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Feature Articles : The Basic Concept of Safety Assessment of Intentional and Nonintentional Chemical Substances in Food

Effects of Heavy Metals on Human Health and Toxicological Evaluation
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Summary

In the 20 century, we had two sad stories related
heavy metal poisoning in Japan. The first was ltai-itai
disease caused by cadmium (Cd) poisoning from
mining in Toyama Prefecture. The wastewater
containing Cd was released from the mines into the
Jinzu River and the residents downstream of the river
were poisoned by ingesting contaminated water and
rice. The victims were mostly postmenopausal older
women and they showed characteristic symptoms
including severe spinal and leg pain associated with
bone weakness/fracture, possibly secondary to kidney
failure. The second case was Minamata disease
caused by methylmercury poisoning that occurred in
Kumamoto Prefecture. This poisoning was due to the
release of industrial wastewater containing
methylmercury into Minamata Bay from a chemical
factory. The methylmercury released into the bay
bioaccumulated in shellfish and fish throughout the
food chain. The residents around the bay daily
ingested the contaminated fish and shellfish, resulting
in methylmercury poisoning. The victims exhibited
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various neurological signs and symptoms including
ataxia, numbness in the hands and feet, general
muscle weakness, loss of peripheral vision, and
hearing and speaking disorders. When pregnant
women were involved in Minamata disease,
methylmercury was transferred to the fetus through
the placenta and affected the central nervous system
much more severely than adults. In the most severe
cases, the victims showed insanity, paralysis, and
coma and eventually died within weeks of the onset of
symptoms. Both ltai-itai and Minamata diseases were
demonstrated to be due to the environmental
contamination with heavy metals, but it took a long
time to identify the actual causes after the first onset
of these diseases. Our experience with these two
cases indicates that environmental control is
extremely important for our lives on this planet. It
should be emphasized that once the environment is
contaminated with pollutants, it takes a long time for
recovery from the damage.

DikEn, WHMBEEOGETH > T MR L
7 I3 EEN 2 R 5, EEESAEFEN 5
BUUEMI & LT ARKEIZ K 2 KEB96, 7 FIv A
XKD A8A44 8400, SIS K 2 HISHIRE 2 B < FS
TWd, KU EAHSGEOMHE L BRER S 08
DHEAEREIN 279,

— I ES RIS R MEAICH S 2 L5, K
PETIEE MERRE S KO EBRREOBIN» 6. K
GG - KEGE - LEGYPIETA. Ok k.
Bmi ek ER A BRI L > THEBOHH A

242



Foods & Food Ingredients J. Jpn., Vol. 224, No.3, 2019

®1. ELELBEOAE CHBMEER

HWE4 A& EMHERK
ARITL B, B Fdu Mk, B F v, HEAS, B
N A=FA A3 HI L1 O TR
ST LEY fLopilift. x v ®, 24 ¥ WP RRIE, b, R
ARk ER WImET, BOLAT P, ERE
AHKER JERE, RSN, FR3E RIS - ) - FahkEE
=L A Bk Mant, R, Eii
i Ny T Y=, AyF Mank, NI, SRR
(=3 FIE, RIES WEnk, T, SRR

7K

1. EHFEICHSTIEMAAER (www.try-it.jp)

Mxh s, £z, EEREME O R eMR T —
2 RPEEMFBRE RIS X HEFD Y 2 7 3l % 17
W, REHMERTE L, BEFE) 27 2 MELT 57200
VAR ET > TWS, 22T, ROEICH VTR
B G K oA AER (K1) & LTMmsnd s P
Iy o (AaA44240) EABARERPEE K1)
NS Z OB EET T 5,

2. EEROE MEREE

BAEIZB T 2 EEFIZL S b MEREEEOREN
FEBIZE, 19104R X~ 19704 RIS ) THRA L 224 F
I ahEE (A2 442496) &R TI9504-fk~1970
U T TRAE L 268K OKES%) < v
NG BREGRISERT 2 AFHRTH - 7217,

2-1. 424424 (Itai-itai disease)"”
A4 42 450%, EILE-OME TFHsIC & 72 2 i E
APl OERIZZ I L 72D EF O AFW T, FHENIE
PR OBIGULE S KUK ICEHEEFN TS FIY
LATHBZENRITHIHL 72, Tabbiklh sPE &
N7H B I AGEZOKIEANEN KR %8 C T FioK
HAEBECHA - HERE L. BIEYMO 8 I A5 5UCER
o720 BEFITZFITHEREO & 2 PO RED L
TRFICHOZDKHORIEZEIZHEE L. R T F 3
T LICTHR I N A B ARORIK & HEIICHEEELL
TWEHIB TR TH 572, ThokMEEDNE L3S
IZH U AR A . REBOUREREINAT R & LT 25
IR SRR FE B K O EILIER RO Sz, Z
O L RN IR R R FE 3T 58, V) V-
R HIINGEME T L. BEOWDRHi IOIKT %
T, R TOBITREO THCE . WO IE . L -

243



FFI JOURNAL, Vol. 224, No.3, 2019

HEB - SR OB £ & FOIE L. I3 F o5
DEES & 7 0 BT A R LR ARBEDIREE & 572,
D &5 IR AR TS, SRETII IR AT
RN 725 a5 72780, RKPFRE ST, B
WIHD BT E & I VDARER A E OFERE T kim0
WUz, L LAEDRS, ZOROMEMZIZLD H K3
T LNREETH B Z &I L, 196845 12 JEEH X
[A A4 ZATROARRELZ S F 3 2 D&Yz
THOEARELHMIETH O, FEOH F I L3800
DOFEFIHICK > THENNIZHEHR 28D TdH 3 |
EWE L7z, ZHUS & > TA2A A4 ZATRISBURFREE DA
N1 F L k-7,

2-2. K3 (Minamata disease)'™

KGRI, BEARROKGRBIRFHIEOFRIZHEAEL 72
ARARSPE T, RN T S REEECHR E h
7o XA FOLARG (X2) HUgAKH TARER O Y &
D EYIE A 2 O T RICER U, 2 OES L -
Z HE NI L 22 R (XI3) 23Sk & 0k
ELZPRRERERI L2, L2 LAa» S, FREICD
WINPT TR O [#wp] LI
SUED BRSO NN B D . JHK S T2 5 B
HEhzzx FLAKPRTH S ERE SN DB FTITIIARA
Tikimn &, Mimrt s TSk DDA #EL

720 IKIEBIZHEE S B AL T3, 1946%F-6H %> 51968
FESHENZ A, IZIF204EMIC D72 0 X FILKPE &
THPEAK A& AR & F C ARSI B Ui 72,
Z OFER, 19504 O PN M SR 5 250 [Hi
Dl (X4) X [IEFE] AHERE. RIS RIS
WT R EIER 2R A 2 BE BN L 72728,
19564F 1 ARITAKERT & L Tag . 196849 F I3
AT E U CTBURIZ K DERE Shiz, £72. 19655F-LHIC
13, BB BT R O IS RIS B W TR £ 5724
[k D TIPEA IR G 5 x FIOLAKBRNFETH 55

B2, KEBD A FILAEEL

- EMBE .

3. BB L5 A FLKIE (MeHg) DA MRHE




Foods & Food Ingredients J. Jpn., Vol. 224, No.3, 2019

iy —
B4, 20D X FIVKIRHE @ MERREEE ) &)
(BEEKRRERE 2 — &R 53IH)

DOARGR [HHRARG] HFE L 7z, KERIE A F LK
U X A EMERRRIER T, RYNETE R L O
BN TR E 0. 7 O%ICE BT, EEFEE, kR,
PREPPRAE, DUIBRR 25 & X iR O PEE A L, &
HH I TRARDZ=DIIEEFIIE 5 72, FHiEm s
A FOLAKEP I - 72551213, X FAKEL RO
G % 71 U CHRYL O R RR ISR AT L. B E 7z 1t
12 & S HEE ORISR E N AR S D Z L AR
L7z,

3. EREOSMHF

HEEEGLEEIITER2 S EFHRERLRE 5 5
WIEEEAZ EISRIH X N T & 72, BRC18Td O
LIRSS R ERAE - SEFT R AL . 28 TR AR
il % A0 5§l R 135 ¢ < 57 83 o Bk 30 0 BREETS Y
IZ& B ERPENBE L. SEOREMRHE () 2 25T
fif) OBEMELSMHINDE XS5 IZk 572, LA LERS,
SIRHORAEVEFG 7 — 2 12OV TR FIC e b OyEy
ARG R O P AR H OB R L Tl D RS
iR BRI B IR T — 2 ZRE M THE D . KER
Marhzn, ZZTRRENEHSETHE2H NI
L, KB KOOI DWW T Z OME 4R35,

3-1. ARIVLDOHE"Y

HEIYvL (CA) FIBITHICHKR I h-EHEETY
BT TENTHEOLTITH 7208, BIETEZOH
BYEAFIHL 28K A v R A v F 4 8L M
IBHEh, BT I 274 v 7 OEGERRL =y T
L 7 B3y LBMOEME LTEMWSEh T3, 7
72U, [T B Iy 200 SR O ERIRE & 5 3B

B ORIPEM E LTELC 2720, ZhhBsdhicimt L
YR E B BN D H 2L ThH D, HFITLDE
EREGREIE AT EY OR, B, HEAE) Th
%75, MR SR O KEHIT T < J7EFH T AR OB
HRBAMEE 55, H F I ARENCEE X N2
AOZERMERZE, RIOTTIZED, R, B L
AH N, WAFEE TR P AE A AS NS, —
Ji. AKHETH - T RIIMEERE < h 561003, 190
PHZEPERTE R, IO, PR PR & 2\ N I i B e
HIOFBEROBRENBRIND Z @G IhT05,
R X =4 B 29 a3, TR CR#EZG. &
JBASE 2 VS ThBAZIUF IR v EDELEKE
L CEIISEIZTNER L 288 I3 EH s R8T 3,
7. A FIv 0@ ALY Y ARENCEEE RITE
T, FRIHEEOEIEEES 1244 44 WEE TI3E
DAY LEEHATEZ IZ A S, BWREEE O/ DA
RFWAE B 52 D LRI S, Gk, HF3
7 L C A DR AITIZ AN 2 A RAT SR A A D Y
20 k@B ENRE SN TR, [FEEEA AR
(IARC) TWEHF IV LEZIL—T1(k MIxd 5%
DA D 5) IZHFHLTW5B,

3-2. KO

AKPUT, B E KA, Y — X OB D 50
FHEm e EICHH S B 2, (LEMDTEIC K > TEEA
IO, BROKEUC R SN, Bt 2 DI K
STKREL LD, F72. KPUTBWTITWEEIREIZH
LH, ZOWEKD & 75T 5 KEEZEX (mercury vapor)
W3AEHEESE . KEWATIE TR, BhEE, ikt l
I ER T, ROMICERE W88, B — KR
KA D 72 D aEMEIIK A, HEALEE KR TI3H L
BOWES - LA Z U, RO TENIRIE L D5t
EERETAEEESRBTLZLhMoN TS, —
Ji . AROKERTIEATR O < AR O FHIAMIE & L CHl
LN AFILKNMEEEE 5, A FILKEITNGAEMET
V2T A4 v EDEAREEK L TILENBEM 2 & 52
MU, AR S R A LR A Ok oD R
o] - ruosziel, BEMIIGEIR], $UETE, Ik K ORAE AR
CEEARZT (X5). 2O, HE NSO
Breo b, BRI (MiK) . B  CKREHhO
ailel) . tHEPPRAE (BRUAGE) . OEREE (hooskm) . 58
FikEsE (BENTERD) 28 & ORERB IR T 5, REICIEIRA
IZHERE U 72 2 F UKD e % 7t LR IRAREAT L 7235

245



FFI JOURNAL, Vol. 224, No.3, 2019

& ([X6) 12ik, MNOREERIE & D IRHIHIZH 720
(7)., EEZMRIERE HEBT 5, 72720, A FILK

1. #EE (BE) S0 5] L I X 3 %
o EEEE () SROBIEI N CIiFLEH T HEES K E < £ < DFEBR
3. FubigE (BE) Byrcide b e A HMHERIERERL A0 &AW
4. LEIE (EH) st : FF G L7 -

5 N GEED. /S5 X) néhfnéo$£\&&@ﬁh%?¥@3?7/b\
6. RITRE ° 0 X & 722 FARPEEE - T AMERER ISl W

To ke FOKRHDO LS W6 » it st i3 &
F0ALNT. LU AKRMMREHENE (X8) & Bk
(X19) »gHE <. SHER (10 ppmPE) OvY 20D
5. KRR H 1 3 MISEEE s ) e e e
(iﬁiﬁ"éﬂdﬁﬁ'lﬁiﬁt‘/ﬁ—ﬁﬂb‘53[)35]) mfﬂi%ﬁ /Ui) u%%éhf— (10)0 uh5i7 ‘/ }\ 7

fadE

= AFILKEBOERBE

6. #HmICH B X FILKIBDOHERTEE
(REEKRREHR L 2 -ER» 551/H)

b ETE
(GEE) SYILEE 2R

Iy ..
(EB)-/352R) /é/ \\
‘\ " ] e
‘ ; /
A el

H7. PIRERRICH TS A FILKIRIC L B RERMDFRHE
(BEAKRER L % — &Ry >3H)

246



Foods & Food Ingredients J. Jpn., Vol. 224, No.3, 2019

i ' |.‘ ‘.‘.‘. 2 e - " e
PR A L
. o .;. &

L\ 1 Y 1 oa

- &3

(8. x FILKRESAE (10 pom) 5T v Mt - EEMHEREE Y
(S: 4B, D: HHHIR F: SHEAR)

A MR

A

E10. # FILKRSEE (10 pom) &5~ XU : BH A
TR (A) . 186 (B) ]

7 A TR MR X FOL RGO NGN o3 A 1% 234 &
RN Z ISR 2 D LHEgEh b, b b ML
T PR REIR 2 R B 2B L LT3, r LT E
vv—Fty b HBHIOGNh TS, k. IARCORISA
PERHIE C i 4 FOLKGULAPE 7L — 7 2B (b Mk
THRBAMENEFEDN D) IZHfHEh TS,

3-3. #iDwE?

S I MEBRSH L SR B . HTE 3 E B MO ERR,
WA, BEHROMERMN Z EICHWs ., BEEH Y
VYDTVF Iy oBlE LT IR TE 22, -
THANOEEAZE L THATIEH» 67V Y
VIR I ATV S, SHTEFEORMHRIZE HGEh 5
A, WD THMETH 572D HEMIZEY A/t LI L T
HhEHER AR T Z L3 an, HU, iR hi-f
fit db B\ IR BEE T Ol < D7) O WRENETE 4 &1
KD WEL EOBSRNICER X W 2881013, ik
PR, EIMRR. B A L kit A KET, FRCHRT
FSRDOWIPERBA & D & RISEREE < A T
ARSI Z YA @ T e 5, TR R AN D
R < . MK R K B Ol 75 & & & § 5 86
MEZS| X LW EAMEN TV, &, IARC
DREBAVEFETIZ, #Z7L—7 2B (b M5
RBAMEDEEDINDS) (I BESMLAYTIE s L — 77 2A
(B MCHTEIRBAUDLREZ6LH D) IZFZhTh
SHENTWS, "AETIE. ZhsOHORENEE ZE
LU TR ke RGP IEdE e EIC X DL
SHFlEN T B 720, HEAFRICE T 28igEEY 22
iR Ik oo b %,

4. HDHDHIC

KOENC I 2 EEEIC K AR EIE. & <191
FO 81 D A REU A IR 0 )2 T2 11 o $R- 4 2 35 12
5 §iE A A R0 i AR O P IR S B g R EE 0O
BRESGYAC KX 2 AFHIFITH AT L. ROTH kIR
KRR T2 12 2> U T L IR oD a1 7 Bl d6 Tl
OBIGFFEAICHINT 2 7 F 3w adE3E [4 2442455
M, e, BAROKGEERFIZE T 517 TE» 50
FEAIZHELIA§ 2 2 F KR E ARG 2BZhZTh
ALz, Zhoidndhdfils 2 03t T O
HIMES EEE GR. 7 F 3w 4, K OBBHET,
IR RIS R e HE L R R A 5 2 2R E K-
7zo FeHENIHR % O BRI BGEFE 12 Fo ) TR EE % 18
FELORHERIEE BT 7208, £ 0— 5 TIREBE
M, WURAFR (424424005, REAKESR, HriEk
B, UHTE - IR A Z <) R4 L L < OER A
LHoNBTLEEoT, TN, 519804 LI A
AR B & BRETERGAN L 1R 2 1S s & X0 |

247



FFI JOURNAL, Vol. 224, No.3, 2019

BEICEWTIRETELZARDBRD DD H 5, 211
FEIZA D RO AN BAE75E T20504 F TIZIiX 1004
IZELENTH %, HERIRE IR & TR KE
BINd 2 TR A ANFO A3 NE Z L3, HIERBREE R A
IEEICIBY. RIEE FEE2 GO REIBII LA T
HWZE R B 1 2 R R ERHIITR TV 5,

5 | Az

1) R.A. Goyer and T.W. Clarkson, Toxic effects of metals,
"Casarett and Doull’s Toxicology (6" Edition)", C.D. Klaassen
ed., McGraw-Hill, New York, 2001, pp.811-868.

2) "Handbook on the Toxicology of Metals (3" Edition)", G.F.

Nordberg, B.A. Fowler, M. Nordberg and L.T. Friberg eds.,

ELSEVIER, Amsterdam, 2007.

"IKARIR D BN & HARD ARG R, S5 A SR IR SR BRI e 4

ARA, 2013.

4) K. Mitsumori, K. Maita, T. Saito, S. Tsuda and Y. Shirasu,

Carcinogenicity of methylmercury chloride in ICR mice:

w
=

preliminary note on renal carcinogenesis, Cancer Lett., 12(4),
305-310(1981).

5) K. Mitsumori, K. Takahashi, O. Matano, S. Goto and Y.
Shirasu, Chronic toxicity of methylmercury chloride in rats:
clinical study and chemical analysis, Jpn. J. Vet. Sci., 45(6),
747-757(1983).

6) K. Mitsumori, K. Maita and Y. Shirasu, Chronic toxicity of
methylmercury chloride in rats: pathological study, Jpn. J. Vet.
Sci., 46(4), 549-557(1984).

7) M. Hirano, K. Mitsumori, K. Maita and Y. Shirasu, Further
carcinogenicity study on methylmercury chloride in ICR mice,
Jpn. J. Vet. Sci., 48(1), 127-135(1986).

8) M. Hirano, H. Ueda, K. Mitsumori, K. Maita and Y. Shirasu,
Hormonal influence on carcinogenicity of methylmercury in
mice, Jpn. J. Vet. Sci., 50(4), 886-893(1988).

9) K. Mitsumori, M. Hirano, H. Ueda, K. Maita and Y. Shirasu,
Chronic toxicity and carcinogenicity of methylmercury chrolide
in B6C3F1 mice, Fundam. Appl. Toxicol., 14(1), 179-190

(1990).

PROFILE

RE 8]
T YT B b
BER

REPEL

1972 F M EE N TR B R EMRAMAF. MU
REMEBICATE U47ERBICH-Y EKERE)
MERAVERE EEZOLEVEDOS
MRBRICED>TE . TOM. hF45H4
> AUAMIERERIAZ (1976~1978%)
TEIEDEM - FHAMICOWVT, 1987~
1989 ICKEEIRBREMZHRA
(NIEHS) ICTHHPABIEICH BT
PARZEICODWTHIREED. BREE—HK
MHEZEANRBRERRAOERERELT
85, £/ PEKFETHREBEMELT R
BHEZ] C[REREZ] OR%¥%
2006~20174F OME/ ICE U % L,
2013~2016F DIEM ICERFHRIER
LA (IFSTP) O&REHHE, EFE
ME2MEICL3FHEIA] T BRSO
2R (BE2 S, KESHREZS.
BMEMREZS) ORERELEDD
LEBIC, EREMNRIERE - SESE
D#F—ALEE INHAND) BZOHES
B% (GESC) ZELHEHKH TS, W
B RE. BERM. B¥EL 2F
r2aOY Xk (DJST). BEEERIE
HMR (DJCVP). RESHREHZMXK
(DJSTP). EREMREZEMRES
<8 (FIATP) .

248



