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The development of a health support program for the

inhabitants of Minamata / Ashikita area

-The development of the fall prevention program of elderly people-
Effect of enhancing toe function on fall prevention
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Abstract

The purpose of this study is the development of a Customer-made Health Support Program
and Preventive Care Program for the inhabitants of the Minamata disease outbreak area. In
2009, we evaluated the relationship of toe-gap force and good walker index with the incidence
of falling of participants aged 65 years and older in the preventive care programs. The
result showed that lower toe-gap force and good-walker score were significantly associated
with falling. Toe function relates to stable walking movement, and a function of Japanese
clogs (geta) and sandals (zori) is increased toe muscular activity. Therefore, the purpose of
this study was to determine whether wearing zori reduces the incidence of falling and
improves toe-gap force and good-walker score.

One hundred female participants aged 65 years and older without difficulty of cognitive and
physical function were randomized to wear zori or be in the control group during 2009-2010.
This time, we reported the effects of wearing zori after 4 months on the degree of physical
health.

As a result, toe-gap force and good-walker score (maximal gait time for 10 meters, the
maximal step length, 40 or 20-cm step test) improved significantly except for tandem gait,
which is evaluation of balance ability. Besides, there was no the incidence of falling in 4
months.

We also divided Minamata City into two areas according to the differences in the living
environment: the “seaside area”, which is considered to have been exposed to methylmercury
at one time, and the others area. In the comparison of the 2 groups, decreased values of
“toe-gap force and good-walker score” were observed in the “seaside area” with a high
exposure to methylmercury as compared to the “others area”, however, the degree of physical

health improved after 4 months in both areas.
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These results suggest that the intervention of wearing zori would contribute to enhanced
“toe-gap force”, which is an indirect assessment of lower-limb muscular strength and
“good-walker score”, which evaluates the capacity for locomotion. More consideration is

needed, however, regarding how to improve balance ability.
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W3 TTW, BELDG LTS ) 1y MEIL, FEIOMRAETIE, AR IRK 2 AR
HEDDARD, 10 MO (AU 8 (|, —rUilik 2 [|) Zeic, “RlHEEEE fR 2 T T
7o

4. UL HHERHI IV T, 8l 7 [BILL FIEMR L7oE (fERRER 3.1%) % clear zone DHIFHN,
W 8[AIFR 7 [RILL RS L 72355 % unable zone DFIFN ([FIERIZIERRFHE 3.1%) & L, £ clear-min
& unable-max EAFF7-1212, W OFEEZ KD ambiguous-50%DE & L7,

5. ZTNHITHNA T, fBFOLITZREEHRO sigmoid BRI 7 4 v T A T HATV, SUROSEERIO T
IE TR RO 50%7m5BE (sigmoid-50%) Z3RD7z,

6. <~ HEME T, —RITE U720 SIS U7z 72 5l IERBICAR # AR UG S,
FOSKRR 2 BE Uiz, B OFERIRONR I A RZED 1. 5i5&MUEE L THS L7214,
FEHRE L TRz,

BIZIE, K4 ITREND KO iR (% nHEBEHC R 5, EER EER) MELNIZSE,
BIEBNE DI D &L 5 IZHIE L7z,

TChart

I Bl —=i%

(oo |l —STER

~ Il —STE#

108 o ) —sER

ST | I

[ SR

; A LT e P S

S B S P | I (i
: : [P

04 | = Do HEE

0.3

________________

clear-min = 3mm

................

unable-max = lmm

ambiguous-50% = 2mm

sigmoid-50% = 1.8mm

________________

0.2

................

01

1 2 3
(sigmoid-50%)

X4 - BhERERE DY v
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2) INFETORMET —X &7 — 2 fifht

ATEID 60 4 DRNEFEFR & . ZALE T T 72 150 A OREFEF IR HREM A HA LT, il
BB 6T D IO SR A IR T LTz, oiTid, FliEIc LV 20 5 (Young), 40-50 ¥ &
(Middle) . 60-70 ¥# (Elderly) ®=&f (Table2) (24717 T ANOVA, KO Scheffe {512 L 5% Etik%
T, AEAL-ULE P <005 & Lic, £, i E AGks R BERIE OO LTV, AR
BR>02 MR OIREGROFEHE p<0.05 OEAEZAERMREGH & L, BIFRSHbIT-72,

Table2: Xt REDEHBEANEL
EHER (F) N .5

Young 21911 32 16:16
Middle 49.3+6.0 60 30:30
Elderly 68.9 5.1 118 56: 62

3)  EEREME R A R TRE 72 R R RN i DR
LT ORICHEE L TR E T2,

a) TN FECEM LU AR EREOT — 4 N—2 22O FRATE D L Hic, G5
HHEBMES AT L] L2 FEUBROT0—T%2HNT, JEDA D ) LE T Z—IZR%D
Fg A 5252 ENTEHZ &,

b) A AR AE Y b HEICa Y e LT, RIS EI L TIL L~ULd R U A
—(FELRETED L,

) Wiz —UIELE R W IRREHEAGRGT & L, IMRERIORIEIC b RIE R SFIHTE 5 2 &,

< ~DRE >

ABFGEIE, JRAETEE O TRERIFFEC BT HmEifast) Z0sr L CGhli s, ENLRFHERE 7 —
WERE B RO IERAGROIIATOIT, W OBERFE L, HIHSRED IER C, AR L —7" L F|
EEUR R ONT —BHRA 2 < . AADHHERIZ L > TEBINEEOREN TE HEERAD HER L,
AT H—LRartry hOb EICERIC LD RENG LN EOMATOIE, WEHIRE I
FTE D% K~ 12,

A IHERE D_— A BH L TfThiL, 1 Bo/MiEITRES &b 5 HFRE L L, &/ MR omIcix
el &b 12 3O/IMAEH A I, IRORAENE D 2 A 2 ZIIRE I CRE S8 70, 72, 30-60 47
(2T 5-15 RO RIRBLIRATS, 1 AHT- 0 OFRRAEORIFRIL 80 N TH v | M, i,
ARG GO T2, WA ORFIREIIIR KT 3 28 2202 & & Uiz, A OTHREZ T
Bz, FEAER O, BHEMEICER T 5 7 0 — 7130 R E SR (=4 ) — A e A — b
7 L—"7) BTl bDIARME LT, BICABEOE Ll 5 wRetED &b H5501E, Mm% /
—/UHCIER L7212, B ERIC LIz OB 7 » 7 Ths— L1z,

T T AN =, ENERORFE IR OBREZTV, T —F T Tz > TR TORE NG R 2]
DEEL CEAILSNIZID (TA7 7y h+&5) BHOL L1772,
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M. #FFekER

1) PRI D 3E

a) ML & RN RHIR 2
IR CHERIFD 340, MIED 344, HURIERETTHEEIEDS 1 40, AR TREDS 1 44, SEMEIEDS 1 44
STZH, EORR, MR RE A2 2T DR EHT 10 o7,

b) R
ERIGECTERE, KO SGRIR B Y 27 MM X HHIESEER <ATA2, SFTHOT—
BEGEDZENTET,

2) INFETORWET —F &7 — ik

a) MDD R s

FAFIE 3T D R R BERMEOHERE R A Table 3,4 XUV 5 (4, FEIIETIE, £ontR
® clear-min fii & ambiguous-50%f CHEFZFHTPFEEREL Ol HE LV b ARINS 2ffizm L, N
WO ENDH D LD BN, LML TFTRERLHEFICEBW L, AERNIOZEITED b7
(Table 3 XX, 5 FBY, —J., ZaGinliE BEWRA S A7 22 K DHE Tl E LM 2 2 5
iz, Sigmoid-50%fiEl X2 C DR EENL TONE LA E DR bl CRERH-#A B 220580 H 4L, clear-min
fiE & unable-max fIi &7~ HE, K ONE CHERBERIZEDG080 DL (Table 4 LN, X5 TEY), FEHAAINC
R5 & FERBEOEE e R b RE L MO ELZITOTWZ LRSI,

Table 3: FENBITEIZ K5 = = 58RI 5 BEERME (F9 +SD mm)

clear-min ambiguous—50% unable—max

£~  Young (n=32) 27 £ 038 18 = 0.6 08 = 0.7
Middle (n=60) 33 £ 09 22 £ 0.7 1.0 =09

Elderly (n=117) 36 £ 1.1 22 £ 08 0.7 =09

THOE  Young (n=32) 29 +10 1.8 + 0.7 06 *+ 0.6
Middle (n=60) 34 £1.2 2110 08 =10

Elderly (n=118) 28 +£1.2 16 = 0.8 04 = 0.7

= Young (n=32) 16 = 1.0 09 =06 02 =03
Middle (n=60) 21 £13 12 =08 0.2 =05

Elderly (n=118) 1.8 =09 1.0 =06 01 =04
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Table 4 Z @A EBBIREBE L AT LIZED = m i#5I E EEERRE (F# £ SD mm)

clear—-min sigmoid—50% unable—max
ZR¥E  Young (n=32) 20 =09 1.1+ 06 0.4 + 06
Middle (n=60) 32 =11 19 £08 09 = 0.7
Elderly (n=114) 3713 21 10 10 £ 08
THOE  Young (n=31) 34 +12 1.8 + 09 0.7 = 0.6
Middle (n=60) 40 =14 22 =09 0.8 =08
Elderly (n=102) 40 =15 23 =12 09 1.0
= Young (n=32) 1910 0.9 = 0.6 03 =04
Middle (n=60) 26 = 1.3 1.4 £ 0.7 05 *+= 05
Elderly (n=112) 28 = 1.3 16 =09 0.7 = 0.6
FEAIE
clear-min ambiguous-50% unable-max .
(mm) *** p<0.001 myoung
5.0 COmiddle [
=005 p<0.05 W elderly
4.0
p<0.05
3.0 H
2.0 L L
1.0 F H il l
0.0
Finger Lip Tongue Finger Lip Tongue Finger Lip Tongue
—RENEEERECATL
clear-min sigmoid-50% unable-max .
(mm) ***p<0.001 - @ youn
so L) T 1 ,LO'MI []::idd?ef
* p<0.0!
* p<0.05 Welderly
40 () p<0001 p<005
" p0.0G p<0 001
L p<0001 - | **p<0.01
> b . ! # p<0.00L
20 o * p<0.05
(!
10 H ;ﬁ ‘ %
0.0
Finger Lip Tongue Finger Tongue Finger Lip Tongue

X5 FENHE MO SEHIRE AER A S A7 A

2 o T B A & i ZE (b

(*p fiEil% ANOVA K O* Scheffe %1285 post hoc *ﬁmfﬁi‘f;m@“ﬂ LA BT D)
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b) 4t & OFEBISHT

TP & RO T BRI & OFIBE T A AT o TR A Table 5,6 (T3, IR OAEHBIEIC K D EEH]
Lo & [RIRR, TFENIE Cldfdin & OF BRI E A EIR A T, AR FED clear-min fE T IED
FABADIZED BT DI Td H(Table 5), —77, iR BERA S A7 L% W= HIE Tlda ToRlIE
B TS~ AL O IEFAREASERD DAL= (Table 6), BB LD & A ke ik b4k & OIS < |
ERZAUTKE N, T OB ORED R 55 < HEX DAL, sigmoid-50% CHIVVHBE 2586 5 DA TH
o7z, K5 IEFE), KO RBIZNENOREICIIT 5 50%F5HHE (ambiguous-50%, X8 sigmoid-50%)
CHEREOBRE Ty N LIELOT, AESMERS D HOIZOWTIREIFINTIC L D UTLIERR bR
LCW%, ZONE S FERE CIIMBOFEN L& 0 Lanboo (X5 FEE) . a3
HBIRA S AT AL HHE TIIMBOEENIMEIHEZ ST\ D Z ENbnd, £, [BYFER
DIEZ D, TFHERROIIBOEELZFRoT NI L bbnd (K5 SR BERE S 27 5),

Table 5:F BRI 12K 5 = 585! 5 B @ RRE & F kD 4HRS
clear—-min ambiguous—50% unable—max
ExfE FHE R =0.36, p < 0.0001 =L sl
ElFE= y =0.021x + 2.20 — —
SE (standard error) 0.96 — —
TOE 186 L L L
=t — — —
SE — — —
& +BRE L L A
EFE=R - — _
SE — — —

(FHEEFREL R <02 & LIZEAHBID I EEREROIEAIR p>0.05 DEAE A S/ AR LEHIE)

Table 6:Z REAIEEBRE AT LICE S SR BRER B L F# D1EES

clear—-min sigmoid—50% unable—max

i fEME R = 0.49, p < 0.0001 R =0.42, p <0.0001 R =0.27, p < 0.0001
ElF= y =0.037x + 1.25 y = 0.022x + 0.66 y = 0.012x + 0.21
SE (standard error) 1.14 0.84 0.77

TOE f8E L R =0.21, p < 0.005 L
EIPEE — y =0.013x + 1.50 —
SE — 1.04 —

& 18RS R =0.29, p < 0.0001 R =0.32, p < 0.005 R =0.29, p < 0.0001
EE= y = 0.022x + 1.41 y = 0.015x + 0.62 y = 0.009x + 0.11
SE 1.26 0.77 0.54

(FHESFREL R < 0.2 & LIZEAHBID IR EEREROIEAIR] p>0.05 DEAE A E/ AR LEHIE)
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FE)8|7E (ambiguous 50%)

Finger Lip Tongue
{10 r . r
5 L R 5
4L .. .. 4L . L 40
3 L . e e wamene we 3 b . e o e e o o 3 L oo o0 .
- o nu wwe wesuen o . “ sesmumis s o woe . o« o o . .
2+ g 05050 05 O BHKINIEO E00 4530 O 2 L o o oth o ameen o 2 L . e 00 e+ =
- Wose e  seeeee s oo % £ TTURL 100 NHQWIOHN »e ® 00 ® ssen  senne
1+ - . 29 W e o [N SRR VPR PGP O 1 o R L comesnaens o sons
- . “we o . . o soonm & S G0 66 00 s
0 ‘ R 0 > AR 0 Rad oo e T
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 So(yrs)
— =% =24 S — . . 0
—R#EAEBIFRES AT L (sigmoid 50%)
Finger Lip Tongue
o | y=oo2xe0es1 [ y=0013x+1500 . [ y=0.015x+0622
L .. 5
R =0.42, p<0.0001, .
4 L 4
3 - 3
2 |- 2
1 b 1
0 0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 So(yrs)

X6 : 50%Fr5IEfE (ambiguous-50% & TN sigmoid-50%) LAFinE DR R
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) RGN OO RUGRER] & Nnfinod s

RGN B 25 - ROSREEISINER AN -2 D 5B DOWT S, RO R S AR LBUGITHRTT D
U7 7 a A DaeBEmEEIC N U ORI Z21T o 7o, ZORR. Tl S < D12 870 - )X
JSREEANEL 725 Z L SR S AT (Table 7). R HIFERE & SEHIROGIFRIOBSEZ 72 > N5 & | FinkE
IR o TR E 2T 2 Z E0VRENTe (K7), G BhERIE & th#oo BFR A FEI T
5 E. ETOEMBIZHBWT, BONC R EFRRITE 5 RMEEEE, AlD clearmin K0 H K&V 40
MIBEHE OSSO R B AL . R — B2 72 ambiguous-zone D RifHIFEHE  (Young:
0.4 - 2mm, Middle: 0.9 - 3.2mm, Elderly: 1 —3.7mm) DORIZAS & 2RI SUSRHRNELS 725 Z EAVRSH
7-(Table 4, Table 7. X ONX 7), Z DEMANIEAN L~V TR THIZTHIIM e Y TIEE 72,

Table 7: HEEEHEESMBEICH TS ERIED T Z m F7 5l &G (sec = SD)

— = [ BB B (mm) 05 1 2 3 4 5
Young 159 + 041 158 = 0.37 1.46 *= 026 1.40 + 026 1.38 = 0.27 1.37 =+ 0.26
Middle 168 =023 171 =025 164 = 024 164 *= 023 155 * 0.18 1.53 % 0.17

Elderly 1.84 = 039 1.88 = 0.44 1.87 = 0.38 1.80 = 0.37 1.71 £ 0.34 1.66 %= 0.28

&t 8 D F 19 = 2 5 5 R G e [ (R 1)

(ms) —e—Young
M idd ke
1800 T T -a—F derly

max-unable sigmo1d-50%

l

1600 clear-min

max-unable
¢ \’\’
clear-min
1200
1000
0 1 2 3 4 5 (mm)

7 0 RSN S DI - OGS & R oo B
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3)  AFEREMHERAL I TRE 7R A R E D 1Rk

AalBEEE U7z G R E O 2R 2 X 8 1R T, BB CTHW A 7o dIZidds 28l & o 72
BT UME X AT, ST e — T % Air tube 2/ L TR T BIELILDZERIZ Lo
CHRENT DA & LT, RIAERANAIL USB 241 L C PC IZHERE L. PC 205 i » — Ul % H i
IZary be— 452 ERHks (K8, 1), AMMAIMIZIE Air tube #2#5¢ 1, Trigger signal in/out BNC,
R infout D AR ZFENHEINTND (X8, ZET)O ZORFELE S AT ARIKIT, TH v
27— A ANTRLERTE D L), FFICa 7 MRS TWD (®8, 1),

sl —B 4 Air tube
2 | Control PC || AirfiEH R4
— -

- §

__ L. prr—

Air tube 2194 [l Trigger in/out BNC | &R in / out

X8 : — aGHA T E O
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FRg 7 v —78 0, AR BB T AT A (K 2) LRIUBRICT D EICKVEED AT/
L7 H—Z[FAEOREE 525 Z ENTEDL LBk E o> TEY | aittube I L TEDLNTZE T
air puff [ZE > TEEIT 2 (K9), ZOEMTE TR CRE SN TR0, BRBEEOMEGTTH
BRENC LD /A ANRBA LW EAMEE LT, F72, PC2H 28+ 1 sz Blicay he— L
T, BNC 7—7 V%91 L TR HZZ O Trigger signal 2355 Z L2 X 0 FRKIZ R U 7= 3538kt o
FHHIZS AIREZR = & BHER LT,

 Air EEEIOR94
> <

s o—>2

Y

= SRR

B9 : il 1 —7 A OK
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V. B8

ZAVETITRAE Uiz AGHAIR H B > A7 A (eSS, Mt~ 1 b a—b RO — k)
%ﬁwélkﬁib\$$f®¢$#F_ﬁT6&E% mifkmﬁ_ﬁo_&ﬂf%to_n i§
0. EFT—Z =2 IR R OF#E A PHAE TIFE S, MO HONT
FERIZRRR AT O Z LN TET,

< R R B R E O Nl = & 2 s>

WEAEE DS L Ak, TENIEORE ., AENROEBIIREOATRD b, FHESE T
A BN D7 (Table 3, 5, KO 5,6), Ziud, %fiMﬁyﬁw;“%%ﬁ@
EFT 5L Vot 0, HRETIINBOFEL HE D ZT RS Vol ¥ L IKAET 5
TR ThD, LoL, SHEAEME S AT ML AHETIE, A7ds, THE, E0O2TOENT
ﬁﬁQMW®%@#ﬁz%hk(E%MAM&UISQO:h . AR BB A S AT A TF
BB HEAT, K0 JRREE &AM E o @V IE 2 RTRE waétw&%z%héoﬁwm [EID RN
HERHIT D,

a) VI UMETIE AR OREE, KOS s ARINTERIZ T X L LT TS A, FENIIE
DYFEIX, — R« ZRAIEZ VX 2CEZ N5 00, ZRHEERHL, JROEERED G AED,
DL LT FEERS TS, 207, #REIIhR4 ICR@E gk iso T 2k
WEVIHSEL T Fr ARG 2 b0, 7, TR BEEEHIEEIRO T | oz
ZEHEFSTNWDFIZE LB NA T A WREME D D, o T, T Vol LBEfyA k
T U—EFIATCE WS HERAED S, K0 MF e TR BRI E A RE & H &
2 o5,

b) U HIEITREOWER) ST A — 2 E—EICTEHOT, FEEL Y b, BElcay ha—
IV UTHIREDS G- 2 HALDFERE, i\ MERENE & B A Fio 7o IED N & e o Tnd,

o) AR Dz A B ERBIE O Rl & BEE L 0T T E A ED Imm LA T O ZE
ETHD, ZOL D 72Miil7eZ{b% Imm By FORAETIZ 2 OIFFHHE TN B2 Hhd,
~ U UEDSE, sigmoid HIFRZ T 4 v T 4 7 SHT S0%MEZ KD H DT, Imm LLF O
AR ZAEITHRT L CHIEEDN @V E B 2 LD,

<MERDEZBAAHIE U 7o R0 B R i o> 1 A P >

ZINE TORET — 5 2 VT & BRI K - TR B NISRER 2 T8is, e 4 B8
L 72 50%FrRIRIME (sigmoid-50%) IMEOFRIA R (Table 8), 1EH FRRfEA+2SE IZ5%E L7553
BlE B ZAT o TR 200 4 D 5 BIMUEZ <3515 4 -8 il (K2-4%) . +3SE ITRRE L7
Bratd1-241 ($105-1%) THY, FHEHOBTLHIER FRMEE LTRIHATE B2 6N, Thve
AT 20 - 90 ¥ TORAERRIZIIT D 50% IR BIEDOSZ IEFEA KT (Table 9), ZAUZE D&,
50%FRBIBIME N R F BT 6 mm, 5 C Smm 2z T e B, FEICBIFRR < B T 2 alhetE
RN ERbnD,
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Table 8: 50%+ Al B {B(sigmoid-500)IEHE LRDHEFE X RV REXNBRETNENNT-EXK

IFE FIRIE#HTER NNIEEH

ER#E  +2SEL[R RR{E _EFRfE(mm) = 0.022 x 5 + 2.34 8/206 (3.9%)
+3SE_L[R RR{E £ FRfE(mm) = 0.022 x 5 + 3.18 2/206 (1.0%)

TOE +2SEL[RE RR{E £ FRfE(mm) = 0.013 x £E 5 + 3.58 4/193 (2.1%)
+3SE_L[R BR{iE £ BRfE(mm) = 0.013 x £E#ih + 4.62 1/193 (0.5%)

= +2SE_L[R RR{E £ BRfE(mm) = 0.015 x £E#h + 2.16 8/204 (3.9%)
+3SE_L R BR{iE £ BR{E(mm) = 0.015 x £E#H + 2.93 1/204 (0.5%)

Table 9: & £ 5 M 50% 5+ Al BAE (sigmoid—50%)& & IE & i (mm)

Figh (F) 20 30 40 50 60 70 80 90

Eorig EH{E 1.1 1.3 15 18 2.0 22 24 2.7
+2SELPRE 238 30 3.2 34 3.7 39 4.1 43
+3SELPRE 36 38 4.1 43 45 47 49 5.2

TOE FE{E 1.8 1.9 2.0 2.1 23 2.4 25 2.7
+2SELPRE 3.8 4.0 4.1 42 43 45 4.6 4.7
+3SEL[RIE 49 5.0 5.1 5.3 5.4 55 5.6 5.8

B 0.9 1.1 1.2 1.3 15 1.6 1.8 19

= +2SEL[RIE 24 26 2.7 29 3.0 3.2 33 35
+3SELPRIE 3.2 3.4 35 3.6 3.8 3.9 4.1 42

< IFSRE MG I P ATRE 72 — Gk RNk o 1k >

TRGRIROFBIRRATE & LT, Box OB Uiz aGERRIE BB U A T LA W R
& LTTH FELISNT b, MiARBEC 2N E TITAThN T & Mg & F\ 5 iERH 5 *, =
AUE, Mismatch S &9 o> HEhFRBI 1t 2 2 IBEXSoHEEERI MRI &2 Fl W T AL T 5 H DT,
PR OIEERCEEICEHR R KHIETE 5 &0 ) BEWEZ R > T2 SDFHTEN TV D > T Fix
BRA%E LT 50E% 2 0 X5 7 EREEIIERAE A OF 32 2 LI Lo T, AR RO AN D
DR EFFTR D LN TE D WSS, Lo L, FiKEEO AT IS RRRE0Z OISR
Z BN 2 BRI A TV DT, FxIMToTWB LI REEDA S ) L7 ¥ —% Rl
21 O SRR L TGS RBT DREA I = X AR . ZRE TIORO T IEREE T D%
AT D ENTERY, 2, BRICE DV =7 BHROD, FHN BRI 5 e
FEHEORRE L N ATRECTH D, & Z CRIHFEEFR 2 234208 L7 SRR R BEMEET L2 U XA (1X10)
ZEBLT A0S, AR BENE S AT A & RSEOR 2 VW CIMSRERGMR A 21T 9 Z &2
TEDHRFEEEZPFRT D 2 ENHEE LB X bz, SEIBI U7 AR R E T, I
LWV o T bR SPESRENDMEIZ B2 L4 THh Y | S%OFEERIC L > THERZRT —#
EEBEL WL Z e END,
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R REEEESHHETIILTVALORRR

— 0N

ZR#NEDRE
[ RAEFIE ] R EHE DIREE

J ¥ — R T DEFERIK?
gE

SFHARICfitT BH?
It B[ [Ereasonablehy?
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Eiﬁiﬁ‘] JELE IR

A 6 M K - il KR 72

“RHEAREENSYPTT
SAYYFRIGHHBH?

3

RIGEL | | RIE®HY

fth DFT R E DS FI W

10

V. &R

1) AFEEIME AR OFHEE T 25 40-50 T EDEER T 7 1 7 60 A Z XL ZALE T LA
D " ARRIRRAE 21T, IR T — A R 2 2 FEE U DT - TR LT,

2) ZHETIIAT72K 200 AITxT 22T — & & O TR OREIZ OW T b EE M2t 21T
W, AoRfESe,. TR, O 3 EETA TR XV TR R BRI S A BITE R T 2 b
BT LT,

3) BEIAGERAIR ABIRE S AT AL, FEIRE L DIRECEHEECERLTRBY . EEX DD
INREET o S To B HEIZIIT 2 G R OMEAL AR Z 5 Z LN TE T,

4)  AFEFTIE AR U7 SRR TR FIREOFRXAZH 6 L, SFEmlisiT) 2 BRI 2 2
w7,

5)  MedrsRRImIERAR AT R PTREZ2 A | RS i 2 BT 7 LB LT,

VL. REEELIREDEHI
WL S LT ORZ NI LTI BICHER S E TV PETH D,
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1) RGP RIE D IEFEDOERE L SO 5720, 4% bRIRE R IR L TV,
2) AMRIBHFE U7 Rl TN & A IR A IS L Q< SEBR ORI 7S M A 2

IRDND, RIHEEESCRI Y 7 hORGEZAT > TV E | BIMEO @, € LIZBIEN LR TE 5 L9
CF a—=2 72 To CHREMZ BT, F7o. ERICEFEHERE 20502 " i L 5

mismatch SUSRIEZATV, R BIERE & DRIFRZH T LTS,

C1LEB'GN
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SEERE . —REERIERBE [sigmoid-50%) FHEE

BONTRREREAN T L0 ABIFNC 50%F+5RIE (sigmoid-50%) &K 7= £ (DI T
sigmoid W7 1T AL 7 IR TED,

1

_— 1
expelz—b) 1 W)

flo) =

LINLZOYA D R HEERECOYERE O IEERREmOE, FHE LD 50%FRIBIED ~ A A fiA L
DZEMBHOREE 2%, 227C, T SHEEEEDS 0mm OATE, AR 2T RS D (R RN
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Cutaneous two-point discrimination in elderly people
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Abstract

Cutaneous two-point discrimination is known to be impaired in patients with Minamata
disease and therefore is expected to be useful as one of the biological markers for
methyl-mercury intoxication. The main goal of this project is to reveal the effects of aging on
two-point discrimination, and to determine scientifically reliable standard values for two-point
discrimination thresholds in elderly people.

Previously, we have established an automatic two-point discrimination measurement system
which consisted of; 1) automated examination machines, which can control physical features of
the stimuli, 2) a measurement protocol which enables subjective and reliable measurements,
and 3) analytic methods that can automatically estimates the reliable two-point thresholds.
Finally we measured two-point thresholds at the index finger, lower lip and tongue in 150
healthy volunteers including 32 young and 118 elderly people using this system.

This year, we have measured two-point thresholds in 60 middle-aged (40-59 yrs) subjects,
who are the same generation as the patients with fetal Minamata disease, using the identical
methods. The effects of ageing on two-points thresholds were analyzed in detail by combining
all of the data from 210 subjects.

The results demonstrated that all of the index finger, lip and tongue showed significant
ageing effects that the two-point thresholds become larger according to the age. The ageing
effects were the largest at the index finger and the smallest at the lip. The measurements using
the automatic two-point discrimination measurement system showed higher sensitivity in
detecting the ageing effects than the manual measurements that could detect the effects only at
the index finger. With the results, we have obtained formulas to estimate the upper limit of the

normal value for 50%-disciminable two-point thresholds as follows;
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Index finger :+2SE upper range (mm) = 0.022 * age (yrs) + 2.34

Lower lip : +2SE upper range (mm) = 0.013 * age (yrs) + 3.58

Tongue : +2SE upper range (mm) = 0.015 * age (yrs) + 2.16

(SE: standard error)

Additionally, we have newly developed a two-point stimulation machine in order to apply our
system for functional neuroimaging technique such as magnetoencephalography (MEG) and
fMRI. Since this machine can stimulate the skin mechano-receptors as identical with our
automatic two-point discrimination measurement system, we are able to refer the same normal
database which we have established. The probe part of the stimulator is made of
magnetic-free materials and does not produce any noise detectable by supersensitive MEG

sensors. Using this new stimulator, we are going to measure MEG in next years.
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AFIVKEBBRBICEAEEEZTICEHT HERMLE 21— 5HE

FYHPE L (BRI R 52 K52 B R 52 R AT FE R BR B PR A A 08
HH e OUF RPN EIR)

R CRAER R SRR R 0T FE R BR L R e 5 A UEHR)
AR (ENIKRHRR ALY v ¥ —E 7 R)
AEEN KR E P R BRI R BRI AR B 20
MR ORAER R B 2R SR BR B AR A 72)
B GRAERFRFBEEF R FERER FE AR AEE )

MRES

ARARIFIEFEAED S 50 AELL BRI L CHARTO A FILKIRBYIT B 1T/ 003, HERR D 5K ER
FFHAELTEY ., NRIZEIT DRI E KRR ORFEZEICRET 2L T L H 2 THIR LT
WHRTIEZRW, £, FE, 7700, HET7TYT, 77U 7 loRER EEICBITS, §F
(BRI X D KERTEY b R RIS /> TV D, 2O X D RBliins, KIRERE 5T
EBRHY 72 A FVKERIC X DR EICBT 2 kL B2 —%1T 5 7,

SEEDOLE2—I2Xk0 LTFOZ ERENTz, (1) AFNKEER X UUKERE - 7= PubMed
PeflGm C DT, 2008 FELIBE B MMFFEOBRERDBAMEIANCH D, (2) A FILIKERDOI AR
£V WIREATFNAVKEGHE R RGBS LT 5 & AZERIZEARR T o 2B 505K
BOWBTERI ) A7 Z2m@ 2 Rtk & 5, (3) MBIRMID A F /1 KERE KO PCB BR#E &3 K OMEAR
W ORMEERRLY 5O ONUTEIREREL T 5 & EHIEREIC A F KRN R L T
WA ATREMED RIB STz, (4) HERTR O RMERP O EABIREZRET 2 &, BBREHBO
HNbLFEL~OBITIZ AT VKEREOES I RITVATHEVBITLRNEEZ DN,
—J. EELABKERL L TEEMICEZ S EEI. ATVKEBEE L BICERLABIUC L > TE
WIZZ<EVIAEI, POMRBRHBTTEBICOBIT L, (5) IR A T LK 4 fif
W25 & KIRFEFR AR OKREHEOBERE LT v VKRETHTT ' N7 AT B ROL#ER
D3 R 72 1955~1959 FFE i b < . TAVLERIR 2 IR L7c, E 7z, K(RIT O Hi i IER 5 #H
AFNVKERE OB A RFTT 5 L. HIHFELE —HL Tz,

& EEOAKEHNEYIE LT, ARSI T 2 EHRIRENC & b 72 9 TR ORI E N
T URIBRICEELTT 7 U, W T T CHIRA S MEE o T D, KT, KERT
~ VI DIRBEAE SR D2 < DN 2B KRR EEIR A R L TR Y . KGO EOKRE S
WHZ Do 7~ PRI CIRERE BRSO T CRERIC X DRI E R A E ST b
N, %L OREREETHEDOENNHLS, TETII/ANREK SRS LI/EEE (@M AR
BIERD RSN TN D, M2 T, AKREFRIBIEEN ALV B IO LR O KB RP B O X F
VKRG BEDIEMAEFRNTND Z L0 n, BRE)D O OKIETRE TN Z . BYD DA F LK
RIEZELHY . HABZEICL DV R B SN D, F2IHKERENIL A % 2 Mg CI3okRIz &
HERE~ORBEE=X ) 7T 58ELHTE TN D,

F—T—F 0 ATFUKER, (RIREEVREE, MRULHL RO, RS EE
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A AT A FOVREG YT X 2 IR R B 2 KR & L CTR-BR L. S E TlThkx 2w %
HBELTE, LrL, IFERER EEICBT 2E8RIMICHE DY A T /VKERBEYRIE & 72> T
Do AFRTIX, 20X Rz 8EA, B X O A MO 2 /L K ERIEEE EET
DIKEEYD FEREZR & & SCERAITAREL L. AA TO/EEE L O lie, AT O REFHRO
G, BB OH 0 FIZOWTHRFNTHZEEZHNE LTS, Eo, DBETIEA F VKR
2 K DR E 2 AT 2 EMEORNE LA L CTnD, Leho T, BHWIFRFIZ A FLK
SROMBEZ TR L TH DWW, FRFICER0A VX —F v A MIREE-BHEHTHZEI2L0,
ZOFEDHROEEMZ LB L TH B O T-DITEREIET 5.

AL, QA FNAIKBOFEFZEO Z Z 10 FFMOHER Z R & & HIZ, @2010 FI2 A%
D PR L OME, @iF FETOKEHEYOFEREL & A F KM (B LOKE) BEICLD
fEFER B O SRR JOWHEENM A4 STk L B 2 — L, Z O RSO HIR O Rea et L 72,

I. #RAE

ERT — # ~N— 2 Medline (PubMed) % fWT. 2010 R FE TIZHE SN2 A FILKERIZ
B3 2 5 L O HERS . @ H ARIE DI LM FEim COME, @ LECTOKEIFYDFERER L, A
FIVIKERBRETR I L DRI A kL B2 —% 1T o 72,

(i B i ~ DO BLRE)
AR, NS NG TH 2 DT, fMBAELREIZLEE L Ly,

M. AEER

1) AFILKIR (BKLUKIER) DE FAEDHEFRE

AFIKER (methylmercury) 23%F — U — K& 725 TV DGR CEE 2000 4225 2010 4£F T%
PubMed Z VT T D L (1), 124 W~298f (£F7E) THY, ZDHIbe FaRGE L
ToRmSCERIT 1424720 55 fmon D 109 T D, 2000~2004 4% T hEXFG & LizmFgen 4 El
LI E AR LT 223, 2005 AELLE PubMed COXERMEREER DB & & IO IRRIZR Y | FF
(2 2008 ALARE A FLKERBEFR SIS H 6O D v MIFZEITREG KO & b IcEdb o —ig &l - T
W5, [FIERIC, KER (mercury) 2% — U — REFT 55T H ., 2005 FLEE M a2t E L-mmsTiK
DENG DSMEN B D

1998~2000 4FIZ A F /K2 KD 7 = v —sf B A 73— MFE L B A ¥ = W/ NI ENFED
— K0 O ZIUTHEN AT KO b RN REREEEICET D@ ER SR
W7o, F£7-, #% R L < LT 2002 40 New England Journal of Medicine 35T A F /L /KERD
IRENARIE B Y 2 7 ICBET a2 d 0 7 A FILKEROFE DI 2 BE038 7= Wil & IS d %,
—J5. 2008 FEITE A ¥ N ERBHEORENHER SN O, T —R LA v
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DA FIVKERFRFDOFERD AR D & & HITATFILKEEIZEET AR LAEN TE =B X 5,
£1  TAFILKER] BOED PubMed EDHXXEDHEFE

[N
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

“methylmercury” @
148 145 124 143 159 201 227 298 294 249 267

PNy BT

£ hERELL 62 59 55 60 74 67 75 106 109 82 75
A SR

Ela (%) 419 407 444 420 465 333 33.0 356 37.1 329 280

“mercury” D N> 7=
820 834 931 897 980 1227 1320 1414 1479 1403 1464

A SO
b hERHE LR
o 342 351 366 361 374 398 440 453 493 422 349
A S
ElE (%) 417 421 393 402 382 324 333 320 333 30.1 238

2) AFILKEEDN AR
2006 FLUFED B 2010 R E TITRR INTEFR IO > H, M AMIE (Intervention study) |
Yaginuma-Sakurai H DOHFZE 1#F "D LV, ZAVE TOMANZETIE, A 7‘/1/7kfﬁ@ﬁilj‘]@]ﬁ575>
BEtENTE R P90 AFAKEHERIC X 5 b MEREREE TS Lo @ii3sn E 2,
Yaginuma-Sakurai © 1% 1973 2 H ARKDEAR L0 1 S - BERIN A EMELE (PTWI, 3.4
ng/kg WEAE) YDA TFNVKPEZANT v 7aBLURA T TF ((KHE 60 kg D AN THI 200 /i)
Z 1 L“C%EZ*A%A 274 CEEFE 25 5%) I 4 ERERELTHE LW, FLX0BEK TR 15 BHE
ZOKRREOBREAE Lic, TOMRTIX, ATFUKERFER L L bIC, BROBFLR
Téﬁ%’ﬁi 27 4 CF¥FH 24 5% THRBROMEZIT -7z, ZORREZK 1TITRLTO D28,
W R IE D B KIRIR BT IR IR AT S 2.30
ug/g. PREZFLTIREN 8.76 ng/g. WRERHENL B \

//1:\
%M 4.90 ug/lg THo T, ZHUTHK LT, 5 10 Q\Q@
‘ - T
SRR B 1L 2.1 ng/e (T 2 8 F T
Z})Ofco E 6 Q;’&cs\ }/""‘v ‘u\}‘\h‘
E,J 4l
1 7o (AFAKERE) BERBE = 2l H}}{}{}}]
HOBZ 67K§E{)%r—(T Hg)@H#FﬁE’j-@éL 0+ [ Exposure ] Control group (z=27)
0 5 9 13 17 21 25 29
PTWI L UL D 2 FLKERIRTEIZ L 5 week
SOKERO LR (BE) 120.54 ng/glTh Y | BEHHTO TR (BHZ) 1% 033 ng/g/l T

botz, £72, BE L ATFLKENEEZ] ?%ﬁ?éif@ﬂ#ﬁﬁé’]x L (time-lag) 1% 3 [ &
HER, 2O Hislop HOFER D EZIEFREOME (K20 A) Thote, BEBERTHROEEK
RO L H A S, K 1I—REUFRZ Y TID D EH 95 HTH o=, T O

Al-Shahristani & Shihab'® 7254 5 7 TO A FLKERMEFMOBE THEA L72ME 35~189 H, T
72 ) EflES TWe, 61T, 4 BEICEERINRE TIThLe i, 2O, iR #% i
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R, 77U AANRAANDEBEFEERE e/ 2080 <, BEAAKRE L LTHEY BA
WIERGEMOEEZREEREZHER L TB I bRELRAS S,

ZOXIGE 54 AR (0 8) . BEEK TERE (15 ), BERENE (29 @) IR S 4.
ZA A faFfE I (M4E DHA+EPA) JREENHIE S 4L, o A28 blE Sz, xFRBETIX
WTNOEGAEREBZ RS R0 o720, BEEERE Tl DHAEPA JREE, (WHZEE) D AR AL &
RN X (LF/HF H) . QBARRIEEN R (%LF) . SRRy OO ZEE) (CCVp) 23
ZRBREDOEACIT > THREICEE) LTz, 7o, AT IVKERBERK T EEZOLZAPRITE L~
v (REERTEOZESY) (X, SRBE L AT, BEBEHFTAEICRED -7 (K2), Oka bIEREME
IKARI A TRIZZBAMRIEE L LR EICE T L T2 S8t LT a 28 2D, [F Uk & figiR
THIENTED,
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3 BEAMRRIES L OB MAMIRNEE (DHA+EPA) & ZHsH F-f it 0
FAEREE OO ZEBIIRSL COVy) DRIR
S HIT, XGA 54 40 OBEEEHE T IR O BRI &M - i, JERIETES (BMD CTIREL
T2 2 EARIE R T D DAHAE) (CCVLp) I EREETFREEARO NIz (M3), ZNHDATF
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JVIKERMEFE I % Bl AZBIRIE Murata B 2P X2 Grandjean & 2 OfER LIFIF BT 5 (HL,

Grandjean 5 |IAEMREFS K ORIA A FRIRE) L ~/L & 1T A FILKER D Ir RHIREFE IZ X - TIK
TLTWD), ABFZEICIKIT 5 Z OFED B MR L SN~ 7 B /I L2 —Rea9Z2 b & iR+
HZEHAEETH DD, PTWIL L/b D A FILKEBIRFE DA DORFEIZX L TZETHDH &)
ZEERAET DD TIIRWEA S, T7hbb, AETIL 14 A TEEZIED TWDLA, £DH%
LEREFTIVIEZKBREN I SICEL 25 AREEEZRB L TWD, 595 L, B
FILKERIBEEE (Flz1X, BH~ 78 Z28XTNDHN) IEZREEIABAFE ST o A TR 5 LR
BOBEN ) A7 2@ 5 Z L2k b b Lan 2, 72k, i DHA+EPA 2 & J5341% CCVie
EHBRIEOBENRD LN TEY (X3), ZOMRIZOVWTLE HICFEHMAR MR NS B SLET
b5, £, ZONAIROBBERICI O TIX, S 62EHE (RELTHRIZREE) 8ind ST
BY ., BE-MEF KB RLR EOBBEORITARET SN TETH D 5B OMEITHIFF L2,

3) Tohoku Study of Child Development—H& it a7-— FEE

BEREMICET D A T AKRO/NEIMRIGER BT, ZhETT7zn—gk (7V7) 342
PO g (AVFRE) PO BIR=a—Y—F K (HA) B DA aR— MRS
DOWMEITHEHSTET, LOLERL, FADOEICE > TENLALELE) L, AN ANS
BENRR D, LI -> T, OAEEA O A 3R — RO R EICH/HNTFE LN TV,
W7 A BT Dm0 Y 23 2004 FEICH S TH D 6 4R L, 2010 FICli< gidb=d— b
PHADOBED Suzuki HIC K> THESHE Y, ZOMRTIEEA P 2B L P=a—Y—F R
D 3R — ML CTHIE S 3727 - T2 i I polychlorinated biphenyls (PCB) HHIE S TH Y, #f
BATE AR E AR I ET PCB B L OA FILKROEBEERF L7 = v — AR — b
e ) TR SREL S 2 X 9,

Fdb Al — MR T, HPEREBLIEZEZKER, PCB B X Ol REaffiENfEE (DHA <° EPA) %
R % L& 2 52 B OB O MM BFEIEZREEE GALE LT, 7781k
VR RATEREM (NBAS) (T80 2 IR 2 Mt L7c, HEERRER O RE 7 GERE) %+
RN FE EfENT L72LARTOAFTE & 72 0 | IREEICEET 2 HER 2 2 TEHALME L L CGHEIS
%=y

778 N R AEVRATENREM L, B 3 H OB 498 4 TIThdu, 28 DITEIEHE & 18 DX
WIHA NS0, 7TOD7 T AZ—T450F H5 3D, HER O REB B E2/K SRR 13 2.22+1.16 pg/g
(#iPH, 0.29~9.35ug/g) TH Y, ZOEITEA ¥ =V ORER O BEZKIR 6.8 ng/g 7 = o —
R ORERD 43 ng/g L0 bk o7, o, EHF MO PCB IR 52.4+32.6 (7.0~273.8) ng/g
BB Td Y. Todaka b * % Kawashiro & * OHIE L7- B A NGO & IFIE RS TH - 7228,
7 = a—B TR > D DML 0 IE R 0K o T, BRI LR Y (Ty) bEIESH,
PCB fE & R (r=0.139) 238 bz,

TIEN N UHAERATERMEO 7T 7 T AZ—D S L, EE 7 T AKX — DG MITBEKRE L O
W PCB R L HREHMBE (%%, r=0.126 £ r=-0.140) Z/x L7z, &kiZ, BEKER, # PCB,
M EEIEOMICBE T 2 A2 AR E L, B8 722 —HRx ANERETHH
[ER T 24T 5 &, BEAKBREOADAREZAOBE AR L2y, # PCB I3 B 22 Bt 4 7R
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Ehot, ZOMBIT 7 xn—#BHEIR— MIRORKEY L —H L, Thbb, s
%k PCB X8 A k3 (Boston Naming Test) 365 X ONEEEHFHEREMRA (RISFFH) KT &
AR L7722, KEBRELZRET 2 L b OFEZRBEMIZHEER LT,

PCB O JE PEHIRETRIZ K DR TE), WD FRIREIT. 2 < OEFIRENITORTND S DD,
PP L b —EDORMAHF LN TWARTIZRY, BIZE, KE (I H B 00 k1Y (F
2vEARAT) D FT oz I s i B adk— MR TIVNE RIS EIC PCB NS
FIETZ ENBEESNTWD, KE —A T T A F 2rk— MTi, JEEY PCB gEE DA/
oM@ ENEbo7z ¥, bbb, HAERBLO2RECIIARRBENSH 7228, 3~
S5RIZR D XD XS ABEREEITIA N hoTe, —J7, oD ak— MIFFETITHE
PEH PCB IR & AR TENEIE & ORMICH B RBEREZ RO 5 Z e Taienoz >P™,) diika
= FHAED PCBIEENE L o2 WH 22 H DN, AFINVKRRBOEBLEZET D &
PCB O EII RGN, T OREFRIEER T & 2 BT DN TEAE OB A 2858 L T
WX B2, 727 BR D% O ak— MR TEELRGEDE (X TR OF
BEEZELTELT, 2D &7 PCB OEENORM Mz EY LTWHEHO—DEEZ bR
Do WTFHIZLTH, BEFOAF LA, PCB, #1732 EOREITELKLI Y, EiRoOZnb
WHEOBERBELRTI 52 THAY, 2O Lid, YW E ORI X DAL 35« 8
o TV ZEERET S, Lo T, MERERO CRMEEWE L Lotz 2 Tl
<V RO X HITHEBR L TWS BRANREE L 25,

4) BB L UVEFLOKE & tDIEEYEDREFR

B ERRE BRI HE SRR, 87, I R U A e R EOESBICL DBREGRIZLY .
NEUTfEREEICEE L7, JBlEREETIX, 4 H. 26 Db FWEICK LTk L WELHIZ T
oo ANEICHY T X0 2EERBRIREL TV RVWE Y ICEDNS, ITbhbbd, Zh
DIFARANG LWAET L0 T, BERBEEIZRD V) Z Eidken, ZORR, elEigE T
TEVER I FEIR TR & DI B ER SNkt T g P Eim . ZhuctiE, AR ORERE
MHMANDTFESL, FRBE~EHR LO>OoH 5 ROI-5 22H), Lizin-> T, RIEH O
BEEARTLEBZONDIEHMPOESBIRECHELILNICT LI LITERE,
Sakamoto & (%, JUINAER R IZ & 5 PElT NBHERLIZ@RE L CTuv 2 HEERT 1 B8 OLbis o1k & % o
HAER O (81 27) ZUE L, RMmERPOKER, $h, Z I T A, BHE, BLUREZH
L™, 2 2 CRMERTIREEZRE L- o, Mg dH 5\ E i keRIT &R KRS 5 U 34
HEKERDAMRIBRERRIE CThH A 25, RIMERFAKIRII A FAKBEOKR S BV ERBRERIE ARSI
TWANHTHD ),

K2WRF_T 8P D REMN SN ESRO VY REEFADETH L, 26O OE
KR, $h. ERBI OB LU TEOMBE (P<0.01) 2AHV., 7 FI U ATHLIEOMBE (P<0.05)
WRONT (Trbb, BHMARMEREE S FEIE AR MEREE &< 2 5), /2. WTh
DELB LB TEERENRD LN GHEDH D t E. P<0.01), KR E ¥ L TR
MM ER B 00 J7 3 B ML AR M BRI EE X 0 b o7z, T D7, JFEHF & RER DRI ER o b
KR EEL Y TL ROV RELS D RER~DZINOGEBORBRATENEG W EBRHEE I N,
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AFNVKEEPVAT B EREA LB TRILICEITT 5 2 LB EoRETHbMmbh Tz
SO LinL. B L AZoW T Sakamoto 5 DFER *Y L RIBEOHA & & 223 52, Wi f#smt 1
UHEHMEIE L XD RV ETAHRELH Y PV AEDH D VIERAEFOENCL > TR S
ONBFRFRTHRETHZ EITTERY, —J, I FITVLOBERBOBITIIZNALEROF T
B BIES  LOHE 3550 THEBEOBETH -T2, BBETOD NI 7 LB AR RO 5
fLd v b EIFHMHATEY >0 BN T R U AT 5 e L L TR RAIE T
WHZEERELTWHDEDNE LiLZ,
# 2  JKE(Hg). #h(Pb). U FI U A(Cd). EHE(As), &L (Se)DFEMECIFHERZE (ng/g)

Hg Pb Cd As Se
FRARIR I BR P R 9.41+4.19 26.4+9.74 1.97+0.72 6.12+3.40 192+25.1
s A IR o BR R 15.3+7.43 13.2+4.12 0.22+0.20 3.76+2.27 227+33.9
JEHs  RAATR I BR 1.63+0.28 0.52+0.11 0.12+0.08 0.62+0.17 1.18+0.11

HKRNOERBOBRERRS & BHIERNOKER G L e EZBLOEL U EL D (K~
r=031 & r=029), BIEANOKERE N EERELED (r=024) ¥, ZOELHEDEL ITAHE

(arsenobetaine) TV &P WHEMOBEICHKTL26DTHL 9 —o-n, WHEWES
BT HATIEATFAKEL R HILITE 2D L, HHMCRBEOBIZEN A O TH REFE TR

VW, AHEZRZOLOIZEENMENEESONTWEN, AN TERE FICEDY 95, EEe H#
DHFEFVEITES MO TNBEDT O A% AF KR, #. b FORBFIRERIC K HiEHRY
B (RIS, MRIERE) ICHEEZ AT TS MERD S,

5) KEMHIBERD THEDHEI O FILKREEDHR
KR, AT AKBREREICER SN AN HOBIIC L > TRE A TFLKEFHETH

V. BESOEBZ ROV EEFHN GO LEAEOFETH D, KEHOREL 2/ fnE

IEEHHN, EXTRENEZEFLTLLEL 20 P ZREEREICLD & KRR

AL T B IR O AR O K ERANEE T ML STV o Te, T D720 A F /L KER

D& — SR Z R T D BR, R OBFFEE 1T A

T TRAELEBEIZED AT VKEFHEHD e

F =2 BT RIS — B R KR r

DPEFM T Z TR ERIH Lgino Tz, KIRHEFTE A ' 2

R PR S D BRI 72 o T DIXRAE TR -

1 PHHEIESNIZ AFAKBEETHY 7T,

Z DO LAY E # & AT U 72 O 13 BR Ba O e Juk :

DI ERHESE “Environmental Health Perspectives” % ; '

122010 RICHBH S @i cd 5 Y,

K4 {RAEIEHE O] E

1950 A% & g o B s pORFEA I RE A IR O KR CHE 8 O LT TR (B 4) D X F /L KERIE
JEDO R EIXE N AR AW 7EE o # — CHIE S du, 7 U ERRR A TV KERT — & 3 7 D8
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BB RFE N 2 TR, 2010 FEICFHE 7o Sakamoto B P OWE A FFENT B,
£33 KRR A AT B OIS A T LK SR e

#*3 fiHjéEz)) 1945~1989 D 5 EE/E:@7K{% Years n Median (ug/g) 25-75 Percentiles
. W ok . 1945-1949 6 0.401 0.205-0.747
RPN S AN 1955-1959 63 0.777 0.346-1.680
DHRIEE LD B LTS 5=t S AVl 1960-1964 88 0.350 0.182-0.715
T %,1955~1959 FF-D A FAKROFawfiag ~ 1965-1969 91 0.250 0.188-0.400
1970-1974 21 0.170 0.143-0.330
BENMyrbEL ., FORBLICEREIMET Uz, 1975-1989° 13 0.100 0.056-0.190

F4  KRHIRLIA OREHTRRE A T 1 KRR L

F AT R AE TN RO 7 L Population n  Median (ug/g)  25-75 Percentiles

R ¢ s - . Miyazaki 106 0.060 0.039-0.068
26 O)HEFWA‘H%%OD A 3"/1/7J<$E/;;%E“C 3?) & ° Hjéﬂij‘ Akita* 91 0.080 0.040-0.133
AVENIRE, KA, BSECTITRE A (%), x5 (F Tottori* 45 0.098 0.062-0.148
o PN o Tsushima** 38 0.054 0.038-0.072
WGF) R SRRUC RIS () & VT, Fukuoka** 55 0.088 0.076-0.121
AFIVKEBENRE SN, £#3 L £4 %2 Tokyo** 17 0.131 0.096-0.197

BT 5 & K{REHIR T H 1975~1989 A E D1 £ b O HALAE A T /L /KSR FE 135k FR Hisk D i
EFREE DB, ZALLARTO IEHRERR D B IXEIRE D A FLKEEN R S iz 2 &3 6 5
Thbd, 775, 1955~1959 FITKEHUR CAENT 7 &b iTxtRtk ) SAENT-FEH D
8Ll B WV A FIOLKERDIREFE & 51 Tz,

AFVAREITIEEEE T L CAESIBIICHIT L, RIS LD b0 E TER/L Y, 5aE
T OO B KIET Y, Z O RIIIRES O/ NI EREL TS R LB AR
fefm L LT, National Research Council IZWEHF ML KSR 2 HELE L7= 1)) 7272, WS ML REBl O IFIR
HORENFICHBESNS VO T, Grandjean © *¥ IZIEHF ALK SRILEE & IR VA A F /LK RO
B L LTAMTHD ER_TW B, EBE, Murata 5 2 137 5% L0 B b B RE 2 FEA1 4 5 I
\ZHREEFEAR & U O AR A F KSR E A v, M ICAERBEER T2 L 2WEL T

W5, 5 T& FTILT b RAEFER L FHHRREE T A T U KERIEEE O BIfR
X 5z, Sakamoto &Ik 5 50000
(RHUEE TG B M T PR AFIFY A © Minanetadcase patents
A

40000 =
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EHLIERFLEZZ 2R
(K5) ¥, ZLT, &k RO
ZHIE L72 1968 D4 1945 : 1955 1965 i 1975 1085 1995
VIKSIE | pglg B2 5 A F Yearof birth
JVRSREIIRIE SN T RW ek ~72, HL, ZORMEITIBELL VI T o F LT T
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LR EENTOAREZHY 52, —Fh, WHIRIEHEKEFEE 14 LG EATY
RNz,

HE X BN R A F KSR 2 RS 5 & %0 1 /g 282 D IREIIKR, HAR KO
BADOHANICR G ien, BT OMATKIERETITRO Dol 51T, 1 pg/g
T Z DIRFEIFKRT T 1947~1968 412, HIZAKHIX TIX 1953~1967 41T, HAAHIX TIX 1956
~1961 FFITBIE STz, TH O RFEAYZE IR 2 HER LUK OIS AN E N T FEZ R ST 5 b
DEBZ BT,

6) EFEERLEIZHITHKIBORERE

% < OFEE LETII/NIBLEIN L CEERIRICZ BOKENEH I, £ oKREUTEIR S
WEFEREPICHE SN D726, KIIZ K DBREEGYSCEIRICHE D D EEE 0 O N ERORE
TP RME L oo TV D, FRTHEEMNE OFH Y 8- 21T 5 KEFL LTIV TR,
JE I Mk D K ERIE Yo oV E A DR B L STV D, AT 2010 FRICHKR SN il %
b EAT/NEBL S (Lo 7K EREE 1L DERIBIZ Y © Fedli DKERIG YL & Z DIEFEE B SOV THE T 2,
OIMRIESTILICH TS KBICK PIRTFL L BEEE

[ T 2EBRREHERE (UNIDO) 1280 & v =7 O/ NI AHE LK DO VRS % 5t S AR HERTA
DT Y, JKERBRFEHIX Rwanmagasa TSR & Bl 2oV MEREE 52 4. KERZ Bl 5 23K 48R
TV H DIRBEVEZE AT IRVMERERE 34 40 . 77 ~ VT DIRBEVEERE 104 44, Z 40Tt FRHRIX Katoro
OER 314 (RHRREE) &N Z TR, MIRFER, MDA 4 i L7z, 7~ /v 0 LIREE
VEZER O IR KSR L 1371 4.62 (0.73~6.06) pg/l, JRPKERE (7 L7 F=4HIEfE, Cr)
132F%) 3.55 (0.12~36.77) pg/g Cr ThH Y | R HBEED MK KSR 1L 1.05 (0.22~2.29) pg/l,
PR K SRIEEE 13 0.24 (0.04~0.92) pg/g Cr L0720 EECTH -T2, T~V H LIRBEVESE
FD 254 (1924%) ([EMKETEIER CTh 2R, WMERS, EEJGH, HROaRbE, K
REENBD LN TND, Fo, BRIERE L TREAFEE, LENEE, BEKEL2ET5850
FIAEDRRECHRFE LS, LMBIESY v BV 7 (p<0.01) 0~ v THMRAE (p<0.05) Uk b xt
BEICHARE ST, X =T OSSN IS T 2 7 < /L 1 DREER O KERA RIS X 2 R
WEITEATH Y . S5 EALEDIET 272 DI KBIREORBEALIETH 5,

AV RRITTEPRD Y~ 2K EIER T T ¢ S HIK D 2 DO/ NRBLAHE L CTIEEE O
RN M T AL 7 59, KRB Z T TV AHIRER 844 (WU~ Z U HIK 66 4L 2T
A VHIK 18 4) . KERIC K 28 MHAITHOEER 474 (WU~ XU HIK 304 L AT 0 ¢ i
K 174), 7T~AHLRBEEE 1294 (DY~ 2 UMK 694 L AT 0 0 VHIK 60 4), Zi
WCRHREE L L TR T U ¢ THIXKMER 21 4 2002 T B0, 209 AR DB A 21T > 72,
WHLIX DT~ /b TT SBRBEVEEE O M FKERREEIZ D U < > 2 U HIX T 38.92 (2.01~429) pg/l,
AT T 4 HIX T 2743 (4.55~186) pg/l TH Y . F7FERFPAEIIAN UV ~ o & U HIX T 69.35
(0.72~1697) pg/g Cr, A7 0 4 T HIX T 31.89 (0.48~231.8) pg/g Cr TH V| *FHAFED L4 ifi. 1
IKERIRFE 4.92 (2.36~10.12) pg/l, FHIRHKEREE 0.43 (0.09~1.35) pg/g Cr & AT, @mro
Too ZAUVODAEEF ITITEB KGR, IR, FEPUEE E AR 27 & O MAR e KRR B ER AN R S 4.
TV~ H KT 62%, AT T 4 VHIK TIE 55%0D 7 ~ V4 DRBEVESESE DMEMEKER P T3 12
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PR L Tz, M OHEEMRA Ch LEME., 7o AT 4 v JHMERERE, v v THEMR
. EY v BT OMMEIT, WO RREE L e WX O T < L AREE TH RIS -
TWWe, 7T~AH DRBEEEE DA B ILILE L O —fRERICHL mWEIE (W)~ ¥ VHIK T
31.8%., AT 7 4 VHIX T 16.7%) THEIERAR OGN &b, —REROPEFETFHIIET <
JVH BRI X D REPICHHEN D KBREEZW D SELZENEETH D,

i —F HFE T & /ANRBAHL LA 2 EICE/E L TW5, Yasaswi & * 13 Upper-East (2& %
Talensi-Nabdam 1 [X D@85 [LEZEE 120 45 % kPG REREREAL 21T o 7o, fEZEH O 1/5 LLED R FK
SRAE 10 pg/l LLETH Y | 5%DIEHEE N WHO A K74 2 Th D 50 pug/l % EF-> Tz, BT,
T VT DRBEVEZESE 5 4 O R KSR I X JUE 43.8 pg/l, FEE 1711 (£296.5) pg/l TH Y B
WEREIEREE 44 (PRl 11.6 pg/l) CEHE 114 (PRAES.6 pg/) AT EMETH-
Too A —FHFETIL 200,000 A2V NEULESHIICHEF L TEBY ., ZNHD AL DREREY 27 %
B/MET 2712 DITKERIREDOEREAZTNT L ENEETH D,

T AV IDORNEINZEH D 2 >OFERYE Y 4485 (Cortez-Pipeline #i 111 & Twin Creeks #L1L1)

PR DK E TN H 0 | SEIRIEENC LV KRS I S D, Eckley B ) 1X 2 D04k
D ORI EE R U, #BAER (0.6~3.5 pg He/g) 7> 5 O /KER H #13<1500 ng/m*/day
ThV. BHL (2.8~58 ug He/g) 75 1% 684,000 ng/m*/day ThH V. LavbKEEFHEIZHED T O
AKERIREE, FRE ORI, BKELSEEL TV, kbmVWKREBHIZEME 21T 5 Bo LT R
HH OFEOIN TALER U 7= i Si W % 5 L0 IR A B TV D KNS Thotz, T b ORGSR
SELILEH O DN TRHa (XU) OFAF k72 EIIKEO R ICEN D XD Tho Tz,
F 72, Eckley 51X 2 DO&HL L TERED b A ST D KB EZTYCBRBFESRIFZ IR &
TER 19kg & 190kg EHEE L7230, 25135 & OFLILID B AU S KD 56% & 14%|2FH 24
L., BHLTWAHRESCRILE BT TV D KIZH 2808 IR TH 0 | KA 2 880805
DT DT E L P 2 LR LR LTe,

QIMRIEKERELILIZE (T B KIBICK PIRBFL L BEEE

HEEME TR O OKEBILLAREL TV D, Z T TH Y, FUORBEGY L 1E
EHOBHEEENMEM SN, Li 5 1%, AWM (Lanmuchang) . #{~ (Tongren), &7 & ®
Hidk TIRIB L OVBEKEEAWE L, FHE 0 KBILLIERESR O/KRREEA A L=, Gouxi TIHfE
E 13 & DR K ERIEE DA A 30.6 pug/g Cr Tdh D DITKF LIEZEH 25 4413 216 pg/g Cr TH
0. FIBEARMOER 12 441035 39.2 pg/g Cr, 1EEH 64413 560 ng/g Cr Th o7, WTHLOHIX T
HIEEE ORFPAKBITIEETH Y . L b ERRIER O FHERIRD 34 O1EEE (Gouxi HIlX 2 4
BEARRHIK 1 4) T bz,

E I, KL TIX B OKEE RN EE ST 5 Y, EEARROKERIE LK T3+
R OKRERIGYIZ L0 BB O KB NFEA L TND, LobkoHIZh A T VKRN E
FNTHY, ZOHMXOERIFANMEBEUK S RVKBIZE D AT AVKBREOH H 2 L1
HEEINTWD, Gouxi & RO MK ERDOEEZF 2 FVKGREZRIET 5 &, Gouxi #iX T
X 426 (1.87~10.6) pg/g. EARHIX T 4.55 (2.29~9.55) pg/lg THH ., Lt EER
JVIKERIR BEIIK D A FOLKERIE R & ORI E 2B (r=0.73) 27 62%710 FHY 7J<ﬂ%r<
PEIAE O AREGYIEREE 12T TR <ERIC %)7ka%<<“ EATFNIKBOBEAREIZ L HMEHEY A
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7 ORRAZTMET 5, £72. Li B P (JUKERGEILJE L T S 7=k A F VKR RE %
BRI v~ N7 T T ¢ — ST T A& (ICP-MS) 2EiE & AW Cfiftt L7z, 4
DD A F VKO FTEREIT MR- BT C e AR BAFT 4 i 4~ % & & CH3Hg-L-Cysteine 4 & L
TAHEL TW e, UL, FER O KIZIE CHsHg-L-Cysteine |34 HH & 419, Moo FEREIC 221k
LTWBEHITHIN, ZOIEMORIER L OFEEIIAHOEETH D,

Fang 5°Y |Z#EH1%B 7532 (Wuhu urban area) @ 5 #1[X T+ O#KER & AR R S h
LR A U /NIRRT 2R Y X 7 Rl 24T o 7o, TEEHUKERITF)0.207 mg/kg (0.024
~2.844 mg/kg) TH V. BLIRIZHA L, #L2S EO I B0 TR L, AR Eh 3658 7a 8
X Tl b @V ME (0332 mg/kg) Zox Lo, HEET TAEMTFRICHIE S D FEKE#133.8
(2.6~4.9) ngkg T, KIKERD0.28~6.44% T o7, BFEDOFLKERREIX6.53 (2.7~15.2) ngkg
ThY, HEPCTEWHOCHIH SN KRE L EOMBEZR L, £72, WMNEOAY— e
(HQ) #FHTDH L. HHENLOKBEKDOWAIL80.3% & ERBERK TH D Z L2730,
HQMEIF2.517x107 Th -7, Lk, ~Y— R (H) ZXEL~VLTHLHHI=LEL D 27 0K
< HERAERTE L ClE I H R O AKERIBTRIZ L D/ NEA~OREFE Y 2 7 13N\ 2 & 2RI LTz,

AR 3NEE < OKEBILIDH Y . Guerrero M O ALERHAT IZ1E 4 DD KERFLI LN H D, Maria
B P F 2 S REREE LRI ETe 12 mREA B & 122 4 2 RIC R KR L ~LeZ O %@ &
A L. V5% ST 1D O DR B O 21T - 72, THEF/KEIREED 625 ppb LA D5 Y
o Te 30 UL EO MO JRAKER (7 VT F A IEME) 1ZIG G 2e WHIBR O 2ot L 0 212%
b, WA < LA AFHE LD B 120%E 0o 72, Z OO LD JR K ERIZ 50 pg/g Cr LA
28 5%, 35 pg/g Cr LA EDS 7%, 5 pglg Cr LLEMN 54% T 7=, ZDIEYEMRX O LMK 7 VT
F=MEOFEIL 0.7 (0.1~3.8) g/l THY | HENDIRWHEEOZPEDFYE) 0.4 (0.1~2.4) g/l
KV 1% b EEThH D, 1HRMIKOLZMEDRKEET TR T ~ L7 A FER, K, HFAKT
Wik L2 BMbHFG LTS Z ENHLNE 0 | SRILEER OB EBORHED - DI HEE
PLFEEM OE BN EE TH 5,

PRI 0 BREPORBEOKEN e NOARRICKE REEL RIFTZ LIVREN, IAK
RGN SERBETICHH SN KIBOE=4 1 IR ThhTW\Wh, AaX=TOIHA KU 7K
FRPE LT 500 4ELL BT 72 0 AERT 1200 5 b > OKEREEA A PEH LT, A4 R U 7 #iJ5 O R& HKSR
DI, 22T L CTHEREIC BT 2 M Tz ®, KRG KSR TR 10 ng/m® LA
FTThHo7=25, [HHLILORESRETE L T 5000 ng/m® 28 2 T -, KRR OKEEHRG, H AR
FEAKER, R IRAKERDTERER DT 21T 5 & A AR K ER & ki IR AKEROEIRIE 1%L F T -
7o REHORLAFRAEITFEAKEIC L W EET 523, BAKFOKEEO KRR DO KERTH -
7o, EBAEFBMERA I, BARPOE T TRICRDAFEL TREY . ZHIE I OO
KEDORWPEDREFEH L > TRB LD Th o7,

AL DT A My UT ARMKINET v~ T 2k EREE 1L 7e BN D KERFEIL N ®H D, Loredo
5% X7 A~ w U7 ZHIX.D Mieres & Poll de Lena HUI5 D /K 8145 (L7~ & FETE X U 7- KRG A D FR
JEKDE=%Y > 7 % Caudal JIIEE/KIEL TIT o 7o, AKERDFAL S 7= Hitdl Tl b 55 O 88 72 58RI
WA, RO EEEAELTEY . AR D ORI IR ICIEBEMESMET
TEIREDOE FE &2 5, Caudal JI| ZFRITHEAVIAAL TV, —J, KEBFEILHIX D)1 )T DF
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JEARTOKREIREITNOE 0.5 ug/l LN TH Y | RO KR BESL AT O BALIC S i 597, 1]
JNFAKFIZ K-> THEVIHRIN TR T,

V. HAED A FIILKREZEICET EFHEDOEA

2000 R LD, DBRETHHE R — MFEP TOND L 518720, ZONHiEZ ST 7-Dik
[HdbadA— A & TREE L O b oREICHET A IEEA YT 4] Thd, LifFEAXT
ANEEICEE T EIC L DR E L LT, OWRARRDIERET, QOMRITEIRE,
ORI RE~ DB, @ME - 7 L AF—MEREEICESAZ Y TTHEELTEBY ., (b EWERE
BL L TCIREICHA ATV UM, PCBs, AlEY v RILAW. KB, MHGOWRE R S &2 HIE L, o
TR EFRZ L TND T 1272 KRBT 2R B M L e e BDAKEE LT0E0 b L
2, bR — FRE T HER 2 2 FWERE IOV TRET L TV D28, HIZ A F KRR
PCBs M5 (C & 2/ NEFER B E LA TR Y AR EREORE 217 2 DMl A b ThRE
EAkE LT B, SRR LIZiFZek s 1230 1306 B I & B — BRI E S 7= e g i
DIENTFERTH Y . T D SRAITHIERENH T 2 2 E RIS D, & 5T, Tk 23 4
AL THBLEBREAD (186 O L BREICET 2 2EME (maF Vi) ) ofEaR—h
DBIMBEEBAKINIEE o7z, LER-> T, A% DMRETH = aF Lk TfThh 5 Bi5gHE
AR (R, AR, EMEGERE. AIBREE) S EEHERERTmIC LY BRETOAE
LW E DO b ~DOREFEEORE L~ VOEENH LML D,

IR ANTEAE U T2 24 W D K (R IS & H T A FLKERDIRTE L~ UK T LT g 9,
AL, FxDAEELEDRWIRED —E LoV ORIREE A F /LK EREETR 30T DAtz L9 I8
b, SRIBLOLEIOLE2—Z@ L TAFLAEDO F~DREFEHELZMEBT L L, ~7
W7 VT 7R EEIRED A TF VKB EGLRNEE LR LT 5 & fkx TR B0 /L2 R
L7z ', SeteiBENC 1T B A F L KSR CIRRIER B S - & T B3RV ), Bk
IR AR TN DOIREE S SR ORCE 25 5 & SHEGEIE OB IR BT EN T 5 10
22630 2D X BRI IS S BRIRIEIC & o TEWREZ R 200G LILRWLR, A& AV
R ZRAETE 2N D K OIS T 27200, ZORMRAELEO IR 2IRERE (BRRARE)
FIEV A7 R L TN ZENRTIIERICE > THATH D, SHOMEITE SITRBERE
WRRIC L AEFEZETHY, T EB#EE LW ¢ TR, TRICLPDLT, AF
LEDON TV AL FEWEEE L L I, B FOAERITE = - TV DL 7oA E 5280 4 #5E 12 )
TE e RN - MRS L T A,

V. #E%
SEEOXERL Ea2—I2X0, UTFTOZ ERREniz, (1) ATFNKBIBLOKBEEZH - 72
PubMed #8#iim LD H T, 2008 FELAEE MFFEOWMEE N BMEAICH D, (2) A FILKEEDI

IFFEIZ LD, BBRE XA FILVKEGAHAZENBERE LT 5 & QKB RN T o A Bk
THDREBOEBIEN Y 27 @O 5 a[Rettnd 5, (3) FRIEHIO 2 F Lk L OV PCB IREER
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K OUERMIM O MM B R EZ 5D ONRTER ERELZ MG 5 & EHIERRIC A FLKEN
HELTWDAMRENRE Sz, @) HEMMZORFRIKPOESBRELZNET S L.
BERRBORNL - EB~OBITIR, AT NAKERRbES, I RITLAIFREEBITLARNEE X
bivlz, —JH., ERLAMERL LTHEMICEZ S EEN, ATFKEE &bk FHHAEBRUC
Bl L TERNIZZ KRV IAE L, DOoBEERH T EBICb BT LI, (5) IRk 2 1K
HRRE AT 5 & KB AERE O KE K OBRERE LT~ YV KRIHTTE T AT

ROAFERENIE 2 72 1955~1959 1l b (BfE & 85 LLE) @<, ZRUBHRA I T LT
We, FTo, AKELDOHK B HRLRE A TV KRIRE OB 2 RETT 5 &, BEEE KL
TV =,

& EEOAKSHEYIE LT, ARSI T 2 EHRIRENC & b 70 o TEER OB E D
TV URIRICBEST T 70 A, WET T THIEAHEERE L 2> T D, B, KT
~ VA DRBEEER D% DIV 2B KRR BER 2 R L TR Y . KGR OEEBOKRE I
MEZ D, T~ U TiE UNIDO O FCREBIC K DR ERIRDFEm SN TWDLR, 72
% < OFJEE EETIER OB B2, 1 E TN ERIE L EZE 18K SR TP Bk 23
ROHNTWD, AT, KEEIRIEENT O E LRI O 5 O KRG YN o D A F LK ERE
BOWEMZHRNTNDZ N, BEND OKEAKIREICINZ, BWND DA F KRR
b, BABBICLD ) A BEREND, 2K Z 3 % 5 sl CTlIKERIC X D ERBE~
D=2 ) 7T DEBE B TETND,

VI. REELROFE

AF VKRR TARIRE T H/NEOMBREICKET 22 LBL DML TREINTND, —
FThh, bFE, v R EDILTFEWE bR BEEN DD T ERHMOLINTEY, ZNHDAF L
KR & DIFIRFIRER 12 L DRI E BT 2R SR ST B2 6D, Licno
T, 2011 FFIZEER SN DM LD T, 2O X RNEZ G LA BRIICIE L, £OHTA
FIKERB ED LD IZFHE STV D DODREF L 72V,
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Abstract

More than fifty years have passed since the outbreak of Minamata disease and methylmercury
poisoning disasters like the Minamata disease due to industrial effluents or methylmercury-containing
fungicide intoxication have scarcely happened in developed countries. However, the debate on health
issue of low-level exposure to methylmercury in humans remains unsolved and environmental and health
issues of widespread mercury contamination have occurred in gold and mercury mining areas of
developing countries. In this article, we provide an overview of studies addressing these health effects of
methylmercury and mercury, by using the PubMed of the US National Library of Medicine.

The following suggestions were obtained concerning low-level methylmercury exposure: (1) In recent
years, the proportion of human studies among methylmercury- or mercury-related reports tends to decrease.
(2) According to an intervention study, long-term exposure to methylmercury through consumption of fish
such as bigeye tuna and swordfish may pose a potential risk for cardiac events involving sympathovagal
imbalance. (3) Prenatal exposure to methylmercury contained in seafood, even at low levels, adversely
affects neonatal neurobehavioral function after adjusting for polychlorinated biphenyls and maternal
seafood intake during pregnancy, while maternal seafood intake has some benefits. (4) Fetal exposure to
mercury, lead, arsenic, and selenium reflected each maternal exposure levels, and placental transfer of
methymercury seemed to be extremely high but that of cadmium to be limited. (5) In measuring
methylmercury concentrations in preserved umbilical cords collected from inhabitants born in Minamata
areas between 1947 and 1989, elevated methylmercury concentrations (> 1 pg/g) were mainly observed in
inhabitants born between 1947 and 1968, and that peak coincided with the peak of acetaldehyde production

in Minamata. Thereafter, the methylmercury levels gradually decreased to the control levels.

Keywords: Methylmercury; Low-level exposure; Infant development; Gold and mercury mining
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NHZEEPLMIL, 61T, Hex REAEEEREEEON, /LR 5 MVB sorting pathway
I L CHERRIC Bk 9~ D 8 25 A F L KEGEME ORI 595 Z L b6 LTV D, £z,
K pathway | X > TSN D EHE % yeast two-hybrid K VKRB L, BEMERE L LT
Ubid (2 EFFUBZ T MR LICERE) Z2FRELTHD, L, IR BE ORI,
Z @ Ubi4 |Z MVB sorting pathway DFE T3, WEEHEDOE ) 28X F AL Z &
DRI STz, Ubid [T A FNAKBOHBME LRI E2/EHZA L TERBY ., MVB sorting pathway
23 Ubid I\ ZHRAE L CAFAKEEHEIEA IR ST D Z & BB LTS, ARIFSETITFRK 22 F 5 —
24 D 3T, Ubid IZHRIE L. 2>D, MVB sorting pathway #J1 L C X FIL/KERTEME 2 HEIR
SHLBHREAELZH LT S I8, ZOEHEOIEAMEME & MVB sorting pathway & DB
FREMPL, S50, BONTLMRIZESNTE MR TO A FLKEEM L MVB sorting
pathway & DBMR bG5S, F£72. MVB sorting pathway LISMT & A F/LKIRFMED BB 5-
THBIEBTHZFEEL TWAHOT, BLEOHMBEMICENR SN GA%EICIE, T HBE T
DA F KRR EMECH 2 DB L ZOERBREIC O\ T BT 5.

0 #FgEJ5ik

1. BEREO AT VKERIZ 3T 5 B

B RED single colony % SD BEMUICHER L —WRIRE IS L%, Z OEEIK % SD 5541 1x10*
cells/180 u 112725 X 9 IZAHIR LT=, 96-well plate (24371 L7-ARATIRES G 180 u 1 (2HEAL A F
JVIKSRIEIE (BT E 0140 nM) 20 w1 Z¥RA1 L T 30°CC 48 MefijEs 2%, 620 nm DL %
&L CEER O 2T ~T-, 728, vector DA EBA LT-EERZ R E L THW:,

2. FEREIIED D OE A OHhiH

IRk single colony % SD ¥5#hh 2 mL #1122 T 30°C CT—MIREZLE R L7212, 1X10° cells
F7213 5X10% cells % 10 ml F721% 50 ml ¢ SD HEHZIRE L T 30°CTE HITH#E L=, 3 K
BERZIC 8uM & 725 X 91T L A F AV KERZIRIN L, FFON 1. 5 RERIR R % LT, 2 OFEREA il
A F KT 2 BIBEEHE, 1 mL @ 10% TCA Z 120K EIZ 30 min fiki& L7z, TBS THMEIZ/R D ET
Teists, 77 A —RAL 150uL @ TBS &z T 4000 rpm, 5min CTEERFZMRE L 72, % OREIK
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150l ZRIDF 22— L, £ ZI250uL O lysis buffer (4%SDS, 180 mM Na—HEPES ; pH7. 5)
1% T 100°C, 5 min MMEAL 727412, 20,000X g, 5min TiE L., EEEZREAEY 7L L L
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MEAERE 20ue, BAERE20uL &725 X 912 sample buffer 38 X OWiA A4 > K THIR L2141
100°C, 5 min fLEE L, 5,000X g, 5 min Ciz.l> LT SDS-PAGE A+ > 7 %1547,

(i B g ~ DO BLRE)

BASFALAH R R 2 AT iFZE1T THLA R 2 DNA ERRE RS OB A/ TFo—R L LT
EiiL72bDOTH Y BASFHAHMEZEWF O/ FEOMENC X 2 EM O SO ERICET 5
EREZ ST L, P2 FEEFERETHEEEZIT 72,

I BFIERSE R & & 42

MVB sorting pathway OIE L 72 2 EHAEIXE / 2 EXFF AL TE Y MVB sorting pathway
AT DR FD 1 DTHDH Vps2T NI DE /) 2 X F UALEAELZRE L LGl - 5L T
BRI AT MMIZTETEZELONTWD, ERO X2, BxIIARVAT AL - TS
LEEYE (Vps27 EEATHEAE) L LTUbid ZFE L2, FEMIZRMEHT X - T Ubid (3 MVB
sorting pathway OFE T3/, HEEREDOE /) 28X F ALICBEL L Z LRI,
L7235 T, Ubi4 2k > TE /2 EFF (L Z, MVB sorting pathway #Jr L Ty KY — A
PICHL D A EN TR ICHEI~EITN D Z S I L > TAF KRR A B SEL2EAE X-EA
B) MNMEETHEEZBND, MWB sorting pathway OIEMEINME T4 5 & X—7E [ O AN A
FERT2EEZONDZEND, Bx T DO X-EAEZFRET D0, Vps27T OXRBIZ L -
THRNREN ERT 228X F U AbEREABRIKENEIC X > THE L, 5 FE2K 37kDa
DaAELXFUACEABEREN EF T2 2 /AL, 22T, 20 3TkDa =X F A LEHE
% 2 RITERVKE)/ B HTIEIC L > THRHT L7 & 2 A, Sisl & Rsp3 £V 9 2 DOEHENFIE
ENiz, EEOARFEIZL > THEAESMBNTIEXF A bInd Z ERER I, S5
(2, A FVKERTFENEZ Rsp3 ITHHR L Sisl 1IWICII T 2 EABE CTHDHZ EHHHALE, Ll
D7p &b Rsp3 ITE/ 2 EFTF AR E U THIRRNICEE S 5 2 VR I 72y, Sisl OF
ZEXFF AR T D ENTE oo lz, £2C, AEIT Sisl 38 KO Rsp3 12DV TREH
Rt LTz, £/, Wbid o7 a5 Ao e F U BERORE LT 72,

1. Sisl OF /2 ERF Akt LA FVKERFEN: & OBIfR

WEAEEEIE, HA &% 7 (& @ Sisl BE W Mye ¥ J & O © % F 2 238 Bl S W= jERF O ik
725 HA-Sisl % HA HURCTHRIZILRE S, LY 2 EBRI0KE) L7212 Myc HUiR% VT Western
blotting #1795 Z &IZ kW 2 X F L b ENT- HA-Sisl D L~UL&FH~x7=, LrL, ko k)
IZSisl OF /) 2 EXF U RERIT D L3 TERD oM, £I T, Mye X /&2 X5
ERBSES 2L, HA-Sisl ENREMEZEX T L OfAGE2EBEXUKENE TR 2 A, B
PERRBERE Tl HA-Sisl OF / 2 X F UKITHRE SN o2 b DD, Vps27T Z KPS EDHZ &
IZE 5> THASisl OE /) 2 EFF LR IND K )Tl oTc, Z D Vps27 KIEIZ L - THIN
L7/ 2% F AL HA-Sisl O3> RiZ Ubid ORABIZE > THEKR L= Z & D, HA-Sisl OF
J a2 xF AL Ubid PRETHLEZEZIOND, £, ATFNVKENRE 2 8XF 1k
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HA-Sisl D L~ L NS5 Z E BRI LT, L7eRN - T, ATF KRN Sisl OF /2 X T
ANEE TR~ OEEZTLES TV A AR LB 2 b5, 7ok, HA-Sisl Tidle < NREME
DSisl DE ) 2 EFF L ALEBET HT-DITSisl DR Y 7 0 —F VH K2 AEREERL L -0 T,
BUE, FPEZAWZE 2% F L ALNRME Sisl OMHERF LTS

2. Rsp3 OF /2 X F Ak LA F/LKERFENME & DBt

HA-Rsp3 % 3Bl S 7R 2 W2 MFHT L0 | Vps27T OXRIBICE > TE/ 2% F 1k
HA-Rsp3 D/ RAHEL L, Z D30 A Ubid OKRIBICE > TIHKT D ENRELMME o7,
ZDZEMNDL, HARsp3 DF J 2 EFTF ALICH Ubid BDMETH D L b D, Rsp3 1L A F LK
REMAHERIEL2EAETHDL Z DD, 41&I1E, Rsp3 OURAI~D§IE & A F /LK ERFEMEY IR
TER & ORRZRETT 2 2 L1k - T, AT AKEREMERBUZE T 5 MVB sorting pathway O
HEHOLMNZITHTETH D,

3. %M@fmkyyﬁ’@5#6%&6%%V@$@@E

Ubi4d (Z2EXFF RN F T A5 QWG LTCEAETHY bt F U BRI T et
VT ENTERICE ) X TF UL L“C%%%ﬁﬂ“é EBEZOLNTVD BRI 1T O B % F
VEEBEWNFAET D Z NN TNWAEDT, TOHRTAFLAERMEICEES 5 0 FREOFE %
RAT, TOFER, Ubp7, Ubpl3 3 XN Ubpls & N EIUKAE S W= BERED A FILKERICx LT
M A R 2 LN L7z, Ubp7 & Ubpl3 & “HARB I W& 2 A, AT AKREUEZ MO
I EF RO b= &b, W%Jt%%/%%iﬁﬁéﬁ%f%%wmﬁﬁiwﬁﬁ B
ELTWwbEEZLND, —J5, Ubpl3d & Ubpls & " H /K S WA 3N 2zt o k
HANRFRDHT, Wl B % F UEER DA O T A FILKERF %@%{)ﬁz WZB > T\ 5 AlHE
PEDSRIE S 4172, £72 . Ubp7 & Ubpl3 @ —H/RHBFERF &£ 7213 Ubp13 & Ubplb O " H /K EFERED Ubid
EENENXRESEE Z A, Ubid HIMKIEK & ZIEFFRRE O A FOLKEBMHERRD bz, Z
DZEnb, TRHMa X F UEERO KENEERHICE 2 5 A FOAKEEESEZ IS, Ubid OfF
ERRBETHDHEBEZLND, LD &G, Ubp?, Ubpl3 8 L UM Ubpl5 13462 Ubid DE /
AEFFoADTu T L U ORER O RIAIL Ubi4 DT v 72l S 2 L
IZR o TR A T AKRBEEZ A 52D L W) AREEEE 2 52 LN TE D,

MVB sorting pathway (&L - CHRIGISEIIND Z ENREINTE /) 28X T ALEAEITK
FEHIIZ Doad IZ K » T E X T U3 B S =% I bal &I D, % Z TWkIZ, Ubp7, Ubpl3 &
7213 Ubp15 O RABEEREDN RS A F /L KER SRS MEIT % 5 Doad RIBD R Z Mt L7z, € OFER,
ZAVB M B T R RIERERE T Doad A RIBT D & A FNKEEBZMELZ RS2 . 20D
RS MEIZIE Doad DAFIENMETH D Z LA LTz, 3725, Ubp7, Ubpl3 £721% Ubpls @
RIEFERED R T A F IOV KRR PEIZ IR, HDEOEFE N MVB sorting pathway 241 L Cikha
TEIINDZEDBRETHDLEEZEZDINLD,

4. AFLKEENUbi4 DEAE L~V H 2z D5

Tat T T EZTTORNERO Ubid RO FIIXIZ E A ER SR o 7o0s A
FIOVKER CEERF A ALEE 95 = L2 K » CTAE Ubid LUV EH L7z, F7-. Ubp7, Ubpl3 BL W
Ubpls # 2 TREEHLZLICE > THEE Ubid LUV LA BBE S, A FAKBEORTES
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EVBFICRDO N, —FH, Tt V2R VWER Ubid ZFERPICRBRESETL L 25,
1B Ubid Z Bl S 72 BERHC LTI E S . Dy K DRV 2 FLKERFEMENFRD bz,
F7o, EHE Ubid FBUT X D IEFEMH ORREEITZE R Ubid ORBEKAFIC EH L, ZoZ &
5, a7 EZT TWRWER Ubid ITMAEEIMHEHZ A L T, 202K Ubid
SO EHARD I L EIT A TFAKED R T MIREEICEGE L TN EEXDHT B TED,

IV
MVB sorting pathway Z#&H L CIRIAICHIE S D Z L2 Ko TAF KB ENEZ RS 2
HAEOBEME LT Sisl B3RO Rsp3 NREE STz, A, MR FE OB &K OHiia N2 E8) &
A F VKR & ORRZFEMICRETT 2 Z LI2 X 5T, MVB sorting pathway 2> HRIE~D
B VB ERREE D A FOLKREMETBIC B T D REINRIA S NS L En 5,

V  WRAERE LI D Gl
Sisl 3L Rsp3 DORERE K ORI ZEEY & A FILKERTEM: & ORISR A ICHFT5 2 LIk
ST, LW AT VKO FMRBREELNH LT b0 LS D,
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Molecular mechanism for toxicity of methylmercury
and its biological protection

Akira Naganuma, Gi-Wook Hwang and Tsutomu Takahashi

Graduate School of Pharmaceutical Sciences,
Tohoku University, Sendai 982-8578, Japan

Keywords: Methylmercury; Sensitivity; Protein transport to vacuole; MVB sorting pathway; Yeast
Abstract

We have searched the genes that affected sensitivity of yeast cells to methylmercury to elucidate the
mechanism of methylmercury toxicity. We have found that the protein transport pathway into vacuole
through MVB sorting pathway from Golgi strongly involved in mechanism of enhancement of
methylmercury toxicity. Proteins (X-proteins) that are transported from Golgi to vacuole and enhance
methyl mercury toxicity might be included in yeast cells. We identified Sisland Rsp3 as candidates for
X-proteins. Cellular levels of the monoubiquitinated Sisl and Rsp3 were significantly increased by
suppression of activity of the MVB sorting pathway. Knockdown of Rsp3 gene conferred resistance to
methylmercury in yeast. These results suggest that Rsp3 might enhance toxicity of methylmercury after
its monoubiquitination and transportation into vacuole through MVB sorting pathway.
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T2 OREEHE VR OMMER 2127 ) 7RIS EE & E 2RI L ThD e LNE SHoD
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HENRERL CWD AR Uiz, AMFEOBREEIE (1) 1%, IL-6EEDGTAD=A L%
HOENETDHZLETHD, £2. LVIERBED A FILKBICE > TH 7 U 7RI RE~ O
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70 TR OMIE 2D, A FVKERIT X 2 g RebE EA s BT 2 < LVWaR 2560
L2 eI END,

1T #F5EHE

KT A ¥4 N RO O #IE, BB Vit o 7z, SHEALFRFE S BERIZ R,
F -\ E T OMBIENTIZIE, Affymetrix #hD~A 7 a7 LA W= Y, Cell viability 1%,
WST-1 7 v AT XV iERE L, Mfasdt ATP ORIEJTVEICIE, luciferin-luciferase 4 V2,
RS, ATP 43 fiRBEFHEA] ARL6739 FF(E T T A F /LK 24T\, AIRAME & |l L7 .
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Abstract

Glial cells are very much involved in various brain diseases. Thus, changes in their
characteristic features affect brain functions. However, effects of chemicals or other
hazardous environmental molecules including methylmercury (MeHg) on glial
functions/dysfunctions remain largely unknown. Previously, we showed that MeHg-induced
IL-6 in astrocytes, which in turn protected neuronal cell death against MeHg. Here we
showed mechanisms underling MeHg-induced IL-6 induction in astrocytes, as well as effect of
MeHg on microglia. MeHg induced an increase in extracellular ATP concentration, followed
by ATP-dependent Ca2+ waves in astrocytes. Both events were responsible for induction of
IL-6 in astrocytes. As for intracellular mechanisms, MeHg-induced phosphorylation of ERK1/2
(pERK1/2), which was also responsible for 11.-6 induction. The MeHg-induced pERK1/2 was
dependent of P2 receptors, suggesting that extracellular ATP could be a trigger for the
subsequent events. Lower MeHg concentration (0.01 uM) had no effect on both astrocytes and
microglia. However, when these cells were co-cultured and stimulated with low MeHg, it
induced a drastic increase in IL-6 in the cultures. These findings suggest that microglia
should function as a high sensitivity sensor for MeHg or other toxic molecules, and when they
sense low concentration of MeHg, migroglia would transmit their information to astrocytes to
make preparation for neuroprotection against future hazardous events, i.e., induction of IL-6.
Such microglia-astrocytes-neurons communications would be important to maintain

homeostasis in the brain.
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