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The Association of Lead Biomarkersof Lead Workers with Airborne Lead
Concentration in Lead Industries

Nam-Soo Kim* - Jin-Ho Kimt - Bong-Ki Jang? - Hwa-Sung Kim* - Kyu-Dong Ahn* - Byung-Kook Lee*"

YInstitute of Industrial Medicine, Soonchunhyang University
2Department of Environmental Health Science, Soonchunhyang University

This study was designed to investigate the difference of
arborne lead concentration by type of lead industries and type
of lead exposure and to evauate their association with lead
biomarkers of lead workersin 11 leed using industries. Totd of
182 |lead workers (male: 167, female: 15) from 11 lead
indugtries were participated for this study from March, 2004 to
Augus, 2005.

Airborne lead concentration were measured by
representative persona sampling of workers in each unit
workplace and gpplied same concentration value to the workers
in the same unit workplace who did not meesure ther airborne
lead with persond air sampling. Tibia lead, blood leed, zinc
protoporphyrin in whole blood, 5-aminolevulinic acid in urine,
hemoglobin and hematocrit were selected as Sudy varigbles of
indices of lead exposure. Information about type of lead
exposure (fume or non-fume other), age, work duration,
smoking & drinking habit were dso collected.

Significant differences were seen in the means of zinc
protoporphyrin, blood lead and tibia lead in lead workers by
different airborne lead concentration in workplace. While blood
lead and tibia lead in lead workers were Sgnificantly higher in
secondary smelting than other types of lead industries, zinc

protoporphyrin, 6-aminalevulinic acid in urine and arborne lead
concentration were significantly higher in litharge
manufacturing.

While the mean blood lead was significantly higher in the
lead workersworking in fume type unit workplace than those of
non-fume lead workers, the mean airborne lead concentration of
fume workers was significantly lower than non-fume lead
workers

In the multiple regression analysis of airborne lead
concentration and the type of lead exposure on tibia lead and
lead exposure indices after adjustment of related covariates,
airborne lead concentration was statisticaly significantly
assodiated with blood leed and tibia lead, but the type of leed
exposure was only associated with blood leed. To verify the
causal assoaietion of arborne lead concentration on blood leed
andtibialead, further sudies are needed.

Key Words : arborne lead concentration, lead biomarker,
lead worker
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Table 1. General characteristics of study subjects

R S 2fol & oA ogtom (p008), %
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93 2po) = 1.9 01 (27}, p<0.01, p<0.001, p<0.001), &-7]
= o 557 005ng/melstel|x] 5 ZPPot d Wi, A=

Male(N=167) Female(N=15)
Variable
Mean SD Min Max Mean SD Min Max

Age, years 45.8 7.1 31 72 517 5.0 44 61
Work duration, years 14.1 6.8 1 32 14.0 5.2 4 25
Weight, kg 65.9 89 40 89 54.8 7.1 46 72
Height, cm 167.2 5.8 150 180.2 150.8 6.6 140.7 164.6
Smoking

Current, n(%) 97(58.1) 1(6.7)

Never & Ex-smoker, n(%) 70(41.9) 14(93.3)
Drinking alcohol

Current, n(%) 142(85.0) 8(53.3)

Never & Ex-drinker, n(%) 25(15.0) 7(46.7)

Table 2. Summary statistics of study subjects by airborne lead concentration in 182 lead workers
Airborne lead concentration(mg/m’)
Variable <0.05 0.05-0.15 0.16-0.25 >0.25 p—vaue
(N=49) (N=34) (N=60) (N=39)
Mean®SD Mean®SD Mean®SD Mean®SD

Age, years 4311598 450+6.28 486-7.96 47.8+6.41 <0.001
WD, years 14.2+5.67 14.2+5.28 15.8%7.81 113+6.31 0.011
BMI, ke/m' 20.6+3.08 19.3+2.69 2054261 19.8+2.30 0.083
ZPP, pgl ¢ 48.9128.2 67.0£544 86.81£56.2 91.31934 0.003
Blood lead, yug/de 236+10.5 280+15.1 35.0*134 355%11.0 <0.001
Tibialead, 1g/g 20.2£21.3 2551234 42.8%375 35.8+31.9 <0.001
ALAU, g/ ! 1.60+0.87 3.02+4.52 242+2.28 2.69+2.24 0.075
Hb, g/d 144+10 139£10 139+13 142+14 0.184
Het, % 451+31 435+28 439+43 452+40 0.070

BMI = body mass index, ZPP : zinc protoporphyrin in whole blood, ALAU : d-aminolevulinic acid in urine, Hb : hemoglobin, Hct : hematocrit
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Table 3. Summary statistics of study subjects by industry in 182 lead workers

7 % W e ol

Industry
Varigle Sgcn(gl]g ﬁg man%?tatgtrgri ng mah:}fr]aacr%?i ng p-value
(N=23) (N=128) (N=31)
Mean+SD Mean*+SD Mean+SD
Age, years 505+5.75 452+7.16 47.7+6.80 0.002
WD, years 9.91£6.47 154+6.11 11.9+7.38 <0.001
BMI, kg/m' 205+2.91 20.11+2.78 20.1+2.45 0.861
ZPP, pgl 97.4+58.6 61.21+45.8 109.2+99.0 <0.001
Blood lead, .g/dl 46.4+8.46 255+11.1 40.7£105 <0.001
Tibialead, 1g/g 51.4+427 25.31+24.2 4171354 <0.001
ALAU, mg/ ¢ 3.46+547 1.9011.62 3.48+2.38 0.001
Hb, g/dl 14.4+1.09 140+1.13 141155 0.338
Hct, % 44.3+3.38 44.2+353 4561456 0.142
ALC, mg/m’ 0.217+0.202 0.145+0.130 0.907+0.483 <0.001
ALC : Airborne lead concentration
Table 4. Summary statistics of study subjects by type of lead exposure in 182 lead workers
Type of lead exposure
Variable Fume Non—fume p—value
(N=52) (N=130)
Mean+SD Mean+SD
Age years 48.1%7.15 45.6+7.05 0.028
WD, years 135+7.60 14.4+6.28 0.433
BMI, kg/m' 20.1+3.15 20.2+2.55 0.710
ZPP, pgl ¢ 75.6+47.1 73.3167.9 0.828
Blood lead, pg/dl 34.7+15.0 29.2+125 0.012
Tibialead, 1/g 35.7+355 28.31+29.7 0.229
ALAU, mg/ { 2.60£3.77 2.2812.02 0.449
Hb, g/d¢ 14.4+1.07 14.0+1.24 0.043
Hct, % 44.6+3.29 44.4+3.90 0.776
ALC, mg/m' 0.158+0.159 0.334+0.415 0.003
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Table 5. Correlation matrix of study variables

X2 A= IS 2918 didAke] Aoy
g, A7 o7 9 ST, BMIS) wRbHTE SAlst
T ZI AR AN A9 E 63 ) F3 TR o
AN 37 T sEE e 9 A dEkl ot JF
S Ueilon (Rd1yt wd2) o wEF = I35 digol
T3 JES W oH(wdl), FF ZPP, 2% 0—ALAH]
Aol fref g ko] gl

ALC ZPP Blood |ead Tibialead ALAU Hb
ZPP 0.247"
Blood |ead 0.312" 0.550"
Tibialead 0.189 0.336" 0.587"
ALAU 0.140 0.427" 0.394" 0.345"
Hb 0.003 —0.333" 0.060 —0.024 —0.061
Hct 0.083 —0.265" 0.058 0.030 0.019 0.919"
“1p<0.01, "1 p<0.05

Table 6. Multiple linear regression analysis of lead exposure indices on airborne lead concentration and type

of lead exposure after adjustment of covariates

Variable Estimate SE t—statistic No. R’
Model 1 with blood lead 182 0.54
Intercept 18.2503 7.0500 2.5887
Type of lead exposure(fume=1, non—fume=0) 3.5274 1.7206 2.0501
Airborne lead concentration(mg/m’) 4.8608 2.2024 22070
Tibialead(1g/g) 0.2765 0.0296 9.3261"
Model 2 with tibialead 182 0.36
Intercept —49.4153 17.6870 —2.7939"
Type of lead exposure(fume=1, non—fume=0) 2.8696 4.4076 0.6510
Airborne lead concentration(mg/m’) 15.8727 5.5182 2.8764"
Mode 3 with ZPP 182 0.42
Intercept —54.5405 38.0421 —1.4337
Type of lead exposure(fume=1, non—fume=0) —8.5360 9.2194 —0.9259
Airborne lead concentration(mg/m') 8.7522 11.8231 0.7403
Tibialead(1g/g) 1.9698 0.4037 4.8799™
Blood lead(ug/dL) 0.0915 0.1926 0.4752
Model 4 with ALAU 182 0.23
Intercept 0.6492 1.8445 0.3520
Type of lead exposure(fume=1, non—fume=0) —0.0483 0.4470 -0.1081
Airborne lead concentration(mg/m') 0.1251 0.5732 0.2183
Blood lead(zg/dl) 0.0345 0.0196 1.7618
Tibialead(zg/g) 0.0203 0.0093 21785

In addition to variables listed under each model, models also adjusted for age, sex, work duration, BMI, smoking and drinking for all subjects.

1 p<0.001, 71 p<0.01, "1 p<0.05
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