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Abstract

The main aim of this research is to evaluate the water quality of King Abdullah Canal (KAC) using
the water quality index method (WQI). For this purpose, nine different sampling sites were used in
the calculation of WQI during the period of January to December 2012. The samples were analyzed
for various physico-chemical parameters such as pH, electrical conductivity, total suspended sol-
ids, ions of Sodium, Potassium, Calcium, Magnesium, Fluorite, Chloride, Sulfate, Bicarbonate, and
Nitrate in different seasons (winter, spring, summer and autumn). The analyzed results (by WQI
method) have been used to suggest models for predicting water quality. The relative weight as-
signed to each parameter has a range from 1 to 5, based on the important parameters for drinking
purposes. The computed WQI for the nine samples has a range from 46.66 to 542.08. The analysis
reveals that the water quality status of the study area is varying from excellent to good in the up-
per part of the canal and from poor to very poor in the lower part of the canal. Comparing with the
World Health Organization (WHO) and Jordan Standard (JS), the results indicate that the lower
part of the canal is polluted. Therefore, the water is not safe for domestic use and needs further
treatment, especially in the lower part of the canal.
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1. Introduction
Clean water is an essential factor for the human survival and for the whole life. Due to many factors such as the
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population increase, the demand on water is increasing steadily over time. This challenge is leading to more de-
mands for the clean water and therefore the lack of water in many parts of the world is increasing consequently
[1]. Human health, on the other hand, is also affected by water, since the agricultural activities depend on water
for irrigation [2]. According to a study conducted by the WHO organization, the majority of the diseases in hu-
man beings are water produced [3]. Due to these factors, it is necessary to monitor the quality of water and to
protect it from pollutions. Water quality is usually calculated by the water quality index. Water quality index is a
number that has a finite scale to differentiate between polluted water and very clean water. This number con-
verts different water quality data into one simple indicator that can be used to describe the overall quality of wa-
ter. WQI is very useful since it can be used by the policy makers to increase the water quality [1] [3]. Thus, it
becomes an important factor for the assessment of water quality programs.

The aim of this research is to evaluate the water quality in the KAC, and to provide information on the water
parameters of the canal. Furthermore, the water suitability for human use based on computed water quality index
values is discussed.

2. Methodology
2.1. Study Area Characteristics

The study area extends along King Abdullah Canal from the Yarmouk River in the north, to Deir Alla in the
south, at an elevation of 235 m below sea level.

The King Abdullah Canal is the most important water supply for drinking and agricultural in Jordan [4]. The
canal extends from the Syrian border in the north down to the Dead Sea in the south (Figure 1). The length of
the canal is about 110 km with a head discharge capacity of 20 m’/s, and a tail discharge of 6 m*/s and consti-
tutes the main valley conveyance structure [4].

Currently, 45 MCM/year of water are pumped from the canal to Zai treatment plant then pumped to Amman.
This amount of water is planned to be increased in the future. The concrete canal has a width of 3 meter and a
width that varies from 10 to 11 meters. The slope of the canal is about 0.00018 and its capacity is 20 m’/s, re-
ducing to 2.3 m’/s in the south [4].

2.2. Sampling Sites and Water Quality Monitoring Station

The current study describes the application of the Water Quality Index (WQI) to study the changes in water
quality at nine sites within King Abdullah Canal and Jordan River, Jordan.

2.3. Data Availability

The water quality data were chosen for this study with nine sampling according to the water quality data ob-
tained from the Royal Scientific Society (RSS).

The requisite data of various water quality parameters (based on monthly analysis) were obtained from RSS
between January 2012 and December 2012.

3. Data Analysis

There are many parameters affect the quality of the water. Therefore, the assessment of surface water quality is a
very challenging process. It is difficult to evaluate water quality from a large number of samples, because each
sample contains concentrations for many parameters. Depending on the availability of data, analysis has been
carried out using Water Quality Index for spatial variation [5]. The explanation below describes the data analysis
that was carried out to calculate Water Quality Index.

Surface water samples of nine different locations of the King Abdullah Canal and Jordan River were collected
spreading over a period of one year. The water samples were analyzed for different parameters to study the sea-
sonal variations of these parameters according to standard methods. Samples were collected in four seasons’
winter, spring, summer and autumn season. Each of the surface water samples was analyzed for 12 parameters
such as pH, electrical conductivity, total suspended solids, bicarbonate, chloride, sulphate, nitrate, fluoride, cal-
cium, magnesium, sodium and potassium.

The mean, minimum and maximum values of different selected physic-chemical parameters of 9 surface wa-
ter samples of the study area for 12 months are shown in Table 1, while the sampling locations are arranged in

Table 2.
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Table 1. Water quality parameters used in this study, data represented as mean, minimum and maximum values, during
twelve months (2012).

Sampling points

Parameter

JV1 Jva V6 V7 C2 CX JR1 JR2 JR3 mean min max

pH 8.30 8.32 8.19 8.09 8.53 8.49 7.85 7.82 7.89 8.2 7.53 8.79
EC 992 1143 1036.4 1057 2029.4 2083.5 11427 58255 11290 4098 585 17450

TSS 41.00 796  33.00 4736 83.71 66.75  430.27 1244 371.82 134.0 2.00 1518
NO;-N 1.10 0.23 0.63 0.63 7.36 7.29 6.92 2.13 5.41 35 0.23 12.70
HCO; 286.0 1267 206.0 2056 291.1 293.0 43727 3841 444.45 297.1 114. 716.00

Cl 123.0 2577 178.3 190.1 360.5 376.7 3304 1688.5 3188.4 1074.2 63 5528
Na 78.00 118.0 94.12 99.61 2249 235.3 1543.1 712.9 1528.4 514.9 42.0 2510.0
Mg 3400 31.68 3125 31.64 44.05 46.62 561.64 320.0 541.27 182.5 19.0 1181.0
Ca 75.00 44.13 58.14 58.12 117.3 119.4 397.55 238.4 398.36 167.4 39.2 565.00
K 7.00 7.19 6.88 7.18 25.16 26.04 96.42 35.55 94.13 34.0 4.00 148.00

F 0.60 0.25 0.40 0.41 0.43 0.43 1.19 0.58 1.17 0.6 0.25 1.19
SO, 116.00 51.70 77.40 79.00 217.00 214.00 2261.00 346.00 2256.00 624.2 51.70  2261.00

(All parameters are in mg/l except EC in pus/cm and pH in SU).

Table 2. Arrangement of sampling site.

S. No Sample code Site name
1 V1 King Abdullah Canal
2 Iv4 King Abdullah Canal
3 V6 King Abdullah Canal
4 V7 King Abdullah Canal
5 C2 King Abdullah Canal
6 CcX King Abdullah Canal
7 JR1 Jordan River
8 JR2 Jordan River
9 JR3 Jordan River

4. Calculation of Water Quality Index

The WQI was first introduced by Horton in the early 1970s; it is a representation of the mathematical means of
calculating a single value from many test results. The resulted index represents the level of water quality in a
given water area, such as ponds, lake, river or stream [6] [7].

The objective of water quality index is to change the complexity of the water quality data into information
that can be used easily by the public. A single number is not enough to describe all of water quality parameters
that are not included in the index. On the other hand, a water quality index based on some very important para-
meters can provide a single indicator of water quality [&].

The WQI of the KAC is computed from different various physicochemical parameters namely: pH (Hydrogen
ion concentration), EC (Electrical conductivity), TSS (Total Suspended Solids), ions of Na" (Sodium), K (Po-
tassium), Ca®* (Calcium), Mg®* (Magnesium), F~ (Fluorite), CI” (Chloride), SO;  (Sulfate), HCO; (Bicar-
bonate) and NO; (Nitrate) in different season (winter, spring, summer and autumn). The WQI was calculated
monthly in nine different sampling sites in order to assess the suitability of KAC and Jordan River water body

for different purpose.
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For calculating the Water Quality Index (WQI), the method followed by [3] [9]-[11] have been employed. In
this method the quality rating scale has been assigned to the parameter which is also weighed according to its in-
fluence in the overall water quality.

To compute WQI, four steps are followed (Gebrehiwot ef al. (2011)). In the first step, the quality rating scale
is assigned to the parameter which is also weighed according to its relative importance in the quality of water for
drinking purposes. These weights have a range from 1 to 5. The greatest weight assigned to parameter that has
major importance in water quality assessment, while the smallest weight assigned to that parameter that may not
be harmful.

The greatest weight of five has assigned to the parameter nitrate due to its importance in water quality as-
sessment; weight of four has assigned to the parameters pH, Electrical Conductivity, Sulphate and Fluorite; weight
of three has assigned to parameters Chloride and Bicarbonate; while weight of two has assigned to the parame-
ters Calcium, Magnesium, Sodium and Total Suspended Solids, based on their importance in the quality of wa-
ter for drinking purposes [12]. Potassium is assigned the minimum weight of one because it plays a fewer role in
the water quality assessment. The standards for drinking water as recommended by Jordanian Standards and
guidelines for drinking water quality are given in Table 3.

In the next step, the relative weight (R ) was calculated using the following Equation (1) [13] [14]

R, = nW’ M
/4

i=1

where R, is the relative weight, W is the assigned weight of each parameter and » 1is the number of para-
meters. The relative weight R, values of each parameter are given in Table 3.

In the third step, a quality ranking scale (, for each water parameter is calculated by dividing its concentra-
tion by its standard according to the guidelines of [15] and then multiplied by 100:

C

0, =100— )
Can )
0, =100 o o) 3)

v, and v, represent the observed and ideal values respectively. v, isthe WHO drinking water standard for
each chemical parameter according to the guidelines of [16] (Table 3). In most cases v, is equal to zero except
in certain parameters such as pH, dissolved oxygen etc.

Table 3. Jordanian Standards (WAJ, 1990), guidelines for drinking water quality WHO (2004), and relative weight of phy-
sico-chemical parameters used in this study.

Variables Unit Jordanian standards WHO standards Weight (Wt)
pH unit 6.5-9.0 6.5-85 4
EC us/cm 700 <1400 4
TSS mg/l 25 25 - 40 2
NO; mg/l 45-70 50 5

HCO; mg/l 100 - 500 125 - 350 3
S03~ mg/l 200 - 500 250 4
F mg/l 2 1.5 4
cr mg/l 200 - 500 250 3
Na'* mg/l 200 - 400 200 2
Mg* mg/l 50-150 <125 2
Ca** mg/L 75 -200 75 2
K* mg/L 12 12 1
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In the fourth step, the Sub Index SI of i parameter is determined in Equation (4) for each chemical pa-
rameter, which is then used to calculate the overall Water Quality Index WQI :

SI; =W, %O, )
Finally, WQI is calculated by adding together each sub index values of each water samples as follows:

WQI=) ST, 5)

The values of WQI are usually classified into five categories excellent water, good water, poor water, very
poor water and water unsuitable for drinking purposes [1] [17], as shown in Table 4.

In this study, the range of the computed WQI wvalues is varying from 46.66 to 542.08 and therefore, can be
categorized into five types “excellent water” to “water unsuitable for drinking”. Table 5 shows the percentage of
water samples that falls under different quality.

5. Results and Discussion

Table 1 gives the different water parameters that be used in this study, as well as their mean, minimum and
maximum values. The weighted values and normalization factors were adapted to local conditions, using a va-
riety of sources from literature (e.g. [3] [9] [10] [18]-[20]). The WQI calculation does not take into account some
parameters due to the lack of available field data, so the parameters that have a complete data set were used on-

ly.

5.1. Surface Water Quality Variation

The variations of the physicochemical characteristics along with WQI of the canal water in the different sites
were discussed below. The quality of surface water varies from site to site depending up on surface characteris-
tics. The variations of water quality were discussed below.

5.1.1. Hydrogen Ion Concentration (pH)

The hydrogen ion concentration (pH) in water is the measurement of the negative logarithm of the concentration
of hydrogen ion. Acidic water has a pH value less than 7 and basic water have a value greater than 7. The pH in
study area varies from 7.53 to 8.79 (Table 1) indicates that water is slightly alkaline. 99% of mean samples were
not exceeding the permissible limit prescribed by WHO . The pH mean value of different samples (8.2) is within
the desirable and suitable range. The spatial average variation of pH over a period of time is shown in Figure 2.

Table 4. Classification of WQI values for human consumption.

WQI range Water type
<50 Excellent water
50.1-100 Good water
100.1 - 200 Poor water
200.1 - 300 Very poor water
>300.1 Unfit for drinking

Table 5. The proportion of water samples that falls under different Water quality categorization.

WQI range Type of water Percentage of water samples
<50 Excellent water 11.1
50.1-100 Good water 333
100.1 - 200 Poor water 222
200.1 - 300 Very poor water 11.1
>300.1 Unfit for drinking 222
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Figure 2. Average pH values along KAC and Jordan River.

5.1.2. Electrical Conductivity

Electrical conductivity is a measure of the capability of water to carry an electrical current. This capacity is re-
lated to the total amount of solids dissolved in the water [21]. Hence water with high ions content tends to have
higher conductivity, which is an indicator of high solid concentration dissolved in the water [22].

The values of water conductivity in the canal varied from 585 ps/cm in the upper part of the canal to 17,450
us/cm among the stations in the Jordan River. The value of conductivity was recorded lowest in JV1 at KAC and
maximum in JR1 at Jordan River, shows poor quality of water according to the classification of WHO . The
mean value was 4098 ps.cm™' .

The results show that EC values of river water are increasing from upstream towards downstream. Prescribed
standard values by WHO for EC is 1400 us.cm™'. The value of EC is very high in Jordan River which ex-
ceeded the WHO maximum limit as shown in Figure 3.

5.1.3. Total Suspended Solids
Total suspended solids (TSS) in surface water are a result of stream bank, storm water runoff, channel erosion,
plankton, dead plant, and re-suspension of sediment into the water column [23]. The surface water’s ecosystem
is affected negatively by a high concentration of TSS. The suspended solids determination is useful in the analy-
sis of sewage and other waste waters and is as significant as biochemical oxygen demand determination.

In this study, the total suspended solids of river water samples range from 2 mg/l at KAC to 1518 mg/l1 at JR,
with a mean value of 134 mg/1 (Figure 4).

5.1.4. Bicarbonate
The amounts of bicarbonate, carbonate, and carbonic acid in water are related to the Hydrogen Ion concentration.
In normal surface water where pH condition is less than 9, bicarbonate became predominates. Bicarbonate con-
centrations in natural waters varied from less than 25 mg/l in non carbonate rocks areas to over 400 mg/l where
carbonate rocks are distribute.

The bicarbonate was found to be the most abundant and varies in concentration from 114 mg/l in JV4 to 716
mg/l in JR3 with an average concentration of 297.1 mg/1.

All the samples of JV were found to be within safe limits of Jordanian Standards while the JR samples were
exceeded the JS of 100 to 500 mg/l. A high concentration of bicarbonates in drinking water is deviated by wea-
thering of calcium bearing rocks. Figure 5 shows changes in HCO; along KAC and Jordan River

5.1.5. Nitrate

Nitrates are a measure of the oxidized form of nitrogen and are a main nutrient in aquatic environments. The ni-
trate level of the measured samples was low. They fall below the MCL for the JS Drinking water standards and
WHO, which was 50 mg/l NOs, Nitrate content in river water samples of KAC and JR ranged from 0.23 mg/1 to
12.70 mg/l with a mean value equal to 3.5 mg/l (Figure 6). The most important source of nitrate is the biological
oxidation of organic nitrogenous materials. Also nitrate may a result of point and non-point sources such as
over-application of fertilizer, septic tanks, sewage disposal systems and soil erosion.
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Figure 3. Average EC values along KAC and Jordan River.
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Figure 4. Average TSS values along KAC and Jordan River.
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Figure 5. Average HCO; values along KAC and Jordan River.

5.1.6. Chloride
Chloride is produced from sodium chloride which is dissolved in water from rocks and soil; it is a major com-
ponent in all types of rocks [24]. High concentration of chloride can make water distasteful and, therefore, unfit
for drinking or livestock watering [25]. The chloride reaches the river from different anthropogenic activities
like septic tank effluents and animal feeds.

The concentration of chloride was found to be within permissible limits of JS in all sites of KAC except in the
JR where a high concentration within the range of 1688.5 to 3304 mg/1 is found. High concentration of chloride
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Figure 6. Average NO; values along KAC and Jordan River.

©C = N W H 1 ONO®

cause a salty taste in drinking water and thus water becomes dislikable for drinking. The chloride concentration
is an indicator of pollution by sewage. The chloride content was found higher than the prescribed limit for JR
(sites JR1, JR2 and JR3)

The variation of chloride over a period of time is shown in Figure 7.

5.1.7. Sodium
Sodium is the sixth most abundant element in the Earth’s crust and it is produced from rocks and soils. The
possible source of sodium concentration in surface water is a result of dissolution of rock salts and weathering of
sodium bearing minerals

The concentration of sodium in the study area has a range between 42 mg/l at KAC to 2510 at JR with an av-
erage value of 514.9 mg/l (Table 1). According to the [16] guideline, the maximum admissible limit is 200 mg/1.
In the study area, all the surface water samples in the KAC were found within the maximum permissible limit as
far as it is concerned , while all the sample from JR were exceed the maximum permissible limit (Figure 8).

5.1.8. Magnesium
Magnesium is a main constituent in natural water and its salts are important contributors to the hardness of water.
The magnesium was ranging between 19 to 1181 mg/l with an average value of 182.5 mg/l.

All the Mg values are within the permissible limit of WHO in KAC, while the value obtained are equally
above the permissible limits for JR (Figure 9). The increase in Mg®" concentration at JR may be due to sewage
disposed to that sampling location from Zarqa River.

5.1.9. Calcium
Calcium is one of the most common constituents present in natural water. The high concentration of Calcium
causes hardness in water and incrustation in boilers.

The calcium concentration was in between 39.2 and 565 mg/l with an average value of 167.4 mg/l. The in-
creased value of Calcium was found on JR samples due to the mixing with Zarqa river surface water. According
to [26] not only the sewage but also the detergents and large scale human use might be the reason of elevation of
hardness in water. The average values of calcium are presented in Figure 10.

5.1.10. Potassium

In the study area, Potassium concentration is varying from 4 to 148 mg/l with an average value of 34 mg/l; and it
was found that four samples had a potassium values within the acceptable limit and five samples above the per-
missible limit (12 mg/1). Potassium content in the JR water samples found to be higher than the prescribed limit
of JS and WHO for drinking purpose (Figure 11).

5.1.11. Sulphate

Sulphate is naturally existed in surface water as SO; ™ . In our study area, the Sulphate of the surface water sam-
ples is varying from 51.7 to 2261 mg/l. The average concentration of the Sulphate value is 624.2 mg/l which is
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exceeding the acceptable limit of 250 mg/l (Figure 12). all the KAC sites are within the permissible limit of JS
and WHO Standards, in contrast, all the sample of JR samples exceed the permissible limit which could be due
to discharge from waste disposal, domestic waste and untreated sewage [27].

5.1.12. Fluoride
Fluoride is a natural contaminant of water. The fluoride in all sites in the study area has a rang from 0.25 to 1.19
mg/1 (Figure 13), which is within the permissible limit given by WHO and JS (1.5 mg/1).
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Figure 12. Average SO, values along KAC and Jordan River.

5.2 Water Quality Index Variation

The average value of twelve physicochemical parameters of KAC and Jordan River were used for calculation of
Water Quality Index (WQI) from January to December 2012. The WQI is calculated from different various phy-
sicochemical parameters such as pH (Hydrogen ion concentration), EC (Electrical conductivity), TSS (Total
Suspended Solids), ions of Na" (sodium), K™ (Potassium), Ca®" (Calcium), Mg*" (Magnesium), NO; (nitrate),
Cl' (chloride), F* (Fluorite), HCO; (Bicarbonate) and SOi_ (sulfate), in different season (winter, spring,
summer, and autumn). Nine different sampling sites were used in the calculation of WQI in order to assess the
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suitability of the water bodies for different drinking purpose.

In this study, the calculated WQI values have a range from 46.66 to 542.08 and thus can be categorized into
five water types, excellent water to unsuitable water for drinking”. Table 5 shows the percentage of water sam-
ples that falls under different quality. Minimum is 46.66 at site JV4 while maximum value was 542.08 at site
JR1. Only one single site’s water quality can be expressed as excellent (JV4). Water quality of site JV1, JV6 and

JV7 can be classified as good water.

The WQI value between 200.1 and 300 indicates the water quality is poor water. In which two stations are
under this type, they are site C2 and CX. Site JR2 is classified as a very poor water quality. However, all of

these sites can be used for domestic purpose by taking suitable disinfection procedure.

The WQI value greater than 300 indicates that the water quality is unfit for drinking purpose. There are two
sites under this type; they are sites JR1 and JR3. The WQI values for various water sampling locations are shown

in Table 6 and Figure 14. The percentage of each category is shown in Figure 15.
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Figure 13. Average F values along KAC and Jordan River.

Table 6. WQI values for KAC AND JR.

Site No. Site code Sampling point WQI Water quality
1 V1 King Abdullah Canal 60.48 Good water
2 v4 King Abdullah Canal 46.66 Excellent water
3 JVé King Abdullah Canal 53.12 Good water
4 V1 King Abdullah Canal 56.48 Good water
5 C2 King Abdullah Canal 104.28 Poor water
6 CX King Abdullah Canal 101.83 Poor water
7 JR1 Jordan River 542.08 unsuitable for drinking
8 JR2 Jordan River 226.14 Very poor water
9 JR3 Jordan River 522.19 unsuitable for drinking
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Figure 14. WQI for different water sampling site of the study area.
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Figure 15. Graphical data representation of WQI classifications.

6. Conclusions

Water Quality index (WQI) of the current study for KAC and JR was computed by using nine sampling points
from different water parameters in order to evaluate the suitability of water for various purposes. The following
conclusions were drawn on the basis of the physico-chemical analysis of surface water for KAC and JR:

1) The computed WQI for nine samples ranged from 46.66 to 542.08. Almost fifty five percent of the samples
exceeded 100, the upper limit for drinking water. The high value of WQI at these sites was found to be mainly
from the higher values of sulphate, nitrate, total dissolved solids, chloride, sodium, potassium, magnesium and
calcium in the surface water;

2) All the upper part of King Abdullah Canal sites approximately had good water except that sites C2 and CX
had WQI values equal to 104.28 and 101.83 respectively;

3) The quality of water at the lower part (sampling sites JR1, JR2 and JR3) was unsuitable or unfit for the
human uses (>300). The increased value of WQI at these sites might be due to the mixing with Zarqa River sur-
face water;

4) The analysis found that the water of the canal needed more treatment for human purposes, and it also sug-
gested to be protected from different contaminations;

5) The result from the data analysis showed that the water was certainly not fit for drinking purpose without
any form of treatment, but might be considered for other purposes;

6) Comparing with the World Health Organization (WHO) and Jordan Standard (JS), the results indicated that
the lower part of the canal was polluted and therefore the water was not safe for domestic purpose and needed
some further treatment;

7) The Water Quality Index was a very efficient and useful tool to summarize available data to the decision
makers in order to fully understand the type of the water quality and to have a chance for better use in the future
as well;

8) The high value of WQI had been found mainly in the lower part of the canal as a result of the mixing of the
canal water with the Zarqa River.
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