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stripe trevally (Selaroides g
pomfret (Parastromateus
grouper (Epinephelus tauvina)

u e odon), black
: ), greasy
Cerna viridis),

banana shrimp (Penaeus my itle g | nd splendid
squid (Loligo duvauceli). The saffiplegfvenyf cdllcoipd £ beal Wnarkets ‘ghMuang District,
Rayong Province, between Jafflary affd Fgbruz R8s of tih ab8ke cBlaminants was
measured by atomic absorption spg iy | : The i highest contents
of Cd (0.731 pg/g in blood cocde andlif.140 ygfiyist fréen’ B (0996 ug/g in blood

cockle and 0.084 pg/g in green mughel), i
ug/g in soft cuttlefish and 5.807 pg/g in spl
group (0.119 pg/g in spanish mackerel rouper). However, the
contamination levels of ‘ d fimited level
in food issued by the i:’;“""":—”"——m s6t the total arsen egntents in
soft cuttlefish, splendid Sid mussel,
which were higher than thaf lifit. The cstim #6633 pigfferson/week),
Pb (40.83 pg/person/weeky, morga.mc As (31732 pg/person/week) Hg (46.16

ontent of As (7.032
iighest Hg content was in fish

ug/person/week) from 13 kinds! f‘ods were well within théd{§iaf® limits. It appears that there

:::‘:::ﬁ m@mmﬂmm
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CHAPTER I

INTRODUCTION

=\ {F
1.1 Background and Signifi *"//// .
.., B : @ither occur naturally, such

Chemical hazards e toxic su
———

as aflatoxins and danmade toxins can be added to

food intentionally, s agd colorants, or can

unintentionally conj : als, cleaning agents,
pesticide residues, anj A Rackaging materials used to
keep food saf I hiey . fUninenti \ : pay occur through
environmental pol 003).

Heavy metals R8nd arsenic, occur in the
environment both as agf as pollutants from human
activities. Some are essenhal ents for 8n life at low concentrations which

means that thpxnu L b :: cmtis also can be toxic
(X A ¥

at high cunct od chain can be

especially hlghlﬂan 0 et aﬂlﬂﬂ?}. For example,

organic mercury ::-::?poun-:ls are neurotoxins, cx osure to lead can be harmful to

-Aurinnineny -

Environmental pollution mp‘m:nls a major pralilam in both develo Md

q WAaNA I NN

biosphere pollution (air, soil and water), especially the east of Thailand, because it is
industrialized area. Industrialization has improved general technology as well as

quality of life but it has also resulted in an increase in pollutants, such as heavy metals,



in the environment. The presence of them in the atmosphere, soil and water can cause

serious problems to all organisms.

contaminants in the workplace,

Although some individuals are primarily exposed to heavy metals

lhe main route of exposure to these

toxic elements is through (el AIbBe; “hronic low-level intakes of

heavy metals have dagTTpmeeetests et other animals, since there

is no good mecW imfnati o dslarTe 2007). Consequently,

information aboug V. I §m 6, MO0assc™gliik s to human health in

;, it is necessary to

determine the spegific ghctfry I ole N PN U, for comparison with

toxicologically accepighble Jvelb & @

/ v o
r 'y | o Lot
The heavy®metgd p@flution ot e pancylonviMnment has long been
f -y !I,F ﬁ‘ ' ) 1
I e

recognized as a serigy® eng@ronmg fp-" i h‘.]l (A | 1982; Taryq et al., 1991:

-i,r&r'

Giordano er al., 1991 espeeial iy andusi seawgoast area, such as Rayong

T e
e

Province. In the sea, p{)llu}_ s ATe Polcili ulated in marine organisms and

sediments, auﬁl.} s

For these reak) N

parti

.-""{.':‘J"E’v

odfchiin (Tiizen, 2003).
‘Muality of the seafood,

'
er to cval(@ the possible risk to

o
cularly the M{ems 0

human health.

,zﬁUﬂlﬂﬂﬂ§WHWﬂi

QW

To determine the cnncem’lmns of cadmlum ad, mercury, and ars

NRIATUHRIINGIG Y

1.2.2 To estimate the dietary intake of cadmium, lead, mercury, and arsenic from

seafood by the subjects of Muang District, Rayong Province



1.3 Benefits of the Study

1.3.1 This study provides the information regarding the concentrations of

some heavy metals such as cadmium, lead, mercury, and arsenic in

132

1.3:3

ﬂﬂﬂ’)‘ﬂﬂ“ﬂﬁ‘wmﬂﬁ
qmmmmummmazj



CHAPTER II

LITERATURE REVIEW

2.1 Ultratrace Minerals

Ultratrace mineral velem ot finated dietary requirements
usually less than 1 mi amgranmy and an |ess-thanss@mnaiiogram/gram of diet for

g - J ~

laboratory animals.“ToT I Agrh is ofterused ineral elements with
established, or s : ‘ ' AT ._ W MS%sually expressed in
micrograms/day. syl /e fents ¢ N tratrace minerals:
aluminum, boron, > A iodine, lithium,
l' um, arsenic, cadmium

molybdenum, nickel, .

and lead (Maurice g#l.,

When an orga nutritional, metabolic,
hormonal or physiologig¥ stge -r; 5501 ikrals may be nutritional
significance. In other wurds,lr GientIMk L of a specific ultratrace mineral
probably beco apparént ‘when the | il sogae manner so as to

enhance the neg

. jaye, 2004).
/"

=
2.2 Heavy Metalaﬂu

Heavy metalwr emical elements wi pemﬁc gravity that is at least 5

mﬂ"ﬂ #9nm ’3‘ ﬂ?,ﬂflm;:‘:‘;i‘

mercury mckel platmum s:lvar tu‘ uran:um vanadiufand zinc (Guyer 1996
in the categunzatmn of hcavy mctals a.nd n::-ther elements. Intcrestmgly, small amuunts
of these elements are commeon in our environment and diet and are actually necessary

for good health but large amounts of any of them may cause acute or chronic toxicity



(poisoning) (Nies, 1999). Since many heavy metals can be very toxic and thus may

threaten the health of organisms. Studies have been conducted to investigate heavy

metal levels in environmental sam
effects on organisms, and

organisms (Machiwa, 1 tal., 19

heavy metal accumulation and

Table 1 Physical proj,ﬁ i

Metal an;f: ;mmt
Arsenic 614
Cadmium 765
Chromium 2672
Mercury 157
Nickel 2732
- 1740

—
Heavy mcﬂﬂmxicit}r can resu

:
aged or mduc%nental and central

nervous function, hlt‘d position, lung, kld , liver, and other vital organs.

- S U Wﬂﬁﬂﬁ -

ni:umn degenerative processes that mimic Alzheimer's disease, Parkinson’s

RS aRTIETa

Safety and Health Information Centre, 1999).



Chronic low-level intakes of heavy metals have damaging effects on human

beings and other animals, since there is no good mechanism for their elimination.

nges.in that they are neither created
nor destroyed by humg ‘ o eridlps! the, ’ wby humans influences the
potential for hea‘v]L];.-‘ ffecig’ 3t fleas I 0 ; ﬁrst, by environmental
transport, that 4 n l y Beair, water, soil, and
food, and secong 8@l form of the element
(Casarett et al., 2004

Metals a ¢ r } pent ' by both geologic and
biologic cycles (FM . "' .. » S s 1 s d ores and physically
transports material to #fire l 7 "ng nd stripping materials from

ubstance to the ocean to be

precipitated ﬁ §cdi kg tﬁjsewhere on earth.

‘ }md animals and

adjacent soil and eventuallFIEISPOR

. -
incorporation intp - ,||
| | L

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw



Atmoshere

Fallout

Sediments

Figure 1 Routssi ) M ld it @k vironment (Casarett ef al.,

2003) k

Exposure to Als can oce ‘; a ety of routes. Heavy metals
may be inhaled as dust or lume; Saiie car ‘ ized and inhaled. Heavy metals
may also I:ni} oy k fThe amount that is
actually absu* : diphg on the chemical

form of the meta!jn

absorbed, it d:stnb?es in tissues and organs. EXCI'EHGI.'] typically occurs primarily

SUHINEMINENT
R BLATRUM AN A Y

Relationships between sources of exposure, transport, and distribution

e inﬂdual. Once a metal is

to various organs and excretory pathways are shown in Figure 2. The most precise

definition of dose is the amount of metal within cells of organs that manifests a



toxicologic effect. Results from single measurement may reflect recent exposure or
longer-term or past exposure, depending on retention time in the particular tissue

(Casarett ef al., 2003).

A critical detecMiuaht'o / g metal is its biological half-life,
that is, the time it takggfOrhe a8 cxgte half of an accumulated

) ——

amount. The biologi i ies apcordingtaghe.metals as well as the organ or

il

tissue. For examplg_;n it ] | 3 - ney and lead in bone are
20 to 30 years, whereg#logfopie/pictalsl such as apse g gor lithium, they are only a
Wecks, as compared to

the much longer e the most accessible

tissues in which te Bloodnd urine concentrations

L4 d
]

usually reflect réCent gfpo; i,._‘;- cotrelatess v Adkute effects. Hair might be

’ \
e 1 alsﬂ ‘:\ th8llong term. (Casarett ef al.,

useful in assessing 'u. s in eXpost

2003).

Exposure
media

'

Q
G

ruptake ==
::atiilomyp -I‘U
¢

i
W)

excretory
pathways

Figure 2 Metabolism after exposure to metals via ingestion (Casarett ef al., 2003)



2.2.2 Host Factors Influencing The Toxicity of Metals (Casarett er al., 2001;
Casarett ef al., 2003)

2.2.2.1 Interactions

The i with essential metals occurs

when the metabolism qf tal is sin )ﬁyﬂ' the essential element.

Absorption of toxic metals from. & : 1 tract may be influenced
by an essential metal, pargigefarly )¢ tokio/mi Jdregps.influences a homeostatic
mechanism, as occurs wigh Xi@uwuctals may influence the

rele of essential me#ils agifofafiofs for cnzgmes bt tlier MetabWe.processes.

@l ed in detoxification or

protection from toXicity Metallothioneins form
g F . : : =

complexes with cadi li" Sopper, . ; el metals, and ferritin and

hemosiderin are intracellyfar ighr-protein &

of these proteins or metal-

\ L
they are young

children or c]dcrﬁ people, susméﬂle to toxicity from

exposure to a pamc ar level of metal than most adults. The major pathway of

Y ANENINAINT

gastrointestinal absorption of metalsgThe rapid gmwthﬂ rapid cell -:lmsmn

FRIRIUHATING A

protein complexes have any kney
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2.2.2.4 Lifestyle factors

Lifestyle factors such as smoking and alcohol ingestion may

influence toxicity indirectly. Ci

contains some toxic metals, such as

cadmium. Alcohol ingestion™ Y dlrectly by altering diet and

fageactions, the immune status
- Y -“‘E'

of an individua ol atidifionall 1o} 5, Vagiable. Metals that provoke
. \ \ ",

immune reacti ncluge gy, pold platimm, ber vl , emromium, and nickel.

The clinical effectgi¥ary, t ]y T i, immune response.

| ' rf ¥
2.3 Major Tﬂn ﬁ f:ié

2.3.1  Arsephc (A
Arsenic‘ S 3 ‘_{:7 ardgterize as a single element

because its chemistry is so cg any different arsenic compounds.

It may be tr@n _éi ibuted in nature.
R mic trioxide, sodium
arsenite, and afse anic ﬂl;munds are arsenic

pentoxide, arsenic ?d and arsenates, such as lead arsenate and calcium arsenate.

N, Tﬂﬂ’? IEEMIM?H@ZTS

urgamsms in soil, fresh water, and s‘water (Casarett ef giy 2001).
1gnlfcant exposure to arsenic u-ccurs through both anthropogenic and
natural sources. Occupational and community exposures to arsenic from the activities

of humans occur through the industry, the use of gallium arsenide in the
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microelectronics industry, and the use of arsenic in common products such as wood

preservatives, pesticides, herbicides, fungicides, and paints. Widespread dispersion of

o il fuels in which arsenic is a common

contaminant (Michael, 2002, \‘
General S contamé arsenic due to its wide

distribution in the envu TGS ome extent e e in agriculture. Dietary

arsenic is a byproduct of the comb

absorbed (Food Stangf ftril e e FAO/WHO (1989)
recommends a p ‘ isiog '. 2 (P or 1forganic arsenic of 15
microgram/ kilogrs oddiweight w ‘". ik g -.“ kilogram body weight/
week for total arsenic (L& ,Eg’:i’w .

Toxicokinetiesg™ =" 15 ¥
757757
'L enife (As™) or arsenate
o S T h 4
(As™) has bedn faL thct of human and
- ‘
experimental ani!ﬂls‘ Arsemnres u ility:ﬁg,, arsenic selenide,

lead arsenide, and ?lhum arsenide) are ahsﬂrbed less efficiently than dissolved

R INMININT -

arsenic (Hostynek er al., 1993). Excréfion of absorbed c is mainly via unn
ARARIATRURV NEIRE

perr.:ent is excreted in about 3 days. The biological half-life of organic arsenic is about

30 hours. Arsenic has a predilection for skin and is excreted by desquamation of skin

and in sweating. [t also concentrates in nails and hair. Arsenic in nails produces Mees’
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lines (transverse white bands across fingernails), which appear about 6 weeks after the

onset of symptoms of toxicity (Casarett er al., 2001).

Toxicity ’

Ingestion o ] P/E///] of arsenic may be fatal. The
t uf fev &hcpammcgaly, melanosis,

‘

ther features include upper

symptoms of acute
cardiac arrh}thrma
respiratory  tract palhy,, and  gastrointestinal,
cardiovascular, and. gfatgfbidlif fiiedks. A )W, may be suspected from
brmation, and even
sloughing. Sens S ori plagsali : y st Ml only appears 1 or 2

weeks after large g
i

generation of axons, a
condition that s re 0, , D c Anémia and leukopenia,
particularly granulo€ytop U, 518 : A\ cXfosure and are reversible
(Casarett ef al., 2001).

Chronic ex

neuwmxlcn@

genic compounds may lead to

sﬁ ms. Neurotoxicity
-

! dgrness, followed by

==
weakness, pmgﬁing fro e grnuéﬂrcﬁphem} neuropathy

may be prﬂgreﬁiw involving both s.ensnry d motor neurons and leading to

fusansminen-

al., 2001).

ARIAIN TN INGIAY

2.3.2 Cadmium (Cd)
Cadmium is used in electroplating and galvanizing and as a cathode

material for nickel-cadmium batteries. It is also used as a color pigment in paints and
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plastics. Cadmium occurs in nature primarily in association with lead and zinc ores

and is released near mines (Hodgson, 1997).

Exposure

1) ‘ w, the ce of cadmium is food. Plants
readily take up cadmiyggsisd! it i é fertilizers. Shellfish, such

as mussels, sca]lw Z Yr_source of dietary cadmium and

contain 100 to 1000 _myjee Kilogramy'S) eIMis e ulates cadmium from the

water in the form of caffnig-J g, and fruit contain 1 to 50
microgram/ kil A | m Witb | 2 F Y kil™®am, and the greatest
concentrations arg {4 ¢ | al., 2003).
Workg 1 i@larly hazardous in the
presence of cadf iumgfundf s jl UM "Gcupdtions at risk include

electrolytic refiningy® Mcr industries that employ

T
"

thermal processes (cifl, WHREW roductio

combustion, and cement

manufacture). A major nos

(Casarett er ﬁ}ﬂ

upationa onal ‘ yespirable cadmium is cigarettes

£ -gyv
f for cadmium of 7

GaSI?mtcslma] absorption of r:admlum is about 5 to § percent.

mm N nmﬂm::::

Respiratory al::snrplmn of cadmmr‘ is greatf:r than mﬂmmstmal ahsarpu
q urine. Whlle gaslmmtcshnal excretion is p{}SSIbIE particularly in bile as a glutathmnc
complex. Cadmium excretion in urine increases proportionally with body burden.

Cadmium is transported in blood by binding to red blood cells and high-molecular-
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weight proteins in plasma, particularly albumin; it is distributed primarily to liver and

kidney (Casarett ef al., 2001).

Toxicity

' f posure are exacerbated by the

relative inability of h e t is excreted but then re-
absorbed by the kidne | hi "-~ pasures car cause severe respiratory
irritation. Occupational JevEls a:‘.‘. fiu ‘“ * factor for chronic lung
disease (through airbgp® ¢ ot an G ks 1,.-.:"’.' gation and are still under

investigation G PFOs!ate Canger ler IeNc|s O exposure are mainly

of concern with o tofloficityto. _I .~"' . damages a specific
structure of the vfun InighMhe. '. al Wibules of each nephron) in
a way that is fi '1 113 hydeak “ \ﬂ"f ulaf weight proteins and
essential minerals, h‘_,"‘ calciug _ ‘ ;"f'l 16 wﬁh \'}; 2 I- sion over time to kidney

failure. This effects tend to BEaL yarsibl % nt fésearch suggests that the risk
bought. In particular, the loss of

ﬁ)ennugh to lead to

jjres in Japan from

exists at lower levels of a,‘ ] .{é“' |

calcium caus@:' effect
weakening o -

: g . . i .
gross cadmium dotamina own ;ﬂmppen in more subtle

fashion among a gerral community living in g’area of relatively modest cadmium

HINHNINEINT

density and height loss (presmnahll from the dermm-. tion and campress

QW’%MH@WNWYJWB’]&H
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2.33 Lead (Pb)

Lead is a ubiquitous toxic metal and is detectable in practically all

Ot ajor issue regarding lead is

ncerns vary with the age

: r@:tm the nervous system

in industry and in
mbgduction of lead is
ent of lead is used for
“particular), while the
remainder is used i_ F"‘ roduc r ‘_E,_ ' ‘, h"e\’-l plastics, cable sheathing,
ammunition, weights, §i ~ 7 jety®f other products (Michael,
2002). =
pgbulation is food, and
| }weuings, lead in
umbus'ﬂn of lead-containing
industrial emissions, ‘Hand -to-mouth activities o uung children living in polluted

‘“‘Hﬂﬂ?ﬂﬂm‘w g

One factor reducing @fe lead content of Aegd has been a reductigp

RIAAIUHNTINRYD At

body weight/ week
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Toxicokinetics

Adults absorb 5 to 15 percent of ingested lead and usually retain less

with meals, and inc rEgdichdy of § Kem es lead absorption. Lead

in bone may : L led®*so that it may be a

significant sourcgfof iglerghl B pasuie a Beoute of excretion of

M can primarily affect the
blood, nervous syste concentrations, lead inhibits

red blood cell f-:}rmatmn

cunccntratm@f

in anemia. The effects of high

14 jctive behavior and

ge the primary route

for lead cxcreuﬂj, se m‘gﬂ, causing irreversible

damage (Casarett egﬂ 2001).

Auaneningana.:

food intake per unit of body weﬁt, and the immamgity of their kidneysglige

RAMNIUHATIRYT o

body composition and the development of their organs and tissues, in particular the
brain, may increase their lead absorption (Food Standards Australia New Zealand,
2003).
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For adults with excess lead exposure, the concerns are peripheral

neuropathy and chronic nephropathy. However, the critical effect or most sensitive

y be hypertension. Other target organs

are the gastrointestinal, repgad gLl -|#t ms (Casarett ef al., 2001).
Ter e pgd exposure in children and

adults can cause a_w ‘ . _L_ ableins, 1o gmg from convulsions,

be particularl he pedr e\ fLcCt . plethora of well-
designed prosp Kegliologi studies had'k nGiy 2l monstrated that low-
level lead exposuregh childrgh Tess shative Vear N ith blood lead levels in

the 5-25 milligr? nfntellectual development as

manifested by lost #itellige \ f"‘ ;' \;\ st Wnportant is the risk to the

fetus posed by mobiliz#ftio stor®§ of lead in pregnant women.
Maternal bone lead stores aget '?j ed a I erated rate during pregnancy and
lactation an@ ; th dec ] rate, and mental

opsible that lead can

lronmﬁl exposure (Michael,

1
-t

remain a t}m&alﬂﬁ feta
2002).

Aueanenineans

Mercury is unique & being the oniy that is in a hqmd
RRARTH HRIINRBIRH
uch more hazardous than the liquid form. This element exist in three oxidation
states. In the zero oxidation state (Hg’) mercury exists in its metallic form or as the

vapor. The mercurous and mercuric states are the two higher-oxidation states where
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the mercury atom has lost one (Hg") and two electrons (Hg’"), respectively. In

addition, mercuric mercury can form a number of stable organic mercury compounds

by attaching to one or two carbo

form, with the most com * % ithyl mercury (Food Standards
Australia New Zeala thyl mc@*} is the most important

—
! sxpagure{Lasarett ef al., 2001).

ost toxic to humans is the organic

erganic form from lhc

r) in the atmosphere is
N what quantities of

o be approximately

similar in magnitud g atmosphere represents

)

the major pathwdy c;f‘r Plok t "des there unchanged for

periods off a year ord#0. T} o be ‘"-!i ribdted globally even from a

point source of pollutidh. FAgERIEL it X ed 8 a water soluble form and

returned to the earth's surfg ‘ iths stage, two important chemical

changes may@x ﬁﬁ)r and returned to
<

the aimusphct. i -SJ'lt in sediments of

e
bodies of fresh !ﬁ] ocea

reaction is mﬂnurr?hyl mercury mmpounds ually referred to generically as

mwummmmﬂ;:i

Najdex et al., 1987).

RO TRURIINEAGE

seafood containing much higher levels of mercury than most other foods (Food

of mi.{ﬁmml biomethylation

Standards Australia New Zealand, 2003). Methyl mercury enters an aquatic food

chain involving plankton, herbivorous fish, and finally carnivorous fish. In the tissues



19

of fish consuming sea mammals, mercury can rise to levels a millionfold higher than
these in the surrounding water. The sequence of biomethylation and bioconcentration

can result in human dietary expos

hyl mercury, whether the latter originated

from natural or anthropogeni rcury. Methyl mercury is found

in most if not all fish ti ‘ __'_'.'__.,ﬂbussm, mainly muscle, in a

— § ==
water-soluble protein-bound_losm. ki @m lower the methyl

unknewn and takes. Occupational

exposures occur i ‘ as a cathode in the
electrolysis of bringl so entific instruments and
electrical controlevil ‘.:.;; a ; oth filling, and in the
extraction of gold (H#d ': § :

The FA@ PTWI for mercury of 5

in the lungs, and,
in mercury’s dlsm: ed fo '. issues in the body. Its

high mobility is dun: l.ht: fact that it is a munatumm gas, hlghl}f diffusible and lipid-

“HUHINENINGINT

volunteers, whereas absorption of m@fhyl mercury is o urder of 90 to 95
RLAMOA R AT NH TR
form of mercury, size of the dose, and time after exposure. Exposure to mercury
vapor is followed by exhalation of a small fraction, but fecal excretion is the major

and predominant route of excretion initially after exposure to inorganic mercury.
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About 90 percent of methyl mercury is excreted in feces after acute or chronic

exposure (Casarett ef al., 2001).

Toxicity

High levels o laky t occur through, for example,

commonly hat industry. Even

relatively modes as experienced, for

example, by dentistsgfhavgl beffin % sopiatediith migastys & declines in performance

on neurobehavioral tesg of, , " vistial scanni verbal and visual memory,
¥ \ F \ 5 a .

and visuomotor cogriina@ion. Ev oLl —\‘-\‘n ¢d studies is lacking that

the small amount of Wercyipisel "ff & al #halgams during chewing is

capable of causing signiﬁ, ot il ;:p..;i%z( ', itiple sclerosis, systemic lupus, or

chrenic Fati@ ‘ ;g % superdangerous

compound thu JExposure to only a

ene L and death, but the

few drops canH d to

compound is luckﬂvncountercd only in spﬂcmlnmjd laboratories (Michael, 2002).

AUHANENINE IO

the 1955 disaster in Minamata i}r, Japan, gave mth to infants wuh
qRRTHIH HH VINEIES

abnormalities. In the Faroe Islands has demonstrated that, even at much lower levels,

mercury exposure to pregnant women through dietary intake of fish and whale meat,

an important regional food staple, is associated with decrements in motor function,
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language, memory, and neural transmission in their offspring. Organic mercury, the
form of mercury bioconcentrated in fish and whale meat, readily crosses the placenta

and appears in breast milk (Micha

2.4 The Assessment
= main priorities of food

regulatory agencies, | Qein assessing risk to human

health from potentia he. Wwailability of data on the

exposure of W popylfatigh Jo JSi b bl Ode "N VW appronches are generally
considered accepjglle . J gesuchie  pos ) g iS%@biological monitoring

program that measuy . : and the other is a food
i

monitoring progfam § l or total food duplicates

(Conacher er al., 1995)./ h A A

’

Surveillance of#ches '”:g:‘:"’ﬁ‘r* JorifW of national authorities and

international organizations :'..-=-" ho | the responsibility and obligation

i i
CONSUMErs. Cnﬂ'lcs od cngﬁnmmuﬁ and monitor

compliance with su* limits. This type of moniforing and food control is essential for

con s need to
asse in foods
consumed in their countries (Ghenr‘iev, 1991). 2 Q/

RN 18

the actual dietary intake of a contaminant for comparison with acceptable daily intake
(ADI) or provisional tolerable weekly intake (PTWI). Obtaining such an estimate is

also important in determining whether there is a relationship between any observed
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effects in humans and the intake of a particular contaminant. The estimation of the

actual dietary intake of contaminants as a measure of exposure is thus indispensable

for contaminan - Og I¢ ‘ e L : of actual exposures
to chemicals are 3 well b o . Al \ | lh authorities and the
citizens of the couniy ” food supply with respect
to these substanc s
The data genéTateg ¥
(Gheorghiev, 1991): W :{{ ﬁ;«l

1. To lncallzc a'.:‘, ﬁﬁ@'

edfor a number of purposes

is to reduce food

1ed stéﬂury limit (control of

pest: c use, animal drugs, hyglcnc practice in production, processing,

AUEANININEINT...

countries over the past 20 years, ‘alnly as a resuligaf worldwide concern@igge

RLEDAS HHRVIRHAE

selective studies of |ndw1dual foods; (2) total diet (market basket) studies; and (3)

duplicate portion studies.
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2.4.1 Selective studies of individual foods

This approach involves the measurement of contaminants in

number of staple foods g o f‘ {gd by : ' \ monitoring data on
these individual Toods g®algefdd

ti G - of icua f s : t dimplest samples to
analyse for the prg€nce St gpniff i W tensively to estimate
intakes. This aﬁpm it ha; iv&ontribution of each food
can be e:valualed:' '. corporate various data for
food consumption a g ls and i l I ly related to the network
of food control --‘.--,~-“‘{ﬁ(; “ Amany countries. The basic

disadvantage of this approaghti Thar the ¢ : e cooking on the contaminant.

250
[Ghecrghlcvg 1

=
24.2 Tﬁl diet

The ?m le for this type of study consists of a market basket of food

BUE NN NN

combined in one or more food- grﬁp composites [c cereals, meat, w:ge
R 3TN HAAVFNEARE

measured in the total diet samples are used in calculating the average daily intake for

each composite and for the diet as a whole. A total diet study is particularly valuable

in initially determining whether residues are widely distributed amongst all the broad
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classes of major foods, or are confined to a few general classes of foods (FAO/WHO,

1985).

ccurate results about contaminant
levels and about relative cgnl site. This approach has been
used extensively in i ’ )dw and other industrial
chemicals (Leblanc ef al.,.; 0 ek al., 200 m' ,2000; Sapunar et al.,
1996; Brussaard et al..198% ‘ A als o a et al., 1995; Biego et
al., 1999; Cuadrado efg#. v v, JOfbek ] fid, for polycyclic aromatic
hydrocarbons i \N\\ |

243 Duplighte #ri
P y F ri'r A %
€ duplifatg ".-=  ~ ach isa, ifeot §2am 'ng -chnique in which an
exact duplicate of f@d bfing coshaed™ .. ; d alysed. This method is

1 ‘,; }ﬁw

suitable for the estimatifn of 3 a’:‘{ ',fz(’ % ls ahd small groups. It provides

the most accurate estimates, B DECANSE | Al com ts for each contaminant with the

YA L
actual food @ ' @wwever, such as
. )

hospital kitch ulations living in

uche@ at., 1983).

Duplicate p?mn studies require the prgduyction, for subsequent analyses, of

AU NN INAINT:

provision of a sample of the exact@mounts of each typs, of food consumed i fin

QW@W@W“WYJWB’]&U

—
areas with var},rim; legrees
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2.5 Provisional Tolerable Weekly Intake (PTWI)
In order to assess potential health problems from the presence of toxic

contaminants in the food supply, the € g which actual dietary intakes approach

or exceed a toxicologicallyabe ‘ blel dai gl ADI) or provisional tolerable

intake which, during an
entire lifetime, appears o#¥¢ 5 f " Appre e anythe basis of all the known
facts at the time. It is g o Ay phi A Aty = per kilogram of body
weight (mg/kg)- :r Lhi# el *withe ap) ~ _ ‘ taken to mean the

practical certainty § el exposure.

The Joint FAg Sici U8\ IMPR) has established

A

ADIs for a number " on: Similarly the Joint

FAO/WHO Expert @6mmfftee o Ak (1 -."u\ A¥has established ADIs for

food additives. Since -' 2.4 ateseveral food contaminants,

such as cadmium, lead and ‘;y ;"L'ﬂ" | I ated PTWIs rather than ADIs for
been described as

in theﬁﬁy at a rate and to an

extent dctcrmmed he the level of intake and h the chemical form of heavy metal

B UE NN T

contain above-average levels of hegly metal mntam so that cansumpt:

RGeS %%W%H*’ﬂﬂ #

provisional tolerable intake is expressed on a weekly basis.
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2. The term “tolerable”™, signifying permissibility rather than acceptability, is
used in those cases where intake of a contaminant is unavoidably associated with the

consumption of otherwise whole

tigus foods, or with inhalation in air.

3, The use of the

‘ i “/cs the tentative nature of the
evaluation, in view o of reliab _;_,‘-{M consequences of human
g —— e

exposure at levels ap > witl whi ch - emumittee is concerned.
Provisional lolegs kel substances, such as

Mo accumulate in animals

and humans (T#E 2) ' gintectp @AW N, NEeccn™ that used for ADL.

PTWI use a one sk tight whit AL 2'0p e kavtim it

Table 2 The pro si{)“ -,‘ abije ayeek : @l ' ohsomt heavy metals

i

— PTWI
Heavy m#tals #§ .f'.-":‘ﬂf >

2 (ng/kg BW/iweek)
Cadmium L7357

Lead
Toal Arsenic t

1
;  —
Inorganic arscmw

Mercury

AU Ananingnns

Food safety is a major publiggfoncern wnrldwidﬂuring the last decad e

NI NRIINEIAE

consumption oodstuffs contaminated by pesticides, heavy metals and/or

wit

toxins.

e S . Sl
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Heavy metals are among the major contaminants of food supply and may
considered the most important problem to environment of many countries. Such

problem is getting more serious all

wprld especially in developing countries.

%

Heavy metals, in general, ag long biological half-life and

and lead in foo o lug £ ing/Clflg it - [ } ., 3985) showed that fish
and shellfish groug g ° ™ atiof le g1 | 51 pg/g), cadmium
(0.277 pg/g) and merg 04 | ) 3 ol (1€ chest concentrations of
lead (0.251 pg/g)? t iﬁﬂ-: mi - : et eMal. (2003) found that
fish and shellfish _-' .uﬁ' ad th * ; pf aesenic (2.21 pg/g),
cadmium (0.037 pg/e)| ) ’ ca §0.052 pg/g). Furthermore,

Schuhmacher et al. (199[}‘ h{ j ;.i}l

aceans from Terragona coast in

Iy I1ﬁ evel of mercury.
gh had the highest

Catalonia, S
The study in u
levels of arsanic ‘ the highest levels of

cadmium (0.077 pgf’e} and lead (0.09 pg/g). ln France (Leblanc er al., 2000), the

mx HaANg mmm i

because it may be a result of mdustn‘ wastes and mmm im:h can create a put

of heavy mctSL in tltmse countries a:e Em the limits estimated as sa;e
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1.7 The Estimation of Heavy Metals in Some Marine Organisms
It has been recognized for many years that the concentrations of heavy metals

found in coastal areas, whether they

isgolved or particulate phase, may be
derived from a variety of anthro Squt
Heavy metals are > the \ -
accumulating in watc@ and & AL
organisms. Thus, human & with .:‘ SHI] A gk
and sea mammals aré€ Speci
Studying to and cadmium in
seafood from varit}u’s aFtas ¢ . u-=.-'r,. »l'ii hheavy metals are
higher in the industrially 7 | inar ef al., 1989;
Vukadin er al., 1995)} owever ‘ oM it i the -~ metals in marine

organisms is related nog Bnlyfo the .;'i erc but also to a whole

g
i, ‘p

range of biological (speci en¥ifonmental (temperature,

geochemical anomalies,

bioavailability (Jwa £ AN

In Turke‘ ;

influence heavy metals’

,

J many towns,

gﬂlLPG plants, oil

transfer docks, other in ustr:a] plants and cargo shlp s ballasts water). Therefore

m"ﬂﬁﬂmm'ﬁ mmm .

lead; conccq!mtmns in the muscles of fi’ and to mvestlga e differences betw

Harbour Area (IHA) and Petrotrans (PTS), intensively polluted areas by both

agricultural lands, igl

industrial and domestic sources. This study showed that cadmium and lead levels in
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pollutes areas; IHA and PTS; are higher than metals in clean areas (Tiirkmen et al.,

2005)

The Bay of Giilliik in South n gn Sea (Turkey) is vary important by

the potential of marine produchin'H 'S ere are various polluting

kinds of marine ; e southe est, g - Bk Thailand, which
clean area, exhibited gifat th¥ coftafninagior it My in these kinds of
mollusk and shrimp wegg'stillfoyk i ‘g” Mok § il limited level in food
issued by the Minis & of ] blif 2 T ibun % " al., 2006). On the
other hand, the study hie: % . ‘ ) _ e Sole (Cynoglossus
7 7 . honburi Province, the
industrially polluted area L,;"',”’ lloncue Sole were contaminated
with cadmium @i : §2:1.3; f@n.zﬂzu-amzﬁ
ug /g, and arser* '
arsenic higher thm:ﬁrn st
Health (yuil unznu, 25}3}

w1 AN nmm'z:::

dtscharges occur in the northern areg which is affect hy a large number @iy

PRIRNTURRTINGRY

In conclusion, industrial wastes create a potential source

Tha@dinistry of Public

pnllutmn in the aquatic environment. Under certain environmental conditions, heavy

metals might accumulate up to a toxic concentration and cause ecological damage.
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MATERIALS AND METHODS

1.1 Study Population
Subjects were random
of Muang District, Rayo
females aged 30-65. All _sgh A -__“ protocol, and the
written informed cnnséﬁt | : - study. The study
protocol was appro ..- ®™Pharmaceutical
Sciences, Chulalungk,

i

3.2 Experimental Design_ H.."z &\ :' '

r I

The observational st X ducted i nary RERlth care voluntary staff
of Muang District, Rayong Provinge e 0¥ from October to December
2007. All subjects were ig hfarmation, quantity and

frequency of s - consumption with —se : Sfeod frequency

él-;l nds of seafoods

1
111
which were the mostlf€onsumed by the subjects were selected anle

local m i a )l t ‘ I il + d)'r
lead (Pmﬁ" _ d rﬁHmﬂ me
(AAS) [The method to determine the heagly metals in this st were modified t‘m

FRAKINTR HRAINYA Y

After that, the weekly intake was calculated and compared with provisional

1)
questionnaire (Appendix
11l

chased from 3

tolerable weekly intake (PTWI).
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3.3 The Dietary Survey
The dietary survey using semi-quantitative food frequency questionnaire was

carried out by trained interviewer. A food frequency and amount questionnaire

combined with photos of seafo

§ b Z the dietary intake.

3.4 Sampling —| : _...-_-#
The hﬂVYW ' are uS“studiiavas located near the
industrial areas orated ' e ochemical Complex

which were frequentlggfonghmgdby the-stbicd (Bable HNn this study, the 13 most
consumed marine #ecigll we d and re : : pin®d from 3 local markets
(Maedang, Star and Yhtlugl markg!y -y ®:yong Province. Total of

39 samples (3 samples § ets) were analyzed for Cd,

AUINENINYINS
RINNINANIINYIAY
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Nikhom Phagg

-

Ban Chang

' ot rd il < \ ' :
Figurgs | putsint MU Distric® R¥ong Province
L2 4 2% \

O Mapt#phufc B 1RP industrial area

35 Instru@

Dete G injection hydride

| i
’]-HGAAA&MAS 3300/ FIAS 100,

Perkin Elmer). D& ation of Pb and Cdyls performed with graphite furnace

A4 HANBRI HHART-

dcte hation was performed with a mercur},f analyzer (Hiranuma Hg-150).

. \ r
generation atonM absorption spec

IR TARIINY TN Y

All glasswares were treated with 20% (v/v) nitric acid (HNO;) for 24 hours,

and then rinsed three times with deionized water before use.
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3.6 Reagents
All reagents used were of analytical grade except supra pur 65% nitric acid.
Deionized water (18M£.cm) was used for the preparation of reagents and standards.

Commercial standard solutions (1000 m

Pb, As and Hg were used (Perkin

Elmer). The working standard sl

Each sample (1 g of we J("*""' : digeglbn vessel and 5 mL of
.' {' = 9 .
concentrate nitric acid (65% supra pur HNOsY td. The vessel was closed with

i mr&e oven. The

97350 W for 5

a set of lid, fixed t
samples were in'adt
minutes, 400 W 5 mind stio II e vessels were

cooled to room tﬂmpﬁr&tu&' before opened. Rinse duwn lid and walls of vessels into
mL (sampl : I I “ I I §

The ﬂruanuﬁcatlon of Cd and Pb ‘as performed WitMBWFAAS. The furnace @

A ﬁﬂrﬁﬂd WRTRRNA B

matmn was: drying (110 °C/ 1 s/ 30 s; 130 °C/ 5 s/ 35 s); pyrolysis (550 °C/ 10

s/ 20 s); atomization (1350 °C/ 0 s/ 3 s); cleaning (2450 °C/ 1 s/ 3 s). For Pb
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determination, the furnace program was the same as Cd determination, except for the

temperatures of pyrolysis (500 °C) and atomization (1450 °C). The matrix modifier

used for determining both metals was a mixture of ammonium dihydrogen phosphate

W@yplaced into crucible dish
ite: :"'-__‘.-a The mixtures were
ko 375°C. Dried samples
were oxidized any gifrbe cess magnesium nitrate in
450 °C furnace abo ‘l vas dissolved in 2 mL 8M
hydrochloric acid (HCI) 7] justed ) mL with deionized water. As’* in
the sample & g reduced to As™ wit ﬁjdmchlnric acid and

2 mL of redfcif sium iodide (KI)],

." -
with deiﬁed water into 20 mL
volumetric flask. ‘

ﬂ’ﬂ“ﬁi“ﬂ VRS HHART

fﬂll : loop sample, 500 pL; reducmg agent, 0.2% (w/v) sodium borohydride

Qmﬁﬂﬁmﬁ INYIAY

mL/min flow rate; wavelength, 193.7 nm; slit 0.7 nm; lamp current setting 400 mA;

cell temperature 900 °C. Calibration standard solution of As(IIT) were prepared from a
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stock standard solution of arsenic oxide (As;03), added concentrate hydrochloric acid
and reducing solution mixture containing 5% (w/v) potassium iodide and 5% (w/v)

ascorbic acid same as sample solution. Duplicate analyses were performed for each

3.10 Mercury Dete _. "

Two grams )
20 boiling stones, 20z o g | *‘;_\.\‘ 20 mL sulfuric acid
(H2S04)-nitric acid g ' e onnected to cold water
circulating condenseg® heated by low initial boiled
for 6 minutes g Finigledfligfuios Mo o e Ry Minutes. Swirled flask
intermittently dur @ dige . ; : 3- d ma o be apparent except for
globules of fat.

After digesﬁ ed condenser with 15 mL of

deionized water, 2 drops o = 1ydro; Meroxide (H,0;) were added through

condenser mﬁuas od it | sk ized wrj These flasks were

cooled in ai tled eatiftd transfer digested

solutions to big fokhemies PBODY, and 8% potassium

L

permanganate {KM 04] were added until it exccss 5 mL of 5.6 N nitric acid, 5 mL of

18] AN TN

samples were analysed with memﬁf analyzer immedi@itgly. The quantificati@as

q RAGNNFRARTINEGE

analyses were performed for each sample. The LOQ was 0.007 pg/g.

|
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3.11 Quality Assurance

Appropriate quality assurance procedures and precautions were carried out to

ensure reliability of the results. Samples were generally carefully handled to avoid

contamination. Reagent blan ops were used to check the experimental
contamination. For a ied out by spiking of standard
solutions of heav}a v ' Lnph w* recovery for Cd, Pb, As and
Hg, which MW od " .-.- €Q _' snsswesc found to be between 80 —

110 %. Duplicgie® -/ Jerformed i aghuscrolthe sample and the relative

Mhctals from seafood was

determined by | b in each kind of seafoods by

the average amou eekly by the subjects. Dietary

exposures from all 13 __,/; ected s were summed to represent the total

dietary .:@ss " expre bé"?ﬁ by dividing the total
s il A 2

dietary e { J: et al., 2006)

=Y [cm# tion of selected heav tals in each seafood (pg/g) x mean of

ﬂ%ﬂ“‘%%ﬁ%‘w e113

Whenever possible, monitoring data from dietary intake studies were to be

9 wasTsi i dy

1993). Hence, the estimated dietary exposure levels of heavy metals determined in

this study were compared with the provisional tolerable weekly intakes (PTWTI) by the
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JECFA to assess potential health risks faced by consumers. The PTWI represents
permissible human weekly exposure to those contaminants unavoidably associated

with the consumption of otherwise whole some and/or nutritious foods.

AuEInEningng
RIAINTUUMINGINY



CHAPTER IV

RESULTS

nine subjects were
| 1t monthly (50.9%).

W, (84.2%) and catched
seafood by themselveg '. bought cooked food for
their families. Th“' ec®s purchased seafoods

for cooking were Mayg ‘ r markets (11.4%).

|

Tf"{ cteristies 000 ‘ i o
= stics # : ﬂ]j:cts (%)

F;jumwﬂmﬁ”igfinﬁ

QWﬂﬂ\‘lﬂ‘imNW’l’mmﬂﬂ
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Table 3 Characteristics of the subjects (continued)

Characteristics Number of subjects (%)
Education
Primary school 2 (57.6%)
Junior high school \\‘ / (1.3%)
Senior high scho \ / (19.6%)
Diploma e ©® , - 7 (10.1%)
Bachelor dV‘ . - @&U%}
Higher than bac gt . \.4‘%]
- . 1 W :

Occupation
Fishery

Gardener

Wor )

Trader | | , 16.5%)
] / Y 2 B 4 ! LN

Housewife | - _ < ' i (26.3%)

Government ¢ » . (1.9%)

Company employt | 13 (4.1%)

Others 18  (5.7%)

Income/ : £
< 5,00§ 0P %)
5,000-107080 0 L 5%)
10,001-1,0b0 29 |"2%)
15,001~ Eﬂ(}l,? 11 (3 5%)
Buymg cooked food (12%)

qwm«aﬂnmumwﬂ'\aﬂ

Source of seafood for home cooking
Market 266 (84.2%)
Catching 12 (3.8%)




4.2 Seafood Consumption
The results of the dietary survey showed the 21 species of marine organisms
that were frequently consumed by the subjects and showed the average amount intake

of each kind of seafoods (g/wee

Table 5 shows t phich were frequently consumed by

the subjects. Yello umed seafood species by the
subjects of Ra of blood cockle is the

lowest; 23.51

ﬂumwﬂmwmm
RIAINTUUNIINYIAY
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Table 4 Seafood consumption by 316 subjects

A;'_eFage intake
Scientific name" Common name"

(g wet weight/week)

1. Decapterus maruadsi 357.87

2. Rastrelliger kmmgun‘cé‘ < 1 249.19
e E—— . -

3. Perna viridis —-—"’"‘ m 145.96

4. Nemipterus hexodon g -

142.81
5. Selaroides leptolepisglF 129.41
6. ScomberomorusComi panish _ n ' 117.40
1. Thunnus tonggol | . ' } 115.16
8. Sepioteuthis a’e.n'c:-n". Q ' ',."'1 ~ L y ' ‘ \ 68.66
9. Penaeus mergui ‘.'f.'f JE“‘ 2 shy 62.21
10. Parastromateus ni !' I-\'r Bla ;'_,;“-'-'.t? 47.72
11. Epinephelus tauvina § 47.72
12. Loligo duvauceli 38.81
13. Arca granul 3iood cock | _ 23.51
14, Sphyraena ,...._-,.,..k....... ..................... agah -4 19.01
15. Rastrelliger b7 2 T . " | 15.42
16. Alectis jndfi-m”! Thredfin trevally alaiTauam *II 15.33
17. Lutjanus mr:fabar‘: Malabar red snaffjpdh alownzny 12.84

SAREINERINEAN &
ARANANT

q 21. Sepia pharaonis

(anf@uen)

“wmnmaﬂ

inbow cuttlefish (miinnszany)

" Suung qusitug, 2532; (u3 visa Infvg uaznems sadimi, 2510
g = gram
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Table 5 Types of seafood which were the most consumed by the subjects

42

Seafood type Common name

Fish I].QW—Lai] round scad (Jawguun)
! ackerel (orda)
: fin bream alamsouna)
trcvall}' (loimang)
1shon ac erel pladunio

2 a1le)

ul
R3zIiA)

By (20t

s se anuaIg)

£ (mooun3a)

utthe fish miinveou)

gdid squid (wilnndn)

ﬂﬂﬂ?ﬂ&l“ﬂﬁwmﬂ‘i

qmmmmummmaﬂ
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4.3 Heavy Metal Concentration
Table 6 shows range and mean concentrations of Cd, Pb, As and Hg in each

kind of seafoods purchased from 3 local markets in Muang District, Rayong Province.

Content less than the limit of q  jaken as being equal to the limit of

quantitation for the purpo

Thailand exceptd AF g el ol Sl et 8% i : p1), ornate threadfin
bream (Jamswundl, gregh ngfissel Granloes i & (8 sh Milnvew) and splendid

squid (nilnndan) (Table 748

ﬂuﬂ?ﬂﬂﬂﬁwmﬂi
RIINTUUMIINYIAY



Table 6 Range and mean concentrations (mean + SD) of heavy metals in seafood

samples from Rayong Province

Concentratiop of hbeavy metals (pg/g wet weigh;}_

Seafood type

Hg
Fish
Yellow-tail s 0.007 - 0.010
round scad (0.020090210.030F 0.028)@efigebend.135) (0.008 + 0.002)
Indian mackerel 0.014 -0.017

(0.015 + 0.002)

Omate threadfin 0.032 - 0.049

bream 59) (0.038 + 0.010)
Yellow stripe 05 SO/ T AR SR 862 0.018-0.022
trevally 009  #000) 05 <% (3.4 + 0.333) (0.020 + 0.002)
Spanish 009 =% N R, 036 — 1.829  0.110 - 0.133
mackerel é

¥ 4%\ (0.119 + 0.013)
1.

Longtail tuna 0.007 - 0.009
138) (0.008 +0.001)

B‘“‘”’FT‘U@J INI AT

Greasy gmuper 0.009 Q‘DD 0.045 1190 1.459 0233 - 0.8

QRIBNTUNRTINETEY




45

Table 6 Range and mean concentrations (mean + SD) of heavy metals in seafood

samples from Rayong Province (continued)

Seafood type

Bivalves

Green mussel

Blood cockle W62 0639  0.007-0.010

D40) (0.008 + 0.002)

Cephalopods

Soft cuttle fish 7914  0.020-0.022

4.268) (0.021 % 0.001)

I|,~’
44 -7.568 0.010-0.017

Splendid squid I P53
(261 (001520028 (5807 + 1.572) (0.012+0.000)

Crustaceans

Banana shrity;

A @y ‘ ND
A4

2B4153) (0.000 + 0.000)
il

nﬁﬁﬁﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂ‘i
Qﬁﬁﬂﬁﬂimﬂﬂ’]?ﬂﬂ’lﬂﬂ
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Table 7 Mean concentrations (mean + SD) of heavy metals in the selected seafood

samples and compared with standard limited level

Seafood type

Total As Hg

Yellow-tail round scad 0. ).874 +0.135 0.008 £ 0.002

Indian mackerel SAELE00Lb 'EIJ £0.070 0.015+0.002
Omate threadfin bream  0.0000080  8:030 00263223 + 0.859  0.038+0.010
Yellow stripe trevally — 0.009%% Q800 , (.045° 3.484+0.333  0.020 + 0.002

Spanish mackerel = 0,099+ 8000 -- SNl TP0.404  0.119£0.013
Lengtail tuns o Ao 0305005, (88 0.128  0.008 +0.001
Black pomfret W07 foba 8 A \ AW QRIS £D301  0.009 +0.002
Greasy grouper g 009 Qf00<ll Ol0%6 "N 3 0134 0269 +0.048
Greenmussel 4 -’-, £ ot fé' 000N Mo+ 0221  0.006+0.005
Blood cockle [’ 1 035 IL/0088. - 0.00% '\ 98 0.040  0.008 + 0.002

Soft cuttle fish oo -:n" - M A W32:1268  0.02140.001
Splendid squid 7 o5 + 0 @8t /G080 026\45.807 + 1572 0.012 +0.004

Banana shrimp Y0094 ‘ijﬁ&i b 401 £0.053 ND

Mean of all seafoods 0. Gﬂg ﬂ. 1'_;W g 2‘ 2329+2.064 0.041 £0.075
Ay . 2 0.5
Standard (o
limited
level

0.5-1.5

RSA@

* The Ml nistry of Pu‘uﬂalth Thailand

PR 1T HMINEINT

.1 pg/g, crustaceans 0.5 pgfi cephalopods mo]iusks 1 pg/g
= Not detect

qmmnswmmmw




PUEB[IBY ], JO [I[EaH O1[qNd JO ANSIUI ) £q pansst POOj Ul [A3]
paMWI] PIEPURIS SUI YIIM SPOOJEDS JO SPULY €[ UI S[IAJ] pea] Jo uosiredwo))  aandiyg

ug/g wet weight

BEEEREEEET
A .

4
N

| 71
Standard \‘mm“ ‘m ooty
Yellow-tail round l

scad
Indian mackerel - .,." : ﬂ "“ dian il herel
Ornate threadfin LN e threadfin
bream m

Yellow stripe By cllow stripe

=

trevally i / ‘_ ; \ B trevally

Spanish mackerel \-. yanish mackerel

Longtail tuna I Longtail tuna

Black pomfret Black pomfret

1

Greasy grouper

Green mussel s |

i
|
Bloodcocle | a.@“m T

'-:[] !J't"l.

Soft cuttle fish | Soft cuttle fish

ﬂuﬂ’m VIEWEH 9

Banana shrimp Banana shrimp

AN TUAMINYAE

Ly



pue[Iey |, Jo yi[eal 21jqngd jo Ansiujy sy £q panssi pooj ul [2A3] payiu]

PIBPUEIS 3Y) 1M SPOOJEAS JO SPUIY €] Ul S[2A9] AmdJawi jo uosiredwo)) £, aandy

= o = = =] - ak M “

g

ug/g wet welght
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-
g

'§'§'§'§§§‘§ i 8 3 8
7
Standard mmmm‘w“ R R
Yellow-tail round
sead
Indian mackere!
Ornate threadfin

bream

Yellow siripe
trevally

Spanish mackerel

i
i
Longtail tuna .
{
Black pomiret E
Greasy grouper
|

— QA

‘N \ wlow stnp:
| ally

‘vl o 'll“_‘ hm ktl"!l

B 1R iail tuna

Black [:H:rml'rel

Greasy grouper

Blood cockle ‘ A .
—
Soft cuttle fish I | | Soft ¢ fsh

eyl
ay

Splendid squid Splendnl squid

— LT ﬂ%’ NHIMT
qmmmmummmaa

8t
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4.4 Estimated Dietary Intake of Heavy Metals through Seafood Consumption
Estimated dietary weekly intakes of Cd, Pb, total As and Hg through seafood
consumption for the 316 subjects are summarized in Table 8 and Figure 8-11. The

dietary intake of each contami

by multiplying the concentration of

the metal in a particular sea

per week. The high w&:
e siee———

from green mussel (204397 e ben mt 2658, Week), soft cuttle fish

e N-

| < nid ol 3,9% k) respectively. The

weight of that group consumed

b, total As and Hg were

(482.84 pg/ week)

provisional tolerablg g FAO/WHO together

with the current intakg®

ﬂﬂﬁl?ﬂﬂﬂﬁ‘wmﬂﬁ
mmmmummmaﬂ
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Table 8 Weekly dietary intake (pg/ kg BW) of heavy metals for each type of seafoods

Dietary intake (pg/ week)

Seafood type

As Hg
Fish
312.78 2.86
393.73 3.74
460.27 5.43
450.85 2.59
173.28 13.97
11021 0.92
95.67 0.85
62.95 12.84
Bivalves
Green mussel voouunf) et < 2 366.35 0.88
Blood cockle meounsn 2.26 13.99 0.19
Cephalnpudg
Soft cuttle ] g 1.44
s .
Splendid squiﬂﬁﬂnam 0.58 | 22534 0.47
Crus
BMI«&J an ﬂmwmm
66.33 4{1 83 3173.20 4616

ANTUAMINYAE
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Yellow-tail round
sead

Indizn mackerel

Ornate threadfin
bream

Yellow stripe
trevally

Spanish mackerel

Longtail tuna

Black pomfret

Greasy grouper

Green mussel

Blood cockle [N t h

Soft cuttle fish
Splendid !quu.‘l

Banana shrimp

oo
0oz

ug/ week
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! i, -
=] B Sphuish kerel .
JI II

BB 1ack pomfret

Greasy grouper L
|

m‘fl

y
i
Soft rﬂ fish

Splendid squid

-
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(30am /31) SPOOJERS JO PUD oBS WOLJ ANEIU]

e - e —
ug/ EEL - L p—— — g/
. . .K" | -.“% 8 £
2 2 2 ‘ | 2 ]
Yellow-tail ro » \ lio
sca d
ndian re
Ornate threadfin
hhhhh ’
Yellow stri pe % 4= tripe
llllllll
Spanish mackerel <Ll N N SPankh mackerel
. J .
Longtail tuna : La
Black pom : -“- :::::::::
—
—
reasy grouper Greasy grouper
Green musse

:'::::‘:f .
nnnnnnnnn ﬂﬂﬂ?ﬂﬂ %Wﬂﬂ
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Table 9 Weekly dietary heavy metals intake (ug/ kg BW) compared to the

provisional tolerable weekly intake (PTWI)

Weekly inta PTWI® .

Heavy metals (ng/ weelg) (e k) e PTWI
= 16.0
v 2.8
Total As 5
Inorganic As® 5o
i 15.6

~Thie percentags ufg V"" 1e 15 estumate of talll As (Korenovska

and Suhaj, 2005; Larseglfet ¢ '“’f"’- i AR &1 _

® Average body wmg o1 the' sub: J x,

ﬂﬂﬂ?ﬂ&lﬂﬁwmﬂ‘i
RIAINTUURIINIA Y



CHAPTER V

DISCUSSION

5.1 Concentration of Heavy \
5.1.1 Cadmium§
Cadmiunm S '_ al= rvm % are exposed through a

variety of pathway includjse™ C4uwe ‘. “lfp2000). Cadmium, which

is in general lower in.yy Cyf plgh W SongenMgles. in shells and internal

organ of differenf organg Ly a0l 88 ROML). Cadmium occurs in nature

primarily in associj gad OITs i h s g r mines (Hodgson,
2004). |

In this siifdy fhdsed o W inds of seafoods were
analyzed and was found . o IL‘ — 1.126 pg/g) than other
groups. The highest cadmium iz -~7-"~ - o @Tood cockle which was similar to

the study of Marti-Cid gy found that blood cockle

had the highcs% ------ i doved (0130 up'el. | STV .« Diddiic “a'., (1999) found
il .
high level of this ' tal Fvameus areas of Chilean

i) |l

coast, and "Jabunpaﬂl ef al., (2006) found that the level of this metal in bivalves and

CAugIngninenn:

because cadmlum can accumulate ‘ shellfish in the of cddm1um~b1n

RISNTAUUNIINEA Y
Mean concentrations of cadmium in the fish and shellfish groups found

in Catalonia, Spain (0.037 pg/g) (Llobet e al., 2003) and those found in United

Kingdom (0.013 pg/g) (Ysart ef al., 2000) were lower than those obtained from this
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study (0.082 pg/g). Moreover, Vibunpant et al., (2008) found that the concentration of
cadmium in seafoods in the Andaman sea (0.005-0.665 pg/g) was lower than those
obtained from this study (0.009-1.126 pg/g). Since Rayong is industrial area, it makes

an environmental pollutants by th te products and contaminants into

surface runoff into the wat ources of pollution include

chemical plants, oil refi ories, metals production

factories and plastics a1 Dest adiigresto tiny particles which
are then taken up by
or filter feeders. In thighfay Mefoid chomticall WocntABe,upward within food

chains (Moon ef al., Vi gn was found in some

marine mganism.’ On th 0 1l e go s oh of CAdmium in fish and
shellfish group in SggfiagQlfCl 24 af 02 ) is higher than this
result because Santiagg

The mean ation of ca in [9kinds of seafoods reported

in this study did not exceed 1]1
o s 55

Health and Mwl ¢ uncil, 4 : '-@m et al., 2006).

; jSh‘ crustaceans,

dard limited level of the National

-

bivalves and ce;:hqjamds ar

this study, none of ?f od samples had r:,ad contents that exceeded of EU

‘“g‘ﬂ‘“ﬂUEl’JVIEJVI‘iTWEJ'TIﬂﬁ
q Wﬂl SnTalunIngaa

bwalves (0.068 — 0.110 pg/g). Green mussel had the highest lead level. It was similar

1vely (: ffioz et al., 2005). In

to the study of Marti-Cid er al., (2007). They reported that green mussel was the food
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contaminated with the greatest concentration of lead (0.15 pg/g), this concentration
was higher than that found in our study. In the ather studies, Vibunpant ef al | (2006)
found that the bivalves from wvarious areas of the southern coast of the Gulf of

Thailand had higher concentration ofplepdy (0.052 — 2.994 pg/g) than crustaceans

(0.007 — 1.088 pg/g). F G ' ush (2001) found that the bivalve
o) ' er cadmium content than
the fish group (0.010 —0.044.pse4 Grusts — 0.040 pg/g). The lead
level in cephalopods (07457 (/o) ot thepasPalighe, Gulf of Thailand were
higher than lead levelglf cofafedd (022N .. aad fish (0.013 - 1.857
pg/g). Similarly, VibugPangyé: g1 J( ' ’: onnd ptents in cephalopods in
Andaman sea (0 7 f Helg) W re : Lht- = taceans (0.014 —
0.220 pg/g) and fish(0.0 sr-,f 0. afs -'_"' R —
feeders for extracting gFoags matters om th 582, the rapidly adsorb metals
from the sea (s1im iuu i, 2538)-in - udyglhe lead contents in fish and

shellfish (0.028 pg/g) were ﬁf«;

for example, {ﬁ?
al., 2005). l i J

1)
- : .
Tl%hilean legi rmits 2 pg@f fish and shellfish

(Mufioz et al., 2{]{}5 the European Unio } permits 1 pg/g for cephalopod

U INBRTHEARG -

pg)’g for all foods [ﬂi-ﬂ‘lﬂf‘li“ﬂ:ﬂﬂ'ﬁ‘ﬁﬂlq'ﬂ 2529] Indeed, the lead wntents

1Y W@M‘ﬁﬁﬂd HHAINHIE

However, absorption of lead from ingested food and water greatly

in other studies in polluted area:

: ‘1‘1’ Chile (Mufioz et

depends on levels of other elements presenting in the diet such as calcium, iron and
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zinc. It has been shown that dietary deficiencies of these essential elements enhance
lead absorption. Therefore. when assessine toxic elemem intake of a cerain
population it is always useful to determine the intake of other essential elements as

well. (Blanusa and Jure3a, 2001

"‘uh crust and sediment and
can be released if-ghy Erusor eS¢ liged (Delgado et al., 2003).
Among the \a'lgu_ljg- o0 il el frow | HACRH Walhuiions of arsenic are found
in marine biota, whgfe cghc o i \ ¢ (Whcally are in range of 1-100
pg/g (fresh wesht) i J." ] ) . b ®lne is the predominant
and non-toxic s . 1993; Delgado er al..
2003).
In thissiidy , (He-cephalos hib arsenic concentrations (4.544

7.914 pg/g) than fish {ﬂ ;

This rﬂsu]l@s S L '

LE]JI'I:EI!GPOCI

Mind crustaceans (0,346 - 2.730 pg/g).
’{]ﬁrl'hey found that the
i %mem than the fish

il i

group (0. -.9{: m g 1.4ﬁpg;"g].
i

|h dl"lLI'J[L content in fish dnd shellfish group in this study (2.329

uANEN NG

1999). Whereas, the arsenic lev cl‘u fish and shellfisi@goup in Canada (1.66@d/g)

AN NI E IR

Chile (1.351 pg/g) (Munoz er al.. 2005) were lower than the arsenic level in this

¢ country

*;d it el al.,

study.
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q concentration up to seven times higher than other kinds of seafoods. This result was

R T ki
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The RSA establishes maximum total arsenic limits, which are not

exceeded | pe/e (Mufioz et al.. 2005). The MOPH of Thailand permits 2 pno/p for

total As (Usznimnazninamisisugy aun 98, 2529) and if it is higher than that, it must be

analyzed for inorganic As cont m inorganic arsenic limits is 2 pg/g

/ﬂ the total arsenic content of

vellow strip treval mre=thrtad (if¥ breany: » sel, soft cuttlefish, and

(Uszmmniznsnainamgy

splendid squid were aboesC afaximun |j e T i in the RSA and the MOPH

s
-

of Thailand. In fhis stugg®w Al flot a i MGREscnic content. However, it
is well known th# mospfarsghigl fgundinknatis ‘YaniSis isomganic form, which is
the less toxic formg® 1 ' lghe ALSEN | dl e ~Yedin the urine (Juresa er

al., 2003).

5.1.4 Merc
Organic’merd orm of methyl mercury is mostly

contain in seafood. It

form. The population living

g %, this highly toxic
‘I i -

qﬁj € organic mercury
\ 11
compounds, suctas methyl mercury which is a highly toxi®form readily absorbed

“‘iﬁ‘*uﬂwwﬁ‘wm T i

In this study, high mVUry concelltmtloni= ere found in the i15hwp

near the co

»F Ak
substance. Inofpapic

&st hftrchr

similar to that reported by Marti-Cid et al., (2007) in Spain, fish was the main source

of mercury, especially in sword fish (1.9 pg/g). Mercury concentration in the fish
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group from The coast of the Gulf of Thailand (Vibunpant et al.,2008) was higher than
that in the cephalopods (0.002 — 0.097 pg/g) and crustaceans (0.002 — 0.081 pg/g). In
Adriatic sea, Croatia (Storelli, 2008), the fish group had the highest concentrations of

mercury (fish group: 0.010 — 2.980 lopod group: (0.010 — 2.150 pg/g,

crustacean group: 0.090 — 0 ercury level in the bivalve

group (0.006 — 0.700 - the Gulf of Thailand

(Vibunpant ef al.,2006 hiet £t in SR oup (0.019 — 0.200
ne/g).

), mean mercury
concentration in seaf dy (0.041 pg/g). On
the other hand, thefnercgfy dutfos in goatlods g NP ere similar to the

studies in The Unitg

\
(linds of seafoods (0-0.269

ng/g) did not exceed the ma i hed by the RSA (0.5-1.5 pg/g)

(Debeka et al., /2004 £ Tha L RDIENINMBITUY
v Q

::::Hmﬁmm ﬂmﬁ's“‘“
qmmnsmnmmmw



5.2 Evaluation of Dietary Exposure Levels of the Subjects to Heavy Metals
For the assessment of the potential health risks of the heavy metal
intakes, these have been compared with the current provisional tolerable weekly

intake (PTWI) for cadmium, lead, a rcury (FAO/WHO, 1993, 2003).

he-greatest contribution to
18 pg/week; green
mussel 20.43 pg/wee Becade fid & phaditheF = ggtration of cadmium.
‘ from seafood in this

study (66.33 pg/w

ck) i ilfc jo thee \Sa " hgo (64.4 pg/week)

(Muifioz er al., 2003# beghusd | : '.,‘ SpoM@led areas. While, the
cadmium content in thig 'l st "‘il ie'midde for United Kingdom
(1.26 pg/week) (Ysart efgl., 1 399F=Spain el (Llobet ef al., 2003). The

present study is only estimate g seatood cor Blion. The subjects maybe exposure

to cadmium ﬁ-@iﬂ ' : “

ifd for cadmium

(FAO/WHO wasﬂ PT uivalé@m 413 pg/ week for

a 59 kg person. The ?limated cadmium intake | vel from this study corresponded to

hlghc bution of cad mlum ro products, lh food group shoul bjected

ater control, especially in the ca! of extreme cons

qﬁwmnmummmw
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5.2.2 Lead
In the case of lead, green mussel (12.26 pg/week) was the group

showing the highest contribution to dietary intake, followed by short-bodied mackerel

lead intake. The lead i any countries: United

Kingdom 1.96 pg/w Pgweck (Llobet er al.,

2003), Santiago 12.054 er than lead intake

from this study (40.83 g

The*T AQ) E’; ] 3 25 pg/ kg body
weight (FAO/WHO, 93 = vale .:(': L g 59 kg person. The
_‘. i ‘ <"., E‘ . | & ‘ .,_I
intake measured in thigftuddfl was i ;1/ v the SBndgll and corresponded to
a (=% '

2.76% of the PTWL.

=
ug/week) and ﬂmaﬁ}hma 1 ad lhﬁeamst contribution

to dietary intake of 1?1 g The dietary cxpns&for total As from seafood was

3173, zﬂ:ﬁﬂ mw i ﬁllw aﬁ\ﬂ ﬁnnz et
al., 200 nited Kingdom (427 pg/week) (Ysart ef ai,‘, 000), Cataloma Spain
(14 wgek) (Llobet et al., 2003) and the south- pai 3 ‘-ﬁ
FAMNATUNITTING 1A
q The exposure to total arsenic estimated from this study was much

greater than the dietary exposures from previous Santiago total diet study (539
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pg/week) (Mufioz et al., 2005), Canada (357 pg/week) (Gunderson, 1995), United
Kingdom (476 pg/week) (Ysart et al., 1999), New Zealand (1,043 ug/week), Japan

(1,344 pg/week) and the Basque Country (Spain) (2,037 pg/week) (Urieta er al.,

1996).

The FAO/WHO (1939)x880thhén WA 1o inioeganiic As of 15
ng/ kg body weight, equivalent.te ! . P9 person and 350 pg/ kg
body weight for total As (Leee Pl | et - - week fora 59 kg
person. Data from the currenty i v, 5 i fa (Qrgan ic and inorganic
forms). The total intake in thig e e§pon | the PTWI for total
i _ - .

The percgiftage # ighrghnic BEY i ate pbe W6 of total As

(Korefiovska and Suhaj, 2005; Bac WW00) so the total

intake in this study corresp on ng i anic As. However,
it is well known that most _ sh are organic arsenic
compounds, especially arse:nobetam Delgade-er@lesdn3; Koreiiovska and Suhaj,

2005; Larsen ef al,,_ 2005 aMORrer 198 ccally

sumed that

arsenobetaine is rapith ek AL Lol Mseaitis 1O He non-toxic

1 e

-

“ﬁmmmnmmm

to the dmtary intake were spanish ma-::kél (13.97 }iga"we:e d greasy grouper @_j

YRIRIAIN HHAINEA Y

The mercury intake from seafood in Spain (92.4 pg/week) (Llobet er

for humans.

al., 2003) was two times greater than the amount intake in this study (46.16 pg/week),
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owing to the greater consumption of seafood in Spain. In United Kingdom (Ysart et

al., 2000), Santiago (Mufioz ef al., 2005), mercury intake from seafood (7 and 11.12

ng/week) were low.

ﬂﬂﬂ?ﬂ&lﬂﬁwmﬂ‘i
RIAINTUURIINIA Y




CHAPTER VI

CONCLUSION

Muang District, Rayong Ince AT A nai (RigVelg.of TEAYY metals in 39
samples of 13 kinds of Wgtion *tndard limited

levels in food issued ept the total

arsenic content in soff fitleGfh, fpl id Squiil, e SkipOehcvally, ornate

threadfin bream and green g

i

: therefore, they

i

should be analyzed for iforgagt ar -.:".:'h

; .. . 4 W k \ ,
The estimated dietary intges of ghgSibije theséiligavi metals were well

within: the sate Himits. The 1els -’_f‘_ff':"f_. % I fo

cadmium, 2.8% of

PTWI for lead, 35.86% of PTWLibe: T ino " : B7% for total arsenic and

'

15.6% of PTWI for-toil mercury:
metals in only some hese heavy
metals from other food§Furthermore, this study combined mean ﬂc&ntmtmns of

contaminants with mean OGdAkcs so that the re.sulM not represent the extremes

oo oL WSV B VDS N BT S

intake look qﬂe safe in this study, there ?ly be certain lﬂdlvlduals in the suhjects

RN TN UNIINGINY

It should be recognized that the subjects may also expose to certain

contaminants from any sources other than the diet. So, the estimation of exposure to
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the contaminant should include the assessment of total exposure to that contaminant

from all sources such as inhalation of airborne contaminants and ingestion of

contaminants in drinking water.

The Future Research

The future researglis
members of subjects
total diet study showld

assessment. i
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