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Effect of Cumulative Blood L ead and Cumulative Blood ZPP as L ead Body
Burden on Renal Lead Biomarkers

Gang-Ho Yoon, Nam-Soo Kim, Jin-Ho Kim, Hwa-Sung Kim, Byung-K ook Lee

Department of Preventive Medicine, College of Medicine and Institute of Industrial Medicine,
Soonchunhyang University

Objective: To evaluate the possibility of cumulative blood lead and blood ZPP as surrogates of lead
body burden and to investigate their association with renal function as an index of lead body burden.

Methods: The study subjects comprised 678 lead workers with past blood lead and blood ZPP data
from their employment.

Cumulative blood and ZPP were calculated by accumulating the every year mean value of both indices
from the new employment since 1983. To assess the cumulative data of lead workers who started their
lead work before 1983, the years before 1983 were simulated with the first available data from 1983.

Study variables for lead body burden were tibia bone lead and DM SA chelatable lead, whereas those
for current lead biomarkers were blood lead and blood ZPP.

BUN and serum creatinine were selected as clinical rena biomarkers, while NAG (N-acetyl-D-glu-
cosamine) and RBP (Retinol binding protein) were selected as early renal biomarkers.

Results: The association between cumulative blood lead and blood ZPP with tibia bone lead was sta-
tigtically significant with determinant coefficients (r?) of 0.72 and 0.567, respectively, and their relation-
ships were better explained by the curvilinear regression model.

In multiple regression analysis of current lead biomarkers on the renal biomarkers after controlling for
possible confounders (age, sex, job duration, smoking and drinking status), blood lead was associated
only with log-transformed NAG, whereas blood ZPP was associated with 3 other renal biomarkers.

On the other hand, in multiple regression analysis of biomarkers of lead body burden on renal biomark-
ers after controlling for possible confounders (age, sex, job duration, smoking and drinking status),
cumulative blood ZPP and tibia bone lead were associated with all 4 renal function biomarkers, whereas
cumulative blood lead and DM SA chelatable |ead were associated with 3 renal biomarkers except BUN.

Conclusion: Cumulative blood and ZPP were demonstrated to be good surrogates of lead burden.
Furthermore, the cumulative blood ZPP was confirmed to have a better association than the cumulative
blood lead.
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Table 1. General characteristics and lead exposure biomarkers of study subjects
. Male (N=531) Femae (N=147)
Variable
Mean SD Min Max Mean SD Min Max
Age (yrs) 39.0 9.3 18.0 65.0 48.1 6.62 20 59.0
Job duration (yrs) 8.7 6.6 0.0 36.0 8.3 46 0.0 20.0
PbB («g/dl) 349 13.6 7.7 75.4 19.9 9.5 43 479
ZPP (ug/dl) 81.0 65.0 16.0 640.0 81.0 52.0 31.0 367.0
TIBIA (#g/g) 359 43.9 -7.0 338.0 26.9 18.7 -7.0 107.0
DMSAPbU (ug/L) 214.9 2139 5.0 2103.0 78.8 75.5 5.0 375.0
Cum_PbB (ug/dl) 565.5 541.8 231 3057.1 482.8 309.0 15.9 1304.8
Cum_ZPP (ug/dl) 1457.6 1662.8 69.0 10629.0 1825.6 1256.0 108.07 274.0
Smoking
Current, N (%) 452 (85.1) 3(20)
Never& Ex, N (%) 79 (14.9) 144 (98.0)
Drinking
Current, N (%) 443 (83.4) 39 (26.5)
Never&Ex, N (%) 88 (16.6) 108 (73.5)
PbB: Blood lead
ZPP: Zinc protoporphyrinin blood
TIBIA: Bonelead in tibia
DMSAPDU: Lead in four hour urine after DM SA chelation
Cum_PbB: cumulative blood lead from employment
Cum_ZPP: cumulative zinc protoporphyrin from employment
330 - 330 A *
. *
280 - 280
230 - _ 230
—_— L=}
S 180 - 180
g’ 180 %
%:‘-g 130 - 2 1301
80 - 80
30 - 30
—T e IS B S S S | 2+ 77T T
-100 400 900 1400 2900 3400 2900 3400 -500 1500 3500 5500 7500 9500 11500
CUM_PBB Cum_zZPP
Y=9.451+.025 *X+1.945E-5 *X% R?=.72 Y=8.504+.015 *X+6.136E-7  *X% R®=.567

Fig. 1. The relation of cumulative blood lead with tibia bone
lead

Fig. 2. Therelation of cumulative ZPP with tibia bone lead
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Table 2. Mean and standard deviation of renal biomarkers of study subjects
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. Male (N=531) Female (N=147)
Variable
Mean SD Min Max Mean SD Min Max
BUN (mg/dl) 14.84 3.77 6.00 32.20 13.42 342 7.00 25.00
SCr (mg/dl) 0.94 0.15 0.61 250 0.74 0.09 0.48 1.00
NAG (U/g Cr) 242.72 260.96 13.20 4050.10 194.72 150.47 27.30 818.50
RBP (ug/g Cr) 77.38 204.90 123 2872.20 43.24 59.35 244 546.75
BUN: Blood Urea Nitrogen, SCr: Serum creatinine, NAG: N-acetyl-3-D-glucosaminidase
RBP: Retinol binding protein
Table 3. Linear regression modeling of renal outcomes with lead dose biomarkers
Lead variables Bcoefficient SER t-stat p-value R?
LogNAG (zmol/h/g creatinine) models
TIBIA 0.0029 0.0007 43112 0.0000 0.17
PbB 0.0060 0.0019 3.2182 0.0014 0.16
Cumulative PbB 0.0004 0.0001 4.9645 0.0000 0.17
ZPP 0.0006 0.0004 1.7096 0.0878 0.15
Cumulative ZPP 0.0000 0.0000 2.3396 0.0196 0.15
DMSAPDH 0.0005 0.0001 4.2789 0.0000 0.17
LogRBP (ug/g creatining) models
TIBIA 0.0039 0.0009 4.5596 0.0000 0.12
PbB 0.0032 0.0024 1.3466 0.1786 0.10
Cumulative PbB 0.0003 0.0001 3.4150 0.0007 0.11
ZPP 0.0012 0.0005 2.3890 0.0172 0.10
Cumulative ZPP 0.0001 0.0000 2.8464 0.0046 0.11
DMSAPH 0.0005 0.0002 3.4887 0.0005 0.11
BUN (mg/dl) models
TIBIA 0.0105 0.0042 2.5190 0.0120 0.11
PbB 0.0048 0.0115 0.4191 0.6753 0.10
Cumulative PbB 0.0005 0.0005 1.1500 0.2506 0.10
ZPP 0.0048 0.0023 2.0841 0.0375 0.10
Cumulative ZPP 0.0004 0.0001 3.4013 0.0007 0.11
DMSAPH 0.0000 0.0007 0.0065 0.9948 0.10
Serum creatinine (mg/dl) models
TIBIA 0.0010 0.0002 6.5047 0.0000 0.32
PbB 0.0002 0.0004 0.4957 0.6203 0.28
Cumulative PbB 0.0001 0.0000 3.4167 0.0007 0.29
ZPP 0.0004 0.0001 4.5825 0.0000 0.30
Cumulative ZPP 0.0000 0.0000 7.2533 0.0000 0.33
DMSAPD -0.0001 0.0000 -2.0595 0.0398 0.29

* Models are also adjusted for age, gender, smoking and drinking habit.
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