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Contamination by organochlorine pesticides from rivers
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ABSTRACT: The contamination of organochlorine pesticides (OCPs) from the selected rivers in Okinawa Island
was investigated to estimate the current status of pollution in water, plants and surface sediments in these rivers. The
Aja River, Asato River, Houtoku River, Kokuba River and Okukubi River were selected for this study. The concentration
of the total pesticides were in the range of 0.94-231.8 ng/L in river water, 0.006-191.6 ng/L dry weight in river
sediments and 0.001-55.8 ng/L dry weight in plants. Among the OCPs, ZHCB of a-BHC,3-BHC and Aldrin were the
common detected compounds in river water. The a-BHC, Aldrin and Dieldrin were the most frequent detected
compounds in river sediments and o-BHC and Dieldrin were the common OCPs detected in plants. Aldrin, Dieldrin
and XHCB were in abundance. Various contamination patterns between the selected river water, sediments and plants
were observed. Aja River, Asato River and Houtoku River were contaminated with o,f3,8,y- BHC, Aldrin and Dieldrin
(water and sediments) whereas the main OCPs in Kokuba River and Okukubi River were Dieldrin (plants) The OCPs
levels in all rivers were generally below guideline values in Japan, but some sites displayed levels which exceeded the
EC and WHO Standards for Aldrin, Dieldrin and o,3-BHC.
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INTRODUCTION

Contamination of the environment by
organochlorine pesticides (OCPs) is of a great concern.
They are noted for their persistence, bioaccumulative
and toxicity characteristics in the environment. These
compounds have been or continue to be used in large
quantities. Although it is undisputed that OCPs are
essential in modern agriculture, there is growing
concern about the toxic side effects of these chemicals
that pose a potential threat to the environment. Due to
their widespread use, these compounds are detected
by determination of their residues in various
environmental matrices such as water, air, sediments,
soil, vegetation and biota (Kang, et al., 2001). An
organochlorine pesticides (OCPs) residue reaches the
aquatic environment through direct run-off, leaching,
equipment washing and careless disposal of empty
containers etc. (Miliadis, et al., 1993). These OCPs
including the group of DDT (dichloro-phenyl-
tricholoroethane), isomers of BHC (hexachlorobenzene),
aldrin, dieldrin, endrin, chlordane, toxaphene, endrin,
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heptachlor, heptachlor epoxide, Methoxychlor and HCH
(hexacyclochlorobenzene) Some third world countries
are still using chlorinated pesticides because of their
low cost versatility in industry, agriculture and public
health (Tanabe, etal., 1994). In Vietnam, the prohibition
of these substances was first issued in 1993, but some
studies showed that DDTs were detected in their
highest concentration (Hung, et al., 2002). In Taiwan,
a recent study showed that there still exist a variety of
OCPs residues in the rivers which DDT and HCHs were
the dominant OCPS compounds (Doong, et al., 2003).
The River Wuchuan, China, OCPs were found in various
environmental matrices (Zhang, et al., 2002). Even
developed countries including Germany, the
prohibition of OCPs was effective 25 years ago, but
DDTs were still detected in canal waters (Hung, et al.,
2002). In USA, Europe (Germany, Russia), Africa
(Egypt) as well as Asia (China), the presence of OCPs
in surface waters, sediments, biota and vegetations
have been investigated in detail (Castilho, et al.,
2000; Jiang, et al., 2000; Zhulidov, et al., 2000; Samia,
et al., 2000). In Japan, the using of these OCPS has
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been prohibited inthefield in the 1970-1980 (Nakai,
et al., 2004). However, recent studiesreconfirmed that
OCPsresidues are still environmentally persistence
in nature (Nakamura, et al., 2004). The Riversin
Okinawa Idand are polluted from various sources
(Okinawa Prefecture Basic Plan, 2002). River
improvements focused only on flood control have
also disputed the river ecosystems. Aja River, Asato
River and Houtoku River are surrounded by
residential areas. Okukubi River runs through the
Okukubi wetland. The Okukubi estuary isintensively
cultivated and the wastewater from agricultural
activitiesis accumulated and then discharged to the
estuary. The Kokuba River runs through Manko
Estuary which isanother wetland in Okinawa. Kokuba
River islocated near to Naha (cacpital city of Okinawa
Idand) commercial services and naval port for US
Military and Japanese Coastguard. Most of these
rivers provide habitat for the native fish such as
Killifish (Oryzias latipes) and Paradise fish
(Macropodus opercul aris) which are now significantly
thinning (Okinawa Prefecture Basic Plan, 2002). The
objective of this study was to determine the
contamination level of OCPs in water, plants and
sedimentsfrom selected riversin Okinawa lsland by
determining the possible sources and to el ucidate the
contamination status of OCPsin theserivers.

MATERIALSAND METHODS
Sampling and sample processing

Samples from Aja River (AJ), Asato River (AS),
Houtoku River (Ho), KokubaRiver (Ko) and Okukubi
(Oku) were collected in October 2005-June 2006. The
location of the sampling stationsis shown in Fig. 1.
Eight sampling stations have been established along
each river (upstream and estuary) and four samples
werecollected from each station. Water sampleswere
taken using 2 L glass bottles. The vials were pre-
cleaned with soap, rinsing with ultrapure water (Milli
Q plus 185) then with acetone (Kanto Chemical Co.
Inc) and placed them in theoven at 150 °Cfor 1.5 h.
Water sampleswere pre-filtered through 0.45um fiber
glass filters (WHATMAN) to remove debris and
suspended materials. Samples were preserved by
adding 5mL of concentrated H,SO, to avoid biological
activity. The preservative did not show any
interference with OCP compounds. Surface sediment
sampl eswere collected with agrab sampler. The upper
15 cm of the surface sedimentswere carefully removed

and stored in 1 L glass vials. Plant samples were
collected using plant cutter and stainless steel
tweezers, storedin 1L glassvias. All samples(water,
surface sediments, plant) were transported to the
laboratory and werestored at -20 °C until extraction.

Sample extraction

Pre-filtered water samples (1L ) were processed using
a Solid Phase Extraction (SPE) technique. Methanol
(Kanto Chemical Co. Inc) wasadded to thewater sample
and Surrogate Standard (4, 4 -Dibromaophenyl) (5 pg/L)
were added to all samples (water, surface sediments,
plant) to allow better extraction (Golfinopoulos, et al.,
2002). Prior totheextractions, theAgilent SPE cartridges
(ENVI-18) werefirst conditioned with 5mL of Methanadl
followed by 5mL of acetoneand 5 mL of Milli Q water.
The water samples (1L) were passed through the
cartridges at a flow rate less than 10 mL/min. The
cartridges were not allowed to become dry as
recommended by theAgilent SPE manual. Thesamples
were well mixed and allowed to flow through the
cartridges with a flow rate of 6-0 mL/min. Following
extraction, the cartridges were eluted with 5 mL of
acetoneand 5mL of Milli Qwater and then centrifuged
at 1000-1500 rpm for 5min. The cartridgeswereeluted
with 3 mL of acetone and the dried extracts were
collected and reduced to avolume of 2 mL under gentle
blow of nitrogen. Surface sediment and plant samples
wereextracted by ultrasonication. Prior to extraction,
surface sedimentswerefreezedried, homogenized with
a stainless spatula, and then mixed with anhydrous
Na,SO,. The samples wereextracted twicewith 10 mL
Dichloromethane, followed by centrifugation for 15min
and then evaporated on a rotary evaporator near to
dryness. The residues for determining OCPs were
dissolvedin 1 mL of Hexane. Plant sampleswereresized
intosmall pieces, and mixedit with 50 mL of acetonitrile.
The samples were homogenized for 5 minutes after
adding 10 g NaCl and NaSO,. Followed by
centrifugation for 5 minutesand then evaporatesunder
clean nitrogen with water bath at 35 °C. Extraction was
processed using ENVI Carb SPE tubes. The el ution of
OCPswith acetonitrile: toluene(3:1). The sampleswere
concentrated under rotary evaporator. A 1mL of Internal
Standard (Pentachloronitrobenzene, 10 pg/L) wasadded
toall samplevialsbefore GC analysis.

Sample analyses
The OCPs residues were analyzed by Hewlett
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Packard Gas Chromatograph 6890 Plus, with amicro-
cell electron capture detector (WECD), an autosampler
and Chem Station software. A30mx 0.32mmi.d x 0.25
um film thickness fused silica capillary column HP 1
was used for the chromatographic separation of
pesticides. The oven temperature program was
programmed from 80 °Cto 190 °Cat 25 °C/min, 190- 280
°Cat 5°C/min, then 280 - 300 °C at 25 °C/min and held
at 300 °C for 2 min. The OCPs compounds were
confirmed using GC-MS. Chlorinated Pesticides
Standards (19 compounds each at 500 pg/L) and
Internal Standard (Pentachlorobenzene, 100 ug/L) were
obtained from AccuStandard. The Stock solutionswere
diluted with ethyl acetateto prepareworking standards
which were later used to prepare calibration standards
intherange of 0.1-25 pg/L . All solventsused for sample
analyses (hexane, ethyl acetate, acetone, toluene,
acetonitrile, methanol) were of Pesticidegrade.

Analytical quality control

Thequality control includestheanalysis of Okinawa
Trough sediments (open ocean) as sediment blanks,
blanks (Milli Qwater), pre-extracted and spiked river
water, sediments and plant samples (10 ug/L) (N=8)
and duplicate analysis of samplesfrom each sampling
site shows good recoveries as shown in Table 1. All
spiked samples consists of all reagents were exposed
to all glassware and equipments, and undergoes
through the same extraction procedures were run to
check for interference compounds. None of the target
compounds were detected. The gas chromatogram of
OCPs Standards and samplesareshown in Figs. 2 and
3 respectively.

RESULTS

Numerous studies of OCPs in the environment of
Japan have been carried out in different environmental
matrices, including plants, biota, soil, sediments and
water. The present sudy have been undertaken in order
to provide the preliminary information on the
concentration of OCPsin river water, plantsand surface
sediments from selected riversin Okinawaldand for
the first time and to investigate their contamination
level. The detected compounds were Aldrin,a,3,8,y-
BHC, Dieldrin, Heptachlor epoxide (isomer B) and
Methoxychlor. Theresultsfor the detection of OCPsin
water, plantsand sedimentsareshownin Table2. The
values shown in thetableindicatethe range, mean and
standard deviation of concentration during the period

of sampling (October 2005-June 2006). Thetotal OCPs
concentration for the sel ected riversranged from 0.94
ng/L-231.8 ng/L (water), 0.006-191.6 ng/g (plants) and
0.001-55.8 ng/g. Thetotal concentration of OCPsin the
selected rivers is shown in Fig. 4. The highest
concentration of organochlorinepesticideswere 94 ng/L
(Aldrin) (Ho) (water), 91 ng/L (a-BHC) (AJ) (water), 84
ng/L (B-BHC) (AJ) (water), 23.5 ng/L (3-BHC) (Ko0)
(water), 60 ng/L (y-BHC) (As) (water), 178.7 ng/g (Oku)
(plant), 38 ng/L (Heptachlor epoxide) (Ko) (water), 56
ng/L (Methoxychlor) (AJ) (water). In Aja River, the
highest concentration of OCP was 91 ng/L (a.-BHC)
(water) (December 2005), followed by 84 ng/L (B-BHC)
(water) (November 2005). The mean concentration of
OCPwas103.1+86.4 ng/L (water), 11.8+ 18.7 ng/g
(plants) and 7.6 + 5.0 ng/g (sediments). In Asato River,
thehighest concentration of OCPwas 60 ng/L (3-BHC)
(water) (October 2005), followed by 58.9 ng/L (Aldrin)
(water) (December 2005). The mean concentration of
OCPwas87.3 79.4 ng/L (water), 0.11+ 0.2 (ng/g) (plants)
and 23.9 + 20.5 ng/g (sediments). For Houtoku River,
the highest concentration of OCPwas 94 ng/L (Aldrin)
(water) (December 2005), followed by 90 ng/L (Aldrin)
(water) (October 2005). Themean concentration of OCP
was 85.3 77.8ng/L (water), 0.12 + 0.09 ng/g (plants)
and 2.6 + 2.9 ng/g (sediments). Aja, Asato and Houtoku
Riversare all located within theresidential area. The
OCPSfrom the areamaybe washed into theseriversby
rainfall. Since OCPSfrequently volatilizeinto theair.
Depending on their stability, they can betaken upinto
the atmosphere and transported long distances. They
may then return to the ground through rainfall. For
Kokuba River and Okukubi River, both of which runs
though Manko Estuary and Okukubi Estuary. In Kokuba
River, the highest concentration of OCP was 56 ng/L
(Didldrin) (water) (November 2005), foll owed by 40 ng/
L (a-BHC) (water) (November 2005). The mean
concentration of OCPwas84.9+ 62.4 ng/L (water), 28.1
+13.5ng/g (plants) and 1.9 + 1.4 ng/g (sediments). In
addition, the highest concentration of OCPs detected
in Okukubi River was 178.7 ng/g (Did drin) (plants) (June
2006), followed by 39 ng/g (Methoxychl or) (June2006).
The mean concentration of OCP was 0.9 + 0.2 ng/L
(water), 57.9 + 90.9 ng/g (plants) and 0.6 + 0.5 ng/g
(sediments). It is suggested that the sources of these
OCPsmaybe comefrom agricultura activities(Okukubi)
and commercia and naval ports (Kokuba). The most
detected OCPcompoundswereAldrin, aBHC and b-BHC
(water), (sediments) and aBHC and Diddrin (plants) In
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Fig. 3: Gas Chromatogram of water sample from Aja River (January 2006)

Table 1: Mean Recovery (%), Relative Standard Deviation (RSD) (%), Limit of Detection (LOD) for OCPs. (N = 8)

Water Plant Sediment
Compound Recovery RSD LOD Recovery RSD LOD Recovery RSD LOD
(%) (%) ng/L (%) (%) ng/g (%) (%) ng/g
Aldrin 78 20 0.12 94 16.9 0.29 72 151 034
o-BHC 75 111 0.23 86 11.2 0.59 76 165 0.32
B-BHC 85 12.8 0.06 81 15.4 0.37 82 222 091
y-BHC 82 10 0.13 70 15.8 0.32 87 143 0.86
3-BHC 80 15 0.04 79 15.6 1.04 63 105 0.95
Dieldrin 84 12.6 0.08 64 16.8 156 68 148 042
Heptachlor 91 14.3 0.03 67 55 0.41 68 138 0.26
epoxide
M ethoxychlor 79 15.8 0.59 67 12.8 0.09 76 754 0.35
Internal 95 20.4 0.03 80 16.8 0.17 96 172  0.03
Standard
Table 2: OCPs concentrations in water, plant and sediments from the selected rivers in Okinawa
Water Plant Sediment
Compound Range (ng/L) SD Range (ng/g) SD Range (ng/g) SD
Mean Mean Mean

Aldrin <LOD -9%4 19.1 27.3 <LOD -334 16.7 236 <LOD-3.0 14 15
o-BHC <LOD-91 15.9 214 ND ND ND <LOD-19.8 47 6.6
B-BHC <LOD -84 19.3 20.1 <LOD-057 0.2 0.3 <LOD -89 438 59
y-BHC <LOD -60 119 10.2 ND ND 10 ND ND ND
3-BHC <LOD -235 17.2 19.0 ND 191 ND 200-31 28 0.8
Dieldrin <LOD -56 134 16.1 <LOD -178.7 38.2 69.2 <LOD-6.0 2.6 19
Hept_achlor <LOD — 60 8.90 17.1 ND ND ND ND ND ND
epoxide

Methoxychlor  <LOD —-56 8.90 15.9 <LOD-39.02 19.2 178 <LOD-0.6 0.4 0.3
Internal <LOD —94 19.1 27.3 <LOD -334 16.7 236 <LOD-3.0 14 15

Standard

<LOD: Less than the limit of detection

ND: Not detected
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some samples, the concentration of OCPs was higher
178.7ngg* (Diddrin) (plants) (Okukubi) (June2006) than
thequalitativetarget level sat by the Japanese Ministry
of Environment and WHO.

DISCUSSION AND CONCLUSION

Thisstudy providesthe preliminary information on
the current contaminati on status of the selected rivers
in Okinawalsland. The OCPswhich have been detected
wereAldrin, Diddrin,a,3,8,y-BHC, Heptachl or epoxide
(isomer B) and Methoxychlor. In some sites, the
concentration detected were higher than the
permissibleleve set by the Japanese Minigtry of Health
and Environment and WHO especially for the cases of
Aldrin, a-BHC and 3-BHC (water), (sediments), o-BHC
and Dieldrin (plants).The possible sources of these
OCPcompoundsarefrom residential areas (Aja, Asato,
and Houtoku), commercial and naval ports (Kokuba)
and agricultural activities (Okukubi). The OCPs may
bewashedintoriversby rainfall. Surface water, plants
and sediments may receive OCP sprays either
intentionaly (e.g. in order to control insectsand water
weeds) or unintentionally (e.g. when crops are sprayed
near rivers or streams). These compounds are very
stable substances and their long residencetime; there
isagreat interest in examining the pollution they cause.
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