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BERPEEEER & ) SE2HE

Hdetd! TRAEER MRIET MEZE HFREY Zu!
B HFRS st &ER

"R R R L R s PR T

AR R BUR R AR G R TR

TREEYER RN EEE G R Y E B R EE R

W B

AU ENE £ A2 AR B LB

BB A A Ry £ LIE B AR R BRI —

Koo AN EZ B AA004E4-10 A B 0
— ez A KRR

HEIT1624F iy A Lty T i

ARCGRBET R b B RIBATERRR A F NS TR PUTIRER o 1624 R K4 &
BEs S EARAER e E T A0.04 (RAx H-0.27 ppm) * RAF-F31E40.003 (R
#-0.012 ppm) > 454 -F 315 40.02 (kA £-0.11 ppm)3g kA B AT M A F AL T A
KE LB REZIRE | (450.4 ppm » 7R0.05 ppm A £50.2 ppm) ° 43191 £ 100F H = 4 3% 4

ELR R TR
#-0.020 ppm) £.0.02 (G # $1-0.29 ppm) ©

FASEE  RXCEEB Rk #

[l

Al

Rk (Oryza sativa L) B2 ER—FLL A2
FEREAY  RRAEBEEHE - EH R R
Y |EEE - B SRR MEAE - EE
FEHENEENRS - B2 BETEBEEEET
F(HIAEE ~ ok ~ HEESIBIT )RS N8 2,
ELRORy 2 T AR B R B o [RDRy it &1 AV U B
IR HAR TENEEMEERZBEEEE
TCRFEZ 75 AR 5 - BRSO A R K R TR Y
2R R EY R T ASEYI AR -

fea kAT RE Al & &= VEAE 16 5 0 F (poten-
tially toxic elements) * M52 ARG EFR %L 2 » F£iE
BRE-ERERNHRBENEESEITE - 7JEE
BRI E MR R S EEAR - (EYHERED
AN (hull) ~ FEHE (straw) K AR (root) » E553 &7 [B1 7
R - S E B E R - E Pt n]
REEBmBEERNEY BREESBTREA

R HEZ AT HCTF IS 5] 40.05 (R4 $5-0.38 ppm)  0.003 (kAR

NEBHIS Y -

R a2 BEEEETRNTNENRE
F B2 B AE LR E ) 1 g 3 A 1Y 88 v 23
Z "I ¥E A (Itai-itai disease) 5 ° AL IELIHEEH
ZEARFEE - WA EREERERKAR
o BREAEEHGREMTTE - HIMER
7R TT 3 ARy (A4 M R #8148 55 FR L oK (methy lmer-
cury) » EEFFHAEFAEHRERAT - SORECHE H A
Kfi e G BB RERTHEEN - FEXEFEEN
RAT PRI B ST bE ~ BEPERET » PR FHE R
@ o SERAIE & E A\ BBAYMHE R MR - =5
EIBITRGE - R ERR Y E KR &
30 %% (the Agency for Toxic Substances and Disease
Registry, ATSDR).Z {204 &7 E (2009)BE 743
PIMIEE = - BERELY  ERHHEERGE
FHZEEE -

Ryt op N R Rk B2 EETEEHE
BT - HERBEHR RN ERETE "/
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FORIPESBER - K e R

x—  MERRZRHmERD AR
it 35 R

% B
E—WF  BETHE
P ERR 5 5
HTRR 4 4
EL AR 0
{EHRR 8
HHRER 5
RS 4
= 7
AR 7

2
7
3
5
6
8
5

JbE

—
(e

SR T

HpE s
FATERR
EMRAR
M
AR
=20t
R
FEER AR
&at 76

e S 7

LN 0 O » WIT D 9N 9 |l ©

[
(o)}

p={i1l}

KESBRELAE | (§70.4 ppm » 5K0.05 ppm iz
£50.2 ppm)® > H91F IS S R B MBS PR E fr oK
HEESEBOMEL - R TEAEGREHEAEE
Yh - IRRIBERT R E S S 2R EE 4
ERRAHE S &G BIEIN#SEE - WIERITE
EH RSB 22 -
TG E

—  RRE SRS T

Rk SR - ZEREISERTHEE
e HEE R R - SRR R E H (5
R R N T SR B K W A 1004 FE 25— ~ —HARA
TEZ &Kt - Bl ET6 M 86ff » Fhit16214F(F
—) © BORAREEAS BRI « 385 1% - SEFIRR AR SR
muhd ~ BEOK R A E sl sk 2 2 AR/
o EEEHE PG B DU R 5
A5 BR B D AR fm (T R G/
) B T A B NS T T DAk -

— kB
(ke S AR T RO R #(Zeeman graph-
ite furance atomic absorbption spectrophotom-
eter) - Perkin Elmer 4110ZL, USA

(D)oK & R (Mercury atomic fluorescene

spectrometer) : Merlin PSA 10.023, PS Analyti-

cal, UK

EF % © Retsch ZM 100, Germany

(e IZA © Schott SLK2, Germany

()= IALNE © Type 48000 Programmable Fur-
nace, Barnstead/Thermolyne Corporation, USA

N E XM E L 28 (Focused microwave
digester) : Prolabo Microdigest 301, France

= =4

HH o E bE Wk FEE - WEE
FH e B R IRE T (Pyrex)M'E - (EFIRTLALE
Bl - A& E7KEIRR - FIRIEER K12 1, vv)
VAR RCE S - AU R 2 i ER DA R B T
IKIETE - 2R

N

ik~ THEE - ERR - RELE - SRR
PR32 R &AL EE 5 PR Sl - 6 H T8 Bl Merck
/N F](Darmstadt) © $2EEHE (1000 mg/L) ~ FKIE
(1000 mg/L) ~ $5FEAE (1000 mg/L) Fycerti-
fied pureff - [ H B Merck /A F] - fEHESEY)
'EESRM 1568a rice flourkz1515 apple leavests i H
2 B[ National Institute of Standards and Technology
(NIST) °

A~ R AR EE

DR T B AR A E T RATE
EBwEE -SRI, O TRATES
BRI - R, R TRATES
BRI — Rz o (VIRERE - T
= E AR T RO ER R S E - 5
PRk FEREER & & -
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N REZEYE NN

FHL R K BE TS (R RS EE (T80 R Mgl
HEZ2ZYIE M - $5LLSRM 1568a rice flour{F Ry

R BEDEYNE 2 DR

fRiE2E5YE -

5 g BRIk

N

FRAEA R TR

£\/\/

LR

=S N=R

IKEHHE

By A

FEWEREHNS g 5 SR K EELASRM 1515
apple leaves{E R IEUESZYIE - 73 BIRSHERG I K
R 0 LA
SRR e E 0 UK

RETE TR ESREY)

o » S AERO0-120% 2
SR E

—  RESZYEIN

i It (B BUZE/ NR10) BRI
KD S E B (SRM 1568a rice flour)s)
M7 - BRUESBEYE MR\ Sl ks s R fe il
S 550,022 +0.001 mg/kg » HAZR(E Ry
0.022+0.002 mg/kg * ALK F5102.1 £4.9% -« 15
HEZZ W) (SRM 1515 apple leaves)ii

JAME—

i

$50.043 +0.004 mg/kg

K= BEHEHERRDER K S8

E¥

/EHZKZ‘%%
HAE R {E 50.044 +0.004

L WORE iR
s ~ (mghkg) (mg/kg) (%)
5 (SRR;::: lffofi; 0.022 +0.002* 0.022+0.001 102.1 +4.9
K ( A?;E L] ;lvses) 0.044 +£0.004 0.043 +0.004 97.4+9.0
S ( A?;}:T : :VZS) 0.470 £0.024 0.433+0.007 92.0+1.5
SEE{E + AR

mg/kg * IR F597.44£9.0% ;

i By el SR

0.43340.007 mg/kg + HAET{E150.470+0.024 mg/
kg @LBI/AJ%% 0+1.5% (2%*) . *@@ﬁ%iﬁg

L

= AEETEREEER
—HfE Rk Ee 3t

TR S EIER B AE80-120% 2 [H] °

EEt76fF > Him

7J<‘

%ﬁ%ﬁﬂi@:ﬁﬁm RSP E ET0.04 (Rig

f4-0.12 ppm) * R Z V&
ppm) * 5.7 E

%0.003 (0.001
& /%0.02 (KA H-0.07 ppm) ©

-0.008

&

L

& & (ppm)

7R

Hy

R
TR
TESERR
EEL
[EEST
SRRt
AL
P P
EIG
M
FEEMR
=1EEh
fE T
BEAUR

L 00 O L W 9 N 9 29 L 0 B~ W

0.07 (0.02 - 0.12)*
0.08 (0.04 - 0.10)
0.02 (0.01 - 0.03)

0.01 (N.D.** - 0.04)
0.06 (0.02 - 0.09)
0.06 (0.03 - 0.09)
0.03 (0.01 - 0.05)
0.05 (0.03 - 0.07)
0.04 (0.02 - 0.05)
0.01 (0.01 - 0.02)
0.02 (N.D. - 0.03)
0.02 (0.01 - 0.04)
0.02 (N.D. - 0.03)
0.02 (0.01 - 0.04)

0.003 (0.002 - 0.004)
0.003 (0.002 - 0.003)
0.002 (0.002 - 0.003)
0.001 (0.001 - 0.002
0.004 (0.003 - 0.004)
0.003 (0.002 - 0.005)
0.004 (0.002 - 0.008)
0.004 (0.002 - 0.005)
0.004 (0.003 - 0.005)
0.003 (0.002 - 0.004)
0.003 (0.002 - 0.004)
0.002 (0.001 - 0.003)
0.002 (0.001 - 0.004)
0.003 (0.002 - 0.003)

0.03 (0.02 - 0.05)
0.04 (0.02 - 0.06)
0.02 (0.01 - 0.05)
N.D. (N.D. - 0.01)
0.02 (0.01 - 0.03)
0.02 (0.02 - 0.03)
0.02 (0.01 - 0.02)
0.03 (0.02 - 0.03)
0.03 (0.01 - 0.07)

N.D. (N.D. - 0.01)

N.D. (N.D. - 0.01)

N.D. (N.D. - 0.01)

N.D. (N.D. - 0.01)

N.D. (N.D. - 0.01)

it
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0.04 (N.D. - 0.12)

0.003 (0.001 - 0.008)

0.02 (N.D. - 0.07)

SRR

Hii[E) 5

UN.D.EEH 5 S R E50.002 ppm 5 FK AR HERER50.0005 ppm 5 #5:2 # HIR & R50.002 ppm
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BRI E SR

B HE ORI EE LT 8ofF - HER - R~ &
EERIEN - §7.2 P58 70.04 RigH-0.27
ppm) * K ZFHEEER0.003 (KigH-0.012
ppm) * #5.7 SFEEE & R0.03 GREREHI-0.11 ppm) ©

FEE— - ZHIERREET R
B R4 000.01-0.05 ppmEEEH RS - 53
B 55 K581 » B4E72.45067.4% 5 TR & &1
BH 53R A AR —EARY0.002 ~ 0.003 ppm 55—
fARY0.002 ppmi % » 735 E526 K361+ » £14534.2
FA41.9% ; B & B2 FBE SRS - DA
—HAFY0.02 ppm K25 —1H0.01 ppm £ % » 5355
24 K20 » 5A4533.75:31.9% (Bl —ZE=) »

HEE1SEBRTHEZ 12 KmiEh
o A B R50.04 CREGHE-0.27 ppm) » RS

5(5.8%)
=>0.20]

0100421

5(5.8%
(6.8%) 10051

0.16-0.20|

0.11-0.15

434 % (ppm)

0.06-0.10| 14 (18.4%)

58 (67.4%)

0.01-0.05,

55 (72.4%)
9(10.5%)

<0.
001 6(0.1%)
|

L L L L |
0 10 20 30 40 50 60
¥

B— RXPHREEZHHEREDIRIMIER

0(0%)
0009 |0 o100
T (0%) B 100411

4% ppm)

36.(41.9%)

0 5 10 15 20 25 30 35 40

B— - RRPREEZHHERADIEIMIER
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R~ ) A A

>0.10

1004247
100418

4% (ppm)

i

B= - RRPHEEZHBREDRIMIER

EHESEII{E50.003 (KA H-0.012 ppm) * #5& &
HESPEEI{E 50.02 CGREEH-0.11 ppm)(Fe 1) - Hf
82 e I R 0.27 ppm ;5 TR = i HIE
0.012 ppm ; #5Z i =i HI{E £50.11 ppm - FaEnfs
120k R iE 2R RSN E RGBT
BEEEB NG T ERESBIRERYE | (304
ppm * 7K0.05 ppm &Z#50.2 ppm) °

= BERXTELESBRREERLE

BEEERTESBSE  2ERAMAEXK
MR EHIFEELZS E%Lﬁloi & B R 4
AT ESBHREGRIRENS) 8 Ko
B39 & B AR A& Y - 4351 850.04-0.06
0.002-0.004 520.02-0.03 ppm : 1004EEHE ~ K »
LR S R HI(E0.27 ~ 0.012520.11 ppmIF{EA91
R oK~ shEYREfRI0.38 ~ 0.020520.29
ppm °

» BISNCRRRERER

FuSg B2 D050 L i B BT LA S M
(Taizhou)§& 52 B %5 B8 T [0 @& HHT IRG K & 8 7T
Fos AN ERER2EHR - i
RENKZEH - #5552 R0.125 ~ 0.690 pg/g
P ER 28 SIS E0.017 ~ 0.334 pg/
ghyim o BHPREET &R IR & BRI
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EPIT IR =

oW _ ZR(ppm)
i K 5

PR 0.11 (0.02 - 0.16)* 0.003 (0.002 - 0.004) 0.02 (0.01 - 0.02)
FTHR 4 0.09 (0.03 - 0.13) 0.003 (0.002 - 0.003) 0.01 (0.01 - 0.02)
GG 10 0.19 (0.03 - 0.27) 0.002 (N.D.** - 0.004) 0.02 (0.01 - 0.03)
TEHER 8 0.03 (0.01 - 0.04) 0.002 (N.D. - 0.003) 0.02 (0.01 - 0.02)
B AR 5 0.01 (N.D. - 0.02) 0.001 (0.001 - 0.002) 0.02 (0.01 - 0.04)
B EEAR 4 0.03 (0.02 - 0.04) 0.005 (0.003 - 0.012) 0.02 (0.01 - 0.03)
G 7 0.03 (0.01 - 0.06) 0.003 (0.002 - 0.004) 0.02 (0.01 - 0.02)
BALRR 7 0.02 (0.01 - 0.04) 0.003 (0.002 - 0.004) 0.02 (0.01 - 0.03)
FER R 2 0.03 (0.03 - 0.04) 0.003 (0.003) 0.03 (0.03 - 0.04)
eSS 7 0.02 (0.01 - 0.05) 0.003 (0.002 - 0.004) 0.02 (0.01 - 0.03)
FaFein 3 0.01 (N.D. - 0.02) 0.002 (0.001 - 0.002) 0.04 (0.01 - 0.06)
FEFen 5 0.02 (N.D. - 0.07) 0.002 (0.002) 0.05 (N.D.-0.11)
=ich 6 0.03 (0.01 - 0.04) 0.003 (0.002 - 0.005) 0.06 (N.D. - 0.10)
=T 8 0.02 (N.D. - 0.06) 0.002 (0.001 - 0.003) 0.05 (N.D. - 0.11)
B SAR 5 0.01 (N.D. - 0.03) 0.002 (0.002 - 0.003) 0.03 (0.01 - 0.06)

&t 86 0.04 (N.D. - 0.27) 0.003 (N.D. - 0.012) 0.03 (N.D.-0.11)

SEHEGEEHRE) » TND AR e RS 50.002 ppm ;K2 HIIRE 50,0005 ppm 5 #52 H IR %0.002 ppm

KA B|HEFRRPHE K #WEE

Wow M _ R (ppm)
% K 5

PSR 10 0.09 (0.02 - 0.16)* 0.003 (0.002 - 0.004) 0.02 (0.01 - 0.05)
TR 8 0.08 (0.03 - 0.13) 0.003 (0.002 - 0.004) 0.02 (0.01 - 0.06)
HRR 10 0.19 (0.03 - 0.27) 0.002 (N.D.** - 0.004) 0.02 (0.01 - 0.03)
TESE R 16 0.02 (N.D. - 0.04) 0.002 (N.D. - 0.003) 0.02 (0.01 - 0.05)
BHRER 10 0.01 (N.D. - 0.04) 0.001 (0.001 - 0.002) 0.01 (N.D. - 0.04)
B SRR 8 0.04 (0.02 - 0.09) 0.004 (0.003 - 0.012) 0.02 (0.01 - 0.03)
=L alif] 14 0.05 (0.01 - 0.09) 0.003 (0.002 - 0.005) 0.02 (0.01 - 0.03)
EALAR 14 0.03 (0.01 - 0.05) 0.003 (0.002 - 0.008) 0.02 (0.01 - 0.03)
BT 4 0.04 (0.03 - 0.07) 0.003 (0.002 - 0.005) 0.03 (0.02 - 0.04)
ERRRR 14 0.03 (0.01 - 0.05) 0.003 (0.002 - 0.005) 0.02 (0.01 - 0.07)
FFem 6 0.01 (N.D. -0.12) 0.002 (0.001 - 0.004) 0.02 (N.D. - 0.06)
FEFen 10 0.02 (N.D. - 0.07) 0.002 (0.002 - 0.004) 0.03 (N.D.-0.11)
BT 12 0.02 (0.01 - 0.04) 0.003 (0.001 - 0.005) 0.03 (N.D. - 0.10)
=T 16 0.02 (N.D. - 0.06) 0.002 (0.001 - 0.004) 0.02 (N.D.-0.11)
B SRR 10 0.02 (N.D. - 0.04) 0.003 (0.002 - 0.003) 0.02 (N.D. - 0.06)

it 162 0.04 (N.D. - 0.27) 0.003 (N.D. - 0.012) 0.02 (N.D.-0.11)

SEEME(EEHE) - TNDGREL 882k IR E0.002 ppm  SRZ K PR 50.0005 ppm 5 #5727 B PR 50.002 ppm
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ﬁ*qjiﬁ’%(ﬁ[% N % N ‘,{:}-)/é\igjaﬁ

RN BERKRPE R - S BZRERR

HhE B8 5 (ppm) “K(ppm) #5(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. - 0.09)
100 162 0.04 (N.D. - 0.27) 0.003 (N.D. - 0.012) 0.02 (N.D. - 0.11)

SEEEEEHE) 0 UND R 8 RS 50.002 ppm 5 K2 H RS 50.0005 ppm 5 #52 ke HFRE50.002 ppm

/0~ 91-100FHRAKPEESE (SR ~ K ~ #H)BFI9E
BNl

53 5%50.0197 ~ 0.0284 pg/g ° EEEMKkE &
KHESBE P EEERI0EESEEESTE
AR R IS B A F0.04 ~ 0.004
0.02 ppmEy sy °

Qian% 2. V53 172005-20084F 1 B A i
TRHEAGECESRSE  MaEFHER
0.05 mg/kg (< 0.001-0.74 mg/kg) * 7K & =AML
{E50.0058 mg/kg (< 0.00002-0.031 mg/kg) * $ver
EESE{E0.062 mg/kg (< 0.005-0.4 mg/kg)
YIEL 1004F B [FIREHA(94-974F )87 ~ K ~ v 2 M
¥I{E0.05 (FH&H-0.26 ppm) ~ 0.002 A& HI-0.012
ppm) ~ 0.03 (FAgEH-0.11 ppm) (F) Ry ©

Yap'' VS ER R B 43T RS AR PG B R B K ota
Marudulti & it 4 £ 2 figok - R EIE H 5 &
BSMER - ERERSHEREAmEK - 5%

IE KO IREZ SR & &5 BR0.180£0.028 »
0.183+0.022 » 0.203+0.023 ~ 0.239+0.386 *
0.190+0.028 mg/kg * W KEHN 2 e mER
PERK o YapFEZ IR EIRE M7 a% W25 1k - 3 A%
o BRI E B 0,776 +0.139 mg/kg 0 KU
TEY) B & BA3.565 - Jarvis "W HEEEEIEHES
BroREHEY S EN YR R - AR S HEY
W - 6 BB S A EES LA - Singh!' V5
ER TR A DB /K R HZ 157K R IR 3 AE R A %
FAEYIZ &BTEEE - WAE R R ET5R
T BB TTRIR G O A2 GRS S A E IR
Wk P — S EE R R AR E - AR
B8 E TR - AL EERARETESE
TCE T REMLAE Y RE W 1% 0 B S SN AT AE A - #5
EZREYSEN ) EREYRENEE  RIFFER
A H PR B - Rt B A B e EEE S
EZEOK  BRTEREG RGN - KRR FERE
BEHT - DURFEH B H R -

& A

FHACTA & AS RN - BINBER AT R B &
Kb E S S BIBBUEAN - B ERKE
AL BB RERCEVERE - ENESEA
RN WAREHRIRAST GEEENR
o AR EE S EERRORE - RIFEREE
B RIFHIMRRS - ACASHE REMES LR
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SERE - LIEREIZ & » R B R 4
EEREAVET > DR RER KL 2 - HERM

FREE - iR B R (R T -
00 FE 27 it B P 8 1 B 0 A e

RZ2H -

Er
AR E R DG A | B O TR B HL
RS - THE  ERE  MESFIEE
WO ~ BT TR~ BRES 5 1@ R  RF
5~ ERIlEETEER) - BREK - BIEK
(F'?&Er?’”élz)%) MEFH(GRTHER)FH’ES
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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 from April to October, 2011. Seventy-six samples of the first crop
rice and 86 samples of the second crop were analyzed. The results showed that the total average contents of
cadmium, mercury and lead in rice were 0.04 (N.D. - 0.27 ppm), 0.003 (N.D. - 0.012 ppm) and 0.02 (N.D. - 0.11
ppm), respectively. All rice samples have shown good safety under control. The heavy metals in rice have been
investigated and monitored since 2002. The levels of cadmium, mercury and lead in rice were all in compliance

with the regulation set by the Department of Health, Executive Yuan.

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



