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Abstract

Kafr El-Dawar is a major industrial city and a municipality on the Nile Delta
in northern Egypt. Kafr El-Dawar area is unfortunately suffering from many
factories that let out their waste water into the irrigation canal and agricultural
drains. Twenty five water samples were collected from five water resources to
assess their heavy pollution. The determination of heavy metals (HV) water
resources content conducted to compose the following increasing HV con-
centration sequences ; Drain Abu Qir (DA): Min (Cu)_Max (Zn), Canal Dbo-
ra Deufsho (CD): Min (Cu)_Max (Zn), Drain Dbora Abu Qir (DD): Min
(Cu)_Max (Fe), Drain Kafr Dawar Deufsho (DK) : Min (Cu)_Max (Mn) and
Drain Yarn and Fabric (DY) Min (Cu)_Max (Zn). Distribution patterns of
HYV concentration of water resources were (a) wide spread-distribution (Cr,
Co, Mn), (b) moderately spread distribution pattern (Cu, Ni, Pb),and (c) nar-
row spread distribution pattern (Fe, Cd, Li and Zn) . The association study
conducted to classify the HV concentration into three groups; positively
highly correlated HV: (Pb_Cd), (Pb_Co), (Pb_Cr), (Cd_Co), (Zn_Fe),
(Cr_Co), (Ni_Co) and (Ni_Fe), negatively highly correlated HV: (Pb_Mn),
(Cd_Mn), (Mn_Cu) and (Co_Li) and intermediate cases (non-significant pos-
itive and negative intercorrelation) that was represented by the other cases.
The low values of contamination factor, of short term use (CfiST), showed
that the majority of HV concentration, of the studied water resources was at
safe use level. This certainly with exception of the cases of cadmium that clas-
sified the water resources DA and CD, and DD into polluted and risky levels,
respectively. The high values of contamination factor, of long term use
(CfiLT), indicated that the studied water resources were mainly contaminated
by Cd, Co and Cr heavy metals. Contrary, the low values of (CfiLT) of Zn, Fe,
Li, Ni, Pb and Cu, all studied water resources are safe. Contamination degree
index (Cd) indicated the safe use at short term of water resources (DA), (CD)
and (DD), and (DY) water resources were highly contaminated. According to
(Cd) values, moderate risk is expected if we use the water resource (DK), even
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in the short term. As for the long term use, all studied water resources were
highly contaminated that they cannot be absolutely used in the long run.
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Contamination Factor, Kafr El-Dawar

1. Introduction

Heavy metals are elements having a specific gravity greater than four and their
atomic weight ranges between 63.545 and 200.5 g [1]. Heavy metals pollution is
very often caused by human activities [2] [3]. Industrial effluents discharged
from various processing industries are the major sources of heavy metals pollu-
tion. These heavy metals reach to high concentrations and accumulate in dan-
gerous quantity in different plant parts, and finally pose serious health hazard to
human beings and animals [4]. The protection of water quality and sewage in-
frastructure did not increase along with HV population have created some earn-
est apprehensions for our environment [5] [6] [7] [8] [9]. [10] Applied multiva-
riate statistical techniques, like principal component analysis (PCA), cluster
analysis (CA) and factor analysis (FA) to identify the sources of heavy metals
along a river basin.

HV water pollution is assessed by (a) referring to standard pollution tables of
Environment Protection Agency (EPA) [11] and (b) applying of contamination
indices, such as contamination index (C,) that may be called as contamination
degree. The contamination index (C,) that summarizes the combined effects of
several quality parameters considered harmful to domestic water [10] [12] [13]
[14] [15]. The degree of contamination was used as a reference to estimate the
extent of metal pollution. Contamination degree (C,) has three categories; low
(C4 = less) medium (C, = 1 - 3) and highly polluted (C, > 3) [16].

A lot of researchers have focused on heavy metal pollution of all water re-
sources around the world [17]-[23]. Generally, pollution indices are applied for
water pollution estimation in the samples under consideration. The indexing
approach of HV pollution assessment depends mainly on three indices; heavy
metal pollution index (HPI), heavy metal evaluation index (HEI) and contami-
nation degree (Cd) [16].

The aims of this study are: (a) determine the resources and type of heavy met-
als (HV) water pollution, (b) assess the HV water pollution (in the cases of short
and long uses), (c) define priority protecting water resources and (d) share the
obtained results with the stakeholder agencies to start immediate pollution mi-

tigation and conservation measures.

2. Materials and Methods

Kafr El-Dawar that was studied is a major industrial city and a municipality on
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the Nile Delta (Northern Egypt). Topographic-1:50,000 maps (Egyptian Survey
Authority, Damanhour city, El-Bouheria Governorate) [24] were digitized, then
the studied area was clipped (ARC-GIS Software, Version 9.3) [25]. In order to
achieve the research objective, water samples were collected, at 24-12-2015, from
twenty five locations. Water sampling was elaborated by stealstein 50 cm-water
sampler. These samples represented the water resources of Drain Abu Qir (DA),
Canal Dbora Deufsho (CD), Drain Dbora Abu Qir (DD), Drain Kafr Dawar
Deufsho (DK) and Drain Yarn and Fabric (DY), Table 1 and Figure 1. Five sites

N
Water Samples Location
222000 224000 226000 228000~ g

3456000
3456000

3453000

3453000

3450000
3450000

222000 224000 226000 228000

0400800 1600 2400 320{\)/[
- — —

—Canals __Darins — Companies g Water Samples

Figure 1. Location of water samples resources (Kafr El-Dawar region).

Table 1. Water samples coordinates.

Drain/Canal Coordinates (UTM) Drain/Canal Coordinates (UTM)
Name Sym* E N Name Sym. E N
222,544 3,454,497 Drain 222,026 3,452,386
Dbora DD
221,475 3,455,484 , 222,370 3,452,249
in Abu O Abu Qir
Drain AbuQir DA ) o7 3455432 225467 3,454,498
221,767 3,455,140 Drain KAFR 225261 3,450,889
222,077 3,454,727 DAWR DK 225158 3,451,147
222,627 3,452,223  Deufsho 225261 3,451,663
222,920 3,452,831 2,253,330 3,451,922
CanalDbora . 253110 3453057 225,159 3,449,988
Deufsho
223299 3,453,281 225,553 3,449,908
223,488 3,453,453 Drain 225726 3,450,183
? T Yarn DY ’ T

222,573 3,452,200

DrainDbora ' 51 389 3,452,696

Abu Qir 225,467 3,450,562
221,699 3,452,541

and Fabric 225,949 3,449,891

Sym*: symbol.

<3
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were selected along each water resource. Polyethylene bottles were used for sam-
ples collection and it has been carefully washed at the laboratory before the sam-
pling campaign. The collected samples were filtered (Whatman no. 42). Con-
centrations of heavy metals in water samples were determined by atomic absorp-
tion spectrophotometer (GCB-Avanta) using a specific lamp for particular met-
al. Average values of three replicates were taken for each determination and ap-
propriate drift blank was taken before the analysis of samples [9].

Sources and type of water heavy metals pollution were assessed by three indi-
cators (a) plotting of HV increasing concentration sequences (b) study HV dis-
tribution pattern (c) interpretation of the HV intercorrelation matrix. Descrip-
tive statistics were calculated to assess HV data homogeneity that may indicate
the HV resources. The whisker Plot box was drawn to present graphically HV
pattern distribution. A Whisker Plot box gave information regarding the shape
and variability of HV data set. It graphically presented HV distribution pattern
[26].

HV water pollution was assessed by (a) referring to standard guidelines water
pollution of EPA [11] and (b) applying Contamination degree index (C,) [16]. A
conventional scale was derived from recommended limits for constituents in
reclaimed water for irrigation [11] to determine the classes of the heavy metal
water pollution (Table 2). This conventional scale was based on standard max-
imum admissible concentration (MAC,) that is the upper permissible limits of

cases of short and long term uses.

3. Results and Discussion

(1) Sources and Type of Water Heavy Metals Pollution
The sources and type of HV pollution were assessed by three indicators (a)
establishment of HV increasing concentration sequence (b) study distribution

pattern of HV water resources (c) interpretation of HV intercorrelation matrix.

Table 2. Conventional interpretative scale of heavy metals water pollution.

Short Term Use (ug/L) Long Term Use (ug/L)
v Ideal Safe Risky Polluted Ideal Safe Risky  Polluted
Cd <2.5 25-5 5 -50 >50 <0.5 05-1 1-10 >10
Co <250 250 - 500 500 - 5000 >5000 <25 25-5 5-50 >50

Cr <50  50- 100  100-1000  >1000 <5 5-10 10-100  >100
Cu <250  250-500 500-5000  >5000 <10  10- 20 20 -200  >200
Fe <1000 1000 - 2000 2000 - 20,000 >20,000 <250 250 -500 500 - 5000  >5000
Li <125 125-250 250-2500  >2500 <125 125-250 250-2500 >2500
Mn <500 500 - 1000 1000 - 10,000 >10,000 <10  10-20 20 -200  >200
Ni <100 100 - 200 200-2000 >2000 <10  10-20 20 -200  >200
Pb <500 500- 1000 1000 - 10,000 >10,000 <250 250-500 500 -5000 >5000

Zn <500  500- 1000 1000 -10,000 >10,000 <100 100- 200 200 -2000 >2000

A conventional scale of pollution grade: Polluted: >MAC; Risky: (10%) MAC,-MAC, Safe: (5%) MAC-
(10%) MAC;, Ideal: <(5%) MAC..
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a) Plotting of increasing concentration sequence of heavy metals: Heavy

metals in the content of water resources were determined (Table 3) and illu-
strated by Figure 2. The table showed that Fe had the highest concentration
with an averaged value of (98 pg/L). Contrary, the lowest concentration was
represented by Cu that had a mean of (1.2 g/L). The figure showed that all in-
creasing concentration sequences started by Cu, and almost ended by Zn. This
may conduct to conclude that the studied water resources may have the same
Cu-Zn polluting source. Dissimilarly, the changeable location of Pb, through
the increasing concentration sequences, led to think that in the opposite con-
clusion.

b)Distribution Pattern of Heavy Metals in Water Resources: The descriptive

statistics of water heavy metals content pointed out to great variations be-

tween the mean and median of heavy metals concentration in water (Table 4).

This heterogeneity of HV concentration was confirmed by the high values of

standard deviation.

These descriptive statistics, of heavy metals (HV) water resources content, led
to select Wishker box plot-median to present (HV) distribution patterns. This
type of whisker plot was preferred because of data heterogeneity (Figures 3(a)-
(c)). The figure indicated that the pollution of heavy metals water resources can
be classified, according to their concentration homogeneity, into three distribu-
tion patterns:

* Wide spread—heterogeneous distribution pattern; Cr, Co and Mn (Figure

3(a))

* Moderate spread—moderately homogeneous distribution pattern ; Cu, Ni and

Pb (Figure 3(b))

* Narrow spread—homogeneous distribution pattern; Cd, Fe, Li and Zn

(Figure 3(c))

Table 3. Averaged concentration water heavy metal.

Drain/Canal Heavy Metal Concentration (ug\l)
Sym. cd Co C Cu Fe LI Mn N Pb Zn
DA 10 1141 2625 1.42 8.26 3.3 417 138 295 438
CD 10 11.02  26.33 5.1 7.52 6.26 821 13.61 283 66.2
DD 9.84 11.3 25.3 4 98 595 557 14.03 182 96.8
DK 9.97 10.06 25.37 1.2 3.02 6.38 635 1337 32 56.8
DY 9.35 10.17  25.6 3.3 2.97 6.3 7.6 1312 197 54

Table 4. Descriptive statistics of water heavy metals content.

HV Mean Med Min Max Std_Dev HV Mean Med Min Max Std_Dev

Cd 806 9.90 1.00 10.00 3.96 Li 566 630 330 6.40 1.33
Cr 2570 2540 2520 26.30 0.55 Mn 3576 43.80 7.60 63.50 26.38
Co 10.80 11.00 10.10 11.40 0.61 Ni 13.58 13.60 13.10 14.00 0.35
Cu 3.00 330 120 5.10 1.68 Pb 19.78 19.70 3.20 29.50 10.54

Fe 2396 7.50 3.00 98.00 41.46 ZN 63.52 56.80 43.80 96.80 20.25

K2
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HV Increasing Seq. (DA Water Resource)

M7

43.8

Cu Li Fe Cd Co Ni Cr Pb Mn

Zn

HV Increasing Seq. (CD Water Resource)

Cu Li Fe Mn Cd Co Ni Cr Pb

Zn

(a)

HV Increasing Seq. (DD Water Resource)

100 b~
80
60
40
20 505 984

Conc (ug/L)

113 1403 182

Cu Li Cd Co Ni Pb Cr Mn 2Zn

Fe

HV Increasing Seq. ( DK Water Resource)

6.38 9.97

10 12 3 3.2

63.5

Cu Fe Pb Li Cd Co Ni Cr 2n

HV Increasing Seq. (DY Water Resource)

76 935

10 33 2 63

Cu Fe Li Mn Cd Co Ni Pb Cr

Zn

(®)

Figure 2. (a) Increasing sequence of heavy metals of water resources DA and CD; (b) in-

creasing sequence of heavy metals of water resources DD, DK and DY.
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Box Whisker Plot : Cr
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Box Whisker Plot : Li

7.0
. 6.5 —
- 6.0 —
2 %o T Max
< 45 Min
S 4.0 [ 75th %
© 35 25th %
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Box Whisker Plot : Cd
12
10 ey
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0 cd = Median
Box Whisker Plot : Fe
103
- 83
> 63 _ [ Max
S 43 Min
5 23 [ 1 75th %
= 25th %
) Fe ®  Median

(©)

Figure 3. (a) Wide spread-distribution pattern (Cr, Co, Mn); (b) distribution pattern:
moderatly spread pattern (Cu, Ni, Pb); (c) distribution pattern: narrow spread pattern
(Fe,Cd, Li and Zn).

¢)HV intercorrelation matrix: The HV intercorrelation matrix was calculated

(Table 5) to assess their associations. These associations conducted to classify

the HV into three groups;
¢ Positively highly correlated HV: (Zn_Fe), (Pb_Cd), (Pb_Co), (Pb_Cr),

(Cd_Co), (Ni_Cr) and (Ni_Fe)

* Negatively highly correlated HV: (Co_Li), (Cu_Mn) (Pb_Mn) and (Cd_Mn)
* Intermediate cases (moderate positive and negative correlation)

The positively highly intercorrelated of Zn, Fe, Pb, Cd, Co and Cr led to con-
clude that the studied water resources have been received these five heavy metals
from the same pollution source. Contrary, the negatively highly intercorrelated
HV; (Pb_Mn), (Cd_Mn), (Mn_Cu) and (Co_Li) might be a tool to assume that
these heavy metals coming from different pollution resources. The intermediate
cases of low positive and negative correlation coefficients indicated multiple pol-
lution resources.

(2) Assessment of heavy metals pollution (cases of short and long term
use)

The heavy metals pollution in water resources, of the cases of short and long
term uses, was assessed by basing on two approaches (i) the annotative conven-
tional scale of contamination factor (C;) and (ii) contamination degree index
(Co).
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Table 5. The HV correlation matrix.

HV Cd Co Cr Cu Fe Li Mn Ni Pb Zn
Cd 1.00

Co 0.68 1.00

Cr 0.35 0.58 1.00

Cu 0.60 0.25 0.08 1.00

Fe 0.30 0.51 -0.35 0.34 1.00

Li -0.34 -0.62 -0.58 0.48 0.10 1.00
Mn -0.56 0.10 -0.24 -0.62 0.41 -0.20 1.00

Ni 0.34 0.89 0.35 0.12 0.71 -0.43 0.49 1.00

Pb 0.90 0.71 0.71 0.43 -0.03 -0.54 -0.58 0.32 1.00

Zn 0.20 0.32 -0.37  0.59 0.91 0.45 0.24 0.55 -0.13 1.00

(2-1) Assessment of Heavy Metals Water Pollution by contamination
factor (C))

An interpretative scale of contamination factor (C;, was derived by basing on
the guidelines of the safe limits of Brraich and Jangu (2015) and EPA (2004).
Scale’s thresholds were calculated as follows:

Contamination factor (Cg) = (C,;) analytical conc./(Cy;) Permissible Conc.-1

By designation: (ST) = short term use, and (LT) = long term use

Thus, Cggr and Cg, r refer to the contamination factor of the cases of short and
long term use, respectively (Table 6).

The contamination factor of the studied water resources was calculated to as-
sess individually the contamination degree of each heavy metal (Table 7). The
application of the conventional interpretative scale of heavy metals water pollu-
tion referred that the different grade pollution of each heavy metals. The table
pointed out that the values of contamination factor, of short term use, (Cggr)
were generally valued to lay the studied water resources at safe use level (Table
7(a)). This conclusion excluded the cases of cadmium that classified the water
resources DA, CD, and DD into polluted and risky levels, respectively.

The values of contamination factor, of long term use, (Cg ;) designated the
level of water heavy metals pollution (Table 7(b)). The table showed that the
studied water resources were mainly contaminated by Cd, Co and Cr heavy met-
als. Cobalt and Cr heavy metals grouped all studied water resources in the pol-
luted level. In addition, the table showed that the water resources were also
highly contaminated by Cd heavy metal that they were classified as Cd-polluted
(DA, CD, DD, DY) and Cd-risky (DK). Contamination factor (Cg 1) of Mn was
high to be classified DD as polluted water resource. According to the values of
(Cgrp) of Zn, Fe, Li, Ni, Pb and Cu, all studied water resources are safe to use at
long term. The table showed that the Co concentration of all studied water re-
sources, occupied the polluted class. Meanwhile, Zn concentration of the water

resource (DK) represented polluted class in the long term use. Ideal and safe
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Table 6. Interpretative scale of contamination factor (Cy).

Case Cast

N OR Contamination
Short term use Long term use c Level
ALT
1 (Cy;) less than 1/2 (Cysr) (Cyy) less than 1/2 (Cyirr) <-0.5 Safe
2 (Cp) =1/2(PC) OR = (Cyisy) (Ca) =1/2 (Cirr) OR = (Cyypy) 2-0.5-<1 Risky
3 (Cai) > (Cyisr) (Cai) > (Cyirr) 21 Polluted

Table 7. (a) Grades of heavy metal pollution water (case of short term use) basing on
contamination factor (Cgg;); (b) Grades of heavy metal pollution water (case of long term
use) basing on contamination factor (CfiLT).

(2)
Drain/Canal Contamination Factor (C;;) of Heavy Metal Pollution Water
Sym. cd Co C Cu PFe Li Mn Ni Pb Zn
1 -098 -0.74 -1.00 -1.00 -0.99 -0.96 -0.93 -0.97 -0.96
DA Polluted  Safe Safe  Safe Safe  Safe  Safe  Safe Safe Safe
1 -098 -0.74 -0.99 -1.00 -0.97 -0.99 -0.93 -0.97 -0.93
P Polluted  Safe Safe  Safe Safe  Safe  Safe  Safe Safe Safe
0.98 -098 -0.75 -0.99 -095 -0.98 -0.94 -0.93 -0.98 -0.90
PP Risky Safe Safe  Safe Safe  Safe  Safe  Safe Safe Safe
—-0.88 -098 -0.75 -1.00 -1.00 -0.97 -097 -0.93 -1.00 -0.94
Pr Safe Safe Safe  Safe Safe  Safe  Safe  Safe Safe Safe
-0.88 -098 -0.75 -0.99 -1.00 -0.95 -0.99 -0.97 -0.98 0.95
oY Safe Safe Safe  Safe Safe  Safe  Safe  Safe Safe Risky
(®)
Drain/Canal Contamination Factor (Cg; 1) of Heavy Metal Pollution Water
Sym. cd Co C Cu Fe Li Man Ni Pb Zn
9 1.2 1.63 -0.75 -099 -0.97 -0.59 -0.32 -0.94 -0.67
DA Polluted Polluted Polluted Safe Safe  Safe Safe  Risky Safe Safe
9 1.2 1.63 -0.75 -099 -0.97 -0.59 -0.32 -0.94 -0.67
P Polluted Polluted Polluted Safe Safe  Safe Safe  Risky Safe Safe
8.9 1.26 1.53 -08 -0.8 -0.98 1.79 -0.3 -0.96 -0.52
DD
Polluted Polluted Polluted Safe  Safe Safe  Polluted Safe Safe Safe
0 1.02 1.54 -0.94 -0.99 -0.97 -0.83 -0.33 -0.99 -0.72
Pr Risky Polluted Polluted Safe  Safe Safe Safe Safe Safe Safe
DY 8.4 1.04 152 -0.84 -099 -0.95 -0.62 -0.69 —-0.96 -0.73

Polluted Polluted Polluted Safe Safe Safe Safe Safe Safe Safe

classes dominated the cases, meanwhile the risky pollution class was only found
in a few cases. The contamination factor of cadmium (Ci,) had generally the

highest values to refer that cadmium is the more effective pollutant.
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(2-2) Assessment of heavy metals pollution (cases of short and long term
use) by the contamination degree index (C,)

The contamination degree index (C,;) summarizes the combined effects of
several heavy metals that are considered harmful to irrigation water [12]. This

index is calculated from the formula below:

Cy = Cfl
where
i = [C_A'_j_l
CNi

where Cfi, CAi and CNi represent contamination factor, analytical value and the
upper allowable concentration of the ith component, respectively (N denotes the
normative value). The index of the contamination degree (C,) was calculated to
assess the water pollution by all studied heavy metals (Table 8). In the cases of
short use, the (C,) values ranged from —7.49 (water resource of DA) to 7.51 (wa-
ter resource of CD). As for the cases of long use, the (C,) values extended from
5.49 (water resource of DY) to 33.20 (water resource of DK). The degree of con-
tamination (Cy) was used as reference to estimate the extent of heavy metal pol-
lution [27], Table 9).

The table showed that the contamination degree index (C,) of water resources
(DY), (DD) and (DA) had the negative values of —5.67, —7.26 and —7.49, respec-
tively, indicating water safety use of the term of short run. C, of water resources
(CD) had the value of 7.51 to classify (Cd) water resources were highly conta-
minated at short run use. Moderate risk is expected if we use the water resource

(DK), even in the short term. As for the long term use, all studied water re-

Table 8. Contamination degree index of studied water resources.

Contamination Index (C,)

N Canal/Drain Short Use Long Use
(Co) (Cy) Class (Ca) (Cy) Class
1 DA —-7.49 Safe 8.06 High
2 CD 7.51 High 6.61 High
3 DD ~7.26 Safe 9.75 High
4 DK 2.80 Medium 33.20 High
5 DY —5.67 Safe 5.49 High

Table 9. Interpretative scale of contamination degree index (C,).

Contamination Index (C,)

N Contamination Degree

Short Use Long Use
1 Safe <0.0 <0.0
2 Low <1 <0.5
3 Medium >1-<3 >0.5 - <1.5
4 High <3 <1.5
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sources were high contaminated that they cannot be absolutely used in the long
run (Table 8).

4. Conclusions

The current research led to conclude that the sources and type of water heavy
metals pollution may be determined by three indicators (a) plotting of HV in-
creasing concentration sequence (b) study distribution pattern of HV water re-
sources (c) interpretation of the HV intercorrelation matrix. This conclusion
supports enhance the capability of environmental monitoring and supervision of
HYV water pollution

The application of 2004-EPA water guidelines classifies HV water pollution
into two categories; safe and polluted classes. This is due to the fact that EPA
water guidelines are only based on the upper permissible limits of cases of short
(MAC,,) and long term (MAC,) uses. The study applied a conventional and in-
novative scale to more accurately determine the classes of the heavy metal water
pollution. Where the innovative scale introduced two new classes; ideal and
risky. Thus, this more accurate classification that includes four categories of HV
water pollution (ideal, safe, risky, polluted) enables to define the priority protec-
tion water resources.

Ideal and safe waters of short use change to risky or polluted for the cases of
long use. The assessment of HV water pollution becomes more accurate if it is
estimated contamination degree (C,) than contamination factor (Cy). This due to
fact that the contamination degree index (C,) usually summarizes the combined

effects of several heavy metals considered harmful to irrigation water.
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