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Abstract In most informal settlements in Zambia, access to piped water and proper sanitation system still remains
a challenge. This has led to people in these settlements to rely on groundwater from shallow wells which are either
protected or unprotected. In terms of human waste disposal, the majority of the people depend on traditional pit
latrines. In order to help protect and sustainably manage the groundwater resources, a study was undertaken to
investigate groundwater quality and its spatial distribution in Mulenga informal settlement in Kitwe district,
Copperbelt Province, Zambia. A total of twenty eight (28) groundwater samples were collected from twenty eighty
(28) wells in the aforementioned settlement. The samples were analysed for total dissolved solids (TDS), turbidity,
total suspended solids (TSS), pH, sulphates, nitrate, total and faecal coliforms using standard techniques. Results
were compared with the Zambian Bureau of Standards (ZABS) guideline values for drinking water and in some
cases, with WHO guideline values. In terms of microbiological parameters, all water samples in Mulenga informal
settlement tested positive for total and faecal coliforms. Parameters such as TDS, TSS and sulphate complied with
ZABS drinking water guideline values. Other parameters which include turbidity ranged from 0 to 52NTU, pH from
5.1 to 6.8 and nitrates from 1.6 to 35.6mg/L did not comply with ZABS drinking water guideline values at the
majority of the wells. Spatial distribution maps revealed that larger parts of Mulenga informal settlement display pH
values less than ZABS and WHO minimum permissible value of 6.5 while sulphate and nitrate levels ranged from 1
to 20mg/L and 10 to 20mg/L respectively. In terms of turbidity and TDS, their spatial distribution maps display
significantly high turbidity levels (>20NTU) in the south-eastern and some north-western parts of Mulenga informal
settlement while slightly high TDS values (>500m/L) were displayed in south-eastern and north-western parts of the
settlement. The highest numbers of total and faecal coliforms were concentrated in the north-eastern and central
parts of Mulenga informal settlements.
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1. Introduction

Inadequate water supply and basic sanitation has
remained one of the major challenges being experienced
in many developing countries. According to reference [1],
an estimated 880 million people globally have no access
to improved water supply. In Sub-Saharan Africa, 319
million people are without access to improved drinking
water sources [2]. The widespread lack of portable water
supply especially in rural and peri-urban areas of Africa
and Asia has sometimes been attributed to water scarcity
by some water experts [3].

According to [4] and [5] there is a rapid increase of the
number of people lacking access to water supply and
sanitation in urban areas especially in peri-urban
neighbourhoods. Consequently, many people in these
areas are being forced to use unimproved water sources. [6]
reports that 1.3 billion people in the developing world are

compelled to use contaminated water for drinking and
cooking and over six million children are believed to die
every year from water-related illnesses.

In Zambia, approximately 39 percent of the population
in 2010 did not use an improved drinking water source
and 48 percent did not have improved sanitation facilities
[7]. According to [7] water, sanitation and hygiene are the
factors responsible for 11.4 percent of all deaths in
Zambia.

Although groundwater in Zambia accounts for
approximately 28% of domestic water supplies [8], very
few chemical data is available on groundwater on which
to base an assessment of the quality of the available water
resources ([9,10,11]). However, limited available
chemical data however suggest that the Zambian
groundwater has generally very low concentrations of
dissolved constituents ([12,13]). According to [10] and
[12], the principal groundwater quality issues in Zambia
are likely to be pollution problems associated with
anthropogenic activities.
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Various studies conducted in selected informal
settlements of Lusaka Province in Zambia revealed high
levels of groundwater contamination with bacteria
especially in areas served by onsite sanitation such as pit
latrines and septic tanks ([14,15]). For instance, in
Kanyama informal settlement pit latrines have contributed
significantly to high levels of faecal coliforms, most
measuring “Too Numerous to Count (TNTC) [15].
Against this background, this study investigated the
spatial distribution of groundwater quality parameters in
Mulenga informal settlement in Kitwe district, Copperbelt
Province, Zambia.

1.1. Site Location and Description

Mulenga informal settlement is located on the southern
part of Kitwe district between Latitude 12°51”00" S and
12°52”00" S and longitude 28°13”00’ E and 28°14”00’ E.
As of the year 2010, the population of Mulenga informal
settlement was estimated at 36, 000 people [16]. The
population of Mulenga informal settlement has been
steadily increasing over the years and it mainly comprises
of the poor, jobless and other vulnerable groups of people.
The majority of people in Mulenga informal settlement
depend on water from shallow wells for drinking and
other domestic uses [17]. In terms of human waste
disposal, almost all households use traditional pit latrines
thus exacerbating the problem of groundwater pollution
[16].
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Figure 1. Map Showing Mulenga Informal Settlement

2. Methodology

2.1. Water Sampling and Laboratory Analysis

Twenty eight (28) water samples were collected from
twenty eight (28) hand dug wells in Mulenga informal
settlement in Kitwe between December, 2015 and January,
2016. Polythene bottles rinsed with distilled water were
used to collect the water samples. Once water samples
were collected, they were immediately placed in a cool
box and transported to the laboratory at the Copperbelt
University within 24 hours. In each water bottle, some
space was left to prolong the life of micro-organisms.

The water samples were analysed for physical,
chemical and microbiological parameters using standard
technique specific for each parameter. The parameters that
were analysed include pH, total dissolved solids (TDS),
total suspended solids (TSS), turbidity, nitrates, sulphates,
total and faecal coliforms.

3. Data Analysis

To assess the quality of groundwater for human
consumption, the analysed water parameters (in Table 2
and Table 3) were compared to World Health
Organisation (WHO) and Zambia Bureau of Standards
(ZABS) drinking water guideline values (Table 1).
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Figure 2. Map showing the Distribution of Well Points in Mulenga Informal Settlement (Modified after Google Earth, 2015)

Table 1. Zambia Bureau of Standards Permissible Levels and World Health Organisation Guideline Values for Parameters of Concern in this

Study
Parameter ZABS Permissible Value WHO (2008) Drinking Water Guide Values
TDS 1000mg/L No stated
TSS 100mg/L Not stated
Turbidity 5NTU Not stated
pH 6.5-8.0 6.5-8.0
Nitrates 10mg/L 50mg/I
Sulphate 250mg/L Not stated
Total Coliforms 0 tc/100ml Not stated
Faecal Coliforms 0 cfu/100ml Not stated
Table 2. Physiochemical Parameters of Groundwater Samples Collected from Various Wells in Mulenga Informal Settlement
Well/Sample no. pH Turbidity (NTU) TDS (mg/L) TSS (mg/L) Sulphate (mg/L) Nitrates (mg/L)
w1 5.8 0 370 0 8 15.9
W2 5.5 46 372 0 5 215
W3 6.3 35 225 9 7 8.9
W4 6.3 19 650 0 8 245
W5 5.1 0 300 0 8 4
W6 6 26 460 0 9 35
W7 5.8 0 460 0 9 12.2
w8 5.7 48 349 8 7 18.1
W9 6.1 33 392 0 9 1.6
W10 6.7 45 712 9 9 35.6
W11 6.6 41 331 0 13 114
W12 6 0 523 8 11 10.6
W13 6.3 0 242 7 1 10.2
W14 5.9 0 390 0 9 19.4
W15 6.3 14 474 8 5 32.4
W16 5.8 19 137 52 2 8.5
W17 6 35 319 7 7 8.3
W18 6.8 22 446 6 26 9.6
W19 5.7 51 38 6 6 15.3
W20 6.8 7 6023 18 39 143
W21 6.4 6 220 0 22 6.3
W22 5.7 26 33 6 4 22.9
W23 6.1 22 61 16 57 4.9
W24 6.4 52 9268 4 15 3.9
W25 6.8 8 725 1 110 15.8
W26 6.4 0 80 7 4 3.6
W27 5.4 0 235 21 8 12.8
W28 6.2 33 431 14 9 16.6
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Table 3. Microbiological Parameters of Groundwater Samples

American Journal of Water Resources

Collected from Various Wells in Mulenga Informal Settlement

Table 4. The Minimum, Maximum, Mean and Standard Deviation
for Physio-chemical Parameters

Well/Sample no. | Total Coliforms per 100ml | Faecal Coliforms per 100m Parameter Minimum value Maximum value | Mean
Wi = 20 Turbidity (NTU) 0 52 21
pH 5.1 6.8 6.1
w2 300 TDS (mg/L) 33 9268 866.6
W3 100 TSS (mg/L) 0 52 7.4
Sulphate (mg/L) 1 110 15.3
w4 150 46 Nitrate (mg/L) 1.6 35.6 13.31
W5 80 38 To develop spatial distribution maps for each water
W6 50 40 parameter in Table 2 and Table 3 above, Arc-GIS 10.1
W7 67 29 software was used. Co-ordinates for all sampling points
W8 210 70 (\_Nells) in the study area were tak(_ar) ar_ld recorded in the
field using a hand held Global Positioning System (GPS),
W9 120 6 Garmin GPS-60. Water quality attributes for each
W10 72 26 sampling point were then transferred into Arc-GIS 10.1
w11 250 25 software to develop the spatial distribution maps. The
W12 310 210 Inverse Distance Weighted (IDW) method was used for
W13 274 35 spatial interpolation of water parameters in Arc-GIS. This
Wid ” e methpd devglops estlmates_based on value_s at nearby
locations weighted only by distance from the interpolation
W15 290 115 location [18]. IDW method is based on the assumption
W16 361 32 that the value of an attribute at some unvisited point is a
W17 220 95 distance weighted average of data points occurring within
W18 310 120 the neighbour-hood surrounding the unvisited point
wis 25 2 ([18,19]).
W20 268 40
w21 370 70 4. Results and Discussion
w22 150 120
W23 120 110 It should be noted that thorough understanding of
W24 250 2 grpundyvater quality is c_riti(_:al in dete_rmining the
suitability of water for drinking, domestic and other
W25 40 49 .
purposes. In the present study, 28 groundwater supplies
W26 173 20 were examined for various physical, chemical and
war 342 84 microbilogical parameters to assess their suitability for
w28 230 62 human consumption. Results of the analyses show some

variations in water quality properties across the study area.
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Figure 3. Spatial Distribution for pH

Spatial distribution or zonation maps for groundwater
quality were also developed for each water parameter in
this study. These maps (Figure 3 to Figure 10) show the

distribution of water quality parameters in the study area.
Spatial distribution maps are important in the protection and
sustainable management of groundwater resources in the area.
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4.1. Potential of Hydrogen (pH)

The pH values of groundwater in this study ranged
from 5.1 to 6.8 with the mean of 6.1. The majority of
water samples (about 82%) did not comply with both
ZABS and WHO (2008) pH permissible range of 6.5 to
8.0. All the water samples recorded pH values of less than
7 which indicates that groundwater in the study area is

slightly acidic. It should be noted that the recorded pH
values have no any direct human health effects on the
consumers. However, it is advisable to treat slightly acidic
water (pH< 6) with hydrated lime to ensure that the pH
falls within the allowable range. The spatial distribution
map for pH (Figure 3) shows that most parts of the study
area display pH values less than ZABS and WHO
minimum permissible value of 6.5.
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Figure 4. Spatial Distribution for Turbidity
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Figure 5. Spatial Distribution for Total Suspended Solids (TSS)

4.2. Turbidity

Turbidity values in water samples ranged from 0 to
52NTU. In the majority of the water samples (about 71%),
turbidity levels did not comply with the Zambian Bureau

of Standards limit of 5SNTU in drinking water. High turbidity
levels (>5NTU) recorded in most of the water samples
could be attributed to poor well protection which allows
various particulate matter to be washed into the wells
especially during the rainy season. The presence of particulate
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matter in water samples can seriously interfere with the
disinfection process as they tend to protect the pathogenic
organisms [20]. High turbidity values in most wells may
also indicate a serious compromise in terms of the sanitary
integrity [21] especially that most pit latrines are in close
proximity to wells and lack impermeable lining to contain
the latrine leachate. The spatial distribution map shown (in
Figure 4) above display signifantly high turbidity levels
(>20NTU) in south-western and in some north-eastern
parts of Mulenga informal settlement.

4.3. Total Suspended Solids (TSS)

Values of total suspended solids (TSS) recorded in
water samples in this study ranged from 0 to 52mg/L. All
water samples complied with the Zambian Bureau of
Standards limit of 100mg/L of TSS in drinking water.
From the spatial distribution map of TSS as shown in
Figure 5 above, it can be observed that the larger part of
Mulenga informal settlements display the lowest values of
TSS in the range of 0.1 to 10mg/L.

TDS (mg/L)

[133.7-150

Il 150.1 - 500
[1500.1 - 1,000
[ 1,000.1 - 9,500

Map not to scale

Figure 6. Spatial Distribution for Total Disolved Solids (TDS)
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Figure 7. Spatial Distribution for Sulphate
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4.4. Total Dissolved Solids (TDS)

Total dissolved solids indicates the general salinity
nature of water resources [22]. According to [23], although
total dissolved solids are not harmful to human health, high
levels in water supplies may affect the health of people
suffering from heart and kidney related diseases. In this
study, almost all (about 93%) of the water samples complied
with the maximum limit (800mg/L) of total dissolved solids
(TDS) based on the Zambian Bureau of Standards drinking
water guideline values. Very high concentrations of 6023mg/L
and 9268mg/L of TDS were recorded at well number W20
and W24 respectively. The wells (W20 and W24) which
recorded very high values of TDS are located near the
main sewer pipeline and stream. Therefore, these excedances
could be attributed to groundwater pollution from waste
water leakages from the main waste water pipeline which
passes within the vicinity of well W20 and also discharges
into the stream which passes near well W24. The spatial
distribution map for TDS (Figure 6) shows slightly high
TDS values (>500mg/L) in the south-eastern parts of
Mulenga informal settlement.

4.5. Sulphate

Sulphate is naturally occurring anion in all kinds of
natural waters. According to [24], sulphate concentrations
in fresh water are within 20mg/L and can range from 0 to
230mg/L in groundwater. The presence of sulphate in
drinking-water can cause a noticeable taste, and very high
levels might cause a laxative effect in unaccustomed
consumers [20]. Taste impairment is generally considered
minimal at levels below 250mg/L [25]. In the present
study, concentrations of sulphate in water samples ranged
from 1 to 110mg/L. All water samples complied with
ZABS set limit of 250mg/L of sulphate in drinking water.
Since the majority of water samples in Mulenga informal
settlement recorded sulphate concentrations within the
range of fresh water, groundwater supplies will likely
have minimal taste impairment to consumers. The spatial
distribution map for sulphate (Figure 7) shows that the
larger part of Mulenga informal settlement display
sulphate concentrations in the range of 1 to 20mg/L which
is common in fresh water.
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Figure 8. Spatial Distribution of Nitrate

4.6. Nitrate

Nitrate concentrations in water samples in this study
ranged from 1.6 to 35.6mg/L with the mean of 13.31mg/L.
In the majority (about 61%) of water samples, nitrate
levels exceeded the Zambian Bureau of Standards limit of
10mg/L of nitrate in drinking water. However, all water
samples complied with WHO limit of 50mg/L of nitrate in
drinking water which is aimed at protecting the health of

infants. The presence of slightly high nitrate
concentrations in groundwater in the study area could be
as result of the introduction of human and animal waste
into unprotected wells and also the seepage of the pit
latrine leachate into the underlying aquifers. To reduce the
nitrate levels in groundwater in the study area, there is
need to encourage proper siting and construction of
standard pit latrines with impermeable lining to prevent
the leachate from contaminating the aquifers. The spatial



109 American Journal of Water Resources

distribution map for nitrate (Figure 8) shows that nitrate  exceeds ZABS maximum permissible value of 10mg/L of
levels in the larger part of Mulenga informal settlements nitrate in drinking water.

Total coliforms per 100 ml
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Figure 9. Spatial Distribution for Total Coliforms
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Figure 10. Spatial Distribution for Faecal Coliforms

counts in 100ml of each water sample while faecal
4.7. Total and Faecal Coliforms coliforms counts ranged from 0 to 210 counts in 100ml of
each water sample. The spatial distribution maps (Figure 9
and Figure 10) for both microbiological parameters shows
that the highest numbers of both total and faecal coliforms

In terms of microbiological quality of groundwater, all
water samples tested positive for both total and faecal
coliforms. Total coliforms counts varied from 40 to 370
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are concentrated in the north-eastern and central parts of
Mulenga informal settlement. Microbiological contamination
of groundwater supplies in Mulenga informal settlement
could be attributed to the movement of pathogenic
organisms from pit latrines and waste pits that are situated
in close proximity to wells. There is need to disinfect or
boil groundwater supplies in Mulenga informal settlement
before consumption to avoid the breaking out of diarrhoea
related diseases.

5. Conclusion

Based on microbiological parameters, groundwater in
Mulenga informal settlement is generally contaminated
with pathogenic organisms as indicated by the presence of
total and faecal coliforms in all the analysed water
samples. Parameters such as total dissolved solids, total
suspended solids and sulphate complied with ZABS
drinking water guideline values. Other parameters which
include turbidity, pH and nitrates did not comply with
ZABS drinking water guideline values at the majority of
the wells.

The developed spatial distribution maps show
variations in the distribution of water quality parameters in
Mulenga informal settlement. The larger parts of Mulenga
informal settlement shows that pH values were less than
ZABS and WHO minimum permissible value of 6.5 while
sulphate and nitrate concentrations ranged from 1 to
20mg/l and 10 to 20mg/l respectively. In terms of
turbidity and TDS, their spatial distribution maps display
high turbidity (>20NTU) in the south-eastern and some
north-western parts of Mulenga informal settlement while
slightly high TDS levels (>500mg/l) are displayed in the
south-eastern and north-western parts of the settlement.
The spatial distribution maps also shows that the highest
numbers of total and faecal coliforms are concentrated in
the north-eastern and central parts of Mulenga informal
settlements.
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