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ABSTRACT
Objectives: The purpose of this study is to evaluate exposure characteristics of lead using data from the
domestic occupational exposure literature.
Methods: Occupational airborne exposure data on lead reported in the domestic literature from 1981 to 2018
were collected and re—analyzed. The exposure levels in the data were expressed as an estimated arithmetic
mean and a weighted arithmetic mean (WAM) of the number of samples. Lead exposure characteristics were
analyzed by industry, process, and year.
Results: From a total of 14 documents, 8,305 airborne lead measurements for 17 industries were identified, and
the WAM concentration in eight industries exceeded the occupational exposure limit of 50 ug/m’. Three industries
(battery manufacturing, lead smelting, and litharge manufacturing) accounted for 95% of the total data, and
exposure trends could be confirmed over 10 years. Exposure levels continue to decrease in all three industries.
Conclusions: Considering the distribution outlook of lead and lead compounds, the main management targets
are lead storage battery manufacturing and secondary smelting for lead regeneration.
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H(lead)Z 2349 FHS 7HAH 7R3Ado]l 4L
Walgo] oA Ardgo= de] ARgEo] oL A
Holl E01 thAt=]X] ¢kar Al EH, AR ZZ], B
%o FHEHY og ANE Fdote R =
d %0t Wani et al., 2015). 3] A73A~] v|A|
= o] |, goll A7zt =52 BS A 59 &
ol E fEstal, ofglol9 Y W2 5% H kEo
T vgsHA wkgste] s A, A4 58 A SOl

H %K Rubin & Strayer, 2008). E3t Hof A7]
7 eEE A W A &S =, 4R A

_H_/K]— HO:IO] 01‘_7 H‘/lé /\ﬂ/\]‘aﬁ 110}01]_5;_ Ogﬁ(}%
ZtHSokol & Berman, 1991). ¥ =<3 & &3}
o] Ao diaf =ZA] GA+A(International Agency
for Research on Cancer, IARC)= 7] & 9 slst
=0 gt 6719 IS E AF-Zato] 7|Zsto] QA
& ¢ ‘:'X‘(Group 2A, probably carcinogenic to
humans)Z 5% 3FHTHIARC, 2006). ©] 67 ZSE
A+ F 471 AFolA F Eol ol Y2 LHEA
30-50% Z7Fskeha BE|9s, AT Ho] ok o
F AFolA WY o] SUIs oy duEA = &
xet.

92 W71 AsAe] 2HAAE fAsERE
AREE0] =], FHolA= 1987 HE SR A
A o) Fotet AsAL A|Zo] Wt A7 AlRE FA
SR w7t o]Fojzlen, 1993dol= FAFYH
w7 FAEJEHNIER, 2016). 234 AFGoA <]
g AR ofAs] g2, =W S | 2 9 &5t
E2 20064 7|02 oF 48utEo 2 ALl o]
% 90%= YR FEEUT. FHY o 900%= F =
AR AREEHI YAl F S5 2 3 3RE, 9
F, gio|d, AAA =R 5ol A= F a2 F=
AAAEAOIA HH(soldering)®] A=EZE AREE AL
& SRHEY o 72%%= PVC PEAl, 17%= ¥HH
(Pb304), YHA 11%= ZHAA(PbO, litharge) Azl
AREEIHE PVC A= ARERAl & PVC AlZRUA]
oA PVCY FESHE 97| o AREEW, BETS
HRIEQ] B A| & = WA E o) AHE=LL, FAR]=
27 7oF, 18 ARAl fE9] 3 2 B9 oY
A SRE Q5] AME Hok(Park et al., 2008).

ojlg} Zo| A o &9 F8 AU AsAt 7
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ol ohgk ?FXﬂL 1990dtholl AAEA L ofF Ab
FolA el & AR AGELL Q7] wi2oll A 2=
A9 AAdA =E B9 ofye} AR FH B 2
o Hlew 2o FQ ozt & 4 St
(Park et al., 2019).

olo] £ A+t oA £3E & 1‘5 AAA
£ = A=E AARCE 1Fsto] 7+
HY EE e A, 34, dxEE 9ot i
9] A& wEZ A(job-exposure matrix, JEM)S
TS, F8 W E A 3, 29 AR Wt
Fo| 5 =& E4EZ HUisth

Il. o X EE

1. M&E 8 & ME/HiK| 7| &

= A= W**ﬂi g 2kl 2AET
peer-reviewd ¥ WHEE EIANFEE 47 o9t =
Uts 3 & I*JOH 283 Ago] A= 9 A 7
T2 T ESl

» A® 7]&(inclusion criteria)
T T H v S A=
— 3% £ F peer-reviewd ¥ UHE 2

« 84 7]&(exclusion criteria)

— AEH L2 @5 H, 85 ) A A=

— AFQA 9 At gir|eg &4 Alm

— A7kl Qo ASEHA g2 A dxEH A=
(71402 == 71 FA Y 7]1a0)

d lead, &9, 82 Y k2 Y 2 Y Z2 Y
A F =5 F 2EA T 8 7IHEE o8-St
Sh&EA LA H AqH]A(Research Information Sharing
Service, RISS), =715l7 &Y EAIE (National Digital
Science Library, NDSL), = s&=X] ©|o]gjHjo]A
(DataBase Periodical Information Academic,
DBPia), $F8&EAE(F) (Korean Studies Information
Service System, KISS), HA1-E&AFSEAAAH]
(Policy Research Information Service & Management,
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Table 1. Weighted arithmetic mean concentration of lead by industry

HLE R

AofA B =0 AR A
0x} 7Hz4oP(KSIC 10)°] =
3519t KSIC-102 o (1-digit)F

¥ 20184714 ol1, 19804t HYTHATL
5 5ad F) G187 S BRIE o8
7, 1990+l 2018W7IA|= &

E451mﬂ%%%ﬂ;4%&a%o

‘8‘6 /v\r’]’-

_

HE AR
ZL]_-OJ A= =]

Industry (KSIC-10)

Year Process N WAM,,'"g/ Type Ref No.
Code Name m
1981 24 Manufacture of basic metals Soldering 3 490.0 Area 3
1987-2006 282  Manufacture of batteries and Lead battery manufacturing, 6635 281.6  Personal, 6,8,13,14
accumulators casting, lead powder, plate Area
pasting, hydro-setting,
assembling
1994 232 Manufacture of refractory and Glaze spraying 10 256.3  Personal 9
non-refractory ceramic products
1994-2007 20131 Manufacture of metal oxides for Litharge manufacturing 456 488.6  Personal, 6,10
inorganic pigments and related products Area
1988, 24213 Manufacture of smelting, refining and Preparation, casting, 800 118.7  Personal, 6,8,10,11
1994-2007, alloys of lead and zinc dismantling, smelting, refining Area
2018
1992-1994 2013 Manufacture of inorganic dyes, Dyes and pigments 36 103.1 Area 7
pigments, tanning materials and other manufacturing
coloring agents
1994 291  Manufacture of general-purpose Assembling (brazing) 6 66.0 Personal 4
machinery
2012 24112 Manufacture of basic steel Melting 100 63.7 Personal, 12
Area
1994 241 Manufacture of basic iron and steel  Plating 5 40.8 Personal
1994 301  Manufacture of motor vehicles and Welding, brazing 55 30.1 Personal 4
engines for motor vehicles
1994 25121 Manufacture of industrial heating boilersRadiator manufacturing 43 25.2 Personal 6
and radiators (dipping, soldering, leak test)
1994 24123 Manufacture of steel wire Plating 5 19.5 Personal 4
1994 285  Manufacture of domestic appliances ~ Assembling (welding) 20 18.2 Personal
1994 319  Manufacture of other transport Welding 5 15.0 Personal
equipment
1996 311 Building of ships and boats Grand/Sub assembling (welding) 81 11.6 Personal 5
2003 303  Manufacture of parts and accessories Assembling, printing, surface 37 0.8 Personal 1
for motor vehicles (new products) processing, drying, processing
2004 861  Hospital activities Radiation oncology department 8 0.4 Area 2

workshop

KSIC-10: Korea Standard Industrial Classification 10" revision, N: number of samples, WAM: weighted average mean, Ref No.: reference
number described in Supplementary Table 1
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FElofA Atdof tigt S-S FJHI}F gl
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et & 55 Eisks WRo] ey, 47
AzoA= AREBEHAMTE 71AE A2 SA sk,
AR A=A E 7I5HEHGM), 715t EEHAHGSD)7}
2450} =0 B B4 o) gt AMgsiop
ek JEMOl ofs RalQIAY QA &2t =& Fot
FHbody burden)S & UEl+= A4 7|oPEdETH
= AksEdos d#A Qltk(Seixas et al., 1988).
k] B Ao E ¥ k& $FES B HY A7
o] % B7FE ol 8 AEBHAM_ESTE A
El=g

S04 BaE AEEol Ik 49 a9z
4 AEBHFOR AGHAT, WY Ha-FTgrel Ue)
o BUE A HEGH ARG e WA

A O F ) disez et 2y %]
AolE 42 U= o)) Foto] of 4] (1ol Hdst
of 4 AeddS AtsiH.

AM_EST1 = explur + 1/2 2] 1)
7188 w3} 7] 6&

212)°l st &
& Brown, 1963).

HARE 37 Rt 49+ o
AteEa-S AL THAitchison

AM_EST2 = GM x exp[1/2 (In(GSD)Y  (2)

FE FY AEdd 232 1) 2804 HauE 4k
Bagk, 2) HA-HHgS o8ttt FHZHAM_ESTL),
3) 71otEwa} 7IStREHAR SHZHAM_EST2)9] ¢
A=9lol oJsf A7gsteiltt

Y 1Rl AF, 34 )0l el o7 ERolA
Hie Ags %%’J —v:@u o o= 7 HuE B39 A
5 571 H27] g2 A8 &5 7T 7AE B
(weighted arithmetic mean, WAM)= ol 4] (3)3}
2ol Aol dlE 01, 44 ARy T 2709
oA 2+ 4 AEBd 527 20 1wg/m(n=10),
10 ug/m'(n=40)¥ A% 2R Az HhiE A=
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#F BEE A4S T gL

A 15 yg/no] =

Ak, NS 7KEete] ok 28 gg/uol B,
S (N, X AM;) + (N, xé\]fu;)Jr---Jr(zv; X AM,) @3)
o7]14 N=Al& 7, AM=tka8+t, Nt=3F A& o|th

. g5tZa

149, BY B H 5E 4
S 141 9004 8,305719] 571 & | S8 A=

7 gs9ln, Hud 42S A9E, 399 19

Ard W sk £Eo2 A ol S04 Hil

St AR A3kel 24 A&y 5= Supplementary
Table 1014 &<1& &= QJr}.

HEEAR] 9 ZAul Table 13} Zo] 177] AHdE
WAMo] A=k A8 & 5E(WAM) 52 &
2 A HE vas] B W, 13 35 ARY
(KSIC=24)'(490.0 yg/m’)o] 7F¢ =41, thgo = “F
7] =g % ASE 9 3 AF AXAKSIC=
20131)'(488.6 ug/uf), ‘LApHA] 9 ZHA] A=Y
(KSIC=282)'(281.6 ug/m’), iz} Ble} 2 AAE A
ZA(KSIC=232)'(256.3 ug/m), A H otA A=A, H=A
2 ShF AZRJ(KSIC=24213)'(118.7 ug/mf), ‘F7ISt
=5, 95, 94 € e 2R AR HG(KSIC=2013)
(103.1 wg/m’), ‘LRt E48 714 ARY(KSIC=291)
(66.0 ug/m’), ‘AFAKSIC=24112)(63.7 ug/m’) <=2
2 37 § 9 22712060 /)& 273k

g E 7SS 2% A 3 5 HAd 74
Aedyd 58 UErH 335 Table 20| 89
Aot GAHA 2 1A ARA(KSIC=282) 9] 5
g 7FE Txd 7|EE W Anprlo] osf Ant
(grmdmg) sh= 340] 5,304 ug/'E 7P B2 £

S Hd, ‘B Aeg I AskE 9 3= AE A
Z‘Q(KSIC 20131)' 2 HARA Az 341,125 wg/),
Wt Bt S AAE ARDKSIC=232) 2 7 &
o] 34(987.3 wg/m), 11 ‘A E ofA A,
A9 9 S AZRAJKSIC=24213) 2 A|H(smelting)
53(662.4 yg/m)o] =&7129] 108 ol +5£& Y
EFSTE
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Table 2. Comparison of the maximum estimated arithmetic mean concentration by process in an industry where the weighted

arithmetic mean concentration exceeds the occupational exposure limit

Industry(KSIC-10 code) Process l\ﬂ‘?\z('_rgg.rp Year T\leof..

Manufacture of batteries and accumulators (282) Grinding 5,303.8 1994 6
Casting 2,296.4 1994 6
Assembling 1,138.8 1994 6
Lead powder and pasting 695.4 1994 6
Soldering 607.8 1994 6
Melting 234.5 1994 6
Grid production 108.2 1994 6
Hydrosetting 60.9 1988 8

Manufacture of metal oxides for inorganic pigments and Litharge manufacturing 1,125.4 1996 10

related products (20131)

Manufacture of refractory and non-refractory ceramic Glaze spraying 987.3 1994 9

products (232)

Manufacture of smelting, refining and alloys of lead and zinc Smelting 662.4 1994

(24213) Dismantling 2363 1988
Refining 121.1 2018 11
Casting 75.1 2018 11
Preparation 26.3 2018 11

Manufacture of basic metals (24) Soldering 490.0 1981

Manufacture of inorganic dyes, pigments, tanning materials Dyes and pigments 221.0 1992 7

and other coloring agents (2013) manufacturing

Manufacture of basic steel (24112) Melting 86.4 2012 12

Manufacture of general-purpose machinery (291) Assembling 66.0 1994 4

KSIC-10: Korea Standard Industrial Classification 10™ revision,

number described in Supplementary Table 1

2. 9EE H sk &

AA 1770 4 A=E ol&sto] 7k RAF A=
WAM =5 v|WsHH Figure 13 Zo] 19815 H
201847kA] wid <k 13.2 wg/w’ A FHaoks FAIE
HYI(R*=0.445), 20009 ©|F =&7]E(50 ug/m)
o|5te] WAM w=7t ZRI= et gt ti7|ehd 5 &
&E9 A% 198074 0.36 ug/m7HA] S7F5H3A
7F 19909Hi#E F435] HAShHs FolE EIth
(Figure 1). Figure 1°] d=¥ WAM == 17709
AR A=7F S Aol7] "leel Eok 3240 5Y
A FAF AFRS tte R dAxd IEE AR
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T 170 A F EAREA 2 FH-A AxRY
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AM_EST: estimated arithmetic mean, Ref No.: reference

(KSIC=24213), 181 ‘§7]| =g 24 AE 2
o AE ARJKSIC=20131)'9] AR AZHolA
ZAME ARE9 drEIl Zk7F 1987d-20064,
1988W-2018%, 1994¥-2007H o2 A= W3}t 7
% moto| 7hsstaitt. 5] 9 371 dEol it A=
= T 7)) &3(Choi et al.(2010), Choi et al.(2007))
olA 5L 71 IHEHFHSL SFAG QA4
A a7k S45t d3ks Balskal Qlo] o] £ Am
£ g8oto] Adr Fo] Wl E4S i3t A 7l &
Z9] Ap=o| st Ax vl A3t Figure 29} 2]
ZAA] AZRFL vid 22.2 ug/m'(R*=0.4884), & A&
A2 29.8 ug/m'(R*=0.6885), 11 AR AR
82.8 ug/m(R*=0.6392) ¥ vid ZrAask= Aoz yet
et
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Fig 1. Annual changes in occupational exposure to lead (The center of each bubble plot indicates the weighted arithmetic mean
concentration of occupational exposure, and the bubble area reflects the number of samples. The curved line graph
indicates ambient air mean concentration of lead.)
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Fig 2. Comparison of annual changes in lead exposure levels between manufacture of batteries, smelting of lead, and
manufacture of litharge.
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O} 3t E3(Chung(1982))9] F% Alm 4 HE7}
R AR, HAagh HWET AAE] Qlo] AR
= FHa 37 oldol7tal Hol AR & 3R 5
sto] BA5HTE 2F 1470 E9loA Biud & AR
FE 83057093, 1770 Aol digh & =& &
I 4= Utk T3 AA AR $22] 80%(6,635
M7F DA A] E S ARYG(KSIC=282) oA =
AL, AA AR 429 9.6%(8007)= ‘A H ofd
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AZAKSIC=20131)'9] A Az #HH 22 A
A AR = F 95%7F o] Al oA AL
Koh et al.(2021)& 2015¥%E 20169749 A
& Am T 9 SHAR 47,575705 ©]8-5to]
22 o EAARTE AA A=(EF D A & 2
I F 6470 AAEER "t F =& £ B
stk olet WP wf, B AFofA £ FY 2
A A7t FAAEEH Axol oo AL Qe
LE AR o) Hlof] mie- A2 Ao HisiATr Hil
HeS & 5 AUtk

147) E3olAq Rid & =& 22 Koh et al.
(2021)9] AATHSH A=ol digt 2015¢ 20164
g =E&5ET v wohd uie- 2 S|t EEA
284 A3 F 1770 A9 F 871 AFde] WAM 3Ftol
L2788 279519EY], Koh et al.(2021)9] d++2
FoME Hit 527t 2E27]ES 26k 452 9
Aot GRAA 2 A AXA(KSIC=282) 9] FF
2 A7 A3 19879HH 20069744 7t W=l
WAM B%E 394 1ug/m(20039)%E 587.9 ug/m’
(1996 )7HA AL, 20039(39.4 ug/m)2F 2005 (44.7
ug/m)yE Aokl B LE7|ES 2ot tHFigure
2). HFHo] Koh et al.(2021)= A&¥84 5= 6.1
ug/mrolal 95 WE(X95) sr= 22.9 ug/m'E HF
27129 1/2 migt £Fo|dnh. o]#Hgt Afol= XA}
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Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(1): 1-9

S0l Oft B MoK =B

o Az 10FE

o

st =E E8 8t 7

Ao

AlZeA 20109 o]FoflE= 0.1 ug/m’ o]ot= Sobl
I, 7] 3 dB 59| Hekel duljie] EF 3 &
Lo W3yt 5t HA1E FE HolA ol digh
TAZRA7E 2 FE Aol TS FAt E40t
et

oA BuEgd 8 AgHd E F5 AHdS
19789 AFAA(Lee & You, 1992), 1983d H+Y
(Lee et al., 2004), 1986 &4A] A At F =
(Kang et al., 1998) & FZ 1970-80dtho] st
Hal, Lee et al.(2014)2 E4ARAHE A7 E EA45H
A3} 200095 201397H4 % & 57 gut <l
T Ad BErpe =E&%0| woU, dAs] 4 FAE
Bty Bystorh. & AT AioAx o] g
QA E AHFQl EHA] Az, AR, YA AR
o] Axd L-E530] Flgure 29} o] A&xog o
o= AFE Eom, E3d] 2000dHo] kEV]E
gk £5& Bk ole 3 5 Al i o2 1
{50 | FEo] o= 20094 He| 87
A 5 A A3 dFolgtr & 4 Aok dEy
Koo et al.(2013)2 & A" AA|7} obd & HRIET}
Azl 1EE Lofoles AEY 22AEY AT & F
= AEE RS, 20159 BAF BATR] FES
F T2AY & 3= A7 ol He 5 o9
20009 olFolE YA 1leE AH7F HiEI 9]
th 53] & A € A A= F8 & =F 4]0
o, AR QI FUESNAE F &9 F9 Yllo]
2 5 Q7] 2ol #7F 2 e5tHKim et al., 2017;
Park et al., 2019).

A AAZCE 13 G Al F2 aoks 9 4
A G A 5 22 AF go| STk FAE Holn
AL, E35] A7|AsAF AJAE Ejo] w2 g 89
75%= viEgAtdo] ARt al A5 tHRoberts,
2003). =W & B4 9 85 Aejo] gt 2 Sohn
(2019)9] Hyo] wEZd 1986 ZofdoA A4k
35,0008 29 GAHE AlFtel & ABAalkFo] 37t
stout 20109F = & AP Aol o= A
Ahlgo] Z7kste] 20158 9F 53%E AFA|SHALE
g2 F2 F SAA(F 85%)8 0= ARSE HA 1
58 Jug 5o g5 AEEY, | SRHES g5
d QHEAIY QtEE AREE= AL =R HIIskal )
2HA FE F wE BYE Yol FEoF T A
SHA Az 9 & PS5 22 AR, 19

A

=

-

Hy

T

}
]é.
&

Rt rlo

www.kiha.kr



=k
o & 5 ek
£ A7 9 7hK) Alggol itk Hejd T o ke

g2 hgos 2AE 3FH =2 42E +4
b slggont an wete a9 4 ok
| 22 S A2 GUAOlES 97T P o)
of 9] Aol Wi B A AU THs
ol ik, EF BF & ARE AYH & B 2L

i
>~ T
>
A
)
(0]

k=l
At

ol o

Fd

A

[e}W)

o & Qe AFOIANE £ AoME 3] F
TE ARWE Ao E 5197] wiEe] A5kt
wEbA 24 i) £3lo] 14Ho g 7] mjEo] =
g =E AR 34E BF YR#et & S gltk 1
Y 149W X% peer-reviewd 3 Zk7o]7] wj&of
Az o] AlFdo] ok Aol sloH, 9] AdA &
LEo] 2 0 AR 3 ¢ Axof ot AEE
A&sk= AolA Qu7} Slrt. &% = ZAHES73
A=2E Zgot] Hop T2 =& ARE &8st J9
F9 =& A, 34 9 A G gt Hrpt 2
93ty wekg,

-

ﬂ_]-l)lt rEl

=

V.2 &

1981RE] 2018W7HA] =y B34 Has Fo
AFH & A2g st A £4% 23 F 1470
E3oA 1770 4, 8,30570] 571 & & &8 A=
7F ERIEIY, HA A7 F 95%7F 370 ARI(EHA
Azd, & AR, AR AzxDel "= A

E3] 13 25 ARYGL 19814, 7] o= F&
Abshe @ I AE ARA(1996Y), YAFAA E =
AX] A%(19884, 19944), Wzt vlUlat QA=
AZA(19949), A & ot A, FA & gF AxY
(19949, 19884, 20184), F7I¢=, 9=, 494 L
71eF MR A2 A(19929), Lt Z48 714 Az
(1994), A7dA(2012) 5 871 At o] - 20184
T e =&718S 230ke 37g0] ERIESI A
d E 57 R 374 AREHA AR, o Al
A, YA AR A¢- 10080 A & AT
S FRIT = Qo= 3 A BF A&EFHoE kE
o] Yol AE Bck ¥ 9 4 o SRjME
9] 48 AL 1T o F A AxGH g A
S 93t 22 A”do] 8 F =& FE Aol

% 9l

ok

www.kiha.kr

- U - HESS - 2512 - JUIX] - M2 - 1ER

References

Aitchison J, Brown JAC. The lognormal distribution.
Cambridge University 1963 Press: 8

Choi JW, Kim NS, Cho KS, Ham JO, Lee BK. The change
of air lead concentration in litharge making and
smelting industries. J Korean Soc Occup Environ
Hyg 2010;20(1);10-18

Choi SH, Kim NS, Kim JH, Cho KS, Ham JO, Ahn KD, Lee
BK. A study on the change of air lead concentration
in lead-acid battery plants. J Korean Soc Occup
Environ Hyg 2007;17(4);261-271

Chung KS. The study on health status of workers in metal
manufacturing industries. Kor. J. Env. Hlth. soc.
1982;8(1):67-80

International Agency Research Center(IARC). IARC
Monographs on the evaluation of carcinogenic risks
to humans. 2006. [Accessed 2021]. Available from:
URL:https://monographs.iarc.who.int/

Kang PG, Kim YB, Ahn IS, Lee GJ. Occupational lead
exposure of storage battery industry workers in
korea. Korean J Occup Environ Med 1998;10(4):
438-49(D0I:10.35371/kjoem.1998.10.4.438)

Kim SH, Kim YH, An HC, Sung JH, Sim CS. Levels of blood
lead and urinary cadmium in industrial complex
residents in Ulsan. Ann Occup Environ Med. 2017;
29(1):26(D0I:10.1186/s40557-017-0179-7)

Koh DH, Park JH, Lee SG, Kim HC, Jung HJ et al.
Estimation of lead exposure intensity by industry
using nationwide exposure databases in Korea. Saf
Health Work 2021;12(4):439-444(DOI:10.1016/
j.shaw.2021.07.008)

Koo BH, Kim YK, Lee SG, Kang DM, Kim JE. Detection of
cases and a cause of lead exposure in Korean steel
company. Korean J Occup Environ Med 2012;24(4):
441-448 (DOI:10.35371/kjoem.2012.24.4.441)

Lee IJ, Ahn KD, Jo KS, Kim NS. A study on the soil pollution
in lead industry. J Korean Soc Occup Environ Hyg
2004;14(3):290-300

Lee JS, You IS. A study on contents of heavy metal in
water, soil, rice and urine of inhabitants along the
Kum river. Korean J Occup Environ Med 1992;18(1):
69-75

Lee SG, Kim JH, Park JO. In-depth analysis of lead
exposure using special health examination data.
Occupational Safety and Health Research Institute.;
2014. p. 9-16

National Institute of Environmental Research(NIER).
Understanding  regulations  for  automobile
environment management. 2016. [Accessed 2021

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(1): 1-9



Dec. 29]. Available from: URL:https://www.nier.
go.kr/ NIER/tprc/index.do

Oh SE, Kim GB, Hwang SH, Ha M, Lee KM. Longitudinal
trends of blood lead levels before and after leaded
gasoline regulation in Korea. Environ Health Toxicol.
2017:32(4):e2017019(DOI:10.5620/eht.e2017019)

Park CH, Park YK, Oh YH, Choi IJ, Cha WS et al.
Comparison of airborne lead concentration in and
around lead production plant. J Korean Soc Occup
Environ Hyg 2019;29(1):34-41(D0I:10.15269/JKSOEH.
2019.29.1.34)

Park JS, Byun IG, Cho KA. Survey on the status of using
lead and its compounds in Korea.; KOSHA. 2008. p.
132-133

Roberts H. Changing patterns in global lead supply and
demand. J Power Sources 2003;116(1-2):23-31
(DOI:10.1016/S0378-7753(02)00701-2)

Rubin R, Strayer DS. Environmental and Nutritional
pathology. Rubin’s pathology Clinicopathologic
Foundations of Medicine. 5th ed. Lippincot Williams

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(1): 1-9

ol ot U AHH E 28 Az JE

o

s == E4 8 9

& Wilkins.; 2008. p. 266-268

Seixas NS, Robins TG, Moulton LH. The use of geometric
and arithmetic mean exposures in occupational
epidemiology. Am J Ind Med 1998;14(4):465-77
(DOI:10.1002/ajim.4700140410)

Sohn HS. Current status of lead smelting and recycling.
Korean Institute of Resources Recycling 2019;28(4):
3-14(D0I:10.7844/kirr.2019.28.4.3)

Sokol RZ, Berman N. The effect of age of exposure on
lead-induced testicular toxicity. Toxicology 1991;69(3):
269-278(D0I:10.1016/0300-483X(91)90186-5)

Wani AL, Ara A, Usmani JA. Lead toxicity: a review.
Interdiscip Toxicol 2015;8(2):55-64 (DOI:10.1515/
intox-2015-0009)

<KMAEE >

@), AE @), HFA(L), 1L53(Lp),
AE@), BFESH(), F32(AHAR), AolA
(FFARE), QAR (EARHE), AL78w(AARHY)

www.kiha.kr



