE Al lACHED 

SIDE-ARM FOR TUBE 
CONSTRI CTI ON 

FOR SEALING TUBE 

BREAK SEAL 
f 

FREE VOLUME 
FOR NON ABSORBANT GASES 

(HE, 02, Nz, CO, CH4AND 
RARE GASES) 

AND PROTECTIVE CORK 

COLLECTING T I P  
WITH PROTECTIVE 

GLASS BULB 

40-60 MESH S I L I C A  GEL 
(ABSORBS Cop, H2S, 

SO2 AND H20)  

Silica gel gas sampling tube. 

/- 

PULL-OFF WIRE 

SI L I  CA GEL 
SAMPLING TUBE 

Method of sampling volcanic gases from a fumarole with the 
silica gel sampling tube. 



~~ 

IVlk I HUU I I I L t :  
Air displacement method for sampling 
fumaroles. SAMPLE TYPE: 

Gas 

7-s 

SAMPLE POINT: 
Fumarole 

'4PPLICATIO N : 
Sample fumarole gases Gu' REFERENCES: 

Finlayson, J.B. "The Collection and Analysis 

DES CR I PTI 0 N 
Apparatus cons i s t s  of  an  intake tube attached t o  one end o f  a sample f l a sk .  A sample 
i s  co l lec ted  by in se r t ing  the intake tube in to  the gas  vent.  When the sampling t r a i n  
i s  judged t o  be swept f r e e  of a i r ,  the  sample f l a sk  i s  sealed.  

A condenser, usually a g lass  b o t t l e  o r  tube cooled by i ce  water or a i r  c i r cu la t ion  i s  
of ten placed between the intake tube and  the sample f l a sk  t o  separate  a n d  c o l l e c t  the 
steam f r ac t ion  of the discharge.  

A water a sp i r a to r  or pump i s  of ten used t o  p u l l  the sample t h r o u g h  the co l l ec t ing  
rain i f  i n s u f f i c i e n t  pressure i s  present .  

COMMENTS: 
Copper, i ron ,  and  s t a i n l e s s  s t ee l  intake tubes t e n d  t o  reac t  with volcanic gases a n d  
may contaminate the sample. Pyrex g lass  o r ,  f o r  h i g h  temperature vents ,  s i l i c a  tubing, 
a r e  preferab le ,  although s t rength i s  s ac r i f i ced .  This m i g h t  be overcome by placing 
the intake tube ins ide  a s t a i n l e s s  s t ee l  ' tube.  

EDITION: 1 1 PAGE: 



ilLUSTRAT1ON: 

STOPCOCK GAS COLLECT1 NG FLASK 

VENT \ INTAKETUBE \ / ,STOPCOCK 

CONDENSER 41 I 
\ !  J t--7- L \ A I  A T C D  D C C C D \ / n l  D 

Gas collection from a fumarole by air displacement. 



METHOD TITLE 

Syringe method f o r  sampling entrained gases. '  
NO. 8-S 

SAMPLE TYPE: 1 SAMPLE POINT: 1 Gas 

ON: 
ssolved a n d  entrained gases in 
hot spr ings ,  o r  steam wells .  

Fumarole, h o t  spring or 
steam we1 1 .  

REFERENCES: 
Truesdel l ,  A. H .  and K. L .  Pering, "Geotherma 
Gas S a m p l i n g  Methods," U . S . G . S .  Openfile 
Report 74-361, Menlo Park, CA, 1974. 

1 UPPLICAT 
Sampling d 
fumaroles, 

DES CR I PTI 0 N 
Two 60 ml polypropylene syringes (Monoject) a n d  an evacuated 50 ml pyrex gas sample b o t t l e  
with a n  O-ring seal  (constructed usinq Ace q lass  adapter 5027 modified by the addi t ion of  a 
second O-ring so t h a t  the e x i t  tube can be evacuated) a r e  connected by l / 8"  ID Tygon tubing 
and four 3-way polypropylene stopcocks (Pharmaseal) w i t h  shor t  pieces of tubing used t o  
seal the j o i n t s .  
A t  the s t a r t  of each co l l ec t ion ,  10  or 20 ml o f  3 m NaOH (prepared from low carbonate reagent)  
i s  drawn in to  syringe B t h r o u g h  stopcock 4 .  Dissolved a i r  in  the solut ion i s  reduced by 
closing the stopcock t o  the syringe ( t h e  stopcock handle indicates  the closed d i r ec t ion ;  
see d e t a i l  i n  i l l u s t r a t i o n ) ,  pul l ing the plunger t o  produce a pa r t i a l  vacuum over the s o l -  
u t ion ,  shaking t o  jo in  the a i r  bubbles and  re leasing the accumulated a i r  t h r o u g h  the stop- 
cock. An inverted funnel connected t o  the apparatus with 1/8" Tygon tubing i s  dipped i n  the 
h o t  spring and f i l l e d  with water. With stopcock 1 closed t o  the s ide  tube,  syringe A a n d  

cock 2 a r e  used t o  pump water through the t u b i n g  a n d  o u t  o f  the sidearm o f  stopcock 4 
h i s  closed toward the gas b o t t l e .  When t h i s  p a r t  of the tubing i s  water f i l l e d ,  the 

inverted funnel i s  moved over the gas  vent and  gas i s  allowed t o  accumulate. 
pumping with syringe A displaces  the water in the tube w i t h  gas from the vent.  When the 
tubing i s  flushed with gas,  stopcock 4 i s  closed by moving i t  45" t o  an intermediate p o s i -  
t i o n .  Syringe A i s  then f i l l e d  with 50 m l  of gas which i s  allowed t o  cool t o  near a i r  
temperature. The cooled gas,  i t s  volumenoted, i s  then t ransfer red  in to  syringe B through 
stopcocks 2 a n d  3. With stopcock 2 closed t o  the sidearm the apparatus i s  shaken a n d  the 
CO2 a n d  H2S a r e  rapidly absorbed in to  the NaOH so lu t ion .  
or  residual g a s  may be measured from the change i n  t h e  p o s i t i o n  o f  t he  p l u n g e r  of  syringe B .  
T h i s  procedure i s  repeated unt i l  approximately 25 ml o f  residual gas has accumulated in 
syringe B .  
by closing stopcock 4 to  the vent,  stopcock 3 t o  the NaOH solu t ion ,  and stopcock 2 t o  the 
funnel a n d  pul l ing the plunger of syringe A o u t  as  f a r  a s  possible  without breaking the 
seal while the plunger i s  o u t .  Stopcock 2 i s  then closed toward the gas  b o t t l e  a n d  the 
evacuated a i r  and gas i s  released through stopcock 1 .  
T h e i d  h v  U c r P w i n a  i t <  t . h r P U  h i r q h i n g  s l i g h t l y  

(over)  COMMENTS: 
1 .  I n  co l l ec t ing  from hiqh temperature springs, some condensate wil l  accumulate i n  

2 .  

Further 

The volume of the non-absorbable 

The tubing from stopcock 2 t o  the g lass  sample b o t t l e  i s  then p a r t i a l l y  evacuated 

This procedure i s  repeated twice more. 

the syringe and  this  may be e i t h e r  discarded o r  co l lec ted  t h r o u g h  stopcock 1 .  
For volume measurements in the syringe, i t  i s  not accurate  t o  note the posi t ion of 
the  meniscus because the ends o f  the  syringe and  plunger a r e  conical:  The plunger 
i-s usual ly  s l i g h t l y  sti.,cky a n d  an accurate  volume measurement requires  manipulation 
and bracketing by f e e l .  

I PAGE: 1 B-10 



STRAT i 0 N: 

n 

I LLU 

1 

2 

SAMPLE B O l l L E  

SYRINGE B 
(CAU STI  C )  

(PUMP) 

HANDLE INDICATES 
OFF D I RECTI ON 

\ 

DETAIL OF STOPCOCK 

Apparatus fo r  gas sat1;pling of fumaroles, h o t  springs or steam wel l s .  

dnd  pushing the closure tube in to  the b o t t l e  un t i l  the small hole in the tube i s  
within the b o t t l e .  Now, with syringe B held upright ,  gent le  opening of stopcock 3 
t o  connect the glass  b o t t l e  t o  syringe B allows the residual gas t o  flow in to  the 
b o t t l e .  When 4 m l  residual gas remains in syringe B,  stopcock 3 i s  c losed,  the gas 
b o t t l e  i s  closed by gently pulling i t s  c losure tube o u t  of the bo t t l e  un t i l  i t s  s ide  
hole i s  no longer connected t o  the b o t t l e  i n t e r i o r ,  and  the bushing i s  t ightened. 
The 4 ml of remaining gas i s  then pushed in to  the t u k S r 7 g  t o  reduce the p o s s i b i l i t y  
o f  ai r contami nati  on. 



METHOD TITLE: 

SAMPLE TYPE: 
Liquid 

Sealable b o t t l e  method f o r  sampl i.ng 
weir boxes. SAMPLE POINT: 

Weir box 

APPLICATION: 
Sampling s i l ence r  weir boxes f o r  l i qu id .  

NO.( 9-S 

REFERENCES: 
I l l i s ,  A.J. a n d  W.A.J. Mahon, "Chemistry and 
Geothermal Systems," Academic Press ,  New 
York, 1977.  

D ESCRl PTI ON 
The apparatus cons is t s  of  a b o t t l e  holder,  i n t o  which a d i f f e r e n t  b o t t l e  i s  f i t t e d  f o r  
each sampling, attached to  a long handle. 
rubber block which covers the top o f  the b o t t l e  during i t s  immersion and w i t h d r a w a l  
from the weir box .  

Connected t o  the handle i s  a spring-operated 

This prevents evaporation of the sample. 

EDITION: I PAGE: 
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1 LLUSTRATION: 

SCREW THREAD 

NEOPRENE SEA 

AVALVE I I 

u 

VALVE RETURN SPRING 

. IFT PUSH ROD 

SAMPLER FOR COLLECTING WATER SAMPLES FROM THE WEIR BOX OF 
A GEOTHERMAL WELL 



METHOD TITLE: 
Naughton tube method f o r  sampling volcanic 
gases. SAMPLE TYPE: 

Gas 

APPLl CAT1 0 N : 
Sampling volcanic gases.  

SAMPLE POINT: 
Dril l  hole 

I 

REFERENCES: 
Finlayson, J .  B .  "The Collection and Analyses 
o f  Volcanic and Hydrothermal Gases," Geo- 
thermics Special I ssue  2 ,  Vol .  2 ,  p .  1344- 
1354, 1970. 

D ES CR I PTI O N 
1 .  Naugh ton  tubes containing a s i l i c a  gel absorbent a r e  thermally insulated by placing 

them i n  a s i l i c a  jacke t  with the annular space f i l l e d  w i t h  crushed f i r e  br ick .  

2 .  S t a in l e s s  s t ee l  wire cable i s  used t o  lower the tubes in to  the d r i l l  holes a n d  a 
wire pul l -off  i s  used t o  open the t i p  a t  the desired depth. 

3. Thermal i n e r t i a  of the insu la t ion  i s  such t h a t  heat i s  supplied t o  the inner 
sampling tube f o r  a shor t  time a f t e r  w i t h d r a w a l .  
wi l l  be "blowing o u t "  as the tube i s  sealed.  
gas-oxy torch.  

The co l lec ted  gas expands a n d  

The tube i s  closed with a portable  

CO M M ENTS: 
1 .  

2 .  

Insulated tubes can be exposed to  1000°C f o r  periods up t o  one minute without the 
temperature of the s i l i c a  gel exceeding 100°C. 
Collections were reported t o  be made w i t h i n  one minute time l i m i t  ( a t  maximum depth 
of 15 meters) w i t h  the tubes being sealed immediately on withdrawal from the 
d r i l l  hole. 
prevent the flow of a i r  in the opposite d i rec t ion .  
through the opening depends primarily on the d i f fe rence  i n  the pa r t i a l  pressure 
of  the gas on each s ide  of the opening and on the s i z e  o f  the opening, 

Dur ing  c losing the flow o f  gas t h r o u g h  the tube opening does n o t  
The flow r a t e  of each gas 

7'78 I 1 B-12 



i LLU ST RAT I ON: 

n 

PULL W I RE 

BREAKOFF -- 
T IP  AND WIRE 

LOWER I NG CABLE 

EVACUATED SAMPLE TUBE 
WITH ABSORBENT 

THERMAL INSULATION 

Method of  s a m p l i n g  g a s e s  i n  h o l e s  d r i l l e d  t h r o u g h  the crust  o f  a l a v a  l a k e .  



INO.1 l l - s  

SAMPLE TYPE: 
L i q u i d  

M ETH 0 D TITLE: 

Cool i ng coi 1 s SAMPLE POINT: 
Pipel ine,  separator  or 
o ther  

~~ ~~ ~ ~~~~ 

APPLICATION: 

S a m p l i n g  condensed br ine 

~ ~~~ 

REFERENCES: 

APPendix 1 :  Field Test 1978. 

most requirements f o r  sample cooling. 

Varying diameters of t u b i n g  a r e  used because of v a r i a b i l i t y  i n  sampling requ 

Coil diameter i s  normally 8 - 10  i n .  t o  f i t  i n t o  container t h a t  a c t s  as  cool 
b a t h .  

Two c o i l s  commonly used; f i r s t  i s  immersed i n  a water b a t h  t o  cool sample t o  

2.  

3. 
Five gallon buckets a r e  most f requent ly  used f o r  t h i s  purpose. 

4. 

remen t 

ng 

boi l ing point  of water, second coi l  i s  immersed i n  an i ce  bath. 
of l a rge  amounts of i ce .  

Flow of brine t h r o u g h  c o i l s  must be carefu l ly  watched t o  avoid f lashing of the 
sample in the c o i l s .  

Al te rna t ive ly ,  a water cooled condenser can be used i f  a s u f f i c i e n t  supply of 
cooling w a t e r  i s  available. 

This saves usage 

5. 

6. 

, .  

COMMENTS: 
1 .  During f i e l d  t e s t  Whitey or  equivalent shutoff o r  requlat ing needle valves were used 

f o r  maintaining proper flow r a t e s  through the c o i l s .  
n o t  su i t ab le  f o r  regulating flow, 
Flexible  armored l i nes  equipped with quick disconnect f i t t i n g s  were used upstream 
of c o i l s  t o  connect t o  1 "  ball  valves on p ipe l ines ,  e t c .  This allowed f o r  
p o r t a b i l i t y  of cooling c o i l s  f o r  various sample loca t ions .  

l i n e s  may be used t o  sample steam l i n e s .  

Gate or  bal l  valves a r e  

2. 

3. Coils of  1 /4"  ID o r  la rger  normally used f o r  condensing br ine .  Smaller (1/8"  ID) 

EDITION: 4. During f i e l d  t e s t ,  brine surging i n  p ipel ines  resul ted i n  
pulsat ing e f f e c t s  while co l lec t ing  through c o i l s .  I t  i s  
n o t  advisable t o  attempt t o  cor rec t  t h i s  e f f e c t  k i t h  the 
flow regulating needle valves as  steam can be emitted a t  -l 7/78 



i LLU ST RAT IO N: 

S A M P L I N G  CONDENSED BRINE U S I N G  COOLING C O I L S  

WELL 
COOLING WATER OUT + m 

P I  PEL1 NE L-=! CONDENSER 
t 

COOLING WATER I N  

CARBOY 
WELL 

SAMPLING CONDENSED BRINE U S I N G  JACKETED CONDENSER 

h i g h  veloci ty  through the  c o i l s  resultin! in a p o t e n t i a l l y  dangerous b u r n  
s i t u a t i o n  f o r  the  operator.  



METHOD TITLE: 

SAMPLE TYPE: 

Gas 

. 

SAMPLE POINT: 

Pi pel i ne 

INO.1 
Sparging method fo r  trapping gases.  

I 

APPLICATION: 
I 

1 REFERENCES 

I 

D ESCR I PTI 0 N - 

1 .  

1 
L .  

3. 

u 
4. 

Condensed brine i s  allowed t o  flow in to  a s e r i e s  of tubes or carboys containing absorb- 
ing so lu t ions .  The entrained gas i s  dispersed t h r o u g h  f r i t t e d  g lass  t o  a l l o w  f o r  more 
complete absorption. (Figure 1 )  
Examples of absorbing solut ions include sodium hydroxide solut ion f o r  trapping H2S and 

ca mium chlor ide solut ion f o r  trapping HzS, e t c .  
Efficiency of absorption can be improved by the addition of more absorbing tubes in 
s e r i e s  (Figure 2 )  t o  allow the head space gas t o  be dispersed t h r o u g h  addi t ional  
absorbing so lu t ions .  During a f i e l d  t e s t  of t h i s  arrangement the f i r s t  sample t u b e  
on the l e f t  was f i l l e d  with 750-1000 ml 2N NaOH s o l ' n  f o r  co l lec t ing  C C 2 .  
tube was f i l l e d  with 100 m l  2N NaOH. Brine + gas entered the f i r s t  tube t h r o u g h  the 
sparger a n d  mixed w i t h  the 2N NaOH unt i l  the f ina l  volume ( i n  f i r s t  tube) was 
1000-1500 ml. Blanks were a l so  taken by f i l l i n g  the 1 s t  tube ( o n  l e f t )  with 2N NaOH 
and pouring t h i s  in to  l i n e a r  polyethylene sample b o t t l e s .  
Fisher-Milligan bo t t l e s  were a l so  used in s e r i e s  during the f i e l d  t e s t  t o  c o l l e c t  en- 
trained gas (Figure 3 ) .  The long p a t h  length due t o  the sp i r a l  inner co i l  allows f o r  
long c o n t a c t  with the trapping so lu t ion .  

, ammonium hydroxide solut ion saturated with SrC12 for trapping CC2, zinc ace t a t e  or 

The second 

COMMENTS: 
1 .  During f i e l d  t e s t  the apparatus in Figure 2 proved t o  be cumbersome t o  employ a f t e r  

sampling due t o  i t s  large s i z e .  Some redesign i s  contemplated, 
2 .  I t  was a l so  found during the f i e l d  t e s t  t h a t  i t  was unnecessary t o  f i l l  the second 

(smal le r )  tube with trapping solut ion (211 NaOH) and  t h a t  the la rger  tube was s u f f i c i e n t  
f o r  t rappinq.  This was based on the concentration leve ls  of CO2 encountered. 

3. Fisher-Milligan bo t t l e s  were found t o  be easy t o  operate and minimize contact  of the 
operator with the NaOH s o l ' n .  
addi t ion of a sparger stone t o  the bottom brine i n l e t  tube.  

A contemplated modification t o  the bo t t l e s  i s  an 

I B-14 



i LLU STRATI 0 N : 

B R I N E  FLOW 

F IG 1 CARBOY CONTAINING ABSORBING SOLUTION ro IRAF 
ENTRAINED GAS 

/-- 

F I G  2. SPARGLR ARRANGEMENT USED I N  FIELD TEST FOR TRAPPING ENIRAINED GASES 

F IG 3. FISHER-MILLIGAN BOTlLE SYSTEM USED I N  FIELD TEST FOR TRAPPING 
NONCONDENSABLE GASES 



METHOD TITLE: 

SAMPLE TYPE: 

INO.1 13-s 

SAMPLE POINT: Cerro Pr ie to  method f o r  s a m p l i n g  non- 
condensables and  C02. 

APPLICATION: 
Sampling noncondensable gases a n d  C02. 

Gas and Liquid IPipel ine from separator  

REFERENCES: 1 .  Mercado, Sergio,  "Prelim- 
nary Geothermochemical Exploration of La 
Primavera, J a l i s c o , "  F i f th  Mexican Chemistry 
Congress, Merida, Yucatan, Apri 1 1970.  
2 .  Mercado, Sergio,  "Hydrothermal F1 uid Samp- 
l ing  f o r  Isotopic  C-13 and C-14: Geothermic 
Zone of La Primavera, J a l i s c o  and  Surroundin: 
r eas , "  Federal E l e c t r i c i t y  Commission, Electr 
c i t y  Industry Research I n s t i t u t e ,  April 1971 
3. Appendix 1 :  Field Test 1978.  

D ESCRl PTl ON 
1 .  

2. 

The steam a n d  noncondensable gases pass from the separator  t h r o u g h  a cooling coi l  
immersed in  an ice-water b a t h  (Figure 1 ) .  
pass i n to  a 5 - l i t e r  preweighed evacuated sampling vesse l .  While the vessel i s  
s t i l l  p a r t i a l l y  evacuated a predetermined amount o f  10% NaOH solu t ion  i s  allowed 
t o  en te r .  This reac ts  with the C02 allowing more sample t o  be withdrawn from 
the separa tor .  Following co l lec t ion  f o r  a spec i f ied  period of  time, the  5 - l i t e r  
vessel i s  removed a n d  reweighed t o  determine the amount of condensed steam 
phase. The l iqu id  phase i s  analyzed f o r  C02 while the gas phase i s  analyzed f o r  
residual gases ( C H 4 ,  N2, H2, e t c . )  
During a f i e l d  t e s t  o f  t h i s  method (Figure 2 )  the 5 - l i t e r  f l a sk  was i n i t i a l l y  f i l l e c  
with 500 m l  2 N NaOH and weighed. The f l a s k  was attached t o  a vacuum pump a n d  
evacuated f o r  1 / 2  hr. Steam a n d  noncondensables were removed from the steam l i n e  
t h r o u g h  a 1 / 2 "  ID i n se r t ab le  sample probe. The flow then proceeded t h r o u g h  a water 
cooling b a t h  followed by an i ce  water cooling b a t h .  The f l a s k  was connected t o  the 
o u t l e t  s ide  of the second condensing c o i l .  Steam condensate a n d  gas were allowed tc 
f i l l  the  f l a sk  unt i l  the f l a s k  pressure had equi l ibra ted  with the steam l i n e  pressur 
The f l a s k  was then removed a n d  reweighed. 

The condensed steam and noncondensables 

COMMENTS: 
1 .  The l i qu id  phase i s  removed from the f l a s k  i n  the lab  by using a suct ion f l a sk  

a n d  using care so t h a t  g a s  i s  not removed. The l iqu id  i s  subsequently analyzed 
f o r  C02. 

2 .  The gas phase i s  removed i n  the  lab  by a t tach ing  a n  evacuated gas sampling b u l b  
t o  the f l a sk  a n d  drawing of f  a sample or a l t e r n a t i v e l y  by allowing a synthe t ic  
brine so lu t ion  t o  en ter  through the bot tom of the f l a sk  and displace the gas t h r o u g h  
the t o p  stopcock. 
svnthe t ic  brine thus leadina t o  some e r r o r .  (See Figures2 a n d  3 under evacuated 
f l a sk  method f o r  fumarole sampling. I 

This has the disadvantage of a l l o w i n g  the gas t o  dissolve i n  the 

EDITION: 

7/ 78 

13. The f r a g i l e  nature of the Collecting f l a sks  does not  
I t o r  easy t ranspor t  of the sample without the r i sk  of break- 

I a g e .  I B-15 



ILLUSTRATION: 

1C% NaOH 
SOLUTION 

. 

F I G  1. CERRO PRIETO METHOD FOR COLLECTING NON-CONDENSABLES & C07 

1 I7" FLEXIBLE 
ARMORED LINE 

U 

F I G  2. CERRO PRIETO METHOD USED I N  FIELD TEST 



METHOD TITLE: 

SAMPLE TYPE: 

Liquid a n d  g a s  
noncondensables. 

/ \  

SAMPLE POINT: 

separator  
Steam l i n e  from 

'w APPLICATION: I REFERENCES: 
Sampl ing  noncondensable gases in steam l i n e .  Plichels, D . E .  "C02 in Geothermal Steam. A 

Rapid, Precise ,  a n d  Accurate Field Assav 
Technique," presented a t  Geothermal Resources 
Council Fleeting, Hilo,  Hawaii, July 1978. 

c3 

DESCRIPTION 
1 .  Steam a n d  noncondensables flow from the steam l i n e  through an in se r t ab le  sample probe 

in to  cooling c o i l s  in an  i ce  bath. A l i n e  from a t ee  a f t e r  the in se r t ab le  probe 
goes t o  a marlometer which i s  used t o  measure the i n l e t  pressure.  The flow from the 
cooling c o i l s  goes in to  the ca l ibra ted  hypodermic syringe a f t e r  passing t h r o u g h  a 
shor t  sect ion of Tygon t u b i n g .  The steam l i n e  pressure i s  used t o  f i l l  the  syr inge .  
A predetermined volume i s  col lected in the syringe. Equi l ibrat ion i s  achieved when 
bubble movement i s  no longer observed i n  the  Tygon tube. The equation below i s  used 
t o  ca l cu la t e  % CO,: 

L 

* 
where a )  K = 0.00256 (involves formula weight C02, gas cons tan t ,  temperature. and  

f l u i d  densi ty  appropriate  f o r  press .  measured in  cm Hg,  vol . i n  ml and  
densi ty  i n  grams per ml ) . 

a n d  1 a n d  2 r e f e r  t o  the co l l ec t ions ,  s p e c i f i c a l l y  2 r e f e r s  t o  t h a t  involving 
NaOH. 

c )  Subscript  T on pressure r e fe r s  t o  t o t a l  pressure ins ide  syringe (barometric t 
ma nome t e r  pressure)  . 

d )  F1 represents  f r ac t ion  of P ~ , , d u e  t o  non-CO2 gases.  
e )  Factor Mn represents mol.wt. nitrogen in equation above assuming nitrogen (ovei 

b )  V and P refer  t o  v o l .  and p r e s s . ,  L and  G re fe r  t o  l i q .  and  g a s  phase 

COMMENTS: 
1 .  This method should be used f o r  low pressure l i n e s  only. 
2 .  Six t o  e igh t  f i e l d  determinators per hour can be made using t h i s  method. 
3.  Absolute pressure (barometric) must be known t o  malt:! accurate  c ? l c u l a t i o n s .  

EDITION: 1 I PAGE: 



i LLUSTRATION: 

MANOMETER 

ICE BAT1 

n 

SYSTEM FOR S A M P L l  NG & MEASURING NON-CONDENSABLE GAS I N  STEAM 

dominates the non-CO2 f r a c t i o n .  
f )  F 2  represents  v i r tua l  pressure f rac t ion  f o r  C O 2 .  

The non-CO2 f r a c t i o n  i s  given by: 

2. Two syringe co l lec t ions  a r e  necessary f o r  samples containing C O 2  mixed with other  

non-CO2 f rac t ion  = F1 
F1 + F2 

gases. One syringe contains  NaOH solut ion t o  t r a p  the C O 2 .  



METHOD TITLE: 
Tedlar bag method fo r  sampling steam 
condensate and noncondensable gases SAMPLE TYPE: 

Gas and  condensate 

'W0 APPLl CAT1 0 N:  
Sampling of steam condensate and  noncondens- 
able  gases. 

SAMPLE POINT: 
P a r t i c l e  separators  con- 
densate t r a p s ,  cogling 

N0.I 15-s 

D ESCRl PTl ON 
The arrangement of the sampling apparatus i s  shown in the i l l u s t r a t i o n .  The t o t a l  volume 
of the tubing i s  approximately 1 l i t e r .  The s t a i n l e s s  s t ee l  probe i s  inser ted in to  the 
f low stream in such a way t h a t  on ly  steam passes t h r o u g h  the co l lec t ion  t r a i n ;  the high 
steam f l o w  r a t e s  make t h i s  simple t o  achieve. Two condensers a r e  used; the f i r s t  being 
water cooled, and  the second ice-water cooled. The system i s  purged and  equi l ibra ted  
without a co l lec t ion  bag attached for  approximately 10 min. o r  un t i l  10 t o  20 cm 
of condensate has passed t h r o u g h  the system. Collection i s  then i n i t i a t e d  and  
continued unt i l  1 t o  2 l i t e r  of non-condensable gas has been col lected i n  a Tedlar bag. 
The gas contents a r e  analyzed l a t e r  in the laboratory.  
in a trapping b o t t l e  upstream of the t ed la r  b a g .  

3 

0 The condensate i s  col lected 

COMMENTS:  
1.  

2 .  Diffusional losses  of hydrogen are  appreciable.  
3. 

Sulfur-containing species a r e  unstable in p l a s t i c  bags and  should be analyzed on 
s i t e .  

Use o f  p l a s t i c  bags should be l i m i t e d - t o  co l lec t ion  o f  chemically s t ab le  and higher 
molecular weight gases.  

EDIT10 N 
7/78 
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LLUSTRATION: 

FLEX I BLE HOSE 

PROBE AND T IP  1 
CONDENSER COILS 

TEDLAR GAS COLLECTION BAG 

WATER COOLING BATH 
I CE-WATER 

COOLING BATH 

STEAM SAMPLING SYSTEM USING TEDLAR BAG 



METHOD TITLE: 

SAMPLE TYPE: 
Gas 

INO.1 

SAMPLE POINT: 
Steam l ine  from separator .  

Wet t e s t  meter method. 

cd APPLICATION: 
Sampling steam for  noncondensable gases. 

REFERENCES: 
1 .  Christofferson, D . J . ,  R . N .  blheatley, and  
J.A. Baur, " U n i o n  Oi l  Co. o f  Ca l i fo rn ia ' s  Geo- 
thermal Sampling Techniques," Proceedings of  
the 1 s t  ldorkshop on S a m y l i n g  Geothermal Ef- 
f l u e n t s ,  Las Vegas, N V ,  Oct. 1975 ,  p p .  165-173 
2 .  Appendix 1 : Field Test 1978. 

DESCRIPTION 
1 .  The condenser coi l  in an  ice  water b a t h  i s  connected t o  the steam l i n e  via a by-pass 

valve by means of a 25-foot f l e x i b l e ,  s t a in l e s s  s tee l  tubing using appropriate f i t t i n g s  
a t  b o t h  ends (Figure 1 ) .  
condenser and  the sample p o r t  valve on the steam l i n e  i s  f u l l y  opened. 
steam t h r o u g h  the connecting tubing f o r  su f f i c i en t  time (usual ly  10  t o  15  minutes) 
for  the tubing t o  come t o  temperature, steam i s  valved t o  the disconnected condenser 
un t i l  a condensate flow r a t e  of a b o u t  50 m l / m i n  i s  obtained. Approximately one l i t e r  
of condensate i s  purged t h r o u g h  the condenser. 
come t o  an equi l ibrated condition a n d  a lso cleans the tubing of any possible residue 
o r  contamination from pr ior  samplings. 
The wet t e s t  meter i s  equi l ibrated by attaching the equi l ibrated condenser t o  the 
sample t r a in  and  passing the noncondensible gases t h r o u g h  the wet t e s t  meter f o r  
10 t o  1 5  minutes. 
co l lec t ion  bo t t l e  i s  replaced by a tared one-quart b o t t l e  a n d  the wet t e s t  meter 
reading i s  noted. 
of  rubber t u b i n g  a n d  actual sampling begins. Sampling continues unt i l  the co l lec t ion  
bo t t l e  i s  f i l l e d  or 3 t o  4 l i t e r s  of noncondensible gas volume i s  reached. 
condenser i s  then disconnected from the t r a in  and  the noncondensible gas content of 
the steam determined from the weight of water col lected and  the volume of gas 
measured a f t e r  appropriate corrections f o r  temperature a n d  barometric pressure.  

2 .  The system shown i n  Figure 2 was used t o  evaluate the method under f i e l d  condi t ions,  
The steam a n d  noncondensable flow passed from the steam l i n e  t h r o u q h  an inser tab le  
sample probe ( inser ted  t o  the center  o f  the steam l ine )  in to  a f l ex ib l e  armored 
l i n e .  Flow then continued t o  a cooling bath f i l l e d  w i t h  water followed by a second 
cooling b a t h  f i l l e d  with ice  water. The flow then passed in to  the g lass  separator 
with the condensed steam being removed from the bottom for analysis  or a l t e rna t ive ly  
the r a t e  could be measured w i t h  a graduated cyl inder .  Noncondensables from the t o p  
of the g lass  separator passed through the wet t e s t  meter or  a l t e rna t ive ly  were ( con t . )  

COMMENTS: 
1 .  Wet t e s t  meters must be properly equi l ibrated t o  prevent absorption of gases such as 

carbon dioxide f o r  accurate volume measurements. 
2.  Glass separator should only be used under low pressure conditions ( f o r  f i e l d  t e s t  

the steam l i n e  i n l e t  pressure was 7-9 p s ig ) .  
3. Field t e s t  showed improved co l lec t ion  r e s u l t s  a r e  obtained and more control lable  flow 

regulation u s i n g  1 / 2 "  ID inser tab le  probes instead of smaller ID probes (1 /4"  ID) 
due t o  be t t e r  co l lec t ion  r a t e s  from the steam l i n e .  

4 .  F i l l i ng  the gas co l lec t ion  bulb i n i t i a l l y  with water ( i n  
f i e l d  t e s t )  and allowing the gas t o  displace the water 
proved t o  be a useful way t o  determine i f  a i r  was excluded. 
Collection i s  continued f o r  3-4 volume displacements. 

The by-pass valve i s  positioned t o  vent w i t h  no f l o w  t o  the 
After flowing 

This allows the condenser system t o  

The condenser i s  disconnected from the sample t r a i n .  

The condenser i s  quickly attached t o  the sample t r a in  by means 

The 

The 
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ILLUSTRATION: 

EXCESS STEAM 
VENT TO 

MOSPHERE 
STEAM 

SOURCE 

FLEX1 BLE 
LINE 

COLLECTORS 
CONDENSER CONTAIN ING 

REAGENTS 

F I G  1. STEAM SAMPLING APPARATUS 

/- 

GLASS GAS 

FIG 2 WET TEST METER METHOD USED I N  FIELD TEST TO SAMPLE NONCONDENSABLES IN  STEAM LINE 

col lected in gas sampling bulbs. 
using the graduated cyl inder  water displacement method. 

The noncondensable gas .flow r a t e  can be checked 



METHOD TITLE: 

U A P P L I C A T I O N :  
Measurement of  radon gas concentrations i n  
geothermal gases.  

(NO.1 17-s  

Noncondensabl e gas 

REFERENCES: 

Moncondensable gas 1 i ne 

J .  D. Ludwick, Battel l e ,  Pac i f ic  Vorthwest 
Laboratories,  Richland, WA 99352. 
H .  F .  Lucas, Rev. S c i .  I n s t . ,  - 28, 680 (1957) .  

Radon Gas Collection and Pleasurement 1 SAMPLE TYPE: 1 SAMPLE POINT: 

D E S C R I PTI 0 N 
Radon concentrations i n  most geothermal gases a r e  s u f f i c i e n t l y  h i g h  t o  measure d i r e c t l y  
in f i l l e d  Lucas tubes.  A Lucas tube i s  a g lass  sphere with a f l a t  q u a r t z  window on 
one end a n d  a stopcock on the o ther .  The ins ide  surfaces  of the Lucas tube,  except for 
the q u a r t z  window, a r e  coated with act ivated zinc s u l f i d e / s i l v e r  s c i n t i l l a t o r .  Pr ior  
to  sampling the tubes a r e  evacuated with a vacuum pump. The gas sample i s  then taken by 
connecting the Lucas tube t o  the noncondensable qas l i n e ,  opening the stopcock and 
allowing the Lucas tube t o  pressurize  s l i g h t l y .  Before enter ing the Lucas tube the 
gas i s  f i l t e r e d  t h r o u g h  a Zpmembrane f i l t e r  t o  remove any radon daughters.  The tube 
i s  then disconnected, the stopcock opened b r i e f l y  t o  allow the tube t o  equ i l ib ra t e  t o  
atmospheric pressure a n d  the stopcock i s  then closed. After a period of  a b o u t  4 hours 
t o  allow buildup of the radon daughter products the Lucas tube i s  op t i ca l ly  coupled t o  
a mul t ip l ie r  phototube. The alpha decay o f  the radon a n d  i t s  daughters produces 
s c i n t i l l a t i o n  of the zinc su l f ide  layer  a n d  the l i g h t  pulses a r e  amplified a n d  counted. 
Each Lucas tube i s  of known volume and individual ly  ca l ib ra t ed .  

COMMENTS: 

E DlTlO N: 
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I LLUSTRATI 0 N: 
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METHOD TITLE: 

Determination of the Chem 
Gaseous Mercury. SAMPLE TYPE: 

Ga s eo u s Mercury 

(NO.( 

SAMPLE POINT: 
Noncondensable gas l i n e  

-APPLICATION: 
Determining the concentrations and chemical 
forins of mercury in geothermal noncon- 
densable gases and in ambient a i r .  

REFERENCES: 
D .  E .  Robertson, E. A .  Crecel ius ,  J .  S .  
Fruchter and J .  D. Ludwick. "Mercury Emissions 
from Geothermal Power P lan t s , "  Science ~ 196, 

R .  W .  Braman and  D .  L .  Johnson, "Select ive 
Adsorption Tubes & Emissions Techniques f o r  
Determination of Ambient Forms of  Mercury 
i n  Ai r . "  E n v .  Sc i .  Tech. 1'2, 996-1003 ( 1 9 7 4 ) .  

1094-1 097 ( 1 9 7 7 ) .  

DES CR I PTI 0 N 
Geothermal noncondensable gases contain highly elevated leve ls  of mercury compared t o  
ambient a i r ,  a n d  a sampling technique has been developed which simultaneously quan t i f i e s  
and  determines the chemical species of mercury i n  the gas o r  a i r  phase. The sampling 
technique i s  based on the se l ec t ive  adsorption of v a r i o u s  mercury forms on adsorption 
tubes connected i n  s e r i e s .  The g a s  o r  a i r  i s  f i r s t  flowed through a f i be rg la s s  f i l t e r  
t o  remove any micropart iculate  mercury and then through a q u a r t z  tube containing 
chromasorb-W which has been pretreated with 3% SE-30 s i l i cone  and H C 1  gas. This tube 
se l ec t ive ly  removes Hg++ compounds a n d  passes a l l  other  forms. 
flows t h r o u g h  a tube containing chromasorb-W which has been pretreated with NaOH. 
adsorbent s e l ec t ive ly  removes methyl mercury and passes a l l  other  forms. 
a i r  then flows t h r o u g h  a tube containing s i l v e r  coated g lass  beads t o  s e l ec t ive ly  
remove elemental Hg" vapor. The f i n a l  tube i s  f i l l e d  w i t h  gold coated g lass  beads 
a n d  removes dimethyl mercury or any other  form which passes t h r o u g h  the f i r s t  three 
tubes.  The tubes a r e  then disconnected a n d  heated i n  res i s tance  c o i l s  t o  d r ive  the 
mercury off  in a stream of nitrogen in to  a mercury analyzer f o r  quan t i f i ca t ion .  

The gas o r  a i r  then 
This 

The g a s  o r  

CO M ME NTS: 
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METHOD TITLE: INO.1 19-s 
I 

SAMPLE TYPE: SAMPLE POINT: Evacuated b o t t l e  method for  co l lec t ing  
r e s idua l ,  dissolved a n d  entrained gases. 1 Steam a n d  qas from steam - 

Gas I condensate, conden2ed 

REFERENCES: 

Nehring, Nancy, a n d  Alfred H .  Truesdel l ,  
"Collection of Chemical, Isotope and  Gas 
Samples from Geothermal We1 1s , ' I  Proceedings, 

Sampling dissolved gases i n  equilibrium 
with water.  

2nd !\rorkshop on Sampling a n d  Analysis of 
Geothermal Ef f luents ,  Las Veqas, Februar.v, 

DESCRIPTION 
1. Brine i s  col lected i n  an  evacuated pre-weighed 300 - '  500 ml b o t t l e  by at taching vinyl 

tubing from the condenser t o  the bo t t l e .  

2 .  Gases in equilibrium with the water ( i n  head space) a r e  analyzed by gas chromatography 
o r  o ther  means. 

3. Dissolved gases such as C02 a r e  determined i n  the  l iqu id  phase. 
and  gas samples, the b o t t l e  i s  f i l l e d  w i t h  50 - 100 m l  414 r4aOH ( a s  carbonate f r e e  as  
poss ib le ) .  
by regulating the valve on the separator  or  steam bypass. 
be used t o  prevent overpressuring the gas  b o t t l e .  

For steam condensate 

This t raps  b o t h  C02 and H2S. Flow from the condenser should be reduced 
Pressure r e l i e f  valve may 

COM ME NTS: 
These bo t t l e s  may a l so  be used t o  sample the top o f  the g a s  water separator  (gas only 
sample without condensate). A l a rge r  quant i ty  o f  caus t i c  i s  needed (100 - 150 m l ) .  
Since flow in to  the b o t t l e  may exceed flow i n t o  the gas water separa tor ,  the b o t t l e  
flow should be r e s t r i c t e d  by pinching the 'v inyl  t u b i n g  un t i l  a balance i s  achieved. 

EDIT10 N: 
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ILLUSTRATION: 

0.7 x 10 cm G L A S S  TUBE W I T H  CLOSED END / A N D  0.03" HOLE 

\ 
THREADED N Y L O N  B U S H  I N G  &/ 
008 V I T O N  O - R I N G  

0 

ACE G L A S S  P A R T  
5027 - 20 

Exploded view of gas sample b o t t l e .  
ins ide  the O-ring. The tube may be evacuated with the bo t t l e  closed by clamping 
a second O-ring and washer t o  the t o p  o f  the adapter.  
solut ion a r e  evacuated by a water a sp i r a to r  with gent le  boiling o f  the so lu t ion .  

The b o t t l e  i s  opened by s l id ing  the hole 

Gas bo t t l e s  w i t h  RaOH 



METHOD TITLE: 

SAMPLE TYPE: l iquid and gas. SAMPLE POINT: 

A P P LI CAT IO N : 

D ESCR I PTI 0 N 
1 .  Two phase flow enters  tangent ia l ly  in to  the glass  separator t h r o u g h  a f l ex ib l e  armored 

l i n e  (Figure 1 ) .  
( o r  equivalent)  ball  valve equipped with a quick disconnect attachment.. The steam- 
noncondensable phase pressure i s  measured and the flow passes t h r o u g h  a cooling coi l  immers- 
ed in an i ce  bath. The steam gas-flow then proceeds t o  a second g lass  separator .  The 
f low r a t e  of noncondensable gas  can be measured using an inverted graduated cylinder and  
the water displacement technique. Alternat ively,  the gas can be col lected in gas 
sampling b u l b s  fo r  l a t e r  ana lys i s .  Another modification shown in Figure 2 a1 ows f o r  
the introduction of a carbon dioxide sparger t r a p  t o  remove C02 and H2S pr ior  t o  
co l lec t ing  the residual gases (CH4, H , N , e t c . )  in the glass  sampling bulbs (500 c c ) .  
l iqu id  from the f i r s t  separator passeg t h g o u g h  a cooling coi l  immersed in an 

Flow ra tes  of l iquid from the f i r s t  separator a n d  
steam condensate from the second separator a re  measured with graduated cyl inders .  

This armored l i n e  i s  connected t o  the pipel ine t h r o u g h  a 1 "  Whitey 

ce b a t h  
n d  i s  col lected f o r  ana lys i s .  

Liquid and gas Pipe1 ine 
-- 

REFERENCES: 

2 .  A second arrangement using a glass  separator i s  shown i n  Figure 3.  
to  sample the steam l i n e  coming from the large s i t e  separator .  
removed from the pipel ine t h r o u g h  an inser tab le  probe. 
ice  water cooling b a t h  and then in to  the 1 s t  glass  separator .  Condensate was removed from 
the bottom of the f i r s t  glass  separator or a l t e rna t ive ly  the r a t e  o f  condensate production 
could be measured. 
level con t ro l l e r .  Noncondensable gas was taken from the t o p  o f  the f i r s t  g l a s s  separator 
and  col lected i n  a g lass  sampling b u l b .  Al ternat ively,  the gas f low r a t e  can be 
measured by displacing the water in an inverted graduated cyl inder .  

This setup was used 
Steam a n d  gas were 

The f low next went t h r o u g h  an 

The second glass  separator was used as a l iquid (steam condensate) 

CO M M ENTS: 
1 .  

2 .  

During f i e l d  evaluation of t h i s  method the steam noncondensable phase pressure (from 
the 1 s t  separator)  was maintained a t  5 psig.  
Field t e s t  showed t h a t  d i f f i c u l t y  was encountered regulating flow ra t e s  when 1500 cc 
2 1  NaOH was used i n  the sparger (back pressure was c rea t ed ) .  
NaOH s o l ' n  i n  the sparger remedied t h i s  problem. 

equivalent of 5 b u l b  volumes o f  gas had passed t h r o u g h  ( t o  remove a i r  contamination). 

Reduction t o  750 cc 

. During f i e l d  t e s t  gas col lect ion in the gas sampling bulbs proceeded unt i l  the 



ILLUSTRATION: 

INS IRTABE 
SlMPE PROBE 

5. 

6. 

Vortex formation ( i n  the g lass  separa tor )  should be minimized by adjust ing i n l e t  
and  o u t l e t  pressure and l iqu id  level in the g lass  separa tor .  
F i l l i ng  the gas co l lec t ion  bulb i n i t i a l l y  with water ( i n  f i e l d  t e s t )  and  allowi- 
the gas t o  displace the water proved t o  be a useful way t o  determine i f  a i r  w a b  
excluded, (Figure 3 ) .  Collection i s  continued f o r  3-4 volume displacements. 



M ETH 0 D TITLE: 

Non-metallic Steam Condenser 

C~APPLICATIO N: 
Condensing steam f o r  analyses of condensate 
a n d  noncondensable gases,  and  f o r  de te r -  
mining steam/gas r a t i o s .  Especially 
appl icable  for sampling f o r  t r ace  metal 
analyses.  

Pipel ine a f t e r  steam Steam & Gas 

REFERENCES: 
D. E .  Robertson a n d  J .  D. Ludwick, B a t t e l l e ,  
Pac i f ic  Northwest Labs .  Richland, WA 99352. 

DESCRl PTlON 
Incoming steam from a steam-brine separator  o r  from a dry steam well-head en ters  the  
2 0 - l i t e r  Pyrex g lass  sphere which i s  cooled by a spray of c i r cu la t ing  cold water.  The 
steam swir l s  a r o u n d  in the sphere and condenses on the wal l s .  
condenser co i l  assures  complete steam condensation, a n d  only noncondensable gases e x i t  
via the sidearm tube of the f ina l  condenser. Fresh condensate can be  w i t h d r a w n  from a 
t a p  a t  the bottom of the sphere f o r  analyses w i t h o u t  d i s turb ing  the condensing process.  
The noncondensable gases a r e  normally of a s u f f i c i e n t  flow r a t e  a n d  pressure t o  
monitor the flow with a rotameter during gas sampling. 
water i s  recorded f o r  cor rec t ing  gas data t o  STP.  
and approximately 500 gm of steam per minute can be condensed. 

A finad Pyrex g lass  

The temperature of the cooling 
This condenser i s  qu i t e  e f f i c i e n t  

COMMENTS 
This condenser can be used f o r  obtaining accurate  steam/gas r a t i o s  by simultaneously 
measuring the volume of noncondensable gases a n d  the weight of steam condensed. The 
gas  volume i s  measured with a wet t e s t  meter and  the condensate i s  measured volumet- 
r i ca l  l y .  

E DIT1 0 N: 
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METHOD TITLE: 
Low pressure separator method. 

 APPLICATION: 
Separation of steam-gas phase from l iquid 
phase f o r  low pressure source, 

I SAMPLE TYPE: I SAMPLE POINT: 
Gas and  L i q u i d  

REFERENCES: 
E l l i s ,  A.J. e t  a l . ,  "Methods of Collection 
and  Analysis of Geothermal Fluids," Report 
No. C . D .  2103, New Zealand Dept. o f  Sci .  and 
Ind. Res., New Zealand, July 1968. 
P . B .  Needham, J r . ,  a n d  W . D .  Riley, "Chemical 
Analyses f o r  the Brines of Four Imperial 
Valley Geothermal Wells," College Park  Metal- 
lurgy Research Center, Bureau of  Mines, U.S .  
Department of the I n t e r i o r ,  College Pa rk ,  M D  
20740. 

Two-phase flow source 

D ESCR I PTI 0 N 
1 .  I n  Figure 1 ,  a simple separator operating a t  atmospheric pressure i s  used for sampling 

low pressure (30-40 psig)  two phase flow. The source en ters  tangent ia l ly  w i t h  the 
l iqu id  phase being removed a t  the bottom and steam-gas phase removed from the t o p .  
Enthalpy of the discharge i s  measured by a calorimeter so separate  r e su l t s  from steam 
and water analyses can be related t o  concentrations i n  the t o t a l  flow. 

2 .  The separator  i n  Figure 2 i s  a modification o f  the above separator t o  a l l o w  for  
more e f f i c i e n t  separation o f  C02 from the l iquid phase. 
droplets  from being carr ied over into the steam sample. 
the middle of the miniflasher.  
a r e  condensed on the se r i e s  of baff les  a n d  f a l l  t o  the bot tom.  
removed from the bottom a n d  the steam sample i s  taken from the t o p .  

The baf f les  prevent l i q u i d  

Brine a n d  steam enter  near 
Water droplets  containing entrained carbon dioxide 

Liquid sample i s  

COMMENTS: 
1.  The separator ,  calorimeter,  and piping must be heavily insulated t o  prevent heat losses,  

otherwise di luted water samples and concentrated steam samples will  r e s u l t .  Before 
taking samples the separator i s  allowed t o  warm u p  f o r  15 minutes. 
A t  sampling pressures of a few tens of pounds, the e r rors  due t o  steam and  water 
being sampled in incorrect  proportions a re  often small ,  b u t  the proportions of steam 
a n d  water entering the separator s h o u l d  be checked by a simple water calorimeter 
and correct ions t o  concentrations made (see section on steam loss  cor rec t ions) .  
discharge of almost Dure steam or water i s  sometimes obtained from low-pressure 

2 .  

A 
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n t s ,  in which case extreme d i lu t ion  of the sma 
water by condensed steam will  occur, or of the 
f lashing of  the excess water. 

/PAGE: 1 quant i ty  of 
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i LLUSTRATI ON: 

!iEAVY LAGGING ON SEPARATOR 
CALORIMETER AND P I P W O R K  

I" STEAM P I P E  AND 1" VALVE 
TO CONTROL OUTLET 

16" D IA .  SEPARATOR 

S IGHTGLASS-  

TO 16" D I A  SEPARATOR 

318" S. S. TUBE 
" P I P E  AND 1" \IALVE 

S T I R R I N G  PADDLE C L I P  
TO CONTROL WATER 

FLOATING THERMOMETER 

14" VALVE FOR CONDENSATE 
WATER OUTLET DISCHARGE 

314" COPPER TUBE 
SP I RAL 

CONTAINER W i T H  WATER TO ACT 
AS CALORIMETER FOR M E A S U R I N G  

ENTHALPY OF DISCHARGE 

r i G  1. LOW PRESSURE SEPARATOR SAMPLING APPARATUS 

7 STEAM SAMPLE 

I I Q U I D  SAMPLE 

r i G  2. BRINE SAMPLING SYSTEM USED TO MINIMIZE READSORPTIONOF 
NONCONDENSABLE GASES I N  F L U I D  SAMPLES 



. - - - . - , - . . . . - . . . , . . . 

SAMPLE TYPE: 
Condensate and Gas 

M ETH 0 D TITLE: 1 
SAMPLE POINT: 
Condenser or separator 

Steam-gas separator using modified graduate( 
cy1 i nder . 

UA PP LI CATI o N : 
Separation of steam condensate from gas.  

V 0 . I  23-s 

DES CR I PTI 0 N 

This steam condensate-gas separator i s  constructed from a graduated cylinder by a t taching 
two tubulat ions a t  the t o p  and one a t  the bottom. Flow from the condenser en ters  a t  
the t o p  (vinyl tubing i s  used f o r  a l l  connections) and  the flow of condensate from the 
bo t tom i s  r e s t r i c t e d  with a clamp so t h a t  gas alone issues  from the remaining t o p  
tubulat ion.  Tubing a t  bo t tom i s  inser ted in a l a rge  bo t t l e  of steam condensate t o  
prevent backflow of a i r  i n to  the separa tor .  

COMMENTS: 

1 .  This apparatus allows fo r  checking incomplete steam separation in the separa tor .  
2 ,  Use of 1 /4"  vinyl tubing provides f o r  small ,  r e l a t i v e l y  uniform slugs from the 

separator .  
of col 1 e c t i  on.  

The average composition of issuing f l u i d  i s  uniform over the period 

EDITION: I PAGE 
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I LLU ST RAT t 0 N: 

FROM CONDENSER GAS OUT 

‘-30 ’ 
\40 ’ 
‘-50’ 

\60’ 

‘-70’ 

CONDENSATE OUT 

:Steam-gas separator  modified from a 190 ml graduated cyl inder  

n 

c 
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Portable gas-1 i q u i d  separator .  

METHOD TITLE: 

SAMPLE TYPE: SAMPLE POINT: 

Liquid and  gas P i  pel i ne 

INO.1 24-S 

Separating two-phase flow in to  l i q u i d  and  
gas. 

Chris toffersen,  D.J . ,  R.N. Wheatley and  J .A.  
Baur, "Union Oil Company o f  Cal i fo rn ia ' s  Geo- 
thermal Sampling Techniques," Proceedings, 
F i r s t  Workshop on S a m p l i n g  Geothermal Ef- 
f l u e n t s , "  Las Vegas, N V ,  October 1975. 

 APPLICATION: 
I 

REFERENCES: 

D ESCR I PTI 0 N 
A simple gas-liquid separator  which can be used in s i t ua t ions  where a l a rger  separator  
i s  n o t  ava i lab le  i s  shown in the i l l u s t r a t i o n .  
measured by water displacement in a graduated cy l inder .  
trapped i n  gas co l l ec to r s  f o r  l a t e r  laboratory ana lys i s .  

The volume of noncondensable gases i s  
Noncondensable gases a r e  

COMMENTS: 

EDITION: I PAGE: 
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ILLUSTRATION: 

GAS COLLECTOR 

GAS SEPARATOR 

Collection of  nir f r e e  g a s  sample. 



METHOD TITLE: 

SAMPLE TYPE: 

Liquid a n d  gas 
Webre separator method SAMPLE POINT: 

Two phase source 

APPLICATION: 
Separation of steam noncondensable gas 
phase from l iqu id  phase in high pressure 
two phase sources. 

Careful constant adjustment of the brine i n l e t  and  l iquid 
o u t l e t  l i nes  i s  required. 

(over)  

NO.( 25-S 

I 

6-27 

REFERENCES:]. Pollak, A . ,  a n d  L . E .  Work 
Amer. SOC. Mech. E n g . ,  64 ( 1 9 4 2 ) ,  31. 
2 .  A.J. E l l i s  e t  a l ,  "Methods of Collection an1 
Analysis of Geothermal Fluids" Report No. 
C . D .  2103, New Zealand Dept. of Sci .  & Rad. Re: 
New Zealand, 1968. 3. Nehring, Nancy L .  a n d  
Alfred H .  Truesdell ,  "Collection of Chemical, 
Isotope a n d  Gas Samples from Geothermal Wells,' 
Proceedings, 2nd  Workshop on Sampling and  
Analyses of Geothermal Eff lunets ,  Las Vegas, 
February 197 . 
4.  Appendix T : Field Test 1978.  

D ESCR I PTI 0 N 
1 .  High pressure ( > l o 0  psig)  samples a re  taken using small Webre separators which have 

very small pressure drops (Figure 1 ) .  The Webre separator cons is t s  of a ver t ica l  
drum with a tangential  i n l e t  a t  the center ,  an  o u t l e t  fo r  water at  the bottom, and  
a central  o u t l e t  tube open a t  the t o p  which co l l ec t s  the steam. The two-phase f l u i d  
en ters  tangent ia l ly  a t  the  center ,  spins rapidly a round  the outer wall of the drum 
with the water co l lec t ing  on the outside a n d  f a l l i n g  t o  the bot tom a n d  the steam 
moving t o  the inside and flowing down the central  tube. Steam samples a re  condensed 
in evacuated glass  f lasks  cooled by water. The f l a sks  may be par t ly  p re f i l l ed  
with a lka l ine  solut ion t o  absorb C02 a n d  H S f o r  laboratory analysis  by t i t r a t i o n s .  
Water samples a re  col lected a f t e r  passing $he h o t  pressurized water t h r o u g h  a 
cold-water jacketed pipe. 

2 .  A f i e l d  arrangement using a Webre separator i s  shown in Figure 2 .  The separator i s  
equipped with a s igh t  glass  fo r  viewing the l iquid leve l .  
en te rs  the separator t h r o u g h  a f l ex ib l e  armored l i n e .  l he  arrnowd l i p ?  i s  connected 
t o  the pipel ine t h r o u g h  a 1 "  White ball  valve equipped ?/ i th  a quick cjiscot1i:ect f i t -  
t ing .  
f low then goes t h r o u g h  a s e r i e s  of condensing c o i l s  ( f i r s t  one water cooled and sec- 
ond one i ce  water cooled) then in to  a glass  separator .  Noncondensable gases a r e  re -  
moved f r m  the tgq of the glass  separator while condensqte i s  removed from the b o t t o m .  
Flow r a t e s  a re  rneasured with graduated cylinders (water displacement method f o r  gas 
f l o w ) .  The main l iquid flow from the Webre separator i s  from an o u t l e t  on the s ide  
of the separator .  
below the main l iquid l i n e  ( t o  avoid steam contamination). 
cooled t h r o u g h  the se r i e s  of cooling baths. 
cy1 inders.  

Two phase flow tangent ia l ly  

Steam and gas  e x i t  the separator through the central  standpipe. The steam-gas 

The l iquid sample l i n e  comes from the bot tom of the separator 
The l iquid sample l i n e  i s  

Flow r a t e s  a re  measured w i t h  graduated 



i LLU STRATI 0 N : 

TEE 

1" VALVE 

WEBRE SEPARATOR 

SO THAT EXCESS STEAM 
M A Y  BE REJECTED 

WITH CONDENSATE BUTYL TUBING 

F I G  1. H I G H  PRESSURE SEPARATOR SAMPLING APPARATUS 

FIG 2. WEBRE SEPARATOR SAMPLING SYSTEM USED I N  FIELD TEST 

5. Vortex formation (which cannot be seen) ins ide  the separator  can lead t o  
steam and gas emanating from the l i qu id  o u t l e t .  Careful control o f  the 
separator  pressure and  l iqu id  level i s  therefore  necessary. 

F i l l i ng  the gas co l lec t ion  bulb i n i t i a l l y  w i t h  water ( i n  f i e l d  t e s t )  and 
allowing the gas t o  displace the water proved t o  be a useful way t o  determine 
i f  a i r  was excluded, (F'igure 2 ) .  Collection i s  continued f o r  3-4 volume 
displacements. 

6 .  



METHOD TITLE: 
--- INO.1 26-s 

SAMPLE TYPE: 
Gas and Liquid 

SAMPLE POINT: 
High pressure two-phase 
source 

Dual Webre separator method. 

1 

APPLICATION: I REFERENCES: 
Separation of steam-gas phase from l iqu id  
phase while sampling a h i g h  pressure source. 

1 .  E l l i s ,  A. J .  and W .  A .  J .  Mahon, "Chemistr: 
and  Geothermal Systems,"Academic Press ,  New 
York, 1977.  (See note V on page B - 1 )  
2 .  Nehring, Nancy and Alfred H. Truesdel l ,  
"Collection of  Chemical, Isotope a n d  Gas 
Samples from Geothermal Wells," Proceedings, 
2nd Workshop on Sampling and Analyses of 
Geothermal Eff luents ,  Las Vegas, February, 
1977. 

D ES CR I PTI ON 
1 .  When the equipment i n  Figure 1 i s  used, the discharge from the sampling point 

en ters  the f i r s t  un i t  a t  1 and  valves 2 and 3 a re  adjusted t o  obtain d ry  steam 
from o u t l e t  4. 
t o  operate s l i g h t l y  flooded, a condition which i s  recognized by the presence 
of water in the steam discharged from the steam o u t l e t  5. This ensures t h a t  
water entering the cooling c o i l s  in cylinder 6 contains no condensed steam. 
The uni t  must be operated with a minimum pressure d r o p  ( 0 . 2  b a r )  t h r o u g h  the 
separators ,  the gauge a t  7 ensuring t h a t  t h i s  condition can be controlled t h r o u q h  
the sampling period. The uni t  i s  heavily insulated t o  prevent heat losses a n d  
t o  reduce the poss ib i l i t y  of water samples being di luted with condensed steam. 

The second separator i s  adjusted with the valves a t  3 a n d  9 

2 .  The apparatus in Figure 2 i s  a s imi la r  type of dual separator used by the 
U.S.  Geological Survey. 

3. Figure 3 shows a sampling arrangement on a pipeline using a d u a l  Webre separator .  

COMMENTS: 
1 .  I n  Figure 1 ,  the un i t  operates e f fec t ive ly  over a sampling pressure range of 1.5-30 bars 

and  a discharge enthalpy range of 190-475 ca l /g .  
i s  d i f f i c u l t y  in obtaining b o t h  dry steam a n d  undiluted water samples a t  the same 
valve se t t i ngs .  I n  these cases the valves a re  adjusted t o  co l l ec t  e i t h e r  steam or 
water. The presence of condensed steam i n  a water sample i s  recognized from gas 
bubbles in the water emerging from the water cooler.  
within the separators i s  more d i f f i c u l t  t o  recognize. 
i f  large f luc tua t ions  in pressure ( f0 .3  b a r )  a r e  recorded on the pressure gauge. 

A t  lower o r  higher enthalpies ,  there 

The occurrence of boil ing 
Some indication may be obtained 

i s  di luted by extraneous steam formed from water b o i l i n g  as i t  
ressure  d r o p  t h r o u g h  the separators i s  n o t  maintained, the steam 

enters  lower-pressure zones in the separators .  



i LLUSTRATION: 

n 

STEAM 

PRESSURE 
GAUGE F I n I N G  

171 

HANDLE 

COOLING WATER 
OUTLET 

WATER COOLER 
161 

DOLING WATER INLET 

DRY STEAM OUTLET 141 

F I G  1 WEBRE CYCLONE SEPARATOR FOR COLLECTING STEAM & WATER SAMPLES UNDER 
PRESSURE FROM A D ISCHARGING GEOTHERMAL WELL 

WATER INLET 
WATER OUTLET 

I 
STEAM OUTLET 

F I G  2. M I N I  CYCLONE SEPARATOR OF NEW ZEALAND DESIGN 

WEBRE SEPARATOR 

/--- 

F I G  3. FIELD ARRANGEMENT FOR DUAL WEBRE SEPARATOR SYSTEM 



METHOD TITLE: 

Steam- Water Separa to r  SAMPLE TYPE: 
Steam and l i q u i d  

INO.1 27-s 

SAMPLE POINT: 
P i  p e l  i ne 

APPLICATION: 
Separa t i on  o f  F lashed Steam from Ho t  Water, 
and f o r  De te rm in ing  Steam/Brine R a t i o s .  

REFERENCES: 
J .  D. Ludwick and D .  E. Robertson, B a t t e l l e ,  
P a c i f i c  Nor thwest  Labs., R ich land ,  WA 99352 

D ES CR I PTI 0 N 
Incoming steam and h o t  w a t e r  ( o r  u n f l a s h e d  b r i n e )  e n t e r  t h rough  t h e  t o p  o f  a 4 - l i t e r  
t e f l o n - c o a t e d  s t a i n l e s s  s t e e l  c y l i n d e r  f rom a p i p e  ex tend ing  about  o n e - t h i r d  o f  t h e  way 
i n t o  t h e  c y l i n d e r .  
and t h e  b r i n e  i s  wi thdrawn th rough  a t a p  a t  t h e  bo t tom.  
i s  k e p t  c o n s t a n t  by e q u i l i b r a t i n g  t h e  r a t e  o f  incoming f l u i d  and o u t g o i n g  b r i n e .  
s i g h t g l a s s  i s  used t o  keep t h e  c y l i n d e r  abou t  one-hal f  f u l l .  Pressure gauges a r e  
i n s t a l l e d  a t  t h e  p o i n t  o f  incoming f l u i d  and a t  t h e  steam e x i t .  
separa ted  b r i n e  can be passed t h r o u g h  a c o o l i n g  c o i l  t o  c o l l e c t  t h e  b r i n e  w i t h o u t  a 
f u r t h e r  l o s s  o f  steam. The separated steam can then  be passed i n t o  a condenser.  
T h i s  s e p a r a t o r  can be used f o r  o b t a i n i n g  a c c u r a t e  s team/br ine r a t i o s  by s i m u l t a n e o u s l y  
measur ing t h e  w e i g h t  o f  b r i n e  and condensed steam pass ing  th rough  t h e  s e p a r a t o r .  

F lashed  steam i s  removed f r o m  a s idearm a t  t h e  to.p o f  t h e  c y l i n d e r  
The w a t e r  l e v e l  i n  t h e  c y l i n d e r  

A 

I f  necessary,  t h e  

CO M M ENTS : 
Grea t  emphasis shou ld  be p l a c e d  on o b t a i n i n g  r e p r e s e n t a t i v e  f l u i d s  f r o m  t h e  p i p e l i n e ,  
and i s o e n t h a l p h i c  sampl ing p o r t s  a r e  d e s i r a b l e .  F a u l t y  s team/b r ine  r a t i o s  can be 
o b t a i n e d  when u n r e p r e s e n t a t i v e  samples o f  p a r t i a l l y  f l a s h e d  f l u i d s  a r e  wi thdrawn f o r  
phase s e p a r a t i o n  and measurement. 

PAGE: 

B-29 

EDITION: I 



ILLUSTRATION : 

INCOMING STEAM AND HOT WATER 

RELIEF VENT 
BALL VALVE 

4 LITER TEFLON COATED SS CYLINDER- 

INSULATED JACKET. 

BRINE 

PRESSURE GAGE 

TO CONDENSER 

-SIGHT GLASS 

HIGH PRESSURE STEAM-WATER SEPARATOR 



METHOD TITLE: 

Insertable sample probe method. 

APPLICATION: 
Sampling two phase systems for l iquid and  
gas. 

SAMPLE TYPE: SAMPLE POINT: 

L i q u i d  and  gas Pi pel i ne 

REFERENCES: 
1 .  H i l l ,  J.H. a n d  C.J. Morris, "Sampling a 
Two-Phase Geothermal Brine Flow f o r  Chemical 
Analysis," Lawrence Livermore Laboratory Repor 
UCRL-77544, December 1975. 
2 .  Appendix 1 :  Field Test 1978. 

COMMENTS: 
1 .  These probes as demonstrated by the f i e l d  
pipe diameter. A horizontal and ver t ica l  
pat tern in the pipe. 
2.  Larger diameter ( 1 / 2 "  ID) probes were 
sampling separator steam l ines  due to  the 
3. Care must be exercised when inser t ing 
The probe i s  inser ted in to  the closed valve 
f i t t i n g  loosely tightened on the ball  valve. 

valve. The Conax f i t t i n g  i s  

D E s c Rr PTI o N 
1 .  The probe in Figure 1 can be inserted through a one-inch valve on  the top of  the 

pipel ine.  For the s ix  inch l i ne  sampled, the probe was positioned 3/4" below the 
t o p  of the pipe t o  obtain t o p  ( "vapor"  phase) samples and  3/4" abo.ve the bottom of 
the pipe t o  obtain bot tom ( " l i q u i d "  phase) samples. Samples were col lected in 
s t a in l e s s  s t ee l  bo t t l e s  with inner Teflon coating a f t e r  passing t h r o u g h  the prcbe. 
Bombs were flushed with nitrogen p r i o r  t o  co l lec t ion .  

2 .  The inser tab le  probe shown in Figure 2 was fabricated f o r  f i e l d  t e s t  use. 
of Inconel 600 1 / 4 "  a n d  1/8" O D  tubing with a 45" bevel a t  one end. A 1 "  handle i s  
welded 3" from the opposite end (on same s ide  as  bevel) t o  aid in determining the 
or ien ta t ion  of the bevel when the probe i s  inser ted i n  the pipe. The probe i s  
attached t o  1 "  Whitey (or equivalent)  b a l l  valves on the pipel ine by means of a 
Conax f i t t i n g .  This f i t t i n g  allows the operator t o  move the probe and  thereby 
t raverse  the pipe diameter by loosening the Conax f i t t i n g .  

I t  consis ts  

t e s t  allow the operator  t o  t raverse  the 
t raverse  i s  useful i n  p rof i l ing  the flow 

found during f i e l d  tes t ing  t o  be more useful for  

probes through the ball  valves (on  p ipe l ine ) .  
u n t i l  res is tance i s  f e l t ,  and the Conax 

lower pressures involved in these l i n e s .  

The ball  valve i s  then opened slowly 

then f u l l y  secured a n d  t ightened. 

I 



1 LLUSTRATION: 

1- SWAGELOK F ITT ING B 
* ? R O S E  

g [ F r H A N D L E  THRUST WASHER 

R E T A I N I N G  R I N G S  

41" 

I 

FIG 1. INSERTABLE S A M P L I N G  PROBE ILLL DESIGN1 

- 1 " V A L V E  T 
/--- 

118' OR 114' SWAGELOK 
/ NUT AND FERRULES 

- C O N A X  F I n I N G  

- 118" OR 114' OD INCONEL 
ALLOY 6 0 0  T U B I N G  

45O L 

F I G  2 INSERTABLE S A M P L I N G  PROBE USED I N  F IELD TEST 



METHOD TITLE: 

SAMPLE TYPE: "Porcupine" arrangement. 

INO.1 29-s 

SAMPLE POINT: 

APPLICATION: 

Liquid a n d  gas /P ipe l ine  

REFERENCES: 

D ESCR I PTI 0 N 
1 .  Sample points a r e  arranged a r o u n d  the circumference of a pipe. 

be f ixed or of the in se r t ab le  probe type.  Fixed sample points have tubes inser ted  
t o  various depths i n  the  pipe t o  enable the operator t o  sample the various phases 
present in the pipe. 
addi t ional  advantage t h a t  they can be moved t o  sample various pipe depths.  

f l o w  regimes ins ide  the pipe. 

duced d i r e c t l y  in to  bombs o r  col lec ted  in  other  sampl ing arrangenients. 

pipel ine a r e  1 "  Whitey ball  valves mounted on welded sockets which a r e  on the 
p ipe l ine .  I n  t h i s  i l l u s t r a t i o n  the two ball  valves a r e  mounted in  the ve r t i ca l  
a n d  horizontal  pos i t ions .  An i n se r t ab le  sampling probe i s  shown in the h o r i z o n t a l  
posi t ion connected t o  the ball  valve through a Conax f i t t i n g .  This arrangement 
allows f o r  t ravers ing  the pipe diameter ( see  in se r t ab le  probes method). 
brine-gas sample i s  cooled i n  an  ice-water b a t h  downstream of the probe. 

The sample points may 

Inser tab le  probes accomplish the same purpose with the  

2. This configuration ca l led  a "porcupine" arrangement allows f o r  sampling various 

3.  Samples coming from these sample points can be condensed with cooling c o i l s ,  i n t ro -  

4 .  The i l l u s t r a t i o n  shows an arrangement used i n  a f i e l d  t e s t .  The valves on the 

The 

COM M ENTS: 
1 .  Using t h i s  arrangement i t  i s  possible  t o  study the flow p r o f i l e  of the pipe using 

i nser ta  bl e probes. 
2 .  By using the "porcupine" arrangement a n d  evacuated cy1 inders ( see  evacuated 

cyl inder  method) i t  was possible  t o  show d u r i n g  a f i e l d  t e s t  t h a t  primarily 
gas was removed from the ve r t i ca l  sample p o r t  a n d  primarily l iqu id  was removed 
from the horizontal  sample p a r t  ( i n l e t  brine sarnpl e ) .  

3 .  During actual  f i e l d  use i t  i s  a simple matter t o  m o u n t  another b a l l  valve on t o p  
o f  a leaking valve i f  t h i s  s i t u a t i o n  develops. 

PAGE: 
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i LLUSTRATI ON: 

1" B A L L  VALVES 

S A M P L I N G  
TUBE 

CROSS SECTION OF P I P E  SHOWING "PORCUPINE" ARRANGEMENT OF B A L L  VALVES W I T H  
INSERTABLE TRAVERSING PROBE PRESENT (USED I N  FIELD TEST) 



METHOD TITLE: 

SAMPLE TYPE: 

Gas and Liquid 

Evacuated cyl inders  SAMPLE POINT: 

We1 1 head, pipel i ne, e t c .  

cr, APPLICATION: 
Sampling of gas a n d  l iqu id  from wellheads, 
p ipe l ines ,  e t c .  

NO.1 3c)-s 

REFERENCES: 
)Stoker,  A .  K. a n d  W .  D .  Purtyman, "Some 
Problems Involved With S a m p l i n g  Geothermal 
Sources," Las Alamos S c i e n t i f i c  Lab,  Report 
LA-UR-75-2335 1975. 

)Appendix 1 : F e ld  Test 1978, 

D E S C R I PTI 0 N 
1 .  Evacuated cyl inders  can be used f o r  sampling t o t a l  discharge (Figure 1 ) .  An 

f i t t i n g  with a valve and bleed l i n e  permits purging 
evacuated pressure cyl inder  can be connected d i r e c t l y  t o  a t a p  on the wellhead 
o r  del ivery l i n e .  
of a i r  from the connecting l i n e  a n d  f i t t i n g s .  

A "T" 

2 .  Corrosive gases,  e . g . ,  H2S, reac t  w i t h  the container  walls a n d  f i t t i n g s .  
ment of concentrations of these types of components from the cyl inder  contents 
should be regarded w i t h  caution. 

Al te rna t ive ly ,  the evacuated cyl inder  can be used t o  sample downstream of a cooling 
c o i l ,  f o r  sampling steam phase from a separa tor ,  e t c .  

Measure- 

3. 

4 .  The arrangement in Figure 2 was used t o  evaluate the method in a f i e l d  t e s t .  

Results show t h a t  f o r  t h i s  t e s t  primarily 
Double valving (Whitey shutoff valves)  of the S . S .  bombs was necessary t o  prevent 
a i r  contamination while shipping. 
gas was col lected i n  the v e r t i c a l l y  mounted cyl inder  while p r imar i ly  l iqu id  
was obtained from the horizontal co l lec t ion  p o r t .  

COMMENTS: 
1 .  Field evaluation showed t h a t  gross metals contamination of the l i qu id  phase occurs 

ins ide  the cyl inder  a f t e r  co l lec t ion .  
concentrations showed dramatic increases .  Results f o r  these metals should be 
regarded w i t h  caution. 
Evaluation of C O  and H2S should be regarded w i t h  caution due t o  the reac t ive  
metal environmenG o f  the cyl inder .  

In p a r t i c u l a r  i ron ,  n icke l ,  and chromium 

2 .  
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ILLUSTRATION: 

,DELIVERY LINE 

TAP ON DELIVERY L INE 

114" PRESSURE TUBING 

T-COUPLING WITH VALVE 
.TO BLEED SAMPLING LINE 

VALVE x 
-STEEL SAMPLE CYLINDER JI 

FIG 1. EVACUATED CYLINDER SAMPLING APPARATUS 

EVACUATED 
S S  CYLINDER 

F IG 2 EVACUATED CYLINDER ARRANGEMENT USED I N  FIELD TEST 



METHOD TITLE 

SAMPLETYPE: 
Liquid 

Evacuated cyl inder-s torage oven method. SAMPLE POINT: 
Pi pel i ne 

W APPLICATION: 
Sampling h o t  pressurized f lu id  systems, 

NO.( 3'-s 

REFERENCES: 
Allen, C . A . ,  J.14. Baldwin a n d  R . E .  McAtee, 
"Status  Report. Raft River Pro jec t .  Sampling 
Analysis, and Environmental Effects  S tudies ,  
Allied Chemical Corp. ,  Idaho  National Eng-  
ineering Laboratory, Idaho  F a l l s ,  Idaho .  
Proceedings, 2nd Workshop on Sampl i ng and  
Analyses of Geothermal Ef f luents ,  Las Vegas, 
February 1977.  

0 ES C R I PTI 0 N 
The sampling system cons is t s  of three p a r t s ;  the sample ves se l s ,  the s torage oven, a n d  
the desampler. The sampler i s  a 304 s t a i n l e s s  s t ee l  sample cylinder equipped with 
s t a i n l e s s  s t ee l  valves and purge l i n e ,  as  shown in Figure 1 .  Some samplers a re  
equipped with a s t a i n l e s s  s t ee l  i n - l i ne  f i l t e r  holder. 
5-micron Teflon f i l t e r .  Gas samples a re  col lected in these samplers, b u t  a r e  n o t  kept 
a t  we11 temperature. The oven i s  constructed f o r  rugged use,  as shown in Figure 2 .  
I t  i s  a s t a i n l e s s  s t ee l  box with three inches of Marinite i n su la t ion ,  a s t a i n l e s s  s t ee l  
l i n e r ,  and a 1100-watt hea te r .  The desampler i s  used t o  cool a n d  d i l u t e  h o t  pressur-  

A nonreactive gas,  such as helium or ni t rogen,  i s  used t o  pressurize  the system. I t  
can a l so  be used t o  purge a i r  o r  other reac t ive  gases from the sample. 

This un i t  used a 25mm diameter,  

, i z e d  geothermal f l u i d  while keeping i t  a t  a pressure t h a t  wi l l  n o t  allow phase separat ion 

w 

COMMENTS: 
1 .  Storage oven used t o  maintain sampling conditions during t ranspor t  of the sample t o  

2 .  See comments under evacuated cyl inder  method based on 1978 Field Test r e s u l t s .  
the laboratory.  
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METHOD TITLE: 

Klyen downhole sampler 

32-S IN0.I 
1 SAMPLE TYPE: 1 SAMPLE POINT: 
1 Liquid a n d  Gas 1 klellbore 0 r I 

kid APPLICATION: I REFERENCES: 
Downhole sampling of l iqu id  and gas.  1 .  Klyen, L .  E .  " A  Vessel f o r  Collecting 

Subsurface klater SamDles from Geothermal 
Dr i l lho les , "  Geothermics, Vol .  2 ,  p .  56-60. 1 1973. 
2 .  L i t e ra tu re  from Kuster Co.,  P . O .  Box 7038, 
Long Beach, CA 90807. 

I 
DESCRIPTION 

The loaded sampler i s  shackled t o  the suspension wire of  a su i t ab le  winch which must 
be f i t t e d  w i t h  a depthometer. I t  i s  then lowered in to  a recovery tube.on the t o p  of 
the borehole, the suspension wire passing over a pulley wheel a n d  through a threaded 
gland, which i s  screwed on t o  the t o p  of the recovery tube t o  ensure e f f e c t i v e  seal ing 
aga ins t  borehole pressure.  

A t  the sampling s t a t i o n ,  the suspension wire i s  jerked such t h a t  the  ac t iva ted  i n e r t i a  
mechanism ( A )  breaks the tube ( C ) .  The non-return valve ( E )  i s  opened by the external 
downhole f l u i d  pressure allowing the f l u i d s  t o  flow in to  the sample chamber ( F ) .  \hen 
the i n t e r i o r  pressure together w i t h  the spring pressure equal the ex te r io r  pressure,  
the non-return valve c loses .  The vessel i s  then withdrawn from the borehole and  i f  
necessary cooled, to  prevent the pressurized sample from boi l ing of f  when the sample 
re lease  valve i s  opened. 

COMMENTS: 
An important addi t ional  f ea tu re  i s  the v e s s e l ' s  capab i l i t y  t o  hold a vacuum i n  the 
loaded pos i t ion ,  thereby enabling co l lec t ion  of a i r - f r e e  g a s  and water samples. 
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I LIU STRAT I ON: 
/F;'c W I R E  S U S P E N S I O N  

I NERTI A M E C H A N  I S M  ( A )  

BREAK-OFF TUBE S T R I K E R  ( B )  

BREAK-OFF TUBE ( C )  

BREAK-OFF TUBE SEAL G L A N D  ( D )  

F I  LTER 

NON-RETURN VALVE (E) 
NB:  - 

V A L V E  STEM IS OF T R I A N G U L A R  
C R O S S  SECT1 O N  A L L O W I N G  
TRANSFER OF S A M P L E  FLU1 D S  

S A M P L E  VESSEL (F) 

S A M P L E  RELEASE V A L V E  (G) 

Klyen Subsurface Sampler 



METHOD TITLE: 
Down-hole water and  gas  sampling in 
geothermal \,!ells using a down-hole sampler 

A P P LI CAT1 0 N : 

SAMPLE TYPE: 
Liquid and  Gas 

I Down-hole sampling 

SAMPLE POINT: 
We1 1 bore 

33-s NO. 1 

REFERENCES:Fournier ,  R . O .  and  J .C. 
Morgenstern, " A  Device fo r  Collecting Down- 
Hole Water and Gas Samples in G,eothermal Nells" 
U.S.G.S. Prof .  Paper, 750-C, p .  C151-155, 1 9 7 1 .  
Fournier, R . O .  a n d  A . H .  Truesdell ,  " A  Device 
f o r  Measuring Down-Hole Pressures and f o r  Samp- 
l ing Fluids in Geothermal Wells," U . S . G . S .  Prof 
Paper 750-3, p .  C146-C150, 1971.  
Fournier, R . O .  a n d  J.M. Thompson, "Geothermal 
Down-Hole Sampling Instrumentation," Proceed- 
ings,  2nd Workshop on S a m p l i n g  and  Anal s i s  of 
Geothermal Eff luents ,  Las Vegas , N V ,  2 d 7 .  

D E S  C R I PTI 0 N 
Sampler i n  open posit ion i s  lowered using a long f l ex ib l e  s t a in l e s s  s tee l  tube in to  
the wellbore and  f l u i d  flows t h r o u g h  i t  during descent. Closure i s  accomplished by 
nitrogen gas pressure applied from the surface through the f l ex ib l e  tube t o  a piston 
and  plunger within the sample chamber. Continued application of  nitrogen gas pressure 
during withdrawal of the device prevents leakage caused by changing conditions of 
temperature a n d  pressure. 

COMMENTS: 
1 .  All materials are  s t a in l e s s  s t ee l  except fo r  one tef lon O-ring, two viton O-rings, 

2 .  

3. 

a n d  several other teflon par t s .  
A modification of the lower end  of the sampler using a special gas extract ion f i t t i n g  
allows the sampler t o  be used f o r  gas sampling. 
Sample device can be used a t  temperatures up  t o  280°C. 
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I LLU STRAT ION: 

. . 

-LOWER END OF SUPPORT TUBE f 
-EXIT P O R l  

n 

Equipment f o r  down-hole sampling: a ,  reel  with 
f l e x i b l e  s t a i n l e s s  s t e e l  tube,  b,  wound upon i t ,  
c ,  precision pressure gage, d ,  high-pressure valve,  
e ,  f l e x i b l e  high-pressure connecting tubing, f ,  gas, 
regulat ing valve,  g ,  cyl inder  of nitrogen g a s ,  h ,  
gate  valve,  i ,  shor t  length of pipe,  j ,  5-pound lea(  
weight, k ,  check valve,  m ,  couplinq t h a t  serves as  

4-GAS U T R A C T I O N  F l l T l N G  

Working drawing of device f o r  
co l l ec t ing  down-hole samples of 
water and gas i n  geothermal wel l s .  

support r ing for sheave, n ,  reducer, r ,  plug, 
s ,  packing gland, t ,  sheave with automatic counter 1 
t a l l y  the number of revolut ions,  u ,  pressure gage fc 
wellhead pressures .  



sampl i ng . 

APPLICATION: 
Sampling of reac t ive  gases (C02 and H2S) 
from s i l ence r s .  

SAMPLE TYPE: SAMPLE POINT: 

Gas S i  1 encer 

~ REFERENCES: 
E l l i s ,  A.J. a n d  W.A.J. Mahon, "Chemistry and 
Geothermal Systems," Academic Press ,  New York, 
1977. 

I 

(See note V on paqe B - 1 )  

I 

D E S C R I PTI 0 N 
A s t a i n l e s s  s t ee l  o r  aluminum cone i s  suspended over the t o p  of the s i l e n c e r ,  o r  a l t e rna -  
t i v e l y ,  a s t a i n l e s s  s t e e l  probe i s  inser ted through the s i l ence r  wall near the top of 
the s t r u c t u r e .  Steam a n d  gas enter ing the cone (or probe) pass t o  a water condenser 
by s t a i n l e s s  s t e e l  tube o r  butyl rubber hose. An evacuated double-ended thin-walled 
g lass  f l a s k  p a r t i a l l y  f i l l e d  w i t h  a solut ion of sodium hydroxide i s  attached t o  the 
condenser. 

Air enter ing the steam a t  the s i l ence r  i n l e t  i s  col lected in the f l a s k  w i t h  the 
geothermal gases.  Air rapidly f i l l s  the f l a s k ,  and must be removed t o  allow carbon 63 dioxide and hydrogen s u l f i d e  t o  be col lected i n  s u f f i c i e n t  quan t i t i e s  fo r  ana lys i s .  
Removal i s  by a hand vacuum pump, o r  by a simple pump operated by steam or water 
discharged from a convenient tapping on the horizontal discharge pipe. A capsule 
f i l l e d  w i t h  sand sa tura ted  with lead ace t a t e  i s  f i t t e d  between the f l a s k  a n d  pump 
t o  de t ec t  hydrogen s u l f i d e  escaping t h r o u g h  the a lka l ine  so lu t ion .  

COMMENTS: 
The method i s  not appl icable  f o r  co l l ec t ing  residual gas ( C H 4 ,  P I 2 ,  H 2 ,  e t c . )  samples. 
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iLLUSTRATlON: 
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FUNNEL i 

A R A T U S  I N S T A L L E D  O N  T Y P I C  A L  W E L L  
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STEAM PUMP 

7 STEAM PUMP 

U 

CONDENSER ‘\SI LENCER WALL 

APPARATUS FOR COLLECTING STEAM AND GAS SAMPLES FROM THE SILENCER OF A GEOTHERMAL 
WELL 



METHOD TITLE: 

Liquid sampling from unsilenced discharge 
p i  pes. SAMPLE TYPE: 

Liquid 

P P LI CAT1 0 N : 
S a m p l i n g  o f  l iqu id  from discharge pipes.  

SAMPLE POINT: 

Discharge pipe 

NO.1 35-s 

REFERENCES: 
E l l i s ,  A.J. and W.A.J. Mahon, "Chemistry a n d  
Geothermal Sys tems ," Academic Press ,  
New York, 1977.  (See note V on page 6 -1 )  

D ESCRl PTI ON 
The sampling apparatus i s  welded t o  the discharge pipe or held i n  the hand i f  the 
discharge i s  small. I f  held in the h a n d ,  the  sampler should be inser ted  very slowly 
in to  the  discharge,  preferably toward the bottom of the pipe. 
losses  a r e  general ly  small a n d  samples a t  c lose  t o  boi l ing temperature a r e  obtained. 

Evaporative heat 

COMMENTS: 
Extreme caution should be exercised sampling t o t a l  discharge.  
apparatus can e a s i l y  be pulled in to  the discharge and then v io len t ly  out  of the h a n d  
by the fo rce  of the flowing f l u i d .  

I f  held by hand the 
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ILLUSTRATION: 

S S  PROBE (1- TO 1.5-cm SS I 

n 

P I P E  

A P P A R A T U S  FOR COLLECTING WATER SAMPLES F R O M  THE END OF THE H O R I Z O N T A L  
D I S C H A R G E  P I P E  OF A GEOTHERMAL WELL 
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L A  P P LI C A I  I 0 N : 
Measurement o f  the gas concentration in  a 
steam or steam-water discharge. 

M ETH 0 D TITLE: 

Gas concentration measurement method. 

Gas P i  pel i ne 

REFERENCES: 
1 .  McDowell , G . D .  Geothermics 3,  100 (1974)  
2 .  E l l i s ,  A.J. a n d  W.A.J. Mahon,"Chemistry 
a n d  Geothermal Systems", Academic Press,  New 
York, 1977.  (See note V on gage B - 1 )  

INO.1 36-s 

1 SAMPLE TYPE: 1 SAMPLE POINT: 

DES CR I PTI 0 N 
The a p p a r a t u s  i s  shown i n  the i l l u s t r a t i o n  (Figures 1 a n d  2 ) .  A mixture of  steam, water, 
and  gas, discharged from a standard sampling point on the h o r i z o n t a l  o r  ver t ical  discharge 
pipe of a well ,  i s  passed in to  the heavily lagged, heat-insulated vessel B .  A small 
s t a in l e s s  s tee l  capsule C ,  which i s  par t i a l ly  f i l l e d  with degassed d i s t i l l e d  water d u r i n g  
measurements, i s  sealed i n t o  the center of  B. The in t e r io r s  of B a n d  C a re  connected t o  
a standard mercury manometer o r  d i f f e ren t i a l  pressure gauge capable of accurately record- 
ing pressure differences down t o  0.006 b a r .  The temperature of the water i n  C rapidly 
a t t a i n s  the temperature of the discharge, a n d  a pressure equivalent t o  the vapor  pressure 
of water a t  the  temperature i s  exerted on one leg o f  the manometer or gauge. The pressure 
in B, which i s  equal t o  the vapor  pressure of water p l u s  the sum of the p a r t i a l  pressures 
of the gases i n  the  discharge, i s  exerted on the second leg o f  the gauge, and  a reading 
.of the  t o t a l  gas pressure i s  obtained. 

&he percentage by volume of gas in the discharge i s  readi ly  obtained by assuming ideal gas 
behavior. To o b t a i n  the percentage by weight o f  gas in  steam, the gas composition i s  
required. For a large number of geothermal systems only a small e r r o r  i s  introduced by 
assuming t h a t  C O 2  i s  the only gas present.  
Convenient formulas f o r  converting the measured par t ia l  pressure o f  gas in to  pounds 
of  gas per pound of  steam o r  kilograms o f  gas per k i logram of  steam a re  

W(1b)  = g 'S a n d  W(kg) = MPgVS 
1545T 83.13T 

where W i s  pounds of gas  per pound of steam or kilograms of gas  per kilogram of steam; P 
par t ia l  pressure of gas in pounds per square inch o r  bars; V s  spec i f i c  volume of steam a! 
the vapor pressure of the water discharged in cubic f e e t  per pound o r  cubic centimeters 
per gram (vapor  pressure = to ta l  pressure - par t ia l  pressure of gas ) ;  T absolute temperature 
in O F  o r  degrees Kelvin a n d  M i s  the mol.  w t .  of the gas. 
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ILLUSTRATION: 

PRESSURE GAUGE F I T T I N G  
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n 
F I G  1. A P P A R A T U S  FOR M E A S U R I N G  THE G A S  CONTENT OF THE D I S C H A R G E  F R O M  A 

GEOTHERMAL WELL 

G A S  PRESSURE-  I 
I PG. B A R S  

BORE D I S C H A R G E  
STEAM-WATER -GAS 

F I G  2. S C H E M A T I C  ARRANGEMENT OF G A S  PROBE IN  U S E  



METHOD TITLE: 

SAMPLE TYPE: 

Gas 

Gas sample i n l e t  system f o r  gas chromato- 
graph. SAMPLE POINT: 

Inject ing gas samples in to  gas  chromatograph 
sys tem. 

NO.1 37-s 

REFERENCES: 
A .  H. Truesdel l ,  U.S .  Geological Survey, Menlo 
P a r k ,  CA, Personal Communication. 

D ESCR I PTI 0 N 
1 .  T h i s  system allows the operator  to  introduce a gas sample from a sample bomb in to  a 

g a s  chromatograph w i t h o u t  a i r  contamination. 
arrangement of the system. All tubing a n d  valves a r e  1/16" s t a i n l e s s  s t ee l  t o  
minimize volume. The sample bomb i s  f i r s t  connected a t  the sample i n l e t .  
valve t o  the bomb closed,  valves 1-4 a r e  opened with valves 5 a n d  6 closed and the 
system evacuated w i t h  a vacuum pump.  After evacuation valves 2 ,  3,  and 4 a r e  closed, 
the sample valve on the bomb i s  opened and the pressure read. I f  the  pressure i s  
high enough, the sample may be d i r e c t l y  introduced in to  the chromatograph sample 
loop. I f  the pressure i s  not h i g h  enough, the  pressure may be increased by u s i n g  
the mechanical syringe. The syringe wil l  have t o  be withdrawn and evacuated pr ior  
to  sample introduct ion.  After the sample i s  introduced and the pressure read,  
valves 1 and 2 a re  closed a n d  the gas compressed with the syr inge.  Valve 2 i s  then 
opened t o  allow the sample t o  be introduced in to  the sampling l o o p .  A standard 
gas mixture may a l so  be introduced by evacuating the system, introducing the standard 
mix t h r o u g h  valve 5 a n d  proceeding as before.  

2 .  Details  of the syringe a r e  given in Figure 2 .  Additional de t a i l  o f  the piston ins ide  
the syringe i s  given in  Figure 3. 

Figure 1 of the i l l u s t r a t i o n  shows the  

With the 

COMMENTS: 

EDITION: I I PAGE: 



I LLU STRAT 1 ON: 

Figure 1 

G C  I N L E T  S Y S T E M  

TO GAS STANDARD 

SAMPLE INLET 

F i g u r e  2 

11/16" I D ,  7/8" OD 0 R I N G  

318" OD SCREW STOCK \ 1/16" D E T A I L  O F  S Y R I N G E  

T 
2' I 

I 

I 

I I  
316 S. S. 

MALE CONNECTOR 
1/8" M. P. TO 1/16" 

SWAGELOK 

n 

0.5" 3 18' ' 
s. s. 

D E T A I L  O F  P I S T O N  



Recommended A n a l y t i c a l  Methods f o r  Geothermal L i q u i d s  

1. Purpose: The a n a l y t i c a l  methods compi led  h e r e i n  were i n c l u d e d  by 

They a r e  

v i r t u e  o f  be ing  used t o  ana lyze  two types  o f  geothermal b r i n e s  

(0.5% and 22% d i s s o l v e d  s o l i d s )  i n  round r o b i n  t e s t i n g .  

p resented  here  t o  s o l i c i t  f u r t h e r  r e f i n e m e n t  o f  a n a l y t i c a l  methods 

f o r  t h e  geothermal i n d u s t r y .  

11. Scope: The methods i n  t h i s  manual cover  t h e  f o l l o w i n g  genera l  

p r o p e r t i e s  of geothermal b r i n e s :  

O Phys ica l  p r o p e r t i e s :  pH, c o n d u c t i v i t y ,  a l k a l i n i t y ,  e t c .  

O Disso lved  s o l i d s :  b o t h  m e t a l l i c  and n o n - m e t a l l i c  spec ies .  

O D i s s o l v e d  and e n t r a i n e d  gases: H2S and C02. 

The methods do n o t  cover  a n a l y s i s  o f  gaseous o r  s o l i d  phase components 

assoc ia ted  w i t h  geothermal b r i n e s .  

111. The sequence o f  methods l i s t e d  f o r  each parameter  i s :  

a )  Wet chemica l .  

b )  G r a v i m e t r i c .  

c )  C o l o r i m e t r i c .  

d )  E l e c t r o d e .  

e )  Atomic a b s o r p t i o n .  
f )  Flame emiss ion .  

g )  X-ray f l uo rescence .  

h )  
i )  I o n  exchange chromatography. 

j )  Spark source mass spec t romet ry .  

k )  Neut ron  a c t i v a t i o n  a n a l y s i s .  

1 ) Emiss ion spec t romet ry .  

I n d u c t i v e l y  coup led  plasma-atomic emiss ion  spec t roscopy .  

c-  1 



Format of an Individual Analysis: u 
Analysis: Method Name 

Parameter symbol 
and/or name 

NO. Analysis Reference Nun.ber 
I I 

Cross Reference: 
References, appendices, other  
sampling numbers, and analyses 
numbers i n  t h i s  manual 

Reagents: 

_ I  

RSD and accslracy in 
t e r m  of % r e l a t i v e  
e r r o r .  

Lit e rat u re Ref e re n ce: 
References l i t e r a t u r e  outs ide 
this  i-nnrual - see bibliography f o r  d e t a i l s .  

Eq u i p m e nt : 

Sample Handling: Type of sample used i n  t h i s  analysis  and  any ex t ra  necessary 
treatment of sample before ana lys i s .  

Chemicals used in t h i s  method Required equipment, instrumentation and  special  
apparatus f o r  t h i s  method. 

Remarks: Includes in te r fe rences ,  special  observations about t h i s  method, a n d  
other  miscellaneous information. 
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. .  . . .  

S a m p l i n g  and  Sample S tab i l i za t ion  Procedures Used in Collecting 
Round Robin Samples: 
A .  Preparation of Sample Bottles a n d  Containers Used t o  Col lect  

Geothermal Round Robin Samples: 
1 .  Bottles a n d  Containers: 

Brine samples were col lected i n  v i r g i n  l i n e a r  polyethylene 
bo t t l e s  and carboys with polypropylene caps.  
containers were used for co l l ec t ion .  

No glass  

2 .  - Preparation of Containers: 
All bo t t l e s  and  carboys were washed pr ior  t o  sample 
co l lec t ion  using the following sequence: 
a )  D i s t i l l ed  water r in se ,  
b )  N i t r i c  acid r inse  ( n i t r i c  a c i d  su i t ab le  f o r  Hg 

c )  

determi n a t  i o n ) ,  
Two more d i s t i l l e d  water r in ses .  

B .  Plethods Used t o  Collect  Brine Samples fo r  Analyses: 
1 .  Raw llntreated ( R U )  brine was col lected t h r o u g h  two s t a i n l e s s  

s t ee l  cooling c o i l s .  The f i r s t  co i l  was cooled by a water 
b a t h  a n d  the second was cooled i n  an i ce  b a t h ;  pH was 
determined on t h i s  sample in the f i e l d .  

2 .  F i l te red  Untreated ( F U )  brine was col lected t h r o u g h  the two 
previously mentioned cooling c o i l s  followed by passing the 
brine t h r o u g h  a 0 .45  u membrane f i l t e r .  Parameters de te r -  
mined using t h i s  FU sample included a l k a l i n i t y ,  bicarbonate- 
carbonate,  c h l o r i d e ,  f l u o r i d e ,  bromide, i o d i d e ,  phosphate, 

s u l f a t e ,  and  t o t a l  dissolved s o l i d s .  

c o i l s  and ac id i f i ed  w i t h  10 mls of h i g h  pur i ty  concentrated 
H C 1  per 1 i t e r  of unf i 1 tered br ine.  Parameters determined 
using the RA sample included hardness, aluminum, ammonia, 
antimony, a rsen ic ,  barium, boron, calcium, cesium, copper, 
i ron ,  lead,  l i thium, magnesium, manganese, mercury, potassium, 
rubidium, s i l v e r ,  sodium, strontium, z inc ,  and s i l i c o n .  

3. Raw Acidified ( R A )  brine was col lected t h r o u g h  the cooling 
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4. F i l t e r e d  _______ A c i d i f i e d  (FA) b r i n e  was a c i d i f i e d  w i t h  10 m l s  

o f  h i g h  p u r i t y  concen t ra ted  HC1 p e r  l i t e r  o f  b r i n e .  T h i s  

b r i n e  was c o l l e c t e d  by pass ing  t h e  b r i n e  th rough t h e  

p r e v i o u s l y  ment ioned c o o l i n g  c o i l s  and th rough a 0.45 1~ 

membrane f i l t e r .  Parameters determined u s i n g  t h e  FA sample 

were t h e  same as f o r  t h e  RA sample. 

A 2 0 : l  d i l u t i o n  f o r  s i l i c a  ( S i 0 2 )  u s i n g  c o o l e d  f i l t e r e d  

b r i n e  and d i s t i l l e d ,  de ion i zed  wa te r  f o r  t h e  d i l u t i o n .  

5 .  

6.  A sai;iple was c o l l e c t e d  f o r  e n t r a i n e d  t i  S by pass ing  2 
c o o l e d  f i l t e r e d  b r i n e  hrough a s i n t e r e d  g l a s s  f r i t  irnmersed 

i n  a s o l u t i o n  o f  0 .5  N z i n c  a c e t a t e ;  t h e  sample c o l l e c t e d  

rep resen ts  a 1 : l  d i l u t  on o f  t h e  b r i n e .  

A sample was c o l l e c t e d  f o r  e n t r a i n e d  C02 by pass ing  c o o l e d  
f i l t e r e d  b r i n e  th rough a s i n t e r e d  g l a s s  f r i t  immersed i n  a 

s o l u t i o n  o f  2 I4 NaOH; t h e  sample c o l l e c t e d  rep resen ts  a 1 : l  

d i l u t i o n  o f  t h e  b r i n e .  

7 .  
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ALKALINITY 
Alkal in i ty  

Analysis: Acid T i t r a t ion  1No.l ' - A  

Method: The sample i s  t i t r a t e d  with a strong acid (H2S04 o r  H C 1 )  t o  separate  
equivalence points  f o r  O H - ,  C03 , and HCO;. 
determined e i t h e r  potent iometr ical ly  o r  w i t h  visual ind ica tors .  

2- Equivalence points  a r e  

Sample Handling: Use R U  br ine,  determine a s  quickly a s  possible  a f t e r  sampling 
t o  avoid C02 losses .  

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
,4nalysis Methods: 38-A, 39-A, 61-A, 
62-A., 63-A, 64-A, 65-A, 141-A 

~~ 

Reagents: 
Standard H C 1  o r  H SO 
Phenol phthal ien i 6 d i t a t o r  
Mixed methyl red-bromocresol green 

Standard pH buffers  
ind ica tor  o r  methyl orange ind ica tor  

Literature Reference: AP1 2 . 2 1 - 2 - 2 2  (68)  
USGS Book 5 Chapter A1 (1974) EPA 00710 (76) 
APHA 403 ( 7 5 )  
ASTM 1067-70 ( 7 7 )  

Eq u i p m e n t  : 
Buret, pH meter and electrodes 

Remarks: 1 .  Interferences:  determinations o f  O H - ,  C02-, and HCO; contr ibut ions t o  
t o t a l  a l k a l i n i t y  possible  only with absense of other  weak bases;  residual 
C 1  , color ,  and  t u rb id i ty  a f f e c t  visual ind ica tor  t i t r a t i o n s ;  loss  o r  
ga?n of atm. CO a f f ec t s  r e s u l t s ;  e r r a t i c  r e s u l t s  obtained when oxidizing 
o r  reducing spezies a re  present ;  some cons t i tuents  may cause buffering 
a t  endpoint. 

2 .  Field determination recommended. 
Edi t ion.  
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A1 u m i  n u m  

Analysis: Atomic Absorption (Direc t )  No. 2-A 

Method: The sample containing aluminum i s  asp i ra ted  d i r e c t l y  in to  a n i t rous  

oxide-acetylene flame o f  an atomic absorption instrument,  the 
absorbance i s  measured a t  309.3 nm a n d  compared with a standard curve. 

Sample Handling: Use RA o r  FA brine 

Range: ( l i n e a r )  0.7-60 mg/l Precision: +5% Accuracy: 0% 

Cross Reference: 
Appendix 2 
Sampl i ng Methods: 11 - S ,  29-S 
P,na.lysis Methods: 3-A, 4-A ,  5 - A  

Literature Reference: 
APHA 301 I V  ( 7 5 )  
EPA 01105 (76) 
Instrument Manufacturer 's  Standard Methods Manual 

Reagents: 
A1 standard so lu t ions  
Ni trous oxi de gas cy1 i nder 
Potassium chlor ide 

Eq u i p ment : 
Atomic Absorption Spectrophotometer 
N20 burner head 

Remarks: 1.  

2.  

High Fe, PO4)  and C 1  may i n t e r f e r e .  
Careful matrix matching between sample and standards o f  the  more 
predominant a l k a l i  and a l k a l i  ear th  metals and in t e r f e ren t s  required 
tcJ ensure accurate  measurement. Use o f  standard a d d i t i n t i s  dlid 
background correct ion recommended. 

3.  To minimize ionizat ion in te r fe rence ;  sample, standards and blanks should 

Edition 
7/78 

contain 2000 mg/l K .  
(cont .  on back) 
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c If sar,iple shows Tyndall e f f e c t ,  f i l t e r  t h r o u g h  0.45 1-1 membrane f i l t e r .  



63 A1 u m i  n u m  

I I 

Analysis: Atomic Absorpti on (Graphite Furnace) (No. I 3-A 

Method: Aluminum i s  determined u s i n g  a graphi te  furnace and the  following atomization 

conditions:  
Dry: 20 sec a t  200°C 
Ash: 40 sec a t  1080°C 
Atomize: 10 sec a t  2500°C 
Wave length:  309.3 n m  

Precision: i 4 %  Accuracy: 
~~~~ ~ ~~~ 

Cross Reference: 
Appendix  2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 2-A, 4-A, 5-A 

Reagents: 
Aluminum standards 
Argon gas 

Literature Reference: 
Instrument Manufacturer's Methods Manual 

Eq u i p ment : 
Atomic absorption spectrophotometer 
Graphite furnace 
P l a s t i c  t i p  pipets 

Remarks: Matrix matching between sample and standards,  standard addi t i  ons and 
background correct ion recommended. 

Ed i t i  O i l  : 

7 /  78 
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a 
A 1  u m i  num 

Analysis: Atomic Absorption (Ext rac t ion)  1No.l 4-A 

Method: A1 i s  complexed in  the aqueous sample with 8-quinol inol ,  then extracted 
from the aqueous phase with chloroform or methyl isobutyl ketone. The 
organic so lu t ion  i s  then asp i ra ted  d i r e c t l y  in to  an N20-acetylene burner 
and the absorption measured a t  309.3 nm. 

Sample Handling: Use 2A or FA br ine;  ex t rac t ion  in f i e l d  may be aes i r ab le .  

Ranqe: Precision: +15% Accuracy: 26% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 2 - A ,  3-A, 5-A 

Reagents: 
Methyl isobutyl ketone or chloroform 
Ammonium a c e t a t e  
Ammonium hydroxide 
8-Hydroxyquinol ine (8-Quinolinol) 
Aluminum standards 
Nitrous oxide gas  cyl inder  

Lite rat  u r e  Reference: 
APHA 301 V ( 7 5 )  
Presser  a n d  Barnes, USGS WRI-22-74 
Instrument Manufacturer’s Standard Methods Manual 

Eq u i p ment : 
A tomi c A bs orp t i oi 
N 0 burner head 
SGparatory funne 

Spectrophotometer 

S 

Remarks: 1 .  Interferences:  Ionizat ion of A 1  i n  flame reduces s e n s i t i v i t y .  
2 .  Extraction technique measures only “ex t r ac t ab le  aluminum polymeric 

3. 

4,  
5. High  iron and s a l t  concentrations may i n t e r f e r e .  

aluminum wi l l  not be ex t rac ted .  
Extraction enhances de tec t ion  l i m i t  o f  aluminum by flame AA.  
Use of background cor rec t ion  recommended, 

E d i t i o n :  

7/78 C-8 

C 



A 1  u m i  num 
drs 

Reagents: 
Aluminum atomic absorption s t a n d a r d  

Hydrochloric acid i f  zinc metal i s  used 
Nitrous oxide gas cyl inder  
Potassium chlor ide 

solut ion o r  aluminum metal 

Analysis: Flame Emission 1No.l 5 4  

Method: Aluminum i s  determined by asp i ra t ing  the sample in to  a ni t rous oxide- 
acetylene flame and the emission in t ens i ty  a t  3 6 . 1  nm from aluminum i s  
measured by a spectrophotomet,er. 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  
s t a b i l i z e d  by adding 5 ml HN03 per l i t e r  of sample. 

Sample may be 

~ 

<O. 5 mg/1+25% < O .  5 mg/lf25% 
Range: >o.o5 mg/l Precision: > 0 . 5  mg/l25% Accuracy: >0.5 mg/lf5% 

w 
Cross Reference: 
Appendix 2 
Sampl i ng blethods: 11 - S  29-S 
Analysis Methods: 2 - A ,  3-A, 4-A 

1 L i terature Reference: 
Dean and Rains, Flame Emission a n d  Atomic Absorp- 
t ion Spectrometry, V o l .  111, 1975, p p .  95-116. I- l \ J s  Snelleman, Spectrochim. Acta, -, 403 (1368) 

Eq u i p m e nt : 
Atomic absorption spectrophotometer with emission 

Nitrous oxide burner head. 
mode o r  flame emission spectrophotometer. 

Remarks: 1. High i ron ,  phosphate, a n d  chlor ide may in t e r f e re .  
2. Careful matrix matching between sample and  standards must be made 

( i . e .  using some amounts o f  NaC1, other  a l k a l i  metal a n d  a lka l ine  
ear th  metal i o n s ) .  

3. 
4. 

Use of standard addi t ions and background correct ion recommended. 
Severe spectral  in te r fe rence  due t o  calcium must be corrected by pre- 
paring b l a n k ,  when measuring l o w  concentrations of aluminum. 

Edi t i  on : 

7/78 
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A 1  umi num 

Analysis: X-Ray F1 uorescence  NO. I 6-A 

Method: The sample containing a1 u m i  n u m  i s  caused t o  f 1 uoresce by X-ray bombardment. 
The f luorescent  radiat ion i s  dispersed by a c rys ta l  and detected by a 
s c i n t i l l a t i o n  counter and/or a f l o w  proportional counter.  

~~~~ ~~~ ~ ~~~ 

Sample Handling: Use RA or FA br ine;  sample may be r u n  as  i s  or evaporated t o  
dryness depending u p o n  instrumentation. 

Ranqe: Precision: Accuracy: 

Cross Reference: 
J.ppendix 2 
S a m p l i n g  Methods: 11-S ,  29-S 

Reagents: 
Aluminum standards 

Lit erat u re Reference: 
Cooper, J .A . ,  Nuc. -~~ Inst .  a n d  Methods, Vol .  106,  
pp. 525-538, 1973. 

Eq u i pment: 
X-ray fluorescence spectrophotometer 

Remarks: 1 .  Computer program usually required t o  i n t e r p r e t  data .  
2 .  Standardization of instrument required.  
3.  X-ray fluorescence provides simultaneous, multi-element determinations 

of selected metals and  non-metals. 

Edition: 
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c3 A1 u m i  n u m  

NO. 
Inductively Coupled Plasma- 

Analysis: .r\tomic Emission Spectroscojy 7-A 

Method: The brine sample i s  aspirated in to  3 radiofrequency generated,  inductively 
coupled a r g o n  plasnia a n d  the in t ens i ty  of the emission spectrum of aluminum 
i s  measured by the instrument a n d  compared with s tandards.  
measured a t  308.22 nm or a l t e r n a t e  wavelength. 

In tens i ty  i s  

Sample Handling: Use RA or  FA brine.  

3-5 orders of magnitude from a 
Range:s ingle  spec t ra l  l i ne  Precision: f 1-10% Accuracy: 

I 
Cross Reference: 
P,ppendix 2 
Sampl i ng  rlethods * 11 - S .  29-S 

Lit e rat u r e  Reference: 
"Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System:' 
EPA-600/4-77-032, June 1977.  

Reagents: 
A l u m i n u m  s tandards 

Eq u i p m e nt : 
Inductively coupled plasma-atomic emission 
spectrometer 

Remarks:l. NaCl matri,x of samples and standards should be matched t o  minimize 
differences in solut ion proper t ies  which can a f f e c t  vaporization 
c h a r a c t e r i s t i c s .  Background correct ion a n d  standard addi t ions recom- 
mended. 

2 .  Inductively coupled plasma technique provides simultaneous, m u l t i -  
element determinations of  metals,  

3. Additional reference:  R .  H .  Sco t t  a n d  M. L .  Kokot ,  "Application 
of Inductively Coupled Plasmas t o  the Analysis of Geochemical Samples", 
Anal. Chi rn .  Acta - 75, 257-270 (1975).  

Edition: 
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4. Upper l imi t  o f  concentration range may be extended by  using a l t e r n a t e  
spectral  1 ines .  



cr) A 1  umi num 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Analysis: S p a r k  Source Mass Spectrometry INo. I 8-A 

L i terature Reference: 
Trace Analysis by Mass Spectrometry, A.J. Aheard, ed 
Academic Press ,  N Y  ( 1  977).  
D.L. Dono u J.A. C r t  r a J.C. Franklin,  Ana l .  
Le t t e r s ,  7075) 371 -379 71 97951. 

Method: A dehydrated sample containing aluminum i s  vaporized a n d  ionized by a n  
a r c  source and en ters  the ana ly t ica l  chamber. Aluminum i s  separated 
and detected by i t s  mass/charge r a t i o ,  and the quan t i t a t ive  determination 
i s  made by comparison t o  standard curves.  

~ _ _  ~ ~ ~~ - 

Sample Handling: Use RA or FA br ine.  Evaporate samples t o  dryness before ana lys i s .  

/ \  

Range: 0.1-1000 mg/l Precision: +z5% Accuracy: f25% 
I 

R eag e n  t s: 
A l u m i n u m  standards 

Eq u i p m e nt : 
Spark Source Mass Spectrometer 

Remarks: 1 .  Replicate determinations must be made f o r  adequate accuracy a n d  precis ion.  

ana lys i s  f o r  se lec ted  metals and ion-metals. 
2 .  Spark  source mass spectrometry provides simultaneous, multi-element 

Ed i t i  o'n : 
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A 1  u m i  num 

Analysis: Neutron Activation 9-A No. 

Method: Sample containing a l u m i n u m  i s  exposed t o  a neutron source ( e .g .  nuclear 
r eac to r )  and radioact ive aluminum isotopes formed a re  iden t i f i ed  by t h e i r  
beta and gamma spectra using a multi-channel analyzer.  
aluminum present i s  proportional t o  the measured a c t i v i t y .  

The amount of 

Sample Handling: Use RA or FA br ine.  Evaporate samples t o  dryness before neutron 
i r r a d i a t i o n .  

P r e ci s ion: Accuracy: 6 Range: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 

Lit e rat u r e  Ref e re n ce: 
Robertson and  Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement o f  Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan.  1974. 

Equipment: 
1 .  Neutron Source (nuclear r eac to r )  
2.  Mu1 tichannel analyzer.  

Remarks: 1 .  Su f f i c i en t  time must be allowed f o r  decay of sodium species where 
sodium spectrum masks A 1  peaks. 

2 .  Neutron ac t iva t ion  provides simultaneous mu1 ti-element ana lys i s  fo r  
selected metals and  non-metals. c 

Edi t i  on : 
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A 1  umi num 

No. Analysis: Em i s s i o n S p ec t r ome try 10-A 

Method: The sample containing aluminum in e i t h e r  so l id  or l iqu id  s t a t e  i s  
vaporized using a flame, AC spark or DC a r c  a n d  the in t ens i ty  c f  

the selected emission l i n e  i s  measured against  s tandards.  

Sample Handling: Use !!A o r  FA br ine.  EvaPoration t o  dryness may be required.  

Range: 0 . 3 - 2  mg/l Precision: + I  0% Accuracy: W 
I 

Cross Reference: I Literature Reference: 
Appendix 2 
Sampling Methods; 11-S ,  29-S Instrument Manufacturer's L i t e ra tu re  

R eag ent s: 
A1 umi n u m  standards 
Vanadium in te rna l  standard , 

Eq u i p m e nt : 
Eni ssion s?ectrometer 

Photo processor 
Microphotometer 

Remarks: 1.  Use matrix matching, standard addi t ions and background correct ion 
whznzver p x s i  bl e .  
Emission spectrometry provides simultaneous, multi-element determinations 
f o r  metals.  

type of exc i ta t ion  source (flame, AC spark,  or DS J r c )  . 

2.  

3, Larne differences in matrix e f f e c t s  wil l  be observe? 3c?nn+inn nn t_hc 

Edition: 
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NH3 
c 

Ammon i a 

Analysis: D i s t i l  l a t i o n  Procedure INo. I 11 -A 

Method: Ammonia i s  d i s t i l l e d  from t h e  sample b u f f e r e d  w i t h  a b o r a t e  b u f f e r  a t  

pH 9.5. The d i s t i l l e d  ammonia i s  c a p t u r e d  i n  a s o l u t i o n  o f  b o r i c  a c i d  o r  

s u l f u r i c  a c i d  and t h e n  ana lyzed  by d e s i r e d  procedure.  

~ 

Sample Handling: Use RA o r  FA b r i n e .  

/1 

Accuracy: Precision: Rancle: 

Cross Reference: 
Anpendix 2 
Sampling Methods: 11-S, 29-S 
A n a l y s i s  Methods: 12-A, 13-A, 14-A, 
15-A 

Reagents: 
;3;407 

D e c h l o r i n a t i n g  agent  (any o f  t h e  
f o l l o w i n g ) :  
P h e n y l a r s i n e  o x i d e  
Sodium a r s e n i t e  
Sodi um s u l  f i t e  
Sodi ym t h j o s u l  f a t e  

i a - f r w  H-O 
S u l f u r i c  a c i d  

L 

Lit e rat u r e  Ref e re n ce: 
APHA 418A ( 7 5 )  

EPA 00610 (76)  
ASTM 1426-74 (77 )  

Eq u i p m ent : 
800-2000 ml py rex  f l a s k  
v e r t i c a l  condenser 
500 rnl r e c e i v i n g  f l a s k  
( M i c r o - d i s t i l l a t i o n  equipment may a l s o  be used) 

Remarks: 1. Procedure i s  necessary t o  g e t  r i d  of most i n t e r f e r e n c e s ,  e s p e c i a l l y  
f rom t h e  n e s s l e r i z a t i o n  and t i t r a t i o n  procedures;  d i s t i l l a t i o n  may be 
d e s i r a b l e  be fo re  any ammonia a n a l y s i s .  

t hese  a r e  u s u a l l y  absent  f rom geothermal f l u i d s .  
2. H y d r o l y z a b l e  and/or  v o l a t i l e  amines and cyan ide  w i l l  i n t e r f e r e ,  b u t  G 

E d i t i o n :  
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N H3 
cj Ammonia 

Analysis: Titration INo. I 12-A 

Method: Distillation o f  ammonia- from alkaline solution and collection in known 
amount sulfuric acid and subsequent back titration with sodium hydroxide. 

Sample Handling: Distill RA or FA brine per the distillation procedure for 
ammonia. 

6d Ranqe: Precision: 22% Accuracy: unknown - " 

Cross Reference: 
Appendix 2 
Sampl i ng Flethods : 1 1  -S, 29-S 
Analysis Methods: 11-A 

Reagents: 
Standardized sodium hydrox de and 
sulfuric acid, and a solut on of: 
675 grams sodium hydroxide and 80 
grams sodium thiosulfate/L, methyl 
red. 

Literature Reference: 

Eq u i p m e nt : 
KJELDAHL apparatus with flasks, burets. 

Remarks: Distillation required before analysis. 

Edition; 
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NH3 
Ammon i a 

Analysis: Ness1 e r i z a t i o n  (No. I 13-A 

Method: A b a s i c  s o l u t i o n  o f  Hg12 + K I  i s  added t o  t h e  sample t o  fo rm NH2Hg213 

which has a y e l l o w  t o  brown hue t h a t  i s  measured between 450 and 

500 nm. 

Sample Handling: Use RA o r  FA b r i n e .  n i s t i l l a t i o n  recommended. 

Range: 0.05-5 mg/l Precision: + l o %  Accuracy: +a% (1, 
1 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
A n a l y s i s  Methods: l l - A  

Lite rat u r e  Reference: 
APHA 418B (75)  

EPA 00610 (76)  
ASTM 1426-74A, B ( 7  7) 

~~~ ~~ 

R eag ent s: 
ZnSO4-7H 0 
EDTA o r  a o c h e l l  e s a l t  s o l u t i o n  
Ness le r  reagen t  (Hg12 + K I )  
NaOH 
Aminonia s tandards 
Ammonia f r e e  H20 

Eq u i p m e nt : 
Spectrophotometer  o r  f i l t e r  photometer a t  

Matched absorbance c e l l s  o r  Ness le r  tubes 
pH meter  

453-500 nm 

Remarks: 1 .  I n t e r f e r e n c e s :  many i n t e r f e r e n c e s  e l i m i n a t e d  by  d i s t i l l a t i o n ;  o t h e r s  
( i n  n o n d i s t i l l e d  fpmples)  e3 im ina ted  by a d d i t i o n  o f  b a s i c  ZnS04 
t o  p r e c i p i t a t e  Ca 
R o c h e l l e  s a l t s  p r y v e n t s  Ca and Mg f rom p r e c i p i t a t i n g  d u r i n g  
d e t e r m i n a t i o n s ;  S , hydraz ine ,  urea,  and o t h e r  h y d r o l y z a b l e  
o r g a n i c  amides and amino a c i d s  w i l l  i n t e r f e r e .  

Ammonia s tandards must be p repared  f r e s h  d a i l y .  

Fe, MLJ+ and Y2S; a d d i t i o n  o f  EDTA o r  

2. 
E d i t i o n :  
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NH3 
Ammonia 

I I 
Analysis: Automated Col orimetr i c Phenate 1No. I 14-A 

Method: The blue indophenol species  i s  formed w h e n  a1 kal i ne phenol , hypochlorite , 
and ammonia r eac t  together .  The blue co lor  i s  proportional t o  the ammonia 
concentration and i s  measured in a 15 or 50 mm f low c e l l  a t  630-660 nm. 

Sample Handling: Use RA o r  FA br ine.  D i s t i l l a t i o n  may be des i r ab le .  

Range: 0.01-10 mg/l  Precision: f3% Accuracy: -fi 0% 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 1 1 - A  

Reagents: 
Ammonia f ree  water 
Su l fu r i c  acid 
Sodium phenolate 
Sodium hypochlorite 
Disodium EDTA 
Sodium ni t ropruss ide  
Ammonia standards 

Literature Reference: 
EPA 00610 (76) 
Technicon Auto Analvzer Indus t r ia l  Method u 

98-70W Revised. 
Bo l l e t e r ,  W.T. ,  Bushman, C.J. and Tidwell ,  P . H . ,  
Anal. Chem., 33, 5 9 2 ,  1961. 

Eq u i p m e nt : 
Technicon Auto Analyzer w i t h :  

Sampl e r  
Manifold (AAI) or Analytical  Cartr idge ( A A I I )  
Proportioning pump 
Heating bath w/ d o u b l e  delay co i l  ( A A I )  
Colorimeter w/ 15 mm o r  50 mm tubular  c e l l  
630-660 nm co lor  f i 1 ter  
Recorder o r  d i g i t a l  p r i n t e r  

Remarks: 1. D i s t i l l a t i o n  may be des i r ab le .  
2 .  Interferences i n  non-d is t i l l ed  saFgles: Ca and Mg (eliminated by 

adding E D T A ) ,  l a rge  amounts of Hg 
color  absorbing from 630-660 nm. 

, t u r b i d i t y  (removed by f i l t r a t i o n ) ,  

Edition: 
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NH3 

Analysis: Ammonia Se lec t ive  Electrode 
15-A No. 

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  br ine.  
required,  b u t  may be done i f  so des i red .  

D i s t i l l a t i o n  usually n o t  

Cross Reference: 
lI.ppendix 2 
Sampl i ng Vethods : 1 1 - S  , 29-S 
Analysis Methods; 1 1 - A  

Reagents: 
NaOH 
Ammonia standards 
Ammonia f r e e  water 

Literature Reference: 
Presser and Barnes USGS, WRI-22-74 
EPA 00610 ( 7 6 )  
Electrode Manufacturer's L i t e ra tu re  

Equipment: 
Ammonia gas e lectrode 
pIon or m i l l i v o l t  meter with expanded sca l e  
Magnetic s t i r r i n g  apparatus 

2- Remarks: I .  Interferences:  v o l a t i l e  amines, s , Hg(I1). 
2. 

3 :  

Fresh ammonia standards required da i ly .  
Use of standard addi t ions recommended t o  check accuracy of ana lys i s ,  
espec ia l ly  i f  d i s t i l l a t i o n  n o t  performed, 

Edition: 
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NH3 

Cross Reference: 
Appendix 2 
Sampl ing Methods: 11-S, 29-S 

Ammonia 

L i terature Reference: 
Dionex Corp., Sunnyvale,  CA,  L i t e r a t u r e  Ana l .  Chem, 
47, 11, (1975) .  
Microchem. Jou r .  22. (45-491 (1977) .  
Ana l .  Chem. 49, 401 - (1977) .  

Method: I o n i c  components a r e  separa ted  on s u l f o n a t e d  polymer-based column. A 

d i l u t e  n i t r i c  a c i d  s o l u t i o n  i s  used as t h e  e l u t i n g  s o l v e n t .  

s e p a r a t i o n  column i s  f o l l o w e d  by a suppressor  column t o  remove h i g h l y  

concen t ra ted  background components, and ammonium i o n  i s  d e t e c t e d  by 

a c o n d u c t i v i t y  d e t e c t o r .  

The 

~~~ ~ ~~~ ~ ~ ~~ ~ 

Sample Handling: Use RA o r  FA b r i n e .  D i s t i l l a t i o n  n o t  r e q u i r e d .  

Range: w 

R eag ent s: 
N i t r i c  a c i d  
Ammonia s tandard  s o l u t i o n s  

Eq u i p ment : 
Dionex i o n  chromatograph 
72-120 p s i  a i r  supp ly  

Remarksj .  Ammonia may be de termined s imu l taneous ly  w i t h  l i t h i u m  by t h i s  method. 

2. A d d i t i o n a l  r e f e r e n c e :  Smal l ,  H . ,  T. S, Stevens, and W .  C .  Bauman, 
Ana l .  Chem. 47 180: (1975) .  

Ed i t i  on : 
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Analysis: Atomic A b s o r p t i o n  ( D i r e c t )  

Sb 

No. 17-A 

G3 Antimony 

Method: Sample c o n t a i n i n g  ant imony i s  a s p i r a t e d  d i r e c t l y  i n t o  an  a i r - a c e t y l e n e  

f l ame and t h e  absorbance a t  217.6 nm i s  compared t o  a s tandard  cu rve .  

Sample Handling: Use RA o r  FA b r i n e .  

!& Range: ( l i n e a r )  0.2-30 mg/I Precision: *5% Accuracy: f i  0% 

Cross Reference: 
Appendix 2 
Sampl ing Flethods: 11-S, 29-S  
A n a l y s i s  Methods: 18-A 

L i terature Reference: 
Ins t rumen t  M a n u f a c t u r e r ' s  Method 's  Manual, 
Dean & Rains I11 (192) .  

Reagents: 
Antimony s tandards  
(Potass ium ant imony t a r t r a t e  
Hemi h y d r a t e  may be used) 

Eq u i p rn en t  : 
Atomic A b s o r p t i o n  Spectrophotometer  
A i r - A c e t y l e n e  bu rne r  head 
Antimony e l e c t r o d e l e s s  d i scha rge  lamp ( o p t i o n a l  ) 

/ \  

Remarks: 1 .  S p e c t r a l  i n t e r f e r e n c e s  from non-absorb ing wavelengths may be compensated 
by  u s i n g  a narrow s l i t - w i d t h  o r  a d i f f e r e n t  wavelength.  

Cu and Pb i n  s i g n i f i c a n t  amounts compared t o  ant imony i n t e r f e r e :  
206.8 o r  231.2 nm ant imony resonance l i n e s .  

2 .  use 

w 3. A c i d  c o n c e n t r a t i o n  must be matched between s tandards  and sample. 

4. 

5. 

Use o f  t h e  more i n t e n s e  ant imony e l e c t r o d e l e s s  d i scha rge  lamp w i l l  
a i v e  b e t t e r  d e t e c t i o n  l i m i t s .  
Background c o r r e c t i o n ,  m a t r i x  match ing  and s tandard  a d d i t i o n s  recommended. 

E d i t i o n :  

c-21 7/78 ( c o n t .  on back)  



n 

6. Use of a graphite furnace will increase s e n s i t i v i t y ,  

c 



Sb 
A n t i  mo ny 

I I 
Analysis: Atomic Absorption (Hydride Evolution) INo. I 18-A 

Method: Sb i s  determined by atomic absorption a t  217.6 nm i n  a nitrogen o r  arcon- 
hydrogen flame a f t e r  evolution a s  i t s  hydride by adb i t i cn  a t  !13!3t'4 t o  an 
ac id  solut ion of sample containing SnC12 and KI. 

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  brine. 

Cross Reference: 
Appendix 2 
Sampl i n g  Methods : 11 -S, 29-S 
Analysis Methods: 17-A 

Precision: ?2% Accuracy: 

Li terature Reference: 
Instrument Manufacturer's Methods Manual 

Reagents: 
KI so lu t ion  
SnC12 so lu t ion  
NaBH4 so lu t ion  
HC 1 
Nitrogen o r  argon bo t t l ed  gas 
Hydrogen bo t t l ed  gas 

Eq u i p ment : 
Atomic absorption spectrophotometer 
Hydride evolution u n i t  

Remarks: Use of matrix matching, standard addi t ions and background correct ion 
recommended. 

Edition: 
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Sb 
62 

Anti mony 

(No. I 19-.4 Analysis: X-ray F1 uorescence 

Method: The sample containing antimony i s  caused t o  f luoresce by X-ray bombardment. 
The f luorescent  rad ia t ion  i s  dispersed by a c rys ta l  and detected by a 
s c i n t i l l a t i o n  counter and/or a f l ow  proportional counter. 

Sample Handling: Use RA or  FA br ine;  sample may be run as i s  o r  evaporated t o  
dryness depending u p o n  instrumentation. 
by adding 5 ml H1\!G3 per 1 i t e r .  

Sai-,!Fle nay be s t a b i l  jzed 

6ii Range: 10-100 mg/l Precision: &IO mg/l Accuracy: +io  mg/l 

Cross Reference: 
Appendix 2 
Sampling Methods; 11-S, 29-S 

Reagents: 
Antimony standards 

Lit e rat u re Refe re n ce: 
Cooper. - ~ -  Nuc. I n s t .  and Methods, Vol .  106, 
pp.  525-538, 1973. 

Eq u i p m e nt : 
X - ray f 1 uo res  ce nce spectrophotometer 

Remarks: 1.  Computer program usual ly required t o  i n t e r p r e t  data .  
2 .  Standardization of instrument w i t h  antimony standards required.  
3.  

4 .  
5 .  

X-ray fluorescence provides simultaneous, mult-element determinations 
f o r  se lec ted  metals and non-metals. 

Use standard addi t ions f o r  quant i f ica t ion .  
Detec tab i l i ty  and accuracy l imited by presence of antimony (as f i r e  
re ta rdant?)  i n  p l a s t i c  f i lms used t o  contain l iqu id  sample. 

Edition: 
7 /  78 

C-23 



Sb 

Analysis: I n d u c t i v e l y  Coupled Plasma - Atomic E m i s s i o i  

Ant imony 

20-A No, 
I I 

3-5 o r d e r s  o f  magni tude f rom 
Ranqe:a s i n g l e  s p e c t r a l  l i n e  Precision: i 1-10% Accuracy: 

Cross Reference: 
Appendix 2 
Sampl i ng !/lethods : 1 1 -S ,  29-S 

L i terature Reference: 
"Eva1 u a t i o n  o f  an I n d u c t i v e l y  Coupled Plasma 
Mu1 t i c h a n n e l  Spec t romet r i c  A n a l y s i s  System:' 
EPA-600/4-77-032, June 1977. 

~ ~~~~ 

Reagents: 
A n t i  mony s tandard  s 

I Equipment: 
I n d u c t i v e l y  coup1 ed plasma 
Atomic emiss ion  spec t rometer  

Remarks: 1 .  I'JaC1 m a t r i x  o f  samples and s tandards  shou ld  be matched t o  m in im ize  
d i f f e r e n c z s  i n  s o l u t i o n  p r o p e r t i e s  which Caii a f f e c t  v a p o r i z a t i o l l  
c h a r a c t e r i s t i c s .  
recommended. 

a n a l y s i s  of me ta l s .  

I n d u c t i v e l y  Coupled Plasmas t o  t h e  A n a l y s i s  o f  Geochemical Samples", 
Ana l .  Chim. Acta 75, 257-270 (1975) .  

Elac'::rourd c c r r e c t i c l n  ard stavdar-? addi t i w s  

2. I n d u c t i v e l y  coup led  plasma techn ique p rov ides  s imul taneous m u l t i - e l e m e n t  

3 .  A d d i t i o n a l  re fe rences :  R . H .  S c o t t  and M.L. Kokot, " A p p l i c a t i o n  o f  
E d i t i o n :  
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4. 

5.  

Probable spec t ra l  in te r fe rence  from manganese a t  antimony 217.59  nm l i n e  
when analyzing concentrated br ines .  
Upper l i m i t  of concentration range may be extended 
spectral  l i n e s .  

by using a l t e r n a t e  

c 



Sb 
crs A n t i  mony 

I I 

Analysis: Spark Source Mass Spectrometry INo. I 21 -A 

Method: Dehydrated br ine  sample i s  vaporized and ionized by an a r c  source and 
enters an evacuated chamber. 
i t s  mass/charge r a t i o  and determined quan t i t a t ive ly  by comparison with 
standards.  

Antimony i s  separated and detected by 

Sample Handling: Use RA o r  FA b r ineg  evaporate t o  dryness. 

@ Ranqe: 0.1-1 000 mg/l Precision: 55% Accuracy: +25% 

Cross Reference: 
Appendix 2 
Sampl i ng Flethods : 11 -S ,  29-S 

R eag ent s: 
Antimony standards 

Lit  e rat  u r e  Reference: 
Trace Analysis by Mass Spectrometry, A.J. Aheard, 
ed. ,  Academic Press ,  N Y  (1977).  
D . L .  Donohue, J.A. Carter  and J.C. Frankl in ,  Anal. 
I P S ,  1 q q  -371--379 (1977)  

Eq u i p m e nt : 
Spark source mass spectrometer 

Remarks: Spark source mass spectrometry provides simultaneous, mu1 t i-element 
determination f o r  selected metals and non-metals. 

Edition: 
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Antimony c 
I I 

Analvsis: Neutron Activation IN0.l 22-A .. I I 

Method: Dehydrated sample i s  i r r ad ia t ed  by neutron bombardment t o  form radioact ive 
antimony isotopes.  
multichannel analyzer ;  peak heights a r e  proportional t o  the amount 
isotope present.  

The beta and  gamma spectra  a r e  analyzed by a 

Sample Handling: Use RA or FA brine a n d  evaporate sample t o  dryness. 

Ranae: P reci  sion: Accuracy: 

Cross Reference: 
Apnendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 

- 
Lit e ra t  u r e  Refe re n ce: 

Robertson & Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurements of Trace Metals in 
Environmental Samples" , NAS-NS-3114 , Jan. 1974. 

Eq u i pm ent : 
Neutron source (nuclear  r e a c t o r )  
Multichannel analyzer 

Remarks: 1 .  Su f f i c i en t  time (several  days) must be allowed f o r  sodium decay i f  the 
sodium spectrum masks the element o f  i n t e x s t .  

f o r  metals and non-metals. 
2 .  Neutron ac t iva t ion  Drovides simultaneous, m u 1  t i-element determination 

G 
Edition: 
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Sb 
Antimony 

Analysis: Emiss ion Spect romet ry  (No. I 23-A 

Method: The sample c o n t a i n i n g  antimony i s  e i t h e r  s o l i d  o r  l i q u i d  s t a t e  i s  

vapor i zed  u s i n g  a f lame,  AC spark o r  DC a r c  and t h e  i n t e n s i t y  o f  

t h e  s e l e c t e d  emiss ion  l i n e  i s  riieasured a s a i n s t  s tandards .  

Sample Handling: Use RA o r  FA b r i n e .  Evapora t i on  t o  dryness may be r 2 q u i r e a .  

(Ash f i l t e r  and n i x  w i t h  g r a p h i t e . )  

Ranse. . 0-40 mg/l Precision: 220% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods; 1 1 4 ,  29-S 

R eag ent  s: 
Antimony s tandards  
HNO o r  HC104 
Gra$hi t e  

Remarks: 1. 

2. 

E d i t i o n :  4. 

7 / 7 8  

Literature Reference: 
Ins t rumen t  M a n u f a c t u r e r ' s  L i t e r a t u r e  

Eq u i p m ent : 
Emiss ion spect rorneter  

R u f f l e  fu rnace  
Photo p rocesso r  
M i c r o p h o tome t e r 

Use m a t r i x  match ing,  s tandard  a d d i t i o n s  and background c o r r e c t i o n  
wilenever g c s s i  b1 P. 

Emiss ion spec t romet ry  p rov ides  s imu l taneous,  m u l t i - e l e m e n t  de termina-  
t i o n s  f o r  me ta l s .  

Ant imony p r e c i p i t e d  a l o n g  w i t h  S i02  i n  HN03 d e h y d r a t i o n  procedure .  
A1 t e r n a t i v e l y  ant imony may be p r e c i p i t a t e d  w i t h  H C l O  
h y d r a t i o n  procedure.  
l e v e l s  o f  a l k a l i  me ta l s  fo rm d i f f i c u l t l y  d i s s o l v e d  p e r c h l o r a t e  s a l t s .  

d u r i n g  de- 
T h i s  method i s  n o t  a p p l i c a b l e  $here h i g h  

( o v e r >  c-27 



5. Large d i f f e r e n c e s  i n  m a t r i x  e f f e c t s  w i l l  be observed depending on t h e  t\lpe o f  
e x c i t a t i o n  source ( f l ame,  AC spark,  o r  DC a r c ) .  



Arsenic 

Analysis: S i lver  Diethyldithiocarbamate INo. 1 24-A 

Method: Arsenic i s  reduced t o  a r s ine  by zinc in an a r s ine  generator.  

gas i s  passed through a glass  plug impregnated with lead ace t a t e  a n d  i n t o  
a chamber containing s i l v e r  diethyldithiocarbamate dissolved in pyridine 
where the gas forms a red solut ion which i s  measured spectrophotometrically 
a t  535 nm. 

The a r s ine  

~~ ~- 

Sample Handling: Use RA or FA brine.  N i t r i c  acid will  give a negative in te r fe rence  
i f  used f o r  a c i d i f i c a t i o n .  

Range: >0.005 mg/l Precision: i o .  002 mg Accuracy: -10.002 mg 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Literature Reference: 
APHA 404 A(75)  USGS Book 5 ,  Chapter A 1  (1974)  
EPA 01002 ( 7 6 )  
ASTM D2972-74 ( 7 7 )  

I 

Reagents: 
Hydrochloric acid 
Potassium iodide 
Stannous chlor ide 
Lead ace t a t e  
S i lve r  diethyldithiocarbamate 
Py r i d i n e 
Arsenic standards 

Eq u i p ment : 
Arsine generator and  absorption tube 
Spectrophotometer a t  535 nm 

Remarks: 1 .  Interferences:  Cry Coy C u ,  Hg, Mo, Ni, P t ,  Ag i n t e r f e r  i f  in la rge  
enough concentrations.  Antimony i n t e r f e r e s  by forming s t i b i n e .  Sulf ide 
i s  trapped i n  the lead  ace t a t e  t r a p .  

Generator system must be t i g h t l y  closed t o  avoid losses  of a r s ine  during 
2 .  S t a n d a r d  addi t ions should be used t o  e s t ab l i sh  recoveries .  
3. 

Edi t i  on : analys is .  
7/ 78 4. l-Ephedrine in chloroform is a s u i t a b l e  solvent  s u b s t i t u t e  f o r  pyridine.  
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As 
Arsenic 

Analysis: Atomic Absorption (Direc t )  IN0-l 25-A 

Method: Sample containing a rsenic  i s  aspirated i n t o  an  a i r  acetylene flame a n d  the 
absorbance o f  the 193.7 a rsen ic  resonance l i n e  i s  measured a n d  compared 
t o  standards.  

~ ~~ ~~ 

Sample Handling: Use RA o r  FA br ine.  

( 1  i near) 
Range: 0.7-20 mg/i Precision: Accuracy: 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods; 26-A 

I Li terature Reference: 
Dean & Rains, Flame Emission a n d  Atomic Absorption 
Spectrometry, Vol 111, 1975. p p .  205-208. 
Instrument Manufacturer’s Standard Methods Manual. 

Reagents: 
Arsenic standards 

Eq u i p m ent  : 
Atomic absorption spectrophotometer. 
Arsenic e lec t rode less  discharge lamp (optional ) 

Remarks: 1.  Interferences:  
rad ia t ion  by air-acetylene flame. 
method P,1, Cry kj, llfiy !loy :!i, SI?, Ti at-d i i i t r s t e  ion i t3terfere.  
i+ti Lri x lrfd cchi i iy  u i‘ sdiiip1 dnC s Laridards 5 t a d d r i l  addi  t i  irlis ailii 
Lack;round correct ion recommended. 

main in te r fe rence  i s  the absorption of the hollow cathode 
In the 3irec’. a i r -acetylene flame 

i. 

3. 
Edition: 1 imi t s .  

Use of an arsenic  e lec t rode less  discharge lamp gives lower de tec t icn  
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As 

Appendix 2 
Sampling Methods: l l - S 9  29-S 

13 Arsenic 

I I 

Analysis: Atomic Absorption (Hydride Evolution) INo. 1 26-A 

Method: Arsenic i s  determined a s  i t s  hydride by atomic absorption a t  193.7 nm 
i n  an argon o r  nitrogen-hydrogen flame a f t e r  reduction w i t h  SnC12 - KI 
and conversion t o  i t s  hydride by addi t ion of Z n  t o  the ac id  so lu t ion .  

13 

- 

Sample Handling: Use RA o r  FA br ine ,  

Instrument Manufacturer's Methods Manual 
APHA 301A (1975) 

Reagents: 

KI 
SnCl 
Z n  sTurry (200 mesh Z n )  
HC 1 
Nitrogen o r  arqon bo t t l ed  gas 
Hydroqen bot t led a a s  
NaBH4 p e l l e t s  10/32 i n .  (op t ion)  

Eq u i p m ent : 

Atomic absorption spectrophotometer 
Hydride evolution u n i t  

Remarks: 1 .  Use o f  matrix match 
recommended. 

2.  Use of an electrode 
3. Arsenic can a l s o  be 

E d i t i c n :  ac id  on the sample. 
AA ana lys i s  ins tead  

7 / 7 5  

ng, standard addi t ions and background correct ion 

ess discharge lamp wi l l  increase s e n s i t i v i t y .  

generated by the  ac t ion  of NaBH4 and hydrochloric 
The a r sen ic  may be s tored  i n  a balloon p r i o r  t o  

of being flushed d i r e c t l y  i n t o  the burner. 
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Analysis: Inductively Coupled Plasma-Atomic Erniqzion 

Arsenic 
u 

No. 27-A 

Cross Reference: 
dppeldix 2 
San;pl i n g  Methods: 1 1  -S ,  2 9 4  

6$ 3-5 orders  of magnitude from a 
Range: s ingle  spec t ra l  l i n e .  Precision: -I. ~ - 1 0 %  Accuracy: 

I 
Lit e rat u re R efe re n ce: 
Evaluation of an Inductively Coupled Plasma 
Multichannel Spectrometric Analysis System 
EPA-600/4-77-032, June 1977. 

R eag t: nt s: 
Arsenic standards 

Eq u i p m ent : 
Inductively coupled plasma 
Atomic emission spectrometer 

Remarks: 1 .  NaCl matrix o f  samples and standards should be matched t o  minimize 
differences i n  so lu t ion  proper t ies  which can a f f e c t  vaporization 
c h a r a c t e r i s t i c s .  Background correct ion and standard addi t ions 

/ I  recommended. 
2 .  Additional references:  R. H .  Scot t  and M .  L .  Kokot, "Application of  

Inductively Coupled Plasmas t o  the Analysis of Geochemical Samples", 
Anal. C h i m .  Acta 75, 257-270 (1975). 

w 
Edition : 
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3. Probable spec t ra l  in te r fe rence  from manganese and iron a t  a rsen ic  

4. 
193.76 nm l i n e  when analyzing concentrated br ines .  
Upper l i m i t  of concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  



As 

Cross Reference: 
Apnendix 2 
Sampling Methods: 1 1 4 ,  29-S 

R eag ent s: 

A r s e n i c  

Lit e rat u re Ref e re n ce: 
Trace A n a l y s i s  by Mass Spectrometry ,  A.J. Aheard, 
ed., Academic Press, NY (1977) .  
D.L. Donohu J.A. C a r t  r an J.C. F r a n k l i n ,  Ana l .  
L e t t e r s ,  l o?$ )  371-379 719777. 

Eq u i pment : 

I I 
Analysis: Spark Source Mass Spect romet ry  INo. I 28-A 

Method: Dehydrated b r i n e  sample i s  vapor i zed  and i o n i z e d  by an a r c  source  and 

e n t e r s  an evacuated chamber. 

mass/charge r a t i o  and de termined q u a n t i t a t i v e l y  by comparison w i t h  

s tandards .  

A rsen ic  i s  separa ted  and d e t e c t e d  by i t s  

Sampk Handling: Use RA o r  FA b r i n e .  

Ranqe: 0.1-1000 mg/ l  Precision: t z 5 %  Accuracy: t 2 5 %  

A r s e n i c  s tandards  Spark source  mass spec t rometer  

Remarks 1. Spark source mass spec t romet ry  p r o v i d e s  sirnul taneous, mu1 t i - e l e m e n t  
d e t e r m i n a t i o n  f o r  s e l e c t e d  me ta l s  and non-meta ls .  

2 .  Since  a r s e n i c  i s  a v o l a t i l e  element, e v a p o r a t i o n  t o  complete dryness 
may v o l a - t i l i z e  a r s e n i c  (Rowe, F o u r n i e r ,  and Morey, 1973, USGS B u l l e t i n  
#1303). E d i t i o n :  

7/78 
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As 
Arsenic Q 

Analysis: Neutron Activation po. 1 29-A 

Method: Dehydrated sample i s  i r r ad ia t ed  by neutron bombardment t o  form radio- 
a c t i v e  a rsen ic  isotopes.  
multichannel analyzer;  peak heights a r e  proportional t o  the amount 
of isotope present .  

The beta and gamma spectra  a r e  analyzed by a 

~ ~~ 

Sample Handling: Use RA o r  FA brine a n d  evaporate sample t o  dryness. 

P reci  s ion: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

Reagents: 

~ 

Lit e rat  u r e  Ref e re n ce: 
Robertson & Carpenter, "Neutron Activation Tech- 
niques f o r  the  Measurement of  Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan. 1974. 

Eq u i p ment : 
Reactor 
Mu1 tichannel analyzer 

Remarks: 1.  

2. 

Suf f i c i en t  time (several  days) must be allowed f o r  sodium decay i f  
the sodium spectrum masks the element of i n t e r e s t .  
Neutron ac t iva t ion  provides simultaneous, multi-element determination 
f o r  se lec ted  metals a n d  non-metals. 

may v o l a t i l i z e  a rsen ic  (Rowe, Fournier, and Morey, 1973, USGS Bullet in  
#1303). 

Edition: 3. Since a rsen ic  i s  a v o l a t i l e  element, evaporation t o  complete dryness 
7/78 
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As 

Analysis: Emission Spectrometry NO. 30-A 

Sample Handling: Use RA o r  FA br ine.  
(Ash f i l t e r  and m i x  w i t h  g r aph i t e . )  

Evaporation t o  dryness may be required.  

G.$ Range: 0-40 mg/l Precision: 220% Accuracy: 

Cross Reference: 
Appendix 2 
Sampl ing Flethods : 11 -S, 2Q-S  

Reagents: 
Arsenic standards 
Zinc oxide 
Graphite 

Lit e rat u re Refe re n ce: 
Instrument Manufacturer's L i t e ra tu re  

Eq u i p m e nt : 
Emission Spectrometer 
pH meter 
Magnet i c s t i  r r e r 
Photo processor 
Microphotometer 
Muff 1 e furnace 

Remarks: 1. Use matrix matching, standard addi t ions and  background correct ion 
whenever p o s s i b l e .  
Emission spectrometry provides SimultaneOUS, ImJlti-element deter-  
mination f o r  metals. 

2. 

3. Arsenic prec ip i ta ted  by ZnO addi t ion t o  f i na l  pH of 5 .3 ,  using iron 

4. 
Edition; a 5  the co l l ec to r .  

71 78 Large differences i n  na t r ix  e f f e c t s  wil l  be observed dependinq  ~n the 
~ Y W  of exc i ta t inn  source (flame, F,C spark,  or DC a r c > .  
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Ba 
Bari um 

Analysis: T u r b  i dime t r i c ( Abs orp tome t r i c ) INo. I 31 -A 

Method: Barium i s  measured turb id imet r ica l ly  a t  420 n m  a s  i t s  s u l f a t e .  

Sample Handling: Use f i l t e r e d  ac id i f i ed  br ine.  

~ 

Ranae: P r e  c i  s ion: Accuracy: 6 
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 197-A, 198-A 

Reagents: 
Magnesium chlor ide  
Barium chlor ide  
Sodium c i t r a t e  dihydrate  
Dioctyl es ter  of sodium su l fosucc in ic  

Hydrochloric acid 
Mag nes i um s u 1 f a  t e 

acid (Aerosol OT) 

L i terature Reference: 
API 3.32 (1968).  

Eq u i p m e nt : 
Spectrophotometer t o  measure a t  420 nm. 

Remarks: 1 .  Calcium i n t e r f e r e s  when > I O O  mg/l CaCo3. 
2 .  Strontium interferes d i r e c t l y  and i s  read a s  barium. 
3. Polyphosphate >2 mg/l can i n h i b i t  the formation o r  t u rb id i ty .  

Boiling w i t h  concentrated hydrochloric acid and subsequent 
neu t r a l i za t ion  w i t h  sodium hydroxide can overcome t h i s  e f f e c t .  
In te r fe rence  can a l so  be expected from h i g h  concentrations e f  organic 
ac ids  o r  organic complexing agents. 

4. 
Edi t i  on : 

7/78 
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Ba 
B a r i  um 

Analysis: Atomic A b s o r p t i  on INO. I 32-A 

Method: The sample c o n t a i n i n g  bar ium i s  a s p i r a t e d  d i r e c t l y  i n t o  a N 0 - a c e t y l e n e  f l ame 

and t h e  absorbance o f  t h e  Ba resonance l i n e  a t  553.6 nm i s  measured. 
2 

~ ~~ 

Sample Handling: Use RA or FA b r i n e .  

Range: 1-20 mg/l Precision: f5% Accuracy: + I  0% 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Lite rat u re Refe re  nce: 
APHA 303 (75)  USGS Book 5, Chapter A1 (1974) 
EPA 01007 (76)  
I n s t r u m e n t  M a n u f a c t u r e r ' s  Standard Methods Manual 

R eag ent s: 
B a r i  um s tandards  
KC 1 
N i t r o u s  o x i d e  gas c y l i n d e r  

Eq u i p m ent : 
Atomic a b s o r p t i o n  spec t ropho tomete r  
N i t r o u s  o x i d e  b u r n e r  head 

Remarks: 1.  The i o n i z a t i o n  o f  bar ium i n  t h e  n i t r o u s  o x i d e - a c e t y l e n e  f lame i s  
reduced by add ing  KC1 u n t i l  a 1000-2000 mg/l K background i s  
o b t a i n e d  i n  b o t h  s tandards and samples. 

2. G r a p h i t e  f u r n a c e  a t o m i z a t i o n  may be used i n  t h e  p l a c e  o f  t h e  n i t r o u s  @ E d i t i o n ;  o x i d e  f lame.  

7/78 3. Use o f  s t a n d a r d  a d d i t i o n s  and m a t r i x  match ing o f  a l k a l i  and a l k a l i n e  
e a r t h  me ta l s  recommended. 

( c o n t .  on back) 
C-36 
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4. If sample shows Tyndall effect, filter through 0.45 p membrane filter. 
5. Some high salinity brines generate spectral interference around the 553.6 nm 

line. A window of 40 pm is recommended. 



Ba 
Bari um 

Analysis: Flame Emission INO. I 33-A 

Method: Bari um i s  determined by a sp i r a t ing  the sampl e i n to  a n i t rous  oxide-acetyl ene 
flame and the emission i n t e n s i t y  a t  553.6 nm from barium i s  measured by 
a spectrophotometer. 

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  brine. Sample may be 
s t a b i l i z e d  by d i l u t i n g  with 9 par t s  d i s t i l l e d  water and 
5 m l  HN03 per l i t e r  of sample. 

< O .  5 mg/1+25% < O .  5 mg/ 1 +25% 
Ranqe: ~ 1 . 0 5  mg/l Precision: >0.5 mg/1?5% Accuracy: >0.5 mg/lf5% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 
Analysis Nethods: 32-A 

Reagents: 
Barium atomic absorption standard so l -  

ution o r  barium chlor ide  
Nitrous oxide gas cyl inder  
Potassium chlor ide  o r  potassium n i t r a t  

Lit e rat u r e  R efe re n ce: 
Dean and Rains, Flame Emission and Atomic Absorp- 
t ion  Spectrometr,y, V o l .  111, 1975, p p .  33-65. 
W .  Snelleman, Spectrochim. Acta, 23B, 403 (1968).  

Eq u i p me nt : 
Atomic absorption spectrophotometer w i t h  emission 

Nitrous oxide burner head. 
mode or flame emission spectrophotometer. 

Remarks: 1 .  The ionizat ion o f  barium i n  the n i t rous  oxide-acetylene flame i s  re-  
duced by adding KC1 o r  KN03 un t i l  a 1000-2000 mg/l K background i s  
obtained in both standards and samples. 

ng  of a l k a l i  and a l k a l i r  2 .  Use of standard addi t ions and matrix match 
ea r th  metals recommended. 

3. Prec ip i ta ted  BaS04 may be determined by f i  

and measurement via  F A E .  
( cont .  on back) 

E d i  t i  on : 
71 78 0.451 f i l t e r  ashing paper d isso lu t ion  of 
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t r a t i o n  o f  brine t h r o u g h  
with EDTA and ammonia 



n 

4. Some high salinity brines generate spectral interference around the 553.6 nm 
line. A window o f  40 p m  is recommended. 



Ba 

Inductively Coupled Plasma - Atomic Emission 
Analysis: Spectroscopy 

Bari um 
I 

N ~ .  34-A 

Method: The brine sample i s  aspirated in to  a radiofrequency generated,  inductively 

cowled a r g o n  plasma and the in t ens i ty  of the emission spectrum o f  

barium i s  measured t y  the instrument and  compared with s tandards.  
In tens i ty  i s  measured a t  233.53 nm or a l t e r n a t e  wavelength. 

3-5 orders of magnitude from 
Ranqe: a s ingle  spec t ra l  I inePrecis ion:  2 ~ 1 0 %  Accuracy: 

Cross Reference: 
Appendix 2 
Samp7 i n g  Methods: 11 - S ,  29-S 

Reagents: 
Barium standards 

Remarks: 1 .  

2.  

7/78 3. 

Edi t i 'on: 

Lit e rat u re Refe re n ce: 
I' Eva1 uati on o f  an Inductively Coup1 ed P1 asma 
Mu1 tichannel Spectrometric Analysis System" 
EPA-600/4-77-032, June, 1977. 

Eq u i p m e nt : 
Inductively coupled p l a s m  
Atomic emission spectrometer 

NaCl matrix of samples and standards should be matched t o  minimize 
differences in solut ion propert ies  which can a f f e c t  vaporization 
c h a r a c t e r i s t i c s .  
recommended. 
Inductively coupled plasma technique provides simultaneous, multi-  
element determination f o r  metals.  
Additional references:  R.  H .  Scot t  and M. L .  Kokot, "Application of 
Inductively Coupled Plasmas t o  the Analysis o f  Geochemical Samples", 
Anal. Chim. Acta 75, 257-270 (1975).  

Background correct ion and  standard addi t ions 

( c n n f .  85 <ack) c-38 
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4. Upper l i m i t  o f  concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  



Ba 
dd Bari um 

AnalySiS: Spark Source Mass Spectrometry I N o * I  35-A 

Method: The dehydrated brine sample i s  vaporized a n d  ionized by an  a r c  source and 
en ters  an  evacuated chamber where bar ium i s  separated and detected by 
i t s  mass t o  charge r a t i o ;  quant i ta t ive  ana lys i s  require  comparison t o  
standard bari um sampl es . 

Sample Handling: Use RA o r  FA br ine,  evaporate t o  dryness.  

?5% ( isotope d i l  25% ( i so tope  d i l . )  13 Ranae: o . i - i o m  mq/l Precision: +25% dccu racy: f25% 

Cross Reference: 
Appendix 2 
Sampl ing  Methods: 11-S ,  29-S 

Reagents: 
Barium standards 

Lit e rat u re Reference: 
Trace Analysis by Mass Spectrometry, A.J. Aheard, 
ed . ,  Academic Press,  N Y  ( 1 9 7 7 ) .  
D . L .  Donohue, J.A. Carter  and J.C. Franklin,  Anal. 
Le t t e r s ,  lO(5) 371-379 ( 1 9 7 7 ) .  

Eq u i p me nt : 
Spark source mass spectrometer 

Remarks: 1 .  Spark source mass spectrometry provides simul taneous , mu1 t i  -element 
determination f o r  se lec ted  metals and non-metals. 

Franklin,  Trace Substances i n  Environmental Health-IX. U. o f  
Missouri , 303 (1  975). 
J .  C .  Franklin,  J .  A .  Carter ,  D. L .  Donohue, and R .  W .  Ste lzner ,  
23d conf. on Mass Spectrometry and Allied Topics, Houston, TX 

R .  Alvarez, B .  J .  Paulsen, and D .  E .  Kelleher, Anal. Chem. 41 955 
(1 969). 

2. Additional references:  J .  A .  Carter ,  D .  L .  Donohue, and J .  C .  

Edi'ti on I 

7/78 354 (1975). 

c-39 



Ba 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

Bari um 

Li terature Reference: 
Robertson & Carpenter, "Neutron Activation Tech- 
niques f o r  the  Measurement of Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan.  1974. 

6 
Analysis: Neutron Activation INo.1 36-A 

Method: Dehydrated sample i s  i r r ad ia t ed  by neutron bombardment t o  form radioact ive 
bar ium isotopes.  
analyzer;  peak heights a r e  proportional t o  the  amount of isotope present .  

The beta and gamma spectra  a r e  analyzed by a multichannel 

Sample Handling: Use RA or FA br ine;  evaporate sample t o  dryness. 

Ranqe: Precision: Accuracy: 6 

~- 

Reagents: Equipment: 
Neutron source (e .g .  nuclear r e a c t o r )  
Mu1 t i  channel analyzer 

Remarks: 1 .  

2 .  ?deutron ac t iva t ion  provides simultaneous; mu1 t i-element determination 

Suf f i c i en t  time (several  days) must be allowed f o r  sodium decay i f  the 
xd i ix i  s p s c t i - x i  rnasks the element of i n t e r e s t .  

of selected metals and non-metals. 

Edition: 
7 / 7 8  



Ba 

Analysis: Emission Spectrometry 

Bari um 

No* 37 -A 

Sample Handling: Use RA or FA br ine.  Evaporation t o  dryness may be required.  

Cross Reference: 
Appendix 2 
Sampling Methods; 1 1 - S ,  29-S 

Precision: + I  0% Accuracy: 
Li t  e rat u re Reference: 

Instrument Manufacturer's L i te ra ture  

Reagents: 
Barium standards 
Vanadium in te rna l  standard 

Ea u i D ment : 
Emission spectrometer 
Photo processor 
Ni crophotometer 

Remarks: 1 .  Use matrix matching, standard addi t ions and  background correct ion 
whenever possi b l  e .  

2 .  Emission spectrometry provides simultaneous, multi-element determination 
f o r  metals. 

3 .  Large d i f f P v r 2 s  i: na t r ix  e f f r l r t s  \ a i { ? ?  !e observed depcnciir?n 05 tIic 
type of exci ta t ion  source (flame, AC spark,  or DC a r c ) .  

Edi t i  on I 
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Gd Bicarbonate ,  Carbonate 

C ross Reference: 
Appendix 2 
Sampling i le thods ;  11-S, 29-S 
A n a l y s i s  Methods: 1-A, 39-A, 61-A, 
62-A, 63-A, 64-A, 65-A, 141-A 

Reagents: 
Standard HC1, Phenol p h t h a l  i e n  i n d i c a t o r  
Methy l  r e d  - bromocresol green 
i n d i c a t o r  o r  methy l  orange i n d i c a t o r  

Analysis: A c i d  T i t r a t i o n  

Lite rat  u r e  Reference: 
APHA 407 B(75)  

USGS Book 5, Chapter  A 1  (1974) 
ASTM D513-71C (77 )  

Equipment: 
pH meter  

Method: The b i c a r b o n a t e  and carbonate  spec ies  c o n c e n t r a t i o n s  a r e  determined f rom 

t h e  sample pH, and t h e  t i t r a t i o n  o f  t h e  sample t o  pH 8.3 ( i f  t h e  sample 

pH i s  > 8 .3 )  t hen  t o  a pH o f  4.5 w i t h  s tandard  HC1. 

a r e  t h e n  c a l c u l a t e d  f r o m  t h e  e q u i l i b r i u m  r e a c t i o n s  o f  carbonate  and 

b i ca rbona te .  

Specie c o n c e n t r a t i o n s  

Sample Handling: Use RU o r  FU b r i n e .  

Remarks: 1 .  I n t e r f e r e n c e s :  Large  d e v i a t i o n s  f r o m  25°C (un less  e q u i l i b r i u m  cons tan ts  
a r e  used t h a t  r e f l e c t  t h e  tempera ture  o f  t h e  sample); v a r i a b l e  i o n i c  
s t r e n g t h  o f  sample, ( a c t i v i t y  c o e f f i c i e n t s  may be used t o  c o r r e c t  
f o r  sample i o n i c  s t r e n g t h ) .  13 E d i t i o n ;  2. CO;-, HC03-, and H2C03 c o n c e n t r a t i o n s  may be de termined by t h i s  method. 

7/78 3. Determine b i c a r b o n a t e  and carbonate  on s i t e  whenever p o s s i b l e  on 
f r e s h  raw u n a c i d i f i e d  b r i n e .  

( c o n t .  on back)  
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4. 

5 .  Affected by suspended s o l i d s ,  s a l t s  of weak ac ids ,  and o i l y  mat ter .  
6 .  

H C 1  may be standardized with Na2C03. 
dess ica tor  before using. 

Air oxidation o f  i ron and manganese cause d r a s t i c  changes in a l k a l i n i t y .  

Dry Na2C03 a t  280°C a n d  cool in  



. - . . . . . . . . . . . - . . . . - . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cross Reference: 
Appendix 2 
Sampling Xethods: 11-S, 29-S 
A n a l y s i s  Methods! l - A ,  38-A, 61-A, 
62-A, 63-A, 64-A, 65-A, 141-A 

R eag ent s: 
Use a p p r o p r i a t e  reagents  f o r  pH and 
Ca2+ de te rm i  n a t i o n s  . 

Bicarbonate ,  Carbonate 
irs 

Literat u r e  Reference: 
APHA 203 ( 7 5 )  

Eq u i p ment : 
Use equipment a p p r o p r i a t e  t o  pH, Ca2+, and TDS 
d e t e r m i n a t i o n s .  

Analysis: C a l c i  um Carbonate S a t u r a t i o n  C a l c u l a t i o n  (No.( 39-A 

Method: By d e t e r m i n i n g  t h e  sample pH and c a l c i u m  i o n  c o n c e n t r a t i o n  and w i t h  t h e  

va lues  o f  t h e  s o l u b i l i t y  p roduc t  o f  CaC03 (Ks) and t h e  second p r o t o n  

d i s s o c i a t i o n  c o n s t a n t  of H CO 

equa t ion :  

I 

(K2) ,  b i c a r b o n a t e  may be de termined f rom t h e  
2 3 2 +  

log(HCO3:) = - log(Ca ) - 1og(K2/KS) - pH and carbonate  f rom 
t h e  equa t ion :  (COi'-) = K,(HxO,-) 

' ( H ' ) "  

Sample Handling: Use RU b r i n e  f o r  pH measurement and RA o r  FA b r i n e  f o r  

Ca2+ d e t e r m i n a t i o n .  

Range: Precis ion: Accuracy: 

Remarks: 1. pH, Ca2+ c o n c e n t r a t i o n ,  and t o t a l  d i s s o l v e d  s o l i d s  (TDS) must be de termined 
b e f o r e  u s i n g  t h i s  method. 

2. I n t e r f e r e n c e s :  d i f f e r e n c e s  i n  tempera ture  and sample i o n i c  s t r e n g t h  may 
cause i n a c c u r a c i e s  i n  r e s u l t s ;  use a c t i v i t y  c o e f f i c i e n t s  and e q u i l i b r i u m  
cons tan ts  f o r  tempera ture  o f  measurement when p o s s i b l e .  E d i t i o n ;  

7/78 
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Boron 

Mdhod: Carmine i n  concentrated H2S04 changes from br ight  red t o  bluish-red i n  the 
presence of boron. Color i s  measured a t  585 nm. 

Sample Handling: Yse RA or FA brine.  

4 Llg + l o %  4 u q  f lO%,higher 
Precision: higher conc. f5% Accuracy: conc. f5% 

Cross Reference: 
4ppendix 2 
Sampling Methods: I l - S ,  29-S 
Analysis Methods? 41-A 

Reagents: 
Boron standards 
HC 1 

%%?ne N . F .  o r  carminic acid 
NaOH 

Literature Reference: 
APHA 4058 (1975) 

USGS Book 5 ,  Chapter A 1  (197fi) 
ASTM D3082-74A ( 7 7 )  

Eq u i pment : 
UV-Vis  spectrophotometer a t  585 nm. 

Remarks: 1 .  Interferences:  F-, Si02 and PO:- c rea t e  s l i g h t  in te r fe rence .  

2 .  Range may be expanded by d i l u t i o n  o r  evaporation o f  sample. 

Edi tiona 
7/78 
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Cross Reference: 
Appendix 2 
Sampl ing :lethods i 1 1  -S ,  29-S 
Analysis Yethods: 40-A 

Boron 

Lit e rat u re Reference: 
APHA 405A (75)  
EPA 01022 ( 7 6 )  

Method: An ac id i f i ed  sample containing boron is  evaporated in  the  presence o f  

curcumin t o  produce rosocyanine which i s  measured co lor imet r ica l ly  a t  
540 nm. 

Sample Handling: Use RA or  FA br ine.  

Reagents: 
Boron s t a n d a r d s  
Curcumin reagent 
Ethyl o r  isopropyl alcohol 
HC1 
Oxalic acid 
NaOH or Na2C03 

Eq u i p m e nt : 
UV-Visible spectrophotometer t o  measure a t  540 nm 
Evaporation dishes 
Heat source (e .g .  hot water b a t h  o r  infrared 

1 amp 1 

Remarks: 1 .  Interferences:  
p rec ip i t a t ing  with N a O H  o r  da2C03 a n d  f i l t e r i n g .  

2 .  Close control of evaporating times, volumes and  other  var iables  
requ i red.  

3. Range may be expanded by sample d i lu t ion  o r  concentration. 

>20 mg/l NO-; >lo0 mg/l Ca2+ and Mg2+ may be removed by 

E d i t i o n :  
7 / 7 8  
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B 
Boron 

Reagents: 
Boric ac id  o r  boron 
atomic absorption standard so lu t ion  
Nitrous oxide gas cy l inder  
Hydrochloric acid 
Isopropanol 

Analysis: Flame Emission No* 42-A 

Method: Boron i s  determined by aspi ra t ing  the sample in to  a n i t rous  oxide-acetyl ene 
flame and the emission in t ens i ty  a t  249.8 nm from boron i s  measured by 
a spectrophotometer. 

W.Snelleman, Spectrochim. Acta, a, 403 (1968). 

Eq u i pment : 
Atomic absorption spectrophotometer w i t h  emission 

Nitrous oxide burner head. 
mode o r  flame emission spectrophotometer. 

Sample Handling: Use raw unacidif ied o r  f i l t e r e d  unacidif ied br ine.  S t ab i l i za t ion  
n o t  necessa ry .  

I 

> 2  mg/l low brine Range: >20  mg/l h i g h  brine Precision: m - z 5 %  Accuracy: 0-25% 

L i terature Reference: 
Dean and Rains, Flame Emission and Atomic Absorp- 
t i on  Spectrometry, Vol. 111, 1975, p p .  95-116. 

Remarks: 1 .  
2. 

3. 

1% ( v / v )  hydrochloric ac id  added t o  standards.  
Use o f  standard addi t ions and matrix matching o f  a l k a l i  and a lka l ine  
ear th  metals recommended. 
Dilute samples w i t h  d i s t i l l e d  water, ac id i fy  w i t h  1% ( v / v )  H C 1 ,  add 
10% ( v / v )  ispropanal.  Ed i  ti on z 
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I n d u c t i v e l y  Coupled Plasma - Atomic Emission No, 43-A 

Sample Handling: Use RA o r  FA b r i n e .  

3-5 o r d e r s  of magnitude f r o m  
(& Range:a s i n g l e  s p e c t r a l  l i n e .  Precision: 2 1-10% Accuracy: \ 

I 

Cross Reference: 
Appendix 2 
Sarnpl i ng Hethods : 11 -S,  29-S 

L i terature Reference: 
"Eva1 u a t i  on o f  an I n d u c t i v e l y  Coup1 ed P1 asma 
Mu1 t i c h a n n e l  S p e c t r o m e t r i c  A n a l y s i s  System", 
EPA-600/4-77-032, June, 1977. 

Reagents: 
Boron s tandards  

Eq u i p ment : 
I n d u c t i v e l y  coup1 ed p l  asma-atomic emiss ion  
spec t romete r  

Remarks: 1.  NaCl m a t r i x  o f  samples and s tandards s h o u l d  be matched t o  m i n i m i z e  
d i f f e r e n c e s  i n  s o l u t i o n  p r o p e r t i e s  which can a f f e c t  v a p o r i z a t i o n  
c h a r a c t e r i s t i c s .  Use s tandard  a d d i t i o n s  and background c o r r e c t i o n  
whenever poss i  b l  e .  

2. Inductively c w n l  ed plasma techn ique  p r o v i d e s  s imu l  taneous, mu1 t i -  
element d e t e r m i n a t i o n  f o r  m e t a l s .  

3. A d d i t i o n a l  re fe rences :  R .  H. S c o t t  and M. L. Kokot, " A p p l i c a t i o n  o f  
I n d u c t i v e l y  Coupled Plasmas t o  t h e  A n a l y s i s  o f  Geochemical Samples", 
Ana l .  Chim. Ac ta  - 75, 257-270 (1975).  

E d i t i o n i  
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n 

4. Upper l imi t  o f  concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  



Ird 

Cross Reference: 
Appendix 2 
Sampling 3ethods:  11-S, 29-S 

Reagents: 
Boron s tandards  

Boron 

L i terature Reference: 
Trace A n a l y s i s  by  Mass Spectrometry ,  A.J. Aheard, 
ed., Academic Press,  NY (1977) .  
D.L. Donohue, J.A. C a r t e r  and J.C. F r a n k l i n ,  Ana l .  
L e t t e r s ,  l O ( 5 )  371-379 (1977) .  

Eq u i p m e nt : 
Spark source  mass spec t rometer  

Analysis: Spark Source Mass Spect romet ry  lNo*l 44-A 

Method: Dehydrated b r i n e  sample i s  vapor i zed  and i o n i z e d  by  an a r c  source  and e n t e r s  

an evacuated chamber. 

r a t i o  and de termined q u a n t i t a t i v e l y  by comparison w i t h  s tandards .  
Boron i s  separa ted  and d e t e c t e d  by  i t s  mass/charge 

Sample Handling: Use RA o r  FA b r i n e .  Evaporate t o  dryness f o r  a n a l y s i s .  

e 

+52 ( i s o t o p e  d i l  . ) f5% ( i s o t o p e  d i l  . )  6d Range: 0.1-1000 mg/ l  Precision: f25% Accuracy: f 2 5 %  
I 

Remarks: 1. 

2. 

Spark source mass spec t romet ry  p r o v i d e s  s imul taneous,  mu1 t i - e l e m e n t  
d e t e r m i n a t i o n  f o r  s e l e c t e d  m e t a l s  and non-meta ls .  

A d d i t i o n a l  re fe rences :  
Trace Substances i n  Envi ronmenta l  Heal t h - I X .  U .  o f  M i s s o u r i ,  303 ( 1  975) .  
J .  C.  F r a n k l i n ,  J .  A.  C a r t e r ,  D. L. Donohue, and R .  W.  S t e l z n e r ,  23d 
Conf. on Mass Spect romet ry  and A l l i e d  Top ics ,  Houston, TX 354 (1975) .  
R. A l va rez ,  B. J .  Paulsen, and D. E .  K e l l e h e r ,  Ana l .  Chem. 41 955 (1969) .  

S ince  boron i s  a v o l a t i l e  element,  e v a p o r a t i o n  t o  complete dryness may 
v o l a t i l i z e  boron (Rowe, Fo l i rn ie r ,  and Morey, 1973, USGS B u l l e t i n  #1303). 

J .  A. C a r t e r ,  D. L.  Donohue, and J .  C .  F r a n k l i n ,  

0 E d i t i o n t  
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c 
Boron 

Analysis: Em i s s i on s pec t r Ome t ry 

~ ~~ ~ 

NO. 45-A 

-~ ~ ~~ ~ 

Sample Handling: Use RA or FA br ine.  Evaporation t o  dryness may be required.  

Ranse: 2-10 mg/l Precision: 210% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

R eag ent  s: 
Boron standards 
Vanadium in te rna l  standard 

Lite rat u r e  Reference: 
Instrument Manufacturer's L i te ra ture  

Eq u i p m e nt : 
Emission spectrometer 
Photo processor 
P4 i c r o p ho tome t e r 

Remarks: 1 .  Use matrix matching, standard addi t ions a n d  background correct ion 
whenever possible .  
Emission spectrometry provides simultaneous, multi-element determination 
f o r  s e 1 ec ted me t a  1 s . 
Largc differences i n  matrix effeGts will  be observed depending on the 
type o f  exci ta t ion  source (flame, AC spark,  or DC a r c ) .  

2. 

3 ,  Edition; 
7/78 
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Br 
Bromide 

r I 

Analysis: H y p o c h l o r i t e  O x i d a t i o n  - T i t r a t i o n  I N o * l  46-A 

Mahod: I o d i d e  i n  a sample i s  o x i d i z e d  w i t h  bromide t o  i o d a t e ;  t h e  excess bromide 

i s  then des t royed .  I o d i n e  i s  t h e n  formed by o x i d i z i n g  i o d i d e  w i t h  t h e  

i o d a t e  and t h e  r e s u l t i n g  i o d i n e  i s  determined by t i t r a t i o n  w i t h  t h i o s u l f a t e .  

I o d i d e  and bromide a r e  then  determined t o g e t h e r  by o x i d i z i n g  b o t h  w i t h  

C10- t o  i o d a t e  and bromate. Excess C10- i s  dest royed;  t h e  i o d i n e  i s  l i b -  

e r a t e d  and determined w i t h  t h i o s u l f a t e .  The bromide c o n t e n t  i s  t a k e n  

as  t h e  d i f f e r e n c e  between t h e  i o d i d e  and bromide c o n t e n t  and t h e  i o d i d e  
can twt . .  

sample Handling: Use RU o r  FU b r i n e .  

Precision: ti 2% Accuracy: + I  0% 
I 

C ross Reference: 
Appendix 2 
Sampl i ng Plethods : 11 -S ,  29-S 
A n a l y s i s  Pkthods i 96-A 

Lit e rat u re Reference: 
ASTM D 1246-77C (1977) 
EPA 71870 ( 7 6 )  
USGS Book 5, Chapter A1 (1974) 

R eag ent s: 
A c e t i c  a c i d  Sodi um Formate 
Bromine Sodium molybdate 
Calc ium Carbonate Sodi um t h i o s u l f a t e  ( 

Calc ium o x i d e  phenyl  a r s i n e  
Methy l  r e d  i n d i c a t o r  o x i d e  t i t r a n t  
P o t a s s i  um f l  u o r i d e  S ta rch  i n d i c a t o r  
Potass ium h y d r o x i d e  S u l f u r i c  a c i d  
C h l o r i n e  gas (bromine f r e e )  
Potassium I o d i d e  

Sodium c h l o r i d e  Eq u i p m e nt : 
H o t p l a t e  
Magnet ic  s t i r r e r  

r Common 1 ab g lassware  ( b u r e t s ,  p i  p e t s ,  e t c .  ) 

Sodium a c e t a t e  I 
Remarks: I n t e r f e r e n c e s :  Fe, Mg and o r g a n i c  m a t e r i a l  (removed p r i o r  t o  d e t e r m i n a t i o n  

w i t h  CaO). 

Edi  t i o n  : 
G3 
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Q 
Bromide 

Analysis: Chromic A c i d  O x i d a t i o n  - E x t r a c t i o n  No* 47-A 

Sample Handling: Use RU o r  FU b r i n e .  

t 4 -5% (3 200-400 nig/l -1.3-4% 0 200-40 
Ranqe: 8-400 mg/l Precision: + i 5 %  40 mg/l A c c u r a c y : 1 2 %  8 40 mg/ l  

Cross Reference: 
Appendix 2 
Samnl 1 nq Methods: 11 -S.  29-S 
A n a l y s i s  ?k thods :  48-A; 49-A 

Reagents: 
S u l f u r i c  a c i d  
Chromium t r i o x i d e  
Carbon t e t  r a c  h l  o r  i de 

Lite rat u re Reference: 
A P I  3.14 (68 )  

Equipment : 
UV-Vis spec t rophotometer  a t  417 nm 
Separa tory  funne l  s 
F i  1 t e r i n g  appara tus  

R e m a r k s : 1 c h l o r i d e  and i o d i d e  do n o t  i n t e r f e r e  i n  t h i s  method. 

2 .Large p r e c i p i t a t e s  may fo rm upon a d d i t i o n  of H SO t o  h i g h  s o l i d s  b r i n e .  
D i l u t i o n  w i t h  ?,I: 1 w a t e r / s u l f u r i c  a c i d  reduces’thg amount o f  p rec ip i t a tP -  

b p r i o r  t o  t h e  e x t r a c t i o n  s t e p .  

s o l i d s  b r i n e s  d u r i t i g  t h e  e x t r a c t i o n  s tep .  

E d i t i o n :  

7 /  78 
3,Longer g e l l i n g  t imes f o r  phase s e p a r a t i o n  ou r  r e q u i r e d  f o r  h i g h  

C-51 



Br 

Analysis: col orime t r i  c ( 1 od i ne- Permangana t e  ) 

Bromide 

No. 48-A 

~ ~ _ _ _ _ _  ~ 

Sample Handling: Use raw unacidified or f i l t e r e d  unacidified br ine.  

Range: 0.001 -0.1 mg/l Precision: -f19% Accuracy: 
I 

Cross Reference: 
Appendix 2 
S a m p l i n g  Methods: 11-S, 29-S 
Analysis Methods: 47-A, 49-A 

Literature Reference: 
ASTM D 1246-77B (1977)  
USGS Book 5 ,  Chapter A 1  ( 1 9 7 4 )  

R eag en t s: 
Carbon t e t r ach lo r ide  
Potassium bromide 
Potassium iodide 
Su l fu r i c  acid 
Potassium permanganate 

Eq u i p rn e nt : 
Spectrophotometer t o  measure a t  515 n m .  
Separatory funnels 
Water bath ( O O C )  

Timer 

- 

+1 +2 Remarks: 1 .  Fol$owing ions Q t e r f e r e :  I2 >10mg/l, Ag-3 >3mg/l, Z n + 2  >3mg/l, 
PSn+2 >3mg/l, Fe >3mg/l, NO >lmg/l ,  S 0 >3mg/l, Co >3mg/l, 
Ni >3mg/l. Dilution of sam6le wil l  re&&? these in te r fe rences .  

Any substance t h a t  oxidizes iodine or reduces iodate  o r  permanganate 
wil l  i n t e r f e r e .  

2 .  

3.  Free chlor ine cannot be to le ra ted  or n i t r i t e .  
Edition; 
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I Br 
Bromide G 

Analysis: Phenol Red - Colorimetric INo. I 49-A 

Method: Bromide reac ts  with phenol red i n  the presence of chloramine T a t  pH 5.0-5.4 

t o  form a reddish-violet  complex which i s  measured co lor imet r ica l ly  a t  
590 nm. 

Sample Handling: Use RU o r  FU br ine.  

/- 

Ranae: Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 47-A, 4C-A 

1 Reagents: 
I Acetic acid 

Sodium ace ta t e  
Phenol red (sodium s a l t )  
Chloramine T 
Sodium th iosu l f a t e  

, Bromide standards 

Literature Reference: 
APHA 406 (75)  

Equipment: 
UV-Vis spectrophotometer to  measure a t  590 nm. 

Remarks: 1. Interferences:  C 1  forms d u r i n g  reac t ion ,  may be removed by addi t ion 
of Na2S203. 2 

2. Glassware must be cleaned using d i l u t e  HN03 t o  remove t races  o f  
bromide. 

Edition; 3. H i g h  s a l i n i t y  may a f f e c t  consistency o f  r e s u l t s .  
7 / 7 8  

c 
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Br 

Analysis: Bromide S p e c i f i c  E l  e c t r o d e  Ivo* 50-A 

Sample Handling: Use RU o r  FU b r i n e .  

Cross Reference: 
4ppendix 2 
Samplinq Methods: 11-S, 29-S 

Accuracy: t G Range: 0.1-100 mg/l Precision: -2% 
I 

Lit e rat u re Reference: 
E l e c t r o d e  M a n u f a c t u r e r ' s  L i t e r a t u r e  

I A n a l y s i s  Palethods: 74-A, 89-A, 101-A 

Reagents: 
I o n i c  s t r e n g t h  a d j u s t o r  (NaN03) 
Bromide s tandards  
E l e c t r o d e  f i l l i n g  s o l u t i o n s  

Eq u i p m en t  : 
pH o r  m i l l i v o l t  meter  w i t h  expanded s c a l e  
Bromi de spec i  f i c e l  e c t r o d e  
Reference e l e c t r o d e  (doub le  j u n c t i o n  Ag/AgCl 

recommended ) 

- 

Remarks: 1 .Ch lo r ide  and i o d i d e  i n t e r f e r e  s e v e r e l y  w i t h  t h i s  method.  
2 , I o n i c  s t r e n g t h  a d j u s t o r  s o l u t i o n  c o n s i s t e d  o f  t h e  a d d i t i o n  o f  
2 m l  5 M NaN03 p e r  100 m l  s o l u t i o n .  

0 E d i t i o n ;  
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Analysis: X-Ray F1 uorescence 

G 
Bromide 

~ 

No. 51 -A 

Sample Handling: Use RA o r  FA br ine;  sample may be run as  i s  or evaporated t o  
dryness depending upon instr . imentation. 

Cross Reference: 
Appendix 2 
Sampling rlethods; 11-S,  29-S 

1 L i terature Reference: 
Cooper, J.A. , Nuc. Ins t .  and Methods., Vol. 106, I p p .  525-538, 1973. 

Reagents: 
Bromide standards 

Eq u i p me nt : 
X-ray fluorescence spectrophotometer 

Remarks: 1 . Computer program usual l y  required t o  i n t e r p r e t  data .  
2 .  Standardization o f  instrument required.  

3, Bromide i s  usually determined w i t h  metal cat ions in t h i s  

4. 
Edition: multi-element technique, 

Use s t a n d a r d  addi t ions f o r  quan t i f i ca t ion .  7 / 7 8  
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Br 

Cross Reference: 
Appendix 2 
Sampl i ng lllethods : 1 1  -S,  29-S 

Reagents: 

/ \  

L i terature Reference: 
Dionex C o r p . ,  Sunnyvale, CA, L i t e ra tu re  Anal. Chem. 
p7, 1 1 ,  (1975) 
Microchem. Jour.  22, (45-49) ( 1 9 7 7 )  
Anal. Chem. 49 ,  2 T 3 ,  401 ( 1 9 7 7 ) .  

Eq u i p m e nt : 

Bromide 

Analysis: Ion-Exchange Chromatography IN0.l 52-A 

Method: Anion components a r e  separated on sulfonated cat ion exchange columns coated 
w i t h  f i ne ly  ground anion r e s in .  A d i l u t e  sodium carbonate/bicarbonate solu-  
t ion i s  used as  the  e lu t ing  solvent .  
a suppressor column t o  remove highly concentrated background components, a n d  
bromide i s  detected by a conductivity de tec tor .  

The separation column i s  followed by 

Sample Handling: Use RU o r  FU br ine.  

Na2C03 
NaHC03 
Standard bromide so lu t ions  

Dionex Ion Chromatograph 
75-120 psi a i r  supply 

Remarks: 1 .  

2 .  
Edition: 

7/78 

Bromide may be determined simultaneously with f luo r ide ,  n i t r a t e ,  and 
s u l f a t e  by t h i s  method. 
Additional reference: 
Anal. Chem. q, 1801 (1975). 

Small, H . ,  T .  S .  Stevens a n d  W .  C .  Bauman, 
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Br 
Bromide 

Analysis: Spark Source Mass Spectrometry No. 53-A 

I Method: The dehydrated brine sample i s  vaporized and ionized by an a rc  source and 
en ters  an evacuated chamber where bromide i s  separated and detected 
by i t s  mass t o  charge r a t i o ;  quan t i t a t ive  ana lys i s  requires comparison 

I t o  standard bromide samples. 

Sample Handling: Use RA o r  FA br ine ,  evaporate t o  dryness. 

Precision: +E% Accuracy: G Range: ~ . 1 - 1 0 0 0  mg/l 

Cross Reference: 
Appendix 2 
Sampl i ng Methods : 11 -S ,  29-S 

~ ~~ 

Reagents: 
Bromide standards 

Lit e rat u r e  R efe re  n ce: 
rrace Analysis by Mass Spectrometry, A.J. Aheard, 
? d . ,  Academic Press ,  N Y  ( 1 9 7 7 ) .  
1.L. Donohue, J.A. Carter  and J .C.  Franklin,  Anal. 
- e t t e r s ,  1 O (  5)  371 -379 ( 1  9 7 7 ) .  

Eq u i p me nt : 
Spark source mass spectrometer 

h n a r k s :  1.  Acidified br ine i s  recommended f o r  t h i s  ana lys i s  because bromide 
i s  usually determined concurrently w i t h  the metal cons t i tuents  o f  
the br ine.  
%ark source mass s ectrometry provides simultaneous, multi-element 2. 

Edi tion4 
7/78 

determination o f  se  7 ected metals and non-metals. 
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Br 

Bromide 
CIS 

Analysis: Neutron Activation I N o m l  54-A 

Method: A dehydrated brine sample i s  i r r ad ia t ed  by neutron bombardment t o  form 
radioact ive bromine isotopes.  The beta and gamma spectra  a re  analyzed 
by a multichannel analyzer;  peak heights a re  proportional t o  the amount 
of isotope present .  

Sample Handling: Use RU or FU brine.  Evaporate t o  dryness. 

Range: Precision: Accuracy: 
I 

C ross Reference: 
Appendix 2 
Sampling Flethods; 11-S ,  29-S 

Lite rat u re Reference: 
Robertson & Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan.  1974. 

Reagents: Eq u i p rn ent : 
Neutron source ( e .  g .  nuclear r eac to r )  
Multichannel analyzer 

Remarks: 1 .  

2. 

Suf f i c i en t  time (several  da  s )  must be alloweci f o r  soaium aecay i f  tne 
sodium spectrum masks the e T ement o f  i r t c r e s t .  
;;eutron ac t iva t ion  provides simultaneous, multi-element determination 
of se lec ted  metals and  non-metals. 

Edition: 
7/78 

C- 58 



a 
Ca 7 c i um 

Analysis: EDTA T i t r i m e t r i c  (No. I 55-A 

Method: T i t r i m e t r i c  u s i n g  murex ide and EDTA t i t r a n t .  pH i s  a d j u s t e d  t o  12-13 

w i t h  sodium hyd rox ide  and approx ima te l y  0.2 gms murexide i s  added and 

t i t r a t e d  w i t h  EDTA. 

Sample Handling: Use r a w  a c i d i f i e d  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

A 

Ranae: Precision: +5% Accuracy: +3% 
-~ ~ 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
A n a l y s i s  Nethods: 92-A, 93-A, 124-A 

Reagents: 
Murexi  de 
Sodium h y d r o x i d e  
EDTA 

Eq u i p m e nt : 
B u r e t  

/ -  

L i terature Reference: ASTM D ~ I  i - 7 6 ~  (1977) 
APHA 306C ( 1  975) 
USGS Book 5, Chapter A1 (1974) 
EPA 00910,00916 (1976) 
A P I  2.4 (7968) ' 

Remarks: Bar ium and s t r o n t i u m  i n t e r f e r e  when p r e s e n t  i n  q u a n t i t i e s  g r e a t e r  than 30 mg / l .  

E d i t i o n :  

7/78 
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Cross Reference: 
Appendix 2 

A n a l y s i s  Nethods: 57-A 
Sampling Methods: 11-S, 29-S 

Cal c i  um 
kd 

EPA 00916 (1976) Literature Reference: USGS, Book 5 Chapter AI, 
APHA 301A (1975) (1 974).  

Flame Emission and Atomic A b s o r p t i o n  Spectrometry ,  
Dean and Rains; 1975, Vol. 111, pp. 33-64. 

ASTM D2576-7Q D511-76C (1 977) .  

Analysis: Atomic A b s o r p t i o n  56-A 

Mdhod: Samples c o n t a i n i n g  c a l c i u m  a r e  a s p i r a t e d  i n t o  an a i r - a c e t y l e n e  o r  
n i t r o u s  o x i d e - a c e t y l e n e  f lame and determined by t h e  a b s o r p t i o n  o f  t h e  

c a l c i u m  resonance l i n e  a t  422.7 nm. 

Sample Handling: Use r a w  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

Range: 0.01-3 mg/l Precision: *5% Accuracy: 21 0% 

R eag ent s: I Equipment: 
Ca s t o c k  s o l u t i o n ,  1000 ppm, may be 
p repared  f r o m  CaC03 and HC1 
N i t r o u s  o x i d e  gas c y l i n d e r  
Lanthanum c h l o r i d e  o r  s t r o n t i u m  
n i t r a t e  
Potassium c h l o r i d e  o r  s t r o n t i u m  
n i t r a t e  

AA Spectrophotometer  
N i t r o u s  o x i d e  b u r n e r  head 

- - Remarks: 1 .  I n t e r f e r e n c e s  occu r  f r o m  A l ,  S i ,  Fe, SO , e t  a l : ,  removed by u s i n g  a 
n i t r o u s  o x i d e  f l ame (use h o t t e s t  s e c t i o f l  o f  f lame,  j u s t  above r e d  
crown).  I o n i z a t i o n  i n t e r f e r e n c e s  must be depressed by a d d i t i o n  of 
2000 mg/l K + ,  o r  1% (w/v)  S r .  

When u s i n g  an a i r - a c e t y l e n e  f l a  e s tand  r d s ,  samples, and b lanks  
shou ld  c o n t a i n  0.1-1% (w/v) La’’ o r  Sr’? t o  m i n i m i z e  i n t e r f e r e n c e s  
from S i ,  A I ,  PO4, SO4, T i ,  and Zr. 
I f  sample shows T y n d a l l  e f f e c t ,  f i l t e r  t h rough  a 0.4% membrane f i l t e r  

2. 
7/73 
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4. Matrix matching (using equivalent amounts of  a l k a l i  a n d  a lka l ine  ear th  metals) 
i n  standards important. Use o f  standard addi t ions recommended. 

5. Al te rna t ive ly ,  t h o  239.9 nm l i n e  and D2 background correct ion may be used. 



Cal ci um 

Analysis: Flame Emission No. 57-A 

Sample Handling: Use raw acidified or filtered acidified brine. Sample may be 
stabilized by diluting with 9 parts distilled water and adding 
5 ml HN03 per liter of sample. 

Cross ReIerence: 
Appendix 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 56-A 

Literature Reference: 
Dean and Rains, Flame Emission and Atomic Absorp- 
tion Spectrometry, Vol. 111, 1975, pp. 33-65. 
W .  Snell eman, Spectrochim. Acta , 23J, 403 ( 1  968 ) .  

Reagents: 
Calcium atomic absorption standard 

solution or calcium carbonate 
Hydrochloric acid (to dissolve calcium 
carbonate ) 

Nitrous oxide gas cylinders 
Potassium chloride or potassium ni trat 

Eq u i p rn e nt : 
Atomic absorption spectrophotometer with emission 

Nitrous oxide burner head. 
mode or flame emission spectrophotometer. 

1. 

2. 

3. 

Addition of potassium chloride or potassium nitrate to give a final 
concentration of 2000 mg/l K is necessary to suppress ionization. 
Slightly higher height of observation in flame reduces potential 
chemical interferences. 
Use of standard additions and matrix matching of alkali and alkaline 
earth metal ions recommended. 

Remarks: 

Edition: 
7/78 
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Ca 

Inductively Coupled Plasma- 
Analysis: Atomic Emission Spectroscopy 

c3 
No. 58-A 

Cal c i  u m  

Reagents: 
Calcium standard so lu t ion ;  prepared 

Eq u i p m e nt : 
Inductively coupled plasma- 

Method: A sample containing calcium i s  aspirated i n t o  a radiofrequency generated 
argon plasma and the i n t e n s i t y  o f  the  emission spectrum i s  analyzed and 
compared with standards.  

wavelength. 
In tens i ty  i s  measured a t  315.89 nm o r  a l t e r n a t e  

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  br ine.  

3-5 orders o f  magnitude from Grs Range:a s inqle  sDectra1 l i n e  Precision: 2 ]-IO% Accuracy: 
_i 

I 
Cross Reference: 
Appendix 2 
Sampling Methods; 11-S,  29-S 

Literature Reference: 
Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System, 
E P A  600/4-77-032, June 1977.  

Remarks: 1. NaCl matrix of samples and standards should be matched t o  minimize 
differences i n  solut ion propert ies  which a f f e c t  vaporization c h a r a c t e r i s t i c s .  
Background correct ion and  s t a n d a r d  a d d i t i o n s  method recommended. 
ICP-AES i s  a simultaneous multi-element technique f o r  metal ions.  

2 .  Additional references:  R. H. Scot t  and M. L.  Kokot, "Application of 
Inductively Coupled Plasmas t o  the Analysis of Geochemical Samples", 
Anal. C h l m .  Acta - 75, 257-270 (1975). 

0 E d i t i o n ;  
7/78 
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3. Upper l imi t  of concentration range may be extended by using a l t e r n a t e  
spec t ra l  l i nes .  



-. . . - . . - . .. . . . . . .. . . . . .. . . . . . . . . . . . . . 

Reagents: 
Standards contai  ni ng calcium 

Ca 

Eq u i p m e nt : 
Reactor 
Multichannel analyzer  

dos Cal c i  um 

hqethod: Dehydrated sample i s  i t-radisted by neutron bombardment t o  form rad ioac t ive  
calcium The beta a n d  gamma spectra  a r e  analyzed by a 
mu1 t ichannel ana lyzer ;  p f a k  h e i 9 h t s  a re  proportional t o  the  ainount  o f  
calcium present .  

i so to7es .  

Sample Handling: F i l t e r  br ine  on s i t e .  
with neutron source.  

Evaporate sample a n d  i r r a d i a t e d  res idue  

Range: P re ci s ion : Accuracy: 
I 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

Lit e rat u re Ref e re n ce: 
Robertson, D . E .  & Carpenter,  R . ,  "Neutron Activa- 
t i o n  Techniques f o r  t he  Measurement of Trace Metals 
i n  Envi ronmental Samples" , NAS-NS-3114, J a n .  1974 .  

C-63 



G 
Cal ci urn 

Analysis: Emission SDectrornetrv No* 60-A 

Method: The brine sample in e i t h e r  so l id  or l iqu id  s t a t e  i s  vaporized using a 
flame, d-c a r c ,  or a-c spark and  the in t ens i ty  of the selected emission 
l i n e  i s  measured against  standards.  

Sample Handling: Use raw o r  f i l t e r e d  ac id i f i ed  br ine.  
may be requi red. 

Evaporation t o  dryness 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

R eag ent s: 
Calcium standards 
Vanadium in te rna l  standard 

Accuracy: 

Lit  e rat u r e  Reference: 
Instrument Manufacturer's L i te ra ture  

Eq u i p ment : 
Emission Spectrometer 
Photo processor 
Microphotometer 

Remarks: 1 .  Use matrix matching, standard addi t ions and  background correct ions 
whenever possi b l  e .  

2. Large differences in matrix e f f e c t s  will  be observed depending on the 
type of exc i ta t ion  source (flame, AC spark,  o r  DC a r c ) .  

Edi t ionr 
7/78 
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Carbon Dioxide 
dos 

Cross Reference: 
Appendix 2 
Samnlin Methods: 4-S, 5-S, 8-S, 

I I 

/'.STPI D513-71 C , D , E  (1977) 
Literature Reference: Thr: f o l  lowing procedure 

which appl ies  t u  f r e e  C02 cGn be used f o r  t o t a l  C 0 2 :  
~ ~ - S , A P H A  4 0 7 ~  (1975) 

Analysis: T i t r i m e t r i c  lNo*l 61-A 

Method: The sample i s  t i t r a t e d  w i t h  a strong acid (H2S04 o r  H C 1 )  t o  separate  
equivalence points f o r  COE-  , HCO;, and O H - .  Equivalence points a r e  
determined e i t h e r  potentiometrically o r  with visual ind ica tors .  The 
molar concentration of C02 i s  equal t o  the molar concentration of 
carbonate. 

Sample Handling: Carbon dioxide i s  trapped by passing raw o r  f i l t e r e d  brine through 
a f r i t t e d  glass  bubbler which i s  submerged in  sodium hydroxide 
solut ion (forming carbonate).  The sodium hydroxide solut ion i s  
d i lu ted  t o  a preselected concentration with brine (usual ly  1 : l ) .  

- -  .., .,. 8 , )  " V  a n ,  I I ,  , a  

R eag en t s: 
Hydrochloric o r  s u l f u r i c  acid 
Sodium carbonate o r  sodium hydroxide 
Bromcresol green-methyl red indicator  
Phenolphthalein indicator  

Eq u i p rnent : 
Buret 
pH meter 

Remarks: 1 .  

4 .  

Cations o r  anions which a f f e c t  the carbonate equil ibriutrr or p r e c i p i t a t e  
o r  consume the reac tan t  (NaOH) p re fe ren t i a l ly  a f f e c t  the accuracy, 
a s  do colors  and t u r b i d i t y  which obscure color imetr ic  end p a r t s .  
Aluminum, i ron,  chromium, and copper wil l  a f f e c t  p rec ip i ta t ion .  
Abnormal r e s u l t s  a l s o  obtained in the presence of high concentrations 
of ammonia, amines, phosphzte, borate,  s u l f i d e  and n i t r a t e .  
Excessive dissolved s o l i d s  introduce e r r o r .  

(cont .  on back) C-65 
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5. 

6. 

The endpoints can be detected more e a s i l y  by t i t r a t i n g  the excess caus t ic  f i r s t  
with strong acid followed by t i t r a t i o n  w i t h  weak acid t o  the precise  endpoints. 
Sharper endpoints a r e  obtained i f  the t i t r a t i o n  i s  blanketed w i t h  n i t rogen.  



co2 
Analysis: S t r o n t i  um G r a v i m e t r i c  

Carbon D i  o x i  de 

No* 62-A 

Cross Reference: Appendix * 
Sampling ;letnocis: 4-S, 5-S ,  8-S, l l - S y  

A n a l y s i ?  Vethods. 1 - - A ,  38-A, 39-A,61-A 
12-S, 13-S 14-S,  19-S , 20-S, 29-S, 34-S 

63-Ay 64-A, 65-A, 141-A 

Method: Sample i s  p r e t r e a t e d  w i t h  phosphor ic  a c i d  i n  a g l a s s  bubb le r  appara tus  

u s i n g  a n i t r o g e n  atmosphere and b o i l e d  t o  remove a l l  t h e  C02 from sample. 

The C02 i s  t rapped  i n  a sodium hyd rox ide  s o l u t i o n  and i s  t hen  de termined 

g r a v i m e t r i c a l l y  by add ing  s t r o n t i u m  n i t r a t e  s o l u t i o n ,  f i l t e r i n g ,  ash ing  

and we igh ing  t h e  SrC03 p r e c i p i t a t e .  

Lit e rat u r e  Reference: 

Sample Handling: Carbon d i o x i d e  i s  t rapped by pass ing  raw o r  f i l t e r e d  b r i n e  th rough  
a f r i t t e d  g l a s s  bubb le r  which i s  submerged i n  sodium hyd rox ide  
s o l u t i o n  ( f o r m i n g  ca rbona te ) .  The sodium hyd rox ide  s o l u t i o n  i s  
d i l u t e d  t o  a p r e s e l e c t e d  c o n c e n t r a t i o n  w i t h  b r i n e  ( u s u a l l y  1 : l ) .  

Range: Precision: + I  0% Accuracy: 
I 

Reagents: 
Phosphor ic  a c i d  
Sodium hyd rox ide  
S t r o n t i u m  n i t r a t e  
Sodium carbonate  
N i t r o g e n  gas - C02 f r e e  

Eq u i p rn e nt : 
Hot  p l a t e  
Gas b u b b l e r  w i t h  r e f l u x  condenser 

Remarks: 1 .  Phosphor ic  a c i d  t r e a t m e n t  e l i m i n a t e s  i n t e r f e r e n c e s  due t o  compounds t h a t  
r e a c t  w i t h  s t r o n t i u m  o r  t h e  sodium hyd rox ide  t o  produce a p r e c i p i t a t e .  
Problem i n  t h i s  method i s  t h e  a v a i l a b i l i t y  o f  C02 f r e e  n i t r o g e n  gas. 
Other  gases m i g h t  be t r i e d .  
A l t e r n a t i v e l y ,  s t r o n t i u m  c h l o r i d e  d i s s o l v e d  i n  ammonium hyd rox ide  may be 
s u b s t i t u t e d  as t h e  t r a p p i n g  s o l u t i o n  (USGS method) .  

@ E d i t i o n !  2 .  

7 / 7 8  
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co2 

Analysis: P r e c i s e  E v o l u t i o n  

c 
Carbon D i o x i d e  

No= 63-A 

Sample Handling: Carbon d i o x i d e  i s  t rapped  by pass ing  raw o r  f i l t e r e d  b r i n e  th rough  
a f r i t t e d  g l a s s  bubb le r  which i s  submerged i n  sodium hyd rox ide  
s o l u t i o n  ( f o r m i n g  c a r b o n a t e ) .  T h e  sodium hydrox ide  s o l u t i o n  i s  
d i l u t e d  t o  a p r e s e l e c t e d  c o n c e n t r a t i o n  w i t h  b r i n e  ( u s u a l l y  1 : l ) .  

Range: w / l  Precision: - t i  % Accuracy: f5% 

Appendix 2 

1-2, 38-A, 39-A, 

Cross Reference: Sarnpl i n g  Methods: 
4-S, 5 - S ,  8-S,  l l - S ,  12-S, 13-S, la-S,  

20-S, 29;rS, 34- 
k k ? $ s i s  Met o s :  
61-A, 62-A, 64-A, 05-A, 14-1-A 

R eag ent s: 
Barium hyd rox ide  
H y d r o c h l o r i c  a c i d  
Methy l  orange i n d i c a t o r  
Pheno lph tha le in  i n d i c a t o r  
Chromic a c i d  
S u l f u r i c  a c i d  
A s c a r i t e  ( o p t i o n )  
Anhydrone ( o p t i o n )  

~~ ~ 

L i t  e rat u re Refe re n ce: 
ASTM D513-71A, B (1977) 

Eq u i p ment : 
E v o l u t i o n  f l a s k  
A b s o r p t i o n  f l a s k  
Pump 
pH meter  
Bu re ts  
Hea t ing  man t le  

Remarks: 1.  Any v o l a t i l e  ac id ,  base, o r  bar ium p r e c i p i t a n t  n o t  removed by sc rubb ing  
s o l u t i o n  w i l l  i n t e r f e r e .  

2. See remarks under  "Carbon D i o x i d e  - T i t r i m e t r i c " .  

3. A l t e r n a t i v e l y ,  t h e  C02 
c o l l e c t e d  as a s c a r i  t e  and weighed. 
i n  Carbonates", S c o t t ' s  Standard Methods of Chemical A n a l y s i s ,  6 t h  ed., 
New York, 1962.)  

gas may be passed th rough  a sc rubb ing  t r a i n ,  Ed i  t i on ; 
7/78 

( " D e t e r m i n a t i o n  o f  Carbon D i o x i d e  
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c02 

Analysis: C a l c u l a t i o n  

c3 
NO. 64-A 

Carbon D i o x i d e  

Sample Handling: Use RU o r  FU b r i n e  f o r  pH and a l k a l i n i t y  measurements and RA 

o r  FA b r i n e  f o r  Ca2+ d e t e r m i n a t i o n .  

kd Ranae: P re ci s ion : Accuracy: 
Appendix 2 

Cross Reference: Sam1 i n a  Methods: 
4-s, 5-s , -8-s ,  i i - s ,  i z - s y  w s ,  14-s 
19-s ,  20-s, 29-s, 34-s 

61-A, 62-A, 63-A, 65-A, 141-A 
A n a l y s i s  Methods: l - A ,  38-A 39-A, 

R eag ent s: 
Use a p p r o p r i a t e  reagen ts  f o r  pH, 

a l k a l i n i t y ,  and Ca2+ d e t e r m i n a t i o n s .  

Lite rat u r e  Ref e re n ce: 
APHA 203 (1975) 
APHA 407 A, B, C (1975) 

Eq u i p m e nt : 
Use equipment a p p r o p r i a t e  t o  pH, Ca2+, and 

t i t r i m e t r i c  de te rm ina t ions .  

Remarks: 1. pH, Ca2+, and a l k a l i n i t y  c o n c e n t r a t i o n s  must be determined b e f o r e  
u s i n g  t h i s  method. 

2. I n t e r f e r e n c e s :  d i f f e r e n c e s  i n  tempera ture  and sample i o n i c  s t r e n g t h  
may cause i n a c c u r a c i e s  i n  r e s u l t s ;  use a c t i v i t y  c o e f f i c i e n t s  and 
e q u i l i b r i u m  cons tan ts  f o r  tempera ture  o f  measurement when p o s s i b l e .  0 E d i t i o n :  

7/78 
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Carbon Dioxide c 

I 

Remarks: 1. Procedure appl icable  only t o  homogeneous samples which can be in jec ted  
i n t o  the apparatus reproducibly by means of a mic ro l i t e r  type syringe 

l o r  p ipe t t e .  P a r t i c l e s  in  the sample may block the opening of the 

t I 

Analysis: Carbon Analyzer ( In f r a red )  65-A 

Method: Sample containing carbonate i s  ac id i f i ed  t o  convert carbonate back t o  
carbon dioxide.  
an inf ra red  de tec tor .  

Carbon dioxide i s  measured by a carbon analyzer using 

Sample Handling: Carbon dioxide i s  trapped by passing raw or f i l t e r e d  brine t h r o u g h  
a f r i t t e d  g lass  bubbler which i s  submerged i n  sodium hydroxide 
so lu t ion  ( f o r m i n g  carbonate) .  T h e  sodium hydrox ide  s o l u t i o n  i s  
d i lu t ed  t o  a preselected concentration w i t h  brine (usua l ly  1 : l ) .  

Range: P re ci sion: 
Appendix 2 

Cross Reference: Sampling Flethods: 
4-S, 5-S, 8-S,  1 1 - S ,  12-S, 1 3 4 ,  144, 
19-s,  20-s, 29-s, 34-s 
Analysis Methods: l-A, 384, 39-A, 
61-8, 62-A, 63-A, 64-A, 141-A 

R eag ent s: 
Potassium hydrogen phthalate  
Sodium bicarbonate 
Sodium carbonate 

Accuracy: 

Li terature Reference: 
E P A  00680 (1976) 

Eq u i p m e nt : 
Total carbon analyzer 
Syringes 

syringe or pipet te .  
Edi t ion:  

7 /78  
2 .  See remarks under "Carbon Dioxide - Ti t r ime t r i c " .  
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cs 
c3 Ces i u m  

Analysis: Atomic Absorption INo. I 66-A 

Method: Samples containing c s  a r e  d i r e c t l y  asp i ra ted  in to  an a i r -ace ty lene  flame 
a n d  determined by absorption of the Cs resonance l i n e  a t  894.4 nm or 
852.1 n m .  

Sample Handling: Use raw o r  f i l t e r e d  ac id i f i ed  br ine.  

Range: 0.02-10 mg/l Precision: t5% Accuracy: +I  0% 
I 

Cross Reference: 
Appendix 2 
Sampl i ng Yethods: 11 - S ,  29-S 
Analysis Methods; 67-A 

I Li terature Reference: 
Flame Emission and Atomic Absorption Spectrometry, 
Dean and Rains; 1975, Vol. 111, p p .  2-32. 

Reagents: I Equipment: 
Cs standard sol u t i  on AA Spectrophotometer 

Red f i l t e r ,  required f o r  some spectrometer 
models a t  h i g h  wavelengths 

Remarks: 1 .  Interference due t o  ionizat ion should be suppressed by addi t ion of 
KC1 t o  a f i n a l  Kt concentration of 5000 mg/l. Standard addi t ions 
technique and use o f  Deuterium background lamp recommended. 
I f  sample shows Tyndall e f f e c t ,  f i l t e r  through 0 . 4 5 ~  membrane f i l t e r .  2 .  

E d i t i o n l  3. Use of e lec t rode less  discharge lamp increases s e n s i t i v i t y .  
7/73 4. Matrix matching (equivalent  amounts of a l k a l i  and a lka l ine  ear th  

metals) in standards important. 

(cont .  on back) c-70 



5. Some d i f f i c u l t i e s  i n  balancing s igna ls  when u s i n g  red f i l t e r s  and 
background correct ion simultaneously have been reported.  



, \  

Analysis: Flame Emiss ion 

cs 
No* 67-A 

Cesi um 

Sample Handling: Use raw a c i d i f i e d  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

s t a b i l i z e d  by d i l u t i n g  w i t h  9 p a r t s  d i s t i l l e d  wa te r  and add ing  

Sample may be 

5 m l  HNO p e r  l i t e r  o f  sample. 3 

<0.5 mg/1*25% <O. 5 mg/1+25% 
Range: > L O 5  mg/l Precision: >0.5 mg/1+5% Accuracy: >0.5 mg / l f 5% i 

I 
Cross Reference: 
Appendix 2 
Sampl i ng Methods; 
A n a l y s i s  Plethods: 66-A 

11 -S, 29-S 

Lit e rat  u r e  Refe r e  n ce: 
Dean and Rains, Flame Emiss ion and Atomic Ab- 
s o r p t i o n  Spectrometry ,  Vo l .  111, 1975, pp. 1 -33 .  
W.Snelleman, Spect rochim.  Ac ta ,  23B, 493 (1968) .  

Reagents: 
Cesium a tomic  a b s o r p t i o n  s tandard  

s o l u t i o n  o r  cesium n i t r a t e .  
P o t a s s i  um c h l o r i d e  o r  po tass ium 

n i t r a t e .  
Ammonium o x a l a t e  ( o p t i o n a l  ) 
Ammonium hyd rox ide  ( o p t i o n a l  ) 

I Equipment: 
Atomi c 

mode 
Red f i  

a b s o r p t i o n  spec t rophotometer  w i t h  emiss ion  
o r  f l ame emiss ion  spec t rophotometer .  
t e r  requ  r e d  f o r  some spec t rophotometers .  

Remarks: 1 .  

2. 

I o n i z a t i o n  i s  suppressed by t h e  a d d i t i o n  o f  po tass ium c h l o r i d e  o r  
potass ium n i t r a t e  t o  g i v e  a po tass ium c o n c e n t r a t i o n  o f  5000 mg/ l .  

Use o f  z tandard  a d d i t i o n s  and m a t r i x  match ing  o f  a l k a l i  and a l k a l i n e  
e a r t h  meta l  i o n s  recommended. 

E d i t i o n ;  3. Deuter ium background c o r r e c t i o n  system enhances response. 

7/ 78 4 .  Use o f  an a i r -hyd rogen  f l ame has a l s o  been r e p o r t e d .  

C-71 ( c o n t .  on back)  



5. Calcium interference may be removed by treating with ammonium oxalate, ammonium 
hydroxide and filtering. 



cs 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

c3 Ces i um 

-___ 

Literature Reference: 
Robertson, D . E .  & Carpenter,  R . ,  "Neutron Activa- 
t i on  Techniques f o r  the  Measurement o f  Trace Metals 
in  Envi ronrnental Sampl es"  , NAS-NS-3114, Jan.  1 9 7 4 .  

hlethod: Dehydrated sample i s  i r r ad ia t -d  by neLcron bombardment t o  form rad ioac t ive  
cesium i s o t o p e s .  The beta and oaiiim spectra a r e  analyzed by a 
multichannel ana lyzer ;  D ~ a k  h e i g h r s  a r e  ;! o p d r t i o n a l  t o  the a z m u n t  o f  

cesium p resen t .  

SaMpje Handling: F i l t e r  br ine  on s i t e .  
w i t h  neutron source.  

Evaporate sample a n d  i r r a d i a t e d  residue 

t 

Reagents: 
Standards containing cesium 

Eq u i p m ent: 
Reactor 
Multichannel analyzer 

I 

Remarks:i- S u f f i c i e n t  time (severa l  days)  must be allowed f o r  sodium decay i f  the  
sodium spectrum masks t he  element of i n t e r e s t .  

2- Several elements may be measured simultaneously w i t h  t h i s  method. 

U E d i  t ion :  
7 / 7 8  
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CS 

Analysis: Emission Spectrometry No. 69-A 

Sample Handling: Use raw o r  f i l t e r e d  ac id i f ied  br ine.  
by required.  

Evaporation t o  dryness may 

Range: P reci  s ion: Accu racy: lrrrr 
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

R eag ent  s: 
Cesium standards 

Literature Reference: 
Flame Emission and Atomic Absorption Spectrometry, 
Dean and Rains;1975 , V o l .  111, p p .  2-32. 
Instrument Manufacturer's L i te ra ture .  

Eq u i p me nt : 
Emission spectrometer 

Remarks: 1 .. Use matrix matching, standard addi t ions and background correct ion 

2.  l a rge  differences i n  matrix e f f e c t s  wil l  be observed depending on the 
wkrievsr possi bl e .  

type of exc i ta t ion  source (flame, AC spark,  o r  DC a r c ) .  
Edition: 

7/78 
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CI 

Cross Reference: 
Appendix 2 
Sampling Kethods: 11-S,  29-S 
Analysis Methods: 71-A, 72-A 

u C hl or i de 

USGS Book 5 ,  Chapter A1 , 

Fischer and Pe te r s ,  

Analysis, p .  375. 

Literature Reference: ( 1  974) 
APHA 408A (1975) 
ASTM D 1 - 7 (1977) Quanti ta t ive Chemical API 2 . 8  ?186\) 

1 I 

Reagents: 
Potassium chromate ind ica tor  
Standardized NaCl solut ion 
Standardized AgN03 t i t r a n t  so lu t ion  

Analysis: Si  1ver Ni t ra te  T i t r a t ion  (No. I 70-A 

Method: S i l v e r  chlor ide p rec ip i t a t e s  quan t i t a t ive ly  as  s i l v e r  n i t r a t e  t i t r a n t  i s  

added t o  the sample. 
s i l v e r  chromate. 

The endpoint i s  marked by the formation of red 
The pH range of the so lu t ion  must be 7-10. 

Eq u i p m ent : 
Burette 
Magnetic s t i r r e r  and teflon-coated s t i r b a r  

Sample Handling: Use unacidified brine 

Range: >5 mg/l Precision: +4% Accuracy: ?4% 
E 

Possible in te r fe rences :  1 .  Bromide, iodide,  C N - ,  and S" will  i n t e r f e r e  
a s  equivalent chlor ide concentrat ions,  2 .  
wi l l  mask endpoint; may be removed Lti th  Al(OH), suspension ( see  
APHA r e f . ) ,  3.  High Ca'2 and/cr Mg 2 content samples may form p p t .  when 
pH i s  ra ised t o  8 .3 .  n i 1 i I t i Q n  or  separat ion o f  Ca a n d / o r  !/icl mav tv 
Re ce s sa ry . 

R em a r ks : 
I r o n  grea te r  t h a n  10  mg/l 

Edition: 
7/78 

(cont .  on back) 
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4 .  Al te rna t ive ly ,  2 , 4  dichlorof luorescein may be used as  the ind ica tor  with the 
endpoint detected as a change from yellow t o  pink. 
be added t o  disperse  AgCl c r y s t a l s .  A back t i t r a t i o n  w i t h  K C l  (1000 ppm) 
i s  recommended. I f  only 1-2  drops a r e  needed t o  reach yellow co lo r ,  then 
end p o i n t  i s  accura te .  

Dextrin may have t o  



.. . . . . . . - . . . - - - - - - . . . . 

CI 
Chloride 

Analysis: Mercuric Ni t ra te  T i t r a t ion  I N O a l  71-A 

Method: The chlor ide sample i s  t i t r a t e d  w i t h  mercuric n i t r a t e  t i t r a n t ;  the endpoint 
i s  detected by diphenylcarbazone which forms a purple complex w i t h  excess 

H d I I ) .  

~ ~ ~ ~~~ 

Sample Handling: Use unacidified br ine  sample. 

G3 Range: 0.2-100 mg/i Precision: +2% Accuracy: t 5 %  

$ ross Peierence: 
ppend 1 x 

Sampling 2ethods: 11-S ,  29-S 
Analysis Methods: 70-A, 72 -A  

Reagents: 
Sodium chlor ide standard solut ion 
Ni t r i c  ac id ,  1 .  N 
Sodium hydroxide, . 1  N 
Indicator  reagent:  

diphenyl carbazone powder 
bromphenyl blue powder 
95% ethyl alcohol 

Yercuri c n i t r a t e  t i t r a n t  

Literature Reference: EPA 00940 ( 1  976) 

APHA 4089 (1975) 
ASTM D512-67A ( 1  97 7) 
USGS Book 5, Chapter A 1  (1974)  

Equipment: 
Burette 
Magnetic s t i r r e r  and  teflon-coated s t i r b a r  

Remarks: 1 .  Fer r ic  ion (Fe3+) must be reduced i f  g rea t e r  than 10 ppm. 
colored or t u r b i d  samples n o t  su i t ab le  unless color  or  t u rb id i ty  
eliminated. 

Highly 

Edition; 2 .  Other halides a re  a l so  t i t r a t e d  by t h i s  method. 

“rs 7/78 
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Chloride 

Analysis: Ti t r ime t r i c  (Conductometric) l N o = l  72-A 

Method: AgCl p rec ip i t a t e s  quan t i t a t ive ly  as s i l v e r  n i t r a t e  t i t r a n t  i s  added; the 
endpoint i s  indicated by p lo t t ing  conductance d a t a  versus volume increments 
o f  s i l v e r  n i t r a t e  added .  The in te rsec t ion  o f  the two l i nes  on the p l o t  
indicates  the endpoint. 

Sample Handling: rio preservat ives .  

Precis ion: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: I l - S ,  29-S 
Analysis Methods: 70-A, 71-A, 73-A, 

Reagents: 
Sodium chlor ide  standard solut ion 
S i lve r  n i t r a t e  standard solut ion 

Remarks: 1. A var ia t ion  o f  
added vs potent 
(U.S.  Geologica 

Edi t i on i  
7/78 

Lit  e rat u re Ref e re n ce: 
Iischer and Pe ters ,  Quant i ta t ive Chemical Analysis; 
I .  742. 

Eq u i p m e nt : 
Conductivity ce l l  

his procedure involves p lo t t i ng  volume o f  AgNO 
a1 u s i n g  an Ag e lec t rode  and reference electrode 

Survey Method). 
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CI 

Analysis: Gravi me t ri c 

Chloride 

NO. 73-A 

Sample Handling: Use unacidified brine sample. 

Range: > loo  mg/l Precision: f i  % Accuracy: +2% 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 70-A, 72-A 

Reagents: 
AgN03 standard solut ion 
N i t r i c  acid 
Hydro c h 1 o r  i c a c i d 

Lite rat u re  Reference: 
Fischer and Pe ters ,  Quan t i t a t ive  Chemical Analysis;  
p .  181. 
"Determination of Chloride in  Soluble Chlor ides" ,  

M.  Knlthnff F R 11 T ook of m t . i a v d  
- 3  norqanic Analysis, 

Eq u ipment: 
F i l t r a t i o n  apparatus 
Drying oven 
h l y t  i cal  bal ance 

+ Remarks: 1 .  Interferences:  anions which form insoluble  s a l t s  w i t h  Ag , e . g , ,  
S 2 - ,  Br', I - ,  S 0 =, SCN-, C N - ,  p r e c i p i t a t e  may contain occluded 

decomposition (procedure must be done in darkened room with incande- 
scent  lamp); pept izat ion o f  prec ip i t a t e  may occur d u r i n g  washing. 
Presence of n i t r i c  acid prevents p rec ip i t a t ion  of s i l v e r  s a l t s  

mater ia ls  from i s  o her l iquor ;  AgCl p r e c i p i t a t e  subjec t  t o  photo- 

2 .  Edition : 
7/72 insoluble  i n  neutral  media. 
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CI 

Analysis: Chlori de-Specific Electrode 

n 

NO. 74-A 

Chl o r i  de 

Sample Handling: Analyses were made on f i l t e r e d  unacidif ied samPles. Ionic strength 
ad jus tor  so lu t ion  was adder' t o  sapples and standards in  order  t o  
keep a constant background. 

Precision: +2% Accuracy: 

Cross Reference: 
Appendix 2 
Sampl i ng  Methods : 11 -S,  29-S 
Analysis Methods: 50-A, 72-A, 89-A 
101 -A 

R eag ent s: 
Standard ch lor ide  so lu t ions ,  prepared 
from NaCl 
Reference e lec t rode  f i  11 ing sol u t i  on 
Sodium n i t r a t e ,  reagent grade 

Lite rat u re Reference: 
Si lve r  Halide Electrode Ins t ruc t ion  Manual, Form 
94H1678, Orion Research Inc . ,  Cambridge, MA 
(1976). 

Eq u i p m e nt : 
Si lve r  c n l o r i i e  e lec t rode ,  Orion model 94-17 o r  

'4aznetic s t i r r e r  
3ouble-Junction rofercnce electrode 
pH meter with expanded mV sca l e  o r  spec i f i c  
ion meter 

36- 1 7  

Remarks: 1 .  Brom 
will  

o f  2 
2 .  The 

Edition; 
7 / 7 8  

de r a t i o  above 2 x and iodide r a t i o  above 5 x 
i n t e r f e r e .  
onic s t rength  ad jus tor  so lu t ion  consis ted of the addi t ion 
rnl of 5 M NaN03 per 100 ml of so lu t ion .  /-- 
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CI 
L) Chloride 

Analysis: X-Ray F1 uorescence 1NO.l 75-A 

Method: The sample containing chlor ide i s  caused t o  f luo resce  by X-ray 
bombardment. The f luorescent  radiat ion i s  dispersed by a c rys t a l  and 
detected by a s c i n t i l l a t i o n  counter and/or a flow proportional counter.  

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  br ine ;  sample may be run as  i s  o r  
evaporated t o  dryness d e p e n d i n g  upon instrumentation. 

Ranqe: 1000-50,000 mg/l Precision: f3% @ 95% level  Accuracy: 23% 

Cross Reference: 
Appendix  2 
Sampling Methods: 11-S, 29-S 

R eag ent s: 
Chloride standards 
Cadmi u m  n i t r a t e  

Lit e rat  u r e  R efe r e  n ce: 
Cooper, J.A., -___- Nut. I n s t .  and Methods., Vol. 106, 
p p .  525-538, 1973. 

Eq u i p m e nt : 
X-ray fluorescence spectrophotometer 

Remarks: 1 .  Computer program usual ly  required t o  in te rpre t  da ta .  
2 .  Standardization of instrument required.  
3. Several elements may be measured simultaneously w i t h  t h i s  method. 

4. Cadmium n i t r a t e  added, C D L a  r ad ia t ion  used a s  in te rna l  standard f o r  
Edition: matrix compensation. 

7/78 5. For l i q u i d  samples, CdNO solut ion added: sample f i r s t  f reed  of any 
Sample may be d i l u t e d  t o  f ree  H2S by bubbl ing argan through 1 iquid.  

extend range. 
C-79 



CI 

I 

I 

Chloride G 

Reagents: 
S t a n d a r d  ch lor ide  so lu t ions  
Sodium carbonate/sodiurn bicarbonate 

e luent  

An ai y Si s: I on- Exc hange Chroma t o g  ra p hy 

Sample Handling: Use unacid i f ied  br ine.  

NO. 76-A 

/- 

P rec i  s ion: Accu r aw:  ~ 5 %  Ranqe: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-s 

Lite rat u r e  Reference: 
Dionex Corp., S u n n y v a l e ,  CA, Li te ra tu re  
Anal. Chem.. 47, 11" ( 975 . 
Microchem. Jour.  22, 745-49) (1977) 
Anal. Chem. 49, 2 7 3 ,  401 (1977) . 

Equipment: 
Dionex Ion Chromatograph, Model 10 o r  14  
75-120 psi a i r  supply 
Anion separa tor  column, 3mm x 500rnm 
Anion precolumn, 3mm x 150mm 
Anion suppressor column, 6mm x 250mm 

Remarks: 1 .  Due t o  typ ica l ly  high C l -  concentrations in  br ines ,  t h i s  a n i o n  
generally cannot be analyzed simultaneously with other  a n i o n s .  

2. Additional reference:  Small, H., T .  S .  Stevens a n d  W .  C .  Bauman, 
Anal. Chem., 47, 1801 (1975).  G 

E d i t i o n :  
7/ 78 
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CI 
Chloride 

Analysis: Neutron Ac t  i va t i  on lN0.1 77-A 

Method: Dehydrated sample i s  i r r a d i a t e d  by neutron bombardment t o  form rad ioac t ive  
ch lor ide  i so topes .  The beta and gama spectra  a r e  analyzed by a 
multichannel ana lyzer ;  peak heights  a r e  p r o p o r t i o n a l  t o  the amount  o f  
chlor ide present .  

Sample Handling: F i l t e r  br ine  on s i t e .  
w i t h  neutron source.  

Evaporate sample a n d  i r r a d i a t e d  residue 

@ Ranae: Precision: Accu racy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

I_- 

Reagents: 
Standards containing chlor ide 

- 

Lite rat u re Reference: 
Robertson, D . E .  & Carpenter,  R . ,  "Neutron Activa- 
t i on  Techniques f o r  the Measurement of Trace >!eta15 
i n  Environiiiental Saiiiples", N A S - N S - 3 1 1 4 ,  Jan .  1 9 7 4 .  

Eq u i p m ent : 
Reactor 
Mu1 t ichannel analyzer 

R e m a r k s : i - s u f f i c i e n t  time (severa l  days) must be allowed f o r  sodium decay i f  the 
sodium spectrum masks the element of i n t e r e s t .  

2-Several elements may be measured simultaneously with t h i s  method. 

Edi t i  on : 
7/78 
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Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

C 0 N D U CTI VITY 

Literature Reference: 
L USGS Book 5,  ChaPter A 1  A P I  2 .91  (68 

EPA 00095 ( 7  ) (1  9 7 4 ) .  
APHA 205 ( 7 5 )  
ASTM D1125-77A , B  , C  , ( 1977)  

l id Conducti v i  ty  

Analysis: Conductivity Meter lN0.1 78-A 

Method: Conductivity i s  measured with a p l a t i n u m  electrode c e l l  of known c e l l  
constant and a conductivity bridge. 

Sample Handling: Use RU brine s tored i n  p l a s t i c ,  determine < 6 hours a f t e r  
co l l ec t ing .  
measurement. 

Record sample temperature a t  time of conductivity 

Reagents: 
S t a n d a r d  K C 1  so lu t ions  

Eq u i p me nt : 
Conductivity meter, conductivity c e l l  

Remarks: 1. Interferences:  temp. dependent, o i l  and residue foul e lec t rodes .  
2 .  Cell constant a t  d i f f e r e n t  temp. must be determined with standard 

3. Cell constant should be measured with standard K C 1  so lu t ions .  
4 .  Field ana lys i s  on f resh  raw brine s t rongly recommended; commercial 

f i e l d  conductivity meters ava i lab le .  

5 .  Record sample temperature a t  time of conductivity measurement. 
(cont .  on back) 

K C 1  so lu t ions  or samples must be measured a t  constant temp. ( e . g . ,  25°C). 

E d i t i o n :  
71 78 
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6 .  Specif ic  conductivity wi l l  change a s  sample ages according t o  CO, - concentration 
and oxidation o f  i o n ' s  ( i ron  and manganese) a n d  H2S occurs. 



cu 

Analysis: Atomic Absorption 

Copper 
id 

No. 79-A 

Cross Reference: 
Appendix ‘2 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 80-A 

Reagents: 

Sample Handling: Use raw o r  f i l t e r e d  ac id i f i ed  br ine.  Sample may be s t a b i l i z e d  by 
adding 5 m l  HN03 per l i t e r  a t  sample. 

EPA 01042 (1976) 
Literature Reference: usr,s Book 5,  Chapter A I ,  
APHA 301 (1975) ( 1  974) 

Flame Emission and Atomic Absorption Spectrometry, 
Dean a n d  Rains. . !  l4q9 Vol. m n n .  65-94 

Eq u i p m e nt : 

ASTM D2576-70, D1688D ( 1977) 

/ \  

w Range: 0.01-4  mg/l Precision: f574 Accuracy: *lo% 

Cu stock so lu t ion ,  (purchased o r  
prepared from meta l l i c  copper in 
1: l  HN03) 

Atomic absorption 
Spectrophotometer 

Remarks: 1. Standards should be matched t o  br ine f o r  major ca t ions ,  so t h a t  physical 
propert ies  such a s  v iscos i ty  a r e  s imi l a r .  
lamp may be used f o r  matrix background correct ion a t  a nearby wavelength. 
Graphite furnace has a l s o  been used i n  place of flame f o r  atomization. 

Deuterium a r c  background 

2 .  If  samples show Tyndall e f f e c t ,  f i l t e r  through 0 . 4 5 ~  membrane f i l t e r .  
3. W i t h  h i g h  Z n / C u  r a t i o s  use a lean a i r -ace ty lene  flame. 
4. Spectral  in te r fe rences  due t o  Na and Ca in  h i g h  brine samples a t  low 

Edition 2 

7/ 78 copper concentration must be corrected.  
(cont.  on back) C-83 



5. Use o f  standard additions recommended. 



cu 
Copper 

I I 

Analysis: Atomic Absorption (MIBK Extract ion)  (No. I 80-A 

Method: Copper i s  ex t rac ted  from the aqueous phase with ammonium pyrrol idine 
dithiocarbamate i n  MIBK.  The ex t rac t ion  i s  then asp i ra ted  i n t o  an 
a i r -ace ty lene  flame and the absorbance of the resonance l i n e  a t  324.7 n m .  

Sample Handling: Use raw o r  f i l t e r e d  ac' i ' l if ied br ine.  

Rancie: hd Preci si 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 79-A 

Reagents: 
A m m o n i u m  pyr ro l id ine  dithiocarbamate 
Methyl isobytyl ketone 
Copper standard so lu t ions ,  prepared 

from me ta l l i c  copper and n i t r i c  
acid 

I: 710% Accuracy: ~ S X  

Li t  e rat u r e  Ref e re  n ce: 
USGS Book 5 Chapter A 1  (1974).  

Eq u i p m e nt : 
AA spectrophotometer 
Separatory funnels 

Remarks: 1. Extraction i s  useful f o r  increased s e n s i t i v i t y .  
2 .  Al te rna t ive lv ,  chloroform can be used a s  the ex t rac t ion  solvent  

( 4STM 21 628 -77E (1 977) 1. 

Edition : 
7/78 
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cu 
Copper 

I I 
Analysis: X-ray F1 uorescence INo. I 81 - A  

Method: Liquid samples a r e  made t o  f luoresce by X-ray bombardment. 
fluorescence i s  separated in to  wavelengths by a c rys t a l  and the 
radiat ion i s  detected by a s c i n t i l l a t i o n  counter o r  a flow proportional 
counter. A vacuum i s  required f o r  the l i g h t e r  elements. Standardization 
of instrument required.  

Secondary 

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw unacidified o r  f i l t e r e d  unacidified 
br ine.  

Ranae: P recision : Accuracy: 

Cross Reference: 
Appendix  2 
Sampling Methods: 1 1 - S ,  29-S 

Reagents: 
Copper metal o r  other  copper standard 
N i t r i c  acid ( t o  dissolve copper) 

Lit e rat  u r e  R efe r e  n ce: 

(1973). 
Nuc. I n s t .  Methods, Vol. 106, p p .  525-538 

Eq u i p m e nt : 
X-ray fluorescence spectrophotometer 

Remarks: 

/- 

Edition: 
7/78 
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NO. 
Inductively Coupled Plasma- 

Analysis: Atomic Emission Spectroscopy 

cu 
82-A 

Copper 

Method: Sample i s  asp i ra ted  i n t o  the argon plasma and the i n t e n s i t y  of the 
emission spectrum i s  analyzed and compared with standards.  In tens i ty  
i s  measured a t  324.75 nm or a l t e r n a t e  wavelength. 

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  brine 

3-5 orders of magnitude from 
Ranae: a s i n q l e  spec t ra l  l i n e  Precisi 

C ross Reference: 
A p p e n d i x  2 
Sampling Methods: 11-S, 29-S 

R eag ents: 
Copper atomic absorption standard 

N i t r i c  acid ( t o  dissolve copper metal)  
solut ions o r  copper metal 

In: f ~ 1 0 %  Accuracy: 

Lit e rat u re Ref e re  n ce: 
Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System, 
EPA-600/4-77-032, June 1977. 

Eq u i p m ent : 

Inductively coupled plasma-atomic emission 
spectrometer. 

Remarks: 1 .  External standards u s i n g  NaCl concentrations equivalent t o  sample 
concentrations of  NaCl a r e  required.  

R .  H .  Sco t t  and M .  L. Kokot, "Application of Inductively Coupled Plasmas 
t o  the Analysis o f  Geochemical Samples", Anal. Chim. Acta 75, 257-270 (1975). 

,?.Additional references:  

brs 
Edition: 

7/78 
(cont.  on back) 
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3. 

4. 

Use of  s t a n d a r d  a d d i t i o n s  a n d  background correct ion recommended. 
Upper l i m i t  o f  concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  



cu 

Analysis: S p a r k  Source Mass Spectrometry 

Copper 

83-A NO. 

Method: Dehydrated br ine  sample i s  vaporized a n d  ionized by an a r c  source 
a n d  e n t e r s  a n  evacuated chamber. Copper i s  separated and detected 
by i t s  mass/charge r a t i o  and determined q u a n t i t a t i v e l y  by comparison 
with s t a n d a r d s .  

Sample Handling: Use raw or f i l t e r e d  ac id i f i ed  br ine.  

Precision: f25% Accu racy: f25% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
S o l i d  copper 
standard sample 

Literdu re Reference: 
Trace Analysis by Mass Spectrometry, A.J. Aheard, ed.  
Academic Press ,  N Y  ( 1  9 7 7 ) .  
D . L .  Donohue, J.A. Carter  and J.C. Franklin,  Anal. 
Le t t e r s ,  1 0 (  5 )  371 -379 ( 1  9 7 7 ) .  

Eq u i p m e nt : 
Spark  source mass spectrometer 

Remarks: May be analyzed simultaneously with other  elements o f  i n t e r e s t .  

Edi t ion:  
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G 
Copper 

Remarks:]- S u f f i c i e n t  time (severa l  days) must be allowed f o r  sodium decay i f  the 
sodium spectrum masks the  element of i n t e r e s t .  

1 2-Copper may be measured simultaneously with other  elements of i n t e r e s t .  

Ib!O. I 84-A _- . _lll I - ___I _ _ ~  
Analysis: NeJtron Activation 

riqethod: 
I~ 

Dehydrated sample i s  i r r a d j a t n d  by neutron bombardment t o  form rad ioac t ive  
Copper isotopes.  The beta a n d  gamira spec t ra  a re  analyzed by a 
mu1 i icnannel analyzer ;  peak heights  a r e  p r o p o r t i o n a l  t o  the aiiiount of 

copper present .  

Sample Handling: F i l t e r  br ine on s i t e .  Evaporate sample a n d  i r r a d i a t e d  res idue  
w i t h  n e u t r o n  s o u r c e .  

Range: P re ci  s i  on: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

~~ ~ ~ 

Reagents: 
Standards containing copper 

Lit  e rat u re Reference: 
Robertson, D.E.  & Carpenter,  R . ,  "Neutron Activa- 
t i on  Techniques f o r  the Measurement of Trace Metals 
i n  Envi ronmental Sarnpl es"  , NAS-NS-3114, Jan .  1 9 7 4 .  

Eq u i p rn e nt : 
Reactor 
Mu1 t ichannel  analyzer  

/-- 

Edi t i  on : 
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Emission Spectrometry Analysis: 

Copper 

NO. 8 5 - ~  

Method: The brine sample in e i t h e r  so l id  o r  l iquid s t a t e  i s  vaporized using a flarle, 
d-c a r c ,  or a-c  spark a n d  the in t ens i ty  of the selected copper emission 
l i n e  i s  measured against  standards.  

Sample Handling: Use raw or f i l t e r e d  a c i d i f i e d  br ine .  
may be requi red. 

Evaporation t o  dryness 

Ranqe: 0.04-0.2 mg/l Precision: 210% Accuracy: 

Cross Reference: I L i terature Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Instrument Manufacturer's L i te ra ture  

Reagents: 

Copper s tandards 
Vanad i um i n terna 1 standard 

Eq u i p m ent : 

Emission spectrometer 
Photo processor 
Microphotometer 

Remarks: 1 - 
2.  

Use matrix matching, standard addi t ions ,  and  background correct ion 
whenever possible .  
Large differences in matrix e f f e c t s  will  be observed depending on the 
type of exci ta t ion  source (flame, AC spark,  or DC a r c ) .  

Ed i t i  on : 
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Fluoride 

Analysis: A1 i zar in  (Pre-di s t i  1 l a t i  on) INO.1 86-A 

Method: Fluoride i s  d i s t i l l e d  away from chemical i n t e r f e rences  i n  the  sample by 
ac id i fy ing  the  sample with concentrated s u l f u r i c  ac id  and d i s t i l l i n g  of f  
the v o l a t i l e  HF which i s  formed a t  180°C. S i l v e r  s u l f a t e  i s  added t o  
samples of high ch lor ide  conten t  during d i s t i l l a t i o n .  3 - a l i z a r i n s u l f u r i c  
ac id ,  a yellow dye, i s  added t o  sample containing f l u o r i d e ,  t o  form a 
co lo r l e s s  zirconium hexafluoride spec ies .  Increasing f l u o r i d e  concentra- 
t ion  y i e l d s  l i g h t e r  sample co lo r .  Sample i s  matched v isua l ly  t o  s tandards.  

Sample Handling: Use unacidif ied br ine sample. 

Ranae: 0.05-1.4 mq/l Precision: +15% Accuracy: -15% 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 87-A, 88-A, 89-A 

Reagents: 
Sul fu r i c  ac id ;  cone 
Hydrochloric ac id ;  cone 
Fluoride standard s o l u t i o n s ;  prepared 

Zi rconyl -a l izar in  reagent ;  Zirconyl 

3-a1 i zar insu l fur i2  acfd ( a 1  i z a r i n  

Sodi urn a r s e n i t e  

from KF 

ch lor ide  (ZrOC1 -8H 0 )  

red S )  

L i te ra tu re  Reference: 
D i s t i l l a t i u n :  A P H A  414A (1975) 
Alizar in  method: APHA 414D (1975) 

Eq u i p m e nt : 
Nessler tubes f o r  visual  comparison 

Remarks: Interferences from A I  ( I I I ) ,  C 1 - ,  Fe( 111) ,  hexametaphosphate, PO’-, S O 2 - ,  
color  a n d  t u rb id i ty  removed by d i s t i l l a t i o n ,  which i s  quant i ta tyve wighin 
the accuracy a n d  ? rec is ion  o f  t h e  Aliz?r in  method. 
Procedure i s  time consuming. 
w i t h  pure H20 before a n d  a f t e r  d i s t i l l i n g  HF.  
for development of zirconium hexafluoride species .  

The s t i l l  must be flushed by d i s t i l l i n g  
One hour  i s  required 

Edition: 
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i F1 uori de 

Analysis: Colorimetric (Spadns) INO.1 37-A 

Method: Fluoride reac ts  with zirconium dye lake t o  produce a co lo r l e s s  zirconium 
hexafluoride spec ies .  
concentration o f  f luor ide .  The color  i s  measured a t  570 nm. 

The dye becomes l i g h t e r  i n  color  with the increasing 

Sample Handling: Use unacidified br ine.  

25-200 mg/l anqe: Precision: -116% Accuracy: f2"% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 86-A, 88-A 

Reagents: 
Standard f luor ide  so lu t ions  
Spadns so lu t ion  
Sodium a r s e n i t e  
Zirconyl ch lor ide  octahydrate 
Hydrochloric ac id ,  conc. 

., 

Lit  e rat u r e  Reference: 
APHA 414 C .  (1975) 

E P A  C0950, 09951 (1976) 
ASTM D1179-72 A (1977) 

I. 

Eq u i pment  : 
Spectrophotometer t o  measure a t  570 nm. 

Remarks: 1 .  No known in te r fe rences .  

Edi t i  on : 
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Fluoride 

Analysis: Amadac F Colorimetric NO. 88-A 

Sample Handling: Use raw unacidified or filtered unacidified brine. 

Cross Reference: 
Appendix '2 
Sampling Methods: Il-S, 29-S 
Analysis Methods: 86-A, 87-A 

R eag ent s: 
Amadac F, (trade mark of a mixture 
of chelated lanthanum and organic 
dyes), Isopropyl Alcohol, Silver 
Sulfate, Sulfuric Acid, Reagent 
Sodium Hydroxide. 

Range: Precision: fi 5% 
I 

Li terature Reference: 
Burdick and Jackson Labs, Inc. 
Muskegon, MI Literature 

Eq u i p m ent : 
Distillation apparatus 
Spectrophotometer to measure at 6'20 nm 

Remarks: In concentrated brines, interferences have been observed. 

Edition : 
7/78 c-92 



F1 uoride 

Appendix 2 Cross Reference: Sampling Methods: 
11-s, 29-s 
Analysis Methods: 50-A, 74-A, 101 -A 

Analysis: Fluoride Specif ic  Electrode 1No.l 8 9 - ~  

Literature Reference: 
APHA 414B (1975) 
ASTM D1179-72B ( 1  977) 
USGS Book 5 ,  Chapter A 1  (1974)  

Method: Fluoride concentration i s  measured with a f l uo r ide  spec i f i c  e lectrode con- 
ta ining a l a n t h a n u m  f luor ide  c rys ta l  a n d  an electrometer or p I o n  meter. 

Sample Handling: Use unacidified brine sample. 

R eag ent s: 
Stock f luo r ide  so lu t ion  
Fluoride standards:  1-10 Ug/ml 
Total ion ic  s t rength adjustment 

buffer  ( T I  SAB) 

Eq u i p rn ent : 
Fluoride e lec t rode  
Calamel reference electrode 
Magnetic s t i r r e r  and te f lon  s t i r b a r  
Specif ic  ion meter or  pH meter w i t h  m i l l i v o l t  

s ca l e  

Remarks: 1 ,  

2. 

Aluminum in te r fe rence  ( u p  t o  2 mg/l) removed by complexation with 
c i t r a t e  in TISAB so lu t ion .  
Fluoride a l so  forms complexes with S i ,  Fef3, and  other  polyvalent 
cat ions as well as hydrogen. 
concentrat ions,  pH of the so lu t ion ,  a n d  t o t a l  ionic  s t rength of 
the so lu t ion .  

Extent of complexation depends on the 

TISAB a l so  compensates f o r  these e f f e c t s .  
Edi t i  on : 

7/78 (cant. on back) 
c-93 



/--- 

3. Recovery va lues  f r o m  s p i k e d  samples may be  h igh .  



F 

Analysis: Ion-Exchange Chromatography 

i F1 uoride 
~ 

No. 90-A 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Standard f luo r ide  so lu t ion  
Sodium carbonate/sodium bicarbonate 

e luent  

Mdhod: Anion components a r e  separated on sulfonated cat ion exchange colums coated 
w i t h  f i n e l y  ground anion res in .  A sodium bicarbonate/carbonate solut ion 
is  used a s  the e l u t i n g  solvent .  
suppressor column t o  remove highly concentrated background components, 
and f luo r ide  i s  detected by a conductivity de tec tor .  

T h e  separat ion column i s  followed by a 

Literature Reference: 
Dionex Corp., Sunnyvale, C A ,  L i t e r a tu re  
Anal. Chem. 47, 11 ( 975 
Microchem. Jour.  2 2 ,  1 4  45- 9)  (1977) 
Anal. Chem. 49, 2 7 3 ,  401 (1977) 

Eq u i p m e nt : 
Dionex Ion Chromatograph 
75-120 psi a i r  supply 

~ ~~ 

Sample Handling: Use unacidified brine 

Remarks: 1 .  May be analyzed simultaneously with bromide, n i t r a t e ,  and s u l f a t e .  
2 .  Additional reference: Small, H . ,  T .  S .  Stevens, and W .  C .  Bauman, 

Anal. Chem. - 47, 1801 (1975). 

Edi t i  on : 
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F1 uori de Q 
Analysis: Spark Source Mass Spectrometry NO. 91 -A  

Sample Handling: Use f i l t e r e d  unacidif ied o r  raw unacidif ied br ine.  Evaporate 
samples and analyze residue. 

Precision: 225% Accuracy: +25% 6 
- ~- 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
urn f l uo r ide  o r  o ther  f luo r ide  std. Sod 

Lit e rat  u r e  Reference: 
D .  L .  Donohue, J .  A .  Carter  and J .  C .  Franklin 
Anal. Le t te rs  , 1 O (  5 )  371 -379 ( 1  977).  
Trace Analysis by Mass Spectrometry, A .  J .  Aheard, 
ed . ,  Academic Press ,  N Y  (1977). 

Eq u i pment : 
Spark source mass spectrometer 

R em a r ks : 

Edition: 
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HARDNESS 

Analysis: EDTA T i t r a t i o n  

Hardness 

NO. 92-A 

Cross Reference: 
Appendix 2 
Sampling Methods: l l - s ,  29-s 
A n a l y s i s  Methods: 55-A, 93-A, 124-A 

Method: A buf fered a l i q u o t  o f  t h e  sample i s  t i t r a t e d  w i t h  a s tandard  s o l u t i o n  

of d i sod ium - EDTA. 

c h e l a t e d  complexes. I n  t h e  presence o f  a dye such as Er iochrome 

B lack  T t h e  s o l u t i o n  changes f rom wine r e d  t o  b l u e  a t  t h e  end p o i n t .  

Magnesium and c a l c i u m  r e a c t  w i t h  t h e  EDTA t o  fo rm 

Li terature Reference: 
APHA 309B (1975) 
USGS Book 5, Chapter A1 (1974) 
ASTM D 1126-67B (1977) 
EPA 00900 (1976) 

Sample Handling: Use raw a c i d i f i e d  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

R eag ent s: 
Aminon i urn c h 1 o r  i de 
Ammonium hyd rox ide  
EDTA-Mg s a l t  o r  

Sodium cyan ide  
Sodium s u l f i d e  
Hydroxylamine h y d r o c h l o r i d e  
Ethanol  o r  i sop ropano l  
Er iochrome B l a c k  T dye 

Hydrochloric aci 

EDTA-di sod i  um s a l  t 

Eq u i pment: 
Bure ts  

Remarks: 1 .  H i g h l y  c o l o r e d  and s t r o n g  b r i n e s  i n t e r f e r e  (A1 >20 ppm, C03 > l o 0 0  ppm, 
C1 >10,000 ppm, SO >10,000 ppm, Fe >30 ppm). I n h i b i t o r s  can u s u a l l y  
be used t o  overcorn8 these e f f e c t s .  

I n  h i g h  c a l c i u m  s o l u t i o n ,  a d d i t i o n  o f  ammonium h y d r o x i d e  can cause 
p r e c i p i t a t i o n .  

M a i n t a i n  Mg+2 and Na -EDTA i n  approx imate equ iva lence  f o r  b e s t  r e s u l t s .  

2. 

3. 2 
E d i t i o n  : 
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HARDNESS 

Analysis: Calculation 

Hardness 

NO. 93-A 

Method: Hardness i s  determined as  mg/ l  CaC03 by determining the concentrations o f  

Ca, Mg, Sr, Fe, Al, Z n ,  and  Mn, multiplying the mg/l  concentrations 
o f  these metals by the appropriate f ac to r s  and summing the products 
t o  obtain hardness in  mg/l as CaC03. 

Sample Handling: Use RA or FA brine f o r  the metal determinations.  

Ranqe: P re ci s ion : Accuracy: 

Cross Reference: 
Appendix 2 
Sarnpl ina Methods: 1 1 - S ,  29-S 
Anaiysi; Methods: 5 5 - A ;  92-A, 1 0 5 - A ,  
174-A 

Reagents: 
Use reacents required f o r  metals 
determi na t i ons 

Lit e rat u re Ref e re n ce: 
l P H A  309 ( 7 5 )  
JSGS Book 5, Chapter A 1  ( 1 9 7 4 )  

Eq u i p ment : 
Use equipment required f o r  metals determinations 

Remarks: 1 .  This method considered more accurate  t h a n  hardness by E D T A .  
2 .  Method requires  those metals in highest  concentration be determined. 

Edition: 
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Analysis: T i t r ime t r i c  ( Iodine)  

H2S 

c 

No. 94-A 

- 
Sulf ide from Hydrogen Sulf ide i s  p rec ip i ta ted  as zinc s u l f i d e  
by p a s s i n g  raw o r  f i l t e r e d  br ine through a f r i t t e d  glass  bubbler 

which i s  submerged in a zinc ace t a t e  so lu t ion .  
so lu t ion  i s  d i lu ted  t o  a preselected concentration w i t h  br ine 

The zinc ace t a t e  

(usua l ly  1 : l ) .  
- 

I Literature Reference: Appendix 2 Cross Reference:samD1 i na Methods : 
4-s, 11-s, 12-s, 29-s', 3 4 3  
Analysis Methods: 202-A 

USGS Book 5 ,  Chapter A 1  ( 1 9 7 4 )  
E P A  00746 (1976)  

Reagents: 
Zinc ace t a t e  
Sodium th iosu l f a t e  
Starch 
Iodine 
Hydrochloric acid 

Eq u i p m ent: 
Burets 

Remarks: 1 .  Reducing substances such as  heavy metal i o n s , s u l f i t e ,  t h iosu l f a t e  a n d  
hydrosulf i te  w i l l  use up iodine a n d  cont r ibu te  pos i t ive  e r r o r s .  

2 .  Oxygen and other  oxidants reac t  with hydriodic acid a n d  contr ibute  
negative e r r o r s .  

3. Field analysis  f o r  su l f ide  i s  advised. 

Ed i  t i  on : ( c o n t .  on back) 
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4. H2S may be evolved froni sample by boil ing with phosphoric acid and 
recapturing i n  a g l a s s  bubbler apparatus containing zinc ace t a t e  
so lu t ion .  This procedure f r e e s  s u l f i d e  froni heavy metals.  Use N2 
gas f r e e  of H2S f o r  purging H2S out  o f  or ig ina l  trapping so lu t ion .  



1 

Analysis: Colorimetric (Methylene B 1  ue) NO. 95-A 

Sample Handling: Sulf ide from Hydrogen Sul f ide  i s  prec ip i ta ted  a s  zinc s u l f i d e  by 

passing raw or  f i l t e r e d  br ine through a f r i t t e d  g lass  bubbler which 
i s  submerged in  a zinc ace t a t e  so lu t ion .  The zinc ace t a t e  so lu t ion  
i s  d i lu t ed  t o  a preselected concentration with brine (usua l ly  1 : l ) .  

Appendix 2 Cross Reference: Sampl ing Methods: 

Analysis Methods: 204-A 
4-s, 11-s, 12-s,  29-s, 34-s 

Range: 0.01-1.0 mg/1 Precision: Accuracy: + I  0% 
I 

Lite rat u r e  Reference: 
APHA 428 C (1975) 
API 3.10.2 (1968) 

Potassium Iodide 
Sodium Thiosulfate  
Hydrochloric acid 

Reagents: 
Z inc  ace ta t e  
Sodium carbonate 
N ,N-di met hyl -phenyl ene-d iami ne 

oxa la te  ( a l s o  cal led p-amino- 
dimethyl ar.i 1 i ne oxal a t e )  

Sul fur ic  ac id  
Fer r ic  chlor ide 
Diammonium hydrogen phosphate 
Sodium s u l f i d e  Sodium Hydroxide 

Equipment: 
Spectrophotometer t o  measure a t  600 nm 
Burets 

Iodine Starch I 
1 .  Reducing substances such a s  heavy metal ions ,  s u l f i t e ,  t h iosu l f a t e  and 

2 .  Field ana lys i s  f o r  s u l f i d e  i s  advised. 
3. A modification of t h i s  method using Lauth's  v i o l e t  dye instead of 

methylene blue gives more cons is ten t  co lor  development with br ine  samples 
(Str ickland and Parsons, "A  Prac t ica l  Handbook of Seawater Analysis",  
F isher ies  Research Board of Canada, Ottawa, 1968, p .  41-44) .  

hydrosul f i t e  i n h i  bi t col o r  forma t i  on. R em ar ks: 

(cont .  on back.} Edition: 
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4 .  Field samples should be col lected with a l l  a i r  s.li?c,? excluded from b o t t l e .  
5. Interferences due t o  s u l f i t e ,  t h i o s u l f a t e ,  iodide,  and  many other  soluble 

substances,  b u t  not ferrocyanide may be removed by f i r s t  p rec ip i ta t ing  
s u l f i d e  as ZnS, decanting, and  washing the p rec ip i t a t e  w i t h  d i s t i l l e d  
water. 
(1975) j .  

The ZnS i s  then t rea ted  using the s t a n d a r d  procedure [ A P H A  428B 



I 

C ross Reference: 
Appendix '2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 46-A 

i 

Literature Reference: E P A  71365 (1976) 
ASTM D l  246-77C ( 1  977) 
A P I  3.16 (1968) 
USGS Book 5, Chapter  A1 (1974)  

Iodide 

1 I 

96-A Analysis: Ti t r ime t r i c  ( F o r  Bromide a n d  Iodide) 1No. I 
Method: Iodide i n  a sample i s  oxidized with bromine t o  ioda te ;  the excess bromine 

i s  then destroyed. Iodine i s  t h e n  formed by oxidizing iodide i n  K T  w i t h  the 
iodate a n d  the resu l t ing  iodine i s  determined by t i t r a t i o n  with th iosu l -  
f a t e .  

~~ 

Sample Handling: Acidified or unacidified brine may be used. 

Range: mg/l Precision: + i o %  Accu racy: f i  07; 
1 

Reagents: I Equipment: 
Acetic acid Sodium ace ta t e  
Bromi ne water Sodi u m  formate 
Calcium carbonate Sodium chlor ide 
Cal ci urn oxide 
Hydroc h 1 o r  i c ac i d Sodium th iosu l f a t e  
Methyl red ind ica tor  standard sol u t i  on 
Potassi um f 1 uori de Sul fur ic  acid 
Hypochlorite so lu t ion  
Potassium iodide 

Sodium molybdate 

Iodide f l a s k s ,  250 m l  
Burette 

Remarks: 1 .  Bromide and iodide a r e  determined together s imi l a r ly ,  by oxidation 
with hypochlorite ion. Bromide may then be determined by d i f fe rence .  
(See Bromide, T i t r i m e t r i c ) .  

p r ior  t o  determination with CaO. 
2. I r o n ,  magnesium, and organic matter i n t e r f e r e ,  b u t  a r e  removed 

Edi t i  on : 
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Iodide 

1 I 

Ana1ysis:colorimetric (Arsenious-Ceric-Ferric thiocyanate) (No. I 
Method: Procedure i s  s imi l a r  to  the arsenious-cer ic  color imetr ic  method, except the 

react ion of Ce(IV) w i t h  the arsenious ion i s  quenched with f e r r i c  alum a n d  
thiocyanate t o  form the red Fe ( I I1 )  thiocyanate complex which i s  measured 
a t  510 o r  525 nm. 

97-A 

Sample Handling: Use raw unacidified o r  f i l t e r e d  unacidified br ine.  

Range: Precision: Accuracy: c 
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 98-A, 99-A, 100-A 

~~ ~ 

R eag ent s: 
Sodium ch lor ide  
Arsenious acid 
Sul fur ic  acid 
Ceric ammonium s u l f a t e  
Ferrous ammonium s u l f a t e  
Potassium thiocyanate 
Potassium iodide 

Li t  e rat u re Ref e re n ce: 
APHA 415B ( 1 9 7 5 ) .  

Eq u i p m ent : 
Water bath 
Spectrophotometer t o  measure a t  510 or 525 nm 
Timer 

Remarks: 1 .  Excess of sodium chlor ide added t o  sample el iminates  in te r fe rence  from 
chlor ide already present by a t t a i n i n g  a s t a b l e  maximum chlor ide con- 
cent ra t ion  t h a t  s e n s i t i z e s  the reac t ion .  
forms of iodine and inh ib i tory  e f f e c t s  of s i l v e r  and  mercury a re  re- 
duced by NaCl addi t ion .  

Formation of noncatalyt ic  

Ed i t i  on : 
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Iodide 
lL j  

Analysis: Leuco Crystal Violet  Method INo.1 9 8 4  

Method: Iodide i s  s e l ec t ive ly  oxidized t o  iodine which then reac ts  with leuco 
crys ta l  v i o l e t  to  form the highly colored leuco crys ta l  v i o l e t  dye. The 
color  i s  measured spectrophotometrically.  

- ~~ ~~ ~ 

Sample Handling: Use raw unacidified or  f i l t e r  unacidified br ine.  Determine within 
1 day a f t e r  co l lec t ion .  

c3 Ranqe: a . 6  mg/l Precision: + I  0% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 97-A, 99-A, 100-A 
-~ - 

Reagents: 
Potassium iodide Gal c i  urn oxide 
C i t r i c  acid 
Ammonium hydroxide 
Ammonium dihydrogen phosphate 
Leuco c rys t a l  v i o l e t  ind ica tor  
Mercuric chlor ide 
Sul fur ic  acid 
Potassium peroxymonosulfate 
Sod i um t h i os u 1 f a t e  
Oxone 

Remarks: 1 .  Chloride above ZOO mg/l 

Literature Reference: 
APHA 415A (1975) 

Equipment: 
Spectrophotometer t o  measure a t  592 nm. 

causes inh ib i t i on  of the color  formation. 
2 .  
3. 
4 .  

Oxidized forms of manganese cause apparent h i g h  iodide r e s u l t s .  
Color development time must be ca re fu l ly  watched. 
Calcium oxide used t o  p re t r ea t  sample t o  remove various metal 
in te r fe rences .  T h i s  treatment i s  followed by s u l f u r i c  acid 
neut ra l iza t ion .  

Edition : 
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Anal y si s: Co 1 o r  i me t r i c ( Ars e n i ou s - Ce r i c ) 

Sample Handling: Use unacidified br ine.  

NO. 99-11 

Ranqe: 0.001-0 .1  mg/l Precision: t5% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 97-A, 98-A, 100-A 

R eag ent s: 
Arsenious acid sol ut i  on 
Ceric s u l f a t e  solut ion 
S i lve r  n i t r a t e  solut ion 
Sul fur ic  acid 

Li terature Reference: 
ASTM 01 246-77A (1  9 7 7 )  
USGS Book 5 ,  Chapter A 1  ( 1 9 7 4 )  

Eq u i p m ent : 
Spectrophotometer t o  measure a t  450 nm 
Timer 
Water bath 30 + .5"C 

Remarks: 1 .  Reducing agents t h a t  reac t  rapidly with c e r i c  ign cause pos i t ive  
e r r o r s ,  b u t  a r e  removed by a preliminary treatrr,ent with d i l u t e  
permanganate so lu t ion .  

2 .  O x i d i z i n g  agents cause negative r e s u l t s  by lowering the concentration 
of arsenious ac id .  The magnitude o f  the e r r o r  i s  proportional t o  
the iodide concentrat ion.  

Edition : 
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- . - . - . . . . .. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Anal y si s: P ho tome t r i c No. 100-A 

Sample Handling: Use u n a c i d i f i e d  o r  a c i d i f i e d  b r i n e .  

f l - 2 %  a t  t l - 2 %  a t  Precision: 10-50 mg/l Accuracy: 10-50 mg/l 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
A n a l y s i s  Methods: 97-A, 98-A, 99-A 

Reagents: 
Bromophenol b l  ue 
S u l f u r i c  a c i d  
Carbon t e t r a c h l o r i d e  
Potassium i o d i d e  
Potassium n i t r a t e  

Li t  e rat u re R efe re n ce: 
A P I  3.15 (1968) 

Equipment: 
Spectrophotometer  t o  measure a t  517 nm 

Remarks: Hydrogen s u l f i d e  can i n t e r f e r e .  May be removed by b o i l i n g  a c i d i f i e d  b r i n e  

Ed i ti on : 
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1 Reagents: 
I Iodide standard so lu t ions ;  prepared 

from potassium iodide 
Sodium n i t r a t e ,  reagent grade 

Iodide Q 
I I 

Analysis: Iodide-Specific Electrode INo. I l 0 l - A  

Method: Iodide concentration i s  measured d i r e c t l y  using a s i l v e r  iodide e lec t rode  
and an electrometer 

Sample Handling: Use unacidified br ine sample 

Range: 0.1-100 mg/l  Precision: 22% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: ll-S,29-S 
Analysis Methods: 50-A, 74-A, 89-A 

I 

L i terature Reference: 
"Ins t ruc t ion  Manual ; Halide Electrode",  Orion 
Research Co.,  1976. 

Eq u i p m e nt : 
Si lve r  iodide e lec t rode ,  Orion model 94-53 
Spec i f ic  ion meter o r  pH meter with m i l l i v o l t  

s ca l e  
Magnetic s t i r r e r  and s t i r b a r  
Reference e lec t rode  

I 
I Remarks: 1. Sulf ide  in te r fe rence  a t  r a t i o  l eve l .  

2. Ionic s t rength  ad jus t e r  so lu t ion  added t o  samples and standards i n  
order t o  keep constant  background. 
cons i s t s  of addi t ion of 2 ml of 5 M NaN03 per 100 ml of so lu t ion .  

Ionic  strength ad jus t e r  

Edition: 'Manufacturer's spec i f i ca t ions .  
7/78 
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Iodide 

Ana\)'SiS: X-Ray F1 uorescence - -- -- 
T I  M e t  h od: 1 l e  sali lple containincj iodide i s  caused t o  f l uo resce  by X-ray 
bcmbar-dFient. The f luorescent  r a d i a t i o n  i s  dispersed by a c r y s t a l  and 
c!.tecwd by a sc in t i l : aLioc  c~'(,ii:er and/or a flow proportional counter .  

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  b r ine ;  sample may be r u n  a s  i s  o r  
evaporated t o  dryness depending upon instrui:ientation. 

Range: io -100 mg/l Precis 

C ross Reference: 
_ _ -  - 

6UJ 

Appendix 2 
Sampl ing Methods: 1 1  -S ,  29-S 

Reagents: 
Iodide s tandards 

1: t10  mg/l Accuracy: mq/l 

Literat u re Reference: 
Cooper ,J .  A., Nuc. I n s t .  and Methods., Vol. 1 0 6 ,  
p p .  525-538, 1973. 

-- 

Eq u i p m ent : 
X-ray f l  uorescence spectrophotometer 

Remarks: 1. Computer program usua l ly  required t o  i n t e r p r e t  da t a .  
2 .  Standardizat ion of instrument required.  

3. 
4 .  Use standard addi t ions f o r  quan t i f i ca t ion .  

Iodide may be determined simultaneously w i t h  o the r  elements of in te res t .  

Edition: 
7/ 78 c-106 



I 

No, Analysis: S p a r k  Source Mass Spectrometry 

Q 
Iodide 

103-A 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-s 

Method: Dehydrated br ine  sample i s  vaporized a n d  ionized by an a r c  source 
and  e n t e r s  a n  evacuated chamber. Iodide i s  separated a n d  detected 
by i t s  rnass/charge r a t i o  a n d  determined q u a n t i t a t i v e l y  by comparison 
with s t a n d a r d s .  

Lite rat u re Ref e re n ce: 
Trace Analysis by Mass Spectrometry, A.J. Aheard, ed . ,  
Academic Press ,  NY ( 1 9 7 7 ) .  
D . L .  Donohue, J.A. Carter and J.C. Frankl in ,  Anal. 
Le t t e r s ,  1 O( 5 )  371 -379 ( 1  9 7 7 ) .  

Sample Handling: Use f i l t e r e d  o r  raw unacidified br ine.  

Range: 0.1-1 000 mg/l Precision: +25% Accuracy: 225% 
i 

Reagents: 
Solid iodide 
standard sample 

Eq u i p m e nt : 
Spark source mass spectrometer 

~ 

Remarks: Other 'elements may be determined simultaneously with iodide.  

Edi t ion:  
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Iodide 

Analysis: Neutron Act i va t i  on 

Method: Dehydrated sample i s  i r r a d i a t e d  by neutron bombardment t o  form rad ioac t ive  
iodide i so topes .  The beta and gamma spec t ra  a r e  analyzed by a 
multichannel analyzer ;  peak heights  a r e  proportional t o  the amount  of 
iodide present .  

Sample Handling: F i l t e r  br ine on s i t e .  Evaporate sample a n d  i r r a d i a t e  res idue  
with neutron source.  

Ranqe: i P re c i  s ion: Accuracy: 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S .  29-S 

Reagents: 
Standards containing iodide 

- 

Literature Reference: 
Robertson, D . E .  8 Carpenter,  R .  , "Neutron Activa- 
t-ion Techniques f o r  t he  Measurement o f  Trace Metals 
i n Envi ronmental Sampl es"  , NAS-NS-3114, J a n .  1974.  
- 

Equipment: 
Reactor 
Mill t ichannel  analyzer  

Remarks: S u f f i c i e n t  time (severa l  days)  m u s t  be  al'lowed f o r  sodium decay i f  the 
sodium spectrum masks the element of i n t e r e s t .  

Iodine may be analyzed simultaneously with other  elements o f  i n t e r e s t .  u 
Edi t i  on : 

7 / 7 8  
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Fe 
I r o n  

c3 
Analysis: Phenanthrol ine Colorimetric INo.1 1 0 5 4  

Method: I r o n  i s  reduced t o  Fe ( I I ) w i  th hydroxyl ami ne hydrochloride and compl exed 
with 1 ,  10-phenanthroline between pH 2 .9 -3 .5  t o  give an orange-red complex 
which i s  measured a t  510 nm. 

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  

Ranae: 0 . 0 5 - 3  mg/l Precision: Accu racy: W 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

Reagents: 
Hydrochloric acid 
Hydroxylamine hydrochloride 
Ammoni urn a ce t a t e  
Sodium ace ta t e  
1 ,  10-phenanthroline monohydrate 
Iron standard 
Diisopropyl or isopropyl e the r  

L,iterat u r e  Reference: 
APHA 310A (1975) 
ASTM D1068-77A ( 1  977)  

Eq u i pment : 
Spectrophotometer t o  measure a t  510 nm. 

Remarks: 1. Interferences include strong oxidizing agents; cyanide; n i t r i t e ;  
phosphates; chromium and zinc > 10 times concentration of iron; 
cobal t  and copper > 5 mg/l; and nickel > 2 mg/l . 
B i s m u t h ,  cadmium, mercury, molybdate and s i l v e r  p rec ip i t a t e  phenanthroline.  
In the presence of i n t e r f e r ing  metal ions an excess o f  phenanthroline 
i s  required t o  complex metall ions.  
Extraction s t ep  may be necessary i f  large amounts of i n t e r f e r ing  metals 
a r e  present .  

2 .  
3. 

4. Edition : 
7/78 c-109 (cont .  on back) 



c 5 .  I f  n o t i c e a b l e  c o l o r  i s  p r e s e n t  evapora te  sample, g e n t l y  ash r e s i d u e  and r e d i s s o l v t  
i n  a c i d .  



w 
Cross Reference: 
Appendix 2 

Iron 
i 

EPA 01045 ( 1 9 7 6 )  L,iterature Reference: USGS Book 5 ,  Chapter A I ,  
APHA 301 A 11. (1975) (1974) 

Analysis: Atomic Absorption lN0.1 106-* 

R eag ent s: 
Iron stock so lu t ion ,  
prepared from iron wire and 1 : 1 d c 1  
Nitrous oxide gas cy1 inder (opt ion)  
Potassium chlor ide (opt ion)  

Method: Aqueous sampl e s  of iron a re  aspi ra ted d i r e c t l y  i n t o  an a i  r-acetylene 
flame and the absorbance of the Fe resonance l i n e  a t  248.3 nm i s  measured. 

f t m  
Eq u i p m ent : 

3 -  - ,PRi*9,,) 

AA spectrophotometer 
Nitrous oxide burner head (opt ion)  

Sample Handling: Use rdw or  f i l t e r e d  ac id i f ied  br ine.  

Range: 0.01-5 mg/l Precision: +5% Accuracy: *I 0% 

R e m a r k s z i .  Major cat ions and a c i d i t y  o f  brine should be simulated i n  s tandards ,  t o  
l iken physical propert ies  such a s  v iscos i ty .  Interferences observed in  
a i r -acetylene flame ( r e f .  2 )  include aluminum, s i l i c a ,  s u l f a t e ,  
e t  a1 . Standard addi t ions technique i s  therefore  recommended, Eignif icant  
ionizat ion occurs i f  a ni t rous oxide/acetylene flame i s  used, and 
1000 pg/ml t o t a l  K+ should be added t o  solut ion f o r  t h i s  flame. 
I f  samples show Tyndall e f f e c t ,  f i l t e r  through 0.45 p membrane f i l t e r .  

hosphate, 

2 .  
Edition: 

3. Background correct ion a t  247.2 nm has been observed t o  be advantageous 
7 /78  l a n p ) .  

(over)  C-110 



4. A reduction in s e n s i t i v i t y  has been observed when iron i s  determined in the c 
presence of n i t r i c  acid and n icke l .  
a very lean flame. 
t o  remove a l l  in te r fe rences .  

This e f f e c t  can be minimized by u s i n g  
Tilt. Lise of a ni t rous oxidelacetylene flame has been found 



Fe 

Analysis: Atomic Absorption (MIBK Extraction) 

Iron 

No. 107-A 

Reagents: 
Ammonium pyrrol idine dithiocarbamate 
Methyl isobutyl ketone 
Iron standard so lu t ions ,  prepared 

from i ron  and hydrochloric ac id  

Range: Precision: f14% Accuracy: 210% 

Equipment: 
AA spectrophotometer 
Separatory funnels 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 106-A, 108-A 

Lit e rat  u r e  Ref e r e  n ce: 
APHA 301-A-I11 (1975) 

Remarks:1. 
2. 
3. 

Improved s e n s i t i v i t y ;  useful f o r  suo-ppin levels u f  ircn.  
Use of standard addi t ions recommended. 
Alternat ively,  chloroform may be used a s  the ex t r ac t ion  solvent  
(ASTM D1068-77D (1977)) .  

Edition: 
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Iron 

Iron atomic absorption standard 
so lu t ion  or iron metal 
Hydrochloric acid ( t o  d i sso lve  iron 
metal ) 
Nitrous oxide gas cyl inder  

Analysis: Flame Emission 

Method: I r o n  i s  determined by asp i ra t ing  the sample in to  a n i t rous  oxide acetylene 
flame and the emission i n t e n s i t y  a t  372.0 nm from iron i s  measured by a 
spectrophotometer. 

Atomic absorption spectrophotometer with emission 
mode o r  flame emission spectrophotometer 
Nitrous oxide burner head 

~~ 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  
stabilized by adding 5 m l  HN03 per l i t e r  o f  sample.  

Sample may be 

n 
>0.05  mg/l low brine <0 .5  mg/l +25% ~ 0 . 5  mg/l  k25% @ 

Range: > 0 . 5  mg/l high brine Precision: > 0 . 5  mg/l -s5% Accuracy: > 0 . 5  mg/l t5% 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 106-A, 107-A 

I 
I 

Literature Reference: 
Dean and Rains, Flame Emission and Atomic Absorp- 
t ion  Spectrometry, V o l .  111, 1975 p p .  
W. Snelleman, Spectrochim. Acta, a, 403 (1968).  

Reagents: I Equipment: 

Remarks: 1.  Iron often coprec ip i ta tes  w i t h  s i l i c a  and must be recovered b.y acid 
digest ion of brine residue.  

a l k a l i  metal and a lka l ine  ea r th  metal ions)  between sample and standards 
must be made. 

2, Careful matrix matching ( i  . e .  using same amounts of NaCl, o ther  

3. Use o f  standard addi t ions  recommended. 
Edi t i  on : 
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Fe 
I r o n  

u 
Analysis: X-ray F1 uorescence JNo.1 lcl9-A 

Method: Liquid samples a r e  made t o  f luoresce by X-ray bombardment. Secondary 
fluorescence i s  separated in to  wavelengths by a c rys t a l  and  the rad ia t ion  
i s  detected by a s c i n t i l l a t i o n  counter or a flow proportional counter.  
A vacuum i s  required f o r  the l i g h t e r  elements. S t a n d a r d i z a t i o n  o f  

instrument required.  

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw unacidified o r  f i l t e r e d  unacidified 
br ine.  

Range: Precis ion: Accuracy: 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

I Li terature Reference: 
Nuc. I n s t .  and Methods, Vol .  106,  p p .  525-538 
(1973). ~ 

Reagents: 
I r o n  standards 

Eq u i p me nt : 
X-ray fluorescence spectrophotometer 

~ 

Remarks: 

crls 
Edition: 
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Fe 

Inductively Coupled Plasma- 
Analysis: Atomic Emission Spectroscopy No. 110-A 

Sample Handling: Use raw or f i l t e r e d  ac id i f i ed  br ine.  

Reagents: 
Iron standard so lu t ion ,  prepared 
from iron wire and hydrochloric acid 

~~~ w 3-5 orders of magnitude from 
Range: a s ing le  spectral  i i n e p r e c i s i o n :  -I. ] - I O %  Accuracy: 

Eq u i p m e nt 
Inductively coupled plasma- 
Atomic emission spectrometer 

Cross Reference: 
Appendix 2 
Sampl ing  Methods: 11-S ,  29-S 

Lit e rat u re Ref e re n ce: 
"Evaluation of an  Inductively Coupled Plasma 
Nul tichannel Spectrometric Analysis System", 
EPA-600/4-77-032, June 1977. 

R e m a r ks : 

E d i t i o n  
7/78 

1 .  

2. 

3. 

NaCl matrix of samples and standards should be matched t o  minimize 
d i f fe rences  in solut ion propert ies  which can a f f e c t  vaporization 
c h a r a c t e r i s t i c s .  
recommended. 
ICP-AES i s  a simultaneous multi-element technique for metal ions .  
Upper l i m i t  of concentration range may be extended by using a l t e r n a t e  
spec t ra l  l i n e s .  

Background correct ion a n d  standard addi t ions method 

(cont .  on back) 
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4. Additional references: R. H. Scott and M. 1. Kokot, "Application o f  
Inductively Coupled Plasmas to the Analysis o f  Geochemical Samples", 
Anal. Chim. Acta 75, 257-270 (1975). 



Fe 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-s 

Iron 
Grs 

Lite rat u r e  Reference: 
D . L .  Donohue, J.A a r t e r  and J.C. Franklin 
Anal. Le t t e r s ,  10(5! 371-379 ( 1 9 7 7 ) .  
Trace Analysis by Mass Spectrometry, A.J. Aheard, 
e d . ,  Academic Press ,  N Y  (1977).  

Analysis: Spark Source Mass Spectrometry INO.1 1ll-A 

Method: Dehydrated sample i s  vaporized and ionized by an a rc  source and en ters  an 
evacuated chamber. Iron i s  separated and detected by i t s  mass/charge r a t i o ,  
and determined quan t i t a t ive ly  by comparison with s tandards.  

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw a c i d i f i e d ,  f i l t e r e d  unac id i f ied ,  o r  
raw unacidif ied br ine.  Evaporate samples and analyze residue.  

2 5% ( i so tope  Dil k 5% ( i so tope  Di 1 .  ) Range: 0.1-iooo mg/1 Precision: *25% d c u  racy: ?25% 
I 

Reag ent  s: 
Iron standards 

Eq u i p ment : 
Spark source mass spectrometer 

Remarks: 1 .  Additional References: 
J .  A. Carter ,  D .  L .  Donohue, and J .  C .  Franklin,  Trace Substances in 
Environmental Heal th-IX. U. of Missouri, 303 (1975).  
J .  D .  Franklin,  J .  A .  Car te r ,  D .  L. Donohue, and R .  W .  Ste l zne r ,  
23d Conf. on Mass Spectrometry and All ied Topics, Houston, TX 345 (1975).  
R. Alvarez, B .  J .  Paulsen, and D .  E .  Kelleher,  Anal. Chem. fl 955 (1969).  

Edition: 
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Fe 
I r o n  

Analvsis: Neutron Activation INo. 1 112-A 

method: Sample i s  exposed t o  neutron source ( r e a c t o r )  a n d  radioact ive iron isotopes 
are  formed. The isotopes and t h e i r  associated beta a n d  gamma spectra a re  
iden t i f i ed  by multichannel analyzers .  The amount of iron i s  proportional 
t o  the measured a c t i v i t y .  

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  
and  i r r a d i a t e  residue w i t h  neutron source.  

Evaporate samples 

Range: Precision: Accuracy: 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Literature Reference: 
Robertson a n d  Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals in 
Environmental Sainpl es"  , NAS-NS-3114, Jan. 1974. 

~~ 

R eag ent s: Equipment: 
Reactor (neutron source) 
Mu1 tichannel analyzer 

Remarks: Suf f i c i en t  time must be allowed for sodium decay i f  the sodium spectrum 
masks the element of i n t e r e s t .  

Edition: 
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Fe 

Analysis: Emission Spectrometry 

Iron 

NO. 113-A 
i I 

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  brine. 
may be required.  

Evaporation t o  dryness 

G a n g e :  0.5-2 mg/l P recis i  

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 

I r o n  s tandards  
Vanadium in te rna l  s t a n d a r d  

7: + l o %  Accuracy: 

Lit e rat u r e  Reference: 
:ns trumen t Manufacturer ' s L i  t e r a tu re  

Eq u i p m e n t  : 

Emission spectrometer 
Photo n r n v s s n r  
Microphotometer 

Remarks: 1 .  Use matrix matching, standard addi t ions and background correct ion 
whenever pdssible .  

E d i t i o n :  
7/ 78 

2 .  Large differences i n  matrix e f f e c t s  wil l  be observed depending on the 
type of exc i ta t ion  source (flame, AC spa r ,  o r  DC a r c ) .  
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Pb 

Analysis: Atomic Absorption No. W-A 

Sample Handling:use raw o r  f i l t e r e d  a c i d i f i e d  br ine.  Sample may be s t a b i l i z e d  by adding 

5 ml HN03 per l i t e r  of sample. 

Lead standard so lu t ions ;  prepared 
from meta l l ic  lead and n i t r i c  acid.  
EDTA 

Range: 0.02-15 mg/i Precision: 15% Accuracy: 21 0% 

AA spectrophotometer 

E P A  01051 (1976) Literature Reference: ASTI1 D2576-70, D3559-77A 
) A P H A  301A I1 (1975) 
)Flame Emission and Atomic Absorption Spectrometry, 

( 1  977) 

Dean and Rains; 1975 Vol . I11 p p .  183-202. 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 115-A 

~ 

Reagents: I Equipment: 

Remarks: 1 .  Anions which p r e c i p i t a t e  with lead may i n t e r f e r e .  Making solut ions 0.1 M 
in EDTA wil l  l a rge ly  el iminate  these interferences ( r e f .  2 above). 
(These anions include P O 4 ,  CO , I ,  F, and ace ta te  when present in  
concentrations ten times grea?er than Pb.) 

2.  Use of a graphi te  furnace wil l  increase s e n s i t i v i t y .  
3. I f  samples show Tyndall e f f e c t ,  f i l t e r  through a 0.45 p f i l t e r .  

Edition: 4. Spectral interferences from sodium and calcium must be corrected a t  low 
7/78 Pb concentrations.  

( c o n t ' d .  on back) c-118 
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5. M a t r i x  match ing  (use o f  e q u i v a l e n t  c o n c e n t r a t i o n s  o f  a l k a l i  and a l k a l i n e  

6.  Use o f  s tandard  a d d i t i o n s  recommended. 

7 .  M a t r i x  i n t e r f e r e n c e  may be removed by u s i n g  a non-absorb ing l i n e  a t  
282.5 nm f o r  background c o r r e c t i o n .  

8 .  Background c o r r e c t i o n  u s i n g  t h e  282.0 nm l i n e  has been shown t o  be 
advantageous. 

e a r t h  m e t a l s )  recommended. 



Pb 

Analysis: Atomic Absorp t i on  (MIBK E x t r a c t i o n )  

LJ Lead 

NO. 1 1 5 4  

R eag ent s: 
Ammonium p y r r o l i d i n e  d i th ioca rbamate  

sol u t i  on 
Methy l  i s o b u t v l  ke tone 

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

Eq u i p m ent : 
AA spec t rophotometer  
Separa to ry  f u n n e l s  

u Range: Precision: tiu; - Accuracy: *IJ% 

Cross Reference: .I Li t  e rat  u r e  Refe r e  n ce: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Ana lys i s '  Methods: 114-A 

APHA 301-A-I11 (1975) 
USGS Book 5, Chapter A1 (1974) 

Remarks:1 .Improves s e n s i t i v i t y ,  f o r  v e r y  low c o n c e n t r a t i o n s  of l ead .  

2. Use o f  s tandard  a d d i t i o n s  recommended. 
3. A l t e r n a t i v e l y ,  c h l o r o f o r m  may be used as t h e  e x t r a c t i o n  s o l v e n t  

(ASTM 3559-77B ( 1  977) ) 
i.$ 

Ed i ti on : 
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Pb 

Inductively Coupled Plasma- 
Analysis: Atomic Emission Spectroscopy 

Lead c 
No. 116-A 

Sample Handling: Use raw or  f i l t e r e d  ac id i f i ed  br ine.  

3-5 orders of magnitude from 
Range: a s ingle  spectral  l i n e .  Precision: 2 ] - I O %  Accuracy: 

I 
Cross Reference: 
Appendix 2 
Samplinq Methods: 11-S ,  29-S 

Lit e rat  u r e  R efe re n ce: 
"Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System" 
EPA-600/4-77-032, June 1977.  

R eag ent s: I Equipment: 
Inductively coupled plasma- 

from meta l l ic  lead and  d i l u t e  n i t r i c  I atomic emission spectrometer 
Lead standard so lu t ion ,  prepared 

acid 

Remarks: 1 .  NaCl matrix of samples and standards should be matched t o  minimize 
differences in solut ion propert ies  which can a f f e c t  vaporization 
c h a r a c t e r i s t i c s .  Background correct ion and  standard addi t ion recommended. 
Other metal ions may be measured simultaneously. 
Upper l imi t  of concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  

Edition: 3. Additional references:  R .  H .  Scot t  a n d  M .  1. Kokot ,  "Application of 
Inductively Coupled Plasmas t o  the Analysis of Geochemical Samples", 
A n a l .  Chim. Acta 75, 257-270 (1975) .  

2.  

7/78 
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Pb 
Lead 

Analysis: S p a r k  Source /,:as.: Spectrometry 
-I -- NO. 117-A 

Method: Dehydrated br ine  saiiiple i s  vdporized and ionized by an a r c  source 
a n d  enLers a n  e v a c u a t e d  chzyber. Lead i s  seDarated a n d  detected 
by i t s  ;1 ass/c!-,arge r a r i o  arid de te rn i  ned q u a n t i t a t i v e l y  by cornpari son 

w i t h  s tandards .  

Sample Handling: Use raw or f i l t e r e d  ac id i f i ed  br ine .  

55% ( isotope d i  1 .  ) *5% ( i so tope  d i l  . )  umge: 0.1-1000 mg/l  Precision: f25% Accuracy: k25% 

Cross Reference: 
Appendix 2 
Sarnplinq Methods: 11-S ,  29-S 

Reagents: 
Sol id  lead 
s tandard sample 

Literature Reference: 
Trace Analysis by Mass Spectrometry, A.J.  Aheard, e d . ,  
Academic Press ,  N Y  ( 1  9 7 7 ) .  
D . L .  Donohue, J.A. Carter and  J .C. Franklin,  Anal. 
Le t t e r s ,  1 O (  5)  371 -379 ( 1  9 7 7 ) .  

Eq u i p m ent : 
Spark source mass spectrometer 

Remarks:]. Other' elements may be determined simultaneously w i t h  lead.  
2. Additional references:  

J .  A .  Car te r ,  D. L .  Donohue, and J .  C .  F r a n k l i n ,  Trace Substances in 
Env i  ronmental Heal t h -  IX. U . of Missouri , 303 ( 1  975). 
J .  C .  Franklin,  J .  A .  Car ter ,  D. L .  Donohue, and R .  W .  S te lzner ,  23d C o n f .  on 
Mass Spectrometry and Allied Topics, Houston, TX 
R .  Alvarez, B. J .  Paulsen, and D .  E. Kelleher, Anal. Chern. - 41 355 (1969).  

Ed i t i  on : 
7/78 

354 (1975).  
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Pb 

Analysis: Emission Spectrometry 

Lead 

No. I~C-A 

emission l i n e  i s  riieasured dydirisT; sidriudrus. 

~~ _ _ _ _ ~  

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  br ine .  
may be required.  

Evaporation t o  dryness 

Ranqe: P r e  c i  s ion : Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 

Lead s tandards 

L i te ra tu re  Reference: 
Instrument Manufacturer's L i t e ra tu re  

Eq u i p m e nt : 

Emission spectrometer 

Remarks: 1.  Use matrix matching, standard addi t ions ,  and background correct ion 
whenever possiLle. 

Edition: 
7/78 

2. Large d i f fe rences  i n  matrix e f f e c t s  w i l l  be observed depending on the 
type of exc i ta t ion  source (flame, AC spark,  o r  DC a r c ) .  
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L i  th i  um u 
Analysis: Atomic Absorption 

Method: Sample i s  aspirated d i r e c t l y  i n t o  an air-acetylene flame and l i thium i s  
determined from the degrels of absorption of the Li resonance l i n e  a t  
670.8 nm. 

Sample Handling: Use raw or  f i l t e r e d  ac id i f i ed  br ine.  

Range: 0 . 0 5 - 2  ~1 Precision: 25% Accuracy: + I  0% 

C ross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis  Methods: 120-A 

Reagents: 
L i t h i u m  standard so lu t ions ;  prepared 
from Li2C03 and hydrochloric acid 
Potassi  um chlor ide 

Literature Reference: 
Flame Emission a n d  Atomic Absorption Spectrometry, 
Dean and Rains, 1975, Vo l .  111, p p .  2-32. 
USGS Book 5 ,  Chapter A1 (1974) 
ASTEl D3561-77 ( 1  9 7 7 )  

Eq u i p m ent : 
AA spectrophotometer 

Interference by ionizat ion of Li i n  flame can be suppressed by matching 
m a t r i x  of s t a n d a r d s  and  samples f o r  a l k a l i  a n d  a l k a l i  ear ths  metals.  
Addition of KC1 t o  a f i n a l  K+ concentration of 2000 pg/ l  recommended. 
S t a n d a r d  addi t ions method a l s o  compensates f o r  matrix e f f e c t s .  

2 .  I f  sample shows Tynda11 e f f e c t ,  f i l t e r  through a 0.45 p membrane f i l t e r .  
3 .  On same instruments a red f i l t e r  i s  used. 

Remarks: 

Edit ion:  
7/78 
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Analysis: Flame Emission 

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  br ine.  
s t a b i l i z e d  by d i l u t i o n  w i t h  9 pa r t s  d i s t i l l e d  water and adding 
5 ml HN03 per l i t e r  of sample. 

Sample may be 

No. IZO-A 

<0.5 mg/l-f25% < O .  5 mg/ 1 +25% 
Range: 4 . 0 5  mg/l Precision: >o. 5 mg/lt5% Accuracy: > 0 . 5  mg/1+5% 

1 

~ ~ 

Weag ent s: 
Lithium atomic absorption standard 

so lu t ions  o r  l i thium carbonate 
Hydrochloric ac id  ( t o  dissolve l i thium 

carbonate) 
Potassium ch lo r ide  o r  potassium ni t ra t t :  

Cross Reference: 

Eq u i p m ent : 
Atomic absorption spectrophotometer w i t h  emission 

mode o r  flame emission spectrophotometer 

Appendix '2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 119-A 

Lit e rat u r e  R efe re n ce: 
Dean and Rains, Flame Emission and Atomic Absorp- 
t i on  Spectrometry, Vol.  111, 1975. 
'J. Snelleman, Spectrochim. Acta, 2, 403 (1968). 

_ -  

Remarks: 1 .  L i t h i u m  i s  p a r t i a l l y  ionized i n  an air-acetylene flame. This ionizat ion 
may be suppressed by adding e i the r  potassium n i t r a t e  o r  potassium chlor ide 
t o  give a potassium concentration of 2000 ppm potassium. 
Careful matrix matching between sample and standards must be made 
( i . e .  use same amounts of a l k a l i  metal and a l k a l i n e  ea r th  metal i o n s ) .  

2 .  

3. H i g h  concentrations of s u l f a t e  i n t e r f e re .  
4 .  Use of standard addi t ions recommended. Edition: 

7/78 
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Li 

Cross Reference: 
Appendix 2 
Sampl ing Methods: 11-S, 29-S 

R eag ent s: 

IU L i t h i u m  

Lite rat u re Reference: 
Dionex Corp.,  Sunnyvale,  !A, L i t e r a t u r e  
Ana l .  Chem. 47, 11 ( 975 
Microchem. J m r .  22, 45- 9 )  (1977) 
Ana l .  Chem. 3, 2 7 3 ,  401 (1977) 

Eq u i p m e nt : 

Anal y si s: I on - Exc ha nge Chroma t o g  r a p  hy 1No.l 1 2 1 - ~  

Method: I o n i c  components a r e  separa ted  on su l fona ted  polymer-based column. D i l u t e  

n i t r i c  a c i d  s o l u t i o n  i s  used as t h e  e l u t i n g  s o l v e n t .  

column i s  f o l l o w e d  by a suppressor  column t o  remove h i g h l y  concen t ra ted  

background components, and l i t h i u m  i s  d e t e c t e d  by a c o n d u c t i v i t y  

d e t e c t o r .  

The s e p a r a t i o n  

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

Standard l i t h i u m  s o l u t i o n  
N i t r i c  a c i d  s o l u t i o n ;  .003 M 

Dionex i o n  chromatograph 
75-120 p s i  a i r  supp ly  
C a t i o n  s e p a r a t o r  column; 6mm x 250mm 
C a t i o n  suppressor  column; 9mm x 250mm 

Remarks: 1 .  May be determined s imu l taneous ly  w i t h  potass ium, sodium, and 
ammonium c a t i o n s .  

Anal .  Chem., - 47 1801 (1975) .  
2. A d d i t i o n a l  r e f e r e n c e :  Smal l ,  H . ,  T.  S.  Stevens and W .  C .  Bauman, 

Ed i ti on : 
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Li t h i  um Q 
Analysis: Spark Source Mass Spectrometry NO. 722-A 

Sample Handling: Use raw or f i l t e r e d  ac id i f i ed  br ine 

Range: 0.1-1000 mg/l Precision: 225% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Solid l i thium standard sample 

Literature Reference: 
rrace Analysis by Mass Spectrometry, A.J. Aheard, ed.  
lcademic Press ,  N Y  (1977). 
I . L .  Donohue, J.A. Car te r ,  and J.C. Franklin,  Anal. 
- e t t e r s ,  lO(5)  371-379 (1977).  

Equipment: 
Spark source mass spectrometer 

R em a r ks: 

Edi ti on: 
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. . . . . . . . . . 

Li 
Lithium 

Method: Sample i s  vaporized u s i n g  a flame, d-c a r c ,  o r  a-c spark and the in t ens i ty  
o f  the  selected l i thium emission l i n e  i s  measured aga ins t  s tandards.  

Sample Handling: Use raw o r  f i l t e r e d  ac id i f i ed  br ine.  
requi red.  

Evaporation t o  dryness may be 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

Reagents: 
Lithium stock so lu t ion ;  may be 
prepared from Li CO a n d  HC1 2 3  

Lit e rat u re Refe re n ce: 
Instrument Manufacturer's L i t e ra tu re  

Eq u i p m e  nt : 
Emission spectrometer 

Remarks: 1 .  Some flames ( e .g .  0 -H -N  ) may n o t  be hot enough t o  vaporize 
completely the aerozolg f?om so lu t ions  with high sol ids  contents .  

2 .  Reference standards should contain as high a s a l t  content as unknowns. 
, \  

i 
Edition: 

7 /78  

3 .  Large differences i n  matrix e f f e c t s  wil l  be observed depending on the 
type of exc i ta t ion  source (flame, AC spark,  or DC a r c ) .  
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Mg 
Magnesium 

Analysis: EDTA T i t r i m e t r i c  

n 

NO. 124-A 

Method: Magnesium i s  de termined v o l u m e t r i c a l l y  by t i t r a t i n g  w i t h  EDTA i n  t h e  
presence o f  a comp lex ime t r i c  i n d i c a t o r  dye a t  pH 10. 
i s  f i r s t  b u f f e r e d  and t i t r a t e d  w i t h  EDTA t o  a b l u e  endpo in t  u s i n g  Er iochrome 
i n d i c a t o r .  T h i s  g i v e s  t h e  Ca + Mg c o n c e n t r a t i o n .  
a l i q u o t  i s  t r e a t e d  w i t h  4W NaOH and t i t r a t e d  w i t h  EDTA t o  a p u r p l e  endpo in t  
u s i n g  murex ide  i n d i c a t o r .  T h i s  g i v e s  t h e  Ca c o n c e n t r a t i o n .  The mag- 
nesium c o n c e n t r a t i o n  i s  c a l c u l a t e d  by  d i f f e r e n c e .  

A sample a l i q u o t  

A second sample 

Sample Handling: Use raw a c i d i f i e d  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

Range: P re ci sion: Accuracy: 

C ross Reference: 
Appendix 2 
Sampl ing Methods: 11-S, 29-S 
A n a l y s i s  Methods: 55-A, 92-A, 93-A 

Reagents: 
Murexi  de (ammonium p u r p u r a t e )  
Sodi um hyd rox ide  (4N) 
EDTA 
Ammonium chloride-ammonium hyd rox ide  

Calc ium s tandard  
Magnesium s tandard  
Er iochrome B lack  T 
Hydroxy lamine h y d r o c h l o r i d e  

b u f f e r  

Li t  e rat u re  Ref e re n ce: 
APHA 313C (1975) 
ASTM D 511- 76B (1977) 
A P I  2.4 (1968) 
USGS Book 5, Chapter  A1 (1974) 

Eq u i p m e nt : 
B u r e t  

Remarks: Barium and s t r o n t i u m  i n t e r f e r e  when p r e s e n t  i n  q u a n t i t i e s  g r e a t e r  than 
30 mg / l .  

Ed i ti on : 
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Ls Magnesi u m  

Appendix  2 
Sampling Methods: 11-s, 29-s 

Analysis: Atomic Absorption lN0.1 125-A 

APHA 301 A .  I 1  (1975) (1974) 

Flame Emission and Atomic Absorption Spectrometry, 
ASTM D2576-70 3 951 1 -76C ( 1  977) 

Dean and Rains, 1915 , V o l .  111, DD . 33-64. 

Method: Solutions containing magnesium a r e  aspirated d i r e c t l y  i n t o  an air-acetylene 
flame and the absorbance of the resonance l i n e  a t  285.2 nm i s  measured. 

Use raw o r  f i l t e r e d  a c i d i f i e d  br ine.  
d i l u t i o n  with 9 pdrts d i s t i l l e d  water and adding 5 ml HN03 per l i t e r  
of sample. 

Sample may be s t a b i l i z e d  by S amp1 e Hand1 i ng: 

@ Range: 0.01-0.4 mg/l Preciijion: *5% Accuracy: 11 0% 

E P A  00927 (1976) 
Cross Reference: I Li terature Reference: UsGs Book 5, Chapter Ai, 

Reagents: I Equipment: 
Magnesium stock so lu t ion ,  may be 
prepared by dissolving magnesium 
ribbon i n  1 : l  H C 1  
Potassium chlor ide 
Nitrous oxide gas cy1 inder (opt ion)  
Lanthanum chlor ide 

Atomic Absorption spectrophotometer 
Nitrous oxide burner head (opt ion)  

Remarks: 1 .  Aluminum and s i l i c o n  i n t e r f e r e ;  e f f e c t  may be la rge ly  removed by addi t ion 
of 0.1-l%(w/v) La o r  use of ni t rous oxide/acetylene flame. 
interference a l s o  occurs. 
matched for a l k a l i  s a l t s  and/or a f i n a l  K concentration of 2000 mg/l 
should be added t o  a l l  so lu t ions .  Standard addi t ions technique recommended. 

2 .  If  sample shows a Tyndall e f f e c t ,  f i l t e r  through a 0.45 p membrane f i l t e r .  

Ionization 
Matrix of sampl+es and standards should be 

Edition : 
7/78 
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NO. I n d u c t i v e l y  Coupled Plasma- 
Analysis: Atomic Emiss ion  Spectroscopy 

Magnesi um 
I I 

126-A 

Method: The b r i n e  sample i s  a s p i r a t e d  i n t o  a rad io f requency  genera ted  argon 

plasma and t h e  i n t e n s i t y  o f  t h e  emiss ion  spect rum o f  magnesium i s  

analyzed by the  i n s t r u m e n t  and compared w i t h  s tandards .  I n t e n s i t y  i s  

measured a t  279.55 nm o r  a l t e r n a t e  wavelength.  

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

3-5 o r d e r s  o f  magni tude f rom a 
Ranqe: s i n g l e  s p e c t r a l  l i n e .  Precision: : ~ 1 0 %  Accuracy: 

Cross Reference: 
Appendix 2 
Sampl ing Methods: 11-S,  29-S 

Reagents: 
Magnesium s tandard  so 
f rom magnesium r i b b o n  

u t i o n ,  p repared 
and d i l u t e  HC1 

Remarks: 

Ed i  t i  on : 

7/78 

Lit e rat u re R efe re n ce: 
" E v a l u a t i o n  o f  an I n d u c t i v e l y  Coupled Plasma, 
Mu l t i channe l  Spec t romet r i c  A n a l y s i s  System", 
EPA-600/4-77-032, June 1977. 

Eq u i p m e nt : 
I n d u c t i v e l y  coup led  plasma- 
a tomic  emiss ion  spec t rometer  

1. NaCl m a t r i x  o f  samples and s tandards  shou ld  be matched t o  m in im ize  
d i f f e r e n c e s  i n  s o l u t i o n  p r o p e r t i e s  which can a f f e c t  v a p o r i z a t i o n  
c h a r a c t e r i s t i c s .  

2. T h i s  i n s t r u m e n t  a l l o w s  s imu l taneous measurement o f  seve ra l  meta l  c a t i o n s .  

3. 

4. 

Background c o r r e c t i o n  and s tandard  a d d i t i o n s  method recommended. 

Upper l i m i t  o f  c o n c e n t r a t i o n  range may be extended by  u s i n g  a l t e r n a t e  
s p e c t r a l  l i n e s .  

( c o n t .  on back)  
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5. Additional references: R .  H. Scott and M. L. Kokot, "Application o f  
Inductively Coupled Plasmas to the Analysis of Geochemical Samples", 
Anal. Chim. Acta 75, 257-270 (1975). 



Magnesi um 
~~ 

Analysis: Spark Source Mass Spectrometry INO.1 127-A 

Method: Dehydrated sample i s  vaporized a n d  ionized by a n  a r c  source and en ters  an  
evacuated chamber. 
r a t i o ,  a n d  determined quan t i t a t ive ly  by comparison with standards.  

Magnesium i s  separated and detected by i t s  mass/charge 

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw a c i d i f i e d ,  f i l t e r e d  unacidif ied,  o r  
raw unacidified Iirine. Evaporate samples and analyze residue.  

Ranqe: 0 . 1 - 1  000 mg/l  Precision: +25% Accuracy: f 2 5 %  

Cross Reference: 
Appendix 2 
Sampling Methods: 11 -S ,  29-S 

R eag ent s: 
Magnesium standards 

Remarks: 

L i terature Reference: 
D . L .  Donohue, J.A. Carter and J.C. Franklin 
Anal . Let t e r s ,  1 O( 5)  371 -379 ( 1  9 7 7 ) .  
Trace Analysis by Mass Sp ctrornetry, A.J.  Aheard, 
ed . ,  Academic Press ,  N Y  71977) .  

Eq u i p ment : 
Spark source mass spectrometer 

Edition: 
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Magnesi um G 
INo. Analysis: Neutron A c t i v a t j o n  1 2 8 - A  

1\11ethod: Dehydrated saniple i s  i r r ad ia t ed  by ::eutron bombardment t o  form rad ioac t ive  
magnesium iso topes .  The b e t a  a n d  garnma spectra  a re  a n a l y z e d  by a 
mu1 t ichannel analyzer ;  ceak  heights  a re  p r o p o r t i o n a l  t o  t h e  amount  o f  
magnesium p resen t .  

Sample Handling: F i l t e r  br ine on s i t e .  Evaporate sample a n d  i r r ad ia t ed  residue 
w i t h  n e u t r o n  source .  

P re ci s i on  : Accuracy: 6 Range: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Standards containing magnesium 

- 
L i te ra tu re  Reference: 
Robertson, D.E.  & Carpenter,  R. ,  "Neutron Activa- 
t i on  Techniques f o r  the Measurement o f  Trace Metals 
in  E n v i  ronmental Sampl es"  , N A S - N S - 3 1 1 4 ,  Jan .  1974.  

Eq u i p m e nt : 
Reactor 
Mu1 t ichannel  analyzer 

Remarks: S u f f i c i e n t  time (several  days) m u s t  be allowed f o r  sodium decay i f  the 
sodium spectrum masks the element of i n t e r e s t .  
Other elements may be analyzed simultaneously with magnesium. 

Edi t i  on : 
7 / 7 8  
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Magnesi u m  1 

No. Analysis: Emission Spectrometry 129-A 

Method: The brine sample in eithclr so l i a  o r  liquid s t a t e  i s  vaporized using a 
flame, d-c a r c ,  or a-c spark a n d  the in t ens i ty  o f  the selected magnesium 

emission l i n e  i s  measured aga ins t  s tandards .  

Reagents: 

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  br ine .  
may be required.  

Evaporation t o  dryness 

Equipment: 

W Range: 0.1-1 mg/l Precision: f i  0% Accuracy: 

Cross Reference: 
Appendix 2 
Sarnpl i n g  Methods : 1 7  -S, 29-S 

L i terature Reference: 
Instrument Manufacturer's L i t e ra tu re  

Magnesi um s tandards 
Vanadium in te rna l  standard 

Emission spectrometer 
Photo processor 
M i c r op ho tome t e r 

R e m a r k :  1 .  Use matrix matching, s tanaara  ada i t i ons ,  ana background correct ion 
whenever possible. 

type of exci ta t ion  source (flame, AC spark,  o r  DC a r c ) .  
2. Large differences i n  matrix e f f e c t s  wil l  be observed depending on the 

Edi ti on : 
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Mn 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-s 
Analysis Methods: 131 -A 

iu Manganese 

E P A  01055 (1976) 
Literature Reference: USGS B~ k 5,  Chapter A I ,  

A P H A  129 (1975) ( 1  9743 

Flame Emission and PItomic Absorption Spectrometry,, 
Dean a n d  Rains, 1975, Vol. 111. 

ASTM D2576-70, D858-77B (1977) 

Analysis: Atomic Absorption 

Mdhod: Manganese may be deteriuined by asp i ra t ing  the aqueous sample d i r e c t l y  
in to  an  a i r -acetylene flame and measuring the absorbance of the 
resonance l i n e  a t  279 .4  nm. 

Reagents: 
Mn stock so lu t ion ,  1000 ppm 
purchased or prepared from meta l l ic  
manganese i n  1 : 1  n i t r i c  acid 
Nitrous oxide gas cyl inder  (opt ion)  

Sample Handling: Use raw o r  f i l t e r e d  ac id i f i ed  brine.  Sample may be s t ab i l i zed  with 
5 m l  HN03 per l i t e r  of sample. 

Eq u i p ment : 
Atomic Absorption Spectrophotometer 
Nitrous oxide burner head (opt ion)  

Range: 0.07-3 mg/l Precision: +5% Accuracy: + I  0% 
crs 

I 

Remarks: 1 .  Interferences by s i1  i ca ,  iron and phosphate, n icke l ,  and cobal t  have been 
reported in the l i t e r a t u r e ,  and the use of a n i t rous  oxidelacetylene 
flame or oxidizing a i r -ace ty lene  flame suggested. 
of samples a n d  standard should be matched. 
a l so  recommended. 
wavelength a l so  suggested. 
I f  sample shows Tyndall e f f e c t ,  f i l t e r  t h r o u g h  a 0 . 4 5  i~ membrane f i l t e r .  

Alkali s a l t  content 
S t a n d a r d  addi t ions technique 

Use of a background correct ion lamp a t  a nearby 

2 .  Edi t i  on : 
71 78 (cont .  on back) 
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3. Manqanese absorbance i s  a l s o  depressedin the presence o f  perchlora te ,  when us in^ 
a reducina a i r /ace ty lene  flame. 
ni t rous oxide/acetylene flame, t h i s  in te r fe rence  i s  n o t  present ,  

I n  an oxidizing a i r /ace ty lene  f1an;e or a 



Mn 
Manganese 

r I 
Analysis: Atomic Absorption (MIBK Extraction) 

Method: Manganese i s  chelated w i t h  ammonium pyrrol idine dithiocarbamate ( A P D C )  and 
extracted i n t o  methyl isobiityl keton (MIBK). The ex t r ac t ion  i s  a sp i r a t ed  
i n t o  an air-acetylene flame and the  absorbance of the resonance l i n e  a t  
279.5 nm i s  measured. 

Sample Handling: Use raw o r  fiiter-cci acidif ier!  b r ine .  

-- 

Ranae: Precision:ilo% Accuracy: +I 0% 
kd 

Cross Reference: 
Appendix  2 
Sampling Methods: 1 1 4 ,  29-S 
Analysis Methods: 130-A 

R eag ent s: 
Ammoni urn pyrrol i d i  ne d i  thiocarbamate 

Me thy1 i sobu t y l  ketone 
Manganese standard so lu t ions ,  

prepared from manganese metal i n  
d i l u t e  n i t r i c  ac id  

sol u t i  on 

L.i t e rat u r e  R ef e re  n ce: 
ASTM 858-77C (1977) 
USGS Book 5,  Chapter A1 (1974) 

Eq u i p m ent: 
Atomic Absorption Spectrophotometer 
Separatory funnels 

Remarks: 1 .  Extraction procedure improves s e n s i t i v i t y  and helps t o  e l iminate  background 
interferences . 

2 .  Use of standard addi t ions recommended. 
3. Alternat ively,  chloroform may be used a s  the ex t r ac t ion  so lvent ,  (ASTM 

D858-77C ( 1  977)) .  

Edition: 
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I 

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw unacidified o r  f i l t e r e d  unacidified 
b r i n e .  

Q 
Manganese 

Analysis: X-ray F1 uorescence 

f l  uorescence i s separated i nto 
i s  detected by a s c i n t i l l a t i o n  
A vacuum i s  required f o r  the 1 
instrument required.  

Method: Liquid samples a r e  made t o  f luoresce by X-ray 
wavelengths by 
counter o r  a f 
ghter  elements 

bombardment. Secondary 
a c rys t a l  and the radiat ion 
ow proportional counter.  

Standardization of 

G Ranae: P r e  ci s ion: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

Reagents: 
Manganese standards 

Lit  e ra t  u r e  R efe re n ce: 
Nuc. I n s t .  and Methods, Vol. 106, p p .  525-538 
(1973). 

Eq u i p m e nt : 
X-ray fluorescence spectrophotometer 

R em arks: 

/--- 

Edition: 
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Mn 

No. Inductively Coupled Plasma- 
Analysis: Atomic Emi ss ion Spectroscopy 

Manganese 

133-A 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

R eag ent s: 
Manganese standard so lu t ion ,  prepared 
from meta l l i c  manganese and d i l u t e  
n i t r i c  acid 

Method: The brine sample i s  aspirated in to  a radiofrequency generated a rgon  plasma 
a n d  the in t ens i ty  o f  the €!mission spectrum of manganese i s  analyzed by 
the instrument and  compareid with standards.  In t ens i ty  i s  measured a t  
257.61 nm o r  a l t e r n a t e  wavelength. 

Literature Reference: 
"Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System", 
EPA-600/4-77-032, June 1977.  

Eq u i p m e nt : 
Inductively coupled plasma- 
atomic emission spectrometer 

Sample Handling: Use raw or f i l t e r e d  ac id i f i ed  br ine.  

R em arks: 

Edition : 
7 J 7 8  

1. NaCl matrix of samples and standards should be matched t o  minimize 
differences in so lu t ion  propert ies  which can a f f e c t  vaporization 
c h a r a c t e r i s t i c s .  

2 .  This spectrometer allows simultaneous ana lys i s  of several metal ca t ions .  
3. Background correct ion and standard addi t ions method recommended. 
4.  Upper l i m i t  o f  concentration range may be extended by using a l t e r n a t e  

spec t ra l  l i n e s ,  
(cont .  on back) c-137 



5. Additional references: R. H. Scott and M. L. Kokot, "Application of 
Inductively Coupled Plasmas to the Analysis of Geochemical Samples", 
Anal. Chim. Acta 75, 257-270 (1975). 



Manganese 

Analysis: S p a r k  Source Mass SPectrornetrv 

Method: Dehydrated br ine  sample i s  vaporized and  ionized by a n  a r c  source 
a n d  en te r s  a n  evacuated ci;amber. Manganese i s  separated a n d  detected 
by i t s  massicharge r a t i o  a n d  determined q b a n t i t a t i v e l y  by comparison 
w i t h  s tandards .  

s amp1 e Hand1 i ng: Use raw o r  f i 1 tered ac id i f i ed  br ine.  

W Range: 0.1-1000 mg/l Accuracy: f25% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

Lite rat u re Ref e re n ce: 
Trace Analysis b Mass S ectrometry,  A.J.  Aheard, ed.  
Academic Press ,  $Y ( 1 9 7 7 ) .  
D . L .  Donohue, J.A. Carter  and J.C. Frankl in ,  A n a l .  
Le t te rs ,  lO(5) 371-379 ( 1 9 7 7 ) .  

Eq u i pm ent : 
Spark source mass spectrometer 

Remarks: Several elements o f  i n t e r e s t  may be analyzed simultaneously with this  
instrumentation. 

i 
Edition : 
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Mn 
Ma n g a n es e Q 

Analysis: Neutron Activation INo. I 135-A 

Method: Dehydrated sample i s  i r r ad ia t ed  by neutron bombardment t o  form radioact ive 
manganese isotopes.  The beta and gamma spectra  a r e  analyzed by a 
multichannel analyzer;  peak heights a r e  proportional t o  the amount o f  

manganese present .  

Sample Handling: F i l t e r  brine on s i t e .  
w i t h  neutron source. 

Evaporate sample and i r r ad ia t ed  residue 

Range: Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

~ ~~- 

Reagents: 
Standards containing manganese 

Lit e rat u r e  R efe re n ce: 
Robertson, D . E .  & Carpenter, R., "Neutron Activa- 
t ion  Techniques for the Measurement of Trace Metals 
in  Environmental Samples", NAS-NS-3114, Jan.  1974.  

Equipment: 
Reactor 
Mu1 t i  channel analyzer 

Remarks: Suf f i c i en t  time (several  days) must be allowed f o r  sodium decay i f  the 
sodium spectrum masks the element of i n t e r e s t .  
Other elements may be determined simultaneously with manganese. /- 

C-139 



Mn 

No. 

Manganese 

136-A 

Cross Reference: 

Method: The brine sample in e i t h e r  so l id  or l iquid s t a t e  i s  vaporized using a 
flame, d-c a r c ,  o r  a-c spark and the in t ens i ty  of the selected manganese 
emission l i n e  i s  measured 3gait;st standards.  

Lit e rat u r e  Reference: 

Sample Handling: Use raw o r  f i l t e r e d  a c i d i f i e d  br ine.  Evaporation t o  dryness 
may be required.  

Appendix 2 
Sampling Methods: 11-S,  29-S 

I 

Reagents: 
Manganese s tandards 
Vanadi'um in te rna l  standard 

I Equipment: 

Emission spectrometer 
Photo  processor 
Microphotometer 

I 

Remarks: 1.  Use matrix matching, standard addi t ions ,  and  background cor rec t ior  
whenever possible.  

type of exc i ta t ion  sour'ce (flame, A C  spark,  or DC a r c ) .  
2 .  Large differences in matrix e f f e c t s  will  be observed depending on the 

Edition: 
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i Me r c u ry 

Analysis: Cold Vapor Atomic Absorption No. 137-A 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  

Cross Reference: Lite rat u r e  Ref e re  n ce: 
Appendix 2 
Sampling Methods: 1 1 - S ,  18-S,  29-S 

Reagents: 
N i t r i c  ac id  
Hydro c h 1 o r  i c ac i d 
Potassium permanganate 
Sodium ch lor ide  
Hydroxyl ami ne sul f a t e  
Stannous chlor ide 
Mercuric chlor ide 
Potassium pe r su l f a t e  
Su l fu r i c  acid 

ASTM D3223-73 ( 1  977) 
E D A  71900 ( lo76)  
APHA 301 A (1976) 

Eq u i p m ent : 
Atomic absorption spectrophotometer o r  
equivalent  cold vapor mercury analyzer 
t o  measure a t  253.7 nm. 
Woodr-i f f Furnace (option ) 

Remarks: 1.  Certain v o l a t i l e  organic mater ia l s  absorb a t  253.7 nm. I f  t h i s  i s  
suspected the sample should be analyzed without addi t ion of stannous 
chlor ide (under oxidizing condi t ions) .  
between t h i s  value and reducing condition ( w i t h  stannous ch lo r ide ) .  

ch lor ide  and s u l f i d e  values in br ines .  
High  copper concentrations can cause in te r fe rence .  

Obtain true value by d i f fe rence  

2 .  Additional permanganate (up t o  25 m l )  may be needed t o  overcome h i g h  

3. 
Edition : 
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4. When using Woodriff Furnace an organic vapor t r a p  apparatus i s  used 
due t o  high s a l t  content.  This allows f o r  v o l a t i l i z a t i o n  o f  any Hg 
in the sample without s a l t  carryover t o  the graphi te  sample co l lec t ion  
cup where the Hg i s  co l lec ted  on a gold subs t r a t e .  



Mer c u ry 

I I 

Analysis: X-Ray F1 uorescence INo. I 138-A 

Method: Liquid samples a re  made t o  f luoresce by X-ray bombardment. 
fluorescence i s  separated in to  wavelengths by a c rys ta l  and the radiat ion 
i s  detected by a s c i n t i l l a t i o n  counter o r  a flow proportional counter.  
A vacuum i s  required f o r  the l i g h t e r  elements. Standardization o f  

instrument required.  

Secondary 

Sample Handling: Use f i l t e r e d  ac id i f i ed ,  raw unacidif ied,  o r  f i l t e r e d  
unaci di f i ed br i ne. 

Ranqe: P re ci s i o n : Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  18-S,  29-S 

Reagents: 
Mercuric chlor ide or other  mercury 
standard.  

Lite rat u re Reference: 

7iV3J-T- __ 
Nuc. I n s t .  and Methods, Vo l .  106,  p p .  525-538 

Eq u i p m en t  : 
X-ray fluorescence spectrophotometer 

Remarks: Detection l i m i t  1-5 ppm not s e n s i t i v e  f o r  water samples without much 
preconcentration, sample would have t o  be evaporated o r  ion exchanged. 

Grs 
Edition : 
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Mercury Q 
Analysis: Neutron Activation lN0.1 1 3 9 4  

Method: Sample i s exposed t o  neutron source ( r e a c t o r )  a n d  radioact ive mercury 
isotopes a re  formed. 
spectra  a re  iden t i f i ed  by multichannel analyzers.  The amount of mercury 
present i s  proportional t o  the measured a c t i v i t y .  

The isotopes a n d  t h e i r  associated beta and gamma 

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  
and  i r r a d i a t e  residue with neutron source. 

Evaporate samples 

Ranqe: P re ci s ion : Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  18-S, 29-S 

Reagents: 

Lit e rat u re R efe re n ce: 
Robertson and Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals in 
Environmental Samples" , NAS-NA-3114, Jan.  1974.  

Equipment: 
Reactor (neutron source) 
Mu1 tichannel analyzer 

Remarks: 1 .  

2. 

Suf f i c i en t  time must be allowed f o r  sodium decay i f  the sodium spectrum 
masks the element o f  interest. 
Since mercury i s  a v o l a t i l e  element, evaporation t o  complete dryness may 
v o l a t i l i z e  mercury (Rowe, Fournier, and Morey, 1973, USGS Bullet in  #1303). 

E d i t i o n :  
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Analysis: Emiss ion  Spect romet ry  

Mercury 

~ 

No. 140-A 

Method: The sample c o n t a i n i n g  mercury i n  e i t h e r  s o l i d  o r  l i q u i d  s t a t e  i s  
vapor i zed  by a flame, d-c a rc ,  o r  a-c spark and t h e  i n t e n s i t y  o f  t h e  

s e l e c t e d  emiss ion  l i n e  i s  measured a g a i n s t  s tandards .  

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  b r i n e .  

6d Ranqe: Precis ion: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 18-S, 29-S 

~ ~~ ~~~~ 

Reag ent s: 
Mercury s tandards  

Lit  e rat u r e  Reference: 
I n s t r ume n t Ma nu f ac t u  r e  r ' s L i t e r a  t u  r e  

Emiss ion spec t rometer  

Remarks: 1.  Large d i f f e r e n c e s  i n  m a t r i x  e f f e c t s  w i l l  be observed depending on t h e  
t y p e  o f  e x c i t a t i o n  source ( f l ame,  AC spark,  o r  DC a r c ) .  

Ed i ti on : 
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. .~ . .. . ...... . . . .. .~ .... . .... . . . .. .. . . . .  ... . ...... 

Analysis: p~ meter 

crl PH 

No. 141-A 

Method: The pH of a solut ion i s  determined by measuring the potent ia l  of the 
solut ion between glass  and  reference e lec t rodes .  
in batch form with dip type electrodes o r  flow-through form using flow- 
t h r o u g h  ce l l  s .  

The pH may be determined 

Sample Handling: Use RU. Analyze within 6 hours of sampling. Record temperature 
of sample a t  time of pH measurement. 

G.3 Range: 0-14 PH uni t s  Precision: * I %  Accuracy: 21 % 
I 

( 1  974) 
USGS Book 5 , Chapter AI Appendix 2 

Cross Reference: Samp1 ing Methods: 
11-s, 29-s 
Analysis Methods: 1-A, 38-A, 39-A, 
61-A, 62-A, 63-A, 64-A, 65-A 

Reagents: 1 Equipment: 
Dis t i l l ed  water pH buffers pH meter 

Glass e lectrode 
Reference electrode 

Remarks: 1 .  Interferences:  temperature must be cont ro l led ,  g lass  e lectrode su f fe r s  
from Na ion in te r fe rence  a t  high pH and acid in te r fe rence  a t  low pH, 
poorly buffered sample d i f f i c u l t  t o  analyze (unless flow-through i s  used) ,  
o i l  and grease coat e lec t rodes ,  no in te r fe rences  from co lo r ,  t u r b i d i t y ,  
oxidants,  reductants o r  col loidal  mat ter ,  
Field analysis  on f resh  raw brine s t rongly recommended; commercial f i e l d  
pH meters ava i lab le .  

2 .  
Edi t i  on : Avoid loss or interchanges o f  gases,  

7/78 3. Record sample temperature a t  time of pH measurement. 
(cont .  on back) 
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4. O x i d a t i o n  o f  v a r i o u s  i o n s  such as i r o n  or manganese can i n f l u e n c e  

5. The r e a c t i o n  2HC03- -f H20 + C02 + C03= i nc reases  PH. 
PH. 



. . . . . . . . . . . . - . . . . . . . . . - 

No. h a l y s i  s: Col o r i  me t r  i c (Stannous C h 1 o r  i de ) 

u Phosphate 

142-A 

Method: I n  acid so lu t ion  molybdate i s  added t o  form molybdophosphoric acid which 
i s  reduced t o  the molybdl3num blue complex by stannous ch lor ide .  

Sample Handling: Use f i l t e r e d  unacidified or raw unacidified br ine.  

Range: 2-25 mg/l Precision: f26% Accuracy: 229% 
I 

Cross Reference: I L i terature Rleference: 
APHA 425 E (1975) Appendix 2 

Sampling Methods: 11-S, 29-S 
Analysis Methods: 143-A, 144-A 

R eag e nt s: 
Sul fu r i c  acid 
Phenolphthalein ind ica tor  
Ammo n i um mo 'I y bd a t e 
Potassium dihydrogen phosphate 
N i t r i c  acid 
Stannous chloride 

Equipment: 
Spectrophotometer t o  measure a t  690 nm. 

Remarks: 1 .  Increased s e n s i t i v i t y  can be achieved o r  in te r fe rences  can be overcome 
by benzene-isobutanol solvent  - molybdiite reagent ex t rac t ion  and 
further treatment a s  described i n  APHA 425 E (1975). 
A preliminary digest ion w i t h  ammonium pe r su l f a t e  allows f o r  conversion 
of other phosphate forms t o  or tho phosphates which allows ana lys t  
t o  use this  t e s t  f o r  t o t a l  phosphates i(APHA 425 C (1975)) .  A pre- 
c i p i t a t e  may form d u r i n g  this  digestion b u t  i t  wi l l  not i n t e r f e r e  w i t h  
the ana lys i s .  

2 .  

Edition : 
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3. Alternat ively the orthophosphate phosphorous i s  extracted 
se l ec t ive ly  as  phosphomolybdic acid in to  methyl isobutyl ketone 
f r om a 2 M H C l O  medium. The yellow complex i s  then reduced to  
the molybdenum h u e  complex and measured a t  625 nm. 
Arsenic can be a s i g n i f i c a n t  in te r fe rence  unless i t  i s  reduced f i r s t .  4. 



, - . . . . . . -. . . . - . . . . . . . . . - . . . . . 

Anal ysi s: Co 1 or i me t r i c (As corb i c Ac i d Reduc t i on ) 

Phosphate 
~ 

No 143-A 

Sample Handling: Use f i l t e r e d  umcid i f i ed  or raw unacidif ied br ine .  

Range: 0.03-40 mg/ l  Precision: 0% Accuracy: + I  0% 

Cross Reference: 
- 

Literature Reference: 
APHA 425 F (1975) 

EPA 70507 (1976) 
USGS Book 5 ,  Chapter A1 (1974) 

API 3.9 (1968) 
ASTM D515-72 A (1977) Appendix  2 

Sampling Methods: 11-S, 29-S 
Analysis Methods: 142-A, 144-A 

Reagents: 
Sul  f u r i  c acid 
Antimony potassium t a r t r a t e  
Ammonium molybdate 
Ascorbic acid 
Potassium dihydrogen phosphate 

Eq u i p m e nt : 
Spectrophotometer o r  auto analyzer t o  measure 
a t  880 nm o r  625-650 nm. 

Remarks: 1. A preliminary digest ion w i t h  ammonium pe r su l f a t e  allows f o r  conversion 
of o ther  phosphate forms t o  or tho phosphates which allows ana lys t  t o  
use this  t e s t  for t o t a l  phosphates (APHA 425 C (1975)) .  
A modification using an amino reduction i n  place of ascorbic  acid 
(RSTM D515-72B) allows f o r  a fourfold increase i n  co lor  i n t e n s i t y .  

2. 

Edition: 3. S i l i c a ,  a rsen ic  and f e r r i c  ions cause in te r fe rence .  
7/78 4. Al te rna t ive ly  the reduction may be accomplished u s i n g  amino-naphthol- 

s u l f u r i c  acid (Anal. Chem. 32 824 (1960)) .  
(cont ,  on back) C-147 





Phosphate IV 
No. Modi f i ed Mol ybdophos phori c Ac i d 

~ Analysis: Spectrophotometri c Method 144-A 

Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 142-A, 143-A 

i 
D .  F .  Boltz, "Colorimetric Determination of Non- 
Metals", Interscience Publ ishers ,  I n c . ,  New York, 
1958, pp .  38-39. 

Method: Orthophosphate a n d  molybdate reac t  in aci,dic solut ion t o  give a yellow 
color  of molybdophosphoric acid.  
with 20% by volume of I-butanol i n  chloroform a n d  the r e su l t an t  ex t r ac t  
measured a t  a wave length of 310 n m .  

The mol.ybdophosphoric acid i s  extracted 

Reagents: 
Potassium dihydrogen phosphate reagent 
grade KH2P04 

~~~ ~ 

Sample Handling: Use f i l t e r e d  unacidified br ine.  

Eq u i p m en t  : 
Spectrophotometer f o r  use a t  310 nm 
Absorption c e l l s  1 cm l i g h t  p a t h  

Range: 2.5-25 ppm Precis ion: Accuracy: 230% 

Cross Reference: 

Remarks: The se l ec t ive  ex t rac t ion  of molybdophosphoric acid el iminates  in te r fe rence  
due t o  s i l i c a t e ,  arsenate ,  and germanate. 

Edi t i  on : 
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Phosphate Q 
No 145-A 

Method: Liquid samples a re  made t o  f luoresce  by X-ray bombardment. Secondary 
fluorescence i s  separated i n t o  wavelengths by a c rys ta l  and the rad ia t ion  
i s  detected by a s c i n t i l l a t i o n  counter or a flow proportional counter.  
A vacuum i s  required f o r  the l i g h t e r  elements. 
instrument required.  

Standardization of 

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw unacidif ied o r  f i l t e r e d  unacidif ied 
bri  ne. 

Range: Precision: Accuracy: 

C ross Reference: 
Appendix  2 
Sampling Methods: 11-S ,  18-S, 29-S 

Reagents: 
Potassium dihydrogen phosphate o r  
o ther  phosphate standard 

Li terature Reference: 
Nuc. I n s t .  and Methods, Vol. 106, p p .  525-538, 
( 1973). - 

Eq u i pm ent : 
X-ray fluorescence spectrophotometer 

Remarks: 1 ~ Analysis gives r e s u l t  a s  phosphorous concentrat ion.  To obtain the 
phosphate cogcentration mu1 t i p l y  by the  gravimetric f ac to r  
( i . e . ,  [PO4- ] = [ P I  x 3 .07 ) .  P 

Edition: 
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IU 
No. I n d u c t i v e l y  Coupl ed P1 asnra-Atomi c 

Analysis: Emiss ion Spectroscopy 

r - -  I 

146-A 

Phosphate 

Reagents: 
Potass ium d ihydrogen phosphate o r  o t h e .  
phosphate s tandard  

Eq u i p m e nt : 
I n d u c t i v e l y  c:oupled plasma-atomic emiss ion  
spec t rometer  

Method: Sample i s  a s p i r a t e d  i n t o  t h e  argon plasma .and t h e  i n t e n s i t y  o f  t h e  emiss ion  

spect rum i s  ana lyzed and compared w i t h  s tandards .  
a t  213.62 nm. 

I n t e n s i t y  i s  measured 

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c , i d i f i e d  b r i n e .  

3-5 o r d e r s  o f  maqni tude from bld Range: a s i n g l e  s p e c t r a l  l i n e .  Precision: + 1-10% Accuracy: 
I - -~ 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Lit e rat u re RLefe re nce: 
Eva1 u a t i  on o f  an I n d u c t i v e l y  Coupl ed P1 asma, 
M u l t i c h a n n e l  Spec t romet r i c  A n a l y s i s  System, 
EPA-600/4-77-032, June 1977. 

1. E x t e r n a l  s tandards  u s i n g  NaCl c o n c e n t r a t i o n s  e q u i v a l e n t  t o  sample 
c o n c e n t r a t i o n s  o f  NaCl a r e  r e q u i r e d .  Remarks: 

2. A d d i t i o n a l  re fe rences :  R .  H. S c o t t  and M. L. Kokot,  " A p p l i c a t i o n  of  
I n d u c t i v e l y  Coupled Plasmas t o  t h e  A n a l y s i s  o f  Geochemical Samples", 
Ana l .  Chim. Ac ta  75, 257-270 (1975).  

Background c o r r e c t i o n  and s tandard  a d d i t i o n s  method recommended. 

- 

Edi  t i  on : 

7 1  78 
3 .  



Analysis gives r e s u l t  as phosphorous concentration. 
concentration multiply by the gravimetric f ac to r  Q 

P 

To obtain the phosphate 
( i . e . ,  [P04-3] = [ P I  x 3 . 0 7 ) .  



Phosphate 

Analysis: Spark Source Mass Spectitoometry lN0.1 147-A 
~~ ~ 

Method: Dehydrated sample i s  vaporized and ionized by an  a r c  source a n d  en ters  an 
evacuated chamber. Phosphorous i s  separated and detected by i t s  mass/charge 
r a t i o ,  and determined quan t i t a t ive ly  by comparison with standards.  

Sample Handling: Use f i l t e r e d  ac id i f i ed ,  raw a c i d i f i e d ,  f i l t e r e d  unacidif ied,  o r  
raw unacidified br ine.  
residue. 

Evaporate brine samples and analyze 

Range: 0.1-1000 mg/l Precision: +25% Accuracy: -1.25% 
-1 

Lit e rat u re Ft efe rence: 
Trace Analysis by Mass Spectrometry, A.J.  Aheard, 
ed . ,  Academic Press ,  N Y  ( 1 9 7 7 ) .  
D . L .  Donohue, J.A. Carter  and J .C.  F r a n k l i n ,  ,4nal. 

371 -379 ( 1 9 7 7 ) .  

Cross Reference: 
Appendix 2 
Sampling Methods: 11-s ,  29-s 

-.. 
Reagents: 
Potassium dihydrogen phosphate o r  
other  phosphate standard 

Eq u i p m e nt : 
Spark source mass spectrometer 

Remarks: 1 .  Analysis gives r e s u l t  a s  phosphorous concentration. 
phosphate co cent ra t ion  m u 1  t i p l y  by the gravimetric f a c t o r  PO 

To obtain the 

( i . e . ,  [PO4 -! ] = [ P I  Y 3.07) .  --@ 

Edi t i  on : 
7/78 C-151 



Po t a s  s i um 

Analysis: Specif ic  Ion Electrode 

Method: A potassium spec i f i c  e lectrode i s  used t o  measure potassium ion a c t i v i t y  
i n  a so lu t ion  of pH 1-12 .  

~~~ 

Sample Handling: Use raw unacidif ied,  f i l t e r e d  unacidif ied,  raw ac id i f i ed  o r  
f i l t e r e d  ac id i f i ed  br ine.  

Accuracy: G Ranae: a . 0 4  mg/l Precision: 

Cross Reference: 
Appendix 2 
Sampl i ng  Methods : 11 -S ,  29-S 
Ana1ysis.Methods: 182-A 

R eag ent s: 
Potassium standard solut ions or  

Sodium chlor ide  
potas s i um chl ori de 

Lit e rat u r e  Ref e re n ce: 
Orion Research Inc . ,  L i te ra ture  

Equipment: 
Potassium spec i f i c  i o n  e lectrode 
Spec i f ic  ion meter 
Magnetic s t i r r e r  
Reference e lec t rode  compatible w 

e lec t rode .  
t h  potassium 

Remarks: 1 .  Easily adapted f o r  f i e l d  measurement. 

Edition : 
71  78 c-152 



Potassi u m  

Analysis: Atomic Absorption 1No.l I Q - A  

flame of an atomic absorption spectrophotometer. 
potassium absorbance a t  766.5 nm i s  measured and 
the potassi  u r  concentration. 

Method: Potassium i s  determined by asp i ra t ing  the sample i n t o  an air-acetylene 
of the 

t o  
The i n t e n s i t y  
s proportiona 

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  br ine.  

Range: ( l i n e a r )  0 . 0 5 - 2  mg/l Precision: 25% Accuracy: f l  0% 
I 

Lit e rat u r e  Reference: 
Instrument Ma,nufacturer's S t d .  Methods Manual 
EPA 00937 (1976) 

Cross Reference: 
Appendix  2 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 150-A 

Reagents: 
Potassium atomic absorption 
standard solut ion o r  potassium 
chlor ide 
Sodium chlor ide 
Cesium chlor ide o r  cesium n i t r a t e  

Eq u i p m ent : 
Atomic absorption spectrophotometer 

Remarks: 1 .  

2. 

Ionization i n  a i r -acetylene flame can be suppressed by the addi t ion of 
cesium n i t r a t e  o r  cesium chlor ide t o  give 1000 ppm Cs i n  a l l  so lu t ions .  
Careful matrix matching between sample and standards must be made 
( i . e .  u s i n g  same amounts of NaC1, other  a l k a l i  metal and a l k a l i n e  
ear th  metal ions) .  
On some AA spectrophotometers a red f i l t e r  i s  used t o  reduce background 3. 

Edition: rad ia t ion .  
7/ 78 (Cont. on back) 

C- 153 



4. If sample shows Tyndall effect, filter through 0.45 p m  membrane filter. 

5. 1 %  strontium wt/vol is also effective i n  suppressing ionization. 
6. Use o f  standard additions recommended. 



. . . . . . . . . . . . . . . . . 

Appendix 2 
Sampl ing Methods: 11-S, 29-S 
A n a l y s i s  Methods: 149-A 

Reagents: 
Potassium a tomic  a b s o r p t i o n  s tandard  
s o l u t i o n  o r  potass ium c h l o r i d e  
Sodium c h l o r i d e  
Cesium c h l o r i d e  o r  cesium n i t r a t e  

P o t a s s i  um 

Dean and Rains,  Flame Emiss ion and Atomic Ab- 
s o r p t i o n  Spec:trometry, Vo l .  111, 1975, pp. 2-27. 
W .  Snelleman, Spectrochim. Acta,  1975 403 (1968) 

Eq u i p m e nt : 
Atomic a b s o r p t i o n  spect rophotometer  w i t h  
emiss ion  mode o r  f l ame 
photometer.  

em iss ion  s p e c t r o -  

I I 

Analysis: F1 ame E m i  s s i  on 1No.l 
Method: Potassium i s  determined by a s p i r a t i n g  t h e  sample i n t o  an a i r - a c e t y l e n e  

flame and t h e  emiss ion i n t e n s i t y  a t  766.5 nm from potass ium i s  measured 

by a spect rophotometer .  A l t e r n a t i v e l y ,  th'e i n t e n s i t y  a t  404.4 nm may 

be measured. 

Sample Handling: Use f i l t e r e d  a c i d i f i e d  or r a v  a c i d i f i e d  b r i n e .  

s t a b i l i z e d  by d i l u t i n g  w i t h  9 p a r t s  d i s t i l l e d  w a t e r  and adding 

5 m l  tN03 p e r  l i t e r  o f  sample. 

Sample may be 

Cross Reference: I Li terature Reference: 

Remarks: 1. 

2. C a r e f u l  m a t r i x  ma tch ing  between sample and s tandards i s  necessary 

3. 

4. 1% s t r o n t i u m  w t / v o l  i s  a l s o  e f f e c t i v e  i n  suppress ing  i o n i z a t i o n .  
5. Use o f  s tandard  a d d i t i o n s  recommended. 

I o n i z a t i o n  o f  potass ium i n  an a i r - a c e t y l e n e  f l ame i s  suppressed by 
t h e  a d d i t i o n  of  1000 ppm cesium. 

( e s p e c i a l l y  sodium c h l o r i d e ) .  

On some AA spect rophotometers a r e d  f i l t e r  i s  used t o  reduce 
background r a d i a t i o n .  

Edi  t i on : 

7/78 
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Potass i um 

Analysis: X-Ray F1 uorescence (No. I 151 -A 

Method: Liquid samples a r e  made t o  f luoresce by X-ray bombardment. 
f luorescence i s  separated in to  wavelengths by a c rys ta l  a n d  the radiat ion 
i s  detected by a s c i n t i l l a t i o n  counter o r  a flow proportional counter.  

Secondary 

A vacuum i s  required f o r  the l i g h t e r  elements. Standardization of 
instrument required.  

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw unacidif ied,  or f i l t e r e d  unacidified 
b r i  ne. 

6 
Range: Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 
Potassium chlor ide or other  
potassium standard 

Lite rat u re Refe re nce: 
(1973). - 
Nuc. I n s t .  and Methods, Vo l .  106, pp.  525-538 

Eq u i pment : 
X-ray fluorescence spectrophotometer 

~~ I Remarks: 



. . ..... . . . . ... . , .  .... . . ... .... . . ~ .  . 

Inductively Coupled Plasma-Atomic 
Analysis: Emission Spectroscopy 

Potassium 

No, 152-A 

Sample Handling: Use f i l t e r e d  ac id i f ied  o r  raw a c i d i f i e d  br ine.  

Ranae: Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: I l - S ,  29-S 

R eag ent s: 
Potassium chlor ide o r  other  potassium 
standard 

Remarks: 1. 

2. 

Edition : 
7/78  

3. 

Literature Reference: 
Evaluation o f  an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System, 
EPA-600/4-77-032, June 1977. 

Eq u i p rn e nt : 
Inductively coupled plasma-atomic emission 
spectrometer. 

External standards us-ing NaCl concentrations equivalent t o  sample 
concentrati  ons o f  NaC'I a r e  requi red. 
Additional references:  R.  H. Scot t  and M .  L .  Kokot, "Application 
o f  Inductively Coupled Plasmas t o  the Analysis o f  Geochemical 
Samples", Anal. C h i m .  Acta 75, 257-270 (1975). 

Background correct ion and standard addi t ions method recommended. 

c-156 



Q Potassi  um 

Analysis: Ion Exchange Chromatography 

Method: Ion components a re  separated on sulfonated polymer based columns. 
so lu t ion  o f  n i t r i c  acid i s  used t o  e l u t e  potassium from the column. 
The separat ion column i s  followed by a suppressor column which removes high 
background conductivity due t o  the solvent .  
conductivity de tec tor .  

A 

Ions a r e  detected w i t h  a 

Sample Handling: Use raw unacidif ied,  f i l t e r e d  unacidif ied,  o r  f i l t e r e d  ac id i f i ed  

b r i n e .  

Range: Precision: + I .  24% Accuracy: ?5% 

Cross Reference: 
A p p e n d i x  2 
Sampling Methods: 1 1 - S ,  29-S 

R eag e nt s: 
Potassium chlor ide  o r  o ther  
potassium standard 
Ni t r i c  acid 

Lit e rat u re Refe re nce: 
Dionex Corp., Sunnyvale, C A ,  L i t e r a tu re  
Anal. Chem., 41 ( l l ) ,  1801 (1975). 
Microchem. J . ,  g, 45 (1977).  
Anal. Chem., 2 ( 3 ) ,  401 (1977).  

Eq u i p ment : 
Ion exchange chromatograph 

Remarks: 1 .  High rubidium concentrations cause in te r fe rence  because rubidium e l u t e s  a t  
the same time a s  potassium. 

Chem., 47 1801 (1975) .  
2 .  Additional reference:  Small, H.,  T .  S.  Stevens and W .  C .  Bauman, Anal. 

Edition: 

I 7’78 
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Analysis: Spark Source Mass Spectrometry 

Sample Handling: Use f i l t e r e d  ac id i f ied ,  raw a c i d i f i e d ,  f i l t e r e d  unacidified o r  
raw unacidified brine. Evaporate samples and analyze residue. 

No. 154-A 

\ 

f5% ( i so tope  d i l  . 25% ( i so tope  d i l  . ) 
Precision: +25% h c c u  racy: f25% 

Cross Reference: 
Appendix  2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Potassium chlor ide o r  other  potassium 
standard.  

Literature Refc rence: 
Trace Analysis b,y Flass Spectrometry, A.J. Aheard, 
ed. ,  Academic Press, N Y  ( 1  977) .  
D . L .  Donohu J.A. Cart  r and.J.C. Franklin,  Anal. 
Letters,  1076) 371 -379 71 977). 

Eq u i p m e nt : 
Spark source mass spectrometer 

Remarks: 1 .  Additional references:  J .  A .  Car te r ,  D .  L .  Donohue, and J .  C .  Franklin,  
Trace Substances i n  Environmental Health-IX. U. of Missouri, 303 (1975). 
J .  C .  Franklin,  J .  A .  Lirter, D .  L .  Donohue, and R .  W .  S t e l zne r ,  23d 
Conf. on Mass Spectrometry and A1 1 ied Topics, Houston, TX 354 (1  975) .  
R .  Alvarez, B.J. Paulsen, and D . E .  Kelleher, Anal. Chem. 41 955 (1969). 

Edition: 
71 78 c-158 



K 

I 

Q 
Potassium 

Analysis: Neutron Activation 

Method: Sample i s  exposed t o  neutron source ( r e a c t o r )  and  radioactive potassium 
isotopes a re  formed. 
spectra  a re  iden t i f i ed  by multichannel analyzers.  The amount  o f  

potassium present i s  proportional t o  the measured a c t i v i t y .  

The isotopes and t h e i r  associated beta and gamma 

Sample Handling: Use raw ac id i f i ed  o r  f i l t e r e d  ac id i f i ed  br ine.  
and  i r r a d i a t e  residue w i t h  neutron source.  

Evaporate samples 

Ranqe: P re  ci s i  o n  : Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

Reagents: 

~ ~ 

L i terature Reference: 
Robertson a n d  Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan.  1974. 

~~ 

Eq u i p m e nt : 
Reactor (neutron source) 
Multichannel analyzer 

Remarks: Suf f i c i en t  time must be allowed f o r  sodium decay i f  the sodium spectrum 
masks the element of i n t e r e s t .  

Edition: 
71  78 

c 
C- I59 



Potassi um 
CI, 

Analysis: Emission Spectrometry INo.1 156-A 

Method: The sample containing potassium in e i t h e r  so l id  o r  l iqu id  s t a t e  i s  
vaporized by a flame, d-c l j rc ,  or a-c  spark a n d  the in t ens i ty  of the 
selected emission l i n e  i s  measured against  standards.  

Sample Handling: Use f i l t e r e d  ac id i f ied  or raw ac id i f i ed  br ine.  

Dilute t o  
Ranae: 5 1 . o  ms/l P recisiion: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 
Potassium chlor ide or other  
potassium standard 

Lit e rat u r e  Ref e re  n ce: 
Instrument Manufacturer's L i te ra ture  

Eq u i p m ent : 
Em i s s i on s pe c t 'r ome t e r 

Remarks: 1 .  

2 .  
3. 

Some flames (e .g .  0 -H -N ) may not be hot  enough t o  vaporize 
completely the aerozolg f%om solu t ions  i d  t h  high so l id s  contents .  
Reference standards should contain a s  h i g h  a s a l t  content as unknowns. 
Large differences in matrix e f f e c t s  wil'l be observed depdnding on the 
type of exc i ta t ion  source (flame, AC spark, or DC a r c ) .  

Gr3 
Edi t i  on : 

71 78 C-160 



b d  
Radioactive Isotopes 

Method: Raw unacidified brine i s  p u t  i n  a Merine’il i f l a s k  which i s  placed on a 
gamma de tec tor .  
program and compared w i t h  values obtained w i t h  radioact ive standards.  

Peak energies and areas  a re  analyzed by a computer 

Sample Handling: Use raw unacidified br ine.  

Ranqe: P re ci si on : Accuracy: 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 
Nuclear reference so lu t ions  

Lit e rat u r e  Refe re n ce: 
Procedures Man u a 1 
Health and Safety Lab, ERDA-NY HASL-300 

Equipment: 
Gamma de tec tor  system [Ge(Li )-semiconductor] 
Multichannel analyzer 
Merinell i  f l a s k  
Planchet f o r  s o l i d  residue 

Remarks: Preci pi t a t e s  a r e  analyzed by f i 1 t e r i  ng the samples and analyzing the 
residue on planchets.  

Edition: 
7/ 78 c-161 



cs 
RADIOACTIVE 

ISOTOPES 
R a d i o a c t i v e  I s o t o p e s  

Analysis: Lead-210 
~ ~~ ~~ ~ ~~ 

Method: Bi-210 daughter  i s  c h e m i c a l l y  separated f rom t h e  Pb-210 p a r e n t  and o t h e r  

contaminants  and i s  measured by b e t a  c o u n t i n g  on a low-background b e t a  

c o u n t e r .  

Sample Handling: Use raw u n a c i d i f i e l j  b r i n e .  

1 w i t h  HN03 and a l l o w e d  t o  e q u i l i b r a t e  w i t h  s t a b l e  c a r r i e r s .  

S o l u t i o n s  a r e  made a c i d  t o  a PH o f  

(1  i t e r  sample) 
Ranqe: >0.1 pCi/mI Precision: 51 0% Accuracy: ~ 0 %  

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

R eag ent s: 
Standard i zed  B i  c a r r i e r  
Pb c a r r i e r  (10 mg/ml) 
Thioacetamide 
Normal a c i d s  and bases o f  v a r y i n g  
m o l a r i t i e s  

Literature Reference: 1. " C o l l e c t e d  Radiochem- 
i c a l  Procedures",  e d i t e d  by Helen L .  Smith;  LA-1721, 
4 t h  Ed.; UC-4, Chemist ry  I ssued :  A p r i l  1975. 
2. W .  M. Gibson, "The Radiochemist ry  o f  Lead", 
NAS-NS 3040, Auqust 1961. 

Eq u i p m e nt : 
Normal g lassware 
H o t  w a t e r  b a t h  
C e n t r i f u g e  
F i  1 t e r i  ng apparatus 
Low-background b e t a  p r o p o r t i o n a l  coun te r  

R em a r ks : 

E d i t i o n :  

71 78 c- 1 E;' 



RADIOACTIVE 

I Analysis: Ra-226 (Radon Emanation Method) 

ISQTOPE 

No. 159-A 

Radioactive Isotopes 

Mahod: Radium i s  concentrated and separated by coprecipi t a t i o n  w i t h  barium s u l f a t e .  
P r e c i p i t a t e  i s  t rea ted  t o  remove s i l i c a t e s ,  t o  decompose insoluble radium 
compounds, and t rea ted  t o  remove SO3. P r e c i p i t a t e  i s  dissolved i n  HC1 and 
placed i n  a bubbler t o  allow f o r  radon growth. Rn-222 i s  removed from the 
solut ion by aera t ion ,  t ransfer red  t o  a s c i n t i l l a t i o n  c e l l  and counted w i t h  
an alpha s c i n t i l l a t i o n  counter. The amount of Rn-222 counted i s  proportional 
t o  the or ig ina l  amount of Ra-226. 

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw a c i d i f i e d ,  o r  raw unacidified brine.  

Range: >o . i  pc i / l  Precision: +5% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  17-S, 29-S 
Analysis Methods: 160-A 

~~ 

Potassium carbonate 
Reagents: Sodium carbonate 

Barium chlor ide Sodi um t e t r a b o r a t e  
Hydrochloric acid Hydrogen peroxide 
Stock Ra-226 s o l ' n .  S i l icone  grease 
Sul fur ic  acid Sealing wax 
Hydrofluoric acid Helium, nitrogen ot 
Ammoni um s u 1 f a t e  a i r  
Phosphoric acid 
Ascari t e  
Magnesium perchlorate 
EDTA-sodium s a l t  

Lit  e rat u r e  Ref e re n ce: 
APHA 705 (1975) 

Procedures Manual HASL-30'3 (1 974)  
ASTM D3454-75T ( I  977) 

Eq u i p m ent : 
S c i n t i l l a t i o n  counter 
Sc in t i  1 l a t i o n  c e l l  s 
Radon bubblers 
Manometer 
Gas p u r i f i c a t i o n  tube 
Sample b o t t l e s  
Membrane f i 1 t e r s  
Platinum cruc ib les  o r  dishes 

Remarks: 1 .  Barium chlor ide should be checked f o r  Ra-226 content (requires blank 
c o r r e c t i o n ) .  

2 .  Alpha-emitting radionuclides Rn-219 and Rn-220 i n t e r f e r e .  
3.  An equi l ibra t ion  time of 4 hours must be allowed a f t e r  Rn-222 t r a n s f e r  

t o  the s c i n t i l l a t i o n  c e l l  before the sample i s  counted. 
Edition: 
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RADIOACTIVE 
ISOTOPES 

No. Analysis: Ra-226 

I 
, \  

160-A 

Radioactive Isotopes I V  

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 159-A 

Lite rat u r e  Reference: 
(See remarks) 

Method: Radium i s  car r ied  on P b  and Ba c a r r i e r s  as the n i t r a t e s  and s u l f a t e s ;  the 
Ba and Ra a r e  s e l e c t i v e l y  precipi ta ted as the s u l f a t e  from EDTA so lu t ion ;  
f i n a l l y  the Ba-Ra s u l f a t e  i s  d r i e d  on s t a i n l e s s  s t e e l  and counted f o r  
alpha a c t i v i t y  using disposable Zn-S phosphors and a photo-mu1 t i p l i e r  
counting system. 
i s  used f o r  pur i ty  checks. 

Ba-133 i s  used f o r  y ie ld  correct ion and decay counting 

Sample Handling: Use raw unacidifled brine.  Solutions a r e  made acid t o  pH 1 
using HN03 and allowed t o  e q u i l i b r a t e  w i t h  c a r r i e r s  and t r a c e r .  

( l i t e r  samp ) 
Range: >i x 1 0 - ~ p ~ i / m 1  Precision: +i 0% Accuracy: 220% 
I 

R eag e nt s: 
Ba-133 t r a c e r  
Ba c a r r i e r ,  10 mg/nl 
Pb  c a r r i e r ,  10 mg/ml 
0.25 EDTA solut ion 
98% HN03 
Normal acids  

Eq u i p rn e nt : 
Hot water bath 
Centrifuge 
15 ml centr i fuge cones 
Gamma detect ion system (spectrometer o r  o t h e r )  
Disposable Zn-:S phosphors 
Ludl um-type a1 pha counter 

Remarks: References 
1 .  Radium-226 Analysis Pr inc ip les ,  Interference and Prac t ice ,  National Lead Co., Inc. 

1 2 .  P .  E .  T r u j i l l o ,  J r . ,  "Analytical Procedures f o r  the Determination of Radionuclides 
WIN-112 February 1 ,  1960. 

i n  Air F i l t e r s ,  Water, and- S o i l s " ,  Los Alarnos S c i e n t i f i c  Laboratory, H8-MR-72-3 
May, 1972. 

i t ion :  3 .  

'/78 4. APHA 705 (1975), ASTM D2460-70 (1977). 

HaLley. J .  R .  .Edi tor ,  "HASL Procedures Manual", Health and Safety Laboratory, HASL- 
300, A u g u s t  1974. 

C-164 (cont.  on back) 
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5.  Large precipitates may form upon H SO 
dissolve in EDTA, 
for act i v i ty . 

addition and may not completely 
T h i s  material s&ou(?d he analyzed separately 
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I Analysis: Thorium Isotopes 

RADIOACTIVE 
ISOTOPES 

No. ~ C I - R  

Sample Handling: Use raw unacidified brine.  
1 using HNO 

Solutions a r e  made acid t o  a pH o f  

and allowed t o  equ i l ib ra t e  w i t h  c a r r i e r s  a n d  t r a c e r s .  3 

( l i t e r  sample) 
Cl;kange: x 10-3pCi/ml Precision: + I  0% Accuracy: 220% 

I 7  
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

Lit e rat  u r e  Ref e re  n ce: 
F .  L. Moore, "Radiochemical Determination o f  
Ionium i n  Uranium Fluorination A s h " ,  Anal. Chem. 
- 30, 1020 (1958). 

Reagents: 
Thorium-234 t r a c e r  
Praseodymium, 5 mg/ml 
0 .5  Mthenoyltrifluoreacetone i n  xylene 
0.4 E K2Cr207 
2 - M A1 (N03)3 
Normal acids  and bases 

Equipment: 
Vortex mixer 
40 ml screw-cap 
50 ml p l a s t i c  cent r i fuge  tubes 
Centrifuge 
S ta in l e s s  s t e e l  plates  
Surface b a r r i e r  de tec tors  and  alpha spectrometer 

I 

Remarks: 
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RADIOACTIVE 
ISOTOPES r\ 

Analysis: Uranium I s o t o p e s  

R a d i o a c t i v e  I s o t o p e s  w 
Noe 162-A 

Cross Reference: 
Appendix 2 
Sampl i ng Flethods: 11 - S ,  29-s 

- 
Reagents: 

Standard i zed  U-232 t r a c e r  
Dowex 1-x4  (50-100 mesh) a n i o n  r e s i n  

~ 

Method: Uranium-332 t r a c e r  i s  e q u i l i b r a t e d  w i t h  t h e  i s o t o p e s  o f  uranium i n  t h e  

sample. A l l  o f  t h e  uranium i s o t o p e s  a r e  c h e m i c a l l y  p u r i f i e d  by a n i o n  

exchange and e x t r a c t i o n  i n t o  hexone (methy l  i s o b u t y l  ke tone)  wh ich  i s  

d r i e d  on s t a i n l e s s  s t e e l .  The uranium i s o t o p e s  a r e  measured by  a lpha  

spect roscopy u s i n g  s u r f a c e  b a r r i e r  d e t e c t o r s ,  and t h e  sample a c t i v i t i e s  

e v a l u a t e d  by r a t i o  t o  t h e  t r a c e r  a c t i v i t y .  

Literature Reference: 1 .  James E -  G r i n d l e r ,  
"The Radiochemist ry  o f  Uranium", NAS-NS 3050, 
March 1962. 2. E d i t o r ,  F r e d e r i c k  D. Johns, 
"Handbook o f  Radiochemical  Methods", EPA-680/4-75- 
001, February 1975. 

Equipment : 
Resin column 
V o r t e x  m i x e r  

Sample Handling: Use raw u n a c i d i f i e d  b r i n e .  S o l u t i o n s  a r e  made a c i d  t o  a pH 

o f  1 u s i n g  HN03 and a l l o w e d  t o  e q u i l i b r a t e  w i t h  t h e  t r a c e r .  

( l i t e r  samp e )  
Range: > I  x 1 0 - ~ p ~ i / m l  hecision: +i 0% Accuracy: *ZO% 

I 

2.8 - M A1(N0 i )3  

Normal a c i d s  

C e n t r i f u g e  
Normal g l a s s  ware 
40 m l  screw-cap v i a l s  

R em arks: 

Ed i  t i  on : 
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Rb 

i - J  Rubi  d i  um 

I 1 I 
Analysis: Atomic Absorption lN0.1 163-A 

Method: R u b i d i u m  i s  determined by a sp i r a t ing  the  sample i n t o  an air-acetylene flame 
of an atomic absorption spectrophotometer. 
absorbance a t  780 nm i s  measured and i s  proportional t o  the  r u b i d i u m  
concentration. 

The i n t e n s i t y  of the  r u b i d i u m  

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  brine. 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 164-A 

Lit re rat u re Ref e re n ce: 
Instrument Manufacturer's S t d .  Methods Manual 
Dean & Rains, Elame Emission and Atomic Absorp- 
t i on  S p e c t r o m e t i s  Vol. 111, 1975 p p .  2-27. 

Reagents: 
Rubidium atomic absorption standard 
so lu t ion  o r  r u b i d i u m  chlor ide 
Sodium ch lo r ide  
Potassium chlor ide o r  potassium 
n i t r a t e  
Ammonium oxalate  (opt ion)  
P,mmoni um hydroxi de (op  t i  on) 

Eq 11 i pment : 
A t  om i c ab s o r p t i 0 n s pec t ro  p h o tome t e r 

Remarks: 1 .  Ionization i n  an air-acetylene flame can be suppressed by the  addi t ion 
of potassium ch lo r ide  o r  potassium n i t r a t e  t o  give 2000 ppm K i n  a l l  
so lu t ions .  
Careful matrix matching beheen sample and standards must be made 
( i . e .  u s i n g  same amounts of NaCl o the r  a l k a l i  metal and a l k a l i n e  ea r th  
metal i ons ) .  

2. 

Edi t i  on : 3. An e l ec t rode le s s  discharge lamp wi l l  allow f o r  be t te r  s e h 3 i t i v i t y .  
7/78 4. On same AA spectrophotometei-s a red f i l t e r  i s  used t o  reduce background 

r ad ia t ion .  
(Cont. on biick) c-167 



5. I f  sample shows Tyndall e f f e c t ,  f i l t e r  through 0 . 4 5  p m  membrane f i l t e r .  
6 .  Use of a graphi te  furnace wil I increase s e n s i t i v i t y .  
7 .  Use of standard addi t ions recommended. 
8. Potassium and calcium can i n t e r f e r e  and give s l i g h t l y  higher r e s u l t s  i f  

background correct ion a t  779.0 nm i s  not used. 
an oxalate  w i t h  ammonium oxalate  and ammonium hydroxide. 

Calcium may be removed as 



Rb 

Rubidium atomic absorption standard 
solut ion o r  rubidium chlor ide 
Sodium chlor ide 
Potassium chlor ide or potassium 

Rubi di um 

Atotnic absorption spectrophotometer with emission 
mode or f 1 ame em i s s i on spectrophotometer . 

I I 

- Analysis: Flame Emission 

Method: Rubidium i s  determined by asp i ra t ing  the sample in to  an a i r -acetylene flame 
and the emission in t ens i ty  a t  780 nm frorn rubidium i s  measured by a 
spectrophotometer. 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  
s t a b i l i z e d  by d i lu t ing  with 9 par t s  d i s t i l l e d  water and adding 
5 ml HN03 per l i t e r  of sample. 

Sample may be 

< 0 . 5  mg/l f 2 5 %  < 0 . 5  mg/l +25% 
fange: >o.o5 mg/l Precision: > 0 . 5  mg/l f5% Accuracy: > 0 . 5  mg/ l  f 5 %  

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 163-A 

Lite rat u re Reference: 
Dean & Rains, Flame Emission and  Atomic Absorp- 
t ion Spectrometry, Vol. 111, 1 9 7 5 ,  pp. 2 - 2 7 .  

W .  Snelleman, Spectrochim. Acta ,  23B 403 (1968).  

-____ 

Reagents: 1 Equipment: 

Remarks: 1.  Ionization o f  rubidium in an a i r -ace ty lene  flame i s  suppressed by the 
addi t ion of 2000 ppm potassium. 

2 .  Careful matrix matching between sample a n d  standards i s  necessary 
(espec ia l ly  sodium c h l o r i d e ) .  

3. On some AA spectrophotometers a red f i l t e r  i s  used t o  reduce 
background rad ia t ion .  

Edition: 
4. Use of standard addi t ions recommended. 

71 78 
c-101: 



Rb 

Analysis: Spark  Source Mass Spectrometry No. 1 6 ~  

Sample Handling: Use f i l t e r e d  ac id i f i ed ,  raw a c i d i f i e d ,  f i l t e r e d  unacidif ied,  o r  
raw unacidified br ine.  Evaporate samples a n d  analyze residue.  

~~~~ ~~ 

f 5 %  ( i so tope  d i l  . ) f5% ( isotope di Ranae: 0.1-1000 mg/l Precision: m% Accuracy: f25% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Rubidium chlor ide  or  other  rubidium 
s t a n d a r d  

Literat u re Reference: 
Trace Analysis by Mass Spectrometry, A.J.  Aheard, 
e d . ,  Academic Press ,  N Y  ( 1 9 7 7 ) .  
D.L. Donohue, J.A. Carter  and  J .C. Franklin,  Anal 
Let ters .  lO(5) 371-379 (19771.  

Eq u i p m ent : 
Spark source mass spectrometer 

Remarks: 1 .  Additional references:  J .  A .  Car te r ,  D .  L .  Donohue, a n d  J .  C .  Franklin,  
Trace Substances in Environmental Health-IX. U .  of Missouri, 303 (1975).  
J .  C .  Franklin,  J .  A .  Car te r ,  D .  L .  Donohue, a n d  R .  k f .  Ste lzner ,  23d 
Conf. on Mass Spectrometry and Allied ToDics, Houston. TX 354 ( 1 9 7 5 ) .  

G R .  Alvarez, B. J. Paulsen, a n d  D .  E .  Kelieher, Anal. Chem. 41 955 ( i 9 6 9 )  

Edition: 
7 / 7 8  C - ?  69  



Rb 

r 

Rubidium 

L i t m t u  re Reference: 
Rober tson and Carpenter ,  "Neutron A c t i v a t i o n  

-- Analysis: Neutron A c t i v a t i o n  

Method: 
~ 

Sample i s  exposed t o  neu t ron  source ( r e a c t o r )  and r a d i o a c t i v e  r u b i d i u m  

i so topes  a r e  formed. The i so topes  and t h e i r  a s s o c i a t e d  be ta  and gamma 

s p e c t r a  a r e  i d e n t i f i e d  by m u l t i c h a n n e l  ana lyze rs .  The amount of r u b i d i u m  

p resen t  i s  p r o p o r t i o n a l  t o  t h e  measured a c t i v i t y .  

Sample Handling: Use raw a c i d i f i e d  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

and i r r a d i a t e  r e s i d u e  w i t h  neu t ron  source.  

Evaporate samples 

Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11 -S ,  29-S 

Reagents: Eq 11 i p m en t  : 
Reactor  ( n e u t r o n  source)  
M u l t i c h a n n e l  Ana lyze r  

Remarks: S u f f i c i e n t  t i m e  must be a l l o w e d  f o r  sodium decay- i f  t h e  sodium spect rum 
masks t h e  element o f  i n t e r e s t .  

E d i t i o n :  

7/78 C-170 



Rb 
Rubidium I? 

I -1 

Method: The sample containing rubidium in e i t h e r  so l id  o r  l i q u i d  s t a t e  i s  
vaporized by a flame, d-c a r c ,  or a-c spark and  the in t ens i ty  o f  the 
selected emission l i n e  i s  measured aga ins t  standards.  

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  

Range: P re ci si on: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 

R eag ent s: 
Rubidium chlor ide o r  o ther  rubidium 
standard 

Literature Reference: 
Instrument Manufacturer's L i t e ra tu re  

~~~ 

Equipment: 
Emission spectrometer 

Remarks: 1. Large d i f fe rences  i n  matrix e f f e c t s  wil l  be observed depending on the  
type of exc i ta t ion  source (flame, AC spark,  o r  DC a r c ) .  

Edition: 
7/78 
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Analysis: G r a v i m e t r i c  

si02 
S i l i c a  

Method: S i 1  i c a  i n  wa te r  i s  concen t ra ted  and p r e c i p i t a t e d  as p a r t i a l l y  dehydra ted  
s i l i c a  by e v a p o r a t i o n  w i t h  HC1. The r e s i d u e  i s  i g n i t e d  a t  1000-1200°C and 
weighed; subsequent ly  t h e  s i l i c a  p r e s e n t  i s  conve r ted  t o  v o l a t i l e  s i l i c o n  
t e t r a f l u o r i d e  by a d d i t i o n  o f  HF. The s i l i c o n  t e t r a f l u o r i d e  i s  d r i v e n  o f f  
by a second i g n i t i o n  and t h e  d i f f e r e n c e  between t h e  we igh ts  o f  t h e  rema in ing  
r e s i d u e  and t h e  r e s i d u e  b e f o r e  HF t r e a t m e n t  i s  cons ide red  t o  be t h e  s i l i c a  
c o n t e n t .  

- 

Sample Handling: Use raw u n a c i d i f i e d  o r  f i l t e r e d  u n a c i d i f i e d  b r i n e .  

Ranqe: Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Ll'terat u re Reference: 
ASTM D859-68A (1977) 
APtIA 426A (1975)  

Reagents: 
H y d r o c h l o r i c  a c i d  
S u l f u r i c  a c i d  
H y d r o f l u o r i c  a c i d  
Perch1 o r i  c a c i d  

Eq u i p me nt : 
Pla t i num c r u c i b l l e s  w i t h  covers  
P l a t i n u m  e v a p o r a t i n g  d i shes  
M u f f l e  fu rnace  
D r y i n g  oven 
A n a l y t i c a l  b a l  a nce 

Remarks: 1 .  Avo id  use o f  g lassware as much a s  p o s s i b l e  t o  a v o i d  i n t r o d u c i n g  S i02 .  

E d i t i o n  : 
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Si02 

Analysis: col orimetri  c (Heteropol y B1 ue) 

S i l i c a  

No. 169-A 
I I 

M&hod: Soluble s i l i c a  reac ts  w i t h  molybdate ion t o  produce a greenish-yellow complex 
which is  then reduced by l-amino-2-naphthol-4-sulfonic acid t o  produce a blue 
compl ex which i s  measured a t  (preferably)  81 5 nm o r ,  w i t h  reduced sensi t i  v i  t y ,  
a t  640-700 nm. 

Q 

_ _ ~  ~ 

Sample Handling: Use raw uncaidified brine,  d i l u t e  on s i t e  i f  Si02 > 100 ppm. 

Ranae: > i  mg/i Precision: ii 5% Accuracy: $1 5% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 170-A 

Reagents: 
l-amino-2-naphthol-4-sulfonic acid 
Sodi u m  sul f i t e  
Sodi um bi sul f i t e  
Sodium bicarbonate 
Sul f u r i  c acid 
Hydrochloric acid 
Sodium o r  ammonium hydroxide 
Ammonium molybdate 
Oxalic acid 
Sodium meta s i l i c a t e  . .  

Lit  e rat u r e  Ref e re n ce: 
APHA 426 C (1975) 

EPA 00955 (1976) 

USGS Book 5 ,  Chapter 
ASTM D859-68 B, C (1977) A 1  (1974) 

Eq u i p m ent : 
Spectrophotometer t o  measure a t  815 nm o r  
640-700 nm. 

Remarks: 1 .  I f  Si02 > 100 ppm d i l u t e  1 /10  w i t h  d i s t i l l e d  water. 
2 .  Avoid use of glassware or reagents which may contain s i l i c a .  
3. Turbidi ty ,  i ron ,  s u l f i d e ,  color  i n t e r f e re ; -  phosphate removed by 

oxal ic  ac id .  

Edition: 
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Si02 
S i l i c a  

Analysi s: Co 1 o r  i me t r  i c (Mol y bdos i 1 i ca t e  ) INo. 1 179-A 

Method: Soluble s i l i c a  r eac t s  with molybdate ion t o  produce a greenish-yellow 
complex. 
a t  410 nm with a spectrophotorneter. 

The ye1 low sil lca-molybdate complex i s  measured d i r e c t l y  

Sample Handling: Use raw unacidif'ied br ine ,  d i l u t e  on s i t e  i f  Si02 > 100 ppm. 

Ranqe: io-100 mg/l Precision:: + I  4% Accuracy: $ Z O %  

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Anal-ysi s Methods : 169-A 

~ ~~ ~ ~~ 

Reagents: 
Sodium bicarbonate 
Su l fu r i c  acid 
Hydrochloric acid 
Sodi urn o r  ammoni um hydroxi de 
Ammonium molybdate 
Oxalic acid 
Sodi um meta si 1 i c a t e  
Sodium bicarbonate 

Remarks: 1 .  
2 .  

3 .  

E d i t i o n  : 
7 / 7 8  

4. 

Lite rat u re Reference: 
A P H A  426 B (11975) 
EPA 00955 (1976) 
ASTM D859-68 13, C (1977) 

Eq u i p me nt : 
Spectrophotometer t o  measure a t  410 nm. 

I f  Si02 > 100 d i l u t e  1/10 w i t h  d i s t i l l e d  water. 
Avoid use of glassware o r  reagents w h i c : h  may contain s i l i c a .  
Iron, co lor ,  t u r b i d i t y ,  s u l f i d e  i n t e r f e r e .  
oxa l ic  ac id .  
Any s i l i c a  present a s  "molybdate-unreactive" s i l i c a  must be pre t rea ted  
by digest ing with NaHC03 on a steam bat.h f o r  one hour. 

Phosphate removed by 

C,- 174 
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No Analysis: Atomic Absorption 

Si02 

171-A 

S i l i c a  

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
Analysis Methods: 172-A 

Literature Reference: 
APHA 301-A (1975) 
Instrument Manufacturer's S t d .  Methods Manual 
USGS Book 5, Chapter A1 (1974). 

the s i1  
s i  1 icon 
the si1 

Reagents: 
Si l icon  atomic absorption standard 
so lu t ion  or sodium metas i l ica te  
Nitrous oxide gas  cy1 inder 

Method: Si l icon  ( S i )  i s  determined by a s p i r a t i n g  the sample in to  a n i t rous  oxide- 
acetylene flame of an  atomic absorption spectrophotometer. 

con absorbance a t  251.6 nm i s  measured and i s  proportional to  the 
concentration. S i l i c a  concentration i s  calculated by mu1 t ip ly ing  
con value by the gravimetric f ac to r  - Si02/Si = 2 .14 .  

The in t ens i ty  of  

Eq u i pment : 
Atomic absorption spectrophotometer 
Nitrous oxide burner head 

~~~ 

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  br ine.  Sample should be 
d i lu ted  in f i e l d  i f  Si02 > 250 mg/l, otherwise p rec ip i t a t ion  may 
occur before ana lys i s  (1O:l d i lu t ion  suggested).  

Remarks: 1. HF, boric acid and potassium a t  a level  of 1% or  g rea t e r  cause severe 
depression i n  s i l i c o n  absorbance. 
red fea ther  height of 5mm minimizes t h i s  e f f e c t .  
Burner height posi t ion i s  very i m p o r t a n t  s ince there  i s  a narrow region of 
nitrous oxide-acetylene flame where Si  absorbs. Burner height of 7mm 

Use of a s l i g h t l y  reducing flame with 

2. 
~ - 

is  recommended. 
Low-acetylene tank pressure can cause acetone t o  be asp i ra ted  ( w i t h  3 .  

7/78 commercial grade ace ty lene) .  T h i s  wi l l  r e s u l t  i n  complete lack of 
sensi  t i v i  ty-being observed-on absorbance. 

(Cont. on back) C- 175 



4 .  

5. Use of standard addi t ions recommended. 
6.  

Careful matrix matching between sample and standards must be made ( i  
amounts of NaCl, other  a lka l i  metal and a lka l ine  ea r th  metal i o n s ) .  

I f  samples show Tyndall e f f e c t  f i l t e r  through 0.45 11 membrane f i l t e r  

. e .  using same 



Si02 

R eag ent s: 
Si l icon  atomic absorption standard 
solut ion or sodium inetasil i c a t e  
Nitrous oxide cylinder 

Si 1 ica 

Eq u i p rn e nt : 
Atomic absorption spectrophotometer with emission 
mode or flame emission spectrophotometer. 
Nitrous oxide burner head 

I I 
Analysis: Flame Emission 

Method: Sil icon i s  determined by asp i ra t ing  the sample in to  a ni t rous oxide-acetylene 
flame and the emission in t ens i ty  a t  251.6 nm from s i l i c o n  i s  measured by a 
spectrophotometer. 
s i l i c o n  value by the gravimetric f a c t o r  Si02/Si = 2 .14 .  

S i l i c a  concentration i s  calculated by multiplying the 

Sample Handling: Use f i l t e r e d  ac id i f i eg  or raw ac id i f i ed  br ine.  Sample should be 
d i lu ted  in f i e l d  i f  Si02 > 100 mg/l ( 1 O : l  d i l u t ion  suggested).  

Ranae: P reci sion: Accuracy: 

Li terature Reference: 
Dean & Rains, Flame Emission and  Atomic Absorp- 
t ion Spectrometry, Vol. 111, 1935, p p .  136-154. 

Spectrochim. Acta, 23B 403 (1968).  

Cross Reference: 
Appendix 2 
Sampling Methods: 11-s, 29-5 
Analysis Methods: 171 -A 

1 .  HF,  boric acid a n d  potassium a t  a level of 1 %  or grea te r  cause severe Remarks: depression in s i l i c o n  absorbance. 
red fea ther  height of 5mm minimizes t h i s  e f f e c t .  
Burner height positiorl i s  very important s ince there  i s  a narrow region o f  
ni t rous  oxide-acetylene flame where Si absorbs. 
i s  recommended. 
Careful matrix matching between sample a n d  standards must be made 
( i . e .  using same amounts of NaC1, other  a l k a l i  metal a n d  a lka l ine  
ear th  metal ions.  

Use of a s l i g h t l y  reducing flame with 

2. 
Burner height of 7 m m  

Edition: 
7/78 

3.  
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Si02 

R eag ent s: 
Sodium metas i l ica te  or  other  s i l i c a  
standard 

I V  S i l i c a  

Eq u i p rn e nt : 
Inductively coupled plasma-atomic emission 
spectrometer 

1nductivel.y Coupled Plasma-Atomic 
Analysis: Emi ssion Spectroscopy 1No.l 173-A 

Method: Sample i s  aspirated i n t o  the argon plasma a n d  the in t ens i ty  of the emission 
spectrum i s  analyzed and compared with standards.  
a t  288.16 nm o r  a l t e r n a t e  wavelength. 

In tens i ty  i s  measured 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine .  
be d i lu t ed  in f i e l d  i f  Si02 :. 100 mg/l (1O:l  d i lu t ion  suggested) .  

Sample s h o u l d  

63 -5 orders o f  magnitude from 
dange: a s ingle  spec t ra l  l i n e  Precision: f 1-1o% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: l l - S y  29-S 

Lite rat u r e  Flefe re nce: 
Evaluation o f  an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System, 
EPA-600/4-77--032 June 1977.  

Remarks: 1. External standards u s i n g  NaCl concentrations equi Val en t  t o  sample 
concentrhti  ons of NaCl a r e  required.  

2 .  Additional references:  R. H. Scot t  and M. L .  Kokot, "Application 
of Inductively Coupled Plasmas t o  the Analysis o f  Geochemical 
Samples", Anal. C h i m .  Acta 75, 257-270 (1975). 

Edition: 
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3. Background correction and standard additions method recommended. 
4. Upper limit of concentration range may be extended by using alternate spectral 

1 ines. 

5.  To convert from silicon to silica concentration multiply by the gravimetric factor 
- Si& 
Si 

(i.e., [SiO,] = [Si] x 2.14). 



Si02 

Analysis: Spark Source Mass Spectrometry 

S i l i c a  

No. 174-A 

Appendix 2 
Sampling Methods: 11-S, 29-S 

Method: Dehydrated sample i s  vaporized and ionized by an  a r c  source a n d  en ters  an 
evacuated chamber. 
r a t i o ,  and determined quant i ta t ive ly  by comparison with s tandards.  

Si l icon i s  separated a n d  detected by i t s  mass/charge 

Trace Analysis by Mass Spectrometry, A.J. Aheard, 
ed . ,  Academic Press ,  NY ( 1 9 7 7 ) .  
D . L .  Donohue, J.A. Carter  and J.C. Franklin,  A n a l .  
Le t t e r s ,  lO(5) 371-379 ( 1 9 7 7 ) .  

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw a c i d i f i e d ,  f i l t e r e d  unacidified or raw 
unacidified br ine.  Evaporate samples a n d  analyze residue. 

R eag ent s: 
Sodium metas i l i ca t e  o r  other  s i l i c a  
standard 

Range: O.I-IOOO mg/l P r e  c i  s ion  : t 2 5% Accuracy: f25% 
I 

Eq u i p me nt : 
S p a r k  source mass spectrometer 

Cross Reference: I Li terature Reference: 

Remarks: 1. 

2 ,  

I f  Si0 > 100 mg/l f i e l d  d i lu t ion  i s  recommended. (1O:l  d i lu t ion  
sugges?ed. ) 
To convert from s i l i c o n  t o  s i l i c a  concentration multiply by the 
gravimetric f a c t o r  - S a  ( i * e . 9  [SiO,J = [S i ]  x 2 . 1 4 ) .  

S i  
i 

Ed i t i  on : 
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S i l i c a  

Cross Reference: 

Analysis: Emission Spectrometry 

Lit e rat u re Ref e re n ce: 

INo.1 175-A 

Appendix 2 
Sampling Methods: 11-S,  29-S 

Mdhod: The sample containing s i l i c a  in e i t h e r  so l id  o r  l iquid s t a t e  i s  vaporized 
by a flame, d-c a rc ,  or a-c spark and the in t ens i ty  o f  the selected 
emission l i n e  i s  measured against  standards.  

Instrument Manufacturer's L i te ra ture  

Salllph? Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  Sample should be 
d i lu ted  i n  f i e l d  i f  SiOE > 100 mg/l  (1O: l  d i l u t i o n  suggested).  

Sodium metas i l ica te  o r  other  s i l i c a  
standard 
Vanadium in te rna l  standard 

Emission spectrometer 
Photo processor 
Microphotometer 

Reagents: I Equipment: 

Edition : 
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, I I 
Analysis: Atomi c Absorption  NO. I 176-A 

Method: Si lve r  i s  determined by asp i ra t ing  the sample in to  an  a i r -ace ty lene  flame 
of  an  atomic absorption spectrophotometer. 
absorbance a t  328.1 nm i s  measured a n d  i s  proportional t o  the s i l v e r  
concentration. 

The in t ens i ty  of the s i l v e r  

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  br ine.  
s t ab i l i zed  by aljding 5 ml HN03 per l i t e r .  

Sample may be 

<3  mg/l f25% <3 mg/l f25% 
Precision: >3 mg/l 25% Accuracy: > 3  mg/l t 5 %  Range: (1 inea r )0 .01 -4  m g / ~  - 

1 
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 177-A 

R eag ent s: 
S i l v e r  Atomic Absorption standard 
Solution or silver nitrzlte 
Sodium chlor ide 

Lit e rat u r e  Ref e re n ce: 
EPA 01077 (1976) 

Instrument Manufacturer's S t d .  Methods Manual 
APHA 301-A (1975)  

Eq u i pment : 
Atomic absorption spectrophotometer 

Remarks: 1 .  No known interferences w i t h  AA method. 
2. Careful matrix matching between sample and  standards must be made 

( i . e .  u s i n g  same amounts of NaC1, otheir a l k a l i  metal and a lka l ine  
ear th  metal i ons ) .  
Graphite furnace atomization may be used t o  de t ec t  low concentrat ions.  
Some matrix in te r fe rences  can be eliminated by u s i n g  a deuterium a r c  
background correct ion system. 

c- 780 (Cont. on back) 
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4. Edition: 
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5. I f  sample shows Tyndall e f f e c t ,  f i l t e r  through 0 .45  pm membrane f i l t e r .  

6 .  Recovery of prec ip i ta ted  s i l v e r  can a f f e c t  accuracy. Prec ip i ta ted  s i l v e r  
i s  determined by f i l t r a t i o n  of sample through a 0 .45  i-r f i l t e r ,  ashing 
f i l t e r  paper followed by disso lu t ion  w i t h  ammonia and measurement via AA.  

7 .  Use o f  standard addi t ions recommended. 



. - . . - - .. - . - . . . - .. .. . . . . . . . . . . . . . . . . . . . . . . . . 

Si 1 ver 

Atomic Absorption using AF'DC a n d  No. Analysis: MIBK Extraction 
~~ ~~~~~ 

Method: Si lve r  i s  chelated w i t h  animonium pyrrol idine dithiocarbamate ( A P D C )  and 
extracted with methyl isotlutyl ketone ( M I B K ) .  The e x t r a c t  i s  then asp i ra ted  
d i r e c t l y  i n t o  an air-acetg,lene flame of an atomic absorption spectrophotometer. 
The in t ens i ty  of the s i l v e r  absorbance a t  328.1 nrn i s  measured and i s  pro-  
portional t o  the s i l v e r  concentration. 

177-A 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  

S i l v e r  atomic absorption standard 
so lu t ion  o r  s i l v e r  n i t r a t e  
Met hy 1 i sob u t y  1 keto ne 
Ammonium pyrrol idine dithiocarbamate 

Range: Precision: Accuracy: -1-1 5% 
r 

Atomic absorption spectrophotometer 
Separatory funnels 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - 2 ,  29-S 
Analysis Methods: 176-A 

Lit e rat u r e  Ref e re n ce: 
APHA 301 A (1975) 
USGS Book 5,  Chapter A 1  (1974)  

Reagents: I Equipment: 

Remarks: 1 .  
2. 

No known in te r fe rences  w i t h  AA method. 
Careful matrix matching between sample and standards must be made 
( i . e .  using same amounts of NaC1, other  a l k a l i  metal and a lka l ine  
ear th  metal i ons ) .  
Some matrix interferences can be e1minat;ed by u s i n g  a deuterium a r c  3. 
background correct ion !system. 

Edition: 
7/78 

4.  Use of standard addi t ions recommended. 

C- 181 



S i  1 v e r  

I n d u c t i v e l y  Coupled Plasma-Atomic 
Analysis: Emiss ion Spectroscopy 

M&ho& Sample i s  a s p i r a t e d  i n t o  t h e  argon plasma and t h e  i n t e n s i t y  of t h e  emiss ion  

spectrum i s  analyzed and compared w i t h  s tandards.  I n t e n s i t y  i s  measured 

a t  328.07 nm o r  a t  a l t e r n a t e  s p e c t r a l  l i n e .  

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  b r i n e .  

3-5 o r d e r s  of magnitude f rom 
Accuracy: 

Cross Reference: 
Appendix 2 
Sampl ing Methods: 11-S,  29-S 

Reagents: 
S i l v e r  n i t r a t e  o r  o t h e r  s i l v e r  standar 

L i terature Reference: 
E v a l u a t i o n  of an I n d u c t i v e l y  Coupled Plasma, 
M u l t i c h a n n e l  S p e c t r o m e t r i c  A n a l y s i s  System, 
EPA-600/4-77-032, June 1977. 

Eq u i p m e nt : 
I n d u c t i v e l y  coupled plasma-atomic emiss ion  
spect rometer .  

Remarks: 1. E x t e r n a l  s tandards u s i n g  NaCl c o n c e n t r a t i o n s  e q u i v a l e n t  t o  sample 
c o n c e n t r a t i o n s  of NaCl a r e  r e q u i r e d .  

I n d u c t i v e l y  Coupled Plasmas t o  t h e  A n a l y s i s  o f  Geochemical Samples", 
Anal .  Chim. Acta 75, 25'7-270 (1975) .  

2. A d d i t i o n a l  r e f e r e n c e :  R. H.  S c o t t  and F1. L .  Kokot,  " A p p l i c a t i o n  of 

E d i t i o n :  

7/78 ( c o n t .  on back) 
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3.  

4 .  Use o f  standard addi t ions a n d  background correct ion recommended. 
5.  

Probable spec t ra l  in te r fe rence  from i r o n  a t  s i l v e r  328.07 nm l i n e  when 
analyzing concentrated br ines .  

Upper l i m i t  of concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  



S i  1 v e r  

Analysis: Spark Source Mass Spectr0nietr.y 

Method: Dehydrated sample i s  vapor i zed  and i o n i z e d  by an a r c  source and e n t e r s  an 

evacuated chamber. S i l v e r  i s  separated and d e t e c t e d  by  i t s  mass/charge 

r a t i o ,  and determined q u a n t i t a t i v e l y  by  comparison w i t h  s tandards .  

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw a c i d i f i e d ,  f i l t e r e d  u n a c i d i f i e d ,  o r  

raw u n a c i d i f i e d  b r i n e .  

r e s  i due. 

Evaporate b r i n e  samples and ana lyze  

Range: 0.1-1000 mg/ i  Precision: t 2 5 %  Accuracy: f25% 
i 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
S i l v e r  n i t r a t e  o r  o t h e r  s i l v e r  
s tandard  

L i terature Rele rence: 
Trace A n a l y s i s  by Mass Spectrometry ,  A. J .  Aheard, 
ed., Academic Press, NY (1977).  
D .  L.  Donohue, J .  A.  C a r t e r  and J .  C .  F r a n k l i n  
4nal .  L e t t e r s ,  i i O ( 5 )  371-379 (1977) .  

Eq u i p m ent : 
Spark source mass spec t romete r  

Remarks: 

E d i t i o n :  

7/78 
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Si 1 ver 

Analysis: Neutron Activation lN0.1 1 8 Q - ~  

Method: Sample i s  exposed t o  neutron source ( r e a c t o r )  and  radioact ive s i l v e r  isotopes 
a re  formed. 
i den t i f i ed  by multichannel analyzers.  
portional to  the measured a c t i v i t y .  

The isotopes and t h e i r  associated beta and  gamma spectra a re  
The amount of s i l v e r  present i s  pro- 

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  Evaporate samples 
a n d  i r r a d i a t e  residue w i t h  neutron source. 

Range: P r e  ci si o n : Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

~ 

Reagents: 

L i terature Reference: 
Robertson a n d  Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement o f  Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan. 1974.  

Eq u i p ment : 
Reactor (neutron source) 
Mu1 tichannel analyzer 

Remarks: Suf f i c i en t  time must be allowed for sodium decay 
masks the element o f  i n t e r e s t .  

f the sodium spectrum 

Edition: 
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ssion Spectrometry 

i 

Analysis: Em No. 181-A 

Si 1 ver 

Method: The sample containing s i l v e r  in e i t h e r  so l id  o r  l iqu id  s t a t e  i s  vaporized 
by a flame, d -c  a r c ,  or a-c spark and  the in t ens i ty  of the selected 
emission l i n e  i s  measured against  standards.  

~ 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f ied  br ine.  

Precision: + I  0% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 
Si lve r  n i t r a t e  or other  s i l v e r  
standard 
Vanadium in te rna l  standard 

w 

Literature Reference: 
[nstrument Manufacturer's L i te ra ture  

Eq u i pment : 
Emission spectrometer 
Photo processor 
Microphotometer 

Remarks: 1 .  Use of matrix matching (equivalent  amounts of a l k a l i  and  a lka l ine  ear th  

2 .  
metals)  in standards important. 
Large differences in matrix e f f e c t s  will  be observed depending on the 
type of exc i ta t ion  source (flame, AC spark,  or  DC a r c ) .  i 

Edition: 
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Sod i urn 

Analysis: S p e c i f i c  I o n  E l e c t r o d e  

Method: A sodium s p e c i f i c  e l e c t r o d e  i s  used t o  measure sodium i o n  a c t i v i t y  i n  a 

s o l u t i o n  w i t h  t h e  pH b u f f e r e d  a t  11.0.  

~~ ~ 

Sample Handling: Use raw u n a c i d i f i e d  o r  f i l t e r e d  u n a c i d i f i e d  b r i n e .  

Range: >o.oz mg/l Precision: f5% Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 
A n a l y s i s  Methods: 148-A 

Reagents: 
Sodium s tandard  s o l u t i o n s  o r  sodium 

Ammonium c h l o r i d e  
Ammonium hyd rox ide  

c h l o r i d e  

L i terature Reference: 
RSTN D2791-77A (1  977) 
O r i o n  Research I n c . ,  L i t e r a t u r e  

Eq u i p m e nt : 
Sodium s p e c i f i c  i o n  e l e c t r o d e  
S p e c i f i c  i o n  meter  
Magnet ic  s t i r r e r  

+ + 
Remarks: 1.  I n t e r f g r e n c e s  a r e  from Ag , Li', H', K', NH 

t h a t  H c o n c e n t r a t i o n  i s  3-4 o r d e r s  o f  magnftude lowgr  than t h a t  
f o r  sodium makes e l e c t r o d e  response independent  o f  H c o n c e n t r a t i o n .  
E a s i l y  adapted f o r  f i e l d  measurement. 

. E l e v a t i o n  o f  pH so 

2 .  

Edi  ti on : 

7/78 
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Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 184-A 

Sodi u m  !li 

Literature Reference: 
EPA 00929 (1976) 
USGS Book 5,  Chapter A 1  (1974).  
Instrument Manufact r e r ' s  S t d .  Methods. Manual 
ASTN D3561-77 ( 1  977j 

Analysis: Atomic Absorption lN0.1 183-A , Method: Sodium i s  determined by a sp i r a t ing  the sample in to  an a i r -ace ty lene  flame 
of an atoiiiic absorption spectrophotometer. The in t ens i ty  of the sodium 
absorbance a t  589 nm i s  measured and i s  proportional t o  the sodium con- 
cen t r a t i  on. 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or raw ac id i f i ed  br ine.  

9 a n g e :  ( l i n e a r )  0.02-1 mg/l Precision: f5x Accuracy: + I  0% 

R eag ent s: 
Sodium atomic absorption standard 
so lu t ion  o r  sodium chlor ide  
Potassium chlor ide  or potassium 
n i t r a t e  

Eq u i p ment : 
Atomic absorption spectrophotometer 

Remarks: 1 .  Sodium i s  p a r t i a l l y  ionized i n  an a i r -ace ty lene  flame. T h i s  ion iza t ion  
may be suppressed by adding ei ther  potassium n i t r a t e  or potassium chlor ide  
t o  give a potassium concentration o f  2000 ppm potassium. 

Careful matrix matching between sample and standards must be made 
( i . e .  use same amounts o f  a l k a l i  metal and a lka l ine  ea r th  metal i o n s ) .  
I f  sample shows Tyndall e f f e c t ,  f i l t e r  through 0.45 pm membrane f i l t e r .  

2 .  

3. 

G.3 
Edition: 
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4. Use o f  standard addi t ions recommended. 
5.  All g l a s s  and plasticware should be ac id  washed and thoroughly rinsed 

t o  prevent sodium contamination. 



Na 
i Sodi um 

Analysis: Flame Emission (No.1 184-A 

Method: Sodium i s  determined by asp i ra t ing  the sample in to  an a i r -ace ty lene  
flame and the emission in t ens i ty  a t  589 
a spectrophotometer. Al te rna t ive ly  the emission a t  330.3 nm may be 
measured. 

nm from sodium i s  measured by 

_____ ~~ ~ 

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  br ine.  Sample may be 
s t a b i l i z e d  by d i lu t ion  with 9 pa r t s  d i s t i l l e d  water and adding 
5 ml HN03 per l i t e r .  

<0 .5  mg/l  +25% ~ 0 . 5  mg/l f25% 
M a n g e :  a.05 mg/l Precision: >0.5  mg/l +5% Accuracy: > 0 . 5  mg/l +5% 

Cross Reference: 
Appendix  2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 183-A 

Literature Reference: 
Dean and Rains, Flame Emission and Atomic Absorp- 
t ion  Spectrometry, Vo l .  111, 1975, p p .  2-27.  

W .  Snelleman, Spectrochim. Acta, 403, (1968). 

Eq u i p m e nt : 
Atomic absorption spectrophotometer w i t h  emission 
mode o r  flame emission spectrophotometer I Reagents: 

Sodium atomic absorption standard 
so lu t ion  o r  sodium chlor ide  
Potassium chlor ide  or potassium n i t r a t  

Remarks: 1 .  Sodium i s  p a r t i a l l y  ionized i n  an a i r -ace ty lene  flame. This ionizat ion 
may be suppressed by adding e i ther  potassium n i t r a t e  o r  potassium chlor ide  
t o  give a potassium concentration of 2000 ppm potassium. 
Careful matrix matching between sample and standards must be made 
( i . e .  use same amounts of a l k a l i  metal and a lka l ine  ea r th  metal i o n s ) .  

2 .  Grs 
Edition: 
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Inductively Coupled Plasma-Atomic 
Analysis: Emission Spectroscopy 

Na 
Sodi  u m  Q 

~ ~~ -~ ~ 

Method: Sample i s  a sp i r a t ed  i n t o  the  argon plasma and the  i n t e n s i t y  of the  emission 
spectrum i s  analyzed and compared w i t h  s tandards.  

Sample Handling: Use f i l t e r e d  a c i d i f i e d  o r  raw a c i d i f i e d  br ine.  

Edition: 
7/78 

Ranqe: Precision: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

~~ 

Reagents: 
Sodium chlor ide o r  o the r  sodium 
standard 

Lit e rat u re Ref e re n ce: 
Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System, 
EPA-600/4-77-032, June 1977. 

Eq u i p m e nt : 
Inductively coupled plasma-atomic emission 
spectrometer 

Remarks: 1 .  Additional reference: R. ti. S c o t t  and M. L.  Kokot, "Application of 
Inductively Coupled Plasmas t o  the Analysis of Geochemical Samples", 
Anal, C h i m .  Acta 75, 257-270 (1975). 

2. Background correct ion and standard addi t ions method recommended. 

c-189 
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Na 

Sodi um 

Analysis: I o n  Exchange Chromatography 

Method: 

1N0.l 186-A 

I o n  components a r e  separated on su l fona ted  polymer based columns. 

o f  n i t r i c  a c i d  i s  used t o  e l u t e  sodium front t h e  column. The s e p a r a t i o n  
column i s  f o l l o w e d  by a suppressor  column which removes h i g h  background 

c o n d u c t i v i t y  due t o  t h e  s o l v e n t .  I ons  a r e  d e t e c t e d  w i t h  a c o n d u c t i v i t y  

d e t e c t o r .  

A s o l u t i o n  

Sample Handling: Use raw o r  f i l t e r e d  u n a c i d i f i e d  b r i n e  o r  f i l t e r e d  a c i d i f i e d  b r i n e .  

G a n g e :  Precision: f0.40% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Sodium c h l o r i d e  o r  o t h e r  sodium 
s tandard  
N i t r i c  a c i d  

Accuracy: +5% 

Lit e rat u re R efe re n ce: 
Dionex Corp. Sunnyvale, CA,  L i t e r a t u r e  
Anal .  Chem.,’47 ( l l ) ,  1801 ( 1 9 7 5 ) .  __ 
Microchem. J . ,  22,  45 (1977) .  
Anal .  Chem. , __ 49(-3), 401 (1977) .  

Eq u i p ment : 
I o n  exchange chromatograph 

Remarks: 1 .  A d d i t i o n a l  r e f e r e n c e :  Smal l ,  H . ,  T .  S.  Stevens, and W .  C .  Bauman, 
Ana l .  Chem. __ 47, 1801 (1975).  

6$ d i t i o n :  
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Analysis: Spark Source Mass Spectrometry 

Sodi um Q 
No.1 187-A 

Method: Dehydrated sample i s  vaporized and ionized by an a r c  source and enters an 
evacuated chamber. 
r a t i o ,  and determined quan t i t a t ive ly  by comparison with standards.  

Sodium i s  separated and detected by i t s  mass/charge 

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw a c i d i f i e d ,  f i l t e r e d  unacidif ied o r  
raw uncaidif ied br ine.  Evaporate samples and analyze residue.  

Precision: i25% Accuracy: f25% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

R eag ents: 
Sodium chlor ide o r  o ther  sodium 
standard 

Lit e rat u r e  Refe re n ce: 
rrace Analysis by Mass Spectrometry, A .  J .  Aheard, 
Zd. , Academic Press ,  NY ( 1 9 7 7 ) .  
I. L .  Donohue, J .  A .  Car ter  and J .  C .  Franklin,  
Inal .  Le t t e r s ,  l O ( 5 )  371-379 (1977).  

Eq u i p m e nt : 
Spark source mass spectrometer 

Remarks: 

Edition: 
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Na 

Cross Reference: 
Appendix 2 
Sampl i ng Methods : 11 -S , 29-S 

Sodi um 

I i 

Literature Reference: 
Robertson a n d  Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals in 
Environmental Samples", NAS-NS-3114. Jan.  1974.  

Analysis: Neutron Activation IN0.l 188-A 

Method: Sample i s  exposed t o  neutron source ( r eac to r )  and radioact ive sodium isotopes 
a r e  formed. 
i den t i f i ed  by multichannel analyzers.  The amount of sodium present i s  
proportional t o  the measured a c t i v i t y .  

The isotopes and t h e i r  associated beta and gamma spectra  a r e  

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  Evaporate samples 
and i r r a d i a t e  residue with neutron source. 

Rem arks: 

Eq u i p m e nt : 
Reactor (neutron source) 
Multichannel analyzer 

Edition: 
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Na 

Analysis: Emission Spectrometry 

Sodi u m  Q 
~~ 

No. 189-A 

Reagents: 

Method: The sample containing sodium in e i t h e r  so l id  or l iquid s t a t e  i s  
vaporized by a flame, d-c a r c ,  or a-c spark a n d  the in t ens i ty  o f  the 
selected emission l i n e  i s  measured against  standards.  

Eq u i p m e nt : 

~~ 

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f ied  br ine.  

Dilute t o  
Range: 5 I . o  mg/l P r e  ci si on: Accuracy: 

I 
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Literature Reference: 
Instrument Manufacturer's L i te ra ture  

Sodium chlor ide or other 
sodium standard 

Emission spectrometer 

Remarks: 1. 

2. 

3. 

Some flames ( e . g .  0 -H -N ) may n o t  be h o t  enough t o  vaporize 
completely the aerozolg fgom solut ions with high sol  ids  contents .  
Reference standards should contain as high a s a l t  content as unknowns. 

Large differences in matrix e f f e c t s  will  be observed depending on the 
type of exc i ta t ion  source (flame, AC spark, o r  DC a r c ) .  

Ed i t i  on : 
7 /78  
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Sr 

Analysis: Atomi c Absorption 

S t ront i  u m  

No. I ~ O - A  

Sample Handling: Use f i l t e r e d  ac id i f i ed  of raw ac id i f i ed  br ine.  

U R a n g e :  ( l i n e a r )  0.02-5 mg/l Precision: f5% Accuracy: + I  0% 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 1 1 - S ,  29-S 
Analysis Methods: 191-A 

Lite rat u re R ef e re n ce: 
USGS Book 5, Chapter A 1  (1974) 
Instrument Manufacturer's S t d .  Methods Manual 
ASTM D3352-74 (1  977) 

R eag ent s: 
Strontium atomic absorption 
standard so lu t ion  o r  strontium 
n i t r a t e  
Potassium chlor ide  o r  potassium 
n i t r a t e  
Nitrous oxide gas cy1 inder (opt ion)  
Lanthanum chlor ide  

Eq u i p m e nt : 
Atomic absorption spectrophotometer 
Nitrous oxide burner head (opt ion)  

1 .  Strontium i s  p a r t i a l l y  ionized i n  an a i r -ace ty lene  flame. Ionizat ion i s  
suppressed by adding 2000 ppm potassium t o  the  standards and samples. 

2 .  S i l i c a ,  aluminum, t i tanium, zirconium, phosphate and s u l f a t e  depress 
Sr absorbance i n  an a i r -ace ty lene  flame. 
by adding 1 %  ( w / v )  lanthanum o r  0.01 M EDTA w i t h  2000 ppm lanthanum 
a l s o  b e i n g  present .  These e f f e c t s  can a l so  be removed by using a 
n i t rous  oxide-acetylene flame and adding 2000 ppm K .  
Careful matrix matching between sample and standards must be made 
( i . e .  using same amounts of NaC1, other  a l k a l i  metal and a lka l ine  ea r th  

Remarks: 

These e f f e c t s  can be eliminated 

G a i  t i  on : 

3. 7/ 78 

metal i ons j .  
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4. I f  sam?le shows Tyndall e f f e c t ,  f i l t e r  through 0 . 4 5  urn membrane f i l t e r .  

5 .  Use o f  a graphi te  furnace wil l  increase s e n s i t i v i t y .  

y .  Use of standard addi t ions recommended. 

n 



Sr 
Strontium 

I I 
Analysis: Flame Emission 

Method: Strontium i s  determined by asp i ra t ing  the sample i n t o  an a i r -ace ty lene  flame 
and the emission in t ens i ty  a t  460.7 nm from strontium i s  measured by a 
spectrophotometer. 

Sample Handling: Use f i l t e r e d  ac id i f i ed  or  raw ac id i f i ed  br ine.  
s t a b i l i z e d  by d i lu t ion  with 9 parts d i s t i l l e d  water and  adding 
5 ml HN03 per l i t e r .  

Sample may be 

Cross Reference: I Literature Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 
Analysis Methods: 190-A 

Dean a n d  Rains, Flame Emission a n d  Atomic Absorp-  
t i o n  Spectrometry, V o l .  111, 1q75,  p .  33-65. 

Reagents: 
Strontium atomic absorption standard 
so lu t ion  o r  strontium n i t r a t e  
Potassium chlor ide o r  potassium 
n i t r a t e  
Nitrous oxide gas cy1 inder ( o p t i o n )  

Eq u ip m ent: 
Atomic absorption spectrophotometer with emission 
mode o r  flame emission spectrophotometer 
Nitrous oxide burner head (opt ion)  

Remarks: 1 .  Strontium i s  p a r t i a l l y  ionized in  an a i r -ace ty lene  flame. Ionization i s  
suppressed by a d d i n g  2000 ppm potassium t o  the standards a n d  samples. 

S r  absorbance i n  an  air-acet.ylene flame. These e f f e c t s  can bp el iminated.  
by a d d i n g  1 %  ( w / v )  lanthanum or  0.01 M EDTA w i t h  2000 ppm l a n t h a n u m  
a l so  being present .  These e f f e c t s  can a l so  be removed by using a 
ni t rous oxide-acetylene flame and adding 2000 ppm K .  
Careful matrix matching between sample a n d  standards must be made 
( i  . e .  using same amounts of NaCl, other  a l k a l i  metal and a lka l ine  ear th  
metal i ons ) .  

2 .  S i l i c a ,  aluminum, t i tanium, zirconium, phosphate a n d  s u l f a t e  depress 

i t i o n :  
7/78 

3.  
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4. Use of standard addi t ions recommended. 
5. Background determined by reading donor  solut ion blank a t  

instead of a t  454.0 nm as specif ied on same instruments. 
460.7 nm 



Sr 

Analysis: X-Ray F1 uorescence No. 1 9 ~  

Sample Handling: Use f i l t e r e d  a c i d i f i e d ,  raw unacidified or f i l t e r e d  unacidified 
brine.  

i Ranqe: Precis ion: Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Reagents: 
Strontium n i t r a t e  or other  strontium 
standard 

Remarks: 

L i terature Reference: 
~(1973). __ 
Nuc. I n s t .  and Methods, Vol. 106, p p .  525-538 

Eq u i pment : 
X-ray fluorescence spectrophotometer 

Edition : 
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Sr 

Reagents: 
Strontium n i t r a t e  or  other  strontium 
standard 

S tron t i  um 
u 

Equipment: 
Inductively coupled plasma-atomic emission 
spectrometer 

Inductively Coupled Plasma-Atomic 
Analysis: Emission Spectroscopy 

P 

No. 193-A 

Method: Sample i s  asp i ra ted  in to  the a rgon  plasma a n d  the in t ens i ty  of the emission 
spectrum i s  analyzed a n d  compared w i t h  s tandards.  
a t  338.07 n m  o r  a l t e r n a t e  wavelength. 

In tens i ty  i s  measured 

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  br ine.  

3-5 orders .of  ma n i t  de f om 
Range: a s iny le  ZpecYral ‘ilne Precision: * l - l o %  Accuracy: 

I 
Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Literature Reference: 
Evaluation of an Inductively Coupled Plasma, 
Mu1 tichannel Spectrometric Analysis System, 
EPA-600/4-77-032, June 1977. 

Remarks: I .  

2. 

Edition: 
7 1  78 

External standards using NaCl concentrations equivalent t o  sample con- 
cent ra t ions  o f  NaCl a re  required.  
Additional reference: R .  H. Scot t  a n d  M .  L .  Kokot, “Application of 
Inductively Coupled Plasmas t o  the Analysis o f  Geochemical Samples”, 
Anal. C h i m .  Acta 75, 257-270 (1975).  
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3. 
4. 

Background cor rec t ion  and standard addi t ions method recommended. 
Upper l imi t  of concentration ragne may be extended by using a l t e r n a t e  spectral  
l i nes .  



Sr 

Analysis: Spark Source Mass Spectrometry No. 194-A 

Sample Handli.ng: Use f i l t e r e d  ac id i f i ed ,  raw ac id i f i ed ,  f i l t e r e d  unacidif ied,  o r  
raw unacidified brine.  Evaporate samples and analyze residue.  

R eag ent s: 
Strontium n i t r a t e  o r  o ther  strontium 
standard 

Range: 0.1-1000 mg/l  Precision: 25% ( i so tope  d i l 4 c c u r a c y : + 5 %  ( i so tope  d i l . )  
I 

Eq u i p me nt : 
Spark source mass spectrometer 

Cross Reference: 
Appendix 2 
Sampl i ng Methods : 11 -S,  29-S 

Lit e ra t  u r e  Ref e r e  n ce: 
J .  A .  Car ter ,  D .  L .  Donohue, and J .  C .  Frankling, 
Trace Substances in  Environmental Health-IX, 
U .  of Missouri, 303 (1975). 

Remarks: 1 .  Additional references:  J .  C .  Franklin,  J .  A .  Car ter ,  D, L, Donohue, and 
R .  W. Ste lzner ,  23d Conf. on Mass Spectrometry and All ied Topics, 
Houston, TX 354 (1975) .  
R .  Alvarez, B. J .  Paulsen, and D .  E .  Kelleher, Anal. Chem. 41 955 (1969). 

c 

Edition; 
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Sr 
Stront i  u m  Q 

Analvsis: Neutron Ac t i  vati  on 

Method: Sample i s  exposed t o  neutron source ( r e a c t o r )  and radioact ive strontium 
isotopes a re  formed. 
spectra a re  iden t i f i ed  by multichannel analyzers .  
i s  proportional t o  the measured a c t i v i t y .  

The isotopes and  t h e i r  associated beta and gamma 
The amount of strontium 

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  Evaporate samples 
and i r r a d i a t e  residue with neutron source. 

Range: P r e  ci s ion : Accuracy: 

Cross Reference: 
.4ppendix 2 
Sampl i ng rlethods : 11 -S,  29-S 

Reagents: 

Lit  e rat u r e  Ref e re nce: 
Robertson and Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals in 
Environmental Samples", NAS-NS-3114, Jan. 1974.  

Eq u i p m e nt : 
Reactor (neutron source) 
Mu1 tichannel analyzer 

Remarks: Suf f i c i en t  time must be allowed f o r  sodium decay i f  the sodium spectrum 
masks the element of i n t e r e s t .  

Edition: 
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Sr 

C ross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

S t ron  t i  um 

Lite rat u r e  Reference: 
Instrument Manufacturer's L i te ra ture  

196-A Analysis: Emission Spectrometry 

Method: The sample containing strontium in e i t h e r  so l id  or l iqu id  s t a t e  i s  
vaporized by a flame, d-c a r c ,  o r  a-c  spark and  the in t ens i ty  of the 
selected emission l i n e  i s  measured against  standards.  

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  br ine .  

Range: 10-100 mg/l  Precision: + I  0% Accuracy: 
I 

R eag en  t s: 
Strontium n i t r a t e  o r  other 
strontium standard 
Vanadium in te rna l  standard 

Equ i pment: 
Emission spectrometer 
Photo processor 
Microphotometer 

Remarks: 1.  Matrix matching (using equivalent amounts of a l k a l i  and  a lka l ine  
ear th  metals) in standards important. 

type of exc i ta t ion  source (flame, AC spark,  or DC a r c ) .  
2. Large differences in matrix e f f e c t s  wil l  be observed depending on the 

Edi t ion i  
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so4 

Anal y si s: Grav i me t ri c 

Sul fa te  

197-A No. 

Sample Handling: Use f i l t e r e d  unacidified o r  raw unacidified br ine.  

Range: > i o  mg/1 Precision: 22% Accu racy: +z% 
i 

I 
Cross Reference: 
Ap?endix 2 
S a ~ p l i n g  Methods: l l - S 9  29-S 
Analysi s Methods : 31 -A, 198-A 

Lit e rat u r e  Ref e re  n ce: 
APHA 427 A ,  B EPA 00945 (1976) 
ASTM D516-68A 
API 2 .71  (1968) 

Reagents: 
Methyl red ind ica tor  
Hydrochloric acid 
Barium chlor ide  
S i lve r  n i t r a t e  
N i t r i c  ac id  
S i l icone  f l u i d  
Anticreep f l u i d  

Eq u i p m ent : 
Steam bath 
Drying oven 
Muffle furnace 
Des s i c a t o  r 
Analytical balance 
Porous bot tom s i l i c a  o r  porcelain c ruc ib le  
F r i t t ed  g lass  f i l t e r  o r  membrane f i l t e r  
F i l t e r ing  apparatus appropriate  t o  f i l t e r  

se lec ted  

Remarks: 1 .  Interferences leading t o  h i g h  r e s u l t s  a r e  suspended matter ,  s i l i c a ,  
bar ium chlor ide p rec ip i t an t ,  n i t r a t e ,  s u l f i t e  and water. 

2 .  Interferences leading to  low r e s u l t s  a r e  a l k a l i  metal s u l f a t e s ,  hydrogen 
s u l f a t e s  of a l k a l i  metals,  chromium and i r o n .  

Edition: 
7/78 
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3 .  A modification to  t h i s  procedure f o r  high S i 0  brines  involves addi t ion 
of BaC12 t o  a hot HC1 ac id i f i ed  (pH adjusted $0 1 - 2 )  sample. After t h i s  
the so lu t ion  i s  allowed t o  boil and the so l id  produced allowed t o  
f l o c u l a t e  a n d  s e t t l e .  The p r e c i p i t a t e  i s  f i l t e r e d  and ashed. The 
material  i s  then fused w i c n  ~ u a  CO and Na 0 . The melt i s  then leached 
w i t h  water,  cooled and f i l t e r e g .  3 F i l t r a t g  f s  ac id i f i ed  slowly with H C 1 .  
F i l t r a t e  i s  evaporated a n d  residue baked unt i l  dry.  Residue i s  re- 
dissolved with water and f i l t e r e d .  F i l t r a t e  i s  ac id i f i ed  w i t h  H C 1  
and boiled followed by treatment with BaCl 
and ashed a t  800°C and resu l t ing  so l id  wei8hed as  BaS04. (John Br i ca re l lo ,  
Westec Services ,  Inc . ,  Ca l ipa t r i a ,  C A ) .  
Samples containing suspended o r  insoluble  material  must be f i l t e r e d  before 
analyses.  
A cleanup procedure when large amounts of calcium a re  present i s  presented below: 
Sul fa te  analysis  by BaC12 - thorin t i t r a t i o n  cdn be done a f t e r  rLlnninq samPle 
t h r o u g h  cat ion exchange res in  mainly t o  remove calcium. 
technique would be t o  r u n  sample t h r o u g h  an ammonium exchanger on an aluminum 
support. 

P rec ip i t a t e  i s  f i l t e r e d  

4.  

5. 

An a l t e r n a t i v e  cleanup 



Sulfa te  

Analysis: Turbidimetric [NO.[ 198-A 

Method: Sulfa te  i s  converted t o  a barium s u l f a t e  co l lo ida l  suspension under control led 
condi t ions.  The concentration of the s u l f a t e  i s  then determined tu rb id i -  
met r ica l ly .  

Sample Handling: Use f i l t e r e d  unacidified or raw unacidified br ine .  

Ranqe: 500-1500 mg/l Precis 

Cross Reference: 
Appendix 2 
Sanpling Methods: 11-S,  29-S 
Analysis Methods: 31-A, 197-A 

Reagents: 
Glycerol 
Hydrochloric acid 
Ethyl alcohol (95%) or isopropyl 

Sodium chlor ide  
Barium chlor ide  
Su l fu r i c  acid 
Sodium s u l f a t e  
Gyl cero1 (opt ion)  

a1 coho1 

~~ ~~ 

I: 29% Accuracy: 220% 

Literature Reference: 
APHA 427-C (1975) 
ASTM D516-68 B (1977) 
API 2 .72  (1968) 
E P A  00945 (1976)  

Eq u i p m ent : 
Magnetic s t i r r e r  
Nephelometer or spectrophotometer t o  measure a t  

Stopwatch 
Measuring spoon 0.2-0.3 ml. capaci ty  

420 nm o r  f i l t e r  photometer with v i o l e t  
f i l t e r  h a v i n g  maximum transmittance a t  420 nm. 

Remarks: 1 .  Color o r  suspended matter in la rge  amounts i n t e r f e r e s .  Suspended matter 
may be removed by f i 1 t r a t i  on. 

Precision and accuracy may be influence by the ion ic  s t rength  of some 
br ines .  

2 .  S i l i c a  i n  excess of 500 mg/l i n t e r f e r e s .  
3 .  

E d i t i o n :  
7/78 
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4.  

5. All parameters of the method must be closely control led i n  order t o  

A conditioning reagent of glycerol-sodium chlor ide so lu t ion  can be added 
t o  s t a b i l i z e  the suspension and minimize in te r fe rences .  

obtain reproducible r e s u l t s ,  i . e .  acid concentration, c rys ta l  s i z e  o f  
BaCl , s t i r r i n g  time, and loose time between adding BaCI2 c rys t a l s  a n d  
specZrophotometric reading. 



Ir Sul fa t e  

Analysis: Atomic Absorption 
~~~ ~ ~~ 

Method: The sample containing s u l f a t e  i s  t rea ted  w i t h  a quan t i t a t ive  excess of 
barium chlor ide .  The amount of barium remaining in so lu t ion  following 
p rec ip i t a t ion  of barium s u l f a t e  i s  determined by atomic absorption, using 
a n i t rous  oxide-acetylene flame and measuring the absorbance a t  553.6 nm. 

Sample Handling: Use f i l t e r e d  unacidified or raw unacidified br ine.  

Range: P re ci s ion : Accuracy: 
I 

Cross Reference: 
Appendix 2 
Sampl i ng Methods : 11 - S ,  29-S 
Analysis blethodsi 32-A, 200-A 

Literature Reference: 
Instrument Manufacturer's S t d .  Methods Manual 

R eag ent s: 
Barium chlor ide  
Barium atomic absorption standard 
so lu t ion  
Nitrous oxide gas cyl inder  
Potassium chlor ide  o r  potassium 
n i t r a t e  

Eq u i p rn e nt : 
Atomic absorption spectrophotometer 
F i l t r a t i o n  apparatus 
Nitrous oxide burner head 

Remarks: 1 .  

2. 

Barium i s  p a r t i a l l y  ionized i n  the n i t rous  oxide-acetylene flame. 
This ionizat ion can be suppressed by adding 2000 ppm K .  
Careful matrix matching between sample and  standards must be made 
( i  .e .  use same amounts of NaCl , a1 kal i metal and a1 kal ine ea r th  
metal i o n s ) .  
Graphite furnace atomization may be used f o r  barium instead of the 
n i  t rous  oxi de-acetyl ene f 1 ame. 

3 .  

Edi t i  on ; 
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Sulfa te  

No. Analysis: Flame Emission - Ind i r ec t  ZOO-A 

Method: Sulfa te  i s  determined by p rec ip i t a t ion  o f  the s u l f a t e  in  acid solut ion with 
barium chlor ide .  The barium s u l f a t e  i s  removed by cent r i fuga t ion ,  washed 
with acetone and water and dissolved i n  warm EDTA a t  pH of 10.5.  
solut ion i s  asp i ra ted  i n t o  a n i t rous  oxide-acetylene flame and the emission 
i n t e n s i t y  a t  553.5 nm i s  measured u s i n g  a spectrophotometer. 

The 

Sample Handling: Use f i l t e r e d  unacidified or  raw unacidif ied br ine.  

Range: 40-1000 mg/l Precision: 22% Accuracy: +2% 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 33-A, 199-A 

R eag ent s: 
Barium chlor ide  
Barium atomic absorption standard 

Nitrous oxide gas cy1 i nder 
Potassium chlor ide  o r  potassium 

Ace ton e 
EDTA 
Thymol bl ue ind ica tor  
Leconal wettinq aqent 

sol ut i  on 

n i t r a t e  

Lit e ratu re Reference: 
Cullum, D .  C . ,  and D .  B. Thomas, Analyst 85, 1960, 
668. 

~~~ 

Eq u i p m e nt : 
Atomic absorption spectrophotometer w i t h  emission 
mode o r  flame emission spectrophotometer 
' l i t rous oxide burner head 
Centrifuge 

Remarks: 1. 

2. 

Barium i s  p a r t i a l l y  ionized i n  the n i t rous  oxide-acetylene flame. 
This ionizat ion can be suppressed by adding 2000 ppm K .  
Careful matrix matching between sample and standards must be made 
( i . e .  use same amounts of NaC1, a l k a l i  metal and a lka l ine  ea r th  
metal i ons ) .  

Edition: 
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li; Sulfa te  

Anal y si s: I on Exchange Chromatography INo. I 201 -A 

Method: Anion components a r e  separated on sulfonated cat ion exchange columns coated 
w i t h  f i n e l y  ground anion r e s in .  
carbonate i s  used t o  Flute  s u l f a t e  from the  column. 
i s  followed by a suppressor colunm which removes hi3h background conductivity 
due  t o  the solvent .  Ions arerdetected with a conductivitv d p t p c t n r .  

A solut ion of sodium bicarbonate-sodiLim 
The separation column 

Sample Handling: Use raw o r  f i l t e r e d  unacidified brine o r  f i l t e r e d  a c i d i f i e d  br ine.  

Range: Precision: t o .  06% Accuracy: +5% 
I 

Cross Reference: 
Appendix 2 
Sampling Methods; 11-S,  29-S 

Reagents: 
Sulfur ic  ac id ,  sodium s u l f a t e ,  o r  
other  s u l f a t e  standard 
NaHC03 
ria co 

Lite rat u r e  R efe re n ce: 
Dionex Corp., Sunnyvale, CA L i te ra ture .  
Anal. Chem., - 47 ( l l ) ,  1801 (1975). 
Microchem. J . ,  2 2 ,  45 ( 1 9 7 7 ) .  
Anal. Chem., - 4 9 7 3 ) ,  401 (1977). 

Eq u i p m e nt : 
Ion exchange chromatograph 

Remarks: 1 .  Additional reference: Small, H . ,  T.  S.  Stevens, and W. C .  Bauman, 
Anal. Chem., 47, 1801 (1975) .  

Edition: 
7/78 
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Sulf ide 

Analvsis: Ti t r ime t r i c  ( Iodine)  INo.1 202-A 

M&hod: Sulf ide i s  i nd i r ec t ly  determined by s t r ipp ing  hydrogen su l f ide  from an 
ac id i f i ed  sample with an i n e r t  gas. 
zinc ace ta te  solut ion t o  which excess iodine in water i s  added t o  oxidize 
su l f ide  t o  elemental s u l f u r .  Excess iodine i s  t i t r a t e d  with th iosu l f a t e .  

Hydrogen su l f ide  i s  col lected in 

Sample Handling: Use f i l t e r e d  unacidified o r  raw unacidified brine.  

f5% on S= > l o  mg/l Accuracy: +5% on S= Range: 0.5-10 mg/l Precision: >IO mg/l 

Appendix 2 
Cross Reference: Sampl ing Methods: 
4-s, 11-s, 12-s, 29-s, 34-s 
Analysis Methods: 94-A 

Reagents: 
Zinc ace t a t e  
Ine r t  gas ( N  o r  C02) 
Potassium io8ide 
Hydrochloric acid 
Sodi um t h iosu l f a t e  
Starch 
Sodium hydroxide 
Iodine 

Lit e rat u re Ref e re nce: 
API 3.10.1 (1968) 
USGS Book 5 ,  Chapter A 1  (1974) 
EPA 00746 (1976)  

Eq u i p m e nt : 
Burets 

Remarks: 1 .  Reducing substances such as heavy metal i o n s , s u l f i t e ,  t h iosu l f a t e  and 
hydrosulf i te  wil l  use u p  iodine a n d  contr ibute  pos i t ive  e r r o r s .  

2 .  Oxygen and other  oxidants r eac t  with hydriodic acid a n d  contr ibute  
negative e r r o r s .  

3. Field ana lys i s  f o r  su l f ide  i s  advised. 
4 .  Al ternat ively ZnS i s  decanted, d i s t i l l e d  water washed and returned the Edi t i  on : 

7/78 
contents ac id i f i ed  t o  the or ig ina l  container .  Iodine standard solut ion 
i s  added with hydrochloric acid and the t e s t  proceeds as before 
[APHA 428D ( 1 9 7 5 ) l .  

C-20€ 



, \  

Analysis: Antimony Test ( Q u a l i t a t i v e )  

Sulf ide 
w 

NO. 203-A 
I 1 

Cross Reference: 
Appendix 2 
Sampling Methods: 4-S, l l - S y  12-S, 
29-S, 34-S 

Lit e rat u re R efe re n ce: 
APHA 428 (1975)  

~ ~ _ _ _ _ _ _ _ _  

Sample Handling: Use raw unacidified o r  f i l t e r e d  unacidified br ine.  

, \  

w Range: a . 5  mg/l Precision: Accuracy: 
I 

R eag ent s: 
Potassium antimony t a r t r a t e  
Hydrochloric acid 

Eq u i p ment : 

Remarks: 1 .  Metal l ic  ions such as lead i n t e r f e r e  because the su l f ide  i s  held 
so firmly t h a t  i t  does n o t  produce antimony s u l f i d e .  

2 .  Di thoni te ,  which decomposes in acid solut ion t o  produce su l f ide ,  
i n t e r f e r e s .  

Edi t i  on : 
7/78  C-207 



Q 
S u l f i d e  

Analysis: C o l o r i m e t r i c  (Methylene B lue)  No. 204-A 

Sample Handling: Use f i l t e r e d  u n a c i d i f i e d  o r  raw u n a c i d i f i e d  b r i n e .  

Eq u i p m ent : 
! Spectrophotometer  t o  measure a t  600 nm 

Bure ts  

0.01 -1 .0  mg/l Accuracy: b Range: 0.2-400 u g / i  ( L a u t h '  s Precision: 
Vi0 l e t  1 I 

Cross Reference: Appendix 2 
Sampling Methods: 4-A, 11-S, 12-A, 
29-s, 34-s 
A n a l y s i s  Methods: 95-A 

L i terature Reference: 
APHA 428 C (1975) 
A P I  3.10.2 (1968) 

Reagents: Potassium I o d i d e  
Z i n c  a c e t a t e  Sodium T h i o s u l f a t  
Sodium carbonate H y d r o c h l o r i c  a c i d  
N , N - d i met hy 1 - p h eny 7 ene- d i ami ne 

o x a l a t e  (a1 so c a l l  ed p-ami no- 
d i m e t h y l a m i l  i n e  o x a l a t e )  

S u l f u r i c  a c i d  
F e r r i c  c h l o r i d e  
Diammoni um hydrogen phosphate 
Sodium s u l f i d e  Sodi um H.ydroxide 

~ 

Remarks: 1. 

2. 

3. 

Reducing substances such as heavy me ta l  i o n s ,  s u l f i t e ,  t h i o s u l f a t e  and 
hyd rosu l  f i t e  i n h i  b i  t c o l  o r  f o rma t ion .  

F i e l d  a n a l y s i s  f o r  s u l f i d e  i s  adv i sed .  

A m o d i f i c a t i o n  o f  t h i s  method u s i n g  L a u t h ' s  v i o l e t  dye i n s t e a d  o f  
methy lene b l u e  g i v e s  more c o n s i s t e n t  c o l o r  development w i t h  b r i n e  samples 

F i s h e r i e s  Research Board of Canada, Ottawa, 1968, p .  41-44.)  

c 
Ed i ti on : ( S t r i c k l a n d  and Parsons, " A  P r a c t i c a l  Handbook o f  Seawater A n a l y s i s " ,  

7 / 7 8  
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Sulf ide 
i. 

Appendix 2 
Sampling Methods: 4-s, i i - s ,  12-s, 
29-s ,  34-s 

Analysis: Specif ic  Ion Electrode 

Analytical Le t t e r s ,  1 ( 1 3 ) ,  825 (1968).  
Anal. Chem., 44 (5),-270 (1972) .  
Orion Res. I n r ,  Cambridge, MA L i te ra ture  

Method: The potent ia l  o f  a s i l v e r  su l f ide - s i lve r  e lectrode r e l a t i v e  t o  a reference 
electrode i s  measured in the sample. A s e r i e s  of su l f ide  standards i s  
used t o  determined the potent ia l -concentrat ion re la t ionship .  

~ ~~ 

Sample Handling: Use f i l t e r e d  unacidified o r  raw unacidified br ine .  

U Range: Precision: Accuracy: 
I 

Cross Reference: I Literature Reference: 

R eag en t s: 
Sodi urn s u l f i d e  or other  su l f ide  
s t a n d a r d  
EDTA 
Sodium hydroxide 
Ascorbic acid 

Eq u i p m ent : 
Sulf ide spec i f i c  ion electrode 

Remarks$Antioxidant buffer should be added in the f i e l d  t o  avoid negative e r ro r s  
from oxidation. 

2.Field ana lys i s  f o r  su l f ide  i s  advised. 
3.Standard addi t ions should be made t o  ver i fy  resul ts .  

Edition: 
7/78 c-209 



n 

Cross Reference: 
Appendix 2 
Sampling Methods: 4-S, 11-S, 12-S ,  
29-S, 34-S 

Sulf ide 

Lit e rat u re Reference: 
Muc. I n s t .  and  Methods, Vo l .  106,  p p .  525-538 
(1973). 

Analysis: X-Ray Fluorescence 1No.l 206-11 

Method: Liquid samples a re  made t o  f luoresce by x-ray bombardment. 
f luorescence i s  separated in to  wavelengths by a c rys ta l  and the  
radiat ion i s  detected by a s c i n t i l l a t i o n  counter or a flow proportional 
counter. A vacuum i s  required f o r  the l i g h t e r  elements. Standardization 
o f  instrument required.  

Secondary 

~ 

Sample Handling: Use f i l t e r e d  unacidified or raw unacidified br ine.  

/? 

Accuracy: P re ci s ion : Ranqe: 

Reagents: 
Sodium s u l f i d e  or other  su l f ide  
standard 

Eq u i p m ent : 
X-ray fluorescence spectrophotometer 

R em arks: 

/- 

Edition: 
7/78 
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S 
S u l f i d e  

u 
Analysis: Spark Source Mass . S D e w e e  NO. 207-A 

Method: Dehydrated sample i s  vapor i zed  and i o n i z e d  by an a r c  source and e n t e r s  an 

evacuated chamber, 

r a t i o ,  and determined q u a n t i t a t i v e l y  by comparison w i t h  s tandards ,  

S u l f u r  i s  separated and d e t e c t e d  by i t s  mass/charge 

Use f i l t e r e d  u n a c i d i f i e d  o r  raw u n a c i d i f i e d  b r i n e .  

samples and ana lyze  r e s i d u e .  
Evaporate Sample Handling: 

Range: 0.1-1 ooo mg/l Precis 

Cross Reference: 
Appendix 2 
Sampling Methods: 4-S, 11-S, 12-S, 
29-S, 34-S 

Reagents: 
Sodium s u l f i d e  o r  o t h e r  s u l f i d e  
s tandard  

In: k25% Accuracy: +z5% 

Lit e rat u r e  Refe re  n ce: 
Trace A n a l y s i s  by Mass Spectrometry ,  A .  J .  Aheard, 
ed., Academic Press,  N Y  (1977) .  
D. L .  Donohue, J .  A. C a r t e r  and J .  C .  F r a n k l i n ,  
4nal .  L e t t e r s ,  l O ( 5 )  371-379 (1977) .  

Eq u i p m e nt : 
Spark source mass spect rometer  

R em a r ks: 

E d i t i o n :  

7 /78 c-211 



n 
Sulf ide 

Analysis: Neutron Acti v a t  i on 1N0.l 208-A 

Method: Sample i s  exposed t o  neutron source ( r e a c t o r )  and radioact ive su l fu r  
isotopes a re  formed. 
spectra a re  iden t i f i ed  by multichannel analyzers.  The amount of su l f ide  
present i s  proportional t o  the measured a c t i v i t y .  

The isotopes a n d  t h e i r  associated beta and gamma 

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  
a n d  i r r a d i a t e  residue with neutron source. 

Evaporate samples 

Precision: Accuracy: 6 Range: 

Cross Reference: 
Appendix '2 
Sampling Methods: 4-S, 1 1 - S ,  12-S,  
29-s, 34-s 

~~ 

Reagents: 

Lite rat u re Reference: 
Robertson and Carpenter, "Neutron Activation 
Techniques for the Measurement of Trace Metals 
i n Environmental Samples" , NAS-NS-3114 , Jan. 1974.  

Equipment : 
Reactor (neutron source) 
Multichannel analyzer 

Remarks: Suf f i c i en t  time must be allowed f o r  sodium decay i f  the sodium spectrum 
masks the element of i n t e r e s t .  

Edi t i  on : 
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i 
Anal y si s: Grav i me t r i c 

SUSPENDED 
SOLIDS 

NO. 2 0 % ~  

Suspended Solids 

Cross Reference: Appendix 2 
Sampling flethods; 11 -S, 29-S 
Analysis Methods: 210-A, 211-A, 212-A, 
21 3-A 

Literat u re Reference: 
APHA 208 D11975) 
EPA 00530 1976 
USGS Book 5,  Chapter A1 (1974)  
ASTM D1888-67A ( 1977) 

Sample Handling: Use raw unacidified br ine.  Analyze as  soon as possible .  

Precision: f25% Accuracy: 
I 

Reagents: 

None 

Eq u i p m e n t  : 
Gooch cruc ib le  or membrane f i l t e r  apparatus 
Suction f l a sh  and appropriate  c ruc ib le  holder 
G1 ass f i b e r  f i 1 t e r  lllats o r  iilelllbratle f I 1 t e r s  
Crying Oven 
Des i cca t o r  
Analytical balance 

Remarks: 1 .  

2. 

Accuracy cannot be obtained s ince  the t rue  concentration of suspended 
matter i s  unknown. 
Too much residue on f i l t e r  wil l  c r u s t  over and entrap water t h a t  wi l l  
not be driven off  d u r i n g  drying. 
t o  about 200 mg. 

Total residue should be l imited 

3. F i l t r a t i o n  i n t o  pre-weighed cruc ib les  on - s i t e  would be a preferred 
i 

Edition: 
7/78 met hod. 
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4 .  Prec ip i ta t ion  o f  i ron ,  manganese, and s i l i c a  in highly concentrated brines 
causes higher r e s u l t s  than would be obtained on s i t e .  



-. . . . . - . -. . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . - 

Cross Reference: 
Appendix 2 

Analysis Methods: 209-A 
Sampling Methods: 11-S, 29-5 

TQTAL DISSOLVED 
SOLIDS (TDS) 

Lit e rat u r e  Reference: 
APHA 208 B, C (1975) 

EPA 70300 (1976 
USGS Book 5,  C ap t e r  A1 (1974)  

ASTM D1888-67A ( 1  977)  

b 

Total Dissolved 
Sol i d s  

I I 

M&hod: A sample i s  f i l t e r e d  through a membrane f i l t e r ,  evaporated i n  a tared drying 
d i s h ,  oven dried and weighed f o r  nonf i l te rab le  res idue.  

Sample Handling: Use f i l t e r e d  unacidified br ine.  

+ l o %  Below 25 mg/l + l o %  Below 25 mg/l U R a n g e :  >2 mg/l Precision: f 5 %  Higher Accuracy: +5% Higher 
1 

Reagents: 
R D r i e r i t e  or s i l i c a  gel 

Eq u i p m e nt : 
Evaporating dishes 
Drying oven 
Desiccator 
Analytical balance 

Remarks: 1 .  Highly mineralized waters w i t h  considerable calcium, magnesium, ch lor ide ,  
and/or s u l f a t e  content may be hygroscopic and require  prolonged drying,  
proper desiccation and rapid weighing. 

2 .  Samples h i g h  i n  bicarbonate require  careful a n d  possibly prolonged 
drying a t  180°C t o  insure complete conversion o f  bicarbonate t o  
carbonate. 

t h a t  wi l l  not be driven o f f  during drying. Total residue should be 
l imited t o  about 200 mg. 

Edition: 3.  Too much residue in evaporating d i s h  will  c rus t  over and entrap water 

(cont ,  on back) C-214 
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4.  Under ce r t a in  conditions Si0 will  s e t t l e  o u t  of brine solut ion u p o n  standing. 
Better r e s u l t s  should be obtGinable using the suspended so l id s  f i l t r a t e  ( f i l t e r e d  
on s i t e )  and then include any fu r the r  p rec ip i t a t ion  with TDS. 



- - . . . . - . .. - . . . . . . . . . . . . . . . . . . . - - . . - - - .. - 

Anal y si s: A bs o rp tome t r i c 

URBIDITY 

NO. 211-A 

Turbidity 

~- 

Sample Handling: Use RU br ine ,  determine as quickly a f t e r  co l lec t ion  as possible .  

Ranqe: 0.1-1000 FTU Precision: *I % Accuracy: + I  % 

Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 209-A, 212-A, 2134  

C ross Reference: 

Reagents: 
Standard  formazin so lu t ions  

Lit e rat u r e  Refe re n ce: 
Hach manual 

Eq u i p m e nt : 
Spectrophotometer o r  f i l t e r  photometer 

Edition: 
7/ 78 

RemarkS:l-Interferences: t rue  co lor ,  a i r  bubbles, s e t t l e a b l e  mat ter ,  d i r t y  
glassware. 

ana lys i s  of t u rb id i ty  recommended. 
2-Unstable br ines  wil l  y i e ld  changes i n  t u rb id i ty  w i t h  time; f i e l d  

c-215 



TURBIDITY 

Analysis: Visual Matching 

Turbidity Q 
NO. 212-A 

---- 

Appendix 2 
Cross Reference: 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 209-A, 21 1 -A, 21 3-A 

Li terature Reference: 
APHA 214 B 
"Eco Lab1' L i t e ra tu re  

Sample Handling: Use KU brine;  determine as quicklv a f t e r  co l lec t ion  as possible .  

Edition: 
7/78 

Range: Precision: Accu racy: 
I 

~ ~~~ 

Reagents: 
Kaol i n  

Eq u i p ment : 
bo t t l e s  o r  t e s t  tubes o r  commercial material  

I 

Remarks: I .  Interferences:  rapidly s e t t l e a b l e  mat ter ,  co lor ,  a i r  bubbles. 
2.Unstable brines wi l l  y i e ld  changes in  tu rb id i ty  with time; f i e l d  

ana lys i s  o f  t u rb id i ty  recommended. Commercial k i ts  ava i lab le .  

3 .Prec ip i ta t ion  o f  i ron ,  manganese and  s i l i c a  in highly cbncentrated 
brines can cause color  which contr ibutes  t o  e r r o r .  c 
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TU R IB I D ITY 
u Turbidity 

Anal y si s: Nep he 1 ome t r i c ( T u r  b i  d i met r i c lN0.1 2 1 3 4  

Method: Scat tered l i g h t  from a tu rb id i ty  sample i s  measured a t  r i g h t  angles t o  
the incident  l i g h t  i n  a nephelometer and compared with standard formazin 
tu rb id i ty  so lu t ions .  

Sample Handling: Use R U  br ine;  determine as quickly a f t e r  co l lec t ion  as possible .  

Precision: Accu racy: t i  % 

Appendix 2 

Sampling Methods: 11-S, 29-S 
Analysis Methods: 209-A,211-A, 212-A 

Cross Reference: 

Reagents: 
Standard formazin tu rb id i ty  so lu t ions  

Remarks: 1 .  

Edition: 
7/78 

2 .  

3. 

Lit e rat u re R efe re n ce: 
APHA 214 ( 7 5 )  
ASTM D1889-71 ( 7 7 )  
EPA 00076 76 
USGS Book $, r ) h n p + ~ r  A 1  (1974)  

Eq u i p m e nt : 
Nephelometer (Turbidimeter) 

In te r fe rences :  t rue  co lor ,  a i r  bubbles, q u  
d i r t y  glassware. 
Results reported in nephelometric t u rb id i ty  
Uns tab  e brines wil l  y i e ld  changes in turbi  
analys s of t u rb id i ty  recommended. 

ckly s e t t l e a b l e  mat ter ,  

un i t s .  
i t y  with time; f i e l d  

C-217 



dr, 

i 
Cross Reference: 
Appendix 2 
Sampling Methods: 71-S, 29-S 
Analysis Methods: 215-A 

Zn 

ASTM D2576-79 
Lit e rat  u r e  Reference: 
EPA 01092 (1976) 
APHA 301 A (1975) 
USGS Book 5, Chapter A 1  (1974) 
Instrument Manufacturer's S t d .  Methods Manual 

D1691-77C ( 1  977)  

Zinc 

Reagents: 
Zinc atomic absorp t ion  standard solu- 
t ion o r  zinc metal 
Hydrochloric acid i f  zinc metal i s  

t I 

Eq u i p m e nt : 
Atomic absorption spectrophotometer 

Analysis: Atomic Absorption INO.1 Z M - A  

Method: Zinc i s  determined by aspi ra t ing  the sample in to  an a i r -ace ty lene  flame 
of an atomic absorption spectrophotometer. 
absorbance a t  213.9 nm i s  measured and i s  proportional t o  the zinc 
concentration. 

The in t ens i ty  of the zinc 

Sample Handling: Use raw ac id i f i ed  or  f i l t e r e d  ac id i f i ed  br ine .  
s t ab i l i zed  by a d d i n g  5 m l  HN03 per l i t e r .  

Sample may be 

Remarks: 1 .  No chemical in te r fe rences  i n  an air-acetylene flame. 
2. 

3 .  

Non atomic species absorb s t rongly i n  an a i r  acetylene flame. 
a deuterium background correct ion system is  recommended. 
Careful matrix matching between sample and standards must be made 
( i  .e. use same amounts o f  NaCl, other  a l k a l i  metal a n d  a1 kal ine 
ear th  metal i ons ) .  

Use of 

4. Use of a graphi te  furnace wil l  increase s e n s i t i v i t y .  
Edition: 

7/78 
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5. I f  sample shows Tyndall e f f e c t ,  f i l t e r  through 0.45 urn membrane f i l t e r .  

6 .  Sodium and calcium cause spectral  in te r fe rences  which must be corrected.  
Sodium in te r fe rences  cannot be corrected by using D2 background compensation. 

7 .  Use of standard addi t ions recommended. c 



Zn 

Atomic A b s o r p t i o n  Using 
Analysis: APDC and M I B K  Extraction 

Zinc 

NO. 215-A 

Reagents: 
Zinc atomic absorption standard 
so lu t ion  o r  zinc metal 
Hydrochloric acid i f  zinc metal i s  uself 
Methyl isobutyl ketone 
Ammonium pyrrol id ine  dithiocarbamate 

~~ 

Sample Handling: Use f i l t e r e d  ac id i f i ed  o r  raw ac id i f i ed  br ine .  

Eq u i p rn e n t : 
Atomic absorption spectrophotometer 
Separatory funnels 

kr) Range: < 0 ? 2  mg/l Precision: + I  0% Accuracy: &IO% 
I 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 
Analysis Methods: 214-A 

Literature Reference: 
APHA 301 A (1975) 

Remarks: 1. No chemical in te r fe rences  i n  an a i r -ace ty lene  flame. 
2. Non atomic species absorb s t rongly i n  an  a i r -acetylene flame. 

of a deuterium background correct ion system i s  recommended. 
Use 

Edition: 
7/78 

3. Careful matrix matching between sample and standards must be made 
( i . e .  use same amounts of NaC1, o ther  a l k a l i  metal a n d  a lka l ine  ea r th  
metal ions) .  

4 .  Use of a graphi te  furnace wil l  increase s e n s i t i v i t y .  

(cont .  on back) C-219 





Zn 
Zinc 

Inductively Coupled Plasma-Atomic 
Analysis: Emission Spectroscopy lN0.1 216-A 

Method: Sample i s  asp i ra ted  in to  the argon plasma and the i n t e n s i t y  of the 
emission spectrum i s  analyzed and compared with s tandards.  
measured a t  213.86 nm or a l t e r n a t e  wavelength. 

In tens i ty  i s  

Sample Handling: Use f i l t e r e d  i ic idif ied or raw ac id i f i ed  br ine.  

3-5 orders  o f  magnitude from 
Range: a s ingle  spec t ra l  l i n e  Precision: f i - i o% 

- 
Accuracy: 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S ,  29-S 

Reagents: 
Zinc metal or other zinc standard 
Hydrochloric acid ( t o  d isso lve  z inc)  

Lit e rat u re I? efe re n ce: 
Evaluation of an Inductively Coupled Plasma, 
Multichannel Spectrometric Analysis System, 
EPA-600/4-77-032, June 1977.  

Eq u i p rn en t  : 
Inductively coupled plasma-atomic emission 
spectrometer 

Remarks: 1 .  External standards u s i n g  NaCl concentrations equivalent  t o  sample 
concentrations of NaC1 a r e  required.  

Inductively Coupled Plasmas t o  the Ana.1ysis o f  Geochemical Samples", 
Anal. C h i m .  Acta 75:, 257-270 (1975). 

2. Additional reference:  R. H.  Scot t  and M. L .  Kokot, "Application of 

Edition: 
7/78 (cont .  on back) 
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A 

3. 
4. 

Background correct ion and standard addi t ions method recommended. 
Upper l i m i t  o f  concentration range may be extended by using a l t e r n a t e  
spectral  l i n e s .  



Zn 

NO. Analysis: Spark Source Mass Spectrometry  

Z i n c  

217-A 

-. 

Reagents: 
Z i n c  meta l  o r  o t h e r  z i n c  s tandard  
H y d r o c h l o r i c  a c i d  ( t o  d i s s o l v e  z i n c )  

Sample Handling: Use f i l t e r e d  i i l : : id i f ied ,  raw a c i d i f i e d ,  f i l t e r e d  u n a c i d i f i e d ,  o r  

raw unacid i f ic ic l  b r i n e .  Evaporate samples and ana lyze  r e s i d u e .  

Literat u re Reference: 
Trace A n a l y s i s  by Mass Spectrometry ,  A .  J .  Aheard, 
ed.,  Academic Press,  NY (1977) .  
D.  L. Donohue, !J. A. C a r t e r  and J .  C .  F r a n k l i n ,  
Anal .  L e t t e r s ,  - lO(5)  371-379 (1977) .  

Eq u i p ment  : 
Spark source  mass spec t rometer  

f 5 %  ( i s o t o p e  d i l  . )  +5% ( i s o t o p e  d i l  . )  Accuracy: f25% - Range: 0. I-1000 mg/ l  Precision: 225% 

Cross Reference: 
Appendix 2 
Sampl ing Methods: 11-S, 29-S 

Remarks: 1. A d d i t i o n a l  re fe rences :  J .  A. C a r t e r ,  D. L. Donohue, and J .  C .  F r a n k l i n ,  
Trace Substances i n  Envi ronmenta l  Hea l th - IX .  U. o f  M i s s o u r i ,  303 (1975) .  
J .  C .  F r a n k l i n ,  J .  A. Car te r ,  D. L .  Donohue, and R.  W. S t e l z n e r ,  23d 
Donf. on Mass Spect romet ry  and A l l i e d  Top ics ,  Houston, TX 354 (1975) .  
R. A l va rez ,  B. J .  Piaulsen, and D. E.  K e l l e h e r ,  Ana l .  Chem. 41 955 (1969).  - 

Ed i ti on : 
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Zinc 

Analysis: Neutron Activation 

Q 
NO. 218-A 

Cross Reference: 
Appendix 2 
Sampling Methods: 11-S,  29-S 

Sample Handling: Use raw ac id i f i ed  or f i l t e r e d  ac id i f i ed  br ine.  
and i r r a d i a t e  residue with neutron source. 

Evaporate samples 

Li terature Reference: 
Robertson and Carpenter, "Neutron Activation Tech- 
niques f o r  the Measurement of Trace Metals i n  
Environmental Samples" , NAS-NS-3114, Jan.  1974.  

~~ 

Reagents: Eq u i p me nt : 
Reactor (neutron source) 
Mu1 tichannel analyzer 

Remarks: Suf f i c i en t  time must be allowed f o r  sodium decay i f  the sodium spectrum 
masks the element of i n t e r e s t .  

Edition: 
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Zn 
Zinc 

NO. Analysis: Emi s s i on Spectrometry Z W A  

Sample Handling: Use f i l t e r e d  i ic idif ied or raw ac id i f i ed  br ine .  

Reagents: 
Zinc metal or other  zinc standard 
Hydrochloric acid ( t o  dissolve zinc)  
Vanadium in te rna l  standard 

- - 
Range: 10-1 00 mg/l P re  ci s i o n : f lO% Accuracy: 
-7- 

Eq u i p m e nt : 
Emission spectrometer 
Pho to  processor 
M i c r o p h o tome t e r 

Cross Reference: I Li terature Reference: 
Appendix 2 
Sampling Methods: 11-S, 29-S 

Instrument Manufacturer's L i te ra ture  

I 

Remarks: 1. 

2. 

Yatrix matching (using equivalent amounts o f  a1 kal i and  a1 kal ine 
ear th  metals) in standards important. 

Large differences i n  matrix e f f e c t s  will  be observed depending on the 
type of exc i ta t ion  source (flame, AC spark,  o r  DC a r c ) ,  6$ 

Edition: 
7/78 C - 2 2 3  



Anal v t i ca l  Methods 
Ref e r e  n c e s 

___-.I- ~ 

Q 
A .  Standard and Recommended Methods Publications and Handbooks: 

1 .  1977 Annual Book of ASTM Standards, Part 31, Water, American 
Society f o r  Testing and Plater ia ls ,  Philadelphia,  P A ,  1976. 

2. A P I  Recommended Pract ice  f o r  Analys i s  o f  Oil-Field Waters, 
American Petroleium I n s t i t u t e ,  Dallas,  TX, 1968. 

3. Brown, Eugene, M . W .  Skougstad, F.1.J. Fishman, Methods f o r  
Co l l ec t ion  and Analys i s  of Water Samples f o r  Dissolved 
Minerals and Gases, Book 5 ,  Chapter Al, U . S .  Geological 
Survey, Washington, D . C . ,  1974. 

"Geothermal Water and Gas-Collected Methods f o r  Sampling 
and Analysis", Comment Issue,  BNWL-2094, A u g u s t ,  1976. 

4. Douglas, J .G. ,  R.J. Serne, D . W .  Shannon, E . M .  Woodruff, 

- 
5 .  Hach Water Analys i s  Handbook., Hach Chemical Co., Ames, IA, 1976. 

6 .  Methods f o r  ChernicaZ AnaZysis of ddater and Wastes, Envi ronmen ta l  
Protection Agency, Environmental Monitoring and Support Laboratory, 
Cincinnat i ,  OH, 1976. 

7. Presser, T . S .  and Ivan Barnes, Special  Techniques for Determining 
Chemical Proper t ies  of Geothermal Water, WRI-22-74, United S ta t e s  
Geological Survey, Menlo Park, C A ,  A u g u s t ,  1974. 

8. Standard Methods f o r  the  Examination of Water and Wastewater, 
14th ed. American Public Health Association, klashington, 3.C. 
1975. 

B .  Atomic Absorption and Flame Emission SpectroscoFy: 
1 .  "Analytical Plethods f o r  Atomic Absorption Spectroscopy Using  

the HGA Graphite Furnace", Perkin Elmer Corp., Norwalk, CT, 
Apr i l ,  1974. 

2 .  Atomic Absorption Methods Manual, Vol. 1 ,  Instrumentation 
Laboratory, Inc . ,  !Jilmington, MA,  1976. 

3.  Dean, John P,. and Theodore C .  Rains, e d s . ,  Flame Emission and 
Atomic Absorption Spectrometry,  Vol. 111, Marcel Dekker, Inc . ,  
New York, 1975. 

4, Snelleman, W. Spectrochim. Acta, 23B (1968) 403. 

C .  Ind/lc'ii vely Coupled P1 asma-Atomic Emission Spectroscopy: 
1 .  c "Evaluation of an Inductively Coupled Plasma, Mu1 tichannel 

Spectrometric Analysis System", EPA-600/4-77-032, Environmental 
Protection Agxcy,  Environmental Research Laboratory, Athens, G A ,  
1977. 
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2 Scot t ,  R .  H. and M. L .  Kokot, "Application of Inductively 
Coup1 ed P1 asmas t o  the Analysis of Geochemical Samples", Anal . 
Chim. Acta 75 ,  (1975) 257. 

3 .  R .  K .  Winge, V .  A .  Fassel ,  R .  N .  Kniseley, E .  DeKalb, and W .  3 .  Haas, J r . ,  
"Determination o f  t race  elements in s o f t ,  hard, and s a l i n e  waters by the 
induct ively coupled plasma, multi-element atomic emission spectroscopic 
(ICP-MAES) techniqiue" Accepted f o r  pub1 i ca t ion  in  Spectrochim. Acta. 

D .  Ion Exchange Chromatography: 
1 .  B O U ~ O U C O S ,  Spiros A .  "Determination o f  Ammonia and Methylamines 

in  Aqueous Solutions by Ion Chromatography", Anal,. C'hern. 4.9 ( 3 )  
(1977) 401. 

2 .  Ion Exchange Chromatography L i t e ra tu re ,  Dionex Corp., 1228 

3. Mulik, J . ,  R .  Puckett ,  D .  Williams, E .  Sawicki, "Ion Chroriato- 

Titan Way, Sunnyvil'le, CA 94086. 

graphic Analysis o f  Sul fa t e  and Ni t r a t e  i n  Ambient Aerosols, 
AnaZyticaZ Letter:;:  9 ( 7 )  (1976) 653. 

4 .  Small, Harnish, T.S..  Stevens, W . C .  Btiurnan, "Novel Ion Exchange 
Chromatographic Method Using Conductirietric Detection",  AnaZ. 
Chem. 47 ( 1 1 )  (1975) 1801. 

5. Smith J r . ,  F . ,  A .  I\lcMurtrie, H .  Galbrai th ,  "Icn Chromatographic 
Determination o f  5i.ilfur and Chlorine Using Milligram and S u b -  
milligram Sample Wc?ights", Microchem. J .  22 (1977) 45. 

E .  X-Ray Fluorescence: 
1 .  Cooper, J.A. "Compi:irison of P a r t i c l e  and Photon Excited X-Ray 

F1 uorescence Appl i e d  t o  Trace Element Measurements of Envi ron- 
mental Samples" , Ahc. I n s t .  and izlethods, 106 ( 1  973) 525.  

F .  Neutron Activation: 
1.  R o b e r t s o n ,  D . E .  a r id  R .  C a r p e n t e r ,  " N e u t r o n  A c t i v a t i o n  T e c h n i q u e s  

f o r  the Measurement. o f  Trace Metal s in  Envi ronmental Samples" , 
NAS-NS-3114, January 1974.  

I;. Ion Se lec t ive  Electrodes:  

1 .  Buck, Richard P . ,  "Ion Se lec t ive  Electrodes,  Potentiometry 
and Potentiometric T i t r a t i o n s , "  Anal .  Chem. 0 4 ( 5 )  (1972) 270 

2 .  Light,  Truman S .  a n d  H .  L .  Swartz, "Analytical Evaluation o f  
the S i lve r  Sulf ide Yembrane Electrode," AnaZyticaZ Let te rs ,  
l ( 1 3 )  (1968) 825. 

3.  Orion Research Electrode L i t e ra tu re ,  Orion Research, Inc . ,  
380 P u t n a r n  A v . ,  Cambridge, N A ,  02139. 

H .  Miscellaneous References: 

1 .  Bol le te r ,  W . T . ,  Bushman, C.J. and Tidwell, P . H .  , Anal.  Chem. ,  
33, (1961) 592. 
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2 Burdick and Jackson Labs, Inc . ,  1953 S .  Harvey S t . ,  Muskegon, 
MI 49442 (Amadac FR Procedure f o r  F luor ide) .  

3. C u l l u m ,  D . C . ,  and D . B .  Thomas, Analyst  85 (1960) 668. 

4. Fischer,  Robert B .  and Dennis G .  Peters, Q u a n t i t a t i v e  Chemical 
Ancrlys7:s, 3rd ed . ,  W . B .  Saunders Co., Philadelphia,  P A ,  1968. 

5. Furman, N . R . ,  ed. , " S c o t t ' s  Standard Methods of Chemical Analysis", 
D .  Van Nostrand, Princeton, NJ, 1962. 

6. Kol t ho f f ,  I . M .  and E . B .  Sandell ,  "Textbook of Quan t i t a t ive  
Inorganic Analysis", McMillan and Co., N Y  

Technicon Auto Analyzer Indus t r ia l  Method 98-7OW Revised. 

1952. 

7. 

I .  Radioactive Counting: 
3 
I .  

2. 

3. 

4 .  

5. 

6 .  

7. 

8. 

Gibson, W .  i l . ,  "The Radiochemsitry of Lead," NAS-NS 3040, 
August, 1961 . 
Grindler,  James E . ,  "The Radiochemistry o f  Uranium," 
NAS-NS 3050, March, 1962.  

Harley, J .  R . ,  e d . ,  HASL Procedures Manual, Health and Safety 
Laboratory, Hs4SL-3OiI, A u q u s t ,  1974. 
Johns ,  Frederick B . ,  e d . ,  Hmdhook o f  Radiochemical Nethods,  
EPA-630/4-75-001, February, 1975. 
Floore, F .  L . ,  "Radiochemical Determination o f  Ionium i n  
Uranium Fluorination A s h , "  AnaZ. Chem. 30 (1958) 1020. 
"Radium 2 2 6 :  Analysis, P r inc ip l e s ,  Interferences and P rac t i ce , "  
National Lead Co., Inc . ,  WIN-112, February 1 ,  1960. 

S m i t h ,  Helen L . ,  CoZZected Radiochemical Procedures, a th  e d . ,  
LA-1721, UC-4, Chemistry, April , 1975. 
T r u j i l l o  J r . ,  P .  E . ,  "Analytical Procedures f o r  the Determination 
o f  Radionuclides i n  Air F i l t e r s ,  !'later and Soils," Los Alanos 
S c i e n t i f i c  Laboratory, H8-MR-72-3, May, 1972. 

J .  Colorimetric Techniques: 
1 .  Boltz,  D .  F . ,  Colorimetric Determination of Nonmetals, 

Interscience Publishers,  I n c . ,  Iiew York, 1958. 

K Spark Source Mass Spectrometry: 

1 .  Aheard, J . A . ,  e d , ,  Trace Analysis by Mass Spectrometry, Academic 
Press, NY, 1977. 

Alvarez, R . ,  B . J .  Paulsen, and D . E .  Kelleher, Anal. Chem. 42 
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2. 

3. Car te r ,  J .  A.,  D. L .  Oonohue, and J .  C .  Franklin,  "Trace 
Substances i n  Environmental Health, IX," U .  of r l issouri ,  303 
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C o r r e c t i o n  of  B r i n e  Component Concen t ra t i ons  __-_ f o r  

_- Steam Loss Dur ing  F l a s h i n g  

I t  may be necessary t o  c o r r e c t  t h e  c o n c e n t r a t i o n  o f  a d i s s o l v e d  b r i n e  

component f o r  steam l o s s .  

if t h e  c o n c e n t r a t i o n  o f  t h a t  component a f t e r  t h e  f l a s h  i s  known a long  

w i t h  t h e  temperatures o f  t h e  b r i n e  b e f o r e  and a f t e r  f l a s h i n g ,  t ? e  hea t  
c a p a c i t y  and t h e  hea t  of  v a p o r i z a t i o n  of  t h e  l i q u i d  a t  t h e  f l a s h  temp- 

e r a t u r e .  The c o n c e n t r a t i o n  o f  t h e  component b e f o r e  f l a s h i n g  i s  c a l c u l a t e d  

u s i n g  t h e  equa t ion :  

T h i s  can be es t ima ted  f o r  a s i n g l e  s tage  f l a s h  

where A i s  t h e  c o n c e n t r a t i o n  before f l a s h i n g ,  B i s  t h e  c o n c e n t r a t i o n  a f t e r  

f l a s h i n g  and steam loss ,  AT i s  t h e  tempera ture  change d u r i n g  t h e  f l a s h  i n  

degrees c e n t i g r a d e ,  Cp i s  t h e  hea t  c a p a c i t y  of' t h e  l i q u i d ,  and AH i s  

t h e  h e a t  o f  v a p o r i z a t i o n  a t  t h e  tempera ture  o f  t h e  f l a s h e d  b r i n e .  AH and 

Cp a r e  dependent on t h e  we igh t  p e r c e n t  NaCl and t h e  va lues  used i n  t h e  

e q u a t i o n  shou ld  be those va lues  cor respond ing  t o  t h e  we igh t  p e r c e n t  NaCl 

i n  t h e  f l ashed  sample. 

NaCl a r e  g i v e n  i n  Tables 1 and 2 r e s p e c t i v e l y .  

Cp a n d  AH va lues  a t  v a r i o u s  w e i g h t  percentages  o f  

Examples o f  t h i s  t y p e  o f  c a l c u l a t i o n  a r e  g i v e n  below: 

Example 1: Data i s  taken from "Geothermal I-oop Exper imenta l  F a c i l i t y , "  

San Diego Gas & E l e c t r i c  B i -Mon th l y  Repor t ,  SAN/1137-6, 

May 1977, by  H. K. Bishop, J. R .  B r i c a r e l l o ,  F .  L .  Enos, 

N. C.  Hodgson, W.  0. Jacobson, I( .  K. L i ,  and C .  R .  Swanson. 

From Tab le  2-1 of  t h i s  r e p o r t ,  t h e  c o n d i t i o n s  of t h e  GLEF u s i n g  

Woolsey #1 w e l l  a r e :  

I n l e t  

1 s t  Stage f l a s h  u n i t  

2nd Stage f l a s h  u n i t  

3 r d  Stage f l a s h  u n i t  

4 t h  Stage f l a s h  u n i t  

Temperature ( O F )  

399.6 

322 

305.4 

284.4 

194.5 

D-1 



" C  

80 
85 
90 
95 

100 
105 
110 
115 

7 120 
N 

125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

T A B L E  1 
Heat Capacit ies (ca l  deg g ) f o r  so lu t ions  containing various weight percentages o f  NaCl -1 -1 

Temp. 
O F  

176 
185 
194 
203 
21 2 
221 
230 
239 
248 
257 
266 
275 
284 
293 
302 
31 1 
320 
329 
338 
347 
356 

% NaCl 0 

0.996 
0.997 
0.997 
0.998 
0.998 
0.999 
0.999 
0.999 
1 .ooo 
1.001 
1.001 
1.002 
1.003 
1.003 
1.004 
1.005 
1.006 
1.007 
1.008 
1.009 
1.011 

5 10 

0.936 
0.937 
0.938 
0.939 
0.940 
0.941 
0.942 
0.943 
0.945 
0.945 
0.946 
0.946 
0.946 
0.947 
0.947 
0.948 
0.948 
0.949 
0.949 
0.950 
0.951 

0.874 
0.876 
0.878 
0.880 
0.882 
0.883 
0.884 
0.892 
0.892 
0.892 
0.893 
0.893 
0.893 
0.893 
0.893 
0.893 
0.893 
0.893 
0.894 
0.894 
0.894 

Q? 
15 20 25 30 35 

0.809 0.740 0.664 
0.812 0.745 0.671 
0.815 0.749 0.678 
0.818 0.754 0.684 
0.821 0.758 0.690 
0.824 0.762 0.696 
0.826 0.765 0.701 
0.839 0.786 0.729 
0.839 0.786 0.730 
0.840 0.786 0.730 
0.840 0.786 0.731 
0.840 0.786 0.731 
0.840 0.786 0.731 
0.840 0.786 0.731 
0.840 0.786 0.730 
0.839 0.786 0.730 
0.839 0.785 0.730 0.669 
0.839 0.785 0.729 0.668 
0.839 0.784 0.728 0.668 
0.839 0.784 0.728 0.667 
0.839 0.784 0.727 0.666 

c) 0 



C 
TABLE 1 (con t .  ) 

" C  

185 
190 
195 
200 
205 
21 0 
21 5. 
225 
225 
230 
235 

Q 240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 

0 
I 

Temp. % NaCl 

"F 

365 
374 
383 
392 
401 
41 0 
41 9 
428 
437 
446 
455 
464 
473 
482 

- 

49 i 
500 
509 
51 8 
527 
536 
545 
554 
563 
572 

0 5 10 15 20 

1.012 0.951 
1.014 0.952 
1.015 0.953 
1.017 0.954 
1.018 0.955 
1.020 0.956 
1.022 0.957 
1.024 0.359 

1.026 0.960 
1.028 0.962 
1.031 0.963 
1.033 0.965 
1.036 0.967 
1.038 0.969 

i .u4 i  o . w i  
1.044 0.974 
1.047 0.976 
1.050 0.979 
1.054 0.982 
1.057 0.985 
1.061 0.989 
1.065 0.993 
1.069 0.997 
1.073 1.002 

0.894 
0.895 
0.895 
0.895 
0.896 
0.897 
0.897 
0.838 
0.899 
0.900 
0.901 
0.903 
0.904 
9.996 
0.908 
0.910 
0.913 
0.916 
0.919 
0.923 
0.927 
0.932 
0.937 
0.944 

0.839 0.783 
0.839 0.783 
0.838 0.782 
0.839 0.782 
0.839 0.782 
0.839 0.782 
0.839 0.782 
0.840 0.782 

0.840 0.783 
0.841 0.783 
0.842 0.784 
0.843 0.785 
0.845 0.787 

n 7on 0.846 v . 1 0 2  

0.848 0.791 
0.794 0.851 

0.854 0.797 
0.857 0.801 
0.861 0.806 
0.866 0.812 
0.871 0.819 
0.877 0.827 
0.884 0.837 
0.893 0.848 

25 30 35 

0.726 
0.726 
0.725 
0.725 
0.724 
0.724 
0.724 
0.724 

0.724 
0.725 
0.726 
0.727 
0.728 
0.73: 
0.733 
0.737 
0.741 
0.746 
0.752 
0.759 
0.768 
0.779 
0.791 
0.806 

0.665 
0.664 
0.663 
0.663 
0.662 
0.661 
0.661 
0.661 

0.661 
0.661 
0.662 
0.664 
0.665 
0.668 
0.671 
0.675 
0.680 
0.687 
0.682 
0.704 
0.715 
0.728 
0.744 
0.763 

0.599 
0.605 
0.613 
0.622 
0.633 
0.646 
0.663 
0.682 
0.706 



T A B L E  1 ( con t . )  

Q! 
Temp. % NaCl 0 5 10 15 ZU 25 30 35 

"F - O C  

305 -581 1.077 1.007 0.951 0.903 0.861 0.824 0.786 0.734 
- 

31 0 590 
31 5 599 
320 
325 

6 08 
61 7 

1.082 1.013 0.959 0.915 0.877 0.845 0.813 0.768 
1.087 1.019 0.969 0.929 0.896 0.870 0.845 0.808 
1.092 1.027 0.980 0.945 0.919 0.901 0.884 0.857 
1.098 1.035 0.993 0.964 0.946 0.937 0.931 0.916 

Reference 
Haas, J .  L., J r .  Preliminary "Steam Tables" For NaCl Solut ions,  U.S. Geological Survey, Reston, VA 1975 
Document No. USGS-OFR-75-675. Values i n  Table above were calculated from USGS values.  

0 
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TABLE 2 
Hea t s  o f  v a p o r i z a t i o n  (cal  g- ')  f o r  s o l u t i o n s  c o n t a i n i n g  v a r i o u s  weight p e r c e n t a g e s  of  NaCl 

"C - 

80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
1411 
145 
150 
155 
160 
165 
170 
175 
180 

0 
I 

Temp. 
O F  

176 
185 
194 
203 
21 2 
221 
230 
239 
248 
257 
266 
275 
284 
293 
302 
31 1 
320 
3 2,9 

338 
347 

W t .  % NaCl 0 

551.2 
548.2 
545.1 
542.0 
538.9 
535.7 
532.5 
529.2 
525.9 
522.5 
519.1 
515.6 
512.c 

508.5 
504.8 
501.1 
497.2 
493.3 
489.3 
485.2 

AH 
5 10 15 20 25 30 35 

556.1 561.1 566.4 572.0 578.2 
553.3 558.6 564.1 569.9 576.3 
550.5 556.0 561.7 567.8 574.4 
547.7 553.4 559.4 565.6 572.4 
544.8 550.7 556.9 563.4 570.4 
541.9 548.1 554.5 561.1 568.3 
538.9 545.4 552.0 558.9 566.2 
535.7 541.9 548.1 554.5 561.3 
532.7 539.2 545.7 552.4 559.4 
529.6 536.5 543.3 550.3 557.6 
526.5 533.7 540.8 548.1 555.7 
523.4 530.9 538.3 545.9 553.8 
520.2  *L" K7Q.G 535.8 543.7 c c i  J J 1 . 3  n 

517.0 525.1 533.2 541.4 549.9 
513.7 522.2 530.6 539.1 548.0 
510.3 519.2 527.9 536.8 546.0 
506.9 516.1 525.2 534.5 544.0 554.4 
503.4 513.0 522.5 532.1 542.0 552.8 
499.8 509.8 519.7 529.6 539.9 551.1 
496.1 506.5 516.8 527.2 537.8 549.4 

356 481 .O 492.4 503.2 513.4 524.6 535.7 547.7 



" C  

185 
190 
195 
200 
205 
21 0 

21 5 
220 
225 
230 

b 235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
28 5 
290 
295 

- 

U 

Temp. 

"F 

365 
374 
383 
392 
401 
41 0 
41 9 
428 
437 
446 
45 5 
464 
473 
48 2 
49 1 
500 
509 
51 8 
527 
536 
545 
554 
563 

TABLE 2 ( c o n t . )  

AH - 
W t .  % NaCl 0 5 10 15 20 25 30 35 

476.7 

472.3 
467.8 
463.2 
458.4 
453.5 
448.5 
443.4 
438.1 
432.6 
427.0 
421.2 
415.2 
409.1 
402.7 
396.2 
389.4 
382.4 
375.1 
367.6 
359.8 
351.7 
343.3 

488.5 

484.6 
480.6 
476.5 
472.3 
467.9 
463.5 
458.9 
454.2 
449.3 
444.3 
439.1 
433.8 
428.3 
422.6 
416.7 
410.5 
404.2 
397.6 
390.7 
383.5 
376.1 
368.3 

499.8 

496.3 
492.8 
489.1 
485.4 
481.5 
477.6 
473.5 
469.3 
465.0 
460.5 
455.8 
451 .O 
446.1 
440.9 
435.5 
429.9 
424.1 
417.9 
411.5 
404.7 
397.6 
390.0 

510.9 522.1 

507.9 519.4 
504.7 516.7 
501.5 513.9 
498.2 511.1 
494.9 508.2 
491.4 505.1 
487.8 502.0 
484.1 498.7 
480.2 495.3 
476.2 491.8 
472.1 488.1 
467.8 484.2 
463.3 480.1 
458.6 475.8 
453.7 471.3 
448.5 466.5 
443.0 461.3 
437.2 455.8 
431.1 449.8 
424.6 443.4 
417.6 436.5 
410.1 428.8 

533.5 

531.3 
529.0 
526.7 
524.2 
521.7 
519.1 
516.4 
513.6 
510.6 
507.5 
504.3 
500.8 
497.1 
493.1 
488.9 
484.3 
479.4 
474.0 
468.1 
461 -7  
454.5 
446.6 

546.0 

544.2 
542.3 
540.4 
538.4 
536.4 
534.3 
532.0 
529.6 
527.1 
523.8 
521.6 
518.5 
515.2 
511.6 
507.6 
502.9 
498.5 
493.2 
487.2 
480.6 
473.1 
464.6 

53Q. 2 

526.2 
521.6 
516.4 
510.5 
503.6 
495.8 
486.7 

Q 



c c c 
Temp. 

"C 

300 
305 
31 0 
31 5 
320 
325 

- 

Reference 

"F 

572 
581 
590 
599 
608 
61 7 

- 

TABLE 2 ( con t . )  

AH 
W t .  % NaCl 0 5 10 15 20 25 30 35 

334.6 360.1 382.0 402.0 420.4 437.6 455.0 476 2 
325.5 351.4 373.4 393.3 411.2 427.6 443.9 463.9 
316.1 342.4 364.3 383.7 400.8 416.2 431.1 449.5 
306.2 332.8 354.4 373.1 389.3 403.2 416.2 432.5 
296.0 322.7 343.7 361.4 376.2 388.2 398.8 412.3 
285.2 311.9 332.0 348.4 361.2 370.7 378.3 388.2 

Haas, J .  L . ,  J r .  Preliminary "Steam Tables" For NaCl Solutions U.S. Geological Survey, Reston, VA 1975 
0 Document No. USGS-OFR-75-675. Values in Table above were calculated from USGS values. 
I 



From Tab le  3-3 o f  t h e  same r e p o r t :  

We1 1 head 

1 s t  B r i n e  

3 r d  B r i n e  

4 t h  B r i n e  

mg/n. Potass ium Weight  % NaCl 

9800 16 

10,500 17 

11,200 18 

12,000 19 

The po tass ium c o n c e n t r a t i o n  i n  t h e  t h i r d  s t a g e  b r i n e  can be c a l c u l a t e d  

f rom the  po tass ium c o n c e n t r a t i o n  i n  t h e  f o u r t h  s tage :  

A = 12,000 mg/n. (1 -%) 

From Tab le  1 t h e  tempera tu res  i n  degrees c e n t i g r a d e  most c l o s e l y  

co r respond ing  t o  284.4"F and 194.5"F a r e  14OOC and 90°C r e s p e c t i v e l y .  

Cp and AH a t  90°C f o r  19% NaCl ( u s i n g  t h e  c l o s e s t  va lues  f o r  Cp and A H  
a t  20% NaC1) a r e  0.749 c a l  deg g -1 -1 and 567.8 c a l  g - l :  

(140 - 90) deg -1 - 1  

567.8 c a l  g-1 
A = 12,000 m g / a  1 - 0.749 c a l  deg g 

= 11,209 mg/n. 

T h i s  compares f a v o r a b l y  w i t h  t h e  e x p e r i m e n t a l l y  de termined v a l u e  o f  

11,200 mg/k po tass ium i n  t h e  t h i r d  s tage  f l a s h  u n i t .  

Example 2: The po tass ium c o n c e n t r a t i o n  o f  t h e  Woolsey #1 w e l l h e a d  

b r i n e  can be c a l c u l a t e d  from t h e  po tass ium c o n c e n t r a t i o n  

of t h e  f i r s t  s t a g e  f l a s h e d  b r i n e .  

e r a t u r e s  o f  t h e  we l l head  and f i r s t  s tage f l a s h e d  b r i n e  

( i n  "C)  wh ich  most c l o s e l y  co r respond  t o  those r e p o r t e d  

a r e  205°C f o r  t h e  w e l l h e a d  b r i n e  and 160°C f o r  t h e  f l a s h e d  

b r i  ne. 

From Tab le  1 t h e  temp- 

From Tab les  1 and 2 t h e  Cp and AH v a l u e s  a t  16% NaC1 ( u s i n g  the c l o s e s t  
-1 -1 

g va lues  a t  15% NaCl  and 160°C) a r e  0.839 c a l  deg 

r e s p e c t i v e l y  : 

and 525.2 c a l  g-' , 

D-8 



i3 (205 - -160 )  deg - I  - I  A = 10,500 mg/a 'I - 0.839 cal deq g 
525.2 cal  g - '  

= 9745 mg/a 

This compares favorably with the experimentally determined potassium 
well head concentration o f  9800 mg/a. 

i 

D-9 
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