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ABSTRACT — The rapid industrialization in Taiwan has caused both prosperity and environmental
pollution. The purpose of this study is to demonstrate a case of both occupational and environmental
lead poisoning. A patient of lead poisoning initiated a survey of the battery recycling factory, which
revealed that 31 of 64 workers suffered from lead poisoning. Children who attended a nearby kinder-
garten showed a significant increase of blood lead up to 15-25 pg/d! and a mild but significant decrease
of 1Q (intelligent quotient, by Binet-Simon scale) if compared with children of a nonexposed but
socioeconomically comparable kindergarten. Outdoor workers of the nearby forging factory also
showed a significant increase of blood lead if compared with indoor workers or workers of another non-
exposed forging factory 20 Km away. Air sampling showed an average of more than 10 g/m’ in the
kindergarten. Soil sampling and analysis also revealed 400 folds increase of lead content, which
decreased if the sample was taken deep down to 15-30 cm or 350 meters away from the battery recy-
cling smelter. Moreover, after children were moved away from the pollution source, follow-up exami-
nation performed 2.5 years later showed a significant decrease of blood lead and partial recovery of 1Q

among them.

INTRODUCTION

The toxicity of lead has been known for more
than a thousand years, but occupational and environ-
mental lead poisoning still occurs endemically, espe-
cially in developing countries. While there have been
many reports about environmental pollution by lead-
related industries, the victims were mostly confined to
workers' families or residents, especially children, of
nearby communities(1-6). To our knowledge, few
reports exist about the lead contamination spreading
to nearby factories and workers. In 1987, a lead bat-
tery recycling worker came to the medical clinic of
the National Taiwan University Hospital (NTUH)
with symptoms of anemia and bilateral wrist drop. He
was diagnosed with lead poisoning when we found
his blood lead was over 80 ug/dl. To determine the
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prevalence rates of occupational and environmental
lead poisoning, we conducted a series of epi-demio-
logical studies which were summarized in this
paper(7-10).

SUBJECTS AND METHODS

The factory began to operate in 1985. Used lead
batteries were imported from overseas and transported
by truck into the factory. After dissecting into separate
plates, they were thrown into furnaces for re-melting
and later refined to lead ingots. Sixty-four out of the
110 employees of the factory participated in this vol-
untary physical examination. Blood lead determina-
tion, CBC (complete blood count) and blood smear,
liver function and a comprehensive neurological
examination were performed. A diagnosis of lead poi-
soning was made if there was an increased lead bur-
den (blood lead over 40 xg/dl or a positive lead
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immobilization test) and measurable impairment of at
least one organ system associated with lead exposure
and without any alternative medical explanation.

Children of a nearby kindergarten (50 meters
away) and a non-exposed kindergarten (5 km away)
were invited to participate in the study. Each child and
his/her parents were asked to fill out a questionnaire
including his/her birth date, parental education and
occupational exposure to lead, residential environ-
ment (regarding nearby road traffic). Blood lead,
hemoglobin, ZPP(zinc protoporphyrin}, and 1Q (intel-
ligent quotient, by the Chinese 4 th revision of Binet-
Simon Scale) of each child were determined. In addi-
tion, workers of a forging factory (exposed) next to
the lead recycling factory and a reference forging fac-
tory (20 km away) were also recruited to be per-
formed physical examination and blood lead measure-
ment. These two factories had the same raw materials,
manufacturing processes, and products, which con-
tained no lead or its alloy. More than half of the work-
ers of the exposed factory had worked in the reference
factory, but they had left and set up their own compa-
ny about 5 years previously.

All blood lead were analyzed by graphite furnace
atomic absorption spectometry (AAS) with a Perkin-
Elmer Zeeman 5100 PC and AS-60 autosampler. Our
laboratory has a consistent intra-laboratory quality
control and has participated in the blood lead profi-
ciency test program of the United States CDC (Center
for Disease Control and Prevention) since 1985. Air
sampling was performed 3 times during 1988-9. Each

time was performed at a different season for 6-10
days. We collected total particulates in air at 4 differ-
ent sites, i.e., 50m, 100m, 950m, and 1050m away
from the smelter chimney with Kimoto and Anderson
high volume samplers. The glass fiber filters were
replaced everyday and were analyzed for the lead
content. Soil samples were taken from the surface, 1
cm, 1-14 cm, 15-30 cm in depth at 29 different sites
and their contents of lead, copper, and zinc were mea-
sured by AAS after extraction with mixtures of nitric
acid and hyperchlor-ic acid.

RESULTS AND DISCUSSION

We have examined 64 out of 110 workers, and
found 31 (48%) workers fulfilled the criteria of lead
poisoning. Among them, 22 suffered from polyneu-
ropathy and 13 had anemia. Furnace workers, mainte-
nance workers and field cleaners had an average
blood lead exceeding 80 p.g/dl. Since workers who
came for examination had a shorter working duration
and jobs of lower exposure such as office cleaning
and salesman (Table 1), the 48% of lead poisoning
might be an under- estimation of the true overall
prevalence rate.

In total, 36 children from the exposed and 35
from the reference kindergartens voluntarily partici-
pated in the study. There was no significant difference
between the two groups on sex ratio, age, hemoglo-
bin, number of years in kindergarten, proportion of
living beside a main street (Table 2). However, 22 out
of 36 exposed children had a blood lead exceeding 15

Table 1. Comparison of age, job tasks, and duration of employment among battery recycling workers who came and did
not come for the medical examination. (modified from Jang et al (10), expressed in mean+1 S.D.).

Examined non- examined
Job Blood no. age durationn of no. age duration of
categoriies lead workers (year) employment WOrers (year) employment
(pg/dl) (day) (day)
Furnace 87t 14 19 3710 349+328* 14 35%5 553+261
Maintenance 82+£8 3 30+4 2594243* 2 37+1 410+218
Dissecting 69116 10 35+8 450225 14 3619 3241306
Refining 64116 6 31+4 559%166 3 29+2 6791311
Crane operator 6411 6 44+ 4% 544+£376 3 36+4 1007 +838
Field cleaner 95+35 4 43 1% 698 £229* 2 491 133+14
Office cleaner 48+ 5 6 50+3 548+248 0 - -
Office, guard 38+ 4 S 52%13 960+ 861 8 4320 4651336
Salesman etc. 8t 6 5 276 1491136 0 - -
* p<.0S.
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pg/dl in comparison with 0 out of 35 non-exposed
(p<.001), and the IQ's of the former were also signifi-
cantly lower than those of the later (Wilcoxon rank
sum test, p<.05). Because there was no difference on
paternal education and nutritional status as demon-
strated by similar hemoglobin levels, we concluded
that the IQ impairment among the exposed children
were caused by increased absorption of lead.
Moreover, the average air concentration of lead inside
the exposed kindergarten were about 12.9+11.4 and
12.8+8.0 #g/m* at 50 m and 100 m distance from the
smelter during sunshine days and usually decreased to
1/6 of the above figure during rainy days. The lead
content in the surface soil was approximately inverse
to the distance from the chimney of the smelter and
decreased linearly along with the depth, while copper
and zinc did not show such a trend (Table 3). It indi-
cated that the lead in soil and air near the smelter

might come from the chimney and fugitive sources.
Thus, the exposed kindergarten was immediately
advised to move at least 2 km away from the recy-
cling smelter. Further follow up examination of these
children 2.5 years after the exposed kindergarten
moved away showed that there was no change of
hemoglobins for both groups. The blood lead of the
exposed dropped significantly with an average differ-
ence of 6.9 2.0 1g/dl compared with previous exam-
ination, while that of the reference was 1.71+1.3
g/dl. The IQ of the exposed recovered with an average
increase of 11.7%13.2 points, while that of the refer-
ence was 4.2+ 13.0. We conclude that the increased
lead absorption and IQ impairment of the exposed
children were caused by air and soil pollution of lead
from the nearby lead recycling smelter.

A comparison of blood lead levels between the
exposed and reference forging factory also showed a
significant elevation of blood lead for the exposed

Table 2. Comparison of demographic data, blood lead, hemoglobin, and IQ (intelligent quotient) of
children of the exposed (nearby lead recycling smelter) and reference kindergartens. (modi-

fied from Wang et al (8)).

Kindergarten Exposed children Reference children
Total no. 36 35

male/female 16/20 22/13
Age(years)

4-6/>6 19/17 24/11
Living beside a main street

yes/no 10726 14721
Years of education of their parents father mother father mother

<9 years 25 26 25 22

9-12 years 9 9 8 13

> 12 years 2 1 2 0
Hemogobin (gm/dl)

<12 7 5

12-14 22 26

> 14 7 4
Blood lead (£gg/dl)*

<10 1 25

10-15 13 10

15-20 19 0

>20 3 0
1Q*

<70 1 0

70-89 12 4

89-109 15 20

> 110 4 11

* p <.01 by Mantel extension for the test of trend.
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workers (meantS.D.: 20.4+9.4 vs 59129 yg/dl).
The difference remained consistent even after stratifi-
cation by working indoors vs outdoors (Table 4). Blood

with working at the exposed factory outdoors and
indoors. Five months after improvements in pollution
control and decrease in production volume at the near-

by lead factory, 30 of the exposed workers were re-test-
ed for blood lead. Outdoor workers of the exposed fac-
tory had an average decrease of 4.2+t 1.4 ug/dl, while
that of indoor workers showed no difference (0.9£0.7
ug/dl). We conclude that the increased lead absorption

lead levels were lower among exposed workers who
were employed less than 2 months than those
employed longer, but no such difference was observed
in the reference group. A multiple regression analysis
showed that blood lead was significantly associated

Table 3. Contents of lead (Pb), copper (Cu), Zinc (Zn) (in mean +S8.D xg/gm) in the soil near the lead recycling factory
stratified by different depths of the soil and distance from the factory. Numbers in parentheses indicate the number
of sample. (modified from Wang et al (8)).

Depth of the soil Surface lcm 1-15¢cm 16-30 cm
Distance from the Roadside
recycling factory Yes No
<350 m
Pb 418713331 1914+ 1468 508 =372 86+72 28+12
) (5) (13) (20) (10)
Cu 31x2.1 1.3£1.0 09104 0.6+0.2 0.5£0.1
©) (5) ) (6) )
Zn 84+23 50x2.7 43145 1.8+23 14+24
(3) (5) N (6) (5)
350-1100 m
Pb 193 +122 38t13 1711 10+11
(7 (5) 10 (5)
Cu 1.9 +1.0 1.2+0.2 14%15 14+0.3
(6) (3) (3 (2)
Zn 9.9 +1.3 1.7£0.1 44+38 2.2
(5) (2) (3) 0y

* p < .01 by Mantel extension for the test of trend.

Table 4. Comparison of demographic data and blood lead levels ( ng/dl) of workers in the two iron forging factories by
Wilcoxon Rank Sum test. (modified from Chao et al (9)).

Exposed factory Reference factory
(next to the lead (20 Km away)
recycling smelter)
Total number 36 47
Age(years) 33.0%£9.6 351115
Duration of work (years) 3017 6754
Blood lead( «.g/dl) No. of median Range No. of median Range
workers workers
working indoors 11 11 21-6 11 5 5-4
working outdoors 25 24 49-10 36 55 20-4
New employees or
truck driver S 8 14-3 4 6 9-5

* p < .01 by Mantel extension for the test of trend.
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of the exposed workers were caused by the environ-
mental pollution of lead recycling smelter next door.
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