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A study on exposure assessment to lead in

workplace

Se-Min Oh and Dong-Wook Park

Industrial health Research Institute KISCO,
Kusan-dong 34-4, PuPyung-ku, Incheon, Korea 403-120

This study was conducted to investigate distribution of lead particles by
operation of industry, to evaluate the effect of particle size on the
absorption to workers, and to recommend the Occupational Health
Standard for lead. Results of this study are summarized as follows.
Aerodynamic Mass Median Diameters(MMD) of airborne lead particles in
the battery and litharge manufacturing industry were 14.1 gm and 15.1
f#m. The diameters in radiator manufacturing and secondary smelting
industry were 13 pgm, 49 pm, respectively. Those were significantly
smaller than the particle sizes in other industries(p<0.05). Total lead
concentrations in the secondary smelting industry were higher than thase
in the battery and litharge manufacturing industry. Total lead
concentrations in other industries except radiator manufacturing industry
exceeded the standard of 50 wg/m’. Only radiator manufacturing
industry indicated lead concentrations significantly lower than those in
other industries(p<0.05). Average blood lead level of workers was 85.1
pg/dt in secondary smelting manufacturing, 51.3 ug/dl in the battery
manufacturing , and below 40 wgg/dl in the litharge and radiator
manufacturing industry. Blood lead levels of workers by industry were
significantly different(p<0.05). From relationship between airborne lead
concentrations by size and lead in blood, confidence limits of airborne
lead concentration equivalent to 40 gg/d¢ of permissible limit in blood,
was 1479 - 4898 pg/m’ as total lead and 288 - 794 pg/m® as



ACGIH-RPM. It is recommended that two separate occupational health
standards for lead should be established by particle size. Airborne
concentration of 150 pg/m’® as total lead dust and 30 pg/m® as
respirable lead dust are recommended.

Key words : Mass Median Diameter(MMD) of lead particles
Respirable Particulate Mass of ACGIH
Lead concentration by particle size
Occupational Health Standards for total and
respirable lead
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I. 4 &
0SHAYX 1970d2] A]#3ad(part 1910.93 of the federal register
vol 36, no 157, pages 15101-15107, August 13, 1971)olM o F
712 HEEESE F 4047 ZRE JFLE 200 pg/n® 22 51T
gy 19719 u]F4kei 9] A AF 719 2] ¥ (American Conference of
Governmental Industrial Hygienists, ACGIH):= #HE&%EE 150 g
g/m* &% AL A st

1973 d u|ZZFatd el R AHFH(National Institute for
Occupational Safety and Health, NIOSH)old= Z7F 9 3 &%=
T2 200 pg/n® SEEEH 150 yg/m'lE WS A Fo JgoE 3
L ¥ IHE oSHAo| ASstech Y 1972d¢f NIOSHE 4dele] E9F
Y=o = 80-100 pg/dios & AL FHa3gr).

197549 109e] OSHAE EAF HdesF 60 pe/dlE 77 9
sl Z7F 9 FESESE F 40X Z2FE d32= 100 pg/n?
o= Hestgct. o] ¥ NIOSHE A%E 718 AFEINS F3 318
BE(F 40X 71E)E 50 ug/n’ 22 F gt

NIOSHE 1978\ 9] BIarMolA t}A] 3&5x2] AFE ZEsH4d
t}. F3x AzxY 2EA7 =2HE 271F 955 150 pe/n® of 3
GELE HaZ SEE 60 pg/deolR o|AT wRN HF5 FHE
o] el 27t A, Y 275 e H855E 100 pg/m® 22
32 HaE Jesl 60 pg/de oS GE 22 0SHAS| = etstgdct.

0SHA:= o] ¥ %44 (heme synthesis), 413 A F(nervous
system), Hlx7]#A%(renal system), A4 HF(reproductive
system), 12|31 $] @A S(gastrointestinal system)o] FA3|E 7]
gicia dE A, ol T AR Py FE 2= JAFEE
2 931 19794 3¥o] 2J1F o] S &EEE 50 pg/n’, 223 ¥
dF YT 40 pg/dio=E Fste F8 JE8E FESIATHOSHA,
1991). 1979 o|¥ 0SHA: ¥ 3 3ste dFEE €3BT /A7
(effective period)S Fo| o] 7|&& SAHESF stdct. upHd ol 1989
d 39 19 ¥ U AIAY =25 BE 4F9] 377 dEs



8 50 ug/m’eE F33 U F YHEES 40 pg/doE o] Wzt
=] #e]s] 231 9lch(0SHA, 1990).

¥E, feuelde W HEEES 19839 5% 24 Al
ZoflM 150 pg/m’® &2 MdAsPon, 1986 %5 2] H86-453
M xE o] 7]Eo] o]-&HUct o]Z2 ACGIHE] Lol AT Ao
2 ofAAct. o] F 19889 129 23¢9 =% 74| H88-69F 2] 13} 7
BollM F 697 F2] RIEAY LSS A AASHAN Yo 8
=& 50 pg/m’oE YFgon, MAZAL 0SHAZ} ACGIHE Y 22§
B3I F3o|r},

olE T &=t 19919 3¥ 30¢Y 5% A H91-21F 9]
22} oM E Halx] 43 FA7AR] o|gHI gloet I Hqt 23
Lieteld o] FHE5E HEHol oig =3r2 wigich 19934 119
30el o1 =55 Yot AT Y&ATLAAIYGS] Yneo
2 ART £949 F9 st ‘9 HEsxe EAE BEH 9 a4
Y 753 Betoly de HEEES FEF 6l Qo). o] A B3
ME BE 2o 50 %0l & AMSshE 3 AHZ2YoHE sl
50 pg/n’S FB9 544 £4% + givks Aol o] dFoN Y
8] FI1F FEE 150pe/n’ & 25t Qlou} H2 1-24d o] A
A LA 1-2 sF = yhol WA dgiti= 2AE A shA A
S8 EEE 100 pg/m' o2 F3a 2d 7He] Sos|te FF o] 7
TUL 150 pg/n’o 2 {ASAE FHL =58 HSsidc).

2% 7% A9 LEE FHo] AY AFo|N BAZF Y
o HEEEF 0pe/m’ 02 & A HAsH/E sHedc).

ACGIHE JI=8 H3PE, A, 4 £3 Fo dsiy 223
I IEHEACE HESEE TE5I QIch(ACGIH, 1995). U=} =
71’8 71Ee]l Mgtz dest ol e FaEHols FHgHojof girh
= F3X Yl 0SHA2} ACGIHS] ol ti3t s EFE: dxtard 3
=8lol ©A FEEEA 50 pg/m® ot THEE] =& oz A 27|
% 99 F9ue U3t Aor}

T3 F544 FA8eE o5t W kxBESolHN F580] 2



220 i1 dFe 2EX ] AFS AAH 4+ ol e o=EAN
OSHA: Z}E A A duFeMe FZF2E £33YAY d2o o
3 o] Rz At F, oldT gFS ALl olAY
3 5¢t Jeo] #HelsS(Action Level, 30 pg/m® ) ujulojgjeonz
Zl7t =& gt 28y ol HAFHoAN ZFete == €
AEF St Ut I FU 385EE Aot Ao E 3Y
o 4ol o ddAY vl 287 HA dokoen] g F o
A% LFxot 1o o VYF Yoty BATNE dF s

olH7A] FAE dU=te IZE HA4 #HEE A7 @A
dx fEvels As QIch King F(1970)2 WHFH=A(lead-acid
battery)® =Y, A Aa Z (pigment ), 1} dH#Ed (primary
smelting)e]l 273l 10182 ZEx}e] ofiste] dH=te] AF & =4
.&I_ﬁt'l_{ﬂi

Hodgkins F2(1990) 3= Az ZFst= 4038 Z=EXE
4oz gddxt 279 548 2Ast: @9 378 5 PRl o
2t 2o F520e] BAE vl Aoz vjIsEy HFT T3 5
4oz s Y=o HFHo] FArhw Hrl AAF 2559 FHEo] W
asictz FFstgot® agu ga] 32 A2y 7 gyeE A
7t w8 EH g G F dFe F4& gsta] Bl

AdFEHE T 333 FdUgol 2 dd=xlar] 549 vz
2t 37 7ol "AF dolu IPPEEel nAE A it 2AS
53 do 54oE FE ZEAF AA #AY + &= de] AHA
¥|ojo} gic}

2 474 32 Ay 37 Higeol €49F ¢ IPPexwE
of ulx= %S YrlEl2 8 EY ElG4S AES = o qrh.

2 dFdE dol digt Eldd s8sse] dAo ¥ed $+ 4
= 2o = mighHo,



II. a3 2 U3

1. a4

ZAI S E 1o B vig} o] F 471 dF2] 1271 A e
A A A=Y 474, BdT] A=Y 374, 23 dA#EY 274
= g AhA] A2y L4t F7F LS ARAgE A4
E 1198 & dyde= sjgrch

Table 1. Classification of Industries and Samples

No,of samples

Industry No.of plants

air borne blood
'Secondary smelting % 20 6
Radiator manufacturing 3 80 43
Battery manufacturing 4 93 44
Lithage manufacturing 3 45 26
Total 12 238 & 119

g E 238 2EAE dAdes stgdEd, 22 AP 20
B, Yd7] A=Y 80, A=A A=xY 939, 1 A A=Y
453 o] 2ic}.

FTAEE WA I7E sx=ee] #AE 457 Hs dd=e
AAJMN=ZAH S ¢ =2} 119% F 101Ho) 4 IS 2354}

2. ¥y

7t Ed=e] 271E A 2@ =R
Z71% dd=l:=  8%tAe]  Marple Personal Cascade
Impactor(Model 298, Anderson Sampler, Inc., U.S.A)8} 7]¢l g A&
221 7] (Model MSA 87004, MSA, U.S.A)E Al&3te] xja]stdct. A&
F Aol Gd=E =Fs17] A% o= 9l Mylar Substrate(Anderson

- 4 —



Stock # C-290-MY, Anderson Sampler, Inc., U.S.A)e| A& Z(Dow
Corning 316 Silicone Release Spray, Dow Chemicals, U.S.A)S FE
st} sTtAZHA] FHstddrt. oA dUA7t iHE(bounce)of &3t &
Aol golubA] il H A3 AAH EYHEFK ¢ Rojcp. 1Y
a2l o oz whAle]l:= PVC(5 um pore size, poly vinyl
chloride, Anderson Stock # F-290-P5, Anderson Sampler, Inc.,
U.S.A)HEHE FHslo 3] 379 EFS 534 ik, 33 A
2] 442 2 L/min2 2 3o §t ©HA (impactor stages)olld EZAH o
217} ok SAZ EHo] do] UA Ud=F spgct Y
zt Aol FEHe A" LAY fESHAAF
(effective cut-point diameter , ECD)2 ¥ 22} Zrc}.

Table 2. Cut-Point Diameter of Personal Cascade
Impactor at 2 Lpm

Impactor Stage No, Cut-Point Diameter(microns)
1 »21.3
2 14.8
3 9.8
4 6.0
5 3.5
(] 1.55
7 0.93
8 0.52
Backup filter 0

7} A 2] ST AR F oHELE F YHL=E W
3 FFTE 3 AMHASI 2495 AASI AMgstdct. & dAL F
S8 ARAF F oHMELE Y FIAoE G FHTE 3 4
A3l 24 S H 7St A&t

A AFAg= XA A8 (nicrowave digestion system, CEM

e, B



corporation, U,S. A)& o] &34},
A= E HAe] §7of] YL 2 nl ¥ 3L (ashing acid, HNO;
: HC10,=4:1)& H7lslo] & 32} B2 27Ac 8 A sigc) A

Az 8 892 E47A=o] wel 348 (ashing acid®] 5% gof)e
2 HF &3S 2dst.

Table 3. Pretreatment Condition of Microwave

Digestion System

Stage
Program Variable
1 2 3

Power(%) 100 100 100
Pressure(psig) 160 180 200
Temperature(T) 160 180 200
Run time(min) 05:00 15:00 30:00
Tap time (min) 30:00 10: 00 20:00
Fan speed(%) 100 100 100

AMEA:H F Z dAEE HAE d2 4AFsEEIAEA
(Varian 300 plus, Varian, Australia)® E435}ddc} 7178 EM=
A2 & 49 Ao

2 2AEE AANE 99 37 EXE U$+¥YE 2d=(log -
probability graph)ef EAlstgdch delzle] HFIAHL R3 x|
50 xof {FHE ZVIE st A A JstEFHAE HFH
B< ¥ FxH 16 o] FHIEHE AVNE oA It dd=t
2] 3718 =& F5x, 0SHAY 1m o3t v& 9 434 55 O
2|31 ACGIHE] FY4d, FH48., TFHYSEE FEslo Bastigc

i



zZte] 5§ F5t= 92 ACGIHG] A EAsFe =EJAL
Hinds(1986)7} -8t uwt¥ .S o]-g3}g

Table 4. Analytical Condition of Atomic Absorption

Spectroscophy

Instrument Parameter Condition
Instrument mode absorbance
Calibration mode calibration graph
Measurement mode peak height
Lamp current (mA) 6]

Slit width (nm) 0.5
Wavelength(nm) 283.3
Measurement time (sec) 2.1
Background correction on

Maximum absorbance 2.00




. HaA3 2 ¥AF d3 Zpr 24

AHE Y2 deol =EHHA U2 dHuleE HeKR
(heparinized) @23 FHeo| Y2 F FA| Zsidct. 45 ¢
42 FAEFA FAE SAFTFEZHE=A (Spectra AA-300/400
Zeeman, Varian, Australia, Pty Ltd)E &g},

71718] EMzAL F 5% Z2 2 19 HEFE 7Y (standard
addition) 22 F#s}4c)

. BYF ZPP= EUE FAviFello] 1'¥=2(38 pl) FE Ho=7 ¥
Hematofluorometer(Model, AVIV 206)% 4 3}g ).

Table 5. Analytical Condition of AAS with Graphite

Furnace

Furnace Farameter

Instrument Farameter

Step Temp. Time Gas Flow Gas Read
No. (T)  (sec) (L/min) Type Command

Instrument mode absorbance 1 a5 50 3.0 Normal Ko
Calibration mode standard additions 2 g5 40,0 3.0 Kormal No
Measurement mode peak height 3 120 10,0 3.0 Normal No
Lamp current (mh) 5 4 300 50 3.0 Normal Ho
Slit width (nm) 0.5 5 800 0.0 3.0 Normal Ho
Wavelength(nm) 283.3 G 800 0.0 3.0 Hormal No
Measurement time(sec) 2.1 7 800 20 0.0 Normal No
Background correction on g 2300 1.1 0.0 Normal Yes
Maximum absorbance 2,00 9 2300 2.0 0.0 Hormal Yes
10 2600 20 30 Hormal No
11 2600 4.0 3.0 Normal Ko
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3. €49F 93 ZPPEx2] o] ¥¥E A= HS
A3z 4 4y

<232 @9F U3} IPPrxol 43S e HEE F 631 ¥
of F&stdrt. tFHARY 12 oF Jdo #HEHE o Fsi7] 7
Zola, tfFHARY 11 A F IPP & HIHE o357 s =2
dojct. & Aol F Efe] FFIHOE o|§T W4 TUFE W
=, 9, B33 38 e, 25717, 2P (workload)o]qic).

Table 6. Variables Entered into Multiple Regression Model

Variable Classification

Dependent
Model 1 Lead Concentration in Blood{ pzg/df)
Model II  ZPP Concentration in Blood( pg/de)

Independent

Lead in air( gg/m?* ) Total lead,
ACGIH-IPM, ACGIH-TPM, ACGIH-RPM
OSHA-Respirable Mass{ < 1 wgm)
OSHA-Ingestible Mass( > 1 um)

Smoking Smoking, no smoking

Protective equipment on, off

Workload Heavy, Moderate, Light

Work duration Classification by months( <5, 5-24, 24<)

37F s+ T E¥Xx, ACGIHOAM Heolgh Fd4d, #¥44, &
F4559" osHAClM Foly TEMH, L34 ¥EE FEIACGF
AdPS U= AYAES doFoe 37 WF2 FEs o]
¥ (discrete variable)® sjgich &, dF 9 FIPdA=E guhy
4 efxe] met FFE 2= FUAEe HFE ACGIHo| 2%t 7=
& Haste] FRPTF®

delzle] 37 543 g99F 2} ZPrele A W FHLExe 2

e g e



AL 11989 B7F & 5% 223 FolA o] AAFHE 1017
g ezt 278 wxo @9F Y= BAE 45t

AEd == HAF HI IPPeE: 238 S HHoE F45
drt. Jdzte] Z7|H4gol BAF d IPPExE njH= ¥ 101
Heo| 2] gt F7F AR AVNE Fxo olE ¥AF A
PP X, 7IEl H4-EE EYSIe] 24514

= F



I11. 23 2 3%

1. 371F 9949 327 &%

dF % F34d Jd=e FF L F 73 2 20] HAHo] i)
HFEHE U= BFAF LS GF5AA] A=2go| 1413, 2HE
2E 12.3un- 16.6 09 HAZ & Ao]7} ¢12THp=0.0001). o]ZL
o] ME AHE o3, d=FFY Jdie] =X, Ax, =29, 23
2 AEE Fo AS vidEE G454 g el 2ol

Table 7. Mass Median Diameter(MMD) of Lead Aerosols by
Industry and Operation

Mass Median Diameter(MMD)

Industry
No. of Sample MMD{um) GSD
Secondary smelting 6 4.9 5.0
Radiator manufacturing 43 1.3 9.6
Battery manufacturing 44 14.1 1.5
Litharge manufacturing 26 15.1 1.7
Total 119 h.8 6.3

GSD : Geometric Standard Deviation

Hodgkins(1992)7} -3 2718 FHx| Azge F3E IAF & &
B A% (paste machine)7} 23.4 gn2 A 7} &3 CE ZTAEL
10.9um - 19.8 pn?] HHE Ho £ A7 I A9 Aot Holx]
olotth? glapz] A ZAoAM 15.1un2 M vfS A2, 23 4 FHAYL
4 9pumm 223 WE7] HEYL 1.3 pn2 A Fglr) 2z AHEadS &



Aol WA= E IdUAtE 322 gsjE(blast furnace)olld H
2= o 4ES ¢4 doE AN ERE &2 AU &
Ael2 A= r] dEelct. WEr] ARIE = otMEdY ==Y
Hof 2j%t 2000 T olAfe] 2o WS SFSER WAHE= dUA
2] Heles ool FAdelolrt.

Froines 5(1986)] 13 dAH#AUe] FFHUE 2 JARAH 27
AAA7] ZaelA 13 A7 e] L& E(furnace)= 3.3 pm 2L F
Z(pouring)e 2.1 gnE 2 A3 AA(1.6 go)ETt ZF -

SA 2} 2aA] A=xPY FHFL FAHLE FAT Fol7t 4
th(p>0.05). 28y} 23 ALY Hd7] A=2Gelde= ot E dF2 +
ol5tA ciE AFEEF Bt (p<0.05).

- 13-
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Figure 2. Mass median diameter by type of industry.




2. dd#AL] A7 5=

7t "5 E

dEdE ZTAE Fd JsEFsEE & 99 T(1)e AAFH
olct. d4Fd d9 7stEE s 23 AHAo] 575.4 pe/m® oF
73 B3 Az Aol 354.8 pe/m, IS TAE HAZYe|
269.2 pg/m* 2% LUelgrt, olF 4F L 4 FRMAE BT H&F
=5 27sidc. $dr] HAzdw o 4dF3 /fAT "dsE AlS
3 o h(p<0.05).

22 APPL =R 20908 olug FHFIEL L£FEUA FHoE
M BE ZAy Aol g2 HF FLur]Ade] dxHof
ol=] eigksl, EFI AWy I3 A= AYAZ R 4 Fol =
2559 F712 1AL Aol € £ ddrh

Gartiside 5(1993)2 ¢teujul(Alabana)?] HFHH=] HA P2 143
2222 =&%5 HelE 30 pg/m® oM 160 upg/m® oleli, o F
10 o] 0SHAS] 3| 8558 234% ez wasgc'”

234z RIS gRo] =Y 7|3hS ¥ = dAunlrlo] o3| upFe
3l FF (grinding)o] 5012 pg/w* 22 713 U3, 7% HZFH
2 85 peg/m® 22 713 Jdolrh  Matte 5(1989)2 =}jnle]zte] 37
Az AgFeAe] HF Y Ee] HHS 0.03 mg/m® oA 5.3
ng/m® 22 BI5g 3" Kalin5(1986)2 S%H(Sudan)ofr A=
HAxZFe] 3715 BF ds=E HAS 1.8 mg/m® - 2.2 ng/n® 22
Bastgot’? ot 2= B A7 AH(354.8 pg/n® )HT HA 2
th. Chavalintnitikul 5(1984)¢] n]3e] §t &A= FHXYgely B
T EFEE s HEEXE FF] 99.9 pg/m® (H9E 90.6 pg/m
2 - 114.2 pg/w® ) 283 FER(ZYEF)FALS 71.2 pg/n® (HY
= 16.1 pg/n® - 164.8 pg/n® )02 BIASHAC}H ™

Booher 5(1989) 2 1980-1985¢ 7i=] 6712 FA=] A= A3l

- ]5 —



1,100 o™ Z2AE Udes dhedexs HES XAl5igc. 1980
do] B 58.0 pg/n® ol I o]F2E 25 pg/m® - 38.9 pg/m® 9
HelS Uetd Aoz ¥astadoh? Hodgkins(1990)= 2712 == x|
Az ol 22 =2F B G557 37.8 peg/m® 93 HYE
7.3 pg/n® o)A 129 pg/e® 0= R astgch?

ARS8 FF Folg THHLEHN 29 H3e WA= A
HIyhS gt=X 412 (expanded type)S o] &35t= A$7 wrl. o]
2 Fiol ¥ FAHA Az AEY BFHolFolu 2 Fo A
oA 29 "hg YAY £ o] F7F dsEI $a #esp 94X
golsict. did, FAFo|u fevel FHA Az FHLE diEol
F+ZF W (casting type)o|t}t. o] FHE 7|zigle] =X 413 o
ZETY olF A&KHA vlE T F3AYPLs e, ua, deiHE
7Fed & ZHAA 7] diEel AYF =8 dsaddo] E £ v
glgicis 2o}

. ¥ 3 ACGIHS FYUE, T8 9 TFYE drxete #A

F 9= o pA8Y & dere U4, FHY, TEFY x99
BASE dFE= eld Fojr)

T4 Yl wdr] A2de 16.2 pg/n® & HYSaE g2
AFS HAEsEE U =5t

22t HHFGLS 457.1 pe/n® , HAHA H=2YS 239.9 pg/w® , 17
2 A ARYLS 195.0 pg/n® gl FFESEE Wy RIS
A% ol dFolAHE ALFES A 225t TEFY SEE 2
A HAPe AL 208.9 pg/m® 0% FEEEE 4] o] st 4
Ch 23 AEhol e LAHE AR F7E FEFEE & o U

T 55 4 74l o dFel uld] o9 sria wichHEc
T o= FU4. F44, TEY =9t B R HABAE

_16_



Table 8, Relationship between Total Lead Concentration and

Concentration of ACGIH Classified Fraction

(Independent, X=Total Lead, Dependent, Y=IPM, TPM, RPM)

Relationship between Total Lead and

Industry
1PM TPM RPM
Secondary smelting y=1.04 x - 0.21 y=120%x - 0,86 y=1.45x - 1.69
(r’=0.96, p=0.0005) (r’=0.72, p=0.0326) (r’=0.61, p=0.0650)
Radiator manufacturing y=098x - 0.05 y =090 x - 0.10 y=077Tx -0.08
(r®=0.99, p=0.0001) (r’-0.86, p=0.0001)  (r®:0.59, p=0.0001)
Battery manufacturing y=098x -0.11 y=088x -023 y=0.76x - 0.40
{r®=0,98, p=0.0001) (r’=0,97, p=0.0001)  (r®:0.89, p=0.0001)
Litharge manufacturing y=010x -0.17 vy =099 x -0 .44 vy =087 x - 0,53
(r'=0.95. p=0.0001) (r’=0.93, p=0.0001) (r?=0,80, p=000001)
Total y-=0.96 x - 006 y=08"x -0.12 y=0.71x -0.09
(r=0.98, p=0.0001)  (r®=0.95, p=0.0001) (r°=0.80, p=0.0001)
x = log(total lead), pg/m* , vy = log(IPM, TPM or RPM), ug/m?®

IPM : Inhalable Particulate Mass, TPM : Thoracic Particulate Mass

RPM : Respirable Particulate Mass

BAtHp=0.0001). ¥ H=7t 571 Yol e} FUd, F44, TFA
TEE F75t9). oA ddAlY AVEE HEI AR cEre
2& Yehd= ZAojrl.

AFE VAREL ST F Y5EE FH BHo| He IR
2 F5§ d&st=d ol &% + Al

3] Azdold 9 =2 ACGIHY T FHUxHs=9te] #A
+ log Y = 0.76log X - 0.40(p=0.0001)o]22 HH L 89 x=4 c}=
AdFoll vl3] Eadct.

- I7 -



Th. OSHA2} ACGIHO|AM B3t THEY w54 ulz

3 92] ZF(2)= 0SHASH ACGIHOM ¥ EFY =71 F ds
EoflA A3t v &S Uehd Zlojc).

38 32 F 718olM Bt TFAE wxe =249 HARY
S 8|2 & Aojrt.

Table 9. Comparison of ACGIH Respirable Fraction and OSHA's
Small Particle( { 1 um)

(1) Total Lead (2) Respirable Fraction{%)

Industry e
GM(ug/a’) GSD OSHA ACGIH
Secondary smelting 575.4 1.7 24,5 £ 23.8 43.3 =* 25,6
Radizator manufacturing 19.1 2.1 41.3 £ 19.4 48,9 X 22.5
Battery manufacturing 354.8 4.7 53 * h.4 10.9 +'57F
Litharge manufacturing 269.2 6.9 Ed. & 8.5 165 +.10.7
Total 117.5 7.1 19.1 * 21.8 27.5 + 235

GM : Geometric Mean, GSD : Geometric Standard Deviation

32 A=z T de= FollA 0SHAMAM Hegt 1 gmo|st I
718 3F =2 #7492 5.3 %o]3L ACGIHE:= 10.9 %o]2ic}.

gtz HzAL F 5k FolAM 0sHAL I FY =9 HFE2
4.3 %0|3L ACGIHE 16.5 = Ho|7} glgict. A= A=Yz} 2 A=)
A=zAZ F 71BolA FAT ITFY == el FoFt o]z} gl
(p=0.0001).

2z A2 F5x Fol 0sHAS] E/YE =9 AU[EE 24.5
%0]31 ACGIHE= 43.3 xo|gqich. el ¥d7] 2P F dEso o
T F 71BN BT TEFY = T2 41.3 %2} 48.9 =24
vl st A YEr .

R



HE7l Azxd 2z AAYelM ACGIHY] FFY wEE FAFe
Z f2Ft Hol7t gt (p=0.2720 T 0.2394). uwiepd deizpe] A
Bol oS dFel uvlsl Fokd Hdr] A== 23 Adde F A#
oM BT TEFAE =9 TFu[Lo| HEsicia € 4 Qch

3% 3& B F BN FF! TFEY BEE 55750 &
g/molstel e 71277} vl&kstdnt. 2dU & dsErt ZrtstEA
T 718N FoAw ZTFHY = ol A qlddrct. F, ACGIHS]
TEY = 77t B & ZAoE Yelyrd

OSHAS} ACGIHOlH Heg TFY w52 5o Uit {8
s 2 o, Ydss =Y AFo] g £5F F /@A 39
T EFE 59 FHole AUt E§ f4Fd, FIEUE 55 Fo
] ACGIH®] EE4%= HHE&2 8.4 - 67.5 xo]glaL, 1 umo]3} 27|
FTES HHE HAE 0.9 - 63 x5 TgsiA Ueldc. oA dF
H, TAEE ¥EHs ddAe] 27 FE FA4o] tErE Ag Y
Bl Zolot. gty Fdo=d d85=e) gl 27 e
7t FAE T o] AJBAFZA LS sfdEojol ¥ Aoz st
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Figure 3. Relationship of total and respirable lead
concentration(0SHA ‘s and ACGIH's definitions
respectively).




3. d3d 2=2#9] 9F 42 PP

dFE ZAfY 22212 92 Y3} IPPEES ¥ 103 Yol
% 23889 BF HAdF Yl 36.3 pg/dio]gdl, IPPEEL
47 86 pg/desich.

Table 12. Lead and ZPP Concentration by Industry

Mo, of Lead in Blood ZPP
Industry

Workers GM{ ug/dd) GSD G pgsdl) GSD
Secondary smelting 20 85.11 1.41 186. 21 2.09
Radiator manufacturing a0 19, 50 1.62 14,13 2.34
Battery manufacturing a3 51.29 1.55 95, 50 1.99
Litharge manufacturing 45 37. 15 1.38 56, 86 2.19
Total 238 36. 31 1.91 47.86 3.31

GM ¢ Geometric Mean, GSD : Geometric Standard Deviation

dFH=E B, 23 HAo| 85.11 ug/de T A L}l akg]el
ARAYANA Asts AETAQA 60 pg/de-g =35 Qg™

Gitteman 5©](1994) <deluju}(Alabama)e] SA x| a2 e 15
B ZEA] BFF AF YEEl 65.8ug/dl (U 9-86 g/
de)Z A B AF7H2H(85.11 pg/de)BTis =2 uigic)

FHx] =Yg HFAEELE 51.29 pg/deos FoFA Sl 40-60
ug/dio] %3ttt Leerl 1982do] XM= A=Y 22} 2348 S o
HoE ZAY PAF Y EE 53.8 pg/dt BN 2 d7Ae} 2
2ol 7} gleich.

$d7 Azd 2lAA] AzxYe B IFEEE 22 19.50 &
g/de3} 37.15 pe/doE FHEI|FE 40 pg/deo]stel Ho =z UEelyic)

s B



Scheffe?] t}=u]lZ(multiple comparision)o] 2]8F € = oL
RE QJdFEE ME RAT s olE E3rH(p<0.05).

BE dF2 HA9F 7PPY 3B AdeEL 47.86 pg/dloE AHY]
tAR AN FoFA H=(100-150 pg/de)o] 512 Lejydch.

FA=] H=Ye] IPPEEE 95.50ug/d oS FRASE w|ThE
Boch wdr e glaa A=x9e IPPe:=: Ztzb 14.13 perdid
56.86 ug/dl o2 F2|3HA Fko HH Rulx:= £ELE ZAHEAC
Scheffe?] TlFu|o] 2|3t 4 F PP 5L EE dFHE Fo%
EExelE BAcHp<0.05).

4. AL A7E s €5 3] AdA A%
371F o s&sx=s 73

E 112 Ed=te] 37E sxo 895 d3e FAE EE AdF
S FHF Az} FAFo] FAM dF7iEl FEste] AT Zolt. o]
BARDE o]§3l] BAF o 585 (40g/de)ell 23] o]FH 95
x AZ7-2ke] gelzt 278 = A= Yty

BE AZF S T3t EMY A, T2 147.9 - 489.8 e/
o, SYHEEE 112.2 - 398.1 wg/ud, 2345 SE 147.9 - 478.6
wg/u, 223 F44 FE=75.9 - 165.9 ;g/nd O F S SFEo] HA
o] 5| 8%%50l 50 sg/m Tt &ttt 0SHAY 1 gmolst 37| X W4
£ 13.8 - 39.7 /2N WY 3 &= B} Wit ACGIHS] X
4 do 25 ¥Hel 28.8 - 79.4 g/ M 35 =(28.8 g/ )
7} EAe FHEEE 50 g/ BT} Wit

T, Jddxiey FZFo| vt FHE FE5I HYF I35l &+
ot 2 9 ACGIHY] EFAd¥ s & F435to] Boltl 3=} 7
AR g Fell = 2 #AI Rf2stA Wl

. .



Table 11. Estimation of Airborne Lead Standard Using Relati-
onship between Lead Concentration by Size and
Lead Concentration in Blood

Airborne Dependent = Lead in Blood Airborne Lead Concentration
Lead by Limits equivalent to
size Model o P A0pg /dE( g/ nd)

All manufacturing industry

Total Lead log Y=1.13 « 0.191cg X 0,35 0,0001 147.9 - 489.8
IPM log Y=1.15 + 0.191cg X 0,33 0.0001 112.2 - 398.1
TPM log Y=1.17 + 0.211lcg ¥ 0.33 0.0001 75.9 - 165.9
RPM log Y=1.21 + 0.231og X 0.32 0.0001 28.8 - 79.4
0SHA-Respirable log Y=1.29 + 0.23leg X 0.22 0.0001 13.8 - 39.7
0SHA-Ingestible log Y=1.19 + 0. 17leg X 0,34  0,0001 147.9 - 478.6

Litharge and Battery manufacturing

Total Lead and RPM nonsignificant

Fadiator and furnace of secondary swelting manufacturing
Total Lead log ¥=0.99 + 0. 38log X 0.49 0.0001 54.9 - 165.0
RPM log ¥=0.90 + 0.38log X 0.49 0.0001 22,9 - 72 4

IPM : Inspirable Particulate Mass
TPM : Thoracic Particulate Mass
RPM : Respirable Particulate Mass

23 A SHTF(HAA:1.6 pn)F FA/A=PY 8H(H
Z:1.4 puo} 0.1 pu)& FUT FSE 2 FAT BF Fsian.
olE gFolM HAF W&ol dFH T s=EHAE 54.9 -
165.0 wg/ i3, ACGIHE T F{HAH =& 22.9 - 72.4 g/f 28 UE}
doh dFS YUt ST JddA 271 sttt xet vl2d E o
499 F% Hol7t et ACGIHY ZFHFEE HlxT A= 4
Eixitt. olHH YF Wzl A5 «H4FE ddA A7E =

- 23—



2] H97t 247 o A2 343 277t g9 F dese] A= o2
43S nX7] dEocs wgHc meld ddal Id SeUE 5
Aol AE o dFol ZFste ZEAES AL&Fox ALty A
E 84 Fdo=wt 43E 3E&HEE dYal 37 aE BE2
=4 "avt o, F§, EHESEE FI=EolY dest, Mergdz)
#ol] FY dexd T o= TR € oz gigkdc). Br
FH A FHEexs] HdFZAL 1 vEE oS3 g

3E&exd dF2 FAF L= 40mg/deo] o3 oFR
ACGIHS] &4 d2 FHY s H9 T sis=EF ZAZE sddr
oA L sittpEe EEHE= T2 95 % o]4de] @AF YHET] 40
g/ deo]3t2 Feld 4 gtk YujofA ol &stdct TEAH dE Ly
=& ACGIHS] ZEFH 59 oFE 3ittsx 28.8 mg/ndo] A5t
30 /il T HAS BEE 4Fol FLY e FAcHy 43
). 323 &3} &Y F B2 & o855 HIF dF=E T
4 d58w ol HEF Wols © Zlos FivtHr). oL TFH o
5&55e 30 wg/nio] WE7] T4 AdFHE FE5o] o ST ACCIHY
TEHY s =(22.9 g / w )2t 2 Zol7t ¢l9l7] diEolct.

249 ALext T4 oSGH sEEQ 147.9 g/nid] ZH
Bl 150 g/ % WA BE dFeol L&Y FA S AHgicl (a2
5HX). o] FEL WEIl T dFolAM dFHE FH siEEE(54.9
mw/m)Bct o gof 832t 83 5 &2 2EF o &5 HAZUE
22219 BAZREe EA7 € £ grt. 6o dFEE FHEFE
7t HAstA dBE B ESHY He oiFPA Bk ol EAE
= TAo] sFEs: WHES T TEY FREEFS BE dFe F
ot EFEF st Zojrl. tia] wWabdE dof ot AgBHFSH L
2H TEY d5EE EF IEFK sl ZEA =297 78
TEER 3HY 2 1A s & BF A of



= N log Y = 1.206 + 0.233 log X
= (n=101, r’= 0.32, p=0.0001)
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Figure 4. Relationship between lead concentration in blood

and respirable lead concentration by definition
of ACGIH,
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Iv. 8 &

dE:Ez UAHE 275 dd=y 37 54 dot B3 oY
EMdo] ZE2x}e] FAE Y} PP E ojHE VS A=A 41
ste] Bl o 38 FES FHetslazxt £ 75 dAsgrt.

gd=2A= 2} g Azde AFFoAAB Aol FAHLE 7
2|3t zlol 7t QAL (p>0.05), 23 MAP 2} w7 H2AY FAZF L o}
£ 94FE8g FostA Ladrh(p<0.05).

d2d 2 dd=te] JstEdssE B 23 A@YelA 575.4
pg/m* 02 71 o3, HAA HZAoMH & 354.8pg/m’ , I
gl atx] HZPolME 269.2pg/m® olgct. WA7] A=A E 19.1
pg/m* 02 TIE dFHch o 5HA ¥akth(p<0.05).

22t d9F Y=t 23 AAGolA 85 1pg/d, FHAA]
Hzgol e 51.3pg/de, BE7] AU 2AA ARLAAME 19.1
pg/dt 2} 37.2pg/dE PFEE YAF 5ol FAT Fol7t
919l ch(p<0.05).

delzte] A7 s BdF dixEss] #A 242 FH €Y
Z Y43 8559 40mg/deo] sl 95 x A=]pzie] Wizt I7E
EE H9E A2% A, TUEELE 147.9 - 489. 8/ w2l BF
deal == 28.8 - 79.4g/miol gt oA WA A7 WE Y
F dExe Hi ME g 9L uHE AE yehde Zeolth.
gty 2F71F ' d8eEE AYRFSFEYH get T TH
4 g SEeEE TEY S vt TFY He HEsEs ¥
Az g3 859 ACCIHY ITFAH dxbs=ote] #A A 5% 3t
*=5(28.8 sg/nd)o] ZASY 30m/ndlE i3, FdY HEFEE
3d YASEE H L3l 5% SUEE(147.9 wm/of)o] 2o
150 sg/nd 22 HAAY 7L FH U}
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