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ABSTRACT"

., This article presents, results of groundwater quality assessment based on some pollution mdwators {total
-*heterotmphnc bagcteria, THB;, total faecal coliform, rFC; nitrate, NO;” dissolved oxygen,.DO; conductmty. CN) carried
. qutin the wcnryty of active ahd non- -active (closed) waste dumps in Calabar-South aréa, The data show that 4% of
“dissolved oxygen concentration: 58 and 62% of THB and TFC:counts respectively recorded eXteed-the WHO
recommended limits for drmkmg and Jor d stic purposes. In addition, good correlation (> 0.70) exists between the
poliution indicators on one hand and between THB, TFC and the number of waste dumps on the other. On the basis
of a pollution scale developed for this study, the groundwater in the area are classed into 2 (lowtmoderate) 3
(moderate-high) and 4 (high-very high). Recommendations include periodic groundwater quality monitoring and

: mtroductlon of modern waste disposal systems,

KEY WORDS: Groundwater quality, Nigeria, pollution, waste dump.

INTRODUCTION

The southern part of Calabar  (Fig 1) is
characterized: by the sitting of waste dumps (pit
latrines,septic tanks, household waste dumps etc) near
potable water sources without consideration to the
hydrogeologic setting of thé area and thus, rendering the
future groundwater quality at risk. The present study
was therefore designed
groundwater pollution resulting from this activity. The
study is also a follow up to the work of Edet (2000) and
; Edet e, al. (2001) on the appraisal of the effects
of indiscriminate waste disposal on potable water
sources in Cross River State (Fig 1).

Area setting

Location and climatic characteristics -

The study area, Calabar South Locai Government Area
(CSLGA) referred to here as Calabar South area (CSA
F:g 1 is situated approx1mately wnthln latitudes 4°55'-
4°56' North and longitude 8 18’ - 8°21' East covering an
estimated area of 20 km? and more than 80% of the
populat(on are low income workers engaged mostiy in
petty trading, fishing, farmmg and having a population
density of about 4000 per km”.

The area is characterized by a mean annual
temperature and precipitation of 30. 1°C and about 2000
mm respectively. Climate data for the period 1990-2000
show that the temperature varies between 23.1 and
28.7°C and the monthly precipitation between 26.7 and
459. 1mm (Edet and Okereke, 2002).

Geohydrological characteristics

The area is drained by two major rives, the Calabar and
the Great Kwa River (Fig. 1) Lithologically the area is
made up of tidal and lagoonal sediments, gravels,

to evaluate the level of

sands, silts and clays with lignite. These materials are
associated with the Tertiary Benin Formation and
Recent alluvium deposits.

Two major aquiferous units, an upper
unconfined unit made up of mostly grayish brownish
clayey fine-medium sand and a lower semi-colfined unit
consisting of mostly grayish white medium-coarse

gravelly sand (Fig 1). The mean parametérs of the two
aquifers are presented in Table 2. The present study is
however limited to the upper unconfined unit. For this
unit, the estimated change in groundwater storage is
4383.6 m3/d which represents about 1 % of the
estimated total amount of extractable water from the
aquifer put at 160X10°m?,

Sampling and analyses g
Fofty eight (48) groundwater samples were
collected during a six month period in 1999 covering
parts of the wet and dry seasons (July - December)
from eight locations designed as 1-8 (Fig 1). This
corresponds to high precipitation and relatively low
precipitation period during the study. The localities
sampled are characterized by the presence .of pit
latrines (both active and non active). Location 8 which is
about 6 km north of study area is a deep borehole
tapping water from the same aquiferous unit (Fig. 1,
Table 2) served as a control. The details of site
designations, descriptions and characteristics are
provided in Table 3. For all the samples, the
temperature, pH, Eh, conductivity and dissolved oxygen
were determined in the field using standard equipment
(WTWLF Sitemperature/ conductawty meter, WTW Ph
90 meter and WTW OXI 196 microprocessoi-oximeter).
Samples were then collected and stored in 250
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Fig. 1: Map of part of Calabar urban sﬁawing sample locations and simplified

hydrogeological setting (inset map of Cross River State)

TABLE 1: CLIMATIC DATA FOR THE SAMPLE PERIOD
. Sampling period(s)
Climatic parameter(s) | 1 2 3 5 6 mean
Maximum temperature | ° 293 [292 [287 |203 |304 |[323]299
Minimum temperature °c 21.1 214 22.6 22.7 22.9 226 | 22.2
“Rainfall . MM | 349.5 | 494.5 | 36.8.3 | 463.7 | 207.2 | 0.3 | 314.0
I Relanvc humldlty % 88 89 89 89 88 80 87.2 |

I July 2 August

3 September

4 October

5 November 6 December (1999).
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Fig. 2: A 2D correlation matrix between pollution indicaiors

Table 2: Mean aquifer parameters
Aquifer types

Patameters

Upper ' Lower
Thickness - M 50.00 23.00
Depth to water level (DWL) M 34.00 62.20
Discharge MYd  344.40 40.00
Transmissivity M¥d  7676.00 1956.00
Hydraulic conductivity M/d 143.20 78.30
Storage Coefficient 0.5 0.15

! Present study consideration

mi polyethene bottles, stored in a cooler and then
transferred to a refrigerator at 4°C prior to analysis. The
laboratory analysis for nitrate (NOj’), nitrite (NOy).
ammonium (NH,"), sulphate (SO,%), chioride (CI)
phosphate PO,%), total hetertrophic bacteria (THB) and
total faecal coliform (TFC) were carried out using
standard methods in the Environmental laboratory,
Institute of Oceanography, University of Calabar
(Nigeria). '

RESULTS

Table 4 contains the range of results for all the locations
while table 5 gives a summary of all the resuits for the
entire locations and period.

Temperature, conductivity and pH

On locational basis, the mean temperature appear
uniform ranging from a minimum of 27.4 to a maximum
of 28.0°C. For the entire study period, temperature
varied from 26.5 %0 29.0°C (mean 27.5°C). These values
are consistent with the air temperature for the period
(Table 1) :
The conductivity values range between 51.9-
321us/icm at locations 4 and 8 respectively (Table 4).
These values are far below the WHO maximum
allowable limit of 1400 us/crn for drinking and domestic
purposes. The pH values varied from 3.11 (location 3) to
7.99 (location 8) and a mean of 5.89 for the period
(Table 5) which is also below WHO range of 6.5-8.5.
Nitrate, nitrite and ammonium -
The concentration of nitrate (NQjy) for the entire peri&d
varied from 0.23-10.63 mg/L {mean 2.30 mg/L}), Table 5.
Spatially the mean value were lowest at the control point
{location 8), 0.51 mg/L and highest at location 5 (3.33
mg/L) Table 4 Generally, more than 95% of the NOj3
concentrations were lower than the WHO maximum limit
value of 10 mg/L.

"Nitrite (NO;) varied from 0.001-0.027 mg/L
(mean 0.008 mg/L) for the entire period. For the study
locations, the mean lowest value of 0.002 mg/L was
obtained at location 1 and highest mean value of 0.011
mg/L. at location 8. the concentration of ammonium
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(NH," for the period varied between 0.00 (location 8) to
518 mg/L (location 5). The mean values for the
locations varied between 0.48 mg/l. at sampie location 8
and 0.95 at location 2 (Table 4).

Sulphate, chloride and phosphmte

The concentration of sulphate (S0O,%) varied from 0.29
at sample location 4 to 8.70 mg/L. at sample location 2
for the entire period (Table 5). The mean concentration
for the locations varied between 0.69-3. 74 mg/L. These
values are very low compared to the WHO limit of 400
mg/l. Low 804 concentrations are related to 'the .
reduction of sulphate in the presence of bacteria and
organic matter (Offiong and Edet, 1998). This can be
represented by the equatidn below.

804 + 2CH,0 = HyS + 2HCO, (N

Chlor‘ide concentration varied from 5.68-71. 0 mg/l. at
locations 7 and 2 respectively for the ealiie penod
{Table 5). Mean values for the diffcrent lucabities vanged
between 12.04 (l.ocation 8) to 50.77 mgyl. (lucation 2).
These values are consistent with concentrations of CIf
(0.03-0.42 meq /L) in nearby surface waters (Offiong
and Edet 1998) and precipitation {=1.40 meqg / L) thus
indicating that the rivers and rainfall are the primary
source of recharge for the aquifer. The concentrations of
phosphiate for the sample period and all the locations (<
0. 15 my/l) were below the WHO limit of 5.0 mg/L.

Dissolved oxygen, total hetevotrophic bacteria and
faecal coliform

The concentration of dissolved oxygen (DO) for the
period ranged between 2.2-6.0 mg/L. the mean values
between 3.57-5.87 mg/L for the locatiens. High DO are
probably due to shallow water level (Cisse et. al 2000).
The count of total heterotrophic bacteria for all the 48
samples varied b/w 22-1021 per ml (mean 200.5 per

mi). The mean counts ranged between 27.8 at sample
location 8 to 764. 8 per mL at sample location 2

The total faecal coliform counts for the same
number of samples varied from 0 at.locations 3, 4, 6, 8
to 7 per/100 mL at location 2. Spatially, the mean values
varied between 0 (locations 4, 6, 8) and 5.5 per 100 mL
at location 7 (Table 4).

DISCUSSION OF DATA

In evaluating the quality of groundwater and determining
the level of pollution in the area, some parameters
considered as pollution indicators were used. These
include total heterotrophic bacteria (THB), total faecal
coliform (TFC), nitrate (NOy) dissolved oxygen (DO),
conductivity (CN) and /0r chloride (C17) (Barrett et. al
2000; Cisse et. al 2000; Edet 2000).

From the data, the concentrations of THB, TFC,
DO and CN are higher in the recharge area against the
values in the discharge area (Table 6). The pattern is
due to the high number of waste dumps in the recharge
area (n= 28) compared to the discharge area (n =6). In
addition an east-west regtonal groundwater divide
characterizes the area.

Secondly, * the concentrations of these
parameters are higher for the wet (rainy) season (Table
G) with percentage difference in the range '3-64. This
aspect is attributed to high contammant transport due to
high infilration rate (~1.0x10* cm/S) of the top soil layer
and high permeability (~118.3 m/d) of the aquiferous
layer. Also according to Robins (1998), the greater the
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Table 4. -
Physical. chemical and biological parameters for all locations (range) e =
» Locations 3\ .
- . - : WHO
Parameters [ \ “ 1 3 4 s 6 7 ) 8
Temperature T 263292 259289 26-29 26-29 26.3-29.3 26.1-29.1 163192 26.929.9
Conductivity uSlem 15341564 2832313 0 161446 705745 792822 170.2173.2  10L4-1044  288.83290.8 1400
pll 437727 3.71-6.71 311611 3.32-6.32 3.66-6.66 384684 439739 1499799 6583
Eh mV 7881 (05.83-108.83  139.60-142.00 1263812938 110.83-113.83  88.5915  69.33.72.33 0752375
Dissohed ovygen  me'l. 4272 3.63-6.63 3.72:6.72 1.87-6.87 3.2:6.2 207507 2.355.45 4.37-7.37 $.0min
Nitrate (NOT) mp/ll 0.4:3.4 0.14-3.14 0.31-3.31 1.7-4.7 1.83-4.83 1.66-3.66 131431 7 0.00-2.01 10
Nitrhie (NOT) my'l 0.00-1.3 " 0.00-1.51 -0.00-1.51 0.00-1.51 . 0.90-1.51 0.00-1.51 9.00-1.51 0.60-1.51 0.1
Ammomuns (NH - owg L 0.00-2.08 0.00-2.43 2.00-2.01 GO0-2.21 0.100-2.38 0.00-2.08 U.00-2.39 0.U0-1.98 0.50
Sulphate (SO mg L 1924492 LETRE 722,28 B 8i-29 0723 ITY L4505 000264 S0
Chloride (Cly mel BTEILTE 49OTSNIT 292819 109913099 090709 33533653 LIWIT2 10.57-13.57 250
Phosphare (FO)  mg/l (.0041.50 0.00-1.50 0.00-1.51 0.00-1.51 0.00-1.51 0.00-1.51 0.00-1.54 0.00-1.51 5
Touwl heterotrophic ‘ ’
hactetia (THB)  perml 112115 763.3-766.3 199-202 78.2-81.2 89.8:92.3 75.378.3° 3% 23962 26.3-29.3 100
Tl faccal ) ‘ i
caliform (TFCyper 100ml 0.00-5.3 0.00-8.0 0.00-5.3 0.00-0.01 0.00-1.7 0.00-0.01 0.00-8.5 0.00-0.001 L
i
N A
Table § )
Sumimary of parameter concentrations for the entire sampling period (1=48) . ‘
Summary ‘
Parameter ) ) ; WHO
Mimimum  Maximum Mean ‘ ;
Temperature ‘C 26.5(2) 29.0(8) 27.5
Conductivity uSlem  51.9%(4)  321.0(7) 149.0 " 1400
pll ‘ 3.00(3) 7.36(7) 5.89 6.5-8.5
. ¢ L
o~ . @’M}ﬁ
Eh “mV 15(8) 201(3) - . 141.17
v - ;
Dissolved oxygen mg/L 27 _6.0(8) 4.7 5.0min
Nitrate (NO7) mg/L 0.23(8) 10.63(6) 2.30 10
Nitrite (NO7) mg/L 0.001¢4) 0.027(7) 0.008 0.1
_ Anmunonium (NH}¥) mg/L 0.00(8) 5.18(5) 0.88 0.5
Sulphate (SO%) mg/l. 0.29%4) 8.70(2) 6.53 400
Cliloride (CI) mg/l 5.68(7) 71.00(2) 50.77 250
Phosphate (PO}) mg/l 0.007(S) 0.122(3) 0.012 5
Total heterotrophic bacteria (THB) per ml 22(8) 1021(2) 200.5 100
Total faccal coliform (TFC) per 100ml 0(3,4,6.8) 7(2) 2.0 1

Numiber in brackets represents locations (See Table 1)

rechange the greater the potential for dilution, but the
more efficient the transport:of pollutant from surface to
water-table. This is true for the study area since
precipitation is the major source of recharge. This is

supported by the fairly good relation (y) -betwecn the
amount of precipitation and the concentration of nitrate
(y = 0.43), total heterotrophic bacteria (y = 0.58) and
total faecal coliform (y = 0.68).
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The values of the parameters are higher in
sample locations 1, 2, 3, and 7 (Table 4.). This is
~ attributed to the fact that, these localities (1,2, 3,7)are
very close to the waste dumps (mean distance 10 m) as
against locations 4, 5 and 6 with a mean distance of 21
m between the waste dumps and the potable water
sources (Table 3). In sample localities 2 and 7, with the
highest count of THB and TFC, 11 and 8 numbers of
active/non active pit latrines and septic tanks/cesspool
were documented (Table 3). The low number of waste
dumps (n =6) at locations 4, 5 and 6 coupled with the
distances between the dumps and water sources (12-
30m, Table 3) are responsible for the low THB and TFC
counts (Table-4).. o

Generally, on the basis of correlation coefficient
(y) values, the total number of waste dumps show good

Table 6

corrglation (y > 0.70) with THB and TFC and poor
correlation (-0.14 2 y < 0.04) with DO, NO, and CN (Fig
2). In addition, correlation coefficient values between the
parameters indicate good (y z 0.70); fairly good {> 0.50y
< 0.70) and poor (y < 0.50) relations (Fig. 4).

However, multiple correlation analysis for all the
parameters indicate good relation (y = 0.70) (Fig 4).
High correlations are related to high organic matter
related to human faeces, number and distance(s) of
waste dumps from potable water sources, seasonal

variations and permeability of the aquiferous layer. On
the other hand, fairly good-poor relations are attributed
to local groundwater table variations, and flow direction
depth of waste dumps and shallow boreholes/hand dugﬁ
well and the type and quantity of waste, :

Relation between concentrations ol some parameters with respect to the recharge-discharge area and

seasons

Periad(s) Arcafs)
Paramecter(s) )
- Wet Dry Recharpe  Discharge
Raintall amount min 404.2/1212.7  223.7/671.2 -
Depth to water level (DWLL) m 2.5 3.75 -
Total heterotrophiic bacieria - per ml 260.39 197.71 359.60 32,60
Tota) faceal coliform per 100l 2.62 1.84 3.20 0.57
Nitrate mg/l. 3.57 1.27 L7833
Dissolved oxygen mg/L 5.12 4.97 ® 535 458
Conductivity pSfem 180,61 126.21 175.9 1083
Table 7
Proposed. ratings to each class interval of pollution indicator (present study)
‘ Ratings (class)
Parameter(s) E
1 2 3
(Good) (Moderate) {Pour)
Total heterotrophic bacteria (T11B) <50 -50-100 > 100
Total faccal coliform (TFC) < | {-2 > 2
Nitrate (NO YY) <5 5-10 > 10
Dissnlvcdbxygcn (DO) >3 4-5 <4
Conductivity (CN) < 100 100-150 2> 150
Table 8
Proposed groundwater pollution scale for the are:
Pollution level Pollution index numbcer Remarks

[ < 10 " None (M) - low (L)

2 10-20 Low (L) - moderate (M)

3 20-25 Moderate (M) - high (11
4 > 25 High (H) - very high (V1)
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Determination of pollution levels

In order to determine and quantify the level of pollution
in the area, a scale (Groundwater Pollution Scale) was
developed during the study using the pollution indicators
(THB, TFC, NOjy ', DO, CN). A weight is assigned {o each
indicator depending on importance and concentration
level during study period. The parameters of greatest
importance {(THB, TFC) are -assigned 3 since they
strongly and consistently indicated pollution (Figs 2, 3,
-4) NOj is assigned a weight of 2 since it is a potential
indicator of pollution (Edet 2000) despite the low values
(= 10.63 mg/L), Table 5) and poor correlations (y = '0.14)
with number of waste dumps. NOj; however, show
good-fairly good correlation with THB, TFC, DO, CN (Fig
3). The CN and DO are rated low as indicators of
pollution due to low values coupgled with high variability
in correlation with other parameters (-0.15 > y < 0.75,
Fig 3). Because prolonged and gradua! pollution of
groundwater will affect their concentrations in future,
these parameters are assigned weights of 1,

The pararneters are divided into classes and a
rating representing the magnitude of pollution assigned
to each class (Table 7). A combination of the weights
and rating is then used to compute the pollution index
number (PIN) as a sum of the products of weights and

rating for each indicator (THB, FTC, NOy, DO and CN). -

The PIN is then used to develop a Groundwater
Pollution scale (GPS) which gives a semi- guantitativer

assessmant of the level of groundwater pollution (Table -

8).

For each sample location, the PIN is computed and
presented in Fig. § to show the overall groundwater
poliution levels in the area. From the figure,-the PIN for
sample locations 1, 2, 3 and 7 range between 23-25 and
13-17 for locations 4, 5, and 6 while the value for the
control point (location 8) is 8.

This clearly shows that the groundwater at Iocatton 8is
not polluted while that at locations 4, 5, 6 are low-

moderately polluted and maderately-very highly.poliuted:::.

at locations 1,2, 3and 7. Generally, there is a good (>
0.70) correlation between the PIN and the number of
waste dumps (Fig. 2).

CONCLUSIONS AND RECOMMENDATIONS

Groundwater in shallow aquifers in areas of high
concentrations waste
dumps are moderately-very highly polluted (e.g.
locauons , 2, 3. 7) compared to area with low number
ofdumps (eg locations 4, 5, 6) which  are lowly~
moderately polluted. Area characterized by deep
aqyifers and very low number of shallow dumps are not
affected (e.g. location 8).

Total heterotrophic bacteria (THB) and total
faecal coliform (TFC) counts are more indicatve of
pollution with higher concentrations in the rainy (wet)
season.

" High correlation exists between the number of
waste qumps, the distance of dumps from potable
watc ources and the level of pollution.

-t
b

It is m«,nmmended that for areas (e.g. Calabar
Sxuth area) with high population density and low level of

.30 sanitation, a groundwater quality monitoring programme

should be.put in place and use of modem of semj
modern facilities for waste disposal encouraged by

International Organizations  (e.9.  UNICEF) “in
. collaboration with the Federal, State  and lLocal
authorities.
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