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Heavy metals contamination in human through the ingestion of contaminated fish
may lead to serious health problems. This study was a cross sectional study conducted
during February and March 2022 in Bangkok, Thailand. The objectives of this study were
1) to find the concentration of heavy metals contaminated in fish from local market in
Thailand 2) to find the cancer risk and non-cancer risk of heavy metals from fish
consumption. Face-to-face interview and online questionnaire were used to collect the
personal information of 400 Burmese living in Bangkok. As, Cd, Cr, Pb, and Hg were
analyzed by ICP-MS from four fish species: nile tilapia, catfish, mackerel, seabass. The
concentration of heavy metals in nile Tilapia found average As, Cd, Cr, Pb, and Hg were
0.092 +0.0075 mg/kg, 0.008 mg/kg, 0.015 + 0.008 mg/kg, 0.004 mg/kg, and 0.028 + 0.007
mg/kg, respectively. For catfish, found average As, Cd, Cr, Pb, and Hg were 0.012 +
0.0035 mg/kg, 0.008 mg/kg, 0.011 + 0.008 mg/kg, 0.004 mg/kg, and 0.029 + 0.011 mg/kg,
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CHAPTER |

1. Introduction

Heavy metals are chemical elements with relatively large densities, atomic numbers,
and hazardous or dangerous properties at specific concentrations. There are essential
elements such as zinc, iron, and nickel; however, heavy metals such as mercury, lead,
and cadmium were non-essential elements, and they are toxic even at low
concentrations. Heavy metals can be existed naturally in the environment; however,
anthropogenic heavy metals release leads to significant effects to environment
including marine biodiversity. Human can get harmful effects of heavy metals from
different sources, and consumption of aquatic animals is one of the exposures of

heavy metals toxicity.

1.1 Heavy Metals Problems

Environmental pollution is the world’s common problem that leads to various
diseases and even premature death. According to the World Bank, over 9 millions of
people are dying in their early ages because of directly or indirectly effects of air,
water, and soil pollution. This amount is around 16% of all deaths worldwide (Bank).
Therefore, environmental pollution becomes critical concern because the impacts on
human health are unacceptable. Among the environmental pollution, anthropogenic
heavy metals pollution sources are repeatedly released into the environment and give
serious toxic threat to the food chain because of bioaccumulation and
biomagnification processes (Alturigi & Albedair, 2012).

The significant water pollution related with heavy metal is that they can dissolve in
water, and accumulate in the aquatic animals such as shellfish, fish, and invertebrates.
Although some kinds of heavy metals (such as Co, Fe, Cu, Zn, Mn, Se, Mo, Cr, Ca,
Mg, S, P, and Na) are necessary at low concentrations for living organisms, non-
essential elements (As, Pb, Ca, Ni, and Hg) can give harmful effect even in a small
amount of concentration (Fang et al., 2014; Jarup, 2003). Once heavy metals are
released into river, lake or ocean, the aquatic living things absorb these heavy metals
and the whole food chain is ruined by them through bioaccumulation process. Then,

human can be toxic through seafood and fish consumption. Therefore, heavy metal



contamination in aquatic animals and other food products has been concerned for

checking those toxic effects to human health (Farkas et al., 2003).
1.1.1 Heavy Metals Problems in Thailand

As one of the developing countries, Thailand has been processing in urbanization and
industrialization sectors since around 1990. The environmental resources have been
utilized in order to achieve economic growth and industrial development. Being weak
in hazardous waste treatment and waste disposal system in the past, rivers, oceans,
drainage system and landfills are the places where all the waste and wastewater
directly go in. Additionally, the leachate from landfills and wastewater from treatment
plants containing heavy metals leak into water system through groundwater
(Pansuwan, 2013); therefore, heavy metal pollution is quite serious problem in
Thailand. According to (Wongsasuluk et al., 2018) in Ubon Ratchathani province,
Thailand, urine samples were used as biomarkers from who use groundwater as a
drinking water source resulted that the health risks related with As, Cd, Pb, and Hg
were higher than those from who didn’t use the groundwater for drinking.

Thailand is situated on the Indochina peninsula in Southeast Asia, and is bordered on
the west and east by the Andaman Sea and the Gulf of Thailand. According to FAO
2018, Thailand occupies land area of 514,000-km2 and 319,750 km? of total water
area with 2,624 km continental coastline (Nakai, 2018). The two vital rivers in
Thailand are Mekong and Chao Phraya River along with many river basins.
Moreover, Thailand occupies much area of lakes (300.000 ha) and reservoirs
(255,000 ha) (Bank, 2011). Therefore, it is undeniable that the fish/ seafood
production is one of the main sectors for country’s consumption. The main protein
source for Thai people, especially those living in the coastal area, comes from fish.
According to FAO 2016 data, consumption of fish was 33.73 kg/capita/year higher
than other meats consumption such as chicken, pork and beef (Officer, 2016).
According to Tanee (2013), heavy metals (Zn, Fe, Cu, Pb) were detected in seven fish
samples collected from the Chi River which is located in the Maha Sarakham
Province of Thailand. The concentration of Pb in fish was above the acceptable level,
however, the remaining elements (Zn, Cu and Fe) were within the acceptable

concentration (Tanee et al., 2013).



Heavy metals are toxic in human body and leading to cancer in the lungs, skin and
urinary tracts such as cardiovascular disease, diabetes and neurotoxicity. Among the
exposure partways, heavy metal poisoning via ingestion is significantly important
because people can get 100% of heavy metals contaminated in the fish by oral way;
furthermore, happens bioaccumulation. Therefore, investigating the heavy metal
content in fish and assessing health risk by eating contaminated fishes are required

urgently to examine.

1.2 Sources of Heavy Metal Contamination in Fish

Pollution in water, a common greatest problem worldwide, inextricably links to
human activities such as urbanization, industrialization, and modernization of the
world. Among them, industrial activity is the significant source of all environmental
pollutions related with heavy metals (Ali et al., 2021). Heavy metal pollution in water
is very hazardous for both aquatic ecosystem and human health because of their
toxicity, bioaccumulation, and long persistence.

Toxic contaminants go into various Kinds of water sources: freshwater sources such as

lakes, rivers; and seawater sources such as oceans.
1.2.1 Seawater Pollution

Heavy metals in the ocean can be detected through natural processes or human
activities. Industrial waste discharge, agriculture, coastal drilling, and construction
are the significant processes for heavy metal pollution in seawater. When non-
essential elements release into marine environment, it can cause serious problems to
marine living things, because of their non-biodegradable, long lasting and
bioaccumulation properties (Shah, 2021).

Oil spills are another dominant source of heavy metal pollution in marine
environment because crude oil includes hydrocarbon and non- hydrocarbon
compounds including heavy metals. The prominent source of oil spills are offshore
oil and gas drilling, extraction processes, pipeline leakage and accidental oil spill in
oceans. Depending on the type and amount of oil spilled, the effect in water may be
different (UKELA). Oil pollution in water affects negatively to marine wildlife by
suffocating the aquatic animals in water and poisoning the fishes with heavy metal



content in oil. Moreover, oil pollution in water damages the marine plants by blocking

the sunlight that is essential for photosynthesis process.
1.2.2 Freshwater Pollution

Industrial sector is the main source of water pollution around the world. Heavy metals
released from industrial discharge are very harmful not only for human health but also
for the plants and animals. Huge amount of freshwater is used for industrial facilities,
and the waste from the factory is discharged directly into rivers and lakes, especially
in developing countries (SDWF). The common contaminants from industrial areas are
asbestos, lead, mercury, cadmium, chromium, zinc, oils, nitrates, sulphur, phosphates
and petrochemicals (Jaishankar et al., 2014). The presence of these heavy metals in
water negatively affect to human, plants, aquatic animals, and water body in either a
direct or indirect way. The entire ecosystem might be in danger when these chemicals
or heavy metals get over limitation (Masindi & Muedi, 2018). In developing
countries, sewage and municipal waste are also the major problems of various water
pollution due to improper sewage system or lack of wastewater treatment plants
(Edokpayi et al., 2017). Heavy metals also contain in sewage and municipal
wastewater. In some areas, there are still directly discharges of domestic and
wastewater effluents into water sources, and it leads to serious problem in water
quality (UNEP). Moreover, urbanization is also one of the heavy metal pollution

Sources.

1.3 Health Effects of Heavy Metals

The water supply gets polluted by heavy metal from various kinds of pollution
sources. The surplus amount of heavy metals are poisonous to ecosystem since they
can enter into human bodies from the food chain through a process called
bioaccumulation. The heavy metal pollution has negative impacts to the biota, and it
may even lead to death of living organisms. The people suffer heavy metal toxicity
from three basic exposures pathways: inhalation, injection and skin contact. Heavy
metals (namely lead (Pb), arsenic (As), Cadmium (Cd), mercury (Hg), etc.,) are very
toxic to human health even in little amount (Fang et al.,, 2014). Here are
environmental and health effects of some common heavy metals released from

different sources.



Lead (Pb): Depending on the amount and duration of exposure, the effects of lead on
environment and human can be varied. Phytoplankton, the source of oxygen
production for aquatic animals, also get polluted by lead. Pb is one of the dangerous
chemicals because it can enter into the entire food chains through the bioaccumulation
in individual organisms. Mostly, people receive lead from injection like from food
and drinking water. Humans can get toxic effects from excess quantity of lead
contamination, and it may lead to serious health problems such as the synthesis of
hemoglobin (Hb), disease on excretory organ, a rise in blood pressure, gastrointestinal
tract (GIT), brain damage, declined fertility of men, and Miscarriages and subtle
abortions. Infants and children can be more effected by lead poison than the adult.
Mercury (Hg) and Methylmercury (MeHg): According to WHO, mercury includes
in the list of 10 most toxic chemicals for human health (Bolger & Schwetz, 2002).
When the environment gets polluted by mercury, it can be transformed into
methylmercury by bacteria (Hamdy & Noyes, 1975). Methylmercury bioaccumulates
in aquatic organisms such as fish and shellfish. Although people can receive mercury
in elemental form under different exposures, injection through eating fish and
shellfish contaminated with methylmercury is the significant way (Hong et al., 2012).
Both mercury and methylmercury have toxic effects to human health. People can
suffer corrosiveness to the skin and eyes through dermal exposure, and
gastrointestinal tract failure and kidney toxicity through injection of contaminated
water and food. People can get neurological disorders from different mercury
compounds by all kinds of exposure, inhalation, ingestion or dermal exposure.
Unborn infants can suffer the failure in brains and nervous system by methylmercury
exposure if their mothers eat the contaminated fish and shellfish. Even the babies can
be exposed to methylmercury through breastfeeding milk. The children can get the
negative impacts such as cognitive thinking, attention, language learning, and visual
spatial skills after exposing to methylmercury (Grandjean et al., 1994).

Arsenic (As): Arsenic is commonly used in some industrial processes such as glass
manufacturing, textile factory, pulp and paper process, metal adhesives, and wood
preservation. Drinking and using contaminated water as domestic water supply,
irrigation and eating contaminated food are the main sources of exposure to people.

As soon as exposed to acute arsenic, people may vomit, pain in abdominal and



diarrhea as quick symptoms. In extreme cases, death can be followed after these
symptoms (Epa, 1998). (Wongsasuluk et al., 2018) revealed that drinking water is one
of the main reasons for contributing factors to heavy metals in urine. In compliance
with WHO investigation, long term exposure to arsenic may cause chronic effect from
drinking water and eating food contaminated with arsenic. The most prominent health
effects from suffering arsenic pollution are skin lesions and skin cancer (Abernathy et
al., 2003). However, the first symptoms start with hard skin on hands and feet, and
pigmentation changes. Long term effects of exposing arsenic may lead to the
following adverse health effects: Pulmonary disease, cardiovascular disease, adverse
pregnancy outcomes and infant mortality, and failure in cognitive development,
intelligence and memory (Hong et al., 2014).

Cadmium (Cd): mostly come from production of zinc as a by-product, and it is very
harmful to human health, especially from occupational environment. Once human get
polluted by cadmium, it accumulates and persistent in the body lifetime. Cadmium is

very harmful to renal, and it can cause bone demineralization (Jarup, 2002).

Table 1-1: Toxicity effects of some heavy metals from ingestion pathway

Elements Target Toxic Disease
Organ condition

Pb Central Acute Appetite loss, headache, abdominal pain,
nervous weakness, insomnia, and hallucinations

system, liver  Chronic congenital malformation, mental defect,
autistic spectrum disorder, mental illness,
immobility, weight loss, hyperactivity,
renal damage, coma

Hg Kidney, brain, Acute depression, headache, weakness, memory
developing loss, hair fall
fetus Chronic weakness in muscles of hands, memory
problem, and insomnia
As Stomach, Acute Nausea, vomiting, destruction
liver, colon, gastrointestinal tissue and heartbeat
kidney abnormalities
Chronic cancer, serious effect to main organs, and
death
Cd Stomach, Acute vomiting and diarrhea
bones Chronic Osteoporosis
Cr Acute irritates the mucosal tissue of the

gastrointestinal tract
Chronic hematological effects, central nervous
system




According to the research related with heavy metals in fish from Saudi Arabian
markets, heavy metals order was Fe > Zn > Mn > Pb > Cu > Cd > Hg in three fish
species (Blackspot emperors, groupers, sardines). Lead and Cadmium content in fish
samples exceeded the permissible level of EC (2001) and FAO (1983), 0.4 mg/kg and
0.5 mg/kg respectively. Although mercury level was below the acceptable limit in the
edible portion, all studied fish species were detected by Hg (Alturigi & Albedair,
2012).

High content of cadmium (Cd) was found in the muscles of all 25 fish samples of
freshwater fish. The researcher purchased the samples from Gawwein fish landing
where is the only site for distributing fishes to markets, Mandalay, Myanmar. This
research highlight the Cd content in fish from Ayeyarwaddy River, and the human
health risk related to consumption of fish (Mar, 2020).

People can get heavy metal content in fish by consuming and it may lead to health
problems. Therefore, examining heavy metal concentration in fish and assessing
health risk related with those pollution become indispensable research all over the

world.

1.4 Research Questions

= What are the heavy metals concentration (As, Cd, Cr, Pb, and Hg) contaminated
in fish from a local market in Thailand?
= Are there any cancer risk and non-cancer risk of heavy metals from fish

consumption?

1.5 Research Objectives

= To find the concentration of heavy metals (As, Cd, Cr, Pb, and Hg) contaminated
in fish from local market in Thailand.

= To find the cancer risk and non-cancer risk of Burmese from heavy metals (As,
Cd, Cr, Pb, and Hg) through the consumption of fish.

1.6 Hypothesis
= Heavy metals contamination in fish from Thailand local market are beyond

Thailand and some international standards.

= There are cancer risk and non-cancer risk of heavy metals from fish consumption.



1.7 Scope of Study
Study Area

= The present study was explored in Bangkok, Thailand to study health risk

assessment related to heavy metals contamination in fish.
Subjects

= The subjects of the study were Burmese people who are who are currently living
in Bangkok, Thailand.

= Interview questionnaire was constructed, and the adult (all genders) between 18 -
60 years old who have been living at the proposed research area for at least six
months were interviewed by using convenience sampling method for individual
food frequency surveying to examine potential risk factors.

= Sample collection and interviewing started in February-March 2022.

Sampling Method

= Fish samples were purchased from Petchaburi Soi 10 local market to examine
heavy metal concentrations and to assess cancer risk and non-cancer risk to
human.

= Fish muscle was used in this study.
Ethic

= Then, this study was submitted to the Research Ethics Review Committee for
Research Involving Human Research Participants, Group 1, Chulalongkorn

University.
1.8  Expected Outcome
= The concentration of heavy metals contaminated in fish from local market.

= The cancer risk and non-cancer risk relate to heavy metals contaminated in fish

from local market.



CHAPTER II

2. Literature Review

The present study was about finding out heavy metals concentration in fish and
human health risk related with the heavy metal through the consumption of fish.
Therefore, literature review was done related with heavy metal pollution in water,
heavy metals accumulation in fish and the related health risks.

2.1 Heavy Metals Accumulation in Fish

Heavy metals pollution is the global problem because they can enter food chains
through the aquatic environment. The consumption of fish in the Southeast Asian
Countries ranges between 6.1- 15 kg per each person yearly; therefore, plays as a the
significant diet (FAO, 2014). Fishes are rich in proteins, vitamins and minerals
needed for human, and also include unsaturated fatty acids that is benefit for
intellectual system (Medeiros et al., 2012). However, the previous research revealed
that the people can get harmful effects by eating fish from both local market and
aquaculture. The heavy metal pollution problem is increasing because metals can be
transported and accumulated in the food chain, and very persistent in the environment
(Isangedighi & David, 2019). The researcher emphasized on consequential health
effects of As, Cu and Zn by eating contaminated fish in daily life (Chanpiwat et al.,
2016). Moreover, Cheng (2013) showed that the prominent negative impacts of heavy

metal contamination in fish specifically from large fish farm (Cheng et al., 2013).

The more sensitivity of seawater (marine) fish to water pollution than freshwater fish
has been indicated by Scheier et al. (Scheier et al., 1979). Several research have
already done to certify heavy metals concentration in ocean animals under various

environmental circumstances (Filazi et al., 2003).

Mokarram’s (2021) conducted a study on heavy metal content on marine organisms
and water quality contamination from petrochemical industry. The study was
conducted in Persian Gulf, Asaloyeh, Iran to find out the subsequence effects of Cr,

Fe, Pb, Cd, Se, Zn, Cu, and Ni in five fish species (Scomberomorus guttatus,

Lethrinus nebulosus, Brachirus orientalis, Pomadasys kaakan, and Scomberomorus

commerson). A total of 42 samples were analyzed by collecting 3 samples per each
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species. The average heavy metals (Pb, Cd, Cu, Zn, Fe, Se, and Ni) content in S.
guttatus were 1.56 + 0.90, 2.05 + 1.16, 0.41 + 0.12, 6.98 + 0.91, 36.6 + 0.82, 3.14 +
0.44, and 0.109 + 0.01 mg/kg, respectively. According to the result, Ni, Pb, Cd, and
Se concentration were above the maximum allowable concentration of WHO (Pb =
1.5,Cd =0.2, Cu =10, Zn =40, Se = 0.05, and Ni = 0.05 mg/kg). The selected heavy
metal contamination in second species, B. orientalis, were 3.98 + 0.52, 2.11 + 0.21,
2.72 £ 0.43, 0.03 £ 0.01, 13.71 £ 0.04, 53.77 £ 9.90, 9.68 + 0.39 mg/kg, whereas Pb,
Cu, Zn, Fe, Se, and Ni were beyond the standard. Moreover, Pb and Fe concentration
values of P. kaakan were also above the threshold limit. The corresponding mean
concentration in L. nebulosus were 0.1 + 0.014, 1.41 + 0.11, 18.10 + 0.89, 5.68 +
0.52, 0.44 + 0.39, 2.56 + 0.47, and 0.82 + 0.12, while those concentration in S.
commerson were 0.14 + 0.07, 3.49 £ 0.15, 28.94 + 0.66, 9.37 + 0.36, 0.3 = 0.32, 0.57
+ 0.22, and 0.32 + 0.10, respectively. The concentration of Fe, Cd, Pb, and Ni in L.
nebulosus, and Se, Fe, Cd and Pb in S. commerson were above the WHO standard. In
that study, it is noticeable that the concentration of most targeted heavy metals in all
selected fish species were above the acceptable level in fish(Mokarram et al., 2021).

A study of heavy metals bioaccumulation in selected cultured fish and human health
risk assessment Mymensingh Sadar Upazila, Bangladesh was conducted by Ghosh

(2021). Five fish species (Pangasius pangasius, Oreochromis niloticus,

Heteropneustes fossilis,_ Anabustes tudineus, Clarias batrachus) were targeted and

three samples from each species were collected from five divergent sampling spots.
Then, the mean concentration of Fe, Cu, Cr, Co, As, Zn, Hg, and Pb in all fish species
were analyzed by using the Metal Pollution Index (MPI). All the targeted heavy
metals were detected in all fish species with the exception of cobalt was not found in
P. pangasius, and in O.niloticusfish species. However, the average concentration of
cobalt (Co) in remaining fish species were beyond the permissible limit of 0.01 pg/g.
Iron concentration in C.batrachus species was 104.55 +6.13 pg/g, while the
maximum allowable value of FAO and WHO is 100 pg/g. Highest level of mercury
content (1.07 £0.13 ug/g) was found in P. pangasius and it was above the permissible
limit of 0.5. Lead (Pb) and arsenic (As) were detected in all fish species; however, the

mean concentration in all fish species were within the range of acceptable limit. The
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average Cr content in all fish species was in the range of 2.62 to 6.73 pg/g, while the
safety limit for Cr is 0.15 (Ghosh et al., 2021).

Moreover, recent research in Thailand was conducted to observe the Co, Pb, Mo, Sr,
Cr, Zn, As, Ni, Cd, Ba and Cu content in fish species (both seawater fish and
freshwater fish) and sediment. Fish and sediment samples were collected from 10
different areas: Khao Hin Sorn, Khon Kaen, Klong Dan, Loei, Map Ta Phut, Rayong
IRPC industrial zone, Praeksa, Samut Sakhon, Tha Tum, Klong Dan, Chanthaburi,
and Thap Lan National Park and Klong Yang Canal. Standard operating procedures
(SOP) was used to find out heavy metal concentration in fish muscles. The analysis

result of fish from Chanthaburi area showed that Hg concentration in Neolissochillus

stracheyi (masheer barb) exceeded 16 times more than Thai legal standards of
freshwater fish. In Khao Hin Sorn area, Hg and MeHg in Snakehead fish reached the
safety limit in tissue of fish. Similarly, methylmercury concentration in Channa

micropeltes (giant snakehead fish) and Hampala macrolepidota (hampala barb)

collected from Khon Kean reached USEPA standard for daily MeHg consumption.
For Klong Dan area, although heavy metal concentration in sediment samples were
significantly higher than the acceptable level, those in fish were within the safety

limit. According to USEPA standard, eating only 27.3 g of Oxyeleotris marmorata

(Marble Goby) collected from Loei area would harm the human health because of
exceeding two times more than the allowable daily intake of MeHg. Hg and MeHg
concentration were significantly high in carnivorous type of fish (such as Goldsilk
Seabream, Javelin Grunter, Needle fish, Snakehead fish) collected from Map Ta Phut
Town, ranging between 0.042- 1.027 mg kg for THg and 0.016- 0.998 mg kg for
MeHg, respectively. In Prachinburi area, Channa striata (snakehead fish) was

detected Hg and MeHg by 0.561 mg kg™ and 0.449 mg kg, respectively. Moreover,
Hg and MeHg concentration in all fish samples (snakehead fish, marble goby, nile
tilapia) were beyond the Thai standard for food and USEPA daily intake standard as
well. Likewise, THg in threadfin, Asiatic glassfish, and mullet were higher than the
maximum allowable limit of Thai standard for food. In this study, mercury and
methylmercury were significantly higher than other heavy metals, and leading to

human health problems (Tremlové, 2017).
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Table 2-1shows the overview of heavy metals content in fish both from Thailand and

international based on recent research results.

Table 2-1: Thailand and International overview of heavy metal content in fish

HM | Fish species | Conc. Study area Safety Ref.
(mo/kg) limit(mg
/kg)
THAILAND
Cd Monopterus | 6.70 + 1.26 Mae Sot district, 1@ Wahid et al.
albus Tak Province 2017)
Cd Sillago 0.33 Samut Sakhon 12 (Tremlova,
sihama 2017)
Cd C. cirrhosus | 0.09 +0.04 | Phu Sang Mountain | 12 (Sutee
in Chiang Khan Chowron
District of Loei 2020)
province
Cr C. cirrhosus | 0.32 +/- 0.47 | Phu Sang Mountain | - Sutee
in Chiang Khan Chowron
District of Loei 2020
province
Cr Catfish 0.72+0.12 Khon - (Neeratanaphan
KaenProvince et al., 2020)
As Sillago 0.680 Samut Sakhon 2b (Tremlova,
sihama 2017)
As C. cirrhosus | 0.09 £ 0.06 Phu Sang Mountain | 2° (Sutee
in Chiang Khan Chowrong,
District, Loei 2020)
province
Fe C. cirrhosus | 41.12 +7.08 | Phu Sang Mountain Sutee
in Chiang Khan Chowrong,
District of Loei 2020
province
Hg Snakehead 0.067 £ 0.526 | Shalongwaeng 0.5% (IPEN, 2013)
Fish Canal
Hg Fish 0.005 £ 0.840 | Erawan (Offshore) | 0.5% (Menasveta &
Piyatiratitivorak
ul, 2008)
Hag, Lutjanus 0.103,0.096 | Map Ta Phut 0.5 (Tremlova,
MeH | johnii 2017)
g
Hg, Belonidae 1.027,0.988 | Map Ta Phut 0.5? (Tremlova,
MeH 0.2 2017)
g
Hg, Sillago 0.012, Samut Sakhon 0.5? (Tremlova,
MeH | sihama <0.015 and 0.2 2017)
g 0.60
Pb Sillago 0.11 Samut Sakhon 0.3 (Tremlova,
sihama 2017)
Cr T 218 +2.79 Mae Klong River, (Mazed, 2019)
Thailand
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HM

Fish species

Conc.
(ma/kg)

Study area

Safety
limit(mg
/Kkg)

Ref.

Pb

8.41+4.09

Mae Klong river,
Thailand

0.3

(Mazed, 2019)

INTERNATIONAL

Pb,

S. guttatus

1.56 + 0.90

Persian Gulf, Iran

0.3

(Mokarram et
al., 2021)

Cd

S. guttatus

2.05 +1.16,

Persian Gulf, Iran

la

(Mokarram et
al., 2021)

Zn

S. guttatus

6.98 £ 0.91

Persian Gulf, Iran

(Mokarram et
al., 2021)

Se

S. guttatus

3.14+£0.44

Persian Gulf, Iran

(Mokarram et
al., 2021)

Pb

B. orientalis

3.98 +0.52

Persian Gulf, Iran

0.3

(Mokarram et
al., 2021)

Cd

B. orientalis

211+0.21

Persian Gulf, Iran

13

(Mokarram et
al., 2021)

Cu

B. orientalis

2.72+0.43

Persian Gulf, Iran

(Mokarram et
al., 2021)

Zn

B. orientalis

0.03+0.01

Persian Gulf, Iran

(Mokarram et
al., 2021)

Fe

B. orientalis

13.71+0.04

Persian Gulf, Iran

(Mokarram et
al., 2021)

Se

B. orientalis

53.77+9.90

Persian Gulf, Iran

(Mokarram et
al., 2021)

Ni

B. orientalis

9.68 £ 0.39

Persian Gulf, Iran

(Mokarram et
al., 2021)

Cu

L. nebulosus

18.10 + 0.89

Persian Gulf, Iran

(Mokarram et
al., 2021)

Cd

S.
commerson

3.49+0.15

Persian Gulf, Iran

1a

(Mokarram et
al., 2021)

Cu

S.
commerson

28.94 +0.66

Persian Gulf, Iran

1a

(Mokarram et
al., 2021)

Cu

P. kaakan

6.24 +1.20

Persian Gulf, Iran

(Mokarram et
al., 2021)

Fe

P. kaakan

7.62 +£0.03

Persian Gulf, Iran

(Mokarram et
al., 2021)

Se

P. kaakan

25.75+2.71

Persian Gulf, Iran

(Mokarram et
al., 2021)

Fe

E.
encrasicolus

7.13+0.19

Malatya, Turkey

(Ayhan &
Yaman, 2021

Zn

S.aurata

11.00 + 0.28

Malatya, Turkey

(Ayhan &
Yaman, 2021)

Hg

Pangasius
pangasius

1.07

Mymenshing Sadar
Upazil, Bangladesh

0.5

Ghosh et al.
2021)

Cu

Anabustestu
dineus

32.88

Mymenshing Sadar
Upazil, Bangladesh

(Ghosh et al.,
2021)
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HM | Fish species | Conc. Study area Safety Ref.
(mo/kg) limit(mg
/kq)
Zn Clariasbatra | 96.56 Mymenshing Sadar | - (Ghosh et al.,
chus Upazil, Bangladesh 2021)

Notes: 2 Thai Ministerial Notification No. 98 of B.E. 2529/1986 and No. 273 of B.E. 2546/2003, ? US EPA Fact
Sheet No. 823-R-01- 001/2001.

Heavy metal contents of fishes in some study areas exceeded the maximum allowable
level of some international or Thailand guidelines (comparing Table 1-2 and Table 2-
2).
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2.2 Fish Consumption in Thailand and Myanmar

According to Food and Agriculture Organization (FAO, 2006), the following fishes

are the major fish species and the most produced fish species in Myanmar (FAO).

Table 2-3: Fish species widely consumed in Myanmar

Common Name

Scientific Name

Roho

Catla

Catfish

Common carp
Grass carp
Tilapia

Striped catfish
Philippine catfish

Labeo rohita

Catla catla

Clarias macrocephalus
Cyprinus carpio
Ctenopharyngodon idellus
Oreochromis niloticus
Pangasius sutchi

Clarias batrachus

Snakehead fish Channa spp.

Mrigal Cirrhinus mrigala

Silver carp Hypophthalmichthys molitrix
Snakeskin gourami Trichogaster

Spiny eel Mastacembelus

Fish species, including freshwater fish and marine fish, mostly consumed by Thai

people are shown in Table 2-5.

Table 2-4: Fish species widely consumed in Thailand

Common name' Local name* Scientific name*
Freshwater fish

Common silver barb Pla Ta-pien Puntius gonionotus
Nile tilapia Pla Nil Oreochromis niloticus
Spotted featherback Pla Graai Notopterus chitala
Snake skin gourami Pla Sa-lid Trichogaster pectoralis
Striped catfish Pla Sa-waai Pangasius sutchi
Striped snake-head fish Pla Chon Channa striatus
Swamp eel Pla Lai Fluta alba

Walking catfish Pla Duk-oui Clarias macrocephalus
Marine fish

Black-banded trevally Pla Samlee Seriolima nigrofasciata

Black pomfret

Silver pomfret

Grouper

Giant seaperch

Malabar red snapper
Short-bodied mackerel
Short-bodied mackerel, steamed
Spanish mackerel

Pla Jalamet-dum
Pla Jalamet-khao
Pla Gow

Pla Ga-pong khao
Pla Ga-pong dang
Pla Tu-sod

Pla Tu

Pla In-see

Parastromateus niger
Pampus argenteus
Epinephelus sexfasciatus
Lates calcarifer

Lutjanus malabaricus
Rastrelliger brachysoma
Rastrelliger brachysoma
Scomberomorus commerson

As closed neighboring countries, some fish species popular (such as eel, catfish,

tilapia, and snakehead fish, etc.) in Thailand and Myanmar are the same. For the

proposed research study, 4 fish species was chosen based on pilot study to the

subject’s group, Burmese people who are currently living in Bangkok, in order to
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evaluate heavy metal concentration in fish. As confirming to the pilot survey,

Oreochromis niloticus, Clarias batrachus, Rastrelliger brachysoma, and Lates

calcarifer are most frequently eat fish species by Burmese people.

According to the literature review, mercury in snakehead fish (Channa striata), and

nile tilapia (Oreochromis niloticus) from Prachinburi area, Thailand was beyond the
Thai standard for food and USEPA daily intake standard (Tremlova, 2017). As
reported by a study in Bangladesh , Fe, Cu, Cr, Co, As, Zn, Hg, and Pb concentration

were found in the muscle tissue of Clarias batrachus, whereas Co and Fe

concentration were higher than the maximum allowable value of FAO and WHO
(Ghosh et al., 2021).

In both Thailand and other countries, the most common heavy metals that can be
accumulated in fishes are Cadmium (Cd), Chromium (Cr), Copper (Cu), Zinc (Zn),
Mercury (Hg), Arsenic (As), Lead (Pb), and Selenium (Se). However, the
concentration level also depends on species, habitat area, biological habitat, age,
gender, body weight and physiological conditions of the fishes (Benzer et al., 2013;
Has-Schon et al., 2006; Thakur & Mhatre, 2015). Tremlova (2017) revealed that
significant heavy metals contamination in fish were Hg, MeHg, As and following by
Fe, Cu, Cr, Zn, and Pb. Therefore, the study was conducted heavy metal (Pb, Cr, As,

Cd and Hg) concentration in Oreochromis niloticus, Clarias batrachus, Rastrelliger

brachysoma, and Lates calcarifer fish species and health risk assessment related with

these selected heavy metals contamination in fish.

2.3 Heavy Metal Problems to Human Health

Some heavy metals create several health risks in animals and human through the food
chain, leading to chronic health effects. The toxic level in human can be varied
according to the intake amount, the exposure pathway and the duration of exposure

(acute or chronic) (Jaishankar et al., 2014). According to Di Simplicio (1990) and

Patrick (2013), mitochondrial syndrome, lipid peroxidation, and accumulation of
neurotoxic molecules are the negative impacts of mercury (Hg) toxicity in the body,
and leading to Alzheimer's disease, depression and skin diseases, etc. (Di Simplicio et
al., 1990), (Patrick, 2013).When people get contact to arsenic (As) and lead (Pb), it
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particularly cause respiratory problem and nervous system disorder (Mathew et al.,
2019). Entering lead (Pb) into human body can harm to nervous system,
cardiovascular system, brain, red blood cells (Rao et al., 2014) and even leukemia
(Maiti & Banerjee, 2012). Though zinc (Zn) is an essential elements for the
metabolism of the fish (Irerhievwie & Akpoghelie, 2015; Tapia et al., 2012), large
amount of accumulation is harmful and can lead to reproductive system failure and
less growth rate (Irerhievwie & Akpoghelie, 2015). Subsequently, people who
consume the fish can get toxicity gradually through bioaccumulation process (Singer,
2013). Nausea, exhausting and weak in immune system are the health effect of Zn

poisoned in human body (Ugokwe & Awobode, 2015).

Human health risk of heavy metals by eating contaminated fish is quite serious, and
fish still remains as a primary diet; therefore, observing heavy metal concentration in

fishes and assessing health risk by eating fish should be promoted.

Table 2-5: Summaries of sources and symptoms of heavy metal exposure

Heavy Source Main toxic | Symptoms and References
Metals form disease
Mercury mining, smelting, | methyl Mental (Carmona et
waste mercury, deficiency, heart | al., 2008),
incineration, coal | Hg* rate or blood (Patrick,
combustion, pressure issues, 2013), (Di
barreries depression, Simplicio et
memory disorder, | al., 1990)
skin diseases
Arsenic rock weathering, | arsenites, Dermal lesions, (Gentry et al.,
mining and arsenates, problem in 2010),
smelting, and glucose (Hughes et al.,
pigments, drugs, arsenolipids | metabolism, 2011), (Linet
pesticides, cardiovascular al., 1999)
fertilisers diseases, cancer,
nervous disease
Lead paints, pesticides, | Pb?* Abnormal (Mathew et al.,
gasoline, mining, function of CNS, | 2019), (Ruden
fossil fuel kidney and et al., 2009),
burning, cardiovascular (Tang et al.,
cosmetics problems 1994)
Cadmium | weathering, Cd# Bone disease, (Park et al.,
pigments, kidney stone, itai- | 2002), (Rizki
volcanic itai disease, etal., 2004),
eruptions, carcinogen (Fahmy & Aly,
barreries, 2000)
pesticides
Chromium | electrochemical Cré* ulcers, inhalation | (Ducros,
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industry, leather problem, liver 1992),

processing, damage ((Ducros,

chemical plants, 1992),

sewage, paper (McKenna et

production al., 2001)
Zinc Mining, steel stomach cramps, | (Roney, 2005)

production, coal nausea, and

burning, burning vomiting, anemia,

of waste damage the

pancreas

2.4 Exposure Pathways

There are three basic exposure pathways to heavy metals for human: inhalation,
ingestion and dermal contact. Among these three different exposure pathways, food
chain is significant for increasing heavy metal risk to human health (Maclintosh et al.,
1996). Moreover, the researchers revealed that heavy metal contamination through
eating the food was the main contributor for health risk (Handy, 1996; Zhang et al.,
2019). Ingestion pathway is important because the consumers can get the whole
quantity of heavy metals contaminated in fishes by eating them. Many researchers
have already confirmed that eating fish contaminated with much amount of heavy
metals (such as Cd, Pb, Ar, Hg, etc) associated to serious health issues (Burger &
Gochfeld, 2005); (Andreji et al., 2006), (Falcé et al., 2006), (Has-Schon et al., 2006).
For the general population who have no direct exposure with heavy metals pollution
sources, diet is the main pathway for receiving high content in their body (Castro-
Gonzélez & Méndez-Armenta, 2008).

2.5 Health Risk Assessment

A health risk assessment is the process to assists people in identifying and
understanding their health risks as by exposing to contaminated environment well as
tracking their health through time (USEPA). The recent research about health risk
assessment pointed out the health effects of heavy metal contaminated in fish through

ingestion pathway.

Ghosh (2021) conducted a study of heavy metals bioaccumulation in selected cultured
fish and human health risk assessment Mymensingh Sadar Upazila, Bangladesh. Five

fish species (Pangasius pangasius, Oreochromis niloticus, Heteropneustes fossilis,
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Anabustes tudineus, Clarias batrachus) were targeted and three samples from each

species were collected from five divergent sampling spots. Then, the mean
concentration of Fe, Cr, Hg, Cu, Co, Zn, Pb, and As in all fish species were analyzed
by using the Metal Pollution Index (MPI). After that, cancer risk and non-cancer risk
for adult and children, who were exposed to heavy metal contamination by ingestion
pathway, was calculated. The researcher used the average body weights for children
and adult based on the previous research that has been done in that study area. Fish
consumption data was got from Department of Fisheries (DOF). For both adult and
children, health risk index (HRI) value for mercury in all fish species was the highest;
however, HRI for Pb was the lowest. Target Risk for Pb in all fish species was
presented ranging from 1.33x10* to 1.93x10® while the acceptable level of
USEPA for cancer risk range from 10°to 10* (USEPA, 2013). The targeted hazard
quotient (THQ) for the metals (Cu, Fe, Pb, Zn, Cr, As, and Co) were acceptable (less
than 1), while THQ for Hg in P. pangasius fish species was 2. Therefore, the result
showed that consumption of fish contaminated with heavy metal can cause
cancerogenic and non-cancerogenic effects in human (Ghosh et al., 2021).

Mokarram’s (2021) found out the effects of heavy metal content on marine organisms
and water quality contamination from petrochemical industry. The study was
conducted in Persian Gulf to find out the subsequence effects of Cr, Pb, Fe, Ni, Cd,

Zn, Se, and Cu in five fish species (Scomberomorus guttatus, Lethrinus nebulosus,

Brachirus orientalis, Pomadasys kaakan, and Scomberomorus commerson). A total of

42 samples were analyzed by collecting 3 samples per each species. The researcher
calculated Heavy metal pollution index (HMPI) and non-carcinogenic hazard quotient
(NHQI) to find out pollution level in water and fish muscles. For P. kaakan and B.
orientalis species, NHQI values were 1.036 and 1.046 respectively. The values are
slightly higher than the acceptable limit 1, and they indicate that eating these fish
species can cause serious effects to human health. The hazard index (HI) in S.
guttatus, P. kaakan and S. commerson species for Se, Cd, Pb, Cu, Ni, Zn, and Fe were

also found higher than 1. Therefore, the result indicated that the consumption of
marine fish species can lead to potential health risk in human. In that study, the
researcher pointed out the need of wastewater treatment plants for removing

hazardous elements before discharging into receiving water (Mokarram et al., 2021).
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A study on heavy metals concentration such as Mn, Zn, Cu, As Fe, Ni, Cd, Pb and
health risk assessment in consumable fishes species were observed by Zhu (2015) in

Nansi Lake, China.. A total of 288 samples for 9 fish species (Ophiocephalus argus,

Carassius auratus, Pseudobagrus fulvidraco, Parabramis pekinensis, Atractoscion

nobilis, Ctenopharyngodon idellus, Scomberomorus niphonius, Silurus asotus, and

Cyprinus carpio) were collected from 4 different lakes. Edible part of fish was used to

assess health risk related with the selected heavy metals on wet weight basis. The
subjects of this research targeted to two different groups: general population and
fishermen group. Total 1450 adults were participated in questionnaire survey. The HQ
of each heavy metal for both general population and fishermen were below the
maximum allowable value. Then, HI values for general population were ranged from
0.480 to 0.679, indicating that no adverse health effect cannot cause by consuming
fish. However, HI values for fishermen were higher than 1, ranging from 1.165 to
1.742. The major components leading potential health risk of non-carcinogenic
consequences for the general population and fisherman include arsenic, lead, and
cadmium (Zhu et al., 2015).

The literature reviews showed that both essential heavy metals and non-essential
heavy metals (such as Fe, Cu, Hg, As, Zn, Mn, Pb, Cr, Cd, etc.,) can be accumulated
in various kind of aquatic animals; therefore, this research focused on the most toxic
five non-essential heavy metals (As, Cd, Cr, Pb, and Hg) that were also commonly

found in fish of the previous studies.
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CHAPTER Il
3. Research Methodology

First and foremost, pilot study was done in order to evaluate the possibility for
continuing this research. Then, the study was a cross sectional design, and both face
to face interview and online google form were used to conduct the questionnaire
survey to find out the required information such as body weight, rate, frequency and
fish consumption quantity of Burmese who live in Bangkok, Thailand. Moreover,
cancer risk and non-cancer risk related with heavy metals ingestion were observed by
using the heavy metal concentration in fish and the field survey data.

3.1 Pilot Study

A pilot study v/as conducted to the subject group, Myanm.ar people, who are currently
living in Thanon Petchaburi, Ratchathewi District, Bangkok, Thailand. Ratchathewi
District was chosen as a pilot study area because it is not only one of the places where

many Bumese people are residing within Bangkok but also the downtown area.

In this study, a short questionnaire was created that included questions on fish
consumption (fish species they eat the most, and the market where they obtain fish)
and 32 participants responded. According to the Browne (1995), the sample size for
the pilot study is cited as “at least 30 subjects or greater to estimate a parameter”
(Browne, 1995). Therefore, 32 participants were interviewed during the pilot survey.
The questionnaire for pilot study related with fish species was based on the types of
freshwater and marine fishes that are commonly found in Ratchathewi District,
Bangkok, Thailand are shown in Table 2-4. (Puwastien et al., 1999).
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Fish species demanded by the respondents

30
m Nile tilapia

25 m Walking catfish
m mackerel
20
Giant seaperch

15 m Common silver barb

m Snake skin gourami
10
m Striped catfish
I I I I W Striped snake-head fish
M Black-banded trevally
. Hlimnn.

Fish species m Spotted featherback

Number of people

9,

Figure 3-1: Fish species demanded by Burmese according to pilot study

The surveying also included about fish species that Myanmar people frequently eat.
According to the data analysis, nile tilapia, walking catfish, mackerel, common silver
barb, snakeskin gourami, black-banded trevally, striped catfish, striped snakehead
fish, black pomfret, seaperch (seabass), silver pomfret, grouper, spotted featherback,
spanish mackerel, Malabar red snapper are fish species normally eat by the
participants. nile tilapia has notably demanded by the respondents and followed by

walking catfish, mackerel, seaperch (seabass), common silver barb, etc.

The market used by respondents

mTesco
Big C Ratchadamri
m Soi 10

Figure 3-2: The percentages of the markets where people go for buying fishes
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From the total study population of 32, the most frequently go markets were Big C
(Ratchadamri) and soi 10 local market, while the percentage of going Tesco Ramal

was the lowest: 16
3.2 STuDY AREA

According to pilot survey result on questioning about the place for buying fish, 47%
of the respondents answered for soi 10 market out of three markets around Petchaburi
road. It is a small market where vegetables, meat, fish, seafood, groceries, and some
street food can be purchased. A feasibility study was conducted in the market to find
out whether all targeted fish species can be collected from that study area. All selected

four fish species (Oreochromis niloticus, Clarias batrachus, Rastrelliger brachysoma,

and Lates calcarifer) were found in the market. Three fish shops open daily: two

opens from morning to noon (around 1 pm), but another fish shop starts open from 1

pm until evening.

Heavy metals contamination in fish were analyzed, and human health risk by
consuming fish was calculated. Health risk assessment was done to figure out the
sectors to answer, “the contamination of heavy metals to human health by consuming

fishes and what types of fish can deteriorate human health more”.
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Figure 3-4: Map showing location of pilot study area

3.2 Subjects

The subjects in this study were Burmese people who are currently living around in
Bangkok to examine health risk for people who eat fish contaminated with heavy
metals. Therefore, individual interviewing for eating fish and some information about
interviewee were performed during February and March 2022, and convenience
sampling method was used. Both online survey and face to face interview for 400
participants was conducted: 278 participants from online and 122 participants from

face-to-face interview. For the question about fish species that the participants eat the
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most, fish pictures were prepared for their better understanding. In the questionnaire,
there are two parts: part A, interviewee information and part B, food frequency
survey. There were four questions in interviewee information part and thirteen
questions in food frequency survey part. The estimated time for both parts was around
5 minutes. Online surveying was conducted by using Google forms platform and the
link was sent to the respondents via email or social media applications (such as Line,
Facebook messenger, Instagram, etc.). The information consent form was also sent to
make sure that all the respondents understand about the research before taking part in

surveying.

A screening form that included inclusion/ exclusion criteria was prepared not to waste
the time of the interviewee if they are not relevant with the research criteria.
Information related directly to participants was kept confidential and the detail of the
personal information such as name and address didn’t even included in the
questionnaire. Results of the study were reported as pictures, charts or graphs.

Participation to the study was voluntary.

The detail information about questions is shown in questionnaire form in the

Appendix V (English version) and Appendix VI (Myanmar version).
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Figure 3-5: Questionnaire surveying (face to face interview)

3.2.1 Reliability test

To test the internal consistency of the food frequency survey questionnaire, the
reliability test using the Cronbach’s alpha was calculated using excel. The sample size
was 30 people who are currently living in Bangkok. The raw data was described in

the following table.

Reliability Test: Cronbach's Alpha

Cronbach's Alpha Internal Consistenc
Cronbach's Alpha formula 2 Y
1 Excellent
a= X [1— Y sy 0.90> a>0.80 Good
T K-1 s2x 0.80> 0. >0.70 Acceptable
0.70> 0. >0.60 Questionable
where, 0.60> 0.>0.50 Poor
f 0.50> o Unacceptable
K. =the number of test items

¥ sy = the sum of the item variance
s?x = variance of the total score

Table 3-1: Internal consistency result by using Cronhach’s alpha measurement tool

Variables Description Values Internal Consistency
K the number of test items 20
2 the sum of the item variance 13.3522222
ZS Y ! tem varl Acceptable
S%x variance of the total score 49.01
oc 0.76585397

3.2.2 Sample size calculation

Bangkok occupied total 10.539 million as of 2020 population data. According to 2010

population and housing census, 2% of people was from Myanmar (NSO, 2010).
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Therefore, 210,780 of Burmese people have been residing in Bangkok, and Yamane’s

Formula was used to calculate sample size.

_ N
"TIEN(e)?
Where, n=sample size
N= population size

e = Level of precision (5%)

Calculation: N =210780

e=0.05
B 210780
"= 1+210780(0.05)2
n= 399 = 400

Total of 400 Burmese people were randomly selected for individual sampling by

considering the following inclusion and exclusion criteria.

3.2.3 Inclusion criteria

e Burmese who have been residing in Bangkok, Thailand at least six months.
e Adult male and female (Age range 18-60 years old)

e Can speak and read Burmese.

3.2.4 Exclusion criteria
At the time of individual surveying, the people who are considered as obtaining the

following situation were excluded.

e whoever having severe disease (such as heart disease, cancer, and other
chronic diseases), unhealthy, bed-ridden or psychological problem were not

be considered.
e whoever having fish allergy.

e Whoever under diet program and cannot usually eat fish.
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3.2.5 Data Collection under COVID-19 Pandemic

In order to reduce the risk of COVID-19 spread, online google survey form was used
to interview Burmese in Bangkok as many as possible. However, face to face
interview was also detected. During face-to-face interview, the following ways were

obeyed throughout the surveying.
e Maintaining a safe distance from interviewee
e Keeping the mask on all the time (both interviewer and interviewee)

e Sanitize all the documents before delivering to interviewee and collecting

from them

e Bringing alcohol sanitizer/ hand gel throughout the interviewing

3.3 Fish Sample Collection

Fish sample collection was performed in April 2022 at a fresh market located on
Petchaburi soi 10, Ratchathewi, Bangkok, Thailand for the purpose of observing
heavy metal contamination in them. The fish species were selected based on the result
of pilot survey that has been done within the proposed study area. The top ranking of
fish species that are mostly eaten by Myanmar people is in the order of nile tilapia>
walking catfish> mackerel > seabass. Among them, nile tilapia and walking catfish
are freshwater fishes and the remaining species (mackerel and seabass) are marine
fish species.

According to feasibility survey, there are three fish shops at soi 10 market and
collected fish samples from these three fish shops. This research targeted to four fish
species: three fishes per species were collected from each fish shop. Therefore, a total
of 36 fishes were collected from three fish shops and immediately deep-freezed, kept
in polystyrene boxes to keep the freshness before digestion. The detail information
including the number of samples and heavy metals that were analyzed are described
in the Table 3-3. And, Table 3-2 illustrates the pictures of the fish along with their

scientific names and common names.
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Table 3-2: Table showing figures of selected fish species
No Freshwater fish No Marine fish

Oreochromis niloticus (nile tilapia) Rastrelliger brachysoma (mackerel)

Clarias batrachus (catfish) Lates calcarifer (seabass)

Table 3-3: Targeted heavy metals and number of fish samples
No Fish Number of samples Elements
Shop Shop Shop Hg Pb As Cd Cr
(A) (B) (©)

Freshwater Fish

1 nile Tilapia 3 3 3 v VvV VvV VvV
2 catfish 3 3 3 v v VvV VvV
Seawater Fish

3 mackerel 3 3 3 v v VvV VvV
4 seabass 3 3 3 v vV VvV VvV

Total Samples 36

3.4 Fish Samples Analysis

In the laboratory, the fish samples were kept at room temperature, and skin removing,
tissue isolation were done by using polyethylene cutter to avoid metal contamination.
All the fish samples were analyzed in triplicate and the average concentration was
used as heavy metal concentration. The remaining parts such as head, gill, fins, tail

and bones didn’t use for this research.

All fish samples were weighted 20 gram of epaxial muscle for analysis. 20 grams of
fish muscles for each species were washed with distilled water, dried with filter paper,

and stored in a freezer at -20°C till further analysis.
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For preparing to get dry weight, the samples were placed into porcelain crucibles that
are pre-rinsed with 20% nitric acid. The crucible was heated in muffle furnace 50C
per hour to 450°C for 8 hours or overnight until no weight loss. Porcelain mortar and
pestle were used to ground into fine powder (Ruden et al., 2009).

0.5 grams ash samples were put in a screw cap polypropylene sample tube. Then,
nitric acid (3 ml), hydrogen peroxide (2 ml) and Milli-Q water (3 ml) were added. The
sample tube’s cap was tightened and cased in an airtight plastic box to prevent acid
fumes during digestion process. The liquid samples were filtered by using 0.45 p
membrane filter. Then, the samples were kept in 60 g volumetric flasks and diluted
with deionized water to make up final volume of 50 g sample solution (Jarapala et al.,
2014) (EPA, 1996).

An analytical method called inductively coupled plasma mass spectrometry (ICP-
MS), introduced by Houk et al. in 1980 in the USA, can be used to analyze heavy
metal concentration in biological samples. ICPMS has developed into one of the most
crucial methods for detecting more than 70% of the elements in the periodic table
throughout the following decades, and it can also measure the accurate content of
heavy metals. Therefore, Inductively Coupled Plasma Mass Spectroscopy (ICP-MS)
was used to analyze mercury (Hg), lead (Pb), arsenic (As), cadmium (Cd), and

chromium (Cr) as soon as after digestion.

3.5 Quality Control/ Quality Assurance

All the samples were digested in triplicate and heavy metal contents were presented as
an average (Djedjibegovic et al., 2020). In-house method TE-CH-035 was used based
on AOAC (2019), 2015.01 was used to analyze arsenic (As) and chromium (Cr). For
cadmium (Cd), lead (Pb), mercury (Hg), in-house method TE-CH-035 based on
Analyst, 1994, vol119, p.1683-1686 was applied. Limit of detection (LOD) for
arsenic, cadmium, chromium, lead, and mercury were 0.010, 0.003, 0.005, 0.006, and
0.004 respectively. Precautionary measures were taken to prevent possible
contamination of the samples. Prior to usage, all laboratory equipment were soaked in
2 M HNOS for two days and then washed multiple times with distilled and deionized
water (Jarapala et al., 2014).



-32-

Table 3-4: QA/QC result of analytical method for heavy metal concentrations

Element LOD (mg/kg) %Recovery %RSD
As 0.01 98 1.17
Cd 0.003 86.3 2.19
Cr 0.005 88.6 0.99
Pb 0.006 86.5 2.01
Hg 0.004 90.8 1.60

LOD-= Limit of detection, RSD= Relative Standard Deviation

3.6 Data Analysis

Heavy metal concentrations data were analyzed by excel (version 16.61.1) to get
mean, median, standard deviation, minimum and maximum values. The mean
concentrations of heavy metals were used in the risk calculation part. Descriptive
analysis was used in this research. Microsoft excel was used to create graphs, and

charts.

3.7 Human Health Risk Assessment

Health risk assessment model has been widely used to assess carcinogenic and non-
carcinogenic risk in human. The four steps are needed to follow for health risk
assessment of heavy metals contaminated in fishes: (a) hazard identification; (b)
examining the dose; (c) determining the exposure pathways; (c) assessing the
exposure risks. Heavy metals contaminated in fish can enter the human bodies
through direct ingestion.

@) Hazard Identification: Hazard identification is the process of evaluating
whether the exposure can be related to the occurrence of undesirable health
consequences such as cancer and non-cancer diseases. The aim of this step is to define
the quality and weight of evidence supporting the forms of adverse health effects that
may be produced by exposure to the agent, as well as to identify the types of adverse
health effects.

(b) Dose-Response Assessment: Dose response relationship shows that how the
exposure of an agent (the dose) can get the negative impacts on health (the response).
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The reference dose (RfD), consideration of oral exposure on a daily basis, is the dose
(oral) derived from the NOAEL and LOAEL with uncertainty factors (Ufs).
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Table 3-6: Classification of heavy metals carcinogenicity by IARC
Item Classified by IARC

As Group | “Carcinogenic to humans”

Cd Group | “Carcinogenic to humans”

Cr Group | “Carcinogenic to humans”

Pb Group I1 B “Probably Carcinogenic to humans”

Hg Group 11 “Not classifiable as to its carcinogenicity to
humans”

(© Exposure Assessment: This research focuses on health risk assessment
through consuming the fishes contaminated with heavy metals. Exposure assessment

is the measuring the level of human exposure to a contaminant in the environment.

Average Daily Intake (ADI) for non-cancer risk,

o Cs X IR X FI X EF X ED equation (1)
7 BW x AT q

Where, Cs = the concentration of heavy metal (mg/kg)

EF = the exposure frequency (meals/year)

Fl= Fraction ingestion from contaminated source (unitless)
ED = the exposure duration (years)

BW = the body weight (kg)

AT = the average time (days)

IR = the ingestion rate (kg/meal)

The averaging time, non- carcinogen (ED x 365 days/year)

Chronic Daily Intake (CDI) for cancer risk,

Cs XIR X FI X EF X ED .
DI = equation (2)
BW X AT

Where, Cs = the concentration of heavy metal (mg/kg)

EF = the exposure frequency (meals/year)

Fl= Fraction ingestion from contaminated source (unitless)
ED = the exposure duration (years)

BW = the body weight (kg)

AT = the average time (days)
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IR = the ingestion rate (kg/meal)

The averaging time for cancer effects, equal to the life expectancy time (70 x 365 =
25,550 days)

The body weight of each participant from individual surveying was used in
calculating intake. Similarly, the values of EF, ED, BW, AT and IR were calculated
based on the information during individual surveying to Burmese people. The value
of the concentration of heavy metals got from fish sample analysis were used in

calculations.

(d) Risk Characterization: In risk characterization step, the critical findings
obtained from dose-response assessment and exposure assessment are needed to be
combined (USEPA).

|Risk = Hazard X Exposure| equation (3)

For non-cancer endpoint,

Based on USEPA protocols non-cancer endpoint risks are characterized as the hazard
Quotient (HQ) (USEPA).

ADI

HQ = Rf_D equation (4)

ADI= Acceptable Daily Intake, RfD= Reference Dose
If HQ > 1, Risk of Adverse Health Effect

If HQ < 1, No Adverse Health Effect Anticipated

For cancer Endpoint,

The cancer risk (CR) was calculated by multiplying the average daily intake over a
lifetime with a cancer slope factor (SF) (USEPA).

|CR = CDI x SF| equation (5)

Chronic Daily Intake is averaged over 70 years.

Typically, an acceptable risk is defined as < 1 x 10®. However, the values, 10 to 10

may be acceptable.
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Aggregate risks for multiple substances

Carcinogenic effects

Risk; = Z Risk equation (6)
l

Riskt = Total cancer risk
Riski = The risk estimated for the i substance
Non-carcinogenic effects

The hazard index (HI) was calculated to get the potential risk of negative health risk
from a mixture of heavy metals (As, Cd, Cr, Pb, and Hg) in fish. HI was calculated by

the sum of HQ for each heavy metal.

Hazard Index (HI) = Z HQ equation (7)

If HI < 1, it is acceptable for cumulative exposure and chronic risks cannot be

happened, whereas non-cancer risks are likely to occur in case HI =1 or HI>1.

Synergistic effect of heavy metals can be occurred when individual heavy metal

interacts or cooperate. Therefore, it’s needed to calculate the aggregate risk.
Degree of risk

For non cancer risk, if HQ or HI is equal or higher than 1, there is risk by eating fish
in long term. The HQ or HI value lower than 1 means acceptable. For the cancer
risk, the value 1 x 10 is acceptable, and it means there is only one person in a

million having the cancer risk.

3.8 Research Ethic

The research instruments/tools (questionnaire), research proposal along with required
documents were submitted to the Research Ethics Review Committee for Research
Involving Human Research Participants, Group 1, Chulalongkorn University. The
committee has approved on 2" March 2022 and will be expired on 1% March 2023.
The research ethic approved with a Certificate of Approval (COA) No. 054/65.
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Figure 3-6: Flow chart of health risk assessment process
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CHAPTER IV
4. Results

This study was a cross sectional study performed in Bangkok, Thailand to find out
heavy metals concentration in fish and to examine the health risk related with the
consumption of fish. The questionnaire was used to observe the necessary personal
information and fish consumptions such as frequency and amount of fish per meal.
Both face to face and online google form were used to conduct the survey. This
chapter provides the results of heavy metals concentration in fish and human health
risk (carcinogenic and non-carcinogenic) through eating of fish from a local market of
Bangkok.

4.1 Heavy Metals Concentration in Fish

The concentration of mercury (Hg) in nile tilapia and catfish, and lead (Pb) in seabass
were lower than the limit of detection. Hg concentration in mackerel and seabass were
0.028 mg/kg and 0.02 mg/kg, and lead (Pb) in tilapia, catfish and mackerel were the
same, < 0.02 mg/kg. Cr concentration in tilapia, catfish, mackerel and seabass were
0.02 mg/kg, 0.022 mg/kg, < 0.02 mg/kg, and 0.024 mg/kg; therefore, Cr contents in
four targeted fish species from shop-1 were not much different. Similarly, cadmium
(Cd) in three fish species (tilapia, catfish, and seabass) were the same (< 0.008
mg/kg), and 0.028 mg/kg in mackerel. The arsenic (As) concentration in nile tilapia,
mackerel and seabass were 0.099 mg/kg, 0.507 mg/kg, and 0.196 mg/kg, respectively.
As was not found in catfish.

From the fish shop-2, arsenic (As) concentrations were 0.093 mg/kg in tilapia, 0.432
mg/kg in mackerel, 0.182 mg/kg in seabass, and it was lower than the limit of
detection (LOD). Cadmium (Cd) concentration in tilapia, catfish, and seabass were
the same (< 0.008 mg/kg), and Cd content in mackerel was 0.039 mg/kg. Lead (Pb)
concentrations in all fish species from fish shop 2 were lower than LOD. Likewise,
mercury in nile tilapia and catfish were lower than LOD; however, 0.033 mg/kg and
less than 0.02 mg/kg of Hg were found in mackerel and seabass. Then, chromium (Cr)
in tilapia, catfish, mackerel and seabass were 0.033 mg/kg, 0.042 mg/kg, < 0.02
mg/kg, and 0.023 mg/kg, respectively.
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From the fish shop-3, arsenic (As) concentrations were 0.084 mg/kg, 0.016 mg/kg,
0.408 mg/kg, 0.47 mg/kg in tilapia, catfish, mackerel, and seabass. Cadmium (Cd)
content was less than 0.008 mg/kg in tilapia, cadmium, and seabass; however, Cd in
mackerel is slightly higher than the other three fish species (0.022 mg/kg). Lead (Pb)
in tilapia and mackerel were lower than 0.02 mg/kg, and it was less than 0.006 mg/kg
in catfish and seabass. Similarly, Hg concentration in mackerel and seabass were
lower than 0.02 mg/kg, and it was not found in tilapia and catfish. Chromium (Cr)
contents in mackerel and seabass were < 0.02 mg/kg, and in tilapia and catfish were
0.032 mg/kg and 0.024 mg/kg.

Table 4-1: Mean heavy metals concentrations in fish species

Items Nile Tilapia Catfish Mackerel Seabass

As 0.092 +0.0075 | 0.012+0.0035 | 0.449 +0.052 | 0.283 % 0.1624
cd Mean 0.008 0.008|  0.03+0.009 0.008
Pb + | 0.015+0.008 | 0.011+0.008 | 0.0153 +0.0081 0.006
Hg sD 0.004 0.004 | 0.027 + 0.0066 0.020
Cr 0.028+0.007 | 0.029 +0.011 0.02+0 | 0.022+0.0021

Heavy metal mean concentration + standard deviation for each fish species is
described in Table 4-1 and Figure 4-1. As concentration was remarkably higher in
mackerel (0.449 + 0.052 mg/kg) than other three fish species (0.092 + 0.0075 in
tilapia, 0.012 + 0.0035 mg/kg in catfish, and 0.283 + 0.1624 mg/kg in seabass).
Moreover, heavy metals (As, Cd, Pb, and Hg except Cd) concentrations were the
highest in mackerel than other three fish species. Chromium (Cr) content was the
highest in catfish although As, Cd, Pb, Hg were found the lowest in catfish.

Heavy metals concentration order in nile tilapia was As > Cr > Pb > Cd > Hg,
therefore As was found highest amount in tilapia. Likewise, the concentration order in
remaining fish species were Cr > Cd> Pb > As > Hg for catfish, As > Cd > Hg > Cr >

Pb in mackerel, and As > Cr > Hg > Cd > Pb for seabass, respectively.
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Average Heavy Metal Concentration in Fish Species
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Figure 4-1: Concentration of heavy metals in fish species

4.2 Personal Information of Participants

According to surveying, a total of 400 Burmese (245 female and 155 male) were
interviewed who were currently residing in Bangkok, Thailand. 22% of more female
were participated than male. Both face to face interview and online questionnaire
were used to collect personal information and fish consumption.

The age of all participants was ranged from 18 to 60 years old, and the average age +
standard deviation was 37 + 12 years. For 155 male participants and 245 female
participants, mean age = SD were 38 £12 and 36 +12 years, respectively. When the
participants’ ages were divided into range 18-24, 25-34, 35-44, 45-54, and 55-60
years old, the age range between 25-34 was the highest number that participated
(31%) in surveying and followed by 35-44 (23%), 45-54 (18%), 18-24 (16%), and 55-
60 (12%) age ranges. In numbers, 66, 122, 92, 71 and 49 participants were in age
range 18-24, 25-34, 35-44, 45-54, and 55-60 years old, respectively.

The minimum and maximum body weight of the participants were 40 to 92 kilograms
with the average weight of 60.6 kg. Average height was 162 cm with a range of 140
to 184 cm. For only male participants, mean body weight and height + standard
deviation were 63.27 = 9.93 kg and 163.87 £ 9.79 cm, whereas the range were 45 to
92 kg and 150 to 184 cm. For female participants, mean body weight and height +
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standard deviation were 58.91 + 9.31 kg and 160.84 + 8.98 cm. Body weight and
height of female participants ranged from 40 to 85 kg and 140 to 183 cm. Average
BMI of the participants was 23.11 + 3.46 Kg/m?, with the range of 18.13 to 32.99 Kg/

m2.

Table 4-2: Characteristics of participants

Characteristics N Percentage
Sex
Male 155 39%
Female 245 61%
Age Range
18-24 66 17%
25-34 122 31%
35-44 92 23%
45-54 71 18%
55-60 49 12%
Characteristics Category Values
Age (years) Mean 37.21
SD 12.12
Median 35.00
Minimum 18.00
Maximum 60.00
Body Weight (Kg) Mean 60.61
SD 9.77
Median 60.00
Minimum 40.00
Maximum 92.00
Height (cm) Mean 162.01
SD 9.41
Median 160.00
Minimum 140.00
Maximum 184.00
BMI (kg/m2) Mean 23.11
SD 3.46

Median 22.36
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Minimum 18.13

Maximum 32.99
n= number of participants, SD= standard deviation

Gender Percentage Age Range

Figure 4-2: Gender percentage and age range of respondents

4.3 EXxposure Assessment

By using food frequency survey form, four fish species [ Oreochromis niloticus (nile

tilapia), Clarias batrachus (catfish), Rastrelliger brachysoma (mackerel), and Lates

calcarifer (seabass)] were included to evaluate whether the participants eat these fish
species or not. According to survey result, Oreochromis niloticus (nile tilapia) was the

fish species the most consumed by Burmese. 375 participants out of 400 answered
“YES” for the question “do you eat nile tilapia?”. Among 400 participants, the
number of participants who eat catfish, seabass, mackerel were 366, 343 and 316,
respectively. It is found out that mackerel was the fish species least preferred by

Burmese.
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Consumption of Fish Species by Burmese
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Figure 4-3: Consumption of fish species by Burmese

Then, the ingestion rate for each species (nile tilapia, catfish, mackerel, seabass) were
evaluated. Mean + standard deviation of nile tilapia by Burmese was 0.35 + 0.16
kg/day, and the minimum and maximum consumption rate were 0.03 kg/day and 0.6
kg/day. Similarly, the ingestion rate of catfish mackerel, and seabass were 0.28 + 0.13
kg/day, 0.17 £ 0.10 kg/day, and 0.25 £ 0.11 kg/day, respectively. The minimum and
maximum ingestion rate were 0.05 g/day, 0.50 kg/day for catfish, 0.04 kg/day, 0.5
kg/day for mackerel, and 0.1 kg/day, 0.5 kg/day for seabass. The maximum ingestion
rate of nile tilapia was the highest and catfish, mackerel and seabass ingestion rate
were the same (0.5 kg/day).

Exposure frequencies were not much different for four targeted fish species by
Burmese: 94.69 + 44.24 day/year for nile tilapia, 93.61 + 45.94 day/ year for catfish,
95.82 + 43.86 day/year for mackerel, and 92.53 + 45.47 day/year for seabass.

Table 4-3: Ingestion rate and exposure frequency for each species by Burmese

IR (kg/day) EF (day/year) ED (years)
Nile Tilapia
Mean 0.35 94.69 23.43
Median 0.35 104.28 21.00
SD 0.16 44.24 11.20
Min 0.03 26.07 1.00
Max 0.60 156.42 56.00
Catfish

Mean 0.28 93.61 23.53
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Median 0.25 104.28 21.00
SD 0.13 45.94 11.41
Min 0.05 26.07 0.33
Max 0.50 208.56 57.00
Mackerel
Mean 0.17 95.82 23.28
Median 0.15 104.28 20.00
SD 0.10 43.86 12.03
Min 0.04 26.07 1.00
Max 0.50 156.42 59.00
Seabass
Mean 0.25 92.53 22.17
Median 0.25 104.28 20.00
SD 0.11 45.47 16.21
Min 0.10 26.07 1.00
Max 0.50 156.42 200.00

IR=ingestion rate (kg/day), EF= exposure frequency (day/year), ED= exposure duration (years), SD= standard
deviation, Min= minimum, Max= maximum

4.4 Non-Cancer Risk Assessment

To evaluate non cancer risk, average daily intake (ADI) was calculated by inserting
heavy metal concentration, ingestion rate (IR), exposure frequency (EF), exposure
duration (ED), body weight (BW), and averaging time of each participant according
to the equation (1). The ADI was calculated for each fish species for the reason that
IR, EF, and ED were different depending on fish species. Then, hazard quotient (HQ)
was calculated for the heavy metals (As, Cd, Cr, Pb, Hg) in tilapia, catfish, mackerel
and seabass for each of the participants by using equation (4). To find out the sum of
non-cancer risks of As, Cd, Cr, Pb and Hg in fish, hazard index (HI) was evaluated

according to the equation (7).

Table 4-4: Average daily intake (ADI) and hazard index (HI) of heavy metals by
consuming targeted fish species

Element Categ Mean Median SD Min Max
ory
Tilapia
As ADI 1.42x10% 1.17x10% 1.01x10* 5.01x10° 4.82x10*
HQ 4.72x10! 3.89x10! 3.36x10% 1.67x10? 1.61
Cd ADI 123x10° 1.01x10° 8.77x10% 436x107 4.19x10°

HQ 1.23x10% 1.01x102 877x10° 4.36x10* 4.19x10?
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Cr ADlI  431x10% 355x10° 3.07x10° 1.53x10° 1.47x10*
HQ 2.87x10° 237x10° 205x10° 1.02x10°% 9.78x10°
Pb ADI  231x10° 190x10° 1.64x10° 8.17x10" 7.86x10°
HQ 6.41x10°% 5.28x10% 457x10% 227x10*% 2.18x10?
Hg ADI 6.15x10% 5.07x10°% 4.38x10° 218x107 210x10°
HQ 6.15x10% 5.07x10° 4.38x102 218x10° 210x10?
HI 0.55 0.45 0.39 0.02 1.88
Catfish
As ADI 151x10° 1.14x10° 1.13x10° 5.04x107 5.59x10°
HQ 5.03x10% 3.81x10% 3.76x102 1.68x10° 1.86x10?
Cd ADlI  1.01x10% 7.62x10% 752x10% 3.36x107 3.73x10°
HQ 1.01x10% 7.62x10% 752x10% 3.36x10* 3.73x10?
Cr ADlI 3.64x10° 276x10% 273x10° 1.22x10°® 1.35x10*
HQ 243x10° 1.84x10° 1.82x10° 812x107 9.01x10°
Pb ADI 138x10° 1.05x10° 1.03x10° 4.62x107 5.12x10°
HQ 3.84x10% 291x10°% 287x10% 1.28x10* 1.42x10?
Hg ADI 503x10% 381x10% 3.76x10°® 1.68x107 1.86x10°
HQ 5.03x10% 3.81x10% 3.76x102 1.68x10° 1.86x10?
HI 0.11 0.09 0.09 0 0.42
Mackerel
As ADlI 3.04x10*% 3.00x10* 1.47x10* 1.63x10° 5.83x10*
HQ 1.01 1.00 489 x 101 5.42x 102 1.94
Cd ADlI  2.03x10% 2.00x10° 9.79x10% 1.09x10°® 3.90x10°
HQ 2.03x10% 2.00x10% 9.79x10° 1.09x10° 3.90x10?
Cr ADlI  1.35x10% 1.34x10° 653x10°% 7.25x107 2.60x10°
HQ 9.02x10°% 8.91x10°% 4.35x10°% 4.83x107 1.73x10°
Pb ADI  1.03x10° 1.02x10° 499x10% 554x107 1.99x10°
HQ 2.87x10° 2.84x10° 1.39x10° 1.54x10* 5.52x10°
Hg ADI 1.83x10% 1.80x10° 881x10°% 9.78x107 3.51x10°
HQ 1.83x10' 1.80x10! 8.81x102 9.78x10° 3.51x10?
HI 1.22 1.2 0.59 0.07 2.34
Seabass
As ADI 281x10% 264x10% 147x10* 2.81x10° 5.88x10*
HQ 9.37x10% 8.79x10% 4.91x10' 9.36x 102 1.96
Cd ADI 7.95x10°% 7.45x10° 4.16x10°% 7.94x107 1.66x10°
HQ 7.95x10° 7.45x10° 4.16x10% 7.94x10* 1.66x107?
Cr ADI  219x10° 205x10° 1.14x10° 2.18x10°® 4.57x10°
HQ 146x10° 137x10° 7.63x10% 1.45x10°% 3.05x10°
Pb ADI 596x10® 559x10°® 3.12x10% 5.95x107 1.25x10°
HQ 1.66x10% 155x10° 8.67x10* 1.65x10* 3.46x10°
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Hg ADI  199x10° 1.86x10° 1.04x10° 1.98x10° 4.16x10°
HQ 1.99x10' 1.86x10! 1.04x10% 1.98x10% 4.16x10*
HI 1.13 1.06 0.6 0.11 2.47

ADI= average daily intake (mg/kg/day), SD= standard deviation, Min= minimum, Max= maximum
4.4.1 Non-Cancer Risk of Nile Tilapia

The mean hazard quotient (HQ), median, minimum and maximum for tilapia, catfish,
mackerel, and seabass were showed in Figure 4-4, Figure 4-6, Figure 4-8, and Figure
4-10, respectively. The mean hazard quotient + standard deviation of As, Cd, Cr, Pb,
Hg for nile tilapia were 4.72 x 10 + 3.36 x 101, 1.23 x 102 + 8.77 x 103, 2.87 x 10
+2.05 x 10°, 6.41 x 103+ 4.57 x 10, and 6.15 x 102 + 4.38 x 10 ; therefore the
mean hazard quotient for heavy metals in nile tilapia were lower than USEPA
standard hazard quotient of 1.
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Figure 4-4: Hazard quotient (HQ) of heavy metals in Tilapia
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Then, the cumulative hazard index (HI) for nile tilapia was evaluated by summing up

the HQ of all heavy metals for each participant and the mean value was 5.52 x 10! +

3.93 x 10L. The mean HI value was under USEPA standard: however, the chart for

each participant (Figure 3-1Figure 4-5) showed that some participants were above the

safety limit. Therefore, the result means that some people who eat nile tilapia were in

non-carcinogenic health risk.

06

04
02

HI of participants who eat nile tilapia

Figure 4-5: Hazard index (HI) of Tilapia
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4.4.3 Non-Cancer Risk Assessment of Catfish

The mean hazard quotient (HQ) of catfish for As, Cd, Cr, Pb, and Hg are illustrated in
Figure 4-6, and the values were 5.03 x 102 + 3.76 x 102, 1.01 x102 + 7.52 x 1073,
2.43 x 10° + 1.82 x 10°, 3.84 x 102 + 2.87 x 103, and 5.03 x 102 + 3.76 x 10?,
respectively. The mean HQ for all targeted heavy metals were lower than 1.

Therefore, there might not have non carcinogenic health effects by consuming catfish.
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Figure 4-6: Hazard quotient (HQ) of heavy metals in Catfish

4.4.4 Cumulative Non-Cancer Risk of Catfish

The hazard index (HI) * standard deviation for consuming catfish was lower than 1
(1.14 x 10 + 8.57 x 102). The HI values for each participant were also under the
USEPA safety limit of 1. Therefore, it is found out that the consumption of catfish has

no carcinogenic effects.
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Figure 4-7: Hazard index (HI) of Catfish

4.45 Non-Cancer Risk of Mackerel

The hazard quotients (HQ) of As, Cd, Cr, Pb, Hg contaminated in mackerel were
evaluated, and the means + standard deviations were 1.01 + 4.89 x 10, 2.03 x102 +
9.79x 10%3,9.02 x 10°% + 4.35 x 10, 2.87 x 10° + 1.39 x 103, and 1.83 x 10! + 8.81
x 1072, The hazard risk of chromium by eating mackerel was the lowest (9.02 x 10 +
4.35 x 10), and the risk of Cd, Cr, Pb, Hg were lower than USEPA hazard quotient
of 1. However, HQ of arsenic (AS) in mackerel was slightly higher than 1. Therefore,
there may have acute non-carcinogenic health effects such as Nausea, vomiting,
destruction gastrointestinal tissue and heartbeat abnormalities. The hazard quotient
(HQ) for each heavy metal evaluated for mackerel were shown in Figure 4-8.
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Figure 4-8: Hazard quotient (HQ) of heavy metals in mackerel
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Then, the cumulative hazard index (HI) was calculated for each participant. The mean

HI was 1.22 + 0.59; therefore, the HI value was above USEPA standard and may have
cumulative health risk effects of As, Cd, Cr, Pb, and Hg. Furthermore, the HI of 66%

of participants were above USEPA standard 1. The result means although 34% of
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participants were safe from cumulative health risk of heavy metals by eating

mackerel, 66% may have accumulating health hazard.

25

[ HI of participants who eat mackerel

Figure 4-9: Hazard index (HI) of Mackerel

4.4.7 Non-Cancer Risk of Seabass

Finally, the HQ values through consuming seabass were 9.29 x 10 + 4.95 x 10! for
arsenic, 7.88 x 10 + 4.19 x 107 for cadmium, 1.44 x 10° +7.69 x 10 for chromium,
1.64 x 10 + 8.74 x 10™ for lead, and 1.97 x 10! + 1.05 x 107 for mercury. HQ for all
targeted heavy metals were below USEPA hazard quotient 1. However, HQ of arsenic
was 9.29 x 101, and it was marginally to reach the standard value 1. The mean,
median, minimum, and maximum of HQ for each heavy metal were described in
Figure 4-10.
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Figure 4-10: Hazard quotient (HQ) of heavy metals in seabass

4.4.8 Cumulative Non-Cancer Risk of Seabass
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The cumulative health risk was calculated and the mean hazard index (HI) * standard

deviation was 1.14 + 0.60, and mean HI was slightly above 1. Therefore, there may

have cumulative toxic effects of heavy metals (As, Cd, Cr, Pb, and Hg) by eating

seabass. When HI for each participant was evaluated, HI of 188 participants out of

343 participants who eat seabass were above USEPA standard. Hence, more than
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50% of participants (55%) may suffer non carcinogenic health effects from
consumption of seabass. The mean hazard index (HI) and HI for each participant were

described with the following Figure 4-11.

HI of participants who eat seabass

@Hi

Figure 4-11: Hazard index (HI) of Seabass

4.5 Cancer Risk Assessment

To find out the carcinogenic risk, chronic daily intake (CDI) was calculated by
inserting heavy metal concentration, ingestion rate (IR), exposure frequency (EF),
exposure duration (ED), body weight (BW), and averaging time (AT) of participants
by using equation (2) for heavy metals (As, Cd, Cr, and Pb) in nile tilapia, catfish,
mackerel and seabass. Hg was not considered in calculating cancer risk by ingestion
because Hg is categorized by US EPA Integrated Risk Information System (IRIS) as
D (Not classifiable as to human carcinogenicity) (Usepa, 2011). USEPA formula
equation (5) was used to evaluate cancer risk by oral exposure. Then, each CDI value
for As, Cd, Cr, and Pb were multiplied by the slope factor of relevant heavy metal to
find cancer risk of participants. Afterwards, the total cancer risk (TCR) was calculated
by summing up the cancer risk of As, Cd, Cr, and Pb with the equation equation (6).
Chronic daily intake (CDI) and cancer risk for As, Cd, Cr, and Pb of fish species (nile
tilapia, catfish, mackerel, and seabass) are described in the following Table 4-6.
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Table 4-5: Chronic Daily Intake (CDI) and total cancer risk of heavy metals by
consuming targeted fish species

Elements Category Mean Median SD Min Max
Nile Tilapia
As CDI 5.04x10° 3.68x10° 4.84x10° 2.72x107 3.15x10*
CR 755x10° 552x10° 7.26x10° 4.08x 107 4.73x10*
Cd CDI 4.38x10°% 3.20x10° 4.21x10° 2.37x10% 274x10°
CR 1.66 x 10° 1.22x10°% 1.60x10° 8.99x10° 1.04x10°
Cr CDI 1.53x10° 1.12x10° 1.47x10° 8.28x10% 9.60x 10°
CR 7.66x10°% 560x10° 7.37x10° 4.14x10% 4.80x10°
Pb CDI 8.21x10°% 6.00x10° 7.89x10° 4.44x10% 5.14x10°
CR 6.98x 108 5.10x10% 6.71x10® 3.77 x 101 4.37 x 107
TCR 8.49x10° 6.20x10° 8.17x10° 4.59x107 5.32x10*
Catfish
As CDI 5.29x 10°% 3.58x10° 5.14x10° 250x 108 270x10°
CR 7.94x10% 537x10°% 7.72x10° 3.74x10% 4.05x10°
Cd CDI 3.53x10% 239x10° 3.43x10° 1.66x10% 1.80x10°
CR 1.34x10% 9.07x107 1.30x10°® 6.32x10% 6.84 x 10°®
Cr CDI 1.28x10° 8.66x10° 1.24x10° 6.03x10% 6.52x10°
CR 6.39x 10° 4.33x10° 6.21x10° 3.02x10% 3.26x10°
Pb CDI 485x10°% 3.28x10° 4.71x10° 2.29x10% 247x10°
CR 412x10% 2.79x10® 4.01x10® 1.95x10% 2.10x 107
TCR 1.57x10° 1.06x10° 1.53x10° 7.41x10% 8.01x10°
Mackerel
As CDI 1.04x10* 9.25x10° 7.59x10° 9.30x 107 4.37 x 10*
CR 156 x 10* 1.39x10* 1.14x10* 1.39x10° 6.56 x 10*
Cd CDI 6.97 x 10° 6.18x 10° 5.07x10°® 6.21x10% 292x10°
CR 2.65x10°% 2.35x10°% 1.93x10° 2.36x10% 1.11x10°
Cr CDI 4.64x10° 4.12x10° 3.38x10% 4.14x10® 1.95x10°
CR 232x10° 2.06x10° 1.69x10° 2.07x10®% 9.73x10°®
Pb CDI 3.55x10% 3.15x10°% 259x10° 3.17x10% 1.49x10°
CR 3.02x10% 2.68x10% 2.20x10® 2.69x 101 1.27 x 107
TCR 1.61x10% 1.43x10% 1.17x10* 1.44x10°® 6.77x10*
Seabass
As CDI 8.97x10° 7.32x10° 7.41x10° 8.49x 107 4.31x10*
CR 1.35x10* 1.10x10* 1.11x10* 1.27x10° 6.46 x 10*
Cd CDI 253x10° 2.07x10° 2.09x10°% 240x10®% 1.22x10°
CR 9.63x 107 7.86x107 7.96x 107 9.12x10° 4.63x10°®
Cr CDI 6.97 x 10% 5.69x 10° 5.76 x10°® 6.60 x 108 3.35x 10°
CR 3.49x10°% 2.85x10°% 2.88x10° 3.30x10% 1.67x10°




Elements Category Mean Median SD Min

Pb CDI 1.90x 10°% 1.55x10°% 1.57x10° 1.80x10® 9.13x10°
CR 1.62x10% 1.32x10% 1.33x10® 1.53x10%° 7.76 x 10®

TCR 1.39x10* 1.13x10* 1.15x10* 1.32x10° 6.67 x10*

CDI= chronic daily intake (mg/kg/day), SD= standard deviation, Min= minimum, Max= maximum

4.5.1 Cancer Risk of Nile Tilapia
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Figure 4-12 represents the potential cancer risk of As, Cd, Cr and Pb through the

consumption of nile tilapia. The mean cancer risk £ standard deviation of As, Cd, Cr,
and Pb were 7.55 x 10° + 7.26 x 10°, 1.66 x 10° + 1.6 x 10, 7.66 x 10° + 7.37 x 1°,
and 6.98 x 10® + 6.71 x 108, respectively, while USEPA standard for cancer risk is

between 1 x 10 to 1 x 10°%. Mean cancer risk of Pb through eating nile tilapia is (6.98

x 10® + 6.71 x 108) lower than USEPA standard 1 x 1°%. However, the mean cancer

risk of three remaining heavy metals (As, Cd, and Cr) are higher than USEPA

standard. Therefore, long term consumption of nile tilapia may have potential

carcinogenic health effects in human.
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Figure 4-12: Potential cancer risk of heavy metals by consuming nile tilapia

4.5.2 Total Cancer Risk of Nile Tilapia

Then, the total cancer risk was evaluated by summing up all the potential cancer risk

of heavy metals (As, Cd, Cr, and Pb) in nile tilapia. The mean total cancer risk was

resulted as 8.49 x 10° + 8.17 x 10°°: therefore, the cumulative total cancer risk was
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over USEPA safety limit. When the total cancer risk was evaluated for each
participant, 99% of participants who eat nile tilapia may have carcinogenic health risk

by consuming long term.
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Figure 4-13: Total cancer risk of nile tilapia
4.5.3 Cancer Risk of Catfish

In case of consuming catfish, the cancer risk for heavy metals were evaluated, and the
means + standard deviation were 7.94 x 10 + 7.72 x 10 for As, 1.34 x 10° + 1.3 x
10 for Cd, 6.39 x 10 + 6.21 x 10 for Cr, and 4.12 x 10® + 4.01 x 10 for Pb. The
mean cancer risk for lead was under the USEPA safety limit (1 x 10°), but the cancer
risk of As, Cd, Cr through the consumption of catfish were slightly higher than the
limit. Therefore, people who eat contaminated catfish may suffer the toxic
carcinogenic effects of As, Cd, and Cr in long term.
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Figure 4-14: Potential cancer risk of heavy metals by consuming catfish
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Figure 4-15 shows that the mean total cancer risk for four cancer toxic heavy metals

(As, Cd, Cr, and Pb) and the percentage of participants who are under potential cancer

risk. The mean total cancer risk of consuming catfish was 1.57 x 10®° + 1.53 x 107,

while the USEPA safety limit is 1 x 10 to 1 x 10°°. Hence, there may have potential

cancer risk by eating catfish for lifetime. However, the total cancer risk for each

participant shows that 46% of participants were safe from cancer hazard and 54%

were above the standard.
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Figure 4-15: Total cancer risk of catfish
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455 Cancer Risk of Mackerel

The evaluation of cancer risk for As, Cd, Cr, and Pb through eating mackerel is
shown in Figure 4-16. The mean cancer risk of the participants who eat mackerel
were 1.5 x 10 + 1.14 x 10* for As, 2.65 x 10° + 1.93 x 10® for Cd, 2.32 x 10° +
1.69 x 10°® for Cr, and 3.02 x 10 + 2.2 x 10 for Ph. Cancer risk of Pb by eating
mackerel was the lowest and it was below the USEPA cancer risk safety limit. The
cancer risk of remaining three heavy metals (As, Cd, Cr) were above the standard;

therefore, there may have chronic health effects of As, Cd and Cr by eating mackerel

in long term.
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Figure 4-16: Potential cancer risk of heavy metals by consuming mackerel
45.6 Total Cancer Risk of Mackerel

Then, the total cancer risk for four carcinogenic toxic heavy metals in mackerel was
calculated, and the mean value was 1.61 x 10* + 1.17 x 10 The minimum and
maximum total cancer risk of participants were 1.14 x 10 and 6.77 x 10™*; therefore,
all participants were above the USEPA standard of 1 x 10 to 1 x 10°. The result
shows that eating mackerel for lifetime may develop cumulative cancer risk of As,
Cd, Crand Pb.
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45.7 Cancer Risk of Seabass
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Finally, the carcinogenic risks for As, Cd, Cr, and Pb contents in seabass were
calculated and the mean values were 1.35 x 10 + 1.11 x 10, 9.63 x 107 + 7.96 x 10°
7,349 x10%+2.88 x 10°, and 1.62 x 10 + 1.33 x 108, respectively. The cancer risk
by Cd and Pb in seabass were below the USEPA standard, but As and Cr cancer risk

values were more than 1 x 10°®. Therefore, the carcinogenic risk of arsenic and

chromium may occur by consuming contaminated seabass for long term.
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45.8 Total Cancer Risk of Seabass

Then, the cumulative cancer risk of arsenic, cadmium, chromium, and lead were
evaluated, and the mean + standard deviation was resulted as 1.40 x 10 + 1.15 x 10™.
Total carcinogenic risk was calculated for each participant and the minimum and
maximum cancer risk were 1.32 x 10° and 6.67 x 10 The result shows that all
participants who eat seabass may have total cancer risk since the TCRs of all

participants were above the USEPA safety limit of 1 x 10,

TCR of participants who eat seabass

TCR > 1.0E-06

5.E-05 l 100%

[ Total Cancer Risk

Figure 4-19: Total cancer risk of seabass

4.6 Risk Level in People who Eat All Fish Species

Aggregate non-cancer risk and total cancer risk were evaluated for the people who eat
all fish targeted species in this study. Total non-cancer risk (HI) for these people was
calculated by summing up all hazard quotient (HQ) of five heavy metals (As, Cd, Cr,
Pb, and Hg) in four fish species (nile tilapia, catfish, mackerel, and seabass).
Similarly, total cancer risk (TCR) was quantified by summarizing cancer risk (CR) of
five heavy metals (As, Cd, Cr, Pb, and Hg) in four fish species (nile tilapia, catfish,
mackerel, and seabass).

Based on the questionnaire surveying, there were 211 participants who eat all the
targeted fish species in this study. Mean hazard index (HI) and total cancer risk (TCR)
of the participants who eat all fish species was 2.7945 + 1.1082 with the range of
(0.7323 to 5.5933), and 3.58 x 10* + 2.22 x 10* with the range of (3.07 x 10° to 1.13 x
103).
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Table 4 6 shows mean, median, standard deviation, minimum and maximum values of
211 participants who eat all four fish species.

Table 4-6: Hazard Index (HI) and Total Cancer Risk (TCR) of the participants who
eat all four targeted fish species (a) HI (b) TCR

Category Mean SD Median Min Max

HI (nile tilapia) 0.4663 0.3696 0.3533 0.0195 1.8796

HI (catfish) 0.1002 0.0786 0.0712 0.0038 0.3682

HI (mackerel) 1.1326 0.6110 1.0909 0.0652 2.3387

HI (seabass) 1.0954 0.5905 0.9882 0.1144 2.3957

HI (Total) 2.7945 1.1082 2.7524 0.7323 5.5933
TCR (nile tilapia) 6.41x10° 6.68x10° 4.35x10° 459x107 3.52x10*
TCR (catfish) 1.28x10° 1.37x10° 8.13x10°% 7.41x10% 7.32x10°

TCR (mackerel) 151x10* 126x10% 1.33x10% 1.44x10°® 6.77x10*

TCR (seabass) 1.30x10* 1.14x10* 1.03x10* 1.32x10°% 6.67x10*

TCR (Total) 358x10* 222x10* 331x10* 3.07x10° 1.13x10°3

Figure 4-20 establishes cumulative non-cancer risk (HI) and total cancer risk (TCR)

of the participants who eat all four targeted fish species.
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Figure 4-20: Hazard Index (HI) and Total Cancer Risk (TCR) of the participants who
eat all four targeted fish species (a) HI (b) TCR
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CHAPTER V

5. Discussion

This part provides the detail discussion for the results of heavy metals concentrations,
personal information, consumption of fish, and health risk assessment including
cancer and non-cancer risk. Compare and contrast with international standards and

other studies’ results are also describe in this chapter.

5.1 Heavy Metals Concentration in Fish

In order to compare heavy metals concentration resulted from this study with the
international maximum allowable concentration in fish, Table 5-1 expresses mean +
standard deviation of heavy metal concentration in four fish species with the
international standards: Thai standard of contamination in food, the commission of
the European Committees standard (EC), Joint FAO/WHO Expert Committee on
Food Additive online database (JICFA), and Ministry of Health of the People’s
Republic of China standard.

Arsenic concentration in four fish species (nile tilapia, catfish, mackerel, and seabass)
of this study were 0.0920 + 0.0075 mg/kg, 0.012 + 0.0035 mg/kg, 0.449 + 0.052
mg/kg, and 0.283 + 0.1624 mg/kg, whereas the safety limit of Thai standard is 2
mg/kg. As contents in all targeted fish species were quite lower than the Thai standard
of contamination in food.

The standard concentration of cadmium (Cd) in fish of Thai, European Commission
Regulation (EC), and China varied depending on the country’s maximum allowable
limit, 1 mg/kg, 0.05 mg/kg, and 0.1 mg/kg respectively. The mean = SD
concentration in nile tilapia, catfish, mackerel, and seabass were 0.0080 mg/kg,
0.0080 mg/kg, 0.03 £ 0.009 mg/kg, and 0.0080 mg/kg, and concentration in all fish
species were under the maximum allowable limit of Thai, EC and China’s standards.
Lead (Pb) concentration found in nile tilapia, catfish, mackerel, and seabass were
0.015 + 0.008 mg/kg, 0.011 + 0.008 mg/kg, 0.0153 + 0.0081 mg/kg, and 0.0060
mg/kg, while the standard concentration in fish of Thai, EC (2005) were 0.3 mg/kg,
0.2 mg/kg, and JICFA, and China maximum allowable limit are the same (0.5 mg/kg)
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(China, 2005) (Organization, 2017). Therefore, the concentrations of Pb in fish of the
present study were not higher than the acceptable limit.

nile tilapia, catfish, mackerel, and seabass were analyzed to find Hg detection and the
concentrations were 0.0040 mg/kg, 0.0040 mg/kg, 0.027 + 0.0066 mg/kg, and 0.0200
mg/ kg, respectively. The safety standard of Hg concentration in fish of Thai, EC and
JIFCA are 1 mg/kg, 0.5 mg/kg, and 0.5 mg/kg; therefore, Hg contents were in
acceptable range of international standards.

Similarly, chromium (Cr) concentration was 0.028 + 0.0072 mg/kg in nile tilapia,
0.029 + 0.011 mg/kg in catfish, 0.0200 mg/kg in mackerel, and 0.022 + 0.0021 mg/kg
in seabass. China’s maximum level for Cr contamination in fish is 2mg/kg; therefore,
Cr concentrations in fish species were also in acceptable limit.

Therefore, all targeted heavy metals in this study (As, Cd, Cr, Pb, and Hg) were
detected in all fish species nile tilapia (Oreochromis niloticus), catfish (Clarias

batrachus), mackerel (Rastrelliger brachysoma) and seabass (Lates calcarifer), and

the concentrations were within the safety levels of international standards.
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Figure 5-1: Comparison of mean As content in fish with standard
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Figure 5-2: Comparison of mean Cd content in fish with standard
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Figure 5-3: Comparison of Pb content in fish with standard
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Figure 5-4: Comparison of Hg content in fish with standard
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Figure 5-5: Comparison of Cr content in fish with standard

Table 5-1 shows heavy metals concentration in various kind of fish species in several
countries. In Iran, Cd in Spanish mackerel and Orange-spotted spinefoot and Cd, Pb
concentrations in Orange-spotted spinefoot from the previous research (Mokarram et
al., 2021) were higher than those in all fish species of the present study for the reason
that the fish samples were collected from the Persian Gulf where it is closed to the
petrochemical oil and gas plants.

Hg in Pangas catfish from Bangladesh by (Ghosh et al., 2021) was also higher than
the present study. According to (Tremlovéa, 2017) in Thailand, As, Pb, Hg in silver
whiting were 0.09 £ 0.06 mg/kg, 0.11 mg/kg, 0.012 mg/kg, and Pb and Hg

concentrations were higher than the heavy metals concentration in all targeted fish
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species of the present study. However, As concentration of that previous study was
almost the same with the mean concentration As in nile tilapia of the present study.
Mean As concentration in catfish and mackerel were 0.012 + 0.0035 mg/kg, and
0.449 £ 0.052 mg/kg; therefore, these concentrations were low when they compared
to (Tremlova, 2017) study. However, mean As concentration in seabass of this study
was higher than the other fish species (nile tilapia, catifish, mackerel) and silver
whiting of (Tremlova, 2017)study.

Another previous study in Thailand studied mrigal carp, and Cd and Cr concentrations
were 0.09 + 0.04 mg/kg and 0.32 + 0.47 mg/kg, while Cd and Cr contents of the
present study in all targeted fish species were lower than (Sutee Chowrong, 2020).
Mrigal carp is detritivores that eat dead plants and organisms, fungus, insects and
sediments. Feeding habitat might also affect the concentration of heavy metals in
aquatic species.

Research related with heavy metals concentration in fish from Myanmar found Cd
0.073 +0.007 mg/kg in snakehead fish and Cd 0.083 +0.009 in nile tilapia. Both Cd
contents in two fish species were higher than the Cd concentrations of the present
study. When Cd concentration in nile tilapia from Myanmar and present study were
compared, it is found out that tilapia from Myanmar has higher Cd concentration.
(Rodriguez-Mendivil et al., 2019) examined Cd, Pb, Hg and Cr in yellowfin tuna in
Mexico and resulted as 0.0019 + 0.0001 mg/kg, 0.116 = 0.026 mg/kg, 0.102 + 0.020
mg/kg, and 0.377 + 0.161 mg/kg. Heavy metals (Pb, Hg and Cr) of the present study
except As concentrations were notably lower than the concentrations of yellowfin
tuna from Mexico.

Apart from fish species, heavy metals can also be accumulated in other aquatic
animals such as shrimps, shells, and snails. The research in Bangladesh (2015)
conducted As, Cd, Pb and Cr concentrations in horn snail and freshwater prawn. The
mean concentrations in freshwater prawn were 1.19 +0.04 mg/kg for As, 1.51+0.04
mg/kg for Cd, 0.51+0.01 mg/kg for Pb and 1.59+0.93 mg/kg for Cr. The
concentrations were quite higher than the mean concentrations of these heavy metals
in all fish species of the present study. Then, the concentrations of As, Cd, Pb and Cr
for horn snail were 1.02+0.03 mg/kg, 0.05+0.00 mg/kg, 4.55+0.11 mg/kg, and
16.05 + 1.48 mg/kg, respectively (Ahmed et al., 2015). Pb and Cr concentrations were
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remarkably higher when compared to the concentrations of all fish species shown in
Table 5-2.
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Regarding to the bioaccumulation process, many factors such as physical-chemical
qualities of the contaminated heavy metals, environmental factors, types of the
exposed organism, and the organism’s food chain depend on the quantity of the
metal content in affected organism (Carvalho et al., 2005).

The research in China (Li et al., 2015) revealed that As, Cd, Pb and Hg were
accumulated more in carnivorous species, followed by the omnivorous species and
the filter-feeding species. (Yousafzai et al., 2010) showed that higher heavy metals
contents were found in omnivorous fish than carnivorous fish species. Higher heavy
metal accumulation in omnivorous fish species than carnivorous fish species has
also been reported by (Strbac et al., 2014) in Tisza River, Serbia.

In the present study, nile tilapia and catfish are freshwater fish, and mackerel and
seabass are marine fish. As the information shown in Table 5-2, catfish, mackerel
and seabass are carnivorous fish species, and nile tilapia is omnivore. According to
the present study, As, Cd, Pb, and Hg were highest in the mackerel fish, and As, Cd
and Hg were the second highest in seabass, while Cr was the highest in catfish,
followed by tilapia, seabass and mackerel. Both mackerel and seabass are the
marine carnivorous fish species; therefore, the marine carnivorous fish species of
the present study have been accumulated for As, Cd and Hg than the freshwater
carnivorous (catfish) or freshwater omnivorous fish (nile tilapia) species. When
comparing within the freshwater fish, omnivorous nile tilapia was found higher
concentration of As, Cd, Pb and Hg than the carnivorous catfish. Thus, the present
study supports the assumption of (Strbac et al., 2014) and (Yousafzai et al., 2010)
while comparing the heavy metals quantities in freshwater fish.

Table 5-3: Order of fish species based on heavy metal concentration level

Elements Order of fish species for heavy metal concentration
As mackerel > seabass > nile tilapia > catfish
Cd mackerel > seabass > nile tilapia > catfish
Cr catfish > nile tilapia > seabass > mackerel
Pb mackerel > nile tilapia > catfish > seabass

Hg mackerel > seabass > nile tilapia > catfish
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One of the possible reasons of high heavy metals concentration in marine fish is that
the marine water sources are where all the pollutants end up from both point sources
and non-point sources. According to (Simachaya, 2000), the key point sources of
bad quality at marine coastal areas of Thailand caused are industrial/ domestic
wastewater discharge, sewage from boat, and development activities near the shore
line for the tourism. However, there are many pointless sources of pollution in
marine water such as urban runoff, agrochemicals from agricultural lands,
residential areas, nutrients from livestock, pet wastes, etc,.

Additionally, the two-marine fish in the present study are carnivores. Heavy metals
are non-biodegradable, and they accumulate in fish as per bioaccumulation/
biomagnification process; therefore the predator fish that are at the top of the food

chain get higher heavy metals content.

5.2 Personal Information of Participants

The surveying about the personal information of the present study (total 400
participants) revealed that the average age + SD was 37.21 + 12.12 years old. When
the participants were divided with the age range, 25-34 years old age (31% of all
participants) range was the most participated in this research, and followed by 35-44
years old (23%), 45-54 years old (18%), 18-24 years old (17%), and 55-60 years old
(12%). Mean body weight was 60.61 + 9.77 Kg.

When body mass index (BMI) was evaluated based on body weight and height, mean
BMI + standard deviation was 23.11 + 3.46 kg/m?, with range of 18.13 to 32.98.
According to World Health Organization (WHO) and Asian-Pacific guidelines, BMI

falls into four categories described in Table 5-4.

Table 5-4: Nutritional Status according to Who and Asian-Pacific guidelines

Categories WHO BMI (kg/m?) Asian-Pacific (kg/m?)
Underweight Below 18.5 Below 18.5

Normal weight 18.5-24.9 18.5-22.9
Pre-obesity 25.0-29.9 23.0-24.9

Obesity > 30.0 > 25

When BMI of 400 participants were compared with WHO BMI standard, 281
participants were in normal BMI range (18.5 — 24.9 kg/m?), 89 participants were in

pre-obesity (25.0 — 29.9 kg/m?), and 20 participants fell in obesity range (above 30.0
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kg/m?), whereas BMI of 10 people were below 18.5 kg/m? and regarded as
underweight. However, minimum BMI was 18.13 kg/m?; therefore, 10 people who
fell in underweight category were only slightly lower than the normal BMI of 18.5 —
24.9 kg/m2. In age range 55-60, there was no one who is underweight; 35 participants
got normal BMI, 10 participants were pre-obesity and 4 were in obesity range. The
age range 25 — 34 years old has the highest participants, and also has the highest
number of people for normal BMI, pre-obesity and obesity range, 90, 23, and 6,
respectively. The detail information about BMI of participants and their age range
was described in Table 5-5 and Figure 5-6.

Table 5-5: Age range and body mass index (BMI) of the respondents
Age Range Underweight ~ Normal Pre-obesity Obesity  Total

18-24 1 50 13 2 66

25-34 3 90 23 6 122
35-44 2 66 20 4 92

45-54 4 40 23 4 71

55-60 0 35 10 4 49

Total 10 281 89 20 400

Age Range and Body Mass Index (BMI) of the Respondents
<
0 20 40 60 80 100 120 140

Number of Respondents

B Underweight m Normal Pre-obesity m Obesity

Figure 5-6: Body mass index (BMI) of the respondents based on age range
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Figure 5-7: The correlation matrix showing relationship between BMI, Age, HI and
TCR

The correlation matrix was evaluated by using R studio software (version 2022.02.3
Build 492). Figure 5-7 shows that the relationship between body mass index, age and
the cumulative risk of heavy metal ingestion including cancer and non-cancer risks.
BMI and non-carcinogenic risk and carcinogenic risk were inversely correlated, -0.13
and -0.07. Therefore, people who have low BMI may get the higher risk, especially
non-carcinogenic risk.

With regard to the correlation between age and risk among the adult (18-60 years
old), it was found out that the correlation is negligible for the non-cancer risk;
however, there was positive relationship between age and cumulative cancer risk for

the reason that cancer risk relates to the long-term exposure.

5.3  EXxposure Assessment

The survey result of 400 participants showed that Oreochromis niloticus (nile tilapia)

was the most favorite fish species out of four fish species: [Oreochromis niloticus

(nile tilapia), Clarias batrachus (catfish), Rastrelliger brachysoma (mackerel), and

Lates calcarifer (seabass)]. Nile Tilapia is also one of widely consumed fish species

in Thailand (Table 2-5). The ingestion rate based on four fish species were 0.35 +
0.16 kg/day for nile tilapia, 0.28 + 0.13 kg/day for catfish, 0.17 + 0.10 kg/day for
mackerel, and 0.25 £ 0.11 kg/day for seabass.
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Fish Ingestion Rate of Male Fish Ingestion Rate of Female

19% 3
0.03-0.1 kg/day 33% 0.03-0.1kg/day
0.01-0.2 kg/day 0.01-0.2 kg/day
= 0.21-0.3 kg/day 0.21-0.3 kg/day
\ = 0.31-0.4kg/day \ = 0.31-0.4 kg/day
17% 19%
= 0.41-0.5 kg/day 9 = 0.41-0.5 kg/day

#0.51-0.6 kg/day . 0.51-0.6 kg/day

(@) Male (b) Female

Figure 5-8: Fish ingestion rate of male and female

When the ingestion rates were compared with the gender, the minimum amount of the
ingestion rate (0.01-0.1 kg/day) was consumed by 19% of the male, while that amount
of ingestion rate was taken by 33% of the female, the highest percentage out of
remaining ingestion rate range. However, 0.01 to 0.2 kg/day of fish was consumed by
30% of the male. Only 5% of both male and female consume the highest amount
0.51-0.6 kg per day. The remaining ingestion rate rages, 0.21-0.3 kg/day, 0.31-0.4
kg/day, 0.41-0.5 kg/day, were not much different depending on gender: 20%, 12%
14% for male, and 17%, 14%, 12% for female respectively.

For nutrition and protein database of FAO 2002, the ASEAN people rely largely on
fish. Seafood accounted for roughly 38% of animal protein in the region's diet in
2011, followed by meat (33%), milk (20%), eggs (6%), and animal fats and organ
meats (3%) (Food & Organization, 2002). According to (Chan et al., 2017), in
comparison to countries, Myanmar is the second highest per capita fish consumption
(55.3 kg/person/year) after Malasia (58.1 kg/person/year).

However, the fish consumption of 400 responds of the present study showed that the
mean consumption was 28.58 + 13.13 kg/person/year with the range of 10.05 to 90.85
kg/person/year. Therefore, it shows that the mean fish consumption of Burmese of the
present study (28.58 + 13.13 kg/person/year) is lower than the fish consumption of
Burmese referenced by “Fish to 2050 in the ASEAN Region” report (Chan et al.,
2017).

Fish consumption in Thailand according to (Chan et al., 2017) was 25 kg/person/year,
and the fish consumption of the Burmese who live in Bangkok is 28.58

kg/person/year. Therefore, the consumption of fish in Thailand and the consumption
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resulted by the present were not much different, and it can be said that consumption

rate also relies not only on culture and religion of the consumers but also on the

location where they live in.

5.4

Table 5-6: Fish consumption rate of ASEAN countries and present study

Countries Fish Fish consumption of
consumption Present Study (kg/person/year)
(kg/person/year)

Cambodia 355

Indonesia 28.9

Laos 16.6 Mean 28.58

Malasia 58.1 SD 13.13

Myanmar 55.3 Median 26.10

Philippines 32.7 Min 10.05

Thailand 25 Max 90.85

Vietnam 33.3

Asean Region 335

World 18.9

Non-Cancer Risk Assessment

For non-cancer risk assessment of the present study, consuming catfish is safe
both for acute health effects for each targeted heavy metals and cumulative effects
of five heavy metals. Generally, nile tilapia is safe for the individual heavy metals
(As, Cd, Cr, Pb, Hg) non-cancer effects and cumulative of these heavy metal
effects; however, cumulative non-cancer effects of these five heavy metals can be
found on some participants based on their ingestion rate, body weight, exposure
duration etc. Individual non-cancer risk of As can be occurred by eating mackerel
fish, but no individual effects of heavy metals cannot be found by eating seabass.
Cumulative non-cancer risk effects can be suffered through the eating of both
mackerel and seabass in long term.

Previous research in Machilipatnam Coast, Andhra Pradesh, India showed that
non carcinogenic risk of Zn, Pb, Ni, Cu, and Hg through the consumption of

marine fish’s muscle, namely Liza macrolepis, were 17.9, 7.3, 5.3, 17.2, 1.08 and

all the values were above the USEPA hazard quotient safety value, while HQ of
Cd was 0.4 (Krishna et al., 2014). The study was focused on both essential and

non-essential heavy metals, and it showed that non-cancer risks of essential heavy
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metals were comparatively higher than the non-essential heavy metals’ risk.
However, when comparing with the present study, non-cancer risks of essential
heavy metals in the marine fish were still lower than that of essential heavy metals
in the marine fish of (Krishna et al., 2014).

Hazard Quotient of heavy metals in fish species
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Figure 5-9: Hazard Quotient (HQ) of heavy metals in fish species

Hazard index (HI) by fish species
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Figure 5-10: Hazard index (HI) by fish species
5.5  Cancer Risk Assessment

For cancer risk assessment of the present study, the cancer risk of Pb cannot be found
in all fish species (nile tilapia, catfish, mackerel, and seabass). However, cancer risk
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of As, Cd, and Cr can be found by eating nile tilapia, catfish, and mackerel in long
term. Then, Cd and Pb cancer risk might be suffered in people who consume seabass
in long term. For the total cancer risk, all fish species of the present study have the
aggregated cancer risk of As, Cd, Cr, and Pb through the lifelong consumption.
Although the concentrations of heavy metals were not higher than the international
standard, aggregated cancer might be occurred in all fish species for the reason that
cancer risk was calculated for long term.

In China, (Zhong et al., 2018) conducted non-carcinogenic health risk assessment of
eight heavy metals (Cu, Cr, Zn, Pb, As, Cd, Mn and Ni) through he consumption of
wild freshwater fish and farm freshwater fish. It was found out that heavy metals
contents in wild fish were much higher than those of farmed fish. The average
carcinogenic risk of As in both farmed and wild fish were ranged 5.11 x 107°-
1.95x 107 for adults and 2.71 x 107°~1.04 x 10™* for the children. Comparing to
USEPA, the results were higher than 1 x 10. Cancer risk of As in the present study
was also the highest risk; therefore, the pollution sources of As should be controlled.

Cancer risk of heavy metals in fish species
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1.E-04
1.E-04 I As
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6.E-05
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4.E-05
2.E-05

0.E+00 f—
Nile Tilapia Catfish Mackerel Seabass

Figure 5-11: Cancer risk of heavy metals in fish species
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Total cancer risk by fish species
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Figure 5-12: Total cancer risk by fish species

5.6 Risk Level in People who Eat All Fish Species

The questionnaire survey examines that there are 211 participants out of 400 who eat
all targeted fish species (nile tilapia, catfish, mackerel, and seabass). Non-
carcinogenic and carcinogenic risk were calculated for 211 participants and the
mean+ standard deviation of total HI and TCR (of 5 heavy metals in four fish species)
were 2.7945 + 1.1082 with the range of (0.7323 to 5.5933), and 3.58 x 10* + 2.22 x
10* with the range of (3.07 x 10° to 1.13 x 1073). Therefore, HI level is almost three
times higher than the USEPA non-cancer hazard safety limit, 1. Likewise, total cancer
risk was 3.58 x 10 + 2.22 x 10*; therefore, the value was above the safety limit of 1
x 10, It means that cancer risk can be occurred one in 35,000 people through the
consumption of these fish species, while the USEPA specification for cancer risk is
one in a million (1 x 10°®).

Therefore, high synergistic effects can be found in people who eat various types of
heavy metals contaminated fish species even though the concentration of individual
heavy metal are lower than the international standards of heavy metals content in

muscles of fish.
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CHAPTER VI

6. Conclusion and recommendation

This chapter describes three main sub-parts: the conclusion of the whole study, some
limitations, and the recommendations to personal, community level, policy makers

and the future researchers.

6.1 Conclusion
This study was conducted to investigate the concentration of heavy metals (As, Cd,

Cr, Pb, and Hg) in four fish species (nile tilapia, catfish, mackerel, and seabass) from
the market of Bangkok, Thailand, and to assess the carcinogenic and non-
carcinogenic health risk of Burmese. The questionnaire was developed in order to find
out the necessary information for health risk assessment such as personal information
to find out gender, age, body weight, and height, and food frequency survey to find
out the frequency, amount and duration of eating fish. The carcinogenic and non-

carcinogenic health risk were evaluated based on the ingestion of fish.

6.1.1 Heavy Metals Concentration in Fish

Five heavy metals contents in the muscle of four fish species were analyzed and the
mean targeted heavy metal concentrations in mackerel with the exception of
chromium were higher than other species: 0.449 + 0.052 mg/kg for As, 0.03 + 0.009
mg/kg for Cd, 0.0153 + 0.0081 mg/kg for Pb, and 0.027 + 0.0066 mg/kg for Hg.
However, all heavy metals contents in all fish species’ muscles were lower than the

international standards.

6.1.2 Personal Information of Participants

The study subject was Burmese people who have been living in Bangkok, Thailand at
least 6 months with the age between 18-60 years old. Both online and face to face
interview was performed to 400 Burmese. 245 females and 155 males were
participated and the average age + standard deviation was 37 + 12 years old. The age
range between 25-34 was the highest number that took part in surveying, it was 31%
of total participants and followed by 35-44 (23%), 45-54 (18%), 18-24 (16%), and 55-
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60 (12%) age ranges. The average BMI of the participants was 23.11 + 3.46 kg/m?,
with range of 18.13 to 32.98.

6.1.3 Exposure Assessment

Based on the survey results, nile tilapia was the most consumed by Burmese people,
375 out of 400 participants (93.8 %), and then followed by catfish (91.5 %), seabass
(82.8 %), mackerel (79 %). There were 211 participants (52.8 %) who eat all targeted
fish species of the present study. The mean ingestion rate (IR) for nile tilapia, catfish,
mackerel, and seabass were 0.35 + 0.16 kg/day, 0.28 + 0.13 kg/day, 0.17 + 0.1
kg/day, and 0.25 + 0.11 kg/day, respectively. The mean exposure frequency (EF) for
nile tilapia, catfish, mackerel, and seabass were 94.69 + 44.24 day/year, 93.61 + 45.94
day/year, 95.82 + 43.86 day/year, and 92.53 + 45.47 day/year, respectively. The mean
exposure duration for nile tilapia, catfish, mackerel, and seabass were 23.43 + 11.2
years, 23.53 + 11.41 vyears, 23.28 + 12.03 years, and 22.17 + 16.21 years,

respectively.

6.1.4 Non-Cancer Risk Assessment

Non-carcinogenic health risks of all targeted heavy metals in nile tilapia, catfish,
mackerel (except As), and seabass were under the USEPA hazard quotient of 1. Non
cancer risk of As in mackerel was 1.01 £ 4.89 x 1071, and it was slightly over the
safety limit. Therefore, there might generally have no adverse non-carcinogenic health
effects of As, Cd, Cr, Pb, and Hg by eating nile tilapia, catfish, seabass. But, eating
mackerel may have the acute effects of arsenic such as nausea, vomiting, destruction
gastrointestinal tissue and heartbeat abnormalities. Then, the mean cumulative hazard
index (HI) of nile tilapia and catfish were lower than 1, and the mean HI of mackerel
and seabass were 1.22 + 0.59 and 1.14 = 0.60. Hence, consuming mackerel and
seabass may have cumulative non carcinogenic health effects. Although the mean Hl
of nile tilapia was in acceptable range, the calculation of HI for each participants
showed that 15% of the participants who eat nile tilapia were above the USEPA

hazard index of 1.
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6.1.5 Cancer-Risk Assessment

The carcinogenic health risks of Cd and Cr of all analyzed fish species (nile tilapia,
catfish, mackerel, and seabass) were above USEPA acceptable range of 1 x 10 to 1 x
10, The cancer risks caused by As in three fish species (nile tilapia, catfish, and
mackerel) were also beyond the safety range. Therefore, the carcinogenic health
effects of As, Cd, and Cr can be occurred by eating nile tilapia, catfish and mackerel
and Cd and Cr carcinogenic effects by eating seabass. Cancer risks of lead (Pb) in all
fish species were under the safety range, and the participants might not suffer cancer
risk caused by Pb. Then, the total cancer risks of all fish species were 8.49 x 10° +
8.17 x 107 (nile tilapia), 1.57 x 10 + 1.53 x 10 (catfish), 1.61 x 10* + 1.17 x 10*
(mackerel), and 1.40 x 10 + 1.15 x 10* (seabass). The mean total cancer risks (TCR)
of all targeted fish species were above the USEPA safety limit. Therefore, the
participants might have cancer risk through the consumption of nile tilapia, catfish,

mackerel and seabass in their lifetime.

6.1.6 Risk Level in People who Eat All Fish Species

Afterwards, both carcinogenic and non-carcinogenic risk level were calculated for the
participants who consume all four targeted fish species of this research. There were
211 participants who eat all fish species and the mean+ standard deviation of total HI
and TCR were 2.7945 + 1.1082 and 3.58 x 10™* + 2.22 x 10*“. Thus, the results show
that the risk levels were high in people who eat more than one fish species because of

aggregate risk of heavy metals from each of the fish species.

6.2 Limitations

= This study only focused on five heavy metals (As, Cd, Cr, Pb, and Hg) in the
muscle of the four fish species (nile tilapia, catfish, mackerel, and seabass).

= The fish samples are collected only from one local fresh market that is located
at Soi 10, Phetchaburi, Bangkok, Thailand.

= The subject was only Burmese people who live in Bangkok, Thailand.

= With regards to questionnaire surveying, 69.5 % was participated by online
surveying, and therefore there may have limitation for answering about the

fish consumption.
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Only oral exposure was examined for cancer and non-cancer risk assessment.

6.3 Recommendations

This research would like to recommend in four sectors as followings_

6.3.1

6.3.2

6.3.3

6.3.4

Recommendation to Personal Level

Fish consumer should concern consumption of mackerel and seabass because
both non-cancer risk and cancer risk found in these fish species were higher
than safety limit.

Apart from eating fish, people should also concern the aggregate risk by eating
other aquatic animals such as shrimp, crab, mussel, etc. and smoking cigarette.
This study recommends the subjects participated in questionnaire surveying to
decrease the amount and frequency of eating fish (consumption per week)

especially mackerel and seabass.

Recommendation to Community Level
Primary health care should have health promotion on heavy metals exposure

from eating fish, health check-up regularly, etc. to prevent risk.

Recommendation to Government Level

Government should concern about the fish farm activities for the reason that
heavy metals can also be accumulated in fish from the fish feed and water
supply source.

The representative authorities should monitor wastewater release/ leak from
industrial, domestic and landfill sites.

Policy makers should lower the safety concentration in foodstuffs based on the

local consumption rate.

Recommendation for Further Researchers

This study can be used as a baseline information for human health risk
assessment through the consumption of fish.

This study can be used as reference in other studies such as waste management

and heavy metal pollution in water sources.



86

Other information such as weight, height, fish consumption rate and frequency
of Burmese can be used as secondary data in further studies.

Future research should study other metals because of syngenetic effects,
including essential heavy metals such as Zn, Fe, Cu, Ni, Se, etc. since essential
heavy metals may also be toxic at high concentrations.

Further studies should be done other fish species that are popular among the

fish consumers.
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Appendix VI: Certificate of Ethical Approval

The Research Ethics Review Committee for Reseach Involving Human Research Participants,
Group |, Chulalongkorn University
Chamchuri 1 Building, 2nd Floor, 254 Phayathai Road, Pathumwan, Bangkok 10330 Thailand

Telephone: 02-218-3202, 02-218-3049 Email: eccu@chula.ac.th

COA No. 054/65
Certificate of Approval
Study Title No. 650006 : HEALTH RISK ASSESSMENT OF BURMESE RELATED TO CONSUMPTION OF HEAVY
METALS CONTAMINATED FISH FROM LOCAL MARKET IN BANGKOK, THAILAND
Principal Investigator : Ms. Myat Myitzu
Place of Proposed Study/institution : Graduate School, Chulalongkorn University
The Research Ethics Review Committee for Research Involving Human Research Participants, Group |,
Chulalongkorn University, Thailand, has approved constituted in accordance with Belmont Report 1979,
Declaration of Helsinki 2013, Council for International Organizations of Medical Sciences (CIOM) 2016, Standards of

Research Ethics Committee (SREC) 2017, and National Policy and guidelines for Human Research 2015.

B 4@“%0’”5*

Raveenan M:’vjfﬂ leanee.

Signature Signature
(Associate Prof. Prida Tasanapradit) (Assistant Prof. Dr. Raveenan Mingpakanee)
Chairman Secretary
Date of Approval : 2 March 2022 Approval Expire date : 1 March 2023

The approval documents including:
1. Participant Information Sheet and Consent Form
2. Research proposal
3. Researcher

4. Research instruments/tools
Conditions
The approved investigator must comply with the following conditions:
1. It's unethical to collect data of research participants before the project has been approved by the committee.
2. The research/project activities must end on the approval expired date. To renew the approval, it can be applied one month prior to the expired date with submission of
progress report.
3. Strictly conduct the research/project activities as written in the proposal.
4. Using only the documents that bearing the RECCU’s seal of approval: research tools, information sheet, consent form, invitation letter for research participation (if
applicable).
5. Report to the RECCU for any serious adverse events within 5 working days.
6. Report to the RECCU for any amendment of the research project prior to conduct the research activities.
7. Report to the RECCU for termination of the research project within 2 weeks with reasons.
& Final report (AF 01-15) and abstract is required for a one year (or less) research/project and report within 30 days ofter the completion of the research/project.
9. Research project with several phases; approval will be approved phase by phase, progress report and relevant documents for the next phase must be submitted for review.
10. The committee reserves the right to site visit to follow up how the research project being conducted,

11. For extemnal research proposal the dean or head of department oversees how the research being conducted

Study Title No. 650006
Date of Approval 02 Mar 2022
Approval Expire date 01 Mar 2023

Digital Certifica
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Appendix VII: Questionnaire form (English)

Pre-Questionnaire Screening Form

A student, who is pursuing master’s degree at Chulalongkorn University, is doing research with the title
“Health Risk Assessment of Burmese Related to Consumption of Heavy Metals Contaminated Fish from
Local Market in Bangkok, Thailand”. To take part in this research as a participant, you are kindly requested
to fill out this screening form. This information will remain private and confidential and will not be used
for any other purposes.

Please check the box of each question YES (or) NO.

YES NO  Additional Information

Can you read or write Myanmar language? If no, the interviewer will help

you to answer.

Are you Burmese? (] [ Ifno, you can stop here.
Is your age between 18 and 60 years old? O [0 1fno, you can stop here.
Are you having severe disease (such as heart If yes, you can stop here.

disease, cancer, and other chronic diseases),
unhealthy, bed-ridden or psychological problem? O (]

(if you are not able to answer the questions for 5

minutes)
Do you have allergies to fish? | [J  Ifyes, you can stop here.
Do you eat fish? (] [J  Ifno, you can stop here.

Is your residing time in Bangkok over 6 months? | [J  Ifno, you can stop here.

Project Number 650006
Date of approval 02 Mar 2022
Expire date 01 Mar 2023
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QUESTIONNAIRE FOR FOOD FREQUENCY SURVEY

This study is being conducted by Chulalongkorn University student as part of research. This study is
intended for educational purpose only, and not for any other purpose. This questionnaire will take you
around 5 minutes. It will be completely anonymous.

NO Date:

| Part A Interviewee Information

A.1. Gender
[ Male ]
Female
A2. Age Years
A.3. Body weight Kg
A.4. Height cm

Part B Food Frequency Survey

B.1. Among the fish species below, which fish species do you eat? (You can answer more than one.)

Freshwater fish Marine fish
O

Nile Tilapia (Oreochromis niloticus) Mackerel (Rastrelliger brachysoma)
O O

Catfish (Clarias batrachus)

Project Number 650006
Date of approval 02 Mar 2022
Expire date 01 Mar 2023




QUESTIONNAIRE FOR FOOD FREQUENCY SURVEY

B.2. How often do you eat Nile Tilapia?

O 1 meal per day [0 2 meal per day [ 3 meal per day

B.3. How often do you eat catfish?

O 1 meal per day [ 2 meal per day [ 3 meal per day

Or how many days per month?............... days

B.4. How often do you eat mackerel?

O 1 meal per day [0 2 meal per day [ 3 meal per day

B.5. How often do you eat giant seaperch?

O 1 meal per day [ 2 meal per day [ 3 meal per day

How many days per week?........... days
Or how many days per month?............... days
B.6. How many grams do you eat Nile Tilapia per meal? ........... grams

1 Nile Tilapia is about 500 grams

B.7. How many grams do you eat catfish per meal? ..... s

1 catfish is about 250 grams
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QUESTIONNAIRE FOR FOOD FREQUENCY SURVEY

B.8. How many grams do you eat mackerel per meal? ........... grams

1 mackerel is about 70 grams

B.9. How many grams do you eat giant seaperch per meal? ........... grams

1 giant seaperch is about 700 grams

B.10. How long have you eaten for Nile Tilapia?

............ years or .......... months

B.11. How long have you eaten for catfish?

............ years or .......... months

B.12. How long have you eaten for mackerel?

............ years or .......... months

B.13. How long have you eaten for giant seaperch?

............ years or .......... months

1 Your participation is very important for this research and thank you for your kind cooperation.

Project Number 650006
Date of approval 02 Mar 2022
Expire date 01 Mar 2023
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Appendix VIII: Questionnaire (Myanmar)

Pre-Questionnaire Screening Form
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QUESTIONNAIRE FOR FOOD FREQUENCY SURVEY
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Appendix IX: Research Participant Information Sheet and Consent Ii}ggsrro]G(English)

Research Participant Information Sheet and Consent Form

Title of research project: Health Risk Assessment of Burmese Related to Consumption of
Heavy Metals Contaminated Fish from Local Market in Bangkok, Thailand

Principal researcher’s name Myat Myitzu Position Master Degree Student
Home address House No. 138/38 Studio Zone Condo (Room No. 1910) Ladprao Road

Soi Ladprao 102, Plubpla Wangthonglang, Bangkok 10310

Cell phone: 0814239082 E-mail: myitzu.yy@gmail.com

You are being invited to take part in a research project. Before you decide to
participate it is important for you to understand why the research is being done and what
it will involve. Please take time to read the following information carefully and do not
hesitate to ask if anything is unclear or if you would like more information.

Contents:

1. This research is about calculating health risk for human who eat fish contaminated with
heavy metals. Therefore, individual interviewing for eating fish and some information
about interviewee will be included.

2. Both online google survey form and face to face interview will be used during surveying.
For the participants who cannot read and write, if they have time for 5 minutes and
they are willing to participate for my research question, | will ask the questions and will
note their answers on the questionnaire form.

According to my exclusion criteria, | will exclude for the vulnerable group e.g. psychosis,
prisoner, mental retarded, person under eighteen years old, pregnant woman, dementia,
disabled, minority, conscription, very sick person, refugee, etc.
3. Details of participant.
® 399 participants for this research project.
® Only Burmese people
Inclusion Criteria
- Who has not been moved within six months from Bangkok
- Al genders between 18 to 60 years age range, and
- Who can speak and read Burmese

Exclusion Criteria 3
- People who has seveye 7 as Nk HEARAIsHYER 70800
LPr?ﬁ% é)lftﬁ%proval 02 Mar 2022

Expire date 01 Mar 2023

Group \

V402020
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AF 03-06

- People who cannot eat fish and seafoods

® This study needs around 399 participants.
4. Details of screening process of inclusion/exclusion criteria or qualifications.

® | prepared a screening form that include inclusion/ exclusion criteria for the
individual surveying, and every participant is needed to pass that screening form
before questioning.

® | will ask some short questions by using the screening form after making
introduction about my research at most 2 minutes. If the participants don’t pass
the screening, | will express my appreciation for their valuable time and will
explain why they need to pass the screening test for the main questionnaire form.

5. Procedure upon participants:

® | will do both online survey and face to face interview for 399 participants. For
the question about fish species, they eat the most, fish pictures will be
prepared for their better understanding. Online surveying will be conducted
by using Google forms platform and the link will be sent to the respondents
via email and social media applications (such as Line, Facebook messenger,
Instagram, etc.). The information consent form will also be sent to collect
their e-signature on it to make sure that all the respondents understand
about the research before taking part in surveying.

® |n the questionnaire, there are two parts: part A, interviewee information and
part B, food frequency survey. There are four questions in interviewee
information part and thirteen questions in food frequency survey part. The
estimated time for both parts will be around 5 minutes.

6. There is minimal risk to participate this study such as time loss for interview".

7. This research study will find out the health effects of heavy metals by eating fishes.
The result from this finding may lead to public awareness for not only Myanmar
people but also Thai people who eat fish.

8. Information related directly to you will be kept confidential and the detail of the
personal information such as name and address will not be literally described. Results

of the study will be reported as picture, charts or graphs. Any information which could
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9. After research project is completed, the questionnaire form that include the personal
data will be destroyed and the data | collected from individual surveying will be only
for this research purpose.

10. The participation in this study will be completely voluntary and there will have no
compensation for participation.

11. Participation to the study is voluntary and participant has the right to deny and/or
withdraw from the study at any time, no need to give any reason, and there will be
no bad impact upon that participant.

12. If you have any question or would like to obtain more information, the researcher
can be reached at all time. If the researcher has new information regarding benefit
on risk/harm, participants will be informed as soon as possible.

13. If researcher does not perform upon participants as indicated in the participant
information sheet and consent form, participants can report the incident to the
Research Ethics Review Committee for Research Involving Human Research
Participants, Group I, Chulalongkorn University (RECCU) Jamjuree 1 Bldg., 254 Phyathai
Rd., Patumwan district, Bangkok 10330, Thailand, Tel./Fax. 0-2218-3202, 0-2218-3049
E-mail: eccu@chula.acth”

| have been explained by researcher and understand all the details provided. And |

voluntarily signed my name to enroll in this project and receive a copy of this document.

3 grn—— SIOM oo s S
o rssmnss e sensseetinsssessppsecsagossssons ) O T )
Principal investigator Research participant
Date....../ccouuuce. y A Date....../ v -
SigRks R
Conssssemmmsssammssnssssmsmssssensmsssssassssammsssssson )
Witness
Date......../ /.
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Appendix X: Research Participant Information Sheet and Consent Form (English)

Research Participant Information Sheet (Myanmar Version)
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Appendix XI: Concentration of heavy metals in fish species from three fish shops

Fish Species ‘ Heavy Metal ‘ Concentration (mg/kg) ‘ LOD
SHOP-1
nile tilapia
Arsenic (As) 0.099 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) 0.02 0.006
Mercury (Hg) Not Detected (<0.004) 0.004
Chromium (Cr) 0.02 0.005
Catfish
Arsenic (As) Not Detected (<0.01) 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) 0.02 0.006
Mercury (Hg) Not Detected (<0.004) 0.004
Chromium (Cr) 0.022 0.005
Mackerel
Arsenic (As) 0.507 0.01
Cadmium (Cd) 0.028 0.003
Lead (Pb) 0.02 0.006
Mercury (Hg) 0.028 0.004
Chromium (Cr) 0.02 0.005
Seabass
Arsenic (As) 0.196 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) 0.02 0.004
Chromium (Cr) 0.024 0.005
SHOP-2
nile tilapia
Arsenic (As) 0.093 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) Not Detected (<0.004) 0.004
Chromium (Cr) 0.033 0.005
Catfish
Arsenic (As) Not Detected (<0.01) 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) Not Detected (<0.004) 0.004
Chromium (Cr) 0.042 0.005
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Fish Species ‘ Heavy Metal ‘ Concentration (mg/kg) ‘ LOD
Mackerel
Arsenic (As) 0.432 0.01
Cadmium (Cd) 0.039 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) 0.033 0.004
Chromium (Cr) 0.02 0.005
Seabass
Arsenic (As) 0.182 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) 0.02 0.004
Chromium (Cr) 0.023 0.005
SHOP-3
nile tilapia
Arsenic (As) 0.084 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) 0.02 0.006
Mercury (Hg) Not Detected (<0.004) 0.004
Chromium (Cr) 0.032 0.005
Catfish
Arsenic (As) 0.016 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) Not Detected (<0.004) 0.004
Chromium (Cr) 0.024 0.005
Mackerel
Arsenic (As) 0.408 0.01
Cadmium (Cd) 0.022 0.003
Lead (Pb) 0.02 0.006
Mercury (Hg) 0.02 0.004
Chromium (Cr) 0.02 0.005
Seabass
Arsenic (As) 0.47 0.01
Cadmium (Cd) 0.008 0.003
Lead (Pb) Not Detected (<0.006) 0.006
Mercury (Hg) 0.02 0.004
Chromium (Cr) 0.02 0.005
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Appendix XII: Average Daily Intake (ADI) calculation Example

Average daily dose formula:

_ CsXIRXFI XEF XED

BW X AT
Where,
Cs = the concentration of heavy metal (mg/kg)
EF = the exposure frequency (meals/year)
Fl = Fraction ingestion from contaminated source (unitless)
ED  =the exposure duration (years)

BW  =the body weight (kg)
AT  =the average time (days)
IR = the ingestion rate (kg/meal)

The averaging time, non- carcinogen (ED x 365 days/year)
Example calculation for the participant 1:

Cs =0.092 mg/kg (As concentration from heavy metal analysis)
EF = 52.14 daylyear

Fl =1

ED =1

BW =51

AT =365 days
IR = 0.2 kg/day

By inserting the numbers in the above formula,
0.092 x0.2x1 x52.14x1
51 x 365

ADlyg; =

Then, the result of average daily intake (ADI) for the As through the consumption of
nile tilapia was 5.15 x 10° mg/kg/day .
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