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This research focused on the quality of domestic water in Bangolan, Northwest Cameroon, in order to ascertain its potability based
on World Health Organisation (WHO) guidelines. Inhabitants of this locality, as well as others in rural areas, consume water from
these sources without any prior treatment which can lead to contamination and infections. Sampling was conducted, and
physicochemical and bacteriological properties of ten water sources were examined in November 2017 and January, April, and
July 2018 using standard methods. The results showed that the sampled water sources were moderately acidic to weakly basic
falling within the WHO specification. The values of electrical conductivity and total dissolved solids were low, suggesting low
mineralised waters which could lead to a shortage of essential mineral elements in humans. Water turbidity was high in July,
attributable to the rains. Major ions analysed fell within the WHO guideline values except iron and aluminium, whose values fell
above guideline values in both seasons due to the nature of the soils. Faecal coliforms were found in all the sources, and specific
bacteria identified were Escherichia coli, Enterobacteria, Streptococcus, Salmonella, and Shigella spp., suggesting recent con-
tamination by faecal matter due to poor hygienic conditions, and hence, treatment was recommended. Statistical analyses revealed
significant influence of heavy rains on most water parameters (p < 0.05). Health data in the locality revealed 1389 cases of water-
borne diseases, namely, typhoid, diarrhoea, and dysentery between 2016 and 2017 necessitating control.

1. Introduction

About 80% of the Earth’s surface is covered by water, but
freshwater supply has increasingly become a major problem
[1]. Water-related diseases caused by insufficient safe water
supplies, coupled with poor sanitation and hygiene, are
responsible for 3.4 million deaths every year, mostly among
children [2, 3]. For this reason, water quality assessment and
continuous monitoring are of utmost importance [4]. Na-
tional drinking water standards often stipulate the

maximum permissible concentration of contaminants in
drinking water, and at a global scale, the World Health
Organization (WHO) guidelines provide recommendations
for managing the risk from hazards that may compromise
the safety of drinking water [5, 6]. In spite of the success of
the Millennium Development Goals (MDGs) water target,
663 million people, with 319 million in sub-Saharan Africa
of which 80% live in rural areas, still lack improved drinking
water sources and 2.5 billion people are without access to an
improved sanitation facility [7].
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The importance of water, sanitation, and hygiene for
health and development has continued to receive attention
worldwide. This comprises the recent adoption of the
Sustainable Development Goals (SDGs) by the United
Nations (UNs) in 2015. Through goal 6 of the SDGs which is
to ensure availability and sustainable management of water
and sanitation for all, the UNs reaffirm its commitment in
ensuring safe drinking water and sanitation to the global
population by 2030 [8, 9]. With a growing demand for water
and other related issues, it is likely that the SDGs target may
not be met in sub-Saharan Africa countries, with Cameroon
included.

Cameroon is the second country in Africa (after the
Democratic Republic of Congo) in terms of quantity of
available water resources estimated to be 322 billion cubic
meters. This gives an annual available water per inhabitant of
21,000m> [10]. Today, the major difficulty with which
Cameroonians are confronted is not so much access to water
but more precisely the access to suitable water for domestic
uses as water-related diseases represent about two-thirds of
all the diseases in this country and are responsible for ap-
proximately 50% of death cases recorded annually [11, 12].
Improved drinking water sources and sanitation facilities in
semiurban and rural communities of the country is only 49%
[7]. In rural areas where conventional water network is
absent, the populations rely on community taps, surface, and
groundwater sources for domestic uses. The quality of these
sources is largely determined by both natural processes
(dissolution and precipitation of minerals, groundwater
velocity, quality of recharge waters, and interaction with
other types of water aquifers) and anthropogenic activities
[1].

In Bangolan, pipe-borne water is provided to the pop-
ulation by the council and managed by a community water
committee. In addition, the population also uses water from
streams, wells, springs, and manual pump boreholes with
little available information on their physicochemical and
bacteriological properties. The available taps are found in
very few quarters, and water from it is sometimes coloured.
Most of the wells are shallow, not properly protected,
suggesting possible infiltrations of dirty water, urine, or
excrement into the water body. The boreholes are currently
out of use due to poor maintenance. As for the springs, they
are not properly taken care of as they are exposed to dust,
close to farms, often shared with animals, and are exposed to
floods in the rainy season, suggesting their contamination by
faeces and fertilizers. Suitability of these water sources for
domestic use is thus a serious concern, and there arises the
need for proper quality assessment and monitoring. Data
obtained from health centres in the community revealed
1389 cases of water-borne infections, namely, typhoid, di-
arrhoea, and dysentery between 2016 and 2017 giving 9%
infected cases within the entire population during this pe-
riod [13].

The main objective of this study was thus to examine the
quality of water from various sources in Bangolan in order to
ascertain its suitability for domestic uses based on WHO
standards and to evaluate seasonal impacts on water
properties. To achieve this objective, water samples were
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analysed for physical, chemical, heavy metals content, and
bacteriological properties, and recommendations were made
based on the findings obtained.

2. Materials and Methods

2.1. Description of the Sampling Site. Bangolan is found in
Babessi subdivision under Ngo-Ketunjia Division in the
Northwest Region of Cameroon (Figure 1) situated at the
border of lake Bamendjing and the west region in the south
and at about 61 km from Bamenda, Bangolan, lies between
latitude 5.978563' north and longitude 10.623045’ east with
an estimated population of 15 000 inhabitants. The com-
munity is supplied by two spring catchments, and the pipe-
borne water project is almost nonfunctional, and more so, it
covers just some few households in the village [14]. The main
activities of the inhabitants are agriculture, breeding, and
small-scale trading. The climate is characterized by a short
dry season from November to February and a long raining
season from March to October. The annual maximum
temperature varies between 27.2°C and 33.6°C, whereas the
annual minimal temperature varies between 7.8°C and
15.9°C. Pluviometry varies between 1270 mm and 1778 mm
of water per year. Its hydrology is characterized by the
existence of small rivers, streams, springs, and swamps. The
ground is mainly basaltic, trachytic, and/or granitic
favourable for agriculture and pasture. Vegetation is mainly
savannah type with short stunted trees [15].

2.2. Sampling and Preservation. Samples were collected from
ten sources in November 2017 and January, April, and July
2018. At each sampling point, three samples were collected
in clean and labelled polyethylene containers of 500 mL
capacity. Samples for heavy metals analysis were preserved
with concentrated nitric acid. The containers and caps were
thoroughly rinsed with water to be sampled before collec-
tion. The collections were done very early in the morning
before sunrise, and the samples were packaged in a cooler
containing ice in order to maintain the temperature at 4°C
[16]. Finally, the samples were transported to the Research
Unit of Animal Physiology and Microbiology and the Re-
search Unit of Soil Analysis and Environmental Chemistry
of the University of Dschang for preservation and analyses.
A global positioning system (GPS) (Garmin Etrex Vista) was
used to locate the study site. The source type, sample code,
and their geographical coordinates are presented in Table 1.

2.3. Analyses

2.3.1. Physicochemical Analyses. Temperature (T), pH,
electrical conductivity (EC), and total dissolved solids (TDS)
were measured in situ with the help of a calibrated multi-
meter, HANNAH198128. Turbidity was measured using a
turbidimeter (Model DRT, 100B, MF scientific, Inc).
Chloride content was determined by the argentometric
method. Nitrate and ammonium were determined by
Kjeldahl’s distillation method. Phosphates were determined
by UV-visible spectrophotometric analysis. Bicarbonates



Journal of Chemistry 3

Map of the North West Region

Location
of study sites

FIGURE 1: Map of the study area: (a) map of Cameroon, indicating the map of northwest region; (b) map of northwest region indicating the
map of Ngo- Ketunjia; (c) map of Ngo-Ketunjia indicating the map of Babessi subdivision; (d) map of Babessi subdivision indicating the
map of Bangolan; (e) map of Bangolan showing the sampling points.

were determined by acid-base titration and sulphates by by flame photometry. Zn, Al, Fe, Pb, and Cu were deter-
gravimetric analysis. Ca and Mg ions were determined by =~ mined by colorimetry following methods described by
complexometric titration, while Na and K were determined Rodier et al. [16] and WHO [6].
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TaBLE 1: Quarters, source type, sample codes, and geographical coordinates of sampling points.
Quarter Source type Code Coordinates Elevation (m)
Nstotchimbere Stream STnts N05°55'43,5" E010°36'59,1" 1167
Nchotchimbere Well Wnts N05°55'39,4"” E010°37'12,3" 1119
Nkwaliang Well Wnkw N05°56'01,0"” E010°37'44,4" 1076
Mbuntoh Well Wmbu NO05°56'17,0" E010°37'24,7" 1094
Makulung Spring SPmak N05°58'30,5" E010°37'21" 1167
Ngoliang Tap Tngo N05°57'16,7" E010°37'35,3" 1160
Njang Well Wnja N05°58'05,1” E010°38'28,5" 1166
Njang Well Wnjal N05°58'41,7" E010°38'25,3" 1087
Nkendeh Tap Tnk N05°57'58,7" E010°37'01,5” 1108
Nkendipeh Spring SPnke N05°56'54,6" E010°37'11,2" 1160

2.3.2. Bacteriological Analyses. Two methods were used: the
multiple tube fermentation or the most probable number
(MPN) technique for the presumptive determination of
faecal coliforms and the standard count plate technique for
determination of specific bacteria, as described by WHO [17]
and Nanfack et al. [18].

2.3.3. Statistical Analyses. The data obtained from this
study were subjected to general descriptive statistics and
presented as meantstandard deviation  (mini-
mum-maximum). One-way analysis of variance (ANOVA)
was used to explore seasonal impacts on water quality at
95% confidence interval, post hoc comparisons were also
performed using the Tukey HSD test, and Pearson corre-
lation was used to verify relationships between water pa-
rameters. Analyses were performed with the help of
Statistical Package for Social Sciences (SPSS) version 20.0
and Microsoft excel.

3. Results and Discussion

3.1. Results. The results of physical and chemical (cations,
anions, and heavy metals) parameters of analysed water
samples are presented in Tables 2-5, respectively.

Results of physical parameters are presented in Table 2.
The mean values of physical characteristics of water samples
from the water sources over the study period showed that
temperature ranged from 18.85+1.55°C (STnts) to
21.90 + 1.37°C (Wnjal). A maximum temperature of 23.80°C
was recorded in Wnja in July 2018, while the least tem-
perature (17.10°C) was recorded in STnts in November 2017.
pH ranged from 6.30+0.37 (Wnts) to 7.67 £0.32 (STnts).
Wats had the least pH (5.80) in April 2018, while Wnkw and
Wmbu had the highest pH values (8.00) in July 2018.
Electrical conductivity and TDS values of all the water
sources were very low and ranged from 10.78 + 3.86 4S/cm
(Wnja) to 33.58 £9.53 uS/cm (Wmbu) and 7.43 £ 2.74 mg/L
(Wnja) to 22.90 + 5.61 mg/L (Wmbu), respectively. Turbidity
ranged from 0.88+0.78 NTU (Tnk) to 6.88+2.96 NTU
(SPnke).

Results of chemical parameters analysed in the water
samples are presented in Tables 3 and 4. The ions analysed
included major water minerals, ammonium, and phos-
phates. The mean values of chemical characteristics of the
water samples over the study period showed that calcium
and  magnesium  concentrations  ranged  from

21.25+7.72 mg/L (SPmak) to 43.00 £ 13.32 mg/L (Tnk) and
3.03 £2.83 mg/L (Wmbu) to 10.05 + 5.51 mg/L (SPnke) and
were below the WHO guideline values of 75mg/L and
30mg/L, respectively. Na®, K*, CI5, HCOj, SOj,
NO; - NH}, and PO;~ were all found in low concentrations
and fell within the following ranges, respectively:
0.36+£0.37mg/L (Wnja) to 1.52+1.23mg/L (STnts),
1.21 £0.66 mg/L (Wmbu) to 2.68+1.39mg/L (SPnke),
0.04 £0.04 mg/L (SPmak and Wnja) to 0.52+0.58 mg/L
(Tnk), 10.74+6.59mg/L (SPmak) to 43.03+15.73mg/L
(Tnk), 0.35+0.35mg/L (Wnkw) to 1.43+1.85mg/L
(SPnke), 0.62+0.84mg/L (Wnkw) to 2.24+2.32mg/L
(SPmak), 0.43+0.62mg/L (Wmbu) to 1.77+2.09mg/L
(SPnke), and 0.02 +0.02 mg/L (Wnkw) to 1.72+1.83 mg/L
(SPnke).

Heavy metals analysed included iron, lead, zinc, copper,
and aluminium. The mean values of heavy metals concen-
trations (Table 5) showed that iron ranged from
0.01 £0.01 mg/L (Wnts) to 1.76 £ 1.03 mg/L (SPnke), zinc
ranged from 0.55+0.34mg/L (Wnja) to 2.26+1.17mg/L
(Tnk), aluminium ranged from 0.14 + 0.14 mg/L (Wnja) to
0.52 +0.20 mg/L (Tnk), copper ranged from 0.13 + 0.14 mg/L
(Tngo) to 1.37 £ 0.59 mg/l (Wnkw), lead was below detect-
able limits in all the samples except SPnke with a mean value
of 0.003 +0.005 mg/L.

The results of bacteriological analysis are presented in
Figures 2-7. Faecal coliforms were found in all the water
samples with most probable number of coliforms ranging
from 11 to 30/100 mL, 8 to 50/100 mL, 12 to 90/100 mL,
and 30 to 160/100 mL in November 2017, and January,
April, and July 2018, respectively. Based on WHO clas-
sification, all the water sources were unacceptable for
human consumption in November as they showed a high
risk and thus fell in category C. In January 2018, two of the
sources precisely Wnts and Wmbu were found to be
grossly polluted falling in category D; the two springs
(SPmark and SPnke) were acceptable for consumption
classified as category B, while the remaining sources were
in category C. In April 2018, three of the sources (STnts,
Wmbu, and SPnke) fell in category D, while the others
were in category C. Meanwhile, in July 2018, all the
sources were under category D except Tngo, Wnjal, and
Tank which were classified in category C. Detailed in-
vestigations of the water samples also revealed the pres-
ence of specific bacteria among which were Enterobacteria
spp., Escherichia coli, Streptococcus spp., Salmonella spp.,
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TABLE 2: Physical parameters of samples from ten water sources in Bangolan within the study period.

Sample Parameters
codes T (°C) pH EC (uS/cm) TDS (mg/L) Tur (NTU)
18.85 + 1.55 7.67+0.32 16.23+3.84 3.52+4.47
STnts (17.10-20.30) (6.80-7.90) 23.57+6.49 (16.30-32.10) (11.60-21.00) (0.90-10.20)
20.40 + 1.67 6.30 +0.37 19.70 + 4.73 13.90 + 3.24
+ _
Wnts (19.00-22.50) (5.80-6.70) (14.20-24.40) (10.20-17.30) 1.40£0.59 (0.70-2.10)
20.55+1.96 7.38+0.46
Wnkw (18.16.22.80) (6.90-8.,00) 12.73+2.74 (9.40-15.60) 8.93+ 1.67 (6.70-10.30) 2.80 +0.94 (2.00-4.00)
20,60+ 1.71 7.53+0.52 33.58+9.53 22.90 +5.61
Wmbu (19.20-23.10) (6.90-8.00) (19.40-39.90) (14.60-26.30) 2.05£0.71 (1.30-3.00)
19.03 + 1.52 6.98 +0.64 16.03 + 6.47
SPmak (17.30-21.90) (6.50-7.90) 20.88 + 11.11 (9.10-29.70) (9.90-2210) 5.50 +2.49 (3.10-9.00)
20.78 +2.25 718 +0.49 22.925 + 8.045 15.73+5.13
Tngo (18.00-23.10) (6.70-7.80) (15.40-32.10) (10.90-21.80) 1.82+0.63 (1.20-2.70)
_ 21.63+1.43 6.40 +0.14 2.018+1.027
Whja (20.00-23.30) (6.30-6.50) 10.78 +3.86 (7.20-15.50) 7.43 + 2.74 (5.00-11.00) 0.77-3.00)
. 21.90+1.37 6.33+0.39 15.10 +5.57
+ - + -
Wnjal (20.80-23.80) (5.80-6.70) 21.78 +8.70 (13.00-32.10 (0.50_21.50) 4.02+1.58 (1.80-5.40)
20.13+1.19 7.20+0.29 30.58 +12.99 20.60 +7.76
+ _
Tnk (19.00-21.80) (6.80-7.50) (17.20-48.3) (12.20-3090)  0-88+078(0.20-0.70)
SPrke 2020+ 1.57 6.88 +0.49 24.73+10.70 16.90+7.11 6.88 +2.96
(18.00-21.60) (6.30-7.50) (10.20-26.50) (7.30-24.40) (3.10-10.00)
WHO 10-25 6.5-8.5 2000 1000 5

T =temperature; pH = hydrogen potential; EC = electrical conductivity; Tur = turbidity; NTU = nephelometric turbidity unit. Values presented are expressed

as mean values + standard deviation (minimum-maximum) (n = 10).

TaBLE 3: Results of analysed cations in the samples from ten water sources in Bangolan within the study period.

Sample Parameters

codes Na* (mg/L) K* (mg/L) Ca®* (mg/L) Mg** (mg/L) NH? (mg/L)
SThts 1524123 (0.32-3.21) (1()"3681 f21.5053) é%%%f;zl(i% 6.08 +2.40 (4.20-9.30) (()6.92353 szojgll)
v wsee GRS gald gmmm
Whkw 0.84+0.58 (0.05-1.42) (11'%0;; '1512) 26.25+8.88 (18.00-38.00) 4.58 +2.22 (2.40-7.20) 8)‘%75%21"10;)
Wmbu 0.62 +.38 (0.06-0.91) (10261520 0636) 235+7.0 (15.00-31.00)  3.03 +2.83 (0.60-7.10) 3)'.‘23;3'3662)
SPmak 135+ 1.46 (0.40-3.50) (10'%64;31.;33) 21.25+7.72 (14.00-32.00) 4.45+2.45 (2.90-8.10) (10'.521;31.'15;)
Wnja 0.38+0.37 (0.04-0.77) (16.35();20. '1636) 22.00 +6.48 (14.00-29.00) 4.80+3.50 (2.40-10.00) (10'?59;20"1755)
Wnjal 0.36:+0.37 (0.07-0.88) (10"464;31.'1102) (ﬁ%%f;; 6102) 4.30+2.86 (2.30-8.40) ?(;.96241:10. '1254)

Tnk 107+ 1.11 (0.02-2.61) (11'.7003%20. '4716) éi‘%%f 6123 '0302) 8.07 +3.94 (5.50-12.60) 0.89+0.82 (0.232.08)
SPnke (;63,341_122) (21%8; 41"3359) 22.25+9.54 (14.00-36.00) 10.05+5.51 (4.80-17.8) (107275 jff)
WHO 200 200 75 30 250

Values presented are expressed as mean values + standard deviation (minimum-maximum) (n = 10).

and Shigella spp. Mean colony counts of Enterobacteria  from 35.00 +£21.75 CFU/100 mL (Wnja) to

spp. ranged from 51.25+21.75CFU/100mL (Tngo) to
252.50+108.13 CFU/100 mL. As shown on Figure 3, the
highest contamination level was recorded in July 2018,
with STnts being the most contaminated (400 CFU/
100mL). Mean colony counts of Escherichia coli ranged

118.8 +90.4 CFU/100 mL (SPnke) with STnts and SPnke
being the most contaminated sources (250 CFU/100 mL)
in July 2018 (Figure 4). Mean colony counts of Strepto-
coccus spp. ranged from 36.25+32.24 CFU/100mL
(STnts) to 138.75+175.14 CFU/100 mL (SPnke) with
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TABLE 4: Results of analysed anions in the samples from ten water sources in Bangolan within the study period.
Sample Parameters
codes HCOj; (mg/L) SO2™ (mg/L) NOj; (mg/L) Cl™ (mg/L) PO;™ (mg/L)
STnts 22,00 +12.04 (10.65-38.25) (tg‘f)f; '4907) 1.13+0.62 (0.56-1.96) 8)"2081:—'09'32;) (()()"20611—'00;07)
w msmmsam  Sess e b e
N SRR o1 S
Wmbu 14.79 + 10.44 (6.41-30.03) (06.5121:1%460) 1.01 + 1.47 (0.05-3.16) (()6.209;0.‘;29) (00‘%5; 8 '1047)
SPmak 1074 +6.59 (5.66-20.23) (1()229()f3165(§5) 2.24+2.32 (0.56-5.67) ?diﬁi?f(?) (Odiifﬁf;
Tngo 12.50 + 2.46 (10.42-15.41) ?6?9“_*; '1982) 1.53+ 1.12 (0.84-3.20) 8)',20153'7356) 0.45 +0.83 (0.00-1.67
Wnja 12.093 +4.023 (9.32-18.07) (%.8294520. '1899) 0.84+0.26 (0.56-1.18) (OO'%‘;J:'S '0094) (00'.507520.6927)
Wnjal 14.45 + 4.84 (10.31-19.86) 8)'.72711519'56(;)) 0.76 +0.36 (0.37-1.19) 8)%)85?(2'52;) &%ﬁg%
Tnk 43.03+ 15.73 (31.61-65.45) 85.7165112968:) 1.40 + 0.69 (0.76-2.02) (06?026? '35 68) (10'.%11%10. '77;1)
SPnke 26.74+6.45 (24.30-31.36) (1;13911 i '1815) 1.74+1.66 (0.56-4.18) (()6%211;3 5702) (1(;.72283.'1873)
WHO 1000 250 50 250 <5

Values presented are expressed as mean values + standard deviation (minimum-maximum) (n = 10).

TaBLE 5: Results of analysed heavy metals in the samples from ten water sources in Bangolan within the study period.

Sample codes

Fe*" (mg/L) Zn** (mg/L)

Parameters

Pb*" (mg/L) AP’" (mg/L) Cu®" (mg/L)

1.24+0.86
STnts 0.19+0.22 (0.01-0.51) (0.59-2.50)
0.72 £0.12
Wnats 0.010.01 (0.00-0.03) (0.54-0.83)
0.66 +0.29
Wnkw 0.07 +0.08 (0.00-0.16) (0.381.03)
0.65 +0.09
+ _
Wmbu 0.07 +0.13 (0.00-0.26) (0.56-0.75)
SPmak 0.66 + 1.11 (0.00-2.32) 1.07 +1.39 (0.18-3.11)
1.590 + 1.001
Tngo (0.97-3.08) 1.10 + 1.21 (0.14-2.71)
. 0.55 +0.34
Whja 0.38+0.3 (0.06-0.74) (0.08-0.78)
Whnjal 0.44+0.35 (0.12-0.78)  0.73 +0.50 (0.14-1.36)
226+1.17
Tnk 0.85+0.68 (0.20-1.50) (0.98-3.50)
SPnke 1.76+1.03 (0.87-3.24) 1.77+1.15 (0.18-2.89)
WHO — 3

0.22+0.11

0.00 (0,08-0.34) 116 +1.38 (0.16-3.11)
0.48 +0.62
0.00 0.25+ 0.16 (0.10-0.44) (0.02-134)
0.00 0.31+0.32 1.37 £0.59
: (0.05-0.75) (0.78-2.18)
0.00 0.39+0.34 0.33+0.43
: (0.10-0.88) (0.08-0.97)
0.53+0.84
0.00 0.15+0.15 (0.06-0.37) (0.06-1.78)

0.20 +0.29

0.00 (0,05-0.63) 0.13 +0.14 (0.04-0.34)
0.00 0.19+0.28 0.31 +0.44
: (0.03-0.60) (0.04-0.96)
0.33 +0.44
0.00 0.14 +0.14 (0.06-0.34) (0.06-0.96)

0.52 +0.20

0.00 (031-0.78) 1.09 +0.81 (0.17-2.14)
0.003 + 0.005 0.23+0.22 0.42 +0.43
(0.00-0.01) (0.03-0.44) (0.04-0.88)

0.01 0.2 2

Values presented are expressed as mean values * standard deviation (minimum-maximum) (n = 10).

STnts and Tngo being the least contaminated sources
(5CFU/100mL) in April and July 2018, respectively, and
SPnke the most contaminated (400 CFU/100 mL) in July
2018 (Figure 5). Mean colony counts of Salmonella spp.
ranged from 8.75+8.54CFU/100mL (Tngo) to
93.8+42.7CFU/100mL (Wmbu) with the highest

contamination levels recorded in July 2018 (Figure 6).
Mean colony counts of Shigella spp. ranged from
1.3+2.5CFU/100 mL (SPmak) to 16.25+22.87 CFU/
100 mL (Wnjal). Shigella spp. was absent in most of the
samples between November 2017 and January and April
2018 (Figure 7).
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3.2. Discussion

of 15 to 25°C. ANOVA revealed a significant difference

between temperature mean values in all the sampling

3.2.1. Physical Parameters. Temperature values were be-

seasons (p <0.001), and the post hoc comparisons using
the Tukey HSD test further indicated that the difference

tween the minimum and maximum annual temperatures
in this area, also falling within the WHO guideline range

was between the mean temperature in July and the other
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FIGURE 8: Monthly distribution of waterborne diseases recorded in Bangolan between 2016 and 2017.

months. This was a significant increase, which could be as
the result of seasonal and daily changes, shade, air tem-
perature, water depths, and inflow of the groundwater [6].
Similar temperature values were obtained by Wirmvem
et al. [19], while studying the shallow groundwater re-
charge mechanism and apparent age in the Ndop plain,
Northwest Cameroon. Looking at the health aspect, the
values were within the permissible range. But it should be
noted that high water temperature enhances the growth of
microorganisms and may increase problems related to
taste, odour, colour, and corrosion [8]. pH did not vary
significantly with seasons (p > 0.05), and the water sources
were found to range from moderately acidic to weakly
basic. Wnts and Wnja had relatively low pH values
compared to the WHO permissible range (6.5-8.5) in
most of the sampling seasons, as seen in Table 3. The pH of
the ground water sources in January was in disagreement
with those reported by Wirmvem et al. [20] in the same
area. Lower mean pH observed in April and July could be
as a result of acid rain [6]. Low EC and TDS in the water
sources suggests low mineralization and freshwaters. The
strong positive correlation observed between EC and TDS
(r=1, p<0.001) could be justified by the fact that EC
arises from dissolved ionic matter. Similar pH and low
electrical conductivity have also been reported elsewhere
in Cameroon [5, 21]. Wu et al. [22] reported relatively
high pH and TDS in Beijiao Water Source of Yinchuan in
China. Variations in turbidity was significant with seasons
(p<0.05), and the statistical difference was found to be
between the mean value in July and the other months.
Based on the results, STnts, SPmak, Wnjal, and SPnke
sources had turbidity values above the WHO guideline
value of 5 NTU. High turbidity in July could be due to
heavy rains. This indicates the possible presence of haz-
ardous chemical and microbial contaminants [8]. High
turbidity associated with iron concentrations was also
reported in water sources from the Sourou Valley in
Burkina Faso [23].

3.2.2. Chemical Parameters. The presence of calcium and
magnesium ions in the studied water sources suggests the
occurrence of limestone and chalk sediments in the study
area [6]. Looking at the concentrations (Table 3), calcium-
based hardness was predominating due to the fact that
magnesium is usually found at lower concentrations in
groundwater [24]. Increase in both ions concentration in
July 2018 was significant (p <0.001), and this could be at-
tributed to runoff from nearby soils. Calcium and magne-
sium concentrations were in accordance with those of
Tamungang et al. [21] but disagreed with the findings of
Emile [25] who reported very low calcium and magnesium
in drinking water from alternative sources in the Dschang
Municipality, in the West region of Cameroon. Na*, K, and
Cl” concentrations were also very low compared to WHO
standards of 200 mg/L for Na* and K™ and 250 mg/L for CI",
respectively. Low sodium and chloride ions in the sampled
waters could be as a result of low NaCl in the geological
formations of the study area, as both ions are generally from
the decomposition of rock salts like sodium and aluminium
silicates [5, 26]. According to Wirmvem et al., [20], low K"
may be due to its low geochemical mobility in the area.
Bicarbonate was the only ion responsible for alkalinity as
CO3™ and OH™ were absent. Its concentrations were very
low compared to the WHO guideline value of 1000 mg/L.
The presence of HCO; was necessary as it constitutes an
important buffer system which helps in lowering the acidity
of water [27]. A significant difference (p <0.01) was ob-
served in its concentrations between the sampling sessions.
HCO; originates from the partitioning of CO, in the at-
mosphere and the weathering of carbonate minerals in rocks
such as limestone and dolomite. Wirmwem et al. [20] also
reported low HCOjJ in some bore holes and wells in this area
which was associated with the possible presence of igneous
rocks. Sulphate concentrations were insignificant regarding
the WHO guideline value of 250mg/L. Low sulphates
suggest low and possible absence of evaporitic sedimentary
rocks such as gypsum (CaSO,) and pyrite (FeS) in the study
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area, and the significant increase in its concentrations in July
(p <0.001) was surely due to the effect of rain and the use of
fertiliser and detergents [28]. Nitrates found in the sampled
waters in January probably came from nitrate producing
bacteria, and the significant increase observed in its con-
centrations in July (p <0.001) suggests its infiltration from
waste discharges and fertilisers into the water bodies [8].
However, these concentrations were very low compared to
the guideline value of 50 mg/L. Interest is centred on nitrates
mostly because high nitrate levels in water have been re-
ported to be responsible for the “blue baby” syndrome
(methaemoglobinaemia) and typhoid effects [8]. Low so-
dium and potassium and high sulphates and nitrates have
been reported elsewhere in Cameroon [29]. Lagnika et al.
[30] reported sulphate levels between 0.5 and 26 mg/L and
very high nitrates above the WHO limit in the wells of Pobe
municipality in Benin, associated with agricultural practices
and the proximity of septic tanks. NH} found in the water
sources was surely from biological breakdown of domestic
and agricultural wastes, and its presence was thus an in-
dicator of bacterial, sewage, and animal wastes contami-
nations [6, 31]. However, its low concentrations far below
the permissible limit of 30 mg/L prescribed by the WHO
suggested no associated health risk. Phosphate concentra-
tions were also very low in all the sampled waters without
any significant differences with seasons. This could be due to
its sorption on organic colloids. This is in accordance with
the results of Wirmvem et al. [20] who also reported the
absence of phosphate in groundwater in this area.

3.2.3. Heavy Metals. Lead was below detectable limits in all
the samples except in SPnke in July (Table 5). The qua-
siabsence of lead could be justified by the fact that it gen-
erally comes from galvanized iron pipe plumbing [6]. Hence,
there was no risk of lead intoxication. Olusola et al. [32]
reported high lead above the WHO permissible limits in
ground water in Southwest Nigeria which was associated
with human activities. Iron was low in most of the water
sources and had concentrations above 1 mg/L in Tngo, Tnk,
and SPnke in most of the sampling sessions. Although iron is
an essential element in human nutrition, its presence in
domestic water is a burden as it promotes the growth of
“iron bacteria,” which derive their energy from the oxidation
of ferrous iron to ferric iron and, in the process, deposit a
slimy coating on the piping. At levels above 0.3 mg/L, it
stains laundry and plumbing fixtures and develops notice-
able taste in water. But no health-based guideline value has
been proposed for this element [8]. Iron in these water
sources surely came from nearby soils as industrial activities
are absent in this locality. A similar observation was made by
Tamungang et al. [27] in the Bagangte municipality, West
Cameroon. In contrast, Njoyim et al. [4] reported very high
lead and iron in Bambui’s community drinking water found
in the same region. Zinc was below the WHO guideline value
of 3mg/L for drinking water in nearly all the water sources
during all the sampling sessions. Its presence could be as a
result of its leaching from soils and the corrosion of gal-
vanized materials for the transport of tap water [33]. Zinc is
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an essential trace element that is a catalytic component of
over 300 enzymes, which also has a role in the structural
integrity of proteins and membranes, in the union of hor-
mones to its receptors and in gene expression. It is required
for growth, normal development, DNA synthesis, immunity,
and sensory functions. The major problem associated with
its concentrations in domestic water lies on the acceptability
aspect due to the unpleasant taste of water containing it
above 3mg/L [6, 33]. Copper levels were insignificant
compared with the WHO guideline value of 2 mg/L except in
Wnkw in November with a concentration of 2.18 mg/L and
STnts with a concentration of 3.11 mg/L in July. Even though
copper is responsible for structural and catalytic properties
of multiple enzymes necessary for normal body functions
and also necessary for infant growth, host defense mecha-
nisms, bone strength, red and white cell maturation, iron
transport, and brain development, it is responsible for the
metallic taste of water and a green staining of clothing,
fixtures, and hair at concentrations above 2mg/L [6, 34].
Low copper in these water sources maybe due to its low
content in the soils of the study area and also the fact that the
current water pH did not favour its dissolution [8]. Khan
[35] also reported low copper, lead, zinc, and iron in
drinking water in Aligarh, India. Aluminium was also found
in low concentrations in all the sources and mostly exceeded
the WHO guideline value of 0.2mg/L in July 2018 but
without exceeding 1 mg/L. Its low content in the studied
water was surely due to the fact that water pH did not favour
it dissolution from soils. Though not originally considered to
be a significant health hazard in drinking water, aluminium
has more recently been shown to pose a danger to persons
suffering from kidney disorders. It is also responsible for
neurological problems and has been cited as a contributory
factor to Alzheimer disease [36]. Apart from zinc which did
not vary significantly with season (p>0.444), ANOVA
revealed a significant difference in aluminium and copper
contents at p <0.001 and iron at p <0.048 levels. Post hoc
comparisons using the Tukey HSD test indicated that the
difference was between the concentrations in July and the
other months. This was a significant increase in concen-
trations which was surely due to the effects of the rains. The
positive correlation observed between Fe and Zn (r=0.772),
Zn and Al (r=0.650), Mg and Fe (r=0.786), Mg and Zn
(r=0.854), Mgand Al (r=0.649), Kand Fe (r=0.850), K and
Ca (r=0.720), and K and Mg (r=0.713) could be due to their
common origin.

3.2.4. Bacteriological Quality. The presence of faecal coli-
forms (Figure 2) suggests recent contamination of the water
sources by human or animal faeces and the possible presence
of other pathogenic organisms [18, 21]. This was confirmed
through the identification of specific bacteria, namely,
Enterobacteria spp., Escherichia coli, Streptococcus spp.,
Salmonella spp., and Shigella spp. (Figures 3-7). Based on
the WHO guideline that recommends no bacteria of faecal
origin in drinking water, all the sources were unfit for
domestic uses such as drinking and bathing. Similar high
faecal coliform counts have also been reported in other parts
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of Cameroon by Katte et al. [11], Mofor et al. [5], Nanfack
et al. [18], Njoyim et al. [4], Tamungang et al. [27], Emile
[25], and elsewhere in Africa [23, 26, 37]. Nogueira et al. [38]
also reported high faecal coliforms in 83% of untreated water
sources in Brazil. According to Kuhn et al. [34], domestic
water with faecal coliform content above 100 CFU/100 mL
will lead to serious health effects if used for drinking and
cooking and will possibly cause infections if used for bathing
and laundry. The presence of faecal coliforms and the
abundance of specific pathogenic bacteria in the studied
water sources can be associated with poor hygiene and
sanitation. The springs and stream were located in areas with
free access to animals and were not properly taken care of.
From observations made in the field, mostly children were
found using unclean containers to carry water from the
springs and some adults were also found doing laundry
around the sources which, according to Nanfack et al. [18],
had strong pathological impacts on the water sources. In
addition, the enormous pollution of these water sources
could be explained using other factors amongst which are
those related to the environment such as floods in the rainy
season, infiltration of organic matter in the soil, the low
depth of the groundwater table, and the behaviour of the
population through open-air defecation. These partly ex-
plain the contamination of tap water as the spring sources of
the main catchment are found in a valley, and during the
rainy season, mud, leaves, and other foreign objects are
introduced into the catchment [14]. The high occurrence of
faecal coliforms and other pathogenic bacteria in the wells
may be due to the construction of the wells near septic tanks
[39]. High colonies of pathogenic bacteria were also reported
in domestic waters in the neighbouring Babessi village by
Tamungang et al. [21]. The significant increase in the colony
counts of most of the isolated bacteria in July 2018 could be
due to the effects of rain, and the positive correlations be-
tween them justified their common origin.

The population of the study area often judged their water
for domestic uses based on organoleptic parameters such as
appearance, taste, and odour. However, this exposes them to
water-related diseases such as typhoid, diarrhoea, and
dysentery, given the high colonies of pathogenic bacteria in
these sources. Data obtained from health centres in the
locality on water-borne diseases between 2016 and 2017
confirmed the prevalence of typhoid to which were also
associated diarrhoea and dysentery, as shown in Figure 8. A
total of 1389 cases of these diseases were recorded during
this period. It is seen from Figure 8 that the number of cases
were increasing from 2016 to 2017. The data showed that 465
of the reported cases were children below the age of 10 years
and the remaining majority had ages above 10 years. This
was in contradiction with the prediction of WHO which
states that children below 5 years are the most exposed to
water-borne diseases. It should be noted that these were just
few cases out of many, as many people in this locality
preferred traditional medicine for the treatment of these
diseases rather than going to the hospital, observation shared
by Nanfack et al. [18]. Also, others may prefer going to
bigger hospitals not far from the locality for better health
care. The water sources were of bad quality and thus not
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suitable for drinking and bathing but had insignificant effect
on laundry and cooking.

4. Conclusion

This study focused on the quality of domestic water sources
in Bangolan, Northwest Cameroon, based on the WHO
guidelines. The results of physical parameters showed that all
the water sources had temperatures within the WHO ac-
ceptable limits and the pH ranged from moderately acidic to
weakly basic with very low mineral content. The results of
chemical parameters indicated that the samples had below
average concentrations of nitrates, phosphates, sulphates,
and bicarbonates. The results of heavy metals and mineral
elements indicated that iron and aluminium were found
above the WHO guideline values in most seasons, and this
was attributed to the nature of the soils in the locality. The
results of bacteriological analyses indicated that faecal co-
liforms and other specific bacteria were also found in the
sampled waters, suggesting recent contamination of the
sources by human or animal faeces. Statistical analyses
showed that heavy rain had significant influence on water
quality. Prevalence of water-borne diseases in the locality
was and still remains a major public health concern. Given
the poor bacteriological quality of the water sources, home
treatment methods such as chlorination, filtration, boiling,
and solar disinfection should be implemented prior to
consumption.
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