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Abstract

The target of this investigation is to assess concentrations of trace metals in bottom sediemts from
Manzala Lagoon (ML). The southern part is characterized by a lower salinity and a higher
percentage of clay, while the northern part is characterized by a higher salinity and higher percentage
of sand. This lagoon receives great amounts of contaminants from different sources (domestic,
agricultural and industrial). This investigation is based on 6 trace metals, including Cu, Mn, Zn, Pb,
Ni and Cd. Relying on the pollution indices, the lagoon is categorized into the following parts: the
northern part with the lowest degree of contamination, the central part with a considerable degree
and the southern one which records the highest levels. Cd represents the most dangerous toxic metal

in this study.
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Introduction

ML is the largest coastal lagoon in Egypt. It
occurs in the north-eastern corner of the Nile
delta. It has a length of about 60 km and a width
of 40 km. According to Ayache et al. (2009) the
existence of more than 1000 islands reduced the
area of open water to nearly 500 km?. Therefore,
it is subdivided into many basins (e.g., Bahr Al-
Hadawi, Bahr Al-Mihayjar, Bahr Ash-Sharak,
Bahr Janb At-Timsah, Bahr Al-Bashmur, Bahr
Az-Zargah, Bahr Ad-Dibju As-Saghir, Bahr
Ad-Dibju Al-Kabir, Bahr Ad-Diju, Bahr Al-
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Hamrah, Bahr Kurmullus, Bahr Al-Milh, Bahr
Al-Bashtir, Bahr Al-Kur).

The lagoon is surrounded to the North by the
Mediterranean Sea, to the East by Suez Canal
and the Damietta Branch to the West (Fig. 1),
while the southern shores represent the north
boundary of Sharkiya and Dakahiliya
Governorates. It is linked to the Mediterranean
Sea through El-Boughaz inlets.

The southern area of the studied lagoon is
exposed to the invasion of about 3.7 km3 of
fresh water annualy through some drains,

including EIl-Serw, EI-Gammaliya, Hadus-
Ramses, El-Matariya and Bahr ElI Bagar
(Abdel-Satar, 2001; Elewa et al. 2007).
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Therefore, salinity records its lowest value low
near the southern drains, but it records its
highest value in the north. In addition, the
lagoon is highly eutrophic with nutrients and
other toxic compounds, especially in southern
parts (EImorsy et al. 2017). The climate of the
study area belongs to the Mediterranean climate
which is characterized with arid to semi-arid
conditions.

The important of ML arises from the high
production of fishes. In addition, it has a precise
location for waterbirds.

The most effective challenges facing the lagoon
are the reduction of Manzala area, pollution and
the spread of aquatic plants. The area of
Manzala was changed throughout the last
decades (Oczkowski & Nixon, 2010). The
southern and western borders were subjected to
a greater loss due to land reclamation, silting
and the spread of many islands (Dewidar &
Khedr, 2001).

Fig .1. location map of study area

Materials and methods:

30 samples were taken from the bottom
sediments of ML by a grab. Three groups of
samples were collected from each station.
Moreover, salinity, pH and water depth were
measured as clarified in (Table 1). The first
group of samples was prepared to carry out the
grain size analysis. The second group was dried
and reduced to a powder to calculate the levels
of Mn, Cu, Cd, Pb, Zn and Ni using the
digestion by HNO; hydrofluoric (HF) acids
(Oregioni and  Aston,1984).  Atomic
spectrophotometer was used to do this
investigation.

Results
Water Depth
The recorded depths range between 53 cm and

250 cm (with an average of 162.9 cm (Table 1
and Figure 2). The high sedimentation rates that
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resulted from the discharge into the lagoon and
the burial of dense vegetation may be the
reasons for the shallowness of the lagoon.

Salinity

The measured salinities range between 1.23 g/l
and 20.6 g/l with an average of 6.1 g/l (Table 1
and Figure 3). The salinity increases near the
northeastern parts due to the intrusion of
seawater, while it declines in the southern parts
due to the entry of fresh water. Theses results
are similar to those of El-Enany (2004), Elewa
et al. (2007) El Baz (2017) and Elmorsi et al.
(2017).

Hydrogen ion concentration (pH)

The values of pH range from 7.12 t0 9.11 (at site
15) as seen in (Figure 4 and Table 2). The
average is 8.09. Therefore, the water is alkaline.
Generally, pH increases towards the northern
stations, whereas it decreases at the southern
stations. Theses results are comparable to that
deduced by Elewa et al. (2007) El Baz (2017)
and Elmorsi et al. (2017).
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Table 1. Measured environmental parameters.

. Salinity Water depth
Site number (@) pH (cm)
1 1.29 7.25 164
2 1.84 7.12 141
3 1.92 8.05 163
4 2.24 7.86 105
5 2.16 7.76 74
6 2.01 7.79 210
7 18.5 8.35 176
8 20.6 8.36 175
9 20.16 8.82 168
10 18.2 8.67 53
11 18.87 8.5 172
12 13.75 8.9 169
13 6.82 9.08 170
14 9.71 8.76 151
15 5.58 9.11 172
16 2.9 8.92 200
17 3.11 8.88 105
18 2.77 8.33 120
19 2.43 8.3 167
20 1.42 7.52 165
21 2.21 7.76 160
22 1.72 7.23 155
23 1.46 7.32 179
24 1.23 7.13 205
25 1.45 7.25 153
26 2.7 7.87 190
27 2.4 7.91 185
28 2.1 7.74 190
29 2.6 7.9 200
30 8.9 8.4 250
Average 6.1 8.09 162.9
Max 20.6 9.11 250
Min 1.23 7.12 53
Sediment:

The percentages of sand fractions range from
5% (at site 22) to 66% (site 8) with an average
of 30.2 %. The percentages of silt fractions
range from 30% (site 8) to 44% (at site 20) with
an average of 37.13 %. The percentages of clay
fractions fluctuate between 3% (at sites 9 and
10) and 59% (at site 25) with an average of 32.6
%. Near the northern sites, sand portions
dominate, whereas the clay portions dominate
the southern parts, that are close to drains (Table
2).

Concentration of trace metals :

For Cu, the levels range from 36 pg / g (site 9)
to 163 pg/ g (site 2 opposite to the drain of Bahr
El Bagar) with an average of 94.2 ug/g. It is
clear that the values increase in the southern
sites near drains,while they decrease towards
the northern sites (Fig. 6). This trend of
distribution is similar to those recorded by El

Baz (2017).

For Zn, the levels range from 23 pg/ g (site 30)
to 152 pg/ g (at site 2 opposite to the drain of
Bahr El Bagar) with an average of 69.43ug/g
(Fig. 7).

For Pb, the levels range from 22 pg /g (site 30)
to 166 pg /g (site 2) with an average of 83.53 pg
/g (Fig. 8).

For Mn, the levels range from 240 pg /g (at site
29) to 832 ug /g (site 2) with an average of
448.73 ng/g (Fig. 9).

For Cd, the levels range from 12 pg /g (at site
17) to 22 pg /g (site 24) with an average of 16.6
ng/g (Fig. 10).

For Ni, the levels range from 142 pg /g (at site
9) to 271 ng/g (site 4) with an average of 218.9
pg/g (Fig. 10).

Generally, the maximum levels of trace metals
were noted near southern drains and decrease
in northen sites, owing to the invasion of the
industrial disposal and agricultural drainage
water.Generally, the maximum levels of trace
metals were noted near the southern drains and
decrease in the northen sites, owing to the
entrance of the industrial disposal and
agricultural drainage water into the lagoon for a
long time without treatment.
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Table 2. Grain size analysis of the studied samples.

Site number Sand % Silt % Clay %
1 8 41 51
2 9 38 53
3 12 37 51
4 17 37 46
5 16 34 50
6 18 32 50
7 47 43 10
8 66 30 4
9 65 32 3
10 64 33 3
11 62 34 4
12 61 35 4
13 57 38 5
14 53 40 7
15 52 42 6
16 36 38 26
17 21 41 38
18 18 40 42
19 19 40 41
20 10 44 46
21 7 37 56
22 5 38 57
23 6 38 56
24 7 42 51
25 5 36 59
26 33 36 31
27 31 37 32
28 26 32 42
29 33 35 32
30 42 34 24

Average 30.2 37.13 32.6
Max 66 44 59
Min 5 30 3
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Table3. The concentrations of trace metals (ug /g).

Cu Zn Pb Mn Cd Ni
Min 36 23 22 240 12 142
Max 163 152 166 832 22 271
Average 94.2 69.43 83.53 448.73 16.6 218.9
Background 45 95 20 g0 03 68
shale
Toxic response 5 1 5 1 30 5
factors

Contamination indices :

According to Turekian and Wedepohl (1961),
the values of background shale are utilized here
(Table 3). Also, toxic-response factors of
Hokanson (1980) are followed here.

Contamination factor (Cf) :

The calculated values of Cf are displayed in
Table 5. Regarding Cu, sediments at sites 1, 2,
24 and 25 are considerably contaminated, sites
8, 9, 10 and 30 are low contaminated, whereas
the others are moderately contaminated.
Concerning Zn, sites 1-3, 22-25 and 28 are
moderately contaminated, while the others are
low contaminated. For Pb, stations 1, 2, 24 and
25 are very highly contaminated, sites 8-13 and
30 moderately contaminated, whereas the
others display considerable contamination. For
Mn, all sites show low contamination. For Cd,
all sites show very high contamination. For Ni,
sites 1, 7-15, 30 are moderately contaminated,
while the others are considerably contaminated.

Degree of contamination (Dc) :

Dc was calculated for Cu, Zn, Pb, Mn, Cd and
Ni. According to Hokanson (1980), all sites
display very high Dc, where the values are more
than 28 (Table 4). The average value of Dc is
66.08.
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Geoaccumulation index (lgeo) :

For Cu, sites 8-11 and 30 are unpolluted, but the
others are unpolluted to moderately polluted
(Table 5). All the sites are unpolluted with Zn
and Mn. For Pb, sites 8-10 and 30 are
unpolluted, but the others are unpolluted to
moderately polluted. For Cd, all sites are
moderately polluted. For Ni, all sites are
unpolluted to moderately polluted.

Ecological risk factor (Er):

Er of Hokanson (1980) is applied here. For Cu,
Zn, Mn and Ni all sites showed low values of
Er. For Pb all sites show low values of Er, with
the exception of site 2 that show moderate value
of Er (Table 6). On the contrary, Cd displays
very high Er values.

Table 4. Values of Cf and Dc.
Cf

St~ Zn Pb _Mn Cd _Ni | °°
1 304 134 7.3 059 56.67 294 71.89
2 362 16 83 097 6333 3.83 8L67
3 262 104 485 066 50 329 6246
4 248 095 49 063 5667 398 69.63
5 213 095 49 048 73.33 3.86 85.68
6 206 089 405 037 66.67 3.94 77.99
7 173 001 385 036 53.33 258 62.78
3 082 036 145 028 50 225 5517
9 0.8 038 13 029 4667 208 5153
10 082 037 145 028 4333 238 4865
11 102 050 215 029 50 210 56.07
12 217 045 16 039 4333 248 5044
13 197 055 275 039 40 241 4808
14 211 035 3.7 061 5333 223 6235
15 222 043 39 062 6333 258 73.10
16 208 044 485 060 50 325 61.23
17 1977 048 405 062 40 342 5056
18 193 045 415 061 60 355 70.70
19 195 041 48 060 4667 347 57.90
20 186 047 465 062 5667 3.75 6803
21 184 046 42 059 5333 364 64.08
22 191 101 49 058 56.65 3.83 6801
23 257 103 52 058 60 3.60 72.99
24 328 125 695 061 73.33 3.63 89.07
25 337 127 635 062 70 3.83 8546
26 211 047 475 062 63.33 355 7485
27 193 057 445 063 56.64 377 68.04
28 293 123 43 061 60 3.80 72.88
29 253 094 415 028 53.33 3.63 64.87
30 0.8 024 11 029 50 277 5521
average 2.09 073 417 052 5559 321 66.08
Discussion :

The results of trace metal show that Mn has the
highest concentrations in Manzala lagoon
followed by Ni, Cu, Pb, Zn, while Cd has the
lowest concentrations. The invasion of
wastewater discharge and fertilizers may be the
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chief reasons for the increase of Mn in the study
area. The drainage water that come in the
lagoon may be the main source for Cu. The
possible sources of Zn may be due the fertilizers
and heavy industries. Moreover, the chief
causes of Cd are textile, wastewater, fertilizers
and petroleum (EI Nemr et al. 2007).

Table 5. Values of Igo and PLI.
Site hoeo

Cu Zn Pb Mn Cd Ni PLI

1 0.30 -0.04 068 039 157 029 3.79
2 0.38 002 074 018 162 040 474
3 024 -0.15 050 -0.35 152 034 3.36
4 021 -019 051 -0.37 157 042 344
5 0.15 -0.19 051 -048 168 041 3.34
6 0.13 -022 043 -0.60 164 0419 3.00
7 0.06 -021 040 -061 155 023 2.60
8 026 -060 001 -0.72 152 017 155
9 2027 058 006 -0.71 149 014 150
10 026 -059 001 -0.71 146 020 154
11 0.6 -047 015 -0.70 152 014 180
12 0.16 -052 002 -057 146 021 201
13 0.12 -0.42 026 -058 142 020 2.20
14 0.14 -062 039 -038 155 017 242
15 0.17 -054 041 -038 162 023 2.69
16 0.14 -053 050 -0.39 152 033 2.75
17 0.12 -0.49 043 037 142 035 2.63
18 011 -052 044 039 160 037 2.79
19 0.11 -056 050 -0.39 149 036 2.68
20 009 -050 049 -0.38 157 039 285
21 0.08 -051 044 -039 155 038 2.73
22 0.10 -0.17 051 -040 157 040 3.26
23 0.23 -0.16 053 -040 160 038 3.47
24 0.34 -0.07 066 -0.38 168 038 4.09
25 0.35 -0.07 062 -038 166 040 4.07
26 0.14 -050 050 -0.37 162 037 2.96
27 0.11 -0.41 047 -037 157 040 2.96
28 0.29 -0.08 045 -0.38 160 040 3.60
29 0.22 -0.19 044 -072 155 038 2.85
30 027 079 013 -0.70 152 026 143
Average 011 -0.36 039 -047 156 032 2.83
From Table 10, it is observed that, the

measured concentrations of Mn are higher than
those registered by El-Sorogy et al., (2016)
from the Rosetta coast, Egypt, by Abdel Ghani
et al., (2013) from Abu-Qir Bay, Egypt, by
Soliman et al., (2015) from the Mediterranean
coast of Egypt by Nasr et al., (2015) from Libya
and by Omar et al., (2015) from Morocco, but
they are lower than that documented by Shalaby
et al. (2017) from Manzala and Edku.

Concerning Cu, the recorded levels are the
greatest, with the exception of the Safax coast,
Tunisia, which have higher values (Dias de
Alba et al. (2011). For Zn, the levels are the
greatest, with the exception of Edku (Shalaby et
al. 2017) and Rosetta El-Sorogy et al., (2016).
For Cd, the recorded levels are the greatest, with
the exception of Rosetta (El-Sorogy et al.,
2016). For Pb, the recorded levels are the
greatest, with the exception of the Safax coast,
Tunisia (Dias de Alba et al. (2011), and
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Rossetta (EI-Sorogy et al., 2016). Based on the
average values of the contamination factor, the
measured trace metals are in the order Cd > Pb
> Ni > Cu > Zn > Mn. Also, based on the
average values of lgeo, all sites are moderately
polluted with Cd and the metals are arranged as
follows Cd > Pb > Ni > Cu > Zn > Mn.
According to the pollution load index, all sites
are considered polluted, where the values are
greater than one (Tomlinson et al. 1980).
Based on these indices, the lagoon may be
subdivided into three parts: highest
contaminated part (southern), the middle part
with considerable contamination and the
northern less contaminated part. Therefore, the
southern drains are the major causes for the
pollution in the study area. Also, it is observed
that, the lowest levels of trace metals are
recorded in that sites with high percentages of
sand, while the highest values noted in those
dominated by a high percentages of clay. This
conclusion is confirmed by Martins et al.
(2015a, 2015b) from the Aveiro Lagoon
(Portugal), where a high pollution load index
was observed in sites dominated by fine
fractions.

Table 6. Values of Er and Ri.

. Er .

St — = Zn Pb Mn Cd__Ni Ri

1 1522 134 365 059 1700 1470 176835
2 1811 16 415 097 1900 1919 198137
3 1311 104 2425 066 1500 16.47 155553
4 1244 095 245 063 1700 19.92 1758.45
5 1066 095 245 048 2200 1933 2755.93
6 1033 089 2025 037 2000 1970 205154
7 866 001 1925 036 1600 1204 1642.12
8§ 411 036 725 028 1500 1125 1523.25
9 4 038 65 029 1400 10.44 142161
10 411 037 725 028 1300 11.01 1323.92
11 511 050 1075 020 1500 10.51 1527.16
127 1088 045 8 039 1300 1242 133215
13 988 055 1375 039 1200 1205 1236.63
14 1055 035 185 061 1600 1117 164119
15 1111 043 1905 062 1900 1294 1944.60
16 1044 044 2425 060 1500 16.25 1551.98
17 988 048 2025 062 1200 1713 124837
18 966 045 2075 0.61 1800 17.79 1849271
19 977 041 24 060 1400 1735 145214
20 933 047 2325 062 1700 18.75 175242
21 922 046 21059 1600 18.23 164950
22 955 101 245 058 1700 1919 175483
23 1288 103 26 058 1800 18.01 185851
24 1644 125 3475 061 2200 1816 227121
25 1688 127 3175 062 2100 1019 2169.72
26 1055 047 2375 062 1900 17.79 195319
27 966 057 2225 063 1700 18.89 175201
28 1466 123 215 061 1800 1004 1857.05
29 1266 0.94 2075 028 1600 18.16 165281
30 4 024 55 029 1500 13.89 1523.94

The results of risk factors point out that all the
examined sites have low Er values . For Cd, all
sites are at a very high risk level. Moreover, all
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sites have high values of potential ecological
risk index. It is obvious that Cd is the main
reason to the ecological risk factor in the study
area. Also, this conclusion is detected by El Baz
and Khalil (2018) from the Burullus Lagoon.

Conclusions

The sediments of ML are examined to assess the
degree of pollution. These sediments contain of
a combination of clay, sand and silt. Salinity
decreases southward opposite to drains. The
results declare that the levels of contamination
decrease in northern parts which dominated by
sand, however the southern part, that dominated
by clay, shows the greatest levels of pollution.
In addition, all sites are considered polluted,
based on the pollution load index. According to
the average values of the Cf and lgo, the
measured trace metals are arranged as follows
Cd >Pb > Ni > Cu>Zn > Mn. Therefore, Cd
is the most hamful toxic metal in this investigat

References

Abdel Ghani, S.A., El Zokim, G., Shobier, A.H.,
Said, T.O., Shreadah, M.A., (2013): Metal
pollution in surface sediments of Abu-Qir bay
and eastern harbour of Alexandria, Egypt. Egypt.
J. Aguat. Res. 39, 1-12.

Abdel- Satar, A.M., (2001): Environmental studies
on the impact of the drains effluent upon the
southern sector of Manzala Lagoon, Egypt.
Egyptian journal of aquatic biology and fisheries
5 (3), 17-30.

Ayache, F., Thompson, J.R., Flower, R.J., Boujarra,
A., Rouatbi, F. and Makina, H. (2009):
Environmental characteristics, landscap history
and pressures on three coastal lagoons in the
Southern Mediterranean Region: Merja Zerga
(Morocco), Ghar EI Melh (Tunisia) and Lake
Manzala (Egypt). Hydrobiologia, 622, 15 —43.

contamination in sediments from the
Mediterranean Sea (Libya) using

Dewidar, Kh. and Khedr, A. (2001): Water quality
assessment with simultaneous Landsat-5 TM at
Manzala Lagoon, Egypt. Hydrobiologia, 457:
49-58.

Dias de Alba, M., Galindo-Riano, M.D., Casanueva-
Marenco, M.J., Garcia-Vargas, M., Kosore,
C.M., (2011): Assessment of the metal Pollution,
potential toxicity and speciation of sediment
from Algeciras Bay (South of Spain) using
chemometric tools. J. Hazard Mater. 190, 177 -
187.



Assessment of Trace Metal Pollution in the Bottom ...

Scientific Journal for Damietta Faculty of Science 11(2) 2021, 22-28

El Baz S.M. (2017): Recent Benthic Foraminifera as
ecological indicators in Manzala Lagoon, Egypt.
Revue de micropaléontologie 60. 435 — 447 .

El Enany, H. R. (2004): Ecological and biological
studies on Lake El-Manzalah with special
reference to their water quality and sediment
productivity. M. Sc. Thesis, Fac. Sci., Al Azhar
Univ, 386p.

El Nemr, A.M., El Sikaily, A., Khaled, A., (2007):
Total and leachable heavy metals in muddy and
sandy sediments of Egyptian coast along
Mediterranean Sea. Environ. Monit. Assess. 129,
151 - 168.

Elewa, A. A, Saad, E. A., Shehata, M. B. and
Ghallab, M. H. (2007): Studies on the effect of
drain effluents on the water quality of Lake
Manzala, Egyptian journal of aquatic biology
and fisheries 11(2),65 — 78.

Elmorsi, R. R., M. A. Hamed and K. S. Abou-El-
Sherbini. 2017. Physicochemical Properties of
Manzala Lake, Egypt, Egypt. J. Chem. Vol. 60,
No. 4, pp. 519-535.

El-Sorogy, A.S., Tawfik, M., Almadani, S.A.,
Attiah, A., (2016): Assessment of toxic metals
in coastal sediments of the Rosetta area,
Mediterranean Sea, Egypt. Environ. Earth Sci.
75, 398.

Hokanson, L., (1980): Ecological risk index for
aquatic pollution control. A sedimentological
approach. Water Res. 14, 975 - 1001.

Martinez-Ruiz F, Kastner M, Gallego-Torres D,
Rodrigo-Glamiz M, Nieto-Moreno V, Ortega-
Huertas M  (2015): Paleoclimate and
paleoceanography over the past 20,000 yr in the
Mediterranean Sea Basins as indicated by
sediment elemental proxies. Quaternary Sci Rev
107: 25-46.

Martins MVA, Mane MA, Frontalini F, Santos JF,
da Silva FS, Terroso D, Miranda P, Figueira R,
Laut LLM, Bernardes C, Filho JGM, Coccioni R,
Dias JMA, Rocha F (2015) Early diagenesis and
clay mineral adsorption as driving factors of
metal pollution in sediments: the case of Aveiro

28

Lagoon (Portugal), Environ Sci Pollut Res 22:
10019 -10033.

Martins.V., Yamashita.C., Sousa. S.H.M., Martins.
P., Laut.L.L.M., Figueira .R.C.L., Mahiques. ,
Silva. E.F.D., Alveirinho.J.M, F. Rocha.F.
(2011): The response of benthic foraminifera to
pollution and environmental stress in Ria de
Aveiro (N Portugal) . Journal of Iberian Geology
37 (2) : 231-246.

Nasr SM, Okbah MA, El Haddad HS, Soliman NF.
Assessment of metals

Oczkowski, A. J., & Nixon, S. W. (2010). Lagoons
of the Nile Delta, in Kennish, M. J. and Paerl, H.
W. 2010. Coastal Lagoons. CRC Press. 253-282.

Omar, M.B., Mendiguchia, C., Er-Raioui, H.,
Marhraoui, M., Lafraoui, G.H., Ouladbdellah,
M.K., Garcia-Vargas, M., Moreno, C., (2015):
Distribution of trace metals in marine sediments
of Tetouan coast (North of Morocco): natural
and anthropogenic sources. Environ. Earth Sci.
74,4171 - 4418.

Oregioni, B. and Aston, S.R. (1984): The
Determination of Selected Trace Metals in
Marine Sediments by Flameless / Flam-Atomic
Absorption Spectrophotometry. IAEA Monaco
Laboratory Internal Report.

pollution indices and multivariate statistical
analysis. GJAR. 2015;2:120-36.

Shalaby, B.N., Samy, Y.M., Mashaly, A.O., El
Hefnawi, M.A.,  (2017):  Comparative
geochemical assessment of heavy metal
pollutants among the Mediterranean deltaic
lakes sediments (Edku, Burullus and Manzala),
Egypt. Egypt. J. Chem. 60 (3), 361 - 378.

Soliman, N.F., Nasr, S.M., Okbah, M.A., (2015):
Potential ecological risk of trace metals in
sediments from the Mediterranean coast, Egypt.
J. Environ. Health Sci. Eng. 13 - 70.

Tomlinson, D.C., Wilson, J.G., Harris, C.R., Jeffrey,
D.W., (1980): Problems in the assessment of
heavy metal levels in estuaries and the formation
of a pollution index. Helgol. Wiss. Meeresunters.
33, 566 - 575.



