
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=cije20

International Journal of Environmental Health Research

ISSN: 0960-3123 (Print) 1369-1619 (Online) Journal homepage: https://www.tandfonline.com/loi/cije20

Does sulfuric acid have a ‘protective’ effect on
battery recyclers exposed to lead?

Sonia Díaz-Criollohttps://orcid.org/0000-0001-8272-0025, Marcela
E Varona-Uribehttps://orcid.org/0000-0001-7698-8500, Eliana M.
Téllez-Avilahttps://orcid.org/0000-0001-7421-0439, Marien Palma-
Parrahttps://orcid.org/0000-0001-8494-7370, Diana Palencia-Flórezhttps://
orcid.org/0000-0003-0915-3348 & Alvaro J Idrovo

To cite this article: Sonia Díaz-Criollohttps://orcid.org/0000-0001-8272-0025, Marcela
E Varona-Uribehttps://orcid.org/0000-0001-7698-8500, Eliana M. Téllez-Avilahttps://
orcid.org/0000-0001-7421-0439, Marien Palma-Parrahttps://orcid.org/0000-0001-8494-7370,
Diana Palencia-Flórezhttps://orcid.org/0000-0003-0915-3348 & Alvaro J Idrovo (2019): Does
sulfuric acid have a ‘protective’ effect on battery recyclers exposed to lead?, International Journal of
Environmental Health Research, DOI: 10.1080/09603123.2019.1687659

To link to this article:  https://doi.org/10.1080/09603123.2019.1687659

Published online: 06 Nov 2019.

Submit your article to this journal 

Article views: 21

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=cije20
https://www.tandfonline.com/loi/cije20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09603123.2019.1687659
https://doi.org/10.1080/09603123.2019.1687659
https://www.tandfonline.com/action/authorSubmission?journalCode=cije20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=cije20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/09603123.2019.1687659
https://www.tandfonline.com/doi/mlt/10.1080/09603123.2019.1687659
http://crossmark.crossref.org/dialog/?doi=10.1080/09603123.2019.1687659&domain=pdf&date_stamp=2019-11-06
http://crossmark.crossref.org/dialog/?doi=10.1080/09603123.2019.1687659&domain=pdf&date_stamp=2019-11-06


ARTICLE

Does sulfuric acid have a ‘protective’ effect on battery recyclers
exposed to lead?
Sonia Díaz-Criolloa, Marcela E Varona-Uribeb, Eliana M. Téllez-Avilaa, Marien Palma-Parrac,
Diana Palencia-Flórezd and Alvaro J Idrovo e,f

aEnvironmental and Labor Health Group, Research in Public Health Direction, National Institute of Health, Bogotá
DC, Colombia; bHealth Sciences School, Universidad del Rosario, Bogotá DC, Colombia; cNational Institute of Health,
Bogota DC, Colombia; dSchool of Optometry, Universidad Santo Tomás, Bucaramanga, Colombia; ePublic Health
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ABSTRACT
Culturally significant interventions to prevent lead exposure of battery
recyclers are required. Sulfuric acid used in batteries causes skin lesions
and could facilitate the recognition of hazards. This study explored
whether joint exposure to lead and sulfuric acid can be used in interven-
tions to manage hazardous work conditions. Data were collected from 120
informal workers, and the blood lead level was measured. Predictors of
blood lead levels were explored using a tobit model. The median blood
lead level was 9.45 µg/dL (Q75-Q25: 48.9 µg/dL); when lead and sulfuric
acid exposure occurred, the level increased to 11.44 µg/dL, and when
exposure to lead and other substances occurred, the level was 11.50 µg/
dL. Workers are unaware of the risks of obvious and acute silent chronic
exposure. Future preventive interventions could confront the economic
benefits of battery recycling with the recognition of susceptibility and
severity related to lead and sulfuric acid exposure.
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Introduction

Recycling of car batteries can have adverse effects on human health (Romieu et al. 1997),
(Valdez 1997), (Tuakuila et al. 2013). In this process, batteries are dismantled, separating the
lead components (terminals, plates, bridges and grids), sulfuric acid and plastic components.
The lead components are melted to make moulds that can then be used to form other
products or repair other batteries. This process may result in lead inhalation exposure,
which is observed more frequently in the informal sector due to the lack of ventilation of
most workshops. The health effects associated with occupational lead exposure are well known
and include acute toxicity, chronic neurotoxicity, anaemia, reproductive disorders, kidney
damage, reduction of infection resistance (immunotoxicity) and its possible action as
a carcinogen and risk factor for hypertension (Gidlow 2015). In contact with skin, sulfuric
acid causes irritation and chemical burns with edema, erythema and ulcers due to necrosis
(Jelenko 1974). When exposure to sulfuric acid is chronic, as in the case of exposure in battery
recycling, drying of the skin and ulcerations in the hands are observed. Sulfuric acid splashes
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in the eyes are particularly serious and can cause corneal ulcerations, keratoconjunctivitis and
palpebral lesions with serious sequelaes (Palao et al. 2010).

Therefore, several educational interventions have been proposed to reduce blood lead levels
among different groups of workers (Maples et al. 1982), (Porru et al. 1993), (Michaels et al. 1992).
When evaluating these and other educational reports of occupational health, it is clear that the most
successful interventions involve the active participation of workers (Burke et al. 2006). Thus,
following the principles of meaningful learning (Ausubel et al. 1978), the first steps are to build
on the prior knowledge of the trainees and then impart new knowledge. In the daily recycling of
lead batteries, due to the highly toxicological effects of the metals involved, other hazardous
substances are commonly ignored, such as sulfuric acid, which could modify the exposure levels
to lead. In addition, health-related adverse effects, other than intoxication, may exist. This study
sought to examine the working conditions of informal battery recyclers to identify indicators and
develop interventions aimed at improving these risky working conditions.

This study sought to investigate the working conditions of informal battery recyclers. Among
them the work time is not regularized, and daily labor demand determines changes in the activities.
Battery recyclers do not usually receive training related to their work or in basic occupational health
and industrial safety topics. In consequence, they increase the risk of adverse health effects related
with their jobs (Cárdenas-Bustamante et al. 2001). Because sulfuric acid is a battery component with
a high risk of skin lesions (given its low pH of ~2.5 at 1 mmol/L), this study explored whether
exposure to sulfuric acid modifies lead exposure. This study should be understood as a first attempt
to use a possible alarm signal to reduce lead exposure among a highly vulnerable group of workers.

Materials and methods

Design and participants

A cross-sectional study of battery recyclers who worked in the municipalities of Soacha and Bogotá,
Colombia, was conducted. Study areas and informal companies were visited to identify workers,
and participation was voluntary; thus, a convenience sample was obtained. The study was approved
by the ethic committee of the Colombian National Health Institute (Instituto Nacional de Salud).

Variables and data collection

An instrument was designed to collect the sociodemographic and occupational data of the parti-
cipants. The first group of variables consisted of age, sex (male/female), education level and type of
health system affiliation (contributory/subsidised). Occupational variables included type of and
seniority in the current occupation (months), training in lead management (yes/no), use of personal
protective equipment (yes/no), hygiene and industrial safety measures (yes/no), amount of time
worked in the sector (months), work habits and exposure to other toxic substances, including
sulfuric acid. The use of tobacco and alcohol was also investigated.

Blood lead levels

Each worker provided a 5 mL blood sample, collected in heavy-metal-free tubes with heparin as an
anticoagulant. Blood lead levels were determined with the Lead Care II ® portable analyser, which
uses the Leadcare II Test kits, the company provider is ESA Biosciences, Inc (Massachusetts, USA).
This system is based on electrochemistry and features a unique sensor to detect the presence of lead
in whole blood. The active electrode in each sensor contains a small amount of gold particles in an
inert matrix. The test sensors and treatment reagents are specific for the measurement of the
presence of lead. Since most lead is transported by red blood cells, when the blood sample is added
to the reagent (250 µL of diluted hydrochloric acid solution in water, 0.34 M), the erythrocytes are
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lysed, leaving the free lead, which is detected by the sensor and measured after 3 min. The Lead Care
II system is sensitive to a range of blood lead concentrations of 3.3 to 65 µg/dL. A comparison of the
results obtained with this device and those obtained by atomic absorption spectrometry using
a graphite furnace resulted in a value of r2= 0.96 (Bischoff et al. 2010), which validates the obtained
concentrations.

Statistical methods

Categorical variables are described as percentages, and quantitative variables are presented as central
tendency and dispersion measures, according to the distribution observed. Variables with a normal
distribution were evaluated with the Shapiro–Wilk test. Additionally, the distribution of lead was
explored using kernel density estimation, which is a non-parametric method to estimate the probability
density function of a continuous variable (Parzen 2004). Lead concentrations were then compared for
different categories of independent variables using χ2, Fisher’s exact, Mann-Whitney U or Kruskal–
Wallis tests, according to the data distribution. Finally, the associations between independent variables
and blood lead levels were explored by bivariate andmultiple tobit regression because theminimum and
maximum values were available, which allowed quantification of the laboratory technique. (McDonald
and Moffitt 1980). All evaluations were performed using the statistical program Stata 14 (Stata
Corporation, College Station).

Results

Table 1 shows the characteristics of the study participants, including age (all were adults who were
nearly 40 years of age); most participants lived in urban areas and were affiliated with the contributory
health system, although a small group had labour-risk insurance. Likewise, Table 1 shows that 79.41%
of participants presented blood lead levels <30 µg/dL (Figure 1), without sex differences.

Table 2 shows the crude associations between several variables and blood lead levels. Note that as
the age or time spent in the current activity increased, the lead levels decreased. The time spent
manipulating batteries showed the opposite effect; lead levels increased with longer times. However,
in cases of exclusive exposure to lead, lower lead concentrations were present than for participants
exposed to lead and other substances, including sulfuric acid.

Table 3 presents a multiple tobit regression model that shows that the variables associated with an
increase in lead levels include occupations related to lead exposure and exposure to other substances.
It is striking that exposure to sulfuric acid is associated with higher lead levels, although the increase is
not as great as the increase resulting from exposure to other substances. The education level shows
a U-shaped association, where workers with an elementary education or higher than middle school
education presents greater lead levels than those with a middle school education.

Discussion

This study found that the highest blood lead levels are observed in workers with direct exposure to lead,
with lower or higher educational levels and who are exposed to additional hazardous substances. It is
interesting to note that workers exposed to lead and sulfuric acid present higher lead concentrations than
those with exclusive exposure to lead. Given the properties of sulfuric acid, this is contrary to expecta-
tions. Sulfuric acid is a recognised chemical agent associated with skin burns, especially in working
environments (Sethi et al. 2012). In addition, recently in Colombia, sulfuric acid has been used to attack
women (Restrepo-Bernal et al. 2014). On contact with the skin, sulfuric acid causes excessive heat and
dehydration that can even result inmicrovascular necrotic coagulation (Jelenko 1974), (Palao et al. 2010).
These injuries could result as a sign of occupational hazard, initiate an escape reflex mediated by the
sympathetic nervous system (Jansen et al. 1995), thatwould avoid interferingwith the personality traits of
workers (Clarke and Robertson 2005) and could prevent injury.
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Some theoretical models used in public health to understandwhy individuals did or did not engage in
an specific behavior could explain this contradictory findings. For instance, according to the health belief
model, perceived susceptibility, severity, benefits and barriers are key elements (Janz and Becker 1984).
Perhaps in this study, battery recyclers do not percived sulfuric acid as an hazard agent, because for them
its presence and contact is usual in the work environment, and the occurrence of severe skin injuries are
not frequent. It is also possible that battery recyclers have a very high perception of economic benefits,
which exceeds the perception of susceptibility and severity. Currently, lead obtained of batteries is sold to
industries that require it as an input of their production process.

Table 1. Characteristics of Colombian battery recyclers exposed to lead (n = 120) .

Pb in blood (µg/dL)

Variable n median mean min max s.d. Q75-Q25 P value

Occupational exposure
Yes 60 50.55 48.68 10.70 76.60 14.75 14.95 <0.0001
No 60 1.65 2.27 1.65 8.20 1.48 0

Age (years)
20-31 33 1.65 17.44 1.65 71.20 23.17 32.85 0.647
32-42 28 45.45 36.54 1.65 68.90 25.20 53.00
43-51 30 40.45 31.49 1.65 73.30 25.44 53.25
52-75 29 3.40 17.72 1.65 76.60 23.99 37.95

Site of residence (%)
Rural 9 1.65 9.98 1.65 76.60 24.98 0 0.018
Urban 111 17.65 26.73 1.65 73.30 25.27 49.15

Social security – health (%)
Contributing 113 13.10 26.24 1.65 76.60 26.24 49.15 0.134
Subsidised 4 19.98 21.65 1.65 45.00 23.25 40.00
No data 3 1.65 1.65 1.65 1.65 0 0

Current occupation (%)
No exposure to Pb 60 1.65 2.27 1.65 8.20 1.48 0 <0.0001
Grid handling 20 52.30 49.13 14.50 71.20 15.47 22.65
Casting/Grid recycling 9 54.30 54.36 42.30 66.00 7.73 10.30
Battery manufacturing 3 47.10 51.13 45.70 60.60 8.29 14.90
Battery handling 5 47.40 48.92 44.30 54.90 4.13 4.20
Administrative 14 44.95 42.24 10.70 73.30 18.80 27.70
Unloading operations 1 51.40 51.40 51.40 51.40 - – - - – -
Welder 4 54.95 46.18 17.50 57.30 19.20 21.65
Copper handling 1 58.30 58.30 58.30 58.30 - – - - – -
Other occupations 3 50.50 55.13 38.30 76.60 19.57 38.30

Exposure to Pb and other substances
None 74 3.30 10.31 3.30 60.00 15.54 1.40 <0.0001
Sulfuric acid 35 51.10 51.92 26.20 66.00 9.48 13.40
Other substances 11 58.30 47.65 3.30 65.00 18.91 27.20

Food consumption during work (%)
Yes 15 45.70 40.82 1.65 76.60 21.42 37.40 <0.0001
No 46 51.25 50.22 10.70 73.30 12.99 14.60
No data 59 1.65 2.28 1.65 8.20 1.49 0

Hand washing before eating (%)
Always 48 49.60 46.51 1.65 76.60 16.50 15.95 <0.0001
Sometimes 72 1.65 11.45 1.65 71.20 20.35 2.30

Use of gloves (%)
Yes 53 51.40 50.52 10.70 76.60 13.82 14.40 <0.0001
No 67 1.65 5.60 1.65 50.50 10.84 1.75

Use of masks or respirators
Yes 53 51.40 50.51 14.50 66.00 11.85 14.40 <0.0001
No 6 35.85 32.15 10.70 50.50 17.39 33.80
No data 61 3.33 3.83 3.33 18.80 2.18 0

Change of clothes after working
Yes 52 50.95 49.17 10.70 66.00 13.61 14.25 <0.0001
No 7 28.60 33.69 3.30 65.00 20.31 28.10
No data 61 3.30 5.10 3.30 56.20 8.42 0

Mann-Whitney or Kruskal–Wallis equality-of-populations rank test.
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For this reason, possible interventions should include educative elements to increase the perception of
susceptibility and severity related with the exposure to lead and sulfuric acid. Evidence useful for these
interventions include matters of classical toxicology of lead (acute toxicity, anaemia, reproductive
disorders, kidney damage, immunotoxicity), and more specific topics related with dermal exposure to
sulfuric acid or lead and related-skin damage. In this category are lower skin hydration and elasticity
associated with lead exposure, the increased occurrence of skin lesions as dermatitis, urticaria, hyperker-
atosis, gingival brown pigmentation, gingivitis and lead line (Rerknimitr et al. 2019) (Wani andUsmanib
2016), and burns related with sulfuric acid exposure (Bond et al. 1998; Matshes et al. 2008). Succesful
interventions with informal workers are difficult because economic benefits are seen as larger than the
risks associated with work (López-Ruiz et al. 2015), thus more emphasis in to increase susceptibility and
severity is required.

Table 2. Crude associations between exposure-related variables and blood lead concentrations (μg/dL)
among Colombian battery recyclers (n = 120).¥

Variables β 95% CI P value

Sex (female) −11.41 −25.08; 1.85 0.090
Age (years)
20-31 Ref
32-42 21.71 8.17; 35.24 0.002
43-51 15.97 2.68; 29.26 0.019
52-75 0.04 −13.37; 13.45 0.995

Education
Elementary (complete or incomplete) Ref
Secondary (complete or incomplete) −5.60 −9.05; −2.15 0.002
Technical or professional −53.33 −56.78; −49.88 <0.001
Tobacco smoking 3.40 −17.08; 23.89 0.743

Occupation
No exposure to Pb Ref
Grid or plate handling 53.13 51.28; 54.98 <0.001
Battery recycling (casting) 53.85 51.29; 56.41 <0.001
Administrative (with Pb exposure) 44.69 42.56; 46.81 <0.001
Other occupations (with Pb exposure) 49.18 47.21; 51.15 <0.001

Exposure to Pb and other substances
None Ref
Sulfuric acid 48.67 47.53; 49.81 <0.001
Other substances 57.16 55.35; 58.96 <0.001

¥estimates obtained with tobit regression.

Figure 1. Kernel density estimate
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An interpretation our findings should take into account the limitations of the study design. Given the
type of design, it is not possible to ensure the temporal relationships between the variables. It is possible
that lead exposure induces neurotoxicity that facilitate the exposure to sulfuric acid. In addition, using
worker reports as the main data source may generate measurement errors, which, in the case of the self-
report of exposure to skin-irritating substances, we do not think it was differential. All variables that were
found to be associated with blood lead concentrations were self-reported, which could have led to an
underestimation of the results.

Conclusion

The present study suggested that exposure to sulfuric acid is not a sufficient warning signal to take
actions to prevent lead exposure; however, lead exposure can promote exposure to sulfuric acid skin
lesions. For some workers may be very difficult to separate exposure to lead and sulfuric acid due to the
recycling practices. It is very important because in low and middle-income countries there are not good
experiences in occupational interventions for control chemical agents (Verbeek and Ivanov 2013).
Thus, a possibility exists of developing creative and innovative educational interventions for workers
exposed to lead in batteries using skin lesions as a warning sign without increase economic costs. This
mechanism is still a valuable element for developing effective interventions to prevent diseases and
accidents of occupational origin. Further prospective studies are required to explore this possibility.
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Table 3. Adjusted associations between independent variables and blood lead concentrations (μg/dL)
among Colombian battery recyclers (n = 120).¥.

Variables Adj. β 95% CI P value

Sex (female) −7.27 −14.90; 0.37 0.062
Age (years) 0.17 −0.05; 0.39 0.123
Education

Elementary (complete or incomplete) Ref
Secondary (complete or incomplete) −2.54 −4.29; −0.79 0.005
Technical or professional −1.28 −3.38; 0.83 0.233
Tobacco smoking 1.51 −0.28; 3.30 0.098

Occupation
No exposure to Pb Ref
Grid or plate handling 45.25 34.72; 55.78 <0.001
Battery recycling (casting) 49.81 38.34; 61.27 <0.001
Administrative (with Pb exposure) 45.00 35.07; 54.93 <0.001
Other occupations (with Pb exposure) 46.57 37.08; 56.06 <0.001

Exposure to Pb and other substances
None Ref
Sulfuric acid 11.44 4.58; 9.17 <0.001
Other substances 11.50 11.40; 16.87 0.014

¥estimates obtained with tobit regression.
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