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AB STR AC T : Jakarta Bay coastal ecosystem is known suffered from water pollution and habitat
degradation. Solid and fluid waste from households and several industrial areas flow and ended up in the bay.
Ecotoxicological studies are needed to assess the effects of pollutant on marine organism, including
phytoplankton as the primary producer. Therefore chemical analysis and toxicity test were performed to
investigate the impact of Jakarta Bay Sediments to marine diatoms Chaetoceros gracilis. Heavy metals
concentration especially Cu, Pb, Cd, and Hg in the sediments were lower than in previous studies. It could be
related to the stricter environmental regulations which started enforced at the end of 1990s. Meanwhile,
PAH and pesticide were higher than in previous studies. Increasing activities and maritime traffic in
surrounding area of Tanjung Priok Port area and most likely comes from other adjacent harbors (Muara Baru,
Muara Angke, and Marina Ancol harbor) and the massive usage of the pesticide compound in the
households of the Jakarta City area were suspected to be the reasons. Estuaries area and locations <10 km
were identified and predicted would produce harmful effects since the concentration of Zn and Hg in those
area exceeded Probable Effects Level (PEL) of Sediment Quality Guidelines (SQG). The growth responses of
Chaetoceros gracilis were varied greatly. Most of the sites (24 from 31 sites) showed inhibition effects on the
growth of diatoms, ranged from 1.75-35.33 % (17.75±9.59 %) relative to control, with the highest inhibition
value was at Cengkareng Drain estuary (M2). The relationship between the concentration of contaminants
and the inhibition response could not be clearly explained, however, there is an assumption that low
concentrations of some heavy metals were suspected to give adverse effects on diatom’s growth.
Keywords: sediment, toxicity, marine diatoms, Chaetoceros gracilis, Jakarta Bay
AB STR AK : Ekosistem Teluk Jakarta dikenal mengalami pencemaran air dan degradasi habitat. Limbah cair dan
padat berasal dari perumahan dan industri mengalir dan berakhir di teluk tersebut. Kajian ekotoksikologi diperlukan
untuk mengetahui pengaruh pencemar terhadap organisme laut termasuk fitoplankton sebagai produsen primer.
Analisis kimia dan uji toksisitas dilakukan untuk mengetahui dampak sedimen Teluk Jakarta terhadap diatom laut
Chaetoceros gracilis. Konsentrasi logam berat terutama Cu, Pb, Cd, dan Hg dalam sedimen lebih rendah dari
penelitian sebelumnya. Hal tersebut berkaitan dengan peraturan lingkungan ketat yang mulai diberlakukan pada
akhir 1990-an. Namun demikian, konsentrasi PAH dan pestisida lebih tinggi dari penelitian sebelumnya. Hal
tersebut diduga kuat akibat dari peningkatan aktivitas dan lalu lintas maritim di daerah sekitar Pelabuhan Tanjung
Priok, juga kemungkinan besar berasal dari pelabuhan lain yang berdekatan (Muara Baru, Muara Angke, dan
pelabuhan Marina Ancol) serta akibat penggunaan besar-besaran senyawa pestisida kegiatan rumah tangga di
wilayah Kota Jakarta. Daerah dan lokasi estuaria <10 km diidentifikasi dan diprediksi akan menghasilkan efek
berbahaya karena konsentrasi Zn dan Hg di area tersebut melebihi Probable Effects Level (PEL) dari Pedoman
Kualitas Sedimen (SQG). Respon pertumbuhan diatom laut Chaetoceros gracilis sangat bervariasi. Sebagian besar
stasiun (24 dari 31 stasiun) menunjukkan efek penghambatan pada pertumbuhan diatom, berkisar antara 1,7535,33% (17,75 ± 9,59%) relatif terhadap kontrol, dengan nilai penghambatan tertinggi di muara Sungai
Cengkareng (M2). Hubungan antara konsentrasi kontaminan dan respon penghambatan tidak dapat dijelaskan
dengan lebih pasti namun terdapat asumsi konsentrasi rendah dari beberapa logam berat diduga memberikan efek
buruk pada pertumbuhan diatom.
Kata Kunci: sedimen, toksisitas, diatom laut, Chaetoceros gracilis, Teluk Jakarta
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INTRODUCTION
The growth of the Jakarta with more than 10
million inhabitants is giving adverse effects on the
Jakarta Bay coastal ecosystem by water pollution and
habitat degradation (Dwiyitno et al., 2016). All
surrounding rivers and canals are carrying solid and
fluid waste from households and several industrial areas
into the bay (Siregar et al., 2016). Thirteen smaller
rivers with a catchment of ~2000 km2 contribute 112.7
m3 s-1 discharge into the central part of the bay
(Koropitan et al., 2009). Trace metals such as vanadium
(V), chrome (Cr), cobalt (Co), and nickel (Ni) are
mainly controlled by the abundance of geogenic
terrestrial material, whereas copper (Cu), zink (Zn),
lead (Pb), and stanum (Sn) are derived from
anthropogenic municipal and industrial sources
(Williams et al., 2000). The concentrations of metals
such as Cr, Cu, and Pb in the Jakarta Bay sediments in
2014 (Siregar et al. 2016) increased three to five times
higher than in 1996 (Williams et al., 2000). Several
types of organic pollutants such as polycyclic aromatic
hydrocarbons (PAHs), dichlorodiphenyltrichloroethane
(DDT), polychlorinatedbiphenyls (PCBs), tributyltin
(TBT), polybrominateddiphenylethers (PBDEs), and
hexachlorocyclohexanes (HCHs) were also found in
sediments, water, and mussel (Sudaryanto et al., 2007a;
2007b; Williams et al., 2000; ). Accumulated pollutants
in marine sediments could directly and indirectly
disrupt
the
ecosystem,
causing
significant
contamination and loss of desirable species (Burton,
2002). Characterization of sediments by chemical
analysis does not provides sufficient information
concerning the toxicity of the sediment-bound
contaminants to aquatic organisms (Munawar and
Munawar, 1987). Therefore, sediment toxicity tests are
the tools to provide information of the toxicity and
bioavailability of chemical compounds in the sediment
on aquatic organisms (Moreno-Garrido et al., 2003).
Diatoms are the primary producers in water
bodies, contributing 40% of the primary productivity of
the oceans and contributing approximately 20% of
global carbon fixation (Hildebrand, 2008). Diatoms are
regularly used for bioassessment and ecotoxicological
studies, because they have a cosmopolitan nature, short
life span and quick response to environmental and
anthropogenic disturbances (Pandey et al., 2017).
Previous studies confirmed that diatoms are known to
be sensitive to toxic substances, such as metals
(Cattaneo et al., 2004; Duong et al., 2008) and organic
contaminants (Moisset et al., 2015). Contaminants have
given effects on diatoms by the alteration in cells
integrity (nuclear anomalies, alterations in the cell
membrane and cytoplasmic content), alteration in
chloroplasts (shape, size, color and number), lipid
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bodies, alteration in frustule size, and morphological
deformities (Pandey et al., 2017).
Previous studies on sediment toxicity in Indonesia
have been carried out using marine diatoms
Chaetoceros gracilis as test organism and sediment
samples from Klabat Bay, Bangka Island (Hindarti et
al., 2008; Puspitasari and Hindarti, 2009); Cirebon
coastal area (Puspitasari, 2011) and Semarang coastal
area (Puspitasari and Lestari, 2014). More studies are
needed to provide sufficient information concerning the
toxicity from the locations known as a polluted area in
Indonesian marine waters and the usage of Chaetoceros
gracilis as bioindicator. Therefore, the aim of this study
is to assess the sediments toxicity of Jakarta Bay on the
growth of marine diatom Chaetoceros gracilis.
METHODS
Sediment samples were collected following
ASTM (2006a) method from 31 locations located in the
Jakarta Bay during dry season, early August 2015
(Figure 1). There are 10 estuaries flow into the bay and
potentially carrying solid and fluid waste. Therefore,
sampling locations were divided into five areas based
on the distance from the estuaries to determine
contaminants distribution and toxicity effect. The
locations were A (A1-A7) within μ20 km, B (B1-B7)
within μ15 km, C (C2-C6) within μ10 km, D (D3-D6)
within μ5 km, and M (M1-M9) within <3 km that were
close to the estuaries. Analysis of heavy metals (Cu, Pb,
Cd, Ni, and Zn) in the sediment was performed using
Flame Atomic Absorption Spectrophotometer (Varian
SpektrAA-20 plus) following the USEPA method
3050B (USEPA 1996). Analysis of Hg was performed
following USEPA method 245.5 (Mercury in SedimentManual Cold Vapor Technique) (USEPA 1974).
The concentration of heavy metals were expressed
in mg kg-1 dry weight (dw). Analysis of PAH and
pesticide were performed using GC/MS (Thermo
Scientific Trace 1310) following the Schwarzbauer, et
al (2000) method. The concentration of PAH and
pesticide were expressed in mg kg-1 dw and øg kg-1 dw,
respectively. 96-h sediment toxicity test using
phytoplankton was carried out following the PSEP
(PSEP 1995), Asean-Canada CPMS (1995) and ASTM
(2006b). A strain of marine diatom Chaetoceros gracilis
was obtained from Mariculture Laboratory, Research
Center for Oceanography-Indonesian Institute of
Sciences. Cell counts data from phytoplankton growth
test were transformed with log10 transformation prior
analyses. Analysis of the normality of contaminants
data was performed by the Shapiro-Wilks test. Simple
linear regression analysis was carried out in order to
determine the relationship between concentration of
each contaminant and inhibition response in locations
close to estuaries (M and D areas). Graphics and

Figure1. Sediment sampling stations in the Jakarta Bay

statistical analysis were performed using Microsoft
Excel 2007.
RESULTS
The concentration of contaminants in Jakarta Bay
sediments were varied but indicated increasing
accumulation trend of heavy metals, especially for Cu,
Zn, Pb, and Hg, at the locations close to the estuaries
(<3km and 5 km area) (Figure 2). Zn had the highest
measured concentration among all the heavy metals
followed by Cu, Pb, and Hg. The highest concentration
of Zn (1514.5 mg kg-1 dw) was found at M4 (Muara
Karang estuary), Cu (109.6 mg kg-1 dw) and Pb (65.37
mg kg-1 dw) at M7 (Cilincing estuary), and Hg (0.86 mg
kg-1 dw) at M5 (Ancol Estuary).
The concentrations of PAH and pesticide were
relatively fluctuated. The highest concentration of PAH
(8.26 mg kg-1 dw) and Pesticide (88.14 øg kg-1 dw)
were found at D3 (close to Ancol estuary) and M8
(Marunda estuary), respectively. In this study, the
spatial distribution of contaminant did not show clear
seaward gradients. This could be due to the resuspension of surface sediments and transport of
suspended particles with the water masses within the
Jakarta Bay (Van der Wulp et al., 2016). Surface
sediments was dominated by fine-grained sediments
(silt and clay) (95.54μ9.94%) and there is no significant
difference between locations (Figure 3).
The growth responses of C. gracilis after being
exposed to Jakarta Bay sediments shows no significant
difference between areas (Figure 4). The average of cell
density in control solution was 247.2 x 104 cells ml-1
and in sediments exposure were ranged from 159.83 to
314.33 x 104 cells ml-1 (with average of 217.42μ35.14
cells ml-1) . Most of the sites (24 from 31 sites) shows

inhibition effects, ranged from 1.75 to 35.33 % (with
average of 17.75μ9.59 %) relative to control. The
highest inhibition value was identified at M2
(Cengkareng Drain estuary). Despite of the difficulties
to determine which pollutant influenced the measured
toxicity response, we found consistent significant
positive relationships (p<0.05) between the inhibition
response and the concentration of Cd, Pb, Hg, and
pesticide in locations closed to estuaries. Similar
condition were not found in other areas >5 km from
estuaries. However, the variation of the observed
response is not solely due to the influence of one type of
contaminants. In most cases the stress of pollution on
ecosystems is caused by the combined toxicity of many
contaminants.
DISCUSSIONS
In this study, heavy metals concentration
especially Cu, Pb, Cd, and Hg were lower than those
reported in 2014 by Siregar et al. (2016). It could be
related to the stricter environmental regulations which
started to be enforced at the end of 1990s (Hosono et al.
2011). In contrast, PAH and pesticide concentrations
were higher than those reported in 2012-2013 by
Dwiyitno et al. (2016). Williams et al. (2000) assumed
that higher concentrations of PAH in Jakarta Bay could
be related to the activities and maritime traffic in
surrounding area of Tanjung Priok Port area and other
adjacent harbors (Muara Baru, Muara Angke, and
Marina Ancol harbor). Meanwhile, pesticide has been
intensively used in agriculture and health purposes
(malaria eradication) for almost three decades
(Sudaryanto et al., 2007). Dwiyitno et al. (2016)
confirmed that the massive usage of the pesticide

Inhibition Effects of Jakarta Bay Sediments to the Growth of Marine Diatom (Chaetoceros Gracilis)

73

Figure 2.
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Mean concentration (μSD) of contaminants in Jakarta Bay sediments. Threshold Effect Level (TEL) and
Probable Effect Level (PEL) of Sediment Quality Guidelines (SQG) summarized by Burton (2002) are included
as threshold value.

Triyoni Purbonegoro et al.

Figure 3. Sediment fractions of Jakarta Bay sediments

Figure 4.

Growth responses of marine diatoms Chaetoceros gracilis after being exposed to
Jakarta Bay sediments.
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compound in the households of the Jakarta City area
increased its concentration in the environment.
To assess the quality of sediments, the
concentration of contaminants in the Jakarta Bay
sediments were compared to the Threshold Effect Level
(TEL) and Probable Effect Level (PEL) reported in the
Sediment Quality Guidelines (SQG) summarized by
Burton (2002). Long et al. (1998) described that TEL
represents concentration of contaminant toward the
low end of the effects ranges (below) which the toxicity
probability and other effects are rarely observed. In
contrast, PEL represents concentration of contaminant
toward the middle and above of the effects ranges
which effects are more flequently observed. The

km are identified and predicted could pose a toxicity
risks ranged from low risk to a level that further
attention are needed.
The effect of Jakarta Bay sediments on the
inhibition response of C. gracilis in dry season were
also observed in previous study by Hindarti et al. (1999)
(Table 1). Another previous study confirmed that
seasonal variation of growth response on C. gracilis in
dry season was dominated by inhibition responses
(Puspitasari and Hindarti 2009). The effects on other
organisms is also observed in abnormalities and
mortality of bivalve and sea urchin larvae (Hindarti et
al. 1999; Hindarti et al. 2008). Low precipitation in dry
season (April-October) affect the decrease of river

Table 1. Effects of contaminated sediments in Indonesian coastal waters to several marine organisms.

Locations,
season
Jakarta Bay, dry season

Jakarta Bay, wet and dry
season

Species

Dominant response

Marine diatom
(Chaetoceros gracilis)

Inhibition, 1.75-35.33 %
relative to control

This study

Marine diatom
(Chaetoceros gracilis)

x

Stimulation (in wet
season)
x Inhibition (in dry
season)
Inhibition (in wet and
dry season)

Hindarti et al. 1999

Tetraselmis sp.

Semarang, Central Java,
dry season

Marine diatom
(Chaetoceros gracilis)

Stimulation, >100 %
relative to control

Puspitasari & Lestari
2014

Klabat Bay, Bangka
Island, wet and dry
season

Marine diatom
(Chaetoceros gracilis)

x

Puspitasari & Hindarti
2009

x

Stimulation (in wet
season), 40%
relative to control.
Inhibition (in dry
season), 60%
relative to control

Jakarta Bay, dry season

Bivalve (Perna viridis)

Larvae abnormality,
0-35%

Hindarti et al. 1999

Klabat Bay, Bangka
Island, wet and dry
season

Sea urchin (Tripneustes
gratilla)

Larvae abnormality,
10.5-59.6 % relative to
control

Hindarti et al., 2008

concentration of contaminants that is below TEL would
produce less than 10% adverse effects, while
concentration that is above PEL would produce 50 %
harmful effects. As can be seen in Figure 2, the
concentrations of all contaminants (except Cd) in most
area, are above TEL value. Previous study by Siregar et
al. (2016) using ERM (Effects Range Median
~equivalent with PEL) values, mentioned that some
elements i.e. Cu, Hg, and Cr in Jakarta Bay sediments
exceeded the ERM. According to that, the locations <10
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runoff from the mainland, lowering nutrients influx,
and increase the concentration of pollutant in sediment
(Puspitasari and Hindarti 2009).
CONCLUSION
Although heavy metals concentration in Jakarta
Bay sediments, especially Cu, Pb, Cd, and Hg, were
lower than those reported in 2014, there was an
indication of increasing spatial concentration of Cu, Zn,
Pb, and Hg, at the locations close to the estuaries (<3km

and 5 km area). The inhibition response of diatom
Chaetoceros gracilis is correspond with the toxic effects
of contaminant in the sediments from the locations
close to the estuaries. Since the adverse effects of
Jakarta Bay sediments have been identified and can be
expected affects on marine organisms, the waste
management in megacity Jakarta should be improved
and environmental regulations should be remain
enforced.
ACKNOWLEDGEMENTS
This study was funded and supported by The
Deputy of Earth Science-Indonesian Institute of
Sciences (LIPI) through Priority Research Project in
2015. We thank to Lestari, Abdul Rozak, (deceased)
Eston Matondang, Khozanah and Deny Yogaswara for
the assistance during sampling and laboratory analysis.
REFERENCES
Asean-Canada CPMS (Cooperative Programme on
Marine Science). 1995. Phytoplankton growth
test. In Protocol for sublethal toxicity tests using
tropical marine organism. Asean-Canada
Cooperative Programme on Marine Science
Phase II. 14-20.
ASTM (American Society for Testing and Materials).
2006a. Standard guide for Collection, Storage,
Characterization,
and
Manipulation
of
Sediments for Toxicological Testing and for
Selection of Samplers Used to Collect Benthic
Invertebrates. In Annual Book of ASTM
Standards. Section Eleven: Water and
Environmental Technology. Volume 11.06:
Biological effects and environmental fate;
biotechnology. 506–598.
ASTM (American Society for Testing and Materials).
2006b. Standard Guide for Conducting Toxicity
Tests with Microlagae. In Annual Book of
ASTM Standards 2006. Section Eleven: Water
and Environmental Technology. Volume 11.06
Biological effects and Environmental Fate;
Biotechnology. 278–291.
Burton, G. A., 2002. Sediment quality criteria in use
around the world. Limnology, 3, 65–75.
Cattaneo, A., Couillard, Y., Wunsam, S., and
Courcelles, M., 2004. Diatom taxonomic and
morphological changes as indicators of metal
pollution and recovery in Lac Dufault (Québec,
Canada). Journal of Paleolimnology, 32(2):
163–175.
https://doi.org/10.1023/B:JOPL.
0000029430.78278.a5
Duong, T. T., Morin, S., Herlory, O., Feurtet-Mazel,
A., Coste, M., and Boudou, A., 2008. Seasonal

effects of cadmium accumulation in periphytic
diatom communities of freshwater biofilms.
Aquatic Toxicology, 90(1): 19–28. https://
doi.org/10.1016/j.aquatox.2008.07.012
Dwiyitno, Dsikowitzky, L., Nordhaus, I., Andarwulan,
N., Irianto, H. E., Lioe, H. N., Schwarzbauer, J.,
2016. Accumulation patterns of lipophilic
organic contaminants in surface sediments and
in economic important mussel and fish species
from Jakarta Bay, Indonesia. Marine Pollution
Bulletin, 110(2): 767–777. https://doi.org/
10.1016/j.marpolbul.2016.01.034
Hindarti, D., Arifin, Z., Puspitasari, R., and
Rochyatun, E., 2008. Sediment contaminant and
toxicity in Klabat Bay, Bangka Belitung
Province. Marine Research in Indonesia, 33
(2):203–212.
Hindarti, D., Darmayati, Y., Sulistijo, and Panggabean,
M. G., 1999. Effects of Jakarta Bay Sediment
on Green Mussel Larvae (Perna viridis) and
Phytoplankton (Chaetoceros gracilis and
Tetraselmis sp.). In I. G. et al. Watson (Ed.),

ASEAN Marine Environmental Management:
Towards Sustainable Development and
Integrated Management of the Marine
Environment in ASEAN. Proceedings of the 4th
ASEAN-Canada Technical Conference on
Marine Science (26-30 October, 1998),
Langkawi, Malaysia. EVS Environment
Consultants, North Vancouver and Department
of Fisheries, Malaysia, 124-131
Hildebrand, M., 2008. Diatoms, biomineralization
processes, and genomics. Chemical Reviews.
108: 4855-4874.
Hosono, T., Su, C.-C., Delinom, R., Umezawa, Y.,
Toyota, T., Kaneko, S., and Taniguchi, M.,
2011. Decline in heavy metal contamination in
marine sediments in Jakarta Bay, Indonesia due
to increasing environmental regulations.
Estuarine, Coastal and Shelf Science, 92:
297–306.
Koropitan, A. F., Ikeda, M., Damar, A., and Yamanaka,
Y., 2009. Influences of physical processes on
the ecosystem of Jakarta Bay: a coupled
physical – ecosystem model experiment. ICES
Journal of Marine Science, 66: 336–348.
Long, E., Field, L., and MacDonald, D., 1998.
Predicting Toxicity in Marine Sediments With
Numerical Sediment Quality Guidelines.
Environmental Toxicology and Chemistry, 17
(4): 714–727.

Inhibition Effects of Jakarta Bay Sediments to the Growth of Marine Diatom (Chaetoceros Gracilis)

77

Moisset, S., Tiam, S. K., Feurtet-Mazel, A., Morin, S.,
Delmas, F., Mazzella, N., and Gonzalez, P.,
2015. Genetic and physiological responses of
three freshwater diatoms to realistic diuron
Environmental Science and
exposures.
Pollution Research, 22 (6): 4046–4055. https://
doi.org/10.1007/s11356-014-3523-2
Moreno-Garrido, I., Hampel, M., Lubian, L., and
Blasco, J., 2003. Sediment toxicity tests using
benthic marine microalgae Cylindrotheca
closterium (Ehremberg) Lewin and Reimann
Ecotoxicology
and
(Bacillariophyceae).
Environmental Safety, 54: 290–295. https://
doi.org/10.1016/S0147-6513(02)00077-5
Munawar, M., and Munawar, I. F., 1987.
Phytoplankton bioassays for evaluating toxicity
of
in
situ
sediment
contaminants.
Hydrobiologia, 149(1), 87–105. https://doi.org/
10.1007/BF00048650
Pandey, L. K., Bergey, E. A., Lyu, J., Park, J., Choi, S.,
Lee, H., Han, T., 2017. The use of diatoms in
ecotoxicology and bioassessment: Insights,
advances and challenges. Water Research, 118:
39–58.
https://doi.org/10.1016/
j.watres.2017.01.062
PSEP (Puget Sound Estuary Protocols). 1995.
Recommended guidelines for conducting
laboratory bioassays on Puget Sound
Sediments. U.S. Environmental Protection
Agency Authority. Puget Sound Water Quality,
Seattle. US.
Puspitasari, R., 2011. Uji toksisitas sedimen pesisir
Cirebon
terhadap
pertumbuhan
diatom
planktonic Chaetoceros gracilis. Jurnal Segara,
7 (1): 57–64.
Puspitasari, R., and Hindarti, D., 2009. Korelasi antara
logam berat dalam sedimen dan toksisitasnya
terhadap diatom Chaetoceros gracilis di Teluk
Klabat, Bangka. Oseanologi Dan Limnologi Di
Indonesia, 35 (2): 131–149.
Puspitasari, R., and Lestari., 2014. Chaeoceros gracilis
as a bioindicator of sediment quality. Jurnal
Ilmu Dan Teknologi Kelautan Tropis, 6 (1):
171–180.
Quinn, G., and Keough, M., 2002. Experimental
design and data analysis for biologists. New
York: Cambridge University Press. 1-553.

78

Triyoni Purbonegoro et al.

Schwarzbauer, J., Littke, R., and Weigelt, V., 2000.
Identification of specific organic contaminants
for estimating the contribution of the Elbe river
to the pollution of the German Bight. Organic
Geochemistry, 31: 1713–1731. https://doi.org/
10.1016/S0146-6380(00)00076-0
Siregar, T. H., Priyanto, N., Putri, A. K., Rachmawati,
N., Triwibowo, R., Dsikowitzky, L., and
Schwarzbauer, J., 2016. Spatial distribution and
seasonal variation of the trace hazardous
element contamination in Jakarta Bay,
Indonesia. Marine Pollution Bulletin, 110 (2):
634–646.
https://doi.org/10.1016/
j.marpolbul.2016.05.008
Sudaryanto, A., Monirith, I., Kajiwara, N., Takahashi,
S., Hartono, P., Muawanah, Tanabe, S., 2007.
Levels and distribution of organochlorines in
fish from Indonesia. Environment International,
33 (6): 750–758. https://doi.org/10.1016/
j.envint.2007.02.009
Sudaryanto, A., Takahashi, S., and Tanabe, S., 2007.
Persistent Toxic Substances in the Environment
of Indonesia. In A. Li, S. Tanabe, G. Jiang, J. P.
Giesy, and P. K. S. Lam (Eds.), Developments
587–625.
in Environmental Science (7):
Elsevier.
https://doi.org/10.1016/S14748177(07)07013-1
USEPA (United State Environmental Protection
Agency). 1974. Method 245.5-Mercury In
Sediment (Manual Cold Vapor Technique). U.S.
Environmental Protection Agency (USEPA),
USA. 1- 4
USEPA (United State Environmental Protection
Agency). 1996. Method 3050B - Acid digestion
of sediments, sludges, and soils. U.S.
Environmental Protection Agency (USEPA)
https://doi.org/10.1117/12.528651. 1-12
Williams, T., Rees, J., and Setiapermana, D., 2000.
Metals and Trace Organic Compounds in
Sediments and Waters of Jakarta Bay and the
Pulau Seribu Complex, Indonesia. Marine
Pollution Bulletin, 3: 277–285. http://
dx.doi.org/10.1016/S0025-326X(99)00226-X

