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ABSTRACT 

Objective: Scarcity of conventional sources of water in arid and semiarid regions has promoted the search for additional 

sources of water.  This study is aimed at assessing the level of portability of rainwater samples harvested from zinc and 

aluminium coated roofing materials of some residential homes located in a non-commercial centre in Minna, Nigeria. 

Method: Ten residential homes which had the requirements for the study, comprising the two materials were identified. 

Samples were collected once every week between the months of June and September for the years 2010, 2011 and 2012 

respectively. A comprehensive physicochemical analysis was carried out on the sample and their averages taken. 

Result: Electrical conductivity ranged between 232 and 432 μs/cm; total dissolved solid ranged between 38.9 and 47.8 

mg/L; total alkalinity ranged between 16.5 and 52 mg/L while the zinc content ranged between 1 and 2 mg/L. No alumi-

num deposits were observed from the study area. 

Conclusion: All the physiochemical parameters tested were within the recommended specification of NSDWQ of 2007 

thus the harvested rainwater can be used for domestic and agricultural purposes.  

Keywords: aluminum, harvested rainwater, zinc, water quality, parameters.  

1. Introduction 
 

 Man realized from the very beginning that water is 

about the most essential element for satisfaction of all his 

basic needs. Water is the essence of life and safe drinking 

water is a basic human right essential to all. It is essential 

for the wellbeing of mankind and for sustainable devel-

opment (Xiaoyan et al., 2002; Musa and Ahanonu, 2013; 

Musa et al., 2013). As urban population increases, the 

need for the basic amenities of life increased, which in-

cludes homes and the need for water increases. With the 

unprecedented growth rate in the world population, a large 

amount of chemical compounds are released into our en-

vironment which affects the chemical composition of such 

areas, thus causing the emergence of new health hazards 

which in some cases cause life threatening diseases and 

climate changes at a global scale. The atmosphere accord-

ing to several researchers is subject to photochemical re-
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actions and the transportation of such over longer distanc-

es (Daum et al., 1996; Maliszewska-Kordybach, 1999; 

Despins et al., 2009; El Atta et al., 2010). During the cause 

of rainfall, some of these compounds are dissolved and 

wash out as gases and aerosols together with the com-

pounds contained in them (Kus et al., 2011; Cobbina et al., 

2013; Pokowska, 2014).  The unavailability of this es-

sential fluid of life in adequate quantity and quality in 

some cases delays development. Without water, humans 

cannot live for more than a few days. Water is in great 

demand as it represents a unique feature in every settle-

ment: for drinking, sanitation, washing, fishing, recreation 

and industrial processes. Assess to clean and regular water 

supply is a basic human right as is access to unadulterated 

food. A lot of people especially the less affluent however 

miss out on this as with other human rights (Radaideh et 

al., 2009; Achadu et al., 2013).   

 Harvested rainwater is the most commonly used wa-

ter for domestic purposes in most developing countries of 

world as the available water is not sufficient to meet the 

growing needs (Moglia, 2010; Olaoye and Olaniyan, 2012; 

Aydin, 2014). Rainwater can be a valuable resource and 

can be quite safe to drink when harvested and stored in a 

properly installed and maintained water catchment system 

(Zhu et al., 2004; Li et al., 2010; Mendez et al., 2010; Lee 

et al., 2012). Several researchers have stated that in many 

areas of the world today, this can either be the only source 

of water for the household, or more commonly a supple-

mentary supply to ease the burden of water collection 

from other sources (Olaoye and Olaniyan, 2012; Lee et al., 

2012). Roof top is one of the most common methods of 

collecting rain water which as existing roofs are used. The 

quantity and quality of rainwater collected depends mostly 

on the area and type of roofing material used such homes. 

Roofs provide an ideal catchment surface for harvesting 

rainwater; provided they are clean (Thomas, 1998; Mo-

stafa and Shafiuzzman, 2008). Rainwater is a common 

source of meeting the need for adequate water supply in 

most homes (Mendez et al., 2010). This is a process 

whereby rain is intercepted by various types of roof tops 

before reaching the earth. In Nigeria, there are various 

types of roofing materials, some of which includes galva-

nized iron roofs, aluminum roofs and thatched roofs to 

mention but a few. Rainwater harvesting is a technology 

used to collect and store rain water from relatively clean 

surfaces such as roofs, land or rock catchments (Zhu et al., 

2004; Li et al., 2010; Ishaku et al., 2012). The harvested 

water is usually stored in surface and underground tanks. 

Harvested water are mostly used to maintain constant sup-

ply for domestic and other kind of uses since it is believed 

that harvested rainwater is reasonably good if proper pro-

cedure coupled with proper installation and maintenance 

activities are carried out (Nicholson et al., 2009). The 

quantity and quality of rainwater harvested depends on the 

rain intensity, the surface area of the roof, the type of 

roofing material and the surrounding environment. Thus, it 

is generally believed to be cleaner and safer when com-

pared to other sources of water (Kahinda et al., 2007; 

Eletta and Oyeyipo, 2008; Lye, 2009; Farreny et al., 

2011).  

 Collected rainwater aside meeting the ever increasing 

demand for supply of water, helps reduce surface runoff 

and deposition of various types of materials in drains. 

These acts reduce flood hazards and reduce soil erosion 

(Saha et al., 2007; Kamar, 2015). This is according to 

some researchers is one the best ways of solving water 

deficit problems where there is inadequate water supply 

(Samuel and Mathew, 2008). Rainwater harvesting still 

remains the only source of potable water supply to most 

communities in Nigeria where there are no water supplies 

and where such exits harvested rainwater is still a major 

source for domestic use. It has been reported that various 

roofing materials used for the collection of water can be 

sources of non-point pollution. Some examples of materi-

als used for roofing Nigeria includes galvanized sheets, 

corrugated iron sheets, corrugated plastic sheets, asbestos 

cement sheets, concrete, thatch, tile or clay. The quality of 

drinking-water is of utmost importance with respect to 

human and health. Thus, the management of the quality 

parameters of water can be a major key to the prevention 

of waterborne diseases (Farreny et al., 2011). The most 

predominant waterborne disease includes diar-

rhoea/dysentery which is believed to cause about 2.2 mil-

lion deaths every year in developing countries (WHO, 

2010).   

The objective of this study was to carefully examine the 

effect of age of roofing material on the quality of harvest-

ed rainwater in Minna, from the standpoint of suitability 

for domestic use and to compare the obtained results with 

Nigerian Standard Drinking Water Quality (NSDWQ) and 

World Health Organization (WHO) standards.  

 
2. Materials and Method   
 

Minna, a non-commercial center and state capital of Niger 

State is the study area. It is a semi-arid town in the North 

central part of Nigeria. Figure 1 shows the map of Nigeria 

showing the extract of Niger State and Minna (Musa et al., 

2012). The study area for this research lies in latitude 90 

36’ 50’’N and longitude 60 33’25’’. The population of 

Minna was estimated as at 2012 to 613,246.  

Minna, generally is known to experience rainfall from the 

month of May to the month of October and on rear occa-

sions, to November.  It is known to reach its maximum 

peak between the months of July and August. Towards the 

end of the rainfall season, around October or November, it 

is known to be accompanied by great thunder storms  
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Fig 1. Map of Nigeria showing an extract of the study area, 

Minna. 

 

Table 1 gives the maximum and minimum rainfall re-

ceived in Minna. The maximum temperature period in this 

area is usually between the months of February, March 

and April which gives an average minimum temperature 

record as shown also in Table 1. During this rainfall peri-

ods, temperature within the area drops to about 19
0
C. 

 

Table 1: Climatic and Aquifer Conditions in Minna 

 

Climatic Factors Minimum Maximum 

Annual Precipitation 1100mm 1300mm 

Daily Sunshine Hours 6.4 9.2 

Average temperature 19
0
C 40

0
C 

Evapotranspiration 25mm 90mm 

  Source: (Adesiji and Jimoh, 2012) 

 

A total of ten water samples each were collected at at-

mospheric temperature for new galvanized roofs (age of 

less than six months), old galvanized roofs (age of roof not 

more than fifteen years), new aluminum roofs (age of less 

than six months) and old aluminum roofs (age of roof not 

more than fifteen years) from some selected location in 

Minna, Nigeria. This classification is similar to the works 

of (Akintola and Sangodoyin, 2011). The samples were 

collected during the months of May to August in the years 

2010, 2011 and 2012. This is to ensure that all the roofs 

considered were within similar duration of usage to avoid 

biasness. Standard procedures of water sample collection 

were followed as stated by (NSDWQ, 2007) and (Musa et 

al., 2013). The control for this study was collected directly 

without any interception. The samples collected were kept 

in 1000 mL sterilized plastics bottles which were labelled 

and immediately stored at 4°C before transportation to the 

laboratory from the collection site. The codes used for 

labelling represented the location were the samples were 

collected from. During the selection of the area for which 

the water samples are to be collected, care was taken not 

to select areas where industrial activities and high popula-

tion density areas were avoided as such areas may have 

the rain water contaminated before getting to the roofs. 

The samples were treated and analyzed based on standard 

procedures followed by according to (Olaniyi et al., 2018). 

Some of the parameters considered includes pH, alkalinity, 

Hardness, turbidity, Total Dissolved Solids (TDS), (COD), 

Nitrite (NO2), Nitrate (NO3), Ammonium (NH4), Phos-

phate (PO4), Lead (Pb), Iron (Fe), Chromium (Cr), Alu-

minum (Al), Fluoride (F), Chlorine (Cl), Copper (Cu), 

Color, hardness, Zinc (Zn), Sulphate (SO4), and Mn. 

  

3. Results 
The results of the physical and chemical analysis carried 

out on rain water samples for the four roofing types of 

material (new galvanized roofs, old galvanized roofs, new 

aluminum roofs and old aluminum roofs) considered for 

this study are presented in Table 2.  

 

4. Discussion 
It is observed from the obtained results, that the physical 

parameters (color, appearance, odor, taste) were colorless 

and un-objectionable for the four types of roofing materi-

als considered. These results were in conformity with the 

works of (Chukwuma et al., 2013). The average pH of the 

controlled water samples was determined to be 6.8 which 

follow a similar trend in the works of (Chukwuma et al., 

2013) and (Eruola et al., 2010), while the average pH val-

ue for the four roofing materials considered ranged be-

tween 6.9 and 7.5 which were found to be within the limits 

of (NSDWQ, 2007). This implies that the water samples 

were neither acidic nor basic nature. The average total 

solids for the samples collected over the three years period 

ranged between 38.9 and 47.8 mg/L which is an indication 

that the area where the samples were collected was resi-

dential area and the highest value of 47.8 mg/L was rec-

orded in an area close to a community market which ac-

counted for the high increase. This results were compara-

ble to results obtained by (Chukwuma et al., 2013), but 

lower than (Eruola et al., 2010). The results were also be-

low the recommended maximum permissible limit by 

(NSDWQ, 2007). It is important to note here that the 

zones for which the experiments were conducted varied 

from each other which may be a reflection of the change 

in climatic conditions observed in Nigeria. The average 

value for the total dissolved solids ranged between 52 and 

115 mg/L which was recorded to below the recommended 

maximum value of 500 mg. Suspended solids for the con-
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trol, sample C and sample A had zero value for the three 

year period of investigation and the other two samples had 

values of 2.8 and 3.1 mg/L. According to (Chukwuma et 

al., 2013), the palatability of water with a total dissolved 

solids (TDS) level of less than about 600 mg/L is general-

ly considered to be good; drinking-water becomes signifi-

cantly and increasingly unpalatable at TDS levels greater 

than about 1000 mg/L. Thus for domestic use, rain water 

in this area can be said to be good as low level of pollution 

was observed. The average temperature for the various 

samples over the study period was collected at 23.2 
0
C. 

Though, no recommended value was provided for by 

(NSDWQ, 2007). The turbidity value ranged between 2 

and 6.4 mg/L. Sample B which represented the old galva-

nized roofing sheet was observed to have the highest value 

due to the presence of suspended particulates. In most 

waters, turbidity is due to colloidal and extremely fine 

dispersions.  

 Electrical Conductivity (Ec) is related to the concen-

tration of ionized substance in water. Ec for zinc coated 

roofing materials not older than six months had an average 

value of 367 μs/cm while that older than six months aver-

aged 432 μs/cm. Those of aluminum roofing materials less 

than six months averaged 394 μs/cm while those more 

than six months averaged 478 μs/cm. This is a strong in-

dication that no matter the age of these two roofing mate-

rials considered for this study, the Ec will be on a steady 

increase. These results were observed to be higher for zinc 

coated roofing materials when compared with the work of 

(Polkowska, 2014) who examined the effect of some type 

of roofing on pollutant content in roof runoff waters from 

building in selected districts of the city of Gdansk. There 

is a strong indication here that some level of soluble salts 

are released into the air from the environment which later 

dissolve into the rainwater. All the obtained average values 

were found to be below the NSDWQ, 2007 specification 

of 1000 μs/cm thus making the rainwater collected in this 

study area useable for domestic purposes.  

 Total alkalinity is the total concentration of bases in 

water expressed as parts per million (ppm) or milligrams 

per liter (mg/L) of calcium carbonate (CaCO3). According 

to (Olaoye and Olaniyan, 2012), in natural waters, the 

alkalinity is related to the bi-carbonates HCO3, carbonate 

CO and hydroxide OH concentration. The average value 

for alkalinity of the samples from new zinc roofing mate-

rial was 48.7 mg/L that of the old zinc roofing material 

was 52 mg/L, the new aluminum roof averaged 27.1 mg/L 

while the old aluminum roof was 36 mg/L. All the values 

were found to be within the recommended standard value 

of (NSDWQ. 2007). Water with high total alkalinity is not 

always hard, since the carbonates can be brought into the 

water in the form of sodium or potassium carbonate. An 

important environmental aspect of alkalinity in natural 

water is the capacity to neutralize acidity originating from 

atmospheric decomposition. Although alkalinity has a 

little public health significance, highly alkaline waters are 

unpalatable and are not used for domestic water supply. 

The hardness of water is characterized by its ability to 

form lather with soap. Total hardness is defined as the sum 

of Ca and Mg concentrations expressed as calcium car-

bonate in mg/L or ppm. Total hardness (Ca and Mg) for 

the different types of roofing materials of various ages in 

the study area showed that the new zinc roofing material 

of ages less than six months had an average value of 55 

mg/L while those older than six months had an average 

value of 39 mg/L. the new aluminum roofing material of 

ages less than six months had an average value of 93 mg/L 

while those older six months was 75 mg/L. It can also be 

observed from the results that the older the age of the two 

types of roofing material the less the Ca and Mg content of 

the rainwater. This may be linked to fact that most of the 

chemical reactions took place during the early age of the 

installation of the various roofing materials and also due to 

the fact that there are no industries within the immediate 

environment of the study area, thus the level of air pollu-

tion is reduced which also implies lower chemical reac-

tions. From Table 2, it is observed that newly installed 

roofing materials of ages not more than six months had the 

highest level of Calcium and Magnesium content. Unlike 

the study carried out by (Eruola et al., 2010) which ob-

served that asbestos roofing materials recorded the highest 

level of total hardness in Abeokuta.  

  The Chloride content for all the four sampled roofing 

materials were observed to be below the maximum per-

missible limit of 200 mg/L as recommended by (NSDWQ, 

2007). The control which is the direct rain water had an 

average value of 6 mg/L. The zinc coated roofing material 

with ages less than six months had an average value of 4 

mg/L while those older than six months had an average 

value 8 mg/L. for the aluminum roofing material which 

are less than six months old had an average value of 10 

mg/L while those older than six months had an average 

value of 12 mg/L. From this results, it was observed that 

the Chloride content for the various roofing materials with 

respect to the varying ages were on the increase. This re-

sult was compared with the works of (Olaoye and 

Olaniyan, 2012) and was observed to be much higher 

which can be as a result of difference in location and 

proximity to industrial layouts.  

  Sulphate (SO4
2-

) is a major ion occurring in water, 

with its main source from the process of chemical weath-

ering and dissolution of sulphur containing minerals, pre-

dominantly gypsum (CaSO4.2H20). Other natural sources 

are the oxidation of sulphides and elemental sulphur, and 

the decomposition of animal and plant residues (Magnus, 

2011; Ochuko and Thaddeus, 2013; Amponsah et al., 

2015). Sulphate values obtained for the control was 5 

mg/L while the average obtained value for zinc coated 
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roofing materials of less than six months was 0.9 mg/L 

and those more than six months was 29 mg/L. The average 

obtained value for aluminum of age less than six months 

was 26 mg/L while those more than six months was 4 

mg/L. It was observed that the sulphate content increased 

with respect to age in the case of zinc coated roofing ma-

terial while in the case of aluminum roofing material the 

sulphate content reduced drastically with respect to age of 

the material.  The maximum permissible limit of 50 mg/L 

was recommended by (NSDWQ, 2007). The control sam-

ple had an average value of 1.98 mg/L while zinc coated 

roofing material whose ages were less than six months 

was 28 mg/L and those whose ages were more than six 

months had an average value of 24.1 mg/L. the average 

value obtained for aluminum roofing material with ages 

less than six months was 23.1 mg/L while those with ages 

more than six months is 3 mg/L. all the observed values 

were below the recommended standard (NSDWQ, 2007).  

  The presence of nitrate ions in unpolluted surface is 

due mainly to processes in the water body itself, such as 

nitrification. The nitrate content of drinking water is rising 

at an alarming rate in both developed and developing 

countries owing largely to lack of proper sewage treatment, 

and excessive fertilizer application. Nitrate in drinking 

water is a major health concern because of its toxicity, 

especially to young children (Nicholson et al., 2009). With 

the control experiment which is the directly collected 

rainwater, the potassium content averaged 2 mg/L. the 

zinc coated roofs which were less than six months of age 

had an average value of 2 mg/L while zinc coated roofs of 

more than six months but less than fifteen years gave an 

average value of 3 mg/L. The quantity of potassium for 

the zinc coated roof  of ages for the rainwater collected 

over a long period of time were observed to be higher 

though the fraction is very much manageable. For alumi-

num roofs of ages less than six months had an average 

value of 2 mg/L while those of more than six months but 

less than fifteen years gave an average value of 3 mg/L. 

the quantity of potassium for the zinc coated roofing ma-

terials and those of the aluminum roofs of less than six 

months and those more than six months but less than fif-

teen years were observed to have the same value which 

can be linked to potassium content in the air. This is simi-

lar to the study carried out by (Dami et al., 2012) and 

(Mendez et al., 2010). Furthermore, Dami et al., 2012, 

stated that the presence of potassium in any form for do-

mestic use is known to cause hypopotasaemia in human.  

  The iron content found in the controlled rainwater 

had an average sample of 0.1 mg/L. The zinc coated roof-

ing materials of less than six months had an average value 

of 0.14 mg/L while those that were more than six months 

but less than 15 years had an average value of 0.21 mg/L. 

For aluminum coated roofing materials with ages less than 

six and those more than six months but less than 15 years 

had an average value of 0.02 mg/L respectively. According 

to the NSDWQ, 2007, specification for zinc is recom-

mended as 3 mg/L. The entire samples considered for this 

study all fell within the recommended specification. The 

rainwater within the study area was observed to be ade-

quate in concentration. This is in conformity with the 

works of (Olaoye and Olaniyan, 2012).  

  

5. Conclusion  
The results from the physiochemical analysis of water 

samples collected from galvanized rooftop and aluminum 

shows that the tested parameters were within the recom-

mended specifications of (NSDWQ, 2007), thus the har-

vested rainwater can be used for domestic or agricultural 

purpose. However, the first flush from the rooftops cannot 

be used because of the level of accommodation of dirt and 

rust. It is safer to allow for the first flush from the rooftops 

in order to eliminate bacteriological contamination. 

Therefore, it is possible to harvest rainwater that could 

meet the NSDWQ guidelines as long as materials used to 

construct RWH systems are carefully selected to avoid 

contamination of the rainwater. Simple disinfection meth-

ods such as boiling and chlorination are recommended if 

water is to be used for drinking purposes.  
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Table 2: Average values of the Physical and chemical Analysis of rain water samples  

   

S/N  Parameters  Control  
Sample A  

(new zinc)  

Sample B 

(old zinc)  

Sample C 

(new alumini-

um)  

Sample D 

 (old alumini-

um)  

NSWDQ  

 1 Colour  Colourless  Colourless  Colourless   Colourless   Colourless   Colourless  

2  Odour  Unobjectionable  Unobjectionable  Unobjectionable  Unobjectionable  Unobjectionable  Odourless  

3  Taste  
Unobjectionable  Unobjectionable  Unobjectionable  Unobjectionable  Unobjectionable  Tasteless  

4  

Electrical 

conductivity 

(us/cm)  

232  367  432  394  478  1000 µs max  

5  pH  6.8  6.9  7.3  7.1  7.5  6.5 -8.5  

6  Total Solids 

(mg/L)  

38.9  42.7  47.8  43.2  41.6  500mg max  

7  

Total dissolved 

solid (mg/L)  

74  88  52  115  68  500mg max  

8  Suspended 

solids (mg/L)  

0  0  2.8  0  3.1  -  

9  

Temperature in 

lab. (0C)  

23.2  23.2  23.2  23.2  23.2  -  

10  

Turbidity 

(NTU)  
2  2.1  6.7  1.8  2.4  5mg max  

11  

Total Alkalini-

ty (mg/L)  

16.5  48.7  52  27.1  36  100mg max  

12  

Total hardness 

(mg/L)  

64  55  39  93  75  500mg max  

13  

Chloride 

(mg/L)  6  4  8  10  12  

200mg max  

14  

Sulphate 

(mg/L)  

5  0.9  29  26  4  250mg max  

15 

Nitrate   

(mg/L) 

 0 0 0 0 0.02mg max  

16  Nitrate (mg/L)  1.98  28  24.1  23.1  18  50mg max  

17  

Potassium 

(mg/L)  2  2  

3  2  3  10mg max  

18  

Calcium 

(mg/L)  0  0  

0  0  0  75mg max  

19  

Magnesium 

(mg/L)  0  0  
0  0  0  30mg max  

20  Iron   0.1  0.14  0.21  0.02  0.02  0.3mg max  

21  Zinc (mg/L)  0  1  2  0  0  3mg max  

 


