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Abstract 

This research is aimed at developing adaptation to climate change induced flooding and groundwater 

contamination so as to curbenvironmental and health hazards associated to the vulnerability of Abia state 

in relation to flooding and groundwater contamination. The research implored scientific method of 

collecting groundwater samples that were analyzed in government certified laboratories using membrane 

filtration technique, while the results were displayed on tables and graphs in comparison with world 

health organization standard to prove that water samples were actually contaminated. Climatic data on 

rainfall and temperature were collected from national root crop research institute umudikeUmuahia and 

were analyzed using excel spread sheet showing corrections between temperature and time.Mean while 

temperature analysis shows that R
2
= 0.325 while average rainfall frequency showed R

2
 = 0,018. Flood 

risk map was cartographically designed using ArcGIS 10.2 to show the parts of the state that are more 

vulnerable to flooding and the contaminants were overlaid on flood risk map to show how flooding 

influenced the rate of groundwater contamination. Measures of adaptation to climate change induced 

flooding and groundwater contamination were recommended to drastically reduce the possible future 

damages that this climate change induced flooding can cause if not sustainably handled in a proactive 

way. 

Key Word: Climate Change, Flood Risk, Groundwater Contamination, Adaptation, WHO standard. 

 

1.0: Introduction 

United nation framework convention on climate change “UNFCCC” [1] explained that climate change is 

the direct or indirect natural or anthropogenic effect on climate variation which may create a difference in 

the global atmospheric systems over a period of more than 35 years. Thus, a corresponding rise in 

temperature resulting from climate change causes elevation of the surface temperature of the water bodies 

which melts the ice caps and increases the volume of water in seas and Oceans. IPCC [2] specified that 

this event forces the water bodies to over flow into the land areas which manifests as devastating 

flooding. Therefore considering the closeness of the Niger Delta to the Atlantic Ocean, most of the flood 

events are linked to over flow of river banks with a corresponding contamination of boreholes and hand 

dug wells in the region. This has necessitated this research to device means of adaptation to climate 

change induce flooding that causes regular contamination of groundwater. 

Groundwater contamination has been a very serious environmental issue in Nigeriadue to high 

dependence of the country’s dominant population on groundwater resources for human consumption and 

considering the role of climate change induced flooding in contamination of groundwater in the area, it 

becomes very necessary to investigate the situation on ground in other to use certain adaptation measures 

to remedy the resultant human health implication of groundwater contamination.Máñez et al [3]stated that 

all water policies and management strategies should consider the possible adaptation measures to be taken 

to ameliorate the effects of forecasted climate change impact on water resources. 

The role of climate change in occurrence flooding especially during rainy seasons within this research 

area cannot be under estimated since the devastating flood effect has been an agent of groundwater 



International Journal of Scientific Research and Engineering Development-– Volume 2 Issue 4, July – Aug 2019 

 Available at www.ijsred.com 

 

ISSN : 2581-7175                                       ©IJSRED:All Rights are Reserved                                   Page 646 

 

contamination especially in the flood risk areas.Nigeria environmental study/action team; NEST [4] in 

Amadi et al [5]specified that Niger delta region has experienced rise in sea level with reoccurring over 

flow of the ocean that has already been an established cause of coastal flooding and erosion, marine water 

intrusion and its subsequent  groundwater contamination.Udofia et al [6]gave the value of the mean sea 

level rise as 0.462m above zero level in tidal gauge.Uyigue et al [7] stated that different condition of sea 

level rise in Niger Delta resulted in such estimates of land loss to coastal erosion and flooding and low 

estimates as, 0.2m sea level rise, resulted to 2,826km
2  

land loss, 0.5m sea level rise resulting to 7452km
2 

land loss, 1.0m and 2.0m sea level rise resulting to 15125km
2
 and  18398km

2 
land loss. They also 

specified that 0.2m rise in sea level resulted in human displacement of 0.10 million population, 0.5m to 

displacement of 0.25 million people, 1.0m to displacement of 0.47million displaced people and 2.0m sea 

level rise to 0.21 million displaced people. 

Climate change induced flooding and groundwater contamination is not only triggered by rise in sea level 

but also as a resultant effect of high intensity of rainfall and rise in rainfall frequency which causes 

flooding within the areas of shallow water table and rainfall infiltration quickly saturates the soil due to 

this shallow water table and contaminates the groundwater sources of both unprotected hand dug wells 

through flushing of eroded contaminations into water wells and solute transport of contaminants into 

boreholes. This is because of resistance to attenuation due to the short distance and time it takes the 

contaminants to be transported to the water table. Adindu et al [8] stated that the water table of Niger 

delta falls within the range of 8m-26m with aquifer potential of 1500m thickness. Therefore, this research 

deems it necessary that adaption to climate change induced flooding is the best approach to sustainable 

use of this valuable resource that is threatened by pollution during flooding and contamination through 

these pollution sources.  

2.0: Materials and Methods 

Climatic data was collected from National root crop research institute Umudike, Umuahia showing 

temperature ranges over a period of 30 years and rainfall data over a period of 20 years for Abia state.  

Groundwater samples were collected from 12 local government areas out of 17 local government areas in 

Abia state where 24 samples were collected during the rainy season and 24 samples were collected during 

the dry season making up to 48 water samples. These samples were taken to certified government 

laboratory for microbiological analysis to trace the level of microbial contamination in groundwater when 

the results are compared with the world health organization drinking water standard. The cartographical 

display below shows the water sampling locations and local government areas samples were taken from. 
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        Figure 1 Map of Abia state extracted from map of Nigeria and Africa 

The laboratory technique that was used for water analysis was the membrane filtration techniques where 

100ml of sample were filtered under vacuum on sterilized Nitrocellulose filter of pore size of 0.45mm 

with the help of filtration rack.  I placed the filter paper on a prepared Marcokey agar, Nutrient ager Eosin 

Methylene blue ager, Salmonella Shigella agar, centrimide ager and Sabrouse dextrose ager. I inverted the 

petri dish in an incubator at 37-41.5
o
C for 24hrs for bacterial growth and between 72hrs-120hrs for fungi 

growth. At the end of the incubation, growth of colonies was counted with a colony counter and 

resultswere recorded.  

Arc GIS version 10.2 was used for the cartographical designs for overlay of contaminants on flood risk 

map. 

Excel spread sheet was used in plotting the graphs of temperature and rainfall data as well as plotting the 

graph showing the extent of contamination of groundwater. 

3.0: Results and Discussion 

Contamination of groundwater could be in form of physical, chemical or microbial contamination.Chima 

et al [9] in their research on the physico-chemical and bacteriological analysis of water samples from 

selected points in Umuahia urban noted that the area’s water samples collected and scientifically analyzed 

in the laboratory showed higher values of acidity, BOD, nitrate values, total dissolved solids, total 

suspended solids and coliform organisms than values for WHO standard, showing that groundwater 

contamination was prevalent in the area.  
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Figure 1-2 shows rainy season laboratory result sample point 1 to sample point 12 (P1-P12 ) measured in 

cfu/100ml,  for Total vibrio count (TVC), Total salmonella count (TSC), and Total fecal count (TFC) and 

Total E coli count (TEC) in comparison with world health organization (WHO) standard.

 

Figure 1-2 Microbial contamination of groundwater compared with WHO standard 

The laboratory results were compared with WHO standard for total vibrio contamination .9 out of the 12 

water samples were above the standard and are tagged contaminated water samples. Total salmonella 

count was also compared with WHO standard and the 12 water samples were all contaminated. Results 

for total fecal count was compared with WHO standard and 11 samples out of 12 water samples were 

contaminated and the results for total fecal count were compared with WHO and 11 samples out of 12 

water samples were contaminated. 

Figure 1-3 shows the graph total vibrio count, total salmonella count, total fecal count and total E coli 

count for rainy season point 13 to 24 (P13-P24) in comparison with world health standard (WHO). P 21 

and P22 are leachate samples collected from waste dump sites close to the water wells to verify if the 

waste dumps where the sources of groundwater contamination in the area. Therefore the results for P21 

and P22 will not be shown on this graph. 
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Figure 1-3 Microbial contamination of groundwater compared with WHO standard 

Water sample results were compared with WHO standard for total vibrio contamination, 8 samples out of 

the 10 water samples were above WHO standard while results for TSC shows that 10 water samples were 

above WHO standard for total salmonella contamination when they were compared with WHO standard. 

Results for total fecal contamination was compared with WHO standard and 10 water samples were found 

to be contaminated while the results for total E coli contamination was also compared with WHO 

standard and all the 10 samples were contaminated. 

Water samples were also collected in two phases for the dry season. Phase one is P1-P12 while phase two 

is P13-P24 but P21 and P22 are samples from leachate contamination. Figure 1-4 will show the graph of 

microbial contaminations for dry season P1-P12. 

 

Figure 1-4 Microbial contamination of groundwater compared with WHO standard 

0

10

20

30

40

50

60

WHO   P 13 P 14 P 15 P 16 P 17 P 18 P 19 P 20 P 23 P24

TVC 

TSC 

TFC 

TEC 

0

20

40

60

80

100

120

140

TEC 

TFC 

TSC 

TVC 



International Journal of Scientific Research and Engineering Development-– Volume 2 Issue 4, July – Aug 2019 

 Available at www.ijsred.com 

 

ISSN : 2581-7175                                       ©IJSRED:All Rights are Reserved                                   Page 650 

 

The comparative analysis of microbial contaminations with WHO standard for drinking water shows that 

10 water samples were contaminated with total vibrio contamination, 9 samples were contaminated with 

total salmonella contamination, 11 samples were contaminated with total fecal contamination and 11 

samples were contaminated with total E coli contamination. 

Figure 1-5 below will show the comparative analysis of microbial contamination with WHO standard for 

dry season samples P12-P24. Samples P21 and P22 were leachate samples and they would not be 

included in the graph. 

 

 

Figure 1-5 Microbial contamination of groundwater compared with WHO standard 

The comparative analysis of microbial contamination of groundwater with WHO standard shows that 7 

water samples were contaminated with total vibrio contamination, 7 water samples were also 

contaminated with total salmonella contamination, 10 water samples were contaminated with total fecal 

contamination and 9 water samples were contaminated with total E coli contamination. 

Table 1 Laboratory results of microbial contamination during for rainy season                                  

PM WHO P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 

TVC 0 1 1 70 3 1 0 0 59 1 2 0 2 

TSC 0 20 29 30 31 22 11 3 12 23 28 39 41 

TFC 0 13 24 100 23 49 0 4 41 30 41 50 57 

TEC 0 4 12 20 12 19 0 2 21 7 5 9 9 

PM WHO P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 

TVC 0 0 2 1 2 0 1 1 2 180 204 2 6 

TSC 0 2 2 1 3 1 3 2 1 301 317 27 15 

TFC 0 7 9 29 26 9 24 8 31 247 1420 18 49 

TEC 0 1 3 14 9 4 16 3 19 90 741 11 21 
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Table 1-2 will display the results of microbial contamination of groundwater in comparison with WHO 

standard for dry season water samples. 

PM WHO P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 

TVC 0 0 1 28 5 4 0 1 0 3 24 23 2 

TSC 0 1 0 22 5 1 0 0 1 4 11 13 8 

TFC 0 3 4 45 2 31 5 2 0 2 45 52 21 

TEC 0 1 2 17 1 8 1 1 0 1 27 29 9 

PM WHO P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 

TVC 0 0 1 0 2 0 1 1 1 170 140 1 4 

TSC 0 1 1 0 2 0 2 1 0 290 190 22 12 

TFC 0 4 7 24 21 7 21 3 28 190 1240 14 47 

TEC 0 0 1 4 11 3 13 1 18 70 690 9 17 

 

Laboratory results have shown that groundwater contamination actually exist in the area and since several 

literature have shown that flooding has been the major factor behind contamination of ground water in 

Abia state, it has become very necessary to analyze temperature and rainfall pattern since the increase in 

temperature can result to high evaporation and transpiration which could also result to condensation in the 

atmosphere and subsequent rainfall. Diagram below show the annual maximum temperature variation for 

Abia state for the last 30 years 

 

Figure 1-6 Annual maximum temperature variation within 1985-2015  

Though the variation in temperature over this period of 30 years has fluctuated, 1980 was the only period 

when the temperature was 25
o
c. Subsequently the maximum temperature has risen to 36

o
c in 2015. 

R
2
=0.325 shows a correlation between the years and temperature increase. Therefore the temperature 

increased with time. 
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This rise in temperature may have triggered higher occurrence of rainfal

another source of flooding considering the shallow water table of the area which allows the saturation of 

the soil during rain fall period as well as overflowing of the rivers into the land areas causing continuous 

flooding. Diagram below show the graph of rainfall frequency in Abia state.

Figure 1-7 Rainfall frequency within 1996 to 2015 in Abia state

Rainfall frequency of Abia state over 20 years period is displayed to show the variation in monthly 

rainfall for each year. December, January and February are the major months of dry season when there 

should be no rainfall but this graph has shown that w

rainfall and the frequency of occurrence increased over t

  Figure 1-8 Average rainfall frequency over period of 20 years 
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This rise in temperature may have triggered higher occurrence of rainfall in the area which has been 

another source of flooding considering the shallow water table of the area which allows the saturation of 

the soil during rain fall period as well as overflowing of the rivers into the land areas causing continuous 

agram below show the graph of rainfall frequency in Abia state. 

7 Rainfall frequency within 1996 to 2015 in Abia state (plotted in days)  

Rainfall frequency of Abia state over 20 years period is displayed to show the variation in monthly 

ll for each year. December, January and February are the major months of dry season when there 

should be no rainfall but this graph has shown that within these months in the last 20 years, there was 

and the frequency of occurrence increased over the years.  

8 Average rainfall frequency over period of 20 years  
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l in the area which has been 

another source of flooding considering the shallow water table of the area which allows the saturation of 

the soil during rain fall period as well as overflowing of the rivers into the land areas causing continuous 

 

Rainfall frequency of Abia state over 20 years period is displayed to show the variation in monthly 

ll for each year. December, January and February are the major months of dry season when there 

ithin these months in the last 20 years, there was 
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The result from the graph shows a positive correlation since R
2 

= 0.018. Therefore when this result is 

compared with the result of maximum temperature it will be discovered that as the temperature was 

increasing, the average rainfall frequency was also increasing and with the increase in average rainfall 

frequency, the rate of flooding also increased thereby causing groundwater contamination in the area. 

NIMET [10] also observed the climatic condition of Nigeria within the period of 1941 to 2000 and 

specified from their results that annual rainfall decreased by 2-8mm in most northern part of the country 

and increased to 2-4mm in most southern parts of the country, situations that arose from either rainfall 

cessation or increase in rainfall frequency. They also stated that within 1941 to 2000, temperature 

increase was observed in extreme north east part of the country, extreme north west and extreme south 

west as 1.4-1.9
o
c and other parts of the country also recorded significant increases. They also projected 

temperature increase of 0.04
o
c from 2000 until 2046-2056 and increase of 0.08

o
c in 2050. 

The diagram below will display the flood risk map of Abia state with overlay of contaminants in line with 

effects of flooding in each area. 

 

Figure 1-9 Total Vibrio contamination on flood risk map in Abia state 

Figure 1-9 shows that Total Vibrio contamination had highest concentration within high flood risk and 

very high flood risk areas. The area dominated by high flood risk and very high risk is  Abia state north 

senatorial district made up of 5 Local government areas LGAs including  Arochukwu, Ohafia, Bende, 

Isikwuato and Ummunnochi LGAs. The middle part on the map known as Abia central distric shared the 
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features of very low flood risk area, low flood risk area,  moderate flood risk area and high flood risk area 

is made up of these LGAs; Umuahia north, Umuahia south, Ikwuano, IsialaNgwa north andIsialaNgwa 

south while the downward part of the map known as Abia south district which sheared the features very 

low flood risk area, low flood risk area, and slightly moderate flood risk area high flood risk area, and 

very high flood risk area is made up of Osisioma, Aba north, Aba south, Obingwa, Ugwunagbo, Ukwa 

west and Ukwa east LGAs. Vibrio contamination was also found in Abia central district and Abia south 

district. The topography and rainfall pattern in Abia north district affected the intensity of flooding in 

Abia north where people are basically resident down the slope lying between hills which allows flooding 

and heavy erosion in the area and subsequent contamination of groundwater. Abia central district also 

partially has that type of topography and such area with similar topography with Abia north shows the 

same flood risk intensity. Abia south district has a stable terrain but the shallow nature of groundwater 

table and poor drainage system has caused regular flooding in the area which contaminated groundwater. 

Lots of residents of Abia state still make use of hand dug wells which are always covered by flood during 

rainfall that heavily contaminates groundwater. 

Map overlay of total salmonella count on flood risk map is displayed below forAbia state. 

 

Figure 1-10 Total salmonella contamination on flood risk map in Abia state 

The map overlay of total salmonella contamination also had highest concentration of contamination in 

Abia north district which shows that the contamination is affected by flood while Abia central had high 
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concentration of salmonella contamination because of the replications of hand dug wells in the area which 

are always covered by flood during rainfalls while Abia south district had contaminations because the 

drainage system in the area is poor and mostly block with shallow water table causing saturation of the 

soil during rainy season which triggers flooding and groundwater contamination in the area. 

Diagram below is the flood risk map of Abia state showing overlay of total fecal count. 

 

 

         Figure 1-11 Total fecal contamination on flood risk map of Abia state 

High concentration of total fecal count in Abia north district is clear on the map showing that the more 

flooded an area is the more contaminated the groundwater though this is dependent on the source of 

groundwater in the area but since the residents of Abia north still had hand dug wells the wells always get 

contaminated during flooding. Abia central senatorial district also had high contamination concentration 

due to the use of hand dug wells but contamination in Abia south district is influenced by the drainage 

system and water table in the area with lots of waste dump sites and pit toilets in the area.  

Figure 1-12 below shows overlay of total E coli contamination on flood risk map of Abia state and the 

concentration of contamination in Abia north district, Abia central district and Abia south district. Abia 

north district has five Local government areas which include; Arochukwu local government area, Ohafia 

local government area, Bende local government area, Isukwuato local government area and Umunnochi 

local government area. Abia central district comprises of Umuahia north local government area, Umuahia 

south local government area, Ikwuano local government area, IsialaNgwa north local government area 
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andIsialaNgwa south local government area while Abia south district include; Aba north local 

government area, Aba south local government area, Osisioma local government area, Ukwa west local 

government area, Ukwa east local government area, Obingwa local government area and Ugwunagbo 

local government area.  

The concentration of E coli contamination was affected by the extent of flooding in the area, while 

flooding was affected by topography, drainage system and depth of water table.  

 

 Figure 1-12 Total E coli contamination on flood risk map of Abia state 

High concentration of E coli contamination in Abia north districts shows that the more flooded the area, 

the more contamination of groundwater the area will experience while contamination in Abia central 

district was determined by topography and flooding of hand dug wells, contaminations in Abia south was 

as a result of bad drainage system, shallow water table and rampant use of pit toilets in the area. 

Flooding and groundwater contamination has been stated by Chima et al [11] to have been responsible 

for the occurrence of water related diseases in Niger delta region of Nigeria. Therefore it became very 

necessary to devise means of adaptation to this condition as a proactive measure to subvert the 

damages that accrue from flooding and groundwater contamination. 

BNRCC [12]stated that natural resources in Niger Delta are vulnerable to climate change impacts with its 

negative effects on health. The health impacts of climate change include accelerated heat waves, flood 

events, droughts and windstorms while some of climate change impacts like health related situations 
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from spread of water related diseases linked to pollution of water resources are indirect.Effects of 

climate change on groundwater resources will bring about limited availability of best quality water due 

to groundwater contamination caused by flooding in the area. 

3.1: Adaptation to Climate Change 

Adaptation to climate change induced flooding and groundwater contamination in Abia state will be 

focused on measures that can ameliorate any difficult situation occasioned by flooding and subsequent 

groundwater vulnerability to contaminations triggered by flooding in the area. Specific measures that 

could be used include:  

(1) Introduction of use of large capacity overhead water storage tanks in the public water supply section 

which should always be treated before house hold supply during flood events. 

(2) Construction of good drainage systems in the area that can reduce the rate of flooding the area and 

construction of central sewage system to encourage recycling of centrally collected waste water for use. 

(3) Provision of drilled bore holes for the communities and placing a ban on use of unprotected hand dug 

wells that could be easily contaminated by flooding. 

(4) Encouraging the use of modern toilet systems like water closet toilets and abolishing the use of pit 

toilets that always contaminate groundwater in the area. 

(5) Encouraging domestic water treatment like boiling to 100
o
c and sieving in individual households 

before consumption of water by inhabitants.  

(6) Immunization of the inhabitants of the state against water related diseases that occur regularly as a 

result of groundwater contamination. 

(7) Government intervention on public orientation on best sanitation practices that will reduce 

manifestation of water related diseases. 

4.0: Conclusion 

The aim of this study has been achieved since the research has shown that climate change actually exist 

in Nigeria with its subsequent flood situations that contaminate groundwater in the area bringing about 

the list of possible adaptation strategies that could reduce the negative impacts faced by the vulnerable 

areas of the state. This was achieved with help of combination of showcased laboratory results of 

analyzed water samples which proved that the groundwater was actually contaminated with microbial 

substances that caused regular occurrence of water related diseases. The analysis was done using 

membrane filtration technique and the results were shown on the graph with the help of excel spread 

sheet. Arc GIS 10.2 was used to design the flood risk map showing overlay on contamination in relation 

to the flood vulnerability. Finally, secondary data from different sources was used to show that there 

exits flooding in the area as a result of climate change which was showcased on the graphs of maximum 

temperature and rainfall frequency variations in Abia state. Therefore if all the adaption measures are 



International Journal of Scientific Research and Engineering Development-– Volume 2 Issue 4, July – Aug 2019 

 Available at www.ijsred.com 

 

ISSN : 2581-7175                                       ©IJSRED:All Rights are Reserved                                   Page 658 

 

put in place it will help to drastically reduce the impact of climate change induced flooding and 

groundwater contamination in Abia state, Nigeria. 
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