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Abstract

This study evaluates the effect of combustible flames of biodiesel on growth and haematological properties of
rats exposed to it over a period of ten days. Biodiesel were categorized into FD, 100BD, 75BD, 50BD and
25BD depending on the blend. After the exposure, rats were sacrificed by jugular puncture and blood was
collected for haematological analysis. Rats in the Control group had a body weight gain of 10.0+£0.51 g while a
body weight gain 0f 4.01+£0.10, 2.00£0.10, 0.00£0.00, 6.05£0.20, 4.05£0.20 g was recorded for rats in FD,
100BD, 75BD, 50BD and 25BD group of rats respectively. No significant difference (p>0.05) was observed for
RBC and Hb of all rat groups. The MCV, MCH, MCHC, PCV and monocytes of groups FD and 100BD rats
showed no significant difference (p>0.05). This study has demonstrated that exposure to biodiesel flames can
also lead to growth defect and haematological abnormalities. The mechanism through which biodiesel flame
was able to achieve these health conditions is still a serious concern and yet to be unraveled. Experimental
evidence from this study has also shown that threat posed by biodiesel is milder in effect relative to fuel diesel.
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Introduction

The world is presently confronted with the twin crises of fossil fuel depletion and environmental degradation
(1). The search for alternative fuels, which promise a harmonious correlation with sustainable development,
energy conservation, efficiency and environmental preservation, has become highly pronounced in the present
context. The fuels of bio-origin can provide a feasible solution to this worldwide petroleum crisis (2).

The fact that price of diesel and petroleum products is increasing, they are non-renewable, their combustion
emits greenhouse gases and toxic materials which are harmful to living organisms, coupled with the fact that
they cause depletion of the ozone layer which results in global warming and climate change. Scientist,
governmental and non-governmental organizations are calling for cleaner forms of energy which are effective
and environmentally friendly as well as a reduction in the release of toxic materials (3). This has led to the
realization of biofuels; a fuel produced through contemporary biological processes, such as agriculture and
anaerobic digestion, rather than a fuel produced by geological processes such as those involved in the formation
of fossil fuels, such as coal and petroleum, from prehistoric biological matter. Biofuels include biogas,
bioethanol and biodiesel, the focus of this research.

Biodiesel is an animal or vegetable oil based diesel fuel that burns without the emission of much soot, carbon IV
oxide and particulate matter (2). Biodiesel can be produced from animal or plant oil. It is formed from the
reaction of alcohols with the triglycerides in vegetable oil to form an alky! ester (biodiesel) and glycerin (4).

The cytotoxic effects of biodiesel exhaust emissions have been evaluated and compared to petroleum diesel fuel
emissions (5). Exhaust from rapeseed biodiesel was 4-fold more potent than petroleum diesel exhaust in
inducing cytotoxicity (measured as the median effective dose; ED50). Cytotoxicity of biodiesel emissions
increased with extract collected with the engine “idling.” Although it can sometimes be difficult to place the
results of animal investigation into the context of potential human health hazard, animal models are viewed to
be superior to in vitro studies for establishing pulmonary and extrapulmonary responses to potentially toxic
exposures. Subchronic exposure of rats to emissions from a diesel engine burning soybean oil-derived biodiesel
fuel induced a dose-related increase in particle containing alveolar macrophages—a consistent observation in
rats subchronically exposed to petroleum diesel exhaust (6). The vast majority of exposed rats had little or no
evidence of lung neutrophilia and centriacinar fibrosis. To date, only very few epidemiologic studies have been
conducted in which the acute health effects from exposure to biodiesel exhaust fumes were assessed by a
questionnaire given to workers who are typically exposed to diesel fumes (e.g., delivery truck drivers, road-
maintenance workers, and industrial fork lift truck drivers) (7).

Currently there is a strong desire and need for alternative fuels in Nigeria (8). Employment of biodiesel fuel is
favorably viewed, and there are suggestions that its exhaust emissions are less likely to present any risk to
human health relative to petroleum diesel emissions. However, the speculative nature of a reduction in health
effects based on chemical composition of biodiesel exhaust needs to be followed up with investigations using
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newer biologic approaches gained from years of diesel research. This study is therefore, initiated to evaluate the
health effects of exposure to biodiesel exhaust using growth and haematological responses of rats.

Materials and Methods

Materials

Reagents: Reagents and solvents were of analytical grade and are products of British Drug House, Poole,
England.

Vegetable Oil: Vegetable oil was purchased at the local market in Effurun, Delta State. Nigeria.

Preparation of Bio-diesel from Vegetable oil: Biodiesel was prepared from vegetable oil in accordance with
the method described by Adeyemi (4). 100g vegetable oil was used for the transesterification process.

Biodiesel Blend: The Biodiesel from vegetable oil was blended with fuel diesel and grouped as follows:

Blend 1: 100% fuel diesel (L00FD)

Blend 2: 100% biodiesel (100BD)

Blend 3: 75% biodiesel and 25% fuel diesel (75BD)

Blend 4: 50% biodiesel and 50% fuel diesel (50BD)

Blend 5: 25% biodiesel and 75% fuel diesel (25BD)

Methods

Experimental Rat Treatment

Thirty six (36) albino rats were obtained from an animal house of Department of Anatomy University of Benin,
Benin City, Nigeria. The experimental animals were handled in accordance with the principles guiding the use
and handling of experimental animals as stipulated by FUPRE animal research ethics committee of the College
of Science. The rats were maintained on standard rat feed (growers feed) and tap water available all through the
period of experiment. The animals were maintained at an ambient temperature between 28 - 30°C, humidity of
55 + 5%, and standard (natural) photoperiod of approximately 12 hours of light (06:30 hour — 18:30 hour)
alternating with approximately 12 hours of darkness (18:30 hour - 06:30 hour). The rats were allowed to
acclimatize for a period of 14 days before treatment commenced.

The experimental rats were grouped into six (6) of six rats in each group:

Control: served as control and the rats were not exposed to any fuel smoke/flame

FD: rats exposed to FD 1minute per day for 10days

100BD: rats exposed to 100BD 1minute per day for 10days

75BD: rats exposed to 75BD 1minute per day for 10days

50BD: rats exposed to 50BD 1minute per day for 10days

25BD: rats exposed to 25BD 1minute per day for 10days

A glass chamber (30cm x 30cm x 30cm) was constructed in the Department of Mechanical Engineering which
was used to enclose the experimental rats while they were being exposed to the smoke released from the burning
of the biodiesel blends over a period of 10 days.

Anaesthetization of Animals and Collection of Blood Samples

The rats were anaesthetized by placing them in a jar containing cotton wool soaked with chloroform. The blood
was obtained through cardiac puncture. A portion of the blood was collected in heparinized bottles for
determination of haematological properties.

Analysis of Blood Samples

Blood samples were analysed using automated haematology cell counter (BC-2800 Mindray auto haematology
analyzer, China) for the estimation of haematological parameters: Red blood cell (RBC) count, Haematocrit
(PCV), Haemoglobin (Hb) concentration, Mean corpuscular volume (MCV), Mean corpuscular haemoglobin
concentration (MCHC), Mean corpuscular haemoglobin (MCH), White blood cell (WBC) count;
(Total WBC count, Differential WBC), Platelet count, using standard methods (9-11).

Statistical Analyses

All numerical results were obtained from the five (5) groups (control and treated). Data were presented as
mean+SEM and analysed based on one way analysis of variance (ANOVA) and Duncan Multiple Range Test
using SPSS-18.0 (Statistical packages for social Scientists — version 18.0) statistical program. P values<0.05
were considered significant (12).

Results

As shown in Figure 1, all rat groups showed positive growth response curve. Rats in the Control group had a
body weight gain of 10.0+0.51 g while body weight gain Of 4.01+0.10, 2.00+0.10, 0.00+0.00, 6.05+0.20,
4.05+0.20 g were recorded for rats in FD, 100BD, 75BD, 50BD and 25BD groups of rats respectively.
Generally, all rat groups showed similar growth pattern in that there was an initial weight loss at day 2 found to
be most significant (p<0.05) in 75BD group of rats. Afterwards, the rats began to gain weight until the end of
the experiment.
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Figure 1: Growth curve of rats exposed to combustible flame of biodiesel over a period of ten days

Table 1: Haematological properties of rats exposed to combustible flame of biodiesel over a period of ten days

Haematological Control FD 100BD 75BD 50BD 25BD
parameters

RBC (x10°/mm?®) 4.88+0.30° 4.38+0.30° 4.67+0.42° 4.70+0.32° 4.75+0.28° 4.71+0.29%
Hb (g/dL) 7.45+0.66 ° 6.91+0.78° 7.02+0.74° 7.10+0.57° 7.15+0.69° 7.00+0.58°
MCV (1) 76.64+1.77° 67.52+2.32° 66.78+2.38" 69.23+1.38%  71.45+1.44° 70.15+2.18°
MCH (ppg) 17.50+0.82°2 15.76+0.57° 16.06+0.96° 16.45+0.72° 16.77+0.74° 16.67+0.88°
MCHC (%) 19.32+0.86° 17.69+0.75° 17.82+#1.01™  18.02+0.76° 18.75+0.65° 18.44+0.94°
PCV (%) 26.47+0.55° 24.85+0.48" 25.05+0.56" 25.50+0.48" 25.79+0.44° 25.00+0.77"
WBC (x10*/mm®) 29.54+0.95° 55.67+2.63" 64.22+3.14° 35.72+1.12¢ 32.01+0.98° 33.24+1.00°
Neutrophils (%) 4.660.25 6.25+0.32" 7.24%0.25° 5.34+0.27% 5.05+0.27° 5.84+0.31°
Eosinophils (%) 0.00+0.00° 0.40+0.01° 0.67+0.01° 0.15+0.01° 0.050.01° 0.20+0.01'
Basophils (%) 0.360.01° 1.25+0.01° 1.44+0.01° 0.87+0.01° 0.560.01° 1.06+0.01'
Lymphocytes (%) 25.48+1.04° 44.12+1.58" 53.35+1.88° 37.36+1.33¢ 34.29+1.01° 40.22+1.02"
Monocytes (%) 14.50+0.84° 23.26+1.19" 24.05+1.25" 19.23+1.02° 17.12+0.89° 21.64+0.92¢

Values on the same row bearing different superscripts are significantly different (P<0.05). Tabulated data are
means of three (3) determinations £ SEM.

Table 1 presents haematological parameters of rats exposed to combustible flame of biodiesel over a period of
ten days. No significant difference (p>0.05) was observed for RBC and Hb of all groups relative to Control. The
MCV, MCH, MCHC, PCV and monocytes of treatment groups were significantly (p<0.05) different relative to
Control while those of FD and 100BD rats showed no significant difference (p>0.05). The neutrophils,
eosinophils, basophils and lymphocytes differ significantly (p<0.05) from one another. The highest neutrophils,
eosinophils, basophils and lymphocytes were observed in 100BD group.

Discussion

The present study has delved into impact of biodiesel combustible flame on the growth and haematological
properties of rats exposed to it over a period of ten days. This study is significant as little or no information is
available in literature addressing this subject. As presented in Figure 1, the growth increased in this order
75BD<100BD<FD<25BD<50BD<Control. It is not clear what could be responsible for the growth pattern,
however, it could be inferred that the combustible flame did have adverse effects on the growth of rat because
the rats in the Control group had a growth superior to rats in the other treatment groups. The authors suggest that
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the particulate matter (PM) of biodiesel may be responsible for the adverse effect of biodiesel on growth of the
rats.

PM emitted from diesel engines is considered to be the most harmful substance among all of its exhaust
emissions (13-15). Considering its harmful effect on human health, the International Agency for Research on
Cancer (IARC) recently included this substance as a carcinogen under group-l (16). Despite all of the
developments in diesel engine technology or in the exhaust after treatment systems of modern diesel engines,
PM emissions from diesel engines still remain a considerable hazard, for both human health and the
environment, and pose a huge challenge to the scientific community and automotive engineers. The growth
pattern observed in this study may be due to the presence of PM from the biodiesel.

It is evident from this study that combustible flame of biodiesel had effect on haematological properties of rats
exposed to it. It should be mentioned that RBC and haemoglobin were not affected by the flame of biodiesel but
PCV was significantly reduced. Further investigation will be done to unravel the reason for the result, although
many authors claimed that the results of PCV are often unreliable due to laboratory errors (17-18).

The three cardinal RBC measurements (hemoglobin, hematocrit, and RBC count) are used to arithmetically
derive the erythrocyte indices — mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular
hemoglobin concentration. When the MCV is low, the blood is said to be microcytic, and when high, it is
macrocytic. Normocytic refers to blood with a normal MCV. The MCV can be normal while the individual red
cells of the population vary wildly in volume from one to the next. Such an abnormal variation in cell volume is
called anisocytosis. Since small cells have less hemoglobin than large cells, variation in the MCH tends to track
along with that of the MCV (19). The MCH is something of a minor leaguer among the indices in that it adds
little information independent of the MCV. MCHC is the mean concentration of hemoglobin in the red cell.
Cells with normal, high, and low MCHC are referred to as normochromic, hyperchromic, and hypochromic,
respectively (20). In this study, rats exposed to biodiesel emission particles were found to have significantly
lower MCV, MCH and MCHC relative to the Control.

Neutrophils are most populous of the circulating white cells; they are also the most short-lived in circulation.
After production and release by the marrow, they only circulate for about eight hours before proceeding to the
tissues (via diapedesis), where they live for about a week, if all goes well. They are produced as a response to
acute body stress, whether from infection, infarction, trauma, emotional distress, or other noxious stimuli. These
large cells are actually more closely related to neutrophils than are the other “granulocytes,” the basophil and
eosinophil. Monocytes and neutrophils share the same stem cell. They are produced by the marrow, circulate for
five to eight days, and then enter the tissues where they are mysteriously transformed into histiocytes.
Eosinophils are capable of ameboid motion (in response to chemotactic substances released by bacteria and
components of the complement system) and phagocytosis. They are often seen at the site of invasive parasitic
infestations and allergic (immediate hypersensitivity) responses (21). Individuals with chronic allergic
conditions (such as atopic rhinitis or extrinsic asthma) typically have elevated circulating eosinophil counts. The
life span of eosinophil the peripheral blood is about the same as that of neutrophils. Following a classic acute
phase reaction, as the granulocyte count in the peripheral blood drops, the eosinophil count temporarily rises. In
active allergic reactions, blood basophils decrease in number, while tissue mast cells increase (22). In the
immune/inflammatory response, if the neutrophils and monocytes are the brutes, the lymphocytes are the brains.
Results obtained from this study are suggestive of stress condition induced by the flame of biodiesel that has
resulted into abnormalities in haematological properties reported in Table 1.

Conclusion

This study has demonstrated that exposure to biodiesel flames may lead to growth defect and haematological
abnormalities. The mechanism through which biodiesel flame was able to achieve these health conditions is still
a serious concern which is yet to be unraveled, however, it is the view of the authors that particulate matter of
biodiesel may be responsible. Experimental evidence from this study has also been able to show that threat
posed by biodiesel is less in effect relative to fuel diesel.
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