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Abstract: Alexandria is the second largest city in Egypt and includes about 40% of the
nation’s industry. In the past, Alexandria city was discharging its wastewater either into the
Mediterranean Sea along the city beaches or into Lake Maryut. In 1993, these outlets were
closed except two main outlets at Qayet-Bey and EL-Mex Bay. The diverted wastewater is
treated primarily and discharged into the sea at EL-Mex Bay. In the mean time, Environment
Law 4/1994 prohibited all polluting establishments to discharge untreated wastes, which may
cause pollution, along the Egyptian sea shores. The present work aims at assessing the
improvement in the levels of some heavy metals in Alexandria coastal water after the diversion
and the execution of Environment Law 4/1994,

The study concluded that Abou-Qir water, and to a less extent Qayet-Bey water, was
characterized by high averages of dissolved Cu, Zn, Pb, and Cr. EI-Agamy Bay water sustained
the highest levels of Cd, Co, and Cr. Qayet-bey water represented the highest Ni average.
Qayet-Bey water sustained the highest levels of particulate Cu, Zn, and to a less extent Co, Ni,
and Cr. EI-Agamy water contained the highest levels of both dissolved and particulate Cd.
Contrary to the case of dissolved form, spring and to a less extent summer achieved the
highest concentration of particulate Zn, Cd, and Ni. The results displayed that dissolved forms
of most studied metals were higher in concentration than particulate ones. Zn and Cr, on the
other hand, were found in particulate form to be slightly higher than those in dissolved forms.
The presence of heavy metals in considerable levels in all the studied sites indicates that
Alexandria coast is still subjected to the polluting land-based sources. The study suggested
some recommendations to improve the situation including: industries should be enforced to
treat their wastewater to comply with Law 4/1994, environmental impact assessment should be
done for the new activities, continuous monitoring of the water quality of the beaches, and
fishing from polluted areas should be prohibited.

INTRODUCTION

Alexandria is the second largest city and
one of Egypt's most important industrial
centers. It includes a wide variety of
industries which cover about 40% of the

nation’s industry. It is also the main summer

resort in Egypt; for about 4 million citizens
and two million summer visitors.’

In the past, Alexandria city was planned to
discharge its wastewater either by dilution
into the Mediterranean Sea through

Qayet-Bey outfall and another 20 minor
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outfalls located along the city beaches or into
Lake Maryut.?

In 1993, these outlets were closed as a
step to prevent the wastewater disposal into
the sea except two main outlets at Qayet-Bey
and EL-Mex Bay. The main waste outfall of
Alexandria is located at Qayet-Bey which
disposes off about 210000 m%day and
350000 m3 per day during winter and
summer seasons, respectively. EI-Mex Bay
lies at the western part of Alexandria city. It
receives a daily effluents of about 6-10
million m?® of mixed industrial, agricultural,
and domestic wastes from different sources.?
Direct disposal of industrial wastes from
petroleum refineries, chloro-alkali plant,
cement, steel, and tanning industries takes
place directly to the area without any
pretreatment.

The diverted wastewater, due to closing of
many outlets, is discharged into two
wastewater treatment plants. Both plants are
using primary treatment technology and

discharge their primary treated effluents into

Lake Maryut.? The flow from the Lake is
directed to be combined with the wastewater
of EL-Umum Drain which includes sewage,
agriculture, and industrial wastes to end into
the Alexandria coast through EL-Mex Bay.

In the mean time, Environment Law
4/1994 promulgates in article 69 that it is
prohibited for all polluting establishments to
discharge untreated wastes which may cause
pollution along the Egyptian sea shores or
adjoining waters.*

Heavy metals are the most important
pollutants in the coastal area because of their
toxicity and capacity to accumulate in living
cells as well as in bottom sediments. They
can reach the estuaries, coastal areas, and
open waters of the Mediterranean Sea from
land-based sources. The main anthropogenic
sources of heavy metals are various
industrial point sources. Some of these
metals are important for animal nutrition in
tissue metabolism and growth. Several
imbalances, on the other hand, caused by

exposure to elevated concentration can



MNessim et al.

623

cause death. In fact, all heavy metals are
potentially harmful to most organisms at
some level of exposure and uptake. The
effect of two or more toxicants can be
additive, antagonistic, or it may even be
synergetic.®

The present work aims at assessing the
improvement in the levels of some heavy
metals in Alexandria coastal water after the
accomplishment of the new project of
collection and treatment of wastewater, and

b

" the execution of Environment Law 4/1994.

MATERIAL AND METHODS

Surface water samples were collected
monthly along the year 1998-1999 from ten
sites representing the coastal area in front of
Alexandria city, along about 40 km, starting
from Abou-Qir, at the east, till EI-Agamy, at
the west. They are I-Abou-Qir, II-Montazh,
Ill-Miami, IV-Stanly, V-Shatby, VI-Eastern
Harbour [EH], VII-Qayet-Bey, VIII-Ras EI-Tin,
IX-El-Mex, and X-EI-Agamy. Determination of

Cu, Zn, Ni, Co, Cr, Pb, and Cd in filtrate

phase was done after preconcentration and

extraction using atomic absorption

spectrophotometer. They were also

determined in particuiate phase.®

RESULTS AND DISCUSSION
A- Evaluation of the heavy metals levels
The seasonal and annual variations of
measured dissolved and particulate metals
for the different studied sites during the
period of investigation are shown in tables [1
to 7]. The coastal average annual va;riations
for dissolved and particulate measured
metals are illustrated graphically in figures [1
and 2].
1. Copper
The Ilowest average seasonal
concentration of dissolved copper, 2.57ug/l
[table 1] measured in spring [the period of
biota high productivity] may be a result of its
uptake by phytoplankton. Biological uptake of
from water was stressed by

copper

Bruland.”
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The. highest average seasonal
concentration of dissolved copper, 3.54ug/l
measured in autumn may be due to the high
decomposition rate of organic matter and the
release of copper from decaying organisms
by the action of bacteria, which agreed with
Chester study.?

The relative high average of dissolved
copper, 4.26ug/l at Abou-Qir water is
probably due to the local anthropogenic input
of industrial wastes in Abou-Qir Bay.
Leaching of copper from ships anti-fouling
paints could be a possible source for copper
in this area as well as in Eastern Harbour
water, 3.66u9/1 [table 1]. Nessim et al.* stated
that most of the antifouling paints contained
Cu and could be easily leached into
seawater. EI-Nady'? attributed the increase in
Cu concentration in Abou-Qir region to
agricultural waste rather than industrial and

sewage discharge. The lowest regional

average of copper at Stanly area, 2.24ug/l

indicates that dissolved copper is probably
combined with dissolved organic matter
[derived from industrial runoff], as has been
found in the Scheldt Estuary, Netherlands. "

The concentration of individual samples
particulate copper varied between
ND-12.39ug/l. These two exiremities were
observed at Qayet-Bey area |nhe relative
high concentration of partic iate copper,
4.31ug/l [table 1] recorded ' the coasta
water adjacent to the heavily colluted area
[Qayet-Bey] is related to the (ciease of huae
amounts of wastes.

Veglie and Vaissiere'? studied the
seasonal variation of zinc and copper in
unfiltered samples in coastal water in the
vicinity of Monaco. They found that the
thermal stratification of water column in
summer combined with the seasonal
increase in anthropogenic pollution appeared

to be the main cause of the enhanced

concentration of metals in the surface layer.
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They stated also that mixing process in
autumn led to decrease the concentration of
copper in the upper layer due to dilution
effect.

The levels of the element in aquatic
a wide

ecosystem cover range of

concentrations;'*> coastal sea water
<0.01-50ug/1, with a tendency for high values
to be related to source.
2. Zinc

High amounts of zinc in the sea may
result from the discharge of industrial wastes
from mining, electroplating, synthetic fiber,
and other manufactures, in addition to
agricultural and domestic effluents. The
levels of zinc in the aquatic ecosystem cover
a wide range of values, coastal sea:
0.20-210.0pg/."

As in the case of copper, Abou-Qir area
recorded the highest annual average of

dissolved zinc, being 8.61ug/l, [table 2]. This

may be due to the paper industrial wastes

discharged into the Bay. Maximum and
minimum seasonal averages of dissolved
zinc were recorded during winter and spring,
being 17.14 and 2.06 pg/l, respectively. This
finding is in agreement with Haritonidis and
Malea'* findings in Thermaikas Gulf, Greece.
Increase of metal. concentration in seawater
during winter might be due to the washout
effects of heavy winter rain over the highly
industrialzed areas,'® while the decrease in
dissolved zinc during spring may be
attributed to its consumption by
phytoplankton flourished in this season. This
evidence might be supported by the highest
seasonal average of particulate zinc in the
same season.

The maximum and minimum seasonal
concentrations of particulate zinc recorded in
spring, 12.05ug/l and autumn 2.71ug/l,
respectively, were in a good agreement with

that of Haritonidis and Malea.'* Qayet-Bey

and Ras EI-Tin areas recorded the highest
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Table 1: Results of copper levels [ug/] in surface water of Alexandria coast during 1998-1999.

Coastal
Period Stations annual
| 1] 1 v Vv Vi Vi Vil IX X average

Dissolved Phase
Spring average 504 211 176 123 211 369 264 281 308 123 257

Summer average 361 210 257 175 248 222 3.04 303 189 338 262
Autumn average 542 306 333 292 292 333 444 361 389 250 3.54
Winter average 298 322 246 308 728 542 260 282 217 221 342
Site annual average 4.26 262 253 224 370 366 3.18 3.07 278 233 3.04
Particulate Phase
Spring average 229 125 198 094 188 135 297 198 125 133 1.77
Summer average 240 115 177 188 156 146 419 370 167 208 2.18
Autumn average 125 125 063 063 167 094 417 219 125 167 156
Winter average 097 124 106 080 112 133 673 145 121 136 154
Site annual average 1.73 122 136 1.06 156 127 431 233 135 161 178

Table 2: Results of zinc levels [ug/l] in surface water of Alexandria coast during 1998- 1999

Coastal
Period Stations annual -
| I i v Vv Vi Vil Vil IX X average

Dissolved Phase -
Spring average 429 180 280 102 089 151 211 158 158 1.11 206

Summer average 306 282 133 197 198 169 250 355 355 346 2.37
Autumn average 717 659 625 6.32 556 671 7.70 448 448 452 6.08
Winter average 19.91 1045 16.92 2489 14.83 19.31 22.00 12.74 1274 17.02 17.14
Site annual average 861 542 682 855 581 731 858 559 559 653 691
Particulate Phase
Spring average 272 267 453 349 3246 7.84 1220 42.37 4237 261 12.05
Summer average 422 319 3.08 371 796 7.78 30.13 2725 2725 405 1155
Autumn average 198 270 193 149 193 210 7.47 305 305 167 271
Winter average 351 3068 164 271 259 311 ©8.03 403 403 319 3.38
Site annual average 3.14 295 263 279 930 497 1553 17.06 17.06 290 6.96
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concentrations of zinc resulting from the
continuous sewage discharge through the
main outfall at Qayet-Bey. A significant
positive correlation founded between copper
and zinc [r = 0.22] may be attributed to the
same biological behaviour during
assimilation in macrophyta.
3. Lead

The results in this study indicate that most
of lead in the eastern part of the beach is
concentrated in the dissolved form, table [3]
and figures [1 and 2]. The particulate form
reached its highest average of 4.49ug/l at
Qayet-Bey, accompanied with huge amounts
of sewage discharged at Qayet-Bey area.

The highest dissolved lead [5.44ug/l] and
the lowest particulate form [2.48ug/l] in
Abou-Qir area are coincided with the highest
salinity [38.84%.] indicating that lead source
in Abou-Qir area is probably originating from

atmospheric and other inputs rather than

from El-Tabia pumping station.?

The high level of Pb [4.95ug/l] in the near
shore water of EI-Mex Bay can be attributed
to its release to the atmosphere with the
fumes evolved from the nearby cement
factory which agreed with the results of
Aboul-Dahab.'®

According to Jeftic et al.,'? the levels in
seawater cover a wide range of values; open
sea 0.018-0.14pg/l, coastal seawater
0.016-20.5ug/l.

4. Cadmium

The seasonal distribution of dissolved
cadmium in the present study is similar to
that of zinc, with a significant correlation
between cadmium and zinc [r = 0.52]
Cadmium shows less significant correlations
with copper [r = 0.21) and lead [r = 0.28]. The
lowest seasonal average of dissolved
cadmium during spring and summer, 0.27ug/|
and 0.42ug/l, respectively, table [4], may be
due to the uptake of

this metal by

phytoplanktons which flourish during spring
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Table 3: Results of lead levels [ug/l] in surface water of Alexandria coast during 1998-1999

Coastal
Period Salons annual
I 1] i v v VI Vil Vil IX X average

Dissolved Phase
Spring average 1154 634 7.35 547 552 460 471 433 433 437 6.29

Summer average 194 2928 239 169 163 182 154 118 118 480 212

_Autumn average 429 460 3.98 123 215 398 368 398 398 490 3.80
Winter average 398 184 674 521 337 306 337 490 490 276 3.92

Site annual average 5.44 376 5.12 3.40 3.17 337 333 360 360 421 4.03

Particulate Phase
Spring average 118 161 219 157 163 253 387 342 342 258 221
Summer average 301 195 212 223 222 212 534 234 234 423 287
Autumn average 323 624 258 355 366 409 495 495 495 474 436
Winter average 258 172 359 330 258 588 344 502 502 445 392
Site annual average 2.48 288 262 258 252 366 449 394 394 400 3.31

Table 4: Results of cadmium levels [1g/l] in surface water of Alexandria coast during 1998-1999

Coastal
Period Stations annual
| ] 1] v \ Vi Vil Vil IX X average

Dissolved Phase
Spring average 013 o034 028 025 029 038 029 030 030 022 206

Summer average 026 036 048 029 049 023 088 034 034 056 237
Autumn average 082 072 062 046 082 046 062 051 05 0.72 6.08
Winter average 067 067 046 1.03 077 087 023 082 08 087 17.14
Site annual average 0.47 052 046 051 059 048 053 049 049 060 6.91

Particulate Phase
Spring average 079 065 065 037 044 055 0.38 039 039 045 1205
Summer av:rage 067 029 040 062 039 052 0.87 035 035 040 11.55
Autumn average 039 o077 027 035 023 054 050 023 023 108 271
Winter average 023 027 048 014 042 052 036 035 035 050 3.38
Site annual average 0.54 0.50 045 037 037 053 053 033 033 061 696
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and early summer period. This result is in
agreement with Ahdy.® Melerran and
Holmes'” stated that bacteria may play a
significant role in the transport of Cd from
seawater to the sediment during the period of
high metabalic activity.

The highesi seasonal average of
dissolved cadmium [0.77ug/l] during winter
could be attributed to the decrease of the
rate of consumption by phytoplankton during
this season. Mariam et al,'® attributed the
high value of cadmium in winter to the
vertical mixing of the water column and to the
isotherm conditions observed in winter which
favoured the passing of the element and
nutrient from sediments to water.

Abou-Qir area had the lowest regional
average of dissolved cadmium [0.47ug/l]
accompanied by the highest regional
average of salinity [38.84%c]. Abdullah and
Royal'® reported the same observation for

the Bristol Channel, UK. The relatively high

concentration of dissolved cadmium in
Eeastern Harbour may be contributed to the
use of cadmium pigments in ship paintings at
the same area.?°

The highest seasonal average of
particulate cadmium was recorded during
spring [0.52ug/l]. This may be attributed to
the accumulation of a significant
concentration of cadmium by phytoplankton.
Kayser and Sperling®' explained the reason
for increasing the particulate cadmium in
spring as a result of optimum temperature
which enhanced the productivity of
phytoplankton.

The relatively high concentrations of
particulate cadmium at Qayet-Bey and Ras
EI-Tin areas [0.53 and 0.53ug/1, respectively]
indicated that the two metals were
contributed from similar origin [the main
outfall pipe at Qayet-Bey area]. It is worthy
noticed that dissolved Cd tended to increase

gradually along the year of study, particulate
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forms on the other hand showed a reversible
trend.

The levels of cadmium in seawater cover
a wide range of values;"® open sea
0.004-0.06ug/l, coastal sea <0.002-0.90ug/l,
with a tendency for high values to be related
to sources [estuaries and coastal mining].
5. Cobalt

The regional distribution of dissolved
cobalt along Alexandria beaches reflected
narrow range of variations [around 2ug/l, with
some exceptions of relative low values of
1.25ug/l at Miami and high value of 2.90ug/|
at EI-Agamy region], table [5], indicating that
it is not influenced by anthropogenic input,
this finding is similar to that of Bernhard?? on
his survey at the gulf of Patras, [Greece].

Particulate cobalt was nearly depleted
from most locations during the time of the
study. The individual samples concentration
ranged from ND to 0.62ug/l with an annual

average of 0.13ug/l. Dissolved cobalt

constitutes about 94% of the total cobalt in
the studied area, figures [1 and 2].

Inverse correlations between cobalt and
each of zinc [r = - 0.39], copper [r = - 0.33],
and cadmium [r = - 0.25] were computed.

6. Nickel

It was noticed that the seasonal
distribution of dissolved and particulate nickel
[table 6] resembles that of copper indicating
their similar role in marine ecosystem. The
regional distribution of nickel occupied a
narrow range [3.36-4.68ug/l at Abou-Qir and
Qayet-Bey, respectively], indicating that it is
not influenced by anthropogenic input. This
finding is in agreement with that of
Bernhard®? in the Gulf of Patras, [Greece).

The chemical behavior of nickel as a
strong chelating transition element is
obviously clear from its strong correlation
with other metals due to its tendency to form
organic complexes that are more stable.?®

This evidence is well confirmed in this study
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Table 5: Results of cobalt levels [ug/l] in surface water of Alexandria coast during 1998-1999

Coastal
Period Stations annual
| 1l 11 v Vv Vi Vil Vill IX X average

Dissolved Phase
Spring average 347 347 282 521 499 239 390 390 282 651 395

Summer average 226 274 143 286 200 438 291 317 247 443 286
Autumn average 022 031 031 0.18 0.09 035 035 022 040 035 0.28
Winter average 062 (028 043 059 045 048 032 048 035 033 043
Site annual average 164 170 125 221 188 190 187 194 1.51 290 1.88
Particulate Phase
Spring average 0.16 020 0.13 0.13 0.16 026 0.07 007 0.10 003 0.13
Summer average 0.07 o007 0.16 003 0.13 003 0.19 021 013 010 oO0omM
Autumn average 0.10 o0.10 0.16 0.10 0.10 0.11 023 007 0.10 0.03 0.11
Winter average 0.15 0.03 0.9 031 007 028 0.0 028 0.10 000 0.15
Site annual average 0.12 009 0.16 0.14 012 017 015 0.6 0.11 004 0.13

Table 6: Results of nickel levels [ug/l] in surface water of Alexandria coast during 1998-1999

Coastal
Period Stations annual
| I Ul v Vv Vi Vil Vil IX X average
Dissolved Phase
Spring average 240 328 284 153 284 328 393 262 262 262 262

Summer average 166 366 4.08 353 411 353 242 319 221 321 321
Autumn average 603 603 670 603 469 704 737 503 637 670 6.70
Winter average 334 200 334 3.00 501 334 501 400 400 467 467
Site annual average 3.36 3.74 424 352 4.16 428 468 371 380 430 4.30
Particulate Phase
Spring average 286 536 4.05 214 286 375 369 399 321 333 333
Summer average 262 238 262 262 262 393 429 327 351 286 286
Autumn average 3.10 214 214 286 167 286 238 28 405 119 1.19
Winter average 325 375 442 200 159 259 225 8.18 292 242 242
Site annual average 296 323 331 241 218 328 323 457 344 245 245




632

from the positive correlation between nickel
and each of zinc, copper, and cadmium [r =
0.16, 0.25, and 0.17, respectively]. cobalt
and chromium, on the other hand, show
inverse correlations with nickel [r = -0.40 and
-0.32, respectively]. Morley et al.,** recorded,
in the western Mediterranean, a relatively
low concentrations of nickel fluctuating
between 0.08 and 4.4646 nano Molar [nM].

The concentration of dissolved Ni in EH

Bull High Inst Public Health Vo' 34 No. 3 (2004)

[0.3-6.73ug/l]'? was relatively lower than tha!
of the present study. The concentration of
nickel in the ocean is 2ug/l.*
7. Chromium

The typical Cr concentration in seawater
is 0.3ug/l, mostly as hexavalent. The
concentration of chromium in the ocean is
0.6pug/.®

The average daily discharge of chromium

from the main effluents west oi Alexandria

Table 7: Results of Chromium levels [ug/l] in surface water of Alexandria coast during 1998-1999

Coastal
Period SEations annual
| Il ]l v Vv Vi Vil Vil IX X average
Dissolved Phase
Spring average 211 119 171 079 119 185 119 092 132 145 1.37

Summer average 087 135 135 0.53

079 066 100 095 1.19 053 0.92

Autumn average 042 042 042 1.06

042 ND 064 ND ND 021 0.36

Winter average 042 042 ND 021

085 042 021 127 106 170 066

Site annual average 0.96 085 087 0.65

081 073 076 079 089 0.97 083

Particulate Phase

Spring average 0.80 239 064 095

080 032 036 091 048 052 0.78

Summer average 048 032 032 0.16

048 036 163 068 139 052 0.63

Autumn average 0.00 0.16 0.16 0.00

095 064 080 048 064 0.16 040

Winter average 048 255 143 085

0.16 080 032 7.11 180 048 1.73

Site annual average 043 126 064 049

060 053 082 229 113 042 086

ND = Not Detected
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was computed by Aboul-Dahab and Halim?®
to be 37.2 kg/day from Qayet-Bey pumping
station and 220.32 kg/day from tanneries
effluent.

In the present study the seasonal
distribution of dissolved chromium [ranging
between 0.36 for autumn and 1.37ug/l for
spring], table [7], is similar to that of
cobalt. This was confirmed by a positive
correlation between both elements [r = 0.27].
Generally, the concentration of dissolved
chromium in the studied areas [ND-5.09ug/1]
is comparable to that of Aboul-Dahab and
Halim?8 in El-Mex Bay water [0.035-4.38ug/l]
and El-Nady[10] at EH [ND-2.88ug/l] but is
much higher than those of Emara and
Shriadah?” in Eastern Harbour water
[0.10-0.37ug/l] and in El-Mex Bay water
[0.11-0.37ng/).

B- Assessment of the wastewater
diversion process and Emvironment Law

4/94 execution

Comparing the results of heavy metals

levels of the present study with the available
results of the previois studies showing that:

At Abou-Qir Bay, total copper level in the
present study [5.99ug/l] exceeded the level
found by EL-Nady[28] and Emara® [4.2ug/l
and 0.98ug/l, respectively]. The total Cd level
[1.01ug/l] exceeded the level found by
Emara® [0.13-0.36ug/l]. The total Zn level
[11.75ug/l] was lower than what has been
found by Khaled® [53.55ug/l]. The dissolved
Pb level [5.44ug/l] exceeded the level found
by Ahdy® [1.48ug/l] while Cd level [0.47ug/]
was lower [0.73ug/l]. The dissolved Pb, Zn,
and Cd levels [5.44, 8.61, and 0.47ug/l,
respectivély] were lower than what have
been found by El-Deek® [9.92, 53.32, and
1.55ug/l, respectively].

The average concentrations of dissolved
Cu of the present study at Abou-Qir and EH
waters [4.26 and 3.66ug/l, respectively] were
lower than what has been found by Badr®'

[5.55ug/1].
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Fig. [1]: Results of annual average dissolved heavy metals in the surface water of Alexandria coast

during 1998-1999
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Fig. [2]: Results of annual average particulate heavy metals in the surface water of Alexandria coast
during 1998-1999
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At EL-Mex Bay, the .totai levels of Cu and
Pb of the present study [4.13 and 8.91pug/l,
repectively] exceeded Tayel et al.,* results
[3.41 and 1.08ug/l, respectively]. The total Zn
level [14.22ug/l] was lower than what have
been found by Khaled?® and Tayel et al,*]
[28.20 and 38.48ug/l, respectively]. The total
level of Cd [0.82ug/l) was lower than what
has been found by Tayel et al.,** [4.19ug/1].
The dissolved Cd and Pb levels [0.49 and
4.95ug/l, respectively] exceeded the levels
found by Halim®*® and Mahmoud,** [0.33 and
4.46ug/l, respectively]. The particulate level
of Pb [3.96ug/l] was lower compared with
Mahmoud®* study [9.83ug/l]. However it was
higher compared with El-Rayis et al.,*® study
[0.55ug/l). The particultate individual Cr
samples levels [ND-3.82ug/l] lied within the
levels found in a previous study®®
[0.09-7.11ug/l]. The particultate Zn and Cu
levels [8.29 and 1.35ug/l, respectively] were
lower than the levels found by El-Rayis et
al.,® [9.90 and 2.42ug/l, respectively).

At the Eastern Harbour, the total

individual Cr samples levels of the present
study, being ND-7.00ug/l, lied within the level
found in a previous study?® [ND-0.90ug/l].
The total Zn level, being 12.28ug/l, was lower
than what has been found by Khaled?®
[64.44ug/1).

The average total Zn and Cd levels in
Eastern Harbour and EL-Mex Bay [13.25 and
0.85ug/l, respectively] were lower than the
levels found by Emara et al.,*® [110 and
1.91ug/l, respectively]. On the other hand,
the average total Pb, Ni, Cr, and Co levels
[7.97, 7.41, 1.64, and 1.85ug/l, respectively]
exceeded the levels found by Emara et al.,*®
[0.53, 0.46, 0.14, and 0.06ug/l, respectively].
The average total Cu level, being 4.53ug/l,
almost equals the level found by Emara et
al., % [4.84ug/1].

From the previous discussion, it is clear
that there are great fluctuations between the
results of heavy metals levels of the present
study and that of the previous studies. These
fluctuations can be attributed to many factors

including the variability of the land-based

D ———
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sources, the change in industrial production
quantity and activities, the effect of sea
hydrographical parameters,...,etc. At the
same time, the presence of all the measured
heavy metals in considerable levels in all the
studied sites indicates that neither diversion
process nor Environment Law 4/1994
excecution has been effective uptill now in
removing them and the coast of Alexandria is
still subjected to the polluting land-based

sources.

CONCLUSIONS AND RECOMMENDATIONS
Based on the obtained results, the

following has been concluded:

1. The dissolved heavy metals reflected
temporal as well as spatial variations.
Abou-Qir area and to a less extent
Qayet-Bey area are characterized by high
averages of dissolved Cu, Zn, Pb, and Cr.
El-Agamy water sustained the highest
levels of Cd, Co, and Cr. Qayet-Bey water
represents the highest Ni average.

2. Low seasonal averages of the essential

metals Cu and Zn in addition to Cd and Ni
were recorded during spring.

3. A significant direct correlation [r=0.52]
was found between the dissolved forms of
Zn and Cd. Dissolved cobalt shows
inverse correlations with each of Cu
[-0.33], Ni [-0.40], and Zn [-0.39]. The
concentration of dissolved metals in
Alexandria beaches water could be
arranged as follows: Zn>Pb>Ni> Cu>Co>
Cr>Cd.

4. Qayet-Bey area sustained the highest
levels of particulate Cu, Zn, and to a less
extent Co; Ni; and Cr. El-Agamy area
contained the highest levels of both
dissolved and particulate Cd. Contrary to
the case of dissolved form, spring and to a
less extent summer were characterized
with the highest concentrations of
particulate Zn, Cd, and Ni. Concerning the
distribution of heavy metals in the
particulate form it follows the order:
Zn>Pb>Ni>Cu>Cr>Cd>Co.

5. It is clear that only the first four elements
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in both orders [dissolved and particulate]
occupy similar pattern. The results
displayed that dissolved forms of most
studied metals are higher in concentration
than particulate ones. Zn and Cr, on the
other hand, were found in particulate form
slightly higher than those in dissolved
forms.%’

6. The presence of heavy metals in
considerable levels in all the studied sites
indicates that Alexandria cost is still
subjected to the poliuting land-based
sources.

According the following conclusion, the
following is recommended:

1. Continuous elevation of such heavy
metals from anthropogenic origin in the
aquatic environment must be taken into
consideration.

2. Industries should be enforced to treat
their wastewater to comply with Law
4/1994 before discharge.

3. Environmental impact assessment should

be done for the new activities.

4.

5;

Continuous monitoring of the water quality
of the beaches is necessary.
Fishing from polluted areas should be

prohibited.
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