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— Abstract —

Effect of Occupational Lead on Male Sex Hormones

Hyeong-Su Kim, Soung-Hoon Chang, Won-Jin Lee,
Jae-Wook" Choi, Jong-Tae"” Park, Nam-Won” Paik, Rok-Ho” Kim

Department of Preventive Medicine and Occupational and Environmental Medicine
College of Medicine, Konkuk University
Department of Preventive Medicine, College of Medicine. Korea University”
Department of Industrial Health, School of Public Health, Seoul National University”

Objectives : This study was performed to evaluate the relationship between biological
markers of lead exposure and level of sex hormones in men occupationally exposed to lead.

Methods : In this study, 33 male workers who employed at smelting and battery facto—
ries were compared with 33 male workers who were not exposed to lead. As biological
markers of lead exposure, hemoglobin, ZPP, blood lead and urine lead were measured. As
sex hormones, FSH, LH, testosterone, SHBG and FTI were determined.

Results : Hemoglobin level was significantly lower in exposed than in nonexposed
group. Level of ZPP, blood lead, and urine lead were significantly higher in exposed than
in nonexposed group. There was a trend that level of FSH, testosterone, SHBG, and FTI
was lower in exposed than in nonexposed group respectively, but there were no statistical
significance. In exposed group, FSH level was correlated with age, ZPP, and blood lead:
testosterone level was correlated with hemoglobin, blood lead, urine lead, and SHBG: and
FTI level was correlated with age.

Conclusions : Level of some sex hormones were lower in exposed than in nonexposed
group but there were no statistical significance between the exposed and the nonexposed
group. But level of sex hormones were correlated with several biological markers of lead
in exposed group. It suggests that occupational lead exposure might affect sex hormones.

Key Words : Lead, Sex hormone, Occupation
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2. AFUE A LY

1) HE Z=A}

MEAZ D, sickle cell dis-
hemochromatosis) il
gk o]gkef e} Aol ot TS HWHERALF S
ot o] HFA F27H dERTAdA FaudEAAA
& E&sle 2EAE AT Adstitt

2) A £ XE &5F
A ZIAXEZE ML, zinc protopor-
phyrin(ZPP), d% 1 9 &5 A& S5t

P2 Cyanmethemoglobin Bo2 =339 2
o (o] 3 HaA], 1984), ZPPE slide Yol A
3 3eS "ojrtg] 11 Hematofluorometer 2 =
et tH(Blumberg 5, 1977). 5% A& A 2
mol & EFEY dFFH 1 % TritonX-100, 1

H bl
% FEw Qg Hrlehs REEd ML

= 3, ©]& graphite fur-
naces ZtE YAZTZELZEA S o) &t HFE
At tH(Fernandez, 1975). &5 92 4&WH 4 m
of A 1 mE /Il microwaveE ©]&3}o]
AAE & &, 7 AR & EFE97 1 % PdCl
|dg Hrlete] EF A 2 WHoR 8F
< At tH (=g v T, 1996). S E
8% de& & creatinineeZ 2% (corrected
urine lead=estimated urine lead / creatinine

in urine) At

hormone, LH), dZA=532E (follicular stim-
ulating hormone, FSH), testosterone, 2 4%
2243 (sex hormone binding globuline,
SHBG)S &#3I92m testosterone® SHBGS
o] &-3to] f2] testosterone A4 (free testos-
terone index, FTDE A48T, 4% 3289
dF ¥ES nElstd ABAVIE 2 AFEH 2
3 1A Aol = AlEsl e A 308 ool ¥4l
2 & 4L 328 A7 -20TCoAM W
FRASUY. LHe FSHE WAAASFSH A
(Immunoradiometric assay)& °|l&33%oH
(Diagnostic Products Corporation, 1997),
SHBGS testosterones WARA A S =24
(Radioimmunoassay)< °] &3 thH(Euro-
Diagnostica, 1998; Radium, 1997).

Testosterone

FTIL(%)= BT * 100

3. XAEEY

A2 EA 2 PC-SAS(version 6.11)& o]-&3}¢]
Z277 dZ2ae] drbd A4 diste] 71=skid
o F 3 Ao AESH A% 2 Az2E H|
wel = ttest®, BT AFT AFE7E e
A9 YEAA AE 2L Y2 vlaels ANOVA
2 dgen, A ZAEd HAs=EItdE
Pearson®] 4#2Ag Aldatt. B A4 A
2 FoFF 0.05 =& 0.0104 #FskAch
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Table 1. Environmental monitoring of lead concentration(mg/m?) at working site during recent 2 years

Company Process Site 1998 99? 1997 - _19%
April October April October
Cutting a 0.003
. b 0.002 0.162 0.135 0.067
Smelting
A c 0.006
Rolling d 0.002 0.003 0.032 0.038
. e 0.000 0.014
Pushing ¢ 0.001
Cutting a 0.009
Smelting b 0.002 0.162 0.135 0.067
B 4 0.028 0.041 0.766
Rolling d 0.038 0.035 0.055
e 0.023 0.053
a 0.018 0.024 0.013 0.002
Casting b 0.022 0.032 0.002 0.001
c 0.014 0.001 0.014 0.003
d 0.005
C . e 0.009 0.020
Assembling £ 0.049 0.143 0.001
Spreading g 0.127
h 0.015
W.A." i 0.040
J 0.031

*: area sampling, ': working area near lead-exposure

Table 2. General characteristics of the study group

Variables Exposed(n=33) Nonexposed(n=33)
Age(years) 38+10 38+10
< 29 9(27.3)* 9(27.3)
30~39 10(30.3) 11(33.3)
40~49 9(27.3) 7(21.2)
> 50 5(15.2) 6(18.2)
Weight(kg) 64.1+£7.4 68.5+8.5
Height(cm) 169.1+7.3 169.9+4.4
BMI(kg/nr) 22.4+2.1 23.71+2.4
Total exposure years 8.8£6.0 0
Number of children 2.0£1.0 2.0+0.7
Amount of smoking(pack-years) 14.0+10.6 16.3+11.6
non-smoker 6(18.2) 10(30.3)
current smoker 27(81.8) 23(69.7)
Alcohol Yes 23(69.7) 18(54.5)
No 10(30.3) 15(45.5)
Marriage Yes 27(81.8) 22(66.7)
No 6(18.2) 11(33.3)

Values are arithmetic mean+SD
* . Proportion of exposed or nonexposed workers
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30~39A417F Z=ZtollA 109 (30.3
ZaoA 119(33.3 %)z 78 Bekor
50| o]Zdo] Z+7+ 5 (15.2 %), 6%8(18.2 /)Oi
7P AR A, A F99 % A

7 w3t frelgh Afel7t gllov, FEe AlF
64.1 kg, 2] AZF 68.5 kg B} fFolalA w3k
o (p<0.05), AZZFAF(Body Mass Index, ©]st
BMDe Z2olA 22.4 ke/mro 2 )z 23.7
kg/me Bt folahAl SEdTH(pC0.05). FEae] F
A FE7IEE 8.8l AR, +FARe] W=
£ 2 feIR Aol figlon], NEAE
2ol 279 (81.8 %), WlZxo] 229 (66.7 %)°lA
om F 1o 7EAF BUE 3% Are ¢ 3
= w\M‘jr(Table 2)

2. Aol Mty X

H

kHl
El

PArE Z2 LA 14.4 g/dE Hx2Te] 15.6
g/dl Bt} FelsiAl Wkth(p<0.01). ZPPE %=
oA 90.9 ug/dl 2 NZE72] 33.1 ug/dl B}, &

% de ZrzdA
dl Bt} Tk
o2 gz 2.7 wg/gCr B} 25 fe
oHp<0.01) (Table 3).

35.7 ug/dl = NZET2 2.6 ug/
AL Zz oA 63.9 wg/gCr
Al =3k

2E& ¥wsid LHe Z27A 4.2 10/
A 4.210/1, FSHE Z27A 5.2 U/
Z7oll4 6.8 IU/ I, testosterones ZZol
A 4.3 ng/ml QZTol|A 4.4 ng/ml, SHBGZ &
274 24.0 nmol/ I hERTANA 24.3 nmd/ [,
FTIE= ZZ27A 69.8 % thzxwollA 87.5 %°I
o Z27A LHE A9 Jaae| xRt
wokout foJgk Afol= ol AtH(Table 4).
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Table 3. Mean value of biologic markers of lead

Variables Exposed Nonexposed
Hemoglobin*(g/dl) 14.4+ 0.9 15.6+1.0
ZPP*(ug/dl) 90.9+74.6 33.1+4.5
Blood lead*(ug/dl) 35.7+3.4 2.6+1.4
Urine lead*(ug/gCr) 63.94+92.9 2.7+4.1

Values are arithmetic mean+SD

* 1 p<0.01

Table 4. Mean value of sex hormones
Variables Reference range Exposed Nonexposed
LHIU/ 1) 0.4~ 5.7 4.2+2.3 4.2+1.6
FSHIU/ 1) 1.1~13.5 5.2+3.2 6.8+4.2
Testosterone(ng/ml) 2.5~ 8.5 4.3+1.1 4.4+1.1
SHBG (nmal/ [ ) 6.4~37.5 24.0t9.4 24.3+17.5
FTI1(%) 69.8+24.2 87.5+48.6

Values are arithmetic mean+SD
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ZZ2 oA FSHe 9% (r=0.4304, p<0.05),
ZPP(r=0.4824, p<0.01), % A(r=0.3717, p<0.05)
2 LH(r=0.5043, p¢0.01), testosteroned dajx
(r=0.3870, p<0.05), % A(r=-0.3506, p<0.01),
2% A(r=-0.4621, p<0.01) ¥ SHBG(r=0.4239,
p<0.05)¢ FTI= 9% (r=-0.4392, py0.05) ¥
SHBG (r=-0.6918, p<0.01)¢} #2l3t H4aAAAE 1
AH(Table 7).

gx7ollA LH+ FSH(r=0.3886. p<0.05) ¥
SHBG(r=0.4719, p<0.01), FSH= 1% (r=0.6142,
p<0.01), &9 (r=0.6264, p<0.01), LH(r=0.3886,
p<0.05), SHBG(r=0.5473, p<0.01) ¥ FTI(r=-
0.3814., p<0.05), testosterones A= (r=-0.4475,

Table 5. Comparison of sex hormones by blood lead levels

Classified by blood lead levels(ug/dl)

0~10 10~30 30~40 > 40

Exposed 0 12 11 10
Nonexposed 33 0 0 0

LH 4.2+1.6 3.5+£2.5 4.6+2.0 4.6+2.6
FSH 6.8+4.2 3.6x1.5 5.8+2.5 6.5+4.5
Testosterone 4.4+1.1 4.7+0.9 4.4+1.2 3.7t1.2
SHBG 24.3+17.5 24.84+9.9 24.6+11.0 21.8+6.8
FTI 87.5+48.6 73.3+28.4 67.6+21.0 67.6+24.0

Values are arithmetic mean=+SD

Table 6. Comparison of biologic markers of lead and sex hormones by total duration of

lead exposure

Classified by blood lead levels(ug/dl)

0~10 10~30 30~40 > 40
Exposed 0 12 11 10
Nonexposed 33 0 0 0
Hemoglobin™* 15.6+1.0 14.7+0. 14.3+1.1 14.2+1.0
ZPP* 33.1+4.5 79.3%+71. 93.0£82.3 99.8+71.4
Blood lead* 2.6+1.4 32.0£15.5 34.3£11.3 40.3+12.7
Urine lead" 2.7+4.1 45.1+33.7 53.0+53.8 90.2+143.2
LH 4.2+1.7 4.7+2.7 3.2£2.5 4.5+1.8
FSH 6.8+4.2 4.4+2.6 6.3t4.4 5.1+2.5
Testosterone 4.4+1.1 4.7+1.3 4.0+0.9 4.2+1.1
SHBG 73.0+52.6 67.9+18.6 78.4+40.3 69.3+23.8
FTI 29.2+16.2 25.94+9.5 20.8+9.2 22.8+4.4

Values are arithmetic mean+SD
*: p<0.01, ' p<0.05
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Table 7. Correlation coefficient(r) matrix of all variables in exposed group(n=33)

Variables LH FSH Testosterone SHBG FTI
Age 0.0767 0.4304* -0.2397 0.2654 -0.4392"
BMI -0.0008 0.2098 -0.2145 0.0406 -0.1012
TED -0.0268 -0.1061 -0.0885 0.0211 -0.1107
Smoke 0.0804 0.2791 -0.0580 0.1978 -0.2866
Hemoglobin -0.0320 -0.2185 0.3870* 0.0067 0.2658
7PP 0.1081 0.4824" -0.2496 -0.0484 -0.1892
Blood lead 0.1827 0.3717* -0.3506" -0.0868 -0.0198
Urine lead -0.0073 0.1313 -0.4621" -0.1102 -0.0552
FSH 0.5043"

Testosterone 0.1796 -0.0915

SHBG -0.0014 0.0413 0.4239*

FTI -0.0126 -0.2027 0.2506 -0.6918'

*: p<0.05, " p<0.01
TED : total exposure duration

Table 8. Correlation coefficient(r) matrix of all variables in nonexposed group (n=33)

Variables LH FSH Testosterone SHBG FTI
Age -0.0072 0.6142" -0.4475' 0.3557" -0.4552'
BMI -0.2818 -0.1232 -0.0620 -0.3289 0.0881
Smoke 0.1012 0.6264" -0.1572 0.3347 -0.2053
Hemoglobin -0.1306 -0.2559 0.0390 -0.2241 0.2190
7PP 0.3169 0.2648 0.0574 0.1257 -0.1163
Blood lead 0.0360 -0.0296 0.1334 -0.0654 0.0869
Urine lead 0.1185 -0.1157 0.3213 -0.0957 0.2866
FSH 0.3886"

Testosterone 0.2129 -0.1958

SHBG 0.4719' 0.5473" -0.1210

FTI -0.2308 -0.3814" 0.3747* -0.7340'

*: p<0.05, " p<0.01

p<0.01), ¥ FTI(r=0.3747, p<0.05), SHBG= ¢
% (r=0.3557, p<0.01), LH(r=0.4719, p<0.01),
FSH(r=0.5473, p<0.01) ¥ FTI(r=-0.7340,
p<0.01) ¢ FTI= A% (r=-0.4552, p<0.01),
FSH(r=-0.3814. p<0.05), testosterone(r=0.3747,
p<0.05), ¥ SHBG(r=-0.7340, p<0.01)<} f<jst
BAAAE B (Table 8).
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FlEd 2 FedAezE AFA|Qd dibro-
mochloropropane, 2,4-dichlorophenoxyacetic
acid, chlordeconed} carbaryl, E2]4 8Rlo=
o] 232 microwave, 22 WA= 2]
o2 ceramic industryet €82, #5027 A
#} £& . ethylene glycol ethers®<l 2-
methoxyethanol® 2-ethoxyethanol Z15}ol
estrogen-like oral contraceptive®} trinitro-



toluene S°l ¥H# Uth(Lshdetie, 1995). =i
M= A 1996 = A AMA 2-bromo-
propane =2 <lste] A= FA e FA
e, AATLT e TS| sk e o
el e daizdd ofg Fa7dFe] TSI THH
?&’&%ﬂiﬂﬁéﬂ 1996 : A R3], 1997).
A F2d ot AXIIA B4, 53] Yo 54
Wslol A¥d H%o HiuE Lancranjan %
(1975)ell eJ&l o] Folx o™, Plechaty 5(1977)%
Saaranen 5(1987)2 FAYellA Ao EAE W
At} Braunstein(1978)2 642 o %5 A1}
4o ol Zzpz omo] AA7HAZ1)

Sl

= Q=
EM—Jﬂ Leydig cell?] €4S 9|
R
Sl

é "=
u|3l= testos-
terone2] 7raet LHe Zn|gt ] 9\1%% Hy
3}tk Cullen %(1984) 682
W FYATe, 28-S FAg ATl ‘il
319 21 testosteronee A M 9ol T/}.
Assennato 5(1987)& F#A Az <24 184
(B EF A 61£20 we/dl)= AE AZx Z2A}
189 (Hw dF A 18+5 we/d)¥ Hlwsls u
F A FoeA Wy LH, FSH, testos-
terone, prolactine ¥ total neutral 17-ketos-
teroid 59 S2&3 &5, ©W, AL HudlF
94 F8717F 59 Oﬂ’z}ﬂé AT = 2po] 7}
fotal 2 uskYh. Rodamilans 5(1988)2 A=
4 222 23S U oR A AFEH-u oA - 2
A Z2F S gk FrtelA Z713F F2A] 271
= AR Oz A A EARFLo] dojuh Z

27b ASHW AR W3R elsh Hot
Etlu Husgon FTIE o Z24 o A=

o] ®HlE Foe] Fag AxZ AIeA
Gustafson o(l989)° 257 e d %2 2
ZAFET F A 40 we/d)E o R o=
FSHE Z23old tizaid o8 sk
LH¢®} testosterone= Al 2k i
o 9t Alexander 5(1996)2 1

- 52 2] AHF
o giow 7gou,] ENT Ysar

1

AelE Au

sedl gAY B2, 3 A4 5 9 F 254 34
ok AR @ Es Bigel dglont Bl 3

£54 9 game e @ Fuse peEyo

ol X [ez]
= 78 U
Aol A% FSH 9} testosteroned %
kot BAA Frelde

de+ 5 227t gds =20 0lxjs &

J}tl

o FTI 3l ZR2FoA] B 718 Hl o
v«l?& zto] & Holx] ¢kttH(Table 4).

3 McGregor$t Mason(1990)-& 909 2 <]
A F2 ZEAE dder d FERe Ed8H
FSHe| 45S f2Az1eH ole d3 Ay A
o ®Hasieleh. mE=gk FSHe %%% Aol ot
ghf seminiferous tubules®] ¥ 9
o] 7]-el| ok Aolekar 5—’3};&\3}. v
213t FSHe| 5& @5 Aol 47 ug/dl o]tellA
veEhA] sttt Gennart $(1992)& 71=%
TE Wzt F2 3] 22410 s s *EJ%E

FtEFT Bt FRETets dAlsyde
01 AN, o] S Z2A HjE] ZEF F2
o] dxlEEol oA YoldeS Husksint.
Ng 5199+ AHF=2oA izl Hla] FSHek
LHE #<l3HA l:EM#Di testosterone< |7} ¢l
. Rkt #H2o| Alexander 5(1998)2 &
Az AL o] AAIA =4 gk ATz &
7S AFsloy TEo g o] 8|t EF
Aol tigh BH2A Fho R o] g3|okgtrta s}l
olg % 3k ?i-_rL% 7“?3“ L2 7? i) *3“71
o

o% rlr (orr O o R3O (O oX,

OJ.L. )~1.4

o HHER = %712} Z2E 78"“4 7‘”4‘*1
sk fEAZlEd, I 7IHeR2e e A o
o AFAQ] g AlsHE-HsEA -] &
28 Wzl w2 oAl & Fo] HuEa o
u, o2 7EA] et WelA A= ke, 3 o
off tigk &A1 A7 et Ao R ALREh

Az e 9 nAe HeEze dl 948, ~
Efa %5, AHEPAREE, AR, g sickle
cell disease. ¢F4 7H8% hemochoromatosis )
9 71 o 7P7q ok %O] a1 A (DeGroot,
1995). A48l A% dutrow o] Zr)dld ul
a} LH<} FSH7Lo #7} 3}al, testosterone &

Ak FoR dulA ‘”U} 2 Z2AR] i Ere] A
AR FSHeF et ko] a4 (1=0.6142)
Holom | testosterone= 3 &2 AFHEA

(1r=0.4475)% EAtHTable 8). 24131 FHiol

w2 ~Ey 2= LH, FSH, testosterone®l #t& %

A7,

F}gl EF o= testosterone atol A
3= Aoz ddA 9l
2 testosterone #el %

m\m ﬂo u,d

ujwe] e A9 QAo

adle Aoz oo v
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% testosterone a2 BMIgke] 713t wet 7 5:'3}

% Zeog A vt B AFA BMI a2

el fefdk dedel velA ¥ttHTable 7,8).
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