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ABSTRACT

Self-purification capacity of a river is a significant indicator for the
river health and it is in great importance in polluted water. Tanjero River
lies southwest of Sulaimani city formed by linking two streams (Qiliasan
and Kani-Ban streams) along its path the sewage of wastewater is
discharged into the river that causes serious pollution and threatens the
quality of water. Samples of water were taken from six stations (S1, S2,
S3, S4, S5 and S6) along the Tanjero river. The data obtained from sample
locations include velocity, depth, river discharge, water temperature, pH,
electrical conductivity (EC), total dissolved solids (TDS), turbidity,
dissolved oxygen (DO) and BOD. The De-oxygenation coefficient (ki)
and re-oxygenation coefficient (K;) are then used to estimate the deficit
value of predicted oxygen using the Streeter Phelps equation. The
maximum de-oxygenation rate (K;) and reaeration (K;) rate (8.259541
day—1) and (15.22917day—1) were recorded in site (4) respectively. The
fair ratio (f) or self-purification factor, for the Tanjero river was
determined. The maximum fair ratio (f) value of (2.219) was recorded at
site (2). The average fair ratio (f) was found to be (1.507) which classifies
the river into large streams of low to normal velocities. This study revealed
that using Streeter-Phelps method the natural self-purification occurred
along the river as a result of continuous increasing of DO value and
decreasing BOD value.
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INTRODUCTION

There is a rapid change in earth’s climate due to the surges in human demands and rapid
economic growth. These changes drive negative influences on the entire biosphere (Mohammed et
al., 2021). Water is a natural resource necessary for all living creatures and has important roles for
drinking, household, irrigation, fishery, fish fostering, recreation and many other activities.
Pollution of the rivers is one of the largest challenges facing the new world, which is producing an
unsettling position. Increased human activities and natural resources (spring water and well water)
running into rivers make it necessary to assess the current water quality of rivers and predict
potential betterments (Gao et al., 2019; Fregoso LoOpez et al., 2020). The Tanjero, is a river
in Kurdistan region located about 7 km southwest of Sulaimani city. Tanjero River represents a
permanent river formed by the confluence of Qiliasan and Kani-Ban streams near Kani-Goma
village (Hamasalih, 2008). The River of Tanjero before discharge in Darbandikhan dam merging
with some other small tributaries such as Kane Shaswaer and Bestansur. This river moves through
Tanjero valley within crop land area. Different types of sewage wastewater discharge into the River
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(such as Industrial areas, Albisaka, Qalawa, Wluba and shekh-Abbas and bakrajo boxes), that
caused pollution in the water environment.

Flowing water can purify itself with distances through a process which is called water self-
purification. Despite the capability of rivers or streams to clean themselves of sewage or other
wastes naturally. It is occurred by various processes which effort as rivers move downstream. Auto-
purification includes some different mechanisms such as dilution, sedimentation, reaeration,
adsorption, absorption, chemical and biological reactions. This complex mechanism is assessed by a
mathematical model (Menezes et al., 2015). Water self-purification of each river system is mainly
depending on natural factors some of which are; stram velocity, depth, and water temperature
(Longe and Omole, 2008).

Dissolved oxygen (DO) is one of the crucial indicators of the quality and health of aquatic
ecosystems and water self-purification processes as well (Gurjar and Tare, 2019; Xu, et al 2019).
The fair ratio (f) or Self-purification factor of a river can be determined using Reoxygenation
coefficient (K;) and deoxygenation coefficient (K5). K; is the oxygen uptake rate into the waters
from the atmosphere, while the K is the estimation of dissolved oxygen in natural streams. Both K;
and K; depend on biological oxygen demand (BOD) and dissolved oxygen (DO) measurements
respectively. The water of Tanjaro river is the source for domestic use, fishing and agriculture.
Monitoring self-purification capacity of the will be helpful to put a pollution mitigation plan. The
objective of this investigation to determine the de-oxygenation rate (K;) and re-oxygenation rate
(K2), to know the oxygen sag curve and the ability of natural purification (self-purification) in the
waters of Tanjero River.

MATERIALS AND METHODS
Water Sampling and analysis

Water samples were taken from the Tanjero River at different locations during winter 2021.

Six stations were taken along the stretch of the river. The locations are labeled S1 to S6. The water
samples were collected from sites S1, S2, S3, S4, S5 and S6 along the Tanjero river (Table 1), The
total distance between the sampling sites S1 to S6 was about (30.6 km).
The samples of water were collected once a month during the year 2021 in polythene bottles of
capacity 1 to 2 liter for several physicochemical parameters. Whereas BOD glass bottles were used
for the samples of BOD and DO. All bottles were washed with sterilized deionized water before
samples collection. During sampling, the bottles were thoroughly rinsed with the river water at
points of collecting samples three times before taking any sample. Afterward, all samples were
preserved at a temperature of 4°C and transferred to laboratory. Due to the shallow water depth, the
water sample was collected near the water surface, in the study area. Analyses were carried out in
Soil chemistry laboratory of the College of Agricultural Engineering Sciences, at the Department of
Natural Resources.

In this research, the water depth was measured using a rope with a metal tied at the tip of the
rope at four different points along the river cross section at equal intervals. River discharge was
determined by several measurements, including river depth, width and flow velocity. (Table 2).
Some of the parameters were measured in-situ while others were determined in the laboratory. The
parameter that was determined in-situ is river discharge, water temperature, pH, electrical
conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO) and turbidity. A portable
pH meter (Multi 340i/SET multi-parameter instrument WTW Company-Germany) was used to
measure the pH of the water sample and a portable EC-meter (Cond 330i, 82362 Weilheim WTW
Company-Germany) was used to calculate the water temperature and EC of the water. Turbidity of
water was determined using a portable turbidimeter; model (Photo Flex Turb. WTW Company -
Germany). Dissolved Oxygen (DO) was measured using a special oxygen-sensitive membrane
electrode (HANNA instruments-H12400). Total dissolved solids (TDS) were computed by
multiplying the EC (in uScm™) by a factor of (0.64). Analysis of BOD were done in the laboratory
using the (OxiTop Model OC 110 Controller WTW company-Germany) is a handheld digital BOD
meter was used to measure the BOD of the water sample.
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Calculation of Self-purification capacity
1. Time of Travel (t)
The time of travel, t, was determined from velocity and distance traveled as follows equation:

Distance (km)>< lday (1)

- _Velocity (5 24 hrs : .
2. Determination of De-oxygenation coeff|C|en’[”(K1) and re-oxygenation coefficient (K;)

Time (day)=

The de-oxygenation coefficient, K, (day™), was computed from the equation below (Weiner and
Matthews, 2003).

L=L,10*" 2)

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

Kl=% log LL—O )
Experimental K, (day™) was determined from the equation (Agunwamba et al., 2007):
Log DO —Log D (4)
K2=
t
which is also the same as:
Log DO/D

Where: DO is the initial dissolved oxygen; D is the deficit DO and equal to the difference
between saturation dissolved oxygen and the observed dissolved oxygen.

3. Self-Purification factor (f)
The self-purification factor (f) can be computed by the following equation:

F=K,/K; (6)
Where:
K, = is the re-oxygenation coefficient
K1 = is the De-oxygenation coefficient

Table (1) The self-purification factor (f) of different water bodies at 20-C (Garg, 2006)

Tape of water body Value of f (day™)
Small ponds 0.05-1.0
Sluggish streams /Lakes 1.0-15
Large stream with low velocity 15-2.0
Large streams with moderate velocity 20-3.0
Swift streams 3.0-5.0
Rapids >5.0

4. The dissolved oxygen sag curve

The DO sag curve is computed by the Streeter-Phelps equation. This curve is representing how
the DO concentration in a volume of water alteration over time or distance after the organic
substance is inserted. The DO sag equation which advanced from the pioneering work of Streeter -
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Phelps (1925) has been used widely as a model in stream pollution which was developed for use on
the Ohio River in 1914. The general form of this equation can be given as follows:

K1LO _ — —
Dt=_——~ [e7F1t — e7K2t] 4+ Do e~ k2t (7
Where:

D = Oxygen deficit in river after time t, (mg/l)

Lo= Initial ultimate BOD at mix, (mg/l)

Do= Oxygen deficit in river after time Zero, (mg/l)

Ki1= De-oxygenation rate constant, to base e (per day)

K= Re- oxygenation rate constant, to base e (per day)

Table (2) Data obtained from field work of Tanjero River

Sites Dl(s;;r;ce Longitude Latitude Rlve(rm[;epth VG(J:T(:;:S';W D'?ﬁ?g?;)ge
S1 0 45° 42 '86" E | 35° 47' 30"N 0.33 0.75 4.05
S2 9.81 | 45°49'28"E | 35°43'69"N 0.35 0.77 3.14
S3 5.06 | 45°52'24"E | 35°40'11"N 0.38 0.67 3.01
sS4 1.53 | 45°53'56" E | 35° 39'32"N 0.35 0.83 4.31
S5 6.25 | 45°53'43"E | 35°39'76"N 0.37 0.76 4.05
S6 7.96 | 45°62'49"E | 35° 35'53"N 0.40 0.75 4.74

Mapping the parameters
Mapping spatial distribution for all parameters along the Tanjero river was produced by

ArcGIS10.8.1 environment. First, ArcG1S10.8.1 was used to create gird base maps based on Aster
Digital Elevation Model ADEM (30*30 m) cell size for the river basin. The next hydrological
geoprocessing tool is used to create stream attributes from ADEM. The parameters were
interpolated by the inverse distance weighted (IDW) method to produce a spatial distribution map
for selected sites.
RESULTS AND DISCUSSION

The chemical and physical characteristics of the studied water sample from the six sampling
stations in the Tanjaro River were presented in Table (3). In this research, the temperature of the
collected water samples varies between (18°C to 19°C). Warmer and colder temperatures are
affected oxygen solubility in water. The colder water, the more oxygen content. Water samples
show that the pH value ranged between 7.7 in station (2) and 8.1 in station (6) as represented in
Figure (1). The pH of the studied area is slightly alkaline. Generally, the pH of water resources in
Irag (Kurdistan region) tends to the slightly alkaline side of neutrality (Nabi, A.O. 2005 and Ali, L.,
A., 2002).

Table (3) Results of physico-chemical analysis of water samples in the study area

Locations
Parameter | Units S1 S2 S3 S4 S5 S6
Temp. °C 18 18 19 19 19 18
pH - 7.82 | 7.73 | 790 | 794 | 791 | 8.05

EC(°c) | pSem™| 730 | 722 | 714 | 711 | 685 | 657
Turbidity | NTU | 620 | 320 | 169 | 145 | 205 | 233
DO mgl* | 64 | 68 | 7.01 |7.10| 7.38 | 7.46
BOD mgl* | 12.2 | 10.3 | 10.2 | 9.83 | 9.14 | 8.48
TDS mg I* | 467.2 | 462.1 | 456.1 | 455 | 438.4 | 420.5

According to results to of our study, samples of water from studied sites show increase in electrical
conductivity (EC) which ranges from (657 - 730 pS cm™). Specific conductance is significantly
influenced by the temperature, so all results modified to a standard temperature of 25°C. The EC is
also powerful dependent upon the ionic strength of water (Hmasalih ,2014). The EC value
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decreased along the river path, this result is not unexpected because the main water source for the
river is wastewater from domestic sewage, which contains high amounts of dissolved salts
(Ogunfowokan., et al 2005).

As shown in Fig. (2) and table (3) the turbidity of the water sample ranged between (150 -
620 NTU). The samples of water were found to be more turbid in all locations. This may be due to
urban household activities, more waste discharge, and algal growth. Other human activities along
the river that were noticed include dredging of sand from the river bed for construction objects. The
total dissolved solids (TDS) of the studied water sample were ranged between (420 - 470 mg/l) is
explained in Fig. (4). This figure shows the maximum concentration of TDS to occur at site (1).
May be due to the discharge of several domestic and industrial wastewaters along the stream stretch
and others, which contributes to high concentrations of dissolved solids.

Fig. (2) Zoning the Turbidity value in

Fig. (1) Zoning the PH value in studied )
studied area

area

sszv0r as-zs0r a0t 55T st S50t s-250°C 530
e ——
Sulaimaniyah Sulaimanyah
. )

------

Kicmetses

5200 A5 250E ASS00'E 45350 4SA0E

Fig. (3) Zoning the EC value in studied Fig. (4) Zoning the TDS value in studied
area area

Based on the results obtained from the analysis of dissolved oxygen concentration and BOD
in the studied area. The DO and BOD values fluctuated in the ranges from (6.4 to 7.46 mg/L) and
(8.48 to 12.2 mg/L) respectively. The lowest value of dissolved oxygen was 6.4 mg /L (location 1)
and the highest was 7.46 mg /L (location 6) as shown in figure (5). The concentration of DO in the
upstream was lower than that of the DO value in the downstream. This could occur because the
water quality in the upstream part was deteriorated due to the waste generated from the activity of
the residents in the form of domestic household waste, industrial waste, agricultural waste, and
animal waste. Meanwhile, on the downstream part, the concentration of organic substance was low.
This may be due to the high dilution factor in the downstream by linking with some small
tributaries such as Kane Shaswaer that join the river. The temperature impacts the dissolved oxygen
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not only by decreasing the solubility but also increasing the accelerate of breakdown
(decomposition) of organic substance and therefore affecting the dissolved oxygen concentration in
the water (Kaiser et al., 2006).

Figure (6) shows BOD concentrations along the Tanjero River. The lowest BOD value
occurred in location (6) was found (8.48 mg/L) and the highest BOD occurred in location (1) was
found (12.2mg/L). BOD directly impacts the quantity of dissolved oxygen in rivers. The larger the
BOD, the more quickly oxygen is depleted. The concentration of BOD in the upstream was higher
than that of the BOD value in the downstream. Generally, the high level of BOD of Tanjero River
may be attributed to the discharge of all effluent (untreated wastewater from domestic activities or
many sewage outlet disposals, oil refiner, landfilled, restaurants, slaughter houses, industrial area
and agricultural activities) of Sulaimani city. At downstream, it can be easily seen that BOD level
slightly decreases due to the self-purification of the river.

Sulaimaniyah
° N

Sulaimaniyah
° N

AN
TN
&

Legend

35°21'0°N
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g

e
& 3
% @
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Ely § & § 5

Fig. (5) Zoning the DO value in studied area Fig. (6) Zoning the BOD value in studied area

DO Sag Curve:

Figure (7) illustrated the stacked line plots of the measured and predicted DO along the river
path. From this figure the oxygen sag curves based on DO between (sampling point 1) km 0.0,
(sampling point 2) km 9.81, (sampling point 3) km 14.87, (sampling point 4) km 16.39, (sampling
point 5) km 22.64 and (sampling point 6) km 30.60 along the Tanjero River.

The De-oxygenation coefficient (K;) and re-oxygenation coefficient (K) are then used to

estimate the deficit value of predicted oxygen using the Streeter Phelps equation (equation 7). The
oxygen reduction variation towards the distance that occurs in the river illustrated by the Graph of
Oxygen Sag (Oxygen Sag Curve).
Figure (7), clarified the graph of oxygen sag (oxygen sag curve) based on dissolved oxygen deficit.
The data showed that dissolved oxygen deficit decreased with distance from (km 0.0 to km 22.64)
that deficit of dissolved oxygen reduced from (3 to 1.83 mg L™) and dissolved oxygen reduction
increased with distance from (km 22.64 to km 30.60) that deficit of dissolved oxygen increased
from (1.83 to 1.94 mg L™). It is indicated that the re-oxygenation rate (K2) was higher than de-
oxygenation rate (K3). Obviously natural self-purification happened along the river. The measured
dissolved oxygen has decreased at (sampling point 1), while the BOD at this point was increased.
The low dissolved oxygen is may be due to of the high organic substance that input the waters,
which is the quantity of oxygen consumed by microorganisms in the process of metabolizing
organic substance is greater (Fisesa, 2014). The oxygen values content at sampling points 2 ,3, 4
and 5 towards sampling point 6 has begun to increase, The increase possible due to the absence of
effluent discharge from both industrial and domestic waste. At these points, the waste enter also
begins to decrease until the BOD values also decline. The continuous rise of DO from the lowest
value denoted that natural self-purification occurred along the river.
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Figure (7) Plot of measured and predicted DO deficit against distance along the river

Self-Purification capacity

The fair ratio (f), and also known as self-purification factor, which is defined as the ratio of
the re-aeration coefficient (K;) to the de-oxygenation coefficient (K;) is the indices used in
estimating the self-purification capacity for this study. The importance of the self-purification factor
(f) depends on the reaeration (K;) and deoxygenation rates(K;) of each sampling station. The
maximum fair ratio (f) value of (2.219) was recorded at site (2). The average fair ratio (f) was found
to be (1.507) which classifies the river into large streams of low to normal velocities (Table:1). The
highest fair ratio (f) value at site (2) it is because the reaeration rate (K) at this location was high,
while the deoxygenation rate (K;) was low.
Re-oxygenation coefficient (K) and de-oxygenation coefficient (K;) are influenced by the speed of
the water flow, the distance between each site, and time of travel of water with organic materials in
it. The de-oxygenation rate (Kj;) was calculated by using Equation (3) The maximum de-
oxygenation rates (8.259541 day ') were recorded in site (4) as shown in Table (4). The highest
(Ky) values of the studied area may be due to the higher concentration of organic substances. Von
Sperling (2014) and Dai et al., (2020) suggested that bodies of shallower water tend to have greater
coefficient of re-oxygenation, as a result of ease diffusion of oxygen across the water profile and
higher surface turbulence. The higher (K;) value, might also be due to that the

Table (4) Computation of K; and K; of Tanjero River

Sites | Time (day) | DO (mg ™) | DO deficit | BOD (mg I™") | K, (day™) | K, (day™) F
S1 0 6.4 3 12.2 0 0 0
S2 0.14756 6.8 2.6 10.3 1.267165 | 2.564311 | 2.219265
S3 0.08732 7.01 2.2 10.2 2.014051 | 3.005493 | 1.946971
S4 0.02129 7.10 2.11 9.83 8.259541 | 15.22917 | 1.843828
S5 0.09504 7.38 1.83 9.14 1.850482 3.41197 | 1.492263
S6 0.12284 7.46 1.94 8.48 1.522204 | 2.342909 | 1.539155

depth of the river influences the life of microorganisms in it, where the deeper depth of the river
would be reduced oxygen content and less the number of microorganisms present in the water is
also the rate of de-oxygenation in a river would be low. The Equation (4 or 5) was use to
calculation of re-oxygenation coefficient (K;). From the Table (4) showed that the highest values of
K, (15.22917day ') were recorded in site (4). The value of K, decreases with increasing depth. The
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high rate of reaeration K is affected by flow velocity. The velocity of river water increases, the re-
oxygenation coefficient (K;) also increases, indicating an increased rate of oxygen transfer from the
atmosphere to the water body. Also, K, increases with an increase in temperature, the greater is this
rate, the quicker will self-purification.
CONCLUSIONS

In this research the maximum fair ratio (f) value was recorded at location (2) which shows
that re-oxygenation rate (K) predominates de-oxygenation rate (K;) Hence, the river was classified
as large streams of low to normal velocities. Increase in velocity of river water results in a greater
value of re-oxygenation rate (K;). The depth of water is inversely proportional to re-oxygenation
rate (K3). The continuous increase of DO value also decreasing BOD value denoted that natural
self-purification occurred along the river.
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