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Abstract: This study illustrates the benefits of statistical techniques to analyze spatial and temporal variations in
water quality. In this scope water quality differentiation caused by anthropogenic and natural factors in the Tahtali
and Balgova reservoirs in western Turkey was investigated using discriminant analysis-DA, Mann Whitney U
techniques. Effectiveness of pollution prevention measures was analyzed by Mann Kendall and Sen’s Slope
estimator methods. The water quality variables were divided into three groups as physical-inorganic, organic
and inorganic pollution parameters for the study. Results showed that water quality between reservoirs was
differentiated for “physical-inorganic” and “organic pollution” parameters. Degree of influence of water quality
by urbanization was higher in the Tahtali reservoir and in general, no trend detection at pollution indicators
explained by effective management practices at both sites.

INTRODUCTION

Discharges originating from domestic, industrial and agricultural activities degrade
surface water quality and impair their use [21]. Rivers are water bodies most vulnerable
to pollution due to their role in transporting point and non-point discharges in their vast
drainage basins. Accordingly, reservoirs constructed across the rivers are vulnerable to
pollution [12, 15, 27].

There are several studies focusing on a relationship between water quality and urban
development in the literature [6, 7, 10, 11, 13, 22, 24 and 25]. Ren et al. (2003) revealed
that rapid urbanization corresponded with rapid degradation of water quality. Urban land
uses were positively correlated with the decline in water quality. Similarly, Quang et al.
(2006) found out that there was a positive correlation between the rapidity of urbanization
and the pollution levels of urban river water. Compared to the rural river water, urban
river water was polluted more seriously.

Due to spatial and temporal variations of surface water quality caused by natural
and anthropogenic factors, a monitoring program providing a representative and reliable
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estimation is necessary. Various methods can be applied to characterize and evaluate
freshwater sources by interpreting complex water quality data sets created by long-term
monitoring programs [27].

Since the state of an ecosystem is dependent simultaneously on many factors and
parameters, these systems are multivariate in nature [16]. Therefore the interpretation of
the monitoring data sets has to be performed by use of the multivariate statistical methods
rather than univariate.

In recent years, a wider use of multivariate statistical methods has been made in the
analysis of environmental data. These methods were proved as useful tools to extract
the meaningful information from data sets [12, 15, 18, 27, 28 and 29]. The goal of the
environmetric interpretation is a) to identify similarity-dissimilarity between data sets,
b) to detect hidden factors responsible for the data structure c) to reveal discriminating
parameters etc.

In the present study, water quality data sets obtained from two reservoirs in Izmir,
Turkey on a semimonthly/monthly basis for three years were subject to examination
by statistical techniques. The objective was to a) investigate dissimilarities between
reservoirs b) determine parameters discriminating water quality ¢) analyze water
quality trends d) detect actual or potential water quality problems; if such problems
exist. Overall aim of the study was investigation of water quality differentiation caused
by anthropogenic factors and examination of effectiveness of management practices
using statistical tools.

STUDY AREA

Tahtali and Balcova reservoirs are used to supply drinking water to Izmir, the third largest
metropolitan area with over 3 million population in western Turkey (Fig. 1). Balcova
reservoir is located on Ilica Creek with 41.6 km? catchment area. Reservoir capacity at
normal water surface elevation is 8 million m?. Land use in the region is dominated by
forests. Furthermore, Tahtali Reservoir is fed by the Tahtali Creek having about 550 km?
drainage area and has the capacity to generate 175 million m?® water. 42.1% of the basin
is covered by forest, 31.8% of the area is composed of agricultural land, 0.2% of the
area is industrial area and 1.8% of the basin is residential area. The climate of the region
is typically Mediterranean: hot and dry in summers and temperate and rainy in winters
[9, 5 and 19]. Balcova and Tahtali Reservoirs are operated by Izmir Water and Sewerage
Authority (IZSU) and all the activities in these basins are controlled by the same agency
to protect water quality.

METHODOLOGY

In the study, water quality samples obtained from Tahtali and Balcova reservoirs on
a semimonthly/monthly basis for three years were subject to examination by dicriminant
analysis-DA, Mann Whitney U test, Mann Kendall test and Sen’s Slope estimator
techniques. Sampling was repeated from abstraction structures and water quality samples
were analyzed for physical-inorganic (CI, NO,-N, pH, DO, color, SO, and TDS), organic
(BOD and COD) and inorganic pollution (Al, Fe, Mn, Cu, Ba, B and Zn) parameters at
the laboratory using standard methods [2].
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Fig. 1. Location of the Tahtal1 and Balcova reservoirs

Discriminant analysis and Mann Whitney U test

DA is a statistical method used to determine the variables discriminating between two
or more naturally occurring groups. It operates on raw data and the technique constructs
a discriminant function (DF). In forward stepwise mode DA, variables are included
step-by-step beginning with the more significant until no significant changes are obtained,
whereas, in backward stepwise mode DA, variables are removed step-by-step beginning
with the less significant until no significant changes are obtained [17]. The objectives of
the method can be summarized as:

e description of group separation: linear functions of the several variables
(discriminant functions-DFs) are used to describe the differences between two or
more groups and identifying the relative contribution of all variable for separation
of the groups.

e prediction or allocation of observations to group: linear or quadratic functions of
the variable (classification functions — CFs) are used to assign an observation to
one of the groups [1].

The Mann-Whitney U test is a non-parametric significance test used to investigate
whether the differences between two data sets are really significant or not. The null
hypothesis is that both samples are drawn from populations with the same distributions.
The alternative hypothesis is that the parent populations from which the samples are taken
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have different medians. The method assumes that the distributions have the same form
but have different medians [23].

Trend analysis

Trend detection of water quality variables is a critical step in assessing the environmental
condition of a given system. For example, positive identification of contaminant
concentration trends can assist in both proving plume migration and demonstrating
evidence of contaminant degradation [4].

Mann Kendall Test is a non-parametric statistical test used to assess trends in data
sets. The rank-based non-parametric Mann-Kendall has been commonly used to assess the
significance of trends in hydro-meteorological time series (such as water quality, stream
flow, temperature and precipitation). The main advantage of the method is that compared
with parametric statistical tests, the non-parametric tests are thought to be more suitable
for non-normally distributed data [26]. It is based on the difference between the numbers
of pairwise differences (number of positive signs minus those that are negative). If the
difference is a large positive/negative value, then there is evidence of an increasing/
decreasing trend in the data. The null hypothesis is that there is no temporal trend in the data
values. The alternative hypothesis is that of either an upward trend or a downward trend.
The null hypothesis (there is no trend) is rejected when the computed z value is greater than
z, where “a” is the level of statistical significance [3].

One of the difficulties in the interpretation of environmental field data is the quantification
of trends (e.g. calculation of slope). Sen’s Slope estimator is a non-parametric method used in
determining the presence of slope. The method requires a time series of equally spaced data.
It proceeds by calculating the slope as a change in measurement per change in time [4]. The
Sen’s Slope estimator is the median of all pair wise slopes in the data set [8].

RESULTS

In the study, water quality variables were divided into three groups as:
e physical-inorganic (Cl, NO,-N, pH, DO, color, SO, and TDS),
e organic (BOD and COD) and
e inorganic pollution (Al, Fe, Mn, Cu, Ba, B and Zn) parameters.
Statistical methods were performed using SPSS 15, Minitab 15 and NCSS 2000
software packages and analysis results were presented for each group separately.
Descriptive statistics of variables were given in Table 1.

Physical inorganic parameters

The objective of discriminant analysis-DA performed for physical-inorganic parameters
was to determine the most significant variables associated with the differences between
reservoirs.

Homogeneity of variances was checked using Box M test. Based on the result it was
concluded that the null hypothesis stating there was no differences between variances of
groups was accepted (p=0.229 and >0.05). Therefore, the variances were equal and the
prerequisite of discriminant analysis was met.

As was presented in Table 2, the value of Wilks’ lambda for the discriminant function
was quite small (0.100). This suggested that DA for this group of variables was valid and
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Table 1. Descriptive statistics of water quality variables (mg/L)

Mean £ St. Dev.

Water quality variables Tahtali Reservoir Balcova Reservoir
Physical-inorganic Cl 25.91+1.38 18.47+1.87
parameters NO,-N 0.41+£0.29 0.40+0.27

pH 7.83+0.18 8.02+0.15
DO 5.19+£2.48 7.23+£0.72
Color 4.66+1.49 7.83£2.19
Sulfate 28.524+2.10 27.02+3.05
TDS 205.7+17.8 219.1+£16.0
Organic parameters BOD 4.92+2 .81 2.86+3.61
COD 7.91£2.54 6.50+3.61
Inorganic pollution Al 0.097+0.024 0.13240.074
parameters Fe 0.071+0.027 0.072+0.021
Mn 0.057+0.057 0.072+0.062
Cu 0.005+0.003 0.004+0.003
Ba 0.031£0.012 0.022+0.010
B 0.106+0.012 0.097+0.010
Zn 0.045+0.041 0.051+0.063

effective. Moreover, classification function-CF’s coefficients given in Table 3 showed
that DA gave the best result to identify the relative contribution for all parameters in
discriminating (distinguishing) the two reservoirs (affording 100% correct assignations).
F-test was also conducted to identify the most discriminating variables. Results indicated
that all the discriminant variables were significant except SO, and NO, (p>0.05) to
distinguish both reservoirs (see Table 4). Therefore two reservoirs were discriminated
using one discriminant function-DF which was defined by five (discriminant) variables
(SO, and NO, were not included). The standardized DF was created using the discriminant
procedure in SPSS 15.

DF: 0.968 (CI) — 0.395 (pH) — 0.032(DO) — 0.173 (color) — 0.024 (TDS)

The relationship between the discriminant variables and the function was also
represented by pearson coefficients and presented in Table 5. Based on the coefficients
it can be concluded that Cl was the most important variable discriminating between
reservoirs. The order of inclusion in the model was Cl, color, pH, DO and TDS.

The effectiveness of pollution prevention programs in the region was examined
using trend analysis. Mann-Kendall test results presented in Table 6 showed upward trend
for the parameters Cl and SO, in the Tahtali reservoir. In contrast no upward trend was
observed in the Balcova reservoir.

It is known that increasing concentrations of sodium and chloride in surface water
are strongly related to urbanization and population density. They can have a significant
impact on drinking water and salinity of aquatic ecosystems [20]. Therefore increasing
trend for Cl in the Tahtali reservoir was explained by impact of urbanization on surface
water quality in the region.
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Table 2. Test results for discriminant function created for physical-inorganic variables

Value
Eigenvalue 8.999
Canonical correlation 0.949
Wilks lambda-A 0.100
Chi-square 60.996
p 0.000
% of variance 100

Table 3. Classification function coefficients and % correct values

Tahtali reservoir Balcova reservoir
Cl -3.415 -8.646
NO3-N 72.811 78.135
PH 416.948 435.598
DO -14.996 -14.839
Colour -8.451 -8.533
S04 1.026 2.533
TDS -0.149 -0.218
Constant -1544.586 -1606.169
% correct 100 100
Total % correct 100

Table 4. Wilks’ lambda and p values for physical-inorganic parameters

Discriminant variable Wilks’ Lambda )
Cl 0.158 0.00
NO,-N 1.000 0.93
PH 0.783 0.01
DO 0.824 0.02
Color 0.564 0.00
SO, 0.918 0.11
TDS 0.879 0.05

Table 5. Structure matrix for physical-inorganic parameters

Discriminant variable Pearson coefficients
Cl 0.88
Color -0.34
pH -0.20
DO -0.18

TDS -0.14
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Table 6. Mann Kendall test results and Sen’s Slope estimators for physical-inorganic parameters

Variable Reservoir Trend detection Sen’s slope

Cl Tahtali up 0.150
Balcova -

NO,-N Tahtali down -0.006
Balcova -
pH Tahtali -
Balcova -
DO Tahtali -

Balcova down -0.050
Color Tahtali -
Balcova -

SO, Tahtali up 0.167
Balcova -
TDS Tahtali -
Balcova -

Organic variables
In the study due to high correlations between BOD and COD, discriminant analysis
could not be applied. Instead, Mann-Whitney U-test was performed to examine if the
differences between two reservoirs for this group of variables were really significant.
Based on the Mann-Whitney U-test results given in Table 7, it was concluded that the
difference between two reservoirs regarding organic pollutants was statistically significant
(p<0.05). Concentrations at Tahtali Reservoir were slightly higher (see Table 1).
Additionally significance of trends was tested using the non-parametric Mann-
-Kendall test. Magnitude of the detected trend was investigated. Results showed that
there was no trend at both sites. The result was evidence of effective pollution control
measures taken by local authorities.

Table 7. Mann Whitney U test results

Variable D
BOD 0.01
COD 0.05

Inorganic pollution variables
Results of the DA applied to inorganic pollution parameters (Al, Fe, Cu Mn Ba, B, Zn and
F) showed that there was no significant function for differentiating water quality for this
group of variables (p>0.05) (Table 8).

The second step of statistical analysis was examination of trends. Mann Kendall test
results and Sen’s Slope estimators for inorganic pollution parameters presented in Table 9
revealed that there was no significant increasing trend in variables.
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Heavy metals in surface water originate from direct inputs (wastewater treatments,
industry) but also from nonpoint sources including the contribution from groundwater
and, initially leaching from soils to groundwater. The magnitude of the pathway soil
— groundwater-surface water remains largely unknown but is believed to be quite
substantial for such elements as Cd, Cu and Zn [14].

These statements and results of the trend analysis yielded that measures taken by local
authorities to prevent inorganic pollutant inputs to surface water in the region were effective.

Table 8. Test results for discriminant function created for inorganic pollution variables

Value

Eigenvalue 0.449
Canonical correlation 0.310
Wilks lambda-A 0.690

p 0.225

Table 9. Mann Kendall test results and Sen’s Slope estimators for inorganic pollution parameters

Variable Reservoir Trend detection Sen’s slope

Al Tahtali -
Balcova -
Fe Tahtali -
Balcova -
Mn Tahtali -
Balcova -

Cu Tahtali up 0.0003
Balcova -
Ba Tahtali -
Balcova -
B Tahtali -
Balcova -

Zn Tahtali up 0.0007

Balcova up 0.0035
F Tahtali -
Balcova -

CONCLUSION

In the study discriminant analysis, Mann Whitney U tests, Mann Kendal test and Sen’s
Slope estimator techniques were applied to investigate water quality differentiation
caused by anthropogenic and natural factors between Tahtali and Balgova reservoirs
in western Turkey. These techniques were performed for three groups of variables:
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physical-inorganic (CI, NO,-N, pH, DO, color, SO, and TDS), organic (BOD, COD)
and inorganic pollution (Al, Fe, Mn, Cu, Ba, B and Zn) parameters separately. Test
results for physical-inorganic variables showed that Cl was the most important
parameter discriminating between Tahtali and Balcova reservoirs. In contrast, SO,
and NO, were not significant to distinguish between both reservoirs. Among the
organic pollution parameters, difference for COD and BOD levels was statistically
significant at both sites. Furthermore, there was no significant function differentiating
water quality for inorganic pollution parameters. Increasing trend for Cl and also
slightly higher concentrations observed for the variables discriminating reservoirs was
explained by negative effects of urbanization to the Tahtali reservoir water quality.
Since the Tahtali region is more populated compared to Balcova basin the result was
reasonable. In general no trend in pollution indicators at both sites was indication of
effective management practices by local authorities. The main outcome of the study is
that statistical methods are successful tools to investigate spatial and temporal changes
in water quality and to determine priorities in management activities.
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