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Abstract

This study was carried out to determine the effect of generator fumes on albino rats using the blood and lung histology
as biomarkers. Rats were exposed to generator fumes in a five-week exposure. Blood samples were collected from the
control and exposed animals weekly. The following blood parameters were tested: pH, Neutrophil, Lymphocytes,
Eosinophil, Monocytes, red blood cells, and carbon monoxide. The result obtained indicate pH in week 1 was acidic (5)
but the pH in weeks 5 and 4 were alkaline 7.5 and 8 respectively. Neutrophil was seen to be low in all groups from week
1 to week 5. Lymphocytes were high indicating an inflammatory response. Eosinophil in week 3, group 2, and week 5
group 3 were 0. Monocytes were normal in all groups from week 1 to week 5 except for group 4 in week 5 which was
high with 10 as its value indicating the possible inception of infections. RBC in all the weeks ranged from 3.9 -5.8. Carbon
monoxide was low in week 1 and high in weeks 3 and 5. The lung histology indicates hemorrhage, capillary congestion
and edema. The results indicate that exposure to generator fumes predisposes one to lung damage, pulmonary edema
and chronic obstructive pulmonary diseases, hence a safe distance should be kept when around an operating generator
to avoid inhaling the fumes.
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1. Introduction

Generators have been implicated by many authors and researchers in the emission of large amounts of gaseous and
particulate pollutants especially in the developing countries [1], with many reported adverse effects due to the exposure
[2,3 & 4]. Exhaust fumes contain many known or suspected carcinogens and they pose a cancer risk that is 7.5 times
higher than the combined risk from all other air toxins [1]. Many hazardous pollutants such as carbon monoxide,
nitrogen oxides, particulate matter, and polycyclic aromatic hydrocarbons are produced in the process of gasoline and
diesel combustions [5], but of all these pollutants associated with petroleum related exhaust fumes, polycyclic aromatic
hydrocarbons (PAHs) and carbon monoxide (CO) are of great significance due to their carcinogenic and acute CO
intoxication (tissue hypoxia) respectively [1]. Polycyclic aromatic hydrocarbons (PAHs) are considered to be the most
acutely toxic components of crude oil, with its toxicity being due to its ability to interfering with membrane fluidity [6].
Polycyclic aromatic hydrocarbons (PAH’s) are highly lipophilic compounds and are easily taken up by marine organisms
thus increasing the carcinogenic potential [7]. They are also readily absorbed from the gastrointestinal tract of
mammals. They are rapidly distributed in a wide variety of tissues with a marked tendency for localization in body fat
[8]. Cancer is the most significant endpoint of PAHs toxicity. Although PAHs generally have a low degree of acute toxicity
to humans, polycyclic aromatic hydrocarbons (PAHs) are one of the most widespread organic environmental pollutants
that pose a potential risk to human health [9]. Many factors affect the toxicity of PAHs such as the species, route of
exposure, and molecular structure of the PAH [10,11, 12 & 13]. Carbon monoxide (CO) is a gas that has no odor and
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color, it is a very dangerous gas that can cause sudden illness and death. It is found in combustion fumes, such as those
made by cars, trucks, small engines (generator sets), fireplaces etc. Among the most concerning pathophysiological
effects of CO is its propensity for causing severe neurological symptoms, brain damage, or even death after exposure to
high CO concentrations [14]. Carbon monoxide poisoning is not a ‘pure’ pathological process because injuries may be
precipitated by a combination of cardiovascular effects linked to hypoperfusion or frank ischemia, COHb-mediated
hypoxic stress, and intracellular effects, including free radical production and oxidative stress. For example, CO
poisoning cause elevations of glutamate and dopamine in experimental models and human fatalities [15 & 16]. Carbon
monoxide can inhibit a number of hemoproteins found in cells, such as myoglobin found in heart and skeletal muscle,
neuroglobin found in the brain, as well as cytochrome c oxidase, cytochrome P450, dopamine b hydroxylase, and
tryptophan oxygenase. Inhibition of these enzymes could have adverse effects on cell function [17]. Laboratory animal
studies indicate that nitrogen and oxygen-based free radicals are generated in vivo during CO exposures [18]. Exposure
to CO at concentrations of 20 ppm or more for 1 hr will cause platelets to become a source of the nitric oxide free radical
(NO) in the systemic circulation of rats [19]. Due to the challenges facing electricity in developing countries, the use of
generators has increased significantly and so has Carbon monoxide levels especially in homes and offices, this study is
therefore aimed at determining the effects of generator fumes which contains carbon monoxide on haematology and
lung histology of albino rats in line with relating it to possible effects on man considering the similar physiology.

2. Material and methods

2.1. Experimental design

A total of Sixteen (16) healthy albino adult males weighing 190grams to 250grams were used in this study, and were
allowed to acclimatize to laboratory condition (24-26°C) for 7 days before the commencement of the study. They were
housed in a cage during the duration of study. Complete Randomized design was used and the animals were divided
into 4 groups; Group 1(control,), Group 2 (1 hour), Group 3 (2 hours) and Group 4 (4 hours). The generator fumes were
produced by placing the generator in an isolated environment with ventilation, the generator is switched on and the
smoke channelled to a ventilated room where the 3 cages labelled one hour, two hours and four hours were kept for
exposure, a stop watch was used for timing the duration of exposure of the rats in each cage from when the generator
is switched on. The period of study was 5 weeks.

2.2. Biochemical Analysis

Standard procedures were ensured during the collection of the blood and the parameters were obtained using CELL-
DYN 3700 fully automatic haematological analyzer. The lung histology was carried out according [20].

3. Results

Table 1 Effects of generator fumes on Haematological parameters

WEEK | GROUP | pH | N L | E| M | RBC co
Week 1 | Group1 5 21 | 75| 3 1 47 6.83
Group 2 5 8 | 90 | 2 0 5.5 24.59
Group 3 5 25169 | 3 3 4.8 6.95
Group 4 5 8 | 8 | 4 5 39 2.75
Week 3 | Group1 7 14 [ 83 | 3| 0 56 | 171.75
Group2 | 75 | 14 | 84 | O 2 4 114.5
Group3 | 75 | 15 [ 80 | 1 | 4 4.3 125.95
Group 4 8 25 | 71 | 2 2 3.9 148.85
Week 5 | Group 1 7 20 | 65 | 4 5 4.7 137.17
Group2 | 75 | 30 | 57 | 8 | 5 58 | 475.79
Group3 | 7.5 | 17 | 66 | O 6 5.4 164.22
Group 4 8 30 | 55 | 5| 10 | 43 23.58

Key: N= Neutrophil, L= Lymphocyte, E= Eosinophil, M= Monocytes CO= Carbon monoxide estimate /bicarbonate
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3.1. Histology of the Rat’s Lungs

The lungs of the rats used were subjected to histological examination and the result presented below:

A Alveolar sacs pulmonary capillaries B Alveolar sac pulmonary capillaries

Figure 1 Histology of the Lungs of Rats not exposed to generator fume (A= week 1, B= week 5)
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Figure 2 Histology of the lungs of Rats Exposed to generator fume for 1hr (A= week 1, B= week 5)
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Figure 3 Histology of the lungs of rats Exposed to generator fume for 2hrs (A= week 1, B= week 5)
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Figure 4 Histology of the lungs of Rat Exposed to generator fume for 4hrs (A= week 1, B= week 5)

4., Discussion

The results for blood pH for week 1 showed no change in the value when compared to the control, while in week 3, the
pH value increased gradually from group 2 to 4 showing that an increase in the duration of exposure gradually increases
the pH of the blood. Week 5 had similar result as week 3. Acute change in blood pH induces powerful regulatory effect
at the level of the cell, organ and organism [21]. In [22] gammaglobulin receptors on the erythrocyte membrane were
damasked due to changes in pH value. The clear effect is oxygen displacement and generation of carboxyhemoglobin,
which is virtually unable to deliver oxygen to the tissue and is thereby responsible for various degree of hypoxia [23].
The Neutrophil was recorded to be low in the treated group compared to the control; group 2 and 4 had a lower value
compared to the control while group 3 had a higher value compared to the control in week 1, in week 2 the value of
neutrophil increased compared to the control, Neutrophils are the most abundant type of white blood cell in mammals
and form an essential part of the innate immune system. They are formed from stem cells in the bone marrow. They are
short-lived and motile [24]. Week 3 also recorded a higher neutrophil when compared to the control with the exception
of group 3, the high value recorded might be due the damages done to the alveoli as seen in the lung histology on Fig 4
considering the fact that neutrophils are also types of white blood cells that, chronic bacterial infection may also add to
inflammation of neutrophil granulocyte and macrophages as well as injuries to the lungs [25]. The lymphocyte was also
observed to be higher in the treated group compared to the control group in week 1while in the subsequent weeks 3,
the level was slightly lower in group 3 and 4. Week 3 recorded a very low count for lymphocyte in goup 4 that had the
exposure for 4 hours, this low value might be due to the loss of blood fluid which contains lymphocytes through the
blood vessels. The eosinophil was observed to be higher in the last week in the treated groups when compared to the
preceding weeks 1 and 3, this might be because chronic exposure must have triggered an increase in the blood eosinphil
level, since eosinophils are known to consume foreign substances [26]. Therefore, after prolonged exposure there might
be an accumulation of particulate matter or other pollutant in the lungs that will necessitate the release of more
eosinophil into the blood. The high monocyte levels seen in to be generally higher in the treated groups compared to
the control groups for all the weeks, the reason for this might be due to the damages done to the lungs and body
generally by the generator fumes. The red blood cells was observed to increase during the first week of treatment except
for group 4, this increase in the amount of red blood cells might be to enable the body get more oxygen in the oxygen
poor environment, the increased red blood cells is also linked to COPD [27], the decrease in group 4 might be due to
possible damages to the kidney incurred by the prolonged exposure to the generator fumes considering the fact that the
level never rose above the control group even in week 5. In week 5, group 2 and 3 were still higher red blood cells count
than the control group showing that the exposure levels in group 2 and 3 wasn’t severe to cause any damage to the
kidney but was enough to lead to COPD. The high level of CO/biocarbonate recorded in the group 2 and 3 when
compared to the control group is linked to certain diseases of the lungs such as chronic obstructive pulmonary disease
COPD, while low levels is attributed to kidney diseases among other factors [28], and this values recorded indicates
prolonged exposure to generator fumes predisposes one to COPD. This result corroborates the report of [27] that fumes
can increase the chances of COPD. Fig 1 above shows the histology of the lungs of rats not exposed to generator fume all
through the project. From the plate above we can see that the rats not exposed to generator fume had a normal histology,
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but in Fig 2, it can be observed that the rats sustained injury in their lungs which was primarily congested capillary and
Haemorrhage. Haemorrhage is the cut or opening on a tissue which leads to loss of blood. Congested capillary is the
blocking of the blood vessel carrying oxygenated blood and nutrients essential to the different tissues of the body. The
result shows a severe influence of the generator fume on the lungs of rat in group 2 (I hour). Fig 3 above shows the
histology of the lungs of rat exposed to generator fume for 2hrs and from the picture, it can be observed that the level
of lung damage was more severe than that of rats exposed to 1hr (fig 2 above). There were cases of edema in all their
lungs in addition to haemorrhage and congestion in the capillaries as shown in Fig 3 above. The fluid accumulation or
pulmonary edema is known to be caused by damage of the lungs due to the inhalation of smokes and inhaling certain
toxins, this causes the alveoli to be filled with fluid instead of air. In line with this, we can rightly say that generator
fumes damage the lungs which leads to pulmonary edema, but the damage was only observed in the group 3 and group
4 showing that exposures for up to 2 hours and more can cause pulmonary edema. This result shows an acute damage
of the lungs of rat in group 3. From fig 4 above, rats exposed to generator fume for 4hrs showed severe lung damage as
can be seen from the level of lung congestion observed from them, also pinkish edema fluid were also observed in them.
This result shows that the effect of the generator fume is acute to the lungs of rat in group 4. The histological results
show that exposure to generator fumes possess serious danger to the lung and can increase the risk of lung cancer, this
agrees with a study carried out by [29] on traffic related air pollution and lung cancer and also [1] on the use of
generators. Another author suggested that exposure to engine exhaust fumes may increase the risk of lung cancer and
neurological conditions in rats [30]. Some reported adverse effect of exhaust pollutant includes increased infant
mortality [31], chronic deficit in lung development of children aged 10-18 years [3] and other ovarian cancer.

5. Conclusion

Generator fume according to the study damages the lungs and adversely affects the body especially the respiratory
system with increased risk of lung cancer and chronic obstructive pulmonary disease, hence when operating a
generator, a safe distance from the house and office should be ensured to prevent inhaling the fumes.

Compliance with ethical standards

Acknowledgments

All individuals who have contributed to this work have been listed as authors.

Disclosure of conflict of interest

No potential conflict of interest reported by the authors.

Statement of ethical approval

University standard written ethical permission was sought for, granted and has been preserved by the author(s).

References
[1]  Clinton [, Miriam N Igwo-Ezikpe, Anyakora C, Osuntoki A, et al. 1-Hydroxypyrene Levels in Blood Samples of Rats
After Exposure to Generator Fumes. Biomark Cancer. 2013; 5: 1-6.

[2] Reynolds LC, Richards R]. Can toxicogenomics provide information on the bioreactivity of diesel exhaust
particles. Toxicology. 2001; 165(2-3): 145-52.

[3] Gauderman WJ, Avol E, Gilliland F, et al. The effect of air pollution on lung development from 10 to 18 years of
age. N Engl ] Med. 2004; 351(11): 1057-67.

[4] Peters A, von Klot S, Heier M. Exposure to traffic and the onset of myocardial infarction. N Engl ] Med. 2004;
351(17): 1721-30.

[5] Straif, K., Cohen, A. and Samet, |. International Agency for Research on Cancer (IARC). IARC Scientific Publication
No. 161: Air pollution and Cancer, Worlh Health Organization 2013.

[6] Van Brummelen TC, Van Hattum B, Crommentuijn T, Kalf D. Bioavailability and ecotoxicity of PAHs. In: Neilson
A, Hutzinger O, editors. PAHs and Related Compounds. The Handbook of Environmental Chemistry 3, Part]. 1988;
203-263.

[7] Malins DC, McCain BB, Lindhal T, Meyers MS, Krahn MM, Brown DW, Chan SL, Roubal WT. Neoplastic and other
diseases in fish in relation to toxic chemicals: an overview. Aquat. Toxicol. 1988; 11: 43-67.

175



International Journal of Science and Research Archive, 2022, 05(02), 171-176

Hussein 1A, Mona SMM. A review on polycyclic aromatic hydrocarbons: Source, environmental impact, effect on
human health and remediation.Egyptian Journal of Petroleum. 2016; 25(1): 107-123.

Balcioglu EB. Potential effects of polycyclic aromatic hydrocarbons (PAHs) in marine foods on human health a
critical review Toxin Reviews. 2016; 35: 3-4.

Neff JM. Polycyclic aromatic hydrocarbons in the aquatic environment: Sources, fate and biological effects.
Applied Science Publishers, Ltd., Essex, England. 1979.

Moore JW, Ramamoorthy S. Aromatic hydrocarbons: Polycyclics. In: Organic chemicals in natural waters: Applied
monitoring and impact assessment, R.S. DeSanto, ed. SpringerVerlag, New York. 1984.

Goyette D, Boyd J. The relationship between polycyclic aromatic hydrocarbon (PAH) concentrations in sediment
and the prevalence of liver lesions in English sole (Parophrys vetulus) from Vancouver Harbour 1985/86 and
1987. Environment Canada, Conservation and Protection, Environmental Protection, Pacific and Yukon Region,
Marine Programs. Draft. 1989.

Canadian Council of Ministers of the Environment (CCME). Canadian sediment quality guidelines for the
protection of aquatic life: Polycyclic aromatic hydrocarbons (PAHs). In: Canadian environmental quality
guidelines, 1999, Canadian Council of Ministers of the Environment, Winnipeg. 1999.

Raub JA, Mathieu-Nolf M, Hampson NB, Thom SR. Carbon monoxide poisoning—a public health perspective.
Toxicology. 2005; 145: 1 - 14.

Piantadosi CA, Zhang |, Levin ED, Folz R], Schmechel DE. Apoptosis and delayed neuronal damage after carbon
monoxide poisoning in the rat. Exp Neurol. 2007; 147: 103 - 14.

Piantadosi CA, Zhang ], Demchenko IT. Production of hydroxyl radical in the hippocampus after CO hypoxia or
hypoxic hypoxia in the rat. Free Radical Biol Med. 2006; 22: 725 - 32.

Coburn RF, Forman HJ. Carbon monoxide toxicity. In: Fishman AP, Farhi LE, Tenney SM, Geiger SR, editors.
Handbook of physiology: a critical, comprehensive presentation of physiologicalknowledge and concepts. Section
3: the respiratory system. Gas exchange, vol. IV. Bethesda, MD: American Physiological Society. 2003; 439 - 56.

US Environmental Protection Agency, Air quality criteria for carbon monoxide. EPA 600/P-99/001F, Research
Triangle Park, NC: USEPA, National Center for Environmental Assessment. 2009.

Thom SR, Ohnishi ST, Ischiropoulos H. Nitric oxide released by platelets inhibits neutrophil B2 integrin function
following acute carbon monoxide poisoning. Toxicol Appl Pharmacol. 2004; 128: 105 - 10.

Morton, J., & Snider, T. A. Guidelines for collection and processing of lungs from aged mice for histological
studies. Pathobiology of aging & age related diseases, 2017; 7(1).

Kellum JA. Diagnosis and treatment of acid-base disorders. In textbook of critical care. Edited by Grenvik
A.Shoemaker P.K,, Ayers S., Holbrook P.R. Philadelphia,P.A.: W.B. Saunders CO. 2000; 839-853.

Halbhuber K]. IgG-receptor expression in the red blood cell (RBC) membrane and triggering of
erythrophagocytosis as response of a structural glycolyx and membrane skeleton alteration: a review in:
Oehmichen M, Kircher H., editors. The wound healing process; forensic pathological aspects. Lubeck, germany:
Schmidt-Romhild. 2001.

Blumenthal I. carbon monoxide poisoning. JR Soc Med. 2001: 94: 270-272.

Witko-Sarsat V, Rien P, Descamp-Latscha B, Lesavre P, Halbwachs-Macarelli L. Neutrophils: molecules, functions
and pathophysiological aspects’. Lab invest. 2000; 80(5): 617-53.

Basely V, Joshi PV, Singanayagam A, Molyneux PL, Johnston SL, Mallia P. Lung microbiology and exacerbations in
COPD. International journal of chronic obstructive pulmonary disease. 2012; 7: 555-69.

Porter Linsey, Toepfner Nicole, Bashant Kathleen R., Guck Jochen, Ashcroft Margaret, Farahi Neda, Chilvers
Edwin R. Metabolic Profiling of Human Eosinophils. Frontiers in Inmunology 2018; 9 {1].

Sarkar, M., Rajta, P. N., & Khatana, ]. Anemia in Chronic obstructive pulmonary disease: Prevalence, pathogenesis,
and potential impact. Lung India: official organ of Indian Chest Society, 2015; 32(2), 142-151.

Doyle ], Cooper ]S. Physiology, Carbon Dioxide Transport. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2022

Chen G, Wan X, Yang G, Zou X. Traffic-related air pollution and lung cancer: A meta-analysis.Thorac Cancer. 2015;
6(3): 307-318.

Witten ML, Wong SS, Sun NN, et al. Neurogenic responses in rat lungs after nose-only exposure to diesel exhaust.
Res Rep Health Eff Inst. 2005 Jan; (128): 1-37.

Dane R, Waring P. SAE May-June. Diesel particulate emission effects on environment technical paper. 2000.

176



