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Hair Heavy Metal Contents in Mentally Retarded Children I
—In Association with Lead—

Doohie Kim, Ock Bae Kim, Bong Ki Chang

Department of Preventive Medicine and Public Health,
College of Medicine, Kyungpook National University

This paper was carried out to study on correlation between mentally retardation and lead and zinc.

The subjects were 297 mentally retarded children: 132 of Bomyung special school and Sunmyung,
which were located in Taegu city of Korea. The former had their parents but the latter had not. The
control group 63 children were randomly seleted from the Dong-in primary school near to Medical School
of Kyungpook National University.

Atomic absorption spectrophotometer, model IL-551 connected with CTF atomizer(IL. 655) was used
for the analysis of lead and zinc.

The mean value of lead in hair of mentally retarded children was 14.97+ 3.71ppm which is significantly
higher than that of control group, 11.36+ 2.83ppm. But the content of zinc was not significant in both
groups. In the lead there was no significant correlation to age but significant negative correlation to
1Q. Zinc showed significant correlation to age but not to IQ. Among the handicapped children, no signigicant
correlation between orphan group and non orphan group.

Handicaps of mentally-retarded children were speech impairment, emotional disturbance, double and
triple handicaps, sensory impairment and abnormal dietary patterns. There were significantly higher
contents of lead compared with normal group, except the latter two groups. The disease conditions of
mentally retarded children were mongolism, autism, cerebral palsy, epilepsy and microcephaly. In compa-
ring with mongolism, significant difference were existent only on the cerebral palsy and group of unknown
etiology.

We attempted to divide their past history into external etiology and internal etiology, but could not
find significant difference.

In view of the whole results, the relationship between mentally-retarded children and lead was presumed
to be the early time exposure rather than long interval exposure during growth and the contact opportunity
was considered important subject in maternal and child health care.
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I. M =2

ol NAA 23 B4 7ML vk AL 2 200
od A 2y AdA=e gtHTanquerel des Planches,
1839). &3] o”ojEoAl AANE 4 EF5S F
dosn AJHow A AUAFFE Jehln &,
AAlo] Z&o o)l2= Y ZF(encephalopathy) & Yo
71A Atk

Byers9} Lord(1943) ol¢} o] FEE olo]E9)
A7AEH QA FHFL LAMEL ASHEZ BAE 7R of
Hopa 30 S gelez FAHQ Q) 7Y,
5, 9% 444 ¢ 94 2ga 299 Hds
Hlztge] Bo] JMey B3] ol HyFL 1 3
g & syl gEUF vl SoldQ FAAXAZ
8 A3 TS5 FHEA g 1960 h
RH #& 8250 B4E 7HR)7] AR

ool F2 FF de F= A Hx9e)
HAAo] W A7} Bo] Busct. MarloweS(19
83)2 A Aol Mg AT HAATANN HFE
ol S5tod A5e] Aol & 5 ATk AT Moncrieffs
(1964), GordonS(1967), GibsonE(1967)2 HAlx|]
ol7t Aol Bt B T ¢ Tt & Aolghe 7
A3 8F ol $eg B8 2 Ad AR A ofol A
tha Eoby Bad b ok

a3 FANAAY YIS L Y ¢ F 8F
FEE ol4Z(pica)ol U= BE BAF A U
g0l FHAHAUDL R om whef o]F0] Wl k=&
HAthd s Eold HAEAF urle YRr2z571y #
@7k ololEe] AdholA] Boj7l #HAE 229 i RS
AHPE A olgtm A3k ojj He R o}
olEof NIVl HAE 71 &40t ) o|n)
Chisholm¥} Harrison(1956) 2} Barltrop(1968) & ¢ %
olgelE Jh&H o]4Fo] Fo|rial High up 9]
2|2t Fischbein$(1980)2 298740 =2 o] gle
7oA 2} ofolE FAME BF F9] F%29 proto-
phorphyrin©] F7}3t <& R &9ck

a2)3 ol F8 Al 247 JAIE, ow
o]z+A Q1 QIx}bo] & AKX A Fele} F | F=d tigh
2o H1E Ratcliffe(1981)7F 8, Halsle 94 A
AR F ool A Aottt HES AAMTH

1

323 Gibson$(1967), Gordon$(1967)L -§As4
#AHE FLsdMs 8% dext witn Ht
2] BeattieF(1975) 3 Moore5(1977) 9] AR
ool ¥%F ¢ Fxo UF IFFITE E& 4T
o] 7H FEEojFPIL 3 o] AL olAFe QU
ohx 3tgirh Beattie5(1975) 2 X Ao} F HUS
Y g Qe Ade 289 Bt 94F 9y F=7t
¥& B8 vhar] sjiEe]m of -9 2—54) Atelel A} Bo]
g o, 2 2o 7MY 8 F, WY X1 800
pg/l o2 WHO A 100pg/1 ol3h) He A7t
17% 92 Aot TolXe S At2 3t Da-
vid3(1976)2 A1) X o}te] Yehol A, Phil#} Parkes
(1977 & Aol e FdeolA de] FE7t froshi
EA Jebsd s 2usigich. Hernbergs(1970ab) =
Millar(1970) & 8% % = 54 E3< §-aminolevuli-
nic acid dehydrate(8-ALAD) A}olol] && SAtzlo) g)
the AL vle 22 do] FRME HEaLs 8§58
A 5 vk Fo] doha 3k Hammer$(1972)
< ¥ gYRde wu mdd 50 mygdei
o A-&7W(thiol, -SH)&t HustA As17] wTo]
B2 2] O 4 dF=de HFH7T Lol
EHg 248k Aol Fua AlAESich

o) g o] Fo] A& Fol P& vAvhs Big}
I ATt Pel e ge A7t ol oA oy ¢
Gyt xE obd] A Ao} wate] @A) gt
=g WA 3k oy 589 3871(1986) =
Woll Al Mgz vy H4YE oz IF AFAF
He ¢ 5 3§ st Zdass dugde
IRATFH Hladte] o grhu AJARG v} glom 7]
53] 5(1986)& 159 vy el thEF A4 HAAHMI-
nnesota multiphasic personality inventory, MMPI) £]
Az 2 vuste FFe BA7E Qe AlAFE bt gl

EE I 94l o8ntAr} AR Az i
ole] AFAFAC] o5 thE etz HNAA
ol Xz ol2jgt o] FAF Qlate] shtm A L3 n
A=A 9 RE Aol Bz} P& FF49 ol F
S-o} vl E AEEte] ozt HAS Y]] Bk
ulo] T},
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e diFAIY & 270 Egtmol) At FAx]
Aol &, 714 ol sl N 2 (Bomyung) A3t 132
(A1) 34, 7Hol flZ EFA1d 459 1 g
(Sunmyung) AEA 165 (A23) 5 2 297U
H dxTo2e A4 AsS /i3 @A A 63
BE oz AE ok A AraN e 19879
39%E 5974 o dALE 1§stel RAWe FEE A
FHla ofgT o]EQ AYIIFYR, ofEFAIN 2 B
7188 5o AVIES Fu2 goen A, 4%, A
TAE, SEZNY T/ AAAAY g4F 9o
el Fass HAv X5 T¥sin A1l
HilMe 25 FRZRE FARAN feleln Az
He 89950 A A8 E 2ABIYG

FUF F, ofd BF Y AFE FEE 93P
Hsled & AAE volHd Yu F¢ Edo] R
2LHEA, FEE 5F AA}Y] At ARAY 03%
Triton X-100 84-& ZHFaF Yol of 1087 AL ¥
AR E A& AR A7) Fof F9 R Uct 1
F 300m] Fx< & ol24= 33 Mt 10mle) o}
AESZ Al & M MUtk o] AL AxVI0) Yol 110
TAX 2212 B2AA T3] B f7tx] F57)d WA F
¥ AR AgE AHREY 1gm W)z RAE FF3I
BFst (0.1mg7tA), &7 dzA7i7t $3d 52 &
g3 ¥i HF 24 S8 dB £33%
FAZAL AF) 10mIE FHAZ F AMEH 25 2
AE 5 Y& £33 A AF) 15mIE Tlsln @
ol A 7+ 33 AlZck @ Ar)e) BAlo] Zrta B
22 J840] E 971A 33E ALt wae &
£ Eep2ag g4 "ol24E A 43| 50miFA
Bl o]ZE A &Yooz st

o] AlY B0 2 oldL T4 A 24 AR (deute-
rium back-ground corrector) & Zt% 9z §% 23
F=AAL 55D 28 ABYPesE EAIQT Fe o]
Aol NE &AL B3 10ml st FFAH K3
5 £48 48 &8 434 AE) 5mlE 7
3t Aol ofshAl ZFhEtE A F4kAlzl & 05N
HNO:2 o] 10ml HA &t o] A|8E vpo]m 2
¥ ¥ E (micropipette) & ARE3lY 25p15 & & n)
27 A) (graphite microboat) o] 21 90CE & AHA oA
BFRAA v M2 Z(furnace cuvette)d] L1 T3

2238} 2] (controlled temperature furnace atomizer :

CTF IL 655)& %33 YAFF LS =A=ZA ZF5
¥ Y FH@Emez N3t of W B4 7
71288 R17 B

Table 1. Analytical condition of the instrument

Parameters Pb Zn
Hollow cathode lamp Pb HCL Zn HCL
Lamp current (mA) 5 3
Wavelength (nm) 283.3 2139
Analysis mode DB A-Bkg DB A-Bkg
Readout mode P/H Auto
Integration time 10 sec 0.2 sec
Purge gas Argon -
Temperature program

Dry 110C/15 sec -

Ash 600C/30 sec -

Atomize 2000C/10 sec —

m. A S

Fo] TS O olol g9 Uol9} T d ghekale]
ABEE B8 BHtor} FAoldME AR A o))
ME AaAF7E 22t -0.0593, 00503224 f-23 4
@0l UAH 2™ l-abc). 22]a olde] s o
“dotel A# o] FAAFE AokTol A 0.4074(1Y3-
a), AR Aol M 0.1743(2F 3-b,o) 22§23
RS BAHZAZ p<000l, p<0.05). Fo ket
AsATF AEole e 7T J4BAHL HY 3
AHp<0.001, 1Y 2-ab). o}AF} A5R|F94e] A
AT —0.005524 F93 FB4Fo] HUAHIE 4-a,
b). o}7) Hol g% BAlE fol% Aol IATHHE
2). :

Table 2. Correlation coefficient matrix among lead and

zinc contents, age and IQ in mentally retarded
children and control

Control Age MR Q Zn
Pb —0.0593 0.0503 —0.3639** 0.0800
Zn 0.4074** 0.1743* —0.0055

* 1 p<001 * % : p<c0.001
MR ! Mentally retarded

BAAA o} Fubol] 2 H o] W T 14974 3.7
ppm o ZMH Aol el 11.36+ 2.83ppmel H] &) /2] 3}A)
ERX 2 Hp<0.001), F41AA o} FUZbe & 2l & 2h7}
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Y= —0.08654+ 18.44035
r=—0.39145 (p<0.001)
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(b) Mentally retarded group without parents
(2nd group)

Fig. 3. Scatter diagram of lead content by IQ
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ol e i
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(1st group)
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Y=0.13426 +178.50108
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Y=—0.12590+193.77598
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(b) Mentally retarded group without parents
(2nd group)

Fig. 4. Scatter diagram of zinc content by IQ

ofde HEZ FHI =
ol frol@ ztol= YATHE

ek W g5 F
o fEd Ee 9y
3.

AT Az 2 B o Fo] e Avyor Ay
Azt g I4EE Jel T AR p<0.00D). F
ARz} 250)8l0] ABEHE BIFgoMe Hd @
3ol 17.04+ 3.87ppmo|™ A7} el wat a4
o] AAXMF(AFAS 750148) o4& 10.73+ 1.88ppm
olitt. et oA fro¥ Alolrt YATHE 4).

s
[=]

(ST
3oy

AR Aol Fofe) FepE 2 EAM3 Bty Ao}
e THT 24 FdE BN A RyolEHt A
Az AopE Atolell st Atolrt AR 2H (p<0.01),
AR Aol A Fell Hejrdz B Fol 7} gle F$(93
A e Fel Hat ko) 14.38+ 3.25ppm, A1 F<R(83)
& ukg 72 Y 14.78+ 3.76ppm, A )7 (308)
<& ¥ 14.78+ 3.51ppm, XA P-A-H7(328) & HH 15.
35+ 3.70ppm, °]|FAR7} Qe (38 HT 15.66+
4.27ppm, AFFN (48D FT 2041+ 545ppm OS2
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Table 3. Lead and zinc contents(ppm) in hair of mentally retarded children by sex

Sex No. Pb Zn
Control Male 63 11.36+ 2.83 184.05+ 51.36
Male 176 15.19+ 3.76 185.02+ 48.87
Group I 88 1492+ 4.09 182.58+ 51.22
Group 11 88 1545+ 3.89 187.47+ 46.56
Mentally
retarded Female 121 14.64+ 3.63 189.38+ 47.84
Group I 44 14.25+ 4.07 186.85+ 52.87
Group 11 77 14.87+ 3.37 190.82+ 45.01
Subtotal 297 1497+ 3.71** 186.80+ 4842
* % | p<0.01, significant with control group but not between sex
Table 4. Lead and zinc contents(ppm) in hair of mentally retarded children by degrees of 1Q
IQ * No. Male No. Female No. Total
—24 43 17.30+ 4.04 33 16.69+ 3.67 76 17.04+ 3.87
25—49 96 14.98+ 346 63 1422+ 334 159 14,68+ 342
Pb 50—74 33 13.60+ 2.87 21 1341+ 3.30 54 1353+ 3.01
75— 4 10.50+ 244 4 10.97+ 146 8 10.73+ 1.88
Total 176 15.19+ 3.76 121 14.64+ 3.63 297 1497+ 3.71**
—24 43 187.23+ 48.87 33 181.90+ 51.92 76 184.91+ 52.04
25—49 96 184.67+47.83 63 191.53+ 4594 158 187.39+ 47.06
Zn 50—74 33 181.05+ 49.08 21 191.17+ 49.46 54 184.98+ 49.02
75— 4 202.60+ 4144 4 207.80+ 40.88 8 205.20+ 38.21
Total 176 185.02+ 48.87 121 189.38+ 47.84 297 186.80+ 4842

*  Profound case:below 24, Moderate case:25-49, Mild case:50-74, Borderline case: 75-84
* % {ONEWAY ANOVA, p<0.001, There is significant difference between the group of 1Q lower than 25 and all other

groups, between 1Q 26—50 and IQ above 75(p<0.05).

Table 5. Lead and zinc contents(ppm) in hair of mentally retarded children by types of handicap

Types of

A No. Pb** Zn
handicap .
Control 63 11.36+ 2.83 184.05+ 51.36
Unclassified 93 14.48+ 3.25* 184.73+ 4597
Speech diturbance 83 14.78+ 3.76* 188.60+ 49.57
Emotional disturbance 30 14.78+ 3.51* 178.90+ 44.83
Mentally Crippled children 32 15.35+ 3.70* 196.88+ 40.82
retarded Sensorium disturbance™* 7 14.98+ 4.63 200.51+ 51.09
Feed disturbance** 9 15.82+ 3.28 185.96+ 80.02
Cardiac problem 1 1253 200.20
Double handicap 38 15.66+ 4.27* 182.71+ 54.73
Tripple handicap* 4 2041+ 545* 189.23+ 26.63
+ ! hearing difficulty, amblyopia, and strabismus
; + . included unbalanced diet, pica

: speech disturbance+emotiona] disturbance+ crigpled children . 2 cases
speech disturbance +emotional disturbance +unbalanced diet © 1 case

. speech disturbance+unbalanced diet+pica: 1 case

- p<0.05: compared with control group

* [ p<0.01: ANOVA test involving control group

¥* %



Table 6. Lead and zinc contents(ppm) in hair of mentally retarded children by concomitant diseses

Cf)ncomitant No. Pb** 7n
diseases

Control 63 11.36+ 2.83 184.05+ 51.36
Unknown 224 1536+ 2.83 % # 189.37+ 46.76
Down’s syndrome 39 12.08+ 1.78 182.58+ 57.68

Mentally Autism 6 15.74+ 3.90 138.02+ 28.17

retarded Cerebral palsy 7 17.294+ 563% # 198.30+ 40.03
Epilepsy 20 14.70+ 3.15% 17343+ 46.32
Microcephaly 1 22.30 253.60

* ! p<0.05, compared with control group
* %  p<0.001, ANOVA test involving control group
# :p<0.05, compared with Down’s syndrome group

Table 7. Lead and zinc contents(ppm) in hair of mentally retarded children by past history

Past history No. Pb** Zn
Control Not examined 63 11.36+ 2.83 184.05+ 51.36
Unknown 274 14.87+ 3.69 % 184.99+ 47.35
External factort 8 16.89+ 453 *% 181.11+ 42.60
Mentally Internal factor 15 15.68+ 3.75 * 222.82+ 58.88
retarded Drugs 5 18.85+ 4.30 228.70+ 61.28
Convulsion, encephalitis 8 1437+ 234 212.13+ 5881
Metabolic disturbance 2 13.02+ 2.58 250.90+ 81.46

+  { difficult delivery, traffic accident and other trauma
*  p<0.05, compared with control group
* % . p<0.01, ANOVA test involving control group

A 2Fob(632) 9] 11.36+ 2.83ppmell W&} 21§ Xl 7t
AN Hp<0.05). Leju} Adok& A3 27+ Dolle
Fogt o]zt AAHA 5).

3 AR AelE dA) FHAL e AW HE 73
Heith SrINE Ao gele Z £ nlaviA R 4
BENS R Ad Fe 9 FAers T 7 10
fog 2o1g BYen(p<005), A #FE R2E
T(224%) & ] W FeFo] 15364 2.83ppm, v
(79 & 17.29+ 5.63ppm, 7HA(202]) 2 14.70+ 3.15ppm
oz A3l wisty Fo3HA ERHp<0.05). B
ARol FAA 2z FEE EAENE 3o fHdom
43 A ZuF39AD Y ¢ HE 12,08+ 1.78ppm
Hus] Btk AW KR E RaE 399 HAu F
ATt FoJg Aolrt ARN(p<005). FnFe P4
ok AtelolE f-oldt Zpol7k YUk olde Z F3tol
g 2oz YIATHE 6).

A Aot A WYL A Broh FA] ZA
oS X33 ZF i EAR-A A fo% At Ak

A HYyE na2e 39(724) do) Hidteko] 14.87+

3.69ppm, 9F 209 23 945 A$(8) & 1688

+4.53ppm, 3 a<le] &g A-5-(153) & 1568+ 3.75

ppm2 2 FAolEH o3 Art AAHp<0.05). L

i} FaRA el Z2+ F7telle f2g 27 ULk of

AL AA o2 7 F3h) FAF A7t AAH(E 7).
V.o &

& AZefA 71 B S84 39 3hloln Atgol
=& AHE el 378 FYY o Aol ol
ojdol Sl tidtde F3] dulsA Fe&eche Bart
Bk & Wiener(1970) & 53] ojdolEo] oA ¢
Fr2 A A/ 4Egd 34352 #3gdn
B35 vl gtk Davison(1977)-& o] AA w8 A)e)
FEEY, & 5, AFATY 4= 5 52 FHUAA
250 FAAAZ} dojd F Uk 3 F2 4
o)A synapsis®] @509k BB} Qlokn 33} Woi-
dich9} Pfannhauser(1980) = SUojA] A3 13 E<lg]
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FEE JH UE F5S5 FAFY 4947 G2 v
2 0.18—25mgely F438t Qo Bt & &
#2 EHAh Ratcliffe(1981) 9 Rom(1983)2] A 4ol
Me & ofolrt el ol 2ug/gel FHE SHES
3% 100gm HEthE F 200ugS A3 Aol Evt
AFE 92 Ao o= o] ¥, ZF, 3G E AFLE
7H] AR S AA oE, Ui 2 o2 WS HAY
W, 2 SEEF Soldo2 £XErk 281 heme®]
F4849 SALADE AN(EZF 20ug/dl olslMx
A YA F5NF AT FEgsle] F4 7]
solvk 719dg 9 g FE& A, F 90-100
p/diZx HH &5 Fol, 7E, &9, 3= FE,
g3 A7 & 42711, 100pg/dl ool HH &
’Gei7h =of Abge] o]&tiaL dh9irh

Guthrie®} Perry(1980) & #QIEAF V}E22} leniof
€ E2 50—100mgelvt =l ol % s1ESN B
Wez4g deg wod ¢ ¥ 2zto gy 379 3
712E 293 B £% AT o7 AMIE AT %
50,000 2] ololZoA FEES dod F Utz F
Ak v & o] 23t T o] 38 4 Ut stelgkx H e
377 dgo] ST AF A 5 Fol (o]wizt 73
s =2 2§ Qe A7oE X)) =&HT
o) 73 &4dolvt A AReprt E 4 AE Aelgtn
&}ict. Boiteaus(1983)& =Z22] Nantes®} Greno-
ble’F g F¥e] FitofA Fef FF-E FAFI 104
ulgh ololellA] g Ee] A3 e EAlY A
vledicn Fov, 181 Last(1986)= LE5EF ¢
A ALE A E 500 F ol FalAA o1zt E Aol
FAHg )

AR A= Hofel i whgol FaE v)A 5 YE I
AR el A% 43 WY 2 K HMx
2 & QAT 3HA 2d% FAE £ ¢k Millars
(1970) & RHo] HolA F& HANAEL o EF Fe
Z71Ex g3 = 239 §-ALADY &) #2381
FargozA HoA A5EF oS st F4A
Ao Ade] B £ AL Holgkn AARILH, o)
AAo] FHe HoMe oju]e] HMET oix] a7
Zo| o] g dx B7en d3t 22 Faol o A4}
HAE ) plEESzole] TFLFES AAA o &
gofl vj-¢ xF& 23t 7] W2oletn i) Rutter
(1980) & ¥F WaTrl 2 olo|EE TF 40ug/dl

ool A F o} AFE F1 1 ofdlete HUAH
FAE dod £ vk stk et ol AAAA 2
FBe 95 F sl U9 Bl sHde g
2E od8t3 drEo] woll Ui E27F FAXAY ¥
glojghe AL FYIAE AW, 1 AFHEe A
A Aol Al BF deo] o] FotqA B} =4
elsttin 39 cHGordon %, 1967 ; Bicknell's, 1968 ;
Millar, 1970 ; Beatties, 1975 5 Moores, 1977 ; You-
roukosE, 1978 ; Ratcliffe, 1981 : Gibson's, 1981).
o g Fi3e) o g 7o e a%
Aol 9l(Hammer, 1972 ; Klevay, 1973) A& 3¢
Solw ) R T ATl HlEAsE7]
e B AT FLE AgE 3t Hidotet
AR Fole) & FS vl Bolth A& T A+
Hugl o] Fax|AelEAA A Yebgch F A4
obte] HF ¥eke 11.36+ 2.83ppmell HIE A ARz o}
T2 1497+ 3.71ppm 2 2 F23HA A ehbgtcH(p<0.
001). 01393 291 3 A AR Ao} Tl A Aol &3t 2ol
= Aoz Yeht o] F83 819le) HAE ¥ A
Zt} d#Ez 2 o Ulich(1978) & AMIRZAl H2
AFY SHET 674719 F =3 FEAAY ¢ F
209 el A ey d%el IUtErE ¢ &
#ro| Zylatycta ok, Telisman$(1983)-& 10-174]
Abolell e A7t M2 FARSHAl B33 Zagrebell A
Fahs Y4AEF AAAA Aol 5087 1 U
itokglel) Sle Adels 50We] EF Wt 5-ALADY
FEE ZHs8le) AR Ao A 2t AX Aol=
BPoy 2% A4 ¥eluel Aty Bugd &
TolAe] Aldelgel ARL 64 HE 3094 7A ¥
zE o) Ag ) & FEos Addo] gk agla
2aol 1ol e Ao} FH o} FAlozA
E4 Aol 88 o 7o #-93 Rolrt gl Aoz
el 22§55 9] a¢lo] H £ gl Aoz 1}
eyttt a8y AERA57t e s E g g w4 U
ebsted ol ARt §haF 2] 4@ AS7} That-
cher(1982) €] 21X Aofjoll g A9}, AT 3|9} A% 7]
(1986) 9] vl FHAdoMe] AEAE AT AR} &
AR Ao g, ol ol 9% X% At & Roleks
M AR A4 F Qe Aoz Yzhdn) FH A
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