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ABSTRACT 

Ion chromatography was evaluated f o r  analysis  of su l fu r  (S)  species i n  
o i l  shale waste waters. Chromatographic separation of ~ ~ 0 ~ ~ -  and SCN-, the  
e f f ec t  of high ' s a l t  concentration on the  e lut ion of  SO^^-, and the  inherent 

i n s t a b i l i t y  of S species  in the  samples are discussed. Several sulfur-oxide 
2 - 2- anions, including S204 , S205 , s ~ o ~ ~ - ~  and here unstable when added 

t c  solut ion,  forming so3*- and  SO^^-.   ow ever the  method proved applicable t o  

determi nation o f   SO^^-, so4' -, ~ ~ 0 ~ ' -  and SCN- in oi 1 shale  r e t o r t  water and 

from retor ted sha le - in  both laboratory and f i e l d  s tudies .  
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DETERMINATION OF SULFUR SPECIES I N  OIL SHALE 

WASTE WATERS BY ION CHROMATOGRAPHY ' 

INTRODUCTION 

O i l  sha le  deposi ts .  of g r e a t e s t  c u r r e n t  economic p o t e n t i a l  occur  w i t h i n  

t h e  Green R i v e r  f o r m a t i o n  i n  Colorado, Utah, and Wyoming ( F i g u r e  1 ) .  Shaded 

areas on t h e  map rep resen t  o t h e r  o i l  sha le  depos i t s  o f  l e s s e r  p o t e n t i a l  y i e l d .  

ResearLch d i r e c t e d  toward t h e  environment.al impact o f  t h e  development o f  an o i l  

sha le  i n d u s t r y  has i nc l uded  a  m u l t i - d i s c i p l i n a r y  team o f  chemists, m i c r o b i o l o -  

g i s t s ,  s o i l  s c i e n t i s t s ,  p l a n t  p h y s i o l o g i s t s ,  and h y d r o l o g i s t s  a t  P a c i f i c  

Northwest Labora to ry .  

- Our s t u d i e s  are c u r r e n t l y  cen te red  i n  t h e  Piceance Bas in  i n  no r t hwes te rn  

Colorado ( F i g u r e  2 ) .  T h i s  i s  t h e  l o c a t i o n  o f  severa l  sha le  m i n i n g  and p rocess  

development s i t e s  -- such as m o d i f i e d  i n  s i t u  r e t o r t i n g  processes a t  Occ iden ta l  

and R i o  Blanco, and t h e  above-ground r e t o r t i n g  Paraho process a t  A n v i l -  P o i n t s .  

.The o i l  sha le  i s  heated ( r e t o r t e d )  t o  produce o i l  and t h e  var.ious 

processes y i e l d  l a r g e  volumes o f  r e t o r t e d  sha le  and waste water.  I t  i s  t h e  

i n t e r a c t i o n  o f  these  wastes w i t h  su r f ace  o r  ground wate r  t h a t  i s  o f  g r e a t  

env i ronmenta l  concern. E a r l y  1  abora to ry  s t u d i e s  i n d i c a t e d  t h a t  1  eachi  ng o f  

r e t o r t e d  sha le  by n a t u r a l  p r e c i p i t a t i o n  gave h i g h l y  s a l i n e ,  c a u s t i c  s o l u t i o n s ,  

w i t h  pH values g r e a t e r  than.11.  -The exac t  va lues were somewhat dependent on - 

r e t o r t i  ng cond i t i ons ,  such as process type, temperature,  and t i m e  o f  con tac t .  

  here fore, t h i s  s tudy  was t o  determine t h e  s u l f u r  spec ies t h a t  were . found  i n  

wzters  leached f r om . r e t o r t e d  shale.  

Our f i e l d  s tud ies ,  conducted w i t h  r e t o r t e d  sha le  f rom t h e  Paraho process, 

r evea led  a  s i g n i f i c a n t  r e d u c t i o n  i n  pH i 'n p e r c o l a t e s  f r om l a r g e  i r r i g a t e d  

r e t o r t e d - s h a l e  l y s i m e t e r s  a f t e r  one year  o f  weather ing.  Subsequent s t u d i e s  

i n d i c a t e d  t h a t  t h i s  pH r e d u c t i o n  p robab l y  r e s u l t e d  f r om o x i d a t i o n '  o f  reduced 

. s u l f u r  species,  Mechanisms of s u l f u r  o x i d a t i o n  i n  these  waters must be estab-  

l i s h e d  i n  o rder  t o  p r e d i c t  t h e  long- te rm e f f e c t s  o f  weather ing.  We t h e r e f o r e  

. are deve lop ing  a n a l y t i c a l  methods t h a t  c o u l d  r a p i d l y  and p r e c i s e l y  measure 

s u l f a t e  and reduced s u l f u r  spec ies i n  water '  s o l u t i o n s  o f  h i g h l y  v a r i a b l e  

ccmpos i t i  on. 



METHODS AND RESULTS 

The Dionex Model 10 I o n  Chromatograph s a t i s f i e s  many o f  t hese  c r i t e r i a  

( F i g u r e  3 ) .  I o n  chromatography ( I C )  i s  i o n  exchange sepa ra t i on  f o l l o w e d  b y  

e l u e n t  suppress ion and c o n d u c t i m e t r i c  d e t e c t i o n .  Fo r  an ion analyses done 

here, a  l ow -capac i t y  an ion  exchange r e s i n  separa ted  t h e  anions i n  t h e  e l u e n t  

stream. T h i s  s t ream passed th rough  t h e  suppressor column, a  h i g h - c a p a c i t y  

c a t i o n  exchange r e s i n ,  where e l u e n t  and sample i o n s  were conver ted  t o  t h e i r  

a c i d i c  forms. 

E luen t s  were chosen t h a t  r e s u l t e d  i n  low-conduc t ing  spec ies a t  t h i s  

po in t ;  The e l u e n t  s t ream p roceeded - to  t h e  c o n d u c t i v i t y  c e l l ,  where t h e  i o n s  

of i n t e r e s t  were de tec ted  as peaks aga ins t  t h e  e l u e n t ' s  low-conductance back- 

ground.. Over a  wide range o f  concen t ra t i ons ,  t h e  peak h e i g h t  i s  l i n e a r  w i t h  

concen t ra t i on .  For  most anions s tud ied ,  c o n c e n t r a t i o n s  o f  l e s s  than  1 ppm 

were e a s i l y  seen un less  g r e a t l y  obscured by  h i g h  c o n c e n t r a t i o n s  o f  n e i g h b o r i n g  

ions .  

S u l f u r - c o n t a i n i n g  anions of c u r r e n t  i n t e r e s t  a re  l i s t e d  i n  Tab le  1. 

S u l f i d e  was analyzed v i a  s p e c i f i c  i o n  e l ec t r ode ,  s i n c e  i t s  a c i d i c  . fo rm (H S )  2 
has v e r y  low c o n d u c t i v i t y  and . t h e r e f o r e  poor  s e n s i t i v i t y  on t h e  I C  i n  i t s  

n ~ r m a l  o p e r a t i n g  mode. . 

2 -  2 - . . '- a n d  SCN- a re  now analyzed on a  r o u t i n e  bas i s .  . The SO3 SO4 9 S203 9 .  . 

po ten t ia .1  f o r  presence o f  t h k  l a r g e r ,  s u l f u r - o x y  an ions -1 i s t e d  w i l l  be d i scusscd  

below; t h e i r  s t r u c t u r e s  a re  i n c l u d e d  here t o  show t h e i r  s i m i l a r i t i e s .   he 
l a c k  o f  i t a b i l i  t y  o f  so3'- has been a  l ong -s tand ing  problem. A d d i t i o n  of 

f o r m a l d ~ h y r i e  s t a b i l i z e s  so3'-, b u t  i n  t l ~ e  I C ,  i t  a l s o  s h i f t s  so3'- peaks . 

t o  a  s h o r t e r  e l u t i o n  t i m e  and decreases i t s  s e n s i t i v i t y .  T h i o s u l f a t e  a l s o  

s t a b i l i z e s  s u l f i . t e .  However , .add i t i on  o f  t h i s  i o n  would mask t h e  presence o f  

any ~ ~ 0 ~ 2 -  i n  t h e  o r i g i n a l  sample. I sopropano l  has been shown t o  be 

i n f e r i o r  . to  formaldehyde as a  p r e s e r v a t i v e .  EDTA cannot  be used because i t  

aeds i n t e r f e r i n g  peaks i n  t h e  I C  ana l ys i s .  bJe concluded t h a t  t h e  b e s t  p o l i c y  

was t o  assure a. minimum h o l d i n g  t i t i le between samp'l i n g  and ana l ys i s .  

We t he re fo re  took t h e  I C  i n  l a b  t r a i l e r  d i r e c t l y  t o  t h e  Paraho s i t e .  

Samples c o l l e c t e d  i n  t h e  f i e l d  c o u l d  then  be analyzed w i t h i n  minutes,  i f  



necessary. Samples'col l e c t e d  f r om t h e  more d i s t a n t  s i t e s  were sea led  and 
. 

c h i 1  l e d  and analyzed w i t h i n  a  few ,hours. Immediate a n a l y s i s  was p r e f e r r e d  f o r  

b o t h  5 0 ~ ~ -  and 5'- de te rmina t ion .  T h e i r  i n s t a b i l i t y  may be t h e  cause o f  

t h e  observed change w i t h  t i m e  i n  E,, and pH of some samples. 

Severa l  I C  e l u e n t  systems have been i n v e s t i g a t e d  f o r  speed and accuracy 

o f  an ion separa t ions .  For  s u l f  i t e  and s u l f a t e ,  t h e  s o - c a l l e d  " s tanda rd  

e luent , "  3mM - NaHC03 + 2.4 mM - Na2C03, i s  s t i l l  p r e f e r r e d .  F i g u r e  4  shows 
r e l a t i v e  peak he igh t s  and e l u t i o n  t imes  of 50;- and ~ 0 ~ ~ -  w i t h  seve ra l  

o the r  ions  which ' cou ld  p o t e n t i a l l y  be p resen t  i n  samples. These a re  n o t  
. . de tec - t ion  l i m i t s ,  which are u s u a l l y  much l e s s  than  .l ppm under r o u t i n e  

cond i t i ons ,  b u t  a re  mere ly  chromatograms r u n  about midrange o f  I C  i n s t r u m e n t a l  

capabi 1  j ty. 

A  method u s i n g  s tandard e l u e n t  t o  separate So3'- and  SO^^-, f o l l o w e d  

by t r i p l e  s t r e n g t h  s tandard e l u e n t  t o  e l u t e  S203'- has been publ ished.*  

However, we found t h a t  if SCN- i s  a l s o  present ,  i t  would e l u t e  i n  

combinat ion w i t h  ~ ~ 0 3 ' -  under such a  Conc lus ive  s e p a r a t i i n  o f  

SCN- and ~ ' 0 ~ ~ -  ( F i g u r e  5 )  r e q u i r e d  use o f  t r i p 1  e - s t r eng th  s tandard 

' e l u e n t  alone, s a c r i f i c i n g  SO 2 - r e s o l u t i o n .  T h i s  was s t i l l  no prob lem i n  
9-  t h e  many samples l a c k i n g  SO3 . Here again, peaks are shown f o r  t h e i r  . '  

r e l a t i v e  s e n s i t i v i t i e s ,  n o t  d e t e c t i o n  l i m i t s .  O f  t h e  o t h e r  e l u e n t s  s t u d i e d -  

' f o r  5 ' 0 ~ ~ -  and . SCN: - r e s o l u t i o t i ,  6 mM - c o t - ,  .- showed p a r t i a l  sepa ra t i on  . .  

- . which was o n l y  - s l i g h t l y  inlproved by t h e  a d d i t i o n  o f  1 mM - hydrox ide;  0.5 .mM - 
c i t r a t e  proved t o  be a  ve ry  f a s t  and e f f i c i e n t  e l u e n t  f o r  So4'- s203 2 -  , 

and SCN', p rov ided  5 0 ~ ~ -  was absent. ~ o n r e ~ r ~ d u c i b l e  p r o f i l e s  i n  t h e  

So3*- t o  s ~ ~ ~ - - i e ~ i o n  r e s u l t e d  f r u m  t h e  a d d i t i o n  o f  SO '-, sugges t ing  
3  

: some r e a c t i o n  w i t h i n  t h e  column system due t o  presence of c i t r a t e  e l uen t .  

O f  t he  o the r  su l f u r -oxy  anions i n  Tab le  1, severa l  showed i n s t a b i l i t y  i n  

aqueous . s o l u t i o n s  o f  t h e i r  s a l t s  when analyzed by I C  (Tab le  2 ) .  s ~ o ~ ~  - 

* .llolcurnbe, i. J., and 0 .  F.' Jones, F. 0 .  Meserole.  h he q u a n t i t a t i v e  
de te rm ina t i on  of aqueous s o l u t i o n s  o f  s u l f i t s ,  s u l f a t e  and t h i o s u l i a t e  u s i n g  

. . i o n  cl~r i rn~atogra.phy. Second N a t i o n a l  Symposi um on I o n  Chromatographic 
Ana l ys i s  o f  Env i ronmenta l  P o l l u t a n t s  - Oc t .  11-13, 1978, Ra le igh ,  N.C. 



shows p a r t i  a1 breakdown, w i t h  a  s i g n i f i c a n t  unaccounted p o r t i o n .  s205'- 
2- conver ts  n e a r l y  comple te ly  t o  SO3 . s206'- has been shown t o  e l u t e  

a f t e r  SCN-, b u t  w i t h  much poorer s e n s i t i v i t y ,  bad t a i l i n g ,  and an e l u t i o n  

t ime  h i g h l y  dependent on concentrat ion.  s207'- hydro1 i z e s  f a i r l y  r a p i d l y  
2 - t o  so4 . s208'- and ~ 4 0 ~ ' -  were no t  e l u t e d  even under very  s t r i n g e n t  - 

cond i t ions .  ~208'- would e l u t e  o n l y  if t h e  separator  column was t o t a l  l y  

bypassed. Since t h i s  i s  a  powerful o x i d i z i n g  agent, i t  would no t  be expected 

t o  remain i n t a c t  i n  o the r  than a  pure so lu t i on .  Th i s  was demonstrated when an 

a l i q u o t  of s208'- added t o  r e t o r t  H20 r e s u l t e d  i n  an inc rease i n  so4'- 

- .  
and decrease i n  o r i g i n a l  ~203'- peak. ~206'- remained s t a b l e  when 

added t o  re t ' o r t  water. A d d i t i o n  o f  o the r  oxy-anions t o  r e t o r t  water a l t e r e d  - .. 
2- t he  o r i g i n a l  SOg - so4'- - ~ ~ 0 3 ' -  r a t i o s ,  u s u a l l y  i n  f a v o r  o f  SO '-. Th is  

9- i s  i n  c o n t r a s t  t o  t he  values' l i s t e d  i n  Table 2 f o r  s207*- and S406 

f o r  pure so lu t i ons ,  b u t  i s  no t  unusual; s i nce  t h e  water h y d r o l y s i s  .of 

~ ~ 0 7 ~ -  t o  form so4'- occurs s low ly  enough t o  a l l o w  t i m e  t o  r e a c t  i n  a  
2- nonpure s o l u t i o n  t o  form so3'-, and p o l y t h i o  groups such as S406 a r e  

2 - much more eas l y  ox id i zed  than S203 . 
Dur ing  t h e  course o f  our l a b  s tudies,  i . t  was necessary t o  analyze some 

n e u t r a l i z e d  n i t r i c  a c i d  leach s o l u t i o n s  o f  r e t o r t e d  o i l  shale. Under- these 

h igh  n i t r a t e -  cond i t ions ,  t h e  ~ 0 ~ ~ -  peak was deformed i n  a  r e p r o d u c i b l e  

manner as shown i n  F i g u r e  6. 

The n o r m i l : ' . ~ o ~ ~ -  peak (100 ppm) i n  t h e  absence o f  any i n t e r f e r i n g  ions  
- .  

i s  g iven  f o r  comparison. :/);lthough - 2 not  shown ---.-. --,- on ----.-- t h i s  f i g a x n  ---- t h e  presence 

of 0.015 - M NO;- (900 ppm) the  S O 4  - peak a l ready  shows a  very  s l  i g h t  

change i n  e l u t i o n  t i m e  and peak height .  Wi th 0.1 M NO3- t h e  e f f e c t s  are - 
more more pronounced. Wi th 0.2 - M NO,-, t h e  f i r s t  shoulder appears on t h e  

J 

~ 0 ~ ~ -  peak. . I n c i d e n t a l l y ,  t h i s  was. t h e  ac tua l  NO3- concen t ra t i on  i n  t h e  

leach ing  study. A t  0.3 - M two shoulders appear i n  t h e  SO:- e l u t i o n  p r o f i l e  

a t  0.4 - M and a t  h igher  NO3 concent ra t ions  t h e  ~ 0 ~ ~ -  peak  g r a d u a l l y  merges 
- 

w i t h  NO3- peak. The number o f  shoulders observed was independent o f  so4'- 
concen t ra t i on  a t  a g iven NO - concen t ra t i on  over t h e  50-200 ppm so4'- 

3 
range checked. D i l u t i o n  o f  t h e  s o l u t i o n s  t o  a  l e v e l  below 0.1 M n i t r a t e  - 
r e s u l t e d  i n  normal so4'- peaks. ~ 0 ~ ~ -  a l s o  produced a  p r o f i l e  o f  

shoulders i n  0.2 - M NO3-. 



The n i t r a t e  e f fec t  prompted us t o  look  a t  o the r  s a l t  e f f e c t s .  We found 

t h a t  w i t h  C1-, t h e  s p l i t t i n g  o f  ~ 0 ~ ~ -  peak d i d  no t  appear u n t i l  c h l o r i d e  

concen t ra t i on  reached 0.3 - M y  though r e d u c t i o n  i n  peak h e i g h t  occurred e a r l  i e r .  

The e f f e c t  o f  phosphate on SO:- peak was ext remely s e n s i t i v e  t o  t h e  

b a s i c i t y  o f  the  s a l t  used, w i t h  s i g n i f i c a n t  so4'- peak r e d u c t i o n  a l ready  

occu r r i ng  a t  0.01 - M ~ 0 ~ ~ -  when supp l i ed  as Na3P04. Apparent ly ,  l o c a l i z e d  

pH changes due t o  t h e  added s a l t s  can g r e a t l y  a l t e r  t h e  e l u t i o n  c h a r a c t e r i s t i c s  

a t  s a l t  concent ra t ions  below t h e  0.1 - M l e v e l  suggested by Dionex as t h e  upper 

s a l t  l i m i t  on anion b r i n e  columns. For  accurate ana lys is ,  standards should be 

analyzed i n  a  m a t r i x  s i m i l a r  t o  t h e  samples, o r  by s tandard add i t i on .  Due t o  

t h e  grea t  s e n s i t i v i t y  o f  t h e  I C ,  however, a  s imple d i l u t i o n  i s  u s u a l l y  an 

. adequate s o l u t i o n t o  a s a l t  e f f e c t .  

.As a  t e s t  o f  t he  accuracy o f  ana l ys i s  by  I C ,  ' severa l  actual-  samples were 

r u n  f o r ~ ~ 0 ~ ~ '  and SCN-, bo th  on I C  and by classi .ca1 methods (Tab le  3 ) .  

S u l f a t e  was no t  analyzed on t h e - f i r s t  f i v e  samples by  th'e c l a s s i c a l  me.thod, 

which i nvo l ves  barium s u l f a t e  p r e c i p i t a t i o n .  The standdrd ana l ys i s  f o r  SCN- 

i nvo l ves  c o l o r i m e t r i c  de termina t ion  as t h e  i n tense  F e d  f erric-SCN- complex. 

Reducing agents, 'organics,  and c o l o r  i n  t h e  o r i g i n a l  sample cause i n t e r f e r -  

ences. The c l  a s s i c a l  s203'- a n i l y s i s  i s  i o d o m e t r i c  t i  t ' r a t i on .  s 2 '  and 

 SO^^-, and probab ly  o ther  su l fu r -oxy  anions, w i l l  i n t e r f e r e  i f  not  removed 

or  complexed. Since i o d i n e  i s  a  r e l a t i v e l y  nonspec i f i c  t i t r a n t ,  care  must b e  - -  .. 

taken i n  ensur ing o the r  r e d i c i n g - s p e c i e s  'are absent f rom t h e  sample. T h i s  can . 

be ext remely d i f f i c u l t ,  even i f  t h e  sample h i s t o r y  i s  well-kndwn'. I n  con t ras t ,  

- I C  analys is  seldom r e q u i r e s  any sample p repa ra t i on  o ther  than f i l t r a t i o n  and 

probable d i l u t i o n .  Ana l ys i s  by  I C  takes about 20 minutes us ing  t r i p l e  s t r e n g t h  

. s tandard or  10 minutes us ing  c i t r a t e  e luent .  

Whi le SCN- values shown i n  Table 3  agree r a t h e r  w e l l ,  cons iderab le  d i s -  

crepancy i s  seen i n  a few o f  t he  s203'- values. We suspect i n t e r f e r e n c e  

by o ther  reducing species i n  t h e  samples t o  cause t h e  e leva ted  values w i t h  t h e  

' c l a s s i c a l  iodometr ic  t i t r a t i o n .  Care must a l so  be taken i n  i n t e r p r e t i n g  

t i t r a t i o n  data; s i nce  under t he  proper cond i t iu l l s ,  ~ ~ 0 ~ ~ -  can be t i t r a t e d  
2 - .  pas t  the  s40G2- endpoint  a l l  t he  way t o  SO4. . 



Table 4 shows typical  anion concentration ranges found in a var ie ty  of 
actual samples. The ranges involved speak highly of the  v e r s a t i l i t y  of t he  
IC. The percolate samples res.ulted from the weathering study of re to r ted  

shale at' Paraho. Stream and wells in the  v i c in i t y  of the  Parah.0 plant  a re  
a lso  being sampled. The higher stream concentrations usually resul ted from 
sampl ing of renewed runoff a f t e r  dry periods, in the  creek beds.. Retort  waters . : 

and re la ted waste waters from above-ground and i n .  s i t u  processes have been . 

analyzed. Laboratory mockups include leachings and percolates from r e to r t ed  

shale  columns, as well as analysis  of solut ions  from re la ted  microbial s tudies .  
F-, C1-, and NO3- are examples of some of the other ions we can de tec t ,  

while- our main i n t e r e s t  l i e s  with the  sulfur-containing species.  In a l l  
2- cases, su l f a t e  was the predominant anion present. The presence of SO3 , 

. , '- and SCN- i n '  r e t o r t  waters necess i ta tes  t he  continual envi-ronmental '2'3 
monitoring f o r  these  anions. 



SUMMARY AND CONCLUSIONS 

O i l  shale f i e l d '  and l a b o r a t o r y  s tud ies  of s imu la ted  f i e l d  c o n d i t i o n s  have. 

b e n e f i t t e d  f rom t h e  use o f  I C  ana lys is .  S ince t h e  method r e q u i r e s  ve ry  1  i t t l e  

sample p repara t ion ,  and a l lows f o r  t h e  ana lys is  o f  severa l  'anions simul tane- ' 
ous l y  w i t h '  good s e n s i t i v i t y  arid few i n te r fe rences ,  i t  a l ready  has bee'n used on . . 

2  - 2-  a - r o u t i n e  bas is  f o r  ana l ys i s  o f  SO3 , SO4 , and SCN-. F u r t h e r  
. . 

exper imentat ion w i t h  o ther  e luen t  and column systems should r e s u l t '  i n  t h e  

separa t ion  and i d e n t i f i c a t i o n  o f  o ther  su l fu r -oxy  anions as w e l l  as i d e n t i f i -  

c a t i o n  o f  those peaks t h a t  have been observed and recorded b u t  a re  no t  y e t  
. . 

i den t - i f i ed .  Also, t h e  value o f  t h e  p o s i t i v e  proof by I C  o f  t h e  absence o f  any 

o f  these anions should no t  be understated. s i nce  i n c o r p o r a t i n g  t h e  I C  i n t o  

t h e  mob i le  l a b o r a t o r y  t r a i l e r ,  we have been ab le  t o  analyze samples f rom t h e  

paratio and R i o  Blanco s i t e s  w i t h  minimal t ime  lapse between sampl ing and 

analys is .  U l t i m a t e l y ,  we hope t o  use t h e  I C  t o  i d e n t i f y  o rgan ic  and metal'- 

organic  anions as we1 1  as t h e  s u l f u r - c o n t a i n i n g  anions. 



A4 I LES _ _  .......... ....... ...... - .  ..... 

FIGURE 1. O i l  Shale Deposi ts  o f  t h e  Green Ri.ver Format ion 



FIGURE 2. Piceance Creek Basin, Colorado 



F I G ~ R E  3.'  Basics o f  Ion Chromatography ( I C )  



FLOW RATE: 151 rnllbr 

SEPARATOR COLUMN: 
150mm AN1 ON PRECOLUMN + 
500mm A N I O N  BRINE COLUMN 

T IME . . . . .... . .... .. , . - -  

FIGURE 4 .  ~ ~ ~ i c a l  Spectrum - Common Anions 



! 

SPECIFICATIONS 1 
ELUENT: 0.08 M NaHC03 t 0.0072 M Na2C03 

ROW RATE: 151 mllhr 

SEPARATOR COLUMN: 

MINUTES - . -. . . . .- , . _ ,_ ._. ..... ---. . .' '. ' 

. 

FIGURE 5. Typical Spectrum - Large Anions 





TABLE 1. su l fu r - con ta in ing  Anions 

FORMULA ! ' STRUCTURE 

SULFITE 

SULFATE 

M I OSULFATE 

PYROSULFATE 

PERS ULFATE 

TETRATH l ONATE 



Anion 

. . . . . . . . . . . . . . .  TABLE 2. , ~ n s t a b i l i t y  of Sulfur-Oxy Anions . . .  

. . 
% Not . . -2 - 2 % as SO3 % as SO4 .% as S203 Accounted For . : 



TABLE 3. I C  vs  C l a s s i c a l  Ana l ys i s  

.IC . CLASS ICAL I c CLASSICAL I c CLASS I CAL 

. 1 1010 ND* 5 50 1090 24 5 2 50 

* ND = not determined 



Sample Type 

?.ercol a t e  

Streams . 

Wel ls  

R e t o r t  Waters 

L a b o r a t o r y  
Mockups 

, , 
1 .  . . 
! : 

. . . . . . . , . . .  
TABLE 4. T y p i c a l  Concen t ra t ion  Ranges . I 

I o n  
F- C 1 - - 

. NO3 . 




