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Abstract: Water pollution by heavy metals due to
discharge from gold mining activity has threatened the
aquatic environment and human health of the community
around Kao Bay. This report review explores the level of
mercury and arsenic in the fish and the health risk of fish
consumption within the community around Kao Bay. Fish
from 10 spots in the bay were analyzed for mercury and
arsenic using Atomic Absorption Spectrophotometry.
Community members around Kao Bay were interviewed for
details of their fish consumption. Daily intake of metals and
health risk level were also calculated. All of the fish caught
contained mercury (mean of 0.2110 ug/g) and arsenic
(mean of 0.422 ug/g). This heavy metal concentration ex-
ceeds the allowable level for food standard. The human
health risk assessment showed that the fish caught from
Kao Bay were not safe for human consumption (RQ>1). The
hazard risk quotient based on cancer and non-cancer was
more than one. As many as 49 of 52 people living around
Kao Bay have a risk from mercury and arsenic exposure via
fish consumption. The magnitude of HQ and ECR values for
most fish indicates that it is not safe for consumption.

Keywords: arsenic; hazard; mercury; pompano; rabbitfish;
snapper.

Introduction

The applicationa heavy metals in industries has resulted
in severe environmental pollution through the discharge of
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effluents into the environment [1-3]. One of the sectors that
contribute to this is gold mining. Water pollution by heavy
metals due to discharge from gold mining activity has
threatened the aquatic environment and hgman health of
the surrounding community. Because of potential toxic
effect and ability to bioaccumulate in marine ecosystems,
heavy mgpals have been a global interest. Mercury (Hg) and
Arsenic (As) are categorized as toxic heavy metals, and
maximum residual levels in the environment and food
have been defmnfor humans [4-6]. Heavy metals bio-
accumulation in organisms and biomagnifications delin-
eate tp processes and pathways of xenobiotics in a food
chain from one trophiclevel to another. Heavy metals enter
the food chain after the consumption of water or organisms
caught as food (i. e., zooplankton and phytoplankton) [7].
Considering their sensitivity to contamination, fish have
been well documented as good bio-indicators for
measuring the quality of the aquatic environment [8-10].
They are involved in varying trophic levels and show
different sizes [11]. In many parts of Indonesia, fish and
other water organism have been consumed daily by the

munity, indicating that the community have a highrisk
of heavy metals exposure from fish consumption. Con-
sumptiopmpf heavy metal-contaminated fish for protract
periods E:\d to the accumulation of heavy metals in
human.

Kao Bay is located on the northern part of Halmahera
Island. There are many gold mines operated legally or
illegally around Kao Bay. Thus, artisanal gold mining has
been the primary income source for thousands people and
also has been the main source of mercury (Hg) and arsenic
(As) pollution. The discharge from mining tailing has
increased the Hg and As contamination in Kao Bay. A
previous study found Hg of 0.12-0.23 ppm in red snapper,
0.03-0.51 ppm in mullet fish, 0.002 ppm in white shrimp,

liver of Goldband goatfish (0.02 ppm) [12]. The finding
of heavy metal content in the fish led to the importance of
health risk assessment, exploring the r* level in the
community from fish consumption. Thus, this study aims
to assess human health risk from fishes consumption
within the community around Kao Bay.
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Methods

Research site

The research was conducted in Kao Bay. It is located on the northern
part of Halmahera Island at the position of 1(25 ‘U - 0'50°U and 12740 ‘T
12810°T. This bay isa basin of two northern arms of Halmahera Island,
through a threshold approximately 40 m deep. The western and
northern part of the bay is a vast expanse in the shape of a lowland
which is overgrown with mangrove trees and consists of sandy bea-
ches. Kao Bay has characteristics of a bag-like shapewith adiameter of
15 km’. This bay is a fishing ground forlocal fishers and is famous for a
relatively large producer of shrimp and anchovy. Kao Bay located at
five sub-district of North Halmahera Regency (Malifut, Kao, Kao Teluk,
West Kao, and North Kao) and two others Regencies (East Halmahera
and West Halmahera). The coastal area includes the estuary of the
Dum-Dum, Manuasa, Sai, Taolas (Kobok), Akesone, Tabobo, Papaya,
and Sommi Rivers. The mining sites of PT. Nusa Halmahera Minerals
(NHM) and some artisanal gold mines which have the potential to
release heavy metal waste from industrial activities are upstream from
these rivers. The map of Kao Bay and the sampling site is shown in
Figure 1.
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Sample

a. Fishsample

Fish were caught along Kao bay waters 10 m from the coast, at 10
different points (Figure 1). The fish include snapper (Lutjanus griseus),
rabbitfish (Siganus sp) and pompano fish (Caranx sexfasciatus)and are
the most consumed fish by coastal communities in the illages
around Kao Bay. Each fish sample was put in a plastic bag, sealed, and
stored in a cool boxwith ice and cool packs. Samples were stored in the
0-5 °C temperature freezer.

b. Human

Fifty-two fishermen living in the coastal area of Kao Bay; Dum-Dum
Village, Kao Bay District and Tabobo Village, Malifut District agreed to
participate in this study. Fishermen who have lived for a minimum of 5
years in the coastal areas were chosen with consideration for the
chronic effects of Hg and As. Consuming fish from the study area were
also taken as an inclusion criterion. The fishermen were interviewed
about their socio-economic characteristic by means of a question-
naire. Food Frequency Questionnaire (FFQ) and food pictures were
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Figure 1: Map of Kao bay and sampling site (point 1-10).
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used to define their fish consumption. For ethical consideration,
informed consent were obtained from all of the participants involved
in this study before interview.

Fish analysis

Arsenic measurement: Fishsamples, weighing 10-15 g each, were
taken fromresearch locations. The fish meat was put into a volumetric
flask. As much as 50 mL of HNO; and 5 mL of HCIO, solution were
added until the sample was submerged, then the sample was putin a
heater for 30 min for destruction until clear and completely dissolved.
After cooling, the completely dissolved sample was filtered into a
50 mL volumetric flask then piped into 20 mL tubes and was put on
Auto Sampler Set. Sample was mixed with As redu solution called
NaBH, 1.5% and NaOH 0.2% and moved into Microwave Plasma
Atomic Emission Spectrometer (MP-AES). The sample analysis results
were displayed on a computer.

Hg measurement: Approximately 10-15 g of fish sample was put in
a volumetric flask. Acids (HCIO,, HNO;) were added with a ratio of 1:4
to each volumetric flask, shaken and left it for one night. Initially they
were heated with 100 °C temperature until the brown steam from the
nitrate disappears, then raised to 200 °C until the solution was clear
with a volume of approximately 1.2 mL. The sample is then removed
outand diluted to 20 mL using aquades. The solution was shaken and
left for one night until it settles, and the solution was clear. The heavy
metal content is then measured using Atomic Absorbance Spectro-
photometer (AAS).

Data analysis

The human health risk was assessed using the formulas for
intake calculation, non-carcinogenic and carcinogenic
risk.

Intake rate calculation:

_ CxRctEXfExDt

et C
Wb x tavg

Risk calculation for non-carcinogenic:
I

Carcinogenic risk calculation:

ECR = IxSF

Notes:

I e) : Risk agent concentration consumed by
human (mg/kg/day)

C (Concentration) : Risk agent concentration in food
(mg/kg)

R (Rate) : Consumption rate or number of consumption
everyday (gr/day)
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tE (time of exposure) : Duration or number of hours of
exposure each day (24 h/day) in a settlement)

fE (frequency of exposure) : Length or number of days
of exposure each year (day/year)

Dt (Duration time) : Length or number of years of
exposure

Wb (Weight of body) : Weight

tavg : time average period,
year = 10.950 days (non-carcinogenic)

RQ : Risk Quotient for exposure to ingestion pathways

RED : Reference dose, risk agent reference value for
ingestion exposure (mg/kg/day)

0.0003 for As and 0.0001 for MeHg

ECR : Excees Cancer Risk, the risk level of individual
experience cancer

SF (slope factor) : Reference values for risk agents with
carcinogenic effects

person (kg)
years X 365 days/

Result

Characteristics of Respondents

Table 1 showed that the majority of respondents
were >40 years old (67.31%). Most of the respondents
received elementgmy school as their highest level of edu-
cation, indicatingEat the majority of them had a low level
of education. Mostly, respondents have lived in the village
for more than 40 years. Their time living in Kao Bay area
was the same as their age as they have never left the village.
The most frequent fish to be consumed were snapper fish
(L. griseus), mostly consumed twice a day (90.38%) or 14
times a week with the amount of more than 100 g/day
(51.92%). The people mostly had refill water for drinking
(59.62%) and piped water for bathing.

Risk assessment

In the risk assessment of mercury, Rfd of methylmercury
(MeHg) was used considering that around 95% of total
mercury will be transformed to MeHg through methylation
process [13]. Figure 2 shows that the level of risk (RQ) for
average consumption of fish containing mercury and
arsenic were more than one (RQ>1). This result indicated
that consumption of the fish containing mercury and
arsenic is not safe for public consumption.

Conclution from the result of the RQ value >1 is that
mercury in L. griseus with an average level 0f0.0002293mg/g
is a high risk for people weighing up to 62 kg when
consuming Snapper fish as much as 360 g/day for 365 days/
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Table 1: Characteristic of respondents.

Variable n %

Age (years)

<30 6 11.54
30-40 11 21.15
540 35 67.31
Ez@ation
o School 3 5.77
Elementary school 34 65.38
Junior high school 10 19.23
Senior high school 5 9.62
Length of stay (years)
<30 13 25.0
30-40 10 19.23
40 29 55.77
Drinking water source
Refilled container water 31 59.62
River 15 28.85
Artesian well 3 5.77
Piped Water 2 3.85
Deep earth Well 1 1.92
Clean water source
River 18 34.62
Artesian well 3 5.77
Piped Water 51 59.62
Consumed Fish
Siganus Sp 40 76.92
Caranx sexfasciatus 6 11.54
Lutjanus griseus 6 11.54
Health problems
Influenza/Headache 38 73.08
Itchy 5 9.62
Rheumatism 5 9.62
Toothache/gum pain 1 1.92
Hypertension 1 1.92
Others 2 3.85
Health problem characteristic
Continuous 1 1.92
Intermittent 51 98.08
Health problem treatment
Self-treatment 14 26.92
Health facilities 38 73.08

year for a period of 30 years. These risk estimates were
calculated for the default lifetime duration of 30 years thus
effects of mercury toxicity may be experience in the next 30
years. With an RQ value >1, risk management is needed to
reduce perceived health risks. Figure 3 showed that the
highest ECR value for As resulted from the consumption
of Caranx sexfasciatus, reached a maximum of 0.0026 and
the mean of 0.0014. The values were more than the ECR of
10, the indicator unit for a chemical result in a carcinogenic
effect. Meanwhile, the consumption of other fishes resulted
in ECR lower than 10™.
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Discussion

ﬁini.mum, maximum, mean concentrations and standard
deviation of heavy metals in fish L. griseus, Siganus sp, C.
sexfasciatus caught from Kao Bay are presented in Table 2.
The heavy metal Hg and As reqgegled 100% incidence in the
10 fish samples. Insignificant variations were observed in
the concentration of heavy metals among different species
due to the slight difference size among the species.
Furthermore, feeding habits and accumulation ¢ ities
also contribute to the concentration variations.mcury
concentrations in fish tissue are affected by age, length,
and weight of the fish [14].

Mean Hg concentration was as high as 0.108 +
0.006 mg/kg in L. griseus from Dum-Dum Village and
0.350 + 0.311 mg/kg in same fish species from Tabobo
Village. The lowest Hg accumulation (0.097 mg/kg) was in
Siganus sp from Dum-Dum Village. While the highest Hg
concentration was observed in L. griseus caught from
Tabobo, as high as 0.570 mg/kg. This highest concentration
was because the size of the fish was larger than the others.
The size indicated that this fish was more mature than the
other species. Thus, the accumulation of heavy metals in its
tissues had been occurring for longer and resulted in lgimher
mercury. Some studies have reported mercury levels in the
range of 0.05-0.32 mg/kg in L. griseus, 0.03-0.20 mg/kg in
Lutjanus campechanus from Coastal Louisiana [1.0.01 mg/
kg in L. griseus from Gorontalo river [16], 0.193 mg/kg and
0.409 mg/kg in L. griseus from marine and estuarine
area of Florida Bay respectively [17]. Maximum limit of
mercury contamination in food set by the jonal Gov-
ernment of Indonesia is 0.5 mg/kg [18]. Thus, the Hg levels
in most fish samples were still lower than the standard set,
except in L. griseus from Tabobo which slightly higher than
the standard. A study in Totok Bay showed that Hg was
detected in fish (0.804 mg/kg) and gastropods (1.02 mg/kg)
which were also exceeded the maximum limit. Total levels
of As in gastropods were seven times higher than the
maximum level of that standard [19].

Another study in Ranayapo Amurang River, North
Sulawesi, showed that Hg and As concentrations in sedi-
ments from four villages around the river were approxi-
mately 0.05-1.3 ppm and 2-100 ppm respectively. The
sediments from the river estuary contained 0.18 ppm Hg and
1 ppm Ass. The highest level of both of these heavy metals
come from Karinbow village, which was an area of artisanal
mining [20]. Another study at Kao Bay region; around
Balaotin, Cibokand Kobok rivers found that exposure to Hg-
contaminated snails (Trachus telescopium Linnaeus) has
exceeded the maximum limit exposure of >1 ppm/kg/day for
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Table 2: Mercury and arsenic concentration in Kao Bay.
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Figure 2:

on carcinogenic risk level (RQ)

from consumption of fish contain mercury
and arsen in the community of Kao Bay

coastal area.

Figure 3: Carcinogenic risk level (ECR) from
consumption of fish contained arsen in the
community of Kao Bay coastal area.

Village Fish Hg &g/ kg) As (mg/kg)
Min Max Mean + SD Min Max Mean (SD)

Dum-Dum Lutjanus griseus 0.104 0.113 0.108 + 0.006 0.232 0.239 0.235 (0.045)
Caranx sexfasciatus 0.198 0.212 0.205 + 0.093 0.467 0.502 0.484 (0.025)

Siganus sp 0.097 - - 0.187 - -

Tabobo Lutjanus griseus 0.130 0.570 0.350 + 0.311 0.203 1.019 0.611 (0.576)
Caranx sexfasciatus 0.200 0.246 0.228 + 0.024 0.146 0.939 0.458 (0.422)
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children and <1 ppm/kg/day for adults. Also, for weekly Hg
exposure, it was at a high range of >3.5 ppm/kg/week [21]

Mercury is a systemic poison and is accumulated in the
liver, kidneys, spleen, and bones. In the body, mercury is
excreted through urine, faeces, sweat, saliva, and milk.
Mercury poisoning will cause symptoms in the central
nervous system such as personality abnormalities and
tremors, convulsions, senility, insomnia, loss of self-con-
fidence, irritation, depression, and a sense of fear. Mercury
poisoning can also cause gastrointestinal symptoms such
as stomatitis, hypersalivation, colitis, chewing pain,
gingivitis, black lines on the gums (leadline), and loose and
skin problem such as dermatitis and ulcers/wounds.

The mean concentrations of As were highest in L. gri-
seus C. sexfasciatus from Dum-Dum that reached
0.186 mg/kg and 0.484 mg/kg, respectively. The highest
mean concentration for Siganus sp was from Tabobo with
the level of 0.611 mg/kg. This level was still below the
Indonesian National Standard for As contamination in food
(1.0 mg/kg) [18]. Maximum levels for As in certain foods
have beegggtablished by the European Commission Regu-
lation via benchmark dose lower confidence limit (BMDLO1)
values between 0, 3 and 8 pg/kg BW/day [22]. FAO and WHO
recommend the maxjgmum limit in permitted in food for Asis
0.35 mg/kg BW [23]. USA sets the amount of As in food
that can be consumed is less than 0.04 mg/day of seafood,
while for the total amount of As that can be consumed is
0.2 mg/day [24]. The total As exposure from food without
industrial As exposure should be less than 0.3 mg/day.
Arsenic affects the body, especially the blood which can
affect the bone marrow and change the composition of
blood cells, on the liver causing central necrosis and
cirrhosis of the liver. The effect of arsenic on the kidneys is
vessel damage, tubules and glomerular kidneys. The kid-
neys first affected by arsenic are glomerular so proteinuria
occurs. The effect of arsenic on the cell system can cause
damage to cell mitochondria which causes a decrease in cell
energy causing cell death [24].

Health risk estimation

The gmmsumption of 200 g of fish containing 500 p.g mer-
cury/kg will result in the intake of 100 p.g mercury, pre-
dominantly methylmercury (MeHg). This amount is one-
half of th ommended provisional tolerable weekly
intake [25]. The level of mercury in fish, even for humans
consuming only small amounts (10-20 g of fish/day), can
markedly affect the intake of MeHg. Mercury in fish may be
in the form of methylation because of the bioaccumulation
and biomagnification process in the food chain. Fish also
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not only accumulates mercury metal in water but can
convert organic mercury to metal mercury in their bodies
through biomethylation. Mercury contaminates in fish are
accumulated and biomagnified and more than 90% will be
transformed to MeHg [26]. Thus, instead of RfD total mer-
cury, RfD of MeHg was used in the risk estimation.

Risk level (RQ) more than 1 or ECR >10“ indicate the
fish are not safe for consumption by the people living in the
Kao Bay area due to the risk of emerging adverse health
effects. People who consumed the lowest level of fish
containing Hg (0.0001142 mg/kg) resulted in RQ of 1.054.
Meanwhile, consumption of the highest level of Hg
(0.0004770 mg/kg) raises this to RQ of 3.924. Thus, the
community around Kao Bay who consumed contaminated
fish has a risk level of more than one. Similarly with the
consumption of fish contained As, except for the lowest
level of As contained fish.

ECR of more than 10 indicated that arsenic in C. sexfas-
ciatus with a maximum level of 0.00046854 mg/kg increases
therisktoa person witha bodyweight of 57 kg ifhe consumesit
up to 300 g/day for 365 days/year within 70 years. ECR of
0.001585 means that there are 1.585 cases within a million
people whichmay developcancer orthereare1.58 people with
increased risk for developing cancer in a million persons.

The level of risk is greatly influenced by the amount of
Hg and As intake. Several factors influence the intake, such
as the concentration of chemicals in fish, body weight,
duration of exposure, intake rate, and frequency of exposure
[11]. Risk is a probability. It does not mean that individual
with RQ>1 will definitely experience adverse health effects.
The value shows that individuals with RQ>1 have a higher
probability of experiencing adverse impacts than individual
with RQ=1. Thus, risk management is necessary to control
and minimize the estimated risk wiggg the community.

The research conducted at the Kenjeran Beach in Sur-
abaya showed that respondents who consumed contami-
nated fish with an average mercury concentration of
99.11 g/day a mercury concentration in their hair of
0.5 ppb [27]. Mercury in fish may be in the form of methyl-
ation because of thebioaccumulation and biomagnification
process in the food chain. Fish also not only accumulates
mercury metal in water but can convert organic mercury to
metal mercury in their bodies through biomethylation.

Conclusion

Mercury and arsenic concentration in the fish from Kao Bay
have been documented as exceeding the allowable level
for the food reference standard. The magnitude of Hazard
Quotient (HQ) values for most fish was still more than one,
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which indicates they are not safe for consumption. The
accumulation and biomagnifications process in the living
aquatic habitats of Kao Bay produce hazard for contami-
nated fish consumption in long period.
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