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Abstract: In this study we evaluated the persistence of diazinon, chlorpyrifos, profenofos, parathnon, malathion
and ethion in dead coral tissues of Indonesian coastal waters (Java, Bali, Sulawesi and Komodo). Comparison
of the residue levels in coral tissues showed that the highest presence of organophosphate concentrations
was detected in a coral sample collected from Java coastal waters. While medium amounts of a contaminant

diazinon can still lead to detectable m Bal and Sulawesi coastal waters.

Promment contamination of

organophosphate was not found in a sample collected from Komodo. Neither parathion nor malathion were
detected in any of the samples. This result implies that the geographical variations of organophosphate
compounds are determined by the possible usage of these chemicals around coastal waters at the present or
n the past. There 1s need for further work to identify sources and fate of pesticide contaminants, as well as to

umprove monitoring of pesticide use.
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INTRODUCTION

Indonesia is the world's largest archipelagic country
with approximately 17,508 islands containing valuable
coastal and marine resources such as coral reefs. About
85,707 km’ or 14% of total corals in the world extending all
the way in the Indonesian sea (Tomascik et al., 1997).
Coral reefs are some of the most productive ecosystems
on earth and are certainly the most productive and
species-rich environments in the oceans (Verory, 1986). It
has commonly been known that in developing countries,
reefs near coastal areas, are under serious stress from
coral minmng, cyamde, blasting and land pollution in
particular agricultural runoff as the results of the
application of pesticides to control the pests and weeds.
The use of pesticides, herbicides and fungicides in
Indonesia began when the government launched
plantation rehabilitation programme m the 1960°s.
Consequently, large-scale application of these toxic
materials in agriculture areas can contribute to the

presence of those compounds in surface and ground
water, lakes, estuary and ultimately in the coastal areas.

Organophosphates are being increasingly used to
substitute for the organochlorines due to their rapid
breakdown into environmentally safe products. Most of
this compounds have far more immediate toxicity than
DDT and other related products (Wolterding, 1981) and
their entry into the sea, might be, poses many challenges
to the existing coral reefs and even to live m this vicimty
in general. There are more than thirty different active
compounds of organophosphate pesticides on the market
today and they each cause acute and sub-acute toxicity
(Table 1). However, there is a lack of information available
on those pesticide effects to the coral reefs. In the tropical
areas, studies on pesticide occurrence in environmental
samples are rare and focus mainly on organochlorine
pesticides (Caldas et al., 1999; Botello et af., 2000), which
have been banned from use m most countries during the
last two decades. Glynn et al (1984) reported that
herbicides 2.4-D and 2,4.5-T can have a deleterious effect
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Table 1. Organophosphate most commonly used in intensive agriculture in

Indonesia

Trade name Active compounds Pesticide

Kasumiron Fosdifen Fungicide
Rizolex Methyl tolcoflos Fungicide
Alugan Pyrazolos Fungicide
Aliette Aluminium focethyl Fungicide
Basta Amonium glufosinat Herbicide
Arozin Anylophos Herbicide
Polaris Ethylen diamine glyphosat Herbicide
Roundup Mono ammonium glyphosat Herbicide
Touchdown Sulfosat Herbicide
Komando IPA glyphosat Herbicide
Amcotene Asefat Insecticide
Merothion Ethion Insecticide
Kanon Dimetoat Insecticide
Agrothion Phenythrotion Insecticide
Dharmasan Fentoat Insecticide
Anthic Phormothion Insecticide
Zolone Fosalon Insecticide
Monitor Metamidofos Insecticide
Dyvon Trichlorfon Insecticide
Profile Profenofos Insecticide
Voltage Pyrachlofos Insecticide
Tokuthion Protiofios Insecticide
Mestakwin Kuinaflos Insecticide
SNIP Azametifos Insecticide
Neocido Diazinon Insecticide
Minawet Pyrimifos methyl Insecticide
Supracide Metidation Insecticide
Karphos Isoksation Insecticide
Dursban Chlorpyrifos Insecticide
Silosan Methyl pyrimifos Insecticide
Rugby Methyl pyrimifos Nematicide
Nemacur Fenamifos Nematicide
Rhocap Ethrophos Nematicide

on corals, at relatively low concentrations and for short
term. Jeffers er al. (1997) showed that herbicide 2, 4-D is
known to have lethal effects on corals such as the
Montastrea annulais species. Contact with this herbicide

110° 115°

has caused 100% mortality of the coral within 24 h of
exposure. Furthermore, the most abundant coral species,
Pocillopora damicornis, had the highest mortality due to
mecoprop herbicidal exposure (Cruz et al., 1997). No
reports was found on the study of organophosphate
pesticides on coral reefs. The purpose of this study was
to detect the presence of organophosphate residues in
coral tissues of Indonesian coastal waters.

MATERIALS AND METHODS

Sample collection: Sampling sites were located on Java,
Bali, Sulawesi and Komodo islands. Figure 1 shows the
sampling sites. Specimens of the dead corals were
collected randomly between May and June 2006 by scuba
diving at depths of 2 to 3 m, broken away with chisel and
hammer and placed in plastic bag submerged in sea water.
Upon collection coral fragments were put into sterile
plastic bags (Whirl-Pak, Nasco, USA) and immediately
brought to our laboratory with dry-ice. In laboratory,
corals were dried in room temperature, ground and sieved.
Fraction of particles less than 2 mm size was used for
chemical analysis. Oceanographic parameters such as
temperature, salinity, visibility, current speed, pH and
dissolved oxygen concentration. Coral condition were
also measured by using Line Intercept Transect (LIT)
technique to assess the sessile benthic community of
coral reefs (UNEP/AIMS, 1993).

Sample analysis: Approximately 10 g of air-dried coral

samples were placed in a conical flask and 100 mL
ethyl-acetate was added. The tissue was shaked gently
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Fig. 1: Sampling sites in Indonesian coastal waters
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for 2 h. The ethyl-acetate digest was washed with acid
water to remove the acetone and decanted. The extracts
were combined and dried over 1 g of acidified anhydrous
sodium sulfate. Then the extracts were transferred to
evaporator tube and concentrated in water bath. The
concentrated extracts were removed from the water bath
and allowed to cool. The samples were then analyzed by
gas chromatography.

After extractions, the samples were then analyzed
by gas chromatograph Model Hitachi 163, FPD
(Flame Photometer Detector) and mtrogen High Pure
(HP) was used as the carrier gas. A1 m glass colunn
(3 mm ID) packed with 10% Silikon DCZ200 on 80-100 mesh
Supelcon was used. Gasflow at 50 ml min™", column
temperature at 200°C, detector temperature at 230°C and
the ijector temperature at 230°C were mamtained.

RESULTS

Organophosphate pesticides used in Indonesia: The most
commonly used pesticides in Indonesia were
organophosphates,  carbamates, phenoxy, triazine,
bipyridilium and pyrethroids, in that order, with very few
organochlorines (Table 1). There are more than 550
pesticides that were registered and permitted to be sold
freely on the market today (Indonesian Pesticide
Comimission, 1999).

Oceanographic and coral conditions: The oceanographic
conditions among four sampling sites are still good for
coral growth and development. However, the corals are in
poor condition, except for Komodo Island (Table 2). Coral
condition could be classified into four categories:
excellent (76-100% coral cover), good (51-75% coral
cover), fair (25-50% coral cover and poor condition (0-25%
coral covers) (Gomez and Yap, 1988).

Recovered  pesticide residues: Four  selected
organophosphates, diazinon, chlorpyrifos, profenofos
and etluon were detected in dead coral tissues in varying
concentrations and frequencies of occurrence. None of

the pesticide residues were detected in coral samples from

Table 2: Oceanography parameters of sampling sites
Sampling site

Oceanography

parameter Java Bali Sulawesi Komodo
Temperature (°C)  27.33+0.57  25.66+0.57  26.00£0.00 27.00+0.00
Salinity (°/,,) 35.66+0.57  34.66+0.57  35.00+£0.00 36.00£0.00
Visibility (m) 3.33£0.57  15.33+1.52 5.00+1.00 e
Current (m/sec) 0.53+£0.57 1.204+0.10 0.34£0.10  0.00£010
pH 8.33£0.57 8.00+0.00 8.00£0.57  8.00£0.00
DO (mgL™) 4.660.00 7.66+0.57 7.00£0.00  8.00£0.00
Coral covers (%)  11.45+1.71  29.67+2.52  21.67+3.55 64.81+7.26

Table 3: Range, fiequency of occurrence and meantstandard deviation of
organophosphate pesticide residue levels (ug kg™) in corals from
Indonesian coastal waters®

Organophosphorus - Sampling site

Java Bali Sulawesi Komodo
Diazinon 37.93-40.24 12.71-13.39 2044-24.10 BD

4/4 2/4 34

39.43+1.06 13.05£0.48 22.17+2.73
Chlorpyrifos 41.22-44.87 2476 21.54-23.25 BD

4/4 14 2/

42.88+1.61 24.76 22.3941.21
Profenofos 11.21-23.35 BD 12.31-14.10 BD

34 2/4

17.35+6.07 13.20+1.67
Parathion BD BD BD BD
Malathion RD RD RD BD
Ethion 12.23-13.11 13.22 BD BD

34 14

12.63+£0.44 13.22
*10 ug kg~! = lowest working concentration (below which residues

could not be quantified)"Residue levels given on wet weight basis.
Mean was calculated for positive samples. “Total samples =4; BD, =below
detection

Komodo coastal waters. Two other target compounds in
this study, parathion and malathion, were below the limit
of detection (Table 3).

DISCUSSION

Organophosphate compounds are among the most
widely used pesticides. There are about 33 active
compounds organophosphate  pesticides
(Table 1). Contammation of coastal waters by these
compounds 1s of concern because of potential toxicity to
marine organisms, especially to those at the coral
ecosystem. In this study we evaluated the presence of
diazinon, chlorpyrifos, profenofos, malathion, parathion
and ethion in coral tissues from four different islands in
the Indonesian coastal waters. Chlorpyrifos had the
highest concentration of any pesticide detected in dead
coral tissues. Diazinon was detected at concentration
averaging similar to chlorpyrifos (Table 3). Concentration
of these two organophosphorus pesticides, diazinon and
chlorpyrifos, were also detected in Bali and Sulawesi , but
at lower concentrations. Bondarenko et af. (2004) reported
that the persistence of diazinon and chlorpyrifos was
much longer than that of malathion or carbaryl and was
further prolonged in seawater. Moreover, microbial
degradation contributed significantly to the dissipation
of diazmmon and chlorpyrifos m freshwater, but was
inhibited in seawater, leading to increased persistence
(Bondarenko et al., 2004). Two other pesticides were also
found in this study: profenofos and ethion. Both of them
were detected in Java. Two other target compounds in
this study, parathion and malathion, were below the limit
of detection. This is probably because of their relatively
short half-lives, whereby they do not remain active n the

used as
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environment for long (Lalah and Wandiga, 1996). In
addition, degradation of malathion and carbaryl was rapid
and primarily abiotic (Bondarenko et al., 2004) . Prominent
contaminations of organophosphates were not found in
a sample collected from Komodo and not surprisingly, this
sampling site a pristine area.
However, 1t does not mean that lack of organophosphate
residues 1n samples does not necessarily indicate lack
of impact of organophosphate compounds on the
environment. They may still impact on the aquatic system
mn the short term, before they break down to non-toxic
products. This result mmplies that the geographical
variations of organophosphate are determined by the
possible usage of these chemicals around coastal
waters at the present or in the past. However we couldn’t
attributed that organophosphate played a role m the
Indonesian coral death. Further research is needed in
order to ascertain the exact manner by which the
organophosphate affects the coral to be able to fully
understand the observations mn this study.

was assumed to be
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