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Abstract

Levels of Hg, Cd, Pb, Zn, Cu, Ni, Fe and Mn in surface sediments were investigated in 52 stations along the
Eastern Coast of the Gulf of Thailand. The sediment samples were collected in March 2004. Concentrations of the
heavy metals ranged from 0.005 - 0.121 µg g-1 for Hg, <0.006 - 0.19 µg g-1 for Cd, 1.69 - 66.3 µg g-1 for Pb, 7.48 - 131 µg
g-1 for Zn, 14.4 - 103 µg g-1 for Cu, <0.64 - 79.9 µg g-1 for Ni, 1.17 - 92.8 mg g-1 for Fe and 0.03 - 1.71 mg g-1 for Mn. Only
Pb and Cu in the sediments exceeded the effects range low of the proposed marine and coastal sediment quality
guidelines for Thailand. The calculated geoaccumulation index (I

geo
) showed that the sediments were moderately

polluted with Pb in some locations, particularly at Map Ta Phut Industrial Estate, and were slightly polluted with Cu,
Zn and Mn at some sampling stations. All metals (except Cu) were associated with each other in the sediments.
Organic matter, clay and silt were the major sediment components responsible for most metals sorbed in the study
area.
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1. Introduction

Heavy metal contamination is an environmen-
tal problem in both developing and developed coun-
tries throughout the world. Human activities in-
crease the release of heavy metals to natural envi-
ronment because most metals are widely used in a
variety of industrial and agricultural applications.
High concentrations of heavy metals could have
toxic effects on living organisms, accumulate in
marine food chain and affect human health through
consumption of contaminated seafood. After being
discharged into aquatic environments, heavy met-
als are subsequently deposited into bottom sedi-
ments. However, under some conditions, they can
be released back to the water column as a result of
physical, chemical or biological processes (Bakan
and Balkas, 1999). Thus, sediments serve as a po-
tential risk source as well as ultimate sink of heavy
metals in aquatic environments and are considered
to be a good environmental indicator of metal pol-
lution (Soares et al., 1999).

The Eastern Coast of the Gulf of Thailand has
a total coastline of approximately 500 kilometers,
covering 5 Provinces: Chachoengsao, Chon Buri,
Rayong, Chanthaburi and Trat.  This regional coast
has various kinds of anthropogenic activities includ-
ing agriculture, fisheries, tourism, industrial and ur-
ban communities. There are two industrial estates
located on the coast as a result of the Eastern Sea-
board (ESB) Development Programme which was

first introduced during the 5th National Economic
and Social Development Plan (1981-1984). Map Ta
Phut Industrial Estate, Rayong Province, for ex-
ample, has been developed as the heavy industry
zone with a gas separation plant, petroleum refin-
ing plants, petrochemical industries, chemical fer-
tilizer, iron & steel, and power plants. Laem
Chabang Industrial Estate was established in Chon
Buri Province for light industries and an interna-
tional deep sea port. Since the east coast has been
developing with a high expansion rate of industrial-
ization and urbanization, these activities will sub-
stantially increase the potential risk of heavy metal
pollution along the coast which will subsequently
degrade natural resources and aquatic environ-
ments. Lately, this area has faced the problem of
mercury discharged by industries especially around
Map Ta Phut Industrial Estate (Chongprasith and
Wilairatanadilok, 1999).

Therefore, the present study was undertaken
1) to investigate current metal concentrations in
sediments of the Eastern Coast of the Gulf of Thai-
land and the relationship between these contami-
nants and some sediment characteristics, and 2) to
evaluate the potential for heavy metal pollution in
the sediments from anthropogenic inputs.

2. Materials and Methods

2.1. Sediment Sampling
 Surface sediments were collected from 52
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Figure 1. Map of study area and sampling stations. Details of sampling sites are given in text.

stations along the Eastern Coast of the Gulf of
Thailand. The sampling stations were divided into 4
zones: A, C, E and G ,  emphasizing on industrial
and aquacultural areas (Fig. 1). At each station,
composite sediments of 3 subsamples were col-
lected in March 2004 using a modified Peterson
grab. The samples were freeze-dried, manually
sieved through a 2-mm mesh size nylon sieve and
then homogenized using agate mortar and pestle.
Duplicate subsamples of each composite sediment
were taken for metal analysis and sediment char-
acterization.

2.2. Heavy Metal Analysis

Heavy metals determined included Hg, Cd, Pb,
Zn, Cu, Ni, Fe and Mn. The sediment samples were
microwave digested using a mixture of aqua regia
(HNO3 : HCl, 1:3 v/v) and hydrofluoric acid (HF)
(Loring and Rantala, 1992), followed by instrumen-
tal analysis by flame atomic absorption spectropho-
tometer Model AAnalyst 100, Perkin-Elmer (Zn,
Cu, Ni, Fe, Mn) or graphite furnace atomic absorp-
tion spectrophotometer Model 4110 ZL, Perkin-
Elmer (Cd, Pb). For Hg analysis, the samples were
digested with a mixture of 9:1 (v/v) HNO3/HCl
(Randlesome and Aston, 1980) and determined by
a flow injection mercury hydride system (FI-MHS,
Model FIAS 100) combined with 4110 ZL atomic
absorption spectrophotometer (Perkin-Elmer).

The precision and accuracy of the analytical
technique were assessed by analysis of marine sedi-
ment reference material (MESS-3) from the Na-

2.3. Sediment Characterization

Selected sediment characteristics were deter-
mined as follows: pH in water at a sediment to so-
lution ratio of 1:2.5, calcium carbonate by the gravi-
metric method for loss of carbon dioxide (Goh et
al., 1993), organic matter (OM) by acid-dichromate
oxidation method (Nelson and Sommers, 1982),
cation exchange capacity (CEC) by the ammonium
acetate saturation method (Chapman, 1965), Fe and
Mn oxides by dithionite-citrate method (Ross and
Wang, 1993) and particle size distribution by the
hydrometer method (English et al., 1994).

3. Results and Discussion

3.1. Metal Concentrations

Concentrations of the heavy metals in surface
sediments of the Eastern Coast of the Gulf of Thai-
land are presented in Table 2. The highest average
concentrations of Hg, Zn and Mn in the sediments
were observed in Bangpakong to Angsila area (zone
A) with relatively high concentrations found at Chon
Buri Bay. This was possibly due to industrial and
domestic wastes discharged from Bangpakong es-
tuary and municipal wastewater discharges from
Chon Buri municipality, a densely-populated area
of the city. The highest average concentrations of
Cd and Pb were found in Map Ta Phut area (zone
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E), while those of Cu, Ni and Fe were observed in
Chanthaburi to Trat area (zone G), especially in the
estuaries. We also found that Pb, Zn and Cu in sedi-
ments of Map Ta Phut were slightly higher than
those in Laem Chabang , whereas the other metal
concentrations were not much different between
the two areas.

Comparing the metal concentrations in this study
with those of previous studies (Terai et al., 1995),
it was found that most metals (Pb, Zn and Cu) in
the sediments had increased during the past 10 years
due to the industrialization and economic develop-
ment. However, the present metal concentrations
in the Eastern Coast sediments were significantly
lower than those in other industrialized/urban ports
in the Asian countries such as Port of Singapore,

Manila Bay (Philippines), Jakarta Bay (Indonesia),
Mason Bay (Korea), Western Xiamen Bay (China)
and Hong Kong coast (Table 3).

With respect to the proposed marine and coastal
sediment quality guidelines for Thailand (PCD,
2006), only concentrations of Pb and Cu in the sedi-
ments exceeded the effects range low (ERL), but
did not exceed the effects range median (ERM) of
the guidelines. The high Pb concentrations were
found at Map Ta Phut Industrial Estate and Rayong
estuary, whereas high Cu was observed at several
stations in the estuaries in Chanthaburi Province
and Kung Kraben Bay (Figure 2). Only sediment
Ni exceeded the ERM of the guidelines which was
found at Trat estuary. There are no guideline val-
ues for Fe and Mn. Although Hg is a pollutant of

         Table 1. Results of analysis of marine sediment reference material (MESS-3)

Figure 2. Pb and Cu concentrations in sediments of the Eastern Coast of the Gulf of Thailand. Station codes are the same
as shown in Figure 1.

      
Heavy 
Metal 

Certified Value 
(µ g g-1 dry weight) 

Measured Value 
(µ g g-1 dry weight) 

% Recovery % 
RSD 

Method Detection Limit 
(µ g g-1 dry weight) 

      
      

Hg 0.091 ± 0.009 0.098 ± 0.009 (n=5) 98.9 - 124.2 9.4 0.004 

Cd 0.24 ± 0.01 0.26 ± 0.02 (n=5) 94.5 - 118.2 7.7 0.006 

Pb 21.1 ±  0.7 18.6 ± 0.7 (n=3) 84.0 - 90.4 3.8 0.62 

Zn 159 ± 8 150.0 ± 1.3 (n=5) 93.6 - 95.3 0.9 1.28 

Cu 33.9 ± 1.6 38.1 ± 3.2 (n=5) 105.2 - 128.0 8.4 1.92 

Ni 46.9 ± 2.2 39.5 ± 1.8 (n=4) 78.9 - 87.9 4.5 0.64 

Fe 43,400 ± 1100 44,182 ± 285 (n=5) 100.8 - 102.5 0.7 0 

Mn 323 ± 12 265.2 ± 27.6 (n=5) 72.7 - 88.6 10.4 19.0 
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concern in Thailand, the concentrations found were
still within the guidelines. The highest Hg concen-
trations (0.121 µg g-1) were observed at Chon Buri
Bay (zone A), followed by the concentrations of
0.117 and 0.116 µg g-1 found at Ao Udom (zone C)
and Map Ta Phut Industrial Estate (zone E), re-
spectively.

3.2. Sediment Characteristics and their
Relationship with Metal Concentrations

Selected sediment characteristics are shown in
Table 2. The sediments were slightly alkaline with
pH ranging from 7.0-8.9. Sediment organic matter
ranged from 0.2-6.2 % with  high values (>4%)
found in estuarine sediments, especially at
Bangpakong, Weru and Trat estuaries where the
sediments were also high in CEC (>20 cmol kg-1).
CaCO

3 
content in the sediments was between 0.13-

12.4 % with high values found in Laem Chabang
area from Bang Pra - Na Klua (zone C). Higher Fe
oxides contents were also observed in the sediments
than Mn oxides. The high Fe oxides were mainly
found at estuaries in Trat and Chanthaburi Prov-
inces, whereas the high Mn oxides were mainly
found at Bangpakong estuary.

All metals (except Cu) showed significantly
positive correlation with Hg, indicating their com-
mon source and association with each other (Table
4). More importantly, Hg was more associated with
Zn (r = 0.811) and Cd (r = 0.715) than the other
metals. Most metal concentrations showed nega-
tive correlation with sediment pH, calcium carbon-
ate and sand, whereas these showed positive cor-
relation with CEC, organic matter, Fe and Mn ox-
ides, silt and clay. The above correlations suggest
that organic matter, silt and clay were the major
metal sorbents of the sediments, whereas calcium
carbonate and sand acted as diluant materials of
the heavy metals in the sediments. Fe and Mn ox-
ides were also sorbents for most metals, but not for
Pb, Cd and Cu. However, organic matter content
was considered to be the most important control-
ling factor in the abundance of Hg in the sediments
(r = 0.678), while clay was the most important sedi-
ment component responsible for the abundance of
the other metals. This is because Hg exhibits stron-
ger affinity for organic matter in soils and sediments
(Schuster, 1991) than do soil inorganic components
(Yin et al., 1996). Copper showed no correlation
with other metals and sediment characteristics. This
suggests that there may be significant anthropogenic
sources of Cu to the coastal area.

In addition, the organic rich sediments showed
the high CEC values (r = 0.719) and also showed

good correlations with clay (r = 0.515) and silt (r =
0.671). This is because the CEC of soils or sedi-
ments is attributable to organic matter and clay frac-
tions, and organic matter can also occur with clay
minerals (Sparks 1995). Therefore, the sediments
containing high organic matter, clay and silt had the
potential to retain heavy metals and high CEC of
the sediments could result in high metal concentra-
tions.

3.3. Assessment of Heavy Metal Pollution

The geoaccumulation index (I
geo

) was used to
define the degree of anthropogenic pollution in the
sediments. The index is the enrichment on geologi-
cal substrates and can be calculated using the fol-
lowing equation (Förstner et al., 1993):

I
geo     

=  log
2
 C

n
/1.5 x B

n

where C
n
 is the measured concentration of the

examined metal in sediments; B
n  

is the geochemi-
cal background concentration of the metal and 1.5
is the correction factor for variation in background
values due to lithogenic effects.

The I
geo

 consists of seven grades, whereby the
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Table 5. Geoaccumulation index classification (Förstner et
al., 1993)

Figure 3. Plots of heavy metal concentrations and I
geo

 index.
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highest grade (6) reflects 100-fold enrichment
above background values. Förstner et al. (1993)
listed geoaccumulation classes and the correspond-
ing pollution intensity for different indices as pre-
sented in Table 5. The index has been applied by
many researchers (e.g., Singh and Hasnain, 1999;
Bakan and Balkas, 1999; Zhang et al., 2007) to dis-
tinguish heavy metal levels in anthropogenically en-
riched sediments from preindustrial or natural back-
ground levels in equivalent sediments.

 However, this index depends on the choice of
an appropriate natural background value. Since
there are no metal background values for this study
area, the crustal average values (Taylor 1964) were
used to calculate this index.  Results of I

geo  
values

of the sediment heavy metals are given in Table 2
and Figure 3. According to the I

geo
 classification,

the study area may be considered moderately pol-
luted with Pb (I

geo
 > 1) in some locations with the

highest contamination observed at Map Ta Phut
Industrial Estate. This may be due to the input of
various industries around and automobile aerosol
lead. In addition, a lower degree of pollution was
found in the sediments by Cu (at Prasae estuary
and Kung Kraben Bay), Zn (at Chon Buri Bay),
and Mn (at Bangpakong estuary). There was no
pollution from Hg, Cd and Ni in the sediments and
Fe could be neglected due to very low I

geo
 value

obtained (I
geo

 = <0-0.09).
In conclusion, the examined heavy metals in

sediments of the Eastern Coast of the Gulf of Thai-
land showed wide ranges of concentrations due to
spatial variations of metal distribution. The differ-
ences could be attributed to the sediment charac-
teristics and land-based point and non-point inputs,
especially from industrial activities. The two ap-
proaches in evaluating heavy metal pollution, com-
paring with Thailand’s sediment quality guidelines
and use of the geoaccumulation index gave quite
similar information that the sediments were polluted
with Pb and Cu, but no categorization of the degree
of pollution based on the former approach. In addi-
tion, the present study showed that anthropogenic
activities for heavy metals contribution in the area
were marked at minimal.
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