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— Abstract —

A Study on Trace Metal Levels in Hair

Busoon Son, Eunju Hong*, Yoonshin Kim**

Department of Environmental Health Science, Soonchonhyang University
Korea Energv Management Corporation*

Hanyang University**

In order to investigate the concentration of trace metals in human hairs from residents living in
urban area and rural area, the 120 hair samples of adults were taken from urban areas(industrial area,
bus terminal, downtown area) and rural area(Kasan-ri, Yeoju-up, Yeoju-goon) during July -
September 1995.

Mean concentrations of trace metals including lead and cadmium in human hair were compared by
region, sex, presence of smoker, type of water, period of residence.

The results were as follows;

1. The average concentrations of lead and cadmium in hairs of urban area are 0.92 ug/g (1.01 ug/g
industrial area, 1.01 ug/g bus terminal, 0.74 ug/g downtown area), 0.38 ug/g (0.54 /g industri-
al area, 0.49 ug/g bus terminal, 0.12 ug/g downtown area).

The mean concentrations of lead and cadmium in urban area are higher than the corresponding
levels in the rural area.

2. Lead concentration for male in the urban and rural area 1s 0.94 and 0.62 ug/g, 0.90 and 0.60 wg/g
for female. But, It does not have any statistical significance. Cadmium concentration for male in
the urban and rural area is 0.38 and 0.12 ,ug/g. 0.38 and 0.11ug/g for female. But It does not
have any statistical significance.

3. Mean concentrations of lead and cadmium iin smokers shows higher than non-smokers. It showed
that the longer period of residence in urban area, the higher concentrations of three metals.

Key Words : Trace metal, Human hair. Industrial area. Concentration, Lead, Cadmium
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179 F7het Ajlel R QA% TA)8 AL
Ad Eve FEHez oY /A gyl 4oy
FAE 7HEAReH, %8 e dxAg gy 3
FTES FRe AT £ 435 Uty
%.,1985). &, =%, &, Hi, AEF #F
FE42 A0 A4 @4 g9 F4elo Hz
Ao} dwt FRle] A7 At FFEAMG Ak
ALB AR qEHD o F43) g e 84
243 &4 K3 FES FEAS A PuAR
o =&& o UF A HAE AEe .40
Hil UHCEC and EPA.1972). Q1A o] &<
He £942 A9 U89 A48 §4, 248
o F%, AYH 24, v #3499 Fxd o
gk ztel7h glg ¥ ohvet 4 AR 2 MEd
2 ¥kzlv] (biological half-time) ol welrw =)ol
7t e Aoz wEHon AIde Aed 48
R 29 &% 5& TFIshs 77} o) fojaln
UtHDepartment of Environment., 1974),

TEEE] Ao Fisol £4E o FE oy
o FE ARE FA5r) Y8 dutdoes o, u
2 A7) A Y FEFEE 2Fse uwhye
Lo ARE AMEstd gtom db ol&h A x|o)A
w 2t A9ze) g4l o3 BA e He Ae zA,
Aelel vlAje dFe] 33 9 Bo 558 ¥ A
#o] AE %ol 87"z vt (Yasuhiro., 1980).
AA el Fosle 3459 27, 74 ¥5 4 &
E FE EF Oy Ade) wet M23de] 98 3}
°lF Holm slow, Be AFAERREH Ho,
B, 2 5o gH AEE e ¥ 35 B
of B3 Bm7} chefsiAl o) Fojxn glch,

53] 2 F F54 TS AR AL )
kel A Mol F8 FF5E 2 F
< 4HAMNEIdx Baumslag’st Ldgz,
Jaworochie 4% FEE& ol43ld o|H-g& Z9s
AoHBaumslag® 1974, Jaworochi$ 1966).

T Petering (1971, 1973)2 4 oo 23
&9 AF Alde] WS BT AL Mg 8
© AL £Hgsictn sl £% Weiss(1972) &
Aol FTE F3452 48 oo w2 w3

& 4 22 ZHged §%) v 9Wam A
s At gleuz AzADYD 4 %P
2 o F2A urt o] Faw 2yhy A ¥
& 33L& Aoz A% A x8r} "Hrkn
st et

¥t oligl Nishiyama(1972) & A8 %22
ol&3td = Y9 F=F7 vt Yo sl=g
F2 Aol o Basgr) olelex =3}
2 FEE §39 A5 oA B3 A7 Ba}
' 50¢=4

AR AH Held B o) Yo} = ¢ 7}
ZH9 AH e £45HD A4S 71eS g sy
o] AHe AEA 7S 88kA @on s
Hej7b THARE Sloln), ¥, n 2 B o
golo] URE =252 29 24 A 293} »
2 A9eg FEY 1 o AFUESL ggo
2 8= Ago] diRFold ey HIel T
Hidlz] W&o, TAe A1y BAH WA x)o)
2 U FFE FRE Ao|7t 3le Rez Yw
“H{Hammer &, 1971).

oetd, & dte e 24 A9 52 A9
SR TEEE ] EAl AEE B A A9
% 3 A9, Eed X9 g2l 4y 24 29
o AEIAL, d2FA $& A9 ANE o

FE AFE 7] Aol 19 o4 ARsm UE
& U Fue 4885

HEs B350 dEb)H H=B(d) e AelHal
£, 4% $3, $429 3§ 2 Ay
ol mek s R W) e A
o] & setshed] A7) A 4 slokw #ogos

oy

Zo W§ AFRe) RuE FEE TAGC
# AGH BAol 11 A FRle] it F 3T

i

a2

5 P L F3 deXAE HEsn U5 B
%) o} (Zn), #E(Ca), "t2UEMg 9 ¥58

ARl 25E 7o ABBAE BPosH oF
2 AW ol A 712 A8 F A Feter 3
[, o7 chat 3 AE iy

1. o7 chet

AT A XFe 24 90 & Agog 7
atgon, A AdogEe g Ad, 5& x4
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°2E B7E AFF 43§ 7= AFskn
¢ 24 99 Ag Ade Al 3@ A9 (2
% 24 39), Hod A9 (7% FALEM),
Qe =4 Y () o2 TR

E ATE 19959 THRE 99N AT F
o 3@ AG@AB), Held AG(FAP), U
4 A @FF) AN 2 AGe] AT 20~30

20¢ dyez JEe ol T2 27
30734 909 & ZAb hARE HRHD FEel vl
A olgAl olSERH AEE FUL ATUskon
HEFo2 & AH AFE MEdNE o,
UE nelsld FAAR 308 24 B 4%
Hol ARG TUE ATV o)k A vl
B4 HEAG olfeled ZAlRel YuAQ
4% stetsigr

2 AE AR Rl 24 Ad Aus 9y
o % THE The VTHE 1),

2. AlBe| ME W 2N g
) Algel MX2

2 Alge 19959 TH5RE 99zl 7]t

Table 1. Sample distribution by residencial areca. age
group and sex.

Area Age\ Sex Male Female Total
20~29 8 2 10
Industrial park ~ 30~39 6 & 14
40 < I 5 6
Total 15 15 30
20~29 7 3 10
Terminal 30~39 7 9 16
40 < 1 3 4
Total 15 15 30
20~29 11 10 21
Urban 30~39 4 5 9

40 <

Total 15 15 30
20~29 2 12 14
Rural 30~39 13 2 15
40 < i |
Total 15 15 30

ZAF thdzte] £545 SRz RE o Semeoluis ®
g dAF AHIYew, Petering (Petering,
1973) el % Clarke(Clarke, 1974)8] W42
o] g3l e Bk sigle MAslY 2~3% F
AAAZ NHG ¥ & 34 FHEE £33 v 4
At Y ofeo] Rag 0PE L FHFSHS A
Astz 105l AZA| A,

2 7718 &8

Az2g 2yhd zF Ageic) 0, 1mge) 224 ol
1.0g¥ A8 HaFsta A EY (Y EoFety)
H,1983) 3 #7429 FF AEYH@AR, 1993
ol g3ta] HAL-H|F LA Ralyol wal Kjeldahl-
flaskel ¥ 24}, FAdasdon 12 71 Ha))
729 Diethyldithiocarbamate:DDTC) & 2 3}
FES AHAA dEolAFHAE (methyl iso
butyl ketone:MIBK) 28 F&3%ld FExZolzv}
W8-89 (Inductively coupled plasma:ICP)

EAg A g sl (Y 1),
3 o7 dn 9 nE

N XYY 2w E 2% 55

Al F5d F35L 20 et g
APdzxzeg ofg d7Fe BHu=Hm g
(Naomi and Petering 1976, Kopito & 1967,
Keitaro & 1967, Schroeder T 1969, Weiss
1972, Peterring 1973).

22 o] Fg4e d3¢e 27 dAdMe oy
A7 2AolA O §FE FHslojof st AAR
olef HRF A WP FFo Arlel FRE A
AReAXM @7 F3 Y€ Yot} nde 1 8
2ol A7 vmA fojd Wl ohiel 2F&£FL
5y ool -SH groupd® 723§ AL =
A EelHA] genz g FEN} B2 A F
@47 HEiM e = 9l Ho oo ¥ & 4
AX gt A (Kopito ¥, 1967). Z12]3l Lewis
¢} Peteringe 2% U ¢ 9 Fl=F E57) 9
B 840 ¢ 4 st=g 299 NE/ Aotz &
oH(Lewis 1972, Petering 1973).

Hde A8 A gle bE ok F&HEOR A
EM W9 -SH group® 78t 138 7y v
Iy 424 7 gl AA o] <l
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t}. Schroederd 2}3ta UA o] Hof £4L 30
~T04e & 23 7F¢ @l #3¥da st
(Schroeder 1969). € ATdAel 2¥ & F&

Sample/HNO, Blank

N

i
Heating
|
(5~ 10ml)
i
BmAE

«— 25% Ferric Ammonium Citrate

« (B.T.B) Bromethimol Blue indicater 2~ 3 drop
«- NH4O0H pH control(7.0) (Yellow—green)
«40% NH,S0, 5ml

«— 10% D.D.T.C(sodium dithiocarbamate) Sml

— M.LB.K(Methy] Isobuthyl Ketone) 20mi

Shaking for 10 minute
«~M.LB K. Separation

Volatilization

«— HNO, 3ml
« HClo,

{
Volatilization

«0.INHC

[.C.P.(Inductively Coupled Plasma)

Fig. 1. Determination method of metals in hair.

Table 2. Metal concentration in human hair by area.

€ 39 A9 1.01+0.39ue/g, EHold 1.01+£0.28
wg/g, 4yt 4ol 0.74+0. 24ug/go.2 FHEAHH
Eold 2|9 3]} g Yutze] F AHn
o g2 ¥ £XE JEyY olgde A7EN
€ A Ze YA 540 2 ¢ ¥F
o FRE Y& Frie A7AR(HR4, 1992) 9
€ 08 A%E Hole Aolth B 7ol =4
Adel o] & =i JEld AL 2AEA uy)
Zhaol SHE dol % Pz Y F YA
@A, 1994) olF W& #37) HaMe
ZAMRAR G Y AHFAzs 28, AFR B9,
AFA ARAYFE 5 A A Aes)
olFfojol & Aoz ALRETE Y AN A
ARG FEAGE Hn AL, TARH] .92+
0.33ug/g, F&A 0] 0.61+0.19ue/g22 EA] A
do] F& AQHr} & FE& Bon, & A9
e AR feolidol AN (P0.01). <19 =
(197D 52 =AM A9 FWoA 9,82+9, 3dug/g,
FE AG FUAAM 5.26+6. 20ug/ge.E 213}
Rom, FYF(1988) 52 =Al A9 6.49+5.04
vg/g, ¥& AY 5.01+3.95 wg/go2 B A3t
@ 3o Heg

olAF Fxol Alel7t Y olfe A& e uhe
Mz zZtol7t d = Aot o]dx F(1977) 9 @
T A7 Atw 2 dee] 4] we A7l 70
ddio] Bund Relxn, G5 (1988) 9 A+ Axrt
olgdzx F(1977) 9] AF ANE} ¥ FTE Ho
v AL ndchd, #A9 Wy F 99 s=rt

unit (ppm: ug/g)

Industrial Urban Downtown o

Element™\ Area Park Terminal Area Urban(T) Rural Total
N 30 30 =0 90 30 120
Pb 1.01+£0.39 1.01+0.28 0.74-:0.24 0.92+0.33**  0.61+0.19** 0.84+0.33
Cd 0.54+0.09 0.49+0.05 0.12::0.04 0.38+0.20 0.10+0.04 0.31+0.21
Zn 17.41+15.66 13.88+9.15 7.13:.+5.87 10.80+10.2 8.59+6.91 11.75+9.53
Mg 0.70+0.20 0.55+0.07 0.38+0.16 2.49+1.42 0.42+0.14 0.50+0.22
Ca 3.08+2.35 1.79+0.83 2.62+1.09 2.20+1.65 2.62+2.01 2.29+1.75

Note) Mean=+S.D
N : Numher of sample
**: P < 0.0]
®Urban(T) : Urban(Total)
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Z2F dobal o] oidrt Alggch A-7xaid me}
2¢ 9 nFdM dehvde A7 A zele
Walter (1980) 59 Hmoxs} o] A% &%
et EF Fo gaMx 9% Wx A,
Barry$} Hammer®] A%, 93 & F34&e
YRR FHL EEoln qr|FdE EQ¥gn
B33la 9lof (Barry 1970, Hammer 1971) AF
A V| dEx 88 IPE F= Ao A}
=221

3, Aol #¥He FlS B3 ANl wa
atol7b Mo Yokohashi(1974) o 2l3hd &
Aol e 3~4ue/g, Lewis(1972) 0 2l&bd n|=el
AMe 3ug/day’t A8 FU S EoY F7
€ Bt Ao FUHH 40~60412 FAdMe
30mgel Mol #Hse Ao F4bstn Ut A
glel 14 Fl=8 dH Hol dsts Fassett (1980)
e ZE7IE Bo 0.1, AFE T 2 1w,
A EE B3 5 Lig ATVt HAHY, F5Ee &
7194 EYE Fl=8e oF 40%, A3ridA A
Y =89 F5~6%7F ANE F5Hel 1Y &
FHFL 2 8w =etal stlch

£ AFddMe 2y & Jl=g FEEe 3UXY
0.54+0.09 we/g, Elvl'd XY 0.49+0.05 w/g
ANEY 0.12+0.04 w/g €2 57t ¥4 U
Biten, ol A9E A AAxGgeor B A
9 7l=F T2 £A A9 0.38+0.20 w/g, F
& A9 0.10+0. 04ug/g22 Thatcher (1982)
9] 1,6ug/g, Petering %(1973)9 1.5u/g, Pihl
F197D 9 1. 1w/gBth ?& FUYXE 2oy
95 (1988) 9] AFelMe =A A4g 0.37+0.20
ug/g, F& A9D 0.24+0.19g/gl 2 vl5:8 A
€ B3, n¥FA9DS dFe HFE 0.81+
0. Tlug/ge8 HaHz U}

ole}gto] Th& ZAL AT}l wisl, B Ay At
wHe AAAE Bl AL, A9H AY ] o
2t AF 0dE Bt MAHE Ft=EFel Aold
711 Aoz AlasEW, F& A9y A3 At
g A3 te Ade gl $E7 @ olfe
ol ZAL thAt X HF shatE] xHo) Ebx|elA
B 4 e 4F 330 i glon o4, 3
2%, AIHAE, AFA w7t F FArt "nt
FEAAE B 5 e HY¥HY w3 (¥

%, 19871 AL 1A BHPoFe] AL =AY
o]7] WEQ] Rez Algdd,

AN H4EozA Ui BAYS BE 5L
9 2 AR Y HE BEAZH 837 wIo 2
Al 27 A& dosle Aoz AUE ol
9] A% & ZAIME BT 11.75+12.53w/go]
Rem, o] FAE £FN (19799 A7 A ¥
& FU 2.46+2.82ug/g, £A XY FW 5 15+
5. 2lwe/gRthe ¥ A¥L BIY EFAH9 Fg
T/ facn FF vlF F£H g Fre o
T 2.30%1. 75w/gollen, =A R 220+
1.65ue/g, && AYo] 2.62+2.0luwe/ge2 ¥3
A o] BA] AFHT} & % AL By =2
82 ASE, EAe 99 (3.08+2.35),
Huld A 9(1,79+0.83), YuHb=AAA (2 62+
10922 FEE A oA & ¥
= EEE EYTh FIEES B8 BHEEINA
T 3YAYe] Held, dMEAAY Hrt g2 %
EE HY AL Ao GE F NFH} 0B
FEE AYE FE 890 EAste Ao) ot
Azech, v ol & wgsh uraer] A
v 2 A9 FVF 95 FEE AW 24
Aol 8% FEA A - Pz #odg <+ Q)
v 98 89ES ¥l 97E ey Aow
AzbEct, =3 Zge F49 F8 74 AU
Al Fl=gE X# ZA8-§ e Bdolrxe @
d, & 47 AFeA 9] Fl=go e £4 Y
o] 0.38+0.20us/g, ®& A9 0.10+0.04w/g,
gFe £A A9 2.62+1.09,/g, & A4
2.62+2. 0lwe/go 2, Ft=HE F&o vlal x4
o] #AfFe TA] AAEYG §& 2o A} ¥
& FEAYE BYH(E 2).

2) Mdo| e 2y = Z3% 55

FA i A FQle) watE 2] A F dale)
FEE 0.94+0.35ue/g, @A A9, 0.90+0.32
w/gelN R, F&E A9 FArt 0.62+0. 22ue/g,
e 0.6010. 16us/go 2 FAp7t =} RT} ot ¥k
o} BAgH o Fade gl 2 g9 ¥
¥ ]2 (Retering, 1973)9] 7% @A 1.78+
2. 17Tug/g, A 1.90+2 ug/gl 8 21EY L,
EF199D o & FR7} 3,51+ 1. Sdug/g, A
£ 3.34+1.69ue/go 2 AEItele K28 zlo)7}k gl
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gn Busyt. 8 dF A vFe] 4 Axe}
E g2 aole AT ¥e FE A%E B9n, o
F2(1997) ¢ nH$(199D) 2 A7 Aol vimg A
$ddE, O B3 F2E Bl oSy AEt B
ARoz ¥ 2ol7l gl RAe F Aol U o
€ B3} ved A2 e,

9, Fl=® o] AEzte] Aol B, 2
ZAY] AS =4 A9 F2 0.38+0.21ue/g, A&
7 0.38+0.19uw/go 2 °Fztel Aelut Vel
ol m¥MF(1991) Fo A B} viwshd Fat
7} 0.84+0,63us/g, AA 0.79+£0. TTwe/go2 9
27} AR g AgAE GE Aol g
re] BAIEH Reyol givhe ML |3 viiiriA)
Ak =3 o)gR(1979) Fo] B EHF J=F
T TA A9Y A At qARY &1,
FE Ao AAt GART gUuTia 2nst
3 3tk Schroeder(1969)9) A7 Zzte dat9
73371 A8 B FEF HYAT SAHo2
Frojgtal ol £ 47 Aiel & Aoy} gl A
o2 ey, olf 47 ARE mHigcy 2y
F 728 wEolAM Adoldte factore & 4%
FA e e AR ARHTHE 3).

3) A ERY RUE 534 55

ZA WAAE A, 45, 8B B, FREF,
A4 FHEE BUF 334 TR gl RAR
A7, dAHez £EBdMY FI4 7 08
& AFE R 52 & 334 o vE
ot BAYE felde Uitk

T8 thgog FAEE HAY FY9 s
84 v 9(0.8810.361e/g), FI=H(0.31+
0.21ue/g), °F(12.57+10.50ue/g) 2l ¥=7} St
on, g FE(2.5111. 78ug/g) ol WSE A
e FRo oy b ESITh 2} BAIEA
el e gt teeaE AS4E A 20
o 2 ¥ 534 ¥ 9(0.82+0.23we/g), 7t
ZE(0.29+0.19=/g), oFA(11.48+0.24ua/g), T
#(2.51+1. T8ue/g) o] ¥%7t F4E HHste =91
o] 2 ¥ F9% #=(d 0.7610.38m/g, =&
0.28+0.23ug/g, ©FA B.34+7. Tlwe/g, B 1.78
+0.77ue/g) Btt AAHo g Estovt BAEH &
gy & gl Aoz dehgoh ey ol ZHxje)
e BE A FFHAN FFE0) HEE vl By
= Fg%0] HEEe Perkins® Eudhe g
Agow et} (Perkins1974). AAHoz B
g A4 F/E 2L 5 2345 vEde 4 Auy
o] & & 2o)E HeolA| ¥gn YHHes 2B
I FEE & BAES AT AGA & F59
B2 AFste YRG0 sl & Ao Ve
oHE 4).

olg BEY ¥ f5AAY ooyt 2o oHd 4
FH, FEAEY BE ¥ @ SEAY BFo) 2
o] g A sl7] Wi, o] ol o B
2 A& AL, FEHSO! 448 292 YuMe A7
Bast 2o A% JepdARH R, 1997), oS
B B3] HelMe & ol Asle 93t 8
s¥Acz AzEy T3, 2 d73de 857}
AAWe F5E Tl dFE Frhe KehoeF9

Table 3. Metal concentration in human hair by sex.unit (ppm:ug/g)

Residence Urban Rural
Element\ Sex Male Female Male Female

N 45 15 15

Pb 0.94+0.35 0.90+0.32 0.62+0.22 0.60+0.16
Cd 0.38+0.21 0.38+0.19 0.11+£0.04 0.11+£0.04
Zn 15.96+15.67 9.66+7.41 8.73+2.53 8.44+10.63
Mg 0.46+0.26 0.38+0.22 0.46+0.26 0.38+0.22
Ca 396+2.21 2.28+1.79 2.96+2.21 2.28+1.79

Note) Mean+S.D
N : Numbher of sample
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A7AFes W=l 4R (Kehoe 5 1944) e}l
B & gl7) gigel, 25 R FAld 7oA
AFHAEe] 27, & 282 85 4859 24 ¥
89 284¢ 223 gle Ao= Yzdo

4) & oYy 24WE 53

FA 45 FE4 $E A A Fdahs
AA 120" £ 53%clAn ¥FAAE 67F o4l
ot FAxly 2 2 deEe 8EdA 0.83:
0.03ug/g, BFAX7F 0.82+0. 33ug/go 8 FAxPT
HFAAET & 58 Hgou *574'}4“3 ¢
e giddoh °o"%° FaAte] % dsew HF
Azlell Bjd FoJetA srhi L_JLE}“’ £ (Yang,
1996), =whg AHF ¥ dpoan U A-F
A2 JepiUn). =g e F9471 0,30
+0.20ug/g, ¥EAAE 0.32+0, 2u/g o2 HK

A7t FAz Bt ot #dkovt BAEH {94
& 2t Louekariol ojshd sh¢ 26700 ©)4dE

S FAA= vEAR ) b8 v Hxe) Fl=
o =2ddz st £ a7 ddes FA%e
AEsIA] ¥gkenz Ay ¥lme oz Fzt
Zo] & TR e, H&F FFgo g AAY
it (Louekari, 1989). otd9 F:e FA%
13.76+15.48ueg/g, ¥¥FAAE 19.16+9. 41ume/g s
& FAAL vFAAET o FAIRAE feo
Ae it zEla Ao Ee F9xb) 2.65
+2.19ug/golRaL, WlFAAs 2,031, 27ug, ge
2 EAEE feldeol AATHPL0.05) (&

O]QJF e AF Ay, doer FIE R ‘?" %El?}'ol
ohvel, F¢lddel e FF& o F7 Aol
ReA oBg motd FagE AAEla le Ao
2 AbEEn

Table 4. Metal concentration in human hair by type of water. unit (ppm:ug/g}
Bottled Underground
Element\ Water © BUEBERIURS Boiled water Tap water Total
water water
N B 21 57 3 120
Pb 0.82:+0.23 0.76+0.38 0.88+0.36 1.02:£0.37 0.84+0.33
Cd 0.29+0.19 0.26+0.23 0.31+£0.21 0.60+£0.26 0.31+0.21
Zn 11.48:+0.24 R.34+7.71 12.57+10.50 23.53+20.01 [1.75+11.54
Mg 0.54+0.24 0.42+0.17 0.51£0.22 0.55+0.07 .50+=0.22
Ca 2.51:+1.78 JT8£0.77 2.39+1.99 1.62+0.49 2.29+1. 7-1
Note) Mean+S.D
N : Numbher of sample
Table 5. Metal concentration in human hair by type of smoker. unit (ppm: ug/g)
Element\.Smoking smoker Non-smoker Total
N 53 67 120
Pb 0.82::0.33 0.83+0.33 0.84-+0.33
Cd 0.30+0.20 0.32:+£0.22 0.31:+0.21
Zn 13.76:15.48 10.16+9.41 11.75+11.53
Mg 0.50-+0.22 0.51:+0.22 0.51+0.22
Ca 2.65+2.19%

2:03%1.27% 2.30+1.75

Note) Mean+S.D
N : Numher of sample
*P<0.05
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Table 6. Metal concentration in human hair by length of stay

unit (ppm:ug/g)

Residence Urban Rural
Element\ Year >6 6~15 15< >6 6~15 15<
N 58 28 4 20 8 2
Pb 0.91+0.24 0.97+0.37 0.711.0.25 0.58+0.41 0.61+0.42 0.95+0.05
Cd 0.38+0.19 0.42+0.23 0.19+0.03 0.10+0.05 0.12+0.09 0.15+0.01
Zn 122741123 14.14+13.09 11.21+1052 6.04+£543 9.86+8.64 2891+0.95
Mg 0.53+0.21 0.56+0.32 0.43+0.24 0.42+0.33 0.40+0.39 0.60%0.10
Ca 1.99+1.66 2.52+1.72 1.6711.25 242+1.65 2.93+1.90 347+1.29

Note) Mean+S.D
N : Numbher of sample

B) HE 712Hd mie| B85 =%

AF 7IE B § $54% 5 A 2HE B
A AL Rt AF 717 BF 5.4deln HA
1deln H3 24d0]t}, BA] A HeA e 6~153 A
Fg Fo vy 2a4 oot B #ded 7
Group?tell F3igt Ao]l& Holx] gho} BAIEHQ
FgL ¢tk Fl=E FholME 94 6~154
AFAe] 24 F5% Fxrb #3%ev 7+ Group
oll EAIEAQA {3t 2ol HolR it ofd
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Table 7. Correlation Coefficients among parameters.
unit (ppm: ug/g)

Element Pb Cd Zn Mg Ca
Pb 1,000 0.595%* 0.568+* 0.308** 0.102
Cd 1.000 0.369** (0.520%* 0.074
Zn 1.000  0.315%% 048]}
Mg 1.000 0.523
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4, dE

£ 47e 499 B¢ ¥ 35529 e o

9—?6}71 Adtd Fo A9 = 304, Eeld Rl@l
309, ok =4 A 3099 90%‘34 TE A9 F
230 F 120%8E dide 2y & F& 3EE
A, A, FF 934, A5 FTHE, AF 7
2 vndle d& Avte dga 2o

7h A da Ale B F 34 B £ 9
H# Fre AAHCZ 0. 84ue/g, TA AY
0.92ue/g, 2 A 1.0lwe/g, EPId AG
1.0lug/g, 4 =4 AQug/gol o, 5&
A9 0.62uw/ge® =4 AFo] wE AR

o oEsten, Z+ A Etele fd Aol
AU, EF, EA AG Gk 0.94w/g,

AzkE 0,60/gol D, & Y FAe

62ug/g, AAte 0.60w/go 2 F29 2%
F2l7b AR Al JdEbge) EAE A
Felgde Holx gskth sl ge FEe
0.31e/g, &A1 A9 0.38uw/g, T AH
0.57ug/g, Evld A9 0.49%/g, dut =4
A9 0. 12w/gelded, & A9 0. 12u/g
o2 5A AFo] & AdEct A e
on, Azt EATH R Aok
FIEE BEe TA A9 dake 0.38uw/g,
AAzke 0.38uw/g °lUx, F&E G dxE
0.12ug/g, <At 0. 11uwg/go & AA7F 3t
Bo} =4 vepgded SAEE g 8
012 e¥stt}, oldel BTl HWF 11 Thue/g,

A AR FEE 12.08w/g, G AF
17.42vg/g, B1PId A9 13.88ue/g, ¥uF &=
A A9 7.13ue/g 1R 2H, & AQ 55
€ 8.59ug/gl 8 ®A A|Ho] FE A KT}
He FEE BioY A ¥4 fode v
ol ekskct,

o Fd g8 F4 55 2 3EEE 9t
0.86ue/g, ¥FAAE 0.83uw/ges FAal
7b vl FAREY o & ¥EE Hgovt
BAEE feojde Holx gt} Jl=g ¥
T F9A7 0.30ue/g, BIEAR} 0. 32
/g2 vFARE FAREC) Ehoy A4
B3 fojde Bolx gttt

(Pb)
> AF J”O] 6~15M F&
1543 o] dollM ztzh Hmxo Ht
Eblh. g :
AHE SRl & (Ph), 7t=
=7 A4 Vbt

Aacs -lN
Ei

Mo N X
3{\2 —VL e o

S W
o iy 2

—

Cd)EJ 5

2t (Ph) 3 =& (C) Atelel M r=0.595% 3
g BAE YEHER obd (Zn) (r=0.568),

E(Ba) (r=0.523), »tavlg(Mg) (r=0. 308)
A% A BAE BT B, s=gs
o AlANE B R A 2 3
B E B

ogel ¥ Q7 AWE, ®A AR wE Ao
4elel By 3 9w Al=ge & EA
Aol g A, Held A, 9 =4 2o
& A9uch gor FA%Y fel4g no,
oeig AHe AF Aeje] WALYEE F89) o
Aotk ol sl 4 Adlel 39 % 93 S
NE H3o] depiE 9B Pe RoE ArHo]
ool et 7ES] B ayjel ANHLT),

|
|

REFERENCES

IEE YR FE A FRle 2y F

Bt
A
off
bt
Mz

— 241 —



T dditte deg o8 A =g 1987

FEY, WY Al 2 FE A9 HY okF F¢
Z ol & f29 §F Al Y A7, Bad o
=83 1982;10:59-64

AA%, AeY : w2 AN FUEY T oF 859
X @9 2AL Sdoield =) 1984;11(2):90

AR EAl B &M X ge] SUNGY 5 F FES
¥ v, FEARANTY HAL el 1992

S FEQAY REF UF FF B vE A7
o vt atal=] 1979;12(1):79

olRls], A7), HFE, ¥l : WrF F& ¥
APl B A7, 2= 1985:16(1):83

Z293%, A4S AU 5% F Cadmium ¥3) @
g odeta A7 A i A, 1984;21(1):388

ojdZ, A : FFUY XEF FEE gHd v
A, AW =3 1979;16(1):83

A3 Y8 NG ofEY 2L R kF FEE TF
of B& A MgdSm cherd o TAjAL Bl 1988

AR 0 FIR1Y) RUF o Yok B A A
=18t 1977:18:11

A&, o2z, wiAdy - Al dF gAR 2z
& Fxe BE 2A AT FRTEHFHAEAA], 1992
18(1):105

AEY : He B AAderls gRdAes &4
theursts], 1997

83% - Ay FHAEH. Mg, 8733,
483-490

AR L FERGFR ATRAL Aol e FEH Y
92 g7 HE EnAf, 1994

Aot HE - HHAYEY FH. FEEHAL 1983

CEC and EPA : Proceedings international symposium,
Environmental health aspects of lead. Amsterdam, 1972

Baumslag N, Yeager DL, Petering HG : Trace metal
contents of materal and neonate hair. Arch Environ
Health, 1974;29:186-191

Jaworowski Z, Bilkjewicz J, Kostanecki W : The
uptate of Pb210 by resting and growing hair. Int J
Radiat Biol, 1966;11:563-566

Yokohashi G : Dynamics of cadmium from human
biological point of view. Tokyo Med,J, 1974;82:186

Lewis GD : Cadmium accumulation in man. J chro
Dis., 1972;25:717-721

Department of Environment : Central Unit on
Environmental pollution.. Lead in environment and it's
significance pollutionaper No.2, 1974

Fasset DW : Metals in the environment. Academic
press, New York, 1980

Kopito L, Byers RK, Schwachman H : Lead in hair of
children with chronic lead poisoning. New Engand J of

1993,

Med, 1967;276(17):947-953

Naomi B, Petering HG : Trace metal studies in
Bushman Hair. Arch, Environ. Health, 1976;31:254-257

Petering HG : Trace metal Contents of hair. Arch
Env.Health, 1973:27:169

Schroeder HA, Tipton EH : Trace metal in human
hair. J Invest Derm, 1969,53-71

Walter SD, Yankel Al : Age-specific risk factors for
lead absorption in children. Arch Environ Health,
1980;35(1):53-57

Weiss D et al . Lead Contects of human hair. Science,
1972;178:69

Yasuhiro T : Levels of trace metals in human blood in
Fukui pref. Japan,J,Hokuriku Public Health, 1980:7(1):4

Yang JS. Kang SK : Lead concentration in blood
among the general population of korea. Int. Arch.
Occup. Environ. Health, 1996:68:199-202

Louekari, K., Ussitalo.U, Pietinen.P : Variation and
Modifying factors of the exposure to lead and cadmium
based on an epidemiology study. The science of the total
environment, 1989;84:1-12

Hammer DI, Hendricks RH, Horton RJM : Hair trace
Metal Levels and Environmental Exposures, Am J Epid.
1971;93:84-92

Perkins HC : Air Pollution, Mc Graw Hill. 1974;354-355

Grand staff D.E, Myer GY : Lead Concentration of
Urban Snow, Arch Enviro Health. 1979:34(4);222

Philip E : Preventive Medicine and Public Health,
1973

Kehoe RA, Cholak J, Largent EJ : The Concentrations
of Certain Trace Metals in Drinking Water, Am water
works Ass. 1944:36(2);637-644

Bary PSI, Mossman DB : Lead Concentration in
Human Tissues, Brit J Indust Med. 1970;27;339-351

Clarke AN, Wilsn DJ : Preparation of Hair of Lead
Analysis, Arch Environ Health. 1974;28;292-296

Petering HG, Yeager DW : Trace Metal Content of
Hair, Arch Environment Health. 1971;23;202

Thatcher RW, Lester ML, Horst R : Effects of Low
Levels of Cadmium and Lead on Cognitive Functioning
in Children, Arch Environ Health. 1982;37,159-165

Pihi RO, Parkes M : Hair Element Content in
Disabled Children. Science. 1977,198;204-206

Bogden JD : Cadmium, l.ead, and Zinc Concentration
in Whoo! Blood Samples of Children, Environmental
Science and Technalogy. 1974;8;749

Nishiyam K, Gunnar F : Whole Baby and Hair
Retention of Cadmium Mice, Arch. Environment
Health. 1972;24,209

— 242 —



1. 7Hel o FHx|of| e B
che JHelol et of2{7px| AFETE HEte] HEX|of 2810 HoHK| 6iFRo| EIX} EhCh
DAY o 2) ye] : l
3) AF ke 4) A . cm
5 AEL sHFU7
d)
ol e
5)-6b A& cha 2oy HAeA 8y
@ 5dolst @ 6~10d ® 11d~154 @ 1630l

6) A7t sleAlA8?

o ol &
6)-p A& FA A Bl FH=AK7
® 1% @ 24 ® 34 @ 49

7) A% Gz Ad7?

o ohis.
7)-6) hiATH ofm g & FolA 25U

OREX] @ 49 ® 4uPIN 28 @ 75
8 FA%

O &5 @ ¥% ® du*Y @ ohie
9) & FHolA AMIAE UHE HAFUA G kg
10) 93 B B A7HE Akl B | A

2, 4! WEojl 2ft SFL HHol| BE =4}

Tl S0l olst SwAEp| SB4 SMo| Yol AHES FEXE SMs| Wl CI2D LS ARS
ZASHIA BT,
1) AF(EE A2)E AHg3ta AQIA
o s
1)-6p AbgatAlTHE o2 Rulolut AgEIUAN
@1 @ 29 ® 34 @ 4% ® 71ehael #)

— 243 —




2) Twol Hys) s FUEEINIY Tr 2d) T ARSHIIA
2 AHESITHE ekt A5 AFSSHIUAY

@ 3% ¥ F= @ 3% FH A= @ 3% AW A=
3) #ulg 31A1x) dehy =487

® 1743 @ 109X 3744 @ 3/ 6719
3. &M a8

AR ol ot S35 B8 W] AT ZARIUCL

1 AdE =AY

o hye
1)@ SATH 44 deit AF =AU
DHF @A A= @17 ¥ A= ® gl ¥ 3=

2) & =AM

o) o2
2) b =ATH $/-8 dvht AF =47
@7 A= @ 3% T A= ® % A F=

3) A%2 oW il B =AU
© B+ ® %% ® % & (@A

4) ARZHE =AU

o ohie
4)-¢h =R ABFE Irivt AF =AY
OR ] @ 15 1~33 @ $<o) 1~33%)

5 &2 () & shrlex 87

o ofe
5) ) AT oJLBE WA
D s 1~374% @ &% 4~1074

@ 3% WY o

@ 671149

@ 71e

@ &% U 3=

® &% 11~2074% @ 3F 20703 (F3) ©14

— 244 —






