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ABSTRACT

Aim: To determine if oil exploration and production in Ohaji/Egbema and Oguta LGAs have
resulted in carcinogenic effects for a specific lifetime from exposures since our secondary data
have shown a high percentage of cancer cases from the two LGAs.

Study Design: This was a comparative study aimed at determining whether oil exploration and
production in the selected LGAs had resulted in carcinogenic effects for a specific lifetime.

Place and Duration of Study: Ohaji/Egbema, Oguta, Mbaitoli and Onuimo LGAs, Imo State,
Nigeria, between June 2014 and August 2018.

Methodology: Haematological estimations were carried out at Silver Press Laboratory, Owerri,
Nigeria. The Neubauer counting chamber was used in red blood cell count after the addition of red
blood cell diluting fluid. The Neubauer counting chamber was used in white blood cell count after

*Corresponding author: E-mail: benedicteke@yahoo.com;
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blood samples.

producing localities.

the addition of Turk solution. The platelet was also counted using the Neubauer counting chamber.
The differential white blood cells were counted manually after smearing the Leishman’s stained
drop of blood onto a glass slide. Olympus CX21FS1 Binocular Microscope was used to examine all

Results: The oil-producing LGAs recorded 89% clinically diagnosed leukaemic cases while the
non-oil producing LGAs recorded 11% and all results correlated strongly (r = 0.997) with the
University of Nigeria Teaching Hospital, Enugu Cancer Registry data.

Conclusion: Overall results have indicated a high level of contamination and exposure in the oil-

Keywords: Imo State; oil exploration; blood samples; haematological estimations; leukaemia.

1. INTRODUCTION

Naturally Occurring Radioactive Materials
(NORMSs) such as YK, Ra and **’Th are
present in many geological materials and are
consequently encountered during geologically
related activities. NORMs have the characteristic
that, owing to their wide distribution, they give
rise to a very much larger radiological effect on
the public than that caused by the nuclear
industry and other anthropogenic sources of
radiation [1]. Technologically Enhanced Natural
Radiation (TENR) is used on exposure to natural
sources of radiation that would not occur without,
or which is increased by, some technological
activities not expressly related to the radioactive
nature of the materials [2]. Oil and gas
production and processing operations sometimes
cause naturally occurring radioactive materials
(NORMs) to accumulate at elevated
concentrations in by-product waste streams [3].
The sources of most of the radioactivity are
isotopes of uranium-238 (U-238) and thorium-
232 (Th-232), which are naturally present in the
subsurface formations from which oil and gas are
produced [3]. Naturally occurring radioactive
materials generated by the petroleum industry
may be divided into two general categories: (1)
wastes containing radium isotopes and their
progeny and (2) wastes containing only lead-210
(Pb-210) and its progeny. For the radium-bearing
wastes, the primary radionuclide of concern is
radium-226 (Ra-226) of the U-238 decay series.
Radium-228 (Ra-228), of the Th-232 decay
series, also occurs in these NORM wastes but is
usually present in lower concentrations. Other
radionuclides of concern include those that form
from the decay of Ra-226 and Ra-228 [3]. The
production waste streams most likely to be
characterized by elevated radium concentrations
include produced water (that is, the water
produced along with the hydrocarbons), scale
and sludge [3]. Produced water is a combination
of formation water which occurs naturally in the

reservoir and water injected into the well to
increase pressure necessary for extracting oil [4].
Radium, which is slightly soluble, can be
mobilized in the liquid phases of a subsurface
formation and transported to the surface in the
produced water stream. Dissolved radium either
remains in solution in the produced water or, if
the conditions are right, precipitates out in scales
or sludges [3]. A separate category of naturally
occurring radioactive materials wastes exists.
This category includes wastes that do not contain
any radium but do contain Pb-210, which is a
decay product of Ra-226 and its progeny. These
wastes accumulate inside gas processing
equipment from the decay of radon-222 (Rn-
222). The Pb-210 may be present in elemental
form, as a chemical precipitate, or as an
integrated constituent of the equipment metal.
Total radium concentrations depend on the
amount of radium present in the subsurface
formation, formation water chemistry, extraction
processes, treatment processes and age of
production. Radium is brought to the surface in
solution in produced water and as a result, a
higher water production rate, such as is
characteristic of older fields, can result in
increased NORM concentrations [3]. When
radium-bearing produced water, scales or
sludges are released to the ground, the soaill
becomes contaminated with concentrations of
radium [3]. The investigation and regulatory
control of the impacts of most of these wastes
have been overlooked by federal and state
agencies while stringent controls have been
placed on X-ray and other man-made sources of
radiation. As a matter of fact, most oil firms use
the environment as a free disposal system,
endangering the lives of people exposed to
radium-contaminated water and soil. The major
radiological health concern from exposure to
NORM is the potential induction of cancer [3].
Human and animal studies showed that radiation
exposure at low to moderate doses might
increase the long-term incidence of cancer [5];
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[6,7]. The development of radiation-induced
cancer is a stochastic process and is considered
to have no threshold dose, that is, the probability
of occurrence, not the severity of effect,
increases with dose, and there is no dose level
below which the risk is zero. Cancer is a public
health problem worldwide affecting all categories
of persons. It is among the leading causes of
death in developing countries. Besides, 12.5% of
all deaths are attributable to cancer and if the
trend continues, it is estimated that by 2020, 16
million new cases will be diagnosed per annum
out of which 70% will be in developing countries
[8]. As stochastic effects of radiation have no
thresholds and can cause cancers or genetic
modifications, of which the curing rates are rather
low to date, they become a major subject of
research in radiation protection. Leukaemia is a
type of cancer found in the blood and bone
marrow and is caused by the rapid production of
abnormal white blood cells. These abnormal
white blood cells are not able to fight infection
and impair the ability of the bone marrow to
produce red blood cells and platelets [9].
Leukaemia can be either acute or chronic.
Chronic leukaemia progresses more slowly than

acute leukaemia, which requires immediate
treatment. Leukaemia is also classified as
lymphocytic or myelogenous. Lymphocytic

leukaemia refers to abnormal cell growth in the
marrow cells that become lymphocytes, a type of
white blood cell that plays a role in the immune
system. Thus, high lymphocytes count may
indicate leukaemia. In myelogenous leukaemia,
abnormal cell growth occurs in the marrow cells
that mature into red blood cells, white blood cells,
and platelets. There are four broad classifications
of leukaemia: Acute Iymphocytic leukaemia
(ALL), Acute myelogenous leukaemia (AML),
Chronic lymphocytic leukaemia (CLL), Chronic
myelogenous leukaemia (CML) [9]. Leukaemia
occurs in both adults and children. ALL is the
most common form of childhood leukaemia, and
AML is the second most common. The two most
common adult leukaemia are AML and CLL [9].
Although experts are uncertain about the causes
of leukaemia, they have identified several risk
factors that include the following: exposure to
high levels of radiation, repeated exposure to
certain chemicals (for example, benzene),
chemotherapy, Down Syndrome, a strong family
history of leukaemia [9]. A complete blood count
(CBC) is usually conducted to determine if one
has leukaemia. This test may reveal if leukaemic
cells are present. Abnormal levels of white blood
cells and abnormally low red blood cell or platelet
counts may indicate leukaemia [9]. According to

[10], normal ranges for White Blood Cell (WBC),
Red Blood Cell (RBC) and Platelet (PIt) are (5-
10) X 1,000/mm°®, (4.2-6.1) X 1,000,000/mm?
and (150-450) X 1,000/mm® respectively.
Mammalian blood contains 5 different types of
white blood cells which can be distinguished by
staining with dyes. The Difquik kit provides a
rapid method for this purpose. In differential
white cell count, the percentage of each type of
leukocyte (white blood cell) present in blood is
determined. The 3 types of white cells,
neutrophils, eosinophils and basophils are
described collectively as granulocytes. The 2
other types of white cells are lymphocytes and
monocytes and are described collectively as
agranulocytes. Deviations of different white cell
counts from the normal values often indicate a
diseased state [11]. According to AACC [12],
normal ranges for neutrophil, eosinophil,
basophil, monocyte and lymphocyte are (50-
70)%, (1-4)%, (0.5-1.0)%, (2-8)% and (20-40)%,
respectively. Other laboratory features of blood
samples may be used to diagnose acute and
chronic leukaemia. Treatment depends on one’s
age, general health, and type of leukaemia. A
combination of treatments that could include
chemotherapy, biological therapy, radiation
therapy, and stem cell transplantation might be
received. Patients with acute leukaemia often
undergo chemotherapy because this type of
treatment targets fast-dividing cells. Many acute
leukaemia patients have responded successfully
to treatment [9]. On the other hand, because the
cells divide more slowly in chronic leukaemia, it
is better treated with targeted therapies that
attack slowly dividing cells as opposed to
traditional chemotherapy that targets rapidly
dividing cells [9]. As soon as leukaemia is
established, talking with a pathologist is critical
as regards treatment. Imo State, one of the nine
(9) Niger Delta States, was created on the 3" of
February, 1976. The State lies with latitudes 50
40" and 7° 5" North and longitudes 6° 35" and 8°
30" East [13]. Imo State covers an area of 5,100
km? [14]. According to the national census of
2006 and estimations for subsequent years, Imo
State has a population of 3,927,563 made up of
1,976,471 (males) and 1,951,092 (females). The
National Population Commission projected that
the population of the state should reach about
4,038,713 in 2010 using a 2.83% growth rate
[15]. There are 27 Local Government Areas
(LGAs) in Imo State. They include: Aboh Mbaise,
Ahiazu Mbaise, Ezinihitte Mbaise, lhitte Uboma,
Ehime Mbano, Ideato North, Ideato South,
Ikeduru, Isiala Mbano, Isu, Mbaitoli, Njaba, Ngor
Okpala, Nkwerre, Nwangele, Obowo, Oguta,
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Ohaiji/Egbema, Okigwe, Onuimo, Oru East, Oru
West, Orlu, Orsu, Owerri Municipal, Owerri North
and Owerri West. Imo State is located in the
eastern part of Nigeria. It is located
between Anambra State in the North and Rivers
State in the South. It is bounded on the East by
Cross River State and Akwa Ibom State
and on the West by the River Niger. Imo State
derives its name from Imo River, which takes its
course from the Okigwe/Awka Upland. The
sampling LGAs include Ohaji/Egbema, Oguta,
Mbaitoli and Onuimo and cover the areas of 890
km? 483 km® 204 km’ and 87.0 km’
respectively [14]. Ohaji/Egbema, Oguta, Mbaitoli
and Onuimo have the populations of 182,891,
142,340, 237,474 and 99,368, respectively [15].
From 1956, when first oil well was successfully
drilled in Nigeria, scrambling for Nigeria’'s
resources by Europeans took on a new
dimension [16]. In 1964, oil production and
processing operations started in Ohaji/Egbema
and Oguta LGAs, Imo State, Nigeria [17]. OIl
production and processing operations are carried
out in Ohaji/Egbema LGA by Shell Petroleum
Development Company (SPDC) and
Waltersmith Petroman Oil Limited (WPOL) and in
Oguta LGA by Nigerian Agip Oil Company
(NAOC) now called Addax Petroleum
Development Nigeria Limited (APDNL) and
Chevron Nigeria Limited (CNL). Currently, the
production level in the LGAs is about 7,500
barrels per day [18]. Ohaji/Egbema and Oguta
LGAs, apart from being the oil-producing areas
of the state, are inhabited mainly by farmers.
They subsist mainly by raising livestock and
involvement in other types of agriculture. It
should be noted that there are no chemical nor
other industrial processes in Ohaji/Egbema and
Oguta LGAs apart from oil. The physical
infrastructure of those oil producing areas is poor
and there are two general hospitals in the areas,
General Hospital Egbema (GHE) and General
Hospital Oguta (GHO). More than 40 oil wells
surround the two LGAs. Most of the oil wells are
just a few meters from residential houses and
farmlands. The Flow Station and the wells
dispose of waste in the rivers that traverse the
towns. Those rivers are used by the population
for drinking, cooking, bathing and washing of
clothes. To the best of our knowledge, Mbaitoli
and Onuimo LGAs do not have any oil wells and
will serve as our control LGAs. Again, there are
no chemical nor other industrial processes in
Mbaitoli and Onuimo LGAs. According to
Muanya [19], more Nigerians are at a greater risk
of developing different types of cancer due to
exposure to crude oil pollutants. In response to

communities concern about the health effects of
oil pollution, Egbema and lzombe towns in
OhajilEgbema and Oguta LGAs, respectively
surrounded by oil wells were visited in June
2014. Preliminary investigations showed that,
there were reoccurring cases of oil spillage in
Egbema, Izombe and other towns in
OhajilEgbema and Oguta LGAs which had
become the norm, there was severe gas flaring
at Obokofia town in Ohaji/Egbema LGA where
SPDC Flow Station is located which had
equally become the norm, Sucker Pits were used
in gathering crude waste which overflowed
during rainy season, crude waste was disposed
of at uncovered Waste Pits at least four times in
a year, crude waste flowed through some
openings on well-head fence into canals and
farmlands, gas was flared from Gas Pipe and
crude discharged at Pressure Line when any
well-head was pressurized. In November 2014,
as part of a broader study of the situation, the
study team visited General Hospital,
Egbema (GHE) and General Hospital, Oguta
(GHO), local hospitals in Ohaji/Egbema and
Oguta LGAs and found that there were several
reported cases of cancer in the local hospitals. A
medical doctor at GHE, who resumed duties in
April 2012 could not remember the number of
cancer cases he had referred to University of
Nigeria Teaching Hospital (UNTH) Enugu. There
are 13 cancer registries in Nigeria, located in
various parts of the country. Most of the
registries in Nigeria produce hospital-based data
and population-based data. The Cancer Registry
Unit, UNTH, Enugu in the South-Eastern Zone
was visited in July 2016. The registry data
(hospital-based and population-based)
obtained on cases from Imo State, Nigeria from
2000 to 2015, which could well describe
correlations with cancer incidence in the
South-Eastern Zone, Nigeria, indicated that 23%
of the clinically & histologically diagnosed cases
on all types of cancer were from Ohaji/
Egbema and Oguta LGAs only [20]. This is
shown in Table 1. The clinically & histologically
diagnosed cases included: hepatocellular
carcinoma, anal cancer, breast cancer, prostate
cancer, cervical cancer, ovarian cancer, skin
cancer, thyroid cancer, lymphomas, kidney
cancer and leukaemia. Consequently, oll
exploration and production (E & P) in the LGAs
might have resulted in carcinogenic effects for a
specific lifetime from projected exposures.
Considering these results and other findings, it
becomes pertinent to evaluate the
haematological profile in the oil-producing
localities of Imo State, Nigeria in order to
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Table 1. Five hundred and seventy-One (571) cancer cases from various local government areas (LGAs) in Imo State, Nigeria from 2000 to 2015
[20]

LGAs in Imo State
Cancer Site. Ohaji/ Oguta Ehime lkeduru Aboh Ahiazu Eznihitte Ihitte Ideato Ideato Isiala |su Mbaitoli Njaba Ngor Nkwerre Nwangele Obowo Okigwe Onuimo Oru East OruWest Orlu Orsu Owerri Owerri Owerri

Egbema Mbano Mbaise Mbaise Mbaise Uboma North South Mbano Okpala Municipal North West

Males

Al solid 23 12 2 2 11 0 6 9 0 9 12 0 3 15 6 6 0 6 7 0 10 12 0 6 6 12 3
Leukemia 6 19 1 1 3 12 3 3 6 6 6 6 3 3 0 3 12 4 3 0 2 1 0 6 2 0 3
All cancers 29 31 3 3 14 12 9 12 6 15 18 6 6 18 6 9 12 10 10 0 12 13 0 12 8 12 6
Females

Al solid 18 25 3 4 11 6 12 6 12 6 3 9 12 0 3 9 6 6 6 0 2 4 7 0 6 4 12

Leukemia 16 13 1 1 0 6 6 6 6 3 3 3 6 6 9 0 0 2 1 0 1 1 5 0 3 2 6
All cancers 34 38 4 5 11 12 18 12 18 9 6 12 18 6 12 9 6 8 7 0 3 5 12 0 9 6 18




Table 2. Main laboratory features of acute and chronic leukaemia [25]
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WBC COUNT RBC COUNT PLATELETS COUNT BLOOD FILM BONE MARROW OTHERS
X 10°/mm’ X 10°/mn?’ X 10/’
ACUTE LYMPHOCYTIC 15-100 1.5-2.0 100- 120 Lymphoblasts are seen. Hypercellular with Sudan black stain - Negative
LEUKAEMIA (ALL) with bleeding Decreased number of lymphoblasts and Myeloperoxidase solution - Negative
and purpura neutrophils (neutropenia) lymphocytes. Periodic-acid stain - Often positive
is seen. Tcell ALL: Acid phosphatase and
Non-specific esterase - Positive
ACUTE MYELOGENOUS 15-100 1.5-2.0 100- 120 Blast cells present. Hypercellular Sudan black stain - Positive
LEUKAEMIA (AML) with bleeding Auer rods may be seen in myeloblasts predominate. Myeloperoxidase solution - Positive
and purpura myeloblasts. French-American-British Periodic-acid stain - Negative/Positive
Rest of myeloid cells may be classification: MO - M7. Non-specific esterase - Positive
morphologically abnormal. with M4, M5.
CHRONIC LYMPHOCYTIC 50- 200 1.0-2.0 95-120 Small lymphs with coarse Hypercellular with mature Occasionally positive Direct
LEUKAEMIA (CLL) in late stages chromatin are seen. small lymphs and larger antiglobulin test.
Smudge/smear cells are seen. lymphoid cells. Immunophenotyping required to
For hairy cell type, lymphs have Lymphs make up confirm B cell CLL
hairy outline and oval nucleus. 25-95 % of all the cells.
For prolymphocytic type, lymphs
are larger with prominent nucleus
CHRONIC MYELOGENOUS 50- 500 1.0-2.0 95-120 Neutrophils predominate. Hypercellular with mature Philadelphia chromosome

LEUKAEMIA (CML)

Marked left shift with metamyelocyte
and promyelocytes seen.

Occasional blasts seen.

Increase in eosinophils and basophils.

and immature myeloid cells.

Less than 5% blast cells.

t(9:22) present

in 95 % CML patients.

Neutrophil alkaline phosphatase score
reduced.
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establish any possible relationship between oil E
& P and leukaemia in particular. To our
knowledge, no such study was previously
conducted in Ohaji/lEgbema and Oguta LGAs.
The knowledge of the haematological profile in
those LGAs can improve awareness and
encourage preventive action to minimize effects.
The general objective is to determine if oil E & P
in Ohaji/Egbema and Oguta LGAs have resulted
in carcinogenic effects for a specific lifetime from
exposures since our secondary data have shown
high percentage of cancer cases from the two
LGAs while the specific objectives are to: (a)
carry out haematological estimations on selected
human blood samples from the two oil-producing
LGAs since leukaemia is prominent on our
secondary data and (b) carry out
haematological estimations on samples from the
control LGAs.

2. RESEARCH METHODOLOGY
2.1 Study Design

This was a comparative study aimed at
determining whether oil exploration and
production in the selected LGAs had
resulted in carcinogenic effects for a specific
lifetime.

2.2 Study Settings

The sampled LGAs included Ohaji/Egbema,
Oguta, Mbaitoli and Onuimo. The study covered
the entire two (2) oil producing LGAs in Imo State
(Ohaji/Egbema and Oguta). Similar types of
samples were collected from two (2) non-oil
producing LGAs (Mbaitoli and Onuimo) and
analysed, which served as control. The distances
between Ohaji/lEgbema and Mbaitoli, Oguta and
Onuimo, Ohaji/lEgbema and Onuimo, Mbaitoli
and Onuimo are about 40,000 m, 72,000 m,
79,000 m and 39,000 m, respectively while
Mbaitoli and Oguta have a common boundary.
The study area is shown in Fig. 1.

2.3 Study Population for Haematological
Estimations

The study population involved healthy volunteers
in the selected towns in Ohaji/lEgbema (Egbema,
Awara/lkweraede, Assa/Obile, Obudi-Agwa,
Ohoba), Oguta (Izombe, Ezi-Orsu, Orsu-Obodo,
Awa, Egwe), Mbaitoli (Mbieri, Ubomiri, Orodo,
Ogwa, Ogbaku) and Onuimo (Okwelle, Alike,
Umuna, Umuduru, Okwe).

24 Sample Size Determination for

Haematological Estimations

The current population profile of Ohaji/Egbema
and Oguta LGAs was 353,632 using the 2.83%
growth rate according to NPC [15] which
represented 49.1% of the current population
profile of the studied areas. The sample size for
this study was determined using the formula
below:
_ (zo,+zl_ﬁ)2 m(1-1)
n= 2[ Pop? ] , (1) [21]

where

n = required sample size
Z, = standard normal value corresponding to
95% confidence level set at 1.96
Z,g = standard normal value corresponding
to a power of 80% power set at 0.84
P, = proportion of exposed (49.1%), [15]
P, = proportion of unexposed (with 15%
increase = 64.1%)

P1+P; 0.491+0.641

2

T = average proportion == = ———— =
0.566
_ (1.96 + 0.84)%0.566(1 — 0.566)

n= (0491 — 0.641)2
n=171
Adjusting the sample size for 10% non-
response:
_ n
=1,
171
= Thow
n; =190

Therefore, a total of 190 participants per LGA
were recruited into the study.

2.5 Sampling Technique for Haemato-
logical Estimations

A multi-stage sampling technique was adopted.

Stage one: Two (2) LGAs were selected from
the twenty-seven (27) LGAs in Imo State using
purposive sampling technique because they are
oil producing LGAs in Imo State.

Stage two: Systematic sampling technique was
used to select two (2) LGAs as the control
clusters.

Stage three: Systematic sampling technique
was adopted to select the households. The head
or representative of the household was
interviewed.
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Fig. 1. Map of the Study Area.
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2.6 Minimum Duration of Residency for
Haematological Estimations

Minors and young adults (< 29 years old) were
residents for at least 5 years in Ohaji/Egbema &
Oguta LGAs for eligibility. Adults (= 30 years old)
were resident for at least 30 vyears in
Ohaji/lEgbema and Oguta LGAs for eligibility.
Thus, the exposure time for participants < 29
years old was 5 to 29 years while exposure time
for participants = 30 years old was 30 years and
above.

2.7 Inclusion Criteria for Haematological
Estimations

Participants = 30 years old.
Minors and young adults < 29 years old.

2.8 Exclusion Criteria for Haematological
Estimations

Employees in oil/gas companies residing within
the LGAs because they might have occupational
exposure.

2.9Data Collection Procedure
Haematological Estimations

for

A self-developed questionnaire was used to elicit
some socio-demographic characteristics such as
age and duration of stay in the environment.

2.10 Sample Collection
Haematological Estimations

for

About 5 ml of blood samples were collected from
the participants. Blood samples of adults who
were = 30 years old in Ohaji/Egbema and Oguta
LGAs were collected for haematological analysis
because according to Divine [22], increased
mortality from acute myelogenous leukaemia
was found in those who were employed in the
production of crude oil for more than 30 years.
Blood samples of minors and young adults (< 29
years old) in the two LGAs were collected for
haematological analysis because children are
more sensitive than adults to the oncogenic
effects of radiation, resulting in higher risks for
acute leukaemia and solid cancers [23]. Also,
children have a longer lifetime risk for developing
radiation-induced cancers.

2.11 Laboratory Procedure for

Haematological Estimations

Haematological estimations were carried out at
Silver Press Laboratory, Owerri, Nigeria. The

blood samples collected into Ethyl Diethylamine
(EDTA) bottles were used for the determination
of haematological parameters. The Neubauer
counting chamber was used in RBC count after
the addition of RBC diluting fluid as described by
[24]. The Neubauer counting chamber was used
in WBC count after the addition of Turk solution
as described by Dacie and Lewis [24]. The PIt
was also counted using the Neubauer counting
chamber. The results from the RBC, WBC and
PIt counts were compared with normal values
according to ACS [10] and Table 2 [25]. The
differential white blood cells were counted
manually after smearing the Leishman’s stained
drop of blood onto a glass slide as described by
Osim et al. [26]. The neutrophils, lymphocytes,
basophils, monocytes and eosinophils were
determined. The results from differential white
cells count were compared with normal values
according to AACC [12]. All blood samples were
examined under Olympus CX21FS1 Binocular
Microscope. Subsequently, similar examinations
were repeated on all samples from the control
LGAs (Mbaitoli and Onuimo).

2.12 Statistical Analysis

All statistical analysis was done using Minitab
v16 software.

3. RESULTS AND DISCUSSION

The haematological results from the five (5)
locations in each LGA are presented in Tables 3
to 22. Ohaji/Egbema and Oguta oil producing
LGAs recorded 13 and 18 clinically diagnosed
leukaemic cases, respectively. Ogbaku was the
only location in Mbaitoli LGA that recorded
clinically diagnosed leukaemic cases (4 cases)
and that could be because of its proximity to oil-
producing LGAs. Onuimo LGA recorded no
clinically diagnosed leukaemic case and all
cases from the four (4) LGAs correlated strongly
(r = 0.997) with the UNTH, Enugu Cancer
Registry data [20]. Blast cells, which indicate
AML, were seen in the blood samples from
participants 24, 9, 3 and 29 from Egbema,
Awara/lkweraede, Izombe and Ogbaku
Locations, respectively while lymphoblasts,
which indicate ALL, were seen in the blood
samples, from other remaining positive cases,
investigated under Olympus CX21FS1 Binocular
Microscope. However, bone marrow biopsy is
required to make definitive diagnoses. According
to the study carried out by Smith et al. [3] on the
assessment of the disposal of petroleum industry
NORM in non-hazardous landfills, when
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Table 3. White blood cell, red blood cell, platelet and differential white blood cell counts from
egbema location in Ohaji/Egbema LGA

S/No Age Sex WBC Count RBC Count PIt Count N (%) L(%) B(%) M(%) E

(x 10¥%mm®) (x10%mm®) (x 10°’'mm?) (%)
1 45 M 465 4.30 153 56.3 354 08 37 3.8
2 8 F 525 4.74 313 540 394 07 29 3.0
3 32 M 985 478 413 56.3 391 06 25 15
4 12 M 995 4.38 187 527 354 09 7.1 3.9
5 49 M  16.70 1.73 110 493 451 08 29 1.9
6 71 M 735 467 214 605 357 0.8 20 1.0
7 19 F  9.00 5.32 317 624 339 05 2.1 1.1
8 30 M 660 4.25 425 620 340 06 22 1.2
9 28 F 1040 5.33 170 656 301 07 23 1.3
10 21 M 520 5.92 179 639 315 08 24 14
1 52 M 625 5.47 163 609 342 09 25 15
12 50 F  18.15 1.54 120 430 477 06 5.1 3.6
13 6 M 860 4.19 168 665 288 05 26 1.6
14 20 F 575 477 172 69.2 258 06 27 1.7
15 23 M 9.80 5.74 183 611 336 07 28 1.8
16 41 M 540 5.38 155 549 392 05 32 2.2
17 39 F 655 5.97 192 557 381 06 3.3 2.3
18 45 M 1553 1.80 115 495 440 10 37 1.8
19 39 F 655 6.01 207 60.3 332 07 34 2.4
20 32 M 19.83 2.01 118 449 480 05 43 2.3
21 41 M 1055 4.20 165 614 312 08 35 3.1
22 29 M 535 5.30 152 622 301 09 36 3.2
23 50 F 580 5.98 188 565 351 0.8 4.2 3.4
24 60 F 1550 2.04 119 753 181 09 29 2.8
25 10 M 550 5.14 215 700 206 05 52 37
26 77 M 620 435 320 591 282 10 7.9 3.8
27 50 M 523 473 405 501 392 05 62 4.0
28 23 M 753 5.33 435 503 39.0 07 7.9 2.1
29 40 F 725 5.71 332 511 388 09 8.1 1.1
30 75 M 823 5.47 205 553 364 09 3.8 3.8
3 15 M 1140 4.26 207 69.0 216 05 53 3.6
32 18 M 459 5.88 385 521 378 09 80 1.2
33 40 F 1355 4.66 173 56.0 357 08 37 3.8
34 70 M 770 6.12 195 613 322 07 35 2.3
35 28 M 20.10 1.58 105 316 651 00 2.1 1.2
3 65 M 7.80 4.35 153 56.1 356 0.8 3.7 3.8
37 50 M 620 4.40 174 503 380 10 7.9 2.8
38 28 M 9.00 5.31 249 624 302 09 34 3.1

Note: Participants 5, 12, 18, 20, 24 and 35 may be leukaemic because of the clinical manifestations

radium-bearing produced water was released to  oil companies in the oil producing LGAs. The
the ground, the environment became present result agrees with [5,6,7] which reported
contaminated with the concentrations of radium. that radiation exposure at low to moderate doses
Thus, crude wastes which contained dissolved might increase the long-term incidence of cancer.
radium might have not been properly handled by = The haematological profile in the oil-producing
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localities of Imo State, Nigeria has been
established through blood collection from 190
participants per LGA recruited into the study. The
oil-producing LGAs recorded 89% clinically
diagnosed leukaemic cases while the non-oil
producing LGAs recorded 11%. It also agrees
with a previous study in which an excess of
cancers was observed among males in a village
located in an oil-producing area [27]. This part of
the study agrees with previous studies on oil and

gas field workers which showed a positive
association  between work and acute
myelogenous leukaemia [28,29,22]. The clinically
diagnosed leukaemic cases from the oil
producing LGAs might be associated with the
pollution of the environment with contaminants
from oil production (upstream sector). However,
according to Sathiakumar et al. [28], there is no
clear association between refining work
(downstream sector) and leukaemia.

Table 4. White blood cell, red blood cell, platelet and differential white blood cell counts from
Awaral/lkweraede Location in Ohaji/Egbema LGA

S/INo Age Sex WBC Count RBC Count PIt Count N (%) L (%) B (%) M(%) E (%)
(x 10°’mm®) (x 10%mm®) (x 10°*’mm?®)
1 29 F 620 5.88 156 527 433 00 29 1.1
2 13 M 751 4.94 231 549 400 07 3.1 1.3
3 3 M 500 4.27 401 68.7 235 09 40 2.9
4 27 M 788 5.71 270 521 383 20 56 2.0
5 40 M 644 5.03 244 534 420 07 22 1.7
6 20 F 870 4.32 180 557 371 06 3.2 3.4
7 15 M 9.96 5.31 350 638 315 09 20 1.8
8 47 F 775 4.99 229 51.9 420 1.0 4.1 1.0
9 45 M 1833 1.79 110 721 235 06 25 1.3
10 13 M 921 4.29 393 533 407 05 33 22
11 14 M 519 5.28 422 501 397 08 57 37
12 39 M 793 5.91 179 540 400 1.0 3.0 2.0
13 18 F  8.61 4.70 166 579 387 0.0 22 1.2
14 45 M  6.04 5.92 283 611 330 00 3.1 2.8
15 24 F  9.33 4.25 233 522 392 0.8 47 3.1
16 48 F 531 5.88 395 503 424 10 52 1.1
17 18 M 644 4.32 427 536 413 07 3.0 14
18 50 F  9.01 4.20 160 559 374 05 39 23
19 22 M 620 4.97 219 500 399 09 6.0 3.2
20 18 M 994 6.00 266 523 405 20 38 14
21 66 M  7.04 4.24 309 559 387 07 25 22
2 51 M 2190 1.65 107 445 483 08 37 27
23 25 F 998 4.89 444 600 306 09 55 3.0
24 22 M 6.39 5.11 221 578 342 05 6.1 14
25 54 F  7.44 4.34 171 517 423 08 3.1 2.1
26 16 M 9.91 5.49 182 533 403 20 27 1.7
27 57 F 511 5.91 230 539 394 07 3.1 2.9
28 17 M 751 5.50 390 611 319 05 49 1.6
29 43 M 839 4.36 280 551 400 09 29 1.1
30 27 M 643 4.71 360 547 383 10 50 1.0
31 39 F 527 4.22 151 589 342 08 3.0 3.1
32 25 F 635 5.93 231 611 322 05 23 3.9
33 31 M 750 5.20 420 69.7 235 06 32 3.0
3 10 M 839 4.33 288 511 415 09 44 2.1
35 29 F 99 4.70 167 537 406 0.0 3.1 2.6
3 37 F 720 5.81 219 534 399 00 52 15
37 30 M 830 4.90 244 580 312 10 7.1 27
38 38 M 9.08 5.22 397 520 409 07 3.3 3.1

Note: Participants 9 and 22 may be leukaemic because of the clinical manifestations
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Table 5. White blood cell, red blood cell, platelet and differential white blood cell counts from
AssalObile Location in Ohaji/Egbema LGA

S/No Age Sex WBC RBC Count PIt Count N L B M E
Count (x10%mm®) (x10°mm®) (%) (%) (%) (%) (%)
(x 10* ’'mm?)
1 20 M 655 4.22 151 56.6 401 041 20 1.2
2 32 M 713 4.40 160 500 283 10 78 39
3 15 M 10.00 5.00 167 629 322 09 24 1.6
4 4 M 500 5.41 255 60.2 321 08 37 32
5 37 F 49 5.50 307 538 393 05 42 22
6 20 F 610 4.27 231 561 401 06 22 1.0
7 39 M 722 4.70 210 524 393 09 39 35
8 72 M 874 5.11 155 617 303 1.0 3.1 3.9
9 50 M 6.11 5.55 214 523 402 00 49 26
10 26 F 1620 1.78 114 504 444 00 33 1.9
11 45 M  6.60 5.91 371 604 352 07 20 1.7
12 57 F 945 5.01 401 541 392 09 43 1.5
13 12 M 844 4.41 440 509 410 01 53 27
14 29 M 750 4.25 157 527 394 06 4.1 3.2
15 10 M 850 5.02 170 56.6 355 0.8 6.0 1.1
16 7 M  6.33 4.90 262 583 370 1.0 24 1.3
17 49 M 2505 1.65 112 416 507 08 49 20
18 34 F 844 4.80 301 53.0 401 08 39 22
19 49 M 7.32 4.91 411 500 412 06 52 3.0
20 18 M 851 4.22 433 547 411 09 20 1.3
21 45 M 760 4.37 172 69.2 230 05 50 23
22 20 M 550 4.60 197 555 339 00 77 29
23 70 M 868 5.51 221 627 314 10 29 20
24 15 F  10.00 5.01 255 648 265 08 48 3.1
25 43 M 6.20 5.39 173 532 352 20 57 39
26 66 M 2345 1.87 109 467 482 06 26 1.9
27 37 M 620 5.37 179 617 341 09 22 1.1
28 39 M 7.80 4.33 184 53.0 411 08 38 1.3
29 53 M 758 473 244 541 406 06 27 20
30 27 M 890 4.91 314 642 274 07 50 27
3 66 M 1040 5.55 444 56.3 394 10 2.1 1.2
32 21 F 720 4.31 153 503 415 00 52 30
3 69 M 770 4.23 164 549 349 09 6.1 3.2
34 67 M 7.00 4.98 261 522 407 00 43 28
35 29 M 860 453 391 56.3 388 05 3.0 1.4
36 27 M 800 5.09 377 659 277 07 37 20
37 14 M 720 5.58 207 522 408 1.0 43 1.7
3 39 M 695 4.94 167 677 217 08 58 4.0

Note: Participants 10, 17 and 26 may be leukaemic because of the clinical manifestations

Table 6. White blood cell, red blood cell, platelet and differential white blood cell
counts from Obudi-Agwa location in Ohaji/Egbema LGA

SINoAge Sex WBC Count RBC Count PltCount N (%) L(%) B (%) M (%) E (%)
(x 10°’mm®) (x 10°mm?®) (x 10 ’mm°)

1 18 M 7.30 4.22 171 529 429 0.9 22 1.1
2 30 M 7.60 5.81 233 511 413 1.0 4.7 1.9
3 16 M 5.10 4.82 401 549 401 0.7 23 2.0
4 37 M 6.99 5.99 153 621 303 0.6 4.0 3.0
5 &7 M 19.33 1.76 111 452 474 038 4.9 1.7
6 45 M 8.81 4.52 180 50.3 422 0.5 5.1 1.9
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S/INoAge Sex WBC Count RBC Count PIt Count N (%) L(%) B (%) M (%) E (%)
(x 10¥mm®) (x 10°mm®) (x 10%/mm°)

7 49 F 9.93 4.35 309 53.7 36.6 0.0 6.6 3.1
8 20 F 6.11 5.91 229 585 376 0.6 2.1 1.2
9 12 M 9.94 4.37 155 632 29.7 0.9 3.3 29
10 38 M 5.1 5.29 442 669 252 0.0 4.8 3.1
11 29 F 6.80 5.96 247 511 438 1.0 3.0 1.1
12 50 M 6.22 4.81 394 53.0 403 0.7 5.0 1.0
13 17 M 8.77 4.25 173 589 331 0.9 3.1 4.0
14 20 F 9.93 5.19 284 647 295 0.5 2.1 3.2
15 62 M 6.51 4.33 222 523 392 0.8 4.8 29
16 26 M 9.1 5.96 388 50.5 428 2.0 3.0 1.7
17 4 M 5.01 4.80 175 53.8 385 0.6 4.3 2.8
18 27 M 6.04 5.71 153 68.1 259 0.9 2.1 3.0
19 21 F 8.55 4.36 229 51.2 418 0.5 52 1.3
20 20 M 9.93 5.29 422 534 36.8 0.9 6.4 2.5
21 39 F 6.61 4.90 231 589 331 0.5 4.2 3.3
2 26 M 8.05 5.27 410 504 435 0.9 3.3 1.9
23 18 M 9.22 5.50 233 539 402 0.7 4.1 1.1
24 32 M 9.96 4.28 157 681 266 0.8 25 2.0
25 1 M 5.11 4.71 264 53.5 392 0.5 3.8 3.0
26 40 F 5.51 5.94 230 50.7 431 0.6 4.1 1.5
217 29 F 6.10 4.24 155 537 416 0.5 2.2 2.0
28 22 M 8.66 4.89 175 511 419 0.9 5.0 11
29 28 M 9.93 5.95 282 546 392 0.0 3.3 2.9
30 41 F 6.30 4.27 424 525 399 0.6 5.7 1.3
31 16 F 7.00 5.10 384 50.7 410 0.8 6.4 1.1
32 9 M 8.02 5.94 433 547 386 1.0 3.7 2.0
33 45 M 7.85 4.24 170 50.3 416 0.0 5.0 3.1
34 27 F 9.91 5.61 158 52.7 426 0.7 2.8 1.2
35 30 M 6.13 5.98 289 609 30.7 0.9 4.7 2.8
36 18 M 7.55 4.36 244 51.3 393 20 6.0 1.4
37 39 M 8.87 4.22 229 568 37.0 0.6 3.1 3.5
38 22 M 9.92 4.80 166 69.7 209 0.5 7.2 1.7

Note: Participant 5 may be leukaemic because of the clinical manifestations
Table 7. White blood cell, red blood cell, platelet and differential white blood cell counts from
Ohoba location in Ohaji/Egbema LGA

S/INo Age Sex WBC Count RBC Count Pit Count N L B M E
(x10°mm% (x10%mm®)  (x10%mm®) (%) (%) (%) (%) (%)

1 19 M 621 4.29 233 52.0 434 0.0 2.7 1.9
2 33 M 744 5.81 158 543 395 0.9 3.1 2.2
3 177 M 850 4.91 271 511 424 1.0 4.2 1.3
4 4 M 761 5.03 166 609 331 0.8 2.2 3.0
5 23 F 899 4.26 183 67.7 251 0.9 5.0 1.3
6 40 M 5093 5.30 303 524 399 0.6 43 2.8
7 25 F 511 5.97 415 541 39.7 09 3.9 1.4
8 29 M 730 4.38 229 56.0 37.2 0.5 3.0 3.3
9 27 M 895 5.49 243 503 416 1.0 5.1 2.0
10 58 M 9.91 4.28 171 53.7 423 0.7 2.2 1.1
1" 18 F 6.20 5.96 157 579 332 05 6.1 2.3
12 60 M 539 4.33 283 61.9 2908 0.9 5.7 1.7
13 23 F 504 4.79 181 50.3 43.0 0.7 3.0 3.0
14 20 M 6.91 5.95 151 658 279 09 43 1.1
15 21 F 910 4.34 211 524 423 0.6 3.1 1.6
16 66 M 9.91 5.29 274 559 349 1.0 6.0 2.2
17 30 F ©6.64 4.90 449 685 201 0.7 7.7 3.0
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S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10 mm®)  (x10°%mm’®) (x10%mm®) (%) (%) (%) (%) (%)

18 19 M 773 5.49 350 533 419 05 23 2.0
19 20 F 6.22 4.28 222 509 420 0.9 5.1 1.1
20 37 M 564 5.71 171 547 385 0.6 4.2 2.0
21 18 M 6.1 5.10 307 58.8 341 0.9 3.1 3.1
22 22 M 857 4.28 253 63.2 283 06 6.7 1.2
23 14 F 994 4.20 229 549 357 0.5 7.0 1.9
24 39 M 6.69 5.61 157 52.7 425 0.5 3.2 11
25 23 F 619 5.95 244 511 438 0.0 2.1 3.0
26 13 M 775 5.01 151 50.3 433 0.8 43 1.3
27 40 M 566 4.79 187 559 354 1.0 5.6 2.1
28 56 M 23.73 1.54 102 43.0 506 0.7 3.7 2.0
29 48 M 6.08 4.33 422 565 379 0.5 2.2 3.9
30 15 M 8.81 4.99 170 53.0 384 0.8 4.0 3.8
31 13 F 9.92 5.91 397 509 43.0 0.6 3.1 24
32 19 F 644 4.35 265 549 372 1.0 5.2 1.7
33 33 M 519 5.41 166 51.2 428 0.6 3.2 22
34 36 M 866 5.95 275 50.7 426 0.9 2.0 3.8
35 27 M 994 4.90 231 541 38.8 0.0 5.9 1.2
36 44 F 633 4.25 401 57.3 359 0.5 3.7 2.6
37 3% F 744 5.19 222 53.0 385 0.7 4.8 3.0
38 8 F 996 5.08 409 60.8 349 0.0 3.2 1.1

Note: Participant 28 may be leukaemic because of the clinical manifestations

Table 8. White blood cell, red blood cell, platelet and differential white blood cell counts from
Izombe location in Oguta LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x 10 mm®) (x108mm®) (x10°'mm®) (%) (%) (%) (%) (%)
1 17 F 9.81 5.51 240 529 427 09 22 1.3
2 29 M 853 5.73 420 541 406 0.1 3.2 2.0
3 33 M 17.49 1.66 107 785 170 05 23 1.7
4 23 F 6.11 5.04 410 571 362 08 4.0 1.9
5 52 M 18.44 1.59 105 427 476 1.0 54 3.3
6 45 M 655 4.27 156 578 336 05 5.1 3.0
7 1 M 7.83 4.45 179 53.3 406 08 2.1 3.2
8 30 M 9.01 5.21 221 569 346 05 5.1 2.9
9 20 F 5.22 5.83 280 621 276 09 62 3.2
10 44 M 504 4.24 233 678 225 07 7.7 1.3
11 49 F 5.64 4.39 411 542 367 06 6.5 2.0
12 18 M  7.00 5.49 434 589 337 1.0 5.1 1.3
13 47 M 2277 1.53 103 416 482 0.0 6.2 4.0
14 60 M  8.01 5.85 165 522 423 05 39 1.1
15 15 F 9.30 5.97 183 551 351 20 48 3.0
16 39 F 9.10 4.30 294 615 291 09 53 3.2
17 22 M  8.80 5.03 447 539 403 0.7 3.2 1.9
18 15 M 7.44 4.22 159 56.0 374 05 47 1.4
19 45 M  6.09 477 229 532 389 0.0 54 25
20 5% M 995 5.85 242 551 349 0.0 6.7 3.3
21 26 F 6.77 4.33 293 580 349 08 49 1.4
22 49 M 16.11 1.87 117 419 459 1.0 75 3.7
23 18 F 6.25 4.21 227 512 417 05 33 3.3
24 15 M  7.33 5.98 374 540 349 1.0 6.2 3.9
25 48 M 861 5.87 397 509 389 08 7.0 2.4
26 10 F 9.95 4.83 165 537 417 06 25 15
27 37 M 620 4.44 153 684 240 20 3.7 1.9
28 50 F 7.97 5.03 274 679 230 08 53 3.0
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S/INo Age Sex WBC Count RBC Count PIt Count N L B M E

(x 10 mm®) (x10%mm®) (x10°'mm®) (%) (%) (%) (%) (%)
29 20 M 944 5.18 215 560 353 05 6.2 2.0
30 15 F 6.11 4.88 412 532 370 1.0 7.7 1.1
31 25 F 15.99 1.89 118 432 458 0.6 6.9 35
32 18 M 522 5.83 299 514 408 0.7 3.9 3.2
33 29 M  6.10 427 244 540 396 05 3.0 2.9
34 57 M 2564 1.52 103 404 501 09 53 3.3
35 59 M 1510 1.99 116 459 451 0.7 5.8 25
36 22 M 899 4.48 237 687 271 09 21 1.2
37 38 M 996 5.45 402 56.0 369 10 43 1.8
38 30 F 7.31 5.73 440 533 396 0.0 6.0 1.1

Note: Participants 3, 5, 13, 22, 31, 34 and 35 may be leukaemic because of the clinical manifestations

Table 9. White blood cell, red blood cell, platelet and differential white blood cell counts from
Ezi-Orsu location in Oguta LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x 10 mm®) (x10°%mm®) (x10%mm® (%) (%) (%) (%) (%)
1 41 F 7.44 4.77 210 541 409 00 3.2 1.8
2 15 M  8.51 5.70 222 573 370 06 2.1 3.0
3 63 M  9.92 5.04 1555 681 259 0.8 39 1.3
4 25 F 7.44 4.25 169 612 308 20 4.1 1.9
5 29 M 6.11 5.03 154 539 400 09 3.0 2.2
6 4 M 1550 1.99 118 441 469 06 53 3.1
7 17 F 5.04 4.37 219 50.9 433 06 4.2 1.0
8 37 M 2222 1.67 105 39.7 502 08 71 2.2
9 20 M 507 5.96 400 53.0 408 00 29 3.3
10 23 M 538 4.89 260 501 414 08 37 4.0
11 39 M 649 4.34 280 549 374 07 51 1.9
12 26 M 8.81 4.80 160 681 240 05 6.2 1.2
13 54 F 9.95 5.81 200 612 280 09 79 2.0
14 14 M 7.44 5.10 182 674 235 07 7.0 1.4
15 2 F 8.41 4.28 157 69.0 234 05 5.1 2.0
16 40 M 9.91 5.20 290 532 361 09 6.9 2.9
17 25 F 9.95 5.98 448 560 358 10 53 1.9
18 30 M 760 4.89 411 539 370 05 75 1.1
19 70 M 6.30 4.27 225 50.2 429 0.8 3.0 3.1
20 18 M  6.20 4.41 175 549 378 10 43 2.0
21 54 M 7.90 4.88 228 585 322 07 54 3.2
22 23 M 910 5.81 300 533 397 20 3.0 2.0
23 29 F 6.50 4.95 355 611 326 00 5.1 1.2
24 47 M 740 5.09 412 527 372 05 67 2.9
25 40 M  6.10 5.88 444 509 391 06 7.4 2.0
26 14 F 5.11 5.97 158 543 382 00 4.2 3.3
27 53 M 550 4.80 182 529 393 08 55 15
28 16 F 6.20 4.28 280 587 327 06 6.0 2.0
29 55 F 7.60 4.21 300 611 335 09 3.2 1.3
30 30 F 9.01 4.79 390 69.0 225 05 5.1 2.9
31 20 M 996 5.09 219 533 374 10 63 2.0
32 41 M 620 5.94 260 589 328 00 71 1.2
33 25 M 7.61 4.25 171 621 270 20 59 3.0
34 53 M 2477 1.62 104 450 511 00 26 1.3
35 64 F 18.32 1.73 106 450 470 09 54 1.7
36 19 M  9.81 5.25 300 533 389 07 43 2.8
37 40 M 7.22 4.23 420 569 336 07 55 3.3
38 27 M 6.11 5.50 270 542 357 07 6.7 2.7

Note: Participants 6, 8, 34 and 35 may be leukaemic because of the clinical manifestations
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Table 10. White blood cell, red blood cell, platelet and differential white blood cell counts from
Orsu-Obodo location in Oguta LGA

S/No Age Sex WBC Count RBC Count Plt Count N L B M E
(x10°mm® (x10°%mm®)  (x10°mm®) (%) (%) (%) (%) (%)

1 37 M 2987 1.58 103 40.7 512 0.7 5.5 1.9
2 23 F 611 4.33 380 56.3 40.2 0.0 3.2 1.3
3 30 M 752 5.01 153 512 423 0.5 41 1.9
4 15 M 8.99 6.00 164 53.7 405 0.7 2.2 29
5 40 M 875 4.97 179 589 351 0.9 3.1 2.0
6 19 F 6.61 5.82 255 612 293 1.0 4.7 3.8
7 48 F 996 4.37 433 52.3 386 0.6 5.3 3.2
8 23 F 504 4.45 391 69.7 212 09 6.2 2.0
9 39 M 560 5.20 219 612 339 05 3.3 1.1
10 41 M 7.09 5.01 240 64.8 288 0.0 4.7 1.7
1" 26 M 6.77 4.79 266 561 371 0.0 5.3 2.5
12 30 F 784 5.71 164 543 37.7 0.7 6.0 1.3
13 17 M 9.91 5.19 220 53.7 393 0.9 3.0 3.1
14 53 F 2236 1.66 107 43.0 490 0.0 4.7 3.3
15 22 M 888 4.22 387 559 383 0.5 3.9 1.4
16 64 M 7.41 5.93 230 685 223 09 6.1 22
17 18 M 755 5.33 220 61.0 306 05 4.9 3.0
18 34 M 641 4.27 411 53.0 420 0.9 2.2 1.9
19 27 F 9.06 4.81 370 542 389 0.5 3.3 3.1
20 20 M 533 5.03 311 68.1 23.7 0.8 4.7 2.7
21 45 M 17.73 1.78 112 439 465 0.5 8.0 1.1
22 15 F 560 5.98 266 53.7 36.8 20 6.0 1.5
23 40 M 6.77 5.61 394 56.0 36.5 0.6 4.8 2.1
24 25 M 6.32 4.89 422 689 244 038 2.7 3.2
25 32 F 559 4.25 174 524 413 07 4.2 14
26 38 M 922 4.47 244 559 359 0.9 5.1 2.2
27 18 F 5.01 5.49 220 53.7 396 0.5 3.2 3.0
28 61 M 644 5.47 285 519 409 1.0 2.9 3.3
29 12 M 7.66 5.92 427 68.2 269 0.8 2.1 2.0
30 40 M 893 4.77 446 69.0 249 06 43 1.2
31 17 M 744 5.19 151 70.0 209 0.8 54 2.9
32 44 M 990 5.01 156 562 375 1.0 3.2 3.1
33 24 M 5.09 4.34 240 53.4 421 0.5 2.1 1.9
34 52 M 6.55 4.50 377 529 420 0.0 4.0 1.1
35 28 M 742 5.71 159 509 409 0.5 5.9 1.8
36 12 M 833 5.88 183 53.7 36.8 0.0 7.0 2.5
37 18 M 998 4.24 197 58.8 329 0.6 4.7 3.0
38 66 M 6.37 4.39 244 672 223 0.0 6.8 3.7

Note: Participants 1, 14 and 21 may be leukaemic because of the clinical manifestations

Table 11. White blood cell, red blood cell, platelet and differential white blood cell counts from
Awa location in Oguta LGA

S/INo Age Sex WBC Count RBC Count PIt Count N (%) L (%) B (%) M(%) E (%)
(x 10¥mm®) (x 10%mm® (x 10*/mm?)

1 51 M 7.50 4.30 154 641 287 20 3.1 2.1
2 17 M 8.60 4.91 250 61.2 345 0.1 29 1.3
3 30 M 8.99 5.92 430 57.9 345 07 4.0 29
4 62 F 5.11 5.10 221 53.7 418 09 22 14
5 13 M 5.21 4.33 182 51.0 432 06 3.2 2.0
6 38 M 6.40 4.50 157 53.3 389 0.5 4.1 3.2
7 19 M 7.55 5.92 210 54.7 36.3 0.8 6.0 2.2
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S/INo Age Sex WBC Count RBC Count PIt Count N (%) L (%) B (%) M(%) E (%)
(x 10¥mm®) (x 10°%mm® (x 10°/mm°)

8 26 M 9.95 4.28 380 51.2 443 1.0 2.1 1.4
9 44 F 15.91 1.92 117 448 470 0.8 54 2.0
10 18 F 5.04 5.29 400 534 386 20 3.0 3.0
1" 60 M 6.09 5.91 250 566 355 0.0 4.9 4.0
12 27 M 7.99 4.28 171 68.1 246 0.0 5.1 2.2
13 15 F 8.91 4.40 183 62.7 322 06 3.2 1.3
14 5 M 28.44 1.67 109 382 512 07 7.2 2.7
15 28 M 6.33 5.49 233 569 36.2 0.9 5.9 1.1
16 40 M 8.51 4.71 287 533 370 07 7.0 2.0
17 14 M 9.94 4.50 392 51.2 420 0.5 3.2 3.1
18 30 M 6.44 4.33 210 53.3 404 0.9 4.1 1.3
19 23 M 7.00 5.00 169 509 432 06 2.2 3.1
20 44 M 5.77 6.00 180 53.7 371 20 5.3 1.9
21 57 M 6.31 4.23 283 52.7 381 3.0 4.0 2.2
22 25 M 8.73 4.39 387 509 440 06 3.1 1.4
23 37 M 27.94 1.71 111 398 503 0.5 5.5 3.9
24 17 F 9.94 5.01 159 541 36.7 0.8 5.9 25
25 47 M 6.01 5.94 229 53.7 395 0.9 3.2 2.7
26 22 M 6.80 5.99 430 509 436 06 3.5 1.4
27 19 F 9.30 4.90 290 578 348 05 5.0 1.9
28 58 F 5.00 4.28 310 561 39.8 0.0 2.1 3.0
29 10 M 6.20 4.37 171 512 425 0.0 4.2 2.1
30 50 M 8.61 5.05 157 589 364 0.5 3.1 1.1
31 33 M 7.98 5.87 219 634 294 06 4.9 1.7
32 12 M 6.22 4.85 390 60.1 327 0.7 3.3 3.2
33 66 M 7.30 4.47 179 52.2 394 07 4.7 3.0
34 26 M 8.40 5.72 360 66.7 241 0.8 6.3 2.1
35 43 M 9.94 5.03 202 541 406 0.9 3.3 1.1
36 28 F 5.10 4.33 210 52.8 421 07 27 1.7
37 67 M 6.60 5.30 240 671 261 05 41 22
38 16 M 7.99 4.23 380 589 336 0.9 3.3 3.3

Note: Participants 9, 14 and 23 may be leukaemic because of the clinical manifestations

Table 12. White blood cell, red blood cell, platelet and differential white blood cell counts from
Egwe location in Oguta LGA

S/No Age Sex WBC Count RBC Count PIt Count N (%) L(%) B(%) M (%) E (%)
(x 10¥mm®) (x 10°mm®) (x 10 ’mm?)

1 33 M 6.02 5.71 250 51.3 441 0.7 22 1.7
2 24 M 7.50 4.99 420 53.4 408 0.7 3.1 2.0
3 16 M 8.60 4.81 158 68.1 281 07 2.0 1.1
4 40 M 9.93 4.28 250 60.0 338 0.0 3.1 3.1
5 55 F 6.10 5.10 157 50.1 403 0.8 4.9 3.9
6 21 M 5.11 5.98 181 52.3 408 09 22 3.8
7 50 M 6.09 4.27 191 511 408 1.0 3.1 4.0
8 13 M 7.93 4.55 280 56.7 36.8 0.6 5.0 1.9
9 30 M 9.92 5.71 430 68.7 259 1.0 3.0 1.4
10 17 M 6.30 6.00 210 700 248 05 2.2 2.5
1" 49 M 5.04 4.81 350 533 384 0.6 4.0 3.7
12 23 M 6.80 4.29 179 547 406 0.7 3.0 1.0
13 35 F 9.01 5.30 155 50.8 417 09 5.1 1.5
14 45 M 6.10 5.91 257 52.7 394 10 4.2 2.7
15 10 F 7.09 4.25 410 540 410 06 3.0 1.4
16 21 M 5.11 5.51 229 511 400 09 5.2 2.8
17 57 M 25.56 1.60 107 435 497 0.9 2.7 3.2
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S/No Age Sex WBC Count RBC Count PIt Count N (%) L(%) B(%) M (%) E (%)
(x 10¥mm®) (x10°mm®) (x 10 ’mm?)

18 28 F 6.01 4.60 430 540 40.2 05 2.2 3.1
19 55 F 7.90 5.00 233 523 389 1.0 6.0 1.8
20 15 M 8.60 5.71 297 549 359 0.0 71 21
21 66 M 9.97 5.39 171 511 446 038 22 1.3
22 24 M 6.55 5.92 230 539 371 09 5.0 3.1
23 42 M 5.22 4.71 154 50.7 426 0.6 4.1 2.0
24 18 F 6.23 4.30 219 541 404 1.0 3.3 1.2
25 60 F 7.47 5.61 265 63.7 296 0.0 4.7 2.0
26 29 M 8.55 5.50 433 69.2 211 0.8 5.8 3.1
27 10 M 9.90 4.33 391 645 306 0.9 2.7 1.3
28 39 F 6.60 5.62 156 56.0 36.8 0.6 4.4 2.2
29 12 M 7.80 4.77 230 53.7 361 09 6.2 3.1
30 17 F 8.30 4.65 187 512 432 05 3.9 1.2
31 30 M 7.20 4.97 220 58.7 334 05 54 2.0
32 41 M 5.10 5.88 398 539 410 05 3.3 1.3
33 22 M 6.33 4.87 160 511 414 07 5.7 1.1
34 37 M 8.64 4.35 155 548 386 09 3.8 1.9
35 25 F 9.97 5.40 220 572 379 09 2.7 1.3
36 28 M 5.12 4.81 231 649 280 0.8 43 2.0
37 34 M 6.09 4.39 277 69.7 234 06 3.0 3.3
38 48 M 7.71 4.26 297 565 36.5 0.5 5.0 2.5

Note: Participant 17 may be leukaemic because of the clinical manifestations

Table 13. White blood cell, red blood cell, platelet and differential white blood cell counts from
Mbieri location in Mbaitoli LGA

S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10°mm® (x10%mm®)  (x10%mm®) (%) (%) (%) (%) (%)

1 29 M 7.00 5.66 372 59.1 341 0.0 4.9 1.9
2 5 F 861 5.92 156 674 274 0.7 3.2 1.3
3 63 F 993 5.05 240 561 36.0 1.0 4.9 3.0
4 66 F 6.30 4.95 221 509 404 20 5.3 14
5 20 M 760 4.40 250 56.2 351 0.0 6.7 3.0
6 45 M 504 5.11 430 614 328 0.6 3.2 2.0
7 30 M 6.50 5.95 260 69.5 205 0.9 5.9 3.2
8 23 F 780 5.81 291 56.7 327 20 6.7 1.9
9 44 F 997 4.89 310 53.7 345 06 7.9 3.3
10 30 F 9.00 4.40 180 571 351 0.0 4.0 3.8
1" 10 M 7.70 4.35 160 68.3 234 20 3.3 3.0
12 12 M  6.30 4.22 219 532 394 0.6 4.1 2.7
13 25 M 799 4.79 240 56.0 369 0.9 3.2 3.0
14 26 F 781 5.71 422 60.0 311 20 4.4 2.5
15 29 F 765 5.00 229 529 38.2 0.0 5.1 3.8
16 70 M 9.02 5.97 350 541 364 0.9 5.8 2.8
17 53 M 532 4.88 400 50.7 385 1.0 6.7 3.1
18 15 M 6.98 4.35 450 542 373 05 5.1 2.9
19 30 F 645 4.28 169 53.3 381 0.6 4.7 3.3
20 19 F 744 5.19 154 621 284 0.8 6.0 2.7
21 53 M 877 5.99 230 53.3 35.0 0.9 7.7 3.1
22 24 M 990 4.81 410 556.7 358 1.0 4.2 3.3
23 51 M 6.52 5.94 270 61.2 300 038 5.4 2.6
24 44 M 781 5.03 300 58.0 33.0 0.6 6.4 2.0
25 34 M 755 4.33 251 524 358 1.0 7.7 3.1
26 29 F 880 4.48 231 569 373 0.0 3.0 3.8
27 18 F 744 5.05 202 53.7 381 0.6 4.3 3.3
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S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10 mm®)  (x10°%mm’®) (x10%mm®) (%) (%) (%) (%) (%)

28 13 M 6.10 5.74 300 69.7 224 09 4.5 25
29 55 F 885 4.93 180 563 346 1.0 6.0 3.1
30 27 M 992 4.76 400 53.0 375 0.0 6.6 29
31 25 F 644 5.06 266 549 36.6 0.7 5.3 2.5
32 39 F 6.80 5.45 230 66.6 233 0.0 7.0 3.1
33 20 M 5.04 5.78 202 53.2 39.2 05 4.4 2.7
34 47 M 6.70 4.93 181 556.7 354 0.5 5.3 3.1
35 30 M 6.01 4.31 251 57.7 353 0.0 5.0 2.0
36 25 M 839 4.40 412 69.2 212 05 5.9 3.2
37 65 F 765 5.81 160 555 36.5 0.6 4.7 2.7
38 44 M 877 5.03 430 50.8 37.8 0.0 7.9 3.5

Table 14. White blood cell, red blood cell, platelet and differential white blood cell counts from
Ubomiri location in Mbaitoli LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x 10 mm®) (x10°mm®) (x10%mm® (%) (%) (%) (%) (%)
1 66 F  7.44 5.11 410 541 355 30 52 22
2 73 F 851 4.89 430 621 291 10 39 39
3 20 M 9.99 5.91 260 56.0 397 0.0 3.0 1.3
4 12 M 860 5.85 231 533 373 20 5.1 2.3
5 63 M 882 5.21 299 589 341 06 33 3.1
6 25 M 6.31 4.44 197 522 397 09 59 1.3
7 23 F 791 4.79 178 68.1 251 0.8 40 20
8 47 M 9.00 5.88 232 700 233 05 29 33
9 59 F  5.01 5.95 265 543 384 0.0 33 40
10 66 F  5.19 6.00 411 562 365 09 47 1.7
11 18 M 877 4.50 433 531 401 1.0 28 30
12 19 M  6.51 5.11 179 509 421 0.8 4.1 2.1
13 27 M 540 4.49 163 56.8 357 09 52 1.4
14 33 M 590 4.52 434 611 320 00 40 29
15 53 F  6.63 5.49 445 685 235 1.0 37 3.3
6 10 F 785 5.99 257 549 368 05 5.1 2.7
17 37 M  6.33 5.91 399 60.0 321 20 22 37
18 44 M 861 4.90 171 553 364 06 58 1.9
19 29 M 994 4.33 273 589 309 05 70 27
20 25 F 755 5.02 239 611 307 1.0 39 33
21 35 M 660 5.77 441 530 390 06 54 20
22 18 F  8.09 4.80 307 571 327 09 62 3.1
23 27 F 692 5.43 255 611 305 0.0 44 40
24 19 M 997 4.97 235 533 369 08 53 37
25 50 M 644 5.75 392 60.0 308 1.0 60 22
26 17 M 7.80 6.00 212 529 395 05 4.1 3.0
27 8 F  9.00 5.02 265 553 36.8 09 5.1 1.9
28 65 M 751 4.99 178 68.8 242 06 42 22
29 80 F 839 4.21 253 542 377 20 3.1 3.0
30 25 M 981 4.76 422 53.0 385 09 49 27
31 20 M  6.44 5.77 443 56.7 327 08 60 38
32 10 M 5.03 5.94 157 666 231 1.0 7.9 14
33 51 M 670 5.01 160 597 314 06 58 25
34 57 M 7.21 4.99 150 543 377 00 50 30
35 25 M 995 5.80 218 527 366 07 6.1 3.9
36 33 M 655 5.37 377 555 348 0.8 49 40
37 4 M 721 5.49 239 60.0 330 00 57 1.3
38 62 M 785 4.44 402 588 324 00 6.9 1.9
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Table 15. White blood cell, red blood cell, platelet and differential white blood cell counts from
Orodo location in Mbaitoli LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x10°mm®  (x10°%mm®) (x10%mm®) (%) (%) (%) (%) (%)
1 29 F  7.31 5.50 370 523 425 00 32 20
2 33 M 860 5.91 233 540 401 00 40 19
3 40 F 99 4.80 222 527 409 00 5.1 1.3
4 12 M  6.80 4.27 404 553 364 20 49 14
5 45 F  5.39 4.41 425 700 202 09 60 29
6 14 M 650 5.30 175 584 350 1.0 43 13
7 59 F 620 5.00 155 681 245 20 33 2.1
8 27 M 780 5.81 187 552 368 08 60 1.2
9 39. M 910 4.39 193 537 377 06 5.1 2.9
10 60 M 880 4.89 265 56.0 362 05 4.1 3.2
11 14 F  7.30 5.03 244 522 392 09 39 38
12 44 F 505 5.71 403 541 390 06 33 30
13 20 M 632 6.00 441 572 358 05 43 22
14 39 M 765 4.33 255 60.0 304 1.0 49 37
15 23 F 979 4.71 219 671 242 00 57 30
16 43 F 744 5.89 169 543 368 08 60 2.1
17 11 M 6.62 4.33 152 528 383 07 67 15
18 41 M 8.0 4.21 171 559 354 06 59 22
19 18 M 540 4.47 263 525 392 00 50 33
20 5 F  6.10 5.37 412 553 353 06 73 15
21 25 M 880 5.00 399 503 392 09 69 27
2 23 F 996 4.91 291 542 366 07 55 3.0
23 5 M 7.71 4.83 277 681 226 09 6.1 2.3
24 15 M  6.88 5.66 175 679 226 10 70 15
25 55 M 6.25 4.89 228 542 377 06 54 21
26 24 F 7.21 5.09 422 53.0 408 00 49 13
27 40 M 870 4.33 233 589 333 07 42 29
28 18 F 992 4.36 159 611 300 10 59 20
29 37 M 529 4.21 215 553 366 06 63 12
30 40 M 6.80 5.19 399 517 363 20 70 3.0
31 14 M 6.01 5.88 412 550 355 0.0 58 37
32 3 M 7.90 4.99 235 539 369 05 62 25
33 2 M 920 5.61 287 611 278 08 70 33
34 33 M 539 5.03 177 553 367 06 47 27
35 10 F 502 4.89 233 509 414 08 5.1 1.8
3 19 M 510 5.01 420 683 256 00 40 21
37 41 M 660 4.28 400 589 325 05 5.1 3.0
38 28 F 799 4.47 230 56.0 338 0.0 63 39

Table 16. White blood cell, red blood cell, platelet and differential white blood cell counts from
Ogwa location in Mbaitoli LGA

S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10%mm®) (x10%mm®) (x10%mm®) (%) (%) (%) (%) (%)
1 14 M  8.70 479 240 551 350 0.7 52 4.0
2 50 M 993 5.71 420 613 327 08 3.1 2.1
3 28 M 994 5.93 430 60.0 329 05 53 1.3
4 30 F 770 4.29 158 551 345 06 6.9 29
5 09 M 650 5.01 179 527 376 07 70 2.0
6 29 M 6.80 4.81 241 540 407 08 33 1.2
7 40 F  9.00 5.19 277 509 415 00 49 27
8 16 M 7.70 4.95 220 543 356 0.9 6.1 3.1
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S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x 10 mm®) (x10°%mm®) (x10°'mm®) (%) (%) (%) (%) (%)
9 47 F  6.30 5.92 447 688 215 05 7.2 2.0
10 71 M 520 5.51 183 69.0 245 06 45 1.4
11 10 M 661 4.31 301 541 383 0.9 3.7 3.0
12 50 M  7.81 4.46 355 522 417 00 48 1.3
13 27 F 803 5.13 233 55.8 348 0.8 5.7 2.9
14 18 F  9.11 5.82 401 637 258 09 64 3.2
15 60 M 895 5.09 437 571 366 0.6 3.8 1.9
16 33 M 7.61 5.44 160 53.2 387 0.1 5.0 3.0
17 39 M 853 4.37 228 60.0 328 06 3.3 3.3
18 15 F 834 5.00 265 531 361 08 6.1 3.9
19 50 M 975 5.98 310 51.0 397 0.0 5.3 4.0
20 12 M 9.92 4.71 157 542 359 0.7 7.0 2.2
21 40 F  6.35 445 191 69.5 222 09 6.0 1.4
22 27 M 7.81 5.95 299 580 336 0.8 5.1 25
23 54 M 885 4.86 255 544 376 07 43 3.0
24 61 F  9.91 5.83 433 700 248 0.8 3.0 1.4
25 29 F 750 5.99 248 53.3 386 0.0 5.9 2.2
26 47 M 861 5.03 231 50.3 426 0.5 3.3 3.3
27 13 M 993 5.29 185 56.0 366 00 47 2.7
28 20 M 997 4.88 179 611 290 07 6.1 3.1
29 29 M 7.11 422 301 532 350 0.8 7.0 4.0
30 40 F 584 4.39 259 512 400 0.7 5.0 3.1
31 10 M 509 4.61 230 611 314 06 42 2.7
32 50 M 6.1 5.95 388 562 343 07 69 1.9
33 15 M 744 5.70 179 677 245 05 5.8 15
3 49 M 853 4.93 310 549 376 09 4.4 2.2
35 27 F 990 4.77 433 581 350 0.0 5.2 17
36 16 M 640 5.64 150 542 359 10 6.0 2.9
37 72 M 6.62 5.13 172 61.0 282 0.0 7.1 3.7
38 49 F 766 5.98 243 533 349 0.8 8.0 3.0

Table 17. White blood cell, red blood cell, platelet and differential white blood cell counts

Ogbaku location in Mbaitoli LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E

(x10°mm®) (x10%mm®) (x10°mm®) (%) (%) (%) (%) (%)
1 35 F  16.22 1.97 118 462 437 06 65 3.0
2 30 M 856 5.52 380 523 428 08 22 1.9
3 19 F  9.90 4.80 410 60.7 317 09 40 27
4 45 M 6.67 4.22 155 67.8 255 05 49 1.3
5 6 M 7.99 4.97 237 534 393 06 52 15
6 70 M 640 5.03 279 5192 418 07 33 3.0
7 21 F 504 5.94 184 503 429 09 47 1.2
8 4 M 771 4.79 198 537 384 00 69 1.0
9 40 M 2195 1.69 109 459 469 10 37 25
10 16 M 9.90 5.03 157 56.0 389 0.1 3.3 1.7
11 25 F 6.1 5.95 240 621 290 08 50 3.1
12 29 M 7.44 4.30 401 559 373 07 3.1 3.0
13 10 M 883 5.29 433 52.3 404 09 43 2.1
14 49 M 997 5.94 297 56.0 368 06 5.3 1.3
15 10 F 647 4.26 176 66.7 234 05 6.2 3.2
16 61 F  6.29 4.41 155 60.2 302 00 75 @ 2.1
17 67 M  6.87 5.40 244 559 388 0.7 33 1.3
18 22 M 8.1 5.95 419 534 380 00 47 3.9
19 18 M 9.11 4.90 221 521 397 09 53 2.0
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S/INo Age Sex WBC Count RBC Count PIt Count N L B M E

(x 10 mm’) (x10°%mm®) (x10°'mm’) (%) (%) (%) (%) (%)
20 50 M  20.07 1.73 112 441 455 05 59 4.0
21 4 F 672 4.39 250 688 241 00 6.0 1.1
22 73 M 6.40 4.30 280 589 346 05 39 2.1
23 27 M 755 5.03 181 53.0 426 09 22 1.3
24 64 M 850 5.97 169 509 409 1.0 4.1 3.1
25 1 F 503 4.90 227 522 375 06 59 3.8
26 54 M 578 5.30 217 517 406 05 3.2 4.0
27 62 F 665 4.38 255 558 346 09 50 3.7
28 19 M 7.99 4.81 437 641 262 05 6.1 3.1
29 5 M  15.83 1.99 119 724 200 10 4.4 2.2
30 27 F 845 5.93 309 53.0 402 08 3.2 2.8
31 18 M  6.09 5.02 275 571 355 05 5.1 1.8
32 54 M 766 5.30 444 634 304 07 30 25
33 20 M 897 5.98 229 539 357 10 6.1 3.3
3 27 F 9% 4.32 230 571 331 00 7.1 2.7
35 18 M  6.33 4.22 160 533 379 06 6.7 15
3 40 F 540 4.47 171 509 407 00 58 2.6
37 22 M 519 5.09 156 69.9 235 00 53 1.3
38 58 M  5.03 5.00 229 580 330 00 6.0 3.0

Note: Participants 1, 9, 20 and 29 may be leukaemic because of the clinical manifestations

Table 18. White blood cell, red blood cell, platelet and differential white blood cell counts from
Okwelle location in Onuimo LGA

S/INo Age Sex WBC Count RBC Count PIt Count N (%) L (%) B (%) M (%) E (%)
(x 10°’mm®) (x 10%mm®) (x 10°’mm°)
1 50 M 6.0 477 221 539 386 00 55 20
2 3 F 670 427 403 551 378 00 42 29
3 25 F 833 4.40 422 532 405 00 30 33
4 15 M 9.11 5.04 240 50.7 423 10 43 17
5 61 M  6.95 5.23 219 550 391 08 29 22
6 43 M 577 437 215 689 236 09 33 33
7 32 M 7.01 4.99 155 600 326 05 50 1.9
8 13 M 822 427 163 588 354 07 29 22
9 10 F 503 5.03 178 537 379 07 47 30
10 18 M  6.50 5.99 253 623 294 09 59 15
11 14 F  6.70 4.34 274 540 361 10 62 27
12 40 M 861 4.81 292 519 378 00 70 33
13 70 M 993 4.69 431 537 385 20 33 25
14 8 M 7.51 443 244 578 329 07 49 37
15 50 M 9.01 5.09 397 699 238 08 34 21
16 23 F 755 5.51 312 583 342 05 5.1 1.9
17 45 F 633 5.98 173 641 259 05 67 28
18 52 M 7.30 4.47 235 562 367 00 38 33
19 17 F  8.61 5.33 415 533 392 05 45 25
20 39 M 725 4.38 153 519 377 06 68 3.0
21 27 M 519 4.50 164 544 389 08 3.1 2.8
22 68 M 633 5.95 227 631 290 07 55 17
23 22 M 744 4.30 265 692 226 09 38 35
24 41 F 998 5.05 407 558 353 1.0 5.1 2.8
25 29 F  8.01 4.45 384 536 383 30 32 19
26 33 F  6.11 5.33 415 56.0 346 07 52 35
27 47 M 931 5.86 445 611 302 00 69 18
28 26 M 504 473 243 527 400 08 32 33
29 18 M 6.19 4.75 293 548 359 05 60 28
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S/INo Age Sex WBC Count RBC Count PltCount N (%) L (%) B (%) M (%) E (%)
(x 10 ’mm® (x 10°mm® (x 10* mm®)

30 26 M 7.33 4.32 169 621 320 0.9 3.3 1.7
31 37 M 8.44 5.15 155 67.7 235 0.7 4.8 3.3
32 19 M 5.39 4.85 193 555 349 0.5 5.1 4.0
33 31 M 6.99 4.35 254 53.7 386 0.9 3.3 3.5
34 54 F 7.50 5.97 382 60.0 33.0 0.0 4.2 2.8
35 21 M 7.22 5.93 175 642 279 05 4.7 2.7
36 15 M 5.14 4.84 225 68.8 211 0.0 7.0 3.1
37 7% M 6.40 4.39 183 609 295 0.0 6.8 2.8
38 29 M 9.61 5.67 203 66.6 243 0.0 7.1 2.0

Table 19. White blood cell, red blood cell, platelet and differential white blood cell counts from
Alike location in Onuimo LGA

S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10%mm®)  (x10°%mm’®) (x10°mm®) (%) (%) (%) (%) (%)
1 7 M 611 493 224 671 255 09 42 23
2 36 F 745 5.82 231 600 312 00 5.1 37
3 2 M 872 4.23 157 582 331 05 60 22
4 50 M 9093 4.40 265 551 383 08 39 19
5 52 F 515 5.89 291 63.1 286 05 49 29
6 56 M 527 5.96 399 540 337 09 80 34
7 29 M 500 5.05 310 532 380 10 38 4.0
8 25 M 7.24 4.62 179 559 363 00 5.1 27
9 43 F  8.33 4.68 156 522 378 05 62 33
10 17 F 784 5.14 190 543 367 00 7.0 20
1 52 M 691 5.47 193 509 391 08 53 39
12 64 M 5093 473 226 573 301 09 79 38
13 17 M 630 5.90 284 664 232 10 67 27
14 24 M 755 5.50 415 589 329 00 53 29
15 41 M 843 4.93 235 551 389 00 47 13
6 51 M 997 5.85 283 532 368 05 58 37
17 10 M 769 5.96 417 579 308 07 66 4.0
18 54 M 6.33 4.88 409 631 251 09 79 30
19 33 M 551 4.37 317 56.0 385 00 42 13
20 41 M 744 4.48 274 672 248 08 53 19
21 19 M 870 4.25 259 530 369 10 69 22
2 24 M 993 5.10 238 588 301 00 7.7 34
23 64 M 763 5.71 174 532 399 10 4.1 1.8
24 27 M 740 5.19 193 649 263 00 55 33
25 27 F 915 4.99 204 572 359 05 37 27
26 16 M 873 4.71 217 543 367 07 48 35
27 41 F 715 5.98 233 589 303 08 60 40
28 53 M 766 4.32 397 644 280 05 49 22
29 23 F 993 4.24 416 523 427 00 37 13
30 64 F 749 5.17 264 550 363 08 60 19
31 14 M 643 5.95 235 548 348 05 69 3.0
32 41 M 6.19 4.90 222 522 394 07 38 39
33 59 F 888 4.28 152 548 364 00 5.1 37
34 29 M 778 5.15 178 689 206 09 68 28
35 31 M 588 5.71 199 700 216 00 53 3.1
3 18 M 6.75 478 374 524 392 05 40 39
37 13 F 781 4.87 239 578 322 07 68 25
3 13 F  6.39 6.00 433 679 212 00 79 30
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Table 20. White blood cell, red blood cell, platelet and differential white blood cell counts from
Umuna location in Onuimo LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x10°mm®)  (x10°%mm®) (x10%mm®) (%) (%) (%) (%) (%)
1 10 F 502 4.71 164 523 426 09 3.1 1.1
2 20 F  6.12 5.72 173 571 314 05 70 40
3 60 M  6.30 4.99 229 67.7 247 07 32 37
4 18 M  7.60 4.33 250 553 362 08 49 28
5 59 M 881 4.23 411 53.0 409 09 33 19
6 53 M 7.71 5.10 435 519 400 00 5.1 3.0
7 61 M  7.80 5.97 242 547 355 10 66 22
8 14 M 911 5.81 212 68.1 232 07 42 38
9 49 M 519 4.89 285 600 319 09 53 19
10 12 M 6.30 5.97 167 533 371 10 6.1 25
11 25 M 6.70 5.03 178 557 382 00 28 33
12 3 F 990 5.15 392 588 353 05 37 17
13 20 F 861 5.97 425 652 267 07 50 24
14 61 M 644 4.20 245 573 319 09 68 3.1
15 54 M  6.01 4.94 220 507 413 00 5.1 2.9
6 19 M 513 5.25 279 539 361 10 70 20
17 32 F  6.30 4.89 294 558 373 05 33 3.1
18 29 M 870 5.88 167 533 370 07 50 40
19 70 M 993 5.90 227 666 229 09 67 29
20 24 M 755 6.00 274 609 292 00 79 20
21 52 M 785 4.85 445 597 347 05 38 13
2 15 M 965 4.27 378 555 367 09 49 20
23 23 F 632 4.39 394 592 312 10 55 3.1
24 41 M 6.11 5.94 432 521 389 06 49 35
25 16 M 779 5.72 204 653 279 08 32 28
26 27 M 998 4.33 219 527 391 09 55 18
27 61 M 760 4.80 377 541 348 10 68 33
28 43 F  6.33 5.93 270 611 277 00 73 39
29 61 F 740 5.74 208 530 356 06 7.8 3.0
30 21 F 788 4.84 237 600 319 00 60 2.1
31 74 M 891 5.08 407 533 377 00 53 37
32 53 M 755 4.97 211 517 379 10 66 28
33 8 M 622 5.27 178 583 347 07 32 3.1
3 10 M 534 5.35 255 588 337 08 47 20
35 6 M  6.60 5.55 220 507 400 20 58 15
36 40 M 7.1 4.24 212 67.8 249 07 39 27
37 12 M 844 4.22 168 611 328 06 20 35
38 4 F 981 5.93 245 527 379 09 57 28

Table 21. White blood cell, red blood cell, platelet and differential white blood cell counts from
Umuduru location in Onuimo LGA

S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10%mm®) (x10%mm®)  (x10%mm®) (%) (%) (%) (%) (%)

1 44 F 750 4.77 215 548 400 0.0 3.1 2.1
2 60 F 644 5.72 264 53.6 391 0.0 4.0 3.3
3 20 F 861 4.88 433 563 370 0.8 5.3 1.9
4 25 M 934 5.94 439 68.2 247 05 3.2 3.4
5 63 M 744 5.03 380 611 320 0.7 4.9 1.3
6 19 M 873 4.33 211 53.7 382 0.9 3.3 3.9
7 51 M 6.1 4.40 157 549 368 1.0 4.2 3.1
8 25 M 755 4.49 159 645 29.7 0.0 2.9 2.9
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S/No Age Sex WBC Count RBC Count PIt Count N L B M E
(x10 mm?®)  (x10%mm?® (x10¥%mm®) (%) (%) (%) (%) (%)

9 30 M 791 5.81 174 569 369 0.0 5.1 2.1
10 10 F 512 5.97 187 523 373 0.0 6.7 3.7
11 33 F 6.10 4.92 228 540 392 0.5 4.2 2.1
12 4 M 7.50 5.19 405 656 254 0.8 6.9 1.3
13 23 M 7.7 4.42 265 529 411 0.5 3.3 2.2
14 64 M 892 5.33 283 543 36.1 0.7 52 3.7
15 2 M 9098 4.25 221 69.3 241 1.0 3.7 1.9
16 61 M 765 4.90 450 569 348 0.0 5.5 3.8
17 14 M 8.84 5.04 290 531 379 0.7 6.2 2.1
18 60 F 755 4.95 189 672 222 06 7.0 3.0
19 20 M 6.1 4.84 164 611 29.0 0.5 5.5 3.9
20 50 M 724 5.65 167 53.7 393 1.0 4.7 1.3
21 15 M 835 5.86 235 621 31.0 0.0 3.8 3.1
22 54 M 0973 4.30 400 533 374 0.7 5.9 2.7
23 33 M 6.51 4.81 220 68.1 233 0.5 4.8 3.3
24 45 M 6.30 5.09 315 52.7 396 0.0 3.7 4.0
25 13 F 519 4.38 374 571 36.3 0.0 4.4 2.2
26 17 F  6.22 4.25 250 68.8 246 0.8 4.0 1.8
27 21 M 744 5.20 410 549 372 041 5.1 2.7
28 53 M 8.61 5.93 171 53.7 40.0 0.7 3.8 1.8
29 51 M 8.39 6.00 190 548 369 0.8 5.3 2.2
30 29 M 788 4.35 230 67.7 218 0.5 6.7 3.3
31 12 M 8.02 6.00 433 52.2 405 0.8 4.8 1.7
32 30 M 6.74 4.41 405 58.0 331 0.9 5.5 2.5
33 19 M 6.10 4.78 432 533 359 0.8 6.7 3.3
34 25 F 873 4.30 169 671 270 0.7 3.7 1.5
35 3% M 755 5.33 182 69.0 227 0.6 4.9 2.8
36 66 M 6.11 5.96 194 541 371 0.0 5.1 3.7
37 9 F 997 4.93 230 53.3 39.2 05 3.9 3.1
38 20 M 10.00 4.24 315 565 370 0.0 4.2 3.3

Table 22. White blood cell, red blood cell, platelet and differential white blood cell counts from
Okwe Location in Onuimo LGA

S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x10°mm®) (x10°%mm®) (x10%mm®) (%) (%) (%) (%) (%)
1 33 F 661 4.82 380 56.1 390 00 20 29
2 39 F 734 4.30 407 69.3 240 07 47 13
3 41 F 823 4.33 171 580 339 08 51 2.2
4 13 M 764 4.36 223 549 343 09 66 33
5 50 M 6.21 4.99 274 621 289 00 53 37
6 10 M 544 5.87 183 560 353 05 68 14
7 50 F 732 5.93 156 529 365 07 7.4 2.8
8 43 M 893 5.11 210 631 296 1.0 32 3.1
9 4 M 8.31 6.00 231 544 388 05 4.1 2.2
10 25 M 954 5.79 440 580 329 08 53 30
11 19 M  6.44 5.88 300 529 381 10 69 1.1
12 50 M  7.49 4.60 182 631 311 06 33 19
13 20 F 915 4.37 154 619 291 05 52 33
14 27 F 888 5.21 241 550 341 06 66 3.7
15 38 M 650 5.51 244 533 371 08 70 18
16 17 F 742 4.36 227 528 397 08 33 34
17 20 M 549 5.49 393 541 366 05 48 40
18 69 M  6.37 5.94 443 611 314 00 53 22
19 28 M 8.71 4.99 264 572 313 07 70 38
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S/INo Age Sex WBC Count RBC Count PIt Count N L B M E
(x10¥mm®)  (x10°mm®) (x10°'mm®) (%) (%) (%) (%) (%)
20 27 M 6.88 4.36 239 53.0 398 09 3.9 24
21 53 F 7.50 4.21 374 56.6 395 0.0 2.2 1.7
22 27 F 6.99 4.70 407 68.9 222 05 4.7 3.7
23 63 F 5.65 5.02 275 617 294 0.8 5.1 3.0
24 23 M 6.33 5.21 245 543 359 06 6.7 25
25 43 M 8.37 5.99 228 537 352 05 7.7 2.9
26 13 M 9.81 6.00 165 559 387 09 3.0 1.5
27 51 M 6.55 493 197 60.9 313 0.7 3.9 3.2
28 57 M 6.19 4.35 230 543 372 08 4.4 3.3
29 24 M 7.39 4.55 391 522 403 0.0 6.0 1.5
30 14 F 9.91 4.81 424 583 313 05 7.1 2.8
31 37 M 6.47 5.93 285 627 278 09 5.3 3.3
32 27 M 7.55 5.51 244 69.9 240 0.7 3.7 1.7
33 29 M 7.81 4.47 225 551 365 0.7 4.9 2.8
34 20 F 8.65 5.01 381 528 374 0.0 6.1 3.7
35 31 M 9.83 5.92 393 511 409 0.8 4.2 3.0
36 15 M 8.00 4.71 210 572 345 0.0 5.5 2.8
37 44 M 7.50 4.25 154 58.7 30.2 0.0 7.8 3.3
38 50 M 7.49 5.44 408 533 382 0.0 6.7 1.8
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level of contamination and exposure in the oil-
producing localities. However, bone marrow
biopsy is recommended for definitive diagnosis.
Oil E & P should not be seen as an opportunity to
acquire wealth and contaminate the environment.
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generation for the country that should be handled
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