J. Soil Groundwater Environ. Vol. 23(1), p. 63~73, 2018

< Research Paper >

U 7 - W53 4

HH

Joi

HX|H! -

o| HA Y

olzey! -
Vgt 54

https://doi.org/10.7857/JSGE.2018.23.1.063
ISSN 1598-6438 (Print), [SSN 2287-8831 (Online)

e~ L R — olo x
ol S35 gEfn o MEE
2’ - M

71719

2A)E e A FEE) T}

Concentrations and Daily Intake of Arsenic and Heavy Metals
in Polished Rice Around Abandoned Metal Mines in Korea
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ABSTRACT

Rice is a staple food source in Asian countries. In paddy field, rice plant can take up toxic elements through its roots from
contaminated soils, and its leaves and grain can absorb the toxic elements deposited on the soil surface. A totla of 40 soil
and polished rice samples were collected around four abandoned metal mines in Korea and analyzed for As, Cd, Cu, Pb
and Zn by atomic absorption spectrophotometer (AAS). The average contents of As, Cd, Cu, Pb and Zn in rice grain
grown on the contaminated soils were 0.247, 0.174, 4.694, 0.804 and 16.78 mg/kg, respectively. These levels are higher
than worldwide average concentrations. Assuming the rice consumption of 169 g/day by overall households in Korea, the
estimated daily intakes from the rices were found to be 33, 48, and 63% for As, Cd, and Pb, respectively, of the acceptable
daily intake (ADI) suggested by the FAO/WHO Joint Food Additive and Contaminants Committee.
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204171 E0) WA 170 F7L, 4Hs), TAIS] 9
3 Tkt TR S d=AE0] viEEaL ot 53],
As, Cd, Co, Cr, Cu, Hg, Pb, Se, Zn 53 & f=
A AaEY] ATE} 7eEa ok 53], HEsgat
M= T Aot g - AEY So] Bak SEo
2 I8t niEE BLHETIESe] 2R WA 3L
s 7 7ol 98l R Ak AL 54
o] ERAS dorlar glom, LT EYlA At 5
g2 HA9 FFES Xt Ath(Jung et al,
2001). o]t BE IgelA] A== 51'739_@ 22 uf
2§29 HAZ S vR|aL glom, QAR GeA
A s2ES] FEd w5 AN A7E Sl Aok
(Jung, 1995). TR BE 21%Ee] obgA Bha. 27}
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o|x AAs] Hasdt Blo] HAoH, A AR A
T S HL AT} A 2Fe] Al AsH
Aol F2A4S v BZA)7]2 JTHKFDA, 2004).

& T, G, g 28 HE oMo} wrE X3
3 Tkl AlgEe] F20g ALgHa uh A AlA &
AAFES 699 6Nl Eolr U] 20160 & F AR
4205F EOE 0.6%E AASFAL UATHMinistry of Agri-
Food and Rural Affairs and Korea Rural
Community Corporation, 2012). 200735E] 20165374
U] wS RS HA 4007 EollA] H 4907 =
o] Ak oM, A= A7F ALkFS B HEpdwrt
84ut Eo g 1A moko ], AlFrt 35880 % 7Y A
2 kS ®Hola gl B 1919 19 &Ml w7t
o] AL &l ¢F 275 ¢S AHIEH, HIETlIAE 187 ¢
o] ZH|%a1 YTHKOSTAT, 2018). HIZ 2]4go] A2
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2R Y] wstel] ofsf AdiHor FiAske AEs B
o]l UARF ol AL gejo] FA o7 gt AE
ARABIAL Q17] wel] el wlgke] FEgo] FHEe] Sl
ohA gEle] e XA ARE 2HE = Aok
AR o2 Cd T=ol &Jgh Fie ofmfo]ojufo]go]
EAEROH, o] LR FAH e HollAE
I mgkg o1d9] cdo] AEH vl At

Bl o8 felE YaEe] SEiAel tiste] o
&t A7t FHER O (Liu et al, 2005a, b; Wang
et al, 2005; Yang et al., 2006; Sipter et al., 2008),

B ATASE PG 2 AP AL AT
£ FuEe A% APl FEE vk JekCui o

al., 2004; Sipter et al., 2008; Zheng et al., 2007; Zhuang
et al, 2009). T3+ W=Z2}d|A](Meharg and Rahman,
2003; Meharg et al., 2009), AU}THHeitkemper et al.,
2001), S=r(Chen et al, 1999; Liu et al, 2005a,b;
Yang et al, 2006; Zeng et al, 2008; Qian et al.,
2010; Zhao et al, 2010), $1%=(Roychowdhury et al.,
2003; Mondal and Polya, 2008; Pal et al., 2009), A}
v o]7H(Johann et al., 2012), Y¥(Shimbo et al., 2001),
Z2] ¥ (Zhang et al, 1998), 2~ (Jorhem et al., 2008)
2wl (Williams et al., 2005, 2007)S X3+ theksh
s7kge] wnle] oF mlRes ST 2AP) FAE.
BEE FZol] Wim) vt ofe} Amol] tigk ARl T
7hetell met tefg A7 A EATHHuang et al,
2016; Fu et al.,, 2011; Fan et al., 2010).

B, The ko) we) A avlge] BedlE Brs
3 geluelel 49 el vid P = 24P} v
3 FFoltkMoon et al, 1995; Jung and Thornton,
1997; Jung et al, 2005, Kwon et al, 2013; 2015).
aFEE B Apde =) F - AEsaa 3 57
Aol ApeijE Aol FHE HlA 2 FFE(Cd, Cu, Pb,
Zn) S uiele] AAaiAE, rHl 2 e d® 3A
59 e vlnl - AR, 19 HiE AdH]Ee] A
gk 1Y B SEE o3 JAINATZE AR

2. M ZExF 2 SHEEY

o] AelME S8 wHlo] FA 07 AmlElal Qe &
o] 3HrE As, Cd, Cu, Pb & Zn9 TS AW
Aeted I Fr - FEklA BEEE Au-Ag B 270
A, Cu-W 3AF Ulla 2 Pb-Zn 332 VA & 1A
s omH (Fig. 1), AEAFE B4t FLALET, 9
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Fig. 1. Map showing the locations of four studied metalliferous
mines in Korea.

A, FEAAZIAXE Ty 7SR S 2km ofujd]
A HAIEE B 1008 F 40 AFEEAT

AFE AEAEE SHTE 33 o AT & Ak
oA 7Y oPd AAAE AFAL, AEE BAVIE o83}
o vt o= FYstA AR 1.0 g& FH3lal,
frejdel e FEeka g Ak 10mLE ¥ar
A 71zZ = w74 Heating blockollA 718351 §71&=
< A oF SR AEE WIS F FHTE
HEHY 20mLE S AEE A B EA
(Varian AA240, 375 83} As, Cd, Cu, Pb ¥
Zns FABISITE EAoA Aj5e] Berel AUsE &
Rl $Jsle] F= NCS(National Analysis Center for
Iron and Steel)2] =TAIFETAIF(ZC73008, rice)S A8-3}
Hom, B =S Table 19 Helal). HolM B
= Hie} o] BE Ax HSE 90% o Fo=A F
AXOZ frofgt FFoF AU

3. &% 3

oAl ol thek As, Cd, Cu, Pb B Zno] TS 3
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Table 1. Chemical results of As, Cd, Cu, Pb and Zn in certified reference material (NCS ZC73008, rice grains, China) analyzed by AAS

Elements (mg/kg) Certified value (A)

Measured value (B) Accuracy (B/A) (%)

As 0.102 +0.008
cd 0.087 £ 0.005
Cu 49+03
Pb* 0.08 +0.03
Zn 23+2

0.101 99
0.08 92
5.13 104
0.01 -
20.034 87

“Noncertified

Table 2. Concentrations of As, Cd, Cu, Pb and Zn in rice grains sampled from around four abandoned metal mines in Korea (unit in mg/

kg, dry weight)

Mines As Cu Pb /n
Dalsung mine Range 0212 ~ 0.454 0.020 ~ 0.120 2.060 ~ 4.200 0.180 ~ 3.340 7.284 ~38.03
(N=10) Mean® 0314 +0.087 0.052 +0.032 3.024 +0.822 1.136 + 0.966 13.32+£8913
Yeongdae mine Range 0.162 ~ 0.280 0.060 ~ 0.980 2320 ~7.120 0.080 ~ 1.800 10.25 ~ 20.60
(N=10) Mean® 0.218 £ 0.040 0.344+£0.316 4316+ 1.456 0.748 £ 0.670 15.58 +3.476
Munmyung mine Range 0.124 ~0.442 0.020 ~ 0.800 3.480 ~29.56 0.020 ~ 1.290 14.51 ~32.95
(N=10) Mean® 0.217 +0.091 0.180 + 0.228 7.804 £ 2.006 0.655+0.418 19.78 £ 5.592
Sambo mine Range 0.104 ~ 0.774 0.010 ~ 0.320 2.000 ~ 7.500 0.010 ~ 1.090 12.02 ~ 34.05
(N=10) Mean® 0.238 +0.195 0.114 £0.145 3.630 + 1.530 0.676 + 0.358 18.43 +6.821
Overall Range 0.104 ~ 0.774 0.010 ~ 0.980 2.000 ~29.56 0.010 ~3.340 7.284 ~38.03
(N=40) Mean® 0.247 + 0.120 0.174 +0.228 4.694 +4.410 0.804 + 0.654 16.78 + 6.746

N =number of samples
#= arithmetic mean =+ standard deviation

APEE Table 200 “gEIatltt. AA] wiwA| =l gk 2
ZFA(dry weight, DW) 7502 7% Bt =k
As 0247, Cd 0.174, Cu 4.694, Pb 0.804 % Zn 1678
mgkgS & FAMEoH, Hd IS As 0.774, Cd
0.980, Cu 29.56, Pb 3.340 2 Zn 38.03 mgkgl & 7
=5t

3.1. 40|

3.1.1. HlAx(As)

HZklA ek kst e AEd T Hlhe A
o wig- 53t IMEAR 3 Foll frHIAe} FrH]
2 FEE EAEH, 77197 18R o S4S
o= Aoz AR Jth(Smith et al., 1998). HlA= Tk

=il Hls] 2o Ft o T dele S
Ble] TR EolA =& AEHE o84S HolY]
Fo|th(Williams et al., 2007; Su et al, 2010). HlA

299 4R EYolA At B 12 FEOE F

g 5 9lo] o]5 FAHoE AHE FRE] A
S 12 4= Jtk(Xie and Huang, 1998; Abedin et
al., 2002).

o [l

LU=

of I

ks E3e Tk 57 Aol digt Hit =5
Table 3] “2J3l3itt. Uepa= viloly 7PgelA 53
Sk o] Fxof tigk test A5 FEITE ol
Ae F 71209 WeAEE B3 2 0.008~0.49
mg/kee] B BF 0.119 mgked] As7F HAEH v} 9l
O (Qian et al, 2010), 299 A AT o oshdA
0.09~0.24 mg/kg®] As7} 7AE= ATHJorhem et al., 2008).
U= 0.11 mg/kg(Heitkemper et al., 2001), W=
A& 0.13 mg/kg(Meharg et al., 2009) 5 H¥hzlo =
wke HA S Hola gtk wujllA FE A7 4
7} A 2 Friele] Burda) vist S 1ot
(Jung et al., 2005). RFA, S0 Aol iR AY
ol A xFTF Aol TS .49 mg/kge] HIA TS HY
O™ (Liu et al, 2005a), 21=olX= 0.25 mgkge] HlA
7} AZHJATHPal et al., 2009). Fu et al.(2011)°l &J3}
W o] 57} 0.116 mgkglE 2] ARAgFaa) )
538k ke Holal Q= Wb it oA Wert o
T2 3 UER 32l ot o] & AoF ittt

o] AollA ZAFE Wm]e] 739~ 0.104~0.774 mg/kg®
W H9E UE lom, I 0.247 mgkge] HE
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Table 3. Arsenic concentrations in rice grains from various countries (unit in mg/kg, dry weight)

Country Mean Sampling site References
Bangladesh 0.13 Market Meharg et al. (2009)
Canada 0.11 Market Heitkemper et al. (2001)
0.14 Market Meharg et al. (2009)
China 0.12 Market Qian et al. (2010)
0.93 Contaminated area Liu et al. (2005a)
France 0.28 Market Meharg et al. (2009)
India 0.25 Contaminated area Pal et al. (2009)
0.13 Market Mondal and polya (2008)
Korea 0.12 Household and market Jung et al. (2005)
Sweden 0.16 Market Jorhem et al. (2008)
USA 0.26 Market Williams et al. (2005)
This study 0.25 Contaminated area

Table 4. Cadmium concentrations in rice grains from various countries (unit in mg/kg, dry weight)

Country Mean Sampling site References
0.08 Paddy field Cheng et al. (2006)
. 0.05 Market Qian et al. (2010)
China .
0.24 Contaminated area Yang et al. (2006)
0.40 Contaminated area Zeng et al. (2008)
Jamaica 0.08 Market Johann et al. (2012)
Japan 0.05 Market Shimbo et al. (2001)
Korea 0.02 Household and market Jung et al. (2005)
Philippines 0.02 Household Zhang et al. (1998)
This study 0.17 Contaminated area

Aok, ol wloly 7PgelA] gk o] gkl Hl
3 Wit w7t 20 o] S Holal glom, 29|
o] Ho) FERT 38 o =2 TS Btk oyt
Liu et al.(2005)%] AL ATETRE B3 3-8 HHS
H, QI=e] A AFel= U ke eI T3
Huang et al.(2008)°] AAgH $HAISI-E-R] 0.7 mg/kgs-
O W s BAT AAgidErks 52 75
2 AEHJ. o]yt dRe] vl A= B Eo
2 25l 0 Eodol FiE At AEME)E o]
53 Aviz sk

3.1.2. 7F=H(Cd)

FI=Ee BE 54 FEEE T 549 ol5Ael
=2 Y948 gEA Jti(Zhao, et al, 2010). 7F=FO]
FHE 22ES s AFsH AEde T g
A 548 fdske Ae® I tk(Yeung and Hsu,
2005). ©]ol] otk 7oA G gk ARt
ofe} wiu)e] Cd F=oll et A7E =3 vl glom,
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G =7k el i3t i F=E Table 49 )3}
At Jung(1995)°ll olehd Ml HEFANA AulE T
3 250l FR=He] Rk 1.0 mgkg OJ3E AEEE
Aoz LA Qo

Wule]] st Cd FARAL A} tedst 71ellA o)F
ojFon, dro - F 1,191 WA EE B3]
A3} 0.05 mgked] Cdo] AEE vl ATHShimbo et al,
2001). Cheng et al.(2006)2] ZAlol 2Jatd ZF 26970
o] A8 B4 ZAi 0.08 mgked] Cdo] HEEHYoM,
Ao]7l= 0.08 mg/kg(Johann et al., 2012), oA =
0.04 mg/keZ HAZTATHJung et al,, 2005). A, Zeng
et al.(2008)2} Yang et al.(2006)2] ZAll oJ5hH o
A GellA AN et Wmlella] ApAghEF Bk 2038 4
T =2 024 mgkg, 040 mgkg Cdo] ZH2t AZH AT}

o] Aellr ZAME wWiu|o M= Fet 0.174 mg/kee)
Cdo] A=HA0M, 0.01~0.980 mgkee] HWAS KT}
o8It A¥l= Zeng et al.(2008)2} Yang et al.(2006)°]
A SHgRThs ST g2 dAlEe] AXg Ak

-
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sk gHTE Adidog 2o RS YR
3} Huang et al.(2008)°] AIA13F SHAIS]& 0.1mg/kgh
[e]

the o ks Byon, FHASHEC, 2002)0] AA
F A58 024 mgkg HUbe B 558 7S5
ATk

oft

¢

3.1.3 72|(Cu)

T AE 3] B4 dhoAnt 22 wEE 7R
2Ee 545 e, 159 Bl dESA Al
H A5 A9 B4 5-20mgkeS FHela o
(Adriano, 1986), Jung(1995)°] A}gol oJ&hH ] GESk
oA AuiE AEe] TR tiFE 10 mgkg FFe
S zh= Ao® A#A UtK(Table 5).

T2} 23} Kabata-Pendis and Mukherjee(2007)2]
ZAte) ofshd ol FE el T 4.7 mgkeolH,
ZHo]7}] Johann et al.(2011)2] A7l <Jshd vl
A SRS &) HHERS 1.65 mykeR FAFEQITE T
Sk Jung et al.(2005)8] AFATM= 1.85 mgkee]
FS Hylom, Bl EXY HRoM AFT Bl A T
O ME 3.09 mgkg(Zhao et al., 2010), SI=IXE 3.33
mg/kg®] AZFATHRoychowdhury et al., 2003). ¥HA,
SBAEERIA ANFHSE 2] Bt 7.46 mg/kee] Cwt AE
= v} tHLiu et al., 2005a,b).

o] AFelA AR Wue] A5, 2.0~29.56 mg/kg®
HE o T 4.69 mgkge] Cut HEEA). o]

FE% I A WY 67

213 A= FAO/WHO(1994)7} AAIEF 344|882
3.0mgkg Bth= =& §FelH, Huang et al.(2008)°]
10 mg/kghthe $-& ks YeRSIT.

3.1.4 Z(Pb)

tekel 71Ee] gl AEE PbY B EEE Table
6ol Azlska). FAZA 23 Jung(1995)2) Algel 2
ShH HIQAEGA AplE 2AEe] WEEe diE
12 mgkg A% kS HYTE o]¢Jo% Lin et al
(2004)2] ZAFNAE 0.01 mgkge] Pbo] HAEHUL,
Jorhem et al.(2008)2] ZFAPNA= 0.004 mg/kg, Shimbo
et al.(2001)2] ZAIAE 0.002 mg/kge] Pbo]l AZHA
o} Jung et al(2005)2] ZAd}oll oJshH i 0.2 mgke
o] pbeo] HEHom, DejAolX= 0.014 mg/keg®] Pbo]
AZH ¥} Atk(Zhang et al., 1998). BFHo| ZAIFH0)
AFE Aol A2] Pb 2 0.8 mgkglE AL SO
(Liu et al, 2005a; b), Zeng et al.(2008)2] ZA}FZAI}o]
A= 3.10 mg/kee] Pbo] #HEH ul o}

o] AgrollA AR Wime] Pb S 0.01~3.34 mg/
kgo] WS ztal, Hi 0.8 mghkeSZ FAKEO] Liu et
al.(2005)% Y3 kS Bk FHATHEC, 2002)00
A AASE A -EFA 024 mg/kgdt Huang et al.
(2005)2] SAIFEH2] 0.4 mg/kghTh= 24 oo E A
Z=}lon, 7&d HuE o yghe] A Bt
T YRR =2 gke] HAEHU

RO

Table 5. Copper concentrations in rice grains from various countries (unit in mg/kg, dry weight)

Country Mean Sampling site References
China 7.46 Contaminated area Liu et al. (2005a,b)
3.09 Paddy field Zhao et al. (2010)
India 3.33 Paddy field Roychowdhury et al. (2003)
Jamaica 1.65 Market Johann et al. (2012)
Korea 1.85 Household and market Jung et al. (2005)
This study 4.70 Contaminated area

Table 6. Lead concentrations in rice grains from various countries (unit in mg/kg, dry weight)

Country Mean Sampling site References
0.800 Contaminated area Liu et al. (2005a,b)
China 3.100 Contaminated area Zeng et al. (2008)
0.062 Market Qian et al. (2010)
Japan 0.002 Market Shimbo et al. (2001)
Korea 0.206 Household and market Jung et al. (2005)
Philippines 0.014 Household Zhang et al. (1998)
Sweden 0.004 Market Jorhem et al. (2008)
This study 0.800 Contaminated area
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Table 7. Zinc concentrations in rice grains from various countries (unit in mg/kg, dry weight)

Country Mean Sampling site References
China 432 Contaminated area Liu et al. (2005a,b)
20.7 Paddy field Zhao et al. (2010)
India 12.7 Paddy field Roychowdhury et al. (2003)
Korea 17.0 Household and market Jung et al. (2005)
Jamaica 15.6 Market Johann et al. (2012)
This study 16.8 Contaminated area

3.1.5. o}4(Zn)

olde A Ao 241A] TS Prw EYol= it
70 mg/kg®] =0 1o (Krauskopf, 1979), 21EollA
v IFAQ JFEoE QAHE Yiolth(Kochian,
1993). THgt =7F=e] 2ol digt HisxEs At
Table 7914 H= nfe} o] A&l 3hie ofde] =
S UIFRE 1.2~73 mgkglZ FAFE A TH(Kabata-Pendis
and Pendias, 2000). FHAZFA} 23} 7|0 AgE Ao
S B, Johann et al.(2012)2] AWM= vRlelA
FAE &l zn ko] 15.6 mgkeo|RN ™, Jung et
al.(2005yS it 17.0 mgkee] Zn 3RS BATH W3
Roychowdhury et al.(2003)2] ZAFAT} H]QFX| oA
AFTE Aol 7Zn S 12.7 mgkgo] 2™, Zhao et
al.(2010)] ZAFAF 20.7 mgkg® 2 UERITH 4, 3
Ao 2F S o] 9 43.19 mgked] Zno] HE
o] AAufEgkel] vls) 24 A% w2 FHFow HEY
cHLiu et al., 2005a,b).

o] AgllA ZAFE =} Wu]e] A, 7.284~38.03
mg/kge] WS} Hit 16.78 mgkee] Zno] AEESUTh
ol&&t AI= FAO/WHO(1994)7} AA18H 3hA| 582
274 mgkghth W2 TS B OH, Huang et al
(20057} AAISH SHAISIERR] S0mgkghthe RA HE
A

32. As ¥ E359| 12 QIX|MF

200735H 2016370 o] wIFALHS WiskE S
918t Az}, 201200 221 4009+ Eoll 20093 Hoi
Q1 4909k Eo] AJAFE A TH(National Statistical Office,
2016). ©]2Igk AYrtare] Wl Ulo 2= e Axe] 7]
FAR1 Fg LvAA e Aoz wohEnh i,
TuUje] F2190 & AH|FS BT} HiETR e R i
sted 200735E 20169704 & AHlERS ZARSE 27,
iAo s FHadke S Holw 53] w7l Bigl v
F7WIA & Anlo] #AE] s FAlo|thFig. 2).

AF T 5 LAEENA FelEe TS o
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Fig. 2. Variation on annual rice consumption in Korea.

R E LR - R ER R RE SRR
o2 A% PTWIl(provisional tolerable weekly intake:

FHa3 AA S FHHFAO, 1994), ADI(acceptable
daily intake for man; SIAIEE 1€ AHAHIHS o] &3
EA7IEA ] Ug =& HlEd SERGE Ak 2
7)ok weEbA o] AFelME Zh FahE win) Alg
B4 AE 7FEog A AnlEk) 93 As, Cd, Cu,
Pb B 7Zno] AHHS vt o] AR

2 Zenlgel] w2 7 949 19 A7 (mg/day)
= 19 & 2H|FH(mg/day) x 949 FHmeke) (1)

()e] 2 #2838t Ak 2 949 19 AT
&7}, vis7h B AR 2] Table 8ol 2okl

3.2.1. H2x(As)

HlAE A7t 20882 FHrEo] lom, 53] B,
5 9 525 FREA Ao AFEd el Ue
et 540] AL 74 = J8A ok
(Reilly, 1991). & ZE H|lA& F5oF A%< dale
s G Fejo wel AP etk (Ahmed et al,
2011). FAA EFAA HIAY AETH FIREE
(bioavailabilityy= 2+e] vlAe tigt s}ega) slebdehs:
ofsiiel=tl vi-t- F83tH, X2 x|, EYEA, Akt
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Table 8. Estimated daily intake of As, Cd, Cu, Pb and Zn by rice consumption in this study
Daily consumption (g) As Cd Cu Pb Zn
Mine
Mean (ug/g) - 0.314 0.052 3.024 1.136 13.32
o Farm household 275 0.086 0.014 0.832 0312 3.663
Dalsung mine Da(“ly é““;ke Nonfarm houshold 187 0.058 0.010 0.565 0212 2.491
he/day Overall 169 0.053 0.009 0.511 0.192 2251
Mean (ug/g) - 0.218 0.344 4316 0.748 15.58
Yeong dae  Daily intake Farm houschold 275 0.060 0.095 1.187 0.206 4284
mine (ug/day) Nonfarm houshold 187 0.041 0.064 0.807 0.140 2913
Overall 169 0.041 0.064 0.807 0.140 2913
Mean (ug/g) - 0217 0.180 4936 0.655 19.78
Mun myung Daily intake Farm household 275 0.060 0.049 1357 0.180 5.439
mine (ng/day) Nonfarm houshold 187 0.040 0.033 0.923 0.122 3.698
Overall 169 0.037 0.030 0.834 0.110 3342
Mean (ug/g) - 0.238 0.114 3.630 0.676 18.43
. Daily intake Farm household 275 0.065 0.031 0.998 0.186 5.068
Sambo mine
(ug/day) Nonfarm houshold 187 0.044 0.021 0.679 0.126 3.446
Overall 169 0.040 0.019 0.613 0.114 3.114
Mean (ug/g) - 0.247 0.174 4.694 0.804 16.78
. Daily intake Farm houschold 275 0.068 0.048 1.292 0.221 4.620
Overall mine
(ng/day) Nonfarm houshold 187 0.046 0.032 0.881 0.151 3.149
Overall 169 0.042 0.029 0.796 0.136 2.846
Mean (ug/g) - 0.122 0.021 1.85 0.206 17.0
Jung et al.  Daily intake Farm household 375 0.046 0.008 0.694 0.077 6.375
(2005) (ng/day) Nonfarm houshold 244 0.030 0.005 0.451 0.050 4.148
Overall 256 0.031 0.005 0473 0.053 4352
Guide line (ug/day) 0.126" 0.06" 30% 0.214" 60"
DWHO (2011), ?WHO (1972)
Sl Al 2 ZREA7] Tl o8l B FEs e A Fohe TR 22%0lA AP ol AEARF Tt
o8 ZAEUth(Meharg and Rahman, 2003). AlAE.2A < 29 A= 715 el A9 YRS, 1% T
7ITHWHOPIME 60kg A0S 7o 1Y HIA A3 % 29 A= TTs et el 58] B A7t
ZFS 0126 mg 32 B AITHWHO, 2011). o] 5& A& o3t 7l=F 5ol tist I7s Tsﬁﬂ gl
Aol FA FAhtel tigk ZARE A5E AR T T 55 T oPkoE =g AESH fasd A
o} vlwgh A}, F7kllA WHO 8358 oF 54% G ARl FS vjH= AR FARE|THErwin et al., 2007).

o) AHEE e, vierlle 36.5%] HFEE
Hoek. w3k S} AAl 3 0.042 my/dayR 58-%
H) 33.3%2] AHTS Holx 9low AT Blwsk
A} GAggito] 68%2 7Y =& HHFS Kol Yt
wepa] o] Anl7h HlAe) QA A Hel Zad 93k

[o

o:]
shal e ERISITE. Bg S e} ApA
(Jung et al., 2005)2} ¥lagt Ay}l o] Apx| oM A

Hos e AHEE Bt

3.2.2. 7F=H(Cd)

Satio(1977)2] A Az ol FH=E 2 Ao A

*1174137471?(WH0)01Wt 60kg A91L 7|Fo= 7}
=Ho 19 43 8% 0.06 mg/day= TFAHSIAL O
tt](WHO 2011), == 4% 0.021 mg/day(lkeda et
, 2000), =2 0.018 mg/day(MAFF, 1998) % H:
E!% 0.018 mg/day(Santos et al., 2004)Z ZAE AT}
| AolMe 571 7%, 0.048 mg/day24 WHO 3]
91 80% T AFECE YEhton, I A%t
ZF 0.008 mg/dayel] Bl FHA o= & HHFS B
°it}. HlE7Ee] 739 WHO 31839 53%2AM =& A3
e Holal o, sl Adn Azt Bk enl] =2 A
FHHES By AA G2 0.029 mg/dayZA] WHO AJA]

O

2 % oro

N
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3 sh8e] oF 4svel HAFS Blor], Fu) A
Bgk Hok o) e HHES nelch Wra vlad
A5} GBI 100% oge] HHEE Bolw glo]
749 49 42 3 s A=

3.23. 7(Cu)

TEE AdA g BEHo] JE T FEHo2A
ARE e A Wd8o] AR Yoz g
g Atolle TE, A8 & 9 g9 53 =
(Chio, 1994).

AARAZITFHWHOPIMNE 60kg AQS 7IEo=2 +
29 19 AH F&HES 30 mykg olEE FAsIAL L
(FAO/WHO, 1972), Yg&t=¢] 749 19 Felo] H3=
2 1.2 mg/kg(Ellen et al., 1990)02 FAIENOH, H=
AME= 1.4 mgkg(MAFF, 1998), Q1= = 1.0 mgkg
(Raghunath, 2006)°& ZAETE. o] dAgte] s &
7loll 283 79 129 mg/dayEA] WHO -&32] 4.3%
T dHEeE FEHACH, I APzt Bt
€ oF ] =& FXE UETE HIE7Re] 9= 0.881
mg/dayZ4] WHO 1-882] 2.9%2] =702 o=},
FLhEE Hlwek Ay FEEIA 45%Y] AHES B
ola AT} AAH o 2= WHO 3832 4.5% o|st=
AHeke Fo= ZAEAAT U Ak Bo=
AiFHo R =9kt

3.2.4. ‘F(Pb)

EAQ1 EFREAR] e Ik, 5= 1E|al AH
Alell Tekst A2E Fal A flsligh G wx|a
A tH(Kabata-Pendias and Mukherjee, 2007). A|A] Z1x|
7] 70% AEe AFsARt AA7IAl) 2role W %A
= Akl 20]a JARHBingham et al., 2001), &
FTHOF QIS AP tiEo] AR 713 S5A40= <l
sk ARG S7HE ke 14 Wl A
% FH(Kokori et al., 1999).

olof] MAIRAZIF(WHOPIA= 60kg A4S 7[E2S
2 99 19 43 83S 0214 mygday ©)3kE 43}
L ATHWHO, 2011). &% He AdFol tigh tekst
A77F A vk o, T2 0.032 mg/day(lkeda et
al., 2000), °J€2g]ok= 0.052 mg/day(Alberti et al., 2003),
QI=+ 0.032 mg/day(Raghunath et al., 2006) 12]3l
=2 0.03 mg/day(MAFF, 1998) 508 ZAMHIc) o]
Aol Aol Hie npel o] F7k] 9 0.22 mg/
dayZ WHO2] 383 7150l 100% 9] AFHS 12
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TR EE

Qgom, =) AAul7Egkd vlwshd 3l Ax =2 A3
Fo 2 AU HlE7Ee] ZE9el® 0.151 mg/day=A]
WHO 31-8%<] 70% <9 AHAZCZ dld=lon, =
W zpAuiagtat vashd o) A =S AFEo R o
A AA] gelME 0.136 mgkee] ddEo] WHO
o] 3183F ¥l 63%= AN, bR ERIgH
A} H3FLteNA 100% oPde] AdFHES Holal Uik
U ZRAul A% Bohe AdtiF R w2 dFHFe=E 4
aabi=g

3.2.5. o}d(Zn)

ofde QIZMA BrdAE AR o, 7T F
MO AMEle vEds 5 shiold). ojde A ¢
Z3 el A5dS =olal, A8EEt AR 87
< BHE3H HW HoU|es =olv WloE Whke-
ZA3= 88 IHH(Clayton and Clayton, 1994).
AARAZIF(WHORIME 60kg A0S 7oz ofd
o] 19 AF &S 60 mg/day O3k TS UL
™ (WHO, 2011), =782 AHRd, deti== 8.4 mg/
day(Ellen et al., 1990), E2}&-2 4.8 mg/day(Santos et
al, 2004) ¥ A== 6.26 mg/day(Raghunath et al., 2006)
o2 ARG o] ATe] AHE &8st odgt Zn
o] S A A, T71e] A9 4.62 mgkgS 2A]
WHO 3183 vl 52% 459 AFHAFoE oPd=de
o, T A Boe okt =2 3s Btk JA
o] ZFol% 2.846 mgkg=A WHO &8 the] 4.7%
o] HHHS Yo, PrhEg vt Ax Frgil
A 9.0%S] AFES EYer, s AduEg Bois
AR e HH BEE Bt

=

tlo

4.2 £

o] Atellrte =e] tEAS] o] FHEEE
H EkA] ApjE A Ee] tigk As 2 FEE(Cd,
Cu, Pb ¥ Zn)o] S A8l oI5 AAFATe=ZHN
A=l 7t YAEY 19 HHaFAES 2ABIer 1
ANE F3shHE v 2

M)A g o] HiF S As 0247, Cd 0.174, Cu
4.694, Pb 0.804 2 Zn 16.78 mgkgl® FAE oM,
ol 71 A7 Fuiele] AAFH R doiE o
2 52 TEE Bk T3 dv] e v|wsk dx
B AYoME Wn)Eert o 2 ZoZ YRt
Fotoll oJgh o] & Aoz JrkE)



) 3§ - AEERa o vl Wl B FE4 B 99 A 71

<2 FHE 7t 19 HFE A 2HE 275 ¢S 71E
o2 As ¥ FEEY 1Y TS dUdsE A, As
0.068, Cd 0.048, Cu 1292, Pb 0221 2 Zn 4.620
mg/dayZ ARG W, vlE7llA & 2H1ER1 187 g
7)1ZOZE As 0.046, Cd 0.032, Cu 0.881, Pb 0.151
2 Zn 3.149 mg/dayZ FAFEIQICE 34, A & Al
0] 169 g& 71FOEE As 0.042, Cd 0.029, Cu 0.796,
Pb 0.136 2 Zn 2.846 mg/day= AXFEIITE 334 A
of tigh QIASE 19 HHAZ(ADI : acceptable daily
intakeys WHOS] 31885 7IE0= A IWls e
2 vwgt A vlAE 33.3%, JI=ES 48%, TEe
2.6%, F 63% 1P]al o} 4.7%5 AFHshs o=
AR AT 53] ZARVE B 9] 370l we} Thas
2ol AR Juigike] - Ho 100%2] 7H=F A
g, SRS ol 100%0E AFHHS Hon,
HIZOME 50% of/de] AFAHS Hol B ofgh
2lEE0] Holg gl o] o5 YaEe] Fagh A4
AR T Z AR ol5l uigt Tyt %
RAo= HFrp=E At
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