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S ince  the  i n t r o d u c t i o n  of DDT as  a pes t i c ide  in the  la te  1930s  a n d  the  
subsequent  development of other organochlorine pesticides, the residues of these 
compounds have been found in many parts of the world (George et  at 1966, Kelth 
1966,  H a t t u l a  e t  at  1978, Plonke e t  at  1968}. Thei r  p e r s i s t e n t  a n d  blo-  
accumulative properties in the aquatic environment have led to the discontinued 
usage of most  of these organochlorine pesUcides in the agricultural sector. The 
lipophlllc nature  and low chemical and biological degradation rates of many  of 
these organochlorlne pesticides lead to the accumulaUon of these compounds in 
biological t issues and subsequent  magnification of concentrations in organisms 
progressing up the food chain (Me Ewen et  at 1979, Kennedy et at 1970, Moore et 
al 1964}. 

Malays ia  is a c o u n t r y  in which  large a reas  of its l and  have  been  u s e d  for 
agriculture. Rubber and oil palm are two major plantation crops which occupy 
3.8 million hectares covering 70% of the total agricultural land area. In addition 
to this, rice-growing is also an  important  agricultural  activity contr ibut ing to 
nearly 60% of the country ' s  supply of its annual  rice consumption.  The use of 
pest icides in the agricultural  sector in Malaysia has  been increasing over the 
yea r s  with some of the organochlor lne  pest ic ides  s u c h  as l indane  (-/-HCH), 
endosulfan and dieldrin still being permitted for use {Pesticides Board 1991). 

An earlier study has  been carried out to monitor the fate of these organochlorlne 
pest icides with regard to the residue levels in water  samples  from two major  
r ivers  f lowing t h r o u g h  r ice-growing a reas  on the  west  coas t  of P e n i n s u l a r  
Malaysia [Tan 1999.). 

The p r e s e n t  s t u d y  was  carr ied out  to m easu re  the extent  of env i ronmen ta l  
contamination by these organochlorine pesticides in river waters from Peninsular 
Malaysia. Water samples were collected from different stat ions along 25 major  
rivers in Peninsular Malaysia (Figure 1} from 1990 to 1991. 
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Figure l: Major river basins of peninsular Malaysia. 

MATERIALS A N D M E T H O D S  

An Eyela rotary vacuum evaporator was used for concentrat ing the sample 
extracts ,  A Shimadzu  GC 9A fitted with an electron capture  detector  (ECD) 
suitable for on-column injection and connected to a Shirnadzu CR 3A integrator 
was employed for all gas chromatographic analysis in this study. Column : 2m x 
3 m m  ID glass ,  coa ted  with 1.5% SP-2250 /1 .95% SP-2401 on Supe lcopor t  
(100/120 mesh}. 

The use of high puri ty reagents and solvents helped to minimize interference 
problems. The Impurity levels of all solvents and reagents used did not exceed 
an  acceptable  b lank  when subjected to the complete procedure  wi thout  the 
sample. The solvents used in this study were obtained from various sources and 
were of different purities. 
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S t a n d a r d s  - all organochlor ine  pesticide s t anda rds  used  in th is  s t u d y  were 
obtained from USEPA, Cincinnati, Ohio. All s tandards came in a stock solution 
of I00 ug /mL of 99.8% purity. For calibration purposes, a portion of these stock 
so lu t ions  was  diluted and  a series of s t andard  mixtures  were prepared.  All 
s t anda rd  so lu t ions /mixtures  were stored in Teflon-lined screw capped amber  
bot t les  at  4~ These so lu t ions /mix tu res  were checked month ly  for s igns of 
degradation or evaporation. Standard mixtures were replaced after 3 months.  

The grab sample technique was used whereby the water was collected from the 
river and  filled into amber bottles. Water samples were collected in duplicates 
and were acidified to pH2 with sulfuric acid to eliminate biological activity in the 
water. The water samples were kept at ambient temperature (approx. 26-30~ 
and  t h e n  t r anspo r t ed  back  to the labora tory  for s u b s e q u e n t  ext rac t ion  and  
analysis. Prior to the solvent extraction procedure the water samples were also 
filtered to remove any suspended material or sediment. 

All glassware in this  procedure was washed with hexane. 250 mL of the river 
w a t e r  s amp le  was  ex t rac ted  with 3 x 8 mL of hexane .  The e x t r a c t s  were 
combined and collected in a 250 mL round bot tomed flask and concent ra ted  
u s i n g  a r o t a r y  v a c u u m  e v a p o r a t o r  to a b o u t  10 mL for  F lor i s i l  c o l u m n  
chromatography clean-up. 

Florisil column chromatography clean-up was used for fractionation of organo- 
chlorine pesticides from the water samples by elution with solvents of increasing 
polarity. The chromatographic columns (50cm x 15ram I.D} were slurry packed 
with 7g Florist activated at 450~ overnight, made into a 1.5% v/w water/Florist  
with distilled water  and stirred for 3 hours  before use. Approximately 0 .5cm 
a n h y d r o u s  sodium sulfate was placed at the top of the co lumn to absorb any 
water In the sample or the solvent. 

The co lumn was  pre-eluted with 60mL of pet roleum ether. J u s t  prior to the 
exposure  of the sod ium sulfate layer to the air, the wash ings  from the f lask 
containing the distilled off solvent was placed into the column and allowed to 
s ink  below the sod ium sulfate layer. A total  of 200mL pe t ro leum ether  was 
poured into the column and the eluate was collected in a round  bot tom flask. 
The elution was done with 5 different solvent mixtures, each a total of 200mL 
(100% pet. ether, pet. ether/ 6% diethyl ether, pet. ether/15% diethyl ether, 50% 
pet. ether/diethyl ether and 100% diethyl ether). 

The eluates were then evaporated to dryness using a rotary vacuum evaporator 
and  the res idues  were dissolved in 2 mL GC grade hexane for gas  chromato-  
graphic analysis. 

The separation and quantification of the pesticide residues were performed with 
the Sh imadzu  GC 9A fitted with an  electron capture  detector  (ECD) us ing  a 
mixed phase  glass  co lumn (G.P. 1.5% SP-2250/1 .95% SP-2401 on I 0 0 / 1 2 0  
Supelcopor t ,  2m x 3m m I.D.) which was  pu rchased  from Supelco Inc. The 
operat ing tempera tures  were: injector and detector, 250~ oven tempera ture  
was maintained at 180~ for 13 minutes, then programmed at 5~ to 190~ 
and held there for 3 minutes before being raised to 200~ at the rate of 10~ 
and held at 200~ for 11 minutes. Nitrogen was used as the carrier gas at a flow 
rate of 50mL/min. The sample size was 2 ul. 

The direct comparison technique using external s tandards  was chosen for this 
s tudy  because  the pesticides identified in the samples clearly ma tched  known 

353 



o r g a n o c h l o r i n e  pes t ic ide  s t a n d a r d s  based  on the i r  r e t e n t i o n  t imes .  The 
c o n c e n t r a t i o n  of pes t ic ide  res idues  in the water  was  ca lcu la ted  us ing  the 
formula. 

where 

C ( u g / L )  - 
W x A  1 x V  I 

A xV xV 3 

W : ng pesticide standard; 
A z : peak area of standard 
Al : peak area of sample; 

V 2 : volume of extract injected, uL 
V l : extract volume, mL; 
V 3 : volume of sample extracted, mL 

RESULTS AND DISCUSSION 

An earlier s tudy has shown that the recovery of these organochlorine pesticides 
from spiked reagent  water and river water via solvent extraction with hexane 
followed by Florisll co lumn  c h r o m a t o g r a p h y  c l ean -up  exceeded 80% with 
min imum amoun t  of s tandard  deviation (Tan, 1992). Recovery from fortified 
samples  of river water  were: 93.0% for a-HCH; 97.0% for I~-HCH; 95.0% for 
lindane; 103.0% for p,p'-DDE; 85.0% for p,p-DDT; 88.0% for heptachlor; 91.0% 
for endosulfan I; 93.0% for endosulfan II and 98.0% for dieldrin. 

Hence this method for preconcentration of the organochlorine pesticide residues 
was adopted in the present survey. 

Table 1 shows the analysis results of the organochlorine pesticide levels from 
water samples in 25 major rivers in Peninsular Malaysia. DDT and heptachlor  
were found in almost all the rivers. For the river systems flowing through major 
rice-growing areas - Sg. Merbok, Sg. Muda, Sg. Bernam, Sg. Selangor - the levels 
of t-DDT were substant ia l ly  higher t han  those from the rivers along the east  
coas t  of Pen insu la r  Malaysia - Sg. Kemaman,  Sg. Kerteh, Sg. D u n g u n ,  Sg. 
Te rengganu ,  Sg. Besu t  and  Sg. Kelan tan  (see Figure 1). This  could  m o s t  
probably be due to the fact that  DDT was very widely used in these regions for 
the malarial eradication programme before its usage was discontinued and also 
to the fact that  it is very highly stable with low degradeabillty. 

The results for endosulfan also show a similar trend whereby the residue levels in 
water samples from rivers in the rice-growing areas - Sg. Perlis, Sg. Merbok, Sg. 
Muda, Sg. Peral, Sg. Bemam and Sg. Selangor - were all much higher than those 
from non rice-growing regions. For most of the rivers along the east coast of Penin- 
sular Malaysia, the levels of endosulfan were not detectable. Endosulfan is still a 
widely used pesticide in the paddy fields for pest control. 

These results  for endosulfan in the rice-growing regions - Sg. Bernam and Sg. 
Selangor - have been confirmed from the monitoring studies carried out from 
J u n e  1989 to Ju ly  1990 (Tan, 1992). The high levels of DDT and endosulfan in 
these rivers from the rice-growing areas have all exceeded the critical level of 4 
ng /L and 10 ng/L, respectiveluy, as specified in the Malaysian Interim Standards 
for aquatic life {Goh et al, 1986). 

354 



Table 1 : Levels of organochlorine pesticides (OCPs) in peninsular Malaysian rivers 

No. River 
Residue Levels(ng/L) 

Total 
t-HCH t-Endo Hept. t-DDT Dieldrin OCPs 

1. Sg. Perils 30 159 11 33 nd 233 
2. Sg. Kedah 50 25 16 42 11 144 
3. Sg. Merbok 32 111 15 35 15 207 
4. Sg. Muda 60 145 16 69 nd 290 
5. Sg. Perai 65 110 26 48 15 264 
6. Sg. Juru  54 47 18 52 rid 171 
7. Sg. Perak 9.4 1.3 5.3 25 2.8 44 
8. Sg. Bernam 320 62 120 190 39 731 
9. Sg. Selangor 280 310 100 110 47 847 
I0. Sg. Klang I . I  0.4 nd 9.5 4.0 15 
1 I. Sg. Linggi 2.7 nd 0.1 7.8 1.3 12 
12. Sg. Melaka 3.9 33 16 74 3,0 130 
13. Sg. Muar nd 9.3 22 122 2.5 154 
14. Sg. Batu Pahat nd I0 10 100 1.6 122 
15. Sg. Tebrau 1.4 1.0 29 59 14 104 
16. Sg. Johor nd 13 11 65 34 123 
17. Sg. Mersing 4.0 47 10 88 2.6 152 
18. Sg. Pontian 7.7 12 13 44 8.8 85 
19. Sg. Pahang 0.9 nd 3.7 10 nd 15 
20. Sg. Kemaman 6.1 nd 4.0 0.3 nd 10 
21. Sg. Kerteh 2.3 nd 2.1 0.1 nd 5 
22. Sg. Dungun 0.3 nd 0.3 0.1 nd 1 
23. Sg. Terengganu 1.1 nd 1.0 0.2 nd 2 
24. Sg. Besut 0.2 nd 0.4 lad nd 1 
25. Sg. Kelantan 0.5 nd 1.0 1.1 nd 3 

nd = not detected (le below detection limit); t-HCH = ct-HCH + ~-HCH + ~/-HCH 
t-DDT = p,p'-DDE + p,p'-DDT; t-Endo = endosulfan I + endosulfan II 

Similarly the residue levels of HCH, dieldrin and heptachlor in Sg. Perils, Sg. Kedah, 
Sg. Merbok, Sg. Muda, Sg. Peral, Sg. Bernam and Sg. Selangor have exceeded the 
critical levels for aquatic life. 

From this  s tudy  it is apparent  that  the ability for aquat ic  life such  as fish to 
propagate  in these rivers may be adversely affected by the presence  of these 
organochlorine pesticide residues. 

The present study shows that the continued usage of certain pesticides such as 
lindane (T-HCH) and endosulfan in agriculture has been a contributing factor to the 
high levels in some river systems. Generally most of the other rivers in Peninsular 
Malaysia are still relatively free from organochlorine pesticide contamination espe- 
cially those along the east coast (Table I). 

The results of this survey show that while the levels of organochlorine pesticides in 
most  rivers are still tolerable in terms of quality for domestic use, some of those 
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r ive r s  f lowing t h r o u g h  m a i n l y  r lce-growing  a r e a s  have  exceeded  the  levels  to 
mainta in  aquatic life. 

A more  extensive monitoring programme has  been planned to confirm the presen t  
survey results.  This will Include the collection and analysis  from sediment  samples  
in the rivers. 
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