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ABSTRACT 

The biodegradabil i ty of a novel class of thia deriva- 
tives of sodium p-(n-dodecyl) benzenesulfonate and 
of the corresponding sulfoxides and sulfones has been 
compared using the Shake Flask, River-Die-away, 
Aeration Chamber Die-away, and Warburg respiro- 
metric techniques. These studies have shown that the 
incorporation of the sulfur atom into the alkyl side 
chain of the linear alkylate sulfonate detergent mole- 
cole has failed to shorten the time required to bio- 
degrade the linear alkylate sulfonate structure. The 
7 -9 - th ia  derivatives, the 7-9-sulfoxides ,  and the 
7-9-sulfones  are rated as bioresistant compounds 
when using the Shake Flask and River Die-away tests, 
but ,  when testing these resistant isomers in synthetic 
sewage using a batch type  Aeration Chamber Die- 
away procedure, all 11 thia compounds are found to 
be biodegradable. Some of the isomers do not  appear 
to acclimatize sufficiently rapidly to the bacteria 
under the condit ions of  the Shake Flask or River Die- 
away tests. Under the more practical t reatment  con- 
ditions when using the Aeration Chamber Die-away 
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FIG. 1. Sulfur substituted sodium p-(n-dodecyl) benzene- 
sulfonates. 

procedure inoculated with activated sludge, a high 
order of biodegradabili ty is obtained. The probable 
metabolic pathway and causes for variation in the 
biodegradation results obtained with these isomers 
are discussed. 

INTRODUCTION 

A Department of  Defense Standardization Program (1) 
tan cleansing and polishing compounds revealed a list of  
22 federal and military specifications which included deter- 
gents in the various formulations. In an a t tempt  to  improve 
the ability of these products to meet special and general 
military requirements,  a novel class of thia derivatives of 
sodium p-(n-dodecyl) benzenesulfonates and the corres- 
ponding sulfoxides and sulfones were synthesized (2-5) for 
study and possible use in the various formulations. 

In all, a total  of 39 compounds were synthesized by 
successively replacing the different methylene groups in 
the alkyl side chain by sulfur bearing groups, as detailed in 
this investigation. 

This article summarizes studies carried out to  determine 
the effect of addit ion of sulfur into the alkyl side chains of 
alkyl benzenesulfonates upon the biodegradabili ty of the 
compounds as determined through Shake Flask, River Die- 
away, Aeration Chamber Die-away, and Warburg respiro- 
metric techniques. This information was essential to  the 
overall evaluation of possible uti l i ty of these compounds.  

MATE RI ALS AN D METHODS 

A series of  thia derivatives of sodium p-(n-dodecyl) ben- 
zenesulfonate and the corresponding sulfoxides and sol- 
fones, as shown in Figure 1, were synthesized for study. In 
addition, as a means of increasing the solubility of the com- 
pounds, an isomer of  the sulfone analogues was prepared in 
which the benzene ring was located on carbon-2 of the 
aliphatic chain. Synthesis of these compounds has been de- 
scribed previously by Long, et al. (2-5). 

The control  test  detergent used in these studies was 
dodecene-1 derived reference linear alkylate sulfonate 
(LAS) no. 2 (November 1964) obtained from the Soap and 
Detergent Association (SDA). In the course of these 
studies, pure sodium p-(n-dodecyl) benzenesulfonate and 
2-phenyl C12 LAS were synthesized at these laboratories 
and also were used in some of  the tests as a control  stan- 
dard for biodegradation. 

Biodegration test: The first biodegradation method 
selected to evaluate the series of test surfactants was the 
River Die-away test technique (6,7). The static River Die- 
away test gives the rate of  disappearance, as well as the 
degree of  ult imate disappearance, normally obtained with 
an activated sludge unit  or trickling filter or in a stream or 
river receiving the effluent from a sewage disposal plant. 
The advantages and disadvantages of this test procedure 
have been repor ted previously in the literature (8-10). 

In these studies, 8 oz. screw cap bott les were prepared 
containing 80 ml Sudbury River (Massachusetts) water and 
20 ml detergent solution, so that  the final volume con- 
tained 5-20 mg/liter of  the test detergents. A magnetic stir- 
ring bar was placed in each jar, the jar lids were f i t ted 
loosely, and the solutions incubated statically at 37 C or at 
room temperature for 30 days. 
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At sampling intervals, ordinarily daily, the test solutions 
were mixed thoroughly for I min by means of a magnetic 
stirrer and an appropriate aliquot removed for analysis by 
the standard methylene blue colorimetric method (11), 
which is used for the purpose of measuring biodegradabil- 
i ty.  This method  depends upon the format ion of a blue 
colored salt when methylene blue reacts with anionic deter- 
gents, which include not  only LAS but  also alkyl sulfates. 
Thus, the materials determined by this method often are 
designated methylene blue-active substances (MBAS). The 
chioroform-soluble salt will vary in color density in propor-  
t ion to its concentrat ion in the solvent. A spectrophotom- 
eter is used to make the necessary color readings at a wave- 
length of 652 nm. 

Although the biodegradation data on the River Die-away 
can be used as a measure or index of the disappearance of 
the detergent over the test period, the Shake Flask (12) 
method has been found to be more reliable and was, there- 
fore, adopted by SDA as the presumptive part of its stan- 
dard test procedure for determining the biodegradabili ty of 
alkyt benzenesulfonate (ABS) and LAS surfactants (13). 
The basal medium used in the Shake Flask method consists 
of mineral salts, yeast  extract ,  and distilled water. The sur- 
factant was added to each shake flask containing the basal 
medium at 20-30 mg/liter prior to autoclaving. After sterili- 
zat ion and cooling, the flasks were inoculated with 
10 mi/hter  of a 72 hr old adapted mixed culture originally 
obtained from an activated sludge recycle line of  an acti- 
vated sludge treatment  plant. Normally, the culture was 
passed through the Shake Flask medium containing the sur- 
factant under study for two 72 hr adaption periods before 
use in the actual degradation experiment.  In the actual 
tests, 500 ml medium were placed in 1500 and 2000 ml 
Erlenmeyer flasks, inoculated, and incubated on a recipro- 
cating shaker at 25 C. 

Warburg tests: The culture used for the Warburg investi- 
gation was a stable mixed culture originally obtained from 
an activated sludge type waste t reatment  plant located in 
Enid, Okla. as specified in the SDA Presumptive Test. The 
culture was maintained in the Shake Flask medium contain- 
ing 30 rag/liter SDA LAS no. 2. 

The culture wa; acclimated and grown in a plexiglass 
aeration chamber (as specified in B2.1 of the Confirming 
Test, [13] ) at  room temperature using a synthet ic  sewage 
described by McKinney and Donovan (14) to which was 
added 75 mg/liter detergent being tested. The medium was 
aerated at the rate of 1 cu ft /hr.  Fif ty  mi stock culture was 
used to inoculate the system. The system was allowed to 
incubate without  any further addit ion or withdrawal of 
medium until  the methylene blue analysis showed 95% bio- 
degradation of  the test detergent was complete,  and then an 
80 ml sample was withdrawn from the aeration chamber, 
centrifuged at I000 rpm for 20 min, and washed 4 times in 
Krebs-Ringer solution (15). After  the final resuspension, a 
2 ml suspension was used to determine the dry wt of  the 
b a c t e r i a l  s u s p e n s i o n .  Dry wt ranged between ca. 
11-16 mg/ml. The final suspension was standardized by 
adjusting to 45% transmission at 420 nm in a spectro- 
photometer .  Two ml microbial suspension was dispensed 
into the main compar tment  of  each Warburg flask. The 
endogenous flasks received 1 ml distilled water and the 
other  half 1 ml 150 mg]liter surfactant solution (to give a 
final concentrat ion of 50 mg/liter). The flasks then were 
placed on the manometers and incubated at 30 C. The 
manometers were read every hr for the first 5 hr. The 
manometers  then were readjusted to operate overnight 
without  at tent ion.  On the following day, readings were con- 
t inued at hourly intervals through the thir t ieth hr of  incu- 
bation. The final recorded readings were corrected for 
endogenous respiration and are plot ted in Figure 3. 

R ESU LTS 

Thia compounds: Table I shows the comparison of the 
breakdown of the thia derivatives using both the Shake 
Flask and the River Die-away methods.  In these tests, the 
SDA dodecene-I  derived reference LAS no.  2 (November 
1964) and the pure sodium p-(n-dodecyl)  benzenesulfonate 
synthesized at these laboratories were used as control  stan- 
dards for biodegradabili ty comparison. The results show 
that the 1-thia through 4-thia degrade slightly faster by 
both  test methods than the SDA LAS no. 2 reference stan- 
dard but  do not  degrade any more rapidly than the parent 
l -o r  2-phenyl nonsulfur LAS controls. The 5-thia appears 
to be degraded slightly slower than the 6-thia by the Shake 
Flask method but  ca. equal in degradation with the River 
Die-away method. However, as the sulfur is moved further 
out the chain (7-thia through 9-thia) the degradation be- 
comes slower. However, at the 10-thia and the 11-thia, a 
reversal in the t rend takes place, and the degradation of 
these compounds is increased when monitored by the River 
Die-away method. Unfortunately,  this observation was not  
observed in the Shake flask procedure.  

The 4-, 6-di thia and the 3-, 5-di thia also were evaluated 
and found to be biodegraded rapidly. 

Sulfoxides: The results of the Shake Flask and River-Die 
away tests for the sulfoxides (Table II) revealed a bio- 
degradation pat tern similar to that  shown by the thia com- 
pounds. Between 1-8 days were required for the 1 - 5 -  
sulfoxides to degrade 90% or more. Although the Shake 
Flask results showed more than 95% biodegradation of the 
1-sulfoxide after only 1 day, this rapid biodegradation was 
not confirmed by the River Die-away tests. 

Subsequent Shake Flask runs showed that  the 1 day bio- 
degradation of this compound could not  be repeated.  
Several days were required to achieve more than 90% degra- 
dation, and once degradation was complete,  adding an addi- 
tional charge of  20-30 mg/liter 1-sulfoxide to the same 
flasks resulted in 95% biodegradation in 24hr .  The 
6-9-sulfoxides  were rated as only partially degraded while 
the 10- and I 1-sutfoxides required 3-23 days to biodegrade. 
Since there was no dramatic increase in the biodegradation 
of the sulfoxides, it  tentatively was concluded that  the 
introduction of the sulfoxide group in the alkyl chain did 
not  appear to enhance biodegradation by permitt ing an 
alternate point  of at tack where the sulfoxide group was 
located in the alkyl chain. 

Sulfones: The 1-4-sulfones proved to be so f t  by both 
the Shake Flask and River Die-away methods (Table III). 
However, the 5-6-sulfones  are soft by the River Die-away 
method but  hard to the Shake Flask method.  The 7 - 1 1 -  
sulfones are hard by  the Shake Flask method,  while by the 
River Die-away method,  only the 7-9-sulfones  are hard and 
the 10- and 1 l-sulfones are soft. Other than being more 
soluble than the thia derivatives, the sulfones failed to show 
any advantage in terms of biodegradability.  

Additional tests: Despite several a t tempts  to acclimate 
the inoculum to biodegrade the 7-thia through 11-thia iso- 
mers by the Shake Flask method,  these compounds were 
found to be consistently resistant to rapid biodegradation. 
An alternate technique used in an a t tempt  to show bio- 
degradation of these resistant thia isomers by the Shake 
Flask method involved adding ca. 20 mg/liter each resistant 
thia surfactant to  a Shake Flask which previously had bio- 
degraded rapidly ei ther the non-thia substi tuted LAS con- 
trol or one of  the 1-thia through 4-thia compounds,  as 
shown in Figure 2. After 5 days exposure in the Shake 
Flask environment which previously had demonstrated 
rapid biodegradation of  non-thia LAS and the 1-4-thia 
derivatives, none of  the 7-11-thia derivatives showed any 
sign of  being biodegraded when analyzing for loss of MBAS. 

Because we were not  able to resolve the discrepancies in 
the biodegradation of the 10-thia and the 1 l - thia  com- 
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FIG. 3. Biodegradation of sodium p-(thia-n-dodecyl) benzene- 
sulfonate in Warburg respirometry using microorganisms harvested 
from a semicontinuous activated sludge aeration chamber. S-l, etc~, = 
position of substitution of S on the alk-yl side chain. SDA = Soap 
and Detergent Association and LAS = linear alkytate sulfonate. 

DAYS 

FIG. 2. Results of Shake Flask experiments containing cultures 
previously adapted to the biodegradable linear alkylate sulfonate 
(LAS) or the 1-4-thia compounds and spiked on day 3 with the 
bioresistant 7-11-thia compounds. *Pure l-phenyldodecane-p- 
sulfonate (control) synthesized at Natick Laboratories. **l-Thia, 
etc., designates the S position on the alkyl side chain. 

pounds as revealed by the Shake Flask and the River Die- 
away methods,  it was decided to conduct  a die-away test 
with synthetic sewage and Warburg studies in an a t tempt  to 
develop addit ional  data on the biodegradation of  these 
compounds.  The small scale aeration chamber previously 
referenced (13) was used utilizing synthetic sewage medium 
(14), not only as a final a t tempt  to develop adapted cells 
capable of degrading all of the thia isomers, but  also to 
provide sufficient cells for Warburg manometry.  A sum- 
mary of  the biodegradabili ty results obtained for the 
11 thia isomers by this procedure is presented in Table IV. 
The subsequent Warburg data are presented (Fig. 3). The 
7 -9 - th i a  isomers which previously had been found resistant 
to biodegradation by both  the Shake Flask and River Die- 
away procedures using the loss of  MBAS as the index of  
biodegradation were found to undergo biodegradation in 
the aeration chamber 

Oxidation of these resistant thia isomers was confirmed 
in the Warburg tests. Figure 3 shows that all 11 thia deriva- 
tives showed higher initial oxygen uptake during the first 
6 b_r, as compared with the non-thia control  (SDA-LAS). 
After the initial oxidat ion,  the curves for all 11 derivatives 
approximated the same slope, indicating that  the sulfur 
appeared to influence only the initial oxidat ion rate of the 
compounds. 

At  the time these experiments were conducted,  there 
was not  a sufficient quanti ty of the locally synthesized non- 
thia LAS available, and, therefore, the SDA reference LAS 
no. 2 had to be used as the control  detergent. 

Mann and Reid (16) reported that laboratory-scale bio- 
degradation tests sometimes may yield misleading indica- 
tions of  low biodegradabil i ty on LAS products of  higher 
mol wt, since such products do not  appear to acclimatize 

TABLE IV 

Biodegradation of Thiaalkylbenzenesulfonates by 
Aeration Chamber Die-away Process 

Days required to obtain 
Detergent >95% MBAS a removal 

1-Thia 
2-Thia 
3-Thia 
4-Thia 
5-Thia 
6-Thia 
7-Thia 
8-Thia 
9-Thia 

10-Thia 
11-Thia 

2 
2 
3 
3 
3 
3 
8 

13 
8 

18 
11 

aMethylene blue-active substance. 

sufficiently under the condit ions of the laboratory  test. 
Under practical sewage treatment  plant conditions or with 
tests that  simulate these conditions,  a higher order of bio- 
degradation is obtained.  It would appear that  acclimation 
of  the microorganisms to the 7 -9 - th i a  isomers in the 
aeration chamber die-away tests is a result of  more favor- 
able conditions and the higher concentration of organisms 
present which probably accounts for the rapid acclimatiza- 
tion and degradation of the thia isomers previously found 
resistant in the Shake Flask and River Die-away methods.  

With regard to an anaerobic biodegradation of  these thia 
compounds,  an experiment was devised where sodium 
p-(4, 6-dithia-n-dodecyl) benzenesulfonate was compared 
with the pure non-ttlia control,  sodium p-(n-dodecyl)  ben- 
zenesulfonate using Postgate's medium for sulfate reducers 
(17). Test results revealed that  both  the di-thia and the 
non-thia control  equally required 8 days to bring about  
100% biodegradation, as determined by the standard 
methylene blue colorimetric method.  Others have shown 
that linear alkylsulfates undergo biodegradation in an- 
aerobic systems where cesspools serve as domestic sewage 
systems, and the work of  Oba, et al+, (18) suggests that  this 
may be simply hydrolysis. 

DISCUSSI ON 

The metabolic pathway used in the biodegradation of 
LAS compounds generally is agreed to begin with the 
at tack of the end of  the alkyl chain to form a carboxyl  
group followed by rapid /3-oxidation of the chain, then 
more slowly by oxidat ion of the ring with conversion of the 
sulfonate group to inorganic sulfate. Other reactions may 
be involved, for example,  fa t ty  ester formation or diter- 
minal oxidat ion wherein a-oxidat ion is repeated at the 
other  end of  the alkyl  chain in the biodegradation of  



560 JOURNAL OF THE AMERICAN OIL CHEMISTS" SOCIETY VOL. 51 

n-paraffins. Central at tack on a hydrocarbon chain also can 
occur. Abbot  and Casida (19) fed n-hexadecane to glucose 
grown resting cells of  Nocardia salmonicolor which resulted 
in the oxidation of  hexadecane to a mixture of  internal 
monohexadecenes. It was postulated that a double bond 
insertion may represent an early step in a new pathway of 
aliphatic hydrocarbon degradation. 

An alternate pathway postulated at the beginning of  this 
study was the possible at tack and subsequent rupture at an 
intermediate point in the alkyl chain where a 2-carbon- 
sulfur bond was introduced in preference to a continuous 
carbon-carbon bond. This hypothesis was tested by the 
synthesis of  compounds where sulfur derivatives of  sodium 
p - ( n - d o d e c y l )  b e n z e n e s u l f o n a t e  were prepared by 
successively replacing methylene groups with sulfur. 

The general biodegradation pat tern observed with these 
three series of  sulfur containing compounds (using the re- 
suits obtained from the Shake Flask tests and the River 
Die-away tests) is that ,  as the sulfur is moved further out on 
the side chain, the degradation becomes slower, except  
that ,  wlaen the sulfur substi tution reaches C10 and C 11, the 
compounds become readily biodegradable again. 

Although the results of  the biodegradation tests show 
that some of the thia substi tuted compounds degraded 
m o r e  rapidly than the commercially produced SDA 
LAS no. 2, there was no evidence to show that  thia substi- 
tu ted compounds were superior to the parent 1-phenyl LAS 
in biodegradabili ty.  The sulfoxides and sulfones also were 
found to be less biodegradable than the thia compounds.  
Based upon the tests conducted,  the mechanism of  bio- 
degradation of  the sodium p-(thia-n-dodecyl) benzene- 
sulfonates, does not  appear to be the initial oxidat ion to 
the sulfoxide with subsequent rupture of  the carbon-sulfur 
bond. Instead, the presence of the sulfoxide and sulfone 
groups in some instances may have an adverse effect upon 
the biodegradation of the side chain, indicating that  bac- 
terial oxidat ion of the terminal methyl  group probably is 
preferred to that  of a sulfur atom. At tempts  to isolate and 
identify metabolic intermediates from these sulfur con- 
taining compounds by gas chromatographic and mass spec- 
t rometr ic  analysis to postulate what biodegradation route 
was involved were unsuccessful. 

Swisher (20) divided organic compounds,  including 
detergents, into three categories as potential  food sources 
for bacteria:  (A) readily utilizable, (B) utilizable after ac- 
climation, and (C) not  utilizable. There is no sharp division 
between these categories, and the classification of  the given 
compound may vary from one situation to another.  Many 
organic compounds not  capable of immediate assimilation 
can serve as food sources after the development of  the 
necessary adaptive enzymes has taken place by the micro- 
organisms involved. Throughout our testing of the LAS sul- 
fur compounds,  acclimation of these compounds was neces- 
sary before biodegradation would take place. However, as 
noted in Tables b l I I ,  acclimation of  the inoculum to de- 
grade some of the compounds satisfactorily (7 -9- th ia ,  
7-9-sul foxides)  was never accomplished via the Shake 
Flask and River Die-away tests. 

As an indirect test to determine if these seemingly bio- 
resistant sulfur compounds could be degraded by organisms 
growing on other  isomers, the bioresistant 7 -11 - th i a  iso- 
mers were added separately to shake flasks containing cul- 
tures previously acclimated to biodegrade rapidly the 
parent LAS 1-phenyl and the 1 -4- th ia  compounds,  as 
shown in Figure 2. In no instance, were any of these pre- 
viously acclimated cultures able to utilize the 7 -11 - th i a  
compounds.  The data would seem to indicate that  the en- 
zyme systems may be matched specifically to the chemical 
structure of each of  these thia containing compounds.  The 
need for the continual availability of a highly mixed bac- 
terial populat ion in the cultures used to assess the biode- 
gradability of  organic compounds,  as found in the labora- 

tory semicontinuous activated sludge or die-away type aera- 
tion chambers but  not  in the Shake Flask, may be the 
limiting factor which results in erroneously classifying a 
compound as biologically resistant to  breakdown.  Since 
bacterial species differ in their  reservoir of constitutive en- 
zymes and in their assimilatory development,  the inocula 
routinely used in the Shake Flask test may be inadequate to 
provide the needed sequence of  enzymes capable of  
handling the 7 -9 - th i a  derivatives. 

In a previous publication by the authors (21), 4 of  the 
19 pure cultures isolated from the "s tandard"  Shake Flask 
inoculum were found incapable of biodegrading the SDA 
standard LAS detergent in pure culture even after extended 
acclimation periods different from that  specified by the 
presumptive SDA Shake Flask method (13). The routine 
procedure of  carrying the mixed culture on artificial media 
in the laboratory for extended periods may result in lower- 
ing the number  of  species in the mixed culture and, there- 
by, reduce the ability of the mixed inoculum to assemble 
the necessary enzyme systems required to assimilate a 
variety of exotic compounds,  such as seen with the 
7 -9 - th i a  compounds.  This may account ,  in part ,  for the 
degradation o f  the 10-11- th ia  compounds by the River 
Die-away procedure but  failure of  the compounds to de- 
grade by the Shake Flask method.  The river water undoubt-  
edly contained a wide variety of  organisms capable of  ac- 
climating to the 10-11- th ia  compounds or to some break- 
down products as required to  bring about  95-97% degrada- 
tion. The 25% or more degradation of all the resistant thia 
compounds tested also probably indicated that  some degra- 
dation does take place, but  the organisms with the neces- 
sary enzyme systems to continue the assimilation of the 
detergent are not  immediately available. 

Based upon the biodegradabili ty data resulting from the 
Shake Flask and River Die-away tests, the 7 - 9 - t h i a  com- 
pounds presumptively were classified as biologically resist- 
ant. According to the SDA Shake Flask method (13), if 
percent reduction falls below 80% in the Presumptive test,  
the material is considered to be not  adequately biodegrad- 
able, and no further testing is justified. Therefore, in a nor- 
mal course of screening detergents for biodegradabili ty,  the 
7 -9 - th ia  compounds would have been rejected as not  ade- 
quately biodegradable. However, when testing the resistant 
thia compounds using an aeration chamber die-away 
process, all 11 thia compounds were found to be biodegrad- 
able. It is interesting to note (Table IV) that the 7 -11 - th i a  
compounds were more slowly biodegradable than the 
1-6-thia .  However, ceils harvested from the aerat ion cham- 
ber and used in the Warburg tests also confirmed the bio- 
degradability of  all 11 thia compounds as indicated by 
oxygen up-take. This would indicate that ,  once the accli- 
mated cells are available, the sulfur appears to influence 
only the initial oxidation rate of  the thia compounds,  since 
the curves (Figure 3) for all 11 derivates approximated the 
same slope. One other  possible explanation for the bio- 
resistance of  the 7 -9 - th i a  compounds based upon Horvath 
and Koft 's (22) observations with ABS compounds is the need 
for the presence and accumulation of some intermediate 
compound which will permit  cometabolism of  the other-  
wise bioresistant molecule. River water or synthetic sewage 
as used in the SDA Confirming Test (13) may provide the 
intermediate ingredient necessary for cometabolism of  the 
resistant compounds,  while, in the SDA Presumptive Shake 
Flask test (12) procedure,  this compound is not  available. 

These studies have shown that  the incorporat ion of  the 
sulfur a tom into the alkyl side chain of the LAS molecule 
has failed to  shorten the t ime required to biodegrade the 
LAS structure and that  the mechanism of biodegradation of  
the sodium p-(thia-n-dodecyl) benzenesulfonates is not  
initial oxidat ion to a sulfoxide with subsequent rupture of  
the carbon-sulfur bond (as postulated by Long, et al. [3] ). 
Biodegradation of  these sulfur containing detergents proba- 
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bly p roceeds  via the  u sua l /3 -ox ida t ion  m e c h a n i s m  used  for  
f a t t y  acid ox ida t ion .  Since some  o f  t he  su l fu r  c o m p o u n d s  
were f o u n d  to  be  s lowly b iodegradab le  us ing  s t a n d a r d  
m e t h o d s ,  t he  d i f fe rences  in  t he  b i odeg r ada t i on  are p r o b a b l y  
due to  d i f fe rence  in  acc l ima t ion  p roper t i e s .  The  need  for  a 
var ie ty  o f  o rgan i sms  in t he  tes t  e n v i r o n m e n t  to  provide  t he  
necessary  sequence  of  e n z y m e  sys tems or the  p resence  of  
an  i n t e r m e d i a t e  c o m p o u n d  w h i c h  will p e r m i t  c o m e t a b o l i s m  
are p r o b a b l y  prerequis i tes  for  t h e  b i o d e g r a d a t i o n  o f  t he  
b io res i s t an t  su l fur  con ta in ing  de te rgents .  
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