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Hair Heavy Metal Contents in Mentally Retarded Children IV
—In Association with Copper—

Doohie Kim, Sang Soong Nam, Soon Woo Park

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

The relationship between copper content in scalp hair and mental retardation was investigated.
Samples of scalp hair were collected from 297 mentally retarded children who were students in one
of two schools providing special educational services, one, consisted of children living in an orphan
home, the other, children living with parents. For comparison, 117 scalp hair samples were collected
from the children who had got average or above average academic achivement in a regular elementary
school. Hair samples were taken from the nape of the neck and the copper content was determined
by an atomic absorption spectrophotometer (IL 551).

There was no statistically significant difference in scalp copper levels across different age groups
except female orphan group, but no trend or correlation between copper conents and age was found,

The hair copper contents of the mentally retarded children groups were significantly lower than
that of control groups, But there was no dose-response relationship between degree of mental retardation
and hair copper level. )

The hair copper contents of the group accompanied by Down’s syndrome and unknown group
were significantly lower than that of control group in both sex, and in the case of accompanied
by epilepsy or autism, lower than control group in male,

Although the results of this study show no evidence that mental retardation has owed to copper
deficiency, the possibility of copper deficiciency in their fetal or infant age could not be ruled out.
Thus further study is needed to determine whether mental retardation could be attributed to copper
deficiency, through the examinations about their living environments, dietary pattern, eating habit
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and the impact of copper deficiency on brain development.

Key Words : Cooper, hair, mentally retarded

I.M &

TFaE HlA M s/t 21 4, A%, A% £
oz Aud ExH Ytk TEle A¥VA 2 ITF
ag AYF MY 7)F {4, 2% Zhal(keratinization)
2 dax AR A FHAAAY 72 Jlvd ¥
gol ojA W Fag L I} (Krausest Mahan,
1984 ; Shils®} Young, 1988). &4 HNA, 17t 24
2 Aol A 23 -cyclonucleotide- 3 - phosphodiesterase 2]
gEAol #adA =Hed o diav ARAY EEd
AelA F4sh(myelination) ¢ A&7t He RAezAM A
%M g}(hypomyelination) W& o] Fio ZHoZH
Ay 4 9l EF tyrosined) A} DOPAZ 7}= #3
9] &7} g Bt tyrosine hydroxylase$}t ol A
cerebroside2] A3 33 #ojst= UDP-galactose, HFA-
ceramide galactosyl transferase, ~12]31 4 synaptic
membrane®] latent hexokinase:= 7a& ZAYAR B
dhdA 25 Zas Ao (Shilsgt Young, 1988).

AAo] Aetr 72 Al gt AAA Fofjol W
AT 2+ Menkes §(1962)0] HFoz HAAA 9 F
F23, Bold FARY, AXF T 247 g4 3A
ojdd Algste X-9Ax dARH FF AAA HIY
AfSE & HAF old Bray(1965), Aguilars(1966),
Wesenberg=(1969), Seelenfreund$(1968), Billing#}
Degnan (1971), Danks%(1972a)o] <& #Z& ZA§o]
B 1xo] kinky har disease && Menkes’ syndrome
202 gy 2% DanksE(1972a, 1972b)ol <Js
o] Aol 9ol FAFHF FN=E U FeAHolFHE
o] #raxeh

3H FEAES 53 T AP AAAN gF F
gro] AT o At o o] FoiA 1 ot (Everson
=, 1967 ; Eversons, 1968 ; Carlton¥} Kelly, 1969 ; Dipaolo
= 1974 : Prohaska$} Wells, 1974 ; Keen} Hurley, 1976
; Zimmerman$-, 1976 ; Rosenfelds, 1983 ; Cloez$} Bourre,
1987). 2eiyt el &} Q7] A5 G B
3 d7e AARez =Zvu Pihle Parkes(1977) %
ggAZlots Yoz dAyste iz BlE £

Z T8 el FHUoy FANHY e AT
st o Bruhl%(1987)& AAAsole] ¥ 78] 5%
7} Down¥ £579 Agde dzEd o7t AL
U B A4}13] 4 (psychosocial) A& £¥%F, a2
Zo)gl ALdE gzl va s St S
t}. Shrestha$} Carrena(1988)% AAlA A oje] Zut 2
FYgFo] izl wa fHolsA wddr BuF
up Qlet,

U Fdde P9 AL AT A o
3 A7) old gy Aol old wet A R
AAolg ez S F FFFE ZABI 19
AHAAE BeEuz B AFE Axdgnh

I. chet & e

AUl AAsn e ANl A{E AT
e 4L 24 didez o ARAH de
% oFog Uy A F sl Ue obEol
e 1A 13298 ( 12, 94 889, Ax 449),
aotzgt FAH o e 1EAA 1658( 1 &, HA 88
9, oz 779), @A 2979 HPFE aHen A
Aotel EHE Al U9 2zt EFshudAM wg4el
BHog RHT 7IE(RIEH, AsAs 25U FHI)
5H, 25—49; %}%%,w—m;%mﬁ&,%—%m
ghyo] wsith, hEFOZE iAW B guk Systa
od AN 4 F AW 7] dHel A ﬁ*ﬂi
‘') 49 1179 (F3A 633, oA 54)E 99 F
Estqrh

9] ZA} UAREY AFVERY o}ERAIME T

2 el A4e setsiglen 7 Ze B volst

B3t AFAFE E 1% 20
4 2o BE AP P 2F JAAANT] tx
ueh ggrom (p(00D), AsAFE dEREINE

doll =gl U= 27t e 75‘11]74]11011*1{‘: Iz

B [wzbel] $AH R fog Apolrt it
7oA FARA et e dE:asbe gl 134

ool AR w7A st olw AR 2o
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Table 1. Mean age and 1. Q. of mentally retarded children and control group

No. of Age(years) LQ
Group
cases Mean+S. D. Range Mean+S. D. Range
Male 239
Control 63 10.7+1.7 7—12 average or above average school record
Group T 88 134441 6—26 414+169 19—-89
Group NI 88 16.6+52%% 6—31 376+148 20—75
Female 175
Control 54 10.2+1.8 7—13 average or above average school record
Group I 44 126440 6—21 4024154 20-75
Group II 77 16.0452%# 6—3H 378+16.0 15—80

= : p<0.001 (compared with control group)
#%: p<0.001 (compared with group I) by Student’s t-test

F2 oldd T4 Aoz 2R E@ 2o 4
870) H7A% 4BAe) ¥ Aol ARl Ao
He $uF FIEF Aok gk Lol EAA
PHSE H5E 202 AAHRY) Aol

Sue AAE 19879 395H 59744 olwAlst u)
48 283 %&4 @& ANZ gy 2RE A
Asgon Feo 2de AT F(1989)0] ok
B4A ALgE s 2o gt

m«d A

F A Z Fte AHBEES ggtong A4
w2 Fele] FgaIdg B2k 2 Ax oz [EL A9
g e FdMes Z FFHFE Aleld Ao {9
& zeol7h Ao dizid e dFF 134 o
TH 1A o FToE o] vlmstdx {9 3o
7b ok Az 139 Zfdde vzg Ao g
Zt A7 o wet SASH oz FA% Aot el
WH(p0.05) 5§ TZUSL BojR odgton 134 o
et 144 o] FELe R yio| Hlad Az £ASE
o2 RO zolE Holx) ¢gtonz 144 o] FEe
2ol X3AA MR SAG (R 2-1, ¥ 2-2)

T F FEUFEE 4 7 2 dWEE vas \gt
dy FAdAA oY dATd 10.14+3.23ppm, RHE
2 942+4246ppmoEXA e FA} 13.2045.25ppm,

o2 12.94+4.98ppmel] v} FAGH o2 fogt Ao
7 AR (p€0.001). BAAA S 7HFol dv (1
)% Do) e g o] dxFa Hwslde: =
F g Aolzk ANew (p(0.01 F& p<0.001) A
T3 I3 Abelol &= 242} 10.3443.02ppm, 8.9041.89ppm
oz2A fo3 Aelzk AATH(pd0.01). 2R M2
5 Fuztd= fFod ze)(p0.01)7 dest (F
3).

F 39 AE oA BAAAY Fx¥R Yo 7}
2ol wlas] Bekch WEzEde] viadA gy
BAFolA FdF zeld e (p<0.01 F& p{0.
001) oz I+ RIFH a{rtsFdAde 242 1L
00+£1.94ppm, 11.07+4.07ppmo 24 o Z7(12.9444.98ppm)
o Hlal ti We £X0)zl sAon} SASHA 99
< itk 28n A 129 REFH 287beF A
ool & ztzt 9.68+338ppm, 1050+229ppmo.2 F7|%}
ol fofdk Aolzt AN (p0.05) ©HE FllME
Asd 7o fos Ao B HP(F-ws A,
dose-response relationship)-& ¥ 4 glgloh. 38 [ &
B 179 REgdAe g F93 aolg Bie
gl (p0.05) e A= AR gGRaA #X71 o
EQ}E whdo) 13 HEFME A7} 9.68+£3.38ppm,
Z7F 11.00+1.94ppmo 2 RN § Fgon [+
{7 FAAME FASHA o= Aot oz A

o

€ UERIATE 9.
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Table 2-1. Copper contents(mean+S,D.) in scalp hair in male mentally retarded groups and control group by age

group unit : ppm

Age(Yrs) No. Control No. Group T No. Group I
6—7 5 - 11984345 5 8.321£0.70 4 11.63+4.44
8-9 9 11.584-2.82 11 1051+3.30 3 12874371
10—-11 18 12.68+6.34 14 9.9245.02 8 9.66+3.29
12—-13 31 14174531 13 9.29+357 5 10.58+4.10
Subtotal 63 13.2045.25 43 9701382 20 10.7713.67
14—15 15 10.9243.66 19 9.26+1.52
16~17 19 10.5942.98 19 955+£2.82
18—19 7 11.07+4.01 6 9.55+3.78
20~ 4 10.90+1.70 24 10514284
Subtotal 45 10.80+£3.21 68 9.81+£2.62

Table 2-2. Copper contents(mean+$S, D.) in scalp hair in female mentally retarded groups and control group by age

group unit : ppm
Age(Yrs) No. Control No. Group [ No, Group [
6—7 4 14.3516.75 4 - 1093£1.02 2 8504028
8-9 16 14174585 6 9.27+3.86 2 9.6540.35
10—11 19 10994398 8 11.01+4.43 11 7571182
12-13 15 13.73£4.37 10 10.23+2.06 15 891+2.25
Subtotal 54 12944498 28 10.35+3.14 30 8441202
14—-15 5 11.72£3.63 8 8.361+0.71
16—17 4 8.70+£1.40 12 9.43+1.64
18—19 4 10.80+1.96 14 9.62+1.52
20— 3 9.60+4.17 13 9.01+243
Subtotal 16 10.34+£2.92 47 9.19+1.77
* . pK0.05 by Kruskal-Wallis 1-Way ANOVA
BAAA o} T F FHFFS A FUAG AAAA e dA Fgold wet o] AAAA

w2l EFetel dized vusgdey dy 2y 5383
Ago] BAHA & A (FAT 1021+294ppm, o
A 9.1942.35ppm) 9} Down F3Fo] $wd A$ (d
A 106245.14ppm, 3z} 9.73+£291ppm)olA =zl
Hla feold zolzb dgen (pd0.01 2 p<0.001) @
2k ZAAHote] Bl ol 3 Ee Aol
e Fee= Z 898+1.56ppm, 8.3840.74ppmo
2N dz23 fod 2ol(p(0.01 & pd0.001)E
BRI (R 5).

ololsl Aehrt gAY LeAAA ge A%, @A B
Hohg Eud A9, olFAN, HFolye g4z e
of 2% & TARRS Z wrtol viwaiTh Bzl
e By 25 wad dad £ Ze g,
Nolgel, AR, T HEPNE FUE
ALlD Aoigel, WA, BN % ol
b deAA %e A9 mE SANHoR

Aol7k AT (pCO01 F& p(0001). Tei}
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Table 3. Copper contents(mean+S.D.) in scalp hair of
mentally retarded groups and control group by

Table 5. Copper contents(mean4S.D.) in scalp hair of
mentally retarded groups and control group by
concomitant disease

sex
Male Female Concomitant Male Female
Group No. Cu (ppm) No. Cu (ppm) disease No. Cu (ppm) No. Cu (ppm)
Control 63 13204525 54 12944498 Control 63 1320525 54 12944498
Mentally Mentally retarded
retarded 176 1014+323" 121 942+246™ Unknown 130 10214294 94 9194235
Growp T 88 1026+354™ 4 1034£302" Down’s syndrome24 10624514° 15  973+291°
Group I 88 1003+£290™+ 77  890+1.89™% Epilepsy 13 8984156 7 11844257
* . p<0.01, **: p<0.001 (pompard with control group) Cerebral palsy 5 10584291 2 9954050
: ggggi Eg:ﬁzﬁcji vv:?}ll gs::':ll: gIrczup of female) by t- Autism 6 838074 2 8404057
" test Microcephaly - - 1 1100

Aol & Futdt 7ol Mgt 13.68+4.31ppm O 2A #
g Aol7k AN (pO01). BY, oIF, AEHAL
2 438 PAZlE FANHeE 3 ol
2 £ Qoo $H "ol o]yFo] Fukd HLs)
1790} gied W o] swd A FAT 98542
68ppmo 24 hZF (13.204525ppm) 3} Fof3h Ao
(p€0.01)7} h& whAe] AzHES 12.0542.05ppm O 2 A
Bagolzt fAY LAAX e A$(9.17+257ppm)
o #9 Zo)(p0.01)7F AUk FHH ofdlFo] Y&

*:p<0.01, ** : p<0.001 compard with control group
by Mann-Whitney U test or t-test(unknown group)

A7k @2 29, Az 190} AAG (F 6.
XAl £ F Fel &Fg RAHA wet o
ol iz vusdry 583 HAHol gAY
Az Eate F9oA 969+42.79ppmo g WiRF9 13
08+510ppm# FATHezZ fHeoF  2](p<0.001)7t
Ak FAFe] e FSE AA RIS} WHLY
Az Wro] dx2ed vind Az {93 Zolzh AN

Table 4. Copper contents (mean4S.D.) in scalp hair of mentally retarded groups and control group by degree of

mental retardation

Group Male Female
LQ No, Cu (ppm) No. Cu (ppm)
Control 63 13204525 54 12944498
Group 1
Dependent <25 20 9.68+3.38* 10 11.00+1.94x
Trainable . 2549 43 10.40+4.20** 24 977+£2.90°
Educable 50-74 25 10.504£2.29**# 10 11.0744.07
Group 1I
Dependent 25 23 10714323 23 9.2242.34™%
Trainable 25-49 53 9.8442.76* 39 871+1.42*
Educable 50-74 12 9544287 15 8.89+2.26™

*: p0.01, ** : p¢0.001 {compared with control group)
¥ : p0.05 (compared with dependent group)

X : p{0.05 (compared with group I) by Mann-Whitney U test
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Table 6. Copper contents (mean+-S,D.) in scalp hair of mentally retarded groups and control group by accompanying

handicap
Accompanying Male Female
handicap No, Cu (ppm) No. Cu (ppm)
Control 63 13.2045.25 54 12944498
Unknown 58 10.04£2.90™ 35 9.17+257*
Single 99 10444360 63 9.534254"
Speech Disturbance 53 1063+4.19 30 9.53+2.30°"
Crippled 19 1047 4+2.92* 13 85441837
Emotional Disturbance 17 9434203 13 9.28+1.86
Sensorium Disturbance 5 11.564+4.24 2 10.65+4.03
Feed Disturbance+ 5 10724310 4 1368+4.31%
Cardiac problem 1 6.80
Double + 18 891+1.53" 20 9.4242.20"
Tripple + 1 8.90 3 10.17+1.31
+ : The mentally retarded children accompanying unbalanced diet and /or pica are included as follows :
Unbalanced diet 8 9.85+2.68 6 12.0542.05%
Pica 1 11.90 1 20,10
Unbalanced diet 1 8.90
and Pica
* 1 p{0.01, **: p{0.001 (compared with control group)
#:p(0.01 (compared with unknown group) by Mann-Whitney U test or t-test
2 JHAAR] 4o HAHo] gl ALdME 8 )
_ - T X
80+0.14ppmo2A hx7H EAGHoT §o8 z} V.2 2

X,
o

o7t AKATH (p<0.05). AU AAY0] U A B
Agol gAY &R Rate AS Aol $9F o)
7b (T (F 7).

Table 7. Copper contents(mean+S.D.) in scalp hair of
mentally retarded groups and control group by

past history
Past history No. Cu (ppm)
Control 117 13.08+5.10
Unknown 109 9.69+2.79"
Exogenous factor 15 1153+4.38
Trauma 6 8.80+0.14
Drug 5 13.224-5.13
Difficult delivery 2 10.55+4.45
Encephalitis 2 14554785
Endogenous factor 8 12.0543.80
Convulsion 6 11.8244.46
Metabolic disease 2 12.75+0.64

"1 p<0.05, ** : p<0.001 compard with control group
by Mann-Whitney U test or t-test

= 20 A
T Fo 34 =

- TEE ZAstd QA9 ugFH §
EAEEZHA AHLG A7 o83 Bns Qo (Schroder
9} Nason, 1969 ; Baumslag$, 1974 ; Pihl2} Parkes, 1977
; Shrestha®} Carrena, 1988).

FEHE ALY o] AL oy spAs Qg = A
58 FTFolU Al 44 98 F U1 =ud
7]-_1“4 Ay o] %3’3}"] dv agn RdFe F

TEE EEEEG ¥& A9/t BE gL 39 4
8E de A0 bedit B 4A FA o37) wE
o e@7Izt Aol Fbesint. o9 A TS AL
W] 7bg & oldolga & £ Ade AL Fubzo
£EEE A F=7b ol FHrAd Zzd AL &
A4 & Fohs ZAolr} (Hilderbrands} White, 1974 ;
Hambidge, 1982).
a8y S o7 o]Hol wrale] Hambidge(1982)

FEE ANER AMRE A QR EAd g8 oy %
AXel dig A, $2 44 $xo Adx, £z

)ln gl A% o
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TEe A4 vFdy F o8 EAv dg 5 vz
AH syt 8 Hilderbrand®} White(1974)0 o] apa
QrHtel A= (pubic hain)Z4 FeFEd ARG
Y 1 A7} 14+40ppmo 2 1 W97t vl$ €Yo
v A &R FHol @2 ZHA Az Aold] o]
Me Bdd AFgs £ £ Qv s i g
B2 sgFev dEd bE Aojx md A &3
A2 AT ZeE 79 sErF AvFez @A
stoy & Aee o F%e 2 F dydz &
%ch Yukawad(1984)2 Fto] Zojo] wtg oy n
FE40 FEE AR ZAF Fel9 A$ FuFHolA
YoJAL4E 557 Folxle AL BRI s}
De Antonio3(1982)& F23 w9 FesEg 2}
ste] X meo] - 38+17ppm, FEo] 45+22ppm o 2K
FARA R folg oyt AR EF Amg T
EE7re ABAFI 027322 £AGA f9A0] 9
At FfAcH olEL o HAAE ¢ F F5
Froe ARSHJAATL go] Bojsle Ao A5
At :
FHE AER AMgsted ojA olg) o) dtapzt
o =] Aoy AR B A7 EHo| FExe]
A FEE 2uA go] olym FAANG Fele
ABE B A% Aolx g FATE 2 £ Y 9
e oA 8 A3 Al =% gAY
AFAE 3, 23 ZAAFIE g S ol
E& doprAe] 47]7) gEe A ¥F FHERE
H ou 7t grke ojfet @A SlFolN dFE Asel
s B 8 FEE AER Agsisd
Schroeders} Nason(1969)2 F%% ulFF&L 24}
sted Fele] B¢ dAe #Hd 1614119 #g/g(ppm),
AdAE B 55641027 #g/ g2 NE §9& o
7b AAem ol ofzte] A 304 ojWel= 86.2+16.
67pg/g, 40—704 Aol e 1664158 g/ go B4
Fog Aolrt AU ). Peterings(1971) 8} =
At ojatd bz Fel Fxsb @Al A4$ 1247
57 syl aF #Ase 43S RA3 ozke 4
£ yoldl ® oz Frkste AFE RYed 9
BF FANHQA o= oty st 2 dFelA
€ Az qoj7E AT U FoME dHd wE
Zolg B F UAeH oz} mole Folx A9

Hstel #Asie] A Y4 2o ¥4I B3 o
£ P2E 7|F0 2 8o 134 olstF 1 o4
o] Fog vyo] ME BuEHe o Ao|rt glojA
ol tg dyEde gg 23E Byuh

Pihl# Parkes(1977)& &&Azlotg oz F
T8 #gFE AN 247 Aol 12ppm,
o] 17ppml 2 x| Folto] o] Hlg] ot
%o A8 uehlou §AgHos §98 Aol
ks sded ol AR 47k Ho) gEal 3
o2 A9y, 2@y Bruhl$(1987)0] 2AF biol 9
W FHF 79 27t A} NPT o] 4ol
= BAALE A AA (psycho-socially retarded)o}e] 7
2 1.044015xg / mi(ppm), FAo|7} Futd ALE 1.
024015 pg/ml, £245FS 9 A5 091 #g/miz
A 221254029 xg /mD 7 913 Fol7} ARLH
Down# ZF (1164036 £g/mD)olMEs 273 &
o}gt zpol& Ro)x} ¢iskrl. Schresthas} Carrena (1988)
T ZARAA oY 5 nF F4& 2ABIY FAAA
ofo] Tk = pE|gafo] 8644159 g/ g0 2N WZ T
o 11424242 pg /g7 BAH o2 {98 o]zt 9}
Ackm HEF vl Yok B APdME ZA AR otTe
7Hdol e A4 ToldelA Az e A2 UF
o] Tz g ks Y2y vud Ay Jdy »
FEAGH o2 Fo5tA Fe £ 2 el o] Schrestha
¢} Carrena (1988)°} Z o} gttt HH oz} ol
o) A4 @A wokzd Ha o we £4F yehi
om 7go] Qi odztge] HAME o Yok ot
B3} Qe ASud Ga 448 g 299 @
Aol Hm Ed o] vls) HIAo| RFey] Bl
Aoz Az,

A BAAA ol ES AAFEEE o] dRE
AR7bel vlwaE 2 Az i Ao dzada
& Zolg BYoY JHHo] e AT BIF
AEFFsFANNE dETd Hs FAe tgi wgoy
EATAHYA 9o ¢t BAAAY Fro wE v
2 7ol e FATAMY wEIbsH] BRI
ol v& FAHHoz FosA w34 B 7 3qF
7 FAAA el F-ubg (dose-response) HAHE Fol
B 5 . a8 59td Age] wel »eke o) Down
A FFEE T Aoz dz2EH F93 Zolvt

roB Booly

r

1

el

e o

olX
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AN Bruhls(1987)e] A#fel Aozt AUch W
TY9 APe] FANAA S fQez ALY A
2 A go] glop} fopriue} Hlssitte S dohd
T2 g JMNAA Frzre] F—-uvkg @AY ¥4
v o] galsly AR A 9] o] £EE Down
A 2559 ALdMe dz2d o7t ¢ Holn
(Gordons, 1967 ; David %, 1976 ; Youroukosg, 1978).
Down# &3 o] FixA ] 9] UL AL
AZte = ¥4 wiele] A dzaEs $AH Aole
AR ol i F7F e #ARA Aoz Aty
W F3 AAE g2 JAANER B Zolrh Mk
ot B e Axz 2 o Fest FAxAMY ¢
ANz 2H8319e A9 A BAAAZ A 7
439 S 84 ungdidor ¥ Aoz JZdEY.
olAZ e Aldride 48 FAAH oA sHE &
g 2 o]gof 2 A(Danfords, 1982), Danford % (1982)°]
AR A o} FeolA oldFo] Ae AL e AvE
ol 84 9 RurE I3E 2} A F 5=
£ ol4Fol gl A% L1246 g/ mioja ojajFe] gl
E A% 121150g/ml, FEF FEE ol4Fo] Qe
A7k 144 pg/ g 018 Fol e B9/t 23+£348/2
ol 3tE=n olE T 1Y HAHAFE o|HFel
de 4971 1.3+0.1mg/ day, o]dFe] Y& ZA¥E L
4+01mg/day2A 25 19 ¢ AAZFA 2—-3mgdl
REAPv 4t old ¥y 7 = FE 3
T2 5 Aol AWAFE 02224 FATHL2 &
st a9tk Mc Alpines?} Singh(1986)0] <}al#
FAAAolE T AMMrH FEol F 92%71 o
Fol AATx el oldFd Axe AAAAY
Axof HAsIHT volo wuleg g} o]E9 H1
o o3t £ @A o]HFE T8 Py
& 3 FAZ 943A ¥ Aoz @k 7
AT ZAE AF FA F HolFd A HAFo
Qe FE 49, o485 de A¥E 24, F /1A
2R g 490 19 Ak ¢ tE AT AH=
Fol B o HA £& oud v ¥ Aoz A7y

e 20.10ppm ez A A HFAol wlsh ko 29
o @A 2k2z 11.90ppm, 8.90ppm 224l W o]zt 9
At BHFo) Qe B WA= B 985ppme A

)

o vl8] fFoatA B& utde] oz} gAY »

2-9tE Aoy} Yoyt ofAE #Hi 12.05ppm

2A dzEHE A7t flevlA Fdrt SIAY BE

Sof waMe FostAl =ol dalel A5 v

o A#E Jehidch o)l Al Z wFo] oY 4

Ao} A&ao] ds] Hre RAE & 84S -
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GH HAge] e A4 239l YA gol
gE A7E 48 Fu Aoy A4 AAH e
A$-AN 880ppmo 2 iRl Hls) f3kA Ro}
Eolatgl .

2 dAFe Az 2 of AAAFY o] I A
golgle 7+ e oJg0] gohd fofr el T
o Ayt REFAAL oz s Aswgd JdFE 7
HE AL UAY e dod oot ojE9 4
g7t g #AZRAL g AT 2 2 S
AAG BAY A A FeEle Fix 4R o
Aol Aste] A&LHQ A7E B FAAAS Tl
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=
e W
rlo

ox

o dr o lu
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