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assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  accuracy, completeness, 
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INTFIODUCTION 

il 

The c o l l e c t i o n  and a n a l y s i s  o f  f l u i d  samples have been impor tan t  

components o f  t h e  hydrothermal i n j e c t i o n  research prograrn sponsored by t h e  

Department o f  Energy a t  t h e  R a f t  R ive r ,  Idaho and East  Mesa, C a l i f o r n i a  

geothermal f i e l d s  (Wr igh t  e t  a1 ., 198'4). I n  o rde r  t o - h e l p  q u a n t i f y  v a r i o u s  

phys i ca l  and chemical parameters o f  a geothermal r e s e r v o i r ,  we have been u s i n g  

t h e  i n j e c t i o n - b a c k f l o w  ( h u f f - p u f f )  techn ique as a t o o l  t o  ga the r  r e s e r v o i r  

data.  Dur ing  i n j e c t i o n - b a c k f l o w  t e s t s ,  f l u i d s  sp iked w i t h  chemical t r a c e r s  

have been i n j e c t e d  i n t o  t h e  geothermal r e s e r v o i r s  and then  recovered a f t e r  

v a r y i n g  l e n g t h s  o f  t ime.  The concen t ra t i ons  o f  n a t u r a l  and a r t i f i c a l  t r a c e r s  

conta ined i n  t h e  recovered f l u i d s  p r o v i d e  bas i c  da ta  on t h e  percentage o f  

i n j e c t a t e  t h a t  i s  recovered as a f u n c t i o n  o f  recovered volume (Capuano e t  a1 ., 
1983) and, from such m i x i n g  da ta  es t i ina tes  o f  t h e  h y d r o l o g i c  p r o p e r t i e s  o f  t h e  

r e s e r v o i r  can be made (Russe l l  e t  a1 ., 1983). 

Chemical t r a c e r s  a re  a l s o  used t o  d e t e c t  breakthrough of f l u i d s  i n t o  one 

w e l l  t h a t  have been p r e v i o u s l y  i n j e c t e d  i n t o  a d i f f e r e n t  w e l l  (Horne, 1982; 

Gudmundsson e t  al., 1983). 

and minor  species i n  geothermal f l u i d s  can a l s o  y i e l d  impor tan t  r e s e r v o i r  

i n f o r m a t i o n .  Th is  r e p o r t  descr ibes  t h e  sampling and a n a l y t i c a l  techn iques  

used f o r  t r a c e r  a n a l y s i s  i n  t h e  R a f t  Fl iver and East Mesa f i e l d  t e s t s .  The 

c o l l e c t i o n  procedures and sample p r e s e r v a t i o n  techniques,  a n a l y t i c a l  methods 

and p o s s i b l e  sources o f  con taminat ion  o r  e r r o r  a re  d iscussed i n  d e t a i l .  

I n  a d d i t i o n  t o  t r a c e r  chemis t ry ,  analyses o f  major  

3 
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SAMPLE COLLECTIOhI AND PRESERVATION 

s t a i n l e s s  s t e e l  t u b i n g  t h a t  

sample p o r t  w i t h  t h e  end o f  

e x t e r n a l  t u b i n g  C o i l 5  were 

had been c u t  t o  a 45" ang le  and sealed 

t h e  t u b i n g  i n  t h e  c e n t e r  of t h e  p ipe.  

mmersed i n  i c e  water  t o  b r i n g  t h e  samp 

approx imate ly  t o  ambient temperature. 

Samples were c o l l e c t e d  a t  t h e  geothermal s i t e s  from p o r t s  i n  t h e  p i p i n g  

systems (F ig .  1). Both f l ashed  and un f lashed f l u i d s  were sampled us ing  a 

i n  t h e  

The 

es 

The samples were vacuum o r  pressure f i l t e r e d  th rough a 0.45 1.1 membrane 

f i l t e r .  Pressure f i l t e r i n g  i s  p r e f e r r e d  because it i s  l e s s  l i k e l y  t o  cause 

e x s o l u t i o n  o f  gases o r  evapora t ion  o f  t h e  sample. pH was determined on t h e  

cooled,  u n f i l t e r e d  sample immediate ly  a f t e r  c o l l e c t i o n .  A l k a l i n i t y  was d e t e r -  

mined a t  t h e  c o l l e c t i o n  s i t e  on a p r e s s u r e - f i l t e r e d  a l i q u o t ,  The remainder of 

t h e  f i l t e r e d  sample was c o l l e c t e d  i n  p l a s t i c  b o t t l e s  which had been prec leaned 

by soaking i n  20% n i t r i c  a c i d  and then r i n s i n g  tho rough ly  w i t h  deminera l i zed  

water .  Samples c o l l e c t e d  f o r  i n d u c t i v e l y  coupled argon plasma ( I C P )  spec t ro -  

met ry  were s t a b i l i z e d  w i t h  20% n i t r i c  a 'c id  ( v / v )  whereas samples c o l l e c t e d  f o r  

SO4 a n a l y s i s  were preserved w i t h  1 o r  21% h y d r o c h l o r i c  a c i d  ( v / v ) .  

B1 ack bake1 i t e  o r  phenol i c - r e s i  n clips cont  a i  n a s i  gn i  f i can t  amount o f  

r e a d i l y  l eachab le  ca lc ium and should no t  be used on sample b o t t l e s .  

found t h a t  molded po lypropy lene caps w i t h o u t  paper l i n e r s  were adequate. 

Sample b o t t l  es may be 1 i near o r  convent iona l  po l ye thy lene  o r  po l yp ropy l  erle 

It was 

il 

Frequency o f  sampling was determined by t h e  r a t e  o 

se lec ted  v a r i a b l e s  assoc ia ted  w i t h  f l u i d  chemis t ry  t h a t  

t o r e d  i n  t h e  f i e l d .  Sampling r a t e  v a r i e d  from one samp 

sample per  two hours.  On-s i te  m o n i t o r i n g  was done w i t h  

change i n  one o r  more 

cou ld  be e a s i l y  moni- 

e per  minu te  t o  one 

bo th  an i n - l i n e  

2 
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f l uo romete r  t o  measure concen t ra t i on  o f  o rgan ic  dyes ( f l u o r e s c e i n  o r  B I 
rhodami ne) and an i n-1 i ne conduct i  v i  t y  meter t o  measure speci  f i c  e l e c t r i c a l  

conductance, a q u a n t i t y  re1 a ted  t o  t o t a l  amount o f  d i  ssol ved sol i d's . Iod ide ,  

c h l  o r i d e ,  and a1 k a l  i n i  t y  were a1 so measured d u r i  ng back f  1 ow t o  he1 p de termi  ne 

t h e  sampl i ng f requency . 
i 3  
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The a n a l y t i c a l  methods chosen f o r  t h e  chemi ca l  de termi  n a t i  ons were based 

p r i m a r i l y  on t h r e e  f a c t o r s :  accuracy, p r e c i s i o n  and c o s t  e f fec t i veness .  Irl 

many cases, more than one a n a l y t i c a l  mlzthod cou ld  be used. 

each o f  t h e  severa l  d i f f e r e n t  methods was evaluated.  The p r e f e r r e d  methods 

and assoc ia ted  sample p r e s e r v a t i o n  techniques a re  summarized i n  Table 1. 

Wherever poss ib le ,  

Accuracy was determined by ana lyz ing  c a r e f u l l y  prepared s tandards.  The 

p r e c i s i o n s  o f  t h e  a n a l y t i c a l  de te rm ina t ions  were ob ta ined  by measuring every  

t e n t h  sample i n  d u p l i c a t e .  The r e l a t h e  percent  d i f f e r e n c e  (RPD), a measure 

o f  p r e c i s i o n ,  was c a l c u l a t e d  f rom t h e  a n a l y t i c a l  da ta  

where Sli and S2i a re  t h e  f i r s t  and second a n a l y t i c a l  

d u p l i c a t e  and n i s  t h e  number o f  d u p l i c a t e  analyses. 

As shown i n  Table 1, most o f  t h e  major  and minor  

were determined by I C P  spect rometry .  A comparison o f  

us ing  t h e  r e l a t i o n s h i p :  

va lues o f  t h e  i t h  

e l  ements o f  t h e  waters  

a n a l y t i c a l  da ta  f o r  Na, 

K, and Ca (Tab le  2) i n d i c a t e  t h a t  t h e  p r e c i s i o n  o f  t h e  de te rm ina t ions  by I C P  

techn iques  i s  s u b s t a n t i a l l y  b e t t e r  f o r  Na and K and o n l y  s l i g h t l y  l e s s  f o r  Ca 

than by atomic abso rp t i on  (AA) spect rometry .  Tables 1 and 3 l i s t  t h e  

p r e c i s i o n  o f  t h e  I C P  analyses f o r  t h e  o t h e r  major  c a t i o n s  and Si02 present  i n  

t h e  East Mesa and R a f t  R i v e r  geothermal f l u i d s .  Because o f  t h e  l a r g e  number 

o f  elements t h a t  can be determined s imu l taneous ly ,  and t h e  h i g h  l e v e l s  o f  

accuracy and p r e c i s i o n  p o s s i b l e  by I C P  techniques,  t h i s  method was p r e f e r r e d  

t o  s i  ngle-element techniques.  

p r e c i s i o n  o f  I C P  spect rometry  has been presented by Chr is tensen e t  a l .  (1980). 

A more complete d i s c u s s i o n  of t h e  accuracy and 

5 



TABLE 1. METHODS OF GEOTHERMAL WATER ANALYSIS. 

Na 
K 
Ca 
Mg 
Fe 
B 
Si02 
S r  
L i  
c1- 
F- 

SPECIES~ SAMPLE  PREPARATION^ ANALYTIC OETECTION~ P R E C I  S I O N  
TECHNIQUES LIMITS (RPD % )  

F i  1 te redb  Prese rva t i  onb (mg/ l )  
1 0.7 
2 1 .o 

0.2 1.2 
0.5 4.5 
0.1 1.9 
0.1 2.1 
1 1 .o 

0.01 0.9 
0.05 1.2 

2 0.9 
0.1 2.8 f 

so; 
m HCO; , CO; - 

I' 
I- 
B r- 
SCN' 
PH 
TD S 
Na2F1 uoresce i  n 
Rhodami ne-B 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
NO 
Yes 

Yes 

Yes 

20% HN03 
20% HN03 
20% HN03 
20% HN03 
20% HN03 
20% HN03 
20% HN03 
20% HN03 
20% HNO3 

None 
None 

1% HC1 

None 

No 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 

None 
None 
None 
None 
None 
None 
None 
None 

I C P d  
I CP 
I C P  
I CP 
I C P  
I CP 
I CP 
I CP 

, I C P  
Mohr T i t r a t i o n  
i f i c  I o n  E l e c t r o d  

Grav ime t r i c  2 1.8 

H2S04 T i t r a t i o n  1 1.4 

Speci f i c I o n  E l  e c t  rodef 
T i t r a t i o n  
T i t r a t i o n  

C o l o r i m e t r i  
pH e l e c t r o d e  

Grav ime t r i c  o r  f l u o r o m e t r i c  
C o l o r i m e t r i c  o r  f l u o r o m e t r i c  
C o l o r i m e t r i c  o r  f l u o r o m e t r i c  

6 

0.1 
0.5 
0.5 
0.2 

t o  .1 
5 

0.02 
0.02 

2.8 
1.6 
1.6 
2.3 

9 
0.5 

9 
Y 

a. For  ions ,  a n a l y t i c a l  method i s  i o n - s p e c i f i c ;  o therw ise  method g i ves  t o t a l  element. 
b. Completed immediate ly  a f t e r  sample c o l l e c t i o n .  
c. 0.45 p membrane f i l t e r .  
r l .  I C P  = Induc t  i v e l y  Coup1 ed Argon P1 asma Spectrophotometry . 
e. The d e t e c t i o n  l i m i t  i s  de f i ned  as t h e  p o i n t  a t  which p r e c i s i o n  i s  approx imate ly  f 100% o f  t h e  g i ven  va lue  w i t h  a 

conf idence l e v e l  o f  95%. 
f. Method o f  a d d i t i o n s .  
y. Not determined. 

A t  t e n  t imes t h e  d e t e c t i o n  l i m i t  t h e  p r e c i s i o n  i s  f 10% (Chr is tensen e t  a1 ., 1980). 



TABLE 2 

COMPARISON OF PRECISION: OF ANALYSES FOR Na, K, AND C BY ATOMIC ABSORPTION 
SPECTROPHOTOMETRY AND INDUCTIVELY COUPLED PLASMA SPECTROMETRY' 

AA 
P Pm 

Sample Na 

A- l a  614 

A- 35 618 

A-71 749 

A-115 1816 

A-125 1811 

~ - 1 8 3  1476 

AA 
RSD 

% 

ti .a 
f l . 2  

k2.3 

f2.4 

k2.9 

f 2  .a 

I CP 
PPm 
Na 

623 

629 

747 

1852 

1846 

1496 

I CP 
RSD 

% 

fO .96 

fO .57 

fO .90 

+O .97 

fO .87 

f l  .o 

AA 
P Pm 

K 

24.2 

24.1 

269 

46.6 

45.6 

40.1 

AA 
RSD 

% 

f1.8 

+I .a 
f4.5 

k5.3 

f4.6 

k4.7 

I CP 
PPm 

K 

23.4 

23.8 

249 

44.6 

43 .a 
38.7 

I CP 
RSD 

% 

21.6 

k1.5 

f1.4 

f l . 4  

f l . 9  

fi! .2 

AA 
PPm 
Ca 

6.2 

6 .O 

2.5 

16.2 

16.7 

13 .a 

AA 
RSD 

% 

21.1 

f l . 4  

k 3 . 3  

f l . 7  

f2.3 

f l . 5  

U 
- x 100 a. Ca lcu la ted  as R e l a t i v e  Standard D e v i a t i o n  (RSD)  f rom t h e  r e l a t i o n s h i p :  

where u = 1 s tandard  d e v i a t i o n  and 1 = average. A 

h. Atomic Absorpt ion analyses were done 5 t imes on 4 d i f f e r e n t  days. 

I CP 
PPm 
Ca 

6 .O 

5.9 

2.4 

15.2 

16 .O 

15.5 

I CP 
RSD 

% 

k3.3 

24.4 

f3.5 

f2.4 

f3.1 

f3.1 

c .  I C P  analyses were done 1 2  t imes  over  a p e r i o d  of 4 days. 
were standard method analyses a t  ESL, as o f  December, 1983. 

A l l  procedures used 



TABLE 3 

ESTIMATES OF P R E C I S I O N a  OF ANALYSES FOR Mg, S i0 S 6 ,  L i  and B 
BY INDUCTIVELY COUPLED PLASMA SPECTROMf iRY 

I CP I CP I CP I CP I CP I CP I CP I CP 
PPm RSD PPm RSD PPm RSD PPm RSD 
Mg S i  O2 S r  L i  

A- 18 ND 175 +2 .ox 0.79 +1.0% 0.47 +1.6% 

A-35 F!D 177 -12 .O% 0.77 f1.146 0.48 52.0% 

A-71 ND 183 +2 2% 0.47 fl.l% 0.57 +1.4% 

98.3 -11.7% 2.44 f1.2% 1.99 +0.9% A-115 2.46 510.1% 

A-125 2.70 +10.0% 94.8 +1.9% 2.62 -11.1% 1.98 +1.3% 

A-183 1.88 f14.9% 119 f l  .l% 2.07 f0.8% 35.8 f1.6% 

a. Ca lcu la ted  as R e l a t i v e  Standard D e v i a t i o n  (RSD) f rom t h e  r e l a t i o n s h i p :  2 x 100 
where 0 = 1 s tandard  d e v i a t i o n  and x = average. R 

I CP 
PPm 
B 

1 .o 

0.95 

159 

9.1 

8.8 

6.5 

I 

b .  I C P  analyses were done 1 2  t imes  over a p e r i o d  o f  4 days. 
were s tandard method analyses a t  ESL, as o f  December, 1983. 

A l l  procedures used 
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The t r a c e r s ,  i o d i d e ,  bromide and th iocyana te  were each analyzed by 

severa l  d i f f e r e n t  methods. 

and Chemical C r i t e r i a ) ,  t i t r a t i o n  (ESL' and UBTL3), and s p e c i f i c  i o n  e l e c t r o d e  

(on  s i t e  and ESL). I n  t h e  absence o f  i n t e r f e r e n c e s ,  t i t r a t i o n  i s  t h e  most 

accu ra te  method fo l l owed  i n  t u r n  by s p e c i f i c  i o n  e l e c t r o d e  and i o n  

chromatography. Because t h e  t i t r a t i o n  i n v o l v e s  an o x i d a t i o n  - r e d u c t i o n  

r e a c t i o n ,  i t  cannot be used i f  o the r  t r a c e r s  t h a t  w i l l  i n t e r f e r e  a re  

p resent .  

i o n  e l e c t r o d e  was used f o r  i od ide .  

I o d i d e  was analyzed by i o n  chromatography ( INEL' 

A t  East  Mesa, th iocyana te  was present  w i t h  i o d i d e  so t h e  s p e c i f i c  

Bromide was analyzed by t i t r a t i o n  and i o n  chromatography. T i t r a t i o n  i s  

t h e  p r e f e r r e d  method because i t  i s  more accurate.  

Thiocyanate was analyzed c o l o r i m e t r i c a l l y  and by i o n  chromatography. The 

c o l o r i m e t r i c  method developed a t  ESL i s  p r e f e r r e d  because i t  i s  more accu ra te  

and p rec i se ,  and i s  about one- tenth t h e  cos t  o f  i o n  chromatography. 

A d e t a i l e d  d i scuss ion  o f  t h e  p r e f e r r e d  techn iques  f o r  each o f  t h e  spec ies  

commonly determined i n  our  i n j e c t i o n  Iresearch e f f o r t s  i s  presented i n  t h e  

appendix t o  t h i s  r e p o r t .  We have d iscussed sample p r e s e r v a t i o n ,  d e t e c t i o n  

1 i m i t ,  range, p r e c i s i o n ,  a n a l y t i c a l  procedures, c a l c u l a t i o n s ,  and reagents 

r e q u i r e d  and have g iven re fe rences  t o  a p p r o p r i a t e  1 i t e r a t u r e .  

Idaho N a t i o n a l  Eng ineer ing  Labora to ry  

Utah Biomedical Test  Labora tory  
* Ear th  Science Labora tory  
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APPENDIX  

DETAILED D I S C U S S I O l l  OF ANALYTICAL METHODS 

Terms Used .in T h i s  Appendix 

D e t e c t i o n  L i m i t  - The p o i n t  a t  which p r e c i s i o n  i s  approx imate ly  f 100% o f  t h e  

g i ven  va lue  w i t h  a con f idence  l e v e l  o f  95% (Chr i s tensen  e t  

a1 .) 1980). 

P r e c i  s i  on - Given by t h e  Re1 a t  i v e  Percent D i  f f e r e n c e  (RPD) where 

" ISli - S2J 

n i = l  (Sli + s2+ 
:E 200 

RPD = - 

where Sli o r  SEi a r e  t h e  f i r s t  and second a n a l y t i c a l  va lues  o f  t h e  i t h  

d u p l i c a t e  and n i s  t h e  number o f  d u p l i c a t e  analyses. 

a 
11 
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TOTAL DISSOLVED SOLIDS 

Sample p r e s e r v a t i o n  - f i l t e r  th rough 0.45 p f i l t e r  paper. 

S t a b i l i t y  - v a r i a b l e .  Ana lys i s  should be completed as soon as poss ib le .  

De tec t i on  l i m i t  - 5 mg/l 

Range - 2 t o  5000 mg/l f o r  50 m l  sampl'e. A sma l le r  a l i q u o t  should be used i f  

TDS i s  h igher .  

P r e c i s i o n  - RPD = 0.5% 

Discuss ion  

T o t a l  d i s s o l v e d  s o l i d s  i n  water m y  be measured by evapora t i ng  a care-  

f u l l y  measured p o r t i o n  o f  f i l t e r e d  wati2r and weighing t h e  d r i e d  res idue.  

must be taken t o  avo id  l o s s  from s p l a t t e r i n g  caused by b o i l i n g .  

i s  q u a n t i t a t i v e l y  changed t o  carbonate w i t h  t h e  l o s s  o f  water  and carbon 

d i  ox ide ,  accord i  ng t o  t h e  r e a c t i o n  

Care 

B icarbonate  

2 (HCO; ) + CO; + H20 + + COP + . 
Th is  weight  l o s s  must be accounted f o r  i n  comparing measured and c a l c u l a t e d  

TDS. 

Procedure 

1. Heat 60-ml p o r c e l a i n  evapora t ing  d-ish t o  165°C i n  a d r y i n g  oven. Cool i n  

a dess i ca to r ,  weigh on an a n a l y t i c a l  balance, and reco rd  t h e  weight .  

P i p e t  50 m l  of water i n t o  evaporati ing d ish ,  t a r e d  as descr ibed i n  s tep  1. 

Evaporate t h e  water  w i t h o u t  b o i l i n g .  A d r y i n g  oven a t  about 95OC works 

w e l l .  When t h e  d i s h  i s  comple te ly  d ry ,  r a i s e  t h e  oven temperature t o  

165°C f o r  a t  l e a s t  2 hours. 

2. 

3 .  

4 .  Cool i n  a d e s s i c a t o r  f o r  a t  l e a s t  I hour. Weigh q u i c k l y  on an a n a l y t i c a l  

ba lance and reco rd  t h e  weight .  I f  s i g n i f i c a n t  concen t ra t i ons  of s a l t s  a re  

13 
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presen t ,  heat  a t  165°C aga in  f o r  severa l  hours, coo l  as b e f o r e  and reweigh 

u n t i l  a cons tan t  weight  i s  a t t a i n e d .  

Cal c u l  a t  i ons 

[ w t  o f  c r u c i b l e  + r e s i d u e  ( g ) ]  - w t  o f  c r u c i b l e  ( 9 )  x lo6  
sample volume (mls )  mg/ l  TDS = 

Reference 

€PA Methods f o r  Chemical Ana lys i s  o f  Water and Wastes, March, 1979: U n i t e d  
S ta tes  Envi ronmental P r o t e c t i o n  Agency, C i  n c i  n n a t i  , Ohio 45268, pp. 160.2, 
1-3. 
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Sample p r e s e r v a t i o n  - may be pressure  f i l t e r e d  o r  u n f i l t e r e d .  

S t a b i l i t y  - pH should be done a t  t h e  t i m e  of c o l l e c t i o n ,  i f  poss ib le .  A t  a 

l a t e r  t ime,  pH may be s i g n i f i c a n t l y  d i f f e r e n t .  S u r p r i s i n g l y ,  

t o t a l  a l k a l i n i t y  appears t o  be very  s t a b l e ,  even a f t e r  one o r  

more months. 

De tec t i on  l i m i t  - 2 mg/l 

Range - 2-2500 mg/ l .  H igher  concen t ra t i ons  may be determined us ing  a s m a l l e r  

sample vo l  ume . 
P r e c i s i o n  - RPD = 1.4% 

Discuss ion  

Carbonate and b i ca rbona te  i ons  a re  determined by n e u t r a l i z i n g  t h e  sample 

A pH meter  i s  used t o  w i t h  s tandard ized d i l u t e  s u l f u r i c  a c i d  t o  a pH o f  4.5. 

m o n i t o r  t h e  pH change d u r i n g  t i t r a t i o n .  

carbonate i s  p resent .  

sample t o  a pH o f  8.2: 

If t h e  sample pH i s  g r e a t e r  than 8.2, 

The carbonate con ten t  i s  determined by t i t r a t i n g  t h e  

Cont nued t i t r a t  

H2S04 + CO; -b co2+ + H20 + SO: . 

on t o  a pH o f  4.5 a l h w s  de te rm ina t ion  o f  t h e  b i ca rbona te  

con ten t  accord ing  t o :  

H2S04 + HCO; -* 1CO2t + H20 + HS04 . 
Procedure 

1. C a l i b r a t e  t h e  pH meter  us ing  pH 7 i ind pH 4 b u f f e r s .  

g r e a t e r  than 8.2, check c a l i b r a t i o n  a t  a pH o f  9 o r  10. 

S tandard ize  d i l u t e  H2SO4 by t i t r a t , i n g  5 m l  o f  1000 ppm HCO; s tandard t o  a 

I f  sample pH i s  

2. 

8 1 El 
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pH o f  4.5. T h i s  s t a n d a r d i z a t i o n  shou ld  be done i n  d u p l i c a t e .  R e s u l t s  shou ld  

agree w i t h i n  0.02 m l  . 
3. Measure t h e  sample pH, p r e f e r a b l y  i n  t h e  o r i g i n a l  sample c o n t a i n e r  t o  

a v o i d  any pH change caused by m i x i n g  w i t h  a i r .  

temperature o f  t h e  sample. 

Record t h e  pH and 

4. T i t r a t e  t h e  sample t o  a pH o f  8.2 i f  t h e  pH i s  g r e a t e r  than 8.2. Record 

t h e  a c i d  volume, 

5. Cont inue t i t r a t i o n  t o  a pH o f  4.5. Record t h e  volume o f  a c i d  used from a 

pH o f  8.2 t o  a pH o f  4.5. The sample shou ld  be s t i r r e d  d u r i n g  t h e  

t i t r a t i o n ;  however, s t i r r i n g  shou ld  o n l y  be s u f f i c i e n t  t o  mix  t h e  sample 

and a c i d  comp le te l y  b u t  n o t  form a v o r t e x  o r  m ix  a i r  i n t o  t h e  sample. 

Cal c u l  a t i  ons 

where 

Reagents 

Standard 1000 ppm HCO; (491.8 ppm CO;): Dry p r imary  s tandard Na2C03 a t  

l l O ° C  f o r  a t  l e a s t  2 hours. 

(demine ra l i zed  water  b o i l e d  f o r  15  minutes and cooled.) 

Weigh 0.€1686 gm and d i s s o l v e  i n  C02-free wa te r  

D i l u t e  t o  1 l i t e r  

w i t h  C02-free water. 

D i l u t e  H2S04: Thoroughly mix 0.5 m l  concen t ra ted  H2SO4 w i t h  

app rox ima te l y  1 l i t e r  water.  Standard ize d a i l y  as desc r ibed  i n  s t e p  2. 
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Sample p r e s e r v a t i o n  - f i l t e r  th rough 0.45 p f i l t e r  paper and a c i d i f y  t o  

20% ( v / v )  w i t h  HN03 ( v / v ) .  

S t a b i l i t y  - 3 t o  4 month5. 

D e t e c t i o n  l i m i t  - see Table 1. 

Range - see Table 1. 

P r e c i s i o n  - see Tables 1 and 2. 

D iscuss ion  

Mul t ie le rnent  analyses a re  performed on an App l ied  Research L a b o r a t o r i e s  

i n d u c t i v e l y  coupled argon plasma emiss ion spect rograph (model I C P Q ) .  The 

spec t rograph i s  a f i x e d - s l  i t , d i  rec t - read ing ,  computer-contro l  l e d  (Dec PDP 

11/05) i ns t rumen t  w i t h  38 channels f o r  37 elements. There a re  2 channels f o r  

i r o n  t o  cover  t h e  range o f  va lues encountered i n  bo th  s o l i d  and water  samples. 

The wide l i n e a r  range o f  t h e  I C P  ( 3  t o  4 o rders  o f  magnitude) makes 

d i l u t i o n s  unnecessary except  i n  cases o f  water  w i t h  TDS con ten ts  g r e a t e r  than 

1%. Sample p r e p a r a t i o n  i s  l i m i t e d  t o  f i l t r a t i o n  and a c i d i f i c a t i o n  o f  t h e  

water, t he reby  e l i m i n a t i n g  t h e  p o s s i b l e  d i l u t i o n  e r r o r s .  

Water samples a re  a c i d i f i e d  t o  20% v /v  w i t h  concent ra ted  n i t r i c  ac id ,  by 

d i l u t i n g  20 m l  o f  a c i d  t o  100 m l  w i t h  sample water. The ac tua l  volume o f  

water  r e q u i r e d  f o r  t h i s  i s  - n o t  80 m l  br i t  82 m l  because o f  t h e  volume l o s s  

caused by mix ing.  The f i r s t  

i s  t o  match t h e  c a l i b r a t i o n  m a t r i x  o f  t h e  I C P .  Th i s  i s  impor tan t  because t h e  

t y p e  o f  a c i d  and a c i d  concen t ra t i on  a f f e c t  element s e n s i t i v i t i e s .  The second 

reason f o r  t h i s  h i g h  a c i d  c o n c e n t r a t i o n  i s  sample s t a b i l i t y .  

ranges o f t e n  found i n  geothermal waters  may p r e c i p i t a t e  i n  samples a c i d i f i e d  

T h i s  a c i d  c o n c e n t r a t i o n  has a t w o - f o l d  purpose. 

S i l i c a  i n  t h e  



II 

il 

i3 
ill 
D 

t o  2% o r  l e s s .  

c o n t a i n e r  w a l l s ,  even a t  a c i d  concen t ra t i ons  as h i g h  as 10%. 

appears t o  be good f o r  3 o r  4 months a t  t h i s  a c i d  concen t ra t i on .  

Low-concentrat ion elements (a  few ppm o r  l e s s )  may adsorb on 

S t a b i l i t y  

Procedure 

Blanks a re  analyzed a t  t h e  beg inn ing  o f  each s e t  and subsequent ly  every 

12 samples. 

every 6 samples th rough t h e  se t  as we1 1 as a f t e r  t h e  l a s t  sample. 

a re  chosen t o  be as c l o s e  t o  t h e  samplles i n  compos i t ion  as poss ib le .  

no rma l i za t i ons ,  d r i f t  and i n t e r f e r e n c e  c o r r e c t i o n s  have been computerized. 

One o r  two s tandards o r  s tandard ized n a t u r a l  waters  a re  analyzed 

Standards 

A l l  

Reagents 

Blank:  20 m l  o f  reagent grade HN03 d i l u t e d  t o  100 m l  w i t h  h i g h - p u r i t y  

demine ra l i zed  water .  I f  poss ib le ,  b lank  a c i d  i s  from t h e  same b o t t l e  used t o  

a c i  d i  f y  sampl es . 
Standards: S i  ng l  e-element s tock  s tandards a re  prepared f rom known h igh-  

D i l u t i o n s  f o r  work ing  p u r i t y  me ta l s  whenever poss ib le ,  o r  from s t a b l e  s a l t s .  

mixed s tandards a re  prepared from these i n  needed concen t ra t i ons  w i t h  a c i d  

concen t ra t i ons  t h e  same as f o r  t h e  unkriown samples. 

Cal cul a t  i ons 

None. 
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SULFATE: DETERMINATION BY BARIUM SULFATE PRECIPITATION 
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Sample p r e s e r v a t i o n  - f i l t e r ,  a c i d i f y  w i t h  1% HC1 ( v / v ) ,  o r  2% HC1 i f  needed 

t o  p revent  P r e c i p i t a t i o n .  

S t a b i l i t y  - 1-4 months. 

D e t e c t i o n  l i m i t  - 2 mg/l 

Range - 2 t o  - 2000 mg/l. 

P r e c i s i o n  - RPD = 1.8% 

For  samples > 1000 mg/ l ,  r e r u n  w i t h  s m a l l e r  volume 

D iscuss ion  

T h i s  procedure i s  based on t h e  f o r m a t i o n  o f  i n s o l u b l e  bar ium s u l f a t e  when 

The f o r m a t i o n  bar ium c h l o r i d e  i s  added t o  a s o l u t i o n  c o n t a i n i n g  s u l f a t e  ions .  

o f  bar ium s u l f a t e  i s  descr ibed by t h e  r e a c t i o n :  

BaCl + SO; + BaS04 + 2C1-. 
2 

The p r e c i p i t a t i o n  i s  c a r r i e d  out i n  a s l i g h t l y  a c i d  medium. T h i s  

i nc reases  t h e  s o l u b i l i t y  o f  bar ium s u l  f a t e  s l i g h t l y  b u t  i s  necessary t o  

p reven t  t h e  p r e c i p i t a t i o n  o f  o t h e r  bar ium s a l t s ,  such as carbonate,  phosphate 

and hydrox ide.  

t h e r e f o r e  f i l t e r a b l e  bar ium s u l f a t e  crJystals.  It i s  necessary t h a t  t h e  

p r e c i p i t a t i o n  be made w i t h  b o t h  s o l u t i o n s  near b o i l i n g  as s u p e r s a t u r a t i o n  i s  

min imized a t  t h i s  temperature. 

The a c i d  c o n d i t i o n  a l s o  promotes t h e  f o r m a t i o n  o f  l a r g e r  and 

The c o p r e c i p i t a t i o n  o f  o t h e r  bar ium s a l t s  may be f u r t h e r  min imized by 

hav ing  t h e  sample and bar ium c h l o r i d e  als d i l u t e  as p o s s i b l e  and by adding t h e  

bar ium c h l o r i d e  s o l u t i o n  r a p i d l y .  

An a d d i t i o n a l  e r r o r  may be i n t r o d u c e d  d u r i n g  b u r n i n g  o f  t h e  f i l t e r  

paper. 

t h e  temperature reaches about 14OO0C, i t  i s  e a s i l y  reduced t o  t h e  s u l f i d e  by 

Whi le  pure  bar ium s u l f a t e  i s  n o t  decomposed by h e a t i n g  i n  a i r  u n t i l  

20 



u carbon formed when t h e  paper i s  charred. T h i s  can be avo 

paper o f f  s l o w l y  a t  a l ow  temperature w i t h  f r e e  access o f  

temperature should n o t  exceed 900OC. 

Procedure 
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ded by bu rn  

a i r .  F i n a l  

1. Accura te l y  measure 200 m l  o f  f i l t e r e d  water  i n t o  a 400 m l  beaker. 

samples c o n t a i n i n g  > 1000 ppm SO4 i t  i s  p r e f e r a b l e  t o  use 100 m l ,  

t o  about 200 m l  w i t h  deminera l i zed  water. 

2. If samples a re  n o t  a l ready  a c i d i f e d ,  add 2 m l  concent ra ted  HC1 

3. Cover w i t h  watch g lasses and heat  n e a r l y  t o  

I f  any p r e c i p i t a t e  i s  v i s  p e r f e c t l y  c l e a r .  

should be r e f  i 1 t e r e d  be fo re  adding BaCl 2. 

A t  t h e  same t ime,  heat  a 10% BaC12 s o l u t i o n  4. 

ng t h e  

For  

d i  1 u t i  ng 

b o i l i n g .  The sample should be 

es b l e  a t  t h i s  t ime,  samp 

n e a r l y  t o  b o i l i n g .  

5. Add 10 m l  o f  10% BaC12 s o l u t i o n  t o  'each sample. 

6. If p o s s i b l e  keep samples warm f o r  severa l  hours. ( T h i s  he lps  prevent  t h e  

fo rma t ion  o f  very  small  d i f f i c u l t - t o - f i l t e r  p r e c i p i t a t e . )  

F i l t e r  t h rough  Whatman #44 o r  S&S B'lue Ribbon f i l t e r  paper, pou r ing  a l l  

b u t  a few m i l l i l i t e r s  o f  t h e  supernatent  l i q u i d  th rough b e f o r e  d i s t u r b i n g  

t h e  p r e c i p i t a t e .  Wash t h e  p r e c i p i t a t e  i n t o  t h e  filter paper w i t h  a f i n e  

s t ream of hot water from a wash b o t t l e .  Scrub t h e  beaker w i t h  a rubber  

po l  ceman t o  loosen any remain ing p r e c i p i t a t e  f rom t h e  beaker. Be sure  

a l l  p r e c i p i t a t e  i s  washed i n t o  t h e  f ' i l t e r  paper. 

aga n s t  a dark  background i s  recommended. 

NOTE: .Fold f i l t e r  paper i n  qua r te rs ,  t e a r  o f f  one corner  and seat  papers 

i n  l o n g  stemmed f l u t e d  funne ls .  Re ta in  t o r n  o f f  corner  f o r  w i p i n g  

beaker l i p .  

h o l d  a column o f  water. 

7. 

Examining t h e  beaker 

I f  paper i s  p r o p e r l y  seated, t h e  funne l  stem should 

2 :1 



8. 

9. 

10 0 

11. 

A f t e r  a l l  p r e c i p i t a t e  i s  washed ir; i to t h e  paper, wash p rec  p i t a t e  and pa 

8 t o  10 t imes  w i t h  h o t  water ,  a l l o w i n g  a l l  water  t o  d r a i n  between each 

r i n s e .  Wash water  should be squirsted a t  t h e  t o p  o f  t h e  paper, s t a r t i n g  

w i t h  t h e  3- th ickness  s ide ,  go ing comple te ly  around t h e  paper and rewash 

t h e  f o l d e d  s i d e  f o r  each r i nse .  

e r  

ng 

Completeness o f  washing may be checked by runn ing  a drop o r  two o f  r i n s e  

water  f rom t h e  funne l  stem i n t o  a s o l u t i o n  o f  AgN03. 

t h e  presence o f  C1 and t h e  need f o r  a d d i t i o n a l  r i n s i n g .  

C a r e f u l l y  remove t h e  f i l t e r  paper f rom t h e  funne l ,  f o l d  and p lace  i n  a 

numbered Denver f i r e  c l a y  annea l ing  cup. 

P lace i n  a m u f f l e  fu rnace and heat  s l o w l y  w i t h  t h e  door  propped open 

( =  75°C i n t e r v a l s  t o  6OOOC). When a l l  carbon i s  burned o f f ,  c l o s e  door 

and r a i s e  temperature t o  about 850'C. 

Remove c r u c i b l e s ,  coo l  t o  room temi3erature, brush p r e c i p i t a t e  o u t  i n t o  

t a r e d  balance pan and weigh. A s t l i n c i l  b rush  i s  u s e f u l  f o r  b rush ing  

p r e c i p i t a t e  ou t  of t h e  c r u c i b l e .  

t h e  c r u c i  b l  e. 

Cloudiness i n d i c a t e s  

Press down i n t o  t h e  cup. 

Care must be taken t o  avo id  s c r a t c h i n g  

C a l c u l a t i o n s  

g r a v i m e t r i c  f a c t o r  f o r  BaS04 + SO4 = 0.41158 

w t  BaS04 (9 )  x 0.41158 x l o 6  = m g / l i t e r  SO; 

sample volume (ni) 

Reagents 

10% BaC 

500 m l .  

Reference 

K o l t h o f f ,  I .  

2: D isso lve  50 g BaC12 2H20 i n  dem n e r a l i z e d  water. D i l u t e  t o  

M., and Sandel l ,  E. B., 1952, Textbook o f  Q u a n t i t a t i v e  I n o r g a n i c  
Ana lys is ,  3rd ed.: The MacMi l lan Co., New York, pp. 322-335. 
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li THIOCYANATE: DETERMINATION BY COLORIMETRY 

u 

u 
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Sample p r e s e r v a t i o n  - f i l t e r  th rough 0.45 p f i l t e r  paper. 

S tab i  1 i ty  - seve ra l  months. 

De tec t i on  l i m i t  - 0.2 ppm 

Range - 0.1 t o  20 mg/l. D i l u t i o n  t o  t h i s  range i s  necessary f o r  h i g h e r  

concent r a t  i on. 

P r e c i s i o n  - RPD = 2.3% 

D i  scuss ion  

The th iocyana te  i o n  forms a s o l u b l e  red  complex w i t h  f e r r i c  i r o n .  The 

c o l o r  i n t e n s i t y  i s  p r o p o r t i o n a l  t o  t h e  th iocyana te  c o n c e n t r a t i o n  i n  a s l i g h t l y  

a c i d  s o l u t i o n  and can be measured s p e c t r o p h o t o m e t r i c a l l y  a t  480 nm. T h i s  

method appears t o  be s p e c i f i c  and i n t e r f e r e n c e - f r e e .  

Procedure 

1. Us ing  a reagent  b lank,  se t  100% t r a n s m i t t a n c e  on t h e  spect rophotometer  a t  

a wavelength s e t t i n g  o f  480 nm. 

2. Add 1 m l  o f  f e r r i c  i r o n  s o l u t i o n  and 0.1 m l  concent ra ted  HC1 t o  25 m l  o f  

sampl e.  Mix tho rough ly  and read absorbance immedi a t e l y .  

3. Prepare and analyze a s e r i e s  o f  s tandards w i t h  SCN' concen t ra t i ons  o f  1, 

5, 10, 20 ppm. 

Cal c u l  a t i  oris 

mg/l SCN' = F x sample absorbance x d i l u t i o n  f a c t o r  

il 

ii 

where t h e  s lope F i s  g i ven  by 

- pg o f  s tandard 
- abwrbance  

23 
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Reagents 

1000 ppm SCN' s tock  s o l u t i o n :  D- isso lve 0.1396 g o f  d r i e d  NaSCN i n  

demineral i z e d  water .  D i l u t e  t o  100 rnll . D i l u t e  as necessary for  l o w e r  

c o n c e n t r a t i o n  s o l u t i o n s .  

F e r r i c  i r o n  s o l u t i o n :  D i s s o l v e  4.84 g FeC12.6H20 i n  100 m l  o f  

demi n e r a l  i zed water .  

Reference 

S n e l l ,  F. D., and Sne l l ,  C. T., 1949, C o l o r i m e t r i c  Methods o f  Ana lys is ,  Vol .  
2, 0. Van Nostrand Co. ,  Inc., New York, p .  783. 

D 
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FLUORIDE: DETERMINATION BY METHOD OF ADDITIONS 
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Sample p r e s e r v a t i o n  - may be f i l t e r e d  o r  u n f i l t e r e d .  

S tab i  1 i t y  - severa l  months. 

D e t e c t i o n  l i m i t  - 0.1 mg/l ( l ower  d e t e c t i o n  l i m i t s  a re  p o s s i b l e  i f  needed.) 

Range - 0.1 t o  2.5 mg/ l .  

P r e c i s i o n  - RPD = 2.8% 

D i l u t i o n  i s  necessary f o r  h i g h e r  concen t ra t i ons .  

D iscuss ion  

The a c t i v i t y  o f  f l u o r i d e  i o n s  i n  a s o l u t i o n  i s  determined u s i n g  a 

f l u o r i d e  s p e c i f i c  i o n  e l e c t r o d e  and meter .  

most n a t u r a l  waters, t h e  concen t ra t i on  o f  uncomplexed f l u o r i d e  i s  equal t o  i t s  

A t  t h e  f l u o r i d e  concen t ra t i ons  of 

a c t i v i t y .  The a d d i t i o n  o f  a r e l e a s i n g  agent des t roys  f l u o r i d e  complexes 

making complexed f l u o r i d e  measurable w i t h  an e lec t rode .  

Procedure 

1. Check t h e  s lope  adjustment  o f  t h e  meter by read ing  two d i f f e r e n t  

concen t ra t i ons  o f  s tandard so lu t i cm.  (Or ion  model 407 o r  407A w i t h  

combina t ion  f l u o r i d e  e l e c t r o d e  i s  used a t  UURI. )  

2. P i p e t  an a1 i q u o t  o f  sample (10  t o  50 m l  ) i n t o  a 50 m l  beaker. Add about 

0.5 g (NH4)2HC6H507 (ammonium c i t r a t e ) .  TlSAB b u f f e r  may be used 

accord ing  t o  manufac turer ' s  i n s t r u c t i o n s .  The s o l u t i o n  should be mixed 

tho rough ly  by s w i r l i n g  o r  w i t h  a magnet ic  s t i r r e r .  

Ad jus t  meter e x a c t l y  t o  c e n t e r  s c a l e  w i t h  c a l i b r a t i o n  c o n t r o l .  

read ing  should be s tab le ,  n o t  d r i f t i n g .  

Add e x a c t l y  1/100 t h e  sample voluml? o f  100 ppm f l u o r i d e  s tandard ( i .e .  0.1 

m l  f o r  10 ml o f  sample). 

3 .  The 

4. 

5 .  Stir t o  mix  comple te ly .  Read c o n c e n t r a t i o n  f r o m  green a d d i t i o n s  scale.  

2 Ei 



I f  samp es w i t h  vary ng F concen t ra t i ons  are  be ing  analyzed it i s  o f t e n  

he1 p f u l  t o  de termi  ne approximate values by d i  r e c t  reading.  The same procedure 

can be used f o r  h i g h e r  concen t ra t i on  samples us ing  1000 ppm s tandard  f o r  t h e  

a d d i t i o n  and m u l t i p l y i n g  t h e  meter read ing  by 10. 

Reagents 

1000 ppm F standard: d i s s o l v e  0.2210 g d r i e d  NaF ( reagent  yrade o r  

h i g h e r  p u r i t y )  i n  100 m l  deminera l i zed  water .  The s o l u t i o n  should be s t o r e d  

i n  a p l a s t i c  b o t t l e .  D i l u t e  t h e  s o l u t i o n  as needed f o r  lower  concen t ra t i ons .  

hmonium c i t r a t e :  Reagent grade ( NH4)2HC6H507 

Ref e rence 

Or ion  Research Inco rpo ra ted  F l u o r i d e  E lec t rode  I n s t r u c t i o n  Manual, 1982, 36 
PP 
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CHLORIDE: DETERMINATION BY MOHR TITRATION 

Sample p r e s e r v a t i o n  - no t rea tment ;  may be f i l t e r e d  o r  u n f i l t e r e d .  

S t a b i l i t y  - no known l i m i t .  

De tec t i on  l i m i t  - 2 mg/l 

Range - 2 mg/l t o  s a t u r a t i o n .  

P r e c i s i o n  - RPD = 0.9% 

D iscuss ion  

Th is  procedure i s  based on t h e  fo rma t ion  o f  i n s o l u b l e  s i  v e r  c h l o r i d e  

when a s o l u t i o n  c o n t a i n i n g  c h l o r i d e  i s  t i t r a t e d  w i t h  a s i l v e r  s o l u t i o n .  The 

chromate i o n  o f  t h e  i n d i c a t o r  a l s o  forms a p r e c i p i t a t e  w i t h  s l v e r .  

chromate i s  s l i g h t l y  more s o l u b l e  than s i l v e r  c h l o r i d e ;  t h e r e f o r e  t h e  c h l o r i d e  

i s  p r e f e r e n t i a l l y  p r e c i p i t a t e d .  S tab le  s i l v e r  chromate i s  o n l y  formed a f t e r  

a l l  c h l o r i d e  i s  p r e c i p i t a t e d .  The s i l v e r  chromate i s  b r i c k  red  i n  c o l o r  which 

g i ves  a v i s i b l e  end p o i n t .  S ince a s l i g h t  excess o f  s i l v e r  must be added t o  

form t h e  c o l o r e d  compound, a b lank  must be analyzed t o  determine t h i s  t i t e r  

v o l  ume. 

S i l v e r  

The f o l l o w i n g  equat ions  show these reac t i ons :  

NaCl + AgN03 + AgCl J. + NaN03 (1) 

K2Cr04 + 2AgN03 + Ag2Cr04 J. + 2KN03 ( 2 )  

2NaC1 + Ag2Cr04 + 2AgC1 J. + Na2Cr04 ( 3 )  

pH and temperature adjustment  a re  i iecessary because these a f f e c t  t h e  

s o l u b i l i t y  o f  bo th  s i l v e r  c h l o r i d e  and s i l v e r  chromate. S i l v e r  c h l o r i d e  

s o l u b i l i t y  i s  n e g l i g i b l e  a t  temperature:; near o r  below room temperature.  

h i g h e r  temperatures t h e  p r e c i p i t a t e  begins t o  d i s s o l v e  and o n l y  re forms as 

A t  



1 

I il 

l i ?  

13-  

d' 
i3 

excess s i l v e r  i s  added. T h i s  g i ves  er roneous ly  h i g h  r e s u l t s .  

S i l v e r  c h l o r i d e  forms and p r e c i p i t a t e s  over  a wide pH range i n c l u d i n g  

s t r o n g l y  a c i d  c o n d i t i o n s .  

t h e  presence o f  hydrogen ions .  

samples such as n a t u r a l  waters, a pH as h i g h  as 9.5 i s  pe rm iss ib le .  

S i l v e r  chrcimate fo rmat ion ,  however, i s  i n h i b i t e d  by 

Therefore,  t h e  pH must be above 6.5. I n  

Procedure 

1. Prepare a b lank  w i t h  about 50 m l  o f  deminera l i zed  water  and 2 o r  3 drops 

o f  K2Cr04 s o l u t i o n .  

c o l o r  change f rom c l e a r  y e l l o w  t o  orange. 

0.05 m l  o f  0.1 N AgN03. 

P i p e t  an a p p r o p r i a t e  a l i q u o t  o f  salnple i n t o  a Erlynmeyer f l a s k .  T h i s  

should c o n t a i n  between 3000 and 20,000 p grams o f  C1. 

T i t r a t e  w i t h  AgN03 s o l u t i o n  t o  t h e  f i r s t  v i s i b l e  

T h i s  should r e q u i r e  l e s s  than  

2. 

3. A d j u s t  t h e  pH t o  between 6.5 and 8.5 i f  i t  i s  o u t s i d e  t h i s  range. To wake 

a sample more bas i c  use a smal l  amount o f  C1- f ree Na2C03 o r  NaHC03. 

b a s i c  samples may be ad jus ted  w i t h  d i l u t e  HN03 s o l u t i o n .  

T i t r a t e  t h e  sample t o  t h e  f i r s t  pel-manent c o l o r  change f rom c l e a r  y e l l o w ,  

m i x i n g  d u r i n g  AgN03 a d d i t i o n .  The i n t e n s i t y  o f  t h e  red-orange c o l o r  must 

be t h e  same as t h e  b lank.  

Prepare dupl i c a t e  c h l o r i d e  s tandards and t i t r a t e  us ing  t h e  same procedure 

as used f o r  samples. 

Very 

4 .  

5. 

T h i s  should be done on a d a i l y  bas i5 .  

NOTE: B r ,  I and SCN a re  t i t r a t e d  by t h i s  method. I f  present ,  they  should be 

determined by an a1 t e r n a t e  method (see be l  ow) and sub t rac ted  out .  

H2S a l s o  i n t e r f e r e s  b u t  can be remioved by b o i l i n g .  

213 
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C a l  c u l  a t  i ons 

Cml AgNO, (sample t i t r a t i o n )  - m l  AgNO, ( b l a n k ) ]  x F 
3 3 

sample volume (ml )  mg/ l  C1 = 

m C1 ( i n  s tandard)  x m l  s tandard 
m l  AgN03 - b lank  m l  AgN03 F = pp 

Reagents 

- 0.1 N AgN03: D i s s o l v e  16.989 g reagent grade AgN03 i n  1 l i t e r  o f  

demine ra l i zed  water.  S to re  i n  a brown b o t t l e  ou t  o f  t h e  l i g h t .  

10,000 ppm C1 standard:  D i s s o l v e  1.6485 g h i g h  p u r i t y  d r i e d  (105O) NaCl 

i n  water,  Dil Ute t o  100 m l  . 
Potassium chromate i n d i c a t o r :  D i i j s o l v e  about 50 9 KC204 i n  100 m l  water. 

Reference 

K o l t h o f f ,  I .  M., and Sandel l ,  E. B., 1952, Textbook o f  Q u a n t i t a t i v e  I n o r g a n i c  
Ana lys i s :  The MacMi l lan Co., New York, pp. 451-453 and 542-543. 
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BROMIDE: DETERMINATION BY SODIUM THIOSULFATE TITRATION 

Sample p r e s e r v a t i o n  - no t rea tment  necessary. 

S t a b i l i t y  - no known l i m i t .  

De tec t i on  l i m i t  - 0.5 mg/l 

Range - 1.0 mg/l t o  s a t u r a t i o n .  

P r e c i s i o n  - RPD = 1.6% 

' D i scuss ion  

'Thi s procedure uses sodi  urn hypochl o r i  t e  t o  o x i d i z e  bromide t o  bromate 

accord ing  t o  t h e  r e a c t i o n :  

B r -  + 3NaOC1 -+ BrO; + 3H+ + C1-. 

A d d i t i o n  o f  potass ium i o d i d e  t o  t h e  s o l u t i o n  w i l l  l i b e r a t e  i o d i n e  i n  an amount 

e q u i v a l e n t  t o  t h e  bromate by t h e  r e a c t i o n :  

BrO- + 61- + 6Ht i b  B r  - + 3H20 + 312. 
3 

The l i b e r a t e d  i o d i n e  i s  t i t r a t e d  w i t h  s tandard ized sodium t h i o s u l f a t e  

s o l u t i o n  us ing  s t a r c h  as an i n d i c a t o r  ass shown by t h e  r e a c t i o n :  

Because i o d i d e ,  i f  present ,  i s  determined as 

determined independent ly  and sub t rac ted  from 

t i t r a t i o n .  

bromide, i o d i d e  must be 

t h e  amount determi  ned by 

I r o n ,  manganese, and o rgan ic  m a t e r i a l  i n t e r f e r e  b u t  may be removed by 

addi ng c a l  c i  urn ox ide  and f i 1 t e r i  ng t h e  ,sampl e . Chl o r i  de does no t  i n t e r f e r e .  
'7 
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Procedure 

1. I f  necessary, add 1 g o f  CaO ( i n  excess) t o  100 m l  o f  sample. 

sample f o r  1 hour and f i l t e r  th rough a fo lded,  d r y  r e t e n t i v e  f i l t e r  paper, 

d i s c a r d i n g  t h e  f i r s t  p o r t i o n  o f  f i i l t r a t e .  

c o n t a i n i n g  h i g h  metal concen t ra t i ons ,  i t  may be necessary t o  s t i r  samples 

and CaO o v e r n i g h t  t o  remove t h e  i n t e r f e r e n c e  complete ly .  Prepare a b lank  

S t i r  t h e  

I n  t h e  case o f  waters  

i n  t h e  same manner. 

P i p e t  an a l i q u o t  o f  t h e  sample, c o n t a i n i n g  1 t o  20 mg o f  bromide i n t o  a 

270 rnl Erlenmeyer f l a s k  and b r i n g  the t o t a l  volume t o  50 m l  w i t h  d i s t i l l e d  

2. 

water. 

N e u t r a l i z e  t h e  sample by adding 50% HCl  drop-wise. 

Add a) 8 m l  o f  1 N NaOCl (sodium h iypoch lor i te )  s o l u t i o n  i n  0.1 N sodium 

3. 

4. 

hyd rox i  de 

b)  0.5 m l  o f  50% HC1 ac id .  

c )  enough CaC03 t o  g i v e  an excess o f  0.1 t o  0.2 g. 

5. Heat t o  a g e n t l e  b o i l  and b o i l  f o r  8 minutes. 

6. Remove t h e  f l a s k  from t h e  h o t  p l a t e  and add 4 m l  o f  50% (w/v)  CHNaOZ 

( s o d i  um fo rma te )  . 
7. Heat f o r  an a d d i t i o n a l  8 minutes and r i n s e  t h e  f l a s k  w i t h  d i s t i l l e d  water. 

8. Cool t o  room temperature.  

9. Add a)  3 drops o f  1% (w/v)  (NH4l6 Mo7OZ4e 4H20 (ammonium molybdate)  

b )  1 g O f  KF'2HzO 

c )  0.5 g K I  

d )  10 m l  o f  25% ( v / v )  H2SO4. 

10. T i t r a t e  w i t h  0.05 N Na2S203, (sodium t h i o s u l f a t e )  adding a s t a r c h  

i n d i c a t o r  j u s t  b e f o r e  t h e  end p o i n t .  

11. Prepare and run  a s e r i e s  o f  standards i n  t h e  same manner. 
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Cal c u l  a t i  ons 

Sub t rac t  equiva 

i n  t h e  sample. 

Reagents 

m l  Na2S203 x Norma l i t y  
B r  (mg/ l>  = 13,320 ( vo l  sample (m l )  1 

I o d i d e  (ppm) x 0.6297 = e q u i v a l e n t  B r .  

de (mg/ l )  f rom bromide t o  c o r r e c t  f o r  i o d i d e  present  e n t  brom 

CaO: Reagent grade. 

prepared by h e a t i n g  CaC03 t o  900OC. 

I f  reagent grade CaO i s  no t  a v a i l a b l e ,  i t  may be 

50% HC1: D i l u t e  50 m l  concent ra ted  reagent  grade HC1 t o  100 m l  w i t h  

derni n e r a l  i zed water .  

- 1 N NaOCL: 

50% Sodium formate:  

1% h m o n i  um molybdate: 

Add 1 CJ NaOH t o  500 in1 o f  commercial b leach (5.25% NaOCl ) . 
D i s s o l v e  50 g CHNa02 i n  water .  D i l u t e  t o  100 m l .  

D i  sso l  ve 1 g ( NH4) 6M~7024  *4H20 i n  water .  D i  1 Ute 

t o  100 m l .  

CaC03: Reagent grade 

KF*2H20: Reagent grade 

K I :  Reagent grade 

S ta rch  s o l u t i o n :  Prepare an emullsion o f  10 g o f  s o l u b l e  s t a r c h  i n  a 

mor ta r  w i t h  a smal l  q u a n t i t y  o f  deminera l i zed  water .  Pour t h i s  emulsion i n t o  

1 l i t e r  o f  b o i l i n g  water. L e t  s e t t l e  ove rn igh t .  

25% H2S04: S lowly  pour  25 m l  concent ra ted  H2SO4 i n t o  about 60 m l  water  

w i t h  s t i r r i n g .  D i l u t e  t o  100 m l .  

0.05 N Sodium T h i o s u l f a t e :  Dissc i lve 3925 g Na2S203 i n  water. D i l u t e  t o  

1 l i t e r .  
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Reference 

K o l t h o f f ,  I .  M. and E l v i n g ,  T r e a t i s e  cln A n a l y t i c a l  Chemistry,  P a r t  11: Vol. 7, 
pp.  403-404. 



I O D I D E :  DETERMINATION BY METHOD OF ADDITIONS 

a 

Sample p r e s e r v a t i o n  - f i l t e r  th rough 0,,45 LI f i l t e r  paper. 

S t a b i l i t y  - seve ra l  months. 

D e t e c t i o n  l i m i t  - 0.1 mg/l ( l ower  d e t e c t i o n  l i m i t s  a re  p o s s i b l e  i f  necessary.) 

Range - 0.1 t o  2.5 mg/ l .  

P r e c i s i o n  - RPD = 2.8% 

D i l u t i o n  i s  riecessary f o r  h i g h e r  concen t ra t i ons .  

D iscuss ion  

The a c t i v i t y  o f  i o d i d e  i o n s  i n  a s o l u t i o n  i s  determined us ing  an i o d i d e  

A t  t h e  concen t ra t i ons  encountered i n  most s p e c i f i c  i o n  e l e c t r o d e  and meter. 

n a t u r a l  waters, t h e  a c t i v i t y  o f  uncomplexed i o d i d e  i s  equal t o  i t s  concen- 

t r a t i o n .  The a d d i t i o n  o f  a r e l e a s i n g  agent des t roys  i o d i d e  complexes making 

i t  measurable w i t h  an e lec t rode .  

Procedure 

1. Check t h e  s lope  adjustment o f  t h e  meter by read ing  two d i f f e r e n t  

concen t ra t i ons  o f  s tandard s o l u t i o n .  (Or ion  model 407 o r  407A us ing  an 

i o d i d e  e l e c t r o d e  w i t h  a re fe rence e l e c t r o d e  used a t  UURI.) 

2.  P i p e t  an a l i q u o t  o f  sample (10 t o  53 m l )  i n t o  a 50 m l  beaker. Add about 

0.5 g NH4N03 o r  NaN03. 

manufac turer ' s  i n s t r u c t i o n s .  The s o l u t i o n  should be mixed tho rough ly  by 

s w i r l i n g  o r  w i t h  a magnetic s t i r r e r .  

Ad jus t  meter t o  e x a c t l y  c e n t e r  scal i? w i t h  c a l i b r a t i o n  c o n t r o l .  The 

read ing  should be s tab le ,  no t  d r i f t i n g .  

Add e x a c t l y  1/100 t h e  sample volume o f  100 ppm i o d i d e  s tandard ( i . e .  0.1 

m l  f o r  10 ml o f  sample). 

I S A  b u f f e r  inay be used accord ing  t o  t h e  

3 .  

4 .  

5.  S t i r  t o  mix complete ly .  Read concer i t ra t i on  from green a d d i t i o n s  sca le .  
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IU I f  samples w i t h  va ry ing  i o d i d e  Concent ra t ions  a re  be ing  analyzed i t  i s  

o f t e n  h e l p f u l  t o  

procedure can be 

f o r  t h e  a d d i t i o n  

I 

Reagents 

lil  

determi  ne approximate Val ues by d i  r e c t  read i  ng. 

used f o r  h i g h e r  concen t ra t i on  samples u s i n g  1000 ppm s tandard  

and m u l t i p l y i n g  t h e  meter  read ing  by 10. 

The same 

I J 
il 

1000 ppm i o d i d e  standard: d i s s o l v e  0.1308 g d r i e d  K I  ( reagent  grade o r  

h i g h e r  p u r i t y )  i n  100 m l  deminera l i zed  water. The s o l u t i o n  should be s t o r e d  

i n  a p l a s t i c  b o t t l e .  D i l u t e  t h e  s o l u t i o n  as needed f o r  lower  concen t ra t i ons .  

Ammoni um n i t r a t e :  Reagent grade ( NH4N03) 

Reference 

Or ion  Research Inco rpo ra ted  Hal i de E l  e c t  rodes I n s t r u c t i o n  Manual 1982 28 pp. 
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I O D I D E :  DETERMINATION BY SODIUM THIOSULFATE TITRATION 

3 

II 
il 

Ll 
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Sample p r e s e r v a t i o n  - f i l t e r  th rough 0.45 1.1 f i l t e r  paper. 

S tab i  1 i t y  - seve ra l  months. 

De tec t i on  l i m i t  - 0.5 mg/l 

Range - 1.0 mg/l t o  s a t u r a t i o n .  

P r e c i s i o n  - RPD = 1.61 

D i  scuss i  on 

T h i s  procedure uses bromine i n  a b u f f e r e d  s o l u t i o n  t o  o x i d i z e  i o d i d e  t o  

i oda te ;  t h e  excess bromine i s  then removed by adding sodium fo rmate  by t h e  

r e a c t i o n  : 

I -  + 3Br2 + 3H2!0 + IO; + 6HBr. 

I o d i n e  i s  then l i b e r a t e d  by a d d i t i o n  o f  potassium i o d i d e  t o  t h e  s o l u t i o n  

as descr ibed by t h e  r e a c t i o n :  

10; t 51- t 6H-t + 312 + 3H20. 

The l i b e r a t e d  i o d i n e  i s  t i t r a t e d  w i t h  s tandard ized t h i o s u l f a t e  s o l u t i o n  

us ing  s t a r c h  as an i n d i c a t o r ,  accord ing  t o  t h e  r e a c t i o n :  

I2 t 2s20; 4. s40; + 21-. 

I r o n ,  manganese, and o rgan ic  m a t e r i a l  which i n t e r f e r e  may be removed by 

adding ca lc ium ox ide  and f i l t e r i n g .  

Procedure 

1. I f  necessary, add 1 gram o f  CaO in ’excess t o  100 m l  of sample. 

sample f o r  1 hour and f i l t e r  th rough a fo lded,  d r y  r e t e n t i v e  f i l t e r  paper, 

d i s c a r d i n g  t h e  f i r s t  p o r t i o n  o f  f i l t r a t e .  

S t i r  t h e  

Prepare a b lank  i n  t h e  same 
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l l  manner. 

2 .  P i p e t t t e  an a l i q u o t  o f  t h e  

i n t o  a 500 m l  Erlenmeyer f 
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sample, c o n t a i n i n g  0.2 t o  5.0 mg o f  i o d i d e ,  

ask and d i l u t e  t o  100 m l  . 
3. Add 15 m l  of 2 M C2H3Na0 (sodium ace ta te )  f o l l o w e d  by 5 m l  o f  2 M CH3COOH 

( a c e t i c  a c i d )  and then  4 ml o f  broinine water, o r  enough t o  g i v e  a p a l e  

y e l l o w  c o l o r  due t o  excess bromine. 

4. Mix  and l e t  s tand 10 minutes.  

5. Add 2 m l  25% (w/v) NaHC02 (sodium formate) s o l u t i o n ,  blow ou t  any excess 

bromine and r i n s e  down s ides  o f  f l lnsk w i t h  d i s t i l l e d  water .  

When t h e  bromine has been reduced, add l g  KF'2H20, 0.5 g K I  and 10 m l  25% 

( v / v >  H2S04. 

T i t r a t e  w i t h  0.01 N Na2S203 (sodium t h i o s u l f a t e ) ,  adding a s t a r c h  

i n d i c a t o r  j u s t  b e f o r e  t h e  end p o i n t .  

Prepare and analyze a s e r i e s  o f  s t i indards i n  t h e  same manner. 

6. 

7. 

8. 

C a l c u l a t i o n s  

0.01N Na2S203 , m l  

m l  sample ) I- (mg/ l )  = 2,150 ( 

Reagents 

CaO: Reagent grade 

2 M Sodium aceta te :  

2 M A c e t i c  a c i d :  

Bromine water: D isso lve  about 1 m l  bromine i n  water. 

25% Sodium formate:  

KF-2H20: Reagent grade 

KI: Reagent grade 

25% H2S04: 

D i s s o l v e  164 g C2H3Na0 i n  water. D i l u t e  t o  1 l i t e r .  

D i l u t e  11.4 m l  o f  g l a c i a l  CH3COOH t o  100 m l  w i t h  water .  

D isso lve  25 g NaHC02 i n  water .  D i l u t e  t o  100 ml . 

Slowly  add 25 m l  concent ra ted  H2S04 t o  about 75 m l  H20 w i t h  
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r a p i d  s t i r r i n g .  Cool. D i l u t e  t o  100 m l  . 
0.01 N sodium t h i o s u l f a t e :  D isso lve  0.7905 g Na2S203 i n  water. D i l u t e  

t o  1 l i t e r .  

S ta rch  s o l u t i o n :  Prepare an emulsion o f  10 g o f  s o l u b l e  s t a r c h  i n  a 

mor ta r  w i t h  a smal l  q u a n t i t y  o f  deminera l i zed  water .  Pour t h i s  emuls ion i n t o  ' 

1 l i t e r  of b o i l i n g  water. L e t  s e t t l e  overn igh t .  

Reference 

K o l t h o f f ,  I .  M. and E l v i n g ,  T r e a t i s e  011 A n a l y t i c a l  Chemistry, P a r t  11: Vol. 
7, p. 404-405. 
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FLUORESCEIN: DETERMINATION 67' FLUOROMETER OR SPECTROPHOTOMETER 

Sample p r e s e r v a t i o n  - f i l t e r  th rough 11.45 l.~ f i l t e r  paper, s t o r e  i n  t h e  dark.  

S t a b i l i t y  - l i g h t  s e n s i t i v e .  Apparent concen t ra t i on  decreases markedly  w i t h  

exposure t o  l i g h t .  

D e t e c t i o n  l i m i t s  - f l uo romet ry ,  0.02 rng/l; c o l o r i m e t r y ,  0.2 mg/ l .  

Range - f l uo romet ry ,  0.02 t o  2 mg/ l ;  c o l o r i m e t r y ,  0.2-4 mg/l . 
P r e c i s i o n  - RPD = 2% 

D iscuss ion  

The c o n c e n t r a t i o n  o f  d isodium f l u o r e s c e i n  can be measured w i t h  e i t h e r  

f l u o r o m e t r i c  o r  spec t rophotomet r ic  ins, t ruments by comparison w i t h  known 

standards. A lower  d e t e c t i o n  l i m i t  i s  p o s s i b l e  u s i n g  f l u o r o m e t r i c  methods. 

Procedure 

1. Prepare a s e r i e s  o f  standards by d i l u t i n g  a f l u o r e s c e i n  s tock  standard. 

Standards must be prepared from t h e  same manufac turer  and l o t  as t h e  

samples. Measure t h e  f luorescence o r  o p t i c a l  dens i t y .  

2. D i l u t e  t h e  samples and a d j u s t  pH i f  necessary p r i o r  t o  measuring t h e  

f luorescence o r  o p t i c a l  dens i ty .  Samples must be n e u t r a l  o r  s l i g h t l y  

bas ic .  

The f o l l o w i n g  ins t rument  parameters s h i w l d  be used: 

F luorometer  (Turner  111): 

Pr imary  f i l t e r :  2A and 478 

Secondary f i l t e r :  2A-12 

Spectrophotometer: 

493 nm wavelength. Scan ac t h i s  wav 1 g t h  when changing 

manufac turer  o r  l o t  o f  d isodium f l u o r e s c e i n .  Some d isodium f l u o r e s c e i n  
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has been found t o  have an abso rp t i on  maximum a t  a wavelength 

s i g n i f i c a n t l y  below 493 nrn. 

Cal c u l  a t i o n s  

s tandard concen t ra t i on  
i ns t rumen t  read i  ng 

s lope  f a c t o r  = 

samp 

Reagents 

e c o n c e n t r a t i o n  = s lope f a c t o r  x i ns t rumen t  read 

x d i l u t i o n  f a c t o r  

1000 mg/l stock s o l u t i o n .  Disso'l ve 0.1000 g d r i e d  d i  sodi  um f l u o r e s c e i n  

i n  deminera l ized water.  S to re  i n  b o t t l e  i n  darkness. 

References 

Eva1 u a t i o n  of Some F1 uorescent Dyes fo r  Water Trac ing:  Water Resources 
Research, v o l .  13, no. 1, Feb. 1977, pp. 15-33. 

Operat ing I n s t r u c t i o n s ,  Turner F i l t e r  Fluorometer,  Model 111, 1981, Turner 
Sequoi a. 

Merck Index, 9 t h  E d i t i o n ,  Merck and Co., Inc., 1976, pp. 537-538. 
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RHODAMINE B: DETERMINATION BY FLUOROMETER OR COLORIMETER 

Sample p r e s e r v a t i o n  - f i l t e r  th rough 0.45 f i l t e r  paper. 

S t a b i l i t y  - may be decomposed by heat. 

D e t e c t i o n  l i m i t s  - f l uo romet ry ,  0.02 mg/l ;  c o l o r i m e t r y ,  0.1 mg / l  

Range - f l uo romet ry ,  0.02 t o  2 mg/ l ;  c o l o r i m e t r y ,  0.1 t o  2 mg/l.  

P r e c i s i o n  - I n s u f f i c i e n t  data.  

D i  scuss i  on 

The c o n c e n t r a t i o n  o f  Rhodamine-B can be determined by measuring e i t h e r  

absorbance o r  f l  uorescence o f  t h e  sample. 

f l u o r o m e t r y  i s  p r e f e r a b l e  because o f  i t s  lower  d e t e c t i o n  l i m i t .  

For very 1 ow c o n c e n t r a t i  ons , 

Procedure 

1. Prepare a s e r i e s  o f  standards by d i l u t i n g  s tock  Rhodamine B s o l u t i o n  w i t h  

demi n e r a l  i zed water  and determi  ne f l  uorescence o r  o p t i c a l  d e n s i t y  . 
2. D i l u t e  t h e  samples, i f  necessary, and measure t h e i r  f luorescence o r  

o p t i c a l  dens i t y .  

The f o l l  owing i ns t rumen t  parameters should be used: 

F luorometer  (Turner  Model 111): 

Pr imary  f i l t e r  1-60 

Secondary f i l t e r  - 23A 

Spectrophotometer: 

555 nm wavelength 

C a l c u l a t i o n s  
s tandard  concen t ra t i on  
i n s t  rurnent read i  ng 

s lope f a c t o r  = 

s amp e c o n c e n t r a t i o n  = s lope  f a c t o r  x i ns t rument  read 

x d i l u t i o n  f a c t o r  
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Reagents 

1000 mg/ Rhodami ne-B stock so l  u t i o n :  D i s s o l v e  ,1000 g d r i e d  Rhodamine- 

B i n  demine ra l i zed  water .  S to re  i n  a cool  l o c a t i o n  i n  an opaque b o t t l e .  It 

i s  p r e f e r a b l e  t h a t  standards and samples c o n t a i n  Rhodamine-B f rom t h e  same 

manufacturer  and 1 o t .  

References 

Eva1 u a t i  on o f  Some F1 uorescent  Dyes for Water Trac ing:  Water Resources 

Operat ing I n s t r u c t i o n s ,  Turner F i l t e r  Fluorometer,  Model 111, 1981, Turner 

Research, v o l .  13, no. 1, Feb. 197'7, pp. 15-33. 

Sequoi a 
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