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ABSTRACT - Objective of this study was to investigate residual the levels of heavy metals in rice grain and soils
of “Top-Rice” and common rice cultivation areas from 2005 to 2007. Soil and rice grain samples were taken from 33
“Top-rice” areas and neighboring paddies, and analyzed for the elements using ICP-OES and ICP-TOF-MS after acid
digestion. A concentration of arsenic in paddy soil was 1.33 mg/kg which was below 1/5-1/11 fold of the threshold
levels (concern: 4 mg/kg, action: 10 mg/kg), and paddy soil was 0.06 mg/kg of Cd (cadmium) being below 1/25-1/67
fold of the limits (concern: 1.5 mgrkg, action: 4 mg/kg). A level of Cu (copper) in paddy soil was 4.57 mg/kg which
was below 1/11-1/27 fold of the threshold levels (concern: 50 mg/kg, action: 125 mg/kg), and Pb (lead) concentration
in paddy soil was found to be a 4.68 mg/kg. In addition, Hg (mercury) concentration in paddy soil was to be a 0.03 mg/
kg, which was below 1/131-1/328 fold of the threshold levels (concern: 4 mg/kg, action: 10 mg/kg). The average con-
centrations of As, Cd, Cu, Pb and Hg in the polished rice samples were 0.037, 0.043, 0.280, 0.048 and 0.002 mg/kg,
respectively. These levels are lower than those of other countries in rice grains. Assuming the rice consumption of
205.7 g/day by total dietary supplements in Korea, the amount of total weekly metal intake of As, Cd, Cu, Pb and Hg
by polished rice were estimated to be 0.0892, 1.035, 6.712, 1.161 and 0.054 pg/kg body weigh/week, respectively.
The PTWI(%) of As, Cd, Cu, Pb and Hg were 5.95 (inorganic arsenic), 0.26 (total arsenic), 14.79, 0.19, 4.65 and
1.07% estimated to be 0.0892, 1.035, 6.712, 1.161 and 0.054 pg/kg body weigh/week, respectively. In conclusion, it
was appeared that the heavy metals contamination in the brown and polished rice should not be worried in Korea.
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Fig, 1. Sampling locations which were produced the “Top-rice”
brand from 2005 to 2007.
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AG Co. Swiss)E o] &3t9 F7 &3¢ F, thA] 200
mesh(<0.074 mm) YE2 A Al BHA RS A3

SHH, AZ - ¥ HU)7|(SYTHSS, Ssang-yong Instrument,
Korea)g ol-&sle] &rlet AR Fejaisictt 288 &
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go] =& 73-?“1-: FAHEA o2 Ml 771RA S &
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) MENTF T35 BN
ZAg EA L AlE 0.25 g2 microwave (Mars5, CEM,
USA) §71(XP1500 vessel)oll 23 g ZALHHNO,) 9 ml
o} ST AH,0,) I mlE H71E H ovesselE FE &
AA 147 BAAA s 7HEE AAFATE 7hE
AA % vesseld] v} MEES 2 & microwave 34
Tl FAANTF L =9 2 Table 29 Zo] 44 H
HE AT AL FEEEY FFEE w07
Skl —‘?~8H7]- B vessel> 20 A%l § uiE WEE
A @I -20°Col| At 1AZF B FENO0x) 7h: &9
© AEg Tld S8 ARG 2d s
w%37] 98te] MicroVap(Mars5, CEM, USA) A&
o] &3le] E|NE 1 ml o3& FH3IIL Ho]2TE ©
§3t9 25-50ml= 34 ¢ F ICP-TOF-MS (Optimass
8000, GBC Scientific Equipment, Australia)y& ©]-8-8t &
A& it
H]2(As)e] 7% F48tE AJA ] (Hydride generator)

it X2 w

Scientific Equipment, Australia)® EA&t{th vl&xe] 2 & 228 arsine(AsH,) 7F2E A4 F ICP-TOF-MS
¢ 488 A (Hydride generator)g §-2181¢] arsine o] =Y 38k Table 23 72 A 4.8 i)
7125 A §_} = 2 o] £918 7
(AsH;) 7} 4 i _IC_P OES?| =5t Table 12} Table 3. The operation conditions of ICP-TOF-MS
e 24004 BAg Fasd.
Parameters Conditions
Table 1. The operation conditions of ICP-OES Generator frequency (Hz) 40
Parameters Conditions RF power (W) 1,300
Generator frequency (Hz) 27.12 Nebulizer Meinhard concentric type
RF power (W) 1,100 .
Observation height (mm) 9 Spray Chamber Cyclonic type
Nebulizer Meinhard concentric type Washing liquid Distilled deionized water
Spray Chamber Cyclonic type Detector TOF type MS detector
Washing liquid Distilled deionized water )
Detector Dual type monochrometor Argon gas flow (L/min)
. - Sample gas 0.95
Argon gas flow (L/min)
- Plasma gas 10.00
- Sample gas 0.6 Auxili 0.50
- Plasma gas 10 - Auxiliary gas :
- Auxiliary gas 0.6 Hydride generation (mL/min.)
Hydride generation (mL/min.) - Sample injection
L S 0.7
- Sample injection 0.7 - 3 N HCl injection 0.7
- 3 N HCl injection 0'7 -0.2% NaBH4 in 0.2% 0'7
- 0.2% NaBH4 in 0.2% 0'7 NaOH injection ’
NaOH injection ’ )
Monitored (m/z)
Wavelength (nm)
- As 75 (77, 82)
- As 188.979
-Cd 114 (108, 118)
-Cd 228.802
Cu 324754 -Cu 63, 65
-Pb 220,353 -Pb 206, 207, 208
Table 2. The operating conditions for microwave digestion and nitric acid removal with MicroVap
Status Stage Power (max) Power (%) Ramp (min) Pressure (psi) Temp (°C) DeltaT (°C) Hold (min)
Digesti 1 1,600W 100 300 160 - 0:00
gestion 2 1,600W 100 300 175 - 5:00
MicroVap 1 300W 100 300 85 10 -
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v 2 (Asye OH2 E9A (Isotope)’t EASIA] gom A
2 EAM7E 100%] PAs Polth. WEtA H|LE FFE
@ “Ar*Cl+9] polyatomic a2} “Se+] isobaric 3l &
e £ 9y I HEFCHY AFE MSn+r e
MoO+2] Y& WS 4= 9Jo] EPA method 602020 &
gto] 2 (DF ()F ol&3te] Bad 79 B AN,

Corrected i("As") = i("m/z)-3.13xi("m/z)-2.73xi(*m/z) (1)

Corrected i(*Cd") =i *m/z)-0.027xi("*m/z)-1.63xi(®m/z) (2)

5) +284

F&EA 9] ZA$= vF EPA method 74738 TEAI7)
= AFF2E4 7|(Direct Mercury Analyzer, DMASO,
Milestone, Italy)oll ZA ¥ B #3 Ax, 9474, 4A,
), 2 o] AREE Ay FYstd F2EFE 248
ATk, 717184 A5 A8Ee AUEE FH)
At 107 AlErit FEAEE TH3Y, vaEEE
=(NIST, National Institute of Standards and Technology)ol| A1
BZ Frjshs FARFAE SRM 1568a (rice flour)9} 7l
Urhe] NRC-CNRCAA EE3ke= MESS-3 (marine sediment)
& A8t 3rs AR S AAIETH(Table 4)

Z% 9 2%

1) Bl (As) Y

Ut FAANEY giol 3% W= 8734
apgtollA e SHE B, 429 ARt S5%
Aol A7) wii&e] i) Hla| EYede] ¢t A2
Aoz &HA Utk 19704 FE L2lve} =EY F F
&9 Tl 3 AL ASH R o]RoA gtou},
Z7p7| 89 EAAQ AT 19963 EXBAF A 5
AAF FE5 TF e EFed v 2 dAVEH
200081 29FH LAY mE o] JlEF Y F_I)E
0.2 mgkgd] A2 AREY. fEvete] =EY F
H] A (As)e] AFAEFE 717 0.98 (0.56~2.21) mgkgl =
H T E It} (Table 5)

2005-2007'd gEtols AAEA] B o] HYPA A
AN EGZ HEe)E AHSY FE55 FFS 4
A3 20059 gEhelx AadA]l B F ¥ A(As)TH
it 1.07 (0.39-2.72) mg/kg ©IL, 200639lE H7t 1.31
(0.41-3.27) mg/kg, 20073l 1.72 (1.18-2.63) mg/kg ©]
Aot 2 FPAWA EG T HATFE B 1.08
(0.42-2.52) mg/kgl 2 JEPSITE HAHOZE Hejoll A

Table 4. Recovery test of mercury in SRM 1568a (rice flour, NIST, USA) and MESS-3 (marine sediment, NRC-CNRC, Canada)

Standard reference materials Heavy metals Certified value (mg/kg) Measured value (mg/kg) Recovery* (%)
As 0.29+0.03 0.2813 97.0
Cd 0.022 + 0.002 0.02167 98.5
SRM 1568a Cu 24103 2.34 97.5
Pb <0.010** 0.009 -
Hg 0.0058 + 0.0005 0.0056 96.6
As 212+1.1 20.564 97.0
Cd 0.24 +0.01 0.23856 99.4
MESS-3 Cu 339116 33.1542 97.8
Pb 21.1£0.7 20.2349 95.9
Hg 0.091 £ 0.009 0.0886 97.4
" _ Measured Value
Recovery( %) Cerified Value x 100
**Noncertified value
Table 5. Heavy metal contents of paddy soil in Korea (Unit: mg/kg)
Heavy metals ~ '74'? 321 '88'4 '95' '99'9 '02'" '03'® '07'  Concern level Action level
As 056  0.560 - - 0.59 221 0.66 0.87 6 15
cd - 0.127 0135 0133 0.1l 0.24 0.08 0.08 15 4
Cu 159 4151 3995 452 470 5.00 3.83 3.33 50 125
Pb - 4673 5.38 4.62 484 3.70 482 4.95 100 300
Hg - - - - - 0.07 - - 4 10
Ni - - 0.82 1.38 0.67 - 0.59 1.19 40 100
Zn 16.3 3.952 436 3.90 447 - 433 4.67 300 700
Cr - 0.493 0.49 0.362 - 0.46 - - 4 10
Co - - - - - - - - - -

Mn
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Fig. 2. Distribution of arsenic concentration in paddy soil and polished rice.
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Fig. 3. Distribution of cadmium concentrations in paddy soil and polished rice.

A Bl B =EY F A FHe H
133 (0.39-3.27) mghkg 28 EYSFARAYY
7124 mgke)#d NA71F(10 mgkg)d 1/5-1/11 ©]& &
$ @ FRoltt. BEY F B Hlagske] 7)E
o] B 098 (0.56~2.21) mgkg Bt} thh E9he=d, o]
E WA A% ZEE £A45 T matix EHE YoRe
4312 A4 (Hydride generator)E ©]-8-3157] &
o7 ") (Fig. 2a)

g, Ao 79 2005 AR SFAGY] Y
Algg &3} 2006-2007A BElol2 AR @ 92
YA F7te] =& A wEste] AFHT A F
A gHEke 243 AFE Fig 209 2%t &, 20059
galo] 2 Wl F v A(As)TFHE HF 0.04 (0.02-0.06)
mg/kg ©|AL, 2006 = Ha 0.05 (0.04-0.07) mgkg,
2007390 0.02 (0.01-0.04) mg/kg ©191tt. 28] 7 A3YAY
vl Wu) = u)AgEe HF 0.05 (0.04-0.06) mgkgl B
vebstth. (Fig. 2b)

Ao getols B APl W] F v T
B 0.037 (0.01-0.07) mg/kg TELE Table 69 &7
0.11 (0.09-0.126) mg/kg, 233 W] 0.08 (0.03-0.126)

o
.
A,

I
I o

mgkg BTt & FEoAT. ESF FARHA 20054,
20060 Ayskd win] F vjA g DPAde E
ZAol7t fles & & AL, 20073 g wu] F )
A e o AT dA & F A9 AFHE
71EMRL)YE A AAIHoE FFTto] 0.15 mgke S &
27120 E AL ok gEtolA 9 A win) F )
AFFE S0 AFHAEI|EY 1/4 olBIE v HYL
M, ¢ ARSL7IEMRLE 23ste NEE 1R
gk wetd & HFH o g HAZE JFeAe fg
Ao 2 A= Yok (Fig. 2b)

2) IIER(CA) UF

A =EY F II=F(C)Y AdgHEe 4
0.13 (0.08-0.24) mg/kg®E BRI E T (Table 5) 2005
gapol & AR Bk F F=H(Cd) $FE FHE 0.04
(0.01-0.08) mg/kg 1AL, 2006 dE HT 0.05 (0.01-
0.12) mg/kg, 2007d°1E 0.10 (0.07-0.16) mg/kg °IATH.
2 BPAR] EY F T=F TS Bt 0.04 (0.01-
0.07) mg/kgl 2 VeI AAH oz gelo] A A4
22 B =EY F I=F T B 006
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Table 6. Heavy metal contents of brown and polished rices in Korea(Unit: mg/kg)

Brown rice Polished rice
Heavy metals 7920) 742D 782 792 802 8219 005 1802 021 039 MRL (mg/kg)
As - - - - 0.126 - 0.09 0.072 0.03 0.126 -
Cd - 0.07 - 0.21 0.041 0.052 0.019 0.019 0.37 0.040 0.2
Cu 1.10 2.65 1.83 - 1.166 3.039 0.92 0.504 2.00 1.958 -
Pb 0.20 0.42 0.24 - 0.247 0.443 0.12 0.258 0.20 0.361 0.2
Hg - - - 0.053 0.016 - 0.005 0.011 0.005 - -
Ni - - - - 1.227 - - 0.838 - - -
Zn 23.1 15.48 10.6 - 35.796  20.553 6.59 14.209 - 16.56 -
Cr - - - - 1.307 - - 0.558 0.07 - -
Co - - - - - - - - - - -
Mn - - - - 82.252 - 4.59 8.258 - - -
Fe - - - - 44287 - 5.125 - - -
0 Action love! 125 mglkg (a) i N 5 Toprice (b)
g ™ g | T== e
g’ E agd T Common rice
= 1004 £
§ .é 0 MRL of copper in drinking water : 1 mglkg
T 60 Concern level 56 mglkg "E' (Korea)
E 40 1 E
§ £ 08
3 20 é
0 T L T e f e e
0 2 4 6 B 10121416 15 20 22 24 26 28 30 32 34 © 2 4 6 B 1012141618 20 22 24 26 28 30 22 %4
Sampling location Sampling location
Fig. 4. Distribution of copper concentrations in paddy soil and polished rice.
A Wr) F =R FFol A7 L7 EMRL)

(0.01-0.16) mgkg 52 ESIARAYN 287|&
(1.5 mgkg)?t A 714 mgke)) 1/25-1/67 ol3t= =%
W& FEo| Utk (Fig. 3a)

3, gEtolA TR B 2 Ay A F
FYEE(Cd) S EA3 A3E Fig 3b3 729kt 2005
d gelolx win] & FFEF(Cd) TS Hd 0.02 (0.02-
0.04) mg/kg ©1A, 2006d= B 0.07 (0.05-0.10) mg/
kg, 2007'3°1E 0.02 (0.01-0.04) mg/kg ©1Att. 2|3 &
Ay Wv) F Jteg FF Ho 0.07 (0.05-0.11) mg/
kgS 2 UEIT AAH R gejols B HalAfu) Wi
S w4 TS FHF 0.043 (0.01-0.16) mgkg FFELE
Table 62] &7 0.08 (0.019-0.21) mg/kg, a3 el 0.14
(0.019-0.37) mg/kgs} Hls=3HAY W 503Ut (Fig. 3b)

SFuetE 2000358 Ak JAIE Fate 2(dn)
Z Fl=B(Cd)9] #F3871ZMRL)S 0.2 mgkglE &
sled A3tz ok 23y CODEXE Mv]5(polished rice)
FIEE T3S 02 mgkgoll X 0.4 mgkgl 2 B E ] w2t
o=at & RHA] B ke X E WEIA Heol o4
g AE7HEY ZAE 2 tigo] dasitt gotols ¥

0.2 mgkgs ZH3e ANEE 14X 31910111 Zb75 47
F9] 1/5 ol3tZ wl$ <t Th wheba] & AdH o st
FIEE 25 e ¢l ZeE AGEHII T (Fig. 3b)

3) #=j(Cu) BF

ety =EY F tEl(Cu)d AddaEe 2zt
3.89 (1.59-5.00) mg/kg® & H =%t (Table 5) 2005

gololx AAGR EF £ FE(Cd) TS HT 5.88
(1.46-19.02) mg/kg ©IRL, 200630 = FF 492 (1.48-
16.01) mg/kg, 200739 3.43 (0.02-8.786) mg/kg ©IAT}.
23 FPAMA] EF 5 T TS H 329 (1.45-
6.63) mgkel 2 VERGTE AAH R gEto]|A AT
2l A =EF F 7] T W 4.57 (0.02-
19.02) mgkg 502 B3 RANA} 97 71«(50 mg/
kg)Z 712125 mg/kg)e] 1/11-1/27 ©]8E mj-$-
G| At (Fig. 4a)

H, getol& AR I AR Aein)) 5
TE(Cu) FFE B4 A= Fig. 4bsh Zskrh. 2005
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Fig. 5. Distribution of lead concentrations in paddy soil and polished rice.

gelol& wWul F FI=E(Cd) T2 Hd 0.39 (0.26-0.57)
mg/kg ©1AA, 200631 H 038 (0.16-0.87) mgke,
2007391 0.13 (0.05-0.41) mg/kg oItk 222 FFA)
v wiv] & 2] dEke Het 028 (0.21-0.38) mgkgl =
Uetth AAF o2 galols 9 AR wn) F £
2 e BF 0280 (0.05-0.87) mgkg FFOE Table
69 &m 1.17 (0.092-3.039) mg/kg, I Wu| 149
(0.504-2.00) mg/kgell Bl w5 RS FEoI AT (Fig. 4b)
A & F F2(Cu)dl FSE71EMRLYE 7HA 2L
£ Ueke glou, CODEXE 8259 A& 0.1-50 mg/
kg2 2 Atz glod, gyte] vl AFd gt 04-
Smg/kgdl 715€ Aot wAFS FEsty Y. g
Uehe 9 =9 dted 1 mgkgd 71E& 7HIE i
gatolx & FAn) win) F 72 FFEE HeE e
1 mg/ke] 1/4 o]8l2 Uehg 71&8 233 A|&EE 1A
= R0t w2 & A He) & 7 F5 e s
A0 E AHHAR 25 X&AR] HEZL D asirt (Fig. 4b)

4) G Po) UF

FEvete] =EY 5 d(Pb)e] AATFIFL 2z 471
(3.70-5.38) mg/kgL 2 B Itk (Table 5) 2005 Ha}o]
2 ANGA] BEQF F @ (Pb) TS H 438 (1.28-9.01)
mgkg ©l 3L, 2006 = H+F 521 (1.17-10.28) mg/kg,
20070 4.83 (0.15-14.55) mg/k oItk 22 A=A
WA BEY F 9 T2 Ha 367 (1.51-639) mgkelE
velsith AR R gatelx AR # 2 ARA
vl =B £ g% Hd 4.68 (0.15-14.55) mgkg T
Fo7 BEYHARANAY $371F(100 mgkg)d} tha7lE
(300 mg/kg)®} 1/21-1/64 ]38} 1§ e $232019) T} (Fig, Sa)

S, gejolx Aatakz] B ol FaPaju) Al S
(Pb) T B4 AE Fig SHa 72stoh. 20053
w2lo]2s Wu] Z G(Pb) FFS Hd 0.06 (0.03-0.10) mg/

°]9152, 2006\ Ha 0.07 (0.04-0.10) mg/kg, 2007

Well= 0.02 (0.01-0.07) mgke ©|ATH 2E] 5L F3YA vl
ol F g G HF 0.06 (0.04-0.10) mgkgS 2 e}
ok AAF o2 geto|x B AGA ) We| F o FF
& BF 0.048 (0.003-0.10) mghkg TFLE Table 62 &
o] 0.28 (0.12-0.443) mg/kg, 2|3 W] 0.27 (0.20-0.361)
mg/kgell BlE] w§ W —’F%Ol%‘t} (Fig. 5b)

SPuEte 200699 HEHAEE A8 thaH] F
e 105 HE d, Jt=E XHrfﬂ48~71T(1\/IRL):=: 7}
2 et Fen)) F F(Pb)e 2R E71EMRLS
CODEX$} 72¢] 02 mgkgo Z Aste] Hejsty ok &
gol2 g APAu) Wu] F o Fo] AFHE7IF(MRL)
02 mgkgs 2IA3heE AlEE 145 feH, 2578471
9] 1/9 o|3t= ]S HAE T mEkA & AdFH el o
g 2E 7MeALe 918 Aog AUEAT}(Fig. 5b)

5) $Z(Ho) T

2005-2006'3 %E}OI&- A= 9 Q12 AR Y
ES H A0 F F55 FFS A58 EIA
(238 1% p6-14)0 HIBIATHY. F71E 20079 HiEkel
2 AR EYF $2(Hg) T2 0.03 (0.01-0.09) mg/
kg °1% 32, AAHA Hfolx AR & A AHAY
v =B 3 & IS ¥ 0.03 (0.01-0.09) mgkg T+
F£o2 EYRAEBRARY F271E(@ mgke)d HH7E
(10 mg/kg)Sl 1/131-1/328 ©]&tZ wjf- R FFEIATh
§H, 20079 ®Etols W] S £ 2(Hg) 3 B+ 0.03
(0.01-0.09) mg/kg ©1A3, AAH Wv] F FL(He) T
© 35 0.0022 (0.0005-0.0062) mgkg FFE 02 VrEpRtT)

A, & F 529 AR L7IEMRLRE A AAHL=
Z3o] 0.02 mg/kg?”, Eto] 0.05 mgkg® o2 A3 &
gt Atk gdgol2 2 AP Y & T 2
& FF 3 iRk 71 10-1/23 o]&tR wig- AUen, &
AeA o848 e B ARE T olF F71Y
AF3 L7 EMRL)E 233t AEE 1A% itk

I‘IO ){E
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Table 7. Average intake of heavy metals through Top-rice produced from 2005 to 2007

Total weekly

Foods  Deily intake Metals Mean values metal intake? (ug};'gg\Y)I(J dy PTWIY

(g/day)” (mg/kg) (ug/kg body . (%)

- weigh/week)
weigh/week)

As 0.062 0.031 159 0.21

0.062 0.031 350 0.01

Br(.)wn 43+0.4 Cd 0.065 0.033 7 ) 047

rice Cu 0.481 0.241 3,5009 0.01

Pb 0.050 0.025 25 0.10

Hg 0.003 0.002 5 0.03

As 0.037 0.892 15 595

0.037 0.892 350 0.26

i . . 14,

Poll‘shed 205.7 +2 Cd 0.043 1.035 7 79

rice Cu 0.280 6.712 3,500 0.19

Pb 0.048 1.161 25 4.65

Hg 0.0022 0.054 5 1.07

1) KHIDI: The Third Korea National Health & Nutrition Examination Survey (KNHANES III), 2005-Nutrition (I), (2006)
2) Total weekly intake = Heavy metals (mg/kg)xDaily intake (g/day)x7day/body weight (60 kg)

3) PTWI(%) = Total weekly intake/ PTWI values x 100

4) JECFA established 15 ng/kg body weight for PTWI of inorganic arsenic (WHO/FAO JECFA, 1988)
5) JECFA established 350 pg/kg body weight for PTWI of total arsenic since (WHO/FAO JECFA, 1983)
6) JECFA reestablished 500 B'/kg body weight for PMTDI (Provisional Maximum Tolerable Daily Intake) of Cu (WHO/FAO JECFA, 1982)

6) =EF Bt

FAO/WHO &5 2537 2 QHEA A&7 9143
(JECFA)= &2, |, 7t=8°] 21F L9E8ZE A7|HA
19729 HH FF&l o FR A3 2HPTWD)e L
AU H WA FAZFPMTIDDE A sl QP EA =&
Fe vuHrt st=s WS 3o, ojd egEHe
AdHA =E7] ADIY PTWIRY $od qhdsirtar
SFATH?. =3, CODEXIME HFEFY L9E2 H7ME
at7] M= AZ A HoldFH ] ADIY PTWIE
2 BeA Fstdor grha T,

Hetol2e 84 EUER Aot 20059 F92473%
FRAL A7) AFHBIA Y U AF HHF ARE E
Bz fEvE S99 FE5 HAFE PTWISH H sty
AL H7HSH AF= Table 73 7T,

2005 FRNAZDEFZAL A37] AFEILA | oHH
v F9e] dH3e AFY FFHE 19 19 H
1,291.4g(H €4 1,012.8g, FEA 278.6g) ©Iom, 2w
E 205.7g(15.93%), A7l 43g(0.33%)¢ st ot &
glol2u))e] JHE T3 $uel IRl FE&9] F
7+ AAFE AF kgD As 0892 pg, Cd 1.035pg, Cu
6.712 ug, Pb 1.161 pg, 222 Hg 0.054 ugo g ol 7
7} 2349 PTWIY F As 5.9%, Cd 14.79%, Cu 0.19%,
Pb 4.65% % Hg 1.07%°] E343tch F7lul4ke] 3%
PTWI7L 15 (ug/kg body weigh/week) ©]A|TF, FH])49] ZH-$-
PTWIZ} 350 (pug/kg body weigh/week)Z $-2luiet =7le]
Z78l A HEHES 0255%] E3sidcl. 28 dnje

Ae 4 MFHFo] 43g oHE ) Ho 7 24
E9 PTWI thy] H]&9] 1% °JUl2 HAsAT.

2 9

&

S8 A9 AL g A, 05-07d “geEfo|&
AR g Q1 FPA) (M EF E & A EE
AR FFEE 243 2% b2 U

Hfolx Aadx 2 A2 FYPA =Y F vk
(As) L 133 mgkgo 2 ESTARANAY 7124
mg/ke)? A 71210 mgkg)) 1/5-1/11 o8& wj$
& FZo|gith W] F H2(As) TS FF BFHE
712 0.15mgkgd] 1/4 o|3t2 wj$- FAFHAT. =EF
Z JIEB(Cd) FL 0.06 mgkelE $37)F(1.5 my
kg)# A 7|4 mgkg)d] 1/25-1/67 ©|3tE wf-¢- R
Foldtt. W] F Fl=E(Cd) FFS Svhet BRHE
71% 02 mgkgd 1/5 ©|3t2 u)¢- At =EF F
T8 (Cu) T 4.57 mgkg 2 $87]12(50 mg/kg)T o
A7)F(125 mgkg)e] 1/11-1/27 ©|8t2 t)$ 2o 3]
Aok WA F FE(Cd) FFE U HeEE Ve |
mgkg®] 1/4 o[8t2 wj- FHFHL. =EYF 5 H(Pb)
FHake 468 mgkglE 7] (100 mgke) 7)1
(300 mg/kg)®] 1/21-1/64 ©13t2 wl§ Fe ol e}
ol £ 9(Pb) BFE Ut AFIL7IE 0.2 mgked]
19 ©|3t= w9 A =EY 5 FLSHe) FFE

v A} FAAEANA 7IeA LS 3L, aH|AEA
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0.03 mg/kg2 2 $271%(4 mg/ke)? tHH712(10 mg/kg)o)
1/131-1/328 ©J3t2 w4 W2 FFo|Qith Wi & F£2
(Hg) &3 Ht 0.0022 mghkeo 2 Uebd, 23 0.02
mg/kg 2 thT 0.05 mgkg®] 1/9-123 o]8t2 mf$ T},
Helol 2o S84 &3 20053 FUATTGERAL A37)
AAR TN dY AF AT A5E EUE v
SR8 FFE AATE PTWIS B2ty s 37}
S A3, getol 2] 4 B3 U S FF
&) 7 HHFS AF kgD As 0892 pg, Cd 1.035 pg/
Cu 6.712 ug, Pb 1.161 ug, 2 Hg 0.054 ugl 2 ol
77y &9 PTWIY ¢F As 59%, Cd 14.79%, Cu
0.19%, Pb 4.65% % Hg 1.07%c] E23Idcth. g, &n)
g 58 385 A 4 SESEY pTWIL UM 1%
O E HSIHT AEH o2 “gefolA” AP E X
ek 9129 BYPAuA Y EYL FFL 29HA ¥
g, oA7loA Ak $2] AL vf$- <kAs T

2
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