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The battery industry is the largest consumer of lead, using
an estimated 80% of the global lead production. The industry is
also rapidly expanding in emerging market countries. A review
of published literature on exposures from lead-acid battery
manufacturing and recycling plants in developing countries
was conducted. The review included studies from 37 countries
published from 1993 to 2010 and excluded facilities in developed countries, such as the United States and those in Western
Europe, except for providing comparisons to reported findings.
The average worker blood lead level (BLL) in developing
countries was 47 µg/dL in battery manufacturing plants and
64 µg/dL in recycling facilities. Airborne lead concentrations
reported in battery plants in developing countries averaged
367 µg/m3, which is 7-fold greater than the U.S. Occupational
Safety and Health Administration’s 50 µg/m3 permissible exposure limit. The geometric mean BLL of children residing
near battery plants in developing countries was 19 µg/dL,
which is about 13-fold greater than the levels observed among
children in the United States. The blood lead and airborne lead
exposure concentrations for battery workers were substantially
higher in developing countries than in the United States. This
disparity may worsen due to rapid growth in lead-acid battery
manufacturing and recycling operations worldwide. Given the
lack of regulatory and enforcement capacity in most developing
countries, third-party certification programs may be the only
viable option to improve conditions.
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INTRODUCTION

L

ead poisoning remains a significant occupational disease
and a ubiquitous environmental health threat to children.
Lead causes numerous adverse health effects, including damage to the nervous system, the kidneys, the cardiovascular
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system, the hematopoietic system, and the reproductive system.(1–8) In children, blood lead concentration is associated
with a significant decrease in academic performance and lower
standardized test scores (including IQ test scores) and is linked
with hyperactive and violent behavior.(9) The International
Agency for Research on Cancer (IARC) has classified lead
and inorganic lead compounds in Group 2A as probable human
carcinogens.(10)
Occupational and environmental lead exposure in the developing world arguably may have a more profound effect than
in developed countries. Poor nutrition, common in developing
countries, increases lead absorption through the gastrointestinal tract.(11) Lead poisoning imposes a range of hidden costs on
developing countries. One study estimated that a 50% decrease
in childhood blood lead levels in Nigeria could save the country
$1 billion annually; the health care cost of lead exposure
for adults is estimated to total $7 billion.(12) Lead-induced
decrements to health status may further decrease productivity,
which will lead to less investment and the continuation of the
cycle of poverty.(13)

The Lead Battery Industry
The battery industry is the principal consumer of lead
and uses an estimated 80% of annual primary lead (mined)
and secondary lead (recycled) production.(14) Approximately
50% of global lead production is derived from recycling lead
batteries.(15) These batteries are used primarily in vehicles for
starting, lighting, and ignition purposes, but are also used in
photovoltaic solar installations and telecommunications systems to store energy. In developing countries where the power
supplies are often inconsistent, lead batteries are routinely
used in homes and businesses to back up computer systems,
lights, and appliances when outages occur. Electric vehicles
are becoming an important market for lead batteries; electric
bikes in China presently account for more than 20% of the
country’s lead demand.(16,17) The expected increase in automobile, solar, telecommunications, and computer sales in the
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developing world will increase the production and recycling
of lead batteries.
It is estimated that between 60,000 and 70,000 people are
employed globally in lead battery manufacturing, in addition to
a similar number working in mining, smelting, and refining.(15)
The vast majority of these workers live in the developing world.
The efficiency of lead recovery from battery recycling can vary
greatly, and the crude methods employed in most developing
countries result in the release of millions of tons of lead into the
environment.(18) The Basel Convention, which came into force
in 1992, restricts the export of used lead batteries to developing
countries where environmentally sound recycling cannot be
ensured. The United States exports a substantial number of
used lead batteries to Mexico, South Korea, India, and other
countries, which underlines the importance of investigating
lead exposures in these countries.(19,20)
Given forecasts that the lead battery industry will double in
size in many developing countries over the next 5 to 10 years,
we performed this review of lead exposures among workers in
lead battery manufacturing and recycling and among children
living in nearby communities.(21–23) We discuss barriers and
opportunities to better control these exposures and environmental emissions.

TABLE I. List of Developed Countries Excluded
from the Literature Search

METHODS

North America

W

Oceania

e reviewed the published literature on lead exposures
due to lead-acid battery manufacturing and recycling
operations (which include reconditioning used batteries) in
developing countries. We used the terms “lead, blood lead
levels (BLLs), battery manufacturing, recycling, and children,”
and searched databases of the National Library of Medicine,
MEDLINE service, and Web of Science and Global Health.
More than 232 studies appeared on these search terms, among
which 98 were relevant for this review. Pertinent references
cited in the identified studies were also reviewed.
We limited our review to studies with an abstract published
in English from 1993 to 2010 and excluded facilities from
our search if they were located in countries considered “developed,” (Table I). Information on relevant measures from
developed countries was used to compare aggregate results
obtained in this review. Given the improving economies in
many countries during this time period and the lack of a
universal classification system, we used the term “developing countries” to distinguish the latter from the “developed
countries” listed in Table I. We used the 1993 start point
for three reasons. First, there are few pertinent studies prior
to 1993. Second, similar manufacturing technologies have
been employed around the world since 1993. Third, the start
point follows the implementation of the Basel Convention
mentioned previously.
From the 98 selected studies identified in our search, 84
provided summary measures of BLLs (the arithmetic mean, geometric mean, or median) among exposed worker cohorts and,
in some cases, airborne lead concentration inside the plants.

Region

Countries

Europe

Andorra
Austria
Belgium
Denmark
Finland
France
Germany
Iceland
Ireland
Italy
Liechtenstein
Luxembourg
Monaco
Netherlands
Northern Ireland
Norway
Scotland
Spain
Sweden
Switzerland
United Kingdom
Canada
United States
Australia
New Zealand
Japan

Asia

Ten studies reported summary measures of BLLs in children
living in the vicinity of battery manufacturing and recycling
facilities. We attempted to contact the authors of studies that
presented incomplete statistics (e.g., only the range of BLLs)
and did not provide a summary cohort exposure.(24–31) If no
additional information could be obtained, we excluded the
study.
For the BLL data, we grouped those studies reporting the
arithmetic mean BLL and grouped separately those studies
reporting either the geometric mean or median BLL. For
individual studies that reported separate arithmetic mean BLLs
for two or more subgroups, we computed an average value
weighted by the number fraction in each subgroup. For individual studies that reported a geometric mean (GM) and a geometric standard deviation (GSD) for the BLLs, we estimated
the cohort arithmetic unweighted mean (µ) by the equation:
µ = GM × exp[0.5 × (ln GSD)2].(32) Because the distribution
of BLLs tends to be right skewed, we judged that the GM BLL
was approximately equal to the median BLL and therefore
grouped studies reporting only the GM with those reporting
only the median value.(33) For each group, we calculated the
mean or median of all the individual study values in the group.
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We evaluated the BLL trend from 1993 to 2010 among the
61 studies that reported arithmetic mean BLLs by regressing
the individual study results against the year of study publication. Blood lead level samples were almost certainly collected
before the publication dates listed in the tables. The TheilSen median slope for trend in Stata software (version 10;
StataCorp LLC, College Station, Texas) was used to evaluate
these cohort BLLs over time.(34) This statistical analysis is
a nonparametric estimate of slope, identified as the KendallTheil slope (also known as the Kendall-Sen).(34–36) The method
is resistant to the effects of outliers and non-normality in
residuals, as commonly observed in BLL data.(37) We also
used the Student’s t-test to compare average BLLs among lead
battery plant workers reported in the period 1993–2002 versus
the period 2003–2010. We chose 2002/2003 as the cut point
to divide the data set into approximately equal numbers of
BLL reports. Five countries, accounting for 40 of the studies,
were represented in both groups allowing for comparisons over
these time periods.

Table VI lists 10 studies that reported the arithmetic mean or
median BLLs for groups of children residing near lead battery
manufacturing and recycling plants in developing countries; a
total of 2284 children are represented in the table. These studies
included different age ranges (up to 15 years) and distances
from the subject plants (0.18 to 5 km). The arithmetic mean
BLL in groups of children range from 9 to 71 µg/dL; the
average and median values of the nine group arithmetic means
are 29 µg/dL and 19 µg/dL. Reported median BLLs for two
other groups of children were 7.3 and 8.1 µg/dL.
As seen in Figure 1, there appears to be a modest decline
in worker BLLs during the period 1993 to 2010, although
the trend is not statistically significant (Theil-Sen median
slope = –0.69, with two-sided 95% confidence interval [–1.54;
0.16]). When the cohort arithmetic mean BLLs are grouped
by publication date with 2002/2003 as the cut point, the group
average BLL is higher during 1993–2002 (50 µg/dL) than
during 2003–2010 (44 µg/dL), although the difference is not
statistically significant (p = 0.29 for a two-tailed test).
DISCUSSION

RESULTS

T

able II lists arithmetic mean BLLs among workers at lead
battery plants in 20 countries as reported in 61 studies; a
total of 8350 workers are represented in the table. Arithmetic
mean cohort values ranged from 22 to 128 µg/dL, and the
mean and median of the 61 cohort arithmetic mean values are
47 µg/dL and 42 µg/dL, respectively. Table III lists median
BLLs among workers at 12 lead battery plants in six countries
as reported in seven studies; a total of 1189 workers are
represented in the table. The median of the cohort median
values is 37 µg/dL. Table IV lists arithmetic mean BLLs
among workers at 14 lead battery recycling/reconditioning
plants in 13 countries as reported in 13 studies; a total of 479
workers are represented in the table. Arithmetic mean cohort
levels range from 43 to 113 µg/dL, and the mean and median
of the cohort arithmetic mean values are 64 µg/dL and 60
µg/dL, respectively.
Table V lists the arithmetic mean or GM value for lead
concentrations in air (based on area and personal samples) in
12 battery manufacturing plants, and the arithmetic mean lead
concentration in air (based on area samples) in one battery
recycling facility. One study that summarized airborne lead
exposure in Chinese lead battery industries was excluded because of discrepancies in the results.(38) Due to the lack of detail
regarding workplace conditions associated with the samples in
most studies, we combined the area and personal sample results within the same industry. Arithmetic mean airborne lead
concentrations ranged from 39 to 1260 µg/m3, and geometric
mean airborne lead concentrations ranged from 33 to 355
µg/m3. Among the studies that provided an arithmetic mean
airborne lead concentration, the average and median value of
the eight means are 367 µg/m3 and 264 µg/m3, respectively.
Among the six studies that provided a GM airborne lead
concentration, the median value of the five GMs is 103 µg/m3.
522

T

ables II–IV demonstrate that lead battery industry workers
in developing countries, at both the front and back end of
the battery life cycle, experience BLLs that far exceed health
protection guidelines. Based on a comprehensive review of
lead toxicity in adults, Kosnett et al.(1) recommended that
individuals be removed from occupational lead exposure if
a single blood lead concentration exceeds 30 µg/dL, or if
two successive blood lead concentrations measured over a 4R
has established
week interval are ≥ 20 µg/dL. The ACGIH
(39)
a biological exposure index of 30 µg/dL. The Centers for
Disease Control and Prevention (CDC) recommends that BLLs
should be maintained at < 5 µg/dL for occupationally exposed
women who are or may become pregnant.(40)
BLLs among U.S. and U.K. workers in lead battery manufacturing facilities are substantially lower than the levels
reported in this review.(41–43) Although no comprehensive U.S.
occupational lead registry exists, several states have compiled
extensive data on BLLs from workers in the lead battery industry via laboratory reporting requirements. In California, BLLs
above 25 µg/dL must be reported to the state. In practice, most
blood lead test results (at all levels) are voluntarily reported.
In 1999 (the last year that data was reported), among 1931
workers from this industry, no reported worker BLLs exceeded
60 µg/dL, and only 36 (1.9%) worker BLLs exceeded 40
µg/dL.(44) From 1993 through 2001 in Washington State, only
five workers from the lead battery manufacturing industry
reported BLLs exceeding 60 µg/dL.(45)
The U.S. National Institute for Occupational Safety and
Health (NIOSH) had compiled BLL report data for 2007 from
states that collect and summarize laboratory testing reports.
Among 1743 production workers in storage battery industries
(NAICS 335911) in California, Iowa, and Oregon, 325 (18.6%)
had BLLs ≥ 25 µg/dL, and 21 (1.2%) had reported BLLs ≥
40 µg/dL (personal communication from Walter A. Alarcon,
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TABLE II. Arithmetic Mean BLLs of Workers in Lead Battery Manufacturing Plants
Year

Author

1993
1993
1994
1994
1994
1995
1995
1996
1996
1996
1997
1997
1997
1997
1998
1998
1998
1998
1998
1999
1999
2000
2000
2000
2000
2000
2000
2001
2001
2002
2002
2002
2003
2003
2003
2003
2003
2003
2003
2004
2004
2004
2004
2005
2005
2005
2005
2006

Zhang(70)
Far et al.(71)
Ibiebele(52)
Makino et al.(72)
Singh et al.(73)
Kim et al.(74)
Schwartz, S. et al.(75)
Solliway et al.(76)
Cordeiro et al.(77)
Chang et al.(78)
Lai et al.(79)
Yucesoy et al.(80)
Schwartz et al.(81)
Kuo et al.(82)
Ho et al.(83)
Ehrlich et al.(84)
Vaglenov et al.(85)
Williams et al.(86)
Undeger and Basaran(87)
Froom et al.(88)
Chuang et al.(63)
Caldeira et al.(89)
Restrepo et al.(90)
Roh et al.(91)
Basaran and Undeger (92)
Ratzon et al.(93)
Chuang et al.(94)
Duydu et al.(95)
Vaglenov et al.(96)
Hwang(97)
Wang et al.(53)
Sonmez et al.(98)
Mishra et al.(99)
Nusier et al.(29)
Palus et al.(100)
Suzen et al.(101)
Pizent et al.(102)
Duydu and Suzen(103)
Lormphongs et al.(104)
Gurer-Orhan et al.(105)
Chuang et al.(106)
Bagc et al.(107)
Heo et al.(25)
Duydu et al.(108)
Chuang et al.(109)
Ravichandran et al.(31)
Karakaya et al.(110)
Patil et al.(111)

Country
China
Singapore
Barbados
Philippines
India
South Korea
South Korea
Israel
Brazil
Taiwan
Taiwan
Turkey
South Korea
Taiwan
Singapore
South Africa
Bulgaria
Trinidad-West Indies
Turkey
Israel
Taiwan
Brazil
Colombia
South Korea
Turkey
Israel
Taiwan
Turkey
Bulgaria
Taiwan
Taiwan
Turkey
India
Jordan
Poland
Turkey
Croatia
Turkey
Thailand
Turkey
Taiwan
Turkey
South Korea
Turkey
Taiwan
India
Turkey
India
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n

Arithmetic Mean BLL (µg/dL)

128
25
20
199
15
66
308
34
20
27
219
20
57
5
50
382
22
22
25
94
392
17
43
49
25
63
206
31
103
96
229
13
34
83
44
71
143
71
182
20
544
22
1123
50
855
171
23
28

September 2011

125.7A
48.9
35.3
64.5
52.0
45.7
29.1
40.7
49.4
48.6
56.9
59.4
25.4
43.6
32.5
53.5
60.9A
23.0
74.8
38.1
23.9
63.8
98.5
42.6
74.8
42.5
31.8
36.3
55.9A
29.6
58.6B
25.3
128.1
51.4
50.4
34.5
41.4
34.5
21.7C
54.6
23.2
36.8
22.9D
40.1
30.4
32.3D
72.7
53.6
(Continued on next page)
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TABLE II. Arithmetic Mean BLLs of Workers in Lead Battery Manufacturing Plants (Continued )
Year
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2006
2006
2006
2006
2006
2007
2007
2008
2008
2009
2009
2010
2010

Author
Kuruvilla et al.(112)
Li et al.(113)
Engin et al.(114)
Chen et al.(115)
Wananukul et al.(24)
Lin and J. Tai-y (116)
Chia(117)
Chuang et al.(118)
Raviraja et al.(59)
Kašuba et al.(119)
Hsu et al.(120)
Nsheiwat et al.(121)
Gao et al.(122)

Country
India
Taiwan
Turkey
China
Thailand
China
Vietnam
Taiwan
India
Croatia
Taiwan
Jordan
China

n

Arithmetic Mean BLL (µg/dL)

52
597
30
25
389
135
276
120
5
15
80
22
135
Total = 8350

42.4
27.1
63.5
32.0
35.5A,D
42.2
25.3C
37.5E
81.1A
43.6
40.2
27.5
42.5F
Mean = 47
Median = 42

Note: n = number of samples.
Aµg/dL conversion from µmol/L.
BThe number-weighted average of male and female workers reported.
CArithmetic mean computed based on the reported GM and GSD.
DAggregate average provided by authors of the study.
EThe number-weighted average of Taiwanese and Thai nationals reported.
F The number-weighted average of ALAD11 and ALAD12 genotypes reported.

CDC/NIOSH Adult Blood Epidemiology and Surveillance
(ABLES) Program project officer, February 2, 2011).(46,47) In
an Environmental Assessment filed in 2010, the average BLLs
for employees at two lead battery plants at Bristol, Tennessee,
and Columbus, Georgia, were reported as 13 and 15 µg/dL,
respectively.(41) Since 1993, occupational lead exposures in

battery manufacturing declined substantially in the United
States due to improvements in ventilation and work practices;
environmental lead emission also decreased.(48)
In the U.K., summary data from 2003/2004 indicated that
of 11,011 male lead workers undergoing medical surveillance,
about 5% had BLLs ≥ 50 µg/dL, and less than 1% had BLLs

TABLE III. Median BLLs of Workers in Lead Battery Manufacturing Plants
Year

Author

Country

n

Median BLL (µg/dL)

1994
1996
1997
1997
1997
1998
1998
1998
1998
1998
1998
2008
2008

Dos Santos et al.(123)
Chia etal.(124)
Chia(125)
Sithisarankul et al.(126)
Chia et al.(127)
Bergdahl et al.(128)
Jakubowski et al.(129)
Jakubowski et al.(129)
Jakubowski et al.(129)
Jakubowski et al.(129)
Jakubowski et al.(129)
Sun et al.(130)
Sun et al.(130)

Brazil
Singapore
Singapore
South Korea
Singapore
Russia
Poland
Poland
Poland
Poland
Poland
China
China

166
72
50
65
28
42
460
8
26
70
10
155
37
Total = 1189

36.8
39.2
37.1
27.9
42.6
27.0
34.9A
48.2A
44.9A
49.6A
50.3A
20.2A,B
15.5A,C
Median = 37

AGeometric

mean considered to approximate the median value.

BMale.
CFemale.
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Year
1995
1998
1998
2000
2000
2001
2002
2002
2008
2008
2008
2009
2009
2010

Author

Country

Yeh et al.(131)
Wang et al.(132)
Corzo and Naveda (133)
Mehdi et al.(134)
Suplido et al.(135)
Cardenas-Bustamante et al.(136)
Kumar et al.(137)
Ayatollahi(138)
Minozzo et al.(139)
Jiang et al.(140)
Ramirez(28)
Peter(141)
Peter(141)
Nsheiwat et al.(121)

South Korea
Taiwan
Venezuela
Iraq
Philippines
Colombia
India
Iran
Brazil
China
Peru
Nigeria-Lagos
Nigeria-Ibadan
Israel

n

BLL (µg/dL)

31
64
11
37
40
94
36
21
53
7
41
20
20
4
Total = 479

63.0
66.5
45.8
60.6
54.2
88.0
55.6
46.8
59.4
63.5
37.7A
112.5B
93.9B
43.4
Mean = 64
Median = 60

AAggregate
BTwo

average provided by authors of the study.
values are from different factories.

TABLE V. Workplace Airborne Lead Concentrations (Arithmetic and Geometric Mean) in Lead Battery
Manufacturing and Recycling Plants

Year
1993
1994
1997
1998
1998
1998
2000
2002
2002
2004
2005
2006
2007
2008

Author
Far et al.(71)
Ibiebele(52)
Lai et al.(79)
Vaglenov et al.(85)
Ho et al.(83)
Ehrlich et al.(84)
Hwang et al.(142)
Wang et al.(53)
Hwang et al.(97)
Donguk and Namwon(143)
Ravichandran et al.(31)
Chen et al.(115)
Dyosi(50)
Sun et al.(130)

Country
Singapore
Barbados
Taiwan
Bulgaria
Singapore
South Africa
Taiwan
China
Taiwan
South Korea
India
China
South Africa
China
Mean
Median

Sample
Duration, n
6 hr, n = 25
8 hr, n = 80
NR, 219
7 hr, n = 22
6 hr, n = 50
NR, n = 30
7 hr, n = 81
8 hr, n = 229
4 hr, n = 96
8 hr, n = 44
8 hr, n = 22
NR, n = 24
8 hr (NR)
NR

Arithmetic
Mean
Airborne Lead
(µg/m3)

Geometric
Mean Airborne
Lead (µg/m3)

NA
NA
190
447
88.6A
NA
NA
206A
NA
NA
384
1260
321D,E
39
367
264

98A
33.1B
NA
NA
NA
145C
107A
NA
27.7
354.8A
NA
NA
NA
NA
NA
103

Note: NA = not applicable, NR = not reported.
APersonal air samples worn on workers.
BCombined average values for wet (31.9 µg/m3) and dry season (34.2 µg/m3).
CMedian value.
DCombined average values for 2001 and 2002.
ELead battery recycling plant.

Journal of Occupational and Environmental Hygiene

September 2011

525

TABLE VI. BLLs Reported in Children Residing in Proximity to Lead Battery Manufacturing and Recycling
Facilities
Year

Author

1998

Morales Bonilla
et al.(144)
Tabaku et al.(147)
Tabaku et al.(147)
Kaul and
Mukerjee (145)
Saraci and K.
ZieglerSkylakakis(146)
Suplido and
Ong(135)
Cortes-Maramba
et al.(148)
Safi et al.(149)

1998
1998
1999
1999

2000
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2003
2006

2007
2009
2010

Country

De Freitas
et al.(150)
Ahmed et al.(151)
Khan et al.(57)

n

Age

Median BLL
(µg/dL)

97

6 mo–13 years

200 m

17.2

NA

Albania
Albania
Dominican
Republic
Albania

84
145
116

2–5 years
2–15 years
6 mo–10 years

< 2 km
<2 km
180 m

43.4
23.5
71.0

NA
NA
NA

194

10–15 years

Not
reported

19.3

NA

Philippines

10

6 mo–12 years

20 m

49.9

NA

Philippines

40

10 yearsA

1–5 km

12.9

NA

Palestinian
Authority
(Gaza)
Brazil

435

2–6 years

Not
reported

8.6

NA

850

6 yearsA

<1 km

NA

7.3

Pakistan
Pakistan

190
123

1–12 years
1–6 years

1 km
Not
specified

12.0
NA

8.1

Mean = 29
Median = 19

NA
Median = 8

age reported.

≥ 60 µg/dL.(43) Earlier U.K. summary data from 2000–2001
showed that among 3384 male lead battery workers, 11.5%
had BLLs ≥ 50 µg/dL, and 2.1% had BLLs ≥ 60 µg/dL.(42)
Inhalation is considered the most important lead intake
route, in general, in occupational settings.(49–51) Ingestion is
also a significant source of exposure due to poor hygiene
and eating and smoking at the workplace, and from swallowed particles that are trapped in sputum.(49) Studies have
documented a strong correlation between airborne lead concentrations with BLL in workers in lead battery factories.(52,53)
Consistent with the BLL data reported in Tables II–IV, Table V
indicates that airborne lead exposures in lead battery plants in
developing countries average more than 7-fold the 50 µg/m3
permissible exposure limit (PEL) as an 8-hr time-weighted
average (TWA) established by the U.S. Occupational Safety
and Health Administration (OSHA). In addition, the airborne
concentrations reported in developing counties in Table V
are substantially higher than those reported among lead battery plants in the United States and Italy (range of 21–45
µg/m3).(54,55) In addition, among the 250 air samples collected
by U.S. OSHA in this industry from 2003–2008, the mean and
median airborne concentrations were 57 µg/m3 and 28 µg/m3,
respectively.(54)
526

Mean BLL
(µg/dL)

Nicaragua

Total = 2284
AAverage

Distance

The 10 studies summarized in Table VI suggest that children
in communities surrounding lead battery manufacturing and
recycling in developing countries had elevated BLLs compared
with U.S. children. The average BLL of 29 µg/dL in Table VI
is approximately 3-fold higher than the current level of concern
for children (10 µg/dL) as established by the CDC. In addition,
the geometric mean level in Table VI is approximately 13fold that reported among U.S. children in the most recent
National Health and Nutrition Survey (NHANES) data from
2005–2008.(56) Less dramatic evidence of this pattern was
presented in a study conducted in Pakistan that reported a
statistically significant higher average BLL in children living
closer to lead battery recycling plants compared with controls
of similar age living 30 km away (8.1 versus 6.7 µg/dL).(57) It is
possible that some of the observed BLLs in these studies were
a result of selecting children of employees in these industries
with significant contributions due to take-home exposures.
A comparison of the data in Tables II–IV suggests that
lead exposures among workers in recycling and reconditioning
facilities are higher than those in battery manufacturing operations. In addition, the former operations may also have a greater
impact on environmental exposures. Based on the authors’
observations, few environmentally sound recycling plants have
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been built in developing countries, in part because there are no
large-scale collection programs to ensure an adequate battery
supply to justify the initial capital investment.
In many areas, battery recycling work is done outdoors.
Airborne lead emissions settle on soil and result in widespread
environmental contamination.(58) In addition, the authors observed that many “backyard” recyclers are located in urban
areas with high population densities. Wastewater from battery
industries and the acid dumped from recycling operations
are major sources of lead contamination in the environment.
Many urban residents consume untreated water polluted with
lead from these industries, which contributes to the overall
population exposure.(57,59)
In considering our finding that the workers in lead battery
manufacturing and recycling plants in developing countries
have substantially higher BLLs than those in the United States,
it is important to consider alternative explanations. First, it
is possible the literature was subject to a selection bias in
that studies reporting low BLLs were not published because
those results were less interesting than studies reporting high
BLLs. It is not possible for us to assess the extent of such
a publication bias. On the other hand, it is equally plausible that the smallest battery manufacturing/recycling facilities
were not surveyed because of the difficulty gaining entry and
limitations in sample size, and that these smaller operations
had the highest lead exposure levels. This circumstance would

impart a bias toward the null in the BLLs reported in the literature.
Second, we excluded four studies from battery manufacturing plants because of incomplete data. A study by Nusier
et al.(29) in 2003 reported BLLs by “direct” and “indirect”
exposure group in a battery manufacturing facility, but the
distinction between these exposure groups was not clear; mean
BLL values were 51.4 and 23.9 µg/dL, respectively. Two
studies that examined differences in BLLs by genotype did
not provide summary measures of exposure.(30) A study by
Bhagwat et al.(27) in 2008 provided a combined BLL of 53.6
µg/dL for both battery manufacturing and recycling workers.
Because the BLL values in these excluded studies were within
the range of reported values in this review, it is unlikely that
excluding these studies had much effect on our analysis.
Third, bias may arise due to BLL collection and measurement errors. Samples may be contaminated, as they are
generally collected at battery plants. Because BLL tests were
conducted in different laboratories in countries without laboratory accreditation or standard reference materials, there is
a likelihood of some analytical bias as well as considerable
inter- and intra-laboratory variability.(60) However, we are not
able to assess the direction and magnitude of this bias. In the
future, measurement error can be minimized by introducing
standard reference materials and inter-laboratory blood lead
proficiency testing programs in these countries.(60)

FIGURE 1. The Theil-Sen median trend line for arithmetic mean BLLs among battery manufacturing workers for the years 1993 to 2010. The
circles correspond to the 61 individual cohort mean BLLs listed in Table II.
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An important limitation of our review is that the majority
of studies measured a single blood lead level per subject. The
BLL is influenced by recent exposure over several weeks as
well as long-term exposures through efflux of lead from bone
stores.(61,62) Two or more BLLs measured at different times for
each study subject would better reflect the subject’s average
lead exposure level. On the other hand, in occupational settings
with a stable work force and chronic lead exposure, repeated
blood lead measurements are likely not highly variable due to
the ongoing release of lead into the blood from bone stores.
Similarly, the studies reporting BLLs among children residing near lead battery manufacturing may reflect an episode
of acute exposure. Cumulative lead exposures measured in
bone would provide the most accurate assessment of lead
burden. Unfortunately, there are very few studies with repeated
measurements of blood or bone lead in such settings.(63,64) We
note that during the time period covered by our review, leaded
gasoline was banned or phased out in most countries, with
the exception of a small number of African and some Middle
Eastern countries.(65,66) Lead exposures from gasoline became
less significant over this time, and background BLLs declined.

CONCLUSION

T

he evidence reviewed from studies published on lead
battery manufacturing and recycling in developing countries indicates that exposures are considerably higher than
in comparable facilities in the United States and the U.K.
Average BLLs reported in developing countries were 47 µg/dL
in battery manufacturing plants and 64 µg/dL in recycling
facilities. Airborne lead concentrations reported in lead battery
manufacturing and recycling in developing countries were
approximately 7-fold greater than those observed in the United
States. Children living in proximity to lead battery manufacturing and recycling plants in developing countries had exposures
that ranged from 4 to 40 times the geometric mean BLLs
for children in the United States. Trend analysis for BLLs in
the lead battery manufacturing industry over the time period
covered by this review suggests that improvements were being
made, but such gains were not statistically significant.
The manufacture and recycling of lead batteries can result
in lead exposures sufficient to cause chronic and acute health
effects. These lead exposures are not evenly distributed across
different societies because substantially higher BLLs have
been documented in developing countries than in the United
States for the past two decades. At the same time, the lower
BLLs among U.S. workers show that high lead exposures in
this industry are avoidable without the need to develop any
new battery processing, ventilation, or furnace technologies.
Unless resources are devoted to reduce lead exposures in
battery production and recycling, these activities will lead to
increased occupational and environmental lead exposure in the
developing world.
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The battery industry is the largest consumer of lead and
will become a larger consumer as the worldwide demand
for automobiles increases and substitutes for lead in other
products (e.g., paints) are found. The demand for lead is expected to increase disproportionately in developing countries,
including China and India, because of several factors. First,
environmentally preferable technologies including solar and
wind energy are currently reliant on lead batteries for backup
power. In China, 75% of all solar installations are linked to
lead batteries.(67) Second, lead batteries are used in nearly
every cell phone tower to provide backup power. Third, as
computers are introduced into rural areas to narrow the “digital
divide,” more lead batteries will be used for backup power.(68)
Consolidation and automation may help reduce the number
of workers exposed, but given the fragmented nature of the
industry in most developing countries, progress in this respect
may be slow.
Fourth, poor manufacturing quality and tropical climates
in many developing countries result in a shorter average life
of lead batteries and more frequent recycling. Used batteries are broken apart and the metal plates are removed and
melted down, often in small fires on the side of a road or
in crude smelters, to sell for scrap metal. Because of the
poor quality of the material produced by these rudimentary
recycling processes, the lead must be melted a second time to
remove impurities before it can be used to manufacture new
lead batteries.
Many developing countries lack regulations and/or the enforcement capacity to adequately reduce occupational and
environmental lead exposures. Alternative means to encourage improvements in the industry should be implemented,
including certification programs based on specific occupational, environmental and product stewardship standards verified with independent third-party audits. For example, the
Better Environmental Sustainability Targets (BEST) Certification Standard is a comprehensive certification standard
developed with involvement of key stakeholders, including
industry representatives. The BEST Standard outlines performance measures for workplace exposures, emissions, and
extended producer responsibility to take back used batteries
for proper recycling.(69) Companies that meet this standard
are eligible to become certified and are permitted to place
an eco-label on their products to gain recognition for their
efforts. Environmental certifications provide opportunities for
companies to expand the market for their products, increase
prices, and gain competitive advantage.

ACKNOWLEDGMENTS

T

his research was supported in part by a generous grant
from the Richard and Rhoda Goldman Fund. We would
like to thank Shannon Selerowski, Carlos Cabrera, Walter A.
Alarcon, and Michael Bates for their assistance.

Journal of Occupational and Environmental Hygiene

September 2011

Downloaded by [Perry Gottesfeld] at 15:45 27 July 2011

REFERENCES
1. Kosnett, M.J., R.P. Wedeen, S.J. Rothenberg, et al.: Recommendations for medical management of adult lead exposure. Environ. Health
Perspect. 115(3):463–471 (2007).
2. Haefliger, P., M. Mathieu-Nolf, S. Lociciro, et al.: Mass lead
intoxication from informal used lead-acid battery recycling in Dakar,
Senegal. Environ. Health Perspect. 117(10):1535–1540 (2009).
3. Sanders, T., Y. Liu, V. Buchner, et al.: Neurotoxic effects and biomarkers of lead exposure: A review. Rev. Environ. Health 24(1):15–45
(2009).
4. Agency for Toxic Substances and Disease Registry (ATSDR):
Toxicological Profile for Lead. Atlanta: U.S. Department of Health and
Human Services, Public Health Service, 2007.
5. World Health Organization (WHO): Inorganic Lead. Environmental
Health Criteria 165. Geneva: WHO, 1995.
6. Shih, R.A., H. Hu, M.G. Weisskopf, et al.: Cumulative lead dose and
cognitive function in adults: A review of studies that measured both
blood lead and bone lead. Environ. Health Perspect. 115(3):483–492
(2007).
7. Fewtrell, L.J., A. Pruss-Ustun, P. Landrigan, et al.: Estimating
the global burden of disease of mild mental retardation and cardiovascular diseases from environmental lead exposure. Environ. Res.
94(2):120–133 (2004).
8. Weisskopf, M.G., J. Weuve, H. Nie, et al.: Association of cumulative
lead exposure with Parkinson’s disease. Environ. Health Perspect.
118(11):1609–1613 (2010).
9. Needleman, H.L., J.A. Riess, M.J. Tobin, et al.: Bone lead levels and
delinquent behavior. JAMA 275(5):363–369 (1996).
10. International Agency for Research on Cancer (IARC): Inorganic and
Organic Lead Compounds, Vol. 87. International Agency for Research
on Cancer Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to Humans. Lyon, France: IARC, 2006.
11. Mahaffey, K.R.: Nutrition and lead: Strategies for public health.
Environ. Health Perspect. 103(Suppl 6):191–196 (1995).
12. Ogunseitan, O.A., and T.R. Smith: The cost of environmental lead (Pb)
poisoning in Nigeria. African J. Environ. Sci. Technol. 1(2):027–036
(2007).
13. Bloom, D.E., and D. Canning: The health and wealth of nations. Science
287(5456):1207–1209 (2000).
14. International Lead and Zinc Study Group: “End Uses of Lead.”
[Online] Available at http://www.ilzsg.org/static/enduses.aspx?from =
2 (Accessed January 12, 2011).
15. IC Consultants Ltd.: Lead: The Facts. London: IC Consultants Ltd.,
2001. pp. 65–71.
16. Chen, H.Y., A.J. Li, and D.E. Finlow: The lead and lead-acid
battery industries during 2002 and 2007 in China. J. Power Sources
191(1):22–27 (2009).
17. Chanjaroen, C.: “Zinc Gains on Speculation Lower Prices Will Force
Mine Closures.” Bloomberg News (2008, June 18).
18. Mao, J.S., J. Dong, and T.E. Graedel: The multilevel cycle of
anthropogenic lead II. Results and discussion. Resour. Conserv. Recycl.
52(8–9):1050–1057 (2008).
19. “Lead in July 2010.” [Online] Available at http://minerals.usgs.gov/
minerals (Accessed November 18, 2010).
20. “Waste & Scrap of Primary Cells, Primary Batteries and Electric
Accumulators, Spent Primary Cells, Spent Primary Batteries & Spent
Electric Accumulators” [Online] Available at http://comtrade.un.org/
db/dqBasicQueryResults.aspx?cc = 854810&px = HS&r = 842&y =
2009, 2008,2007,2006,2005&p = 699,%20484,%20410&rg = 2&so =
8 (Accessed November 18, 2010).
21. Hur, J., and I. Suzuki: “Lead-Battery Demand for Cars
to Rise 2.6% on China, India.” [Online] Available at
http://www.businessweek.com/news/2011-02-25/lead-battery-demandfor-cars-to-rise-2-6-on-china-india.html (Accessed April 7, 2011).
22. “Battery Industry: Consolidation Required to Boost Efficiency.” [Online]
Available at http://bit.ly/gHMdV0 (Accessed April 7, 2011).

23. Chaowei Power Holdings Limited: “Global Offerings.” Zhicheng,
Changxing: Chaowei Power Holdings Limited, 2010.
24. Wananukul, W., T. Sura, and P. Salaitanawatwong: Polymorphism of
delta-aminolevulinic acid dehydratase and its effect on blood lead levels
in Thai workers. Arch. Environ. Occup. Health 61(2):67–72 (2006).
25. Heo, Y., B.K. Lee, K.D. Ahn, et al.: Serum IgE elevation correlates with
blood lead levels in battery manufacturing workers. Hum. Exp. Toxicol.
23(5): 209–213 (2004).
26. Shaik, A.P., and K. Jamil: Individual susceptibility and genotoxicity
in workers exposed to hazardous materials like lead. J. Hazard Mater.
168(2–3):918–924 (2009).
27. Bhagwat, V.R., A.J. Patil, J.A. Patil, et al.: Occupational lead exposure
and liver functions in battery manufacture workers around Kolhapur
(Maharashtra). Al Ameen J. Med. Sci. 1(1):2–9 (2008).
28. Ramirez, A.V.: [Workers’ lead exposure in informal batteries factories.]
An. Fac. Med. 69(2):104–107 (2008). [In Spanish]
29. Nusier, M.K., Z.J. El-Akawi, and I. Bani-Hani: Blood lead levels
and gamma-glutamyl transferase activity in battery factory workers in
Jordan. Saudi Med. J. 24(9):941–944 (2003).
30. Xi-Biao, Y., W. Cui-E, F. Hua, et al.: Associations of blood lead
levels, kidney function, and blood pressure with delta-aminolevulinic
acid dehydratase and vitamin D receptor gene polymorphisms. Toxicol.
Mech. Methods 13(2):139–146 (2003).
31. Ravichandran, B., K. Ravibabu, S. Raghavan, et al.: Environmental
and biological monitoring in a lead acid battery manufacturing unit in
India. J. Occup. Health 47(4):350–353 (2005).
32. Department of Health, Education, and Welfare (DHEW), Public
Health Service (PHS), Centers for Disease Control (CDC), National
Institute for Occupational Safety and Health (NIOSH): Occupational
Exposure Sampling Strategy Manual. DHEW (NIOSH) 77-173, by N.A.
Leidel, K.A. Busch, and J.R. Lynch. Cincinnati, Ohio: DHEW, PHS,
CDC, NIOSH, 1977.
33. Muntner, P., A. Menke, K.B. DeSalvo, et al.: Continued decline
in blood lead levels among adults in the United States: The National Health and Nutrition Examination Surveys. Arch. Intern. Med.
165(18):2155–2161 (2005).
34. Newson, R.: Confidence intervals for rank statistics: Percentile slopes,
differences, and ratios. Stata J. 6(4):497–520 (2006).
35. Theil, H.: A rank-invariant method of linear and polynomial regression
analysis. III. Proceedings of Koninklijke Nederlandse Akademie van
Weinenschatpen Part 3(A.53):1397–1412 (1950).
36. Sen, P.K.: Estimates of the regression coefficient based on Kendall’s
Tau. J. Am. Stat. Assoc. 63:1379–1389 (1968).
37. U.S. Department of the Interior, U.S. Geological Survey: Statistical
Methods in Water Resources Techniques of Water Resources Investigations, Book 4, by D.R. Helsel and R.M. Hirsch. Reston, Va.: USGS
National Center, 2002.
38. Ye, X., and O. Wong: Lead exposure, lead poisoning, and lead
regulatory standards in China, 1990–2005. Regul. Toxicol. Pharmacol.
46(2):157–162 (2006).
39. ACGIH: Threshold Limit Values for Chemical Substances and Physical
Agents and Biological Exposure Indices. Cincinnati, Ohio: ACGIH,
2004.
40. Centers for Disease Control and Prevention (CDC): Guidelines for
the Identification and Management of Lead Exposure in Pregnant and
Lactating Women, A.S. Ettinger and A.G. Wengrovitz (eds.). Atlanta,
Ga.: National Center for Environmental Health/Division of Emergency
and Environmental Health Services, 2010.
41. U.S. Department of Energy (DOE): Environmental Assessment for
Exide Technologies Electric Drive Vehicle Battery and Component
Manufacturing Initiative Application, Bristol, TN, and Columbus, GA.
Morgantown, W.Va.: DOE National Energy Technology Laboratory,
2010.
42. Health and Safety Executive (HSE): Exposure to Lead at Work
Blood-Lead Levels of Workers Exposed to Lead at Work in
Great Britain 1996/97–2000/2001. National Statistics. London: HSE,
2002.

Journal of Occupational and Environmental Hygiene

September 2011

529

Downloaded by [Perry Gottesfeld] at 15:45 27 July 2011

43. Health and Safety Executive (HSE): Occupational Health Statistics
Bulletin 2003/04. Bootle, Merseyside, U.K.: HSE, Epidemiology and
Medical Statistic Unit, HSE, 2004. pp. 1–14.
44. California Department of Health Services, Occupational Health
Branch: Blood Lead Levels in California Workers 1995–1999, Report
of the California Occupational Blood Lead Registry. Sacramento, Calif.:
California Department of Public Health, 2002. pp. 42–46.
45. Washington State Department of Labor and Industries (DLI):
Surveillance for Occupational Lead Poisoning, 1993–2001, by S.G.
Whittaker and C.C. Curwick (Technical Report 44-3-2001). Olympia,
Wash.: Washington State Department of Labor and Industries,
2001.
46. “Adult Blood Lead Epidemiology and Surveillance (ABLES).” [Online]
Available at http://www.cdc.gov/niosh/topics/ABLES/ables.html (Accessed November 23, 2010).
47. “2007 Economic Census, Sector 31: EC0731A1: Manufacturing:
Geographic Area Series: Industry Statistics for the States, Metropolitan
and Micropolitan Statistical Areas, Counties, and Places.” [Online]
Available at http://bit.ly/ei4ZIh (Accessed February 6, 2011).
48. “Protecting People: Lead-Acid Battery Safety.” [Online] Available at
http://www.batterycouncil.org/LeadAcidBatteries/EnvironmentalRegu
lations / LeadAcidBatterySafety / tabid / 96 / Default.aspx (Accessed January 12, 2011).
49. “Battery Manufacturing. “ [Online] Available at http://www.osha.gov/
SLTC/batterymanufacturing/index.html (Accessed April 4, 2011).
50. Dyosi, S.: Evaluation of preventive and control measures for lead
exposure in a South African lead-acid battery recycling smelter. J.
Occup. Environ. Hyg. 4:762–769 (2007).
51. Centers for Disease Control (CDC): Occupational and environmental
lead poisoning associated with battery repair shops: Jamaica. MMWR
38(27):474–481 (1989).
52. Ibiebele, D.D.: Air and blood lead levels in a battery factory. Sci. Total
Environ. 152(3):269–273 (1994).
53. Wang, V.-S., M.-T. Lee, J.-Y. Chiou, et al.: Relationship between blood
lead levels and renal function in lead battery workers. Int. Arch. Occup.
Environ. Health 75(8):569–575 (2002).
54. Henn, S.A., A.L. Sussell, J. Li, et al.: Characterization of lead in US
workplaces using data from OSHA’s integrated management information
system. Am. J. Ind. Med. 54(5):356–365 (2011).
55. Fenga, C., A. Cacciola, L.B. Martino, et al.: Relationship of blood
lead levels to blood pressure in exhaust battery storage workers. Ind.
Health 44(2):304–309 (2006).
56. “Table B1: Concentrations of Lead in the Blood of Children Ages 5 and
under. “ [Online] Available at http://www.epa.gov/envirohealth/children/
body burdens/b1-table.html (Accessed May 19, 2011)
57. Khan, D.A., S. Qayyum, S. Saleem, et al.: Lead exposure and its
adverse health effects among occupational worker’s children. Toxicol.
Ind. Health 26(8):497–504 (2010).
58. Renberg, I., M. L. Brännvall, R. Bindler, et al.: Atmospheric lead
pollution history during four millennia (2000 BC to 2000 AD) in
Sweden. AMBIO 29(3):150–156 (2000).
59. Raviraja, A., G.N. Babu, A.R. Bijoor, et al.: [Lead toxicity in a
family as a result of occupational exposure.] Arh. Hig. Rada. Toksikol.
59(2):127–133 (2008). [In Croatian, English]
60. Pidetcha, P., L. Suwanthon, A. Preechavuth, et al.: Interlaboratory
results for blood lead proficiency testing program in Thailand. J. Med.
Assoc. Thai. 82(12):1247–1253 (1999).
61. Hu, H., R. Shih, S. Rothenberg, et al.: The epidemiology
of lead toxicity in adults: Measuring dose and consideration of
other methodologic issues. Environ. Health Perspect. 115(3):455–
462 (2007).
62. Menke, A., P. Muntner, V. Batuman, et al.: Blood lead below 0.48
micromol/L (10 microg/dL) and mortality among US adults. Circulation
114(13):1388–1394 (2006).
63. Chuang, H.Y., M.L.T. Lee, K.Y. Chao, et al.: Relationship of blood
lead levels to personal hygiene habits in lead battery workers: Taiwan,
1991–1997. Am. J. Ind. Med. 35(6):595–603 (1999).

530

64. Hsiao, C.Y., H.D. Wu, J.S. Lai, et al.: A longitudinal study of the
effects of long-term exposure to lead among lead battery factory workers
in Taiwan (1989–1999). Sci. Total Environ. 279(1–3):151–158 (2001).
65. United Nations Environment Programme (UNEP): Target 2008:
Global Elimination of Leaded Petrol. Nairobi: UNEP Partnership for
Clean Fuels and Vehicles (PCFV) 2008.
66. Organisation for Economic Co-Operation and Development
(OECD), U.N. Environment Programme (UNEP): “Phasing Lead
out of Gasoline: An Examination of Policy Approaches in Different
Countries”. Paris: OECD, UNEP, 1999.
67. Chang, Y., X. Mao, Y. Zhao, et al.: Lead-acid battery use in the
development of renewable energy systems in China. J. Power Sources
191(1):176–183 (2009).
68. Cherry, C.R., and P. Gottesfeld: Plans to distribute the next billion
computers by 2015 creates lead pollution risk. J. Cleaner Production
17:1620–1628 (2009).
69. “Better Environmental Sustainability Targets (BEST) For Lead Battery
Manufacturers.” [Online] Available at http://www.okinternational.org/
lead-batteries/Background (Accessed April 4, 2011).
70. Zhang, J.: Investigation and evaluation of zinc protoporphyrin as
a diagnostic indicator in lead-intoxication. Am. J. Ind. Med. 24(6):
707–712 (1993).
71. Far, H.S., N.T. Pin, C.Y. Kong, et al.: An evaluation of the significance
of mouth and hand contamination for lead absorption in lead-acid-battery
workers. Int. Arch. Occup. Environ. Health 64(6):439–443 (1993).
72. Makino, S., K. Matsuno, N. Hisanaga, et al.: Medical examination
of workers exposed to lead in the Philippines. Jap. J. Ind. Health
36(2):115–123 (1994).
73. Singh, B., D. Dhawan, B. Nehru, et al.: Impact of lead pollution on the
status of other trace-metals in blood and alterations in hepatic functions.
Biol. Trace Elem. Res. 40(1):21–29 (1994).
74. Kim, Y., K. Harada, S. Ohmori, et al.: Evaluation of lead exposure in
workers at a lead-acid battery factory in Korea: With focus on activity
of erythrocyte pyrimidine 5 -nucleotidase (P5N). Occup. Environ Med.
52(7):484–488 (1995).
75. Schwartz, B.S., B.K. Lee, W. Stewart, et al.: Associations of deltaaminolevulinic acid dehydratase genotype with plant, exposure duration,
and blood lead and zinc protoporphyrin levels in Korean lead workers.
Am. J. Epidemiol. 142(7):738–745 (1995).
76. Solliway, B.M., A. Schaffer, H. Pratt, et al.: Effects of exposure to
lead on selected biochemical and haematological variables. Pharmacol.
Toxicol. 78(1):18–22 (1996).
77. Cordeiro, R., E.C. Lima, P.E.T. Salgado, et al.: Neurological
disturbances in workers with low levels of lead in the blood. II. Neuropsychological disorders. Rev. Saude Publica 30(4):358–363 (1996).
78. Chang, H.R., S.S. Chen, T.J. Chen, et al.: Lymphocyte beta(2)adrenergic receptors and plasma catecholamine levels in lead-exposed
workers. Toxicol. Appl. Pharmacol. 139(1):1–5 (1996).
79. Lai, J.-S., T.N. Wu, S.-H. Liou, et al.: A study of the relationship
between ambient lead and blood lead among lead battery workers. Int.
Arch. Occup. Environ. Health 69(4):295–300 (1997).
80. Yucesoy, B., A. Turhan, S. Mirshahidi, et al.: Effects of high-level
exposure to lead on NK cell activity and T-lymphocyte functions in
workers. Hum. Exper. Toxicol. 16(6):311–314 (1997).
81. Schwartz, B.S., B.K. Lee, W. Stewart, et al.: delta-Aminolevulinic
acid dehydratase genotype modifies four hour urinary lead excretion
after oral administration of dimercaptosuccinic acid. Occup. Environ.
Med. 54(4):241–246 (1997).
82. Kuo, H.W., C.S. Wang, and J.S. Lai: Semen quality in workers with
long-term lead exposure: A preliminary study in Taiwan. Sci. Total
Environ. 204(3):289–292 (1997).
83. Ho, S.F., C.T. Sam, and G. Bin Embi: Lead exposure in the leadacid storage battery manufacturing and PVC compounding industries.
Occup. Med. (Lond.) 48(6):369–373 (1998).
84. Ehrlich, R., T. Robins, E. Jordaan, et al.: Lead absorption and renal
dysfunction in a South African battery factory. Occup. Environ. Med.
55(7):453–460 (1998).

Journal of Occupational and Environmental Hygiene

September 2011

Downloaded by [Perry Gottesfeld] at 15:45 27 July 2011

85. Vaglenov, A., E. Carbonell, and R. Marcos: Biomonitoring of workers
exposed to lead. Genotoxic effects, its modulation by polyvitamin
treatment and evaluation of the induced radioresistance. Mutat. Res.
418(2–3):79–92 (1998).
86. Williams, G., L. Hall, and J. Addae: Increase in hair lead, but not blood
lead content of occupationally exposed workers. Environ. Geochem.
Health 20(4):239–243 (1998).
87. Undeger, U., and N. Basaran: Effects of lead on neutrophil functions
in occupationally exposed workers. Environ. Toxicol. Pharmacol.
5(2):113–117 (1998).
88. Froom, P., E. Kristal-Boneh, J. Benbassat, et al.: Lead exposure in
battery-factory workers is not associated with anemia. J. Occup. Environ.
Med. 41(2):120–123 (1999).
89. Caldeira, C., R. Mattos, A. Meyer, et al.: [Limits in the applicability
of urine delta aminolevulinic acid determination as a screening test
in the evaluation of occupational lead poisoning.] Cad. Saude Publica
16(1):225–230 (2000). [In Portuguese]
90. Restrepo, H.G., D. Sicard, and M.M. Torres: DNA damage and repair
in cells of lead exposed people. Am. J. Ind. Med. 38(3):330–334 (2000).
91. Roh, Y.M., K. Kim, and H. Kim: Zinc protoporphyrin IX concentrations between normal adults and the lead-exposed workers measured
by HPLC, spectrofluorometer, and hematofluorometer. Ind. Health
38(4):372–379 (2000).
92. Basaran, N., and U. Undeger: Effects of lead on immune parameters
in occupationally exposed workers. Am. J. Ind. Med. 38(3):349–354
(2000).
93. Ratzon, N., P. Froom, E. Leikin, et al.: Effect of exposure to lead
on postural control in workers. Occup. Environ. Med. 57(3):201–203
(2000).
94. Chuang, H.Y., J. Schwartz, S.Y. Tsai, et al.: Vibration perception
thresholds in workers with long term exposure to lead. Occup. Environ.
Med. 57(9):588–594 (2000).
95. Duydu, Y., H.S. Suzen, A. Aydin, et al.: Correlation between lead
exposure indicators and sister chromatid exchange (SCE) frequencies
in lymphocytes from inorganic lead exposed workers. Arch. Environ.
Contam. Toxicol. 41(2):241–246 (2001).
96. Vaglenov, A., A. Creus, S. Laltchev, et al.: Occupational exposure
to lead and induction of genetic damage. Environ. Health Perspect.
109(3):295–298 (2001).
97. Hwang, Y.H., C.W. Chang, K.Y. Chao, et al.: Using structural equation
model to explore occupational lead exposure pathways. Sci. Total
Environ. 284(1–3):95–108 (2002).
98. Sonmez, F., O. Donmez, H.M. Sonmez, et al.: Lead exposure
and urinary N-acetyl beta D glucosaminidase activity in adolescent
workers in auto repair workshops. J. Adolesc. Health 30(3):213–216
(2002).
99. Mishra, K.P., V.K. Singh, R. Rani, et al.: Effect of lead exposure
on the immune response of some occupationally exposed individuals.
Toxicology 188(2–3):251–259 (2003).
100. Palus, J., K. Rydzynski, E. Dziubaltowska, et al.: Genotoxic effects of
occupational exposure to lead and cadmium. Mutat. Res. 540(1):19–28
(2003).
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