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ABSTRACT. Samples collected from different runoffs; AR, GMR, TR, ASR, and DR for 

aluminum roof, galvanized metal roof, thatch roof, asbestos roof and ambient rainfall respectively  

were analyzed for pH, conductivity, turbidity, TDS, TSS, NO3
-
,
 
PO4

3-
, Cd, Cu, Fe, Zn and Pb. The 

result indicates that the mean concentration of the parameters analyzed ranged from 5.8± 0.39 –

7.10±0.70, 22.25±11.70 -79.99± 3.40µScm
-1
, 1.47±0.43 - 46.53±1.60mg/l, 11.90±0.93 - 

59.83±1.62NTU,15.53±0.70 - 204.53±5.08mg/l, 0.93±0.06 - 2.55±0.13 mg/l, 1.33±0.22 - 

7.30±0.57mg/l respectively for pH, conductivity, TDS, turbidity, TSS, PO4
3-

 and NO3
-
, and the 

levels of the heavy metals (in mg/l); Cd, Cu, Fe, Zn and Pb  ranged from 0.0023±0.001– 

0.0521±0.004, 0.052±0.01–0.2483±0.02, 0.0348±0.01–1.1120±0.07, 0.0161±0.01- 0.8093±0.02 and 

0.0106±0.01- 0.0499±0.002 respectively. Ranking of the heavy metal in roof runoff is in the order; 

Fe>Zn>Cu>Cd>Pb. The result compared with WHO standard showed elevated level of the 

parameters analyzed with Cd and Pb exceeding the limit. Though the result of this study showed 

some variability which is an indication of the type of roofing material; air quality of the 

environment and industrial activity going on in the area. It could be deduced from the result that 

roof runoff may be a non point source of environmental pollution owning to the release of heavy 

metals and other pollutants into the environment, and increased concentration of some of the 

pollutants as reported by this study suggests that roof runoff water could impact negatively to the 

environment and if consumed without being treated may be injurious to human health.  

1. INTRODUCTION  

Harvested rainwater has been increasingly used for potable and non-potable purposes which 

are as a result of decrease in the availability and quality of traditional water resources [1]. 

Significant level of water quality reduction could be attributed to non point sources of pollution [2]. 

Roof runoff water has been identified as a major contributor to the pollution of streams, rivers and 

estuaries [3,4,5], resulting from increasing urbanization [6], since roof runoffs  are discharged into 

the environment without being previously treated [7]. Roof surfaces in urban settlements contribute 

excess nutrients and toxic metals to receiving waters [8,9,10,11], and these surfaces could cover 

from 12% in residential areas to 21% in commercial areas [8,12]. This therefore increases the 

overall toxic burden of the environment [13]. And the level of pollutants that may emanate from 

roof runoff depends on the roof materials, age, orientation and slope of the roofs, atmospheric 

depositions, rain events and meteorological conditions [14,15,16]. 

In order to develop alternative technologies to control roof runoff pollution accurate data on 

the quality and properties of runoff pollution from different roof surfaces is required before it is 

mixed and transported in a sewer. This type of information seen to be lacking at present, though 

there has been some reports of roof runoff waters. High concentration of heavy metals like Cd, Cu, 

Pb and Zn has been reported in roof runoff [17,18,19,20].  Olaoye, and Olaniyan reported high level 

of pH, TH, Al, Cu, NO
-
3 SO

-2
4 and presence of coliform bacteria in samples from asbestos, concrete 

and corrugated plastic roof, they noted that the aluminium roof was free from pathogenic 
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contamination [21]. Also reports about roof runoff water have been made elsewhere [22,23]. The 

roof materials mainly used in Orlu Metropolis are made of a variety of substances ranging from 

plant materials, galvanized metal sheets, aluminum to asbestos and others which seen to have direct 

influence on the tendency for the release of toxins to the   environment. 

The need to evaluate pollution level emanating from rainwater samples in roof runoff in Orlu 

metropolis became necessary owning to paucity of reports on this issue about Orlu and its 

surroundings and the fact that there are significant number of people who still depend on harvested 

rainwater from roof runoff because of inadequate supply of portable water to every home in the 

town. In addition to the fact that Orlu (fig.1) is very close to Ohaji/Egbema/Oguta area of Imo State 

known for crude oil related activities and gas flaring. 

2. MATERIAL AND METHODS 

Study area 

Orlu area of Imo State is located within the geographical coordinate 5°
 
47  0   orth and 7° 2  0   ast, 

within the tropical rainforest region with two distinct seasons; wet and dry seasons. In the recent 

time, the population of Orlu is fast increasing owning to urbanization and industrialization with a lot 

of commercial activities. Orlu is in the same zone with Ohaji/Egbema/Oguta area of Imo State 

where there has been crude oil exploration, drilling and gas flaring for more than forty years now.  

Sampling and preservation of sample 

Water samples were collected from four rain events in triplicate from each of the different roof 

types including sample from the ambient environment, referred to as direct rain water, in the 

locations referenced with Garmin GPSmap76. The study was conducted in Orlu, Imo State, within 

the months of June and August, 2013. The samples were collected from five different sources in 

triplicate in four different rain events at five different locations which in include Umuaka, Banana 

junction, Umuna, Ogboko junction and Umuago Urualla . The samples from aluminum roof, 

galvanized metal roof, thatch roof, asbestos roof and direct rainfall from ambient environment were 

labeled AR, GMR TR, ASR and DR respectively The parameters analyzed were pH, electrical 

conductivity, total dissolved solid (TDS), turbidity, total suspended solid (TSS), phosphate (PO4
-3

), 

nitrate (NO3
-
) and heavy metals (Cd, Cu, Fe, Zn, and Pb). Polyethylene bowels and bottles for 

sampling were previously washed with detergent and 0.1MHNO3 and then rinsed with deionized 

water [22,23]. Contaminations of the samples were significantly reduced as samples were collected 

over elevated platform. Samples meant for heavy metal analysis were preserved according to 

[24,25].  

 
Fig. 1 Showing map of the study area 
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3. ANALYSIS OF SAMPLE 

pH and electrical conductivity (E.C) were measured with Hanna pH meter Hi 98107 and 

Hanna conductivity meter Hi98303. Turbidity, TDS and TSS were determined according to 

standard procedure [24,26,,27,28]. Nitrate was determined by cadmium reduction method using 

Hanna H1 83200 multiparameter bench photometer at a wavelength of 525nm. 10ml of the sample 

was poured into two sample cells, one was used as blank to zero the instrument. Nitrate reagent was 

added to the second sample cell and inserted into the cell compartment and timed for 4 minutes 30 

seconds. After this time the read button was displayed and result displayed in mg/l of Nitrate. Also 

phosphate was determined by amino acid method using Hanna H1 83200 multiparameter bench 

photometer at 525nm. 10ml of the sample was poured into two sample cell bottles. One was used as 

blank to zero the instrument and 10 drops of H19371 A-O molybdate reagent and a packet of 

Hi9371B phosphate HR reagent B was added to the second sample cell bottle. It was gently shaken 

to dissolve and inserted into the cell compartment and timed for 5 minutes. At the end of this time 

the read button was pressed and result displayed in mg/l of phosphate. Heavy metals (Cd, Cu, Fe, 

Zn and Pb) were analysed in the sample using atomic absorption spectrometer AAS, Agilent FS 240 

AAS (USA). The metals were quantified by appropriate calibration curves prepared in the same 

acid matrix with standard solution of the metals [29]. 

Quality Control 

Glasswares and polythene bottles used were soaked in 0.01MHNO3 overnight, washed, rinsed with 

deionized water and allowed to dry. The reagents that were used in this work were of analytical 

grade standard. The reagents HCl, HNO3 and metal standard were supplied by Chemscience , 

Owerri. 

Statistical Analysis 

All the results of this work were analyzed with Microsoft Excel 2007 version which was presented 

as mean of standard deviation, minimum and maximum values. 

4. RESULTS AND DISCUSSION 

Table 1 is the result of physiochemical analysis showing mean values, minimum values, 

maximum values and the standard deviations while fig.2 to fig.5 is the chart representation of the 

results. From table 1 and fig 2, it is observed that the mean pH values ranged from 5.8± 0.39 –7.10± 

0.70 and the values are in the order DR< AR<GMR<TR<ASR. This indicates that all the samples 

were acidic, indicating presence of acidic oxides in the atmosphere
12

. The acidic nature of ambient 

rainwater may cause the chemical compounds (such as cadmium, copper, lead, zinc, and chromium) 

from roofing materials to leach into the harvested rainwater [30,31].  The mean pH value of the 

harvested runoff samples are within the WHO drinking water standard range of 6.5 to 8.5 which 

could be used for domestic purposes. Similar studies have reported an increase in pH value from 

ambient rainwater to harvested roof runoff water [7,32,33]. 

The mean conductivity as shown in table 1 and fig.2 ranged from 22.25± 11.70 -79.99± 

3.40µScm
-1

, the mean values of the conductivity are in the order TR>ASR>AR>DR>GM R. The 

result is typical of roof runoff water [33,34]. The sample from thatch roof runoff showed 

significantly high conductivity when compared with other roof runoff samples. And these values 

agree with reports made in similar studies [13,35]. 

The values for TDS (table 1and fig.4) vary from (1.47±0.43) mg/l for DR (46.53±1.60)mg/l 

for TR. The results showed elevated level of TDS when compared with other samples this followed 

by ASR. This could be attributed to the tendency of this roof to retain more precipitation [2], which 

could facilitate vigorous decomposition of the roof surfaces and as well being released with roof 

runoff. TDS correlates with E.C, the higher the E.C the greater the TDS [36]. The result is in the 

order TR>ASR>AR>GMR>DR which are within the WHO limit of 1000mg/l. 

The mean turbidity value ranged from 11.90±0.93 - 59.83±1.62NTU as shown in table 1 and 

fig.4. The least value was obtained from DR while the most turbid is that from TR and this is in the 
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order TR>AR>ASR>GMR>DR. The elevated value for thatch roof is not unexpected owning to its 

organic nature as noted for TDS. 

The results as shown (tab.1 and fig.4) indicates that the TSS values varies from (15.53±0.70) 

mg/l in DR to (204.53±5.08)mg/l in TR. The level of TSS observed is in the order, 

TR>ASR>GMR>AR>DR, the level of TSS may depend on the dry days, roughness of the surface 

and rain intensity [37]
.
 Elevated level of TSS can serve as carriers of toxics, which readily cling to 

suspended particles [32]. 

The mean phosphate level varies from (0.93±0.06) mg/l in DR to (2.55±0.13) mg/l in TR, and 

values are in the order DR<GMR<AR<ASR<TR. The phosphate level in roof runoff samples was 

greater than direct rain water from ambient air (table 1 and fig4). Again the concentration of 

phosphate were greater in TR runoff followed by ASR, this may be due to the ability of these roofs 

to retain contaminants [6]. In thatch roof, the fertilizer used during plant establishment could be the 

probable source of phosphate [38]. 

All the samples including that from ambient air contain elevated level of nitrate (table1 and 

fig.4). The concentration ranged from (1.33±0.22)mg/l in DR from ambient rain to (7.30±0.57) 
mg/l in TR runoff water sample and the values are in the order 

 

Table 1 Showing result of physiochemical analysis of roof runoff samples 

Parameters Unit  Roof   type                                                                                                                WHO 

  AR GMR TR ASR DR  

pH  6.60±0.64 6.65±0.57 6.88±0.36 7.10±0.70 5.80±0.39 6.5-8.5 

MIN  5.70 6.00 6.40 6.30 5.40  

MAX  7.20 7.30 7.20 7.90 6.30  

E.C µS/cm 50.43±2.18 22.25±11.70 79.99±3.40 65.68±7.18 33.05±3.35 100 

MIN  48.40 18.40 76.50 58.20 28.70  

MAX  53.50 25.80 84.30 75.40 36.50  

Turbidity NTU 18.11±1.30 13.19±0.85 59.83±1.62 15.01±1.20 11.90±0.93 50 

MIN  16.75 12.76 57.85 13.96 10.51  

MAX  20.34 13.63 62.31 16.25 13.63  

TDS mg/l 10.34±5.62 7.88±0.58 46.53±1.60 13.19±0.76 1.47±0.43 1000 

MIN  9.20 7.30 44.80 12.30 1.14  

MAX  11.75 8.52 48.20 14.20 2.06  

TSS mg/l 48.51±2.39 92.93±6.50 204.53±5.08 189.2±6.48 15.53±0.70 50 

MIN  46.30 84.50 199.80 184.20 14.60  

MAX  51.40 98.40 210.30 193.60 16.30  

Nitrate mg/l 3.85±1.41 3.68±0.84 7.30±0.57 4.35±0.95 1.33±0.22 50 

MIN  2.20 2.80 6.50 3.40 1.10  

MAX  5.30 4.80 7.80 5.40 1.60  

Phosphate mg/l 1.75±0.13 1.38±0.17 2.55±0.13 2.23±0.25 0.93±0.06  

MIN  1.60 1.20 2.40 1.90 0.89  

MAX  1.90 1.60 2.70 2.50 1.02  

Cd mg/l 0.019±0.007 0.0349±0.005 ND 0.052±0.004 0.002±0.001 0.003 

MIN  0.0131 0.0302 ND 0.0486 0.0012  

MAX  0.0281 0.0412 ND 0.0561 0.0034  

Cu mg/l 0.2483±0.02 0.1878±0.02 0.0520±0.01 0.397±0.02 0.012±0.00  

MIN  0.2301 0.1280 0.0430 0.3740 0.0112  

MAX  0.2710 0.2340 0.0610 0.4230 0.0140  

Fe mg/l 0.507±0.23 1.1120±0.07 0.0348±0.01 0.636±0.04 0.382±0.04 2.00 

MIN  0.4812 1.0210 0.0230 0.5800 0.3310  

MAX  0.5312 1.2030 0.0450 0.6840 0.4230  

Zn mg/l 0.577±0.03 0.8093±0.02 ND 0.552±0.32 0.016±0.01 3.00 

MIN  0.5420 0.7850 ND 0.0713 0.0101  

MAX  0.6210 0.8210 ND 0.7320 0.0221  

Pb mg/l 0.015±0.004 0.0224±0.01 ND 0.049±0.002 0.010±0.006 0.01 

MIN  0.0121 0.0080 ND 0.0484 0.0023  

MAX  0.0210 0.0412 ND 0.0522 0.0142  
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TR>ASR>AR>GMR>DR. Also higher level of nitrate was observed in TR runoff compared to 

others followed by ASR runoff.  The mean value for all the samples exceeded the WHO permissible 

limit of 50 mg/l
-1

. This is an indication of atmospheric pollution by nitrate which could be deposited 

on the surface of the roof. The higher values observed in TR and ASR runoff water though within 

WHO permissible limit of 45mg/l could be attributed to higher retention capacity of the roofing 

materials and degradation of plant material in the case of thatch roof in a study of road and roof 

runoff waters as a source of pollution in a big urban agglomeration (reported Higher concentration 

of nitrate in the range of 0.92-62.000 mg/l were reported in road and roof runoff  in Didansk, Polaul 

[5]. Similarly,Olaoye and Olaniyan reported nitrate range of 31.90-39.00 mg/l
 
 in their study of the 

quality of rainwater from different roof material in Ogbomoso north L.G.A., Oyo State f Nigeria 

[21].                                                                                                                                     

      
Fig. 2 Variation of mean pH and E.C                   Fig. 3 Mean TDS, TSS and Turbidity level 

in runoff samples                                                             in runoff samples 

                                                           

The concentration of the metal (table 1and fig.5) detected ranged from (0.0023±0.00)mg/l for Cd in 

DR to (1.1120±0.07)mg/l for Fe in GMR, the heavy metals are in the order Fe>Zn>Cu>Cd>Pb. The 

level of Fe in the roof runoff samples are in the order GMR>ASR>AR>DR>TR. Cd, Zn and Pb 

were not detected in TR runoff sample. Elevated level of Cd, Cu, Fe and Pb were observed in ASR 

roof runoff sample than others, which were above 0.003mg/l and 0.01mg/l respectively for Cd and 

Pb WHO limit [39]. Cu and Fe were detected in all the samples and the concentrations are within 

the WHO limit. Higher values of the metals studied has been reported in a similar study [6,7]. It has 

been reported that the major source of Zn. Cu and Pb in urban runoff water are roof corrosion [17]. 

Also these metal could 

 

 
Fig. 4 Mean value of nitrate and phosphate in runoff samples. 
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Fig. 5 Mean heavy metal levels in runoff samples. 

                                                                           

leached into the environment due to vehicular traffic during tire and brake wearing, gas emissions 

and corrosion of metallic pieces [16]. Elevated values of Fe and Zn in aluminum and galvanized 

metal roof runoff samples may be due to erosion of zinc roofing material, galvanized gutters and 

bulk atmospheric deposition [10, 16, 40 41]. Higher value of Pb and Cd could be due to tendency of 

Pb to strongly adhere to particles [42], Pb and Cd are associative [43].  Cd, Zn and Pb which were 

not detected in TR runoff sample may be due to the tendency of this roof type to retain heavy 

metals, owing to stabilization of the media through repeated wetting, drying cycles and formation of 

chelates with organic materials [37,44], since composited biosolids have been found to lower the 

solubility of Zn and increases its retention [45]. 

5. CONCLUSION 

Though the result of this study showed some variability which is an indication of the type of 

roofing material; air quality of the environment and industrial activity going on in the area. The 

study showed that roofs could be a source of pollution since the surfaces are available for deposition 

of atmospheric particles and the leach-ability of the roof surfaces could have contributed to the level 

contamination observed in the roof runoff samples. Also it could be deduced from the study that 

roof runoff may be a non point source of environmental pollution owning to the release of heavy 

metals and other pollutants into the environment. The increased concentration of some of the 

pollutants as reported by this study suggests that roof runoff water could impact negatively to the 

environment and if consumed without being treated may be injurious to human health.  
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