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 Abstract 

Cigarette smoking and exposure to toxic generator fumes deliver a number of heavy metals to the blood. 

Bioaccumulation of these toxic metals result in an increase in pathological consequences over time. The aim of this 

study is to assess some haematological parameters and some heavy metals among smokers and individuals exposed 

to generator fumes in Abia State. The study was a cross-sectional and analytical study of 210 participants 

including 70 smokers, 70 subjects exposed to toxic generator fumes, 35 non-smokers and 35 non exposed 

control subjects. A multistage sampling was used to select participants. Blood lead, cadmium levels and 

haematological parameters were analyzed using Atomic Absorption Spectrometer at 238.3nm wavelength and 

Mindray Auto Haematology Analyzer respectively. Obtained data was subjected to Statistical Package of Social 

Science (SPSS) and analyzed using One-way ANOVA. The study revealed that the mean age of smokers and 

non-smokers were 34.20±0.83 and 35.11±1.25 years respectively, while the mean ages of subjects exposed and non 

exposed to generator fumes were 34.50±0.80 and 35.11±1.25 years. The study showed the significant mean 

difference of haematological parameters of smokers versus non-smokers as follows: Lymphocytes % (43.21±13.93b 

versus 30.95±14.91a), HCT (PCV)% (40.85±5.55b versus 37.82±4.18a), Hb g/dL (13.52±1.89b versus12.28±1.37a) 

and MCH pg (28.02±2.11b versus 26.79±2.77a), were significantly high (p<0.05). WBC x109/L (5.62±1.70a versus 

8.43±6.47b), and Neutrophil % (48.32±15.16b versus 60.79±15.92a) were significantly low in smokers as compared 

to non-smokers (p<0.05). The changes in haematological parameters of generator fume exposure versus non 

exposed subjects: Lymphocytes% (41.58±13.18b   versus 30.95±14.91a), MCV fl (85.07±4.80b versus 37.82±4.18a), 

were statistically significant; WBC x109 (5.57±2.48a versus 8.43±6.47b), and Neutrophil % (49.58±14.22b versus 

60.79±15.92a), were significantly low in subjects exposed to generator fumes as compared to non exposed subjects 

(p<0.05). The study also revealed the significant mean difference of blood Lead (µg/dL) level among the controls, 

smokers and generator fume exposure as follows: Smokers versus Controls (7.66±3.71b versus 5.98±2.81a) was 

significantly high in smokers as compared to controls, and generator fume exposure versus controls (3.00±0.89c 

versus 5.98±2.81a) was significantly low in generator fume exposure compared to controls. The presence of 

Cadmium (µg/dL) among the smokers, individual exposed to generator fumes and controls were not statistically 

significant. There was a significant positive and negative correlation of haematological parameters among smokers 

and individuals exposed to generator fumes. The findings showed that continuous cigarette smoking and exposure 

to generator fumes have severe adverse effects on haematological parameters such as haemoglobin, haematocrit, 

WBC count, and platelet count, lymphocytes as well as significant increase in blood lead level among the groups, 

and these alterations could be associated with a greater risk for developing hypertension, atherosclerosis, chronic 

obstructive pulmonary disease and/or cardiovascular diseases in future. 
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Introduction 
Lead (Pb) and cadmium (Cd) are heavy metals that are harmful to human health. The commonest of these toxic heavy 

metals include: lead, cadmium, iron, and zinc. When a harmful metal enters human body, it passes through the bloodstream 

to the vital organs like the kidney, the liver, the brain and then to the bones [1]. These harmful metals elements affect 

various organs in the body resulting in kidney failure, gastrointestinal disorders, anemia, nervous system disorders, 

congenital disorders and dermatological disorders [2] 

Lead mainly affect the central nervous system and also cause anemia by interferring with the haemoglobin synthesis. 

Cadmium is a carcinogenic heavy metal and it mainly affect the kidney and also cause bone disorder [3]. 

Environmental exposure to lead (Pb) and cadmium (Cd) result from natural and industrial activities like volcanic eruptions 

and weathering of rocks. This is the reason these heavy metals are found on the earth surfaces like the soil, in the air and 

water and they can also accumulate in plants and animals. Moreso, Pb and Cd have been useful in several industries. Even 

though Pb has a special characteristic in industries, there has been a decline in its use due to environmental pollution. Lead 

is used in painting, plumbing, mining, pipes, manufacturing of batteries and metal recycling. Cd has declined in the United 

States of America since 2001 in response to environmental effect. Cadmium is useful in non-ferrous alloys, batteries, plastic 

stabilizers, pigment production, coatings, and plating [4]. 

The average concentration of blood lead in nonexposed healthy adults was 0.9 µg/dL and the acceptable blood lead 

reference levels are < 5 µg/dL in adults and < 3.5 µg/dL in children. The value of blood lead becomes critical when the 

levels are ≥ 70 µg/dL in adults and ≥ 20 µg/dL in children. The mean blood level of cadmium in a healthy nonexposed 

adults is 0.1–4.0 µg/dL and the reference range of blood cadmium is ≤ 4.0µg/dL. The blood cadmium level becomes toxic 

and of a clinical emergency when the value is > 5.0 µg/dL [5]. 

Lead (Pb) and cadmium (Cd) exposure is primarily through contaminated foods and vegetables such as tobacco leaves. 

Tobacco leaves have higher levels of cadmium as a result of biological build up from the soil. Meanwhile, people who do 

not smoke but eat meats and shellfish regularly have a higher risk of elevated blood cadmium. For the fact that these heavy 

metals are not of any biological importance in the human body, the tolerable monthly intake (PTMI) of Cd and Pb heavy 

metals of 25 µg/kg of body weight are permissible [6] 

Tobacco smoking is the leading cause of avoidable illness and early death in smokers. There are different reasons why 

people especially the young one’s smoke. Many smokes in order to reduce negative stress or anxiety and the need to 

establish their independence or for social validation. Others engage in smoking due to fraustration or psychological reasons, 

or because their parents or guidians smoke. The pharmacological characteristics of nicotine have a significant impact on 

the habit's durability after it becomes regular [8]. 

Tobacco smoke contains over four thousand compounds, lead and cadmium are among these compounds. Lead and 

cadmium are found in tobacco and tobacco smoke. Lead is a poisonous heavy metal which can affect the neurons more 

especially when it is detected in children [9]. 

The blood level of lead and cadmium is a measure of the value of lead and cadmium in the blood. Individuals who engage 

in smoking have increased levels of lead and cadmium in their blood, although passive smokers (second hand smokers) 

also are at risk of increased lead and cadmium levels in their blood. Passive smoking (second hand tobacco smoke) is a 

predisposing factor for coronary heart disease [10]. 

Following the report of the World Health Organization (WHO), 1.1 billion people smoke globally. One-third of those 

smokers are within the ages of 15 and 20 years. Eight hundred million of these smokers are in developing nations, and 

seven hundred million of them are men. The use of tobacco in different field in Nigeria may be acceptable but it is a 

predisposing factor for hypertension, chronic obstructive pulmonary disease, coronary artery disease, cancer of the 

nasopharynx and bronchus. The main cause of untimely death globally, is smoking tobacco cigarettes and it is a major 

public health concern [11]  

There are both short-term and long-term effects of smoking on haematological markers. Cigarette smoke contains about 

four thousand different chemicals and smoking exposes one to a host of dangerous substances such as free radicals, lead, 

cadmium, nicotine, carbon monoxide, and other gaseous pollutants. It is well recognized that smokers are more likely to 

experience respiratory illnesses, coagulation disorders, inflammation, cardiovascular disease, and hypertension [12] 

Most of the increased mortality linked to smoking cigarettes is caused by coronary heart disease, cancer, and other 

respiratory disorders. Smokers have higher risk of lung cancer, increased chances of developing chronic obstructive 

pulmonary disease (COPD), and also the chances of suffering a myocardial infarction in comparison with nonsmokers [13] 

The results of tobacco smoking on the human body are mostly negative and can lead to reduction in bone marrow and 

blood cells which is known as haematological toxicity. Haematological toxicity can cause bleeding, anemia, or infection. 
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The severity of the adverse effect is referred to as one of five classes for blood toxicity by the National Cancer Institute 

[14]. 

On the other hand, many people have installed private electrical generators randomly in nearly every neighborhood and 

this is as a result of epileptic power supply in Nigeria in which Abia State was not left out. The installation of these 

generators poses a dangerous and uncontrollable environment as it predisposes many users to the toxic generator fumes 

which contain lead, cadmium, carbon monoxide etc. This is because many generator users do not follow the manufacturer's 

manual or are ignorant of the toxic effect of exposure to generator fumes but are just concerned about the generators giving 

them light[15]. 

About sixty million people in Nigeria have power generating sets in their homes, offices, shops etc. These owners spend 

more than 1.5 trillion Naira to fuel them each year. It was stressed that poor public power supply has affected industrial 

growth in Nigeria and it is of immense concern [16]. 

The cost of fueling the generator is not only affecting the public sector but also private business owners who depend on 

electricity for their daily income generation. It is unfortunate that Nigerians have experienced worst electricity crisis among 

its contemporaries which has been extremely unpleasant and upsetting in electricity distribution and supply in the country. 

The most important infrastructural bottle neck in Nigeria is poor power supply and every establishment in Nigeria 

experience power outage. This explains the reason greater percentage of Nigerians have resorted to the use generators as 

alternative source of power generation [17] 

Diesel exhaust consists of more than forty (40) toxic air contaminants such as benzene, formaldehyde and other toxic 

compounds such as carbon monoxide, nitrogen oxide etc. These substances are carcinogenic and about seventy percent 

(70%) cases of cancer have been characterized by inhalation of poisonous fumes from diesel exhaust and exposure are 

traceable to the cancer of the lung in work settings [18]. 

Evidence has shown that the danger of diesel exhaust in Nigeria has indirect link on lung cancer. This is as a result of 

increasing cases of nonsmokers within urban dwellers who are less than 60 years of age, that daily use power generating 

set on daily basis [19]. 

Electric generators is now the main source of powering people's homes and businesses in Nigeria. Increasing number of 

businesses and construction of houses had resulted in frequent use of power generating sets. The poor supply of electricity 

in Nigeria has caused every family to have a small generating set and this has created an environmental concern. In some 

houses, about 10 generating sets could be found within a radius of 5 meters. The fumes from generator contain carbon 

monoxide and when people are exposed to it, it becomes poisonous to human body and that is the reason many have been 

ignorantly dying Nigeria. When generator fume is inhaled, carbon monoxide replaces oxygen in the tissue and it can lead 

to death. Sometimes, the death from exhaust fumes can come gradually in the form of dizziness, nausea, headache and 

even confusion [20]. 

It is pertinent to let the general public, especially the generator owners, repairers, users and all those within the areas where 

generators are powered, know that generator fumes kill, hence must not be in a confined space, rather, outside where people 

reside with its exhaust pipe facing the open air [11].  

This study sought to draw attention to the harmful effects of smoking, exposure to toxic generator fumes on an individual's 

health, particularly as it relates to haematological parameters such as haemoglobin, packed cell volume, white blood cells, 

lymphocytes, neutrophils, eosinophils, basophils (mid), mean cell volume (MCV), mean cell haemoglobin (MCH), mean 

corpuscular haemoglobin concentration (MCHC), platelets (PLT) and heavy metals like lead, cadmium in smokers and 

subjects exposed to generator fumes in Umuahia, Abia State, Nigeria. 

Material And Methods 
Study Area 
The study was carried out Umuahia metropolis in Abia State, Nigeria.  
 

Ethical Approval 
The regulatory body on ethics in Federal Medical Centre Umuahia, Abia State gave approval for the study. Consent was 

gotten from the participants, and permission was also acquired from the appropriate authorities, who were informed about 

the purpose of the research. The subjects were assured that the data confidentiality, and all samples and questionnaires 

were maintained anonymously. 

Subjects 
The study included young adult males aged 25 to 45 years. Factors such as the period of smoking in years and the quantity 

of cigarettes taken daily were analyzed. A total of 210 individuals took part in this study, which was shared into two: the 

test subjects (smokers) and the control subjects (non-smokers and those not exposed). The test group consisted of 70 healthy 
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male smokers and 70 individuals exposed to toxic generator fumes, all aged between 25 and 45 years, living in Umuahia 

metropolis, Abia State. The control group included 35 non-smokers and 35 individuals not exposed to generator fumes, 

also residing in Umuahia metropolis, Abia State, and aged between 25 and 45 years. All participants provided informed 

consent were enrolled in the study. Specimens taken from the subjects were evaluated for haematological parameters, 

including haemoglobin level, total leukocytes, lymphocytes, neutrophils, eosinophils, basophils (mid), and platelets. 

Additionally, blood levels of lead and cadmium were measured. 
 

Selection Criteria 
Inclusion Criteria 
The subjects were chosen based on these specific criteria.   

Inclusion criteria for the test groups which include: 

1. Subjects between the age range 25-45 years, sex (male), smoking duration (2 years or more), and smoking frequency 

(up to 5 cigarettes daily).  

2. Also, they were subjects exposed to generator fumes, comprising 70 individuals (35 non-smokers and 35 non exposed). 
 

Exclusion Criteria 
Participants were excluded based on sex (female), smoking less than 3 cigarettes daily, those with significant 
respiratory issues, individuals over the age of 45, pregnant women, and teenagers under 18 engaged in scavenging 
activities. Also, individuals with a medical history of diabetes mellitus, kidney disease, hypertension, heart 
conditions, or any other health disorders were also excluded. 
 

Sample Collection 
A volume of four (4) milliliters of venous blood was drawn from each participant using sterile syringes and needles. The 

obtained blood was transferred into bottles containing EDTA as an anticoagulant and mixed thoroughly through several 

gentle inversions before being sent to the laboratory for analysis of haemoglobin concentration, red blood cell, total white 

blood cell, platelet count, mean cell volume, mean corpuscular haemoglobin, and mean cell haemoglobin concentration 

utilizing a haematology auto-analyzer. 
 

Laboratory Procedures 
Determination of Blood Lead and Cadmium Levels 

Technique: Atomic Absorption Spectrophotometery (AAS) 
The principle of operation for an atomic absorption spectrometer involves the uptake of sample into the flame, where it 

becomes atomized as the light from the atomic absorption Spectrophotometer goes through the flame to the 

monochromator, to the detector and then captures the light absorbed by the element that was atomized in the flame. The 

distinct absorption wavelengths with a specific lamp for the element is utilized, which helps minimize spectral or radiational 

interferences in the process. The energy absorbed in the flame its specific wavelength is directly proportional to the amount 

of the element in the sample. 
 

Full Blood Count Analysis 
The full blood count haematological analyses were performed with the BC-10 Auto Hematology Analyzer. 

A sample of blood taken was diluted, measured and then introduced into each transducer. The compartment of the 

transducer features a tiny opening known as the aperture. The cathodes and the anodes are positioned on either side of the 

aperture, where direct current flows. The cells of the diluted samples suspended passes through the aperture, changing the 

resistance in direct current between the cathode and the anode. When there is variation in the cell size, it registers as an 

electric pulse. This enables the cells to be counted by matching the pulses and analyzing the histogram. All procedures 

were executed in accordance with the standard operating procedures. 
 

Statistical Analysis 
The analysis of data were done using the Statistical Package for Social Science (SPSS) version 27.  The categorical 

variables were captured using frequencies and proportions, and continuous variables were expressed as mean, median and 

standard deviation. Variable comparisons were conducted using the Mann-Whitney U test and T-test. The relationship 

between blood lead, cadmium and haematological parameters were done using correlation analysis. The level of 

significance was placed at P< 0.05. 
 

Results 
Figure 4.1 shows demographic characteristics of smokers, generator fume exposure and controls. The mean age of smokers 

and non-smokers were 34.20±0.83 and 35.11±1.25 years, respectively. While the mean age of those exposed and non-

exposed to generator fumes were 34.50±0.80 and 35.11±1.25 years. The findings showed that education level play a role 

in smoking habit and those exposed to generator fume, for primary level subjects, 37.14% weresmokers,30.00% were those 

exposed to generator fume and 15.71% were control subjects whereas for secondary level subjects, 48.57% were smokers, 
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50.00% were generator fume exposure, and 35.71% were control subjects. For those that attended higher institution, 

14.28% were smokers, 18.57% were generator fume exposure, and 21.42% were control subjects. 
 

Table 4.1: Demographic characteristics of smokers, generator fume exposure and controls 

Characteristics Smokers  Generator fume exposure  Controls 

 (N= 70) (N= 70) (N= 70) 

Age (years) 34.20±0.83 34.50±0.80 35.11±1.25 

15-25 4 (5.77 %) 7(10.00 %) 10 (14.28 %) 

26-35 39 (55.71%) 36 (51.43 %) 40 (57.14 %) 

36-45 27 (38.57%) 29 (41.42%) 20 (28.57 %) 

Education Level 

Primary 26 (37.14 %) 21 (30.00 %)  11 (15.71%) 

Secondary 34(48.57 %) 35(50.00 %) 25 (35.71 %) 

Tertiary 10 (14.28 %) 13 (18.57 %) 34 (48.57 %) 

Marital Status 

Married 

Unmarried 40 (57.14 %) 38 (54.28 %) 33 (47.14 %) 

Married 30 (42.85 %) 32 (45.71 %) 37 (52.85 %) 

 

Table 4.2 shows the significant mean difference in haematological parameters of smokers versus non-smokers: 

Lymphocytes % (43.21±13.93versus 30.95±14.91), PCV(%) (40.85±5.55 versus 37.82±4.18), Hb(g/dL) (13.52±1.89 

versus 12.28±1.37), MCV (fL) (84.84±5.80 versus82.49±7.72), MCH(pg) (28.02±2.11 versus 26.79±2.77), and PLT 

(x109/L) (215.54±72.46 versus195.68±63.50) were significantly high; WBC (x109/L) (5.62±1.70 versus 8.43±6.47), and 

Neutrophils (%) (48.32±15.16 versus 60.79±15.92) were significantly low in smokers as compared to non-smokers 

(p<0.05) and RBC, MID did not show any significant difference. 
 

Table 4.2: Comparison of haematological parameters between Smoker and Control 

Hematological  

 parameters 

Smoker  

 N = 70 

Control  

 N = 70 T- test value p-value 

WBC (x109/L) 5.62±1.70 8.43±6.47 31.898 0.001* 

LYMPH (%) 43.21±13.93 30.95±14.91 0.863 0.001* 

NEUT (%) 48.32±15.16 60.79±15.92 2.122 0.001* 

MID (%) 8.59±2.61 8.23±3.05 0.024 0.462 

PCV/HCT (%) 40.85±5.55 37.82±4.18 0.918 0.001* 

HB (g/dL) 13.52±1.89 12.28±1.37 1.501 0.001* 

RBC (x1012/L) 4.82±0.65 4.62±0.74 2.7 0.084 

MCV (fL) 84.84±5.80 82.49±7.72 8.955 0.044* 

MCH (pg) 28.02±2.11 26.79±2.77 6.931 0.004* 

MCHC (g/dL) 32.95±1.17 32.32±0.75 1.573 0.001* 

PLT (x109/L) 215.54±72.46 195.68±63.50 0.866 0.001* 
 

*P<0.05 was statistically significant. 
 

Table 4.3 shows the significant mean difference in haematological parameters of Generator fume exposure versus non-

exposed subjects: Lymphocytes(%) (38.21±13.93versus 30.95±14.91), PCV(%) (39.25±4.23 versus  37.82±4.18), 

Hb(g/dL) (12.89±1.49 versus 12.28±1.37), MCV(fL) (85.07±4.80 versus 82.49±7.72), and  MCH(pg) (27.01±2.11 versus 

26.79±2.77), were significantly high; WBC(x10^9/L) (5.57±2.48 versus 8.43±6.47), and Neutrophils (%)  (41.58±13.18 
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versus 60.79±15.92) were significantly low in smokers as compared to non-smokers (p<0.05) and RBC, PLT and MID did 

not show any significant difference. 
 

Table 4.3: Comparison of haematological parameters between Generator fume exposure and 

Controls 

Haematological   

parameters 

Generator exposure   

N = 70 

Control  

 N = 70 T- test value p-value 

WBC (x109/L)   5.57±2.48   8.43±6.47 26.737 0.001* 

LYMPH (%) 38.21±13.93 30.95±14.91 0.149 0.001* 

NEUT (%) 41.58±13.18 60.79±15.92 1.097 0.001* 

MID (%)   8.82±2.76   8.23±3.05 2.786 0.235 

PCV/HCT (%) 39.25±4.23 37.82±4.18 0.188 0.047* 

HB (g/dL) 12.89±1.49 12.28±1.37 0.394 0.013* 

RBC (x1012/L)   4.63±0.58   4.62±0.74 4.689 0.94 

MCV (fL) 85.07±4.80 82.49±7.72 20.812 0.019* 

MCH (pg) 27.021±1.75 26.79±2.77 15.632 0.002* 

MCHC (g/dL) 32.72±0.79 32.32±0.75 0.986 0.003* 

PLT (x109/L) 231.52±67.75 215.54±72.46 0.497 0.18 

*P<0.05 was statistically significant 

Table 4.4 shows the estimation of Lead (µg/dl) between smokers and controls; smokers versus controls (7.66±0.44 versus 

5.98±2.81) was significantly higher in smokers compared to controls, and the estimation of cadmium (µg/dl) between 

smokers and the control; smokers versus controls (4.18±1.65 versus 4.15±1.85) was insignificant. 
 

Table 4.4: Comparison of heavy metals between smokers and controls 

Heavy metals 

Smokers 

N = 70 

Controls 

N = 70 T- test value p-value 

 

Lead(µg/dl) 7.66±0.44 5.98 ±2.81 5.573 0.02* 

 

Cadmium(µg/dl) 4.18 ± 1.65 4.15 ± 1.85 0.569 0.452 

*P<0.05 was statistically significant 

Table 4.5 shows the estimation of Lead (µg/dl) between generator fume exposure and controls; generator fume exposure 

versus control (5.98±2.81versus3.00±0.89) was significantly higher in smokers compared to controls, and the estimation 

of cadmium (µg/dl) between generator fume exposure and the controls; generator fume exposure versus controls (4.15±1.85 

versus 4.08±1.98), was statistically significant (p<0.05). 

Table 4.5: Comparison of Heavy metals between those exposed to generator fume and non 

exposed to generator fumes 

Heavy metals 

Controls 

  N = 70 

Generator fume exposure 

 N = 70 T- test value p-value 

Lead(µg/dl) 3.00±0.89 5.98 ±2.81 26.737 0.001* 

Cadmium(µg/dl) 4.08 ± 1.98 4.15 ± 1.85 0.149 0.001* 

*P<0.05 was statistically significant. 

Table 4.6 shows the Correlation of haematological parameters among the controls, subjects exposed to generator fumes 

and smokers. The white blood cells among the controls, generator fume exposure, and smokers. The correlation of white 

blood cells between the controls and generator fume exposure as well as the correlation of white blood cell between the 

smokers and generator fume exposure revealed a significant positive correlation among the groups while the correlation of 

white blood cells between the generator fume exposure and controls as well as the correlation of white blood cells between 

the generator fume exposure and smokers showed a significant  negative correlation among the groups (p<0.05).  
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The correlation of lymphocyte between the controls and generator fume exposure as well as the correlation of lymphocytes 

between the smokers and non smokers revealed a significant positive correlation among the groups while the correlation 

of lymphocytes between the control and smokers showed a significant negative correlation among the groups (p<0.05).  

The correlation of neutrophils between the controls and generator fume exposure as well as the correlation of neutrophils 

between the controls and the smokers revealed a significant positive correlation among the groups while the correlation of 

neutrophils between the generator fume exposure and controls as well as the correlation of neutrophils between the smokers 

and controls showed a significant negative correlation among the groups (p<0.05). 

The correlation of haemoglobin between the smokers and controls revealed a significant positive correlation while the 

correlation of haemoglobin between the controls and smokers showed a significant negative correlation among the groups 

(p<0.05). The correlation of red blood cell between the generator fume exposure and   controls as well as generator fume 

exposure and smokers revealed a significant negative correlation among the groups (p<0.05). 

The correlation of Mean Corpuscular Haemoglobin between the generator fume exposure and control revealed a significant 

positive correlation while the correlation of Mean Corpuscular Haemoglobin between the control and generator fume 

exposure showed a significant positive negative correlation among the groups (p<0.05). The correlation of Mean 

Corpuscular Haemoglobin Concentration  between the controls and generator fume exposure as well as the correlation of 

Mean Corpuscular Haemoglobin Concentration between the controls and  the smokers revealed a significant negative 

correlation among the groups while the correlation of Mean Corpuscular Haemoglobin Concentration between the  

generator fume exposure  and controls as well as the correlation of  Mean Corpuscular Haemoglobin Concentration between 

the smokers and control  showed  a significant positive correlation among the groups (p<0.05). The correlation of MID, 

MCV and platelet count showed insignificant correlation among the groups. 

Table 4.6: Correlation of haematological parameters among the controls, subjects exposed to 

generator fume and smokers. 

Hematological parameters Comparison  Correlation p-value 

WBC (x109/L) 1 versus 2 2.86286* 0.041 

1 versus 3 -0.04286 0.999 

 2 versus 1 -2.86286* 0.041 

2 versus 3 -2.90571* 0.038 

3 versus 1 0.04286 0.999 

3 versus 2  2.90571* 0.038 

LYMPH (%) 1 versus 2 -10.63000* 0.001 

1 versus 3 -8.82286* 0.001 

2 versus 1 10.63000* 0.001 

2 versus 3 1.80714 0.734 

3 versus 1 8.82286* 0.001 

3 versus 2  -1.80714 0.734 

NEUT (%) 1 versus 2 11.20571* 0.001 

1 versus 3 9.01429* 0.002 

2 versus 1 -11.20571* 0.001 

2 versus 3 -2.19143 0.671 

3 versus 1 -9.01429* 0.002 

3 versus 2  2.19143 0.671 

MID (%) 1 versus 2 -0.58714 0.428 

1 versus3 -0.25 0.856 

2 versus 3 0.58714 0.428 

2 versus 3 0.33714 0.755 

  3 versus 1 0.25 0.856 

3 versus 2  -0.33714 0.755  

                0.065                  
 0.065 
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Key: 1=Control, 2= generator exposure, 3 = smokers; p<0.05 was statistically significant 

 

PCV (%) 1 versus 2 -1.42857 0.162 

1 versus 3 -3.04286* 0.001 

2 versus 1 1.42857 0.162 

2 versus 3 -1.61429 0.099 

3 versus 1 3.04286* 0.001 

3 versus 2  1.61429 0.099 

HB (g/dl) 1 versus 2                                                      -0.60857 0.065 

1 versus 3 -1.10000* 0.001 

2 versus 1 0.60857 0.065 

2 versus 3 -0.49143 0.166 

3 versus 1 1.10000* 0.001 

3 versus 2  0.49143 0.166 

RBC (x1012/L) 1 versus 2 -0.00857 0.997 

2 versus 3 -.29571* 0.029 

2 versus 1 0.00857 0.997 

2 versus 3 -.28714* 0.035 

3 versus 1 0.29571* 0.029 

3 versus 2  0.28714* 0.035 

MCV (fL) 1 versus 2 -2.57714 0.053 

3 versus 2  -0.17714 0.986 

2 versus 1 2.57714 0.053 

2 versus 3 2.4 0.078 

3 versus 1 0.17714 0.986 

3 versus 2  -2.4 0.078 

MCH (pg) 1 versus 2 -1.22857* 0.007 

1 versus 3 -0.42714 0.532 

 2 versus 1 1.22857* 0.007 

2 versus 3 0.80143 0.112 

 3 versus 1 0.42714 0.532 

3 versus 2  -0.80143 0.112 

MCHC (g/dL) 1 versus 2 -.39143* 0.025 

1 versus 3 -.62429* 0.001 

 2 versus 1 .39143* 0.025 

2 versus 3 -0.23286 0.263 

 3 versus 1 .62429* 0.001 

3 versus 2  0.23286 0.263 

PLT(x109/L)  1 versus 2 -15.98571 0.359 

1 versus 3 3.08571 0.962 

2 versus 1 15.98571 0.359 

2 versus 3 19.07143 0.234 

 3 versus 1 -3.08571 0.962 
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Table 4.7 shows the Correlation of blood heavy metals among the controls, subjects exposed to generator fume, and 

smokers, the blood lead among the controls, generator fume exposure, and smokers. The correlation of  blood lead between 

the smokers and controls; correlation between controls and generator fume exposure  and control as well as the correlation 

of blood lead between the smokers and generator fume exposure revealed a significant positive correlation among the 

groups while the correlation of blood lead between the smokers  and   control as well as the correlation of blood lead 

between the smokers and generator fume exposure showed  a significant  negative correlation among the groups (p<0.05). 

The blood cadmium showed insignificant correlation among the groups (p<0.05). 
 

Table 4.7: Correlation of haematological parameters among the controls, subjects exposed to 

generator fume, and smokers. 

Heavy metal Comparison Correlation p-value 

Lead(µg/dL) 1versus 2 2.97714* 0.001 

 1 versus 3 -1.68571* 0.001 

 2 versus 1 -2.97714* 0.001 

 2 versus 3 -4.66286* 0.001 

  3 versus 1 1.68571* 0.001 

 3 versus 2 4.66286* 0.001 

Cadmium(µg/dL) 1 versus 2 0.06571 0.976 

 2 versus 3 -0.03429 0.993 

 2 versus 1 -0.06571 0.976 

 2 versus 3 -0.1 0.944 

 3 versus 1 0.03429 0.993 

 3 versus 2 0.1 0.944 

Key: 1= Control, 2= generator exposure, 3= smokers 
 

DISCUSSION 
The results showed that cigarette smoking and exposure to generator fumes has adverse effects on haematological 

parameters. Increase in haemoglobin concentration among smokers and subjects exposed to generator fumes is caused by 

inhalation of carbon monoxide. When carbon monoxide is inhaled, it results in formation of carboxyhaemoglobin and this 

is due to the binding of carbon monoxide with haemoglobin which results in inability to transport oxygen. 

Carboxyhaemoglobin alters haemoglobin dissociation curve shifting it to the left thereby reducing the oxygen transport to 

the tissue. To counter balance the hypoxic condition, smokers and subjects exposed to generator fumes maintain higher 

haemoglobin than non smokers and non exposed subjects [21]. 
 

Carbon monoxide inhaled from cigarette smoking and generator fumes cause the capillaries to become more permeable 

resulting in reduction of the plasma volume which then mimics polycythemia leading to an increase in red cell volume 

thereby reflecting increased values of haematocrit [10]. The effect of lead (Pb) and cadmium (Cd) on haematological 

parameters is dependent on the level of exposure to these heavy metals [22]. Exposure to lead and cadmium are considered 

normal and non exposed at less than 10µg|dL and 5µg|dL respectively, above which they become poisonous. Therefore, 

sources of exposure to lead and cadmium must be avoided [5]. The toxic levels of lead and cadmium are of clinical concern 

because they can result to a serious health challenge which might be difficult to reverse [7]. Presently, there is a serious 

concern not just on preventive measures but also on the effects of subclinical toxicities of lead and cadmium at lower doses 

[23]. 
 

There have been several studies in changes in haematological parameters due to Pb and Cd exposure but the effects on 

other blood cells are few in Nigeria in comparison with other countries. This study assessed some haematological 

parameters and their relationship with lead and cadmium levels. There is a significant difference in the mean blood Pb level 

in this study but there is no significant difference in the blood cadmium in smokers and individuals exposed to generator 

fumes. The effects of lead and cadmium exposure becomes abnormal at Pb and Cd levels of 10µg|dL, 5µg|dL respectively. 

When the values are above above 10µg/dL and 5µg/dL respectively, it can result in complications and then becomes a 

clinical emergency [24]. The effects on lymphocytes and the platelets are as a result of the direct toxic action of lead and 

cadmium on lymphoid organs and bone marrow which leads to lymphocytosis as well as platelet aggregation [25]. 
 

This study shows that some of the mean values of blood cells of the haematological parameters on smokers and individuals 

exposed to generator fumes were significantly increased. This study differs from the study carried out in Ghana, where 

healthy population subjects were used and the mean values of the haematological parameters were normal [3]. This is 
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because the majority of smokers and individuals exposed to generator fumes in Umuahia, Abia State Nigeria, have high 

blood lead levels in their blood. The high mean values of haematogical parameters were as a result of the majority of the 

subjects, >70% in both smokers and exposed individuals with haematological parameters are higher in test subjects when 

compared to the control subjects.  
 

These findings also varies from the studies in Egypt and Iran where the subjects were children and the results showed 

higher mean level and abnormal values of haematological parameters with other countries like Jordan, Iraq, and Taiwan 

where lead and cadmium levels were within an acceptable range [26]. The bone marrow in children are still developing 

and are immature in comparison with adults bone marrow. There are direct toxicity and increased destruction of red blood 

cells caused by exposure to lead and cadmium. 
 

The lead and cadmium exposure on haematological parameters in this research have significant linear relationship and also 

in correlation with smokers and individuals exposed to generator smoke. The correlation shows that there is a relationship 

between the variables and for the fact that they are correlated, there is tendency of toxic outcome. Therefore, there is need 

to avoid exposure to these toxic heavy metals and to constantly monitor blood lead and cadmium to maintain the normal 

levels [22]. This findings were consistent with the work of [27] who reported that cigarette smokers have high levels blood 

lead than non smokers but differs from the work of who reported that smokers have higher white blood cell count. The 

findings further showed that uncontrolled lead and cadmium exposure with the effect on haematological parameters can 

cause anaemia, lymphocytosis, aggregation of platelets which is a risk factor for bleeding disorders. 
 

Conclusion 
The findings indicated that persistent cigarette smoking and exposure to generator emissions negatively impact 

hematological parameters, and these changes might be a predisposing factor for build up of fats, chloesterol and other 

substances on the walls of the arteries, chronic leukaemia, disorders of the lungs and heart disorder also known as 

cardiovascular disorders. In addition, haematological tests should form part of the routine investigations in Medical 

Laboratories as this will reveal the clinical effects of exposure to blood lead in addition to personal and environmental 

hygiene practices. 
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