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Abstract

This study evaluated the effects of prolonged exposure to oil and gas flares on the renal functions of some residents of the
Niger Delta region of Nigeria in the vicinity of the oil and gas flares continually in the order of ten (10) years and above
compared to the control subjects drawn from non oil and gas production environments. The subjects were matched for age,
sex, educational status and socioeconomic status. Of the 3150 adult volunteers screened, 790 (475 exposed groups and 315
control groups) met the inclusion criteria and participated in the study. Blood samples were collected from all subjects and
analyzed for serum concentrations of urea, creatinine, potassium, uric acid and inorganic phosphate. The results showed that
the exposed to environmental pollutants of oil and gas origins had statistically significantly increased serum concentrations
of urea, creatinine, potassium, uric acid and inorganic phosphate compared with control (p<0.05). Our result suggests
therefore that individuals exposed to chronic — low level of oil and gas flared associated-environments had raised levels of

renal dysfunction biomarkers and thus are more predisposed to developing kidney diseases.
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Introduction

The Niger Delta Region, in Southern Nigeria, is the center of oil
and gas production and allied activities in Nigeria'” and the
richest part of Nigeria in terms of natural resources such as oil
and gas deposits, extensive forests, suitable agricultural lands
and abundant fish resources” It has the largest natural gas
reserve in Africa, has the second largest oil reserve in Africa
and is the African continents primary oil producer®. The Niger
Delta region of Nigeria has about 606 oil fields with 355
situated onshore; 251 situated offshore with 5,284 drilled oil
wells and 7,000km of oil and gas pipelines™®. Furthermore, it
has more than 123 flaring sites, thereby making Nigeria one of
the highest emitter of green house gases in Africa® Exposure to
hazardous chemicals, emissions and pollutants associated with
oil and gas production is likely to be more in those that reside
close to the facilities®.

Flared gas is one of the generated wastes in the oil and gas
industry that could be turned into wealth but allowed to not only
waste but pose unquantifiable health, social, economic and
cultural hazards to man. Gas Flaring is a common practice of
burning off unwanted, flammable gases via combustion in an
open atmosphere, non-premixed flame’. According to the World
Bank' 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”
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The reasons for continued gas flaring in the Niger Delta Region
of Nigeria include lack of necessary technology for gathering
and conserving the gas flared, on the one hand, and market for
the gas, on the other hand’. Others include lack of political will
by the government and its agencies, lack of cohesion among the
exposed citizens concerned, hence cant forge a common front to
fight for their fundamental human rights.

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'? benzene,
naphthalene, styrene, acetylene, fluoranthene, anthracene
pyrene, xylene and ethylene'’.

Representatives of volatile organic compounds (VOCs) released
during production, storage and transportation associated with
the oil and gas industry are benzene and toluene'. These in
particular, are hazardous due to their inherent toxicity in
mammals and their wide use in industry and high volume of
production lead to substantial environmental releases'. Flaring
can also produce other pollutant emissions such as particulate
matter (PM) in the form of soot or black carbon® Flaring can
also produce soot and other pollutant species that have negative
effects on air quality and the environment'®'®, These volatile
hydrocarbons, which can be absorbed into the blood via the
respiratory tract, as well as through the food chain," have
various potential health effects®.
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It is evident that gas flared environment is polluted with
contaminants not only from gas and oil flare but also from other
sources such as industries(e.g. petrochemical, fertilizer
industries), diesel fuel/exhaust chemicals, radiations and climate
change®".

It has been observed that about 45.8 billion kilo watts of heat is
discharged into the atmosphere from 1.8 billion cubic feet of gas
everyday in the Niger Delta region, leading to temperatures that
render large areas inhabitable”. The heat generated from gas
flaring kills vegetation around flaring area, destroys mangrove
swamps and salt marshes, suppresses the growth and flowering
of some plants, induces soil degradation and diminishes
agricultural productivity>>*  Furthermore, increased ambient
thermal conditions have also been noted in oil and gas flared
environments®>® Increased ambient temperature can cause
chronic and persistent dehydration. Chronic and persistent
dehydration can affect lead to increased serum urea and reduced
renal perfusion®’.

Water bodies from gas and oil flared environments tend to have

increased levels of heavy metals such as lead, cadmium, copper,

manganese, magnesium, nitrates compared with non-gas flared
28-30

areas” .

The kidney is the primary organ of cadmium toxicity especially
following chronic exposure®". Increases in mortality from renal
diseases have been observed among populations living in
cadmium polluted areas of Belgium®, England™™*, and Japan®
¥ with elevated levels of bio markers of renal dysfunction.

To the best of our knowledge, no work has been done to assess
the possible effects of prolonged exposure of oil and gas flares
on human renal function in the Niger Delta Region of Nigeria
and this necessitated this research.

Material and Methods

Research design: This is a case controlled research, comparing
some residents of the Niger Delta region of Nigeria, chronically
exposed to low dose emissions of oil/gas flaring with non-
exposed persons from another community within the same
region.

Study areas: The study was conducted in two different
communities in the Imo East Senatorial zone of Imo State, one
of the nine, oil producing states in the Niger Delta of Nigeria.
The two communities, have similar socioeconomic and cultural
characteristic features. 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
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flaring. Alaoma Owerre Ebeiri autonomous community, a non
oil and gas producing area, constitute the control group
population.

Selection of subjects: Of the 3150 apparently healthy
volunteers between the ages of 18 and 80 years 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. All selected
participants consented to in writing and /or thump printed to
participate in the study. All subjects must have lived in their
various communities consistently for more than 5 years. The
Ethics Committee on Human Biomedical Research of the
University of Port Harcourt, Nigeria gave approval to the work
and the study conforms to the Helsinki Declaration on
Biomedical Research.

Analyses of the Clinical Chemistry indices: Determination of
serum urea: Principle: Urea in serum is hydrolyzed to
ammonia in the presence of urease. The ammonia is then
measured photometrically by Berthelot’s reaction” "

Urease
Urea+H20 - > 2NH3 + C02 .
NH;+hypochlorite+phenol — indophenols (blue compound)

Procedure: 10pL of the serum sample was added to 100uL of
reagent 1, mixed and incubated for 10 minutes at 37°C. 2.5 ml
of reagents 2 and 3 were added, mixed immediately and
incubated at 37°C for 15 minutes. The absorbance was taken at
546 nm against the reagent blank. The serum urea concentration
of the serum sample was determined and the results expressed in
mg/dl. This was later converted to mmol/L using standard
methods.

Determination of Serum creatinine: Principle: Creatinine in
alkaline solution reacts with picric acid to form a colored
complex. The amount of the complex formed is directly
proportional to the creatinine concentration.

Procedure: 100pL of the serum sample was added with 1000pL
of the working reagent and then mixed. After 30 seconds, the
absorbance A of the standard and sample were taken. Exactly 2
minutes later, the absorbance A, of the standard and sample
were taken. The creatinine concentrations in the samples were
determined and expressed in mg/dL. This converted to pmol/l
using standard methods.

Determination of serum potassium: Principle: The amount of
potassium is determined by using sodium tetraphenylboron in a
specifically prepared mixture to produce a colloidal
suspension’’. The turbidity of which is proportional to
potassium concentration in the range of 2-7mEq/L
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Procedure: 10pL of the sample was added to 1ml of potassium
reagent, mixed and allowed to sit for 3 minutes at room
temperature, thereafter, the absorbance was taken at 500 nm
against the reagent blank. The potassium concentration of the
samples were determined and expressed in mmol/l.

Determination of serum calcium: Principle: Calcium with
Arsenazo 111 [2,7-{bis(2-arsonophenyfazo)}-1,8-
dihydroxynaphthalen-3,6-disulphuric acid], at neutral pH yields
a blue colored complex, whose intensity is proportional to the
calcium concentration. Interference by magnesium is eliminated
by the addition of 8-hydroxyquinoline-5-sulfonic acid.

Procedure: 10pL of the serum sample was added to 1000pL. of
the working reagent, mixed and incubated for 10 minutes. The
absorbance was taken at 630 nm against the reagent blank. The
calcium concentration of the samples were determined and
expressed in mg/dl. This was later converted to mmol/l.
Conversion factor: Calcium(mg/dl) x  0.2495m
calcium(mmol/1).

Determination of Uric acid: Principle: Uric acid is oxidized to
allantoin by uricase. The generated hydrogen peroxide reacts
with 4-aminoantipyrine and DHPS to quinoneimine
Uricase
Uric acid+H,0+0Q,—— » Allantoin + CO, + H,O,
POD
DHPS + 4-aminoantipyrine + 2H,O —» Quinoneimine + 3H,0.

Procedure: 25pL of the serum sample, standard and control
were added to 1000pL of the working reagent, mixed and
incubated for 10 minutes. The absorbance was taken at 510 nm
against the reagent blank. The uric acid concentration of the
samples were determined and expressed in mg/dl.

Determination of inorganic phosphorous: Procedure:
Inorganic phosphorous was determined by the method of
Drewes* 50uL of samples, standard and control were added to
2.0 ml of working reagent and incubated for 1 minute at 25°C. 1
ml of developer was added to all tubes and the mixture allowed
to stand at room temperature for 10 minutes. Absorbances of
sample, standard and control were determined at 680 nm using a
RA-50 spectrophotometer ( Ames/Techinicon, France).

Statistical analysis: Statistical Package for Social Sciences
(SPSS) ( version 17 for windows, SPSS Inc., Chicago, USA)
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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.

Results and Discussion

Of the 3150 volunteers, 790 subjects met the inclusion criteria
and participated actively in this study. There were 267 (34%)
males and 523 (66%) females, with a male: female ratio of 1:2.

Table 1 compares the Clinical Chemistry indices of the general
population between the control and test group subjects. There
was statistically significant increase in the serum concentrations
of uric acid, potassium, creatinine, urea and inorganic phosphate
in the test group subjects compared with the control (p<0.05),
with percentage differences of 24.49, 11.94, 13.09, 14.35 and
41.77% respectively. Conversely, statistically significant
decrease in the serum concentration of calcium was observed in
the test group subjects compared with the control(p<0.05), with
percentage differences of 8.13%.

Figure 1 shows the percentage differences of the Clinical
Chemistry indices studied. All the parameters studied except
calcium were statistically significantly increased in the test
subjects compared with the control, while calcium statistically
increased in the control subjects compared with the test
subjects(p<0.05).

Table 2 compares the Clinical Chemistry indices between the
males and females of the entire population. There is statistically
significant increase in the serum concentrations of calcium,
inorganic phosphate, uric acid and potassium in the male test
subjects compared with the female test subjects(p<0.05). No
significant differences between the control males and females
studied (p>0.05).

Table 2 compares the Clinical Chemistry indices between the
males andfemales of the entire population. There is statistically
significant increase in the serum concentrations of calcium,
inorganic phosphate, uric acid and potassium in the male test
subjects compared with the female test subjects(p<0.05). No
significant differences between the control males and females
studied (p>0.05).

Table-1
Clinical Chemistry indices of the general population

Parameter Control group Test group P Value % difference
Urea (mmol/L) 4.27+0.16 4.93+0.09 0.01° 14.35
Creatinine(umol/L) 97.98+1.46 111.70+1.54 0.01° 13.09
Potassium (mmol/L) 4.18+0.06 4.71+0.06 0.01° 11.94
Calcium(mmol/L) 2.1740.02 2.00£0.02 0.01° -8.13
Inorganic phosphate(mmol/L) 1.97+0.04 3.01+0.05 0.01° 41.77
Uric acid (mg/dl) 5.2140.07 8.59+0.13 0.01° 24.49
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Figure-1
Percentage differences between the control and test group biochemical indices studied.
Table-2
Comparison of Clinical Chemistry Indices between males and females in the population
Parameter Research group Sex group P value %
Male Female difference
Urea (mmol/l) Control 4.08+0.22 4.40+0.23 0.96 7.55
Test 4.70+0.14 5.034£0.12 0.37 6.59
Creatinine (umol/l) Control 96.47+2.26 99.00+1.91 0.29° 2.58
Test 113.11£2.63 111.11+1.88 0.18 1.78
Calcium (mmol/L) Control 2.1540.03 2.17+0.03 0.823 0.93
Test 2.05+0.05 1.98+0.02 0.01 347
Inorganic phosphate Control 1.94+0.05 1.99+0.05 0.37 2.54
(mmol/L). Test 3.2240.13 2.9340.06 0.01 9.42
Uric acid( mg/dI) Control 5.90+0.03 5.65+0.02 0.33 2.16
& Test 9.45+0.09 7.2440.03 0.01 13.24
Potassium (mmol/L) Control 4.12+0.09 4.21+0.08 0.604 2.14
olassit o) Test 4.9220.16 4.6220.07 0.01° 6.29
Discussion: The results showed that the serum concentrations of ~ potassium, inorganic phosphate and uric acid on the test

urea, potassium, creatinine, inorganic phosphate and uric acid
were significantly higher in the test subjects compared with
control (p <0.05). Prolonged exposure to gas flares impacted
negatively on serum concentrations of wurea, creatinine,
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subjects. The kidney can greatly be damaged before losing
sufficient function to modify the normal clinical indication of
renal disease such as serum creatinine concentration® And it
has also been noted that about 5 0 % of renal capacity may be
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lost before serum creatinine become abnormal and disease is
detected clinically*. Low level chronic exposure to oil and gas
flares can affect the kidneys in a number of ways:

Gas flaring causes increased ambient temperature®®. About 45.8
billion kw of heat are discharged into the atmosphere of the
Niger-Delta from 1.8 billion cubic feet of gas everyday> >
Increase in ambient temperature can cause persistent and
chronic dehydration among residents of gas flared
environments. Chronic dehydration can cause 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®. Furthermore, chronic and
persistent dehydration can lead to reduced glomerular filtration
rate (GFR) and increase in serum creatinine. Elevated levels of
serum creatinine and urea can arise from persistent dehydration
and reduced renal perfusion®’. Increase in serum concentration
of creatinine in the exposed subjects may also be due to
vigorous exercises® as majority of them are farmers and they
use bicycle as their main means of transportation.

Serum uric acid (SUA) in man is derived from the breakdown of
purines and is essentially the product of the action of the
enzyme, xanthine oxidase on xanthine and hypoxanthine. The
increased SUA in those exposed to prolonged gas and oil
activities compared to the non exposed may be due to i.
excessive caloric intake, increased societal stress and genetic
predisposition, ii. increased levels of serum uric acid is constant
finding in lead toxicity and it may cause damage to renal
tubules™, iii. Hypertension may increase 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.
Intrarenal 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*™™. Hyperuricemia is a known cause of kidney disease
and cardiovascular diseases*’". Increased serum uric acid level
is involved in the progression of chronic kidney disease™ and
chronic kidney disease is a known cause of anaemia™. Elevated
serum uric acid level is an independent predictor of the
development of both microalbuminuria® and renal dysfunction
in subjects with normal renal function®>°,

Hypertension can greatly affect the kidneys. Olanrewaju et al’’
has observed that increased systolic blood pressure may predict
kidney damage. Gas flaring affects sleep-wake cycle’®  Sleep
deprivation is associated with high prevalence of hypertension™"
- Sleep deprivation causes significant increase in serum
norepinephrine and sympathetic activity, venous endothelial
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dysfunction and hypertension®'. Paradoxical sleep deprivation
reduced plasma angiotensin 11 concentrations, increased renal
sympathetic nerve activity and possibly increase in blood
pressure®. Modesti and co-workers® have demonstrated that for
every hour of extra daylight experienced, the average nighttime
systolic blood pressure rose by 0.63 mmHg. Hypertension is
both an important cause and consequence of chronic kidney
disease®. Chronic kidney disease is the most common form of
secondary hypertension and its also an independent risk factor
for cardiovascular morbidity and mortality® .

Role of heavy metals: 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 V3, 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®™>'. 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, xylene, Chromium,
zinc and cadmium, present in oil and gas flares, can affect the
kidneys adversely.

Increases in mortality from renal diseases have been observed
among populations living in Cd polluted areas of Japan®*,
Belgium®, and England®. Lead nephrotoxicity is characterized
by proximal tubular nephropathy, glomerular sclerosis and
interstitial fibrosis* %, Renal failure have been noted in
individuals exposed to varying doses of chromium®”".
Epithelial cell damage in the glomerulus and proximal
convoluted tubules and increased plasma creatinine and urea

levels were noted in rats exposed to zinc acetate’”.

Orisakwe et al** reported increase in serum concentrations of
creatinine and potassium with degeneration and necrosis of
glomeruli in rats treated with crude oil. Arsenic intoxication has
been associated with tubulointerstitial nephritis73‘ Benzene,
toluene, ethlybenzene, and xylene (BTEX)BTEX have been
linked to leukemia, kidney failure, and negative effects on the
cardiovascular system’”.

Conclusion

In conclusion, prolonged exposure to low dose emissions of oil
and gas flares caused increase in serum concentrations renal
dysfunction biomarkers such as urea, creatinine, potassium,
inorganic phosphate and uric acid, suggesting that residents of
oil/gas flared environments are more prone to developing
kidney diseases than the un-exposed.
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