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ABSTRACT 

Acid rain is a secondary effect of air pollution which has been causing industrialized nations of Europe and America 

great concern. Acid rain phenomenon is however becoming prevalent in Southern Nigeria as a result of industrial 

activities including oil drilling operations going on in the Niger Delta. Existence of acid rain in South-Eastern and 

South-Southern Nigeria was investigated by collecting representative samples of rain water and dry deposition from 

Nsukka, Egbema and Port-Harcourt towns on a weekly basis for 2 months (July-August) in 2009.The samples were 

tested for physico-chemical parameters according to the standard methods of water analysis and the range of results 

obtained were: pH(6.3-7.4), specific conductivity(0.36-1.40µS/Cm), suspended matter (0.063-0.23mg/l), SO4
2-

 

(0.36-1.10mg/l), NO3
-
 (0.53-1.97mg/l), NH4

+
 (0.074-0.13mg/l), Cl

-
 (0.54-0.79mg/l), Ca

2+
 (0.50-2.75mg/l), Mg

2+
 

(0.30-0.80mg/l), Na
+
 (0.10-4.05mg/l), K

+
 (0.32-0.73mg/l), Fe

2+
 (0.05-0.51mg/l) and Pb

2+
 (0.015-0.18mg/l). The 

mean average rainfall was highest in Egbema area (22.52-23.05mm) and lowest in Nsukka area (5.98-8.67mm) 

between the periods investigated (July to August). Cation and anion levels in rain samples were lower than the 

World Health Organization (WHO) international standards for drinking water (except for Pb
2+

 and NH4
+
). Dry 

deposition in samples varied from 0.00mg/l of Pb in down UNN area to 9.40mg/l of Na
+
  in Egbema area. One-Way 

Repeat measures ANOVA analysis showed no significant difference between amout of rainfall and other 

physiochemical parameters in all sampling locations investigated. Petroleum exploration in South-Southern Nigeria 

and growing number of cottage industries in South-Eastern Nigeria impacted on the inorganic ion pollution of rain 

water in these regions which may have possible health implications. 
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1.    INTRODUCTION 

As far back as the discovery of fire, man has polluted the atmosphere with notorious gases and soot. When coal 

began to be used as a fuel in the 14
th

 century, the problem became one of public concern. Increased fuel 

consumption by industries, population congestion in urban areas and the advent of motor vehicles has further 

worsened the situation [1]. 

Air pollution is defined as the presence of one or more contaminants (pollutants) in outdoor atmosphere in such 

quantities that they may tend to be injurious to humans, plant or animal life. Air pollutants are sometimes classified 

into primary air pollutants and secondary air pollutants [2]. Primary air pollutants are mainly suspended particles, 

oxides of sulphur and nitrogen, hydrocarbons, carbon monoxide and to a lesser extent, toxic trace elements, halides, 

organic phosphates, chlorinated hydrocarbons, uranium and radioactive elements such as Argon-41, Cesium-137 and 

Carbon-14 emitted by man. Secondary pollutants however refer to those pollutants formed as a result of chemical 

reactions of primary gaseous pollutants within the atmosphere. Secondary pollutants may be either gaseous or 

particulate aerosols [2]. 

Acid rain is said to exist in an area if the pH of rain water in that area is less than 5.6 [3-4]. It is a secondary effect of 

air pollution associated with industrialized areas. As early as 1850, the concept of acid rain had already become a 

recognized phenomenon that affects the quality of rainfall in acid polluted areas. In these areas, the acidity of the 

rain water can fall as low as below pH 4.3 which is more than ten times the acidity of normal unpolluted rain water 

[5]. Principal causes of acid rain are anthropogenic activities such as industrial and vehicular emissions, forest fires 

and careless disposal of industrial wastes while natural activities such as volcanic eruptions, thunder and lightning, 

decay and degradation processes in wet soils and minor causes [6]. These activities emit acidic gases namely oxides 

of sulphur and nitrogen as well as ammonia. During rainfall, these gases are washed out from the atmosphere by 

water droplets and then undergo a series of oxidation reactions with oxygen, water or ozone to give products that 

include H2SO3, H2SO4 or HNO3. This results in the lowering of pH of the rain water [6]. 

Since Vermeulen’s work on Netherland’s acid rain in 1966, precipitation monitoring has been continuously 

undertaken by scholars and there appears to be a considerable literature on the subject matter [7]. Available 

literature reveals well documented researches on acid rain phenomena especially in developed countries [8-12]. 

Even in emerging economies in Asia, a lot of documented researches have also been carried out on Acid rain 

phenomena [12]. But well documented research data on acid rain phenomena in Sub-Saharan Africa is still lacking 
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and Nigeria is not left out in this regard, although recent efforts have been made within the last decade to address 

this challenge. A review of indigenous research going on in this area shows that the major contributor to acid rain 

phenomena in the Niger delta part of Nigeria is gas flaring by Oil Companies [13, 17].  

Acid dry deposits have been sampled using dryfall bucket, Whatman 541 filter paper; polycarbonate petridishes and 

glass fibre filter [23-25]. Sulphur (IV) oxide absorbed in rain water has been shown to exist as S (IV) species 

(H2SO3) which later undergoes catalytic oxidation to form S (VI) (H2SO4), whereas Nitrogen oxides absorbed in rain 

water exist as nitrous and nitric acids [7].Analytical techniques involving acid precipitation measurements include 

photometric, colorimetric, potentiometric, ion exchange chromatographic, titrimetric and specific ion electrode 

methods of analysis [18]. These techniques have also also been applied in dry deposition measurement after wet 

extraction [7, 19-22]. Furthermore, other methods applied in precipitation sampling include use of dry, wet and bulk 

samplers [4, 18, 22-23].  

Reports indicate that spatial distribution of rainfall pH in North America is controlled by the concentration of nitrate 

and sulphate as well as the concentration of neutralizing species (Ca
2+

, Mg
2+

 and NH4
+
) [4].  Nitrate and sulphate 

ions found in rain water are principally anthropogenic in origin and their seasonal variations have also been 

established. Studies have also shown that terrestrially derived atmospheric particulates play major role in 

neutralizing acidity in precipitation [19, 23]. 

There seems to be insufficent published research on the comparative assessment of rain water quality and dry 

deposition trends of acid rain in industrialized parts of South-Eastern and South-Southern Nigeria, hence the import 

of this study cannot be overemphasized. The great economic loss attached to acid rain effects and industrial 

pollution coupled with the absence of precipitation monitoring network in Nigeria makes this work to be of prime 

importance. 

This work focuses on the investigation of acid rain phenomena in 3 selected cities (Nsukka, Egbema and Port 

Harcourt) in South-East and South-Southern Nigeria and the comparison of results with reference standards set by 

the World Health Organization for trace metals in water. Results obtained from selected sampling location in this 

studys will be compared with each other and with data obtained from similar researches done by other researchers in 

the past. 

 

 

2.    MATERIALS AND METHODS 

2.1.   Sample Collection 

Rain samples were collected weekly from Port-Harcourt, Egbema and Nsukka stations. At Nsukka, samples were 

collected from both Science Laboratory and Franco areas of University of Nigeria, Nsukka (UNN) popularly 

referred to as Up UNN and Down UNN respectively. Figure 1 depicts a map of southeastern Nigeria showing the 

study areas. Rain samples were collected by placing an open container (20.5cm diameter) in an open space free from 

direct human activities and 1.03m away from ground level. At the end of each rainfall, the samples were 

immediately transferred into clean high density polyethylene(HDPE) bottles and transported to the laboratory. The 

HDPE bottles were first precleaned by soaking them in 10% HCl solution overnight, they were later rinsed 

repeatedly with redistilled water [24]. 
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Figure 1: Map of Southeastern Nigeria showing Port-Harcourt, Egbema and Nsukka areas 

 

At Egbema, samples were collected from a station about 2 kilometers from Shell flow station. At Port-Harcourt, 

samples were collected from three stations namely: (a) Rumola, about a kilometer from Shell flow station in 

Rumola; (b) Rumokwurushi, about 2 kilometers from Rumola along the wind direction and (c) University of Port 

Harcourt, about 3 kilometers from Rumola away from the wind direction.  

Figure 2 shows a map of Port Harcourt indicating the three sampling stations (Rumola, Rumokwurushi and 

University of Port-Harcourt) where water samples were taken. 
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Figure 2: Map of Port-Harcourt showing Rumola, Rumokwurushi and University of Port-Harcourt sampling 

stations 

  

Dry deposition was collected daily by exposing filter paper (Whatman 541) for 24 hours at the same sampling point. 

After collection, the sample was tied up in clean polythene bags and transported to the laboratory. The samples were 

analyzed using established testing procedures [26-28]. 
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2.2     Sample Preparation 

Rain samples were filtered and refrigerated at 4
O
C pending time of analysis. A small portion of each sample was 

used for immediate determination of pH and specific conductivity whereas for trace metal analysis, each sample was 

spiked with 4M HNO3 in order to reduce their pH before subjecting them to atomic absorption spectroscopy [26]. 

Dry deposited samples were extracted with 100ml deionized distilled water and subjected to the same sample 

preparation and analysis procedures undergone by the rain samples. Standard solutions of Na, K, Fe, Pb, Ca, and Mg 

were prepared by appropriate dilution of their respective stock solutions. Blank solutions were also analyzed using 

the methods adopted for the real samples in order to improve the accuracy and precision of data obtained.  

 

2.3    Analysis of Physiochemical Properties 

A subportion of each water sample was used to measure the temperature and pH of rain immediately after collection 

using a digital mercury thermometer and a digital pH meter (Teledo MC 236) respectively. Specific conductivity 

and total suspended matter of the water samples were determined using a digital MC 226 conductivity meter [26, 

28]. For Na
+
, K

+
, Ca

2+
 and Mg

2+
 ions, a clinical flame photometer was used (Jenway PFP7) whereas Pb

2+
 and Fe

2+
  

were determined using an atomic absorption spectrophotometer (Model 3200 Metler) [27].Ammonia (NH4
+
) content 

was determined using phenate method while chloride (Cl
-
) was analyzed using argentometric method [26]. Nitrate 

(NO3
-
) content was determined by phenol-disulphonic acid method while sulphate (SO4

2-
) was determined using a 

digital turbidity meter (APHA 214A) [26].  

   

3.    RESULTS AND DISCUSSIONS 
A summary of weekly rainfall amount measurements (in mm) for all sampled stations (Nsukka, Egbema and Port-

Harcourt) and periods (July to August, 2009) is shown in table 1. The mean average rainfall was highest in Egbema 

area (23.05mm: July, 22.52mm: August) and lowest in Nsukka area (8.67mm: July, 5.98mm: August).  

 
 

Table 1: Summary of Weekly Rainfall Measurements (in mm) for all sampling stations and sampling periods (July-August, 2009) 

 

 
 

 
 

 

 

 

 
 

  

Correlation of weekly rainfall measurements (table 2) made during the sampling periods among all the sampling 

stations showed that negative correlations existed between average rainfall for Nsukka in July and Port-Harcourt in 

August (-0.053); Egbema in July and Nsukka in August (-0.220); Egbema in July and Port-Harcourt in August (-

0.121); Port-Harcourt in July and August (-0.083). On the other hand, positive correlations existed between average 

rainfall for Nsukka in July and August (0.037); Nsukka and Egbema in July (0.453); Nsukka in July and Egbema in 

August (0.390); Nsukka and Port-Harcourt in July (0.386); Nsukka and Egbema in August (0.011); Port-Harcourt in 

July and Nsukka in August (0.050); Port-Harcourt and Nsukka in August (0.571); Egbema in July and August 

(0.284); Egbema and Port-Harcourt in July (0.187); Port-Harcourt in July and Egbema in August (0.243); Egbema 

and Port-Harcourt in August (0.220). The positive correlation trends implies that all samples were collected at the 

peak of the rainy season (July-August), hence rainfall measurements tend to be similar especially (especially for 

Egbema and Port-Harcourt area).  On the other hand, negative correlation trends implies that in some cases, different 

rainfall patterns and climatic conditions exist for the areas under investigation (especially between Nsukka and 

Egbema/Port-Harcourt). 

 
 

 

 

 

 

 

 

 

Station/ 

Parameter 

Nsukka Egbema Port-Harcourt 

July August July August July August 

Mean 8.67 5.98 23.05 22.52 15.14 21.82 

Standard 

deviation 

10.57 10.18 24.06 30.25 27.87 30.73 

Sample 

variance 

111.67 103.73 578.75 915.26 776.91 944.21 

Range 0.0-40.9 0.0-47.0 0.0-84.0 0.0-109.0 0.0-115.8 0.0-109.4 
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Table 2: Correlation of weekly rainfall measurements between July to August, 2009 

 

  

  

One-way ANOVA results for weekly rainfall measurements made between July and August in 2009 shows that at P 

< 0.01(99.9% confidence level), Fcal (3.043) > Fcrit (2.264) implying that significant difference exist between the 

rainfall measurements in  the sampled stations stations for the period under review. However, ANOVA analysis to 

check discrepancies between different parameters show that at P < 0.1 (90% confidence level), Fcal (0.551) < Fcrit 

(1.779) indicating that no significant difference exist between the physico-chemical parameters investigated in this 

study. 

In all cases, the average pH of each sample was higher than 5.6 indicating the absence of acid rain in the areas 

investigated (table 4). However, the average pH of water from Port-Harcourt (ST-1: 6.75, ST-2: 7.2, ST-3: 6.75) and 

Egbema (ST-4: 7.3) sampling stations are higher than those of Nsukka (ST-5: 6.45, ST-6: 6.55) despite the higher 

sulphate concentrations of Nsukka (ST-5: 0.76, ST-6: 0.58) stations when compared to Egbema station (ST-4: 0.45) 

and some stations in Port-Harcourt (ST-1: 0.72, ST-3: 0.56). This observed trend may be as a result of neutralization 

reactions caused by Ca, Mg, Na and K elements which arose from human induced entrained dust. Furthermore, NH3 

emitted from National Fertilizer Company of Nigeria (NAFCON), Port-Harcourt may have also caused some 

neutralization of the acidity in Port-Harcourt and Egbema Samples. In addition, the relatively low average sulphate 

concentration in Egbema station (0.45) can also be attributed to sulphate absorption which decreases with increasing 

rainfall, hence, the heavy rainfall obsreved in Egbema and Port-Harcourt areas of Rivers State may be partly 

responsible for the low level of sulphate in rain water samples from these areas [7]. 

 

 

Table 3: Physiochemical Parameters of Rainwater measured at various sampling stations 9July-August, 2009) 

 

 Legend: EC=Electrical Conductivity, SM=Suspended matter, ST=Sampling station, N.A. = Not Available 

ST-1=Rumokwurushi, ST-2= Rumola, ST-3=UniPort, ST-4=Egbema, ST-5=Up UNN, ST-6=Down UNN 

 

 

Nsukka/July Nsukka/August Egbema/July Egbema/August 

Port-

Harcourt/July 

Port-

Harcourt/August 

Nsukka/July 1 

     
Nsukka/August 0.037 1 

    
Egbema/July 0.453 -0.220 1 

   
Egbema/August 0.390 0.011 0.284 1 

  Port-

Harcourt/July 0.386 0.050 0.187 0.243 1 

 Port-

Harcourt/August -0.053 0.571 -0.121 0.220 -0.083 1 

Sampling 

Station/ 

ST*-1 ST-2 ST-3 ST-4 ST-5 ST-6 WHO 

(2006) 

Parameter Jul. Aug

. 

Jul. Aug. Jul. Aug. Jul. Aug. Jul. Aug. Jul. Aug.  

pH 6.80 6.70 7.20 7.20 7.00 6.50 7.40 7.20 6.60 6.30 6.40 6.70 6.50-9.00 

EC (µS/Cm)* 0.44 0.86 1.10 0.63 0.81 0.36 0.82 1.30 1.40 0.83 0.65 0.73 250-1480 

SM (mg/l)* 0.079 0.21 0.008 0.12 0.10 0.15 0.14 0.23 0.063 0.11 0.11 0.068 500-1000 

SO4
2-(mg/l) 0.48 0.95 0.36 1.10 0.38 0.73 0.53 0.37 0.95 0.56 0.63 0.53 350-500 

NO3
- (mg/l) 1.10 0.80 1.97 0.60 1.02 0.64 1.63 1.42 0.53 0.97 0.63 0.54 25-50 

NH4
+ (mg/l) 0.099 0.12 0.074 0.13 0.020 0.095 0.13 0.11 0.090 0.10 0.12 0.12 0.05 

Cl- (mg/l) 0.62 0.64 0.64 0.54 0.62 0.64 0.79 0.64 0.54 0.57 0.77 0.74 250-600 

Ca2+ (mg/l) 0.50 0.55 0.76 0.50 0.53 0.81 0.54 0.74 1.93 0.80 2.75 0.85 75-200 

Mg2+ (mg/l) 0.30 0.45 0.33 0.54 0.36 0.43 0.68 0.71 0.59 0.42 0.10 0.80 50-150 

Na+ (mg/l) 0.70 0.78 0.98 0.10 2.21 2.01 1.94 2.16 2.14 2.77 4.05 1.41 150 

K+ (mg/l) 0.46 0.36 0.50 0.37 0.44 0.36 0.42 0.57 0.73 0.50 0.72 0.32 200 

Fe2+ (mg/l) 0.38 0.05 0.13 0.14 0.51 0.25 0.15 0.20 0.21 0.25 0.40 0.21 0.1 

Pb2+ (mg/l) 0.08 0.06 0.015 0.03 0.050 0.03 0.055 0.04 0.13 0.15 0.18 0.12 0.05 
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Electrical conductivity varies from 0.36-1.40µS/Cm which is well within the WHO standard (250-1480µS/Cm) for 

safe drinking water whereas suspended matter varies from 0.063-0.23mg/l  which is well below the WHO standard 

(500-1000mg/l) [28]. In addition, the suspended matter level in the water is within the Australia and UNESCO 

suspended matter standard for livestock (0-2900mg/l) implying that rain water from areas under investigation are 

suitable for livestock farming [31]. 

The concentrations of major cations and anions in the rain water samples are generally low and well below their 

WHO standards for safe drinking water [28]. The concentration of SO4
2-

 varies from 0.36-1.10mg/l as against the 

350-500mg/l WHO standard whereas NO3
-
 varies from 0.53-1.10mg/l which is lower than the 25-50 mg/l WHO 

standard for NO3
-
 content safe for drinking water [28]. On the other hand, Cl

-
 varies from 0.54-0.79mg/l which is 

higher than the 250-600mg/l WHO standard for Cl
-
 in drinking water [28]. Calcuim ion (Ca

2+
) varies from 0.53-

2.75mg/l which is lower than the 75-200mg/l WHO standard while Mg
2+

 varies from 0.1-0.8mg/l which is lower 

than the 50-150mg/l WHO standard. Sodium ion (Na
+
) varies from 0.7-4.05mg/l which is lower than the 150mg/l 

WHO limit while K
+
 varies frrom 0.32-0.72mg/l which is comparatively lower than the 200mg/l WHO limit [28]. 

Ammoniium ion (NH4
+
) content in the samples ranges from 0.02-0.13mg/l  which exceeds the 0.05 WHO limit for 

NH4
+
 in drinking water. However, Fe+ ranges from 0.05-0.40mg/l which exceeds the 0.1mg/l WHO standard while 

Pb
2+

  ranges from 0.015-0.08mg/l which also exceeds the 0.05 WHO limit for Pb content in drinking water [28]. The 

relatively high lead content may have resulted from entrained dust caused by frequent winds preceeding rainfall in 

the areas investigated. The correlation of physico-chemical parameters of rain water from sampled locations is 

shown in Table 4. 

 

Table 4: Correlation of physico-chemical parameters of rain water from sampled locations 

 

The mean results of dry deposited samples varied from 0.00mg/l of Pb in down UNN area to 9.40mg/l of Na
+
  in 

Egbema area. Sulphate, nitrate and sodium ion particulates showed highest levels whereas lead particulate showed 

lowest level in all the areas sampled (Table 5).  

 

 

 

 

 

 

 

 

 

 

 

pH EC SM SO4
2- NO3

- NH4
+ Cl- Ca2+ Mg2+ Na+ K+ Fe2+ Pb2+ 

 

               
pH 1 

             
EC 0.992 1 

            
SM 0.988 0.979 1 

           
SO4

2- 0.986 0.993 0.963 1 

          
NO3

- 0.974 0.969 0.968 0.941 1 

         
NH4

+ 0.971 0.973 0.955 0.949 0.992 1 

        
Cl- 0.983 0.979 0.986 0.954 0.992 0.985 1 

       
Ca2+ 0.972 0.972 0.980 0.943 0.994 0.983 0.995 1 

      
Mg2+ 0.938 0.953 0.936 0.927 0.964 0.973 0.952 0.966 1 

     
Na+ 0.940 0.941 0.941 0.902 0.991 0.988 0.978 0.985 0.968 1 

    
K+ 0.825 0.826 0.825 0.776 0.905 0.920 0.872 0.990 0.940 0.942 1 

   
Fe2+ 0.983 0.988 0.969 0.973 0.985 0.990 0.985 0.984 0.973 0.968 0.881 1 

  
Pb2+ -0.120 -0.128 -0.056 -0.135 -0.172 -0.155 -0.094 -0.153 -0.200 -0.160 -0.167 -0.193 1 
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Table 5: Mean Results of Dry depositions (mg/l) from various sampling stations 

 

 

 

 

 

 

 

 

 

 

 

The positive correlation factors observed in all cases of correlating the different sampling stations in pairs as shown 

in Table 6 implies that though the sampling stations are different, the deposition samples share similar 

characteristics as if they all come from an overall population. In other words, the dry deposition observed in this 

study is independent of the sampling location. 

 
 

Table 6: Correlation between dry deposited samples from selected stations 

 

 

 

 

 

 

 

 

 

 

 

4.   CONCLUSION 
The hydrochemical investigation of rain water quality in the study areas reveals the absence of major acid rain 

phenomena in these areas. The relative abundance of the constituent major cations in inceasing order are NH4
+
 > 

Pb
2+

 > Fe
2+

 > K
+
 > Mg

2+
 > Ca

2+
 > Na

+
 while the major anions in increasing order are Cl

-
 > SO4

2-
 .> NO3

-
. Cations 

and anions levels in the rain samples were lower than the W.H.O. international standards for drinking water (except 

for Pb
2+

 and NH4
+
) so we can conclude that no serious air pollution has taken place. However, there is need for 

periodic monitoring of air quality in the study areas as well as adequate waste disposal strategies so as to reduce the 

quantity of SO2 and NO2  gases released into the environment. 
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