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ARTICLEINFO ABSTRACT

Water quality monitoring is the integrated activity for evaluating the physical, chemical and
biological characteristics of water in relation to human health, ecological conditions and designated
water uses. However for the purpose of this study, the assessment focused on Temperature, total
phosphorus, Total Nitrogen, pH, total dissolved solids, turbidity, Electrical conductivity and base
cation (Mg and Ca) concentrations. These being some of the parameter that are measured in water and
sewage company in Lesotho to indicate the water quality in our resources, therefore the same thing
applied to our study since we  were supposed to determine the water quality in Bolahla Mphosong
catchment. Water quality and quantity indices were measured from 22 selected water resources.
Some water quantity indices were measured right in the field using physical measurements or
chemical methods based on a field toolkit while others were measured in the laboratory.  The water
quality parameters that were measured were, water temperature, pH, EC, TDS, Turbidity, ions (Mg,
Ca, , nitrates, phosphates) and chemical oxygen demand while the water quantity parameters
included, water flow, water point depth and water flow rate. The water testing kit was used to
measure the water quality parameters like temperature, pH, EC and TDS in the selected water
resources per sub catchment and other parameter were analyzed in the laboratory. The water testing
kit was used to measure water quality while for water quantity, measuring tape, measuring stick and
the wading rod were used and the float method and current meter method for flow velocity. Most
water resources in terms of water quality seemed to be within the recommended drinking water
standards except for the stagnant water in dams and wells however the water quantity (depth, width
and flow) seemed to have decreased in the study area.
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INTRODUCTION

The detrimental effects of water pollution on the environment
and human health have been reported in many studies
worldwide (van der Hoven et al., 2017;Azam et al., 2018;Seifi
et al., 2019). In recent assessments in South Africa (Van der
Hoven et al., 2017), physicochemical parameters from most
of the land uses did not meet the South African drinking water
quality guidelines. The foregoing are in fact corroborating
earlier studies (Pokras and Kneeland, 2009; Savci, 2012; Qiu
et al., 2015) on the state of water quality in different parts of
the world.  However,  despite this abundance of knowledge,
the world’s water resources continue to face extreme
challenges with respect to quantity and quality mostly due to
the explosion of global population and the insatiable demand
for natural resources (Lee and Schwab, 2005; Okello et al.,
2015) compounded by climate change pressures and stressors.
The quality of water resources is influenced by land use within
catchments (Ding et al., 2015; Yang et al., 2016). For instance,
the water resources underlying and /or downstream of cropping

lands have high possibility of having higher phosphate and
nitrates concentration due to fertilizers applied in the fields
through erosion and /or leaching. Deferent land uses have
been found to exert varying degrees of nutrient loading
pressure on aquatic environments in different parts of the
world (van der Hoven et al., 2017) compounded by pressures
like the country’s growing population, rapid industrialization
and waste discharge in water resources. Pollutants that enter
into surface water sources could be either chemicals (Zheng et
al., 2011) or microbial (Hampson et al., 2010) in nature.  The
latter includes bacteria, viruses, and parasites (Abraham, 2011)
and is known to constitute the greatest threat to human health
associated with water quality because they are causal agents of
many waterborne diseases (Schreiber et al., 2015; UNEP
GEMS/Water Programme, 2008). Africa as a whole has been
reported to be arid despite its high annual rainfall, due to the
higher temperatures experienced by the continent (Pimentel et
al., 2013). In addition to the water shortages due to increased
demand for food production (intensive irrigational agriculture),
there is also an ever-increasing deterioration of water quality
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as a result of the waste discharged by these same processing
industries into the water bodies (Pimentel et al., 2013).  The
detrimental impacts of industrial effluents into the streams
from the industrial complexes in Maputsoe and Lesotho have
been a source of concern for many years and some of the
streams in the Thetsane industrial complex have been dubbed
the Blue Streams (‘Mabolou) by local communities
downstream. This constant pressure accompanied by a lack of
proper environmental management of these resources
ultimately results in a reduction in water availability for human
needs as well as loss of biodiversity (Skogen et al., 2018).
Ultimately, biodiversity loss threatens human well-being and

possibly human existence (Cardinale et al., 2012; Naeem,
Chazdon, Duffy, Prager, and Worm, 2016).   However, water
quality may also be burdened by heavy metals which originate
from organic and inorganic fertilizers, pesticide applications
and irrigation water (Johannsen et al., 2010). Arguably,
Lesotho’s supply of water resources exceeds national
requirements. However, due to climate change especially
rainfall variability, this poses a threat to water resources
(Nkheloane et al., 2014; LWP 2016).  As a results, the water in
Lesotho is in great demand in the lowlands and highlands
primarily for domestic and stock-watering needs. In Lesotho
approximately 85 percent of people live in the rural areas and
rely on open water sources such reservoirs, springs and wells
(MOHSW and WHO, 2002; Mofelehetsi, 2005; WHO and
UNICEF 2006). Water from such sources seldom complies
with WHO permissible standard limits for drinking water
(Matsipa, 2008).  It is thus necessary to check regularly for
contaminants and other water safety parameters with the view
to mitigating outbreak of water borne diseases (Gwimbi,
2011). Therefore, the purpose of the study was to assess the
effect of water degradation in terms of both water quality and
quantity.

MATERIALS AND METHODS

Location: The study was located in the Mphosong-Bolahla
catchment from the confluence of Bolahla and Mphosong
River to the northeastern escarpment (Figure 1) in the foothills
of the Leribe district. The overall catchment was divided into
three sub-catchments of Bolahla (18.0 ha), Senyokotho (10.4
ha) and Mphosong (14.2 ha) for a total area of approximately
42.6 ha in size.

Climate and Biophysical Characteristics of the Study Site:
The Mphosong-Bolahla catchment is located in the foothills of
the northern district of Lesotho between 1,840 m and 3,090 m
above sea level. The lowest average minimum monthly
temperature in Lesotho was recorded in July (-0.30 C) and the
highest in January (13.40 C).  The lowest temperature range (-
1.09 to 14.830C) was recorded in June (BOS 2017). The
amount of rainfall in Lesotho has been increasing throughout
the years, where the highest increase was observed from 2009
(762 mm) to 2010 (865 mm) constituting 13.5 percent.
However, since 2012, the district has experienced a sudden
decrease of 35.0 percent of the average national annual rainfall
(BOS, 2014) leading to minimum annual rainfall of 516 mm
while the maximum rainfall was 785 mm in 2012. Farmers in
the area mainly practice subsistence mixed farming of
livestock ( cattle, horses, sheep and goats) and field crops
(maize, beans, wheat and sorghum) with a variety of
vegetables and fruit trees (mainly peaches) in the fields and
backyard gardens of the homesteads. Leribe is a prime
agricultural land with high production except in drought years

e.g. 2015/16 cropping season when farmers experienced high
crop failures and most of their lands fallow due to drought
(BOS 2017).   For instance in the 2016/2017 growing season,
the planted area of maize was 33, 629 ha and beans in an area
of 5,790 ha far higher than other districts. Some cottage
industries of dried fruits are practiced by women in study area
and a bakery at Ha Senyokotho village.  The geomorphologic
character of the landscape is characterized by dendritic
drainage pattern with three main streams draining the whole
catchment and converging into the Mphosong River.  Thus the
natural water resources like wells springs and wetlands are
distributed within the catchment.

Biophysical Indicators of Specific Water Resources: A
detailed assessment was conducted during a transect walk by a
team of assessors and a key informants in every village.  In
particular, key water resources (wetlands, rivers and streams,
dams and wells) (Figure 2) identified during the
reconnaissance walk conducted prior to the transect walk were
assessed in the study area.   GPS was used to log the
coordinates of all sampling points along the transects. Both the
qualitative and quantitative measurements of water quality and
quantity in each water resource were evaluated at each
sampling point.  First, the type of water source was identified,
coordinates of that water resource were recorded using the
GPS and the land use system was defined.  Therefore,
qualitative measurements were obtained from the visual
observation of water resources by the local informants and the
assessment team.  The following assessments were made:
assessment of water levels, water depth, and potential loss of
water by soil evaporation and runoff, colour of water, pollution
around the water source e.g. signs of animal faeces and salinity
measurements.

Water quality assessment: Quantitative assessment was
obtained from the additional measurements of water quality
and quantity to verify results of visual assessment. Water
quantity variables were water point width, water point depth
and water flow. While water quality variables included
temperature, Electrical conductivity, TDS pH, Total P, total N
and turbidity.For every selected water source, the water testing
kit was used to measure water quality parameters by inserting
the kit directly in the source to take the readings (Figure 3).
The parameters like pH, Temperature, Total Dissolved solids
(TDS) and Electrical Conductivity (EC) were measured in-situ
using a  mini water testing kit (HI 98 129 model).  Since the
test kit could not measure all the parameters in the field, water
samples were taken for further analysis in the Water and
Sewage Company (WASCO) laboratory in Maseru for
measurement of turbidity, calcium and magnesium hardness,
total phosphates, nitrates and chemical oxygen demand.
Turbidity was determined using the Nephelometric method,
Nitrates by Hach method 8039: Cadmium reduction method,
Ca and Mg hardness by EDTA titration method, phosphate by
Hach method 8048: ascorbic acid method and COD by
potassium dichromate: Digestion absorbance method. Water
quality determination was assessed based on the SA drinking
water standards which is a benchmark for water treatment in
Lesotho.

RESULTS AND DISCUSSION
Water Quality Analysis
Temperature: The temperature of the water sources was
measured in-situ using the water testing kit for each of the
major water sources in the various sub-catchments (Figure 4).
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Figure 1.Map of Bolahla-Mphosong catchment

Figure 2. Water sampling points along a transect line across the Mphosong-Bolahla sub-catchments
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Figure 3. Measuring water quality in the Bolahla River

Figure 4. Water temperature in different water resources

Figure 5. Hot natural spring at Ha Botšo in the Mphosong River
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Figure 7. EC in various water resources

Figure 8. TDS in water resources by water source and sub-
catchment

Figure 9.   Plot of TDS as a function of EC in the study area

Figure 10. Water turbidity in various resources

Figure. 11. The relationship between temperature and turbidity

Figure 12.Ca Concentrations in water resources

Figure. 13. Mg concentration in water resources

Figure 14.Phosphates in water resources

Figure 15. Nitrates concentration in water resources

Figure 16.COD concentration in water resources

Table 1.  Comparative Summary of Water quality Measurements
in the Study area with SA drinking Water Standards (1996)

Water quality Measurements SA drinking water standard
Temperature(0C) 6 -16 <20 ( WASCO)
pH 10.67-11.53 6.5-8.5
Electrical conductivity (mS/m) 0.10-0.25 0-70
Total dissolved solids (mg/l) 0.04-0.13 0-450
Turbidity (NTU) 0.66-2.46 < 5
Phosphate (mg/l) 2.31-3.92 0.01 ( WHO,2011)
Nitrates (mg/l) 3.62-7.84 0-6
Chemical Oxygen Demand  (mg/l) 1.44-17.11 <75 (WASCO)
calcium 44.03-74.28 0-32
magnesium 3.53-7.36 0-30
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The average temperature was lowest in the rivers /streams
(9.9oC) followed by dams, wetlands and wells (15.47). The
measurements were taken during the month of June when it
was winter in Lesotho hence the low temperature ranges. A
Hot spring was discovered with the help of key informants in
the upper reaches of the Mphosong River at Ha Botšo (Figure
5).  The water in the spring remained hot throughout the day
with an average temperature of 23.6oC during the winter
months. The water temperature in all water resources except
the hot spring was found to be below 20 0C which is according
to WASCO Lesotho, is the prescribed temperature for water
consumption.  However, Van der Hoven et al. (2017) found
that the mean water temperatures measured during the entire
study ranged between 8.3 °C and 9.5 °C in winter and between
11.4 °C and 15.1 °C in spring (2017). The reading were lower
than the results in our study area in as much as the studies were
both done in winter except for the hot spring (23 0C). Van der
Hoven et al., (2017) averred that values were all below the
25 °C recommended limit of the South African domestic water
quality and were also lower than those recorded in a study
conducted in a rural South African community (Igbinosa and
Okoh, 2009).  These results shows that the winter climate is
beginning to be vigorous in time in most countries including
Lesotho with its rapid climate change. The temperature of
every aquatic environment is an important physical parameter
that directly or indirectly influences other water parameters
such as dissolved oxygen (DO) (ARMCANZ and ANZECC,
2000). Drastic reductions in the concentration of DO in water
as a result of high-temperature increase may lead to the death
of fishes (Kumar and Puri, 2012) while temperature drop
below 5 °C may result in the eggs of some water-breeding
insects from hatching (ARMCANZ and ANZECC, 2000). The
difference in temperature might be due to the location of the
study areas, climatic variation and the seasonal variations.
Żelazny et al., (2018) found that Water temperature
fluctuations in mountain areas depend not only on the type of
analyzed system (stream, spring or lake), but also on the
altitudinal zonation and hydrogeological conditions (Zelazny et
al., 2018). Since temperature influences the growth and
survival of microorganisms in the aquatic environment (Van
der Hoven et al., 2017), the living organisms that live in the
water might be psychrophilic.  Aquatic temperature influences
the growth of bacteria because temperature is known to affect
chemical and microbiological processes (Zlatanovic et al.,
2017) and more profound in stagnant waters (Prest et al.,
2013), however, most microorganisms grow best at
temperatures between 20-40oC while above 40oC the
abundance of microorganisms decreases.

Water pH Levels: Generally the average pH in the water
bodies in the watershed was in the high alkaline range (Figure
6). The pH ranged between 10.67 and 11.53. the highest value
was obtained in Mphosong especially in dams and low in
Bolahla in the wetlands.  This is possibly reflecting the levels
of calcium in the basalt rocks rather than any pollution factors
because if the Mphosong stream can be used as a benchmark,
there are no  villages in the greater catchment area of the
stream.  In addition the soils of Lesotho are generally acidic in
the croplands.  Mphosong seemed to have its water resources
with high pH, this might be due to the type of rock in the area,
limestone, as it weathers it causes high pH in waters. The
increase in pH becomes unconducive to acidophiles and again
the increase in pH value is accompanied by a flourishing of
photosynthetic organisms (El-Zeiny, 2015).  According to
South African water standards (1996), the water with the pH >

11 tastes soapy and have the severe health effects due to
deprotonated species within the water system. International
water pH standards (NIS 2007; WHO 2011) have threshold pH
levels for good water quality in range of 6.5-8.5.  , Therefore,
the pH in the study area is way above this threshold range of
the regulatory limits for water quality. This therefore, imply
that the water quality in the study area is not good for drinking
water.  Trace metals also play a great role in water pollution,
and these metal concentration are related to pH value of the
water. At different pH values, the complex-forming agent or
chelating agents shows different coordination behavior toward
different metal ions (Verma et al., 2018). Hence, the amount of
precipitation of different metal ions is different at different pH
values. Narin et al., (2000)   observed that the optimum pH
range for the efficient recovery of some elements like Co, Ni,
and Pb is 4.0–8.0 By decreasing the pH, the precipitation of
these elements decreased, the higher the pH in water the higher
the possibility of trace elements in water thus causing poor
water quality both for domestic purposes and agricultural
activities.

Electrical Conductivity: The electrical conductivity in the
catchment area was lowest in Bolahla subcatchment  (0.15
ms/m) and highest in Senyokotho sub catchment (0.17 mS/m).
Figure 7 shows a plot of EC measurement by sub-catchment.
The highest levels were observed in wells in the Mphosong
sub-catchment and dams at Ha Senyokotho and the lowest
value was obtained in mphosong especially in the rivers.
Selebatso (2018) found that salinity of the water was high in
the ponds compared to the outlets while assessing quality of
water at wildfile. This was probably due to accumulation of
salts because of evaporation of water, and in some cases, poor
filtration due cemented bases of some waterholes. Therefore,
the electrical conductivity of the water in the study area was
found to be in the range 0-70 mS/m.  The threshold limits for
drinking water according South African   and WHO standards
(1996) is 0-70 mS/m hence the EC in the water bodies of the
study are is below the critical limits and can be declared to be
free from severe health effects.  The EC levels in the study
area are compliant with the regulatory limits for water quality
according to NIS (2007) is 100 mS/m or otherwise 25 mS/m
(WHO 2011).

Total Dssolved Solids (TDS): TDS was found to be highest
(0.13 mg/l) in the wells compared to 0.04 mg/l obtained in the
rivers in the catchment area (Table 1). The highest TDS was
observed in the Ha Senyokotho water bodies (0.09 mg/l).
The highest TDS values (≥ 0.11 mg/l) were observed in the
well of Bolahla and Mphosong sub-catchments and the dams at
Ha Senyokotho (Figure 8). TDS in the study area is fall within
the 0-450 mg/l set by   SA WHO standards ( 1996). However
according to WHO 2011, the permissible limits for TDS was
found to be 100-150 mg/l whille the regulatory limits
according to NIS 2007 was found to be 150 mg/l.  Therefore
the TDS in the study area was found to be out of the limit.
Both of TDS and EC determine the concentrations of ions in a
fluid, the higher the ions in a fluid the higher the chances of
water pollution.The correlation between the TDS and EC was
found to be strong as shown by the positive correlation of the
two variables, this therefore shows that the two variables were
highly correlated as shown in the graph and the equation of the
correlation  coefficient  below; Walton, (1989) found that EC
was half the TDS, TDS mg/ L=0.50 EC µ S/cm. The
correlation between TDS/EC parameter has always been linear,
but the coefficient varies in time and space (Salari et al., 2018).
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Elevated TDS may not necessarily mean a health hazard but
water taste deteriorated with increasing TDS and water with
high TDS is less preferred by both humans and wildlife
(Selebatso et al., 2018). Furthermore, very high concentration
of salts in water will not be helpful for quenching thirst
(Sengupta, 2013).  Both availability and quality of water have
effects on population dynamics (Selebatso et al., 2018). Poor
water quality has been observed to reduce reproductive rates
and survival rates of animal populations, resulting in potential
population declines (Pokras and Kneeland, 2009).

Water Turbidity: The water turbidity was overall highest in
the wetlands (2.46 NTU) followed by rivers (0.92 NTU), wells
(0.78 NTU) and lowest in dams (0.66 NTU).  The highest
turbidity was measured in the Bolahla sub-catchment with 4.74
NTU while the lowest was observed in the Mphosong sub-
catchment wells (Figure 10).  Turbidity describes the amount
of light scattered or blocked by suspended particles in a water
sample.  Therefore, the concentration of turbidity was found to
be low in Mphosong sub catchment (Figure 10).  The critical
threshold value for turbidity is ≤ 5 NTU and this is the
recommended limit for turbidity. The results therefore
indicated that the water was clear and fit to drink since the
water with high turbidity is not fit to drink simply because, the
particles in turbid waters can carry disease-causing pathogens
or toxic pollutants (Alaska D.E.C, 2013).  Thus turbidity is
hazardous because high turbidity in drinking water can shield
bacteria or other organisms so that chlorine treatment at water
treatment plants cannot disinfect the water effectively. Since
turbidity has a positive correlation with temperature ( Salari et
al., 2018), the results on turbidity in the study made sense
because mostly the water resources had low temperatures
except for the hot spring at  Ha Botšo  in the Mphosong  sub
catchment which had high turbidity ( 4.91NTU) because of its
high temperatures. The relationship between the temperature
and turbidity had a low correlation (R2 = 0.30) in the study
area (Figure 11). This therefore means that there was no
significant relationship between temperature and turbidity in
the study area. These results are consistent with Suzuki et al,
(2018) who also observed that the individual effect of turbid
water was smaller than the effect of high temperature but the
combination of turbid water and high temperature had additive
and/or synergistic effects on the biomarkers in S. marmorata.
Besides the high temperature, the wetlands in the first sub
catchment had 4.74 NTU of turbidity, it seemed to be high in
that area due to the location of the wetland, it was found within
the settlement. Salari et al. (2018), stated that the suspended
solids increase by the discharge of wastes either from the
domestic sewage, industrial or agricultural effluents (Salari et
al., 2018). Therefore the observed turbidity levels in the
wetlands might be due to some agricultural effluents from
kraals and pig sties in the villages.

Base cations

Calcium hardness (Ca): The mean Calcium content in the
Mphosong-Bolahla watershed (Figure 12) varies within a
narrow range from 44.03 – 44.92 mg l-1 in the streams, dams
and wetlands with an observed outlier in the wells measured at
74.28 mg l-1. The wells had higher values while the lowest
concentration was recorded in dams. The highest Ca+2 loading
(56.99 mg l-1) was recorded in Senyokotho sub-catchment and
the lowest (49.94 mg l-1) in the Mphosong sub-catchment.
Calcium is an alkaline earth metal and exists as a divalent
cation and  occurs naturally in varying concentrations in most

water bodies  and, together with magnesium, is one of the main
sources  of water hardness property of alkaline water bodies.
Soft waters contain low, while hard waters contain high
concentrations of calcium.    Calcium is an essential element
for all living organisms and is an important constituent of the
bony skeleton of mammals, which consists of phosphates of
calcium (DWA, 1996).  According to the SA drinking water
standards the critical limits for Ca in the water is from 0-80 mg
l-1 (DWA, 1996).  The highest calcium concentrations within
the study area were recorded in the wells (64.75-83.05 mg l-1)
and with the exception of Mphosong well (83.04 mg l-1) all
other sub-catchments recorded concentrations within the SA
critical range. This variation is caused by the differences in the
geology of the area. The area that are dominant with calcite,
limestone and gypsum rocks tend to have high calcium
concentrations in the water bodies which might have come by
weathering of those rocks. In essence, the quality and quantity
of chemical elements in surface water can be influenced by
land relief, geochemical structure, land use, seasonal variations
in weather conditions (precipitation-evaporation), plant cover
and atmospheric deposition (Grochowska and Tandyrak 2009).
However, Seasonal changes in the water flow rate and
biological activity contribute to differences in the chemical
composition of surface water (au GusTyn et al., 2012).Low
concentrations were observed in the waters of streams, whose
catchment areas are partly overgrown by forest (Potasznik et al
2015). The results in Bolahla Mphososng catchment are
consistent with our findings since the lowest Ca concentration
was obtained in Ha Botšo.  This is because the streams are
normally surrounded by the forests, therefore the forests have
high humic acids influx which tend to decrease the calcium
content in waters.

Magnesium (Mg): Magnesium concentrations in the
watershed were generally low (3.53-7.36 mg l-1) with the
lowest readings observed in the streams (3.53 mg l-1) while the
highest concentration was recorded in the wells (7.36 mg l-1)
(Figure 13).  The lowest concentrations occurred in the
Mphosong sub-catchment (2.36 ml l-1) and the highest at Ha
Senyokotho sub-catchment (7.58 ml l-1). Magnesium in water
bodies is normally from the industries dealing with chemical
including magnesium oxide, but in the case of the study area
there were no industries or factories that deals with chemical
containing Mg hence the low concentrations. The high
concentrations of magnesium relative to calcium (calcium to
magnesium ratio > 1) are typically found in municipal and
industrial wastewaters (Pescod, 1992; Kiziloglu et al., 2007)
due to magnesium-containing chemicals, such as magnesium
oxide used in the tannery industry The concentration were
found to be far lower than that of calcium. However, changes
in overall water quality as well as in the relative concentrations
of magnesium and calcium may occur in water resources over
a long period (Qadir et al., 2018). Kazi et al., (2009) found
that, among the 16 elements determined in Manchar Lake
water except Cu, Cr, Co and Mn, other elements (Na, K, Ca,
Mg, Fe, Al, Ni, As, Se, Pb and Cd) have higher values as
compared to the permissible level of these elements in drinking
water (WHO,2004). Thus they did not comply with results
from the study area, the reason might due to inflow of effluent
from industrial, domestic, agricultural and saline seeps into the
lake and also resulting from people living in boats and fishing
as averred by Kazi et al. (2008), whereas in our study area
there were no visible signs of effluents that would lead to high
base cation concentration in water.
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Anions

Phosphates: There are no prescribed P standards in either the
South African standard or the WASCO. However according to
WHO, (2011), the phosphate concentration that is prescribed
was 0.01 mg/l.  The phosphate concentrations in the catchment
vary by type of water source and sub-catchment (Figure 14).
The range (2.31 – 3.92 mg l-1) amongst water sources is
generally higher than the WHO water drinking standards. The
highest concentration was found in rivers and low in wells.
The highest P concentrations were observed in the streams and
lowest in the wells.  The concentration of P were highest in the
Senyokotho (3.24 mg l-1) although the lowest (2.87 mg l-1)
observation recorded for the Mphosong sub-catchment was
still significantly higher than the upper limit of the SA
Standards for drinking water.  Surface waters and groundwater
become contaminated from both natural and anthropogenic.
Sources of phosphates. Natural sources of phosphorus in both
surface and groundwater include atmospheric deposition,
natural decomposition of rocks and minerals, weathering of
soluble inorganic materials, decaying biomass, runoff, and
sedimentation. Anthropogenic sources include; fertilizers,
wastewater and septic system effluent, animal wastes,
detergents, industrial discharge, phosphate mining, drinking
water treatment, forest fires, synthetic material development
surface (Spraill et al., 1998; Sheila, 2005).The highest
phosphate concentration was found in rivers across all sub-
catchments (Figure 14).   Naturally streams are below the
cropland and villages, so the high phosphate in this case might
be due to fertilizer runoff from the fields and or use of
detergents from village and streams because the latter are also
used for laundry.  The lowest concentration was found at Ha
Mahloane dam where the well was cemented so the leaching of
non-source pollutants could not reach, only the effluents from
runoff could be visible since the well was not covered.
Naturally occurring levels of phosphates in surface and ground
water bodies are not harmful to human health, animals or the
environment, however, extremely high levels of phosphates
can cause digestive problems (Sheila, 2005). This might be the
case with the water of the study area because in all the water
resources, phosphate was found to be higher than the
recommended drinking water standards according to SA
drinking water standards, 1995. The results in the study area
indicate much better water quality that other studies
((Ayandiran et al., 2018) which report much higher P levels
((40.20 to 71.20 mg l-1).

Nitrates: The South African Standards for drinking water have
no thresholds for nitrates.  However, the Water and Sewage
Company of Lesotho (WASCO) thresholds for nitrate in
drinking water is categorized as a) Ideal - 0 – 6 mg l-1; b)
Acceptable – 6 – 7mg l-1; c) Maximum allowable - 10 – 20 mg
l-1.   Nitrates concentration in the study area range from 3.62
mg l-1 in the streams to 7.82 mg l-1 in the wells (Figure 15).
The highest reading recorded in the Mphosong sub-catchment
wells (12,84mg l-1).  Nitrate is also a well-known contaminant
of ground and surface waters and, along with phosphate, is
often implicated in the eutrophication of lakes and coastal
waters (Yang et al., 2018). High amounts of nitrate may be
harmful to living species through metabolic and physiological
disorders in animals and plants (Singh et al., 2018; Conlin et al
2018). Nitrate in drinking water is primarily a health concern
in that it can be readily converted in the gastrointestinal tract to
nitrite as a result of bacterial reduction. In the study area the
highest value was recorded at the well at Ha Rantšala which is

located within the settlement and below the croplands of the
Mphosong sub-catchment. Other studies (Pulido-Bosch et al.,
2000) observed that shallow wells which draw water from
intensively cultivated superficial formations, yield waters with
high nitrate levels.   These results were in inconformity with
the results in the study site because the well seemed to be
drawing water from the fields above it, hence the higher
concentration of nitrates. Other researchers (Soana et al., 2017)
also stated that, in permeable soils, excess nitrate from
agriculture is transported vertically and accumulates in
aquifers. Therefore according to SA drinking water standards
the range from 10-20 units has a possibility of
methaemoglobinaemia that may occur in infants while the
value from 0-6 has no health effects and 6-10 there is a rare
methaemoglobinaemia that may occur. The water resources in
the catchment fall within the acceptable (0-6 mg l-1) which
falls within good drinking water quality standards and would
not be expected to pose any health hazards except rare
episodes of methaemoglobinaemia in the wetland of the
Bolahla sub-catchment (Figure 15). The outlier in the data set
occurred in the wells at Mphosong which have spiked the
readings with concentrations of nitrate in the maximum
allowable range (10-20 mg l-1) posing a high risk of
methaemoglobinaemia.

Chemical Oxygen demand (COD): The measurement of
COD in the project area (Figure 16) ranged from 1.44-17.11
mg l-1 with the lowest recording (1.44 mg l-1) observed in the
wells while the highest was recorded in the streams (17.11 mg
l-1).  The variability amongst the sub-catchments was high with
a minimum (2.08 mg l-1) recorded in the Bolahla sub-
catchment and the maximum (13.5 mg l-1) observed at
Mphosong sub-catchment. Chemical Oxygen Demand (COD)
is a quick, inexpensive means to determine organics in water.
The chemical oxygen demand was measured based on the
effluents from the wastes, therefore according to the results
found, all the water resources in the study were found to have
the COD less than critical threshold of 75 mg l-1 set by the
WASCO Laboratories as the national standard. The results
indicate that the water in the project area was free from waste
with the exception of measurements taken in the streams at
Mphosong and wetlands at Hlokoa-le-monate in the
Senyokotho sub-catchment respectively. In other studies
(Ayandiran et al., 2018) the high (148-180.5 mg l-1) COD
measurements were obtained.  In comparison, the water bodies
in the study area have high quality and clean water. The water
quality parameters analyzed in the catchment are therefore
summarized and compared with the SA drinking water
standards (Table 1).  Therefore, most water resources in study
area were found to be within the range of water quality
standards except for pH, phosphates and calcium
concentrations which were above the prescribed water quality
standards.  Also, nitrates had high concentrations in some
water resources, a bit higher the recommended rate. For other
parameters like phosphate and COD, SA water drinking
standards had no recommended rates, as such other water
quality regulatory standards were used. For instance phosphate
water standards got were compared with WHO, 2011, water
quality standards while COD was compared with WASCO
regulatory water quality limits in Lesotho.

Conclusion

Most chemical properties that were assessed, showed that the
water quality in the study area were not highly susceptible to
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pollution except for the water quantity which indicated that the
quantity had decreased in the whole catchment. The water
quality was mostly found to be of low quality in stagnant
waters, for instance, most dams were the ones which were
highly impacted. On the other hand, wetlands did not show
such much pollution, this was indicated by low pH values in
wetlands, low concentration of phosphates and nitrates among
others. The reason might be that wetlands still functioned well,
since one of its functions is to filter water, then it was able to
clean its water except for lot of turbidity and high
temperatures. This therefore led to low water quality in
wetlands as well. Most rivers had low turbidity and low
temperature but phosphates concentrations as well as COD
seemed to be high. The reason behind the high concentration
in rivers might be due to anthropogenic activities like washing
near the rivers, this then caused lot of phosphates from the
soaps used as well as fertilizer runoff from the fields. Wells
also showed high concentration of EC, TDS, Mg and nitrates
concentration were found to be high but wells had low
turbidity and low phosphates. Dams and ponds showed high
pH values and EC. These factors might be due to the sediments
build up in the dams especially in Bolahla where the dam had
silted out. Therefore, the sediments in the dams bring the
pollution to the water whereas the high pH might be from the
soaps used for washing clothes next to the ponds. However, the
most water resources seemed to be lying between the
recommended SA water drinking standards. Few of water
resources that were above the prescribed standards did not
have any severe health effects to the users. This was also
explained by the community people that they had not
encountered and health hazards due to water. PH values and
Ca concentration did not meet the recommended limits in the
whole catchments. They were above the SA water drinking
standards. High concentrations might be due to the location of
the study area, topography and the climate. The study area was
full of limestone and igneous rocks which have high Ca
content, hence during weathering of rocks Ca become high in
water resources. However, phosphates concentration was meet
in some of the resources while other resources especially river
had lot of phosphate concentrations. Water quality in the study
area was found to be low, in as much as the water in the area
lied within SA water drinking standards. However, most of
parameters did not show severe health effects. The
improvement need to be done in the water resources like the
conservation and water treatment since the land users
especially at Ha Mahloane depended largely on the natural
resources. The water quantity was also found to be low, the
water level in most water resources was found to be below the
normal as well the depth of water even the water discharge was
found to be low. This information on water quantity was
triangulated by the key informants, they were able to tell if the
water quantity had decreased or not, therefore in our
measurements they were able to indicate if they had decreased.
Due to lack of baseline information, the key informants in the
area who were knowledgeable of the area as well as the water
status in the last 10 years which was our reference period
became the good source. Thus the water in Bolahla-Mphosong
catchment seemed to have degraded.

Recommendation

With the view that we need to conserve water for future
generations the study concluded that priority one is catchment
management and its implementation.  Drastic measures are
needed to conserve wetlands, there has to be trainings and

teachings on the important of water usage and management.
Most importantly, the study area relied mostly to agriculture,
ministry of Agriculture has to make sure that, they pay a visit
to the area in order to teach the farmers how to conserve as
well as how to improve their produce both for consumption
and for commercial purposes because in essence the study side
was the prolific producer hence why most farmers were more
in to commercial. Therefore people have to be given
information on how to commercialize agriculture since
commercial agriculture may lead to rapid land degradation.
Besides that they have to be taught how to protect biodiversity,
by not cutting trees, reduce grass harvesting in the rangelands
and anima harvesting especially in the waters, as biodiversity
protect the whole ecosystem. When the ecosystem is improved
then all the resources in the area as well water environments
get conserved. There was also rainfall in the last two weeks
prior to undertaking field work in the study area.  Therefore,
this might have caused anomalies in the water quantity and
quality parameters for the season of instant when the study was
undertaken thus the results might not be representative of a
normal winter season hence this study needs to be replicated at
least once every season of the year to normalize the data.  I
therefore recommend that the same study to be done
throughout the year in different seasons in future.
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