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Abstract
E-mail: Orontes River is one of the most important rivers in Syria and a major source of
linakhouri.p@gmail.com water for drinking, irrigating, and industrial purposes. This research aims to

study the effect of temporal and spatial changes on the water quality of the
Received: 03/10/2022 Orontes River and to assess its suitability for different uses. Seasonal water
Acceptance: 15/02/2023 quality monitoring data for the period between 2010 and 2020 consisting of 21
Available Online: 25/02/2023 quality parameters (EC, COD, BOD, TUR, DO, pH, NHs, Cl, Na, T, TSS, TDS, SS, FC,
Published: 01/07/2023 NOs-, PO43, K, Ca, Mg, SAR, TH) at 11 stations along the river basin were used.

The data were analyzed using statistical analysis techniques to study the
correlation between these indicators and to determine the least number of
variables that affect water quality. MANOVA analysis was applied to the dataset
to study the linear relationship between independent variables (seasons and
Keywords: Orontes river, stations) and dependent variables (quality parameters). The results showed
that 9 and 14 water quality parameters were influenced by seasonal and spatial
changes, respectively. Additionally, the combined effect of seasonal and spatial
changes influenced EC, DO, COD, PO43, NO3-. Therefore, these water parameters
can be considered useful in determining pollution severity and evaluating
water management policies in the studied area.

Statistical analysis, Pollution,
Water quality

1. Introduction

The importance of studying the effect of temporal and spatial changes on river water quality comes from the
increasingly urgent need for freshwater [1]. Human activities are the primary cause of the chemical pollution of water
resources [2]. The various emissions which are directly or indirectly discharged into water bodies lead to the
contamination of rivers with industrial [3], domestic and agricultural wastes, which poses a serious threat to human
health, wildlife, and aquatic life, as well as their impact on the stability of the ecosystem. Hence, these sources must be
subject to continuous quantitative and qualitative monitoring to reduce the risks of pollution [4].

Orontes River is considered one of the important water resources in the Eastern Mediterranean region, as it is a main
source of water for human, agricultural, and industrial uses in the area [5]. In a study to assess the water quality of the
Turkish section of Orontes River basin [6], the effects of temporal and spatial changes on a set of 16 indicators were
investigated using statistical analysis techniques during the period 2004-2014. The results obtained using factor and
discriminate analysis indicated that the most important variables responsible for water quality changes are Na, Mg,
Ca, biological oxygen demand (BOD), flowrate (Q), NH4, and suspended solids (SS). Therefore, mineral pollution,
nutrient pollution, and organic pollution are the underlying factors affecting water quality.

The use of statistical methods with the collected environmental data is necessary in order to find accurate and logical
scientific explanations of phenomena [7-9]. Studies that rely on environmental statistical analysis have become one of
the tools used in identifying sources of pollution and facilitating water resources management [10][11]. Due to the
scarce statistical studies in the Central Orontes River basin, this research aims to determine the main indicators that
affect water quality in this area considering the spatial and temporal changes using variance analysis. The study also
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aims to establish an initial classification of water at a specific point or time, which assesses reducing the number of
samples, time, effort, and cost of analysis in future studies.

2. Materials and Methods

2.1. Description of the study area

The Orontes River begins in Al-Bekaa Valley in Lebanon from different groups of sources (Ain Zarqa, Hermel, and
Shoghir springs) from the West Lebanon Mountains, and (Ras Baalbek, Al-Labwa, and Ain Falaki springs) from the
eastern Lebanon Mountains; then, it enters the Syrian lands at Al-Amiri Observatory [12]. Its flow system is rain-fed
and supplies water to a basin with an area of 24000 kmZ. It is considered the main source of water for most activities
in the area, as about 12 million m3 is extracted annually for different purposes [12], and it is a major source of
drinking water for Homs and Hama cities. Its total basin area is estimated to be 26,530 km?, 67% of which is located in
Syria [13] (Fig. 1).

This research concentrates on the central region of Orontes river, which is exposed to a group of pollutants resulting
from the effluents of informal settlements, and industrial facilities in the region, such as Homs refinery, the general
fertilizer company, in addition to the sugar and dairy factory.

2.2. Monitoring dataset

The data used in this research was provided by the  Table 1. The observed water quality parameters in the used
environmental and water resources directorates in _dataset

Homs. This dataset is constituted of 21 chemical __ N Parameter Unit N Parameter Unit
and physical parameters (Table 1) of water 1 T C 12 SS mg/1
samples acquired once a month from 11 2 pH - 13 NOs mg/1
monitoring points along the central region of 3 EC ps/cm 14 PO4 mg/1
Orontes River (Fig. 1) between 2010 and 2020. 4 TUR NTU 15 FC CFU/100ml
5 TDS mg/1 16 Na mg/1
2.3. Statistical analysis techniques 6 DO mg/1 17 Cl mg/1
7 COoD mg/l 18 TH mg/l
2.3.1. Variance Analysis 8 BOD mg/1 19 Mg mg/I
9 K 1 20 SAR 1
The analysis of variance is a common tool in water 10 C me/ mg/
. , , , a mg/1 21 NH4 mg/1
studies [14-18]. It represents a linear relationship 11 TSS me/l

betweenlone or more dependent variables and one T: Water temperature, EC: Electrical conductivity, TUR: Turbidity,
or more independent variables, the number of both  TDS: Total dissolved solids, DO: Dissolved oxygen, COD: Chemical

determines the type of variance analysis. oxygen demand, BOD: Biological oxygen demand, TSS: Total soluble
solids, SS: Suspended solids, FC: Fecal coliform, TH: Total hardness,
Types of Variance Analysis: SAR: Sodium adsorption ratio

1) Univariate analysis (ANOVA): One dependent variable and one independent variable.

2) Multiple variance analysis (MANOVA): there are more than one dependent variable and one or more independent
variables. Depending on the number of independent variables, it is determined whether it is in one direction, two
directions, or “N” directions.

3) Covariance analysis (ANCOVA): It expresses the relationship between one or more dependent variables and one or
more independent variables, excluding the effect of the control variables (covariates).

4) Multivariate analysis of covariance (MANCOVA): It expresses the relationship between more than one dependent
variable and one or more independent variables.

2.3.2. Data processing

The data taken from the monitoring stations were analyzed using the SPSS 25 and Excel and box plots were used to
show the seasonal effects on EC, DO, COD, NO3, and PO4. The anomalies were removed and the basic descriptive
statistical values of the parameters were calculated between 2010 and 2020
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Figure 1. Orontes river basin and the sampling sites of the current study. The original map is available in [13].
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3. Results and Discussion

The basic descriptive values in the used dataset showed that most of the studied parameters are within the acceptable
range on average according to the Syrian Standards Specifications [19] (Table 2). However, seasonal box plots showed
a notable increase in COD accompanied by a decrease in dissolved oxygen in fall and summer compared to spring and
winter (Fig. 2), indicating drainage pollution (especially industrial drainage) during summer and fall.

Table 2. Descriptive statistical values for Orontes river water parameters dataset Season
from 2010 to 2020 2000 Winter Spring Summer Fall
Parameter Median Average Range jzlril;i;:;i i;iegzt?f é;: g 1500
T (°C) 186 1897  5.2-355 5.11 <35 £ 1000 ;
PH 8.02 8.08 5.05-9.69 0.46 6-9 8 500 +
EC (us/cm) 425 60435  9.8-1678 316.62  1500-2000 0
DO (mg/1) 5.675 5.70 0.4-14.83 2.04 <10 = :z.z
COD (mg/1) 33 49.54 1-1017 49.93 20-100 g 75
BOD (mg/1) 15.65 22.68 0.5-150 23.04 0-35 Q 50 + +
NH4 (mg/1) 0.5 5.22 0.01-96 9.23 0-5 2-3
Cl (mg/1) 28.05 44.47 3-300 39.89 0-300
P04 (mg/1) 1.75 5.65 0.01-110 8.44 0.5-6 g 150
SS (mg/1) 34 48.78 1-265 43.65 0-30 E 100
Tur (NTU) 18.4 7031  0.01-1050  87.31 5-90 § 50 a ﬁ
Na (mg/1) 10 37.24 0.85-590 57.22 0-300 L]
TH (mg/1) 298 31033  0.73-729 102.87 0-5 = 2
NO3 (mg/1) 7 11.15 0.05-120 11.54 0-70 £
K (mg/1) 1.44 4.76 0.1-78.5 8.18 0-8 e 1
SAR (mg/1) 0.605 1.52 0.02-22.87 2.27 3-9 = 2 ;
Mg (mg/1) 30.85 31.49 12.1-126 1212 0-80
Ca (mg/1) 56 57.13 35-108 13.28 0300 £ ”
TDS (mg/1) 296,55  422.87  2.49-1258 224.58 1000-1500 £ 15
TSS (mg/1) 26694  73.00 1.2-969.25  124.45 0-60 g" 12 . i ;
FC (CFU/100ml) 289 34.60 0-870 22.56 0-100 0

T: Water temperature, EC: Electrical COIldl.,lCtiVity, TUR: Turbidity, TDS:- Totalll dissolved Figure 2. Seasonal effect on Electrical
solids, DO: Dissolved oxygen, COD: Chemical oxygen demand, BOD: Biological oxygen conductivity (EC), Dissolved oxygen
demand, TSS: Total soluble solids, SS: Suspended solids, FC: Fecal coliform, TH: Total (DO), Chemical oxygen demand

hardness, SAR: Sodium adsorption ratio (COD), NO3, and PO4 on average in
the tested sites

3.1. The effect of temporal and spatial changes without reciprocal effect between the indicators

Multiple variance analysis MANOVA was applied in ‘N’ direction with seasons or observation sites being considered
independent variables and pollution indicators as dependent variables. This analysis was employed to study the effect
of the temporal changes on the variables independently regardless of mutual effects between the independent and
dependent variables (Table 3).
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Table 3. MANOVA and MANCOVA analysis results for temporal and spatial changes influence on the
studied water parameters of Orontes river

Mean Square
. MANOVA analysis MANCOVA analysis
Indicators - -
Temporal Spatial Temporal Spatial .
Temporal x Spatial
changes changes changes changes

T 3907.85** 116.68rs 15.28** 149.95** 2.32n0s
PH 0.26ns 6.59ns 0.6** 0.12rs 0.05ns
EC 46927.37ns 8681344.59** | 535057.52** 29060.68* 9077.72**
DO 6425.03** 5683.47** 1252.92** 567.94** 123.97**
CoD 7601.43ns 75397.86** 7612.75** 2401.3* 1966.55**
BOD 187.49rs 16729.32** 668.12** 2500.59** 22.19ns
NH4 37.15ms 4904.6™* 409.39** 63.96ns 36.14ns
Cl 4140.16ms 123494.33ns 10174.27** 230.91ns 1559.14ns
P04 537.99** 3104.8* 306.2** 59.39ns 18.68**
SS 27675.66** 39187.99** 54407.34** 14109.83** 4503.35ns
TUR 122821.68** 305056.03* 40017.49nrs 52767ms 26612.450s
Na 6477.69ms 170594.39** 14583.81** 68.78ns 589.44ns
TH 35466.13ns 323478.68ns 21199.65** 12022.72* 2984.73ns
NOs3 10.98ns 1587.43** 54.81ns 110.47* 30.81**

K 33.03ns 3100.65** 185.65** 85.88* 47.82ns
SAR 4.1ns 71.83ns 4.84** 0.21* 1202.75ns
Mg 1525.29** 1626.85n0s 1202.75ns 1202.75ns 324.15nms
Ca 1489.44** 1316.98* 1334.43ns 324.15nms 0.21ns
TDS 25625.51ns 4328217.43** | 263421.48** 1245.23* 4475.35ns
TSS 283722.86** 682514.73* 91367.92rs 117358.06ns 58645.49ns
FC 1583.14ns 163764.76ns 23189.75ns 7212.93ns 14651.6"s

** the changes have a significant influence on the studied parameter (P<0.01)
* the changes have a significant influence on the studied parameter (P<0.05)
ns the changes have an insignificant influence on the studied parameter

MANOVA analysis showed that T, DO, POs, SS, TUR, TSS, TH, Mg, and Ca were significantly influenced by seasonal
changes, which is similar to the results of [20] where many water quality variables were influenced by seasonal
variations.

As for the spatial effect, MANOVA analysis showed that EC, DO, COD, BOD, NHs4, PO4, SS, TUR, Na, NOs3, K, Ca, TSS, and
TDS were significantly affected by location. This observation indicates that there is a clear effect of sanitation,
industrial, and tourist facilities in changing the indicators along Orontes River.

3.2. The effect of temporal and spatial changes with reciprocal effect between the indicators

Multivariate analysis of covariance MANCOVA was applied to the data, where seasons or observation sites were
considered independent variables and pollution indicators as dependent variables taking into consideration the
reciprocal effect (Table 3).

The results showed that T, pH, EC, DO, COD, BOD, NH4, Cl, PO4, SS, Na, TH, K, SAR, TDS were affected by season
changes with reciprocal effects between the indicators. On the other hand, spatial changes significantly influenced T,
EC, DO, COD, BOD, SS, TH, NOs3, K, SAR, TDS taking into consideration the reciprocal effects between the indicators.

MANCOVA was then utilized to investigate the interaction between temporal and spatial changes (Table 3). The
results showed that this interaction significantly influenced EC, DO, COD, NO3, and PO4. By comparing the results of the
interaction between temporal and spatial changes with other simple analysis results, it is noticed that the influenced
parameters are limited to the five aforementioned variables, which is similar to the previously obtained results [21]
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using other analytical method (weighted arithmetic mean).Therefore, these five parameters can be considered as a
reduced indicator to assess pollution in the main Orontes basin.

4. Conclusion

Determining the quality of surface water has become an important focus of contemporary research due to the
problems arising from the diminishing amount of freshwater resources. The current results showed that the EC, DO,
COD, NOs, POs were the main water parameters influenced by seasonal (temporal) and location changes interaction in
the main Orontes river basin. Therefore, some areas are greatly affected by industrial water drainage, while other
areas are influenced by agricultural activities. The research highlights the importance of conducting statistical studies
on the studied areas, including lakes and groundwater, in order to monitor water quality, evaluate pollution
management policies and tracing the movement of pollutants along the river.
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