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Abstract: Wadi El-Rayan depression (southwest of Cairo in the western desert of Egypt) holds two man-made
lakes and created as a reservoir for agricultural wastewater. This work presents an attempt to declare the status
of water quality including anions, cations, nutrient salts and trace metals (Cd, Pb, Cu, Zn and Fe), besides
concentrations of the selected trace metals, organic matter, carbonate and exchangeable nutrient in the lake's
sediments. Results revealed that, the major ion (Cl , SO , Na  and Mg ) concentrations in the 1 lake (588, 452,-  2-  +  2+     st 

4

401 and 88.82 mg lG , respectively) are less than the 2  (2613, 1018, 796.7 and 393.4 mg lG , respectively) and the1       nd       1

condition was governed mainly by; the intrusion of drainage water through El-Wadi Drain. In the 2  lake, thend

rate of evaporation and the amount of water discharged from the 1  are the main factors control thesest

concentrations. Elevated concentrations of trace metals in water and sediments were recorded and often
associated  with  the  impacts  of  urbanization,  where  site  1 showed the highest average values (µg gG ) of1

Mn (1560), Zn (369), Cu (91), Pb (81) and Cd (23) in lakes sediment. It was concluded that the discharged
wastewaters via El-Wadi Drain contain compounds that can have a detrimental impact on the lakes environment
and cause rapid increase in the salinity level, particularly at the 2  lake. nd
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INTRODUCTION water body [6]. It was reported that, the concentration of

The lakes-wetland complex is a spatially and significantly different than that reported earlier [7,8],
temporally dynamic system in which the water quality of except an increased levels of cyanide and cadmium,
lakes depends on both weather conditions and polluting indicating human wastes contamination. Nutrients
parameters. Wadi El-Rayan lakes receive the agricultural concentrations  are  higher   in   the   first   lake   than  in
wastewater  drainage  from  El-Wadi  Drain  and vary in the second one [8-10]. This was concurrently with
their  physical  and  chemical characters [1]. The first phytoplankton abundance [11,12].
Wadi El-Rayan lake is less saline (1.4-1.5 g lG ) than the Recent years have witnessed significant attention1

second one (4.5-6.1 g lG ), where the salinity increases being paid to the problems of environmental1

southward. As a result of increased human activities and contamination  by  a  wide  variety  of  chemical
the expansion in agriculture, this virgin wetland will be pollutants, including the trace metals [13]. Trace metal
salinized in a much shorter period [2]. concentrations in the water column is relatively low, but

Excess    nutrient   supplies   from  increased the concentrations in the sediment may be elevated. Low
sedimentation due to changes in land use, atmospheric level discharges of a contaminant may meet the water
deposition, agricultural fertilizer runoff and other quality criteria, but long-term partitioning to the sediments
anthropogenic sources, can have adverse effects on could result in the accumulation of high loads of
wetland ecosystems [3]. Responses may include changes pollutants [14]. In same time, it was reported that the
in carbon storage and nutrient retention [4] and shifts  in second lake of Wadi El-Rayan wetland was more
plant community composition [5]. These responses are contaminated by trace metals and pesticides than the first
likely to depend on the magnitude and characteristics of [2], where pollutants from agricultural waste including
the inputs and the nature of ecosystem nutrient limitation pesticides and fertilizers as well as other effluents of
[3]. Internal nutrient loading is therefore important to industrial activities and runoffs certainly will pass into the
consider when determining the trophic condition of a biotic elements of the ecosystem.

common anions in the two lakes water was not
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The principal objectives of the present study are: 1)
examination of the chemical status of the water and
sediment in the study area through the quantitatively
determination of macro and microelements beside the
nutrient salts; 2) studying the impacts of urban
development and human interaction on the water and
sediment quality; 3) investigation of the water chemistry
in the El-Wadi Drain discharged into the 1  lake water tost

assess the level of environmental pollution.

MATERIALS AND METHODS

Sampling Site Description: Wadi El-Rayan is a great
depression (703 km ) situated in the Western Desert, 402

km southwest of El-Fayum Province. Since 1973, the
depression has been used as a water reservoir for
agricultural drainage water exceeding the capacity of Lake
Qarun. Nowadays, it holds two main lakes, at different
elevations, connected by swampy channel. They lie
between 30° 20´- 30° 25´ E and 29°05´- 29°20´ N (Fig. 1).

The first lake of Wadi El-Rayan covers an area of
about 53 km  at 10 m below the sea level and receives Fig. 1: Map  of  Wadi  El-Rayan  Lakes  showing2

frequent effluent of wastewater from El-Wadi Drain (about sampling sites 
200 million cubic meters of agricultural drainage water are
transported annually) [15]. It is completely filled with field. One additional surface water sample from El-Wadi
water and is surrounded by dense vegetation [16]. The Drain was collected to study its impacts on the lakes
surplus water from this lake floods to the second one via environment.
the shallow connecting channel.

The  2   lake  is  larger than the first one (110 km  at Field Measurements: The electrical conductivity (EC) wasnd            2

18 m below the sea level) with maximum water depth measured using a conductivity meter (S.C.T.33 YSI),
recorded is 33 m. It is changing all the time, where newly transparency by Secchi disc, pH by Orion Research Ion
flooded areas are continuously added at the southwestern Analyzer 399A pH meter and water temperature by an
side of the lake. The inflow water to the second lake ordinary thermometer. CO  and HCO  were measured
varied from 3.66 × 10 m  in July to 17.68 × 10 m  in March titrimetrically on the spot. Also, dissolved oxygen content6 3      6 3

with a total annual of 127.2 × 10 m /year [17]. (DO) was determined by azide modification method as6 3

Sampling and Analysis: Seasonal water and sediments
samples were collected at six sites, representing different Water Analysis: Water samples were analyzed for all
habitats of the lakes during the period from February selected  variables,  according  to  procedures  specified
(winter) to November (autumn) 2006. Six sites (1, 2 & 3) in APHA [18]. Chemical oxygen demand (COD) was
and  (4, 5 & 6) were chosen to represent the 1  and 2 performed by potassium dichromate oxidation andst  nd

lake, respectively (Fig. 1). The water samples were biochemical oxygen demand (BOD) by 5 days incubation
collected from the surface at all sites except for 2 and 5 methods. Chloride was determined by argentometric and
(characterized by high depth), both surface (2S and 5S) sulphate by gravimetric methods. Sodium and potassium
and bottom (2B and 5B) water were sampled. The water were measured directly using the flame photometer model
samples were filled in glass bottles and kept cool on the JENWAY PFP, U.K. Calcium and magnesium were
spot. Sediment samples were collected using an Eckman determined by EDTA titrimetric method. Concentrations
sampling device. At each site three sub-samples of water of nitrite, nitrate, ammonia, orthophosphate (ortho-P) and
and sediments were collected and mixed, to ensure that reactive silicate in water were determined using the
the sample was representative for this site. The sediments colorimetric  techniques  with  formation  of  reddish
were  put  in  air-sealed  plastic  bags and kept  cool in the purple azo-dye, Cd reduction, phenate, stannous chloride

3   3
2-  -

specified in APHA [18].
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reduction and molybdosilicate methods, respectively. quantified  directly  by  indophenol  blue,  modified
Total phosphorus (total-P) was measured as reactive Griess-Hosvay and hydrazine-CuSO  reduction methods,
phosphate after persulphate digestion. Total Fe, Mn, Zn, respectively according to ASA [21].
Cu, Pb and Cd in water were measured after digestion
using an atomic absorption reader (Perkin Elmer 3110 Statistical Analysis: Data of water and sediments
USA) with graphite atomizer HGA-600. samples were tested for significant differences for all

Sediment Analysis: For total metals, sediment samples of  one-way  ANOVA.  Also  the  relationship  between
were allowed to defrost, then were air-dried in a circulating the different studied variables were assigned by
oven at 60°C. A total digestion for one gram sediment was computing the correlation coefficients (r) using Microsoft
carried out according to the method of Jackwerth and Excel (2003).
Würfels [19]. The solutions were directly analyzed for
total Na , K , Ca , Ba , Fe, Mn and Zn by atomic RESULTS+  +  2+  2+

absorption spectrophotometry (Perkin Elmer 3110 USA),
while total Cu, Pb and Cd were analysed by atomic Physical and Chemical Properties of Water: Water
absorption with a graphite atomizer (HGA-600). The temperature exhibited little variance between the sites and
organic matter (OM) content was determined by oxidation reflected the air temperatures, it is varied between 14.18 in
with K Cr O  in acidic media [20]. The carbonate content December to 28.83 °C in August. The water of the 2  lake2 2 7

was determined by the method described in ASA [21]. was  more  transparent  than  the  first  one;  the  entrance
The concentrations  of  exchangeable  ammonia, nitrite of the both lakes (sites 1 & 4) sustained the lowest
and  nitrate  were  measured  using the KCl extraction and transparency values (Table 1). The pH values were always

4

variables  among  different  seasons  and  sites  by  means

nd

Table 1: Ranges of the physical and chemical variables in Wadi El-Rayan Lakes water

Winter Spring Summer Autumn
--------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------

Variable 1  lake 2  lake 1  lake 2  lake 1  lake 2  lake 1  lake 2  lakest nd st nd st nd st nd

EC (mS cmG ) 2.86-3.04 10.28-14.16 2.66-2.95 12.22-16.20 2.20-2.70 6.50-17.60 245-2.68 6.69-13.821

Transparency(cm) 65-170 80-295 65-175 90-275 80-170 60-300 70-175 110-270
TS (g lG ) 1.68-2.22 8.01-11.99 1.85-1.93 8.98-11.74 1.83-1.87 8.64-11.69 1.86-1.99 6.46-11.801

TDS (g lG ) 1.53-1.94 7.28-11.69 1.63-1.70 8.75-11.46 1.75-1.76 7.50-11.44 1.71-1.75 5.58-11.311

pH 8.32-8.53 8.21-8.42 8.40-8.47 8.19-8.21 8.26-8.33 8.26-8.33 8.10-8.47 7.98-8.35
DO (mg lG ) 10.23-11.60 9.40-13.40 7.60-10.40 9.60-12.00 4.40-9.80 8.40-10.40 10.10-12.10 8.92-13.521

COD (mg lG ) 8.22-9.29 4.62-5.32 6.00-8.00 7.60-8.80 4.36-6.12 3.52-5.08 6.52-8.84 3.92-7.641

BOD (mg lG ) 4.68-4.82 3.96-4.69 3.40-4.30 2.40-4.00 3.40-4.92 2.08-4.80 4.68-5.72 2.76-5.521

CO (mg lG ) 17.20-20.00 16.20-24.20 16.00-36.00 20.00-44.00 4.00-28.00 8.00-28.00 16.00-20.00 12.00-24.003
2-  1

HCO  (mg lG ) 152.0-158.0 127.8-204.0 128.0-152.0 172.0-328.0 136.0-172.0 152.0-168.0 152.0-164.0 152.0-172.03
-  1

Cl  (g lG ) 0.729-0.886 1.884-2.961 0.450-0.535 1.110-1.400 0.510-0.530 1.250-3.299 0.449-0.529 2.275-4.540-  1

SO  (g lG ) 0.212-0.231 0.509-0.614 0.505-0.575 1.134-1.252 0.480-0.507 0.817-1.262 0.419-0.606 1.012-1.2374
2-  1

Na  (mg lG ) 500.1-529.0 752.30-887.64 335.13-434.76 746.34-841.50 326.07-407.59 483.07-820.61 324.26-405.78 601.42-827.86+  1

K  (mg lG ) 19.16-21.65 64.25-96.25 18.92-24.42 62.70-80.30 16.50-22.00 33.00-71.50 16.50-22.44 44.00-68.64+  1

Ca  (mg lG ) 52.14-66.3 88.18-144.29 48.10-52.1 152.3-176.35 33.67-44.89 109.32-126.95 44.09-56.11 104-168.342+  1

Mg  (mg lG ) 48.62-82.65 277.13-377.2 75.36-87.52 254.93-393.82 71.47-75.85 217.33-495.44 121.55-158.02 272.27-505.652+  1

NO  (µg lG ) 46.38-89.25 24.36-39.96 18.86-92.57 14.86-26.86 15.43-20.57 20.57-61.42 29.14-109.14 13.14-36.003
-  1

NO  (µg lG ) 33.25-62.34 6.05-17.38 13.22-132.23 10.20-13.60 2.27-11.33 5.67-90.34 12.09-26.07 7.56-16.252
-  1

NH  (µg lG ) 425.3-801.6 198.2-310.5 345.0-1014.0 168.0-402.0 216.0-1740.0 69.0-222.0 597.0-861.0 180.0-498.03
1

Ortho-P (mg lG ) 0.084-0.137 0.051-0.062 0.088-0.158 0.071-0.104 0.085-0.159 0.055-0.084 0.102-0.192 0.048-0.0961

Total-P (mg lG ) 0.529-2.254 0.283-0.567 0.400-0.639 0.369-0.556 0.344-0.721 0.434-0.859 0.308-0.409 0.205-0.4461

SiO  (mg lG ) 1.60-2.88 2.65-3.83 3.32-5.79 5.38-9.16 4.25-4.57 3.55-5.06 0.47-1.42 1.60-2.333
2-  1

Fe (µg lG ) 315-831 380-822 361-1502 465-828 275-767 323-387 345-422 340-4931

Mn (µg lG ) 32-122 30-104 39-102 55-154 15-65 30-50 22-57 42-541

Zn (µg lG ) 44.0-96.1 52.0-100.0 72.0-81.0 56.0-98.0 29.1-40.0 35.2-48.0 45.0-98.2 55.0-69.01

Cu (µg lG ) 11-24 13-19 43-70 59-73 8-10 18-23 24-54 44-521

Pb (µg lG ) 45-86 47-83 110-135 93-129 38-80 64-97 95-129 82-1361

Cd (µg lG ) 8-15 9-20 22-53 39-71 11-20 11-24 19-51 51-61 1
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Fig. 2: Multiple box and whisker plots of nutrient salts in lakes water. The central box covers the middle 50% of the data
values, between the lower and upper quartiles, while the central point represents the median

in the alkaline side with small local differences without The average concentrations of ortho-P, nitrite, nitrate
seasonal variations. There was an observed increase in
EC, TDS and TS in the 2  lake in comparison with the 1nd      st

one. In the 2  lake the TDS and TS were usually low innd

the northern area (site 4). The minimum values of DO were
recorded in the bottom samples of the deepest stations of
the two lakes (2B, 5B). The COD and BOD showed high
values in the 1  lake compared with the 2 , withst     nd

significant (P<0.05) seasonal variations at the both lakes.
The anions analysis, showed high chloride and sulphate
concentrations in comparison with carbonate and
bicarbonate (Table 1). The carbonate values showed large
amplitude with random distribution along different
seasons and sites. The dominant anions (Cl  and SO )-  2-

4

and major cations (Na , K , Ca  and Mg ) showed higher+  +  2+  2+

concentrations in the 2  lake than the 1  and governednd    st

mainly  by  the  intrusion  of drainage water through the
El-Wadi Drain. On a mass basis, the sodium ion was the
dominant  cation  contribute  71  & 57% for 1  and 2st  nd

lakes, respectively,  followed  by  Mg   (16  &  28  %)  and2+

Ca   (9  &  10%),  while  K   showed  the less percentage2+          +

(4 & 5%).

and ammonia in the 1  lake sites showed slight increasest

compared with the 2  lake (Fig. 2). Conversely, thend

concentrations of silicate showed high values in 2nd

compared with the 1 lake; relatively increase during hotst 

seasons in the two lakes. The variations in Fe
concentration showed irregular distribution patterns
among sites and seasons for the 1  lake, where thest

maximum values were recorded at the surface of site 2
(1502 µg lG ) in spring. Mn concentrations showed1

significant (P<0.05) seasonal trends in the six sites with
slight increase in spring especially in the 2  lake, where,nd

the maximum values were recorded in surface and bottom
water at site 5 (154 and 153 µg lG , respectively). Zinc1

concentrations  showed  a  wide  range  of  variations,
where sites 1 (40.0-98.2 µg lG ) and 4 (48.0-100.0 µg lG )1      1

maintained the highest values. Copper and lead showed
a wide range of variations with high significant (P<0.01)
seasonal trends. The two elements showed the highest
values in spring and autumn. The average cadmium
concentrations  for  all  sites   showed   high   values   in
the 2 lake with significant (P<0.05) seasonal variationnd 

compared with the 1 .st
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Table 2: Summary of sieve test results for Wadi El-Rayan Lakes sediment samples 

Very coarse Coarse Medium Fine Very fine

Site Depth (m) Gravel* % sand*% sand*% sand*% sand*% Sand*% Mud* % Nomenclature

1 4.5 1.60 0.70 0.30 0.91 10.20 26.69 59.60 Gravelly sandy mud

2 15.0 0.00 0.00 0.00 0.70 5.46 32.46 61.38 Sandy mud

3 5.0 2.70 5.78 16.03 30.01 22.49 12.27 10.72 Gravelly muddy sand

4 6.0 0.00 0.00 0.00 0.00 19.05 31.44 49.51 Muddy sand

5 21.0 0.82 0.60 0.40 4.20 22.10 29.88 42.00 Gravelly muddy sand

6 8.0 15.40 3.18 13.06 32.09 24.68 7.48 4.11 Muddy gravelly sand

* Personal communication with Mr. Hassan Farahat (NIOF) 

Table 3: Site variations of the studied variables in Wadi El-Rayan Lakes sediment

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

----------------------------- ----------------------------- ------------------------------ ------------------------------ ------------------------------ ------------------------------

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Variable Range n=4 Range n=4 Range n=4 Range n=4 Range n=4 Range n=4

OM (%) 9.26-11.03 9.88±0.82 4.76-8.68 7.49±1.83 1.35-6.08 3.97±2.26 4.59-7.30 5.72±1.32 2.18-8.46 5.32±2.59 0.55-2.27 1.56±0.84

Carbonate (%) 21.36-30.24 26.64±3.87 29.18-43.57 36.15±6.83 22.54-42.30 32.41±9.61 25.74-33.24 29.63±3.08 21.46-28.72 24.89±3.07 19.67-29.11 24.14±3.90

NO  (µg gG ) 2.31-6.23 3.84±1.75 2.74-5.89 4.55±1.45 9.06-15.37 12.98±2.90 6.89-26.00 12.71±8.92 2.03-11.00 5.16±4.10 2.46-16.17 8.04±5.793
-  1

NO  (µg gG ) 0.340-0.453 0.397±0.056 0.397-1.492 0.845±0.484 0.302-2.569 1.185±0.992 0.264-1.326 0.752±0.442 0.189-1.039 0.482±0.389 0.302-0.718 0.523±0.1722
-  1

NH  (µg gG ) 103.9-339.2 241.7±116.0 101.9-318.4 208.2±102.0 72.8-235.1 153.7±81.1 74.5-238.4 160.2±83.2 83.9-248.3 170.9±83.4 31.4-142.4 86.7±46.83
1

Na  (mg gG ) 20.35-34.00 28.58±6.06 20.35-35.34 29.18±6.45 25.70-34.27 31.06±3.71 23.56-42.84 32.93±9.23 20.35-49.26 31.24±12.65 21.25-40.25 29.83±8.02+  1

K  (mg gG ) 4.27-8.50 5.88±1.84 3.59-8.08 6.27±1.90 4.05-12.07 7.90±3.34 3.04-11.98 7.28±4.00 3.96-12.13 7.09±3.70 3.00-6.67 4.47±1.58+  1

Ca  (mg gG ) 113.0-245.0 162.5±62.1 129.9-490.0 264.8±160.9 126.7-270.0 215.3±64.0 108.0-413.2 239.8±148.2 97.0-284.4 169.2±83.9 104.9-177.1 140.4±38.22+  1

Ba  (mg gG ) 34.44-45.33 40.87±4.99 48.66-97.21 69.80±20.65 46.66-61.11 53.61±6.50 52.77-68.33 60.27±6.92 30.25-68.88 47.14±16.21 27.78-54.44 40.00±13.142+  1

Fe (mg gG ) 2.525-2.996 2.834±0.215 2.510-2.960 2.729±0.187 1.876-2.777 2.446±0.396 2.436-2.895 2.723±0.200 1.388-2.995 2.502±0.752 1.258-2.458 1.900±0.5171

Mn (µg gG ) 868-1560 1197.5±315 593-1179 779.3±273.9 515-659 602.0±67.3 433-1010 658.8±260.1 424-990 646.8±256.5 99-391 198.3±134.61

Zn (µg gG ) 96-369 250.3±135.5 86-344 161.8±122.5 55-314 139.8±119.1 86-177 135.3±39.1 49-166 131.5±55.8 28-152 76.0±57.21

Cu (µg gG ) 47-91 71.5±18.6 30-44 36.3±6.1 19-31 25.3±5.7 15-58 33.0±19.6 14-46 28.3±13.7 9-14 11.3±2.21

Pb (µg gG ) 17-95 60.8±34.7 17-66 42±21.5 9-35 23.5±11.0 11-56 37.8±19.1 10-68 38.8±23.7 9-40 28.8±13.81

Cd (µg gG ) 4-23 11.0±8.4 4-19 9.0±6.8 3-10 5.8±3.0 3-9 6.5±2.5 2-8 6.0±2.8 2-8 5.5±2.61

Sediment Analysis: Sand and finer materials were The dominant species of nitrogen in lakes sediment
predominated along most sites of the two lakes, except for is ammonia that shows a similar pattern to nitrite, but at
the south side of the 2 lake (Table 2). overall very high levels (Table 3). Ammonia showed highnd 

The amount of OM present in sediment samples significant (P<0.01) seasonal trends with concentration
varied spatially (P<0.01) throughout the catchment's. OM maxima  usually  recorded at site 1. The lakes sediments
content recorded high values at the entrance of El-Wadi are slightly enriched in Ca , Ba , Na  and K . Significant
Drain  effluent,  where  the  average  values  varied from differences (P<0.05) were found for levels of Ca , Na and
3.97 % (site 3) to 9.88 % (site 1) in the 1  lake. Carbonate K  between the seasons. Generally the highest values ofst

content for lake sediment showed significant (P<0.05) Na  and K  were recorded during winter, while Ca
temporal variations and some spatial variation (P=0.084), showed maxima concentrations in hot and minima in cold
where summer and autumn showed the highest values. seasons. By evaluating the results obtained on a mass
The average carbonate concentration showed higher basis, it seems that the concentrations of studied
values  in  the  1   lake  in  compared  with the 2  lake elements in Wadi El-Rayan sediment showed thest          nd

(Table 3). Higher values of nitrate (<10 µg gG  for most proportions: Ca  > Ba > Na > K . Gradual decrease from1

sites)  are  recorded  in   the  lakes sediment than nitrite site 1 to 3 were noted for the levels of Mn, Zn, Cu, Pb and
and showed significant (P<0.05) site variations with Cd, which showed high values in the 1  lake compared
some seasonality (P=0.13), where winter and autumn with the 2  (Fig. 3). Fe concentrations showed some
maintained the highest values. The nitrite-nitrogen variability among sites (P=0.06) and seasons (P=0.09). Mn
concentrations are mostly very low (<1 µg gG ) for most concentrations showed high variability among sites1

sites and showed significant (P<0.05) seasonal trends, (P<0.01) with no significant seasonal variation, where the
where winter and spring registered the lowest values. highest  values  were recorded in winter at the two lakes.
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Fig. 3: Multiple box and whisker plots of trace metals in lake sediment. Details as given in Fig. 2.

Table 4: The   physical   and   chemical   variables   for   water  samples
in El-Wadi drain effluent

Variable Winter Spring Summer Autumn
TS (g lG ) 6.770 1.280 2.598 2.1261

pH 8.09 8.20 7.55 8.62
DO (mg lG ) 10.00 10.4 5.6 10.621

COD (mg lG ) 6.98 7.80 6.32 6.041

BOD (mg lG ) 7.25 9.90 6.12 5.061

CO (mg lG ) 3.0 6.0 8.0 2.03
2-  1

HCO  (mg lG ) 232.0 229.0 225.0 230.03
-  1

Cl  (mg lG ) 2425 699 659 1161-  1

SO  (mg lG ) 420 722 639 5364
2-  1

Na (mg lG ) 870.5 260.2 431.2 361.91

K (mg lG ) 41.03 19.54 26.38 22.191

Ca (mg lG ) 234.01 152.12 89.87 195.841

Mg (mg lG ) 212.1 104.00 76.10 194.121

NO  (µg lG ) 696.2 356.1 595.6 682.23
-  1

NO  (µg lG ) 409.1 400.5 58.54 111.52
-  1

NH  (µg lG ) 505 1068 323 3013
1

Ortho-P (mg lG ) 0.602 0.311 0.345 0.4111

Total-P (mg lG ) 1.626 0.813 1.194 1.2311

SiO  (mg lG ) 4.60 10.20 5.79 3.803
2-  1

Fe (µg lG ) 529 1629 409 4451

Mn (µg lG ) 30 65 34 391

Zn (µg lG ) 88 51 49 611

Cu (µg lG ) 33 66 25 321

Pb (µg lG ) 120 77 80 961

Cd (µg lG ) 13 9 11 14 1

Marked seasonal differences in sediment concentrations
were exhibited by Zn and Cd at the two lakes (P<0.05),
where autumn showed the minimum values and winter
showed the maximum values. Concentration maxima
usually occurred at sites 1 and minima at site 3. However,
site 6 persistently had the lowest metal levels when
differences in sediment texture between locations were
taken into account. Cu concentrations showed high
significant (P<0.01) site variations, but don't showed any
temporal variations. The concentrations of Cu were
highest at site 4 for the 2 lake and clearly peaking at sitend 

1 for the 1  lake. Pb showed high significant (P<0.01)st

temporal variation without spatial variation, where autumn
recorded the lowest values in the two lakes.

Water chemistry of El-Wadi Drain: The results revealed
that the effluent of El-Wadi Drain contained low total
solid and sulphate values especially in winter, while
chloride concentrations recorded the highest value in
winter (Table 4). The pH values of the drain effluent were
alkaline. However, bicarbonate showed higher values than
that recorded in 1  lake, The drain effluent are slightlyst
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enriched in Na , K , Ca  and Mg  where the order of+  +  2+  2+

abundance on a mass basis was Na  > Ca  > Mg  > K .+  2+  2+  +

The data from the drain effluent compared with the 1 lakest 

data suggest a massive input of nutrients.

DISCUSSION

A preliminary assessment of water of the two lakes
showed that the concentrations of metallic and non-
metallic elements in the 2  lake water are higher than thend

1 . The concentration of major cations and anions in thest

1  lake are controlled by the intrusion of drainage waterst

through El-Wadi Drain [1]. The rate of evaporation and
the amount of water discharged from the 1  lake are thest

main factors control these concentrations in the 2  lakend

[22].  Due  to  the  increase  in  waste  disposal  to  Wadi
El-Rayan Lakes, TDS levels show a progressive increase,
particularly at the 2  lake. TDS had been slightlynd

increased in the 1  lake (1.74 g lG ) than those recorded byst    1

Rabih  [23] and Konsowa and Abd Ellah [11] (1.52 and
1.43 g lG , respectively). The 2  lake undergoes an1    nd

obvious increase (average: 10.09 g lG ) than those1

reported by Saleh et al. [8], Ramadan and El-Shabrawy
[24]; Konsowa [25]; Abd Ellah [17] and Abd Ellah and
Konsowa [12] (2.40, 2.50, 4.20, 4.63 and 5.68 g lG ,1

respectively). Accordingly, the lakes may be salinized in
a short period, particularly the second lake, which may
lead to a steady change in its fauna and flora. This is
confirmed by the results of El-Shabrawy [15] and
Konsowa [26], who reported that the macrobenthos and
phytoplankton assemblages in the 2  Wadi El-Rayannd

Lake sustained great changes.
The  increase  in  the  average  concentrations  of

ortho-P, total-P, nitrite, nitrate and ammonia in the 1  lakest

sites and at site 4 through the whole study period may be
due to the sewage discharge from El-Wadi Drain which
also, reached the 2  lake via connecting channel. Thesend

results are in agreement with the findings of Aboul-Ela
and Khalil [9]; Saleh et al. [8] and Abd El-Karim [22], also
these finding confirmed by the finding of Konsowa and
Abd Ellah [11], Abd Ellah and Konsowa [12] and
Konsowa [26], who showed that the phytoplankton was
much abundant in the 1  lake than the 2 . Silicate showedst    nd

an opposite trends, where the 2  lake harbored thend

highest numerical density of diatoms than the 1 lake [26].st 

The water from Wadi El-Rayan Lakes appeared to
have detectable concentrations of iron, manganese, zinc,
copper, lead and cadmium. The obtained results indicated
that the selected metals in the 2  lake revealed highernd

concentrations  than  the  1   according to the increase inst

Table 5: Water quality guidelines of metals (µg lG ) for freshwater and1

saltwater according to USEPA [28]

Freshwater* Saltwater Present results

------------------------ ------------------------ ------------------------------------

Metal Chronic Acute Chronic Acute 1  lake 2  lakest nd

Zn 340 340 86 86 29.1-98.2 35.2-100.0

Cu 26 44 3.7 5.8 7.5-65 13-73

Cd 5.6 17 8.8 40 8-53 9-61

Pb 9.5 240 8.5 220 38-135 47.0-136.4

*The guidelines were calculated at total hardness 350 mg lG1

salt concentration, where the competition increases
between the cations and metals for binding sites on
sediment and as a result metals are driven off into the
overlying water [27]. These results are in agreement with
the finding of Mansour and Sidky [2], who reported that
the 2  water lake was more contaminated by trace metalsnd

and pesticides than the first. The present results showed
elevated zinc concentrations during all seasons at sites 1
and 4 and sometimes exceeding the chronic guideline
cited by USEPA [28] for salt water (Table 5), where Zn are
mainly associated with fertilizers and pesticides [29].
However,  all  Pb  and  Cd  water  concentrations in the
two lakes showed higher levels than chronic guidelines
(Table 5). All the above recorded results can often be
attributed to contamination of the drainage water by the
domestic municipal waste [2,30]. Where, Cd is present as
an impurity in several products, including phosphate
fertilizers and detergents [31]. However, many samples
contained Cu concentrations exceeding the fresh and
saltwater chronic guidelines. This can often be attributed
to contamination of the drainage water by Cu, where the
agricultural materials are considered one of the main
sources of Cu [32]. Accordingly, the lakes water was
polluted by trace metals and acts as a slow poison and
adversely affects the ecology and thereby harming the
flora and fauna and the natural inhabitat. The positive
correlations (n=16, P<0.05) between concentrations
Fe/Mn, Cu/Pb, Cu/Cd and Pb/Cd in the 1  (r=0.60, 0.88,st

0.79 & 0.86, respectively) and 2  lakes (r=0.63, 0.78, 0.88nd

& 0.87, respectively) indicated their common origin
(agricultural pesticides) [30].

Sediments play an important role in the physical
movement,   chemical   partitioning   and   biological   fate
of trace metals [27,33]. Since most anthropogenic
contaminants  (those  associated   with  human  activity)
are also associated with clay and silt fractions, the
establishment of elevated concentrations of trace metals
in sediments can play a key role in detecting the impacts
of urbanization and the sources of pollution in aquatic
systems [34,35].
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Table 6: Quality guidelines of metals (µg gG ) for freshwater and marine1

sediment

Freshwater Marine

(MacDonald et al.[41]) (USEPA [40]) Present results

------------------------------- --------------------------- -------------------------

Metal Chronic Acute Chronic Acute 1  lake 2  lakest nd

Zn 123 315 124 271 55-369 28-177

Cu 35.7 197 18.7 108 19-91 9-58

Cd 0.6 3.5 0.68 4.21 3-23 2-9

Pb 35 91.3 30.2 112 9-95 9-68

The sharp decrease in OM from north to south in the
two lakes is related to variations in the quantity and the
ability of organic material to move with the sediment
within  the  sedimentation  process  downstream.   The
role of OM and sediment grain size in relation to the
accumulation of trace metals to the sediment has often
been emphasized [36]. These were confirmed by the
significant correlation (n=24, P<0.05) between OM and
each of Fe, Mn, Zn, Cu, Pb and Cd (r=0.6, 0.77, 0.43, 0.76,
0.60 and 0.43, respectively). Also, the increases in trace
metals concentrations tend to be associated with finer
grained sediments and this can be seen in that the higher
trace metals concentrations are found at the sites where
finer sediments occur. These also were confirmed by the
positive correlation (n=6, P<0.05) between each of Fe,
Mn,  Cu  and  Pb with the percent of fine sand (r=0.55,
0.52, 0.46, & 0.33, respectively) and mud (r=  0.57,  0.65,
0.63 & 0.43).

The influence of flow of drainage effluent in the 1st

lake and the amount of water released to the 2  lake willnd

enhance the spatial and temporal variations in sediment
chemistry, with turbulence encouraging oxygenation of
the sediment-water interface and influencing rates of
sediment nutrient retention and release [37]. Ammonia
seemed to be released in greater levels than nitrate and
nitrite and clearly showing the overall reducing nature of
the bottom sediments. Previous studies performed in a
variety of trophic status water bodies have shown that
greater amounts of nitrogen (NO ) and ammonium (NH )3    4

-    +

are released from sediments under anaerobic conditions
as compared to those of aerobic [6,38]. The present study
revealed that positive correlation (n=24 at P<0.05) was
exist between exchangeable ammonia and OM (r=0.61),
where the decomposition of deposited organic material
releases inorganic N compounds which may be returned
to the water column [3].

Based on the observed associations, iron and
manganese oxides beside OM seem to be the principal
carrier  phases  for transporting the selected metals. These

were  confirmed  by  the significant positive correlation
(n= 24 at P<0.05) between each of Zn, Cu, Pb and Cd with
Fe (r=0.54, 0.50, 0.60, & 0.50) and Mn (r= 0.70, 0.91, 0.60 &
0.67, respectively). Contamination of surface sediments by
trace metals is of potential ecological importance as the
sediment-water interface serves as habitat for often
abundant and diverse communities [39]. Toxic effects on
benthic organisms resulting from trace metals pollution
may alter community structure and in turn affect the
aquatic ecosystem as a whole [13]. To identify chemicals
of potential concern in the lakes sediments, the results
were compared to sediment quality guidelines from
various sources (Table 6) [40,41]. The levels of Zn, Cu and
Pb in most sites exceeded those at which an adverse
effect  on  benthic  aquatic  life  might  be expected
(chronic  values). However, Cd levels in most sites were
an order of magnitude more than the acute value. The
presence of high metals levels may originate from diffuse
anthropogenic inputs from agriculture wastes which were
confirmed by the increase in their average concentrations
in 1  lake compared with the 2  lake. In addition, thest     nd

presence  of these metals in the aquatic ecosystem has
far-reaching implications directly to the biota and
indirectly to man [42].

It could be concluded that the discharged
wastewaters via the El-Wadi Drain contain compounds
that can have a detrimental impact on the lakes
environment and cause rapid increase in the salinity level,
particularly at the 2  lake. Therefore, more investigationsnd

and great efforts must be done to find solutions for
minimize the increase in salinity and pollutants in this
important natural protectorate.

ACKNOWLEDGEMENT

The authors wish to express their deepest grateful to
Prof. Dr. Mohamed Basuni, Dr. Radwaan Abd-Ellah and
Mr. Hassan Farahat for their kind helps.

REFERENCES

1. Ali,  M.H.H.,  A.A.  Abdel-Tawab,  A.M.  Ali  and
G.G. Soliman, 2007. Monitoring of Water Quality and
Some Pollutants of Man-Made Lake (Wadi El-Rayan
First Lake, Egypt). Egyptian Journal of Aquatic
Biology and fisheries, 11(3): 1235-1251.

2. Mansour,  S.A.   and   M.M.   Sidky,   2003.
Ecotoxicological Studies. 6. The First Comparative
Study Between Lake Qarun and Wadi El-Rayan
Wetland (Egypt), with Respect to Contamination of
their Major Components. Food Chem., 82: 181-189.



Am-Euras. J. Agric. & Environ. Sci., 5 (1): 53-62, 2009

61

3. Morse, J.L., J.P. Megonigal and M.R. Walbridge, 13. Mendil,  D.  and  O.D.  Uluözlü,  2007.  Determination
2004. Sediment Nutrient Accumulation and Nutrient
Availability in Two Tidal Freshwater Marshes along
the Mattaponi River, Virginia, USA.
Biogeochemistry, 69: 175-206.

4. Morris, J.T. and P.M. Bradley, 1999. Effects of
Nutrient Loading on the Carbon Balance of Coastal
Wetland Sediments. Limnology and Oceanography,
44(3): 699-702.

5. Verhoeven,   J.T.A.,     W.     Koerselman     and
A.F.M. Meuleman, 1996. Nitrogen- or Phosphorus-
Limited Growth in Herbaceous, Wet Vegetation:
Relations  with  Atmospheric Inputs and
Management Regimes. Trends in Ecology Evolution,
11(12): 494-497.

6. Liikänen,   A.,     T.     Murtoniemi,      H.   Tanskänen,
T. Vaeisaenen and P.J. Martikäinen, 2002. Effects of
Temperature and Oxygen Availability on Greenhouse
Gas and Nutrient Dynamics in sediment of a
Eutrophic     Mid-boreal     Lake.     Biogeochemistry,
59: 269-286.

7. Saleh, M.A., E. Ewane, J. Jones and B.L. Wilson,
2000. Monitoring Wadi El Raiyan Lakes of the
Egyptian   Desert    for    Inorganic   Pollutants  by
Ion-Selective   Electrodes,    Ion    Chromatography
and Inductively Coupled Plasma Spectroscopy,
Ecotoxicology and Environmental Safety, 45: 310-316.

8. Saleh, M.A., M. Fouda, M.A. Saleh, M. Abdel-Latif
and B. Wilson, 1988. Inorganic Pollution of the Wadi
El  Raiyan  Lakes  in Egypt and its Impact on their
Fish and Wildlife. Archives of Environmental
Contamination and Toxicology, 17: 391-403.

9. Aboul-Ela, I.A. and M.T. Khalil, 1988. Ecological
studies on Wadi El-Rayan, a new lake in Egypt:
Physico-chemical environment. Egyptian Journal of
Wildlife and Natural Resources, 7: 35-45.

10. Anon, 1998. Fish Resources Development of Wadi
El-Rayan Lakes. Final Report presented to Academy
of Scientific Research and Technology, Egypt
(ASRT) (201 pp).

11. Konsowa, A.H. and R.G. Abd Ellah, 2002. Physico-
chemical Characteristic and their Effects on
Phytoplankton Community in Wadi El-Rayan Lakes,
Egypt: I- Upper Lake. Journal of Egyptian Academic
Society for Environmental Development, 3(2): 1-27.

12. Abd  Ellah,  R.G.  and  A.H.  Konsowa,  2002.
Physico-chemical characteristic and their effects on
phytoplankton community in Wadi El-Rayan lakes,
Egypt: II- Lower Lake. Journal of Egyptian Academic
Society for Environmental Development, 3 (2): 29-51.

of  trace  metal  levels in sediment and five fish
species from lakes in Tokat, Turkey. Food Chemistry,
101: 739-745.

14. Binning, K. and D. Baird, 2001. Survey of heavy
metals in the sediments of the Swartkops River
Estuary, Port Elizabeth  South  Africa.  Water  SA,
27(4): 461-466.

15. El-Shabrawy, G.M., 2007. Community structure and
abundance of macrobenthos in Wadi El-Rayan Lakes
(El-Fayoum, Egypt). African Journal of Biological
Science, 3(1): 113-125.

16. Saleh, M.A., 1985. Ecological investigation of
inorganic pollutants in El-Faiyum and El-Raiyan
aquatic  environment  Supreme  Council  of
Universities, FRCU, Rep. pp: 1- 54.

17. Abd-Ellah, R.G., 1999. Physical limnology of El-
Fayoum depression and their budget. Ph. D. Thesis.
Faculty of Science, South Valley University (140pp).

18. APHA (American Public Health Association), 1995.
Standard methods for the examination of water and
wastewater, New York pp: 1193.

19. Jackwerth,     E.         and       M.      Würfels,    1994.
‘Der Druckaufschluß - Apparative Möglichkeiten,
Probleme und Anwendungen’, Ed. Stoeppler M.,
Probennahme und Aufschluß, Springer-Verlag,
Berlin. pp: 121-138.

20. Jackson, J.F.C., A.E. Nevissi and F.B. Dervalle, 1984.
Soil Chem. Analysis, Prentice Hall inc. Engle Works
Cliffs, New Jersey pp: 498.

21. ASA; American Society of Agronomy, 1982.
Methods of Soil analysis. Part 2, Chemical and
microbiological properties. 2  ed. Madison,nd

Wisconsin, USA.
22. Abd El-Karim, M.S., 2004. Ecological Studies on

Periphytic Algal Communities in Wadi El-Rayian
Lakes. Ph.D Thesis, Botany Department, Girls
College, Ain-Shams Univ., Egypt pp: 218.

23. Rabeh, S.A., 1993. Bacteriological studies on Wadi
El-Rayan Lake, Faiyum Egypt. M.Sc. Thesis, Faculty
of Science, Tanta Univ., Egypt.

24. Ramadan, S.E. and G.M. El-Shabrawy, 1992.
Ecological of rotifera in Wadi El-Rayan, Bulletin of
National Institute of Oceanography and fisheries,
Egypt, 19: 277-305. 

25. Konsowa, A.H., 1996. Ecological studies on
phytoplankton and productivity in the second Wadi
El-Rayan Lake. Ph.D. Thesis, Botany Department,
Girls College, Ain-Shams Univ., Egypt, pp: 152. 



Am-Euras. J. Agric. & Environ. Sci., 5 (1): 53-62, 2009

62

26. Konsowa, A.H., 2007. Trophic Status and 35. Pertsemli, E. and D. Voutsa, 2007. Distribution of
Phytoplankton Community Structure in Wadi El- Heavy  Metals  in  Lakes Doirani and Kerkini,
Rayian Lakes, Western Desert, Egypt. Egyptian Northern Greece, Journal of Hazardous Materials,
Journal of Phycology, 8: 53-66. doi:10.1016/j.jhazmat.2007.03.019.

27. Elith, M. and S. Garwood,  2001.  Investigation  into 36. dos Reis, A.R., A. Parker, J. Carter and M.P. Ferreira,
the Levels of Heavy Metals Within Manly Dam 2005. Distribution of Selected Heavy Metals in
Catchment. In: Freshwater Ecology Report 2001, Sediments of the Águeda River (Central Portugal).
Department of Environmental Sciences, University of Journal  of  Environmental  Science  and  Health,
Technology, Sydney. 40(2): 305-316. 

28. USEPA (US. Environmental Protection Agency), 37. Johnston, B. and D. Minnaard, 2003. Sediment
1999. National Recommended Water Quality Nutrient Release Within the Manly Lagoon
Criteria—Correction. United States Environmental Catchment. In: Freshwater Ecology Report 2003,
Protection  Agency  EPA  822-Z-99-001  pp:  25. Department of Environmental Sciences, University of
(http://www.epa.gov/ostwater/pc/revcom.pdf). Technology, Sydney.

29. Abdel-Satar,  A.M.,  A.A.  Elewa,  A.K.  Mekki  and 38. Takita,  C.S.   and   R.E.   Edwards,  2001.  Nutrients
M.E. Goher, 2003. Some Aspects on Trace Elements and Suspended Sediment Transported in the
and Major Cations of Lake Qarun Sediment. Egypt. Susquehanna River Basin, 2000 and Trends, January
Bulletin   Faculty   of   Science,   Zagazig  University, 1985 through December 2000, Susquehanna River
25: 77-97. Basin Commission (Publication No. 218E) pp: 53.

30. Abdel-Satar, A.M., M.F. Sayed and M.E. Goher, 39. Campbell, P.G. and A. Tessier, 1991. Biological
2007. Environmental Assessment of Water and Availability of Metals in Sediments: Analytical
Sediment of Lake Qarun, Egypt. International Journal Approaches. In trace Metals in the Environment. Ed.
of Lakes and Rivers, 2(1): In press. Vernet J.P., Heavy Metals in the Environment,

31. Greaney, K.M., 2005. An assessment of Heavy Elsevier, Amsterdam, pp: 161-174.
Metals Contamination in the Marine Sediments of 40. USEPA  (US.  Environmental  Protection  Agency)
Las Perlas Archipelago, Gulf of Panama. M.Sc. 1997. The Incidence and Severity of Sediment
thesis, Heriot-Watt University, Edinburgh pp: 114. Contamination in Surface Waters of the United

32. Cousins,  T.M.,  D.B. Mulquin and J.L. Pickering, States, volume 1-National Sediment Survey:
2002. Survey of Heavy Metals in Sediments of the Washington, D.C., Report 823-R-97-006, various
Manly Lagoon Catchment. In: Freshwater Ecology pagination.
Report 2002, Department of Environmental Sciences, 41. MacDonald,  D.D.,  C.G.  Ingersoll  and T.A. Berger,
University of Technology, Sydney. 2000.   Development   and   Evaluation  of

33. Onyari,  M.J.,   A.W.   Muohi,   G.   Omondi   and Consensus-based Sediment Quality Guidelines for
K.M. Mavuti,, 2003. Heavy Metals in Sediments from Freshwater Ecosystems. Archives of Environmental
Makupa and Port-Reitz Creek Systems: Kenyan Contamination and Toxicology, 39, 20-31.
Coast. Environment International, 28(7): 639-647. 42. Awofolu,  O.R.,  Z.  Mbolekwa,  V.  Mtshemla  and

34. Förstner, U. and G.T.W. Wittmann, 1983. Metal O.S. Fatoki, 2005. Levels of Trace Metals in Water
Pollution in the Aquatic Environment. Springer- and Sediment from Tyume River and Its Effects on an
Verlag New York. 2  ed. Irrigated Farmland. Water SA, 31(1): 87-94.nd


