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Abstract

Background: Petrol station attendants are chronically exposed to gasolineof the volatile
fraction during vehicle refueling. The adverse hedlth effects of gasoline exposure may be
related to impairment of the hemopoietic system with bone marrow depression and an

increased risk of developing cancer.

Objective: To assese the hematological parameters among gasoline exposed workers at gas

station in Mekelle City, Tigray Region, Northern Ethiopia.

Method: A cross sectional study was carried on 43 individuals working in 9 petrol filling
stations and 77 age and sex matched non exposed controls. Socio-demographic and exposure
duration of workers were collected using structured guestionnaire and observation checklist.
Hematological analysis was performed using Sysmex XP -300 and periphera blood
morphology was determined. Data were entered and analyzed using SPSS version 23.

Results: 28/43 (65.1%) of exposed individuals and 49/77 (63.6%) of controls were males.
The average exposure time was 5.19 + 4.38 years with an average workig hour of 11.74 +
1.89 hours/day. The mean RBC count (10%%/L), HCT (%), HGB (g/dl) and platelets count
(10%1) of the exposed group were significantly lower (4.88+0.573, 43.29+3.71, 15.04+1.33
and 248.95+58.19) compared with controls (5.35+0.533, 44.95+3.10, 15.59+1.26 and
292.45+62.17) at (P<0.05) respectively. The MCH (pg) (30.48+£2.06 vs 29.52+1.66) and
MCHC (g/l) (34.83+0.988 vs 34.32+0.927) were significantly higher in the exposed
compared with controls (P<0.05). HCT, RBC, HGB and platelets count were significantly
decreased with increased year of exposure (P<0.05). The peripheral blood film examination

reveals basophillic stippling and macrocytosis.

Conclusion: In this study long term exposure to gasoline at gas station has deleterious effect
on the RBC indices and platelet. Significant negative correlation was noted between long
term exposures to gasoline and a decrease in HGB, HCT and platelet count. Thus, protective
measure should be implemented by the concerned ministries with labour union to minimize
exposures to gasoline fuel.

Key words; gasoline, petrol, hematological parameters, petroleum



1. Introduction

1.1. Background

Blood as speciadized body fluid has many functions like respiration, circulation, excretion,
osmotic balance and transport of metabolic substance. And it delivers necessary substances to the
body’s cells such as nutrients, gases, minerals, metabolic products and hormones between
different organs [1]. Hematopoiesis is the development of al mature blood cell lineages that
emerge from multipotent hematopoietic stem cells (HSC) in the bone marrow. The human
hematopoietic system produces around 10™ cells every day. HSC have the ability to differentiate
into al hematopoietic lineages but also retain their self-renewal capacity [2]. Blood is composed
of two components, namely; Plasma (55%) and Blood cells (45%). Plasma contains 91-92% of
water and 8-9% solids, while the blood cells are of three main types namely; Red Blood Cells
(RBC) or Erythrocytes, White Blood Cells (WBC) or Leukocytes, and Platelets or Thrombocytes
[3]. Other blood parameters include packed cell volume (PCV), Mean corpuscular volume, Mean
corpuscular hemoglobin, Mean corpuscular hemoglobin concentration. Blood parameters are
probably the more rapid and detectable variations under stress conditions like gasoline exposure
for assessing the health condition [4].

Exposures to several chemicals are implicated in the derangement of hematological profile. The
adverse health effects of gasoline exposure may be primarily related to impairment of the
hemopoietic system with bone marrow depression, including pancytopenia, hence aplastic
anemia and an increased risk of developing cancer (acute myeloblasticleukemia). Morphological

effect on red blood cells (RBCs) like microcytosis aso occurs [5].

The use of gasoline in the industries and homes has rapidly increased in the recent times. In the
course of usage, individuals are frequently exposed to pollutants from it in both outdoor and
indoor environments. However, the maor route of exposure is inhalation by workers during
production and distribution of the fuel, contamination with diet and by the general public during
refueling at service stations [6]. Gasoline, one of the fractionated products of crude oil, is widely
used as fuels for automobiles and some electricity generating machines. It is known to be a very
volatile liquid, with several organic and inorganic constituents. Gasoline vapor may be derived

from direct evaporation of liquid gasoline[7].



Gasoline, or petrol, is aso a volatile liquid with a complex mixture of aliphatic and aromatic
hydrocarbons. It is commonly used as fuel for internal combustion engines and is also used as a
thinner, decorative agent, and industrial solvent. Some of its constituents are known to be highly
toxic or carcinogenic to humans [8, 9]. Many of the toxicological effects associated with the
exposure to gasoline can be attributed to specific components of gasoline, such as benzene,
toluene, ethylene and xylene, which are also known as volatile organic compounds (VOCs)
[10,11].

Occupational exposure to hazardous chemicals has been associated with hematological
abnormalities. Petrol attendants and other workers at fuel-filling stations are at risk of gasoline
exposure and for the development of cancers [12]. Exposure to gasoline for long periods may
lead to permanent suppression of bone marrow functioning, accompanied by reduction in the
formation of new blood cells in a condition known as aplastic anemia [13]. Exposures
experienced by such workers include the polycyclic aromatic hydrocarbons (PAH) and other
volatile organic compounds. These constituents present an important concern for their
carcinogenic potential [14]. Benzene is a known carcinogen primarily affecting the
hematopoeticsystem. The effects of systemic benzene exposure can cause acute and chronic
clinical disorders, of the cardiovascular, respiratory, neurological, gastrointestinal, liver, renal,

dermatology, local effects, and immunological, metabolic and allergic reactions [15].

The above mentioned disorders are believed to be caused by toxic Benzene metabolites. Benzene
is metabolized in the liver to its primary metabolite phenol by cytochrome PA502E1 (CY P2EL)
through the benzene oxide intermediate. It is subsequently metabolized by CYP2ELl to
hydroquinone (HQ) [16, 17]. HQ is transported to the bone marrow and oxidized to
benzochinones, which eventually releases reactive oxygen species (ROS) damaging
hematopoietic cells [16, 18] as shown in Figure 1 [30], therefore chronic exposure to benzene is
believed to be associated with many of bone marrow failure and hematological malignancies
like, Acute Myeloid Leukemia (AML), Aplastic anemia myelodydplastic syndrome, acute
lymphoblastic leukemia and chronic myeloid leukemia [19, 20]
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1.2. Statement of the problem

Chronic exposure to benzene, which is the main ingredient of gasoline, is believed to be
associated with many of bone marrow failure and hematological malignancies [19, 20]. Gasoline
is a complex manufactured mixture that does not exist naturally in the environment which is
produced from petroleum in the refining process. Typically, gasoline contains more than 150
chemicals including benzene, toluene, xylene, and sometimes lead. Most people can begin to
smell gasoline at 0.25 parts of gasoline per million parts of air (ppm) [21]. Several authors
reported that toxicity of gasoline comes mainly from benzene metabolites [22, 23]. According to
existing evidences, petroleum hydrocarbons have the potential to cause Deoxyribo Nucleic Acid
(DNA) damage in gasoline exposed individuals and exposure to petrol vapor induce genotoxic
effects, confirming that the gasoline station workers have a high risk of cancer due to their daily

occupational exposure [24, 25].

Once gasoline is inhaled, benzene as main ingredient of gasoline, enter the lung then passed to
the blood stream from which it goes to the liver, where three main phenolic metabolites of
benzene are released including; transient phenol and accumulated hydroquinone and catechol in
relatively high concentrations [ 26]. Benzene is a lipophilic agent, so its metabolites go directly
to fatty tissues such as, bone marrow where actual toxic species are generated [27]. In recent
years, in South Africa, this risk has increased with the increased concentration of benzene in

motor vehicle fuels, particularly with the removal of lead as an anti-knock agent [14].

It has been shown that genetic polymorphisms of xenobiotic metabolizing enzymes may
modulate the susceptibility of individuals to toxic compounds. Among these enzymes is
glutathione S-transferase (GST) superfamily which plays an important role in detoxification of
various toxicants. The GSTs have been divided into a number of subclasses a, y, i, and 6 [28].
There are well-defined genetic polymorphisms in the expression of GSTM1 (a member of class
i) and GSTT1 (a member of class 08) enzymes with nonfunctional null-aleles named GSTM1-0
and GSTT1-0, respectively. Previous studies have shown that the homozygocity for these null-
alleles is associated with the absence of the corresponding enzyme activity [28]. It is reported
that these enzymes involve in detoxification of several toxins including some of the compounds
present in gasoline [29]. Evidence is provided aso for wide toxic effects of benzene metabolites

with prolonged exposure including; pancytopenia (decrease in all blood contents counts) and



leucopenia (decrease in number of leucocytes) [31] and other blood disorders such as leukemia
[32].

Studies conducted in the anima models and human beings suggested that long term exposure to
petrol has a deleterious effect on blood cells [32]. Long-term experimental carcinogenicity
studies of the effects of gasoline, and major gasoline aromatics on Sprague-Dawley rats showed
that al the tested materials were found to increase the total number of malignant and observe for
hematological changes, and cause a significant changes on the parameters [33]. Benzene
suppresses the cell cycle by p53-mediated overexpression of p21, a cyclin-dependent kinase
inhibitor, resulting not ssimply in suppression of hemopoiesis but rather in a dynamic change of
hemopoiesis during and after benzene exposure [34]. While severa studies pointed to the risk of
occupationa exposure to gasoline on hematological profiles, there are no published studies in

thisregard in the country which this study tries to address.

1.3. Significance of the study

The study will benefit study participants by early detection of hematological abnormality, if any,
for appropriate interventions. It also helps them to be aware the risk of their occupational
exposure on their hematological parameters and take appropriate safety measures.
Administrators of the gas stations as well as and Mekele city administration will also be
benefitted to take appropriate safety measures to other related workers. The finding will
contribute its share to the strengthening of occupational safety policy at a larger scale in the

country.



2. Literaturereview

Gasoline exposure is one of the main health concerns for occupations with risk of exposure to
volatile solvents such as in petrol pump workers. Human exposure to gasoline is associated with
multiple adverse health effects including pancytopenia, hence aplastic anemia and an increased
risk of developing cancer (acute myeloblastic leukemia) and Morphological effect on RBCs
(microcytosis) also occurs [35]. Benzene is one of the most broadly used chemicals in the
synthesis of various polymers, resins and synthetic fibers. Furthermore, benzene is a common

component of gasoline [36].

Complete blood count (CBC) is one of the most important hematological tests. Complete blood
count (CBC) provides valuable information about the quantity of the different types of cellsin
the blood. The test might help in diagnosing several hematological disorders e.g. anemia, certain

cancers, kidney problems, and allergic reactions[31].

A cross-sectional study was done in Shanghai, China in 2010 in five factories that used benzene
in their production processes to determine the hematotoxic effects of benzene exposure involving
928 workers on twelve peripheral blood effects. Specifically, they observed statisticaly
significant decrements of RBC count and HGB at (p <0 .001) with a (p <0.001) increase in
MCV. They also observed small, but clear signals for total platelet count and MPV reductions (p
<0.001) per log of benzene concentration. There were 55 workers anemic, showing RBC values
lower than normal ranges, 31 were defined as having macrocytosis by showing high MCV
values, 69 had an abnormally low reading for HGB and 16 were having thrombocytopenia with
low platelet readings. This study has shown that absolute neutrophil counts as well as reduced
MPV may be a sensitive blood parameter for benzene exposure. Among the three types of blood
elements (WBCs, RBCs and platelets), stronger effects on peripheral blood was observed for red
cell indices. [37].

A survey was conducted on individuals from polluted areas of Khozestan province, Iran, in 2002
on 495 individuals including those exposed and unexposed. In the present report, the
hematological findings of 99 persons from polluted areas of MIS were compared with those of
396 individuals from the general population of MIS matched by age (£3 years) and sex. The
results showed that, absolute mean number of RBC, HCT (%), level of HGB, and absolute

6



number of platelets were significantly higher among the exposed subjects compared with the
control group. However, the absolute mean numbers of WBC, lymphocytes, and neutrophils
were significantly decreased in the exposed group compared with the control. This research
concluded that the association between exposure to natural gas and hematological changes is

apparent [38].

Cross-sectional studies were conducted in 2004 and 2009 recruiting male gasoline station
workers in Pathumwan District, Bangkok to compare workers hematological indices and
biochemical change in 2009 to that in 2004. Between these years, use of methyl tert-butyl ether
(MTBE) in gasoline was banned and use of gasohol increased. Data were collected from 44 male
employees at 9 gas stations and 83 male from 11 stations in 2004 and 2009 respectively. In
multiple linear regression models, no white cell-related endpoint differed significantly between
2004 and 2009. The same was true for HGB level, HCT and RBC volume. Modeled prevaence
of abnormal red cell structure (morphology) was significantly lower in 2009 than 2004
(OR=0.34, 95% CI 0.12 to 0.95, p=0.040). Modeled prevalence of low HGB did not differ
significantly between the two study years. The current study showed a limited tendency toward
improvement of gasoline station workers health between 2004 and 2009. Removal of MTBE in
2006 may have contributed to this improvement, although this cannot be asserted with

confidence [39].

A cross-sectional study was conducted in Shiraz, Iran, in 2011 to assess changes in the level of
hematological parameters of petrol station workers exposed to toxic components of unleaded
petrol in 400 subjects (200 exposed and 200 reference subjects). All participants underwent
complete blood counts and white blood cell differential tests. The results of blood tests showed
that the means of RDW were higher in the exposed group than in the reference group (13.3 + 1.2
12.8 £+ 1.7 p=0.003), and HCT parameters were significantly lower (44.2 £ 4.3 453 = 4.1
p=0.009) while the other parameters were within the normal range. The results of this study
indicated that exposure of private petrol station employees to BTX did not exceed the current
threshold levels for these chemicals. Though under the existing conditions (in terms of intensity
and duration of exposure) overt hematotoxicity is unlikely to be a major outcome, possible long-
term pathological consequence and ramification of the subtle, subclinical, statistically significant
changesin HCT and RDW values require and deserve further investigation [40].



A cross sectiona survey was carried out recruiting 292 individuals, 146 petrol filling workers
and 146 individuals who aready work in station as overseers as control in Baghdad city and they
were investigated for the effect of gasoline on hematological indice. Of examined 292
individuals, 146 petrol filling workers (all of them) were found with hematopoietic changes. The
Hb, RBC count, WBC count levelsin petrol filling station workers were significantely reduced
compaire to control and results of the subjects were, (12.5+1.5, 13.8 +0.3g/dl, p= 0.0001),
(4.3+1.9, 4.7+0.3x1012/L, p = 0.0125) and (5.5+1.7, 6.4+1.0 x10%/L, p= 0.0001) respectively.
Out of six potential risk factors, only one (smoking habit) found to be significantly associated
with the presence of white blood cell changes (p<0.05) as compared with petrol filling workers
who had no such risk factors. The study concluded that, although no cases of blood disorders
were detected but blood involvement in petrol stations workers is still possible and should be
given full attention in medical surveillance of workers [41].

A case-control study done in different petrol stations in Lucknow, Uttar Pradesh, India, 90 mae
petrol pump workers (exposed group) and 30 non-exposed groups were involved. Venous blood
sample was collected for the assessment of Hb, RBC, WBC, and TLC. The finding showed that
Hb was significantly (13.78+1.38 vs 15.02+1.17; p=0.001) lower among the cases compared
with controls. The level of other biochemica parameters like TLC (8.37+1.78 vs 8.47+2.84; p=
0.77) and RBC (4.58+0.56 vs 4.79+0.50; p= 0.06) count was similar between the two groups. The
study suggests petrol station workers could be under risk of hematological abnormalities [42].

Another cross-sectional study was conducted for a period of 8 months from November 2015 to
June 2016 among petrol pump workers in and around Nandyal, Andhra Pradesh. This study was
carried out in 30 adult male volunteers of age group 25-40 years working in petrol pump stations
for more than 5 years. Control group consisted of 30 male adults of same age group who did not
have the history of exposure to petroleum products. Blood samples were collected and analyzed
for RBC, TLC, platelet count and HB concentrations. The study showed a statistically significant
reduction in RBC count (4.29+0.383 vs 5.21+0.336, p=0.001), Hb concentration (13.06+0.634 vs
15.36+£0.730, p=0.001) and TLC count (8466.6£1908.4 vs 7180.8+1393.4p=0.0042) among
study group when compared with control group [P<0.05]. Thus, the study concluded that chronic
exposure to petrol fumes has toxic effect on haematological parameters leading to bone marrow

depression [43].



A case-control study (2012) was conducted in Zabol, Iran to explore the effect of gasoline on
blood, kidney and liver parameters of unregulated gasoline traders. Complete blood count, blood
urea nitrogen (BUN), creatinine (Cr), aspartate aminotransferase (AST), aanine
aminotransferase (ALT), and akaline phosphatase (ALP) were tested. The hemoglobin,
hematocrit, mean corpuscular hemoglobin concentration, BUN, AST, ALT, ALP levels were
higher in the exposed group. However, the Cr level and platelete count were significantly lower
in the exposed group compared to the non-exposed ones. Although the findings of the current
study were not clinically significant, they indicate important changes that require a longitudinal
study to find the impacts of prolonged exposure to gasoline vapors at risk populations. However,
the results of the present study are limited to the blood, kidney and liver tests through a blood

sample. Exposure assessment was based on participants’ reports, which is inaccurate [44].

A similar study done in Hyderabad, India (2008) on a group consisted of 42 healthy, non-smoker
petrol filling workers to investigate whether chronic exposure to solvents like benzene and
carbon monoxide in petrol filling workers had effect on blood parameters. Participants were;
aged 19-50 years with occupational exposure duration from 2-15 years.The result showed that
during the early period of exposure (1-5 years & 5-10 years), the average Hb concentrations and
RBC count were unchanged while comparing with the controls .But as the year of exposure
increases more than 10 years there was dtatically significant increase (p<0.05) in the
concentration of Hb (g/dl) from 14.537+0.8501 at 1-5 year, 14.56+0.8912 at 5-10 years and
16.16+1.15 at 10-15 years when compared to controls which was 14.483+0.828. And the RBC
(million/mm?®) count was 5.103+0.400 at 1-5 years, 5.403+0.166 at 5-10 years and 5.373+1.15
at 10-15 years of exposure than controls 4.836+0.254. The platelet count was observed a
statistical significant decrease in workers with more than 10 years of exposure (p=0.009). White
blood cell count except eosinophils and platelets were significantly lower in workers compared
to controls. The result obtained from the study concluded that there is a significant toxic effect of

solvents and air pollutants on workers exposed for longer duration [45].

Another cross-sectional study done (2015) in petrol pump attendants in Pune, India to investigate
the effect of long term exposure to petrol fumes on Hb content, RBC count, PCV, MCV and
MCH and on TLC, differential WBC count.The test group consisted of healthy adult male aged
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25-45 years working in the petrol pump for more than 5 years. Results of the study showed a
statistically significant reduction in the Hb (g/dl) (13.73 + 1.10 vs 15.56 £ 0.63), PCV (%) (42.69
+ 3.86 vs 48 + 1.55) and RBC count (millions/mm®) (4.52 + 0.58 vs 5.53 +0.34) at p <0.001 of
the test group compared to control group respectively. Whereas MCV and MCH were
significantly higher in the test group compaired to control at p<0.001. A statistically significant
reduction in the total WBC and lymphocyte percentage at p = 0.001 and an increase in neutrophil
p = 0.001 were recorded. The peripheral blood smear reveals, 31 workers had basopillic stipling.
Hence, from the study they concluded that, reduction in the RBC count, PCV, total WBC count
and lymphocyte count could be due to toxic effect of components of petrol on hemopoietic cells

in the bone marrow as well as increased hemolysis [46, 47].

A cross sectional study carried out in Ekpoma, Edo State, Nigeria, seeks to evaluate the
consequences of exposure to premium motor spirit (PMS) fumes on some hematological
parameters of Automobile Mechanics and Petrol Station Attendants from a total of 150
participants. 50 were petrol station attendant (PSA), 50 automobile mechanics (AM) and 50
apparently healthy individuals. The result showed that, the Hb (g/dl) level and PCV (I/l) were
significantly lower amongst the PSA compared to the AM and with the apparently healthy
individuals with (12.6+1.0, 13.4+0.5, 14.4+1.9, p=0.00) and (0.38+0.03, 0.40+0.02, 0.43+0.04, p
= 0.001) respectively. The total WBC counts, Neutrophile counts and lymphocyte counts (x10%/1)
of the fuel attendants, automobile mechanics were higher than the apparently healthy participants
with (7.55+0.74 vs 7.42+1.43 vs 4.46x1.18), (5.29+£0.92vs 5.31+£1.51 vs 2.62+0.68) and (2.19
+1.53vs 1.82+0.39 vs 1.75+0.57) respectivelyat (p=0.001). This study suggested increased
exposure to petrol fumes among automobile mechanics, petrol station attendant, is highly toxic

and are potential damaging agents to the hematopoietic stem cell and could cause anemia [48].

A case-control study was done in Sokoto, North Western, Nigeria, designed to determine the
effect that occupational exposure to unleaded Premium Motor Sprit (PMS) on hematological
parameters of 100 petrol station attendants. Results of the study showed the Hb, PCV, RBC,
WBC, MCH and MCHC were significantly lower among exposed compared to non-exposed
controls (p < 0.05). Participants who were exposed to Premium Motor Spirit for = 2 years had
significantly (p < 0.001) lower Hb (g/dl), PCV (%), RBC (x10*/L), WBC (x10%L) MCH (pg)
and MCHC (g/dl) compared to those exposed for < 2 years and unexposed controls. The
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prevalence of anemia (hemoglobin <13.5 g/dl) was significantly higher among participants
exposed to PMS for > 2 years (70%) compared to those exposed for < 2 years (24%) and
unexposed controls (0%) (p=0.001). They observed a significant positive correlation between
length of exposure and anemia and leucopenia (r=0.68 and r=0.45 respectively, p=0.01) [49].

According to a cross sectional descriptive study done in Kosti and Rabak cities, White Nile
State, Sudan, in 2014- 2015 to determine any alterations in hematological parameters among
workers at fifty fuel stationsthe following results were obtained. The study found high
prevalence of abnormalities: 50% had low hemoglobin levels, 60% low RBC counts (although
30% were higher than normal), hematocrit readings showed 24% with reduced values and for
MCV 92% were reduced. Half of the participants showed microcytic cytology. The study
concluded that there are abnormalities in hematological parameters among fuel stations workers,
particularly in Hb and RBC indices, as well as lymphocytosis and neutropenia. Workers at fuel
stations should be protected from exposure to benzene by training with the equipment to
minimizing leakages and spillages and by wearing protective devices, such as masks and goggles
[50].

A comparative cross-sectional study (2015) was conducted in Mansoura City Egypt on 102
petrol station attendants and a matched group of healthy 102 male service and office workers at
the Faculty of Medicine, Mansoura University as controls. The results of blood picture, were
compared between both groups and showed that, RBC (x 10*/L), Hb (g/dl), and HCT (%) level
(4.8 £ 04, 139 £ 1.3, 39.7 + 3.4) a (p<0.001) were significantly lower in petrol station
attendants than the comparison group (5.3 £ 0.5, 15.2 + 1.2, 43.7 + 3.6) at (p<0.001). All other
blood picture parameters showed non-significant difference between both groups. It concluded
that some laboratory parameters among petrol station attendants showed changes that could be
attributed to workplace exposure and should be given attention at pre-employment and periodic

medical examination [51].

Taken together, most of the studies reviewed above pointed to the toxic effect of gasoline
exposure on hematological parameters. This being the case, as far as my literature search goes,
there is no published study in Ethiopia and the study areain particular. This necessitates the need
to investigate the effect of occupational exposure on hematological profile of gas station

workers.
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2.1. Conceptual frame work

Personal protective
equipment

Family history of
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Alteration of
hematological

parametrs

Figure 2; Conceptual frame work
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3. Objectives

3.1. General objective:

To assess the hematological parameters among gasoline exposed workers at gas station in

Mekelle City, Tigray Region, Northern Ethiopia.

3.2. Specific objective:
» To determine complete blood count (CBC) profile and periphera morphology of the
exposed workers as compared with controls.
» Toidentify associated risk factors on the hematological parameters to gasoline exposed in

gas station workers.

4. Hypothesis

Ho-gasoline exposure in gas station workers has no significant effects on hematological

parameters.
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5. Materialsand M ethods

5.1. Study Setting

The study was carried out a Mekelle City Gas Station workers who are exposed to gasoline and
its products. Mekelle is Capital City of Tigray Regional State and is located in the Northern part
of Ethiopia, at 783km from the Capital City of Ethiopia, Addis Ababa. It was established in 13"
century. Mekelle City is administratively divided in to seven sub-ciyies as follw: Semien,
Kedamay Weyane, Hawelti, Ayder, Hadnet, Adi Hagi and Quiha. According to projetced Central
Statistical Agency of Ethiopia (CSA), of 2013, the town of Mekelle City has atotal of population
of 307,307 people, of whom 155,497 are men and 151,810 women [52]. The samples collected
from exposed and non-exposed individuals were analyzed at Ayder Comprehensive Specialized
Hospital (ACSH). The hospital is last referral hospital of the region that is found in Ayder sub-
City, Mekelle City (capital city of Tigray Region) in Northern Ethiopia. Originally the Ayder
Comprehensive Specialized hospital was built to host/accommodate around 8 million in
population in its catchment areas of the Tigray, Afar and South-eastern parts of the Amhara
Regional States with total patient flow of above 100,000 per year and to host above 500 beds.The
hospital has awell organized hematology |aboratory.

5.2. Study Design and Period
A comparative cross sectional study at Mekelle City was done. The study period was from
January/2018 - April/2018.

5.3. Population

5.3.1. Sour ce population
All adult male and female who work in gas station at Mekelle City were accounted as source
population for the study.

5.3.2. StudyPopulation

All adult workers who work at the gas station at Mekelle City with exposure of six months and
above and fulfilling the éligibility criteria were accounted as study population. Apparently
healthy age and sex matched controls were voluntarily recruited from Mekelle University
Medicial Laboratory department staffs and graduate students.
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5.4. Inclusion and Exclusion Criteria

5.4.1. Inclusion criteria
Adult males and females aged 18-60 years, who have worked at least six months and above at
gas station and who were voluntary to participate in the study were eligible for inclusion.

5.4.2. Exclusion criteria

Participant with the following data were excluded from the study; any acute infection during
blood collection, past history of chronic diseases, individuals on medication affecting blood cell
count and individuals with already blood disorder, oil workers and mechanics were the exclusion

critera.
5.5. Study Variables

5.5.1. Dependent variables
Hematological parameters are dependent variables,

v RBC parameters

4 WBC parameters

4 Platelet parameters

v Peripheral blood morphology

5.5.2. Independentvariables

v Socio-demographic variables; (age, marital status, educational level...)
v Smoking habits

4 Duration of exposure
v

protective equipment measure in use
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5.6. Measurement and Data collection

5.6.1. Data collection procedure/technique
The estimated number of legal gasoline stations registered in Mekell city in the year 2017-18

was 13 (personal communication with municipalities of Mekelle city Governorates). The stations
are distributed in the five sub-cities as follows. Semen (8), Kedamay Weyane (1), Ayder (1),
Hadnet (1) and Quiha (2). Out of these 13 gas stations, 9 of them were giving fueling of gas for
the automobiles. But the remaining was non-functional due to different reasons; the three are
newly opened (less than six months) during data collection and the other one was temporarily
closed due to road construction. In the functional gas stations, there were a total of 49 gas fueling
attendant. A total of 43 adult male and female aged 18-60 years ; working at least for six months at
those gas stations volunteered to participate in the study were al recruited. Age and sex matched
control participants working away from any source of gasoline exposure from Mekelle
University, Ayder Comprhensive Specialized Hospital Department of Medical Laboratory staffs
and graduate students, were recruited in this study by using a non-probability convenient

sampling method.

5.6.2. Data collection procedure

Data were collected over three month’s through questionnaire interviews which were conducted
by the principal investigator. The questionnaire was mainly based on multiple-choice and yes or
no questions focusing on socio-demographic data, age, gender, job duration (years), working
time (hour/day) and knowledge on gasoline exposure, utilization of protective methods, and

health status, smoking and getting any medications.

Blood was collected from participants who complete the questionnaire and who agreed to give
blood. After collection, blood analysis was done for the hematol ogical parametres using sysmex
XP-300 athree differential hematology analyzer and periphera blood morphology was examined
in three stare laboratory.

5.6.4. Blood sampling and processing

Out of 49 gasoline station workers, a total of 43 workers gave a blood sample for analysis. Four
of the workers were not volunteers to participate, and the two were excluded due to acute
infection and pregnancy cases. Controls who gave blood sample were 77 participants selected
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from Mekelle Universty MSc students and Mekelle Universty department of |oboratory workers
population who almost have no history of being exposed to gasoline and matching the study
group in age, sex and residence. Blood samples were collected by the principal investigator from the
antecubital area of the workers and controls hands after cleaning with 70% ethanol. About 5 ml of blood
was collected using vacutainer tube containing, Ethylene Dieamine Tetra Acetic Acid (K.EDTA)
by standard venous-puncture method from each of the individua willing to participate in this
study during their routine work hours. As soon as the sample is collected and labeled, it was
transported to Ayder Comprehensive Specialized Hospital Central Laboratory to be anayzed.
During collection of venous blood, four smears were prepared for each participant using fresh

whole blood for peripheral blood morphology examination.
5.6.5. Laboratory analysis

5.6.5.1. Complete blood count (CBC)

A complete blood count (CBC) tests including RBC count, Hb and Hct levels, Platelet, MCV,
MCH, MCHC, mean platelet volume, and red blood cell distribution width (RDW), total and
differential counts of white blood cells (WBCs) were analyzed using the 3-part hematological
auto analyzer (Sysmex XP-300, symex corporation, Kobe, Japan) with in a 4 hour blood
collection. Sysmex XP-300 performs rapid and accurate analysis of a 20-parameter CBC,
including a 3-part WBC differential with an Absolute Neutrophil Count (ANC) and Absolute
Lymphocyte Count (ALC).

5.6.5.2. Peripheral blood mor phology
Peripheral blood smears were prepared from all participants for investigation of red blood cell
morphology, white blood cell abnormality and platel ets abnormalities.

5.6.5.3. Peripheral blood film preparation and examination

A properly prepared blood film is essential to accurate assessment of cellular morphology. A
variety of methods are available for preparing and staining blood films, but in this study a wedge
method of thin blood film preparation was used because it is a convenient and commonly used
technique for making peripheral blood films. The blood films were fixed to the glass slide by the
methanol in the stain. After drying the film, Giemsa stains was added to stain the cells. The
stained and air dried slides were examined using a microscope. Examination of the blood film is
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a multistep process. Initially, the film was examined with a scan of the slide using the 10x or
low-power objective. This step is necessary to assess the overall quality of the film, including
abnormal distribution of RBCs, suggesting the presence of rouleaux or autoagglutination, and/or
the presence of a disproportionate number of large nucleated cells such as monocytes or
neutrophils at the edges of the film. The next step is evaluation of WBC, RBC and platelet. This

was done in the same area of the film using the 100x oil immersion objective [53].

5.7. Data Quality Assurance
The quality of any research depends on the quality of datathat are used as input for that research.
Therefore the quality of the blood and the participant information were ensured by collecting and

processing using a standard operating procedure.
Pre-analytic

The blood was collected from the participants groups using the right tube following standard
operating procedure.

The blood sample container was labeled with participant’s unique code to minimize errors.
The quality of the collected samples was checked like hemolysis, clot, correct volume etc.
Site assessment and pre-test of data collection were done prior to data collection and the
collected data from the study goup was checked for compl eteness.

Qualities of the information that are collected by questionnaire from the participants were

ensured by principal investigator.
Analytic

The reliability of the study finding especially the analytical part was guaranteed by
implementing Quality Controls (QC) sample for the complete blood count and periphera
morphology through the whole processes of |aboratory works.

The manufacturer and laboratory SOP for analytical phase were followed.
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Post analytic

The results of the Complete Blood Count (CBC) and peripheral morphology were registered
with correct value and units.

Data were entered using double entry method to trace data entry errors which has strong
negative effect on study results and conclusions.

All data were properly documented

In short pre-analytical, analytica and post-analytical stages of quality assurance for Complete
Blood Count (CBC) and peripheral morphology were strictly followed.

5.8. Data analysis and inter pretation:

Data was entered and analyzed using the Statistical Package for Social Sciences (SPSS) version
23. Tables and graphs were used for description of data. The cut-off points for different
parameters were defined according to the laboratory standard defined by the manufacturer of
instructions. Data analyses was carried by overviewing field questionnaire, coding of
questionnaire, choosing data entry mode and data entry, data cleaning, defining and re-coding of

certain variables.
The statistical tests of significance wer e used depending on the nature of data asfollows:

The one-way ANOV A test was used for analysis of variance for average hematologicl parametrs
as quantitative dependant variable by qualitative variables such as the relationship between
hematologicl parametrs by duration of work, age groups, and levels of education and so on. The
multiple comparisons were made using the Post hoc test for the duration of exposure.The
independent-samples t-test procedure was used to compare means of quantitative variables
between gas station workers and controls hematological parameters. Pearson Correlation
Coefficient was used to assess measured parameters with years of exposure, working hour and
age. The results in all the above mentioned procedures were accepted as statistical significant

when the P-value was less than 5% (P < 0.05) at 95% confidence intervals.

5.9. Ethical considerations
The study was conducted after approval by the research and ethics committee of department of
Medical Laboratory Sciences of Addis Ababa University. The research committee is an
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authorized professional body for giving permission to researchers to conduct their studies with
ethical concern in the area. An officia letter of request was sent to Mekelle University, Ayder
Comprehensive Specialized Hospital to obtain approval to carry out hematological analysis in
the central |aboratories. Gasoline station workers were given an explanation about the purpose of
the study and assurance about the confidentiality of the information and that the participation is

purely voluntary. Participants were given the hematologic tests result later on.

5.10. Dissemination of results

After conducting the research, the results of the study will be presented to Department of
Medical Laboratory Sciences, College of Health Science, AAU and other stakeholders.
Moreover, the output of the results will be given to study sites. The results of the study will be

submitted to peer review journals for publication.

5.11. Definition of terms

Gasoline —is atransparent, petroleum derivatives liquid that is used primarily as afuel ininternal
combustion engine. It consists mostly of organic compounds obtained by the fractional
distillation of petroleum, enhanced with variety derivatives.

Benzene- is an important organic chemical compound with the chemica formula C6H6. As it
contains only carbon and hydrogen atoms, benzene is classed as a hydrocarbon and it is the main
component of gasoline.

Fuel station attendants — are workers at a full-service filling station who perform service,
pumping fuel, cleaning windshields, and checking vehicle oil levels other than accepting
payment. Or a person employed to refuel motor vehicles at a petrol station.

Hematological parameters — are parameters such as RBC parameters including; RBC count,
HB, HCT, RBC indices like MCV, MCH MCHC and RDW; WBC parameters including total
WBC counts, differential and absolute number of the five type of WBC and platelet parameters
including total platelet count, MPV, PDW. Vaues outside normal ranges are diagnostic for
disorders, including cancer, immune diseases, and cardiovascular diseases.

Petroleum — is a complex mixture of hydrocarbons naturally occurring yellow- to -black liquid,
gaseous or solid form that occurs in the earth. The term is often restricted to the liquid form
commonly called crude oil.
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7. Result

7.1. Sociodemogr aphic characteristics of the study participant

In this study a total of 120 patricipants were entrolled where the exposed group consisted of 43
individuals and the control group consisted of 77 indivduals. There was no statistically significant
age differences between the exposed group (mean age+SD=30.09+8.49) and the control group
(mean agetSD=29.06x+6.07; P=0.444). The age of the participants was between 19-54 years.
Table 1, summarizes the personal profiles of study population. The gas station workers were
found to be married 21 (48.8%) and 22 (51.2%) were single and the educational status of the
study population showed that 31 (72.1%) had finished secondary and preparatory school (Figure
4).

Table-1: Socio-demographic characterstics of the study group at Mekelle City, Tigray Rigion,
Northern Ethiopia, from January-April 2018 (n=120).

Variables Gas station Control group Test of significance
attendant (n=43) (n=77)
Gender
Malen (%) 28 (65.1%) 49(63.6%) x> =0.008, p = 0.540
Femalen (%) 15 (34.9%) 28 (36.4%)
Ageinyear n (%)
19-26 17 (39.5%) 29 (37.7%)
27-34 16 (37.2%) 37 (48.1%)
35-44 6 (14%) 9 (11.7%)
>45 4 (9.3%) 2 (2.6%)
Mean +£SD 30.09 + 8.49 29.06 £ 6.07 P=0.444

Abbreviations. SD, standard deviation
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Frequency

elementary 1-8 secondary 9-12  diplomaand above

Higher educational level

Figure 4; Educational status for the study population at gas station in Mekelle city (n=43)

7.1.2. Work duration, working hours and awairnessrelated to gasoline exposure

The average exposure time was 5.188 + 4.38 years (minimum 8 months and maximum 16 years)
with an average of 11.74 + 1.89 hours/day. The working hour was more than 12 hours/day
among 58.1% and less than 11 hours/ day among 41.9%. The highest number of the workers 17
(39.5%) worked in the gasoline station for less than two years, whereas 14 (32.6 %) and 12
(27.9%) of them worked for more than 8 and 3-7 years, respectively. It is worth mentioning that,

all interviewed workers had no history of previous job related gasoline exposure (table 2).

The number of workers who mentioned not eating, not chewing gum and not sucking fuel by
mouth were 23 (53.5%), 31 (72.1%), 35 (81.4%), respectively. But all the study population had
no history of smoking cigarrets. Moreover, while 18 (41.9%) workers drank milk often and 8
(18.5%) sometimes, ten (23%) of the workers took shower at work place (table 2).
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Table-2: Asociated risk factors with gasoline exposure of study groups at Mekelle City, Tigray
Rigion, Northern Ethiopia, from January-Aprile 2018 (n=43).

Confounding factors ~Gas station attendant (n=43) |

Year of expoure No %
<=2years 17 39.5
3-7years 12 27.9
>=8 years 14 32.6
Mean+SD 5.17+4.39

Daily exposure hour mean+SD 11.16+2.08

Smoking

Yes 0 0
No 43 100
Eating

Yes 20 46.5
No 23 53.5
Chewing gum

Yes 12 27.9
No 31 72.1
Fuel sucking by mouth

Yes 8 18.6
No 35 81.4

Taking shower at work place
Yes 10 23.3
No 33 76.7

SD, standard deviation: Cl, confidence interval:
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7.1.3. Knowledge of workersregarding routes of gasoline entry into the body, gasoline

health effects and gasoline as an environment pollutant

Regarding possible routes of gasoline entry into the body, 39 (90.7%) workers mentioned that
inhalation is the route of entry, followed by 28 (65.1%) who reported that skin is the route of
entry, and 23 (53.5%) who claimed that mouth is the route of entry of gasoline into the body. A
total of 39 (90.7%) workers had knowledge about the health effects of gasoline on human health.
It was also found that 34 (79.1%) knew that gasoline is an environmental pollutant (Table 3).

Table-3: Knowledge of workers regarding gasoline among the exposed group at Mekelle City,
Tigray Rigion, Northern Ethiopia, from January-Aprile 2018 (n=43)

Gasoline as enviroment pollutant N %
Yes 34 79.1
No 9 20.9
Effect of gasoline exposure on Health

Yes 39 90.7
No 4 9.3

Through inhalation

Yes 39 90.7
No 4 9.3
Through skin

Yes 28 65.1
No 15 34.9
Through mouth

Yes 23 53.5
No 20 46.5

In general, the protective measures during work in the station were poorly followed. The highest
number of workers (n=37, 86.0%) always wore complete dressing (overall gown) (24, 55.8%)
wore special shoes or boots always and the lowest number, wore hat sometimes (n=5, 11.62%),
face mask sometimes (n=2, 4.7%), and glove sometimes (n=1, 2.3%) table 4.
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As displayed in figure 5 the main reason for not using safety equipments was lack of the
protective equipements to the workers as 30 (69.77%) of them responded that safety equipments
were not provided.

Table-4: Protective measures in use among gasoline station workers at Mekelle City, Tigray
Rigion, Northern Ethiopia, from January-Aprile 2018 (n=43).

Protective measurein use

Always Usually Often Sometimes Never
Gloven (%) - - - 1 (2.3%) 42 (97.7%)
Hat n (%) - - 2 (4.7%) 3 (7%) 38 (88.4%)
Face mask n - - 2 (4.7%) - 41 (95.3%)
(%)
Shoesn (%)  24(55.8%)  13(30.2%) 4 (9.3%) 2 (4.7%) -

Overalln (%) 37(86%) 6 (14%) - 3 ;

69.7%

Not provided Not comforteable Not necessary Carelessness

Reason for not wearing PPE

Figure 5: Reasonf for not using safety equipments by gasoline station workers at Mekelle City
(n=43)
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The assessment also revealed that neither of the worker attended training courses nor they had
health professionals visited their station. In addition, no worker had heard about case of gasoline
poisoning during their work in the gasoline station. And none of the workers were diagnosed or
treated for anemia and leukomia and also niether of them took any medication or treatment

drugs.

7.2. Hematological parameters profile of gasoline exposed and control groups

The means and standard deviations of hematological indices of exposed and unexposed groups
are presented in Table 5. These results showed that the hematologica markers, in both study
groups were within the normal ranges. The absolute mean number of RBC (10™/L), percentages
of hematocrit (%) at (p<0.0001), level of hemoglobin (g/dl) at (p<0.027) and absolute mean
number of platelets (10%1) at (p<0.0001) were significantly lower among the exposed subjects
compared with the control group. The mean cell hemoglobin (pg) and mean cell hemoglobin
concentration (g/dl) were significantly higher in the exposed participants compared with the
control group at (p=0.006). The levels of other hematological parametrs like WBC count (10%1),
nuetrophill percentage, lymphocyte percentage were similar between the groups.
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Table-5: complete blood count picture of the study group at Mekelle City, Tigray Rigion,
Northern Ethiopia, from January-Aprile 2018 (n=120).

Parametrs

RBC (x10%/L)
HGB (g/dl)

HCT (%)

MCV (fl)

MCH (pg)

MCHC (g/dl)
RDW (%)

WBC (x10%L)
LYM (%)
NUETR (%)
Lyphocyte (x10%/1)
Nuetrophil (x10°/1)
Platelete (x10°/L)
MPV (fl)

Exposed
group(n=43)
(meanxSD)
4.88+ 0.573
15.04 +1.33
43.29 £3.71
87.37 +4.98
30.48 +2.06
34.83+0.99
12.87 0.59
6.32+1.73
36.02+ 11.20
52.14+ 12.05
2.16 +0.59
3.37+1.46
248.95+ 58.19
10.74 +1.21

Control
group(n=77)
(meanxSD)
5.35+0.533
15.59+ 1.25
44,95+ 3.10
85.87 +4.36
29.52 +1.66
34.32 +0.92
12.95+ 0.84
6.44+ 1.38
34.71+ 10.04
54.72 +10.44
2.16+ 0.58
3.60+1.31
292.45+ 62.17
10.96 +1.78

95% confidenceinterval of

the defference
Lower Upper
-0.674 -0.261
-1.033 -0.063
-2.919 -0.403
0.238 3.226
0.313 1.686
0.153 0.873
-0.419 0.253
-0.692 0.452
-2.644 5.254
-6.739 1.589
-0.224 0.219
-0.745 0.289
-66.418 | -20.583
-3.492 3.054

p-value
<0.001
<0.027
<0.010
0.090
0.006
0.006
0.626
0.679
0.514
0.223
0.980
0.384
<0.001
0.895

HGB, hemoglobin: HCT, hematocrit: RBC, red blood cell: MCV, mean cell volume: MCH,
mean cell hemoglobine: MCHC, mean cell hemoglobine concentration: WBC, white blood cell:
RDW, red cell distribution width: LYM, lymphocyte: NUETRO, neutrophill: MPV, mean
platelet volume, SD, standard deviation: g/dl, gram per decilitter: fl, fomtolitter: pg, pico gram
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7.2.1. Hematological parameter and effects of exposureto gasoline with duration of
exposure

The self-reported duration of exposure relates with the measured hematological indices shows
that, HCT levels (p=0.003), RBC count (p<0.001), HGB concentration (p=0.001), platelete count
(p<0.001), MPV vaue (p=0.005), Lymphocyte percent (p=0.028) and Nuetrophil percent
(p=0.027) in the studied group were decreased as the number of reported years of exposure
increased. Eventhough they were not statistically significant, the WBC count and other
hematological indiceslike MCV, MCH and MCHC were increased.

Most participants exposed for longer than eight years had significantly lower vaues of
haemoglobin (g/dl) (p< 0.001), PCV (%) (p < 0.001), RBC (10'/1) (p<0.001) and platelte (101
(p<0.001) compared to those exposed for < 2 years, respectively. And most subjects exposed
longer than eight years have lower value of HGB, RBC, HCT and pletelete compared to those
exposed 3-7 years (p<0.010). The average value of RBC, HGB, HCT and platelete were similar
with indivduals exposed for < 2 and 3-7 years (Table 6).
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Table 6: Comparison of the hematological indices with duration of exposure in exposed groups
post hoc analysis at Mekelle City, Tigray Rigion, Northern Ethiopia, from January-Aprile 2018

(n=43)

Year of exposure

Parameters

RBC(10%/l) (mean+SD)

<=2 year vs 3-7 year 5.17+0.395 vs 5.07+0.579 0.587

<=2 year vs >=8 year 5.17+£0.395 vs 4.37+0.402 <0.0001

3-7 year vs >=8year 5.07£0.579 vs 4.37+0.402 <0.0001

HGB(g/dl)

<=2 year vs 3-7 year 15.72+41.08 vs 15.25+1.55 0.271

<=2 year vs >=8 year 15.72+1.08 vs 14.03+0.70 <0.0001

3-7 year vs >=8year 15.25+1.55 vs 14.03+0.70 0.010
HCT (%)

<=2 year vs 3-7 year 45.15+2.94 vs 43.55+4.86 0.202

<=2 year vs >=8 year 45.15+2.94 vs 40.80+1.59 <0.001

3-7 year vs >=8year 43.55+4.86 vs 40.80+1.59 0.041
WBC (10°/L)

<=2 year vs 3-7 year 5.90+1.28 vs 6.11+1.65 0.744

<=2 year vs >=8 year 5.90+1.28 vs 7.01+2.13 0.078

3-7 year vs >=8year 6.11+1.65 vs 7.01+2.13 0.187
LYM (%)

<=2 year vs 3-7 year 37.47£9.84 vs 41.07£12.32 0.366

<=2 year vs >=8 year 37.47+£9.84 vs 29.91+9.54 0.053

3-7 year vs >=8year 41.07+£12.32 vs 29.91+9.54 0.010

NUE (%)

<=2 year vs 3-7 year 50.80+10.47 vs 46.49+13.7 0.318

<=2 year vs >=8 year 50.80+10.47 vs 58.63+9.83 0.062

3-7 year vs >=8year 46.49+13.7 vs 58.63+9.83 0.009
Patelete (10°/1)

<=2 year vs 3-7 year 267.05+54.74 vs 280.16+39.07 0.472

<=2 year vs >=8 year 267.05t54.74 vs 200.21+45.54 <0.0001

3-7 year vs >=8year 280.16+39.07 vs 200.21+45.54 <0.0001

HGB, hemoglobin: HCT, hematocrit: RBC, red blood cell: WBC, white blood cell: LYM,
lymphocyte: NUETRO, neutrophill: CI, confidence interval: g/dl, gram per decilitter:
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7.2.2. The correlation of hematological indicieswith year of exposure, working hour and

age of the exposed group at Mekelle City

Asillistrated inTable 7, there was a negative correlation between RBC, HGB, HCT and Platel et
with duration of exposure (r = -0.619, p<0.001, r = -0.581, p<0.001, r = -0.524, p <0.001, r = -
0.499, p = 0.001) respectively. Absolute number of nuetrophil was positively correlated with
duration (r = 0.337, p = 0.027).There was also a negative correlation of RBC (r = -0.418, p =
0.005), HGB (r = -0.368, p = 0.015) and platelete (r = -0.330, p = 0.030) with age.

Table 7: Correlation of hematological indices with year of exposure, working hour, and age for
the exposed group at Mekelle City (n=43)

Parameters Year of exposure | Working hour Age of exposed
r p-vadue | r p-vaue r p-value
RBC (109/|) -0.619 <0.001 0.292 0.057 -0.418 | 0.005
HGB (g/dl) -0.581 | <0.001 | 0.266 0.085 -0.368 | 0.015
HCT (%) -0.524 0.000 0.332 0.129 -0.270 | 0.080
MCV (fl) 0.152 0.330 -0.195 | 0.209 0.172 | 0.269
MCH (pg) 0.044 0.779 -0.273 | 0.076 0.050 | 0.750
WBC (109/ )] 0.268 0.082 0.017 0.912 0.166 | 0.289
L ymphocyte(10°/1) -0.041 | 0.794 -0.054 | 0.730 -0.022 | 0.890
Nuetrophill (10%1) 0.337 | 0.027 0000 1000 0154 | 0.324
Platelete (10°/1) -0.499 | 0.001 0.160 0.307 -0.330 | 0.030
MPV (fl) 0.222 0.153 0.242 0.117 0.113 0470

HGB, hemoglobin: HCT, hematocrit: RBC, red blood cell: MCV, mean cell volume: MCH,
mean cell hemoglobine: WBC, white blood cell: MPV, mean platelet volume, CI, confidence
interval: g/dl, gram per decilitter: fl, fomtolitter

7.3. Peripheral blood morphology examination results

Of the examined periphera blood films from the exposed group, 37 (79.1%) of the result were
normal, 4 (9.3%) had macrocytosis with increasing corrossponding MCV value, 4 (9.3%) had
basopillic stipling inclusions and one participant had microcytic red cells with reduced MCV
value (77.11l).
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8. Discussion

This study aimed to assess the effect of gasoline and gasoline products exposure on
hematological parameters among fuel station workers as compared with controls in Mekelle
City, Tigray Region. It also tried to identify risk factors associated with gasoline product
exposure in gasoline station workers and the relationship between durtion of gasoline exposure
and hematological parameters. The findings are pointing toward the fact that gasoline and its
content have an advers effects on the hematological functioning with a longer period of

exposure.

The observed statistically significant decrease in the measured parameters such as red blood cell
(RBC), haemoglobin (HGB) concentration, hematocrit (HCT) and platelet (PLT) count
compaired to control may be due to several toxic effects arising from the gasoline and its
products. Benzene, one of the main constituents of gasoline, is a well known systemic toxicant
in humans at any concentration and a cause of aplastic anemia. It is hematotoxic and depresses
the bone marrow, leading to pancytopenia (a general depression of erythrocytes (red blood cells),
leucocytes (white blood cells) and thrombocytes (platelets) [13, 15, 16, 17, 30, and 31]. These

studies demonstrate that benzene is indeed a haematotoxicant.

The results of the present study showed that the mean hemoglobin concentration, mean RBCs
count, mean hematocrit value, platelet count of petrol station workers were significantly lower
than those of the comparison group. Decreased in hemoglobin content and RBC count could be
attributed to shortened life span of RBC as well as impairment of heme synthesis by the
metabolic end product of free radicals of benzene and other aliphatic hydrocarbon constituent of
gasoline. These free radicals can alter the erythrocyte membrane and heme protein synthesis in
bone marrow [26, 27]. This result is similar with the study conducted in hematologica
assessment of gasoline exposure among petrol filling workers by Schnatter AR et al [37], Nair
DS et al [47, 48], Neghab M et al [36], Kamal A et al [39], Ali A et al [42], Elderdery AY et al
[51] and Abdrabouh A et al [52]. A decrease in RBC count can lead to decrease in PCV. But the
hematocrit, RBC count, hemoglobin and platelet count were not consistent with those reports
which described the hematological changes of individuals occupationally exposed to gasoline
were significantely high, like by Saadat M et al [38], and by Firouzkouhi M et al [45]. Reduction
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in the value of RBC, HCT and HGB content as reported in this study is suggestive of anemia a
condition which agrees with the report of Uko EK et al [50].

The present study indicated that MPV value, RDW value, and mean white blood cells (WBCs)
count, were lower among petrol station attendants with non-significant difference between both
groups which is similar to finding of Saadat M et al [38]. Eventhough leukocyte counts were
within the normal range, they showed non-significant decrease as compared to controls. This
might be due to small exposure time of most of the participants. Another study conducted in
Shiraz Iran reported that hematocrit value was significantly decreased which agree with the
current results and the study reported the RDW was significantly increased which is not
consistent, Neghab M et al [41]. In this study, mean MCH and MCHC value were significantly
higher in petrol station attendants than comparison group while mean corpuscular volume
(MCV) was dlightly increased in exposed groups with statistically non-significant difference
between them. This findings is in agreement with another study by Firouzkouhi M et al [45] and
by Nair DSet al [47] as they observed statistically significant increase in MCH and MCHC value
(p < 0.001) and that of current study was also statistically significant (p = 0.006). Even though
the MCV value is not significantly higher in the exposed group (p=0.090), it shows a similar
increase with result reported by Schnatter AR et al [37]. Theincreasein MCV, MCH and MCHC
in this study can be due to macrocytosis induced by benzene, because benzene is an ingredient of
petrol. It has been established that toxic constituents of petroleum such as benzene and lead are
activated in the bone marrow, where the substances exert cytotoxic effect that could be mediated
through destruction in DNA function. A defect in DNA synthesis that interferes with cellular
proliferation and maturation can lead to large™ erythrocytes [24]. There were neither increase nor
decrease in mean absolute number of lymphocyte and nuetrophill of gasoline exposed compaired
to control (p =0.980 and p = 0.384) respectively. And this result is different with result reported
by Bedekar NY et al [48] and Saadat M et al [38], where they observed a decrease in lymphocyte
and nuetrophill count (p <0.05). This difference might be due to short exposure duration of most

participants in the present study.

And this study indicates that total RBC count, hemoglobin concentration and HCT value were
decreased in workers with longer periods of exposure as the duration of exposure increase from

less than 2 year to more than 8 years (p<0.001). The results of this study were different from the
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studies conducted by Uzma N et al [46], which showed that during the early period of exposure
(1-5 years & 5-10 years), the average Hb, HCT and RBC count were unchanged, which were
similar with the present study, but as the year of exposure increases to more than 10 years there
was statistically significant increase (p<0.05) in the concentration of Hb, RBC count and HCT
value. Platelets count of the present study was significantly decreased as year of exposure
increase from two year to eight year and is consistent with previous study UzmaN et al [46]. But
the decrease in total RBC count, hemoglobin concentration and HCT value in workers with
longer periods of exposure as the duration of exposure increase from less than 2 year to more
than 8 years were consistent to study conducted by Uko EK et al [50]. In the present study the
reported WBC count was unchanged as year of exposure increase but it was decreased in the
study done by Uko EK et al [50].

The peripheral blood smear of the study participants showed (9.3%) basophilic stippling and
(9.3%) macrocytosis. In line with this finding Firouzkouhi M et al [45] and Uko EK et al [50]
reported basopilic stippling and macrocytosis respectively from the gasoline exposed attendants
but is not consistent to Elderdery AY et al [51] which reported regarding cell morphology 50%
of the participants showed a microcytic picture and a quarter (26%) show normocytic picture.
This inconsistency maight be because of method and/or equipement, performance and the

gasuline constituent difference in the study.
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9. Conclusion and Recommendation

9.1. Conclusion

In conculusion, the present study has shown that occupational exposure to gasoline and its
constituent product have a significant effect on some hematological parameters. And aso this
study showed that long term exposure to petrol fumes might have deleterious effects on human
hematopoietic system leading to bone marrow depression. It has been observed that chronic
ingestion of gasoline might result in a significant reduction in RBC count, Hb concentration and
total platelete count, as the hematopoietic system is the mgor target of chalenge. It is, therefore,
concluded that gasoline and some of its product are highly toxic and damaging to hematopoietic

system.

9.2. Recommendation

The study showed quite large numbers of the workers are not using protective devices. Thus, the
concerned ministries with labor unions and medical occupational and environmental health
professionals are recommended to develop and enforce strict regulations, instructions, guidelines

of occupational health and safety to protect workers.

Occupationally exposed workers to gasoline and its products should be provided with
appropriate personal protective equipment and respiratory protection devices like (gawons, mask,
hand gloves and goggles) to reduce the effect of exposure.

The gasoline station owners should provide hygiene facilities in their stations such as; change
area, showers, and eating facilities. These measures can potentialy reduce the hematol ogical

effects of occupational exposure to gasoline and benzene.

Occupationally chronic exposed workers should have periodic medical examinations to include
the evaluation of their hematological profile and measurement of blood benzene and blood lead
levels. In this regard, Ministry of health is recommended to avail blood benzene and blood lead
level analyser automachine. Further research is recommended to include other gas station
workers with large sample size and to measure the blood benzene level and blood lead level of

these occupatiionally gasolines exposed workers.
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10. Strength and Limitation

10.1.
v

10.2.

Strength of the study

The study is the first of its kind in our country in the assessments of hematological
parameters to gasoline at gas station.

Assessment/analysis of the parameteres was carried out using the same anticoagulant and

hematology analyzer.

Limitation of the study

The number of exposed subjects and controls individuals included in this study was 43
and 77 respectively. Larger participant and surveillance over alonger period of years (> 5
years) may have been more informative.

The blood benzene concentration and blood lead level tests were not measured due to lack
of method to analyze and failed to produce comparison with hematological indices.

The current study did not have baseline information on the hematological profile of the
petrol station attendants when they first started work as petrol station attendants. Workers
were tested once and categorized subjects based on their years of exposure. A better
design would have been to test the subjects at the time they first started work as petrol
station attendants, and then again at seria intervals to see change on hematological
indices. However, non-exposed controls were used for comparison to minimize this

limitation.
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12. Annexes

Annex-l; Participants’ information sheet (English version)
Principal investigator; GebreTeklu Embay

Addis Ababa University College of Health Science

Title of the research project: Assessment of hematological parameters among gasoline exposed
al gas station workers; community based study, in Mekelle City, Tigray Region, Northern
Ethiopia

Introduction: You are being invited as study participant of this study conducted by MSc
candidate, from Addis Ababa University. Your participation is voluntarily. The research team
will include two principal investigators, four advisor from Addis Ababa University. Please take
as much time as you need to read or to listen the information sheet. The study has been approved
by Addis Ababa University Medical Laboratory Science department research ethics committee.

Purpose of the research project: We are asking you to take part in this study because we will
assess the effect of gasoline and gasoline products exposure on hematological parameters among

fuel station attendants/'workers in Northern Ethiopia, Tigray Region, Mekelle City.

Risks associated with the study: there will be a minor discomfort during blood specimen
collection. During collection of blood specimen from you, appropriate precaution will be taken
and all samples will be collected by trained health professional. If any serious risk happened,
appropriate medical care will be provided to you.

Procedures and what will be expected from you for participation: in order to conduct the
indicated study at Mekelle City Gas station, you are invited to take part in this project. If you are
willing to participate, you need to understand the purpose of the study and give your consent.
Not only this but also specimen collected from you will be used for the research purpose only.
After consent, 5 ml blood specimen will be collected from you by specimen collectors.
Incentives and compensation; You will not receive any payment for your participation in this
research project as compensation. But you will get your results for free and if there is any change

in your result it will be interpreted and communicated with physicians. However, this study will
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benefit at large those individuals like you who are exposed to gasoline to take appropriate safety
measures.

Confidentiality of your information: we respect your privacy and confidentiality. The
information will collect from you as part of the study will kept in a locked cabinet, or be
protected by a password on the computer only accessible to the personnel involved in the study.
There is no sensitive issue that you will be asked related with your socia desirability but any
information that is obtained in connection with this study and that can be identified with you will
remain confidential.

Participation and withdrawal from the study: the participation is completely voluntary and
you have the right not to participate in this study. You may withdraw at any time and place
without consequence. You may also rgect to give any sample. You can ask any questions
regarding to this study and you have aright to get alaboratory results for free.

Agreement

After reading and listening about the study procedures and other related issues done in the study,
you will be kindly requested to put your signature of agreement. Your signature indicates that

your participation is purely voluntary.
Contact information

If you have any questions about this study you can contact the following principa investigators

and advisors for further information.

GebreTekluEmbaye (BSc) Tel: +251914155120 E-mail: gebreteklu30@gmail.com

Aster Tsegaye (MSc, PhD) Tel: +251911696085 E-mail: tsegayeaster@yahoo.com

Mikias Negash (MSc, PhD follow) Tel: +251913724956 Email: mikias2@gmail.com
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Annex-l1; Information sheet Amharic version
P I L PTE. P Cavta9avgPpy

TGt 297.000.0@m- AD- A9°: 14 Hhie A9P0P
PrLav A9°: AS.0 AN LLACAL PUNIPGE MG AL NALE: 2Ahh9PG ANG-R4 FIPUCT hed

aoo)(L.L: (AL O ANA LZACHT MG 4270 DA PUNICT A-E-F4 AN TIPUCT hEA N9I0TCA &6
1996 avavl P TG AL W8NS HINHA: A0DP Y TGT APAFe heead91 P (é-1% iy PPhe
PILTT@OT TN OATIPT LG ANG LAV ICP T TITE D90 YA Lk

PPGRCAN: N TALE P18 9120 299,04 (TG T NI 9°N70 T NLTPFED- (IHALR PLI° 9L 1P T AL
049, Pav M@~ 1EFaD M7 ATIDP D~z

PTG £GAT: (1198 91LL 29104 APT .07 PUh9PG A\ ORI° DT J°Cavs WL PL LT 1m-:
AGP° ACAL OHY TGT AvA+E mPaLG 9% P10+ +arCnPA=: PACOP (Y TG AL PTLTCPT Hate.
av<fe Aao<te (G PLTTE AL OFav(l-t 10+ (LY TST APATeE OO N34 ATIPLT 27O (LUP7I°
AP PP AP (1919°F O-AT TINIOT LOLAIA=

(LY TGF Ot+q PLANTATO- TIACT ™18 GFD-?

2290 Gav<G (1TAPOT OPT I°I9° ALY Phé- ToIC ALITIPPFIP: 11C 17 L9° (LONL MG PYarg®
AL ALONTA & TFAA: PFI° 17 Gov-Gay AaPANAN APLS AATFD. DAL AATL.PLANG AOEALDY
PP AATLOAL VAP ATt AT CIP:

TGk TAFe APPT PTLnNPOPT 918 107

(LY TGT APAte 290900 Pt 5 91.AL PRI° GG AIRTLONES ATTE ATRTLDN P07t

LmNPOPFA: NHOAL G§avG AL PTUTT AQL- AT ANFD- APTF (L11C 9970, Dav+ avPy avao1ot

emNPNFA::
(HY TGT vdtq 099 LATTD- TPI° I8 10+ ?

LUTT TGT MTUFCO L9146 apavgd® WiLaPPr abm? (LY TGF (19Phdfe NT7HA P91L8T T TPI°
025CP’ Nrek NULTT0 Ot U7 tnFo1, P
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ATGE FOAL GavG AL PILTTD7 Omyt (19 £15 02 (Fehd9® ND Mk AL AD-T hA@- huh.9°T7
A18.1GFG W18.00400% 0,0.72.90: PhCOP TATE PACALTS ACOPT LaPO NPT PMG U376 ANdA.
PrPE W19.LLCT LMPIIA=

PUh9Ps aoZB N7LAm.C MNP et Lo FAD- A28 T 17

QA0 LaM<T TTTFOI° avlBG NTOALD- Gav-G AL HTTD« AP DMyt T.D-AD< ATGE AATT
AF 10 AAACAL LAD-T TITE D97 avl G OHAL LRAT PA AAD- Phg°TAHC PaPls TTWLE DT
Wro.Paop LRI PCAPT T17rE 0TLIM: aPLEPTF TINTI® AIP: AL:AT PAAN RTC AT ParAnA-T7
ALERIPCIC: LRI AHY A1ANT NF P10\ ACALT ATIDP 099, 00FA aPAP RTC TPI° AL
W19DN LLLIA:

ALY 7T TaFd eavreP a1t I8 GFa-

OHY PG aoata av-qe av-h (ACHDP €L e+av( A4 (aPPE NT175 D90 AWTS (1 PTIRLTP av-
a-(FPY ¢EmOP 10 PLI° Gav-G PAaPAM Tt av(1f MNP 1@ hHY OFen14 TGET O tarant
TWED 7 W1 TOE LarmPP MLIP 109 7T a1t Aot ACAL NTLAMT avlE OF47T het
AGPNANAG APSNMC M7 QAT ATLPCNNPT PP PP oG LAMT H1E NFAP Ahact
AIMB PN

PPE AT ORI° TG (LLITAPT I°7% 9984 £1NA
CUTT TS OFavAnrt @E9° NHY ST IC (FFHIPE avple AATLLITav: & 71tG ALIPTF @EI° 1P%
07.0+HAD7 A4 Lmebav-:

TOE? P9LehULEm- A@- (9°: 14 +hie  °aLd; 251914155120 A.°%24; gebreteklu3o@gmail.com

ATMNEPT  &IC AtvECOD% POLA: +251911696085:; A92A:  tsegayeaster@yahoo.com

T.heh 100 P0e.A: +251913724956: A.924: mikias2@gmail.com
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Annex I11-Information sheet Tigrigna version
THAFeT: AsT DY, P14,

QL avpqae A°: 1< ke APOP
Q&L ThA A9 A%0 ANA RZOCAL TOTT chh9PG7 4270 PAE §8 hh9Pq ANG-F¢ TIPUCT h&A.

Rt AN AN LLACAT TOTT hh9°TT 4270 hAE G2 Mh9PT ANG-Fé TIPUCT heA. NIATCA
£ I -2 HOLL: G0 avavld avpQht: ach& FATd T TALIPI° AdD.: (1 Tr9°/ AT AH. aP8S ot
TP0F & PLIY POTPaP LGP E AH, Pode HAe 100 169°5 °0 AZN(: NS HETACI® WY &Tr7 hA(
itk =

qek aaSht ChlL: A G2 DH 184, aP0LA, &CPF HACHT NNCAHI® IPNTET 19N 1949, (LTHT) HTPO-
Ad-ehet G It AN RIPI° @<, Hoea. PULHTE LI° TOTICT aPMTICT JPI°CUICT  TPOPTT A

qet ot PGS GATT:-AM 1549 aP0LA. HACH AOT ALAR G2 Mh9°T hiTd @OL h% ALAR JPCavc.
TR PANC ARx QAR 209°/07 AOH. 008Gt 9P0FE mPIPT IEDT RETI° +avCPIP AN
GRSt A, P85 HE HUAPI® At avch 1avtch NGCA-FPLTTE HHaohlt AR = AOH, aP8GHt:
P0FE Lchd PPO-ATI° Phd HRAN ATHTE A mPoL, hIPHRT A0 A9 @A, PO« 000 =

A 2850t AFPOFF HAOOT® 01T KiFL hEI°?

79°Co0 HNAT £I° A HUANN APT I°%9° G20t HOFA 019° AL T = 11C 17 LI° Al HD-ALN AP
HEOAT §& J°hTII° OTLot huhe AN A% &TH7 BATPNC L9° 79°0NA(0 APE, AHAPLI® G TP QA
HIPLNT ALAR HTT T2PET AAHDOL: §& I°hITI° AI°HT ALVNT=

A @250t A3 4 1P0T HEAR 16T A1 AEI°?

Kt 9850 T9POF G WILAC HATIFPP 5 1A HN@T 9° NFPHO-ALT 1 a8t NIPHD-OA
PoNFoT LLALI® hRx: Nl HADAL LI° HCO(: QDA v Newch ATOVNFE HAPI® AV W11 HE DA
FURGI® JONIOTTH PRAPIO:

A, 0G0t 1PN F€ HChk TEIOHF 2738 hegP ?

Al aP850E 8 TINFCA £ avavlP G 9P IO aom? A 928G Ht NIPOF6EI° HEANP GL T7HA
PPIY, PA', APFHEYAP 0t avb5oE AHCDAN @dhA 17 TP, A09°: v avb5 ot 00 HDAL. LI°
HCNAN @dAF N19 LA APIP: VFOATL ANE T8 LI° M-dA T AD-M. A7TYALP PO AHLI° The- N7

TRIPCoDGT NG ARx: GRI°/HT HATE GRIOUATT T0RIPIAT HAT® O Aé-ch 5 I 1GL G0 7OG Tr1dT7
TPGATT ALAR PLPEFTT THINSG LmPIe:

TR hh9°G avlBR APPATC HAT 9°8Gh HhAd o AR7

AA GF°/F7 IS T &Tr7 948hF R HNSHT 'l DAL LI° HCN G ANG-F6 @-dht Tt
4G ot GATT Téch £O-00: N THI° 7 Hoe WY £T7 90l 8R T HHEAP G2 TLAMC PA HAP G
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NIOTHC Pl BRI TIWLC OO, ThPart LoNC AR GRIY 7 ooVl HIAG ANGI T 9P (9°F ALca
AN ROST ThTPANT A P85 H T AT 7 1H, AT Té-ch HDOA AOI°/A7 F°EAT HNAA TPFEAR
®b6 ANTPT, Tho-0A ho0C Ae:

A, 0850t A4 NITATI® HAPT® (At A3 F L hE9°?

A, 08Go 17 P0G a0 h-192(ch NG/ G Htavhd-t NP0 AN WD &7 A% T7 07 5L
oRlo ST TI°CaPL HNATT LI° HEIPTA aP(ed° HthAD ARz NAH, IH@AT. a2850E (\Htavd
DT &7 421 P 8 9P T7T aP1CY T8 °CHNT aPAN AAPIP: AOIC/AT NHULG aPlART S
019° NNLT7 PPhAAAT °R09CT MPTL, AANH T THPCOACI® b E'rd aPAA, ThUHS IHA%GA ARNCTH
bl

drf KrHORL 0L h% 019° Arth I Ty AL WG 2910R7

IH. a4S ot NHtavdt @2 hG 9PN, aoaG ot NH Al aPAho- 7HITav- 0197 OL NG THUVAPI®
Pt AH® HAOO: AL:é-aFT emPav-:

G avyqae, (90 M4 FhAe A9P0e  AAh Es: 251914155120 k994 gebreteklu3o@gmail.com

aaTNCH:: 1) &/c AtvEC 80%  OANh Ea4: +251911696085  A.7%A: tsegayeaster@yahoo.com

1) “Lhen 1o aah. #os: +251913724956:  A.1A: mikias2@gmail.com

S8 hhI°TANLFS TIVCTERFA F°CIOCT A19°10C7 L€ dah. 4b46: +251 11 275 5170
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Annex-1V: Consent Form (study participants) - English version
Name of main resear cher: GebreTeklu (BSc, M Sc candidate)

Advisor: Aster Tsegaye (MSc, PhD)

MikiasNegash (M Sc, PhD follow)
Funded by: Addis Ababa University
Reviewed by: DREC (AAU)

Resear ch title: Assessment of hematological parameters among gasoline exposed at gas station

workers; community based study, in Mekelle City, Tigray Region, Northern Ethiopia.

If you agree to take part, please read this form and sign the consent sheets at the end. Please tick

off every box, if you agree.

1. | haveread, or it was read to me, the information sheet concerning this study and |

understand what will be required of meif | take part in the study.

2. | am aware of the possible risk and benefits of this study.

3. I know that being in this study is voluntary.

4. | understand that at any time | may withdraw from this study without giving a reason and

without affecting my normal care.

5. My questions concerning this study have been answered by .....................

6. | know that no special payment for being participating in the study.

7. 1 agreeto take part in this study.

Name of Participant’s obtaining the Informed Consent: Sign
address ID No

Name of deponent Sign (For participant’s unable to read)
Name of counselor nurse Sign
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Annex-V; Consent form Amharic version
he

06 2LV VD98, PR

PCEY 09.P0ULM- A@- A9°E 4 Hhe hgeag
A9TNSPTE 1. &/c hAtvkC 89%
2. 7.hen 1,08

etdav. (9P AL.0 ANA RLOCAE PUNICT § MG AN DAL 2hh9°T ANC-P6 TIUCT hed

A70C L2210 &CP-T: ~4.0 ANA R70CHT:
&L (en.: VNPT ANC-FS TIPUCT h&d RI°CIPCS A71-9°90C (.C

ePGh ChO:Y OFFALR 188 9980 09904 (S TET NI T PN 20T NLIPFD- (HALR PLI° 4L 1T AL
P49 Pa M@+ 181 Ao My ATIDP 1O~ ::

Aaea-+§ 09790 A0 P LU P& LN AS (9P6R.LAT° POI°IOrE DLPpPTT L.4.Cov-

A0h® ht0Tiav h018 78 A7 AL AT P&CTH:

1. U777 PGF (FarAnt 9124077 avl8 A TNLPAU-: AS TG E AL DtdARTY °7 AT291. NP0y
deeFavs ]

2. (Y TGF AFC MTLTFAD: 58D 76 PP Aa-keav-: L]

3. (LY PG 00T OGP (E LT PPrT hodeav- = ]

4. QFTHEDG° L, Wy P19 QAT AG @005 AT-N0ET 4L1h Ly 76+ Aom kv [
5. (LY TG+ 00T P07 TeEPT (a0CE anane- +ovaao-agas: [

6. 175 DT APAFE I7I9° AR hEe AHRAN Ad-beav= [

7. LY TG+ Aavat§ hae9o9np-: [

A 4.0 (F° X2} &G Nid

NAPerET Po 91NN U8 N HAFLPT

PaTTSOI° X2} &G +7

eav /8 ANAN. Q9P 4CTY +7
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Annex VI-Consent form Tigrigna version

ne
qL GFL avg 19, T4,
Ge avpqae, f9°: M0 Rk Ageag
RUTACT: 1) &/c AttC 00%

2) “1.ea 100
A70C HI0C £CF-T: A4.0 AN R70CHT:
GPL OY(: T hh9°F ANe-F¢ FIPUCT h&A. T I°CI°CT A1-9°10C7 (L.C

qek avdQht CANL:-A 199, aP0LA.7 P0G I8 7 HACHT NOCAI® PPN 0184, (LZH.7) HTPPo-
Oé-chtG 3 Al £9P9° @G, Hie G PUSIT LI° POTI®T aomGI° 900 $7E

AN, 02050E: 19PN 6 &FLT ATFDLTIICINETrI° N7 AL Pdd Hoe G746 9°70N AN G0 O9°9°0 OLP T+
£4.Cav=AAN, PO FATITP0~ A (h&h AT8-P PANT L1014

1. OO Al 08GO E Udchd. G o LT KHLOP DL G ALY AN, T8GHE WPAFE A6 FPHLA
teenn e L]

2. KOHo8GOE NUAR WAL 07917 TFPPY LAm A¢ = L]

3. KK, a0G o WPF G NFFLTYE I tefhy hoer L

4. WO, 8GHE: A0 WRIETT A% 9742 RIPHRAA ekt hevs L

5. KAl a00GoE: O, W04y, A HarAnae hes ]

6. Wl P05t DT, AFNFEL FHP ALY REAT NIHLDYNY & hes L

7. W, ao0G0t: WP0HG e0gos AT |

GQ t+AF4lét 0I° XA &CT oot

At G AF°I°0 GrPé TP0NT HE AAN HAtet:

e A7TRS (9P W8 &G99 ont

A& aLange® &G o0t
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Questionnaire Design

An English language questionnaire form was prepared by researcher, translated to Amharic and
then to Tigrigna version. A meeting interview was done to use for filling in the questionnaire
after taking their consent. All interviews were conducted face to face by one investigator I. Most
guestions are one of two types: the yes/no question, which offers a dichotomous choice; and the
multiple choice question, which offers severa fixed alternatives. The questionnaire includes
several areas of questions such as socio-demographic characteristic (address, age, marital status
and education), work duration, and personal protective equipment in use. Workers were asked to
provide information on personal hygiene practices and habits such as: smoking, drinking, eating,
chewing gum, milk consumption and taking shower at work site. Several questions related
workers knowledge's were included such as routes of benzene entry into human body, and

benzene as environmental pollutant.
Pilot study

Pilot study was done at three gas stations out of Mekelle City which is Wukro City for 6 workers
prior to beginning of data collection to know the quality and clarity of questionnaire and to
evaluate the outcome. At the end of the pilot study, a comprehensive revision to questionnaire

was made and modified as necessary. The pilot subjects are not included in the study.
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Annex VII; Structured Questionnaire for Gasoline exposed Study participants
Title; Assessment of hematologica parameters among gasoline exposed at gas station workersin
Mekelle City, Tigray Region, Northern Ethiopia.

Seriad No/ [/ ]
Date: / /2017/18

Name of facility (optional) Institution code
Kifle Ketema Woreda Kebelle

Respondent’s identification code:

Address;

Tel:

Note; please encircle or writethe appropriate answer on the space provided.

|. Socio-demographic characteristics

1. Sex: (1) Mae (2) Female
2. Age(Years):
3. Marital status: (1) Single (2) Married

4. What is your higher level of education?

(2) Hliterate (2) reading & writing (3) elementary (4) Secondary School (5)
Diploma/University and above

1. Work experience and duration of exposurerelated information
5. What is your type of work?

1. GasFueling 2. Mechanics 3. Cashier 4. Other specify.............
6. How long have you worked in the gas station? (Y ears of work)..........

7. How many hours you work at this station per day.......... Days per week-----------
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8. What was your previous job(s) and for how long?

9. How frequency does you wear the following at your work place?

9.1 Gloves (2) Always (2) Frequently (3) Sometimes (4) Often (5) Never

9.2 Hat (1) Always (2) Frequently (3) Sometimes (4) Often (5) Never

9.3 Respirator/Mask (1) Always (2) Frequently (3) Sometimes (4) Often (5) Never

9.4 Special shoes (1) Always (2) Frequently (3) Sometimes (4) Often (5) Never

9.5 Overdl (1) Always (2) Frequently (3) Sometimes (4) Often (5) Never

10. If you have not worn any of the equipment listed above what is the reason?

(1) Not provided (2) Not-comfortable (3) Not necessary  (4) Carelessness (5) other, spe

11. During work are you doing the following?

11.1. Drinking (1) Yes (2) No
11.2. Eating (1) Yes (2) No
11.3. Chewing gum (1) Yes (2) No
11.4. Mouth sucking fuel (1) Yes (2) No
12. Do you smoke tobacco/cigarette? (1) Yes (2) No

13. If your answer to question No 12 is Yes, How many pieces of cigarettes on average do you

smoke per day?

14. Do you take ashower at work site before going home? (1) Yes (2) No
15. How frequently do you drink milk?

(1) Always (2) Frequently (3) sometimes (4) Often (5) Never

16. According to your knowledge, is gasoline an environmental pollutant?
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(1) Yes (2) No
17. Do you know that, exposure to gasoline has an adverse health effect?
(1) Yes (2) No

18. According to your knowledge, by which of the following pathway do you think gasoline

enters into the human body?

18.1. Inhalation (1) Yes (2) No
18.2. Skin (1) Yes (2) No
18.3. Mouth (1) Yes (2) No

19. Have you been attending any training course(s) in health hazards of gasoline exposure?
(1) Yes (2) No

20. If yes for No 19, please specify the institution(s) or any other sector, which conducted the
COUPSE(S)? e.nteueeteeeesteestesteeeesteesteeseesbeeeesae e be s st e sbeetesaee st e e neeeneesseensesneenens

21. Have you seen or hear about gasoline poisoning or death cases?

(1) Yes (2) No

22. Have you been diagnosed before hiring to this work for any anemia or malignancy?
(1) Yes (2) No

23. If yes for number 22, what is the treatment you are taking or taken, please write the type of
treatment.........ccoeceeeiie e ?

Thank you very much for your participation!!
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Annex-VII1; Questionnaire Amharic version

ao PP
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8. ALY ¢- haeO 4P 04 9°7 L0G 1042 ANTE “lHy PUNP---------====mmmmmmmmmev
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9.1.¢a% a7 (1) vt I (2) KHO<HE ()N I (4) A28 K7€ N, (5) 46T

9.2. aczM (1) v 9 (2) AHO<HE ()N I (4) 4722 K& N, (5) 46T
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12. ©L (P havg 2P (&4 GoC Lonsa? (1) AP (2) fag

13. @4+ NA9° 7t 9°7 LUA L Ni?
(1) vte i, (2) aHOAe  (3) NH- 9 (4) K978 9 (B) .69°
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15. 3T MST &84 e PHAA-? (1) h® (2) eage
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(D)a® (2) fag
20. (¢~ £PC 19 ANP AP NPT PITO. EnG +ET° DRI° QAL (9° L4.........
21, AL7HT P29 PFava @EgP PPt A@. P@-FPae? (1) AP (2) eage
22. hHLY 01&- NPEaoCP (141 2297 971 DRI° L29° NUAC FLH PD-PA?

(1) h9 (2) eag®
23. NHY 04T ORI Ao LTL.ONG a1 hA? (1) h® (2) eage

24. (£TC 23 PANP AP NUIE QLY 1 AR 9Gemnmmmmmmennemmmmmnaae

Thank you very much for your participation!!
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Annex-IX; Questionnaire Tigrigna version

ameP

aGAL.: Lt +ERI° NI Set: +Rge ne:

hea htay (Y23 P00 Ge, aopPd N ... e tatet
DGARBHG. ... OO,

Set apGht: AChNE: AN 199 aP0LA. HACHT NNOCHI® U070 F N159 HTPO~ Aé-chtG I AN LIPI°
@O0, Hie HHEANL G0 PRUIT LI° POTIPT apmGavT mPIOt: J°Cavs-J1 90097,

avt+AhAA(L: 05T9° HRhAT W PAN Pht @2 hG Lohg:
12 h44: G TIh0GE? 106 T HPPANE bt

1. 25 (1) o8 (2) AL
2. OReP oo
3. T+t H8C (1) nah AHA8C (2) Hgtarcoo/

4. G0 FICUCT 848
(1) Het9ve (2) 107 Pohe? (3) 1l 1-8 hed, (4) il 9-12 hed, (5) 4 Ta/ L1877 ddichT
22 h4-A: °a it 1OS Hhthdl et

5. G (\e-ch AOLN° 70 h;
(1) 184, Pav-an (2) avnzha (3) THHATAL/A (4) DAR ATHNEE BB -------mmmmm-

6. A (I Ad-ch @O h72L.8 I HAhA ACAI®/hT? --- ---

7. &l (éch P2209° A a2t N2RL A% LACA/ch? ----------- A0 407 1 N28L %A RACh/h?---
8. A 01éch PLIY, PPNE-hTI° W18 BNCchelch 18CTP/E7T? —--mmmmmmmmmm e M728e I NANA?-------
9. T1H® AONG® HAGL §& AD-rH aPhANA, aPAChI T (d-ch Al HAChK “IH 17205 HANA & PPar-?

9.1. 68 ALarr (1) Tradd (2) ooNHadAM (3) HH@AT @AATFFF (4) hehdrg« (5) PAhTE:

9.2. 0C3M (1) Teadis (2) eoHhthat (3) HHOar gttt (4) hhdd (5) PAhIE

9.3. 6@ 1900l (1) Tetdd (2) aoHehthath (3) NHOAR aGatF T (4) hehdrd  (5) PAhTE:

9.4. 1419 (1) Teadd (2) oo ThM (3) WO oGt HT (4) hehdrd  (5) PATE:

9.5. 297 (1) Teads (2) eomthat, (3) HHoar At T (4) hhdd  (5) PAKTE

10. A0 b 9 HEmPe G8 AD-1F PNATA, ACHI T HE TP NIHDRTI VRIOPIO/ T W10 W2
(1) APCrt 207 (2) AAHTILF (3) ALAR AAHLTY (4) LT (5) Ak ATFARRANG-...........
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11. A0 HAChHK 03 1HI® Poded® HAD. NA-NTHH L Pav</a) 27

11.1. P90 AQ Qé~ch 03 PPN (1) ho (2) Aoy

11.2. #90th 9°meh (1) ho (2) A@heh?

11.3. NAE°/877 VAT PPN T (1) x@ (2) hearr7
12. 094 20/ & (Pe(e/A &)? (1) xo (2) Afen.07
13. vt ®04C 12 aPAOIP/OT @ KDL NGt 19TATAL h72e Th (pack) T10¢- &pdav</aq?
14. G0 THAI®/WT PR, FPRLIPR7T ADC LONS/4 &7 (1) ho (2) heon

15. 60 A0 (> 07288 HADA I £OTR/E?
(1) s (2) N2, (3) erHhth (4) hhdd (5B) PALTE

16. 37 7O A2 MAAT PP8A ARANP/AT BN/ 22 (D) A®  (2) ARhdN?

17. Q3T 7RO 18R A AMeFP/AT Bhdlr/Q 22 (1) ho (2) AR
21. Al - Fbs 17 avAOPIAT hO A PFRLRIILT 0958 0118, 60 ANTH OTm. hivk & AAA?
21.1.00F 7 ARNATTNOTM, PRFO: (1) A (2) hed AT
21.2. ngcot (1) ho (2) hed AT
21.3. Nas (1) ho (2) hed AT

22. (1 (V7.7 (199.) HIP8A T&AT HEUA AAMS THAENI®/AT Lom/M &2 (1) A®  (2) ALLATT
23. et e B4 22 aPAGIP/0T A KDL AAMS HY0 L L 1% A 2ANG/T...............
24. A07T PPN Hehavao @Q nG U (N LAm/M &7 (1) ho (2) hdATT?

25. AQlH. (d-ch $LT, JOBTICI? 77 G0 Pehl: LI° ML, NG GL LI° NINC I hHI® LM/ M &7
(1) ho (2) hBLATT

27. $L99, hil. @L NG hH. HOALP G0 LYyt GO IFRITAR LhhG /G mmm oo
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Annex-X; standard operating procedures
SOP for blood collection

Equipment

» 21 gauge needle for each participant with closed vacutainer system

Blood collection tubes for each participant
e Tourniquet

» Box of nitrile/vinyl gloves

e 70% Alcohol wipes

 Cotton balls/swabs

» Bandages

Disposable, single use materials or equipment are to be used whenever possible

* Any reusable materials or equipment must be cleaned and disinfected with alcohol-based
sanitizers before use with another participant

Safeguar ds/safety procedures
* A new pair of disposable latex/vinyl gloves is used with each participant.

Gloves are for single-procedure use only. Gloves should always be removed using a glove-to-
glove or skin-to-skin technique which will prevent contaminating the hands.

» The use of gloves does not replace the need for hand hygiene. Hands should be properly
washed before the gloves are put on and after the gloves are removed. Hand hygiene is also
needed before and after the replacement of gloves during a procedure or in between tasks.

* Participants are reminded to do no heavy lifting for 24 hours.
Procedurefor drawing blood
Steps 1; Assemble equipment

Collect al the equipment needed for the procedure and place it within safe pack which is simple
for transport to collection site and place easy reach on a flat surface table ensuring that al the
items are clearly visible.

Step 2; Identify and prepare the participants and allow to sit comfortably preferably be stretching
his’her arm
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Step 3; Perform hand hygiene and put on gloves
Step 4; Select the site of injection
Step 5; Apply the tourniquet

Step 6; Prepare the arm by swabbing the antecubital fossa with a gauze pad or cotton moistened
with 70% alcohol.

Step 7; insert the needle properly into the vein
Step 8; draw the required amount of blood
Step 9; Fill the laboratory sample tubes and mix properly

When obtaining multiple tubes of blood, use evacuated tubes with a needle and tube holder.
This system allows the tubes to be filled directly. If this system is not available, use a
syringe or winged needle set instead.

If asyringe or winged needle set is used, best practiceisto place the tubeinto arack before
filling the tube. To prevent needle-sticks, use one hand to fill the tube or use a needle
shield between the needle and the hand holding the tube.

Pierce the stopper on the tube with the needle directly above the tube using slow, steady
pressure. Do not press the syringe plunger because additional pressure increasestherisk of
hemolytic.

Where possible, keep the tubes in a rack and move the rack towards you. Inject
downwards into the appropriate colored stopper. DO NOT remove the stopper because it
will release the vacuum.

If the sample tube does not have a rubber stopper, inject extremely slowly into the tube as
minimizing the pressure and velocity used to transfer the specimen reduces the risk of
hemolysis. DO NOT recap and remove the needle.

Before dispatch, invert the tubes containing additives for the required number of times (as
specified by the local |aboratory).

Step 10; Draw samples in the correct order and label the sample using unique code of
participants.

Step 11; Clean contaminated surfaces and compl ete patient procedure.
Step 12; Prepare samples for transportation.

Step 13; Clean up spills of blood or body fluids.
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SOP for haematology analyser SYSMEX —XP - 300

The Sysmex XP-300 performs areliable analysis of 20 parameters CBC, including a 3-part WBC
differential and displays analysis results in 3 histograms on the LCD screen. In addition, the
analysis data can be printed on the internal/external printer. Analysis is possible in whole blood
mode as well as in pre-diluted mode. For this reason, the XP-300 can also be used with a minute
amount of blood (Minimum required volume: 20 pL when analyzing in pre-diluted mode).

Principle
This instrument performs blood cell count by DC detection method.
DC detection method

Blood sample is aspirated, measured to a predetermined volume, diluted at the specified ratio,
and then fed into each transducer. The TD chamber has a minute hole called the aperture. On
both sides of the aperture, there are the electrodes between which flows direct current. Blood
cells suspended in the diluted sample pass through the aperture, causing direct current resistance
to change between the electrodes. As direct current resistance changes, the blood cell size is
detected as electric pulses. Blood cell count is calculated by counting the pulses, and a histogram
of blood cell sizesis plotted by determining the pulse sizes. Also, analyzing a histogram makes it
possible to obtain various analysis data.

Non-cyanide hemoglobin analysis method

Non-cyanide hemoglobin analysis method utilizes the advantage of both of Oxyhemoglobin and
cyanmethemoglobin. Noncyanide hemoglobin analysis method rapidly converts blood
hemoglobin as the Oxyhemoglobin method and contains no poisonous substance, making it
suitable for automated method. Being capable of analyzing methemoglobin, this method can
accurately analyze control blood, etc. which contain methemoglobin.

Blood cell discrimination circuit
WBC, RBC, and PLT are discriminated and calcul ated by the following blood cell discriminator.
WBC discriminator

Asto WBC lower discriminator, the optimum position in 30 - 60 fL is automatically determined
by the microcomputer. WBC is calculated from the particle counts more than this lower
discriminator.

RBC discriminator
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Asto RBC lower discriminator and upper discriminator, the optimum position in 25 - 75 fL and
200 - 250 fL, respectively, are automatically determined by the microcomputer. RBC is
calculated from the particle counts between this lower discriminator and upper discriminator.

Platelete discriminator

Asto Platelete lower discriminator and upper discriminator, the optimum position in 2 - 6 fL and
12 - 30 fL, respectively, are automatically determined by the microcomputer. Platelete count is
calculated from the particle counts between this lower discriminator and upper discriminator.

Analysis parameters
Thisinstrument provides results for the following parameters:

WBC: Number of leukocytes (Analysis principle: DC detection method), WBC count in 1
pL of whole blood).

RBC: Number of erythrocytes (Analysis principle: DC detection method), RBC count in 1
pL of whole blood).

HGB: Hemoglobin (Anaysis principle: Non-cyanide hemoglobin analysis method)
Concentration (gram) of hemoglobin in 1 dL of whole blood.

HCT: Hematocrit value (Analysis principlee RBC pulse height detection method). Ratio
(%) of whole RBC volume in whole blood.

MCV: Mean RBC volume (fL) in whole blood. The volume is calculated by HCT/RBC.
MCH: Mean hemoglobin concentration (pg) per RBC. The concentration is calculated by
HGB/RBC.

MCHC: Mean RBC hemoglobin concentration; Mean hemoglobin concentration (g/dL).
The concentration is calculated by HGB/HCT.

PLT: Platelet (Analysis principle: DC detection method). Platelet count in 1 pL of whole
blood.

LYM% (W-SCR): WBC-Small Cell Ratio, Ratio (%) of small cells (the lymphocytes) to
whole WBC.

MXD% (W-MCR): WBC-Middle Cell Ratio, Ratio (%) of middle cells (the mixed
population (EO, BASO, MONO)) to whole WBC.

NEUT% (W-LCR): WBC-Large Cell Ratio, Ratio (%) of large cells (the neutrophils) to
whole WBC.

LYM# (W-SCC): WBC-Small Cell Count; Absolute count of WBC-small cells (the
lymphocytes) in 1 uL of whole blood.

MXD# (W-MCC): WBC-Middle Cell Count; Absolute count of WBC-middle cells (the
mixed population (EO, BASO, MONO)) in 1 pL of whole blood.

NEUT# (W-LCC): WBC-Large Cel Count; Absolute count of WBC-large cells (the
neutrophils) in 1 uL of whole blood.
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RDW-SD: RBC distribution width - SD The distribution width (fL) at the height of 20%
from the bottom when the peak RBC particle distribution curve is taken as 100%.
RDW-CV: RBC distribution width - CV RBC distribution width (%) calculated from the
points defining 68.26% of the entire area spreading from the peak of the RBC particle
distribution curve.

PDW: Platelet distribution width. The distribution width (fL) at the height of 20% from the
bottom with the peak of platelet particle distribution curve taken as 100%.

MPV: Mean platelet volume, Mean volume of platelet (fL).

P-LCR: Large platelet ratio Ratio (%) of large platelet volume exceeding 12 fL to the
platelet volume.

PCT: Plateletcrit Ratio (%) of platelet volume to whole WBC

Reagents,

» CELLPACK; isadiluent used to dilute aspirated analysis samples in order to measure an
RBC count, WBC count, hemoglobin concentration and platelet count.
» STROMATOLY SER-WH; is areagent used to lyse white blood cells in analysis samples

in order to measure aWBC count and hemoglobin concentration.

» CELLCLEAN; is a strong alkaline detergent used to remove lyse reagents, cellular
residuals and blood proteins remaining in the hydraulics of the instrument.

» EIGHTCHECK-3WP; is control blood for testing the precison and accuracy of

hematology analyzers.
Throughput; Approximatly 60 whole blood specimens/hr depending on mode used.

Quality Control

The reliability of this instrument and reagents is monitored by quality control. By use of control
blood or control materials the stability of the measured value is monitored over a certain period
of time, and problems can be detected early or prevented.

Control material

The control materials, EIGHTCHECK-3WP-N (Normal), EIGHTCHECK-3WP-L (Low level)
and EIGHTCHECK-3WPH (High level) are used. These are equivalent to Low, Norma and
High level.

Specimen
Specimen Type/Stability/Storage

Some anticoagulants will alter test results due to their effects on hemolysis and blood platel et
agglutination. Therefore, use EDTA-2K, 3K or 2Na as the anticoagul ant.
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Specimens should be stored at room temperature of 18 - 26°C or in the refrigerator of 2 - 8°C. If
stored in a refrigerator, samples should be returned to room temperature, for approximately 30
minutes, before analysis. Otherwise correct results may not be obtained.

Equipment and appar atus
Sysmex XP-300

Procedure

Instrument Start-Up

01.8.2 . Running Controls
01.8.3. Running Patient Samples
Internal Quality Control

Control samples will be analyzed by the L-J control programs, and the data will be stored in the
quality control file. At least two levels of controls should be run before analyzing the patient
samples. L-J program uses the results from one analysis as one control data. In this lab we will
use the L-J program.

Hematology Adult Normal Ranges

Instrument Used: SYSMEX -XP-300

PARAMETER REFERENCE RANGE
Red Blood Cell Count (RBC)
Men 45-55x 10"/
Women 3.8-4.8x 10"
Haemoglobin (Hb)
Men 13- 17 g/d
Women 12-15g/d
Haematocrit (HCT)
Men 40-50 %
Women 36-45%
Mean Cell Volume (MCV)
Men 83 - 991l
Women 83 -99fl
Mean Cell Haemoglobin (MCH)
Men 27-32pg
Women 27 -32pg
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Mean Cell Haemoglobin Concentration (MCHC)

Men 32-34 g/l
Women 32-34gd

Red Cell Distribution Width (RDW) 11.6-14.0%

White Blood Cell Count (WBC) 4-10 x 1071

Differential White Cell Count (Diff)

Neutrophils 40-80% (2- 7 x 107/
Lymphocytes 20— 40 % (1 - 3 x 10%1)
Monocytes 2-10 % (0.2 — 1.0 x 10%1)
Eosinophils 1-6% (0.02- 0.5 x 10%1)
Basophils <1- 2% (0.02- 0.1 10%)

Platelet Count 150 — 400 x 10/

MPV

Female 7.2-10.4 FL

Male 75-11.5FL

PDW 9-14 FL
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