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Background Levels and Daily Intake of As, Cd, Cu, Pb and Zn in White Rice
Produced in Korea

Myeong Chae Jung*

*Department of Earth Resources & Environmental Geotechnics Engineering, Semyung University,
Jecheon 390-711, Korea

The objective of this study is to investigate background levels of As and heavy metals (Cd, Cu, Pb and Zn) and
their dietary intakes from white rice produced at various provinces in Korea during 2000. Except Jeju-do, sixty-
three rice grain samples were taken at 8 provinces and analyzed for the elements using ICP-AES after acid diges-
tion, The average contents of As, Cd, Cu, Pb and Zn in the samples were 0.126, 0.040, 1.96, 0.361 and 16.6 mg/
kg(DW), respectively. These levels are within the ranges of worldwide average coficenfrations in rice grains
reported by various research. Assuming the rice consumption of 256 g/day by overall households in Korea, the
amount of daily intake of As, Cd, Cu, Pb and Zn by the rice were estimated to be 32.3, 10.2, 502, 92.4 and 4,250
pg/day, respectively. Those amount of daily intakes of the elements by the rice are within the WHO's guide for
trace elements, however, rice consumption is one of the most important sources of dietary intake of As and some
heavy metals in Korean population.

Key words : background levels, As, Cd, Cu, Pb, Zn, white rice, daily intake

o] Are] EAL 20008 % oA A4k el g As, Cd, Cu, Pb ¥ Zno| AAg-F3s) winle) 4
Holl gk ol& vRALESY AAHAFE FHsks Zolth =FAk] Yt @2 AFEE AT Szl %
6379 AEE AFHsAT B A2 AFR, vlEH R A ol%, ICP-AESE &43ly 3shEae 3ot 3}
SR Ao, el 4" As, Cd, Cu, Pb & Znoll i#t ARSE 71559 HIdFS ZHzt 0.126, 0.040, 1.96,
0.361 3 16.6 mgkgo @ ZAMEITE o]5 FHE AAAAM AL Wu] U9 ojgedd Ak Fagds)
fA1E Weolth 9] FHel 19 HF WAH|TS 256g0 2 sPAEH, ZARE Ao] AHd 98t As, Cd, Cu, Pb
2 Zno| 19432 247t 323, 102, 502, 92.4 2 4,250 pg/dayC. 2 AALEQTE o] ZHES AARA7ITe] mEr
4 14943 S8 715 ool T, Aol Al 2] FHOAA M £a% nIdA HH AR shiojrh
F20] : AR, BX, FI=E, T8, |, oFd, U], 194HF
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22 UM AdEe AEREe v, 8y, T
F,AF 2 A9 5 odei 7P g HEe 2R
R AL vFo|n}, FulolMe v 3,5007Hd (=500
THE) ool o] ik 9lor, 20008 7]E0.
2 10% 9F 93.6kge] WIS An|ElE glow, 21
193 skl oF 256 9] &o] M= lthhttpy/
wwwmaf.gokr). 28, AAEHE ] wslo| sl Ho
FEo1RE 19703t e) 374g/aRle Hls) DaEE
FAloln, HZ Z d7k AlSH FHo2 sk &
Arkego] F7tEe]l Hole & Aake] FF 1,500
wdo M AlBlA A Ve gtk ez
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Table 1. Sampling locations of rice grains.

[~ SRRSO AR

Fig. 1. Sampling locations of 63 rice grains produced in
2000.

ID* location ID location D location

1 Gangwon Goseong 22 Choongbuk Cheongwon 43 Jeonbuk Sunchang

2 Gangwon Goseong 23 Choongbuk Boeun 44 Jeonnam Hwasun

3 Gangwon Hongcheon 24 Choongbuk Cheongju 45 Jeonnam Gokseong
4 Gangwon Jeongseon 25 Choongbuk Danyang 46 Jeonnam Mokpo

5 Gangwon Yeongweol 26 Choongbuk Jecheon 47 Jeonnam Gangjin

6 Gangwon Gangneung 27 Choongbuk Goesan 48 Jeonnam Muan

7 Gangwon Wonju 28 Choongbuk Jincheon 49 Jeonnam Naju

8 Gangwon Wonju 29 Choongbuk Jincheon 50 Jeonnam Haenam

9 Gangwon Pyeongchang 30 Choongnam Asan 51 Gyeongnam Geochang
10 Gangwon Yeongweol 31 Choongnam Asan 52 Gyeongnam Hadong
11 Gyeonggi Icheon 32 Choongnam Cheongyang 53 Gyeongnam Milyang
12 Gyeonggi Gimpo 33 Choongnam Hongseong 54 Gyeongnam Geochang
13 Gyeonggi Yeoju 34 Choongnam Boryeong 55 Busan city

14 Gyeonggi Yeoju 35 Choongnam Seosan 56 Gyeongnam Haman
15 Gyeonggi Gwangju 36 Choongnam Yesan 57 Gyeongbuk Yecheon
16 Gyeonggi Hwaseong 37 Choongnam Dangjin 58 Gyeongbuk Andong
17 Gyeonggi Pyeongtack 38 Jeonbuk Gunsan 59 Gyeongbuk Andong
18 Gyeonggi Hwaseong 39 Jeonbuk Gimje 60 Daegu city

19 Gyeonggi Gwangju 40 Jeonbuk Imsil 61 Gyeongbuk Yecheon
20 Choongbuk Chungju 41 Jeonbuk Jeonju 62 Gyeongbuk Pohang
21 Choongbuk Jecheon 42 Jeonbuk Gochang 63 Gyeongbuk Sangju

*ID: See Fig. 1 for locations of samples.
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Bl 1mgkg o149l Cdo] 2R v SLom (http:/
wwwmatgokr), 3 BFEe FERY A, F7
i HReAY B9 FANY BEAN ol
A AR WA Thge) F3%e] A2E v vk

JejEE o] Ao S o] FHOZ L]
S Qe Ao) T VIFALES) AAHFHFLS
GRde A Be) B AL 19 B
F Admge] 2% nlgdse) AAYASE 24
S B olHE AT AT A AQNAR
o AT W SANBE PAL F Ut 34 3
24 Blsh QA A BNE 9 1% ABE
89 % gl Zoth

2. A& xiFle} SpEHEY
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o] dFoME 8 HRle] FHoz 2nEl Q)
| &89 As, Cd, Cu, Pb, Zn 59 S84 3t
2] AATRFS AR A5l S8 vet HY
taez 7+ Ay tEAe AYe AFs
BE A3l 059 A I/FFS RAIGgoEN
el EAx ko] BA)18 xjolg st ual &t
=
AR AFE EA ot W AFEE A9
o) = HHE 71FeE 7 oM AitE &g o
o8 AYHoZ Qhfsl zt AlTolA 6~107H2] A
g FHA RS ARE B8 el 4
A Al 2e B e, IR A EE A9 T
EE WITE FolA A7t HAE As FHsl,
A=A F 6JNE THsIcHFg. 1 2 Table 1).
A Alge 25°ColM 547 AAAZRS &, 21U
2292 A2 2712 nEY sl £ AE
E AR 5 200 Ax8 & A 8E M) At

tlo e %
£

>

32 AN

© freigel B3 47182 Balah] 98 5misl
BARS 108 PAOR 33 FUsiAT 4718e 2
si7h 5] olFOIEE 3K WA 7, SPBE

A SAAZ FATHECE 3A17F, 100°CE 317,
150°CZ 10717}, 160°ColM 7z, felas 43
5 3mie] HPEARS 91 thr] THEsl] A ze)
ATHG0°CE 1082, 100°CE 18A17F, 190°ColAM &3z
Z). 2371 989 A8= 5M 84F 2miE leaching
§ %, =542 HE 292 10mE o) ICPAESS
2gale] 4T

A xEe] Howel Y=g FREr] Yt
o 107] A8 138 & 649 FEAIES HRM(n-
house reference materials)®} ©]= NIST(National
Institute of Standards and Technology)® FA|EZE
A B(SRM 1568a, rice flour) 5= AFE-3IATH UIE
Ho g ZAEFAZ(SRM1568)E SEHoE EX3
AFE Table 20 29313t} Folld B vje} 720
RE Q459 AT} 95% oo R FAECR §
o)t o T AT

3.1. #ojol &fE O/FAL B

79 BAF ik As, Cd, Cu, Pb & Zno
e AgHE Table 30l A3tk EellH He
uke} 7do] thyRe] dAEe| ARhAsSP} A9 me}
& HAE HolA] geth SpARE AR A5e| g
e AR Ha Ao AU W fEeR
AZH0T ol XA 54 Aold o B Y|
o] Y3k wHall 71edsks Aoz AT, 3
T EAH AolE HEE] 3l ttestE AT Z
7, o159] I Alolw FAHLRE vEhR] sk
o, J§ Alge] Tkl ofgt Bzl ol W
W 4 Qi) 7 4ol oigt g welel A9 &
g yEsia o 2

H2(As): drd oz 28250 e vk
e 0.01~15 mghkgHZHA 71E)e=2 43A 9
™, XM 2Ee] gulalEe] vjs] 2 Fe] e

o lo mt

Table 2. Chemical results of As, Cd, Cu, Pb and Zn in SRM1568a(rice flour, NIST, USA) analyzed by ICP-AES.

Elements (mg/kg) Certified value (A)

Measured value (B) Accuracy (B/A) (%)

As 0.29+0.03
Cd 0.022+0.002
Cu 2.4+0.3
Pb* <0.010
Zn 19.4+0.5

0.28240.004 97
0.02130.001 95
2.2840.06 95
0.009+0.001 -
19.140.2 98

*Noncertified



360

v

Table 3. Concentrations of As, Cd, Cu, Pb and Zn in rice grains sampled from various province in Korea (mg/kg, dry weight).

Province As Cd Cu Pb Zn
range 00820259  0.014~0079  1287~2.193  0.083~0.397  13.00~20.23
((;zi‘ivlv(‘)’)“ mean 0.139 0.027 1.776 0.174 16.89
std** 0.050 0.020 0277 0.095 2.11
_ range 0072~0260  0.029-0.279  1.848-4228  0072-1.074  15.96-18.47
G’gefrg‘fg‘ mean 0.141 0.102 2.646 0322 17.39
"~ std 0.060 0.100 0.826 0.302 0.77
range 0082-0286  0.010~0.153  1404~3369  0009~0275  14.47~18.53
Cl‘(?l‘;‘;g()t;“k mean 0.148 0.041 2.118 0.144 16.57
std 0.058 0.049 0.621 0.086 131
range 0097-0.194  0010~0.042  1429~2.196  0.098~1.042  12.14-17.63
Ch‘gf%')‘am mean 0.131 0.020 1.807 0335 14.86
std 0.030 0.014 0271 0329 2.15
range 0061~0204  0015-0.056  1.797-2.758  0.047-0.576  15.14-21.59
feontuk mean 0.118 0.038 2224 0220 1824
(n=6) std 0.048 0.014 0.349 0.185 2.19
range 0043-0.144 00130057  1268~2.642  0053-0.790  14.92-19.55
Jeonnam mean 0.096 0.033 2.004 0.274 17.01
®=7) std 0.045 0.019 0408 0.257 1.85
range 0061~0.119 _ 0011~0.042 _ 0.430-2.030  0.688-0.985  15.34-18.33
Gye°2§“am mean 0.089 0.019 1313 0.829 16.74
(n=6) std 0.022 0.012 0.689 0.097 1.05
range 0076-0.176  0.012~0057  1214~1997  0673-0940  11.23~18.66
Gyfgf%’“k mean 0.119 0.024 1.557 0.823 14.89
std 0.033 0.018 0.291 0.082 2.62
range 0043-0286 _ 0.010~0279  0.430-4228  0009~1.074  11.23~21.59
%V:ggl)l mean 0.126 0.040 1.958 0361 16.56
std 0.048 0.050 0618 0.314 2.02

*n=number of samples, std**=standard deviation

gko] i (Bowen, 1979; Kabata-Pendias and Pendias,
1984). Bennett ef l(2000)2] G7o] 3P4, =g
H2FalFolla] Aujel Wnjof ghae vAe] B
2 0136 mgkgo 2 AR v} Ut} o] AP A
® U #in)e] 79 0.043~0.286 mgkgel w3 4
o WYE Holn HF 0.126mgkglE ZAIH ]
Bennett ¢f al.(2000)2] -7 Az} vl FARE ol
AEHAUL. AQR oz A7), A, T R F5A
o] Ay, A& A B AR H|g) HUlHoR w2
o] AEHA. oleldt Aol AFo| o FgFo
2 AR gg A3 AJolg e vl
% g gl

FIER(CA) : 215<] Aol o =2 HEeY
ZolER 94ER] e EdA AujE HEME
URE W22 gEke) &5 githAdhano, 1986).
Jung(1995)2) LeFArEC] 2)EPA ML EEFIAM Aul
B tiFs 4 8ol Cde) ¥ 1.0mgkg ©l5tE2
AEIAAT Cd 5= AE 9] shiel el

o 12

o

1~2mgkg AEE ANEog & Holr} FH,
Kabata-Pendias and Pendias(1984)2] ZAlel] ¢J&pa,
ZEo] shyE Cd ke 0.013~0.22 mgkgs ¥
£zt ol gid Cd 3% Al g9s =7t
A o]RojFion] tFzow YR AL £ 8163
el WMo EE #4543 Ht 0.09 mgkge] Cd
o] A&¥ v} Yth(Imura, 1981). 3 HZe] 289
)3l 7818 B R 0.05 mgkge] Cdo) A&
B1% QtkSimbo et al, 2001). 3 Fjcie] A}
Azl 3l <0.01~6.2 mgkgs] FH=Eo] AEEHA
tHPip, 1993). o] AtellA] =AM =l wWn)e] A8
B 0.04mgkge) Cdol AEHASLH 0.01~0.279
mg/kge) WAE B o] e 2 F OE AF
215 o5 Ry Hagaat FAR AeExn Hrt
42 Z AolE Holxle At AFF e HH, o
HE 0.03~0.04 mgkge] S Hol YA F7]
Zo)A] AulE AlEM 0279 mgkge] Cdol ZHZsE
o] ol Al ZAET) ol A= Fude
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Astel EAS] o3 thddt edde] ERsEE
Eo] o[z3t Q¥ =&¥ A¥E dusHd, ¢
Z X dd Hla] EYe] AduAdel 28 5 e 7h
54 iz Aad

T2 (Cu) : A& 9l Pl B 2 AKel vl
£ »adt Yol HEQ] B LAEY A Auid 2
B9 A B4 5-20mgkg A= 7 el
oem o] Hr} Wi} gom REZN e AYF
A7} Yehd7|= $ch(Adriano, 1986). Jung(1995)2]
[okge 3l H|eHEWIA AulE 2EE]
Cufre 06~160 mgkg F=e] W2 HIAE HolA|
ok ti5-E 10 mgkg HF¢] Cu e 7= Zlo] ¢
WA ZAgkolth, M, wimlof] iR | =
At @2 F7tel) wE) vk Apole YA, w59
735 4.14 mg/kg(Bennnett ef al, 2000), dE2] 7%
2.9 mg/kg(Imura, 1981) So] BEAHYc =t Ftct
o] 2A} Aol o3l 1.6~14.4 mgkge] Tt A
25 ATHPip, 1993). o} AT7olN AN =) wujg
739, 043~4.23 mg/kge] HMASE 2451 Ha 1.96 mg/
kgl FEI7F AEHJT. ol AF7AY e dF
A} & Aole flom, AFol| mEte Cdd 7ol
7A71olx FEo s B HFH2.65 mgkgRtS 2
o] gjtt,

H(Pb): 220 FHE ol AAuiAEZel M e
Tk A7t A E Bk k. Jung(1995)8] S9kRkE
of oJal, VIS HEDNA AulE AEe] JEEe 4
B9 25 w2} 0.01~78 mgkgl R thkalA T o
B2 1~2mgkg A% 7 7Hoh =3 Kabata-
Pendias and Pendias(1984)2] ZAll] ¢]slH A)L2AE
9] A% 01~10mgked] 3 HAS 2= Ao=2
BEc) Weje] 58 gel g 7)E A7 Ax
o o3, thkst F7lelA] Al Ae] Ha Gk
£ 0135mgkege 2 BRI OM(AlSaleh and
Shinwari, 2001), WM = HF 025 mgkgs] Hol
A& HUTHBennett et al, 2000). E=3F AviTie] F=AL
Aol 2l51H  <0.01~6.7 mghkgd dol A&HUTH
(Pip, 1993). ©] d7ollr ZAFE ) wnjolde 3
7+ 0.361 mgkgs] o] AEFHILHW, AHHo=w
g3t ABA zhzt Ha 0.829 mgkgt 0.823 mgkg
oz Ao F2 o) AU

OlQi(Zn) : A EolA] o} T & 1.2~73
mgkg AF-e] 7S  7}A ™ (Kabata-Pendias and
Pendias, 1984), Y& A& A 2 Zho] ui-¢ F
L FF WYE ZErh 2 B9 ZARE winjdae)

ol S BW, 2271 7ty dvldAMe Ho
16.4 mg/kgel AZHAT, WololA 13.7 mgkgo!
Z = % tHMasironi ef al, 1977). %3 Nriagu and
Lin(1995) &5l m|=te] Wu]ollr] B 23.0 mgkg
9] o}de] AEH ul Utk o] AT A FY
o wWwujel AL v A7 AR U He
16.6 mghkgl ZH T Wid vig)] AHH0 HAr}
A ¢al N2 Exste EYS 24k

3.2, &aH|0f 2 ojFaac] 19 QANMET

o] ulg AAtare gl dne] 7132 J3
Zu|A Al we} oSt e Belil vk 19704
HE| 2000:8711] FuUle] A WslE =A% Fg.
204 B ule} 7o) 19800 HAAAtekek 355%¢
ERlM 19883 x= A THOZ 605RIES A
Ak olF AAFE o TIHAA T uid
500~5507HE 2] o] FuollA] AArE L Tt

3, 98] Jeke] 490 ] An|RRE I 70d
thel] vl Aoz FalEE AgS Holx Qi) o]
= AAEe] siglo] A & F4ldA o] 4n) @
AT A e 2] Wl <g ZAoF AEh &
£, 20008 =8 7)1E0 2 A 79| A7 AiH]| ol
93.6kge.BM HE® 16kg U 359kg 2% 59
kg, T 85kg, AMF 43kg Tol ¥iEl 253 AT,
197045E 2000a7k2] 98] veke] 4= Wals

Annual fice production (thousand tons)
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Flg. 2. Annual rice production in Korea.
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Fig. 3. Annual rice consumption per capita in Korea.
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TAIgE Fig. 30014 B uke} o] wiid 2 Ao
Hase FAloltt. 53] w7l Hg] HlsTlele] &
aH]o] FA3] Z2E 3 glrk

o] dyolMe F 6349 AA T A AAE 7]
Fo2 AiH]o) ogk As, Cd, Cu, Pb ¥ Zn9] 43
EE Aleiinh BanlEe 20008S 71E0E AHE
diplon & anjo] ofgk 7] A9 19 TS
et 2ol AlLtaldth

2 2o 93 949 19 AF FH(ug/day)
=1 25H| 3 (g/day)xA 2] T ug/p)

2o A& FHEald ArtE zh ke 1Y HHFE
371 w7t 2 AAZ T2 Table 40 8.2F81%
o} FollA B uje} o] o] AM|E QI thRke]
As, Cd, Cu, Pb ¥ ZnS 433 Zoz ZAEA
o} olgist A7E e It ¥lwsh e 2t

H]2(As) : 22182 Aol ofst vlie] AU 3l
gk tpefst ste] A7t FRER Alle TIEe
2 Mutels Ha 17ugday (89 2.4~101 pg/
day)?] H)AE M shs Ae® ZAEN o (Dabeka ef
al, 1987), u]l=oA = 50 pg/day(Nriagu and Azcue,
1990), FFolM= 61 ug/day(Evans and Sherlock,
1987)8] ¥|&E HHshs FoE A=A s, Al
A2 F7)FFAO) B AARZAZ]FWHO)N A= 60
kg 40Ee 71FELR 1Y HIAHHAFES 120ug ©IBlE
T3 UTHFAO/WHO, 1972). =ujle] Win)E 43
groEm wAE 5 Qe vie HAHFBE 3226 ug/
dayo 2 AkE|R o, 2] 4H)7} vl AAAHT
o Fa3t FEL 3k USS AN

FIEB(CA) : AA 2 F7HEFAO) B AARAZIF
(WHOYIIM= 60kg 41& 702 7l=g9] 94
t)&|-8-Z(PTWI, provisional tolerable weekly intake)
< 400~500 ug ©l3l= FASIAL JoH o5 1 7]
Foz ulEHE 57-71pg/day A =) tHFAQ/WHO,
1972). A= A% 19 Cd A 20 pg/day, =
< 39ug/day B2 ZASATHJung, 1995). =Hol|A]

Aule wnle] o] ZAgH AXAR ] o3, Ah
Hlo| ola] 19 Fa 1024 pgd) =8-S A7|FHe=
AFBIL e ZeE A AR 14 |
Nzke] oF 15% AFe o} 8% Cd 4H A
22 A

F2|(Cu) : FAO/WHOM A= 60kg A0S 71E0=
T2 1 HS-L3S 30,000 ug ©l3kE FA5L
Ao, FHolMe 1Y B 18,000 ugd] THE &
AE2 AHSIL Arh(ung, 1995). FfellA el
wWue] Ao AT ALl oshd, Aan]d] 9
& 19 H 502ugel TElE AFsly e A=
ZAHE At

L (Pb) : FAO/WHOI A& 60kg 491L 71Fe=
Fo] G383 3,000 ug ©15HE 3 B o
SO (FAO/WHO, 1972), ol thet 54de] Hap 94
Fo=2H 19860 FRHWSEHE e F5A
7lEe s 25 nugkge 8 2R3 THWHO, 1993). o
A tig et =7ke] AWt FFENeH, o
¥ZA o2 Pfannhauser(1989)= tlksl <7e] 19 @
AAFS AR A7) 2sd, exEgo}
62ug, 549 113pg, YE 230~320ug, VIEHZ=
106 pg, E=hjel 700~1,000 ug, F2AE 413 g, 3
= 186~220 g 2 = 60~300 ug 22X MZF
o] Tk w2 HJHFE Holx Utk FulolA AuiE
wrle] ) ZAT AkAe] 5, Ao o
3 1Y Ha 924 pgo] @S AFE Je Aem =
Ao} @ AHOBE BWA & H|E| sgHt.

Of1(Zn) : oFAL QUzZFe] AAel] 5 8¢S &
= 942A AP 4Fe Fas das duA Q)
t}. 198230 AARA7 T BJAEFA 1ke 7)
To= 19 1000pgs HusEr1Ees A8
(WHO, 1993). Zt=1¢] -7 dfoll o3l 544 24 &
o] HHE E3 10,000~20,000 ug A=E A3 sk 2
o7 ZAIE oM Jung, 1995), SWolld Aujg Wwje]
AFel 2% Alakdalel olshd, Aiulel ols| 1
B 4,250 pg?] ofAS AFshe AoE A

Table 4. Computed daily intake of As, Cd, Cu, Pb and Zn by consumption of rice.

daily consumption(g) As Cd Cu Pb Zn
mean(ig/g) - 0.126 0.040 1.96 0.361 166
farm 375 47.25 15.00 735 135 6,230
o household
daily intake nonfarm
(ug/day) o 244 30.74 9.76 478 88.1 4,050
overall 256 32.26 10.24 502 92.4 4,250
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4.4 £

o] ¥ FWellM 200040 AFEE A3t A
= g =olM AR & 639 WEAE dig
As, Cd, Cu, Pb 2 Zn2] Agi3E FAlslaL, o
£ Aoz BAEE 7] 94t 19 Ha 4
Hgre 2ARIAL sien dAxtAdde v 2ol
8s9Fs £

1. AFEE AT 2ARG M) A FF-E 7}
Z 259 X9 BEAL BAFLE felil Aol&
Bolx] gigrom, tiRf fAleE SRS VR Ut

2. Aol wit HAR= IANh WuAge] HFE As,
Cd, Cu, Pb 2 Zn®l $haFe 7}zh 0126, 0.040,
1.96, 0.361 % 16.6 mgkgl 2 ZAMHAT)

3. %2 =79 19 Ha EWAHFE 256 mgeE
713, ZAME Aol 3ol 23 As, Cd, Cu, Pb
2 Zn¢ 19 AdFHEe 7z 323, 102, 502, 924
2 4,250 ug/day> = AXFE AT

MG

AF A

E A7 120003 Agcige wulskedpn)
A ARl g8 AFEIsUTH

H#IEH

n
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