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Abstract—This paper introduces the various 
upstream land use activities that are major 
contributors of downstream water pollution. The 
proposed measures to reduce the pollution of 
downstream water bodies such as sustainable 
agricultural activities, systematic land allocation and 
management are discussed in the paper. It presents 
the analysis of upstream land use against the water 
quality parameters measured at different water 
management facilities to identify the most significant 
land use factors for optimization. Recommendations 
on how to optimize land use allocation and formulate 
policies for the purpose of protecting downstream 
water bodies, as well as reducing the cost associated 
with water purification, are mentioned.
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I.  IntroductIon

ANTHROPOGENIC activities are the principal 
threat to river water quality [1]. Without well-

established management policies on land use, upstream 
human activities will continue to cause the deterioration 
of downstream water quality. Thus, it is necessary to 
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improve the way people utilize and manage land use 
activities for the preservation of downstream water 
quality. Studies on technical interventions and policy 
formulation are continually being explored in an effort 
to reduce the pollution of water sources. [2] proposed 
acceleration of policy and institutional reforms to 
rescue the water pollution resulting from industrial 
activity in China. This is supported by another study 
[3] in which they identified policy formulation as one 
way of supporting the available environmental laws 
towards reducing water pollution from anthropogenic 
activities. On the technical side, the benefit of having 
adequate infrastructure to scale down the land use-
related impacts on the downstream water quality has 
particularly been realised in Germany and Europe. 
During the last three decades fo r example, the chemical 
quality of many watercourses improved because of 
development and enhancement of sewage treatment 
systems [4].

There is a positive correlation between water 
quality and land use, land cover and type, and intensity 
of use [5] [6] [7] [8] [9]. For example, [10] and [8] 
stated that surface water quality deterioration is highly 
correlated with poor human practices and vegetation 
cover degradation. The rate at which land use 
dynamics are changing therefore requires proper land 
management and proactive land allocation planning in 
order to minimize the associated downstream pollution. 
Available literature focuses mainly on lack of policies, 
urbanization, poor planning, industrialization and 
agriculture as the leading contributors to water quality 
deterioration. These are discussed in the following 
sub-sections:

A. Policies
The lack of policies or the inadequacy of their 

implementation are some well-known factors that 
are stifling the efforts aimed towards water quality 
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preservation. These resulted to the introduction of 
regulations aimed at protecting natural water resources 
[11]. In Europe, there are some documented policies 
that have been implemented for the preservation of 
water quality. Some examples are the Dutch nutrient 
policies for agriculture which came as a result of 
European environmental directives. The objective of the 
Nitrates Directive is to reduce water pollution resulting 
from agricultural activities [12].  Its implementation 
decreased nutrient surpluses and improved downstream 
water quality [13].The National Emission Ceilings 
Directive also resulted in the reduction of ammonia 
emissions, with downstream benefits of the water 
sources. The adoption and implementation of relevant 
policies could therefore benefit the downstream water 
sources. 

B. Urbanization
In 1960, 23% of the Ghanaian population live in 

urban areas, which increased to about 51% in 2010 
as a result of urbanization [14]. This resulted in an 
uncontrolled conversion of land from agricultural 
to residential use. Compared to Botswana, a similar 
trend on rural to urban migration is observed, but at 
a much higher rate. For the years 1971, 1981, 1991, 
2001 and 2011, percentage urban population increased 
from 9%, 17.7%, 45.7%, 54.2% and 64.1% of the 
total population, respectively [15]. These values are 
higher than the world average population that are 
living in urban areas which was estimated to be 54% 
of the total population in 2014 [16]. [2] concluded that 
both population increase and industrial development 
in the 1950s and 1980s respectively have increased 
water demand despite the limited available sources.  
It is also found that such changes always result in 
high food demand and hence, more agricultural land 
requirements, resulting in downstream water pollution. 

Some effects of urbanization on the water quality 
include sedimentation transport into water bodies. 
Altering the drainage patterns and expansion of 
impermeable cover through roads and pavements 
increases the amount of runoff, which in turn accelerates 
soil erosion [17]. The response to rural-urban migration 
is an increase in construction activities. Construction 
sites are known sources  of water pollution [18]. From 
construction sites, sediments are the largest water 
pollutant, and they account for 10% of the sediment 
load to water bodies in the US [19].
C. Land Allocation and Planning 

Improper land use planning and allocation 
accelerates non-point source pollution [20] [21]. In 
Ghana, traditional authorities play a lead role in the 
land allocation and planning process [14]. Given 
the challenges associated with this type of planning, 
poor sanitation can be expected, and hence pollution 
of neighbouring water sources is anticipated. To 
prevent this from happening, land authorities need 
to take the lead in land allocation and planning [22]. 
This can be achieved by using scientifically tested 
and accepted practices. These include, but are not 
limited to, reduction of overgrazing, overstocking, and 
zoning [23]. [24] observed that rational land use and 
its distribution can improve the consumption of water 
resources. This consequently reduces the chances of 
downstream water pollution. In an effort to minimise 
mismanagement of land and the associated downstream 
pollution effects, land allocation models have been 
developed to help address land allocation problems in 
different sectors of the economy [24]. Some sectors that 
have benefited from these models include agriculture 
and transportation [25] [26] [27].

D. Industrialization
Industrialization has been found to play a significant 

role in contributing to water pollution through the 
discharge of highly polluted wastewaters [28]. In one 
study [29], it was proven that industrialization has 
resulted in the increase of heavy metal addition into 
the pedoshere. A study by [30] identifies paper industry 
as one area that has not been significantly studied, 
particularly the chemical constituents of the effluent. 
Given the pollution potential of similar industries, and 
the reported chemical usage, more studies need to be 
conducted to quantify their contribution to downstream 
environments.

[2] identified the scale, intensity and speed 
of industrialization as one factor that led to the 
acceleration of water quality deterioration in China. 
Also identified in the study is the type of raw material 
and technology used in industrial processes that has 
a bearing on the pollution impacts downstream. In 
studies that seek to identify a relationship between 
urban land use and downstream water quality, authors 
found a positive correlation between the two. A 
study by [7] discovered out that industrial land use 
is next in the line after urbanization with respect to 
the deterioration of downstream water quality. With 
industrial land use, the impacts were significant within 
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a 100m buffer, beyond which the impact on water 
quality decreased [7]. 

E. Agriculture
Even though there are some agricultural activities 

that can improve water quality, the effect is far less than 
the rate at which it causes pollution to the downstream 
water sources. Most studies conclude that agricultural 
activities are very common non-point pollution sources 
[7] [31], mainly due to nutrient losses into water bodies 
[32]. In England and Wales, agriculture is the main 
source of fine sediment loss into watersheds [33]. 
Similarly, sediments are listed as the most common 
pollutant of water bodies in the United States [34], 
which originate from agriculture-related sources 
[35] [36]. With this, efforts are made through the 
implementation of policies aimed at reducing pollution 
from agricultural activities. One of the legislative 
policies aimed at reducing nitrogen emissions from 
agriculture is the Nitrates Directive [37]. 

II.  Land use actIvItIes and theIr parameters

Figure 1 is a pictorial representation of some 
common land use activities that contribute to 
downstream water pollution. The different land use 
activities in Figure 1 have specific water quality 
parameters that add to the receiving water bodies. 
The effect of each parameter on the downstream water 
quality varies in magnitude and significance. Table 

Fig. 1. Some common land use activities that contribute to downstream water pollution [38]

I  summarizes the land use activities, the associated 
parameters, as well as their respective impacts on 
downstream water quality.

Table I showed that even though natural activities 
have a contribution to water quality degradation, 
anthropogenic activities are dominant, and vary in 
complexity. Water sources that are related to human 
activity receive the highest pollution load [42]. 
Pollutants resulting from each land use activity vary 
significantly, and are used as water quality parameters. 
As shown in Table II below, these parameters are 
classified as physical, chemical or biological [42].  
Examples of each parameters are presented in  
Table II. Their levels in water give an indication of 
whether the water is safe for consumption or not. If 
not, water needs to be treated to acceptable standards 
by reducing them to levels determined by regulatory 
authorities. Highly polluted water samples may require 
Advanced Treatment Technologies (ATTs) because 
conventional treatment methods may be insufficient. 
However, ATTs are expensive because they are energy 
intensive.  

The most appropriate water purification method 
can only be determined when the raw water quality is 
fully understood. The choice of which water quality 
parameters to check before treatment has a bearing 
on the treatment efficiency and the quality of the final 
water. By checking a few parameters before treatment, 
the final water quality is likely to be compromised. 
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Land use 
activity

Land use parameter Findings Reference (s)

Agriculture Stocking rate Stocking rates show a correlation in total phosphorus, 
ammonium and total nitrogen.

Buck et al. (2004) [5]

Land cover/ vegetation Watersheds with higher vegetation cover have lower 
turbidity.
High pasture cover results in higher values of electrical 
conductivity (EC) and Total Nitrogen concentrations.

Gu et al. (2008)  [6];
Moschini et al. (2016) 
[9]; Rickson (2014) [39]

Amount of fertiliser 
used

Agriculture is the largest source (15% contribution) of 
Nitrogen in the atmosphere. Approximately 23% of it applied 
in watersheds is lost to river flow.  

Schlesinger (2008) [40]; 
Billen et al. (2002) [41]

Area of agricultural 
use

There is positive correlation between area cultivated and 
downstream pollutants

Buck et al. (2004) [5];
Meneses et al (2015) [8]

Industrialization Distance of industrial 
land to water body

When distance from industrial land use increases, the 
correlation between water quality and industrial land use 
decreases.

Lin et al. (2015) [7]

Type of industry Effluent depends on the raw materials and technical 
production steps.

Bosowski et al. (2015) 
[30]

Urbanization Area of urbanization A larger area of activity increases the pollution potential to 
water courses.

Meneses et al. (2015) 
[8]

Population density Suspended Particle Matter (SMP), nitrogen and Dissolved 
Phosphorus increase with population.

Gu et al. (2008) [6]

Availability & 
Effectiveness of 
WWTP

Addition of a WWTP elevates the Nitrogen levels in 
receiving water bodies downstream.

Ahearn et al. (2005) [10]

TABLE I
FIndIngs on Land use actIvItIes and the correspondIng parameters wIth respect to water QuaLIty

TABLE II 
common water QuaLIty parameters [42]

Physical Chemical Biological
Inorganic Organic

Colour Ammonia Total Organic Carbon Total Coliform

Turbidity Calcium Total trihalomethanes E-coli

Dissolved Solids Chloride Phenols Thermotolerant (faecal) Coliform bacteria

Odour Chlorine Residual Chloroform Faecal streptococci

Conductivity Fluoride Aldrin Clostrodium perfringens

pH Magnesium Dieldrin Cryptosporidium
Taste Nitrate Chlordane Giardia
Temperature Nitrite DDT

Potassium Endrin
Sodium Heptachlor
Sulfate Heptachlor epoxide

Zinc Methoxychlor
etc etc
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III.  Key water QuaLIty parameters  
and theIr sources

A. Turbidity
Turbidity is a measure of the extent to which water 

loses its transparency as a result of the presence of 
suspended particles in it [44]. It is the most widely used 
parameter for monitoring the quality of treated water 
and evaluating the effectiveness of treatment process; 
it is used in almost all WTWs because of its low cost 
and easy application [45]. The suspended particles’ 
adsorptive properties make turbidity a significant 
parameter to monitor because they harbour bacteria, 
viruses, parasites and other toxic organic compounds. 
[46] reports that turbidity is a suitable performance 
indicator for online monitoring of membrane treatment 
facilities’ performance since it is easy to detect in a 
case of physical membrane damage, indicating that not 
only is turbidity a nuisance, but also helps in system 
efficiency monitoring. 

 Agricultural activity increases soil erosion, 
resulting in turbidity changes in rivers [47]. During 
rainy seasons, the loose top soil is transported into 
the main rivers through tributaries. [47] found that 
water turbidity is low in less turbulent waters. This is 
supported by studies by [48] [49] [50] which mentioned 
that seasons characterised by wave actions, coastal 
currents, and mixing-stratification of water column 
results in re-suspension of sediments, due to its high 
water turbidity. The re-suspension phenomenon of 
particles is explained using Stoke’s Law of equilibrium, 
which gives the relationship between particle size and 
fluid turbulence as shown below [51];

 

 

 Potassium Endrin  
 Sodium Heptachlor  
 Sulfate Heptachlor epoxide  

 Zinc Methoxychlor  
 etc etc  

The most appropriate water purification 
method can only be determined when the raw 
water quality is fully understood. The choice 
ofwhich water quality parameters to 
checkbefore treatment has a bearing on the 
treatment efficiency and the quality of the final 
water. By checking a few parameters before 
treatment, the final water quality is likely to be 
compromised.  

III. Key water quality parameters and 
their sources 

A. Turbidity 

Turbidity is a measure of the extent to 
which water loses its transparency as a result 
of the presence of suspended particles in 
it[44]. It is the most widely used parameter for 
monitoring the quality of treated water and 
evaluating the effectiveness of treatment 
process; it is used in almost all WTWs because 
of its low cost and easy application [45]. The 
suspended particles’ adsorptive properties 
make turbidity a significant parameter to 
monitor because they harbour bacteria, 
viruses, parasites and other toxic organic 
compounds.[46]reports that turbidity is a 
suitable performance indicator for online 
monitoring of membrane treatment facilities’ 
performance since it is easy to detect in a case 
of physical membrane damage, indicating that 
not only is turbidity a nuisance, but also helps 
in system efficiency monitoring.

 Agricultural activity increases soil erosion, 
resulting in turbidity changes in rivers [47]. 
During rainy seasons, the loose top soil is 
transported into the main rivers through 
tributaries.[47]found that water turbidity is low 
in less turbulent waters. This is supported by 
studies by[48][49][50]whichmentioned that 
seasons characterised by wave actions, coastal 
currents, and mixing-stratification of water 
column results in re-suspension of sediments, 
due to its high water turbidity. The re-

suspension phenomenon of particles is 
explained using Stoke’s Law of equilibrium, 
which gives the relationship between particle 
size and fluid turbulence as shown below[51]; 
 

  (1) 

where: 

ws - the fall velocity 

Ref- Reynolds number 

 d – particle diameter 

 μ – kinematic viscosity of water 

Based on Equation 1, when all parameters 
remain constant, it requires a larger particle to 
settle for high velocities, thus, resulting in high 
Ref values. This is consistent with settling 
velocities for different soil particle sizes 
shown in Table III. 

Table III 

Settling velocity of particles as a function of particle size [52] 

Particle size (μm) Settling velocity *10-3(m/h) 

1000 600000 

100 2000 

10 300 

1 3 

0.1 0.01 

0.01 0.0002 

 

From Table III, settling velocity is 
observed to decrease with particle size.  
Therefore, this suggests that the type of soil on 
which agricultural activities are carried also 
determines the extent of turbidity in a 
downstream body of water. For a soil whose 
composition is predominantly clay, the water 
is likely to be more turbidbecause it consists 
mainly of fine particles which get re-
suspended easily than sandy soils whose 
particles would settle in lower turbulent 
conditions. If the downstream water will be 

 (1)

where:
ws – the fall velocity

Ref  – Reynolds number

d – particle diameter

μ – kinematic viscosity of water

Based on Equation 1, when all parameters remain 
constant, it requires a larger particle to settle for high 
velocities, thus, resulting in high Ref values. This is 
consistent with settling velocities for different soil 
particle sizes shown in Table III.

TABLE III
settLIng veLocIty oF partIcLes as a FunctIon  

oF partIcLe sIze [52]

Particle size (μm) Settling velocity *10-3(m/h)
1000 600000
100 2000
10 300
1 3

0.1 0.01
0.01 0.0002

From Table III, settling velocity is observed to 
decrease with particle size. Therefore, this suggests 
that the type of soil on which agricultural activities 
are carried also determines the extent of turbidity 
in a downstream body of water. For a soil whose 
composition is predominantly clay, the water is likely 
to be more turbid because it consists mainly of fine 
particles which get re-suspended easily than sandy 
soils whose particles would settle in lower turbulent 
conditions. If the downstream water will be used for 
fish pond culture or in aquaculture system, the desirable 
range of turbidity is 30-80 cm for optimal fish growth 
[53].

B. pH
The pH of water is a measure of the acid-base 

equilibrium and in most natural waters, is controlled by 
the carbon dioxide –bicarbonate-carbonate equilibrium 
system [54]. Most dams are basic (alkaline) when they 
are newly constructed, and become acidic with time 
due to the build-up of carbon dioxide (CO2) as organic 
material decompose. An increased CO2 concentration 
lowers pH due to the formation of carbonic acid 
[55], whereas its decrease will cause pH to rise [54]. 
Temperature will affect this equilibrium [54]. pH has 
corrosive effects on water conveyance structures. It 
also has effects on human health such as eye irritation 
and exacerbation of skin disorders at pH levels greater 
than 11 [54]. Below pH 4, redness and irritation 
of eyes have also been reported [54]. The above 
dynamics on pH therefore spell out the importance of 
its quantification before and after water purification. 

If the downstream water will be used for cultivating 
plants, its pH level should range from 5.5 to 7.5.  If 
the pH of  water is not within the acceptable range, 
plants experience nutrient deficiencies [56] [57]. For 
fish pond culture, the pH level of downstream water 
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to be used should range from 6.0 to 9.0 to ensure fish 
growth [58] [59]. 

C. Temperature
Water temperature is a function of both natural 

and artificial activities. It is an important parameter 
because it affects the rate of bacterial activity in water, 
oxygen solubility, as well as the rate of gas exchange 
between the water body and the environment [60]. 
Temperature affects the efficiency of some treatment 
processes as it determines the chemical dissolution 
and reaction rates [60]. Treatment of water in winter 
requires more chemicals for efficient coagulation and 
flocculation than in summer [60]. This means that with 
respect to coagulants and flocculants, it is cheaper to 
purify warm water. On the other hand, warm water has 
also been found to increase chlorine demand because 
of increased reactivity and increased levels of algae 
and other organic matter in water [60]. Even though 
this parameter is not commonly used for water quality 
evaluation, it is very important when optimization 
assessments are to be made on a water purification 
system. Therefore, an optimum temperature ought 
to be determined to balance the coagulant/flocculant 
costs with the chlorine-related costs. If the downstream 
water will be used in aquaculture set-up, the acceptable 
values of water temperature for optimal fish  growth is 
16oC to 33oC [61] [57].

D. Nitrates 
Agriculture, industrial activities, and urban 

development have increased nitrogen discharge 
in the natural water bodies over the years.  Water 
contamination by nitrates is thus one of the most 
widespread threats that needs to be dealt with [62] [63]. 
A study by [40]  which trace the fate of anthropogenic 
nitrogen estimates that about 150Tg (150*1012 g) of 
anthropogenic nitrogen is produced annually, and 
about 23% of it is lost to river flow. Increased nutrient 
fluxes cause eutrophication, hypoxia and acidification 
of water bodies [64]. In their attempt to track different 
nitrate sources, [65] [66] recommended establishment 
of policies aimed at reducing the introduction of 
pollutants in the environment. In many countries such 
policies exist, but their implementation is ineffective.

Like many other pollutants, sources of nitrates in 
water are both natural and anthropogenic. In surface 
waters, they originate from natural nitrification of soil 

organic matter, with additional concentrations from 
such anthropogenic activities as wastewater discharges 
[64]. The breakdown of organic matter first forms 
ammonia, then nitrites, and finally nitrates, suggesting 
that a laboratory test of ammonia gives an indication 
of the nitrate levels in water. In groundwaters, nitrate 
sources are mainly nitrification of soil organic matter, 
and to a lesser extent, manure and septic systems [64]. 
Agricultural activities, such as application of nitrogen-
containing fertilisers, have also been found to increase 
nitrate levels in water sources [5] [67]. For aquaculture 
activities, the acceptable range of downstream water to 
be used is from 0.1 to 4.5 mg/L to ensure fish growth 
and survival [53].

E. Chemical Pollutants-Organics
Decaying leaves, trees and weeds are the 

principal natural sources of organic matter in water. 
Anthropogenic sources include industrial compounds 
such as pesticides [68] [60]. The presence of organic 
matter causes colour, taste and odour problems in 
water [60]. It can also contribute to the formation of 
halogenated compounds when water is disinfected 
using chlorine [60]. The presence of organic matter 
in water attracts microbes. As they metabolize 
the organic material, they consume oxygen and  
eventually deplete the available oxygen [69] [60]. 
Other sources of organic contaminants are summarized 
in Table IV.

TABLE IV
summary oF some sources oF  

organIc water poLLutants [60]

Contaminant Sources

Benzene Industrial chemicals, paints, 
plastics, pesticides

Toluene Industrial solvent

Vinyl Chlorine PVC pipe

Xylene Gasoline production, paint ink, 
detergent

Endrin Insecticides

Lindane Insecticides

Pentachlorophenol Wood preservative

Total trihalomethanes 
(TTHMs)

Chloroform, drinking water 
chlorination by-product.
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From Table IV, both industrial and agricultural 
activities are found to directly or indirectly contribute 
to the addition of organic pollutants in watersheds. 
For example, the furniture manufacturing process 
is an industrial activity which uses wood as a raw 
material. Wood is a product of agricultural activity, 
which in addition to being a source of organic 
matter in water, is a source of such other pollutants 
as nitrates. 

Based on Table 4, the most common source of 
organic contaminants is industrial activity. Properly 
implemented regulatory policies could reduce 
downstream pollution of water bodies. An immediate 
method of managing the point source pollutants  is 
pre-treatment of effluent before discharge. However, 
distributed sources are difficult to measure and manage 
because they are spread over a large area.

F. Chemical Pollutants- Inorganics
The inorganic load of water is affected by effluent 

discharges and geologic conditions and formations 
[60]. Natural water also dissolves rocks and minerals, 
which also increase the inorganics load in water [60]. 
Anthropogenic activities include pesticides, industrial 
waste, paint, etc. [60] which find their way into water 
bodies through various transportation media. Table 
V shows some common sources of the inorganic 
contaminants. It also confirms that industrial activity 
is also the leading source of inorganic pollutant 
sources. The downstream effects of pollutants can be 
reduced by appropriate management methods which 
include pre-treatment of effluent before discharge 
or any other suitable method determined by various 
operations. In Botswana, a notable advancement 
with respect to industrial waste discharge is the 
Trade Effluent Agreement entered into by industrial 
operators and the principal wastewater authority, 
which is the Water Utilities Corporation (WUC). In 
this agreement, WUC and affected industries set the 
limits of inorganic pollutants to be discharged into 
wastewater system. The discharging entities keep 
records of the effluent quality, and ensure that the 
agreed limits are not exceeded. This arrangement 
is important because it reduces the pollutant load 
downstream, thereby improving secondary effluent 
treatment efficiency.

TABLE V 
summary oF sources oF some common InorganIc 

contamInants [60]
Contaminant Sources

Nitrate Sewage, fertilisers, soil and mineral deposits
Fluoride Geological deposits, drinking water 

additive, aluminium industries
Copper Corrosion of household plumbing, natural 

deposits, wood preservatives
Lead Corrosion of lead service lines and fixtures
Arsenic Industrial waste, Geological, pesticide 

residues, smelter operations
Mercury Industrial manufacturing, natural deposits, 

fungicides

G. Biological Pollutants-Bacteria
The process of testing individual pathogens takes 

time, and the associated costs are high [60]. Accepted 
practice is to test for a single species of indicator 
organism Escherichia coli (E.coli), whose presence in 
water indicates sewage contamination [70] [60]. 

E. coli are more prevalent in waters whose turbidity 
is high. This is because they attach themselves to 
the sediment particles which happen to be the main 
constituent of water turbidity. Because E-coli are used 
to living in the warm environment of human intestines, 
their counts are higher in warmer waters. On the other 
hand, sufficient ultraviolet rays of sunlight may kill 
them, thereby lowering their numbers from expected 
counts [71].

Iv.  methods

Different water sources were identified, 
and the water quality parameters measured 
at each of the prior treatment were noted. In 
Botswana, the source of data was Water Utilities 
Corporation (WUC), which is the sole water 
authority tasked with management and operation 
of potable water sources. For other countries, data  
was obtained through review of related literature. This 
data was then used to determine the common water  
quality parameters, and the most significant ones 
for discussion.
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v.  resuLts

Table VI summarizes the different raw water 
parameters measured in the respective dams and 
treatment facilities. The data were obtained from 
WUC and other related literatures.  A tick mark 
indicates that the water quality parameter is 
determined before purification at that particular 
facility.

[46] identified key bulk water quality parameters 
as those including pH, turbidity, chemical oxygen 
demand (COD), dissolved organic carbon, and biomass 
concentrations. These parameters must be determined 
in raw water samples before treatment. The individual 
parameters are discussed in detail in Section 4. 

VI.  dIscussIons

Water quality parameters have been found to be a 
result of anthropogenic activities, and to a lesser extent, 
naturally occurring. The prevalent anthropogenic 

activities are land use-related, while natural dynamics 
include washing off of minerals from rocks.  At high 
concentrations, the water quality parameters become 
undesirable, and are therefore referred to as pollutants. 

Industrial activities have a large contribution 
towards the addition of pollutants in water. These 
activities are therefore significant land use parameters 
affecting downstream reservoir water quality.

With respect to agriculture, many studies focus 
on sediment concentrations (suspended solids) and 
nutrients in water bodies from agricultural activities. 
Sediments are higher in areas of greater agricultural 
intensity. Their yield can be up to ten times greater in 
agriculture intensive locations than in catchments of 
mixed use for a similar storm [72].

Urbanization results in deterioration of downstream 
water quality [73]. Therefore, when rapid urbanization 
is anticipated in a locality, effective and efficient waste 
management facilities must be implemented. The 
percentage population in urban centres connected to 

TABLE VI
 water QuaLIty parameters measured In dIFFerent FacILItIes

Parameter

Facility

Shashe 
Dam*

Lotsane 
Dam*

Gaborone 
Dam*

Palapye 
Water 
Works*

Lake 
Mead 

Hoover 
Dam 

Randfontein 
Municipality**

Johannesburg    
Metro**          

pH        

Turbidity      

Conductivity        

TDS        

COD    

Chlorides        

Total Coliform     

E-coli      

Faecal 
streptococci

   

Nitrates        

Calcium        

Magnesium        

Potassium        

Sulphate        

Silica      

Phosphate      

Mercury    

*Water Utilities Corporation
**Water resource information centre for the Vaal barrage & Vaal Dam catchment forums. 
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flush toilets for Botswana stood at 47.9% and 64.8% in 
2001 and 2011 respectively [74]. This could have been 
a welcome development if treatment facilities were 
equally effective in treating the waste to acceptable 
limits. The low efficiency of such facilities makes 
them sources of pollutants. In this study, it was found 
that even though most pollutants are of significant 
importance given their impact on human health, 
turbidity stands out as the most significant parameter to 
monitor since it harbours viruses and bacteria, and on 
the other hand, it is useful for performance assessment 
of membrane treatment processes because it can be 
detected quicker than other pollutants. Other pollutants 
observed to be of great importance in no particular 
order are pH, temperature, E-coli, DO, and Nitrates. 
Comparing the effects of land use activities involves 
extensive studies on their corresponding downstream 
pollutants, which is beyond the scope of this paper. 

To minimize pollution from agricultural land 
activities, soil less farming method such as hydroponics 
and aquaponics are recommended. In aquaponics 
system,  water recycling and waste management are 
utilized to cultivate plants in hydroponic beds and 
raise fish in aquaculture tanks [61] [59]. The usage of  
minimal water exchange, organic fertilizer from fish 
waste and natural biofilter from plant roots reduce the 
operating cost of the aquaponics system, making it a 
cost-effective system  [61] [59]. It could also minimize 
the pollution caused by soil farming activities.  
In addition to this, the harvested fish and vegetable 
crops from an aquaponic system are organic, healthy 
and safe for human consumption  [61] [59] [75]. 

VII. concLusIon

Upstream land use parameters have a contribution 
to the water quality of downstream water sources. 
Population density, area and intensity of land use have a 
positive correlation with downstream pollutant loading. 
Distance from a pollutant source to the receiving 
environment has also been found to affect the pollutant 
concentration; some decompose during transportation, 
while new compounds are formed as pollutants interact 
with the environment. Vegetation cover reduces 
downstream turbidity. Raw materials and industrial 
technologies also determine the downstream pollution 
of water bodies. Adoption of best environmental 
practices and pre-treatment technologies before 
effluent discharge are proven methods of managing 

downstream pollution.  The next study shall focus on 
the use of machine learning techniques to optimize 
land use allocation. A  case study on water quality 
management for sustainable agriculture may be done 
as a future directive.

reFerences

[1]  J. Allan, “Landscapes and riverscapes: The influence of land 
use and stream ecosystems,” Annual Review of Ecology, 
Evolution, and Systematics, vol. 35, pp. 257-284, 2004. 

[2]  H. Cheng and Y. Hu, “Water pollution during China’s 
industrial transition,” Environmental Development, vol. 8, 
pp. 57-73, 2013. 

[3]  X. Miao, Y. Tang, C. Wong and H. Zang, “The latent causall 
chain of industrial water pollution in China,” vol. 196, pp. 
473-477, 2016. 

[4]  T. Kistemann, A. Rechenburg, E. Rind and C. Schreiber, “The 
impact of land use on microbial surface water pollution,” 
Environmental Health, vol. 218, no. 2, pp. 181-187, 2015. 

[5]  O. Buck, D. Niyogi and C. Townsend, “Scale-dependence of 
land use effects on water quality of streams in agricultural 
catchments,” Environmental Pollution, vol. 130, pp. 287-
299, 2004. 

[6]  S. Gu, H. Han, S. Li, W. Liu and Q. Zhang, “Water quality 
in relation to land use and land cover in the upper Han River 
Basin, China,” Catena, vol. 75, pp. 216-222, 2008. 

[7]  L. Lin, Q. Liu, G. Qian, K. Yang and J. Zhao, “Influences of 
land use on water quality in a reticular river network area: 
A case study in Shanhai, China,” Landscape and Urban 
Planning, vol. 137, pp. 20-29, 2015. 

[8]  B. M. Meneses, R. Reis, R. Savaira and M. Vale, “Land use 
and land cover changes in Zezere watershed (Portugal)-Water 
quality implications,” Science of the Total Environment, pp. 
527-528, 439-447, 2015. 

[9]  L. Moschini, A. Oliveira, A. Souza and M. Tanaka, “Influence 
of watershed land use and riparian characteristics on 
biological indicators of stream water quality in south eastern 
Brazil,” Agriculture, Ecosystems and Environment, vol. 219, 
pp. 333-339, 2016. 

[10]  D. Ahearm, M. Anderson, R. Dahlgren, J. Johnson, R. 
Sheibley and K. Tate, “Land use and land cover influence 
on water quality in the last freeflowing river draining the 
western Sierra Nevada, California,” Journal of Hydrology, 
vol. 313, pp. 234-247, 2005. 

[11]  X. Flotasts, A. Gil, B. Rebolledo and J. Sanchez, “Assessment 
of groundwater vulnerability to nitrates from agricultural 
sources using GIS-compatible logic multicriteria model,” 
Journal of Environmental Management, vol. 171, pp. 70-80, 
2016. 

[12]  European Commission, “Directive of the Council of 
December 12, 1991 concerning the protection of waters 
against pollution caused by nitrates from agricultural 
sources,” European Commission, Brussels, pp. 1-8, 1991. 

[13]  C. Rougoor, A. Tiktak and H. Van Grinsven, “Evaluation 
of the Dutch implementation of nitrates directive, the water 
framework directive and the national emissions ceilings 
directive,” NJAS-Wageningen Jouranal of Life Sciences, 2016. 



10 Journal of Computational innovations and EnginEEring appliCations  vol. 2 no. 1 (2017)

[14]  J. Eledi and E. Kuusaana, “Customary land allocation, 
urbanization and land use planning in Ghana: Implications 
for food systems in the Wa Municipality,” Land Use Polic, 
vol. 48, pp. 454-466, 2015. 

[15]  Statistics Botswana, “Population and housing census 2011 
analytical report,” Statistics Botswana, 2011. 

[16]  X. Q. Zhang, “The trends, promises and challenges of 
urbanization in the world,” Habitat International, vol. 54, 
no. 3, pp. 241-252. 

[17]  D. Nir, “Man, a geomorphological agent: An introduction to 
anthropic geomorphology,” D Reidel Publishing Company, 
1983. 

[18]  S. Belayutham, V. Gonzalez and T. Yiu, “The dynamics 
of proximal and distal factors in construction site water 
pollution,” Journal of Cleaner Production, vol. 113, pp. 
54-65, 2016. 

[19]  A. Burton and R. Pitt, Storm water effects handbook: a 
toolbox for watershed managers, scientists and engineers, 
USA: Lewis Publishers, 2002. 

[20]  X. Li and P. Liu, “Embedding sustainable development 
strategies in agent-based models for use as a planning too,” 
International Journal of Geographical Information Science, 
vol. 22, pp. 21-45, 2008. 

[21]  Y. Liu, Y. Pan, Z. Yu and P. Zhang, “Land use pattern 
optimization based on CLUE-S and SWAT models 
for agricultural non-point source pollution control,” 
Mathematical and Computer Modelling, vol. 58, pp. 588-
595, 2013. 

[22]  B. Ai, X. Li, X. Liu and J. Ou, “Combining system dynamics 
and hybrid particle swarm optimization for land use 
allocation,” Ecological Modeling, vol. 257, pp. 11-24, 2013. 

[23]  X. Li, L. X. P. and Z. Tan, “Zoning farmland protection 
under spatial constraints by integrating remote sensing, GIS 
and artifitial immune systems,” International Journal of 
Geographical Information Science, vol. 25, pp. 1829-1848, 
2011. 

[24]  M. Fu, W. Fu, J. Tao, J. Zhang and Z. Zhang, “A tradeoff 
approach of optimal land allocation between socioeconomic 
development and ecological stability,” Ecological Modeling, 
vol. 272, pp. 175-187, 2014. 

[25]  G. Mendoza, “A mathematical model for generating land 
use allocation alternatives for agroforestry systems,” 
Agroforestry Systems, vol. 5, no. 4, pp. 443-453, 1987. 

[26]  T. Bannet and T. Svoray, “Urban land use allocation in 
a Mediterranean ecotone: habitat heterogeneity model 
incorporated in a GIS using a multi criteria mechanism,” 
Landscape and Urban Planning, vol. 72, pp. 337-351, 2005. 

[27]  A. Vold, “Optimal land use and transport planning for the 
Greater Oslo area,” Transportation Research Part A, vol. 
39, pp. 548-565, 2005. 

[28]  A. Basile, A. Cassano and N. Rastogi, “18-Membrane 
technologies for water treatment and reuse in the food and 
beverage industrie,” Advances in Membrane Technologies 
for Water Treatment, pp. 551-580, 2015. 

[29]  P. Anmesto, L. Barreiro, A. Delgado, M. Estevez, J. Munoz, 
E. A. Rodriguez, P. Rodriguez and M. Sanjurjo, “Lithological 
and land-use based assessment of heavy metal pollution in 
soils surrounding a cement plant in SW Europ,” Science of 
the Total Environment, vol. 562, pp. 179-190, 2016. 

[30]  S. Bosowski, O. Botalova, D. L., S. Illgut and J. Schwarzbauer, 
“Identification of characteristic organic contaminants 
in wastewater from modern paper production sites and 
subsequent tracing in a river,” Journal of Hazardous 
Materials, vol. 300, pp. 254-262, 2015. 

[31]  G. Siciliano and L. Smith, “A comprehensive review of 
constraints to improved management of fertilizers in China 
and mitigation of diffuse water pollution from agriculture,” 
Agriculture, Ecosystems & Environment, vol. 209, pp. 15-25, 
2015. 

[32]  D. Norse, “Non-point pollution from crop production: global, 
regional and national issues,” Pedosphere, vol. 15, pp. 499-
508, 2005. 

[33]  A. Collins and Y. Zhang, “Exceedance of modern 
‘background’ fine-grained sediment delivery to rivers 
due to current agricultural land use and uptake of water 
pollution mitigation options across England and Wales,” 
Environmental Science & Policy, vol. 61, pp. 61-73, 2016. 

[34]  D. Pimentel, “Soil erosion and the threat to food security 
and the environment,” Ecosystem Health, vol. 6, no. 4, pp. 
221-226, 2000. 

[35]  C. Anser, C. Barford, G. Bonan, F. Carpenter, M. Chapin, G. 
Coe, G. Daily, R. DeFries, J. Foley, H. Gibbs, J. Helkowski, 
T. Holloway, E. Howard, C. Kucharik, J. Monfreda. C.’ 
Patz, I. Prentice, N. Ramankutty and P. Snyder, “Global 
consequences of land use,” Science, vol. 22, pp. 570-574, 2005. 

[36]  A. Ghulam, S. Hartling and Y. Jordan, “Traits of surface 
water pollution under climate and land use changes: A remote 
sensing and hydrological modeling approach,” Earth-Science 
Reviews, vol. 128, pp. 181-195, 2014. 

[37]  J. Kros, J. Lesscehn, Z. Miatkowski, O. Oenema, S. Pietrzak, 
M. Pinto, G. Velthof and J. Webb, “The impact of Nitrates 
Directive on nitrogen emissions from agriculture in the EU-
27 during 2000-2008,” Science of the Total Environment, pp. 
468-469, 1225-1223, 2014. 

[38]  3M, “How freshwater becomes polluted,” [Online]. 
Available: http://www.3m.co.uk/intl/uk/3Mworldlywise/
geography-river-pollution-3.htm. [Accessed 8 June 2015].

[39]  R. Rickson, “Can control of soil erosion mitigate water 
pollution by sediments?,” Science of the Total Environmen, 
pp. 468-469, 1187-1197, 2014. 

[40]  W. Schlesingher, “On the fate of anthropogenic nitrogen,” 
Environmental Sciences, vol. 106, pp. 203-208, 2009. 

[41]  G. Billen, E. Boyer, N. Breemen, Dam, M. D. N. Eve, C. 
Goodale, R. Howarth, N. Jaworski, K. Lajtha, B. Mayer, K. 
Nadelhoffer, K. Paustian and S. Seitzinger, “Where did all 
the Nitrogen go? Fate of nitrogen inputs to large watersheds 
in the northeastern U.S.A.,” Biochemistry, vol. 57/58, pp. 
267-293, 2002. 

[42]  J. Alizadeh and R. Kavianpour, “Development of wavelet-
ANN models to predict water quality parameters in Hilo 
Bay, Pacific Ocean,” Marine Pollution Bulletin, vol. 98, pp. 
171-178, 2015. 

[43]  Botswana Bureau of Standards, “Drinking water 
specification,” Botswana Bureau of Standards, 2009. 

[44]  H. Cao, Y. Cao, H. Gui, J. Liu, L. Lu, H. Wang, Y. Yang and 
H. You, “The design of rapid turbidity measurement system 
based on single photon detection techniques,” Optics & Laser 
technology, vol. 73, pp. 44-49, 2015. 



11A Survey on MAnAgeMent of upStreAM LAnd  pAteLLA, et AL.

[45]  T. Chen, J. Nan and M. Yao, “Effect of particle size 
distribution on turbidity under various water quality levels 
during flocculation processes,” Desalination, vol. 354, pp. 
116-124, 2014. 

[46]  A. Branch, G. Carvajal, H. Coleman, J. Drewes, S. Khan, 
P. Le-Clech, R. Stuetz and T. Trinh, “Hazardous events in 
membrane bioreactors- Part 1: Impacts on key operational 
and bulk water quality parameters.,” 2015. 

[47]  S. Cambell, R. Marchant, D. Reading, J. Ridd and P. Ridd, 
“A drifter for measuring water turbidity in rivers and coastal 
oceans,” Marine Pollution Bulletin, vol. 91, pp. 102-106, 2015. 

[48]  G. Allen, P. Bassoullet, C. De Grandpre and Y. Du Penhoat, 
“Effects of tides on mixing and suspended sediment transport 
in macrotidal estuaries,” Sediment Geol., vol. 26, pp. 69-90, 1980. 

[49]  N. Bi, A. Wang, H. Wang, H. Xiao and X. Zeng, “Seasonal 
distribution of suspended sediment in the Bohai Sea, China,” 
Continental Shelf Research, vol. 90, pp. 17-32, 2014. 

[50]  H. Chiang, C. Lee and Y. Lee, “Adrupt state change of river 
water quality (turbidity): Effect of extreme rainfalls and 
typhoons,” Science of the Total Environment, pp. 557-558, 
91-101, 2016. 

[51]  T. Aras and S. Tigrek, Reservoir Sediment Management, 
London, UK: Taylor & Francis Group, 2012. 

[52]  N. Gray, Water Technology, Oxford, U: Elsevier Ltd, 2010. 
[53]  A. Bhatnagar and P. Devi, “Water Quality Guidelines for the 

Management of Pond Fish Culture,” International Journal of 
Environmental Sciences, vol. 3, no. 6, pp. 1980-2009, 2013. 

[54]  World Health Organization, “pH in drinking water,” World 
Health Organization, Switzerland, 2003.

[55]  Central Statistics Office Botswana, “Botswana Water 
Statistics,” Gaborone, Botswana, 2009.

[56]  Somerville, C; et al., “Small-scale Aquaponic food 
production: Integrated fish and plant farming,” FAO technical 
technical paper no. 589, FAO, Rome, 2014.

[57]  A. M. Nagayo, E. Vega, C. Mendoza, R. S. Al Izki and 
R. Jamisola, “An Automated Solar-Powered Aquaponics 
System towards Agricultural Sustainability in the Sultanate 
of Oman,” 2017 IEEE International Conference on Smart 
Grid and Smart Cities, Singapore, July 23-26, 2017, p. 
[submitted for publication], 2017. 

[58]  J. Buttner, R. Soderberg and D. E. Terlizzi, “An Introduction 
to Water Chemistry in Freshwater Aquaculture,” NRAC Fact 
Sheet No. 170-1993, pp. 1-4, 1993. 

[59]  A. Nagayo, R. Al Yahmadi and E. Gonzalez, “Work in 
Progress: A Smart Solar-Powered Aquaponics Greenhouse 
System to Promote Sustainable Agriculture to Engineering 
Students,” The 47th Frontier in Educ. Conf., Indianapolis, 
Indiana, USA, October 18-21, 2017, p. [submitted for 
publication], 2017. 

[60]  J. E. Drinan and F. Spellman, “Water and wastewater 
treatment,” Taylor & Francis Group, New York, USA, 2013.

[61]  A. Nagayo and R. Jamisola, “Cloud-based Wireless 
Monitoring System and Control of a Smart SolarPowered 
Aquaponics Greenhouse to promote Sustainable Agriculture 
and Fishery in an Arid Region,” BIUST Research and 
Innovation Forum 2017, Palapye, Botswana, pp. 144-151, 2017. 

[62]  A. Andres, J. Gilliam, J. Karr and W. Showers, “Tracing 
nitrate transport and environmental impact from intensive 
swine farming using delta nitrogen-15,” Journal of 
Environmental Quality, vol. 30, pp. 1163-1175, 2001. 

[63]  T. Addiscott and N. Benjamin, “Nitrate and human health. 
Soil Use Management, 20,” pp. 98-104, 2004. 

[64]  L. Harker, I. Hutcheon and B. Mayer, “Use of major ion 
and stable isotope geochemistry to delineate natural and 
anthropogenic sources of nitrate and sulfate in the Kettle 
River Basin, British Columbia, Canada,” Comptes Rendus 
Geoscience, 2015. 

[65]  L. Cong-Qiang, Y. Fu-Jun, H. Jian, L. Si-Liang and Z. Zhi-Qi, 
“Using dual isotopes to evaluate sources and transformation 
of nitrogen in the Liao River, northeast China,” Applied 
Geochemistry, vol. 36, pp. 1-9, 2013. 

[66]  J. Hu, S. Li and F. Yue, “The distribution of nitrate sources 
in Liao Rivers, China, based on isotopic fractionation and 
Bayesian mixing model,” Procedia Earth and Planetary 
Scienc, vol. 13, pp. 16-20, 2015. 

[67]  P. Athanasopoulos, “Using stable isotopes to develop a 
regional hydrogeological model and characterise nitrate 
sources in groundwater (MSc Thesis),” Department of 
Geological Sciences, University of Saskatchewan,Saskatoon, 
Saskatchewan, 2009. 

[68]  A. Botero-Coy, M. Bustos-Lopez, R. Diaz, C. Fuentes, F. 
Hernandez, M. Inabez, G. Penuela and T. Portoles, “Use 
of time-of-flight mass spectrometry for large screening of 
large organic pollutants in surface waters and soils from 
rice production area in Colombia,” Science of the Total 
Environment, vol. 439, pp. 249-259, 2012. 

[69]  J. Lin, S. Liu, Y. Wu, J. Zhang and Z. Zhu, “Hypoxia off the 
Changing (Yangtze River) Estuary: Oxygen depletion and 
organic matter decomposition,” Marine Chemistry, vol. 125, 
pp. 108-116, 2011. 

[70]  Minnesota Pollution Control Agency, “Bacteria: Sources, 
types, impact on water quality- A general overview,” 2008.

[71]  U. S. d. o. Agriculture, “Chapter 2: Bacteria and water 
quality,” 2008.

[72]  J. E. D. Allan and J. Fay, “The influence of catchment land 
use on stream integrity across multiple spatial scales,” 
Freshwater Biology, vol. 37, pp. 149-161, 1997. 

[73]  X. Wang, “Integrating water quality management and 
land use planning in a watershed context,” Journal of 
Environmental Management, vol. 61, pp. 25-36, 2001. 

[74]  Statistics Botswana, “Botswana environment statistics: 
Human settlements report 2013,” Statistics Botswana, 2014.

[75]  S. Diver and L. Rinehart, Aquaphonics – Integration of 
Hydrophonics with Aquaculture. NCAT., 2010.


