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Abstract The contamination of freshwater resources with
various organic and inorganic contaminants is still a major
problem in many parts of the world, especially in devel-
oping countries in which the poor water quality continues
to pose a serious threat to human health. In this study, the
assessment of groundwater quality was performed in the
municipality of Bumbu (Kinshasa, Democratic Republic of
the Congo) according to the seasonal variation. Water
physicochemical parameters [pH, electrical conductivity
(EC), dissolved oxygen and soluble ions (Na*, K, PO437,
S04%~, NO;~, NO, )] and faecal indicator bacteria (FIB)
including Escherichia coli (E. coli), Enterococcus (ENT)
and Total coliforms (TC) were analysed. Except for EC
and NO;3; ™, the results revealed low concentration of other
water physicochemical parameters, which are below the
recommended limits, according to World Health Organi-
zation guideline for drinking water. Additionally, the result
showed high concentration of FIB reaching the values of
1.6 x 10*% 1.5 x 10* and 9.0 x 10’ CFU 100 mL~" for
E. coli, ENT and TC, respectively. The pollution was
substantial in wet season compared to dry season. PCR
amplification for human-Bacteroides indicated that more
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than 90 % of bacteria were from human origin. Our results
highlight the potential human risk associated with the
exposure to water contamination from wells due to the high
level of NO; ™, EC, E. coli and ENT in both dry and wet
seasons. The approach developed in this study helps pro-
vide a better understanding of the physicochemical and
microbiological pollution of wells in large cities charac-
terized with lack of wastewater and sanitation facilities.

Keywords Shallow wells - Water quality - Faecal indicator
bacteria - Human-Bacteroides - Human health risk -
Tropical conditions

Introduction

The contamination of freshwater resources with microp-
ollutants and pathogenic organisms is still unsolved prob-
lem in many parts of the world, especially in developing
countries, such as the Democratic Republic of Congo
(DRC), in which there are lack of adequate sanitation
facilities and where people practice open defecation (WHO
2004; Devarajan et al. 2015a, b; Mwanamoki et al. 2015).
Data concerning the occurrence of biological contaminants
such as faecal indicator bacteria (FIB) in aquatic environ-
ments in Sub-Saharan African countries is limited. Diar-
rhoeal diseases, mainly due to the consumption of
microbiologically contaminated drinking water, cause
about one billion illnesses and 2.2 million deaths per year
(Montgomery and Elimelech 2007; WHO 2011). The
majority of cases are in Sub-Saharan Africa and south Asia.
In some of these regions, according to the economic situ-
ation and lack of effective infrastructure, a large proportion
of the population uses highly contaminated surface water,
shallow wells, boreholes, springs and streams for irrigation,
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domestic and drinking purposes (Amanial 2015; Mwana-
moki et al. 2015; Rochelle-Newall et al. 2015). Although
most infections occur in developing countries, waterborne
diseases are a worldwide problem that also concerns
industrialized societies where highly populated centres
draw their supply of drinking water (Haller et al. 2009;
WHO 2011; Thevenon et al. 2012). In Democratic
Republic of the Congo (DRC, with estimated population of
65.7 million inhabitants), despite the potential of its rich
fresh water network, more than 75 % of the population
have no access to safe water (UNEP 2011). The most
common sources of domestic and drinking water for sub-
urban and rural people are streams, shallow wells and
springs. These water resources are in many cases polluted
by micropollutants and pathogenic organisms which can
represent significant potential impacts for human health.

At Kinshasa (capital of the DRC with more than 10
million inhabitants), waterborne diseases, including Enta-
moeba and Shigella and other diarrhoeal diseases, are great
public health concerns. The prevalence of diarrhoeal in the
province for the 15 last years affected more than 20.9 % of
the population (EIES 2012). The city itself has experienced
cholera outbreaks in years 1996, 2010 and 2011 and
typhoid fever has affected nearly 1 % of the population
(EIES 2012). To our knowledge, there have been no reg-
ular water quality monitoring and/or research programmes
conducted to assess the microbial and physicochemical
qualities of water resources. Our previous researches have
been conducted to assess the quality of urban rivers sur-
rounding the City of Kinshasa. The results of these research
works indicated the deterioration of the quality of these
water resources, especially rivers receiving urban and
hospital effluent waters. The pollution can be explained
with several aspects including domestic wastes, human
open defecation and runoff of wastewater from septic
tanks, and hospital wastewaters discharge (Mubedi et al.
2013; Mwanamoki et al. 2014). Our previous data showed
also that sediments of urban river-reservoirs (such as Lake
Ma Vallée and N’djili River) constitute important reser-
voirs of FIB (Tshibanda et al. 2014; Mwanamoki et al.
2015). To date, no programmes or researches have been
conducted to assess the water quality from shallow wells
according to the seasonal variation. Consequently, there is
no quantitative information regarding the quantification of
FIB in streams, rivers, shallow wells and other water
sources in suburban municipalities of Kinshasa, other great
cities as well as rural districts of DRC.

The main objective of the present study is to assess the
seasonal variation of the water quality from shallow wells
of the municipality of Bumbu, a suburban municipality
located in south of the Capital City of Kinshasa. The
assessment is based on (1) quantification of water physic-
ochemical parameters including pH, electrical conductivity
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(EC), dissolved oxygen (O,) and soluble ions (Nat, K*,
PO, SO,.2~ NO5;~, NO, ), and (2) quantification of FIB
including E. coli, ENT and TC and (3) to characterize the
isolated FIB by molecular approach in order to identify the
possible cause of water contamination. The analysis of
water samples was performed during both the dry and wet
seasons in order to identify the eventual changes in water
quality with season. Molecular analysis was performed not
only to confirm the FIB but also to identify the eventual
human source of faecal pollution in wells. The approach
used for this research is very important as it allows deter-
mining whether shallow wells can provide safe drinking
water according to the seasonal variation or whether there
is a need to develop ways to improve the water quality
from shallow wells (Pritchard et al. 2008).

Materials and Methods
Study Site Description

The study was conducted in the commune of Bumbu, a
suburban municipality located in the Funa district of Kin-
shasa (the capital city of the DRC), with total area of
5.3 km? and an estimated population of about 329.324
habitants. Seven shallow wells from four neighbourhoods
(named Ubangi; Mfimi; Dipiya and Mongala) of the
municipality were selected (Fig. 1; Table 1). The study
area was chosen based on some criteria including, water-
borne disease epidemiology, economic situation of local
people as well as their access to safe water provided by
national society (Regideso), the presence of several shal-
low wells which constitute the main water resource of more
than 70 % of people for domestic use (drinking, cooking
and washing) and sanitary risks such as the presence of
uncontrolled landfills, pit latrines and septic tanks and how
the wells are protected.

Sampling Procedure

Water samples from seven shallow wells were collected in
June and July (dry season)/2015, and in October and
November (wet season)/2015. The shallow wells (sampling
sites) are labelled P1, P2, P3, P4, PS5, P6 and P7 (Fig. 2).
The frequency of water sampling from each shallow well
was two times per month/season, that is, at the beginning
(first week) and during the last week of each month. Water
from wells was taken by a craft device made of one litre
(L) clean polyethylene bottle attached to a rope. For
physicochemical analysis, water samples (500 mL) were
filled into clean plastic bottles. For bacteriological analysis,
water samples (500 mL) were filled into sterile (auto-
claved) plastic bottles.
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Sampling site Longitude Latitude Depth to water level Colour Number of users
Dry season (m) Wet season (m)
P1 15°13'6.7" 4°22'4.0" 3 3 Clear +800
P2 15°17'44.3" 4°22/49.7" 2 1 Soft +700
P3 15°17'45.7" 4°22/'50.2" 3 2 Clear +900
P4 15°17'40.6" 4°22'43.1" 3 2 Clear +250
P5 15°17'42.0" 4°22'41.1" 2.5 2 Clear +200
P6 15°18'0.1” 4°22/29.0" 2 1 Soft +150
P7 15°18'6.7" 4°22'1.4" 2.5 1.5 Clear +450

After sampling, the samples were stored in an icebox at
4 °C and immediately transported to the laboratory for
analysis within 24 h.

Water Physicochemical Parameter Analysis
Physicochemical parameters of water including tempera-

ture (7), pH, dissolved oxygen (O,) and electrical con-
ductivity (EC) were measured in situ using a Multi

parameter 3501 (WTW, Germany). The concentration of
dissolved major ions (Na®, K", PO,*~, SO~ NO;~,
NO, ") was measured using the spectrophotometer HACH
LANGER (DR-3800, Germany) according to the manu-
facture’s recommendations. The reference material (certi-
fied water CRM, Ontario-99) from the National Water
Research Institute, Canada was used to calibrate and verify
the accuracy of the instrument. All CRM results were
within the acceptance range on the CRM certificate.
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Fig. 2 Selected shallow wells
(P1-P7) of the municipality of
Bumbu (photos taken by M.
Kapembo in June 2015)

Faecal Indicator Bacteria (FIB) Analysis in Water

The FIB (including E. coli, ENT and TC) were quantified
in water samples according to the international standard
methods for water quality determination using the mem-
brane filtration method (APHA 2005). Briefly, for each
sample, triplicates of 100 mL of water was passed through
a 0.45-mm filter (Sartorius stedim, biotech, Germany), and
placed on different selective culture media (Biolife, Ital-
iana), using the following incubation conditions: E. coli:
Tryptone Soy Agar (TSA) medium, incubated at 37 °C for
4 h and transferred to Tryptone Bile X-Gluc Agar (TBX)
medium at 44 °C for 24 h; ENT: Slanetz Bartley Agar
(SBA) medium, incubated at 44 °C for 48 h and transferred
into Bile Aesculin Agar (BAA) medium at 44 °C for 4 h;
and TC: Endo agar medium, incubated at 35 °C for 24 h.
The results are expressed as colony forming units per
100 mL of water (CFU 100 mL™"). The reproducibility of
the whole experimental procedure was tested by means of
triplicates.

Characterization of FIB Strains

The PCR amplification was performed directly on the
colonies picked from selective-media plates (resuspended in
20 pL of sterile water) using human-specific Bacteroides
primers HFI83F- (5'-ATCATGAGTTCACATGTCCG-3')
and Bac708R- (5-CAATCGGAGTTCTTCGTG-3') (Bern-
hard and Field 2000; Ahmed et al. 2007), with the PCR
conditions as described by Thevenon et al. (2012). PCR
reactions of 25 uL total volume consisted of 0.025 U/uL
Takara Ex Taq HS DNA polymerase (Takara Bio Europe,
Saint-Germain-en-Laye, France), 1x PCR buffer (Takara,
containing 2 mM of Mg2+), 800 uM of dNTP, 0.2 uM of
each forward and reverse primers (Invitrogen), 50 ng/pL of
BSA. PCR was performed in a Biometra thermocycler
(BIOLABO) using the following conditions: 15 min for
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95 °C initial denaturation; 35 cycles of denaturation (94 °C
for 30 s), of annealing (60 °C for 1 min) and of extension
(72 °C for 1 min), followed by a final extension at 72 °C for
10 min. PCR products were visualized after electrophoresis
on 0.8 % agarose gels containing 1x SYBR Safe DNA gel
stain (Invitrogen) in 1x TAE buffer. The experiment was
conducted in triplicate in each set of conditions. The nega-
tive (without DNA) and positive controls (e.g. the expected
520 bp length) (for HF183/Bac708) from sewage (Poté et al.
2009) were used for each PCR essays.

Data Analysis

All analyses were conducted in triplicate for each set of
conditions. Statistical processing of data was performed
using SigmaStat 11.0 (Systat Software, Inc., USA). The
data were subjected to a Spearman Rank Correlation test to
investigate possible relationship using R statistical soft-
ware, version 3.2.2 (R Core Team 2015). Data were sub-
sequently subjected to a principle component analysis
(PCA) using a correlation matrix and the ade4 package, to
investigate potential effect of season and sampling site.

Results and Discussion
Physicochemical Quality of Water

The water physicochemical parameters including r, pH, EC,
O, are presented in Table 2. Due to the absence of DRC’s
regulation, water quality was compared with the recom-
mendations of the World Health Organization (WHO 2011).
The monthly average temperature values varied from 25.0 to
26.8 °C in dry season and from 26.5 to 30.7 °C during the
wet season. The highest value was observed in November
and the lowest during June/July. These results are compa-
rable with other published data obtained under tropical
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Table 2 Averages of physicochemical parameters of water samples from selected wells during the dry season (dry) and wet season (wet)

Wells  Temp (°C) pH EC (uS cm™") 0, (mg L1

Dry Wet Dry Wet Dry Wet Dry Wet

June July Oct. Nov. June July Oct. Nov June July Oct. Nov June  July Oct. Nov.
P1 260 264 274 293 5.7 54 6.1 6.6 649 618 605 678 1.3 0.9 1.3 1.0
P2 262 265 265 287 7.2 6.8 7.2 7.2 976 1051 915 1060 1.8 1.8 2.0 29
P3 25.8 268 288 275 5.8 5.4 6.2 6.1 913 719 806 765 2.9 35 2.5 35
P4 26.8 264 305 281 5.1 4.9 6.8 6.1 1080 1199 1087 1058 1.2 1.3 2.1 2.5
P5 262 261 29.6 282 6.7 6.2 6.7 6.9 989 631 991 602 1.3 1.0 14 1.5
P6 250 253 281 307 7.4 6.8 7.2 7.1 1151 865 805 1088 1.2 1.6 2.5 23
P7 252 250 284 292 6.6 7.0 6.9 7.0 1190 1547 1035 1121 2.0 1.7 2.0 1.8

conditions (Pritchard et al. 2008; Nola et al. 2013). The pH
values varied significantly according to the seasonal varia-
tion (p < 0.05) for some wells such as P1 (5.4-6.6), P3
(5.4-6.2) and P4 (4.9-6.8). The water from these wells can
be considered as slightly acid water especially during dry
season. There was no significant difference in pH levels
according to the seasonal variation (p > 0.05) for other
wells: P2 (6.2-7.2), P5 (6.2-6.9), P6 (6.8-7.4) and P7
(6.9-7.0). Except for P1, P3 and P4 during dry season, the
values of pH from investigated wells comply with WHO
recommendation for drinking water. All wells show high
values of conductivity, ranging from 618 to 1547 and from
605 to 1121 uS cm™' during the dry and wet season,
respectively. According to our discussion with people in
charge of P7, the commercial NaCl (put directly into the
well) was used to eventually kill present pathogen. The
concentration of the dissolved oxygen for each well was not
significantly varied with the season variation, ranging the
values from 0.9 to 3.5 mg L™".

The concentrations of soluble ions (Na®, KT, PO,
SO,*~ NO;~, NO,") in water samples are reported in
Table 3. The maximum average values were 94.5, 54.3, 1.9,
33.9 and 0.32 mg L™, for Na™, K", PO,’~, SO,*~ and
NO, ™, respectively. High values were obtained during the

dry period. The lowest level of these dissolved ions can be
explained by the dilution effect during the wet season. These
results indicate that these soluble ions are within the WHO
guideline values for domestically users in both dry and wet
seasons. In contrary, NO;~ presents the highest values
(which did not meet the WHO guideline of 50 mg L")
ranging between 393.5-775.6 mg L™' (dry season) and
189.2-302.0 mg L~' (wet season). As observed for other
soluble ions, the values of NO3;~ were higher during dry
season than wet season. This seasonal variation tendency of
nitrate concentration in wells is in agreement with other
studies performed under tropical conditions (Boutin 1987;
Bricha et al. 2007; Mkandawire 2008; Pritchard et al. 2008).

It is very difficult to explain well the fluctuation of these
parameters according to the wells and season. Some recent
studies performed in the similar environment demonstrated
that the various attributes of watersheds, such as morpho-
logical and geological factors, as well as the local socio-
economic conditions, lack of adequate sanitation and
uncontrolled landfills can influence the status of surface
and ground water bodies through physical, chemical, bio-
logical or bacteriological parameters (e.g. Tshibanda et al.
2014; Devarajan et al. 2015a; Tallar and Suen 2015). The
presence of high concentration of soluble ions such NO;~

Table 3 Average concentration of soluble ions of water samples from selected wells during the dry season (dry) and wet season (wet)

Wells  Nat (mg L") K™ (mg L™h PO,>~ (mg L™h S0,*~ (mg L™h NO;™ (mg L™ NO,™ (mg L™h

Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
Pl 83.69 31.15 51.11 3275 032 0.13 24.75 12.13 546.02  200.06  0.08 0.06
P2 82.55 26.22 5429 4210  1.02 0.09 33.94 11.02 525.57 21848 032 0.13
P3 61.83 19.76 3853  18.69  1.85 0.10 13.52 5.89 693.62 27212 0.07 0.05
P4 94.46 48.10 39.86 1500 175 0.55 7.26 2.15 775.55  302.02  0.08 0.06
P5 43.39 18.42 2978 1013 0.06 0.01 25.59 17.20 500.55 198.08  0.08 0.09
P6 16.60 8.97 5.76 162 042 0.07 3.23 0.08 501.04  250.13  0.04 0.06
P7 9.50 0.69 2.37 1.01  0.04 0.01 3.66 1.01 393.50 18920  0.03 0.01
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in study area can probably be explained by water infiltra-
tion from crops (urban agriculture) which use fertilizers
near wells (Ndembo Longo 2009; Ngelinkoto et al. 2014),
mineralization of organic matter of septic tanks and
uncontrolled landfills. It has been demonstrated that the
concentration of NO;~ and K* can be considered as the
indicators of pollution from a range of organic sources,
including latrines, landfills, leaking sewers, excrement
from livestock or fertilizers or manures used on agricultural
land (Banks et al. 2002).

Microbiological Quality of Water

Microbiological analysis of water showed that 100 % of
analysed wells are substantially polluted with faecal mat-
ters in both dry and wet seasons (Fig. 3) and did not meet
the WHO guideline for drinking/domestic using water.
During the dry season, the FIB values ranged from
(0.9-3.5) x10% (1.1-5.8) x10” and (1.9-4.2) x10° CFU
100 mL~" for E. coli, ENT and TC, respectively. FIB
concentrations for the wet season increased about 2 to 3
orders of magnitude than those observed for the dry season,
with the values ranged from 8.6 x 10> to 1.6 x 104,
0.8 x 10> to 1.5 x 10* and 2.5 x 10* to 9.0 x 10°
100 mL~! for E. coli, ENT and TC, respectively. These
results indicate that water samples from tested shallow
wells are heavily polluted in FIB. The contamination of
wells in FIB can be attributed by several sources and
mechanisms, including urban runoff, percolation from
surface water, the absence of toilet facilities, septic sys-
tems’ leaky sewer lines, direct injection of wastewater
effluent and direct contamination by users (John and Rose
2005; Kelly et al. 2009; Nwachukwu et al. 2010; Nola et al.
2013). In our studied site, the deterioration of the quality of
water from wells can probably explained by several aspects
including the lack of adequate sanitation, protection of
wells (there are many open wells), the presence of pit
latrines located in the proximity of wells, open defecation
and uncontrolled landfills (Fig. 2).

Fig. 3 Average a Escherichia
coli, b Enterococcus, ¢ total
coliform quantification in
shallow wells samples during
the dry season (dry) and wet
season (wet)
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The surface recreation water as well as groundwater
generally contains indigenous microorganisms, pathogenic
and non-pathogenic microbes. The choice of bacterial
indicators is thus very important for the management of
aquatic environmental quality (Haller et al. 2009). The U.S.
Environmental Protection Agency and the European Union
recommend the use of Escherichia coli (E. coli), a subset of
the faecal coliform group, and members of the genus En-
terococcus, the Enterococci (ENT), to assess the hygienic
safety of recreational waters (US EPA 2000; EU 2006). In
this study, E. coli, ENT and TC were chosen to monitor the
microbiological quality for the studied site under tropical
conditions (Mwanamoki et al. 2014; Rochelle-Newall et al.
2015). Exposure to waters with high concentrations of
E. coli and ENT is documented in epidemiological studies
as being associated with an increased risk of contracting
gastrointestinal and respiratory illnesses. The occurrence of
these indicators in the studied site can therefore indicates
water contamination in faecal material, and consequently,
the possible presence of pathogenic organisms responsible
for water-related diseases such as gastrointestinal, typhoid,
cholera and other diarrhoeal diseases (US EPA 1984; Kay
et al. 1994; Haile et al. 1999; An et al. 2002; Noble et al.
2004).

Characterization of FIB

Qualitative PCR assays were applied for large-scale
screening of human-specific Bacteroides, in order to esti-
mate as potential alternative indicators of human faecal
material. Huoman material in water is generally considered
to be a greater risk to human health risk (Scott et al. 2005;
Converse et al. 2009). A total of 106 isolated colonies of
E. coli from each wells were selected for PCR amplifica-
tion to detect the human-specific Bacteroides. The PCR
amplification performed for faecal human pollution
showed high specific-human strains with the values ranging
from 70 to 95 % (average for all test wells). Surprisingly,
during both dry and wet seasons, PCR amplification
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Table 4 Average Escherichia coli, Enterococcus and Total coliform quantification in shallow wells samples during the dry season (dry) and wet

season (wet)

Samples E. coli (CFU 100 mL™")

ENT (CFU 100 mL™")

T.C (CFU 100 mL™")

Dry Wet Dry Wet Dry Wet

June July Oct. Nov June July Oct. Nov June July Oct. Nov
P1 1.6 x 10> 1.1 x 10> 1.9 x 10> 63 x 10> 29 x 10> 1.8 x 10> 82 x 10" 7.9 x 10> 64 x 10> 3.5 x 10> 25 x 10> 1.9 x 10°
P2 35 x 102 27 x 10> 44 x10° 59 x 10° 58 x 10> 43 x 10> 28 x 10> 12 x 10° 13 x 10> 69 x 10> 13 x 10* 1.8 x 10*
P3 14 x 10> 1.5 x 10> 28 x 10> 1.1 x 10* 3.1 x 10> 3.5 x 10> 3.1 x 10> 24 x 10 42 x 10> 4.6 x 10> 9.0 x 10* 34 x 10°
P4 59 x 10" 7.8 x 10" 47 x 10> 19 x 10° 13 x 10> 1.1 x 10> 1.7 x 10> 1.5 x 10> 1.9 x 10> 32 x 10> 14 x 10* 5.7 x 10°
P5 23 x 10> 2.1 x 10> 3.1 x 10° 8.6 x 10> 27 x 10> 29 x 10> 12 x 10> 9.0 x 10> 7.5 x 10> 7.1 x 10> 85 x 10* 2.7 x 10°
P6 1.6 x 10> 1.0 x 10> 1.6 x 10* 1.4 x 10* 3.1 x 10> 14 x 10> 1.1 x 10* 1.5 x 10* 42 x 10> 3.1 x 10> 47 x 10* 4.5 x 10*
P7 6.8 x 10" 9.0 x 10" 1.5 x 10* 2.1 x 10* 1.1 x 10> 7.9 x 10" 1.4 x 10* 1.0 x 10* 33 x 10> 2.7 x 10> 44 x 10* 32 x 10*
E. coli Escherichia coli, ENT Enterococcus, T.C total coliform
demonstrated that 100 % of bacteria were from human correlations were observed between E. coli and ENT

origin for P2, P5, P6 and P7. These wells are characterized
by highly values of physicochemical parameters during
both dry and wet seasons (Table 4).

Statistical Correlation

FIB and physicochemical parameters were, for the most
part, poorly correlated in sampled wells whether during dry
season than during the wet season. In June, few correlations
were observed between (Table 5); E. coli and TC (r = 0.97,
p = 0.001); KT, Nat and NO,™ (0.86 < r<0.89, p < 0.01);
Nat and NO;~ (0.76 < r<0.86, p < 0.01); NO,~ and
SO~  (0.82 <r<085, p<002); NO;~ and
PO,*~(r = 0.86, p < 0.01); and SO,~ and TC (r = 0.81,

(0.85 < r < 0.93, p <0.05), Na™ and PO,>~ (r = 0.90,
p <0.01); and O, and TC (r = 0.72, p < 0.05). These
results indicate that, in general, FIB as well as soluble ion
contamination wells could be considered to originate from
different sources as explained above.

Inspection of ACP (Fig. 4) clearly shows the impact of
seasonal variation on the wells contamination in FIB and
dissolved ions, mainly NO; . Data show that the months of
June and October are oppositely and separately clustered
on separate axes of the first-principle component. During
the rainy season, urban runoff, which is charged in con-
taminant, is continuously drained to wells leading to a large
increase of bacterial contamination. On the contrary, dur-
ing the wet season, there is no urban runoff to the well. FIB

p < 0.05). Likewise, in October (Table 6) some sporadic (mainly E. coli), which are indicator of recent
Table 5 Spearman’s Rank-Order Correlation of selected parameters® analysed in water from shallow well in June 2015
EC E. coli ENT K+t Na*t NO,~ NO;~ O, pH PO~ SO T TC

EC —0.38 —-0.50 —-0.75 —0.61 —0.59 —-054  —025 032 —-0.39 —0.68 —0.31 —0.54
E. coli 0.66 036  —0.07 054  —0.32 0.04 067 —0.16 0.68 0.07 0.97
ENT 0.50 0.14 0.39 0.23 0.12 0.50 0.52 0.38 —0.11 0.64
K* 0.86 0.89 0.64 —0.04 —0.29 0.50 0.71 0.65 0.47
Na* 0.74 0.86 —0.29 —0.64 0.57 0.43 0.76 0.04
NO,™ 0.41 —-0.17 —0.11 0.30 0.85 0.82 0.62
NO3™ —0.16 —0.64 0.86 0.11 0.47 —-0.23
0, —0.02 0.02 0.27 —0.23 0.17
pH —0.25 0.00 —045 0.50
PO,*~ 0.07 027 —0.13
SO~ 0.63 0.81
T 0.16
TC

? Parameters include Physicochemical parameters (pH, temperature (7), electrical conductivity (EC), dissolved oxygen (O,) and soluble ions
(Na*, K™, PO437, SO427, NO;s™, NO, ") and faecal indicator bacteria (FIB): Escherichia coli (E. coli), Enterococcus (ENT) and Total coliforms

(TC). Significant coefficients (p < 0.05) are in bold
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Table 6 Spearman’s Rank-Order Correlation of selected parameters” analysed in water from shallow well in October 2015
EC E coli ENT K" Na* NO,~ NO;~ 0, pH PO~ SO T TC

EC 0.39 0.43 —0.36 0.00 —0.07 0.00 0.05 0.25 —0.13 —0.14 0.64 —0.11
E. coli 0.93 —0.68 —0.50 —0.15 0.04 0.49 0.85 —0.38 —0.82 0.07 0.36
ENT —0.61 —0.61 —0.15 —0.21 0.33 0.88 —0.54 —0.71 —0.11 0.39
K+ 0.75 0.52 0.32 —0.24 —0.27 0.61 0.57 —0.43 —0.32
Na*t 0.37 0.57 —0.18 —0.38 0.90 0.39 0.07 —0.64
NO,~ 0.04 —0.34 0.24 0.02 0.56 —0.26 —0.41
NO;~ 0.69 0.02 0.74 -0.29 0.29 0.14
0O, 0.39 0.12 —0.73 0.24 0.76
pH —0.38 —0.58 —0.29 0.36
PO~ 0.05 0.07  —0.40
N —0.04 —0.54
T —0.04
TC

4 Parameters include Physicochemical parameters (pH, temperature (T), electrical conductivity (EC), dissolved oxygen (O,) and soluble ions
(Na™, KT, PO,*~, SO, NO;, NO, ") and faecal indicator bacteria (FIB): Escherichia coli (E. coli), Enterococcus (ENT) and Total coliforms

(TC). Significant coefficients (p < 0.05) are in bold
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Fig. 4 PCA analysis of water physicochemical parameter and FIB, according to the sampling point and seasonal variation

contamination, showed a decrease and probably the evap-
oration of water can lead to a concentration of soluble ions
in the wells. These hypotheses can explain higher con-
centrations of FIB during the wet season (less during the
dry season) and higher concentrations of dissolved ions
during the dry season (less during the wet season)
(Mkandawire 2008; Pritchard et al. 2008; Msilimba and
Wanda 2013). Additionally, domestic livestock and
household activities as well as waste disposal could also be

@ Springer

major contributory factors of wells contamination during
both dry and wet seasons (Banks et al. 2002).

Conclusion
The results of this study revealed that water from shallow

wells of the selected neighbourhoods of the municipality of
Bumbu is heavily polluted in faecal material, in both dry
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and wet seasons. The situation is more alarming during the
wet season. Physicochemical parameters, especially NO3™
and EC in water samples, are unacceptable for the human
consumption for both dry and wet seasons. Consequently,
water from the studied zone is not appropriate for drinking
or other domestic uses.

To our knowledge, this is the first study, which assessed the
FIB concentration in the shallow wells of a suburban munic-
ipality of Kinshasa. Their presence in water suggests that
viable human pathogens may also be present. Shallow wells
represent the majority of domestic water supply in suburban
municipalities of Kinshasa. More than 70 % of domestic
water supply in this study site originated from shallow wells.
Our results highlight on the human risk associated with
exposure to water contamination from wells according to the
high level of NO;™, EC, E. coli and ENT in both dry and wet
seasons. The results of this study will help a better under-
standing of the microbiological pollution problematic in
shallow wells under tropical conditions and will guide future
municipality decisions on improving the water quality.
Therefore, we recommend (1) the monitoring programme of
water quality in shallow wells of other municipalities of
Kinshasa, (2) implementation of wells protective measure (or
construction of appropriate wells) and methods of water
supply from shallow wells against to the risks of pollution, (3)
education programme of population for sanitation tools and
(4) the urgent development of appropriate and local treatment
for purification of water such as the use of Moringa oleifera
(Poumaye et al. 2012). The methods, scenarios and recom-
mendations from this research can be performed in similar
environment under tropical conditions. Nevertheless, further
investigation is recommended for the assessment of emerging
contaminants such as antibiotics, antibiotic resistant bacteria
and antibiotic resistance genes in wells.
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