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A Study on the Characteristic of Airborne Lead Particle Size by Industry

Dong Wook Park, and Nam Won Paik*

Industrial health Research Institute KISCO,
Seoul National Universiry, School of Public Health*

The size characteristics of lead particle which is one of the important factors associated with
absorption of lead were ignored in establishing lead standard. This study was conducted to investi-
gate distribution of lead particles by operation of industry. Aerodynamic Mass Median Diameters
(MMD) of airborne lead particles in the battery -and litharge manufacturing industry were 14.1 gm
and 15.1 pm, respectively. There was no significant difference between those two values(p>0.05).
However, the diameters in radiator manufacturing and secondary smelting industry were 1.3 ¢m, 4.9
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 those in the battery and
litharge manufacturing industry. Total lead concentrations in other industries except radiator manu-
facturing industry exceeded the standard of 50 sg/me. Only radiator manufacturing industry indicated
lead concentrations significantly lower than those in other industries(p<0.05). Concentrations of lead
particles smaller than 1 gm defined as respirable fraction by OSHA's CPA model assumption were
72.4 pug/m* in the secondary smeliting industry, exceeding 50 pg/me. The relationship of concentra-
tions between total lead and lead of particles smatler than 1 #m was log Y = 0.46 logX + 0.06(n=119,
r* = 0.44, p=0.0001). Relationship of respirable lead concentrations between OSHA and ACGIH was
significantly detected in the litharge and battery manufacturing industry(p=0.0001), but was not sig-
nificant in the radiator(p=0.2720) and secondary smelting manufacturing industry(p=0.2394). As
MMDs of lead particles generated in industry were small, difference of respirable lead concentration
between OSHA and ACGIH became smaller. There was a significant difference between concentra-
tions respirable lead defined by two organizations such as OSHA and ACGIH in the battery and
litharge manufacturing industry. Average concentration of respirable lead by ACGIH definition was
43.3 % of total lead in secondary smelting and 48.9 % in radiator manufacturing industry, and lower
fractions were indicated in battery and litharge manufacturing industry. Relationships of total lead
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with IPM, TPM, and RPM were significant respectively(p=0.0001) and lead concentrations by parti-
cle size could be estimated using this relationship. Linear regression equation between total lead con-
centration(X) and ACGIH-RPM concentration(Y) was log Y = 0.76 log X - 0.40(r* = 0.89,

p=0.0001).
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ANz ¥y AAHA9 A& (deposition
efficiency) & ZHFE A F7] o3 33
(aerodynamic diameter)°l 7F¢ 3A & &
t Aez ¢3A Ut (Hodgkins, 1990; ISO,
1981; Soderholm, 1991; Harrison ¥, 1981).

B RAEAE A9 AN/ BAE AW
o] Y& el <& 89 HAn st dx
9] 8 JAA e H2N A7 AL EE 79
& oP¥ e €& JENTL o3 # of wE
o F71%e EAske A 2l AVE FRe
B7te w% $834 HdEsolop #h(Ernhart
%, 1990). A Bng o8 A4S 9 @
Tl 22Ae x&SHE F(dose) & P
oj & AL AAT YA Z7E BN FERE
7t A9l gitke d Uk @4le] tidde] He #8
29 4A ZNE BEe] B4 gl d3d
A 588 o Fasit dustE oz FYPwol
Y-S o ojH RAEAY YA IV Hx9
3L AF T8 A8 ¥8E F WV Wi
o},
ACGIH® ASP¥493 223 ISO (Internatio-
nal Standard Organization, ISO)¥& #31Apl
th¥t 385X (Threshold Limit Value, TLV)&
#9494 YA (Inhalable Parti-culate Mass, IPM-
TLV: o8 #dAs=er o), FIFPY=
(Thoracic Particulate Mass, TPM-TLV:o|3}
F245 == 3h), € 3FA YA (Respirable
Particulate Mass, RPM-TLV:°l& ZHAHEE
gt gch 2 R3] dAEe A 2718 2o A
st SN =FFAHE T A7z
3la itk (Bartley ¥, 1985: Vincent %, 1981;
ACGIH, 1984; ACGIH, 1994; Hewett, 1991)

Soderholm ¥(1993)& ACGIHS ##d o
# HEF=(TLVs of total dust) & H#YAH ¥
#4 w29 EAE PPN F €49 ¥
2 HeeEe FUPEEE 83 o] FE9 0.754
=8 F3Y 2 FENAY HEws® 44
AR A elck(Soderholm ¥, 1993).

Hewett ¥(1991) & A2 & 37]9] YA
F5le I3E OFE YoE AR ¥ A S
Z T 333 2d BX 3 BYRAES w4
HAr ool ¥otn FFANA (Hewett &,
1991). R E7} FUW 2719 4R @HA &
v O x@3ig-gAd 2de] M2 tlage A
ojc},

¥4, ACGIHE 71=% 3138, dg7, Had &
7 Fo dsA A TFPGEFCE HEFE
& T¥INI(ACGIH, 1994). Y& =Y 713
o] Mg} del7l ol9le] e RN HEH
ojo} ¥rke FHE ®WrH(Knight, 1991; Hewett,
1991). 23y o] ti¥ ¥} EE=E OSHAS
ACGIH B% 50uw/me]tHACGIH, 1994). g
Pzte] 27 =Y FEo| fla @A FEEEA
A=Y Ut

King %(1970)& E&3dxAx, di4zy
(pigment), 12 GA¥< (primary smelting) ol
o3 10199 22 diste giAle] A&
ZARHKing, 1979). Froines §(1986)2 2
2 Adgelx FER ddAte AL AAEn
FER AR A7 dreg dixel arg
ANaAHst dasttn F33UH (Froines %,
1984). Hodgkins(1990) & 278 #%e] d&3=A
AzJel FHEZ dd#e] =719 ¥4 218
=& AN AT (Hodg-kins, 1990). ©lA7A] 9
FoAME dzte] 27 543 BEE A7 B
2 g $eivdee A3 o
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E a7e 3349 B¥e Pz dde ¢
dAe UBE EEEAE FHsia vlaste Ao
o} Bok 7 242 o3 g

A, dFEUR NEE 5 29 AFF9Y
& vlmir},

A, + 9529 4AIVE sxoe dAxd
& AAg,

AR, ACGIHS OSHAS Ao 213 aFA%
=& vlwgich

2 a723%e 498 IUNEE HeEEE A%
sed Zi2algs $48 ¢ UE Ao uado

I. A7oid 3 gy

1. chet

E 1904 BHE upg) o] AL 3 40 94F
9] 127} ARiAFoIATt. ZAIRY FHE doll =&
He A %k 2o A 39A
9] ABE AHY 222 FE F 1199 Utk

2. Uy

7k HeiRte] 2T1W A2 AN

g3dztel 271 &8 A% AlEe 8dAe]
Marple Personal Cascade Impactor (Model 298,
Anderson Sampler, Inc., U.S.A)% 71908 Al
2437] Model MSA 87004, MSA, U.S. AJE
Abgste] QAT HAH AN 5L 2 L/mine
2 3l § @A (impactor stages)olA T ¢
27t g SAR =HEol do YA 4=EF Y
(Hinds &, 1985; Lodge &,1986; Rubow ¥,
1987).

Table 1. Type of Industries and Operations Studied and
Number of Workers Sampled for Measurement
of Airborne Lead Concentration

Zt gANA T A= YA fES
A A7 (effective cut-point diameter , ECD)&
E 29 Zoh 4 @A 287192 ABRAH X o}
HeEez AU YFo= Ja FHRTE 3 AYs
o LA AAs AN

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

Impactor Stage No. Cut-Point Diameter(microns)

1 >213
2 14.8
3 9.8
4 6.0
5 35
6 1.55
7 0.93
8 0.52
Backup filter 0

Industry No. of Plants Workers Sampled
Secondary smelting 2 6
Radiator manufacturing 3 43
Battery manufacturing 4 44
Litharge manufacturin 3 26
Total 12 119

L. HelXiel 2o % s #M

N 208 g B

ABAH ¥ z dAEE Mylar Substratest
PVCzA|el] AHE & M3 AlE dH
gl 23928 (microwave digestion system,
CEM corporation, U.S, A)& °]-&3lith E&84
2 9AEFFEFB=A (Varian 300 plus,
Varian, Australia)& ©]-83}qc}.

2) Helxlel 3oy =5 B

Z 9z AHE g 27 E¥XE dsgE
2= (log - probability graph)el EAI3IRTEH
HYAe] 972AL 74 $5H] 50 % AdsHe
712 &#Hn GAA A9 rlsEEdale HH
A74E A FxH 16%° #F=He 272 Yol
A et dh9Ake 20 e %5,
OSHAS®] 1 um o]3}e] 5 ¥ 223M % a8lxn
ACGIHS] &34, #84, S22 FH3o
A THACGIH, 1994; Hinds &, 1985).

I. 23 % 2%

1. 3718 JeAe 37| B2
FE R FHE GYAY B E 39 37 19
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AA ] stk HFER diAtel AP L E
AA AZYAMA 14.1 pm, AR AZYGA
15.1 pm2A % 33, 24 ¢ AEUL 4.9 um
agln W$dr) A2xYe 1.3 umEA Agich 23
A9} YApA] AEYel AAL FANCE R 2}
ol7} %tk (p)0.05). 2} 221 AAYN PA)
AzPANE GE dAET A8 e AREE
& 2P0, 05).

22 HEge]l FPEE =35 9YAe 2932
FAE 2 & 28 9] G E 4
Aete 488204l (furnace) A M E 1.6 pmEA o
ZAx9] metrd Holx EeElg SHAYE F4

Table 3. Mass Median Diameter(MMD) of Lead Aero-
sols by Industry and Operation

MMD

Industry
No. of Sample MMD(m) GSD
Secondary smelting 6 49 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 5.8 6.3
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Fig. 1. Mass median diameter by type of industry.

o] 498 =24t (scrap and furnace) oA} %
T 14.5 pmofl ¥l WA AAUrh 234 HEdLe o
HE At &7 HaAx2 By =g
28 sjolx Fejo} £FAHol & FUAA ol F
o] A3 A, B FYH 22A} 249
3HE B gdtte 497 Bk A 23X
Aol~@ Feldhe FPA A= E g2 il
98 448 f429 ¢ Fog AYH
vigtel A dxey] 4t AdxE d oA Blaky
of &#AA Mz FAe AR (14.5 ¢m)E JE
Wk, b, A4 wdsEe ddae 1e
o 2N HABAX N JEE ¢ e
g7 og Sesg s fRaicirlde #U A
2 $AET). Froines ¥(1986)°] 12 YA#Y
o] FAER NANEAN Y AAHAT] A}
A 12} MA@ $312 (furnace)& 3.3 #m 28lx
FZ(pouringd ¥ 2.1 e & AFe] ARN(1.6 «
m) Bt} 2F Zh(Froines ¥, 1986). ¥d7l A
ZERME YAHES} FRE Y o 02
€ "%+ dippingE3el 2.5 pmBA AR R
B3 H=st FEE UEIe 284 e 1.4 mm
a3 e HAEY ojd xR ge REL
oA £-3e F3E 0.1 #m HTk £33 oiMe
dolu} =W 2% 2000 ¢ o9 L& o)
43 S HYo we Roz igE I
9] YeE difito] F4eol).

242 Azde FAYE HFHA] 12.3 pm-
16.6 #me] WHE & o)zt A} (p=0.0001).
$718E Az FHNM 16.6 mmBA Ao
7 A ol9le d¥ =¥ (paste), TZ(cast-
on-strap ,COS), 4 (soldering) ¥& w589
th olRAE FA MEZ AMH Ui, A=TH
Hol =%, Az, =¥, +4 59 A& B
A v AEe Sy i olfich

Hodgkins(1992) 7} 8% 2719 &3x) A=
o] 34¥ AP E XA A%7)(paste machine)7}
23.4 pmBA ¥ 1 o FFEL 10.9 /-
19.8 pme] HHE R £ A7 2 A9 2o
£ Holx ¥ttt (Hodgkins, 1992). ¥, A
g rlag AR F g ddsle £UAYRAE
HE e 73 AL # 9 13.2 mm2A g8
FATY & o)y}t Ak olAL £HFH =
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T vE A o) A AU 2YA wA =
= 9Ede] I =é¥ "Eez wodn)

2ALR] o} JEGE AFe 4F9) FHL ¥R
F7%°] 22.4 pme)1 & FAL 123 #m - 14.5
rme] HAE EAch 2HA] AZTAHANM T4
 9UAY A7 v<d Aoz vrhgt

HEe 3ER A9 VHEFULE BE 2
AA MZJT AR AP 1.59 1.78 gy
g Aoz et a8u 23 gARgs
g7 Azde FHEE 29 Wolrl 505 9.62
A T IFEE dUAel A4 dold oA
HYatel BXE 49 £ 3k 23 AAYe
88, R Azl wYHe G 33 27
7t & At gel tE gEo] uiE Auiye=m
Hig AAEEE BNhE 3 9 29 1 3R).
HYAY #dE dTES FyA wolg W
Fronies= 12t Al@]ielM 2.4 - 15.7 282 4]
ddelld 10.3 - 12.8, 18122 Hodgkinse] &A=
AzAL 2.2 - 5.2 AH(Hodgkins, 1992). ©]¥
g drddeEn vigs € 9 FA s e
WEr) Azga 22 A¥de GSDrE S 3m
08 d%5e vy Ae # £ Ui 3 A
ZYa 2x A-be] LHFHE ol1FHA FAF
A EZ (divergent cumulative mass distribu-
tion) & EArh ol dddes A} e ¢
27 Bohe A& Jehlle Aot} (Harrison,
1981).

2. HeiXtel 3719 5%

7L & g5k

d3E T Fd9 VYA EEE B 49 F
g (D3 29 20 AME ok JE3E de) 7]
SR FEE 23 AWYe] 575 w/mros MY =
3 EHA Axzge] 355 ug/me, 28l3 BAIR] A2
ol 269 w/mro2 JERgTh ¥, 4FE= g
TEo zolE B £ A WEr) AzYge o
& AEH R s=A01E8 BUHp0.05). ©)
HEL FEA4F 20099 oy FAskn &7FEQ
E4E kA 3lo] BE A Al Aol g3z
of 8% Ihuj7z|Ade]l dASo] A W¥3tn B
ek Ay 2lm BEF YA L F So
2 x2FEY 5718 7HHee 89U #3 )

Gittleman #(1993})°1 <¥&hlul(Alabama) <
HE&HA] AdYe 147 22 oig 3% W
e 30 wg/mollA] 160 wg/mrolRdl, o] 2= 109 o]
OSHAY ¥&¥xd 239 o= ¥asich
(Gittleman %,1993). 2& AjdYe) Gt
W 22 @7 44 ¥ A€ ¢ $ U

£AA] AZYL G0l E¥XE 7|HE W= dn}
719 o8 niRse F4 (grinding) o) 5012 w/
me 2 7B} #%n VW M2EHL 85 g/ mo
7V dsith Matte $(1989)2 zjulelste] 37
ZHA Al AelAMe BE Gxdrze HAE
0.03 mg/mrollA 5.3 mg/mro 2 W2 (Matte
% 1989), Kalim%(1986)& 4% (Sudan)e°lA
37 Az TVF BH I ¥4E 1.8
mg/me- 2.2 mg/mrl 2 Endgch(Karim =,
1986). ol2¥ Fxe ¥ A7EH(354.8 w/m)
} 84 Et}. Chavalintnitikul ¥ (1984)°] »|
=9 @ £3A AxPN Bag FPE deEs
HEEE o] 99.9 w/m(d9E 90.6 ug/m-
114.2 wg/m) 220 FX(ZJIP)BFL 71.2
w/m (A E 16.1 we/m* - 164.8 w/m)CE B3

99.9 T T T T Y T

99

80

70 |-
50 |-
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'p. .

Cumulative % Less Than Stated Concentration(%)

o>1 1 i X
107" 10° 10" 102 10 10 10°
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O:Battery @:Litharge V:Radiator W¥:Secondary smelting

Fig. 2. Cumulative frequency distribution of total lead
concentrations by industry.
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Table 4. Respirable Fraction(Lead < 1 #m) of Total Lead under CPA Model Assumption of OSHA

(1) Total Lead (2) Lead < 1 pm Ratio
Industry Operation @4(1)
GM (ug/ o) GSD GM(ug/m) GSD (%)
Secondary smelting
Furnace 758.6 1.6 316.2 1.5 44.0+16.5
Scrap and furnace 436.5 1.8 16.6 3.0 51+ 35
Subtotal 5754 1.7 72.4 59 24.5+23.8
Radiator manufacturing
Dipping 129 1.9 4.5 1.7 37.4+15.0
Soldering 20.4 2.] 6.9 22 40.2+19.6
Soldering after 25.1 22 15.1 22 63.01+18.3
leak test
Subtotal 19.1 2.1 6.9 2.2 41.3+194
Battery manufacturing
Remelt 138.0 28 59 1.2 55+ 3.8
Paste 257.0 4.1 10.0 2.6 49+ 3.0
Grid production 85.1 2.0 4.6 2.1 6.2+ 40
Encapsulation 776.3 24 15.5 1.6 24+ 1.5
Caste on strap 537.0 55 12.3 29 31+ 28
Soldering 309.0 3.2 324 4.1 14.2+15.1
Grinding 5011.9 14 40.7 1.4 09+ 03
Subtotal 354.8 47 12.0 29 53+ 64
Litharge manufacturing
Reaction 338.8 7.2 9.6 6.3 44+ 3.6
Cracking 36.3 3.6 2.1 24 6.6+ 3.8
Packing 389.1 44 8.3 36 24+ 1.7
Subtotal 269.2 6.9 79 55 43+ 3.5
Total 117.5 7.1 9.8 3.6 19.1+21.8

Lead < | gm : lead concentration of particle < | gm size by OSHA's CPA Model

89t} (Chavalitnitikul ¥, 1984). Kononen %
(1989)2 1980-1985%3 71Al 6709) AR A= A}
439 1,100 99 22A4F Yo E dixdFEe
H3E ZAE %Y (Kononen ¥, 1989).
Hodgkins(1990) = 2709l #AHA ARARIZ A
C2A =2 YT derl 37.8 w/mii WHE
7.3 wg/mrollA 129 wg/me2 B33l (Hodg-
kins, 1990). th¥¥o] 100 w/moldl2 & AT
(355 we/m)rt Aol AFH FRZqAM ¥E
Bl g4 93t} o3 @ e Aole o3s)
A flez FHE 5 ded HHA AzFHe

zlolzk & gRlolElg) Badc M=o AL
FolE HaAFezA ¥ EEHE YAIste MY
FEE B=E AFY (expanded type) & ol &3
A7t @k ol FHe AEe] FHAFIY =¥
5o HANA FEe €=g WAE F 2o #Y
7F " BolEir), Wk, EFol} $2uel &4
A Azxe FPL dHEEo]l F=FY (casting
type)°lth, Z1g¢io] SXE AHE g2 Bt o)
B ASAHQ] g 59 Aoz @, w4,
s 7€ Ea A g9 AYA
FEe desflel 8 F W g, #@AkA
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(litharge : PbO) ¢} FF&(Ph0) ) AZFAE
vhgo] 339 ug/moln MEXEAo] 389 w/moF
25 de] HEFE 50 ug/mg 64 o|A Z3}a
I US89, TRFTHL AEFFHAA, PHD
= 9% 4 870 FEoE gde AQJeE Eo
FE &7l Ui

$E7) Az}delA del =gHe FHL Ygs
Holl g =¥ A 5H9 FEIFE ves
Dipping, ¥%9 71818 & 3%5%E 12.8 w/md
20.4 wg/meoleh, FE Aol §H ¥ FHF
o2 wAse BT FAo A%n(1.3 w) ol w
2t g E5EE 3L AoE Yyt

L & HEret 3oYW 55

) & dsx & 1m o3t 37|12 5E H|§

E 49 ZY (2= OSHAL 24 74 o3
F 9EE F 1 m o)3e] g@lA} AJo #FEe
FEE AU Aol 94FE IR IdYAY
7171 m 37] o8] ¥EE& B, 23 AMAY
o] 72.4 we/me, WH7] AFY] 6.9 ug/mr, HAZR]
Azde]l 12.0 w/m 222 AR A2IL 7.9
ug/mPe 2 UERsT) o] F 23 AAYL 1 mo)st
9 ¥ENeE2T do| HEEEQ 50 w/nmrg 23
skt

FEEE £ d5E F 1 o8 IYUA ¥=
7t AR ghe vlEE HR, Wdr) A=zYol 41.3%
EA 7P w3 34 A4 AR Azxge
5.3%% 4.3%2X 23Ut oA FTF 9 Yy
5422 8 dAHE WA A7) FY Aol
HEoZ godo 43 2 43 5ol FH A
A5 dAHE $Y9AY 27 Za ol HYEE
IFAEE AR & ¥|&E A EE Ao
1=

I8 32 F 9= Sl tiE 1 m ola
47 vigatel BAE HAH AT (curve fit) o
E Yehd Aot} 2d4e Y =-1,186 + 183.64/
X05 - 154/X, r2=0.41, n=119) 91} % G
7 1 mg/me o] 3Y W FAMe) x&3 oz
el 9 Fol 1 m o8 Yzl R8s vl g
ol AT AL ¢ F AN, oA LA F 3%
=71 S0t gl 1 om o)8k YAl BEE Zo)
ZF7Heche A& Jehie Aot (¥ 33 43z).
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Fig. 3. Relationship between total lead concentration
and fraction of lead particle <1 um size.

F 9¥E7E 1 mg/mreldiRl ASdlE 1 m old} ¢
A7t 2 3k v&e] Wst Ao

Hodgkins(1990)& #42) A2y & diez 2
@ Fdol g 1w o8 YAEEst AABE
v &9 BAE y= 141 x116(n=d0, ps} r& A4
HA) #%) o2 vebdch(Hodgkins, 1990). ©] &
AXel m2W F dFx FolA 1 moldlel YAty
e d¥s%itte AL Jeidd, &, 349 vx7)
F7htEE 1 moldte] Pt AAde TEE
L12 wg/m 02 IR Ecix sl ¥ AT AFsde
g3ttt

2 & &=xeot 1 4m 013t 37| S5} WA

¥ 5% 39 4€ 4382 3 d5E9 1 m o]d
719 s=se] 8AE Ve Aot F dEE
¢ 1 pm °J3 7] wxote] BAE AFEE 7P
o HE Az Aozt Utk 23 AMAYAME
I BATE feistA e Ao Jeigth oA
HYA 277 AL fEoz AYEn) WEs), &
AA 2En AR Azde 29 £ 359 1 sm
olg Z7] F=se WAL AU Aoz ekt
o

2E AFE THY & F=9 1 mm o3k 5
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oke] BAE log Y = 0.06 + 0.46 log X(n=119,
r2=0. 44, p=0.0001) A}

3) CPARYs vlm

OSHA CPARYS 7H9& o] F5% F 1
m olEe] ] vEe B ¥ 1 Fxe
12.5 w/meoltil 7Hg 8T oA 12.5 we/m’
AT 1 m 3] 2712 FAHDL 1 o9 ¥
oM e H 2o AA7bsAel flE 1 m olde) 2
712 FA"vheE Aotk (Froines ¥, 1986; Ulen-
belt &, 1990)

Hodgkins(1990) € ¥ d%%= oA 1 me]ste]

1000 | 4

-
[»]
o
T
1

—
[=]
i

log Y = 0.46log X + 0.08
(n=119, r' =0.44, p=0.0001)

Concentration of Lead Particle < { pmug/m?)

154

-

T
1

1 10 100° 1000 10000

Total Lead Cocentration{ug/m?)

Fig. 4. Relationship between lead concentration <1 m
particle size and total lead concentration.

AAHsEE ¢4 380 2 $EE 112 w/me
1 8% CPARYS /M3 dxeh: Fe 3
BEE 294 1 m o3 YAt FE= YPNHHE
Mot (Hodgkins, 1990).

2 AFGMNE 3 45E 24 1 m ol8te] 4
A EE 9FEHA IR B BE7F SR
wa} 718k Aoz ueld CPARWS 7Hgelut
Hodgkins(1990) 97sH= Ael7} IglcH(2d 49t
582). B A7) Hodgkins(1992) @7eHe A7
B4 429 2 dese HWest Aelst A #
del FERU7 8 dF4NE T /m7iNE g2
©) 48] Hodgkin® 100 we/mroldke]l W& FEH
Act.

2 A7) ostd 49 st F7k8E 1
m Ao YAA)7} AL ¢ $EE Zrlsne
Hxe Fbs4e Foldn @ 4 ok aa
A el o¥ serse d¥Ne e A
gol e x&e HedoE RAY 4 gz B
1222051

4) ACGIHS| &eld, &Y % 284 Jds5

R 62 ACGIHeA & 2718 A&AH7179
71%0 e 3o # ¥=& Y94, F¥H4, 3F
4 =R Zz TR

FY4 dr=e 497 AxdY 16.2 w/mE
ALdsae g 45 H4r=® YN 23N
t} 2a AMUYL 457.1 w/me, FAA AL
239.9 we/m* 23 AR A2YL 195.0 ws/me
olt}, FHAHFEEE W7 AxGE ALY g
PFAXNE 4 5=8 YR 208t TFH ¥

Table 5. Relationship between OSHA Respirable Concentration(Lead < 1 um Size) and Total Lead Concentration

Dependent variable = Lead < | um size

Industry

Model a g r p
Secondary smelting log y=1.93log x - 3.46(n=6) 1.24 0.68 0.38 0.1957
Radiator manufacturing log y=0.75log x - 0.13(n=43) 0.75 0.25 0.48 0.0001
Battery manufacturing log y=0.55log x - 0.31(n=44) 0.06 0.28 0.64 0.0005
Litharge manufacturing log y=0.76log x - 0.96(n=26) 0.09 0.39 0.74 0.0001
log y=0.46log x + 0.06(n=119) 0.05 0.42 0.44 0.0001

Total

Hodgkins(1990)

y = -0.005 x + 1.12(n=40, battery)

a = Standard Error of Slope, # = Standard Error of intercept
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Table 6. Lead Concentrations of Inhalable, Thoracic and Respirable Particulate Mass Defined by ACGIH.

IPM TPM RPM
Industry Operation
GM(ug/m) GSD GM(ug/ ) GSD GM(ug/m?) GSD

Secondary smelting

Furnace 645.7 1.5 512.9 1.2 446.7 1.2

Scrap and furnace 3236 1.9 166.0 22 91.7 27

Subtotal 457.1 1.8 295.1 22 208.9 2.8
Radiator manufacturing

Dipping 10.5 1.8 7.1 1.7 53 1.7

Soldering 17.0 22 12.0 2.2 8.5 2.2

Soldering after 224 22 19.1 2.1 16.2 22

leak test

Subtotal 16.2 2.1 11.5 2.1 83 22
Battery manufacturing

Remelt 97.7 2.8 46.8 23 15.5 1.8

Grid production 60.3 20 25.1 1.9 8.9 2.1

Paste 182.0 39 85.1 32 26.3 28

Encapsulation 537.0 22 218.8 1.9 57.5 1.6

Caste on strap 371.5 54 151.4 49 42.7 4.1

Soldering 173.8 34 813 32 39.8 2.8

Grinding 34674 1.3 1548.8 1.3 398.1 1.3

Subtotal 2399 47 107.2 43 339 3.7
Litharge manufacturing

Reaction 245.5 7.1 123.0 7.1 4.7 6.0

Cracking 26.9 34 14.8 2.6 8.7 2.1

Packing 269.2 4.] 81.3 2.4 24.0 1.7

Subtotal 195.0 6.8 91.2 6.3 33.1 5.1

Total 89.1 6.6 479 5.7 224 44
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g 4 o3 2333 o
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& B W AAEF T R 7FeAol oE 43l
Hjg) o+ Fon #oEo

& 7E dedd ¥ SeEs F94, #3144,
TEY TEYe BAE JFUE AN Aelth
F dexd #44, #44, 389 Txde BF
#FA% FRBAE EAH(p=0.0001). ¥F F=v}
71 Bl wet H494, #44, 8N ¥= B
7khe Aoz vepgr,

ol2g 4T VAREL Y & 2 ¥
B @40l He JYAFEY FEE& AdFsed o8

¥ & o $AA AzAAA e F=e ACGI-
Hel 389302 s=9e] BAE log Y = 0.76log
X - 0.40(p=0.000D)clx YL 89% =AM th&
HFol vl&) w3kt

Cl. OSHA2} ACGIHe| 284 s |

¥ 8& OSHAS+ ACGIHONA A% 284 &
=7 F dEEdA AR HEE vz Aol
ot 28 5€ F 718elA A BEE =9 &
Froel HARYE vind Aotk FAR A=
€ F 9¥E FA OSHANA AR 1 mols}
7] %9 $HHl&L 5.3%°1a ACGIHE
10.9%°10}. 2AkR] Az ¥ BFE FolA

— 168 —



Table 7. 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
IPM TPM RPM
Secondary smelting y=104x-021 y=120x-0.86 y=145x-1.69
(12=0.96, p=0.0005) (r?=0.72, p=0.0326) (r?=0.61, p=0.0650)
Radiator manufacturing y =098 x - 0.05 y=090x-0.10 y=077x-0.08
(r2=0.99, p=0.0001) (12=0.86, p=0.0001) (r%=0.59, p=0.0001)
Battery manufacturing y=098x-0.11 y=088x-0.23 y=076x-0.40
(r2=0.98, p=0.0001) (r2=0.97, p=0.0001) (r=0.89, p=0.0001)
Litharge manufacturing y=010x-0.17 y=099x-044 y=0.87 x - 0.53
(12=0.95, p=0.0001) (r2=0.93, p=0.0001) (r2=0.80, p=000001)
Total y =096 x - 0.06 y=087x-0.12 y=071x-009

(=0.98, p=0.0001)

(r=0.95, p=0.0001)

(r=0.80, p=0.0001)

y = log(total lead), ug/m
x = log(IPM, TPM or RPM), ug/m*

T T T T T

1000 |- ..

100 |-

Concentration of Respirable Fraction(ug/m*)

A3
1 10 100 1000 10000

0. L L

Total Lead Cocentrstion(ug/m?’)

A ACGIH-RPM( log Y=0. 71 log X-0.08, r'=0.80, p=0.0001)
1:0SHA-Respirable{ 10§ Y=0.02Mog Xed 61, r'=0,57, p<0.0001}

Fig. 5. Relationship of total and respirable lead con
centration(OSHA's and ACGIH's definitions
respectively).
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Table 8. Comparison of ACGIH Respirable Fraction and OSHA's Small Particle({ 1 #m)

Total Lead Respirable Fraction(%)
Industry Operation :
GM (g /m?) GSD OSHA ACGIH

Secondary smelting

Furnace 758.6 1.6 440 +16.5 61.30+18.0

Scrap and furnace 436.5 1.8 5.0+ 35 25.30+17.0

Subtotal 575.4 1.7 245 +23.8 433 +25.6
Radiator manufacturing

Dipping 12.9 1.9 37.43+15.0 424 +18.8

Soldering 204 2.1 40.18+19.6 48.6 +23.8

Soldering after 25.1 22 63.00+18.3 67.5 +18.3

leak test

Subtotal 19.1 2.1 413 +194 489 +225
Battery manufacturing

Remelt 138.0 28 55 + 38 125 + 6.2

Grid production 85.1 2.0 6.3 + 4.1 11.9 + 7.1

Paste 2570 4.1 49 + 3.0 11.9 + 68

Encapsulation 776.3 2.4 24 + 1.5 88 + 6.7

Caste on strap 537.0 5.5 3.1 + 28 8.6 + 43

Soldering 309.0 32 142 +15.1 128 + 1.9

Grinding 5011.9 1.4 09 + 0.3 84 + 3.1

Subtotal 354.8 4.7 53 + 64 109 + 5.7
Litharge manufacturing

Reaction 338.8 7.2 44 £ 3.6 16.2 +10.1

Cracking 36.3 3.6 6.6 + 3.8 269 +135

Packing 389.1 4.4 24 + 17 99 + 7.6

Subtotal 269.2 6.9 43 #+ 35 16.5 +10.7

Total 117.5 7.1 19.1 +21.8 275 2335
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