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Abstract 
Seafood is recognized as the high protein source of human consumption. However, it is 

hampered by mercury contamination. The objectives of this study are to determine total 
mercury (T-Hg) levels in edible portions of commercial seafood available in Bangkok’s 
supermarkets, and to evaluate the potential risks from mercury through seafood consumption. 
Total 32 species, including 22 fish, 4 cephalopod and 6 shellfish, were purchased from super-
markets. Fish samples were dissected in 3 parts comprised of flesh, gill and viscera. While, 
cephalopod and shellfish were separated for edible tissues. The samples were digested in hot 
acid and were determined using cold-vapor atomic absorption spectrometry technique. The 
results revealed that T-Hg contained in the fish flesh > cephalopod > shellfish. In addition, 
T-Hg was accumulated in flesh > viscera > gill. Statistical analysis suggested that T-Hg 
accumulated in flesh was related positively with species, feeding habit, and habitat (p < 0.05). 
For risk analysis, estimated daily intake (EDI) of flesh ranged from 0.01 to 0.42 µg kg-1 
bodyweight d-1, the lowest and highest EDI values were in salmon and yellowfin tuna, res-
pectively. Yellowfin tuna, narrow-barred Spanish mackerel, fourfinger threadfin, and silver 
sillago were the 4 species that having the EDI values of T-Hg higher than the FAO/WHO 
recommended provisional tolerable daily intake (PTDI) of 0.23 µg kg-1 bodyweight d-1. Thus, 
the frequent consumption of these seafood are not recommended. In addition, the daily 
consumption of seafood should not exceed the maximum safe daily intake (MSDC). The 
MSDC of seafood in this study ranged from 15.5 (yellowfin tuna) to 474 (salmon) g d-1. 
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Introduction 
 Seafoods are a major source of nutrients, in-
cluding protein, amino acids, vitamins, minerals 

and omega-3 fatty acids, with significant roles 
in human health maintenance [1]. However, the 
presence of toxic chemicals in seafood tends to 
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discourage regular consumption. Thus, there is 
a need to communicate the benefits and risks of 
consuming these foods such as mercury (Hg), a 
lipophilic contaminant and therefore transferred 
in aquatic food webs through dietary fat.  
 The major Hg sources are either naturally 
occurring (volcanoes, geothermal activities, re-
suspension from the earth crust) or anthropogenic 
activities, including agriculture, coal burning, 
mining, smelting, aluminium productions, cement 
manufacturing, dental amalgam, garbage dispo-
sal, oil refining, power plant and smelters [2]. 
These activities often tend to increase mercury 
pollution levels in water bodies, sediments and 
organisms in aquatic environments. Upon entering 
water column, Hg undergoes biogeochemical 
processes causing sinking to the seabed, conver-
sion to methylmercury (methyl-Hg) by sulphate-
reducing bacteria, and bioaccumulation and 
transfer into aquatic food chain [3]. 
 Mercury accumulation attains the highest 
level in top predator fish tissues, through a pro-
cess known as biomagnification [4]. Thus, fish 
consumption is one of the major routes for Hg 
exposure to human. Hg entering human body is 
easily absorbed into blood and transported to 
brain barrier through the methionine uptake 
system [5]. Due to the strong affinity for sulfhy-
dryl groups in amino acid groups, it has the 
capacity to accumulate in both tissue and the 
central nervous system and therefore poses 
potential risks to human health, including heart 
disease, cardiovascular, central nervous system 
and fetus [6]. The adverse effects on human 
health for mercury were documented especially 
in the venerable groups such as pregnant women 
and children [7]. The hair samples from pregnant 
women analysed for total mercury were found 
positively associated with types of fish consump-
tions and was observed higher total mercury in 
pregnant women consumed canned fish [8]. In 
children who frequently consumed specific 
types of seafood such as sardine or mackerel 

fish were reported to have higher mean blood 
mercury concentration [9]. The permissible limit 
for safe consumption of total Hg (T-Hg) contained 
in fish tissue is set at 0.5 µg g-1 wet weight for 
all fish and 1 µg g-1 wet weight for some pre-
datory fish [10]. Therefore, everyone, especially 
pregnant women, nursing mothers and children, 
are advised to know specific information regard-
ing fish and to avoid over seafood consumption 
[11]. 
 Mercury in seafood has been reported across 
different Thailand coastal areas [12–13]. However, 
only certain organs in a few species of fish and 
other seafood have been surveyed. This study 
therefore investigates T-Hg in edible portions 
of commercial seafood from Bangkok markets 
and estimates the health risk of T-Hg contami-
nation, through seafood consumption. 
 
Materials and methods 
1) Sample collection and preparation 
 Thirty-two seafood species from fish (22 
species), cephalopods (4 species) and shellfish 
(6 species) bought in Bangkok supermarkets, 
Thailand, during February 2018. The common 
name, scientific name, food habit, and habitat of 
these organisms were then identified according 
to the fish identification book [14] and the 
website: http://www.fishbase.org [15] (Table 1). 
Subsequently, flesh, gill and viscera were sepa-
rated from the fish samples, while only soft 
tissue was collected for cephalopods and shell-
fish. During the analysis, several samples 
were composited due to small sample size. All 
dissected samples were homogenized, placed in 
plastic bags and deep frozen, prior to freeze-
drying in Lyopro 6000 instrument (HETO). The 
dried samples were then grounded into powder 
using an agate mortar and stored in a desiccator 
until chemical analysis. This was followed by 
calculating the moisture percentage of each 
individual sample based on weight, before and 
after drying. 
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Table 1 Scientific name, common name, habitat and food habit of seafood samples collected 
from Bangkok markets (n: the number of fish analyzed) 

Scientific name Common name n Habitat Food habit 
Fish     
Alepes djedaba Shrimp scad 3 Pelagic Carnivore 
Lactarius lactarius False trevally 1 Pelagic Carnivore 
Lates calcarifer Barramundi 1 Pelagic Carnivore 
Rastrelliger kanagurta Indian mackerel 3 Pelagic Carnivore 
Salmo spp. Salmon 2 Pelagic Carnivore 
Scomber japonicus Chub mackerel 3 Pelagic Carnivore 
Scomberomorus cavalla King mackerel 1 Pelagic Carnivore 
Scomberomorus commerson Narrow-barred Spanish mackerel 2 Pelagic Carnivore 
Sphyraena putnamae Sawtooth barracuda 2 Pelagic Carnivore 
Thunnus albacares Yellowfin tuna 1 Pelagic Carnivore 
Thunnus tonggol Longtail tuna 1 Pelagic Carnivore 
Eleutheronema tetradactylum Fourfinger threadfin 1 Pelagic Omnivore 
Parastromateus niger Black pomfret 3 Pelagic Omnivore 
Seriola quinqueradiata Japanese amberjack 3 Pelagic Omnivore 
Epinephelus bleekeri Dusky tail Grouper 2 Demersal Carnivore 
Epinephelus sexfasciatus Sixbar grouper 5 Demersal Carnivore 
Larimichthys polyactis Small yellow croaker 1 Demersal Carnivore 
Nemipterus nematophorus Double whip threadfin bream 6 Demersal Carnivore 
Seriola nigrofasciata Black Banded trevally 2 Demersal Carnivore 
Cynoglossus arel Largescale tonguesole 2 Demersal Omnivore 
Mallotus villosus* Capelin 11 Demersal Omnivore 
Sillago sihama* Silver Sillago 4 Demersal Omnivore 
Cephalopods     
Architeuthis spp. Giant squid 2 Demersal Carnivore 
Loligo duvauceli* Indian squid 3 Demersal Carnivore 
Loliolus spp.* Kobi squid 10 Demersal Carnivore 
Photololigo chinensis* Splendid squid 3 Demersal Carnivore 
Shellfish     
Penaeus merguiensis* White prawn 36 Demersal Omnivore 
Penaeus monodon* Tiger shrimp 3 Demersal Omnivore 
Meretrix meretrix* Asiatic hard clam 28 Benthic Filter feeder 
Paphia textile* Textile venus 30 Benthic Filter feeder 
Saccostrea spp.* Oyster 33 Benthic Filter feeder 
Solen spp.* Razor clam 25 Benthic Filter feeder 

Remark: *The samples were composited before analyzing. 
 
2) Reagents and laboratory wares 
 Milli-Q ultrapure water (>18.2 MΩ-cm) was 
prepared by Millipore Milli-Q lab water system 
and used in all preparation and digestion steps. 
All glassware and plastic bottles were pre-cleaned 
by soaking overnight in 10% (v/v) nitric acid 

(HNO3), rinsing thoroughly with milli-Q water 
and dying, prior to use. Supra-pure nitric acid 
and hydrochloric acid (HCl) were prepared by 
sub-boiling distillation from AR grade acids. 
Potassium bromide (KBr), potassium bromate 
(KBrO3), hydroxylammonium chloride and other 
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chemicals using for sample preparation were 
AR grade chemicals. 
 Bromine chloride (BrCl) solution was pre-
pared by adding 20 mL of Milli-Q water, 1.5 g 
KBrO3, 1.1 g KBr, and 100 mL conc. supra-pure 
HCl in a pre-cleaned 125 mL Teflon bottle. 
Hydroxylamine solution was prepared by weigh-
ing and mixing 30 g of hydroxylammonium 
chloride and 70 g of Milli-Q water to yield a 30 % 
solution in a pre-cleaned 125 ml Teflon bottle. 
Also, sigma-Aldrich (Taufkirchen, Germany) 
standard solution of Hg (1000 mg L-1) was used 
to prepare a working standard solution in the 
range of 0.3 to 10 µg L-1 by serial dilution, in 
3% HNO3. 
 
3) Sample preparation and digestion for 
mercury analyses  
 For the digestion, 0.200 g of dried samples 
were weighed accurately by analytical balance 
(Sartorius AX224) and placed into pre-cleaned 
test tubes. Subsequently, samples were digested 
by 1 mL of HNO3 and 0.5 mL of H2SO4 in block 
heating system at 90–95oC, for 30 min. The 
digested solutions were then left to cool before 
dilution to 40 mL by adding 38 mL of 0.02N BrCl 
solution. This was followed by Hg analysis, 
using cold-vapor atomic absorption spectrometry 
(CV-AAS). Same procedure was repeated for 
reagent blanks and certified reference materials 
(CRMs). 
 The final digested solution then, introduced 
into Perkin Elmer® Flow Injection Mercury 
System (FIMS) model 400 with an AS-90 auto-
sampler. 0.2% (w/v) NaBH4 (Sodium borohy-
dride) in 0.05% NaOH (sodium hydroxide) 
solutions were used as a reducing agents, while 

the carrier solution was 3% (v/v) HCl. An argon 
stream was used as the carrier gas transporting 
Hg vapor into the absorption cell, while a 
hollow cathode mercury lamp operated at 253.7 
nm for Hg determination. The working standard 
solutions of 0.3, 0.5, 1, 3, 5, 8, 10 µg-Hg L-1 
were also prepared fresh daily. A correlation 
coefficient (r) at 0.999 was compiled in order to 
continue operation for sample analysis. The T-
Hg levels are expressed in µg g-1 on wet weight 
basis, by converting dry weight to wet weight 
mass formula [16] as shown in Eq. 1. 
 
4) Quality assurance and quality control 
(QA/QC) 
 For each batch, reagent blanks and CRMs 
were prepared and digested in parallel. The 
determine limit of detection (LOD) and limit of 
quantitation (LOQ) calculated by 3-times and 
10-times of the average of standard deviation 
(SD) from 10 reagents blank, were at 0.003 µg 
g-1 and 0.011 µg g-1, respectively. The precision 
of an analytical procedure was complied with 
the analysis of an approximately 10% percent of 
all samples replication. The percentage of rela-
tive standard deviation (RSD) was reported within 
12%. The accuracy of an analytical procedure 
was verified by CRMs including DORM-4 
(dogfish muscle), TORT-3 (lobster hepato-
pancreas), and BCR-422 (Cod muscle). The reco-
veries of T-Hg were determined using Eq. 2. 
 The percentage of the CRMs recovery pre-
sented in Table 2, indicating a good agreement 
between certified and determined values. This 
verifies the accuracy and reliability of data 
obtained in this study. 

 

                 µ𝑔𝑔 𝑔𝑔−1 𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑤𝑤𝑤𝑤𝑔𝑔ℎ𝑤𝑤 = (100−% 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) 𝑥𝑥 (µ𝑔𝑔 𝑔𝑔−1 𝑑𝑑𝑚𝑚𝑑𝑑 𝑤𝑤𝑚𝑚𝑚𝑚𝑔𝑔ℎ𝑚𝑚)
100

                             (Eq. 1) 
 
                        𝑅𝑅𝑤𝑤𝑅𝑅𝑅𝑅𝑅𝑅𝑤𝑤𝑅𝑅𝑅𝑅 𝑅𝑅𝑟𝑟𝑤𝑤𝑤𝑤 = 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝐷𝐷𝑚𝑚𝑑𝑑 𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑚𝑚

𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝐶𝐶𝑚𝑚𝑚𝑚𝑑𝑑 𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑚𝑚
 𝑥𝑥 100                                                (Eq. 2) 
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Table 2 Results of T-Hg determination in CRMs 
Certified Reference Materials n Certified value 

(µg g-1) 
Determined value 

(µg g-1) 
Recovery 

rate 

DORM-4 (Dog fish) 6 0.412±0.036 0.377±0.017 91.5 

TORT-3 (Lobster Hepatopancreas) 4 0.292±0.022 0.278±0.009 95.2 

BCR-422 (Cod muscle) 5 0.559±0.016 0.443±0.021 79.2 
 
5) Health risk assessment 
 It is well recognized that fish consumption is 
the most important pathway for mercury expo-
sure to human [2, 5]. Mercury had the adverse 
effect to human health particularly response to 
the heart disease, cardiovascular, central nervous 
system and fetus effect [6]. In fish flesh, mercury 
contamination is recommended to not exceed 
the 0.5 µg g-1 with the exception of predator fish 
that could be contained up to 1.0 µg g-1 [10]. In 
addition, the mercury exposure via daily human 
ingestion should not be greater than provisional 
tolerable daily intake (PTDI) or the toxicolo-
gical reference value. To evaluate risk of seafood 
consumption for adult’s consumer in Thailand, 
the estimated daily intake (EDI) values of Hg 
exposure from the flesh of each samples were 
calculated based on Eq. 3 [7]. 
 
          𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐶𝐶𝑚𝑚 𝑥𝑥 𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐸𝐸𝐹𝐹 𝑥𝑥 𝐸𝐸𝐷𝐷

𝐵𝐵𝐵𝐵 𝑥𝑥 𝐴𝐴𝐴𝐴
               (Eq. 3) 

 
 Where, methyl-Hg levels (Cm) in determined 
seafood is accounted for 93% of T-Hg in fish 
flesh, using the value form the Windom and 
Cranmer [13] and Anual et al., [16]. Daily Fish 
Ingestion Rate (FIR) of seafood is 28.7 g meal-1 
[17]. Exposure frequency (EF) is assumed for 
the fish consumption of 1 meal per day which is 
equivalent to 365 meals per year. Exposure 
duration (ED) is 72.05 years, the average life-
time of adults in Thailand) [18]. The average 
body weight (BW) of adults in Thailand is 56 
kg [19]. The average exposed time (AT) is 
72.05 years for non-carcinogenic substance and 
is multiplied by 365 days. As the consequence, 

an amount for safety of daily seafood consump-
tion by adult’s consumers in Thailand can be 
calculated using Eq. 4 [7] for the maximum safe 
daily consumption (MSDC) in g d-1. 
 
               𝑀𝑀𝑀𝑀𝐸𝐸𝑀𝑀 = 𝑃𝑃𝐴𝐴𝐷𝐷𝐹𝐹 𝑥𝑥 𝐵𝐵𝐵𝐵

𝐶𝐶𝑚𝑚
                (Eq. 4) 

 
 Where, PTDI was applied as toxicological 
reference value at 0.23 µg kg-1 body weight d-1 
[20]. 
 
6) Statistical analysis 
 The descriptive statistics including minimum, 
maximum, average and standard deviation were 
calculated and reported for T-Hg in analysed 
seafood. The number of species studied in this 
work is 32, therefore, the Shapiro-Wilk has 
been chosen to test the distribution’s normality. 
Meanwhile, Levene’s test was applied to verify 
the data’s homogeneity (SPSS version 19.0). 
Due the data set was not homogenous and did 
not have a normal distribution, a non-parametric 
ANOVA (analysis of variance), Kruskal-Wallis 
test (one-way ANOVA on ranks) and Mann 
Whitney were selected to test for any significant 
difference between groups. A statistically signi-
ficant difference was designated in cases where 
p <0.05. 
 
Results and discussion 
1) Total mercury (T-Hg) levels in fish flesh 
 The range of T-Hg levels in flesh from 22 
marketed fish species in Bangkok were 0.02 to 
0.89 µg g-1 wet weight, with a 0.29 ±0.25 µg g-1 
average (Figure 1 and Supplementary Material 
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(SM) 1). Yellowfin tuna contained the highest 
T-Hg levels of 0.89 µg g-1 wet weight while 
salmon flesh had the lowest values of 0.03 µg g-1 
wet weight. According to the standard guidelines 
of European and Thailand Commission Regula-
tions [10, 21], the permissible T-Hg level in fish 
flesh is anything below 0.5 µg g-1 of wet weight. 
It was found that yellowfin tuna, narrow-barred 
Spanish mackerel, four finger threadfin, and 
silver sillago were the 4- species with T-Hg levels 
above the recommended values. However, the 
allowance for the predatory for fish like the 
yellowfin tuna was set to not be higher than 1.0 
µg g-1 wet weight. Therefore, T-Hg levels in 
marketed yellowfin tuna were presented within 
the recommended values (Figure 1). 
 The yellowfin tuna T-Hg levels reported in 
this study were 29 times higher, compared to 
salmon. This findings are in accordance with 
a separate study from Slovenian market, report-
ing a 15 times higher value in yellowfin tuna, 
compared to salmon obtained from the same 

market [22]. In addition, the T-Hg levels in 
yellowfin tuna in this study (0.89 µg g-1 wet 
weight) was higher than observed from other 
places around the globe at the range between 
0.04 to 0.60 µg g-1 wet weight in flesh [23]. 
These two fishes are both pelagic carnivore, 
however, the highest T-Hg levels in yellowfin 
tuna are possibly related to the fish’s predatory 
life cycle in the food webs, fast swimming and 
relatively high metabolism, bound to encourage 
Hg accumulation and magnification in their 
body [23]. Meanwhile, salmon’s feeding habit 
and habitat allow exposure to low mercury con-
tamination. A study reported that the cultivated 
salmon had lower mercury content, compared to 
wild salmon [24]. This is possibly due to growth 
dilution in rapidly growing cultivated fish, as 
well as a dilution of Hg with high lipid content 
in cultivated fish [25]. However, a controversial 
study reported farmed salmon to contain more 
Hg, compared to wild counterparts [26]. 
 

 

 
Figure 1 Average and standard deviation of T-Hg (µg g-1 wet weight) levels in each species of 

seafood in Bangkok supermarkets comparing to the recommended maximum mercury level (dash 
lines) for fish and fish products by the Ministry of Public Health of Thailand (MPH, 2020) and 

the European Commission Regulation (EC, 2006). Star symbols (*) represents composite 
samples before analyzing.
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2) Comparison of total mercury (T-Hg) levels 
in flesh, gill and viscera of fish 
 Concentration of T-Hg levels in gill and 
viscera from 22 fish species marketed in Bangkok 
ranged between 0.01–0.13 and 0.01–0.28 µg g-1 
wet weight, with an average of 0.06±0.04 and 
0.12±0.08 µg g-1 wet weight, respectively 
(Figure 1, SM 1). Generally, the T-Hg accumu-
lation pattern among different fish tissues was 
found to be in the order from flesh > viscera > gill, 
with a mean concentration (SM 1). The results 
showed flesh tissue contained about twice and 
quadruple the content in viscera and gill. 
According to the Kruskal Wallis test, the T-Hg 
levels were significantly different in fish tissue 
(Chi-Square = 41.3, p < 0.05), (SM 2a). 
 A study reported that fish flesh has the 
highest T-Hg levels probably due to the strong 
complexation with thiol, a predominant organo-
sulfur compound and likely part of a larger 
peptide (for instance, glutathione) or protein 
[27]. Meanwhile, gills was observed as the first 
targeted organ to react with mercury suspended 
from surrounding water column and sediment, 
through ion transport, gas exchange, acid-base 
regulation and waste excretion [28]. Upon entering 
through gill adsorption and food digestion, 
mercury is absorbed and accumulated in tissues, 
through blood circulation, and subsequently, 
tightly bound to amino groups, nitrogen, as well 
as sulphur, to form stable complexes in fish tissues, 
and stored, particularly in flesh [29]. The high 
levels of T-Hg observed in flesh, compared to 
other tissues is possibly influenced by the presence 
of metallothionein’s protection against oxidative 
stress and neuroprotective mechanism. This 
detoxification allowed the homeostatic regulation 
of metals [30] that may accumulate in tissue. 
This indicated the flesh’s metallothionein levels 
are probably higher, compared to viscera and 
gill. Therefore, without detoxification mecha-
nisms, flesh T-Hg are possibly stored longer and 
accumulate more, compared to other tissues. 

 Similar to the study from the Northern Gulf 
of California [31], this study observed the highest 
T-Hg levels in fish flesh, where total mercury 
content (0.44±0.06 µg g-1 wet weight) tended 
to be higher, compared to the gill (0.29±0.04 
µg g-1), kidney (0.20±0.07 µg g-1), and liver 
(0.02±0.004 µg g-1). However, a study con-
ducted in New Jersey, USA [32] reported higher 
T-Hg levels in kidney tissues (as part of viscera, 
0.57±0.09 µg g-1 wet weight), compared to flesh 
(0.32±0.02 µg g-1), brain (0.09±0.01 µg g-1) and 
skin (0.32±0.02 µg g-1) tissues. This difference 
in trends is probably not only dependent on 
fish species, feeding habits and habitat but 
also on geographic location, age, size and Hg 
background in the environs [16, 31–32]. 
 
3) Total mercury (T-Hg) in cephalopods and 
shellfish 
 The range of T-Hg concentration in 4 cepha-
lopod and 6 shellfish species were 0.03–0.11 and 
0.04–0.13 µg g-1 wet weight, with an average of 
0.08±0.04 and 0.07±0.04 µg g-1 wet weight, 
respectively (SM 1). Figure 1 displayed that all 
cephalopod and shellfish samples have T-Hg 
much lower than 0.5 µg g-1 wet weight, and fish 
counterparts. Based on the Kruskal Wallis test 
(SM 2b), statistical analysis also suggested sig-
nificant differences in correlation between T-Hg 
accumulation with fish flesh, cephalopods, and 
shellfish (Chi-Square = 13.8, p < 0.05). However, 
there was not a significantly difference in the 
results of cephalopods and shellfish (p > 0.05), 
from the Mann Whitney test (SM 3). In cepha-
lopod and shellfish, the lowest T-Hg value was 
detected in kobi squid (0.03 µg g-1 wet weight), 
while the highest was in razor clam (0.13 µg g-1 
wet weight). The high T-Hg contained in shell-
fish is probably related to its behavior; feeding 
habit and habitat. Clams use muscles for self-
buried and to filter suspended particulates, 
including mercury, from both water column and 
sediments, through gills [33]. 
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 In this study, the T-Hg levels in flesh tissue 
within fish, cephalopods and shellfish were 
compared to some other regions (Table 3). Data 
from the literature showed that T-Hg levels 
varied widely in seafood, depending on sam-
pling areas and species. Importantly, T-Hg levels 
in fish in this study were relatively higher, com-
pared to other studies [16, 34–39]. While the shell-
fish and cephalopod T-Hg level were not higher, 
compared to other literatures [16, 34, 36, 40]. 
 
4) Total mercury (T-Hg) levels across food 
habit and habitat   
 The tendency for higher T-Hg accumulation 
in fish flesh, followed by shellfish and cepha-
lopods was observed (SM 5), when all seafood 
species ware categorized according to its feeding 
habit and habitat. For fish, the accumulation of 
T-Hg tended to decrease followed from carni-

vore demersal>carnivore pelagic>omnivores 
demersal>omnivore pelagic, respectively. Mean-
while, the trend in the cephalopods and shellfish 
was in the order, omnivore demersal>carnivore 
demersal>filter feeder benthic (SM 5). In general, 
carnivore demersal fish reported a 4 times 
higher T-Hg level in flesh compared to cepha-
lopod and a 3 times higher, compared to filter 
feeder benthic. This finding is consistent with a 
study from Taiwan market, where carnivore 
fish (0.07 µg g-1 wet weight) contained as twice 
higher T-Hg level, compared to non-carnivore 
fish (0.03 µg g-1 wet weight). This difference of 
the T-Hg accumulation pattern was supported by 
the Kruskal-Wallis test (SM 4), where seafood 
samples collected from Bangkok markets were 
found to have a significant difference with food 
habit and habitat (Chi-Square = 15.5, p < 0.05).

 

Table 3 A comparison of T-Hg levels (µg g-1 wet weight) in seafood collected from Bangkok 
markets and other areas (markets and wild caught) 

Sample Area Species n T-Hg (µg g-1 wet 
weight) 

References 

Mean Range 
Huelva, Spain (Market) Fish 8 0.23±0.16 - [34] 
 Cephalopods 1 0.83 -  
 Shellfish 3 0.86±0.88 -  
Taiwan (Market) Fish 45 0.07 - [35] 
 Cephalopods and 

shellfish 
51 0.03 -  

Cluj-Napoca, Romania 
(Market) 

Fish 18 0.21±0.17 - [36] 
Cephalopods 9 0.11±0.04 -  

 Shellfish 9 0.09±0.06 -  
Map Ta Phut Industrial 
Estate, Thailand 
(Caught) 

Fish 220 - <0.004–0.19 [37] 
Shellfish 48 - <0.004–0.09  

Italy (Market) Fish 330 - 0.08–0.47 [38] 
 Cephalopods 30 - 0.07  
 Shellfish 90 - 0.06  
Sanmen Bay, China 
(Caught) 

Fish 33 - 0.00–0.02 [39] 
Shellfish 41 - 0.00–0.09  

West Peninsular, 
Malaysia (Market) 

Fish 74 - 0.02–0.61 [16] 
Shellfish 15 - 0.01–0.12  

 Cephalopods 12 - 0.02–0.22  
Sonora, Mexico 
(Caught) 

Fish 194 0.15±0.19 <0.004–1.22 [40] 
Shellfish 44 0.16±0.22 <0.004–1.12  

Bangkok, Thailand 
(Market) 

Fish-Flesh 47 0.29±0.25 0.02–0.89 This study 
Cephalopods 5 0.08±0.03 0.03–0.11  

 Shellfish 8 0.08±0.04 0.04–0.13   
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 The high T-Hg accumulated in carnivore 
demersal fish and cephalopods in this study is 
possibly influenced by the food habit and habitat 
in the food chain. A study investigated that 
demersal fish are more likely exposed to Hg, 
compared to pelagic fish, due to the close asso-
ciation with a relatively higher T-Hg level in 
sediments [41]. Additionally, fish species, trophic 
level, habitat, body size and age [4, 42] are also 
possibly influenced high levels in carnivore 
demersal fish within this study. Interestingly, 
the higher T-Hg levels observed in carnivore 
and non-carnivore fishes is also similar to report 
from other regions. A study conducted in Gua-
nabara Bay, south-eastern Brazil reported the 
top predator fish (0.77 µg g-1 dry weight) had 
the highest flesh mercury levels, followed by 
less voracious species (0.43 µg g-1 dry weight) 
and planktivorous fish (0.04 µg g-1 dry weight) 
[43]. Furthermore, carnivore fishes have the 
tendency to accumulate higher T-Hg levels, 
compared to non-carnivore counterparts, due to 
bioaccumulation and biomagnification of Hg 
content, from the food web [16, 42]. 
 
5) Exposure assessment for human consumers 
 Fish consumption is a choice to consider from 
one individual to another. The elemental intake 
from seafood ingestion is dependent on the 
concentration, and the amount consumed. The 
accumulation of T-Hg may have a direct effect 
on human health after daily consumption. Thus, 
it is ought to investigate the exposure assessment 
for seafood consumption. 
 Based on the risk assessment for human 
consumers, the EDI of mercury and MSDC for 
seafood flesh were calculated (Figure 2, SM 1). 
The EDI value in Bangkok seafood species ranged 
from 0.01 to 0.42 µg kg-1 body-weight d-1, with 
a 0.11 ± 0.11 µg kg-1 bodyweight d-1 average. The 

average EDI values in fish species (0.14±0.12 µg 
kg-1 bodyweight d-1) was higher, compared to 
shellfish (0.04±0.02 µg kg-1 bodyweight d-1) 
and cephalopods (0.04±0.02 µg kg-1 bodyweight 
d-1). Figure 2 displayed the EDI of each spe-
cies compared with the PTDI value at 0.23 µg 
kg-1 bodyweight d-1 [20]. There are 4 species 
namely yellowfin tuna, narrow-barred Spanish 
mackerel, fourfinger threadfin, and silver sillago 
having EDI values exceeding this recommen-
dation. This indicates that frequently consumed 
some seafood species from Bangkok markets 
may potentially pose a health risk through con-
sumption. Therefore, consumers ought to reduce 
mercury intake, by selecting less Hg-contained 
seafood, to avoid over-consumption beyond the 
PTDI values. 
 
Conclusion 
 This study reported the T-Hg levels in com-
mercial seafood (fish, cephalopods, and shell-
fish) with different fish tissues (flesh, gill and 
viscera) from Bangkok markets, Thailand. T-
Hg levels ranged from 0.02–0.89, 0.03–0.11 
and 0.04–0.13 µg g-1 wet weight, for fish flesh, 
cephalopods and shellfishes, respectively. In 
fish tissues, the highest T-Hg level was found in 
flesh, followed by viscera and gill. Furthermore, 
carnivore demersal fish were most likely to 
accumulate T-Hg, compared to other species. 
The T-Hg levels were also positively significantly 
correlated with fish tissues, seafood species, 
food habit and habitat. Therefore, restricted 
consumption of seafood with less than the 
PTDI value at 0.23 µg kg-1 bodyweight d-1 is 
recommended. The MSDC for yellowfin tuna, 
narrow-barred Spanish mackerel, fourfinger 
threadfin, and silver sillago are suggested to 
be below 15.5 g d-1 for adult consumption, to 
minimize the health risks. 
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Figure 2 a) The values of EDI in µg kg-1 body weight d-1, b) MSDC in g d-1 of commercial 
seafood marketed from Bangkok markets. Vertical dash line represents the PTDI value at 
0.23 µg kg-1 bodyweight d-1 for adult consumption. Star symbols (*) represents composite 

samples before analyzing. 
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