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ABSTRACT

Potential exposure to chem icals  in the ecosystem  can be predicted from  
a set o f  physicochem ica l analyses  on m obility  and degradation . S tandard  elutriate  
toxicity tests proposed  at 1:4 (v/v) o f  undisturbed sed im en t m ixed  with w ater  has been 
validated to be used as a conservative  pred ictor  o f  dred g in g  site d issolved chem ical  
concentrations. S ed im en t sam p les  obta ined  from  the C h an tab u r i  estuary  w ere  spiked  
with endosulfan  and lindane and subjected  to e lutriate  process  u nd er  16%  salinity. The  
average dissolution potentia l w as  as low' as 0 .23%  for endosu lfan  and 1.84%  for lindane  
indicating strong^ affin ity  for hydrophobic  con tam in an ts  in the C h an tab u r i  estuary  
sedim ent. The re lationsh ip  o f  dose dependent endosu lfan  and lindane dissolution  in 
sedim ent show ed  gradual decrease  o f  d issolution as the sp iked  concentra tion  o f  sed im ent  
increased, indicating  m ass action effect on hystresis sites. T he negative  non-linear pow er  
regression indicated  a better  relationsh ip  and the coeffic ients o f  d eterm in ation  (R 2) for  
endosulfan and lindane w ere  0 .97  and 0 .87, respectively . T his ind icated  that dissolution  
o f  endosulfan and l indane  into  the w ater  co lum n from  C h an tab u r i  estuary  sed im ent w as  
m inim al. The results o f  this study  confirm ed  that after  v igorou s  resuspension  event o f  
sedim ent (= elutriate), a -en dosu lfan  w as  the dom in an t fraction fo llow ed  by p-endosulfan  
and endosulfan  sulfate. In contrast  to e lutriates, endosu lfan  co m p o u n d s  m easured  in 
seaw ater  after  96 h sp ik ing  contained  m ore P-endosulfan than a -en d osu lfan , thus  
low ering  the true potential in the w a ter  co lum n. T he m ean  total endosu lfan  and lindane  
concentrations w h ich  rem ained  in toxicity  test m atrices at 96 h w ere  7 .52%  and 15.54% ,  
respectively. T his could  be due to possible loss o f  toxicants  through  volati lization  and/or  
adsorption  to the exposure  vessels.

K E Y W O R D S : Dissipation, Dissolution, Endosulfan, Lindane, Sediment elutriate.

INTRODUCTION

Endosulfan and lindane belong to cyclodiene and cyclohexane 
groups of chlorinated pesticides, respectively. Technical-grade of endosulfan 
contains about 94% of two pure isomers, a- and (3-endosulfan in the ratio of 
7:3. Endosulfan is classified as an organochlorine (Guerin and Kennedy, 1992), 
or as non-organochlorine (Hoechst, 1993). Lindane is the y-isomer (>99% 
pure) of hexachlorocyclohexane (WHO, 1991). Although the production and 
use of many organochlorine compounds, including endosulfan and lindane 

- have been banned in many countries for more than 10 years (UNEP, 2002), 
they continue to be detected in estuarine sediments, water and aquatic biota 
across the world (Ramesh et al., 1990; Iwata et al., 1994). Residues of these
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compounds can occur at levels lethal to certain species of aquatic and 
terrestrial animals (Coat et a l 2006).

The fate o f endosulfan in the environment is different for the 
two isomers depending on the medium where they are deposited, p-endosulfan 
is more persistent than its a-isom er (Antonious and Byers. 1997). Endosulfan 
sulphate, the main degradation product o f both isomers is more persistent in 
the environment than its parent compounds. Lindane is more soluble in water 
than most o f the other organochlorine compounds. Lindane is strongly 
adsorbed on soils that contain large amounts o f organic matter. Volatilization 
seems to be an important route o f dissipation under higher temperature 
conditions (WHO, 1991). Resuspension of organochlorine pesticides back to 
water column can happen by many processes such as sediment dredging, 
bioturbation, intense shipping, etc. Exposure analysis, in terms of 
concentration and the distribution o f pesticides in the sediment and other 
compartments is instrumental in assessing the ecological risk. Standard 
elutriate toxicity tests proposed at 1:4 (v/v) o f undisturbed sediment mixed 
with water has been validated to be used as a conservative predictor of 
dredging site dissolved chemical concentrations (USACE, 1998). The test 
organisms exposed to elutriate fraction using static systems for a defined 
duration are used to mimic exposure effects. However, the design of these 
systems prevents the determination o f the significance o f fate processes such 
as dissolution, dissipation and degradation within and associated 
environmental media. Such fate processes are predominant in nature and are 
likely to determine the bioavailability and hence influence the toxicity to 
aquatic organisms. The effects o f such processes on the residence time of 
endosulfan and lindane and its concentration in water column have not been 
studied so far.

The m ain objective o f this study was to elucidate the influence 
o f endosulfan and lindane on their solubility and toxicity during water and 
sediment elutriates toxicity tests. The test system employed was static non­
renewal for a period o f  96 hours.

MATERIALS AND METHODS

S e d im e n t  s a m p lin g

The bottom sediment samples were collected from the 
Chantaburi River mouth estuary in Muang district, Chantaburi province, 
Thailand. The samples were taken by SCUBA diving. Sediment cores were 
collected using pre-cleaned PVC coring device (diameter: 5 cm, length: 100 
cm). The cores were manually pushed to obtain around 100 cm core o f 
sediment and composited in rigid polyethylene ice boxes lined with aluminum 
foils. Sediment samples were returned to the laboratory and stored at 4°C
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. w i t h i n - 2  h o u r s  o f  c o l l e c t io n .  B u lk  q u a n t i t i e s  o f  s e a w a te r  w e r e  s a m p le d  in to  
p r e - c le a n e d  H D P E  b o t t le s .

E xp er im en ta l se tu p

T o x i c i ty  t e s t  w a s  c o n d u c te d  in  a p p r o x im a te ly  2  1 c a p a c i ty  b o w l  
ty p e  g la s s  c h a m b e r s  c o n ta i n in g  1 1 o f  t e s t  s o lu t io n .  N a tu r a l  s e a w a t e r  w i th  1 6 %  
o f  s a l in i ty  w a s  u s e d  a s  c o m m o n  d i lu e n t s  o f  to x i c i t y  t e s t s .  A l l  t e s t  c h a m b e r s  
w e re  m a in t a in e d  w i th o u t  a e r a t i o n  d u r in g  th e  9 6  h o u r s  e x p e r im e n t a l  d u r a t io n .  
T r ip l ic a te  c h a m b e r s  w e r e  m a in t a in e d  f o r  a l l  t h e  t r e a tm e n t s  a n d  w e r e  ra n d o m ly -  
p la c e d  in  t h e ;  t e s t  lo c a t io n .  T h e  e x p e r im e n t s  w e r e  c o n d u c te d  a t  a m b ie n t  
t e m p e r a tu r e  o f  2 9  ±  2 ° C  a n d  n a tu r a l  l ig h t :  d a r k  p h o t o p e r i o d  o f  1 2 :1 2  h . S ta t ic ,  
n o n - r e n e w a l  a c u te  t o x i c i t y  te s t s  w e r e  p e r f o r m e d .

E lu tr ia te  p rep a ra tio n

I n t e g r a t e d  c o r e  s e d im e n t  s a m p le s  s to r e d  u n d e r  4 ° G  f o r  le s s  th a n  
3 d a y s  w a s  u s e d  f o r  e lu t r i a t e  p r e p a r a t io n .  T h e  1 :4  ( v /v )  c o n c e n t r a t i o n  o f  
e lu t r ia te s  w e r e  d r a in e d  o f f  f o r  t o x i c i t y  t e s t s  a n d  f o r  c h e m i c a l  a n a ly s i s  f r o m  
e a c h  s e d im e n t  c h a m b e r  s p ik e d  w i th  e n d o s u l f a n ,  l in d a n e  a n d  b in a r y  m ix tu r e  o f  
e n d o s u l f a n  a n d  l in d a n e .  T h e  m e th o d  d e s c r ib e d  b y  U S  A C E  ( 1 9 9 8 )  w a s  u s e d  in  
th e  e lu t r ia te  p r e p a r a t i o n  w i t h  m o d i f i c a t i o n s .  T h i s  m o d i f i c a t i o n  w a s  in  
a g r e e m e n t  w i t h  L e e  a n d  M a r i a n i  ( 1 9 7 7 )  to  s im u la t e  s e d im e n t  r e s u s p e n s i o n  
e f f e c t .  A  h o m o g e n i z e d  s e d im e n t  s a m p le  a n d  o v e r ly in g  w a t e r  w e r e  c o m b in e d  
in  a  s e d im e n t - to - w a t e r  r a t i o  o f  1 :4  o n  v o lu m e  b a s i s  a t  r o o m  t e m p e r a t u r e  (2 8 -  
2 9 ° C )  u s in g  th e  m e th o d  o f  v o lu m e t r i c  d i s p l a c e m e n t  ( D a n ie l s  e i a l ., 1 9 8 9 ) .  T h e  
m ix tu r e  w a s  s t i r r e d  v i g o r o u s l y  f o r  3 0  m in .  w i th  a  p r o b e  a n d  in t e r m i t t e n t  h a n d  
m ix in g .  T h e  m ix tu r e  w a s  a l l o w e d  to  q u i e s c e n t  s e t t l i n g  f o r  1 h .  T h e  s u p e r n a t a n t  
w a s  th e n  c a r e f u l ly  r e m o v e d  a n d  i m m e d ia t e ly  u s e d  f o r  t e s t i n g .  T h e  r e q u i r e d  
v o lu m e s  o f  e lu t r i a t e s  f o r  c h e m i c a l  c h a r a c t e r i z a t i o n  w e r e  d r a in e d  in to  p r e ­
c le a n e d  g la s s  c h a m b e r s  w i t h i n  a  m in im a l  t im e  p e r io d  a n d  n o n e  o f  th e  
s i tu a t io n s  e x c e e d e d  f o r  m o r e  th a n  3 h . A l l  s a m p le s  w e r e  s to r e d  a t  4 ° C  f o r  
s u b s e q u e n t  a n a ly s e s .  S e d im e n t  w a te r  c o n te n t  w a s  d e t e r m in e d  b y  d r y in g  a t  
1 0 5 ° C  f o r  2 4  h .

C h em ica l p rep a ra tio n  and  sp ik in g

A n a l y t i c a l  s t a n d a r d s  o f  e n d o s u l f a n  a n d  l in d a n e  w e r e  o b ta in e d  
a t  c e r t i f i e d  p u r i t y  o f  9 5 .2 %  a n d  9 9 .9 % , r e s p e c t iv e ly .  S to c k  s o lu t io n s  o f  
e n d o s u l f a n  a n d  l in d a n e  a t  5 ,0 0 0 p g / l  a n d  4 ,0 0 0 p g / l  r e s p e c t i v e l y  w e r e  p r e p a r e d  
in  a n a ly t ic a l  r e a g e n t  ( A .R .)  a c e to n e  ( L a b - S c a n  A n a ly t i c a l  S c ie n c e s ,  I r e la n d ) .

- S p ik in g  s o lu t io n s  o f  e n d o s u l f a n  a n d  l in d a n e  w e r e  p r e p a r e d  a t  5 a n d  4  pg /1 , 
r e s p e c t iv e ly  b y  d i l u t i o n  w i t h  f i l t e r e d  n a tu r a l  s e a w a te r .  S to c k  s o lu t io n s  w e r e  
s to r e d  a t  4 °C  in  v o lu m e t r i c  f l a s k s .
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Sedim ent sp ike

D ir e c t  s e d im e n t  s p ik in g  m e th o d  w a s  u s e d  in  th is  s tu d y  
(S te m m e r  et al., 1 9 9 0 ) . T e n  k i lo g r a m  o f  s e d im e n t  w e ig h e d  in to  p r e - c le a n e d  
a c r y l ic  c h a m b e r s  w i th  5 0  1 c a p a c i ty  a n d  s p ik e d  w i th  s u i ta b le  v o lu m e s  
c o n ta in in g  n o m in a l  c o n c e n t r a t io n s  o f  e n d o s u lf a n .  l in d a n e  a n d  c o m b in a t io n  o f  
e n d o s u l f a n  a n d  l in d a n e  in  a c e to n e  o n  w e t  w e ig h t  b a s is .  S e p a ra te  c h a m b e rs  
w e re  m a in ta in e d  f o r  d i f f e r e n t  s p ik e  te s ts .  S e d im e n t  s a m p le s  w e re  im m e d ia te ly  
s p ik e d  s o o n  a f te r  t a k e n  o u t  f ro m  th e  r e f r ig e r a to r .  S p ik e d  s e d im e n t  w a s  
th o r o u g h ly  m ix e d  w i th  a  p r o b e  f o r  2 0  m in  a n d  t r a n s f e r r e d  in to  a  g la s s  c h a m b e r  
o f  10 1 c a p a c i ty  f o r  a g in g . G la s s  c h a m b e r s  w e re  c o v e r e d  w i th  a  p la s t ic  
s h e e t in g  a n d  a lu - f o i l  w r a p p e r  p r io r  to  k e e p  u n d e r  4 °C  in  o r d e r  to  m in im iz e  
v o la t i l i z a t io n .  A l l  g la s s  c h a m b e r s  w e re  s to r e d  fo r  2 4  h  b e fo re  th e y  w e re  ta k e n  
fo r  e lu t r ia te  p r e p a r a t io n  to  s a t i s f y  th e  s u f f ic ie n t  t im e  to  e q u i l ib r a te  e n d o s u l f a n  
a n d  l in d a n e  in  th e  s e d im e n t  m a t r ix  (S h a r o m  et al., 1 9 8 0 a ; A n u ra k p o n g s a to r n ,  
1 9 9 8 ; Z h o u ,  2 0 0 3 ) .

W ater sp ike

T h e  c o n c e n t r a t io n s  o f  t e s t  s o lu t io n s  w e re  d e te r m in e d  a s  
r e q u i r e d  f o r  th e  to x ic i ty  te s t s  f o r  s h r im p  p o s t la r v a e  P enaeus m onodon  
F a b r ic iu s .  S u i t a b le  v o lu m e s  c o n ta in in g  n o m in a l  c o n c e n t r a t io n s  o f  e n d o s u lf a n ,  
l in d a n e  a n d  i ts  c o m b in a t io n  w e re  p ip e t te d  in to  te s t  s e a w a te r  o f  1 6 %  s a l in i ty .

W ater qu ality  m easu rem en ts

D a i ly  m e a s u r e m e n t  o f  p H  ( C O N S O R T  C 9 3 2  e le c t r o c h e m ic a l  
a n a ly z e r ) ,  d i s s o lv e d  o x y g e n  a n d  te m p e r a tu r e  ( M E T T L E R  T O L E D O  M O  128 
D is s o lv e d  O x y g e n  M e te r  e q u ip p e d  w i th  IP 6 7  P r o b e )  w e re  r e c o r d e d  in  e a c h  
te s t  c h a m b e r  d u r in g  9 :0 0  to  1 1 :0 0  a .m . T h e  a c tu a l  s a l in i ty  w a s  m e a s u r e d  u s in g  
a  p o r ta b le  r e f r a c to m e te r  (M o d e l :  N O W , T o k y o , J a p a n ) .  T o ta l  o rg a n ic  c a r b o n  
in  e lu t r ia te s  w e r e  m e a s u r e d  b y  th e  T o ta l  O rg a n ic  C a r b o n  A n a ly z e r  (M o d e l  
T O C -V C S N , S h im a d z u  C o r p o r a t io n )  e q u ip p e d  w i th  n o n - d is p e r s iv e  in f r a r e d  
d e te c to r  w i th  s t a n d a r d  T C  c a ta ly s t  in  h ig h  te m p e r a tu r e  c o m b u s t io n .

Sam ple extraction  and analysis for pesticides

R e p l ic a te d  c h a m b e r s  w e re  p o o le d  in  s p ik e d - w a te r  te s t s  fo r  
p e s t ic id e  e x t r a c t io n  a f te r  t e r m in a t io n  o f  th e  to x ic i ty  e x p e r im e n t  a t  9 6  h. 
E lu t r ia te s  a n d  w a te r  s a m p le s  w e re  s to r e d  in  a m b e r  c o lo r  r e a g e n t  b o t t le s  (p r e ­
c le a n e d  a n d  r in s e d  w i th  a c e to n e )  u n d e r  4 ° C  a n d  f i l t e r e d  ( W h a tm a n  G F /C  g la s s  
m ic r o f ib r e  f i l te r s )  b e f o r e  e x t r a c t io n .  T h e  e x t r a c t io n  o f  e n d o s u l f a n  a n d  l in d a n e  
in  s a m p le s  w e r e  c o n d u c te d  a c c o r d in g  to  th e  p r o c e d u r e  o f  U S E P A  m e th o d  
8 0 8 I B  ( U S E P A , 2 0 0 0 ) .  T h e  s a m p le s  w e re  a n a ly z e d  in  H P  5 8 9 0  s e r ie s  II  g a s  
c h r o m a to g r a p h  e q u ip p e d  w i th  a n  e le c t r o n  c a p tu r e  d e te c to r  (G C - E C D ) ,  H P
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C h e n is ta t io n  I n te g r a t io n  S o f tw a r e ,  H P  7 6 7 3  G C /S F C  in je c to r  a n d  a u to  
s a m p le r  s y s te m  a n d  H P 5  c a p i l l a r y  c o lu m n  ( 3 0 x 0 .3 2 x 0 .2 5  p m  f i lm  th ic k n e s s ) .  
T h e  G C  o p e r a t in g  c o n d i t io n s  w e re  a s  f o l lo w s :  th e  c o lu m n  w a s  h e ld  in i t ia l ly  a t  
a  te m p e r a tu r e  1 3 0 ° C  f o r  2  m in . ,  t h e n  in c r e a s e d  a t  3 ° C /m in .  to  2 5 0 ° C  a n d  
f in a l ly  h e ld  a t  2 5 0 ° C  f o r  2 0  m in .  to  r e m o v e  c o lu m n  c o n ta m in a n ts .  T h e  
te m p e r a tu r e  o f  in je c to r  a n d  d e te c to r  w e r e  m a in ta in e d  a t  2 2 5 ° C  a n d  3 1 0 ° C , 
r e s p e c t iv e ly .  N i t r o g e n  w a s  u s e d  a s  a  c a r r ie r  g a s  a t  th e  f lo w  r a te  o f  1.1 m l/m in .  
in  th e  c o lu m n .  S ta n d a r d  s o lu t io n s  w e re  p r e p a r e d  b y  d i s s o lv in g  s ta n d a r d  
m ix tu r e  o f  p e s t i c id e s  ( P e s t ic id e  8 0 8 1  S ta n d a r d  M ix  in  h e x a n e :  to lu e n e  (5 0 :5 0 )  
p u r c h a s e d  f r o m  S ig m a - A ld r ic h ,  G e r m a n y  w i th in  th e  r a n g e  o f  0 .1 - 4 0  g g / i  o f  
e a c h  p e s tic id e ^  in  n - h e x a n e  a n d  th e  c a l i b r a t io n  c u r v e s  w e r e  l i n e a r  w i th in  th is  
c o n c e n t r a t io n  r a n g e .  I d e n t i f i c a t io n  o f  c o m p o u n d s  w a s  d e d u c e d  f r o m  th e i r  
r e te n t io n  t im e s ,  a n d  q u a n t i f i c a t io n  w a s  b a s e d  o n  c o m p a r i s o n  o f  p e a k  a r e a  w i th  
r e s p o n s e s  f r o m  r e f e r e n c e  s ta n d a r d s .

Statistica l an alysis

A ll  th e  d a ta  c o l l e c t io n s  w e r e  m a d e  in  t r i p l i c a t e  u n le s s  o th e r w is e  
s ta te d  a n d  th e  v a lu e s  o b ta in e d  w e r e  s ta t i s t i c a l ly  p r o c e s s e d  to  o b ta in  th e  m e a n  
a n d  s ta n d a r d  d e v ia t io n  (S D ) .  T h e  d a ta  w e re  a n a ly z e d  u s in g  S P S S  ( V e r s io n  
11 .5  f o r  W in d o w s )  s ta t i s t i c a l  s o f tw a r e  p r o g r a m .  M e a n s  w e r e  t e s t e d  fo r  
h o m o g e n e i ty  o f  v a r i a n c e s  b e f o r e  th e  te s t .  P e a r s o n  c o r r e l a t i o n  a n d  r e g r e s s io n  in  
P o s t  H o c  te s t s  w e r e  c o n d u c te d  fo r  a n a ly z in g  d a ta  t r e n d s  a n d  c o r r e la t io n s  
w h e re  n e c e s s a r y .  M e a n  d i f f e r e n c e s  w e re  c o n s id e r e d  s ig n i f i c a n t  w h e n  p < 0 .0 5 .

}
R E S U L T S  A N D  D I S C U S S I O N  

D isso lu tion  p o ten tia l in sed im en t

A n a ly s i s  o f  e lu t r ia te  r e v e a le d  th a t  in  a n  a v e r a g e  ( n = 2 )  o n ly  
0 .1 4 3  gg/1  o f  e n d o s u l f a n  o u t  o f  1 0 0  g g /k g  a d d e d  in  s e d im e n t  w a s  r e a l i z e d  in  
th e  s o lu t io n .  R e s u l t s  o f  d i s s o lu t io n  p o te n t ia l  o f  e n d o s u l f a n  a n d  l in d a n e  b y  
C h a n ta b u r i  e s tu a r y  s e d im e n t  a re  s h o w n  in  F ig u r e  1. T h e  d a t a  in d ic a te  th a t  th e  
d i s s o lu t io n  o f  e n d o s u l f a n  in to  th e  e lu t r ia te  f r a c t io n  w a s  a s  l o w  a s  0 .0 8 - 0 .5 1 %  
( m e a n  0 .2 3 % )  o f  th e  e n d o s u l f a n  a d d e d  w h i le  l in d a n e  a t  1 .2 - 3 .4 %  (m e a n  
1 .8 4 % ) . T h e  p a r t ic le  s iz e  d i s t r ib u t io n  in  C h a n ta b u r i  e s tu a r y  s e d im e n t  w a s  
5 9 .5 %  c la y ,  3 0 .3 %  s i l t  a n d  1 0 .2 %  s a n d  in d ic a t in g  h ig h  p o te n t i a l  o f  a d s o r p t io n  
c a p a c i ty  ( P a r k p ia n  e t a l., 2 0 0 1 ) .

F ig u r e  1 s h o w s  th e  r e l a t io n s h ip  o f  d o s e  d e p e n d e n t  e n d o s u l f a n  
a n d  l in d a n e  d i s s o lu t io n  in  s e d im e n t  w h ic h  in d ic a te s  g r a d u a l  d e c r e a s e  o f  
d i s s o lu t io n  a s  th e  s p ik e d  c o n c e n t r a t io n  o f  s e d im e n t  in c r e a s e d .  T h e  n e g a t iv e  
n o n l in e a r  p o w e r  r e g r e s s io n  in d ic a te s  a  b e t t e r  r e l a t io n s h ip  ( P e a r s o n  c o r r e la t io n )  
f o r  th e  a b o v e  o b s e r v a t io n  a n d  th e  c o e f f ic ie n ts  o f  d e t e r m in a t io n  ( R 2) fo r  
e n d o s u l f a n  a n d  l in d a n e  w e r e  0 .9 7  a n d  0 .8 7  r e s p e c t iv e ly .  O n e  p o s s ib le
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e x p la n a t io n  f o r  th e s e  r e s u l t s  m ig h t  b e  d u e  to  s u r fa c e  a d s o r p t io n  w ith  o rg a n ic  
c a rb o n  s u b s t r a te s  a t  lo w e r  c o n c e n tr a t io n s  w h i le  a t  h ig h e r  c o n c e n tr a t io n s ,  
c o m p o u n d s  th a t  h a v e  b e e n  r e ta in e d  b y  o rg a n ic  m a t te r  w o u ld  c re a te  th e  
a p p e a ra n c e  o f  in c r e a s in g  d e s o r p t io n  h y s te r e s is  ( B o w m a n  a n d  S a n s , 1 9 8 5 ). T h e  
r e s u l ts  in  o th e r  w o rd s  c o r ro b o ra te  w i th  s tu d ie s  o f  P a rk p ia n  et al.. ( 2 0 0 1 )  o n  
m e rc u ry  d e s o r p t io n  f r o m  B a n g p a k o n g  r iv e r  s e d im e n ts  th a t  h ig h  e n e rg y  
b o n d in g  s i te s  in  in te rn a l  s u r f a c e s  o f  c la y  a n d  o rg a n ic  m a t te r  w o u ld  m in im iz e  
to x ic a n t  r e le a s e  in  to  th e  w a te r  c o lu m n .

E v e n  th o u g h  th e  w a te r  s o lu b i l i ty  o f  l in d a n e  is  1 0 0  t im e s  h ig h e r  
th a n  th a t  o f  e n d o s u l f a n ,  th e  e s tu a ry  s e d im e n t ,  h o w e v e r ,  d id  d e s o rb  s l ig h tly  
o v e r  1 .6 %  o f  e n d o s u l f a n .  T h is  s i tu a t io n  is  s im ila r  to  8 t im e s  m o re  d is s o lu t io n  
o f  l in d a n e  th a n  e n d o s u l f a n  in  th e  e s tu a ry  s e d im e n t .  C o m p a r a t iv e ly  h ig h e r  
d is s o lu t io n  is  n o t  s u r p r is in g  d u e  to  h ig h e r  w a te r  s o lu b i l i ty  o f  l in d a n e  in  w a te r . 
T h is  a g a in  r e f le c ts  h ig h e r  s e d im e n t  b in d in g  p o te n t ia l  o f  l in d a n e  i r r e s p e c t iv e  o f  
its  w a te r  s o lu b i l i ty  p o te n t ia l .  E i th e r  s o rb e d  l in d a n e  m a y  b e  r e le a s e d  re a d i ly  
b a c k  in to  s o lu t io n  o r  u n - s o r b e d  a m o u n ts  o f  l in d a n e  t r a p p e d  in  in te r s t i t ia l  w a te r  
m a y  h a v e  r e le a s e d  w h e n  th e  s e d im e n t  w a s  r e - s u s p e n d e d  in  s e a w a te r  w h ile  in  
p r e p a r a t io n  fo r  e lu t r ia te .  B u t ,  o th e r  p o s s ib i l i t ie s  c a n  e x is t  th a t  c o n s id e ra b le  
f r a c t io n  o f  s p ik e d  d o s e  is  d i s s ip a te d  b y  c o m p e t i t iv e  fa te  p ro c e s s e s ,  s u c h  as 
v o la t i l iz a t io n ,  d e g r a d a t io n  a n d  a d s o r p t io n  to  c o n ta in e r  w a lls ,  etc.. 
R a m a m o o r th y  (1 9 8 5 )  h a d  c o n f i r m e d  th a t  w e t  s e d im e n t  s p ik e d  w ith  7 0 0  p g /k g  
o f  l in d a n e  r e s u l te d  in  m a x im u m  o f  0 .6  pg/1 in  w a te r  le a v in g  m a x im u m  o f  77  
p g /k g  in  s e d im e n t  a f te r  14 d a y s . H e  f u r th e r  c o n f i r m e d  th a t  in  a  s e d im e n t-  
w a te r - b io ta  t e s t  s y s te m  th e s e  v a lu e s  c a n  r e f le c t  f o r  m o re  th a n  1 0 0 -3 0 0  t im e s  
h ig h e r  c o n c e n t r a t io n  o f  l in d a n e  in  s e d im e n t  th a n  th o s e  in  w a te r .  A  r e d u c t io n  o f  
e n d o s u l f a n  b y  5 0 %  f r o m  s p ik e d  s e d im e n t  d u r in g  7 -d a y  a g in g  h a s  b e e n  
r e p o r te d  b y  Y o u  e t al. ( 2 0 0 4 )  w h e re  th e y  s p e c u la te d  th a t  d e g r a d a t io n  o r  f irm  
b in d in g  w i th  s e d im e n t  m a t r ix  h a v e  m a d e  i t  le s s  e x tr a c ta b le .  T h e  s e d im e n t  
c h a r a c te r i s t ic s  w i th  r e s p e c t  to  o rg a n ic  m a t te r  c o n te n t  in  th e  s a m p l in g  s ta t io n  
w a s  r e p o r te d  to  b e  5 .5 %  a n d  c a n  b e  c o n s id e r e d  a s  h ig h  ( P a r k p ia n  et al., 2 0 0 1 ) . 
U n d e r  th is  c o n d i t io n ,  w e  m ig h t  e x p e c t  h ig h  a f f in i ty  f o r  s o r p t io n  a n d  lo w  
p o te n t ia l  o f  d e s o r p t io n  o f  h y d r o p h o b ic  c o n ta m in a n ts  f ro m  th e  s e d im e n t  s u c h  
a s  l in d a n e  a n d  s o m e  f o r m s  o f  e n d o s u lf a n .
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( la )
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SSE-1 S SEE-2 SSEE-3 SSE-4 SSE-5
v

E n d o s u lfa n  co n c e n tra t io n  (pg/kg)

( lb )

( lc f

2

©
SSL-1 SSL-2 SSL-3 SSL-4 SSL-5  

L i n d a n e  c o n c e n tra t io n  (n g/kg)

E n d o s u l fa n  a n d  l in d a n e  c o n c e n tr a t io n

Lindane I B  Endosulfan

Figure 1. P estic id e d isso lu tion  in sed im en t und er d ifferen t dose reg im es (a) E n dosu lfan  
sp ik ed -sed im en t e lu tria te  (b) L indan e sp ik ed -sed im en t e lu tr ia te  (c) 
E n d osu lfan + L in d an e  sp ik ed -sed im en t elu triate .

Notes: SSE-1 = 50 pg/kg, SSE-2 = 100 pg/kg, SSE-3 -  400 pg/kg, SSE-4 -  1,000 pg/kg, 
SSE-5 = 2,000 pg/kg o f  endosulfan; SSL-1 = 25 pg/kg, SSL-2 = 50 pg/kg,
SSL-3 = 200 pg/kg, SSL-4 = 500 pg/kg, SSL-5 = 1,000 pg/kg o f  lindane;
SSEL-1 = 25+25 pg/kg, SSEL-2 = 50+50 pg/kg, SSEL-3 = 100+100 pg/kg,
SSEL-4 = 400+150 pg/kg, SSEL-5 = l,000+200pg/kg o f  endosulfan and lindane, 
respectively
Elutriate concentrations at 1:4 (v/v) sediment:water.
Endosulfan dissolution data based on a- and P-endosulfan isomers.
Data were not corrected for recovery; chromatographic recoveries [(surrogate standard 
measured/surrogate spiked) x 100%] ranged from 87-128% for endosulfan, 92-113% 
for lindane and 105-130% for endosulfan and lindane binary mixture.

R em obilization  o f  end osu lfan

^  F ig u r e  2  s h o w s  th e  r e m o b i l i z a t io n  o f  m a jo r  f o r m s  o f
e n d o s u l f a n  f r o m  s e d im e n t  in to  th e  a q u e o u s  p h a s e  d u r in g  e lu t r ia te  p r e p a r a t io n .  
T h e  e n d o s u l f a n  t e c h n i c a l  c o n c e n t r a te  u s e d  to  s p ik e  s e d im e n t  h a d  n e a r ly  2 :1  
(w /v )  r a t io  o f  a - e n d o s u l f a n  a n d  p - e n d o s u l f a n ,  r e s p e c t iv e ly .  A n a ly s i s  o f  
e lu t r ia te  e x t r a c t s  in  12  s a m p le s  f o r  d i f f e r e n t  c o n c e n t r a t io n s  o f  e n d o s u l f a n  
s p ik e d  in  s e d im e n t  r e v e a le d  th a t  th e  a v e r a g e  r e m o b i l i z a t i o n  r a t io  w a s  a s  s a m e
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as th a t o f  te c h n ic a l  e n d o s u lf a n ;  e v id e n t ly  6 6 .6 %  o f  a - e n d o s u lf a n  (n = 1 2 )  an d  
3 3 .4 %  o f  (3 -en d o su lfa n  (n = 1 2 )  th a t  c o m p le m e n t  th e  a b o v e  s ta te m e n t. T h e  
a b o v e  re s u lts  a re  c o n tra d ic to ry  w ith  th e  p u b lis h e d  in fo rm a t io n  th a t  a c c o rd in g  
to  P e te r s o n  a n d  B a t le y  (1 9 9 3 )  m o b il i ty  o f  (3 -en d o su lfan  in  s e d im e n t  is s lo w e r 
th a n  a - e n d o s u l f a n  b e c a u s e  o f  le s s  w a te r  so lu b il i ty  a n d  c o r re s p o n d in g ly  h ig h e r  
p a r t i t io n  c o e f f ic ie n t  (L o g  K ow). H o w e v e r , d if f e r e n t  fa te  p ro c e s s e s  a c te d  u p o n  
a - e n d o s u l f a n  s u c h  as  m ic ro b ia l  h y d ro ly s is  (S u th e r la n d  et al., 2 0 0 0 ) , c h e m ic a l 
h y d ro ly s is  a n d  v o la t i l iz a t io n  (L e o n a rd  et al., 2 0 0 1 ) , w e re  fa s te r  th a n  (3- 
e n d o s u lfa n  in d ic a t in g  lo s s  o f  a - e n d o s u lf a n ,  lo w e r in g  th e  tru e  p o te n tia l  in th e  
w a te r  c o lu m n . It h a s  b e e n  re p o r te d  th a t  d u r in g  6 -11  w e e k s  tim e  a/(3- 
e n d o s u lf a n  r a t io  w a s  r e d u c e d  f ro m  2 .2  to  1.3 f ro m  e n d o s u lf a n  s p ik e d  s e d im e n t 
u n d e r  la b o ra to ry  c o n d i t io n s  (L e o n a rd  et a l ., 2 0 0 1 ) . E n d o s u lfa n  s u lfa te , th e  
m a jo r  d e g ra d a t io n  p ro d u c t  o f  e n d o s u lfa n , w a s  a n a ly z e d  to  b e  in  an  a v e ra g e  o f  
0 .0 1 1  pg/1 (n = 1 2 )  in  th e  e lu tr ia te  e x tra c ts  w h ic h  is o n e  o rd e r  o f  m a g n itu d e  le ss  
th a n  fo r  b o th  a - e n d o s u l f a n  (> 3 5  t im e s )  a n d  (3 -en d o su lfan  (> 1 7  t im e s ) . O n e  o f  
th e  a s p e c ts  fo r  lo w  c o n c e n tra t io n  o f  e n d o s u lf a n  s u lfa te  w o u ld  be  lo w  
d e g ra d a t io n  in  s e d im e n t  u n d e r  a n a e ro b ic  c o n d it io n s  (P e te r s o n  a n d  B a tle y , 
1 9 9 3 ) a n d  p o o r  re le a s e  in to  th e  w a te r  c o lu m n . It is e x p e c te d  th a t  m o s t  o f  th e  (3- 
e n d o s u lf a n  a n d  e n d o s u l f a n  s u lfa te  in  th e  e lu tr ia te  m a tr ic e s  m a y  b e  a s s o c ia te d  
w ith  s u s p e n d e d  p a r t ic le s  w h ile  le a v in g  m o re  w a te r  s o lu b le  a - e n d o s u l f a n  in  th e  
tru e  w a te r  p h a s e  ( P e te r s o n  a n d  B a t le y , 1 9 9 3 ). T h e  r e s u lts  o f  th is  s tu d y  c o n f irm  
th a t  a f te r  v ig o ro u s  r e - s u s p e n s io n  e v e n t o f  s e d im e n t  (= e lu tr ia te ) ,  a - e n d o s u lf a n  
w o u ld  b e  th e  d o m in a n t  f r a c t io n  fo llo w e d  b y  (3 -en d o su lfa n  a n d  e n d o s u lfa n  
su lfa te  in  o rd e r  to  c a u s e  b io lo g ic a l  e f fe c ts .

D issipation in the w ater colum n

In  c o n tr a s t  to  e lu tr ia te s ,  e n d o s u lf a n  c o m p o u n d s  m e a s u re d  in  
w a te r  a f te r  9 6  h  s p ik in g  w e re  b ia s e d  to w a rd s  (3 -en d o su lfa n  w h e re  2:1 ra tio  o f  
a -e n d o s u lfa n :(3 -e n d o s u lfa n  in  th e  te c h n ic a l  c o n c e n tra te  o r ig in a l ly  a p p lie d  w e re  
t r a n s fo rm e d  in to  1 :1 .2  a n d  1:3 o f  a  a n d  (3 -isom ers, r e s p e c t iv e ly  in  d if f e r e n t  te s t 
m a tr ic e s . B o th  w a te r  m a tr ic e s  c le a r ly  s h o w e d  a n  in c re a s e  o f  (3 -en d o su lfan  
f r a c tio n  in  th e  s o lu t io n  d u r in g  9 6  h  te s t  p e r io d  c o m p a re d  to  a - e n d o s u l f a n  (F ig .
3 ). T h e  e s t im a te d  n o n l in e a r  c o r re la t io n  (p o w e r  m o d e l)  (R 2= 0 .9 9 )  b e tw e e n  (3- 
e n d o s u lf a n  c o n c e n tr a t io n s  (% ) in  tw o  in d e p e n d e n t  s p ik e d - w a te r  te s ts  w as  
s ig n if ic a n t  a t p < 0 .0 5  w h ic h  s u g g e s ts  th a t  e n v iro n m e n ta l  v a r ia b le s  d id  n o t 
d ra s t ic a l ly  a f f e c t  e n d o s u lf a n  d e g ra d a tio n . A n a ly s is  fo r  th e  m a in  d e g ra d a tio n  
p ro d u c t,  e n d o s u lf a n  s u lfa te  re v e a le d  th a t  in  th e  s p ik e d -w a te r  m a tr ix  (F ig . 3b ) 
th e re  w a s  a  s ig n if ic a n t  (p < 0 .0 1 )  c o r re la t io n  (P e a r s o n  c o r re la t io n )  b e tw e e n  
s p ik e d  to ta l  e n d o s u lf a n  a n d  e n d o s u lfa n  su lfa te  a n d  th e  c o r re s p o n d in g  
n o n lin e a r  r e g re s s io n  (p o w e r )  c o e f f ic ie n t  o f  d e te r m in a t io n  (R 2) w a s  0 .9 7 . O n e  
o f  th e  p o s s ib le  re a s o n s  fo r  c o m p a ra t iv e ly  h ig h e r  (3 -en d o su lfan  in  s p ik e d -w a te r  
te s t  m a tr ix  (F ig . 3 a )  c o u ld  b e  d u e  to  h ig h e r  p H  (7 .5 3 -7 .6 3 )  c o m p a re d  to  the  
b in a ry  m ix tu re  te s t  m a tr ix  (7 .2 6 -7 .3 3 )  (F ig . 3 b ).
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Figure 2 . E n dosu lfan  con cen tration  (includ ing the m ain d egradation  product) in 
elu tria te  test m atrices und er d ifferen t dose regim es (a) E n dosu lfan  sp iked- 
sed im en t e lu tr ia te  (b) E n dosu lfan+ L ind ane sp ik ed -sed im en t elu triate. SSE - 
0 =  U n -sp iked  (con tro l) SSE-1 =  50 pg/kg SSE -2 =  100 p g /k g  SSE -3 =  400  
pg/kg SSE -4 =  1,000 pg/kg SSE -5 =  2 ,000  pg/kg o f  endosu lfan ; SSE L -0 =  
U n -sp iked  (con tro l) SSE L-1 =  25 pg/kg SSE L -2 = 50 pg/kg SSE L -3 = 100 
pg/kg S SE L -4  =  400 pg/kg SSE L -5 =  1,000 pg/kg o f  endosu lfan .
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Figure 3. E n dosu lfan  con cen tra tion  (includ ing the m ain degradation  product) in spiked- 
w ater  test m atrices under d ifferen t dose regim es (a) E ndosulfan  sp iked-w ater  
test m atrix (b) E n dosu lfan+ L ind ane sp ik ed -w ater  test m atrix. E l/2  = 0.5 pg/l 
spike E l  =  1.0 pg/l sp ike E2 =  2.0 pg/I spike E5 =  5.0 p g # $ p ik e  E10 = 10.0 pg/l 
spike; E L I =  0.3 pg/l sp ike EL2 =  0.75 pg/l sp ike EL 3 =  1.5 pg/I spike EL4 = 
3.0  pg/l sp ike E L 5 =  6.0 pg/l o f  endosulfan .

Data were not corrected for recovery; Chromatographic recoveries [(surrogate standard 
measured/surrogate spiked) x 100%] ranged from 83-117% for endosulfan and 121-137% for 
endosulfan and lindane binary mixture.
Minimum method detection limit = 0.1 pg/l; Minimum matrix detection limit = 0.1 ng/'I.

A  s ig n i f i c a n t  lo s s  o f  e n d o s u l f a n  a n d  l in d a n e  in  w a te r  te s t  
m a t r ic e s  w a s  o b s e r v e d  d u r in g  9 6  h . T h e  m e a n  to ta l  e n d o s u l f a n  r e m a in e d  a t  th e  
9 6  h  w a s  7 .5 2 % . S o m e  o f  th e  p o s s ib le  e x p la n a t io n s  f o r  th is  f in d in g  c o u ld  b e  
d u e  to  p o s s ib le  lo s s  o f  to x ic a n ts  th r o u g h  v o la t i l i z a t io n  a n d /o r  a d s o r p t io n  to  th e  
e x p o s u r e  v e s s e l s .  B r o o m h a l l  a n d  S h in e  ( 2 0 0 3 )  s u g g e s te d  th a t  th e  d e c l in e  in  
th e  n o m in a l  v a lu e  o f  e n d o s u l f a n  c o n c e n t r a t io n  in  a  s ta t ic  n o n - r e n e w a l  t e s t  o v e r  
f o u r  d a y s  w a s  d u e  to  a d s o r p t io n  to  th e  g la s s  v e s s e ls .  In  c o n t r a s t  to  th e  lo s s  o f  
2 0 %  e n d o s u l f a n  b e tw e e n  n o m in a l  a n d  m e a s u r e d  c o n c e n t r a t io n s  d u r in g  9 6  h 
p e r io d  ( B r o o m h a l l  a n d  S h in e ,  2 0 0 3 ) ,  th e  d e g r e e  o f  d e p le t io n  w a s  a s  h ig h  as 
9 7 %  in  s o m e  e x p o s u r e  v e s s e l s  in  th is  e x p e r im e n t  ( m e a n  =  9 3 .3 % ) .  T h e re fo re ,  
it is  r e a s o n a b le  to  a s s u m e  th a t  d r a s t ic  lo s s e s  o b s e r v e d  in  e n d o s u l f a n  m a y  h a v e  
o c c u r r e d  q u i te  in s ta n t ly ,  p r o b a b ly  w i th in  f e w  h o u r s  o f  s p ik in g .

In  c o n t r a s t ,  th e  lo s s  o f  l in d a n e  w a s  lo w e r  th a n  th a t  o f  
e n d o s u l f a n  w h e r e  w i th  a  r e c o r d e d  m a x im u m  o f  9 1 %  ( m e a n  =  8 1 .9 % ) ,  s h o w s  
ty p ic a l ly  th e  p e r s i s t e n t  e f f e c t  o f  l in d a n e  o v e r  e n d o s u l f a n .  D e g r a d a t io n  o f  
l in d a n e  in  n a tu r a l  w a te r  h a s  a ls o  b e e n  in f lu e n c e d  b y  m ic r o b ia l  a c t io n  w h e re
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Sharotn et al., (1980b) demonstrated that more than 70% of the originally 
applied lindane can be diminished during 16 weeks.

From a comparison of chemical dissipation trends in test 
solutions over 96 h, it appears that the removal of carcass remains out of the 
test solutions may have affected the chemical existence in the test medium. 
The highest dissipation observed in high concentration test media may be due 
in part to the absorption by shrimp which was removed with the carcass when 
they were taken out of the test medium.

- CONCLUSIONS

-The average dissolution potential was as low as 0.23% for 
endosulfan and 1.84% for lindane indicating strong affinity for hydrophobic 
contaminants in the Chantaburi estuary sediment. The relationship of dose 
dependent endosulfan and lindane dissolution in sediment indicates gradual 
decrease of dissolution with the increase of the spiked concentration of 
sediment. The negative non-linear power regression indicates a better 
relationship for the above observation. The coefficients of determination (R ) 
for endosulfan and lindane were 0.97 and 0.87, respectively. This indicates 
that endosulfan and lindane dissolution into the water column frpm Chantaburi 
estuary sediment is rather conserved. The results confirmed that after vigorous 
resuspension event of sediment, a-endosulfan would be the dominant fraction 
followed by p-endosulfan and endosulfan sulfate in order to cause biological 
effects. However, the aboVe—observation masks the possibility of latent 
biological effects caused by some forms of endosulfan adsorbed onto colloidal 
particles. . It is proposed that beyond speculations the exact mode of 
mechanism of adsorption-desorption should be experimented to assess the 
relative contribution o f toxicants under controlled environments. In contrast to 
elutriates, (3-endosulfan was the dominant form of compound in water after 96 
h. Although there was no exact, mechanism deduced for drastic depletion of 
endosulfan and lindane from test medium over relatively short duration of 
time (i.e., 96 h), competing fate processes such as volatilization and sorption 
to surfaces of the container walls in addition to sorption to test organisms have 
depleted compounds from the water column. This study highlights the fact that 
test matrix components ultimately control the availability of a chemical in an 
aquatic system. Toxicity experiments designing in aqueous test matrices 
should consider chemical fate processes in determining exposure 
concentrations of the test chemical and interpreting data of test results.
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