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Chapter 13
Persistent Toxic Substances in the Environment of Indonesia
Agus Sudaryanto™, Shin Takahashi and Shinsuke Tanabe

Abstract

Although Indonesia has been using vast amounts of chemicals for
accelerating its economic development as well as for combating var-
ious vector borne diseases, the state of knowledge on toxic pollutants
in the country is not much understood, due to lack of information,
limited financial resources etc. Regional and nationwide monitoring
studies indicate that the levels of most studied compounds, including
classical organochlorines and butyltins in the environment of
Indonesia are generally low when compared to global contamination
levels and guideline standards. However, there is also a concern on
wildlife and human health due to elevated levels of DDTs (the major
contaminants) and tributyltin, particularly in the locations which are
close to human activities such as ports and harbors, urban centers and
areas of intensive agriculture. There is limited information on
temporal trends for most contaminants, however, it was found that
DDTs and PCBs exhibited declining levels in Indonesian environment
with time. New environmental challenges are also emerging in
Indonesia, such as contamination of coastal and terrestrial ecosys-
tems by brominated flame retardants (BFRs). Recent investigations
on BFRs revealed that PDBEs and HBCDs are widespread in the
environment and concentrations may increase in future. Overall,
this chapter provides an overview of the levels, occurrences and
distributions of PCBs, organochlorine pesticides, BFRs and organotins,
and their possible impacts on the environment of Indonesia.

13.1. Introduction

Growth in industrial, agricultural and many other activities caused by
increasing human population has resulted in a rapid increase in inputs of
anthropogenic chemicals into the environment, including the chemicals
that are generally referred to as “‘persistent toxic substances” (PTS).
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Substances in this category are diverse. Many of the substances of great-
est interest are organic compounds characterized by persistence in the
environment, resistance to degradation, and acute and chronic toxicity.
In addition, many are subject to atmospheric, aquatic or biological
transport over long distances and are, thus, globally distributed, and
detectable even in the areas where they have never been used. The lip-
ophilic properties of these compounds cause their bioaccumulation in
tissues of living organisms leading to body burdens that pose potential
risks of adverse health effects. The persistence and bioaccumulation of
PTS may also result in increase over time of concentrations in consumers
at higher trophic levels, including humans. Several groups of chemicals
are having such properties, including the chemicals traditionally referred
to as persistent organic pollutants (POPs), organometalics, heavy metals,
and other substances. For several decades, these PTS have been found in
a range of environmental media and biota, and their toxic impacts on
wildlife and humans is a major issue that gives rise to concerns at local,
national, regional, and global scales.

Indonesia is an archipelago located in Asian tropical belt between the
Pacific and Indian oceans, and two continents, Asia and Australia. The
whole territory consists of 17,508 islands of which ~6000 are uninhabited.
The population was around 240 million in 2004 making it the fourth most
populous country in the world (after China, India, and the United States).
About 60% of the total population live in Java, the fifth largest island of
the territory. Presently, Indonesia is experiencing rapid industrialization
and high annual economic growth rates, and as a result many chemicals
are produced and used for industrial, agricultural, and health purposes.
In the last decade there were many evidences on the declining environ-
mental quality resulting in decreasing or even disappearing populations
of wildlife and adverse effects on humans (Untung, 1999). In this situ-
ation, it seems that the accelerating development of Indonesian economy
may have been primarily achieved at the expense of the environment.
However, little information exists on levels of toxic contaminants as well
as assessment of their potential toxicity to wildlife and human. The aims
of this chapter are to overview the levels of selected PTS in the environ-
ment of Indonesia comprising areas of various land-based activities
from urban to rural areas, the potential sources of contaminants, and the
toxicological consequences on the wildlife and human. In this chapter,
occurrence and distributions of certain groups of PTS such as organotins
(OTs), organochlorines (OCs) including polychlorinated biphenyls
(PCBs) and OC pesticides, such as dichlorodiphenyltrichloroethane
and its metabolites (DDTs), hexachlorocyclohexane isomers (HCHs),
chlordane compounds (CHLs), hexachlorobenzene (HCB), tris
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(4-chlorophenyl) methane (TCPMe) and new candidates of POPs, poly-
brominated diphenyl ethers (PBDEs) and hexabromocyclododecanes
(HBCDs) in the water, sediment, soil, air, mussel, fish, and human milk in
Indonesia are reviewed.

13.2. Historical use, production, and management of POPs

As an agriculture-based tropical country, use of pesticide in Indonesia is
very much needed for the national development. The use of pesticides has
been increasing very rapidly because of the expansion of area cultivated
under food crops and vegetables. In 1979-1980, ~6500 tons of pesticides
were used and it became 15,000tons in 1981-1982 (Soekarna and
Sundaru, 1983). The first group of insecticides that were introduced by
the government for agriculture was DDT and other OCs in early 1950s,
followed by organophosphates and carbamates in the late 1960s (Untung,
1999). According to the reports (UNIDO, 1984; Untung, 1999; Suroso
et al., 2000; EMC, 2003), no data on the total amount of DDT used for
agricultural are now available. However, information is available for
some other OC pesticides. For example, in 1974, total imports and pro-
duction of aldrin was 30,000 kg, chlordane 20,902kg, and toxaphene
144kg. In 1979, 3000kg of dieldrin and 3720kg of chlordane were
imported and used. The latest recorded data on the use of dieldrin was in
1990 when a total of 3492 kg was imported. Total import and consump-
tion of chlordane in 1990, 1991, and 1992, were 21,072, 25,984, and
37,871 kg, respectively.

Under the laws and regulations of pesticide registration, since 1974,
some of the OC pesticides, including aldrin, DDT, endrin, and heptachlor
were prohibited for agricultural purposes. However, owing to the una-
vailability of alternative insecticides, dieldrin, and chlordane remain reg-
istered and are allowed restrictedly for use in termite control. Toxaphene
70 EC was specially registered and permitted for use on cotton, but finally
was banned in 1980. In 1992, dieldrin 20 EC and chlordane 960 EC
were the last group of OCs that were prohibited by the government for
agricultural use. Among the POPs, HCB and mirex were never registered;
however they were used in Indonesia for agricultural purposes. No data
are available on HCHs usage. Currently, the pesticides used in Indonesia
belong to different groups, such as organophosphates, carbamates, syn-
thetic pyrethroids, insect growth regulators, and biological pesticides.
In efforts to limit and terminate the use of hazardous and persistent
pesticides, including chemicals in the POPs list, since 1986 the Government
has adopted the Integrated Pest Management (IPM) approach.



590 Agus Sudaryanto et al.

By implementing IPM, Indonesia is now reducing the national consump-
tion of pesticides.

Although the use of DDT in agriculture was banned in 1974, this pes-
ticide was officially used until the mid-1990s for eradication of Culex sp.
and Anopheles sp., the main vector of malaria. In 1952, the government
through the Department of Health introduced DDT and dieldrin for
malaria control in Java Island. The formulation of DDT used was 75%
WDP (Water Dispersable Powder) and it was applied two times a year at a
dose of 2gm™ From 1969 to 1974, 8,900,000 houses were sprayed with
5,250,000kg of DDT 75% WDP. In 1975-1979, the number of house
sprayed in Java and Bali increased significantly up to 18,600,000 houses
and 13,300,000 kg of DDT was used. At the same time, a total number of
3,400,000 houses in outer islands of Java and Bali were sprayed with
1,600,000 kg of DDT. In the period of 1984-1989, the number of houses
sprayed in Java and Bali reduced drastically, down to 1,900,000 houses
that were sprayed with 1,200,000kg DDT, but in outer Java and Bali
the number of houses sprayed increased up to 6,200,000 and 2,600,000 kg
DDT was applied. The extensive use of DDT for malaria control pro-
gram was at the period from 1974 to 1982, with annual consumption
accounting on an average of 2565.4tons DDT. In 1992-1993, by the
decree of the Ministry of Health, the use of DDT for malaria control
was terminated in Java and Bali, and subsequently for the whole country
in 1993-1994.

Indonesia is also one of the few countries that produced DDT. In 1984,
formulation plant of DDT was built with an annual capacity as much as
7000 tons year ', and the main task was to supply all the DDT of needed
by the Department of Health for malaria control program. The rest of the
production only was permitted for export aimed to the countries that
were using DDT for eradication of diseases, such as Latin America,
and other Asian countries. The production was stopped in 1994, after the
Department of Health banned the usage of DDT for health purposes.
Currently, there is not enough information on the stockpile of these
compounds available.

With regard to other POPs, PCBs have not been imported to Indonesia
for the last 5 years, and they have been prohibited for use in industrial
activities. According to Untung (1999), the Department of Mining and
Energy which manage the supply of electrical power for the whole coun-
try, and also National Electrical Company, none had any concern or put
forth any special instruction on the use of PCBs in electrical appliances
including use of PCBs in the insulators, capacitors, and generators.
Therefore, PCBs are still present in many electrical appliances, which
have been used and distributed widely in the country.
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The usage of toxic chemicals such as POPs was generally based on
government regulations on environmental management. For example,
according to Government Regulation No. 73 of 1973 on the control,
distribution, storage, and use of pesticides, every pesticide must be
registered at the Ministry of Agriculture through National Pesticide
Committee. Based on Presidential Decree No. I11/1986, 57 pesticides
consisting of 28 active ingredients, including POPs pesticide were banned
for controlling targeted organisms in rice fields. In other regulation,
Agency for the Environmental Impact Management (BAPEDAL) under
Ministry of Environment is responsible for the national management of
environmental problems. In accordance with international efforts to
reduce and eliminate POPs gradually, which are released either inten-
tionally or unintentionally into environment, Indonesia has signed the
Stockholm Convention in 2001 along with 176 countries. Following this,
the Government of Indonesia responded to the need for the management
of hazardous and toxic substances by passing Regulation Number 74 in
2001, which banned ten chemicals included in the Stockholm Convention
list of POPs, i.e. eight chemical pesticides (Aldrin, Dieldrin, Chlordane,
DDT, Endrin, Heptachlor, Mirex, and Toxapene) and two industrial
chemicals (HCB and PCBs). While Dioxins and Furans are not currently
regulated, Decree Number 03/BAPEDAL/09/1995 addresses the techni-
cal requirements for hazardous waste management by identifying emis-
sion standards for the incinerator process. The Governmental Regulation
Number 85/1999 controls the air emission standard and the destruction
removal efficiency (DRE) of incineration process for dioxins and furans.
Some other related regulations also were stated by Ministry of Agricul-
ture and Ministry of Health. Although some regulations have been stip-
ulated, Indonesia until now does not have set standards for all POPs
chemicals, either for human or the environment.

In order to better protect human health and the environment from
the hazards of POPs, the Government of Indonesia has developed the
National Implementation Plan (NIP). The objective of developing the
NIP was not only to adhere to Indonesia’s commitment as a signatory
of the Stockholm Convention (Article 7) but also to unify the existing
POP management strategies and achieve cooperation among all national
stakeholders.

In this context, environmental monitoring and inventory study are
important as the basis for formulating and development of NIP. Several
scientists of the region may have been dealing with POPs monitoring,
however not much of the results could be accessed widely. Comprehensive
monitoring researches since 1990s to date from the Department of
Environment Conservation (currently Center for Marine Environmental



592 Agus Sudaryanto et al.

Studies), Ehime University (Japan), contributed much valuable informa-
tion on the occurrence, fate, and behaviour of POPs in tropical Asian
developing countries, including Indonesia. The Ministry of Environment
of the Republic of Indonesia is now responsible for carrying out the
inventory to determine the actual state of environmental pollution caused
by POPs. To strengthen the national capability and to enhance knowl-
edge and understanding among decision makers, managers, industries,
and public, to meet the obligations of the Stockholm Convention and
implement the elimination of POPs, several international collaboration
studies have been conducted. During 1996-1999, under the Asia Pacific
Mussel Watch Project coordinated by Professor Shinsuke Tanabe from
Ehime University (Japan), cooperative research efforts with scientists
from respective developing countries succeeded in ascertaining the status
of marine pollution by toxic contaminants in the Asia-Pacific region,
including Indonesia. The Ministry of the Environment has also taken an
inventory program on POPs under the Global Environment Facility
(GEF) project enabling activities to facilitate early action on the imple-
mentation of the Stockholm Convention on POPs in Indonesia. Further
to this, in 2001, Environmental Management Centre (PUSARPEDAL),
Ministry of Environment, Indonesia, in collaboration with United
Nations University (UNU), Japan,and Japan International Cooperation
Agency (JICA), conducted POPs residues monitoring in the river,
seawater, sediments, and soil from several locations that have been
considered as hot spots of contamination. All of these efforts, however,
are still far from clarifying the status of POPs in Indonesia as much of
these data are not published.

13.3. Environmental contamination by organochlorine compounds (OCs)

13.3.1. Contamination by OCs in abiotic compartment (water, sediment,
soil, and air)

Available information on concentrations of OCs, particularly OC pesti-
cides in water, sediment, soil, and air has been summarized in Table 13.1.
In most cases, larger data sets on OC concentrations in abiotic compart-
ment are from the surveys conducted in recent years (1990s to the middle
of 2000s), with particular concern on water and sediment (Table 13.1).
A nationwide occurrence of OC pesticides in water and sediment indicate
that the two major contaminants in the Indonesian environment are
DDTs and HCHs (Table 13.1). Although, there is no report on the usage
of HCHys, elevated levels of this compound in water and sediment confirm



Table 13.1. Residue levels of OCs in water, sediment, soil, and air from various locations in Indonesia

Location Year n a-HCH B-HCH  y-HCH HCHs pp'-DDE p,p’-DDD pp'-DDT  DDTs PCBs CHLs References

River water (ngL™")

Rungkut River, 2001 2 4.0(3.34.7) na 4.3 (3.8- 8.3(8.0- nd 1.9 (0.86—- 2.6 (1.6— 8.3 (6.9— na na Ratnaningsih et al.,
Surabaya, East Java 4.8) 8.5) 2.9) 3.5) 9.7) 2002

Rungkut River, 2002-2003 2 8.0 (nd-16) 4.1 (nd— 6.5 (nd— 19 (nd-37) nd nd nd nd na nd EMC, 2003
Surabaya, East Java 8.1) 13)

Surabaya River, 2001 6 0.73 (nd-2.2) na 34(22- 4122~ 16 (nd-98) 5.0 (0.75- 22(1.3 71 (7.1 na na Ratnaningsih et al.,
Surabaya, East Java 5.6) 7.8) 22) 120) 390) 2002

Surabaya River, 2002-2003 13 120 (nd-390) 4.2 (nd- 6.2 (nd- 130 (nd— 0.19 (nd- 0.11 (nd— 0.11 (nd— 0.54 (nd— na 28 (nd- EMC, 2003
Surabaya, East Java 19) 23) 480) 2.0) 1.1) 1.3) 4.7) 360)

Banjir Kanal T, 2001 4 179(7.0-12) na 10 (2.3— 19 (14-23) 0.02 (nd— 2.3 (0.75 nd 5.0 (2.2 na na Ratnaningsih et al.,
Semarang, Central 18) 0.08) 3.9) 8.0) 2002
Java

Banjir Kanal T, 2002-2003 4 13 (nd-35) 4.3 (nd— 25 (nd-76) 43 (nd— nd nd 0.24 (nd— 0.41 (nd— na 0.63 (nd— EMC, 2003
Semarang, Central 17) 110) 0.96) 0.96) 1.4)
Java

Banjir Kanal B, 2001 4 1.1(0.38-1.6) na 3525~ 4.63.0- nd 22(0.73- 1.7 (nd- 4.7 (3.2- na na Ratnaningsih et al.,
Semarang, Central 4.7) 6.2) 2.8) 3.1 6.3) 2002
Java

Banjir Kanal B, 2002-2003 4 1.7 (nd-4.0) 0.46 (nd— 1.6 (nd— 3.9 (nd— nd nd nd nd na nd EMC, 2003
Semarang, Central 1.6) 4.9) 9.2)
Java

Ciliwung River, Bogor, 1991 1 14 42 3.7 22.0 0.073 0.038 0.071 0.19 1.3 0.24  Iwata et al., 1994
West Java

Ciliwung River, Bogor, 2001 6 1.4 (nd-4.3) na 4.1 (1.3- 55(1.3- 0.11 (nd- 2.0 (0.70- 1.9 (nd— 6.8 (3.0— na na Ratnaningsih et al.,
West Java 7.3) 12) 0.57) 3.3) 3.8) 10) 2002

Ciliwung River, Bogor, 2002-2003 8 2.7 (nd-7.7) 2.2 (nd— 1.6 (nd— 6.6 (nd—22) 0.025 (nd— 0.20 (nd— 0.054 (nd— 0.46 (nd— na 1.1 (nd= EMC, 2003
West Java 1) 7.1) 0.20) 1.6) 0.43) 3.3) 3.2)

Ciliwung River, Jakarta, 1991 2 24(1.7-3.2) 0.66(0.53— 1.0 (0.84— 4.2 (3.1- 0.65 0.076 0.052  0.24(0.22— 2.5(0.38—  0.17  Iwata et al., 1994
West Java 0.78) 1.2) 5.2) (0.094—  (0.064— (0.016— 0.27) 2.1) (0.071—

0.12) 0.087) 0.087) 0.26)

Ciliwung River, Jakarta, 2001 4 12 (3.0-23) na 5.2 (nd- 19 (6.9-27) 0.22 (nd— 1.9 (0.68— 2.4 (nd— 8.3 (1.8— na na Ratnaningsih et al.,

West Java 14) 0.68) 3.1) 6.2) 14) 2002
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Location Year n a-HCH B-HCH  y-HCH HCHs pp/-DDE pp-DDD pp'-DDT DDTs PCBs CHLs References

Ciliwung River, Jakarta, 2002-2003 6 13 (nd-59) 1.2 (nd- 3.2 (nd- 17 (nd-78) 0.25 (nd- 0.26 (nd— 1.5 (nd- 2.0 (nd— na 0.73 (nd— EMC, 2003
West Java 7.3) 12) 0.84) 1.6) 4.2) 4.3) 2.8)

Upper Citarum, West na 21 na na 400 (nd na na na 180 (nd na na na Parikesit et al.,
Java 910) 750) 2005

Coastal water (ngL™")

Siak, Riau 1997 na nd-0.86 nd-0.098 nd-2.1 na nd-0.24  nd-3.0 nd-0.70 na na na Hutagalung et al.,
1997
Kuala Tungkal, Jambi 1997 na nd-0.24 0.071-0.95 nd-0.020 na nd-0.34 nd-0.70 0.071-0.42 na na na Munawir, 1997
Musi, Palembang, South 1998 na nd-0.013 nd-0.16 nd-0.20 na nd-0.13  nd-0.11 nd-0.070 na na na Munawir, 1998
Sumatra
Kuala Jambi, Jambi 1999 na nd-0.31 nd-1.2 nd-1.2 na nd-0.49 nd-0.43 nd-0.15 na na na Munawir, 1999
Asahan, North Sumatra 2001 na nd nd-0.38 nd-1.3 na nd-6.7 nd-2.5 nd-3.5 nd na na Munawir, 2001a
Way Kambas, Lampung 2001 na nd-0.12 nd-0.62 nd-0.93 na nd nd-1.2 nd-8.3 na na na Munawir, 2001b
Way Sekampung, 2001 na nd-0.16 nd-2.0 0.21-2.7 na nd-0.97 nd-0.83 nd-5.6 na na na Munawir, 2001b
Lampung
Coastal, Surabaya, East 2001 4 0.33 (nd-1.3) na 27 (13- 3.0(1.3- 0.12 (nd- 1.8(0.65- 25(1.3- 63 (2.7- na na Ratnaningsih et al.,
Java 3.9) 5.2) 0.48) 3.2) 3.5) 9.6) 2002
Coastal, Surabaya, East 2001 4  0.58 (nd-1.2) na 3.0 (nd 3.4 (nd nd 1.1 (nd 1.2 (nd 2.9 (nd na na Ratnaningsih et al.,
Java 6.2) 7.4) 2.8) 3.2) 6.4) 2002
Coastal, Semarang, 2002-2003 1 7.0 8.7 2.0 19 nd nd nd nd na nd EMC, 2003
Central Java
Coastal, Semarang,, 2001 4 0.71 (0.09-1.5) na 42 (1.8~ 49 (1.9- nd 1.9 (0.65- 2.4 (1.3- 6.7 (3.2- na na Ratnaningsih et al., S
Central Java 7.4) 8.8) 3.3) 3.5) 10) 2002 [
Coastal, Jakarta Bay 20022003 3 1.3 (nd-4.0) 0.75 (nd— 3.0 (nd- 5.3 (nd-16) nd nd 0.25 (nd— 0.73 (nd- na nd EMC, 2003 “
2.2) 9.0) 0.76) 2.2) &”
Coastal, Jakarta Bay 1994 na nd-0.015 nd nd na nd-3.5  nd-0.049 nd nd na na Razak and %‘
Munawir, 1994 <2
Arafura, West Papua 2002 na nd 0.027— 0.006— na 0.015-  nd-0.009 0.021- na na na Munawir, 2002 §
0.046 0.031 0.038 0.032 3
Memberamo, West Papua 2003 12 nd nd nd na nd nd nd na na na Munawar, 2005 <
)
~



River sediment (ngg™")

Surabaya River, 2002-2003
Surabaya, East Java

Bajir Kanal T, Semarang, 2002-2003
Central Java

Bajir Kanal B, Semarang, 2002-2003
Central Java

Ciliwung River, Bogor, 1991
West Java
Ciliwung River, Bogor, 2002-2003
West Java
Ciliwung River, Jakarta 1991
Ciliwung River, Jakarta 2002-2003
Coastal sediment (ngg™")
Jakarta Bay 1994
Siak, Riau 1997
Kuala Tungkal, Jambi 1997
Musi, Palembang, South 1998
Sumatra
Kuala Jambi, Jambi 1999
Asahan, North Sumatra 2001
Way Kambas, Lampung 2001
Way Sekampung, 2001
Lampung
Arafura, West Papua 2002
Mamberamo, West 2003

Papua

na

na

na

12

140 (nd-430) 10 (nd-51) 7.3 (nd—

7.0 (nd-16)

0.64 (nd-1.8)

0.001 (nd—
0.002)

35 (nd-210)

nd

51 (nd-200)

nd-0.62
nd-0.006

nd-0.18
nd

nd-0.027
nd-1.7
nd-0.075
nd
0.009-0.11

nd

61)
2.5 (nd- 5.1 (nd-
6.2) 1)
1.0 (nd-= 1.4 (nd-
4.0) 2.9)
0.019 0.033
(0.018-  (0.015-
0.020) 0.051)
0.20 (nd— 2.1 (nd
1.2) 6.8)
026 0.052
(0.013—  (0.045-
0.040) 0.059)
10 (nd-54) 7.6 (nd—
26)
nd-0.21 nd
nd-2.8 nd-1.4
nd-0.056 nd-1.8
nd-0.30 nd-0.064
nd-0.087 nd-0.52
nd-5.5 nd-2.0
nd-0.40 0.14—3.0
nd 0.48-3.1
0.017— 0.005—
0.051 0.025
nd nd

150 (nd—
480)

2.3 (nd—
12)

15 (nd-31) 0.025 (nd—

3.0 (nd—
7.4)
0.053
(0.035—
0.071)
37 (nd
220)
0.078
(0.058—
0.099)
68 (nd—
260)

na
na

na
na

na
na
na
na

na

0.10)

0.32 (nd—
0.81)

20 (19-21)

0.26 (nd
0.86)

2.5 (0.95-
4.1)

2.0 (nd—
7.6)

nd-1.5
nd-1.2

nd-0.27
nd-0.61

nd-0.59

nd-0.11

nd-0.16
nd

0.006—
0.022
nd

2.1 (nd— 7.0 (nd-51) 12 (nd-51)

7.4)
nd 6.3 (14 8.0 (27—
8.7) 11)
0.042 1.6 (nd— 2.0 (nd—
0.17) 3.0) 3.8)
10 (5.5-15) 2.0 (0.86—
3.2)
0.24 (nd— 2.1 (0.25- 2.6 (0.29
1.0) 4.3) 5.5)
23 (094 2.8 (1.3-
3.6) 4.4) 13)

0.81 (nd— 4.1 (nd—14) 6.8 (nd—

1.9) 22)
nd-3.6 nd na
nd-2.9 nd-5.4 na
nd-1.2 nd-5.5 na

nd-0.004 nd-0.076 na
nd-0.009  nd-2.2 na
nd nd-0.15 na
nd nd na

nd 0.56-1.6 na

nd nd na

nd nd na

na

na

34 (26-42) 180 (140—

220)

na

79)

na

na
na

na
na

na
na

na
na

na

0.89 (nd- EMC, 2003
8.7)

0.20 (nd— EMC, 2003
0.78)

0.055 (nd— EMC, 2003
0.22)

23 (8.0~ Iwata et al., 1994
38)

0.36 (nd— EMC, 2003
1.2)

8.2 (3.4~ 42(59- 0.32(0.16-Iwata et al., 1994

0.49)

1.5 (nd— EMC, 2003
7.5)

na Razak and
Munawir, 1994

na Hutagalung et al.,
1997

na Munawir, 1997

na Munawir, 1998

na Munawir, 1999

na Munawir, 2001a

na Munawir, 2001b
na Munawir, 2001b

na Munawir, 2002

na Munawar, 2005
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Table 13.1. (Continued)
Location Year n a-HCH B-HCH  y-HCH HCHs pp/-DDE pp-DDD pp'-DDT DDTs PCBs CHLs References
Soil (ngg™")
Surabaya, East Java 2002-2003 11 140 (nd-1300) 1.9 (nd— 41 (nd— 190 (nd— 3.8 (0.81— 3.2 (nd-13) 8.8 (nd-39) 16 (1.8— na 0.82 (nd— EMC, 2003
12) 430) 1700) 7.6) 42) 5.1)
Semarang, Central Java 2002-2003 8 1.8 (nd-5.3) 4.2 (nd- 1.1 (nd- 7.2(nd-30) 1.9 (nd- 0.24 (nd- 7.3 (nd-18) 9.5 (nd- na 0.17 (nd— EMC, 2003
26) 3.9) 8.8) 1.3) 21) 0.68)
Bogor, West Java 20022003 8 1.3 (nd-2.8) 0.86 (nd— 0.57 (nd— 2.7 (nd— 0.30 (nd— 0.31 (nd— 3.9 (nd— 4.5 (nd- na 0.76 (nd—- EMC, 2003
3.0) 2.2) 6.7) 2.0) 2.3) 6.2) 15) 4.8)
Jakarta 2002-2003 6 24 (nd-110) 3.8 (nd-— 1.5(nd- 29 (nd-— 0.56 (nd— 1.1 (nd— 23 (nd— 25 (nd- na 1.2 (nd- EMC, 2003
15) 5.9) 130) 1.4) 3.7) 120) 120) 5.7)
Air (pgm™)
Java Sea 1989-1990 1 56 na 19 75 1.5 na 23 39 36 39 Iwata et al., 1993
Celebes Sea 1989-1990 1 95 na 23 120 0.70 na 23 37 22 7.9 Iwata et al., 1993
Indian Ocean 2004 2 0.30-0.50 na 2.8-5.6 3.1-6.1 na na 18-28 27-33 28-51 1.1-3.8  Waurl et al., 2006

Note: Data of OCs from various literatures were selected based on the similar target compounds; all values of concentrations were normalized into
similar unit and rounded to two digits for comparison; nd = not detected; na = no data available.
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their usage in Indonesia. DDT has been intensively used in the past
for almost three decades in agriculture as well as for health purposes.
Geographical distributions of OCs indicate spatial variability of DDTs
and HCHs in water from Indonesia. DDT and HCHs were highly present
in the aquatic environment from several rivers and coastal areas in Java
Island such as Surabaya, Semarang, Bogor, Jakarta, and Citarum than in
other parts of Indonesia (Table 13.1). For instance, the occurrence of
HCHs and DDTs in western (Sumatra Island) and eastern parts of
Indonesia (West Papua) were much lower. DDTs and HCHs were not
detected in remote areas such as Memberamo River at West Papua
Province (Munawar, 2005). Higher concentration of HCHs and DDTs in
several river and coastal areas in Java Island indicate their intensive usage
in this island. p,p’-DDT was still found as the predominant compound
both in river and coastal waters of these areas with concentration around
780ng L~" in upstream Citarum River. In most cases, higher concentra-
tions of DDTs were found in rivers than those in coastal areas, indicating
considerable use of this compound in inland rather than coastal areas.

The profiling of HCHs was also similar to those of DDTs (Table 13.1).
Higher proportion of both a-HCH and y-HCH were observed in various
studies that indicate the use of technical HCHs and lindane (purified
v-HCH) in this country. Likewise, there were differences in use of differ-
ent formulations of HCH among the locations. Higher a«-HCH levels in
water from some locations in Java may have been due to preferential use
of technical HCHs, whereas high concentration of y-HCH in several
rivers and coastal areas in Sumatra Island may indicate the considerable
usage of lindane. It has been reported that lindane is commonly used
on palm oil tree plantations (Othman and Balasubramanian, 2001).
It is plausible that this pesticide is intensively applied on palm oil tree,
a common plantation crop in Sumatra Island.

PCBs have been reported only by Iwata et al. (1994) in water from
Ciliwung River, West Java. Although there was no considerable variation
among the locations in this river, higher concentrations of PCBs were
found in river waters across Jakarta City than upstream rural area in
Bogor, indicating elevated contribution from urbanized area.

Unlike contamination patterns in water, the OCs residue levels in
coastal and riverine sediments revealed less variation between locations
nationwide (Table 13.1). Similar pattern has been reported by a larger
study in sediments from northern and southern countries in Asia (Iwata
et al., 1994). Likewise, this is due to the prevailing high temperatures in
these countries including Indonesia throughout the year and hence vol-
atile compounds such as HCHs and DDTs remain for shorter time in the
water. Tanabe et al. (1991) in their field study indicated that, more than
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90% of HCH applied in a paddy field of tropical India evaporated into
atmosphere. Although little variability of OCs was observed in sediment
samples, sediments from rivers and coastal areas in Java Island, such as
Surabaya, Jakarta, and Semarang seems to accumulate DDT and HCH
higher than those in Sumatra Island (Table 13.1). The data obtained from
sediment reflects the long-term use of these compounds in Java Island
than in Sumatra Island. In the case of PCBs (Table 13.1), similar to those
found in water, river sediment in Ciliwung River located in Jakarta City
was relatively higher than that in upper stream at Bogor rural area (Iwata
et al., 1994), again indicating higher contribution of this compound from
the industrialized and urban areas. Furthermore, preliminary results also
indicated widespread contamination by PBDEs and HBCDs, relatively
new compounds which are commonly used as flame retardants, in
sediments along coastal areas of Indonesia (Sudaryanto et al., 2006a).
Relatively higher residue levels of these brominated flame retardants
(BFRs) were found in sediments collected from Jakarta Bay, indicating
similar pattern generally found for PCBs that are higher in populated and
industrialized areas.

In contrast to water and sediment, very little information is available
on the contamination of soil. OCs were found to be present in soils from
river banks in four major cities on Java Island such as Jakarta, Bogor,
Semarang, and Surabaya (EMC, 2003). Again, DDTs and HCHs were
higher when compared to other target OCs such as CHLs and HCB
(Table 13.1). Higher DDTs in soil was observed in riverbank of Ciliwung
River located in Jakarta and Surabaya (up to 120ppb and 42 ppb,
respectively). Although, DDT for controlling malaria has been legally
banned in 1994, high proportions of p,p’-DDT observed in soil collected
from these locations, indicate persistency and/or the recent usage of this
compound. The higher concentration of DDTs in soil from populated
areas such as Surabaya and Jakarta may be due to intensive use of this
compound for malaria eradication in these locations as well as for
agricultural purposes. Elevated a-HCH was found in soil collected from
riverbank in Surabaya (up to 1300ppb) and Jakarta (up to 110 ppb)
indicating favored use of technical mixture of HCHs in these locations.
The profile of HCHs in soils and sediments indicate high use of technical
HCH in Java Island. However, y-HCH was also found to be dominant in
the soil, particularly in samples from Semarang, suggesting also the use
of lindane in this area. As for water and sediment, the profiles of HCHs
and DDTs in soil also reflect the intensive and recent use of these two
pesticides in Indonesia.

Among the abiotic compartment, atmosphere is known to be an
important media for the distribution of volatile compounds in the global



Persistent Toxic Substances in the Environment of Indonesia 599

environment; however very few studies have reported the contamination
of OCs in air in Indonesia (Table 13.1). The atmosphere can be con-
sidered as a mobile phase for the long-range transport of POPs towards
final sink including the polar regions, where cold condensation of POPs
to the ocean occurs. In addition to primary sources, the atmosphere
receives input of POPs via evaporation processes from soil and the
oceans, which occur intensively in tropical regions. There were two
reports indicating the occurrence of POPs in the atmosphere of Indonesia,
concerning the oceanic atmosphere (Iwata et al., 1993; Wurl et al., 2006)
and/or semi continental (Wurl et al., 2006). In 1990s, Iwata et al. (1993)
provided information on the concentrations of PCBs, DDTs, HCHs, and
CHLs in air of seas and oceans along southern to northern hemisphere
including two locations of Indonesian seas, Java Sea and Celebes Sea, the
inland sea located at center and northern parts of this country. Based on
available data from this study, distribution of OCs between these two seas
was found to be quite similar (Table 13.1). In a subsequent study in 2004,
Waurl et al. (2006) carried out studies on regional oceanic atmospheric
levels of POPs in Indian Ocean and adjacent areas (Table 13.1).
Although, HCHs concentration was lower in the latest study, there has
been no change in concentrations of DDT between these two studies.
Similar magnitude of pollution was observed more than ten years ago
(19892004, see Table 13.1), indicating that emission of DDT is still tak-
ing place in Indonesia.

13.3.2. Contamination by OCs in biotic environment (mussel and fish)

Information on the occurrence of POPs in biota samples from Indonesia
is very scarce and the available data are generally from studies in
Asia-Pacific region dealing with low trophic aquatic wildlife such as
mussel and fish (Kannan et al., 1995b; Monirith et al., 2003; Ueno et al.,
2003b, 2004; Sudaryanto et al., 2005b, 2006a, 2007b), and no data has
been reported for higher trophic animals. Table 13.2 shows compiled data
of OCs including PCBs, DDTs, HCHs, CHLs, and HCB in biological
samples from Indonesia, whereas Fig. 13.1 illustrates the distribution of
some OCs. As a part of Asia-Pacific Mussel Watch Project organized by
Ehime University, Japan (Tanabe, 2000), a comprehensive monitoring
study using mussel as bioindicator reported spatial variability of OCs in
coastal environment of Indonesia (Monirith et al., 2003). Similarly, an
extended monitoring study, using fish and other aquatic and terrestrial
animals also revealed the same distribution pattern (Sudaryanto et al.,
2005b, 2006a, 2007b, Fig. 13.1). In all these studies, among OCs, DDTs and
PCBs were the predominant compounds in aquatic wildlife (Table 13.2).



Table 13.2.  Concentrations of OCs (ngg~" lipid wt.) in mussels and fish from various locations in Indonesia

Location Year n Fat (%) PCBs DDTs CHLs HCHs HCB Remark
Mussel®
Belawan, North 1998 48 1.4 13 15 53 53 0.80 Rural
Sumatra
Hurun Bay, 1998 40 1.1 14 65 15 4.1 <0.90 Rural, mariculture
Lampung
Lada Bay, Banten 1998 56 1.1 85 110 <0.90 24 1.1 Rural, mariculture
Kamal, Jakarta 1998 54 1.3 210 45 13 <0.80 <0.80 Urban, fishing port
Ancol, Jakarta 1998 51 1.9 96 48 1.5 4.9 <0.50 Urban, marina
Cilincing, Jakarta 1998 49 1.7 140 58 7.4 4.7 <0.60 Urban, fishing port
Cirebon, West Java 1998 51 2.0 30 160 16 2.1 1.5 Rural, fishing village
Surabaya, East Java 1998 50 1.2 190 120 <0.80 <0.80 1.2 Urban,
industrialized
Maros, South 1998 24 1.8 5.6 6.5 <0.60 <0.60 0.80 Rural, fishing village
Sulawesi
Fish®¢
Bogor, West Java 1991 5 3.0 86 930 15 24 1.7 Rural/suburban
Bogor, West Java 2003 8 7.6 (5.3-11) 110 (21-150) 640 (37-1100) 10 (2.0-21) 11 (3.424) 1.3 (0.26-2.6) Rural/suburban
Jakarta Bay 1998 105 2.7 (1.4-5.8) 1400 (530-2700) 340 (73-750) 46 (11-80) 1.5 (0.40-2.6) 1.6 (0.70-1.9) Urban,
industrialized
Jakarta Bay 2003 13 5.3(2.9-8.0) 690 (260-1100) 190 (110-350) 44 (23-81) 1.8 (1.0-3.7) 8.3 (0.44-28) Urban,
industrialized
Cirebon, West Java 1998 10 2.6 (1.2-5.1) 260 (27-560) 450 (70-880) 5.1 (nd-8.4) 16 (nd-77) 0.90 (0.30-1.5) Rural, agriculture
Lada Bay, Banten 1998 10 5.0 (4.0-7.1) 170 (32-360) 310 (19-810) 59 (4.2-7.1) 2.4 (1.7-3.2) 5.1 (0.90-16) Rural, agriculture
Lampung Bay, 2003 10 2.5(1.1-5.5) 33 (9.7-94) 39 (12-120) 8.5 (0.73-30) 2.6 (0.78-4.2) 1.0 (0.22-2.1) Rural, marine
Lampung culture
West Sumatra 1998 N 2.5(1.1-5.5) 33 (9.7-94) 39 (12-120) 8.5 (0.73-30) 2.6 (0.78-4.2) 1.0 (0.22-2.1) Offshore (tuna)

Notes: nd = not detected; DDTs = p,p’-DDE+p,p’-DDD + p,p'-DDT; HCHs = a-HCH + 3-HCH +y-HCH; CHLs = oxy-CA + cis-CA + trans-
CA + trans-nona + cis-nona.

“Data on mussels were reported by Monirith et al. (2003).

Fish on 1991 by Kannan et al. (1995b).

“Fish on 1998 and 2003 by Sudaryanto et al. (2007b).
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So far, on lipid weight basis, the maximum concentrations of PCBs and
DDTs reported were 210ng g~ ' and 160 ng g~ in mussels, and 2700 ng g~"
and 1100ngg™" in fish, respectively (Monirith et al., 2003; Sudaryanto
et al., 2005b, 2007b), while HCHs, CHL, compounds, and HCB were one
or two order magnitude lower. Concentration patterns of OCs in mussels
and fish were generally in the order DDTs>PCBs>CHLs>HCHs>
HCB (Kannan et al., 1995b; Monirith et al., 2003; Sudaryanto et al.,
2005b, 2007b). Higher concentrations of PCBs and DDTs in biological
samples have been suggested as due to the higher bioaccumulative
properties of these compounds and continuous discharge into aquatic
environment; particularly in the case of DDTs which has been inten-
sively used in agriculture as well as malaria eradication program (Untung,
1999).

A nationwide comparison indicates that elevated levels of OCs were
found in the samples collected from Java Island than Sumatra and
Sulawesi Islands (Table 13.2; Fig. 13.1). In Belawan (North Sumatra),
Hurun Bay (Lampung), and Maros (South Sulawesi) residue levels
of OCs were low. Such a pattern is understandable because Java Island is
the most populated and industrialized island with intense agricultural
activities, and the results could reflect the usage status of OCs in this
island. Levels of OCs are still low in remote areas of Sumatra offshore
waters as exemplified by less contamination in tuna (Ueno et al., 2003Db).

Study conducted by Kannan et al. (1995b) showed the presence of
DDT at higher concentration (960ngg™" lipid wt.) in fish collected in
1991 from Bogor, a rural area located 60 km away from Jakarta. In a
survey conducted more than ten years later, DDT was still found to be
high in this area (640 ng g~ ' lipid wt.). Considerable levels of DDTs were
also found in fish and mussels from Cirebon and Lada Bay (Monirith
et al., 2003, Sudaryanto et al., 2007b). While comparing inland and
coastal species, DDTs were apparently higher in freshwater fish (Ciliwung
River, Bogor) than in marine fish species (Sudaryanto et al., 2005b,
2007b), indicating higher pollution by DDT in the terrestrial environ-
ment. All these results indicate considerable exposure to DDTs in the
farming areas in Java Island. This is probably because of their intensive
usage in both agricultural activities and malaria control program at those
sites. DDTs have been banned since 1974 for agricultural application;
however the country used the chemical until very recently for health
purposes. Information on the amount of DDT usage in agriculture is not
available; however, for disease eradication, Indonesia used DDT as much
as 2565.7ton year™' during 1974-1982 (UNIDO, 1984). For this pro-
gram, DDT was formulated in Indonesia since 1984 with an annual
capacity of as much as 7000 tons year~' (UNIDO, 1984; Untung, 1999).
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Interestingly, although DDTs were low in rural areas in Sumatra Island
(Lampung Bay), p,p’-DDT was relatively prevalent, suggesting recent
application of DDT in this region (Sudaryanto et al., 2005b, 2007b).
Profiles in abiotic samples also support this hypothesis. Recent monitor-
ing study using human breast milk also indicated that there was possible
recent input in specific rural agricultural areas (Burke et al., 2003;
Sudaryanto et al., 2006b).

Although, there is little variability of HCHs in mussels, their distribu-
tion pattern in fish is relatively similar to DDTs. In fish, higher concen-
trations of HCHs were found in Ciliwung River (Bogor) and Cirebon
coastal area than other locations. Higher levels of HCHs in fish from
rural area also indicate their particular usage pattern and reflect recent
input of HCH in agricultural sites. While, concentrations of HCHs
were relatively low in all the samples, there was difference in the isomer
patterns among the locations. Survey in 1991 indicated that y-HCH
was in higher proportion in rural area of Bogor (Kannan et al., 1995b).
Similarly, study during 1998-2003 also found y-HCH as the major con-
tributor to total HCHs in fish from rural areas in Bogor and Lampung
Bay (Sudaryanto et al., 2005b, 2007b). Despite lack of available infor-
mation on their usage, the results in fish also reinforce the finding from
abiotic samples and suggest the usage of lindane in Indonesia.

PCBs were particularly higher in the samples from urban sites
(Table 13.2; Fig. 13.1). In Jakarta Bay, mussels collected from three
locations contained PCBs from 96 to 210ngg ™" lipid wt., that are one or
two orders of magnitude higher than other locations. Similarly, an urban
area of Surabaya also had elevated levels of PCBs (190ngg™"' lipid wt.)
within the range found in mussels from Jakarta Bay. In the samples
collected at the same time of sampling as those of mussels, concentrations
of PCBs in fish from Jakarta Bay (530-2700 ngg~" lipid wt.) were also
one or two orders of magnitude higher than other locations (Sudaryanto
et al., 2007b). Survey of fish in 2003 also revealed similar distribution
pattern, although PCBs decreased to 260-1100ng g~ ' lipid wt. in Jakarta
Bay (Sudaryanto et al., 2005b, 2007b). No information is available on
PCBs usage and production in Indonesia (Untung, 1999); however, the
results indicate that notable contamination by PCBs is associated with a
highly industrialized and populated area.

In case of CHLs, although elevated levels in mussel appeared in
agricultural sites, notable contamination was also found in fish from
Jakarta Bay (Table 13.2; Fig. 13.1). Besides being used as agricultural
pesticides, CHLs are also generally used for killing termites in wood
building materials and thus it could be a suitable explanation for higher
CHLs in populated cities like Jakarta. According to regulation of OC
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pesticides, CHLs and dieldrin were the last group of OC pesticides that
were prohibited by government for agricultural use in 1992 (Untung,
1999). During the period from 1974 to 1991, the amount of usage of
CHLs increased from 20,902 to 37,871 tons. Thus, higher CHLs in fish
from Jakarta Bay indicate higher usage of these compounds for termite
control in urbanized area and reflect continuous input of CHLs in
Indonesia.

Distribution of HCB concentrations in fish from Indonesia was rather
uniform and the levels were much lower than other OCs (Table 13.2).
However, relatively higher concentrations of HCB were observed in fish
from Jakarta Bay. Higher concentrations of HCB in fish of the populated
city in Jakarta Bay may be because HCB is not only used as a fungicide
for crops and in industries, but also generated as a by-product during the
production of several agrochemical and industrial chemicals. Further-
more HCB has been released into the environment by waste incineration
(van Birgelen, 1998; Bailey, 2001). Therefore, various sources of HCB
might be present in the areas that have been populated and industrialized.

To understand the magnitude of contamination in biotic samples from
Indonesia, an extensive study on regional comparison of OCs in mussels
(Monirith et al., 2003), fish (Kannan et al., 1995b), and tuna (Ueno et al.,
2003b) are presented in Fig. 13.2. International comparison of OCs in
mussels and fish from Indonesia revealed lower levels in Indonesian sam-
ples similar to those in other Southeast Asian countries such as Malaysia,
Philippines, Cambodia, and Oceanian countries (Papua New Guinea and
Solomon Island). The spatial variability of OC levels in multimedia
biological samples suggested the presence of elevated levels of PCBs in
Japan and Australia, and HCHs in India and China, which may reflect
the high usage of the respective compounds in these countries (Kannan
et al., 1995b). PCBs are discharged from Japan, which is a highly
developed and industrialized country (Ueno et al., 2004). In case of
HCHs, it was estimated that ~575,000 tons was used in India until 1985
(Kannan et al., 1995b). Although, it is believed that DDTs were inten-
sively used in Indonesia for longer periods, global comparison indicates
low levels of DDTs in biological samples. Apart from differences in
sampling time, this result may suggest a lower accumulation in tropical
fish, which could be due to the rapid volatilization of DDTs in the
tropical environment (Kannan et al., 1995b). Kannan et al. (1995b) also
noted that DDTs levels in tropical fish were ~1-2 orders of magnitude
lower than those of United States.

With regard to brominated flame retardants, PBDEs were also
reported in various samples including sediment, mussel, freshwater fish,
coastal fish, and offshore marine fish (Ueno et al., 2004; Sudaryanto
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A. Mussels (Monirith er al., 2003) B. Coastal Fish (Kannan er al., 1995a) C. Offshore Fish (Ueno er al., 2003a)

F wd

Figure 13.2. Regional distribution of OCs in mussels, fish and tuna in Asia-Pacific region.

et al., 2005b, 2006a; Fig. 13.3), and HBCDs was found in sediment and
mussels from coastal waters (Sudaryanto et al., 2006a), suggesting their
occurrence in the environment of Indonesia. Concentrations of PBDEs in
fish also varied within species and locations. As those in sediment sam-
ples, relatively higher residue level of these brominated flame retardants
were found in biological samples from urban areas in Jakarta Bay and
Surabaya (Fig. 13.3), indicating similar pattern generally found for PCBs
which are normally higher in populated and industrialized areas. Low
levels of PBDEs and HBCDs were found in samples from remote areas
including offshore waters. In comparison with OCs, the levels of PBDEs
was the third most abundant pollutant class after DDTs and PCBs fol-
lowed by CHLs, HCHs, and HCB in freshwater fish, whereas PBDEs
ranked fourth in marine fish both from Jakarta Bay and Lampung Bay
(Sudaryanto et al., 2005b). This result indicates that PBDEs are becoming
chemicals of environmental concern as they frequently occur and are
ubiquitous in the environment, similar to OCs, the classical contaminants
routinely detected in the environment.
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Spatial distribution of PBDEs and HBCDs in the environment of Indonesia.



Persistent Toxic Substances in the Environment of Indonesia 607

Generally, levels of BFRs in Indonesian samples were considered low
when compared worldwide. Ueno et al. (2004) showed regional differ-
ences in concentrations of PBDEs in tuna from several Asian countries
and revealed low levels in Indonesian samples. The levels in fish were also
much lower as compared to fish in North America (Dodder et al., 2002;
Rayne et al., 2003) and European countries (Zennegg et al., 2002;
Sellstrom et al., 1998; Erdogrul et al., 2005). Various species of fish in
North America accumulated PBDEs that ranged from few hundred ppb
to ppm level on lipid wt. basis, both in freshwater and marine fish. For
example, Hale et al. (2001) reported maximum concentration of total
PBDE:s in carp from Virginian watershed up to 48,000ngg™" lipid wt.,
which is much higher than in carp from Indonesia (24ngg™" lipid wt.).
In European studies, PBDEs were reported in levels ranging from few
tens of ppb to ppm levels in various fish species, such as Whitefish
and Pike. In Viskin River, Sweden close to several plastics and textile
facilities, Sellstrom et al. (1993) found high concentrations of PBDEs in
perch (37,000 ngg™" lipid wt.).

13.3.3. Contamination by OCs in foodstuffs

Four studies have indicated the food contamination by OCs in Indonesia
(Table 13.3). DDT was detected in vegetables (14-4400ngg™" wet wt.),
chicken muscle (7.1-4000ngg™" wet wt.), egg (8800ngg™'), pork
(47ngg™"), and fish (29-700ngg™"). DDT in chicken tissue and eggs
from sprayed villages in Central Java exceeded the MRL of FAO/WHO

Table 13.3. Mean concentrations (ngg~' wet wt.) of OCs in certain foodstuffs from
Indonesia®

Food item Location  Year PCBs HCHs DDTs References
Vegetables Central Java 1984 na 12 14 Kuwatsuka et al., 1986
Vegetables Central Java 1987 na na 4400 Sulistiyono, 2004
Chicken muscle Central Java 1989  na na 4000 Noegrohoati et al., 1992
Egg Central Java 1989 na na 870 Noegrohoati et al., 1992
Carp fish Central Java 1989 na na 700 Noegrohoati et al., 1992
Rice Bogor 1991 0.34 0.12 0.10 Kannan et al., 1994
Chicken muscle Bogor 1991 4.5 4.4 7.1 Kannan et al., 1994
Pork fat Bogor 1991 2.9 0.88 47 Kannan et al., 1994
Squid Bogor 1991 2.0 0.06 0.66 Kannan et al., 1994
Fish Bogor 1991 3.9 1.4 29 Kannan et al., 1994

Note: na = no data available.
“Values are from pooled individuals of several samples; all values of concentrations were
normalized into similar unit and rounded to two digits for comparison.
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(Noegrohoati et al., 1992). A greater proportion of p,p’-DDT was found
in most food samples of animal origin, suggesting possible usage of DDT
for malaria vector control. HCH, HCB, and PCB in Indonesian foods
were relatively low, as observed in Thailand and other countries. As it has
been shown in various abiotic samples and some fish from Bogor
(Kannan et al., 1995b) and Lampung (Sudaryanto et al., 2005b, 2007b),
levels of yv-HCH were greater than those of other HCH isomers, under-
lining the use of lindane rather than technical HCH (Kannan et al., 1994).
These results indicate that Indonesians are exposed to high levels of DDT
via their diet, particularly of animal origin.

13.3.4. Human exposure to OCs

As those in wildlife samples, only very few studies have addressed the
accumulation of OCs in human from Indonesia and many of them
focused on human breast milk particularly from women living in Java,
the most populated island (Noegrohoati et al., 1992; Burke et al., 2003;
Sudaryanto et al., 2006b). Except in a study by Sudaryanto et al. (2005a,
2006b) which included PCBs, TCPMe/OH, and PBDEs as target com-
pounds, all the available data from this country are related to OCs pes-
ticides (Noegrohoati et al., 1992; Burke et al., 2003). In an earlier study,
Noegrohoati et al. (1992) investigated concentration of DDTs in human
breast milk from single population of women who had lived in huts
sprayed with DDTs during the malaria control in Central Java Province
in 1982. In this study, very high concentrations of the parent compound
p,p-DDT (mean = 12,000ng g~ lipid wt., max = 42,000ng g~" lipid wt.)
and recalcitrant metabolite, p,p’-DDE (mean = 16,000ngg ™" lipid wt.,
max = 55,000ngg~" lipid wt.) were reported. This information provides
an evidence on considerable usage of DDTs during the mid-1980s.
A greater proportion of p,p’-DDT was also found in chicken muscle, egg,
carp fish, and vegetables in this village, suggesting the recent usage of
DDT for malaria control. Further study by Burke et al. (2003) attempted
to understand spatial variability of OC pesticides by analyzing DDTs,
HCHs, and HCB in human milk from women living in two different
locations in urban (Jakarta) and rural areas (Puncak, Bogor). In this
study, they found no significant difference in concentrations of DDTs,
B-HCHs, and HCB between the cohorts, in which mean concentrations
ranged between 200 and 460 ngg~" lipid wt., 80-100ng g~ lipid wt., and
30-40ngg~" lipid wt., respectively. A more comprehensive data on
human exposure conducted by Sudaryanto et al. (2006b) found variable
sources and specific exposure routes to these contaminants in the general
population of Indonesia. In particular, DDTs were significantly higher
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(p<0.05) in breast milk from mothers living in suburban (Bogor), rural
agriculture (Purwakarta), and rural fisheries (Lampung) than in urban
area (Jakarta). Interestingly, based on these two recent studies, it can be
concluded that until the early 2000s, some residents were exposed to
relatively high levels and/or fresh input of DDTs, particularly in specific
areas that have intensive agriculture and malaria eradication program
(Burke et al., 2003; Sudaryanto et al., 2006b). For example, elevated level
of DDTs (15,000ngg™" lipid wt.) was found in a woman living in an
agricultural area (Purwakarta) located 70 km away from the capital city,
Jakarta (Sudaryanto et al., 2006b). Furthermore, a woman, also with a
farming background accumulated high level of p,p'-DDT (2400ngg™"
lipid wt.) with a low ratio (0.56) of p,p’-DDE/p,p’-DDT (Sudaryanto
et al., 2006b). Similarly, Burke et al. (2003) also reported a considerable
proportion of p,p’-DDT in some donors from urban (Jakarta) and rural
areas (Bogor) with a ratio of p,p’-DDE/p,p’-DDT as low as 0.20 and 0.50,
respectively. Although, according to the regulation, the use of DDT in
Indonesia has been totally banned since 1990s, the ratio and residue levels
in some specific donors indicate ongoing usage of DDTs. Similar finding
in abiotic compartments and fish also reflect the continuous fresh input
of DDT. It was reported that after the peak usage from 1986 to 1991, the
cumulative factory stock of DDT at the end of 1991 was around 4121 kg.
It is possible that the stock of this obsolete DDTs may still be illegally
distributed and used in recent years.

Unlike DDTs, Sudaryanto et al. (2006b) found only little spatial
variation of PCBs, HCHs, CHLs, and HCB contamination among the
above locations. A similar finding was made by Burke et al. (2003) for
HCHs and HCB. However, it seems that PCBs were slightly higher
in human milk samples from urban area (Jakarta = 33ngg~' lipid wt.)
than suburban and rural areas (Lampung = 27ngg~"' lipid wt., Purwa-
karta = 24ng g~ lipid wt., and Bogor = 21 ngg~" lipid wt.), but no such
trend was observed for HCHs, CHLs, and HCB, which might be due to
the low levels of their accumulation in Indonesian breast milk as well as
other environmental matrices. Residue levels of PCBs, HCHs, CHLs,
and HCB were reported to be 1-3 orders of magnitude less than those
of DDTs.

The bioaccumulation pattern of OCs in human breast milk from
Indonesia (DDTs>HCHs>PCBs>CHLs>HCB; Sudaryanto et al.,
2006b) was reported to be different with those in mussels and fish
(Monirith et al., 2003; Sudaryanto et al., 2005b, 2007b), which showed
higher level of PCBs and CHLs compared to HCHs. This may probably
be because of differences in exposure route(s), and/or because the intakes
of these compounds via seafood by the Indonesian population are not
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significant. In fact, there is no correlation between OCs levels in breast
milk and frequency of seafood consumption either in the studies of Burke
et al. (2003) or by Sudaryanto et al. (2006b). These results imply that
other foodstuffs may also be responsible for exposure of the Indonesian
general population. Indeed, the occurrence of OCs has been reported in
vegetables (Kuwatsuka et al., 1986), rice, chicken, egg, pork, pork fat,
and squid (Kannan et al., 1995b; Noegrohoati et al., 1992). Further
studies using large number of samples and various foodstuffs are needed
to clarify human exposure, accumulation levels, and sources of OCs in
Indonesia.

With regard to compounds recently identified as endocrine disrupters,
TCPMe/TCPMOH, and PBDEs were first reported by Sudaryanto et al.
(2005a, c, 2006b, 2007a). Of the total 55 human milk samples, TCPMe
was detected in almost all the donors but TCPMOH was found only in
10% of the samples (Sudaryanto et al., 2006b), similar to that seen in
some other populations (Kunisue et al., 2003; Minh et al., 2004). The low
bioavailability of TCPMOH has been suggested as it is rapidly metab-
olized and eliminated by humans (Minh et al., 2001). The average con-
centrations of TCPMe in breast milk from the four locations in Indonesia
ranged from 2.8 to 9.3ngg " lipid wt., comparable to other populations
from Asian developing countries (Kunisue et al., 2003; Minh et al., 2004).
Though a variety of sources could be possible (Jarman et al., 1992),
accumulation of TCPMe in general population of Indonesia can be sug-
gested to be from technical DDT, as a significant (p<0.05) positive
correlation between concentrations of DDTs and TCPMe was observed
(Sudaryanto et al., 2006b).

Further to this, using a subset of samples (n = 30), a study by the same
authors also found ubiquitous contamination by PBDEs in general pop-
ulation of Indonesia (Sudaryanto et al., 2007a). Among the four locations
mentioned above, there were no significant differences (p>0.05) in
PBDEs concentrations (Sudaryanto et al., 2007a). Because of the short
usage history, levels of PBDEs in human breast milk from Indonesia were
still 1-3 orders of magnitude lower than PCBs, DDTs, HCHs, and CHLs,
but comparable with TCPMe and HCB. PBDEs in breast milk from
Indonesia did not correlate with age of mother and parity (number of
children of the respective mother), an accumulation kinetics that showed
different picture from those of PCBs and DDTs (Sudaryanto et al.,
2005a, 2006b, 2007a), the group of compounds having similar properties
and structure as PBDEs. Another report by Sudaryanto et al. (2005¢) on
widespread contamination of PBDEs in human breast milk from Asian
countries, such as Japan, Korea, China, Vietnam, Philippines, Cambodia,
and India, provided a regional comparison of this compound in general
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population of Asia. Concentrations of PBDEs in human milk from
Indonesia are relatively similar to those in other Asian countries, a dis-
tribution pattern different from those of OCs that shows specific regional
contamination status. The level of PBDEs in Indonesia was also
comparable with some European countries, but still much lower than
North America (Schecter et al., 2003), a region with largest consumption
of PBDEs in the world.

Among 14 congeners (mono- to deca-BDE) analyzed by Sudaryanto
et al. (2007a), BDE-47 and BDE-153 were generally the predominant
congeners. However, some higher brominated congeners such as BDE-
183 and BDE-209 were also prevalent, and equal to or even higher than
BDE-47 in some donors. This is an important observation because it has
been hypothesized that these compounds are less bioaccumulative due to
their relatively high molecular weight. This study reveals the exposure of
certain human population to higher brominated PBDEs, which is differ-
ent to those observed in fish from Indonesia. The exposure routes are
different for BDE-47 and higher brominated congener like BDE-183, i.e.,
food is the important source for BDE-47 because it is the major con-
taminant in wildlife, whereas airborne uptake seems to be more notice-
able for BDE-183. The results of this study indicate that Indonesian
people have been exposed to multiple source(s) and pathways of PBDEs.

13.4. Environmental contamination by OTs

Development of ports, ship construction, increasing shipping, and fishing
activities in Indonesia (Soegiarto and Stel, 1998) has become an impor-
tant issue with possible contamination of OTs in the marine waters
(Sudaryanto et al., 2005d). OTs assessment in the environment of
Indonesia was a main part of the comprehensive monitoring surveys in
Asia—Oceania conducted by Ehime University, Japan (Kannan et al.,
1995a; Ueno et al., 2003a; Sudaryanto et al., 2002, 2005d). In an earlier
report, Kannan et al. (1995a) provided information on butyltins (BTs)
residues in muscle of two species of fish purchased at market from Bogor,
but could not give information on from where they were caught.
Subsequently, Ueno et al. (2003a) found BTs contamination in liver of
five individuals of tuna collected in 1998 from Western Sumatra open sea
waters. In the same period on the above study, under the framework of
Asia-Pacific Mussel Watch Project (Tanabe, 2000), Sudaryanto et al.
(2002) revealed the occurrence of BTs in mussel along the coastal waters
of Indonesia and other Asian developing countries. In a large scale survey
covering various matrices (sediment, mussel, and fish) and locations,
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representing different land-based activities such as commercial ports,
fishing ports, marinas, mariculture, as well as rural areas, widespread
contamination by BTs was made clear in the marine environment of
Indonesia (Sudaryanto et al., 2005d).

Figure 13.4 illustrates widespread contamination by BTs in the envi-
ronment of Indonesia from available references. Concentrations of
BTs in mussels, fish, and sediments from coastal waters were reported
to be in the range of 3.7 to 64ngg~" wet wt., 3.3-84ngg ' wet wt., and
0.51-320ng g~ dry wt., respectively (Sudaryanto et al., 2005d), whereas
in tuna from offshore waters, the values ranged from 13 to 150ngg™" wet
wt. (Ueno et al., 2003a). In this study, it was indicated that maritime
activities play a major role as sources of BTs. Usage of BTs on fish culture
nets seems to be minimal in Indonesia. Indeed, almost all the mussels, fish
and sediments showing higher concentration of BTs were from the areas
with intensive maritime activities (Fig. 13.4) such as large commercial
harbors or marina and fishing ports (Jakarta Bay, Surabaya, and
Belawan). In Tanjung Priok Port, Jakarta, high concentrations (0.022—
0.204 ppm) of tributyltin (TBT) were reported in seawater (Budianto,
2000). Nevertheless, concentrations of BTs found in the major marine
culture areas (Hurun Bay and Lada Bay) are still low (Sudaryanto et al.,
2005d). Among BTs, TBT was substantially higher than the metabolites
di- (DBT) and monobutyltin (MBT) in almost all the samples (Fig. 13.5),
suggesting recent input of BTs into marine environment. The
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composition pattern was similar to those in surrounding Asian develop-
ing countries (Sudaryanto et al., 2002), suggesting similar status of TBT
usage in this region.

An appropriate regional comparison using similar species and analyt-
ical methods (Fig. 13.6) revealed that mussels and tuna from Indonesia
contained lower levels of BTs when compared to certain other Asian
countries (Sudaryanto et al., 2002; Ueno et al., 2003a). In the study of
Sudaryanto et al. (2002), it was reported that, among Asian developing
countries, mussel samples from Hong Kong, South Korea, Malaysia,
and Thailand showed relatively high levels of BTs. Similarly, Ueno et al.
(2003a) using liver of skipjack tuna (Katsuwonus pelamis) collected from
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Asian offshore waters (off-Japan, the Japan Sea, off-Taiwan, the East
China Sea, the South China Sea, off-Philippines, off-Indonesia, the Bay
of Bengal, off-Seychelles, off-Brazil) and open seas (the North Pacific)
also pointed out a similar pattern found in mussels (Fig. 13.6). Interest-
ingly, the orders of mean and 90th-percentile values of concentrations in
mussel agreed well with the per capita gross national product (GNP) of
each country (Sudaryanto et al., 2002). Since per capita GNP is an
indicator of economic status, butyltin contamination seems to be related
to the industrial and human activities. The contamination of BTs
may increase in those countries with increasing economic growth rates.
Considering the high economic growth rate and the unregulated usage of
TBT in many Asian developing countries, including Indonesia and the
increasing demand for antifouling paints in Asia and Oceania (Layman,
1995), contamination by BTs in Asian aquatic environments may be
expected to become more serious in the future. Thus, continuous
monitoring and investigations on BTs contamination are required in
Indonesia as well as other Asian developing countries.

Worldwide comparison of BTs in sediment and fish from Indonesia
also revealed lower levels in Indonesian samples. The residue levels of
BTs found in sediment (0.96-380ngg™' dry wt.) were lower than those
reported in many coastal and harbor areas of various countries including
several Asian developing countries, such as Malaysia and Thailand, as
well as urbanized industrial nations such as the USA, Europe, Australia,
and Japan (see Sudaryanto et al., 2004 and references therein). A similar
case was also for fish (Fig. 13.7). Concentrations of BTs in fish from
Indonesia were obviously lower than those reported in urbanized devel-
oped regions, such as the USA, Japan, Australia, Italy, and Netherland
(See Takahashi et al., 1999 and references therein). The levels were also
lower than those of the polluted areas of Asian developing countries,
including the Malacca Strait, Malaysia (Sudaryanto et al., 2004).

13.5. Temporal variation of contaminations

It has been well known through intensive monitoring efforts that
decreasing trends of classical OCs in the environment of developed coun-
tries occurred as a consequence of their regulation on use and waste
treatment. However, considerably little information is available on their
temporal trend in developing countries. In Indonesia, there are only few
studies dealing with PTS in the environment (see review above) and no
data series from temporal monitoring study are available, thus making it
difficult to provide reliable long term trends. However, some findings on
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PTS in the same sample matrices (mostly OCs in fish) and locations in
different years of sampling are available that can explain temporal var-
iation in the environment of Indonesia. Comparing data of OCs in fish
caught from Jakarta Bay in 1998 and 2003 (Sudaryanto et al., 2007b)
showed that concentrations of PCBs and DDTs have decreased signifi-
cantly (Fig. 13.8). Similarly, levels of DDTs in freshwater fish collected in
2003 (Sudaryanto et al., 2007b) from Bogor were also significantly lower
than those in fish collected in 1991 (Kannan et al., 1995b). DDTs in
human breast milk collected during recent years around 2000-2003
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(Burke et al., 2003; Sudaryanto et al., 2006b) were also much lower than
those in 1991 (Noegrohoati et al., 1992). Based on these data, PCBs
and DDT levels may appear to have declined with time in Indonesia.
However, there was less temporal variation for other OCs, which could be
due to lower background levels in the environment.

In case of BTs, a reduction of TBT contamination was also recorded in
many developed countries after the regulation (Champ, 2000). In Indo-
nesia, contamination status of BTs did not seem to improve during 1991
(Kannan et al., 1995a) to 1998 (Sudaryanto et al., 2005d); on the other
hand, the contamination relatively increased in the later period, at least in
the case of fish. This implies continuous pollution by BTs derived from
heavy ship traffic in the busiest ports such as in Jakarta, coming from the
countries having no TBT usage regulation. Declining trend of the con-
tamination of TBT were not found in other countries in Asia also, such
as India (comparing the data between 1994-1995 and 1998) and South
Korea (between 1994 and 1997-1999) (Sudaryanto et al., 2002).

13.6. Ecological and human health risk

Risk of OCs and PBDEs has been estimated based on human dietary
intake of OCs via seafood. The average dietary intake of PCBs and DDTs
by an Indonesian as well as the data for other countries reported else-
where are presented for comparison in Table 13.4. The FAO/WHO and
Health Canada acceptable daily intake (ADI) as well as dose-response
variable for target analytes (US-EPA, 2000) are listed for reference. None
of the daily intake values of OCs reached the ADIs recommended by
various agencies, indicating minimum risk caused by these pollutants. In
case of PCBs, the mean daily intake of 1.2 ug person™' day~' and 0.81 pg
person™' day™' via fish in 1998 and 2003, respectively, was only around
2% of the FAO/WHO and Health Canada-suggested maximum of 60 pug
person~' day~! (FAO/WHO, 1986; Oostdam et al., 1999) or 10% of the
conservative oral reference dose (RfD) proposed by US-EPA (2000).
Although, PCBs were reported to be declining during several years
before, the present value is higher than the dietary intake of PCBs during
the 1991 survey conducted by Kannan et al. (1995b) as average seafood
consumption has increased in recent years from 40ngday ' in 1991 to
57ngday~" in 2003. Comparing with other countries, the dietary intake
of PCBs in Indonesia was lower than in developed countries such as
Japan (17 pg person™' day~') and Australia (3.0 ug person™' day™"') but
higher than Cambodia, Thailand, India, and Solomon Island (Table 13.4).
In case of DDTs, intake by an Indonesian in 1998 and 2003 was



Table 13.4. Estimated average daily intake (ug person™' day™') of OCs and PBDEs from fish in Indonesia in comparison with other countries

Country Fish consumption PCBs DDT HCHs CHLs HCB PBDEs References
Cambodia (1998) 20 0.007 0.16 0.002 0.002 0.002 na Monirith et al., 1999
Thailand (1990) 57 0.091 0.35 0.047 0.15 0.014 na Kannan et al., 1995b
Vietnam (1990) 36 0.36 094 0.065 0.004 0.002 na Kannan et al., 1995b
Australia (1992) 55 3.0 1.2 0.019 2.8 0.23 na Kannan et al., 1995b

ST (1990) 121 0.44 0.58  0.064 0.069 0.002 na Kannan et al., 1995b
India (1990) 10 0.036 0.16 0.29 0.025  0.001 na Kannan et al., 1995b
Japan 90 17 1.4 na na na na EAJ, 1997

Hong Kong 160 na 2.7 na na na na Dickman and Leung, 1998
Indonesia (1991) 40 0.11 1.1 0.030  0.018 na na Kannan et al., 1995b
Indonesia (1998) 51 1.2 0.54 0.006 0.004 0.004 na Sudaryanto et al., 2007b
Indonesia (2003) 57 0.81 1.1 0.018 0.010 0.010 0.037 Sudaryanto et al., 2007b
Acceptable daily intake by FAO/WHO 60 1200 na na na na FAO/WHO, 1986
Acceptable daily intake by Health Canada 60 1200 18 3 17 na Oostdam et al., 1999
Oral reference dose (RfD) 12 30 18 30 na na US-EPA, 2000

LOEL (reduce male fertility & T4 in rat) 60 Kuriyama et al., 2005
LOEL (behavior alteration in mouse) 400 Viberg et al., 2003

Note: na = no data available.
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0.54 g person”' day~' and 1.1pg person™' day~', respectively, and
accounted less than 1% of FAO/WHO and Health Canada guideline
standard. The Indonesian daily intake of DDTs via seafood in recent
years is similar to those ten years ago reported in a study conducted by
Kannan et al. (1995b), but lower than those for Chinese (Dickman and
Leung, 1998). However, the levels were relatively higher than those for
other Asian countries (Table 13.4). The dietary intake of CHLs and
HCHs was much lower than those of PCBs and DDTs (Table 13.4).

In case of PBDEs, based on data obtained from Sudaryanto et al.
(2005b), average Indonesian daily intake via fish was 0.037 ug person™'
day~!, which corresponds to the lower end of the estimate for the total
PBDE intake by the Nordic consumer (0.2-0.7pg person™' day™')
(Darnerud et al., 2001) and the maximum daily intake in Switzerland
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Figure 13.9. Residue levels of TBT and sum of TBT and DBT (TBT + DBT) detected in
mussels from coastal waters of Indonesia and some other Asian countries compared with the
tolerable average residue levels (TARLSs) for seafood in each country.
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(0.15ug person™' day™') (Zennegg et al., 2002). This value is still well
below the experimental body burden associated with various develop-
mental effects in neonatal mice and rats (Kuriyama et al., 2005; Viberg
et al., 2003), such as reduced male fertility and T4 in rat (60 pgkg™
day~") and behavior alteration in mouse (400 ugkg~"' day™'). Although a
number of limitations are involved in the estimation and interpretation
of dietary intake values of OCs and PBDEs, including small number of
samples, the use of whole body tissue (instead of fillets), and also not
much availability of information on fish consumption pattern and
fish dietary intake on each location, this result provide some useful
indication of the approximate exposure levels and the need to conduct
further studies to determine and/or to control excessive human exposure.
Further studies toward clarifying current contribution from various
food items to organohalogens intake by an Indonesian are also
important. Moreover, in the light of continued use of PBDE in large
quantities, monitoring levels of these compounds will continue to be an
important issue.

With regard to BTs, the residue levels of TBT in mussels and fish
were lower than the levels causing growth retardation in bivalves
(Page and Widdows, 1991) and sublethal effect in fish (Rice et al.,
1995). However, TBT residues found in some fish, particularly from
hot spot areas such as Jakarta Bay (9.7-52ngg~" wet wt.), and mussels
from Jakarta Bay (13-38ngg™' wet wt.) and Surabaya (28 ngg~" wet wt.)
were close to the threshold levels observed in several animals
based on laboratory and field studies. For example, Horiguchi et al.
(1994) estimated that Thais clavigera developed imposex when
exposed to a threshold concentration of 10-20ng TBT g~' wet wt.
In the tropical muricid Thais distinguenda, the development of imposex
was observed when the body burden exceeded 20.4ng TBT g~' (Bech
et al., 2002).

For instance, an extrapolated water TBT concentration (0.21-
59ngL™") based on concentrations of TBT and its bioconcentration
factors (5000-10,400 for TBT in mussel and 9400-11,000 in marine fish)
(Sudaryanto et al., 2005d) were also close to or above the threshold levels
of toxic implications, such as imposex in mollusks and immunotoxicity
in mussel (St-Jean et al., 2002). The levels were also near to the criteria
established by US-EPA (2003) to protect saltwater aquatic life from
chronic toxic effects of TBT (0.0074 ug L™"). Indeed, high incidence of
imposex in gastropods has been shown to occur in Indonesia, such as the
Ambon coastal area (Ellis and Pattisina, 1990). An evidence of ecotox-
icological impact of TBT, imposex incidence is also a usual phenomenon
in gastropods in coastal waters of some other Asian countries
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(Swennen et al., 1997). These observations suggest that TBT levels in
some polluted areas of Indonesia and other Asian countries pose a toxic
threat to susceptible mollusks and other marine organisms.

Human health risk assessment by BTs has also been estimated by using
tolerable average residue levels (TARLs) for TBT in seafood products
(Sudaryanto et al., 2002). TARLs value for seafood in Indonesia was
estimated to be 360ng g~ wet wt. for an average person weighing 60 kg.
When compared to TARL value, concentrations of TBT or the sum of
TBT and DBT (TBT + DBT) in mussels from Indonesia were below this
value (Fig. 13.9), suggesting no immediate public health risk. This sit-
uation was similar to those in Cambodia (TARL: 630ng g~ wet wt.) and
Vietnam (435ngg~' wet wt.) which have low contamination status by
organotin in mussels (Fig. 13.9). The higher risk may happen in some
other Asian countries which have elevated exposure to BTs. Concentra-
tions of TBT or the sum of TBT and DBT (TBT+DBT) exceeded
respective TARL values in some of the mussels from southern China,
Hong Kong, South Korea, Malaysia, India, the Philippines, and Thailand
(Fig. 13.9). In addition to mussels, consumption of other seafood items
such as fish can also contribute to higher exposure.

Although the magnitude of contamination by BTs in coastal waters of
Indonesia is low, and no immediate public health problems could be seen,
increasing levels of BTs contamination in recent years still causes concern.
Information concerning organotin contamination and its potential effects
on the ecosystems in Indonesia are still scarce. Continuous monitoring
studies are required to observe future trends and to delineate toxicolog-
ical implications.

13.7. Conclusions and recommendations

Available data searched from literatures revealed widespread contami-
nation by polychlorinated biphenyls (PCBs), organochlorine pesticides
(OCPs), polybrominated diphenyl ethers (PBDEs), and hexabromocy-
clododecanes (HBCDs) as well as butyltin compounds (BTs) in Indonesia
comprising aquatic and terrestrial environment and biota including
human. From several monitoring studies, it is evident that concentrations
and the contamination patterns of these compounds varied within spec-
imens and locations. Some locations were considered as hot spots by
specific contaminants and part of the population in Indonesia is highly
exposed to environmental contaminants, particularly DDTs as the most
prominent pollutant. Although, in general, the residual concentrations of
PTS are still low when compared to global contamination levels and
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standards, the occurrence of imposex, an indication of possible toxicity of
TBT, has been observed in the mollusks. Moreover, specific residents are
still subjected to elevated levels of pesticides—a cause for concern on
human health. Estimated infant daily intake of DDTs and HCHs through
lactation in some donors also exceeded WHO guideline. Levels of some
OCs such as DDTs and PCBs decreased recently; however, recent input
and emission into the environment still continue. Fresh TBT input is a
common phenomenon in coastal waters and the reduction trend in the
environment still did not improved. Altogether, and in line with the var-
ious findings on increasing new candidate of POPs (PBDEs and HBCDs)
in many environmental matrices (Hites, 2004) including Asia (Kajiwara
et al., 2004), and also Asia seems to consume large quantities of BFRs
(Watanabe and Sakai, 2003), the present situation highlight the need for
continuous monitoring study of the levels of PTS in environment, people,
and food, to delineate temporal trend, sources, and their potential effects
as well as determining other routes of exposure of these compounds to the
general population of Indonesia. The environmental conservation and
monitoring under an international cooperation is highly requested in
order to prevent subsequent pollution and toxic impacts on aquatic
wildlife and humans in Indonesia. Cooperative research effort with
scientists from developed countries is needed to strengthen the national
capability and to enhance knowledge and understanding amongst
decision makers, managers, industries, and public to meet the obliga-
tions of the International Conventions regarding the management and
elimination of toxic chemical contaminants.
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