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Hair Heavy Metal Contents in Mentally Retarded Children II
—In Association with Cadmium and Zinc—

Soon Woo Park, Jong Young lee, Doochie Kim

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

The relationship between cadmium level and mental retardation was investigated. The 297 subjects
with mental retardation were drawn from two schools providing special educational services, one, consisted
of children living in an orphan home, another, children with parents. The 117 control subjects were
drawn from whom had got average or above average academic achivement in a general elementary school.
Hair sample was taken from the nape of the neck and the cadmium and zinc analysis were carried
out on an atomic absorption spectrophotometer (IL 551).

Children in the retarded group had significantly higher cadmium levels compared with control but
not in zinc levels. There was no relationship between metal concentrations and age except control male
group, which showed significant positive linear relationship in zinc, and there was no difference between
sex in both metal except the male orphan group in cadmium.

In the orphan group, there was relationship between severity of retardation and cadmium concentration
in both sex but not in retarded children with parents. No difference in cadmium levels between the
group with Down’s syndrome, one of causes of mental retardation, and the control group suggested
the cadmium as a possible cause of mental retardation. In the case of accompanying autism, zinc level
was significantly lower than that of other accompanying diseases.

Although not establishing an etiologic relationship, findings of this study suggest that there are some
influeces of cadmium on mental retardation, and call for .a continuing study.
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ffe, 1981). 21U & F59 F3ld FAH7} =
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sulfhydryli®-g 71z fAe] 218-& wWaldte] FciAldl
A" Ao} w2 do7 $ o} (Kubasicke} Volosin,
1973; Bowman¥} Rand, 1980; Menkes, 1980) 7}I=&%
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Table 1. Age and 1.Q. distribution of mentally retarded children and control

Age(years) 1Q.
Case
No. Meant S.D. Range Mean+ S.D Range
Male 239
Control 63 10.7+ 1.7 7—12 average or above average school record
Group 1 88 134+ 4.1* 6—26 414+169 19—89
Group 11 88 16.6+ 5.2%% 6—31 376+ 14.8 20—175
Female 175
Control 54 10.2+ 1.8 7—13 average or above average school record
Group 1 44 12.6+ 4.0%* 6—21 402+ 154 20—75
Group 1I 77 16.0+ 5.2%% 6—34 378+ 160 15—80

* * 1 p<0.001 (compared with control)
## ! p<0.001 (compared with group I) by Student’s t-test
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Table 2-1. Cadmium contents(ppm) by age group

Male Female
Age
(yrs.) No. Control No. GroupI No. Group I No. Control No. GroupI No. Group II
6— 7 5 048010 5 068+0.11 4 076+018 4 054+004 4 083%+0.15 2  062+008
8—9 9 041£008 11 0.74%0.27 3 065+019 16 0.52+0.13 6 056+0.11 2 082039
10—11 18 041+0.14 14 063+£018 8 0.72£017 19 043+0.18 8 069+022 11 063+0.13
12-13 31 048%+0.17 13 057+022 5 071£019 15 051+017 10 067+019 15 061+0.12
14—15 15 060+022 19 0.65+0.18 5 064+022 8 071018
16—17 19 063+019 19 0.69+0.19 4 059+£013 12 062+0.16
18—19 7 050+011 6 066£0.14 4 067+018 14 0671019
20— 4 101£055 24 077012 3 056+020 13 067+0.12
Table 2-2. Zinc contents (ppm) by age group
Male Female
Age
(yrs.) Control** Group I* Group 1I Control Group 1 Group II
6— 7 136.10+ 30.89 119.76 + 24.61 138.33+ 60.73 189.23+ 86.19 172.20+ 69.78 175.25+ 11.53
8— 9 164.10+52.35 199.01+ 75.35 205.50+ 31.26 182.14+ 78.26 159.87+ 49.14 225.00+ 30.12
10—11  175.29+ 4269 171.89+ 47.78 178.36 £ 39.02 177.37+ 54.22 206.48+ 59.51 161.39+ 41.79
12—13  202.66+ 51.52 169.85+ 38.71 195.20+ 45.99 182.65+ 58.66 181.15+ 61.58 195.54+ 49.63
14—-15 183.02+ 28.04 180.64+ 41.37 ) 190.36+ 42.04 173.09+ 13.57
16—17 197.58+ 53.66 192.01+ 49.44 ¥ 208.08+ 34.38 216.08= 50.80
18—19 187.46+ 4545 175.82+ 38.18 194.08+ 65.24 200.19+ 50.35
20— 213.23+ 62.08 199.55+ 49.86 183.23+ 15.13 184.92+ 33.93

** . p<0.01, *: p<0.05 by Kruskal-Wallis One-way ANOVA
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Table 3. Cadmium and zinc

contents(ppm) between group by sex and correlation bwtween cadmium and zinc

Sex Group No. Cd Zn r
Male Control 63 0.45+0.15 184.05+ 51.36 —0.0043
MR. 176 0.67+ 0.22** 185.02+ 48.87
Croup [ 88 0.64+ 0.24* 182.58 % 51.22 0.1734
Croup 11 88 0.71% 0.19%* 18747+ 46.56 0.4086**
Female Contro! 54 0.49+ 0.16 181.13+ 63.82 0.3584*
MR 121 0.65+ 0.16** 189.38+ 47.84
Croup 1 44 0.66+ 0.18** 186.85+ 52.87 0.2672
Croup 11 77 0.65 0.15** 190.82+ 45.01 0.0958
** . p<0.001 (compared with control)
#  p<0.001 (compared with group I)
+ : p<0.05 (compared with female group II) by Student’s t-test
MR. . mentally retarded children
r . correlation coeffient between cadmium and zinc (*; p<0.01, **; p<0.001)
Table 4. Cadmium and zinc contents(ppm) by degree of retardation
Male Female
Classif- No. Total
ication™ No. Group 1l No. Group II No. Group I No.  Group II
Dependent 20 0.66+0.15 23 0.89+ 0.20* 10 071021 23 0.74:0.18 76 0.76+ 0.20
Cd Trainable 43 0.66+0.24 53 0.66+ 0.14** 24 0.65+0.20 39 063+£0.13* 159 065+0.18*
Educable@ 25 0.59% 0.29 12 0.56+ 0.13% 10 0.61% 0.09 15 056+ 0.10% 62 0584020
v [%3
Dependent 20 169.58+ 5259 23 20257+ 48.70% 10 184.19+69.63 23 18090+ 4398 76 184.91+ 52.04
Zn Trainable 4318554+ 49.83 53 184.12+ 46.61 24 186.00+ 4351 39 19492+ 4761 159 187.39+ 47.06
Educable@ 2518822+ 5280 12 173.29+37.17 10 19154+ 60.27 15 19536+39.72 62 187.59+ 4798
** 1 p<0.001, *: p<0.05 (compared with dependent group) '
# 1 p<0.05 (compared with trainable group)
X 1 p<0.001, * I p<0.05 (compared with group I) by Mann-Whitney test
+ [ dependent; below 24, trainable; 25-49, educable; 50-74 in 1.Q.

@

. including slower-learner group(1.Q. 75-89, 4 males, 4 females)

Table 5. Cadmium and zinc contents(ppm) by concomitant disease

Cadmium Zinc
No.l Male No. Female No. Male No. Female
Control 63 045+ 0.15 54 049+ 0.16 63 184.05+ 51.36 54  181.13+63.82
Mentally retarded
Unknown 130 0.71x 0.22** 94 0.67+ 0.15** 130 187.64+ 44.81 94 191.77+ 4948
Down’s synd. 24 0.50+ 0.12 15 0.48+ 0.10 24  189.69+ 65.67 15 17121+ 4147
Epilepsy 13 0.68+ 0.23** 7 0.76+ 0.24** 13 16381*50.78 7 191.29+ 32.62
Cerebral palsy 5 058+ 0.13 2 0.59+ 0.01 5 191.60+ 41.42 2 21505+ 44.34
Autism 4 0.65+ 0.18* 2 0.67+0.11 4 132.63+ 33.53* 2 148.80+ 15.70
Microcephaly - - 1 0.90 - - 1 25360
** 1 p<0.01, * I p<0.05 compared with control by Mann-Whitney test
ZNg 7k Aol uis) feldtAl wtth(p<005). T ik Eou WAL oF Ao 988 weton
A eltel A3 el Aol g slde) gake 914, WAL RN FAe nar
BA Aot g HA A w2t BHAUL HEFE ol W) oha wokeh 2 o] ZF g} B
9 a9le) 93 A9y} FAHE 2= Add val @Az EARA 9ot JATHE 7).
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Table 6. Cadmium and zinc contents(ppm) by accompanying handicap

Cadmium Zinc
No. Male No. Female No. Male No. Female
Unclassified 58 0.69+ 0.26 35 0.63+ 0.16 58 182.30+£50.18 35 188.77+ 38.34 ‘
Single 99 0.67+0.19 63 064+ 0.16 99 19158+ 4881 63 184.64+ 4908
Speech Dis. 53 0.65+ 0.21 30 0.64+ 0.18 53 188.79£ 5088 30 188.25+ 48.01
Crippled 19 0.69+ 0.14 13 0.61+0.10 19  208.65+ 39.13 13 179.68+ 38.32
Emotional Dis. 17 0.70+ 0.1 13 0.65+ 0.15 17 18240+ 4517 13 174.33+ 45.79
Sensorium Dis. 5 0.67+0.28 2 0.64+0.17 5 21158+ 38.78 2 172.85+ 86.62
Feed Dis. # 5 0.68+0.14 4 0.76+0.19 5 16744+7134 4 209.10+£ 95.28
Cardiac problem - - 1 0.69 - - 1 200.00
Double 18 0.62+ 0.22 20 0.68+ 0.17 18 159.19+ 37.17* 20 203.87+ 60.00
Tripple 1 1.02 ‘3 0.87+0.26 1 159.00 3 199.30+ 21.33
Dis : disturbance
* . p<0.05 (compared with single handicap group by t-test)
# !including unbalanced diet and pica
pica : 2 males and 1 female (Cd; 1.02+ 0.26, Zn; 223.77+ 84.99)
Table 7. Cadmium and zinc contents(ppm) by past history
No. Cadmium Zinc
Control 117 047+ 0.15 182.70+ 57.21
Mentally retarded
Unknown 274 0.66+ 0.20 184.991 47.35
Exogenous factor 15 0.74+ 0.19 206.79+ 58.87
Trauma 6 0.74%+0.17 181.08+ 43.99
Drug 5 0.74+ 0.20 228.70+ 61.28
Difficult delivery 2 082+ 040 181.20+ 55.01
Encephalitis 2 0.66+ 0.14 254.70+ 92.35
Endogenous factor 8 061+ 021 211.18+ 55.67
Convulsion 6 0.59+ 0.23 197.93+ 46.59
Metabolic disease 2 0.70+ 0.19 250.90+ 81.46
s 7=ge) A9 oA 404 oldolE BF259+0,
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2o F48 JIEg-S AT DAL v R3] Ao
Ao BE zAo) £X3 Hed 2 dfoMe g
NEE o Flogy olds BMEY ole s A
Fe] gol4 9ol Ft=ge F WFEE AlRte] o
AlFeld AYR] gol ¥F Frv A =59 A&
Agsede »APL =% Tee FAY Wit
A8t B (Petering’s, 1973; Huel s, 1981; Kelman,
1986) 7} 9121 7] W &)tk Nordberg2} Nishiyama(1972)
E #o AFdA 2rE Jl=g e 7 Fr) 235
Fresotel ARAS7E 0999 ol8Tn Fych

FuE Jleg @ ofd kel ipele) AdEd) me
EX g Ao A Schroeder?} Nason(1969) )

389ppm, ©]F-7} 0.92+ 0.15ppmol Yot} Fate] Hee
Yoo w& #}o)7} glo} 2.76+ 048ppmoj At vt
ol e @alrl 167+ 5.09ppm, 9247+ 172+ 9.32ppm
24 volo} Aol mE o)zt glrhk STk Pete-
ring(1973) ol 93 Fake) A T F ot Fgol
zxﬂvmb F7hetgrt 1§ ga FAE BYa e

2 dzle] A9 204 74AE Fhsierl 2 5 dEt
3174\4 ok7hel fAh FAE BYon A3 40-504 14
Huxg BEyvta et old A gy i F
a2 0.5-25ppmo] it o}d FF= FAE ¢k
gk fejvheke] B9 [ 3871(1986) o d 7ol
A5HH 124904 204 71A19) B SangS wHae
drte A vtolo] @ Ft=gH olde Atele glithn
sen o W Fl=ge] FEE HAXI} 18-194T 9
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0.53+ 0.16ppm, HIA7} 14-15417¢ 0.58+ 0.12ppm,
old& HA A7} 18-194F 2] 147.22+ 30.78ppm, HILA]
7} 14-15419) 158.96+ 23.10ppmol 2kl atsich £ &
ToME AHEE} 2] FS 644 134, A
T 6o A AR Holzt iloy FtEge] ¢
2o F YA E oud AHF AloldME FoF 2}
ol7} gtk o3 = ERrel A$ 6MFE 134
nA F3A Fotshe F4E =of Petering® Y-
2L AHE BPon, 7ol U EAF AHote] F¢-
AEF AlolollAe feldt Apol7} AU 733
FY E& AFBAE opien & o=
#zte ol7k ATk 23 F=FH ofAZtdE
Fgol gle @A XAt (Fat mobE)# o=} thz
ZoA fold ABBAZE Aot 1 o)fol sl
e o] 978 Hojof & Aoy M.
Thatcher5-(1982) & & F%29) FL=gd] 47| =
ZA] 7h=gFo] sulthydrylZ1 & 7F2 G449 288 FH
o g wafdled acetylcholine, serotonin, norepineph-
rine?] £E& $#E 4 W] WEA AXAT Fod F
H7)50 FE £ 7HsAdo] Ak e, Stowes
(1972) & 7t=5.02 28 rough endothelial reticulum
(RER)| W38 Qo7 ol a tiaol ol4hg zefsta
smooth endothelial reticulum(SER)&] Z41& Ao H
@315 9] djAbo) e 2ttt a i} AAI= Chan-
dra5(1985) & F1=5-S AU FUT e AF9M o
ZFo B3l He =g Tt Fe) wgen =
Ak} Feo] oAtk B vt Utk Thatchers
(1982) & 5 3 Fl=5H ASAF 2 Y94 F o)
o3 JgaaArt ARG sgon, A5 A
71(1986) = AW &S e 92l nuga uid Y4
del A7oA 89 & T2 5 7l=g FeFo) wn
#HkL Atk Pihl# Parkes(1977) & &< A Fots
oz st 5 F = F TFo] BT 1.72ppme g
22 (1.08ppm) o] HIE R3¢ Folvl Ulen ot
g2 Aol7t AT Yk Marlowe$(1983) & &
AR Aol & BANF Ao (0.62+ 0.58ppm) ©] H =
#(0.37+ 042ppm) o} ¥lsl) T F Fl=g ol 24t
i Bk B APz ZFuRHel FelA Fleg
ko] 7Ho] = AS d4 42 0.64+ 0.24ppm, 0.66
+ 0.18ppm, o} -9 F1q 242} 0.711 0.19ppm, 0.65+
0.15ppm .24 thFF(F;0.45+ 0.15ppm, 1;0.49+ 0.16
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ppm)oll ¥}3h F-ojg Alolr} glom thg Ave U8
ABE Jehdch 22 ZolER o)Fo3 11T ¢
g HEHFe B4 Mol e X ¢ 2 22 11T
ARTHRE {7 Ao|7h AREH o AFo] EA
A2 o] A= (pica) o] 413t (McAlpineZt Singh, 1986)
Al BRI Sl Aol viE) ojFAL 4] 9SS
71317} g-ol3ln, @7t oztel] vis| HFAdol FA3t7)
Yuel Hog FZgr)h
E3 A Pxo| Wi 7I=F S v Bohe
olZ o]fol IIFe] A YWY BF Bid, FHvt
&, AK7HedEe 2 gAlAtelel fod zbolvt UK
v 7H ol gl 129 Aol 223 Abolrt gisith
ayuh [T Azte] Ao FASALL gdoe flox
A A Fe) A=A v Hshe BES Boch 18
FurAgo] wel o] Rotem AHA Aoy
o] A9 4% DownFFao AL 71=F TEk|
gzzd Zol7t glden HAwt sle Afdx=
)z B ti ot Fukage] gAY 2

2 Aol BT tha Wtk ol AFHE Bo}
t=go]l AUAA ol=He TS 713 + A& A
o2 FZHHch

McAlpine™ Singh(1986)+& 1E2] oA FAA
Aole] 92% 7t o] F(pica)ol AATIIL IHIL o] 45F
FE7E AAAA ] Azt #A Ak stk B A
TIAAME 71& AG7I5E9) ol FZAA gHE o] &3}
2AdE getste] ofAFe} ki & AUt 2979 F
3ol AR Pgrovt 1EWHS Fa B o 71=F gl
102+ 0.26ppm . 2M 4l A HolF o] HA HFAI 0.66
+0.19ppmel] ¥&l =A JEeRdch

FHEFS otdzte] #AlY] i AT7olA Waalkes
(1986) & #o P4 ofdo] ozt AWH FefolM
g ARl JlEg FAHE /MR e
Kudo§(1986) = 7t=H& F33t7] Hoff ojdo g vl
WA A A9 FeehH HEgo] A dold
o PR o= ol 23] metallothionein®l FAlol
F7150] ofd iAol Ft=go] AYdY 1 EHE F
°o]7] B&d Holgtn nAsAch Baranski(1986) & 7}
Z5E 9 ToA o F oot ol izl uis)
W vgted o]Ae) NESY £ #HEol4s BAIS
HAolgtn F&3gr). B A7dME oldd 7l=F A
olollAl tizTel dxzie}l IF9] grlolA Foat A

o of
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ABAAZ d9en o FolMEe I FuAo)
AN otATHT A Axohe ddAol gtk 2
2t Fubgel o mel 73S o gRlellA] F714]
oj4el A& Fuk 3 A WA Ao TS
7ZS-Ht ofd ghefol FofshAl wkv) Ela ArEEel
B BolFog Tt F olddo] Ygld oA A
Z4 7o FA ik AT ¢o2 ] Bol o] Foj2o}
sHlth

Tsuchiya(1984)& 2=} vloe] EF st=fel &
Aol A ef¥td(placental blood)el HI3] A th&(cord
blood) %71 84 o} gyle] T34l i3 B3 ute
dg5 ste Aog AAEHY AdEF st AR
dZHo 238 o Ao Hol HdANe @ A
23 3lY et Baranski(1986) = 71=H-8 A3 A7 H
N 2T W7F 9 HEAI vz v o5
7Tk kgt 24 25 H9] MM Jl=F
e iz vE zbo)7t glley 165 FHdle %
ot el ol ofuFe] BFA EFH S=gS
AAFR7E BTz FR(intestine) Bl F 2 |0
AL FA=gel 2§ EF F5E ez sk
Huel5(1981)-2 A4Yo}e] Tt & Fl=f 3 189
AFFHe 4T dAVE Dk st FtEge] Buke
SHeA T Foll ZHEE A GESH(simple dif-
fusion)oll 9§ RYAHL FZEAc) £ F=Fe
228 53 43+ Mykkanens(1986) 0] HA=2] of
Holg o2 2L uvlof| o3 A Fol tigt 7l=F
19 A3 3ko] 34120l A 18479 o 3ul7} Hrha 3fod
o)z} ojdu slegele =& Aol ¢ Bre RS
AlAFSFGTE ot A9} FETY zlolE & 4 gITin
3t} Piscator(1985) & &4 9% 7l=go] dH=
F2 28U QIMHIER A% EFeFd 9 7
Hi a742u £3228Ee] WEr S 7A F
ok spged, o] 9, 4kAdn](acid rain) = EUE Ak
A3l AA TE9 JlEF 4HE FUHE ¢ dekn &
ek ol2f3k Hiel A B oA Ao wE =g
Frekel apolzt glithe Az B vigvizte] YA
713k Apeb o] Al 57 W&o 19 o)de] AUz
FEo] fE B Btesl] wiFoln ejutolu}
& B8 JI=8Y "ol Z& 4Aolel] Wi FI¢E 1
Hate HAPHR) FFE T5o tigh dArst FA o
o] 347, 53] 842 h0) U3 FALE o] ol ok

g Fer AzhAr)

B Ao Ao A Fl=go] AR ol A ) 2T
vl Fod Ajolzt Qlm EF FARAA Y P 4
#Ao] e Ao Hol Fp=Fo] AR J&FS
N F U Aoz FE5M F5 ASHA ATE 59
s S R8-S Weol & Aoz YzEn

V. 2 ok

BaA Ao} 297 (71 0] = ofFe] of
Vhxel 13283 Jet e A H E48tw 17)
< o g FuE Jieg 9 old#ae ZHsgoen
Aol U o]l Utk ZWEw A 1179S
202 o] vws] Bt

Ao Boe YAFRFEAZ ol &3grh

T F A= %Y 9% wE Aol glYed
ofd e MR WAy A% d¥ S s

7Fel A AN At ABS =g ol Y
7z} .64+ 0.24ppm, 0.66+ 0.18ppm, 7Fol & A4l
AFoH(Ftel) o] ¢ @i 22 0.71+ 0.19ppm, 0.65+
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