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Abstract—The concentrations of heavy metals (Sn, Pb, and 

Zn) were investigated in two sediment cores at Phuket bay, 

Phuket, Thailand. The analysis of heavy metal content was 

carried out by using aqua regia digestion and measured by using 

inductively coupled plasma optical emission spectrometer 

(ICP-OES). The concentrations of Sn, Pb, and Zn were ranged 

from 49.9 to 167 mg kg
-1

, 9.6 to 58.7 mg kg
-1

 and 45.4 to 144 mg 

kg
-1

, respectively. The degree of pollution in sediments assessed 

by Geo-accumulation index (Igeo) indicated that the sediment 

samples in this study were either not contaminated or 

moderately contaminated with Zn and Pb (-1.40 to 0.26 and 

-1.24 to 0.97, respectively). In addition, the accumulation of 

heavy metals was evaluated using Enrichment Factor (EF) and 

the results showed that sediment samples are minimal to 

significant enrichment from anthropogenic activity (Pb and Zn: 

1.6 to 6.2 and 2.1 to 6.9, respectively). 

 
Index Terms—Accumulation, enrichment factor, 

geo-accumulation, heavy metal, sediment. 

 

I. INTRODUCTION 

Currently, the aquatic environment problem has become a 

worldwide concern due to anthropogenic activities such as 

mining, industrial and urban has discharged wastewater 

directly into water resources that cause the impact on water 

quality [1], [2] such as the increased heavy metal level in 

aquatic environment [3]. The heavy metal contamination can 

affect human and living organisms due to their toxicity, 

persistence, non-degradability and accumulative behaviors 

[4]. Metal distribution in the aquatic environment can cause 

the adverse effects to human health because of food chain 

transfer. The main sources of the heavy metals in the aquatic 

environment are difficult to identify. Phuket is one of the 

provinces in the South of Thailand with the tin (Sn) mining 
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industry is very popular in the past for the economic 

development [5]. Tin mining activities have released various 

metals and toxins to the nature basin without a pre-treatment, 

and therefore cause metal contamination in the water and 

sediment [6]. Bang-Yai canal is the main canal of Phuket that 

used mostly in the past for transportation. Bang-Yai canal is 

approximately 8,000 meters in length started from Kathu 

waterfall and ended at the seacoast of the Phuket bay in 

Saphan Hin at Muang Phuket district. It can be considered as 

the drainage area receiving many effluents from various 

community sources from Phuket Town such as old Sn mining 

ponds, domestic wastewater discharge, and boat parking 

areas [7]. Therefore, heavy metal accumulation of Lead (Pb), 

Tin and Zinc (Zn) in the coastal environment is of the interest 

in this research. The main objective of this study is to study 

the accumulation and contamination levels of heavy metals at 

Saphan Hin, Phuket province. The levels of heavy metal 

contamination in the area were evaluated by using 

enrichment factor (EF) and geo-accumulation index (Igeo) to 

assess the impact and contamination levels of heavy metals. 

The results of this research can be used in environmental 

impact assessment in the area in order to prevent the 

environmental impact caused by heavy metal pollution. 

 

II. METHODOLOGY 

A. Sediment Core Sampling 

The study area is located at Saphan Hin, Phuket bay, 

Muang Phuket District, Phuket province. Sediment samples 

were collected in May 2017 during the lowest tide of 0.7 to 

0.8 meters above the water level [8]. Two sediment cores 

were sampled namely point A (longitudes 7°52'7.10"N; 

latitudes 98°24'5.38"E) and point B (longitudes 7°52'3.88"N; 

latitudes 98°24'4.50"E), respectively by Russian corer (100 

cm in length and 12 cm in diameter) (Fig. 1). Each core was 

sub-sectioned at 5 cm intervals. There are totally 20 sediment 

layers for each sediment core (totally 40 sediment samples 

for Core A and B). All of the samples were stored in 

polythene bags, kept in the icebox at 4oC and brought to the 

laboratory immediately.  

B. Physicochemical Parameters 

Physicochemical parameters of the sediment samples in 

the two cores were determined on-site included sediment pH, 

oxidation-reduction potential (ORP), and electrical 

conductivity (EC) (1:5 sediment/water ratio) by pH meter 

(Eutech version: Cyber scan Diamond Series pH 450) and EC 

meter (HM version: EC-3M), respectively. Sediment samples 

were digested following the EPA 3052 guideline [9]. The 0.5 

g of dried sediment were digested with aqua regia (HNO3 
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and HCl) and analyzed by Inductively Coupled Plasma 

Optical Emission Spectrometry (ICP-OES) (Perkin Elmer 

Optima, 4300 DV/Perkin Elmer Optima 800). All glassware 

was cleaned using HNO3 (10%) followed by repeated rinsing 

with deionized water and dried in an electric oven prior to use. 

The accuracy of the analytical procedures for the analysis of 

heavy metals in sediment samples was checked using the 

certified reference material MESS-4 [10]. The results of 

recovery were Zn 104 ± 6.7% and Pb 114 ± 21.5 %, 

respectively.  
 

 
Fig. 1. Sampling sites of sediments at the Phuket Bay. 

 

C. Metal Pollution Level 

In order to evaluate the extent of the historical heavy metal 

pollution, an enrichment factor (EF) was used in this study 

[11] and calculated as follows;                                  

 

EF = (Cmeta l/Al)sample/(Cmetal/Al)background          (1) 

                                                          

where (Cmetal/Al)sample is the concentration ratio of metal to 

Al in sediment cores and (Cmetal/Al)background is the average 

ratio of the same metal to Al in the background sample. The 

background concentrations of Al, Pb, Zn and Sn in Phuket 

Province used in this study are: 115,360 mg kg-1, 20 mg kg-1, 

80 mg kg-1, and 420 mg kg-1, respectively [12]. The EF values 

were interpreted as suggested by Department of pollution 

control (2012) [13] as if EF < 2 means deficiency to minimal 

enrichment, EF is between 2 to 5 means moderate enrichment, 

EF is between 5.01 to 20 means significant enrichment, EF is 

between 20.01 to 40 means very high enrichment, and EF > 

40 means extremely high enrichment. 

In addition, the Geo-accumulation Index (Igeo) was also 

calculated as criteria to evaluate the intensity of heavy metal 

contamination in the study area. The calculation is followed 

[14] as below: 

 

Igeo= Log2[Cmetal(sample/1.5Cmetal(background)]       (2) 

                                                      

where Cmetal (sample) is the concentration of a given element 

and Cmetal (background) is the concentration of background 

value for the metal in sediments. The Igeo values were 

interpreted as: Igeo < 0 unpolluted, 0 < Igeo         < 0.99 

unpolluted to moderately polluted, 1 < Igeo < 1.99 moderately 

polluted, 2 < Igeo < 2.99 moderately to strongly polluted, 3 < 

Igeo < 3.99 strongly polluted, 4 < Igeo < 4.99 strongly to very 

strongly polluted, and Igeo > 5.00 very strongly polluted [13]. 

D. Statistical Analysis 

Data analysis was done by using one-way analysis of 

variance (ANOVA) to indicate the significant differences 

among different sediment layer depths. All statistical 

analyses were computed by using SPSS version 16. 

 

III. RESULT AND DISCUSSION 

A. Physico-Chemical Properties 

The physicochemical properties of the sediment core 

samples are presented in Table I. It was found that sediment 

samples are neutral to very strongly alkaline in core A (pH 

7.2 to 9.1) and slightly alkaline in core B (pH 8.1 to 8.7). 

These results are consistent with the research in Bandon Bay, 

Surat Thani Province as the pH value of the sediments was 

ranged from 6.15 to 8.37 [15]. The pH value is an important 

parameter due to most of the chemical reactions in aquatic 

environment is controlled by any change in its pH value. 

Anything either highly acidic or alkaline would kill marine 

life [16]. It was known that high pH values enhance the 

precipitation of heavy metals through the formation of 

insoluble carbonates [17]. In addition, redox potential is an 

important parameter in environmental quality research. The 

mobility of heavy metals can also be limited due to the 

reducing conditions of the sediment [18] as it indicates the 

tendency of an environment to receive or give electrons. 

Redox potential, together with pH, can be considered as one 

of a driving variable for speciation of heavy metals [19]. Soil 

oxidation and reduction depend on soil respiration, diffusion 

of oxygen, and carbon dioxide in soil and on changes in 

biochemistry of the system [20]. In this study, the redox 

potential values in core A and B are ranged from -131 to 59.9 

mV and -117 to 122 mV, respectively. These values implied 

that the sediments in both of cores were oxidized and reduced 

form. The mobility of metals increases in low oxidation stage 

(Eh < 100 mV) [21]. Heavy metals in the oxidation stage can 

be more mobile in the environment, however heavy metals in 

the reduction condition is immobile [22]. The results of this 

study consistent with another study in the U-Taphao canal, 

Songkla province found higher ORP ranged values of -221 to 

406 mV [23]. Electrical conductivity (EC) is another factor 

which affects the bioavailability of metals to plant [24]. It is 

controlled by the extent of soluble salts such as calcium, 

magnesium and sodium. In this study, the EC values in core 

A and B are ranged from 789 to 2626 µS cm-1 and 752 to 

2495 µS cm-1, respectively. The sediments with high EC 

value are without of metals such as iron and zinc [25], and 

also sediment EC values more than 1000 µS cm-1 consist of 

highly conductive clays [26]. The results of this study 

consistent with the research in Chanthaburi Estuary found 

that EC values to be 3500 to 4000 µS cm-1 [27].  

B. Heavy Metal Concentrations in Sediment 

The heavy metal concentrations of Sn, Pb, and Zn in both 

sediment cores are presented in Table II. Metal contents in 

core a are as following; Sn: 49.9 to 167 mg kg-1, Pb: 12.7 to 

44.5 mg kg-1, and Zn: 45.4 to 88.0 mg kg-1. In sediment core 

B, metal contents are as following: Sn: 77.5 to 153 mg kg-1, 

Pb: 9.6 to 58.7 mg kg-1, and Zn: 59.9 to 144 mg kg-1. 

Suteerasak and Bhongsuwan (2008) [6] studied metal 

contamination of Al, As, Cu, Cr, Mn, Ni, Pb, Sn, Zn and Fe in 
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sediment from Bang-Yai River in Phuket Province. They 

found high concentrations of Zn, Pb, Sn and Al (41-242 mg 

kg-1, 17-113 mg kg-1, 471 to 15,174 mg kg-1 and 28,945 to 

99,961 mg kg-1, respectively). Heavy metal concentrations in 

this study were compared with other sediment quality 

standards (Table III.). It was found that metal concentration 

was less than the Soil Quality Guidelines for the Protection of 

Environmental and Human Health (Pb 58.7 mg kg-1  and Zn 

144 mg kg-1) but Sn concentration was higher than standard. 

In addition, the measured concentrations of these metals were 

compared with Sediment Quality Guidelines (SQGs) of 

Threshold Effects Concentration level (TEC) and Sediment 

quality in coastal and found that the metal concentration of 

this study was relatively higher than SQGs and TEC 

standards. 

 

TABLE I: PHYSIO-CHEMICAL PROPERTIES OF SEDIMENT CORE SAMPLES 

 

Depth 

)cm) 

Core A Core B 

Parameters Parameters 

pH ORP (mV) EC (µS/cm) pH ORP (mV) EC (µS/cm) 

 

1 – 5 

 

7.2 ± 0.32a 

 

17.6 ± 5.7d 1117 ± 13i 

 

8.5 ± 0.01e 

 

47.9 ±16.9h 752. ± 46.1c 

6 – 10 7.7 ± 0.09b -35.1 ± 6.1d 
967 ± 69.5h 8.6 ± 0.06e -37.6 ± 0.62g,h 

1092 ± 230c 

11 – 15 8.0 ± 0.11c -51.3 ± 1.0d 
1017 ± 82h 8.7 ± 0.06e 41.9 ± 0.29g,h 

979 ± 109b 

16 – 20 8.1 ± 0.04d -115 ± 5.4c,d 
789 ± 46.8h 8.6 ± 0.01d,e 70.9 ± 3.2f,g,h 

843 ± 92.2b 

21 – 25 8.2 ± 0.02d,e 32 ± 4.4c,d 
1045 ± 39.9g,h 8.5 ± 0.07c,d,e 106 ± 2.6f,g 

1040 ± 24.8b 

26 – 30 8.4 ± 0.02d,e,f 43.2 ± 3.7c 
1598 ± 24.6g,h 8.5 ± 0.08c,d,e 89.5 ± 5.6f,g 

1338 ± 243a,b 

31 – 35 8.3 ± 0.07e,f -116 ± 4.8b 
1415 ± 95.4f,g,h 8.4 ± 0.34b,c,d,e 91.7 ± 2.6e,f 

1666 ± 69.5a,b 

36 – 40 8.3 ± 0.03f -116 ± 2.5b 
1626 ± 253.2f,g,h 8.6 ± 0.02b,c,d,e 79.1 ± 4.9d,e,f 1609 ± 155a,b 

41 – 45 8.4 ± 0.03f -128 ± 6.4b 
1848 ± 14.9e,f,g 8.7 ± 0.03b,c,d,e 76.2 ± 6.0d,e,f 1251 ± 249a,b 

46 – 50 8.7 ± 0.05g -123 ± 3.6b 
1380 ± 130e,f 8.5 ± 0.04b,c,d,e 77.8 ± 7.1d,e,f 1598 ± 154a,b 

51 – 55 8.7 ± 0.04g,h -113 ± 4.2b 
1926 ± 19.8e,f 8.5 ± 0.13b,c,d,e 89.1 ± 6.9d,e,f 

1356 ± 229a,b 

56 – 60 8.7 ± 0.09g,h,i -131 ± 2.8b 
1131 ± 218d,e 8.5 ± 0.09b,c,d,e 100 ± 5.8d,e 

1389 ± 94.4a,b 

61 – 65 8.8 ± 0.05g,h,i -124 ± 6.9a 
2148 ± 34.8c,d,e 8.1 ± 0.18b,c,d,e 122 ± 11.1d,e 

1190 ± 156a,b 

66 – 70 8.8 ± 0.08g,h,i -68.2 ± 2a 
2066 ± 53b,c,d,e 8.4 ± 0.06b,c,d,e 119 ± 5.1d,e 

2495 ± 119a,b 

71 – 75 8.8 ± 0.01g,h,i -35.9 ±12a 
2167 ± 248a,b,c,d 8.6 ± 0.08b,c,d,e 116 ± 1.1d 

2481 ± 188a,b 

76 – 80 8.9 ± 0.03h.i -49.1 ± 5.2a 
2041 ± 159a,b,c,d 8.7 ± 0.04b,c,d 102 ± 2.1d 

1070 ± 24.8a,b 

81 – 85 8.8 ± 0.03i -59.9 ±16a 
2134 ± 69.5a,b,c 8.6 ± 0.08b,c 95.5 ± 5.1c 

977 ± 24.8a,b 

86 – 90 9.1 ± 0.03i,j 55.3 ± 1.7a 
2626 ± 102a,b 8.5 ± 0.09b 71 ± 7.4c 

1256 ± 38.7a,b 

91 – 95 8.9 ± 0.07i.j 59.9 ± 2.3a 
1731 ± 243a 8.4 ± 0.10a 86 ± 0.88b 

993 ± 114a 

96 – 100 8.9 ± 0.06j 59.7 ± 2.8a 
1457 ± 174a 8.2 ± 0.19a -117. ± 1.9a 

1054 ± 54.6a 

Max 9.1 59.9 2626 8.7 122 2495 

Min 7.2 -131 789 8.1 -117 752 

Mean 8.5 -50 1612 8.5 73.9 1321 

 

TABLE II: CONCENTRATIONS OF ZINC (ZN), LEAD (PB) AND TIN (SN) IN THE STUDIED CORES 

 

Depth 

 (cm) 

Core A Core B 

Concentrations (mg kg-1) Concentrations (mg kg-1) 

Zn Pb Sn Al Zn Pb Sn Al 

1 – 5 65.4 ± 2.1 12.7 ± 1.6 99.1 ± 0.05 
15429 ± 127 

144 ± 6.5 11.1 ± 0.51 89.9 ± 0.06 
21233 ± 215 

6 – 10 50.9 ± 3.8 17.5 ± 6.1 107. ± 0.06 
17664 ± 147 

95.7 ± 3.5 52.5 ± 2.5 105 ± 0.10 
21986 ± 795 

11 – 15 60.7 ± 1.1 18.1 ± 0.2 98.1 ± 0.06 
20684 ± 213 

59.5 ± 1.6 30.5 ± 2.1 113 ± 0.07 
24873 ± 192 

16 – 20 46.5 ± 6.1 20.2 ± 2.1 111 ± 0.07 
23321 ± 111 

64.2 ± 7.1 38.2 ± 2.3 118 ± 0.01 
18387 ± 444 

21 – 25 46.5 ± 3.4 22.4 ± 3.7 126 ± 0.01 
29293 ± 322 

68.6 ± 5.3 42.5 ± 7.3 113 ± 0.08 
19429 ± 408 

26 – 30 88.0± 3.3 25.3 ± 1.3 111 ± 0.02 
22874 ± 544 

69.9 ± 9.3 45.9 ± 3.4 128 ± 0.08 
35683 ± 932 

31 – 35 54.4 ± 4.5 23.9 ± 2.6 129 ± 0.04 
26191 ± 179 

89.9 ± 1.1 39.1 ± 1.9 123 ± 0.04 
43681 ± 794 

36 – 40 62.9± 1.1 27.1 ± 8.7 162 ± 0.13 
24981 ± 133 

95.1 ± 5.5 58.7 ± 2.8 77.5 ± 0.03 
46225 ± 753 

41 – 45 66.9 ± 5.1 35.9 ± 5.3 150 ± 0.04 
37466 ± 614 

112 ± 10.1 54.5 ± 2.1 92.1 ± 0.11 
41144 ± 149 

46 – 50 69.1 ± 5.8 33.0 ± 4.6 167 ± 0.06 
36681 ± 347 

98.6 ± 5.2 36.0 ± 7.4 106 ± 0.04 
56974 ± 307 

51 – 55 71.1 ± 9.1 35.7 ± 3.1 49.9 ± 1.85 
34735 ± 502 

111 ± 6.5 49.1 ± 1.3 110 ± 0.05 
30058 ± 302 

56 – 60 76.1 ± 4.2 37.0 ± 7.0 156 ± 0.03 
35782 ± 459 

75.2 ± 3.4 36.2 ± 1.3 118 ± 0.05 
66034 ± 324 

61 – 65 59.7± 1.1 27.2 ± 1.5 152 ± 0.15 
29400 ± 638 

82.9 ± 7.3 45.3 ± 3.2 111 ± 0.03 
72306 ± 382 

66 – 70 50.9 ± 2.7 44.5 ± 1.5 139 ± 0.17 
29260 ± 576 

86.4 ± 1.2 37.2 ± 4.9 127 ± 0.04 
50962 ± 481 

71 – 75 45.4 ± 1.4 31.0 ± 4.7 129 ± 0.08 
34867 ± 151 

83.7 ± 4.1 30.8 ± 8.5 124 ± 1.28 
60584 ± 759 
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76 – 80 62.3 ± 8.3 32.4 ± 3.9 145 ± 0.06 
32916 ± 490 

61.6 ± 0.7 16.4 ± 3.6 153 ± 0.05 
56501 ± 908 

81 – 85 79.9 ± 2.4 26.7 ± 3.5 136 ± 0.12 
29568 ± 395 

69.7 ± 1.2 9.6 ± 3.1 109 ± 0.3 
51683 ± 106 

86 – 90 70.9 ± 5.3 16.8 ± 1.6 146 ± 0.06 
25600 ± 197 

79.5 ± 1.2 14.5 ± 1.1 133 ± 0.07 
45673 ± 284 

91 – 95 85.3 ± 2.1 14.6 ± 1.9 148 ± 0.16 
22083 ± 538 

74.2 ± 6.1 13.8 ± 2.4 121 ± 0.11 
69066 ± 338 

96 - 100 58.8 ± 1.9 13.4 ± 0.7 153 ± 0.11 18287 ± 224 78.1 ± 5.4 17.9 ± 2.5 105 ± 0.08 33630 ± 873 

Max 88.0 44.5 167 37466 144 58.7 153 72306 

Min 45.4 12.7 49.9 15429 59.9 9.6 77.5 18387 

 

TABLE III: SEDIMENT QUALITY FROM THE NATIONAL AND INTERNATIONAL STANDARDS 

 

Standards 

Concentrations 

 (mg kg-1) 

 

References/years 

 

Zn Pb Sn 

1. Soil Quality Guidelines for the Protection of Environmental 

and Human Health 

 

200 

 

140 

 

50 

Canadian Council of Ministers of the 

Environment, 1999 [28] 

2. Sediment Quality Guidelines: SQGs Threshold Effects 

Concentration level (TEC)  

 

121 

 

35.8 

 

- 

Department of pollution control, 2012 [29] 

3.  Sediment quality in coastal 

 (to prevent marine benthic) 

102 52 - Department of pollution control, 2015 [30] 

4. This study 144 58.7 167 This study, 2017 

 

C. Geo-Accumulation Index (Igeo) Evaluation of Heavy 

Metals 

The calculated Igeo values for Zn in core A showed the 

values of less than zero (-1.40 to -0.45) which indicated 

unpolluted condition of the sediments. In addition, the Igeo 

values for Zn in core B are ranged from -1.01 to 0.26 

indicated unpolluted to moderately polluted level of the 

sediments. In contrast, the Igeo values for Pb were observed to 

be from -1.24 to 0.57 and -1.64 to 0.97 in core A and core B, 

respectively indicated that the sediment was unpolluted to 

moderately polluted level. Therefore, it is suggested that 

almost all of the sediment samples in this study were not 

contaminated or moderately contaminated with Zn and Pb. 

The low Igeo values were found in other studies. For example, 

Pb was found to be unpolluted/moderately polluted in 

Bangpakong estuary, Chachoengsao province [31] and the 

sediments at the inner Gulf of Thailand were found to be 

moderately polluted with Pb [32]. 

D. Enrichment Factor (EF) Evaluation of Heavy Metals 

The enrichment factor (EF) is a useful tool for 

differentiating the man‐made and natural sources of metal 

contamination [33]. This evaluating technique is carried out 

by normalizing the metal concentration based on geological 

characteristics of [34]. Al has been widely used for 

normalizing the metal concentration in sediments because it 

is a major metal element in the earth crust and not affected by 

man‐made factors [35]. In this study, the EF profiles for Zn in 

core A and B are ranged from 2.1 to 6.9 and 1.6 to 6.2, 

respectively. These results indicated that sediment samples 

are minimal to significant enrichment. The EF values of Pb in 

Core A and B ranged from 3.4 to 9.8 and 1.9 to 6.9, 

respectively. It also indicates that sediment samples are 

minimal to significant enrichment from human activity in the 

studied area. The human activities from local contribution 

can be influenced the pollution level in this study area. In 

addition, it was observed that Zn is enriched in the upper 

layers as compared to the lower layers of core sediments. 

However, Pb was observed to be enriched in the lower layers 

(40 to 75 cm) as compared to the upper layers of sediment 

cores. These results are consistent with the research in the 

inner Gulf of Thailand as they found the significant Pb 

enrichment of sediments by anthropogenic activities [32]. 

 

IV. CONCLUSIONS 

In conclusion, this study shows that the concentrations of 

the heavy metals in Phuket bay were ranged over following 

intervals: Sn 49.9 to 167 mg kg-1, Pb 9.6 to 58.7 mg kg-1 and 

Zn 45.4 to 144 mg kg-1 that are found to be below the Soil 

Quality Guidelines for the Protection of Environmental and 

Human Health except for tin (Sn) metal (Sn, Pb and Zn: 50, 

140 and 200 mg kg-1, respectively). While the measured 

concentrations of these metals were higher than Sediment 

Quality Guidelines: SQGs Threshold Effects Concentration 

level (TEC) (Pb and Zn: 35.8, 121 mg kg-1, respectively) and 

Sediment quality in coastal (Pb and Zn: 52, 102 mg kg-1, 

respectively). The contamination levels of the heavy metals 

by calculated Igeo values suggested that almost all of the 

sediment samples in this study were either not contaminated 

or moderately contaminated with Zn and Pb metals (-1.40 to 

0.26 and -1.24 to 0.97, respectively), and the sediment 

samples are minimal to significant enrichment from 

anthropogenic activity (the EF values for Pb and Zn: 1.6 to 

6.2 and 2.1 to 6.9, respectively). It was suggested that the 

anthropogenic activities may be from local contribution and 

influence of urbanization recently. However, since sediments 

can accumulate for heavy metals in the aquatic system, their 

potential risks to the environment must be considered.  
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