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ABSTRACT

Lake Mariut has suffered over the years from the untreated sewage,
agricultural and industrial wastes dumped into it. Lake Mariut fish quality
and quantity were adversely affected eventually being unfit for human
consumption due to its poor water quality. The present study was carried out
to evaluate the levels of metals in the fish caught from Lake Mariut main
basin and its fitness for human consumption, and the water quality after the
enforcement of the Egyptian Law for Environmental Protection (Law 4/1994).
Fish and water samples were collected form Lake Mariut main basin through
out the period from May to December 2000.

The results showed that mercury was totally undetected in fish and water
samples. The levels of Fe obtained were very low compared to previous
studies. Fe and Cr contents in fish flesh were higher compared to their levels
in water samples. Also Cu has shown a decrease in both fish and water
samples. Zn and Cd contents in water samples have decreased compared
with former studies. However, they have not changed in fish flesh. Pb
content in both fish flesh and water samples has shown a great decrease
compared to previous studies. The Cd and Pb mean values in fish flesh of
the present study (0.81 and 0.14 mg/kg) exceeded the Egyptian Standards No.
2360/1993 value (should not exceed 0.1 mg/kg for each). The results also
showed that the water quality has changed compared with previous studies.

BOD has increased in north of Main Basin, east of Main Basin, South of
Main Basin, and southwest of Main Basin; and dec¢reased in WTP effluent;
and Qalaa Drain. There has been an increase in TSS, TVSS, and NO3 levels
compa'red to pervious studies. There has been a decrease in TS, TDS,
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COD,hardness, and chloride levels. This decrease, especially in COD, may
be attributed to the enforcement of the Egyptian Law 4/1994. The pH and
alkalinity were in agreement with the values shown by previous studies
except for east of Main Basin which showed higher values. The study
included some recommendations aiming at improving both water quality
and fish of the Main Basin.

Key words: Pollution, fish flesh, Basins.

INTRODUCTION

Lake Mariut is one of four shallow lakes in the northern Nile Delta
of Egypt. It is the smallest and most polluted of these Delta Lakes, and it
is the only one that does not currently have a natural connection to the

Mediterranean Sea. It is situated Southeast of the city of Alexandria.()

Due to the gradual and continuous land reclamation projects, the
area of the lake shrinked to about 14,000 feddans with an average water
depth of 120 cm and the water level ranges between 3.1 to 2.85 m below
sea level. The lake is divided by the Desert Road, Nobaryia Canal, and
Omoum Drain into four basins namely lake proper (Main Basin), Fish
Farm, Southwestern, and Northwestern Basin. A pumping station is
established at El-Max to keep the water of the lake below that of the
surrounding cultivated land. The lake receives large amounts of
drainage water mainly through El-Omoum Drain. Other sources of
water supply entering the lake are the Qalaa Drain and the rainfall

during winter.@

The Main Basin is a closed water basin and has an area of 5000
acres with a mean water depth of 80 cm. It is bordered by highways
from three sides and by Nobaryia Canal and Omoum Drain from the
west.® The main sources of its pollution were the pump station at
Moharrem Bey Industrial Complex, Gheit El-Enab Drain, Kabbary
Drain, and West Pump Station. This is in addition to the southern

outfall from Qalaa Pump Station. The flows from such outfalls include
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domestic in addition to considerable amounts of industrial and
agricultural wastes without any treatment. Consequently, its
environmental conditions has deteriorated and it represents the highest
eutrophic lake in Egypt. The industrial discharge contributes extremely

high concentration of metals and other toxic chemicals. 45

The effluents of these outfalls have been significantly changed
quantitatively and qualitatively as a result of the primary treatment
introduced in the two treatment plants that have been put in operation
by July 1993. The northern four outfalls have been directed to Kabbary
collector to be treated primarily in the West Treatment Plant. Presently,
the Qalaa outfall is receiving the primary treated effluent of the east of
Alexandria City. The organic load has been changed to the better
especially at the north side of the basin, but it still has no obvious
improvement at the southeast corner where the Qalaa Drain outfall is

located.©7?)

Fish production of Lake Mariut shows clearly a wide variation
from one year to another. During the period of 1974 to 1992, the lake
showed a decrease trend in its fish catch from 14,551 to 2,221 tonnes and
catch per fisherman was gradually decreasing from 55 to 0.35
tonnes/ fisherman/year. The recorded wholesale price of the lake fish
catch of which Tilapia species “Bolty” represents about 90% of its
composition, increased from LE400 to 5,500/ tonne. However, fisherman
annual income was slightly increasing from LE1,940 to reach

LE4,336/year, which is approximately equal to the income rate in
1974.3)

Law 4/1994 is by far the most comprehensive environmental
legislation to date. It defines in articles 29-83 the protection of air, water,

and land from all sources of pollution.® This study was carried out to
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re-evaluate the physical, chemical, and metals contamination of the lake
water (Main Basin) as well as metal in fish caught from Lake Mariut and
its fitness for human consumption after the operation of the two
wastewater treatment plants and the enforcement of the Egyptian law
4/1994 that requires the pretreatment of waste effluents before being

discharged into water bodies.
MATERIAL AND METHODS

Water samples were collected from six sites in the Main Basin
throughout the studying period from May to December 2000. They were
outlet of West Treatment Plant (site 1), north of Main Basin (site 2), east
of Main Basin (site 3), south of Main Basin (site 4), southwest of Main
Basin (site 5), and Qalaa Drain (site 6), Figure (1). The collected samples
were analyzed according to the Standard Methods for the Examination
of Water and Wastewater for the physical and chemical parameters.©
The samples were also analyzed according to the same reference for
some metals levels using Atomic Absorption Spectrophotometer (AAS).
The samples were acidified and measured for Hg using hydride vapor

technique.

Fresh fish (Tilapia nilotica) samples were bought immediately after
boat landing throughout the study period. The sampled fish ranged
from 10-15cm in length, and 70-150 gm in weight. Muscles of the fish
were obtained and then chopped, mixed and divided into two groups.
The first group was used for determination of moisture and ash
contents according to Jorhem and Engman 2000 @ and Jorhem 2000, 1
respectively. The second group was kept in deep freezing in tight
containers for trace metal determination. The fish flesh was wet ashed
using microwave oven. Air-acetylene flame system AAS was used for

quantitative determination of Fe, Cu, and Zn according to Jorhem.1!
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The measurements of Pb, Cd, and Cr were carried out by using graphite
furnace AAS. Mercury was determined using hydride vapor technique
AAS as described by EPA.02

Data obtained were tabulated and presented as arithmetic mean
and standard deviation. Statistical analyses were computed using SPSS
version 9 program. Data were analyzed using Pearson's Correlation
Coefficient and ANOVA to detect the correlation between the levels of

contaminants in fish and water samples.

RESULTS AND DISCUSSION

1. Physico-chemical and metal analyses of Main Basin water

Tables (1 and 2) and figures (2-5) show th_e results of physico-
chemical and metals analyses of water samples collected from the

selected six sites.

It is clear that the pH values ranged between 6.8-7.65 at site 6 and
7.15-9.1 at site 3. The mean values of alkalinity ranged between 321
mg/1 at site 5 and 541 mg/] at site three. All of these results were in
agreement with Environmental Technical Report No. 813 (8.06 and from
300 to 370 mg /1, respectively) except for site three which showed higher
values. This could be due to the presence of alkaline salts as

bicarbonates in this site.(®

Suspended material plays a noticeable role in the asphyxiation of
fish leading to its death by plugging the active sites of gas transfer in the
gills.(4 Site five showed the highest mean values of TSS and TVS (1212
and 3731 mg/1, respectively). It is clear also that site one showed low
values (137 and 1093 mg/1, respectively) compared with the other sites.

From this it is concluded that the suspended solids entering the Main
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Basin via WTP and Qalaa Drain are accumulated in different parts of

the Main Basin especially the Southwestern side.

Comparison of the mean values of the different types of solids
concentrations of the six sites of the present study and those of the
Environmental Technical Report No. 8, 1997013, it has been found that
TS and TDS values of the present study are much lower while the TSS
and TVSS values are much higher. The TSS values of the present study
were close to those obtained by El-Rayis et al., (1994)05 (ranged from 4
to 2468 mg/1) and TVSS values were close to the WWCG 1994 9) report
(ranged from 572 to 1201 mg/1).

Comparison of the BOD values of the present study with the
Environmental Technical Report No. 803 (230 mg/1), it is noticeable that
there are decreases in BOD mean values of all sites in the present study,
mean values ranging from 80 mg/l to 209 mg/l. The BOD of the
samples collected from site 6 (Qalaa Drain outfall) are lower than that of
Mitwally et al., (1996)17) study (ranged from 140 to 210 mg/l1). The
increase in BOD values of the Main Basin may be attributed to the
change in the load of the domestic wastewater with insufficient
amounts of dissolved oxygen which helps in decomposing the organic

materials.

The COD mean values of the present study were either lower or
similar to those stated by El-Sharkawy (1978)@. This reduction indicates
the lowering of the amount of organic wastes discharged from the
industries into the northeastern and southern sides of the lake after the
enforcement of the Egyptian law No. 4/1994. In general, site one
showed the highest BOD and COD results (209 and 330 mg/],
respectively) throughout this study while site 4 showed the lowest

values (66 and 91 mg/|, respectively).
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Ammonia is present naturally in surface waters. It is produced
largely by deamination of organic nitrogen-containing compounds and
by hydrolysis of urea. Also it is the end product of nitrates reduction.
Controversy results were obtained regarding the ammonia contents in
the present study and previous ones. Ammonia mean levels of the Main
Basin of the present study (0.73 mg/1 at site 5 and 25.9 mg/1 at site 1)
were higher than those of Hafez et al., 198208 and El-Rayis et al., 1994015
(0.5 and 1.8 mg/I, respectively) but they were lower than that of
Environmental Technical Report No. 8.03 (7.8 mg/1).

The nitrate concentrations in the different sites (between 2.06 mg/1
at site 2 and 5.91 mg/! at site 3) were higher than those stated by
previous studies31518 (0.34, 2, and 0.49 mg/l, respectively). This
difference may be attributed to the change in load of chemical fertilizers
from agricultural drainage water discharged into the lake as stated by
Abdalla 1997.09)

There is a great reduction in the total hardness (between 324 mg/1
at site 1 and 762 mg/1 at site 3) and chloride (between 36 mg/1 at site 1
and 1544 mg/1 at site 3) contents of water samples collected from the
studied sites than previous studies®131518), except site 3 which showed a
higher value of chloride (1544 mg/1). The Cl concentration is usually
higher in wastewater than in raw water because NaCl is a common
article of diet and passes unchanged through the digestive system®. So
the increase in ClI level in the studied sites could be attributed to high
load of the domestic waste. The Cl mean values of the different sites,
except site 3, are in agreement with the Environmental Technical Report
No. 813 (710, 990, 940, 1300, 1200, and 740 mg/1).

The levels of the studied heavy metals in Lake Mariut Main Basin

water have decreased. It is clear that Pb and Zn were the highest at site
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6 (0.0047 and 0.0719 mg/], respectively). Cu and Fe were the highest at
site 4 (0.0232 mg/1and 0.7770 mg/1, respectively). Cd was the highest at
site 1 (0.005 mg/1) and Cr was the highest at site 3 (0.0042 mg/1). The
levels of some metals such as Fe, Cu, and Pb in fish flesh have decreased
while the levels of Zn, Cd, and Cr have not changed which indicates
their accumulation by fish organs. The decrease of their level in the lake

water will eventually lead to their decrease in fish flesh.

Hg was undetected in both water and fish flesh which is a strong
evidence that the environmental status of Lake Mariut is improving for

Hg is a cumulative metal.
2. Heavy metals contents in fish flesh

The results of metals contents in Lake Mariut Main Basin fish flesh

during months from May to December 2000 are shown in table (3).

It is clear from the results that Fe level in fish flesh ranged between
89.66 and 138.25 mg/kg in dry weight with a mean value of 113.2
mg/kg. The recorded values were lower than what had been obtained in
1981 by Saad et al.,?% who found that the Fe content in the flesh of Tilapia
collected from the north of lake Mariut reached a maximum value of
204.7 mg/kg in dry weight. Saleh et al., in 198304 found that Fe content
in fish muscle in highly polluted areas in Lake Mariut reached 990
mg/kg and in less polluted areas reached 141.5mg/kg. The results
obtained in the present study are close to those of the less polluted areas.
Fe levels in fish flesh during 19891 (between 4.7 and 17.9 mg/kg in dry
weight) were much lower than that of the present study.
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Table (1): continuous.

Site (4), South of Main Basin

Site (5), Southeast of Main Basin

Site (6), Qalaa Drain outfall

Range Mean +SD Range Mean +SD Range Mean £SD
7.15-8.05 7.63 0.391 6.8-7.9 7.6 +0.39 6.8-7.65 7.41 039
2695-7800 3637 = 1292 2995-4987 4209 + 678 1340-1782 1576 £ 256.4
1823-3237 2527 + 816 - 2311-3487 2925 +.517 1275-1607 1451 £ 193.9

160-590 542 +378.4 495-1753 1212 + 588 31-275 125 £ 108.4
2295-3429 2006 £ 514.9 2260-4662 3731739 115-1447 1064 + 416.6

120-427 417 £263.7 220-1924 805 * 802 130-615 298 £ 151.9
1718-2877 2310 £ 787 2065-3330 2625 + 561 103-1419 1142 + 385.9

92-572 423 + 333.3 191-1759 1104 + 640 28-112 66 + 52.687

40-95 66 +27.11 27.5-140 80+ 4348 129-188 149 £40.89

60-130 9| +34.83 40-180 110 £56.43 160-280 214 £ 66.98

605-905 727 £110.8 605-900 738 + 108.3 300-455 361 + 83.65
110-340 267 + 108.4 110-340 258 +£96.5 95-220 140 + 45.40
370-635 460 + 113.41 350-675 474 £ 1117 110-295 222 +77.87
0.33-9.213 1.207 £1.528 0.46-1.3 0.73 £ 0.334 13.73-26.38 18.92 £ 8.45
4.1-7 5219094 4.3-8.4 5.87 £1.710 3.2-6.44 4.25£1.70
260-485 349 £ 92.81 270-475 321 £94.12 300-430 334 +35.67
782-1155 998 + 173.4 770-1150 1016 =178 450-652 538 +117.2
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According to the Egyptian Standards No. 2360/1993,( there is no
limit for Fe in fish flesh. However, the acceptable daily intake of Fe is 56
mg/ day for adult male (weighing 70 kg). The per caput supply of fish in
Egypt in 1998 was 29.9 g/day.®) If this fish came from lake Maruit, it
would supply 0.75mg Fe/day which represents only 1.33% of the

acceptable daily intake of iron.

On the other hand, Fe content in water samples collected from the
six selected sites showed two maximum levels of 0.777 mg/! at site 4
and 0.741 mg/1 at site 5. The minimum mean value (0.235 mg/1) was
that of site 2. The levels of Fe obtained were very low compared to
previous ones. In 1992 to 1993, it reached 9.495 mg /1 at the Qalaa Drain
and 81 mg/! in the Main Basin.(® They were also lower than the Fe
values in 1989@1 (ranged between 1.4 and 2.6 mg/1). The higher level of
Fe in fish muscles compared with the level in water is explained
previously by Niazzy et al, 199524 who stated that fish muscle

accumulated Fe to a great extent.

Copper level in fish flesh ranged between 2.35 and 5.756 mg/kg in
dry weight with a mean value of 3.549 mg/kg. The levels recorded are
Jower than the level reported in 198129 (53.5 mg/kg) and by
Ghoneim@) (between 16.87 and 22.66 mg/kg). No limit of Cu in fish
and fish products was specified in the Egyptian Standards No.
2360/1993@ but the acceptable daily intake of Cu is 35 mg/day for
adult male (70 kg). The per caput supply of fish is 29.9 g/day.® If this
fish came from Lake Maruit, it would supply 0.023mg Cu/day which
represent 0.066% of acceptable daily intake of Cu.

Copper in water samples ranged between 0.013 mg/1 at site 3 and
0.023 mg/1 at site 4. The concentration of Cu at Qalaa Drain outlet (0.018

mg/1) has changed with time. Its value was very close from the mean
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Cu value recorded during the period from 1978 to 197908 (0.022 mg /D).
On the other hand, it is lower than those mean values recorded during
198306, 19891, and 1992-1993@), (0.865, 5-6.5, and 0.7 mg/l],
respectively). Cu concentration of the Main Basin in the present study
(0.017 mg/1) was also lower than that of former studies. In the period
from 1978 to 1979 (1829 it showed a mean value of 0.089 mg/1, however
this value increased by 1983 to range between 0.16 and 0.40 mg/1.29 In
general, the decrease in Cu content is expected because the source of
heavy metals especially Cu and Cd to the lake was the industrial
wastewater of Moharrem Bey Complex(¥ which was directed away

from the Lake to WTP since its operation in 1993.

Zinc level in fish flesh ranged between 50.436 and 74.762 mg/kg on
dry weight base with a mean value of 61.662 mg/kg. The values are
close to the value obtained during 1981@ (72.9 mg/kg). The acceptable
daily intake of Zn according to the Egyptian Standards No. 2360/1993 is
70 mg/day for adult male (70 kg). Considering a per caput supply of
fish 29.9 g/day,®) this amount of Lake Maruit fish would supply 0.39
mg Zn/day which represents 0.55% of acceptable daily intake of Zn.

Zinc concentration in water samples ranged between 0.039mg/1 at
site 3 and 0.072 mg/1 at Qalaa Drain outlet. This is in agreement with
Saad et al.,® who found that the Zn maximum value was at the vicinity
of Qalaa Drain. In 1983, Zn showed a mean value of 0.293 mg /1 at Qalaa
Drain and reached 0.303mg/1 in the Main Basin.(%62% From 1992 to 1993
it showed a mean value of 0.563 mg/l at Qalaa Drain and ranged
between 0.191 and 0.460 mg/! in the Main Basin.08) It is clear that Zn
content in water samples of the present study has decreased compared
with the former studies however, it has not changed in fish flesh which

suggests the fish accumulation.
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Lead mean value (0.142 mg/kg) in fish flesh (fresh weight base) is
slightly higher than the value recommended by the Egyptian Standards
No. 2360/1993 for Pb in fish flesh (not to exceed 0.1 ppm). Nonetheless,
the results obtained in the present study are definitely lower than the
level obtained in the study conducted by El-Sokkary (1980-1985)@7 (3.85
mg/kg in fresh weight). Additionally, the present study results revealed
that the Pb content of fish ranging from 0.246 to 1.007 mg/kg on dry
weight base with a mean value of 0.692 mg/kg is also lower than that of
the level stated in the Environmental Technical Report No.8(3 (ranging
from 1.7 to 2.3 mg/kg on dry weigh base with a mean value of 1.93
mg/kg). The values obtained in the present study were also lower than
those of Ghoneim@? (ranged from 0.5 to 1.72 mg/kg in dry weight). The
acceptable weekly limit of Pb according to the Egyptian Standards No.
2360/1993@ is 3.5 mg/week for adult male (70kg). Per caput supply of
fish is 29.9 g/day.® If this fish came from Lake Maruit, it would supply
0.0298 mg Pb/week which represents 0.85% of maximum acceptable

intake /week.

In water samples, Pb showed two maximum values, in site one
(0.004 mg/1) and site six (0.0047 mg/1). According to the WWCG 18), the
concentration of Pb of Qalaa Drain effluent was 0.48 mg/! which is
extremely higher than that of the present study. By comparing the Pb
concentration of the Main Basin (0.0008-0.0075mg/1) with its
concentration in 1983 by WWCG6) (0.2-0.747 mg/1) (before operation of
WTP and ETP), it is clear that the Pb concentration in the Main Basin
has decreased. In general, it is clear that the Lead content of both fish
muscle and water of Lake Mariut's Main Basin has decreased reflecting
the effectiveness of industrial waste treatment and/or the diversion of
wastewater from Lake Mariut to WTP.
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Cadmium level in fish flesh ranged between 2.731 and 4.361 mg/kg
in dry weight with a mean value of 3.872 mg/kg (0.81 mg/kg fresh
weight). The levels of Cd are very close to that of El-Sokkary study from
1980 to 19852 (0.75 mg/kg). Cd level in fish flesh has not changed from
1985 till the present study though its content in water has decreased.

According to the Egyptian Standards No. 2360/1993 the Cd content
in fish should not exceed 0.1 mg/kg. By comparing this value with the
Cd mean value from fish flesh of the present study (0.81 mg/kg), it is
clear that Cd content in the flesh of fish caught from Lake Mariut Main
Basin exceeded the Egyptian limit. Also the acceptable weekly limit of
Cd according to the Egyptian Standards No. 2360/1993 is 0.58 mg for
adult male (70 kg). Per caput supply of fish is 29.9 g/day.® If this fish
came from Lake Maruit, it would supply 0.1695 mg Cd/week which

represents 29% of maximum tolerable intake / week.

Cd in the water samples of the present study varied between 0.0037
mg/1 at both sites 4 and 5, and 0.005 mg /1 at site 1. From these results, it
can be concluded that the WTP effluent contains the highest
concentration of Cd which is in agreement with Saad et al.? who
stated that the Cd shows the highest concentration in the western region
of the Main Basin. According to WWCG 1992 and 1994 reports, (1625 cd
of Qalaa Drain effluent showed a concentration of 0.160 mg/1 in 1983
which is extremely higher than that of the present study (0.0039 mg/1).
Also its concentration in the Main Basin ranged between 0.045 and 0.085
mg/1 in 1983 and between 0.039 and 0.063 mg/1 in 1993. These results

were also higher than the results obtained in the present study.

Chromium level in fish flesh ranged between 10.855 and
15.815mg /kg in dry weight with a mean value of 14.037 mg/kg. The
level of Cr in fish flesh is higher than its level in the lake water (0.001-
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0.0088 mg/1) which is expected due to the accumulation of metals by
fish in various organs. This agreed with the observations of Niazzy et
al.2» who stated that Cr showed a high concentration in the liver,
muscle, and serum of fish collected from Lake Mariut compared with its
lower concentration value in the water which may be due to the affinity
of Cr to precipitate with the sediments. In 1993, Cr showed a mean
value of 0.038 mg/! at the outlet of Qalaa Drain and ranged between
0.040 and 0.097 mg/1 in the Main Basin®® which were much higher than

its contents in water in the present study.

Mercury levels were undetected in both fish and water samples.
The absence of Hg was expected due to the termination of its source.
The Hg cells of chlor-alkali plant of El-Max has been replaced with
another Hg-free technique. ‘

3. Results of Statistical analysis

Table (4) shows the statistical differences between the different sites

for the measured parameters of lake water.

It has been found that there was a direct weak correlation (<0.25)
for both Fe and Zn values between fish flesh and water samples. On the
other hand, both Cu and Pb showed an indirect weak correlation
between fish and water samples. As for Cd and Cr, Cd showed an
indirect intermediate correlation (<0.75) at the 0.01 significant level (2-
tailed) and Cr showed a direct intermediate correlation at the 0.01

significant level between fish and water samples.
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Table (4): ANOVA Statistical Analysis between the Different Sites for the Measured Parameters.

Site 2 " Site 3 Site 4 Site 5 Site 6
* PQEEFERY ] F Ak
TDS(**), TVS(*), PHOH*#), TS(H), TDS(*F¥), Jmﬁm*w W&mahwvﬂm&mﬁﬁ TSCE#), TDS(*#%), TSS(H4+),
Site1 | ohar(tm), NHICD. TSS(E), TVS(H), TVSSC), oy, | TVSCre), TVSS(n, Thar (e, NH3(*), BOD(***),
NO3(v*%), BOD(*#), | alk (+#), Thar.(5##), NH3(***), | pypyss) COD(H), Fe(¥¥¥) NH3(*+%), BOD(*#%), COD(**¥), COD(***), Pb(*),
COD(***), BOD(**+), COD(**+), Cu(¥), e u Fe(+), Cd(*)
hakk EVNELEIT B wvw**' ....*«w*..‘; ww..wwx S %.w e e . e R i N 5
. ,_mmma*w._wwma*ﬁwwﬂ&:w 2%?3?%%3,“ m_wwfi TS, TDSew), TSSCT0. TDS(*), TVS(**), T.har.(*),
Site 2 alk.(¥+%), T.har (++#), NH3(++¥), | NII3(#+%), NOI(-+5), Fe(**%), e etvany, DA
NO3(***), Cu(*), NH3(**#), NO3(*#5), Fe(***), ¢ O.U?::J. Cuf®),
pH(**%), TS(EH%),
. TDS(F:*), ~—.wmﬁ*ﬁv,
wmm@ \W —u.—nmﬁ&.*%v' .—.—.VwA&.**v, M»:AAA**%Y —Q—:‘m**v, ‘_.Uwﬁiw. .M.MT.A*%..V, 1h.<mh*v, —/\WAm_‘A*'- .~<wmﬁ*va
, BOD(*), COD(*), Fe(™), TVSS(H#%), alk. (%), Fe(**), abk.(**%), T har.(¥*¥),
NH3(*), NO3(*9),
BOD(®), CODCH#*), Fe(*),
TS(# %), TDS(+),
o e PV TSS(¥).TVS(**%), TVSS(*),
Site 4 TDSC). wwwwnzy_/i ) T har.(++%), NH3(*#%),
o BOD(**¥), COD(***),
Cul**),
TDS(*#¥),
TSS(H#) TVS(*#%),
Site 5 TVSS(H*#), T.har.(¥*#%),

NH3(¥**), NO3(¥*),
BOD(***), COD(**%),
Cu(**),

* significant difference at p<0.05
** highly significant difference at p<0.01
#x% yery highly significant difference at p<0.001
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Sites

Figure (2): Concentration of Pb in Water Samples Collected from Six Sites of the
Main Basin of Lake Mariut, Alexandria, 2000.

Cd

0.006
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0.001

Sites

Figure (3): Concentration of Cd in Water Samples Collected from Six Sites of the
Main Basin of Lake Mariut, Alexandria, 2000.
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Cr
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Figure (4): Concentration of Cr in water samples collected from six sites of the
Main Basin of Lake Mariut, Alexandria, 2000.
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Figure (5): Concentration of Cu in water samples collected from six sites of the
Main Basin of Lake Mariut, Alexandria, 2000.
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CONCLUSION AND RECOMMENDATIONS

Based on the obtained results, the following has been concluded:

O

The

72

The levels of all studied heavy metals in Lake Mariut Main Basin
have decreased than that of previous studies.

The physico-chemical parameters concentrations have changed.
COD, TS, TDS, hardness, and chloride levels have decreased,
especially COD, as a result of the reduction of the amount of
organic wastes discharged from the industries into the lake after the
enforcement of the Egyptian law for environment protection and
the diversion of wastewater from the Lake to WTP.

The levels of heavy metals in fish samples collected from Lake
Mariut Main Basin were higher than their levels in water samples.
The levels of some heavy metals such as Fe, Cu, and Pb in fish flesh
have decreased. On the other hand, the levels of Zn, Cd, and Cr in
fish flesh have not changed which indicate their accumulation by
fish organs. The reduction of their levels in the lake water will
eventually lead to their decrease in fish flesh.

Being most hazardous for human consumption, Hg was one of the
studied heavy metals in the present study. It was totally undetected

in fish and water samples.

following recommendations are suggested:

Lower the consumption of the Main Basin fish till the heavy metals
reach the acceptable levels.

Periodic monitoring of heavy metals levels in both fish and water of
the Main Basin.

Appling treatments that will improve lake water quality such as

mechanical aerators, removal of toxic sludge, diluting sources of
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biodegradable pollution with, clean or less polluted water, and

increasing the capacities of WTP and ETP.

o Construction of secondary treatment units in WIP and ETP.

o Enforcing industrial facilities, which have not industrial wastewater
treatment units, to establish on-site treatment units, and periodic
inspection of the efficiency and operation of the already present
treatment units. |

o Raising funds and finding sponsors to finance Lake Mariut cleaning
project.
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