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ABSTRACT 
 
 Wetlands of El-Bardawil and El-Burullus territories were recognized, in the current study, in groups 
according to their actual land use aiming at evaluating the heavy metals status of these wetlands under their 
present conditions. Some twenty soil profiles and two auger holes covering both study areas were investigated 
and analyzed. The obtained data showed that heavy metal contents of the wetland sabkhas with shallow 
watertable were higher than those with deep watertable. Moreover, the heavy metals status of the wetlands with 
deep watertable was, generally, comparable with that of the present wetlands. Mostly, the reclaimed and 
cultivated wetlands had higher heavy metal contents than the present wetlands, mainly due to the irrigation 
water. The heavy metal contents of El-Burullus Lake water were higher than those of El-Bardawil Lake due to 
the high anthropogenic activities around the first. It is recommended to conserve the wetlands as natural 
preserve rather than to be used for agricultural purposes, especially with doubtful quality and quantity of 
irrigation water. 
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Introduction 
 
 Almost every country in the world possesses a wetland of various geomorphological features. Some are 
seasonally aquatic, some are seasonally terrestrial. All play a vital role for humans and nature alike. They take 
many forms including marshes, estuaries, mudflats, ponds, fens, swamps, deltas, coral reefs, lagoons, shallow 
seas, bogs, lakes, and floodplains. 
 National Research Council (1995), defined the wetland as an ecosystem that depends on constant or 
frequent, shallow inundation or water saturation at or near the surface of the land. Common diagnostic features 
of wetlands are hydric soils and hydrophytic vegetation. 
 Ramsar (2004), developed an international definition to determine the wetlands which come under its 
protection. Accordingly, wetlands are defined as areas of marsh, fen, peatland or water whether natural or 
artificial, permanent or temporary, saturated with water that is static or flowing, fresh, brackish or salt. 
 Wetlands are commonly found at floodplains edges, lacustrine plain (playas) and artesian spring areas. 
Many of them in dry climates have formed under high evapotranspiration rates coupled with low effective 
precipitation, which concentrates salts in the soils of these wet areas, (Boettinger and Richardson, 2000). 
 Coastal wetlands are found in the areas between land and open sea that are not influenced by rivers such as 
shorelines, beaches, mangroves and coral reefs. 
 Both, El-Bardawil and El-Burullus Lakes in Egypt were included in the list of Wetlands of International 
Importance or Ramsar Sites since 1971, (Ramsar, 2004).  
 El-Burullus Lake, despite being declared a protectorate, has lost an estimated 37 percent of its open-water 
area and 85 percent of its marsh area in the past 40 years, largely as a result of ongoing draining and reclamation 
of the lake’s eastern, western and southern margins. The situation is compounded by the fact that the water 
quality in what remains of this lake has been seriously compromised through the systematic discharge of waste 
into it. Therefore, it could be stated that it is as most of northern Delta lakes has essentially been converted into 
drainage basin, (Rosenzweig, 2012). 
 El-Burullus Lake is the least polluted of the northern Delta lakes, but is subject to increasing quantities of 
agricultural drainage water which contributes significantly to eutrophication; a harmful vegetation bloom caused 
by fertilizer-filled agricultural water, and pollution. 
 EEAA (1994), reported that El-Burullus Lake is not heavily polluted with heavy metals, but an increase in 
lead and cadmium concentrations, especially in the eastern regions was noticed. Chemical analysis of some 
common fish species in the lake indicated that they had comparatively high concentrations of Cd. 
 El-Bardawil Lake is a large coastal lagoon and extremely saline on the Mediterranean coast of Sinai, Egypt. 
Although it is shallow and oligotrophic, it is one of the most important lakes in Egypt as a source of good 
quality fish and a habitat for wildlife, (Touliabah, et al, 2002). 
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 The whole water supply of the lake comes from the Mediterranean Sea which flows constantly through two 
openings. The spatial variability of its water salinity was observed and the highest salinities reached along its 
southern shoreline, (Abd Ellah and Hussein, 2009). Moreover, it falls in the flyway of migratory birds from 
either sides of the Mediterranean Sea and therefore, it becomes internationally famous as a habitat and breading 
ground for thousands of widely bird species. 
 While the severity of the pollution varies among the various water bodies, the main causes in all cases are 
the discharge of untreated or partially treated industrial and household waste water (mainly sewage) and the 
dumping of agricultural drainage loaded with fertilizer, pesticide and herbicide residues. de Vries et al (2008), in 
their study concerning the spatially explicit Integrated risk assessment of present soil concentrations, suggested 
that accumulation of heavy metals in Dutch soils at present primarily affects the quality of surface waters. This 
stresses the need for harmonization of soil and water policy. 
 In general, sources of the heavy metals in soils mainly include natural occurrence derived from parent 
materials and human activities. Anthropogenic inputs are associated with industrialization and agricultural 
activates deposition, such as atmospheric deposition, waste disposal, waste incineration, urban effluent, traffic 
emissions, fertilizer application and long-term application of wastewater in agricultural land, (Bilos and Rotard 
2001, and Koch et al, 2001). 
 The current study is aiming at evaluating the heavy metals status of the wetlands in two sites in Egypt along 
the Mediterranean Sea for the maximal beneficial use of these lands either for agricultural production and 
fishery or to be kept as preserved natural wetland.  
 
Materials and Methods 
 
 Locations of the study areas, the soil profiles and water samples of both areas are presented on figures 1 and 
2. Some environmental settings of the study areas; El-Bardawil and El-Burullus, are summarized in table 1.  
 

 
 
Map 1: Location of the soil profiles and water samples of El-Bardawil study area. 

 
 
Map 2: Location of the soil profiles, fish ponds and water samples of El-Burullus study area. 
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Table 1: Environmental characteristics of the study areas. 
Area Location Area 

km2 
Temperature (oC) Total 

rainfall 
mm/year 

Mean annual 
evaporation 

mm/day 
Longitude 

E 
Latitudes 

N 
Max. Min. Mean 

annual 
El-Bardawil 32º 38' 06" 

33º 34' 31" 
30º 56' 31" 
31º 13' 57" 

1282 31.1 21.9 20.5 103.9 3.7 

El
-B

ur
ul

lu
s 

Rosetta 30º 30' 40"  31º 14' 34"  1993 29.7 11.2 19.9 193.3 3.8 

Baltim 31º 28' 31" 31º 33' 29" 31.0 8.4 20.5 175.2 4.0 

 
 El-Bardawil study area includes mainly El-Bardawil Lake and its surrounding sabkhas and sand dunes as 
well as El-Zaranik protectorate. The second study area includes El-Burullus Lake and the new reclaimed area 
surrounding it, in addition to the flat coastal sandy barrier and beaches. 
The climatological data revealed that both areas are characterized by aridic climate. 
 
Soil profiles and laboratory analyses: 
 
 Twenty soil profiles and two auger holes covering both study areas were digged and investigated. The 
location of the studied soil profiles and water samples are shown on maps 1 and 2. Forty nine soil samples 
representing the different layers of the checked soil profiles as well as six water samples representing the lakes 
and their surrounding areas were collected for laboratory analyses. 
 The total contents of heavy metals; cadmium, lead and zinc were extracted using the Aqua Regia Digestion 
Method for soil samples according to Chen and Lena, (2001), and then were determined  in both soil and water 
samples using the Atomic Absorption Spectrophotometer. 
 
Results and Discussion 
 
 For the current study, wetlands were recognized in groups according to their actual land use. Present 
wetlands, newly reclaimed cultivated wetlands, cultivated wetlands, deltaic cultivated soils, fish pond soils and 
lakes. 
 
Heavy metals status of present wetlands: 
 
 The obtained data in table 2 showed that the soil Cd, Pb and Zn total contents of the wetlands sabkhas with 
deep watertable of El-Bardawil study area were within the range of 0.9-4.1, 13.6-26.8 and 16.8-40.5 mg Kg-1, 
respectively in the same order. While they were ranging from 4.2 to 6.6, 10.0 to 36.8 and 23.8 to 84.0 mg Kg-1, 
respectively in the different wetland sabkhas with shallow watertable of the same area. On the other hand, the 
heavy metal contents of El-Burullus present wetlands were found to be ranging between 2.2-3.1, 8.6-13.4 and 
10.3-23.4 mg Kg-1, respectively in the same order. 
 In El-Bardawil study area, the obtained data showed that heavy metal contents of the wetland sabkhas with 
shallow watertable were higher than those with deep watertable. Moreover, the heavy metals status of the 
wetlands with deep watertable of El-Bardawil study area was, generally, comparable with that of the present 
wetlands of El-Burullus study area. This finding could be attributed to the heavy metals mobility in the case of 
the sandy sabkhas with deep watertable of El-Bardawil area and the wet sandy soils of El-Burullus study area, 
which had also relatively deep watertable level too. 
 The high amounts of the studied heavy metals that were detected in some soil profiles of the current work, 
could be due to their location close to either salt extraction company activities or to traffic roads where emission 
of such metals may occur as a result of vehicles exhaust. Mirsal (2004), stated that heavy metals in soils are 
collectively known as micropollutants, if their amounts are higher than the normal background values. However, 
excess concentrations of heavy metals in soils are mainly resulting from anthropogenic impacts and most likely 
will cause environmental problems. 
 
Heavy metals status of reclaimed and cultivated wetlands: 
 
 These soils were mainly located in El-Burullus study area, where four types were recognized. They were 
the newly reclaimed cultivated, cultivated and deltaic cultivated soils besides fish ponds. 
 Data in table 2 showed that total Cd, Pb and Zn contents of the newly reclaimed cultivated wetlands were 
ranging from 1.3 to 8.4, 21.0 to 38.7 and 70.1 to 137.3 mg Kg-1, respectively. These soils were developed on 
swamps and clay flats and of clayey to clay loamy texture. The representative areas were suffering from lack of 
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irrigation water and therefore, they were irrigated using drainage water or from low water quality sources. This 
action may lead to increase the soil heavy metal contents of this group as compared with the present wetlands. 
 The total heavy metal contents of the cultivated wetlands were found to be ranging between 1.4-8.6, 10.2-
47.1 and 10.0-135.9 mg Kg-1 of Cd, Pb and Zn, respectively. It could be noticed that the highest contents of the 
studied heavy metals were recorded in the top layer of profile Bsp5. It was found that this layer was formed 
from transported clearing material of a main drain. However, the other areas of this group were comparable with 
those of the present wetlands of El-Burullus study area as the heavy metal contents were concerned because the 
used irrigation water was of good quality. 
 These data of El-Burullus study area may also refer to the importance of soil conservation and management 
as they were compared with the newly reclaimed cultivated soils which had higher heavy metal content values 
than the cultivated wetlands due to the irrigation with polluted drainage water. Moreover, Ross (1994) stated 
that the normal concentrations of heavy metals in soils were less than 300 ppm for Zn, 200 ppm for Pb and 7 for 
Cd. Accordingly, only cadmium was found to exceed its normal concentration in the surface layer of soil 
profiles Bap1, Bap3 representing the newly reclaimed cultivated wetlands and Bap5 representing the cultivated 
wetlands. This means that Cd was in critical pollution level.  
 
Deltaic cultivated soils: 
 
 These soils were derived from deltaic deposits and had loam to clay loam texture. The studied total heavy 
metal contents of this group of soils which do not belong to wetlands, (Table 2), fluctuated between 1.9-9.0, 
22.0-34.0 and 13.7-143.8 mg Kg-1, respectively in the same order. Cd content in the top layer of profile Bap7 
was higher than the normal level according to Ross, (1994). The soils, which were near the lake and had high 
heavy metal contents, were irrigated from drainage low water quality and highly polluted with heavy metals. 
While those, which were far from the lake, were irrigated using mixture of irrigation and drainage water and 
consequently, had less heavy metal contents than the unmixed drainage water.  
 
Fish pond soils: 
 
 The total Cd, Pb and Zn contents of these soils, (Table 2), were ranging between 3.6-10.6, 9.8-35.8 and 
69.0-146.6 mg Kg-1, respectively. This type was predominantly submerged with water of different qualities for 
long periods. Therefore, a wide range of heavy metal contents might be recorded for each element. However, the 
highest heavy metal contents were found in Bsf1 samples, where the available water for this fish pond was 
drainage water, which contained relatively high amounts of Cd, Pb and Zn. Moreover, following Ross (1994), 
normal concentrations of heavy metals in soils, cadmium reached the pollution level in both surface and 
subsurface layers of this profile. The least amounts of heavy metals were recorded for the fish pond soil that was 
provided by the least polluted drainage water of the whole area. 
 
The Lakes: 
 
 El-Bardawil and El-Burullus Lakes are considered wetlands, in the current study, according to Ramsar, 
(2004). 
 As El-Bardawil Lake is concerned, the cadmium, lead, zinc and iron contents, of its water (Table 3), were 
in the range of 0.00-0.01, 0.00-0.02 and 0.02-0.03 mg L-1, respectively. The distribution of Cd, Pb and Zn was 
almost homogenous all over the lake except at the southern shoreline of the lake (Bal2), the closest to El-
Kantara – El-Arish Road where lead reached its highest value because of the emissions resulting from the 
vehicles. On the other hand, zinc and cadmium were highest in at the southeastern shoreline of the lake, (Bal3). 
 However, for El-Burullus Lake water their contents ranged from 0.00 to 0.02, 0.00 to 0.03 and 0.01 to 0.04 
mg L-1, respectively in the same order. The lowest amounts of Cd and Pb were at the southeastern portion of the 
lake (Bsl2), where the outlet of the least polluted drain was located. 
 It could be noticed that, generally, the heavy metal contents of El-Burullus Lake water were higher than 
those of El-Bardawil Lake due to the high anthropogenic activities around the first. 
 In general, Pillay (1993) set the permissible concentrations of heavy metals in water supply for aquaculture. 
He mentioned that the maximum permissible concentration of Cd is 0.003 ppm and Zn is 0.005 ppm. The data 
in table 3 showed that both Cd and Zn contents exceeded the permissible concentrations in all samples.  
 
Conclusions: 
 
 There were two challenges facing the cultivation of the reclaimed wetlands: 1) lack of irrigation water, and 
2) irrigation using water of low quality; as drainage water, or using mixed irrigation drainage water. In both 
cases the soils were deteriorated. Accordingly, most of the reclaimed and cultivated wetlands had higher heavy 
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metal contents than the current wetlands, mainly due to the quality of irrigation water. Moreover, due to the 
major anthropogenic activities around El-Burullus Lake the heavy metal contents of its water were found to be 
higher than those of El-Bardawil Lake which has minor activities around. 
 
Table 2: Heavy metal total contents of the studied soil profiles. 

Area Profile No. Layer depth 
cm 

Cd 
mg Kg-1 

Pb 
mg Kg-1 

Zn 
mg Kg-1 

Land type 

El
-B

ar
da

w
il 

 S
tu

dy
 A

re
a 

Bap4 0 - 30 4.1 26.8 31.3 

W
et

la
nd

s 
(s

ab
kh

as
  w

ith
 d

ee
p 

w
at

er
ta

bl
e)

 

30 - 70 3.4 23.8 34.8 
Bap5 0 - 10 3.3 20.2 18.3 

10 - 30 4.0 21.2 23.3 
30 - 75 3.8 23.6 16.8 

Bap7 0 - 15 1.4 19.2 32.0 
15 - 40 2.9 18.8 40.5 
40 - 90 2.5 17.0 23.0 

Bap8 0 - 30 2.1 17.6 32.0 
30 - 110 0.9 13.6 25.3 

Bap1 0 - 30 6.2 29.4 84.0 

W
et

la
nd

s 
(s

ab
kh

as
  w

ith
 

sh
al

lo
w

 w
at

er
ta

bl
e)

 

30 – 40 5.9 18.8 61.3 
Bap2 0 - 25 5.0 12.0 23.8 

25 - 35 4.2 10.0 25.5 
Bap3 0 - 40 5.9 21.0 50.5 
Bap6 0 - 30 6.6 36.8 52.8 

30 - 50 5.5 35.6 42.8 

El
-B

ur
ul

lu
s  

St
ud

y 
A

re
a 

Bsp10 0 - 60 2.7 8.6 20.9 

Pr
es

en
t 

w
et

la
nd

s 

60 - 100 2.7 10.2 15.3 
Bsp11 0 - 45 2.2 12.2 10.3 

45 - 100 3.1 13.4 23.4 
Bsp1 0 - 30 7.5 26.8 137.3 

N
ew

ly
 re

cl
ai

m
ed

 
cu

lti
va

te
d 

w
et

la
nd

s 

30 - 100 5.1 29.2 128.7 
Bsp3 0 - 20 8.4 38.7 117.5 

20 - 65 5.4 22.7 115.8 
65 - 120 6.1 22.7 113.7 

Bsp6 0 - 80 3.0 22.7 77.2 
80 - 130 1.3 21.0 70.1 

Bsp4 0 - 60 2.1 13.6 14.8 

C
ul

tiv
at

ed
 w

et
la

nd
s 

60 - 100 1.8 15.5 19.1 
Bsp5 0 - 10 8.6 47.1 135.9 

10 - 60 3.1 24.4 82.5 
60 - 120 3.1 22.8 61.0 

Bsp8 0 - 60 1.8 10.2 10.5 
60 - 100 1.4 12.2 10.0 

Bsp7 0 - 40 9.0 34.0 143.8 

D
el

ta
ic

 c
ul

tiv
at

ed
 

so
ils

 40 - 65 6.8 32.2 13.7 
65 - 120 5.7 25.5 13.7 

Bsp9 0 - 30 1.9 25.8 88.8 
30 - 115 3.6 22.5 83.0 
115 - 140 4.6 22.0 109.4 

Bsp2 0 - 40 3.6 20.1 107.2 

Fi
sh

 p
on

ds
 40 – 45 Rich in shell fragments 

45 - 150 5.4 17.8 83.6 
Bsf1 0 - 25 10.6 32.5 146.6 

25 - 50 9.0 35.8 122.3 
Bsf2 0 - 25 4.5 22.7 122.3 

25 - 50 4.8 9.8 69.0 
 
Table 3: Heavy metal total contents of the lakes water. 

Lake Sample location No. Cd 
mg L-1 

Pb 
mg L-1 

Zn 
mg L-1 

El-Bardawil Bal1 0.00 0.00 0.02 
Bal2 0.00 0.02 0.03 
Bal3 0.01 0.01 0.03 

El-Burullus Bsl1 0.00 0.00 0.01 
Bsl2 0.02 0.03 0.04 
Bsl3 0.02 0.03 0.02 

 
 The natural wetlands; specially the lakes, have a significant role for the environment maybe more valuable 
than just to be shifted to agricultural lands. The inland wetlands also showed more accumulation of heavy 
metals, which may lead to pollution, when they were shifted to agricultural use. 
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 Therefore, it is recommended to conserve these wetlands rather than to use them for agricultural purposes, 
especially with doubtful quality and quantity of irrigation water. This might confirm, generally, the preference 
of keeping the wetlands functioning naturally for the benefit of the environment. 
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