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ABSTRACT

The aim of this study is to assess the extent of heavy metals contamination
in soil and plants grown thereon (i.e., bean. clover, cotton and swiss chard) due to
irmgation with different qualities of water. Therefore, soil, water and plant samples
were taken from the investigated area, which located Eastern the Nile Delta, South
Manzala lake and West canal of Suez. Soils of this area ar2, generally, irrigated with
mixed water from ElSalam canal except for a small area that is irrigated with
wastewater from Bahr El-Bakar drain. Results obtained showed that total
concentrations of Zn, Cu, Ni, Pb, Cd. As and Se in the mixed water of El-Salam canal
and wastewater of Bahr El Bakar drain were greatly less than the maximum levels
allowed for irrigation .The sequence of irrigation water sources according to their
contamination with heavy metals was El-Salam canal-2 water (1 El-Salam canal -1: 1
drainage water)> El-Salam canal-1 (7 Nile water; 1 drainage water) > Bahr El-Bakar
drain water. Total concentrations of Zn, Cu, Pb, Cd, Mi and Se in the surface layer of
studied scils ranged from 73.9 to 80.4, 50.8 to 55.1, 26.5 o 41.1, 0.66 to 1.5, 538 to
60.8 and 2,23 to 6.0 mg kg, respectively; whereas As was not found in a detectable
concentration. Also, concentrations of the DTPA-exiractable Zn, Cu, Pb, Cd and Se
ranged from 0.82 to 1.25, 3.6 to 5.85, 0.53 to 0.82, 0.006 to 0.015 and 0. 043 to 0.12
mg k.g" soil, respectively. Whereas Ni and As were not found in detectable
concentrations. Total accumulations of the concerned heavy metals in the soils were
less than the maximum permissible loadings according to USEPA-503 regulations.
Total content of Zn, Cu, Se, Pb and As in shoots and roots of the grown plants were,
to a great extent, in the normal range. However fotal content of both Cd and Ni were
slightly higher. Generally, the sequence of heavy metals in the studied plant shoots
and roots according to their concentrations was as follows: Znz Cu> Ni> Pb> Se>
Cd=As. Total concentrations of Zn, Cu, and Ni in all plant shoots were mostly higher
than in roots; whereas concentrations of As and Se in both shoots and roots were,
mare or less, the same. On the other hand, total contents of Ph and Cd in the roots
were higher than in shoots.
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INTRODUCTION

Heavy metals poliution in air-water-plant systems is of major
environmental concern on world scale. Heavy metals may enter the
ecological environment through anthropogenic activities, such as mining,
smelting, sewage sludge disposal, application of pesticides and inorganic
fertilizers and atmospheric deposition (Alloway, 1895 and Wang and Stuanes,
2003). Some heavy metals are important for proper functioning of biclogical
systems and their deficiency or excess could lead to a number of disorders,
however, some others are toxic even at a very minute concentration. Food
chain contamination by heavy metals has became a burning issue in recent
years because of their potential accumulation in bio systems through
contaminated water, soil and air (Lokeshwari and Chandrappa, 2008).
Therefore, a better understanding of heavy metal sources, their accumulation
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in the soil and the effect of their presence in water and soil on plant systems
seemed to be particularly important issues of present-day research on risk
assessments. A major part of heavy metals is taken up by crops from the soil
via roots. Heavy metals transportation from the socil to the roots largely
depends on the type and genetic features of soil forming rocks,
granuliometric soil composition, amount of organic mater, pH of the soil,
sorption capacity, and amount of CaC0O,  mineral oxides, anthropogenic load
and other chemical and physical properties of the soil {Cataldo and Wildung,
1978 and Lokeshwari and Chandrappa, 2008)

In the last decades, the reuse of water or low quality water became a
part of the extension program for maximizing the use of water resources.
However, the uncontrolled application of such waters must have many
unfavorable effects on both soils and plants grown especially on the long-
term use. The hazard effects are mainly related to the soil properties and
water quality, beside the types of growing crops (Elgala et al., 2003).
Therefore, the present study has been undertaken to (i) assess the extent of
heavy metals contamination in different qualities of irrigation water (i)
investigate the accumulation of seven heavy metals in the grown plants in
order to establish advice regarding consumption of vegetable grown on these
contaminated soils (i) know the availability of metals to plants and their
accumulation in the food chain and also to quantify the impact of heavy
metals on the vegetation immigated with El-Salam canal water or Bahr El-
Bakar drain water.

MATERIALS AND METHODS
Study area;

The study area is located east of the Nile Delta, south Manzala Lake
and west canal of Suez. It is a new reclaimed area, flat spreads across an
area of about 130,000 feddan and lies between latitudes 30° 55 and 31° 107
N and longitude 32° 00" and 32° 17" E. It is irrigated from El-Salam canal,
except for four sites irrigated with water of Bahr El-Bakar drain. El-Salam
canal water is a mixture of the Nile and drainage waters at a ratic of 7 Nile
water: 1 drainage water from El-Serw agricultural drain (El-Salam canal-1)
and this water is being used in irrgation of El-Mataria area; El-Salam canal-1
water is mixed thereafter with Hadoos drain water with mixing rate 1:1 (El-
Salam canal-2) to irrigate the soils of the rest area.

Sampling:

Sampling had been carried out for a year from May 2007 to May
2008. Water samples (1L) were taken once in three months from two sites
along El-Salam canal (at the beginning from El-Salam canal-1 nearby El-
Mataria area and at the middle from El-Salam canal-2 as mentioned above),
and from two sites close to Bahr El-Bakar drain before and after shader
Azzam point. For heavy metals determination, subsamples (500 ml) were
preserved with 2 ml nitric acid to prevent precipitation and adhesion of metals
on the bottle walls (APHA, AWWA and WPCF, 1998).

Soil surface samples (0-30) were collected from twelve sites where
the plants were sampled (Fig 1).These sites are divided into three groups
irrigated with different water qualities as follows; group No.1 (El-Mataria)
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irigated with El-Salam canal-1 water (7:1), group No.2 (10" of Ramadan,
Khaled Ebn E-Waleed, El-Rowaad, El-Esraa, E| —Masr and El-Zohor, Bahry
Naser and 8" of October soldiers) irrigated with El-Salam canal-2 water (1:1)
and group Mo.3 (Tarek Ebn Zeiad, El-Salah, El-Ekhlass and El-Hammareen)
irrigated from Bahr El-Bakar drain. The samples were air dried, ground,
sieved using 1.0 mm sieve and were kept in plastic bottles for analysis. Well-
mixed samples of 2g each were taken in 250 ml digestion tubes, digested
with 10 ml agqua regia (7.5 ml conc. HCI:2.5 ml conc. HNO3) in digestion unit,
filtered using whatman paper No. 40 and and were diluted to 50 ml with
distilled water (Cottenie et al., 1982).

Faba bean, clover, cotton and Swiss chard plants grown on the
aforementioned twelve sites were sampled. The plant samples were
thoroughly washed to remove all adhered soil particles, cut into shoots and
roots, air-dried for 2 days, oven dried at 70° C over night, ground and kept in
plastic bottles for analysis. Digestion of the samples (1.0g each) was carried
out using 10 ml of aqua regia according to Cottenie et al. (1982).

Analysis:

Electrical conductivity (EC), pH, cations and anions of the water
samples and soll paste saturated exiracts were carried out according to
APHA, AWWA and WPCF, (1998) and Black, (1965), and were presented in
Tables (1) and (2), respectively. Some physical properties of the scil samples
(texture, CaCO; and organic matter (O.M) were determined according to
Black (1965) and presented in Table (3). Total heavy metals concentration in
each of the water, soil and plant were analyzed using an Inductively- Coupled
Plasma Atomic Emission Spectrometer (ICP), (Plasma JY Ultima).

Table (1): Average values of some chemical properties of the irrigation
waters used in the studied areas

Soluble ions { mmeol. dm™

No, | Source of irigation| oy | ec (dsm™) Catlons et
water Nﬂ‘ Kn- Ga“i Eﬂﬂ co:z- HCO, | GI 50‘2-
1 I-Salam canal-1{7:1}7.83| 077 [2.30(0.28[2.60| 280 | 0.0 | 4.80 |1.50] 1.88
2 Er—Smam canal-2(1:147.33| 1.28 |560/0.37|3.40| 3.90 | 0.0 | 4.20 |3.20| 5.87
a ahr El-Bakardrain (7.31] 380 . '[23.0/0.31|7.81] 7.25 | 0.0 | 427 [14.50019.20

i
=

Table (2): Some chemical characteristics of the studied soils
Source of Soluble ions | mmol, dm™)

irrigation e Cations T Anions

watar (A5 ) T jCa” Mg G0, HCDy | CF | 507

4

-Salam TEG| 280 |14.1]0.00|8.24|5.70| 0.0 | 442 |4.62| 19.3
nal- "
HT:1) -

7H8| 8.83 [82.3|1.20|17.0|8.10| 0.0 | 240 |45.8| 56.3

El-Salam 782| 105 |39.4]1.30/4a7(30.0]{ 0.0 | 170 |522| 745

leanal-2(1:1) 788| 348 |18.1]066|050(054( 00 | o000 |77 111

753| 291 |18.8j0.8s|s.38(2 18| 0.0 | 200 [148] 640

767| 748 |48.3)1.10|10.0]106| 0.0 | 200 |a27| 183

7.38| 142 |s22]|220|25.4|382| 0.0 | D00 |20.9| 481

7e3| 635 |43501.10|9.50]14.9] 0.0 | 100 [377] 217

Ebn Zalad T74| 4.13 |23.6]0.40|8.24|5.50| 0.0 | 2.74 |166| 194

Salah T80 132 |87.711.50|336|38.0| 0.0 2.40 ?'1_'3-:! BT 1

hir ElEl-Ekhlass 781| 6.38 [18.2[0.74|35.2(200| 0.0 | 2.04 |24.4] 477

B kar drain | AriEn 720 114 |88.2(1.70{85.50{206( 0.0 500 |69.3) 45T
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Fig. {1): Map of the study area showing the sampling locations.
Table (3): Some physical characteristics of the studied soils

S0 of imigati O i GO Zamh?utfm T
urce of imigation i anic [a i on ‘extural
wat;tw Site martgter% % % class
Sand [ S0t %.IF;
[ErSalam  canaHEFMATARIA 072 1.1ﬁr'2ﬁ"‘. 51.8]27. ity loam
(7.1}
El-Salam canal-El-Fowaad 0.71 [1.65] 41.4 [20.0[36.6] Clay loam
2(1:1) Kaled Ebn ElWaleed | 0.56 [3.55 14.0 |46.0/40.0)  Silty clay
El-Esraa 0.51 |2.58] 31.5 45.3(23,2 Leam
l-Masr and ElZohor 0.85 " |1.75] 16.5 |50.4{33,1| Sitty clay loam
hry Maser 0.74 |1.65| 16.8 |48.2{35.0 Si%dmflmm
f October soldiers | 0. 1.15 28.2 41.2E.E lay loam
10" of Ramadan 0.61 [1.70] 32.8 |22 6}44.6 Clay
{Bahr E-Baker drain [Tarek Ebn Zelad 0.88 [162] 20.5 [45.5[34.0] Clay loam
I-Salah 0.86 [1.24| 15.0 [25.4/59.6 gla-y
-Ekhlass 0,83 |0.88 40.0 [20.5(38.5| Clay loam
Hammareen 0.80 10.95] 32.2 [30.6(37.2] Clay loam

RESULTS AND DISCUSSION

Heavy metal contents in the used waters:

Average values of heavy metals concentration in El-Salam canal-1(7
Nile water:1 drainage water), El-Salam canal-2 (1 El-Salam canal-1 water : 1
drainage water), and Bahr El- Bakar drain were presented in Table (4).
Obtained results showed that concentrations of Zn, Pb, Cu, As, Se, Ni, and
Cd in the three sources of irrigation water ranged from 3.3 to 89.7, nd.
t077.0, n.d to 19.2, 3.1 t0 8.2, 0.41 t0 5.3, n.d to 0.96 and n.d to 0.88 pg dm™,
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respectively, and they were less than their permissible maximum
concentrations (PMC) in imigation water according to Ayers and Westcost
(1984). Concentrations of these metal ions in El-Salam canal-2 were the
highest, but their concentrations in Bahr El-Bakar drain were the lowest ones.
These findings could be attributed to the different in mixing ratioc between
fresh and drainage water in El-Salam canal on one hand, and adsorption and
precipitation of these heavy metals on the suspended matter and organic
compounds on bed and sides of Bahr El-Bakar drain on the other hand. The
sequence of heavy metals according to their concentrations in the studied
irrigation waters was, to a great extent, as follows: n>Pb>Cu>As>Se>Ni>Cd.

Table (4): Average values of heavy metals concentration in the irrigation
waters used in the studied area

Matal { ug dm™) i
No. Source of irrigation water Zn Tu Pb As Se Wi ca
i I-Salam canal-1(7:1) 219 | 580 | B70 | T8O | 1.7 n.d n.d
2 I-Salam canal-2(1:1) 897 | 1820 | 770 | 8.20 | 530 nd | 0.88
3 hr El-Bakar drain 3.30 n.d n.d 3.10 | 0.41 0.96 nd
PMC according to Ayer and 2000 | 200 | 5000 [ 100 | 20.0 | 200 | 10.0
Westcost (1994)

PMC=Permissible Maximum Concontration n.d= not detected

Heavy metal contents in soils irrigated with the used irrigation waters:
Total contents:

Data in Table (5) showed that total contents of Zn, Cu, Pb, Cd, Ni,
and Se in the surface layer (0-30 cm) of the investigated soils, in general,
ranged from 73.9 to 80.4, 50.8 to 55.1, 26.5 to 41.1, 0.66 to 1.5, 53.8 to 60.8,
and 2.23 to 6.0 mg kg™ soil, respectively; whereas As was not detected. The
sequence of heavy metals according to their total concentrations in soils was:
Zn> Ni> Cu> Pb> Se> Cd> As. Total contents of Zn, Cd, Pb and Se in soils
irigated from El-Salam canal1 (7:1) were slightly higher than the
corresponding ones of the other soils. On the other hand, differences in total
concentrations of these metal ions between the soils irrigated with El-Salam
canal water and Bahr El-Bakar drain water were, generally, not detected.
These findings could be attributed to the lower concentrations of heavy
metals in the irigation water as aforementioned, chemical and physical
properties of the soils, downward movement of heavy metals from surface to
subsurface layer or ground water with water filtration process andfor their
removal from soil by grown plants (Cataldo and Wildung, 1978 and
Lokeshwari and Chandrappa, 2008).

Table (5): Average values of total content of heavy metals in the studied
soils as affected by source of irrigation water

Metal | mg kg™ soil
i Mao. Source of irrigation water Zn Co Pb As Se Ni cd
I-Salam canal-1(7:1) B04 | 508 | 411 | nd | 600 | 53.8 | 1.50
I-Salam canal-2{1:1) 739 | 525 | 268 | nd | 2.27 | 60.B | 0.30
hr El-Bakar drain 748 | 551 | 265 | nd | 2.23 | 604 | 0.66

stablished by USEPA-50
ulations)
n.d= not detected

E:llmum permitted loadings in lni{ 1400 | 750 | 150 [ 205 [ 50 210 | 195
@
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Accumulation of these metals in the studied soils still less than the maximum
permitted metal loadings in soil (mg kg"} established by the U. S.
Environmental Protection Agency 503 regulations (McBride, 1995).

DTPA-extractable contents:

Results given in Table (8) show values of the DTPA-extractable Zn,
Cu, Pb, As, Se, Ni and Cd from the surface soil samples collected from the
studied area as a result of irrigation with different water qualities.
Concentrations of DTPA-extractable Zn, Cu, Pb, Cd and As ranged from 0.82
to 1.25, 3.6 to 5.85, 0.53 to 0.82, 0.006 to 0.015 and 0.043 to 0.12 mg kg
soil, respectively; whereas available concentrations of both Ni and As were
not detected. Available concentrations of Zn, Cu and Cd in soils irrigated from
Bahr El-Bakar drain were slightly higher than the corresponding ones in soils
irigated from El-Salam canal waters. On the other side, concentrations of Pb
and Se in soils irrigated with El-Salam canal-1water were the highest as
compared with the corresponding ones of the soils irrigated with El-Salam
canal-2 water or Bahr El-Bakar drain water. This findings may be due to the
differences in soil physical properties, i.e. organic matter content, CaCO,
content and particle size distribution, (Table 3), as well as their different forms
in soil, where variable parts of their contents would be bound with the
different soil components, i.e. organic matter, carbonates, oxides and for clay
minerals in unsoluble forms (McGrath and Cegarra, 1992, Ma and Rao, 1997
and El-Sayed, 1999).

Table (6): Average values of DTPA- extractable heavy metal contents in
the studied soils as affected by source of LrLigglﬁnn water
No Source of irfigation Metal { mg kg™ soil)

i water Zn Cu | Pb | As Se Ni Cd
1 E:Ealam canal-1{7:1) 098 | 413 | 082 [ nd | 0120 | nd | 0.030
2 |

-Salam canal-2(1:1) 082 | 360 (053 | nd | 0.043 | nd | 0.006
3 hr El-Bakar drain | 1.25 | 585 | 052 | nd | 0.085 | nd | 0.015
n.d= not detected

Heavy metal concentrations in the grown plants:

Heavy metal contents in plants depand on their bioavailability in the
soil and on the atmospheric deposition, with the former media by s
irrigation and fertilization, and the latter either directly entering the plants
through stomata or taken up by plant roots after their deposition on the soil
surface (Alloway, 1995).

Heawvy metal total contents in both shoots and roots of faba bean as
an edible plant, clover as a fodder crop, cotton as a fiber crop and Swiss
chard as a vegetable plant were presented in Figs. (2 and 3). Concentrations
of Zn, Cu, Se, Pb and As in shoots and roots of all concerned plants were, to
a great extent, in the normal range according to Kabata- Pendias and
Pendias (1852). However total contents of Cd and Ni were slightly higher
than the normal ones. Accumulation of the concerned elements in the
investigated plant shoots and roots were, more or less, similar except for Ni
concentration which was lower in cotton plant than in other ones. The
sequence of these metals in the plant shoots and roots, in general, was in the
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following descending order: ZnzCu>Ni>Pb>Se2Cd>As. This behavior of
heavy metals in the plant tissues may be attributed to the variations in soil
chemical and physical properties, total element content in soil, their chemical
fractionation forms, element type and its essential role in plant metabolism,
and plant genotype (Cataldo and Wildung, 1978, Kabata Pendias and
Pendias, 1992 and Wang and Stuanes, 2003).

O E-Salam-1 (7:1) DE-Salam-2(1:1) & Bahr El-Bakar drain

Faha hean Clover

. - Shoots
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DMetal
Fig (2) Total concentrations of some heavy metals in shoots and roots of hoth

Faba bean and clover as affected by the irrigation water used.
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[ B0 H.Salam-1 (7:1) O -Salam2 (1:1) B Bahr Fl. Bakar drain |

Cotton Swiss Chard

Shoots
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Zn Cu Cd Mi pb As Se

A s0y7"

Roots 40
30
20
10

HEBES S

S5 W O W

Cone. {mg Hl'l oW

En Cu Cd Hi ph As Se Zn Cu Cd Mi pb As Se
Metal Metal

Fig (3 ) Total concentrations of some heavy metals in shoots and roots of both
Cotton and Swiss Chard as affected by the irrigation water used.

Obtained data also declared that, total concentrations of Zn, Cu and
Ni in all concerned plant shoots were higher, to a great extent, than the
corresponding ones in roots; whereas accumulations of As and Se in the
roots were, more or less, similar to those in shoots. On the other hand, total
concentrations of both Pb and Cd in the roots were higher than in shoots.
These findings may be due to Zn, Cu and, to some extent, Ni are essential
elements for plant growth; but Pb and Cd are considered to be non essential
elements for plant metabolic processes. Also, Pb and Cd translocation from
roots to top may be restricted because they are easily held manly "on
exchange sites of active compounds located in the cell walls; as well as Cd
bounds to sulphur containing proteins to form metabolically inactive
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complexes which accumulate in roots and reduce Cd movement from roots to
leaves (Kabata —Pendiais and Pendias, 1992 and Cieslinski et al., 1996).
Data showed also that, the used irrigation water quality was not of an obvious
effect on the accumulation of the concerned heavy metals in the grown plant
shoots and roots. This finding may be due to the differences in soil chemical
and physical characteristics (Tables 2 and 3), element chemical forms in soil
and its bioavailability, plant genotype, chemical composition of the used
irrigation waters (Table 1) and their little content of heavy metals (Table 4).

Conclusion

The results of this study showed that the used irrigation waters
(namely, El-Salam canal water and wastewater of Bahr El-Bakar drain) can
not be considered the sole reason of contamination of the investigated soils
with Zn, Cu, Ni, Pb, As, Se and Cd because of their concentrations in these
waters were less than the permissible maximum concentrations. Therefore,
accumulation of these metal ions in soil may be also due to the soil origin
(parent material), fertilization, management processes, pesticides used, and
atmospheric depositions. Total concentrations of the concerned heavy metals
in the grown plant shoots and roots (bean, clover, cotton and Swiss chard)
were to a great extent, in the normal range. Total content of Zn, Cu and Ni,
opposite to Pb and Cd, in all plant shoots were mostly higher than in roots.
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