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Abstract: This study was done to assess the impacts of prolonged exposure to oil/gas flares on blood pressure measures
in humans in the Niger Delta Region of Nigeria. The study was carried out among chronically exposed residents (475) and
non-exposed individuals (315). All the subjects were matched for age, sex, occupation, education. Blood pressure was
measured with manual mercury sphygmomanometer in sitting position after at least 10 minutes rest. The results showed
that the test group subjects had statistically significant increase in systolic blood pressure(SBP),diastolic blood
pressure(DBP) and mean arterial blood pressure(MAP) compared with the control(p<0.05). The males had higher
prevalence of high blood pressure than the females (p<0.05). Results also showed that the blood pressure measures
increased with age. In conclusion, prolonged exposure to oil/gas flares increased the incidence of hypertension and this

may increase the risks for cardiovascular diseases.
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1. Introduction

Oil and gas exploration/exploitation is a product of
man’s quest for economic emancipation, wealth creation
and job opportunities. Oil and gas exploration started in
Nigeria in 1956 in the Niger Delta region of the country.
Nigeria is the 6th largest producer of oil in the world and it
is endowed with more gas reserves than oil [1-2]. The
operations of the oil and gas industry include exploration,
drilling, refining, distribution and marketing of the finished
products to the consumers. During most of these activities,
wastes are generated and discharged into the environment,
either in solid, liquid or gaseous form [3]. Flared gas is one
of such wastes generated in the oil and gas industry that
should be turned into wealth creation and improving
sustainable development but allowed to waste and pose
health hazards. According to the World Bank-led GGFR
(2013), every year, billions of Dollars worth of natural gas
are wasted, burned or flared at oil fields across the world.
Such flaring produces some 400 million tons of greenhouse
emissions [4].

Gas flaring is one anthropogenic activity, defined as the
“wasteful emission of greenhouse gases(GHGs) that causes
global warming, disequilibrium of the earth, unpredictable

weather changes and major natural disasters because it
emits a cocktail of benzene and other toxic substances that
are harmful to humans, animals, plants and the entire
physical environment”[5]. It is a common practice of
burning off unwanted, flammable gases via combustion in
an open atmosphere, non - premixed flame[6]. According
to a World Bank estimates in 2011[7], the annual volume of
natural gas being flared and vented worldwide stood at
about 140 billion cubic meters (bcm). Russia is the leading
gas flaring country in the world, followed by Nigeria, Iran
and Iraq.

During gas flaring, complete combustion though rarely
achieved, releases relatively innocuous gases such as
carbon dioxide and water, whereas incomplete combustion
emits various compounds such as methane, propane, and
hazardous air pollutants such as volatile organic
compounds (VOCs), polycyclic aromatic hydrocarbons
(PAHs) and soot[8]; benzene, naphthalene, styrene,
acetylene, fluoranthene, anthracene pyrene, xylene and
ethylene[9]. Flaring can also produce soot and other
pollutant species that have negative effects on air quality
and the environment [10-12].
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Air pollution has been identified as one of the most
critical environmental challenges confronting the Niger
Delta region of Nigeria. The major air pollution sources in
the region include traffic, industry and oil and gas flaring
[13]. Of particular concern to the public is the involuntary
subjection of the population 24hours/day; 7days/week to
the chronic, low-level emissions of gas flaring base-stations,
especially when they are insensitively sited near to homes,
schools and hospitals[14]. There are more than 123 gas
flaring sites in the Niger Delta, thus making Nigeria, the
highest emitter of green house gases in Africa [15]. Chronic
low-levels and prolonged exposure to these contaminants
comes with a terrible cost to human health while his plants,
animals, soil and water are not left out. Air pollutants have

been linked with endothelial dysfunction and
vasoconstriction, increased blood pressure (BP),
prothrombotic  and  coagulant changes, systemic

inflammatory and oxidative stress responses, autonomic
imbalance and arrhythmias, and the progression of
atherosclerosis [16-18].

Daily exposure to particulate matter has been related to
acute increases in systemic arterial blood pressure [19-21].

Some constituents of oil and gas flare such as benzene
[22-24], naphthalene and xylene [25], particulate matter,
especially PM10 [26-27] can depress haemopoiesis. Crude
oil is known to cause oxidative stress and increased
membrane permeability in red cells [28].

Gas flare affects the sleep-wake cycle [3] and prolonged
exposure to dioxins, especially 2, 3, 7, 8-tetrachloro-
dibenzodioxin (TCDD) can cause neurological symptoms
such as sleep disturbance, headache and neuralgia[29].
Sleep deprivation is associated with high prevalence of
hypertension[30-31]. Sleep deprivation causes significant
increase in serum norepinephrine and sympathetic activity,
venous endothelial dysfunction and hypertension[32]. Light
pollution, excess exposure to artificial light, a common
phenomenon in gas flared environment, is an emerging
public health issue indirectly linked to cancer incidence[33]
and many other adverse health effects such as
environmental  pollution[34] promoting  circadian
misalignment and physiological disturbances such as poor
sleep quality and quantity, anxiety, depression, and
modified feeding patterns[35].

To the best of our knowledge, no study has been done in
the Niger Delta Region of Nigeria, assessing the possible
effects of prolonged exposure to oil/gas flares on blood
pressure measures on humans. Therefore, this study is our
modest contribution in this regard.

2. Materials and method
2.1. Research Design

This is a case controlled study, comparing some residents,
chronically exposed to low dose emissions of oil/gas flaring
with non-exposed persons from another community.

2.2. Study Areas

Two different communities, with similar socioeconomic
and cultural characteristic features, in the Imo East
Senatorial zone, in the Niger Delta Region of Nigeria were
chosen for the study. Egbema, an oil and gas producing
community with active gas flaring by Shell Petroleum
Development Company (SPDC) for more than 45 years,
constitute the test group. This community is located in
between many other active oil and gas flaring sites such as
Ossu, Oguta and Izombe oil and gas fields operated by
Addax and Akri and Ebocha oil and gas fields run by
Nigeria Agip Oil Company. Thus, the residents are well
exposed to the effects of oil and gas flaring. Alaoma
Owerre - Ebeiri autonomous community, a non oil and gas
producing area, constitute the control group population.

2.3. Selection of Subjects

Apparently healthy adults, between the ages of 18 to 80
years, who consented to in writing and/or thumb printed
(after due explanation) to participate in the study, were
randomly selected. All must have lived in their various
communities consistently for more than 5 years. The
research was approved by the Ethics Committee on Human
Biomedical Research of the University of Port Harcourt,
Nigeria and the study conforms to the Helsinki Declaration
on Biomedical Research. Of the 3150 volunteers screened,
790 subjects (475 test groups and 315 control groups) met
the inclusion criteria and therefore participated in the study.
All known cases of hypertension, diabetes mellitus,
metabolic  syndrome, dyslipidemia, renal disease,
atherosclerosis and contraceptive users were excluded from
the study.

2.4. Anthropometric Measures

Age was measured in years. Weight was measured to the
nearest 0.1kg in light clothing while height was measured
to the nearest centimeter without shoes. The subjects were
weighed on a mechanical bathroom scale (Hanson, China)
and their height measured with a wall-mounted ruler. The
height measures were done by a research assistant with
good vision and a height of 1.82m. Body mass index (BMI)
was calculated by dividing weight (kg) by height squared
(m?) (kg/m?) using Quitelet’s index.

2.5. Blood Pressure Measurements

Blood pressure was measured by a medical doctor with
subjects in a sitting position and having rested for at least
10 minutes wusing a standard manual mercury
sphygmomanometer and appropriate cuff sizes. Three
separate readings were taken per subject, after two minutes
intervals and the lowest readings recorded. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
taken at the 1% and 5™ Korotkoff sounds respectively. Pulse
pressure was calculated using SBP-DBP. Mean arterial
blood pressure (MAP) using DBP plus one-third pulse
pressure.
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2.6. Statistical Analysis

Statistical Package for Social Sciences (SPSS) (version
17 for windows, SPSS Inc., Chicago, USA) was used to
analyze the data. The differences in the various parameters
studied between the test and control groups were evaluated
using Kolmogorov - Simirnov Z statistic. Anova was used
to assess differences within the groups. Statistically

significant values were determined at p <0.05 or 95%
confidence level.

3. Results

790 subjects participated fully in the study and the
results are presented in tables and figures.

Table 1. Anthropometrical data of the population.

Parameter (Cno=1;tlr;))l group (T;:Zg;)up P Value Percentage difference
Age(years) zll()é(_S;;)O 96 ?14; 123;)586 0.01° 7.88

Weighie) o D oor 1795

Body mass index(Kg/m?) (217 7’?2;2')26 (2125'23)19 0.01° 19.97

The control subjects had statistically significant increase
in weight and body mass index compared with the test
subjects (p<0.05) with percentage differences of 17.95 and
19.97% respectively (Table 1). The test subjects were taller
than the control subjects (p<0.05).

Blood pressure measurements.

Table 2 compares the blood pressure measurements of

the entire population. The blood pressure measurements
(SBP, DBP and MAP) of the test subjects were significantly
higher compared with the control (p<0.05). No statistically
significant difference was noted in the PP of both groups
(p>0.05). The test group subjects recorded prevalence of 39%
and 57% for systolic and diastolic hypertension compared
with 28% and 35% for the control subjects.

Table 2. Blood pressure measurements of the population

Parameter Control group Test group P Value Percentage difference
SBP(mmHg) 129.10+1.4 134.1.141.1 0.01 3.85

SBP<140mmHg 226(72%) 288(61%) - -

SBP >140mmHg 89(28%) 189(39%) - -

DBP(mmHg) 82.97+0.70 89.48+0.69 0.01" 7.55

DBP <90mmHg 204(65%) 205(43%) - -

DBP >90mmHg 111(35%) 270(57%) - -

PP(mmHg) 45.98+0.89 44.69+0.71 0.45" 2.85

MAP(mmHg) 98.47+0.91 104.37+0.77 0.01" 5.82

"Statistically significant difference.
SBP=Systolic blood pressure; DBP =Diastolic blood pressure
PP= Pulse pressure; MAP=Mean arterial pressure.

Table 3. Blood pressure measurements in males

Parameter Control group Test group P Value Percentage difference
SBP(mmHg) 133.62+0.78 139.54+0.2 0.03 4.33

SBP<140mmHg 89(70%) 72(51%) - -

SBP>140mmHg 38(30%) 68(49%) - -

DBP(mmHg) 85.27+1.12 92.58+1.18 0.03 8.22

DBP<90mmHg 75(59%) 43(31%) - -

DBP>90mmHg 52(41%) 97(69%) - -

PP(mmHg) 51.85+1.71 46.96+1.35 0.04 9.90

MAP(mmHg) 105.65+1.60 108.23£1.36 0.04 241

DBP=Diastolic blood pressure
MAP=Mean arterial blood pressure.

SBP=Systolic blood pressure;
PP=Pulse pressure;
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Table 4 compares the blood pressure measurements in
the entire female population. There is statistically
significant increase in SBP, DBP and MAP levels in the test
group females compared with the control females with
percentage differences of 4.56, 7.98 and 9.29% respectively.
No significant differences in Pulse pressure (p>0.05)
between the control and test subjects. The test group

females had more persons with raised blood pressure
compared with the control females.

Table 5 compares the various blood pressure
measurements among the different age groups. There was a
gradual increase in the blood pressure measures with
increasing age especially in the test subjects compared with
the control.

Table 4. Blood pressure measurements in the female population

Parameter Control group Test group P Value Percentage difference
SBP(mmHg) 126.05+1.77 131.93£1.30 0.04 4.56

SBP<140mmHg 137(73%) 216(64%)

SBP>140mmHg 51(27%) 119(36%)

DBP(mmHg) 81.41+0.88 88.18+1.30 0.04 7.98

DBP<90mmHg 128(68%) 162(48%) - -

DBP>90mmHg 60(32%) 173(52%) - -

PP(mmHg) 42.02+0.85 43.75+0.82 0.10 4.03

MAP(mmHg) 93.63+0.92 102.76+0.93 0.01 9.29

DBP=Diastolic blood pressure
MAP=Mean arterial blood pressure.

SBP=Systolic blood pressure;
PP=Pulse pressure;

Table 5. Blood pressure measurements by age groups.

Parameter Age group Control Test % Difference
<20 144.35+5.79 127.50+6.32 -11.67
20-29 125.65+2.44 133.67+3.34 6.38
Systolic blood pressure 30-39 129.80+3.03 142.00£5.55 9.39
(mmHg) 40-49 129.27+2.51 138.57+4.04 7.19
50-59 133.64+2.96 141.67+4.16 6.00
>60 134.62+3.58 144.58+4.05 7.39
<20 94.35+3.82 85.00:+8.66 9.91
20-29 84.59+1.33 86.67+2.51 2.46
T 30-39 88.00+1.89 88.50+2.74 0.57
pressure(mmHg) 40-49 86.15+1.55 93.3343.26 8.33
50-59 88.86+1.96 98.75+2.84 11.13
>60 88.08+1.84 97.83+2.53 11.07
<20 50.00+4.12 42.50+4.78 -15.00
20-29 41.06+1.61 47.00+2.26 14.47
30-39 41.80+2.01 53.50+4.43 27.99
Pulse Pressure(mmHg)
40-49 43.13+1.65 45.24+2.14 4.89
50-59 44.77+2.14 42,9242 51 -4.13
>60 46.54+2.33 46.75+2.36 0.45
<20 111.01+4.14 99.17+7.62 -10.66
20-29 98.28+1.61 102.33+2.60 412
Mean arterial blood 30-39 101.93+2.13 106.30+0.31 429
pressure(mmHg) 40-49 100.52+1.76 108.41%3.39 7.85
50-59 103.78+2.11 113.06+3.12 8.94
>60 103.59+2.31 113.4242.92 9.48
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4. Discussion
4.1. Anthropometric Data

This study revealed that the weight and body mass index
of the control subjects were higher than that of the test
group population (p<0.05).. The result also showed that 46
per cent of the control subjects were over-weight while 22
per cent were obese, whereas 17 per cent of the test group
were over-weight while 3 per cent were obese. Thus the
ratio of obesity between the control and test population was
about 7:1. The higher number of over-weight and obesity in
the control subjects may among other reasons be due to
nutritional transition i.e. a shift from a diet of simple, and
sometimes, traditional foods with little variation to a diet
more reliant on processed foods, animal-sourced foods, fats
and sugars. The observed low prevalence of over-weight
and obesity among the test group may be due to nutritional
problems associated with oil and gas
exploration/exploitation which can result from changes in
land use (e.g. clearing/deforestation) or because of impacts
on ecosystem that have implications for food security and
diet [36] and increased farming and physical activities
among the gas flared residents.

4.2. Blood Pressure Measures

The results showed that the systolic blood pressure
(SBP),diastolic blood pressure(DBP) and mean arterial
blood pressure( MAP) levels were statistically significantly
increased in the test group subjects when compared with
the control subjects (p<0.05). In the control group
population, 28% had systolic blood pressure >140mmHg
compared with 39% of the test group population. Also, 35%
of the control subjects had diastolic blood pressure
>90mmHg compared with 57% of the test population. The
test population therefore, had greater number of
hypertensives than the control subjects. Blood pressure(BP)
is an established major risk factor for cardiovascular
diseases[37-39]. Studies have demonstrated a correlation
between environmental pollution and the development of
cardiovascular disease (CVD)[40].

The high prevalence of hypertension among the gas flare
exposed subjects may be due to:

Gas flaring affects sleep-wake cycle[41]. Sleep
deprivation is associated with high prevalence of
hypertension[30-31]. Sleep deprivation causes significant
increase in serum norepinephrine and sympathetic activity,
venous endothelial dysfunction and hypertension[32].
Paradoxical sleep deprivation reduced plasma angiotensin
11 concentrations, increased renal sympathetic nerve
activity and possibly increase in blood pressure[41].
Modesti and co-workers[42] have demonstrated that for
every hour of extra daylight experienced, the average
nighttime systolic blood pressure rose by 0.63mmHg.

Gas flaring causes increase in ambient temperature[43].
About 45.8 billion kilowatt of heat are discharged into the
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atmosphere of the Niger-Delta from 1.8 billion cubic feet of
gas everyday[44]. Increase in ambient temperature can
cause persistent and chronic dehydration among residents
of gas flared environments. Dehydration causes reduced
blood volume, increase in blood viscosity, and increase in
blood pressure. Dehydration is further worsened by the
poor water quality in the Niger Delta Region of Nigeria[45].

Exposure to ambient particulate matter with aerodynamic
diameters <10um have positively been associated with
blood pressure, and the underlying mechanism linking air
pollution to increased cardiovascular risk may include
disturbed circadian rhythms of renal sodium handling and
blood pressure[46].

The Nigerian crude oil is known to contain heavy metals
such as Al, Zn, As, Ba, Fe, Pb, Co, Cu, Cr, Mn, Ga, Sb, Ni
and V[47]. Furthermore, surface and underground waters in
gas flared environments tend to have more concentrations
of heavy metals such as lead, barium, cadmium, selenium,
manganese, magnesium and copper than non - gas flared
area[45,47]. The residents of the Niger Delta Region are
therefore exposed not only to the various air and soil
pollutants but also to water contaminants especially the
heavy metals. And some heavy metals such as lead, arsenic,
barium and cadmium, present in oil and gas flares, can also
cause raised blood pressure[49-52].

Hypertension can also increase serum uric acid (SUA)
via elevated serum lactate levels. Hypertension initially
produces renal microvascular diseases and local tissue
hypoxia, as evidenced by increase in serum lactate. The
lactate decreases tubular secretion of uric acid, leading to
increased serum levels. Intra-renal ischaemia can also
contribute to generation of uric acid via xanthine oxidase. It
is also possible that metabolic alterations or disturbances
(hyperinsulinemia) or sympathetic activity may produce
changes in renal sodium handling, leading to increased
arterial pressure, decreased renal blood flow and decreased
uric acid secretion. This, in turn, increases purine oxidation
resulting in increased production of reactive oxygen
species(ROS), subsequent vascular injury, and reduced
nitric oxide[53-55]. The increase in hypertension amongst
the exposed individuals may also be due to the effects of
oil and gas flares on the kidney. Chronic dehydration
associated with prolonged exposure to oil and gas flares
can affect the kidneys. Elevated urea can arise due to
persistent dehydration and reduced renal
perfusion[56].Hypertension is both an important cause and
consequence of chronic kidney disease[57]. Chronic kidney
disease is the most common form of secondary
hypertension and its also an independent risk factor for
cardiovascular morbidity and mortality[58-59].

Furthermore, gas flaring is associated with noise
pollution not only from the blazing fire but also from
vehicular and human traffic as well as from movement of
heavy duty machineries. Noise pollution contributes not
only to cardiovascular disease, but also to hearing loss,
sleep disruption, social handicaps, diminished productivity,
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impaired teaching and learning, absenteeism, increased
drug use, and accidents[60]. Noise sensitivity is associated
with hypertension and increased coronary heart and
cardiovascular mortality[61].

4.3. Hypertension and Gender Differences

This study also showed that the prevalence of all the
blood pressure measures ( SBP, DBP, PP and MAP) were
higher in males than females. The increase in blood
pressure measures in the males compared with the females
were statistically significant (p<0.05) among the control
and test subjects. The increase in blood pressure measures
in males may be attributable to the influence of the
constituents of the gas and oil flares being more in males
than females.

Men tend to have higher blood pressure than women
through much of life irrespective of race, culture and
ethnicity[62-65]. . It has also been observed in other
species such as dogs, rats, mice and chickens and it is
found also in induced, genetic and transgenic animal
models of hypertension[62, 64,66]. Men with hypertension
were less likely than women to be aware of their condition
and to be currently taking their antihypertensive
medication[67].

4.4. Blood Pressure and Age Classification

The results showed that systolic blood pressure, diastolic
blood pressure and mean arterial blood pressure increased
with increasing age. The increase in hypertension may have
resulted from the many varied factors associated with
prolonged involuntary exposure to gas flares such as
increased thermal temperature, chronic and persistent
dehydration, particulate matter, dyslipidemia and renal
pathology. Increase in hypertension with age among the
residents could be associated with increases in exposure
level and duration. However, in the general population, the
prevalence of hypertension increases with age[67].
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