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A COMPARISON OF SAMPLE PREPARATION TECHNIQUES FOR THE 
DETERMINATION OF AN ORGANO-PHOSPHOROUS 

PESTICIDE FROM WATER USING REVERSE-PHASE HPLC 

Wi l l i am A. Saner and James G i l b e r t  
U.S. Coast Guard Research and Development Center 

Avery Point, Groton, Connecticut 06340 

ABSTRACT 

A methylene ch lo r i de  l i q u i d / l i q u i d  e x t r a c t i o n  and Sep-Pak 
c18 c a r t r i d g e  adsorpt ion techniques were used t o  q u a n t i f y  the  
pes t i c ide ,  Dursban, i n  contaminated environmental water samples. 
Resul ts showed a la rge  d i s p a r i t y  between Dursban l e v e l s  using 
these two techniques, due p r i m a r i l y  t o  the  presence o f  a l a rge  
adsorbed f r a c t i o n  o f  pes t i c ide .  
used t o  i s o l a t e  the p a r t i c u l a t e  f r a c t i o n ,  which can subsequently 
be s t r i pped  o f  i t s  adsorbed p e s t i c i d e  compliment by means o f  a 
methanol r i nse .  Las t l y ,  t he  f i l t r a t e  f rom the  Sample C l a r i f i c a -  
t i o n  K i t  may be t race  enriched on a Sep-Pak c18 Car t r i dge  t o  
i s o l a t e  the d isso lved f r a c t i o n  o f  pes t i c ide .  

A Sample C l a r i f i c a t i o n  K i t  was 

INTRODUCTION 

An accidental  re lease o f  the  organo-phosphorous pes t i c ide ,  
Dursban ( 0-0-di e t h y l  -0- [3,5,6-tr i c h l  oro-2-pyr i  dy l ]  -phosphothioate, 
f i g u r e  1) t o  the  environment resu l ted  t rom a t i r e  i n  a chemical 
packaging p l a n t  i n  F lo r i da .  The ensuing ground contaminat ion and 
leach ing  necessi tated determining the ex ten t  o f  contaminat ion i n  
a nearby waterway t o  al low a s p i l l  mapping o f  concent ra t ion  
gradients a t  the packaging p l a n t  s i t e  f o r  clean-up work. 

e levated concentrat ions o f  the p e s t i c i d e  can e x i s t  i n  water on l y  
i f  i t  i s  e i t h e r  adsorbed onto p a r t i c u l a t e s  suspended i n  the water 

However, due p r i m a r i l y  t o  i t s  extreme hydrophobic i ty,  
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1754 SANER AM) GILBERT 

FIGURE 1 

S t r u c t u r e  o f  Oursban 

column o r  d i s s o l v e d  i n  t h e  hydrophobic  p o r t i o n  o f  an o i l / w a t e r  
emulsion. 

phosphorous p e s t i c i d e ,  Abate, was added t o  pond water ,  t h i s  
r e s u l t e d  i n  i t s  a d s o r p t i o n  on to  suspended o r g a n i c  m a t t e r .  T h i s  
a d s o r p t i o n  caused an i n i t i a l  r a p i d  decrease i n  t h e  c o n c e n t r a t i o n  
o f  d i s s o l v e d  Abate. O tsuk i  e t  a l .  ( 2 )  a l s o  recogn ized  t h e  

a d s o r p t i o n  phenomenon o f  Abate and r e l i e d  upon t h e  use o f  an 
e m u l s i f i e r  t o  fo rm m i c e l l e s  t o  keep a homogeneous p e s t i c i d e / w a t e r  
s o l u t i o n  and a v o i d  a d s o r p t i o n  on to  suspended p a r t i c u l a t e s  such as 
b a c t e r i a  and algae. 

The p o s s i b i l i t y  o f  Dursban behaving s i m i l a r l y  t o  Abate, 
i.e., becoming adsorbed on to  p a r t i c u l a t e s ,  p a r t i c u l a r l y  f o r  

h i g h - c o n c e n t r a t i o n  env i ronmenta l  samples, i n  a d d i t i o n  t o  a l s o  
e x i s t i n g  i n  a d i s s o l v e d  (non-adsorbed) c o n d i t i o n ,  n e c e s s i t a t e d  
e x t r a c t i o n  techniques which c o u l d  address b o t h  adsorbed and 

d i s s o l v e d  p h y s i c a l  s t a t e s  o f  t h e  p e s t i c i d e .  Fur thermore,  i n  some 
cases, on-scene clean-up c o u l d  be made b o t h  more e f f e c t i v e  and 
l e s s  compl icated,  s imp ly  by  mechanica l  f i l t r a t i o n  o f  t h e  contami-  

na ted  water body t o  remove a s u b s t a n t i a l  f r a c t i o n  o f  t h e  adsorbed 
p e s t i c i d e .  T h i s  can be determined o n l y  i f  t h e  sample p r e p a r a t i o n  
techniques r e f l e c t  b o t h  p o t e n t i a l  p h y s i c a l  s t a t e s  o f  t h e  con- 
t a m i n a t i o n  a t  hand. These techn iques  i n c l u d e d  a l i q u i d / l i q u i d  
e x t r a c t i o n  u s i  ng methy l  ene c h l o r i d e ,  t r a c e  enr  tchment u s i  ng 
Sep-Pak CI8 c a r t r i d g e s ,  and mechanical f i l t r a t i o n  f o l l o w e d  by  
e x t r a c t i o n  o f  r e t a i n e d  p a r t i c u l a t e s  u s i n g  a Sample C l a r i f i c a t i o n  

Henry e t  a l .  (1) found t h a t  when a s i m i l a r  organo- 
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DETERMINATION OF AN ORGANO-PHOSPHOROUS PESTICIDE 1755 

Kit. 
quantitate the Dursban contents. 

Reverse-phase liquid chromatography was used to isolate and 

EXPERIMENTAL 

Apparatus 

A Perkin-Elmer Series 3 liquid chromatograph was used in 
combination with a Waters 440 Absorbance Detector, Micrometitics 
725 Auto-injector, and a Perkin-Elmer Model 56 recorder. A 
Oupont ZORBAX-ODS analytical column (0.46 cm x 50 cm) together 
with a Whatman guard column (0.46 cm x 7 cm), packed with C0:PELL 
ODS, comprised the liquid chromatographic supports. 

Operating Conditions 

A four-segment gradient from water to acetonitrile, at a 

T1 -- 
T2 -- 25 minutes -- curve 1.0 -- 30% to 50% acetonitrile 
T3 -- 20 minutes -- curve 3.0 -- 50% to 80% acetonitrile 
T4 -- 15 minutes -- curve 1.0 -- 80% to 99.9% acetonitrile 
A solvent purge of 99.9% acetonitrile for 15 minutes dura- 

tion followed the above gradient prior to returning to 99.9% 
water for 15 minutes equilibration prior to the next injection. 

monitored effluent at 280 nm. All separations were carried out 
at room temperature. 

flow-rate of .1 mL/min, was used: 
5 minutes -- curve 0.5 -- 0.1% to 30% acetonitrile 

The strip chart operated at 0.5 cm/min. The UV detector 

Reagents 

Baker HPLC water was used as received; spectroquality 
acetonitrile (MCB AX 142) was first filtered through Millipore 
0.5 mu filters (FHUP04700) prior to use in the chromatograph. 
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1756 SANER AND GILBERT 

Spectroqual i t y  methanol (MCB MX488) and methylene c h l o r i d e  (MCB 

DX831) were used f o r  sample prepara t ion  i n  con junc t ion  w i t h  a 

M i l l i p o r e  Sample C l a r i f i c a t i o n  K i t  (equipped w i t h  FHLP 01300 
f i l t e r s )  and Waters Sep-Pak C18 ca r t r i dges .  An au thent ic  
Dursban standard was obtained from the  Environmental P ro tec t i on  

Agency, T r iang le  Park, NC. The c l a y  minera l  standard A t t a p u l g i t e  

#43, from #3 Pit, Attapulgus, GA, was obtained from Ward's 
Natural  Science Establ ishment , Rochester , NY. 

Samp 1 e Preparat ion 

L iqu id /L iqu id  Ex t rac t i on  Using Methylene Ch lor ide  

Twenty-f ive mL a l i quo ts  o f  f i v e  environmental water samples 

were withdrawn from near the top  po r t i ons  o f  the  sample conta in -  
ers a f t e r  a l low ing  the p rev ious l y  i nve r ted  samples t o  stand f o r  
about 20 minutes. (This permi t ted  l a r g e  pieces o f  i nso lub le  
residue t o  s e t t l e  ou t  and no t  be . inc luded w i t h  the  sub-samples 
taken f o r  pes t i c ide  ex t rac t i on . )  The a l i q u o t s  were ex t rac ted  i n  

a 125 mL seperatory funnel  by shaking tw ice  w i t h  two 20 mL 
po r t i ons  o f  methylene ch lo r i de .  

each water sample were f i l t e r e d  through D r i e r i t e  ( i n d i c a t i n g  mesh 

s i z e  8) contained i n  a g lass - f i be r  f i l t e r  (Reeve Angel grade 
934AH). 

methylene c h l o r i d e  r inses.)  
by r o t a r y  evaporat ion a t  35OC and 15 i n .  mercury vacuum. 

concentrated ex t rac ts  were adjusted t o  2 .5  mL volumes w i t h  
methylene c h l o r i d e  before chromatographing 100 UL amounts. 

The two combined e x t r a c t s  f o r  

(The D r i e r i t e  and f i l t e r s  were pre-ex t rac ted  using 
The d r i e d  e x t r a c t s  were concentrated 

The 

Trace Enrichment Usins Sep-Pak Car t r idges  

The ca r t r i dges  were r i n s e d  p r i o r  t o  use w i t h  10 mL po r t i ons  
o f  a c e t o n i t r i l e ,  then methanol. 

packing and remove from it any organic contamination.) 

(This serves t o  wet the  c18 
Ten mL o f  
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DETERMINATION OF AN ORGANO-PHOSPHOROUS PESTICIDE 1757 

Baker HPLC water served as a final rinse to remove residual 
organic solvent left from the pre-rinses so that no dilution of 
the actual water sample by the pre-rinse solvents could occur 
during the first part of the enrichment step. This allowed the 
adsorption of Dursban onto the C18 packing to take place for 
the entire 20 mL sample. (The use of a water pre-rinse i s  
unnecessary for larger sampling volumes since the dilution 
becomes insignificant.) 
prior to removal of the 20 mL aliquots from each so that a 
proportional sampling of all entrained particulates, including 
"large" pieces, was included. 
the cartridges at about 20 mL/minute flow by means o f  a hand-held 
syringe. 
remove residual water, followed by a 2 mL methanol rinse to 
recover adsorbed compounds from the cartridge. 100 JJL injections 
were made from these final methanol rinses. 

The water samples were inverted just 

The water samples were applied to 

Ten mL of room air was applied to the cartridges to 

Preparation of an Attapulgite Clay - Dursban - Contaminated 
Suspension and Extraction of the Clay Fraction for Adsorbed 
Dursban and the Water Fraction for Dissolved Dursban 

Attapulgite clay mineral standard was pre-cleaned of organic 
contamination by means of successive rinses with methylene 
chloride, methanol, and acetonitrile. The air-dried clay was 
then suspended in 100 UL of deionized water on a magnetic stirrer 
to result in a 0.5% suspension. Dursban concentration of 1 ppm 
in the suspension was made by the addition of 100 UL of a 1000 
ppm Dursban-in-methanol standard solution. The pesticide suspen- 
sion was stirred for forty minutes prior to removal of a1 quots 
for determination of adsorbed pesticide. Fluoropore filters (0.5 
mu), as supplied for use with a Sample Clarification Kit, were 
used for filtering the clay fraction from the water after first 
extracting the filters (and pre-filters) with methylene chloride 
then acetonitrile. 10 mL aliquots of the Dursban suspension were 
removed and filtered. The particulates isolated from the water 
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a l i q u o t s  on t h e  f 
f i r s t  w i t h  one mL 
c h l o r i d e .  100 LIL 
i n j e c t e d  i n t o  t h e  

SANER AND GILBERT 

l t e r  d i s c s  were e x t r a c t e d  f o r  adsorbed Dursban 

o f  methanol ,  t h e n  w i t h  one mL o f  methy lene 
o f  t h e  combined 2 mL r i n s e  s o l u t i o n s  were 
l i q u i d  chromatograph. 

The p a r t i c u l a t e - f r e e  f i l t r a t e s  (20 mL) f r o m  two o f  t he  above 
desc r ibed  f i l t r a t i o n s  were combined and e x t r a c t e d  f o r  d i s s o l v e d  

Dursban u s i n g  t r a c e  enr ichment  through a Sep-Pak C18 c a r t r i d g e  
desc r ibed  e a r l i e r .  

RESULTS AND DISCUSSION 

D e t e r m i n a t i o n  o f  E x t r a c t i o n  E f f i c i e n c y  f o r  Dursban f r o m  Water 
Using Methy lene C h l o r i d e  E x t r a c t i o n  and Sep-Pack c18 C a r t r i d g e  
Adsorp t i on  

I n  o r d e r  t o  determine t h e  e x t r a c t i o n  e f f i c i e n c i e s  of the 

above-menti oned techniques For removal and r e c o v e r y  o f  Dursban 
f r o m  water samples, t h e  e x t r a c t i o n  e f f i c i e n c y  f o r  " d i s s o l v e d "  
(non-adsorbed) Dursban was determined u s i n g  p a r t i c u l a t e - f r e e  
d e i o n i z e d  wa te r .  A Dursban s tandard  i n  methanol (1000 ppm) was 

used t o  a d j u s t  c o n c e n t r a t i o n s  o f  Dursban i n  water ,  i . e . ,  10 ppm, 

1 ppm, and 100 ppb. Table 1 l i s t s  t h e  e x t r a c t i o n  e f f i c i e n c i e s  

TABLE 1 

E x t r a c t i o n  E f f i c i e n c i e s  ( X I S )  f o r  Methy lene C h l o r i d e  
L i q u i d / L i q u i d  E x t r a c t i o n  and Sep-Pak C18 A d s o r p t i o n  

Techniques f o r  Dursban i n  De ion ized  Water 

PPM Dursban MeC 1 2 Sep-Pak c18 
i n  Water 1 2 5  mL sampl ing volume) 120 mL sampl ing volume) 

10.0 
1.0 
0.1 

97.4 
89.1 
91.3 - 

89.7 
104.5 
90.8 - 

- 
x = 92.6 

4: r e 1  s t  dev = 4.3 

- 
x = 95.0 

= 8.7% 
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DETERMINATION OF AN ORGANO-PHOSPHOROUS PESTICIDE 1759 

for the two techniques. 
equally effective at removing Dursban from particulate-free 
water. Assuming a negligible effect on the efficiency of either 
extraction technique due to the possible presence of an adsorbed 
pesticide fraction, then closely similar calculated concentra- 
tions of Dursban in the environmental water samples should result. 

Both are very comparable, and nearly 

Comparison of Methylene Chloride Liquid/Liquid Extraction and 
Sep-Pak C ~ R  Cartridge Adsorption for Dursban in Environmental 
Samples 

Figure 2 shows the liquid chromatograms resulting from 100 
UL injections of the Sep-Pak adsorption of Dursban from environ- 
mental samples 2 and 3 and the methylene chloride extractions o f  

the same samples. Since injection volume, detector sensitivity, 
and concentrating factor (the volume of extraction solvent 
relative to the volume of water extracted, i.e., X10 for both 
techniques) are the same in all chromatograms, then the heights 
o f  the eluting Dursban peak should be the same for any particular 
water sample. However, the chromatogram of sample 3, Sep-Pak- 
adsorbed, contains a tremendously increased amount of Dursban 
relative to the methylene chloride extract. 
the heights for the Dursban peaks for sample 2 are much more 
comparable . 

extractions and Sep-Pak adsorptions for the five environmental 
samples are listed in table 2. Results show large variability 
between samples, yet consistently greater concentrations of 
Dursban for the.water samples using the Sep-Pak adsorption 
technique. The greatest discrepancy between the two techniques 
is for sample 3, where the Sep-Pak concentration is a factor o f  
50X greater than that for the methylene chloride. 
for water sample 4, however, show only a factor of 1.25X increase 
of Dursban from Sep-Pak over that in the methylene chloride 
extract. 

On the other hand, 

Dursban concentrations calculated from the methylene chloride 

The results 
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FIGURE 2. Sep-Pak Adsorption and Methylene Chloride Extraction 
of Dursban (see arrows) from Water Samples 2 and 3. (The 1OX 
notation denotes the concentrating factor for Dursban above the 
original Dursban concentration in water. 
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DETERMINATION OF AN ORGANO-PHOSPHOROUS PESTICIDE 1761 

TABLE 2 

Dursban Concentrations ( p p b )  Determined in Environmental 
Water Samples Using a Methylene Chloride Liquid/Liquid 

Extraction and Sep-Pak c18 Cartridge Adsorption Techniques 

SAMPLE 
1 2 3 4 5 
- 8 0  4u 4(J I0 

MeC Sep- l6 ak 14,100 250 1,900 50 200 

These differences in Dursban levels ,  dependent on the sample 
preparation, must ultimately be traceable to  the presence of an 
adsorbed Dursban fraction since the extraction efficiency for  
non-adsorbed Dursban from part iculate-free water, over a compar- 
able Dursban concentration range, showed minimal differences for 
these two extraction techniques ( tab le  1).  The reduced methylene 
chloride extraction capabili ty for Dursban could be due t o  e i ther  
(or both) a loss of some of the larger par t iculates  t o  sedimenta- 
t i o n  before ranoval of the aliquots for  extraction (with methy- 
lene chloride) and/or the reduced capabili ty of t h i s  solvent t o  
s t r i p  suspended par t ic les  OF the i r  adsorbed Dursban compl iments. 

Conversely, the Sep-Pak cartridges acted no t  only t o  adsorb 
Dursban from the water f ract ion of the sample (dissolved and 
emulsified), b u t  a l so  acted as mechanical f i l t e r s  by retaining 
the par t iculate  fraction. This resulted i n  an accumulation of 
sediment a t  the cartridge in le t .  The par t iculates  were subse- 
quently co-extracted for  adsorbed organic compounds simultaneous- 
ly  w i t h  the c18 packing i n  the body of the cartridge by means 
of the 2 m L  methanol rinse or iginal ly  intended t o  desorb organic 
compounds only from C18 packing i t s e l f .  

Determination of Adsorbed and Dissolved Dursban from a WaterlClay 
Suspension 

Neither the organic nor inorganic par t iculate  f ract ions of 
the environmental samples were exactly comparable from one sample 
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1762 SANER AND GILBERT 

t o  t h e  nex t .  Furthermore, i t  was r e a l i z e d  t h a t  t h e  o r g a n i c  pa r -  

t i c u l a t e s ,  e s p e c i a l l y ,  are p rone  t o  v a r i a b i l i t y  and consequen t l y  
app rox ima t ing  t h i s  p o r t i o n  o f  t h e  p a r t i c u l a t e  f r a c t i o n  i n  t h e  
l a b o r a t o r y  i n  o rde r  t o  s tudy  i t s  Dursban-adsorpt ion c a p a b i l i t y  

would be o f  d o u b t f u l  a p p l i c a b i l i t y .  On t h e  o t h e r  hand, t h e  i n o r -  
gan ic  c o n t e n t  o f  t h e  p a r t i c u l a t e  f r a c t i o n  f r o m  t h e  env i ronmen ta l  

water  samples can be approximated, and s h o u l d  have i n c l u d e d  a 
c o n s i d e r a b l e  f r a c t i o n  o f  c l a y .  The p a r t i c u l a t e  c l a y  m i n e r a l ,  

A t t a p u l g i t e ,  i s  found i n  a v e r y  l o c a l i z e d  geograph ica l  area o f  
t h e  c o n t i n e n t a l  U n i t e d  States,  p r i m a r i l y  encompassing sou the rn  
Georg ia and n o r t h e r n  F l o r i d a .  Since t h e  env i ronmen ta l  samples 
were c o l l e c t e d  i n  J a c k s o n v i l l e ,  wh ich  l o c a t i o n  i s  w i t h i n  t h i s  

g e o l o g i c a l  c l a y  depos i t ,  t h e  l i k e l i h o o d  o f  A t t a p u l g i t e  c l a y ' s  
presence i n  t h e  samples i s  v e r y  h igh .  Consequently, a s t u d y  t o  
determine any changes i n  e x t r a c t i o n  e f f i c i e n c y  f o r  Dursban u s i n g  
methy lene c h l o r i d e  e x t r a c t i o n  and Sep-Pak a d s o r p t i o n  was under- 

taken u s i n g  a p a r t i c u l a t e - c o n t a m i n a t e d  wa te r  which con ta ined ,  
wi th  h i g h  p r o b a b i l i t y ,  a ma jo r  p a r t i c u l a t e  p r e s e n t  i n  t h e  
o r i g i n a l  env i ronmenta l  water  samples. 

I n  a d d i t i o n ,  t h e  p robab le  presence o f  carbonates i n  t h e  

env i ronmenta l  samples was a l s o  r e a l i z e d .  However, due t o  a v a s t  
r e d u c t i o n  i n  s u r f a c e  area f o r  a d s o r p t i o n  ( r e l a t i v e  t o  t h e  c l a y )  

and a s u r f a c e  charge d i s t r i b u t i o n  which i s  v e r y  non-conducive t o  
a d s o r p t i o n  o f  n e u t r a l  molecules,  carbonates were n o t  i n c l u d e d .  

The p r e p a r a t i o n  and e x t r a c t i o n  o f  Dursban f rom 0.5% A t t a p u l g i t e  
c l a y  suspension i n  water  was per formed as p r e v i o u s l y  desc r ibed .  

f rom t h e  c l a y  suspension was o r i g i n a l l y  p lanned t o  be determined 

by b o t h  t h e  methy lene c h l o r i d e  e x t r a c t i o n  and Sep-Pak a d s o r p t i o n  
techniques.  However, t h e  Sep-Pak c a r t r i d g e s  a l l owed  passage o f  
some o f  t he  c l a y  f i n e s  d u r i n g  t h e  enr ichment  s tep,  a p p a r e n t l y  due 
t o  some f i n e s  b e i n g  t o o  smal l  t o  be f i l t e r e d  o u t  by  t h e  c a r t r i d g e .  
Therefore,  i n  o rde r  t o  i s o l a t e  any adsorbed p e s t i c i d e  f r a c t i o n ,  a 
mechanical f i l t e r i n g  o f  10 mL a l i q u o t s  o f  t h e  Dursban-spiked 
suspension was per formed u s i n g  a Sample C l a r i f i c a t i o n  K i t ,  

The d e t e r m i n a t i o n  o f  b o t h  d i s s o l v e d  and adsorbed Dursban 
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described e a r l i e r .  
c l a r i f i c a t i o n  k i t  f i l t e r s ,  and ensuing increase i n  resistance, 
t h e  sampling volumes were l i m i t e d  t o  10 mL of t he  c l a y  suspen- 

s ion . )  

suspension) provided a recovery o f  7.5 ug p e s t i c i d e  per f i l t e r  
(15.0 ug o f  p e s t i c i d e  from 20 mL o f  suspension). Since a t o t a l  

o f  20.0 ug o f  p e s t i c i d e  was present i n  20 mL o f  suspension ( a t  
the 1 ug/mL, 1 ppm Dursban concent ra t ion  l e v e l  s p e c i f i e d  f o r  the  
suspension) then a recovery o f  15.0 ug from the c l a y  f r a c t i o n  

represents a t  l e a s t  75% o f  the  t o t a l  Dursban present i n  an 

adsorbed phys ica l  s ta te .  
Recently, Rogers e t  a l .  (3 )  have demonstrated the  adsorp t ion  

o f  benzene on mon tmor i l l on i te  c lay .  I n  a d d i t i o n  t o  adsorpt ion o f  

ions, A t t a p u l g i t e  c l a y  has a lso  been shown capable o f  adsorp t ion  
o f  neut ra l  molecules. The adsorpt ion o f  non-polar compounds, 

(Due t o  the  bu i l dup  o f  p a r t i c l e s  on the  

The Sample C l a r i f i c a t i o n  K i t  f i l t e r s  (two f i l t e r s ,  20 mL of 

such as hydro 
Nederbragt ( 4  
A t t a p u l g i t e  c 

cons idera t ion  
s ince some so 

arbons, onto A t tapu lg i te ,  was demonstrated by 
. Consequently, the  adsorpt ion of Dursban by 
ay i s  not t o t a l l y  unexpected. 

should be given t o  the  choice o f  e x t r a c t i n g  so l ven t  

vents are incapable o f  thoroughly w e t t i n g  the  

However, care fu l  

ex te rna l ,  and p a r t i c u l a r l y ,  the  i n t e r n a l  channels o f  the c lay .  

As a consequence, the s t r i p p i n g  o f  adsorbed organic compounds 
from the c l a y  may be' s u b s t a n t i a l l y  incomplete. The choice o f  
methanol as a s t r i p p i n g  so lvent  i s  p a r t i c u l a r l y  appropr ia te  due 

not on ly  t o  i t s  m i s c i b i l i t y  w i t h  water, bu t  a lso t o  i t s  p a r t i c u -  
l a r l y  e f f e c t i v e  c lay -we t t i ng  a b i l i t y  owing t o  the  a l c o h o l i c  
hydroxyl  group-clay i n t e r a c t i o n .  

Sample C l a r i f i c a t i o n  K i t  f i l t e r s  r e s u l t e d  i n  a recovery o f  5.3 ug 
o f  Dursban. 
and 5.3 ug non-adsorbed) represents complete recovery of a l l  

Dursban using these two complimentary techniques. 

suspension was a1 so determined f o r  t he  methyl  ene c h l o r i d e  1 i qu i  d/ 

The Sep-Pak adsorpt ion o f  the 10 mL f i l t r a t e s  passed by the  

Thus a t o t a l  o f  20.3 ug p e s t i c i d e  (15.0 ug adsorbed 

The e f f i c i e n c y  o f  e x t r a c t i o n  o f  Dursban from the  c lay lwa te r  
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l i q u i d  e x t r a c t i o n  techni'que, us ing  25 mL (con ta in ing  25 ug 

p e s t i c i d e )  of t he  same 1 ppm Dursban-in-clay suspension. An 
o v e r a l l  e x t r a c t i o n  o f  82% was obtained, w i t h  a recovery o f  20.5 

ug. 
c lay .  The remaining nan-adsorbed f r a c t i o n  (25%) represents 6.3 
ug pes t ic ide .  Using a 93% ( t a b l e  1) e x t r a c t i o n  e f f i c i e n c y  f o r  

the methylene c h l o r i d e  e x t r a c t i o n  o f  Dursban from p a r t i c u l a t e -  
f r e e  water, then 5.8 ug (0.93 x 6.3 ug) o f  t he  t o t a l  recovered 

Dursban (20.5 ug) ex i s ted  i n  a non-adsorbed cond i t ion .  The 
remaining 14.7 ug o f  Dursban (20.5 ug - 5.8 ug) represents a 78% 
recovery o f  the t o t a l  18.8 ug (0.75 x 25 ug)  o f  adsorbed p e s t i -  

c ide  present i n  25 mL of the  water /c lay  mix tu re .  

However, 75% of the  p e s t i c i d e  present was adsorbed onto the  

CONCLUSION 

The d i s p a r i t y  i n  ca l cu la ted  Du.-sban concent ra t ions  between 
methylene ch lo r i de  l i q u i d / l i q u i d  e x t r a c t i o n  and Sep-Pak adsorp- 
t i o n  techniques i s  due p r i m a r i l y  t o  the  presence o f  a l a rge  
adsorbed f r a c t i o n  o f  the p e s t i c i d e  i n  the environmental water 
samples. The lower concentrat ions r e s u l t i n g  from the  methylene 
c h l o r i d e  e x t r a c t i o n  could be due t o  a p a r t i a l  loss  o f  p a r t i c u -  

l a t e s  (and t h e i r  compliment o f  adsorbed p e s t i c i d e )  t o  sedimenta- 

t i o n  o f  the water samples p r i o r  t o  removal o f  the a l i q u o t  f o r  
ex t rac t i on .  Add i t i ona l l y ,  methylene c h l o r i d e  demonstrated a 
reduced c a p a b i l i t y  t o  s t r i p  adsorbed p e s t i c i d e  from a c l a y  
mineral  sediment r e l a t i v e  t o  i t s  a b i l i t y  t o  e x t r a c t  t h e  non- 
adsorbed pes t i c ide  from water (78% versus 93%). 

adsorbed s ta te ,  no s e t t l i n g  o f  the p a r t i c u l a t e s  should be al lowed 
t o  occur before removal o f  any sub-samples f o r  ana lys is .  

The use o f  a Sep-Pak f o r  adsorpt ion o f  non-adsorbed Dursban 
resu l ted  i n  nea r l y  complete recovery. However, a f i l t r a t i o n  o f  
the i nso lub le  f r a c t i o n  from the  water samples and bu i ldup a t  the 
i n l e t  s ide  o f  t he  ca r t r i dge  dur ing  t h e  sampling (enrichment) step 
i t s e l f  was the pr imary mode o f  removal o f  Dursban from the water 

Since a la rge  p ropor t i on  o f  p e s t i c i d e  may e x i s t  i n  an 
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samples, and no t  one o f  enrichment on the  c a r t r i d g e ' s  CI8 
pack i ng . 

The u t i l i z a t i o n  o f  bo th  a Sep-Pak c a r t r i d g e  f o r  adsorpt ion 
a f t e r  a p r e l i m i n a r y  f i l t e r i n g  step us ing  a Sample C l a r i f i c a t i o n  
K i t ,  a l lows the determinat ion o f  both adsorbed and non-adsorbed 

f r a c t i o n s  o f  t he  p e s t i c i d e  w i t h  e f f e c t i v e l y  complete recovery. 
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