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EFFECT OF FLUORIDEIN DRINKiNG WATER

ON CHlLDREN'S iNTELLlGENCE

Q  X i a n g°Yと, a n g°L  C h e n  b  C  l l l l a n g , b  B  c h e n ,°X  C h e n i b  M  Z h o u・

Shanghai,P R China

SUMMARY: The intethgence Quctient aQ)was measured in 512 chitdren′

aged 8-13 yearsァ living in two vi‖ ages in Sihong County,J:angsu Province′

Chinar differing in the level of f,じ o「:de in the:「 d『inking water in the high‐

ftuo「:de vi‖age o「 wamiao (wate「 nu。「ide: 247± 079 mg′ L; range: 057-4.50

mg′ L)′ the mean iQ oF 222 ch3,dren was sign,■ cantty ,ower(9202と 1300,

range: 54-126)than in the towイ ,uo「:de vl:lage oF Xinhuai(water Fluo『 5de:

036± 015 mg′ L,「ange: 018-076 mg′ L), where the mean iQ of 290 chitdren

was higher(10041と 1321,「 ange:60-128)The children′ s:Qs were not related

to u「:nary lodiner family income,o「 Parent′S education ievel Higher drinking

water f,uo「 ide levets were signiFicantiy associated with h:gher rates oF mental

retardation(:Q く 70)and bOrderhne inteHigence(lQ 70ぃ 79)The Benchmark

Concentration(BMC)For the concentration‐ response re,ationshiP betWeen iQ

く80 and the d「 inking water nuo「 :de teve,was 2 32 mg′ Lr and the:ower‐ bound

confldence llmit(BMCL)ofthe BMC Was 1 85 mg′ L Taking dental Fluo「 osis

and other sources of dietary nuOride intc account,the reference va:ue con‐

centration(RfC)fo「 fluOride was calculated io be 0 925 mg′ L,which is very

close to the current national Chinese standard oFく 10 mg′ L in endemic fluo‐

「osis areas,drinking water fluoride leveis greaterthan 1 0 mg′ L may adversely

afFect the develoPment Of Chlldren′ s inte:::gence

Keywclrdsi Ch‖dren's inte‖igencei Chinai FluoHde in v‖lage ulater intelHgence Quotient

iNTRODUCT10N

Il1 1 937,Ktt Roholm pllblislled tts classic sttdy on 68 cryolite workers

cllronically exPosed to fluoride, 84% of whom had skeletal fluorosis with

220/6 0f them havhg neurological sylnPtomS mvolving excessivc tiredncss,

sleepiness,indisposition,headache,alld giddiness I In that salne year,Shortt

2r α′reported 10 cases of nuorosis complicated by centrai nervous system

damage witll symptoms of prcssurc on the sPinal cord including tingihg

sensations,loss of pain,temperatllre,touch,vibration sensatlon in the lower

limbs. altered reaexes, llnpotence, and loss of sphincter controi but 、■■dl

llmlnpaired mental po、vers 2 1n 1961,Singh and Jolly reported that 10%of

Patients with skcletal flucrosis had ncrvous systcm damagc'輸 al Stlldies

show tllat brain fluoddc levels incrcase with incrcasing cxPosure to nu。 _
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fcrent rcgions of China,hdicated all association bcnveen higher lcvels of

drinking watcr auoHdc and a lowerIQ in chidrcn,whcrcas a smdy by Huタナ

舗 朋 琳 譜

hと

獄 舞 名樹 ]轍 鶏 鱗 胎 緒 樹 ]評鮮品 経 常補 盟 u済
昭
盟 !

ter for Disease Control and Preventioni 」 iangsu Provincei China CCenter for Disease

Control and Prevenlion,Sihong County,」 iangsu Province,China

α′,did

fluol■d

T、v(

Count

臨mi対

730路

Sihont

1 2 ' E )

of Sm

fluoro

other i

nlc

cludc(

the as

acte五1

and ht

econo

villagl

lnJuリ

werc

of 30!

to tllc

mg/L

mg/L

watcr

Thく

bined

NorII

scho(

supel

the C

giveI
ralllt(

(IQ
(IQl
Fl

selcc

m a l l

酌
価



Dttnking urater nuOride and ch‖dren's inte‖igence  35

,ん did nOt 15'6 Tlle rclationslllps bctwccn d五 IIng water fluo五 de,ultLna呼

Iluo五 de,alld IQ arC CXalmned mtllcr h the presentsmdy

MATER:ALS AND METHODS

T、vo villages, Wallllac and Xilllluni, locatcd 64 kln apart in Sihong

ColulR,Jiangsu PrOvince,that are ncar Lake Hongzc,、 vhch is about 215

1cn illland frolll thc cast coast of thc Pcople's Republic oF Chttna and about

730 klll sollthcast Of Be」 ing,were selected for s価 Ⅲ W釘 述 aO in nOrtllcast

Shong Collllけ,abOllt 32 kln■ortlleast of SihOng(何 33°28・N and l18°
12'E),1leS in a scvere endemic nuorosis area Xittual in dle southwcst part

of Slllol唱Colmけ ,abOut 32 klll southwest Of Shollg,is h a nOncndellllc
nuorosis area Neithcr village has fluoride pollution監om b― lg coal or
otler industthal sources Nonc ofthe residents reportcd dおよ迅dng brick tca

The s的的 was cOllductcd between Scptcmber alld Decembcr 2002 alld in―

oluded all cllgible dttldlen in ea●h villagc A questlonnaire,completed、vih
tllc assistance of parcnts,、vas used to collect lllfomation on personal char―

actcristics,medical lllstott illCludhg illllesses affec的増 tllc ncttous systcm
and head ttalllna,cducational level of the clllldren and parcnts,falllily socio―

economic statts,alld lifcsttle clllldren wh had been absent from eitler

village for ivo years or lollger,or、vho had a ttsto=y Ofbrain discase or head

ittury,WCrc excluded ln Walmao,93%of tte ch1ldren(222 ollt of 238)

wcrc inclllded fOr thc s価Ⅲ,while in xilllllal,95%wcrc included(290 ollt
of 305)The childrcn in Wttao werc divided lllto flve subgroups according

to tllc level of nwhde in dle■d直1よlllg water<10 mg/L(grollp A),1い 19
111g/L(grouP B),2い 29111g/L(group C),3い 3 9 nlg/L(group D),>39

曜 れ (grOup E),whlC thOSe in Xllllluai(01卜 0 761ng Fん in tlle血晩
WatCO Were considcrcd as a singic group(grOup F)

T h e  l n t e l l l g c n c c  Q u o t i e l l t ( I Q ) O f  e a c I I  c l l l l d  w a s  m e a s u r e d  t t t h  t l l c  C o m―

持8品隅給s特靴転8哉叫だ轡縄協盟酢蝉替穐監瀧F横
school class,、vorttng indcpendently, in a double― blind manncr,under thc

supettision Of an cxalmner and ttЮ assistants,accordttg to tle dircctiOns of

tlle CRT―RC manual For the tcst adll■ullstraton conditons,insmctiOns to be

given,alld dlc tcst environlncnt 17 Tlle Scorcs for IQ tt tlle CRT‐RC wcre
ralllced asi mcntal retardation(IQ<70),bordCrline(IQ 7は79),dull nO.1.lal
(IQ 8い 89),norlnal(IQ 9い 109),b五 gllt no.11lal(IQ llい 119), Stlperior

(IQ12い 129),alld VCりsllperior(IQ>129)

Fiuo五dc h the dおよBdng、vater alld urinc was ineaswed with a fluoride ion

sclcct市e electrode 18‐19 1。dine h urhc 、 vas measured witll the Test Kit

爛 掛も品猛糾恥鱒獄灘艦檻
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drilblg、 vatcr was collected frol■l the、vells in clcan plastic bottles Chidren

■
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86  Xian9,Liang,Chen,VVang,Chen,Cheni Zhou

for llune testing were chosell by randolll sallplingt in Walmao,155 for IIuo一

宜dc and 46 for iodine;in Xお庄hual,135 for lluo五de and 40 foriodinc

Data were alla137zed using SAS and Bencttk Concelltratim somare

CMCS)

RESULTS

Flllorlde levels h tlle adttg Water alld unne,alld iodme levels in the

航 lle are sho、mhTお les l-5 The results indicate mat sigtticmt differ―

cnces here present between dle villages in the levels of all。 五de h dle

diよぷdng watcr and unnc,but notin thc unna甲 lodinc levcls

Tab3o l  Ftuo「 ide drinking waterlevels in Wamiao and Xinhuai

Ta

V‖lage    No samples Fluoridein drinking Ⅲ Ⅲ創er(mg′ L)    t       p

MeaniSD      Range

I n

mal〔

mal(

sho、

A

noI

ran噌

Wal

telll

i nメ

ulamiaO

Xinhuai

247± 079

036と 015

057-450

018_076

″

９０

２

２

4497   く 0001

Table 2 Urinary nuoride in chndren in VVamiao and Xinhuai

V‖lage No samples Uttnary 3uo高de(m9′ L)

Meanと SD      Range

Vi
mlamiao

Xinhuai

５

５

５

３

347■ 195

1 11±039

090L1250

037-250

1382 く0001

一Ｗ
対
すｐ

Table 3 Ratio of uttnary nucride to creaunine in ch‖ dren in VVamiao and)(inhuai

Vi‖age No sampes     Uttnary nuOttde/Cre

(mg F/mmoi Cre)
Mean iSD      Range

Wam ao

Xinhuai

082± 075

024主 010

013t469

009 1171

396    く 0001５

５

５

３

Table 4 Urinary iodine in ch‖ dren in 用ヽらmiao and Xinhuai

Vi‖age No samples U打nary iodine(rtg/L)

llVamiao

X nhuai

Mean iSD      Range

28070と 8716  13131-49705   104

30096■ 9288  14846-46089

６

０

４

４
>03
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DHnking ulater auoride arld ch‖d「en's intel‖gence  87

Tab,e5 Ratio of uttnary iodine to creattnine in ch‖ d「en in VVamiao and Xinhuai

V‖lage      No      U「 inary iodine/creatinine      t      p

s a m p l e s     (μ g  V m m O  c r e )

Mean iSD      Range

9324± 4686  3686-25103   107

8127± 5591  2276 29874

WVami30

X nhuai

４６

４０

In tlle hvo villagcs thcre 、vere signiflcant diffcrcnccs benveen lllalc, fc―
male,alld total c虹ldren's IQ A signiflcant diffcrence was present bchvccn
male alld fcmalc cll1ldren's IQ in WamiaO but not in Xilllluai Dctails‐c
shown in Tables 6 and 7

As sccn in Table 7,most of thc cll1ldren's IQs were dsdblltcd in tlle
non■al rangc Of 90-109 1n Xinhuat,27590/6 0f dle chlldren testcd lll the
ratlgc Of bright no....al(110-119)or lllgher,wvhereas only 8 11°/O did so in
Wallllao Moreover, 1531%of thc cll1ldren in Wamiao wcrc bordenine in、
telligence lQ(7は79)or iOWer,bllt only 6 200/O wcrc h these classincations
in Xil■luai

Table 6 Ch‖ dren's iQ in ulamiaO and xinhuai

Vttlage  Male

N Mean iSD

Female           Total

N   Mean ttSD   N   Mean i SD Range

VVa!コ,ao

X nhuai

２

０

２

９

２

２

０

１

０

３

２

９

２

５

9473と 1309

10069と 13524

8872± 1216

10008主 1287+

9202± 1300  54-126

10041± 1321' 60‐ 128

pくo ol cOmpared vMth male data竹く0 01 compared ttth Wamiao

Table 7 1Q distttbulon of ch‖dren in 1/Vamiao and Xinhuai

l Q
VVam ao

Male  Female TOtal

Xinhuai

Male Fema e Total (%)(e/3)

( 0 )

(483)

(2276)

(61 72)

(1448)

(448)

(1 72)

(100)

０

‐４

６６

‐５０

４２

‐３

５

２９０

０

３

２８

７５

‐７

４

４

‐３

０

「

範

７５

２５

９

１

‐５

０

５

‐３

‐０５

６５

２６

８

２２２

０

０

４

４３

３４

‐４

５

‐００

０

５

９

６２

３ ４

‐２

３

‐２２

( 0 )

(225)

(586)

(4730)

(2928)

( 1 1 7 1 )

(360)

(100)

≧130

120-129

110‐119

90‐109

80-39

70-79

≦69

Total

百
■
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88  沌ang,Liang,Chen,Wangt Cheni Chen,Zhou

men cOmparedコ th the chldren in Xm明正(Group F),dle CHldren h
W皿 五ao軽hbied,as the level ofユ1回ide h tlle血五脇噌 water inoreased,a
decrease L IQ and an ttrease tt the rates of mental庶均Ⅸね位on(IQ<70)
and borderline ttenigence(IQ 71■79)(Table 8).

Tab:e8. Level ofnuo「 ide in dHnking water and children'siQs

As

伸 0ヽ

,い0口nkng wttPi lmg/Ll
Vl‖age  eroup  No  晦   「F levet  No

samples (MeanisD)ch耐 dren

IQ and rate of retardation

IQ     Rate of

(MeaniSD)  iQ(80(O/6)

10041■ 1321     655

9956主 1413    000

9521=1222・     952

9219=1298i   1441・

3988± 1198'   2115i

7338主 1268i   3750i

,3 05 rpくo ol compattd ttth group F

The collcentratio■‐resPonse relatioAtt betteen the level of aucride in
the価闘血唱water and an IQ sCOre<80(borderline intell七ence and ment劇
retarねdoづ h the〔施ldren is shown h Figure l.Ihe BMC alld BMCL were

2.321■gF/L and l.85 1ng F/L,respecively

0     05      1      15      2     25      3      35      4

Fluo高de Concentrat9on(m9た )

Figure l. Concentration―response relationship bemeen an iQ<80

soore and the level of luoride in drinking water

F12ory」e36(2)2003

沌nhuat

Wamiao

036=015

075± 014

153± 027

246主 030

328と 025

416幻 22
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90  Xiang,Liang,Chen,Wang,Chen,Chen,Zhou

was follnd behreen IQ alld the level of nuoridc in tte,botll whcn meas―
ured directly,as mg F/L,cearSOn colclation coefflciellt-0174,P=0.003)
and when attuStCd for creatBIle,as mg F/1mnol C的 ,(Pearson corrclation

cocttcicllt-0164,P=0.005)

A  m n h e r  s i g l l l i c a l l t  r e l t t o n s l l l p、vas t t i d c l l t  b e t t e e n  t h e  l鋼cls o f  a l l t t d e

h  d r i」&増 watt a n d  h前瞳 ,both■7hen t h e  l a t e r  w a s  m e a s u r e d  d i e c t l y , a s

mg F/L cearsOn cOぃ

relaton   coettcienti

O_653,P<0001)and

whell attusted fOr crc―

atmme,as lng F/mlol

cre eearson ctlrrela‐

tion ccefrlcient 0 503,

P<0001)(Table 9)

As seell in Table

10,the average IQ Of

the chidren in each

age grollp ill Xmuai

was ttgher ttm in

Wttao. Abovc age

Wamiao

No   lQ(MeanisD)

children

lQ

(MeantLSD)

8

9

10

11

12

13

Total

Tabie 9 Fluoride in drinking Mttter

and in uHne(MeaniSD)

No   Dttnking wvate「

samples   F(mg′ L)

U高,9ry nuo「ide

(mg′L)  mg/mmOl

Cre

‐４２

授

８。

乾

４

039■ 015

1 15±029

244± 030

322■ 018

405± 001

1 14±049

259と 170

367± 197

377と 186

465と 239

025■ 022

061と 047

085と 067

086■ 081

217■ 173

A

the

hua十

>0(

駈gl

10,be IQ had a tendency to decrease,bllt it did not do so sigttrlcalltly血

cithcr village Correlaton allalysis showed tllat ulere was a sigttflcant relぃ

tiondip beホween lQ and age in xilhlltt cearSOn coHclation coefflcient一

〇216,P<0.01)bLlt nOt in Wttdao cearsOn corrclation coefflciellt:-0083,

P=0.218)■ llcll COmbttd,tlle data of thc師o villages indcatcd tllc e対s―
tcncc of a si.qllicant relationship bc■ween age and IQ (PcarSOn correlation

cocttcicnti-0207,P<001)

In regard to famly incomc alld c駈 ldren's IQ,thcrC Were no slg五 丘cant

rcl航lonslllps h bodl Wttao alld Xtthu五 (PearsOn correlatim coefrlci鋼 低
-0 096 alld 0 027,respcctivcly,P>005)Cttldrcn's IQ in each grollp by

fanlily hcome in XinllLui WaS hgher tllall tllatin Walmao(Tablc ll)

Table 10 Mean iQ by age in WramiaO and Xinhuai

一
　

Ｐ十

　

一
ＰＩ

Ｊｔ

Ｓ

一

‐

Ｐｃく
ｌｃｓ

側

盗
ｈ

価

ｉｎく
晩

　

ｍ

陀
ｉｌｄｒｅ

Ｃ

３９

４６

３‐

６０

６‐

５３

２９０

「
２。
２０
４３
６０
６８
！２２２

柿
側

9409主 1650

9125± 1481

9635± 1404

9277主 1243

9115主 1274

9094主 1227

9202主 1300

10339± 1158

10404と 1380

10545± 1057

9745と 1460

9941と 1420

9664± 1047

10041■ 1321

FIWOr7」e36(2)2003



Dttnking water¶uoride and ch‖dren's inte‖gence  91

Table ll MeaniQ oFch‖ dren and fam‖y in∞me in Wamiao and xinhuai

Vllamiao
Fam‖ yincOme  No lQ

(MeanttSD)(yuan/yr)   chldren   (MeaniSD)   ch‖ dren

9388と 1204

9173主 1241

9336± 1524

8486■ 1337

9202主 1300

ulamia。

≦1000

1001 20oo

2001-3000
>3000

Total

9945と 1182

10054■ 1323

10034± 1439

10161± 1288

４。

１７３

５９

‐８

４２

‐２８

３９

‐３

！
２２２ 10041± 1321

Table 12 Mean iQ and education ievel of parents in ulamiac and Xinhuai

Parent's educatiOn level        No

ch‖dren

X nhuai

No      lQ

children (MeanisD)

IQ

(MeaniSD)

Pnmary schoOl and below

」unior high school

SeniOr high sch001 and abOve

７４

‐１８

３０

9326± 1269

9216± 1259

8843と 1505

10350± 1172

10009■ 1319

9970と 1364

３８

‐３‐

‐２ ‐

P銚者糟S黙品靴 掛縛を濫Fi評撤鮒撒甘&憎骨ぎ督者]ぎt呂監
less ccOno血 c development and a rclative lack of colllmlllllcation witll tllc

ligcnce increascd

h桃i盟縄盤智品協弊盤協稚掛縦艦齢:3ぎ盤if盤
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92  XianO,Liangi Chen,1/Wan9,Cheni Chen,Zhou

ned as beと導 in all area of endelluc iodine denciellcy area accordhg to T72θ

惣を告宅ま縄 橘露符把艦24惣惚監7監i紀紹旨終q告ゴ路
appear to affect the differences in IQ in children betteen the"vo villages

These results are consistent、vitlthe flndhgs recorded by Li 2,αえZhaO夕r

魚品私艦品芯燃檻鑑紺祥艦盤譜根恐挙帯登斜獣好罷
sigttflcallt relationslllp repo■ed by Zhao夕 raメ3 benVeen IQ and agc alld

benveen IQ and the parent's educational level was not foulld h thc prcscnt
s的Ⅲ Similarly,no rclation鋭p was found beMeen lQ alld fralnily incomc
Therc was,ho、vever,a signirlcant differencc beS汀cen the male and female
c崎ldren'sIQ ul WattaO,but not in Xinlluai.The reason why tlere was the
tendency for IQ to decrease witll increasing age is not olear Possibly,tllc
total ttake of nuttde/kg body weight per dtt or lifetime was the m施

causc,or there is a sensitive pettod for the efFcct of auodde on children's
intelligcncc dcvelopment Xu夕′α′

21 and Li″
α′2 found that adolescellce is

a period siがflCalltly afFected by IIuoHde The exact relationdip bettsen

age and IQ,eSpecially in cndellllc auOrOsis,needs ftther smdy ltis kllown,
however,that■uo五de is able to cross the blood―brah bamttcr producing bio―

::総 執鉢 盟 瑠 紺 鳳 芯路 朋
側S WSttm ttng he de■ 7cl―

Thc Bcnchnark Concentration(BMC)Of232 mg F/L and the lower

boulld colfldence的 五t ofthe BMC(BMCL)of185 mg F/L were calcll

lated frolll the concenttation‐resPonse relation並 p beい veen the rates of

mental rctardation(IQ<70)and bOrderline intclligence(IQ 7い79)alld tllC
level of fluo五de とl the d五珂臨ng water Thc refercnce value concenttation

艦:鍬靖駐総瑠
!縄

器f[艦鶏鮮温艦掛途
result obtalned froln a hullan epidc血ological smdy,patticldarly with 8-13

year‐old chldten,thc UT and NIF、vere both set at l lhis gave the result of

RfC=185 mB F/L,mealmg that more than 95%ofcttldren will have an IQ

謎綿鮮阻撤!識醜既予お盟路どf昔猛盤簿鮎]
fluorosis and other adverse efFects of fluoride, plus additional sources of

auonde intake,the l」F could be set at 2,givulg all RfC=185/(2Xl)=0925

唖 F/L ms result is very close to the current national fluoHdc standard for

Chilla of<1.O mgFノL alld suggests tllat the current national stalldard is safe

enough to protect 900/c of children,aged 8-13 years,IIom adverse effects on

thetr intelllgence devclopment ln endemic auorOsis areas, drinking water

n u c r i d c  l c v c l s  g r e a t e r  t h a n  1  0  1 n g / L  m a y  t h c r e f o r c  a d v e r s e l y  a f f e c t  t h e  d c―

velopment of chidren's intelligencc
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