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Health Risk Assessment of Consuming Taiwanese Brown Rice
Contaminated with Heavy Metals

Keng-Wen Lien*

Abstract

Brown rice as an important food source for the Taiwanese population, provides
abundant nutrition. However, its heavy metal contamination has also raised widespread
concern. The main purpose of this research is to assess the potential health risks associated
with Taiwanese people consuming brown rice and ingesting heavy metals. This study utilized
data from the Food and Drug Administration’s monitoring and inspection results on heavy
metal content in rice as well as the National Food Consumption Database to conduct risk
assessment. The results indicate that the detection rates of cadmium (Cd) and arsenic (As)
are the highest in brown rice, at 77% and 98%, respectively. Among the 62 samples, the
average detected concentration of Cd is 0.07+0.07 mg/kg, and the average detected
concentration of As is 0.12+0.05 mg/kg. After evaluating health risks using the Monte Carlo
simulation analysis method, the study findings reveal that both Cd and As levels in brown
rice fall within the safe range for human health. Even under the 95th percentile scenario, the
exposure to Cd and As from consuming brown rice does not exceed the Reference Dose
considered acceptable on a daily basis. This suggests that, under the current government
regulatory measures, the health risk associated with Taiwanese people consuming brown rice
and being exposed to Cd and As is acceptable.

Keywords: Heavy metals, Brown rice, Food safety risk assessment.
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B APEOTY o B AW G ERE wf G ORGP s s Bh T B
W s 3B fmg»‘ Mt HK S AR TR - 2 BRI Y R AT B
EREFEBEYE > B A BmE LA B My~ b B2 Mg L2 S
Foaw oo Flpt sk B oA kA RigREaEMY TR e La (Bnie 4 - 2010 ; M
Ak B3 2023) -

EREN » Vi Fl 7 AT 4 ~F(Qian et al, 2010) > A B A HERE X >
BE L GIED AR LEAE RS A g 22 TR J?a(ltal Itai disease) ; -
é\ﬂﬁ'%‘i#&ﬂzi}%‘ R ZEE AP REREREN Y ARG NGRS R
& &m i ¢ & (Woodwell, 1967) » 2 ¢ 45412 LD F o E 245 > Sl fpimf 2
FET sl sofe s TRE P LF2 L o gk 5 F g0 it (Osteomalacia) 2 5+
v A E ¥ ¥R -9 fg (Proteinuria) 0 2@ 2 ¥ 5 e AR R R 0 Bl 2
(Nishijo et al., 2017) -

AELERAA TG AR BT E LR
WhEA 2 FARETF TeRY SRS TR A EFEL
450.4ppm %2 % 0.05ppm)(fe2 4538 » 2018) > ¥ g * |
F ¢ EEBEE R EFEARERCr e’ > 2010) -

FWoRHRELBORI  SEBRLB LS RN AL EHLEER
S AT PRLTFRIDFIREFFER S RAZ A CHEN B ELEERREE
TEvV A MG BT o

~E PR AREFEREH
oS J (/F‘*O 35ppm ~ 4-0.2ppm -
91+ PEFEE ARG

R

- LR RN EARGEFY

Plavde % 4 (1992) ¥ »% % F791 80& B4 %1991 ks > 3 4 & % AT 42 T
ik & 5 0.043 ppm (A & 11-0.220 ppm) - A E 357 £ 50.004 ppm (A & 11-0.022
ppm) o b G REHRFBE SEHELPE R A A (TN £ ARG A
T2z 2 FEA LSS4T

(-) A W93E2? 112" Atk = 16591 (=7esm % > 2005) » kB % 40T !
1.4 72 £8-T35E 5004 ppm (X 1-0.24 ppm)
2.k s ERTioE 10.002 ppm ( & # £1-0.008 ppm)
3.4:7 £ T5E 5003 ppm (A4 11-0.11 ppm)

(C) R FO4£27 1127 Fis 462 1491 (#0523 £ > 2006) - WSk % 4o
1457 £5%T35E 50.05ppm (A4 1-0.18 ppm)
2.% 7 £ %-T3E 50.003 ppm (4 # 41-0.011 ppm)

.47 £ T5E 5 0.03ppm (&4 1-0.10 ppm )
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) A K98ES? 3107 B £ 16112 (#4745 »2010) > % B F 40T ¢
1. 452 £3T32% 2004 ppm (& # 11-0.37 ppm) -

2.k 5 & um_@z,;o.ooz ppm ( A # 41~0.01 ppm) -

.47 BB T 50.02ppm (A 41~0.16 ppm) -

1457 £8,.T35% 50.04 ppm (A4 1-0.18 ppm) -
2.z £, ﬂlimﬁéo.004 ppm (& # 41-0.013 ppm) -
3. 47 £ BT 50.02ppm (A # 41-0.09 ppm) -

) A F100E47 3107 B4+ 1621 (54rif % 5 2012) > KB R F 40T
1. 453 £ L4518 50.04 ppm (A4 21-0.27 ppm) -

2. & 7 £ L35 50.003 ppm (A1 #1-0.012 ppm) -

3.4:% % T 2 0.02ppm (A4 21-0.11 ppm) -

) A ®101#47 210 X 36416012 (F4riz & > 2013) > kG & 40T
1. 457 B T 3E 50.04ppm (& # #1-0.17 ppm) o

2. & 7 £ L35 50.003 ppm (A& 41-0.016 ppm) -

3.4 £ L35E 50.02ppm (A 21-0.10 ppm) -

) X F102# % 103+ ¥ £ 3 #4021 (2%~ % > 2015) » %k E 5407 ¢
1457 £ T4 50.04ppm (A # 41-0.27 ppm) -

2. & 7 £ L35 50.002 ppm (A& #1-0.031 ppm) -

.47 132 50.02ppm (A4 1-0.14 ppm) -

HPO1E 108 EF LA+ w2 A2 P £ A4 A a2 Z ERTBES
%] % 0.04 ppm (A4 21-0.38 ppm) ~ 0.003 ppm ( & # 1-0.031 ppm) % 0.02 ppm ( %
¥ 1-029ppm) > 2 A RT79T 80 b %2 1991 dk ok L% o 45T 55 £ 5 0.043 ppm=z
AT ioy £ 50004ppmi £ 5 4 L P o

L ERE RN ¥ FE Wb
%%}I:‘uﬁg”} TEBGE A4t i BERPM 2T 30 H B Y10

% (o
Vil

RAE S 2018)c Ak LR BE = B e B oE B a R PP
2 (World Health Organization, WHO ) 7] % A g Jgd » Fp £ 43 &

SlAck ke 2 B R ' A E B RAL o 15T R (20104 S R R AR P R
BAEERMTHERZFAT > kB LBLF R OE R A AL TR TR
Ec 18R A > TR R E T :Fft 7 3# % (Inductively Coupled Plasma-Mass
Spectrometry, ICP-MS) #%B|H ¢ 2 42 F > A 15HBIE S 52 T AP T3 § 5
0.17+0.04 my/kg (0.09-0.37 mg/kg) ~ ¥4 5 £ % 0.06+0.05 mg/kg (0.01-0.40 mg/kg) -

Vo LB E A 2 57 7 (2018) 0 AP S 4R~ 45 ﬁ%fff-m ety K 'f’hén‘ ¢k R v

T2 I

# tr &

0.613 ~ 0.713 ~ 0.440 ~ 0.895 » & = 445 (2020) R £ 14+ ] ~ 551+ ~ 2 ¢ f¢
D AT E Y LA S R .*%%ﬁ:rﬁé7 5§ 0123+0048 mg/kg (%

1 91-0.344 mg/kg) ~ 452 T 355 £ % 0.034£0.0615 mg/kg (& & #1-0.498 mg/kg) ~ 452
Tiaz ¥ 500033 = 00072 mg/kg (—Mﬁ -0.0745 mg/kg) » F ¢ B g Ting § &
2 43 (011)2 47 § 3¢ dp st Ui+ ¥ 4R 2 i 1 TI00K R IS 56% 0 i 4R 2 I
i:’,f;)i'—;'i’91&i103ﬁ Rt HozZ ZRESZLZE2 < o
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&?ilﬁifﬂ—._—?ﬁﬁfﬁgﬁ ARTIE R EFAHE S K (F L)Y £ 4 B4 &
BRGREFARE EHS FFARBEFF QORI FEFFINE R 4
B S00 KB R b i o A A LT 6 KA 5 bR E £
2 EBR G e Tl A GEELFFRE LA R B R R R R T

.Lﬁﬁﬁaiﬁ%k§p+’$blk4“%Wﬁ@a%ﬂ B e 4
BF B B OYR S 4 H\iiﬁf%afﬁ&%ﬁx°“W%A§&%ﬁ%%%%
PERRRRGER S ARLL G 0 S MR LS R L 4

Bk Bl Gorc i 2% &g o

L
- RSk £ & Bie Ry
%Piﬁ%ﬂiﬁ%@m&%ﬁ%ga FEE
%g mﬁ%%%ﬁﬁgJ,w*m&_z &2 4 RARY DL &tk R gy
£ 625 o WD FFE4E A ﬁﬁm(f LRI G BB H % > 2023) 0 HE 4
BAt 2 5L ARG R ES FRF L Bl LR RKR 2
(MOHWH0032.00)i¢ 7

=~ R AR Sk 3R By

FHAVIKMEIEN SEPETHY R W HELAETILRATIES THRE(FL 4G
FIME FEHFRE 5 2017)c AT R T ZFAE20172020E MY XN AL ST
FL9 127 164 ~ 163 18 ~ 191 65% 2265 11 + v 1 # A0 2 Hef %%?&_ LR T
FO 2w BEAGL TIRE P NS F R R RITR

S REBR%ITER

(-)R3Ed FORALERBLEDLHE I RHA Y LEHAERE SR
FESFTHE 2 s > ol (Lingetal,2015) > 315 & H BEMG
ok P £ &2 5 p ¥~ £ (Estimated Daily Intake, EDI) -

EDI.=Y + 4
Ui BW;
#¢ EDl B3k BREE P I G SR S5 T2 £ (mglkg
bw/day) » C. (Concentration) = & &i® 4 174~ & & (mg/kg) CRij (Consumption
Rate) % & % % ¥j# 9 & Fiz # 9 £ (g/day) - BW, (Body Weight) 3 % & *% #]j
2 4 £ (kg) -

(=) % 7 #(Hazard Quotient, HQ) : $1** 4k » & & ¥ It B i & 2L R i
BRI AN BETE AT TR DRI EAEES P VRS S
% #| £ (Reference Dose, RfD) 2+t {8 « B & fe A 1788 2 T FFIE 14 3 d #7
Fi% o a2 (Lingetal,2015) » 3 E R B EEE SR L P £ £ H 2K
b &

FR T sk £ 4
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A
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n n EDj
HQ= Y%RD;; = ¥
i=1 I ;1 R

x 100%
(2342)

HY S RMDp: ax® £ 24 K25 p 7 &% %3 & E (mg/kg bw/day) ; HQ
“EDIZRMD2 W iE o« §HQ- 1pF» A7 AW R B EFFF g+ k
BEHLERLYG  EHQ I W1 A7 ED R BRI EF T $0 k%
BRE-422 €5 P H22URERE  A2REHEL G 5T HELHL
0.83 ng /’kg body weight per day (Joint Expert Committee on Food Additives
(JECFA), 2021) ; # % 2.14 ng /kg body weight per day (JECFA, 2011 ; Lioeetal.,
2021) -

(= )% F » 47 (Probabilistic Analysis) @ | * # % 2 472G S d TPEL LI E B
WEAEBZEER G FHTEFHEMIME N ESE LY 2R
EREFREFFLECTOE REL RSBk BE S I FE S
% #42 (Monte Carlo Simulation Method) §* #c5E # 44 4% = 72 i& {7 100,000 4
RIEE > R L G JeacthE  E M 0 B £ % 5048 Crystal Ball®
(Version 5.2.2, Decidinerring, Inc, Denver, CO, USA)p £ 2_ 5 & + R 5802 4
e T2 RAEIFENAEE L E B2 e A R

N s
- RIELEEREEF

M2 EEhRplEREy A SEEFF PR FF iy "ok 2267 8
TRRREETHEE | > A476251083 1128 M2 £ At Y £ & B R i
AIMF L FBEEA > F & BHRRISE 5 4£0.00:0.07 mg/kg ~ A E A M~ 4
0.0008+0.004 mg/kg% 4 0.14+0.05 mg/kg » H & 1 & 4 w] 5 84% ~ 0% ~ 4% 100% o
PMEREEIAEH A £ 2RI F 5 450.0520.03 mo/kg ~ R BT A At A s R
0.10+0.06 mg/kg » H #& 41 3 & %] 5 86% ~ 0% ~ 0%793% = 0 % & 27 L 30T & 4 4
L16EBETEHE A SR Firdkl 2R PN AT » BRES AL L BY
W TR AR AR SASF T2 3 A% (7035 ppm ~ 4:0.2 ppm -
4504 ppm2 &0.05ppm) - H ¢ L ¥ A~ 40 11 45 R4 1481 B 1161
RogEB M I FE o S AT RAMIEHZ LR -

K ALG2 1 A 4E2 T o4 41k B 4 0.07£0.07 mglkg (% # 91-0.25 mg/kg) » ¥ A K
797 SORF 4 5 2. 1091 ko % % » 4F T390k B % 0.043 ppm (%144 % » 1992) ~ 12 2 91
E2103E B ABH R2 A2 847 € &£ F42 T9ER0.04ppm (2 % ¢ £ 5 2015)%
FAove o ARG T2 kR B QLT5R c AR BHREFSF LY
(011)2 7= 5 % % 4pif > AT § &% 2 BA T30k B % 0.17+40.04 mg/kg (0.09-0.37
mg/kg) ~ T ¥947 ik & % 0.06£0.05 mg/kg (0.01-0.40 mg/kg) « # £ F % 4R F £ (2020)
FHPF e F AR L EBERASSE SR BEER G
0.034+0.0615 mg/kg » # Jk & B % 0.123+0.048 mg/kg @ A 7 2. %% €5 7 F 2
WHRFEAR BEX G EERPALGEERE TN DA fAler v AR ¥
Reask? EREREAS G T - 2 P AE4E% (Booth et al., 2008; Meharg et al., 2009)
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i@%vawﬁﬁfﬁﬂﬂ Qﬁ

EAAIMEL K SFEFETRET AN FLAAIN IR FIFESTHEE - 28
FAREL G 2 R EREFM AR GRR BT Rdalidy 0 SFELEN - E
#0523 A wIE gE R 8 BB TR o AR R R % 32 TR E 2017-2020 & R %

st
£ }¥

Y EDBEHSTHY 122164 ~ 163 184 ~ 197 654 27654 12 + v B A2 ok 46
G > MAGTEHMY 2 BEML TIOME > R ReR2 119-65KFH k7 (1
%—‘F*{) ’ iiri:l% € 5266307 TEaEspiEakktEE (42 €) 547.81450.052 5 »
s EM5H p 113 1 230102 5
%liﬁﬁﬁﬁrﬁﬁﬁr&‘¢ hFsdiE
Lo W ot 0 i@ (mg/kg) (s ) 5 )?
i+ # 4% & & Fh
A 25 0.09t0.07(84%) 1 #1(0%)  0.00+0.00(4%) 0.14+0.05(100%)
# 14  0.05:0.03(86%)  * 1 ! (0%) K4 21(0%)  0.10+£0.06(93%)
% 16 0.05£0.06(75%)  * & ! (0%) H 4 91(0%)  0.12+0.04(100%)
% 7 0.05:0.09(43%) &4 1 (0%) 4 21(0%)  0.11+0.09(100%)
B3 62 0.07x0.07(77%) A :(0%)  0.00£0.00(2%) 0.12+0.05(98%)
i 2m g 48 v;}f-iﬂw—a SETAH O KB S FTH T S RED S ATV E R ¢ *rs‘gp : v;}ig
LA AN - N A wﬁ\@%z;%ﬁ%;ggiﬁ:géﬁﬁﬁ\igﬁ\ $§
agath:awa D RTIERE L AR
L EE R R I TRl s S

22487 kA EM2 A A ESE

, S
-aE &::ésl 4= A E A El 45
# p 3% 4 £ (g/day) # 4 £ # F(g/day) £ (ko)
12-16 & LN? (116.48, 105.20) 2.05-522.00 57.63
16-18 & LN (46.58, 44.88) 9.34-178.68 62.66
19-65 & LN (47.81, 50.05) 1.13-267.99 66.30
65 Akt LN (51.50, 44.03) 0.98-230.10 62.43

L LN=log-normal distribution, data are presented as meanzstandard deviation.

2 HBR%GITHESE
FR P R B R A G B LTRSS R E A

&t % 5 4~ 47 (Probabilistic Analysis) i » #HE 5+ + s 172817 1033;*—': T AF
BEVE RGNS B SRR E A REE ML A G P E R
NE LB e ERER G EAER32 L4 B 42 /»ﬂ%’b‘ Bk SRR ST
JECFA (2021) % 0.83 pg/kg body weight per day ; # 2 2L &R g b 'k 4 &£ P 5
2.14 pg /kg body weight per day (JECFA, 2011 ; Lioe et aI., 2021) © 4R 2 AR A B R R
1219-65 F A48 5 B 0 %5022 %907 & =4 %] 5 0.0711£20.1476 (£ 3) o A2 452 PR
‘I&'p%s Bhtk o 1119-658 A S b > %502 %90 F & =4 W] 5 0.0436£20.1145 (£ 4) -

FEL12-16 ~ 16-18pk ~ 19-65% 265k 1 v B 2 #0F M > F R A% 90F A = H
f‘ FlcEM 2l Ry A7 8% HFEaEf 2 ¥ks HEHEH O RBNE £ G5
b"’ﬁ?&?hfz ISH}L M R T R o

w%%
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1‘11965;%% A EERAEBNEEBBEOM L ARBLGAS T > ol
RI2#9T77 o AL &£ PSP A LR a3 ’fﬂf%“*igr@ Fit %95 A
LA - &/ E‘.ﬁ’%ﬁr&# Pl dEr £8% B517.22%2 %% % ﬂ(ml) £ 4 M
$O5F A2 F P B £ SRR G 1411%2 24 R E(F2) - S HE LSS
B >0 EFREF AL TOVREIST LR OE ;ﬁ—é S Y AT
W2 EERP B F P RIEETAIPHRREFFLAMEER G
(Potential Human Health Risk Assessment) » 4o % & & 7 #iclic @) 3t ¢ E301 > TFhgT
ARERIRG BT

23487 P ELEMESRI 2 E 4R AT P &K
T

o WO X2 A2 I

A P10° P30 550 g P70 P90
12-16 & 0.0491 0.1217 0.1870 0.2594 0.3755
16-18 # 0.0180 0.0458 0.0709 0.0990 0.1437
19-65 & 0.0174 0.0453 0.0711 0.1003 0.1476
65 f 11 0.0205 0.0497 0.0753 0.1038 0.1489

'P=percentile, P10, 10th percentile.

247 p ERENE RS LML p T K
2 =4

e THESEL 3P

il P10 P30 P50 P70 P90
12-16 & 0.0232 0.0678 0.1158 0.1781 0.2937
16-18 0.0085 0.0253 0.0437 0.0677 0.1122
19-65 0.0084 0.0250 0.0436 0.0682 0.1145
65 A& 11 0.0096 0.0276 0.0467 0.0712 0.1167

P=percentile, P10, 10th percentile.
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ooooo

=3
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Hat#E
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m11965;§411%*"% ﬁﬁw‘%s ‘:a‘_.%fi—:&fv‘ LR R G A T R
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mz Io- 65;%« ix%ﬁ% ht% % e @%ﬁéum&& “ﬁfv\ # %1

BE-FEFRAIBIRBHEAELEH <L - 25 P RR &R T4
Lg% F o g BiBA 2 S (Reactive Oxygen Species, ROS) 314z 5 it & 4
(Garnier et al., 2006) - ROS #5 & ~ 3-d B ~ Pifefed 282 F B> $RYFHESF
WG IR ARG ERAMTF o TR EDEBURR IS §ERAER 0 7
THUBRE 2 ARORT AR RERZET - AT Faupa- BY N SE %
¥]+ (Gallagher et al., 2008) @é < 32 3B R s (Itai-Itai disease) é,%;iz poAx R
& r B AE S hE s m A ¢ F (Woodwell, 1967) S g slAsfmE 2 4T A R
end e ERE Y f@?‘f ok o ek AR F g0 i (Osteomalacia) 2 £ & 7 & F
E 3R F-9 g (Proteinuria) » i A > E § e 45 8 3 @ & {8 7 = (Nishijo et al,
2017) -

Lien® 4 (2021)% 444+ 1581 B £ B A2 a Xk 2 (# 429 K ~ 2 X &k} 5):E
T4 b '™  BEFH T REERGE T EER DA T ~ ¥4 T35 po#E (Life
time Average Daily Dose, LADD)Ar & % 35 #ic(Hazard Index, HI) - & % &7 » - &3
¢ > 1965/ ¥ H5d X FBE 24 2%50B F » =LADD i 0.06 pg/kg body
weight perday » % %50 ~ 90495 | 4 i & T 4p #c(HI)~ %] 5 0.16 ~ 0.69{r1.54 - - 4%
HMEAT RGN L L AR AL R 0 F PSR EF LT
#| £ (0.36 g /kg body weight per day) » & 8 & * £ 4575 A ensf § H AR T a,q g
RO RFE(T R4 2E 2 E AR E)T R +§4 B ERLYG  ETRIFFTP
PR AR T RPN o 2 T %P ¢ 5 19-65pk F 4 L B #% i %;g
WE AR $95F A 4R F P B E‘ W5 17.22%z2 %4 ®E > Tt £ F

% #% (High-end exposure)# 48 - = /i 3+ % > & Fp (W1) -

G FF RIRRDE A B R R FL BHI G
FEaa sl EB 2 EERGAE R IRAE i@]/ﬁr‘%iﬁhg %(US Food and
Drug Administration) ¥ 4%+ 4 S4B} 6 ¢ P EBEFEEL%GFL P BLEH
Mt afEas g WEFH N2 Jaf a2 25 FE2FTH &léi@l@ﬂg\&
AE PGS P RS A gk R R b G 5 3.90x10° o #F LA (2018) ¥4
aAP 2T REE T AMARTIET S K r‘m;i‘ﬁ)k“ﬁ% 15%5’.1)(10*":}5—;{&

SRR FI T
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B E > LRBEARES S K a PP R kil THRENVRIERE L & EDF
R M L s o AP S A S HRBIR TR LAY b
AERFBLYG2Z S5 LA HEPTR AT R AR 3{;95’,5 A(R2) HEp et
Fr BR%51411%F p v RS2 2 Y RE B L AR AMRERT AT -
ﬁ%%éﬁQmDmP*’mi? %%%Lmﬁf%éi Fic g 1w@%+ﬁ

Ao rRTEREBETRTHFRBRA D2 ETE °JF2$ BT 0 R G
£ % 0.17£0.04 mg/kg (009037 mg/kg) o & ¥ Bfedk P R Z RX AP LR o 5iF
FE R SR T00%:E B R RAg N R L R RTE R g P E p
Bk B ﬁ(MaX|mum Tolerable Daily Intake, MTDI) -

ﬁ*’%*iﬁﬁﬁAQmmfﬁ+@ Pl s B sl AR AR
oi‘%g:‘?’G?gﬁﬂ\"%} YRR ?%’Téﬂg@iﬁ'}w‘ﬁé\ﬁgéggﬁ%:g
E-THE% %4%wﬁ¢ﬁ¢?r %&%°ﬁpﬁé%ﬁﬁaiﬁiﬁﬁﬁﬁ
EE: 28 3 XA y&&%aﬁapw%a’¥W§¢aifiﬁmfwmw6%,
95%F A i 0.1661r1.663) c AT RAEBF(FBFAR)THALEER G - &
B ALY TRIAFAERE(FHBF A ) BRI T RS :}H‘JE'I?Z.T%%?EE
P ErR 2B B MR EHEMER TR 2P ok
’péii%@ikemmmpi » %507 Azt lkcE 50518 #iciE
%’Hﬂw%iﬂ’ﬁ4Wf%, S B

Rt Efl* e vk BER - RBE KBRSt puld
*“"gﬁﬂ”fﬁxﬁt@fﬂ"‘”’#'ﬁyza’ ﬁpﬁ AR B2 R
:5&&"?‘] ’ ﬁ"r—g)—‘iiﬁﬁ—%ﬁkﬁ {6 #1718 P e % TR EIEGE o j\/Eﬂ;L‘
ta? 2 BkR - if%WW€~zkﬁ¢@ﬁﬁa%y £%% 5 ®
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ff\ifi?l ESE Y DRI 0 B FE L HE R ALY
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