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Abstract

The present study was carried out to evaluate the physical and
chemical characteristics of water at three sites (the upper and
lower lake as well as fish farms) in Wadi El-Raiyan area and their
effect on fish production. Concentrations of metals: (iron, zinc,
manganese, copper, cadmium, and lead) were also determined in
some organs of tilapia species to detect the degree of pollution in
this area. Water and fish samples were collected monthly during
the spring season of the year 2005. Electric conductivity, total
dissolved solids, transparency, total hardness, calcium hardness
and chloride showed marked variations at the three sites. No
oxygen depletions were observed in the three sites and it lies in the
safe range for aquatic organisms. In water, the levels of Fe (in fish
farms), Cu (in upper lake and fish farms) and Pb (in upper and
lower lake) exceeded the maximum world permissible limits. Gills
and liver tissues had higher tendency to accumulate metals more
than muscles. Metal concentrations in the edible part of the
examined fish were in the safety permissible levels for human
consumption. Primary productivity (phytoplankton) in water is
limited in the habitat of the lakes and growth of fish exhibit well-
being and higher condition factor and hepato-somatic index in fish
farms and lake I than lake III. The difference in metal
concentrations among different sites was insignificant (p>0.05).
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INTRODUCTION

Wadi El-Raiyan is a great depression in the Western Desert of Egypt (south of
Fayoum), located about 150 km southwest of Cairo and lies 30° 23' E and 20° 68' N
(Fig. 1). It is considered as one of the most arid areas in the world. The extremely
high rate of evaporation coupled with very low precipitation could lead to increased
concentration of pollutants and a rapid increase in salinity of the man-made lakes in
this area.

El-Raiyan lakes were created as a reservoir for agricultural drainage
wastewater. Since 1973 excess drainage water was transferred to this depression,
resulting in two lakes (Raiyan I and Raiyan III), connected by a small connection
waterway. The connection has waterfalls on bath sides; the area between the falls is
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called Raiyan II. The total area of the lakes are 18,000 ha (43,000 feddan) and
provide fish production of 1992 tones in 2005 (40 % tilapia, 30 % mullet and a
mixture of other species) (GAFRD, 2006). The lakes receives the agricultural drainage
water from a branch of El-Wadi drain which inflows in the upper lake of Wadi El-
Raiyan (with an area of 6,374 ha). The water then moved through a series of tunnels
and open canals about 5 km long and over a 25 m high falls to the great (lower) lake.
. With almost no precipitation and a very high evaporation rate, an increase in salinity
takes place. In 1990 the salinity ranged between 1 and 2 ppt; presently it is in the
order of 4-5 ppt (NWRP, 2000).

Increase in salinity will cause a change in fish composition. For the dominant
fish species a further rise in salinity is no problem; the production will slowly move
towards euryhaline tilapias and a larger share of mullets (NWRP) 2000. Production
might provide marine species introduced timely and the value of fish will rise. The
Lake is a suitable habitat for a variety of fish species, especially that of commercial
importance.

Heavy metals from natural and anthropogenic sources are continually released
into aquatic ecosystems, and they are a serious threat because of their toxicity, long
persistence, bioaccumulation, and biomagnifications in the food chain. Pollutants from
agricultural waste including pesticides and fertilizers as well as other effluents of
industrial activities and runoffs will certainly pass into the biotic elements (especially
fish) of the ecosystem. Concerning the interaction of fishes and their environment, it
could be stated that fishes are more liable to be affected with environmental
pollutants than the land animals and can accumulate trace metals from their
environment and act as indicators for these elements in the environment. Therefore,
they can be considered as excellent organisms for the study of some long-term*
changes in heavy metals concentrations in their ecosystem (Mason, 2002).

Limited efforts to monitor contaminant burdens in fish fauna have been
undertaken (Saleh ef. af, 1988) in Wadi El-Raiyan area. Agricultural drainage water
that contains fertilizers and pesticides besides effluents from fish farms enhance the
lake’s metal burden.

The present study was carried out to evaluate the physical and chemical
characteristics of water in the lakes and fish farms in Wadi El-Raiyan area and their
effect on fish production. Also, levels of Fe, Zn, Cu, Mn, Cd and Pb in water and some
tissue/organs (muscle, gills and liver) of four tilapia species (Oreochromis aureus,
Tilapia zifllii, Oreochromis niloticus and Sarotherodon galitacus) inhibited the lakes and
Oreochromis niloticus reared in fish farms were determined to provide information
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contributing to the effective monitoring of both the environmental quality and health
of organisms inhabiting the lake ecosystem.

MATERIALS AND METHODS
1- Sampling:

Water and fish samples were collected monthly during the spring season of
the year 2005 from lakes (upper lake I & lower lake IIT) and fish farms in Wadi El-
Raiyan area. Water samples were taken from the four margins and middle of each
lake and from three ponds in fish farms using PVC tube column sampler at a depth of
half meter from the water surface. The samples at each site (Fig. 1) were mixed in a
plastic bucket and a sample of 1 liter was placed in a polyethylene bottle, kept
refrigerated and transferred cold to the laboratory for analysis. Fish samples were
collected from different sites/by fishermen. Fish samples were sorted and kept frozen
in ice box and transferred to the laboratory for sub-sampling of different

tissue/organs.

Fig. 1. Map of Wadi El-Raiyan area.

2- Laboratory analyses:
a- Physical and chemical parameters of water

Hydrogen ion concentration (pH) was measured with an Accumet pH meter
(Model 25, Fisher Scientific). Electric conductivity (EC) and total dissolved solids (TDS)
were determined using a salinity-conductivity meter (model YSI EC 300). Dissolved
oxygen was measured using a digital oxygen meter (Model YSI 55). The concentration
of total hardness, calcium hardness, carbonate and bicarbonate alkalinity (as CaCOs),
total phosphorus and chloride were estimated according to American Public Health -



1648 LIMNOLOGICAL STUDIES ON LAKES AND FISH FARMS
IN WADI EL-RAIYAN AREA, WESTERN DESERT, EGYPT

Association (APHA, 1985). Total nitrogen was measured according to Grasshoff et al.
(1983). Concentration of all parameters were expressed as mg/l, except chloride as g/!
and chlorophyll "a" content as pg/l. Transparency (fn) was measured using a Secchi
Disc of 20 cm diameter (Boyd and Tucker, 1992).

b- Heavy metals

In water samples, heavy metals were extracted with conc. HCl for Fe, Zn, Mn,
Cu, Cd and Pb analysis (Parker, 1972), whereas in fish samples metals were extracted
by the method described in Association of Official Analytical Chemists (AOAC, 1990).
Atomic  Absorption  Spectrophotometer instrument (Model Thermo Electron
Corporation, S. Series AA Spectrometer with Gravities furnace, UK) was used to detect
the heavy metals. The concentrations of heavy metals were expressed as g/l for
water and pg/g dry weight for tissues (muscle, gills and liver).
¢- Growth parameters

Fish condition which an indication for the fatness of fish was assessed using
two different metrics: CF (K) and HSI. CF is a measure of somatic energy reserves
associated with recent feeding activity and calculated as: K = gutted fish weight (W)
/L?) X 100, while Hepato-somatic index (HSl) is associated with liver energetic reserves
and metabolic activity and calculated from the equation: HSI = (liver weight/ gutted
fish weight (W) X 100 according to Schreck and Moyle (1990).

3- Statistical analysis:

One-way ANOVA and Duncan multiple range test were used to evaluate the
significant difference in the concentration of different items studied with respect to
lakes and fish farms. A probability at level of 0.05 or less was considered significant
(Bailey, 1981). Standard errors were also estimated. Correlation coefficients among

the different parameters were computed.
RESULTS AND DISCUSSION

Physical and chemical factors of water:

Hydrogen ion concentrations were on the alkaline side and varied slightly
among sites where it was 8.47 at the upper lake 1, 8.69 in‘ the lower lake III and
reached 8.92 in fish farms as shown in table (1). Increasing the pH value in fish farm
water is related to the increase of primary production which causes an increase in
photosynthesis  involving thg uptake free carbon dioxide from carbonate and

bicarbonate and precipitation of calcium carbonate (Abel, 1998).
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Table 1. Mean of physical and chemical factors in water of upper lake (I) and lower
lake (III) and fish farms in Wadi El-Raiyan area.

Region
(I) (111) Fish farm
Item
pH 8.47°+ 0.01 8.69°+0.03 8.92°+0.06
SD 1.43°+0.12 3.75°+0.43 0.32°+0.01
EC 2.63°+0.27 13.83°+0.44 3.57°+0.10
DS 1.81°+0.07 10.88°+0.13 2.43°+0.08
Salinity 1.83°+0.03 7.77°+0.30 1.98 ° +0.09
cr 0.55°+0.02 3.80°+0.14 1.35°+0.02
COs~ 14.00°+1.15 18.33°+1.67 28.33°+0.88
HCO5y 255.337+4.91 207.67°+6.17 238.33°+1.67
TH 670.0b+44.10 2566.7°+£66.67 600.0°+23.09
Ca-hard. 250.0°45.77 1500.0°+£10.00 200.0°+16.62
DO 7.64°+0.23 6.97°+0.41 5.55°+0.41
™ 2.05°+0.13 1.68°+0.08 9.58°+0.44
TP 0.015°+0.00 ND°+0.00 0.15%+0.001
Chl. "a" 9.22°+0.05 7.74°+0.05 44.03°+0.64

Letters a, b and ¢ show differences among sites. Data shown with different letters
are statistically different at P < 0.05 level.

Transparency values were 1.43 m in the upper lake I and 3.75 m in the lower
lake I11, whereas in fish farm was 0.32 m. This may attribute to the higher depth and
lower primary productivity (phytoplankton growth) in the two lakes. Water losses its
suspended material contents (phytoplankton blooming and suspended particles) as
water moves from lake I to lake III to increase transparency coupled with the large
depth of the lake.

Electrical conductivity, total dissolved solids, chloride, total hardness and
calcium hardness were higher in lake (III) as shown in table (1). Water salinity was
.1.83 g/l in lake I, 7.77 g/l in lake III and 1.98 g/l in fish farms. This may mainly due
to the fact that lake III is an enclosed basin with almost no precipitation and a very
high evaporation rate which lead to a rapid increase in salinity and other components.

Carbonate content averages were higher in fish farms (28.33 mg/l) compared
to 14.00-mg/l in lake I or 18.33 mg/l in lake III as shown in table (1). This may be
due to increase in primary productivity and photosynthesis activity which result in
absorbance of free carbon dioxide from carbonate and bicarbonate in water aﬁd
precipitation of calcium carbonate. Carbonates in lake III was higher fhan that in lake
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1, this may be due to the fact that calcium and magnesium (which are basis)
neutralize carbon dioxide in water and a part of bicarbonate transferred to carbonate
which results in a progressive increase in pH and carbonate (Arrignon, 1999).
Bicarbonate content in Lake I was higher than that in lake III and fish farms because
the continuous input of agricultural drainage water.

Dissolved oxygen distribution shows a slight difference between lake 1 (7.64
ma/l) and lake III (6.96 mg/l). Arrignon (1999) mentioned that oxygen solubility in
water decrease as salinity increase. Fish farms had dissolved oxygen value of 5.64
mg/l. The higher values of DO in lakes may be related to the high water volume and
consequently rate of aeration, while the lower values in fish farms may be attributed
to the high rate of activity. No oxygen depletions were noticed in the studied area.

The higher total nitrogen value was recorded in fish farms (9.58 mg/1) and the
lower one was observed in lake III with no significant difference as shown in table
(1). Total nitrogen content was directly proportional to chlorophyll "a" concentration
(as indication of phytoplankton biomass) and total phosphorus. Abel (1998)
mentioned that, the limiting factor for primary productivity is the availability of
inorganic nutrients, particularly phosphate. Total phosphorus in lake III was lower
than in lake I as a result of phosphorus precipitation. Total nitrogen, total phosphorus
and chiorophyll "a" in fish farm (9.58, 0.15 and 44.03, mg/|, respectively) recorded
higher values than those in the two lakes, this because of heavy presented artificial
feed and high rate of fish/area. Primary productivity (phytoplankton) in water is
limited in the habitat of the lakes.

Average of metal concentrations in water at the two lakes and fish farms are
presented in table (2) and were found in the following order: Fe > Zn > Cu > Mn >
Pb > Cd. The metal averages attained their maximum values at fish farms (68.59 pg/l)
followed by upper lake (52.36 pg/l) then the lower lake (46.97 pg/l) as shown in table
(2). The level of Fe (346.0 pg/l) in fish farms, Cu (25.67 and 17.52 pg/l) in lake T and
fish farms, respectively and Pb in lake I and lake III (2.98 and 9.02 pg/l, respectively)
were higher than the allowable limits (Fe: 300.0, Cu: 13.0 and Pb: 2.5 pg/l) which
estimated by USEPA (1999). This may be related to the sojl content of iron and use of
copper components as algaecides. Also, increased Pb values in the two lakes may
result from spill of leaded petrol from fishing and tourism boats and dust which holds
a huge amount of lead from the combustion of petrol in automobile cars. Saleh et al.
(1988) reported that, Pb concentration in Wadi El-Raiyan lakes was higher than the
world's stream levels. Cu and Cd in lake I increase those in fish farms, this may related
to renewed and continuous additional of drainage water. Zn, Mn and Cd levels are still
lower than that of the world legal limits (Zn:120.0, Mn:170.0 and cd4.3 ug/l).
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Table 2. Average concentration of heavy metals (pg/I) in water samples of the three
sampling sites at Wadi El-Raiyan area.

Region U. lake *PL L. lake *PL Fish *PL *PL
Metal (D % (1) % farms % (ua/D
Fe 269.72 89.91 232.93 77.64 346 115.33 | 300.0
Zn 12.19 10.16 32.85 27.38 17.52 14.60 120.0
Mn 2.79 1.64 2.15 1.26 29.82 | 17.54 | 170.0
Cu 25.67 197.46 4.87 37.46 17.52 | 134.77 13.0
Cd 0.83 19.30 ND 0.00 ND 0.00 4.3
Pb 2.98 119.20 9.02 360.80 0.67 26.80 25
average 52.36 46.97 68.59

*PL: permissible limits (US EPA, 1999). ND: Not detectable.
Heavy metals accumulation in fish organs:

Tables (3, 4 & 5) showed the results of heavy metals accumulated in organs
of different fishes collected from the three studied sites at Wadi El-Raiyan area. The
bioaccumulation patterns were found to vary according to the fish species, mainly‘
according to their different feeding habits and the routes of metal uptake with higher
values accumulated in tissues of Oreochromis aureus and Oreochromis niloticus and
the minimum ones were observed in 7iapia zillii as shown in fig. (2). This can be
explained by the fact that these species are voracious fish and can tolerate marginal
environmental conditions as mentioned by Soliman et a/. (1998).

Mason (2002) mentioned that, fish with higher metabolic rates accumulate
contaminants faster, where feeding results in a higher metabolism and greater uptake
of pollutants across the gills. Also, uptake of food from surrounding water together
with the mobile behavior of fish, cause the variation in metal levels both between
different fish species and fish from different localities.

The present data showed that, gills and liver had a high tendency to
accumulate high concentrations of heavy metals, while muscle tissue tends to retain
lower concentrations of such metals. The recommended daily intake for an adult is 48,
60, 2.0-9.0, 3.0 and 0.214 mg/day wet weight for Fe, Zn, Mn, Cu and Pb respectively
according to FAO/WHO (1999). Also, the permissible daily intake of Cd and Pb is 0.1
and 214.0 ug wet weight as recorded by FAO/WHO (1999). So, a normal daily diet
including this fish species poses no health risk to consumer. For comparison between
values in this study and legal limits; (ug/g wet wt.=pg/g dry wt./S5 when the moisture
be assumed 80%).
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Table 3. Average concentration of heavy metals (ug/g dry wt.) in muscle tissue of
each fish species collected from upper lake (I), lower lake (III) and fish
farms.

Metal Fe Zn Mn Cu Cd Pb Av
Sp.

Upper lake
O. aur. 105.56 53.01 0.79 3.59 ND 0.60 27.38
7. Zillii 55.01 35.81 0.75 2.46 ND 0.38 15.74

S. gal. 62.57 35.74 0.62 2.36 ND ND 16.88

0. nil, 36.34 28.97 0.31 1.71 ND 0.10 11.24

Ave. 64.87 38.38 0.62 2.53 ND 0.36 17.81
Lower lake

0. aur. 61.65 45.06 0.64 13.19 | 0.004 ND 20.09

7. zillii 58.63 55.45 0.69 2.99 ND ND 19.63

S. gal. 46.68 357 .| 1.03 3.24 ND 0.21 14.48
O. nil. 88.55 45.67 1.04 2.76 0.007 0.43 23.08

Ave. 63.88 45.47 0.85 5.55 0.003 0.16 19.32
Fish farms
O. nil. 62.12 32.31 0.72 2.39 0 0.11 16.28
PL* 2.0-
43.0 60.0 3.0 0.1%* | 0.214
(mg/d) 9.0

ND: Not detectable. *PL: Permissible limits (wet wt.) according to FAO/WHO (1999). **ug/g.

Table 4. Average concentration of heavy metals (ug/g dry wt.) in gills of fish species
collected from upper lake (I), lower iake (III) and fish farms.

Metal Fe Zn Mn Cu Cd Pb ave.
Sp.

Upper lake
0 aur. | 71525 | 1444 | 669 | 595 | 0202 | 945 [ 146.99
T.ziii | 527.34 | 10441 | 479 | 273 | 0.031 [ 1.73 | 106.84
S gal | 70104 | 8562 | 591 | 301 | ND | 297 | 133.09
O.nil | 36315 | 7753 | 599 | 448 | ND | ND | 75.192
ave. | 576.70 | 102.99 | 5.85 | 404 | 0.058 | 3.54 | 11553
Lower lake .
O aur. | 1012 | 13953 | 414 | 471 | 0863 | ND | 193.54
7.z | 490.63 | 102.84 | 2.78 | 448 | 0.008 | 0.06 | 100.13
S.gal. | 612.04 | 10272 | 654 | 413 | ND | ND | 12091
o.ni | 57543 | 111.31 | 1005 | 339 | Np | 233 | 117.09
ave. | 67253 | 114.10 | 588 | 4.18 | 0.436 | 0.60 | 132.92
Fish farms
O.nil | 78567 | 6679 | 829 | 3.53 | 0.06 | ND | 144.06
ND: Not detectable.
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Table 5. Average concentration of heavy metals (ug/g dry wt.) in liver of fish species
collected from upper lake (I), lower lake (III) and fish farms.

Metal Fe Zn Mn Cu cd Pb ave.
Sp.
Upper lake
0. aur. NM NM NM NM NM NM NM
7. zilli | 872.13 76.98 3.39 | 106.48 | 0.51 0.8 176.72
S. gal, 1058.0 149.29 | 8.37 91.38 0.44 ND 217.91
O. nil, 1961.2 210.05 | 12.35 | 133.29 | 6.58 4.63 | 388.02
ave. 1297.10 | 145.44 | 8.04 | 110.38 | 2.51 1.81 | 260.88
Lower lake
0. aur. 1688.8 301.64 | 9.62 | 307.73 | 0.101 | 2.59 | 385.08
7. zilfi | 360.83 91.67 3.83 | 242.38 ND ND 116.45
S. gal. NM NM NM NM NM NM NM
O. nil. 508.66 83.02 5.8 280.96 | 0.514 | 2.27 | 146.87
ave. 852.77 158.78 | 6.42 | 277.02 | 0.21 1.62 | 216.13
Fish farms
0. nil, l 294.28 ! 57.99 ‘ 2.86 I 148.07 l 0.147 [ 0.018 l 83.89

Fig. 2. Variation of total average concentration of heavy metals

ND: Not detectable; NM: not measured.

Conc. (ug/g)

OFec MZn @Mn EBCu OCd mPb

Ll

T. zil.

O. nil.

Fish species

in different fish species collected from the studied sites.

Fishes collected from the upper lake exhibit the highest values of metals,

while the lowest one were detected in fish farms as shown in table (6) and fig. (3).

The order of abundance of metals in muscle tissue was as follow: Fe > Zn > Cu > Mn

> Pb > Cd, while in gills tissues was Fe > Zn > Mn > Cu > Pb > Cd and in liver was
Fe > Cu > Zn > Mn > Pb > Cd.
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Regarding variation among different sites at Wadi El-Raiyan area, fish species
from both the upper and lower lake accumulate higher level of metals compared with
those reared in fish farms as shown in table (6) and fig. (3), this may be attributed to
the relative dilution effect of the lipids content of tissues (Farkas et al. 2003). Also,
fish in fish farms feed mainly on commercial pelleted diets, while those in natural
water feed mainly on natural food (phytoplankton and zooplankton) which
accumulates high values of metals. Saleh et al. (1988) concluded that the
concentration of heavy metals in plankton were 4000 to 10000 times higher than
those in water. So, the bioaccumulation of these metals in plankton affects its levels in
fish.

Table 6. Total mean of heavy metals conc. (ug/g dry wt.) in different organs of fish
species collected from different sites at Wadi Al-Rayan area.

Metal Upper Lake Lower Lake Fish farms
M G L M G L M G L
Fo 64.87 576.70 + 1297.1 63.88 672.53 852.77 62.12 785.67 294.28
+15.4 83.02 +291.29 +6.63 +115.99 £363.9 +5.22 + 83.44 + 82.01
zn 38.38 102.99* 145.44 45.47 114.10* 158.78 32.31 66.79 57.99
+5.13 +14.91 +33.31 *2.20 +8.71 + 61.90 =+ 2112 +2.77 #+ 10.35
Mh 0.62 5.85 8.04 0.85 5.88 6.42 0.72 8.29 2.86
+0.15 +0.39 +2.24 +0.09 +1.59 +1.47 +0.03 +0.45 +0.91
Gii 2.53 4.04 110.38 5.55 4.18 277.02 2.39 3.53 148.07x
+0.42 +0.74 +31.79 +2.43 +0.29 +302.13 *0.22 +0.19 18.54
& o 0.058 2.51 0.003 0.436 0.205 ND 0.064 0.147
+0.04 + 1.76 +0.002 *0.02 *0.14 + 0.00 +0.01
P 0.36 3.54 1.81* 0.16 0.60 1.62% 0.11 0.33 0.018
+0.11 *2.07 +1.05 +0.48 + 0.65 +£0.71 +0.01 + 0.03 *0.00
Av. 17.81 115.53 260.88 19.32 132.95 216.13 16.28 144.06 83.89
T. av. 131.41 122.80 81.41

*P < 0.05 between the same organs in the same raw.

EFe MmZn OMn OCu ODCd mPb
700+

600 -
5004
400 -
300+

Cone. (ug/g dry we.

200+

1004

0 L B b Sy
Upper lake Lower lake Fish farm

Sites

Fig. 3. Total average concentration of heavy metals in fish at different
studied sites at Wadi Al-Rayan area
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From the results, it is conspicuous that, Fe was the highest accumulated
metal in fish tissues while Cd was the lowest one. The high accumulation of heavy
metals in metabolic organs as gills and liver to the metallothioneins proteins which are
synthesized in gills and liver tissues when fishes are exposed to heavy metals and
detoxify them. Similar findings were reported by Ibrahim et al. (2000) and Saeed
(2007).

Fish condition which an indication for the fatness of fish was assessed using
two different metrics: CF (K) and HSI. CF is a measure of somatic energy reserves
associated with recent feeding activity, while Hepato-somatic index (HSI) is associated
with liver energetic reserves and metabolic activity. By comparing the condition factor
of fish species in the three sites studied, it could be observed that the condition factor
and hepato-somatic index were higher in fishes. of fish farms and upper lake (I) than
that in the lower lake (III) as shown in fig. (4). This could be explained by the higher
productivity and good nutritive conditions in these sites. This also explains the well-
being of these fishes in fish farms and upper lake (I) compared with lake (III). These
results are in accordance with that of Soliman et al. (1998) in Lake Manzala and
Koussa (2000) in Lake Mariut who attributed the increase in fish growth to the high
productivity of water.

44 mK ®HSI
3.5-

3
2.5
2
1.5
14
0.5
0 T
upper lake lower lake farm

value

Site

Fig 4. Comparison of hepato-somatic index (HSI) of tilapia species
- collected from the three sites at Wadi El-Raiyan area.

Statistical analysis of data revealed the occurrence of significant correlation
among different parameters as shown in table (7). The relation between heavy metals
in water and muscle tissues is insignificant. This may as a result of the amounts of
metals accumulated or bioconcentrated in various tissues by fish is mostly
independent of the concentrations in the ambient water where very high levels being
accumulated in organisms from very low levels in water Mason (2002). He also
mentioned that, metal concentrations in algae and bryophytes are significantly
correlated with concentrations in water and there are no consistent correlations,
however, between environmental levels of metals and concentrations in invertebrates
and fish.
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Table 7. Significant correlation between different parameters.

Item r P Item r P
pH & CO5 0.8991 0.000 TP &chla 0.9981 0.000
pH & TN 0.8315 0.005 Sal. & HCO4 -0.928 0.000
pH & TP 0.7992 0.010 TN & DO -0.8412 0.005

pH &chla 0.8258 0.006 K & chla 0.6776 0.045
CO;&chl a 0.9072 0.000 HIS & chl a 0.7697 0.015
SD & chla -0.7480 0.020 K&TP 0.6901 0.040
DO & chla -0.8170 0.007 HIS & TN 0.7473 0.021
TN &chla 0.9974 0.000

r: correlation coefficient; P: probability level (r is significant at P = or < 0.05).
CONCLUSION

Primary productivity (phytoplankton) in water is limited in the habitat of the
lakes. The availability of inorganic nutrients, particularly phosphate enhance the fish
conditions (condition factor and hepato-somatic index) in fish farms and lake I which
is directly proportional to higher productivity and good nutritive conditions in water.
On the other hand, fish in lake III showed lower growth parameters. The present
results indicate that although metal concentrations in the edible part of the examined
fish were in the safety permissible levels for human consumption, the water burden of
Cu (lake I and fish farms) and Pb (lake I and lake III) have increased and could affect
the utilization of this important source for fish production.

RECOMMENDATION

Increased input of nutrients can cause increase in productivity of the lakes.
So, if shore of Wadi El-Raiyan lakes (especially lower lake) fertilized with low
quantities of inorganic nitrogen and phosphorus, the primary productivity will increase
which in turn can provide increased productivity of herbivorous and detritivorous fish,
leading to increased overall production.
Acknowledgments: the authors thank Mr. Hossam K. Abdel-Raoof, head of
Shakshouk branch, Environmental Affairs Authority, Al-Fayoum governorate for his
useful help during the field work.
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