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Estimation of Occupational Health Standard by Relationship between
Airborne Lead Concentration by Particle Size and Lead in Blood
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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. Total lead concentrations in the secondary smelting industry were higher
than those in the battery and litharge manufacturing industry. Total lead concentrations in other
industries except radiator manufacturing industry exceeded the standard of 50 ug/w®. Only radiator
manufacturing industry indicated lead concentrations significantly lower than those in other indus-
tries(p<0.05). Average blood lead level of workers was 85.1 1g/dl in secondary smelting manufac-
turing, 51.3 ug/dl in the battery manufacturing , and below 40 ug/dl in the litharge and radiator man-
ufacturing 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 atrborne lead concentration equivalent to 40 ug/d! of permissible limit in blood, was 147.9 - 489.8
wg/me as total lead and 28.8 - 79.4 ug/me as ACGIH-RPM. It is recommended that two separate occu-
pational health standards for lead should be established by particle size. Airborme concentration of

150 ug/mr as total lead dust and 30 g/ as respirable lead dust was recommended.

Key Words : Lead concentration by particle size, Occupational Heaith $tandards for total and res-
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1979 39l " FAIHHA B A% (Occupational
Safety and Health Administration, OSHA)-
gol d ¥4, 473 A%, A% A%, A4 A%, 2
g3 23td AlFel AN E oldtn 2 A
3, ol3d AR ddFges RE Z2A AR
ZE Y8lA T 2o A& F=EE 50 we/m, 1
g3 AF FrEe 40 w/d=Z Fshe T8 W&
< ZEIIYTH(OSHA, 1990). 19799 °lF
OSHAE @< FAFdte 4342 43T a7t
S Fo] o] 7|EE GAHES 9tk 19899 3¥ 1
d e Fg FFIAY =25 BE 959 3
$5EE 50 weg/mZ B3t BAF FEEE 40 ue
/A2 AA7A F3] 23 JTH(OSHA, 1990).

N3 RAGABAE7TY 93] (American
Conference of Governmental Industrial
Hygienists, ACGIH)€ 4AMIEZS] H45=S
Fl=g 3§tE, A7l Ag 21 52 FE3d
TEFPERcE FEIHRNOY T A Fex
AR (ACGIH, 1996). A Z7E 7]E0]
ety A7) ol9je] e {ElEAdT FHEH o
o gtte FAE Bt (Froines 5, 1986;
Heweet, 1991). OSHAS} ACGIHS dol gt
e rEe YAIVE FE flo] DA FEEEA
50 wg/meoltt. OSHAE Z4F 4HdaAdd7elA g
AET2E SRAAAY FieZo dg g F
Alsta ITH(OSHA, 1978; Campbell %, 1986;
Froines %, 1986; Phyllis %, 1989). °1&8& ¢
& Hgudol oAY o B¢ 7Y BIHEE
(action level, 30 wg/m’) P|Fte|Romz A7}
g2 gtk 2y o7le] 2Fde Z2A9] E
d4F Fexe %tk I U F&E=E Fde
FA & AFAFT S0 e FdAe B4
& 3rle 27t HA &gt

AR AFoNMT EhAe] I7E 54 &
d9 A3 2R g4t} King 52 9544 (lead-
acid battery) AZ=%, AaA=< (pigment), 13
A ¥ (primary smelting) ol =%3k= 1013
Z2A] ti3le EdAte] F3E AT King
%, 1979). Hodgkins $2(1990) AR Axd

o ZF3e 4089 22AE ez diA A7)
o E4& Alete @9 A7|E v= 7R wE
FEToe #AE EHoh AFH o= HwaEA 7
HAF 3% 5922 A3 4R FHAo] A =
O 93T x=2FE9] FHEo| s FHIIA
thH(Hodgkins, 1990) 22y @A FHA] Az=dT
< ez a7t FRH gde 9HF 439
59& w93 X3

£ A7 FAHL2 d9jiAe 37 S4% 4F
FErde] #AE BATeEHA BT e EE
FRsked ok & d7Ede Hel HE g8
HEero A3 &L T I& A= Py
k.

1. o

ZAEE F 0 959 1270 AU F
71% F9AY ARE AFT 224 T F 1199
oA, FAAHE 23889 Z=AE HB2E 3
it

2 UY

FYAe Z71e 82AY Marple Personal
Cascade Impactor (Model 298, Anderson
Sampler, Inc., U.S.A)¢ 7MAE& AEAFH7]
(Model MSA 87004, MSA, U.S.A)E A3t
ZF AN ARAHE FUA KFESAAA
(effective cut-point diameter , ECD)ell =z}
ARsATE AEAF F 7 dAEZ AFHE E2
LAFFELHEA (Varian 300 plus, Varian,
Australia) 2 #4313ttt E4Ae] 271 BEE
485 a8 = (log - probability graph) el Al
sto] A FZQ A (Mass Median Diameter,
MMD)# 713tEFHAH(GSD) & T3k A
3718 F=€ %%, OSHAY 1m ©l3ke =
2 2314 % 2383 ACGIHY &F94, F34,
TERFEE FEIY FAATH(Anderson
Samplers; 1982, Hinds %, 1985; #%% 5,
1995).

A FEN LS ZAAX s} FAE AAFFE
33 = A (Spectra AA-300/400 Zeeman,
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Varian, Australia, Pty Ltd)Z 339 (s
%, 1996).

gyze 27184L 3T =€ F 9%,
ACGIHOIA A& F44, FH4, sFs=s
OSHACIA A& 584, &34 =2 7E39
o]t} (Hodgkins, 1990; ACGIH, 1995).
kel 7] B4 AF B #AE TF 3
£5xo FHL ofgfe & o83t (Neter
%, 1990). Al ]88 Aze 11989 37T
T 3 222 S o] AFE 10178 A
g dela 271 wxe 8F FEEAT

@ o= b() + b1X
@ Xnew T (Ystandard B bo) /bl
@ Xpsr-1(1=0) /5-n=2)- 84X, ol

MSE 1 (Xnew_Xaverage) .
@ 3 {Xnew}= e [1 I
b 2 z (Xi_Xaverage)

1 n

YE 9% 3o &, X& 375 @4AY =2
718 sx=olt}

Xoewe Ystanaara®ll &3 FHEE 3715 92
371501, Yameae 29 95 3871Ed
40 wg/dlo]Th.

I. 2= 3 1%

1. EdXe] MVDS 3714 S

928 F9x4e MMDE 9Z#AA AxYel
14.1 pm, AR AZHL 15.1 pm, 23 & AA
de 4.9 pm a3 WE7] AEYL 1.3 el
ok 23 AEPL ST e EdA=
129 gF2oA FHEAA Yo HES &F E2
2 ggA7I=s &89 Al FEHE 2
AEP7] WEolth, Whdr) ARTHT oHAEo]
U zz2ge] & 2,000C o9 meez T
£4sne dYEE Eelate] Hee diEel &
dejolth. 23 A¥PH BE7] AxHdAME e
43 FYsA g AFAEEXEE EA
t}. (p<0.05) (BHES- &, 1995).

B So] AN AAF H4FE L FHERE 7]

A9 3715484 WE Fd, ACGIHS ¥94, &
#A, TEYFE 1831 OSHAY 38 F=(1 ¢
mel3t I71FE) % A FEE(1 meld 2%
T)E E 1o 893HH(EHES T, 1995).

A5E F9e 7EHTFEEE 23 AEPo] 575
wg/me 2 7 w3 FXA AZGH AR Az
A9l & FAHNMNE BF HEEEE XISAT
wgr] AZAT e JFH /T G Aols
B (p<0.05). ¥4 Eexte wdr) A=dY
16.2 wg/m2 Astie e JITS LTS
A 29t TFA voe 23 AEGe A%
208.9 ug/mo 2 FEFEEE 44 o) Z3Em
o 23 AAYPL Z2ASF 20997 ol FAsk
2TFRQ BAO2H BE FAMAY ARdFo] &3
2o AR Fau7IAAde] ARF] JA] sk,
B33 A aEln A= APARI E ¥ 5
o] x&Fxe F7IE 7K eEe AdelAT(EES
5, 1996). 23t A|lAQdS FF= ol OSHASY &
F4 =1 moldt Z71Fx)9 FHHELS 24.5
%°193 ACGIH= 43.5 %% o9& 4Fol uls)
A Je QAEFF T= 2 7HsAde o 9%
o ¥3] Eotz AdEtH(EHES 5, 1996).

2. 22X HAZ G (USS S, 1996)

ul Fo] AR 45 Z2Ae] AF GEEE
F 2] 8ot F 23879 H AF F:
£ 36.31 w/diidth. 4FTHEE B 23 A|EGo)
85.11 wg/dio2A 7} T3 2y} ajikdn
Aol Bt AEFAA 60 we/dS R 3
AT (=B, 1994). FHA AEPS] HEv=Ee
51.29 wg/dle = Fo| @A 40-60 wug/dloll &3+%
ot W) AzxGY GAA Az HFEFE40
ug/dl) o3tttk Tl o& ¥ F HdETe
EE JFEE N2 /9T TEACIE BIAY
(p<0.05).

3 3718 H sig&skel Fd

E 3 3R] F71E F=9 YT G &
AS BE 435S T Ad FHol FAR AT
718 FEIH BAY Aot A% #ARLS
olgste] FAF Fo] HEFE(E0 we/d)el 2l3)
d&" 95 % AT YA A7E TE B
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Table 1. Classification of Lead Concentrations by Particle Size

Total IPM TPM RPM <1um(OSHA's Respirable)

Industry
GM(ug/m*) GSD  GM(ug/m?) GSD  GM(wg/m?) GSD  GM(ug/m?) GSD  GM(ug/m®) GSD
Secondary 575.4 L7, 457.1 1.8 295.1 2.2 208.9 2.8 72.4 5.9
Radiator 19.1 2.1 16.2 241 LIS 2.1 8.3 2:2 6.9 22
Battery 354.8 4.7 239.9 4.7 107.2 4.3 339 3.9 12.0 2.9
Litharge 269.2 6.9 195.0 6.8 91.2 6.3 33.1 5.1 7.9 55
Total 117.5 7.1 89.1 6.6 479 9.7 224 4.4 9.8 3.6

GM : Geometric Mean, GSD : Geometric Standard Deviation
IPM : Inhalable Particulate Mass

TPM : Thoracic Particulate Mass

RPM : Respirable Particulate Mass

= Yl

RBEE AFS T BN
A3, FdL 147.9 - 489.8 g/
w, FYdFEE 112.2 - 398.1
wg/me, AN FTEE 147.9 -
478.6 wg/me, 123 FHY F
& 75.9 - 165.9 wg/mt o2
dZ5o] dAY FHE&F=Q 50
wg/meRTh Ekh. OSHAS 1 ¢
meldl 7] F= ¥ee 13.8 -
39.7 wg/m2A A9 3 &F=
B} dgith. ACGIHO 384
9o == HeE 288 - 79.4
vg/m A BFE(28.8 ug/m)
7t A9 H&E= 50 we/m
LR 5

B, FAAe] FHAo| vz
HFIE TES YT H3 &
T Fd 9 ACGIHY 3¥&
AE= T BAS Byt &
AR g} ARG TN e 2 BA
7t frefstAl edsko. 23 AlAY
9] %sﬂ%@ (3‘731.6 Frn)‘-lq' HJ- q llllllll L llllllll 1 lIIllllI 1 llllllll 1 lllUllL
Q7\AZEH] €4 (FAA3:1.4 pm 0.1 1 10 100 1000 10000
¢ 0.1 #m) S FH/HE A4 2 :

FAZL 2% F3dh ©lE o Lead Concentration by ACGIH’s
ZolA BAF G 8550 oS RPM(ug/ms3 ) A
H 399 s =Y+ 54.9 - Fig. 1. Relationship between lead concentration in blood and respirable lead
165.0 wg/mPi ACGIHSY 3 concentration by definition of ACGIH.
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B4 FEE 22,9 - 72.4 w/nro 2 VERNITY. 9%
2 Fed A28 994 1Y seEEs vm
3 B o Fde A$ A7} eyt ACGIHS
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Table 2. Lead Concentration in Blood by Industry

L]

A3 Zo] ETFE EEES} F GE=E TR
g ez Hyag Ho FAHY 3=y 4
F2A% 1 = 2 I
335z 4L AT EE8v=E 40m/d
o 23 45¢ ACGIHY %4 93 3de %=
e F HAESE TAR HYTh <AL HAF
T =2He 2239 95 % o140l E4F EE
=0t 4 w/dolEe E9E F ,alﬁl-\: gjujax o
St
EEY d¥8FEe ACGIHS] 384¥=9
29 3PEE 28.8 ug/mof A3 30 /w2
2 43%3 2E 43 HEY A& ALY
313D, &L B F =
+5F o83k ¥iT UI=

ERE EiEEEd FHe2

e No. of Lead in Blood
Industry Work P ——— ol € ez BoEd. oA
- orkers (rgdd) & T34 WeHEEEY 30 w/
Secondary smelting 20 85.11 1.41 mo] $dr] £ gFug 78
Radiator manufacturing 80 19.50 1.62 so &8 ACGIHS =84
Battery manufacturing T 93 5129 1.55
Litharge manufacturing 45 37.15 1.38 HEF=02.9 w/m)st & Aol
7t 81271 HEFelv.
Total 238 36.31 191

e HEEEE 438 F

GM : Geometric Mean, GSD : Geometric Standard Deviation

g HAETY 147.9 sa/mel

Table 3. Estimation of Airborne Lead Standard Using Relationship between Lead Concentration by Size and Lead

~. . Concentration in Blood

Airbome Dependent = Lead in Blood Airborne Lead Concentration

Lead by Limits Equivalent to

Size Model r ) 40ug /di (ug/n)
All ; ing ind

Total Lead log ¥Y=1.13+0.190g X  0.35 0.0001 147.9 - 489.8

IPM log ¥=1.15+0.19l0g X  0.33 0.0001 112.2-398.1

TPM log Y=1.17+02110g X 033 0.0001 75.9-1659

RPM log Y=1.21 +0.23log X  0.32 0.0001 28.8-79.4

OSHA-Respirable ' log Y=129+023log X 022 0.0001 13.8 - 39.7

OSHA-Ingestible - log Y=1.19+0.17Tlog X 0.34 0.0001 147.9-478.6
it T ” ;

Total Lead and RPM nonsigniﬁcant

| Total Lead log Y=0. 99 + 0 3810g X 049 0.0001 54.9-1650
RPM log Y=0.90 +0.38logX 049 0.0001 229-724

IPM : Inspirabie Particulate Mass, TPM : Thoracic Particuiate Mass

RPM : Respirable Particulate Mass
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Fig. 2. Relationship between lead concentration in blood and total lead con-

centration.

ZATS 150 wg/mro 2 AH3tn BE JFo] H&
g AL AR (Y 23=). o138F v Wwd
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