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Abstract: Battery technicians need to maintain due diligence on safety practices at workplace to guide against lead 

poisoning, since preventive measures are the most cost-effective interventions against lead-related diseases. This study 

compared and investigated factors that influence battery technician’s safety practices in Lagos, Nigeria. It was predicted that 

workplace conditions, blood lead levels and perceived risks could influence safety practices on lead poisoning. A quantitative, 

cross-sectional survey design, and systematic sampling were used to select N=293 adults aged 18 years and above. The 

instrument was validated and reliability established. The hypotheses were tested with chi-square and multiple logistic 

regression at p < 0.05 and 95% CI. The finding on safety practices status of battery technicians is 20% and the use of personal 

protective equipment (PPE) 18%. There was no significant difference between battery technicians in the organized and 

roadside settings considering perceived risk of lead poisoning and utilization of safety equipment. 
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1. Introduction 

Battery technicians are among the occupational groups 

who are exposed to lead poisoning because battery cells are 

made of lead [1]. Since this group is at the risk of exposure to 

lead poisoning, supporting their successful adherence to 

safety practices at the workplaces could protect their health 

and prevent them from developing lead-related diseases in 

the future [2]. Studies have reported that the estimated annual 

global burden of diseases that occurred due to lead poisoning 

is 0.6%; and between 0.5 and 1.5 million of these cases 

happen among the occupationally exposed workers [3]. The 

incidence of lead poisoning remains a problem in developing 

countries considering the public health impact [4]. The 

population adjusted disease burden due to lead poisoning in 

Nigeria was estimated to be 2% from the regional analysis of 

the relative risk of the occupational diseases [5]. The 

category of diseases implicated in lead poisoning includes: 

gastrointestinal effect, hematological effect, nervous system 

effects such as intelligent quotient (IQ) defects, 

encephalopathy, wrist drop, hypertension, diabetes, and 

cancer due to prolonged exposure to lead toxin [6]. The 

routes through which battery technicians are exposed to lead 

poisoning include oral ingestion, dermal absorption and 

inhalation of lead fumes during smelting and smoldering the 

battery cells [7]. Therefore, battery technicians need to 

maintain due diligence on safety practices to guide against 

lead toxins, since preventive measures are the most cost-

effective interventions against lead-related diseases [8]. In 

the past years, and up to December 2015, there was a 

permissible exposure limit for blood lead levels of 

occupationally exposed workers [9]. But recent studies 
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indicated that there is “no safe limit value”, and the 

suggested limit value for case definition of elevated blood 

lead level (EBLL) in adults exposed to lead poisoning at the 

workplace is currently put at ≤ 5.0µg/dL [10-12]. This 

research regarding safety practices on lead poisoning among 

battery technicians illuminates important findings and no 

research was found that examined safety practices at the 

workplaces of battery technicians to guide against the 

elevation of blood lead level in Lagos, Nigeria. Instead, 

researchers have carried out studies that compared the blood 

lead levels of different automobile technicians that were 

exposed to lead poisoning. This study fills the gap in 

knowledge as it focuses on safety practices on lead 

poisoning, workplace conditions, blood lead levels, 

utilization of personal protective equipment (PPE) and 

perceived risk. It also compares the safety practices of battery 

technicians in the organized and roadside workshop settings. 

2. Materials and Methods 

2.1. Research Design 

This study was a quantitative, cross-sectional survey 

design and multistage method was used to delimit the size of 

the population studied. Systematic sampling technique was 

used to select N=293 adults battery technicians aged 18 years 

and above who participated in this study. The study was 

conducted in Lagos, Nigeria, West Africa. Data were 

collected for 6 weeks from the participants whose workshop 

are located in the organized (n=148, 50.5%) and roadside 

(n=145, 49.5%) settings of the two selected local government 

councils (Ikeja and Agege). Structured questionnaires with 

close-ended questions were administered to the participants 

to collect data. A test re-test pilot study was conducted at 

interval of 2 weeks to ascertain the validity and reliability of 

the self-developed instrument before it was used for the main 

study. The validity of the instrument was determined and the 

empirical, face, content and construct validity were 

appropriate. The Cronbach’s Alpha analysis result of the pilot 

study confirmed the reliability of the instrument with high 

coefficient value of 0.8. 

2.2. Sample Size and Sampling Procedure 

At the beginning of this study in January 2017, the sample 

size analysis was carried out to determine the appropriate 

number of subjects that could provide accurate representation 

of the participants studied. Peduzzi et al. [13] guideline for a 

minimum number of subjects to be included in a study using 

a logistic regression statistical model for analysis was 

adapted to calculate the sample size for this study and we got 

N=250 as minimum sample frame using the formula N =10 

K/p but N=293 participants were sampled to increase the 

study statistical power to.90. Rudestam and Newton [14] 

defined sampling as a strategy used to select a subset of the 

population being studied. Multistage sampling method was 

used to delimit and divide the population size of each of the 

two selected local government council into tertiary units (5 

geographical zones) first and this comprised (North, South, 

East, West and Central geographic zones). The tertiary units 

were divided into secondary units (10 district areas); and the 

districts areas were further delimited into 100 wards each to 

make up the primary units (individual levels). Upon 

completion of the division of the large population, the 

systematic sampling technique was used to select the 

participants studied at the primary units. The sampling 

interval for this study was calculated by dividing the total 

population of the battery technician’s workshops in the 5 

geographical zones of the selected local government council 

areas with the number of the workshops to be sampled using 

the formula; 

� =
N

n
 

K: the sample interval. 

N: the total population of workshops in the 5 geographical 

zones of the 2 selected local government councils. 

n: the number of workshops sampled in the study areas. 

� =
N = 5000	(Total	Population	of	Workshops)

n	 = 300	(No	of	Workshops	sampled)
 

K = 16.666666667 

The population was not exactly divisible; the starting point 

for the study was between 0 and 16.666. The sample interval 

(16.666) was rounded up to the next integer, which is 17. It 

was assumed that the starting point for the systematic random 

sampling was 3.6; then, the workshops were selected at an 

interval of 4, 17, 30, 43, and 56. The interval value was 

added at every point in the population until the sample frame 

that corresponds with the sample population was selected. 

The processes were continued until the 100 wards with 10 

units in each of the 5 geographical zones were sampled. 

2.3. How Data Were Collected and Measured 

The participants were invited and requested to complete 

the consent form freely before filling out the questionnaire. 

The questionnaire is of 4 pages on A4 paper and it contains 

44 structured close-ended questions with estimated 30-

minutes fill out time. Data were collected from the 

participants daily for 6 weeks using the questionnaire. The 

data collected included the demographic and occupational 

characteristics of the subjects like the age, marital status, 

income, year of experience, level of education, and location 

of workshop. In the subsequent sections, the questions cover 

each hypothesis tested: workplace condition, blood lead 

levels, perceived risk of lead poisoning and the rate of 

utilization of PPE. Safety practices status was measured by 

the availability of safety materials and the rate of utilization 

of PPE at the workplace through recall reported in the 

questionnaires. Battery technicians’ compliance with safety 

practices was measured by recall of the rate of utilization of 

PPE at workplace and a comparison of the safety practices in 

the organized and roadside setting measured with the recall. 
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2.4. How Scores Were Calculated 

The questions in the instrument were close-ended 

questions without multiple choice answers. The subject rating 

was either “YES” for positive response and “NO” for 

negative response. The response was scaled from 0-1 using 

Guttman scale of response. The response was coded in which 

“1” stands for a correct answers while “0” stands for the 

wrong answer. The method of scoring adopted for the level 

of safety practices on lead poisoning was that participants 

who scored 9 points and above out of the 13 questions, that is 

(≥ 70%) were rated good practices while participants who 

scored < 6 points (<50%) out of the 13 questions on safety 

practices section were rated poor. For questions on 

knowledge, the scoring method and categorization system 

was adopted in which participants who scored < 3 points 

(<50%) out of the 6 questions on knowledge section were 

rated to have poor knowledge of lead poisoning safety and 

participants who scored ≥5 points and above out of the 6 

questions that is (≥ 70%) were rated to have good knowledge 

of lead poisoning safety practices. 

2.5. Data Analysis 

Descriptive analysis was used to examine the distribution 

of each variable while Chi-square X
2
 and Fisher’s exact test 

were used to examine the relationship that exists between the 

independent and dependent variables [15]. The multiple 

logistic regressions analysis was used to predict the most 

significant independent variable associated with lead 

poisoning safety practices. Backward stepwise multiple 

regression analysis was used to identify all independent 

variables related to the outcome variable at a p-value of < 

0.05 and 95% Confidence Interval after adjusting for the age, 

education, marital status, years of experience, monthly 

income, and knowledge of the importance of lead poisoning 

safety practices. 

2.6. Ethical Procedures and Protection of Participants’ 

Rights 

This study was conducted after receiving approval from 

Institution Review Board (IRB) of Walden University, and 

the approval number is 12-05-16-0462777. All the 

procedures performed during the conduct of this study 

followed the standard stipulated in the studies involving 

human participants. The consent form was given to the 

participants to read and understand; and they filled it 

freely without any interference before participation in the 

study. The purpose was to seek the consent of the 

participants freely and explaining the nature of the study. 

Also, it was aimed at informing them that the survey 

would not bring any harm, but it could help them to 

improve their safety practices at workplaces. The 

participant’s personal identifiers were not collected during 

data gathering process, and confidentially were 

maintained throughout the conduct of this study. 

3. Results 

3.1. Demographic and Occupational Variables 

A total of N=293 battery technicians were surveyed. In 

Table 1, there were n=148 of 293, 50.5% battery technicians 

from the organized workplace setting while there were n=145 

of 293, 49.5% from the roadside workplace setting. The 

mean age of the N=293 participants were 43.6 + 10.5 and 

40.5+ 7.6 years for the organized and roadside group 

respectively. Also, in Table 1, the finding shows that a 

significant association exists between safety practices on lead 

poisoning and education level of the participants at X
2
= 

27.13, df=1, p < 0.000 at 95% confidence interval. 

3.2. Workplace Conditions and Safety Practices 

Table 2 reported findings on workplace conditions and it 

shows that battery technicians who washed their hands with 

soap and water before eating, drinking, smoking and chewing 

were 9.4 times more likely to comply with lead poisoning 

safety practices at the workplace compared to battery 

technicians who did not wash their hands before eating, 

drinking, smoking and chewing with AOR: 9.4, 95% CI: 

2.07-42.95, p < 0.010. The battery technicians who reported 

regular use of respirator while working on battery lead cells 

were 5.3 times more likely to protect themselves from 

inhalation of lead fumes/dust at the workplace compared to 

battery technicians who did not use respirator while working 

on battery lead with AOR: 5.3, 95% CI: 1.45-19.04, p < 

0.021. Furthermore, the results indicated that battery 

technicians who wore overall protective clothes to protect 

their bodies from contact with lead dust or spills of lead 

solution while working were 12.9 time more likely to adhere 

to safety practices on lead poisoning compared to the battery 

technicians who did not wear overall protective clothes at 

workplace with AOR: 12.9, 95% CI: 2.94-56.8, p < 0.002. 

Overall, there were significant association between variables 

of the workplace conditions and safety practices at p < 0.05. 

3.3. Blood Lead Levels and Safety Practices 

In Table 3, the mean blood lead level of battery technicians 

in this study for the organized setting was 61.2±13.6µg/dL 

and it was higher than that of the technicians in the roadside 

setting 49.5±9.6 µg/dL. Finding show that there was a 

significant association between safety practices on lead 

poisoning at the workplace and blood lead levels at 

X
2
=24.760, df=4, p < 0.000 and 95% confidence interval. 

3.4. Perceived Risk and Utilization of PPE 

Table 4 indicated that perceived risk associated with lead 

poisoning and utilization of PPE at the workplace was not 

significant for battery technicians in both organized and 

roadside setting as the statistical findings shows with X
2
= 

0.150, df=1, p > 0.698, and X² = 8.716, df = 1, p > 0.065 

respectively. Moreover, Nagelkerke pseudo-R² indicated a 

low goodness of fit as the model accounted for 

approximately 70% of the variance in the organized setting. 
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Similarly, in the roadside setting, Nagelkerke pseudo-R² 

indicated a low goodness of fit as the model accounted for 

52% of the variance. 

Table 1. Descriptive analysis results of battery technicians demographic and occupational characteristics Lagos, Nigeria, January 2017. 

Variable 
Workshop setting 

N=293(%) 
Statistical analysis 

p-value Organized (n=148) Freq. (%) Roadside (n=145) Freq. (%) 

Age group (years)     

< 20 0(0.0) 01(0.34) 01(0.34)  

20-29 22(7.51) 27(9.22) 49(16.72)  

30-39 49(16.72) 45(15.36) 94(32.08) p<0.000 

40-49 61(20.82) 59(20.14) 120(40.96)  

50-59 13(4.44) 08(2.73) 21(7.17)  

> 60 03(1.02) 05(1.71) 08(2.73)  

Gender     

Male 148(100) 145(100) 293(100)  

Female 0(0.0) 0(0.0) 0(0.0)  

Marital status     

Married 127(86.0) 129(89.6) 260(88.5)  

Divorced 03(2.0) 01(0.7) 04(1.4)  

Widow 07(4.5) 02(1.4) 05(1.8) p < 0.001 

Separated 02(1.4) 01(0.7) 03(1.0)  

Single 09(6.1) 12(8.3) 21(7.3)  

Education level     

No formal education 05(3.4) 09(6.2) 14(4.8)  

Elementary school 35(23.6) 43(29.7) 78(26.6)  

Some high school 19(12.8) 23(15.9) 42(14.4) p < 0.000 

High school graduate 83(56.1) 68(46.9) 151(51.5)  

Some College/Technical 05(3.4) 02(1.3) 07(2.4)  

University/college graduate 01(0.7) 0(0.0) 01(0.3)  

Monthly income (Naira)     

< 20,000 17(11.5) 23(15.9) 40(13.7)  

21,000-40,000 95(64.2) 97(66.9) 192(65.6)  

41,000-60,000 34(22.9) 24(16.6) 58(19.7) p <0.042 

61,000-80,000 02(1.4) 01(0.6) 03(1.0)  

Years of experience     

< 5 13(8.8) 09(6.2) 22(7.5)  

5-9 15(10.1) 17(11.7) 32(10.9)  

10-14 54(36.5) 56(38.6) 110(37.5) p >0.923 

15-19 37(25.0) 35(24.2) 72(24.6)  

> 20 29(19.6) 28(19.3) 57(19.5)  

Note.FET = Fisher’s Exact Test, p < 0.05 significant at 95% CI = confidence interval, Freq= Frequency, % = percent 

Table 2. Multiple logistic regression analysis results of battery technicians’ workplace conditions associated with lead poisoning safety practices (SAFETY) 

Lagos, Nigeria, January 2017 

Independent variable 

Workplace conditions 

Dependent Variable 

Statistical analysis 

p-value 

Lead poisoning safety 

Unadjusted OR 

(95% CI, N=293) 

practices (SAFETY) 

Adjusted OR 

(95% CI, N=293) 

Follow directive of keeping out of restricted areas    

NO 2.59(1.81-4.10) 4.31(2.31-9.38) p <0.010 

YES Reference   

Use vacuum/wet cleaning in the workshop    

NO 0.21(0.3-1.70) 0.04(0.00-0.57) p <0. 042 

YES Reference   

Wash hands with soap and water before eating/drinking/chewing    

NO 5.33(1.50-19.0) 9.43(2.07-42.95) p < 0.010 

YES Reference   

Uses respirator while working on battery lead cells    

NO 2.82(1.10-7.25) 5.25(1.45-19.04) p < 0.021 

YES Reference   

Put on clean clothes after work    

NO 0.35(0.07-1.81) NS p > 0.082 

YES Reference   

Wash work cloth separately from other cloth    

NO 3.67(0.94-13.25) NS p > 0.067 

YES    
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Independent variable 

Workplace conditions 

Dependent Variable 

Statistical analysis 

p-value 

Lead poisoning safety 

Unadjusted OR 

(95% CI, N=293) 

practices (SAFETY) 

Adjusted OR 

(95% CI, N=293) 

Wears overall clothes to protect body from lead dust/solution    

NO 7.41(2.23-24.60) 12.93(2.94-56.8) p < 0.002 

YES Reference   

Have and follow code of safety practices at the workplace    

NO 5.55(2.23-13.87) 6.35(2.31-17.42) p < 0.001 

YES Reference   

Monitoring and visitation of workplace by inspector    

NO 1.75(0.94-14.25) NS p > 0.635 

YES Reference   

Boss talks about lead poisoning safety at the workplace    

NO 11.20(1.43-102.70) NS p > 0.085 

YES Reference   

Note. p< 0.05 was considered significant at 95% CI = confidence interval, OR = odds ratio, AOR = adjusted odds ratio. Model adjusted for all covariate 

variables (age, education, year of experience, monthly income, and availability of safety equipment, and knowledge of lead poisoning safety practices), NS: 

Not Significant. 

Table 3. Two-way chi-square analysis results of battery technician’s blood lead levels and safety practices on lead poisoning Lagos, Nigeria, January 2017. 

Blood lead levels 

Lead poisoning safety practices 

N=293(%) 
Statistical analysis 

X2p-value 
Poor practices 

(< 50%) Freq.(%) 

Good practices 

(≥70%) Freq.(%) 

≤ 5 09(3.07) 17(5.8) 26(8.87) 24.760 

6 – 40 128(43.69) 07(2.39) 135(46.08) P < 0.000 

41 – 80 50(17.06) 08(2.73) 58(19.8)  

≥ 81 23(7.85) 06(2.05) 29(9.9)  

No idea 40(13.65) 05(1.71) 45(15.36)  

Total 262(85.32) 31(14.68) 293(100)  

Note. p< 0.05 was considered significant at 95% CI= confidence interval, Freq. = frequency, % = percent

Table 4. Classification table of battery technicians perceived risk and 

utilization of PPE in the organized and roadside settings Lagos, Nigeria, 

January 2017. 

Observed 
Predicted 

Unprotected Utilize PPE Percentage correct 

Unprotected 85 11 88.7% 

Utilized PPE 08 42 84.3% 

Overall 

percentage 
86.0% 

Note.PPE: personal protective equipment, this Table was derived from 

2ndclassification 

output that accounts for the iv’s and give information for the percentage 

gained. 

4. Discussion 

The analysis of this survey data revealed low safety 

practices status of 20% on lead poisoning at the workplace of 

battery technicians while the rate of utilization of PPE is 18%. 

The safety practices status of battery technicians in Lagos, 

Nigeria is yet to reach the occupational health services and 

practice stipulated target of 90% compliance [16]. The rate of 

utilization of PPE at workplace could be considered as the 

prime index of safety practices performance evaluation; so, 

the low rate observed in this study could not make the 

desired impact on safety practices compliance [17]. For a 

developing country like Nigeria where change of work to 

reduce the potential for lead poisoning exposure is not certain 

among self-employed workers, then, improvement on safety 

practices is recommended [18, 19]. The workplace of battery 

technicians could be reorganized to avoid a non-fit 

environment that could expose workers to lead hazards [20]. 

The self-protective behavioral practices could be improved 

by imbibing positive behavioral attitudes towards safety 

practices [21]. There is need for battery technicians to 

improve on personal hygiene by washing their hand and face 

with soap and water before eating, drinking or smoking as 

this act is vital to safety practices on lead poisoning, since 

oral ingestion is one of the 3 major routes of exposure [22]. 

Haider and Qureshi [7] stated that the second route of 

exposure to lead contaminants is through inhalation. Lead 

fumes inhalation occurs if there is no proper ventilation or 

there is lack of decontamination services at the workplace. 

Then, the use of safety equipment and personal hygiene is 

emphasized to offer self-protection against lead poisoning. 

Compliance with utilization of safety facilities at the 

workplace is one of the prime indexes of assessing the safety 

practice performance of workers who were exposed to 

occupational hazard [23]. Also, improper or lack of adequate 

control measures, non-provision of safety equipment, lack of 

monitoring, lack of safety training, and lack of health check 

by battery technicians are safety practices quality indices on 

lead poisoning [24, 25]. Multilevel factors that determine the 

safety practices on lead poisoning are the enabling 

environment and availability of PPE (like protective cloth, 

eye goggle, hand glove, respirator, nose mask and protective 

shoes), safety facilities, communication, and training on how 
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to use the PPE [26]. Kalahasthi et al. [27] stated that one of 

the reasons for non-compliance with safety practices is poor 

communication and lack of enforcement on the part of the 

safety inspectors who were saddled with the responsibility. 

The occupational lead exposure in many developing 

countries is entirely unregulated at the workplace of self-

employed technicians [27]. Therefore, an appropriate, cost-

effective integrated preventive and control measures is 

required in the workplace of battery technicians in Nigeria. 

Harnessing safety system could improve the workplace 

conditions and facilitate compliance with safety practice on 

lead poisoning [28]. 

The mean blood lead levels of battery technicians’ 

reported in this study for the organized setting was 

61.2±13.6µg/dL and it was higher than that of the battery 

technicians in the roadside setting 49.5±9.6µg/dL. Were et al. 

[29] examined factors that influence blood lead levels and 

safety practices among the lead battery plants workers who 

were exposed to lead pollutants in Kenya. The finding of the 

study is consistent with that of this study as the blood lead 

levels of the technicians were found to be high for those in 

lead exposed industrial plants. The analysis of perceived risk 

associated with the exposure to lead poisoning and use of 

PPE at the workplace was not significant for battery 

technicians in both organized and roadside setting with X
2
= 

0.150, df=1, p > 0.698 and X² = 8.716, df = 1, p > 0.065 

respectively. Therefore, lack of information on safety 

practices could affect the perceived risks and low utilization 

of the PPE in both settings [30, 31]. The Dejoy theory 

applied to this study concluded that behavior is impacted and 

this could, in turn, impacts intrapersonal, interpersonal, social 

support and social policy [32]. The Guttman scale was used 

to grade the response in the instrument and it was scaled 

from 0-1. The limitation of this scale is that the standard used 

for the determination of the code “0” and “1” could be high 

to exclude few weak probable positive responses. Also, lack 

of data on environmental monitoring is a limitation for this 

study. All these factors could limit the generalizability of the 

findings to the entire population of battery technicians in 

Nigeria. There is a realization that battery technicians’ safety 

practices status is positively associated with the workplace 

conditions, self-protective behavior, and utilization of PPE at 

the workplace. It is imperative to recommend provision of 

hand washing stand with soap and water as an alternative 

measure towards safety practice at the workplace. 

Furthermore, use of protective cloth and face mask could be 

made compulsory at the workplace to protect dermal 

absorption and inhalation of lead contaminants. These safety 

appliances are not expensive even for self-employed battery 

technicians studied. The outcome of this study had shown 

that battery technicians’ rate of utilization of PPE predicts the 

safety practices status. Also, there is no difference in the rate 

of utilization of PPE among battery technicians in the 

organized and roadside setting. A follow up study of the 

subjects is recommended to establish whether the suggestions 

on safety practices are implemented. The occupational safety 

inspectorate unit in Nigeria could strategize and plan regular 

monitoring, and enforcement of safety policy at the 

workplace of battery technicians. Finally, lead safety 

initiative program is recommended and to be planned and 

focus lead hazard reduction at workplace of battery 

technicians. 

5. Conclusion 

Since the positive social change implication of this study is 

to reduce the morbidity, disabilities, and mortality that were 

associated with lead poisoning. Therefore, improvement of 

workplace condition and access to information on safety 

practices could be addressed. Also, safety practices could be 

improved by directing efforts towards training of battery 

technicians on personal hygiene and the need to comply with 

safety measures at the workplaces. 
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