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ABSTRACT

Background of study: Toxic exposure to lead (Pb) in humans occurs through environmental and
occupational sources like leaded gasoline. Despite the ban of use of leaded gasoline by many
regulatory authorities due to its adverse health effects, Nigeria remains among nations using leaded
fuel. Aim: The study aimed to determine toxic lead exposure to gasoline fumes and its impact on
plasma levels of micronutrients (zinc [Zn], copper [Cu], and calcium [Ca]) in public transport drivers in
Nigeria. Materials and Methods: The case-control study, compared serum micronutrient levels of
40 occupational lead exposed public transport drivers with physically matched 40 non occupational
lead exposed civil servicemen. The concentrations of Pb, Zn, Cu and Ca in the serum of the study
subjects were determined by atomic absorption spectrophotometry. Results: Results analyzed with
the t-test showed that mean serum lead level in public transport drivers was significantly (P=0.000)
higher than the control group. Also, micronutrient levels were significantly (P=0.000) lower in
occupational than non-occupational lead exposed men. Pearson correlation analysis results showed
significant positive correlation between Cu and Ca (r=0.481, P=0.002), Zn and Cu (r=0.635,
P=0.000), Zn and Ca (r=0.456, P=0.003). Where as an inverse but non-significant correlation
between lead and Cu (r=-0.275), Ca (r=-0.130), Zn (r=-0.121) was observed at the 0.05 level.
Conclusion: In conclusion, the study results indicate that exposure to lead can significantly decrease
serum zinc, copper and calcium. The decrease in micronutrient level in the drivers could be through
renal loss, mediated by nephrotoxic effect of lead.

Keywords: Gasoline, Lead, Zinc, Calcium, Copper

1. INTRODUCTION

Gasoline or petrol is a transparent, volatile and highly flammable extract of crude oil composed
mainly of aliphatic hydrocarbons. It is used as fuel in internal combustion engines of automobiles and
power plants [1]. The characteristic of a gasoline blend to resist igniting too early (causing knocking) is
measured by its octane rating. Additives are thus introduced into gasoline to increase its octane rating for

better performance, reduction in fume emission and prevention of engine knocking [2]. One of the



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

additives to gasoline that significantly increases its octane rating and anti-knocking potential is tetraethyl
lead. The environmental pollution and attendant health effects associated with tetraethyl lead, has been
described as the mistake of the twentieth century [3.] This negative effect, led to its ban as an additive to
gasoline by regulatory authorities [4]. Yet gasoline used in some nations of the world like Nigeria contains
high lead levels in contrast to most developed nations [5]. The national conference on the phase out of
leaded gasoline in Nigeria (NCPLGN), planned to reduce the lead content of Nigerian gasoline from 0.74
to 0.15g/L by the year 2002 and the total elimination of leaded gasoline by 2004. Leaded gasoline phase
out in Nigeria, was to be achieved through the nations only government owned refineries [6]. However, no
evidence to show that the program has been implemented. Unfortunately, Nigeria for decades till date
depends heavily on imported gasoline to power internal combustion engines, increasing the chances of
importing leaded gasoline. A large majority of automobiles on Nigerian roads are old modeled already
used vehicles built to run on lead gasoline, imported from European nations. New modeled vehicles
designed to use lead-free gasoline have wasted their catalytic converters by burning leaded gasoline.
Due to the poor economy of the nation, many vehicles lack maintenance and are driven without air
condition systems on poorly maintained roads [5]. Consequently, a large number of Nigerian vehicles
emit blue plumes of bad odor and unburnt hydrocarbons [7] that release a high percentage of gasoline
lead into the atmosphere, subsequently inhaled by road users [8].

Lead is the most important environmentally toxic heavy element. It is widely and abundantly
distributed in the world [9]. Human exposure to lead and its compounds occurs through occupational and
environmental sources like leaded gasoline, water, leaded paints, pottery, battery recycling and printing
works [10]. The major source of human lead accumulation in developing countries was found to be
airborne lead, 90% of which came from leaded gasoline [6]. Lead is a highly poisonous metal affecting
almost every organ in the body, with ingestion, inhalation and dermal contact as routes of body
exposure. There are reports in many countries determining community exposure to environmental toxic
lead and its impact on health [11]. Although there are no national surveys of blood lead levels in the
general Nigerian population. Isolated studies indicate very high blood levels of lead [12-14] compared
with acceptable serum (<0.035ug/dl [<3.5 ug/dal]) or blood (<10ug/dI[<1000 pg/dal]) limits [15]. Toxic lead

levels have consistently been associated with various pathological conditions like anemia,
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neurobehavioral deficits, renal impairment, reproductive abnormalities and suppressed immune system
[6].

Micronutrients are essential nutrients required by the body in trace amounts or tiny quantities on a
day to day basis (generally less than 100mg/day) for proper body functioning. Micronutrients are
composed of four major classes: macro elements, trace elements, vitamins, and organic acids [16]. Macro
elements have multiple roles within the body. They work together with vitamins to initiate hormone
production and enhancement of metabolic processes. Trace elements participate in tissue, cellular and
sub-cellular functions; these include immune regulation by humoral and cellular mechanisms, nerve
conductions, muscle contractions, membrane potential regulations, mitochondrial activity, and enzyme
reactions. Trace elements interact with vitamins and macro elements to enhance their effects on the
body. They are accepted as essential for human health and have diverse metabolic characteristics and
functions [17]. Lead has been shown to mimic the action of some trace elements, by competitively binding
to the active sites of their respective enzymes as co-factors thereby inactivating such enzymes [18]. Trace
mineral deficiencies usually occur when dietary intake is inadequate or result from metabolic imbalances
produced by antagonistic or synergistic interactions among metal [19].

Our study measured serum lead, calcium (macro element), zinc and copper (trace elements) in
drivers regularly exposed to gasoline fumes. There is available literature for elevated blood lead levels in
public transport drivers [20], no study exist pertaining to the impact of lead toxicity on micronutrients in
this occupational lead exposed group. Thus, the aim our study is to determine toxic exposure to lead
gasoline fumes and its impact on plasma levels of micronutrients (Zn, Cu, and Ca) in public transport
drivers in Nigeria.

2. Materials and Method

2.1 Study Area and Population

The occupational health study was conducted at the Ladoke Akintola University of Technology Teaching
Hospital, Osogbo, Nigeria. The test group comprised of male public transport drivers aged 25-55 years,
who were members of the National Union of Road Transport Workers, Osogbo unit, Nigeria. While the
control group were apparently healthy civil servicemen of the same age range.

2.2 Study Design



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

The case-control study was approved by the ethical committee of the teaching hospital. Serum lead and
micronutrient levels of 40 male public transport drivers were compared with 40 age and BMI matched
male controls.
2.3 Sample size and Technique
The sample size was determined using the formular for case-control studies that compares two group
means [21]; n=1+2C(s/d)2, where s is the standard deviation (an estimate of the population standard
deviation of serum lead), d is the effect size (the estimated mean difference of toxic and non-toxic serum
lead levels) and C is a constant dependent on the level of significance and statistical power. At a
significance level of 5%, and statistical power of 90%, C is 10.51. The calculated sample size was 33.8,
which was approximated to 40 for each group. In total, 80 participants were randomly drawn from public
transport drivers and civil service men.
2.4 Selection Criteria
A written informed consent was sought from the individual participants by educating them on the need
and relevance of the study. Information regarding their biodata, lifestyle, occupation/career, condition of
vehicle driven and medical history were obtained.
2.4.1 Inclusion criteria
Public transport drivers: Drivers of non-air conditioned vehicles at least three times a week and
occupationally exposed to gasoline fumes for 5 to 20 years. Civil servicemen: Those exposed to lead only
environmentally with no history of occupational exposure to lead.
2.4.2 Exclusion criteria
The exclusion criteria comprised of participants placed on medications that could interfere with
micronutrient level during sample analysis. Also, participants with medical conditions that may interfere
with micronutrient status in the body were excluded. Participants who refused to give consent were
voluntarily allowed to withdraw from the study.
2.5 Data Collection

Body weight to the nearest 0.1 kg and height to the nearest centimeter were measured with the
subjects barefoot and in light clothing and BMI was calculated as weight (kilograms)/height (meters

squared). By venipuncture, 5 ml of blood was collected into plain tubes to obtain serum, after allowing clot
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to retract with subsequent centrifugation for 15 minutes at 4000rpm. The extracted serum was stored at -
20°C until time of analysis.
2.5.1 Laboratory Methods

The concentrations of Lead (Pb), Zn, Ca and Cu in serum were determined by atomic absorption
spectrophotometer using an acetylene-air flame [22]. When monochromatic light emitted from a metal
(Pb, Zn, Ca, Cu) hollow cathode lamp, is passed through an air-acetylene flame containing dissociated
metal atoms in sample. A low energy level is created, that enables the atoms absorbs light of unique
wavelength. The amount of light absorbed is proportional to the concentration of the metal in the sample,
determined by comparing unknown samples with known standard. The Samples were prepared by adding
1 ml of serum to 3ml of 2NHCI and centrifuged. The supernatant was separated into polypropylene tubes
and mixed well. Glycerol was added to the aqueous blank and standard to match the viscosity of the
diluted serum. The blank solution was aspirated into the flame and used to set the baseline to read zero
absorbance. Metal working calibrators were aspired sequentially from the most diluted to the most
concentrated. The resulting absorbances were used to establish calibration curves. The specimens were
aspirated and their absorbance’s with metal concentrations determined using the calibration curves.
2.6 Statistical Analysis

Statistical analysis was performed using SPSS version 21 of IBM Armonk, New York, United
States. The statistical methods included the mean and standard deviation. Student’s t-test was used in
comparing the means of parameters in public transport drivers and civil servicemen groups. Pearson
correlation analyses was done to determine the association between metals measured in the public

transport drivers. Two-tailed P < 0.05 was considered statistically significant.

3. RESULTS

Serum lead level in public transport drivers shown in Table 1 was significantly (P=0.000)
high compared to anthropometrically matched civil servicemen. Comparing micronutrient levels
between the study groups, showed that Cu, Ca, Zn were significantly lower (P=0.000) in

occupational than non-occupational lead exposed men (Table 1, Figure 1).
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Pearson correlation analysis results presented in Table 2, showed significant positive
correlation between Cu and Ca (=0.481, P=0.002), Zn and Cu (=0.635, P=0.000), Zn and Ca
(»=0.456, P=0.003). Table 2 also revealed an inverse correlation between lead and Cu (r=-

0.275), Ca (r=-0.130), Zn (r=-0.121) however, non-significant at the 0.05 level.

Table 1: Anthropometry, micronutrients, lead in public transport drivers and civil
servicemen.

Parameters Drivers Civil servicemen t-value p-value
n =40 n =40
BMI (Kg/m®) 24 15+3.30 24.63+3.44 0.58 0.539
Age (years) 38.52+10.80 38.20+£10.37 0.11 0.901
Copper (ug/dl) 75.00£19.70 83.60+£15.80 4.8 0.000
Calcium (ug/ml) 80.10+£16.06 88.32+12.04 8.8 0.000*
Zinc (pg/dl) 74.30+£16.20 86.30+13.10 13.3 0.000*
Lead (pg/dal) 11.00+5.00 7.001£5.00 26.2 0.000*

meantstandard deviation, n-number of subjects, “significant, BMI-body mass index
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151  Table 2: Correlation amongst micronutrients and lead in public transport drivers.
152

r Copper Calcium Zinc Lead
Copper 1.000 0.481** 0.635** -0.275
Calcium 0.481* 1.000 0.456** -0.130
Zinc 0.635** 0.456** 1.000 0.121
Lead -0.275 -0.130 -0.121 1.000
153 Correlation (r) is signiticant at the 0.05 level, ~Correlation is significant at the 0.07 level,
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4. DISCUSSION

Directives on reduction of lead in gasoline have been issued in Nigeria. However non -
compliance to these directives persists, as leaded gasoline continue to thrive in the Nigerian
petroleum industry. It is hoped that our study will provide knowledge about the effect of lead
exposure on public transport drivers who are frequently exposed to gasoline fumes. The
adverse effects of lead on the body systems at both high and low doses are well documented.
Lead is quickly absorbed in the blood stream and is shown to have adverse effects on certain
organ systems like the central nervous system, the cardiovascular system, kidneys, and the
immune system [23]. The impact of micronutrient status on lead toxicity has been reported
[24,25]. However, investigations into the impact of lead toxicity on micronutrients is vague. Our
study, sought to find the effect of this toxic metal on micronutrients (zinc, copper and calcium)
levels.

Our study revealed elevated serum lead levels in public transport drivers compared to
civil service men. This finding is consistent with the study of Sawas and Eldeib who observed
toxic levels of lead (serumz3.5 ug/dal) in public transport drivers compared to civil servicemen.
[26] Dioka et al., observed raised blood lead levels in some Nigerian artisans who were
occupationally exposed to lead [27].

Our study observed reduced serum micronutrient (Ca, Zn, Cu) levels in public transport
drivers compared to civil servicemen. Also, a negative but no statistical correlation existed
between lead and micronutrients studied. The study further observed a positive correlation of
Cu with Zn, Ca with Cu, and Zn with Ca which was statistical. A study similar to ours; however
in battery workers showed decreased serum zinc, calcium and copper levels compared to non-
occupational lead exposed men [28]. In children, low dietary intake of zinc, copper, and calcium
has been associated with increased blood lead levels [19]. Ahamed and Siddiqui showed that
the mean blood levels of zinc and calcium were significantly lower in anemic children with blood

lead levels 210 pg/dl than those with blood lead levels <10 ug/dl [29] They further observed
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decreased blood calcium and zinc levels with increasing blood lead levels in the anemic children
studied [29]. In rats, very high dietary levels of lead have been shown to reduce copper
ceruplasmin levels [30]. A decreased dietary copper level associated with increased erythrocyte
lead concentrations was also observed [30]. Our observation of an inverse correlation of
micronutrients with lead, corroborates with the findings of Needleman [18]. Ugwuja et al.,
showed decreased plasma zinc level in Nigerian pregnant women with high blood lead levels
compared to non pregnant women with low blood lead levels [31]. The concentrations of Cu
and Zn are known to correlate and interact in the body [32]. Correlation between serum levels of
Zn and Cu in gasoline filling station workers has been reported by the study of Mahmood [33].
After controlling for gender and age, a positive correlation between total blood Ca and Zn was
observed by the study of Ji et al. [34] Blood calcium concentrations and calcium intake have
been inversely related to blood lead levels in both normal and lead-burdened children [35,36].
Calcium deficiency mobilizes lead from the bone and distributes it to blood and soft tissue [35].
The impact of toxic lead on micronutrient status observed in our study could be mediated
via renal and gastrointestinal mechanisms. Experimental evidence of impaired and altered
nephritic function by lead has been reported [37]. Early exposure to lead can cause renal
proximal tubular dysfunction, chronic interstitial nephritis and eventually irreversible progressive
chronic kidney disease that culminate in end stage renal failure [38]. Lead has been shown by
studies to stimulate urinary excretion of zinc and copper, interfering with their reabsorption in
kidney and inhibition of ceruloplasmin activity in plasma [39]. Evidence also exists for
interactions between lead and micronutrients at the level of intestinal absorption, metabolism
and sites of action in the body [40,25,24]. Lead is shown to change the gastrointestinal
absorption and tissue concentrations of micronutrients, such as Zn, Cu, and Ca [41]. The
deficiency of zinc, copper, and calcium has been shown to increase the gastrointestinal
absorption and toxicity of lead [42,29]. Vice versa, previous findings by Emsley et al., showed

that toxic blood levels of lead, reduced the gastrointestinal absorption of zinc in elderly Chinese
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[43]. It appears likely that lead may contribute to the development of adverse health effects in
humans through mechanisms involving its interference with the metabolism of micronutrients.
5. CONCLUSION

In conclusion the study results indicate that exposure to lead can significantly decrease serum
zinc, copper and calcium. The decrease in micronutrient level in the drivers could be through renal and
gastrointestinal loss, mediated by the tissue effect of toxic lead. Our study is relevant when evaluating

possible  mechanisms of the impact of lead toxicity on  micronutrient status.

REFERENCES
1. Hinks R. Our Motoring Heritage: Petrol and Oil. Chrysler Collector. 2004;154:16-20.

2. Thomas VM, Socolow RH, Fanelli JJ, Spiro TG. Effects of reducing lead in gasoline: an analysis
of the international experience. Environ Sci Tech 1999; 33(22):3942-3948.

3. Shy CM. Lead in petrol: the mistake of the 20" century. World Health stat. 1990;43(3):168-176.

4. Chamberlain AC, Clough WS, Heard MJ, Newtow D, Scott AAB, Well AC. Uptake of lead by
inhalation of motor exhaust gas. Proc R Soc Lond. 1978;192:77-80.

5. Orisakwe OE. Review: Lead and Cadmium in Public Health in Nigeria; Physicians Neglect and
Pitfall in Patient Management. N Am J Med Sci. 2014;6(2):61-70.

6. de Nevers ME, Obeng LA. National conference on the phase-out of leaded gasoline in Nigeria :
proceedings. Clean air initiatives in Sub-Saharan African cities, working paper Washington, DC:
World Bank 2001; 6..http://documents.worldbank.org/curated/en/752791468290440954/National-
conference-on-the-phase-out-of-leaded-gasoline-in-Nigeria-proceedings.

7. Baumbach G, Vogt U, Hein KR, Oluwole AF, Ogunsola OJ, Olaniyi HB, et al. Air pollution in a

large tropical city with high traffic density: Results of measurements in Lagos, Nigeria. Sci Total
Environ. 1995;169:25-31.

8. Nriagu J, Oleru N, Cudjoe C, Chine A. Lead poisoning of children in Africa, lll. Kaduna, Nigeria.
Sci Total Environ. 1997;197:13-19.

9. Mahaffey KR. Environmental lead toxicity: nutrition as a component of intervention. Environ
Health Perspect. 1990;89:75-78.

10. Wani AL, Ara A, Usmani JA. Lead toxicity: a review. Interdiscip Toxicol 2015;8(2):55-64.

11. Bierkens J, Smolders R, Van Holderbeke M, Cornelis C. Predicting blood lead levels from current
and past environmental data in Europe. Sci Total Environ. 2011;409:5101-5110.

12. Orisakwe OE, Nwachukwu E, Osadolor HB, Afonne OJ, Okocha CE. Liver and kidney function
tests amongst paint factory workers in Nkpor, Nigeria. Toxicol Ind Health. 2007;23:161-165.

13. Arinola OG, Nwozo SO, Ajiboye JA, Oniye AH. Evaluation of Trace Elements and Total
Antioxidant Status in Nigerian Cassava Processors. Pak J Nutr. 2008;7:770-772.



257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
208
299
300
301
302
303
304
305
306
307
308
309

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

Ademuyiwa O, Ugbaja RO, Idumebor F, Adebawo O. Plasma lipid profiles and risk of
cardiovascular disease in occupational lead exposure in Abeokuta, Nigeria. Lipids Health Dis.
2005;4:19. doi: 10.1186/1476-511X-4-19

Manton WL, Rothenberg SJ, Manalo M. The lead content of Blood serum. Environ res.
2001;86(3):263-272.

Fraga CG. Relevance, essentiality and toxicity of trace elements in human health. Mol Aspects
Med. 2005;26(4-5):235-244.

Matsumura M, Nakashima A, Tofuku Y. Electrolyte disorders following massive insulin overdose
in a patient with type 2 diabetes. Intern Med. 2000;39:55-57.

Needleman H. Lead poisoning. Ann Rev Med. 2004;55:209-222.

Goldhaber SB. Trace element risk assessment: essentiality vs toxicity. Regul Toxicol Pharmacol.
2003;38:232-242.

Kaewboonchoo O, Morioka |, Saleekul S, Miyai N, Chaikittiporn C, Kawai T. Blood Lead Level
and Cardiovascular Risk Factors among Bus Drivers in Bangkok, Thailand. Industrial Health.
2010;48:61-65.

Dell RB, Holleran S, Ramakrishnan R. Sample Size Determination. ILAR J. 2002;43(4):207-213.

David BM. Trace elements. In Tietz fundamentals of clinical chemistry. 5" Edn. Elsevier
Philadelphia 2001;Pg 568-582.

Bergeson LL. The proposed lead NAAQS: Is consideration of cost in the clean air act's future?
Environmental Quality Management. 2008;18:79-84.

Mahaffey KR. Nutrition and lead: strategies for public health. Environ Health Perspect 1995;103:
191-196.

Peraza MA, Fierro FA, Barber DS, Casarez E, Rael LT. Effects of micronutrients on metal toxicity.
Environ Health Perspect 1998;106:203-216.

Sawas AW, Eldeib AR. Serum lead levels in civil servicemen and public transport drivers in
Makkah City, Saudi Arabia. East Afr Med J. 2005;82:443-446.

Dioka CE, Orisakwe OE, Adeniyi FA, Meludu SC. Liver and renal function tests in artisans
occupationally exposed to lead in mechanic village in Nnewi, Nigeria. Int J Environ Res Public
Health. 2004;1:21-25.

Pizent A, Jurasovic J, Telisman S. Serum calcium, zinc, and copper in relation to biomarkers of
lead and cadmium in men. J Trace Elem Med Biol. 2003;17:199-205.

Ahamed M, Siddiqui MK. Environmental lead toxicity and nutritional factors. Clin Nutr.
2007;26(4):400-408.

Miller GD, Massaro TF, Massaro EJ. Interactions between lead and essential elements: a review.
Neurotoxicology. 1990;1:99-120.



310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

352

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ugwuja El, Ejikeme B, Obuna JA. Impacts of Elevated Prenatal Blood Lead on Trace Element
Status and Pregnancy Outcomes in Occupationally Non-exposed Women. International journal of
occupational and environmental medicine. 2011;2(3):143-156.

Bremner |, Beattie JH. Copper and zinc metabolism in health and disease: speciation and
interactions. Proc Nutr Soc. 1995;54:489-499.

Mahmood NMA. Relationship between exposure to petrol products and the trace metal status,
liver toxicity and hematological markers in gasoline filling workers in Sulaimani city. J Environ
Occup Sci. 2012;1(1):6-11.

Ji X, He H, Ren L, Liu J, Han C. Evaluation of blood zinc, calcium and blood lead levels among
children aged 1-36 months. Nutr Hosp. 2014;30:548-551.

Blouin AG, Blouin JH, Kelly TC. Lead, trace mineral intake and behavior of children. Topics in
Early Childhood Spec Educ. 1983;3(2):63-71.

Ahamed M, Singh S, Behari JR, Kumar A, Siddiqui MK. Interaction of lead with some essential
trace metals in the blood of anemic children from Lucknow, India. Clin Chim Acta. 2007;377(1-
2):92-97.

Kim NH, Hyun YY, Lee KB, Chang Y, Ryu S, Oh KH, Ahn C. Environmental heavy metal
exposure and chronic kidney disease in the general population. J Korean Med Sci. 2015;30:272-
277.

Zhou R, Xu Y, Shen J, Han L, Chen X, Feng X, Kuang X. Urinary KIM-1: a novel biomarker for
evaluation of occupational exposure to lead. Sci Rep 2016;6:38930.

Goyer RA. Nutrition and metal toxicity. Am J Clin Nutr. 1995;61(suppl):646S- 650S.

Kordas K, Lonnerrdal B, Stoltzfus RJ. Interactions between nutrition and environmental
exposures: effects on health outcomes in women and children. J Nutr. 2007;137(12):2794-2797.

Flora SJS, Kumar D, Sachan SRS, Gupta SD. Combined exposure to lead and ethanol on tissue
concentration of essential metals and some biochemical indices in rat. Biol Trace Elem Res 1991;
28:157.

Kerper LE, Hinkle PM. Cellular uptake if lead is activated by depletion of intracellular calcium
stores. J Biol Chem. 1997;272:8346—8553.

Emsley CL, Gao S, Li Y, Liang C, Ji R, Hall KS et al. Trace element levels in drinking water and
cognitive function among elderly Chinese. Am J Epidemiol. 2000;151:913-920.



