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Heavy Metal Concentrations in Captured Marine Fishes of
Peninsular Malaysia and Estimation of Target Hazard
Quotient through Dietary Intake

Baharom Intan Nurlemsha'” 2, Mohd Yusoff Nurulnadia®> > 4*,
Abu Yazidyusnisab Muhammad? and Ku Kassim Ku Yaacob?

ABSTRACT

Fish is a staple food in countries with direct access to the ocean, including Malaysia. However,
in the Malaysian diet, fish also represents the main source of heavy metals, especially in commercial fishes.
In this study we determined the concentrations of four heavy metals (arsenic, cadmium, mercury and lead)
in fish and estimated target hazard quotient (THQ) values for local consumers. The concentrations of
heavy metals in marine fishes, (Decapterus spp., Nemipterus spp. and Rastrelliger spp.) from three fish
landing jetties in West (West PM) and East Peninsular Malaysia (East PM) were determined. Heavy metals
in fish muscle samples were extracted using acid-microwave digestion and determined by inductively
coupled-plasma mass spectrometry (ICP-MS). One-way ANOVA was performed to test for temporal and
genus variation. Nemipterus spp. in East PM contained significantly higher (p<0.05) levels of arsenic (As,
1,030 to 3,140 ng-g™! ww) and mercury (Hg, 113 to 790 ng-g”! ww) than the other two genera, suggesting
a greater ability to retain these two heavy metals. Nemipterus spp. in Tok Bali (TB), East PM alone
showed consistently high levels of As and Hg in 2017 and 2018, which exceeded the concentration allowed
by Malaysian Food Act 1983 (Amendment) (No. 3) Regulations 2014. Based on these results, local
consumers in TB were interviewed to gather information for the computation of THQ. The THQ values for
As were greater than 1 in all studied fishes, whereas THQ for Hg only exceeded 1 in Nemipterus spp. Thus,
THQ values indicate the potential health risk of consuming these types of fishes, particularly in TB.
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INTRODUCTION necessary to ensure that consumers (especially

humans) do not exceed safe levels in their diets.

Food security from fisheries is achieved
when the supply is sufficient and safe for the
population. The human population growth projection
is predicted to rise from 2.4 to 9.7 billion by 2050
(United Nations, 2015), certainly leading to higher
food demand for fisheries resources. In addition,
fish represented as much as 86 % of the diet of
consumers in 2014 (Jennings et al., 2016). Therefore,
the measurement of contaminants in fish is absolutely

Chemicals such as pesticides, heavy metals and
persistent organic pollutants can accumulate in fish
and pose a public health risk (Jennings ef al., 2016).
Dietary exposure to methylmercury, for instance, has
been shown to have neurotoxic effects in humans
(Sunderland, 2007). Heavy metals in pregnant mothers
also can be transferred to the foetus, which was
demonstrated in the case of mercury contamination
in Minamata Bay, Japan (Eto et al., 1992).
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Heavy metals are among the most
ubiquitous contaminants in the aquatic environments,
and heavy metals can potentially be accumulated in
fish. Concentrations of heavy metals in the water or
sediments do not necessarily pose toxicological
risk, but the portion that is bioavailable to fish can
cause detrimental impacts (Angeli ez al., 2013). For
this reason, fish are considered as good indicators
for environmental quality besides providing us, as
the top consumer, the contamination status of our
own food (Trevizani et al., 2019).

Fish is also an important food commodity
in Malaysia. Between 60 and 70 % of the protein
in the diet of Malaysians is derived from various
species of fish (Lihan et al., 2006). Decapterus spp.,
Nemipterus spp. and Rastrelliger spp. are three
popular and commercially important genera of
fishes in Malaysia (Jamaluddin ef al., 2010; Amira
et al., 2016; Hashim et al., 2017). Their spawning
seasons peak from May to July in Peninsular
Malaysia (Gambang ef al., 2003; Khandaker ef al.,
2015; Rahman and Samat, 2021). These fishes
accounted for 34 % of total marine fish landings in
2015, which implies their demand and contribution
to the food supply in Malaysia (Shaari and Mustapha,
2018).

These fishes are harvested from four major
fishing grounds, known as West PM, East PM,
Sarawak and Sabah. The demand for fish is generally
higher in Peninsular Malaysia (PM) than Sarawak
and Sabah as a result of higher population density.
Over 80 % of the population is concentrated in
West PM, along with industrial development, tin
reserves, plantations and ports (Mazlan e al., 2005).
Yusoff et al. (2006) reported that approximately
76 coastline reclamation projects occurred along
West PM. Due to uncontrolled discharges from
electronic and semiconductor industries, rivers in
Perak, Selangor, Penang and Malacca are polluted
with mercury and arsenic (Sany et al., 2019).
Although East PM is less populated than West PM,
oil-and-gas-related industries are developing rapidly
along the coast of East PM (Shazili et al., 2006).
For that reason, the majority of pollutants in East
PM comes from sewage, industrial wastes and
hydrocarbons as well as agricultural runoft (Mashitah
etal., 2012).

Along with industrial development,
environmental pollutants such as heavy metals
are becoming a significant issue in Malaysia.
Among these heavy metals, arsenic (As), cadmium
(Cd), mercury (Hg) and lead (Pb) are well known
global contaminants and appear on the EPA
hazardous substances priority list due to significant
environmental and public health concerns (World
Health Organization, 2006). Arsenic is commonly
produced as a waste during heavy metal processing,
and is found in fungicides and wood preservatives
(Shirazi et al., 2011), whereas Cd is produced
through steel and plastic processing, and is used in
galvanized pipes and fertilizers (Yoshimoto et al.,
2016). Both As and Cd are carcinogenic in humans,
causing liver and bladder cancer (Yunus et al.,
2020), and can cause kidney disease and fragile
bones (Perera ef al., 2016). Mercury generally
enters the environment through pesticides, discarded
batteries and paper industry wastes (Mokhtar et al.,
2015); meanwhile, Pb is contributed from paints,
pesticides, and burning of coal (Abbas et al., 2016).
Overexposure to Hg had been linked to neurological
and behavioral disorders (Aldroobi et al., 2013),
while Pb can damage the nervous system and
kidneys (Kamaruzzaman and Ong, 2009).

The occurrence of these non-essential
heavy metals in protein sources such as fish
creates a regional problem because they are non-
biodegradable. For instance, the level of Cd and
Pb in green-lipped mussels (Yap et al., 2002) and
As in mangrove snails (Cheng and Yap, 2015) in
West PM were found exceeding the permissible
level of the Malaysian Food Act 1983. Rahman
et al. (1997) also measured high Hg levels in fish
and squid samples from West PM, which were
linked to industrial sources and agricultural activities.
The content of As in farmed sea bass (Alia ef al.,
2020) and anchovies (Nurulnadia ef al., 2021) in
East PM also has surpassed the permissible limit of
the Malaysian Food Act 1983. These contaminated
food sources pose a health risk to consumers, while
also alarming residents living near the pollution
sources (Poon et al., 2016). The consumption of fish
is one of the important routes of heavy metal uptake
in humans (Kaneko and Ralston, 2007), hence
the concentrations in fish can be used to predict
human health risks. Estimated daily intake (EDI)



of heavy metals and total hazard quotient (THQ)
formulas are mostly employed in the prediction
of human health risk through consumption of fish
(Nurulnadia et al., 2021).

Hajeb et al. (2008) demonstrated a positive
correlation between heavy metal concentrations in
humans and the rate of consumption. The effect
of gender on the accumulation of heavy metals
attracted our attention, as Hajeb ef al. (2008)
reported higher levels of Hg in adult females than
males, whereas in children, the trend is the opposite
(Llop et al., 2013). Thus, gender and age somehow
contribute to the different rates of accumulation of
heavy metals in the human body, and these factors
warrant further investigation.

This study compared heavy metal
concentrations in fishes from West and East PM
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during 2017-2018. The potential health hazard
from the consumption of fish was also calculated
using the THQ formula according to the age and
gender of consumers.

MATERIALS AND METHODS

Fish samples (Decapterus spp., Nemipterus
spp. and Rastrelliger spp.) were collected from
three fish landing jetties of West PM (Batu Maung,
Pantai Remis, and Kuala Selangor) and another
three jetties of East PM (Kuantan, Kuala Besut, and
Tok Bali) as shown in Figure 1. The identification
of fish genera was based on Lim and Ahmad (2015)
and Atan et al. (2010).

Fish samples were collected randomly
depending on availability, as indicated in Table 1
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Figure 1. Map of sampling locations in Peninsular Malaysia; Batu Maung (BM), Pantai Remis (PR), Kuala Selangor
(KS), Kuantan (KTN), Kuala Besut (KB) and Tok Bali (TB).
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(n=5 to 22). Sampling was conducted from March
2017 to October 2018. These jetties are managed by
the Fisheries Development Authority of Malaysia
(LKIM), and most of the landed fish were caught
by local fishing vessels within Malaysian waters.
These jetties were selected because most of the
catch is sold for local consumption only. Samples
were stored in an ice chest (4 °C) and transported
to the Fisheries Research Institute laboratory at
Batu Maung. Specimens were measured for total
length and weighed, with the following ranges:
18-22 cm and 60-110 g for Decapterus spp., 16-28
cm and 60-180 g for Nemipterus spp., and 15-25
cm and 40-170 g for Rastrelliger spp. (Figure 2).
These fish genera were chosen for study because
they are the most commonly caught and available
at the selected jetties.

Heavy metals (As, Cd, Hg, Pb) in the
muscle flesh from both left and right sides of the fish
body were analyzed by digesting (US EPA, 1996)
with 65 % nitric acid (Suprapur). Approximately
0.3 g of wet sample was mixed with 6 mL of nitric
acid in a Teflon beaker and microwave heated at
180 °C (CEM MARS-6 Microwave Digester) for 1 h.

Nemipterus spp.
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Thirty minutes after heating, the sample was
transferred into a centrifuge tube and the volume
was brought up to 50 mL with ultra-pure water.
The blank (nitric acid) and standard reference
samples (Fish Protein Certified Reference Material
for Trace Metals DORM-4) were treated in the
same manner as the fish samples. The samples were
then analyzed using ICP-MS (Agilent CX7500).
The recovered percentages ranged from 74.0 %
to 94.7 %.

Calculations

Estimated daily intake (EDI) and target
hazard quotient (THQ) were used to predict the
potential adverse effects of heavy metal uptake
through fish consumption. The values of EDI
(Edosomwan et al., 2019) and THQ (Giri and Singh,
2017) can be obtained by the following equations:

EDI = heavy metal concentration (mg
kg!) x consumption (kg-day™')/
body weight (kg)

THQ = EDI/reference dose (mg-kg-day™)

Rastrelliger spp.

11213 1518111319@2\22!352

Figure 2. Examples of fish specimens tested for heavy metal concentrations: from the left, Nemipterus spp.,

Decapterus spp., and Rastrelliger spp.
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Reference dose is the daily-maximum
oral exposure which is anticipated to be without
appreciable risk in the general population (Hurt
et al.,2010). The reference doses for As, Cd, Pb
and Hg are 0.0003, 0.001, 0.00357 and 0.0001
mg-kg!-day’!, as published by the US EPA (1997;
2019).

Consumer interviews

A total of 54 consumers within the Tok Bali
(TB) area were interviewed in person in order to
gather the average daily fish consumption and
consumer body weight data. This location was chosen
because the concentrations of As and Hg in fish
in both sampling years exceeded the permissible
levels of the Malaysia Food Act 1983. The
calculations were made separately for males (23
students aged 8-17 years and 9 adults aged 19-60)
and females (7 students aged 6-13 and 15 adults
aged 18-59). The male respondents had higher
consumption rates than the female respondents
(kg-day™!). The average consumption rates for male
students (33.5 kg bw) and adults (70.3 kg bw) were
0.10 and 0.12 kg-day™!, respectively, while the
average consumption rates for female students
(23.4 kg bw) and adults (64.3 kg bw) were 0.062
and 0.065 kg-day™, respectively.

Data analyses

One-way ANOVA was used for data
analyses, whereby either year of sampling, genus
of fish or sampling location (West and East PM)
was considered as the source of variation. The
analyses were done by pooling those data. Mean
As and Hg concentrations were compared among
the three fish genera and between the two sampling
locations using Tukey-Kramer. The results were
considered significant when p<0.05. The analyses
were performed in Microsoft Excel 2019 and
XLSTAT 2019 which were licensed to Universiti
Malaysia Terengganu.

RESULTS AND DISCUSSION

Heavy metals in fish of West and East Peninsular
Malaysia

Heavy metal concentrations in fish samples
collected at each landing jetty are presented in
Table 1. Levels of As, Cd, Hg and Pb in Decapterus
spp. were below the permissible amounts stated by
the Malaysia Food Act 1983, except for As in KB.
The same limit of As is used by Food Standards
Australia New Zealand (FSANZ, 2020). The
average As values were 2,400+492 and 2,250+537
ng-g"! ww during 2017 and 2018, respectively.
Levels of As and Hg in Nemipterus spp. from East
PM also exceeded the limits of the Malaysia Food
Act 1983, especially Hg in the year of 2017. These
Hg concentrations (all less than 1,000 ng-g' ww),
however, are considered safe in consumed fish
based on the limits by FSANZ (2004). Mercury
values decreased to safe levels in Nemipterus spp.
samples from KTN and KB the following year, but
remained high in TB (5742267 and 778469 ng-g’!
ww in 2017 and 2018, respectively). These results
suggest the presence of As and Hg at alarming
levels in East PM. Arsenic and Hg are commonly
produced from metal smelting, and are contained in
paints, pesticides and batteries (Shirazi et al., 2011;
Mokhtar et al., 2015). These kinds of industries
currently operate near the coastal area of East PM
(Nurul et al., 2016; Yusoff et al., 2018; Zainul Armir
et al., 2021), and thus are potential sources of As
and Hg in this area. Herbicides such as disodium
methyl arsenate (Hammid et al., 2013; Goh et al.,
2015), which are commonly applied in oil palm
plantations in Malaysia, also contain As. Thus,
agriculture could be another contributor of As in
the environment. Sultan ef al. (2011) identified
a small enrichment of Hg in the surface sediments
of East PM, but it was similar to regional background
levels, and not likely due to anthropogenic input.
However, this is not the case for these heavy metals
in Decapterus spp. and Nemipterus spp., since As
and Hg are non-essential elements for fish. If these
commercial fish species were to be frequently
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consumed by humans over a long term, health risks
such as cancer and neurological disorders (Aldroobi
et al.,2013; Yunus et al., 2020) would be elevated.
Levels of both As and Hg, however, are below the
maximums permitted by the Food and Agriculture
Organization (Codex Alimentarius Commission,
2017) for marine fish such as tuna and sea bream.

The one-way ANOVA indicated no
temporal differences in heavy metal concentrations
(p>0.05) (Figure 3), suggesting that the inputs and
uptake of these heavy metals in targeted fishes
during both years were similar. However, one-way
ANOVA among the three genera of fish revealed
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significantly higher values (p<0.05) of As and Hg
in Nemipterus spp. than in the others (Figure 4).
This suggests that demersal fishes such as Nemipterus
spp. are exposed to higher levels of heavy metals
and/or can accumulate higher levels of heavy metals
than pelagic types (Decapterus spp. and Rastrelliger
spp.) (Naccari et al., 2015). Nemipterus spp. are
known as predacious carnivores and tend to feed in
the bottom sediments as evidenced by the presence
of benthic organism in their stomachs (Tonnie ef al.,
2018). Sediment is known as the ultimate sink
of pollutants, hence fish that feed on the bottom
sediment have high opportunity to accumulate heavy
metals from their diet (Nurulnadia et al., 2014).

Table 1. Concentrations of As, Cd, Hg and Pb (mean+SD) in ng-g™! wet weight with comparison to levels permitted

Malaysian Food Act 1983.

Fish landing jetty As (ng-g”! ww) Cd (ng-g"' ww) Hg (ng-g"! ww) Pb (ng-g! ww)
2017 2018 2017 2018 2017 2018 2017 2018

Decapterus spp.

West PM BM,n=22 1100+415 1090+414 11.6+4.69 13.6+7.45 na na 83.5+10.3 69.2+9.93
PR,n=8 391+193 674474 6.71£5.53 16.9+8.76 30.8+12.8 31.0+13.3 79.4+23.0 77.0+8.37
KS, n=22 9.14+3.59 9.20+3.64 1.33+0.76 0.65+0.14 0.41+0.06 0.43+0.11 0.13+0.02 0.13+0.02

East PM KTN,n=6 14104513 1335+511 34.7+8.14 32.249.49 15.946.53 13.3£6.10 121£22.0 109+22.9
KB,n=12 2400+492 22504537 35.4+6.67 34.0+7.64 87.7+13.4 88.4+13.0 119+20.6 103£23.0
TB,n=22 639+122 602+156 23.1£7.80 22.6+8.19 71.7+4.4 70.2+5.03 110+9.97 103+15.0

Nemipterus spp.

West PM BM,n=21 1340+538 9264266 5.44+1.39 6.25+2.04 131469.2 1224453 81.2+14.6 79.3x16.2
PR,n=8 798+153 926+170 7.01£1.85 8.78+1.85 165+23.8 35.9+3.29 89.2+9.34 67.4+9.34
KS,n=22 18.3+7.43 18.7+£2.49 0.38+0.36 1.33+0.23 5.32+1.31 8.84+1.17 0.07+0.03 0.12+0.04

East PM KTN,n=5 1030+82.9 1160+82.9 6.13+2.05 7.90+2.05 790+80.9 113+10.9 141+36.3 119+36.3
KB, n=22 2940+347 1890+556 27.5+1.67 59.6+15.0 5314339 296+66.1 89.5+11.9 675+57.6
TB,n=22 2890+406 3140+825 28.3+4.25 5.72+1.99 5744267 778+68.5 89.5+£11.9 144+31.9

Rastrelliger spp.

West PM BM,n=21 408+184 462+160 11.6+4.69 10.4+5.73 21.8+£10.3 23.249.53 80.80+7.50 61.7+6.64
PR,n=8 111+47.5 105+45.0 6.71£5.53 7.05+5.88 11.5+4.92 11.60+4.90 84.90+5.71 80.1+6.49
KS,n=22 2.04+1.31 1.92+1.17 1.33+0.76 0.70+0.25 1.65+0.99 0.48+0.30 0.45+0.24 0.36+0.21

East PM KTN,n=5 96.3+42.7 84.5+42.7 14.0+12.1 14.7x12.1 6.96+3.26 7.08+3.26 139+20.2 129+20.2
KB,n=7 255+118 202+74.2 15.2+13.4 12.7+12.1 32.8+12.3 31.7+14.0 137£18.7 119+20.2
TB,n=20 597+141 520+141 18.5+7.31 17.4+7.31 36.0+£7.45 32.9+7.45 116+22.6 98.3+22.6

Permissible level 2000 1000 500 2000

Malaysian Food Act 1983

Note: BM-Batu Maung; PR-Pantai Remis; KS-Kuala Selangor;

KTN-Kuantan; KB-Kuala Besut; TB-Tok Bali; n-number of fish

samples; na-data not available; bold values indicate concentrations exceeding the permissible level
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Figure 3. Mean heavy metal concentrations in three fish genera harvested in Malaysian wheavyaters. One-way
ANOVA showed no temporal difference concentrations.
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Figure 4. Mean heavy metal concentrations in three fish genera harvested in Malaysian waters. Asterisks (*) indicate
significantly higher As and Hg in Nemipterus spp. than in the other two genera.
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The concentrations of the four heavy metals in
Rastrelliger spp. were below the permissible limits
(Table 1), and hence safe for human consumption.
Considering the fish landing locations, the values of
As and Hg in Decapterus spp. and Nemipterus spp.
from East PM were significantly higher (p<0.05)
than those from West PM (Figure 5). These results
were similar to two recent studies of heavy metals
in fish sampled from East PM (Alia ef al., 2020;
Nurulnadia et al., 2021). Therefore, these two
heavy metals have accumulated substantially in
fishes caught from the South China Sea.

Estimated daily intake (EDI) and target hazard
quotient (THQ) for Tok Bali

The EDI (Figure 6a and 6b) and THQ
(Figure 7a and 7b) values were calculated for each
fish genus to assess the human health risk specifically
for TB. In general, a THQ greater than 1 indicates
potential health concern (Naughton and Petroczi, 2008),
but does not emphasize any particular health risk.

The EDI values for the three fish genera
ranged from 0.00003 to 0.0094 mg-kg!-day™! for both
As and Hg (Figure 6a and 6b). The World Health
Organization (2019) defines 0.002 mg-kg'-day™!
bw as the maximum acceptable human intake of

2,000 -

1,500 - ]

As in food. The EDI values for As exceeded this
guideline in Nemipterus spp. for all age and gender
groups, suggesting a potential health risk to the
consumer. The THQ is commonly reported as the
total of all heavy metals in a study (Siddiqui ez al.,
2019; Nurulnadia et al., 2021). In this study, the
calculation was conducted according to age (student
or adult) and gender classifications. One-way
ANOVA showed no significant differences either
for age or gender (p>0.05) of the consumers. The
THQ values for As exceeded | (THQ>1) in all
fish genera, indicating a potential health hazard
(Figure 7a). The levels of As and Hg in this study
were reported as the total of their forms. However,
As exists in several forms in natural environments,
with inorganic arsenite and arsenate as the most
toxic among the available species. The organic forms
of monomethylarsenic acid and dimethylarsenic acid
are much less toxic than inorganic As, while other
organic species such as arsenobetaine, arsenoribosides
and arsenocholine are non-toxic (Shrain et al.,
1999; Peshut et al., 2008). Owing to the different
characteristics of each As species, the effects on
humans may be underestimated or overestimated
when determined from the total As value. Therefore,
the investigation of As in fish should be broadened
to speciation for better estimating the effects on the
consumer as well as inputs to the environment.
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Figure 5. Mean heavy metal concentrations in fish harvested in Malaysian waters. Asterisks (*) indicate significantly

higher As and He in East PM than in West PM.
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Figure 6. Estimated daily intake (EDI) of (a) arsenic (As) and (b) mercury (Hg) values for three fish genera from

Tok Bali (TB), Malaysia.
Note: Male students: age 8-17; male adults: 19-60; female students: 6-13; female adults: 1-59.
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Figure 7. Total hazard quotient (THQ) values for (a) arsenic (As) and (b) mercury (Hg) from three fish genera from
Tok Bali (TB), Malaysia.

Note: Male students: age 8-17; male adults: 19-60; female: 6-13; female adults: 18-59.
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Currently, a tolerable Hg intake
recommendation is only available for methyl Hg
(Jones, 1999; European Commission, 2006). The
European Food Safety Authority has set the tolerable
weekly intake of methyl Hg at 1.3 pg-kg™ bw which
is equivalent to 0.0002 mg-kg'-day™! bw (EFSA,
2012). According to this consumption rate, the
concentration of Hg in Nemipterus spp. exceeds
the guideline value (Figure 6b). The Nemipterus
spp. in this study may contain both inorganic and
methyl Hg. Therefore, conclusions cannot be
drawn based on this comparison alone. Similar to
EDI, the THQ values for Hg also exceeded 1 in
Nemipterus spp. (Figure 7b). Mercury in fish is
normally reported as total Hg or methyl Hg content.
Methyl Hg is the most toxic, as it is considered
a neurotoxic agent (Storelli ef al., 2005). The US
Food and Drug Administration, Japan and European
countries have set safe limits based on the total Hg
concentration, similar to this study. Based on the
maximum levels permitted by Japan (400 ng-g”' ww)
and Europe (500 ng'g”' ww; Storelli et al., 2005),
Hg in Nemipterus spp. is too high and therefore
not safe for human consumption. Therefore, action
should be taken to determine the concentration in
the other fish species, and consumers of this genus
should be made aware of this finding, particularly
those in the TB area.

CONCLUSION

The concentrations of four heavy metals
(As, Cd, Hg, Pb) were measured in Decapterus spp.,
Nemipterus spp., and Rastrelliger spp. collected
from East and West Peninsular Malaysia. These
are the three most common fishes sold in local
markets, hence the heavy metals were determined to
evaluate potential health risks to local consumers.
Concentrations of Cd and Pb were below levels
permitted by the Malaysia Food Act 1983 for all
three fish genera, and therefore are not a concern.
For Rastrelliger spp., concentrations of As and
Hg were also within safe levels for consumption.
However, As and Hg in Nemipterus spp. from
all landing jetties in East PM as well as As in
Decapterus spp. from one site (KB) exceeded
permissible levels, and indicated potential health
risks to the consumers of these species. In addition,

concentrations of these two heavy metals were
significantly higher in fish from East PM than West
PM, suggesting potential contribution of these heavy
metals along the South China Sea coast. The THQ
values for As in all fish genera, and for only Hg in
Nemipterus spp. exceeded 1 (THQ>1), indicating
a potential health hazard to the consumer.

Nevertheless, to draw a conclusion based on
overall heavy metal contamination and total hazard
quotient from three genera of marine fishes might be
misleading. Hence, future studies should consider a
wider variety of marine organisms at several trophic
levels, as well as trace the potential sources of heavy
metals using mathematical models, particularly in the
East PM area. Since the income of fishermen could
be impacted by unclear and incomplete information
on health risks, this study should only be considered
a first step in evaluating the amount of riskposed
by heavy metals in products from the local fishery.
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