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ABSTRACT: Many metals have been recognized as toxins for centuries.
Some metals are essential for life but if an individual's exposure exceeds as
certain threshold, toxicity may develop and also they can be toxic even at
low concentration. With industrial progress and civilized development of
societies, there are enormous amounts of pollutants which contaminate the
environment and especially soils. Environmental pollution and cultivated soil
protection are considered two of the most serious problems that face
mankind in the 21° century, especially in the heavily industrial area of Egypt.

The present investigation was carried out to study the effect of pollution by
industrial activities of heavy and toxic metals cycle in irrigation water,
agricultural soils and grown plants, for many years.

These wastes provide heavy metals to the environment which affect badly
soil properties, plant growth and animal and human health. Kafr El- Zaiyat
area (EI — Dalgamon), Gharbia Governorate was chosen for this research,
since it is essential an agricultural area, but with extensive industrial
activities. It includes many major industrial companies which have been
established over nine decades i.e Oils and Soap Fertilizers, Chemical and
Brick factories, the factories in this area unfortunately have been using the
irrigation canals to dispose their wastes effluents, which in most cases
contain heavy and toxic metals.

A survey study was carried out on area beside the sources of industrial
pollution (Oils and Soap factories) along 4000 meter, content of some heavy
metals i.e. Fe, Mn, Zn, Cu, Pb, Cd, Co and Ni were determined in irrigation
water, soils, some plants and some industrial wastewater. The samples were
collected at different distances (25 — 250 — 500 — 1000 — 2000 — 3000 — 4000
m.) from the sources of pollution in May 2003, 2004, 2005, 2006, 2007,
respectively.

Obtained results indicated that samples of both soils, plants and water of
2007 contained the highest concentration of heavy metals followed by 2006,
2005, 2004 and 2003 being at the least indicating that a pronounced
accumulation of heavy metals was established. Those concentrations,
however, bad decreased by avoiding of the pollution source, where samples
collected at 4000 m. from the source contained the lowest of heavy metals
concentration.
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Onion and potatoes were generally affected with the source of pollution,
where roots contained higher concentration of heavy metals than shoots.

The results declared that the concentration of extracted heavy metals varied
depending on major of which are distance from polluting soures, the havay
metals contents in samples at 25 m. distant was exceeded that of the control
(4000 m.) by about 26 fold in irrigation water, 9 — 10 fold in agricultural soils
and 5 — 7 fold in grown plants. The enhancement of industrial activities
through the last years led to increase of heavy and toxic metal levels in the
environment, year after year (heavy metals cycle).
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INTRODUCTION

Discharging the aqueous wastes derived from industrial activities into
water streams makes such water polluted and progressively becomes
unsuitable either for irrigation purpose or as potable for human and animals
(Bouwer and Chaney, 1974, Abdel — Tawab, 1985, EI-Wakeel and El-Sawaby,
1988).

In Egypt, industrial activities, previously established, are mostly localized
around or in the vicinity of agricultural lands. Helwan and Kafr EI-Dawar are
a major example, as many factories had been constructed. Several
investigators have studied the impact of urbanization and industrialization on
pollution of the biosphere, in air, water and soil and the consequences on the
various living beings (Abdel — Tawab, 1985, Abdel Mottaleb, 1993, Ramadan,
1995 and Ahmed, 2001). Abd El — Sabour et al, (2000) showed that the
prolonged irrigation with heavy metals contaminated wastewater increased
significantly heavy metals contents of the tested soil.

Wastewater from Oils and Soap, detergent for cleaning purposes, tannery
and dairy industries are charactenized by strongly alkaline industrial wastes
tend to be in the range pH of (10 — 12) It is noticed that the effluents also
differ from their fresh source water by their higher electrolyte concenteration,
total salt concentration in the effluents is 17 to 20 m mole L™ and SAR in the
effluents to 5.8. In soil near sources of pollution at 500 m. T. S. S is
4.73 dSm™, SAR is 14. 39 and pH 8.6 in irrigation water, but in soil at 500 m.
from source of pollution SAR 28. 92 % (Shalaby et al, 1996 a and Rashed
2004)

The objective of this work was to investigate the contamination of water,
soil and plants, in the vicinity of factories region of kafr El- Zayat, by heavy
metals.
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MATERIALS AND METHODS

Wastewater samples:

Three wastewater samples were collected in May 2003, 2004 and 2005 at a
point of discharge of Oils & Soap wastewater into the irrigation water. Some
chemical characteristics of those wastewaters were determined according to
page et al, (1982) and are shown in Map (1) & Table (1)

Table (1): Some chemical characteristics in industrial effluents

pH Ec Heavy metals 1( soluble)
Years (1 soil: 2.5 dsm™ Ugg
water ) Fe Mn Zn Cu Pb Cd Co Ni
2003 10.25 7.15 39.6 12.8 7.5 4.5 6.3 1.9 2.9 35
2004 10.50 7.60 35.8 11.2 7.2 5.8 6.8 2.1 3.3 2.9
2005 10.15 7.35 41.2 9.70 8.1 5.3 7.2 2.3 3.6 3.2

Water samples:

Water used for irrigation purpose, in this work, was derived from River
Nile's. Seven water samples were collected from Egiad new canal and were
taken from different sites along the distances of 4 Km., started in front of the
factories (25 m.), then at distance of 250, 500, 1000, 2000, 3000 and 4000 m.
far from the sources of pollution. These samples were collected in May 2003,
2004, 2005, 2006 and 2007, respectively. Irrigation samples were analyzed,
according to standard methods (APHA, 1985) and presented in Map (1)
&Table (2).

Soil Samples:

Surface alluvial soil samples (0 — 30 cm) were collected from seven sites
of agricultural area beside the factories and along distance 4000 m (25, 250,
500, 1000, 2000, 3000, 4000 m) in May 2003, 2004, 2005, 2006 and 2007. The
soil were air dried and ground to pass through a 2 mm sieve and some
physical and chemical properties were determined according to the methods
given by Page et al, (1982) and presented in Table (3).

Plant Samples.

Samples, representing roots and shoots of onion (Allium Cepa, L.) and
potato (Salanum tuberosum L.) were taken from distances 25, 250, 500, 1000,
2000, 3000 and 4000 m started in front of the factories in May 2003, 2004,
2005, 2006 and 2007 respectively. The samples were collected, washed with
tap water then with diluted HCI solution, dried at 70 C for 48 hr., ground finely
and digested with 5: 2: 1 nitric acid, perchloric and sulphuric acid mixture.
according to Chapman and Pratt (1961).

The concentrations of Fe, Mn, Zn, Cu, Pb, Cd, Co and Ni in wastewater,
water, soil and plants samples were extracted by DTPA (Lindsay and Norvell,
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1978) and determined using the atomic absorption spectrophotometer
(Chapman and Pratt, 1961).
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Map (1) Location of water, soil and plant samples
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Table 2

1225



M. I. Raslan, A. A. Rahmou and M. A. Nasef

Table 3
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RESULTS AND DISCUSSION

Heavy metals in factory effluents:

Elemental analyses of the factories liquid wastes discharged in irrigation
canal of Kafr El- Zaiyat area were listed in Table (1).

Generally, these effluents are enriched with Fe, followed by Mn > Zn > Pb
> Cu > Co > Ni > and Cd. Shalaby et al, (1996 a) found that the soluble heavy
metals (ugg™) in wastewater of Oils and Soap factories were as follows: Fe
(34.0) > Mn (9.6) > Zn (5.7) > Pb (5.7) > Cu (4.6) > Co (2.5) > Ni (2.5) > Cd (1.2).
Rashed (2004) showed that the wastewater effluent of Oil and Soap industry
at Kafr El -Zeiyat was very high salinity (6.9 dS m™) and high alkalinity (SAR
25.10)

Heavy metals in irrigation water:

Concentration of Fe, Mn, Zn, Cu, Pb, Cd, Co and Ni in water samples from
Egiad new canals (Table 2), revealed that the factories liquid wastes
discharged in irrigation canals increased the levels of these metals in
irrigation water. The concentration of metals decreased by getting far away
from the sources of pollution and could be arranged, descendingly between
distance at 25 m. (in May 2007) and at 4000 m. (in May 2003) (control), as the
following: Fe (10.5 — 0.44) > Mn (3.5 -0.25) > Zn (2.8 — 0.17) > Ni (2.3 — 0.14) >
Cu(18-01)>Pb(1.7-0.09)>Cd (1.6-0.06) >Co (1.4-0.05). Also, pH
and EC decreased by getting far away from the sources of pollution.

Generally, the liquid wastes were enriched with these metals and were
much higher than the maximum concentration recommended by FAO (1985)
for wastewater for irrigation. Also, levels of the determined heavy metals in
water samples were generally higher than which are recorded for fresh water
in several studies, since the reported values (ugg™) were in the range of 0.11
—0.77 for Fe, 0.01 - 0.11 for Mn, 0.01 — 0.09 for Zn, 0.01 — 0. 12 for Cu, 0.01 —
0.06 for Pb, 0.02 — 0.04 for Cd, 0.01 — 0.06 for Co and 0.01 — 0.02 for Ni
(Ramadan, 1995, Abou — El — Naga et al., 1996, Eissa and El-Kassas, 1999
and Ahmed, 2001). Abou El-Naga et al. (1996) stated that the concentrations
of heavy metals in unpolluted Nile waster were as follows in ppm: Fe 0.77 >
Mn 0.11 > Zn 0.09 > Cu 0.01 > and Pb 0.01. Also, the concentration of heavy
metals (ugg™) in industrial wastewater were as follows: Fe 34.40 > Pb 3.80 Mn
2.50 > Co 1.50 > Zn 0.69 > Cu 0.47. Rashed (2004 ) showed that the irrigation
water near oil and soap factory at Kafr El- Zeiyat region could be classified as
high saline, moderate alkaline where, EC was about (4.73 dS m'l) and SAR
(14.32).

Available heavy metals in soils:
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Data presented in Table (4) show the amounts of available heavy metals in
the studied soils, according to distance from the factories region. The data
clearly demonstrate large difference between polluted soil and non-polluted
(control).

Table 4
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Levels of heavy metals were much higher in the soil near the factories. The
concentration of these metals in soil samples at 25 m ( in may 2007) was
about 5 — 8 times higher than of these at 4000 m (in may 2003) and the
concentration decreased with increasing distance from factories and could
be arranged descendingly between distance 25 m (in May 2007) and at 4000
m (in May 2003) as the follows: Fe (57.5 — 8.15) > Mn (41.2 -8.2) > Zn (37.6 —
5.6) > Cu (10.6 — 1.50) > Ni (9.9 — 1.0) > Pb (8.8 — 1.20) > Cd (6.2 — 0.6) > Co (4.3
— 0.50). These results agree with those obtained by Morsy (1990), Shalaby et
al. (1996 a), Vennii and Muthuvel (1997) and Rashed (2004). Also, Aodel —
Mottaleb et al. (1993) , Schuhmacher et al. (1997) and Zein et al (2007) found
that the higher values of Fe, Mn, Zn, Pb and Cu in soils were found beside the
industrial factories.

Heavy metals contents in plants:

Plant don’t take up only essential elements, necessary for their normal
development, but also other ones if these are present in the growth medium
in a sufficiently mobile form (Cottenie et al., 1982). Plant grown in the
polluted soils absorbed higher amounts of metal ions than those in normal
soil. With few exceptions, the industrial aqueous wastes resulted in the
greatest amounts of heavy metals taken up by plants, being above the
permissible levels in most of them. (Pendias and Pendias, 1984).

As respects heavy metals contents of the onion and potatoes plants
irrigated by the studied water sources, contained a marked increase in the
concentration of all heavy metals in either roots or shoots of the plants
grown on the studied soil. The levels of various metals differed widely
according to both metal, the distance from the source of pollution, period of
pollution and also to the studied plant (roots or shoots). Concentration of Fe,
Mn, Zn, Cu, Pb, Cd, Co and Ni in both roots and shoots of the examined
plants are shown in Tables (5 & 6).

The data clearly demonstrated that the content of these metals in plants at
25 m. from the source of pollution in May 2007 were higher than at 4000 m. in
May 2003 (control) either in roots or in shoots. The metal contents decreased
with increasing distance from the source of pollution and could be arranged
descendingly as the following: Onion roots, Fe, (192 — 320) > Mn (36.7 — 84.8)
>Zn (33.4—-79.5) > Cu (5.2-16.6) > Ni (1.78 — 11.9) > Pb (1.41 - 9.8) > Co (0.85
—6.2) > Cd (0.82 — 5.2). Onion shoots, Fe (161 — 248) > Mn (32.9 — 66.9) > Zn
(24.2 - 55.2) > Cu (5.2 -10.9) > Ni (1.25 - 6.8) Pb (0.8 — 5.6) > Co (0.55 - 3.8) >
Cd (0.52 — 3.6). Shalaby et al. (2007) found that Ni uptake of jate followed the
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order : leaves > stems > roots while it was for flax mature plants : stems >
leaves > seeds > cover capsules =roots .

Table 5
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Table 6
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Potatoes roots, Fe (201 — 298) > Mn (38.2 — 86.3) > Zn (35.4 - 81.1) > Cu (5.2
—17.3) > Ni (1.55 - 9.80) Pb (1.55 - 11.2) > Co (0.80 — 4.80) > Cd (0.65 — 4.60).
Potatoes Shoots, Fe (185 — 277) > Mn (32.9 — 61.8) > Zn (27.9 - 59.9) > Cu (4.1
—4.7) > Ni (1.15 - 5.90) > Pb (0.95 - 5.3) > Co (0.45 — 2.95) > Cd (0.38 — 1.95).
Abou El — Naga et al. (1996) showed that plant grown in the polluted soils
absorbed higher amounts of metal ions than those grown in normal soils.
Eissa and E- Kassas (1999) stated that the concentration of heavy metals in
seven different plant species grown in the different soils near the factories
were as follow: Pb (25 —182) > Mn (19 - 73) > Zn (12 — 65) > Cu (15 - 25) > Co
(2.1 -18.8) > Ni (3.9 - 12.1) > Cd (3 — 9). Also Shalaby et al. (1996 b) studied
the effect of irrigation with different types of wastewater on some medicinal
plants and found that the contents of heavy metals in these plants were
slightly or considerably enhanced according to sources and concentration of
applied waste water.

It is clear from the present study that continuous irrigation with polluted
water had resulted in substantial increase in the DTPA — extractable fraction
of heavy metals in the soil. These elevated levels of metals in soil may be
toxic to plants grown thereon or after they enter the food chain and could be
harmful to animal and human being nourished with these plants. Generally
this work may express a vital point about heavy metals accumulation in the
environment: water- soils — plants system.
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Map (1) Location of water, soil and plant samples
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