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Evaluation of Lead Exposure Characteristics by Process Category and Activity

Dohee Lee * Naroo Lee”

Occupational Safety and Health Research Institute(OSHRI),
Korea Occupational Safety and Health Agency(KOSHA)

ABSTRACT

Objectives: The purpose of this study is to systematically identify situations where exposure levels are
expected to be high by structuring domestic lead measurement data according to exposure processes and
activities.

Methods: Occupational exposure data on lead was collected from the results of the Evaluation of Reliability of
Working Environment Measurement conducted by the government from 2019 to 2020. Lead exposure
characteristics were analyzed by PROC (process category) and activity. The Risk Characterization Ratios
(RCRs) of five PROCs according to ventilation type and lead content were evaluated using the MEASE (Metal's
EASE) model.

Results: The exposure data on lead (n=250) was classified into 12 PROCs and 12 activities, with an average
concentration of 0.040 mg/m* and about 14% exceeding the occupational exposure limit of 0.05 mg/n’.
Processes with high exposure levels were PROC 7 (industrial spraying), 23 (open processing and transfer
operations of molten metal), 24 (mechanical treatment), 25 (welding), and 26 (handling of powder containing
lead). The results of evaluating RCR for the five PROCs were greater than 1 or close to 1 even if local exhaust
ventilation was used.

Conclusions: There is a possibility that the concentration of exposure is high in the casting and tapping of
molten metal containing lead, mechanical treatment such as fracturing and abrasion, handling of powder,
spraying, battery manufacturing, and waste battery recycling processes. It is necessary to implement chemical
management policies for workplaces with such processes.

Key words: activity, lead, MEASE, occupational exposure data, process category
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oékﬂi, AutH o g F< ol H|ol H=dat #
Iil-];]. IE]-_Z/\-l o:hq] _,] ok‘lo] 7]-;(1— uJ—o] /\}.Q_g]
ol HA} AtQolA 9] GH-E rEH AR EE=

o] gjREo|t(KOSHA, 2008). &3t REACH Metals
Gateway©] 9Jo}H Al og o] f5EE= FH=
g o]9]9] thefslt AJEo] BExotA £ st= UVCB 3
Ei7F ot B os o FA, & &1 5ol A=t
o= g A4l - HF Alof| FAER YA F SRHE
2 o AsHEe] FEi7F gekdoly, 2 314 AR
(QAksh), H9IE 9 7, PVC SHYA| 508 ARRH
}, %ﬁ FHPb;0) 58 TR B4 =
ZH Ao Yu=2 ARE, ZEA A2 YA EH
AREETE 28y @2 oA s e A7 %S 1
goto] AYg HRIEZO ARS-S AlskL Ut
(KOSHA, 2008). =oM% i}ﬂa@ﬁﬂﬂ%(ﬂﬂ
E49 55 ¢ 37} 5ol B3t §HE)l wet 22, 74
HE g4 %~ 0.009% o3 a3t 3= tisl o
QJE 8==9] A% - o] Agt=]m, "23. 149%H
o, B3 - 24k ARgo] ASHETHMoE, 2022).
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- HE 5 2E7A Ao, &5 4 FEY) 55, E 4
= dl oy S AAA Fof, JEZAel XA A3k A4
71A £440] Yepd 4 JTHKOSHA, 2003). ESH

IARC(International Agency for Research on
Cancer)oAl= AAFol gt £7] g9 4% oF 44y
= ﬂ—%ﬁkﬂ F7] @2 A ¥t 8 EZ2(Group
202 B2317 QtHIARC, 2000).

%‘Hoﬂ/ﬂE 19729 A SHA ARG F =,
19789 A& AlH & 35, 19834 gt & 55,
1986 4R AFdAolA AT At & S5 59
A7 HAEEA, B Fg 24l gk B
ToAE AASHA HAKGu et al., 2013). A &
o] A% JFL 1EI FU Y ACGIH(American
Conference of Govermental Industrial Hygienists)
&71%22 0.05 mg/m’°|tHMoEL, 2020; ACGIH,
2022). sHARE, A3 FAelE skl 20129 AL
A AL AFRFRIAY E S5 A, 2008E PVC
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/\}%04 uH@-;_(]—%j %_}\};(]._0,] AAAS dby S o ==
AHle AEH oz BAYstal O‘D}(Park et al., 2008;
Koo et al., 2012). 20219 22 ESAGAT AA
A7 goll gt AYH 442D )= 149, 93
SIHC )= 14278 SAYSFATHMOEL, 2022).

oA AHAR] F =E5FE F7he FE ARRIQH
AuAY A125z0] g 2AFeESH A= o]
o|Fo|Z| 1L Utk ShARL, Hofl tigt AdeESA At
= A =9 Aol "t SAZI7E BARAAHA
oA AY, HFE9] S48t E7|E "Nt
YEL= & Zagrto] digt $27F A= o
(Choi et al., 2007; Choi et al., 2010; Koh et al.,
2021). T3 U F =ELEE VR A A4
FE AsAL GHIAA|, SAA AR, AAD AR,
YA AN, AT 578 AR 5 B AR o
FOE SHAY, ZF AdE kE $EE v - Bk
ATLE PF=E o]FoJFHHCho&Lee, 2002; Choi et
al., 2007; Yang et al., 2008; Choi et al., 2010;
Koo et al.; 2012; Gu et al., 2013; Koh et al,
2021; Choi et al., 2022).
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Ao=w oY LE7|ES 2ot o] U A=
THERT, AR ESA doAe ot A
2010}71 Oﬁ‘:} 3 S E S5 B 23
£ HHE =g 3HEs) =t ZE5HE 0] A ¢
7] w2, %’92 7HAoF & 1913 3= Tfsh]
o= TAZE Stk weEhA, £ dA4es EATH
(Korea Occupational Safety & Health Agency,
KOSHA)o| ol thsl] AAIgE AAe4574 d9E o
£ TAE3)l "t #Eslela, 1o wE =254
= H7letaAt st

199 9 202040 Holl sl AA]
4 B7t A3t EuAE SR
: g 4 A2 BF BEFE A
of sfigote] Aol ALstdoH, &4 &
Al G ARBoRaL QA (okE A, S8 A &3
ol ofd ‘HEF o= 7|AH FeL Astuct. I
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FTHoE AA 113704 AFFH20199 60704 AFY
7, 20209 53704 AFAADOl Higt SFEAE 4
A=ngE ARSI ZAAEESA A=A B2 Al Al
E AQF= 4 A9Y AGEF - ZApoA AA|sHH,
AL AP EA A oA A Fofl t 5]
A= RIA = F 712 MCE(Mixed Cellulose Ester
membrane filter) 9JTA]E 0]&5}] 1~4 L/min<]
FELE GAIZE ol AEE AFstaL, ICP-OES
(Inductively Coupled Plasma Optical Emission
Spectrometer)E ©]-&3d EATITE EAo] ARggH
ICP-OES+= & F Y=, AxA E Zdge 2E
Thermo Fisher Scientific AF9] ICAP 7400 Duo©]
of. 242 KOSHAY Holl gt ZAdeE &4 - &
A 71eA'E 2, sig A2 NIOSH method
o] 7|23}t NIOSH method 73020 @& LOD
(limit of detection)= 0.6 ug/sample® FH=H,
ol 7] & B2 It g2 0.0008 mg/molch
& 2 (/min, HHAZ 6AIZE 7]2).
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=4 AR, AR EY A3 59 WeeE +
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A, AF, AR, B SHEDE, AR FHUHEL,
g B4 2 ARSF A &1 B, AAAE &
AHZH(Time Weighted Average, TWA) AEE 3|
FEERE 7|A5Ath dlE 0], EuAY FHAUE
4 =24 o ‘Fae] § 9 I F78gEo] 23k
G4 T2 T A Ao g, AU AR o|F
ojZL}, LEA} Aol AERY B WA A &R
H AEHY oA A 5 IdF vAE AYS AL
2 2% 3 W FAE7IRA7E R Eo] 9le
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o
= ofl

o oX >,
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2) HI0|H B&3}: 2X(PROC) Y &= (Activity class)
A 24905 340 ot 2236 stk
A H3}rE2%(European Chemicals Agency, ECHA)
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oA Z3tE]1 dWE =EH7IE XYty s A
3t PROC(process category) A-HS &85t
PROCZ AU #-oA &Y E= 34 F32 49
st ZF 2 = 38 1300 W AR k=E 7}
573< st ApEstET AA7EA] 28709] PROC
o] 7fdt=lo] SQITHECHA, 2015). #7I2, k&nd
ART(Advanced REACH Tool)ollA &A1 7Hd<Ql
g5 50 A E 3HS EESIAT €52 &
7] T WEHe dEdY S 7IEeE &4
dojub= oA 7] 9 FFol w2t F 22702 B
HthFransman et al., 2013).

57 Hlo|g§& PROCH &5of wat EFsot7] it
1HAZ, Table 13 Zo] AlF EF7]&Z HsiAth
ojgf, PROCY AF EF7|&2 &% 4 7=
i3t =EHEQl MEASE(Metal's Estimation and
Assessment of Substance exposure model)ollA]
Agots 54 9 F7E4d F5F 3780 Wk PROC
A Zho|lEE ot 3 &5 ERE A% AR
7132 ART 2@ tfst TNO HI1A(2013)04 A
<H Y82 7IHe R ERVIES Aoteey, 74 &5
o= HY AR &5 ¥ CodeEs FoIstiirt. 2
GARE= A= B7HE golgHo|Ag] AlF 57
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Table 19 771y Blws] 2EHC&E PROCH
52 EFoh g =0, AF WS S
AEFo] J2 Rt EEES TE F A, AYS
AE3tR o]Fojx|ut LEAV} Ao B A Al
Lxy AEY §i4 5 4R HAE A e
2 £yl A, dEo] Txd e Y FHIE
Ay 2 Qoketomn o]= Table 19 EF7|&0]
& g B = EEE odd B4 HEHERH,
A 5) - PROC 26°, ‘B F= FH(granule)2&
o9 IAEL HF B 24 - &5 PI'E ERd
o 1A &S HolEgtstal 34 e 89ksto]
ER71E0) wet ERole A2 19o] AAJstaon,
AA BRE Qo] oE 199 A7AHAIHY HAE
7H7t AASFEH A= B2 239 HolH, 89k
H 38 UE, 3T EREUE AESIH

F7IE, AFGRoNA Hgcks 99 &4, & 4
TSt 3A 25 E B e HEE 9

7%, dol B4EE ¥9E A2 ERsgn
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Table 1. Data standardized by key information(PROC, Activity class)
Process Category(PROC)

Physical form Description(& examples) PROC
Handling of powder containing lead
) . X > . . . . PROC 26
Powder ; packaging, unpackaging, weighing, loading, filling, dumping, bagging
Tabletting, compressing, extrusion, pelletisation PROC 14

Thermal or kinetic energy applied to articles(mechanical treatments)
; forming/rolling, grinding, mechanical cutting, drilling or sanding, hot extrusion, shooting PROC 24
Massive object test of lead ammunition

- Handling of ores, concentrates, raw metal oxides and scrap

- Low energy manipulation and handling of substances PROC 21

Open processing and transfer operations at elevated temperature
; Sand and die casting, tapping and casting of melted solids, drossing of melted solids, PROC 23

hot dip galvanizing

Not relevant Partially closed process and activities at elevated temperature

; Activities at smelters, furnaces, refineries, coke ovens PROC 22
Welding, soldering PROC 25
Liquid Treatment of articles by dipping PROC 13
Powder, liquid Industrial spraying PROC 7
Al Batch and other process(synthesis) where opportunity for exposure arises PROC 4
Use as laboratory reagent PROC 15
- Maintenance activities PROC 28
Activity Classes
Substances Description(& Emission generation mechanism) Activity name Code
- Braking solid objects into smaller parts
- Abrading using frictional forces Fracturing, abrasion S1
Solid objects  + Crushing, Impaction, Abrasion
Impaction or striking of a tool on an object contaminated with .
° . ) Impaction S3
powder or granules; impaction
Handling or transport of solid objects contaminated with powder Handling of
or granules ; . P1
"M contaminated objects
; Movement
Spray application of powders Spraying(powders) P2
Powder, granule, Movement and agitation of powders results in disturbance ; L
pelletized M S Movement, agitation P3
) ovement, agitation
material : e :
- Falling of powde.rs, Grawtatpn, impaction Transfer. falling P
- Vacuum transfer; pressure difference, impaction
Povvdgrs are compressed due to compaction or crushing ; Compressing P5
Crushing, Impaction
Spray application of liquids Spraying(liquids) L1
Liquid products - With relatively undistrbed surfaces Oben reservoirs L9
- With agitated surfaces P
Metals are heated at high temperature above their melting point . .
; Oxidation/burning, Convection Smelting, melting M1
Metals, - Pouring, tapping, drossing of molten metal Pouring, tapping, M2
Metal products - Dipping in molten metal drossing, dipping
Hot metal objects are subjected to a mechanical force to Compressing,
. . M6
compressed and harden impaction(hot metal)
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REACH ®E ofg It daAZo] W= R
Metals Gateway JHO| olstH & G2 dub¥oz
g TRl 80% oldeln QtHE, 4 59 B
o] ZAE 4= Ut oo wEt 5 @ F A &
S 80%S 7]—7«_‘—_1?. stact &
H7l82 9 239 T HEjEEet Zo] go] 3=
oHrE H7IER sl 1 9] 1d, v, g%
e A38 5 "ol 8 3 50| ofd HVEE
TESH.

Fole 712

3) 3 - &S0 ME g &=k At

34 9 &5 UE kErES Bl - 7] A
slo] Sgiel diet A, EEEAL F9%, Ha
# 9 gk AFESIt) Park et al.(2022)2 E4
= AmE 2T AJEHESH ARE AR A
BEY AmE 24T W, 227171 10071 o)feld
A BEAZE0] 40% o|skel A9l th hAHEE AA

3 Aoz WA B A7old 24T F 2507
Yolee] BAZES 19%= Ueht 242 Amt

LOD/2 %X0.0004 mg/m)O.2 ThASIATH

2. . ERUS 0|8%H Y
1) €222 MEASE
F8 9 =E33HS R FE &3 RA
g Tdo] fote] LE2nde &85 LEHUE A
Aokt AR Y =E2H7ME AYcke E22d
< sl 1 A= 3457 2 F1Ed o
o AR &9 ¢ mF LErio] E3tE mEel
MEASEZ} & d-tof] Agdsirta wate]o] Aeistein)
MEASE®= 9l 75to] 194 AFed =& AgH
71 A1l ARgo] ZHHSHA|YE o] tigh EFQl
FAAE A3t olof ECHAOIAE MEASES &%
4 271840f gt AJH wZo] gt 1x} HrheTt
2 ZA5Ha 9ty MEASE: &9 k2] i3] PROC
AEHE w2, 3749 F7HAE (fugacity) SF°lA4
z27] & FPAE At ol 27 h:% 4
A= F5449 & A=E 7|Fe= st gle
F7HIE 559 AL =98 A, 371, ==3/
34=2E, PROC 59 HEE 7|He& ITHEBRC,
2010).
Y EE O =94 B4 - B4, 531, 371

o =94 FH, Ed=CE =) U 9F @ A

2o ™It

s
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HYSY A 230 ME I MUY H =54 Et 23

274 - PROC, 342k, 34 7], =& AL ® o
LEg7of o] AME 27 - AR TiE, = Ao]
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7+ A %29 8L Fransman 5(2008)9] &
T Ao gk Ao=, AP RA| o gt & HE
9] f-of et Aeo] 7hs5ith. MEASE= A=t 913
T 2|9 &80 tist] FAE JHI7} Y= A5 oft
AlZ|(lower confidence of limit)E ARESIE= A4S
Ik B RA F a1 242 A
=4l 7182 (generic  LEV), FA  FAH|7EA]
(exterior LEV), 584 =474 (integrated LEV)
2 R 238 FA IR = HEYS &6l 7t
o] AR, AFARQ] FH = Hzo}oﬂ QI FA /59 =
A7 F AET 4= gl Aol A9 4 Qloh
QRA A7 A= WEHo I-sHAT HEdS
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of X" ALE dZ & 5 UHEBRC, 2010).

2) =D AN
L2759 237t HAISE 28 &34 (PROC 23,
24, 25, 26, )& iAo ® MEASE RdS &-835}0]

371 ¥ B =E3sTE Fot9t g PROCOIA
LEAAE 98t 2A| o dig] HoAAE staAt 3
W, Fo] gl wet wE2H7ME AATSHI

Y E2H I QY 3 B 524, S
71%, 34 EE BF 5o A-85tutt. @A
HEFHE g2 245 o gt Fe 9] FHE0]
ZAS AN & nd A% Alo= %;(CAS No. 7439-

92-1)Z 7I=o2 E83 E4 JHE &8st &
7] B2 FBYRA7} = Ao RMMs), 2%
A FAaH|713 A (generic LEV), XA 27](general
ventilation)d] 37}A] RACE HIIE AA|5F o,
582 SIMIZMAIE A8st9tt Al BH7F B
Aol 714" WEe2E AR st TH
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Table 2. Input data for MEASE

Variables PROCT 23, 25 PROC 24, 26 PROC 7
Physical form Not relevant Solid(high dustiness) Liquid, solid(high dustiness)
Molecular Weight 207.2 g/mol
Melting point 3275 T

Scale of operation

Content in the mixture
(including alloy)

Duration of exposure
Implemented RMMs

Industrial use
> 25%, 5~25%, 1~6%, { 1%

> 240 mins

No RMMs, generic LEV, general Ventilation

RMM efficiency based on

Lower confidence limit

" MEASE : Metal’s Estimation and Assessment of Substance exposure model, TPROC : Process category,

T RMM : Risk Management Measure

oA}, 5~25%, 1~5%, 1% ¢
gloJElo] s %%]?_} 7]f
IAoA S SIS
RMMs, ol E-EE fd H7E

9 FE 1T 5 Q= B9 ( 1%E &

(Table 2).

M 9 F o e 8 3HE & 4
Zet ZA4E F9 E71220 0.05mg/w'E UHRo]
T &Y =20 i3t Holle(risk characterization
ratio, RCR)}E ottt a7 1 ved of, 518
7Fset el okl sjAT 4= qlo, 1H T &
7Aeol= F7HQ E2fe 247 a4 EH gyl &
Aes 2ot e 42 AT =AY A
7FGFS et orstr] fsiA KISt 100 7
Aol= F7HR] &I RAE HESH= Ao| v
ZI5FCHECHA, 2016).

22K e 0%
R30It

1 ELH [ x

9 =E tﬂOIEi 250709 ¥ 4F V1A = T
H&E AxA67), ARAAdQ27), B T v
a4 F5 AxRAQ2A), 1R AxF077),
A4 24027, 74 71+ - 2% - HFSEEA
F AzxA117), E2aE 7FAE ARF104) 5
56302 RISt E3t o]F TAH(PROO)T &5
of wiet BF3F A3, Table 3% Zo] I F HF %
2 & 12719 PROCH Eso=z EFHUCH <oF
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14%(347NoAH &7 |5& 2ot9oH, A4 Bis
L= 0.040 mg/molTt. S 5 1373_8 45 2
F71ol FEotA] okt AR 389W8S 89kt
W Anl] AEskE HEEFAA BYET, /::i‘ﬂ A
He AFA HF ook oF 80%2] dlo]El:= Table
49] 57§ PROCOZE EFEHAJHPROC 23, 24, 25,

26, 7). 227158 2% A= BF ol Fgeial
or, 57§ PROCO] 39k =E HolE9] B 5k

= 0.049 mg/m'o]| it

o
) 12 - R BHOIN & FZ(PROC 23, 25)
B 5 o4k ﬂoﬂxﬂ Ao 9d 2 =
Zx 1: th:l- /KJ—%:

a5 el oS s
24:0] 9] B Tr(M2) Eso8 =AU BE
FtTable 4).

=4 W7k ARE PROC 2302 ¥5% 270l

7%z 7V BSiTh B B olgem Aesie
TAL EE 2B Fx HY, &9 FY, EEA

AA 9 IS Edst= dd FFoIH &35k
L 3 0.022 mg/m?, A 0.19 mg/m’E, =27

& 2Iok= F7o] oF 16%(157]1)0]9,113}. Figure 1
I} o] Edfish= "H”' nﬂoﬂ bt 25 9, 9 o
g HrlE 18 5 25 yUER ‘:‘EOP A3 BE
EES 540&73*?—7}%]'?JQ°“:} g2 o

=7
okst AT} sleFo @ ARRE|T 9lom. o] oF 5%

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(1): 19-33



Table 3. Lead exposure level by Process category and Activity class

230 M2 =u AT

Descriptive statistics(mg/m’)

Code - Keyword Total YTV ) 1/2 TLV T | e G N e
Total 250 34(14%) 55(22%)  0.040 0.005 0.227 0.000 3.423
PROC(Proess category)
23 Casting, tapping 93 15 22 0.022 0.008 0.036 0.000 0.190
24 Mechanical treatment 46 9 12 0.111 0.005 0.505 0.000 3.423
26 Handling of powder 33 6 13 0.042 0.010 0.124 0.000 0.718
7 Spraying 20 3 4 0.049 0.001 0.138 0.000 0.609
22 Melting, burning 14 1 0.009 0.005 0.010 0.000 0.036
25  Welding 10 1 3 0.033 0.005 0.076 0.000 0.246
4 Partially closed batch 10 - - 0.001 0.000 0.001 0.000 0.004
14 Pelletisation 7 - - 0.005 0.002 0.005 0.001 0.013
21 Handling of objects 7 - - 0.004 0.004 0.002 0.000 0.007
28  Maintenance 4 - - 0.004 0.004 0.002 0.001 0.006
15 Laboratory agents 5 - - 0.000 0.000 0.000 0.000 0.000
13 Dipping 1 - - 0.020 0.020 - 0.020 0.020
Activity class
M2  Pouring, tapping 103 16 25 0.023 0.007 0.041 0.000 0.246
S1 Fracturing, abrasion 32 8 10 0.155 0.008 0.603 0.000 3.423
P4 Falling of powders 17 3 7 0.021 0.008 0.023 0.000 0.071
P1  Contaminated objects 15 2 5 0.062 0.005 0.183 0.000 0.718
M6  Compressing of metal 14 1 2 0.010 0.003 0.016 0.000 0.054
M1 Smelting, melting 14 - 1 0.009 0.005 0.010 0.000 0.036
L1 Spraying(liquids) 13 2 3 0.027 0.004 0.050 0.000 0.149
P3  Movement, agitation 12 1 1 0.011 0.001 0.024 0.000 0.084
P2  Spraying(powders) 7 1 1 0.090 0.000 0.229 0.000 0.609
P5  Compressing of powders 7 - 0.005 0.002 0.005 0.001 0.013
S3  Impaction 2 - - 0.003 0.003 0.000 0.003 0.004
L2  Open reservoirs 1 - - 0.020 0.020 - 0.020 0.020
NA  Not applicable 13 - - 0.001 0.000 0.002 0.000 0.006

" TLV: Threshold Limit Value(0.05 mg/m*), T SD: Standard Deviation, T MIN: Minimum Value, § MAX:

Table 4. Lead exposure level by Activity class for processes with high lead exposure levels

Maximum value

(Unit : mg/m®)

PROC Activity class Total Y TLV™ ) 1/2 TLV. Mean  Median Maximum
PI;(;C M2(Pouring, tapping, drossing of molten metals) 93 15 22 0.022  0.008 0.190
PROC . . .
25 M2(Pouring, tapping, drossing of molten metals) 10 1 3 0.033  0.005 0.246
PROC  S1(Fraction, Abrasion, Grinding) 32 8 10 0.155  0.008 3.423
24 M6(Hot rolling, Shooting test) 14 1 2 0.010 0.003 0.054
PROC P1(Contaminated objects) 6 2 5 0.152  0.041 0.718
%% P3(Movement, Agitation) 10 1 1 0.013  0.004 0.084
P4(Falling of powders) 17 3 7 0.021  0.008 0.071
PROC P2(Spraying powders) 7 1 1 0.090 0.000 0.609
7 L1(Spraying liquids) 13 2 3 0.027  0.004 0.149
" PROC: Process Category ~ TLV : Threshold Limit Value(0.05 mg/m")
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Figure 1. Distribution of lead exposure concentrations in PROC 23 and 25 by types of lead
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Figure 2. Distribution of lead exposure concentrations in PROC 24 by the activity classes and types of lead
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Figure 3. Distribution of lead exposure concentrations in PROC 26 by activity classes
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Figure 4. RCR distribution of PROC 23-26 according to ventilation type and lead content using measurement and

modeling data
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