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Contamination indices are used to assess the heavy metals; single indices; index of

Keywords geoaccumulation (Ig,), contamination factor (CF), enrichment factor (EF) and

7 s ecological risk factor (Er), as well as three integrated indices; degree of contamination

v ’ (DC), pollution load index (PLI) and pollution ecological risk index (PRI). The
LGRISE I I ratio and I, have indicated that the Rosetta bottom sediments are mainl

v Geoohemai elemental ratio and Ly, have indicated that the Rosetta bottom sediments are mainly

coche iy, moderately polluted by Cu, Co, Ni and Fe, moderately to strongly polluted with Cr and

v Pollution, . Zn and very strong polluted with Pb and Cd. Consequently, the geochemical enrichment

v Anthropogenic. of the studied elements indicated that the investigated area was subjected to chemical
weathering and considered moderately-polluted to very strongly polluted.

Accordingely, the studied elements classified into two groups; the first group includes

Esmat Abou El-Anwar Fe, Co, Cr and Ni, which are mainly of natural origin and controlled by the distribution

*}3"2‘;6&‘;%‘8’;;21%%(2@Yahoo-com of clay minerals. The second group includes Cu, Zn, Pb, Cd and Zn which originate

from the industrial activities and irrigation drainage water .

The study recommendation is the reduction of the anthropogenic effects through
preventing irrigation with inadequately treated wastewater and prevents the discharge of
industrial wastewater into the Nile, which has led to enhancement of the heavy metals in
the freshwater source.

1. Introduction

The Nile River basin is the dominant features of the northeastern basin quarter of the continents of Aftrica and
extends ~ 6825 km. The Nile River divided into two branches; Rosetta and Damietta in the delta. Rosetta branch
flows downstream Delta Barrage to the Northwest where it ends with Idina Barrage which releases excess water
to the Mediterranean Sea. The Nile Delta soils consist mainly of dark grayish brown sediments suspended from
the Nile waters; the dark color can be mainly attributed to the presence of micaceous minerals and hydrated
magnetite. The study region suffers from an accumulation of domestic waste because of the absence of
integrated management systems. Rain helps release soluble parts of the decomposed material which migrates
into the soil. Nile Delta soils can be classified into two categories. The first assemblage consists of
montmorillonite, kaolinite and illite in decreasing order of abundance. It characterized the soil layer in the
northern Delta area. The second assemblage consists of a mixed layer of illite/ vermiculite and/or illite/
montmorillonite as well as kaolinite in decreasing order of abundance. It is characteristic of the lower units of
the deposition. These sediments are comparable in the texture (clayey) and mineralogical composition of the
Nile Delta soil (at Tanta) and the White and the Blue Nile Valleys of Sudan [1].

Rosetta branch of the River Nile is subject to pollution as a result of huge amount of pollutants discharged into it
from the agricultural drains and industrial activities. Many authors pointed out the pollution of Rosetta branch
Sediments with heavy metals [2, 3]. The pollution sources type (urban, industrial and agriculture) and
physicochemical characteristics of sediments are the main controllers of heavy metals concentration in Rosetta
branch sediments [4]
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Pollution indices are powerful tools for environmental quality assessment. Generally, the pollution indices for
heavy metals in soils and sediments are classified as two types, single and integrated pollution index [5, 6].
These indices were used everywhere by many authors [e.g. 7, 8] for pollution assessment.

The aim of the present work is the estimating and evaluating the anthropogenic and natural impacts on
contents of heavy metals in the sediments of the Rosetta Nile branch (Fig. 1) through the application of single
and integrated pollution indices. The obtained results are compared with previously published data.
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Figure 1. Location map of the collected sediment samples in the study area.

2. Materials and methods

Twenty sediment samples were collected from Rosetta Branch of the River Nile during January 2016. The
samples were air-dried, passed with sieve 2mm and mixed well. Then the samples were coned and quartered and
one quarter was pulverized. One gram of each sample was digested with aqua regia. After digestion, the samples
were analyzed for their content of Fe, Cr, Cu, Co, Ni, Pb, Cd and Zn by using Atomic absorption spectroscopy
(Perkin Elmer 400).

2.1. Single pollution indices:

2.1.1. Index of geoaccumulation (Ig.,)

The index of geoaccumulation (Is,) was originally by Muller [9] in order to determine and define metal
contamination of soil and sediments [10-13]. It is computed using the following equation: -

I,., =log: (C,,/1.5B,,)
where: C,, is the measured concentration of a given metal in sediment and By, represents the geochemical
background concentration of it. In this study, the concentrations of elements in UCC [14] were used as
background values.

2.1.2. Contamination Factor (CF)
It is a factor to define the concentration of metal in the sediments divided by some background base value for
each element [15].
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CF=C/C,

Where C; is the concentration of metal in the study samples and C, is baseline concentration [14]. Tomlinson et
al., [15] classified the contamination factor as the following; CF <1 low; I<CF<3 moderate; 3< CF<6
considerable and CF> 6 as high contamination [7].

2.1.3. Enrichment Factor (EF)

The behavior of a given element in soil (that is, the determination of its accumulation or leaching) may be
established by comparing concentrations of certain heavy metal with a reference element [16]. The obtained
result is described as an enrichment factor (EF), given by the following equation [17]:

Enrichment Factor (EF) = (M/Fey) / (My/Fey)

Where, M; and Fe, are the content of the target element and iron in the examined sediment, respectively and M,
and Fe, are the content of the target element and iron in the earth’s crust. To identify anomalous metal
concentration, geochemical normalization of the heavy metals data was used for the conservation element [18,
19]. In this study, Fe was chosen as a normalizing element [18, 19] to differentiate natural from anthropogenic
components. The EF values < 2 indicate that the metal is completely from the crust materials or natural
processes; whereas EF values >2 indicated anthropogenic sources [20, 21]. The EF values < 2 indicate depletion
to minimal enrichment, 2—5 indicate moderate enrichment, 5-20 indicate significant enrichment, 20—40 indicate
very high enrichment and EF > 40 indicate extremely high enrichment

2.1.4. Ecological Risk factor (Er)
The ecological risk factor (Er) was indicated the degree of hazard contamination in sediments, which suggested
by Hakanson [7]:

Er=Trx CF

The factor depends on contamination factor (CF) and the toxic-response factor (Tr). The Tr values were 2, 5, 5,
5, 1, 5 and 30 for Cr, Cu, Co, Ni, Zn, Pb and Cd, respectively [22] Where Er <40 represented as low potential
ecological risk; 40< Er < 80 moderate potential ecological risk; 80 < Er < 160 considerable potential ecological
risk; 160 < Er < 320 high potential ecological risk and Er >320 as a very high potential ecological risk.

2.2. Integrated pollution indices
Three integrated indices were used for assessing the degree of pollution; degree of contamination (DC),
pollution load index (PLI) and pollution ecological risk index (PRI)

2.2.1. The Degree of Contamination (DC)
The degree of contamination (DC) defined as the sum of all contamination factors [7]:

DC =Y CF
DC values less than (n) indicate the low degree of contamination; n< DC<2n, the moderate degree of
contamination; 2n< DC<4n, the considerable degree of contamination and DC>4n, the very high degree of
contamination [23].

2.2.2. Pollution load index (PLI)

The pollution load index (PLI) proposed by Tomilson et al., [15] indicated a number of sympathetic to the
public of the area about the quantity of a component in the environment. Thus it is a quick tool in the
comparison of pollution status in different localities [24]:

PLI = (CF; x CF; X CF3 X ........ x CF,)"

Where (n) is the number of metals and CF is the contamination factors.

2.2.3. Pollution ecological risk index (PRI).

PRI of the heavy metals is quantitatively evaluated by the ecological risk factor (Er) [7, 25]. The PRI values
were compared with the grade of Er metal pollution risk on the environment classified by Hakanson [7] (Table
4).
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PRI = ¥ Er

PRI<150 represented as low contamination; 150 < PRI < 300 moderate contamination; 300 < PRI < 160
considerable contamination and PRI > 600 represented a high contamination [7]

3. Results and discussion

Concentrations of the heavy metals of the sediments at the Rosetta Nile branch are given in Table (1) and Figure
(2). Heavy metals content in the studied sediments are varied from 36720 to 97221 ppm and averaging 65387.8
ppm Fe; 169 to 390 with averaging 259.1 ppm Cr; 40 to 170 and averaging 92.8 Cu ppm; 19 to 49 with
averaging 32.8 ppm Co; 25 to 80 with average 54.9 ppm Ni; 85 -290 with average 156.3 ppm Zn; 25- 84 with
average 45.7 ppm Pb and 8-24 and average 13.5 ppm Cd. The study area contains significantly high
concentrations of some potentially toxic metals such as Ni, Co, Zn, Cu, Cr, Pb and Cd which are
derived from both natural and anthropogenic sources. Generally, the concentrations of the study
sediments are lower than those in the crust continual average [14]. The average values of Cr, Cu, Co,
Ni, Zn, Cd and Pb in the study sediments are higher than those of the mean in worldwide Soils; 54, 25,
8,22, 63, 0.5 and 25 ppm; respectively [26] and those of the toxic-response values (54, 25 and 25 ppm;
respectively) [7]. In addition, Cd is higher than the average value worldwide (0.5 ppm) and lower than
the toxic-response values (30 ppm). Weathering of sediments is the important factor of dispersion of
toxic metals [27, 28].

Table 1: Concentration of the heavy metals (ppm) for sediments of Rosetta Branch

S.No. Fe Cr Cu Co Ni Zn Pb Cd
1 56933 180 60 28 69 230 43 8
2 50569 189 75 25 60 192 40 12
3 55318 210 77 19 54 101 75 9
4 36720 187 46 22 40 290 55 10
5 40636 169 54 27 33 85 25 8
6 55545 215 88 30 29 110 32 10
7 46582 290 57 33 41 150 45 10
8 41826 217 89 32 60 142 60 9
9 65495 264 92 34 67 167 31 9
10 63998 190 66 40 48 175 25 17
11 64627 188 40 42 35 90 60 11
12 70013 297 80 34 25 99 49 10
13 72811 390 95 36 52 245 28 12
14 81484 355 99 38 55 261 26 18
15 88758 291 102 29 61 90 54 15
16 87219 279 110 28 67 170 35 14
17 74839 264 156 24 75 150 38 20
18 70712 318 140 41 70 134 53 21
19 86450 299 160 44 77 125 55 23
20 97221 390 170 49 80 120 84 24
Min. 36720 169 40 19 25 85 25 8
Max. 97221 390 170 49 80 290 84 24
Average | 65387.8 259.1 92.8 32.8 54.9 156.3 45.7 13.5

3.1. Single pollution indices

The index of geoaccumulation (Table 2 and Fig. 3) revealed that the sediments of the Rosetta area were
unpolluted — moderately polluted with Fe, Cr, Co, Ni and Zn with I, values 0.38, 0.56, 0.14, 0.39 and 0.47,
respectively. While, it was moderately polluted with Cu (I, =1.07) and strong polluted with Pb (I, =17.62)
and Cd (I =29.08).
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Figure 2: Concentration of the heavy metals (ppm) of the sediments of Rosetta Branch
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Table 2: Index of Geoaccumulation (I4,) values for sediments of Rosetta Branch
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S.No. Fe Cr Cu Co Ni Zn Pb Cd
1 0.32 0.39 0.69 0.12 0.49 0.69 16.6 17.2

2 0.29 0.41 0.87 0.11 0.43 0.57 15.44 25.8

3 0.31 0.46 0.89 0.08 0.39 0.3 28.95 19.35

4 0.21 0.41 0.53 0.09 0.29 0.86 21.23 21.5

5 0.32 0.37 0.63 0.11 0.24 0.25 9.65 17.2

6 0.32 0.47 1.02 0.13 0.21 0.33 12.35 21.5

7 0.27 0.63 0.66 0.14 0.29 0.45 17.37 21.5

8 0.24 0.47 1.03 0.14 0.43 0.42 23.16 19.35

9 0.37 0.58 1.07 0.14 0.48 0.5 11.96 19.35

10 0.36 0.41 0.76 0.17 0.34 0.52 9.65 36.55

11 0.37 0.41 0.46 0.18 0.25 0.27 23.16 23.65

12 0.4 0.65 0.93 0.14 0.18 0.3 18.91 21.5

13 0.41 0.85 1.1 0.15 0.37 0.73 10.81 25.8

14 0.46 0.77 1.15 0.16 0.39 0.78 10.03 38.7

15 0.51 0.63 1.18 0.12 0.44 0.27 20.84 32.25

16 0.5 0.61 1.27 0.12 0.48 0.51 13.51 31.1

17 0.43 0.58 1.81 0.1 0.54 0.45 14.67 43

18 0.4 0.69 1.62 0.17 0.5 0.4 20.45 45.15

19 0.49 0.65 1.85 0.19 0.55 0.37 21.23 49.45

20 0.55 0.85 1.97 0.21 0.57 0.36 32.42 51.6

Min. 0.21 0.37 0.46 0.08 0.18 0.25 9.65 17.20
Max. 0.55 0.85 1.97 0.21 0.57 0.86 32.42 51.60
Average 0.38 0.56 1.07 0.14 0.39 0.47 17.62 29.08

| 4—Fe —a~Cr ——Cu ——Co —~Ni —o-Zn ——Pd ——Cd — Linear (Pd) |

Figure 3: Index of Geoaccumulation (I,,) of the heavy metals of the sediments of Rosetta Branch
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The calculated contamination factor (Table 3 and Fig. 4) indicated that all the sediments samples are very high

polluted with Pb (Cf = 87.79) and Cd (Cf = 150), where CF> 6. Also, the sediments show low contamination

with Co (Cf = 0.70), considerable contamination with Cu (Cf~ 5.36) and moderate contamination with Fe (Cf =

1.86), Cr (Cf = 2.82), Ni (Cf= 1.96) and Zn (Cf = 2.03).

The enrichment factor was assessed the degree of contamination and distribution of the elements of
anthropogenic origin [29]. Also, it is a vital tool to evaluate the magnitude of contamination in the environment
[30]. The enrichment factor of the study sediments (Table 4 and Fig. 5) revealed that they were ranged from
minimal to extremely high enrichment. It was minimal for Cr, Co, Ni and Zn, moderate for Cu and extremely
high enrichment for Pb and Cd.

Table 3: Contamination factor, degree of contamination, pollution load index and pollution ecological risk index of the
heavy metals of the sediments of Rosetta Branch

S. No. CF DC PLI
Fe Cr Cu Co Ni Zn Pb Cd
1.62 | 196 | 347 | 0.60 | 2.46 | 2.99 82.69 88.89 184.67 49
143 | 2.05 | 434 | 0.53 | 2.14 | 249 | 7692 133.33 | 223.25 5.0
1.57 | 228 | 445 | 040 | 1.93 | 1.31 | 14423 | 100.00 | 256.18 4.7
1.04 | 203 | 266 | 047 | 143 | 3.77 | 10577 | 111.11 | 228.28 4.5
1.15 | 1.84 | 3.12 | 0.57 | 1.18 | 1.10 | 48.08 88.89 145.93 3.5
1.58 | 234 | 509 | 0.64 | 1.04 | 1.43 61.54 111.11 | 184.75 43
1.32 | 3.15 | 329 | 0.70 | 1.46 | 1.95 86.54 111.11 | 209.53 4.8
1.19 | 236 | 514 | 0.68 | 2.14 | 1.84 | 11538 | 100.00 | 228.74 5.1
1.86 | 2.87 | 532 | 0.72 | 2.39 | 2.17 59.62 100.00 | 174.95 5.3
1.82 | 2.07 | 3.82 | 0.85 | 1.71 | 2.27 | 48.08 188.89 | 249.50 5.1
1.83 | 2.04 | 231 | 0.89 | 1.25 | 1.17 | 11538 | 122.22 | 247.11 4.5
1.99 | 323 | 462 | 0.72 | 0.89 | 1.29 | 94.23 111.11 | 218.08 4.7
207 | 424 | 549 | 0.77 | 1.86 | 3.18 53.85 133.33 | 204.78 6.0
231 | 3.86 | 572 | 0.81 | 1.96 | 3.39 50.00 200.00 | 268.06 6.4
252 | 3.16 | 590 | 0.62 | 2.18 | 1.17 | 103.85 | 166.67 | 286.05 5.8
247 | 3.03 | 6.36 | 0.60 | 2.39 | 2.21 67.31 155.56 | 239.92 6.0
212 | 2.87 | 9.02 | 0.51 | 2.68 | 1.95 73.08 22222 | 314.45 6.3
2.01 | 346 | 809 | 0.87 | 2.50 | 1.74 | 101.92 | 233.33 | 353.92 6.9
245 | 3251925 | 094 | 2.75 | 1.62 | 10577 | 255.56 | 381.59 7.3
276 | 424 | 983 | 1.04 | 2.86 | 1.56 | 161.54 | 266.67 | 450.49 8.3
Min. 1.04 | 1.84 | 231 | 040 | 0.89 | 1.10 | 48.08 88.89 145.93 3.50
Max. 276 | 424 | 983 | 1.04 | 2.86 | 3.77 | 161.54 | 266.67 | 450.49 8.30
Average | 1.86 | 2.82 | 536 | 0.70 | 1.96 | 2.03 87.79 150.00 | 252.51 5.47
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100

CF value
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Sample No

Figure 4: Contamination factor of the heavy metals of the sediments of Rosetta Branch
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Table 4: Enrichment factor of the sediments of Rosetta Branch

S. No. Cr Cu Co Ni Zn Pb Cd
1 1.22 2.15 0.37 1.53 2.13 51.03 54.04
2 1.44 0.3 0.37 1.5 2 53.45 91.27
3 0.54 2.84 0.26 1.24 0.51 91.61 62.58
4 1.96 2.56 0.45 1.38 4.16 101.2 104.74
5 1.6 2.71 0.5 1.03 1.1 41.57 75.72
6 1.49 3.23 0.41 0.66 1.04 38.93 69.24
7 2.39 2.5 0.53 1.11 1.69 65.27 82.57
8 2 4.34 0.58 1.82 1.79 96.93 82.76
9 1.55 2.87 0.39 1.29 1.34 31.98 52.85
10 1.14 2.1 0.47 0.95 1.44 26.39 102.17
11 1.12 1.26 0.49 0.69 0.73 62.73 65.46
12 1.63 2.33 0.36 0.45 0.74 47.29 54.93
13 2.06 2.66 0.37 0.9 1.77 25.98 63.39
14 1.68 2.48 0.35 0.85 1.69 21.56 84.96
15 1.26 2.35 0.25 0.87 0.53 41.11 65
16 1.23 2.57 0.24 0.97 1.03 27.11 61.74
17 1.36 425 0.24 1.27 1.05 34.31 102.78
18 1.73 4.04 0.44 1.25 1 50.64 114.22
19 1.33 3.78 0.38 1.13 0.76 42.99 102.33
20 1.54 3.57 0.38 1.04 0.65 58.38 94.95
Min. 0.54 0.30 0.24 0.45 0.51 21.56 52.85
Max. 2.39 4.34 0.58 1.82 4.16 101.20 114.22
Average 1.51 2.74 0.39 1.10 1.36 50.52 79.39

Note: n.a = Not available

The calculated ecological risk factor (Er) of the study samples revealed that the area was at a very high
ecological risk with Pb and Cd (439.6 and 4350; respectively) which is compatible with the results of the
index of geo- accumulation Index (Iy,). In addition, the recorded values of Cr, Cu, Co, Ni and Zn have a low

ecological risk in the study area (Table 5 and Fig. 6).

’ —=Cr =m~-Cu =+—Co =—%—Ni —0=Zn —e—Pd —o—Cd‘

EF value

0.01

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Sample No

Figure 5: Enrichment factor of the heavy metals of the sediments of Rosetta Branch
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Table 5: Ecological risk factor (Er) and Pollution ecological risk index (PRI) of the study sediments

Er

S No. | _Cr Cu Co Ni Zn Pb Cd PRI
1 302 | 1735 3 123 299 | 41345 | 26667 | 311971
2 41 | 2225 2.65 107 249 | 3846 | 39990 | 4426.14
3 456 | 22.25 2 965| 131 | 72115 | 3000 | 3760.92
4 406 | 133 235 7.05| 377 | 52885 | 33333 | 3892.78
5 368 | 15.6 2.85 59 11 2402 | 26667 | 2936.23
6 468 | 2545 32 52| 143 | 3077 | 33333 | 3680.96
7 6.3 16.45 3.5 73| 195 | 4327 | 33333 | 38015
8 472 | 257 34 107| 184 | 5769 | 3000 | 3623.26
9 574 | 266 36| 11.95| 217 | 2981 | 3000 | 3348.16
10 414 | 191 425 855| 227 | 2404 | 5666.7 | 594541
1 408 | 11.55 445 625| 117 | 5919 | 36666 | 4271
12 646 | 23.1 36| 445| 129 | 47115 | 33333 | 3843.35
13 848 | 2745 3.85 93| 318 | 2669 | 399990 | 4321.41
14 772 | 286 4.05 98| 339 250 6000 | 6303.56
5 632 | 295 3.1 109 117 | 51925 | 50001 | 557034
16 606 | 318 3] 11.95| 221 | 33655 | 4666.8 | 505837
17 574 | 451 2.55 134 195 | 3654 | 6666.6 | 7100.74
18 692 | 4045 435 125 174 | 5096 | 3999.9 | 757546
19 65 | 4625 47| 1375| 1.62 | 52885 | 7666.8 | 826847
20 848 | 49.15 52| 143] 156 | 8077 | 8000.1 | 8886.49
Min. | 368 | 1155 2 145 11 2402 | 26667 | 2936.23
Max, | 848 | 4915 | 52 143 | 377 | 8077 | 8000.1 | 8886.49
Average | 5.63 | 2685 | 3.5 9.8 203 | 4396 | 4350 | 49867

3.2. The integrated pollution indices

The integrated pollution indices (DC, PLI and PRI) are important factors to identify multi-element
contamination resulted from the increased toxic elements [§, 31, 32].

The DC values ~ 252.51 (Table 3) indicated that all the study samples can be considered a very high
contaminated degree. High values of Cd and Pb are the main reason for the wide range of high contamination
level of the study area.

‘ ——Cr —8-Cu —4Co —=Ni —~Zn -e-Pb ——Cd

10000 1

1000 4

100

Er value

10 4

4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Sample No
Figure 6: Ecological risk factor (Er) and Pollution ecological risk index (PRI) of the study sediments

The calculated PLI was greater than 3; PLI > 1 indicated that high load of heavy metals in the investigated area.
So, it is revealed the role of external discrete sources; vehicle exhaust and agricultural activities on soil pollution
[8]. Angula [33] mentioned that PLI can be estimated the contamination of metals status and essential action
must be taken into consideration.
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PRI calculation results of samples (Table 5) showed that the study sediments represented a very high ecological
risk. The ecological risk comes mainly from sediment pollution with Pb and Cd. These two metals have dangers
effect on plants and human health and much attention must be paid to the study area quality.

3.3. Comparison of the current results with previous work:

The concentrations of Cu, Pb and Zn in bottom Nile sediments in the Kafr El Zayat area are recorded 33, 39 and
91ppm; respectively [34]. El-Amier and Abd El-Gawad [35] and El-Amier et al. [3] recorded lower
concentrations of metals in Rosetta bottom sediments than the current study. Where, EI-Amier and Abd El-
Gawad [35] recorded about 99.06, 32.43, 0.59, 2.68, 49.16, 21.31 and 1.63 ppm and El-Amier et al. [3]
recorded 27.83, 4.1, 0.61, 2.38, 4.38, 4.53 and 0.45 of Fe, Cu, Co, Ni, Zn, Pb and Cd, respectively. On the
other hand, the current study recorded lower concentrations of Cd and Pb than Yehia and Sebaee [36]. Pb
contents in Lower Egypt (in the north) range from 8 to 87 ppm, whereas the bottom sediments in the Kafr El
Zayat area show higher Pb contents (58 - 87 ppm) [2]. Abu Khatita [37] was recorded the high concentration of
Cu (139 ppm) at the rubber factory followed by the industrial zone adjacent to the brick factory (130 ppm) and
at Tanta city close to the flax and oil factory (101 ppm). Also, he mentioned that the contents of Fe in the
surface soil, cultivated soil, industrial and urban samples were 63, 77, 60 and 60 ppm; respectively, which were
very lower than the recorded concentrations in the present study. Wherever, the average concentration of the
heavy metals in the study samples shows high contents than those recorded by Wahid and Shahaeen [38] for
Rosetta sediments.

Table 6 and Figure (7) show the distribution of the trace elements in the study area in comparison with the
concentration in surface and core industrial samples in Kafer El-Zayat [37]. The concentrations of Cr and Cu are
more enrichment in the studied sediments than surface and core industrial samples in Kafer El-Zayat. Pb and Zn
were lower than their content in the surface soil of the industrial area and higher than their content in the core
samples.

The concentrations of heavy elements in the investigated samples are enrichments as a result of the
anthropogenic activities (agrochemical applications, industrial and traffic emissions and domestic wastes).

Table 6: Comparison the studied heavy metals with surface and core industrial samples from Kafer El-Zayat.

Cr [Cu|Co|Ni| Zn Pb [ Cd
Present study (ppm) 261 194 |33 |55]|159| 46 | 14
Surface industrial sample (ppm)[37] [ 115 | 63 | 27 | 66 | 225 | 51.16 | n.a
Core industrial sample (ppm) [37] | 151 [ 88 | 36 | 78 | 114 | 22.3 | na

Note: n.a = Not available

300

—&— Present study
250 -
—O— Surface industrial sample

—/— Core industrial sample

200 -

150

100 -

50

Cr Cu Co Ni Zn Pb Cd

Figure 7: Comparison the heavy metals study with surface and core industrial samples from Kafer El-Zayat

3.4. Sources of heavy metals

Naturally, sediments contain usually significant contents of elements, but anthropogenic accompaniments can
cause their disturbance. The geochemical studies of the Rosetta branch sediments reveal that the study
sediments subjected to anthropogenic inputs. Also, Zn and Cu, Pb (159, 94 and 46 ppm; respectively) in the
study sediments are comparable to the content of the cultivated soils from Tanta city 185, 93 and 52 ppm;
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respectively [37]. This area represents the commercial zone of the Nile Delta region where the traffic is very
busy. The elements Pb and Zn are resulting from vehicle traffic and fuel oil combustion as sources. This
indicates that these elements are particularly enriched in soil as a result of varying industrial activities.

The study trace elements are classified into two sets of elements. The first set includes Fe, Co, Cr and Ni, which
is predominantly of natural origin and is controlled by the distribution of clay minerals. The second set of
elements includes Cu, Zn and Pb, which are affected predominantly by anthropogenic sources. The elements
dispersed by industrial activities are Cu, Pb and Zn; the elements dispersed by traffic emissions and fuel oil
combustion as sources are Pb, Zn and some Cu. In addition, elements influenced by agrochemicals and drain
water irrigation are Cu, and Pb. Thus the Kafr El Zayat industrial zone is responsible for the high concentration
of these elements. The domestic wastes, agriculture and industrial output along the Rosetta district led to a
relative enrichment of the heavy metals in the northern part than those of the southern. The industrial sector of
Kafer El-Zayat and fertilizers are represented the most important factors affecting the pollution of the
environment.

Conclusions

The Nile Delta suffers from different pollution sources as result of the increasing number and different
types of industries and uses the drain water supply and the increasing waste deposits. The enhancement of the
heavy metals in the study sediments is attributed to the anthropogenic sources; domestic wastes, fertilizers,
agriculture irrigation, and industrial output. Environmental efforts must be done to keep the heavy metal
concentration under permissible levels where the geochemical results indicate rising trend. The irrigation of
farmlands by drain waste water which has not been adequately treated should be forbidden.

Extensive efforts and development must be carried out in Kafr El Zayat city to reduce the number of
vehicles in order to diminish the quantity of emissions. Laws should be enacted to prevent the output of the
industrial wastewater to the Nile River. This excessive discharge leads to an increase in heavy metal levels in
the water, which in turn can be ingested through eating the fish from this water.

In the study area, there are several sources for the potentially toxic metals. Consequently, the authors
believe that the pollution in the study area is resulting from more than one anthropogenic source; the atmospheric
deposition, irrigation with waste drain water from various industrial areas, which affected in the growing plants in
the zone.

References

1. H.A. El-Attar, M.L. Jackson, Soil Science 116 (1973)191-201.

2. M.M. El Bouraie, A.A. El Barbary, M.M. Yehia, E.A., Suo 61(1) (2010) 1-12

3. Y.A. El-Amier, M.A. Zahran, S.H. Al-Mamory, J. Water Res. Prot. 7 (2015) 1075-1086

4. M. Redwan, E. Elhaddad, Environ Monit Assess 188 (2016) 354. https://doi.org/10.1007/s10661-016-

5360-x

G. Qingjie, J. Deng, Y. Xiang, Q. Wang, L. Yang, Geosci. 19(3) (2008) 230-241.

H. Rahman, S. Khanam, D. Mehedi, T. Adyel, M.S. Islam, M.A. Ahsan, A. Akbor, Appl. Sci. 2 (2012)

584-601.

7. L. Hakanson, Water Res., 14 (1980) 975-1001.

8. A.A. Elnazer, S.A. Salman, E.M. Seleem, E.M. Abu El Ella, (2015) Int. J. Ecol., Article ID 689420, 7
pages, doi:101155/2015/689420.

9. G. Muller, Umschan 79 (1979) 778-783.

10. K. Loska, D. Wiechula, I. Korus, Environ. Intern. 30 (2004) 159-165.

11. S.M. Praveena, A. Ahmed, M. Radojevic, M.H. Abdullah, A.Z. Aris, Malaysian J. Anal. Sci. 11(2) (2007)
421-430.

12. S.M. Praveena, A. Ahmed, M. Radojevic, M.H. Abdullah, A.Z. Aris, Int. J. Environ. Res. 2(2) (2008)139-
148.

13. X.L. GAO, C.T.A. Chen, Water Research 46 (2012) 1901-1911.

14. R.L.Rudnick, S. Gao, In Holland and Turekian (Eds) 3, Elsevier: (2003) 1-64

15. D.C.Tomilson, D.J.Wilson, C.R. Harris, D.W. Jeffrey, Helgol. Wiss. Meeresunliter 33 (1-4) (1980) 566-
575.

16. A. Kabata-Pendias, H. Pendias, CRC Pres, Inc. Boca Raton, FL. (1985).

17. P. Buat-Menerd, R. Chesselt, Earth Planet. Sci. Lett., 42 (1979), 399 - 411.

18. K. Loska, D. Wiechula, B. Barska, E. Cebula, A. Chojnecka, Pol. J. Environ. Stud. 12(2) (2003) 187-192

oW

Abou El-Anwar et al., J. Mater. Environ. Sci., 2018, 9 (7), pp. 2142-2152 2151



19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.

B.R. Seshan, U. Natesan, K. Deepthi, Int. J. Environ. Sci. Tech. 7 (2) (2010) 291-306

M.O. Angelidis, M. Aloupi, Intern. J. Environ. Analy. Chem. 29 (1997) 427-450.

T. Liaghati, M. Preda, M. Cox, Environ. Intern. 29 (2003) 935-948.

Q. Xiong, W. Zhao, J. Zhao, W. Zhao, L. Jiang, Int. J. Environ. Res. Public Health 14 (2107) 1159,
doi:10.3390/ijerph14101159

S. Caeiro, M. Costa, T.B. Ramos, Ecological Indicators, 5 (2005) 151-169.

K.O. Adebowale, Agunbide F.O., Olu-owolabi B., Environ. Res. J., 3(2) (2009) 46-59.

W. Zhu, B. Bian, L. Li, Environ. Monit. Assess. 147(1-3) (2008) 171-181.

A. Kabata-Pendias, A.B. Mukherjee, Springer Berlin Heidelberg New York, (2007) 550 p.

E.A. Abou El-Anwar, H.S. Mekky, S.H. Abd El Rahim, S.K. Aitam, Egypt. J. Petrol., 26 (2017) 157-169.
E.A. Abou El-Anwar, Egypt. J. Petrol., (2016) doi: 10.1016/j.ejpe.2016.06.005.

S.A. Simex, G.R. Helz, Environ. Geo. 3 (1980) 315-323

A. Franco-Uria, C. Lopez-Mateo, E. Roca, M. Fernandez-Marcos, J. Hazard. Mater. 165(1-3) (2009) 1008-
1015

H.T. Chon, K.W. Kim, J.Y. Kim, Environ. Geochem. Health 17 (1995) 139—-146.

R. Swapnil, A.K. Chopra, C. Pathak, Archives of Appl. Sci. Res., 3(2) (2011) 318-325.

E. Angula, Sci. Total Environ. 187 (1996) 19-56.

M.R. Lasheen, In: Hutchinson, T.C. and Meema, K.M. (Eds.), John Wiley, New York, (1987) 235-254.
Y.A. El-Amier, A.M. Abd El-Gawad, J. Environ.Sci. Poll. Res. 2(3) (2016) 107-112

H.M. Yehia and E.S. Sebaee, Afr. J. Biotech. 11(77)14204-14216

A.M. Abu Khatita, Der Naturwissenschaftlichen Fakultit. Ph.D Thesis (2011) 224p.

M.A. Wahid, M. Shaheen, S. El-Dein, Sed. Egypt 18 (2010) 29-44.

(2018) ; http://www.jmaterenvironsci.com

Abou El-Anwar et al., J. Mater. Environ. Sci., 2018, 9 (7), pp. 2142-2152 2152



