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Introduction

ATER is one of the most important sources of economic development. In order to

maintain living conditions, attention must be paid to water quality management, water
pollution control and environmental protection. The pollution of the Nile river has increased
recently due to population growth, economic development and related human activities. Egypt
is among the 10 countries that will suffer from water scarcity by 2025 due to rapid population
growth. This study aimed at the assessment of water quality according to drinking, agriculture
and aquatic life purposes in El-Sinbellawein city and some of belonging villages, at Dakahlia
governorate, Egypt. The water quality indices are an attempt to represent overall quality of
water. Assessment of water quality for treatment plants under study according to drinking and
aquatic life purposes was carried out using weighted arithmetic method of water quality index
(WQI). Physico-chemical parameters of different water treatment plants at different locations
were analyzed before and after water treatment and the obtained values were used for calculation
of Water Quality Index (WQI). The values of WQI showed that the water is unsuitable in some
treatment plants and excellent in another for drinking and aquatic life. Sodium adsorption
ratio (SAR), percent sodium (Na %), residual sodium carbonate (RSC), Kelly Index (KI) and
magnesium ratio (MR) were also calculated by using major anions and cations values to assess
suitability of water for irrigation. The results indicated that all treatment plants under studying
were classified from suitable to excellent for irrigation purposes. The study was extended also
to include assess of water pollution by metals (Cd*", Cu*", Fe?*, Mn*, Ni**, Pb**, and Zn*") via
calculation of Metal index (MI) and pollution index (PI). The results indicate that there is no
effect of metals in the case of water use for agricultural purposes, whereas for drinking and
aquatic life, all measured metals except Zn?>* and Ni** show different degrees of contamination.
The wastes should be treated before disposing and dumped to suitable sites, to protect the water
quality from deterioration and maintain its quality.

Keywords: EL-Sinbellawein, Surface water, Water quality, Treatment, Agriculture, Aquatic
life, Water pollution, Indexes, Heavy metals, MI, SAR.

activities like agricultural and industrial activities

[3]. These anthropogenic activities cause

Nile River is the main water source for Egypt
that meets nearly all demands for drinking water
and irrigation [1]. There are heavy industries in
Egypt along the Nile River, the most important of
which are metal products, food, chemicals, and
textiles industries [2]. The deterioration of water
quality in the surface water bodies has become a
serious worldwide problem due to anthropogenic

pollution of surface water (rivers and lakes)
with chemicals and excess nutrients [4]. It also
greatly affects the quality of Nile water causing
immediate and long-term health impacts on the
users and on the aquatic fauna [5. One of most
important of these pollutants is the trace metals,
which are among the most persistent pollutants
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that get accumulated in the biota and enters
into the food chain cause serious risk on human
health [6]. Most heavy metals accumulate in the
tissues leading to destroying the life functions
and poisoning of living organisms such as fish
[7]. These pollutants affect by negativity on water
systems, on fish populations, growth, survival,
and reproduction [8]. Therefore, it is necessary
to assess changes in water quality to identify the
pollutants, categorize the water use and strategize
the remedial measures to maintain the ecological
health [3]. Researchers from the different
parts of the world have developed a number of
methodologies to assess the water quality. So
they used many methods such as Water Quality
Index of Central Pollution Control Board [9],
eutrophication index (EI) [10] organic pollution
index (OPI) [11], comprehensive pollution index
(CPI) [12], Overall Index of Pollution [13] ... etc
Many researchers are interested in studying the
water quality of the river or surface sea water,
and the most important of these researchers are
Abdel-Satar et al., [14], Alnagaawy et al., [4] and
Emara [15]. The main objective of this study is
to assess the water quality, water pollution with
heavy metals, and the suitability of water in El-
Sinbellawein city and some of villages, at Dakahlia
governorate, Egypt, for drinking, irrigation, and
aquatic life using WQI, PI,MI, %Na, SAR, RSC,
MR, and KI.

Causes of Water pollution in Dakahlia.
Owing to industrial and agricultural activities

large amounts of untreated urban municipal,
industrial wastewater and rural domestic wastes
discharge into the Nile River, canals or agricultural
drains [16]. Water contamination is the most
dangerous hazards affecting Egypt. Pollution
of water in Dakahlia Governorate has increased
because of increases in population; industrial in
the cities, agricultural activities in the villages and
other new projects [17]. Domestic and industrial
activities produce pollutants induce considerable
changes in the physical and chemical properties
of the Nile River and its canals. The heavy metals
are the most important one of these pollutants
[18]. Heavy metals have toxic effects on living
organisms [19].

Materials and Methods

Studied area

This paper is concerned with the surface water
in El-Sinbellawein city, some of its village, and
Mit-Khamees village at El-mansoura, Dakahlia,
Egypt. EL-Sinbellawein City is located in the
south east of Dakahlia Governorate. It is bordered
to the north by Mansoura, is bordered the south
Diarb Najm in Eastern, Tami Amadeed from the
castern side, and Aja at the western side. Dakahlia
Governorate is considered the base of the Nile
Delta; It is located in the northeast of Nile Delta in
Egypt between these coordinates 30.5 © — 31.5 °
N, and 30 ©— 32 ° E as shown in Fig. 1. Dakahlia
has a mild climate that tends to be warm in winter
with some rain that increases on the coasts, and
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Fig. 1. Location map for the surface water treatment plants understudying in El-Sinbellawein and El-Mansoura city.
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is hot in summer; where the average annual
temperatures range from 14 — 28°C. Figure 1
shows sites of surface water treatment plants
under study and the location of EL-Sinbellawein
city at Dakahlia Governorate.

Collection and analysis of water samples

Eighteen surface water samples of different
nine locations in El-Sinbellawein city, some
of its villages, and Mit-Khamees village at EL
Mansoura city were collected seasonally (2017-
2018) by plastic bottles from input (raw water) in
treatment plants 1, 2, 3, 4, and 5, and from output
(treated water) in treatment plants 6, 7, 8, and 9,
(Table 1).

Water temperature, electrical conductivity and
pH value were measured in situ. The pH value
was measured using a calibrated pH meter (Hanna
instrument HI 8519 N). The electrical conductivity,
total dissolved (TDS) and temperature were
measured using Con. TDS. °C meter (Cyber Scan
200 CON). Then the water samples were kept in
polyethylene bottles in ice box and transported to
the laboratory for further analysis. The methods
of analyses are discussed in the American Public
Health Association (APHA, 2012). For analysis,
all the instruments were calibrated appropriately
according to the commercial grade calibration
standard prior to the measurements. Total solids
(TS) were measured by evaporating a known
volume of well mixed sample at 105°C. TSS is
direct obtained by subtracting TS from TDS.
Dissolved oxygen (DO) was measured by using
DO meter (HACH 40 D). Biochemical oxygen
demand (BOD) was determined by using the 5
days method. Chemical oxygen demand (COD)
was carried out using the potassium permanganate
method. Turbidity was measured using turbidity
meter (potable water analysis instrumentation

(HACH). The determination of sodium (Na) and
potassium (K) concentration was made by the
flame photometer model 410, England. Chloride
was measured using Mohr’s method and sulfate
by turbid metric method. Titrimetric methods were
used for the determination of total hardness (TH),
Calcium hardness (CaH) as CaCO,, carbonate
(CO,”), and bicarbonate (HCO,). Magnesium
hardness (MgH) is direct obtained by subtracting
TH from CaH. Also, Calcium and magnesium
were determined by direct titration using EDTA
solution. Concentrations of Fe?", Mn*", Ni**, Pb?",
Cd?*, Cu*, and Zn** were measured after digestion
by conc. HNO, using an atomic absorption reader
(Savanta AAS with GF 5000 Graphite Furnace).
Concentrations of NO,-N, NO,-N, NH}-N,
and PO,-P were determined using colorimetric
techniques with the formation of reddish purple
azo-dye, copper-hydrazine sulfate reduction,
phenate, and ascorbic acid methods, respectively.
Total phosphorus (TP) was measured as reactive
phosphate after per sulfate digestion.

Estimation of Water quality index

Water quality index (WQI) is defined as a
technique of rating that provides the composite
influence of individual water quality parameter on
the overall quality of water [21]. The suitability
of water quality of surface water treatment
plants under consideration has been evaluated by
calculating WQI using the weighted arithmetic
water quality index method, which classifies the
water quality according to its degree of purity
using the most commonly, measured water
quality variables. The calculation method of WQI
was developed by Brown et al. [22], and many
scientists have been used this method widely [23].
The mathematical formula of this WQI method is
given by:

TABLE 1. Locations of treatment plants under consideration.

W

L Type of water

Name of Location

Raw water (water before treatment)
Raw water

Raw water

Raw water

Raw water

Drinking water (water after treatment)
Drinking water

Drinking water

O 00 9 N U B W N =

Drinking water

Input of El-Sinbellawein water treatment plant
Input of Brhamtosh water treatment plant 1
Input of Mit Khamees water treatment plant
Input of Barqin water treatment plant

Input of El-waborat water treatment plant
Output of El-Sinbellawein water treatment plant
Output of Brhamtosh water treatment plant 1
Output of Brhamtosh water treatment plant 2
Output of Mit Khamees water treatment plant

* S.L = Sampling location
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WQI; And Q, = [(V, - V) (S, = V)], where Qi
is the sub quality index of i parameter (or Qi is
the quality rating scale of each parameter), W=
weight unit of each parameter, n = number of
parameters, V, = measured value of i" parameter,
S, = standard permissible value of i" parameter,
V, = ideal value of i parameter in pure water, V_
= zero for all parameters except for pH = 7.0 and
DO = 14.6 mg/L [24].

Calculation of unit weight (Wi)

Wi for various water quality parameters
are inversely proportional to the recommended
standards for the corresponding parameters Wi
1S,, or Wi = KS,, where K is the proportionality
constant of the “Weights” for various water
quality characteristics:

K = 1

n L
l—lsi

Estimation of SAR, Na %, KI, RSC, and MR

Sodium Adsorption Ratio (SAR) [25],
Percent Sodium (Na %) [26], Kelly Index (KI)
[27], Residual Sodium Carbonate (RSC) [28],
and Magnesium Ratio (MR) [29] values were
calculated by using the equations 1, 2. 3, 4, and
5, respectively:

Na*
SAR = ——— (1)
’Ca2++MgZ+
2
9Na = Nat X 100 @)
o Nat+ Ca2t+ Mgzt+ K+
Nat
M G )

RSC = (HCO; + CO;™) - (Ca™ + Mg™) (4)

Mg2+

MR :m (3

Estimation of Metal quality index (MI)

The metal contamination of surface water
under study has been determined using two
different quality indices:

(1) Pollution index (PI): can be calculated by the
following equation [30]:

JEDE e 2]

2
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PI=

Ci: the concentration of each metal; Si: metal
level according to national water quality criteria.

(i) Metal index (MI) is based on a total trend
evaluation of the present status. The higher
the concentration of a metal compared to its
respective MAC value, the worse the quality
of the water. MI value >1 is a threshold of
warning [31]. According to Tamasi and
Cini, [32], the MI is calculated by using the
following formula:

M= ST

Ci: the concentration of each element, MAC:
maximum allowable concentration.

Results and Discussion

Assessment of physical and chemical parameters

The physicochemical parameters of the
surface water quality data were statistically
analyzed and the results were recorded in Table
2 in the form of range, mean and standard
deviation.The temperature describes the natural
condition of the surrounding mountains [33]
and it is basically important for its effects on
certain chemical and biological reactions taking
place in water and aquatic organisms [34]. The
temperature values are ranging from 13 to
27°C, where the maximum value was recorded
in summer. Temperature is high positively
correlated with pH, TS, TDS, EC, SO*, CI,
NO,, NO,, TP, Fe*, Mn*', Zn*, Cu*", Ni*,
and Cd?*. The values of pH ranged from 7.2 to
7.8, and indicate alkaline water in all treatment
plants, with a significant difference between
the sites (probability value or p < 0.01). There
are high positive correlations between pH and
DO, HCO,, and CO > (r = 0.868, 0.98, 0.744,
respectively). DO, BOD and COD were varied
in the ranges of 2.6 — 5, 0 — 24 and 0 — 38
with significant local and seasonal variations
(probability value or p < 0.01). There is no
BOD in treatment plants 6, 7, 8, and 9, where
the water samples were collected from outputs
(treated water) of these treatment plants, so the
microorganisms not present. Therefore, DO
was recorded as the highest values in treatment
plants 6, 7, 8, and 9 as a result of not present
BOD; this result was found in good agreement
with Fatoki et al.,[35]. The high values of COD
were recorded at treatment plants 1, 2, 3, 4, and
5 during summer season, can be attributed to
the discharge effluent from Industrial pollution
[36]. The high values of COD and BOD might
due to the decomposition process of organic
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matter by microbes consuming oxygen [33].
The basic nutrients show highly temporal
significant differences (p < 0.01), and ranged
between 0.00 — 0.lmg/L, 0.36 — 1.4mg/L,
0.00 -1.51 mg/L, 0.022 — 0.321mg/L, and
0.10 — 0.6 mg/L for nitrite, nitrate, ammonia,
orthophosphate, and total  phosphorus,
respectively. The high values of nutrients were
observed in treatment plants 1, 2, 3, 4, 5 and
8 due to the discharge effluents result from
Fertilizers Company, industrial and domestic
waste [33]. The increasing of ammonia content
in river water is an indication of pollution
[37]. The values of turbidity were ranged from
0.00 to 17 NTU in winter season and from
0.00 to 23 NTU in summer season. The lowest
values of turbidity were recorded in treatment
plants 6, 7, 8 and 9, where the water samples
were collected from output of these treatment
plants (or treated water). Turbidity is highly
positively correlated with TSS (r = 0.932).
TS, TDS and TSS were varied in the ranges
of 242 — 351, 235 — 345 and 0.00 — 22 mg/L,
respectively. ANOVA results show significant
difference of solid content between different
seasons and locations. Treatment plants 2, and
4 were recorded low values of TSS although the
turbidity values for these treatment plants were
observed to be high values, this means that TSS
is not always followed by the turbidity linearly,
since the measurement of turbidity based on
the remaining amount of light after absorbed
by the materials contained in the water (both
suspended and dissolved), while TSS relies
on the weight of the residue (after the water
evaporated) from materials contained in the
water as a suspension. Rainfall will result in
decrease the TSS due to dilution which occurs
in river water [37]. Electrical conductivity
(E.C) was varied in the range 315 - 457S cm™..
The increase in values of EC is mainly related
to the effect of pollution, which increases the
concentrations of Ca*’, Mg*, HCO, and CI
[38]. EC is positively correlated with Ca?',
Mg*, Na*, K*, HCO,, CO*, SO*, CI, TDS,
TS and TSS (r = 0.961, 0.965, 0.976, 0.978,
0.95, 0.671, 0.93, 0.977, 0.97, 0.99, and 0.99,
respectively). CO,> and HCO, concentrations
were varied between 0.130 — 1.12mg/L and
110 — 182mg/L with a highly spatial significant
difference (p <0.01). The values of chloride
and sulfate ranged between 26 — 58mg/L and
32 — 80mg/L, respectively, with significant

seasonal variations (p <0.01), and a remarkable
increase during the summer period; this result
is in agreement with the result obtained by
Goher et al.[16]. Chloride and sulfate have the
same distribution pattern along surface water
understudying, and are positively correlated
with Ca?* and Mg*". Calcium and Magnesium
values were ranged between 32 to 44 and
10.29 and 16.17mg/L respectively. Calcium
and magnesium values show highly seasonal
variations (p < 0.01). The adsorption of
calcium and magnesium onto clay minerals and
deposition to the bottom will result in lowering
the concentrations of calcium and magnesium
[39]. Sodium and potassium were ranging from
16 to 23 and 6 to 10mg/L, respectively with a
significant variation between sites and seasons
(p < 0.01); this result is in agreement with
the result obtained by Goher et al.[16]. The
values of total hardness varied from 130 mg/L
in treatment plant4 in winter to 166mg/L in
treatment plant6 in summer. Calcium hardness
ranged between 80 mg/L and 110mg/L, where
the minimum value was recorded for treatment
plants 2 and 8 in winter and the maximum
value for treatment plants 1, 4, and 9. Also
magnesium hardness was ranged between
42 mg/L for treatment plant4 and 66 mg/L
for treatment plant 2 in winter and summer
respectively. The concentrations of the heavy
metals in treatment plants under consideration
were in the ranges of (0.17 — 0.46mg/L), (0.01
— 0.lmg/L), (0.01 — 0.028mg/L), (0.0013
— 0.02mg/L), (0.01 — 0.02mg/L), (0.003 —
0.0lmg/L), and (0.015 - 0.030mg/L) for
Fe?*, Mn?*", Zn*", Cu?', Ni*, Cd*,and Pb?*',
respectively. There is increasing in the heavy
metal contents for treatment plants 1, 2, 3, 4, 8,
and 9 due to different effluents of drains. Iron,
manganese, lead, nickel and cadmium showed
a highly temporal significant difference (p<
0.01) with increasing during summer season
that agrees with the results obtained by Goher
etal., [16] and Ibrahim et al., [40]. The increase
of heavy metal concentrations in the water may
be attributed to the liberation of heavy metals
from the sediment to the overlying water under
the effect of both temperature and organic
matter decomposition due to the fermentation
process [40].

Egypt. J. Chem. 62, No. 6 (2019)



1122 ADEL M. A. ELHDAD

TABLE 2. Mean, standard deviation and range of water parameters compared to guidelines used in WQI, PI and

MI computations.

Drinking water Aquatic live

Parameters Range Mean. SD 4142 (CCME,2007)
Ce 13 —27 26.22 0.833 40 8-28
Turb. 0—23 10.577 10.16 1 10

pH 7.2—7.8 7.2 0.132 8.5 6.5-8.5 6.5-9
BOD 0—24 11.444 11.01 5 5 5
COD 0—38 17.888 17.36 10 10 7
DO 2.6—5 3.4222 1.094 5 6 5.5
EC 315—457 412.33 43.1 2000

TDS 235345 322.55 22.08 500 1000 500
TSS 0—22 9.3333 9.1 500 500 +25
TS 242—351 331.22 16.24 - - -
TH 130—166 156.55 7.468 500 500

CaH 80—110 102.55 6.91

MgH 42—66 54 8.231

Ca* 32—44 40.833 2.90 75 75

Mg** 10.29—16.1 13.258 2.002 50 50

Na* 16—23 20 1.87 200 200

K 6—10 8.555 0.726 10 10

HCO; 110—182 156.55 17.85

CO» 0.13—1.12 0.66 0.311

SO,* 32—80 51 12.59 200 250

Cl 26—58 46.666 6.164 200 250 120
NH, 0—1.51 0.6944 0.671 0.20 0.45 1.37
NO; 0.1—1.4 0.8155 0.322 11 10 2.93
NO, 0—0.1 0.0357 0.036 0.9 0.005 0.06
TP 0.1—0.5 0.3255 0.1 1

PO4,-P 0.024—0.08 0.044 0.024 1

Fe?* 0.17—0.46 0.307 0.144 0.3 0.3 0.3
Mn** 0.01—0.1 0.048 0.022 0.1 0.1 0.05
Cd* 0.003—0.01 0.004 0.0003 0.003 0.003 0.001
Pb* 0.015—0.03 0.021 0.006 0.01 0.01 0.007
Ni** 0.01—0.020 0.013 0.005 0.07 0.02 0.025
Zn* 0.01—0.028 0.018 0.005 0.5 3 0.05
Cu* 0.0013—0.02 0.004 0.002 2 2 0.004

CaH = Calcium Hardness, MgH = Magnesium Hardness

Suitability of water for drinking and aquatic life
via WQI

Table 2 shows the water quality standards
according World Health Organization [41]
and Egyptian Ministry Health [42] used in the
computation of the water quality index (WQI)
for drinking of surface water under study.
Protection of aquatic life was computed using
guidelines of Canadian Council of Ministers of
the Environment [43]. The classifications of

Egypt. J. Chem. 62, No.6 (2019)

WQI are represented in Table 3.

The selected parameters for the calculation
of WQI according to drinking water include, pH,
TDS, BOD, COD, DO, NH,-N, NO,-N, TP, CI,
SO,*, Ca*', Mg**, Na’, and total hardiness. While,
the selected variables for aquatic life included pH,
TDS, DO, BOD, COD, CI,, NH,-N, and NO,-N.
The values are illustrated in Table 4 and Fig. 2.

According to drinking water quality standards
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TABLE 3. Water quality rating as per weight arithmetic water quality index method

WQI value Rating of water Quality Grading
0—25 Excellent A
26— 50 Good B
51—75 Poor C
76 — 100 Very poor D
Above 100 Unsuitable for drinking purpose E

TABLE 4. WQI and its categorization of surface water under study for drinking, and aquatic life utilizations.

Treatment Drinking water Aquatic life Treatment Drinking water Aquatic life
plant plant
1 214.8 Unsuitable 106 Unfit 6 19.191  Excellent 46.3 Good
2 251.4 Unsuitable 132 Unfit 7 11.983  Excellent 20.2  Excellent
3 146.3 Unsuitable  104.8  Unfit 8 5.431 Excellent 15.7  Excellent
4 179.83  Unsuitable 110.2  Unfit 9 15.549  Excellent 11.4  Excellent
Very
5 89.52 Very poor 76 poor
300 - B Drinking WQI Classification of water
Lo 0-25 Excellent
B Aguatic life I6- 50 Good
150 1 51-75 poor
71-100 Very poor
200 - more than 100 unsuitable
150 4+
Unsuitable

100

Verv poor

c0 Poor
Good
‘ H B Excellent
E' T T T T T - - - F -
1 2 3 aq 5 i] T 5 L]
Station

Fig. 2. WQI of surface water under studying for drinking and aquatic life utilizations.
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and aquatic life guidelines, WQI values for
water treatment plants under consideration were
ranged from 5.431 to 251.4 and from 11.4 to 132,
respectively (Table 4). Thus, Table 3 shows that the
quality of surface water under study was classified
according to drinking water quality standards and
aquatic life guidelines as unsuitable, very poor
and poor water for treatment plants 1, 2, 3,4 and
5, while it was classified from good to excellent
water for treatment plants 6, 7, 8 and 9, this is
because the samples were taken from the output
(or after treatment) at these treatment plants.

Suitability of water for irrigation
Table 5 shows Classification of water based
onNa (%), SAR, RSC, KI, and MR values.

To assess the suitability of water for irrigation,
SAR, % Na, RSC, KI, and MR values were
calculated by using major anion and cation values
and according to equations 1, 2, 3, 4, and 5. As
shown in Tables 5, 6, %Na values for treatment

plants 1, 2, 3, 7, 8, and 9 lower than 20, and were
considered as excellent for irrigation in summer
season, while the remaining treatment plants were
good for irrigation (%Na > 20). But in winter
season, all treatment plants were considered as
good category for irrigation except treatment
plant 7, which was considered excellent.
According to KI, SAR, MR, and RSC values, all
water treatment plants under consideration were
considered as suitable and good for irrigation in
winter and summer seasons.

Assessment of the metal pollution according to
pollution Index
PI is categorized into 5 classes (Table 7).

In this research, seven metals were selected
to evaluate the metal contamination of surface
water, according to the pollution index, and
depending on individual metal calculations. These
metals are, Fe*, Mn?*, Ni**, Pb*", Cd*", Cu*', and
Zn**. Table 8 shows the values of PI for drinking,

TABLE 5. Classification of water based on Na (%), SAR, RSC, KI, and MR values.

Na (%) Water quality SAR Water quality RSC Water quality
<20 Excellent <10 Excellent <1.25 Good
20—40 Good 10—18 Good 1.25—2.5 Medium
40—60 permissible 18—26  Doubtful >2.5 Unsuitable
60—80  Doubtful >26 Unsuitable

>80 Unsuitable MR Water quality

KI Water quality <50% suitable

<1 suitable >50% unsuitable

>1 unsuitable

TABLE 6. %Na, KI, SAR, MR, and RSC of surface water treatment plants under study in winter and summer

season
Summer Winter

b %Na SAR RSC MR KI %Na SAR RSC MR KI
1 18.633  0.6637  -0.207 0.317 0.243 22.411 0.9425 -0.306  0.3525  0.3127
2 17.849  0.5824  -0.726 04178  0.2291  20.530  0.6587 -0.71 0.4336 0.277
3 18.084  0.7680 -0.24 0.3637  0.2351  23.841 0.808 -0.169 03712 03417
4 20462  0.6683  -0.376 0.280 0.270 23.552  0.8741 -0.146  0.3274 0.332
5 21.908 0.719 -0.099  0.3424  0.2977 24.86 0.8431 -0.05 0.2899 0.355
6 20913  0.6389  -0.875  0.3539 0.247 20.358  0.6716  -0.885 0.419 0.2729
7 17.008 0.550 -1.13 0.4231 0.218 17.944  0.5894 -1.34 0.428 0.2346
8 19.403  0.6451  -0.605 0.348 0.2657  22.539  0.7375 -0.872 0.4252 03124
9 19.651 0.6769  -0.826  0.3333  0.2635  21.728  0.7387  -0.984 0.346 0.2985

Egypt. J. Chem. 62, No.6 (2019)
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irrigation, and aquatic life at all treatment plants
under consideration.

For irrigation and drinking utilizations all
measured metals exhibit no effect at all treatment
plants understudying, except stations 8, and 9
which slightly effected by Fe*". For aquatic life

TABLE 7. Categories of Water Pollution Index (PI).

and drinking purposes, Pb*" effects ranged from
slight to moderate and strong at all treatment plants
except station 7. Mn?* and Cu** were exhibits
slightly effect at treatment plants 3, and 1 with
respect to aquatic life. Slightly and moderately
effects were observed of Cd*" in aquatic life at all
treatment plants. Zn** and Ni** show no effect on

Class PI value Class

1 <1 No effect

2 1—2 Slightly affected

3 2—3 Moderately affected
4 3—5 Strongly affected
5 >5 Seriously affected

TABLE 8. Pollution Index (PI) of the measured metals in surface water under study according to guideline levels
of drinking, irrigation and aquatic life water

Pollution Index (PI) For drinking

S.L Fe? Mn?* | Zn* Cu** Niz Cd* Pb*

1 0.38 0.13 0.0033 0.0020155 0.5273 0.7453 1.1715

2 0.4576 0.32 0.0030 0.0017677 0.47169 0.9718 1.2041

3 0.3778 0.583 | 0.0032 0.00134 0.53677 0.8333 1.1715

4 0.8348 0.43 0.0044 0.00079 0.6403 0.8333 1.4705

5 0.8197 0.36 0.00388 0.001677 0.49307 0.5270 1.4159

6 0.7168 0.25 0.00436 0.00079 0.6250 0.8498 1.5239

7 0.9245 0.18 0.00447 0.00134 0.5202 0.3726 0.1118

8 1.210 0.32 0.000032 0.00145 0.5350 0.6871 1.8117

9 1.1864 0.25 0.0060 0.00127 0.4716 0.6009 2.1260
Pollution Index (PI) for Irrigation

S.L Fe* Mn?* Zn* Cu* Nz Cd* Pb*

1 0.0228 0.065 0.00496 0.02015 0.052737 0.22360 | 0.002339
2 0.02745 0.16 0.0045 0.01767 0.047169 0.29095 | 0.002408
3 0.02262 0.2915 0.0048 0.0134 0.053677 0.24941 | 0.002339
4 0.04998 0.215 0.0066 0.0079 0.06403 0.2494 0.002941
5 0.04908 0.18 0.00582 0.01677 0.04930 0.15778 | 0.002831
6 0.042922 0.1250 0.00654 0.0079 0.06250 0.25443 | 0.003047
7 0.05535 0.09 0.00670 0.0134 0.05202 0.11155 | 0.000236
8 0.072455 0.16 0.000045 0.0145 0.05350 0.20571 | 0.003623
9 0.0710 0.125 0.009 0.0127 0.04716 0.17991 | 0.004252
Pollution Index (PI) for Aquatic

S.L Fe* Mn? Zn* Cu** Ni? Cd* Pb*

1 0.7891 0.26 0.1984 | 1.00778 0.4219 2.23606 | 1.67238
2 0.9157 0.64 0.18 0.88 0.377352 2.29095 | 1.72172
3 0.8776 1.166 0.192 0.67 0.42941 2.4941 1.67362
4 1.700 0.86 0.264 0.395 0.51224 2.494 2.102815
5 1.630 0.72 0.2328 | 0.8385 0.3944 1.577 2.024165
6 1.456 0.5 0.2616 | 0.395 0.5000 2.5443 2.178605
7 1.9245 0.36 0.268 0.67 0.41616 1.1155 0.16874
8 2.650 0.64 0.17 0.725 0.428 2.0571 2.590445
9 2.3724 0.500 0.36 0.635 0.37728 1.7991 3.000
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drinking and aquatic life at all treatment plants.

Assessment the degree of metal pollution via
metal index

Also, a metal index was used to estimate the
degree of metal contamination of surface water
under consideration when used for different
purposes. According to metal index values (Table
9), all selected treatment plants under study are
seriously threatened with metal pollution for
drinking, and aquatic uses (MI >1) in winter and
summer seasons. On the other hand, no effect on
using water for irrigation purposes at all treatment
plants in winter and summer seasons (MI < 1),
except treatment plant 3 in summer season which
suffer from slightly effect (MI > 1).

Conclusion

Surface water is considered the most important
source of drinking, irrigation and aquatic life in
all cities and villages of Dakahlia governorate.
But it exposed to deterioration in its quality due
to different wastes that discharge into the water.
The aim of this research is to assess the state of
surface water before and after treatment, and
determine the quality and suitability of the water
for drinking, agriculture and aquatic life purposes.
The results showed that the concentrations of
turbidity, BOD, COD, ammonia, and nitrite
are greater than the recommended levels for
drinking water at treatment plants 1, 2, 3, 4, and
5. The concentrations of cadmium and lead at
all treatment plants are greater than the quality

TABLE 9. Metal index (MI) in surface water under consideration according to guideline levels of drinking,
irrigation and aquatic life water utilizations in winter and summer seasons.

SIL Drinking Irrigation Aquatic life

Winter Summer Winter Summer Winter Summer
1 4.0736 4.09779 0.4071 0.6475 7.391 9.539
2 4.4717 4.3541 0.6116 0.8322 8.0680 10.8397
3 4.62266 4.6398 0.7495 1.0146 8.4695 10.9614
4 5.1401 6.5408 0.8204 0.8403 9.4319 11.2385
5 5.2753 4.6235 0.6803 0.5562 10.2209 7.6833
6 5.957 4.8071 0.8531 0.439 11.6090 7.0738
7 3.9736 5.85916 0.3446 0.567 7.038 10.42414
8 5.7891 6.7921 0.5336 0.8366 9.1157 12.21
9 6.4748 6.5451 0.6341 0.6134 10.5766 11.2880

standards for drinking water. Also, iron content Acknowledgment

in treatment plants 4,5,7,8 and 9 is greater than
the maximum permissible limit. The WQI values
show that the water quality of treatment plants
1, 2, 3, 4, and 5 is classified as unsuitable for
drinking and aquatic life utilizations, while the
water quality of treatment plants 6, 7, 8 and 9 is
classified as excellent. SAR, % Na, RSC, KI, and
MR values showed that all treatment plants under
study were classified from suitable to excellent
for irrigation purposes. The values of Metal
index (MI) and pollution index (PI) show that
all measured metals except Zn>* and Ni**, exhibit
different contamination grades for drinking and
aquatic life in the water of treatment plants under
study.
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