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and thcn dissolvcd at 75℃ 、vith shaking for 2 hOurs AF

tcr cooling to roolll temperatllrc and topping up to 15 00

g gravimetric,thc obtaincd solution、vas uscd for analysis

Thc aluminum cOnccntlation was mcasurcd、 vith induc―

tivcly coupled plasma mass spectrOmctり(ICP MヽS,Ag

ilcnt Tcchnologics)with thC intemal s,andard mcthod

[15‐17]Thc inter_daily variation of analysis(CV)For

aluminum oF control stockcd_solution、vas cstimatcd to

bc 6 9レ6 Thc aluminum contcnts in hair、vere exprcsscd

asぃg/g hatr(ppm)

StaWsHcal Ana ys s

For nollllalization and flllther statis↓ical analysis, thc

valucs Of hair aluminum cOntents 、vere transfomcd to

thc logaritllm An ovcrall diffcrence beヽvccn thc bqoups

、vas dctcnllined by onc―way analysis of va五ancc

(ANOVA,JMP6),and thC difFclcnces betteen groups

、verc cstimatcd using Fishcr's LSD tcst

Resutts

Figure l shows thc logaritllmic disttbution of hair alu―

minum cOnccntrations in male childrcn agcd O‐15 ycars

old,in comparison with adults agcd 2卜40 ycars old(Fig

2)Thc hair aluminum lcvcis were approximatcly distrib―

utcd in lognornal manncr,and so tlle gcomct五 c rathcr

than arithmetic mcans、 vcrc uscd as representativc of hatr

mincral lcvcl Table l sho、vs thc gcOmetric mean of hatr

aluminunl lcveis,  ±l  gcomcttc standard deviation

(GSD)rangC,and minimum and maximum values for

thrcc agc‐groups oF childrcn, in companson 、vith thc

adult group Comparcd to thc mcan lcvcls in adults(38

and 4 0 ppm),high‐ signiflcant(p<00000)and nCarly 3‐

fold hi_qhcr lcvcls, namcly 10 4 and ll l ppm for boys

and l1 8 and lo 5 ppm for giris,、vcrC ObScⅣ cd in thc in―

fants/children groups a_qed O-3 and 4-9 years, respec―

tivcly Tcn childrcn(9 male and l female)eXhibited

highcr aluminum icvcis cxcccding 50 ppm, ,vhich、vas

thc cxpcctcd toxic lcvcl(TablC 2)Thc highcst icvcl ob‐

se「rcd、vas l16 8 ppm in a rlvc_yCar―old boy,、vhich、vas

estimatcd to bc ovcr 30‐fold highcr than mcan adult lcvcl

Thus,tlle youngcr childrcn groups lcss than 10 yctts of

age ,vere estimated to have signticantly higher alumi―

num accumulahon than tllc 10w―tccnagcr(10 15 ycars)

group and aduit gloup

ln thc lo、vcst agc group, the infants of O―year agc

tcndcd to cxhibit thc highcst gcometric mean value of

15 4 and 13 7 ppm for boys and giris,lcspcctivcly(TablC

3)ThcsC rcsults suggcst that thc aluminum accumulatcd

in mothcr's body is co―transfcrcd、vith calctunl and mag‐

nesium to tllc Fctal,through bonc‐rcsorptlon during prcg‐

nancy and breast―fccding Thc hair aluminum lcvcls in

giris were ll■le different from tllosc in boys,suggcsting

that tllere is little gender difference in aluminum accumu―

lation
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Fig.l  Loganthmic histogram of hair aluminum lcvcls in malc Japancsc childrcn

Thc histogram of hatr aluminum conccntrations for l,276 malc childrcn agcd O-15 years is sho、vn in the logaHthm The

numbcrs On thc abscissa indicate the logal■thms oF hair aluminium cOncentrations Thc width and hcight of cach rcctan‐

gie represcnts dlc class intettal in thc logahthm of hair alumintum lcvcl and thc corrcsponding frcqucncy)rcspectively

This histogram indicatcs an approximate loganthmic nomal distribution lvith the highest frequency of 369 in the range

oF4 0-4 2 1ogantllms
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Table 3  Gcomcthc mcans ofhair aluminum lcvels in infallts

０

１

２

Age    No`      Geometttc Mean

tweartt              Male   Female

physical or mcntal disorder for the last scvcml years[15

17]

Aluminium is the mOst abundant lnctalin the earth and

one oftllc most widely uscd metals in thc prescllt socteけ

Thereforc, aluminum in thc soil is taken by vanous

plants such as cereals,lc3umes,vcgctables and sca、veed,

and bio―accumulatcs in the food chain,evcnmally caus‐

ing cxposure to hurnans Aluminum is also takcn via con‐

sumptlo■  of somc processcd foods, infant fomulas,

drllgs and tobaccos ctc[1,2124]

In 1976,Crappcr ct al[25]found that an averagc alu―

minum conccntration in a nomal brain、vas 1 9± 0711g/

g  d t t  w e i g h t  M c D e m o t t  c t  a l [ 2 6 , 2 7 ] r c p o ■e d  a  m c a l l

a l u m i n u m  c o n c c n t r aはo n  o F 2  5± 0 3卜 g / g  d l h  w c i g h t  f o r

non―neur01ogic contr01 brain and signiflcantly higher

15911g/g for tlle paticnts dicd、vitl dialysis enccphalopa―

tlly Alfrcy et al[28]publlShed 2 2 ± 13μ 」gd呼

、veight for brain,、vith 3 3 ± 29 μg/g for splccn and 4 0

±13μゴg for llVCr Howard[29]rcpOtCd that tlle nOr‐

mal conccntrations of serum aluminum in chlldrcn

rangcd flom 3 21 μゴL(mean 9 5 1tg/L)whilC higller alu‐

minum concentrations 、verc Found in hypcractivc chil―

drCn(rangc 9‐30ぃ g/L,mcan 16 6ぃ留L)and t10sc with

lcaming dもordcrs(rangC 8‐34ぃ g/L,mcan 17 1 11g7L)

Recently,Yasuda et al[16]reportCd that a stlb‐group of

autistic children has sublccted to highcr aluminium bur‐

den i thc individuals、vith high alumintum lcvcis cxcecd‐

ing 30 μゴg(ppm)wCrc cstimatcd 2 8 
00

1n tllc present stlldy,the avcrage aluminum ievcl in

scalp hatr for Japancsc aduits was estimatcd io be about

4μゴg(4 ppm)(Table l)ThiS Value of thc hair alumi

num level、vas close to tllc aluminum contcnt in nomaL

hcaltlly human liver,and higher than that in the brain tis―

suc,repOltcd by Alfrey ct al[28]ThcsC results indicate

that scalp hair is a good marker samplc for cstimating

boⅢ  aluminum burdcn

Thc most notcd rlnding in this sttldy is that smallcr

childrcn aged O-9 ycars have sufttred frOm higher alumi―

num accumulation i the averagc value of 10‐1l ppl■l、vaS

ncarly 3-fold highcr than tllat of adults 4ヽorc highcr and

toxic lcvcls ovcr 50 ppn■、vcre obscpred in tlle tcn indi―

viduals out of l,720 childrcn,、vith tlle highest value of

加 exraOrdina呼 116 8 ppm(TablC l)High aluminiun

levcls in childrcn、verc rcportcd in a sub‐group of indi‐

viduals、vith autistic disorders,、vho havc suffcrcd from a

global mincral dencicncy[16]

Thc Joint FAO/H′HO Expci Committee on Food Ad―

ditives notcd that thc PTH′I for aluminum is likely to be

cxccedcd to a largc cxtent in somc population groups,

paticularly in infants Fed on soy―bascd fomula and 
chil―

dren rcgularly consuming foods that includc aluminum―

containing addtivcs[1]SOme prOcesscd foods such as

proccsscd chccsc,biscuits,bread,muFflns, baking po、
v‐

der,arc reportcd to havc a vett high aluminun■ contents

Somc medical applications of aluminum such as alumi―

num antacids, phosphate―bindcrs and bufFcrcd anti―

fcbrilc/analgcsics, namely aluminum― buffcrcd aspirin,

may also lcad to highcr exposure

The high accumulaion Of aluminum in infants agcd

l c s s  t l l a n  l  y e a r  o l d ( T a b l C  3 ) i n d i C a t c s  t l l a t  t h e y  a r c  u n ―

dcr thc circumstancc of high exposure to this toxic ele―

ment,pcrhaps through foods/drinks such as brcast milk,

infant forlllulas and wcaning foods Col■lpared to human

brcast milk containing 5-20 μg aluminum pcr litre, thc

aluminum concentrations、vcrc reportcd to bc 10-lo 20-

fold higher in co、v's mllk―bascd fo■nulas and 100-lold

highcr in soy bascd folⅢlulas[23]Thus,COmparcd to

brcast milk‐fcd children,thc intakc of dietaりaluminum

can be highcr in thc childrcn feeding on infant fo■nulas

a n d  w e a n i n g  F o o d s [ l l , 2 1 , 2 3 ]

Yumoto et al[30]rcpOrtcd tllat alumintum(2。 Al)in―

jected to lactating rats is taken up lhrough matemal 
milk

into thc brain of suckling rats and its considcrablc

amounts remalncd in thc braln tissues throughout thclr

hFctimc Bishop ct al[13]lcpo■ Cd that in prctcm in‐

fants receiving prolongcd intravenous‐fccding solutions

contaminatcd、 vith aluminium,incrcasing aluminium cx―

posure、vas associatcd、vith impaircd neur01ogical dcvcl―

opment Thc assoctation of increascd brain―aluminium

concentration、vith llcurological disorder、vas reportcd in

14

55

146

154

9 , 8

9 6

10.8

13.7

136

10,5

1 1 . 6

r/g/g(ppm)
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