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Water Analysis  
yethod 

CHLORIDE 

Mercuric N i t r a t e  i.!ethod 

Out l i n e  

~ h l o r i c l e  can be t i t r a t e d  w i t h  mercuric  n i t r a t e  because of t h e  
f ~ z m a t i o n  .of so lub le ,  s l i g h t l y  d i s s o c i a t e d  mercuric  chl .or ide.  I n  
t h e  pH range 2 . 3  t o  2 . 8 ,  diphenylcarbozone i n d i c a t e  t h e  endpoint  of 
t h i s  t i t r a t i o n  by formation of  a purp le  complex with mercuric  i o n s .  

Eronide and iodide  a r e  t T t r a t e d  wi th  mercuric  n i t r a t e  i n  t h e  
sane txanner a s  c h l o r i d e . .  Chromate, ' f e r r i c ,  and s u l f i t e  i o n s  i n t e r f e r e  
when p resen t  i n  excess of 10 mg/l .  

Organic anions a s  found i n  o i l  s h a l e  process  and ground water  
must be oxid ized  t o  e l i m i n a t e  i n t e r f e r e n c e s  during t i t r a t i o n .  The 
procedure i s  b r i e f l y  given below. 

Procedure t o  e l i m i n a t e  o rgan ic  i n t e r f e r e n c e :  
1. Acidify sample by adding approximately 10% sample volume 

of concent ra ted  , n i t r i c  a c i d .  

2. Gently b o i l  i n  a  beaker  w i t h  watch g l a s s  cover u n t i l  
volume i s  reduced by approximately 15% t o  20%. 

3 .  Cool, add s u f f i c i e n t  water  t o  r e c o n s t i t u t e  t o  o k i g i n a l  
volume. Follow. normal procedure f o r  a n a l y s i s  of c h l o r i d e .  

Apparatus ; 

1. 10 n l  nlicroburet capable  o'f be ing  read  t o  0 . 0 1  ml.  

2 .  150 n l  beakers .  

3 .  k4agnetic s t i r r e r  and s t i r r i n g  b a r s .  

4 .  General volumetr ic  glassware.  

Reagents : 

. l .  Standard sodium c h l o r i d e  0.0141.N: Dissolve 0 .8241 gm NaCl 
( d r i e d  a t  1400C) i n  c h l o r i d e  f r e e  water  and d i l u t e  t o  1000 
rt11; &.QO r n l  =, 500 i.lg C 1 .  

2 .  N i t r i c  a c i d ,  HN03, 0 . 1  N .  
.-I- 
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3.  Sodium Hydroxide, NaOH, 0.1N. 

4. Keagents f o r  low-chloride t i t r a t i o n s  ( 100 mg/ l ) :  

a .  I n d i c a t o r - a c i d i f i e r  r eagen t :  t h e  n i t r i c  a c i d  concen- 
t r a t i o n  of t h i s  r eacen t  i s  an important f a c t o r  i n  t h e  
success  of thddeterminat ion and can be v a r i e d  a s  i n d i c a t e d  
i n  I )  o r  2) t o  s u i t  th,e a l k a l i n i t y  range of .  t h e  sample 
be ing  t i t r a t e d . .  Reagent I) con ta ins  s u f f i c i e n t  n i t r i c  
a c i d  t o  n e u t r a l i z e  a ' t o t a l  a l k a l i n i t y  of 150 mg/l a s  
CaC03 t o t h e  proper  pH i n  a 100 m l  sample. 

1. Dissolve i n  t h e  o rde r  named, 250 mg S- Diphenylcarbazone, 
4 . 0  5:l concent ra ted  HN03,and 30 ng Xylene cyan01 FF i n  100 
rill of 957; e t h y l  a lcohol  o r  i sopropyl  a l coho l .  S t o r e  i n  a 
dark b o t t l e  i n  a r e f r i g e r a t o r .  This  reagent  i s  n o t s t a b l e  
i n d e f i n i t e l y  and should be d iscarded when a slow endpoint  and, 
high r e s u l t s '  occur .  

2 .  Because pH c o n t r o l  i s  c r i t i c a l  i n  t h i s  method, a d j u s t  t h e  
pEl of h igh ly  a l k a l i n e  o r  a c i d  samples t o  2 . 5  + 0 . 1  
wi th  0 . 1  N Hi403 o r  NaOH., n o t  wi th  Wa2C03. Use a pH 
meter wi th  a non-chloride type r e f e r e n c e  e l e c t r o d e  f o r  
t h e  ?H adjustment .  I f  only t h e  usua l  ch lo r ide - type  
re fe rence  e l e c t r o d e  i s  a v a i l a b l e  f o r  pH adjustment ,  
determine t h e  amount of a c i d  o r  a l k a l i  r equ i red  t o  achieve  
a pH of 2 . 5  + 0 . 1  and d i s c a r d  t h i s  sample p o r t i o n .  T r e a t  
a s e p a r a t e  sanlple p o r t i o n  wi th  t h e  determined amount of  
a c i d  o r  a l k a l i  and cont inue  t h e  a n a l y s i s  t o  t h e  pres .cr ibed 
end. Under t h e s e  .circumstances,  omit t h e  n i t r i c  a c i d  from 
t h e  ' i n d i c a t o r  reagent  t o  mainta in  t h e  proper  sample pH. 
A l t e r n a t i v e l y ,  vary t h e  n i t r i c . . a c i d  concent ra t ion  of  t h e  
i n d i c a t o r - a c i d i f i e r  reagent  t o  accommodate cond i t ions  
wherein water  samples of very h igh  o r  very low a l k a l i n i t y  
a r e  being analyzed. 

b .  Standard mercuric  n i t r a t e  t i t r a n t ,  0 .0141 N :  Dissolve  2 . 3  
gm Hg(N0 ) o r  2 .5  gm Hg(N0 ) -H 0 i n  100 r n l  d i s t i l l e d  water  

2 conta in& 0 .25  m l  concent ra tgd  $NO . D i l u t e  t o  j u s t  under 
one 1. Standardize according t o  ~ r a c e d u r e  1 ,  then a d j u s t  t o  
e x a c t l y  .0.0141 iJ. Make a f i n a l  s t a n d a r d i z a t i o n .  S t o r e  i n  a 
dark b o t t l e .  . Standard t i t r ' a n t  of  0.0141 N i s  e q u i v a l e n t  t o  
500 ug C1/1.00 m l l  

5 .  Reagents f o r  h igh-chlor ide  t i t r a t i o n s  ( 100 mg/l)  : 

a .  Xixed i n d i c a t o r  r eaekn t :  d i s s o l v e  5 gm diphenylcarbazone 
pcwder and 0,. 5 Gm bromophenol' bJi$e powder i n  750 m l  95% e t h y l  
o r . i s o p r o p a 1  a lcohol  and d i l u t e  t o  one 1 wi th  e t h y l  o r  
i sopropy l  a l c o h o l . .  

b .  Strong s t andard  mercuric  n i t r a t e  titrant, Q 1 1 4 1  N: Dissolve  
25-s Hg (NO ) -H 0 in900 m l .  d i s t i l l e d w a t e r  con ta in ing  5 . 0  2 2 do . D i l u t e  t o  j u s t  under one 1 ,  and perform ~ l -  concent ra  e 
a p r e l i m i n a r y  s t a n d i r d i z a t i o n  by fo l lowing Procedure 2 .  Use 
r e p l i c a t e s  conta in ing  25 . O O  . ., m l  s t a n d a r d  NaCl . s o l u t i o n  and 25 

. .: . 
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n;l d i s t i l l e d  water .  Adjust  the  t i t r a n t  t o  0 .141  N and make 
a  f i n a l  s t a n d a r d i z a t i o n .  The c h l o r i d e  equivalence of t h e  
t i t r a n d s  5 .OO mg/1.00 m l .  

Procedure: 

1 .  T i t r a t i o n  of low-chloride concen t ra t ions :  

a .  Use a  100 m l  sample o r  smal l e r  p o r t i o n  di1ute.d t o  l O O m l  s o  
t h a t  t h e  ch lo r ide  content .  i s  l e s s  than  10 ng .  

b .  Add 1 . 0  m l  of i n d i c a t o r - a c i d i f i e r  t o  t h e  s a n p l e .  ( The c o l o r  
of t h e  s o l u t i o n  should be green-blue a t  t h i s  p o i n t .  A l i g h t  
green i n d i c a t e s  a  pH of l e s s  than 2 . 0 ;  &ure b lue  i n d i c a t e s  
a  pK of  more than 3 . 8  . )  

c .  T i t r a t e  the  t r e a t e d  sample with 0..0141 N mercuric  n i t r a t e  
t i t r a n t  t o  a  d e f i n i t e  purple  end p o i n t .  The s o l u t i o n  w i l l  
t u r n  from green-blue t o  b lue  a  few drops from t h e  end p o i n t  

e 
d .  Detern ine  t h e  blank by t i t r a t i n g  100 m l  d i s t i 1 , l e d  wa te r  

con ta in ing  10 ng NaHC03. 

2 .  T i t r a t i o n  of h igh-chlor ide  concen t ra t ions :  

a .  P lace  50.0 sample i n  a  150 m l  beaker  (5nl  of sample may be 
. u s e d  when n;ore than 5 n l  t i t r a n t  a r e  needed) .  

b.  Add approximately 0 . 5  m l  mixed i n d i c a t o r  reagent  and mix w e l l .  
The c o l o r  should be p u r p l e .  

c .  Add 0 . 1  8 NR03dropvise u n t i l  t h e  c o l o r  j u s t  t u r n s  yel low.  

d .  T i t r a t e  with 0 .141 N mercuric  n i t r a t e  t o  t h e  f i r s t  permanent 
dark purp le .  . 

e .  T i t r a t e  a  d i s t i l l e d  water  blank us ing  t h e  same procedure .  

Ca lcu la t ion :  . 

m g / l  C l  = (A-B) x N x 35450 
re-11 s  amp 1 e 

where A= rr,l  t i t r a t i o n  f o r  sample, I 

IS= m l  t i t r a t i o n  f o r  b lank ,  and 
1J= n o r n a l i t y  of Hg (NOg)2. 

P r e c i s i o n  and Accuracy: 

A sample c o n t i i n i n g  c h l o r i d e  i n  t h e  250 mg/l range was analyzed  
by 10 l a b o r a t o r i e s  with a s t andard  d e v i a t i o n  of 3 . 3  % and a  r e l a t i v e  
e r r o r  oC 2.9X. 

, .. 
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GEOKINET 'ICS INC. 

KAMP KEROGEN LIEORATORY 

WATER ANALY S I S  

He th0.d 
Boron 

P r i n c i p l e :  

\J:lcn a s a r ~ p l e  of water  conta in ing  boron i s  a c i d i f i e d . :  and 
evaporated i n  t h e  presence of  curcumin, a r e d  colored  product 
c a l l e d  rosocyanine i s  formed. The rosocyanine i s  taken up i n  
a s u i t a b l e  s o l v e n t  and t h e  r e d  c o l o r  i s  compared wi th  s t andards  
v i s u a l l y  o r  pho tomet r i ca l ly .  

I n t e r f e r e n c e  -- : 

N i t r a t e  n i t r o g e n  concen t ra t ion  above 20 mg/l  i n t e r f e r e .  

* High r e s u l t s  a r e  given when t h e  t o t a l  of calcium and 
magnesium hardness  exceeds 100 mg/lc Passing t h e  sample through 
a s t r o n g  a c i d  c a t i o n  exchange c o l u ~ n  w i l l  remove t h e  i n t e r f e r i n g  
c a t i o n s .  

Mininlum d e t e c t a b l e  q u a n t i t y :  

Apporatus: 

1. Spectrophotometer, .  f o r  use a t  540 nanoneter  wi th  
a l i g h t  pa th  of 2 cm. 

2 .  ' Evaporating d i s h e s ,  100 t o  150 ml. capac i ty  made 
from t e f l o n  o r  vycor .  

3 .  Water Bath, s e t  a t  5 5 O ~ . +  2 ' ~ .  
4 .  G l a s s - s t o ~ p e r e d  volumetr ic  f l a s k s ;  50,  100,200,. and 

250 1n1 c a p a c i t y .  
5 :  Ion-exchange column; made from a 100 ml; b u r e t .  

. L 

Reagents : 

' 1. Stock boron so lu . t ion:  Dissolve 571.6 m g .  anh drous &- b o r i c  a c i d ,  H 3  So3, iil d i s t i l l e d  water  and d i l u t e  t o  1 0 m . 
1 . 0 0  ml=100 micrograms' B. (Do n'ot dry the  b o r i c  a c i d  but. use 
ACS grade anh drous b;oric 'acid and keep reagent  t i g h t l y  s toppered  + t o  pfevent,  a sotpitlor, of atmospheric mois ture .  



2.  Standard boron s o l u t i o n :  D i l u t e  10.00 m l .  s t o c k  
boron s o l u t i o n  t o  1000 ml. wi th  d i s t i l l e d  wa te r ;  1 .00  ml.=1.00 
micrograms Boron. 

V 

3 .  Curcumin r e a g e n t ;  Dissolve 100 mg. f i n e l y  ground 
curcumin and 1 2 . 5  gm. o x a l i c  a c i d  i n  approximately 100 m l .  
of 95% ethy.1 a l c o h o l .  Add 1 0 . 5  conc. H C 1  and make t h e  s o l u t i o n  
up t o  250 k l .  wi th  e t h y l  a l coho l  i n  a  250 ml.  volumetr ic  f l a s k .  
This reagent  w i l l  be s t a b l e  f o r  s e v e r a l  days i f  s t o r e d  i n  a  
r e f r i g e r a t o r  : - 

4 .  E thy l  o r  i sopropyl  a l coho l :  95% 
5 .  S t r o n ~ l v  a c i d i c  c a t i o n  exchange r e s i n :  such a s  - - -  

Rexyn 101- (from ~ i g h G r  S c i e n t i f i c  Co. ) - 
6 .  Hydrochloric Acid; HC1, 1+5. 
7 .  Sodium Peroxide;  Na 0  , t o  be used i n  t h e  event  

of high concen t ra t ions  of  organics ghat f o u l  t h e  ion-exchange 
r e s i n .  

Procedure; 

1. Precau t ions .  The accuracy and r e p e a t a b i l i t y  of  t h i s  - 
method depends very s t r o n g l y  on t h e  s k i l l  and c a r e  of  t h e  a n a l y s t .  
Close c o n t r o l  of  a l l  v a r i a b l e s  such a s  volume and concen t ra t ions  
of r e a g e n t s ,  a s  w e l l  a s  t ime and temperature i s  e s s e n t i a l .  

2 .  Prepora t ion  o f  c a l i b r a t i o n  curve .  
a .  P i p e t  O(b1ank) 0 .20 ,  0 . 4 0 ,  0 .60,O.  80,  and 1 . 0 0  

micrograms boron i n i o  evapora t ing  d ishes  of t h e  same t y p e ,  
s i z e  and shape. 

b .  Add d i s t i l l e d  'water t o  each s t andard  t o  b r i n e  
the  t o t a l  volume t o  1 . 0  ml.  

c .  Add 4 . 0  nll. curcumin reagent  t o  each and s w i r l  
each d i s h  g e n t l y  t o  mix con ten t s  thoroughly.  

d .  F l o a t  t h e ' d i s h e s  on a  water  ba th  s e t  a t  559~ ' :  I .  

>lake s u r e  t h e  t e ~ p e r a t u r e  does n o t  vary by more than + - ~ O C  
from 550C. 

e .  Time t h e  evapnrs t ion  f o r  e x a c t l y  80 minutes .  
f .  .Renove from ba th  and l e t  d l shes  cool  t o  room 

temp. ( 3  t o  5 Min..) 
Add 1 0 . 0  m1. of 95% e t h y l  o r  i sopropyl  a l coho l  - 

t o  each d i s h .  S t i r  g e n t l y  wi th  a  tzefaon rod t o  i n s u r e  
complete d i s s o l u t i o n  of t h e  red-colored product . .  

h .  Wash t h e  con ten t s  of each d i s h  i n t o  a  50 ml. 
volumetr ic  f l a s k .  Be s u r e  t o  remove a l l  co lored  m a t e r i a l  
Di lu te  t o  t h e  mark wi th  95X e t h y l  o r  i sopropyl  a l c o h o l .  
Mix thoroughly by i n v e r t i n g .  

i .  Read t h e  absorbance a t  540 nn .  i n  2  cm. t e s t  
tubes w i t h i n  1 hour of dry ing  r h e  samples. The ca1 . ibra t ion  curve 
i s  l i n e a r  from 0  t o  1 . 0 0  mg. boron, but  d e v i a t e s  r a p i d l y  from 
l i n e a r i t y  beyond 1 . 0 0  micrograms. 

3 .  Sample t r ea tmen t .  
a .  Samples t h a t  a r e  moderate t o  h igh ly  co lo red  

. must be d i g e s t e d  w i t h ,  Na202, sodium peroxide t o  d e s t r o y  
t h e  o rgan ics  t h a t  f o u l  t h e  lon-exchange column. 



1 .  Eva o r a t e  1 0 . 0  m l  of sample i n  a  zirconium c r u c i b l e  g i n  a  drying oven a t  100 C .  
2 .  Add approx. 1-2 grams Na202 (enough t o  cover 

t h e ' d r i e d  r e s i d u e  t o  a  depth of  1-2 rnm;.) 
3 .  Gently h e a t  t h e  open c r u c i b l e  over  a  flame 

on a  w'ire t r i p o d  u n t i l  t h e  mixture. becomes f l u i d .  Heat wi th  g e n t l e  
s w i r l i n g  f o r  2-3 min. 

4 .  .Caut ious ly  immerse t h e  c r u c i b l e  a b o u t . 2 / 3 ' i n  
a  beaker o r  d f s h  of  cool  water  t o  s o l i d i f y  t h e  cake and d i s lodge  
i t  from t h e  c r u c i b l e .  (Caution: make s u r e  t h e r e  i s  a  s i z z l i n g  sound 
when t h e  c r u c i b l e  i s  immersed.) 

5 .  t h e n  c r u c i b l e  bottom i s  only ~7arm t o  t h e  touch,  . 
add 5 t o  10 m l .  d i s t i l l e d  wa te r ,  cover and l e t  s e t  u n t i l  a l l  o i  
t h e  s o l i d  has d i s s o l v e d .  Proceed t o  s t e p ( b )  f o r  ion-exchange t r e a t m e n t .  

b .  Pour sample ( u s u a l l y  10 ml. f o r  produced water  o r  ground 
water )  through a c t i v a t e d  exchange column a t  t h e  r a t e  o f  about 0 . 2  m l l m l .  
r e s i n  i n  column pe r  minute.  Wash i t  through wi th  d i s t i l l e d  w a t e r .  

1 .  Add a  small  plug of  g l a s s  wool t o  a  100 m l .  
b u r e t  t o  r e t a i n  r e s i n .  

2 .  Add s t r ~ n g  a c i d  c a t i o n  exchange r e s i n  ( s u l f o n i c ,  
a c i d  type)  through water  t o  about t h e  50 ml. mark of t h e  b u r e t .  

. 3 .  Pass  50 ml.  1+5 H C 1  through t h e  column a t  r a t e  
given above. Wash r e s i n  f r e e  of  a c i d  wi th  d i s t i l l e d  w a t e r .  The 
colu~ilrl i s  now a c t i v a t e d .  

c .  :lake an approp ia te  d i l u t i o n  of sample t o  con ta in  n o t  more 
than 1 .00  micrograms boron. ( a  10.0 m1. a l i q l ~ o t  of  t h e  200 ml.  of  
sample from t h e  i o n  exchange column, d i l u t e d  t o  100 ml.  i s  u s u a l l y  
s a t i s f a c t o r y  a s  a  working s o l u t i o n .  O . l ? n l . t o  1 . 0  ml.  of t h i s  100 m l .  
a l i q u o t  should be i n  t h e  prop.er range .  This  corresponds t o  a  range 
of 4 mg/l boron t o  2000 mg/l  boron. 

d .  Put 0 .1 .  m l .  to. 1 . 0  ml.  of a l i q u o t  i n  t h e  evapora t ing  d i s h .  
I f  amount of a l i q u o t  used i s  le ' ss  than 1 . 0  ml. add s u f f i c i e n t  
d i s t i l l e d  water  (by p i p e t )  t o  make 1 . 0  m l . .  i n  evapora t ing  d i s h .  

e .  Add 4 .0  ml.  curcumin reagent  and proceed a s  wi th  s , tandards 
f o r  c a l i b r a t i o n .  I 

f .  A blank ( reagen t )  and a  s tandard  must a l s o  be c a r r i e d  
through t h e  prbcedures  a s  o u t l i n e d  above every time a  sample i s  r u n .  

Ca lcu la t ion  : 

Compare absorbance from blank and s tandard  wi th  c a l i b r a t i o n  curve ,  
i f  accep tab le ,  r ead  micrograms Boron from ca l . ib ra t ion  curve o r  
ad jus ted  curve .  

PIicrograms Bor'on , 
- micrograms/ m l .  Boron i n  sample 

S = a c t u a l  mls .  of  samples conta ined  i n  a l i q u o t  used. 

Reference;  . 

Standard Methods f o r  t h e  Examination of Water and Wastewater, 
14'11 E d i t i o n ,  pp. 574-581, Methods 405 A (boron) (1975).  




