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CONTRIBUTION OF THIOSULFATE TO COD AND BOD 
I N  OIL SHALE PROCESS WASTEWATER 

A. L. Wong, Engineer 
B. W. Mercer, S ta f f  S c i e n t i s t  

B a t t e l  l e y  P a c i f i c  Northwest Laboratory  
B a t t e l l  e Boulevard 

Rich1 and, Washington 99352 

ABSTRACT: . Th iosu l  f a t e  accounted f o r  a s i g n i f i c a n t  p o r t i o n  o f  t h e  COD 

(7-20%) and BOD (14-41%) of t h e  four  o i l  sha le  process waters s tud ied .  

As such, accurate mea'surement o f  t h e  t h i o s u l f a t e  oxygen demand o f  r e t o r t  

wa te r  i s  c r i t i c a l  i n  assessing i t s  environmental  impacts on r e c e i v i n g  

waters and i n  des ign ing  b i o l o g i c a l  t rea tment  systems t o  t r e a t  it. The 

c o n t r i b u t i o n  of t h i o s u l f a t e  t o  t h e  COD o f  o i l  sha le  r e t o r t  waters can be 

accu ra te l y  measured i n  a s tandard COD t e s t .  The BOD o f  t h i o s u l f a t e  i n  

r e t o r t  water  i s  more d i f f i c u l t  t o  determine and may r e q u i r e  t h e  develop- 

ment of  a spec ia l  t h i o s u l f a t e  acc l imated  seed. T h i o s u l f a t e  recovery o f  

a known t h i o s u l f a t e  sp i ke  ranged from 92-1002 i n  t h e  COD t e s t  and from 

54-119% i n  t h e  BOD t e s t .  Considerable v a r i a b i l i t y  i n  recovery was 

found between t h e  process waters s tud ied.  When de te rmin ing  t h e  BOD of 

o i l  sha le  process waters, ca re  must be taken t o  i n s u r e  a v i a b l e  popu la t i on  

o f  t h i o s u l f a t e  o x i d i z i n g  bac te r i a .  

KEY WORDS: Chemical oxygen demand (COD), biochemical  oxygen demand (BOD), 

t h i o s u l f a t e ,  s u l f u r  o x i d i z i n g  bac te r i a ,  t h i o b a c i l l i ,  BOD i n te r f e rences ,  

o i l  shale, r e t o r t  water, wastewater eva lua t ion ,  c h a r a c t e r i z a t i o n ,  t h i o -  

su l fa te ,  ox i da t i on .  

INTRODUCTION 

T h i o s u l f a t e  i s  a' common c o n s t i t u e n t  o f  process wastewatei- produced 

d u r i n g  t h e  r e t o r t i n g  o f  o i l  sha1.e. L i k e  many o f  t h e  o rgan ic  c o n s t i t u e n t s  



of th i s  wastewater, i t  i s  unstable with respect to a i r  oxidation and 

will exert an oxygen demand in the receiving waters to  which i t  i s  dis- 

charged. A substan.tia1 volume of process wastewater can be produced by 

a moderate-sized shale oi l  recovery f ac i l i t y .  A 50,000 barrel per day 

in s i tu  oil  recovery operation, for  example, may produce on the order of 

two million gallons of process wastewater per day. If improperly treated 

prior to  discharge, t h i s  wastewater could have a significant impact on 

the quality of the relatively small volume of receiving water available 

in the oi l  shale regions of Colorado, Utah, and Wyoming. The amount of 

process wastewater generated depends on several factors such as the type 

of retorting process used, the mineralogical characteristics of the o i l  

shale, the amount of f ree water present in the shale, and the use of 

steam in the retorting process. Water to oi l  volume rat ios  reported for 

in s i tu  retorting have ranged from 0.4 to  22 [ I ] .  The high water to oil  

ra t io  resulted from groundwater intrusion during the retorting process. 

Thiosulfate concentrations have been found to range from a few 

hundred to over 20,000 milligrams as S per l i t e r  in the oi l  shale process 

water studied. Thiosulfate can be completely oxidized both chemically 

and biochemically to  sulfate,  however, partial  oxidation to other species 

can also occur under specific conditions. Since thiosulfate may be pre- 

sent in oi l  shale wastewaters a t  high concentrations, oxidation of the 

thiosulfate could exert a substantial oxygen demand on receiving waters. 

In addition, one of the processes considered for  the treatment of oi l  

shale r e to r twa te r  i s  the activated sludge process which uses a mixed 

cul ture of microorganisms t o  biochemical 1 y oxidize organic and other 

oxidizable constituents (reduced sulfur and nitrogen compounds). The 

effectiveness of biological treatment on r e to r t  water i s ,  therefore, 

dependent both on organic and inorganic oxidation. 



This  work was undertaken t o  determine t h e  chemical oxygen demand 

(COD) and biochemical oxygen demand (BOD) of pure th iosu l  f a t e  sol  u t ions  

and known add i t i ons  of th iosu l  f a t e  t o  ac tua l  process wastewater sampl e s  . 
These measured values could then be compared w i t h  t h e o r e t i c a l  values 

computed by assuming complete oxida t ion  t o  s u l f a t e .  

THIOSULFATE REACTIONS 

Chemical Behavior of  Th iosu l f a t e  

Thiosul fa te  concent ra t ions  were observed t o  undergo l i t t l e  o r  no 

change in  r e t o r t  water samples s to red  a t  4OC f o r  per iods up t o  one year .  

The a l k a l i n i t y  of t h e  r e t o r t  water (pH 8-9) i s  a  con t r ibu t ing  f a c t o r  t o  

t he  s t a b i l i t y  of  t h e  t h i o s u l f a t e .  Ac id i f i ca t ion  t o  low pH l e v e l s  w i l l  

bring about immediate d i s s o c i a t i o n  of t h e  th iosu l  f a t e  a s  fo l  lows [2] : 

This  r eac t ion  may a l s o  occur slowly under mildly ac id  condi t ions  due t o  

t h e  presence of dissolved C02. The addi t ion  of a l k a l i n e  reagents  t o  

high pH l e v e l s  may a l s o  cause decomposition, e s p e c i a l l y  a t  high tempera- 

t u re s .  

Ordinary a i r  oxidat ion of t h i o s u l f a t e  i n  so lu t ion  proceeds a t  a  

n e g l i g i b l e  r a t e  t o  produce s u l f i t e  which i s  r ap id ly  oxidized by a i r  t o  

s u l f a t e .  The presence of c a t a l y s t s  such a s  Cu(I1) and Fe ( I I1 )  can ac- 

c e l e r a t e  a i r  oxidat ion of t h i o s u l f a t e .  A r e l a t i v e l y  weak oxidant  such 

a s  iod ine  ( I ~ - )  i n  neut ra l  o r  a c i d i c  so lu t ion  w i l l  s to ich iometr ica l  l y  

oxid ize  t h i o s u l f a t e  t o  t e t r a t h i o n a t e :  

This r eac t ion  i s  commonly used in  iodometric t i t r a t i o n s .  Strong 

oxidants  would be expected t o  ox ld l ze  t h i o s u l f a t e  t o  s u l f a t e .  Under 

t h e  condi t ions  of t h e  COD t e s t ,  Cr(1V) a c t s  a s  a  s t rong  oxidant :  



On the  bas is  of  t h i s  r eac t i on ,  e i g h t  equ i va len t s  o f  dichromate 

would o x i d i z e  one mole o f  t h i o s u l f a t e ,  t he re fo re :  

I t  has been repor ted,  however, t h a t  s t r ong  o x i d i z i n g  agents w i l l  

g e n e r a l l y  o x i d i z e  t h i o s u l f a t e  t o  a  m i x t u r e  o f  t e t r a t h i o n a t e ,  s u l f a t e ,  

and s u l f u r  [3]. Therefore,  i t  i s  o f  i n t e r e s t  t o  e s t a b l i s h  t h e  expe r i -  

mental COD va lue as determined by Standard Methods f o r  t h e  Examinat ion 

o f  Water and Wastewater [4]. 

Biochemical React ion o f  Th iosu l  f a t e  

Several T h i o b a c i l l u s  species a r e  known t o  b i o l o g i c a l l y  mediate 

t h i o s u l f a t e  ox ida t i on .  When growing on a  t h i o s u l f a t e  medium, these 

b a c t e r i a  use the  energy de r i ved  from t h i o s u l f a t e  o x i d a t i o n  as an energy 

source and i no rgan i c  carbon as a  carbon source. Each t h i o s u l f a t e  mole- 

c u l e  i s  s p l i t  i n t o  s u l f i t e  and s u l f u r .  The s u l f i t e  i s  o x i d i z e d  t o  

s u l f a t e  w i t h  the  subsequent p roduc t ion  o f  energy. The s u l f u r  mol ecu l  e  

i s  conver ted t o  elemental  s u l f u r ,  which can l a t e r  be o x i d i z e d  f o r  energy 

i f  t h e  t h i o s u l f a t e  concen t ra t i on  i s  low. I n  s o l u t i o n s  w i t h  low t h i o -  

s u l f a t e  concentrat ions,  t h e  elemental  s u l f u r  i s  used up as f a s t  as i t  

i s  produced. Incomplete o x i d a t i o n  o f  t h i o s u l f a t e  t o  po l y th i ona tes  may 

a l s o  occur  a t  low pH. 

A l l  t h i o b a c i l l i  can grow a u t o t r o p h i c a l l y  a t  t he  expense o f  s u l f u r  

compounds, and some species can grow h e t e r o t r o p h i c a l l y  on o rgan ics .  The 

presence o f  o rgan ics  may, however, i n h i b i t  growth o f  o t h e r  T h i o b a c i l l u s  

species. S a l t  to lerance,  l i k e  o rgan ic  subs t ra te  and a c i d  to le rance ,  

v a r i e s  through t h e  genus. 



A working r e l a t i o n s h i p  can be generated f o r  t he  biochemical o x i -  

da t i on  of t h i o s u l f a t e  t o  su l f a te  by a  method developed by McCarty [5]. 

A mass balance separates the  energy der ived  from t h e  subs t ra te  i n t o  two 

f rac t i ons :  t he  f r a c t i o n  used f o r  c e l l  synthesis  and the  f r a c t i o n  used 

f o r  c e l l  maintenance. By coup l ing  re levan t  ox ida t ion- reduc t ion  equat ions, 

an o v e r a l l  s to i ch iome t r i c  equat ion i s  obtained. Necessary assumptions 

f o r  t h i s  ana l ys i s  i nc lude  b i o l o g i c a l  r a t e  and y i e l d  c o e f f i c i e n t s  which 

have a l ready been exper imenta l l y  determined. These assumed c o e f f i c i e n t s  

are: 

a e  = .ll 

b = .15/day 

fd  = '80 

c  = 5 day ( f o r  BOD5) 

where ae = t he  c e l l  y i e l d  coe f f i c i en t  

b  = t he  c o e f f i c i e n t  o f  organism decay 

fd = t h e  biodegradable f r a c t i o n  o f  an a c t i v e  organism 

C 
= t he  s o l i d s  r e t e n t i o n  t ime 

The f r a c t i o n  o f  s.ubstrate energy going t o  c e l l  synthesis  has been 

descr ibed by the  equat ion: 

fs = .07 

Since f t f = 1, fe = .93 s e 

The u v e r a l l  r e a c t i o n  I s  developed f rom the  f o l  lowing ox ida t i on -  

reduc t ion  equations (a1 1  on e l e c t r o n  equ iva len t  bas i s )  : 
- - - 

Rd: 1.18 S203 + 518 H20 = 1 1 4  SO4- + 514 H+ + e- 

+ 
R;: 112 H20 = 114 O2 + H + e- 



H+ + e- 

where Rd = e l e c t r o n  donor r e a c t i o n  

R = e l e c t r o n  acceptor  r e a c t i o n  a  

R = c e l l  syn thes is  r e a c t i o n  
C 

The o v e r a l l  equat ion, R, i s  composed o f  these equat ions t oge the r  

w i t h  t h e i r  f r a c t i o n  o f  subs t ra te  energy as f o l l o w s :  

The o v e r a l l  r e a c t i o n  f o r  t he  b i ochemica l l y  mediated o x i d a t i o n  of t h i o -  

s u l f a t e  t o  s u l f a t e  i s :  

- - 
.028 C5H$2N ( " c e l l s " )  + 2 H+ + 2S04 ( 4 )  

Th i s  shows t h a t  complete biochemical  o x i d a t i o n  o f  one mole o f  t h i o s u l f a t e  

would use 1.86 moles o f  mo lecu la r  oxygen, o r  

Th i s  represents  t h e  t h e o r e t i c a l  BOD of t h i o s u l f a t e .  

Wastewater Treatment Eva lua t i on '  

P re l im ina ry  l a b o r a t o r y  a n a l y s i s  o f  an a c t i v a t e d  sludge t r e a t e d  

r e t o r t  water  showed a  95% t h i o s u l f a t e  removal e f f i c i e n c y  a t  a  two day 

h y d r a u l i c  de ten t i on  t ime. S ince t h i o s u l f a t e  can be o x i d i z e d  e i t h e r  

chemica l l y  o r  b iochemica l ly ,  exper iments were conducted t o  determine 

t h e  c o n t r i b u t i o n  o f  each o x i d a t i v e  process t o  t h e  observed t h i o s u l  f a t e  

ox ida t i on .  Both COD and BOD t e s t s  were performed on a  n u t r i e n t  enr i ched  

t h i o s u l f a t e  so lu t i on .  The COD of t h i o s u l f a t e  was c l ose  t o  t h e  theo- 

r e t i c a l  value; however, t h e  BOD cou ld  n o t  be determined because no 

oxygen d e p l e t i o n  occurred i n  any o f  t h e  d i l u t i o n s  us ing  a c t i v a t e d  sludge 



seed. T h i s  i n d i c a t e d  t h a t  t h i o s u l f a t e  removal was e i t h e r  due t o  chemi- 

c a l  o x i d a t i o n  o r  t h a t  i n t e r f e rences  were causing i naccu ra te  BOD r e s u l t s .  

To t e s t  t he  former hypothesis,  two chemical o x i d a t i o n  exper iments 

were performed. The purpose of t h e  f i r s t  t e s t  was t o  determine t h e  r a t e  

a t  which a  con t inuous ly  aera ted  t h i o s u l f a t e  s o l u t i o n  i s  chem ica l l y  

ox id ized .  The t e s t  i nvo l ved  d a i l y  sampling o f  a  s t e r i l e  a i r -sparged,  

t h i o s u l f a t e  s o l u t i o n  and subsequent a n a l y s i s  f o r  t h i o s u l f a t e .  Any 

decrease i n  t h i o s u l f a t e  concen t ra t i on  cou ld  be a t t r i b u t e d  t o  chemical 

ox i da t i on .  The e f f e c t  o f  chemical o x i d a t i o n  due t o  a e r a t i o n  was impor- 

t a n t  t o  determine a l s o  because o f  i t s  poss ib l e  i n t e r f e r e n c e  i n  t h e  BOD 

t e s t .  

One l i t e r  o f  sodium t h i o s u l f a t e  s o l u t i o n  (1000 mg/l S  as s203=) 

was made up us ing  b o i l e d  de ion ized  water.  Sodium bo ra te  (400 mg) and 

mercur ic  i o d i d e  (10 mg) were added t o  p reven t  b a c t e r i a l  growth. The 

t h i o s u l f a t e  s o l u t i o n  was p laced i n  a  two l i t e r  graduated c y l i n d e r  and 

con t i nuous l y  a i r  sparged and mechanica l ly  s t i r r e d .  Each day before 

sampling t h e  volume was brought  up t o  one l i t e r  w i t h  de ion ized  water .  

A t e n  m i l l i l i t e r  sample was then taken and s to red  a t  4°C t o  d e t e r  decom- 

p o s i t i o n .  A l l  samples were analyzed f o r  t h i o s u l f a t e  a t  t h e  end of  t h e  

e i g h t  day per iod.  The r e s u l t s  o f  t he  t h i o s u l f a t e  a n a l y s i s  i n d i c a t e  t h a t  

t h e r e  was a  n e g l i g i b l e  change i n  t h e  t h i o s u l f a t e  concen t ra t i on  over  the  

e i g h t  day per iod .  Th i s  shows t h a t  t h i o s u l f a t e  s o l u t i o n s  a r e  n o t  r e a d i l y  

o x i d i z e d  by d i sso l ved  oxygen p rov ided  by s imple aera t ion .  It i m p l i e s  

t h a t  chemical o x i d a t i o n  i s  n o t  r espons ib l e  f o r  t h e  removal of t h i o s u l -  

f a t e  du r i ng  a c t i v a t e d  sludge aera t ion .  

The second chemical o x i d a t i o n  exper iment was based on t h e  hypothe- 

s i  s  t h a t  o t h e r  chemical c a t a l y s t s  which enhance t h i o s u l  f a t e  o x i d a t i o n  

a r e  p resen t  i n  t h e  r e t o r t  water.  Treated e f f l u e n t  f rom t h e  bench-scale 



r e t o r t  water a c t i v a t e d  sludge u n i t  was f i l t e r e d  through a  .45pm f i l t e r .  

Th is  procedure i nsu red  t h a t  t h e  s o l u b l e  chemical makeup o f  t h e  t r e a t e d  

e f f l u e n t  was unchanged w h i l e  removing e s s e n t i a l  l y  a1 1  bac te r i a .  The 

f i l t e r e d  e f f l u e n t  was a i r  sparged t o  s a t u r a t i o n  and p u t  i n  a  BOD b o t t l e .  
- - 

Two m i l l i l i t e r s  o f  a  10 g / l  S as S203 s o l u t i o n  were added t o  t h e  e f f l u e n t .  

No oxygen d e p l e t i o n  occurred w i t h i n  t h e  f i v e  day t ime  per iod.  S t o i c h i o -  

m e t r i c a l l y ,  t h i s  amount of t h i o s u l f a t e  would produce an oxygen uptake o f  

67 mg/l. The conc lus ion  was t h a t  s imple a e r a t i o n  would n o t  chemica l l y  

o x i d i z e  t h i o s u l f a t e  t o  s u l f a t e  i n  t h e  r e t o r t  water. 

Since t h i o s u l f a t e  was n o t  chemica l l y  o x i d i z e d  under c o n t r o l l e d  

exper imental  cond i t i ons ,  m i c r o b i a l  a c t i o n  was i m p l i c a t e d  i n  t h e  t h i o -  

s u l f a t e  l o s s  observed d u r i n g  a c t i v a t e d  sludge t reatment .  S tan ie r ,  e t  

a l .  [6], r e p o r t s  t h a t  when t h i o b a c i l l i  a r e  grown i n  t h i o s u l f a t e  media, 

they may have genera t ion  t imes as s h o r t  as two hours. Energy u t i l i z a -  

t i o n  du r i ng  r a p i d  growth cou ld  account f o r  complete t h i o s u l f a t e  ox ida-  

t i o n  w i t h i n  t h e  two day h y d r a u l i c  d e t e n t i o n  t ime. To t e s t  t h e  m i c r o b i a l .  

o x i d a t i o n  hypothesis,  r a t e s  o f  biochemical  t h i o s u l f a t e  o x i d a t i o n  were 

s tud ied  w i t h  t h e  a i d  o f  a  bench-scale f i l l  and draw a c t i v a t e d  sludge 

a e r a t i o n  u n i t .  The u n i t ,  which cons is ted  o f  a  two l i t e r  graduated 

c y l i n d e r  f i l l e d  w i t h  500 m l  o f  mixed l i q u o r ,  was a i r  sparged t o  sa tu ra -  

t i o n .  The a i r  sparge was c u t  o f f  and t h e  DO was measured p e r i o d i c a l l y  

over  a  p e r i o d  of  time. When t h e  DO d.ropped t o  a  low l e v e l ,  t h e  a i r  

sparge was resumed t o  s a t u r a t e  t h e  mixed l i q u o r  w i t h  DO. E i g h t y  mg/l S 
- 

as !j2U3" was then added and thorough ly  mixed. The DO was again measured 

p e r l o d l c a l l y  f o l  l ow jng  t h e  t h i o s u l f a t e  a d d i t i o n  and aga in  an hour l a t e r .  

To p reven t  oxygen absorp t ion  f rom t h e  a i r ,  t h e  mixed l i q u o r  was e i t h e r  

b lanketed w i t h  N p  gas i n  t h e  graduated c y l i n d e r ,  o r  r u n  i n  a  standard 

BOD b o t t l e .  



The DO d e p l e t i o n  curves i n  F igu re  1 show oxygen uptake was much 

f a s t e r  immediately a f t e r  t h i o s u l f a t e  was added, i n d i c a t i n g  t h a t  m ic ro -  

b i a l  a c t i v i t y  was respons ib le  f o r  t h i o s u l f a t e  ox ida t i on .  An hour l a t e r ,  

a f t e r  f u r t h e r  sparging, t h e  sludge showed a slow d e p l e t i o n  r a t e  i n d i -  

c a t i n g  t h a t  t h e  added t h i o s u l  f a te  was n e a r l y  complete ly  ox id ized .  

Therefore,  t h e  acc l imated a c t i v a t e d  sludge u n i t  appeared t o  be e f f i -  

c i e n t l y  o x i d i z i n g  t h e  t h i o s u l f a t e  p resen t  i n  t h e  r e t o r t  water.  

SAMPLE ANALYSIS 

Methods and M a t e r i a l s  

Four process wastewater samples were used i n  these s tud ies .  Two 

were ob ta ined  a t  d i f f e r e n t  t imes from an i n  s i t u  t e s t  s i t e  i n  Utah, one 

f rom a s imu la ted  i n  s i t u  r e t o r t  i n  C a l i f o r n i a ,  and another  from a n .  

abovg-ground r e t o r t  i n  Colorado. A l l  o f  t h e  samples were f i l t e r e d  

through a .45pm membrane f i l t e r  and s to red  a t  4OC t o  d e t e r  m i c r o b i a l  

decomposit ion. 

The t h i o s u l f a t e  s o l u t i o n  used f o r  bo th  t h e  COD. and BOD analyses 

was prepared from a n a l y t i c a l  reagent  grade sodium t h i o s u l f a t e  i n  b o i l e d  

de ion ized  water.  Sodium b icarbonate  and ammonium c h l o r i d e  were added i n  

s t o i c h i o m e t r i c  amounts t o  p rov ide  carbon and n i t r o g e n  sources. ' [his 

s o l u t i o n  was a l s o  s to red  a t  4OC t o  p reven t  m i c r o b i a l  degradat ion. 

COD t e s t s  were conducted accord ing t o  Standard Methods f o r  t h e  

Examination o f  Water and Wastewater. The COD was determined f o r  each 

r e t o r t  water, t h e  t e s t  t h i o s u l f a t e  s o l u t i o n ,  and each r e t o r t  wa te r  

sp iked  w i t h  a known amount o f  t h i o s u l f a t e  s o l u t i o n .  A 20 m i l l i l i t e r  

sample s i z e  was used w i t h  corresponding reagent  concen t ra t ions  as 

s p e c i f i e d  i n  Standard Methods f o r  t h e  Examinat ion o f  Water and Waste- 

water. 



AFTER 60 M I N  

AFTER 30 M I N  

H A F T E R  ADDITION 

2 BASELINE 
1 - BEFORE ADDITION 

1 I 1 I I 

0 1 2 3 4 5 6 7 8 9 
TIME, M I N  

FIGURE 1. Disso lved Oxygen Dep le t ion  w i t h  Th iosu l fa te  
A d d i t i o n  i n  Ac t i va ted  Sludge 



BOD t e s t s  were conducted according to  Standard Methods fo r  the  

Examination of Water and Wastewater w i t h  the modification suggested by 

Sawyer and McCarty [7] to  use the f i ve  day dissolved oxygen ( D O )  blank 

to  represent the 0-day corrected value. DO concentrations were d,eter- 

mined with a membrane electrode. The di lu t ion water was prepared with 

2 ml of seed per l i t e r  fo r  each analysis .  Seed for  the BOD t e s t s  was 

obtained from two d i f fe ren t  sources. Seed used in the i n i t i a l  t e s t  con- 

s i s ted  of eff luent  from an activated sludge bench-scale uni t  used fo r  

t r e a t a b i l i t y  studies on shale o i l  process wastewater. The second seed 

was prepared from th iosu l fa te  solution which was inoculated with soi l  

and i s  referred t o  as a Thiobacillus enrichment culture.  

Most of the analyses u t i l i zed  a combined seed of activated sludge 

and the Thiobacillus enrichment cul ture .  This activated sludge seed 

di f fered from tha t  i n i t i a l l y  used in t ha t  frozen activated sludge 

samples (not  e f f luen t )  were reconsti tuted and slowly reconditioned be- 

fo re  use in the BOD t e s t s .  Reconditioning involved thawing, slowly 

di lu t ing the sludge with deionized water, aerating,  and feeding with 

di  1 uted (1 : 100) process wastewater containing added thiosul f a t e  (100 

mg/l as S) .  The Thiobacil lus enrichment cul ture  was aerated and fed a 

d i l u t e  th iosulfa te  solution (240 mg/l as S ) .  The BOD d i lu t ion water was 

seeded with 1 ml/l of the di lu ted activated sludge and 1 mlll of the 

Thiobacillus enrichment culture.  

Thiosulfate concentrations were determined by iodometric t i t r a t i o n  

as  given in Standard Methods fo r  the Examination of Water and Wastewater 

f o r  s u l f i t e  a f t e r  t es t ing  fo r  the absence of su l f ide  and complexing any 

s u l f i t e  pres'ent with formaldehyde. An independent analysis  was a lso  

made wing  an ion chromatograph. 



Chemical Oxygen Demand 

Chemical oxygen demand was determined on four  d i f f e r e n t  process 

wastewater samples, a  s tandard ized sodium t h i o s u l  f a t e  so l  u t i o n  (5.47 g / l  

S as s203=) and samples of process wastewater w i t h  known a d d i t i o n s  o f  

t h i o s u l f a t e .  Sample a l i q u o t s  were se lec ted  t o  consume 50 t o  75% of t h e  

dichromate ox idant .  The amount o f  added t h i o s u l f a t e  was ad jus ted  t o  

r e a c t  w i t h  approx imate ly  h a l f  of  t he  t o t a l  d ichromate consumed. The 

average of t e n  determinat ions f o r  t h e  known t h i o s u l  f a t e  s o l  u t i o n  y i e l  d  
- - 

0.92 mg/l COD f o r  each 1.00 mg/l of 5 as S203 . The average COD va lue  

i s  there fo re  92% of t h e  t h e o r e t i c a l  va lue computed from equat ion  3. 

Resul ts  o f  COD analyses on process wastewater samples w i t h  and 

w i t h o u t  known a d d i t i o n s  o f  t h i o s u l f a t e  a r e  presented i n  Table 1 a long  

w i t h  t h i o s u l f a t e  and t o t a l  o rgan ic  carbon data.  The recovery of COD 

f rom known a d d i t i o n s  o f  t h i o s u l f a t e  ranged from 92.1 t o  99.7% of t he  

expected COD va lue  which was c a l c u l a t e d  f rom experimental  values f o r  

each r e t o r t  water  and t h e  t h i o s u l f a t e  s o l u t i o n .  Th i s  i n d i c a t e s  t h a t  

t h e r e  i s  minimal i n t e r f e rence  w i t h  o t h e r  c o n s t i t u e n t s  i n  t h e  process 

wastewater. The c o n t r i b u t i o n  of COD f rom the  t h i o s u l f a t e  n a t u r a l l y  

p resen t  i n  these samples ranged f rom 7.6% f o r  t h e  s imu la ted  i n  s i t u  

i . t tLur .L  ~ d l t t f '  LU 20% Fur. the Utah i n  s i t u  No. 2 retort water. 

Biochemical Oxygen Demand 

I n i t i a l  t e s t i n g  o f  a  sodium t h i o s u l f a t e  s o l u t i o n  f o r  BOD f a i l e d  t o  

show any DO depl .e t ion over  t h e  s tandard f i v e  day i ncuba t i on  per iod .  

Only a  smal l  d e p l e t i o n  was noted over  a  14 day p e r i o d  i n  s p i t e  o f  an 

excess of t h i o s u l f a t e  i n  most of t h e  t e s t  d i l u t i ons ' .  The seed used i n  

these t e s t s  cons is ted  of  a c t i v a t e d  sludge produced i n  bench-scale u n i t s  

used i n  t r e a t a b i l i t y  s t ud ies  on o i l  sha le  process wastewater. A second 



TABLE 1. Process Wastewater Ana l y t i ca l  Data 

Percent COD Percent Recovery 
Tota l  Organic Th iosu l f a te  Experimental Cont r ibu t ion  o f  COD from Known 

m $ / l  as S Vastewater Sample Source Carbcn, mg/l - COD, mg/l from Thiosul f a t e  Add i t ion  o f  Thiosul f a t e  

Utah I n  S i t u  No. 1 1,000 860 4,480 17.8 

Utah I n  S i t u  No. 2 1,400 1 ,380 6,240 20.3 

Simulated I n  S i t u  Retor t  2,000 700 8,420 7.6 

P.bove-Ground Retor t  42,000 27,000 1 53,000 16.2 



ser ies  of tes t s  using activated sludge seed on one se t  of sodium thio- 

sulfate  dilutions and seed from a Thiobacillus enrichment culture on 

another s e t  of sodium thiosulfate dilutions also failed to  produce a  

significant DO depletion over a  f ive day incubation period. 

In view of the strong evidence for  biochemical degradation of thio- 

sulfate  in the bench-scale activated sludge units receiving oi l  shale 

process wastewater, effor ts  were continued to develop a  seed culture 

which would give an appropriate DO depletion in the BOD t e s t  dilutions.  

Feeding and.aeration of the seed cultures was carried o u t  over a  period 

of several weeks af te r  the i n i t i a l  t e s t s  during which time the seed 

developed the ab i l i t y  to degrade the thiosulfate in the t e s t  dilutions. 
- - 

An average of 0.60 mg of BOD per mg of S as S203 was obtained for  11 

determinations. This value i s  64% of the theoretical BOD computed from 
. .. 

equation 4. 

BOD was determined on samples of oil shale process wastewater with 

and without known additions of thiosulfate using' a  mixture of seed 

developed from activated sludge inoculum and soil  inoculum which degraded 

thiosulfate in t e s t  dilutions. The results of these analyses are pre- 

sented in Table 2. The BOD values are approximately one-third of the 

COD values for a  given sample, which indicates a  large fraction of 

refractory material in these wastewaters. Results with activated sludge 

treatment of the Utah in s i tu  wastewaters revealed that about half of 

the organic carbon was removed by biological oxidation. The percent BOD 

contribution from the thiosulfate naturally present in these wastewaters 

ranged from 14 to 41% of the total  BOD and could, therefore, exert a  

significant impact on the operation of an aerobic biological treatment 

plant. 



TABLE 2. Process Wastewater BOD Results 

Percent BOD Percent Recovery o f  
BOD w i t h  Cont r ibu t ion  Known Addi t ions 

Wastewater Sample Source Mixed Seed, mg/l from Th iosu l fa te  o f  Thiosul f a t e *  

Utah I n  S i t u  No. 1 1 ,600 32 5 4 

Utah I n  S i t u  No. 2 2,400 

Simulated I n  S i t u  R e t x t  3,000 

Abave-Ground Retor t  40,000 4 1 5 6 

- 
*Based on experimental BOD, 0.60 mg BOD/mg S as S203-. 



The percen t  recovery o f  BOD f rom known t h i o s u l f a t e  a d d i t i o n s  t o  t he  

wastewaters was q u i t e  va r i ab le .  The 75% recovery va lue f o r  Utah i n  s i t u  

No. 2  represents  an average o f  n i n e  de te rmina t ions  which ranged f rom 32 

t o  99%. The BOD data w i t h o u t  known a d d i t i o n s  o f  t h i o s u l f a t e  were more 

prec ise,  rang ing  from 2200 t o  2600 mg/l. I n s u f f i c i e n t  data a r e  a v a i l -  

ab le  on t h e  o t h e r  samples t o  eva lua te  p rec i s i on .  

The use o f  a c t i v a t e d  s ludge seed a lone f o r  BOD a n a l y s i s  o f  Utah i n  

s i t u  No. 1  and No. 2  gave much lower  values than t h e  mixed seed. I n  

add i t i on ,  t h i s  seed was i n e f f e c t i v e  f o r  o x i d i z i n g  a  sodium t h i o s u l f a t e  

so lu t i on .  The d i f f e r e n c e  between t h e  BOD values determined w i t h  t he  

d i f f e r e n t  seed c u l t u r e s  was n e a r l y  equ i va len t  t o  t h e  BOD computed f o r  

t h e  t h i o s u l f a t e  n a t u r a l l y  p resen t  i n  these wastewaters us ing  t he  expe r i -  
- - 

mental va lue o f  0.6 mg BOD pe r  mg o f  S as S203 . 
The reason f o r  t h e  f a i l u r e  of  seed prepared f rom a c t i v a t e d  s ludge 

t o  o x i d i z e  t h i o s u l f a t e  i n  t h e  s tandard BOD t e s t  i s  unknown a t  t h e  p re -  

sen t  t ime, b u t  i s  suspected t o  be r e l a t e d  t o  t h e  d i f f e r e n c e  i n  s a l i n i t y  

between t h e  a c t i v a t e d  sludge mixed l i q u o r  o r  e f f l u e n t  and t h e  BOD t e s t  

so lu t i ons .  Disso lved s o l i d s  concen t ra t ions  i n  t h e  wastewater f rom t h e  

Utah i n  s i t u  samples va r i es  between 15,000 and 20,000 mg/l w h i l e  t h a t  i n  

t he  BOD t e s t  d i l u t i o n  i s  l e s s  than 300 mg/l. The microorganisms respon- 

s i b l e  f o r  t h i o s u l f a t e  o x i d a t i o n  i n  t h e  a c t i v a t e d  sludge u n i t s  may be 

more suscep t i b l e  t o  damage f rom osmotic shock than o t h e r  microorganisms 

which o x i d i z e  carbonaceous ma te r i a l s .  

SUMMARY AND CONCLUSIONS 

T h i o s u l f a t e  accounted f o r  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  COD and BOD 

determined i n  t he  f o u r  o i l  sha le  process wastewater samples used i n  t h i s  

study. The c o n t r i b u t i o n  o f  t h i o s u l f a t e  t o  COD ranged f rom 7.6 t o  20% 



w h i l e  t h a t  f o r  BOD ranged f rom 14 t o  41%. Ox ida t i on  of t h e  t h i o s u l f a t e  

i n  bench-scale a c t i v a t e d  sludge u n i t s  was q u i t e  r a p i d  and r e s u l t e d  from 

b i o l o g i c a l  a c t i v i t y  r a t h e r  than chemical a c t i v i t y .  However, seed 

ob ta ined  from the  bench-scale u n i t s  d i d  n o t  e f f e c t i v e l y  biodegrade t h i o -  

s u l f a t e  i n  t h e  BOD t e s t .  I t  was found necessary t o  develop a spec ia l  

.seed prepared by i n o c u l a t i n g  d i l u t e d  t h i o s u l f a t e  s o l u t i o n s  w i t h  s o i l  

and use t h i s  i n  combinat ion w i t h  a c t i v a t e d  s ludge seed f o r  t h e  BOD 

t e s t s .  

The average COD and BOD values ob ta ined  on a sodium t h i o s u l f a t e  

s o l u t i o n s  were 92 and 64%, r e s p e c t i v e l y ,  o f  t h e  t h e o r e t i c a l  values com- 

puted f o r  complete o x i d a t i o n  of t h i o s u l f a t e  t o  s u l f a t e .  Based on 

exper imenta l  values, t h e  recovery of known a d d i t i o n s  o f  t h i o s u l f a t e  t o  

t he  process wastewater samples ranged f rom 92.1 t o  99.7% f o r  COD and 

from 54 t o  119% f o r  BOD. Considerable v a r i a t i o n  i n  t e s t  r e s u l t s  was 

exper ienced f o r  recovery of known t h i o s u l f a t e  a d d i t i o n s  i n  t h e  BOD 

met hod. 
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