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Abstract: During the period of high runoff, most rivers exhibit their most favourable chemical water 
characteristics. This study examined the seasonal quality variations in surface water bodies in Enugu urban area 
(dry and rainy season).  Water sample was collected from two locations along each of the six rivers for onward 
laboratory tests and analysis. This test was collected during rainy (June) and dry season (December) 2016 
respectively. Samples for DO and BOD were collected in special air tight 60ml BOD glass bottle to prevent loss or 
gain of oxygen. Some test of samples were done in-situ (temperature, conductivity, pH and total dissolved solid) 
while others were tested within 24 - 48 hours. The experimental test was carried out in all the eighteen parameters 
and laboratory tests yielded the data set for the experimental test.   Independent Samples T-Test result shows that 
Storm water runoff from urban areas (point and non-point source) contains a variety of pollutants and carries a 
large pollutant load, so it greatly influences the receiving water quality. High pollutant loads were observed during 
rainy season than dry season. Since the significant value of the t - statistic is less than 0.05 level of significance for 
at least one of the parameters tested, the null hypothesis were rejected and the alternative accepted. It has been 
concluded that the physical, chemical and microbiological parameter of the basin as well as geographical 
dispositions, combined with anthropogenic factors are strong causative factors of runoff which causes pollution in 
surface water quality in the study area. The inhabitants should be educated on the dangers of drinking microbial 
contaminated water. There is need for protection of surface water bodies in Enugu State and Nigeria at large as 
millions of populace rely on it for daily water supply. 
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1.  INTRODUCTION 

 
Surface water are quantity and quality of water found in rivers, streams, lakes, ponds and reservoirs. When rain falls 
on the land it either seeps into the ground to recharge groundwater aquifers or becomes runoff which flows downhill 
over and through the soil into rivers [1]. However, surface water bodies do not just receive water from runoff; many 
receive inputs from groundwater, the contribution of which generally increases during periods of low flow.  River 
networks drain more than 75 % of the Earth’s land surface. The precipitation that falls on the land percolates over 
and through vegetation and soil picking up solutes (dissolved matter) and sediment along its route to surface waters 
[2]. Runoff delivers different amounts of solutes and sediment to rivers depending on the hydrological pathway it 
has taken through the catchment and the characteristics of the surrounding landscape [1] Seasonal water quality is 
therefore controlled by processes occurring in the river basin. Thus any changes that occur in the catchment also 
lead to a change in surface water quality. River systems also provide a vital linkage between the terrestrial and 
aquatic ecosystems [3]. Thus rivers have been referred to as “the environment’s circulatory system” [4]. It is 
important to understand the natural processes that control surface water quality before exploring the effect of human 
activities on water quality. According to [3] the concentration and form of chemical elements and compounds are 
constantly changing as a result of hydrological, physical, chemical and biological processes in rivers. Precipitation 
falling on the land takes a variety of different routes, known as hydrological pathways, through the catchment to 
reach surface waters. Precipitation, which has low solute concentrations, may flow downhill over the soil surface, as 
infiltration-excess overland flow, or rapidly through the soil via macro pores to reach rivers [3]. As the residence 
time of this water within the catchment is short, the solute concentration of this runoff is usually very similar to that 
of precipitation. Alternatively precipitation may flow through the soil horizons, where the residence time is longer, 
before reaching surface waters and solute concentrations increases due to inputs from weathering reactions and 
microbial activity. Sometimes when the soil is saturated, saturation-excess overland flow occurs and this water mix 
with fresh precipitation and solutes concentration increases due to inputs from within the soil [5]. Lastly 
precipitation may percolate through the soil into the bedrock below, if it is permeable. At a certain depth below the 
land surface, called the water table, the ground becomes saturated with water, whereas the ground above the water 
table is unsaturated. If a river cuts into this saturated layer, then water may flow out of the groundwater into the 
river. This is why even during dry periods there is usually some water flowing in [6] 
In Enugu metropolis, access to adequate urban water supply from the State Water Cooperation is a serious problem 
facing the populace, coupled with the geometric increase of urban population, which has exacerbated the problem of 
the scarcity. In order to meet the demand for water supply, most people have resorted to utilizing surface water. 
Some of these rivers receive effluents from abattoir as well as kitchen wastes and septic tanks overflow from homes 
rivers [7] Contaminated surface water supply is the cause of variety of water related diseases, such as typhoid, 
hepatitis, cholera, schistosomaiasis and guinea worm (UNESCO, 1994). In some places, rivers are used as a “natural 
lavatory” so there are concentrations of human excrement. Livestock are regularly watered in rivers therefore animal 
faeces are common features. The aim of this research is to examine the seasonal quality variations in surface water 
bodies in Enugu urban area  (dry and rainy season). Enugu, the political and administrative headquarters of Enugu 
State, Nigeria, is located on latitude 06  21’ N and 06  30’ N and between longitude 07  26’E and 07  37’E. The study 
area occupies a land area of 8000sqkm covering the spatial entity under Enugu Town Planning Authority Area. The 
Enugu Urban area is bounded to the West by Ngwo settlement in Udi Local Government Area, in the East by Nkanu 
East Local Government Area, in the North by Enugu East Local Government Area and in the South by Nkanu West 
Local Government Area. Enugu urban area lies at the foot of the eastern escarpment at a height of about 230m 
(a.s.l). 
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Enugu State has a tropical climate with two seasons. A wet season from April to October and dry season from 
November to March with the wettest month on June. In Enugu, the wet season is warm, oppressive and overcast 
shadows on the environment. Temperature is higher in the north (330C) than the south East (270c) due to the effects 
of the sun,[8]. The prevailing wind is  the tropical maritime air mass ie  the South West trade wind which blows 
from the high pressure belt area in the south to the North. This then pushes the tropical continental air mass towards 
the north where the inter tropical front is formed,[9]. The heaviest rainfall occurs in Enugu during  wet season. As a 
result, the south East experiences double maxima of rainfall while the north experiences a single maximum.  

Seasonal information about urban runoff quality is needed not only for general urban storm management planning, 
but also for those designing and operating storm water management structures in Enugu urban area.  Hydrology and 
the Earth System Sciences (2003) call attention to the lack of catchment-scale studies of seasonal water quality in 
cold climates. At street or highway sites, pollutant concentrations during snowmelt often exceed those observed 
during summer rainfall events. For example, [10] found higher concentrations of TSS and particles during snowmelt 
events than they did during rainfall-runoff event  for road runoff in Lulea, [11] observed elevated TSS EMCs in 
snowmelt at highway sites in Stockholm, Sweden. The number of events was rather low in both studies[11]  had 
four warm period events and five cold period events and [10] had eight warm period events and nine cold period 
events. However, the observed difference in the latter study was statistically significant at a 95% level of 
confidence. . However, [12] noted that the results based on snowmelt samples should be interpreted with caution 
owing to the low number of sampled events. On the whole, it appears that the seasonal differences in water quality, 
at least to some extent, depend on land use and development density. Based on the Finnish study catchments, [11] 
suggested   that in catchments with a TIA  of  40% or more, the quality of snowmelt (TSS, COD and TP) is often 
worse   than that of storm water during the summer season; the reverse holds true in urban catchments with a TIA 
less than 40%. [12] also presented a similar idea, albeit he associated water quality with increasing traffic loads and 
land use types instead of TIA. 

 
 
1.1  Research Hypothesis  
 
The statements of Null (Ho) hypothesis for this research are as follows: 
 
H0: There is no significant difference in the surface water quality between the two seasons of the year in Enugu 
urban area. 

H1: There is significant difference in the surface water quality between the two seasons of the year in Enugu urban 
area. 

 

11.   METHODOLOGY 
 
The experimental research design  was conducted on the water samples  collected from six major rivers in the study 
area (Ekulu, Asata, Aria, Idaw, Ayo and Ogbete river) with 13 stations for runoff  measurement in Enugu urban 
area. Physico-chemical data were collected  by dividing the basin into 13 sub catchments areas and these were 
confined mainly within the existing layout. The Water samples collected from various strategic points (two different 
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locations in a particular river) from the study area were analyzed through laboratory tests ;  and chemical properties 
determined. 
 Samples for DO and BOD were collected in special air tight 60ml BOD glass bottle to prevent loss or gain of 
oxygen. Some test of samples were done in-situ (temperature, conductivity, pH and total dissolved solid) (see 
plate1) while others were within 24 - 48 hours. New clean polypropylene containers of one litre capacity were used 
in collecting the samples. For ease of identification, the containers were labeled with details of source and dates of 
collection. The experimental test was carried out in all the eighteen parameters and laboratory tests yielded the data 
set for the experimental test. The study results were compiled in a database using the Statistical Package for Social 
Sciences (SPSS). The Independent Samples T-Test was used to test the hypothesis.  Two types of statistical tools 
were employed in this study, inferential and descriptive statistics. P values less than 0.05 level of significance were 
regarded as significant. This involves method of forming an opinion based on what the researcher already know.  
 

  
 

Plate 1: Waters Sample collected in-situ with Plastic Containers. 
Source: Author’s Field Work (2018). 

 

 III. RESULTS AND DISCUSSIONS 

Storm water runoff from urban areas (point and non-point source) contains a variety of pollutants and carries a large 
pollutant load, so it greatly influences the receiving water quality. High pollutant loads were observed during rainy 
season than dry season. The Independent Sample t-test was used to test hypothesis, to examine the significant 
relationship between the two seasons. The researcher tested the significant difference in the surface water quality 
from runoff between the two seasons of the year in Enugu urban area. The hypothesis sought to know and compare 
the means of two populations that are not related in any way. The idea is to compare the seasonal runoff quality in 
rainy and dry season and observe their relationship. 
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TABLE 1 shows that the temperature of surface water from runoff was significantly lower in rainy season (29.46 ± 
1.35) than in dry season (32.29 ± 1.26), (t = 4.608, P < 0.001). Similarly, the pH of surface water from runoff in 
rainy season (5.97 ± 0.17) was significantly lower when compared to dry season (7.56 ± 0.73), (t = 7.885, P < 
0.001). Total suspended solid in surface water from runoff was significantly higher in rainy season (141.29 ± 43.61) 
than in dry season (81.57 ± 36.73), (t = 3.104, P = 0.006). Nitrite in rainy season (1.61 ± 0.38) was significantly 
higher than in dry season (0.27 ± 0.05), (t = 2.493, P = 0.023). Ammonia was significantly lower in rainy season 
(3.17 ± 0.01) than in dry season (17.67 ± 3.49), (t = 3.797, P = 0.001). Phosphorus was significantly lower in rainy 
season (0.18 ± 0.04) than in dry season (1.13 ± 0.64), (t = 5.488, P < 0.001). Conductivity and turbidity were 
significantly different in rainy and dry seasons of the year (P < 0.05). The differences observed were due to chance. 

Since the significant value of the t - statistic is less than 0.05 level of significance for at least one of the parameters 
tested, the null hypothesis is hereby rejected and the alternative accepted. Therefore, there is a significant difference 
in the surface water quality between the two seasons of the year in Enugu urban area. 

Table 1: Comparison of surface water quality between rainy season and dry season of the year in 
Enugu urban area. 

Parameters  Rainy season 
Mean ± SD 

 
 

Dry season 
Mean ± SD 

 
 

T  P value 

Specific Gravity  0.99 ± 0.00  0.99 ± 0.00  0.337  0.740 
Temperature  29.46 ± 1.35  32.29 ± 1.26  4.608  <0.001 
PH  5.97 ± 0.17  7.56 ± 0.73  7.885  <0.001 
Conductivity  263.36 ± 166.73  307.86 ±260.69  0.478  0.638 
Total dissolved solid  184.54 ± 96.31     132.02 ± 83.09  1.017  0.322 
Total suspended solid  141.29 ± 43.61  81.57 ± 36.73  3.104  0.006 
Total solids  273.79 ± 94.55  266.11 ± 83.24  0.128  0.899 
Turbidity  30.68 ± 14.86  24.12 ± 16.98  0.467  0.646 
Nitrate  12.36 ± 9.31  6.97 ± 1.51  1.397  0.179 
Nitrite  1.61 ± 0.38  0.27 ± 0.05  2.493  0.023 
Ammonia  3.17 ± 0.01  17.67 ± 3.49  3.797  0.001 
Nitrogen  15.91 ± 2.79  22.47 ± 8.35  1.072  0.297 
Phosphorus  0.18 ± 0.04  1.13 ± 0.64  5.488  <0.001 
Dissolved Oxygen  6.49 ± 1.05  5.89 ± 1.62  0.594  0.560 
Biochemical Oxygen Demand  9.96 ± 1.84  38.46 ± 12.88  1.706  0.104 
Chemical Oxygen Demand  16.14 ± 1.61  59.29 ± 15.55  1.709  0.104 
Faecal Coliform  11326.07 ± 9114.29  8679.35 ± 625.35  0.512  0.615 
Total Coliform  17677.14 ± 1227.43  11482.21 ± 1333.25  0.965  0.347 

Source: Author’s Field Work, 2018. 
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IV. CONCLUSION  

Findings from seasonal quality variation in surface water body show that rivers in the study area were polluted both 
between rainy and dry season. In conclusion based on findings the physical, chemical and microbiological parameter 
of the basin as well as geographical dispositions, combined with anthropogenic factors are strong causative factors 
of runoff which causes pollution in surface water quality in the study area. The findings from literature and the 
research work on effects of runoff on the area, established that  biophysical, economic and social factors causes 
runoff resulting into land terrain degradation, biodiversity loss, water source siltation, surface water pollution,  
decline in crop yield, displacement of farmland, destruction of infrastructure, threat to life,  runoff induced stress.  
Physico-chemical data tell us how much the water is polluted using test generated from the laboratory analysis. A 
Physico-chemical characteristic of water shows how clean or polluted the water and the surrounding land use which 
the pollutant affected. The seasonal variation also determines the quantity and quality of pollutants discharge into 
river and its effect on ecological system. 

 

V. RECOMMENDATION  

Based on this study, the following recommendation were made 

 

1. Proper Enlightenment:  The inhabitants should be educated on the dangers of drinking microbial 
contaminated water. There is need for protection of surface water bodies in Enugu State and Nigeria at large 
as millions of populace rely on it for daily water supply. 

2. A system that monitors the changing quality of the surface-water resources is highly necessary and must be 
put in place by all Federal and State Ministry.  

3. Water quality monitoring is pertinent for provision of data baseline that will be useful for policy makers and 
stakeholders to formulate policy that will favour protection and management of surface water resources.  
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