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ABSTRACT: Cardiopulmonary functions can be influenced by chemicals from flared toxic gases and oil spillages.
This study determined and compared the cardiopulmonary functions of six hundred apparently healthy primary school
children (338 male and 262 female) aged 6 to 9years recruited from two communities. Three hundred of them were
dwellers of Kegbara-Dere (an oil-spilled and gas-flared community) in Rivers State while the other 300 were recruited
from Makoko (a rural-riverine community) in Lagos State. Their parents/guardian gave informed consent before their
basic anthropometric parameters were obtained. Their cardiovascular and pulmonary parameters were also measured. Data
was analysed using Statistical Package for Social Sciences (SPSS) 21.0. The mean values of the systolic blood pressure
(SBP), diastolic blood pressure (DBP), Heart Rate (HR) and Rate Pressure Product (RPP) for the oil-spilled/gas-flared
Niger-Delta and the rural-riverine Lagos Communities were 112.9949.99mmHg and 111.1249.27mmHg,
73.63+8.41mmHg and 74.05+6.85mmHg, 98.41+14.33bpm and 95.56+12.07bpm and 11187.45+2247.98mmHg.bpm and
10655.00+1832.86mmHg.bpm respectively. The mean values of the Forced Expiratory Volume in one second (FEV)),
Forced Vital Capacity (FVC) and Peak Expiratory Flow Rate (PEFR) were 1.02+0.26L and 1.25+0.23L, 1.10+0.26L and
1.3440.25L and 1.584+0.49L/s and 2.244+0.61L/s. Independent t-test analysis showed statistically significant differences
between the mean values of the SBP (p=0.017), HR (p=0.009), RPP (p=0.002), FEV, (p=0.001), FVC (p=0.001) and
PEFR (p=0.001) of the children from the two communities. Children living in the oil-spilled and gas-flared Niger-Delta
community have a significantly higher cardiovascular parameters and a significantly lower Pulmonary functions when
compared with those in the rural-riverine Lagos community.
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Cardiopulmonary variables gives a measure of the
performance of the respiratory and circulatory system
and some of them include; Forced Expiratory Volume
in one second (FEV}), Forced Vital Capacity (FVC),
Peak Expiratory Flow Rate (PEFR), Respiratory Rate
(RR), Heart Rate (HR), Systolic Blood Pressure
(SBP), Diastolic Blood Pressure (DBP), Mean Arterial
Pressure (MAP) and Rate Pressure Product (RPP)
(Queensland  Health, 2012). Cardiopulmonary
functions are influenced by age, gender, height,
weight, altitude and physical activity and
environmental activities such as those related to
flaring of gases (Vedala et al., 2013). Gas Flaring is
the burning of unwanted gas through a pipe also called
a flare. Flaring is a means of disposal used when there
is no means of transporting the gas to market and the
operator cannot use the gas for another purpose. The
gas is therefore, let off into the open environment
(United Nations Environmental Programme (UNEP),
2011). Similarly, oil spillage is the accidental release

of crude or refined oil products into the environment.
Hydrocarbons can be found in spilled oil. They are
formed by the decay of organic substances trapped
within sedimentary rocks. High temperatures and
pressure convert the trapped matter into hydrocarbons
and depending on the length of the carbon chain, can
occur in gas, liquid or solid form (UNEP, 2011).
Liquid hydrocarbon found in nature is also referred to
as crude oil. Petroleum hydrocarbons can penetrate the
human body when contaminated air is breathed in or
contaminated water is drunk or used for bathing
(UNEP, 2011). Research carried out in Ogoniland of
the Niger-Delta, has revealed the presence of
extractable petroleum hydrocarbons (EPHs) in
surface waters up to 7420 pg L—1, drinking water
wells showed up to 42 200 ug L—1, and benzene up to
9000 pg L—1, more than 900 times the World Health
Organisation (WHO) guidelines (Olof and Jonas,
2013). According to a World Bank study on the
environment in year 2000, gas flaring in the Niger
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Delta, particularly in Rivers and Bayelsa States,
releases about 35 million tons of carbon dioxide and
12 million tons of methane each year (Ovuakporaye et
al., 2016). About 815,000 metric tons per year of air
pollution load exists in both states from hydrocarbon
related activities (Ovuakporaye et al, 2016).
Petroleum hydrocarbons especially those of the
Benzene, Toluene, Ethylbenzene and Xylenes (BTEX
Group) have also been shown to affect respiratory
health (Mckenzie et al., 2012; Emam, 2016). Gases
such as sulphur dioxide, nitrogen oxide, carbon
dioxide, carbon monoxide, methane, dioxins,
hydrogen fluoride, chlorine, benzene and very small
dust particles called particulate matter (PM) of less
than 10 micrograms, that are emitted from crude oil
and gas flaring activities can get deep into the lungs,
cause its irritation and that of the respiratory tracts,
ignite acute lung swelling and affects the ability to
breathe among other harmful and toxic effects on
respiratory health (WHO, 2012; Emam, 2016,
Ovuakporaye et al., 2016). Air pollution resulting
from oil and gas is associated with millions of
premature deaths recorded globally and about 25% of
which are estimated to be respiratory in nature (Silva
et al., 2013; Lelieverd et al., 2015).

Particulate matter which is one of the substances in
flared gas have been demonstrated to have short and
long term impacts on lung functions in children
without known lung disease (Castro et al, 2009;
Weinmayr et al, 2010). It is a mixture of liquid
droplets and extremely small particles composed of
organic and inorganic compounds (Diette et al., 2007).
Particulate matter of less than 2.5ug (PM.s) can
penetrate deep into the gas-exchanging regions of the
lungs (Laden et al., 2000). It has been associated with
adverse impacts on lung functions in children
(Anderson et al., 2012). It causes lung inflammation
and mucous secretion by acting on airway epithelial
cells and alveolar macrophages and may lead to
airway remodeling (Churg et al., 2003). Castro et al
(2009) found that PM was associated with a 0.34L/min
decrease in PEFR in 118 school children in Rio de
Janeiro. Also, higher concentration of PM measured
on the morning prior to lung function testing, was
associated with a marginal decrease in FEV| and FVC
in 163 healthy Austrian school children (Moshammer
et al., 2006). The study by Gauderman (2004) showed
that Children exposed to the highest PM;;s
concentrations had an approximately 80mL lower
FEV| than children exposed to the lowest level of PM.
Another study of healthy 10-year-old children in
Norway showed that exposure to PM was associated
with a 58-66mL/sec lower PEFR (Oftedal et al,
2008). In a study by Ovuakporaye et a/ (2016) on the
impact of gas flaring on cardiopulmonary parameters
in some states of the Niger Delta, gas flaring was
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found to increase blood pressure, pulse rate and
respiratory rate of about 1008 participants. Ekpeyong
et al (2012) conducted a cross-sectional survey to
assess the respiratory health effect of city ambient air
pollutants on workers in Uyo Metropolis in the Niger-
Delta and observed that there was a significant
relationship between exposure to ambient air pollution
and respiratory malfunctions.

The health impacts of oil spillage and gas flaring is
always recounted but very few studies have
objectively evaluated the extent of the impact on the
affected communities especially those in the Niger
Delta region of Nigeria. The United Nations
Environmental Programme’s report on Ogoni Land,
which now serves as recast to the extent of health risks
the children of the region are faced with, has
recommended a yearly health review for the region. To
this end, this study compared the cardiopulmonary
functions of children in an oil-spilled and gas-flared
Niger-Delta community with those in a Lagos rural
riverine community.

MATERIALS AND METHODS

Methods: Six hundred apparently healthy primary
school children (338 male and 262 female) aged 6 to 9
years were recruited for this study. Three hundred of
them were dwellers of Kegbara-Dere (an oil-spilled
and gas-flared community) in Gokana Local
Government Area of Rivers State while 300 were
recruited from Makoko (a rural-riverine community)
in Yaba Local Government Area of Lagos State. These
children would have lived in these communities for a
minimum of one year. Excluded from the study were
children who were suspected of having cardiovascular
and pulmonary ailments or those who have history of
these ailments as well as obesed children. Ethical
approval was obtained prior to the study from the
Health Research and Ethics Committee of the Lagos
University Teaching Hospital (LUTH) Idi-Araba,
Lagos (Health Research Committee Assigned No:
ADM/DCST/HREC/APP/1554).

Procedure for data collection: An introductory letter
was obtained from the Department of Physiotherapy,
School of Postgraduate studies, University of Lagos
and taken to the state schools’ management boards for
approval. Upon approval of the state schools’
management boards (Lagos State Government
Approval Letter No: LSUBEB/GEN/677/X/1/125),
introductory letters were taken to the Heads/Principals
of the study schools for their approval. The aims,
objectives, and procedures of the study were carefully
explained to them and the lists of the pupils/students
whose ages ranged from 6-9 years were obtained.
These pupils/students were screened for eligibility
based on the inclusion and exclusion criteria of the
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study. Informed consent forms and screening forms
were given to the eligible pupils/students to take home
home to their parents/guardians for signing. The next
day, those whose parents/guardian gave their informed
consent, had their basic anthropometric parameters
(height and weight) measured using height meter and
weighing scale respectively. Other demographic data
such as age and gender were obtained and recorded.
This was necessary because the data obtained from the
two communities were similarly matched in age and
gender. Thereafter, the cardiopulmonary parameters
such as SBP, DBP, HR, RR, FEV,, FVC and PEFR of
the participants were measured and recorded. Data
was analysed using Statistical Package for Social
Sciences (SPSS) 21.0.

RESULTS AND DISCUSSION

There were 178 (59.3%) and 160 (53.3%) males in the
oil-spilled/gas-flared Niger-Delta community and
rural-riverine Lagos Community respectively (Figure
1). The mean age of participants was 7.56+1.13 years
(7.55%1.13 years for the oil-spilled/gas-flared Niger-
Delta community and 7.57+1.13 years for the rural-
riverine Lagos Community). Table 1 shows the age
distribution of participants. One hundred and forty—
two (23.7%) of the participants were six years old
while 164 (27.3%) were nine years old. The mean
height, weight and body mass index (BMI) of the
participants were 1.22+0.07m (1.224£0.70m for
participants of the oil-spilled/gas-flared Niger-Delta
community and 1.23+0.08m for participants of the
rural-riverine Lagos community), 20.4243.13kg
(19.95+3.21kg for participants of the oil-spilled/gas-
flared Niger-Delta community and 20.89+2.99kg for
participants of the rural-riverine Lagos community)
and 13.65+1.53 kg/m? (13.59 + 1.49 kg/m?> for
participants of the oil-spilled/gas-flared Niger-Delta
community and 13.65 +1.53 kg/m? for participants of
the rural-riverine Lagos community). The mean values
of the DBP, SBP, HR, Rate Pressure Product (RPP)
and Mean Arterial Pressure (MAP) for participants of
the oil-spilled/gas-flared Niger-Delta and the rural-
riverine Lagos Communities are shown on Table 2.
They were 112.99 + 9.99 mmHg and 111.12 =+
9.27mmHg for SBP and 11187.454+2247.98
mmHg.bpm and 10655.00 + 1832.86 mmHg.bpm for
RPP for participants of the oil-spilled/gas-flared
Niger-Delta and those of the rural-riverine Lagos
Communities respectively. Similarly, the mean values
of the FEV,, FVC, PEFR and RR are shown also on
Table 2. They were 1.02+0.26L and 1.25+0.23L for
FEV; and 1.58+0.49L/s and 2.24+0.61L/s for PEFR
for participants of the oil-spilled/gas-flared Niger-
Delta and the rural-riverine Lagos Communities
respectively.
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Fig 1: Sex distribution of Rivers State (Niger-Delta) and Lagos
State Participants

Table 1: Age distribution of the participants

Variables  Rivers Lagos All Perce

(n=300) (n=300) participants ntage
(n=600) (n=%)

Age

(years): 72 70 142 23.7

6 72 72 144 24.0

7 76 74 150 25.0

8 80 84 164 273

9 300 300 600 100.0

Total

Independent t-test analysis showed statistically

significant differences between the mean values of the
SBP (p=0.017), HR (p=0.009), RPP (p=0.002), FEV,
(p=0.001), FVC (p=0.001) and PEFR (p=0.001) of
participants in the two communities (Table 2).
Independent t-test analysis showed significant
differences only between the mean values of the DBP
(p=0.004) as well as between the mean values of the
FEV,, FVC and PEFR (p<0.05) of male participants in
the two communities (Table 3). Independent t-test
analysis showed significant differences between the
mean values of all the cardiovascular parameters
(p<0.05) as well as between the mean values of the
FEV,, FVC and PEFR (p<0.05) of female participants
in the two communities (Table 4). These results show
that participants in the oil-spilled and gas-flared Niger-
Delta community had higher cardiovascular
parameters (SBP, HR, RPP and MAP) and lower
pulmonary functions parameters (FEV;, FVC and
PEFR) than their counterparts in the rural-riverine
Lagos community. Differences in matched values
were significant for SBP, HR, RPP, FEV, FVC and
PEFR (p<0.05) indicating that children resident in the
oil-spilled and gas-flared community had higher
cardiovascular parameters (SBP, HR and RPP) and
reduced pulmonary functions (FEV,, FVC and PEFR)
than the rural-riverine Lagos community.
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Table 2: Comparison of Cardiopulmonary parameters of participants in both Communities

Variable Mean+S.D t-value p-value
Rivers Lagos

DBP (mmHg) 73.63+8.41 74.05+6.85 -0.160 0.873
SBP (mmHg) 112.99+9.99 111.1249.27 2.390 0.017*
HR (bpm) 98.41+14.33 95.56+12.07 2.635 0.009*
RPP (mmHg.bpm) 11187.45+2247.98 10655.00+1832.86 3.180 0.002*
MAP (mmHg) 86.97+8.34 86.30+7.21 0.876 0.381
RR (bpm) 25.99+3.85 25.64+1.91 1.439 0.151
FEV, (L) 1.02+0.26 1.25+0.23 -11.445 0.001*
FVC (L) 1.10+0.26 1.34+0.25 -11.657 0.001*
PEFR (L/s) 1.58+0.49 2.24+0.61 -14.696 0.001*

KEY: *significant at p<0.05; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure; HR: Heart Rate; RPP: Rate Pressure
Product; MAP: Mean Arterial Pressure; FEVi: Forced Expiratory Volume in one second; FVC: Forced Vital Capacity; PEFR: Peak
Expiratory Flow Rate; RR: Respiratory Rate

Table 3: Comparison of Cardiopulmonary parameters of Male participants in both Communities

Variable Mean + S.D t-value p-value
Rivers Lagos
DBP (mmHg) 72.80+8.30 75.25+7.17 -2.913 0.004*
SBP (mmHg) 112.3349.89 110.7449.13 1.535 0.126
HR (bpm) 95.29+12.44 96.45+10.14 -0.942 0.347
RPP (mmHg.bpm) 10759.53+1953.11 10749.38+1671.36 0.051 0.959
MAP (mmHg) 86.39+8.91 86.91+7.37 -0.583 0.560
RR (bpm) 25.75+4.13 25.23+1.79 1.516 0.131
FEV1 (L) 1.07+0.24 1.28+0.23 -8.225 0.001*
FVC (L) 1.16+0.24 1.37+0.25 -8.010 0.001*
PEFR (L/s) 1.70+0.47 2.36+0.65 -10.498 0.001*
*significant at p<0.05

Table 4: Comparison of Cardiopulmonary parameters of Female participants in both Communities

Variable Mean £+ S.D t-value p-value
Rivers Lagos
DBP (mmHg) 74.84+8.46 72.69+6.21 2.316 0.021*
SBP (mmHg) 113.97+10.10 109.79+9.28 3.471 0.001*
HR (bpm) 102.97+15.68 92.69+11.56 5.967 0.001*
RPP (mmHg.bpm) 11811.79+2498.98 10157.40+1547.91 6.330 0.001*
MAP (mmHg) 87.82+7.99 85.01+5.95 3.179 0.002*
RR (bpm) 26.35+3.37 26.10+1.94 0.729 0.467
FEV1 (L) 0.95+0.26 1.21+0.23 -8.651 0.001*
FVC (L) 1.02+0.27 1.31+0.24 -9.150 0.001*
PEFR (L/s) 1.40+0.46 2.11+0.53 -11.631 0.001*
*significant at p<0.05

The result of the cardiopulmonary assessment of
children in the oil-spilled and gas-flared Niger-Delta
community showed that the participants had a normal
mean systolic blood pressure (112.99+9.99mmHg)
and mean diastolic blood pressure (73.63+8.41mmHg)
as compared to the predicted values in the 4" report
(prediction table not shown) (Falkner and Daniels,
2004). The HR, RPP and MAP mean results
(98.41+14.33, 11187.4542247.98 and 86.97+8.34)
also fell within normal ranges for age in children
(Fleming et al., 2011). Gong et al (2008) observed an
increase in systolic blood pressure when healthy
residents were exposed to toxic flared substances like
particulate matter. This study showed that the mean
pulmonary function parameters (FEV;, FVC and
PEFR) of the participants in the oil-spilled and gas
flared community were lower (66%, 67% and 58%
respectively of their predicted values). In the work by
Ovuakporaye et al (2016) conducted in six gas flared

communities and non-gas flared communities in the
Niger-Delta it was argued that gas flaring increases
mean blood pressure, HR, and RR of residents in gas
flaring communities but decreases the lung functions
of the residents. Other researches (Ovuakporaye et al.,
2012; Webb ef al., 2016) have reported that the lung
functions of residents in gas-flared and oil-spilled
communities were lower than those in communities
not affected by oil-spillage and gas-flaring. In the
Rural-Riverine Lagos community the result of the
cardiopulmonary assessment of children showed that
the participants had a normal mean SBP (111.12+9.27
mmHg) and mean DBP (74.05+6.85 mmHg)
(prediction table not shown) (Falkner and Daniels,
2004). This result is similar to previous mean values
recorded for Nigerian school children especially those
in the south west (Ajayi et al, 2015). It however
differs from the report by Bayat et al (2009) where
lower mean values were reported for primary school
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children in Turkey. The HR, RPP and MAP mean
values were also normal. This study also showed that
the mean FEV; and FVC and of the participants in the
rural-riverine Lagos community were slightly low
(77% and 79% respectively of the predicted values),
the PEFR was normal (within 80% of the predicted).
This may be as a result of the effects of other air
pollutants such as those from fuel combustion in
vehicles and power generators on the respiratory
system.

From this study, a comparison of the mean results of
the cardiovascular variables showed that participants
in the oil-spilled and gas-flared Niger-Delta
community have SBP, HR and RPP significantly
higher than those in the Rural-Riverine Lagos
community. A comparison of the mean results of the
pulmonary functions showed that participants in the
oil-spilled and gas-flared Niger-Delta community
have significantly lower FEV;, FVC and PEFR
compared to those in the Rural-Riverine Lagos
community. The likely explanation for the differences
could be environmental factors such as those
associated with flared gases and crude oil
contaminated waters and crops. The study by
Ovuakporaye et al (2016) concluded that the
pulmonary functions of children in a non-gas flaring
community should be higher than those in the flaring
communities. This explains why although lower than
the predicted values, the mean pulmonary values are
still higher in the rural-riverine Lagos community than
those in the oil-spilled and gas flared Niger-Delta
community. These results also corroborate previous
studies (Adienbo, 2013; Egwurugwu et al., 2013).

Conclusion: Children living in the oil-spilled and gas-
flared Niger-Delta community have significantly
higher Systolic Blood Pressure, Heart Rate, and Rate
Pressure Product and lower Forced Expiratory
Volume in one second, Forced Vital Capacity and
Peak Expiratory Flow Rate than children in the Rural-
Riverine Lagos community. Crude oil drilling
companies operating in the Niger-Delta region of
Nigeria and around the world should follow and
adhere strictly to international best practices. There
should be legislations by the government that prohibit
open flaring of toxic gases and illegal oil-bunkering
and all such pollution-related activities by companies
and individuals.
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