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The Development of Risk Predictive Model for
Air-borne Lead in Blood

Jong-Suk Kim
Air Quality Management Bureau Ministry of Environment

ABSTRACT

In order to survery the risk of air-borne lead to human, the relation between air-borne lead
level and blood lead level was examined by using of the kinetic model and statistical model.

The results of this survey were as follows :

1. The pathways of lead intake were food and water, mainly.

2. Though blood lead level of Korean urbanite was higher than that of American or Japanese,
it was not so severe as to influence human health.

3. The lead content in food and water was high, and so it is needed to confirm the cause
of high content was whether second contamination by air pollution or not.

Keywords : Air-borne level, blood lead level, kinetic model, statistical model.
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Fig. 1. Principal pathways of lead from the environ-
ment to human consumption.
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Table 1. Arnual average values of heavy metals in major cities in Korea (1991) (Unit : pg/m*)
) Seoul Pusan Kwangju
Clty et e —— e e
average range dverage range average range
Pb 1.3093 0.1077-0.7470 0.2367 0.0490-0.8437 0.0957 0.0137-0.4133
Cd 0.0057 0.0010-0.0100 0.0044 0.0013-0.0093 0.0033 0.0002-0.0112
Cr 0.0207 0.0013-0.1060 0.0182 0.0017-0.0500 0.0195 0.0042-0.0885
Ni 0.0313 0.0083-0.0903 0.0160 0.0000-0.0563 0.0174 0.0063-0.0622
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Table 2. Heavy metal content in sampled raw crops

(Unit : ug/l)

Cd Cu Ni Zn Pb
Rice 0.11+ 0.03 146+ 0.53 233+ 1.14 5861 3.02 0.85+0.47
Cucumber .02+ 0.01 1.30+ 0.26 0.22+ 0.07 1.30+ 0.99 0.11£0.26
Chinese cabbage 0.01+ 0.03 2691 2.82 0.29+ 0.16 241+ 192 0.14+ 0.10
Raddish 0.01+ 0.04 2541 2.75 0.26+ 0.24 1.33+ 1.01 0.08+0.11
Apple 0.02+ 0.01 0.66+ 0.25 0.14+ 0.13 0.67+ 0.52 0.09t 0.13
Pear 0.03+ 0.01 1.83+% 1.55 0.21+0.14 0.71+ 1.51 0.04+ 0.06
Grape 0.03+ 0.01 1.23+ 0.37 0.25+ .16 0.97+ 0.72 0.22+0.32
Orange 0.01+0.01 043x 0.15 0.24+ 0.06 0.97+ 0.29 0.311 0.27

Table 3. The average levels of heavy matal in water in Korea (Unit : mg/D
Fe Cd Pb Mn Cu Hg
Stream Water RW 0.47 0.008 0.066 0.508 0.038 0.002
(Han Kang) ™ (.53 0.008 0.063 0.508 0.02 0.002
Drinking Paldang 0.002 0.03 0.01 (.01 ND
Water Kimpo 0.01 — 0.03 0.01 0.01 ND

RW : Raw Water, TW : Treated Water.

Table 4. The average total level of lead intake

Total Air Food Water
(ug/day) (ug/day) (ug/day) (ug/day)
Male 74.518 0.218 52.6 217
100% 0.29% 70.6% 29.1%
Female 75.77 0.17 52.6 23
100% 0224%  69.4% 30.4%
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Table 5.

Population distribution for blood lead levels

Blood lead

level (ug/dl) age/sex 20-30 30-40 40-50 Over 50
Under 10 male 0.14 35 0.07 0.38
female 0.2 0.125 38 34
15-20 male 53.5 36 45 48
female 38 33 40 40
20-25 male 27 5.5 33 25
female 31 28.6 12.5 12.8
25-30 male 5.7 049 92 5.8
female 11.5 224 3 2.7
over 30 male - 0.01 1.8 1.2
female 0.1 7 0.5 0.5
over 40 male - 0.01 0.01
female 0.6 -
Table 6. Comparison of Blood Lead Level for differ- 2 A7 IR ks R o) el

ent countries

Country US. Japan  Israel

Blood lead level(ug/dD 7.5 6 8.2
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Table 7. Summary of lowest observed effect levels for key lead-induced health etfects in children

Lowest observed Heme synthesis Neurological Renal system Gastrointestinal
effect level and hematolog- effects effects effects
(PbB)* ical effects
80~100 ug/di Encephalopathic Chronic nephropathy  Colic, other overt
signs and symptoms (aminoaciduria, etc.) gastrointestinal
symptoms
70 pg/d Frank anemia i
60 pg/d! Peripheral neuropathies ' -
50 pg/d !
M
40 pg/d! Reduced hemoglobin Peripheral nerve
Synthesis dysfunction

(slowed NCV’s)
Elevated copropor- CNS cognitive effects

phyrin (IQ deficits, etc.)
Increased urinary |
ALA
30 ug/dl! ? Vitamin I} metabo-
| lism interference
15 pg/di Erythrocyte Altered CNS electro- ‘
protoporphyin physiological responses i
elevation !
10 pg/d! ALA-D) inhibition \ ?
| ¥
Py-5-N" activity ?
inhibition
\!
?

*PbB=blood lead concentrations.
* Py-5-N = pyrimidine-5'-uncleotidase.

Table 8 .Summary of lowest observed effect levels for key lead-induced health effects in adults

Lowest observed Heme synthesis Neurological Effects on Reproductive Cardiovascular
effect level and hematological effects the kidney function effects effects
(PbB)* effects
100~120 ng/d/ Encephalopathic Chronic
sings and nephropathy
symptoms [
80 pg/di Frank anemia |
60 ug/dl - \ Female reproductive
1 ; effects
50 ug/d! Reduced Overt subencephalo- \ Altered testicular
hemoglobin pathic neurological i function
production symptoms \ ;
i > {

40 pg/di increased urinary  Peripheral nerve s -
ALA and elevated  dysfunction (slowed
coproporphyring nerve conduction)

{
30 pg/d! --- Elevated blood
pressure
25~ 30 ug/dl Erythrocyte (white males)
protoporphyrin (EP) aged 40~59
elevation in males !

15 ~ 20 pg/d! Erythrocyte \
protoporphyrin (EP) |
elevation in females {

<10 pg/dl  ALA-D inhibition ?

*PbB=blood lead concentrations.
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