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Current Status of Cadmium Exposure among Japanese, Especially Regarding
the Safety Standard for Cadmium Concentration in Rice and Adverse Effects
on Proximal Renal Tubular Function Observed in Farmers Exposed
to Cadmium through Consumption of Self-Grown Rice

Hyogo HORIGUCHI

Department of Environmental Health Sciences, Akita University, Graduate School of Medicine

Abstract Because the staple food in Japan is rice, which absorbs cadmium (Cd) from the soil effi-
ciently, rice is the main source of exposure to Cd in the Japanese population. In addition, there have been
many Cd-contaminated farming areas in Japan. Therefore, a safety standard for the Cd concentration in
rice was set as 0.4 ppm by the Japanese government. This safety standard has been followed for decades
without any appropriate scientific or legal basis. However, recent epidemiological studies of female Japanese
farmers exposed to Cd through self-grown rice, that is, a series of Japanese Multi-centered Environmental
Toxicant Study (JMETS), showed evidence that the safety standard is appropriate. Therefore, general
Japanese consumers are unlikely exposed to Cd excessively with the application of this safety standard,
considering the trend of decreasing amount of rice consumed among the Japanese population. On the
other hand, Japanese farmers were found to be at risk of Cd exposure through the consumption of self-
grown rice with a high Cd concentration. Actually, the JMETS showed that female farmers at 70 years of
age or older had a decreased proximal renal tubular function due to the high renal accumulation of Cd.
On the basis of these findings, “medical examinations for Cd exposure” have recently been implemented
for farmers residing in Cd-polluted areas in northern Japan. Because it has been estimated that such Cd-
polluted areas are actually larger, it is necessary to implement medical examinations of more farmers
there, particularly the elderly.

Key words: cadmium % N I % 4), rice 2K), proximal renal tubular function ¥T{7FRHHE HEE
safety standard ZLYEfH), farmer REK)
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EEERTE DRE

AARTR RO LB ES  0.4ppm &\ 5 BELE
Biylokeh Cd OBBEE L L THEB I N TE D, EH
TN ERRCEEINIZOIDOVWREDZ ETH
5o Tibb, FH2ECHBHEEEORECHEISR
i, WIS ORBMKLER REFIhBHIFIiva
BIOFDLEYH - Uik, LREROERPmCd &L
T O04ppm HBRX TEATHLDTH > THIEB R, |
LHIERH, FH22BE2ALDHEAIR TS (11, Bl
Tl 2 ieE % F TORRIT OV TR,

BiFT KA CAEE ORBEMTH 5 0.4 ppm &\ 5 BfE
PRI ANNCIRH S I ie Dk, IR 44 SR B4 B IR
BAERERMELT 7 N3 vARIABIEHFELEEN
B BT THD (14), LHLI ST CdD)
BEK, BRI X - CEEFEYZI W5 LHEEIh 5
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HUI A D B EE, UMK OBIESRHAELT > oL &
T3, TOFHITE, EFF, SO KE X ORI
DWT, FOCAEEORELRTT S, FOKE, CdEE
25, KZH - Tix0.0lppm &, Fiik, LREZH-> TE
04ppm % Z 2 T BHBE L, TORERHK, HHEZ
T L AFENE LR LT, BT REEH
EETTH5,] LINTWi, 2%, KhCdEED
0.4ppm &\ 5 L, RN BEEE ORI RE Clxi
<, BEBHROMBRE Ch- T, E, Z ok
AL 04ppm &V O EER, ILICRBELHEYER
THLEROFEAHKTARETH - T, BRELDSE
B &b X5 I oYl L EBEE O b O TIR
W] EWHEBEERARZDR NS,

FEROFERFEF I, ORBEGLBERAEOKE
X v Cd DBETEROHFLENE S TR - B a1 E
Ro1 BH7-y cCdiERE#EET 5, @1 8H7%Y Cd
BEREN03mg % 2 2 TV ABAIMSFHKY CdRE
BRI L, EREBERELTS, @
DI YR Iz 3\ C Cd THRIEEE TR, Cd SR
DR, FBEFRERLHE - T2, 05 AEW
RFIRPREINTV B, TLTIhbOFERICEDSE,
Cd BB V5 B M ST A RAE KD Cd BE ORSL
H#eE  SEH09Ippm 9~ 10% K5k CALE, L%
75 1.0ppm) K& 45 L ANEY] & O RENIER
45 EREEBBEHERAELT» ORI, HELI D
Brffivy, CdBSEERSEMAZNC ST 5 CABRE LR
mh Cd et R & OMEBIEMR STk B L 0D, Cd
BTSRRI S M RAEHRE B 20— RS h
BECRBB DA Y —= v 7 ORED 1 D THBR
R CAdRE 30pug/L »HEHIRTEY, ZLTKFC
BE30ug/L &\ 5 MEBRSERB Y Tyl
BHAHENSBONEF—2edhk4 5, #-TC, &
HEIRE LM TR T B AR BRI & B HEE
BI3hTuiaw AREEALETH S,

LI AT, LEOREHKEET CdRBETG R EE S
EEFBRERCONTOLDOTHY, AL LTOXK
— RO WTORERENRTE I hichld Tkt -
Fro BEo T, ELEBRIORBBEESBHET LS LR
BL, hitoEEEOREHICOVCTRFEY T, T
e, 1.0ppm OREFBEBR LI LFEEL LB EDOCID
| FEREAHE L, FhrFBEtresd st cd
b oo — A DFFAEE 0.1 mgm’, ROBREL RS-
oA RORM CdFENBEBEEROERELLEE ULRE
BELDIEIoFZ ENnD, 1.0ppm &\ 5 B{ERDW
Tit, ThRAABCEETHH LHWTHI L xTER
W] WS EEREE D, R4S FrmE L 14), L
HLEDRD, ZoRMBCSBEHEROME, SRR
BRO v b ~OSE, BEEERBIC LN B
B & LD b ORINEOZ 4, S oMERH
EFhTWwi,

Whicw X, LROMEESEHEMESO ARG

449}

Ho %, BB 45 FIc MR ORI E SR,
WP DML LT, K LK) &Fhsds ¥
STVARBIOH NI vafkEYE, AT vA Cd ok
LT 1L0ppm Kl ClriFhidinbicwn BRied - T,
0.9 ppm K THAIUEL I E T 1.0ppm KRG TH - 72
bOELTHEIH->TELIEZ W) | EOERNEES
phH IR (14), Thick b, ¥ CdiEEDOER K
AEEMEIY 1.0ppm &g T, Birkie, FFEIITI A
BEAE L C, Cd BREBEGHEH LI O R4 K OFSG LK
P oNT,  Cd BRI REREMIENO 5 b, BERR
LD CAERE D 1.0 ppm B E & 385 & h 7o il D BE K
X, BiRAw T, RS OHBRFERT AR, Thll
NOFERE, BREHEFREEALRDD, BEOXE
DEAFER L OHEERELZR L CEA L] &
DERITREOHED HIh T\ 5,

LI AREFDOH, BRISSIEI » N IvadHkoH
ANBOFEENCAR BEB DT &S REFRE
OBEENHE NI, TORBFE » N3 v AREHG
EEZMK LA O OBEKRD 55, 7 F I v A BERN
0.4ppm AL 1.0 ppm KAE D & D, e &4 L A
LABD, HEERESAYEREL CAAL L TR
T, RALDADOHRCTEANTHIEDET S, En5hD
Thote (14), Thbb, ZOEBIZL->TARKIZET
BAKO CdEE oI, RREEK ETI 1.0ppm
M I nieps s, FEMTX 04ppm E70h, LS H
FCHHAIhAZ EWinote, LL, Zofmicill
TO2OoDMBEEN D -T2, B—1, FEHI44EIC CdIR
BTSRRI R EH T BT I Tz 04ppm &
WS BRISTEROHIMTRE & L COBMED, 13EA LMD
BRI S R I, Hicsd MEERE) wio
W, BEEEOLDOREREL sl Thb, #
TR, RREEBCES CHBEEOHIEL WS ER
FEAXB 2T RBTREOME] &5 TFK
RIEFTORMCE - THHAINTELEATHS, bk
A, 1.0ppm LA LD CdIRE ORITIRF I X - THAIL
i, 0.4ppm Ll 1.0 ppm KD b DX EMKES D
BV EAEURBENEAR, FOWEMHILEIh
T&f KB UMERXREE) 15),

3. Kh CdIREDELE(EZK 2 ERRENH &
ENICHIT T 2EFHEDOERE

LIANMEHIOFIL, Fve—r b EEOEERE
S R Cd BE W T OREEEREN 2 —
Ty 7 ARRASRTARREMY - 5 EYWERE
Codex Committee on Food Additives and Contaminants;
CCFAC) i & h, FBEIIX CCFAC IR T D Cd
EORARHE[EEY 02meke ppm) ETHREREXIREL,
HZEIa * v P RRD (16,17, BERBFILZ WL Z
Ty b OBEHETEOKR L TR 12 £ O FAO/
WHO & [ REEIMHEMKEE Joint FAO/WHO Expert
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Committee on Food Additives and Contaminants; JECFA) ¥
2 7 EHAiRAT 5 BEMAKTHD, 2 —F v 7 AEES
I DY R 7 FHAEORER KD THEEM AR T D)
R Leds, #REHES 1T 5 oD 7 — 2 B384 &
DREMICE b, JECFA WEFHREOER A EHE L
(18), B, TR BT & TV 7 7 pglkg of
body weight/week &\~ 5 EEER 72 CAEEREDREMTH
% EETNABRIEEE provisional tolerable weekly intake;
PTWD DWW THEHEINFIELBIr-L B L
7ody, T PTWI BN itk b OBIGE O K E
DCAEEDPBHEBERLDTHD (19), FEOE b
DEMIZ BT 2BEEFHHES SO TR ol &
D L 5 Fekrf Cd B O FLHEE IR A HUE A K 5 EIRE
W 7cBhE &%, HARBFL 04ppm &\ 5 ERTOR
HEOR B OWTEEHERER L, Thicdo<
BEIRR A IRR T 208 ELR D Z kit T,
Z DO AMD I, Japanese Multi-centered Environmen-
tal Toxicant Study JMETS) & WiEh 2 & BF9E 5 F 5K
BEIVIRD LRI 200, ik, EEINDKDC
BEREMMCE L Toh X 5 A AL D 5 DETO%
TERATHIE 2 SR U, 40 A5 60 IR0 BKE X%
MBI L T 2 B ot 23 5, CAiRmBRER &
T DELLREREE~ DB OREA BN T 5, L)
W E Th D, THOLEHEE LDk, BHELD
b DI Cd O EE N 3 5 REEH S &,
Fhe—MIC HARABHE TOBER3E {, BREM 7 Cd
BEEL/NICI RV EELONAZ L EOHAK X
B 9, SHUBKOKITIFEH G D OBER s Cd IR
DM FHER G MERL, B E L TEE Lot
TiX02ppm BLED CAREDORITZE > Rz -
e DRF L Tl b @\ Cd B ORI E A 7R Lo th
BT 0.2ppm DL D Cd RE O KITEERD 29.4% & /5
¥, 0.4ppm LA EDXKIX7.4% TH - 7o X BTk Cd i
B EBERIEMR2 ACRH L Tt RERETEO KRR
D THIE B I HESL U7 A Cd SBEE S ik b FkE
DB IRE R R L, RLEWIIE CIMED O#EE
{Ei% 5.70 pug/kg of body weight/week, 5 DHEZI(HIL 6.72
ug/kg of body weight/week, 2% h PTWLIZAT VL =D
CAEERLTWBEVIHERTH -, T LTS HIED
BRI oMy « Kb CAIEE S LEEO CdEBRE LIz
IZF BRIt 2R L, &b CAEREOB Wi
O BRI R B MK - R Cd BIE OHFIFH
EImbEr oI, Tidbb, OO BRFELMILL
AR VL0 Cd ZERICEIR L TR b, 0k
DIEERNCAEERIFL > TLE- b D EEZLD
N, &I AR, 5HINO BRI CRLRBERED
L UCTRPD a-MG BE & B-MG BEXRIZ L
LA, 5 ORFTFIEE R ORP B-MG BE OF
WHEOEGIILE > e K BEOELRRD e o fee T
b, 0.4ppm LA D CAIRIE O BREXRE 7.4% O AN
BONCIER L CE e b s 3, FARMEREE~ DK

450]

ERED b RIeho7cZ & XD, Kb CdBE OXBE(E
13 0.4 ppm THIBIXINTH A 5 & ORERICE - T
ZLT, BABFLC O ARDRRLMEIC R HESE
W9t DR B % %P 14 41 JECFA WiBH L7 2 & 5,
PR 16 42D CCFAC I\ TH D Cd B DILEE(EF &
04mgkg KEE L, SHLIEFHISEDI~TFT » 7 2
FRET B VCTHROKEMY 04mgkg L3522
TR E NI Q1), ¥, BEVAERRVTHRFES
FEENFH 2 Fio & OFFHREOHRROTIIEEE
JNERIR T OBESFFA (22) OFERICHE-S T Cd D PTWI
% 7 uglkg of body weight/week & 35 &\ 5 fEim B & H
L (10), & B hick-ou CEA FEAE TR 22 4F
ASEERORBCHK O M, RINEOBREE
FHIEL (11), T X5 Kb Cd BE OREEE
ERIZ 1.0ppm 225 04ppm KEE I NBH T & Liroi,
{BL, 20X 57 PTWI & X CdIRE OEMSMz kT
LHIRELBWT, b bOCIBRTFEC X BEMENSD
L WO ST 00, E OB OBEeN
DOEEIIEINDL T ot Thbb, FRI11ER
JECFAIZ X » TIREI NI 02ppm &\ 5 KD Cd BE
DFEHEAEIX PTWI 7 pg/kg of body weight/week & 135HE
IBIEEAHDOELLDTH -7 (20), f-T, Ko
% 0.4ppm &9 %7 BiE, PTWI X 14 pg/kg of body
weight/week & 75127 TH Y, 25O VvRETTL
¥ 5, HIREWZ lie, ARMEEERSTH RO
IR BT 5 EEFFEOBERID ¢ b O FICEFEY
BIE R 7o\~ Cd DIBEHUET 14.4 pg/kg of body weight/week
DTFTHDEEEL TS (10,22), EBw, Eifod
ADBFRCR T HEFHEOHERTIL, 04ppm X825
CAEE DR E » fo {AEE IR T Bitific 3
W T B Cd SEEUR A 7 ug/kg of body weight/week % i
2 BEFAWIIERELTED, 3Rk CARBEOE» -
Te IR B\ TR 0.4 ppm KB X B CARE DK P& D
TA4% TH ol DKL, 33-51% b D RELMED T ugke
of body weight/week 8% % Cd EEHRE LTk Z LT
TeoTLES, 2%, 7ngkgof body weight/week &\~
S PTWHHEAE THECHEG L TChihnwkEX bha,

>
[,

-
—

4. JMETS ORER & Z DERRO 7= 8 DI

L AT, ZDIMETS DFEFHEOFEFIIME~F L~
D CdRBNBREZ I RRLEDOEFEMIL LK
Boe b 0EMOBENLBLRI LWV S BBV TK
BEHELLDTH 1D, T TH WO OREEN
HoteZl LxBEDI G, T, WHREN 60T TR
bR TWicZ & Thb, kD& BH, CdDEYFENF
BIEE R, L v1 0 Cdi&EHgEE Y
BELTENETORE O BRLEOFRTO CAERE
BEREKEOL DL D ERFL > TWBHIXTTHY,
o TEMRMERE~DOHENE N A THEEL I VS
b EEBELBND, D% 0, T0EU LOEMEZF O
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THBETHLEND - 7o, KIT, HEXNGO 5 HiKT
11 Cd DL RMEBEE~DEENBDLNT, o T

] ARBETH -7 L TH DB, FDRHITIL, LD
BEDO CIRBELZ T ka2 m 5 L LicHE NET
BrHrEELZOND, TLTHIK, BARLSHTORET
BB, M OMEY « SER - UeiER T X
BEREDBETERNZ ETHD, TDORDITIE, TE
HREGFHE NI TOHRHE « W AZEE L,

D bolEA2 % 2, IMETS I35 A& & LT
P LT o X 5 e E N ER I hie (13), BiED
SOFTDOFHED 5 Hix b CABRTE DFHs - fo ik B Hblsk)
WHEALHFICE L TE Y, 232 TUIKM » AT b Ok
PEIEL T\, bk, oA HEh3 A )0
ECALE T B R OBEEEL  C ) iz T
KIRR 2RI L R OREST NGB L TR D, o> T Dith
WOKVEERF T T 5850 Cd BEEE v ~L ik B Hilk X
DdEhoteb DEEZ BN B, FEEI, CHlRIZIT 1970
FEHOREI LD Cd I X 56 REREREERN %
B+ 52 LB Lok A —B& s h s (23), &
D D HEHIEN N U S L D Cd B EE % T fo e in z,
[{EPID B #lk A S RPER 50 km AL E S B@FEC Cd
EEOBRVKDOEFEINIZ LW A #iK) %
MEE LTCHEIRL, “hb A, B, CO3HIKICIRITS 70
AN E TOBRF LA R RO AL A K 14
EMBFR IS E DT TIT - 12,

A IR TIXEEEE D 0.4 ppm L ED CAEE L2 5 B
FKERKZIE - Abhieh-7ep, B, CHUETIIF
B 17 4 F T 10% B O K28 0.4 ppm BL LD Cd B E %
RLTW I, L, PR ISFED CHIIK TIX T D X 5 7k
111.5% DHRTH -0y, THULFDOEI HIhD bhiok
b CdEBELEMT 5o 0 KEE o B
D 3BHE], Tihibb 8 AEHIKHIAKZES) 24) KL%
bokEZDh, £ LT, BRLWOMmMKT « R Cd
BEOFR{EIT A, B, CHIEDIETE < 7t AERIZRL
BrrhilEgd CEETHH, CHIKD 70 5L Lo &
FKirtk D R CAEEE L CdBREEIC X AL (LR M R RERE
ED/ETH B 10 pg/g cr. (25, 26) 1T 9.34 ug/g cr. &
WOIEEICEWMETH > 72 Fig. 1A, B) o, FHICHIEL
T, B, Cuo 60 @bl D BE LM TIERET a-MG -
B-MG DEE DR A E MEIR 25 A, R C i
D 70 BELA DR B-MG BEE X AHIK ORI 35 L5
EfiTH 7 Fig 1C, D), L CEECHBRD TR WE
1 B-MG BE &R 3 BRI C H D 70 KL T
FEENCEBR, » F I aBRELE L bR b 10,000 pg/g
cr.(27) HEBTIRF B-MG BEE LR UICERTHEDS 14
Homote, SO X 5 ffHENR 3 Hlk & A LR Cd
BEC X AREEE TLEEI R, 60T TIRF Cd
B LR a-MG * B-MG B O RNITIL#E-C 0 TR E R
rE—RICEEA R bR -DIR L, 708k Ficie s &
R Cd #EE 10 pg/g cr. DAL DOEE TR T 0-MG * B-MG &
EREBCEL S LV IEFEEMEREYRL
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Fig. 1 Blood cadmium (A), urinary cadmium (B), urinary o;-
microglobulin (C), and urinary B.-microglobulin (D) levels in
female Japanese farmers exposed to cadmium through consump-
tion of self-grown rice from areas B and C, and comparison with
the control, area A. Bars indicate medians. Significance of difference
is judged by Steel-Dwass s test.
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oo DED, CdIL X BEMRMERE~OHEL, M
it Bl Ccd AERCER L Blh e, ok
BTI0RAB2 AHEC > THLHBENTR SR % X
SILisB b DEEZ BRI,

LIAT, WioEEsh, CHk TixgAERICIZEE
CHEIKEEIEE > T fefe DI HRKEXRT O Cd B E
CIHEREEA R DR, FO7dic o ORIRO BFK 2
CRIHENE CREREINTELKRD CAEE D
TOFERITE LIS, 0.4 ppm &\ 5 FEEME D 24 M D
FHeETH LR TE e ofc, LHL, CHURDER
THEDRFCAREIIBHIK L » &M THo 0z &, F
7o X D—FHOMINT B 2B LEOREREFNIC L 5 L1F
FA45 D5 50 F T TOXE K OFE Cd EE 1T
0.66£0.72ppm N=77) W5 IEEILHNMETH 722
En (28), CHUE T 0.4 ppm Lh B B FEE K 2 BE
LTEREFTEOUGIIBHK I h 4 Enocb D&
el TE B, o, B TIX 10% Btk o BK i n
04ppm %2 % CAREOXRZXERL TE L ELEZEL DR
5—77, CAIZ & » GEMRMERENMET LT\ 5858
PED D B PR B-MG B 231,000 ug/ger. (27) B2 5
KRIHEDOE G112 A Il & O THEEDERRD L) - 12
ZEMD, BELLIX04ppm &\ 5 HEEMEE, A7l
EAEBERZL WA LW THAD LELLNS,

DX B, LEO—HD IMETS 7351% 0.4 ppm &\
5 K Cd I O KM R 5 1ed O+55 e iFH N
Bohict3ATLIT LR, LAL I OFYUERFE
B ET AR B LR T, HEOLE
AL DA TKF CAREDOERAITH - LK
BN b D EEZBND, boAiT, 23 FEDORME
HFEOHEICID RO Cd BE ORBEEDOHEL S
W, FE0.4ppm L ED CdEBE DK O T FFEEE Lk
IEXhi: (15), 2F 0, ZHIIHEM[AE2 5 CAEE
DRIZBIROEE & fin CAEEE O BB TR
bRBL5Iicotcb\WdZETHD, FOETORESE
ILETH B0 LT,

5 CABREAZZII-EBRICXTS
BRIy LOREZE

LT AT, ZO—HMOIJMETS DfEHRIL, Kb Cd
DFEHEE D24t DREEE L X BIORTOBEE L ME S %
BRLTW5%, bbb, CAREC X 2 EEFENLE
R RET D7D DOKOIELE[MMNIERIAS F 55X
F584F) THEI NI b HHL T, HEF CARED
HRGH R IR BT B S 0.4 ppm DL E D CAEE ©
BREXYFS LML TIERLTETED, £0%k
DI REREREN T R Eh 580 Cd 0
FRFLZITCLEY, LabEhnSHETRERA
TEREVOIRERETH S, —BINEE T, KIFE
FENCABTED ) A7 EMTHocb\WH T L1, AX
DRBEHENK EOBRTH-EE2 B, AL, =0

452)

HIK TIRER D & B 0 EFEXRT CdBEXERT 5709
DEKEHAXERL TH D, Tioth & RFCHTO JA
T B EC R F BRI 0 ICP Do E 7
ExRBALTKTCABEEDORIELITS 72 &, Kb CdiE
EOBEBAHINFEALL22oH Y, T DD EFK D Cd g
BAWAEACH D EELORB, L L, CdidtyE
PRI R <, Lavd Cd e X 3L RMAERE~D
WL 10 A B T BB A EBMNE LT - e
o, OO BRE CILBECBERCHKR T IEED
Cd DIEHNERIC L » THE LR RBERERE R
FED RO B AEEMII G E TE Tavy,

o T, Thb OO B L TR e R
RO BETHBEELZDN, TOLDIZUTDOI S5 &
N3y A OREFEZW AR R, SPR21E X D B E
nTn3 (29, £, HiRO B, CHIKICE AT, &
ZO CARE DR VCKOAFER, fiL & OMERFR, K
FRTe EM D B R CdRBER Z e 2 LIS
HEEVERINCEIRNL, 40 Lo+ XTOEFEDOH
TERERG, BEREXF - MEF - K CdRER
UK ou-MG, B-MG EE S 2ME L, BEATRH
L Tz AR EIEE R OB E U CEFERE~ BN
TV, EHREHEBESTH T OMIRD Cd BEE
DHR B OPEKREE O ABEHICOWTHATS, L)
b DTHD, BEZWNTTFR 21 25 23 I Hh T TH
RO BHIIZ BT H 12 W ETOEETERS R, 973 A
40-95i%) DRZENMELNR TS ZBRIZT70.5%),
TORE, O TR EROEMIC X ) HEHE[E L
B2hCAdBEEDHREXRIRETIE- Abhik
{TeoTWBH00, HEFER DMK T « K Cd BE
RAR L LT REREOR O L AR b,
12 70 B DAL D i TUE 20% I\ ADSE AL R AR RE B
FEORMETH HR T CAdIEE 10ug/ger. B2 T35 Z
EPHBIL, FD5 b Ny ABEREES 10,000 pg/g
cr. L ED R B-MG BE 2R3 A bFicic oo T
Wh, £D XS IeERCIXERRE, BRE Bmn%co
WTOFMREE A BIN TV, BN REEE A S
35 L FERFCHIT ORFFHE & F A A T VI bR
BEBEL VD, OIS, HFIvaniEz
Wil BEFRCHREELZEF 220550, wido CHbikcin
%z, FEPMICGEZEOSIL O X b HEHEE O Cd
BELZTTE I LAMEIE R B b & FES
Bicsd, SR G A AT IR B kKT L TERT S
DEHTENEEZL DR S,

6. #&

BNETIE, 12442 1RBEDEEIAL M
75 o F BRI R i, BRI B D Cd DFRF NBRER &
T O ET O TOMBEIRK X et ML LT &
BZ L, 20, Kk CdEE OREM[ORER D
T OFL oKL, WOAEOEE A MEE EORME
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ELTEROBOLEED TE L AR TR TR L 51T,
TIHAD BEHE TERE & Itz 0.4 ppm &\~ 5 Kt CA IR D3
BT T M R ORI e £ X 0 BHEy - Bk
BUSHEETH Y, B EEN - BRMCHEH IR T
ElLLVIMAMODE Z LFEDRG, LLRib,

NE|DBE DT THotc LT 2, FEENTEOR
HERBIET 5o OBFEFHESARIICER I h, £
OFEAIR L 25 TIER I 0.4 ppm AE P COX
HCdEEDREEME L TIREI R L1, Cd O
BT 5 RREEDORWEEORTO Lo DK X /3R
BTHofcbE-TRVWEELZBRS,

TR Thiek, ARTEELLI SR, ZoM¥EHED
BRI 75 o 7B FE R S5 R END D, TR
WO BT B HEAE»L O Cd DF VR (30),
BERROEMC X 5 BFHEREEOHMEOWREYE G 7
E, BEEREO L TERINTWIRVALEINTE
D, TOEEMEOZYECONTIISHL I bIEEY
M RENRD LEL BN, TRICIMZ, 04ppm &
W5 AR i R HEE & UGB A S h T 40 SR K Y
R LS BB\ T, —HBO R D B5 M B KB KR
Bk o HERE WLV A D CABRBE LT TR TED,
Lo B R RAEREE~OREL H T3 &5 Bk
W, BEC ST AR E Lo ek & TaliE LB
%, BIERBIEE O 8RR E U CEBIIENSE
BER b3 00, fMErOERTFTE EORE,N
fThhbdZ ENnEEhs,

DX, BAARE - TS S D Cd DFE MRHR
EF O EIE S THLWRETH O, S5kt L
THY A THEL TEWTHEWEDEE L b b,

X ik
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There are cadmium-polluted areas in Japan, where farmers may be at risk of renal dysfunction due to cadmium
exposure through consumption of home-harvested rice. The aims of this study were to investigate levels of cad-
mium exposure and accumulation and their renal effects in female farmers residing in cadmium-polluted areas,
and to consider the relevance of age to the effects of cadmium. We conducted a cross-sectional study of 1200
women (40-79 years old) without symptomatic disorders in two cadmium-polluted areas and one unpolluted
Cadmium area as a control. Rice, blood, and urine samples were collected to measure the cadmium levels, together with
Renal effect urinary levels of c-microglobulin and {3;-microglobulin for renal tubular function. Cadmium levels in rice
Age were significantly higher in the polluted areas than control area. Blood and urinary cadmium levels, along
Rice with urinary protein levels, were also significantly higher in the polluted areas, especially among the elder sub-
Farmer jects. There was one case of cadmium nephropathy in the polluted areas. Age- and urinary cadmium-specific
analysis for all the subjects showed a mild linear dose~response relationship between urinary cadmium and pro-
teins in the younger women, and a steep progress of renal dysfunction over the threshold of urinary cadmium
(10 pg/g creatinine) in the older women. In conclusion, the aged women in the polluted areas showed high ac-
cumulation of cadmium and deterioration of renal function through consumption of rice. Also, the aging process
itself appeared to contribute to the different renal effects of cadmium observed in the elderly population.

© 2013 Elsevier Ltd. All rights reserved.

Keywords:

1. Introduction (R2MG). The most severe form of chronic cadmium toxicity is called

“itai itai disease”, which is accompanied by osteomalacia and renal ane-

Cadmium, a toxic heavy metal in the environment, accumulates in
the kidneys age-dependently because of its long biological half-life
(10-30 years) (Nordberg et al, 2007). Cadmium induces proximal
renal tubular dysfunction referred to as “cadmium nephropathy”. The
nephropathy, although almost asymptomatic at an early stage, is diag-
nosed by increases in the urinary excretion of low molecular weight
proteins including oy-microglobulin («1MG) and B;-microglobulin
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dose lower confidence limit; ANOVA, analysis of variance; CV, coefficient of variation;
DHQ, a diet history questionnaire; eGFR, estimated glomerular filtration rate; G-EQUAS,
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JMETS, japanese Multi-centered Environmental Toxicant Study; ug/g cr., ug/g creatinine;
SD, standard deviations; TRP, tubular reabsorption of phosphorus.
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mia, developed among female farmers in the heavily cadmium-polluted
Jinzu River Basin in Japan (Horiguchi et al,, 2010; Tsuchiya, 1969).

The main source of exposure to cadmium among Japanese is rice,
their staple food. The safety standard for cadmium concentrations in
rice has been set at 0.4 ug/g by the Japanese government (Notification
No. 183, Japanese Ministry of Health, Labor and Welfare, 2010) as well
as Codex (Codex, 2008). Based on this safety standard, the Japanese
government has checked cadmium levels in rice before coming onto
the market, contributing to prevention of excessive oral exposure to
cadmium among general Japanese consumers. Most Japanese farmers,
however, consume home-harvested rice whose cadmium levels are
not measured by the government (Horiguchi et al., 2004). Such farmers,
especially those residing in cadmium-polluted areas, may have a higher
risk of cadmium exposure than the general Japanese population. Actual-
ly, a Japanese Multi-centered Environmental Toxicant Study (JMETS)
conducted in 2000 and 2001 demonstrated that female farmers aged
40-69 years from five areas with various grades of cadmium contami-
nation in rice had the corresponding accumulation levels (Horiguchi
et al., 2004).
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The area with the highest cadmium contamination was polluted by
mines upstream, and 7.4% of rice from the area contained 0.4 pg/g of
cadmium or more, while 0-1.5% of rice from the other four areas did
(Horiguchi et al, 2004). As a result, 33-51% of farmers living there
had a dietary cadmium intake in excess of the provisional tolerable
weekly intake, 7.0 pg/kg/week (WHO, 2000), and 5.0% had a urinary
cadmium concentration of 10 ug/g creatinine (cr.) or more, the tradi-
tional threshold for cadmium nephropathy (Bernard et al, 1979;
Ikeda et al,, 2003; Roels et al., 1993). Despite the high contamination,
no adverse effect on renal function was observed (Horiguchi et al.,
2004). Nevertheless, an increase in life expectancy of female Japanese
(74.7 years in 1970 and 85.5 years in 2005) (Health and Welfare
Statistics Association, 2007) and the long biological half-life of cadmium
remind us of the risk for renal dysfunction among female farmers in the
area later in life.

There is another cadmium-polluted farming area, where mines and
smelting plants had existed in the past, upstream from the region men-
tioned above. In the area, farmers are expected to have been much more
exposed to cadmium through highly-contaminated rice grown in paddy
fields polluted by irrigation along with air pollution. According to past
investigations conducted during the 1970s (Kojima et al,, 1977; Saito
et al,, 1977), there existed not only many farmers exposed to high levels
of cadmium but also patients with cadmium nephropathy. However, no
subsequent investigations were carried out in the area after then.
Therefore, it is quite valuable to reinvestigate levels of cadmium accu-
mulation and renal function in such farmers, especially elder women.

Thus we made a cross sectional study, as one of a series of JMETS,
on female farmers at 40-79 years old in the above two polluted areas,
and age-matched female farmers in a control area of the same prefec-
ture where no mines existed and no rice with more than 0.4 pg/g of
cadmium had been detected. We first describe cadmium exposure
and accumulation levels and their renal effects in the subjects from
the three areas. Then, we combine all the subjects and stratify them
according to urinary cadmium levels as well as age to clarify the rel-
evance of age to the renal effects of cadmium.

2. Materials and methods
2.1. Study areas and populations

The Committee on Medical Ethics of Jichi Medical University ap-
proved the research protocol, and we performed the study in accor-
dance with the ethical standards laid down in the 1964 Declaration of
Helsinki. We investigated three farming areas in the same prefecture
in northern Japan, one unpolluted area as a control (A) and two
cadmium-polluted areas (B and C), in the autumn to winter of 2006,
2001-2002, and 2003-2004, respectively. Area B was the region with
the highest cadmium contamination in the previous JMETS as men-
tioned above (Horiguchi et al., 2004), where we had obtained 569 par-
ticipants of female farmers at 40-69 years old in 2001, and we recruited
additional female farmers including subjects aged 70 years or older in
2002. Area C adjoined area B to the east, and area A was located about
50 km west of area B (Fig. 1). Areas B and C have been irrigated from
the same rivers, whereas area A has been irrigated from different ones.

With the cooperation of local Japan Agricultural Cooperatives (JAs)
and municipalities, we recruited female farmers from every farming ham-
let. We examined women because they are more susceptible to cadmium
than men (Nordberg et al,, 2007). Area A consisted of two JAs, whose
member households numbered 4862 and 4446. The number of member
households in areas B and C was 6749 and 4187, respectively. From
these households, we obtained 291, 938, and 520 female applicants in
areas A, B, and C, of which 242, 725, and 438 underwent health examina-
tions, respectively. From among these original participants, we excluded
subjects that were less than 40 years old (n = 44), had less than a
10-year history of eating locally-harvested rice (n = 70), had a history
of smoking (n = 72), chronic renal failure while on dialysis (n = 1), ne-
phritis (n = 3), renal tumor (n = 1), rheumatoid arthritis (n = 17),
systemic lupus erythematosus (n = 1), or sarcoidosis (n = 1), provided
an insufficient volume of blood (n = 1), and had incomplete answers in
questionnaires (n = 3) (there is some overlapping). These exclusions
resulted in final counts of 222, 623, and 355 for analyses in areas A, B,

Fig. 1. Geographical relationship of areas A, B, and C. The thick solid line, the thin solid lines, and the dotted lines indicate a coastline, courses of the river, and boundaries of

municipalities, respectively.



