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Abstract

The discharge of untreated wastewater in drains Zefta and No. 5 is becoming a problem
for many farmers in El-Mahla El-Kobra area, Egypt. The discharging water contains
high levels of contaminants considered hazardous to the ecosystem. Some plants, soil,
water, and sediment samples were collected from El-Mahla El-Kobra area to evaluate5

the contamination by heavy metals. The results showed that the heavy metals, pH,
sodium adsorption ratio (SAR), BOD and COD in the water of drains Zefta and No.
5 exceeded permissible limits for irrigation. In rice and maize plants grown in soils
irrigated by water from Zefta and No. 5 drains, the bioaccumulation factors for Cd,
Pb, Zn, Cu and Mn were higher than 1.0. The heavy metals of irrigated soils from10

drains Zefta and No. 5 exceeded the upper limit of background heavy metals. In this
study, the mean contaminant factor values of the drain No. 5 sediments revealed that
Zn, Mn, Cu, Cd, Pb and Ni> 6, indicating very high contamination, which receive a
huge amount of metallic pollution due to the direct discharge of wastewater from the
urban and industrial area. The high bioaccumulation coefficients of Cynodon dactylon15

Phragmites australis and Typha domingensis growing in Zefta drain. These species
can be considered as hyperaccumulators for, decontamination of polluted water. Thus,
the wastewater in El-Mahla El-Kobra area must be treated before discharge in drains
(Zefta and No. 5) and remediation of polluted soils from heavy metals.

1 Introduction20

Environmental contamination of heavy metals has been increased in last decades.
Heavy metals have recently received more attention of researchers all over the world,
and this is due to their pernicious effects on living organism such as plants, animals.
Industrial wastewater contains high levels of heavy metals, dyes and organic con-
taminants. Industrial pollution is particularly dangerous, because it may contaminate25

soils, waters, crops and groundwater with heavy metals. Industrial processes produce
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wastewater that contains heavy metal contaminants (Aslam et al., 2004). There is an
increase in the heavy metal contents when soil irrigated with wastewater (Mapanda
et al., 2005). Heavy metals in effluents are poorly soluble in water, and may bioaccu-
mulate in crops, causing damage to plants when reach and under certain conditions
become toxic to human and animals fed on these metal-enriched plants (Stephen-5

son and Sheldon, 1996). Heavy metals persist in soil which then leaches down into
the groundwater and may induce enhanced antioxidant enzymatic activities in plants
or become adsorbed with solid soil particles (Iannelli et al., 2002). Heavy metals are
subjected to bioaccumulation and risk to human health when moved to the food chain
(Kelly et al., 1996). Cd uptake by carrot roots was about five times more than the reg-10

ulatory limits for men, eight times more for women, and 12 times more for children.
The results indicating, carrots grown in contaminated soils by Cd have the potential to
cause toxicological problems in men, women, and young children (Roy and McDonald,
2013). High levels of Cd in soil was identified as causing itai-itai disease in Toyama Pre-
fecture, Japan, however, soil solution levels similarly high in Cd do not seem to cause15

health problems for people living in Shipham, England (Morgan, 2013). For the Cu-
contaminated agricultural soils with tomato (Solanum lycopersicum L.) assayed, these
values would range between 32.9 and 1696.5 mg kg−1, depending on soil properties
(Sacristán et al., 2015). Accumulation of toxic heavy metals in plant living cells results
in various deficiencies, reduction of cell activities and inhibition of plant growth (Kabir20

et al., 2008; Farooqi et al., 2009). They also sultriness chlorosis, reduced water and nu-
trient uptake; affect enzymatic action by exchanging metals ions with metalo-enzymes,
damage root tips and the enzymes (Agarwal, 1999; Sanità di Toppi and Gabbrielli,
1999). Phytoremediation of both heavy metals and organic chemicals has received at-
tention (Tu et al., 2002; Cho et al., 2013; Ye et al., 2014), as well as human exposures25

to contaminates obtained by plants through soils and passed up the food chain (Khan
et al., 2008; Zhuang et al., 2009; Roy and McDonald, 2013).

Heavy metal pollution is persistent, covert and irreversible (Wang et al., 2011). This
kind of pollution not only degrades the quality of the food crops, atmosphere, and water
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bodies, but also threatens the health and well-being of human and animals beings by
way of the food chain (Nabulo et al., 2010; Dong et al., 2011). Excessive intake of the
Pb to human body can damage the nervous, skeletal, endocrine, enzymatic, circula-
tory, and immune systems (Zhang et al., 2012). The chronic effects of Cd consist of
lung cancer, pulmonary adenocarcinomas, prostatic proliferative lesions, kidney dys-5

function, bone fractures and hypertension (Żukowska and Biziuk, 2008). Brevik and
Sauer, 2015) recognized that soils influence (1) food availability and quality (food se-
curity), (2) human contact with various chemicals, and (3) human contact with various
pathogens.

In El-Mahla El-Kobra, the dominant sources of heavy metal pollution are wastewa-10

ter irrigation, manure and sediment applications for metallic ores. El-Mahla El-Kobra
area is density populated and contains 183 industrial factories such as textile, food,
oil, and other industries. The quantity of industrial and municipal wastewater is around
243 500 m3 day−1 (107 500 m3 day−1 of municipal sewage and 136 000 m3 day−1 of in-
dustrial wastewater), which discharge into Zefta drain (flow, 354 240 m3 day−1) and15

drain No. 5 (flow, 265 248 m3 day−1) without treatment except 63 627 m3 day−1 of mu-
nicipal wastewater can be treated in Dawakhlia plant. At present time, large amount of
untreated industrial wastewater is disposed into surface bodies (Saleemi, 1993). In de-
veloping countries, untreated city effluent is generally disposed onto agricultural lands
to establish urban cultivation around big cities (Hernandez et al., 1991; Qadir et al.,20

1999). In the periphery of big cities and areas with unavailability of natural surface
drains, farmers use sewage water and drainage water for crop production as it is not
costly (Lone and Rizwan, 1997).

The objectives of this study were to evaluate the contamination of soils and drainage
water and bottom sediments of polluted drains by heavy metals in El-Mahla El-Kobra,25

Egypt.
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2 Materials and methods

2.1 Site description, samples and analysis

Seventy represented soil surface (0–30 cm) in summer 2012 were collected from culti-
vated lands of El-Mahla El-Kobra, Gharbia Governorate, Egypt which are irrigated with
drainage water from drains No. 5 and Zefta, and Fifteen samples which are irrigated5

from Baher El Mlah water. In this study, the soil had been continuously irrigated with
drainage water from drain No. 5 for a period of above 10 years. El-Mahla El-Kobra area
is located at 30◦34′ N latitude, 30◦45′ E longitude. The soil is classified as a vertic torri-
fluvents. The soil temperature regime of the studied area could be defined as thermic
and soil moisture regime as torric according to Salwa et al. (2013). The soil samples10

were air-dried and ground to pass through 2 mm screen for chemical analysis. The
soils, pH was determined in saturated soil paste extract (Richards, 1954). Calcium and
magnesium were determined titrimetrically using versenate (Jackson, 1973). Sodium
was determined using flame photometer (Richards, 1954). Total carbonate was de-
termined using the calcimeter as CaCO3 percent according to Loeppert and Suarez15

(1996). The total heavy metals (Cd, Pb and Zn) were measured by the atomic absorp-
tion spectrophotometer after digestion the soil samples with concentrated HNO3 and
HClO4 acids (Page, 1982). Samples of rice and maize plants (age 65 days in summer
2012) that are grown in the studied soils, and other three plant species (Cynodon dacty-
lon, Phragmites australis and Typha domingensis) which are grown in drain Zefta were20

also collected at different times. The plant samples were dried in oven at 75 ◦C for 72 h.
The total heavy metals were measured by the atomic absorption spectrophotometer
after digestion the plant samples with concentrated H2SO4 and H2O2 (Chapman and
Pratt, 1961).

The bioconcentration factor (BF) of each metal in plants was calculated by dividing25

the total content in plant by the total content in soil (Brooks, 1998).

5
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In addition, seventeen water samples were collected from drains No. 5 and Zefta at
different times (March 2012 to March 2013) at about 20 cm below water surface and
chemically analyzed for pH, EC, SAR, BOD5, COD and heavy metals (APHA, 2005).

The bioaccumulation coefficients of each metal in aquatic plants were calculated by
dividing the total content in aquatic plants by the concentration in water.5

Contaminant factor (Cf) for soil is the ratio obtained by dividing the concentration of
each metal in the sediment by the background values (Håkanson, 1980).

Cf = CHeavy metal/CBackground

According to Håkanson (1980): the values of Cf< 1 indicates low contamination;
1 < Cf < 3 is moderate contamination; 3 < Cf < 6 is considerable contamination;10

and Cf> 6 is very high contamination.

3 Results and discussion

3.1 The effect of polluted water on plant and soil contamination

Heavy metal contents were higher in rice and maize shoots grown in the around soil of
Zefta drain than the same crops in soil of No. 5 drain (Fig. 1). This was due to the high15

total heavy metal contents in that soils (Table 1).The maize shoot contains more Fe,
Cd, Mn and Pb than rice shoot, and this may be attributed to planting rice under the
flooded conditions. Under the flooded conditions, Fe, Cd, Mn and Pb could be precip-
itate as FeS2, CdS, MnS and PbS, respectively due to the reducing conditions. Heavy
metals content of the plants exceeded the defined limits by Kabata – Pendias and Pen-20

dias (1992) and above those acceptable for elemental composition of uncontaminated
plant tissue. Alloway (1990) reported that in angiosperms, uncontaminated plant tissue
contains 0.64, 2.4, 160 and 14 mg kg−1 for Cd, Pb, Zn and Cu, respectively. It is clear
from (Fig. 1 and Table 2) the higher concentrations of Cd in rice and maize plants than

6
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other metals compared with the maximum limits according to Kabata-Pendias and Pen-
dias (1992). Li et al. (1994) found that plants absorb Cd more readily than other metals
and often reaches levels that are hazardous to human healthy before any stress symp-
toms appear. Chitdeshwari et al. (2002) reported that used of sewage water increased
the uptake of heavy metals including Cd and Cr in Amaranthus crop. Phosphate fertiliz-5

ers as sources for cadmium when used in fertilized of rice and maize plants in this area.
Phosphate fertilizers were even cases of 200 mg Cd kg−1. (Nziguheba and Smolders,
2008).

The ranges of pH, EC and heavy metal contents in soil samples irrigated by wa-
ter from Zefta drain, drain No. 5, and Baher El Mlah as compared to upper limit of10

background, are shown in (Table 1). The soils irrigated by drainage polluted water from
Zefta drain and drain No. 5 induces increase of soil pH with comparison to soils irrigated
from Baher El Mlah (fresh water). Similar results were noticed by Gupta et al. (2010)
and Saffari and Saffari (2013) who reported that after irrigation with different dilution of
sewage water, pH increased significantly. The reason for increasing soil pH attributed15

due to high pH in Zefta and No. 5 drains (Table 3), the soils irrigated by water from
Zefta and No. 5 drains affect significantly the EC (Table 3). Indeed, in comparison to
soils with irrigated from Baher El Mlah, EC is greater with irrigated by water from Zefta
drain and drain No. 5. These results were in agreement with several authors like (Mol-
lahoseini, 2013; Khaskhoussy et al., 2013). According to this increase in EC for soil20

irrigated with wastewater compared with soil irrigated with fresh water. Our investiga-
tion was in agreement with the previous works obtained by Kiziloglu et al. (2008) and
Rana et al. (2010) who reported that irrigation with sewage water increased soil salinity,
exchangeable Na, K, Ca, Mg and plant available phosphorus.

In general, the concentrations of heavy metals in soils irrigated from Zefta drain and25

drain No. 5 was exceeded the upper limit of background total heavy metals (Chen
et al., 1992). Mn, Cd and Ni contents in soils at Zefta drain were higher than these
in soils at drain No. 5 which is due to high concentration of heavy metals in Zefta
drain water (Table 3). The level of heavy metals of soils irrigated from Zefta and No. 5

7
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were higher than there of the around soils of Baher El Mlah drains. Similar results
were found by Chen et al. (1992) who found that high levels of heavy metals in soils,
which are irrigated from polluted water by industrial wastewater. These results coincide
with those of, who found that irrigating (El-Gendi et al., 1997) sandy soil in the Abou-
Rawash area with drainage water increased total Cu, Zn and Fe, which reached 125,5

170 and 5 times that of the virgin soil one in the same area.

3.2 Bioconcentration factors (BF)

The BF values in the rice and maize plants at the harvesting stage are shown in (Ta-
ble 2). In rice and maize grown in soils irrigated by water from Zefta and No. 5 drains,
the BF for Cd, Pb, Zn, Cu and Mn were higher than 1.0. This indicates that concen-10

trations of Cd, Pb, Cu and Mn were high bioconcentration in studied plants. Fe was
an exception because, it’s BF was lower than one, indicating low bioconcentration in
studied plants. The BF for Cd and Pb were higher than 5.23±1.6. The BF for Zn and
Cu of rice were higher than maize plants grown in the same soils irrigated by water
from Zefta and No. 5 drains. These concentrations were attributed to due to using Zn15

fertilizer as ZnSO4 in rice planting. In general, BF was reported to decrease with in-
creasing soil metal concentration (Zhao et al., 2010), and values lower than 0.2 are
considered normal when plants are grown on polluted soils (McGrath and Zhao, 2003).
The differences in the BF are depending on the metal and the plant types. The high
BF appears for Cd, indicating good metal accumulation in rice and maize plants for Cd.20

The large difference between the BF in rice and maize plants may be a result of the
metal-binding capacity to roots (Singh and Agrawal, 2007), available metals, interac-
tions between of physico-chemical parameters and the plant types grown in soils (Bose
and Bhattacharyya, 2008).

8
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3.3 Quality of drainage water

Concentrations of BOD and COD ranged from 442 and 978 mg L−1 to 632 and
2445 mg L−1 in Zefta drain, while the BOD and COD concentrations ranged from 540
and 882 mg L−1 to 723 and 2301 mg L−1 in drain No. 5, respectively (Table 3). This wa-
ter would be classified as high strength (Metcalf and Eddy, 2003). These results were in5

agreement with (Pescond, 1992) who reported that physico-chemical properties like to-
tal TSS, BOD and COD showed higher values in untreated sewage water compared to
groundwater. The BOD/COD ratio in Zefta drain and drain No. 5 ranged from 0.25 and
0.31 to 0.45 and 0.61, respectively. With a BOD/COD ratio is below 0.5, the wastew-
ater contains some toxic components such as dyes and heavy metals (Linsley et al.,10

1992).
The average value of pH in Zefta drain, drain No. 5 and Baher El Mlah was 12.2,

9.8 and 7.2, respectively. The high pH in Zefta drain and drain No. 5 was probably
due to use of sodium hydroxide and silica in industrial processes. The average of to-
tal dissolved solids (TDS) was 1016 mg L−1 in drain No. 5, 1130 mg L−1 in Zefta drain15

and 334 mg L−1 in Baher El Mlah. The sodium considered adsorption ratios (SAR) in
waters of drain Zefta and drain No. 5 were above 12, which it considered potential for
aggregate slaking, soil swelling, and clay dispersion, and thus reduction in hydraulic
conductivity (Mace and Amrhein, 2001). The heavy metals in the two drains were
higher than in water of Baher El Mlah which could be attributed to discharge of in-20

dustrial wastewater into the two drains without treatment. The level of heavy metals
exceeded the criteria limits for irrigation water (FAO, 2010; E.C.S, 1992). Similar re-
sults were reported by Matloub and Mehana (1998) shows that sewage has often high
values of temperature, pH, hardness, alkalinity, chemical oxygen demand, total soluble
salts, nitrates, nitrites and cations like sodium, potassium, calcium and magnesium.25

Chitdeshwari et al. (2002) reported that increased levels of sewage water increased
the uptake of heavy metals including Cd and Cr in Amaranthus crop.

9
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3.4 Heavy metal concentrations in sediments

The high heavy metal concentrations in sediments of drain No. 5 (Table 4) would be at-
tributed to high pH in water which can form ions of insoluble precipitates. Heavy metals
may be also mainly bound to humic substance in sediments and settling in the drain
(Lasheen et al., 1981). The measured concentrations of heavy metals are higher than5

US EPA’s toxicity reference value (US EPA, 1999). Similar finding were obtained by
Thuy et al. (2007) found that heavy metals in sediments of five canals received un-
treated industrial wastewater were exceeded the US EPA toxicity reference value. The
partitioning of heavy metals between sediment and water can be expressed as distri-
bution coefficients (Kd) value (l kg−1). Kd values of sediment samples were the highest10

for Zn, Cd, and Mn, and lowest for Pb, Cu and Ni. The high Kd, indicates that the sorp-
tion of metals by sediments was strong (Salomons and Forstner, 1980). Kd is found to
be sensitive to low pH and redox conditions (Stephenson et al., 1995). Heavy metals
may be released from settling sediments under hypoxic or acidic conditions (Stephen-
son et al., 1995). Sediments are both carriers and potential sources of contaminants15

in aquatic system and these materials also affect groundwater quality and agricultural
products when disposed on land.

In this study, the mean Cf values of the drain No. 5 sediments revealed that Zn,
Mn, Cu, Cd, Pb and Ni> 6, indicating very high contamination, which receive a huge
amount of metallic pollution due to the direct discharge of wastewater from the urban20

and industrial area.

3.5 Bioaccumulation coefficients of aquatic plants

The bioaccumulation of metals in plants of Cynodon dactylon, Phragmites australis and
Typha domingensis grown in Zefta drain are shown in (Fig. 2). The bioaccumulation co-
efficients of metals in Cynodon dactylon were higher than in Phragmites australis and25

Typha domingensis. As results these plant species can be considered as hyperaccu-
mulators, and used for decontamination of polluted waters. The use of plants for de-

10
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contamination of polluted waters has been described as rhizofiltration (Brooks, 1998).
Thus, the three species would be useful for bioremediation of waterways and peri-
odically in a particular area. Bonanno (2013) showed that Phragmites australis and
Typha domingensis species may be used as biomonitors of trace element contamina-
tion in sediment. Overall, T. domingensis and P. australis showed a greater capacity of5

bioaccumulation as well as a greater efficiency of element removal than A. donax. In
particular, T. domingensis and P. australis may be used for Hg phytostabilization, the
former acted also as a hyperaccumulator for trace elements phytoextraction and phy-
tostabilization. In contaminated wetlands, the presence of T. domingensis and P. aus-
tralis may increase the general retention of trace elements, thus, their introduction is10

recommended for possible actions of phytoremediation and biomonitoring. Wafaa and
Al-Taisan (2009) demonstrated that Phragmites australis and Tamarix aphllya species
are significant as vegetation filter and for cleaning the soils from contamination with
heavy metals by phytoextraction. Antioxidant thiolic compounds were probably involved
in the mechanisms used by P. australis to alleviate metal toxicity. As P. australis is con-15

sidered suitable for phytostabilising metal-contaminated sediments, understanding its
tolerance mechanisms to toxic metals is important to optimize the conditions for apply-
ing this plant in phytoremediation procedures (Rocha et al., 2014).

4 Conclusions

Delta drains receive high concentrations of organic and inorganic pollutants from in-20

dustrial, domestic as well as diffuse agricultural wastewater. High priority should be
given to Zefta and No. 5 drains sites which receiving high loads of pollutants. This was
confirmed by the lower water quality and polluted soils especially by heavy metals in
the El-Mahla El-Kobra area. So, the industrial and municipal wastewater sources in El-
Mahla El-Kobra area must be treated before discharge in drains (Zefta and No. 5) and25

remediation of polluted soils from heavy metals.
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Table 1. Total concentrations of heavy metals in soils irrigated by water from Zefta drain, drain
No. 5 and Baher El Mlah.

Parameters Units Soils around of Upper limit of background
No. 5 drain Zefta drain Baher El Mlah total heavy metals

(Chen et al., 1992)

pH 7.8–8.3 7.8–8.5 7.3 –
CaCO3 % 4.1–8.2 3.28–5.74 4.1 –
Fe mg kg−1 1226–4989 1790–4757 933 –
Zn mg kg−1 102–187 184–449 54 120
Mn mg kg−1 341–800 172–853 264 –
Cu mg kg−1 82–167 123–386 60 35
Cd mg kg−1 13–28 21–33 11 3
Pb mg kg−1 48–92 55–80 53 120
Ni mg kg−1 55–133 104–164 31 60
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Table 2. Bioconcentration factors of heavy metals in maize and rice grown in soils irrigated of
drains (Zefta and No. 5) and limits of heavy metals.

Elements No. 5 drain Zefta drain Limits of heavy metals∗

Rice Maize Rice Maize mg kg−1

Fe 0.29 0.35 0.54 0.34 –
Mn 3.40 2.97 1.71 1.51 300–500
Cu 0.59 1.54 1.75 1.83 20–100
Zn 2.82 1.71 1.44 1.32 100–400
Pb 6.73 6.83 5.26 5.66 30–300
Cd 6.14 6.45 6.55 2.26 5–30

∗ Kabata-Pendias and Pendias (1992).
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Table 3. The chemical analysis waters of drains Zefta and No. 5. and Baher El Mlah.

Parameters Units No. 5 drain Zefta drain Baher El Mlah Water criteria for
irrigation water (a)

pH 9.8 12.2 7.2 6.5–8.4
TDS mg L−1 1016 1130 334 2000
SAR 17.3 18.2 6 6–12
BOD5 mg L−1 540–723 442–632 – 40 ∗

COD mg L−1 882–2301 978–2445 – 60 ∗

Fe mg L−1 0.09 0.56 0.01 5.0
Zn mg L−1 0.02 0.037 – 2.0
Mn mg L−1 0.68 2.91 0.03 0.2
Cu mg L−1 0.15 0.28 0.12 0.2
Cd mg L−1 0.03 0.07 0.001 0.01
Pb mg L−1 1.05 0.18 0.05 5.0
Ni mg L−1 0.12 0.31 0.02 0.2

∗ E.C.S (48/1992).
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Table 4. Average of heavy metal concentrations, contaminant factor and distribution coefficients
(Kd) in sediments of drain No. 5 compared with toxicological reference Value (US EPA, 1999).

Elements Conc. (mg kg−1) Et Cf Kd (L kg−1)
Mean±SD

Zn 647.5±36.7 110 6.25 32375.0
Mn 2125.0±74.3 12.67 3125.0
Cu 425.0±12.4 16 4.25 2833.3
Cd 97.5±4.6 0.6 9.55 3250.0
Pb 145.0±4.5 31 4.8 138.1
Ni 195.0±9.8 7.33 1625.0

Et: US EPA Toxicity reference value.
Cf: Contaminant factor.
Kd (L kg−1) Distribution coefficients.
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Figure 1. Concentration of heavy metals in maize and rice grown in soils irrigated of drains
(Zefta and No. 5).
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Figure 2. Bioaccumulation coefficients of heavy metals in Typha domingensis, Phragmites aus-
tralis and Cynodon dactylon grown in Zefta drain.
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