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Abstract 

The study is aimed at examining the spatial variation of acid rain and its ecological 
consequences in Nigeria. The study covers Nigeria. A total of two hundred and twenty eight 
rainwater samples were collected; an average of nineteen samples per month. The water 
samples were analysed in the laboratory and multiple regression analysis used to ascertain the 
level of variation and relationship with distance from the source of gas flare. Results of the 
Hydro chemical analysis revealed moderately low pH values of <4.99 for rainwater sources in 
Nigeria. The pH values however decrease from the north to the south. Also the pH value of rain 
water samples correlated significantly (r = 0.97) with latitudinal variation and is ascribed to the 
influence of gas flaring and other anthropogenic activities carried out in the Nigeria 
environment. There is the intrusion of acid rain into other sources of water, which led to mild 
acidity of these water sources in Nigeria. The need to extinguished gas flaring is recommended 
and Nigeria should embrace environmental laws and policies in order to adapt to the changing 
environment. 
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Introduction 
Human anthropogenic activities since 1800 have resulted in the emission of great volumes of 
gaseous materials into the atmosphere. Some of these gases - notably carbon dioxide (CO2), 
methane (CH4), and chlorofluorocarbons (CFC) nitrogen oxide – absorb earth’s radiation. The 
radiation help to degrade the environment, leading potentially to warming of earth’s surface 
and acid rain deposition, which in turn alter the world’s climate (Intergovernmental Panel on 
Climate (IPCC), 2001 and 2007). At the molecular level, carbon dioxide has been emitted in 
greatest volume, largely from clearing forest, burning of coal, and oil and gas flaring. Carbon 
dioxide has the longest life span in the atmosphere, thus accumulating over time (Cooper, 
2000). The accumulation has been observed in eastern United State of America (United States 
General Accounting Office (USGAO) 2000). For instance GAO (2000) opined that the combustion 
of coal and other fossil fuels produces, as by-products, a wide variety of chemicals, including 
gases like sulfur dioxide and nitrogen oxides. These gases, which are emitted into the 
atmosphere may be carried up to hundreds of miles by air currents, and are often transformed 
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into acidic compounds, which are then returned to the earth. When the compounds are 
delivered by precipitation, such as rain and snow, the process is called wet deposition. When 
they are delivered as gases, aerosols, and particles, the process is called dry deposition. In 
addition, in high-elevation and coastal areas, they may be delivered through cloud or fog water, 
called cloud deposition.  
 
However the concept of acid rain was first referred to by Robert Augus in 1872 during the 
industrial revolution to mean any acidic precipitation (such as rain and fog among others) or 
depositions that occur downwind of areas where major emission of SO2, CO2, and NOx from 
human activities takes place (Oden, 1976; Botkin and Keller, 1998 and Efe, 2010b). Figure 1 
shows the various atmospheric processes through which pollutants from gaseous emission 
react with water in the atmosphere to produce acid rain. It is evident that gaseous emissions of 
SO2, CO2, NOx, and NH3, from burning fossil fuels, and other anthropogenic activities form the 
major source of acid deposition in the region. Once airborne, these pollutants can travel for 
several thousand kilometres and this long atmospheric lifetime enables their oxidation into 
acidic species (Pickering and Owen, 1994 and Tripathy and Panda, 1999). Subsequent 
deposition of the acids onto land, leads to widespread soil and surface water acidification. 
Through infiltration processes, acid rain also leaches various heavy metals from the soil into 
subsurface water, which impacts aquatic life. Acid rain also affects the flora and fauna on land 
as well as causing damage to sculptures and buildings (Pickering and Owen, 1994 and Tripathy 
and Panda, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The chain linking some emitted gases (SO2, NOx and NH3) to soil and water 

acidification (modified after Last and Whathing, 1991; Efe, 2010b)  
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Similarly Likens, Bormann and Johnson (1972) give discussions of acid rain effects in North 
America, and Seip (2001) noted that around 1900 there were reports of fish deaths that could 
have been caused by poor water quality. In 1959 the Norwegian biologist Alf Dannevig 
suggested that long-range transported sulphur pollutants could cause acidification and kill fish 
in Norwegian bodies of water. Odén (1968, 1976) has earlier described the possible effects of 
acid deposition on soils and water in Norway, and opined that increasing number of lakes and 
streams in Norway were reported to be acidic in the 1960s, and there was concern about 
possible effects on forests. This resulted in a large interdisciplinary Norwegian research project, 
Acid Deposition – Effects on Forest and Fish (Sur nedbørs virkning på skog og fisk, SNSF) that 
lasted from 1972 to 1980. Originally the intention was to focus on effects on forests, but soon 
the interest in water acidification and the accompanying biological impacts was at least as great 
(Seip 2001). The occurrence of acid rain has also been reported in rains in Bangkok, Thailand 
(Somboon, 1997). 
 
In Nigeria, acid rain has been observed in Warri, the rural areas of Delta State, Nigeria and the 
Niger Delta region of Nigeria (Efe, 2005, 2006, 2010b). There is however the need for the 
examination of its spread over the country. Efe (2006, 2010b) opined that gas flaring, waste 
incineration, bush burning, flumes from fairly used cars and other anthropogenic activities are 
the major causes of acid rain in Nigeria. Similarly the increased atmospheric concentration of 
carbon dioxide in recent years has also resulted in increased carbonic acid, which has been 
linked to the occurrence of acid rain in Nigeria (Efe, 2011).  
 
However, studies on acid rain in Nigeria have been limited to the Niger Delta region of Nigeria, 
to the neglect of other part of Nigeria (Onianwa et al, 2002; Omoleomo et al; 2008 and Efe, 
2010b). The reason for this perhaps, is that the Niger Delta area formed the foci of gas flares, 
and scholars felt that its ecological impact should be limited to the area (Efe, 2011). In recent 
times, the need for the extension of the investigation to the entire country is advocated. For 
instance Shell Petroleum Development Company SPDC (1995) argued that though there is the 
occurrence of acid rain in the Niger Delta region, acid rain is not restricted to the vicinity of the 
gas flares, but there is no evidence that gas flaring is the major factor. However Alakpodia 
(2000) asserted that gas flaring is the major cause of acid rain in the Niger Delta region of 
Nigeria and called for more studies to regularly assess the issue of acid rain and its causes not 
only in the region but over the Nigerian landscapes.  
 
Leading credence to the above call, Efe (2006) further confirm the occurrence of acid rain in 18 
rural coastal communities of Delta State. He observed a mean pH value of 6.4 in the open 
atmosphere, whereas lower pH values of 5.0 – 5.3 were seen in roof catchments of buildings in 
some coastal communities of Delta State, which he attributed to the proximity of the buildings 
to gas flare sites. Omoleomo et al (2008) also attributed the acidification of surface and ground 
water by acid rain in the Western Niger Delta to the flare rates, though he failed to correlate 
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the gas flares with the pH values of the water sources. At the International Conference on 
Natural Resource, Security and Development in the Niger Delta held on March 8-11, 2010 at 
Niger Delta Wetlands Centre, Yenagoa, Bayelsa State, Nigeria, participants called for the 
examination of the spatial distribution of acid rain over Nigerian landscape as an impact of oil 
exploitation (Efe, 2010a). This study therefore addresses the identified gap by examining the 
spatial variation of acid rain and its ecological effects in Nigeria. 
 
Methodology and Conceptual Issues 
The data used for this study were collected through direct field survey that last from January to 
December for fourteen years (1997 – 2010). A total of 19 sterilized plastic rain gauges were 
randomly distributed on the basis of 19 rainwater samples a month, and the choice of these 
years is based on the time the researcher was able to secure the services of research assistants 
to undertake the collection of rainwater samples at the various sites. The spatial distribution of 
the 19 rainwater sample sites was determined with 2 by 2 latitudinal and longitudinal 
intersection (Figure 2). The rain gauges were positioned at the designated study sites at 
1.5metres above the ground. To avoid dry precipitate on the gauges, they were removed 
immediately after the rain and returned to the sites when rain bearing cloud was observed. The 
rainwater samples were collected in line with Efe (2010b), where rainwater samples were 
collected from the first rain events for every month and for time lapse, experiment samples 
were taken at 5min, 10min, 15min and 20minutes from the start of the rain event with a final 
sample for any subsequent rain. All the rain events studied were collected as time lapse 
samples. 
 
The volume of rain in each time interval was recorded and the samples were analysed for their 
physico-chemical parameters, the average values of the time lapse samples for each rain event 
were utilized for this study. This technique has been used by Somboon (1997) and Efe (2005, 
2006, 2010b). A sub sample of the rain was used to measure pH and temperature immediately 
upon collection using a Teledo MC236 pH meter and digital mercury thermometer. The 
remaining rainwater collected was poured into sterilized plastic containers with and kept in a 
cooler containing ice to reduce the degradation of samples before analysis. Upon arrival at the 
laboratory, turbidity was estimated with a turbidity meter (APHA 214A). Nitrate-NO3

- was 
determined by colorimetric spectro-photometry and SO4

2-
 was determined with spectrometry 

via precipitation with BaCl2. A digital MC 226 conductivity meter was used to determine the 
electrical conductivity and Total Dissolved Solid (TDS) of the water sample. Sodium ion (Na+) 
and K+ were determined with a flame Emission Analyser. Lead, cadmium, magnesium and iron 
were analyzed with an Atomic Absorption Spectrophotometer (AAS) 3200 Metler model. 
ANOVA and simple regression analysis were used to determine the latitudinal variation in pH 
and the effect of distance on acid rain intrusion on rainwater sample in Nigeria 
 
The study adopts the concept of distance decay, which states that the quality and quantity of 
information decrease as distance increase from the source of information (Tobler 1970 and 
Alber et al 1971). Distance decay is a geographical term, which describes the effect of distance 
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on cultural or spatial interactions. The distance decay effect states that the interaction between 
two locales declines as the distance between them increases. Once the distance is outside of 
the two locales' activity space, their interactions begin to decrease. This model has been used 
extensively in human geography and ecology for several decades. For instance many ecological 
phenomena incorporate the pattern of decreasing community similarity with geographical 
distance (Nekola and White 1999). The above concept can be applied to this study because as 
distance increases from gas flares areas, the intensity of its influence decreases. That is, the 
intensity has inverse relationship with distance. In this study, the intensity of the occurrence of 
acid rain decreases as distance increases from gas flare areas, which could be ascribed to gas 
emission like ,So2, and No2 among others from the selected areas (Efe 2010b). 
 
Results and Discussion 
The spatial distributions of pH values of rainwater samples were generally lower than the WHO 
(2010) threshold of 6.5 for potable water. Apart from stations in the northern Nigeria 
(Potiskum, Maiduguri, Kano, Sokoto and others) that had higher pH values above 5.6 threshold 
of normal rainwater, the other rainwater samples collected from the coastal area (Port 
Harcourt, Warri, and Lagos among others) down to the middle belt area of Bida, Abuja, Lokoja, 
and Kaduna- Jos plateau areas had pH values that were generally lower than the 5.6 pH values 
for normal rainwater (Figure 2). During the period of investigation, Nigeria had 5.36 mean pH 
value, this however span 4.96 in the Niger Delta region to 5.69 in Sokoto - Nguru area (Figure 2 
and Table 1). The result showed a reduction of 0.73 in acid rain from the coast to the northern 
extremities. Thus, indicating widespread acid rain over the entire country where rainwater 
samples were harvested for this study (Figure 2). The 5.69 mean pH recorded in northern 
Nigeria indicate that these area had pH that conform to 5.60 of a normal rainwater, but 
however did not conform to 6.5 pH threshold of World Health Organization (WHO 2010) for 
potable water. The result is corroborated by Somboon (1997), Onianwa (2002), Omoleomo et al 
(2008) and Efe (2010) who opined that the widespread acid rain experienced in Nigeria most 
especially in the Niger Delta region could be ascribed to the rate of gas flare in the coastal belt 
of Nigeria. Other factors are the increased anthropogenic activities, industrial and fumes from 
increased fairly used cars and motor cycles among others in Kano, Sokoto, Maiduguri, Abuja, 
Lokoja, Lagos, Warri, Benin city and Port Harcourt. 
 
The distribution of pH in rainwater indicate 5.36 mean pH value, and an increase of 0.5 pH 
values from the coast to the northern extremities of Nigeria (Table 1). The observed indicates 
about 10% reduction in acid rain from latitude 40N to latitude 140N of the equator. The given 
result corroborated Somboon (1997) and Efe (2010b) who confirmed the spatial distribution 
pattern of acid rain in Bangkok and Nigeria respectively.  
 
The spatial pH distribution in Nigeria also corroborated the concept of acid rain, which state 
that acid rain depositions occurs downwind of areas where major emission of SO2, CO2, and NOx 
from human activities take place (Oden, 1976; Botkin and Keller, 1998 and Efe, 2010b). And the 
distance decay concept, which state that the spread of activities decreases with increasing 
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distance from the centre of activities. Thus the level of rainwater acidity increases from 
northern extremities to the coastal belt of Nigeria (Figure 2). 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Map of Nigeria indicating rainwater collection points with corresponding recorded pH 
values 

 
Table 1: Mean seasonal distribution of pH over latitudinal locations from flare sites 

Months Lat 5.4 Lat 6.8 Lat 8.2 Lat 9.6 Lat 11 Lat 12.4 Lat 13.8 Mean 
January 4.95 4.97 5.23 5.45 5.49 5.65 5.46 5.31 

February 5.01 5.09 5.56 5.46 5.49 5.65 5.54 5.4 

March 4.98 5.06 5.33 5.4 5.56 5.65 5.34 5.33 

April 4.98 5.09 5.36 5.36 5.53 5.68 5.5 5.36 

May 5 5.11 5.47 5.46 5.47 5.47 5.67 5.38 

June 5.08 5.14 5.5 5.51 5.5 5.6 5.6 5.42 

July 5.12 5.19 5.22 5.23 5.22 5.22 5.62 5.26 

August 5.06 5.16 5.32 5.35 5.36 5.36 5.56 5.31 
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September 5.33 5.39 5.4 5.4 5.42 5.46 5.69 5.44 

October 5.25 5.33 5.35 5.4 5.41 5.35 5.64 5.39 

November 4.99 5 5.08 5.35 5.55 5.65 5.6 5.32 

December 4.9 4.91 5.02 5.31 5.52 5.67 5.46 5.26 

 Mean 5.05 5.12 5.32 5.39 5.46 5.53 5.55 5.35 

Source: Fieldwork, 2011 
 
The multiple regression analysis performed on latitudinal variation and pH level in rainwater 
samples revealed a standardized beta correlation (r) value of 0.97 (Table 2), indicating that 
latitudinal increase contributed 95% to the concentration of pH in rainwater. Such that as 
latitudes (distance) increases, pH concentration in rainwater increases, showing that acid rain 
decline with latitudinal increase in Nigeria, thus further confirming the concept of distance 
decay discussed earlier. The analysis of variance (F) value 914.975, which is greater than the 
critical F value 6.09 in Table 3, showed that acid concentration in rainwater resources from the 
coast to the north, varied significantly with latitudinal variation. 
 
The seasonal variation of acid rain in Nigeria showed that the months of December had the 
lowest mean pH (5.29), while September had 5.44 pH values, indicating that rainwater in the 
months of December and September generally record the highest and lowest concentration of 
acid rain in Nigeria respectively (Table 1). The above corroborated (Efe 2006 and 2010) who 
observed  higher pH values in rainwater samples collected during the wet months of September 
and July in the Niger Delta area of Nigeria. 
 
Table 2: Regression Coefficients  

Model   

Unstandardized 
Coefficients 

Standardized 
Coefficients T Sig. 

    
B Std. Error Beta B Std. Error 

1 (Constant) 4.757 0.066   72.415 0.000 

   
Lat 

0.062 0.007 0.973 9.397 0.000 

a, Dependent Variable: pH 
 
Similarly, the acidic concentration in rainwater harvested also varied with the duration of 
rainfall. Higher acidic concentrations were generally recorded in the first 5 minutes of rainfall 
and lowest at the end of the rain (Table 4 and Figure 3). The observation showed a mean pH 
values of 5.13>5.24>5.33>5.42>5.46 for rainwater at 5minutes, 10 minutes, 15 minutes, 20 
minutes  and >20 minutes of rainfall (Table 4). The increase in rain pH throughout a rain event 
was reported previously in rains in Bangkok, Thailand and in Warri and rural areas of Delta 
State, Nigeria (Somboon, 1997; Efe, 2005, 2006, 2010b). Decrease in acidity is attributed to 
acidic species being washed out of the atmosphere during rain events (Efe 2010b). 
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Table 3: ANOVA explaining the Variation in acid rain over latitude 
Model 
  

Sum of 
Squares Df 

Mean 
Square F Critical F 

Remark 

Between .032 7 .005 914.975 6.09  
 
Within 

.000 4 .000     
Significant 
variation exist 

 
Total 

.032 11       
 

a Predictors: (Constant), lat13.8, lat9.6, lat8.2, lat5.4, lat12.4, lat11, lat6.8; b Dependent Variable: Mean 
 
Table 4: Temporal variation in mean acid rain and estimated gas flares rate (BCM) 

Years 5mins 10mins 15mins 20mins >20mins Mean 
*Gas Flare rates 
(BCM) 

1997 4.99 5.01 5.25 5.39 5.48 5.224 29.41 
1998 4.99 5.14 5.29 5.38 5.49 5.258 26.18 
1999 5.01 5.15 5.29 5.38 5.43 5.252 24.61 
2000 4.99 5.15 5.29 5.38 5.43 5.248 26.76 
2001 5.03 5.18 5.31 5.37 5.45 5.268 27.01 
2002 4.99 5.19 5.32 5.4 5.44 5.268 21.05 
2003 5.12 5.19 5.35 5.4 5.45 5.302 24.26 
2004 5.14 5.19 5.38 5.41 5.43 5.31 22.9 
2005 5.16 5.22 5.38 5.42 5.43 5.322 21.56 
2006 5.21 5.35 5.41 5.47 5.46 5.38 18.94 
2007 5.21 5.36 5.41 5.43 5.46 5.374 18.6 
2008 5.2 5.35 5.43 5.43 5.45 5.372  
2009 5.22 5.35 5.44 5.45 5.48 5.388  
2010 5.28 5.37 5.44 5.45 5.52 5.412  
2011 5.33 5.35 5.45 5.47 5.52 5.424  
 Mean 5.124667 5.236667 5.362667 5.415333 5.461333 5.320133  
*The lower the pH value, the higher the acidity; Source: Authors’ Fieldwork 
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Figure 3: Temporal variation in acid rain, Nigeria 
 
From Table 1 and Figure 4, the seasonal distribution of pH revealed a gradual decrease in acid 
rain from dry season to the peak of the wet season (September). This is evidence from mean pH 
values of 5.31 in January and 5.44 in September. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Seasonal variation in pH concentration in rainwater over Nigeria 
 
The high level of acidity in rainwater could be ascribed to the influence of gas flares in Nigeria. 
This is because the years with high rate of flares had the lowest pH concentration in rainwater 
(Figure 5). For instance the highest gas flare (29.41BCM) was recorded in 1997, which also had 
the lowest pH 4.98 during the period of study. However with decline in flare rate over the 
years, there is a corresponding increase in pH over the country.  
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Figure 5: Mean distribution of gas flare and pH concentration in rainwater *BCM Billion cubic 

metres 
 
Table 5 showed that acid rain has a strong inverse correlation with gas flaring (-0.80), indicating 
that as gas flaring increases, pH value decreases. And since lower pH indicate higher acid rain 
values, it showed that gas flaring is responsible for the occurrence of acid rain in Nigeria. Hence 
the higher the gas flare rate, the higher the occurrence of acid rain in Nigeria. This corroborated 
Somboon (1997) and Efe (2006, 2010b). 
 
Table 5: Standardized Beta Coefficients (a) Explaining the relationship between acid rain and 

gas flares 

  
Unstandardized 
Coefficients 

Standardized 
Coefficients T Sig. Correlations 

  B 
Std. 
Error Beta Zero-order Partial Part B Std. Error 

(Constant) 5.227 .044   117.674 .000       
Gas flares -.007 .002 -.801 -4.007 .003 -.801 -.801 -.801 

a Dependent Variable: pH 

 
 
Ecological Implication of Acid Rain in Nigeria 
The occurrence of acid rain in Nigeria has some implication on domestic water sources, 
vegetation and properties in Nigeria. The effects of acid rain on domestic water sources has 
been documented in Nigeria (Ogunkoya and Efi, 2003; Olobaniyi et al, 2007 and Efe and 
Mogborukor, 2008). For instance Efe and Mogborukor (2008) asserted that pH in rain, river, and 
open well water sources in Nigeria are generally low and there is low solute content in the 
region. Figure 6 showed the pH values in rain, river and open well water sources. The study 
revealed that pH values of rainwater, river water and open well water sources are 4.98 > 5.12 > 
5.23, indicating mildly acidic rainwater, river water and open well water over Nigeria 
environment. And over 83% of 228 water samples for rain, well and river respectively had pH 
values below the lowest pH thresholds of 5.6 for rain water. It should be noted that The Target 
Water Quality Range (TWQR) for pH in water for domestic use is 6.5 (Efe and Mogborukor, 2008 
and Efe, 2011). This made these water sources available to the residents of Niger Delta of 
Nigeria of low quality.  
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Figure 6: Mean distribution of pH in rain, hand dug wells and rivers in Nigeria 
 
Similarly Ogunkoya and Efi (2003) and Olobaniyi et al (2007) opined that the acidic nature of 
rain, river and open well water sources in Nigeria causes corrosion of storage bowls, fetching 
bucket, tanks, borehole casing and plumbing fixtures in water distribution system. The acidic 
nature has also been associated with short life span of surface and submersible pumps used in 
the Niger Delta region. This corroborated the preliminary observation where over 75% of 
pumping equipment and hydro pneumatic tanks failed after 5 - 6 years of installation, thus 
reducing their useful age by 4 years (EPA, 2004), as well as failure of water distributing system 
i.e. pipes line, and hydro pneumatic tank valves. Also roofs are easily corroded, thereby 
impinging on the low quality of rainwater harvested in the region. As a result, demand for 
water is far greater than the supply. Similarly in spite of the alternative source of water supply 
via provision of boreholes made available by the oil companies in the oil rich Niger Delta, there 
is still acute shortage. The boreholes cannot go round the communities and apart, most of the 
boreholes and other water schemes are not functional and sustainable because of high level of 
acid, NO4, Mg and Pb. 

 
Similarly the acidification of the water sources led to productive failure in aquatic life. The eggs 
of fish species such as gold fish, salamonide, roach, and tilapia have reportedly been killed by 
high acidity. Amphibians that spawn in streams in the early wet season are unable to 
reproduce. Similarly, reduced Ca and increased Cd and Pb concentration in surface water as a 
result of acidification, result in deformed bone structures and poor growth in fish (Efe and 
Mogborukor, 2008 and Efe, 2010b). Consequently birds such as loons and osprey that 
predominate in the area and feed on fish are no longer found.  
 
At the leaf surface, chlorosis and yellowing of leaves, wilting of the leaf tips, abscission of leaves 
and accelerated senescence was observed and, over the past thirteen years, more than 40% of 
tree and other plant species have been lost. The effects were most pronounced closest to the 
gas flaring sites where rain pH was lowest (pH 3.39) in most of the flare sites, Deleterious 
effects of acid rain on plants were reported previously (Jacobson, 1984, Neufeld et al 1985, Efe 
2010b). Acid also damages roots and stems in addition to the leaves of plant. Such damage to 
plants is also an indirect threat to the microorganisms which decompose them, and 
subsequently the rest of the ecosystem. Jeffrey et al (1981) found application of simulated 
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sulphuric acid to a number of crops resulted in decreased yield and growth and foliar injury. A 
decrease in the growth and yield of crops like cassava, sweet potatoes, maize, melon, plantain, 
rubber amongst others has also been reported in the area potentially due to effects from acid 
rain. The impact has invariably affected the socio economic life of the inhabitants of the oil 
producing communities in the agrarian communities (Jagtap, 2007). Acid rain has also affected 
soils by removal of essential nutrients leading to soil infertility in the region. 
 
The cornea and mucous layer of the respiratory tracts are very sensitive to acid rain. Rates of 
acidosis, irritation of eye, conjunctivitis, bronchitis and prolonged coughing, and lung disease 
have been found around the gas flare sites, higher than in non oil producing regions of Nigeria 
(Asonye et al, 2004; Efe and Mogborokor, 2008). Health problems were previously linked to 
exposure to airborne acidity (Lippmannm 1985) and Keratoconjunctivitis was reported in a 
previous study among children in oil-producing industrial areas of Delta State, Nigeria where it 
was attributed to pollution in the area (Asonye et al., 2004). The high level of toxic heavy metals 
in fresh waters can also impact human health via consumption of birds and fish contaminated 
by exposure to the polluted waters. 
 
According to Efe (2010b) the buildings and structures in Nigeria according to the residents have 
been decoloured and disfigured. Most landlords in the region asserted that they have to carry 
out routine repainting of their houses every two years because of decolouration by acid rain. 
Similarly, because of corrosion of the roofs most buildings in most of the area suffer leakages. 
Recent surveys found over 40% of houses in the region (especially those at the foci of the flare 
sites), leaking and roof repairs or replacement was carried out every three years (Alakpodia, 
2000, and Efe, 2005). However, in the non oil producing region such repairs were required 
much less frequently. In addition most car owners in the region reported that their cars were 
regularly decoloured that they had to re-spray once every three to four years. The bottom plate 
and body of the car are usually affected by corrosion, leading to rust age, requiring annual body 
work on the car.  
 
Based on the above environmental impacts of acid rain the study therefore recommends 
immediate enactment of legislation extinguishing gas flaring; alternatively it should be 
converted to industrial raw material for the production of domestic gases. There should be 
reduction of emission of acid gases. Acidified dug wells, rivers and other water bodies should be 
treated with lime to restore the pH to a level at which fish and other organism can survive. 
Rainwater harvested for domestic uses should be purified. All environmental laws for the 
protection of the environment should be implemented and periodic environmental impact 
assessment by both the oil company and the federal government of Nigeria should be carried 
out. The gas flaring operators should plough back part of their profits for the provision of social 
infrastructures in the region. 
 
Conclusion 
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The study revealed a declining concentration in acid rain distribution from the coastal areas to 
northern Nigeria, with a mean pH of 5.36 in Nigeria. However 4.96 pH values were observed in 
the Niger Delta region where gases are being flared. Other southern states like Lagos, and 
Akure among others had pH of 5.06 in rainwater and northern areas recorded pH of 5.56, which 
confirmed the presence of acid rain. The level of rainwater acidity increases from the northern 
extremities to the coastal belt of Nigeria. This has not only affected other water sources, but 
also impacted negatively on plant and animals, as well as buildings.  
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