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ek TRABMR ARERGE BUNEE RsUERt hen!
B LA L, CEETRAR R AR
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LERERRELEZERYESHGR

Wy & WA A AR Ry B LE B AR R BRI —

R EHABZ BN A0 F4E10H M -
— I A KR 21604 0 B TFDASLZY

WA RCGRET ~ BB &R IRIEATE T A F NS R BATHR R o 1604 & K45 R
B Fam Al R 0 58 F T 40.04 (R #-0.17 ppm) * REF-FIML40.003 (KR
#-0.016 ppm) * 454 F T3 1E %0.02 (RAR $-0.10 ppm) > 34 kA AT A F A2 T4
KE R RFAZIAE 5 (470.4 ppm  7R0.05 ppm A £50.2 ppm) ° 43191 2101 4F M & ¥ M= &

EZRRFELHEE
#-0.020 ppm) £.0.02 (G # #1-0.29 ppm) ©

FABEE  EXCEEE Rk #

[l

Al

Rk (Oryza sativa L)WIFEEEEHE - HHE
AL EY - EEE - B - SAEDURAMEESR
EYESEEENBENS - B2 - BEREEE
57T # (potentially toxic elements) S 7EEM:H
£ 57 F (potentially harmful elements)”(FIZ1$7 -
K EEEBITR)IREEIN#ES - HEY)sEt
J&Fe B R B O R 2 T SR RO R R - IR
HESBGRERE SRR AERREEETENE
EMEERZIEY . Rt &S EEE R
IRERFREMEE ZBEEEEHETREE TG R
Hy 32 R TR BB IK K R B 22 R = TE Y
W T S AMEVIRE AR R o RERTRE R S TR TG
EHEHETR B ABHRELYS  FEEE—
BRIFERENEHEEBITE - AR AR
HIER B H R FER e e AR - (EY) EaR AL A5

R X AT HT IS 5] 40.05 (kAR $5-0.38 ppm) © 0.003 (kik

(hull) ~ FHE (straw) K fR (root) » #B4r & Ol A T
8 E S wE EEN YRR - TE B P Rl RE 2
BEWLENEY)  SREHEETREANE
53— LS
RS BiEEE B TR MPENRE
HEG = HAE LR s 3% iR 5
Z TIEIRIR (Ttai-itai disease) | » FEAUR R LIHE
HZ BEKR &8 - AW HRERERRE
HEf  EREAGEHEWHLEELMFE -
55 AN 1% 7R T 32 IR B AR Y 1 P B Bl B B OR
(methylmercury) » =2 /F TR RIS A » 5L
BAECEL H A R iy v g @ R HOR g R - (=
FEZEBNERATREBUE IR - SR
5 e SEREAR @ o $15 HI g 1 T A B A TS R I 7 %
D e W=IESBITRES « R EERFEY
'8 R 5 EC & (The Agency for Toxic Substances
and Disease Registry, ATSDR).Z H{20% &l Y)E
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RSV SR

(009 FEfT o BIfIESE — s B=REEY » Enl
HEEREECEEE -

it R A K BB EEE B S
Bt - HRTRBEERERNEERETHE T/
KESEIREEEAE ;) ($80.4 ppm © 7K0.05 ppm &
0.2 ppm)? » ATEEY) £ 56 B8 B TFDA E 91 47 F
2% RS ERERRFPESBOMER
br T B2 SR A mAEEEsN » IR FER Y B
FHEHSBSERESMEMEENEREESE
NS INEEEES - WA R TEUE B & BB T
ZBE .

e A5k

— ~ igRERREA D T

FoRiEmZ B - AFFERFERE SER
4 R EEERERRAE - SFEERKIH
S A EEEAHE101FESE — IR Ecs

Ktmid o RT3 R8T - HEEF1601F(FE—) - &
KBS EREE ~ 9 EERR - EHEIRR LRI © SR

x—  MERKZRHmEREC

N 8
BB R T s
T 5 5
HRE o orng 4 4
G 0 10
WM (O 8 8
HHG 5 5
RS 4 4
HHT 7 7
I SR 7 7
FET R 2 2
=R 7 7
EHE 3 3
SRR 5 5
MEIME AR 5 9
e 6 6
PG 5 5
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il
=
1
W
[0e]
B

B K i v 44 1 5 il B Ad sk X ETFDAJL ~ o
R B B L RS DR IR RS ) - gy
BT I 1 A R (b~ FEIRIR - AT
HCBBRT AT T LU -

— - ESREE

()2 2 a2 E R T RO R (Zeeman
graphite furance atomic absorption
spectrophotometer)( 4110 ZL, Perkin Elmer,
USA)

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

ERHEFE(ZM 100, Retsch, Germany)

() 0244k (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)

= &8

i BOEALE R BAE - REY
EH s B R IR (Pyrex) M E » B FIRTLABE
BRIGE » #EKEERER - ZAIEEE 7K1/ 0 viv)
VS CE SRR I R R I 2 T e DL B
KB - GZRRGEA -

I - 5

Wil ~ ERE >~ R RE(LE  SEERT
PR 3% K @ AL EE #3 ER e BE Rl - B 2B Merck
/2 F](Darmstadt) © $EEELERL(1000 mg/L) ~ FRIFHE
(1000 mg/L) ~ #HEHERL(1000 mg/L) Fycertified
pureff » B E B Merck/\ &) o fEH#E 32 =Y 5T
(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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1014FEERK T EH (SR ~ oK ~ #hH S RPE

R IR TR EmEE LS T B E
SBBE R mEC) O TANTES
Bk ik - 2 mBe) ) R TERPESR
bk - R mEEC) ) HEERK  FUES
A A TR Ot E R sREs = & - PR
wEERHERAPR & & -

N~ BESREYE ST

R RS ITIRE R THR ~ SR R AR
HEZEW)VE 34T - $RLL1568a rice flour{F Ry iEiES:
HYIE - FEREREILS g s SR KHILA1515 apple leaves
TERIFHES2EYE - S RIREHERIU gks g B
BN Sl B AR - LA = A EE
JRF RS T8 il & & - DURER LS
BT RkE R RRTEHEE2EYE 2K
R [EERIATE0-120% L [H] -

R
— RS AN

B L R (B BUE NR 10 BRI - A
JAVE— KAEHESE W) E (15684 rice flour)s3HT © 12
WS EYVERA S LR - 82k
HIFS 5 550.021 £ 0.001 mg/kg » HAZR{E $50.022 +
0.002 mg/kg » [FIERFE93.5 + 3.1% o fEHEZZY)
'H (1515 apple leaves)fa 7K < A5 5 £50.040 = 0.001
mg/kg »* HAER(E%0.044 £ 0.004 mg/kg @ [
T91.1 £+ 2.9% 5 fiHlE 2 A5 550.446 £ 0.022 mg/
kg » HAER(E 550.470 + 0.024 mg/kg * [HIR R
95.0 £ 4.7% () « FRUERZYIE 288 ~ R,

KT BEDENME 2 DMHER

[ECRESER0-120% . [H] -
— - RAEETEREER

F—IAF KRS RT3 - HER - R 8
GEINE= B2 VIIE E0.04 CRERHE-0.15
ppm) * RZFEHEERH0.004 CREEH-0.016
ppm) * 5.7 S E ER0.02 (KA H-0.05 ppm) ©

B IER RIS ILETe T - HEg - R~
P EERN) - M2 E ER0.04 (0.01-0.17
ppm) * K. Z & EE0.003 (0.001-0.006 ppm)
$5. 2 S & E0.02 (CGRgHE-0.10 ppm) ©

S —  ZHIEROREREEY - SRE B
BT R4 00.01-0.05 ppmEIEEH R » 53
B E56 K 6814 » BAL76.7578.2% ; K& = ZIF
T R A DU —H190.003 K2 25— H#170.002
ppmi % ¢ S BIE24 K231 » £4532.95:26.4% ;
BRI EEZHEE R0 B—HHRE M
$9L00.01 ppm % » 53R R25 K341 » %4h34.2
F239.1% ([E—ZE =) -

HZEA ISEBRTmEZ 160 & kg
9 EAESEII{ER0.04 CRERHE-0.17 ppm) » K
EAEII{E F50.003 (i Hi-0.016 ppm) * $hE &
FESEIME 50.02 (R H-0.10 ppm) (FF1) - Hrp
38 < B e e B 550.17 ppm ;K2 S E{E B
0.016 ppm ; $5.7 i =i HI{E 550.10 ppm - i B
F o 160fFE RIS 287 SRS B ARSI
TAEZ "EXECBRESE ) (§80.4 ppm
7K0.05 ppm fZ##50.2 ppm) ©

= BEAKTELELBRBERLER

o WE it 22 Ay R WG EIES

TE KM RESTVE (mg/kg) (mg/kg) (%)

i 6 %g;ﬁﬁ% 0.022 £ 0.002* 0.021 £ 0.001 93.5+3.1

— NIST 1515

x 6 (Apple leaves) 0.044 + 0.004 0.040 + 0.001 91.1+29

415 6 NIST 1515 0.470 + 0.024 0.446 = 0.022 95.0+4.7
(Apple leaves)

*SEA(E + (R
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K= BEHEHERRDE R S8

wE _ =R (ppm)
% 7K #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)
TEHRR 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)
ALER 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)
LRRRR 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)
BT 5 0.02 (0.01-0.03) 0.005 (0.003-0.011) 0.01 (N.D.-0.02)
[ 45] 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)

SPIEE(E )

N D.: A H

e R $§0.002 ppm * 7K0.0005 ppm * $£50.002 ppm

0(0%)
oo 01014248
1(12%) B101451%

0(0%)

>0.20

0.16-0.20

£
o
&
BB 011015
4@
%

13 (14.9%)

0.06-0.10 15 (20.5%)

l 68 (78.2%)

0.01-0.05
56(76.7%)

0(0%)

Rl T

i
E— RRPHEEZHHEREIRIMIER

REVERITESBRSE  2EBRMEAEXK
iEEETEHIVFEIZSTHMITINE » fRREBEE K
HE e BREASR LRGN 8§ K > $hEIF
2E & a ki) » 53 51450.04-0.06 ppm -

0.01

0101424
ERIQESE ]

0.009

0.008

0.007

0.006

%
. 11(12:6%)
0.005 — 6%

712 (13.8%)
0.004 11(15.1%)

L 9(219%)

1
0003 —2“32»"“/«>
23 (26.4%)
0.002 T378%)

0.001 1 21(24.2%)

0(0%)
<0001 L 20.7%)
0

k& ¥ (ppm)

12(164%)

5 10 15 20 2

it

B« RRPREEZHBRADENTIER

0.002-0.004 ppm ~ 0.02-0.03 ppm ; 1014
K SR EREI{EO0.17 ppm ~ 0.016 ppm ~ 0.10
ppmIF ROV 287 ~ oK ~ st if0.38
ppm * 0.020 ppm  0.29 ppm °
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101 FE R ESEER - 78 ~ $HaERE

F - FEMETHERXPHR R HEE

WE _ =R (ppm)
i) P it}
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)
FER IR 2 0.04 (0.02-0.05) 0.005 (0.004-0.005) 0.04 (0.03-0.05)
ey 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)
FEFeh 5 0.01 (0.01) 0.002 (0.001-0.003) 0.01 (N.D.-0.02)

=1EAi] 9 0.01 (0.01) 0.001 (0.001-0.002) 0.01 (N.D.-0.03)
=l 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)
&t 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

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

< o 0%)
2010 0(0%)
4(46%)
0.10 'W'
0(0%) 0101424
009 | 0(0%)
0(0%
’é\ 0.08 I ofo%; w101 15
=3 0(0%)
e 0.07 I 0(0%)
0(0%)
x 006 fj 0(0%)
1(1.1%)
g "W J 1(14%)
-—_l 6(69%)
004 207%)
5(5.8%)
0 [ 1o
17(19.5%)
002 [y )
°°]J 34(39.1%)
T 0 34 0%

<001 1 20(23.0%)
PE—— 10 (13.7%)

0 5 10 15 20 25 30 35

Lig
B= - RXPUHESEZHEREIEIMIER

 BSMNERRERER
QianZFE2H V43 H72005-2008 4F H1 5 A e T £

COT-101ERERFPEREGR ~ K ~ #hHfEFESS

ENMIEH
TRHEEAGEZECBSE  BEEVEER
0.05 (< 0.001 - 0.74 mg/kg) * KEEHFHER
0.0058 (< 0.00002 - 0.031 mg/kg) * # & EAE T

{E%0.062 (< 0.005 - 0.4 mg/kg) » FIEE 1015 E[H]
FERA(94-974) 8% ~ 7K ~ B2 #ESEE5{H0.04 (CRin
H-0.17 ppm) * 0.003 GRA#HI-0.016 ppm) * 0.02 (5
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KA BREHEFRKXPE K

RALSEVIITEE R SR

= & (ppm)

)

H

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)

& s
Bh RS 10
HTRR 8
G 10
TEHER 16
=it 10
eSS 8
BT 14
HALER 14
B RR 4
ERRER 14
FaFein 6
FEFeh 10
=1l 14
=T 12
AR 10
&Et 160
FSPEE(E R )
#N.D.: Ao b

R $§0.002 ppm * 7K0.0005 ppm * $£50.002 ppm

RN BERKDEH K - S BZRAERR

FE A5 44 i (ppm) “K(ppm) $#(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)

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

S (B )

N.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

i H-0.10 ppm) (EA) R -

AntoineFVEFH I ZFE N E A K(16
)~ RO RFEIR(PZEBEE  H
Hh 7 & = S E 49 51 R50.080 (< 0.040 - < 0.190
mg/kg) ~ 0.082 (< 0.050 - 0.160 mg/kg) * 0.066 mg/
kg @ BEAFEMG RN - KEEVIED I
0.049 (< 0.015 - 0.085 mg/kg) * 0.062 mg/kg (<
0.024 - 0.112 mg/kg) * <0.087 mg/kg » BA A

Yap'' VS EREE B 3T S A P B BT Bl K ota
Maruduth@ it R ZRPK - NEE HESR S
BESEIBI - ERER2SREREER » 3
IE X IRESZ SR & &5 51 550.180 + 0.028
0.183 + 0.022 » 0.203 = 0.023 ~ 0.239 + 0.386 -
0.190 + 0.028 mg/kg @ KB ENI 2t a EAE R
PERK o Yap B2 H IREIRE AT 2% W2 51 1 8 A%
hh o BEPRERSES & B 50.776 £ 0.139 mg/kg 0 Y
YIS & B 03,505 - Tarvis"VHEH LIS HEF
SBITREEY B M ERSE - AR S EY
BB - il A B S R EEBAL A © Singh
R DR K RISz 157K R R 38 A R AR
FAEYIZ BT e R  WAE R R E R
T BBITRIEE G RFE 25 S A EYI
WOk Pt — A RS 2 Rl B AL IR A - A AR R
B HEITER - AL SR AREFESE
L3 AT REMAE I HE R 1 0 A1 B B AT A A - 36
ERYEY  EREYREmEE RIS
AR IEE R - Rl A A BEAEESBS
BZEK  BRTEEGERVIEIN - KA ERE
BEU - DURFEVH B R -

&

AR Lt R - BT AR YRR TR
BB S BIGEBEART  BAEE RS AZE
EBILEERETFIERE - ENESEAERE
- WEREHRISEAT GEEENRFLE -
PR EEEEBE RN RIFGERGEER
I RS A CASIR REMIEE H AR 5e 8
% LERBRIZE - BEERARKEREE
ERRRVEE - DIRERIERR L 2 MR

B A MO R AR R E R HE - 101
R e Bt R P PR (R T BUE B R AR AR B R
LB

=== =]

=1V

KRS TEDAS BE T LFEC
Rt it R R T - ARG R AT A R)
ST (R - BEEBIL -
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092920623257/ %5 ©
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T RZEEC) 2 93.01.08. B ETH
093930013857/ ©

Yap, D. W., Adezrian, J., Khairiah, J., Ismail, B. S.
and Ahmad-Mabhir, R. 2009. The uptake of heavy
metals by paddy plants (Oryza sativa) in Kota
Marudu, Sabah, Malaysia. American-Eurasian J.
Agric. Environ. Sci. 6(1): 16-19.

Jarvis, S. C., Jones, L. P. H. and Hopper, M. J.
1976. Cadmium uptake from solutions by plants
and its transport from roots to shoots. Plant Soil.
44: 179-191.

Singh, A., Sharma, R. K., Agrawal, M. and
Marshall, F. M. 2010. Health risk assessment of
heavy metals via dietary intake of foodstuffs from
the wastewater irrigated site of a dry tropical area
of India. Food Chem. Toxicol. 48: 611-619.



69
1014FEERK T EH (SR ~ oK ~ #hH S RPE

Investigation on Heavy Metals (Cadmium, Mercury and
Lead) in Rice
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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.
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