% Global NEST

Global NEST Journal, Vol 21, No 2, pp 163-171
Copyright© 2019 Global NEST
Printed in Greece. All rights reserved

Water quality monitoring with emphasis on estimation of point

and diffuse pollution sources

Albek E.A.1, Goncili S.1, Uygun B.S.l’*, Albek M.l, Avdan Z.Y.l, Glingor 6.2

1Eski§ehir Technical University, Department of Environmental Engineering, 26470, Eskisehir, Turkey
*Biilent Ecevit University, Department of Environmental Engineering, Zonguldak, Turkey

Received: 09/10/2018, Accepted: 05/02/2019, Available online: 07/02/2019

*to whom all correspondence should be addressed: e-mail: bsimsekl@eskisehir.edu.tr

https://doi.org/10.30955/gn{.002911

Abstract

Population growth, urbanization and anthropogenic
activities are becoming a serious problem for water
resources in Turkey, which necessitates their monitoring
and maintenance of water quality. In this study, water
quality was implemented in the Porsuk Stream in Inner
Anatolia, Turkey. Water samples were collected at
monthly intervals between the period of 2008-2010 at
four selected stations. Twenty one water quality
parameters were measured which are water temperature
(T), pH, dissolved oxygen (DO), electrical conductivity (EC),
salinity, turbidity, chloride, suspended solids, dissolved
solids, organic nitrogen (Org-N), ammonium nitrogen
(NH3-N), nitrite nitrogen (NO,-N), nitrate nitrogen
(NO3-N), total organic carbon, biological oxygen demand
(BOD), chemical oxygen demand (COD), total coliform,
alkalinity, orthophosphate phosphorus (PO,>-P), total
phosphorus and chlorophyll-a. The monitoring was
conducted to see how the water quality changed along
the stream in response to various anthropogenic
activities. Besides, a paired t-test was utilized to
determine the concentration differences at stations above
and below the single most important point source of
pollutants (Eskisehir city). Moreover, a regression model
was used to establish relations between water quality
parameters and flow and to estimate nonpoint source
loadings.

Keywords: Water quality, stream monitoring, nonpoint
sources, point sources, linear regression, Eskisehir, Porsuk
Stream, chloride, total phosphorus.

1. Introduction

Increasing water demand is a growing issue especially in
countries with high population. In tandem, water
pollution has become a serious problem due to
anthropogenic activities such as urban, industrial,
agricultural applications, and also natural processes like
erosion (An et al., 2014; J. Vieira et al., 2012a, 2012b). As
they are easily accessible, surface waters have potential
risks of being polluted and also, they are intentionally
used for disposal of wastes (Rashid and Romshoo, 2013).

The determination of water quality is extremely important
nowadays to preserve natural ecosystem functions of
water bodies and a good quality water is necessary for
public health, drinking purposes and irrigation.

Water temperature affects biological and chemical
processes and so directly influences concentrations of
water quality constituents. Dissolved oxygen determines
the degree of water pollution, also concentration of
organic matter. If the dissolved oxygen level is under
3 mg/L, it means poor water quality (Turkish Water
Pollution Control Regulation). pH is an indicator for
monitoring quality of water, plant formation increases the
pH and affects the reactions (Rodrigues et al., 2011).
Sediment is an important cause of pollution which
decreases water quality. Suspended particles increase
turbidity and affect aquatic plant growth. They also carry
with heavy metals to the water sources. Moreover,
pathogens can enter surface waters from many sources
especially waste water treatment plants, domestic
effluents and municipal discharge.

Nutrient loading (especially nitrogen and phosphorus) into
water sources is one of the main causes of pollution which
results in eutrophication (Kilonzo et al., 2014). It is related
with industrial and agricultural activities such as mining,
combustion, wastewater treatment, fertilizers (Wu et al.,
2012).

The primary aim of this study is to assess the water quality
of the Porsuk Stream and to determine the influence of
discharges from the city of Eskisehir to the Porsuk Stream.
21 water quality parameters were measured which are
water temperature (T), pH, dissolved oxygen (DO),
electrical conductivity (EC), salinity, turbidity, chloride,
suspended solids, dissolved solids, organic nitrogen (Org-
N), ammonium nitrogen (NH;-N), nitrite nitrogen (NO,-N),
nitrate nitrogen (NO;-N), total organic carbon, biological
oxygen demand (BOD), chemical oxygen demand (COD),
total coliform, alkalinity, orthophosphate phosphorus
(PO,>-P), total phosphorus and chlorophyl-a. The increase
in water pollution is traced along the stream from the
Porsuk Reservoir to the confluence with the Sakarya River.
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Moreover, a regression-based technique is applied to
separate point source loads from total loads carried by
the stream and thus to estimate diffuse loads.

2. Materials and methods

2.1. Study area

The Porsuk Stream arises from the Murat Mountain, has a
length of 460 km and the drainage area is 11325 km?®.
The stream has great importance as a domestic water
resource for Eskisehir and Kiitahya. Its water are also used
for irrigation purposes and withdrawn for industrial and
mining use (Albek, 2003). A variety of domestic and
industrial wastewaters have been discharged without any
treatment for years to the stream.

In addition to various activities like agriculture, mining,
livestock; industrial associations from the city of Eskisehir
and Kitahya apply environmental pressures to the
watershed intensively. Therefore the Porsuk Stream is
exposed to heavy pollution and this also affects the users
negatively.

The study area selected in this work is the stream course
after the Porsuk Reservoir (Figure 1). the length of the
stream is 460 km from the reservoir to its mouth and the
watershed area is 11325 km”.

Porsuk Reservoir

1: Porsuk Dam Outlet
2: Fidanhk

3: Karahyiik A
4: Yunusemre

Figure 1. The study area and sampling stations

In the study area, the summers are hot and dry, while
winters are cold and rainy in the March, April, November,
December, typical of a continental climate. Eskisehir’s
average annual temperature is 10.6°C, and average total
rainfall is 347 mm as observed between the years of
1975-2009 (Turkish State Meteorological Service).

2.2. Sampling

Water samples were collected at four stations on the
Porsuk Stream (Figure 1). The first station is situated at
the outlet of the Porsuk Dam and is chosen to represent
the stream input into the watershed and as a boundary
condition. The second station is located just before the
stream enters the city of Eskisehir. The third station is
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after Eskisehir, in the Karahoyik Village. These two
stations, one before and one after the city, are chosen to
determine how domestic and industrial wastewaters and
storm water affect the water quality of the stream.
The last station is at the Yunusemre Village which is
located before the Porsuk Stream flows into the Sakarya
River.

The water samples were collected at monthly intervals
from 2008 to 2010. pH, dissolved oxygen, conductivity,
salinity, total dissolved solids measurements were
performed in situ with Hach portable “SENSION 156", with
potable WTW turbidity meter, Turbidity analyses were
carried out. In addition, at each station, flow and stream
crossection measurements were done with SONTEK
RiverSurvoyer M9 Acoustic Doppler equipment.

Lol

Flowrate (m3/s)
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Figure 2. Flowrate at sampling stations

The flowrates at the 4 respective stations are presented in
Figure 2. the monitoring period extends from October
2008 to September 2010, thus spanning two complete
water years.

2.3. Laboratory analysis

Ruttner water sampling equipment was used for taking
water samples from different sections of the stream and
composite samples were formed. Some part of the
samples were placed to the plastic bottles and the others
were kept in acid solutions and brought to the laboratory
with ice moulds so laboratory analyses were carried out.

The laboratory analysis for nitrogen, phosphorus and COD
were performed by the methods adopted by USEPA. Hach
DR2400 spectrophotometer was used for analysing water
samples. Other analyses were done according to the
Standard Methods for the Examination of Water and
Wastewater (APHA) (Table 1).

3. Results
3.1. Monitoring results

The monitoring results are displayed as box and whisker
plots throughout the figures. This type of display allows
the utilization of all data in a compact manner, showing
the central location (median) and spread (IQR,
interquartile range) of the data. Inclusion of all stations in
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the same figure shows how the water quality changes
along the stream.

Figure 3 shows the total alkalinity and pH at the four
stations. The stream is slightly on the alkaline side. The
observation before Eskisehir (Station 1 and 2, Outlet of
Prosuk Dam and Fidanlik) and after Eskisehir (Station 3
and 4, Karahoyik and Yunusemre) show marked

Table 1. Analysis that made in the laboratory

differences. A t-test for means before and after Eskisehir
(Table 2) confirms this. The result is a consequence of
different pollution types and levels. Before Eskisehir, the
stream is burdened primarily by equalized pollutant loads
from the Porsuk Dam and afterwards by point and diffuse
loads from various activities.

Analysis

Explanation

Coliform

Endo NKS-Membrane filtration process is used at first but, 3. And 4. Stations had too much

colony because heavy polluted, then Colilert-18 process, which is more sensitive, was used.

DR2400 water analyse spectrophotometer was used to measure nitrogen ammonium with

Nessler process, nitrite nitrogen and nitrate nitrogen both lower and higher concentrations

Nitrogen species

were determined. (For nitrate-N; cadmium reduction method was used. For Nitrite-N;

diazotization method was used. For Ammonium-Nitrogen; Nessler Method was used. For total

N; per sulphate digestion method was used.)

DR2400 water analyse spectrophotometer was used to measure orthophosphate and total

Phosphorus types

phosphorus. (For total phosphorus with per sulphate digestion method was used. For

orthophosphate ascorbic acid method was used.)

Gravimetric analyse processes were used. Water samples were filtered through membrane

Suspended solids and dissolved solids

filter (0.45 um pore size) and Sartorious filtration apparatus was used. (According to Standard

method 2540 D was used.)

Chlorophyl-a According to Standard Methods (10200 H) it analysed with spectrophotometer.
Chloride Standard volumetric method was used. (8113 mercury thiocyanate method was used.)
Alkalinity Standard volumetric method was used.

Sulfate DR2400 water analyse spectrophotometer was used. (8051 SulfaVer4 method was used.)

DR2400 water analyse spectrophotometer was used for determining chemical oxygen

Chemical oxygen demand

demand (Method 8000).

Biological oxygen demand

Standard volumetric method was used.

According to Standard Method 3510 B, Shimadzu VCPH-5000 model Total Organic Carbon

Total organic carbon

analyser was used.

Water temperature changes in accordance with the air
temperature (Anyanwu et al., 2013) As seen in Figure 4,
temperature values range from 0-25°C according to
seasons. The lower medians and IQR in the first 2 Station
point to the equalizing effect of the Porsuk Dam. The
temperatures in the second part of the stream (after
Eskisehir) are higher as the effects of the low reservoir
release temperatures are diminishing. The dissolved
oxygen levels (Figure 4) show a reverse picture compared
to temperature but the decrease in the dissolved oxygen
levels stems from the high organic pollution loads after
Eskisehir due to mostly domestic and industrial
wastewaters.

Dissolved solids in streams emanate as a result of mineral
weathering. They are also present in wastewater. The
main sources of suspended solids include runoff, storm
water, landfills, construction and transportation activities,
inadequate treatment plants, heavy precipitation, erosion
and agriculture (Al-Badaii et al., 2013; Horowitz, 2009).
Moreover, high turbidity indicates that water contains
suspended particles such as silt, plankton, clay, organic
matter and other organisms so there is a relationship
between suspended solid concentration and turbidity

(Al-Badaii et al., 2013). After the city of Eskisehir, both
Eskisehir’s impact to the stream and irrigation water from
agriculture increase solids and high concentrations are
observed, but after 2010, as a consequence of the
opening of the wastewater Eskisehir new treatment plant,
the average suspended solid concentration decreased
(Albek et al., 2011).
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Figure 3. Total alkalinity (left) and pH (right side) values at the
sampling stations
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Figure 4. Water temperature and dissolved oxygen
concentration at the sampling stations

Chloride is present in surface waters and is essential for
biological functions (Elphick et al., 2011). The main source
of chloride is road salts which are used on roads and
parking lots in winter (Trowbridge et al., 2010). As with
dissolved and suspended solids, chlorides also show

increases in the second part of the stream
(Figure 5).
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Figure 5. Dissolved, suspended solids and chloride concentration
at the sampling stations

Nitrogen comes from agricultural areas using fertilizers,
acid water, industrial waste are the main source of
nonpoint pollution and can cause eutrophication of
surface waters (Cabezas et al., 2013; He et al.,, 2011;
Hutchins, 2012; Zheng et al., 2004). Nitrogen exists in
waters in several forms; nitrate, nitrite, ammonium and
organic nitrogen. Nitrate, nitrite, ammonia and organic
nitrogen levels of surface waters are the main indicators
of water quality. Nitrite and nitrate is formed
biodegradation of ammonia and other nitrogenous
organic matter (Connolly and Paull, 2001).

Ammonia nitrogen mean concentration at the first station
is decreasing at the second station. At the third and fourth
stations the average concentration value is increasing. It
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was determined that the ammonia nitrogen coming from
Porsuk Dam was reduced with aeration until second
station. On the other hand, at other stations (after
Eskisehir) agricultural fertilizer  and bacterial
decomposition rises the concentration of nitrogen (Albek
et al., 2011). Nitrite concentrations are at very low levels
at each stations between 0.02- 0.1 mg/L. Organic nitrogen
average concentration at 1., 2. and 4. Stations are nearly
same values, otherwise at 3. Station the concentration is
maximum (5.6 mg/L). Nitrate nitrogen concentrations are
very low levels.
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Figure 6. Organic-N, ammonium-N, nitrate-N and nitrite-N
concentrations at the sampling stations

Phosphorus, one of the most important nutrients of
primary concern that causes eutrophication and water
pollution like nitrogen, which is also found in urban storm
water runoff has been measured as one of the water
quality parameters. Most of the soluble phosphorus in
storm water and wastewater is generally present in the
orthophosphate form. Orthophosphate reaches streams
from different sources. Being the bioavailable form for
algae, orthophosphate is very important for natural
waters (Komlos and Traver, 2012). Also, phosphorus is a
plant nutrient and an important ingredient in fertilizers.
As rain washes off fertilized soils, some of the phosphorus
is carried into streams. Most of the phosphorus not taken
up by growing plants is bound to soil particles and carried
into streams with soil erosion. Also, it is indicated that
phosphorus and suspended solids are highly correlated in
agricultural watersheds (Wall et al., 1996). Other sources
of phosphorus are detergents, biogenic materials, animal
wastes, natural P-containing soils, human and animal
excrements, food-processing wastes, atmospheric
deposition and runoff from urban areas (Berretta and
Sansalone, 2011; Coulter et al., 2004). Urban watersheds
typically carry 5 to 20 times as much phosphorus per unit
area per year, as compared to undeveloped watersheds in
a given region (Walker, 1987).

As expected, the influence of Eskisehir is clearly seen in
Figure 7 as elevated concentrations in the latter station.
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Chrophly_a also shows elevated concentration at the
stations after Eskisehir due to increased levels of
phosphorus and nitrogen. Microorganisms are point and
non-point source pollutants in surface waters which can
not be controlled easily (Cheng et al., 2013). Moreover
microbiological pollution of surface
waters are originated from waste water discharges
21*10° MPN/100 mL at third station (because of fresh
wastewater discharge from the plant) and at fourth
station it decreases 4.2*10° MPN/ 100 mL with dilution.
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Figure 7. Total phosphorus and orthophosphate concentration at
the sampling stations
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Figure 8. Total coliform and chrophly-a concentration at the
sampling stations

Generally, organic pollution is determined by biochemical
oxygen demand (BOD). BOD is an indicator of biological
activity and gives proof about organic waste and it also

relates with dissolved oxygen (Basant et al., 2010; Guwy
et al., 1999). The BOD of water sources is a needed
parameter for assessment of water quality and to develop
management strategies (Basant et al., 2010). Since BOD
takes at least 5 days, different analysis such as COD or
TOC are used for monitoring and modelling (Dubber and
Gray, 2010). In this study BOD, COD and TOC were
measured at each station. As seen in Figure 9, the stations
after Eskisehir have higher concentrations of the organic
pollution parameters and temporal peaks are also
encountered.

Table 2. Parameters percentage differences of averages

Percentage Difference

Parameters of Averages (%)* p- value
pH 5 <0.05
Total Alkalinity 38 <0.05
Water Temperature 51 <0.05
Dissolved oxygen 80 <0.05
Dissolved Solids 28 <0.05
Suspended Solids 124 <0.05
Chloride 136 <0.05
Nitrate-N 72 <0.05
Nitrite-N 122 <0.05
Ammonium-N 175 <0.05
Organic N 66 <0.05
Total Phosphorus 155 <0.05
Orthophosphate 157 <0.05
Total Coliform 198 <0.05
Chrophly-a 132 <0.05

Mean, —Mean,
Mean, +Mean,
2

*0f —

*100

A paired t-test was performed between the average
concentrations of the first and second stations and the
average concentrations of the third and fourth stations to
statistically determine the effect of increasing constituent
concentrations and other water quality parameters (pH,
temperature). Table 2 presents the results. The p-values
below 0.05 confirm that the differences between the
142" and 3+4™ stations are statistically significant. The
percentage difference of averages is a measure of how
much the difference amounts.

3.2. Determination of nonpoint source loads

Nonpoint source loads entering a stream are very difficult,
even impossible in cases, to measure. The reason is that
nonpoint sources emanating from a watershed enter a
stream at many and mostly unrecognizable points and
intermittently, generally after precipitation events.
Therefore, nonpoint or diffuse source loads to a stream
are most of the time only estimated. One technique to
estimate such source loads is given in Albek (2003).
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If streamflow and water quality constituent concentration
measurements are available at two adjacent monitoring
stations, an average load can be obtained for the water
quality constituent by a suitable technique, multiplying
the flow with concentration being the simplest one.
If there are point and nonpoint sources between the
stations, the load in the downstream station will be larger
than the load at the first station by the amount
contributed from the sources. The situation s
schematized in Figure 10 as:

Ly

P —_— e

p .

L, = Upstream monitoring station load
L, =Downstream monitoring station load
LF: Pomnt source load

L ;= Nonpoint source load

Figure 10. Point and nonpoint source loads to a stream between
two monitoring stations
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If the stations are not widely-spaced and the water quality
constituent can be regarded as conservative, the following
relationship will hold:

L=L+L +L, (1)

The point source loads can be estimated from a regression
model as given below:

a
C=—+b 2
Q (2)

In this equation a is the point source load, b is the
background concentration and C and Q are water quality
concentration a streamflow, respectively. The expression
is obtained from a mass balance around a point source to
a stream as follows:

cQ=a+bQ (3)

where CQ is the load after the point source and it is
composed of the point source load (a) and the
background load (bQ) brought by the stream.
The equation (2) holds if the point source adds a negligible
flow to the stream compared to the streamflow (Albek,
1999).

Streamflow and constituent concentration relationships
for the Fidanlik and Karahdyiik stations are displayed for
chloride, dissolved solids, BOD, total phosphorus and
nitrate in Figures 11 and 12. In the Fidanhk station, the
equalizing effects of the Porsuk Reservoir are still felt and
as there are no appreciable point sources upstream, an
inverse relationship as would be predicted by Eq. 2 is not
detectable. However, in the Karahoylik station after the
city of Eskisehir, the inverse relationship is readily seen,
except for BOD which is not a conservative constituent
and nitrate. The strength of the relationships are given
with the coefficient of determination (rz) values as; for
chloride 0.82; total phosphorus 0.53; dissolved solids 0.37;
nitrate 0.04 and BOD 0.02. Thus, nitrate and BOD were
left out of the analysis as their point source loads cannot
be determined from the inverse relationship above.

Based on water quality data collected between 2008-
2010, the loads at the Fidanlik (L;) and Karahdyuk (L)
stations have been calculated from the observations by
multiplying  flowrates  with  the corresponding
concentrations. Thus simple estimates of loads were
obtained as displayed in Table 3. Point source loads (L)
are found by regression analysis after Eq. 2 was linearized
as follows:

C=aQ +b (4)

where Q' is the reciprocal of Q. Performing a linear
regression analysis, gives the coefficients a and b. a is
equal to the point source load L,,.

The diffuse loads (Ly) were calculated from Eqg. 1 and are
given in Table 3.
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Figure 11. The concentration and flow relationships at Fidanlik
Station

As it is seen in Table 3, the load distribution among
constituents differ. For total phosphorus, point and
diffuse loads are nearly equal. For chloride the point load
is around 2.7 times larger than the diffuse load.
Considering 6 g/capita.day as the amount of chloride a
person is likely to contribute to the sewer system (Sawyer

Table 3. Load estimates based on regression coefficients

and McCarthy, 1978), the point load contribution
corresponds to 2500000 people. This is around 4 times
the population which lives in the region from where the
point loads originate (Eskisehir). The rest must then come
from industrial sources.
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Figure 12. The concentration and flow relationships at
Karahoyiik Station

Fidanhk load, L,
Parameter

Point load, L,, a Diffuse load, L, Karahoyiik load, L,

(tons/year)
Chloride 1947 5479 1976 9401
Dissolved solids 53230 480 12460 66170
Total phosphorus 159 410 442 1010

For dissolved solids, the diffuse loads greatly (by a factor
of 25) dominate over the point loads. But here it must be
pointed out that the relationship between dissolved solids
and streamflow is a rather weak one as seen in Figure 11
and quantified in the coefficient of determination value of
0.37. It can be argued that the analysis above greatly
underestimated the dissolved solids point loads.

3.3. Classification of Porsuk Stream

In Turkey, the legal regulations related with water
pollution parameters and control are published as
“Turkish Water Pollution Control Regulation” (TWPCR) at
the official gazette. The aims of this regulations are to
protect water sources from pollution and to improve
water quality of water. According to this regulation, Table
4 gives the Porsuk River classified as polluted water due to
the presence of Class IV parameters (Turkey, 30
November 2012).

The regulations categorize the pollution classes as follows;

l. High-quality water (Class 1; surface waters with a
high potential for drinking water, available water
for recreational purposes, trout, animal
production, and farm needs.)

Il. Slightly polluted water (Class 2; surface waters
with a potential for drinking water, available
water for fish production other than trout and
irrigation.)

M. Polluted water (Class 3; except for facilities
requiring qualified water, such as food and
textile, it can be used for aquaculture after
proper treatment.)

V. Highly polluted water (Class 4; it has a lower
quality than the quality parameters given for
Class Ill and that can be only be achieved by
improving the top quality class.)
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Table 4. Quality class of Porsuk Stream
Stations The studied water-quality viriables .
pH Temperature Dissolved Oxygen @~ NH, N NO,-N NO;-N Total PO,
Outlet of Porsuk Dam [ | | Il Il [ 1
Fidanhk | | | | 1 | ]
Karahoyuk | | \% \% 1l | \Y)
Yunusemre [ | 1l 1\ 1\ [ v
Dissolved Solids Chloride Total Coliform BOD coD TOC
Outlet of Porsuk Dam [ | 1 1] 1] Il
Fidanhk | | 1l 1 1 1
Karahoyuk 1 1l \% \% \% \%
Yunusemre Il 1 1\ 1\ 1\ I\

4. Discussion and conclusion

In this study, the state of pollution of the Porsuk Stream
and the impacts of urban contributions on water quality
were determined. The natural sources especially
agricultural applications are found to be the main water
pollution sources. As a result of point and nonpoint
sources discharges, after Eskisehir (Karahoyik and
Yunusemre Stations) the water quality concentrations
increase and the class of Porsuk Stream is changing from
polluted or highly polluted water. Especially, nitrogen and
phosphorus compounds are increasing.

The analysis in 3.2 enables, albeit for a small number of
conservative substances, the estimation of nonpoint
source contributions which are otherwise very difficult to
determine. Thus, it is a technique which can be applied to
fill in gaps in observational data in efforts to determine
the status of a stream and to estimate loads which aid to
develop abatement strategies to reduce pollution and its
effects.
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