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CHAPTER 1

INTRODUCTION

Cadmium (Cd) i } tals and also has a potential on
env1ronment It is known as
carcinogenic and accum 1 ot | Kidney.and it has long half-life about 10 —
33 years in human bod L A9 ‘ an 1988). Naturally, it occurs
eries and pigments, for

example in plasti ; ic exposure aily intake of Cd is mainly

from food, bevera ‘T “additio .-\ uptake of Cd through
contaminated fo i ants g n Cd enriched soil. Previous researches
reported that Japan est rendl 'Cd \ \ e world and followed by

ea 'nb awada et al., 1998).

In Thailand, therg'is a zinedeposit at Doi Pha Daeng, Phra Tat Pha Daeng sub

o J -

district in Mae Sot District,*? fr Province, d. This area started zinc mining for

more than 30 years by several sequently, it has faced to cadmium
W

contamination{E agri state is quite critical.

This is because-eadminm is not only found in lowland soil surroundifg the zinc mines but

it is also detceted. it s("sice, garlic and soybean
et |

etc.,); 0.5-218 mg/kg cadmiu oil, e ceds standa'tk’ihby 72 times (EEC: The

economic Commum about 3mg/kg) (Simmon et al., 2003). The elevated concentration

BTG L e ety e

2001 - 3. The concentrations of total cadmium in soil samples were much higher than

those found in the Thai “backgrounf soil zinc and cadifium concentrations whigh/i

A HIRSEIHNIA THEAEH



Moreover, 20% of populations in Mae Sot have accumulated cadmium in their

blood and urine exceeding the normal level (up to 6-10 ug/g creatinine for moderate high

1, The WHO standard of cadmium in blood
/ I addition, these people may reveal

ary calculus since they have

level and > 10 ug/g creatinine for

and urine are Spg/l and 2

indication of irrevesib

consumed cadmium co I'rice ad erlod of time (Department of

Disease Control, 2004

Significafit amo

result in an increase in
the uptake of cad from agricultural crops
is thus susceptible t il cadihi : additi il ingestion can be a major

is research was planned

to assess upon oral \‘ Qi contaminate \ soil. In this study, non —
dietary exposur it ad estigated the amount of Cd that reach to
human because this A gle ‘ c o\ he most important exposure
pathway to heavy metals especially” 2 Mo o;\ hildren due to hand-to-mouth
behavior. Non dietary expos J’ﬁf i ‘3; " sult of direct ingestion of soil/dust

ows that human are ingesting soil

1n.§~‘gxposure pathways or

participles. The following dm C
without known?.
\%;

Hu

—

routes; viz., dietary, non-dietar ermal. In t!tijll reserach, non — dietary

exposure was studle to investigate soil Cd that reach to human without passing food. It

LT L et e

ThlS omenon is more pronounced among the children due to hand to mouth activity

as a normal process of growth. Nc‘ dietary exposuredpathway can be a pred@iminant

ON AR r e b iramiins

via biomarkers such as urine and blood. However, since biomarkers track the total body



burden of environmental pollutant exposure, it is unable to estimate exposure level of
each pathway. An indirect method of exposure assessment is simply measuring of the

contaminant in the environmental human encountered and the contact rate

with the media. Daily expo is_study, was carried out by simply

i ize that adhere to the human hands
and the daily soil i mge S :’iutions. The assessments was
extended to weeW m \ Tolerable Intake (TI) levels.

However, not all the

multiplying the soil Cd

m n and that entered into the

human body c ~ - v j bloa ailable portion can be
reached. In a fi DI -\'« pac 111ty concept received
attention in soil pol i | Vs WhI1C \\ by in-vivo animal tests by
feeding the soi L i Aif COt ‘ nar .,. i ring the body burden.
However, animal t \‘ b d ate - h humans. Thus, in-vitro
methods known ; ‘ ‘: > \ ulate human digestive
system, have been Jintroduced fg._‘ ' ‘ 1" exposure risk of persistent

f the
environmental pollutant -.L,...#im ..'r’ Wer

obtained by in-vivo m thod *f & that’

values. (Ruby et al., 1999 an W— nmenta;
A

Solubility/Bica vailab of:“ United States, for

ually validated with the results

nations are close to the bioavailable

2002)

In 0 SLLICIN. A1 I _Vilrad Gl (Al NG cCocodd1n | test deVelOped by
screening the contaminated sites was applied to provide the ¢0; plementary information

for Cd contammatl? as well as for estimation of exposure risk to the farm community.

R UL IO LI AN 110 el

Surve d nominated as one of the candidate methods for standardizing bioaccessibility

test at the European platform on blograllablhty and biodegessibility, the BlOAVMlllt

RN RN IR IR

Agency (US EPA, 2008).



1.2 Objectives

The main objective of this study is to estimate the non-dietary exposure of

cadmium (Cd) and the risk assoc “W it in farm community living in Mae Sot

district, Tak Province. /

community and its conti Imumm perm sure level

The sub-obj e(mmv-as-follow

1. To estimate

ion exposure in the farm

2.To as i 10N Ary. & u of Cd in the study area
with the control site
3. To study dccessibility through the relationships with certain

soil properties, minerals si ylaccessibility sisite-specific

1.3 Hyp i ) 4 -
N G- )
Non — dietar re ro f' taminants and the risk associated with it,
which is often overlooked 1 ....uf XPOSy nar1 owever, contribution of this

A

exposure route in the farm um‘ v of int be high.
1.4 Scopes of "é
- L

1 -ﬂﬂ'lwilﬂ'l_’.'ﬂll"u’-l\i-il-ﬂl‘ill’.l'l'lll'll’.ll’l"l_i'l SO

associated w'
(il)cted mainly 1ro

park and household(ompounds as well as from paddy fields and other areas that grow

AR TS

Total and bioavailable Cd concentration was determined at soil size of

<250 m, which is known to be th‘cutoff size of soilfparticles that adhere tcuma

RN ANEDAY

total Cd and soil ingestion rate of each population groups (farmers, normal adults,

and exposure risk

a its Fak province. Thus, the
|l

samples were ¢ ommunity areas &ﬂi‘ as playgrounds, school,



children and younger children). The contribution of non-dietary exposure route was

determined by comparing exposure results with Tolerable Intake (TT) levels.

4. An in-vitro stomach condition simulation method was applied to determine
ore e& the risk associated with non-dietary
3L aevi

e / % bility/Bioavailability Research

—_—

entrations (Al, Ca, Fe,

Mn) were detérmin i ider at 'oaccessibility at the study
site. Statistical i ‘ ) 2 correlati \- g total Cd, bioaccessible
Cd, certain soil properti he ather, incrals 2 ctals in order to identify the
nature of bioaccessible , int -.i:u:f ioa sibility has site-specific nature.

: it JI' =3 . . .
7. Chemical analysi ﬂ{ﬂi onc by raphite furnace atomic absorption

spectroscopy (GFAAS) o ;_J % :\ér iption  spectroscopy (FAAS) and
inductively cmxle e stal fl:centration of Ag, Pb,
Zn’ Ni’ Ca, % #:-lvll'l-lV‘l.-H_:.;ﬂ_;‘-i.-il-i-‘_‘!-l— , Na’ Si, Sr, TI With

ICP). £ .-_'.\
[

oy
AU INENINEINg
ARIANTAUNRINYAE

8. Statistical analysis was do



CHAPTER 11
THEORETICAL BACKGROUND AND LITERATURE

\\\Wf

2.1. 1Cadm1um—-...___ ____._ﬂ'
ble, uct11

Cadmium is a soﬁ bluish-white bivalent metal. It is

similar in many respects compounds Cadmium (atomic
number 48, relati i 40%with'a 1n 767°C and melting point

at 321°C) occurs i many divalent compounds,

1t1

In environment, crystal

his form is very stable.

i 4 : g a1 " C Oon.
structure of zinc v : { ca
A @

\.‘.

In addition, Cadmium-contaming 10 are rarg, and found to occur in small

Cadmium also has higher

quantities. However, traces d .__ mﬂz, _ yhosphate, and have been shown to

transfer in food through ferti e":: cat] eenockite (CdS), the only cadmium
St .

mineral of importance . As a consequence,
cadmium is produced mainly-as-a byproduct from-mining, SN and refining sulfide
ores of zinc.“A# copper. Small amounts of
. - ld .
cadmium, aboutll- % of consu dffom seco fi ry sources, mainly from

dust generated by rec clmg iron and steel scrap. Production i m e United States began in

UL RN L ek R

admium was for a long time used as pigment and for corrosion re31stant platlng

on steel. Cadmium compounds Wer‘used to stablllze ic. With the except1

q FIRINIMITNHIAY

and the associated health and environmental concerns. (Source: Wikipedia, 2009 and

EHC 214)



2.1.2 Cadmium in soil

The level of cadmium is 0.1 to 5ng/m’ and 0.1 to 0.5pg/g in atomosphere and

i) ium concentrations in non contaminated
nd Pendias, 2001). Cadmium in soils
“ant }MC/ rces. Natural sources include

underlying bedrock o od parent mﬁ gs glacial till and alluvium.
— - :
. ils occ Wsition and sewage sludge,

Anthropogenic input o
manure and phosphate i¢ation. Cadnii ch less mobile in soils than

earth’s crust respectively (ICdA,

soil ranged from 0.06 to 1.1
is derived from both

in air and wateft. iation, adsorption and

distribution in soi us metal oxide content,

clay content and t nds,‘ and competition from
other metal ion: ctly classified in three
separate areas with ealth and the environment;
these three area and controlled landfills.

Cadmium in control - y Jnm bile, and 1s unlikely to have any effect
on human health or the enviro ....-‘..rt.*m.. se it 15 so well contained (Eggenberger

.IJ R

and Waber, 1998, NUS, 1987).-Cadmium agricultural soils will generally not

affect human health as 1;[,.‘..- d chain readily or may do so only

indirectly by trqfsf 3 1 ral s a] soifs via airborne or water
'u!

transport. H i'lﬂ_l'l':.&l'l'l'l‘II'II-l'IIIl‘-Iﬂiil’l;ﬂ-'ﬂl_l’."l\il’l’l’ﬂ'ﬂl- ," . relatively loW and iS
It '__'t}‘gon-agricultural soils.

not expected t6"b
e |
Cadmium in agliigiltural soils 1 vely immobilﬂinder normal conditions,

but could become n?re mobile under certain conditions such as increased soil acidity and

0N k:) (o g

In addition, the species of tr@ elements such aseadmium in soil can be

QRIAIAILN NI

and (6) structurally bond in silicates (residual fraction). The trace element which are



water soluble and exchangable fraction act as mobile species. The other species are less

or immobile fraction. (Siriluk Janpho, 2005)

uptake of plant. This is a

potential danger to ani S ‘ Wn the plants for survival.

This is may be the rea Ak 12 ay a cadmium, close to the level

Organic matters in_soi

rbed cadmium. It can be extremly

dangerous when cadmiu ncreases uptaking cadmium into

that affects kid 50 ~der 16 take to decrease cadmium

levels in the enw e 0 ‘ sources and levels of

In the past, cadmi 3311 where food has been grown. This
was particularly so for rlcg,wyp 1 2. 1950s and 1960s where cadmium
concentrations«from Vo ] 85‘)£11 general, soils which

Cor : ’ .
haVe been 3, "’ﬂélll‘.ﬂl‘iluliilliul'ﬂl-l"ll'l-.uril'l'lllll'l'l_lll"l' 1 _11] Vll 1 Operatlons are no
longer used for"d dhndustrlal installations
which are cadm@-contamina cd are subsequcntly employed 'Eeh growing crops, suitable

remediation techm s do exist to immobilise the cadmium present in the soil and thus to

B EATap ATk iy

1mmo smg the existing excess cadmlum in the soil.

2.1.3. Risk of Cadmium

AR SR ANEIAY

carcinogens and can induce many types of cancer. It is highly toxic metal. Upon



exposure, cd is rapidly transported by blood to different organs in the body where half-
life in humans is 15-20 years. It has no essential biological function and highly toxic to
plants and animals. Accidentally or ]t ntally cadmium contaminated to environment
/\ET ﬂi ust, air, water, food can be the one of

it a ,ﬂ on human health. Ingestion of

Shi ‘Wﬁposure pathway of cadmium

(Cd) for humans, especi - ‘ -to-mouth activities.

pass through many transport

the reason that impact

contaminated soil has

cadmium comes from terrestrial

together. Some 089, e ingeste
\- and shellfish, and 1% arises

Y CL G
foods, while only 1%€o f00ds s \

from cadmium in drinking watef (Van Assel 998). Frtom cigarette smoking, smokers

~
-, " -

absorb amounts of cadmium’eo ‘!f: able 101 >m food, about 1 to 3 ug of cadmium

per day, from the smoking i es. It ] eported that one cigarette contains
J\J"I' it ::t" .‘.'"

about 1 - 2 ug‘f cac ium gontent is inhaled when

the Clgarette i"-nv‘un--vn.=l-—_L-.L-."-l'--uu'-v:nul-nnuidul'aw-'ﬂn (e 1S a hablt whlch cans

more than dotb e . Cigarette smokers who are

also occupationéll} exposed may

order to estimate ?dmium exposure in agricultural areas, occupational exposure to

cadmi i, maai a \Y 1 e it i , tobacco,
and‘ﬂllun giene pract ,11992).
2.1.3.3 Health effect f(‘ human exposure®fieadmium

M n et B s ke

Cd exposure produces a wide variety of acute and chronic effects in humans. Cd

double risk of thell.ﬂ'lptal cadmium intake. In
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accumulates in the human body and especially in the kidneys. According to the current

knowledge, kidney damage (renal tubular damage) is probably the critical health effect
(Figure2.1). Other effects of Cd re disturbances of calcium metabolism,

qTZF i . High exposure can lead to lung
cancer and prostate can

Cd can enW s=Pringci it enters into human body

by eating contaminate i arett ing in Cd-contaminated work

Cd levels in blood or

hypercalciuria and formatio

' dicates accumulation or
kidney burden of Cdi" Uri : ainLroute, of. ox of Cd with average daily
shows only a small
percentage of the to vhi unt the 17 to 30 years half-life of Cd

\

in the body. In : oved from the gastrointestinal tract by
fecal excretion. 0.0 as been, reported as daily Cd excretion.
(Young et al., 1991) \

From Oral exposur
-

kidney that fE‘t

€Xposure and;ga

on exposure , the primary target is
fect of long-term Cd

il'l‘l MAOSTINALITACE DV ACLHITEO SYINAOASLITE 1) N1 N 1Y/ “ de Cd compounds

may cause irfitatior d 11.%}:, other targets are the
— = |
ave been shovMo be affected to various

degrees by Cd. (Yo g et al,, 1991). For chronic cadmium exposure, effects occur mainly

LRI I AL (111 Tio | Tia} kot

the u and an indication of kldney dysfunction) (WHO 1992, OECD, 1994).

amaﬂmmumwmaﬂ

liver, bones, testes, and cardiova
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Research has shown that cadmium affects
the developing brain in chlldren

Cadmium toxicity GRS

AP
n’s body
Sources: Adapted from DiAlmin ' Casarett & 1I’s Toxicology, (Curtis D.
Klaassen); Environment Heal A Perspec
2.1.4. Direct and Indl : ’" onment (Environmental impact)

Cad mEni
- -
the environmicib p-as-mdustrial-diseharges and from non-point

ith’s’crust and is released to

A L
sources such as-agric s concern over the elevated
'lLI . . I .. .
levels of cadmium entering the environment as a result of improper mining techniques

and from the fert1117“ Eghed to agricultural ﬁe&’whlch may contain up to 1500 mg/kg

FUE AN NN

contaminated problems in soil, foodd'lver to all food c crops of human he

AT ANISSMIINEITY

the community and paddy field irrigation causing Itai-itai disease and greater than

hundred lives were lost. Thereafter, they found Cd in contaminated soil around the river
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bank at 4.85 mg/kg soil or around 14 times of unaffected soil (0.34 mg/kg soil) (ICETT,
1998). In Thailand, the biggest Zn deposit situates in Mae Sot district, Tak province and

$:50,000 metric tons (Padaeng Industry Public
rilling, several explosions, material
e Cd distribution throughout the

area, as mentioned arch ‘w 801 ivision, Land Development
—

Department, ThaiW Cd evel‘ f cinder stacks was 228.5
. . , " )T Ny = .

the estimated mine production cap

Co., Ltd., 2008). Mining acti

transfer, mine tailings di

nited Kingdom and USA
trations in these areas.
\ taining deposits of zinc,
ed by both soil and aquatic

5 has further increased the

he production, use and waste disposal of

T R
h its f".“_ﬁ

the metal, combined DETS] n theé environment and its relatively

rapid uptake and accumulag‘ Vsfood: che , contribute to its potential hazard.
Soils may bewﬁ)nt 11 by t

ipplication of water,
discharge of cadmium-

(BagC et al., 1986).
|

y
2.1.5. Exp&sure pathways

A UL TIITIHHIAT

the e onment is containing the contaminant(s) of interest and the orgamsm(s) being

containing waste
e

con51dered and define the exposure‘ that occur, or aref@hticipated to occur, indhfm

RN IR RNHAR Y

q human health, making it an important tool in public health (IPCS, 1993 and EHC, 214). It


http://en.wikipedia.org/wiki/Public_health

9

|

13

is the process of estimating or measuring the magnitude, frequency and duration of

exposure to an agent, along with the number and characteristics of the population

exposed. Ideally, it describes the s athways, routes, and the uncertainties in the
assessment (Zartarian et. al. \

In addition, Em__‘ ment can analy51s which is the science
that describes hoW or pulatle% ﬂ_contaCt with a contaminant,
including quantification ) Wye and time. 'Exposure

ms in many practical

(I)In Risk assessment of
toxicology in ord to the environment (2)In
establishing protectiv inguish between exposed and
control groups(4)To" pro PO’ al hazards(Lioy, 1990 and
EHC, 214). '

-

by ‘. (:‘. 1

In order to assess exposure, i h.two approaches are normally used.

The first appreach .i I oring Apoint of contact) and
. . ~ P .

blologlcal 9 .jn-ll-.nlnunull-—-"_-N_unnu-'nln-lvun-uuluul 8 ronmental Samplmg’

combined with-€xpo ; -- thaires, which includes

of the contaminant in all media

U U U Uy

c target duriiﬁ' all activities, multiplied

by the amount of t?e spent in each location, or the contact rate with each media. The

R YT VTS -

1nclu ir sampling using a personal portable pump, split food samples, hand rinses,

breath samples or blood samples. Eﬂamples of indirectdffiethods include envirofiméntal

st ytIfY


http://en.wikipedia.org/wiki/Risk_assessment
http://en.wikipedia.org/wiki/Toxicology
http://en.wikipedia.org/wiki/Epidemiology
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2.1.5.3 Exposure routes or pathways
In general, exposure routes are defined as the different ways a substance may

enter the body. The route may be ingestion or inhalation. Exposure may occur

yes or lungs, and then absorption of

3;2100(1 (Environment Protection
inant; rginism and human can occur

a c$tam1

d ind ifferes such as (1) non-dietary

posure route: water ingestion,
'“'*"--...

through contact of the conta

human body takes pla

Agency, 2002). cwﬁ%’ i
—

through any route.It ¢

. ,‘ inhalation exposure route

d BPA, 1997).

\\

food ingestion

as shown in Figu

ough multiple routes,

simultaneously or i i \‘ ‘ ‘ \- route of exposure is not
obvious and ne ' i ‘: . o ample, exposure to soil in
contaminated site cam ob ccut by, 1 ‘ d'in that area, but also through the
directly incidental ingestion of cox | Za \; an et. al. 2005 and EHC 214).

This research focu

k p

e route, that is, soil ingestion of Cd

E

in Mae Sot
'u!
Agency (EP/

ironmental Protection

"vﬁ‘!!'-Ilvﬂl-'I-QI'IEIL'HIL‘.LI"'.YI‘QIil:_é(’("ﬂ’(’ﬁi'l'ﬂi‘_‘lll !‘ day as SO il ingestion

rate of farmer~and g/;ﬁy for normal adult and
older children rehp ctively for risk'a A, 1997 att%’lﬂment E). Several studies

have been conducte& to estimate the amount of soil ingestion rate. Soil intake has been

LWL ORI AR ek 10 S

and t mount of these soil 1ngest10n rates in daily basis can be estimated (EPA, 1991)

q RAASAIRIU NSy

asseesment in this study was done by examining the results of the discipline of exposure

assessment. As different location, lifestyles and other factors likely influence the amount


http://en.wikipedia.org/wiki/Exposure_assessment
http://en.wikipedia.org/wiki/Exposure_assessment
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of contaminant that is received. Particular care is taken to determine the exposure of the

susceptible population(s).The exposure assessment was combined with other possible
data to produce an estimate of risk.
%

\\/

£X w»ure r’u_t. PVAY'S

Ry

R -

[Hazardous Stibstances. .__,‘ N AR »‘ People

Absorption lhroum skig

J .ai.lr"' 2 '7 4 : Non — dietary
Ay ":’1_ et with Soil exposure route

'-.J.-*‘JJ \ 0/ NS
Figure 2.2. Ex&osure Pathway(( o(l/rbé w‘* ed 1 C }M, EPA, 1997)
'A-“L - =
2.2. Cadmiu 1e Sot, Tak Province, Thailand 5

N S
In Thailzf'j, heavyf' ont teld, m and water supply was

investigated esp

Thailand in 1977 aﬁ @ntamination of Cd in rfige’and soil was reported Between 1998

re’s and fou ds"in illa e ntammated

with up to 94 times higher thaJ international safe standards (Padungto

q mmmmmm:z mJ ‘Tﬁ“ﬂ

that residents of eight villages in Mae Sot, Tak area exposed to high Cd levels and at risk

1ally, 3 companies started zinc mining in*Mae Sot, Tak province,

of developing all sorts of illnesses including kidney failure. There is about 0.5-218 mg/kg
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cadmium in soil, which exceeds standard by 72 times (EEC: The economic Community

about 3mg/kg) (Simmon et al., 2003).

Study site and the si \ ! [/%/
Mae Sot district h$ ince is % Thai-Myanmar boarder. It is
‘_____‘ ’_J
hidden in mountammh-supply'!f waterfrom-MoeiRiver and small Creeks. The

local residents h: end i ean and. g Itivations for at least 3

generations. Rice n ingthi s lained mational.award-winning products for
many consecutive years. mining activities.of 3 companies started after
the Departme i rces; - Ministry -‘\ ry assified this area as the

richest source of zi i i atland we a -« nt, only one company has

Kardkarnklai, 2007)- Il \

ient Institute (IWMI) were the

Company (Yuwadee

first group to address the i ¢ ident-of Cd col t' n this area began in 1998. Dr.
Robert W. Simmons, a senior researcher-and cam decided to conduct a study in Mae
at rice growing in the vicinity of
ts naturally with zinc and
gty

J)opulation (Yuwadee

Sot district, Tak province, T haila

zinc mine c@ e

would inevit@

Kardkarnklai, 2@ an

During 199‘ 22000, TWM phase I stidy was conducted and the researchers

Maﬁ BTN TN AT

conta ated with Cd. It was conclu?d that the ev1dences were not sufficient to ﬁrm

o WA B EM, TR IV TN

rice paddy fields, and eventually transferred from soil into rice, the plant known to absorb

Cd completely (Yuwadee Kardkarnklai, 2007 and Chantana Padungtod, 2002). Their
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results showed that Cd levels in 154 soil samples ranged from 3.4 — 284 mg Cd/kg soil

which were 1.13 — 94 times European Economic Community (EEC) Maximum

Permissible (MP) soil Cd concent 17/0 mg/kg soil and 1,893 times above Thai

standard of 0.15 mgCd/kg soi ds produce rice grain with Cd above
90 fields were found to be

international standard.

contaminated with C fging friom O&to 4 CE while the mean background
Thai rice Cd concW rted by Pong aru51t (1999) was 0.043 +

of Gdp .‘ nd based on Thai daily rice

consumption, it ca w\e\\ ould have been exposed to Cd 14 —
30 times higher t O/WHO \t" \‘n ood Additives (JECFA)

4 ) \‘ .‘\\ body weight (BW) per
- b 002 and JECFA, 2003).

1~‘. (1,

The second phase Trr as expandedito cover the downstream part of

Mae Tao Creek. Cd level'in so' ..,"..uf‘

o J -

Union (EU) standard and 80‘ 6"Q of: e sain]

nd to be 72 times higher than European

e contaminated with Cd higher than

Food and Agriculture Organ ation(FAQ) al acse standards. This concentration of
L AL N
Cd could le 3 el than ioned PTWI set by JECFA.
(Yuwadee A,}J,eiﬁll"MI-‘III.--lullllellu-w'llllll.l'.Y._‘Il.'.’.l.’l- L-g fA’ 2003 ).
41 . g.k

A researéh)eam from Depa

environmental sam s from Mae Tao Creek, surface water, underground water, well

NSNS NEIT S

locat the exposed population and biological samples were collected for Cd
measurements (Yuwadee Kardkarnkgl 2007 and Chantafid@Padungtod, 2002 ).

ARIANTLAEM AN

The mean total concentrations of Cd in surface sediments and soils ranged from 64—-1458

|l
of Pollution ControleC) Thailand collected
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mg/kg while that of Zn ranged from 2,733-57,012 mg/kg. These results obviously much
higher than the permissible levels for contaminated soils. The comparison was decribed

in Table2. 2. (Chetsada Phaenark,

Table 2.1: Standards : i gd by Department of Pollution

Control for environmer npli i arsa (January — April 2004)
—— . ‘

(Yuwadee Kardkarnklai

Type of samples

' ‘ um High
ﬂﬂm\ ~

ation contamination

Underground and s
water

mg/L

" Alllgi\\\\\ 0! >0.1
I%-d\

Water from Mae Taé 0S5 - < 0 5 >0.5
Creek \ mg/L
. . >35
Sediment in Mae Tao -< 5 me Cd /K
Creek \ o c d'/ Kg soil ghad/ihe
soil
Soil from rice padd \ - <30 230
fields \ s @/ Kgsoil | ™eCd/Ke
soil
Ri iS00 To02-<1 =1
ice grown on re ‘ 2 -
contaminated soil —megCd /Ky mg Cd / Kg rice me (rjige/ Ke
_,_-:w,a ./J
Table 2.2: Guideli ’n cont (Adapted from Chetsada
Phaenark, 2(&9 G _)
| |
\3__/ | . J
Gulﬁ" clines Zn | References
1| .
Non—conta‘ﬂ{mated soil 0.02-2 1- 90 Alloway, 1995;
Bowen, 1979
The toxic levels V‘tﬁpect to - W Kabata-Pendias and

00-8.00 02400

m .y m .I ‘ 1) I' ‘ "‘ 1984
The Eura i!“ ﬂ PTL I it ‘i . i

pestissible level for sludge

amendedsoils according to the 1.00-3.00 150-300 %‘éﬁ?gsiion"gméc
soil pH (lowvalue for pH 6, high ¢ 3 ’U
|| "- value. for 1 "‘ b [ (3 3 I .
N ¥ p 4 ; 5 »
habacktouhd leval O §O dbez-an4r | o.Ghs ngs e L

ajarusit,1999
Thai investigation level 0.15 70 Zarcinas et al., 2004
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2.2.3. Health effect in the study area

Mae Sot hospital staffs, supported by health staffs from Tak Provincial Health

Office and Bureau of Occupati ental Disease, Department of Disease

Control, classified approxi Mae Sot district into exposed and

non-exposed group basex ion o

Among the exposedmts agi‘ 15 mwere asked to donate urine
& lai, 2007)

area and rice consumption habit.

samples for Cd co

The res
<2ug/g while 4.9% had lLg/g, croati % had Cd concentration

had urinary Cd levels

>10 pg/g creatinine. i calthil € oanizati tandard (WHO) of 2 pg/g
cratinine for envi Gl catinine pational exposure, >10

ug/g creatinine for possi ¥ 6¢ caused d (tana Padungtod, 2002)

f Mae Sot district (Figure 2.3) were
highly contaminate i . s le famination has already posed
excessive risk of haV' C ‘‘‘‘ ilure ‘among the local residents who
‘tially or accidentially exposure or

e Kardkarnklai, 2007 and Simmon

occupational exposure to cgﬂz MpLed S0
t al., 2005). A
et al., )@

For pl‘.b ¢

the consumptionl_oIl conta

this project, that is,
as is thUain source of excessive

cadmium expos e and improvement in the soil contamination is very difficult, the

production of rice dﬂer crops for human Mumptlon should be roh1b1ted These
popu duction of non- rops in these are s strong y reco ended by
the government. Having suggestlorﬁrom some expert he sugar cane Wth

q m mm TR TINEIR

what else of non-food crops suitable and valuable (Yuwadee Kardkarnklai, 2007)
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Mae Sot district, Tak
Province, Thailand

ince, Thailand

ca e als by soil ingestion can be

evaluated by meas i " b1 .‘f bioavailability. Bioavailability is defined

as the fraction of an administered dose that e eentral (blood) compartment from

the gastrointestinal tract (Ru et-al 1999, Oomen et al., 2002, EPA, 2007 and RIVM
TR T |

report 711701042). The bioacecssib; y/has ned as the fraction of compound

that is relea@ i d j}ilable for absorption
(Ruby et al ,1@ 7, O\ n.d Oomen et al., 2006).
The concept of li'ff mﬂed by as follows (Figure
2.4) (Gron et al.;x2003)

faa Q/
HHARARINANG:~
biologi he most bi i tox admium is

the divalent ion (Cd*"). Exposure to‘hls form induces the synthems of a low m le ular

q RIS ISR

concentration is high, the metallothionen detoxification system can become overwhelmed
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and the excess cadmium will be available to produce toxic effects (Bradl, 2005; Landis

and Yu, 2003, Wright and Welbourn, 2002).

A test for bioaccessibi 5011 should be designed to simulate a

realistic worst case % n of the human digestion and
uptake processes, that is, enabbestl e highest bioaccessibility likely
—

to occur. In last few

studies with experimental

animals) and bioaccessibili ting the gastrointestinal tract)

The general i United “State ica 1s towards accepting
where results obtained
bined to provide sufficient
basis for decisior ' 4 _ Netherlands and United
Kingdom, bioaccessibili = sed e specific risk assessment and

considerable efforts are done te'expand th - t and to use the data in exposure

Evidenge o ong correlation b ioz:ﬁessibility and in-vivo
bioavailabilits: data for different soil types is considered-as-key eoadition for acceptance
of in-vitro bHied a8%eSsment (Environment
et |l
Agency, 2005, {B n, 2005, U , 2005, Saikat, 2006). _Mis is needed to provide

confidence in in- vztr method and a scientific justification for incorporation of data as

HUEENINGINg

has been validated of existing in-vitro methods in the United Kingdom.

However once an in-vitro method 1sﬁeveloped in conjufiétion with a carefully d@signed

A RIRIAFURARYINY 6D
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The in-vitro test regulates pH and the transit time of a test soil-solution of
simulated stomach and intestinal contents to mimic the chemistry and function of

! l., 2002, Marisa Intawongse, 2006 and
ﬁ h rapid and inexpensive, and require
’./yvo study.

human’s gastrointestinal tract (

Enviromenatl agency, 2002)..T

—_— ) e

Anpiqeqieaeorgy

Figure 2.4. In — Vitro Bioaccessibility method (Gron et al., 2003)
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2.4. Literature Reviews
Zarcinas et al., (2004) collected 318 soil (0—15 cm) and 122 plant samples in
ricultural soils and crops of Thailand. Their
y e normal ranges of heavy metals in
oncentrations in crops grown on

these soils. Many hea Zn, C&AI -e-aﬂd'm'vere determined in soils using
—

aqua regia dlgestW using nitr WThe results indicated that

concentrations of heav erent regions of Thailand.

order to assess heavy metal polluti 1}

study was conducted with t

agricultural soils of Thai

' s'\ centrations of other heavy metals
\
\ 1 \\ of Al and Fe, indicating

‘ \1 ncentrat
that the variations ANges, M’ 80 \ . Thus, the widespread

ivities is not strong. On

\k\ ith organic matter and
'l

concentrations o 'r osphate; this is attributed to
N I?“ «Jrd
input of contaminant§ in agricul _Eﬁ izers a amendments (e.g. manures,
composts). Alars '-"
T |
Simmons et al., (200 myestigated- ound the high concentration of Cd and

"?_"I‘ </ 0
Zn that it contaminated in-riCS-gram i

results 1ndlc@

to fields. In & ‘ .
permissible levﬁf ncenlf tions in the area ranged
from 0.5 to 28 ﬂ higher than the Thai
Investlgatlon Level‘fﬂand Zn in soils 1800 Ml 14 times respectlvely determined by

fro kg."Over 909 hé rice grain I llected that centaining Cd

at concentrations higher than the Co?x Committee on Food Additives and Conta inants

q ﬁim qmmmm MUIEY

for rice consumption in term of public health perspective. This data was first

Tak province, Thailand. Their
1éz:9n supply transferred

1:4 exceeded maximum

mg/kg and 100-8036 mg/kg respective

demonstrated a significant public health risk to local communities. Moreover, their work
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suggested that an irrigation sequenced-based field classification technique in combination

with strategic soil and rice grain sampling and the estimation of WI values via rice intake

alone may be a useful decision su 1tgbl to rapidly evaluate potential public health
risks in irrigated rice- based %s eceiving Cd contaminated irrigation
water. '\

udlednxealtlrnment for Cd contamination in

nd clinical assessment. It

Padungtod "
Thailand via the W
was concluded th reas of Mae Sot district.
This contamination an that routinely uptake
contaminated ri in sediments, soil and
rice. In addition, d a significant difference
Cd concentrations 1 i | along:Mae T ck. They concluded that zinc
natural water supply. For
i a4 ed area had higher significant

level of urine Cd conCentrati plewhe ate rice purchased from markets or other

districts. Older populati d g her urina els‘e@mpared to younger populations

and females had higher level 0 arinary Cd th ales.

J_‘.z.*"/) ‘ w

Intawosgse ‘ ' ation of oral bioaccessibility
uSIng ln i Qe S ASLLOINICESTING L _CXILACLIOL IS _USCIULL 1O CST1T] e trace elements Of

to investigate oral

chemicals or~heavy

—

bioaccessibility from metal or metalloid 00d and soil sa.Mles in different in—vitro

models. The Varlab parameters that influenced bioavailability such as gastric and

T T

of de pment and suggested that certlﬁed references methods (CRMs) are requlred for

further comparisons.

oL AINIAURIINgIAY

method to predict relative bioavailable Cd from soil ingestion. The effect of the food-

dosing vehicle (i.e., dough) in IVG method also was evaluated in this study and
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bioaccessible Cd determined by the IVG method was compared with relative bioavailable

Cd measured from dosing trials using juvenile swine for 10 soils contaminated with Cd
from 23.8 to 465 mg kg'. In addition,| Bioaccessible Cd was measured in the gastric
extraction and intestinal extr ﬁ' method. The results showed that the

gastric extraction step

gher mean of bioaccessible Cd

than gastric extractlon lough ~g8.2°/ At élgle that phytic acid associated

with the addition W ; WV&' their study reported

the relationships betw elative bioavailable Cd.The

results showed Cd using dough in the
extraction and in t (p = 0.098, r = 0.55),
but a strong linear r extraction step Cd without
using dough in ble Cd (p < 0.01, r =
0.86).They conclud G method without dough

Oomen et al., onducted a-mt oratory comparison and evaluation of

five in-vitro digestion models to-ompare-the
P i

accessibility of soil contaminants. These

are the Simple Bioavailabuhity £ 1\ i1 | T) used by the British Geological
Survey (BG%_ Ui iC 1_@)1 DIN model applied
by the Ruhr-U . i8h fodel of RIVM (The

Netherlands) arTS atic astrjﬁljstinal approach is used
for the SHIME pidcedure (LabMET/Vito Belgium) and the ] method by TNO (The
Netherlands) is a gastromtestmal mo@eld’ The results showed that The SBET

pmtm nERINyInT

tool l an in-vitro digestion moeels can be useful in actual risk assess e of

QW’Tﬁﬁﬂ‘ﬁﬂJﬂJWI’JVIEl'lﬂEl
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Aung and Yoshinaga (2004) compared the oral bioaccessibility method
developed by Solubility/Bioaccessibility Research Consortium, USA (SBRC) and the

compliance test for new Contami ntrol Law by Ministry of Environment,

Government of Japan (MoE). In the C comparison, key differences included
Vs, ( 5), L/S ratio (3:100 vs 1:100),

e —
hr), @d ex rature (room temperature vs

SBRC me irg\-\‘----..h“n the soil contaminants, the

extraction might be n . alse x formation with gylcine,

37°C). They pointed o

which might re ¢ complexation with the

substances in foo

ey magnitude of cadmium

pollutants in at ha en ound to cause adverse
ovihce

effects to human i n their study, rainy months

were found to have hi dmiu ations tha ring dry months. It may be
due to agricultural i ' ;_.. eir, study conc ! ded and recommended that
future monitoring of ho 0 FYege .r e ere ¢onsumed in this area, and other
aqua biotic organisms should b = ;. at minng activities are ongoing in this

area; health risk assessment ».;‘_ ¢
that the enV )

cadmium is ttr

d be performed. They pointed out
5@9 the soil standard of

X
| {

ﬂUEJ’JV]EJ‘VI?WEJ’]ﬂi
qmmmmumqwmaﬂ



CHAPTER III

METHODOLOGY
3.1 Materials

All the reagents (HNOs,\ I yeine) used in the experiments were
analytlcal reagent grade ) with deionized water with a

_...---l-lJ

Chemicals llﬂ ﬁm\\‘\

Boric acid ‘ - /] r ysis
Cadmium Standard Solutio 08"* mg &‘ \ r )y ly81s
Cd for AA in nitri€ acidi0.5mol/1 A : \

EN IO
Glycine \ N - | Merck/Fox and ySiS
Hydrofluoric acid 48%!‘ LN JaR/For,analysis
HydroChloric acid 37% rba/For analysis
ICP multielement standar“ ﬁrv 7 Analytical Grade

Solution IV ﬁsom E 2RV £
Nitric acid 6 B
Mfe

Silicon standd é [

dl.
|l

1
L

in 2% nitric acid

ATEANAS WHAAG

well deionized water three times prlor to use.

3 1.3 Instruments

W FRHNAINEAE
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Table 3.2 Instruments List

Instruments Model
AAF 11/18/201
TE214S

ZEEnit 700

— ---H.I

\ista MPX Axial

b )10 ‘ 1 A [ | \
Microwave e.stlto ! . ; \ OS PRO S/N 127547

pH meger: D ,ﬂfj —.A L[\ "\ " BACH LANGE
Test Tube Rotatof: Bi M'l\\\\\ ulti RS-60

J'H.M d
3.2 Methods #\ 10 .‘

3.2.1 Field Investi tlon

The sampling sit€s were . ed from highly contaminated areas as
described by the previous stu g farm community living areas in Mae
n was conducted in May and June
Oﬁlzlje was selected as a

-

.lj' situated like in Mae

Sot area, Tak province (Figu -' ‘.,‘.?, Fie
of 2009, rai@; e
control site, &

Sot, but several "li;li)m
Il

3.2.2 Samp'(&ctlon

mem 20 1 | 1301

Comp te sampling method was a lied (EPA, 1996) thus, a single sample was a

QRO TR LoD lab )

the trowel after each collection were done to avoid the cross-contamination among the

samples. The soil samples were kept into polyethylene bags, which were sealed and
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labeled. All 75 samples was collected from contaminated and control site. Sixty five

samples were collected from both of residential areas (n=47) and agricultural areas

(n=18) from the Mae Sot area in T Ten samples were collected from control
site; from both of res1dent1al % ural areas (n=3) from Nakornpathom

Province.

) -vA;‘qu__u‘v, —

. R . A
Y ey {3

= —
H
H
H

F‘iﬁﬂeﬁrﬁ’wwﬁ’wmwﬁm‘e
qmmnsmumwma g
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und B) Paddy field

aoda
3.2.3 Sample Preparation - \
P ; 'J N{( red© < Ik A 3
Soil was drie ¢ in ﬁ,‘@fgqi hours. Dried soil samples were
grinded using mortar a pestletand. ..u passed-th ugh 65 mesh sieve (< 250 um).When

considering the site fra tlon*df-%b‘ﬁé‘(%néﬁ

sizes for analysis such as <2
on acc1denta1-\s1ggst‘loh of s01rp2irt1c
LA 4

uniformity a8t orthe.sizefractionthat-adheres-to-Nands—Thc.app ate size fraction is <
250 pm grau# “bccau it is ug
(Duggan et al. 1‘}) Cross conta l
proper cleaning SCh?‘l

fia

ﬂ‘LIEI’WIEWI?WEI’]ﬂ‘i

s studies have used different particle

L } m and 250 um .This study concerned

e size- of soil need to be

e to adhere to hands

ation between the samp]i:i' were avoided by using

Qmmmmumwmaﬂ
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3.3 Experiments

All the methods and procedures are categorized with each objective as shown in
Figure 3.3

Non-dieta Study of

eXPOSULe assessille . nature of bioaccessibility

1 l

Total Cd conce ion baccessiple V ‘Statistical analysis of
! ; Bioaccessible Cd

-Seiving: soil size<2 \eoncentration and %

-Mw digestion meditied ia. A\ Bloaccessibility with
EPA 3052 " -Total Cd

-AAS measureme . soil pH and soil carbon
Dally/weekly intake | content.(LOI method)
estimations ‘ -Total concentration of

-apply soil ingestion rates g
subpopulation groups

Al, Ca, Mg, Zn and Ni

Contribution to Tolerable ﬁbui 1
Intakes determination il e

-compare th ;A
established
A
Figure 3.3 Exp«l—rljnen :
|

3.3.1. Soil pfopéxties

cessibili ortant*processes in

the soil. Moisture content was det?mmed to descrlbe soil Cd concentratlonw dry

qmmmm um'mmaﬂ

In order to measure moisture content in the soil samples, some of each soil

samples were weighed also include container of soil samples. Then the soil samples were
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dried at 105°C in the electric oven. After that the container was removed and allowed
cooling in room temperature (25+2°C). Reweigh the samples and calculate moisture

the equation 1. This method is based on

le until the weight remains constant.

Welght before and after drying.

..'M.l.n
as a’n%’gd 2 sing Loss ontignition (LOI) method. The
LOI method is an inexpensive Arernative fc analysis, and also reliable and suitable
for soil carbon analys uﬁr*. 1§ *H ) 996; Konen et al. 2002). Analysis of

iques is quicker and less labor

~For the LOI method,

organic carbon in soils using dry j;eg}

intensive than-traditi 1alysi

- 9 .l'-e-'nnn-'n'nl'-v:\unni:..!ili_'-_--enn-nv:-'-'- xS : OSS IS proportlonal to

lattet co

i

The clean crucibles were weighed. One tea spoonful of soil was added into the

S T W

room perature (25£2°C) in the cleaning desiccators’ and then weighted. LOI was
calculated as the difference betwee‘ the oven-dry soildfliass (dry weight) and“soﬂ

REIBNI/UENVINBRY

soil 1s oxidi

the organic-
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%LOI = (Dry weight — Ash weight)/ Dry weight x 100 (2)

\\y’ A/f ionized water with the soil in a 1:1
weight ratio by pH met les and 5ml of deionized water

were added and stirred for nds 1@ a c ples were let stand for 10 min.
——

After that, the soiW were cont'Whe electrodes of pH meter

pH meter while stirring the

Soil pH analysis

Soil samples were

11ea t

r1n \
.of

3 1n rwm Fp * F '- owave digestion oven. 65%

nitric acid, 37% hydrochloric 2 .....m. 40% Irofluoric acid in analytical grade were

-, JJ-..-

Digestion nd Ma (2001) in order to

achieve comple C ~ coneentrations in soil were

determined using H

udy (Adapted from'm ve digestion application note manual:
USEPA method 3052). 0.5 g —nqr' fﬁlgs ere weighed in PTFE vessel and then
add 9 ml of nitri 37% hydro nd 3

used to analyze in this

of hydrofluoric acid.

~~
The Vessels "Ja-iIl’_'lIﬂl-l'lI'l-'l'.I'Hl.\‘.'ul'l:.‘lvl'l':l'l'l---'lfa-’laii'l"‘"‘ w heated at 1800C for

approximately i

process by micrg‘ave digestio

temperature (25+2° Then adding 5ml of H;BOs (5% solution was added) to neutralize

exce s heated at
160 tQ HH' ?W her ﬂ ﬁcelera‘[e the
leachl process by microwave digestion system). Next, the sample was allowed to cool

at room temperature (25+2°C) and ﬁered with Whatmafisdisc filter paper No.42A fter

10 accelerate the leaching

, the sample wUPllowed to cool at room

RSN/ Y

to analyzed. Total Cd in the digested soil samples were measured by using graphite
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furnace atomic absorption spectroscopy (GFAAS) or flame atomic absorption

spectroscopy (FAAS). This method was claimed to achieved 94% of soil Cd (Chen and

Ma, 2001)
Quality Assurance /
Analytical meth enta ts were verified and calibrated

by using Certified Reference_m ial, gm,-OSO (RTC) (Lot No.JG025)
in order to acknoM ) Wures for determination of

metals in this study. ere included one of CRM

in the digested stage. ipricated for control quality

An  in—vi ‘Condi ationy, test  developed by
Solubility/Bioavailabili zarch ' sortium (SBRC meéthod) was used to measure Cd
in synthetic gastric juice. 17 "F tion estimate oral bioaccessibility that simulates
the human stomach condition-is-in . it when assessing chemical risk to humans
( Marisa Intawongse and .:gb:if;*:'; ‘ ' assessment by incidental ingestion of
soil and dust were overestl ated if+t} &)pj is not taken into account.

Tos ’I‘at o ol s a:Ed and adjusted pH 1.5
with 37% HGL.J heny-dried-and-seived-soil-samples-(<-250-um) Wcte mixed with glycine
solution in ratio -1' 10 QE}I.S.The mixed solution
was placed in thgnd-over-end motion rotator, for lhr at 370dﬂ1d adjusted speed to 30+

2rpm. After that, tl? o!utlon was filtered by PU membrane (pore size 0.45 pm) and

B EL TR T e

fractl of Cd that is mobilized ﬁom soil into gastrlc digestive juice, Wthh can be

3 RASISEl unAnea
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Bioaccessibility (%) = Contaminant mobilized from soil during digestion (ng) X100 (3)

Total Contaminant present in soil (ng)

3.3.4. Other mineral ff t
To investigate role /
bioavailability in soil, “Peta tratlo of

—
Ba, Bi,Co, Cu, Cr, Ga, K, Li

e of bioaccessible Cd

at might have influenced on Cd
i, Ca, Al, Fe, Mn, Mg, Fe, B,
. determined and measured by using
ICPOES inductively ¢ RO ion. Several geochemical and
A e nd oral bioaccessibility.
The most predomai &y include, 1 concentration, metal
complexation, influe ‘ 15, an mental factors such as pH.
polluted systems like
acid-mine drainage i Smmbnly de ' als in a soluble phase, or

‘ \\' dissolved metals and their

'o ong metals can result both

bioavailability tends igher. * In addit
VAN
in stimulation and anta nism,‘W mulation occurs when uptake of one metal

induce synthesis of binding i oS *"r ¢ affect a ation of both metals and antagonism

~—

can be observed in simulta OUS exposures al metals. Stimulation of Cd uptake
Ll A : : . .
by Pb exposurg and. Z Cd exposure ha ed in rats, while antagonism

between Zn ahdiCd oceur in phytoplankton and microalgae (Luomd,/1989). A number of

ed to determine the

L] Cd
—

sequential ¢

portion of bloa\{a able meta behaviors of t! 13 metals. However, these

extractions are a ? perational”, that is they are not completely specific to metals or

EULiieh 1 )AL e

ﬂ1 this study, the trend or the nature of the bioaccessible Cd was determined only
through the statistical means; corr&tlon between bioaeeessible Cd and pH, @rganic

WA HATINHTEH
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3.3.5. Non —dietary Cadmium exposure assessment and Risk assessment

Non- dietary Exposure asse d was done by simply multiplying the total
Cd concentration in the soil with the ‘ Tl;:g/ rates as following equation (4). Soil
ingestion rates applied " Q\\ ' y)lzﬁis EPA since it is the leading
institution and intensivel ' aginants through soil ingestion
and the size of the parti nian-hands us far, soil ingestion rate

Protection Age Amg/day, 2 ling rate of Farmer (adult)

and young child g and 1 as soil ingestion rate of
normal adults (non tively for risk assessment
(EPA, 1991 and#EPAY 1997 attachmer on RME (Reasonable
maximum eprsur IS g i {H) man health risk assessment).

These rates wer =g {- (e ASSES it in soil via non-dietary

exposure pathway to , normaj jijﬂ oung children and children in this study.
P ot

_‘ J’J -
l o el =

D onzdices v daily ingestion (4)

FDBIIN T
hete AN ary pathway (pg/day)

-"-EIV.‘I--I.HI‘ 1ICENLEALLIOT] 'l“‘-.‘i-ll'li- A’rﬁ g Of Soil)

—
e

ll
(200 mg/day for far?ers 100 mg/day for normal adults, 100 mg/day for older child,

FUTIMENINYNS

(Notﬂaddy soil /corn/sugar cane/ rubber plantation soil Cd concentrations was used for

estimating daily intake of the farmer‘md community Cdf€ncentrations was usedfof

q A RN TN
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Two tolerable intakes were applied in this study; the Provisional Tolerable
Weekly Intake (PTWI) of Cd, 7 ug/week/kg body weight set by the Joint FAO/WHO
Expert Committee on Food Additives l CFA). PTWI is defined as estimate of the

b ekly over a life time without appropriate
0l a FSA) set the tolerable weekly

cight. we usﬁible intakes to access the risk
of Cd exposure aW 'denf' 1 soil ingestio ---. PTWI and TWI value was

hlldren in this research by

intake as 2.5 ug/week/

(uation (5)

)
Where: di \ t v pathway on body weight
d/ k
1ad ts and children (kg)
ek
In order to calculate weight based Cd i : stiI:average body weights
for Thais ﬁ'd - Jﬁ:li-'ﬂ'l'l"l-'.'ul’.ll"ﬂl-’.l'lfl-h|ﬂ=l’l=l'll'ﬂ.-I'l--QIh"‘_- a6 2.2
A h e
- =
(Note: Thai mank}igh 68.9 kg average (age group of 25-60 yrHJ' ), Thai woman 57.4 kg

(age group of 25-60 s) Thai child older than 6 ears 19.07 kg(age groups of 6-8 yrs),

A TN

Tabl Average body welght of Thai male and female (WHO, 1998)
N Height(cm) O

I"'ﬂﬁ"‘hllb‘ii@ll'AI\'I’IHII T
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Table 3.4 Average body weight of Thai child older than 6 years and Thai child
younger than 6 years (WHO, 1998)

Age (yrs) | Body weight(kg)
1 9.2
2 11.65
3 13,58 e
4 15:
5 16.2%
Average 14

In orede

the contributions

= ole ntake
JM{./;'.' %
Two tolerable 1 SwWere 4 . study; (1) The Provisional Tolerable
Weekly Intake (PTWI) of (_:A‘Jm,‘ - cek/k eights set by the Joint FAO/WHO
i ., LN
: TEC

\d es indtially set for cadmium

Expert Commmiitee o

was 400 — 500 3 DL PRLSOBWA O, 1989 THESE VRIS SUETE. B fd solely on a critical
renal concentfs ﬁ C x'_'%b ght, attainable after a
cadmium intakeldjlmo — 260 pg/day forov
the narrow safety n?rgin, the PTWI for cadmiuqml at 7 ng/kg body weight was retained,
whichei§ trans lg t 0 toxieekineti | predicts,
TR
could@attained at the cadmium intake of 1 pg/kg body weight/day over 50 years, which
is the same as the current FAO/WHJ guideline. The rendfeortical cadmium 50 M wet

that current intake guideline (at 70 pg per day for a 70 kg person does not provide

|l
0 years or 200 .ﬁ% over a lifetime. Despite
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sufficient health protection. With a similar consideration of the kidney as a toxicity

target, however, (2) In 2009, European Food Safety Authority (EFSA) set the tolerable

weight. The Cd intakes in study area were

Z

=

weekly intake from 7 to 2.5 pug/w

compared with the control SIF\

3.3.6. Statisti
—

Statistical a

Social Sciences) in or
soil properties ' yaccessiblity results of study area

and the control si

AU INENINEINg
ARIANTUNNINGIAD



CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Total Cadmium and Bioac W

Sixty five sample ‘ /( f residential areas (n=47) and
agricultural areas (n Ma Sot
collected from cc:ntro,_ﬁam‘ |s1teb0th of reside

(n=3) from Nakornpatho ! able 4.1

Provmce Ten samples were

~areas (n=7) and agricultural areas
oncentrations in study site and
control site of soi mples were digested by
EPA standard met chieve full extraction of
Cd from soil. | [ re analyzed by FLAAS or
GFAAS. The re “ es from study area are
shown in Table B-3, i 4 \

Ofall the 75 s 1 fro; 1T aminate d control site, Cd was found
o?@ b

ontaminatéd, areas. els in two samples from

L
contaminated areas and HO=sam; ples—f tro sites, were under detection limit.

Two samples which were ¥ W limits were collected from typical

residential areas. It was no W ome.l atively effluent neighborhood mend
the soil for Eﬁe
probably bro& -

A
%RSD for measti ; erfa'l) 1n five replicates were
é&’j and those of the total and bioaccessib d were 6% and 3%,

respectively. The @r&y and intra-day reprcﬂjlblhtles were calculated. The %RSD

HuEImMETINE I
AN TN INend

0 T)ch application were

is low. The average

found to be 1
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Table 4.1 Study site samples (n = 65) and control site samples (n=10)

No. of the sample_ Sampling Places

7 Paddy Fields

Corn, Sugarcane, Rubber and
Banana Fields

Study Site (n=65) | jj Household Compounds

~ 3 4 _Heuschold Compounds near Creek
—7T1 = f""",* School

. SR, — Temple
771 | O\ Total
AN ddy field
Control Site acey 1eCs
R usehold compounds
(n=10) 4 G community areas
9 4 Total
Table 4.2 Mean, Media g?bf ¢ n \ 4 le Cd in study site and
control site bl
; - T
Total €d i ( '_ / il) accessible Cd (mg/kg soil)
Sample eal Media e | MeantSD | Median | Range
Residential Area — —
of study site ..-’{,}1& 1244215 | 525 |ND-115
(n=4 ‘ ya
Agriculturak .
of stud J 2.96 0.37-112
(n=1 ,,\
Control si
(a=10) ﬂ \ ‘ | ND ND

ND*= Non Detectable

e e an al r maximum
val f tot ﬁ ﬂe study site and
contr ite. The values were determined for the soil size of <250 pum. These results

showed that total cadmium level in ‘)11 samples along pesidential areas and agri@ultural

WIRNOIE SIS

Cd concentration in agricultural areas ranged from 1.32-162 mg/kg soil. Among our

samples, high Cd concentrations, as high as > 100 mg Cd/kg soil were observed from
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those collected in a sugar cane field and a household compound. The highest value

among these samples is 162 and 156 mg Cd/kg soil that found in agricultural area and

joint research on quantificati Cd, made by International Water

residential area, respectively. How V? Wre ort made by Padungtod et al, (2002), a

iculture, Ministry of Agriculture

found that soil Cd rang 40 2& mg émong our samples, even the
—

sample collected W erry high in soil Cd, the

3
concentrations do not this study were lower than
Padungtod's (2 f highest contamination

were not incorpo size of soil from which

they determined C ays/be smalle e 4.1, the histogram of
concentration T. < 30 mg Cd/kg soil.
According to Padu ands Kardk? | : ( is range is known to be
medium contaminati in sQ 1 T" R ' s, though the particle size
of their study wa . : unity (EEC) Maximum

Permissible (MP) set s 1M concen 3.0 mg Cd/kg soil and the Thai

,backgroundtotal soil Cd conecerntiats 10.002 to 0.141 mg/kg (Pongsakul &

Attajarusit 1999). In additio Wﬁ

throughout Thailand ‘ Thai soil range from 0.01-1.3

~~
v y H A-i“ﬂéli'"l‘irﬂﬂ'llIK‘.II'l"l-l‘ii-i‘-'l'IIOIIV‘.-’I.‘I-lV‘II’ 1l ‘her Concentration in

studied a total of 318 soil samples

mg/kg soil,

this study comp a_ﬂ‘ d ) t}ia e study area is zinc-
mineralized areale association o nium is comr{Lh& Moreover, soil sample

cadmium concentr?ons from some samphn sites were found to be above the

oA mmrw 78k a b i

EnV1r ent, Thailand. Five samples from residential areas and one sample from

a r1cultural areas of study site exceﬁed the Thai standd@yof 37 mg/kg soil. E)”dm

R RARAR AP HARS

respectively with maximum value which was 54 and 1080 times of EU and Thai
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standard. The results showed that cadmium levels in 63 samples ranged from 0.560 — 162
mg Cd/kg soil which were 3.7 - 124 times higher when compared with Thai soil standard
) In addition, 47 samples exceeded EU

standard (3 0 mg/kg soil). Fromi the r¢ a as, the average cadmium was higher
centratlons found in agricultural

areas is in sugarcane f 1um concentration in study

site when comparW W as shown in Table 4.2

In this as AR ples collected from the

fileds and the resi centrations of a rubber
plantation and the t unds ¢ is near Mae Tao Creek —
ions in the near Creek
samples, 15.3‘ and CSJ te observed comparing to other
household competind ‘ g Cd/kg soil and 263 mg
Zn/kg soil and 2.41 kg\so 1}% '?- soil respectively, explained the

; \ e
metals were transported from' " fhe *minj area sitwated upstream via sediment

finfifagsadd  betd

transportation. Anoth > sugarcane field sample and the

household situated across the 103 . "é concentrations of the household
sample and san were 3.7 )umg Zn/kg soil, and 17.8 mg
Cd/kg soil anig

these samples,

gli-'l'lll.‘i"."l-vﬂ‘l-':l‘ih'ﬂllll'l:ll'—-'lfa'ﬂil‘l"‘_i"_lil-;l ‘ r) 1 accessibility between

0% O7 .
—

f@se proximity. M

ﬂUEJ’JV]EJVIiWEJ’]ﬂi
qmmmmumwmaﬂ

rent soil between the

sampling site o
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45 -~
40
35 1
30 A
25 A
20 A
15 A
10 -

No.of Samples

Figure 4.1 Histg : ations among the samples collected

s ‘ of contamination might pose
the high risk of having'cadmi ydy burden afno g \ | residents in Mae Sot, Tak
areas. PAIA

-

4.2 Estimated Cd intaKes M g

oncentrations, soil ingestion rate
ed. Daily Cd intake was
%e soil with the soil

es cu _' ion of Cd intake among
resident livmgﬁ control site was done by multiplying@il ingestion rates and
instrumental detect‘n mt as described in Taw3 and Table B-10, B-11 in Appendix

ﬁuﬂ‘il wavransInT .

conce tlon of the agricultural area were used to calculate daily and weekly cadmium

ek VST TEY

their work nature. Also, young children ingest quite a high rate of soil particles — in fact,

The intake calcul ?!u

and body \K@j&t

ingestion rates

household dust of soil origin in indoor environment - via hand-to-mouth activity. The
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results showed that farmers in the study area are estimated to expose soil cadmium an

average of 3.47 pg on daily basis; this intake can be as high as 32.4pg/day when the
' ural soil Cd level (Table 4.3).

Q / showed that normal adults (Non-

unger ch s are estimated to intake Cd

0.95, 1.9, 3.8 pg/d Thz’mam
farming), childre cars il

daily basis. The hightst gstimat

calculation is made through maxi

For daily intake of
farming), children 6-

munrdatly=intake in normal adults (Non-
are7.81, 15.6 and 31.2 pg on

und in young children

because soil ingesti is pula is high. Many researchers
suggested that i i bave high ra admium accumulation
because of a very hi ‘ 1. INgest10m i i et al., 2004 and Kikuchi
et al., 2003) a . dmium accumulation found
greater in young a ups c ing higher exposure risk among
children compared togadults. : \ \ djusted with bodyweight in
order to estimate gro he results showed that the
highest weekly intake ' - ars) so the risk of cadmium in
young children is quite alarmi _ -..... . The weekly intakes of Cd among the

population groups were es " espective bodyweight. The results

are presente@ ' 4

Table 4.3 MMd areas and control
sites 1l JUJ

‘ ﬁily Intakes (ug/day) oudy site (n—63)




46

Table 4.4 Mean, Median, Range of Weekly Intakes and Contribution to Tolerable
Intake of contaminated areas (n = 63)

Average Maximum Maximum
J CI° CI¢ CI¢
Weekly Exposure of of
yEIP (ng - : Agé" JECFA® EFSA”
H‘
Mean Median
Farmermen | 0.35 50 fu 0] A 047 13
Farmer | 45 \ 0.56 1.6
women W
Adults men 0.10 .00-0. 0. 0. 0.11 0.32
Adults 0 0 00-0095 |- %0 014 0.38
women . -
Children 6-8 1 70 100 4 02-5.7 10 8 0.82 2.3
years
Younger 2 ;
Children 1-5 | 2.0 2 ogtte M= 8 2.4 6.7
years ‘ A
a = JECFA- Joint FAO/WHO Expert Committee 0; A( s (J s visional Tolerable Weekly Intake (PTWI) is
Tug/week /kg bodyweight , b = A urepean rity (2 se erable Weekly Intake (TWI) is 2.5ug/week

/kg bodyweight, ¢ = Contribution Inde Cd soil from equation

af
via soil ingestion/Tolerable In AJH
‘ .ntla/:.

In order to evaluate t ( nta
‘ . ]

estimated body weight based Cd intake

ination in soil in study site, the

intake estimation were extended
. . e 2':' il

Indices (CI-s) of Cd mtak‘égyf il @

contributioni;g:AC

estimated bo;&

guidelines values. The Contribution
calculated in order to get the

@(es (TIs) by dividing

-

ejable Intake (TI). The

contribution indieds a s, RON-

and children 6- ! ars are described in Table 4.4, along with malues The average Cls

were 0.01 of Prov1ﬁ)&Tolerable Weekly Inw (PTWI), 0.02, 0.10 and 0.29 for the

' ﬂmlﬁm HITNEADT

re Organization (FAO)NVO d Health Orgamzatlon (WHO) Expert Committee

QRS ST AT

0.11, 0.14, and 0.82 and 2.4 in adult men, adult women, children 6-8 years and young

farming adults, young

Agrlcu

Children 1-5 years, respectively (Figure 4.4). Among the non-farming population groups,
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young children of 1-5 years of age were estimated to have highest average weekly intake

Stent f exceeding more than 1.5 or 2 folds of
\ / soil ingestion pathway alone. The
) en and women of Provisional

Tolerable Weekly Inta ) set g JE m ximum Contribution Indices
—— :
which are 0.47 and 0.5 Safety Authority (EFSA)

Tolerable Intake set by JEC

average CI values are

guidline value that se AInta \ is. 2.5ug/week /kg bodyweight
(EFSA, 2009). |
0.14 and 0.17 of

tion groups contributes

and farmer women. The

CI were as high as 1 oW1 set FSA e o.the farmer men and women
who work in su re total ). mg/kg soil. Thus, farmers who work
in this field have a avi inte | ig| . \: the tolerable intake level.

Considering otherexp e l e ?‘ ing .w\ ds of high soil Cd has risk
in term of Cd expos ) 5 (Cl-s) are 0.04, 0.05, 0.28

and 0.81 in adult men, )-8 years and young children 1-5 years
ion of contribute to Tolerable Intake

e.0.32, 0.38, 2.3 and 6.7 in adult men,

respectively (Figure 4.

were estimated on maximum W
=

adult women; ¢hild ctively (Figure 4.5).
vith tolerable 1ntal ‘_-VJ--\'.-.-L“-.I \LIATE T 11V 11 dg households haVe a

6 folds higher. Since

When comp
potential of €

E

Cd have tendency of staying ong uman body, the accumulation of Cd in children®s

body throughout t lives is alarming. In addition, compared to men, women have

T LTAR N I8 At s

stores well as variations in half-life were reported (EFSA, 2009). A few studies
rep orted on sex differences and cadn‘um accumulation;Satarug et al (2002) showed that

RARIDTRUHRIRA RS

accumulation betweem male and female. Schroder et al., (2003) also reported that iron



48

deficiencies in both human and rats have been shown to increase cadmium in both human
and rats, These studies suggest that women subject in the contaminated area might have

than men.

higher Cd accumulation and body

>
=
S
=
=
=<
g
= 0.29
Farmer men o n Children 6-8 Young
years Children 1-5
years
e Intake set by JECFA
Figure 4.2 Average - d i :I' 1 ion "groups in comparison with

Provisional Tolerable e MJ?} e Q

ﬂUEI’JVIEJ‘VI‘i‘NEJ’]ﬂ‘i
qmmmmumqwmaﬂ
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Weekly Intake

Weekly Intake

011

0.81

hildren 6-8 Young
years Children 1-5
years

take set by EFSA

s in comparison with

B Estimated Cd intake via soi

—
-

Y

ure | 4.4 m Cd.i
] ] L]

Q

gestlon

AmONg

!’i

i

2.38

At M EININEInE.

Tolerable Intake set by JECFA

@/

ulation .groups i il
» L ]

comp

q Provisional olerable Weekly Intake of JECFA
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6.66

Weekly Intake

Children 6-8 Young
years Children 1-5
years

Farmer men

le Intake set by EFSA

Figure 4.5 Maximum Cd o ‘-f., pop g pups in comparison with

4.3 Bioaccessibilty and Cd expes
Y gﬁf .

Bioavailability 1s sit‘ speci ent soils are known to give different

bioavailability or bloacces‘y al. 1992; Ruby et al. 1996; Hamel et
al.1998). It ’Vﬁ)u 1 if‘ o assess the oral

bioavailability oieach-soi-sampi mvit7o model is preferable.
Therefor, an mﬂ)'t djs a simple, cheap, and
reproducible tool fo investigate the bioaccessibility of soil cdﬂbminants (Oomen et al.,

2002).The bloaccesfa ility was determined in i vz o digestion model. This study use in-

L TUEL o 11 ey o

spec1 o children, because soil mgestlon is an important route of exposure for chlldren

ARTATS WA Tinasy

q The average bioaccessibility results in our study showed aro

residential and agricultural areas. The results of bioaccessibilty values in this study shows
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large variation (8.6 — 96%) as show in Table 4.5; this must be due to the fact that soil

compositions differ from place to place. Wide variation (most likely to be around 20% to

60%) of Cd bioaccessibility in ur nd soil in Uppsala, Sweden was reported
i }‘ ound 90% in both areas; this adds up

by Ljung et al., 2007. The m:

the risk of soil cadmium-i

.r.. i ."j‘\‘ o I
Sample W{ W\R\\ 1 Range
Residential Area o A 0 12-96%
study site (n= ° ° °
Agricultur eao P/ 0 _0G9
study site (n=18 i%) : ’ 8.096%
Control site (n=10) - S - -

Moreover, fi 4.6" showed rity a

FYTFET
between 35-70%. Foug sa

S RO} °
bioaccessibility hi‘ r than 70&2?},‘ t of

bioaccessibility. Ten sa le
‘ J iJJ

es have %pbioacessibility
gricultural areas showed the
in the range of 35-70%

from residential areas showed

the bioaccessibility higher
bioaccessibility. The bioa: i '?b
agricultural re: b

n residentialL

Upon exposure 1
half-life in humans is 15-20 years, the risk due to soil Cd acel

ples fall in the range of 35-70%
tial areas are higher than that in
'@oaccessibility values
-
j in residential areas.

ent.nrgans in the body where

nulation among children

throughout their hfflﬂlte alarming. Bloacc“yhty data relevant with human health

SARE INYRINGIAT

remdeul samples and field sample is expected due to input of soil amendments and

QR SR T
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in the

y €XpOoSure

depending on the contribution to

d among the residents and

as conducted. The estimated
weekly intakes were
| han (.35, that is, the estimated intake
contributes less, than 35% of Tolerable Intak A and EFSA, it is classified as
“low”, if the, .:_:.-.,...-.-.._,____,:_:_.,_._.:_..__...-_...-.:..,....v

Tolerable Intakes; if a particular €l va

s and if higher than

0.70, it is in “hig Sa g sites are classified

et —I
into three groups; if a pa y 1S less t n 35%, it is classified as

“low”, if the % bioa ce331b11ty is between 35 to 70%, it is in t e “medium” class and if
hlg 0, 1 h” class, Tab the number es that fall
into ﬁ ﬁﬁ ﬂm C;W q n | this/ sense, one
samp site in the agricultural area exhibits moderately exposure potent1a1

(high contrlbutlon to TI and med1u1‘ b10access1b111ty) e farmers via soil 1 ifgest

QARSI IE

contribution to TI and high bioaccessibility) and 12 sampling sites show moderately high

Cd exposure potential for young children of 1-5 years old (4 sites: medium contribution
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and high bioaccessibility, 8 sites: high contribution and medium bioaccessibility). Three
sampling sites out of a total of six high Cd exposure potential sites for young children

1t than 6 years too. The location of the sampling

showed high potential for children,o

tentia residential areas for both of young
children (1-5 years) and-chi d l / ¢ six'sampling sites that suggest high
exposure potentials via 0es ‘ i &ﬁ TI and high bioaccessibility)
were found to be W P reek;-aliy in east to west direction. The

total Cd concentration: ampling sites ranged from 18.6 to 156 mg Cd/kg soil.

to Tolerable Intakes
and Bioaccessibilit

a) Contribation expospre | PTWE among farmers vs.

bioaccessibility \
7 \“ \ of Sampling site

Medium High

Contribution (35-70%) (>70%)

8 4

Low (<35%) w% =

Yo

@i

ﬂuEJ’JVlEJVI‘EWEJ’]ﬂ‘i
qmmmmumwmaﬂ
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b) Contribution of Cd exposure to EFSA’s TWI among farmers vs.
bioaccessibility

No. of Sampling site

Medium High

Contribution (35-70%) (>70%)

8 4

Low (<35%

7NN

High (: L

¢) Contribution of Cd exp e to . ARS K e g children (6-8 years)
vs. bioaccessibilit N2

W\
ik 1 ? g

Bioaccessibility High
Contribution ‘ 70%) (>70%)
Low (<35%) 26 8
Medium&h 708 1
Gy i
High (17 7 _'.\J 1
= =

-
|
ull

ﬂUEI’JVIEJ‘VI‘i‘NEJ’]ﬂ‘i
qmmmmumqwmaﬂ

M
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d) Contribution of Cd exposure to EFSA’s TWI among children (6-8 years) vs.
bioaccessibility

No. of Sampling site

F

Bioaccessibility Medium High

Contribution 0%) (>70%)

Low (<35%) 5

Medium (35-70%;

\\\\\\x 2
“\

High (>70%)

77NN
7//& 9\ 3

e) Contribution ¢ e sure fo A’s | 3 young children

(1-5 years) ¥s. b

E

Bioaccessibilit “ *- lium High
Contribution | (35-70%) (>70%)
Low (35%) e g =0 22 5
Medium ( A | - . 2
High & ‘e" e, 3
il

JI

ﬂUEI’JVIEJ‘VI‘i‘NEJ’]ﬂ‘i
qmmmmumqwmaﬂ
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f) Contribution of Cd exposure to EFSA’s TWI among young children

(1-5 years) vs. bioaccessibility

No. of Sampling site

Bioaccessibilit

Medium High
Contribution (<3 5&)
— =

Low (<35% '

777 /I

ol S 2
7/ ~.;'¥\%N
Medium (35-7 38 W 4

High (>70% 6

4.4 Nature of ccessible Cd . :
f:‘

Fractionation usiag B uential e tion a estimating bioavailability
of soil contaminants; four 'c;&l ‘if!" \ d extraction of different
solvents of increasing'strength; fr . T ang acid soluble metals, which
is regarded as most bioavailabl ¢ ::_' (2) metals bound to iron managanese
oxides, fraction (3) metals b ) oa nd sulfides and fraction (4) residue.
We intend to correlate th aceessibi ontaminated area with some soil
characteristi E’Ne ctﬁ the bioaccessibility
of Cd thou for BCR method.
Correlation of bivac qﬁr, and the concentration
of some soil mgls and minerals such as Fe, Mn, Si, and@la were determined and

statistical correlatlo? gre determined using SP&’U .0

AT E 3 ek ﬂ@

soil p erties such as soil pH, organlc matter were determined in order to define the

nature of bioaccessible Cd and st1 at 1ch f Cd are bioac
R R R
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Table 4.7 Soil properties of the study site (n=65) and control site (n=10)

Sampling Site Soil Properties Mean Median | Range

23% 21% | 6.8-59%

Study Site (n=65) N ‘ 73 74 4.7-82
ySite (=0 PH T

“—(— e —

0 o 1019
f \% 93% 38-101%

// E“\\\ 24 | 19-59%

/8 PNNN
/lﬁm 5
e b \

-ﬂl-f <o
chemical activity of the"elem

Control Siten=1 5.9 4.0-7.6

89% 83-95%

and slightly acidic in control
nd fertility. The pH affects the

'as many of the soil properties. Soils

vay, 1999). Brady et al., (1984) stated

A

generally have pH values within-range 4

that the normal pH 1 in soils of humid re; in the soil of arid regions.
Many nutriekf fons such as zine (Zn” ). alumini am (A7), ] e”") and manganese
(Mn™") are seluble : . ; 5.0, although their

e
availability canp eXxcess1ve orc acidic c P itions. In more alkaline

conditions they are less available; pH levels also affect the complex interactions among

soil s (P a wee 60ad75and
g this range,|fo lubl s with iron
(Fe) alummlum (Al) 1n acid soils and with calcium (Ca) in calcareous soils. The soil

orgainic matter was determined by 1ﬁng Loss on igniti OI) method in th1s

1 RIRINT ATV IR

can form organic ligands in order to form soluble complxes with metals and prevent them

from being absorbed or precipitated Moreover, within soil profile, Ag, Cd, Cu, Pb and Zn


http://en.wikipedia.org/wiki/Zinc
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Manganese
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are found concentrated in the surface horizon soil as a result of cycling through

vegetation, atmospheric deposition, and adsorption by the soil organic matter (Alloway,
4.4.2. Soil minerals a

1999). ’ /
The total and th%" / metals determined in this study
are described in the Table @7
——

Table 4.7 Total concenteation nd he bl‘er soil metals

and minerals in study

Study site ible metals and minerals
/ e o/kg soil
i 4 B\ kg soil)
4 ﬂ ME@\‘\ }n\-. ‘\4 edian Range
Ag 0,001 | 0,001 | 0.0008- 0004, 00006, | “ND ND-0.003
Al ‘@lﬂm 279 |, 0914 ), 0814 | 0.253-2.98
Ca 4.82 1.44-14.3
Cu 0.009 | 0.004-0.090
Fe 1.09 | 0.349-4.95
K _ . 0341 | 0.076-1.34
Mg 82 | Y65+ 0.200: . 092 | 0.164-17.4
Mn . 59117 ,0:002: . . 0.170-0.842
Na ~, |.8 .| 425-13 2 0.045-66.0
Ni | : 0.002-0.021
YAl ) 0.005-0.069
Si - A 0.254-4.46
Zn )| 06 | 03 | 0030-475 | 0238 |1 0.126 | 0.020-2.18

*One-time measurement, ND Non detectable

AMHINENINLDS. ..

negative correlation with Al (p < Oel) might indicate t t non-bioaccessible 1ght

4 WIS SRTINYIRY

of bioaccessible Cd with bioacessible Ni (p < 0.01) confirmed the possibility of

competing Ni with Cd. A moderately significant negative correlation of bioaccessible Cd
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with Si (p < 0.1) indicated that the Cd bound to silicate structure is non-bioaccessible.
Significant (p < 0.01) positive correlation of bioaccessible Cd with total Zn might exhibit
that it might behave similarly i

ssible Zn was observed (p > 0.1).
ssible Cc tga (p <0.01) and Mg (p < 0.01)
i f gays. According to McBride

Ives exchange of Ca®" by

gastuic environment. However, no significant
correlation between bioaccesgible !
Significant correlation
might indicate that they

= 11C
(1980), calcite absorb it

Cd*" at the surface as s

In the reactio ‘ ate tion of the least soluble
carbonate, Cd ** is 1r§*a @ ’

Moderately signi 0.1) fffg‘;
i)+

bioacessble Cd and bi Sngjl jlﬂi i : ilar extraction in stomach
. 2 . , . .
environment, though t}’1 orrelation of bio ible Cd and bioacessible Mg was not

observed (p > 0.1). .ﬂfﬁ'. j: nt (p' > 0.1) correlation was found
A meaningful explanation was not

between bioaccessible Cd 022- an C
' f ant E‘n stable complexes of

available but ityis pos

Cd and Orga 3 iull'ﬂ-Ii-Il!'ﬂ-’."l-“'l“’ll‘l--l-l'l-l'lva-"eli'lth’ﬂ

J

,:-
Howevelgﬁ]e correlation data alone do not allow con ive determination of the

nature of Cd oral oacce551b111ty at the studs site because it depends on numerous

mwazw T
qmmnsm UA1ANYAY



CHAPTER V
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

(1) Daily intake o 1//// tal soil ingestion of farmer is an

average of 3.47 pug o
showed that norWarml , chi rs and younger children 1-5
years are estimat n ay mial ey , respectively. The intake

e weekly intakes of all

is 1ntak h as 32.4 ng/day. The results

estimation was adj

farmer men a i /Nerr al\ adult ing) men and women,
children 6-8 year i S are esti to intake Cd 0.10, 0.12,
0.70 and 2.0 pg/kg B. Activey evaluate the risk associated Cd
contamination in i itake estis \v\ ¢ extended by comparing
with guldehnes values, T Cﬁnﬁ@t t\ ) of Cd intake via soil ingestion

s of Cd mmtakes among the residents to the
Tolerable Intakes (TIs)"by :4_ d ra; st dy weight based Cd intake via soil
ingestion with Tolerable Intake ). Two- able intakes were applied in this study;
the Provisional Tolerable -v_r;. [nta - / ug/week/kg body weight set by

the Joint FAQA @ In 2009, European

l .5 ng/week/kg body

weight. Amoniae ge Cﬂre 0.05 and 0.06 (with
PTWI set by JEEFA), 0.14 and 0.17 (with TWI set by EFSA)=The average CI are 0.01,

0.02, 0.10 and 0. 29‘f PBWI set by JECFA for thefdult men, women, children (6-8 years
R REQANE TN
additi e C re dult men,

adult

| WA VTIMETRE

men, children 6-8 years aneyoung Children l- years respectively, indic tmg
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(2) The results of bioaccessibilty values in this study ranged from 8.6 — 96%.
Four samples out of total 18 samples of agricultural areas showed the bioaccessibility

higher than 70% and 9 out of 18 fall i T e of 35-70% bioaccessibility. Ten samples

out of 45 samples collected owed the bioaccessibility higher than

70% and 26 samples fall.i ss1b111ty The bioaccessibility of

han tla in a arsa but it is not very significant

3) Whem/ i \ that contribute to Cd

intake, one samplinggSite in't
ioaccessibility) for the

T,

Cd in residential areas

potential (high
farmers. Also, six s via soil ingestion (high
show moderately high
Cd exposure pote ites: medium contribution

1um bioaccessibility). Three

. 1@& /
sampling sites out &E J" osur t

.1--.. |

ial sites for young children
showed high potential ildi . S t All the six sampling sites that

suggest high exposure potent ‘.._., a-soil mgestion (high contribution to TI and high

. e 7 :' o . .
bioaccessibility) were found to-be f\%’ fm ted faec Tao Creek, aligned in east to

west directi@ h sé;g)ranged from 18.6 to

(4) The natu of bioaccessible Cd was studied. The mgmf'L‘éhnt correlation was found

RELARENS ﬂﬁﬂ"ﬂﬁ;ﬁf@“ﬁ

oderately significant (p < 0 a relationship was mtamed in the corre

sign

with b1!access1ble &1& total Ca (p < 0.01).M8& (p < 0.01) and Zn (p < 0.01) might

0.1).

o LGN ANLIRY

observed (p > 0.1).
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For correlation with organic matter, a negative but not significant (p > 0.1)

correlation was found between bioaccessible Cd and soil organic matter. A meaningful

explanation was not available but i lg that the form of CdS is more predominant
\ fraction 3 (metals bound to organic

than stable complexes of Cd
matter and sulfides) of

found with b10access1 pH; y s1g g‘ ive correlation with Al (p <

no significant correlation was

0.01) might indicate t not, bound to Al oxides. The
significant negative co it total Ni'( imply that Ni compete with
ion of bioaccessible Cd

peting Ni with Cd. A

Cd in dissoluti

with bioacessible

ation show significantly pathways
while dermal exposure Ot regarded ta cant. Van Assche, (1998) estimated
that ingestion accounts for “"ZE.‘._...H- take in a non smoker. Although the
assumption for the genera ;
by ingestion
living in the 1ko

d which enters the human body

@ong the inhabitants

ejsures may reduce the
transfer of Cd ) soill_:. to the local food chain;
incidental soil iﬁ;tion can be controlled by personal hygiena

soil 1ngest10n hov&‘nﬂ Cd can be dissolved ih the gastric environment and made

Ay mmam:::—;:

some ecxperts, the sugar cane Wh?l can be produced to be ethanol has

q ma VIR Y

'In such a case of direct
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@ Remediation

(I)  Public Education

A thorough s a Cd an 1ty should be checked in the
residential area depe_gun-hmduse ﬁe sa‘ 1

to Tolerable Inta

t showed high contribution

the residents, and their

surrounding areas tation is not feasible, there are

alternatives to lesse ‘ g 0 : e residents. Covering with
turf and shrub ded'since it is widely report
as low-cost and ef \ ported how soil covering
with turf mightteduc ereby, blood lead level

s associated with Cd exposure
pathways is strongly reco ors, usually the migrant workers, rural

naware of the Cd contamination

hﬁg due to heat related
=)

T T
poors of the neighboring count a,-’:. \ 2-

problems 1n@ i
discomfort rr&

Jhe exposure potential

" Lk

of the environ\:mal hammay increase daily Cd
intake via inh A ion pathway because a greater proportio l f inhaled cadmium is
retained by the bo‘y 4nd high portion of inhaled cadmium is absorbed by human’s

"AUHINHUNINEINT

Qegardmg, the Cd exposure risk among the younger children, the education of the

parents and the caregivers about go«‘ personal hygiene pFactice and balanced nufftitional

q Fasnafiinianatans

as sucking fingers and toys. Simple housekeeping such as mopping floor instead of using

brooms or vacuuming — since most vacuum cleaners do not trap <20 pum particles and
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will simply re-entrain them into the air, from which they will then resettle to the surface-
cleaning window frames, windowsills and household furniture rather than dusting, would

reduce the Cd exposure due to nen-dictary jingestion pathway and generate the safer

home environment from soil QYA /Jsehold dust is most likely to be finer

e % gon and calcium such as spinach

and dairy products, could™ S enﬁd. ‘ aki Jgai et al, (2009) reported the
— . :

high accumulation of Cd i

d shellfishes in Mae Tao creek and
pointed out health ris g ers. \Moreover, ‘ce ng homegrown vegetables
may pose a ris : pavailabi of C seil at the site can also be high.

With sound publi be greatly reduced.

ﬂUEI’JVIEJ‘VI‘i‘NEJ’]ﬂ‘i
qmmmmumqwmaﬂ
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APPENDIX A
Detailed Procedure for Sample Analysis

A-1 Sampling

(a) Composite Sample:

(1) Soil samples are “prej \J/J/ glxmg several grab samples. In the

3 .All soil samples consisted of
the top 2 ;Ilj(‘wgu”ﬂgl excﬁdm
homogen co 3 sub-s

op-most part. Each sample is a
X Im plot. All sampling
nd roads.Special care was

size and depth. The same

A-2 Analytical tec

Total acid diges
ICP

- ement Standard Solution at 1000 ppm

- Multi Element Standard Solution

0.04, 0.06, 0.08, 0.10, 0.20, 0.40, 0.60, ( @.0, 2,3,4,5,10 ppm
N
Il HJ]

FLAAS

‘a QU
PR AR

- Working Standard Solutiof: Prepared Cadmlwtandard solution of 5 1,2,3,

ARTRINIWHNT TREGH
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GFAAS

- Stock standard solution: Cadmium Standard Solution 1000mg/l for AA in nitric
acid 0.5mol/1

20, 25, 30 ppb (Adjusted V\\

(c) Calculation Met&

The result in mg/kg soil e ca

A-3 Accuracy a

Value
ze Result o
Sample ation (mg/kg) YoRecovery
301.91 81.8
\ 79.5
— L o ..‘} 78.8

qmmnstﬁuwﬁwmé’ ]



APPENDIX B

Analytical Results

Table B-1 Soil parameters of soil samples in contaminated areas

86

Samples pH | Moisture Content % | LOI %
J1 6.6 21 94
J3 25 87
J10 30 95
J11 18 96
J14 14 98
J19 21 96
J21 ompound pedr creal 28 91
127 Jouse’Compound |\ 29 92
131 I!A’El\\\ 26 91
133 aet@d $Chool compond , 14 95
138 compound | 26 89
M1 ,swm ® AN 6.7 94
M3 /7 Fita AN N 7D 16 86
M4 Eﬂmj‘ﬁ -\‘h D 14 88
M35 Houfe Compound, b 4 L7+ 14 93
M8 38 79
M13 House Compound 27 86
M15 lous a-r.r,pmg 41 84
M16 Schodtplayaiound 17 95
M17 Housg Compound | 19 96
M22 garcarne field 25 94
M26 ) 17 92
M27 Sugarcane field 18 93
M28 = 26 95
M31 f M 19 91
M32 ““House Compound near creak 8.1 15 93
M33 i’ ﬂuse Compound U 7.6 16 38
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Table B-1 Soil parameters in soil samples in contaminated areas

Samples Place pH Moisture Content LOI %
M2 House Compound 7.6 18 87
M6 House Compound 7.2 14 88
M7 House Compound ' 29 80
M9 Sugarcane field, "\ | ' 19 84
M10 House Compoumnd ||| |/ 15 91
MI1 filed 0” 21 52
Mi12 House Compoune . _@ 66
M19 W_ T 7 4;'_'-% 93
M20 apl PR SN 92
M21 v 3610/ //] | L BN 93
M23 d 6 94
M24 e C 7. 89
M25 ousg/Co 9 1 92
M29 arcafie fleld 7 93
M30 ar Creakgsa =gk .7 9 90
M34 House Compourid — 95
M37 se und 4440 1 93
M38 Housg Compoun - 1 99
M4l House C poung_‘*% 7N 95
M42 House po —— 28 95
M47 House Comp v 15 92

2 Corn filed 30 83
J4 Temple ¢ and .} 59 83
5y Fa) o1
J6 |- - 91
18 | NI 88
J9 House 30 95
J12 _J School : 16, | 95
6 House Compound 48 97

QW']@\‘lﬂﬁﬂJﬁJ‘W]’JﬂEJ’]ﬂEI
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Table B-2 Soil parameters in soil samples and of control sites

Sample pH LOI % Moisture Content %
S1 6.6 89 21
S2 4.0 95 27
S3 5.9 83 59
S4 53 ] 22
S5 6. 1 41
S6 : 22
S7 : " 20
S8 —- [ Y 58
S9 = T 9 19
S10 T 25

31
7
' )
I{L;_I_'

ﬂUﬂ’JVIﬂﬂﬁWﬂ']ﬂi
W’]ﬂ\‘lﬂﬁUﬁJW]’Jﬂﬁl’lﬂﬂ
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Table B-3 Total cadmium concentrations, Bioavaialble Cd, Bioaccessibility of soil
samples in residential areas

Total Cd . .
Samples cozc?etiir(;gon concentration Bloac(cjzsmble Bioaccessibility
(mg/kg soil) (mg/ksg soil) (mg/kg soil) (%)
dry weight basis

M2 9.47 17 . 3.23 34.2
M6 15.3 | 11.9 77.8
M7 63.6 51.0 80.1
M10 3,73 e 3.1 _1.51 40.5
MI12 476 A 0 69.4
MI19 -%.?‘.—-—"‘ .84 - 1.00 46.0
M24 S 270 TR 74.3
M25 4 A1 56.8
M30 1 . 0 64.9
M34 2 0 69.8
M37 6 o\ %G 81 96.2
M38 8.7 = 69.5
M41 17 N € 0. 59.5
M42 6 1 70.8
M47 17. s 12 68.6
J4 1 N Rt 0.7 73.3
J6 8 AT 87 77.1
J8 46.5 - 29.4 63.2
J9 15 ¢ 4i4) 115 73.4
J12 1.6 L 7.98 68.8
126 13. - g 10.6 77.7
128 |\ 6( 76.7
J1 "E i j’ 37.6
J10 A 3. 21.6
J11 — L 0.300] 15.6
J14 115 0.980 0.620. 54.5

47.6

48.5

11.9

i \ 70N € (O
eI ) |8
| 13 2
M6 3.42 2.84 0.950 27.7
MI7 1.01 0.820 0.400 39.3
M28 1.22 0.910 0.280 23.0
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Table B-3 Total cadmium concentrations, Bioavaialble Cd, Bioaccessibility of
soil samples in residential areas

Total Cd Total Cq . . . o
. concentration Bioaccessible Cd | Bioaccessibility
Samples concentratl'on (mg/kg soil) (mg/kg soil) (%)
(mg/kg soil) dry wei A
M32 6.96 \ 3.18 45.8
M33 10.4 .64 25.4
M35 16.8 — 9 o’ ' 45.8
M36 2.24 ST ——lp 70.0
M39 12.4 94 S 565 455
M40 21.4 E RN 24.2
M46 0.5 04 W\ 67.4
Mean 19.1 .37 53.7
W
Table B-4 Total cad nfrati ioaccessibility of
soil samples in agricititural areas in _'__ r
Total C N o essible . o
; concefitrat Bioaccessibility
Samples | concentration i N
(mg/kg soil gl so /kglsoil) (%)
dry w.
M9 17.8 1439 > 7.0 95.5
Mi11 2.04 LT 41 69.2
M20 15.3 s 11.9 77.9
M21 1.76 WA <) 0.810 46.0
M23 1 71 71.4
M29 \4 A 689
J2 . 63.6
J5 Q) = 58.4
J3 6.55] : 3.56 M 54.4
J31 4.43 < 3.28 1.26 28.4
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Table B-5 The total concentrations of other soil metals and minerals in study site
and control site*

Metals and
minerals Study sites (n=63) Control sites (n=10)
(g/kg soil)
Mean | Median Range Mean | Median Range
Ag 0.001 0.001 | 0 004 | 0.020 | 0.002 | 0.010-0.200
Al 16.8 17.5 - 19.7 19.8 17.7-21.1
Ca 4.67 % - 202 0.760 0.560-2.01
Cu 0.040 . 0.020- 0.1 180, 0.080 | 0.060-0.560
Fe 21.4 ~ 0.1 1@48.52ﬂ32.2 15.2-36.0
K 8.23 "'"23.63'{'16.4‘:'."‘ el 3.8 10.7-21.0
Mg 0.820 | 0 70200k 462N 280 | 0.190-0.900
Mn 074090, /U P0A3 AT 0 | 0.110-0.500
Na 8.06 A 25-13. .80 7.60-18.2
Ni 0.7 6 .0 7 0 0 | 0.030-0.050
Pb 0.050 .0 1010- 0 .030 | 0.030-0.060
Si 506 3 - 415-490
Zn 0. 3 0. 7 07%0. 0.050-0.080
*One-time measurement -
i
Table B-6.The Limiits of Detection, r
L 23 e imits of Detection
Name of metals and D‘QM';/:_ (LOD) (ug/kg soil)
g (44 3
Al e 34
Z BTN,
L 111
: =10
.'L All g}, JO-I
sl ~ 0.25
| Mn U] 14
Na 0.1
o L 10

photometer

FRIANNIUHNR

LOD = leﬂf Detection, Source:

Z

anuscript Detecen Limits of novAA, ZEEnit model of Graphite Furnace S

ANYIAY
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Sércl)lgée Dal(lﬁfgl/rcllt)ake Wee(:}lilg}/lgg)tak%? }ndg}; :) PTWI Conmbslg%l; IES;Z to TWI
Farmers Farmer"'g__'______,.ﬁ ) S Farmers
Men —Womg /F’j > Méh‘.‘-\\ — Women Men Women
M9 3.55 0.36 ‘ ). 0.06 0.14 0.17
MI1 0.41 0.04 05 /) 0:01, 0.01 0.02 0.02
M20 3.05 0.31 ST NS 0.12 0.15
M21 0.35 0.04 004 = 0.01 0.01 0.01 0.02
M23 3.62 0.37 Yl ENE ) 0.06 0.15 0.18
M29 32.41 3.29 395 F0u7 0.56 1.32 1.58
12 1.47 0.15 i 1S (7)) 0.03 0.06 0.07
J5 1.40 0.14 0. AL 0.02 0.06 0.07
13 1.31 0.13 e 0.02 0.05 0.06
131 0.89 0.09 0.11 s 0.02 0.04 0.04
M3 0.26 0.03 0.037 s/ h 2/ 0.00 0.01 0.01
M4 0.48 0.02 0.02
M8 1.76 0.07 0.09
M22 1.90 0.08 0.09
M26 0.31 0.01 0.02
M27 0.54 0.02 0.03
M31 7.03 0.29 0.34
M45 1.70 0.07 0.08
Mean 3.47 0.14 0.17
Median 144 . 0.06 0.07
Range 0.11-3zqm 05-1.32 0.006-1.58
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Table B-8 Daily and Weekly Intake in re
Weekly Intake(pg/kg)
Scaz:ilélse Normal Adults Normal Adults Children
Men Women Young 1-5 | older 6-8
years years
M2 0.05 0.01 0.01 0.11 0.04
M6 0.10 0.01 0.01 0.21 0.07
M7 0.15 - 0.02 0.02 0.32 0.11
M10 0.20 0. % - 0.02 0.02 0.43 0.15
M12 0.25 100 M 0.03 0.03 0.53 0.18
M19 0.30 1. =7 . 0.03 0.04 0.64 0.22
M24 0.35 0 T Ki 0.04 0.04 0.75 0.26
M25 0.40 1.6 E_ L 80 0.04 0.05 0.85 0.29
M30 0.45 1. S 0 0.05 0.05 0.96 0.33
M34 0.50 2.00 _ZTZ0Ih 4l 0.05 0.06 1.07 0.37
M37 0.55 ( /70.06 0.07 1.17 0.40
M38 0.60 1 =70.06 0.07 1.28 0.44
M41 0.65 a2 =007 0.08 1.39 0.48
M42 0.70 | 12.80 1.40 1l 007 0.09 1.49 0.51
M47 0.75 2%, 1,50 0.08 0.09 1.60 0.55
14 0.80 . 1 008 &t 010 1.70 0.59
16 0.85 ﬂwmﬂw 1009 0.10 1.81 0.62
18 0.90 L1 3.60 1.80 0.09 0.11 1.92 0.66
19 0.95, L3 .90 L 000 2.02 0.70
J12 1. . ‘ 2.13 0.73
126 1056, ’ : ’ 2.24 0.77




Cont’d from Table B-8
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J28 1.10 0.13 2.34 0.81
J1 1.15 0.14 2.45 0.84
J10 1.20 0.15 2.56 0.88
J11 1.25 0.15 2.66 0.92
J14 1.30 0.16 2.77 0.95
J19 1.35 0.16 2.88 0.99
121 1.40 0.17 2.98 1.03
127 1.45 0.18 3.09 1.06
J33 1.50 0.18 3.20 1.10
J38 1.55 0.19 3.30 1.14
Ml 1.60 0.20 3.41 1.17
M5 1.65 0.20 3.52 1.21
M13 1.70 0.21 3.62 1.25
M15 1.75 0.21 3.73 1.28
M16 1.80 0.22 3.84 1.32
M17 1.85 0.23 3.94 1.36
M28 1.90 0.23 4.05 1.39
M32 1.95 0.24 4.16 1.43
M33 2.00 0.24 4.26 1.47
M35 2.05 0.25 437 1.50
M36 2.10 0.26 4.47 1.54
M39 2.15 0.26 4.58 1.58
M40 2.20 0.27 4.69 1.62
M46 2.25 0.27 4.79 1.65
Mean Q014 2.45 0.84
Median 0. 2.45 0.84
Range 0039999 | 0.06-17.3 | 0.02-4.99




Table B-9 Contribution to Tolerable In in residential areas

Contribution Intake : Contribution Intake to TWI set by EFSA
Normal Adults __—L""—r //lCh o Normal Adults Children
Samples Men Women N k Men Women | Young 1-5 | older 6-8

M2 0.00 0.00 0.00 0.00 0.04 0.01
M6 0.00 0.0 L == J 0.00 0.00 0.09 0.03
M7 0.00 0.00 057 = 0.01 0.01 0.13 0.04
M10 0.00 0. )6 ¢ 0.01 0.01 0.17 0.06
M12 0.00 0.00 08 Wl 0. 0.01 0.01 0.21 0.07
M19 0.00 0.01 0,09 ‘ 0.01 0.01 0.26 0.09
M24 0.01 0.01 0.11 %271 1 4.0.04 0.01 0.02 0.30 0.10
M25 0.01 0.01 —= 0.02 0.02 0.34 0.12
M30 0.01 0.01 | 0.02 0.02 0.38 0.13
M34 0.01 0.01 AaARYIN Y, 0.02 0.02 0.43 0.15
M37 0.01 0.00 10,02 0.03 0.47 0.16
M38 0.01 0,0+ < 0.02 0.03 0.51 0.18
M41 0.01 0.01=1 = 0.03 0.03 0.55 0.19
M42 0.01 0.0L) 0.21 0.07 2 0.03 0.03 0.60 0.21
M47 0.01 0.01 ¢ g 023 0.08 0.03 0.04 0.64 0.22
J4 0.01 0. !a_ﬁ%m% PO | 004 0.68 0.23
16 0.01 A %iﬂ . 0 003l €| o004 0.72 0.25
J8 0.01 o002 0.27 ¢ 0.09 0.04 0.04 0.77 0.26
J9 0 _ 0.81 0.28
J12 0f 0.85 0.29
126 0.02) 0.89 0.31




Cont’d from Table B-9
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J28 0.02 0.02 0.04 0.05 0.94 0.32
1l 0.02 0.02 0.05 0.06 0.98 0.34
710 0.02 0.02 0.05 0.06 1.02 0.35
Il 0.02 0.02 0.05 0.06 1.07 0.37
J14 0.02 0.02 0.05 0.06 111 0.38
119 0.02 0.02 N 0.05 0.07 1.15 0.40
121 0.02 0.02 L 0.06 0.07 1.19 0.41
127 0.02 0. Y. Y 0.06 0.07 1.24 0.43
133 0.02 0.03 46 0.06 0.07 1.28 0.44
138 0.02 0. 47 0.06 0.08 1.32 0.46
Ml 0.02 0.03 49 A0 o 0.07 0.08 1.36 0.47
M5 0.02 0.03 U 1) 0.07 0.08 1.41 0.48
M13 0.02 0.03 0.5%“;15:_1' 0.18 0.07 0.08 1.45 0.50
M15 0.03 0.03 ) —= 0.07 0.09 1.49 0.51
M16 0.03 0.03 A =2 0.07 0.09 1.53 0.53
M17 0.03 0.03 LGN Y/ 0.08 0.09 1.58 0.54
M28 0.03 0.03 /0,08 0.09 1.62 0.56
M32 0.03 A =70.08 0.10 1.66 0.57
M33 0.03 0.03 =008 0.10 1.70 0.59
M35 0.03 0.04 | 0. 21 11008 0.10 1.75 0.60
M36 0.03 0.04 0.64 [ 0.09 0.10 1.79 0.62
M39 0.03 0. : 2 | 010 1.83 0.63
M40 0.03 67 23 ] 4l o 1.88 0.65
M46 0.03 Q) 0.04 0.68 0.24 0.09 0.11 1.92 0.66
Mean 0.02 0.02 035 © 0.12 &% 005 8006 0.98 0.34
Median 1 0.05 of 0.98 0.34
Range 0.0004- 0.0005-0 10092 0.003-0.71 001033 10010740 | 0.024-6.91 | 0.007-2.00




Table B-10 Daily Intake of control site \ ’

Samples ly Intake (ug/d)
Farmer lults OI on- Children 6-8 years | Younger Children 1-5 years

Control site samples (n=10) | 0.02 | s 00089  ~wijn 00l 0.02
Table B-11 Weekly Intake of control site nt l; % able Intake set by JECFA and EFSA
Control site samples (n=10) o - ) ontribution Index to PTWI | Contribution Index
set by JECFA to TWI set by EFSA
Farmer Nl ()
Men 0.00: 0.0003 0.0008
Women 0.0002 [~ . 3.49E-05 9.77E-05
Normal Adults (Non-farming) AT -
Men ; & T 0.029 0.08
Women - 0.034 0.10
Children 6-8 years T a ) ~0.001 0.001
Young Children 1-5 years | ,}.‘l ,l{,, ) 0.002 0.004

AUEINENTNEINT
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