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Abstract 

Three hundred and fifty (350) rainwater samples were collected from 35 select locations within Owerri 
Metropolis, Ehime Mbano and Mbaitoli LGAs and analyzed for Cd, Cu, Fe, Zn, and Pb using standard 
instrumental methods. The results were compared with the World Health Organization (WHO), 
National Ambient Air Quality Standards (NAAQS), Federal Environmental Protection Agency (FEPA) 
and National Agency for Food and Drug Administration and Control (NAFDAC) Standards for 
drinking water quality and modelled using GIS and MATLAB. The investigation indicated that the mean 
values of Cd, Zn, Fe and Pb peak in dry seasons while average concentration of Cu is at higher levels 
during the rainy seasons. Analysis of Variance (ANOVA) and the Multi-Comparative plots showed that 
all the heavy metals were affected by seasonal change and except for Cd and Pb are above the WHO, 
NAAQS, EPA and NAFDAC Standards. GIS (IDW) pollution model showed that hot spot locations 
appeared more for Cd, Zn, Fe and Pb in the dry seasons while the average concentration of Cu showed 
higher levels during the rainy seasons and were present in the atmosphere all through the year. The 

metropolis was more affected due to anthropogenic 
activities.  
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INTRODUCTION 

One possible source of fresh water is rainfall. 
Rainwater is a free renewable source of clean water 
[1, 2]. Unfortunately, in recent times, rainwater is 

no longer safe to drink as a result of chemical 
contamination by pollutants such as heavy metals 
[3, 4], and it is considered a worldwide 
environmental problem [5, 6] and causes the death 
of approximately 3 million people annually [7].  

 
Rainwater is a major source of water for the 

Owerri Metropolis and Suburbs of Imo State; 
however, rainwater is contaminated by pollutants 
such as heavy metals [8]. Natural and anthropogenic 
sources emit heavy metals into the atmosphere as air 

vapors or particles, which can be removed from the 
atmosphere through rainwater depending on its 
scavenging efficiency [9–12]. The scavenging of 
heavy metal pollutants by rain alters the chemical 
composition of rainwater, thereby resulting in 
detrimental consequences to humans, other animals, 
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vegetation, and soil pollution, with industrialization and urbanization being other major culprits [12, 
13].  

 
Rainwater contaminated with high levels of cadmium (Cd) can cause both chronic and acute effects 

in living organisms, including severe lung damage, vomiting, diarrhea, kidney damage, and stomach 
pain [14]. Cd may be found in automobile tyres, industrial production, and inappropriate disposal of 
batteries [15]. The maximum acceptable concentration is recognized to be 3 µg/L or5 µg/L by the WHO 
and EPA, respectively [16, 17].  

 

Industrial and domestic copper activities could be the main sources in the environment and pose 

health risks. The acceptable concentration of Cu in drinking water by the WHO is 2000µg/L [18]. 

 

Pb can be present in municipal solid waste incinerators, fuel, plumbing systems, industrial activities, 

and motor vehicles (i.e., tetraethyl Pb) and can lead to cancer, disrupt the absorption of vitamin D, harm 

the nervous system, and cause brain disorders [14, 19, 20]. 

 

Zinc can contaminate natural waters through roofing sheets, galvanized pipes, and metal oxidation 

[21–23]. Zn is important for normal body function; however, its deficiency can lead to severe health 

problems.  

 

Iron is an important element for enzymes and living organisms. Iron deficiency in human blood can 

cause health problems, such as anemia and neurodegenerative disorders [24]. 

 

The Atomic Absorption Spectrophotometer (AAS) method was used to analyze the heavy metal 

concentration in rainwater. However, it exhibits low detection limits thresholds [12]. Currently, there is 

not much information on studies on rainwater harvested directly from open air in the state and the use 

of predictive models for rainwater data analysis in the state. Therefore, this study carried out a 

comprehensive analysis of open-air harvested rainwater and analyzed it physiochemically using 

standard instrumental methods. Chemometric methods and geo-statistical techniques were used for data 

analysis.  

 

The generated information makes recommendations where necessary, providing knowledge of 

patterns and trends of heavy metal pollutant dispersion and other reliable information that could be 

useful to the relevant government and water treatment agencies, research institutes, and the general 

public for better proactive decision-making in Imo State. 

 

MATERIALS AND METHODS 

Materials 

Atomic Absorption Spectrophotometer (AAS)-Unicam Solar 919 Model, UV-Visible 

Spectrophotometer –Jenway 6305 Model, Digital Spectrophotometer –DR2010 Model, Chemometric 

methods –GIS (IDW), and MATLAB 2015. 

 

Study Area 

This includes the Owerri metropolitan local government area, Ehime Mbano local government area, 

and Mbaitoli local government area in Imo State. The rain occurred from April to late October. The dry 

season experiences two months of harmattan from late December to late February. The dry season is 

the hottest month of the year from January to March.  

 

Geological Map of Imo State Study Area  

Detailed geological map highlighting the rock formations and mineral resources in the study area of 

Imo State, Nigeria, used for research and analysis of the region's geological features. 
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Brief description of Imo State Sampling locations  

Imo State, located in southeastern Nigeria, features diverse sampling locations ranging from urban 

centers to rural areas. These sites include a mix of lowland rainforests, agricultural lands, and coastal 

regions, offering a rich variety of environmental and climatic conditions ideal for comprehensive field 

studies (Tables 1-7). 

 

Sample Collection 

Rainwater samples were collected for 60 days in the dry season (January-February) and 90 days in 

the rainy season (June-August) for two consecutive years from the 35 selected locations within the study 

area and analyzed physiochemically using standard instrumental methods (Figure 1). 

 

 
Figure 1. GIS map of study area showing Imo state sampling locations. 
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Table 1. The GPS and description of each sampling location. 
S.N. Sampling Area Co-Ordinates 

(Longitude/Latitude) 

Sampling Site Description  

 Owerri Municipal L.G.A.    

1. Amawom 5.48570, 7.03221 Ekeonunwa Street, Owerri. Commercial, Residential 

2. Umuodu 5.48141, 7.03523 Ihugba Street, Owerri Commercial, Residential 

3. Umuonyeche 5.48166, 7.03113 Rotobi Street, Owerri. Commercial, Residential 

4. Umuoyima 5.47454, 7.03747 Oyima Street, Owerri. Commercial, Residential 

5. Umuororonjo 5.48585, 7.03473 Oha-Owerre Hall Commercial, Residential 

 Ehime Mbano L.G.A.    

 Umuezeala    

6. Umuezeala-Ama 5.64607, 7.27366 Umuezeala-Ama Secondary 

School. 

Residential 

7. Umuezeala-Owerre 5.63123, 7.28432 Mercy girls Sec. Sch., 

Umuezeala, Owerre. 

Commercial, Residential 

8. Umuopara 5.63804, 7.27029 Lutheran Church, Umuopara, 

Ogboama, Umuezeala. 

Residential 

 Umueze II    

9. Umueleke 5.62340, 7.25425 St. Michael’s Catholic 

Church, Umueleke. 

Residential 

10. Umuodara 5.62479, 7.23861 Emmanuel Anglican Church, 

Umuodara. 

Residential 

11. Umuduruegwele 5.61529, 7.24459 Umuduruegwele Health 

Center, Umueze II. 

Residential 

 Umunakanu    

12. Umuele 5.62821, 7.27366 Oil Mill, Umuele. Commercial, Residential 

13. Umueli 5.63233, 7.26211 St. Barnabas Ang. Church, 

Umueli, Umunakanu. 

Residential 

14. Umuola 5.65517, 7.25774 St. Mathias Anglian Church, 

Umuola, Umunakanu. 

Residential 

 Umunumo    

15. Umuaro 5.65312, 7.29449 Nkwo-Umunumo. Commercial, Residential 

16. Umuokpara 5.65957, 7.27201 Ibeafor Sec. Sch., Umunumo. Residential 

17. Umuchima 5.64561, 7.29604 St. Charles Catholic Parish, 

Umuchima, Umunumo. 

Residential 

 Nsu    

18. Agbaghara 5.65281, 7.32121 St. Columbus Catholic 

Church, Agbaghara, Nsu. 

Residential 

19. Ezeoke 5.64312, 7.33425 St. Paul’s Cathedral, Ezeoke, 

Nsu. 

Residential 

20. Umuakagu 5.63528, 7.31985 St. Mark’s Anglican Church, 

Umuakagu. 

Commercial, Residential 

 Mbaitoli L.G.A    

 Mbieri    

21. Obazu 5.57121, 7.06627 Obazu Girls Sec. Sch., Obazu, 

Mbieri. 

Commercial, Residential 

22. Umuonyeali 5.53472, 7.02946 Industrial Market, 

Umuonyeali, Mbieri. 

Commercial, Residential 

23. Umudagu 5.53176, 7.04340 Ukwu-Uko, Umudagu, 

Mbieri. 

Commercial, Residential 

 Ogwa    

24. Idem-Ogwa 5.59841, 7.05204 St. Marks Church, Idem-

Ogwa. 

Residential 
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25. Ochii 6.65454, 7.08435 St. James Ang. Church, Ochii, 

Ogwa. 

Residential 

26. Umueze-Ogwa 5.64068, 7.06507 Ang. Church, Umueze, Ogwa. Residential 

 Ubomiri    

27. Egbeada 5.54443, 7.01844 Holy Family Table Water, 

Egbeada, Ubommiri. 

Commercial, Residential 

28. Obokpu 5.56700, 7.01453 Nkwo-Ubommiri Market. Commercial, Residential 

29 Umuabali 5.56789, 7.01385 St. Mary’s Catholic Church, 

Umuabali, Ubommiri. 

Residential 

 Orodo    

30. Obi-Orodo 5.61708, 7.03330 Primary Health Center, Obi-

Orodo. 

Residential 

31. Ofekata 5.59882, 7.02211 Shammah Int’l Sch., Ofekata, 

Orodo. 

Residential 

32. Ubaha 5.63619, 7.02343 St. Paul’s Ang. Church, 

Ubaha, Orodo. 

Residential 

 Ifakala    

33. Umunoha 5.59381, 6.99607 Holy Trinty Anglican Church, 

Ifakala, Umunoha. 

Residential 

34. Nworieubi 5.59312, 7.01563 UBA, Nworieubi. Commercial, Residential 

35. Nkwesi 5.59548, 7.01586 Nkwesi Town Hall Residential 

 

Sample Preparation 

The samples were harvested from sterile basins, transferred into properly labeled polyethylene bottles 
that were sterilized with HCl and ethanol, and then rinsed with distilled water, de-ionized water, and 
rainwater. Sample collection locations were recorded. Thereafter, the samples were transported to the 
laboratory for analysis. 
 

Metallic-ion Determination 

The heavy metals in the rainwater samples were analyzed using an Atomic Absorption 
Spectrophotometer (AAS; Unicam Model 919). The Metallic ions included Zinc (Zn), Copper (Cu), 
Iron (Fe), Lead (Pb) and Cadmium (Cd). 

 

Stock solutions from which working standards were prepared were serially diluted using various 
cathode tubes specific for each element to be determined. The hollow cathode lamp of the element to 
be analyzed was placed in the turret assembly of the atomic absorption spectrophotometer and then the 
rainwater sample solution. Absorbance readings were obtained from a digital readout. The 
concentration of each element in the rainwater samples was obtained by extrapolation from a standard 
curve. This was repeated for all elements to be analyzed using their wavelengths in turn. 

 
Atomic Absorption Spectroscopy (AAS) obeys Beer–Lambert law, otherwise known as Beer’s law, 

which states that the absorbance of a solution (A) is directly proportional to the concentration of the 
absorbing species (C) and the path length (L). 

Mathematically,  

A α C (1) 

Absorbance (A) was defined as the incident intensity (Io) and transmitted intensity (I), as follows:  

A = log10 (
𝐼𝑜

𝐼
)  (2) 

Assumption two can be expressed as  

A α L   (3) 

Combining 1.1 and 1.3  
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A α CL  (4) 

This proportionality can be converted into equality by including proportionality constant (K). 

A = KCL   (5) 

This formula is the common form of the Beer–Lambert law, although it can also be written in terms 

of intensity: 

A = log10 (
𝐼𝑜

𝐼
)= KCL  (6) 

Constant K is called the molar absorptivity or Molar Extinction Co-efficient and is a measure of the 

probability of the electron transition. In most diagrams, the absorbance ranges from 0 to 1, and 

sometimes above. An Absorbance of zero at some wavelength indicates that no light of that particular 

wavelength has been absorbed. The intensities of the sample and reference beams were the same. 

 

Therefore, the ratio 
𝑰𝒐

𝑰
 = 1 and the log10 of 1 = zero. 

 

MATLAB Modeling  

For the purpose of this research, five input variables were considered: location (longitude and 

latitude) of the study area, population of the study area, wind speed of the study area, distance of the 

study area from the reference, and height of measuring equipment from ground level using a simple 

linear regression technique. The regression model is given by y = mx + c (basic polynomial equation). 

 

Where,  

y = Output dependent variable (Pollutant Concentration in the atmosphere)  

x = Independent input variable (Location, population, distance, height) 

m = Slope 

c = y-intercept 

y = ao x + a   

Using the fifth-degree polynomial,  

y = ao + x1a1 + x2a2 + x3a3 + x4a4 + x5a5 (7) 

Obtaining the matrix schematics from the mathematical equation 

 

 
Figure 2. MATLAB matrix schematics. 

 

Finding the inverse of x; a = y/x 

Multiplying the inverse of x and y = yx-1  

a = Regression coefficient; ao = Factor 

1….5 = Order of polynomial 
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GIS Modeling 

The average value for unsampled locations using values from close to weighted locations was 
calculated using the GIS IDW technique. To achieve the above result for the predicted value of the 
unsampled location from the weighted values, data were collected from the stations that varied in 
season, both the dry and wet seasons for two years. These data were cleaned, converted to machine 
language (Comma Separate Value), and stored in a folder readable by the software. Arc Map 10.6 
software was used to perform the interpolation method, as stated above. The area extent to be used was 
the Imo State boundary, with an IDW Power coefficient of 2. The weights are proportional to the 
proximity of the sampled points to the unsampled location and are indicated by the IDW power 
coefficient, which shows that the larger the power coefficient, the stronger the weight of points close 
to. 
 

RESULTS 
The results obtained from the analysis of heavy metal pollutants in the harvested open-air rainwater 

in 35 selected locations within Imo State in both the dry (January D1, February D2) and rainy seasons 
(June R1, July R2, and August R3) for a 2-year analytical period using standard instrumental methods 
are as follows:   

DISCUSSION 

Cadmium: The mean value readings recorded by cadmium for the dry seasons were 0.029–0.037 

ppm, against 0.022–0.030 ppm recorded for the rainy seasons, as recorded in Table 6. However, these 

concentrations were above the EPA standard and NAFDAC maximum limits of 0.005 and 0.003 ppm, 

respectively, for cadmium in clean water. Interpretation of the pollution concentration Maps of Figure 

2 shows that Cd was present in both seasons. The values obtained from the Cadmium ANOVA analysis 

in Table 7 show that the two data compared are significantly different from the outcome Cadmium Box 

and Whiskers plot and Cadmium Multi-Comparative graph (having two lines of different colors), 

indicating that cadmium concentration was affected by seasonal change. 

 

During the study period, the average copper concentration range for the dry season was 0.030–0.041 

ppm, while that of the rainy season was 0.025–0.037 ppm. The concentration levels in rainwater for 

both seasons are below the EPA and NAFDAC maximum limit of 1.3 ppm and 1.0 ppm respectively 

for copper in clean water to protect against short-term gastrointestinal tract problems. The Cu GIS 

comparison model interprets the distribution pattern of Cu present in rainwater in the locations under 

study in both seasons. Values obtained from Copper ANOVA analysis, which is interpreted Copper 

Box and Whiskers plot, Copper Multi-Comparative graph showed data sets as being significantly 

different and indicates that Copper concentration in rainwater was affected by seasonal change. 

 

The average Zinc concentration range for the dry season was 0.047–0.068 ppm, and that of the rainy 

season was 0.044–0.053 ppm. These recorded zinc concentration levels are below the WHO standard 

and NAFDAC maximum limit of 1.0 mg/L and 5.0 mg/L respectively of Zinc in clean water. The 

pollution concentration map interprets the data as having detectable levels of Zn in fewer areas. Values 

from the Zinc ANOVA analysis datasets are significantly different. The outcome is affirmed by the 

Zinc Box and Whiskers plot on the Zinc Multi-Comparative graph. This indicates that the zinc 

concentration in rainwater is affected by seasonal changes. 

 

The highest concentrations of Fe were obtained in the dry season and slightly lower concentrations 

in the rainy seasons. Fluctuating pH has also been suggested to explain seasonal iron concentrations in 

rainwater. The average concentration range of iron in the dry season was 0.040–0.056 ppm, whereas 

that of the rainy season was 0.036–0.053 ppm. A spike was observed at 0.056 ppm during the dry 

season. The concentration of Iron in rainwater for both seasons was below NAFDAC maximum limit 

of 0.3 mg/L of Iron in clean water. The values obtained from the Iron ANOVA analysis are confirmed. 

The Iron Box and Whiskers plot and Iron Multi-comparative graph showed that the mean iron 

concentration data in the dry seasons were significantly different from those of the rainy seasons, with 
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the two lines of the multi-comparative graphs having different colors, indicating that the iron 

concentration in rainwater was affected by changes in season (Figures 1–5). 

 

Temperature influences the solubility of representative lead solids present in rainwater. The average 

Pb concentration range for the dry seasons was 0.040–0.056 ppm, whereas in the rainy seasons, it was 

0.038–0.053 ppm. The Lead GIS Comparison Model interpreted the distribution patterns of the lead 

concentration level in rainwater for both seasons to be relatively the same, but with a peak of 0.056 ppm 

in the dry season. These concentration levels are above NAFDAC maximum limit of 0.01 mg/L of Lead 

in clean water. In addition, the Pb concentration level in the atmosphere was above the NAAQS and 

WHO air quality standards of 0.00015 ppm and 0.001 mg/L, respectively. The high concentration level 

of Pb is a result of vehicular traffic density in the area. The Box and Whiskers plot and the multi-

comparative graph interpret data of the mean lead concentrations in rainwater for the dry and rainy 

seasons as varying significantly. In addition, the values obtained from the Lead ANOVA analysis 

suggest the same, confirming that the Pb concentration was affected by seasonal change (Tables 1–7). 

 

Table 2. Dry season (year 1) mean value data for heavy metals. 

Sampling Area Cd 

ppm 

Cu 

ppm 

Zn 

ppm 

Fe 

ppm 

Pb 

ppm 

Owerri Municipal L.G.A.  

Amawom 0.036 0.041 0.068 0.053 0.14 

Umuodu 0.035 0.040 0.065 0.052 0.13 

Umuonyeche 0.038 0.042 0.063 0.053 0.13 

Umuoyima 0.037 0.041 0.073 0.052 0.14 

Umuororonjo 0.035 0.042 0.067 0.053 0.14 

Ehime Mbano L.G.A.  

Umuezeala 

Umuezeala-Ama 0.031 0.037 0.053 0.042 0.13 

Umuezeala-Owerre 0.030 0.037 0.055 0.041 0.12 

Umuopara 0.031 0.036 0.052 0.042 0.12 

Umueze II  

Umueleke 0.032 0.037 0.053 0.042 0.12 

Umuodara 0.030 0.038 0.050 0.041 0.12 

Umuduruegwele 0.031 0.036 0.052 0.042 0.12 

Umunakanu  

Umuele 0.032 0.035 0.053 0.040 0.12 

Umueli 0.031 0.036 0.054 0.041 0.13 

Umuola 0.031 0.036 0.057 0.042 0.13 

Umunumo  

Umuaro 0.031 0.034 0.055 0.040 0.12 

Umuokpara 0.031 0.034 0.052 0.041 0.12 

Umuchima 0.030 0.034 0.056 0.041 0.12 

Nsu  

Agbaghara 0.030 0.037 0.049 0.041 0.12 

Ezeoke 0.031 0.038 0.050 0.040 0.12 

Umuakagu 0.031 0.037 0.052 0.042 0.12 

Mbaitoli L.G.A  

Mbieri 
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Obazu 0.035 0.042 0.054 0.038 0.13 

Umuonyeali 0.034 0.043 0.056 0.042 0.12 

Umudagu 0.035 0.042 0.054 0.041 0.13 

Ogwa  

Idem-Ogwa 0.034 0.040 0.053 0.040 0.12 

Ochii 0.033 0.040 0.054 0.041 0.12 

Umueze 0.035 0.038 0.052 0.042 0.12 

Ubomiri  

Egbeada 0.035 0.048 0.065 0.056 0.14 

Obokpu 0.033 0.046 0.064 0.054 0.13 

Umuabali 0.033 0.047 0.064 0.052 0.13 

Orodo  

Obi-Orodo 0.034 0.045 0.054 0.050 0.12 

Ofekata 0.035 0.047 0.054 0.048 0.13 

Ubaha 0.034 0.046 0.053 0.046 0.12 

Ifakala  

Umunoha 0.034 0.042 0.064 0.053 0.13 

Nworieubi 0.037 0.043 0.073 0.052 0.13 

Nkwesi 0.032 0.040 0.065 0.048 0.12 

 

Table 3. Rainy season (year 1) mean value data for heavy metals. 

Sampling Area Cd 

ppm 

Cu 

(ppm 

Zn 

ppm 

Fe 

ppm 

Pb 

ppm 

Owerri Municipal  L.G.A.  

Amawom 0.030 0.034 0.054 0.050 0.12 

Umuodu 0.031 0.036 0.053 0.052 0.12 

Umuonyeche 0.033 0.036 0.055 0.052 0.13 

Umuoyima 0.032 0.034 0.053 0.051 0.12 

Umuororonjo 0.032 0.035 0.054 0.052 0.12 

Ehime Mbano L.G.A.  

Umuezeala 

Umuezeala-Ama 0.028 0.028 0.045 0.038 0.11 

Umuezeala-Owerre 0.028 0.027 0.046 0.037 0.11 

Umuopara 0.027 0.026 0.049 0.035 0.11 

Umueze II  

Umueleke 0.024 0.027 0.048 0.040 0.11 

Umuodara 0.025 0.028 0.049 0.038 0.11 

Umuduruegwele 0.026 0.026 0.049 0.036 0.12 

Umunakanu  

Umuele 0.022 0.028 0.043 0.037 0.11 

Umueli 0.024 0.028 0.044 0.032 0.11 

Umuola 0.023 0.026 0.043 0.035 0.11 

Umunumo  

Umuaro 0.022 0.026 0.042 0.036 0.11 

Umuokpara 0.021 0.024 0.044 0.035 0.11 

Umuchima 0.020 0.025 0.043 0.033 0.11 
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Nsu  

Agbaghara 0.020 0.028 0.042 0.040 0.10 

Ezeoke 0.022 0.028 0.043 0.038 0.11 

Umuakagu 0.020 0.030 0.042 0.038 0.11 

Mbaitoli L.G.A  

Mbieri 

Obazu 0.028 0.032 0.047 0.032 0.11 

Umuonyeali 0.026 0.033 0.048 0.036 0.11 

Umudagu 0.025 0.032 0.047 0.038 0.12 

Ogwa  

Idem-Ogwa 0.028 0.028 0.043 0.037 0.11 

Ochii 0.028 0.027 0.045 0.038 0.11 

Umueze 0.026 0.026 0.045 0.036 0.11 

Ubomiri  

Egbeada 0.030 0.040 0.050 0.061 0.12 

Obokpu 0.028 0.038 0.052 0.060 0.11 

Umuabali 0.027 0.037 0.051 0.061 0.11 

Orodo  

Obi-Orodo 0.030 0.035 0.046 0.040 0.11 

Ofekata 0.029 0.037 0.047 0.040 0.11 

Ubaha 0.030 0.036 0.047 0.035 0.11 

Ifakala  

Umunoha 0.028 0.032 0.052 0.041 0.11 

Nworieubi 0.032 0.037 0.055 0.043 0.12 

Nkwesi 0.026 0.030 0.053 0.037 0.11 

 

Table 4. Dry season (Year 2) mean value data for heavy metals. 

Sampling Area Cd 

ppm 

Cu 

ppm 

Zn 

ppm 

Fe 

ppm 

Pb 

ppm 

Owerri Municipal L.G.A.  

Amawom 0.035 0.036 0.058 0.055 0.13 

Umuodu 0.034 0.035 0.061 0.053 0.13 

Umuonyeche 0.035 0.033 0.058 0.054 0.13 

Umuoyima 0.036 0.035 0.055 0.050 0.13 

Umuororonjo 0.037 0.035 0.057 0.055 0.13 

Ehime Mbano L.G.A.  

Umuezeala 

Umuezeala-Ama 0.030 0.030 0.052 0.043 0.12 

Umuezeala-Owerre 0.028 0.028 0.051 0.042 0.12 

Umuopara 0.030 0.034 0.052 0.041 0.12 

Umueze II  

Umueleke 0.031 0.028 0.049 0.041 0.12 

Umuodara 0.032 0.030 0.052 0.042 0.12 

Umuduruegwele 0.031 0.030 0.047 0.043 0.12 

Umunakanu  

Umuele 0.031 0.028 0.051 0.042 0.12 
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Umueli 0.030 0.029 0.052 0.042 0.12 

Umuola 0.032 0.030 0.050 0.043 0.12 

Umunumo  

Umuaro 0.030 0.028 0.048 0.041 0.12 

Umuokpara 0.028 0.025 0.050 0.043 0.12 

Umuchima 0.031 0.027 0.049 0.042 0.12 

Nsu  

Agbaghara 0.032 0.028 0.045 0.043 0.12 

Ezeoke 0.031 0.027 0.048 0.043 0.12 

Umuakagu 0.031 0.030 0.050 0.043 0.12 

Mbaitoli L.G.A  

Mbieri 

Obazu 0.033 0.031 0.053 0.041 0.13 

Umuonyeali 0.034 0.032 0.054 0.041 0.13 

Umudagu 0.033 0.033 0.056 0.042 0.12 

Ogwa  

Idem-Ogwa 0.032 0.027 0.048 0.042 0.12 

Ochii 0.033 0.028 0.046 0.042 0.12 

Umueze 0.032 0.028 0.051 0.044 0.12 

Ubomiri  

Egbeada 0.034 0.036 0.061 0.056 0.13 

Obokpu 0.032 0.035 0.062 0.058 0.12 

Umuabali 0.032 0.034 0.060 0.056 0.13 

Orodo  

Obi-Orodo 0.034 0.035 0.063 0.050 0.13 

Ofekata 0.033 0.035 0.063 0.052 0.13 

Ubaha 0.033 0.036 0.059 0.050 0.12 

Ifakala  

Umunoha 0.032 0.034 0.060 0.055 0.12 

Nworieubi 0.035 0.035 0.062 0.053 0.13 

Nkwesi 0.033 0.032 0.059 0.052 0.12 

 

Table 5. Rainy season (Year2) mean value data for heavy metals. 

Sampling Area Cd 

ppm 

Cu 

ppm 

Zn 

ppm 

Fe 

ppm 

Pb 

ppm 

Owerri Municipal L.G.A.  

Amawom 0.028 0.034 0.052 0.048 0.12 

Umuodu 0.027 0.033 0.052 0.050 0.12 

Umuonyeche 0.027 0.032 0.050 0.047 0.12 

Umuoyima 0.028 0.032 0.053 0.048 0.12 

Umuororonjo 0.028 0.032 0.052 0.049 0.12 

Ehime Mbano L.G.A.  

Umuezeala 

Umuezeala-Ama 0.024 0.026 0.045 0.040 0.11 

Umuezeala-Owerre 0.024 0.025 0.047 0.042 0.11 

Umuopara 0.024 0.025 0.047 0.043 0.11 
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Umueze II  

Umueleke 0.023 0.023 0.048 0.040 0.11 

Umuodara 0.024 0.023 0.045 0.040 0.11 

Umuduruegwele 0.024 0.025 0.046 0.040 0.11 

Umunakanu  

Umuele 0.023 0.023 0.045 0.038 0.11 

Umueli 0.024 0.025 0.046 0.040 0.11 

Umuola 0.023 0.023 0.045 0.041 0.11 

Umunumo  

Umuaro 0.022 0.024 0.046 0.039 0.11 

Umuokpara 0.022 0.025 0.048 0.038 0.11 

Umuchima 0.023 0.024 0.045 0.040 0.11 

Nsu  

Agbaghara 0.023 0.023 0.043 0.041 0.10 

Ezeoke 0.023 0.021 0.046 0.040 0.11 

Umuakagu 0.023 0.025 0.045 0.038 0.11 

Mbaitoli L.G.A  

Mbieri 

Obazu 0.025 0.034 0.047 0.038 0.11 

Umuonyeali 0.026 0.036 0.049 0.040 0.11 

Umudagu 0.025 0.036 0.048 0.040 0.12 

Ogwa  

Idem-Ogwa 0.026 0.036 0.044 0.042 0.11 

Ochii 0.025 0.037 0.042 0.038 0.11 

Umueze 0.025 0.036 0.043 0.048 0.11 

Ubomiri  

Egbeada 0.027 0.037 0.050 0.044 0.12 

Obokpu 0.028 0.036 0.051 0.045 0.11 

Umuabali 0.026 0.037 0.048 0.043 0.11 

Orodo  

Obi-Orodo 0.027 0.035 0.046 0.042 0.12 

Ofekata 0.026 0.036 0.045 0.042 0.12 

Ubaha 0.026 0.035 0.046 0.041 0.11 

Ifakala  

Umunoha 0.026 0.036 0.044 0.044 0.11 

Nworieubi 0.027 0.037 0.047 0.047 0.12 

Nkwesi 0.025 0.035 0.044 0.044 0.11 

  

Table 6. Mean values Cd (ppm) for both years. 

S/N Sampling Area YR1 Dry YR2 Dry Dry Mean YR1 Rainy YR2 Rainy Rainy 

Mean 

 Owerri Municipal L.G.A  

1. Amawom 0.036 0.035 0.036 0.030 0.028 0.029 

2. Umuodu 0.035 0.034 0.035 0.031 0.027 0.029 

3. Umuonyeche 0.038 0.035 0.037 0.033 0.027 0.030 

4. Umuoyima 0.037 0.036 0.037 0.032 0.028 0.030 
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5. Umuororonjo 0.035 0.037 0.036 0.032 0.028 0.030 

 Ehime Mbano L.G.A.  

 Umuezeala 

6. Umuezeala-Ama 0.031 0.030 0.031 0.028 0.024 0.026 

7. Umuezeala-Owerre 0.030 0.028 0.029 0.028 0.024 0.026 

8. Umuopara 0.031 0.030 0.031 0.027 0.024 0.026 

 Umueze II       

9. Umueleke 0.032 0.031 0.032 0.024 0.023 0.024 

10. Umuodara 0.030 0.032 0.031 0.025 0.024 0.025 

11. Umuduruegwele 0.031 0.031 0.031 0.026 0.024 0.025 

 Umunakanu  

12. Umuele 0.032 0.031 0.032 0.022 0.023 0.023 

13. Umueli 0.031 0.030 0.031 0.024 0.024 0.024 

14. Umuola 0.031 0.032 0.032 0.023 0.023 0.023 

 Umunumo       

15. Umuaro 0.031 0.030 0.031 0.022 0.022 0.022 

16. Umuokpara 0.031 0.028 0.030 0.021 0.022 0.022 

17. Umuchima 0.030 0.031 0.031 0.020 0.023 0.022 

 Nsu  

18. Agbaghara 0.030 0.032 0.031 0.020 0.023 0.022 

19. Ezeoke 0.031 0.031 0.031 0.022 0.023 0.023 

20. Umuakagu 0.031 0.031 0.031 0.020 0.023 0.022 

 Mbaitoli L.G.A  

 Mbieri 

21. Obazu 0.035 0.033 0.034 0.028 0.025 0.027 

22. Umuonyeali 0.034 0.034 0.034 0.026 0.026 0.026 

23. Umudagu 0.035 0.033 0.034 0.025 0.025 0.025 

 Ogwa  

24. Idem-Ogwa 0.034 0.032 0.033 0.028 0.026 0.027 

25. Ochii 0.033 0.033 0.033 0.028 0.025 0.027 

26. Umueze 0.035 0.032 0.034 0.026 0.025 0.026 

 Ubomiri  

27. Egbeada 0.035 0.034 0.035 0.030 0.027 0.029 

28. Obokpu 0.033 0.032 0.033 0.028 0.028 0.028 

29. Umuabali 0.033 0.032 0.033 0.027 0.026 0.027 

 Orodo  

30. Obi-Orodo 0.034 0.034 0.034 0.030 0.027 0.029 

31. Ofekata 0.035 0.033 0.034 0.029 0.026 0.028 

32. Ubaha 0.034 0.033 0.034 0.030 0.026 0.028 

 Ifakala  

33. Umunoha 0.034 0.032 0.033 0.028 0.026 0.027 

34. Nworieubi 0.037 0.035 0.036 0.032 0.027 0.030 

35. Nkwesi 0.032 0.033 0.033 0.026 0.025 0.026 

 

Here, the Figure 3 shows the cadmium GIS comparison model of cadmium at different areas in 

different seasons of the year. 
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Figure 3. Cadmium GIS comparison model (a) cadmium at dry season year 1, (b) cadmium at rainy 

season year 1, (c) cadmium at dry season year 2, (d) cadmium at rainy season year 2. 

(c) 

(d) 



 

 

Heavy Metal Assessment of Rainwater from Owerri Metropolis and Suburbs                                           Ike et al. 

 

 

© STM Journals 2024. All Rights Reserved 53  
 

Here, the Figure 4 shows the cadmium MATLAB comparison model of cadmium at different areas 

in different seasons of the year in Nigeria. 

 

  

  

  
Figure 4. Cadmium MATLAB comparison model (a) cadmium at dry seasons, (b) cadmium at rainy 

seasons. 
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Here, the Figure 5 shows the cadmium comparison bar chart model of cadmium at different areas in 

different seasons of the year in Nigeria. 

 

  

  
Figure 5. Cadmium comparison bar chart (a) dry seasons, (b) rainy seasons. 

 

Here, the Figure 6 shows the cadmium ANN comparison model of cadmium at different areas in 

different seasons of the year in Nigeria. 
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Figure 6. (a) ANN predicted cadmium at dry seasons, (b) ANN predicted cadmium at rainy seasons, 

(c) dry season, (d) rainy season. 

 

Here, the Figure 7 shows the cadmium mean comparative analysis of cadmium at different areas in 

different seasons of the year in Nigeria. 

 

 
Figure 7. Cadmium mean comparative analysis dry and rainy seasons. 

 

Table 7 Cadmium ANOVA table. 
ANOVA Table 

Source SS DF MS F Prob>F 

Column 0.00082 1 0.00082 148.57 9.08545e-19 

Error 0.00038 68 0.00001   

Total 0.0012 69    

 

CONCLUSION 

The study used GIS (IDW) and MATLAB 2015 software to generate pollution models that were 
applied in the Heavy Metal Assessment of Open-air Rainwater from Owerri Metropolis and Suburban 
Areas of Imo State, Nigeria.  
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The study showed that all the heavy pollutants were present in varied concentrations in the various 
seasons in the harvested rainwater throughout the year; therefore, the rainwater was polluted. The dry 
season was more polluted by heavy metals than the rainy season. This could be a result of higher 
atmospheric pollutants emitted from natural and anthropogenic sources during the dry season than 
during the rainy season. The GIS pollution distribution mapping showed hot spot locations for the 
pollutants, mainly in the industrial metropolis, indicating that anthropogenic activities were the primary 
source of the pollutants. The heavy metal pollutants were below the WHO limit, NAAQS, and FEPA 
standards, with the exception of Cd and Pb. This work recommends that rainwater be treated before 
consumption and that more monitoring sites be set up in different areas of the state for constant 
monitoring. 
 

Suggestions for Further Study 

1.  An empirical model should be deployed in the prediction of heavy metal pollution factors with 
outcomes compared to those of the Artificial Neural Network (ANN) model. 

2. Other Artificial Intelligence models should be used and compared to determine the best model 
that represents heavy metal pollutants in harvested open-air rainwater, as obtained from the field. 
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