


Original Research Article 

A City-Based Assessment of Heavy Metal Contents and Laboratory Health Indices of Automobile Repairers

ABSTRACT
Purpose Automobile repairers are a group of artisans that are routinely exposed to heavy metals and petroleum products. In many countries, workplace safety protocols are either not available or are not adhered to. The objective of this study was to evaluate the serum levels of some heavy metals, hematological indices, and some biochemical parameters of automobile repairers vis-a-vis the health implications. 
Methods A total of 45 automobile repairers consisting of motor mechanics (27), panel beaters (7), automobile electricians (2), and spray painters (9) who consented and met the inclusion criteria were selected from workshops within Benin City. A structured questionnaire was used to obtain their biodata. Hematological indices, serum concentrations of lead (Pb), mercury (Hg), arsenic (As), copper (Cu), electrolytes and urea, liver functions enzymes, and lipids were estimated and compared with control data from similar studies. 
Results All the respondents had at least the primary education. The majority (71.7%) used protective gadgets. The serum levels of Pb, As, and Cu were significantly (P<0.0001) elevated and 93.3% of the subjects had higher Pb levels above the normal range. Hemoglobin (P<0.0001), platelet (P<0.0003) and white blood cell count (P<0.0004) were all lower than control although most subjects were within the normal range. Hematocrit, mean corpuscular hemoglobin concentration, and granulocytes were not significantly different from control. The levels of Na+, K+, Cl-, HCO3-, urea, aspartate transaminase, globulin, total cholesterol, triglycerides and LDL-cholesterol were all significantly elevated. A larger proportion (66.7%) of the respondents had LDL-cholesterol levels above the upper limit.
Conclusion The elevated levels of the assayed heavy metals and the derangement of hematological, renal function parameters, and lipids indicate insidious processes that would adversely affect the health of the automobile repairers. 
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1. INTRODUCTION
Automobile repairers are workers who are engaged in adjusting, repairing, and overhauling automobile vehicles. Some of their activities include the replacement of auto parts, cleaning and dismantling and reassembling of the engine and other car components, and regular change of fluids (e.g., oil, transmission fluids). Their occupation regularly exposes them to metallic alloys and petrochemicals like grease, gasoline, and diesel. Other chemicals to which they are regularly exposed include brake fluids, coolants, acid water, batteries and metals used in the manufacture of key components of automobiles. For example, brake pads and car paints often contain lead (Pb), a very toxic heavy metal (European Commission, 2000; Mwai et al., 2023). Entry of heavy metals and chemicals into the bodies of automobile repairers through the airways, the skin, and by accidental ingestion could be greatly reduced if they adhered to regulations and standard operating guidelines that require them to wear personal protective equipment while on duty. It has been reported that although 97% of automobile repairers in a southern Nigerian city were aware of the need to wear protective gadgets, 54% did not (Chukwuokeah and Wekpe, 2024). In many developing countries, the regulations are often poorly enforced. 

[bookmark: _Toc126245065][bookmark: _Hlk124253084]Above acceptable limits in serum, heavy metals such as lead, iron, mercury, chromium, copper, cobalt, arsenic, and silver are potentially dangerous (Rehman et al., 2018; Vardhan et al., 2019; Mitra et al., 2022) causing acute and chronic illnesses. The mechanism of their toxicity is attributed to their affinity for thio groups in proteins and substitution for essential divalent metals such as Ca2+ and Mg2+ in cells, and the production of reactive oxygen species (Flora et al., 2008; Balali-Mood et al., 2021; Rajkumar et al., 2023).  Many of them are sequestered in body tissues (Jaishankar et al., 2014), have long elimination half-lives and induce insidious processes. Heavy metal exposure may manifest as neurological, dermal, immunological, cardiovascular, renal, hepatic, hematological, respiratory effects, and cancers. For example, as of 2004, approximately 143,000 deaths had occurred and almost 9 million disability-adjusted life years (DALYs) had occurred globally because of exposure to Pb (Prüss-Ustün et al., 2011). More recently, the World Health Organization estimated that globally, 1.5 million deaths were attributable to Pb and it accounted for more than 33 million DALYs in 2021 (WHO, 2024). In Bangladesh, 9100 deaths and 125,000 DALYs were recorded because of the consumption of water that contained arsenic and fish that contained methylmercury with mild retardation and cognitive deficits diagnosed in some of the children (Mamtani et al., 2011). It is possible that other toxic substances contribute to the overall toxicity of the heavy metals. For example, automobile coolant fluids often contain the notoriously nephrotoxic ethylene glycol (Driver et al., 1993; Iqbal et al., 2025). Petroleum hydrocarbons, whether aliphatic or aromatic have been associated with automobile mechanics (Wang et al., 2000; Muze et al., 2020; Shojaei and Rostami, 2024) and these are harmful (Boffetta et al., 1997; Khan and Sudha, 2012).
Although there are a few reports on workplace safety of automobile repairers, especially in Nigeria, there is the need for more assessments since the exposure to occupational hazards is dependent on several factors including the education, how long the individuals have been in the occupation, adherence to safety regulations and degree of anthropogenic activities in the location. The increasing heavy metal-associated DALYs suggests that the need for continuous assessments. In this study we aimed to assess the serum contents of some heavy metals and degree of changes in some clinical laboratory parameters with the hope that the findings would influence automobile occupational policy decisions and enforcement.

2. METHODS
[bookmark: _Toc125614892]2.1 Study Area
The study was conducted in August 2022 in Egor Local Government Area (LGA), which is one of the LGAs in Benin City metropolis, Edo State, Nigeria. The population of the LGA was estimated to be 445,800 in 2016 with a total area of 93 square kilometers.
(include photo of study area with geo cocordinates)
[bookmark: _Toc125614893]2.2 Ethical Consideration
Ethical approval with reference number ADM/E 22A/VOL. VII/141735181 was obtained from the ethics and research committee of the University of Benin Teaching Hospital (UBTH), a tertiary health facility located within the LGA. Informed consent was obtained from each subject who stated that they clearly understood the reasons for the study.
[bookmark: _Toc125614894]2.3 Subject Recruitment
A letter was sent to the local associations of automobile repairers in the LGA to seek permission, authorization and co-operation in carrying out the study. The subjects were assembled in one place, given a lecture and were interviewed before recruitment. Minimum sample size was calculated using the Nundy (2022) formula which gave the minimum sample size for the study as 45. The inclusion criteria include subjects who had worked as automobile repairers for at least 2 years and those who gave their consent to participate in the study. Repairers who had any chronic disease and/ or were chronic alcoholics or smokers were excluded. 
[bookmark: _Toc125614897]2.4 Data Collection Tool
A simple questionnaire structured into three distinct sections was used for the study. It consisted of section A (biodata), section B (social history), and section C (work-related information including regular use of protective equipment while working).
[bookmark: _Toc125614898]2.5 Blood Sample Collection
Registered nurses and laboratory scientists were recruited for sample collection and handling. The venipuncture site was disinfected with methylated spirit, after which blood sample (5 ml) was drawn from each subject and transferred into EDTA bottles (3 ml) for hematological analyses. The remaining 2 ml of the whole blood was transferred into plain bottles, allowed to clot and then centrifuged using a Hettich Centrifuge (Rototix 32A, Germany) at 4000 rpm for 10 min. The serum obtained was kept in a fridge at -4°C prior to various assays.
[bookmark: _Toc125614899]2.6 Assay of Selected Heavy Metals
The serum concentrations of lead Pb, Hg, As, and Cu were determined in the Analytical Services Laboratory of the International Institute for Tropical Agriculture (IITA), Ibadan, using the inductively coupled mass spectrometer (Thermo Elemental, X series I, Germany), based on standard methods described by Fong et al. (2007). 

2.7 Hematological Evaluation
[bookmark: _Hlk124244124]The blood samples in EDTA bottles were used for the evaluation of red blood cell count (RBC), hematocrit (HCT), hemoglobin concentration (HGB), platelet count (PLT), mean corpuscular hemoglobin concentration (MCHC), total white blood cell counts (WBC) and the WBC differentials: granulocytes (GRAN) and lymphocyte (LYM). The samples were analyzed using an automated hematology system (SFRI Hematology Analyzer model H18). A printout of the indices and their corresponding values for each sample was obtained (Akhigbemen et al., 2018).
[bookmark: _Hlk123124441]2.8 Assay of Electrolytes, Urea, Creatinine
[bookmark: _Hlk124244315][bookmark: _Hlk124244362]The sera were used for the evaluation of biochemical parameters including electrolytes, urea and creatinine. Urea was assayed using the modified diacetylmonoamine method, with kits manufactured by Randox® (Okwuofu et al., 2017). Creatinine was determined using kits manufactured by Randox® (Okwuofu et al., 2017). The assay of electrolytes was by the ion-selective electrode method (Goyal et al., 2016). 
[bookmark: _Toc126240278][bookmark: _Hlk124253963]

2.9 Assay of Liver Enzymes and other Proteins 
[bookmark: _Toc126240279][bookmark: _Hlk124253975]Alanine transaminase (ALT), aspartate transaminase (AST), and alkaline phosphatase (ALP) were assayed using the enzyme kinetic method (Reitman and Frankel, 1957). The total serum protein and albumin were determined using a UV-Visible spectrometer at 645 nm using the Randox® Total Protein Kit (Randox® Laboratories Ltd., Krumlin, United Kingdom) based om Biuret method. Globulin levels (g/dl) were obtained by subtracting the albumin levels from the total serum protein.

2.10 Estimation of Serum Lipids
Total cholesterol (TC), High Density Lipoprotein-cholesterol (HDL-C) and triglycerides (TRIG) were determined in the serum of the participants by adopting the protocol outlined in the manufacturer’s assay kit from Randox® Laboratories Ltd, Ardmore, Co. Antrim, UK. LDL-cholesterol was calculated using the Friedewald formula (Friedewald et al., 1972) as the difference between total cholesterol and a fifth of the total triglycerides, i.e., LDL = (HDL-C) − (TGs/5). 

2.11 Statistical Analysis and Data Presentation
[bookmark: _Toc125614908][bookmark: OLE_LINK9]Data are presented as mean ± standard deviation (SD), ranges and simple percentages. Inferential statistics involved entering experimental and reference (control) data as mean, SD, and N before using unpaired t-test with Welch’s correction. The tests of proportionality were done using Fisher’s exact test. GraphPad Prism version 6.0 was used for all the statistical analysis and p < 0.05 was considered significant. 

3. RESULTS

3.1 Demographic Features of the Automobile Repairers
Table 1 shows the demographics of the automobile repairers, all of whom had been in the occupation for not less than two years. Repairers’ maximum educational attainment were: primary 21(46.7%), secondary school 19(42.2%), and tertiary 5(11.0%). Most of the repairers (71.7%) claimed they always used protective gears such as overalls, hand gloves, and face masks while engaging in repairs. 
[bookmark: _Hlk125122412]
3.2 Serum Levels of Metals
While the serum levels of Pb, As, and Cu were significantly (P<0.0001) higher than their respective reference mean values, that of mercury was lower (Table 2). In Table 3, 93.3% of the repairers had Pb concentration above the upper limit of the reference range. The serum levels of other metals were within the normal range for other metals. 



Table 1: The demographics of the sample of auto repairers used for this study	
	
	Auto Repairers

	
	Number
	(%)

	[bookmark: _Hlk123242561] 2 Years in the Trade 
	45
	100.0

	Primary School Leavers
	21
	46.7

	Secondary School Leavers
	19
	42.2

	University Graduates
	5
	11.1

	Wearing Protective gadgets
	32
	71.1




[bookmark: _Hlk189144162]Table 2: Heavy metal concentration in the automobile repairers
	
	Experimental Values*
(µg/dL)
	Reference Values**
(µg/dL)
	P-value

	
	Mean ± SD
	Range
	Mean ± SD
	Range
	

	Pb
	[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK3]16.76 ± 4.64
	8.26 – 27.16
	[bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK6]6.04 ± 0.7a
	3 – 12 
	<0.0001

	Hg
	0.02 ± 0.05
	0.004 – 0.21
	0.19 ± 0.0a
	0.01 – 0.20
	<0.0001

	As
	0.11 ± 0.03
	0.063 – 0.204
	0.06 ± 0.0a
	0.01 – 0.1
	<0.0001

	Cu
	122.80 ± 19.12
	80.10 – 151.70
	37.3 ±1.5b
	60 -100
	<0.0001


*N=45; **Na =49 (Chikezie et al., 2017), Nb=22 (Valkova et al., 2023)


Table 3: Serum heavy metal of automobile repairers in relation to reference ranges. 
	
	High
	Normal
	Low
	P-value

	Pb
	42(93.3)
	3(6.7)
	0(0.0)
	<0.0001

	Hg
	0(0.0)
	45(100)
	0(0.0)
	<0.0001

	As
	0(0.0)
	45(100)
	0(0.0)
	<0.0001

	Cu
	0(0.0)
	45(100)
	0(0.0)
	<0.0001


Values in parentheses are percentages, N=45.
[bookmark: _Toc125614909]3.3 Hematological Parameters of the Automobile Repairers 
Some of the hematological parameters were significantly lower than the reference mean values (Table 4). These include hemoglobin (HGB) concentration (P<0.0001), platelet (PLT) count (P<0.0030), white blood cell (WBC) count (P<0.0036) and lymphocyte (LYMP) count (P<0.0035. The red blood cell (RBC) count, the hematocrit (HCT), mean corpuscular hemoglobin concentration (MCHC) and granulocyte (GRAN) count of the repairers were not significantly different from the reference means. In Table 5, all repairers had their values for HCT, MCHC, and LMP within normal range. A few of the repairers (17.8%) had erythrocytosis while 37(82.2%) had normal RBC count. Only one automobile repairer (2.2%) had HGB value above normal while the rest were within the normal range. Most of the repairers (93.3%) had platelet count within normal range while 3 (6.7%) had thrombocytopenia. Granulocytes were distributed with 21 (46.7%) being with normal range and 24 (53.3%) having granulocytopenia.
[bookmark: _Hlk125122372][bookmark: _Hlk189144452]Table 4: Hematological parameters of the automobile repairers. 
	
	Study Values*
	Reference Values**
	P-value

	
	Mean ± SD
	Range
	Mean ± SD
	Range
	

	RBC (×106/µL)
	5.2±0.4
	4.2–6.1
	5.4±0.7
	3.5–5.5
	NS

	HGB (g/dL)
	11.6±1.6
	9.1–18.6
	14.2±1.3
	11.0–16.0
	<0.0001

	HCT (%)
	41.8±2.6
	35.7–47.9
	43.2±4.0
	35.0–50.0
	NS

	MCHC (g/dL)
	27.3±2.2
	24.3–32.4
	27.1±2.5
	32.0–36.0
	NS

	PLT (×103/µL)
	150.0±36.5
	70.0–240.0
	177.0±46.1
	100–300
	<0.0030

	WBC (×103/µL)
	5.0±1.2
	3.2–9.0
	5.9±1.6
	4.0–11.0
	<0.0036

	LYM (×103/µL)
	2.4±0.5
	1.8–3.6
	2.9±0.7
	0.6–4.1
	<0.0035

	GRAN (× 103/µL)
	2.1 ± 0.8
	1.0–4.7
	2.1±0.7
	2.0–7.8
	NS


*N=45, **N=44 (Umahi-Ottah et al., 2022). RBC: Red blood cells; HGB: Hemoglobin; HCT: Hematocrit; MCHC: Mean corposcular hemoglobin concentration; PLT: Platelet; WBC: White blood cells; LYM: Lymphocytes; GRAN: Granulocytes. 

Table 5: Hematological parameters of automobile repairers in relation to reference clinical ranges 

	
	High
	Normal
	Low
	P-value

	RBC
	8(17.8)
	37(82.2)
	0(0.0)
	<0.0001

	HGB
	1(2.2)
	44(97.8)
	0(0.0)
	<0.0001

	HCT
	0(0.0)
	45(100)
	0(0.0)
	<0.0001

	MCHC
	0(0.0)
	45(100)
	0(0.0)
	<0.0001

	PLT
	0(0.0)
	42(93.3)
	3(6.7)
	<0.0001

	WBC
	0(0.0)
	36(80.0)
	9(20.0)
	<0.0001

	LYM 
	0(0.0)
	45(100)
	0(0.0)
	<0.0001

	GRAN
	0(0.0)
	21(46.7)
	24(53.3)
	NS


[bookmark: _Toc125614910]Values in parentheses are percentages, N=45. RBC: Red blood cells; HGB: Hemoglobin; HCT: hematocrit; MCHC: Mean corpuscular hemoglobin concentration; PLT: Platelet; WBC: White blood cells; LYM: Lymphocytes; GRAN: Granulocytes.
3.4 Serum Electrolytes, Urea, and Creatinine
Table 7 shows that the electrolytes (Na+, K+, Cl-, bicarbonate), creatinine and urea were all significantly higher in the sera of the automobile repairers when compared to the reference clinical values. The level of urea was extremely high (P<0.0001) compared to the reference values. Similarly, 25(55.6%) of the repairers had their urea level above the clinical range, but most values were within the normal range for creatinine (86.7%) and potassium (82.2%). For bicarbonate, (4.4%) was above, (44.4%) was within, and (51.1%) were below the reference values. 
[bookmark: _Hlk125122349][bookmark: _Hlk189144766]
Table 6: Serum electrolytes, urea and creatinine of the automobile repairers.
	
	Study Values*
	Reference Values**
	P-value

	
	Mean ± SD
	Range
	Mean ± SD
	Range
	

	Na+ (mEq/L)
	138.6±3.9
	133.0–149.0
	136.5±2.2
	135.0–145.0
	<0.0020

	K+ (mEq/L)
	4.0±0.4
	3.0–5.1
	3.8±0.2
	3.6–5.2
	<0.0020

	Cl- (mEq/L)
	103.6±3.6
	96.0–112.0
	100.3±2.6
	96.0–106.0
	<0.0001

	Bicarbonate (mEq/L)
	22.0±3.0
	15.0–30.0
	20.2±4.4
	22.0–29.0
	<0.0200

	Creatinine (g/dL)
	0.9±0.2
	0.5–1.4
	0.8±0.2
	0.7–1.4
	<0.0169

	Urea (mg/dL)
	27.8±8.8
	12.0–52.0
	4.0±0.7
	6.0–24.0
	<0.0001


*N=45, **N=50 (Adejumo et al., 2018)

Table 7: Percentages of serum electrolytes, urea, and creatinine of automobile repairers in relation to reference clinical ranges.
	
	High
	Normal
	Low
	P-value

	Na+
	4(8.9)
	41(91.1)
	0(0.0)
	<0.0001

	K+
	0(0.0)
	37(82.2)
	8(17.8)
	<0.0001

	Cl-
	9(20.0)
	36(80.0)
	0(0.0)
	<0.0001

	Bicarbonate
	2(4.4)
	20(44.4)
	23(51.1)
	<0.0001

	Creatinine
	0(0.0)
	39(86.7)
	6(13.3)
	<0.0001

	Urea
	25(55.6)
	20(44.4)
	0(0.0)
	NS


Values in parentheses are percentages, N=45.
3.5 Liver Function Enzymes and Proteins
The serum levels of ALT in the automobile repairers were not significantly different from the reference values (Table 8). While AST levels were significantly (P<0.0006) higher, ALP levels were lower in comparison with the reference data. Although the levels of albumin were not significantly difference from the reference values, the levels of globulin in the repairers were significantly (P<0.0001) lower. Most of the automobile repairers had values that were within the reference range for all the parameters (Table 9). No value was below the reference range and values above the reference range were few: 8.9% (ALT), 13.3% (AST), 20.0% (ALP), and 2.2% (albumin or globulin).






[bookmark: _Hlk189145028]Table 8: Serum liver function enzymes and proteins of automobile repairers.

	
	Study Values*
	Reference Values**
	P-value

	
	Mean ± SD
	Range
	Mean ± SD
	Range
	

	ALT (Units/L)
	30.4±5.3
	9.0–242.0
	33.1±8.5
	17.0–52.0
	NS

	AST (Units/L)
	34.7±3.3
	16.0–109.0
	27.9±9.4
	22.0–54.0
	<0.0006

	ALP (Units/L)
	100.7±5.3
	38.0–214.0
	125.8±18.4
	105.0–50.0
	<0.0001

	Albumin (g/dL)
	4.1±0.6
	3.5–7.1
	3.9±0.4
	2.9–3.9
	NS

	Globulin (g/dL)
	3.2±0.1
	2.1–4.7
	4.0±0.3
	2.5–3.9
	<0.0001


*N=45, **N=30 (Dongre et al., 2010). ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase.


[bookmark: OLE_LINK8]Table 9: Percentages of serum enzymes and proteins of automobile repairers in relation to reference clinical ranges
	
	High
	Normal
	Low
	P-value

	ALT
	4(8.9)
	41(91.1)
	0(0.0)
	<0.0001

	AST
	6(13.3)
	39(86.7)
	0(0.0)
	<0.0001

	ALP
	9(20.0)
	36(80.0)
	0(0.0)
	<0.0001

	Albumin
	1(2.2)
	44(97.8)
	0(0.0)
	<0.0001

	Globulin 
	1(2.2)
	44(97.8)
	0(0.0)
	<0.0001


Values in parentheses are percentages, N=45. ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase.

3.6 Lipid Profile of Automobile Repairers
Table 10 shows that compared to the reference values, significantly higher parameters were TC (P<0.000), TRIG (P<0.0001), and LDL-C (P<0.0001). HDL-C was significantly lower (P<0.0001). In Table 11, about one-third of the repairers had values higher than the reference range for TC (37.8%), and TRIG (33.3%). Two-third (66.7%) of the repairers had LDL-C higher than normal while 77.8% had lower HDL than the clinical range.  




[bookmark: _Hlk189145203]Table 10: Serum lipid profiles of the automobile repairers.

	
	Study Values*
	Reference Values**
	P-value

	
	Mean ± SD
	Range
	Mean ± SD
	Range
	

	TC (mg/dL)
	189.2±44.1
	103.0–325.0
	106.2±16.7
	≤200
	<0.0001

	TRIG (mg/dL)
	122.8±47.5
	53.0–235.0
	64.2±30.4
	≤150
	<0.0001

	HDL-C (mg/dL)
	50.0±4.4
	15.0–85.0
	50.7±7.0
	≥60 
	NS

	LDL-C (mg/dL)
	117.0±41.2
	37.0–211.0
	63.0±24.7
	≤100
	<0.0001


*N=45, **N=11 (Ademuyiwa et al., 2005); TC: Total cholesterol; TRIG: Triglycerides; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol. 

Table 11: Serum lipid profiles of the automobile repairers in relation to reference clinical values. 
	
	High
	Normal
	Low
	P-value

	TC
	17(37.8)
	28(62.2)
	0(0.0)
	<0.0011

	TRIG
	15(33.3)
	30(66.7)
	0(0.0)
	<0.0001

	HDL-C
	0(0.0)
	10(22.2)
	35(77.8)
	<0.0001

	LDL-C
	30(66.7)
	15(33.3)
	0(0.0)
	<0.0001


Values in parentheses are percentages, N=45.

4. DISCUSSION
All the automobile repairers had at the minimum basic (primary) education and therefore could understand the purpose of the study. This may have been the reason for the use of protective workplace gadgets by most of them. The mean serum levels of lead, arsenic and copper were higher than the reference (control) values. Also, most of the hematological indices were lower while all the electrolytes, urea, creatinine, and all the lipids except HDL-cholesterol were higher in the repairers. In essence, this study suggests that despite wearing protective gadgets, the subjects were exposed to some heavy metals and other occupational hazards with adverse health implications. Basic health literacy acquired through formal education is a key influencer of knowledge, attitude and practice (Ratzan and Parker, 2000; Silva et al., 2021). Despite the efforts of regulatory bodies and professional associations that often draw up standard operating procedures and safety guidelines, a city-based study has shown that awareness does not positively influence workplace safety (Chukwuokeah and Wekpe, 2024).  
The concentrations of Pb, As, and Cu were higher than the reference values and this is agreeable with other studies (Al-Easawi et al., 2017; Khan et al., 2023; Anthony et al., 2024). Pb for example exceeded the international level of concern of 10 µg/dL (Burki, 2012). There have been reports of heavy metal pollution of underground water (Owamah et al., 2023) and soil (Duru et al., 2024) around automobile workshops. Our study strengthens previous observations of the high blood levels of lead in automobile workers (Adela et al., 2012; Saliu et al., 2015). The source of the significantly high Pb concentration in the study may have been automobile parts such as brake pads, batteries, transmission fluids, and paints (European Commission, 2000; Mwai et al., 2023). Like Pb, As and Cu have also been found in concentrations higher than acceptable limits in soil samples obtained from automobile workshops (Durumin-Iya et al., 2023; Liu et al., 2024) and might have resulted from vehicular components such as batteries and metallic alloys. It is not quite clear why the level of Hg was lower than the reference values despite the availability of the metal as a component of many car parts. 
Higher than normal heavy metal levels have been associated with anemia (Nakhaee et al., 2018). Low levels of hematological parameters in automobile repairers have been reported by several other workers (Dongre et al., 2011, Ibeh et al., 2016; Abiodun et al., 2019). The health implications of the findings such as reduced oxygen delivery to tissues due to anemia, proneness to infections due to leucocytopenia and increased bleeding due to thrombocytopenia, are well known. The mechanisms associated with heavy metal-induced reduction in blood cells include induction of high degree of oxidative stress through the generation of cell-damaging, enzyme-inhibiting reactive oxygen species (Jaishankar et al., 2014; Wu et al., 2016; Olakkaran et al., 2018). Pb in particular inhibits heme synthesis by inhibiting δ-aminolevulinic acid dehydratase (δ-ALA-D) and cytochrome P450 (CYP450) (Olakkaran et al., 2018). 
The mean values of all the electrolytes of the automobile repairers were significantly higher than the control (reference) data. Reports on electrolyte levels of automobile workshop workers have been inconsistent with some indicating an increase in some electrolytes to the exclusion of others. For example, according to Adejumo et al. (2018) the mean serum levels of chloride and creatinine were high but there was no difference in the levels of sodium and potassium between the repairers and normal (unexposed) subjects. Our results are in tandem with those from previous studies in which there were significantly higher mean serum concentrations of creatinine and urea when compared to the control group (Dongre and Sapaj, 2010; Awadalla, et al., 2017). The results point to possible renal impairment among the auto repairers although hydrocarbons that are used in automobile workshops have also been implicated in impaired renal function induced by oxidative stress (Owagboriaye et al., 2022). Heavy metal-associated renal impairment may lead to acute or chronic renal diseases. Since these metals have a high affinity for thio groups in cells (Rajkumar et al., 2023), they may bind to tissues of the kidneys and impair filtration processes thereby leading to high serum concentrations of metal ions and excretable metabolites like urea and creatinine.  
Alanine transaminase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and proteins (albumin and globulin) are diagnostic parameters for liver function (Akter et al., 2021). Out of these enzymes, ALT is the most liver-specific enzyme. Although the present study has shown that aside from higher AST levels, all other enzymes were either lower or not significantly different from the control, several studies have associated increases in serum levels of the metals with increases in the levels of these enzymes (Huang et al., 2021; Chang et al., 2023). We believe that the serum threshold for hepatic toxicity may not have been reached in the subjects. Albumin and globulin are majorly synthesized, and their levels often determine the biosynthetic capacity of the liver as an indicator of liver function. 
A strong association between mixed heavy metals and dyslipidemia has been established by various reports (Kim et al., 2022; Long et al., 2025) and supports our findings of higher mean levels of total cholesterol, triglycerides, and LDL-cholesterol and mean levels of HDL-cholesterol in the automobile repairers than in the control group. Aside from the heavy metals, exposure to premium motor spirit (petrol) vapors can cause a significant increase in the levels of total cholesterol, triglycerides, low-density lipoprotein cholesterol, and very low-density lipoprotein cholesterol, and a decrease in the serum levels of high-density lipoprotein cholesterol (Festus et al., 2016). 

5. CONCLUSION
The study has shown that high levels of Pb, As, and Cu possibly in synergy with other automobile chemicals may be responsible for the derangement in the hematological, electrolyte, urea, and creatinine, and lipids seen in the repairers. Although the values for the evaluated parameters were majorly within the reference range, the changes reflect an insidious process. The study points to the need for these workers to be more concerned about occupational safety. 
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