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ABSTRACT

Surface sediments samples from 30 stations at the east coast of Peninsular Malaysia were collected using the
Smith Mcintyre grab on June 2008 in order to determine the contents of selected trace metals using the
Inductive Coupled Plasma- Mass Spectrometry (ICP-MS). The concentrations of Al, Fe, Co and Mn ranged from
0.96 %-5.74 %, 6.20-8.95 %, 83-155 ug g'l and 404-1350 ug g'l respectively. The variation was then studied by
ANOVA, which showed a significant difference for the concentrations of all elements at all sampling stations.
The correlation between elements was significant (p>0.05) at all stations. Whereas, the geoaccumulation index
proved that the surface sediment taken at all stations were unpolluted with Al and Mn (Class 1), moderately
polluted with Fe (Class 2) and strongly polluted with Co (Class 4).
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ABSTRAK

Sampel sedimen permukaan daripada 30 stesen di pantai timur Semenanjung Malaysia telah dikumpulkan
menggunakan cekau Smith Mecintyre pada Jun 2008 untuk mengkaji kandungan logam surih terpilih
menggunakan Plasma Berpasangan Teraruh-Spektrometri Jisim (ICP-MS). Kepekatan Al, Fe, Co dan Mn masing-
masing adalah antara dari 0.96 %-5.74 %, 6.20-8.95 %, 83-155 ug g'l dan 404-1350 ug g'l. Perbezaan itu
kemudiannya diuji menggunakan ANOVA, yang menunjukkan perbezaan signifikan bagi kepekatan semua
elemen di semua stesen persampelan. Korelasi antara elemen juga signifikan (p>0.05) di semua stesen.
Manakala, Indeks Geoakumulasi membuktikan bahawa sedimen permukaan yang diambil di semua stesen
adalah tidak tercemar dengan Al dan Mn (Kelas 1), sederhana tercemar dengan Fe (Kelas 2) dan kuat tercemar
dengan Co (Kelas 4).

Kata kunci: sedimen permukaan, litogenik, |,
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INTRODUCTION

Marine sediments hold up preserved and age-controlled marine and terrestrial
environmental records (Kawahata, 2001); hence contain the history of ancient incidents and
processes. These sediments also contain varieties of minerals and heavy metals. Trace
metals are known to be contaminants when human activity raises their concentrations in
the environment above natural levels (Ming 2001). The high storage capacity for pollutants
is one of the characteristics of the sediments. In other words, that in any part of the
hydrological cycle for less than 1% of these are actually dissolved in the water and more
than 99% are stored in the sediments, which then can produce a remarkable enrichment
(Salomons & Stigliani 1995; Naji & Ahmad 2011).

Most of heavy metals are known to be highly toxic. This is because, as ions or in
certain compounds, they are very soluble in water and may be absorbed into plants or
animal tissues. If the absorption happens, the metals will tend to combine with
biomolecules such as proteins and nucleic acids, yet impairing their functions. Heavy metals
are also claimed to be pollutant. The word pollutant refers to ‘substances that occur in the
environment at least in part of results of man’s activities, and which have deleterious effects
on living organisms’, (Gilbert 2004). Pollution in marine area has been a worldwide problem
especially when it comes to heavy metals. This is because heavy metals are known to be
indestructible and may have some toxic effects on living organisms once they exceed a
certain concentration (MacFarlene et al. 2000; Dalman et al. 2006; Chen et al. 2007, Ong &
Kamaruzzaman 2009). The introduction of trace metals into the aquatic environment can
reach an extend where they can accumulate in sediments through disposal of liquid
effluents, chemical leachates and runoff originating from domestic, industrial and
agricultural activities as well as atmospheric deposition (Mucha et al. 2003, Naji & Ahmad
2011).

Adjacent estuaries and rivers are known to be one of the sources of trace metal
contamination in a marine coastal environment (Ong & Kamaruzzaman 2009). According to
Hungspreugs (1988), (Takarina et al. (2004), heavy metals pollution of riverine and coastal
environment has been reported throughout the region of Southeast Asia. Industrial
development has increased the release of heavy metals to the marine environment. This is
an area where the monitoring and enforcement of environmental regulations is difficult due
to a lack of laboratory facilities and enforcement mechanism (World Bank, 1994).
Environmental concentration is used by comparison with normal or average background
levels to provide evidence for contamination (Ming 2001). Usually, trace metals come from
the weathering of Earth’s crust, soil erosion, industrial discharge, mining, urban runoff,
sewage effluents, air pollution fallout, waste incinerations and other sources. The inorganic
chemical manufacturing industries are potential sources for metallic wastes to aquatic
ecosystems, so they are regulated minimize inputs (Manahan 2000). This paper aims to
measure the concentrations and pollution status of Al, Co, Fe and Mn in surface sediments
and to trace the lithogenic transport in the east coast Peninsular Malaysia.
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MATERIALS AND METHODS

The sampling was conducted in the Eastern Coast of Peninsular Malaysia, totaling in thirty
stations in South China Sea, on a scientific cruise using the Department of Fisheries research
vessel, KL Paus (Figure 1; Table 1). The cruise started on 11" June 2008 until 26™ June 2008.
The water depth ranged from 13.0 to 72.0 meters. Global Positioning System was used to
record the exact location of the sampling site. The surface sediment was collected by using
Smith MclIntyre grab. To avoid any contamination from the grab’s wall, the outer part of the
sediment sample was removed and only the inner part was further processed. Then, the
collected sediment was put in the acid washed plastic bags which were brought back and
kept frozen in 4°C until further analysis.

Figure 1. Sampling stations (box in blue)
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Table 1: Locations of the sampling stations

Distance from

Station Latitude Longitude shoreline (n.m) Water depth (m)
SF01 06 13.99' 102 19.00' 2.7 13
SF02 06 50.04' 102 47.04' 50 46
SFO3 07 05.03' 103 04.99' 73 50
SF04 07 25.98' 103 26.01' 100 61
SFO5 06 56.09' 103 56.04" 108 52
SF06 06 42.14' 103 35.17' 80 52
SF07 06 10.00' 103 01.00' 40 45
SF08 05 52.10' 102 51.92' 15 34
SFO9 05 22.06' 103 21.97' 14 47
SF10 05 48.20' 103 48.98' 48 55
SF11 06 06.16' 104 09.11' 75 72
SF12 06 32.01' 104 22.11' 101 59
SF13 06 16.98' 105 16.99' 139 55
SF14 05 57.15' 104 58.13' 115 56
SF15 05 29.08' 104 29.02' 80 60
SF16 05 18.50' 104 12.60' 56 60
SF17 04 54.12' 103 42.98' 17 54
SF18 04 28.14' 103 49.98' 20 40
SF19 03 37.07' 103 41.08' 15 23
SF20 03 55.10' 104 00.05' 40 50
SF21 04 22.16' 104 22.07' 52 65
SF22 04 44.19' 104 38.44' 70 66
SF23 05 08.10' 105 12.9' 109 67
SF24 03 32.08' 104 36.00' 70 62
SF25 03 09.14' 104 09.04' 42 41
SF26 02 56.13' 103 49.97' 24 20
SF27 02 16.94' 104 16.97' 19.5 30
SF28 02 39.18' 104 38.91' 47 58
SF29 02 00.55' 104 41.97' 35 46
SF30 01 48.04' 104 15.03' 4.5 14

The sediment sample was dried and grinded. After that, the sample was sieved by
using a 63 um sieve. All the samples were then digested by using the Teflon bomb involving
50 mg of sample with a mixed acid solution (1.5 mL) of concentrated HF, HNO3 and HCI. The
Teflon vessel was kept at 150 °C for 5 hours. After cooling, a mixed solution of boric acid and
EDTA (3 mL) was added. The Teflon bomb was heated again for another 5 hours. The
digested sampled was then transferred into the test tube and added up with milli-Q water
up till 10 mL. Lastly, the samples were detected by using an inductively coupled plasma
mass spectrometer (ICP-MS). Quality control test was done by using the Standard Reference
Material (SRM 1646a-Estuarine Sediment) published by National Institute of Standard &
Technology (NIST) and reached 115 % accuracy for Al, 106 % for Co, 115 % for Fe and 104 %

for Mn.
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Geoaccumulation index measurement, lge,
The geoaccumulation index was measured by using the Miiller formula (1979):

Cn
lgeo = logo (1.53)

Where B, reflects the average shale (Bowen, 1979), Cn reflects the measured elements
concentration in the sediment. A constant, 1.5, is used to allow natural fluctuations in the
content of a given substances in the environment, with low anthropogenic interruptions
(Ong and Kamaruzzaman, 2009).This formula is used along with its classification as in Table
2.

Table 2: Muller Classification to quantify the geoaccumulation index

Value of lge, lgeo Pollution intensity
<0 0 unpolluted
o~1 1 unpolluted to moderately polluted
1~2 2 moderately polluted
2~3 3 moderately to strongly polluted
4~5 4 strongly polluted
5~6 5 strongly to very strongly polluted
>5 6 very strongly polluted

RESULTS AND DISCUSSION

Distributions of Selected Metals and Organic Carbon
The concentrations of selected metals in study area are shown in Table 3. Al has a mean
concentration of 4.34 + 1.21 % dry weight with range from 0.96-5.74% dry weight, Fe has a
mean of 7.56 + 0.49 % dry weight with range from 6.20-8.95 % ug g-1 dry weight, Mn has a
mean of 664.72 £ 169.13 ug g'l dry weight, ranged from 404-1350 pg g'1 dry weight and Co
has a mean of 102.27 + 11.96 ug g dry weight, with the range of 83- 155 pg g™ dry weight.
The concentrations of selected metals were not uniform across all stations (Figure 2).
However, SF29 showed similar pattern of Co, Fe and Mn distributions. This phenomenon
assumed to be caused by the anthropogenic sources from the environment such as
eutrophication and land based activities. According to Karbassi et al. (2005), several other
studies also showed high concentrations of trace elements in coastal areas caused by input
from the environment. Al has a weak correlation with organic carbon (r=0.180, p=0.000),
followed by Mn (r=0.077, p=0.000) and Co (r=0.062, p=0.000) while Fe has an intermediate
correlation with organic carbon (r=0.433, p=0.000) (Table 4) and this show that iron is
associated with organic carbon. Rubio et al. (2000) also stated that there is correlation
between organic carbon and iron. In contrast, the correlation of Al, Fe, Co and Mn were
found good except for the correlation between Co and Al. This indicates that there is a
strong relationship between the selected elements. Plus, this shows that these selected
metals come from the same source.
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Table 3: Concentrations of selected metals in surface sediments

Station (SF) Al (%) Fe (%) Co(ugg") Mn (uggt)
01 5.56 7.84 101.16 651.19
02 5.48 7.23 100.94 645.66
03 5.01 7.36 99.92 730.11
04 7.11 7.86 108.82 863.09
05 4.72 7.22 101.99 660.67
06 5.10 7.74 107.51 807.36
07 5.40 7.31 97.99 684.06
08 4.21 7.18 103.00 650.20
09 4.13 7.51 98.77 673.12
10 3.43 7.15 94.32 558.90
11 5.06 7.30 95.22 628.14
12 4.09 7.32 100.08 621.03
13 491 7.48 104.38 656.42
14 4.12 7.60 117.06 785.25
15 3.46 7.32 99.66 633.45
16 3.65 7.21 99.49 519.59
17 4.52 7.90 98.80 689.23
18 3.38 7.05 93.49 520.49
19 0.96 6.20 83.20 404.00
20 4.06 7.56 101.95 604.53
21 3.83 7.39 92.72 536.27
22 4.65 8.04 105.61 744.59
23 5.61 8.05 105.45 823.13
24 4.22 7.92 99.54 681.64
25 3.38 7.71 116.00 680.57
26 1.29 7.21 94.39 383.90
27 4.28 7.94 96.98 560.59
28 4.39 8.19 97.55 639.63
29 4.42 8.95 154.99 1349.84
30 5.74 8.10 97.02 554.82
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Figure 2. Concentration of selected elements in surface sediments of study area

Table 4. Correlation between element and organic carbon

Element Al (%) Co(ngg?) Fe (%) Mn (ng g™)
Organic Carbon (%) 0.18 0.062" 0.433* 0.077*

Al (%)

Co(nuggh) 0.2601

Fe (%) 0.5175 0.6829°

Mn (pgg?) 0.7419 0.5411" 0.553

“Correlation is significant at the 0.05 level (2-tailed)

Lithogenic transport

In order to estimate aluminosilicate distribution in study area, a detailed comparison
between elements is done by normalizing the concentrations of each element by a
reference station (Me/Meys). This reference station should have a concentration that has
the intermediate concentrations among all stations. In this study Station SF28 is the
reference station. To cancel out dilutions due to biogenic materials, the (Me/Meyg) are
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normalized by the relative Al concentrations (Al/Al,g) of each station. Aluminium is used
because it has a high natural concentration and low anthropogenic concentration
(Masuzawa et al. 1989, Otosaka et al. 2004). In marine environments, stable proportions of
elements can be verified. This can be done by normalizing the concentrations of the
elements by the Al concentration (Otosaka et al. 2004). In addition, aluminum is an element
of the clay mineral structure and is insoluble element in the water column (Thomas et al.
1999). So, Al can be used as a tracer of the lithogenic transport in marine environment
(Masuzawa et al. 1989, Otosaka et al. 2004). Assumed that the Al content in aluminosilicates
is 8% (crustal average : McLennan 2001), more than 60% of the sediments in the sampling
site is composed of aluminosilicates.

Figure 3 shows the concentrations of elements in relative to station SF28, and
normalised by Al concentration. Overall, the concentrations of chemical elements were
similar for Co, Fe and Mn except with regard to station SF19, SF26 and SF29. In station SF19
and SF26, Co recorded the highest content, followed by Fe and Mn. Whereas, at station
SF29, Mn recorded the highest content followed by Co and Fe. The dissolved Fe, Co and Mn
are oxidized in the water column, being adsorbed onto particles then settle to the bottom
(Santschi et al. 1980, Moffet 1997, Otosaka et al. 2004). Relative to station SF28, depletion
of Fe, Co and Mn were only seen in few stations. According to Otosaka et al. (2004), this
scenario indicates reduced sediment. As a result of reduced sediment, these Mn, Fe and Co
resolves from the sediment and enters the bottom water (Yeats et al. 1979, Sagar 1994,
Otosaka et al. 2004. According to Chester (1990), aluminum is an element present in the
main rock in the form of aluminosilicate. Aluminosilicate was present with an abundance of
clay minerals and a lot of silt (sediment with fine details) (Chester 1990). According to
Turekian (1976), aluminum was transported to deeper areas through bottom transport and
turbidity currents. Furthermore, according to Chester (1990), high concentration of iron is
probably because it is an original element is the natural base (one of the elements most
common in the Earth's crust). High iron concentrations in sediment are also caused by
natural erosion (lbrahim 2004).

Next, horizontal transport of elements is also a contributing factor to the
concentration of elements, especially manganese because manganese is a trace element
that is easy to move through the water (Karbassi & Amirnezhad 2004, Mahmood et al.
2010). According to Barceloux (1999), cobalt can be transported as suspended sediment or
in dissolved form by rivers, sea and ocean currents. It can also be precipitated in the
adsorbed state with iron oxides and manganese oxides, and with crystalline sediments such
as aluminosilicates and goethite. This is because they can retain cobalt. (Mclaren et al.
1986, Kim et al. 2006). Overall, this transport of lithogenic material might be caused by
ocean current, lateral transport, bottom transport, riverine input or atmospheric input.
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Fig.3: Concentrations of elements in relative to station SF28, and normalised by Al concentration.

Index of geoaccumulation

Marine sediments are composed of terrestrial materials transported by rivers,
atmospherically driven dusts, and particles formed in situ biologically or inorganically
(Chester 1990). Metal contamination impacts the coastal environment through atmospheric
precipitation, fluvial income and direct effluent disposal. Fluvial income is the main carrier
of continental metals to coastal zones, especially through suspended particulate materials
(Forstner & Wittmann 1983). Particulate materials experience many processes, including
interaction with seawater, during transport from their source areas to depositional sites
(Calvert & Pedersen 1993). When the rivers reach the marine environment, the main
fraction of suspended particulate material is deposited near the coast, acting as
geochemical barrier to the flow of metals in the open ocean. Nevertheless, the intense
biological activity and the great diversity of environmental conditions, especially in tropical
regions, still result in extensive variations in metal content, promoting seasonal removals
and regeneration of biological productivity cycles, depositing and removing metals in
sediments, and causing chemical exchange between dissolved and particulate phases
(Church et al. 1993). Pollution status is used to determine the level of pollution occurs at
sampling area. Index of geoaccumulation is used to compare the status of heavy metals
concentration with the background values (Ong & Kamaruzzaman 2009).
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Fig.4: Geoaccumulation index for selected elements

Figure 4 shows the lge, for aluminum, cobalt, iron and manganese in surface sediments of
the study area. In this figure, 100% of Al was classified as Class 1 and 100% of Fe was
classified as Class 2 respectively. For Co, 3% fell into Class 4, 73% fell into Class 5 and 23%
fell into Class 6. While for Mn, 97% fell into Class 1 and the other 3% fell into Class 2.
Therefore, it can be said that the studied area is not contaminated with Al and Mn,
moderately polluted with Fe and strongly polluted with Co. Iron and manganese has
biogeochemical properties that are very fast and active. Iron also has a high affinity for
sediments compared to manganese because it was much transported from land to sea
(Chambers et al. 2000, Mahmood et al. 2010). Aluminium is said to derive from the
immediate vicinity of the naturally occur in the earth's crust (Forstner & Wittmann 1983).
Cobalt is naturally occurred in ambient environment. It may enter surface water through
run-off, riverine and atmospheric dust. Humans add cobalt by releasing small amounts into
the atmosphere from coal combustion and mining, processing of cobalt-containing ores and
the production and use of cobalt chemicals. Once it enters the environment, it cannot be
destroyed. It may react with other particles or adsorb on sediments. Cobalt will only
mobilize under acidic conditions, but ultimately most cobalt will end up in soils and
sediments (Chester 1990).

CONCLUSION

In this study, it is found that concentrations of Al, Co, Fe and Mn vary according to the
research station. The changes were tested by ANOVA showed significant differences (p =
0.000) for concentrations of all elements at each sampling station. Correlation test revealed
that there were strong relationship between elements but not between element and
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organic carbon in the study area. Normalization of the element to aluminum shows that
there is lithogenic transport from the mainland to the study area. Geoaccumulation Index
shows that the surface sediment sample taken at all stations was not polluted with Al and
Mn, moderately polluted with Fe and strongly polluted with Co.

ACKNOWLEDGEMENTS

Authors would like to thanks all the members of Marine Ecosystem Research Centre
(EKOMAR) for helping during sampling and samples analysis. Thanks also to the Ministry of
Science, Technology and Innovation (MOSTI), National Oceanography Directorate (NOD) for
providing research grant NOD/R&D/01/002.

REFERENCES

Amiard, J.C., Amiard-Triquet, C., 1979. Distribution of Cobalt 60 in a mollusc, a crustaceans
and freshwater teleost: variations as a function of the source of pollution and
during elimination. Environmental Pollution 20(3), 199-213.

Barceloux, D.G., 1999. Cobalt. Clinical Toxicology 37(2), 201-216.

Bowen, H.J.M., 1979. Environmental Chemistry of Elements. Academic Press, London, 333.

Chambers. R.M., Hollibaugh, J.T., Snively, C.S., Plant, J.N., 2000. Iron, sulphur and carbon
diagenesis in sediments of Tomales Bay, California. Estuaries 23(1), 1-9.

Chen, C.W., Kao, C.M., Chen, C.F., Dong, C.D., 2007. Distribution and accumulation of heavy

metals in the sediments of Kaohsiung Harbor, Taiwan. Chemosphere 66, 1431-1440.

Chester, R., 1990. Marine Geochemistry. Chapman & Hall. 529. Wiley:London.

Church, T.M., 1993. Proceedings of the 9™ International Conference on Heavy Metals in the
Environment in Toronto, 1.

Dalman, O., Demirak, A., Balci, A., 2006. Determination of heavy metals (Cd, Pb) and trace

elements (Cu, Zn) in sediments and fish of the Southeastern Aegean Sea (Turkey) by
atomic absorption spectrometry. Food Chemistry 95, 157-162.

Forstner, U., Wittmann, G.T.W., 1983. Metal Pollution in the Aquatic Environment. Berlin :
Springer-Verlag

Gilbert, S.G., 2004. A Small Dose of Toxicology — The Health Effects of Common Chemicals,
CRC Press, 106-108,304,307

Ibrahim, A.M., 2004. Soil Pollution- Origin, monitoring and remediation. Berlin : Springer

Karbassi, A.R., Amirnezhad, R., 2004. Geochemistry of heavy metals and sedimentation rate
in a bay adjacent to the Caspian Sea. Journal Environmental Science Technology 1(3),
199-206.

Karbassi, A.R., Nabi-Bedhendi, Gh.R., Bayati, I., 2005. Environmental geochemistry of heavy
metals in a sediment core off Bushehr, Persian Gulf. Journal of Environmental Health
Science Engineering 2(4), 255-260.

Kawahata. H., 2002. Shifts in oceanic and atmospheric boundaries in the Tasman Sea
(Southwest Pacific) during the Late Pleistocene: evidence from organic carbon and
lithogenic fluxes. Journals of Palaeogeography, Palaeoclimatology, Palaeoecology
184,225-249.



56 Siti Nurul Hidayu M. A. et al. 2012

Kim, J.H.,, Gibb, H.)., Howe, P.D., 2006World Health Organization, United Nations
Environment Programme, International Labour Organization, Inter-organization
Programme for the Sound management of Chemicals. Cobalt and inorganic cobalt
compounds. United Kingdom : World Health Organization.

Leopold, E.N., Myung, C.J., Auguste, O., Ngatcha, N., Georges, E., Lape, M., 2008. Metals
pollution in freshly deposited sediments from river Mingou, main tributary to
Municipal Lake of Yaounde, Cameroon. Geosciences 12(4), 342-343

MacFarlane, G.R., M.D. Burchett, 2000. Cellular distribution of copper, lead and zinc in the
grey mangrove, Avicennia marina (Forsk.). Aquatic Botany 68, 45-59.

Mahmood, Z., Zaharudin, A., Mohamed, C.A.R., 2010. Kepekatan Mn dan Fe dalam teras

sedimen di Perairan Sarawak dan Sabah. Sains Malaysiana 39(1), 13-20.

Manahan, S.E., 2000. Fundamentals of Environmental Chemistry, CRC Press LLC, 273-274

Masuzawa, T., Noriki, S., Korusaki, T., Tsunogai, S. & Koyama, M., 1989. Compositional
change of settling particles with water depth in the Japan Sea. Marine Chemistry
27, 61-78.

MclLaren, R.G., Lawson, D.M. and Swift, R.S., 1986. Sorption and desorption of cobalt by soils
and soils components. Soil Sciences 37, 413-426.

McLennan, S.M., 2001. Relationship between the trace element composition of sedimentary
rocks and upper continental crust. Geochemistry Geophysics and Geosystem 2
1021, doi:10.1029/2000GC000109

Ming, H., 2001. Environmental toxicants on living system, CRC Press LLC, 9-14, 152- 158,167-
173,176-181.

Moffet, J.W., 1997. The importance of microbial Mn oxidation in the upper ocean: a
comparison of the Sargasso Sea equatorial Pacific. Earth and Planetary Science
Letter 159, 1277-1291.

Mucha A.P., Vasconcelos M.T.S.D., Bordalo A.A., 2003. Macrobenthic community in the
Douroestuary: relations with trace metals and natural sediment characteristics.
Environmental Pollution 121, 169 - 80.

Midller, G., 1979. Schermetalle in den sedimenten des rheins-Veraafiderungen seitt 1971.
Umschan 79, 778-783.

Naji, A., Ahmad, I, 2011. Assessment of metals contamination in Klang River surface
sediments by using different indexes. Environment Asia 4(1), 30-38.

Ong, M.C. & Kamaruzzaman B.Y., 2009. An assessment of metals (Pb and Cu) contamination
in bottom sediment from South China Sea coastal waters, Malaysia. American
Journal of Applied Science 6(7), 1418-1423.

Otosaka, S., Togawa, O., Baba, M., Kavaser, E., Volkov, Y.N., Omata, N., Noriki, S., 2004.
Lithogenic flux in the Japan Sea measured with sediment traps. Marine Chemistry 91,
143-163.

Rubio, B., Nombela, M.A. & Vilas, F., 2000. Geochemistry of major and trace elements in
sediments of the Ria de Vigo (NW Spain): an assessment of metal pollution. Marine
Pollution Bulletin 40, 968-980.

Sagar, P.M., 1994. The biogeochemical distribution of trace elements in the Indian Ocean.

Lal, D. Biogeochemmistry of the Arabian Sea. Proceeding of the Indian Academy of
Science 103. Indian Academy of Science, New Delhi, 237-278.

Salomons W, Stigliani W. Biogeodynamic of pollutants in soils and sediments. Heidelberg:

Springer Verlag, Germany. 1995; 352.



Jour. Trop. Mar. Ecosyst. 57

Santschi, P.H., Adler, D., Amdurer, M., Li, Y.-H., Bell, J., 1980. Thorium isotopes as analogues
for “particle-reactive” pollutants in coastal marine emvironments. Earth Planet
Science 47, 327-335.
Singh, U.K., Singh, K.P.,, Mohan, D., 2005. Status of Heavy Metals in water and bed
Sediments of river Gonti- A tributary of the Ganga River, India. Environmental
Monitoring and Assessment, 105, 43-67.
Smith, L.C. and Carson, B.L., 1981. Trace metals in environment. Michigan : Ann Arbor
Science Publisher
Thomas, S.B., Jonathan, R.p. & Twilley, R.R., 1999. Biogeochemistry of Gulf of Mexico
Estuaries. Canada: John Wiley and Sons.

Tsunogai, S., Yonemaru, |., Kusakabe, M., 1979. Post depositional migration of Cu, Zn, Ni, Co,
Pb and Ba in deep sea sediments. Journal of Geochemical 13, 239-252.

Turekian, K.K., Wedepohl, K.H., 1961. Distribution of some elements in some major units of
the Earth's crust. America Bulletin 72, 175-192.

World Bank, 1994. Indonesia: Environment and Development, World Bank Washington, DC.

Yeats, P.J., Sunday, B., Bewers, J.M., 1979. Manganese recycling in coastal waters. Marine

Chemistry 8, 43-55.



