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INTRODUCTION 

There is little quantitative information concerning the relationships 
of pesticides to the mic roorgan i sms  in oceanic and estuarine environments,  
and only sca t te red  data are  available concerning pesticide pers i s tence  in 
aquatic environments.  Currently used pesticides are general ly organic in 
nature and are  eventually decomposed in the environment by b io-chemica l  
and physio-chemical  p rocesses .  Parathion,  for example, is a l tered to the 
non-toxic aminoparathion by cer tain yeas ts  found in soils (GOULD, 1966). 
Therefore ,  it is a reasonable  assumption that pesticides or  their  degradation 
products will affect or be affected by microbial  p rocesses .  Since there  is 
evidence of microbial  action or organophosphorous compounds, some of 
which contain sulfur, the interactions of sulfur containing pesticides and sul-  
fur metabolizing microorgan isms  may be of significance to the equil ibrium 
of the sulfur cycle.  Fur ther ,  studies thereof may contribute to the under -  
standing pers is tence of pest icides in estuarine environments.  In Brevard  
County, Florida,  Ethion a sulfur containing organophosphate is widely used 
as a pesticide in the orange groves (INFORMAL COMMUNICATION FROM 
THE BREVARD COUNTY AGRICULTURAL STATION, 1971) and the Indian 
River-Banana River lagoonal sys tem rece ives  run off f rom these groves .  
Ethion is slightly soluble in water (MERCK INDEX, 1968). Oxidation in- 
c reases  its solubility in water  and its ant ichol inesterase  activity (GOULD, 
1966). In soil, an increase  in pH or  mois ture  content enhances its deg ra -  
dation (GOULD, 1966). The probable degradation products include ace ta l -  
dehyde, mercaptans ,  and short carbon chain acidic f ragments .  The p e r -  
sistence of Ethion in r ive r  water was studied in a laboratory experiment 
on water  taken from the Little Miami River in Ohio (EICHELBERGER & 
LICHTENBERG, 1971). After a three-week period, only fifty per cent of 
the original Ethion was still present  in the sample,  whereas  there was no 
loss of the compound f rom a distilled water  preparat ion during this same 
period. 

The present  report  descr ibes  the production of Hydrogen Sulfide in 
Ethion enriched lagoonal sediments and by bacter ia l  subcultures derived 
therefrom.  

METHODS AND MATERIALS 

Fourteen sediment samples were  taken at var ious  sites in the Indian 
River,  a saline lagoon, between Cape Kennedy to Veto Beach. The  types 
of sediments varied f rom large grained sands to black peat- l ike mater ia l .  
Samples were  taken f rom the upper regions of the sediment layer  and were  
re f r igera ted  until the enrichment  p rocesses  were initiated. 
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P r i o r  to chemica l  ana lyses ,  the s amp l e s  we re  cent r i fuged for  twenty 
minutes  at 5000 rpm,  the supernatant  decanted,  and the sediment  weighed. 
Two mls  of 6M sodium hydroxide  were  added to min imize  hydrogen sulf ide 
(H2S) loss .  The samples  w e r e  d r i ed  for  24 hours  at  110oc and reweighed 
to de t e rmine  the wa te r  contents ,  a f t e r  c o r r e c t i o n  for  the sodium hydroxide 
addi t ions .  Res idua l  Ethion was r emoved  f rom the s amples  to which it had 
been added by ex t rac t ing  twice with p e s t i c i d e - g r a d e  hexane. 

Sulfate (SO4 =) was de t e rmined  g r a v i m e t r i c a l l y  by p rec ip i t a t ion  as  
b a r i u m  sulfate,  f i l t e r ing  out the p r ec ip i t a t e ,  and weighing it. The method 
is  d e s c r i b e d  in SOIL MECHANICS FOR ROAD ENGINEERS (1952). 

The method used to de t e rmine  sulf ide  (S =) in the sediment  s amples  
was  e s sen t i a l l y  that d e s c r i b e d  in STANDARD METHODS (1965). 

At the same t ime s a m p l e s  were  p r e p a r e d  for  chemica l  ana lyses ,  
the en r i chment  expe r imen t s  we re  s t a r t ed .  

The non-a lka l in ized  por t ions  of the cent r i fuged sed iments  were  d i -  
v ided into four equal  p a r t s  and placed into s t e r i l e  pe t r i  d ishes .  Two ml of 
Ethion (equivalent to 0. 816 gins of S) were  added to each of two of the pe t r i  
d i shes .  Each sample  was then cove red  with the homogeneous superna tan t  
H20 co l lec ted  during centr i fuging.  When there  was not sufficient  superna tan t ,  
s t e r i l e  d i s t i l l ed  wa te r  was used.  One dish with, and one without added Ethion 
w e r e  p laced  in a candle j a r .  The j a r  was  shut t ightly a f t e r  the candle  was 
l ighted to i n c r e a s e  the ava i lab le  CO2 in the j a r .  All  of the p la tes  were  incu-  
ba ted  for  20 days  at  room t e m p e r a t u r e  in the dark .  S te r i le  d i s t i l l ed  w a t e r  
was  added as  n e c e s s a r y  to the a i r  incubated enr i chments  to r e s t o r e  wa te r  
los t  by evapora t ion .  

Af ter  the 20 day incubation,  dupl ica te  5 ml amounts of th ioglycol la te  
medium (NIH FORMULA, DIFCO), d i spensed  into 13 x 100 mm tubes ,  we re  
inocula ted  with 1 ml of the fluid f rom each of the enr ichment  cu l tu res .  The 
inoculated tubes were  incubated for  one week at 37~ Nutrient  a g a r  (D1-FCO) 
s l an t s  containing 0 .01m Na2SO 4 were  p r e p a r e d  and a one and one-ha l f  inch 
p iece  of i ron wi re  was added a f t e r  s t e r i l i z a t i on ,  to detect  H2S product ion.  
The i ron  wi re  had been c leaned with dilute HC1 and s t e r i l i z e d  by f laming.  
A stab inoculum into a s lant  was  made f rom each th ioglycol la te  tube and was 
then incubated at 37~ for  48 hours .  P a r a l l e l  s lants  in which the Na2SO 4 
was  r ep l aced  with Ethion we re  a l so  inocula ted and incubated.  Nutrient  aga r  
(DIFCO) p la tes  w e r e  then s t r eaked  with the cul ture  f rom each s lant  in which 
FeS was detec ted .  The p la t e s  w e r e  incubated in i n c r e a s e d  CO2 at 35~ for  
48 hours .  Gram s ta ined  s m e a r s  f rom typ ica l  colonies  on the aga r  p la tes  
we re  obse rved  m i c r o s c o p i c a l l y .  
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The cu l tu res  grown in th ioglycol la te  medium were  subcul tu red  into 
f r e sh  th ioglycol la te  medium. Cu l tu res  de r ived  f rom the Ethion en r i chmen t s  
we re  inocula ted into tubes to which Ethion had been added.  Cul tu res  de r ived  
f rom the con t ro l s  r e c e i v e d  no added Ethion.  Af te r  f o r t y - e igh t  hours  of incu-  
bat ion at 37~ they were  again subcu l tu red  into nutr ient  a g a r  s tabs  with i ron  
w i r e  and Ethion and into con t ro l s  with no Ethion. The s tabs  we re  incubated  
at 37~ for  twenty- four  hours  and obse rved  for  FeS product ion.  P r i o r  to a d -  
di t ion to the cu l tu re  media ,  the Ethion was  effect ively  s t e r i l i z e d  by p a s s a g e  
through a p r e s t e r i l i z e d  0.45 mic ron  m e m b r a n e  f i l t e r .  

RESULTS AND DISCUSSION 

The l i t e r a t u r e  ind ica tes  that the amount of work  on the toxic i ty  of 
pe s t i c i de s  on the m a c r o s c o p i c  l eve l  fa r  exceeds  that on the ef fec ts  of these  
chemica l s  on m i c r o b i a l  populat ions.  Seve ra l  r ecen t  p a p e r s  however  (HORVAT[ 
1972; EICHELBERGER & LICHTENBERG 1971) have r e p o r t e d  the na tu ra l  
m i c r o b i a l  degrada t ion  of pe s t i c i de s  and other  organic  compounds.  Ethion i s  a 
sul fur  containing compound and condi t ions in the Indian Rive r  ind ica te  the p r e s -  
ence of sul fur  ut i l iz ing b a c t e r i a .  The re fo r e ,  the pos s ib l e  in te rac t ion  of a gen-  
e r a l  group of m i c r o o r g a n i s m s  on the sul fur  component  of Ethion, was  the o v e r -  
a l l  intent  of the study. 

Ethion enr iched  sed iment  s a m p l e s  f rom the Indian Rive r  were  used  as  
the sou rce  of m i c r o o r g a n i s m s  for  the e x p e r i m e n t s .  

Upon enr i chment ,  3 of 14 sed imen t s  d e m o n s t r a t e d  s igni f icant ly  i n c r e a s e  
l eve l s  of sul f ides  a f t e r  incubation.  Ethion was the only ex t raneous  source  of 
sulfur .  These  data  a r e  s u m m a r i z e d  in Table  I. 

TABLE I 

Sample 

2 

SULFIDE CONTENT OF SEDIMENT SAMPLES A F T E R  
INCUBATION WITH AN ETHION ENRICHMENT 

~mg S = p e r  100 g sample  ( 

20 Day Incubation 
Ini t ia l  Control  Ethion added 

1.71 1.47 9.58 

9 4.82 4.66 7.02 

14 2 .50 11.40 24.60 

It is  evident  f rom the table  that the r a t e  of degrada t ion  in the sed iments  
is  not rap id .  This  may re f l ec t  e i the r  low numb e r s  of ac t ive  Ethion degrading  
o r g a n i s m s  o r  a low metabol ic  r a t e  s ince  the ca lcu la t ed  y ie ld  of sul fur  p e r  ml 
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of Eth ion  i s  0. 406g of S = p e r  ml .  

The s e d i m e n t  s a m p l e s  w e r e  not f ixed  i m m e d i a t e l y  wi th  s o d i u m  h y d r o x -  
ide  and,  t h e r e f o r e ,  the a m o u n t s  d e t e c t e d  i n i t i a l l y  cannot  be  t aken  a s  i n d i c a t i v e  
of the  S = c o n c e n t r a t i o n  at  the s a m p l e  s i t e .  The  l a r g e  amoun t  of su l f ide  d e t e r -  
m i n e d  in the c o n t r o l  of s e d i m e n t  14 r e f l e c t s  s o u r c e s  of su l fu r  o t h e r  than E th ion  
in the  s e d i m e n t .  

The s e d i m e n t s  wi th  a d d e d  E th ion  w e r e  s u b c u l t u r e d  in t h i o g l y c o l l a t e  
t ubes  wi th  a d d e d  E th ion  and the c o n t r o l s  w e r e  c a r r i e d  s i m u l t a n e o u s l y .  They  
w e r e  i ncuba t ed  a t  37~ f o r  48 h o u r s  and a l l  t u b e s  showed g r o s s  and m i c r o -  
s c o p i c  e v i d e n c e  of b a c t e r i a l  g rowth .  

The s u b c u l t u r e s  w e r e  then i n o c u l a t e d  in to  n u t r i e n t  a g a r  t ubes  to wh ich  
i r o n  w i r e  had  been  added .  The E t h i o n / n o  Eth ion  i den t i t y  w a s  m a i n t a i n e d  
th roughout  the e x p e r i m e n t .  If  b a c t e r i a l  d e g r a d a t i o n  of the  E th ion  o c c u r r e d ,  
the  w i r e  wou ld  s e r v e  a s  a s o u r c e  of  i r o n  f o r  the  p r o d u c t i o n  of  i r o n  su l f ide .  
S a m p l e s  w e r e  i n c u b a t e d  a t  37~ and e x a m i n e d  p e r i o d i c a l l y .  A f t e r  twe lve  
h o u r s ,  p r o d u c t i o n  of  i r o n  su l f ide  in f ive  d i f f e r e n t  s a m p l e s  w a s  o b s e r v e d .  
T h r e e  of the  f ive  w e r e  the  s a m e  a s  t h o s e  l i s t e d  in T a b l e  I. 

A p a r a l l e l  e x p e r i m e n t  w a s  p e r f o r m e d  in wh ich  t h i o g l y c o l l a t e  t ubes  
wi th  no Eth ion  w e r e  i n o c u l a t e d  f r o m  the  Eth ion  e n r i c h e d  s e d i m e n t s .  S u b s e -  
quen t ly ,  a g a r  s t a b s  wi th  a d d e d  Na2SO4 and F e  w i r e  w e r e  i n o c u l a t e d  f r o m  the  
c u l t u r e s  in t h i o g l y c o l l a t e .  The  f ive  s a m p l e s  wh ich  d e g r a d e d  the Eth ion  a l s o  
p r o d u c e d  F e S  f r o m  the Na2SO 4 and i r o n  w i r e .  The  d a t a  fo r  bo th  e x p e r i m e n t s  
a r e  p r e s e n t e d  in  T a b l e  II. 

T A B L E  II 

ENRICHMENT C U L T U R E S  EXHIBITING FeS* PRODUCTION 
WHEN INCUBATED WITH ETHION OR S U L F A T E  

S a m p l e  N u m b e r  F e S  f r o m  Sul fa te  F e S  f r o m  Ethion 

2 + + 

8 + + 

9 + + 

13 + + 

14 + + 

* S t e r i l e  i r o n  w i r e  i n s e r t e d  into c u l t u r e  tubes  

N u t r i e n t  a g a r  p l a t e s  w e r e  s t r e a k e d  wi th  each  of the 5 c u l t u r e s  and 
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i ncuba t ed  u n d e r  i n c r e a s e d  CO 2 for  48 h o u r s .  T y p i c a l  d i s c r e e t  c o l o n i e s  f r o m  
the  p l a t e s  w e r e  s u b c u l t u r e d  in n u t r i e n t  a f a r  t ubes  wi th  i r o n  w i r e  and E th ion  
to c o n f i r m  FeS  p roduc t i on  f r o m  the p e s t i c i d e .  M i c r o s c o p i c  e x a m i n a t i o n  of 
s t a i n e d  s m e a r s  of the tube c u l t u r e s  i n d i c a t e d  a s p o r e - f o r m i n g  g r a m - p o s i t i v e  
r o d .  Since  Eth ion  i s  a r e d u c i n g  agen t ,  i t  i s  p r o b a b l e  that  the  b a c t e r i a  a r e  
m e m b e r s  of  the  genus  C l o s t r i d i u m .  

E x a m i n a t i o n s  of  the  c u l t u r e  tubes  i n d i c a t e d  four  d i f f e r e n t  c o n d i t i o n s .  
I nocu la t ed  m e d i a  which  had an  i r on  w i r e  and E th ion  gave  e v i d e n c e  of d a r k -  
en ing  of the w i r e  but  a l s o ,  and m o s t  s i g n i f i c a n t l y ,  gave  e v i d e n c e  of  F e S  
p r o d u c t i o n  at  the s t a b - l i n e  of inocu la t ion ,  a f t e r  twe lve  h o u r s  of i ncuba t ion .  
Upon f u r t h e r  i ncuba t i on  of  the  c u l t u r e ,  F e S  d i s c o l o r a t i o n  s p r e a d  f r o m  the 
i nocu l a t i on  s t ab  th roughout  the tube.  T h e r e  w a s  no FeS  p r o d u c t i o n  at  the 
s u r f a c e  of the s l a n t ,  i nd i ca t i ng  f u r t h e r  the  p r o b a b i l i t y  that  the  r e a c t i o n  w a s  
a n a e r o b i c .  I nocu l a t ed  m e d i a  which  had  i r o n  w i r e  but  no Eth ion  a d d e d  s u p -  
p o r t e d  g rowth  but  not F e S  p r o d u c t i o n .  

Un inocu la t ed  m e d i a  to which  both an i r o n  w i r e  and Eth ion  w e r e  a d d e d  
gave  e v i d e n c e  of F e S  p r o d u c t i o n  by a d a r k e n i n g  of the  s u r f a c e  of the  w i r e .  
T h i s  i n d i c a t e d  a c h e m i c a l  r e a c t i o n  of the  E th ion  wi th  the  w i r e .  H o w e v e r ,  
t h e r e  w a s  no e v i d e n c e  of F e S  p r o d u c t i o n  th roughou t  the m e d i u m .  U n i n o c u l a t e d  
m e d i a  which  had  an i r o n  w i r e  but no Eth ion  s e r v e d  a s  the e x p e r i m e n t a l  c o n t r o l .  
T h e r e  w a s  no g rowth ,  i n d i c a t i n g  no c o n t a m i n a t i o n  and no ou t s i de  u n c o n t r o l l e d  
s o u r c e  of su l fu r  o t h e r  than Eth ion .  P r i o r  to c h e m i c a l  a n a l y s i s ,  the  r e m a i n i n g  
E th ion  was  e x t r a c t e d  out of the  e n r i c h m e n t  c u l t u r e  wi th  hexane .  

No e f fo r t  w a s  m a d e  du r ing  th i s  s tudy  to p u r s u e  f u r t h e r  the  c h e m i c a l  
m e c h a n i s m  of the  d e g r a d a t i o n  o r  to e v a l u a t e  the  b r e a k d o w n  p r o d u c t s  of E th ion .  

In a l l  excep t  3 s a m p l e s  (8, 12, 13), the  su l f ide  c o n c e n t r a t i o n  i n c r e a s e d  
to s o m e  ex ten t  a f t e r  e x p o s u r e  of the  s e d i m e n t s  to the  Eth ion .  T h e r e  w e r e  no 
c o r r e s p o n d i n g  d e c r e a s e s  in su l fa te  c o n c e n t r a t i o n s ,  in fac t  8 of the  14 s a m p l e s  
showed  a s m a l l  to  m o d e r a t e  i n c r e a s e  t h e r e i n ,  i n d i c a t i n g  s o m e  o t h e r  s o u r c e  
of  s u l f i de  su l fu r ,  i . e . ,  E th ion .  The  d a t a  a r e  p r e s e n t e d  in T a b l e  IV. 

T A B L E  IV 

Mg P E R  100 GRAMS OF SULFIDE AND S U L F A T E  R E C O V E R E D  
F R O M  ETHION ENRICHED CULTURES AND CONTROL CULTURES A F T E R  

20 DAYS INCUBATION AT ROOM T E M P E R A T U R E  

S a m p l e  # Sulf ide  Sul fa te  

Con t ro l  E th ion  D i f f e r ence  C o n t r o l  Eth ion  D i f f e r e n c e  

1 1 .41  3 .77  1 .36  300 540 140 

2 1 .67  8 .77  7 .10  415 265 -150 

3 1 .05  4 .46  3 .41  1360 1580 220 
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4 0.76 4.21 3.45 125 245 120 

5 1.06 3.20 2.14 i00 275 175 

6 1.28 1.35 0.07 325 120 -205 

7 0.54 1.34 0.80 215 170 - 45 

8 1.50 i.43 0.07 320 370 50 

9 5.59 7.23 1.64 1545 2235 690 

10 0.50 1 2 . 6 0  12.10 925 170 -755 

11 5.03 8.04 3.01 975 740 -235 

12 2.45 1 .38  -1.07 283 223 - 60 

13 3.42 3 .32  -0.10 340 460 120 

14 12.55 20.38 7.73 1210 3820 2610 

Based on the sample  amount of sediment  used in each envi ronment  
cul ture obse rved  there  was  no co r re l a t ion  between the theoret ica l  and actual  
S = concentra t ions ,  but the s to ich iomet ry  of the biological  reac t ions  was not 
measu red .  The data do suggest  that the production of sulf ides and the p r o -  
duction of sulfa tes  p roceed  independently of each other .  

The method of enr ichment  cu l ture  provides  those se lec t ive  fea tu res  
which lead to the predominence  of a pa r t i cu l a r  spec ies .  The re fo re ,  this 
mechan i sm can be used to study b iodegradabi l i ty  of pes t ic ides  in the env i ron-  
ment .  One type of b iodegradabi l i ty  minera l iza t ion ,  is r e p r e s e n t e d  by comple te  
degradat ion of the organic  molecule  to i ts  bas ic  e lements .  A second type of 
b iodegradabi l i ty  c o - m e t a b o l i s m  (HORVATH, 1972), which might be just  as  
significant is the convers ion  of the organic  pest ic ide to l e s se r ,  but stil l  c o m -  
plex decomposi t ion products .  O r g a n i s m s  capable  of co-metabol ic  act ivi ty can 
also be obtained by enr ichment  techniques.  Co -me tabo l i sm ,  although it does 
not br ing about comple te  minera l iza t ion  to the e lements ,  may be an important  
m e c h a n i s m  in the initial  o r  pe rhaps  in te rmedia te  s teps  of natural  mic rob ia l  
populations.  

This  r e s e a r c h  was suppor ted  in par t  under  National Aeronaut ics  and Space 
Adminis t ra t ion  Grant  Number  NGR 10-015-008 through the Kennedy Space 
Center .  
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