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SUMMARY

The study was carried out in the Dukan catchment area to evaluate the impacts of natural
processes and anthropogenic activities on physicochemical and hydrological qualities of
rivers were fed Dukan Lake. Twenty one sampling sites were selected for collecting water on
the main Qalachwalan-Lesser Zab River, Hizop River, Inlet of Dukan Lake, Dukan outlet and
other tributaries from Ranya plains that fed Dukan Lake and 34 soil samples were also
collected around the study area.

Water samples were collected and analyzed in (August, November, February, March, April
and May) depending on discharge fluctuations from these sites during the period of August,
2016 to May, 2017. The water samples were analyzed for temperature, turbidity, pH,
conductivity, dissolved oxygen, biochemical oxygen demand, total solid, total dissolved
solids, total suspended solid, nutrients (nitrate, nitrite, ammonium and phosphorus), color,
major cations and anions, and heavy metals. In addition to assess rivers water quality by using
some indices and models like (metal pollution indices and sag curve model). The results were
compared with World Health Organization (WHO) and Iragi Quality Standards (1QS) for
drinking water and some international standards for irrigation water. The results were showed
that the water temperature ranged from (7.7 to 31.4) °C, the lowest value during February and
highest value during August were recorded. Turbidity values were ranged from (<0.01 to 659)
NTU. The lower turbidity was found at sample site (W21-Qashgoli) and sample site (W2-
Mawakan) during August and November respectively, while the highest value was found at
sample site (W12-Doli-Shahidan) during November.

The pH was ranged from (7.45 to 8.70). The least water pH value was noted from the
sampling site (W21-Qashqoli) during November, beside the highest value was found at
sampling site (W10-Zharawa) during February. Electrical conductivity values were ranged
from (218 to 976) uS cm™ at field temperature. The lowest EC value was observed at
sampling site (W15-Dukan-Lake) during May and the highest value was at sampling site
(W18-Hizop) during August, while the electrical conductivity at lab temperature ranged
(220.12 to 1120.26) pS cm™. The lowest lab EC value was observed at sampling site (W13-
Darbany-Ranya) during August and the higher value was recorded during November at
sampling site (W14-Bosken). The lowest and highest values of water salinity at sampling site
(W13-Darbany-Ranya) and (W14-Bosken) during August and November and ranged from
(140.88 to 716.97) mg L™



Dissolve oxygen, biochemical oxygen demand, total solids, total dissolved solids and total
solids values were ranged from (4.30 to 10.35, 0.13 to 78.3, 145 to 1449, 126 to 611 and 1 to
1228) respectively. The lowest value of DO during May was recorded at water sampling site
(W14-Bosken), while the highest amount was recorded during February at sampling site (W9-
Sndollan). The lowest value of BOD was recorded during February at sampling site (W13-
Darbany-Ranya) and highest value recorded in all over the periods at sampling site (W14-
Bosken). The lowest value of TS during May at sampling site (W15-Dukan-Lake) was
recorded and highest TS were at sampling site (W12-Doli-Shahidan) during November. The
lowest values of TDS were found at sampling sites (W8-Hallsho) during April, (W13-
Darbany-Ranya) and (W15-Dukane-Lake) during May, but the highest TDS was at sampling
site (W18-Hizop) during the August and it can be seen that sampling site (W20-Jali) and
(W21-Qashqoli) during November and August have the lowest observed TSS, while the
highest observed TSS value during November at sampling site (W12-Doli-Shahidan).

Water nutrient levels from high to low value were (1.1 to 7.9, 0.03 to 5.10, 0.01 to 1.16 and
0.01 to 0.22) mg L* for NOs-N, NH,-N, PO,P and NO,-N respectively. Minimum
concentration of nitrate was noted at some sites during November and maximum
concentration was found at sampling site (W6-Qashan) during February. The lowest and
highest NH;-N concentration were noted at the sampling site (W6-Qashan) and (W14-
Bosken) during November respectively. Among the sites, the lowest PO4-P concentration was
noted from the sampling site (W2-Mawakan) during May, whereas the highest concentration
was found at sampling site (W14-Bosken) during February and the concentration of nitrite
was found in small amount in all sampling sites and the highest value was founded during
May at sampling site (W14-Bosken). The discharge and color values for water samples were
ranged from (0.01 to 321) m® sec™* and from (0.2 to 93.2) Hazen unit respectively. The lowest
discharge value was at sampling site (W18-Hizop) recorded during August, while the highest
value was at sampling site (15-Dukan-Lake) during March. The minimum and maximum
color values were recorded at sampling site (W5-Kuna-Masi) and (W14-Bosken) during
August respectively.

The pattern of ionic dominance in the rivers/streams during the present study was HCO3 >
S04% > Ca®* > CI'> Na* > Mg* > K" and the total hardness ranged from (121.41 to 377.14)
mg L. The lowest amount of TH was recorded during May at sampling site (W15-Dukan-
Lake), while the highest amount of TH was during August at sampling site (W18-Hizop). The
concentration of heavy metals in water samples from high to low value were, Cr (0.211 to
0.790) mg L, Fe (0.088 to 0.389) mg L™, Zn (0.112 to 0.223) mg L™, Cd (0.074 to 0.153)



mg L, Pb (0.006 to 0.091) mg L™, Mn (0.001 to 0.067) mg L™ and Cu (0.002 to 0.016) mg
L™t It was found that the heavy metal concentrations at river water sampling site (W14-
Bosken) were higher than the measured concentrations at other sites.

Clearly appeared that the highest pollution loads of physicochemical and heavy metal
concentrations comes from water sampling site (W2-Mawakan, W9-Sndollan, W12-Doli-
Shahidan, W14-Bosken, W17-Khdran, W18-Hizop, W19-Smaquli and W20-Jali) by the
impact of anthropogenic activates like (agricultural activities which are practiced at different
sites along the river, refuse dump very close to or into the rivers, disposal of domestic wastes
and open dump area leachate). In addition to natural processes, like weathering of the rock
and natural runoff of the soil. The average self-purification capacity in the studied water sites
more than unity for August (1.173), November (2.037), February (1.011), March (1.171) and
May was (3.032), which were higher than the April (0.297). The reason for these values
except April could be as a result of less DO reduction. The month of April seems to be the
most polluted month due to (high DO reduction) exactly at (W14-Bosken and W12-Doli-
Shahidan) by the force of anthropogenic activates. At all the sites, the irrigation water quality
criteria from high to low value were ranged (220.12 to 1120.26) uS cm™ for salinity, (3.04 to
35.48) % for soluble sodium percent, (0.08 to 2.09) meq L™ for sodium adsorption ratio and (-
2.015 to 0.182) meq L™ for residual sodium carbonate. Depending on calculated criteria for
irrigation water quality of studied the river waters were compared with international water
quality standards set for irrigation. EC of collected water samples fall in the class ‘low to
high’, SAR in ‘excellent’, SSP in ‘good to excellent’ and RSC in ‘suitable’ for irrigation
water quality.

The result of soil analysis revealed that the soil pH values ranged (7.29 to 8.09). The lowest
pH value was found in the croplands at soil sample (S22-Twasuran), while the highest value
was recorded at soil sample (S31-Smaquli near bridge). The EC,, TDS, bulk density, organic
matter and saturated hydraulic conductivity values of soil samples were ranged from (309.56
to 1305.97) uS cm™, (198.56 to 835.82) mg L?, (1.33 to 1.52) g cm™, (0.60 to 2.98) % and
(2.52E-06 to 6.12E-04) cm sec™ respectively. EC. and TDS took the same trend at all sites
were the lowest values at soil sample (S11-Qashan near bridge) and highest at soil sample
(S7-Wazha), the lowest value of bulk density was under the crop land at soil sample (S28-
Khdran up) and the highest value was recorded on the grazing land at soil sample (S34-Jali
up), the lowest value of SOM was found in the croplands at soil sample (S21-Dolishahidan
near bridge), while the highest value was recorded in the natural grassland at soil sample

(S31-Smaquli near bridge). The lowest SHC was recorded at soil sample (S21-Dolishahidan



near bridge), while the highest was recorded at soil sample (S34-Jali up). The particle size
distrbution of the soil samples are showed that the texture classes: clay, clay loam, silty clay,
silty clay loam, loam, silt, silty loam and sandy loam around the study area. The pattern of
ionic dominance in the soil samples for the study area was HCO3 > Ca®* > 8042‘ > Cl" > Na"
> Mg®* > K*, while the nutrient levels from high to low value were (0.28 to 21, 0.4 to 5.4,
0.15 to 3.59 and 0.03 to 0.28) for NO3z-N, PO4-P, NH4-N and NO,-N respectively. The highest
values of NO3-N and NO,-N were recorded in soil sample (S24-Bosken). The NH4-N and
PO,4-P concentrations were the highest in soil sample (S29-Khdran near bridge).

The heavy metals concentration in soils from high to low value were Fe (24.50 to 1225.50)
mg kg™, Mn (16.25 to 672.50) mg kg™, Zn (2 to 22) mg kg™, Cu (0.50 to 10.25) mg kg™, Cr
(0.25 to 6.50) mg kg, Pb (0.11 to 1.66) mg kg™ and Cd (0.02 to 0.75) mg kg™. The lowest
value of iron was noted at (S34-Jali up), while highest value was recorded at soil sample
(S32-Smaquli up). Soil sample (S9-Kuna-Masi up) was recorded the lowest value of Mn and
(S32-Smaquli up) had the highest value. Soil sample (S25-Chwarqurna) had the lowest Zn
value, but (S11-Qashan near bridge) had the highest. The lowest value of Cu was recorded at
soil sample (S9-Kuna-Masi up); whereas the highest value was noted at (S7-Wazha). Soil
sample (S2-Mawakan) had the lowest value of Cr, while (S32-Smaquli up) had the highest
value. Soil sample (S26-Sarwchawa) had the lowest value of Pb, as to (S4-Jogasur near
bridge) had the highest value and soil sample (S33-Jali low) had the lowest value of Cd, as for
(S6-Kanarwe) had the highest value.

The soil erosion values (ton/hectare/year) for all studied watersheds from high to less value
were Zharawa > Kuna-Masi > Shawr > Kawe > Hallsho > Doli-Shahidan > Siwayl > Qarani-
Agha > Twasuran > Mawakan > Khdran > Jali > Joga-Sur > Bosken > Smaquli > Dolabafra.
The highest value of erosion observed at Zharawa watershed (46.843) ton/hectare/year and the
lowest value of erosion during this study was recorded at Dolabafra watershed (19.976)
ton/hectare/year. It obviously appeared that Zharawa, Kuna-Masi and Shawr watersheds had
highest load of erosion compare with other. The highest value of sediment yield using Bali
method was observed at Doli-Shahidan watershed (17.196) ton/hectare/year, and the less
value was appeared at Dolabafra watershed (6.449) ton/hectare/year, but the highest value of
the sediment yield by using the FSM method was (7.037) ton/hectare/year at Bosken
watershed, while the less value (0.803) ton/hectare/year recorded at Siwayl watershed. It
seemed that the highest value of sediment delivery ratio (0.411) was at Bosken watershed, and

the less value of SDR (0.116) observed at Siwayl watershed.
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CHAPER ONE
1. INTRODUCTION

There is a fact about the water bodies as they are the mirror of their environment as well as
they reflect the society exists around surface water bodies and collect all wrongdoing of
humanity (Roopshah, 2016). Water is very essential for human beings and the health of its
ecosystem. Thus quality of water is extremely important. The surface water quality is a very
sensitive issue and is also a great environmental fear worldwide. The water quality from the
rivers has a considerable importance since these water resources are generally used for
multiple matters such as: drinking domestic and residential water supplies, agriculture,
hydroelectric power plants, transportation and infrastructure, tourism, recreation, and other
human or economic ways to use water (Venkatramanan et al., 2014).

Water is needed by all living organisms. It plays an important role in many natural processes
and is essential in numerous physical and chemical reactions. So, surface water resources are
not adequate to fulfill the demand of water (Biswas et al., 2012). This little water source is
also under pressure of anthropogenic activities that polluting throughout the world. Kazi et al.
(2009) mentioned that water quality is largely depends on the natural processes and
anthropogenic activities like industrial activities, municipal waste management, homesteads
and agricultural activities; which make up a continuous polluting source. Rapid
industrialization along with speedy population growth made great pressure on the demand of
fresh water for the last few decades. Avnish and Saksena (2010) added that pollution of
surface water is largely a problem due to rapid urbanization and industrialization. The large
scale urban growth due to increase in population or migration of people from rural areas to
urban areas has increased domestic effluents.

An anthropogenic activity like larger agricultural runoff has become a threat problem of
surface water quality around the world (Yadav et al., 2014). Generally, all of land use and
anthropogenic activities create a serious threat not only to aquatic ecosystem in the river but
also the provinces in which river water is used as domestic supply. Wastes usually contain a
wide variety of organic and inorganic pollutants including plastics, heavy metals, pesticides
and suspended solids (Rose, 2011). Pollutants entering a river system normally result from
many transport pathways including storm water runoff, discharge from ditches and creeks,
groundwater seepage and atmospheric deposition. Because of the anthropogenic activities,

fresh water resources are deteriorating day-by day at a very fast rate (Ramadhan, 2007).



Chapter One Introduction

1.1 Previous Studies

A number of studies on water quality with respect to drinking and irrigation purposes have
been carried out in the different locations of the world and various works or studies have also
been done on water quality in Kurdistan Region but there are little or no studies about the
impacts of anthropogenic and natural processes on water quality. Most of the previous studies

were focused on hydrogeology, hydrology and limnological characteristics.

1.2 Objectives of the Study

The specific objectives of the study are:

(a) To identify the impact of each anthropogenic activity and natural process on the water
quality in the studied rivers;

(b) To evaluate the degree of anthropogenic contamination using metal pollution indices and
oxygen Sag model;

(c) To assess the river water quality for drinking and irrigation using some indices.

(d) To check the entry of pollutants directly in to the river and determine the spatial location
of pollutants, and

(e) To estimate the river erosion and sediment delivery ratio.



CHAPTER TWO
2. LITRATURE REVIEW

2.1 Water Quality

Water quality plays essential roles in habitat protection, agriculture, industry, and public
health as proved by (Xiao et al., 2016). Water is a most plentiful physical substance and
transparent liquid on earth. All processes of life are direct or indirectly connected to water;
therefore human beings cannot survive much longer without water, as water plays a central
and significant role for every cell and organ system in the human body to function property.
Water plays an important role in the continuation of life and numerous economic sectors such
as agriculture, aquaculture, electricity generation, industries and other important activities
(Tyagi et al., 2013). According to (USGS, 2010) water quality is a term used to express the
suitability of water to sustain various uses or processes based on selected physical, chemical,
and biological characteristics. The quality of water that human beings consume is critical in
determining the quality of their lives and the usefulness of water for a particular purpose
(Fetter, 1994).

Du Plessis et al. (2014) investigated water quality is becoming a global fear as a result of the
important role it plays economically and socially. However in the last decades, we noticed the
deterioration of water quality due to industrialization and human activities. It has become a
very big issue today, partly because of the rapid growth of the nation's population and urban
expansion and development. Rural areas can also contribute to water quality problems.
Medium to large-scale agricultural operations can generate in animal feed, geted fertilizer,
and manure, more nitrogen and phosphorus than can be used by crops or animals. These
excess nutrients have the possible to degrade water quality if included into runoff from farms
into streams and lakes. According to (Patil et al., 2012) water quality is used to assess the

health of water body and the purpose for which it has been used.

2.2 Factors Affecting Water Quality

Carpenter et al. (1998) stated that the hydro-chemical composition including quality of river
water is affected by both the anthropogenic activities and natural processes. Natural processes
influencing water quality include weathering of soil and rock, rainfall rate, surface runoff,
sediment transport, changes in stream hydrology, erosion and forest fires, whereas

anthropogenic activities include a range of activities that can degrade the water quality,



Chapter Two Litrature Review

depending upon the intensity and duration of contribution from point and non-point sources as
studied by (Tarvainen et al., 1997), include urban development and expansion, disposal of
dead bodies, solid waste disposal, industrial effluents, mining, agricultural drainage and
domestic discharges in the rivers (Zhao et al., 2015). Today, freshwater resource is becoming
scarcer and more polluted as the stresses on water quality and quantity due to development
and increasing climate change every year and is as strongly felt in our country in the rivers.
There are many factors that have an impact on water quality. Some of the main ones are
natural process and anthropogenic factors.

Natural process factors are naturally caused, such as wind erosion and weathering.
Anthropogenic factors are human produced causes such as fossil fuels, fertilizer, and waste
disposal. Additionally, anthropogenic and animal activities affect water quality as stated by
(GSDA and CGWB, 2014). Furthermore, (Marale et al., 2012) found that the geology of the
area, the soil condition, and contamination through seepage also contribute to alterations in
the quality and availability of water. Wind erosion causes damage to water quality by
increasing sedimentation, which causes one of the largest impacts to the quality of streams
and other bodies of water. Weathering has a negative effect on water quality as well. It
damages water quality by fragmenting the structure of aquatic ecosystems.

Esterby (1996) detected that river discharge has been used extensively as a covariate in water
quality assessment and in the development of water quality criteria for rivers being evaluated
for disposal of wastewater, based on low discharge conditions. However there is variation in
component concentration and stream discharge among parameters with varying interactions in
different rivers. This can be attributed to the fact that water in streams and rivers is influenced
by avariety of factors such as drought or dry season which result in fluctuations in water
quality as shown by (Atasoy et al., 2006). Stream water quality variations are shaped by
natural as well as human activities in the catchment area. Qadir et al. (2008) made a study on
the effects of pollutants are mostly high near the source, however; it becomes diluted as water
traverses the distance. Many authors have highlighted the harmful effects of natural and
anthropogenic factors on water quality worldwide variations (Zeng and Rasmussen, 2005 and
Qadir et al., 2008).

2.2.1 Natural factors affecting water quality

According to (UNEP, 2004), without human influences, water quality would be determined
by the weathering of bedrock minerals, atmospheric processes of evapotranspiration and the

deposition of dust and salt by wind, natural leaching of organic matter and nutrients from soil,
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hydrological factors that lead to runoff, and biological processes within the aquatic
environment that can alter the physicochemical composition of water. For this reason, the
surface water quality not only depends on natural phenomenon (precipitation and erosion) but
also on anthropogenic actions (urban, industrial and agricultural activities) as suggested by
(Papatheodorou et al., 2006).

Natural events such as heavy rainfall and storms lead to excessive erosion and landslides,
which in turn increase the content of suspended materials in affected rivers and lakes. The
quality of surface water at any point in a watershed reflect the combined effect of many
physical, chemical, and biological processes that affect water as it moves along hydrologic
pathways over, under, and through the land. The physical characteristics and mineralogical
composition of soil and bedrock, topography, and biology largely affect water quality.
Meybeck (1996) estimated that natural water quality variations occur over a wide range of
time scales. Long-term changes in water quality can occur over geologic time due to factors
such as soil development and mountain building. Intermediate changes can occur due to
successional changes in vegetation, forest fires, floods, and droughts. Seasonal and shorter-
term variations in stream and river water quality. Twesigye et al. (2011) have pointed out that
seasonal variation in precipitation and surface runoff have a strong effect on river discharge
and subsequently on concentration of pollutants in the river water. Interlandi and Crockett
(2003) underlined that river water quality depends on various geologic, climatic, catchment
and land use characteristics. Among these, climate and land use are the key drivers of water
quality in a river system.

Astarair-Imani et al. (2012) have pointed out that climate change is a key factor affecting the
future of water quality and quantity in urbanized catchments, and is associated with
significant uncertainty. Eutrophication can be influenced by climate, including precipitation,
temperature and solar radiation. Precipitation and temperature firstly act on water discharge,
which is widely acknowledged to be a dominant factor influencing eutrophication in river
systems as reported by (Lack, 1971). Solar radiation is also a key factor for algal blooms as
proved by (Whitehead and Hornberger, 1984) which is likely to vary in the future due to
climate change factor (Stanhill and Cohen, 2001). Marale et al. (2012) demonstrated that the
impact of seasonal change on water quality has been extensively documented and has
attracted widespread attention in recent years. Seasonal changes like rising temperatures
reduce dissolved oxygen levels in surface water. Lack (1971) has stated that limited rainfall
leads to less dilution of pollutants whereas frequent heavy rainfall produces more pollution

and sediment in river due to surface runoff.
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2.2.2 Anthropogenic factors affecting water quality

Over the past 30-40 years much research on freshwater ecosystems has focused on the effects
of various anthropogenic stressors and how the resulting degraded systems can be restored
(Giller, 2005). The rivers are a safe haven to many plant and animal species besides protecting
valuable resources of freshwater. Unfortunately, rivers have long been used and abused for
the disposal of wastes. Although the rivers have the capacity of self-purification, this capacity
is altered because of anthropogenic activities in the river catchment, leading to the destruction
of this important ecosystem. Surface waters are most exposable to pollution due to their
accessibility for disposal of wastewaters (Samarghandi et al., 2007). The anthropogenic
activities influences such as urban, industrial, and agricultural activities increasing abuse of
water resources, degrade surface waters, and damage their use for drinking, recreational and
other purposes (Nouri et al., 2008) monitored the river water quality and concluded that
industrialization, urbanization, and modern agriculture practices have direct impact on
deteriorating water quality.

Salvato et al. (2003) noted that water sources both surface and groundwater are often
contaminated by anthropogenic activities. These include discharges of agricultural, industrial
and municipal wastewaters into water courses which ultimately reach the aquifers. Among the
pollutants are nitrates from domestic sewage and fertilizers and pesticides in agriculture.
Others are livestock farming that transmits pathogens from animal manure and fish farming
that worsen eutrophication by adding biochemical oxygen demand and nutrients to the local
environment as reported by (Kirby et al., 2003). Letchinger (2000) showed that in rural areas
population is less so it mostly contains fertilizers, pesticides and eroded soil and these
pollutants reach to water bodies through runoff after rain and flood. Agricultural runoff cause
freshwater body’s eutrophication. The human population has been increasing day by day
which exerts an extensive pressure on the ecosystem and the resources due to increased
discharge of wastewater into river corridors, degrading their water quality (Kannel et al.,
2007).

According to (Nsiah-Gyabaah, 2010), many cities depend on the surrounding regions or peri-
urban areas to act as sinks and disposal sites for domestic and industrial waste. A study
performed by (Lundgvist, 1998) found that human activity is now one of the most important
factors affecting hydrology and water quality. Human influences have had a direct effect on
the hydrologic cycle by altering the land in ways that change its physical, chemical, and
biological characteristics.

However, all human process produces waste products that can negatively affect water quality.

6
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In history, human beings do not have a good record regarding pollution as observed by
(Novotny, 2003). Mason (2002) indicated that two hundred years ago, deterioration of water
courses due to organic pollution was not a serious problem for; a relatively small human
population lived in scattered communities. When human population was small, and
technologies were simple, pollutants were small to human and animals wastes as proved by
(Davies and Day, 1998).

Generally, various pollutant sources related to industries, urbanization, agriculture and mining
can have a strong impact on a river system (Kendall et al., 2007). Tabari et al. (2011) found
that in recent years, an increasing awareness has been noticed in different countries about the
impacts of anthropogenic activities on river water quantity and quality. Anthropogenic
activities are human activities that negatively affect the water resources making it polluted
and hence unsuitable for normal uses. The anthropogenic activities that mainly affect the river
water bodies can be placed into three groups as follows:

2.2.2.1 Deforestation

Deforestation is the clearing of vegetation and cutting down of tress and making the ground
bare. Agricultural activities are the major source of deforestation. Deforestation practices
causes water quality problems which includes decrease in dissolved oxygen concentration
(Baillie et al., 2005), enhancement of soil erosion (Fahey and Marden, 2006), increase in
nutrient concentration (Reid et al., 2010). Brooks et al. (2012) have worked on deforestation
fuels nitrate concentration in nearby surface water bodies due to reduced uptake of nutrients
by vegetation and decomposition of decayed plants material. Nitrate concentration in
deforested catchment is 50 times as compared to forested catchment. Forests improve water
quality owing to lower human intrusion and higher biological nutrients retention capacity

(plant and microbial assimilation) as estimated by (Ding et al., 2015).

2.2.2.2 Human settlements

Chindah et al. (2004) pointed out that an increase in human settlement means an increased
need for sanitation services for waste disposal for the population. Sanitation services such as
pit toilet steep ways, poorly constructed rubbish pits and broken sewer lines, are a source of
pollutants into the rivers when wastes are washed away by rain water runoff according to the
study conducted by (UNICEF, 2000). Li et al. (2015) also noted that human interference at

urban frequent level badly effects surface water quality. Change in physical landscape and
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paved surface area alters watershed hydrology which badly impacts surface water quality as
noted by (Kennen et al., 2010).

2.2.2.3 Industrial activities

Industrialization is considered the keystone of development strategies due to its significant
contribution to the economic growth and human welfare, but it carries certain costs and
problems in terms of pollution of the water resources as underlined by (Kannj and Achi,
2011). Specially, water bodies near to industrial area have been extremely affected from
disposal of waste which can alter the physical, chemical and biological nature of the receiving
water body. So, industrial waste is the most common source of water pollution nowadays and
it increases yearly due to the fact that industries are increasing because most countries are
getting industrialized (Osibanjio et al., 2011).

Taylor (1996) found that some industries produce toxic and hazardous wastes which when left
exposed to the environment do kill plant and animal life. Reza and Singh (2010) indicated that
wastewater from industries is the most common source of water pollution and it is increasing
day by day. However the untreated/partially treated wastewater may contain toxic
compounds, discharge from industries, and commercial areas enter the surface water body

they get dissolved or lie suspended in water or get deposited on the bed (Panda et al., 2006).

2.2.3 Other factors affecting water quality

2.2.3.1 Nutrients concentration

Nutrients such as phosphorus and nitrogen can have harmful effects on aquatic communities.
Many elements and compounds are necessary for biosynthesis, but phosphorus and nitrogen
have been considered the principal limiting nutrients for primary bio-production (Brezonik,
1972). Phosphorus is a limiting nutrient for many types of algae like blue-green algae (Ohio
EPA, 2010). The concentration of nitrate has increased in rivers, lakes, and aquifers due to the
increase in agricultural production over the last 50 years. This source of pollution has huge
impacts on the eutrophication of surface waters, as well as the quality of drinking water
(Nabais et al., 2007). Nitrogen, often present as nitrate, the most inorganic form, is one of the
most problematic nutrients when relating water quality to ecologically healthy systems.
However, excess phosphorus levels are attracting the most attention in relation to nitrate as to

causing water body disorder.
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2.2.3.2 Runoff

Residential, urban, and other anthropogenic built-up areas are considered significant sources
of this non-point source pollution from discharges due to storm waters. The imperviousness of
urban land covers increase storm discharges so much that even small rainfalls can flush
contaminates into nearby streams. Basnyat et al. (2000) indicated that pollutants, such as
sediments, animal wastes, plant nutrients, crop residues, inorganic salts, minerals, and
pesticides due to agricultural activities are known to impact water quality. This in turn results
in how runoff waters will affect the physicochemical and biological processes in the receiving

water bodies.

2.2.3.3 Land use

A multitude of studies have been made with reference to land use and water quality
connections worldwide and the study drive is to continue. Ayers and Westcot (2000) have
detected land use activities (urbanization and agriculture) severely affect water quality and
aquatic ecosystem of rivers, streams, lakes, and creeks. Previous studies have shown that
agricultural lands result in the highest concentrations of nutrients in the nearby water bodies
(Tong and Chen, 2002) found that significant negative changes in water quality were related
to urban development. Other studies found that urban areas did produce significant soluble
pollutants (Wang and Yin, 1997).

Mallin et al. (2009) have investigated land use has a direct effect on the relationship between
precipitation, run-off and water quality. Burns et al. (2005) showed that impermeable surfaces
of urbanized areas increase run-off and the transport of pollutants into streams, rivers and the
ocean. Changes in land use can result in greater erosion, more run-off and increased turbidity
in rivers (Cebecauer and Hofierka, 2008). Dwight et al. (2011) pointed out that changes of
land use within a watershed have a direct impact on the quality and quantity of receiving
waters, and can even greatly delay stormwater collection capabilities by changing the
hydrology. In fact, land use alterations are the most common form of geographic change
(Tong et al., 2009).

2.3 Water Pollution

Water pollution occurs when waste enter into water and contaminate the quality of water. This

form of environmental degradation occurs when pollutants are directly or indirectly

discharged into water bodies without adequate treatment to remove harmful compounds.

Water pollution has become a global problem now a day’s continuing evaluation of water
9
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resource policy is needed to counter this problem. Deaths and diseases are caused worldwide
due to water pollution and approximately 14000 people die every day due to water pollution
as a study was done by (Pink, 2006). Noori et al. (2010) stated that surface water pollution
remains a major problem worldwide, caused by both natural processes and anthropogenic
activities.

The surface water quality in a region can be affected by both point and non-point sources of
pollution (Nnane et al., 2011). Lawson (2011) reported that water pollution directly or
indirectly affects both terrestrial and aquatic life. This depends largely on the concentration of
the pollutants, which is in turn determined by their degradation level and the volume of the
body (Sterrit and Lester, 1998).
industrialization, agriculture and other anthropogenic activities, water is becoming highly

receiving water Due to increased urbanization,
polluted with different harmful contaminants. High levels of organic and industrial pollutants
in river water cause changes in many physicochemical parameters. The presence of pollutants
in the rivers has impacted the water quality in a level that in such cases it cannot be used for

drinking, irrigation or recreation.

2.3.1 Sources of water pollution

Baig et al. (2010) indicated that there are natural and anthropogenic sources of water
pollution; nevertheless, anthropogenic activities are known to contribute more to the
deterioration of water quality. Pollutants (chemical and mineral constituents) that affect
surface water quality are separated into two categories: point and non-point sources as
mentioned by (Jamwal et al., 2011) and shown in (Fig. 2.1).

| Sources of water and soil pollution |

| Natural sources | | Anthropogenic sources |

Rural areas
|:_|

Same in rural and urban Urban areas

+ Geology of rocks
+ Climate change
+ Natural disasters

+ Atmospheric
deposition

* Weathering of rocks

+ Agricultural activities
* Run-off from croplands

* Wasteland application and
storage facilities

* Construction sites
+ Mining operations
+ Sewage discharge
* Washing

clothes, vehicles, bathing of
animals m water body

+ Pasture land (poultry farms)

« Industrial discharge

* Municipal discharges
« Land fills sites

* Domestic effluent

+ Septic system and
livestock waste n
residential areas

» Land use/land cover
change

Figure 2.1 Graph of natural and anthropogenic sources of water and soil pollution.
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2.3.1.1 Non-point sources of pollution

Brian (2008) explained that when source of water pollution is not known or pollution does not
come from single discrete source pollution is known as non-point source pollution. It is very
difficult to control and may come from different sources like pesticides, fertilizers industrial
wastes etc. as studied by (TCEQ, 2013). The problems associated with water quality
contamination and pollution from a non-point source is that its origin cannot be certain from a
singular source, but rather a combination of sources of different natures. Generally, they
originate from urban and rural runoffs, as a result of urban storm water runoffs from
agricultural and anthropogenic activities, which are often described as non-point source
discharges. Pollutants include nutrients, sediments, inorganic and organic matters, heavy
metals, and bacteria, which will all eventually enter into waterways and water bodies if not
treated, thus polluting surface water (Eemens, 2007). Nevertheless, Gyawali et al. (2013)
showed that the management of non-point sources of pollution became the challenge, since its
origin can be diffused from different unknown sources of agricultural practices, which is

considered to be an important factor and the major cause of water pollution.

2.3.1.2 Point sources of pollution

Point source pollution is referred to as pollution from a known point of discharge or from a
fixed outlet discharge and can be released into water bodies (Gyawali et al., 2013). While
possible contaminants from a point source can be easily monitored by measuring discharge
and pollutant levels according to study was done by (Zhang and Wang, 2012) from an
identified discharge point, its impact can be manageable, compared to non-point sources of
discharges. Claudia (2016) reported that when source of water pollution is known or
pollutants that are entering into water are from certain source pollution is known as point
source pollution. It can be distinguished from other pollution sources (Hogan, 2010). Globally
industrial activities are among the major point sources of pollution globally reported to affect

the environmental condition of water, air and soil (Yusuff and Sonibare, 2005).

2.3.2 Types of pollutants

Brown et al. (1999) categorized storm-water pollutants into four subdivisions:

2.3.2.1 Suspended solids

Suspended solids are perhaps the greatest component, both in quantity and environmental

impact, of urban storm-water runoff. Dust and dirt from impervious surfaces, along with
11
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eroded sediment caught in storm-water flow are considered suspended solids. Technically,
suspended solids are particles whose size is greater than 45 microns. Suspended solids are
disadvantageous to receiving waters for many reasons. A large amount of suspended solids

may make water turbid and alter aquatic habitat (Schueler, 1987).

2.3.2.2 Nutrients

Nutrients are common in aquatic systems, and are a necessity for aquatic life. In excess
amounts, however, nutrients reduce the water quality for organisms and human uses. There
are three nutrients that are of interest to water quality: nitrate, nitrite and phosphate. Natural
nutrient inputs into a watershed system include plant decay and natural soil erosion (Clark et
al., 1985). Excess quantities of nutrients are usually human caused, either from agriculture or

soil fertilization.

2.3.2.3 Bacteria and pathogens

Water-borne bacteria, protozoa, and viruses cause many diseases that infect both humans and
livestock (Chesters and Schierow, 1985). The primary sources of bacteria in the waterways
are from livestock manure applications and urban sewer overflows. Many of the bacteria that
are harmful to humans are not harmful to aquatic organisms. However, they become stored in

fish and shellfish and can be passed to humans during consumption (USEPA, 1998).

2.3.2.4 Pesticides and heavy metals

Pesticides, compounds sprayed on grass or plants to kill insects, are commonly used in urban
areas on lawns and gardens, and on golf courses and plant nurseries. Johnson et al. (1994)
found that pesticide losses to the environment are less than 5% of those applied, and the
concentration of pesticides in surface waters were extremely low. Environmental Databases
(2006) observed that herbicides and pesticides are used to control weeds and pests. Both of
them also contribute to water pollution. Similarly pesticides and herbicides also reach natural
water bodies through runoff. These pesticides residues when reach to natural water bodies
they disturb flora and fauna there. Pesticides which don’t degrade easily or take time to
degrade are more harmful (Pope et al., 2016).

Heavy metals are of much greater concern. Industrial process, mining, urban runoff and
transportation all contribute to metal contamination of water. Metals are highly harmful to

aquatic systems due to their inability to degrade and subsequent accumulation in sediment
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beds. Tsihrintzis and Hamid (1997) indicated that concentration of heavy metals in storm-

water is nearly twice that of sanitary sewage.

2.4 Watershed and Surface Water Quality

A watershed is, exactly, the area which sheds water into a river. It includes all the land,
extending from the watershed divide to the river, from which runoff water flows towards the
river. Along with the water, sediments and dissolved materials drain to a common outlet or
destination. Watershed surface water quality and quantity reflect and integrate the effects of
watershed characteristics, inputs (precipitation and deposition), hydrologic and

biogeochemical processes, climatic variability (droughts and floods), and human influences.

2.4.1 Watershed assessment

Watershed assessment is a process for evaluating the health of a watershed (WPN, 1999). It
can help determine how natural processes, human activities, and land management practices
influence the resources. There are many smaller components that must be considered when
making a watershed assessment (WPN, 1999). The first component of an assessment is to
identify issues that are in the watershed, such as high nutrient levels within streams. The next
step is to develop a watershed description that includes historical conditions and channel
habitat type classification. The third component is to characterize the watershed using a
combination of hydrology and water use, riparian/wetlands, sediment sources, channel
modification and water quality assessments. The final steps are to complete the watershed

condition analysis and then create a monitoring plan based on the condition analysis.

2.4.2 Watershed functions

A watershed functions to carry out a number of valuable services, such as supporting
biological diversity of aquatic and riparian ecosystems, supplying and purifying sources of
fresh water for potable use, close off carbon dioxide to mitigate climate change, and
supporting recreation and tourism (Postel and Thompson, 2005). Black (1997) has pointed out
the three fundamental functions of a watershed are: (a) collecting water from rainfall,
snowmelt, and runoff; (b) storing various amounts over time; and (c) discharging the water as
runoff. In addition, watersheds support a diversity of aquatic life and allow important
biological and chemical reactions to take place. The third watershed function, discharge, helps
control and moves chemicals and materials out of the system. Postel and Thompson (2005)

stated that well-functioning watersheds are a natural benefit supplying a plenty of goods and
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services to society, but when these functions are only slightly disturbed by external factors,

they can be altered to the degree of being unable to function properly.

2.5 Self-purification

It is a well-known fact that the wastes discharged into natural water bodies such as rivers;
lakes and the seas disappear slowly with time. Yustiani and Komariah (2017) have underlined
that the removal of pollutants from a water body without any artificial controls is called self-
purification. The mechanisms of self-purification of water bodies can be divided into three
groups: physical processes, chemical processes and biological processes.

Physical processes contributing to the removal of pollutants from a natural water body include
dilution/mixing by inflow by unpolluted water into the water body, diffusion of pollutants in
water body, and precipitation/filtration of the pollutants to the sediment (Hanelore, 2013).
Chemical processes related to the removal of pollutants from a water body are oxidation by
oxidants such as ultraviolet, ozone and oxygen, reduction by reductants and neutralization.
The biological processes include degradation/transformation of organic pollutants by bacteria
by aerobic or anaerobic conditions, and nitrification and de-nitrification of ammonia and
nitrate, respectively (Drinan and Spellman, 2001).

Biological processes play the most important role among the mechanisms of self-purification
in natural water bodies. Stimson et al. (1996) have pointed out several natural biological
filters also contribute in natural purification. Biological removal of pollutants from a natural
water body is usually called “true self-purification” and the total purification by physical,
chemical and biological processes is called “apparent self-purification”. Prati and Richardson
(2003) have shown that the natural dilution process of the river was one of the primary self-
purification mechanisms for the restoration of the river. The degree of self-purification in any
stream depends on certain factors some of which are: temperature; level of river; river
velocity; amount of inorganic compound in the stream; distribution and types of aquatic
weeds along the channel.

The organic pollutant can be removed naturally in rivers. The process is performed by
microorganisms. Several physicals, chemical, and biological activities involved in the river
water organic pollutant degradation. Many of these physical and chemical activities are
influenced by the biological condition. De-oxygenation is the process of decreasing the
amount of oxygen that occurs due to the use of oxygen by microorganisms to decompose

pollutants into the aquatic bodies (Kumarasamy, 2015). The de-oxygenation process is an
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important process in the effort of the river to self-purification process. The rate of the de-

oxygenation process affects the sooner or later self-purification takes place.

2.5.1 Oxygen Sag

The oxygen sag or oxygen deficit in the stream at any point of time during self purification
process is the difference between the saturation DO content and actual DO content at that

time.

Oxygen deficit, D = Saturation DO — Actual DO (2.1)

The saturation DO value for fresh water depends upon the temperature and total dissolved
salts present in it; and its value varies from 14.62 mg L™ at 0°C to 7.63 mg L™ at 30 °C, and
lower DO at higher temperatures. The DO in the stream may not be at saturation level and
there may be initial oxygen deficit ‘Do’. At this stage, when the effluent with initial BOD
load Lo, is discharged in to stream, the DO content of the stream starts depleting and the
oxygen deficit (D) increases. The variation of oxygen deficit (D) with the distance along the
stream, and hence with the time of flow from the point of pollution is depicted by the
‘Oxygen Sag Curve’ (Fig. 2.2). The major point in sag analysis is point of minimum DO, i.e.,
maximum deficit. The maximum or critical deficit (Dc) occurs at the inflexion points of the

0Xygen sag Ccurve.

Point of oxygen demanding waste discharge

‘L Saturation DO

Oxygen Sag Curve

Reoxygenation Curve

DO Content, %

tc T TCritical point )
e Deoxygenation Curve

Time of flow in stream, t, days

Figure 2.2 De-oxygenation, re-oxygenation and oxygen sag curve

2.5.2 Self-purification capacity: Streeter — Phelps equation

The field of water quality modeling was found by the duo of (Streeter and Phelps, 1925).

They proposed the idea of measuring and predicting the dissolved atmospheric oxygen (DO)
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and biochemical oxygen demand (BOD) dynamics of a water body as a parameter for

measuring the self-purification capacity of a water body. Their predicted model was given as,

dD(t)
dt

= k1L(t) — k2D(¢) (2.2)

Where, dD (t)/dt = the DO content rate of change of the river with time, k1 = de-oxygenation
rate, L (t) = BOD at the instantaneous time, k2 = re-aeration rate and D (t) = DO at an
instantaneous time, that described by (Kiely, 1998). Villeneuve et al. (1998) have reported
basis on further studies which modified the initial equations in order to contain additional
variables in nature. By integrating equation (2.2), the equation commonly used for the
prediction of DO is obtained (Longe and Omole, 2008).

D= ilo“‘ {1—10[-“-”“‘1[1— (f -1 %]} (2.3)
f— La
Where, D = instantaneous DO, La = initial BOD, f is the self-purification factor, Da = initial
DO and t is the instantaneous time. The value of f is determined by dividing computed value
of k2 by the observed or tabulated value of k1 (Garg, 2006). The range of f at 20 °C is given in
(Table 2.1).

Table 2.1 The self-purification factor, F, of different water bodies at 20 °C.

Description of water body Range
Small ponds and backwaters 0.5-1.0
Sluggish streams, Large Lakes and impounding reservoirs 1.0-1.5
Large stream of low velocity 1.5-20
Large streams of normal velocity 20-3.0
Swift stream 3.0-5.0
Rapids/ Water falls Over 5.0

2.5.2.1 Time of travel
The time of travel, t, was computed from velocity and distance travelled as follows,

Distance (km) 1day
*
24 hrs

Time (days) = (2.4)

Velocity (1;1—7:)
2.5.2.2 Dissolved oxygen saturation

The DO saturation values, for various water temperatures can be calculated using the method
of (EImore and Hayes, 1960),

DO sauration = 14.652 - 0.41022T + 0.0079910T? - 0.000077774T> (2.5)
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2.5.2.3 De-oxygenation coefficient k1 and re-oxygenation coefficient k2

The de-oxygenation coefficient, k1 (day™), was computed from the follow equations (Weiner
and Matthews, 2003),

L

Lo = 1100kt (26)
Ki= 0.1*(1.047)(T—20) (2.7)
L = Lo107k1¢ (2.8)

Where, L = instantaneous BOD, Lo = ultimate BOD and t = time in days. Therefore,

=10 L0 2.9

The re-oxygenation coefficient, k2 (day™), was computed from the follow equations
(Agunwamba et al., 2007),

_ (logDo —logD)

k2 - (2.10)
This is also the same as,
logDo/D
k2 = w (2.11)

Where, Do is the initial dissolved oxygen; D is the deficit DO is equal to difference between
saturation DO and the observed DO. When these two coefficients are known, then the self-
purification capacity, f, of any stream can be derived by the following equation,

f= k2/k1 (2.12)

2.5.3 Factors affecting self-purification

Water quality of a river depends on its self-purification and several factors influence the self-
purification capacity of a river. The purification capacity of a lake/stream is directly
proportional to the volume of run-off. Therefore, according to the studied was done by
(Agunwamba, 2007) factors that normally influence the quantity of run-off such as wind,
velocity, precipitation, vegetative cover, topography and temperature affect its adjustment
capacity. Temperature also affects the rate of organic waste adjustment. Increase in

temperature means increase in rate of oxidation, decrease in oxygen saturation capacity and
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rate of diffusion. Agunwamba (2001) showed that higher respiratory and metabolic rate due to
increase temperature may destroy aquatic life.

Navanita et al. (2016) noted that if the sewage is discharge into natural water course, then the
organic compounds are oxidized by the dissolved oxygen in water and water gets purified.
Thus, a deficiency of DO is created in flowing water. But that deficiency is immediately
replenished by the atmospheric oxygen. This phenomenon of de-oxygenation (loss of oxygen)
and re-oxygenation (gain of oxygenation) for maintaining the purification process is known as
self-purification of natural water. The various actions involved are physical, chemical and
biological, and may be explained as due to: (dilution, sedimentation, sunlight, oxidation,

reduction, water current and temperature).

2.6 Water Quality Assessment

To minimize water quality challenges, a number of countries have developed water quality
management programs (Silberbauer, 1997) which include assessment, monitoring, mitigation
and prevention of water pollution in order to ensure safe and healthy water resources. Dicken
and Graham (2002) stated that depending on the selected indicators of water quality, there are
anumber of methods used in the assessment of water quality. Those methods with a focus on
the direct physical, chemical and biological parameters are commonly implemented in
different parts of the world. There are a number of international and regional water quality
guidelines and standards. Most of the developing countries have water quality standards for

different water uses which are in line with international guidelines.

2.6.1 Drinking water quality assessment

The importance of drinking water quality has been enhanced in the last few years by the
increased awareness and attendant publicity afforded to the pollution of water sources. Boe-
Hansen (2001) reported that the quality of drinking water has a direct link with the human
health and providing clean water to the consumers is one of the most important public health
priorities. Curtis and Morgenroth (2013) have indicated that water quality depends on the
local geology and ecosystem and human activities can negatively affect water quality.

Kirmeyer et al. (2001) have established water quality for drinking can be assessed according
to chemical, physical and microbiological characteristics. As chemical and physical
parameters characterize the physicochemical water quality, microbial water quality involves
the measurement of microorganisms (Gerardi, 2006). This study considers the following

indicators:
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2.6.1.1 Temperature

Dallas and Rivers-Moore (2011) mentioned that natural variations of the water temperature
often are influenced by factors such as hydrological, climatilogical, spatial and temporal scale
and catchment areas. The development of temperature criteria is important for the effective
protection and management of aquatic ecosystems. Numerous studies by (Dallas and Day,
2004; Rivers-Moore et al., 2008 and CWT, 2010) were explained that, the rise of water
temperature alter many physicochemical characteristics of water including the solubility of
oxygen and other gases, chemical reaction rates and toxicity, and microbial activity. In
freshwater the physical environment in terms of a reduction in density of water, a decrease in
pH, a reduction in solubility of DO followed by an increase in BOD by stimulating organic
decomposition by microorganisms are observed as temperature increases. Zhang (2008)
shown that water temperature is therefore a critical parameter for any water resources
management programmes. Temperature is influenced by many factors such as latitude,

altitude, season, and time of day, air circulation, cloud cover and the flow depth.

2.6.1.2 Turbidity

Turbidity may be classified as both as physical and microbiological parameters. Water
turbidity is an optical property of water, which scatters and absorbs the light rather than
transmit it in straight lines and it is commonly measured in nephelometric turbidity units
(NTU). Suspended sediments are responsible for most of the scattering (Myint and Walker,
2002). APHA (1998) estimated that turbidity in water is caused by suspended matter such as
clay, silt, and organic matter and by plankton and other microscopic organisms that interfere
with the passage of light through the water. In addition, soil erosion, urban runoff, high flow
rate, wastewater, and bottom-feeding fish may result in turbidity in rivers.

The (USEPA, 2010) observed that higher turbidity increases water temperatures because
suspended particles absorb more heat. Turbidity levels in surface waters have been found to
vary due to variations in precipitation and the percentage of impervious surface in a
watershed. Volk et al. (2002) observed that turbidity levels in a stream could increase by as
much as 300 fold during or following precipitation events. High turbidity levels in surface
waters is linked to high percentages of impervious surfaces within a watershed caused by
sediment loading from runoff and erosion (Mehaffey et al., 2005). In contrast, (Schoonover et
al., 2006) found that during base flow, turbidity concentrations were lower within watershed

with higher percentages of impervious surfaces. John et al. (2012) recommended that, for
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water to be clean, the turbidity should be reliably less than 5 NTU and preferably have a
median value of less than 1 NTU.

2.6.1.3 Color

Good water should be transparent and clear. The color of water is expressed in Hazen units.
Physically, the color of water is affected by factors like the light source, absorption and
scattering of light, as well as suspended materials in the water. WHO (2008) reported that
drinking water quality should be colorless. WHO (2003) estimated that the drinking water
color may possibly be due to the existence of the colored organic matter, typically humus
metals from industrial effluents such as manganese. WHO (2011) reported that normally
changing in color is not harmful unless it is associated with toxic chemical. In case of the
changes in color of water was observed mainly because of the mixing of mud during the rainy

season which may indicate the mixing of microbes present in the mud.

2.6.1.4 pH

RAMP (2010) has shown the pH of most natural waters is between 6 and 8.5. Similarly, the
range of pH in water for domestic use is 6.5 to 8.5 according to (WHO, 2011). pH can be
affected by acid rain, wastewater discharges, agriculture runoff, decomposing organic matter,
drainage from mines and the type of rock naturally found in the area. pH influences some
chemical and biological processes in water resources such as salinity, conductivity,
permeability and toxicity (Mazlum et al., 1999).

Calles et al. (2007) expressed that surface water pH can be relatively higher in low discharge
since water is rich in solutes characteristic of ground water. Low pH increases solubility of
metals and nutrients such as phosphates and nitrates making them available for uptake by
plants and animals (WHO, 2002). Water pH is generally not a problem itself, but it is an
indicator of other problems such as sodium and carbonates. Belcher (2009) estimated that
important factors that influence pH include geology, biotic activities, type of vegetation,
atmospheric influences, and cation exchange capacity. According to (Gueade et al., 2009)
lower pH values often are related to higher conductivity. Klerk et al. (2012) reported that an
increase in pH in spring for instant may be attributed to increased photosynthesis activities of

aquatic plants, namely macrophytes and algae.
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2.6.1.5 Electrical Conductivity (EC)

Conductivity is the capacity of water to conduct an electrical charge (Dougall, 2007). EC is a
function of total dissolved solids (TDS) known as ions concentration, which determines the
quality of water according to the (Tariq et al., 2006). Mosley et al. (2004) described EC or a
TDS is a measure of how much total salt (inorganic ions such as sodium, chloride,
magnesium, and calcium) is present in the water, the more ions the higher the conductivity.
Conductivity in streams and rivers is affected primarily by the geology of the area through
which the water flows. Dougall (2007) was obtained streams that run through areas with
granite bedrock tend to have lower conductivity because granite is composed of more inert
materials that do not ionize (dissolve into ionic components) when washed into the water. On
the other hand, streams that run through areas with clay soils tend to have higher conductivity
because of the presence of materials that ionize when washed into the water.

Mehaffey et al. (2005) showed that areas with a high percentage of impervious surfaces, such
as urban areas, can yield runoff containing oils that may lower the conductivity of nearby
surface water. Other human activities in a watershed that may raise the conductivity of surface
waters include agricultural and residential land uses. During snow melt periods, it has been
shown that surface waters surrounded by agricultural lands have a higher specific

conductivity when compared to other land uses as emphatic by (Detenbeck et al., 1996).

2.6.1.6 Dissolved Oxygen (DO)

Dissolved oxygen plays a key role in the assessment of water quality. Its affects the taste of
water and high concentrations of DO in domestic supplies are encouraged by aeration (Shaw,
1994). Vigil (2003) shown that oxygen gas naturally mixes with water through surface
contact. Fast moving waters typically have a higher DO due to mixing with air when the water
hits debris such as rocks and logs. Dissolved oxygen can be depleted by the demand from
organic decomposition and use from plant and animal respirationas as revealed by (Jacobsen,
2008).

Reckhow (1994) indicated that DO is one of the parameters that influence the biodegradation
rate in water bodies. It is affected by entry of organic matter into rivers especially from runoff
during and after a rainfall event (Kannel et al., 2007). Numerous studies showed that
solubility of oxygen increases as temperature decreases and decreases with decreasing
atmospheric pressure (Jacobsen, 2008). Jacobsen and Marin (2008) have investigated tropical

high mountain streams are more oxygen rich than warmer lowland streams.
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Based on (Dallas, 2008) the structure of a stream or river may also affect DO contents.
Turbulence of water, depth and degree of contact of the rock layer on surface water influence
the re-aeration of water. Seasonally, DO concentrations are usually higher in the winter than
in the summer. Mason (2002) noted that during rainy seasons, oxygen concentrations tend to
be higher because the rain interacts with oxygen in the air as it falls. Whereas during dry
seasons, water levels decrease and the flow rate of a river slows down. As the water moves

slower, it mixes less with the air, and the DO concentration decreases.

2.6.1.7 Biochemical Oxygen Demand (BOD)

Biological oxygen demand is a measure of how much oxygen is used by microorganisms in
aerobic oxidation, or the breakdown of organic matter. Usually, the higher the amount of
organic material found in the stream, the more oxygen is used for aerobic oxidation.
According to the study by (Chapman, 1996) BOD depletes the amount of DO available to
other aquatic life. The level of BOD in receiving waters is directly increased by the discharge
of wastes high in organic matter, resulting in localized areas of DO depletion.

BOD also directly affects the amount of DO in rivers and streams. The greater the BOD, the
more rapidly oxygen is used up in the stream. This measurement is obtained over a period of
five days, and is expressed in mg L. Harrison (1992) mentioned that unpolluted river waters
are likely to have BOD values of <3 mg L™ and values above 5 mg L™ indicate possible
pollution. As noted by (Weiner and Matthews, 2003) very low oxygen demand indicates

either clean water or the presence of a non-biodegradable pollutant.

2.6.1.8 Total Solids (TS)

The term "total solids™ refers to matter suspended or dissolved in water, and is related to both
specific conductance and turbidity. A total solid (also referred to as total residue) is the term
used for material left in a container after evaporation and drying of a water sample. A total
solid includes both total suspended solids, the portion of total solids retained by a filter and

total dissolved solids, the portion that passes through a filter.

2.6.1.9 Total Dissolved Solids (TDS)

The expression “total dissolved solids” refers to the total amount of all inorganic and organic
substances-including minerals, salts, metals, cations or anions that are dispersed within a
volume of water. Wellcare (2007) explored that TDS concentrations are used to evaluate the

quality of freshwater systems. TDS is usually concerned with river water quality as it is

22



Chapter Two Litrature Review

related to salinity and water hardness, especially its ionic constituents. WHO (2003) showed
that the primary sources for TDS in receiving waters include agricultural run-off, urban run-
off, industrial wastewater, sewage, and natural sources such as leaves, silt, plankton, and
rocks. According to (Nadia, 2006) discharge of wastewater with a high TDS level would have

bad impact on aquatic life; make the receiving water unfit for drinking and domestic purposes.

2.6.1.10 Total Suspended Solids (TSS)

A total suspended solid is the amount of material, by weight that is suspended (not dissolved)
in a given volume of water. Cunningham (2003) shown that the solids mainly consist of living
and dead phytoplankton, sand, silt, clay, human sewage, animal manure, portions of decaying
plants and animals and a huge range of industrial wastes moving with the water or along the
bed of the stream. TSS describes how much of the organic or inorganic matter is not dissolved
in water and contains settle-able solids that sink to the bottom in a short time and non settle-
able suspended solids. It is an important parameter because suspended solid causes turbidity
in the water as clearly described by (Sasse, 1998).

2.6.1.11 Nutrients

Nutrients can be referred to as those chemical elements or compounds that are essential in the
system of plants and animals for normal growth and development, such as nitrogen and
phosphorus. However, if these nutrients are present in excess in water, they over stimulate the
growth of aquatic plants, leading to water quality problems. It may also enter through diffused
sources such as nutrient losses from manure and waste products applied over large
agricultural fields, sediments from eroded soils, and runoff from residential or agricultural
areas. Most nutrients are not toxic; however high concentrations affect the structure and

functioning of biotic communities (Neda et al., 2011).

2.6.1.11.1 Nitrogen

Total nitrogen represents the summation of ammonia nitrogen, nitrite plus nitrate nitrogen,
and organic nitrogen as studied by (Lutz, 2004). However nitrite and nitrate are known to be
the most significant in biochemical processes because they rapidly dissolve in water. Nitrogen
is an essential requirement for photosynthetic processes in plants. In agriculture, the amount
of nitrogen which is not taken by plants is washed away by runoffs to the river, whereby
excess release can have bad effects on aquatic life (Jordan et al., 1997). The excess nitrogen

may accumulate in soils, leach into surface and ground water, or enter the atmosphere. In
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addition, as noted by (Wetzel, 2001) surface runoff, especially in agricultural areas, is most
likely the dominant input of nitrogen to aquatic systems.

Cooke and Prepas (1998) have showed that agricultural watersheds exported upto 50 times
more nitrogen than forested watersheds. Nitrate comes into water supplies through the
nitrogen cycle rather than through dissolved minerals. Other secondary sources of nitrogen
compounds include fertilizers, manure and urine from feedlots and pastures, sewage, and
landfills these views were also supported by (ODNR, 2011). DWAF (1996a) highlighted the
ammonium ion (NH,") is a reduced form of inorganic nitrogen derived mostly from aerobic

and anaerobic decomposition of organic material.

2.6.1.11.2 Phosphorus (PO.%)

Phosphorus is a nutrient essential for all organisms and plants for the basic processes of life,
but in excess, it results in the excessive growth of algal and aquatic plants which has both
direct and indirect impacts to water quality. The increase of phosphorous in water bodies can
be attributed to artificial introduction due to human activity as shown by (Chen et al., 2007).
Hochanadel (2010) shown that manmade sources of phosphate include human sewage,
agricultural run-off from farms, sewage from animal feedlots, vegetable and fruit processing,
chemical and fertilizer manufacturing, and detergents.

According to (Geneviéve and James, 2006) phosphates can enter aquatic environments from
the natural weathering of minerals in the drainage basin, from biological decomposition.
Wetzel (2001) pointed out in heavily fertilized agricultural regions; the phosphorus content of
precipitation is much higher during the active growing season than in winter. According to the
studies were conducted by (Sharpley et al., 1994b) phosphates bound to soil particles enters

aquatic systems by way of runoff and is a major source of phosphates to surface waters.

2.6.1.12 Calcium (Ca?")

According to (Annalakshmi and Amsath, 2012) calcium is an important macronutrient in an
aquatic environment. Day (1963) has studied the calcium enters the freshwater system
through the weathering of rocks, especially limestone and gypsum, and from the soil through
seepage, leaching and runoff. The leaching of calcium from soil has been found to increase
significantly with the acidity of rainwater as studied by (Overrein, 1972). Calcium compounds
are stable in water when carbon dioxide is present, but its concentration falls when calcium
carbonate precipitates due to increase in water temperature, photosynthetic activity and loss of

carbon dioxide due to increase in pressure. Calcium concentration in natural waters are
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typically less than 15 mg L™, for waters associated with carbonate-rich rocks concentrations

may reach 30 t0100 mg L™ although has estimated by (Chapman, 1996).

2.6.1.13 Magnesium (Mg®")

Chapman (1996) has given an overview of magnesium is common in natural waters and along
with calcium are the contributors to water hardness. Magnesium arises principally from the
weathering of rocks containing Ferro magnesium minerals and from some carbonate rocks.
Magnesium generally is a slow-reacting element, but reactivity increases with oxygen levels.
Natural concentration of magnesium in fresh waters may range from 1 mg L™ to less than 100
mg L, depending on the rock types in the catchment. Muhammad et al. (2013) have studied
according to the WHO standards; the allowable limit of magnesium in water should be 150
mg L. However (NAMWATER, 2008) has a set limit of 200 mg L™

2.6.1.14 Water hardness

Water hardness is the measurement of the amount of ions which have lost two electrons
dissolved in tested water. The more divalent cations dissolved in water the "harder" the water
as shown by (Global water, 2011). Sheila (2007) recommended that hardness generally
represents the concentration of calcium (Ca®*) and magnesium (Mg?*) ions, because these are
the most common polyvalent cations. Other ions, such as iron (Fe?*) and manganese (Mn*")
may also contribute to the hardness of water, but are generally present in much lower
concentrations. Generally, the hardness of stream or river water may come from natural

source and human activities.

2.6.1.15 Sodium (Na")

All natural waters contain some sodium. Sodium salts are highly soluble in water and it is one
of the plentiful elements on earth as investigated by (Chapman, 1996). Increased sodium
concentrations in surface water may arise from sewage and industrial effluents. Chapman
(1996) has presented concentrations of sodium in natural surface waters may vary
considerably depending on local geological conditions and wastewater discharges. Values can
range from 1 mg L™ or less to 105 mg L™ or more in natural salines. The sodium ion is
everywhere in water; most water supplies contain less than 20 mg L™ Although
concentrations of it in potable water are typically less than 20 mg L™ but in some courtiers

levels can exceed 250 mg L™. Sodium salts are generally highly soluble in water and are
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leached from the earthly environment to ground water and surface water, also sodium salts are

found in almost all drinking water as explored by (WHO, 2006).

2.6.1.16 Potassium (K*)

Potassium occurs generally in the environment, together with all natural waters as reported by
(WHO, 2009). The natural resource of potassium ion in water is weathering of mineral like K-
Feldspar and Biotite etc. The potassium substance of drinking water changes extremely
depending upon its source. It has trend to be higher in sea water and minerals than tap water.
K" levels in water bodies are in general very low as compared to Na* since potassium salts are
limited in rocky deposits. Potassium deposits enter freshwaters through industrial discharges
and run-off from cultivated fields as investigated by (Mustapha and Usman, 2014). Two
factors are responsible for the lack of potassium in water one being the resistance of
potassium minerals to decomposition by weathering and the other being the fixation of
potassium in clay minerals formed due to weathering. Potassium salts, being more soluble

than sodium salts, are the last to crystallize during evaporation.

2.6.1.17 Chlorides (CI")

According to (Rajkumar et al., 2004) chlorides occur naturally in all types of waters, high
concentration of chlorides is considered to be the indicators of pollution due to organic wastes
of animal or industrial origin and chlorides are troublesome in irrigation water and also
harmful to aquatic life. Chlorides are commonly found in sewage, streams and wastewater.
Chlorides are leached from various rocks into soil and water by weathering. The chloride ions
highly mobile and is transported to closed basins. Chloride increases the electrical
conductivity of water. However, (APHA, 1998) noted that metabolic utilization does not
cause large variations in the spatial and seasonal distribution of chlorides within most lakes,
but high chloride content may indicate the pollution by sewage/industrial waste or intrusion of

the saline water.

2.6.1.18 Sulfate (SO4?)

In water, sulphate naturally occurs as a result of weathering of rocks and other geological
formations particularly gypsum, and anhydrites studied by (Alexander, 1985). As an
anthropogenic compound, it may occur as a result of municipal, agricultural or industrial
discharges in water. Sulphate is used in the manufacture of fertilizers, hence its concentration

is found in agricultural runoff to the rivers. Sulfate in drinking water has a secondary
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maximum contaminant level of 250 mg L™, based on aesthetic effects (taste and odor).
USEPA (2012a) underscored the presence of sulfate in drinking-water may also cause
noticeable taste. The major effect of higher sulfate levels in water to people is the laxative
effect which may lead to dehydration. It was also emphasized by (Kanu et al., 2011) being
used as a fertilizer, sulphate levels in water have increased in anumber of rivers over time

increasing risk to aquatic ecosystem health.

2.6.1.19 Alkalinity (HCO3)

USEPA (2010) investigated that alkalinity is not a pollutant. The main sources of alkalinity
are rocks, which contain carbonate, bicarbonate, and hydroxide compounds. Limestone is rich
in carbonates, so waters flowing throughout limestone regions generally have high alkalinity-
thus its good buffering capacity. Conversely, granite does not have minerals that contribute to
alkalinity. Therefore, areas rich in granite have low alkalinity and poor buffering capacity.
Alkalinity in streams is therefore influenced by rocks and soils, salts, certain plant activities,
and certain industrial wastewater discharges. Alkalinity is affected by changes in flow
regimes (Brydsten et al., 1990) and its natural variability is linked to the presence or absence

of carbonate rock (Kney and Brandes, 2007).

2.6.1.20 Heavy metals and metal pollution indices

Heavy metals are generally defined as metals required in trace amounts and considered as
toxic (Maitra, 2016). Carlos et al. (2016) have explored these metals have been widely
investigated by many researchers due to their significant hazardous impact on human health
and environment. Hesse et al. (2018) have carried out these are considered as major source of
environmental contamination due to their toxic nature and their ability to accumulate.
Industrialization, urbanization, and agricultural activities resulted in increase of heavy metal
concentrations in different habitats compared to their natural background levels as
investigated by (He et al., 2016).

Most heavy metals such as chromium (Cr), iron (Fe), zinc (Zn), copper (Cu) and manganese
(Mn) are essential elements because they have biological functions; while others such as
cadmium (Cd) and lead (Pb) are non-essential because they do not have any biological
function. Essential heavy metals become toxic when their concentration exceeds tolerable
limits, while non-essential metals are highly toxic even at low concentration. Seiyaboh et al.

(2017a, b) have worked on heavy metals enter the surface water through both natural
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(volcanic activity, weathering, geology of the area) and human activities (through careless
discharge of untreated wastes into the surface water and runoff resulting from rainfall).
According to (Anim-Gyampo et al., 2013) heavy metals tend to accumulate in soils and
sediments after weathering processes and can be deposited in water bodies due to surface run-
offs. According to (WHO, 2017) zinc, copper and cadmium are among 10 toxic heavy metals
with major issue. Heavy metal pollution in river is primarily caused due to industrialization
(Nguyen et al., 2016). Wang (2017) has focused on the river sediments become the storage of
heavy metals, which in turn becomes the possible secondary source of metal pollution to the
connected aquatic systems. Raju et al. (2012) have evaluated that the chemical leaching of
bedrocks and runoff from river banks are the primary sources of heavy metals in river water.
Consumption of heavy metals is linked to many serious health concerns (Benham et al.,
2011). Hence there is the need to investigate the heavy metals in surface water frequently to
find out the level of pollution. To this effect several studies have been conducted with regard
to water quality at different locations including (Seiyaboh et al., 2016b and Seiyaboh and
Izah, 2017a).

Bhuiyan et al. (2010) underscored metal pollution indices are an important device for
assessment quality of water and have been successfully used around the world. The
contamination of surface water by metals is a serious ecological problem according to the
studied has shown by (Nair et al., 2010). Three various pollution indices, namely heavy metal
pollution index (HPI), heavy metal evaluation index (HEI) and degree of contamination (Cd)
are used to evaluate quality water for drinking as well as irrigation purposes. The (HPI) and
(HEI) methods provide an overall quality of the water with regard to heavy metals. On the
other hand, in the (Cd) method, the quality of water is evaluated by computation of the

amount of contamination.

2.6.1.20.1 Heavy Metal Pollution Index (HPI)

HPI was developed by assigning a rating (Wi) for each chosen parameter. The rating is value
from (0 to 1) and its selection depends upon the importance of individual quality
considerations or it can be defined as inversely proportional to the standard permissible value
(Wi= 1/Si) (Mohan et al., 1996). In computing the HPI for the present water quality data, the
standard permissible value (Si) and highest desirable value (li) for each parameter were taken
from the WHO and Iragi standards. The HPI is determined by using the below expression
(Mohan et al., 1996),
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n
WiQi
HPI =
Wi

i=1

(2.13)

Where, Qi is the sub-index of the i-th parameter. Wi is the unit weightage of the i-th parameter
and n is the number of parameters considered. The sub-index (Qi) is calculated by equation

below,

Z[Ml( )h] 100 2.14
Si—1Ii (2.14)
Where, Mi, li and Si are the monitored value of heavy metal, desirable and permissible

standard values of the i-th parameter, respectively. The sign (-) indicates algebraic differences

of the two values, ignoring the algebraic sign.

2.6.1.20.2 Heavy Metal Evaluation Index (HEI)

Similar to HPI, HEI assigns an overall water quality with respect to heavy metals (Edet and
Offiong, 2002) and is computed as,

n .
HE] = Hci
i Hmaci

i=

(2.15)

Where, Hci is the observed value of the i-th parameter and Hmaci the maximum proper
concentration of the i-th parameter. Edet and Offiong (2002) for easily interpret the pollution
index and level of pollution the HEI was used. For better understanding the pollution indices

we can use this index.

2.6.1.20.3 Degree of contamination (Cd)

Cd summarizes the combined effects or degree of contamination of several parameters
considered potentially harmful to domestic water (Backman et al., 1997). Cd is asum of the
contamination factors of the individual parameters that exceed their respective permissible

values and calculated as follow,

n
cd = Z Cfi (2.16)
i=1
Where,
cri= A 2.17
fi= i (2.17)
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Where, Cfi, CAi and CNi stand for contamination factor, analytical value and upper

permissible concentration of the i-th component, respectively.

2.7 Irrigation Water Quality Assessment

Irrigation water quality refers to the suitability for its use for irrigation purposes. Good quality
water has the possible to maximize crop yield under good soil and water management
practices. However, with poor quality water, soil and cropping problems can be expected to
reduce yield unless special management practices are assumed to correct these problems. CSU
(2015) has investigated that the effects of irrigation water on crop production and soil quality
are described by salinity hazard, sodium hazard and alkalinity hazard. For assessing the
irrigation water quality in the study area, some important criteria such as salinity, soluble
sodium percent (SSP), sodium adsorption ratio (SAR) and residual sodium carbonate (RSC)

are used.

2.7.1 The salinity hazard

There are dissolved salts in all major water irrigation sources. Porter and Marek (2006) to
describe the concentration of salt species, the term salinity is used. The salinity hazard can
happen when salts accumulate in the root zone of the crop to reduce the sum of water existing
at the roots. Salinity of water irrigation is expressed in terms of both indicators of (EC)

electrical conductivity and (TDS) total dissolved solids.

2.7.1.1 Electrical Conductivity (EC)

Electrical conductivity has been generally accepted as a standard measure of irrigation water
quality, but there is a great degree of variability in choosing the water classes on this basis.
EC is an index of degree of mineralization. Sarathbabu (2015) has indicated EC varies with
concentration, degree of ionization of the components and temperature. It is closely related to
TDS (WIlicox, 1955). As mentioned by (Ayres and Westcot, 1994) the usual range of EC is
from (0 to 3000) pS cm™.

2.7.1.2 Total Dissolved Solids (TDS)

Total dissolved solids, is another expression used in description water quality for irrigation
that is used to assess the mass concentration of soluble components in water. As mentioned by
(Ayres and Westcot, 1994) usual range of TDS for irrigation water from (0 to 2000) mg L™
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Therefore, (Balakrishnan et al., 2011) underscored that the TDS in water is a universal

indication of the over-all suitability of water for various uses.

2.7.2 Sodium hazard

There are large amounts of sodium in irrigation water which is special concerns because of
sodium effects on the soil and forms a sodium hazard as founded by (Fipps, 2003). A problem
to occur with the high sodium concentrations when the infiltration rate is reduced to such a
rate that the availability of the water for a crop is not enough or when the hydraulic
accessibility of the soil profile is very low to supply sufficient drainage. There are several
factors related to these problems such as the rate of salinity and soil type. Fipps (2003)
indicated that sodium risk is usually expressed in terms of (SAR) sodium absorption ratio and

(SSP) soluble sodium percent.

2.7.2.1 Sodium Absorption Ratio (SAR)

According to the study by (Asadollahfardi et al., 2013) SAR is the effective factor used for
assessing the suitability of water for irrigation purposes, because sodium concentration can
reduce the soil permeability and soil structure. Toumi (2015) regarded based on SAR values,
irrigation water is classified into different classes. According to (Collins and Jenkins, 1996)
SAR was calculated using the following formula and all concentrations were expressed in

meq L7,

Na*
SAR = (2.18)
Cazt + Mg2+
2

2.7.2.2 Soluble Sodium Percent (SSP)

Sodium content is also referred to as soluble sodium percentage. Fipps (2003) investigated
that when water with a SSP more than 60% it product in sodium cumulation that will give rise
to a collapse in the physical properties of soil. It is a computed by the following equation and
all concentrations were expressed in meq L™ (Wilcox, 1955),

(Nat + K™)
(Na* + K+t + Ca?+ + Mg?™) ’

SSP = 100 (2.19)

Raju (2007) showed that sodium percentage is an important parameter for studying sodium
hazard. Naseem et al. (2010) also indicated that the irrigation water having sodium percentage

greater than 60% may lead to sodium accumulation and probably damage of soil structure,
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infiltration and aeration. Bhat et al. (2016) pointed out the higher Na" in the water may be due
to long residence time of water, dissolution of minerals from lithological composition and

addition of chemical fertilizers with irrigation waters.

2.7.3 Alkalinity hazard [Residual Sodium Carbonate (RSC)]

Richard (1955) has measured that RSC is a useful parameter for the determination of
bicarbonates and carbonates hazard. In addition to the SAR and SSP, the excess sum of
carbonate and bicarbonate in water over the sum of calcium and magnesium also influences
the unsuitability of water for irrigation; this is termed as RSC. Toumi et al. (2015) indicated
that the continuous usage of water having high RSC will cause burning of plant leaves and
reduces the yield of crops. Because of high concentration of bicarbonate in the water, the
tendency for calcium and magnesium to precipitate increases as the water in the soil becomes
more concentrated ensuing the decrease of permeability and finally leads to poor internal
drainage of the soil as founded by (Purushothaman et al., 2012). RSC is calculated as follow

and all concentrations were expressed in meqL™ (Landschoot, 2007),
RSC = (CO5* + HCOy) - (Ca*" + Mg*") (2.20)

Strawn (2015) shown a negative RSC is the best condition because the total concentration of
carbonate and bicarbonate is lower than the concentration of calcium and magnesium
combined which implies that there is no residual carbonate to react with sodium to enhance

the sodium hazard in the soil.

2.8 Erosion Processes

Erosion is the detachment and transportation of material from a surface of soil. Erosion is the
process whereby earth or rock material is loosened or dissolved and removed from any part of
the earth’s surface. Whereas weathering involves only the breakdown of rock, erosion
additionally entails the detachment and transport of weathered material from one location to
another, erosiving the earth’s surface and delivering sediment to the fluvial system. There are
really two types of erosion, natural and accelerated erosion, also called man-made erosion
(Kuypers et al., 2005),

- Natural erosion is going on all the time; the weathering of mountains, hills caused by the
influences of nature. New landscapes are formed, but the process is very slow.

- Man-made erosion occurs when people cause the soil to become capable to be carried away
by rain or wind. Cutting trees and burning vegetation are examples of practices that destroy

the natural protection of the soil.
32



Chapter Two Litrature Review

Tangtham (2002) classified soil erosion according to the erosive agent (water and wind), the
erosion site (splash, sheet, rill, gully and channel) or the erosive process (raindrop, channel,
mass wasting). Once the rainfall amount accumulating on the land surface exceeds the
infiltration capacity of the soil, surface runoff or overland flow is generated. The loosened soil
particles will then be removed by surface runoff in a thin layer, flowing down to a point of
deposition (called sheet erosion). While sheet erosion is difficult to see due to the fact that
water does not cut any channel when carrying away soil particles, rill erosion leaves visible
scouring on the landscape.

Rill erosion is formed when runoff from sheet erosion begins cutting small, separate channels
as it travels a downward slope. Gully erosion is an advanced stage of rill erosion, it occurs
when the water in rill concentrates to form larger channels. Unlike rill erosion, the gully
cannot be removed by normal cultivation methods as described by (Morgan, 2005). Gully
erosion and channel erosion may refer to either the gradual or the massive erosion of the beds
and banks of gullies and stream channels. Mass wasting refers to erosion associated with
slope failures, including landslides and similar slope movements.

According to explored by (Rooseboom, 1992) wind erosion refers to movement of soil
particles by wind. Wind erosion may be important in arid or semi-arid regions as an agent that
can transport sediment from ridges into valleies from which it can subsequently be transport
by runoff. Arid and semi-arid regions with less than 600 mm precipitation per year and strong
winds are especially open to wind erosion. Jones et al. (2013) proved that low vegetation
cover and poorly developed soils intensify wind erosion. Saltation, soil creep and suspension
are the forms of sediment transport due to wind erosion. Jones et al. (2013) indicated that
several factors control overland flow phenomenon, including: Morphological conditions, soil
texture and structure, initial moisture content, flow depth and rate, presence of cracking and
swelling on soils, vegetation density and organic matter content.

Depending on a study conducted by (Ochoa et al., 2016) soil erosion by water is the most
serious form of land degradation in many areas of the world particularly in arid and semi-arid
regions, where the soil formation rate is usually lower than the rate of soil erosion by water
due to the accelerated soil erosion as a consequence of human misuse and abuse of the soils as
proved by (Seutloali and Beckedahl, 2015). Gentile and Jones (2013) indicated that erosion is
a natural process intensified and accelerated by human action. Natural erosion rates increased
due to anthropogenic influences up to permanent levels, more than 1 t ha™ yr* within duration
of 50 to 100 years. Soil erosion is considered to be the most widespread and severest form of

land degradation. Consequences of soil erosion are various and induce on-site as well as off-
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site effects. While on-site effects are mainly related to a reduction in top soil and soil
productivity, off-site effects occur due to deposition of transported sediments and chemicals
causing sedimentation, silting of water resources, alteration of the landscape, reduction of
habitats and infrastructure damages (Blanco-Canqui and Lal, 2008).

Many predictive equations have been developed to estimate soil loss from drainage basins.
However, the most accepted, used, convenient and suitable technique for assessing soil loss
from smaller areas such as hill slopes and fields is the (USLE) Universal Soil Loss Equation
and its Revised version (RUSLE) are used for prediction of soil erosion and design of
protective programs (Sadeghi et al., 2004). The RUSLE model is a water erosion estimation
model that related to the following six erosion factors as mentioned by (Wischmeier and
Smith, 1978).

A=RK.LS.CP (2.21)

Where,

R, Rainfall erosivity factor (MJ mm ha™® h™ yr), equals E, the kinetic energy of rainfall,
multiplied by 130 (maximum intensity of rain in 30 minutes expressed in cm per hour). This
index corresponds to the potential erosion hazard in a given region where sheet erosion
appears on a bare plot with a 9% slope.

K, Soil erodibility factor (t ha h ha™ MJ™* mm™) depends on the organic matter and texture of
the soil, its permeability and profile structure. It varies from 70/100 for the most breakable
soil to 1/100 for the most stable soil. It is measured on bare reference plots 22.2 m long on 9%
slopes, tilled in the direction of the slope and having received no organic matter for three
years.

SL, the topographical factor [Slope length-gradient factor (dimensionless)], depends on both
the length and gradient of the slope. It varies from 0.1 to 5 in the most frequent farming
contexts in West Africa, and may reach 20 in mountainous areas.

C, the plant cover factor (dimensionless), is a simple relation between erosion on bare soil and
erosion observed under a cropping system. The C factor combines plant cover, its production
level and the associated cropping techniques. It varies from 1 on bare soil to 1/1000 under
forest, 1/100 under grasslands and cover plants, and 1 to 9/10 under root and tuber crops.

P, Conservation practice factor (dimensionless) is a factor that takes account of specific
erosion control practices such as contour tilling, or contour ridging. It varies from 1 on bare

soil with no erosion control to about 1/10 with tied ridging on a gentle slope.
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2.8.1 Estimation of rainfall erosivity factor (R)

Due to the lack of rainfall intensity data required for computing rainfall erosivity factor. There
were many empirical formulas proposed based on the average monthly and annual data of

rainfall. The most reasonable formulas for estimation rainfall erosivity factor are as follow:

2.8.1.1 Merritt's model

Rainfall data was processed into average annual rainfall. Rain erosivity factor was calculated

from the rainfall point map using the model proposed by (Merritt et al., 2003),
R=385+0.35*P (2.22)

Where,

R = Rain erosivity factor (Joule m?), P = Mean annual rainfall (mm yr™)

2.8.1.2 Lo's model
This model was proposed by (Lo et al., 1985) as follow,
R=38.46 +3.84 *P (2.23)

Where, P = Mean annual rainfall in mm yr™.

2.8.1.3 Hengl's model
This model was intended by (Hengl et al., 2015) as follow,
R=0.26 F*1.5 (2.24)

Where, R in MJ mm ha™* hr'! yr't, F = Fournier’s Index

Fournier’s Index (F) = % Z?zl(Pi)Z (2.25)

2.8.1.4 Ferrari's model
Rain erosivity factor was proposed by (Ferrari et al., 2005) as follow,
R =4.0412 * P - 965.53 (2.26)

Where, P = Mean annual rainfall in mm yr™.

2.8.1.5 Arnoldus's model

This model was proposed by (Arnoldus, 1980) as follow,
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R =4.17 * F-152 (2.27)

Where, R in MJ mm ha* hrt yr'l, F = Fournier’s Index as described before.

2.9 Sedimentation Process

Sediment is defined as any fragmental materials transported by suspended in or deposited by
water. The deposited gravel, sand, silt, clay or boulders in river bed or finer particles in
suspension constitute the suspended load. Sedimentation continues to be one of the most
important threats to river ecosystems around the world. Sedimentation processes may be
complex. Although sedimentation in ponds and wetlands is important, for removing the
sediment, nutrients and contaminants which are readily attached to fine particles (Raisin et al.,
1997), excess sedimentation can lower wetlands lifespan and thus degrade wetland function
which generally reduce wetland retention time. As sediment is a major pollutant and also a
transporter of pollutants, the need for assessments and estimations on catchment’s surface
runoff, sediment delivery and sediment yield are very important through water resources

analyses, modeling, and engineering methodology.

2.9.1 Sediment yield

Sediment yield is the amount of eroded material that moves from a source to a downstream
control point, such as a reservoir or to the edge of catchment outlet, per unit time (Chow,
1964). The fate of eroded material within a watershed is influenced by hydrologic,
topographic, vegetative and ground cover characteristics. Lane et al. (1997) defined the
sediment discharge from a watershed as the total quantity of sediment moving out of the
watershed in a given time interval (mass/time). This sediment discharge is often termed
sediment yield (ASCE, 1970). ASCE (1982) pointed out the total sediment discharge from a

watershed relative to the watershed area is also called sediment yield (mass/area/time).

2.9.2 Sediment predictive

In a number of instances, data to insert in the gross erosion equations is not available or
perhaps only an estimate of sediment yield is required. If this is the case, there were many
empirical equations which had proven reliable in a limited number of cases in different

regions. These equations are based on watershed parameters.
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2.9.2.1 Sediment yield predictive equation

One of these equations is sediment yield predictive equation which was proposed by (Bali et
al., 1972). It is expected that this equation will give reasonable results in the arid and semi-
arid and sub humid meteorological zones. The sediment yield predictive equation with source

from only sheet erosion (excluding that from channels and slide) is of the following form,

Log (100+Y) = 6.63792 - Log (100+X1)%%% + Log (100+X2)*%%% _ | og (100+X3)"0820 +
Log (100+X4)%04019 (2.28)

Where,
Y = sediment yield in (acre ft mi? yr?).
X1=is an indirect expression of the natural response of vegetations to climate.
= average annual precipitation (inches)/average annual temperature (degree F°).
X2 = average slope of the watershed.
X3 = the percent of soil particles coarser than (1mm) in the surface two inches.
X4 = erodibility index for the surface 2 inch soil and represents the percent of soil particles <
2 um. When the soil pH is alkaline a positive sign is assigned to it, otherwise a negative sign
is assigned to it. The soil pH is the indicator of dispersion and aggregation in alkaline and

acidic soils respectively.

2.9.2.2 Factorial scoring model (FSM)

Application of empirical models is the most practical methods for regions of lack recorded
data. During the past decades, several empirical models regarding sediment yield estimation
have been presented. Such empirical models are prepared based on the specific basin
properties for different regions; FSM proposed by (Verstraeten et al., 2003) related sediment
yield to basin properties. As the regression method developed, (Avendano Salas et al., 1995),
by using 60 reservoirs data, present an equation to define a relation between the area of basins

and sediment yield and as follow,
SSY = 4139 x A 7043 (2.29)

Verstraten et al. (2003) predicts non linear equation for estimate annual specific sediment
yield by adding five weighted additional factors: topography, vegetation cover, gullies,
lithology and slope to the basin area of the equation (2.31). The following equation shows the
model presented by (Verstraeten et al., 2003). This equation is based on the data from 19
reservoirs (out of 60), (Atapourfard et al., 2012).
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Where,

SSY = 4139 x A% +455 x1+ 21 (2.30)

I= is the total scoring index (product of scores of each factor).

The method consists scoring of each five factors description given in (Table 2.2) with a score
of 1, 2, and 3 for low, moderate and high sediment yields, respectively. Then, the index I is
calculated by multiplying the score given to each factor. The index can vary between 1 and

243 (when all factors are assigned 3). In this study the following equation which was

proposed by (Verstraeten et al., 2003) has used and the proposed equation was,

SSY = 4139 * A% + 7.77 * FSM-Index - 310.99 (2.31)

FSM-Index = Scorel * Score2 * Score3 * Score4 * Scoreb

A= area in km?

SSY = sediment yield in t km? yr?

Table 2.2 Description of the scores for each of five factors used in FSM (Verstraeten et al., 2003).

Factor

Score

Description

Topography

1

Very gentle slopes near reservoir and main rivers; elevation difference <200
m within 5 km

Moderate slopes near reservoir and main rivers; elevation difference 200-
500 m within 5 km

Steep slopes near reservoir and main rivers; elevation difference >500 m
within 5 km

Vegetation
cover

Good contact cover of the soil (>75% surface protected)

Moderate contact cover (25-75% protected surface)

Poor contact cover (<25% protected)

Gullies

Bank and ephemeral gullies are very rare

Few bank and/or ephemeral gullies can be observed
Many bank and/or ephemeral gullies can be observed

Lithology

Dominant limestone, sandstone or conglomerate (low weathering degree)

Dominant Neogene sedimentary deposits (gravels, etc.)

WIN P WNRFPWN P W N

Strongly weathered (loose) material loams and/or marls

Basin shape

[EEN

Elongated basin shape with one main river channel draining to the reservoir.
No significant direct runoff from slopes into the reservoir

Between elongated and (semi-) circular basin shape

(Semi-) circular basin shape with many rivers draining into the reservoir
and/or much direct runoff from hill slopes to the reservoir

2.9.2.3 Estimation of sediment yield based on gross erosion and sediment delivery ratio

The estimation of sediment yield is made by use of the following equation,

Where,

Y =SDR*E (2.32)

Y = sediment yield, SDR = sediment delivery ratio (<1.0)
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E = gross erosion, it includes sheet, rill and channel (gullies, valley trenches and stream bank)
erosions.

Julien (2010) defined the sediment delivery ratio is the ratio of the sediment yield (Y) at a
given stream cross-section to the gross erosion (E) from the watershed upstream of the
measuring point. The gross erosion (E) is the total soil eroded in a drainage area or watershed
through inter-rill, rill, gully, and stream erosion processes. Therefore, the sediment delivery

ratio is given by the expression as expressed by (Ouyang and Bartholic, 1997),
SDR = — (2.33)

Where,

SDR = sediment delivery ratio, Y = average annual sediment yield per unit area, and

E = total gross annual erosion for the same area

The SDR often has a value between (0 and 1) due to sediment deposition caused by change of
flow regime and reservoir storage. However, values larger than 1 were also found at event
basis or when bank or gully erosion predominates (Lu et al., 2005). According to the upland
theory of (Boyce, 1975) SDR generally decreases with increasing catchment size area because
average slope decreases with increasing catchment size, and large catchment also have more
sediment storage sites located between sediment source areas and the basin outlet. At
catchment scale, the most widely used method to estimate SDR is through an SDR-area

power function given by (Roehl, 1962) as follow,
SDR= 0A" (2.34)

Where,

A = catchment area (km?), o = constant, f = scaling exponent, and

a and B empirical parameters

Field measurements using the statistical regression technique suggest that B is in the range
(0.01 to -0.025) as published by (Richards, 1993), which means that SDR decreases with
increasing catchment area. The relationship for SDR and catchment size is known as the SDR
curve (USDA, 1972). Lim et al. (2005) noticed that the SDR curve based on watershed size is
widely used because of its ease. USDA (1972), (Boyce, 1975) and (Vanoni, 1975) also

developed SDR curves expressed as,

SDR = 0.4724 A 1% (2.35)  (Vanoni, 1975)
SDR = 0.3750 A 0232 (2.36)  (Boyce, 1975)
SDR = 0.5656 A ! (2.37)  (USDA, 1979)
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Where, A = catchment area (km?)
The differences in SDR equation above are because of the amount of data used to derive such

equation.
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3. MATERIALS AND METHODS

3.1 Study Area Location

Dukan Lake is a large reservoir in the Iraqi Kurdistan region, covers an area of about (25000
hectare) that is fed by Lesser Zap River from the northeast, Qadrawa stream from the north
and the Hizop stream from the northwest. It is surrounded by mountains (Kosrat, Qarasrd, and
Sara), hills, and lowland areas characterized by steppe grasslands and some oak forests.
Villages and towns with agricultural lands (Ranya, Chwarqurna, and Qaladza) surround the
lake, with the most dense populations and agricultural development to the northwest of the
large lake. Geographically, the study area is situated between (35° 41' 03" N to 36° 14' 31" N)
north and (44° 36' 34" E to 45° 32' 29" E) east. The elevation ranges between (412 to 868)
meters (m.a.s.l.) and it is located to the south of Ranya town, about (60 kilometers) northwest
of Sulaimanyah city is located northern of Iraq, between latitude (35° 31' 26" N to 35° 35' 37"
N) and longitude (45° 22' 10" E to 45° 28' 48" E).

3.2 Hydrology

The study area covers all rivers, streams and tributaries supplying water to the Dukan
reservoir. Many tributaries enter the Dukan reservoir from its northwestern part; the nearby
one is Hizop and Khdran streams. The important tributaries that join the Hizop stream before
Dukan reservoir are Smaquli and Jali streams. A number of smaller streams join the Dukan
reservoir in Ranya plain, the noted one Qarani-Agha and Bosken. The upper portion of the
Lesser Zab River from the Iranian-Iragi border near Kawe village to the Dukan Lake inlet.
Four major tributaries join the Lesser Zab River coming from its northeastern part of the
Dukan reservoir before the Darbany-Ranya. These tributaries which are mostly ephemeral are
located in areas around Sangasar, Zharawa and Qaladza. The important tributaries that join
the Lesser Zab River in Iraq before Dukan reservoir are: Hallsho, Zharawa, Dolabafra, and
Doli-Shahidan streams.

The Qalachwalan River, which flows northward and joins the Lesser Zab River near an area
called Du Choman (Two Rivers), has two major tributaries, the Siwayl that forms from
Shalair and Kiziljeh tributaries, and Joga-Sur. The origins of the Lesser Zab River before

entering Iragi border forms the boundary between Iran and Iragq for about (33 kilometers).
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The Qalachwalan River and its tributaries drain areas around the cities of Penjwin, Chwarta
and Mawat. The Qalachwalan River which originates in Howran Mountain in Iran is (39
kilometers) long and covers a catchment area of (1506 km?) (15% in Iran and 85% in Iraq)
and forms (35%) of the Lesser Zab River in this area. The Joga-Sur is about (64 kilometers) in
length and has a catchment area of (402 km?). They are the last bodies of water that contribute
to the river. The Qalachwalan and Lesser Zab River in the study area passes through many
villages, towns, and agricultural lands where possible man-made pollution sources could
affect its water quality, in addition to the natural pollution causes such as spring waters,
erosion and weathering of rocky outcrops.

The major source of water for the Lesser Zab River is rain and snow melts, supplied mainly
from its two sub-basins, Baneh River and Qalachwalan. A number of smaller streams joined
the Lesser Zab in the Ranya plain, which is now partly inundated by Lake Dukan. The river is
in a peak discharge in the period (February to May) and low water levels are recorded for the
period (July to October). The drainage basin of the Little Zab from the location where
the Dukan dam has been constructed, it measures (11.700 km?) (Fink and Ostrizhnov, 1984)
and (Ezz-Aldeen et al., 2018) it drains an area of (11.690 km?). The larger part of the basin
(74%) is located within Iraqi borders; the remainder is in Iran (Frenken, 2009). SMEC
International Pty. Ltd. (2006) mentioned Dukan catchment area about (11.690 km?2).

3.3 Climate of the Study Area

Generally, Kurdistan climate is of semi-arid region, designated as continental and subtropical
which is characterized by a wide diurnal and annual ranges of temperature, low relative
humidity, cloudless summer months and northwest prevailing wind direction (FAO, 2001).
The Mediterranean type climate prevails in the catchment of the Lesser Zab River. It is hot
and very dry in summer, while the winter season is cold and has high annual precipitation,
which is more rainy and snowy towards northeast (Stevanovic and Markovic, 2003).

The area receives an annual rainfall of (700 to 800) mm. Generally, the climate of the studied
area around Dukan, Ranya, Qaladza, Mawat, and Chwarta towns is characterized by high
rainfall, relatively cold weather during the winter although it was affected by drought during
the past several years. These areas mostly represent the high mountain regions. Climate has a
direct influence on water quality of the study area; and it is one of effective factors in
hydrological cycle. The obtained data from the Dukan meteorological station for the periods
of study including precipitation, temperature, humidity, and wind speed with direction are

used to evaluate the weather of the study area (Table 3.1).
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Table 3.1 Metrological data of Dukan station for the studied area.

Dukan Rain fall
Months Air temperature C° Humidity % Wind Dukan | Chwarta | Mawat | Ranya | Qaladza | Chwarqurna
Avg. Max. | Min. | Avg. | Max. | Min. Srﬁegj Direction mm

August 2016 | 36.0 444 | 28.8 16.5 38.2 6.4 2.4 112.2 0.0 0.0 0.0 0.0 0.0 0.0
September 29.8 37.8 22.7 20.7 38.5 9.8 21 157.9 0.0 0.0 0.0 0.0 0.0 0.0
October 24.3 30.5 19.1 | 299 | 46.8 17.6 3.5 230.1 1.1 4.5 0.0 0.0 0.2 0.0
November 15.3 215 10.6 34.5 54.7 18.8 3.7 230.2 34.0 50.0 44.6 36 25.2 22.8
December 1.7 11.3 4.6 68.0 83.3 50.8 3.7 204.9 235.0 197.0 273.9 237.5 213.8 222.2
January 2017 7.0 11.3 34 66.2 82.5 47.0 2.8 222.3 48.2 63.8 69.1 56.5 55.2 57
February 6.4 10.8 2.7 62.1 79.3 42.0 2.7 247.6 58.8 122.7 95 45 61.9 52.5
March 124 16.9 8.9 63.2 815 | 419 3.4 241.1 120.8 178.2 138.8 128 143.3 129.5
April 17.6 23.5 13.0 57.1 77.5 32.7 2.5 217.7 48.0 74.0 72.1 61 48.1 40.2
May 25.1 33.6 18.4 31.4 54.4 134 2.7 234.3 5.6 25.5 14 6 11.1 10
June 31.6 40.0 24.1 18.5 38.0 9.1 2.7 192.1 0.2 2.5 0.0 0.0 0.0 0.0
July 36.2 44.5 28.9 147 36.6 6.4 3.1 222.0 0.0 0.0 0.0 0.0 0.0 0.0
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3.4 Northern Iraq Geology Description

The Lesser Zab River and its tributaries, and the Dukan reservoir pass through, the Zagros

suture and the unstable shelf tectonic zones of northeastern Iraq as shown in (Fig. 3.1). The

Zagros suture zone which is shared between Iran and Iraq consists dominantly of igneous and

metamorphic rocks belonging to (Shalair, Penjwin-Walash, and Qulqula-Khuwakurk zones)

(Jassim and Golf, 2006).
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Figure 3.1 Geological map shows the study area (after Stevanovic and Markovic, 2003).

Depending on minerogenic map of Iraq by (Al-Bassam, 2007), the dominant mineral in the

studied area were (Limestone, Dolostone, and Halite Saltern) as shown in (Fig. 3.2).
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Figure 3.2 Minerogenic map of Iraq (Al-Bassam, 2007).

3.5 General Situations and Sampling

To achieve the destinations of this investigation, field and laboratory works are conducted out.

The physiochemical and hydrological analyses were conducted in different laboratories in

college of agricultural engineering sciences, Kurdistan institution for strategic studies and

scientific researcher, and Bakrajo agricultural researcher. Many field trips and surveillance

were recored and

conducted to setting study area and detecting site stations. Based on the land

use pattern differences, including agricultural and residential areas, the sampling sites were

selected. Water samples were collected during four seasons at six different periods; during

(August, November, February, March, April, and May) the period sampling were chosen

situated on the hydrological regime of the area was studied and it was affected by seasonal
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variations due to rainfall specimen. The collected water samples were determined by using the

procedures indicated in the standard methods for the examination of water and wastewater

(APHA, 2005).

A total of 21 water samples were collected from the studied area in each sampling period
(Table 3.2 and Fig. 3.3) and 34 samples of soil were collected from the plains and hilly areas
of the studied locations around the studied area by hand auger at depth (0 to 15 cm); among
them eleven were selected at Mawat-Chwarta side, while the other twenty three were
collected at the north, east and west sides of Dukan lake (Table 3.3 and Fig. 3.3). The samples

were placed in a plastic bag sack then stored to laboratory for analysis (Carter and Gregorich,

2008).

3.6 Pre-field Work

In order to prepare the fieldwork, available basic data from different sources were collected,
topographic and geological maps with relevant scale were selected, and satellite images
suitable for background map were made available. Relevant data from site on land use/land
cover, soil type, water resource, vegetation type, size of cultivated area, and relevant

meteorological data were gathered from the respective offices (Dukan dam directorate,

agricultural directorates, and municipality within the studied areas).

Table 3.2 GPS reading of water sampling sites.

Site codes Sites Elevation (m) Latitude (N) Longitude (E)
W1 Joga-Sur 849 35°41' 46" 045° 32' 29"
W2 Mawakan 868 35°41' 03" 045° 31' 49"
W3 Shakha-Sur 836 350 42' 49" 045° 30" 32"
W4 Siwayl 832 35° 45' 04" 045° 29' 59"
W5 Kuna-Masi 792 350 47' 32" 045° 24' 27"
W6 Qashan 736 35°52' 02" 045° 24' 14"
W7 Kawe 537 36° 06' 37" 045° 10" 36"
W8 Hallsho 604 36° 10" 36" 045° 09' 31"
W9 Sndollan 501 36° 10' 21" 045° 03' 10"

W10 Zharawa 501 36° 12' 59" 045° 04' 28"
W11 Dolabafra 523 36° 13' 55" 045° 03' 12"
W12 Doli-Shahidan 506 36° 14' 31" 044° 59' 56"
W13 Darbany-Ranya 493 36° 12' 51" 044° 59' 14"
w14 Bosken 514 36° 13' 35" 044° 55' 03"
W15 Dukan-Lake 501 36°10'9" 044° 55' 20"
W16 Qarani-Agha 506 36° 11' 56" 044° 45' 20"
W17 Khdran 540 36° 07' 56" 044° 46' 54"
W18 Hizop 531 36°10' 19" 044° 41' 10"
W19 Smaquli 625 36° 10' 09" 044° 37' 16"
W20 Jali 592 360 11' 23" 044° 36' 34"
W21 Qashqoli 412 35°55' 31" 044° 57' 42"
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Table 3.3 GPS reading for soil sampling sites

ci!jtZs Site names Elevation (m) Latitude (N) Longitude (E)
S1 Ashi-Qazi 879 35° 39' 29" 450 32' 14.4"
S2 Mawakan 854 35°41' 00.9" 450 31' 44.9"
S3 Joga-Sur up 862 35°41'48.9" 45° 32'59.3"
S4 Joga-Sur near bridge 862 35°41' 29.8" 450 32' 34.8"
S5 Shakha-Sur 834 35° 42' 53.3" 45° 30' 34.3"
S6 Kanarwe 961 35°41'18.5" 45°35'01.1"
S7 Wazha 854 35° 45' 09.8" 450 29' 58.2"
S8 Kuna-Masi 798 35° 47" 36" 45° 24' 26.9"
S9 Kuna-Masi up 919 35°46' 40.4" 45°24'01.6"
S10 Zainal village 796 35°51' 00.2" 45° 26' 08.9"
S11 Qashan near bridge 765 35°51'59.1" 45°24'19.9"
S12 Kawe 567 36° 06' 58.1" 45°10' 42.9"
S13 | Hallsho near Allawa village 934 36°12'12.1" 45°13'12.1"
S14 Hallsho near bridge 709 36° 10' 33.9" 45°09' 33.4"
S15 Sndollan 502 35°41'29.7" 45°32' 34.8"
S16 Zharawa up 565 36°13'21.2" 45° 05' 04.0"
S17 Zharawa near grideg 529 36° 12' 58.2" 45°04' 36.4"
S18 Dolabafra up 552 36°14'31.3" 45°03' 50.7"
S19 Dolabafra near bridge 536 36° 14' 31.4" 45°03' 50.8"
S20 Qadrawa village 615 36° 16' 48.3" 45° 00' 48.4"
S21 Doli-Shahidan near bridge 524 36°14' 34.8" 45° 00' 00.4"
S22 Twasuran 519 36°14'11.3" 44°58' 54"
523 Darbany-Ranya 522 36° 13' 23.9" 44° 57' 24.2"
S24 Bosken 515 36° 13' 36.4" 44°55' 04.6"
S25 Chwarqurna 522 36°12' 00.0" 44° 49' 01.6"
S26 Sarwchawa 567 36° 15' 53.8" 440 46' 12.2"
S27 Qarani-Agha near bridge 526 36°11'58.3" 44° 45' 13.5"
528 Khdran up 552 36° 07' 29.1" 44° 46' 34.6"
S29 Khdran near bridge 529 36° 07' 58.2" 44° 46' 52"
S30 Hizop near bridge 549 36° 10' 16.7" 44° 40' 55.5"
S31 Smaquli near bridge 629 36° 10' 02.8" 44° 37' 15.1"
S32 Smagquli up 669 36° 09' 43.3" 44°36' 15.2"
S33 Jali low 595 36°11'19.3" 44° 36' 36.4"
S34 Jali up 599 36° 10'57.9" 44° 36' 28.2"

3.7 Data Collection

3.7.1 Flow measurements

The discharge rates for the rivers are measured at the sampling sites at every sampling period

concurrently with water quality measurements.

3.7.1 Methodologies for open channel hydraulics

Where direct volumetric measurement is impossible or unreliable, there are a number of
hydraulic relationships that can be used to determine discharge with varying degrees of
certainty. These relationships are discussed and include the area-velocity-discharge

relationship and Manning’s equation.
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The method applied will depend on channel geometry and flow characteristics: principally,
whether flow is open or closed channel. Open channel flow occurs when flow has a free
surface. It most commonly occurs in open-air channels of various scales, both man-made and

natural. It also occurs in pipes flowing partially full.

3.7.1.1 Stream area/velocity methods

Where spring discharge flows into an open stream or man-made channel, the stream

area/velocity method is commonly employed to estimate discharge as follow,

Q=V*A (3.1)

Q = discharge (m®s™), V = average flow velocity (m s™), and

A = cross-sectional area of flow (m?)

3.7.1.2 Determining cross-sectional area

Where channel morphology varies in the direction of flow, at least three cross-sections

perpendicular to flow have measured along the channel section.

3.7.1.3 Determining velocity

3.7.1.3.1 Float method

The float method is likely to be most accessible, though the float method was used to compute
water velocity although its accuracy is limited. Where there is significant wind, large ripples,
or back currents on the channel, the method will be considerably less accurate. As flow
velocity will vary from flow surface to bottom of the channel, the averaged surface velocity
should be multiplied by a correction coefficient (Table 3.4) depending on the depth of the

channel where the float velocity has been measured.

Table 3.4 Correction coefficients for float velocity based on channel depth (Dodge, 2001).

Average depth (ft) Correction coefficient
1 0.66
2 0.68
3 0.70
4 0.72
5 0.74
6 0.76
9 0.77

12 0.78
15 0.79
>20 0.80
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3.7.1.3.2 Manning’s equation

The velocity of open channel flow can also be estimated using Manning’s equation (Chanson,
2004). This requires measurement of the water surface slope and an estimate of channel

roughness, as well as measurement of cross-sectional area of flow,

V =1/n* R =g (3.2)

V = velocity (m s™)

n = roughness coefficient (sec m™?)
Km = 1/n =Manning’s coefficient
R= hydraulic radius

[Note: A/P =R, hydraulic radius] m
S= slope of water surface (m m™)

A = cross-sectional area of flow (m?)

P= wetted perimeter of flow (m)

3.8 Sample Collection and Storage

Sample collection should be simple with avoiding the possibility of contamination or
interference from foreign substances. Surface water was collected during different periods of
discharge. Six sampling campaigns were conducted from August 2016 to May 2017. Grab
water samples were collected from twenty one sampling sites along the main river and its
tributaries. Two samples in 300 ml bottles were collected at each site. One sample was for
heavy metal analysis and the other sample was fully topped up for analysis for BODs and one
1.5 liters bottle sample for other parameters and measuring suspension solids, according to the
procedure described by (APHA, 2005).

The bottles were washed (2 to 3) times with water of interest prior to collection for analysis
and filled to the neck to expel air which leads to preventing iron deposition and consequent
loss of phosphate and carbon dioxide with consequent calcium precipitation (H6ll, 1972). The
samples were then stored in the cooler box with ice cubes, waiting to be transported to the
laboratory for analysis. The samples were filtered through 0.45 pum filters and done analyzed,
while some parameters such as temperature, EC, DO and pH were measured on site, using the
portable instrument. Samples collected for heavy metals analysis were filtered and preserved
with dilute nitric acid (2 ml) in 300 ml before transporting to the laboratory for analysis. The
bottles were kept in the refrigerator at (4-6 °C) temperature for subsequent analysis (Sanders,
1998).
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3.9 Analytical Methods (Physicochemical analyses):

3.9.1 Temperature (°C)

Surface water temperature was determined on site using temperature sensor of a dissolved
oxygen probe (InoLab.OXi730, WTW Company-Germany), as described in the field method
according to (APHA, 2005).

3.9.2 Hydrogen ion concentration (pH)

The pH of the water was measured on site using a portable pH meter (Multi 340i/SET multi-
parameter instrument WTW Company-Germany), equipped with pH probes, the probe was
calibrated using appropriate standard solutions before sampling as described by (APHA,
2005).

3.9.3 Electrical Conductivity (EC)

Electrical Conductivity was measured in the field by electrometric method, using portable
EC-meter (Cond 330i, 82362 Weilheim WTW Company-Germany). Final result corrected at
(25°C) and expressed in (uS cm™), (APHA, 2005).

3.9.4 Total Solids (TS)

The total solid was determined using the procedure described by (Hussein, 2013). A known
volume of well-mixed unfiltered sample was evaporated in a weighed dish and dried to
constant weight in an oven at (103 to 105) °C. The increase in weight over that of the empty
dish represents the total solids. TS was calculated as,

(A—B) %1000 000
Volume of sample, ml

TS (mgL™1) = (3.3)

Where, A = weight of dried residue + dish, (grams), and B = weight of dried dish, (grams)

3.9.5 Total Dissolved Solids (TDS)

The total dissolved solid was determined using the procedure describe by (Hussein, 2013). A
known volume of sample was filtered through a standard 0.45 um filter membrane, and the
filtrate was evaporated to dryness in a weighed dish and dried to constant weight. The

increase in dish weight represents the total dissolved solids. TDS was calculated as,
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(A—B) 1000 000
Volume of sample, ml

TDS (mg L™1) = (3.4)

Where, A = weight of dried residue + dish, (grams) and B = weight of dried dish, (grams)

3.9.6 Total Suspended Solids (TSS)

The total suspended solid was determined using the procedure described by (Hussein, 2013).
A known volume of well-mixed sample was filtered through a pre-weighed 0.45 um filter
membrane and the residual retained on the filter were dried to constant weigh at (103 to 105)
°C. The increase in the weight of the filter represents the total suspended solids in (mg L™).
TSS was calculated as,

(A—B) %1000 000

~-1y —
1SS (mgL™) = Volume of sample, ml

(3.5)
Where, A = weight of filter + dried residue, (grams) and B = weight of filter, (grams)

3.9.7 Turbidity

The turbidity of water in all sampling sites was determined by using a portable turbidity-meter
(Photo Flex/Photo Flex Turb.WTW Company-Germany), and the measurements were read in
Nephelometric Turbidity Units (NTU) (APHA, 2005).

3.9.8 Color

In laboratory color variability of each water sample was measured by photoLab spectral
model (82362 Weilheim) WTW company-Germany as described in the (APHA, 2005).

3.9.9 Dissolved Oxygen (DO)

Dissolved oxygen was measured at the field using a special oxygen-sensitive membrane
electrode (InoLab.OXi730, WTW Company-Germany). The readings were allowed to
stabilize and DO read in mg L™, as described in the (APHA, 2005).

3.9.10 Biochemical Oxygen Demand (BOD)

BOD was measured by a special oxygen sensitive membrane electrode (InoLab.OXi730,
WTW Company-Germany), as described in the (APHA, 2005). Samples were analyzed after

5-days incubation period, then the final dissolved oxygen concentration (DOs) was
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determined, if the original sample contained (DO) mg L™ of oxygen and the incubated sample
DOs mg L™ after 5- day at 20 °C then the five-day BOD is,

BODs (mg L™) = (Original DO of sample - DOs sample after 5 day incubation) (3.6)
Samples were diluted prior to incubation, then were incubated for five days, the measurement

of the loss oxygen from the beginning to the end of the test were taken. The BOD levels were

then determined by comparing the initial and the final DO level of the sample.
BODs (mg L™) = (DO;-DOs)/P (3.7)

Where,
DO; = initial DO of the diluted water sample.
DOs= final DO of the diluted water sample after five days incubation.

P= decimal volumetric fraction of sample.
3.9.11 Major cations and anions:

3.9.11.1 Calcium and magnesium (Ca*" and Mg*")

These were estimated by using a titrimetric method with EDTA (0.01N) according to (Maiti,
2004).

3.9.11.2 Sodium and potassium (Na" and K*)

These were measured by flame photometric methods as described by (APHA, 2005); using
flame-photometer, model JENWAY, PEP7.

3.9.11.3 Chloride ion (CI")

The ion of chloride was determined by titrimetric method (APHA, 2005). The method is
based on the titration of the water sample with AgNO3 (0.01N) using potassium chromate
(K2Cr0Oy) as indicator.

3.9.11.4 Alkalinity as bicarbonate contents (HCO3)

The alkalinity of water was determined by titration against a standard sulphuric acid (0.02N)
(APHA, 2005).
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3.9.11.5 Nitrate and Sulphate (NOs-N and SO4?)

NOs-N and SO,* were determined using a spectrophotometer 220 and 420 nm (UV-1800,
Japan) respectively according to (Maiti, 2004).

3.9.11.6 Phosphorus, ammonium, and nitrite (PO4-P, NH4-N and NO,-N)

These were determined by using a photoLab spectral model (82362 Weilheim) WTW
company-Germany according to (APHA, 2005). The results were expressed in (mg L™?).

3.9.12 Total hardness

An accurate method was used for determination of total hardness and calcium hardness
depending on the procedure given by (Theroux et al., 2001). The measurements of total

hardness were done depending on the mathematical model below,

(mg L™ Ca®* x 2.496) + (mg L™ Mg®* x 4.115) = mg L™ Total hardness as CaCOs (3.8)

3.9.13 Irrigation water quality measuring:

To evaluate water quality for irrigation purpose, following indices were calculated using the

shown equations.

3.9.13.1 Salinity (Total Soluble Salt)

Electrical conductivity measured on the field was also used to assess salinity hazards as

following,
TDS=EC*K (3.9
Where, K = 0.640 in most cases (for EC: 0.5-5 dS m™) or
K =0.735 for mixed waters or
K =0.800 for EC >5dSm™
3.9.13.2 Soluble Sodium Percentage (SSP)
This was calculated employing the equation (Todd, 1995) as,

(Nat + K™)

SSP =
(Nat + K* + Ca?* + Mg?™t) i

100 (3.10)

Where, all concentration is in meq L™
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3.9.13.3 Sodium Adsorption Ratio (SAR)

This was calculated employing the equation (Ryan et al., 2001) as,

SAR = Na't/,/(Ca2* + Mg?+)/2 Concentrations are in meq L™ (3.11)

3.9.13.4 Residual Sodium Carbonate (RSC)
This was calculated employing the equation (Eaton, 1950) as,

RSC = (CO5* + HCOy) - (Ca*" + Mg*") (3.12)

Where, all concentration is in meq L™.

3.10 Heavy Metal Analysis

The trace metals were tested by using the analytical methodologies as per (APHA, 2005). The
collected water samples immediately transported to the laboratory for doing analysis by
placing in a cooler at 4 °C. The collected samples were filtered with filter paper (pore size
0.45 um) and to minimize adsorption and precipitation metals on the walls of the bottles the
samples were preserved by correcting the pH below 2 with nitric acid as described the
standard procedure. The heavy metals concentrations, iron (Fe), copper (Cu), zinc (Zn),
manganese (Mn), lead (Pb), cadmium (Cd), and chromium (Cr) were determined using
Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) Optima 2100 DV
Series (Perkin-Elmer). It comes with WinLab32 Software which optimizes the workflow and

accuracy.

3.11 Soil Analysis (Physical and chemical analyses):

Some physical and chemical properties of the soils were determined as follows:

3.11.1 Particle size distribution

The particle size distribution was carried out by using pipette method according to (Klute,
1986).

3.11.2 Bulk density

Bulk density was determined by using a clod method according to (Bonsu and Laryea, 1989).
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3.11.3 Saturated hydraulic conductivity

It was measured by constant and falling head method as modifieded by (Fattah, 2004).

3.11.4 Electrical Conductivity (EC)

Was determined by using portable EC-meter (Cond 330i, 82362 Weilheim WTW Company-
Germany), according to (Hesse, 1971).

3.11.5 pH

The pH of soil extract was determined by using a pH-meter, model (Multi 340i/SET multi-
parameter instrument WTW Company-Germany), according to (Wang and  Anderson,
1998).

3.11.6 Calcium and magnesium (Ca?* and Mg*")

They were determined by titremetric method by using (0.02M) EDTA di-sodium salt as
described in (APHA, 1998).

3.11.7 Sodium and potassium (Na" and K*)

Were measured by flame photometer model (JENWAY, PEP7), according to (Allen, 1974).

3.11.8 Alkalinity as bicarbonate (HCOj3)

Was determined by titremetric method by using (0.01M) HCI as described in (Richards,
1954).

3.11.9 Chloride (CI")

The chloride concentration was determined by titration method by using (0.01M) AgNO3 as
described in (Richards, 1954).

3.11.10 Nitrate and Sulphate (NOs-N and SO,?)

They were determined by using a spectrophotometer (UV-1800, Japan) 220 nm for NO3-N
and 420 nm for SO,* according to (Tabatabai, 1974).

3.11.11 Phosphorus (PO4-P)
Was determined by (Olsen's method) as described in (Rowell, 1996).

56



Chapter Three Materials and Methods

3.11.12 Ammonium and nitrite (NH4-N and NO,-N)

These were determined by using a photoLab spectral model (82362 Weilheim) WTW
company-Germany according to (APHA, 2005).

3.11.13 Organic matter (O.M)

This was determined by using the Walkly Black method as described in (Ryan et al., 2001).

3.12 Soil Heavy Metal Analysis (Nitric acid extraction)

The sieved and air-dried soil sample (<2 mm) is extracted with (0.43 M HNO3) at room
temperature according to modified versions of the extraction procedure by (Houba et al.,
1995). The extraction solution is obtained by dilution of 30 mL concentrated HNO3; (65%,
analytical grade) in 1000 mL ultrapure water. The soil material together with the extracting
solution at a 1:10 weight to volume ratio are shaken during 2 (standard), 4 or 48 h (according
to procedure). After centrifugation and filtration dissolved concentrations are measured using
ICP-AES. The pH after extraction is usually between 0.5 and 1.

3.13 Statistical Analysis

The results were statistically analyzed and tabulated by using the Microsoft Excel Software.
Error-Bar was used to compare the treatment means at the P<0.05 which is represented by
standard error of the mean (SE). Finally correlation between the variables was calculated
using NCSS 12 Software.
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4. RESULTS AND DISCUSSION

4.1 Physicochemical and Hydrological Parameters:

4.1.1 Temperature (°C)

Water temperature readings ranged from (7.7 to 31.4) °C during the study period. The
monthly average values were ranged from (11.4 to 25.5) °C has been shown in (Fig. 4.1.1a),
the temperature obtained in August was higher than those other months with significant
differences between months and similar results were founded by (Goran, 2014). This could
lead to increase in rate of chemical reaction and nature of biological activities in August.
Guidelines for drinking-water quality value none sets but number of countries were setting a
guideline value (Appendexl: Table 4.1.1). However, the wide temperature variations that
could be attributed to the slight variations in the sampling time at each site and the different
sampling days.
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Figure 4.1.1a Standard error of mean of water temperature (°C) for studied months.

The maximum water temperature 31.4 °C was recorded at sampling site (W13-Darbany-
Ranya) during August and the minimum of 7.7 °C was recorded during February at sampling
site (W4-Siwayl) with significant differences between among sites has been revealed in (Fig.
4.1.1b). The monthly variations in water temperature could be attributed to the seasonal
dynamics of weather within the study area. The lowest water temperature in the February
might be due to high water levels and lower solar radiation whereas maximum in the August
might be due to low water level, greater solar radiation and clear atmosphere. Temperature
controls the hydrochemistry of parameters like DO, BOD, solubility, pH, conductivity, etc.
(Patil et al., 2011). In general water holds lesser oxygen as the temperature increases

(Kulkarni et al., 2007).
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Figure 4.1.1b Standard error of mean of water temperature (°C) for studied sites.

4.1.2 Turbidity

The turbidity values ranged from (< 0.01 to 659) NTU. The monthly average turbidity ranged
from (18.4 to 52) NTU with significant differences between months has been exposed in (Fig.
4.1.2a). The results show that it is much greater than mean value recommended by number of
countries (5 NTU) especially during rainy season (Appendexl: Table 4.1.2). Very high
turbidity values were obtained in March and April which is the wet season of the study area
than the dry season and keeping with results were noted by (Farka, 2006). This could be due
to more frequency of rainfall in the wet season. Rainy season generally causes high turbulence
and mixing of water leading to an increase in the suspended particulate matter. Turbidity of
water has an influence on other parameters such as color and even chemical parameters which

affect water quality (Olumuyiwa et al., 2012).
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Figure 4.1.2a Standard error of mean of water turbidity (NTU) for studied months.

Comparatively low water turbidity < 0.01 NTU is found at sample site (W21-Qashqoli) and
sample site (W2-Mawakan) during August and November respectively. The highest value 659
NTU was founded at sample site (W12-Doli-Shahidan) during November with significant

differences between sites has been shown in (Fig. 4.1.2b) due to the effect of sand washer
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activates at the upstream of the river can lead to increased suspends of the river in this site and
turbidity can also rise sharply during dry weather if earth-disturbing activities are occurring in
or near a stream without erosion control practices in place. During rainy season silt, clay and
other suspended particles contribute towards high turbidity values, while during winter and
summer seasons settlement of silt, clay results low turbidity (Thirupathaiah et al., 2012). In
March, high turbidity values can be attributed to high incidences of rainfall, sand washer and
agricultural lands, which lead to increased erosion and surface runoff carrying a lot of

suspended materials into the river.
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Figure 4.1.2b Standard error of mean of water turbidity (NTU) for studied sites.

4.1.3 Color (Hazen unit)

The minimum and maximum color values were (0.2 and 93.2) Hazen unit measured at
sampling site (W5-Kuna-Masi) and (W214-Bosken) during August respectively, with
significant differences among sites has been revealed in (Fig. 4.1.3a). The monthly average
concentrations were ranged from (7.7 to 56.9) a Hazen unit with significant differences
between months has been shown in (Fig. 4.1.3b). Throughout the sampling periods, measured
concentrations were greater than the maximum permissible limit value for drinking standard
guideline in most of the sites as a result of erosion and runoff into the river, it should not be
more than (15 Hazen unit or TCU) (Appendix 1. Table 4.1.3). In terms of time, March
showed higher values of color than other months, owing to the river characteristics during the
beginning of the rainy season. Rivers tend to collect solid and liquid wastes in the catchment
lands during this period (Abowei, 2010). We can see that the main causes of color in the study
area may be due to decaying of organic material, sand washer effects, agricultural activities
(runoff) which are practiced at different sites along the river and might be due to high iron

concentration.
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Color (Hazen unit)

Figure 4.1.3a Standard error of mean of water color (Hazen unit) for studied sites.
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Figure 4.1.3b Standard error of mean of water color (Hazen unit) for studied months.

4.1.4 pH

The values of pH in natural water are affected by geological shed water and balance of CO,,
H,CO; and CO5>. It ranged from (7.45 to 8.70). High water volume, greater water retention,
high carbon dioxide concentration occurring from organic decomposition, and good buffering
capacity of total alkalinity may have been the reason why pH was fluctuated in weak or
moderate alkaline medium during all the study and for most part of the study and similar
results was observed by (Rasul, 2013). The monthly average values were ranged from (8.09 to

8.27) with significant differences between months has been shown in (Fig. 4.1.4a).
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Figure 4.1.4a Standard error of mean of water pH for studied months.
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Ezekiel et al. (2011) associated low pH value to the rise of CO, production and humic acid
formation with bacterial respiration in decomposition of organic matter. Among the sites, the
highest value 8.70 was found at sampling site (W10-Zharawa) during February. High value of
pH in February is due to the rainfall, which may dilute the alkaline substances or the
dissolution of the atmospheric carbon dioxide (Sheikh and Yaregi, 2003), whilst the least pH
value 7.45 was noted from the sampling site (W21-Qashqoli) during November with
significant differences between sites has been given away in (Fig. 4.1.4b). These values are
indicative of alkaline conditions, and may be attributable to geological characteristics of the
soil over which the rivers flows (Dallas and Day, 2004). In comparison to drinking water
quality standards, all the pH values measured were within the permissible limits, although
there is no health-based guideline (Appendix 1: Table 4.1.4).
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Figure 5.1.4b Standard error of mean of water pH for studied sites.

During the study period in the summer season and during August, photosynthetic activity was
reduced due to higher temperature which resulted in the accumulation of carbon dioxide and
the subsequent decrease in the pH or higher pH value of summer is due to utilization of
bicarbonate and carbonate buffer system (Mehrotra, 1988). Higher pH values during rainy
season could be due to discharges of waste into the water. The weakly low pH of water in
some sites during the dry season could be due to dissolved carbon dioxide and organic acids
resulting from the decayed matter which then eventually leach into the waters. The variations
in pH values may be due to increase or decrease of human and other biological activities. The
slight alkalinity could be possibly from calcium carbonate bedrock weathering or may reflect
the importance of dissolution of limestone and dolomites in the watershed. The presence of
higher concentration of bicarbonates in this study caused the rivers water in to alkaline nature.
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4.1.5 Electrical Conductivity at field temperature (ECy)

The electrical conductivity values of water samples varied due to different sites and seasons
or could be due to content of available soluble ions during months of sampling. Generally the
EC; values ranged from (218 to 976) uS cm™. The monthly average values were ranged from
(410 to 479) puS cm™ with significant differences among months has been shown in (Fig.
4.1.53). The lowest value 410 uS cm™ was founded in April and May due to the rainfall
dilution effect and highest value 479 uS cm™ was detected in August due to high temperature
and ionic concentration, same accord was mentioned by (Zewayee, 2011). The main reason
behind fluctuation of mean EC values in one month is dumping of huge volumes of toxic

wastes into water.
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Figure 4.1.5a Standard error of mean of water EC; (uS cm™) for studied months.

Among different sites, maximum EC; value was 976 uS cm™ at sampling site (W18-Hizop)
during August might be attributed to the presence of high dissolved ions in the water, which
influenced by (W20-Jali) sulfur spring effluents, however concord results were obtained by
(Al-Barzingy et al., 2009). Surface and agricultural run-offs might have contributed to the
increased concentration of ions in the surface water. However, the high conductivity values
may be attributed to high ionic transfer between the water and the surrounding land use as a
result of the human activities as well as the temperature also have an effect on the
conductivity.

The minimum EC; value was 218 pS cm™ which was noted at sampling site (W15-Dukan-
Lake) during May with significant differences among sites has been exposed in (Fig. 4.1.5b),
which might be due to the high dilution effects. There is currently no official guideline as to
what is considered safe level for conductivity (Karikari et al., 2007). However, the
conductivity of most freshwaters ranged from (10 to 1000) uS cm™, but many exceed (1000)

1

uS cm™, especially in polluted waters or those receiving large quantities of land run-off
(Chapman, 1992). The EC of natural water is between (170 and 2700) pS cm™ according to
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number of countries (Appendexl: Table 4.1.5). EC was generally within permissible limits
and this attributed to the dilution effect and other natural processes. Conductivity in rivers
could be affected primarily by natural factors such as the geology underlying the formation of
the catchment through which the water flows. Others include anthropogenic activities such as
agriculture that could possibility discharge fertilizers runoff affecting the conductivity of the
water as detected in (W14-Bosken, W18-Hizop, W19-Smaquli, and W20-Jali) sites. Dougall
(2007) found that streams that run through areas with clayey soils tend to have higher EC

because of presence of materials that ionize when washed into water.
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Figure 4.1.5b Standard error of mean of water EC, (uS cm™) for studied sites.

4.1.6 Electrical Conductivity at lab temperature (EC,s °c) and salinity

The monthly mean salinity shows similar patterns of monthly distribution in ECy5°%
concentrations. The salinity were ranged (140.88 to 716.97) mg L with significant
differences among sites (Fig. 4.1.6al). In comparison to drinking water quality standards
WHO and 1QS, the optimum acceptable salinity value (1000 mg L™). All the values measured
were within the permissible limits (Appendex1: Table 4.1.6a). The highest monthly mean of
salinity 393.80 mg L™ was recorded on the February, this result revealed that the river was
alkaline and the lowest mean of 278.55 mg L™ was obtained on the May with significant

differences between months (Fig. 4.1.6a2).
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Salinity (mg L-1)

Figure 4.1.6al Standard error of mean of water salinity (mg L™) for studied sites.
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Figure 4.1.6a2 Standard error of mean of water salinity (mg L™) for studied months.

The electrical conductivity ranged between (220.12 to 1120.26) pS cm™, while the highest
monthly mean of ECys°c 615.32 pS cm™ was recorded on the February and the lowest mean
of 435.23 pS cm™ was obtained on the May (Fig. 4.1.6b1) with significant differences
between months. Throughout the sampling periods, measured EC,s°c values were within the
permissible limits for drinking water (Appendex1: Table 4.1.6b).
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Figure 4.1.6b1 Standard error of mean of water EC,’c in (us cm™) for studied months.
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It can be seen that the value of conductivity is more in the samples collected in the month of
February as compared to other months. It is depends on the total amount of soluble salts. The
highest monthly mean value of EC,s°c was recorded during cold season which probably
related to high precipitation and soil leaching processes or due to effluent loaded by salts and
dissolved material and same results was observed by (Rasul, 2013). Generally the higher
amount of EC,°c and salinity were recorded during November at sampling site (W14-
Bosken) which influenced by (Bosken) village wastewater and higheast mean value of them at
(W18-Hizop) site with significant differences between sites as shown in (Fig. 4.1.6b2).
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Figure 4.1.6b2 Standard error of mean of water EC,s°¢ in (us cm™) for studied sites.

4.1.7 Dissolved Oxygen (DO)

As shown in (Appendex1: Table 4.1.7) the DO was ranged (4.30 to 10.35) mg L™. In general,
DO level of 3 mg L™ are stressful to most aquatic organisms. The highest amount was
recorded during February wich was 10.35 mg L™ at sampling site (W9-Sndollan) due to the
high turbulence of water facilitating the diffusion of atmospheric oxygen and the increased
solubility of oxygen at lower temperature (Yadav et al., 2014). The lowest value was recorded
during May wich was 4.30 mg L™ at water sampling site (W14-Bosken) due to the high
temperature and addition of sewage and other waste which can be responsible for low value of
DO (Pradeep et al., 2012). The monthly average values were ranged from (5.71 to 8.92) mg
L' with significant differences among months has been shown in (Fig. 4.1.7a). Its highest and
lowest values were recorded in February and May months respectively conformity results
were revealed by (Goran, 2014).
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Figure 4.1.7a Standard error of mean of water DO in (mg L™) for studied months.

DO levels fluctuate seasonally and over a 24-hour periods. They vary with water temperature
and altitude. The reduction of DO at some sites (W2-Mawakan), (W14-Bosken) and (W19-
Smaquli) during summer and autumn seasons with significant differences among sites has
been shown in (Fig. 4.1.7b) can be due to the increasing in the untreated domestic sewage
which polluted the water or due to organic pollutants which fasten the consumption of DO in
water during warm months (ALHejuje, 2015). Rani et al. (2004) also reported lower values of
DO in summer season due to higher rate of decomposition of organic matter and limited flow

of water in low holding environment due to high temperature.
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Figure 4.1.7a Standard error of mean of water DO in (mg L™) for studied months.

4.1.8 Biochemical Oxygen Demand (BOD)

The biochemical oxygen demand values were generally ranged from (0.13 to 78.3) mg L™
The possible reason for difference observed between the ranges obtained in this study is
increase in anthropogenic activities in the river and its tributaries. The monthly average BOD
values were ranged from (4.96 to 7.54) mg L™. The lowest value 4.96 was founded in May,
whereas the higher value 7.54 was recorded during March with significant differences

between months as shown in (Fig. 4.1.8a).
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Figure 4.1.8a Standard error of mean of water BOD in (mg L™) for studied months.

The highest mean BOD concentrations were recorded during the wet season, and coincided
with results obtained by (Shekha et al., 2013 and Salman, 2006). An increase in BOD during
the rainy season March might have been caused by increased runoff, which transports organic
matter and sediments from the catchment into the river (Masese et al., 2009). Conversely,
during the dry season May, lower mean concentrations of BOD were recorded, suggesting
that there were little or no movement of organic matter from the land, in other side due to self
purification action. The slightly low levels of BOD at sampling sites (W3-Shakha-Sur, W10-
Zharawa, W13-Darbany-Ranya, W15-Dukan-Lake and W21-Qashqoli) (Fig. 4.1.8b) could be
due to dilution effect and natural purification systems along the river system. The highest
BOD values recorded in all over the periods at sampling site (W14-Bosken) with significant
differences between sites as shown in (Fig. 4.1.8b). This increasing related to organic matter
loads discharged in to river from the area near the sewage effluents and agricultural lands,
contain different types pollutants and detergents in additional to residual dead algae through
the stream (Osibanjo et al., 2011). Additionally, with the exception of some collection points
during different periods, all other samples recorded BOD values higher than the WHO limit of
(< 3) mg L™ (Appendex1: Table 4.1.8).
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Figure 4.1.8b Standard error of mean of water BOD in (mg L™) for studied sites.
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4.1.9 Total Solids (TS)

The levels of total solids in present study were ranged from (145 to 1449) mg L. The
monthly mean TS concentrations were ranged from (279 to 357) mg L™ with significant
differences between months as stated in (Fig. 4.1.9a). The fluctuations of TS between the sites
as well as the months were at the moderately case. Minimum value of TS 145 mg L™ at
sampling site (W15-Dukan-Lake) was evident with the high water level of May due to the
excessive dilution, stagnation and low rate of evaporation. Maximum TS 1449 mg L was
recorded at sampling site (W12-Doli-Shahidan) during November, with significant
differences between months as stated in (Fig. 4.1.9b) may be due to the presence of silt and
clay particles in the river water as aresult of earth-disturbing activity and erosion process due
to the steep slope of the area (Sarwar, 2010). Comparison to drinking water quality standard,
all the TS values measured were within the permissible limit except sampling site (W12)

during November (Appendex1: Table 4.1.9).
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Figure 4.1.9a Standard error of mean of water TS in (mg L™) for studied months.
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Figure 4.1.9b Standard error of mean of water TS in (mg L™) for studied sites.
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4.1.10 Total Dissolved Solids (TDS)

The total dissolved solids values were fluctuated from (126 to 611) mg L. The monthly
average values were ranged from (236 to 299) mg L™ with significant differences between
months has been shown in (Fig. 4.1.10a). Increasing and decreasing of TDS values were
possibly related to the agricultural run-off, rapid urbanization, over utilization of the
catchment, and water-erosion from catchments watershed. High values of TDS recorded
during August and November as a result of high ionic concentration and temperature. Lower
value of TDS recorded in May might be due to sedimentation of suspended solids and slow
decomposition rate during May (Imnatoshi and Sharif, 2012). The observed values were

within the permissible limit as revealed in (Appendex1: Table 4.1.10).
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Figure 4.1.10a Standard error of mean of water TDS in (mg L™) for studied months.

The major reasons for the highest TDS 611 mg L™ at sampling site (W18-Hizop) river during
the August, with significant differences between sites has been shown in (Fig. 4.1.10b) it is
related to the study area is known for heavy agricultural activities and high ionic
concentration in water. Land fertilizing, would be the reason for the highest TDS value. In
addition to natural salinity attributable to geology, anthropogenic input in aquatic ecosystems
and high water evaporation also lead to high TDS concentrations (Van der Laan et al., 2012).
Perhaps, runoff and storm water from residential areas may also contribute to increased salts
in the water body, while the lowest values 126 mg L™ were found at sampling sites (W8-
Hallsho) during April, (W13-Darbany-Ranya) and (W15-Dukane-Lake) during May are
attributable to the geological characteristics of soil over which the river flows and due to

rainfall dilution effects.
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Figure 4.1.10b Standard error of mean of water TDS in (mg L™) for studied sites.

4.1.11 Total Suspended Solids (TSS)

The TSS values ranged from (1 to 1228) mg L. The monthly average values were ranged
from (27 to 81) mg L™ with significant variation between months as shown in (Fig. 4.1.11a).
The lowest monthly mean value of TSS was recorded during August due to low rainfall and
low levels of water in the rivers; on the other hand highest monthly mean value of TSS was
founded during February due to effects of soil erosion and surface runoff by high intensity of
water in the rivers and the same results were recorded by (Duru et al., 2018). Generally the
value of TSS should be between (25-40) mg L™ according to WHO, if we are using water for
drinking purposes. But here it can be clearly seen that the values are much more than that
(Appendex1: Table 4.1.11).
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Figure 4.1.11a Standard error of mean of water TSS in (mg L™) for studied months.

Normally, soil erosion considers the source for suspended solids that comes from the
surrounding area caused by human activities. It can be seen that sampling site (W12-Doli-
Shahidan) has the highest observed TSS value 1228 mg L™ during November due to earth-
disturbing activities and construction work like sand washers without erosion control with
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significant variation among sites as exposed in (Fig. 4.1.11b). The lowest observed TSS 1 mg
L' can be seen at sampling site (W20-Jali) and (W21-Qashqoli) during November and August
due to low soil erosion. In general, there was a decreasing trend of TSS values from the

upstream to the downstream sites due to the settlement processes of suspended.
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Figure 4.1.11b Standard error of mean of water TSS in (mg L™) for studied sites.

4.1.12 Nitrate-Nitrogen (NO3-N)

The NOs-N values were ranged from (1.1 to 7.9) mg L™. The monthly average values were
ranged from (2.1 to 5.6) mg L™ with significant monthly variation as shown in (Fig. 4.1.12a).
The lowest amount of nitrate was recorded during November by the utilization of nitrate by
plankton and aquatic plants (Verma et al., 2012), or due to low surrounding runoff and high
microbial activity in the rivers; on the other hand the highest amount of nitrate was recorded
during March because of high vegetation during rainy which supported the growth of
plankton (Pandit and Solanki, 2004), or due to the effects of agriculture activities and surface

waste runoff by high rainwater. A same result was indicated by (Rasul, 2013).
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Figure 4.1.12a Standard error of mean of NOz-N in water (mg L™) for studied months.
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The nitrate content was fluctuated between the sites with significant differences as revealed in
(Fig. 4.1.12b). Among different sites, maximum concentration was found as 7.9 mg L™ at
sampling site (W6-Qashan) during February. Minimum concentration was noted as 1.1 mg L™
at some sites during November. Nitrogen is the chief constituent of organic matter. When this
organic matter gets decomposed, release ammonia which in turn converted to nitrate if there is
oxygen (Boyd and Tucker, 1998). The nitrate content of studied sites was well within the
WHO and 1QS standard guidelines permissible limits (<50 mg L™), and therefore not polluted
with nitrate (Appendex1: Table 4.1.12).

The levels of nitrate recorded at the study area could be as a result of certain natural processes
like decomposition of vegetation and activities of nitrogen fixing by bacteria and
precipitation. The time of the study could be a factor for the nitrate levels recorded because
during rainy seasons concentrations of nitrate were likely to rise since the volume of waste in
the stream increased. Most importantly, the major causes of high nitrate concentration could
be due to the continuous human activities nearby the studied catchments. The location of a
landfill, a waste and a refuse dump very close to the rivers and coupled with runoffs from

residential areas and agricultural fields input nitrate into the rivers.
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Figure 4.1.12b Standard error of mean of NO;-N in water (mg L) for studied sitess.

4.1.13 Nitrite-Nitrogen (NO-N)

The NO,-N concentration values were ranged from (0.01 to 0.22) mg L™ The monthly
average concentrations of nitrite ranged from (0.02 to 0.05) mg L™ with significant
differences between months (Fig. 4.1.13a). Also it is clear from the results that high
concentration of nitrite was recorded in March compared to other months. Organic matter and

dissolved oxygen negatively affect nitrite concentration (Goran, 2006).
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Figure 4.1.13a Standard error of mean of NO,-N in water (mg L™) for studied months.

In this study the concentration of nitrite was found in small amount in all sampling sites and
to some extent increased in the sampling site (WZ14-Bosken), with significant differences
between sites (Fig. 4.1.13b). These may be due to organic wastes, agricultural fertilizers,
intensive livestock operations, surface runoff, sewage discharge and atmospheric deposition
into the river (WHO, 2004). In the normal status the lake nitrite level never be greater than
0.001 mg L™ (Chapman, 1996), however, in this study it reaches to 0.22 mg L™ with strongly
agreement observes by (Worako, 2015). WHO and 1QS guideline value retains the value of (3
mg L) as a quality standard for drinking water (Appendexl: Table 4.1.13). However, all
observed results were below the permissible limit for drinking water. Nitrate concentrations in

surface waters tend to be higher than nitrite because nitrite rapidly oxidizes to nitrate.
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Figure 4.1.13b Standard error of mean of NO,-N in water (mg L™) for studied sites.

4.1.14 Ammonium-Nitrogen (NH4-N)

Ammonia is one of the most important water pollutants in the aquatic environment because it
is highly toxic and presence in surface water. The NH,-N values ranged from (0.03 to 5.1) mg
L%, The monthly mean concentrations of NH,-N have been presented in (Fig. 4.1.14a) ranged

from (0.59 to 0.91) mg L™ with significant differences among months. However, the mean
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value of river water samples exceeded the admissible level of WHO guideline value for safety
drinking water (1.5 mg L™) at few sites (Appendex1: Table 4.1.14) and they were strongly
agreed with same findings of (Maulood and Hinton, 1978a). These high values could be
explained by anthropogenic activities, use of animal waste as fertilizer for agricultural land.
The highest values of NH4-N during August and May in all sites were probably related to high
values of temperature and the increase in bacterial growth. While the lowest levels of NH4-N
during March and April correlated with great dilution effect capacity of the water by rainfall,

highest water velocity as well as to lower water temperature (Goran, 2014).
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Figure 4.1.14a Standard error of mean of NH,-N in water (mg L™) for studied months.

Among the sites, the highest average NH4-N concentration was found at sampling site (W14-
Bosken) 5.10 mg L™ with significant differences as shown in (Fig. 4.1.14b) due to leaching
or run-offs from agricultural land and contamination from human waste or animal waste from
(Bosken village); while the lowest average NH,-N concentration was noted from the sampling
site (W6-Qashan) 0.03 mg L™. This is probably attributed to the utilization of NH,-N by
phytoplankton along the river.
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Figure 4.1.14b Standard error of mean of NH,-N in water (mg L™) for studied sites.
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4.1.15 Phosphates (PO4-P)

As mentioned by (Girija et al., 2007) the natural sources of phosphorus in water were from
the leaching of phosphates being rocks and organic matter decomposition as well as
anthropogenic activities. From the results it was observed that PO4-P concentrations were
ranged from (0.01 to 1.16) mg L™%. The monthly average concentrations of PO4-P ranged from

(0.09 to 0.15) mg L with significant differences between months (Fig. 4.1.15a).
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Figure 4.1.15a Standard error of mean of PO,-P in water (mg L™) for studied months.

High phosphorus values were recorded during rainy season and winter in comparison to other
seasons which characterized by lower phosphorus concentrations, possibly related to the
effect of rainfall (Fattah, 2010). High phosphate values could also be contributed by
agriculture runoffs during the beginning of the rainy season (Kuyeli et al., 2009) and the high
values of phosphate were mainly due to rain, and surface water runoff. When a river or a
creek passes through an agricultural area, for instance, the phosphorus load may show a
higher concentration compared to other parameters present in the surface water. Among the
sites, the highest average PO,4-P concentration was found at sampling site (W14-Bosken) 1.16
mg L™ during February, while the lowest average PO4-P concentration was noted from the
sampling site (W2-Mawakan) 0.01 mg L during May with significant differences (Fig.
4.1.15b).
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Figure 4.1.15b Standard error of mean of PO,-P in water (mg L™) for studied sites.
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High phosphorus values can occur due to both natural and human factors. These include the
geological characteristics of soil and rocks, runoff from fertilized lawns and cropland, failing
septic systems, runoff from animal manure storage areas, disturbed land areas and detergents.
Concrete evidence for sampling site (W14-Bosken) has a high presence of PO4-P compared
with the rest of the sampling sites was that domestic and animal wastes from the (Bosken
village) were into to the water source. The high concentration during warm periods May and
August could be attributed to decay and subsequent mineralization of dead organic matter,
while low concentration during warm periods May and August is attributed to the utilization
of nutrients by autotrophs (Kaul et al., 1978).

The lower phosphate values reported during February 0.03 mg L™ (Appendix 1: Table 4.1.15)
may be correlated to its locking PO4-P by macrophytes and phytoplankton during their bloom
decreasing their level in water (Kant and Raina, 1990). Hutchinson (1957) has concluded that
the quantity of phosphates increases due to sewage contamination in water bodies like at
(W214-Bosken) in this study.

4.1.16 Calcium ion (Ca?")

The main source of Ca* is the chemical weathering of rocks and minerals, such as limestone
and dolomite. The source of calcium in the studied area is from the geological units which are
dominated by carbonate formations such as (Qamchuga, Kometan and Sarmord) (Rasul,
2013). Calcium ranged from (24.54 to 97.68) mg L™. The monthly average calcium ranged
from (52.70 to 61.93) mg L™ with significant differences among months as shown in (Fig.
4.1.16a).
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Figure 4.1.16a Standard error of mean of Ca®* in water (mg L™) for studied month.

The values were small amount higher during rainy season all over sites because of the
surrounding rocks and soils in contact with water and weathering increases during the rainy

resulting in the increased amount of dissolved material that precipitates downward causing
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increased values with flow. The lower content observed during dry season might be due
adsorption to sediments, and utilization by phytoplankton (Manju et al., 2012). The amount of
calcium increased during August and November at sampling sites (W2-Mawakan), (W14-
Bosken), (W16-Qarani-Agha), (W19-Smaquli), and (W20-Jali) compared to other months,
with significant differences among sites as shown in (Fig. 4.1.16b) due to rapid
oxidation/decomposition of organic matter that present in animal and sewage waste was

mixed with water resources.
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Figure 4.1.16b Standard error of mean of Ca" in water (mg L) for studied sites.

Throughout the sampling periods, measured Ca”* concentrations were within the ranges of
drinking standard guidelines (Appendix 1: Table 4.1.16) and same results were founded by
(Melaku et al., 2007). The Ca®* values in the rivers are higher than this within the Lake all
over periods (Appendix 1: Table 4.1.16) which means that more Ca®* was getting dissolved
by the running water as they flow on carbonate dominated rock formations while it was
diluting within the Dukan Lake.

4.1.17 Magnesium ion (Mg®")

Magnesium has different uses which end up in the environment originating from carbonate
rocks (Greenwood and Earnshaw, 1997). Magnesium is often associated with calcium in all
kinds of waters, but its concentration remains generally lower than the calcium due to the fact
that the dissolution of magnesium rich minerals is slow process. The amount of magnesium
ranged from (7.29 to 54.12) mg L™. The monthly average magnesium ranged from (18.41 to
25.70) mg L significant differences among months as shown in (Fig. 4.1.17a). The highest
amount of magnesium was recorded during November due to low levels of water into rivers
with high ionic concentration, while the lowest value was recorded during March due to high
growth of phytoplankton and more absorbed magnesium in addition to dilution effect when
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peak rainfall was recorded. According to standards the Mg®* is within the permissible limits
and has no any side effect on health (Appendix 1: Table 4.1.17). Mg®* has the same source
rocks as Ca** which is carbonates by the weathering effect which is the dominant in the study

area.
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Figure 4.1.17a Standard error of mean of Mg?* in water (mg L) for studied months.

From (Fig. 4.1.17b) it is quite evident that the increase levels magnesium concentration and
more notably at sampling site (W18-Hizop) which is located in the agricultural and residential
environs having the highest concentrations. The present results indicated that concentrations
of calcium in water samples were higher than that for magnesium in most studied months,
however the solubility of CO, by calcium higher than that for magnesium. Magnesium tends
to precipitate (Goldman and Horne, 1983) due to the high concentration of sulfate ions as
magnesium sulfate (Hakala, 2004). In some months, the concentration of magnesium
exceeded calcium concentrations; this may be due to consumption of calcium by organisms
(Wetzel, 2001) or may be due to the additional amounts of coming magnesium from

agriculture area of river side's (Salman, 2006).
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Figure 4.1.17b Standard error of mean of Mg in water (mg L™) for studied sites.
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4.1.18 Total Hardness as (CaCO3)

The total hardness sources are from (limestone, dolomite, gypsum, and anhydrite) in the river
sediments. TH is due to the presence of bicarbonate, sulfate, chlorides and nitrates of calcium
and magnesium. It is total concentration of calcium and magnesium ions (APHA, 1998). The
TH ranged from (121.41 to 377.14) mg L™ The highest amount of TH in the water was
recorded during August was 377.14 mg L™ at sampling site (W18-Hizop) due to presence of
high content of calcium and magnesium in addition to sulfate and nitrate (Pawar and Pulle,
2005). The lowest amount of TH 121.41 mg L™ was recorded during May at sampling site
(W15-Dukan-Lake) due to low concentration of calcium and magnesium by dilution effect
(Salve and Hiware, 2006,) with significant differences between sites as shown in (Fig.
4.1.18a).
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Figure 4.1.18a Standard error of mean of TH in water (mg L™) for studied sites.

The monthly values of TH ranged from (214.85 to 239.53) mg L™ with significant differences
between months as shown in (Fig. 4.1.18b). The differences recorded among months of total
hardness caused by the soil wash out and agricultural flow. The results showed an increase in
average during February 239.53 mg L™ due to the erosion of soils toward the river as a results
of rainfalls and reaching the pollutants to river water from the municipal wastes that close to
the river, as well as the agricultural wastes from the nearby lands, all of that lead to raising the
rates of hardness in the water. The utilization of calcium and magnesium by organisms and
reduced inflow rate of water must have caused the decrease in the concentration of the total
hardness in April 214.85 mg L. In addition to the growth of algae and phytoplankton in
spring season which consume high amounts of CO, and reduce hardness values of water.
Moreover, the concentration of hardness in all sites did not create any water quality problems
because the hardness concentration was on the recommended limit of guideline standards
(Appendix 1: Table 4.1.18).
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Figure 4.1.18b Standard error of mean of TH in water (mg L™) for studied months.

4.1.19 Sodium (Na")

Sodium concentrations are depending on geological conditions and may also end up in water
from industries. The source of Na" is the Na-bearing rock-forming minerals. Human activities
also can have a significant influence on the concentration of sodium in surface water. The
levels of sodium were ranged from (2.89 to 93.25) mg L. It is expected that human activities
are possible sources for this sodium enrichment in the studied area. The monthly average
sodium ranged from (10.46 to 21.32) mg L™ with significant differences among months as
shown in (Fig. 4.1.19a). Evaporation of water and high ionic concentration are two important

factors in increasing sodium level during August.
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Figure 4.1.19a Standard error of mean of Na* in water (mg L™) for studied months.

The variation was also strongly linked to seasonal fluctuation and higher values were
observed during the dry season at sampling site (W18-Hizop) 93.25 mg L™ in August and
(W14-Bosken) 67.94 mg L™ in November, with significant differences among sites as shown
in (Fig. 4.1.19b). This increase can again be attributed to increased agricultural activities and

sewage effluent. According to (Chin, 2006) concentrations of Na" in surface waters may arise
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from sewage and industrial effluents which directly join lake water. Its concentration falls

within the permissible limit as prescribed by standard guidelines (Appendix 1: Table 4.1.19).
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Figure 4.1.19b Standard error of mean of Na* in water (mg L™) for studied sites.

4.1.20 Potassium (K*)

The main sources of potassium in water include rain water, weathering of potash silicate
minerals, use of potash fertilizers and use of surface water for irrigation, its concentration in
natural waters is usually quite low. This is due to the fact that potassium minerals offer
resistance to weathering and dissolution. Generally, the low concentration of K* in water is
related to the stability of potassium-bearing alumina-silicate minerals (Hem, 1989). The K*
concentration values ranged from (0.69 to 9.51) mg L™ (Fig. 4.1.20a). The monthly mean
ranged from (1.64 to 2.70) mg L™ with significant differences between months as shown in
(Fig. 4.1.20b). The lowest and highest concentration of K* in water may be due to the fact that
most potassium-bearing minerals are resistant to decomposition by weathering processes and
fairly low concentrations of ionic potassium in water (Sravanthi and Sudarshan, 1998). Their
ranges are within the standards permissible limit for drinking water (Appendix 1: Table
4.1.20).

Both cations showed similarity in the timing of increase and decrease tough keeping with
results observed by (Goran, 2014). This phenomena of declined and raised of (Na*) and (K")
during August to April then increased toward May possibly related to increasing rainfall at
that seasons, and evaporates as well as human activity like fertilizer and domestic (Owen and
Wagner, 1972). Generally, results showed that sodium concentration was higher than that of

potassium over the entire periods of study.
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Figure 4.1.20a Standard error of mean of K* in water (mg L™) for studied sites.
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Figure 4.1.20b Standard error of mean of K* in water (mg L™) for studied months.

4.1.21 Chloride (CI')

Chloride is an important quality parameter that affects the aesthetic property of water
including taste and makes it unsuitable for drinking purpose if present in high concentration
(Abdulrafiu et al., 2011). The sources of chloride in natural water could be attributed to the
dissolution of chloride-containing minerals and rocks when water comes in contact with them
and due to pollution from discharge of agricultural, industrial and domestic wastewaters
which get their way into the water sources (Bohlke, 2002). The chloride concentration values
were ranged from (1.87 to 116.09) mg L™ It was reported from the study area that the
monthly average ranged from (10.19 to 29.64) mg L™ with significant differences between
months (Fig. 4.1.21a). The high level of CI" could be due to discharge from agricultural and

domestic wastewaters.
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Figure 4.1.21a Standard error of mean of CI' in water (mg L™) for studied months.

As a result of high mineral content in water, agriculture runoff, sewage effluents we were
recorded highest values of chloride at sampling site (W14-Bosken), (W18-Hizop), and (W20-
Jali) during different months, with significant differences between sites (Fig. 4.1.21b). These
can be attributed to mixing of municipal sewage and domestic waste with river water. The
highest chloride was reported during August 116.09 mg L™ due to mineral contents in the
water with contaminated water from the surrounding area and high evaporation of water
(Verman, 2009). The lowest value of chloride was recorded during February 1.87 mg L™ due
to the dilution of stream water by rain (Shastry et al., 1972). They are all within the range of
values recommended by standard guideline values for drinking water (Appendix 1: Table
4.1.21).
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Figure 4.1.21a Standard error of mean of CI"in water (mg L™) for studied sites.

4.1.22 Sulfates (SO,2)

Sulfates in natural water may originate from many sources such as oxidization of sulfide ores,
dissolution of evaporate rocks (gypsum and anhydrite), and anthropogenic source which
mainly results from agricultural activities. The litho-logical units of the Fatha formation,

which contains gypsum and anhydrite, are believed to be the major source of SO4* in the
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water of study area (Rasul, 2013). Generally, inland waters of Iraqi Kurdistan region usually
contain significant amount of sulfate (Goran, 2006). The sulfates were ranged from (18 to
125) mg L™, which is within the highest desirable limit of sulfate in drinking water standards
guideline (Appendix 1: Table 4.1.22). The monthly average SO,* ranged from (41 to 48) mg
L with significant differences among months as shown in (Fig. 4.1.22a). The concentration
of SO,* was higher during the wet season; because the period is usually the peak of

agricultural activities around the study area.
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Figure 4.1.22a Standard error of mean of SO,* in water (mg L™) for studied months.

The lower value of sulfate was recorded 18 mg L™ at sampling site (W5-Kuna-Masi) during
November could be because sulfate easily precipitates and settles to the bottom sediment of
the river. The higher value of sulfate content 125 mg L™ at sampling site (W19-Smaquli)
during February was recorded with significant differences among sites as shown in (Fig.
4.1.22D), the sulfide-water it is the main reasons and sulfide concentrations became high and
the odor of H,S was produced and similar results were obtained by (Peterson, 2005). In other

sides bio-chemical and anthropogenic sources have great effects on sulfate concentrations.
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Figure 4.1.22b Standard error of mean of SO,> in water (mg L™) for studied sites.
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4.1.23 Alkalinity as (HCOy)

Bicarbonates concentration in water depends on pH. Major sources of bicarbonate are CO, in
air, chemical weathering of carbonate and silicate minerals by carbonic acid (Langmuir,
1997). The weathering of rocks adds bicarbonate content in water. Mostly bicarbonates are
soluble in water (bicarbonate of magnesium and calcium). Carbonate is absent in all the
samples we collected and analyzed, so alkalinity of our water samples is only because of
bicarbonate. The alkalinity values ranged from (128.41 to 441.15) mg L™. The monthly
alkalinity ranged from (222.76 to 259.49) mg L™ with significant differences as shown in
(Fig. 4.1.23a) and much higher than the desirable limits according to standard guideline for
drinking water as given in (Appendix 1: Table 4.1.23). Alkalinity was lowest in April and
May due to the dilution of water in comparison to other months. The unison results were
recorded by (Al-Shwanny, 2009).
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Figure 4.1.23a Standard error of mean of HCO3 in water (mg L™) for studied months.

The highest alkalinity 441.15 mg L™ was recorded at sampling site (W14-Bosken) during
November, with significant differences among sites as shown in (Fig. 4.1.23b) due to high
nutrients in water (Uduma, 2014) and could be attributed to accelerated rate of photosynthesis
leading to greater utilization of carbon dioxide and urban discharge through open drains in the
stream, while the lowest value 128.41 mg L™ was recorded during August at sampling site
(W15-Dukan-Lake) (Appendix 1: Table 4.1.23) this is due to the dilution of water in
comparison to other samples by addition into lake water (Pradeep et al., 2012). The source of
bicarbonate ion is minerals such as calcite and dolomite which are dominant minerals in the
carbonate formation of the study area (Fatha and Kometan formations) (Rasul, 2013).
Dissolution of these rocks by rainwater and irrigation water carries this anion and increases in

the studied waters.
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Figure 4.1.23b Standard error of mean of HCOj3 in water (mg L™) for studied sites.

4.2 Heavy Metals

The results of the seven studied heavy metal concentrations in the study area such as Fe, Cu,
Zn, Mn, Pb, Cd, and Cr have been shown in (Appendix 2: Table 4.2.1 to 4.2.7). The metal
concentrations were different between sampling sites and months, except in the cases of
copper (Appendix 2: Table 4.2.2) and manganese (Appendix 2: Table 4.2.4) where
differences in concentrations were not so large. Heavy metals have been used as indices of
pollution because of their high toxicity to human and aquatic life (Omoigberale and Ogbeibu,
2005).

The heavy metal concentrations were ranged (0.088 to 0.389), (0.002 to 0.016), (0.112 to
0.223), (0.001 to 0.067), (0.006 to 0.091), (0.074 to 0.153) and (0.211 to 0.790) mg L™ for Fe,
Cu, Zn, Mn, Pb, Cd and Cr respectively (Appendix 2: Table 4.2.1 to 4.2.7). The
concentrations of dissolved heavy metals were low in samples collected in autumn, but some
heavy metal concentrations in samples collected in spring were above maximum permitted
concentrations given in (Appendix 2: Table 4.2.1 to 4.2.7). It was found that the river water
heavy metal concentrations at sampling site (WZ14-Bosken) situated downstream of the
general wastewater were higher than concentrations measured at other sites. This was due to
the contact of site (W14) to the various types of pollution such as sewage, animal waste and
chemicals used in agricultural, because this site was located close to residential areas. Metals
concentration can be attributed due to the earth’s crust and the geological formation of the
area (Senapaty and Behera, 2012). On the other side, the increase of metal concentrations in
the water during hot seasons (Spring, Summer) may be attributed to the release of heavy
metals from the sediment to the overlying water under the effect of both high temperature and

organic matter decomposition due to the fermentation process (Ali and Abdel-Satar, 2005).
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From the results, the concentrations of heavy metals such as Cu, Zn and Mn were well below
the permissible limits for drinking water standards (Appendix 2: Table 4.2.2, 4.2.3 and 4.2.4).
The low concentrations of the heavy metals in the surface water could be due to dilution,
adsorption, and precipitation. However, at some sites, the mean concentrations of Fe were
above the permissible limits for drinking water, in all periods (Appendix 2: Table 4.2.1).
While the mean concentrations of Pb, Cd and Cr (Appendix 2: Table 4.2.5, 4.2.6 and 4.2.7)
respectively has been found more than the highest desirable limits of the mentioned guide
lines and require continuous monitoring to detect hateful increases as a result of
anthropogenic input and prevent possible public health implications of these metals on

consumers of water and seafood from the study area.

4.2.1 Iron (Fe)

In waters iron occurs mainly in ferrous or ferric state (Ghulman et al., 2008). Iron is a very
common problem in drinking water and has a strong relationship with water hardness
typically with both hardness and iron increasing at the same time. Surface water generally
contains < 1 mg L™ of Fe. It is a known fact that iron in trace amounts is essential for
nutrition. At concentrations most commonly found in drinking water, the presence of iron was
not considered a health problem. The monthly average Fe ranged from (0.244 to 0.280) mg L
! with significant differences between months as shown in (Fig. 4.2.1a). In general, the level
of Fe was higher during the long rain season across all sites. The observed high values of Fe
might be associated with the phenomenon of leaching due to heavy precipitation. Land runoff,
anthropogenic activities, agricultural runoff, leachate coming from the landfill and solid

wastes dumping are these sources that might have contributed to enhanced levels of Fe at wet

season.
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Figure 4.2.1a Standard error of mean of Fe in water (mg L) for studied months.
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The highest amount of Fe 0.389 mg L™ was recorded during August at sampling site (W14-
Bosken), with significant differences between sites as shown in (Fig. 4.2.1b). This may be
attributed to the high evaporation and intense anthropogenic activities (agriculture and high
degree of human activities) in summer (Olias et al., 2004); while the lowest value 0.088 mg
L was recorded during April at sampling site (W6-Qashan). Results of this study not fit with
(Goran, 2014) and fit with (Rasheed, 2008). The diluting effect owing to heavy rainfall due to
rainy season resulted in the consequent reduction of Fe concentration and subsequently dilutes
the river pollutants.
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Figure 4.2.1b Standard error of mean of Fe in water (mg L™) for studied sites.

4.2.2 Copper (Cu)

The presence of copper originates from municipal wastewaters and landfill leachate or it may
be attributed to domestic sewage water and runoff from extensive farmed areas. The use of
phosphate fertilizers is known to increase copper levels in rivers from runoffs. Significant
copper levels may also be added to soils by application of fertilizers, pesticides and fungicides
(Pearse, 2002). If the concentration of copper found in water sample is high, then it causes
heavy metal pollution (Asaduzzaman et al., 2017).

The monthly average Cu ranged from (0.007 to 0.013) mg L™ with significant differences
between months as shown in (Fig. 4.2.2a). Same as the Fe the highest and lowest value of Cu
was recorded at sampling site (W14-Bosken) and sampling site (W6-Qashan) during February
and August respectively, with significant differences between sites as shown in (Fig. 4.2.2b).
Copper is essential for all plant and animal nutrition. Increased quantities of copper make
water distasteful to drink. Copper is highly toxic to most forms of aquatic life at relatively low

concentrations. The concentration of Cu is within the allowable concentration for drinking
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water quality standards (Appendix 2: Table 4.2.2) and these results agreed with results
obtained by (Ayas et al., 2007 and Rasheed, 2008).
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Figure 4.2.2a Standard error of mean of Cu in water (mg L™) for studied months.
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Figure 4.2.2b Standard error of mean of Cu in water (mg L™) for studied sites.

4.2.3 Zinc (Zn)

Zinc is one of the most abundant and movable of the heavy metals and is transported in
natural waters in both dissolved forms and attendant with suspended fragments (Mance and
Yates, 1984). Conversely, Zn is less toxic metals. The main sources are the natural source and
the use of liquid manure, decomposed materials and agrochemicals such as fertilizers and
pesticides in agriculture (Krishna and Govil, 2005). The monthly average Zn ranged from
(0.143 to 0.163) mg L™ with significant differences among months as shown in (Fig. 4.2.3a).

Zinc concentrations in analyzed water samples were lower than maximum permitted
concentrations (Appendix 2: Table 4.2.3). Results of present study agreed with results
obtained by (Rasul, 2013). The relatively higher concentrations of Zn were found in water
sample collected at site (W14-Bosken) 0.223 mg L™ during summer and 0.220 mg L™ during
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autumn, with significant differences among sites as shown in (Fig. 4.2.3b) can be explained

by position of the sample near residential area and mix with domestic waste.
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Figure 4.2.3a Standard error of mean of Zn in water (mg L™) for studied months.
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Figure 4.2.3b Standard error of mean of Zn in water (mg L™) for studied sites.

4.2.4 Manganese (Mn)

Manganese occurs naturally in most surface waters and in soils that may erode into waters.
However, human activities are also responsible for much of the manganese contamination in
water in most areas (Fianko et al., 2013). The differential levels of Mn in the study area may
be due to the soil geology; Mn ranged from (0.001 to 0.067) mg L™ during the sampling
periods at all of the sites. The monthly mean values were ranged from (0.003 to 0.007) mg L™
with significant differences among months as shown in (Fig. 4.2.4a). The highest
concentration was recorded at sampling site (W14-Bosken) during August, with significant
differences among sites as shown in (Fig. 4.2.4b).

The source of high concentration of Mn may be as a result of agricultural activities taking
place in the area with the main source from organic fertilizers. In addition, the low variability

in the concentrations of Mn obtained in all the sites is an indication of little external inputs of
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Mn in the water. The concentration of Mn is within the allowable range for drinking water
quality (Appendix 2: Table 4.2.4), while the maximum concentrations of Mn found during
summer season and same results was recorded by (Rasul, 2013).
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Figure 4.2.4a Standard error of mean of Mn in water (mg L™) for studied months.
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Figure 4.2.4b Standard error of mean of Mn in water (mg L™) for studied sites.

4.2.5 Lead (Pb)

The concentration of Pb was ranged from (0.006 to 0.091) mg L™ during the periods of study,
while a monthly average ranged (0.039 to 0.066) mg L™ with significant differences among
months as shown in (Fig. 4.2.5a). The highest concentration of Pb 0.091 mg L™ was observed
in November at sampling site (W9-Sndollan) with significant differences among sites as
shown in (Fig. 4.2.5b), while the concentrations of Pb in all of the sites has been found more
than the highest desirable limits (Appendix 2: Table 4.2.5). Results of present study agreed
with results obtained by (Goran, 2014) and disagreed with results by (Rasul, 2013).
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Figure 4.2.5a Standard error of mean of Pb in water (mg L™) for studied months.
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Figure 4.2.5b Standard error of mean of Pb in water (mg L™) for studied sites.

The abnormal concentration of the lead ion might be due to the increase amount of
agricultural, untreated domestic and urban wastewaters (Yilmaz and Sadikoglu, 2011)
discharged into the water around the study area which can pose a threat to humans that
depends on water for drinking and domestic purposes as it can cause cancer. Additionally,
motor vehicle exhaust of leaded gasoline gets adsorbed onto soil surfaces are washed into the
streams during rainfall. The added fertilizers to the agricultural soil also supply a significant
amount of Pb (Al-Qaraghuli, 2005).

4.2.6 Cadmium (Cd)

Naturally, about 25000 tons of cadmium is released into the environment per year. About half
of this cadmium is released into rivers through weathering of rocks. The rest is released
through human activities, such as manufacturing and mining (Damoah, 2007). The
concentrations of Cd ranged from (0.074 to 0.153) mg L™ along the river and tributaries. The
monthly average of Cd ranged from (0.098 to 0.121) mg L™ with significant differences
among months as shown in (Fig. 4.2.6a). The highest concentration was recorded at sampling
site (W14-Bosken) during November, with significant differences among sites (Fig. 4.2.6Db).

Cadmium concentration in this study found to be higher than permissible limit for drinking
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(Appendix 2: Table 4.2.6). Same results were obtained by (Hawrami, 2010) and different
results by (Rasul, 2013).

The dissolved concentrations of Cd persist at relatively high levels in the area due to
additional inputs of contaminated waters that drain from the dumps (Nnabo, 2015). This is
supported by the Cd contents of the rocks and the soils (Onyeobi and Imeokparia, 2014).
Cadmium is an important factor in aquatic monitoring studies, because it has been found to be

toxic to fish and other aquatic organisms (Pascod, 1992).
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Figure 4.2.6a Standard error of mean of Cd in water (mg L™) for studied months.
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Figure 4.2.6b Standard error of mean of Cd in water (mg L™) for studied sites.

4.2.7 Chromium (Cr)

The laboratory results of study area were the concentrations of Cr ranged from (0.211 to
0.790) mg L™ . The monthly average value of Cr ranged from (0.483 to 0.604) mg L™ with
significant differences among months as reaveled in (Fig. 4.2.7a). The highest result was
0.790 mg L recoded at water sampling site (W14-Bosken) during August and lowest 0.211
at sampling site (W15-Dukan-Lake) during November, with significant differences among

sites as reaveled in (Fig. 4.2.7b). These values are above the maximum permissible limit
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(Appendix 2: Table 4.2.7) and opposed results was recorded by (Rasul, 2013). This result
indicates that there is health effect on the users. As is the case with other metals, chromium
toxicity to aquatic organisms increases as water temperature increases and as pH and salinity

decrease. Additionally, chromium is more toxic in soft water than in hard water.
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Figure 4.2.7a Standard error of mean of Cr in water (mg L) for studied months.
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Figure 4.2.7b Standard error of mean of Cr in water (mg L™) for studied sites.

Heavy metals are usually present at low concentrations in aquatic environments but their
concentrations may be raised due to anthropogenic inputs like municipal wastes, fertilizer and
pesticides application and industrial effluents (Ntakirutimana et al., 2013). The various
anthropogenic activities coupled with land-use pattern (vehicular activities, fertilizer and
pesticides use, urban farming and domestic wastes disposals) around these sites must have
contributed to the pollution status of Pb, Cr and Cd in the study area. Run-offs into these sites
could also increase the metal loads especially (Pb, Cr and Cd) because (Karouna-Renier and
Sparling, 2001) have reported that run-offs from developed/built-up can increase metal
concentrations in water bodies. Concentration of heavy metals in the studied water samples
were ordered as chromium (Cr) > iron (Fe) > zinc (Zn) > cadmium (Cd) > lead (Pb) >

manganese (Mn) > copper (Cu).
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4.3 Metal Pollution Indices

Today, researchers and various organizations in present time focus on assessment of water
quality to reduce the impact of pollutant on human health and its environment. The
hydrological study timeline illustrate the development of numerous approaches to identify the
source of origin and overall access the quality of water. Extensive literature survey evidences
that metal pollution indices is the most convenient and effective approach for water quality
assessment. In this study, three documented indices were employed. To identify water quality
for drinking, some indices of water pollution were calculated. The heavy metal pollution

index (HPI), heavy metal evaluation index (HEI) and degree of contamination (Cd).

4.3.1 Heavy metal pollution index (HPI)

The heavy metal pollution index for the study area was calculated individually using the mean
concentration values of the selected metals (Fe, Cu, Zn, Mn, Pb, Cd and Cr). HPI is an
effective method to characterize the surface water pollution. It represents the combined
influence of metals on the overall quality of water (Reza et al., 2011). The HPI values ranged
from (18.87 to 69.75) as show in (Table 4.3.1). The highest HPI value 69.75 was observed at
water sampling site (W14-Bosken), and the lowest value 18.87 was recorded at sampling site
(W15-Dukan-Lake), with significant differences between sites as exposed in (Fig. 4.3.1a).
The highest concentrations for metals were measured in sample site (W14-Bosken), which
implies the highest value for HPI the same results were recorded by (Hoaghia et al., 2016).
The monthly average ranged of HPI was (42.70 to 53.16) with significant differences between
months (Fig. 4.3.1b).
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Table 4.3.1 Monthly variation of HPI during the periods of study.

Site . Months
codes Site names August | November | February | March | April | May Mean
w1 Joga-Sur 44.57 41.82 41.02 41.34 | 41.79 | 42.44 | 42.16
W2 Mawakan 56.75 51.32 50.08 50.66 | 51.45 | 53.29 | 52.26
W3 Shakha-Sur 54.35 45.87 44.83 45.68 | 47.13 | 50.79 | 48.11
W4 Siwayl 52.55 40.62 38.47 39.86 | 40.89 | 42.79 | 42.53
W5 Kuna-Masi 50.49 35.07 31.74 33.05 | 35.21 | 39.54 | 37.52
W6 Qashan 46.04 35.85 35.12 3597 | 36.14 | 37.70 | 37.80
W7 Kawe 56.15 60.18 44.04 4447 | 45.60 | 46.09 | 49.42
W8 Hallsho No 43.76 42.88 43.64 | 44.05 | 44.87 | 43.84
W9 Sndollan 42.79 39.36 38.29 39.46 | 39.91 | 40.52 | 40.05
W10 Zharawa No 37.38 36.80 37.18 | 37.54 | 38.72 | 37.52
W11 Dolabafra 42.10 No 38.21 38.65 | 39.41 | 40.02 | 39.86
W12 Doli-Shahidan 53.37 48.74 47.28 47.99 | 49.25 | 50.57 | 49.53
W13 | Darbany-Ranya 63.92 57.41 55.78 54.88 | 53.91 | 55.78 | 56.95
W14 Bosken 69.75 61.27 60.70 60.17 | 60.93 | 62.05 | 62.48
W15 Dukan-Lake 57.45 18.87 42.98 4495 | 46.19 | 51.73 | 43.70
W16 Qarani-Agha 52.94 60.49 32.74 35.76 | 39.09 | 45.82 | 44.47
W17 Khdran 51.58 44.77 43.46 4421 | 44.99 | 46.65 | 45.94
W18 Hizop 52.42 42.04 39.18 41.31 | 43.08 | 45.49 | 43.92
W19 Smagquli 52.93 43.44 42.09 42.76 | 44.38 | 45.99 | 45.26
W20 Jali 54.04 60.17 42.84 43.18 | 43.47 | 4795 | 48.61
W21 Qashqoli 55.80 59.88 48.07 48.65 | 49.28 | 53.89 | 52.60
Mean 53.16 46.42 42.70 4352 | 44.46 | 46.80 | 46.17

HPI

Figure 4.3.1a Standard error of mean of HPI in water for studied sites.
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Figure 4.3.1b Standard error of mean of HPI in water for studied months.
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The results showed that the HPI were below the critical limit of 100 proposed for drinking
water by (Prasad and Mondal, 2008). Above this value the level of contamination is
unacceptable. The HPI calculated with mean concentration values of all metals, including all
sampling sites is 46.17, which is also well below the critical threshold value of 100, the whole
quality of water in respect to metals downfall in the high class (HP1 > 30) (Table 4.3.2). This
result indicates that the influence of the seven studied metals on the river water quality is
alarming because of the farmland waste discharge, dump wastes, landfill leachate and soil
erosion while appraisement the HPI index and the similar results was observed by (Ewaid,
2016).

Table 4.3.2 Categories of metal indices and water quality classes according to sources.

Index method Category Degree of pollution Sources
<15 Low Edet and Offiong (2002); Giri and
HPI 15-30 Medium Singh (2014) '
> 30 High
<10 Low
HEI 10 - 20 Medium Edet and Offiong (2002)
> 20 High
cd 1<713 Mtg;ﬁ/m Edet and Offiong 0(5202; Goher et al.
>3 High ( )

4.3.2 Heavy metal evaluation index (HEI)

The heavy metal evaluation index used for a better understanding of pollution indices.
Generally the HEI values ranged from (38.81 to 72.15) as shown in (Table 4.3.3). The highest
HEI value 72.15 was observed at sampling site (WZ14-Bosken) due to high concentrations of
metals in this sampling site, and the lowest value 38.81 was recorded at sample site (W11-
Dolabafra) as a result of low met ion concentrations, with significant differences between
sites (Fig. 4.3.3a). The monthly average range of HEI was (48.55 to 58.25) with significant
differences between months as shown in (Fig. 4.3.3b). The highest value 58.25 of HEI was
recorded in November due to high metals concentration. By following the approach of (Edet
and Offiong, 2002), the present level of HEI shows that the water quality falls within high
zone of pollution (HEI > 20) (Table 4.3.2) and comparable results was indicated by (Herojeet
etal., 2015).
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Table 4.3.3 Monthly variation of HEI during the period of study.

Site . Months

codes Site names August | November February | March | April | May Mean
w1 Joga-Sur 51.36 55.72 49.42 50.00 | 48.65 | 44.39 | 49.92

W2 Mawakan 60.19 61.17 50.87 49.86 | 53.05 | 46.36 | 53.58

W3 Shakha-Sur 57.07 57.01 47.12 47.13 | 49.48 | 43.53 | 50.22

W4 Siwayl 53.36 56.34 46.01 47.25 | 49.75 | 4496 | 49.61

W5 Kuna-Masi 53.88 52.95 43.89 44,76 | 45.60 | 46.14 | 47.87

W6 Qashan 54.12 54.12 48.64 49.56 | 50.79 | 48.67 | 50.98

W7 Kawe 53.70 61.33 50.06 51.85 | 51.78 | 47.86 | 52.76

W8 Hallsho No 53.33 46.95 45.91 | 47.03 | 43.47 | 47.34

W9 Sndollan 54.97 60.37 54.23 51.24 | 51.72 | 49.67 | 53.70

W10 Zharawa No 57.23 52.74 52.29 | 52.46 | 49.71 | 52.89
W11 Dolabafra 44.34 No 42.54 41.32 | 42.26 | 38.81 | 41.86
W12 Doli-Shahidan 65.13 65.14 55.99 55.97 | 56.81 | 54.83 | 58.98
W13 | Darbany-Ranya 58.05 61.64 55.73 54.75 | 54.44 | 5452 | 56.52
W14 Bosken 72.15 71.31 70.05 65.48 | 65.88 | 64.46 | 68.22
W15 Dukan-Lake 56.57 51.13 51.23 53.05 | 53.42 | 50.47 | 52.64
W16 Qarani-Agha 59.97 66.79 50.27 51.43 | 54.13 | 53.24 | 55.97
W17 Khdran 51.79 53.40 49.92 47.13 | 4761 | 46.22 | 49.35
W18 Hizop 47.79 51.44 43.82 43.83 | 45.30 | 41.43 | 45.60
W19 Smaquli 53.50 53.56 48.71 47.79 | 48.72 | 4758 | 49.98
W20 Jali 55.20 59.32 49.18 49.01 | 50.32 | 47.79 | 51.80
w21 Qashqoli 58.52 61.76 56.68 56.32 | 56.56 | 55.32 | 57.53
Mean 55.88 58.25 50.67 50.28 | 51.23 | 48.55 | 52.48

HE/

Figure 4.3.2a Standard error of mean of HEI in water for studied sites.
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Figure 4.3.2b Standard error of mean of HEI in water for studied months.
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4.3.3 Degree of contamination (Cd)

The degree of contamination was used as reference to estimate the extent of metal pollution
(Al-Ami et al., 1987). The Cd values ranged from (31.81 to 65.15) as show in (Table 4.3.4).
According to the Cd, the lowest value 31.81 was obtained at sampling site (W11-Dolabafra),
while the highest 65.15 was obtained at sampling site (W214-Bosken), with significant
differences among sites (Fig. 4.3.4a). The monthly ranged values of Cd were (41.55 to 51.25)
with significant differences among months (Fig. 4.3.4b). The studied region was found to
have high degree of contamination, as the Cd average value 45.48 indicates of all metals. On
the light of HPI, HEI, and Cd results the water quality in all sites and months classified under

(high degree of pollution).

Table 4.3.4 Monthly variation of Cd during the period of study.

Figure 4.3.3a Standard error of mean of Cd in water for studied sites.

100

Site Site names Months Mean
codes August | November | February | March | April | May
W1 Joga-Sur 44.36 48.72 42.42 43.00 | 41.65 | 37.39 | 42.92
W2 Mawakan 53.19 54.17 43.87 42.86 | 46.05 | 39.36 | 46.58
W3 Shakha-Sur 50.07 50.01 40.12 40.13 | 42.48 | 36.53 | 43.22
W4 Siwayl 46.36 49.34 39.01 40.25 | 42.75 | 37.96 | 42.61
W5 Kuna-Masi 46.88 45.95 36.89 37.76 | 38.60 | 39.14 | 40.87
W6 Qashan 47.12 47.12 41.64 4256 | 43.79 | 41.67 | 43.98
w7 Kawe 46.70 54.33 43.06 44,85 | 44.78 | 40.86 | 45.76
W8 Hallsho No 46.33 39.95 38.91 | 40.03 | 36.47 | 40.34
W9 Sndollan 47.97 53.37 47.23 4424 | 4472 | 42.67 | 46.70
W10 Zharawa No 50.23 45.74 4529 | 45.46 | 42.71 | 45.89
w11 Dolabafra 37.34 No 35.54 34.32 | 35.26 | 31.81 34.
W12 Doli-Shahidan 58.13 58.14 48.99 48.97 | 49.81 | 47.83 | 51.98
W13 | Darbany-Ranya 51.05 54.64 48.73 47.75 | 47.44 | 4752 | 49.52
w14 Bosken 65.15 64.31 63.05 58.48 | 58.88 | 57.46 | 61.22
W15 Dukan-Lake 49.57 44,13 44.23 46.05 | 46.42 | 43.47 | 45.64
W16 Qarani-Agha 52.97 59.79 43.27 44,43 | 47.13 | 46.24 | 48.97
W17 Khdran 44.79 46.40 42.92 40.13 | 40.61 | 39.22 | 42.35
W18 Hizop 40.79 44.44 36.82 36.83 | 38.30 | 34.43 | 38.60
W19 Smaquli 46.50 46.56 41.71 40.79 | 41.72 | 40.58 | 42.98
W20 Jali 48.20 52.32 42.18 42.01 | 43.32 | 40.79 | 44.80
w21 Qashgoli 51.52 54.76 49.68 49.32 | 49.56 | 48.32 | 50.53
Mean 48.88 51.25 43.67 43.28 | 44.23 | 4155 | 45.48
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Figure 4.3.3b Standard error of mean of Cd in water for studied months.

In order to identify the main contributing parameters to the pollution indices, a correlation
was carried out between pollution indices and heavy metal parameters as shown in (Table
4.3.5). This suggests that Fe, Zn, Cd, and Cr were the key contributing parameters. HPI, HEI
and Cd show high positive correlations with Fe (0.531, 0.642, and 0.623), Zn (0.756, 0.776,
and 0.760), Cd (0.702, 0.970, and 0.971) and Cr (1.000, 0.794, and 0.786) and the similar
results was indicated by (Hoaghia et al., 2016). Further, HPI shows low correlation with Cu
(0.135) and Pb (0.177). The correlation between HEI and Cd is very high (0.997) and their
results show similar trends at various sampling sites. However, HPI is high correlated with
HEI (0.797) and with Cd (0.789). Thus, positive relationships between metal concentrations
can be observed, such as Zn/ Fe, Cd/Fe, Cd/Zn, and, Cr/Fe, Cr/Zn, and Cr/Cd.

Table 4.3.5 Correlation analysis of different metal concentration and indices values.

HPI HEI Cd Fe Cu Zn Mn Pb Cd Cr
HPI 1
HEI | 0.797** 1
Cd | 0.789** | 0.997** 1
Fe | 0.531* | 0.642** | 0.623** 1
Cu 0.135 0.195 0.172 0.348 1
Zn | 0.756** | 0.776** | 0.760** | 0.630** | 0.194 1
Mn | 0.424 0.410 | 0.435* 0.348 | 0.020 | 0.445* 1
Pb 0.177 0.443* | 0.436* 0.228 | 0.141 | 0.272 0.011 1
Cd | 0.702** | 0.970** | 0.971** | 0.617** | 0.176 | 0.723** | 0.407 | 0.286 1
Cr | 1.000** | 0.794** | 0.786** | 0.521* | 0.132 | 0.753** | 0.421 | 0.176 | 0.698** 1

N= 21, df= 19, r 0.05= 0.4329, r 0.01= 0.5487

4.4 Discharge Fuctuation

Discharge of rivers is an extremely important supporting variable in river water quality.
Hydrologic behavior of a watershed is greatly influenced by the watershed topography and
nature of the soil (Stibinger, 2014). In this study, the river flow discharge was measured at

every period, in order to monitor flow discharge throughout the six months period of the field
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work. During the sampling periods, there was a cut off periods of two months, due to low
flow. The discharge was monitored throughout the twenty one sampling events at every
period, except August (it managed by only nineteen sampling events) and November (only by
twenty sampling events). These three sites had no water during field monitoring, due to the
river being dried out towards the lower stretches of the lower catchment during the sampling
periods. (Table 4.4) show the estimated temporal variation in discharge of the rivers and

tributaries.

Table 4.4 Monthly variation of discharge (m® sec™) during the periods of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 0.40 0.62 6.97 16.96 | 10.56 | 4.07 6.60
W2 Mawakan 0.10 0.07 1.12 5.04 232 | 1.78 1.74
W3 Shakha-Sur 0.72 0.73 8.19 23.03 | 13.66 | 6.88 8.87
W4 Siwayl 0.66 1.46 11.60 25.28 | 20.17 | 11.23 | 11.73
W5 Kuna-Masi 0.80 0.26 2.44 5.04 340 | 243 2.40
W6 Qashan 2.60 2.95 23 58.35 | 38.23 | 2151 | 24.44
W7 Kawe 8 17.26 43.60 | 159.57 | 172.82 | 60 76.88
W8 Hallsho No 0.25 7.93 21 16.92 | 4.87 | 10.19
W9 Sndollan 7.84 17.51 51.53 | 180.57 H 189.74 | 65 85.37
W10 Zharawa No 0.37 20.80 75.82 | 68.72 | 21.18 | 37.38
W11 Dolabafra 0.40 No 8.30 25.80 | 2291 | 1043 | 13.57
W12 | Doli-Shahidan 2.96 2.92 7.59 20.08 | 12.31 | 4.46 8.39
W13 | Darbany-Ranya | 11.17 20.80 88.22 302.27 | 293.68 | 101 | 136.19
w14 Bosken 0.36 0.18 1.86 3.19 0.64 | 0.37 1.10
W15 Dukan-Lake 13.00 22 98 321 299 102 | 142.50
W16 Qarani-Agha 1.31 0.44 2.25 6.48 2.76 | 0.81 2.34
W17 Khdran 0.15 0.10 0.84 1.87 0.48 | 0.19 0.61
w18 Hizop 0.01 0.48 4.83 7.19 144 | 0.22 2.36
W19 Smaquli 0.16 0.13 0.12 0.50 0.06 | 0.03 0.17
W20 Jali 0.48 0.33 3.41 2.52 1.67 | 0.78 1.53
w21 Qashqoli 285 145 74 91 69 73 122.83
Mean 17.69 11.69 22.22 64.41 | 59.07 | 23.44 | 33.20

It was observed that discharge values are varied due to different in places, times and climates.
The discharge ranged from (0.01 to 321) m® sec™ with significant variations among sites (Fig.
4.4a). It can be clearly seen that the highest monthly mean values of discharge were recorded
during March and April, while the lowest mean value was in November, with significant

variations among months (Fig. 4.4b), due to high precipitation in March and April.
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Figure 4.4a Standard error of mean of discharge (m® sec™) for studied sites.
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4.5 Correlation Analysis Among Water Quality Parameters

Figure 4.4b Standard error of mean of discharge (m® sec™) for studied months.

The systematic calculation of correlation coefficient between water quality variables provide

indirect means for rapid monitoring of water quality. The correlation coefficient measures the

degree of association that exists between two variables, one taken as dependent variable.

Correlation is the common relationship between two variables. Direct correlation exists when

increase or decrease in the value of one parameter is associated with a corresponding increase

or decrease in the value of other parameter (Patil and Patil, 2011). The correlation coefficient

(r) among various water quality parameters was calculated and the values of the correlation

coefficient were given in the (Table 4.5).

From (Table 4.5) it is shown that the idea of bearing a single parameter analyzed has

relationship with other parameters. Most of the parameters were found to bear high

correlation with each other indicating close association of these parameters with each other.
Highly strong positive correlations were observed between (EC/EC,s°c) (r=0.938),
(ECy/salinity) (r=0.938), (EC/TDS) (r=0.965), (EC/Na") (r=0.853), (EC/HCO3) (r=0.923),
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(EC/SO,%) (r=0.801), (EC/TH) (r=0.918), (ECu’c/salinity) (r=0.999), (EC.’c/TDS)
(r=0.891), (EC,°c/HCO3) (r=0.883), (EC°c/TH) (r=0.883), (salinity/TDS) (r=0.891),
(salinity/HCO3) (r=0.883), (salinity/TH) (r=0.883), (TDS/Na’) (r=0.824), (TDS/HCO3)
(r=0.888), (TDS/TH) (r=0.893), (BODs/PO4-P) (r=0.958), (BODs/NH4-N) (r=0.803),
(Mg*/TH) (r=0.813), (Na‘/CI") (r=0.894), and (HCO3/TH) (r=0.916). Thus, the single
parameter of EC can give a reasonably good indication of a number of related parameters.
The positive moderate correlations were between (EC/K") (r=0.789), (TDS/SO,%) (r=0.796),
(TSShurbidity) (r=0.779), (Ca*/HCOs) (r=0.796), (Ca*/TH) (r=0.778), (SO.*/TH)
(r=0.772), and other parameters were found (Table 4.5).

The weak negative and positive correlations were between (Temperature/DO) (r= -0.161),
(Temperature/TSS) (r= -0.095), (Temperature/NO3-N) (r= -0.160), (Temperature/color) (r= -
0.091), (EC/TSS) (r= -0.012), and (TDS/TSS) (r= -0.021), it was indicated that inverse
relationship between both parameters, and (Temperature/pH) (r=0.395), (Temperature/SO,*)
(r=0.268), (Ca**/SO,*) (r=0.481), it means straight relationship between both and other
parameters were found as shown in (Table 4.5). Discharge showed negative correlation with
all the parameters except pH, TSS, DO, NOs-N, NO,-N and color with which they had a
positive correlation and dissolved oxygen also showed negative correlation with most of the
parameters.Thus in this study, discharge and DO can serve as a both useful indexes of water
quality of the river because with increase in the value of discharge most of these parameters

decreases and DO increase.
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Table 4.5 Correlation matrix among the physicochemical parameters of rivers during period of study.

N= 21, df= 19, r 0.05= 0.4329, r 0.01= 0.5487

Discharge | Temperature | pH EC. | ECx’c | Salinity | TS TDS TSS DO BODs | Turbidity | Ca® Mg*
Discharge 1 -0.202 0.065 | -0.294 | -0.225 -0.225 -0.102 -0.249 0.082 0.219 -0.079 -0.044 -0.149 -0.260
Temperature 1 0.395 | 0.296 0.001 0.001 0.135 0.315 -0.095 -0.161 0.140 0.034 0.173 0.279
pH 1 0.316 0.334 0.334 0.265 0.302 0.085 | 0.678** | 0.025 0.075 0.440* 0.284
EC; 1 0.938** | 0.938** | 0.629** | 0.965** | -0.012 0.034 0.416 0.111 0.714** | 0.747**
ECux°c 1 1.000** | 0.614** | 0.891** | 0.032 0.200 0.362 0.105 0.717** | 0.690**
Salinity 1 0.614** | 0.891** | 0.032 0.200 0.362 0.105 0.717** | 0.690**
TS 1 0.645** | 0.750** | 0.103 0.286 0.694** 0.445* 0.504*
TDS 1 -0.021 0.009 0.352 0.150 0.691** | 0.729**
TSS 1 0.127 0.069 0.779** -0.015 0.028
DO 1 -0.083 0.048 0.195 0.061
BODg 1 0.112 0.342 0.215
Turbidity 1 -0.001 0.181
ca”* 1 0.267
Mg** 1
Na"
K
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Continue Table 4.5
Na* K* HCO3 S0~ Cr NOs-N PO,-P NH,-N NO,-N Color TH
Discharge -0.233 -0.150 -0.244 -0.282 -0.173 0.167 -0.063 -0.090 0.064 0.294 -0.259
Temperature 0.261 0.313 0.286 0.268 0.198 -0.160 0.103 0.226 0.101 -0.091 0.286
pH 0.086 0.122 0.418 0.200 0.093 0.413 0.032 0.093 0.098 0.196 0.451*
EC, 0.853** 0.789** 0.923** | 0.801** | 0.729** 0.135 0.412 0.346 0.301 0.136 0.918**
ECx’c 0.763** 0.695** 0.883** | 0.743** | 0.660** 0.250 0.376 0.276 0.277 0.166 0.883**
Salinity 0.763** 0.695** 0.883** | 0.743** | 0.660** 0.250 0.376 0.276 0.277 0.166 0.883**
TS 0.528* 0.511* 0.582** 0.540* 0.462* 0.121 0.275 0.246 0.270 0.209 0.597**
TDS 0.824** 0.741** 0.888** | 0.796** | 0.706** 0.098 0.352 0.286 0.253 0.181 0.893**
TSS -0.022 0.028 -0.007 0.018 -0.006 0.074 0.056 0.075 0.134 0.117 0.009
DO -0.152 -0.135 0.113 -0.043 -0.108 0.622* -0.080 -0.177 -0.033 0.406 0.158
BODs 0.385 0.701** 0.457* 0.172 0.302 0.099 0.958** 0.803** 0.719** 0.376 0.347
Turbidity 0.112 0.118 0.073 0.203 0.082 0.051 0.102 0.096 0.141 0.197 0.117
ca’” 0.427 0.451** 0.796** 0.481* 0.289 0.295 0.356 0.309 0.341 0.256 0.778**
Mg** 0.653** 0.585** 0.668** | 0.738** | 0.620** 0.081 0.212 0.147 0.176 -0.006 0.813**
Na* 1 0.789** 0.702** | 0.680** | 0.894** -0.044 0.357 0.325 0.210 -0.021 0.683**
K* 1 0.700** | 0.600** | 0.716** -0.046 0.705** 0.592** 0.479* 0.150 0.653**
HCO5 1 0.660** | 0.566** 0.172 0.465* 0.404 0.377 0.175 0.916**
SO~ 1 0.484* 0.170 0.181 0.103 0.220 0.074 0.772**
Cr 1 -0.154 0.274 0.241 0.116 -0.109 0.579**
NO;-N 1 0.111 -0.061 0.233 0.627** 0.231
PO,-P 1 0.746** 0.763** 0.398 0.353
NH4-N 1 0.567** 0.157 0.282
NO,-N 1 0.355 0.320
Color 1 0.151
TH 1

N= 21, df= 19, r 0.05= 0.4329, r 0.01= 0.5487
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4.6 Dissolved Oxygen Sag Curve and Model Development

In the advance and prediction of the DO sag curve for solving studied river water quality
problems, the following essential measures were observed:

(1) Estimating the DO and BOD along the rivers/streams; (2) Estimating time of travel for the
rivers/streams; (3) Estimating rate constant necessary; (4) Applying suitable equations to
calculate the oxygen deficit at the selected sites; (5) Calculating the critical time; and (6)

Calculating the deficit critical.

4.6.1 Oxygen sag curve for main Qalachwalan-Lesser Zab Rive based on distance.

Only five of the sampling sites and their related data are useful for the oxygen sag curve
modeling. This is because some of the sites do not fall along the straight path of the river from
the reference point. Below the expected the oxygen sag curve developed for studied river on a
plot for concentration DO against distance, in the direction of flow. The natural self-
purification and oxygen sag curve were calculated for the reach from km (0.0 to 113.48) of
main Qalachwalan-Lesser Zab Rive. The major sources of pollution and water inflows to the
main river happen at a number of sites along the selected river stretch. The study length of the
river is further subdivided into four reaches based on the location of wastes and dumps,
surface drains, and freshwater tributaries (Fig. 4.6.1a and Table 4.6). (Appendix 3: Table 4.6.1
to 4.6.6) represented the calculation of natural self-purification using the data set from the
reach km (0.0 to 113.48).

37°N A

Legend

L J Water sample site

:' Lesser river border
I:l World boundary

Lesser river network

36°N +

60 Kilometers

Figure 4.6.1a Map and location of sampling sites in Qalachwalan-Lesser Zab River.
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Table 4.6 Details of sampling sites.

. . - Inter-station Distance
Sites Sites description distance (km) (km)
Joga-Sur | (1.21 km) before confluence with Mawakan River beginning 0
Mawakan | (1.52 km) before confluence with Joga-Sur Off main river 1.52
Shakha-Sur | (2.78 km) after confluence of Mawakan with Joga-Sur 3.99 3.99
Siwayl (10.90 km) before confluence with Qalachwalan river Off main river 10.90
Kuna-Masi | (0.46 km) before confluence with Qalachwalan river Off main river 0.46
Qashan (37.29 km) far from Joga-Sur point 33.3 37.29
Kawe (92.06 km) far from Joga-Sur point 58.76 92.06
Hallsho (10.80 km) before confluence with Lesser Zab river Off main river 10.80
Sndollan (113.48 km) far from Joga-Sur point 54,72 113.48
Zharawa (3.94 km) before confluence with Lesser Zab river Off main river 3.94
Dolabafra | (5 km) before confluence with Lesser Zab river Off main river 5
DO.I" (2.47 km) before confluence with Lesser Zab river Off main river 247
Shahidan
Bosken (3.19 km) before confluence with Dukan-Lake Off lake 3.19
QAa;a;]r;- (5.34 km) before confluence with Dukan-Lake Off lake 5.34
Khdran (4.52 km) before confluence with Dukan-Lake Off lake 4,52
Jali (4.82 km) before confluence with Smaquli point Off main river 4.82
Smaquli (3.82 km) before confluence with Jali point Off main river 3.82
Hizop (5.84 km) after confluence of Jali with Smaquli 10.66 10.66

(Fig. 4.6.1al and 4.6.1a2), illustrated that the oxygen sag curves based on oxygen between
(Joga-Sur) point km 0.0, (Shakh-Sur) point km 3.99, (Qashan) point km 37.29, (Kawe) point
km 92.06, and (Sndollan) point km 113.48 along the main Qalachwalan-Lesser Zab Rive. The
data showed that DO deficit increased with distance and the lowest point of the oxygen sag
curve (critical point) is at the (critical distance) km 3.99 in August and November. This point
out that the de-oxygenation rate is higher than the re-oxygenation rate, from km (0.0 to 3.99)
the oxygen deficit (1.81 to 3.61) mg L™ during August and (2.07 to 3.50) mg L™ during
November increased, then DO deficit decreased with distance, consequently after km 3.99 in
both months toward the direction of flow. Thus, the re-oxygenation rate is higher than de-
oxygenation rate.

The values of re-aeration coefficients, de-oxygenation coefficients, time of travel and self-
purification factors for different stretches of Qalachwalan-Lesser Zab River were computed
(Appendix 3: Table 4.6.1 and 4.6.2). The maximum de-oxygenation rate were recorded at
second site during both months and after that point the re-oxygenation increased with
distance, it means self-purification occurred along the river after (Shakha-Sur) point. But at
the end point km 113.48 (Sndollan) the de-oxygenation rates increased in November due to
the agriculture activities along the bank of the river, sand washers and waste discharge with

municipal dump of Qaladza city.
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Figure 4.6.1al Oxygen sag curve for August. Figure 4.6.1a2 Oxygen sag curve for November.

(Fig. 4.6.1a3) illustrated the oxygen sag curve. The data showed that DO deficit had at the
highest at km 0.0 distances and the value of DO deficit 2.44 mg L™ (Appendix 3: Table
4.6.3). This point out that the de-oxygenation rate is higher than the re-oxygenation rate. It is
clear that the first point km 0.0 (Joga-Sur) on the oxygen sag curve where the oxygen deficit
is high than the other points. Thus, from the point third km 37.29 (Qashan) to fifth point km
113.48 (Sndollan) the re-oxygenation rate was increased. The gradual increase of DO from
the lowest value indicated the capacity of the river for self-purification and lack of oxygen
demanding wastes being disposed into the river.

(Fig. 4.6.1a4), illustrates the oxygen sag curve. The data showed that DO deficit increased
with distance and the lowest point of the oxygen sag curve (critical point) is at (critical
distance) km 37.29 in March. This point out that the de-oxygenation rate is higher than the re-
oxygenation rate from km (0.0 to 37.29) then DO deficit decreased with distance,
consequently after km 37.29. Thus, the re-oxygenation rate is higher than de-oxygenation
rate. It is clear that the first point (Joga-Sur) and second point (Shakha-Sur) on the oxygen sag
curve where the oxygen deficit is less than the third point (Qashan). It means the maximum
DO reduction occurs at km 37.29, after that point the re-aeration increased with distance, but
at the end point km 113.48 (Sndollan) the de-oxygenation rates increased a little the reasons

were mentioned before.

( 12 —e— Measured DO —— Predicted DO N ( 12 —e— Measured DO —— Predicted DO h
/ ST
2 5
o
8 T T T T T 8 T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
\_ Distance (km) J Distance (km) Y,
Figure 4.6.1a3 Oxygen sag curve for February. Figure 4.6.1a4 Oxygen sag curve for March.
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(Fig. 4.6.1a5) pointed out to the oxygen sag curve and as a result, the same trends for de-
oxygenation and re-oxygenation rates, but at the fourth point (Kawe) km 92.06 with
increasing distance to fifth point (Sndollan) at km 113.48 the de-oxygenation rate increased
and higher than the re-oxygenation rate. It means natural self-purification not occuerd.

(Fig. 4.6.1a6), illustrates the oxygen sag curve. The data showed that DO deficit decreased
with distance from (0.0 to 37.29) km and DO deficit increased with distance from km (37.29
to 113.48). It is clear that the fourth point (Kawe) and fifth (Sndolland) on the oxygen sag
curve where the oxygen deficit is high than the other points. It obviously cleared that at points

fourth and fifth re-aeration decreased due to increased waste and decomposition.
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Figure 4.6.1a5 Oxygen sag curve for April. Figure 4.6.1a6 Oxygen sag curve for May.

4.6.2 Oxygen sag curve for main Qalachwalan-Lesser Zab Rive based on time.

Symmetrical sag curves have obtained between oxygen and time as were obtained between
oxygen and distance which shown previously in (Fig. 4.6.1al to 4.6.1a6). From the
(Appendix 3: Table 4.6.1 to 4.6.6), it is clear that the natural self purification process is time
dependent. As time progresses, the DO available is used up by the effluent resulting in a drop
in DO to the critical level and then rises to the initial status of the stream. This self

purification followed the sag curve of polluted water.

4.6.3 The DO model

The plots of measured and predicted DO against sites are presented in (Fig. 4.6.3al to
4.6.3a6). The DO curve for river gave reveal sinusoidal shapes and the space between two
shapes is deficit DO. From the (Appendix 3: Table 4.6.1 to 4.6.6) and (Fig. 4.6.3al to 4.6.3a6)
obtained that the highest amount of oxygen deficit (de-oxygenation) during November and
May were recorded, due to low discharges, high temperature and activity of bacteria in water

and the lowest amount of oxygen deficit (re-oxygenation) during February and April were
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obtained, due to high dilution and low temperature. The concentration of DO is represented as

the resultant of two principal competing progresses; (de-oxygenation and re-oxygenation).
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Figure 4.6.3a3 Variation of DO with stations in February.
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Figure 4.6.3a5 Variation of DO with stations in April.
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Figure 4.6.3a6 Variation of DO with stations in May.

4.6.4 The BOD model

The plots of measured and predicted BOD against sites are presented in (Fig. 4.6.4al to
4.6.4a6). The BOD curve for river gave wavy shapes and the space between two shapes is
ultimate BOD. From the (Appendix 3: Table 4.6.1 to 4.6.6) and as shown in (Fig. 4.6.4al to
4.6.4a6) that the highest BOD (ultimate) at (Bosken) site during the studied periods were
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recorded. The reason is attributed to the fact that there was more discharge of effluent in
(Bosken) than the others sites. As shown in figures, it was observed that the higher the BOD,
the corresponding DO level declines. This shows that progressive increase in the BOD level

will lead to an anaerobic condition which may cause death of most aerobic organisms in the

river.
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Figure 4.6.4a2 Variation of BODs with stations in November.
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Figure 4.6.4a3 Variation of BODs with stations in February.
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Figure 4.6.4a6 Variation of BODs with stations in May.

The data obtained on a monthly basis include hydraulic, physicochemical properties of the

water samples and temperature of the rivers. The de-oxygenation constant K1 and ultimate
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(BOD) Lo, re-oxygenation constant K2 and DO deficit are shown in the same table with fair
ratio (f) (Appendix 3: Table 4.6.1 to 4.6.6).

4.6.5 Time of travel

The times of travel in days were computed using equation (2.4). The different times of travels
were computed for each month. These values were further used in the determination of K1
and K2 (Appendix 3: Table 4.6.1 t0 4.6.6).

4.6.6 De-oxygenation constant K1 and re-oxygenation constant K2

The computation of the independent variables as stated in equations (2.9 and 2.11) for the
consecutive months starting from August 2016 through to May 2017 was carried out by using
hydraulic and physicochemical data and these can be seen in (Appendix 3: Table 4.6.1 to
4.6.6). The relationship between K2 and the time month as shown in tables depends on the
rate of waste, the flow velocity of the streams, and the volume of water available during the
month. More discharge, generally leads to low DO levels as oxygen demanding material
biologically degrades. During the wet season, re-aeration greatly improves compared to dry
season. In dry seasons, there are possibilities of decrease in solubility of oxygen and increased
biochemical oxidation of organics. High velocity running streams enhances high re-aeration
rates, while high discharge favors accelerated dilution and dispersion of concentrated

pollutants in water bodies (Garg, 2006).

4.6.7 Average stream velocity

The average stream velocity is an important factor in both the re-aeration constant and the
time of travel along the rivers. (Appendix 3: Table 4.6.1 to 4.6.6), we observed that as the
velocity increases; the re-aeration coefficient also increases, implying an increased rate of
oxygen transfer from the atmosphere to the water. The velocity also affects the temporal
distribution of the DO because an increase in velocity implies less time taken for the DO to
spread. This transfer occurs at the air/water interface. The transfer of DO from the atmosphere

to the surface of the water body is controlled by the transfer rate and the DO deficit.

4.6.8 The fair ratio (f)

The fair ratio was used in estimating the self-purification capacity for this study. (Appendix 3:
Table 4.6.1 to 4.6.6) shows the model parameters and the self- purification factors (fair ratio)

for the studied months from August 2016 to May 2017. The average values of the fair ratio in
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all the studied months were greater than unity except in April month lower than unity which
means that re-aeration predominates but in April de-aeration predominates across the stretch
of the rivers studied (Chiejine et al., 2015). The average fair ratio for the month of May was
found to be (3.032) which were higher than the other months. The reason for these values
could be as a result of less pollution activities (less DO reduction) in the month of May which
is suggested by the lower average BODs values generated in that month. The month of April
seems to be the most polluted month since most of the fair ratio values in the sampling sites
calculated were less than unity which implies that the de-oxygenation rate was greater than
the re-oxygenation rate (Omole et al., 2013). Although, the fair ratio of November (2.037)
was slightly higher than that of February (1.011), March (1.171) and August (1.173). This
could be as a result of increase in waste disposal (high DO reduction) in the months of
November, February, March, August and April compare to May at some sampling sites like
(Bosken and Doli-Shahidan) which increased the de-oxygenation rates and thereby
subsequently affecting the fair ratios.

Generally, the average fair ratios (f) of the studied area of rivers were found to be greater than
unity which implies that, re-aeration is greater than de-oxygenation except April (0.297). The
values, although considered to be still within limits of self-purification capacity (0.5 to 5),
(Garg, 2006).

4.7 Irrigation Water Quality

Irrigation water quality varies greatly upon the types and quantity of dissolved salts. Thus,
water for irrigation suitability is determined not only by the total amount of salt present but
also by the kind of salt. The important irrigation water quality parameters include a number of
specific properties of water relevant in relation to the yield and quality of crops, maintenance
of soil productivity and protection of the environment. Numerous water quality guidelines
have been developed by many researchers for using water in irrigation under different
condition (Ayers and Westcot, 1985). In this study the irrigation water quality is judged by
the following most applied criteria. Salinity, Sodium Adsorption Ratio (SAR), Soluble
Sodium Percent (SSP) and Residual Sodium Carbonate (RSC) (Balachandar et al., 2010).

4.7.1 Salinity hazard versus sodicity hazard

The salinity of irrigation water leads to the accumulation of salt in the root zone of crop, thus
reducing the ability of plant to get sufficient water from the soil and causes yield reduction.

There are many factors increase salinity in irrigation water such as evaporation, sewage
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effluent, dissolution of limestone and evaporate bedrock, and agricultural drainage (Al-
Shujairi, 2013).

High electrical conductivity in water makes the soils saline (Raju et al., 2009), which is the
primary reason for crop loss. The measured value of EC is varied between (220.12 and
1120.26) uS cm™ (Appendix 1: Table 4.1.5b). The increase of salinity in dry season
November is due to high rate of evaporation, also the dilution process by rainfall through wet
period April reduces the salinity. Irrigation water was qualified by (Richards, 1954) into four
categories on the basis of EC values. The zones (C; to C,) have the value of EC <250 uS cm™
low salinity hazards (C1-good), 250 t0o750 uS cm™ medium salinity hazard (C,-moderate), 750
to 2250 pS em™ high salinity hazard (Cs-poor) and more than 2250 uS cm™ very high salinity
hazard (C4-very poor), respectively. As per Richards, it is observed that all water samples
were fall under (low to high) saline zone (Appendix 1: Table 4.1.5b).

In the present study, the SAR is commonly used as an index for evaluating the sodium hazard
associated with an irrigation water supply. The SAR values varied from (0.08 to 2.09) meq L
! with significant differences among sites have been shown in (Fig. 4.7.1a). Based on the
classification of SAR, the result comparison showed that there is no harmful effect from
sodium because all the values of SAR are < 10 meq L™ under excellent category (S;-class)
and all the samples are suitable for irrigation (Appendix 4: Table 4.7.1). The monthly average
SAR was ranged from (0.29 to 0.57) meq L with significant differences among months have
been shown in (Fig. 4.7.1b). The increase of sodicity in dry season August and November is
due to low flow rate in rivers and high rate of evaporation, also the dilution process by rainfall
through wet period March and April reduces the sodicity.

The assessment of irrigation water quality based on the combination of salinity hazard using
(EC) and alkalinity hazard using (SAR) is another classification for the suitability of water for
irrigation. A more detailed analysis for the suitability of water for irrigation as per the USSL
classification diagram (Richards, 1954) (Fig. 4.7.1c), the combined (EC-SAR) classification
locates the river water in the (C;-S;), (C,-S;) and (C3-S;) classes. Based on these
specifications, the waters of the study area are considered safe for irrigation but high salinity
water (Cs) category may not be fit for irrigation purposes in all soil types. Only high-salt

tolerant plants can be grown. A result was similarity with resulted by (Rasul, 2013).
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Figure 4.7.1a Standard error of mean of SAR in water for studied sites.
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Figure 4.7.1b Standard error of mean of SAR in water for studied months.

100 2 3 &4 5 &6 7 8 1000 2 3 4 5000
= T T I roIyrorid T T T
% - 30 - -1
e sm| B1mSe _
28 ce2-54 -
=
Bim
= 24 \ -
\\: ca-s4
22 |- \ ca-s54
= cI-53
™ = L -
] 2 = -
g .
3| gk !
= = T c2-83
g Elw é 18— T —
=8 |E T~
-
- | E s b— \\—H& .
= | =
=2 Ci=52 . DE=as
= L T .
[ ""‘--\..,__\_‘_h % H"‘-._,
cz-52 \\
10 e Ca4-83
l“"-\_\_\_‘_\__‘-\_\--h--
8 T .
— c3-82 \
““m___“‘_ s
x| _ 1= o 2
3 —— ca-sz
Ci=51 T—
B c2-51 T 7
c3-81 T
c4-51
o | | L1 0ol 1} 1 1
o 100 280 THO 2280
1-% CONDUGCTIVITY — MICROMMHOS, CM. (ECx109) AT 28° G,
" | 2 3 -
Low 1| MEDCIUM HIGH VERY HIGH
SALINITY  HAZARD

Figure 4.7.1c USSL classification of surface water for irrigation (Richards, 1954).
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4.7.2 Soluble Sodium Percent (SSP)

Sodium is also used for adjudging the quality of water for agricultural purposes. Therefore,
assessment of water fitness for irrigation purposes is widely done on the percentage of Na*
(Wilcox, 1955). Water with SSP greater than 60% may result in sodium accumulations that
will cause a breakdown of the soil’s physical properties (Fipps, 1998). The calculated values
of SSP varied from (3.04 to 35.48) % in the study region with significant differences among
sites (Fig. 4.7.2a). According to SSP, all of the river water was (excellent to good) for
irrigation (Todd and Mays, 2005) (Appendix 4: Table 4.7.2). For the collected surface water
the monthly mean SSP values varied from (8.79 to 15.38) % with significant differences
among months have been shown (Fig. 4.7.2b). When the concentration of Na" is high in
irrigation water, sodium tends to be absorbed by clay particles, displacing Mg®* and Ca®* ions.
This exchange process of Na* in water for Ca?* and Mg** in soil reduces the permeability and

eventually results in soil with poor internal drainage (Singaraja et al., 2014).
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Figure 4.7.2a Standard error of mean of SSP in water for studied sites.
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Figure 4.7.2b Standard error of mean of SSP in water for studied months.

SSP values were observed to be in lower range with a non-significant effect on irrigation

quality of water. The increased of SSP in dry season August and November is due to high
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evaporation rate and low flow rate in river, also the dilution process by rainfall through wet

period March and April reduces the sodicity.

4.7.3 Alkalinity hazard

The residual sodium carbonate is a valuable parameter that has a great influence on the
suitability of irrigation water. Total CO5> and HCO;" affects the water quality as it causes the
precipitation of Ca®* and Mg?*, which in turn increases the percentage of Na* (Eaton, 1950).
The Na’ gets combined with the excess carbonates forming NaHCOs, called the residual
sodium carbonate (RSC) (Rama Rao et al., 2013). It affects the soil structure. The RSC values
were collected ranged from (-2.015 to 0.182) meq L™, with significant differences among
sites (Fig. 4.7.3a). The classification of irrigation water according to the RSC presents in
(Appendix 4: Table 4.7.3) all of the river water was suitable for irrigation because those
having < 1.25 meq L™ of RSC (Khan and Abbasi, 2013).

The monthly mean value RSC ranged from (-0.736 to -0.363) meq L™ with significant
differences among months have been shown in (Fig. 4.7.3b), which RSC remained negative

for almost the water samples in this study, showing that the water is of good quality for use in

irrigation.
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Figure 4.7.3b Standard error of mean of RSC in water for studied months.
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Based on all calculated parameters and indexes for irrigation water quality of studied the
surface waters were compared with the national and international water quality standards set
for irrigation. EC of collected water samples fall in the class ‘low to high’, SAR in ‘excellent’,
SSP in ‘good to excellent’ and RSC in ‘good’ for irrigation water quality.

The results of correlation matrix revealed that the very strong positively correlated value was
found between (SAR/SSP) (r=0.963). The strong positively correlated value was observed
between (EC/SAR) (r=0.739). The moderate positively correlated value was observed
between (EC/SSP) (r=0.674). The negative correlated value was appeared between (EC/RSC)
(r=-0.254) as shown in (Table 4.7).

Table 4.7 Correlation matrix for different irrigation water quality parameters.

EC SAR RSC SSP
EC 1 0.739** | -0.254 | 0.674**
SAR 1 -0.117 | 0.963**
RSC 1 -0.057
SSP 1

4.8 Soil Analysis

The results of the physicochemical characteristics of the soils from different land uses with

statistical analysis are summarized in (Table 4.8a and 4.8b).

4.8.1 Soil pH

Studies have shown that among various environmental factors, pH is important in affecting
the surface charge of soils and the availability of plant nutrient and microorganisms (Escobar
and Hue, 2008). The data indicated that the soil pH ranged from (7.29 to 8.09). The highest
pH value of 8.09 was recorded at soil sample (S31-Smaquli near bridge), while the lowest
value of 7.29 was found in the croplands at soil sample (S22-Twasuran) as shown in (Table
4.8a). Overall, the mean value of all soil sites is (7.65). The slightly lower average value of
soil pH under the cropland and plantations may be due to the depletion of basic cations in
crop harvest and due to its highest microbial oxidation that produces organic acids, which

provide H" to the soil solution lowers its soil pH value (Chimdi et al., 2014).

4.8.2 Soil EC, and TDS

The values of EC, were observed to be in the range from 309.56 at soil sample (S11-Qashan
near bridge) to 1305.97 uS cm™ at soil sample (S7-Wazha) with a mean of (645.78) uS cm™

(Table 4.8a). The highest EC. value under the grazing land might be due to its highest
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exchangeable Na* content, whereas the lowest EC. value under the cultivated land can be
associated with the loss of base forming cations (Ca** and Mg”") after deforestation and
intensive cultivation. TDS value decreased and increased same as EC, (Fig. 4.8.1 and Table
4.8a). The values of TDS were observed to be in the range from 198.12 mg L™ at soil sample
(S11-Qashan near bridge) to 835.82 mg L' at soil sample (S7-Wazha) with a mean of
(413.30) mg L™,
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Figure 4.8.1 Soil EC, and TDS variations in different sampling sites.

4.8.3 Particle size distribution

Particle size distribution analysis allowed classifying the studied soil samples into eight
different classes depending on USDA triangle classification: clay, clay loam, silty clay, silty
clay loam, loam, silt, silty loam and sandy loam, also the sand, silt, and clay percentages with

texture classes of the soil samples are show in (Table 4.8a).

4.8.4 Soil bulk density

The bulk density of soils from the different locations were observed, numerically the highest
mean value 1.52 g cm™ of bulk density was recorded on the grazing land at soil sample (S34-
Jali up) and the lowest mean value 1.33 g cm™ under the crop land at soil sample (S28-
Khdran up) with a mean of (1.42) g cm™ (Table 4.8a). The ranges of bulk density values
observed in this study are within the ranges expected in most mineral soils as indicated by
(Hillel, 1980).
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Table 4.8a Soil physical properties in different sub regions of study area.

Site EC. TDS Sand Silt Clay Soil BD SOM SHC
codes | P uSem® [ mgLt | % % % texture gcm?® % cmsec™
S1 7.85 | 463.10 | 296.38 | 30.03 | 48.89 | 21.08 Loam 1.38 2.01 | 4.48E-05
S2 7.78 | 509.03 | 325.78 | 37.68 | 56.54 5.78 Silt loam 1.47 1.00 | 7.31E-05
S3 7.56 | 477.42 | 305.55 | 48.55 | 32.86 | 18.58 Loam 1.45 1.69 1.54E-05
S4 7.69 | 665.26 | 425.77 | 22.87 | 46.36 | 30.77 | Clay loam 1.44 1.55 6.97E-06
S5 7.78 | 732.38 | 468.72 | 33.27 | 43.88 | 22.85 Loam 1.44 1.72 1.11E-04
S6 7.54 | 395.28 | 252.98 | 10.66 | 29.79 | 59.55 Clay 1.47 0.75 5.17E-06
S7 7.74 | 1305.97 | 835.82 | 44.28 | 50.72 5.00 Sit loam 1.45 1.73 2.63E-05
S8 7.71 | 487.03 | 311.70 | 11.23 | 38.25 | 50.52 Clay 1.44 1.70 1.80E-05
S9 7.86 | 420.98 | 269.43 | 5.10 43.88 | 51.02 | Siltyclay 1.45 1.10 | 9.40E-06
S10 7.43 | 710.68 | 454.84 | 28.09 | 44.93 | 26.98 Loam 1.45 1.59 3.79E-05
S11 7.52 | 309.56 | 198.12 | 40.19 | 43.00 | 16.81 Loam 1.47 0.83 2.84E-05

S12 | 7.90 | 603.72 | 386.38 | 23.58 | 62.22 | 14.20 | Silt loam 1.45 1.55 | 5.85E-06
S13 | 7.66 | 568.54 | 363.87 | 31.05 | 57.92 | 11.03 | Silt loam 1.43 1.79 | 4.21E-05
S14 | 7.91 | 1014.79 | 649.47 | 40.09 | 55.47 | 4.44 Silt loam 1.43 1.88 | 2.91E-05
S15 | 7.45 | 511.06 | 327.08 | 29.96 | 65.95 | 4.08 Silt loam 1.46 1.18 | 1.69E-05
S16 | 7.51 | 394.94 | 252.76 | 14.53 | 61.89 | 23.58 | Silt loam 1.41 1.58 | 9.15E-06
S17 | 7.38 | 801.15 | 512.74 | 2291 | 54.05 | 23.04 | Silt loam 1.42 1.37 | 1.93E-05
S18 | 8.08 | 767.36 | 491.11 | 12.71 | 8231 | 4.98 Silt 1.43 1.63 | 8.71E-06
S19 | 7.73 | 536.98 | 343.67 | 15.42 | 76.70 | 7.88 Silt loam 1.38 2.21 | 2.24E-05
S20 | 7.54 | 567.89 | 363.45| 3.75 55.36 | 40.89 | Siltyclay 1.48 0.96 | 3.30E-06
S21 | 7.50 [ 358.18 | 229.23 | 14.93 | 40.13 | 44.94 | Siltyclay 1.50 0.60 | 2.52E-06

S22 | 7.29 | 480,69 | 307.64 | 572 | 87.25 | 7.04 Silt 139 | 1.65 | 8.09E-06
s23 | 763 | 57024 | 364.95 | 14.10 | 54.81 | 31.09 S"Itg;ﬁ:ay 137 | 223 | 1.99E-05
S24 | 8.01 | 1074.43 | 687.64 | 6.77 | 38.34 | 54.89 Clay 134 | 221 | 1L41E-05
S25 | 7.47 | 492.48 | 31518 | 3261 | 4711 | 2028 | Loam 142 | 168 | 1.51E-04
S26 | 7.60 | 561.35 | 359.27 | 13.11 | 80.74 | 6.16 Silt 139 | 187 | L.01E-05
S27 | 7.32 | 45437 | 290.80 | 28.87 | 48.88 | 22.25 | Loam 140 | 172 | 5.42E-05
S28 | 8.04 | 530.83 | 339.73 | 863 | 4138 | 49.99 | Siltyclay | 133 | 262 | 8.25E-05
S29 | 7.64 | 1017.74 | 65136 | 48.86 | 4330 | 7.83 Loam 137 | 229 | 4.38E-05

S30 | 7.39 | 124450 | 796.48 | 4.56 83.23 | 12.21 | Silt loam 1.36 2.45 | 1.10E-05
S31 | 8.09 | 814.23 | 521.11| 4.17 78.10 | 17.72 | Silt loam 1.34 2.98 | 1.18E-05
S32 | 750 | 377.19 | 241.40 | 20.81 | 55.42 | 23.77 | Silt loam 1.41 1.84 | 7.10E-06
S33 | 7.78 | 848.47 | 543.02 | 20.25 | 65.22 | 14.54 | Silt loam 1.35 2.39 | 1.21E-05

Sandy
loam
Mean | 7.65 | 645.78 | 413.30 1.42 1.68 4.6E-04

S34 | 7.34 | 888.84 | 568.86 | 68.31 | 28.26 | 3.43 1.52 0.79 | 6.12E-04

4.8.5 Soil organic matter (SOM)

The results of the soil organic matter of all the studied locations show that the percentage
organic matter of the different land uses ranged from (0.60 to 2.98) % with a mean of (1.68)
% (Table 4.8a). The highest SOM value of 2.98 % was recorded in the natural grassland at
soil sample (S31-Smaquli near bridge), this may be due to findings that soils underlying
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native cover. While the lowest value of 0.60 % was found in the croplands at soil sample
(S21-Dolishahidan near bridge). The organic matter content is as generally expected higher in
the forest and orchard than in farmland fields and vegetable gardens. This is mainly due to
large supply of litter fall of leaves, needles and root residues from the trees, while the organic
matter content in farmlands and vegetable gardens are lower because they are greatly affected
by cultivation speeding up the decomposition and crop removal (Condron et al., 2005). The
difference in OM concentration in soil samples of study area is due to the presence of various
microorganisms which are capable to decompose such organic matter for their cellular
necessities (Rind et al., 2005).

4.8.6 Soil saturated hydraulic conductivity

There were variations in soil saturated hydraulic conductivity values from the soil samples
analyzed. From the results obtained, the SHC ranged from (2.52E-06 to 6.12E-04) cm sec™
with a mean of (4.6E-04) cm sec™. The lowest SHC 2.52E-06 cm sec™ was recorded at soil
sample (S21-Dolishahidan near bridge), while the highest 6.12E-04 cm sec™ was recorded at
soil sample (S34-Jali up) (Table 4.8a). SHC was increased with increasing sand content and
decreased with increasing clay content. The high sand content gives rise to high levels of
macro pores which are responsible for saturated water movement (Humble, 1975).

4.8.7 Soluble cations

The four most abundant cations in soils are calcium (Ca®*), magnesium (Mg**), sodium (Na*)
and potassium (K*). The soluble calcium varied from (43.61 to 213.59) mg L™ with an
average value of (109.54) mg L™. The highest value of Ca** 213.59 mg L™ was observed at
soil sample (S30-Hizop near bridge), the lowest value 43.61 mg L™ of Ca** was recorded in
(S11-Qashan near bridge) (Table 4.8b). The soluble magnesium of all soil sites ranged from
(6.71 to 29.04) mg L™. Overall, the mean of soluble magnesium of all soil sites is (14.20) mg
L. The highest value was observed in soil sample (S29-Khdran near bridge) 29.04 mg L™,
while the lowest value was recorded in (S6-Kanarwe) 6.71 mg L™ (Table 4.8b). The contents
of both Ca** and Mg** decreased with soil under the cultivated land. These indicate that there
was higher down ward leaching of basic cations in the crop field than in the other land use
practices. The lowest value obtained on the cultivated land could be also be related to
influence of intensity of cultivation and abundant crop harvest with little or no use of input as
reported by (He et al., 1999).
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The soluble sodium of all sites indicates the degree of which the soil sites are saturated with
sodium. The soluble sodium ranged from (8.24 to 97.25) mg L™ with an average value of
(17.02) mg L™ Soil sample (S33-Jali low) had the highest value of Na* 97.25 mg L™. The
least value 8.24 mg L™ of Na* was recorded in soil sample (S13-Hallsho near Allawa village)
(Table 4.8b); though is not an essential element for plant growth, but is important for
diagnosing problem soils that may contain high amounts of sodium. High levels of sodium
affect soil structure, soil permeability and may be toxic to sensitive plants (Horneck et al.,
2011). Potassium is the third most important plant nutrient along with nitrogen and
phosphorus. The potassium of all soil sites ranged from (1.66 to 24.75) mg L™ with an
average value of (6.56) mg L™. Soil sample (529-Khdran near bridge) had the highest value of
K* 24.75 mg L™. The least value 1.66 mg L™ of K* was recorded in soil sample (S11-Qashan
near bridge) (Table 4.8b). Generally, the lower K* contents in the cultivated and the grazing
lands than in the forest land might be due to its continuous losses in the harvested and grazed
parts of the plants from the cultivated and grazing lands, respectively (Gebeyaw, 2007).

The concentration of soluble cations are in the order Ca** > Na* >Mg*" >K" in the soils from
study area (Table 4.8b). The high values of soluble Ca*? reflect the presence of carbonate

minerals such as calcium carbonate (calcite).

4.8.8 Soluble anions

Among the anions, bicarbonate is predominant anion followed by sulfate and chloride in the
soils. The bicarbonate content ranged from (142.74 to 590.52) mg L™ with an average value
of (309.32) mg L™. The sulfate and chloride content ranged from (43 to 170) mg L™ with a
mean of (84.8) and (9.23 to 139.16) mg L™ with a mean of (30.98) mg L™ respectively. The
higher concentrations of bicarbonate 590.52 mg L™ and sulfate 170 mg L™ were found in the
soil sampling site (S29-Khdran near bridge and S30-Hizop near bridge) respectively, while
the highest concentration of chloride 139.16 mg L™ was founded in soil sample (S7-Wazha)
(Table 4.8b). Higher content of HCO3™ in some soil samples in the downstream part could be
related to strong alkaline reaction. The carbonate ions are almost negligible or lesser in
amount in majority of soil samples. This is due to precipitation of calcium and magnesium as

carbonates.

4.8.9 Soil nutrients

The nitrate concentration in the soil extracts ranged from (4.7 to 21) mg L™ with a mean (8.3)

mg L™. The highest values of NO5-N were recorded in soil sample (S24-Bosken and S34-Jali
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up) comparison to the other soils (21 and 19.9) mg L™ respectively. As the pattern of nitrate
the nitrite had recorded the highest value in soil sample (S24-Bosken) 0.28 mg L™, while the
NO.-N ranged from (0.03 to 0.28) mg L™ with a mean (0.14) mg L. The ammonium
concentration was the highest in soil sample (S29-Khdran near bridge) 3.59 mg L™ and the
NH,-N of all sites ranged from (0.15 to 3.59) mg L™ with an average value of (1.31) mg L™
The ammonium levels showed different patterns depending on the soil type and the approach
of land cultivation. The phosphate levels showed very high peaks in the cultivated areas and
the concentrations ranged between (0.4 and 5.4) mg L™ with an average value of (2.46) mg L
! the highest value was recorded in soil sample (S29-Khdran near bridge) 5.4 mg L™ in
comparison to the other values (Fig. 4.8.2 and Table 4.8b). The concentration of soluble
nutrients are in the order of NO3s-N > PO4-P > NH4-N > NO,-N in the soils from the study
area (Table 4.8b).
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Figure 4.8.2 Soil nutrients variations (mg L™) in different sampling sites.
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Table 4.8b Major cations, anions and nutrients in different sub regions of study area in soils.

Site Concentrations in mg L™
codes [ Ca®™* | Mg™ [ Na K* | HCOy Cr S0, | NOs-N | PO,P | NH,-N | NO,-N
S1 | 8719 | 924 [ 1190 | 811 | 282.14 | 9.94 57 7.3 3.51 1.14 0.25
s2 | 99.49 [ 1094 [ 1079 | 559 | 267.94 | 30.37 | 81 5.1 2.02 0.69 0.06
Ss3 | 9239 [11.16 | 1282 | 879 | 259.86 | 29.11 | 80 6.7 2.72 1.27 0.08
S4 | 101.89 [ 1599 | 2659 | 6.11 | 37456 | 12.68 | 85 8.2 3.52 0.93 0.03
S5 [ 15539 [ 9.96 | 1374 | 7.23 | 35542 | 26.27 | 98 7.9 3.31 1.41 0.05
s6 | 64.03 | 6.72 | 1465 | 7.81 | 18250 | 17.04 | 69 5.6 2.41 0.96 0.07
S7 | 169.99 | 25.32 | 4853 | 576 | 486.34 | 139.16 | 91 5.9 1.32 0.15 0.05
s8 | 65.39 [ 13.00 [ 2389 | 5.30 | 263.04 | 1562 | 59 5.2 2.41 1.01 0.05
S9 | 8739 | 9.94 [ 1199 [ 2.05 | 251.08 | 18.46 75 5.6 2.52 0.48 0.03
S10 | 138.19 | 12.68 | 13.74 | 6.47 | 442.38 | 17.04 | 85 6.6 2.63 0.95 0.04
S11 | 4361 [ 16.92 [ 1099 | 1.66 [ 154.70 | 14.91 69 6.3 1.10 0.85 0.23
S12 | 123.99 | 10.32 | 9.16 | 527 [ 279.38 | 2485 | 97 9.8 1.51 0.60 0.26
S13 [ 11779 | 960 | 824 | 2.83 [ 283.04 | 2272 | 55 12.0 1.21 0.83 0.26
S14 | 18279 | 9.12 [ 2015 | 9.47 [ 52022 | 29.79 | 111 7.4 3.82 2.39 0.06
S15 | 89.79 [ 10.90 | 11.90 | 5.69 | 223.76 | 15.62 | 102 7.5 1.71 1.84 0.24
S16 | 8279 [ 11.04 | 824 | 3.22 [ 219.60 | 24.85 69 5.5 2.20 1.64 0.20
S17 | 15279 [ 11.76 [ 1740 | 439 [ 44360 | 2740 | 91 7.8 2.81 0.60 0.05
518 | 150.79 | 9.48 | 12.82 | 5.08 [ 301.34 | 22.72 | 156 10.4 1.62 0.44 0.28
S19 | 99.39 | 13.92 | 9.16 | 322 | 312.08 | 9.23 64 8.6 2.51 1.42 0.14
S20 | 73.99 [ 17.76 | 1282 | 322 [ 21228 | 2130 | 82 6.9 1.51 2.87 0.27
s21 | 56.79 [ 13.92 [ 1832 | 2.05 [ 203.74 | 2059 | 43 7.8 1.90 3.03 0.16
S22 | 7944 [ 1366 | 966 | 3.81 [ 261.38 | 19.88 | 55 5.1 2.42 0.87 0.04
s23 | 93.92 [ 12.96 [ 10.06 | 4.00 [ 293.06 | 21.43 69 4.7 2.42 0.53 0.03
S24 | 159.99 | 19.32 | 1557 | 9.18 | 434.32 | 28.40 | 88 21.0 0.40 1.15 0.28
s25 | 89.89 [ 18.96 | 9.16 | 3.03 [ 287.80 | 27.49 64 4.8 4.32 2.40 0.12
S26 | 78.89 [ 19.08 | 10.07 | 3.71 [ 276.32 | 18.06 79 6.2 2.20 0.92 0.05
s27 | 7359 | 14.88 | 9.16 | 459 [ 23254 | 12.08 64 9.3 2.15 1.18 0.12
s28 | 97.92 [ 14.99 | 9.96 | 3.43 [ 293.16 | 16.33 69 7.3 2.41 0.82 0.03
S29 | 158.79 | 29.04 | 14.65 | 24.75 [ 590.52 | 34.01 63 8.1 5.40 3.59 0.25
S30 | 21359 | 13.20 | 15.65 | 9.40 [ 450.02 | 89.07 | 170 11.6 3.40 0.67 0.21
S31 | 156.39 | 12.80 | 15.82 | 19.50 | 402.86 | 28.82 | 141 9.7 3.72 2.20 0.21
S32 | 79.89 [ 10.92 | 9.94 | 1.96 [ 198.96 | 19.17 73 7.7 1.82 1.59 0.11
S33 | 90.39 | 26.76 | 97.25 | 19.50 | 334.28 | 84.49 | 120 12.7 2.91 0.62 0.11
S34 | 112.79 | 16.68 | 23.81 | 6.93 | 142.74 | 104.37 | 108 19.9 1.79 2.40 0.22
Mean | 109.54 | 14.20 [ 17.02 | 6.56 | 309.32 | 30.98 | 8438 8.3 2.46 1.31 0.14
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4.8.10 Heavy metals in soil

(Table 4.8c) shows the mean levels of the elements obtained in the study sub regions of the
study area with statistical analysis.

Table 4.8c Heavy metals in different sub regions of study area in soils.

Site Concentrations in mg kg™
codes Fe Cu Zn Mn Pb Cd Cr
Sl 530.00 7.50 14.25 347.50 0.75 ND 0.75
S2 165.50 2.75 5.00 221.25 0.51 ND 0.25
S3 978.75 5.25 6.50 380.50 0.67 ND 2.75
sS4 377.25 4.75 6.00 407.00 1.66 ND 1.50
S5 239.75 3.00 6.25 372.25 0.32 ND 0.25
S6 163.50 4.75 5.00 475.50 0.43 0.75 0.50
S7 1150.50 | 10.25 10.75 398.75 0.75 ND 1.25
S8 512.00 8.75 11.50 278.00 0.21 ND 0.75
S9 60.75 0.50 3.00 16.25 0.39 0.08 0.50
510 96.75 2.25 8.50 275.00 0.19 0.25 0.50
S11 101.75 1.50 22.00 361.50 0.27 ND 0.75
512 209.00 3.75 6.00 277.00 0.39 0.08 1.50
513 529.50 5.25 9.00 306.00 0.34 0.25 2.75
S14 755.50 6.25 7.75 251.75 1.25 ND 0.75
515 683.50 7.50 11.00 201.00 0.14 0.25 2.25
S16 348.25 4.75 15.00 186.50 0.51 ND 1.00
517 451.50 7.50 14.50 383.75 1.00 0.25 0.25
S18 539.50 6.25 7.50 260.50 0.31 ND 1.50
S19 676.50 9.00 15.50 304.50 1.50 0.25 2.00
S20 353.50 4.50 8.50 156.50 0.29 ND 1.25
S21 244.75 3.25 5.00 137.00 0.21 0.19 1.25
S22 553.25 7.50 9.50 273.50 0.18 0.25 1.75
523 126.75 4.50 6.75 189.50 0.23 0.25 1.00
S24 87.75 3.50 8.75 199.75 0.56 0.20 1.00
S25 166.25 0.75 2.00 129.75 0.41 0.25 0.50
S26 653.50 6.00 19.25 245.75 0.11 ND 2.25
S27 254.00 1.00 4.00 114.00 0.65 0.09 0.75
528 313.25 6.00 9.25 247.00 0.35 ND 2.00
S29 295.25 3.50 8.75 401.75 0.56 ND 3.25
S30 515.50 6.75 7.75 301.25 0.47 0.25 2.50
S31 517.00 7.00 11.50 466.25 0.42 ND 2.75
S32 1225.50 8.17 10.25 672.50 0.23 ND 6.50
S33 91.00 2.50 4.50 299.00 0.17 0.02 0.50
S34 24.50 2.25 3.75 421.25 0.26 ND 0.75
Mean 411.52 4.96 8.96 292.92 0.49 0.23 1.46

Metal concentration in soil varies significantly depending on the soil type, but also by region
(Salmon, 2003). Differences between the soils of the regions were due to parent materials,
relief, soil depth, maturity, dumps, municipals waste and agriculture activities. Based on the
(Table 4.8c) iron was revealed at all sites within the studied regions with concentrations
ranging from (24.50 to 1225.50) mg kg™, with the mean (411.52) mg kg™. The highest value
of iron was 1225.50 mg kg™ recorded at soil sample (S32-Smaquli up), while the lowest value
was 24.50 mg kg' noted at (S34-Jali up) during study period. Iron exhibited higher
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concentration values in the soil than those of other metals in this study. High values of Fe in
the samples were close to road areas has possibly resulted from the emission of iron from
automobiles (Groysman, 2014).

Generally, the values of copper were ranged from (0.50 to 10.25) mg kg™ with mean (4.69)
mg kg™. The highest value of Cu 10.25.25 mg kg™ was recorded at soil sample (S7-Wazha);
while the lowest value 0.50 mg kg™ was noted at (S9-Kuna-Masi up) during study period. In
natural soils, the average concentration is (2 to 40) mg kg™. Significant quantities of Cu in the
soil are connected in the minerals, therefore, this metal is supplied only by a very slow decay
processes. Cu concentration can increase significantly under the effect of anthropogenic
activities.

Unpolluted soil contains an average of (15 to 100) mg kg™ of Zn. It occurs in large amounts
in the layers of the clay minerals. Because of the extensive use of Zn in industry, the Zn
content in soil surrounding the industrial areas can reach even 5000 mg kg™ (Kabata-Pendias,
2010). The mean levels of zinc in the soil within the studied regions were ranged from (2 to
22) mg kg™. Soil sample (S11-Qashan near bridge) had the highest Zn mean of 22 mg kg,
while (S25-Chwarqurna) had the lowest mean of 2 mg kg™ with the mean (8.96) mg kg™. The
mean levels of manganese were ranged from (16.25 to 672.50) mg kg™ with mean (292.92)
mg kg™. Soil sample (S32-Smaquli up) recorded the highest mean of 672.5 mg kg™ and (S9-
Kuna-Masi up) had the lowest mean of 16.25 mg kg™. Soil generally contains (200 to 3000)
mg kg™ of Mn with an average value of 600 mg kg™ (Okunola et al., 2007). The levels of Mn
in soils were relatively low, implying mild contamination of the metal in the soil. Mn
exhibited higher levels of contamination in the soil than those of other metals in this study
except Fe.

The increasing of lead concentration may be caused by the accumulation of fuel burning
residues from the transportation and by the use of some pesticides in gardens or orchards. The
mean level of Pb in the soil within the studied regions ranged from (0.11 to 1.66) mg kg™ with
mean (0.49) mg kg™ Soil sample (S4-Joga-Sur near bridge) had the highest Pb mean of 1.66
mg kg? this could be attributed to the surface runoff during rainy season, while (S26-
Sarwchawa) had the lowest mean of 0.11 mg kg™. After the burning of gasoline in a car
engine, lead is emitted into atmosphere and then deposited in soil and throughout the
ecological system. Another possible source of lead that should be also noted here is fertilizers
application on farmlands. A commercial phosphate fertilizer generally contains varied types

of heavy metal elements (Mortvedt, 1996) such as cadmium, arsenic, chromium, lead,
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mercury, nickel and vanadium. If this fertilizer is applied and the procedure is repeated, the
soil in that area can become highly contaminated with lead.

Cadmium was detected at 16 sites within the studied regions with concentrations ranging
from (0.02 to 0.75) mg kg™ with mean (0.23) mg kg™. Soil sample (S6-Kanarwe) had the
highest Cd mean of 0.75 mg kg™, while (S33-Jali low) had the lowest mean of 0.02 mg kg™
Cd exhibited lower levels of contamination than those of other metals in this study. According
to (Mico et al., 2006) the recommended range of Cd in the soil is (0.07 to 1.1) mg kg™ and
concentration above 0.5 mg kg™ reflects the influence of human activity. Human activity can
contribute to increased Cd levels as a result of urban-industrial activity and/or agricultural
practices as reported by (Mico et al., 2006).

The mean levels of chromium in the soil within the studied regions were ranged from (0.25 to
6.5) mg kg™, with the mean (1.46) mg kg™. Soil sample (S32-Smaquli up) had the highest
mean of 6.5 mg kg™, while (S2-Mawakan) had the lowest mean of 0.25 mg kg™. Cr is one of
those heavy metals whose concentration is steadily increasing due to industrial growth
(Adelekan and Abegunde, 2011). Other sources of Cr permeating the environment are air and
water erosion of rocks, liquid fuels, industrial and municipal waste. The concentration of
heavy metals are in the order of Fe > Mn > Zn > Cu > Cr > Pb > Cd in the soils from the
study area (Table 4.8¢c).
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4.9 Estimation of Erosion

The universal soil loss equation proposed by (Wischmeier and Smith, 1978), was used for the
estimation of erosion (ton/hectare/year) for the studied watersheds as shown in (Fig. 4.9).
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Figure 4.9 Map of the studied watersheds.

(Table 4.9a) represents the calculation of erodibility factor for the studied watershed using the
equation suggested by (Wischmeier and Smith, 1958), from the results the highest value was
in Twasuran watershed (0.729), the main reason for that is the existence of less vegetation
cover and also to high soil content of silt, while the less value of erodibility factor observed in
Siwayl watershed (0.290) due to high soil clay content and intense vegetation cover in a
whole watershed area. (Table 4.9b) lists the cropping-management factor (C) and
conservation practice factor (P) for each watershed. It is apparent that most of the studied
watersheds have the low cropping management factor.

Also, (Table 4.9b) exhibits the calculations of the erosion from the calculated and its
estimated parameters. From the results of the table, appeared that the highest value of erosion
obtained by Zharawa watershed (46.843) ton/hectare/year, that possibly due to the rock
formation which contain easily eroded marl, on may be due to the rapidly exchange of the
slope from steep to gentle at the wide agriculture plain that extended to the watershed outlet,
Consequently, Kuna-Masi watershed took the second highest value of erosion (44.106)

ton/hectare/year, this can be concluded to that the watershed has steep slope especially at the
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upstream and also due to the less vegetation cover in spite of that, geologically the watershed
has easy weathered rock formation which mainly contain marl and red bed formation.

As well the value of erosion for Shawr watershed can be considered high, the reason of that is
the existence of high steep slope at the north parts of the watershed and changing this steep
slope abruptly to the gentle at the wide agricultural land at the middle and south of the
watershed, inspite of that, great parts of that agricultural land and its soil was disturbed due to
the high activities of urbanization and industrialization on the agricultural land. While in
Kawe watershed the relatively high value of erosion mainly was due to the high value of slope
steepness factor and to the existence of great area of bare soil especially at the north and west
parts of the watershed in addition to that, the rock formation mainly contain easily eroded
marl formation. But the relatively high values of erosion for Hallsho watershed was due to the
high steep slope of the watershed and the existence of bare area at the south and south west of
the watershed. Whereas, the relatively high value of erosion for Doli-Shahidan was due to the
existence of easily weathered rocks which contain from both Qulqula and marl formation.

On the other hand the less value of erosion during this study was possessed by Dolabafra
watershed (19.976) ton/hectare/year; this is because of the existence the wide agricultural
lands of gentle slopes and also to the high values of crop management factor (C). It can be
noticed from the mentioned table that the values of erosion for all studied watersheds from
high to less value took the following ranking:

Zharawa > Kuna-Masi > Shawr > Kawe > Hallsho > Doli-Shahidan > Siwayl > Qarani-Agha
> Twasuran > Mawakan > Khdran > Jali > Joga-Sur > Bosken > Smaquli > Dolabafra
(Seyhan, 1976) was stated that gully erosion was one-fifth (1/5) of the total sediment

occurred, while channel erosion was about 10% of sheet and rill erosion. Thus;
E=(A+G+C) (4.1)

Where, (E) is gross erosion, (A) is sheet and rill erosion resulted from USLE, (G) is gully
erosion and (C) is channel erosion.

On the other hand (Barzinji, 2003) proposed multiplying the annual soil loss by a factor of
1.25 to obtain the gross erosion for a watershed close to the watersheds under study.
Accordingly the value of computed sheet and rill erosion for the studied watersheds was

multiplied by a factor of 1.25 to obtain gross erosion, (Table 4.9b).
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Table 4.9a Calculation of soil erodibility factor for the studied watersheds.

Watershed No. of sample Clay (%) | Silt (%) | VFS (%) | (Silt+VFS) (%) M O.M (%) | S.C. | P.C. K
Mawakan 1.Ashi Qazi 18.584 32.862 11.047 43.909 3574.888 1.695 4 3 0.407
2.Mawakan 30.769 46.357 7.748 54.105 3745.750 1.548 4 4 0.462
Joga-Sur 1.Joga Sur up 21.076 48.891 11.543 60.433 4769.651 2.007 4 3 0.518
2.Joga Sur near bridge 5.781 56.540 11.240 67.779 6386.143 1.001 3 6 0.706
Siwayl 1.Kanarwe 59.555 29.785 1.070 30.856 1247.958 0.754 4 6 0.290
2.Wazha 5.005 50.717 6.921 57.638 5475.296 1.726 4 3 0.606
Kuna-Masi 1.Kuna Masi near bridge 50.520 38.248 2.442 40.690 2013.363 1.698 4 6 0.352
2.Kuna Masi up 51.021 43.884 1.415 45,299 2218.694 1.104 4 6 0.382
Kawe Kawe 14.200 62.224 5.198 67.421 5784.722 1.545 4 6 0.649
Hallsho 1.Halsho near allawa village 11.026 57.923 4.180 62.103 5525.510 1.791 4 3 0.608
2.Halsho near bridge 4.440 55.475 10.789 66.264 6332.181 1.882 4 3 0.690
Zharawa 1.Zharawa up_ 23.578 61.892 3.819 65.710 5021.725 1.578 4 3 0.564
2.Zharawa near grideg 23.040 54.048 9.112 63.160 4860.779 1.368 4 3 0.556
Dolabaf 1.Dolabafra up 12.982 74.305 3.283 77.588 6751.537 1.634 3 3 0.709
olabatra 2.Dolabafra near bridge 10881 | 73.698 | 4.198 77.896 6041.984 | 2210 3 | 3 | 0692
Doli-Shahidan 1.Qadrawa village 40.889 55.361 1.006 56.368 3331.972 0.959 4 6 0.502
2.Dollishahidan near bridge 44.939 40.134 1.463 41.597 2290.347 0.602 4 6 0.399
Twasuran Twasuran near bridge 15.038 79.247 2.409 81.655 6937.632 1.648 3 3 0.729
Bosken Bosken 54.893 38.342 1.499 39.840 1797.098 2.210 4 6 0.324
Chwarqurna Chwargurna 20.279 47.114 14.365 61.479 4901.158 1.679 4 3 0.546
Qarani-Agha near bridge Qarani Agha near bridge 22.247 48.881 11.020 59.900 4657.432 1.722 4 3 0.519
h 1.Khdran up 49.986 41.384 1.358 42.741 2137.651 2.620 4 5 0.314
Khdran 2.Khdran near bridge 7.834 43.304 12.871 56.175 5177.484 2.290 4 3 0.547
Smaquli 1.Smaquli near bridge 17.724 78.101 1.889 79.990 6581.225 2.980 4 3 0.649
2.Smaquli up 23.769 55.418 5.595 61.012 4651.059 1.844 4 3 0.513
Jali 1.Ja|i_|ow 14.536 65.219 9.608 74.826 6394.990 2.390 4 3 0.667
2.Jali up 3.427 28.261 6.408 34.669 3348.116 0.788 4 2 0.377
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Where, M= (Silt+VFS) (100-Clay)

Table 4.9b Estimation of erosion for the studied watersheds using USLE.

R K Erosion Gross erosion

Watersheds Metric uint Metric uint L S ¢ P ton/hectare/year ton/hectare/year
Mawakan 33.907 0.4345 3.384 4.712 0.172 0.746 30.142 37.678
Joga-Sur 33.907 0.612 2.586 6.146 0.085 0.846 23.716 29.645
Siwayl 33.907 0.448 3.327 5.675 0.143 0.914 37.486 46.857
Kuna-Masi 38.365 0.367 3.174 9.925 0.113 0.88 44.106 55.133
Kawe 30.178 0.649 2.421 11.35 0.084 0.907 41.003 51.254
Hallsho 30.178 0.649 3.526 12.395 0.063 0.745 40.176 50.220
Zharawa 30.178 0.56 3.447 10.978 0.112 0.654 46.843 58.554
Dolabafra 30.178 0.7005 3.258 2.389 0.201 0.604 19.976 24.970
Doli-Shahidan 32.082 0.4505 3.849 12.158 0.069 0.84 39.200 49.000
Twasuran 32.082 0.729 4.213 7.444 0.057 0.772 32.276 40.344
Bosken 32.082 0.324 3.939 4.79 0.18 0.605 21.358 26.697
Shawr 30.124 0.546 4.182 11.751 0.073 0.733 43.250 54.063
Qarani-Agha 31.247 0.519 4.042 6.03 0.112 0.767 33.955 42.443
Khdran 31.247 0.4305 3.518 3.302 0.199 0.814 25.312 31.640
Smaquli 31.247 0.581 3.413 4.264 0.095 0.822 20.631 25.789
Jali 31.247 0.522 3.531 4.49 0.106 0.885 24.259 30.323
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On the basis of gross erosion, most of the watersheds are placed in the moderate erosion
hazard class (15-50) ton/hectare/year. The possible explanation is due to its high gradient
(Barzinji, 2003).

4.10 Sediment Yield Estimation

4.10.1 Sediment yield prediction equation

Using Bali's equation (Bali et al., 1972) for estimating the sediment yield in 16 studied
watersheds, as shown in (Table 4.10a). (Table 4.10a) reveals that the highest value of
sediment vyield using Bali method gives by Doli-Shahidan watershed (17.196)
ton/hectare/year, and the less value was appeared at Dolabafra watershed (6.449)
ton/hectare/year, while the sediment yield values for the remained watersheds lies between
these two values. The main reason behind the high value of sediment yield in Doli-Shahidan
watershed returned mainly to the high steep slope at the upper parts of the watershed and
abruptly changing this slope to the gentle near the outlet, while at Dolabafra watershed the
slope is gentle at most parts of the watershed, for that reason the sediment yield took the least

value among all of the studied watersheds.

4.10.2 Sediment yield by factorial score model (FSM)

From (Table 4.10b) appeared that the highest value of sediment yield by using the FSM
model was observed at Bosken watershed (7.037) ton/hectare/year, this is because of that
shape of this watershed is rather approximate to semi-circular, that leads to rapid occurrence
of peak runoff produced by rainfall storms. On the other hand the small area of the watershed,
less vegetation cover and less elevation difference between the most parts of watershed area
and its outlet point are another factors. At the same table it was appeared that the less value of
sediment yield produced by Siwayl watershed (0.803) ton/hectare/year, this is due to its large
area and dense vegetation cover, besides to its lithology, which mainly consists from slowly
eroded rocks of walash and qulqula formation. While the value of sediment yield for the

remains studied watersheds lies between these two extrems.
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Table 4.10a Sediment yield calculation for the studied watersheds.

. Y Y Y Y

Watershed Area (i) | X1 X2 X3 X4 Log (100+Y) (acre.ft/mi.year) | (acre.ft/year) (tonfyear) (ton/hectare/year)
Mawakan 122911 | 0.475| 235 | 1.762 | 24.676 2.008 1.840 226.136 278944.780 8.755
Joga-Sur 148.135 | 0.475 | 27.32 | 6.446 | 13.428 2.007 1.570 232.557 286865.320 7.471
Siwayl 373.621 | 0.475 | 26.12 | 2.938 | 32.280 2.009 2.122 792.696 977811.241 10.097
Kuna-Masi 54.262 | 0.468 | 35.64 | 2.309 | 50.770 2.014 3.267 177.259 218653.503 15.546
Kawe 139.232 | 0.317 | 38.35 | 1.466 | 14.200 2.011 2.640 367.526 453352.139 12.562
Hallsho 45.927 | 0.317 | 40.23 | 3.209 | 7.733 2.011 2.457 112.831 139179.450 11.691
Zharrawa 102.328 | 0.317 | 37.66 | 2.055 | 23.309 2.012 2.912 298.003 367594.499 13.859
Dolabafra 27.023 | 0.317 | 15.76 | 1.909 | 6.432 2.005 1.150 31.073 38329.842 6.449
Doli-Shahidan 82.780 | 0.317 | 39.81 | 2.921 | 42.914 2.015 3.614 299.134 368989.116 17.196
Twasuran 57.347 | 0.323 | 30.41 | 0.394 | 7.038 2.009 1.980 113.573 140095.521 10.832
Bosken 12.201 | 0.323 | 23.72 | 1.158 | 54.893 2.013 3.135 38.247 47178.741 14.918
Shawr 73.969 | 0.323 | 39.08 | 1.470 | 31.094 2.014 3.230 238.937 294735.361 15.372
Qarani-Agha 131.177 | 0.323 | 27.03 | 0.330 | 22.247 2.010 2.351 308.397 380415.745 11.188
Khdran 24.394 | 0.313 | 19.12 | 2.224 | 28.910 2.009 2.075 50.609 62427.233 9.873
Smaquli 13.996 | 0.313 | 22.19 | 1.652 | 20.747 2.009 2.040 28.546 35212.051 9.706
Jali 34.718 | 0.313 | 22.86 | 1.808 | 8.981 2.007 1.650 57.274 70649.321 7.851
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Table 4.10b Time of water concentration and FSM scores of each factor for the studied watersheds.

Watersheds Area (km?) | Elevation | Basin shape Lithology Vegetation cover Gullies FSM ti?]?t:g::ig:e)//;felgr cor-llt—:le(?&%gtfion
Mawakan 325.01 1 2 3 3 3 54 4.334 2.857
Joga-Sur 418.18 1 1 2 3 3 18 1.196 4.952

Siwayl 1220.51 1 1 3 3 3 27 0.803 7.798
Kuna-Masi 163.45 1 2 3 3 2 36 4.083 1.582
Kawe 248.39 1 3 3 3 2 54 4.742 3.222
Hallsho 62.76 1 1 3 3 2 18 4.520 0.615
Zharawa 271.62 1 2 2 2 3 24 2.270 2.017
Dolabafra 62.72 1 3 2 2 2 24 5.454 0.995
Doli-Shahidan 217.32 1 2 2 3 2 24 2.633 1.403
Twasuran 148.53 1 2 3 2 3 36 2.407 1.010
Bosken 26.2 1 2 2 1 1 4 7.037 0.324
Shawr 191.58 1 2 3 2 3 36 2.232 1.128
Qarani-Agha 339.75 1 2 2 2 2 16 1.319 2.131
Khdran 61.72 1 2 1 1 1 2 3.792 0.811
Smaquli 36.25 1 2 2 2 2 16 6.660 0.532
Jali 95.59 1 2 2 2 1 8 3.077 1.054
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Table 4.10c Estimation of sediment delivery ratio from gross erosion and estimated sediment yield.

Sedime_nt yield using | Sediment yield using Avergge Sediment yield Sediment delivery ratio

Watershed Balie method FSM method Sum (Balie + FSM) method Gross (SDR)
ton/hectare/year ton/hectare/year ton/hectare/year

Mawakan 8.755 4.334 13.089 6.545 37.345 0.175
Joga-Sur 7.471 1.196 8.667 4.333 29.491 0.147
Siwayl 10.097 0.803 10.899 5.450 46.277 0.118
Kuna-Masi 15.546 4.083 19.628 9.814 55.864 0.176
Kawe 12.562 4,742 17.304 8.652 50.707 0.171
Hallsho 11.691 4.986 16.678 8.339 49.429 0.169
Zharrawa 13.859 2.270 16.129 8.064 57.736 0.140
Dolabafra 6.449 5.454 11.903 5.951 24.673 0.241
Doli-Shahidan 17.196 2.633 19.829 9.915 48.785 0.203
Twasuran 10.832 4.272 15.104 7.552 40.568 0.186
Bosken 14.918 7.037 21.955 10.978 26.707 0.411
Shawr 15.372 2.232 17.604 8.802 53.524 0.164
Qarani-Agha 11.188 1.319 12.507 6.253 42.119 0.148
Khdran 9.873 3.792 13.665 6.833 31.422 0.217
Smaquli 9.706 6.660 16.366 8.183 25.681 0.319
Jali 7.851 3.077 10.928 5.464 30.265 0.181
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4.11 Sediment Delivery Ratio

The sediment yields for each of the studied watersheds were estimated via using sediment
yield predictive equation by (Bali et al., 1972) and also by using FSM. The sediment delivery
ratio is defined as the ratio between the sediment yield and the gross erosion in a watershed
and expressed as the percent (Chow, 1964). To obtain the sediment delivery ratio, the

following equation was used,

SDR=Y/E (4.2)

Where, SDR = sediment delivery ratio (<1.0), Y = sediment yield, and

E = gross erosion, it includes sheet, rill and channel (gullies, valley trenches and stream bank)
erosions.

(Fig. 4.11a) displays plot of sediment delivery ratio (obtained from sediment yield predicted
equation by (Bali et al., 1972) versus watershed area for all studied watersheds. A power
function model was proposed to relate sediment delivery ratio to a watershed area as follows,
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Figure 4.11a Sediment delivery ratio versus watershed area for all studied watersheds.

And the relationship between sediment delivery ratio (found out by employing FSM model)
and watershed area represented by (Fig. 4.11b),
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Figure 4.11b Sediment delivery ratio versus watershed area for all studied watersheds.
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But most of the values of SDR obtained by using FSM model were very less and they are not

much acceptable. Therefore its preferable, summing and then averaging the values of

sediment yield produced from both sediment yield predictive equation and from FSM model,

to obtain the final sediment yield, (Table 4.10c). As well the sediment delivery ratio values

resulted from the averaged sediment of both studied models were more acceptable, and the

final SDR when plotted against watershed area a power function model was obtained, as it

was shown in (Fig 4.11c).

The proposed model accounted for 75% of variation in sediment delivery ratio.
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Figure 4.11c Sediment delivery ratio versus watershed area for all studied watersheds.

It is worthy to mention that when the data of Hallsho watershed omits, the accuracy of the

model raises to approximately 0.85, (Fig. 4.11d).
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Figure 4.11d Sediment delivery ratio versus watershed area for the studied watersheds, after omitting

Hallsho watershed.

It seems from (Table 4.10c) that the highest value of sediment delivery ratio was at Bosken
watershed (0.411), and the less value of SDR observed at Siwayl watershed (0.118), while the
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rest studied watershed lies between these two extremes. The high value of SDR in Bosken
watershed is due to the small area of the watershed and its semi-circular shape which leads to
make rapid runoff and less value of time of concentration, (Table 4.10b), and also another
point is the less vegetation cover in Bosken watershed, and the explanation is opposite of that
for Siwayl watershed.

According to (Santos et al., 2011) which cited by (Julio et al., 2017) bands of vegetation act
as barriers to sediment transport, favoring infiltration into the soil as a result of the increase in
organic matter and the reduction in soil density that increase hydraulic conductivity. The
vegetation also works to dissipate runoff energy, resulting in greater opportunity time for the
processes of infiltration and sediment deposition (Santos et al., 2011). Runoff and sediment
connectivity along the slopes and in the watershed decrease as the plant cover increases
(Fryirs et al., 2007). Hassa (2001) demonstrated that circular shaped watersheds or watersheds
with steep slope yield low value for time of concentration. The reverse may be true for
elongated watershed with gentle slopes.

Finally the average estimated gross erosion value was 40.625 ton/hectare/year for all studied
watersheds, the average amount of 7.571 ton/hectare/year was estimated sediment yielded,
and about 17.23% was estimated to be the sediment delivery ratio.
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5. CONCLUSIONS

The following main conclusions can be drawn as follows:

All studied physicochemical and hydrological parameters at all sites and months were within
the standards when compared with the 1QS and international WHO standards, suggesting that
these parameters were derived from the natural processes without much effect of
anthropogenic activities. On the other hand turbidity, NH4-N, BODs, TSS, color and alkalinity
out of the range of standards, this indicates that the rivers are locally contaminated especially
water sample sites (W7-Kawe, W9-Sndollan, W12-Doli-Shahidan and W14-Bosken) compare
to other sites approximately in February, March and April with these parameters which were
possibly derived from the impact of anthropogenic activities in besides to natural processes.

In all studied sites, cations were dominated by Ca*? followed by Na*, Mg and K* in a
downward sequence, while anions were dominated by HCO3™ and followed by SO,* and CI°
and the highest concentrations of cations and anions were recorded in August, November,
February and March. The concentrations of heavy metals in water samples are higher than the
IQS and international WHO standards for Pb, Cd, Cr and for Fe in some sites, this indicates
that the rivers are nearby polluted particularly sites (W2-Mawakan, W5-Kuna-Masi, W6-
Qashan, W12-Doli-Shahidan, W13-Darbany-Ranya and W14-Bosken) with these metals
deeply in February and November which were possibly derived from the impact of
anthropogenic activates compare to other sites. While the metal concentrations for Cu, Zn and
Mn within the permissible limits for drinking, signifying that these metals were derived from
the natural processes.

Depending on the observed values of HPI, HEI, and Cd used for assessing water quality
clearly appeared that all water sampling sites during of the studied period under the third class
of pollution (high degree), signifying that rivers are highly polluted mainly site (W14-
Bosken) for all studied months due to the impact of anthropogenic activities. The normal self-
purification capacity of the studied rivers were found to be greater than unity which implies
that, re-aeration is greater than de-oxygenation during all studied period except in April
reversely and less than unity as a result of (high DO reduction) in April compare to other
months. Based on all considered parameters and indices for irrigation water quality the rivers
were compared with the international standards. The salinity of collected water samples fall in
the class ‘low to high’, SAR in ‘excellent’, SSP in ‘good to excellent’ and RSC in ‘suitable’

for irrigation water quality.
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The physicochemical characteristics of the soils from different land uses were showed that the
pH values observed in the study area were within the ranges of neutral to alkaline soil
reactions and the highest EC. and TDS values were recorded under the grazing land (S7-
Wazha), whereas the lowest values under the cultivated land (S11-Qashan near brideg). The
soil bulk density was under the crop land has recorded lowest value as soil sample (Khdran
up-S28); while the highest value on the grazing land was recorded as soil sample (S34-Jali
up). SOM and SHC were at the lowest values at soil sample (S21-Doli-Shahidan near bridge),
while the SOM at the highest value in soil sample (S31-Smaquli near bridge) and the highest
SHC was recorded at soil sample (S34-Jali up). According to the soil texture analysis, the
soils of study area composes from sand, silt and clay with various ratios and the soil texture
classes are ranged from clay to sandy loam.

In all studied soils, soluble cations like in river waters were dominated by Ca*? followed by
Na*, Mg™ and K* in a downward sequence, while anions were dominated by HCO5 and
followed by S0,% and CI” and the concentration of soluble nutrients are in the order NO3-N >
PO4-P > NH4-N > NO,-N but the concentration of cations, anions and nutrients in soils are
more than concentrations in rivers water. The concentrations of seven soluble metals in soils
were conquered by Fe followed by Mn, Cd, Cu, Cr, Pb and Zn. The concentrations of Pb, Cd
and Cr in soils lower than concentrations in rivers water whereas the concentrations of Cu,
Zn, Mn and Fe in soils higher than concentrations in rivers water.

Among the studied watersheds the highest value of estimated soil erosion was in Zharawa
watershed and followed by Kuna-Masi > Shawr > Kawe > Hallsho > Doli-Shahidan > Siwayl
> Qarani-Agha > Twasuran > Mawakan > Khdran > Jali > Joga-Sur > Bosken > Smaquli >
Dolabafra. Sediment yield by using Bali method gave the highest value at Doli-Shahidan
watershed and the lowest value at Dolabafra watershed, but sediment yield by using the FSM
method gave the highest value at Bosken watershed, while the lowest value appeared in
Siwayl watershed. In addition, the highest value of sediment delivery ratio was at Bosken

watershed, and the lowest value of SDR observed at Siwayl watershed.

143



6. RECOMMENDATIONS

In the light of the results obtained from the studied area, the following recommendations

should be taking into account:

1.

Installing gauging stations on the studied rivers for monitoring the discharge
fluctuations of water.
Installing metrological stations inside the studied watersheds.

More studies of sediment yield should be done in detail and for each of the studied
watersheds.
Detailed studies on river management and its riparian zones are necessary.

Prevention or at least reducing the numbers of the established sand washers on the
main streams where affected on both quantity and quality of the river water.

We recommend avoiding disposal wastes of Khidran subdistrict far from directly
disposal into Dukan Lake; as well we have the same recommendation for Qaladza,

Zharawa, Sangasar, Ranya and Qarani-Agha subdistricts.

144



References

Abdulrafiu, O. M., Adeleke, A. K. and Lateef, O. G. (2011) 'Quality assessment of groundwater in the vicinity of
dumpsites in Ifo and Lagos', Southwestern Nigeria Advances in Applied Science Research, 2 (1): pp.289-298.

Abowei, J. F. N. (2010) 'Salinity, Dissolved Oxygen, pH and Surface Water Temperature Conditions in Nkoro
River, Niger Delta, Nigeria', Advance Journal of Food Science and Technology, 2(1): pp.36-40.

Adelekan, B. A. and Abegunde, K. D. (2011) 'Heavy Metals Contamination of Soil and Groundwater at
Automobile Mechanic Villages in Ibadan Nigeria', International Journal of the Physical Sciences, 6(5): pp.
1045-1058. www.academicjournals.org/IJPS.

Agunwamba, JC. (2001) Water Engineering Systems, Immaculate Publishers, Enugu State, Nigeria.

Agunwamba, J. C., Maduka, C. N. and Ofosaren, A. M. (2007) 'Analysis of pollution status of Amadi Creek and
its management', Journal of Water Supply: Research and Technology AQUA, (55) 6: pp 427-435.

Al-Ami, M. Y., Al-Nakib, S. M., Ritha, N. M., Nouri, A. M. and Al-Assina, A. (1987) 'Water quality index
applied to the classification and zoning of Al-Jaysh canal, Bagdad, Iraq’, Journal of Environmental Science
and Health, A (22): pp.305-3109.

Al-Barzingy, Y. O. M., Goran, S. M. A. and Toma, J. J. (2009) 'An Ecological Study on Water to Some Thermal
Springs in Koya-Erbil Province, Iraq’, Journal of Education and Science, 22 (6): pp.36-48.

Al-Bassam, K. M. (2007) Minerogenic Map of Iraq scales 1:1000000, 2™ edit., GEOSURYV, Baghdad, Irag.

Alexander, L. D. (1985) 'Successfully Implementing Strategic Decisions', Long Range Planning, 18(3): pp. 91-
97.

Al-Hejuje, M. M. (2015) Application of Water Quality and Pollution Indices to Evaluate the Water and
Sediments Status in the Middle Part of Shatt Al-Arab River. Doctorate of Philosophy. Thesis. University of
Basrah, college of science, pp.214.

Ali, M. and Abdel-Satar, A. (2005) Studies of some heavy metals in water, sediment, fish and fish diets in some
fish farms in EI-Fayoum province. Egypt Journal of Aquatic Research, 31(2): pp.261-273.

Allan, J. D., Erickson, D. L., and Fay, J. (1997) The influence of catchment land use on stream integrity across
multiple spatial scales’, Freshwater Biology, 37(1): pp.149-161.

Allen, S. E. (1974) Chemical Analysis of Ecological Materials. Black well Scientific Publications, Osney Mead,
Oxford. 565pp.

Al-Qaraghuli, N. A. (2005) 'Content of nutrient elements (Total, water soluable, and available) in the fertilizers
(TSP, MAP, NP, and NPK) produced from Al-Qaim plant', Iragi Journal of agricultural sciences, 36, (5):
pp.35-41.

Al-Sheikh, H. and Fathi, A. A. (2010) 'Ecological Studies on Lake Al-Asfar (Al-Hassa, Saudi Arabia) with
Special References to the Sediment’, Research Journal of Environmental Sciences, 4 (1): pp.13-22.

Al-Shujairi, S.0.H., (2013) 'Develop and apply water quality index to evaluate water quality of Tigris and
Euphrates Rivers in Iraq"”, International Journal of Modern Engineering Research (IJMER), 3(4): pp.2119-
2126.

Al-Shwanny, T. M. K. (2009) Microbial Indicators of Biological pollution and its Relation with Some Aquatic
Ecosystem's Affected Physical and Chemical Factors in Kirkuk Province. Doctorate of Philosophy.
Dissertation, University of Tikrit-Iraq.

American Society of Civil Engineers (ASCE), (1970) 'Sediment sources and sediment yields', Journal of
Hydrology Division, 966): pp.1283-1330.

145



References

American Society of Civil Engineers (ASCE), (1982) 'Relationships between morphology of small streams and
sediment yield. Report of a Task Committee’, Journal of Hydrology Divivision, 108(11): pp.1328-1365.

Anim-Gyampo, M., Kumi, M. and Zango, M. S. (2013) 'Heavy metals concentrations in some selected fish
species in Tono Irrigation reservoir in Navrongo, Ghana', Journal of Environment and Earth Science, ISSN
2224-3216, 3(1).

Annalakshmi, G. and Amsath, A. (2012) 'Nutrient status of Arasalar River, A Tributary of Cauvery River at
Tanjore District of Tamil Nadu', Indian International Journal Of Plant, Animal Environmental Sciences, (2):
p 214-222.

APHA, (1998) Standard Methods for the Examination of Water and Wastewater. 20™ Edition, American Public
Health Association, American Water Works Association and Water Environmental Federation, Washington
DC.

APHA, (2005) Standard Methods for the Examination of Water and Wastewater. 21% Edition, American Public
Health Association/American Water Works Association/Water Environment Federation, Washington DC.

Arnoldus, H. M. J., (1980) An approximation of the rainfall factorin the Universal Soil Loss Equation. In: De
Boodt, M., Gabriels, D. (eds.): Assessment of Erosion. John Wiley and Sons, Chichister, pp. 127-132.

Asadollahfardi, G., Hemati, A., Moradinejad, S. and Asadollahfardi, R. (2013) 'Sodium Adsorption Ratio (SAR)
Prediction of the Chalghazi River Using Artificial Neural Network (ANN) Iran', Current World Environment,
8(2): pp 169-178.

Asaduzzaman, K., Khandaker, M., Binti Baharudin, N., Amin, Y., Farook, M., Bradley, D. and Mahmoud, O.
(2017) Heavy metals in human teeth dentine: A bio-indicator of metals exposure and environmental
pollution’, Chemosphere, 176: pp.221-230.

Astaraie-Imani, M., Kapelan, Z., Fu, G. and Butler, D. (2012) 'Assessing the combined effects of urbanisation
and climate change on the river water quality in an integrated urban wastewater system in the UK', Journal of
Environmental Management, 112: pp.1-9.

Atapourfard, A., Majid, M. S. and Gholamreza, S. h. (2012) 'The application of FSM model for the prediction of
sediment yield in Tehran basin', Natural Science, 10(9): pp.105-112.

Atasoy, M., Palmquist, R. B., and Phaneuf, D. J. (2006) 'Estimating the effects of urban residential development
on water quality using micro data’, Journal of Environmental Management 79: pp. 399-408.

Avendan”o Salas, C., Cobo Raya'n, R., Go'mez Montan™a, J.L. and Sanz Montero, E. (1995) Procedimiento
para evaluar la degradacio’n especi'fica (erosio’n) de cuencas de embalses a partir de los sedimientos
acumulados en los mismos', Aplicacio 'n al studio de embalses Espan~oles. Ingenieri’a Civil, 99: pp.51-58.

Avnish, V. K. and Saksena, D. N. (2010) 'Assessment of Water quality and Pollution Status of Kalpi (Morar)
River, Gwalior, Madhya Pradesh: with special reference to Conservation and Management plan', Asian
Journal of Experiment Biological Science, 1 (2): pp.419-429, Society of Applied Sciences.

Ayas, Z., Ekmekci, G., Yerli, S. V. and Ozmen, M. (2007) Heavy metal accumulation in water, sediments and
fishes of Nallihan Bird Paradise’, Turkey Journal of Environmental Biology, 28(3): pp.545-549.

Ayers, R. S., and Westcot, D. W. (2000) Water Quality for Agriculture. FAO Irrigation and Drainage Paper 29.

Ayres, R. S. and Westcot, D. W. (1985) Water Quality for Agriculture. Irrigation and Drainage Paper No. 29.
Food and Agriculture Organization of the United Nations. Rome. pp. 1-117.

Ayres, R. S. and Westcot, D. W. (1994) Water quality for agriculture, Irrigation and Drainage paper No. 29,
FAO, Rome, Italy.

Backman, B., Bodis, D., Lahermo, P. and Rapant, S. T. (1997) 'Application of a groundwater contamination
index in Finland and Slovakia', Environmental Geology, 36: pp.55-64.

Baig, S. A., Mahmod, Q., Nawab, B., Hussain, A. and Nafees, M. (2010) 'Assessment of Seasonal Variations in
Surface Water Quality of Chitral River, North West Frontier Province (NWFP), Pakistan', World Applied
Sciences Journal, vol. 6: pp.674-680.

146



References

Baillie, B. R., Collier, K. J. and Nagels, J. (2005) 'Effects of forest harvesting and woody debris removal on two
Northland streams New Zealand', New Zealand Journal Marine Fresh, 39(1): pp.1-15.

Balachandar, D., Sundararaj, P., Rutharvel, M. K. and Kumaraswamy, K. (2010) ‘'An Investigation of
Groundwater Quality and Its Suitability to Irrigated Agriculture in Coimbatore District, Tamil Nadu, India-
A GIS Approach’, International Journal of Environmental Sciences, 1(2).

Balakrishnan, P., Saleem, A. and Mallikarjun, N. D. (2011) 'Groundwater quality mapping using geographic
information system (GIS): A case study of Gulbarga City, Karnataka, India’, African Journal of
Environmental Science and Technology, 5: pp.1069-1084.

Bali, J. S, Mildner, W. F. and Nadaa, H. S. (1972) Handbook of sedimentation. Doil Concentration Division,
Government of India, Ministry of Agriculture. New Delhi.

Bali, J. S, Mildner, W. F. and Nadaa, H.S. (1972) Handbook of sedimentation. Doil Concentration Division,
Government of India, Ministry of Agriculture. New Delhi.

Barzinji, K. T. M. (2003) Hydrologic studies for Goizha- Dabashan and other watersheds in Sulaimani
Governorate. Iragq. Master of Science. Thesis. Sulaimani University.

Basnyat, P., Teeter, L. D., Lockaby, B. G. and Flynn, K. M. (2000) 'The Use of Remote Sensing and GIS in
Watershed Level Analyses of Non-point Source Pollution Problems', Forest Ecology and Management,
pp.65-73.

Belcher, T. (2009) Freshwater Assessment. Proposed Belle Riva Development Mosselbank River Near
Fisantekraal. Report Prepared for Withers Environmental Consultants.

Ben Alaya, M., Saidi, S., Zemni, T. and Zargouni, F. (2014) 'Suitability assessment of deep groundwater for
drinking and irrigation use in the Djeffara aquifers (Northern Gabes, south-eastern Tunisia)',
Environmental Earth Sciences, 71: pp.3387-3421.

Benham, B., Ling, E., Wright, B. and Haering, K. (2011) Corrosive Household Water. Virginia Cooperative
Extension publication pp 442-665.

Bhat, M. A., Grewal, M. S., Ramprakash, R., Wani, S. A. and Dar, E. A. (2016) 'Assessment of Groundwater
Quality for Irrigation Purposes using Chemical Indices’, Indian Journal of Ecology, 43: pp.574-579.

Bhuiyan, M. A. H., Islam, M. A., Dampare, S. B., Parvez, L. and Suzuki, S. (2010) 'Evaluation of hazardous
metal pollution in irrigation and drinking water systems in the vicinity of a coal mine area of northwestern
Bangladesh', Journal of Hazardous Materials, 179(1-3): pp.1065-1077.

Biswas, A., Jana, A. and Sharma, S. P. (2012) 'Delineation of Groundwater Potential Zones using Satellite
Remote Sensing and Geographic Information System Techniques: A Case study from Ganjam district,
Orissa, India’, Research Journal Recent Science, 1(9): pp.59-66.

Black, P. E. (1997) 'Watershed functions', Journal of the American Water Resources Association, 33(1): pp.1-11.

Blanco-Canqui, H. and Lal, R. (2008) 'Principles of Soil Conservation and Management', Springer. XXIV, 617
p.

Boe-Hansen, R. (2001) Microbial growth in drinking water distribution systems. Doctorate of Philosophy.
Lyngby, Denmark.

Bohlke, J. (2002) 'Groundwater recharge and agricultural contamination', Hydrogeology Journal, 10: pp.153-
179.

Bonsu, M. and Laryea. K. B. (1989) Scaling the saturated hydraulic conductivity of an Alfisol’, Journal of Soil
Science, 40: pp.731-742.

Boyce, R. C. (1975) Sediment routing with sediment delivery ratios. Present and Prospective Technology for
ARS. USDA, Washington, D.C.

Boyd, C. E. and Tucker, C. S. (1998) Pond Aquaculture Water Quality Management. Kluwer Academic
Publishers, Boston, Massachusettes, 700 pp.

147



References

Brezonik, (1972) Nutrients in Natural Waters-Chapter One. In H. E. Allen, Nutrients in Natural Water. New
York: Wiley.

Brian, M. (2008) 'Water Pollution by Agriculture', Phil. Trans. Royal Society B, 363: pp.659-666.

Brooks, A. J., Lim, H. and Kilduff, J. E. (2012) 'Adsorption uptake of synthetic organic chemicals by carbon
nanotubes and activated carbons', Nanotechnology, 23(29).

Brown, S., Shrestha, S. and Riley, S. J. (1999) The Allocation of Resources to Storm water Pollution Control.
IAHS Publication. Wallingford, Oxford shire. 381-389.

Brydsten, L., Jansson, M., Andersson, T. and Nilsson, A. (1990) 'Short Communications Element Transport in
Regulated and Non-Regulated Rivers in Northern Sweden', Regulated Rivers: Research and Management, 5:
pp.167-176.

Burns, D., Vitvar, A. T., McDonnell, J., Hassett, J., Duncan, J. and Kendall, C. (2005) 'Effects of suburban
development on runoff generation in the Croton River Basin, New York USA', Journal of Hydrology, 311:
pp.266-281.

Calles, O., Nyberg, G. L. and Greenberg, G. L. (2007) 'Temporal and Spatial Variation in Quality of Hyporheric
water in One Unregulated and Two Regulated Boreal Rivers', River Research and Applications, 23: pp.829-
842.

Carlos, M. H. J., Stefani, P. V. Y. and Janettea, A. M. (2016) 'Assessing the effects of heavy metals in ACC
deaminase and 1AA production on plant growth-promoting bacteria’, Microbiological Research, 8(1): p188-
189.

Carpenter, S. R., Caraco, N. F., Correll, D. L., Howarth, R. W., Sharpley, A. N. and Smith, V.H. (1998)
‘Nonpoint Pollution of Surface Waters with Phosphorus and Nitrogen', Ecological Applications, 8(3): pp.559-
68.

Carr, G. M. and Neary, J. P. (2006) Water Quality for Ecosystem and Human Health. United Nations
Environment Program Global Environment Monitoring System/Water Program. Burlington, Ontario, Canada,
132pp.

Carrero, J. A., Goienaga, N, Barnita, O., Artetxe, U., Arana, G., Hernandez A., Becerril, J. M. and Madariaga, J.
M. (2010) Diagnosing the impact of traffic on roadside soils through chemometric analysis on the
concentrations of more than 60 metals by ICP/ MS. In: Rauch, S., Morrison, G.M. and Monzon, A. (Eds.),
Highways and Urban Environment. Proceedings of the 9" Highway and Urban Environment Symposium,
Alliance for Global Sustainability Book Series 17, Springer, Dordrecht. pp. 329-336.

Carter, M. R. and Gregorich, E .G. (2008) Soil Sampling and Methods of Analysis. 2" Edition, Printed in the
United States of America by Taylor and Francis Group, LLC. 1224pp.

Cebecauer, T., Hofierka, J. (2008) 'The consequences of land-cover changes on soil erosion distribution in
Slovakia', Geomorphology, 98: pp.187-198.

Chanson, H. (2004) The Hydraulics of Open Channel Flow, Butterworth-Heinemann, Oxford, UK, 2" edition,
630 pages.

Chapman, D. (1992) Water Quality Assessment; A guide to the use of biota, sediments and water in
environmental monitoring. University Press, Cambridge, 585 pp.

Chapman, D. (1996) Water Quality Assessments-A Guide to Use of Biota, Sediments and Water in
Environmental Monitoring. Second Edition. UNESCO/WHO/UNEP. University Press, Cambridge. 626p.

Chen, C., Tang, S., Pan, Z., Zhan, H., Larson, M. and Jonsson, L. (2007) 'Remotely sensed assessment of water
quality levels in the Pearl River Estuary', China, Marine Pollution Bulletin, 54: pp.1267-1272.

Chesters, G. and Schierow, L. J. (1985) 'A primer on nonpoint pollution’, Journal of Soil and Water
Conservation, 40: pp.9-13.

Chiejine, C. M., Igboanugo, A. C. and Ezemonye, L. I. N. (2015) 'Modelling Effluent Assimilative Capacity of
Ikpoba River, Benin City, Nigeria', Nigerian Journal of Technology, (NIJOTECH) 34(1): pp. 133-141.

148


https://iopscience.iop.org/journal/0957-4484
https://iopscience.iop.org/volume/0957-4484/23

References

Chimdi, A., Esala, M. and Ylivainio, K. (2014) 'Sequential fractionation patterns of soil phosphorus collected
from different land use systems of Dire Inchine District, West Shawa zone, Ethiopia’, American-Eurasian
Journal of Scientific Research 9(3): pp.51-57.

Chin, D. A. (2006) 'Water-Resources Engineering, second (edn). Pearson Prentice Hall Eaton, F. M. 1950.
Significance of carbonate in irrigation waters', Soil Science, 67(3): pp.128-133.

Chindah, A. C. and Sibeudu, O. C. (2004) Distribution of hydrocarbons and heavy metals in sediment and a
crustacean (shrimps-Penaeus notialis) from the bonny/new Calabar River estuary, Niger Delta. Ajeam-
Ragee.

Chow, V. T. (ed), (1964) Handbook of Applied Hydrology. McGraw Hill, New York. Http:
Iiwww.emrl.byu.edu/gsdu.

Cirpka, O. A, Fienen, M. N., Hofer, M., Hoehn, E., Tessarini, A. and Kipfer, R. (2007) 'Analyzing bank
filtration by deconvoluting time series of electric conductivity', Ground Water, (45): 318-28.

Clark, E. H., Haverkamp, J. A. and Chapman, W. (1985) Eroding soils: the off-farm impacts. The Conservation
Foundation, Washington D.C.

Claudia, C. (2016) Clean Water Act Section .United States.

Collins, R. and Jenkins, A. (1996) 'The impact of agricultural land use on stream chemistry in the Middle Hills
of the Himalayas', Nepal Journal of Hydrology, 185: pp.71-86.

Condron, L. M., Turner, B. L. and Cade-Menun, B. J. (2005) Chemistry and dynamics of soil organic
phosphorus. In J. T. Sims and A. N. Sharpley (Eds.), Phosphorus: Agriculture and the Environment.
Agronomy monograph no. 46: American Society of Agronomy, Crop Science of America and Soil Science
Society of America.

Cooke, S. E. and Prepas, E. E. (1998) 'Stream phosphorus and nitrogen export from agricultural and forested
watersheds on the Boreal Plain', Canadian Journal of Fisheries and Aquatic Sciences, 55: pp.2292-2299.

CSU, (2015) Irrigation Water Quality Criteria. Colorado State University. http://www.ext.colostate.edu/pubs/
crops/00506.pdf (Erigim tarihi: 13.03.2015).

Cunningham, W. P., Cunningham, M. and Saigo, B. W. (2003) Environmental Science: A Global Concern, 7th
Edition. McGraw-Hill Higher Education, New York.

Curtis, J. and Morgenroth, E. (2013) 'Estimating the effects of land-use and catchment characteristics on lake
water quality: Irish lakes 2004-2009', Journal of the Statistical and Social Inquiry Society of Ireland, XLII:
pp.64-80.

CWT (Clean Water Team), (2010) The clean water team guidance compendium for watershed monitoring and
assessment. Citizen Monitoring Program of the State Water Resources Control Board.

Dallas, H. F (2008) 'Water temperature and riverine ecosystems: An overview of knowledge and approaches for
assessing biotic responses’, with special reference to South Africa Water SA, 34 (3): pp.393-404.

Dallas, H. F. and Day, J. A. (2004) The Effect of Water Quality Variables on Aquatic Ecosystems. WRC Report
No 224/04. 222pp.

Dallas, H. F. and Rivers-Moore, N. A. (2011) 'Micro-scale heterogeneity in water temperature', Water SA, 37 (4):
Pp.505-512.

Damoah, P. B. (2007) Analyses of Cadmium, Arsenic and Free Cyanide in Rainwater as Indicators of Air
Pollution in a Mining Community: Case Study at the Bogoso Gold Ltd. Dissertation.

Day, E. H. (1963) The chemical elements in nature. George C. Harrap and Co., London, U.K.

Department of Water Affairs and Forestry (DWAF), (1996a) South African Water Quality Guidelines. Volume
7: Aquatic Ecosystems.

149


http://www.ext.colostate.edu/pubs/

References

Detenbeck, N. E., Taylor, D. L. and Lima, A. (1996) 'Temporal and Spatial Variability in Water Quality of
Wetlands in the Minneapolis/St. Paul, MN Metropolitan Area: Implications for Monitoring Strategies and
Designs', Environmental Monitoring and Assessment, 40: pp.11-40.

Dickens, C. W. S. and Graham, P. M. (2002) 'The South African Scoring System SASS version 5: Rapid Bio-
assessment Methods for Rivers', African journal of Aquatic Science, 27: p1-10.

Ding, J., Jiang, Y., Fu, L., Liu, Q., Peng, Q. and Kang, M. (2015) 'Impacts of land use on surface water quality in
a subtropical River Basin: a case study of the Dongjiang River Basin', Southeastern China Water, 7(8):
pp.4427-4445,

Dodge, R. (2001) Water Measurement Manual. US Department of the Interior, Bureau of Reclamation, Denver,
Colorado.

Dougall, J. A. (2007) Downstream Effects of Glaciers on Stream Water Quality. Master of Science in
Geography. Portland State University. 130pp.

Drinan, J. E. and Spellman, F. R. (2001) Stream Ecology and Self-Purification: An Introduction (2nd ed.). A
Technomic Publishing Co. Inc.

Du Plessis, A., Harmse, T. and Ahmed, F. (2014) 'Quantifying and predicting the water quality associated with
land cover change: a case study of the Blesbok Spruit Catchment, South Africa', Water, 6 (10): pp.2946-
2968.

Dwight, R. H., Caplan, J. S., Brinks, M. V., Catlin, S. N., Buescher, G. and Semenza, J. C. (2011) 'Influence of
variable precipitation on coastal water quality in southern California’, Water Environment Research: A
Research Publication of the Water Environment Federation, 83(12): pp.2121-2130.

Eaton, F. M. (1950) Significance of carbonate in irrigation waters. Soil Science, 95: p.123-133.

Edet, A. E. and Offiong, O. E. (2002) 'Evaluation of water quality pollution indices for heavy metal
contamination monitoring. A study case from Akpabuyo-Odukpani area, Lower Cross River Basin
(Southeastern Nigeria)', GeoJournal, 57: pp.295-304.

Edokpayi, J. N., Odiyo, J. O., Msagati, T. A. M. and Potgieter N. (2015) 'Temporal Variations in Physico-
Chemical and Microbiological Characteristics of Mvudi River, South Africa’, International Journal of
Environmental Research Public Health, 12: pp.4128-4140.

Edwards, A. M. C. (1973) 'The variation of dissolved constituents with discharge in some Norfolk rivers',
Journal of Hydrology, 18: pp.219-242.

Eemens, R. (2007) Literature review: urban river contaminants. (Report No. U07/100), ISBN: 978-1-86937,
Environment Canterbury.

Eh Rak, A., Said, I. and Mohamed, M. (2010) 'Effect of River Discharge Fluctuation on Water Quality at Three
Rivers in Endau Catchment Area, Kluang, Johor', Australian Journal of Basic and Applied Sciences, 4(9):
4240-4249.

Elmore, H. L. and Hayes, T. W. (1960) 'Solubility of atmospheric oxygen in water', Journal of the Sanitation
Engineering Division, ASCE 86: pp.41-53.

Environmental Databases: Ecotoxicity Database, (2006) Pesticides: Science and Policy. Washington, D.C.: U.S.
Environmental Protection Agency (EPA).

EPA, (2012) 55 Turbidity. In Water: Monitoring and  Assessment. Retrieved from
http://water.epa.gov/type/rsl/monitoring/vms55.cfm.

Erdogrul, O. and Erbilir, F. (2007) 'Heavy metal and trace elements in various fish samples from Sir Dam Lake,
Kahramanmaras, Turkey', Environmental Monitoring Assessment, 130: pp.373-379.

Escobar, M. E. O. and Hue, N.V. (2008) 'Temporal changes of selected chemical properties in three manure -
amended soils of Hawaii', Bioresource Technology, 99 (18): pp.8649-8654.

150


http://water.epa.gov/type/rsl/monitoring/vms55.cfm
https://www.sciencedirect.com/science/journal/09608524
https://www.sciencedirect.com/science/journal/09608524/99/18

References

Esterby, S. R. (1996) 'Review of Methods for the Detection and Estimation of Trends with Emphasis on Water
Quality Application’, Hydrological Processes, 10: pp.127-149.

Ewaid, S. H. (2016) 'Water quality evaluation of Al-Gharraf River by two water quality Indices', Applied Water
Science, DOI 10.1007/s13201-016-0523-z.

Ezekiel, E. N., Hart, A. I. and Abowei, J. F. N. (2011) 'The Physical and chemical condition of Sombreiro River,
Niger Delta, Nigeria', Research Journal of Environmental Earth Sciences, 3(4): pp.327-340.

Ezz-Aldeen, M., Hassan, R., Ali, A., Al-Ansari, N. and Knutsson, S. (2018) 'Watershed Sediment and Its Effect
on Storage Capacity: Case Study of Dokan Dam Reservoir', Water, 10: p858.

Fahey, B. and Marden, M. (2006) 'Forestry effects on sediment yield and erosion’, The Pakuratahi Land Use
Study. A, 12: pp.51-62.

Farka, T. K. J. (2006) A Study of the Distribution of Phytoplankton and Aquatic Fungi in the Lotic Water in
Baghdad District & the effect of Environmental Factors. Doctorate of Philosophy. Dissertation, Al
Mustansiryia University, Irag.

Fattah, A. O. (2010) Phycological study on Khabour River. Master of Science. Thesis, University of Duhok-Irag.

Fattah, M. A. (2004) Some practical tests to reduce seepage from earthen ponds for different texture soils. M.Sc.
Thesis. University of Salahaddin. Erbil. Pp. 48-50.

Ferrari, R., Pasqui, M., Bottai, L., Esposito, S. and Di Giuseppe, E. (2005) 'Assessment of soil erosion estimate
based on a high temporal resolution rainfall dataset', In: Proc. 7th European Conference on Applications of
Meteorology (ECAM), Utrecht, Netherlands, Fertilizer Research, 43(1-3): pp.55-61.

Fetter, C. W. (1994) Applied Hydrogeology, Third Edition. Prentice Hall, New Jersy.

Fianko, J. R., Laar, C., Osei, J., Anim, A. K., Gibrilla, A. and Adomako, D. (2013) 'Evaluation of some heavy
metal loading in the Kpeshi lagoon, Ghana', Applied Water Science, 3: pp.311-319.

Fink, A. K. and Ostrizhnov, I. D. (1984). 'Dokan hydroelectric station in Irag’, Power Technology and
Engineering, 17 (10): pp.519-522.

Fipps, G. (1998) Irrigation water quality standards and salinity management. The Texas A and M University
System, Texas, USA.

Fipps, G. (2003) Irrigation water quality Standards and Salinity Management, Fact Sheet B-1667. Texas
Cooperative Extension. The Texas A and M University System, College Stations, TX.

Food and Agriculture Organization, (2001) Study of agro-ecological zoning for Diana, Mergasor, Barzan, and
Sheruan-Mazn/Rubar Barazgird valley areas. FAO Representation in Irag. FAO Coordination Office for
Northern Irag.

Frenken, K. (2009) Irrigation in the Middle East Region in Figures. AQUASTAT Survey 2008, Water
Reports, 34, Rome: FAO.

Fryirs, K. A. et al., (2007) Buffers, barriers and blankets: the (dis) connectivity of catchment-scale sediment
cascades. Catena, 70: pp.49-68.

Garg, S. K. (2006) Sewage disposal and air pollution engineering. Environmental Engineering, Khanna
Publishers, New Delhi, Vol. I, 18" ed., pp. 228-278.

Gebeyaw, T. (2007) Soil Fertility Status As Influenced By Different Land Uses In MAYBAR Areas Of South
Wello Zone, North Ethiopia. Master of Science. Thesis Submitted School of Graduate Studies HARAMAY A
University.

Genevieve, C. M. and James, P. (2006) Water Quality for Ecosystem and Human Health. United Nations

Environment Programme Global Environment Monitoring System p.8 (GEMS)/Water Programme.
Burlington, Ontario, L7R 4A6 CANADA.

151



References

Gentile, A. R. and Jones R. J A, (2013) Reports of the technical working groups.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.5966 &rep=repl&type.

Gerardi, M. (2006) Wastewater Bacteria. John Wiley and Sons, Inc., New Jersey, 251 p.

Ghulman, B. A., EL-Bisy, S. and Ali, H. (2008) Groundwater Assessment of Makkah Almokarama. Proceedings
of the 12" International Water Technology Conference, Umm Al-Qura University, Makkah, pp.1515-1527.

Giller, P. S. (2005) 'River restoration: seeking ecological standards. Editor’s introduction', Journal of Applied
Ecology, 42: pp.201-207.

Giri, S. and Singh, A. K. (2014) 'Assessment of surface water quality using heavy metal pollution index in
Subarnarekha River, India’, Water Quality Exposure and Health, 5: pp.173-182.

Girija, T. R., Chandan, M. and Chandramouli, V. (2007) 'Water Quality Assessment of an Untreated Effluent
Impacted Urban Stream: The Bharalu Tributary of the Brahmaputra River, India', Environmental Monitoring
Assessment, 130: pp.221-236.

Global Water, (2011) Can You Determine Water Hardness from Conductivity or Total Dissolved Solids
Measurements? Global Water Instrumentation, 11390 Amalgams Way, Gold River, CA 95670, USA.

Goher, M. E., Hassan, A. M., Abdel-Moniem, I. A., Fahmy, A. H. and El-sayed, A. M. (2014) 'Evaluation of
surface water quality and heavy metal indices of Ismailia Canal, Nile River, Egypt', Egyptian Journal of
Aquatic Research, 40: pp.225-233.

Goldman, C. R. and Horne, A. J. (1983) Limnology. McGraw-Hill, Inc., Toronto.

Goran, S. M. A. (2006) Limnological and non diatom phytoplankton composition of Dilope spring and Kasnazan
impoundment. Master of Science, Thesis. University of Salahaddin-Erbil. Irag.

Goran, S. M. A. (2014) Ecological Study On Dukan Lake with Particular Reference to Bioaccumulation of Some
Heavy Metals and PAHSs in Fish and Gull Tissues- Sulaymaniyah, Kurdistan Region of Irag. Doctorate of
Philosophy. Dissertation, Salahaddin University-College of Science, Erbil-Iraq.

Greenwood, N. N. and Earnshaw, A. (1997) Chemistry of the Elements, Second Edition: Butterworth
Heinemann, Oxford, 1340 p.

Groysman, A. (2014) Corrosion in Systems for Storage and Transportation of Petroleum Products and Biofuels,
Identification, Monitoring and Solutions, Dordrecht, Springer Netherlands.

GSDA and CGWB (2014) Report on the Dynamic Ground Water Resources of Maharashtra (2011-2012);
Groundwater Surveys and Development Agency, Government of Maharashtra. Central Ground Water Board,
Central Region, Nagpur, Government of India: Maharashtra, India.

Gueade, G. A., Ouattara, A., Edia, O. E. and Gourene, G. (2009) 'Influence de la Geologie du Milieu Sur les
Caracteristiques Physico-chimiques de Quelques Petits Cours d’eau Naturels du sud de la cote d’ivoire A
rique de I’ouest', European Journal of Scientific Research, 34(3): pp.384-394.

Gyawali, S., Techato, K., Yuangyai, C. and Musikavong, C. (2013)" Assessment of relationship between land
uses of riparian zone and water and water quality of river for sustainable development of river basin: A case
study of U-Tapao river basin, Thailand', Procedia Environmental Sciences, 17: pp.291-297.

Hakala, A. (2004) Meromixis as a part of lake evolution-observations & a revised classification of true
meromectic lakes in Finland. Boreal Environmental research Journal, 9: pp.37-53.

Hanelore, M. (2013) The Process pf Self-Purification in the Rivers', International Multidisciplinary Scientific
GeoConference: SGEM: Surveying Geology and mining Ecology Management, pp. 409-416.

Hanslik, E., Maresova, D., Juranova, E. and VInas, R. (2016) 'Dependence of Selected Water Quality Parameters

on Flow Rates at River Sites in the Czech Republic Journal of Sustainable Development of Energy’, Water
and Environment Systems 4(2): pp. 127-140.

152


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.5966&rep=rep1&type

References

Haritash, A. K., Kaushik, C. P., Kaushik, A., Kansal, A. and Yadav, A. K. (2008) 'Suitability assessment of
groundwater for drinking, irrigation and industrial use in some North Indian villages', Environmental
Monitoring Assessment, 145: pp.397-406.

Harrison, R. M. (1992) Pollution, Causes, Effects and Control, 3rd Edition. The Royal Society of Chemistry,
UK.

Hassan, O. E. (2001) Hydromorphometric study of Shaglawa and Merawa drainage basins. Dohuk University,
4(1): pp. 61-72.

Hawrami, K. A. M. (2010) Bacterial Contamination & Some Heavy Metals in Particular Reference to Arsenic in
Drinking Water of Duhok Province. Master of Science. Thesis, College of Education, University of Duhok-
Duhok, Irag.

He, Z. L., Alva, A. K., Calvert, D. V., Li, Y. C. and Banks, D. J. (1999) 'Effects of nitrogen fertilization of
grapefruit trees on soil acidification and nutrient availability in Riviera fine sand', Plant and Soil, 206: pp.11-
19.

He, Z., Hu, Y. and Yin, Z, (2016) 'Microbial diversity of chromium-contaminated soils and characterization of
six chromium-removing bacteria', Environmental Management, 57(6): pp.1319-1328.

Hem, J. D. (1989) Study and Interpretation of Chemical Characteristics of Natural Waters. 3" Edition, US
Geological Survey Water Supply Paper 2254.

Hengl, T., Heuvelink, GB., Kempen, B., Leenaars, JG., Walsh, MG., Shepherd, KD., Sila, A., MacMillan, RA.,
Mendes de Jesus, J., Tamene, L. and Tondoh, JE. (2015) 'Mapping Soil Properties of Africa at 250 m
Resolution: Random Forests Significantly Improve Current Predictions’, PLoS ONE 10(e0125814), DOI
10.1371/journal.pone, 0125814.

Herojeet, R., Rishi, M. S. and Kishore, N. (2015) 'Integrated approach of heavy metal pollution indices and
complexity quantification using chemometric models in the Sirsa Basin, Nalagarh valley, Himachal Pradesh,
India’, China Journal of Geochemistry, 34(4): pp.620-633.

Hesse E., O’Brien, S. and Tromas, N. (2018) 'Ecological selection of siderophore-producing microbial taxa in
response to heavy metal contamination’, Ecology Letters, 21(1): pp.117-127.

Hesse, P. R. (1971) A Textbook of Soil Chemical Analysis. William cloowes and sons. Limited. London. Beccles
and Colchester.

Hillel, D. (1980) Fundamentals of soil physics. Harcourt Brace Jovanivich Publisher, Academic Press, Inc. San
Diego. 413p.

Hoaghia, M. A., Roman C., Kovacs W. D., Tanaselia C. and Ristoiu D. (2016). 'The Evaluation of the Metal
Contamination of Drinking Water Sources from Medias Town, Romania Using the Metal Pollution Indices’,
Studia Ubb Chemical, LXI, 3, Tom Il p. 461-471.

Hochanadel, D. (2010) Limited amount of total phosphorus actually feeds algae, study finds. Lake Scientist.
http://www.lakescientist.com/2010/limited-amount-of-total-phosphorus-actually-feeds-algae-study-finds.

Hogan C. M. (2010) Water pollution. Encyclopedia of Earth, Topic ed. Mark McGinley, ed., in chief
C.Cleveland, National Council on Science and the Environment, Washington DC.

Holl, K. (1972) Water Examination, Assessment, Conditioning, Chemistry, Bacteriology and Biology. 5™ edition,
Water de Gruyter, Berlin and New York, 389p.

Horneck, D. A., Sullivan, D. M. Owen, J. S. and Hart, J. M. (2011) Soil test interpretation guide. Oregon State
University Extension Service, EC 1478, USA. 12p. https://catalog.extension.oregonstate.edu/ec1478.

Houba, V. J. G., van der Leeg, J. J., Novozamski, I. and Wallinga, 1. (1995) Soil and Plant analysis, part 5B: Soil
Analysis Procedures; Agricultural University Wageningen: Wageningen.

Hudson, N. W. (1993) Field measurement of soil erosion and runoff. FAO Soils Bulletin No. 68, Rome.

153


http://www.lakescientist.com/2010/limited-amount-of-total-phosphorus-actually-feeds-algae-study-finds
https://catalog.extension.oregonstate.edu/ec1478

References

Humble, F. X. (1975) 'A study of soil macro-porosity based on permeability data: Application of a filtration
model to ferrallitic soils of Cameroun’, Pedologie 13: pp.93-117.

Hussein, F. H. (2013) 'Chemical properties of treated textile dyeing wastewater', Asian Journal of Chemistry
25: pp.9393-9400.

Hutchinson, G. E. (1957) A Treatise on Limnology. Volume 1. Wiley, New York, NY.

Imnatoshi, and Sharif, U. A. (2012) 'Geomorphology and seasonal variations of physicochemical parameters of
Doyang River Nagaland', International Journal of Environmental Science, 6 (1 and 2): pp.05-09.

Interlandi, S. J. and Crockett, C. S. (2003) 'Recent water quality trends in the Schuylkill River, Pennsylvania,
USA: A preliminary assessment of the relative influences of climate, river discharge and suburban
development', Water Research, 37(8): pp.1737-1748.

Islam, M. A., Zahid, A., Rahman, M. M., Rahman, M. S., Islam, M. J., Akter, Y., Shammi M., Bodrud-Doza, M.
and Roy, B. (2016a) Investigation of groundwater quality and its suitability for drinking and agricultural use
in the south central part of the coastal region in Bangladesh. Expo Health. doi:10.1007/s12403-016-0220-z.

Islam, S. M. D., Majumder, R. K., Uddin, M. J., Khalil, M. I. and Alam, M. F. (2016b) Hydrochemical
characteristics and quality assessment of groundwater in patuakhali district, southern coastal region of
Bangladesh. Expo Health. doi:10.1007/s12403-016-0221-y.

Jacobsen, D. (2008) 'Low oxygen pressure as a driving factor for the altitudinal decline in taxon richness of
stream macroinvertebrates', Oecologia, 154(4): pp.795-807.

Jacobsen, D. and Marin, R. (2008) 'Bolivian Altiplano streams with low richness of macro invertebrates and
large diel fluctuations in temperature and dissolved oxygen', Aquatic Ecology, 42: pp.643-656.

Jamwal, P., Mittal, A. K. and Mouchel, J. (2011) 'Point and non-point microbial source pollution: A case study
of Delhi’, Physics and Chemistry of the Earth, 36: pp.490-499.

John, C., Crittenden, R., David, W., Kerry, J. and George, T. (2012) MWH's Water Treatment: Principles and
Design Third Edition. Hoboken, New Jersey: Published by John Wiley and Sons, Inc.

Johnson, W. E., Plimmer, J. R, Kroll, R. B. and Pait, A. S. (1994) The occurrence and distribution of pesticides
in Chesapeake Bay. In: Perspectives on Chesapeake Bay: Advances in Estuarine Sciences. Chesapeake Bay
Program Scientific and Technical Advisory Committee, CRC Publication 147, Edgewater, Maryland.

Jones, A., Breuning-Madsen, H., Brossard, M. and Dampha A. (2013) Soil Atlas of Africa.
http://eusoils.jrc.ec.europa.eu/library/maps/Africa_Atlas/Documents/JRC_africa_soil_atlas_part1.pdf.

Jordan, T. E., Carrel, D. L. and Weller, D. E. (1997) 'Effects of Agriculture on discharges of nutrients from
coastal plain watersheds of .Chesapeake Bay', Journal of Environmental Quality, 26: p836-848.

Joshi, D. M., Kumar, A. and Agrawal, N. (2009) 'Assessment of the irrigation water quality of river Ganga in
Haridwar District Rasayan', Journal of Chemistry, 2(2): pp.285-292.

Julien, P. Y. (2010) Erosion and Sedimentation, 2™ ed. Cambridge University Press, Cambridge, 371 p.

Julio, C. N. S., Eunice, M. A., Pedro, H. A. M., Helba, A. Q. P. and José, R. A.N. ( 2017) 'Sediment delivery
ratio in a small semi-arid watershed under conditions of low connectivity', Revista Ciéncia Agronémica,
48 (1) Fortaleza .

Kabata-Pendias, A. (2010) Trace elements in soils and plants, fourth edition. Boca Raton, U.S.A.: CRC Press,
Taylor and Francis Group.

Kannel, P. R., Lee, S. and Lee, Y. (2007) 'Assessment of Spatial-Temporal Patterns of Surface and Ground
Water Qualities and Factors Influencing Management Strategy of Groundwater System in an Urban River
Corridor of Nepal', Journal of Environmental Management, 86: pp.595-604.

Kannj and Achi, O. (2011) 'Industrial Effluents and their impact on water quality of receiving rivers in Nigeria',
Journal of Applied Technology in Environmental Sanitation, 1(1): pp.75-86.

154


http://eusoils.jrc.ec.europa.eu/library/maps/Africa_Atlas/Documents/JRC_africa_soil_atlas_part1.pdf
http://www.scielo.br/scielo.php?script=sci_serial&pid=1806-6690&lng=en&nrm=iso

References

Kant, S. and Raina, A. K. (1990) 'Limnological studies of two ponds in Jammu. Il. Physico-chemical
parameters', Journal of Environmental Biology, 11: pp.137-144.

Karikari, A. Y., Asante, K. A. and Biney, C. A. (2007) 'Water Quality Characteristics at the Estuary of Korle
Lagoon in Ghana West African’, Journal of Applied Ecology, 10 (1).

Karouna-Renier, N. K. and Sparling, D. W. (2001) 'Relationships between ambient geo-chemistry, watershed
land-use and trace metal concentrations in aquatic invertebrates living in storm water treatment ponds',
Environmental Pollution, 112: pp.183-192.

Kaul, V., Fotedar, D. N., Pandit, A. K. and Trisal, C. L. (1978) A Comparative Study of Plankton
Populations in Some Typical Fresh Waterbodies of Jammu and Kashmir State. In: Environmental
Physiology and Ecology of Plants, (Sen, D.N. and Bansal, R.P. (Eds.)), B. Singh and M.P. Singh,
Dehra Dun, India, pp: 249-269.

Kazi, T. G., Arain, M. B., Jamali, M. K., Jalbani, N., Afridi, H. I., Sarfraz, R. A., Baig, J. A. and Abdul, Q. S.
(2009) 'Assessment of water quality of polluted lake using multivariate statistical techniques: A case study’,
Ecotoxicology and Environmental Safety, 72(2): pp.301-309.

Kendall, C. A. R. O. L., Elliott, E. M. and Wankel, S. D. (2007) 'Tracing anthropogenic inputs of nitrogen to
ecosystems', Stable Isotopes in Ecology and Environmental Science, 2(1): pp.375-449.

Kennen, J.G., Riva-Murray, K. and Beaulieu, K.M. (2010) 'Determining hydrologic factors that influence stream
macroinvertebrate assemblages in the northeastern US', Ecohydrology, 3(1): pp.88-106.

Khan, T. A. and Abbasi, A. M. (2013) 'Synthesis of parameters used to check the suitability of water for
irrigation purposes', International Journal of Environmental Sciences, 3 (6).

Kiely, G. (1998) Environmental Engineering, McGraw Hill (U.K.) Limited, pp: 909-917.

Kirby, R. M., Bartram, J. and Carr, R. (2003) 'Water in food production and processing: quality concerns', Food
Control, 14: pp.283-299.

Kirmeyer, G. K., Freidaman, M., Martel, K., Howiem D., LeChevallier, M., Abbaszadegan, M., Karim, M.,
Funk, J. and Harbour, J. (2001) Pathogen intrusion into the distribution system. Denver, CO: AWWARF.

Klerk, A. R, De Klerk, L. P, Chamier, J. and Wepener, V. (2012) 'Seasonal variations of water and sediment
quality parameters in endorheic reed pans on the Mpumalanga Highveld', Water SA, Vol. 38 No. 5.

Klute, A. (1986) Method of Soil Analysis. Part 1.2" (Ed) Agronomy Monagr. 9. ASA and SSSA. Madison.
Wisconsin.

Kney, A. D. and Brandes, D. (2007) ‘A Graphical Screening Method for Assessing Stream Water Quality Using
Specific Conductivity and Alkalinity Data’, Journal of Environmental Management, 82: pp.519-528.

Krishna, A. K. and Govil, P. K. (2005) 'Heavy metal distribution and contamination in soils of Thane-Belapur
industrial development area, Mumbai, Western India’', Environmental Geology, 47: pp.1054-1061.

Kulkarni, A. V., Bahuguna, I. M., Rathore, B. P., Singh, S. K., Randhawa, S. S., Sood, R. K. and Sunil, D.
(2007) 'Glacial retreat in Himalaya using Indian Remote Sensing Satellite Data’, Current Science, 92(1):
pp.69-74.

Kumarasamy, M. V. (2015) 'De-oxygenation and Re-aeration Coupled hybrid mixing cells Based Pollutant
Transport Model to Assess Water Quality Status of a River', International Journal Environmental Research,
9(1): pp. 341-350.

Kuyeli, S. M., Masamba, W. R. L, Fabiano, E., Sajidu, S. M. and Henry, E. M. T. (2009) Temporal and spatial
physicochemical water quality in Blantyre urban streams. Malawi Journal Science and Technology, 9(1):
pp.5-10.

Kuypers, H., Mollema, A. and Topper, E. (2005) Erosion control in the tropics. Digigrafi, Wageningen, the
Netherlands.

155



References

Lack, T. J. (1971) 'Quantitative studies on the phytoplankton of the Rivers Thames and Kennet at Reading’,
Freshwater Biology, 1(2): pp. 213-224.

Landschoot, P. (2007) Irrigation water quality guidelines for Turf grass sites, Pennsylvania State University,
Pennsylvania USA.

Lane, L. J., Hernandez, M. and Nichols, M. (1997) 'Processes controlling sediment yield from watersheds as
functions of spatial scale’, Environmental Modelling and Software, 12: pp.355-369.

Langmuir, D. (1997) Aqueous environmental geochemistry. Prentice Hall, USA, 600p.

Lawson, E. O. (2011) 'Physico-chemical parameters and heavy contents of water from the Mangrove Swamps of
Lagos Lagoon, Lagos', Nigeria Advances in Biological Research, 5(1): pp.8-21.

Letchinger, M. (2000) Pollution and Water Quality. Neighbourhood water quality assessment, Project
oceanography.

Li, S., Gu, S., Tan, X. and Zhang, Q. (2009) 'Water quality in the upper Han River basin, China: the impacts of
land use/land cover in riparian buffer zone', Journal of Hazard Material, 165(1): pp.317-324.

Li, Y., Li, Y., Qureshi, S., Kappas, M. and Hubacek, K. (2015) 'On the relationship between landscape
ecological patterns and water quality across gradient zones of rapid urbanization in coastal China’, Ecology
Modeling, 318: pp.100-108.

Lim, K. J., Sagong, M., Engel, B. A, Tang, Z., Choi, J. and Kim, K. (2005) 'Gis-based sediment assessment
tool', Catena, 64(1): pp.61-80.

Lo, A., EI-Swaify, S. A., Dangler, E. W. and Shinshiro, L. (1985) Effectiveness of EI30as an erosivity index in
Hawaii. In Soil Erosion and Conservation: 384-392, Soil Conservation Society of America, Ankeny, lowa.

Longe, E. O. and Omole, D.O. (2008) Analysis of Pollution Status of River Illo, Ota, Nigeria. The
Environmentalist. 28: pp. 451-457.

Lu, H., Moran, C. J. and Prosser, I. P. (2005) 'Modelling sediment delivery ratio over the Murray Darling Basin',
Environmental Modelling and Software, 21(9): pp.1297- 1308.

Lundqvist, L. (1998) Avert Looming Hydrocide. Arnbio 27, No. 6: pp.428-433.
Lutz, D. (2004) Water Quality Studies-Red Rock Reservoirs. IOWA, USA.

Maiti, S. K. (2004) Handbook of Methods in Environmental Studies Vol. 1: Water and Wastewater Analysis. 2"
edition, ABD Publisher, Distribution by Oxford Book Company. 307pp.

Maitra, S. (2016) 'Study of genetic determinants of nickel and cadmium resistance in bacteria-a review!,
International Journal Current Microbiological Applied Sciences, 5(11): pp.459-471.

Mallin, M. A., Johnson, V. L. and Ensign, S. H. (2009) 'Comparative impacts of storm water runoff on water
quality of an urban, a suburban, and a rural stream', Environment Monitoring Assessment, 159: pp.475-491.

Mance, G. and Yates, J. (1984) Proposed Environmental Quality Standards for list Il substances in water:
Nickel, Water Research Center, Marlow, Buckinghamshire, UK.

Manju, M. N., Resmi, P., Gireesh Kumar, T. R., Ratheesh Kumar, C. S., Rahul, R., Joseph, M. M. and
Chandramohanakumar, N. (2012) 'Assessment of Water Quality Parameters in Mangrove Ecosystems Along
Kerala Coast: A Statistical Approach’, International Journal of Environmental Research, 6(4): pp.893-902.

Marale, M., Gavali, R. S. and Rao, K. R. (2012) 'Evaluation of water quality with waterborne diseases for
assessing pilgrimage impact along river indrayani, pune (India)', International Journal of Environmental
Protection, 2: pp.1-14.

Masese, F. O., Muchiri, M. and Raburu, P. O. (2009) 'Macroinvertebrate assemblages as biological indicators of
water quality in the Moiben River, Kenya', African Journal of Aquatic Science, 34: pp.15-26.

Mason, C. (2002) Biology of Freshwater Pollution. 4" Edition. Pearson Education. 387pp.
156



References

Maulood, B. K. and Hinton, G. C. F. (1978a) 'An ecological study on Serchinar water-chemical and physical
aspects. Zanco Journal, 4(3): pp.93-117.

Mazlum, N., Ozer, A. and Mazlum, S. (1999) Interpretation of Water Quality Data by Principal Component
Analysis, Turkey Journal of Engineering and Environmental Sciences, 23: p19-26.

Mehaffey, M. H., Nash, M. S. and Wade, T. G. (2005) 'Linking Land Cover and Water Quality in New York
City. Water Supply Watersheds', Environmental Monitoring and Assessment, 107: pp.29-44.

Mehrotra, R. C. (1988) 'Synthesis and reactions of metal alkoxides', Journal of Non-Crystalline Solids, 100(1-
3): pp. 1-15.

Melaku, S., Wondimu, T., Dams, R. and Moens, L. (2007) 'Pollution status of tinishu akaki river and its
tributaries (Ethiopia) evaluated using physic-chemical parameters, major ions, and nutrients', Bulletin of the
Chemical Society of Ethiopia , 21(1): pp.13-22.

Merritt, W. S., Letcher, R. A. and Jakeman, A. J. (2003) 'A review of erosion and sediment transport models',
Environmental Modelling and Software, 18(8-9): pp.761-799.

Meybeck, M. (1996) 'River Water Quality: Global Ranges, Time and Space Variabilities, Proposal for Some
Redefinitions', Internationale Vereinigung fur Theoretische und Angewandte Limnologie, Verhandlungen,
26: pp.81-96.

Mico, C., Peris, Sanchez, M. and Recatala, L. (2006) Heavy metal content of agricultural soils in a
Mediterranean Semiarid area: the Segura River Valley (Alicante, Spain). Spanish Journal of Agricultural
Research; 4: 363-372.

Mohan, S. V., Nithila, P. and Reddy, S. J. (1996) 'Estimation of heavy metal in drinking water and development
of heavy metal pollution index’, Journal of Environmental Science and Health, 31: pp.283-289.

Morgan, P. R. C. (2005) Soil Erosion and Conservation. Third edition, Massachusetts: Blackwell Publishing.
Mortvedt, J. (1996) 'Heavy metals contaminants in inorganic and organic fertilizers',

Mosley, L., Sarabjeet S. and Aalbersberg, B. (2004) Water quality monitoring in Pacific Island countries.
Handbook for water quality managers and laboratories, Public Health officers, water engineers and suppliers,
Environmental Protection Agencies and all those organizations involved in water quality monitoring (1st
Edition). 43 p; 30 cm, ISSN: 1605-4377: SOPAC, The University of the South Pacific. Suva - Fiji Islands.

Muhammad, M., Samira, S., Fayal, A. and Farrukh, J. (2013) 'Assessment of Drinking Water Quality and its
impact on Residents Health in Bahawalpur City', International Journal of Humanities and Social Science,
3(15).

Murdoch, T., Cheo, M. and OLaughlin, K. (2001) Stream keeper's field guide: Watershed Inventory and Stream
Monitoring Methods.

Mustapha, A. and Usman, B. (2014) 'Sources and Pathway of Environmental Pollutants into Surface Water
Resources', A Review, 1(2): pp.54-59.

Myint, S. W. and Walker, N. D. (2002) 'Quantication of surface suspended sediments along a river dominated
coast with NOAA AVHRR and SeaWiFS measurements: Louisiana, USA', International journal of remote
sensing, 23, (16): pp.3229-3249.

Nabais, C., Barrico, M. L., Freitas, H. and Prasad, M. N. (2007) 'Agriculture-induced Contamination of Surface
Water and Groundwater in Portuagal', Concepts and Applications in Environmental GeoChemistry, 196-197.

Nadia, M. A. (2006) Study on effluents from selected sugar mills in Pakistan. Potential environmental, health,
and economic consequences of an excessive pollution load: Sustainable Development Policy Institute.
Islamabad, Pakistan.

Nair, 1. V., Singh, K., Arumugam, M., Gangadhar, K. and Clarson, D. (2010) Trace metal quality of Meenachil

River at Kottayam, Kerala (India) by principal component analysis’, World Applied Science Journal, 9:
pp.1100-1107.

157


https://www.sciencedirect.com/science/article/pii/0022309388900038#!
https://www.sciencedirect.com/science/journal/00223093
https://www.sciencedirect.com/science/journal/00223093/100/1
https://www.sciencedirect.com/science/journal/00223093/100/1

References

NAMWATER, (2008) Water infrastructures. At www.NAMWATER.com.na (13/11/2007).

Naseem, S., Hamza, S. and Bashir, E. (2010) 'Groundwater geochemistry of Winder agricultural farms,
Balochistan, Pakistan and assessment for irrigation water quality’, European Water, 31: pp.21-32.

Navanita, D., Chinmoy, J. S., Jyotirmoy, S., Dimpal, D. and Chintumani, D. (2016) Study of Self Purification
Phenomenon of Bahini-Bharalu River, Vol. 6 Issue 4.

Neda, K., Parisa, N., Sara, K. and Mohammad Taghi, N. (2011) 'Variations in nitrate and phosphate contents of
waters in the Southwest Caspian Sea’, Journal of the Persian Gulf (Marine Science), 2(5): pp.27-34.

Nguyen, T., Zhang, W., Li, Z., Li, J., Ge, C., Liu, J., Bai, X., Feng, H. and Yu, L. (2016) 'Assessment of heavy
metal pollution in Red River surface sediments, Vietnam', Marine Pollution Bulletin, 113: pp.513-519.

Nnabo, P. N. (2015) 'Assessment of heavy metal contamination of water sources from enyigba Pb-Zn district,
South Eastern Nigeria', International Journal of Scientific and Technology Research, 4(9).

Nnane, D. E., Ebdon, J. E. and Taylor, H. D. (2011) ‘Integrated analysis of water quality parameters for cost-
effective faecal pollution management in river catchments', Water Resource, 45: pp.2235-2246.

Noori, R., Sabahi, M. S., Karbassi, A. R., Baghvand, A. and Taati Zadeh, H. (2010) 'Multivariate statistical
analysis of surface water quality based on correlations and variations in the data set', Desalination, 260,
pp.129-136.

Nouri, J., Karbassi, A. R. and Mirkia, S. (2008) 'Environmental management of coastal regions in the Caspian
Sea', International Journal of Environmental Science and Technology, 5(1): pp.43-52.).

Novotny, V. (2003) Water Quality. Diffuse Pollution and Management. Second Edition. JOHN WILEY and
SONS, INC. 864pp.

Nsiah-Gyabaah, K. (2010) Human security as a prerequisite for development In R.A. Matthew, J. Barnett, B.
McDonald and K.L. Obrien (eds.), Global environment change and human security, pp.237-259. Cambridge,
MA: MIT Press.

Ntakirutimana, T., Du, G., Guo, J. S., Gao, X. and Huang, L. (2013) 'Pollution and potential ecological risk
assessment of heavy metals in a lake', Polish Journal of Environmental Study, 22 (4): pp.1129-1134.

Ochoa, P. A, Fries, A., Mejia, D., Burneo, J. I., Ruiz-Sinoga, J. D. and Cerda A. (2016) 'Effects of climate, land
cover and topography on soil erosion risk in a semiarid basin of the Andes', Catena, 140: pp.31-42.

Ohio Department of Natural Resources (ODNR), (2011). Ground Water Quality. Division of Soil and Water
Resources, 2045 Morse Road Bldg. B-2, Columbus, Ohio 43229-6640.

Ohio Environmental Protection Agency, (2010). Harmful Algal Blooms BE AWARE brochure/Factsheet.
Retrieved October 16, 2014, from OHIO EPA Ohio Algae Information for Recreational Waters:
http://www.epa.ohio.gov/HADalgae.aspx.

Okunola, O. J., Uzairu, A. and Ndukwe, G. (2007) ‘Levels of trace metals in soil and vegetation along major and
minor roads in metropolitan city of Kaduna, Nigeria', African Journal of Biotechnology, 6 (14): pp. 1703-
1709.

Olias, M., Nieto, J. M., Sarmiento, A. M., Ceron, J. C. and Canovas, C. R. (2004) 'Seasonal water quality
variations in a river affected by acid mine drainage: the Odiel River (South West Spain)', Science Total
Environment 333: pp.267-281.

Olumuyiwa, I. O., Fred, A. O. O. and George, M. O. (2012) ‘Groundwater: Characteristics, qualities, pollutions
and treatments: An overview', International Journal of Water Resources and Environmental Engineering,
4(6): pp. 162-170.

Ombaka, O., Gichumbi, J. and Kibara, D. (2013) 'Evaluation of ground water and tap water quality in the

villages surrounding Chuka town', Kenya Journal of chemical, Biological and physical sciences, (3):
pp.1551-1563.

158


http://www.epa.ohio.gov/HADalgae.aspx

References

Omoigberale, M. O. and Ogbeibu, A. E. (2005) 'Assessing the environmental impacts of oil exploration and
production on the Osse River, Southern Nigeria', African Journal of Environment Pollution and Health, 4(1):
pp.27-32.

Omole, D. O., Longe, E. O. and Musa, A. G. (2013) An approach to re-aeration coefficient modeling in local
surface water quality monitoring', Environmental Modelling Assessment, 18(1): pp.85-94.

Onyeobi, T. U. S. and Imeokparia, E. G. (2014) 'Heavy metal contamination and distribution in soils around Pb-
Zn mines of Abakaliki district, southeastern Nigeria', Frontiers in Geosciences, 2 (2): pp.30-40.

Osibanjio, O., Daso, O. and Ghadebo, A. M. (2011) 'The Impact of industries on surface water quality of River
Ona and River Aloro in Oluyoke Industrial Estate, Ibadan, Nigeria', African Journal of Biotechnology, 10(4):
pp.696-702.

Ouyang, D. and Bartholic, J. (1997) Predicting Sediment Delivery Ratio in Saginaw Bay Watershed. The 22"
National Association of Environmental Professionals Conference Proceedings, Orlando, 659-671.

Overrein, L. N. (1972) Sulfur pollution patterns observed: leaching of calcium in forest soil determined. Ambio,
1: pp. 145-147.

Owen, W. G and Wagner, R. H. (1972) Antihemophilic factor. A new method for purification. Thrombosis
Research 01: 71.

Panda, U. C., Sundaray, S. K., Rath, P., Nayak, B. B. and Bhatta, D. (2006) 'Application of factor and cluster
analysis for characterization of river and esturine water system-A case study: Mahanadi River (India)',
Journal of Hydrology, 331(3-4): pp. 434- 445.

Pandit, B. P. and Solanki, H. A. (2004) Drinking water quality and technology for recharging urban water
system for the industrial city of Gujarat, India. Innovation modelling of urban water system. James Willium
(Ed), Canada.

Papatheodorou, G., Demopoulou, G. and Lambrakis, N. A. (2006) 'longterm study of temporal hydrochemical
data in a shallow lake using multivariate statistical techniques', Ecol Model, 193: pp.759-776.

Pascod, M. B. (1992) 'Wastewater treatment and use in agriculture, irrigation and drainage. In: Godwin, A. A,
Singh, K., Balerea, S. and Kokot, S. (2007) Exploratory multivariate modeling of the physicochemical
properties of surface water and groundwater', Journal of Hydrology, 336(1-2): pp.115-124.

Patel, P., Raju, N. J., Reddy, B. S. R., Suresh, U., Gossel, W. and Wycisk, P. (2016)'Geochemical processes and
multivariate statistical analysis for the assessment of groundwater quality in the Swarnamukhi River basin,
Andhra Pradesh, India', Environmental Earth Science, 75(7): pp.1-24.

Patil, J. V., Ekhande, A. P and Padate, G. S. (2011) 'Study of Lotus Lake: Its abiotic factors their correlation with
reference to seasonal changes and altitude’, Annals of Biological Research, 2 (4): pp. 44-56.

Patil, P. N., Sawant, D. V. and Deshmukh, R. N. (2012) 'Physico-chemical parameters for testing of water- A
review', International Journal of Environmental Sciences, 3(3): pp. 1097-1207.

Patil, V. T. and Patil, P. R. (2011) 'Groundwater quality of open wells and tube wells around Amalner town of
Jalgaon, district, Maharashtra, India’, Electronic Journal of Chemistry, 8(1): 5378.

Pawar, S. K. and Pulle, J. S. (2005) 'Qualitative and quantitative study of zooplankton in Pethwadaj Dam,
Nanded district (Maharashtra) India’, Journal of Aquatic Biology, 20 (2): pp.53-57.

Pearse, T. D. (2002) Mining and the Environment, T.D. Pearse Resource Consulting, March 1996, p 14.

Peterson, B. J., Wollheim, W. M., Mulholland, P. J., Webster, J. R., Meyer, J. L., Tank, J. L., Marti, E., Bowden,
W. B., Valett, M., Hershey, A. E., McDowell, W. H., Dodds, W. K., Hamilton, S. K., Gregory, S. and
Morrall, D. D. (2001) 'Control of nitrogen export from watersheds by headwater streams', Science, 292:
pp.86-90.

159


https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0038-1649389/id/JR1649389-16

References

Peterson, E. J. R. (2005) Carbon and Electron Flow Via Methanogenisis, SO, NOy’, and Fe** Reductions in the
Anoxic Hypolimnia of Upper Mystic Lake. Master of Science. Thesis in Civil and Environmental Engineering
at the Massachusetts Institute of Technology.

Pink, D.H. (2006) 'Investing in tomorrow's liquid gold', World Journal of Analytical Chemistry 2: pp.42-46.

Pope, C. A,, Bhatnagar, A., McCracken, J. P., Abplanalp, W. T. and Conklin, D. J. (2016) 'Exposure to fine
particulate air pollution is associated with endothelial injury and systemic inflammation’, Circulation
Research, 119: pp.1204-1214.

Porter and Marek, (2006) Irrigation Management with Saline Water, Texas A and M University, Agriculture
Research and Extension Center.

Postel, S. L. and Thompson, B. H. Jr. (2005) "Watershed protection: Capturing the benefits of nature’s water
supply services', Natural Resources Form, 29: pp.98-108.

Pradeep, V., Deepika, C. h., Urvi, G. and Hitesh, S. (2012) 'Water Quality Analysis of an Organically Polluted
Lake by Investigating Different Physical and Chemical Parameters', International Journal of Research in
Chemistry and Environment, 2(1): pp.105-111.

Prasad, B. and Mondal, K. K. (2008) "The impact of filling an abandoned open cast mine with fly ash on ground
water quality: a case study', Mine Water Environment, 27(1): pp.40-45.

Prati, L. and Richardson, Q. B. (2003) 'Water Pollution and Self-purification Study on the PO River below
Ferrara', Elsevier — Water Research, 2: pp.203-212.

Purushothaman, P., Rao, M. S., Kumar, B., Rawat, Y. S. and Gopal, K. (2012) 'Drinking and Irrigation Water
Quality in Jalandhar and Kapurthala Districts, Punjab, India: Using Hydrochemistry', International Journal
of Earth Sciences and Engineering, 5: pp.1599-1608.

Qadir, A., Malik, R. N. and Husain, S. Z. (2008) 'Spatio-temporal variations in water quality of Nullah Aik-
tributary of the river Chenab, Pakistan', Environmental Monitoring and Assessment, 140: pp.43-59.

Raisin, G. W., Mitchell, D. S. and Croome, R. L. (1997) 'The effectiveness of a small constructed wetland in
ameliorating diffuse nutrient loadings from an Australian rural catchment', Ecological Engineering, 9: pp.19-
35.

Rajkumar, S., Velmurugan, P., Shanthi, K., Ayyasamy, P. M. and Lakshmanaperumalasamy, P. (2004) "Water
Quality of Kodaikanal lake, Tamilnadu in Relation to Physico-Chemical and Bacteriological Characteristics',
Capital Publishing Company Lake, p 339-346.

Raju, K. V., Somashekar, R. and Prakash, K. (2012) 'Heavy metal status of sediment in River Cauvery,
Karnataka', Environmental Monitoring and Assessment, 184(1): pp.361-373.

Raju, N. J. (2007) 'Hydrogeochemical parameters for assessment of groundwater quality in the upper Gunjanaeru
River basin, Cuddapah District, Andhra Pradesh, South India’, Environmental Geology, 52:pp.1067-1074.

Raju, N. J., Ram, P. and Dey, S. (2009) 'Groundwater Quality in the Lower Varuna River Basin, Varanasi
District, Uttar Pradesh’, Journal Geological Society of India, 73: pp.178-192.

Rama Rao, C. A, Raju, B. M. K., Subba Rao, A. V. M., Rao, K. V., Rao, V. U. M., Kausalya, R,
Venkateswarlu, B. and Sikka, A. K. (2013) Atlas on Vulnerability of Indian Agriculture to Climate Change.
Central Research Institute for Dry land Agriculture, Hyderabad P 116.

Ramadhan, J. (2007) Impacts of agricultural activities to the water quality of the Mindu dam. Master of Science.
University of Dar es Salaam, Dar es Salaam, Tanzania.

Ramesh, K. and Elango, L. (2012) 'Groundwater quality and its suitability for domestic and agricultural use in
Tondiar river basin, Tamil Nadu, India’; Environmental Monitoring and Assessment, 184: pp.3887-3899.

Rani, R., Gupta, B. K. and Srivastava, K. B. L. (2004) 'Studies on water quality assessment in Satna city (M.P.):
Seasonal parametric variations', Nature environment and pollution technology, 3(4): pp. 563-565.

160



References

Rasheed, R. O. (2008) Evaluation of Heavy Metals & Polyaromatic Hydrocarbons in Water, Fish, and
Sediments within Derbendikhan Reservoir. Doctorate of Philosophy. Dissertation, University of Sulaimani.
Iraq.

Rasul, A. K. (2013) Hydrochemistry and geochemistry of recent sediments of lesser Zab River and Dokan
reservoir, Kurdistan region-NE Iraq. Doctorate of Philosophy. Dissertation, Salahaddin University-Erbil.

Reckhow, K. H. (1994) 'Water Quality Simulation Modeling and Uncertainty Analysis for Risk Assessment and
Decision Making', Ecological Modelling, 72: pp.1-20.

Regional Aquatics Monitoring Programme (2010) Sediment Quality Indicator.
http://www.gg.rhul.ac.uk/kumasi/Project_Related Papers/Cedar_IRNR/Paper_7/3/3.htmIDate retrieved
24/12/2010.

Reid, D. J., Quinn, J. M. and Wright-Stow, A. E. (2010) 'Responses of stream macroinvertebrate communities to
progressive forest harvesting: influences of harvest intensity, stream size and riparian buffers', Forest
Ecology Management, 260(10): pp.1804-1815.

Reza, R. and Singh, G. (2010) 'Assessment of Heavy Metal Contamination and its Indexing Approach for River
Water', International Journal of Environmental Science and Technology, 7(4): pp.785-792.

Reza, R., Singh, G. and Jain Manish, K. (2011) 'Application of heavy metal pollution index for ground water
quality assessment in Angul district of Orissa, India’, International Journal of Research Chemical
Environment, 1(2): pp.118-122.

Richards, K. (1993) Sediment delivery and the drainage network. In: Beven, K. and Kirkby, M.J. (eds.), Channel
Network Hydrology. Wiley, Chichester, pp. 221-254.

Richards, L. A. (1954) Diagnosis and Improvement of Saline and Alkali Soils, U. S. Department of Agriculture
Handbook, Vol. 60, Washington D. C., USA. p. 160.

Richards, L. A. (1954) Diagnosis and improvement of saline and alkali soils. Agriculture hand book No. 60.
USDA Washington.

Rind, S. A.,, Noor, A. A, Zardari, M. and Mangi, A. A. (2005) 'Some studies of the physico-chemical &
biological properties of the soil of Taluka Ratodero, District Larkana, Sindh, Pakistan', Pakistan Journal of
Biological Sciences, 8 (1): pp.156-159.

Rivers-Moore, N. A., Hughes, D. A. and S Mantel, S. (2008) Links between water temperatures, ecological
responses and flow rates: a framework for establishing water temperature guidelines for the ecological
reserve. WRC Report No KV 214/08. 67pp.

Roehl, J. W. (1962) 'Sediment source areas, delivery ratios and influencing morphological factors', International
Association Scientist Hydrology, 59: pp.202-213.

ROOPSHAH P, (2016) 'Water quality index assessment of Sarfa Reservoir, Shahdol district (M.P.), India’,
International Journal of Applied Research, 2(2): p. 638-642.

Rooseboom, A. (1992) Sediment Transport in Rivers and Reservoirs: a South African perspective. Stellenbosch:
Sigma Beta Consulting Engineers.

Rose, M, (2011) Assessment of water quality and spatial distribution of the major pollutants in Ngerengere
River catchment, Tanzania. Master of Science, University of Zimbabwe, Zimbabwe.

Rowell, D. L. (1996) Methods and Application .Reading. Soil Science. University UK.

Ryan, J., Estefan, G. and Rashid, A. (2001) Soil and Plant Analysis Laboratory Manual. 2" edition.
International Center for Agricultural Research in the Dry Area (ICARDA). 172 p.

Rzoska, J. (1980) Euphrates and Tigris Mesopotamian Ecology and Destiny. VVol. 38. Monographiae Biologica.
W. Junk. The Haugeboston, London. p 122.

Sadeghi, S. H. R., Singh, J. K. and Das, G. (2004) 'Efficacy of annual soil erosion models for storm-wise
sediment prediction: a case study’, International Agricultural Engineering Journal, 13:pp.1-14.

161


http://www.gg.rhul.ac.uk/kumasi/Project_Related_Papers/Cedar_IRNR/Paper_7/3/3.htmlDate%20retrieved%2024/12/2010
http://www.gg.rhul.ac.uk/kumasi/Project_Related_Papers/Cedar_IRNR/Paper_7/3/3.htmlDate%20retrieved%2024/12/2010

References

Salman, J. M. (2006) Environmental study of pollution on Euphrates River Between Al-Hindia Dam and Al-
Kufa city—lraq. Doctorate of Philosophy. University of Babylon.

Salmon, S. U. (2003) Geochimical Modelling of Acid Mine Drainage in Mill Tailings, KTH, Land and Water
Resources Engineering, Stockholm, Sweden: Doctoral Thesis; ISBN 91-7283-607-5.

Salvato, J. A, Nemerow, N. L. and Agardy, F. J. (eds) (2003) Environmental Engineering, John Willey and Sons.
Inc, New York.

Salve, B. S and Hiware, C. J. (2006) Studies on water quality of Wanparkalpa reservoir, Nagapur, Near Parli
Vaijinath, Dist Beed, Marathwada region', Journal of Aquatic Biology, 21 (2): pp.113-117.

Samarghandi, M., Nouri, J., Mesdaghinia, A. R., Mahvi, A. H., Nasseri, S. and Vaezi, F. (2007) 'Efficiency
removal of phenol, lead and cadmium by means of UV/TiO2/H202 processes', International Journal of
Environmental Science and Technology, 4(1): pp.19-25.

Sanders, L. L. (1998) A manual of field hydrogeology principle. Hall, USA, 381p.

Santos, J. C. N. et al., (2011) 'Runoff and soil and nutrient losses in semiarid uncultivated fields', Revista Ciéncia
Agrondmica, 42: pp. 813-820.

Sappa, G., Ergul, S. and Ferranti, F. (2014) 'Water quality assessment of carbonate aquifers in southern Latium
region, Central Italy: a case study for irrigation and drinking purposes’, Applied Water Science, 4: pp.115-
128.

Sara, L. and Alexandra, R. (2009) Physical and Chemical Assessment of Streams in the sub-Andean Amazon,
Peru. Thesis, Environmental and Aquatic Engineering Department of Earth Sciences, Air, Water and
Landscape Science, Uppsala University

Sarathbabu P. and John P. K. (2015) 'Assessment of Ground Water for Irrigation in Naguleru Sub Basin of
Guntur District, Andhra Pradesh’, Indian International Journal of Recent Scientific Research, 6: pp.2947-
2951.

Sarwar, M. 1., Majumder, A. K. and Islam, M. N. (2010) 'Water Quality Parameters: A Case Study of Karnafully
River Chittagong, Bangladesh', Bangladish Journal of Scientific and Industrial Research, 45(2): pp.177-181.

Sasse, L. (1998). DEWATS — Decentralised Wastewater Treatment in Developing Countries. Bremen Overseas
Research and Development Association (BORDA), Bremen, Germany.

Schoonover, J. E., Lockaby, B. G. and Helms, B. S. (2006) 'Impacts of land cover on stream hydrology in the
west Georgia piedmont’, USA. Journal of Environmental Quality, 35(6): pp.2123-2131.

Schueler, T. R. (1987) Controlling urban runoff: A practical manual for planning and designing urban BMP'’s.
Washington Metropolitan Water Resources Planning Board, July.

Seiyaboh, E. I. and lzah, S.C. (2017a) 'Review of Impact of Anthropogenic Activities in Surface Water
Resources in the Niger Delta region of Nigeria: A case of Bayelsa state', International Journal of
Ecotoxicology and Ecobiology, 2(2): pp.61-73.

Seiyaboh, E. I, Inyang, I. R. and lzah, S. C. (2016b) ‘'Seasonal Variation of Physico-Chemical Quality of
Sediment from Ikoli Creek, Niger Delta’, International Journal of Innovative Environmental Studies
Research, 4(4): pp.29-34.

Seiyaboh, E. I., 1zah, S. C. and Oweibi, S. (2017a) 'Assessment of Water quality from Sagbama Creek, Niger
Delta, Nigeria', Biotechnological Research, 3(1)" pp.20-24.

Seiyaboh, E. I., 1zah, S. C. and Oweibi, S. (2017b) 'Physico-chemical Characteristics of Sediment from Sagbama
Creek, Nigeria', Biotechnological Research, 3(1): pp.25-28.

Senapaty, A. and Behera, P. (2012) 'Concentration and distribution of trace elements in different coal seams of
the Talcher Coalfield, Odisha', International Journal of Environmental Science Engineering, 5: pp.80-87.

Seutloali, K. E. and Beckedahl, H. R. (2015) 'Understanding the factors influencing rill erosion on road cuts in
the south eastern region of South Africa’, Solid Earth, 6(2): pp.633-641.

162



References

Seyhan, E. (1976) Prediction of sediment yield and sources, Utrecht, The Netherlands.

Sharpley, A. N., Chapra, S. C., Wedepohl, R., Sims, J. T., Daniel, T. C. and Reddy K. R. (1994b) 'Managing
agricultural phosphorus for protection of surface waters: Issues and options', Journal of Environmental
Quality, 23: pp.437-451.

Shastry, J. S., Fan, L. T. and Erickson, L. E. (1972) 'Analysis of water quality using spectral analysis. Water, Air
and Soil Pollution 1: pp.75-98.

d
Shaw, E. M. (1994) Hydrology in Practice (3r ed.), London, Chapman and Hall.

Sheikh, N. and Yeragi, S. G. (2003) 'Seasonal temperature changes and their influence on free carbondioxide,
Dissolved oxygen (DO) and pH in Tansa river of Thane district, Mhaarashtra’, Journal of Aquatic Biology,
18(1): p.73-75.

Sheila, M. (2007) General Information on Hardness; Boulder Area Sustainable Information Network; Boulder
Community  Network  Campus, Boulder, C080309- 455. Retrieved from http://bcn.bou
Ider.co.us/basin/data/NEW/info/Hard.html.

Shekha, Y. A. Ismael, H. M. and Ahmed, A. A. (2013) 'Bacteriological and Mycological Assessment for Water
Quality of Duhok Reservoir Jordan', Journal of Biological Sciences, (JJBS), 6(4): pp.1-10.

Shekha, Y. A., Ismael, H. M. and Ahmed, A. A. (2013) 'Bacteriological and Mycological Assessment for Water
Quality of Duhok Reservoir', Jordan Journal of Biological Sciences (JJBS), 6(4): pp.1-10.

Silberbauer, M. (1997) The Application of Geographical Information Systems to Water Quality Monitoring,
Remote Sensing and Geographic Information Systems for Design and Operation of Water Resources
Systems. Proceedings of Rabat Symposium S3, April 1997. IAHS Publ. No. 242, 1997.

Singaraja, C., Chidambaram, S., Prasanna, M. V., Thivya, C. and Thilagavathi, R. (2014) 'Statistical analysis of
the hydrogeochemical evolution of groundwater in hard rock coastal aquifers of Thoothukudi district in
Tamil Nadu, India', Environmental Earth Science, 71(1): pp.451-464.

SMEC International Pty. Ltd., (2006) Dokan and Derbendikhan Dam Inspections: Final Report. The World
Bank Dokan and Derbendikhan Emergency Hydropower Project (E1537).

Smith, K. (1975) 'Water temperature variations within a major river system’, Nordic Hydrology, (6): pp.155-169.

Sravanthi, K. and Sudarshan, V. (1998) ‘Geochemistry of Groundwater, Nacharamlndustrial Area, Ranga Reddy
District, A.P., India', Environmental Geochemistry, 1(2): pp.81-88.

Srinivasamoorthy, K., Vasanthavigar, M., Vijayaraghavan, K., Sarathidasan, R. and Gopinath, S. (2013)
'Hydrochemistry of groundwater in a coastal region of Cuddalore district, Tamilnadu, India: implication for
quality assessment’, Arab Journal of Geosciences, 6: pp.441-454.

Stanhill, G. and Cohen, S. (2001) 'Global dimming: a review of the evidence for a widespread and significant
reduction in global radiation with discussion of its probable causes and possible agricultural consequences’,
Agricultural and forest meteorology, 107(4): pp.255-278.

Sterrit, R. M. and Lester, J. N. (1998) Environmental microbiology: microbiology for environmental and public
health engineers. New York pp. 9-11.

Stevanovic, Z. and Markovic, M. (2003) Hydrogeology of northern Irag. Vol. 1, Climate, Hydrology,
Geomorphology, Geology. 2nd edition, OSRO/Irag/ 607/DHA. Special Emergency Programme Service
(TCES) FAO coordination office for Northern Iraq .Water Resources and Irrigation Sub-Sector / Ground
water unit, 120p.

Stibinger, J. (2014) Examples of Determining the Hydraulic Conductivity of Soils. Purkyne University Handbook
on Soil Hydraulics. ISBN 978-80-7414-836-1.

Stimson, J., Larned, S. and McDermid, K. (1996) 'Seasonal growth of nutrient availability, temperature and
herbivory on growth rate', Journal Experiment Marine Biology and Ecology, 196(1-2): pp.53-77.

163



References

Strawn, D. G., Bohn, H. L. and O’Conner, G. A. (2015) Soil Chemistry. Fourth Edition. John Wiley and Sons
Ltd. West Sussex, UK, p: 342,

Streeter, H. W. and Phelps, E. B. (1925) A Study of the Pollution and Natural Purification of the Ohio River,
Public Health Bulletin no 146, US Public Health Service, Washington, DC.

Tabari, H., Marofi, S. and Ahmadi, M. (2011) 'Long-term variations of water quality parameters in the Maroon
River', Iran Environmental Monitoring and Assessment, 177(1-4): pp.273-287.

Tabatabai, M. A. (1974) A rapid method for the determination of SO,* in water sample. Environmental letter. 7:
pp.237-243. (Cited from P. C. Jaiswal, 2003).

Tangtham, N. (2002) Mathematical Models of Soil Erosion and Sediment Pollution in Watershed. Bangkok:
Faculty of Forestry, Kasetsart University.

Tariq, M., Ali, M. and Shah, Z. (2006) Characteristics of industrial effluents and their possible impacts on
quality of underground water. Soil Science Society of Pakistan Department of Soil and Environmental
Sciences, NWFP Agricultural University, Peshawar.

Tarvainen, T., Lahermo, P. and Mannio, J. (1997) 'Sources of trace metals in streams and headwater lakes in
Finland', Water, Air and Soil Pollution, 94: pp.1- 32.

Taylor, E. W. (1996) Toxicology of Aquatic Pollution, Physiological, Cellular and Molecular Approaches;
Cambridge University Press.

Texas Commission on Environmental Quality (2013) Municipal Solid Waste in Texas: A Year in Review.

Theroux, F. R., Eldridgr, E. F. and Mallmann, L. W. (2001) Laboratory manual of chemical and bacterial
analysis of water and sewage. Achopara, Jodhpur Company Inc.

Thirupathaiah, M., Samatha, C. h. and Sammaiah, C. h. (2012) 'Analysis of water quality using physico-chemical
parameters in lower manair reservoir of Karimnagar district, Andhra Pradesh’, International Journal of
environmental sciences, 3(1).

Todd, D. K. (1995) Groundwater Hydrology. John Wiley and Sons Publications, 3" Ed, New York.

Todd, D. K. and Mays, L. W. (2005) Groundwater Hydrology. 3 Edition, John Wiley and Sons, University of
California, ISBN: 0-471-05937-4, 636 pages.

Toma, J. J. (2000) Limnologicl study of Dokan Lake, Kurdistan region, Irag. Master of Science. Thesis,
University of Salahaddin-Hawler. Iraq.

Tong, S. T. and Chen, W. (2002) 'Modeling the Relationship between Land Use and Surface Water Quality.
Journal of Environmental Management, pp.377-393.

Tong, S. T. Y., Liu, A. J. and Goodrich, J. A. (2009) 'Assessing the water quality impacts of future land-use
changes in an urbanising watershed', Civil Engineering and Environmental Systems, 26(1): pp.3-18.

Toumi, N., Hussein, B. H. and Rafrafi, S. (2015) 'Groundwater quality and hydrochemical properties of Al-Ula
region, Saudi Arabia’, Environmental Monitoring and Assessment, 187: p84.

Tsihrintzis, V. A. and Hamid, R. (1997) 'Modeling and Management of Urban Storm water Runoff Quality: A
Review', Water Resources Management, 11: pp.137- 164.

Twesigye, C. K., Onywere, S. M., Getenga, Z. M., Mwakalila, S. S. and Nakiranda, J. K. (2011) 'The impact of
land use activities on vegetation cover and water quality in the Lake Victoria watershed', The Open
Environmental Engineering Journal, 4: pp.66-77.

Tyagi, S., Sharma, B., Singh, P. and Dobhal, R. (2013) 'Water quality assessment in terms of water quality
index’, American Journal of Water Resources, 1(3): pp.34-38.

U.S. Environmental Protection Agency (EPA), (2011c) What is a watershed? Retrieved from
http://water.epa.gov/type/watersheds/whatis.cfm.

164


http://water.epa.gov/type/watersheds/whatis.cfm

References

U.S. Environmental Protection Agency (USEPA), (1998) National Water Quality Inventory-1996 Report to
Congress, Office of the Water Program Operations, Water Planning Division, Washington D.C., U.S.A.

Uduma, A. U. (2014) 'Physicochemical analysis of the quality of sachet water consumed in kano metropolis’,
American Journal of Environment, Energy and Power Research, 2(1): pp.01-10.

UNEP/GEMS, (2004) Analytical methods for environmental water quality, United Nations Environment
Programme Global Environment Monitoring System.

UNICEF, (2000) Global Water Supply and Sanitation Assessment 2000 Report. Geneva and New York.

United State Environmental Protection Agency (USEPA), (2010) Temperature; United State Environmental
Protection Agency.

US Department of Agriculture (USDA), (1972) Sediment Sources, Yields, and Delivery Ratios. National
Engineering Handbook, Section 3, Sedimentation. USDA, Washington, D.C.

US G. S. (2010) A primer on Water Quality. http://ga.water.usgs.gov/edu/earthgwquality.htmlPage Contact
Information: Howard Perlman. Tuesday, 08-Feb 2011.

USDA, (1979) Planting Guide for Awnless Bushsunflower (Simsia calva). USDA-Soil Conservation Service.

USEPA (US Environmental Protection Agency), (2012a) What is conductivity and why is it important?
http://water.epa.gov/type/rsl/monitoring/vms59.cfm.

Van der Laan, M., Van Anttwerpen, R. and Bristow, K. L. (2012) River water quality in the northern sugarcane-
producing regions of South Africa and implication for irrigation: A scoping study. Water SA 38 (1).

Vanoni, V. A. (1975) Sedimentation Engineering, Manual and Report No. 54. American Society of Civil
Engineers, New York, N.Y.

Vassilis, Z. A., Dimitris, M. P. and Konstantina, A. M. (2001) 'Statistical and trend analysis of water quality and
quantity data for the Strymon River in Greece', Hydrology and Earth System Sciences, 5(4): pp.679-691.

Venkatramanan, S., Chung, S. Y., Lee, S. Y. and Park, N. (2014) 'Assessment of river water quality via
environmentric multivariate statistical tools and water quality index: A case study of Nakdong River Basin,
Korea', Carpathian Journal of Earth and Environmental Sciences, 9(2): pp. 125-132.

Verma, P., Chandawat, D., Gupta, U. and Solanki, H. (2012) 'Water quality analysis of an organically polluted
lake by investigating different physical and chemical parameters', International Journal of Research in
Chemistry and Environment, 2(1): pp.105-111.

Verman, S. (2009) 'Seasonal Variation of Water Quality in Betwa Riverat Bundelkhand Region, India’, Global
Journal of Environmental Research, 3 (3): p 164-168.

Verstraeten, G., Poesen, J., de Vente, J. and Koninckx, X. (2003) 'Sediment yield variability in Spain: a
quantitative and semi qualitative analysis using reservoir sedimentation rates', Geomorphology, 50(4):
pp.327-348.

Vigil, K. M. (2003) Clean water: an introduction to water quality and water pollution control. Corvallis: Oregon
State University Press.

Villeneuve, J. P., Hubert, P., Mailhot, A., andRousseau, A. N. (1998) Hydrological modeling and water
management. Rev. Sci. Eau 11 (Special 10th anniversary): 19-39 [article in French]. Original title: La
modeélisation hydrologiqueet la gestion de I'eau. http://www.rse.uquebec.ca/ang/volll/vlin0a3.htm.

Volk, C., Wood, L. and Johnson, B. (2002) 'Monitoring Dissolved Organic Carbon in Surface and Drinking
Waters', Journal of Environmental Monitoring, 4:pp.43-47.

Wang, (2017) 'Distribution of dissolved, suspended, and sedimentary heavy metals along a salinized river
continuum’, journal of coastal research, 85: pp89-124.

165


http://water.epa.gov/type/rsl/monitoring/vms59.cfm
http://www.rse.uquebec.ca/ang/volII/vIIn0a3.htm

References

Wang, D., and Anderson, D.W. (1998) 'Direct measurement of organic carbon content in soils by the Leco CR-
12 carbon analyzer Commun, Soil Scince Plant Analysis', An appraisal of physico-chemical and
microbiological characteristics of Nanmangalam Reserve Forest soil, 29(17): pp.15-2.

Wang, X., and Yin, Z. Y. (1997) 'Using GIS to Asses the Relationship between Land Use and Water Quality at a
Watershed Level', Environmental International, pp.103-114.

Watershed Professionals Network, (1999) Oregon Watershed Assessment Manual. Prepared for the Governor’s
Watershed Enhancement Board. Salem, Oregon.

Weiner R. F. and Matthews R. (2003) Environmental Engineering, 4" Edition, Butterworth-Heinemann is an
imprint of Elsevier Science.

Wellcare, (2007) Information for you about Total Dissolved Solids (TDS).

Wetzel, R. G. (2001) Limnology. Lake and river ecosystems. 3 edition. Academic Press, an Elsevier Science
Imprint, San Francisco, New York, London.

Whitehead, P. G., and Hornberger, G. M. (1984) 'Modelling algal behaviour in the River Thames', Water
Research, 18(8): pp.945-953.

WHO (World Health Organisation), (2002) Eutrophication and Health, European Commission, Luxembourg:
Office for Official Publication of the European Communities 2002, p28.

WHO, (2003) Guidelines for drinking water quality. Geneva: World Health Organization, (pp. 81-87).

WHO, (2004) Guidelines for drinking-water quality. 3" ed. Geneva. World Health Organization.

WHO, (2006) Guidelines for drinking-water quality (electronic resource). Incorporating first addendum. 3™ edn,
volume 1. Recommendations. World Health Organization, Geneva.

WHO, (2006) Guidelines for Drinking-Water Quality. Seconded, Health Criteria and Other Supporting
Information, vol.2 WHO, Geneva, Switzerland.

WHO, (2008) Guidelines for Drinking Water Quality, 3" ed. Vol 1. Incorporating the first and Second Addenda,
Geneva.

WHO, (2011) Evaluation of certain food additives and contaminants. Seventy-third report of the Joint
FAO/WHO Expert Committee on Food Additives. Geneva. Technical Report Series, No. 960).

WHO, (2011) Guidelines for drinking-water quality (electronic resource): incorporating 1% and 2" addenda.
World Health Organization. Vol. 1, Recommendations, 5™ edition. Geneva. 668p.

WHO, (2012) Water, Sanitation and Health. World Health Organization, Geneva.
WHO, (2017) World Health Organization.

Wilcox, L. V. (1955) Classification and Use of Irrigation Waters. US Department of Agriculture. Cire. 969,
Washington D.C. USA. p. 19.

Wischmeier, W. H. and Smith, D. D. (1958) Rainfall energy and its relationship to soil loss. Transactios,
American Geophysical Union 39:doi:10.1029/TR039i002p00285. 1ssn:0002-8606.

Wischmeier, W. H. and Smith, D. D. (1978) Predicting rainfall erosion losses: a guide to conservation
planning. United States department of Agriculture-handbook no. 537. United States Government Printing
Office, Washington, DC.

Worako, A. W. (2015) 'Physicochemical and biological water quality assessment of Lake Hawassan for multiple
designated water use', Journal of Urban and Environmental Engineering, 9(2): pp.146-157.

World Health Organization, (2009). Potassium in Drinking-water; Background document for development of
WHO Guidelines for Drinking-water Quality. 20 Avenue Appia, 1211 Geneva 27, Switzerland.

166



References

Xiao, R., Wang, G., Zhang, Q. and Zhang, Z. (2016) 'Multi-scale analysis of relationship between landscape
pattern and urban river water quality in  different seasons’,  Scientific = Reports
https://doi.org/10.1038/srep25250.

Yadav, N. S., Kumar, A. and Sharma, M. P. (2014) 'Ecological Health Assessment of Chambal River using
Water Quality Parameters', Journal of Integrated Science and technology, 2(2): pp.52-56.

Yilmaz, S. and Sadikoglu, M. (2011) Study of heavy metal pollution in seawater of Kepez harbor of Canakkale
(Turkey)', Environmental Monitoring and Assessment, 173(1-4): pp.899-904.

Yustiani, Y. M. and Komariah, 1. (2017) 'Investigation on the Biodegradation Capacity of Urban Rivers in
Jakarta, Indonesia’, International Journal of GEOMATE, 12(34): pp. 45-50.

Yusuff, R. and Sonibare, J. (2005) 'Characterization of Textile Industries Effluent in Kaduna, Nigeria and
Pollution Implications, Global Nest', The International Journal, vol.6 (3): pp.212-221.

Zeng, X. and Rasmussen T. C. (2005) 'Multivariate Statistical Characterization of Water Quality in Lake Lanier,
Georgia, USA', Journal of Environmental Quality, 34: pp.1980-1991.

Zewayee F. A. Q. (2011) A Phycolimnological Study on Some Springs and Streams within Erbil Province.
Master of Science. Thesis, University of Salahaddin -Erbil. Iraq.

Zhang, B., (2008) A Study of GIS SD Based Temporal-Spatial Modeling of Water Quality in Water Pollution
Accidents, The International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences. Vol. XXXVII. Part B2.

Zhang, Y. and Wang, Y. (2012) 'An assessment of the impact of land use types on the change of water quality in
Wenyu River Watershed, Beijing, China’, Environmental Sciences: International Perspectives on Global
Environmental Change, pp.275-294.

Zhao, J., Lin, L., Yang, K., Liu, Q. and Qian, G. (2015) 'Influences of land use on water quality in a reticular
river network area. A case study in Shanghai, China, Landscape Urban Plan, 137: pp.20-29.

167


https://doi.org/10.1038/srep25250

Appendix 1

Table 4.1.1 Monthly variation of water temperature (°C) during the period of study.

Site Sites name Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 29.2 16.6 7.8 12.2 179 | 213 17.5
W2 Mawakan 18.3 154 13.7 14.6 18.3 20.7 16.8
W3 Shakha-Sur 24.0 15.2 10.8 12.2 19.8 | 22.2 17.4
W4 Siwayl 29.1 12.7 7.7 11.1 178 | 204 16.5
W5 Kuna-Masi 21.6 11.6 13.7 12.3 19.1 | 21.2 16.6
W6 Qashan 31.1 11.8 8.6 11.6 185 | 22.2 17.3
W7 Kawe 27.6 14.1 8.9 11.2 144 | 17.2 15.6
w8 Hallsho No 16.5 12.3 10.2 13.3 | 16.2 13.7
W9 Sndollan 29.2 15.5 9.6 10.8 147 | 175 16.2
W10 Zharawa No 17.3 13.0 10.4 15.3 | 18.0 14.8
w11 Dolabafra 26.8 No 16.1 17.5 18.7 | 21.0 20.0
W12 Doli-Shahidan 25.4 16.2 14.7 13.2 145 | 17.0 16.8
W13 Darbany-Ranya 314 18.9 10.3 12.5 178 | 24.4 19.2
w14 Bosken 29.1 16.6 17.4 19.0 23.6 | 235 215
W15 Dukan-Lake 29.9 19.1 10.2 13.3 179 | 24.1 19.1
W16 Qarani-Agha 27.1 13.6 11.9 18.3 227 | 289 20.4
W17 Khdran 19.2 13.5 11.9 17.5 21.2 | 24.8 18.0
w18 Hizop 23.7 11.0 9.4 16.8 234 | 29.3 18.9
W19 Smaquli 27.0 21.1 13.6 21.1 242 | 280 22.5
w20 Jali 22.2 15.2 9.6 16.7 225 | 252 18.6
W21 Qashqoli 12.7 15.0 8.8 9.5 10.2 11.3 11.3
Mean 255 15.3 114 13.9 18.4 | 21.6 17.7
1QS (2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 18 (out of 104)
Maximum value set 35°C
Minimum value set 15°C
Median value 25°C
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Table 4.1.2 Monthly variation of water turbidity (NTU) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 6.0 15.5 61.3 15.9 156 | 383 | 254
W2 Mawakan 1.0 <0.01 26.1 92.7 20.2 7.6 24.6
W3 Shakha-Sur 6.9 4.0 325 24.7 19.1 | 26.1 | 18.9
W4 Siwayl 4.4 0.4 3.9 10.3 6.4 2.0 4.6
W5 Kuna-Masi 1.3 0.9 2.9 2.8 21.7 55 5.8
W6 Qashan 10.4 3.3 10.1 26.4 20.3 | 16.8 | 14.6
w7 Kawe 2.8 20.1 24.2 96.6 340 | 498 | 379
w8 Hallsho No 6.5 19.9 12.6 256 | 221 | 173
W9 Sndollan 19.5 37.2 18.8 111.0 46.5 | 499 | 472
W10 Zharawa No 10.1 2.6 335 30.2 13.6 18.0
w11 Dolabafra 4.5 No 5.7 13.2 7.7 13.9 9.0
w12 Doli-Shahidan 196.0 659.0 4.4 18.7 101.0 | 31.7 | 168.5
W13 | Darbany-Ranya 1.8 9.9 19.3 50.1 4.1 11.0 | 16.0
w14 Bosken 48.1 86.4 61.4 45.0 494 | 424 | 555
W15 Dukan-Lake 1.9 3.4 5.8 24.6 1.3 7.1 7.3
W16 Qarani-Agha 61.2 31.6 12.9 44.3 199 | 20.6 | 31.8
w17 Khdran 3.4 2.0 8.7 29.5 3.7 11.3 9.8
w18 Hizop 5.9 5.9 56.0 156.0 | 289.0 | 7.6 86.7
w19 Smaquli 5.3 11.0 49.6 133.0 10.2 3.3 354
W20 Jali 7.2 8.1 47.8 149.0 | 2420 | 136 | 77.9
w21 Qashqoli <0.01 2.1 3.0 2.1 46.9 1.2 9.2
Mean 20.4 45.9 22.7 52.0 48.3 | 188 | 347
1QS (2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 85 (out of 104)
Maximum value set 25 NTU
Minimum value set 0.3NTU
Median value 5NTU
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Table 4.1.3 Monthly variation of water color (Hazen unit) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 1.6 5.0 32.5 47.0 45.1 16.0 | 245
W2 Mawakan 0.5 6.8 15.5 71.2 473 | 113 | 254
W3 Shakha-Sur 1.7 3.4 18.4 59.6 49.3 | 147 | 245
w4 Siwayl 0.9 9.0 9.2 56.2 542 | 11.2 | 235
W5 Kuna-Masi 0.2 4.2 13.1 46.4 451 | 14.7 | 20.6
W6 Qashan 0.7 6.3 15.1 56.1 48.2 | 125 | 232
w7 Kawe 8.1 7.5 26.9 62.2 58.2 | 12.7 | 29.3
w8 Hallsho No 6.0 22.6 48.2 48.1 | 106 | 27.1
W9 Sndollan 8.1 6.4 325 61.2 62.0 | 153 | 30.9
W10 Zharawa No 9.1 54.5 55.1 45.1 13.2 35.4
wil Dolabafra 8.7 No 225 48.1 431 | 151 | 275
w12 Doli-Shahidan 21.1 5.3 9.8 42.2 46.2 | 10.8 | 22.6
W13 | Darbany-Ranya 8.2 6.0 19.1 64.7 522 | 117 | 27.0
w14 Bosken 93.2 36.1 65.2 74.2 55.2 | 18.0 | 57.0
W15 Dukan-Lake 6.3 6.0 10.6 53.3 540 | 109 | 235
W16 Qarani-Agha 13.8 7.7 12.4 53.2 48.2 | 20.3 | 25.9
w17 Khdran 6.8 5.2 10.6 47.6 46.3 | 13.2 | 21.6
w18 Hizop 11.2 7.2 9.5 57.1 440 | 13.6 | 238
w19 Smaquli 0.5 4.0 19.6 71.2 43.0 9.7 24.7
W20 Jali 2.8 6.3 14.4 78.3 442 | 111 | 26.2
w21 Qashqoli 8.8 7.3 7.6 42.4 48.2 | 10.7 | 20.8
Mean 10.7 7.7 21.0 56.9 489 | 132 | 264
IQS (2009) guideline value None set
WHO (2011) guideline value 15 Hazen unit
WHO (2018) guideline value None set
. o . - 80 (out of
Number of countries and territories setting a regulatory/guideline value 104)
Number of countries and territories setting a regulatory/guideline value greater 20
than WHO Guideline recommendation of 15 Hazen unit
Number of countries and territories setting a regulatory/guideline value at the 44
WHO Guideline recommendation of 15 Hazen unit
Number of countries and territories setting a regulatory/guideline value less than 16

WHO Guideline recommendation of 15 Hazen unit

Maximum value set

50 Hazen unit

Minimum value set

0.5 Hazen unit

Median value

15 Hazen unit
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Table 4.1.4 Monthly variation of water pH during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 8.14 8.02 8.30 8.33 8.27 8.11 8.20
w2 Mawakan 7.69 7.62 7.96 8.06 8.02 7.64 7.83
w3 Shakha-Sur 7.82 7.78 8.24 8.33 8.43 8.10 8.12
W4 Siwayl 8.43 8.35 8.33 8.32 8.46 8.39 8.38
W5 Kuna-Masi 8.02 8.13 8.24 8.12 8.17 8.15 8.14
W6 Qashan 8.29 8.32 8.39 8.30 8.38 8.34 8.34
w7 Kawe 8.42 8.41 8.38 8.33 8.36 8.20 8.35
w8 Hallsho No 8.10 8.35 8.38 8.48 8.33 8.33
W9 Sndollan 8.41 8.16 8.44 8.28 8.34 8.19 8.30
W10 Zharawa No 8.35 8.70 8.31 8.46 8.33 8.43
w11 Dolabafra 7.78 No 8.17 8.12 8.45 8.25 8.15
W12 Doli-Shahidan 7.91 8.22 8.45 8.20 8.27 8.27 8.22
W13 | Darbany-Ranya 8.42 7.84 7.89 8.14 8.06 8.45 8.13
w14 Bosken 7.79 7.73 7.84 7.82 7.98 7.91 7.85
W15 Dukan-Lake 8.39 8.34 8.47 8.14 8.23 8.53 8.35
W16 Qarani-Agha 8.44 8.33 8.46 8.43 8.34 8.33 8.39
w17 Khdran 8.29 8.33 8.41 8.34 8.47 8.47 8.39
w18 Hizop 8.35 8.36 8.38 8.31 8.36 8.39 8.36
W19 Smaquli 7.90 8.02 7.83 8.01 7.88 7.95 7.93
W20 Jali 7.66 8.04 8.29 8.25 8.26 8.06 8.09
w21 Qashqoli 7.61 7.45 7.95 8.10 7.99 7.80 7.82
Mean 8.09 8.10 8.26 8.22 8.27 8.20 8.19
pH maximum
1QS (2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 103 (out of 104)
Maximum value set 9.7
Minimum value set 8
Median value 8.5
pH minimum
1QS ( 2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 102 (out of 104)
Maximum value set 7
Minimum value set 5
Median value 6.5
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Table 4.1.5 Monthly variation of water EC, (uS cm™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 325 361 393 375 375 | 357 364
W2 Mawakan 722 702 589 534 549 | 550 608
W3 Shakha-Sur 459 441 416 396 375 | 383 412
Wz Siwayl 331 347 339 342 353 | 332 341
W5 Kuna-Masi 509 480 428 442 416 | 433 451
W6 Qashan 347 367 369 359 358 | 341 357
W7 Kawe 318 392 375 356 305 | 299 341
W8 Hallsho No 452 367 342 327 | 406 379
W9 Sndollan 349 386 386 356 307 | 305 348
w10 Zharawa No 295 319 320 288 | 286 302
w11l Dolabafra 342 No 361 366 340 | 314 345
W12 Doli-Shahidan 358 322 341 344 281 | 299 324
W13 | Darbany-Ranya 249 324 388 355 324 | 221 310
w14 Bosken 866 932 801 618 641 | 606 744
W15 Dukan-Lake 274 269 311 354 315 218 290
W16 Qarani-Agha 469 513 483 443 423 | 406 456
W17 Khdran 383 401 525 528 502 | 466 468
w18 Hizop 976 757 665 670 604 | 773 741
w19 Smaquli 619 591 708 664 612 | 588 630
w20 Jali 947 727 664 645 600 | 710 716
w21 Qashqoli 263 339 298 317 315 | 313 308
Mean 479 470 454 435 410 | 410 443
1QS (2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 51 (out of 104)
Maximum value set 2700 pS cm™
Minimum value set 170 pS cm™
Median value 2500 pS cm™
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Table 4.1.6a Monthly variation of water salinity (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May

W1 Joga-Sur 191.57 277.48 376.28 | 320.40 | 280.08 | 246.76 | 282.10

W2 Mawakan 531.16 554.86 485.15 | 430.62 | 405.82 | 385.44 | 465.51

W3 Shakha-Sur 298.46 350.54 367.94 | 338.34 | 268.08 | 259.83 | 313.87

W4 Siwayl 194.78 292.92 325.66 | 300.08 | 263.87 | 234.15 | 268.58
W5 Kuna-Masi 349.54 416.26 352,53 | 376.79 | 301.91 | 299.85 | 349.48
W6 Qashan 197.32 316.62 345.98 | 311.33 | 263.49 | 231.33 | 277.68
W7 Kawe 192.74 320.12 348.72 | 311.91 | 247.12 | 226.76 | 274.56
W8 Hallsho No 348.29 312.86 | 307.31 | 271.85 | 315.19 | 311.10
W9 Sndollan 205.72 304.60 352,52 | 314.87 | 246.98 | 229.56 | 275.71
W10 Zharawa No 223.16 267.24 | 286.52 | 228.37 | 212.88 | 243.63
w11 Dolabafra 211.00 No 281.18 | 275.47 | 249.15 | 218.44 | 247.05

W12 | Doli-Shahidan | 227.29 249.98 274.33 | 286.87 | 226.96 | 227.53 | 248.83

W13 | Darbany-Ranya | 140.88 236.19 349.39 | 301.05 | 242.20 | 143.13 | 23547

w14 Bosken 507.69 716.97 604.40 | 458.80 | 422.14 | 400.27 | 518.38

W15 Dukan-Lake 159.05 195.23 279.45 | 29430 | 235.27 | 142.03 | 217.56

W16 Qarani-Agha 286.50 423.53 415.77 | 327.47 | 283.99 | 240.87 | 329.69

w17 Khdran 273.18 = 331.83 451.92 | 397.40 | 347.62 | 299.43 | 350.23
w18 Hizop 641.51 @ 666.16 610.31 | 512.42 | 399.71 | 455.14 @ 547.54
W19 Smaguli 378.73 | 410.39 584.52 | 471.71 | 397.95 | 354.87 | 433.03
W20 Jali 638.20 | 577.88 606.42 | 494.53 | 404.35 | 452.58 @ 528.99
w21 Qashqpoli 221.68 @ 270.55 277.31 | 290.12 | 283.25 | 273.44 | 269.39
Mean 307.74 | 37418 | 393.80 | 352.78 | 298.58 | 278.55 | 334.27
IQS (2009) guideline value 1000 mg L™
WHO (2018) guideline value None set
WHO (2011) guideline value 1000 mg L™
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Table 4.1.6b Monthly variation of water EC »° (1s cm™) during the period of study.

Site Months

codes Site names August | November | February | March | April May Mean
w1 Joga-Sur 299.33 433.56 587.93 | 500.63 | 437.63 | 385.56 | 440.77
W2 Mawakan 829.94 866.97 758.04 | 672.84 | 634.10 | 602.25 | 727.36
W3 Shakha-Sur 466.34 547.72 57491 | 528.65 | 418.88 | 405.98 | 490.41
W4 Siwayl 304.35 457.69 508.84 | 468.88 | 412.30 | 365.86 | 419.65
W5 Kuna-Masi 546.16 650.40 550.83 | 588.74 | 471.74 | 468.51 | 546.06
W6 Qashan 308.31 494.72 540.59 | 486.45 | 411.70 | 361.46 | 433.87
w7 Kawe 301.15 500.19 544.88 | 487.36 | 386.13 | 354.32 | 429.01
W8 Hallsho No 544.21 488.84 | 480.17 | 424.77 | 492.48 | 486.09
W9 Sndollan 321.43 475.94 550.82 | 491.99 | 385.90  358.68 | 430.79
w10 Zharawa No 348.69 41757 | 447.68 | 356.83 | 332.62 | 80.68
w11 Dolabafra 329.69 No 439.34 | 430.42 | 389.30 | 341.32 | 386.09

W12 | Doli-Shahidan | 355.14 390.59 428.64 | 448.23 | 354.62 | 355.51 | 388.79

W13 | Darbany-Ranya | 220.12 369.04 54592 | 470.39 | 378.43 | 223.64 | 367.92

w14 Bosken 793.26 | 1120.26 94438 | 716.88 | 659.59 | 625.42 | 809.97

W15 Dukan-Lake 248.52 305.05 436.64 | 459.85 | 367.61 | 221.92 | 339.93

W16 Qarani-Agha 447.66 661.77 649.64 | 511.67 | 443.73 | 376.36 | 515.14

w17 Khdran 426.85 | 518.49 706.13 | 620.93 | 543.16 | 467.86 | 547.24
wis Hizop 1002.35 | 1040.88 | 953.61 | 800.65 | 624.54 | 711.16  855.53
W19 Smaquli 591.76 | 641.24 913.32 | 737.04 | 621.79 | 554.48 | 676.61
W20 Jali 997.19 | 902.93 94753 | 772.71 | 631.80 | 707.16 | 826.55
w21 Qashqpoli 346.37 | 422.73 433.29 | 45331 | 442,58 | 427.25 420.92
Mean 480.84 = 584.65 615.32 | 551.21 | 466.53 | 435.23 | 522.31
IQS (2009) guideline value 2000 ps cm™
WHO (2018) guideline value None set
WHO (2011) guideline value 1500 ps cm™
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Table 4.1.7 Monthly variation of water DO (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 5.85 7.68 9.46 8.95 8.48 | 485 | 7.55
W2 Mawakan 4.36 4.95 7.30 8.22 799 | 483 | 6.28
W3 Shakha-Sur 4.81 6.54 8.84 8.89 8.12 | 519 | 7.07
W4 Siwayl 6.65 7.27 9.28 8.50 850 | 512 | 755
W5 Kuna-Masi 7.12 7.37 8.41 8.57 825 | 539 | 7.52
W6 Qashan 6.40 7.77 9.30 8.42 835 | 542 | 761
w7 Kawe 6.85 8.20 10.25 9.25 9.20 | 5.30 | 8.18
w8 Hallsho No 6.08 9.03 9.39 945 | 6.00 | 8.02
W9 Sndollan 6.65 7.57 10.35 9.22 8.87 | 524 | 7.98
W10 Zharawa No 7.21 9.50 8.25 9.00 | 6.14 | 6.68
w11 Dolabafra 6.95 No 8.30 8.20 8.30 | 6.06 | 7.56
w12 Doli-Shahidan 7.04 6.65 9.10 9.40 9.25 | 6.40 | 7.97
W13 | Darbany-Ranya 6.87 6.42 7.17 8.65 884 | 7.30 | 7.54
w14 Bosken 5.19 5.40 6.37 6.60 6.71 | 430 | 5.76
W15 Dukan-Lake 7.82 6.93 10.30 8.83 875 | 7.36 | 8.33
W16 Qarani-Agha 6.93 5.45 9.75 8.40 7.60 | 6.63 | 7.46
w17 Khdran 8.20 8.64 10.30 7.54 7.85 | 7.00 | 8.26
w18 Hizop 6.98 8.73 9.66 8.06 750 | 6.00 | 7.82
w19 Smaquli 6.51 5.35 7.20 6.27 6.94 | 450 | 6.13
W20 Jali 6.67 6.17 9.06 7.87 7.65 | 550 | 7.15
w21 Qashgoli 5.29 5.06 8.47 8.28 8.87 | 530 | 6.88
Mean 5.86 6.45 | 8.92 8.37 831 | 571 | 7.27
1QS (2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 4 (out of 104)
Maximum value set 8mg L™
Minimum value set 4mg L™
Median value 6mgL™
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Table 4.1.8 Monthly variation of water BODs (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 2.43 2.41 2.60 3.66 560 | 3.25 3.33
W2 Mawakan 3.42 1.05 2.92 4.78 527 | 193 3.23
W3 Shakha-Sur 2.81 1.66 2.36 3.90 242 | 1.69 2.47
W4 Siwayl 2.73 1.14 2.58 4.63 3.99 | 1.62 2.78
W5 Kuna-Masi 3.01 1.44 2.92 2.40 473 | 1.89 2.73
W6 Qashan 2.44 1.47 2.16 4.28 6.53 | 2.82 3.28
W7 Kawe 4.13 2.49 5.73 8.00 6.36 | 2.55 4.88
W8 Hallsho No 0.68 8.37 5.21 6.67 | 3.22 4.83
W9 Sndollan 3.93 241 4.64 7.92 782 | 314 4.98
W10 Zharawa No 1.80 2.18 131 5.66 | 3.07 2.80
w11 Dolabafra 4.19 No 1.48 5.05 578 | 531 4.36
W12 | Doli-Shahidan 6.89 5.73 4.72 7.90 7.07 | 5.95 6.38
W13 | Darbany-Ranya 2.51 3.05 0.13 5.43 3.19 | 3.16 291
w14 Bosken 61.50 78.30 60.00 69.30 | 50.10 | 41.10 60.05
W15 Dukan-Lake 6.75 0.59 6.01 5.56 243 | 3.70 4.17
W16 Qarani-Agha 3.53 1.29 8.97 4.35 490 | 411 4.53
W17 Khdran 1.91 2.98 6.09 2.63 7.22 | 4.18 4.17
w18 Hizop 3.64 2.63 1.82 3.16 584 | 4.35 3.57
W19 Smaquli 3.56 2.39 6.23 3.05 382 | 134 3.40
w20 Jali 2.74 1.42 5.28 2.23 497 | 4.25 3.48
w21 Qashqoli 0.72 1.80 291 3.64 7.39 | 1.58 3.01
Mean 6.47 5.84 6.67 7.54 751 | 4.96 6.50
1QS (2009) guideline value None set
WHO (2018) guideline value None set
WHO (2011) guideline value <3mgL*
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Table 4.1.9 Monthly variation of water TS (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 210 233 329 250 251 242 253
w2 Mawakan 464 501 440 480 362 355 434
W3 Shakha-Sur 295 284 329 291 241 255 283
Wz Siwayl 215 225 218 232 252 216 226
W5 Kuna-Masi 328 308 277 272 266 282 289
W6 Qashan 229 236 266 273 250 233 248
W7 Kawe 205 266 291 341 642 278 337
w8 Hallsho No 296 298 232 361 294 296
W9 Sndollan 225 296 275 426 652 270 357
W10 Zharawa No 189 218 267 242 200 223
w11l Dolabafra 220 No 250 270 240 202 236
W12 | Doli-Shahidan 468 1449 247 230 298 224 486
W13 | Darbany-Ranya 162 211 277 285 225 146 218
w14 Bosken 558 640 557 409 416 411 499
W15 Dukan-Lake 177 179 222 273 220 145 203
W16 Qarani-Agha 357 369 336 357 289 261 328
W17 Khdran 249 260 339 379 338 304 312
w18 Hizop 628 485 481 648 394 498 522
W19 Smaquli 399 380 548 592 397 380 449
W20 Jali 608 468 456 554 396 456 490
w21 Qashqoli 193 220 197 206 213 201 205
Mean 326 357 326 346 331 279 330
1QS (2009) guideline value None set
WHO (2018) guideline value None set
WHO (2011) guideline value 1000 mg L™
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Table 4.1.10 Monthly variation of water TDS (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 207 217 249 237 236 180 221
W2 Mawakan 457 470 371 361 354 | 349 394
W3 Shakha-Sur 288 268 264 260 239 | 221 257
W4 Siwayl 205 210 184 221 242 199 210
W5 Kuna-Masi 318 283 235 266 259 | 255 269
W6 Qashan 215 234 215 231 239 190 221
W7 Kawe 199 247 192 258 205 156 210
W8 Hallsho No 283 188 223 126 | 222 208
W9 Sndollan 204 253 197 227 202 148 205
W10 Zharawa No 184 167 245 194 155 189
W11 Dolabafra 207 No 182 224 153 193 192
W12 | Doli-Shahidan 247 221 168 215 183 163 200
W13 | Darbany-Ranya 156 200 212 243 218 126 193
W14 Bosken 531 563 416 338 382 | 322 425
W15 Dukan-Lake 170 172 170 228 192 126 176
W16 Qarani-Agha 319 359 294 307 269 | 240 298
W17 Khdran 241 249 239 324 308 | 272 272
W18 Hizop 611 483 322 433 375 | 470 449
W19 Smaquli 381 372 419 498 390 | 362 404
W20 Jali 530 467 330 410 365 | 434 423
w21 Qashqoli 192 217 144 195 184 | 183 186
Mean 299 298 246 283 253 | 236 269
1QS (2009) guideline value None set
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 66 (out of 104)
Maximum value set 2500 mg L™
Minimum value set 200 mg L*
Median value 1000 mg L™
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Table 4.1.11 Monthly variation of water TSS (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
W1 Joga-Sur 3 16 80 13 15 62 32
W2 Mawakan 7 31 69 119 8 6 40
W3 Shakha-Sur 7 16 65 31 2 34 26
W4 Siwayl 10 15 34 11 10 17 16
W5 Kuna-Masi 10 25 42 6 7 27 20
W6 Qashan 14 2 51 42 11 43 27
w7 Kawe 6 19 99 83 437 122 128
W8 Hallsho No 13 110 9 235 72 88
W9 Sndollan 21 43 78 199 450 122 152
W10 Zharawa No 5 51 22 48 45 34
w11l Dolabafra 13 No 68 46 87 9 45
W12 | Doli-Shahidan 221 1228 79 15 115 61 287
W13 | Darbany-Ranya 6 11 65 42 7 20 25
w14 Bosken 27 77 141 71 34 89 73
W15 Dukan-Lake 7 7 52 45 28 19 26
W16 Qarani-Agha 38 10 42 50 20 21 30
W17 Khdran 8 11 100 55 30 32 39
w18 Hizop 17 2 159 215 19 28 73
W19 Smaquli 18 8 129 94 7 18 46
W20 Jali 78 1 126 144 31 22 67
w21 Qashgoli 1 3 53 11 29 18 19
Mean 27 77 81 63 78 42 61
1QS (2009) guideline value None set
WHO (2018) guideline value None set
WHO (2011) guideline value 25t040mg L™
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Table 4.1.12 Monthly variation of water NO5-N (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 2.3 11 4.4 4.8 4.2 3.1 3.3
w2 Mawakan 15 11 5.1 6.1 54 4.3 3.9
W3 Shakha-Sur 1.9 2.4 6.9 5.8 4.6 3.1 4.1
w4 Siwayl 3.1 1.9 5.4 6.7 6.6 4.1 4.6
W5 Kuna-Masi 2.1 1.1 4.7 5.3 4.7 29 3.5
W6 Qashan 2.1 1.7 7.9 6.2 5.8 3.9 4.6
w7 Kawe 2.4 3.3 3.6 5.6 5.2 3.4 3.9
w8 Hallsho No 1.9 4.4 5.7 6.3 5.1 4.7
W9 Sndollan 2.8 2.5 5.3 5.6 5.8 3.7 4.3
W10 Zharawa No 15 5.6 51 5.2 4.6 4.4
wil Dolabafra 2.1 No 5.7 6.3 5.8 4.9 5.0
W12 | Doli-Shahidan 29 1.3 5.1 5.2 5.1 3.3 3.8
W13 | Darbany-Ranya 2.6 1.1 5.6 5.2 5.7 4.4 4.1
w14 Bosken 2.6 1.9 4.7 6.1 6.3 5.1 45
W15 Dukan-Lake 2.0 1.2 4.6 5.2 4.8 3.3 35
W16 Qarani-Agha 3.4 2.2 4.7 5.6 4.4 3.7 4.0
w17 Khdran 29 2.2 6.5 6.2 6.0 3.1 4.5
w18 Hizop 3.1 5.1 5.7 53 5.2 4.1 4.8
w19 Smaquli 1.4 3.2 7.6 5.1 4.3 3.2 4.1
W20 Jali 1.9 3.1 5.1 5.8 5.4 4.3 4.3
w21 Qashgoli 2.1 1.2 4.3 4.1 4.2 3.3 3.2
Mean 2.4 2.1 54 | 56 5.3 3.9 4.1
IQS (2009) guideline value 50 mg L™ as NO;-N
WHO (2018) guideline value 50 mg L™ as NO;-N
Number of countries and territories setting a regulatory/guideline value 104 (out of 104)
Number of countries and territories setting a regulatory/guideline value greater )
than WHO Guideline
Number of countries and territories setting the WHO Guideline 69
Number of countries and territories setting a regulatory/guideline value less 33
than WHO Guideline
Maximum value set 75 mg L™ as NOs-N
Minimum value set 40 mg L™ as NO;-N
Median value 50 mg L™ as NO5-N
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Table 4.1.13 Monthly variation of water NO,-N (mg L) during the period of study.

Site Site names Months Mean

codes August | November | February | March | April | May
w1 Joga-Sur 0.01 0.02 0.03 0.02 0.02 | 0.03 | 0.02
W2 Mawakan 0.03 0.03 0.03 0.04 0.04 | 0.07 | 0.04
W3 Shakha-Sur 0.01 0.02 0.03 0.03 0.02 | 0.03 | 0.02
W4 Siwayl 0.01 0.01 0.02 0.04 0.02 | 0.02 | 0.02
W5 Kuna-Masi 0.01 0.01 0.02 0.03 0.03 | 0.02 | 0.02
W6 Qashan 0.01 0.01 0.03 0.03 0.02 | 0.02 | 0.02
W7 Kawe 0.01 0.03 0.03 0.04 0.04 | 0.03 | 0.03
W8 Hallsho No 0.01 0.04 0.03 0.02 | 0.02 | 0.02
W9 Sndollan 0.02 0.02 0.04 0.06 0.04 | 0.04 | 0.04
w10 Zharawa No 0.02 0.02 0.03 0.02 | 0.02 | 0.02
w11 Dolabafra 0.02 No 0.02 0.03 0.02 | 0.02 | 0.02
W12 | Doli-Shahidan 0.02 0.05 0.02 0.03 0.02 | 0.02 | 0.03
W13 | Darbany-Ranya | 0.02 0.03 0.03 0.05 0.04 | 0.03 | 0.03
w14 Bosken 0.04 0.11 0.21 0.19 0.16 | 0.22 | 0.16
W15 Dukan-Lake 0.02 0.03 0.02 0.04 0.04 | 0.03 | 0.03
W16 Qarani-Agha 0.02 0.03 0.04 0.05 0.04 | 0.05 | 0.04
W17 Khdran 0.05 0.01 0.03 0.03 0.03 | 0.12 | 0.05
w18 Hizop 0.01 0.01 0.02 0.04 0.02 | 0.03 | 0.02
w19 Smaquli 0.01 0.01 0.03 0.06 0.05 | 0.02 | 0.03
W20 Jali 0.01 0.01 0.02 0.07 0.02 | 0.02 | 0.03
w21 Qashqoli 0.08 0.01 0.02 0.03 0.03 | 0.03 | 0.03
Mean 0.02 0.02 0.04 0.05 0.04 | 0.04 | 0.03

1QS (2009) guideline value

3mg L™ as NO,-N

WHO (2018) guideline value

3mg L™ as NO,-N

Number of countries and territories setting a regulatory/guideline value
Number of countries and territories setting a regulatory/guideline value

96 (out of 104)

- 2
greater than WHO Guideline
Number of countries and territories setting the WHO Guideline 39
Number of countries and territories setting a regulatory/guideline value 55

less than WHO Guideline

Maximum value set

3.3mg L™ as NO,-N

Minimum value set

0.003 mg L™ as NO,-
N

Median value

0.5 mg L™ as NO,-N
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Table 4.1.14 variation of water NH,-N (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 0.50 0.40 0.15 0.40 0.43 | 0.44 0.39
W2 Mawakan 0.95 0.62 0.71 0.49 0.49 | 0.55 0.64
W3 Shakha-Sur 0.89 1.12 0.62 0.44 0.42 | 0.46 0.66
W4 Siwayl 0.92 1.60 0.27 0.40 0.38 | 0.51 0.68
W5 Kuna-Masi 0.93 1.07 0.27 0.40 040 | 284 0.99
W6 Qashan 0.20 0.03 0.26 0.48 039 | 1.30 0.44
W7 Kawe 0.85 1.20 0.45 0.47 0.44 | 1.66 0.85
W8 Hallsho No 0.30 0.84 0.40 0.39 | 0.55 0.50
W9 Sndollan 1.00 0.10 0.39 0.49 076 | 2.72 0.91
W10 Zharawa No 0.10 0.43 0.39 0.48 | 0.63 0.41
w11 Dolabafra 0.30 No 0.91 0.41 0.40 | 0.48 0.50
W12 | Doli-Shahidan 1.03 0.92 0.81 0.53 0.41 | 0.65 0.73
W13 | Darbany-Ranya 0.82 0.91 0.67 0.62 0.39 | 0.44 0.64
w14 Bosken 3.90 5.10 2.32 3.00 3.08 | 312 3.42
W15 Dukan-Lake 0.93 1.04 0.73 0.42 0.82 | 0.29 0.71
W16 Qarani-Agha 1.00 0.06 0.61 0.51 0.42 | 0.44 0.51
w17 Khdran 0.99 1.00 0.62 0.41 0.46 | 0.57 0.68
w18 Hizop 0.40 0.10 0.41 0.42 041 | 0.32 0.34
W19 Smaquli 0.60 0.20 0.65 0.65 039 | 0.38 0.48
W20 Jali 0.52 0.60 0.72 0.75 0.43 | 0.28 0.55
w21 Qashqoli 0.70 0.04 0.50 0.48 0.57 | 0.39 0.45
Mean 0.83 0.79 . 0.64 0.60 059 | 0.91 0.72
1QS (2009) guideline value None set
WHO (2011) guideline value 1.5mg L™ as NH,-N
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 81 (out of 104)
Maximum value set 3mg L™" as NH,-N
Minimum value set 0.05 mg L™ as NH,-N
Median value 0.2mg L™ as NH,-N
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Table 4.1.15 Monthly variation of water PO,-P (mg L) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 0.07 0.12 0.11 0.08 0.12 | 0.03 | 0.09
W2 Mawakan 0.06 0.08 0.09 0.11 0.10 | 0.01 | 0.08
W3 Shakha-Sur 0.05 0.12 0.09 0.08 0.10 | 0.06 | 0.08
Wz Siwayl 0.04 0.05 0.09 0.10 0.11 | 0.03 | 0.07
W5 Kuna-Masi 0.04 0.02 0.09 0.09 0.05 | 0.05 | 0.06
W6 Qashan 0.06 0.04 0.08 0.08 0.08 | 0.03 | 0.06
W7 Kawe 0.05 0.04 0.06 0.13 0.08 | 0.06 | 0.07
W8 Hallsho No 0.05 0.09 0.10 0.08 | 0.03 | 0.07
W9 Sndollan 0.09 0.06 0.05 0.09 0.09 | 0.06 | 0.07
W10 Zharawa No 0.03 0.09 0.08 0.07 | 0.06 | 0.07
w11 Dolabafra 0.09 No 0.03 0.10 0.07 | 0.06 | 0.07
W12 Doli-Shahidan 0.12 0.08 0.04 0.11 0.04 | 0.06 | 0.08
W13 | Darbany-Ranya 0.04 0.04 0.05 0.12 0.07 | 0.03 | 0.06
w14 Bosken 0.80 1.00 1.16 1.04 0.71 | 050 | 0.87
W15 Dukan-Lake 0.03 0.06 0.08 0.11 0.09 | 0.11 | 0.08
W16 Qarani-Agha 0.06 0.04 0.07 0.08 0.04 | 0.05 | 0.06
W17 Khdran 0.03 0.04 0.09 0.07 0.06 | 0.21 | 0.08
w18 Hizop 0.05 0.06 0.07 0.08 0.07 | 0.05 | 0.06
w19 Smaquli 0.06 0.05 0.08 0.18 0.05 | 0.03 | 0.08
W20 Jali 0.03 0.04 0.06 0.15 0.05 | 0.03 | 0.06
w21 Qashqoli 0.04 0.04 0.07 0.08 0.07 | 0.25 | 0.09
Mean 0.10 0.10 0.13 0.15 0.10 | 0.09 | 0.11
1QS (2009) guideline value None set
WHO (2018) guideline value None set
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Table 4.1.16 Monthly variation of water Ca* (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 45.79 49.27 63.38 66.84 | 49.12 | 49.04 53.91
w2 Mawakan 92.81 97.68 90.68 84.94 | 66.14 | 75.98 84.71
W3 Shakha-Sur 55.88 55.69 65.45 72.82 | 57.56 @ 54.42 60.30
W4 Siwayl 44.08 48.18 51.94 53.68 | 46.28 | 43.88 48.01
W5 Kuna-Masi 51.85 68.24 68.68 78.85 | 59.96 | 61.04 64.77
W6 Qashan 42.05 46.97 57.49 58.92 | 46.14 | 46.05 49.60
w7 Kawe 24.54 45.89 53.98 62.22 | 45.36 | 48.89 46.81
W8 Hallsho No 58.08 40.29 60.65 | 52.06 @ 53.89 52.99
W9 Sndollan 48.06 39.94 49.62 59.08 | 46.04 | 46.87 48.27
W10 Zharawa No 44.97 49.14 53.42 49.48 | 48.76 49.15
w11 Dolabafra 61.97 No 73.04 60.81 | 56.28 | 53.86 61.19
W12 | Doli-Shahidan 40.65 43.48 52.76 56.12 | 50.07 @ 47.97 48.51
W13 | Darbany-Ranya | 40.89 42,98 54.94 55.86 | 44.16 | 28.04 44.48
w14 Bosken 96.28 67.98 75.92 81.94 | 79.98 | 85.78 81.31
W15 Dukan-Lake 36.26 34.98 44.14 57.54 46.85 | 31.76 41.92
W16 Qarani-Agha 60.03 60.89 61.84 60.14 | 53.24 | 55.34 58.58
W17 Khdran 52.87 40.51 63.94 5496 | 56.14 # 55.58 54.00
w18 Hizop 64.05 62.41 62.92 58.80 | 47.12 | 52.32 57.95
w19 Smaquli 80.59 70.12 69.86 62.94 | 58.92  67.98 68.40
W20 Jali 86.97 66.98 61.91 57.94 | 48.72 | 63.92 64.41
w21 Qashqoli 53.27 48.79 39.16 4194 | 47.06 | 47.14 46.23
Mean 56.78 54.70 59.58 61.93 | 52.70 K 53.26 56.49
IQS (2009) guideline value 150 mg L™

WHO (2018) guideline value

None specified

Number of countries and territories setting a regulatory/guideline value

31 (out of 104)

Maximum value set 500 mg L™
Minimum value set 30mgL*?
Median value 150 mg L™
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Table 4.1.17 Monthly variation of water Mg*? (mg L ™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
W1 Joga-Sur 14.40 19.29 11.97 10.92 | 17.28 | 16.32 | 15.03
w2 Mawakan 13.94 18.27 14.98 12.56 | 20.04 | 24.36 | 17.36
W3 Shakha-Sur 17.80 20.92 17.48 9.76 | 12.46 | 15.95 | 15.73
W4 Siwayl 19.20 18.72 15.88 1454 | 20.52 | 18.96 | 17.97
W5 Kuna-Masi 24.87 23.16 18.72 11.89 | 14.98 | 18.84 @ 18.74
W6 Qashan 24.01 17.96 18.12 15.78 | 21.12 | 16.76 | 18.96
W7 Kawe 26.40 25.68 14.86 10.61 | 1584 | 9.98 | 17.23
w8 Hallsho No 25.18 25.23 9.92 | 16.04 | 17.79 | 18.83
W9 Sndollan 16.47 27.92 16.63 15.84 | 15.72 | 11.69  17.38
W10 Zharawa No 14.86 17.08 9.96 9.96 | 8.16 | 12.00
w11 Dolabafra 8.87 No 10.11 9.76 | 10.92 | 10.96 | 10.12
W12 | Doli-Shahidan | 26.40 20.76 14.93 13.25 | 10.02 | 12.88 | 16.37
W13 | Darbany-Ranya | 7.29 14.11 14.86 16.92 | 17.12 | 16.08 @ 14.40
w14 Bosken 26.40 45.98 41.78 23.88 | 16.86 | 23.36 | 29.71
W15 Dukan-Lake 12.02 16.92 17.04 11.76 | 10.96 | 10.24 | 13.16
W16 Qarani-Agha 25.04 30.94 27.76 2494 | 27.16 | 22.02 | 26.31
W17 Khdran 26.40 32.28 31.78 34.94 | 3456 | 29.86 | 31.64
w18 Hizop 52.80 45.24 34.98 37.86 | 40.92 | 54.12 | 44.32
w19 Smaquli 24.27 38.88 34.72 33.97 | 38.78 | 33.96 | 34.10
W20 Jali 22.80 39.88 38.52 37.79 | 39.96 | 36.84 | 35.97
w21 Qashqoli 15.98 16.98 26.12 19.86 | 13.94 | 15.24 | 18.02
Mean 21.33 25.70 22.07 18.41 | 20.25 | 20.21 | 21.33
IQS (2009) guideline value 150 mg L™
WHO (2018) guideline value None specified
Number of countries and territories setting a regulatory/guideline value 34 (out of 104)
Maximum value set 1000 mg L™
Minimum value set 10mg L™
Median value 100 mg L™
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Table 4.1.18 Monthly variation of water TH (mg L™) during the period of study.

Site

Months

codes Site names August | November | February | March | April May Mean
W1 Joga-Sur 173.55 202.36 207.45 211.77 | 193.71 189.56 196.40
w2 Mawakan 289.02 318.98 287.98 | 263.69 | 247.55 | 289.88 282.85
W3 Shakha-Sur 212.72 225.09 23530 | 221.92 | 194.94 | 201.46 215.24
Wz Siwayl 189.03 197.29 19499 | 193.82 | 199.96 | 187.54 193.77
W5 Kuna-Masi 231.76 265.63 248.46 | 24573 | 211.30 | 229.88 238.79
W6 Qashan 203.76 191.14 218.06 | 212.00 | 202.07 = 183.91 201.82
W7 Kawe 169.89 220.22 195.88 | 198.96 | 178.40 | 163.10 187.74
w8 Hallsho No 248.58 204.38 | 192.20 | 195.95 | 207.71 209.76
W9 Sndollan 187.73 214.58 192.28 | 212.65 | 179.60 | 165.09 191.99
W10 Zharawa No 173.39 192.94 174.32 | 164.49 155.28 172.08
w11 Dolabafra 191.18 No 22391 | 191.95 | 185.41 179.53 194.40
W12 | Doli-Shahidan | 210.10 193.95 193.12 | 194.60 | 166.21 | 172.73 188.45
W13 | Darbany-Ranya | 132.06 165.34 198.28 | 209.05 | 180.67 | 136.16 170.26
w14 Bosken 348.95 358.88 361.42 | 302.79 | 269.01 | 310.23 325.21
W15 Dukan-Lake 139.97 156.94 180.29 192.01 | 162.04 121.41 158.78
W16 Qarani-Agha | 252.87 279.30 268.58 | 252.74 | 244.65 228.74 254.48
W17 Khdran 240.60 233.95 290.37 | 280.96 | 282.34 | 261.60 264.97
w18 Hizop 377.14 341.94 300.99 | 302.78 | 286.00 | 353.29 327.02
W19 Smaquli 301.02 335.01 317.24 | 296.88 | 306.64 | 309.42 311.04
W20 Jali 310.90 331.29 313.04 | 300.13 | 286.04 | 311.14 308.76
w21 Qashqoli 198.72 191.65 205.23 | 186.40 | 174.83 | 180.37 189.53
Mean 229.52 242.28 239.53 | 230.35 | 214.85 | 216.10 228.77

1QS (2009) guideline value

500 mg L™ as CaCO;

WHO (2011) guideline value

500 mg L™ as CaCO;

WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 57 (out of 104)
Maximum value set 1000 mg L™
Minimum value set 100 mg L™
Median value 500 mg L™
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Table 4.1.19 Monthly variation of water Na* (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May
w1 Joga-Sur 11.27 7.97 11.86 5.49 5.67 7.93 8.37
W2 Mawakan 36.30 29.88 22.96 16.96 | 19.43 | 25.36 25.15
W3 Shakha-Sur 17.18 13.95 10.83 758 | 7.66 9.97 11.20
Wz Siwayl 15.20 9.96 9.16 797 | 6.81 9.79 9.82
W5 Kuna-Masi 11.29 4.98 6.66 2.89 | 3.89 6.82 6.09
W6 Qashan 12.75 11.96 10.21 7.88 | 6.53 7.98 9.55
w7 Kawe 10.78 12.95 8.33 6.54 | 5.16 6.62 8.40
w8 Hallsho No 8.96 5.08 358 | 4.32 5.68 5.52
W9 Sndollan 12.35 12.95 8.93 488 | 5.27 9.83 9.04
W10 Zharawa No 7.97 5.03 3.39 4.82 5.87 5.42
w1l Dolabafra 7.86 No 3.03 3.49 | 3.62 4.98 4.60
W12 | Doli-Shahidan 10.78 7.97 5.43 449 | 3.85 5.87 6.40
W13 | Darbany-Ranya 8.82 8.96 8.93 578 | 4.36 6.43 7.21
w14 Bosken 41.75 67.94 32.89 28.95 | 25.83 | 28.81 37.70
W15 Dukan-Lake 8.82 7.97 8.13 6.08 6.17 71.57 7.46
W16 Qarani-Agha 9.38 7.97 5.24 3.18 | 4.86 7.02 6.28
W17 Khdran 7.94 6.97 10.93 9.27 | 8.97 8.93 8.84
w18 Hizop 93.25 44.82 27.89 31.96 | 35.26 | 51.12 47.38
W19 Smaquli 15.69 12.95 35.86 22.89 | 20.68 | 13.99 20.34
W20 Jali 63.93 39.84 25.82 27.82 | 30.22 | 43.72 38.56
w21 Qashqoli 9.80 9.96 9.08 8.68 | 7.04 7.96 8.75
Mean 21.32 16.84 | 12.97 10.46 | 10.50 | 13.44 14.26
IQS (2009) guideline value 200 mg L™
WHO (2018) guideline value None specified
Number of countries and territories setting a regulatory/guideline value 81 (out of 104)
Maximum value set 400 mg L™
Minimum value set 100 mg L™
Median value 200mg L™
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Table 4.1.20 Monthly variation of water K* (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 1.64 1.37 1.39 0.90 091 | 1.19 | 1.23
W2 Mawakan 2.89 2.35 2.08 1.99 1.78 | 218 | 221
W3 Shakha-Sur 1.99 1.86 1.58 1.10 099 | 1.39 | 1.49
W4 Siwayl 1.45 0.88 0.89 0.83 0.89 | 0.79 | 0.96
W5 Kuna-Masi 1.93 1.18 1.39 1.20 129 | 218 | 153
W6 Qashan 1.35 1.18 0.99 0.91 0.89 | 1.09 | 1.07
W7 Kawe 2.60 2.65 1.58 1.71 149 | 158 | 194
w8 Hallsho No 1.37 2.08 1.10 1.09 | 1.19 | 1.37
W9 Sndollan 2.80 2.45 1.68 1.50 168 | 1.58 | 1.95
W10 Zharawa No 2.06 1.39 1.09 119 | 1.09| 1.36
w11 Dolabafra 1.79 No 0.79 0.72 0.69 | 0.89 | 0.98
W12 | Doli-Shahidan 1.54 1.47 0.99 0.71 0.74 | 0.89 | 1.06
W13 | Darbany-Ranya | 2.12 1.86 1.49 1.43 129 | 1.68 | 1.65
w14 Bosken 7.71 9.51 8.91 5.49 485 | 347 | 6.66
W15 Dukan-Lake 2.31 1.86 1.98 1.40 149 | 1.88 1.82
W16 Qarani-Agha 1.75 1.57 1.09 1.10 099 | 198 | 141
w17 Khdran 0.96 0.78 1.68 1.50 129 | 188 | 1.35
w18 Hizop 4.53 4.12 3.07 3.19 2.87 | 495 | 3.79
w19 Smaquli 3.18 2.65 4.16 4.99 3.57 | 2.87 | 3.57
W20 Jali 6.94 4.02 2.87 2.69 2.67 | 3.17 | 3.73
w21 Qashqoli 1.87 1.76 2.08 1.90 188 | 198 | 1091
Mean 2.70 2.35 2.10 1.78 1.64 | 1.90 | 208
1QS (2009) guideline value None set
WHO (2011) guideline value 12mgL™?
WHO (2018) guideline value None specified
Number of coluntrles and territories setting a 12 (out of 104)
regulatory/guideline value
Maximum value set 50mg L™
Minimum value set 1.5mg L™
Median value 10mgL™”
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Table 4.1.21 Monthly variation of water CI" (mg L™) during the period of study.

Sites Site names Months Mean
code August | November | February | March | April | May
w1 Joga-Sur 11.36 18.62 12.07 7.39 6.75 | 9.23 10.90
w2 Mawakan 24.02 15.62 16.37 13.16 | 8.89 | 16.88 | 15.82
w3 Shakha-Sur 15.81 18.17 11.36 7.10 512 | 8.09 10.94
W4 Siwayl 15.62 18.46 14.56 1298 | 7.10 | 13.04 | 13.63
W5 Kuna-Masi 10.15 11.01 16.69 6.04 513 | 7.62 9.44
W6 Qashan 16.69 26.98 14.19 13.27 | 8.02 | 6.75 14.32
w7 Kawe 9.23 32.31 5.68 9.72 8.08 | 9.05 12.35
w8 Hallsho No 23.79 1.87 4.84 526 | 9.94 9.14
W9 Sndollan 11.01 33.53 8.17 11.14 | 6.06 | 8.24 13.03
W10 Zharawa No 22.17 4.97 8.41 3.84 | 6.06 9.09
w11 Dolabafra 7.46 No 3.99 4.64 2.89 | 6.09 5.01
W12 | Doli-Shahidan 8.52 23.08 4.62 4.39 3.98 | 6.46 8.51
W13 | Darbany-Ranya 7.46 26.13 6.75 9.78 | 10.05 | 8.17 11.39
w14 Bosken 51.96 81.75 37.19 31.18 | 26.09 | 24.24 | 42.07
W15 Dukan-Lake 25.56 15.98 5.73 6.03 499 | 981 11.35
W16 Qarani-Agha 6.98 14.16 3.20 10.07 | 9.89 | 9.78 9.01
w17 Khdran 18.82 16.69 10.65 12.07 | 12.27 | 13.27 | 13.96
w18 Hizop 116.09 80.59 31.53 2413 | 34.44 | 83.03  61.64
w19 Smaquli 13.85 11.36 20.16 16.11 | 11.72 | 12.18 | 14.23
W20 Jali 101.00 70.29 32.26 33.14 | 28.05 | 46.09 | 51.81
w21 Qashqoli 20.15 32.12 14.56 10.08 | 5.33 | 9.85 15.35
Mean 25.88 29.64 13.17 12.17 | 10.19 | 1542 | 17.75
1QS (2009) guideline value 250 mg L™
WHO (2011) guideline value 250 mg L™
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory / guideline value 100 (out of 104)
Number of countries and territories setting a regulatory / guideline value 15
greater than WHO Guideline recommendation of 250 mg L™
Number of countries and territories setting a regulatory / guideline value at the 77
WHO Guideline recommendation of 250 mg L™
Number of countries and territories setting a regulatory / guideline value less 8
than WHO Guideline recommendation of 250 mg L™
Maximum value set 1200 mg L™
Minimum value set 20mg L™
Median value 250 mg L™
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Table 4.1.22 Monthly variation of water SO, (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 22 30 34 20 23 28 26
W2 Mawakan 73 71 84 58 50 83 70
w3 Shakha-Sur 46 37 37 26 24 47 36
W4 Siwayl 24 27 31 25 21 26 26
W5 Kuna-Masi 22 18 28 25 23 37 26
W6 Qashan 25 34 33 26 25 27 28
W7 Kawe 38 33 29 29 26 24 30
w8 Hallsho No 38 31 26 29 27 30
W9 Sndollan 27 36 32 26 25 23 28
W10 Zharawa No 25 26 21 23 25 24
w11 Dolabafra 33 No 24 21 23 27 26
W12 | Doli-Shahidan 26 30 28 22 25 27 26
W13 | Darbany-Ranya 26 27 37 25 22 24 27
w14 Bosken 51 80 67 56 60 52 61
W15 Dukan-Lake 25 27 34 26 23 20 26
W16 Qarani-Agha 68 78 67 49 53 64 63
w17 Khdran 35 19 52 53 54 52 44
w18 Hizop 99 67 95 111 97 95 94
w19 Smaquli 62 57 125 115 117 | 108 97
W20 Jali 63 58 87 87 86 83 77
w21 Qashqoli 25 26 34 31 37 46 33
Mean 42 41 ' 48 42 41 45 43
IQS (2009) guideline value 250 mg L™
WHO (2011) guideline value 250 mg L*
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 97 (out of 104)
Maximum value set 800 mg L™
Minimum value set 50mg L™
Median value 250 mg L*
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Table 4.1.23 Monthly variation of water Alkalinity (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May
w1 Joga-Sur 219.36 221.24 239.13 | 231.68 | 215.94 | 207.16 | 222.42
W2 Mawakan 365.02 388.33 300.21 | 271.01 | 258.64 | 301.05 | 314.04
W3 Shakha-Sur 252.33 258.62 256.81 | 253.29 | 226.31 | 214.31 | 243.61
W4 Siwayl 224.18 196.42 202.62 | 205.33 | 221.92 | 203.29 | 208.96
W5 Kuna-Masi 295.32 301.17 261.69 | 276.41 | 244.33 | 251.13 | 271.68
W6 Qashan 215.03 192.08 221.87 | 228.39 | 220.17 | 203.18 | 213.45
W7 Kawe 179.65 208.84 215.21 | 209.60 | 184.22 | 175.78 | 195.55
w8 Hallsho No 228.75 219.04 | 204.11 | 195.81 | 218.43 | 213.23
W9 Sndollan 190.93 219.02 219.36 | 217.53 | 194.42 | 189.12 | 205.06
W10 Zharawa No 171.12 197.03 | 191.09 | 180.49 | 169.95 | 181.94
w1l Dolabafra 221.17 No 216.92 | 215.07 | 200.69 | 190.32 | 208.83
W12 | Doli-Shahidan | 237.60 191.03 208.99 | 212.65 | 163.48 | 181.18 | 199.16
W13 | Darbany-Ranya | 154.69 161.73 217.17 | 227.34 | 190.32 | 132.37 | 180.60
w14 Bosken 437.20 441.15 423.26 | 360.01 @ 282.43 | 354.07 | 383.02
W15 Dukan-Lake 128.41 158.43 185.44 201.07 | 185.01 | 129.06 & 164.57
W16 Qarani-Agha | 206.42 263.01 251.98 | 245.59 | 232.46 | 202.52 | 233.66
W17 Khdran 263.99 246.44 311.07 | 298.16 K 285.31 | 271.89 | 279.48
W18 Hizop 390.71 306.22 292.22 | 308.04 | 270.84 | 311.76 | 313.30
W19 Smaquli 348.31 350.75 321.15 | 292.10 | 294.51 | 275.36 | 313.70
W20 Jali 371.55 360.18 311.15 | 301.01 | 270.23 | 324.62 | 323.12
w21 Qashqoli 228.51 187.14 184.22 | 205.09 | 182.76 | 171.41 | 193.19
Mean 259.49 252.58 250.31 | 245.46 | 223.82 | 222.76 | 242.40
1QS (2009) guideline value 125 mg I
WHO (2011) guideline value 200 mg I
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Table 4.2.1 Monthly variation of Fe in water (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March April | May
w1 Joga-Sur 0.231 0.241 0.271 0.262 0.268 | 0.250 | 0.254
W2 Mawakan 0.227 0.213 0.279 0.265 0.268 | 0.239 | 0.249
W3 Shakha-Sur 0.243 0.226 0.266 0.259 0.244 | 0.247 | 0.248
W4 Siwayl 0.218 0.215 0.225 0.222 0.218 | 0.211 | 0.218
W5 Kuna-Masi 0.231 0.221 0.249 0.251 0.242 | 0.234 | 0.238
W6 Qashan 0.226 0.219 0.240 0.235 0.088 | 0.228 | 0.206
W7 Kawe 0.232 0.246 0.297 0.295 0.295 | 0.247 | 0.269
W8 Hallsho No 0.181 0.213 0.206 0.194 | 0.175 | 0.194
W9 Sndollan 0.318 0.305 0.294 0.272 0.279 | 0.281 | 0.292
w10 Zharawa No 0.314 0.326 0.302 0.309 | 0.292 | 0.309
w11 Dolabafra 0.214 No 0.259 0.263 0.253 | 0.219 | 0.242
W12 | Doli-Shahidan 0.269 0.262 0.339 0.347 0.329 | 0.300 | 0.308
W13 | Darbany-Ranya | 0.243 0.251 0.332 0.319 0.313 | 0.261 | 0.287
w14 Bosken 0.389 0.382 0.336 0.303 0.292 | 0.326 | 0.338
W15 Dukan-Lake 0.196 0.212 0.182 0.208 0.213 | 0.204 | 0.203
W16 Qarani-Agha 0.308 0.301 0.335 0.253 0.264 | 0.313 | 0.296
W17 Khdran 0.211 0.203 0.236 0.226 0.225 | 0.190 | 0.215
w18 Hizop 0.273 0.224 0.337 0.321 0.296 | 0.286 | 0.290
W19 Smagquli 0.234 0.228 0.283 0.270 0.257 | 0.241 | 0.252
w20 Jali 0.259 0.242 0.306 0.302 0.279 | 0.260 | 0.275
w21 Qashqoli 0.195 0.187 0.270 0.294 0.268 | 0.198 | 0.235
Mean 0.248 0.244 0.280 0.270 0.257 | 0.248 | 0.258
IQS (2009) guideline value 03mgL*
WHO (2018) guideline value None set
. o . - 99 (out of
Number of countries and territories setting a regulatory/guideline value 104)
Maximum value set 2mg L™
Minimum value set 02mg L™
Median value (permissible value) 03mgL*
Desirible value None set
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Table 4.2.2 Monthly variation of Cu in water (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
w1 Joga-Sur 0.009 0.008 0.013 0.011 | 0.010 | 0.009 | 0.010
W2 Mawakan 0.004 0.007 0.013 0.011 | 0.011 | 0.009 | 0.009
w3 Shakha-Sur 0.005 0.008 0.014 0.012 | 0.011 | 0.010 | 0.010
W4 Siwayl 0.009 0.008 0.015 0.013 | 0.012 | 0.010 | 0.011
W5 Kuna-Masi 0.003 0.007 0.009 0.009 | 0.008 | 0.008 | 0.007
W6 Qashan 0.002 0.008 0.012 0.011 | 0.011 | 0.009 | 0.009
w7 Kawe 0.007 0.011 0.014 0.012 | 0.010 | 0.008 | 0.010
w8 Hallsho No 0.008 0.012 0.011 | 0.009 | 0.008 | 0.010
W9 Sndollan 0.007 0.009 0.013 0.011 | 0.009 | 0.006 | 0.009
W10 Zharawa No 0.009 0.013 0.012 | 0.012 | 0.010 | 0.011
w1l Dolabafra 0.007 No 0.013 0.011 | 0.010 | 0.008 | 0.010
W12 Doli-Shahidan 0.005 0.011 0.014 0.012 | 0.010 | 0.007 | 0.010
W13 | Darbany-Ranya | 0.010 0.010 0.015 0.013 | 0.012 | 0.007 | 0.011
w14 Bosken 0.007 0.008 0.016 0.014 | 0.012 | 0.008 | 0.011
W15 Dukan-Lake 0.009 0.010 0.013 0.012 | 0.011 | 0.008 | 0.011
W16 Qarani-Agha 0.006 0.009 0.014 0.012 | 0.011 | 0.009 | 0.010
w17 Khdran 0.009 0.008 0.014 0.012 | 0.010 | 0.008 | 0.010
w18 Hizop 0.006 0.010 0.013 0.013 | 0.012 | 0.010 | 0.011
W19 Smaquli 0.006 0.009 0.014 0.012 | 0.011 | 0.009 | 0.010
W20 Jali 0.005 0.007 0.014 0.014 | 0.013 | 0.010 | 0.011
w21 Qashgoli 0.009 0.010 0.014 0.013 | 0.012 | 0.009 | 0.011
Mean 0.007 0.009 0.013 0.012 | 0.011 | 0.009 | 0.010
IQS (2009) guideline value 1mgL™?
WHO (2018) guideline value 2mgL?
Number of countries and territories setting a regulatory/guideline value 104 (out of 104)
Number of countries and territories setting a regulatory / guideline value greater )
than WHO Guideline
Number of countries and territories setting the WHO Guideline 51
Number of countries and territories setting a regulatory / guideline value less 51
than WHO Guideline
Maximum value set 3mgL?
Minimum value set 0.05mg L™
Median value (permissible value) 1.5mgL™
Desirible value 2mg L™
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Table 4.2.3 Monthly variation of Zn in water (mg L™) during the period of study.

Site . Months
codes Site names August | November | February | March | April | May Mean
W1 Joga-Sur 0.143 0.148 0.125 0.127 | 0.131 | 0.134 | 0.135
W2 Mawakan 0.179 0.182 0.162 0.163 | 0.167 | 0.169 | 0.170
W3 Shakha-Sur 0.148 0.157 0.132 0.137 | 0.139 | 0.141 | 0.142
W4 Siwayl 0.155 0.156 0.136 0.138 | 0.139 | 0.144 | 0.145
W5 Kuna-Masi 0.134 0.144 0.112 0.117 | 0.120 | 0.123 | 0.125
W6 Qashan 0.146 0.146 0.131 0.135 | 0.136 | 0.138 | 0.139
w7 Kawe 0.164 0.161 0.148 0.152 | 0.156 | 0.157 | 0.156
w8 Hallsho No 0.126 0.117 0.119 | 0.122 | 0.125 | 0.122
W9 Sndollan 0.173 0.171 0.154 0.157 | 0.159 | 0.162 | 0.163
W10 Zharawa No 0.137 0.126 0.129 | 0.132 | 0.135 | 0.132
w11 Dolabafra 0.150 No 0.131 0.134 | 0.137 | 0.139 | 0.138
W12 | Doli-Shahidan 0.161 0.157 0.143 0.147 | 0.149 | 0.152 | 0.152
W13 | Darbany-Ranya | 0.154 0.154 0.139 0.142 | 0.144 | 0.146 | 0.147
w14 Bosken 0.223 0.220 0.207 0.209 | 0.211 | 0.213 | 0.214
W15 Dukan-Lake 0.156 0.152 0.139 0.141 | 0.143 | 0.146 | 0.146
W16 Qarani-Agha 0.150 0.150 0.136 0.141 | 0.143 | 0.144 | 0.144
w17 Khdran 0.165 0.163 0.151 0.153 | 0.158 | 0.157 | 0.158
w18 Hizop 0.171 0.174 0.155 0.158 | 0.161 | 0.164 | 0.164
w19 Smaquli 0.169 0.172 0.145 0.149 | 0.153 | 0.159 | 0.158
W20 Jali 0.196 0.200 0.174 0.178 | 0.181 | 0.185 | 0.186
w21 Qashqoli 0.151 0.148 0.134 0.137 | 0.140 | 0.141 | 0.142
Mean 0.163 0.161 0.143 0.146 | 0.149 | 0.151 | 0.152
IQS (2009) guideline value 3mg L™
WHO (2018) guideline value None set
Number of countries and territories setting a regulatory/guideline value 74 (out of 104)
Maximum value set 15mgL"
Minimum value set 1mgL™
Median value (permissible value) 5mg L™
Desirible value 5 mg L?
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Table 4.2.4 Monthly variation of Mn in water (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May
w1 Joga-Sur 0.002 0.002 0.001 0.001 | 0.001 0.001 0.001
w2 Mawakan 0.004 0.002 0.002 0.002 | 0.002 0.002 0.002
W3 Shakha-Sur 0.002 0.002 0.001 0.001 | 0.001 0.001 0.001
W4 Siwayl 0.003 0.002 0.003 0.002 | 0.002 0.002 0.002
W5 Kuna-Masi 0.001 0.002 0.002 0.002 | 0.002 0.001 0.002
W6 Qashan 0.003 0.002 0.002 0.002 | 0.002 0.002 0.002
W7 Kawe 0.003 0.002 0.003 0.002 | 0.003 0.002 0.003
w8 Hallsho No 0.001 0.002 0.001 | 0.001 0.001 0.001
W9 Sndollan 0.004 0.002 0.003 0.002 | 0.001 0.001 0.002
w10 Zharawa No 0.001 0.002 0.001 | 0.001 0.001 0.001
w11 Dolabafra 0.001 No 0.002 0.001 | 0.001 0.001 0.001
W12 Doli-Shahidan 0.003 0.002 0.005 0.002 | 0.002 0.002 0.003
W13 | Darbany-Ranya | 0.006 0.004 0.006 0.006 | 0.005 0.002 0.005
w14 Bosken 0.067 0.052 0.033 0.023 | 0.021 0.018 0.036
W15 Dukan-Lake 0.004 0.002 0.004 0.002 | 0.003 0.003 0.003
W16 Qarani-Agha 0.004 0.003 0.005 0.003 | 0.003 0.003 0.004
W17 Khdran 0.005 0.004 0.002 0.002 | 0.001 0.001 0.003
w18 Hizop 0.005 0.004 0.003 0.002 | 0.002 0.002 0.003
w19 Smaquli 0.002 0.002 0.003 0.002 | 0.002 0.002 0.002
W20 Jali 0.006 0.003 0.002 0.002 | 0.001 0.001 0.003
w21 Qashqoli 0.007 0.016 0.005 0.006 | 0.007 0.006 0.008
Mean 0.007 0.006 0.004 0.003 | 0.003 0.003 0.004
IQS (2009) guideline value 0.1mg L™

WHO (2018) guideline value

No value established in the
fourth edition, previously

0.4mgL*

Number of countries and territories setting a regulatory/guideline
value
Number of countries and territories setting a regulatory / guideline

103 (out of 104)

. . 1
value greater than the previous WHO Guideline o
Number of countries and territories setting the previous WHO 1
Guideline
Number of countries and territories setting a regulatory / guideline 73
value less than the previous WHO Guideline
Maximum value set 05mgL™
Minimum value set 0.05mg L™
Median value (permissible value) 0.1mglL™t
Desirible value 0.4mgL*
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Table 4.2.5 Monthly variation of Pb in water (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May
w1 Joga-Sur 0.031 0.064 0.062 0.054 0.026 | 0.019 | 0.043
w2 Mawakan 0.078 0.084 0.072 0.051 0.041 | 0.044 | 0.062
w3 Shakha-Sur 0.072 0.068 0.057 0.042 0.036 | 0.028 | 0.051
W4 Siwayl 0.043 0.077 0.055 0.051 0.047 | 0.055 | 0.055
W5 Kuna-Masi 0.076 0.079 0.072 0.061 0.058 | 0.087 | 0.072
W6 Qashan 0.052 0.069 0.062 0.056 0.062 | 0.070 | 0.062
w7 Kawe 0.021 0.071 0.054 0.051 0.041 | 0.052 | 0.048
w8 Hallsho No 0.064 0.048 0.026 0.020 | 0.023 | 0.036
W9 Sndollan 0.052 0.091 0.079 0.037 0.034 | 0.042 | 0.056
W10 Zharawa No 0.074 0.070 0.042 0.036 | 0.043 | 0.053
wi1 Dolabafra 0.037 No 0.070 0.040 0.038 | 0.043 | 0.046
w12 Doli-Shahidan 0.084 0.075 0.038 0.026 0.022 | 0.030 | 0.046
W13 | Darbany-Ranya | 0.033 0.067 0.056 0.042 0.038 | 0.046 | 0.047
w14 Bosken 0.055 0.050 0.077 0.027 0.023 | 0.032 | 0.044
W15 Dukan-Lake 0.031 0.045 0.058 0.051 0.045 | 0.043 | 0.046
W16 Qarani-Agha 0.049 0.080 0.041 0.038 0.047 | 0.048 | 0.051
w17 Khdran 0.043 0.055 0.079 0.043 0.036 | 0.046 | 0.050
w18 Hizop 0.006 0.051 0.065 0.044 0.032 | 0.038 | 0.039
w19 Smagquli 0.053 0.059 0.062 0.045 0.041 | 0.053 | 0.052
W20 Jali 0.050 0.061 0.061 0.052 0.045 | 0.050 | 0.053
w21 Qashgoli 0.031 0.044 0.065 0.046 0.041 | 0.050 | 0.046
Mean 0.047 0.066 | 0.062 0.044 0.039 | 0.045 | 0.051
1QS (2009) guideline value 0.01mg L™
WHO (2018) guideline value 0.01mg L™
Number of countries and territories setting a regulatory / guideline value 104 (out of 104)

Number of countries and territories setting a regulatory / guideline value greater

than WHO Guideline 19

Number of countries and territories setting the WHO Guideline 84

Number of countries and territories setting a regulatory / guideline value less than

WHO Guideline 1
Maximum value set 0.1mgL™
Minimum value set 0.005mg L™
Median value (permissible value) 0.01mg L™
Desirible value 0.01mg L™
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Table 4.2.6 Monthly variation of Cd in water (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May
w1 Joga-Sur 0.112 0.117 0.099 0.103 | 0.107 | 0.096 0.106
w2 Mawakan 0.116 0.121 0.094 0.097 | 0.109 | 0.087 0.104
w3 Shakha-Sur 0.110 0.117 0.091 0.095 | 0.103 | 0.085 0.100
W4 Siwayl 0.109 0.116 0.093 0.097 | 0.105 | 0.087 0.101
W5 Kuna-Masi 0.102 0.109 0.086 0.091 | 0.093 | 0.083 0.094
W6 Qashan 0.113 0.115 0.101 0.105 | 0.108 | 0.097 0.107
w7 Kawe 0.114 0.119 0.101 0.107 | 0.109 | 0.094 0.107
w8 Hallsho No 0.109 0.095 0.098 | 0.103 | 0.091 0.099
W9 Sndollan 0.117 0.124 0.110 0.113 | 0.115 | 0.106 0.114
W10 Zharawa No 0.121 0.109 0.116 | 0.118 | 0.107 0.114
w11 Dolabafra 0.091 No 0.078 0.083 | 0.086 @ 0.074 0.082
W12 | Doli-Shahidan 0.131 0.137 0.121 0.124 | 0.127 | 0.118 0.126
W13 | Darbany-Ranya | 0.118 0.123 0.109 0.111 | 0.112 | 0.109 0.114
w14 Bosken 0.148 0.153 0.142 0.144 | 0.146 | 0.138 0.145
W15 Dukan-Lake 0.119 0.125 0.105 0.111 0.113 | 0.101 0.112
W16 Qarani-Agha 0.126 0.132 0.113 0.116 | 0.119 | 0.111 0.120
w17 Khdran 0.105 0.111 0.094 0.096 | 0.099 | 0.091 0.099
w18 Hizop 0.103 0.108 0.082 0.087 | 0.094 | 0.079 0.092
w19 Smaquli 0.106 0.111 0.096 0.098 | 0.101 | 0.093 0.101
W20 Jali 0.111 0.116 0.097 0.099 | 0.105 | 0.093 0.104
w21 Qashqoli 0.126 0.129 0.115 0.119 | 0.121 | 0.112 0.120
Mean 0.115 0.121 0.101 0.105 | 0.109 | 0.098 0.108
IQS (2009) guideline value 0.003mg L™
WHO (2018) guideline value 0.003mg L™
Number of countries and territories setting a regulatory / guideline value 101 (out of 104)
Number of countries and territories setting a regulatory / guideline value greater 59
than WHO Guideline
Number of countries and territories setting the WHO Guideline 38
Number of countries and territories setting a regulatory / guideline value less 4
than WHO Guideline
Maximum value set 0.05mg L™
Minimum value set 0.001 mg L™
Median value (permissible value) 0.005 mg L™
Desirible value 0.003mg L™
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Table 4.2.7 Monthly variation of Cr in water (mg L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March | April May
w1 Joga-Sur 0.506 0.474 0.464 0.468 | 0.473 | 0.481 0.478
W2 Mawakan 0.646 0.584 0.568 0.575 | 0.584 | 0.606 0.594
W3 Shakha-Sur 0.618 0.521 0.508 0.518 | 0.535 | 0.577 0.546
W4 Siwayl 0.598 0.461 0.436 0.452 | 0.464 | 0.486 0.483
W5 Kuna-Masi 0.574 0.397 0.358 0.373 | 0.398 | 0.448 0.425
W6 Qashan 0.523 0.406 0.397 0.407 | 0.413 | 0.427 0.429
w7 Kawe 0.639 0.685 0.498 0.503 | 0.516 | 0.523 0.561
W8 Hallsho No 0.498 0.487 0.496 | 0.501 | 0.511 0.499
W9 Sndollan 0.483 0.444 0.432 0.446 | 0.451 | 0.458 0.452
W10 Zharawa No 0.421 0.414 0.419 | 0.423 0.437 0.423
w11 Dolabafra 0.478 No 0.432 0.437 | 0.446 | 0.454 0.449
W12 | Doli-Shahidan 0.606 0.553 0.534 0.542 | 0.557 | 0.573 0.561
W13 | Darbany-Ranya | 0.728 0.653 0.632 0.622 | 0.611 | 0.634 0.647
W14 Bosken 0.790 0.693 0.688 0.683 | 0.692 | 0.704 0.708
W15 Dukan-Lake 0.655 0.211 0.489 0.511 | 0.525 | 0.589 0.497
W16 Qarani-Agha 0.600 0.687 0.367 0.404 | 0.442 | 0.518 0.503
W17 Khdran 0.587 0.509 0.493 0.502 | 0,511 | 0.531 0.522
w18 Hizop 0.595 0.477 0.441 0.466 | 0.487 | 0.515 0.497
W19 Smaquli 0.602 0.493 0.476 0.484 | 0.503 | 0.522 0.513
W20 Jali 0.614 0.685 0.484 0.488 | 0.492 | 0.544 0.551
w21 Qashqoli 0.636 0.683 0.545 0.551 | 0.559 | 0.614 0.598
Mean 0.604 0.527 0.483 0.493 | 0.504 | 0.531 0.524
IQS (2009) guideline value 0.05mg L™
WHO (2018) guideline value 0.05mg L™

Number of countries and territories setting a regulatory / guideline value
Number of countries and territories setting a regulatory / guideline value

99 (out of 104)

greater than WHO Guideline 3
Number of countries and territories setting the WHO Guideline 94
Number of countries and territories setting a regulatory / guideline value less 1

than WHO Guideline

Maximum value set 0.5mg L™
Minimum value set 0.04 mg L™
Median value (permissible value) 0.05mg L™
Desirible value 0.05mg L™
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Table 4.6.1 Modeling parameters for the month of August 2016.

. Temp. | Velocity | Time BODs DO DO
Site names °C kmhr? | days™ | mgL? | initial | Deficit Lo Kl K2 F
Joga-Sur 29.2 3.13 0 2.43 5.85 1.81 2.94 0 0 0
Mawakan 18.3 2.77 0.0228 3.42 4.36 5.05 5.22 | 8.037 | 30.792 | 3.831
Shakha-Sur 24.0 4.14 0.0402 2.81 4.81 3.61 3.75 | 3.121 | 13.877 | 4.446
Siwayl 29.1 1.50 0.3033 2.73 6.65 1.02 3.31 | 0.274 | 0.035 | 0.127
Kuna-Masi 21.6 0.79 0.0242 3.01 7.12 1.69 4.24 | 6.137 | 9.448 | 1.539
Qashan 31.1 3.27 0.4748 2.44 6.4 1.01 2.86 | 0.146 | 0.012 | 0.084
Kawe 27.6 5.40 0.7103 4.13 6.85 1.03 5.13 | 0.133 | 0.019 | 0.139
Hallsho 0.0 0.00 0.0000 0.00 0.00 0.00 0.00 | 0.000 | 0.000 | 0.000
Sndollan 29.2 4.79 0.9875 3.93 6.65 1.01 4,75 | 0.083 | 0.005 | 0.055
Zharawa 0.0 0.00 0.0000 0.00 0.00 0.00 0.00 | 0.000 | 0.000 | 0.000
Dolabafra 26.8 0.36 0.5787 4.19 6.95 1.04 529 | 0.174 | 0.033 | 0.189
Doli-Shahidan | 25.4 4.50 0.0229 6.89 7.04 1.16 8.93 | 4931 | 2.840 | 0.576
Bosken 29.1 1.15 0.1154 | 61.50 5.19 248 | 74.46 | 0.720 | 3.425 | 4.760
Qarani-Agha 27.1 4.79 0.0465 3.53 6.93 1.02 443 | 2119 | 0.202 | 0.095
Khdran 19.2 3.13 0.0601 1.91 8.2 1.04 2.85 | 2.888 | 0.301 | 0.104
Jali 22.2 0.73 0.2748 2.74 6.67 2.04 3.80 | 0.519 | 1.127 | 2.174
Smaquli 27.0 0.90 0.1769 3.56 6.51 1.46 4.47 | 0561 | 0.923 | 1.644
Hizop 23.7 0.40 1.1216 3.64 6.98 1.49 489 | 0.114 | 0.153 | 1.342
Table 4.6.2 Modeling parameters for the month of November 2016.
. Temp. | Velocit Time BODs DO DO
Site names °Cp km hr'1y days™® | mg L™ | initial = Deficit Lo Kl K2 F
Joga-Sur 16.6 4,54 0 241 7.68 2.07 3.85 0 0 0
Mawakan 15.4 2.04 0.0310 1.05 4,95 5.05 1.73 7.017 | 22.712 | 3.237
Shakha-Sur 15.2 3.15 0.0528 1.66 6.54 3.50 275 | 4.164 | 10.319 | 2.478
Siwayl 12.7 4.20 0.1082 1.14 7.27 3.34 2.03 2.320 | 4.843 | 2.087
Kuna-Masi 11.6 1.26 0.0152 1.44 7.37 3.51 2.65 | 17.441 | 35.847 | 2.055
Qashan 11.8 4.18 0.3721 1.47 7.77 3.06 269 | 0.706 | 1.305 | 1.849
Kawe 14.1 5.62 0.6830 2.49 8.2 2.09 4,26 | 0.342 | 0.468 | 1.370
Hallsho 16.5 1.44 0.3125 0.68 6.08 3.69 1.09 | 0.654 | 1.815 | 2.777
Sndollan 155 5.04 0.9382 241 7.57 241 3.96 | 0.230 | 0.407 | 1.768
Zharawa 17.3 2.57 0.0639 1.8 7.21 2.40 2.82 | 3.052 | 5.952 | 1.950
Dolabafra 0.0 0.00 0.0000 0.00 0.00 0.00 0.00 | 0.000 | 0.000 | 0.000
Doli-Shahidan | 16.2 7.99 0.0129 5.73 6.65 3.18 9.25 | 16.136 | 39.047 | 2.420
Bosken 16.6 0.29 0.4615 78.3 5.4 435 | 124,98 | 0.440 | 1.384 | 3.144
Qarani-Agha | 13.6 2.41 0.0922 1.29 5.45 4.95 224 | 2597 | 7.531 | 2.900
Khdran 13.5 3.13 0.0601 2.98 8.64 1.78 5.19 | 4.005 | 4.184 | 1.045
Jali 15.2 1.37 0.1468 1.42 6.17 3.88 2.36 1.497 | 4.008 | 2.677
Smagquli 21.1 5.31 0.0300 2.39 5.35 3.55 3.40 5.125 | 18.358 | 3.582
Hizop 11.0 2.06 0.2161 2.63 8.73 2.30 4.93 1.265 | 1.674 | 1.324
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Table 4.6.3 Modeling parameters for the month of February 2017.

. Temp. | Velocity | Time BODs DO DO
Site names °C kmhr' | days™ | mgL™ | initial | Deficit Lo Kl K2 F
Joga-Sur 7.8 11.34 0 2.6 9.46 2.44 5.40 0 0 0
Mawakan 13.7 4.32 0.0147 2.92 7.3 3.08 5.05 | 16.255 | 33.307 | 2.049
Shakha-Sur 10.8 3.96 0.0420 2.36 8.84 2.24 445 | 6.572 | 8.351 | 1.271
Siwayl 7.7 5.15 0.0882 2.58 9.28 2.65 537 | 3.611 | 4.800 | 1.329
Kuna-Masi 13.7 5.83 0.0033 2.92 8.41 1.97 5.05 | 72.510 | 89.524 | 1.235
Qashan 8.6 4.39 0.3538 2.16 9.3 2.37 437 | 0.865 | 1.060 | 1.226
Kawe 8.9 5.94 0.6458 5.73 10.25 134 | 1148 | 0.467 | 0.196 | 0.420
Hallsho 12.3 15.08 0.0298 8.37 9.03 1.68 | 15.10 | 8.587 | 7.534 | 0.877
Sndollan 9.6 5.36 0.8815 4.64 10.35 1.05 9.09 | 0.331 | 0.023 | 0.069
Zharawa 13.0 11.12 0.0148 2.18 9.5 1.04 3.85 | 16.748 | 1.164 | 0.069
Dolabafra 16.1 10.91 0.0191 1.48 8.3 1.55 2.39 | 10.941 | 10.024 | 0.916
Doli-Shahidan | 14.7 4.90 0.0210 4.72 9.1 1.05 7.94 | 10.745 | 1.086 | 0.101
Bosken 17.4 6.52 0.0204 60 6.37 3.22 | 93.75 | 9.501 | 24.890 | 2.620
Qarani-Agha 11.9 3.42 0.0651 8.97 9.75 1.05 | 16.37 | 4.018 | 0.354 | 0.088
Khdran 11.9 6.23 0.0302 6.09 10.3 277 | 11.12 | 8.644 | 14.646 | 1.695
Jali 9.6 4.21 0.0477 5.28 9.06 2.34 |10.35 | 6.127 | 7.729 | 1.261
Smaquli 13.6 4.75 0.0335 6.23 7.2 3.20 | 10.82 | 7.152 | 15.088 | 2.110
Hizop 9.4 5.27 0.0843 1.82 9.66 1.79 3.59 | 3.499 | 3.003 | 0.858
Table 4.6.4 Modeling parameters for the month of March 2017.
. Temp. | Velocity | Time BODs DO DO
Site names °Cc kmhr? | days™ | mgL? | initial = Deficit Lo Kl K2 F
Joga-Sur 12.2 15.01 0 3.66 8.95 1.78 6.62 0 0 0
Mawakan 14.6 8.14 0.0078 4.78 8.22 1.96 8.06 | 29.175 | 37.424 | 1.283
Shakha-Sur 12.2 5.87 0.0283 3.9 8.89 1.84 7.06 | 9.088 | 9.360 | 1.030
Siwayl 11.1 10.89 0.0417 4.62 8.5 2.50 8.64 | 6.520 | 9.561 | 1.466
Kuna-Masi 12.3 6.91 0.0028 2.4 8.57 2.14 4.33 | 92.383 | 118.947 | 1.288
Qashan 11.6 5.54 0.2803 4.28 8.42 2.46 7.88 | 0.947 1.394 | 1.473
Kawe 11.2 6.41 0.5986 8 9.25 1.73 1492 | 0.452 | 0.397 | 0.879
Hallsho 10.2 28.08 0.0160 5.21 9.39 1.85 10.02 | 17.720 | 16.634 | 0.939
Sndollan 10.8 5.76 0.8209 7.92 9.22 1.86 1495 | 0.336 | 0.329 | 0.978
Zharawa 10.4 16.34 0.0100 1.31 8.25 2.93 2.50 | 28.003 | 46.508 | 1.661
Dolabafra 17.5 16.38 0.0127 5.05 8.2 1.37 7.87 | 15.148 | 10.734 | 0.709
Doli-Shahidan | 13.2 8.50 0.0121 7.9 9.4 1.09 13.88 | 20.194 | 3.202 | 0.159
Bosken 19.0 9.11 0.0146 69.3 6.6 2.68 | 103.90 | 12.052 | 29.339 | 2.434
Qarani-Agha 18.3 6.01 0.0370 4.35 8.4 1.01 6.64 | 4961 | 0.149 | 0.030
Khdran 175 7.92 0.0238 2.63 7.54 2.03 410 | 8.102 | 12.929 | 1.596
Jali 16.7 2.33 0.0861 2.23 7.87 1.86 355 | 2345 | 3.132 | 1.335
Smaquli 21.1 7.23 0.0220 3.05 6.27 2.63 434 | 6.973 | 19.063 | 2.734
Hizop 16.8 10.94 0.0406 3.16 8.06 1.65 5.02 | 4946 | 5357 | 1.083
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Table 4.6.5 Modeling parameters for the month of April 2017.

. Temp. | Velocity | Time BODs DO DO
Site names °C kmhr | days® | mgL? | initial | Deficit Lo Kl K2 F
Joga-Sur 17.9 14.62 0 5.60 8.48 1.01 8.64 0 0 0
Mawakan 18.3 4.82 0.0131 5.27 7.99 1.42 8.04 | 13.986 § 11.676 | 0.835
Shakha-Sur 19.8 3.97 0.0418 2.42 8.12 1.01 3.56 | 3.998 | 0.122 | 0.030
Siwayl 17.8 8.14 0.0558 3.99 8.5 1.01 6.17 | 3.390 | 0.077 | 0.023
Kuna-Masi 19.0 6.91 0.0028 4.73 8.25 1.03 7.09 | 63.425 | 4.643 | 0.073
Qashan 18.5 4.90 0.3174 6.53 8.35 1.02 9.92 | 0,572 | 0.033 | 0.058
Kawe 14.2 6.55 0.5854 6.36 9.2 1.07 |10.85 | 0.396 | 0.047 | 0.119
Hallsho 13.3 24.37 0.0185 6.67 9.45 1.02 | 11.68 | 13.180 | 0.487 | 0.037
Sndollan 14.7 5.98 0.7912 7.82 8.87 128 |13.15| 0.285 | 0.137 | 0.481
Zharawa 15.3 19.08 0.0086 5.66 9 1.02 9.36 | 25.402 @ 1.167 | 0.046
Dolabafra 18.7 17.46 0.0119 5.78 8.5 1.04 8.73 | 15.016 | 1.299 | 0.087
Doli-Shahidan | 14.2 5.08 0.0203 7.07 9.25 1.02 | 12.06 | 11.445 0.324 | 0.028
Bosken 23.6 2.52 0.0527 | 50.10 6.71 177 | 67.44 | 2.447 | 4710 | 1.925
Qarani-Agha 22.7 3.76 0.0591 4.90 7.6 1.03 6.73 | 2.327 | 0.206 | 0.089
Khdran 21.2 6.40 0.0294 7.22 7.85 1.03 | 10.26 | 5.189 | 0.467 | 0.090
Jali 22.4 2.52 0.0797 4.97 7.65 1.03 6.87 | 1.764 | 0.147 | 0.084
Smaquli 24.2 3.77 0.0422 3.82 6.94 1.45 5.08 | 2928 | 3.802 | 1.299
Hizop 234 1.91 0.2328 5.84 7.5 1.01 7.90 | 0563 | 0.026 | 0.046
Table 4.6.6 Modeling parameters for the month of May 2017.
. Temp. | Velocity | Time BODs DO DO
Site names °C kmhr? | days® | mgL® | initial | Deficit Lo Kl K2 F
Joga-Sur 21.3 11.05 0 3.25 4.85 4.01 4.61 0 0 0
Mawakan 20.7 3.28 0.0193 1.93 4.83 4.14 2.78 | 8.159 | 31912 | 3.911
Shakha-Sur 22.2 3.60 0.0462 1.69 5.19 3.52 235 | 3.087 | 11.838 | 3.835
Siwayl 20.4 5.94 0.0765 1.62 5.12 3.90 235 | 2104 | 7.736 | 3.677
Kuna-Masi 21.2 9.94 0.0019 1.89 5.39 3.49 2.69 | 79.101 | 281.572 | 3.560
Qashan 22.2 4.68 0.3320 2.82 5.42 3.29 3.92 | 0.429 1.558 | 3.629
Kawe 17.2 6.08 0.6305 2.55 5.3 4.33 4.01 | 0.311 1.009 | 3.245
Hallsho 16.2 18.17 0.0248 3.22 6 3.83 5.20 | 8.390 | 23.560 | 2.808
Sndollan 17.5 5.51 0.8584 3.14 5.24 4.33 489 | 0.224 | 0.741 | 3.303
Zharawa 18.0 14.44 0.0114 3.07 6.14 3.33 472 | 16.443 | 45952 | 2.795
Dolabafra 21.0 17.35 0.0120 531 6.06 2.86 7.58 | 12.880 | 37.973 | 2.948
Doli-Shahidan 17.0 2.75 0.0374 5.95 6.4 3.27 9.40 | 5.310 | 13.766 | 2.593
Bosken 235 2.93 0.0454 41.1 4.3 420 | 55.44 | 2.863 | 13.719 | 4.792
Qarani-Agha 28.9 8.88 0.0251 4.11 6.63 1.07 4,99 | 3.373 1.193 | 0.354
Khdran 24.8 451 0.0418 4.18 7 1.29 549 | 2.826 2.670 | 0.945
Jali 25.2 3.54 0.0567 4.25 55 2.73 5,53 | 2.020 | 7.700 | 3.812
Smaquli 28.0 1.26 0.1263 1.34 4.5 3.32 1.65 | 0.723 | 4.130 | 5.712
Hizop 29.3 0.85 0.5228 4.35 6 1.65 525 | 0.156 | 0.415 | 2.657
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Table 4.7.1 Monthly variation of SAR (meq L™) during the period of study.

Site Site names Months Mean

codes August | November | February | March | April | May
w1 Joga-Sur 0.37 0.25 0.36 0.16 | 0.18 | 0.25 0.26
W2 Mawakan 0.93 0.73 0.59 045 | 0.53 | 0.65 0.65
W3 Shakha-Sur 0.52 0.40 0.31 023 | 0.24 0.3 0.33
W4 Siwayl 0.48 0.31 0.29 025 | 021 | 0.31 0.31
W5 Kuna-Masi 0.32 0.13 0.19 0.08 | 0.12 | 0.20 0.17
W6 Qashan 0.39 0.37 0.30 024 | 0.20 | 0.25 0.29
W7 Kawe 0.36 0.38 0.26 020 | 0.17 | 0.23 0.27
w8 Hallsho No 0.24 0.16 0.11 | 013 | 0.17 0.16
W9 Sndollan 0.40 0.38 0.28 0.15 | 0.17 | 0.34 0.29
W10 Zharawa No 0.26 0.16 0.11 0.16 0.2 0.18
w11 Dolabafra 0.25 No 0.09 0.11 | 0.11 | 0.16 0.14
W12 Doli-Shahidan 0.32 0.25 0.17 0.14 | 0.13 | 0.19 0.20
W13 | Darbany-Ranya 0.33 0.30 0.28 0.17 | 0.14 | 0.24 0.24
w14 Bosken 0.97 1.55 0.75 072 | 0.68 | 0.71 0.90
W15 Dukan-Lake 0.33 0.28 0.26 0.19 | 0.21 | 0.30 0.26
W16 Qarani-Agha 0.26 0.21 0.14 0.09 | 013 | 0.20 0.17
W17 Khdran 0.22 0.20 0.28 024 | 0.23 | 0.24 0.24
w18 Hizop 2.09 1.05 0.70 0.80 | 0.90 | 1.18 1.12
w19 Smaquli 0.39 0.31 0.87 058 | 0.51 | 0.34 0.50
W20 Jali 1.57 0.95 0.64 0.70 0.77 1.07 0.95
w21 Qashqoli 0.30 0.31 0.27 0.28 | 0.23 | 0.26 0.28
Mean 0.57 0.44 0.35 029 | 0.29 | 0.37 0.39

S1 (0-10) Excellent
L S2 (10-18) Good
Al-Maliki (2013) S3 (18-26) Doubtful
S4 (>26) Unsuitable
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Table 4.7.2 Monthly variation of SSP (%)during the period of study.

Site Site names Months Mean
codes August | November | February | March | April | May
W1 Joga-Sur 13.18 8.80 11.63 5.69 6.52 | 8.95 9.13
W2 Mawakan 22.15 17.51 15.39 12.86 | 15.14 | 16.61 | 16.61
W3 Shakha-Sur 15.85 12.61 9.75 7.55 8.34 | 10.37 | 10.75
W4 Siwayl 15.40 10.3 9.79 8.62 7.35 | 10.59 | 10.34
W5 Kuna-Masi 10.36 4.39 6.25 3.04 451 | 7.14 5.95
W6 Qashan 12.51 12.49 9.66 8.10 7.02 | 9.22 9.83
W7 Kawe 13.79 12.63 9.25 7.75 6.84 | 9.24 9.92
W8 Hallsho No 7.81 6.25 4.64 520 | 6.24 6.03
W9 Sndollan 14.04 12.60 10.07 5.56 7.08 | 1253 | 10.31
W10 Zharawa No 10.26 6.17 4,91 6.75 | 8.36 7.29
W11l Dolabafra 9.19 No 3.25 4.20 4.44 6.30 5.48
W12 | Doli-Shahidan 10.74 8.93 6.26 5.04 5.34 | 7.43 7.29
W13 | Darbany-Ranya | 14.17 11.62 9.65 6.36 572 | 10.75 | 9.71
w14 Bosken 22.37 30.72 18.63 18.8 | 18.84 | 17.73 | 21.18
W15 Dukan-Lake 13.83 11.07 10.02 7.42 8.58 | 13.39 | 10.72
W16 Qarani-Agha 8.20 6.51 4,52 3.24 4.59 7.19 5.71
w17 Khdran 7.08 6.36 8.11 7.24 6.91 | 7.67 7.23
w18 Hizop 35.48 22.97 17.52 1945 | 21.88 | 24.9 | 23.70
w19 Smaquli 11.2 8.54 20.67 15.97 | 13.81 | 9.87 | 13.34
W20 Jali 32.12 21.64 16.2 17.61 | 19.3 | 24.06 | 21.82
W21 Qashqoli 10.55 11.02 9.77 10.45 9.17 9.97 10.16
Mean 15.38 12.44 10.42 8.79 9.21 | 11.36 | 11.26
<20 Excellent
20 - 40 Good
Todd and Mays (2005 40 - 60 Permissible
60 - 80 Doubtful
>80 Unsuitable

203



Appendix

Table 4.7.3 Monthly variation of RSC (meq L™) during the period of study.

Site Site names Months Mean
codes August | November | February | March April May
w1 Joga-Sur 0.106 -0.444 -0.246 -0.454 | -0.356 | -0.416 | -0.302
w2 Mawakan 0.182 -0.040 -0.861 -0.851 | -0.737 | -0.894 | -0.534
W3 Shakha-Sur -0.141 -0.288 -0.519 -0.302 | -0.206 | -0.537 | -0.332
W4 Siwayl -0.129 -0.749 -0.599 -0.530 | -0.386 | -0.442 | -0.473
W5 Kuna-Masi 0.176 -0.405 -0.704 -0.402 | -0.240 | -0.505 | -0.347
W6 Qashan -0.578 -0.696 -0.747 -0.517 | -0.458 | -0.368 | -0.561
w7 Kawe -0.482 -1.011 -0.409 -0.559 | -0.568 | -0.395 | -0.571
w8 Hallsho No -1.252 -0.526 -0.513 | -0.730 | -0.596 | -0.723
W9 Sndollan -0.646 -0.733 -0.270 -0.708 | -0.425 | -0.217 | -0.500
w10 Zharawa No -0.681 -0.650 -0.368 | -0.345 | -0.332 | -0.475
w11 Dolabafra -0.212 No -0.938 -0.328 | -0.434 | -0.487 | -0.480
W12 | Doli-Shahidan | -0.338 -0.772 -0.456 -0.424 | -0.658 | -0.501 | -0.525
W13 | Darbany-Ranya | -0.116 -0.673 -0.425 -0.476 | -0.515 | -0.572 | -0.463
w14 Bosken 0.154 0.001 -0.339 -0.185 | -0.774 | -0.431 | -0.262
W15 Dukan-Lake -0.710 -0.561 -0.587 -0.561 | -0.223 | -0.325 | -0.495
W16 Qarani-Agha -1.704 -1.311 -1.275 -1.059 -1.115 | -1.282 | -1.291
w17 Khdran -0.516 -0.675 -0.746 -0.772 | -1.010 | -0.810 | -0.755
w18 Hizop -1.197 -1.870 -1.270 -1.050 | -1.326 | -2.015 | -1.455
W19 Smaquli -0.342 -0.996 -1.121 -1.189 | -1.349 | -1.715 | -1.119
w20 Jali -0.157 -0.767 -1.205 -1.112 | -1.336 | -0.944 | -0.920
w21 Qashgoli -0.249 -0.787 -1.115 -0.389 | -0.518 | -0.817 | -0.646
Mean -0.363 -0.736 -0.715 -0.607 | -0.653 | -0.695 | -0.628
<1.25 Suitable
After Richards (1954 1.25-2.5 Marginal suitable
>2.5 Unsuitable
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