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10 FERKXFESBER & ) 2EAS

ek TRABMR ARERGE BUNEE RsUERt hen!
sy L L TR RGBT A

BRI TR

R R T B L

R R T B L

wW B

AU EHILE L EZ R RT MG

Wy & WG A A Ry B L E B AR R BRI —

R EHABZ BN A0 F4E10H M -
Z I A KRy 21604 0 B TFDASLY

WA RCGRET ~ % & R IRIEAT BT A F NS iR BATHR R o 1604 & K45 R
B Fa AR 0 458 F T 40.04 (RAR #-0.17 ppm) * REFFIML40.003 (KA
#-0.016 ppm) * 454 F T34 %0.02 (RAR #-0.10 ppm) > 34 kA AT R A F A2 T4
KE AR FAZIAE 5 (470.4 ppm  7R0.05 ppm A £50.2 ppm) ° 431912 101 F M & 7 M= &

EZERFERES
#1-0.020 ppm) %.0.02 (KA &-0.29 ppm) °

FABEE  BEXEEE Rk #

[l

Al

Rk (Oryza sativa L)WIFEEEEHE - HHE
AL EY) - EEE - B - DU AMEAESR
EYESEEENBENS - B2 - BEREEE
A 57T # (potentially toxic elements) S 7EEM:H
£ 57 F (potentially harmful elements)”(FIZ1$7 -
K EEEBITR)IREEIN#EE - HEY) st
J& Fe B R B O R 2 T SR R R R - BRI
HESBGRRE SRR AERFEEEENE
EMEERZIEY - Rt g EEE R
IRERFREMEE ZBEEEEHETREE TG R
Hy 32 R TR BB K K E R B 22 R TE Y
W T S AMEVIRE AR R o R TTRE R S TR TG
EHEHETR  YEANBRRELYS  FEEe—
BRIFERENEHEEBITE - AR AR
HIER B H R FER e e AR - (EY) EaR AL A5

TR XA EHT I S 3] 40.05 (kiR $5-0.38 ppm) © 0.003 (kik

(hull) ~ FHE (straw) K fR (root) » #B43 & Ol A 1+
5 A aE ECEN YRR - TE R B P Rl R
WEWLENEY)  SREHESETREANE
53— S
RS BiEEE B TR MPENRE
HEG = HAE LR sk g% iR 5
Z TIEIRIR (Itai-itai disease) | FEAUR R LIHE
HZ BEKF &8 - AW HRERERRE
HEF  BEREAEHEWHLEELMHE -
55 M 1% 7R T 32 R B4R Y 1 B gl B B OR
(methylmercury) » =2 /F TR RIS A » 5L
BAECEL H A R by v g @ 3 R HOR g R - (=
FEZEBNERATREBE IR - SR
M5 e SEREAR @ o $15 HI g 1 T A B A TS R I 7 %
D e W=IESBITRES « REIREERFIEY
'8 R 5 EC & (The Agency for Toxic Substances
and Disease Registry, ATSDR).Z H{i20% &l ¥)&E



BT BEEETHEE

a”ﬁlii

62

Z [ TBBEEIS ] www.angle.com.tw

RSV SR

(2009 FEfT o BIfIESE = » F=KFEEY » BEnl
HEEREECEEE -

Rt e R A A CRL Bt ES
BtF - HRTRBEERERNEERETE '/
*Ei%ﬁﬁi*ﬁ& 5 (0.4 ppm ~ 7K0.05 ppm Sz #
OZWmW ) £ i B R BLTFDA B 9 L 4R S

?*’*i’@ﬁkﬁllzﬁ*qj%/ﬁ%ﬁﬁlﬁﬁﬁ ’
F?T SRS S AR - SRR R B
FHSBSERESMEMEENERERESE
NS INEEE S - WAE R TEUE B & BB T
ZBE .

MEETTE
— R AR T

R R Y A RREEESER
é}i%xﬁflﬁﬁ* A - %é}éﬁi%ﬁ?ﬁﬁﬁ
g A EEEAMEI01FEESE—  ZHiREZE
Kigis o RTINS - HEt1601F(FE—) - &
Kb EE A ER R ~ dEk Hffwum v AmhE

x—  MERKZRHmEREC

N T
BB R T s
T hEw 5 5
HRE o orng s 4
G 0 10
RHHE (G g g
B 5 5
B 4 J
HHT 7 7
REHIE | WU 7 7
FET R 2 2
S H I 7 7
E%ﬁ 3 3
SRR 5 5
I G 5 9
b 6 6
FESEI 5 5

op
ol
—+
1
W
[0e]
B

BE K i 2 1 e il B sk X ETFDAAL ~
PR BB L o R S DR I IS &) A
BoxXERNEAEREEET - M&AN - R
ERIBIRAT NS AT LAl -

~  ERRE
(H % = 0 20 2R T BOE %

graphite furance atomic absorption

f#(Zeeman

spectrophotometer)( 4110 ZL, Perkin Elmer,
USA)

(D)FR A 38 # (Mercury atomic fluorescene
spectrometer)(Merlin PSA 10.023, PS
Analytical, UK)

EREFE(ZM 100, Retsch, Germany)

()04 (SLK2, Shott , Germany)

(F) =5 VR K {E 7 (Type 48000 Programmable
Furnace, Barnstead/Thermolyne Corporation,
USA)

NEEX I E LS (Focused microwave
digester)(301, Prolabo Microdigest , France)

==&

o OOEALE W3 BER - BEE
EH AR BRI (Pyrex) M E » (HFHETLAYE
BRI - RQE K e - RHVEER © ZK(1/1 0 v/v)
VAR ER AU R I 2 AR DA BT
IKIEBE - FeRRE A -
wiNE

TR ~ IR ~ R  BELE - SRS

PR3 @A mE 5 P PR B R A - [ B BB Merck
/2 F](Darmstadt) © $EEELERL(1000 mg/L) ~ FRIFHE
(1000 mg/L) ~ S5 (1000 mg/L) Fscertified
purefk @ HEH B Merck/AF] - fRHEREZEYE
(Standard Reference Material)1568a rice flour 2

1515 apple leaves 7 | 3£[E] National Institute of
Standards and Technology (NIST) °

A~ R ARKEE
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1014E B ok i B 5 (880

S IREBTEREEE A S " BT E
BB E o mEC),© TALTES
Bk ik - 2 mBe) ) R TERTESR
Bk — RO, VFEERSE - FILE
A A TR Ot S sREs = & - PR
wERHERAPR & & -

N~ BESREYE ST

L B A3 BT [RIRF E 1T 81 R B 2 i
HESEYVE 3T © $8LL1568a rice flourF fpiF g2
EYVE - FEWERILS g ¢+ SR KRHSLA1515 apple leaves
TERIFHES2EYE - SRIREHERIN gks g B

BN S b7 R OGS A EE
JRF RS E T8 il & & - DURE LS

BOMKREE  mkaTEHEES2ZYE 2B
R [BERIALER0-120%.2 [ -

R
— RS AN

i B A (B BUE/ NR 10) BRI - 24
JAVE—KAEHESE W) E (15684 rice flour)s3HT © 2
WSEYER A Siale T BRI - 82k
HIFS 5 550,021 £ 0.001 mg/kg » HAZR(E$50.022 +
0.002 mg/kg » [FIERFE93.5 + 3.1% o fEHESZY)
'H (1515 apple leaves)f 7Rk < A5 5 £50.040 = 0.001
mg/kg »* HAER(E%0.044 £ 0.004 mg/kg * [AIIER
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~ HHE R
[E] R ETHERO-120% . [H] -
—AEETEREER
FHEAKmBE 730 > Heg k- #8
SEUFE= WIS ER0.04 CGRIEH-0.15

ppm) * RZFEHEERK0.004 CREEH-0.016
ppm) * #5275 ER50.02 CR# HH-0.05 ppm)

F_IAE R R ae LG8 71 - HeE
e E(ERN) - w2 E ER0.04 (0.01-0.17
ppm) * K. Z & EE0.003 (0.001-0.006 ppm)
T E ER0.02 GRIEHE-0.10 ppm) ©

TS —  ZHIERORREEY - SREE
BT R4 L00.01-0.05 ppmEIEEH R » 53
B E56 K 6814 » BAL76.7578.2% ; TR & R ZIF
B R DL —BA690.003 K2 55 —1#470.002
ppmi % * 73R 24 K231 %1&;32 95226.4% ;
EREEZHEE SRS - F—IHRE I
$9L00.01 ppm % » 535 R25 K341 » %4h34.2
F239.1% (E—%=) -

HZEE1SERTHEZ 160Kk
% & A R0.04 CREGHE-0.17 ppm) » K&
EAEII{E F50.003 (R HI-0.016 ppm) * $hE &
%@M?i@@%o 02 (RAH-0.10 ppm) (F11) » Hrh
38 < B e e EME 550.17 ppm ;K2 Sk EI{E
0.016 ppm ; #5. f =i HI{E £50.10 ppm © A gk
% 160 BRI RS 288 ~ TR KB & B AR IR

TNE F pE i Y 5 N
91,1 %+ 2.9% 5 RIS 755 550.446 + 0.022 mg/ o0s " fﬁ?ﬁg PRELFRE S (5404 ppm
kg + HELR(E10.470 + 0.024 me/kg - g, <005 PPmAH0.2 ppm) °
95.0 + 4.7% (K=) - ERBVE 2N KK = BEAXKPELES SRR
R ZEREYBE I HAER
gt HIE e £ - BURME TeBI{E (R
TE R RSN (mg/kg) (mg/ke) %)
_ NIST 1568a
£ 6 (Rice fho 0.022 % 0.002* 0.021 % 0.001 93.5+3.1
- NIST 1515
F 6 Aot loaves) 0.044 + 0.004 0.040 = 0.001 91.1+2.9
41t 6 NIST 1515 0.470 + 0.024 0.446 + 0.022 95.0+4.7

(Apple leaves)

*SEA(E + (R
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0(0%)

020 11 o 0%)

1(12%)
0(0%)

0.16-0.20

£
o
&
BB 011015
4@
%

0.06-0.10

13 (14.9%)
15(20.5%)

01014248
Bl01%1

0.01-0.05

0(0%)

Rl T

’ 68 (78.2%)
56 (76.1%)

0 10 20

i

BE— RXPHEEZHHREDSRIMIER

BEHERTESBEE - 2RERMEK
MG HEIZ S BT ni R B R AF ook
‘:F'Ei%ﬁa SR ILER (RN 0 8 K SIF

SRS ARIL(EIY) » 53 51750.04-0.06 ppm

0.01

0.009

0.008

0.007

0.006

R4 ¥ (ppm)

%
. 11(12:6%)
0.005 — 650

0.004
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BALSEYI R SEYER

F= - ZHEME—HERRDHRE R HEE

WE _ = R(ppm)
% K #H

B EIRR 5 0.09% (0.04-0.15) 0.002 (0.001-0.003) 0.02 (0.01-0.03)
HTRR 4 0.07 (0.02-0.09) 0.002 (0.001-0.003) 0.02 (0.01-0.05)
TESERR 8 0.04 (0.02-0.07) 0.002 (0.001-0.003) 0.02 (0.01-0.03)
BHHRER 5 0.02 (N.D.**-0.03) 0.003 (0.001-0.008) 0.01 (N.D.-0.03)
B SRR 4 0.04 (0.03-0.06) 0.004 (0.003-0.004) 0.02 (0.01-0.03)
HHER 7 0.06 (0.02-0.09) 0.004 (0.002-0.006) 0.02 (0.01-0.04)
(R 7 0.03 (0.02-0.04) 0.002 (0.001-0.003) 0.02 (N.D.-0.03)
PR R 2 0.08 (0.05-0.10) 0.004 (0.003-0.004) 0.03 (0.02-0.03)
EhRER 7 0.04 (0.03-0.09) 0.003 (0.002-0.005) 0.02 (0.01-0.04)
FaFein 3 0.02 (0.02-0.03) 0.007 (0.003-0.013) 0.01 (N.D.-0.03)
FEFen 5 0.02 (0.01-0.03) 0.004 (0.002-0.008) 0.01 (N.D.-0.03)
=1 5 0.02 (0.01-0.03) 0.005 (0.003-0.011) 0.01 (N.D.-0.02)
=] 6 0.03 (0.01-0.03) 0.002 (N.D.-0.003) 0.01 (N.D.-0.03)
B SRAR 5 0.02 (0.01-0.03) 0.008 (0.003-0.016) 0.02 (N.D.-0.03)
&at 73 0.04 (N.D.-0.15) 0.004 (N.D.-0.016) 0.02 (N.D.-0.05)

SEE(E REE)

N D.: A H

0101424
ERQESE ]

] 12 (13.8%)

(219%)

19 (21.9%)
0.003 —24””%)

23(26.4%)
0002 —u_mﬂy—'

0.001

0(0%)
<0.001 L 22.7%)
0 5

B RXFREE

0.002-0.004 ppm ~ 0.02-0.03 ppm ; 10147
K SR EREI{EO0.17 ppm ~ 0.016 ppm ~ 0.10
ppmIF ROV 287 ~ oK ~ s =it if0.38
ppm * 0.020 ppm * 0.29 ppm °

12(164%)

15 20

R B ED I

1 21(24.2%)



IR &+ $§0.002 ppm ~ 7K0.0005 ppm  $#50.002 ppm

0.08 -
0.07 -
0. 06
0.05

0.03 -
0.02
001

(mdd) %

“ﬂmm j2

-'Hg
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101 FE R ESEER - 78 ~ $HaERE

= - FEMETHERRPHR R HEE

WE _ = R(ppm)
i 7K #
BeERR 5 0.09* (0.04-0.17) 0.003 (0.002-0.003) 0.01 (0.01-0.02)
HTRR 4 0.08 (0.01-0.11) 0.003 (0.002-0.003) 0.01 (0.01)
G 10 0.08 (0.01-0.13) 0.003 (0.001-0.005) 0.05 (0.01-0.10)
B3RS 8 0.02 (0.01-0.02) 0.002 (0.001-0.003) 0.01 (0.01-0.02)
B AR 5 0.01 (0.01) 0.002 (0.001-0.003) 0.01 (N.D.**-0.01)
B OEER 4 0.03 (0.02-0.04) 0.004 (0.004-0.005) 0.02 (N.D.-0.04)
=laalis] 7 0.07 (0.04-0.09) 0.004 (0.003-0.006) 0.03 (0.01-0.04)
LR 7 0.02 (0.01-0.03) 0.004 (0.004-0.005) 0.02 (N.D.-0.04)
R RR 2 0.04 (0.02-0.05) 0.005 (0.004-0.005) 0.04 (0.03-0.05)
BN 7 0.03 (0.01-0.06) 0.004 (0.003-0.005) 0.01 (N.D.-0.04)
FaFein 3 0.01 (0.01) 0.001 (0.001-0.002) 0.01 (N.D.-0.02)
FEFemh 5 0.01 (0.01) 0.002 (0.001-0.003) 0.01 (N.D.-0.02)

=LAl 9 0.01 (0.01) 0.001 (0.001-0.002) 0.01 (N.D.-0.03)
=T 6 0.01 (0.01) 0.002 (0.001-0.002) 0.01 (N.D.-0.02)
B SRR 5 0.01 (0.01) 0.002 (0.001-0.004) 0.01 (N.D.-0.01)
L1 87 0.04 (0.01-0.17) 0.003 (0.001-0.006) 0.02 (N.D.-0.10)

SPIME(E EEE)

#N.D.: Ao b

2 0(0%)
2010 0(0%)
4(46%)
010 o —
0(0%) ol014:24
009 | 0(0%)
0(0%
o L B1014 13
=3 0(0%)
e 0.07 I 0(0%)
0(0%)
x 006 fj 0(0%)
1(1.1%)
2 0.05 ; 1(14%)
-—_l 6(6.9%)
004 207%)
5(5.8%)
0 [ 1o
17(19.5%)
002 [y i)
34(39.1%)
001 J—W'

<001 1 20(23.0%)
PE—— 10 (13.7%)

0 5 10 15 20 25 30 35

Lig
SEZHHERED R MIER

Bl= - BKA#H

 BSMNERRERER
QianZFE2% V43 H72005-2008 4F H1 5 A e 7 £

COT-101ERERFPEREGR ~ K ~ #hHfEFESS

ENMIEH
TRHEEAGEZECBSE  BEEVEER
0.05 (< 0.001 - 0.74 mg/kg) * KaBHFHER
0.0058 (< 0.00002 - 0.031 mg/kg) * # & EAEFE
{E%0.062 (< 0.005 - 0.4 mg/kg) » FIEE 1015 E[H]

FRERA(94-974) 8% ~ 7k ~ B2 HESEE5{H0.04 (CRin
H-0.17 ppm) * 0.003 GRA#HI-0.016 ppm) * 0.02 (K
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BALSEYI R SEYER
e
& fi(ppm)
] 7K it}

0.09* (0.04-0.17)
0.07 (0.01-0.11)
0.08 (0.01-0.13)
0.02 (0.01-0.02)
0.01 (N.D.**-0.03)
0.04 (0.02-0.06)
0.06 (0.02-0.09)
0.03 (0.01-0.04)
0.06 (0.02-0.10)
0.04 (0.01-0.09)
0.02 (N.D.-0.03)
0.02 (0.01-0.03)

0.01

(0.01-0.03)

0.02 (0.01-0.03)
0.02 (0.01-0.03)

0.002 (0.001-0.003)
0.002 (0.001-0.003)
0.003 (0.001-0.005)
0.002 (0.001-0.003)
0.002 (0.001-0.008)
0.004 (0.003-0.005)
0.004 (0.002-0.006)
0.003 (0.001-0.005)
0.004 (0.003-0.005)
0.004 (0.002-0.005)
0.004 (0.001-0.013)
0.003 (0.001-0.008)
0.003 (0.001-0.011)
0.002 (N.D.-0.003)
0.005 (0.001-0.016)

0.02 (0.01-0.03)
0.02 (0.01-0.05)
0.05 (0.01-0.10)
0.02 (0.01-0.03)
0.01 (N.D.-0.03)
0.02 (N.D.-0.04)
0.03 (0.01-0.04)
0.02 (N.D.-0.04)
0.03 (0.02-0.05)
0.02 (N.D-0.04)
0.01 (N.D.-0.06)
0.01 (N.D.-0.03)
0.01 (N.D.-0.03)
0.01 (N.D.-0.03)
0.01 (N.D.-0.03)

0.04 (N.D.-0.17)

0.003 (N.D.-0.016)

0.02 (N.D.-0.10)

& (G
Bh RS 10
HTRR 8
R 10
TEHER 16
=it 10
eSS 8
BT 14
HALER 14
BT RR 4
eSS 14
FaFein 6
FEFemn 10
=12 h 14
=T 12
P RAR 10
&Et 160
*SEE(E R HIF)
#N.D.: Ao b

T HPRE © $§0.002 ppm ~ 7K0.0005 ppm

#50.002 ppm

RN BERKDEH K - S BZRAERR

FE A5 44 i (ppm) “K(ppm) #i(ppm)
91 146 0.06* (N.D.**-0.38) 0.003 (N.D.-0.020) 0.02 (N.D.-0.29)
92 166 0.05 (N.D.-0.28) 0.003 (N.D.-0.009) 0.03 (N.D.-0.15)
93 159 0.04 (N.D.-0.24) 0.002 (N.D.-0.008) 0.03 (N.D.-0.11)
94 149 0.05 (N.D.-0.18) 0.003 (N.D.-0.011) 0.03 (N.D.-0.10)
95 159 0.05 (N.D.-0.16) 0.002 (N.D.-0.008) 0.02 (N.D.-0.06)
96 163 0.04 (0.002-0.26) 0.002 (N.D.-0.012) 0.03 (N.D.-0.11)
97 161 0.05 (N.D.-0.12) 0.002 (N.D.-0.011) 0.03 (N.D.-0.09)
98 161 0.04 (N.D.-0.37) 0.002 (N.D.-0.010) 0.02 (N.D.-0.16)
99 161 0.04 (N.D.-0.18) 0.004 (N.D.-0.013) 0.02 (N.D.-0.07)
100 162 0.04 (N.D.-0.27) 0.003 (N.D.-0.012) 0.02 (N.D.-0.11)
101 160 0.04 (N.D.-0.17) 0.003 (N.D.-0.016) 0.02 (N.D.-0.10)

St 0.05 (N.D.-0.38) 0.003 (N.D.-0.020) 0.02 (N.D.-0.29)

S (B )

FN.D. AR

e PR & $§0.002 ppm * 7K0.0005 ppm * $£50.002 ppm
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1014FEERK T EH (SR ~ oK ~ #hH S RPE

faHi-0.10 ppm) () By -

Antoine TV EE F Ml F E INTHE H K (16
)~ RO EFEMR(IFZEBEE B
Hh 7 & = SE I {E 53 B R50.080 (< 0.040 - < 0.190
mg/kg) ~ 0.082 (< 0.050 - 0.160 mg/kg) ~ 0.066 mg/
kg @ BEAFEMG R - KEEVIED I
0.049 (< 0.015 - 0.085 mg/kg) * 0.062 mg/kg (<
0.024 - 0.112 mg/kg) * <0.087 mg/kg » HA A

Yap' VB E A 53 AT e P BV B K ota
Maruduil @ T4 R 2Rk - NEEEESE S
BESEIBI - fERER2SHREREER » 3
IE X IRESZ SR & B 5751 550.180 + 0.028
0.183 + 0.022 » 0.203 = 0.023 ~ 0.239 + 0.386 -
0.190 + 0.028 mg/kg @ T KB ENI 2 oo mAa R
HEARK o Yap B HINEIRE AT R% W25 1 - 3 A%
hh o BEPRERSEI & B 50.776 £ 0.139 mg/kg 0 Y
YIS & B 13,505 - Tarvis"VHEH LIS HEF
SBITREEY B M ERSE - AR S HEY
BRI - 6 AR E S AR AL A o Singh '
HEEI T DR K RISz 157K R 3 A R AR
FAEc BT as - WIF R R ER
T BBITTRIEE G RFE 25 S A EYIR I
WOk Pt — A RS 2 AT B ALY [A] - A AR R
EHE > $hEITE c MU SR HRERESE
TCE T REMAE Y R I 1% 0 A0 BN AL A A - #5
ERYEY  EREYREmEE RIS
AR IEE R - Rl A A RS ESBS
BZEK  BRTEEGERIIEIN - KA ERE
B - DURPEVH B R -

&

AR Lt R - BT AR YRR TR
BB S BIGEAEART  BAEHE RS AZE
B EERETFIERE  ENESBAERR
- WEREHRISEAT GEEENRLE -
HEREEEEEBE RN RIFGERGEER
IR ~ A CASIR REMIEE H AR 5eE
H o LIERBRIZ R - BEERAKEREE
EREAVETE - DIRERIERR L 2 MR

B @A RO R AR R E R HEE - 101
T T Bt R P PR (T BUE B R AR AR B R
LB

=== =]

=1V

R3S B TFDA S B .0 BT I
Rt ) 4 R (R T~ R IR G R T )
SIHE S - EIEHIL -

SEVRK

1. Qian, Y., Chen, C., Zhang, Q., Li, Y., Chen, Z. and
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Noomhorm, A., Delaune, R. D. and Jugsujinda,
A. 2010. Lead distribution and its potential risk
to the environment: lesson learned from environ-
mental monitoring of abandon mine. J. Environ.
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Investigation on Heavy Metals (Cadmium, Mercury and
Lead) in Rice

RU-CHIA SHIH', HSIANG-YI CHANG', SHU-YING FU’, HSIAO-YAO LIAO’,
WEN-CHENG HUANG®, MING-KUN HUANG', HSIU-KUAN CHOU’,
JIIN-FUNG SHYU® AND JYH-QUAN PAN'
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ABSTRACT

In order to investigate the contents of heavy metals (cadmium, mercury and lead) in rice in Taiwan, rice
samples from the rice millers were collected by local health bureaus from April to October, 2012. Seventy-
three samples of the first crop rice and 87 samples of the second crop were analyzed. TFDA and 3 local health
bureaus conducted analysis according to the official method. The results showed that the total average contents
of cadmium, mercury and lead in rice were 0.04 ppm (N.D.-0.17 ppm), 0.003 ppm (N.D.-0.016 ppm) and 0.02
ppm (N.D.-0.10 ppm), respectively. All rice samples have shown compliance with the regulation set by the
Department of Health, Executive Yuan. The heavy metals in rice have been investigated and monitored since
2002. The mean levels of cadmium, mercury and lead in rice were 0.05 ppm, 0.003 ppm, 0.02 ppm respectively.

Key words: rice, heavy metals, cadmium, mercury, lead



