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HE ANALYSIS of distribution pattern of heavy metals Fe, Mn,

Zn Cu, Pb, Cd, Ni ,Cr, Co, Mo As, Al and Hg in sediment, of
Damietta estuary and in front of Mediterranean coastal shoreline was
carried out through four successive cruises (February to November
2008). The results revealed that, heavy metals in the Damietta Estuary
were higher in concentrations than those of Mediterranean shoreline.
This is due to the industrial and domestic waste discharges and return
flow of agricultural drainage water. Furthermore, the heavy metals
content decreased progressively while moving away from Damietta
Estuary to Mediterranean shoreline which declared that heavy metals
content of Mediterranean shoreline depends on its distribution pattern
in Damietta Estuary. The order of the detected concentration of heavy
metals in sediment samples in Damietta Estuary and Mediterranean
shoreline concentration is Fe > Mn > Al > Zn > Cr > Pb > Ni > Co >
Cu > As > Cd > Hg > Mo and Fe > Mn > Al > Zn > Cr > Ni > Co >
Pb > Cu > As > Cd > Hg > Mo, respectively.

Recently, a number of studies have been analyzed and reported on the presence of
trace metals in the sediment of the rivers and lakes in the world. Where the bottom
sediment act as accumulator for these metals and the rate of accumulation depends
mainly on the environmental parameters such as pH, temperature, salinity,
hardness, dissolved oxygen..., etc. 2

Heavy metal pollution in air, water, soil and plant systems is of major
environmental concern on a worldwide scale with the rapid development of
industry. Beside their natural occurrence, heavy metals may enter the ecological
system through anthropogenic activities, such as, sewage sludge disposal,
application of pesticides and inorganic fertilizers as well as atmospheric
deposition .

Contamination with heavy metals may have devastating effects on the
ecological balance of the aquatic environment and the diversity of aquatic
organisms becomes limited with the extent of contamination @
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Sediments are important sinks for various pollutants like pesticides and heavy
metals play a significant role in the remobilization of contaminants in aquatic
systems under favorable conditions and in interactions between water and
sediments. The direct transfer of chemicals from sediments to organisms is now
considered to be a major route of exposure for many species . The release of
trace metals from sediments into the water body and consequently to fish will
depend on the speciation (i.e. metals may be precipitated, complexed, adsorbed,
or solubilized) of metals and other factors such as, sediment, the physical and
chemical characteristics of the aquatic system ©.

The assessment of environmental quality with respect to heavy metals in
aquatic systems involves the measurement of a series of metals in water,
sediments and living organisms .

Thereafter, the main objective of the present study is to investigate the distribution
of heavy metals in Damietta Estuary and Mediterranean shoreline sediment.

Material and Methods
Position of collecting samples
On the basis of ecological considerations, six stations were selected to cover
Damietta estuary and other six stations were selected to cover the Mediterranean
coastal line.

Location and characteristics feature of each station is given in the
following Table and Figure.

TABLE 1. Location and characteristics feature of each station .

Station No. - Position -
Latitude Longitude
- | 31°24'36.14" 31°47'12.49"
§ Il 31°25'5.55" 31°48'35.83"
% i 31°27'32.10" 31°48'6.77"
B v 31°28'33.05" 31°49'39.26"
§ \ 31°30'12.78" 31°50'0.52"
VI 31°32'3.11" 31°50'40.84"
§ VI 31°31'22.69" 31°52'2.29"
§ ° VI 31°31'20.22" 31°54'5.80"
% % IX 31°30'54.90" 31°56'50.27"
e X 31°29'41.62" 31°47'5.21"
% ” X1 31°29'11.09" 31°45'23.46"
= XIl 31°28'29.13" 31°43'8.94"
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Fig. 1. A satellite map showing the sampling stations in Damietta Estuary and
Mediterranean coastal shoreline .

Sampling program

Sediment samples were collected seasonally from the ponds under study
during February 2008 until November 2008 and collected by using a stainless
steel Ekman Dredge and transferred to polyethylene bags. About 50g of each
well homogenized sample was air dried on plastic plates for several days in a
clean dust free room, and finally oven dried at 85 °C until constant weight. The
sediment analysis include some heavy metals (Fe, Mn, Zn ,Cu, Pb, Cd, Ni, Cr,
Co, Mo As, Al and Hg).

Methods of analyses

Determination of heavy metals (Fe, Mn, Zn ,Cu, Pb, Cd, Ni ,Cr, Co, Mo As,
Al and Hg ) in sediment samples depend on the completely digestion of
sediments.

Sediment samples were dried at 80 °C in oven and digested according to
Kouadia and Trefry ©® method. The levels of Fe, Mn, Zn ,Cu, Pb , Cd , Ni ,Cr,
Co, Mo As, Al and Hg in different digested samples were determined using ICP-
400 model Perkin Elmer, USA.
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Results and Discussion

According to Forstner, 19 the sediment existing at the bottom of the water
column plays a major role in the pollution scheme of the river system by heavy
metals. It reflects the current quality of the water system and can be used to
detect the presence of contamination that doesn’t remain soluble after discharge
into surface water.

Iron values ranged between (4311 - 5604 ug/g) and (3687 - 7228 ug/g) in
Damietta Estuary and Mediterranean coastal shore, respectively (Tables
2&3). The minimal values of iron were recorded during winter, which may
be attributed to the mobilization of iron from sediment to overlying water at
low pH and under the microbial activities *®. The high values of iron were
recorded during spring, which may be attributed to the increase in dissolved
oxygen concentrations that was recorded during this season. It facilitate the
oxidation of Fe* to Fe™ thus increasing the precipitation of Fe(OH)3 to
bottom sediment ¥ .

Manganese exists in the soil principally as MnO, which is insoluble in water
under reducing conditions ®°.

Manganese values ranged between (375 — 636 pg/g) and (317 — 643 pg/g) in
Damietta estuary and Mediterranean coastal shore, respectively — (Tables 2&3).
The results of manganese represented that, the high values of manganese were
recorded during hot period (spring and summer). This may be attributed to the
precipitation of Mn as MnQO, under reducing conditions and high temperature of
water and air during this period.

On the other hand, the lower values of manganese contents during cold
period (winter and autumn), may be attributed to the dissolution of manganese
oxides and hydroxides to overlying water under lower values of dissolved
oxygen as well as air and water temperature*®.

Zinc values ranged between (32.3 - 67.7 pg/g) and (27.1-53.8 ug/g) in
Damietta Estuary and Mediterranean coastal shore, respectively (Tables 2&3).
Zinc distributed in sediment in a similar trend as Mn, however, the higher values
of Zn were recorded during summer and lower ones were recorded during
winter, this indicates that, Mn is probably one of the geochemical support phases
of Zn, where Zn associated with Mn, co-precipitate or adsorbed manganese
oxide or hydroxide ®”.
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TABLE 2. Range and mean values of heavy metals in sediment at Damietta Estuary

during 2008 .
Parameters Winter Spring Summer Autumn
Range | Mean | Range | Mean | Range | Mean | Range | Mean
ron |8 | T o | S0 | s | 492 | e
Mazﬂgjig)ese g;g 484 ggg 550 Zgg 579 ggg 507
oo | B2 ios | 25 Lanos | 819 | sasr | 29 i
G | 1600 | 287 | o | 1083 | 10, | 1336 | L% | 1086
Gag) | 2240 | 1995 | Zrig | 2392 | 319 | 2745 | o557 | 2008
Ch(l:g%l;m o | 3040 | 2220 | 3219 | 2400 | 3177 | 2220 o871
Covatt | 1950 | 1320 | 10 |15sm | 120 | o2 | 210 a0z
st | 197 | o | 28 | an | 30 | sm | 22 | o
camim | 255 | 4o | 14 | 1 | 228 | oo | 33 | 20
v | 17 isrz | 1| woas | 1% | s0m | 142 |
i | 910 | 5040 | 855 |so0 | 870 | 300 | 232 a0
ooy | 192 |1 | 12 0w | 13 | s | 12 |
oo | 122 | 1as | 997 | e | 12 | 1 | 190 |
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TABLE 3. Range and mean values of heavy metals in sediment at coastal line of the
Mediterranean Sea during 2008 .

Parameters Winter Spring Summer Autumn

Range | Mean | Range | Mean | Range | Mean | Range | Mean
ron | B e | 0 | | 456 | | 7| oo
Moo | s | 0| e | 5| s | SO | g5 | 40
Go | %90 | 257 | sge0 | 4207 | syre | 4714 | g | 4008
comer | 43 oo | 9% |70 | 32 | 72 | 52 |on
<t§73> 1130 | 957 | 1366 | 1120 | 1640 | 1258 | jgp | 1067
crvmiom | 1930 | 267 | 2414 | ane1 | 20 | 2508 | 272 | 00
%ﬁgblzl)t 181'?300 9.92 ﬂ:gg 13.08 ié:sg 14.10 ig:gi 12.20
s | 1o oo | 2% s | 287 | o | 25 |0
camim | 155 | 105 | 39 | rea | 3% | 2a [ 33 | 0m
el | 1058 | 0| 3004|1035 | 5% | oo | 52 |7
At | 2980 | 3015 | 520 | 5235 | 590 | soan | 48 |uas
oy | 02 |y | 10 e | 10| aw | 99 |1
ot | 091 | 05 | 9% | 109 | 190 | 11 | 9% | 10
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Copper values ranged between (6.37 - 20.28ug/g) and (4.90 - 10.59 ug/g) in
Damietta Estuary and Mediterranean coastal shore, respectively (Tables 2&3).
The lower value of copper was recorded during winter, which may be attributed
to the mobilization of copper from sediment to overlying water at low pH and
under the microbial activities “®'%. The high value of copper was recorded
during spring, which may be attributed to the precipitation of copper from the
water column as CuS and also due to adsorption on the suspended matter or the
complexation with organic matter @9 On the other hand, the annual average
values of copper in the Mediterranean shoreline showed lower values than that
recorded in the Damietta Estuary. This mainly attributed to the great amounts of
domestic and agricultural runoff which accumulate on the bottom sediment of
Damietta Estuary.

Lead values ranged between (10.92-31.19 pg/g) and (19.30 -29.64 ug/g) in
Damietta Estuary and Mediterranean coastal shore, respectively  (Tables 2&3).
The increase of lead concentrations during spring and summer attributed to
adsorption of lead onto organic matter which descended to the bottom sediment
especially with high temperature®® -

Chromium and cobalt showed similar distribution trends as lead, their values
were between (22.17-36.15 & 10.50 -17.80 pg/g) and (19.30 -29.64 & 8.90 -
15.70 pg/g) in Damietta Estuary and Mediterranean coastal shore for Cr and Co,
respectively (Tables 2&3). The results revealed that, the values of both
chromium and cobalt concentrations were decreasing during cold seasons (winter
and autumn) and increased during hot seasons (summer and spring).

Arsenic values ranged between (1.87 - 4.21ug/g) and (1.35 — 3.64 ug/g) in
Damietta Estuary and Mediterranean coastal shore, respectively (Tables 2&3).
The highest value of arsenic was recorded during summer, which may be
attributed to adsorption of arsenic by clayey minerals, suspended matter and
surface microorganisms which descended to bottom sediment especially with
high temperature @2 while the minimum values of arsenic were recorded during
winter, which may be attributed to the mobilization of arsenic from sediment to
overlying water at low pH and under the microbial activities ¢4

Cadmium values ranged between (1.44 - 5.84 pg/g) and (1.39 - 2.78 pg/g) in
Damietta Estuary and Mediterranean coastal shore, respectively (Tables 2&3).
Minimum value of cadmium was recorded during autumn while the maximum
value was recorded during winter, where the pH affects the mobilization
of Cd®,

Nickel and Aluminum showed similar distribution trends. Ni values ranged
between (11.79 -23.60 and 10.98 -25.09 pg/g) in Damietta Estuary and
Mediterranean coastal shore, respectively whereas Al values were (39.10 - 67.99
& 29.80 - 64.09 pg/g) (Tables 2&3). The increase in Ni and Al concentrations
during hot seasons (summer and spring) may be due to their adsorption onto
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organic matter which descended to the bottom sediment especially with high
temperature °.

Mercury values ranged between (1.12- 1.87ug/g) and (0.92- 1.74 pg/g) in
Damietta Estuary and Mediterranean coastal shore, respectively (Tables 2&3).
The minimum value of mercury was recorded during winter, which may be
attributed to the mobilization of elements from sediment to overlying water at
low pH and under the microbial activities ",

Molybdenum values showed the same trend as Ni, Al and Hg and ranged
between (0.97-1.71 pg/g) and (0.87-1.59 pg/g) in Damietta Estuary and
Mediterranean coastal shore, respectively, (Tables 2&3).

Conclusion

It is clear from the above mentioned results that heavy metals in the Damietta
Estuary were higher in concentrations than those of Mediterranean shoreline, this
is due to industrial and domestic waste discharges and returns flow of
agricultural drainage water. Furthermore, the heavy metals content decreased
progressively while moving away from Damietta Estuary to Mediterranean
shoreline which declared that heavy metals content of Mediterranean shoreline
depends on its pattern of distribution in Damietta Estuary.

The trends of detected heavy metal were Fe > Mn > Al > Zn > Cr > Pb >
Ni > Co > Cu > As > Cd > Hg > Mo and Fe > Mn > Al > Zn > Cr > Ni > Co >
Pb > Cu > As > Cd > Hg > Mo in Damietta Estuary and Mediterranean
shoreline, respectively.
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