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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 excesds as
certain threshold, toxicity may develop and also they can be foxic even at
low concentration. With industrial progress and civilized development of
socielies, there are enormous amounts of pollutants which contaminate the
environment and especialfy soils. Environmentai pollution and cultivated soll
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 fo 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 bad,;yf{
soif properties, plant growth and animal and human health. Kafr El- Zaiyat:
area (El — Dalgamon), Gharbia Goveri:crate 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 (Qils 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 poliution 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 poilution 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 generaily affected with the source of pollution,
where roots contained higher concentration of heavy metals than shoots.

The resuits declared that the concentration of extracted heavy metals varied
depending on major of which are distance from poiluting 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 § - 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 metais cycle). :

Key words: Wastewater, Accumulation , Heavy metals , Soil, water, plant.

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, El-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 El-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, Abde! 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 aiso
differ from their fresh source water by their higher electrolyte -concenteration,
total sait 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. 7. 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 a/, 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
metais.
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MATERIALS AND METHODS

Wastewater sampies:

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 a/, (1982) and are shown in Map (1) & Tabie (1)

Table {1): Some chemical characteristics in industrial effluents

pH Ec Heavy metals! soluble )
Years | {1soil: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 3.5
2004 10.50 7.60 35.8 11.2 7.2 58 68 | 21 3.3 29
2005 10.15 7.35 41.2 970 | 81 5.3 72 | 23 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 sulphurlc 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 planis samples were extracted by DTPA (Lindsay and Norvell,
1978) and determined using the atomic ahsorption spectrophotometer
{Chapman and Pratt, 1961).
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Map (1) Location of water, soil and plant samples
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Table (2): Some chemical characteristics in irrigation water of samples coliected at different distance from

the factories region.

pistance ¥ 1 pIH‘z " Ec T Soluble heavy metals (ugy™)
(meter) ears soll :2. ds m™
water Fe Mn Zn Cu Ph Cd Co NI
25 2003 8.20 3.90 .50 2.80 2.50 140 1.20 110 1.00 1.80
2004 8.30 3.90 9.70 2.90 2.50 1.50 1.40 1.20 1.10 1.90
2005 8.35 4.20 9.90 3.20 2.0 1,70 1.50 1.40 1.20 2.10
2006 8.35 4,30 10.20 3.30 2.70 1.80 1.60 1.50 1.20 2.20
2007 8.36 4.50 10.50 3.50 2.80 1.80 1.70 1.60 1.40 2.30
250 2003 7.70 2.10 3.80 1.29 0.895 0.73 0.66 0.60 0.65 0.8
2004 7.78 2.10 3.80 1.41 0.98 0.75 0.67 0.60 0.56 0.82
2005 7.85 2.20 3.85 1.45 0.9% 0.76 0.78 0.62 0.58 0.85
2006 7.88 2.30 3.88 1.46 0.99 0.77 0.71 0.63 0.58 0.87
2007 790 | 240 3.90 1.50 1.02 0.78 0.72 0.65 0.60 0.83
500 2003 7.50 1.80 2.72 0.90 0.70 0.58 0.54 0.50 0.46 0.81
2004 7.56 1.90 276 8.91 0.72 0.59 0.55 0.51 0.47 0.62
2005 7.56 1.90 2.8 0.93 0.79 0.62 0.57 0.53 0.49 0.64
2006 7.58 1.90 2.82 0.94 0.74 0.63 0.57 0.54 0.49 0.65
2007 7.60 2.00 2.83 0.96 0.75 D55 0.58 0.55 0.51 0.86
1000 2003 7.45 1.20 2.20 0.62 .50 0.35 0.38 9.32 0.34 0.38
2004 7.45 1.20 2.25 0.63 0.52 0.36 0.38 0.33 0.34 0.39
2005 7.45 1.40 2.25 0.65 0.53 0.38 0.39 .35 0.36 0.4%
.2006. - 7.46 1.50 2,26 0.66 0.54 0.39 0.41 0.38 0.37 0.42
2007 7.48 1.50 2.28 0.67 0.55 0.39 0.42 0.32 0.38 0.43
2000 2003 7.40 0.90 185 0.33 8.32 0.14 0.22 .14 .18 0.20
2004 7.40 0.95 1.68 0.35 0.33 0.15 0.23 D.14 0.18 0.21
2005 7.45 0.95 1.70 0.36 0.34 0.17 0.23 D.46 0.20 0.23
2006 7.46 0.96 172 0.36 0.35 0.18 0.24 0.16 0.21 0.24
2007 7.48 0.98 1.75 0.38 0.26 0.18 0.25 0.18 0.22 0.25
3000 2003 7.35 0.60 0.55 0.24 0.20 0.10 0.08 0.08 0.05 .09
2004 7.35 0.65 0.58 0.25 0.2 0.10 0.09 0.08 0.06 0.10
2005 7.35 085 0.51 0.27 0.23 0.11 0.10 0.08 0.08 0.12
2006 7.36 0.66 0.62 0.27 0.24 0.11 0.11 0.10 0.09 0.14
2007 7.38 0.68 0.63 0.28 0.25 0.12 0.12 0.1 0.09 0.15
4000 2003 7.30 0.55 0.38 0.20 0.74 0.08 0.07 .14 0.03 0.07
2004 7.30 0.55 0.39 0.21 0.14 0.08 0.07 0.14 0.03 0.08
2005 7.30 0.55 0.42 0.23 0.15 0.09 0.08 0.05 0.04 0.1¢
2008 7.31 0.58 042 0.24 0.18 0.10 0.09 0.06 0.04 0.41
2007 7.33 0.58 0.44 .29 0.17 0.11 0.10 0.07 0.05 0.12 |
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Table {3): Some physical and chemical analysis of the studied soil.

Particle size distribution Available
Distance Organic CaCo,; Sail Nutrients ( ugg™)
{meter) Matter % % Sand Silt Clay Texture N R K
% % %

25 0.55 1.15 326 25.5 41,9 Cilay Loam 6.5 8.2 90.5
1000 1.75 2.90 22,86 251 52.3 Clayey 228 16.7 145.2
4000 2.25 385 20.6 25.8 53.6 Clayey 33.4 239 168.9

Soluble cations and anions meqL™
pH EC.dS/m Cations Anions
Distance 1 : 256 1:5 - N
{meter) Soikwater Soil:water ca” Mg" Na* K* co, HCO, Ci S0,
a 25 9.80 415 216 3.30 28.5 4.90 - 8.25 2915 1.45

1000 8.55 1.65 4.85 2.90 415 2.80 - 2.80 9.25 2.65

4000 8.15 1.40 5.25 1.80 3.80 2.90 - 1.95 9.0 2.80
Distance Heavy metals (ugg™)
{meter)

Fe Mn Zn Cu Pb Cd Co Ni

25 65.8 39.2 35,6 93 8.2 5.2 38 8.7

1000 18.7 12.6 9.9 2.2 2.0 15 0.9 21
4000 11.8 8.2 5.6 15 1.2 0.6 0.5 1.0
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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 Qil 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{18-0.1)>Ph(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 FAQ (1985)
for wastewater for irrigation. Also, levels of the determined heavy metals in
water samples were general!y 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, .01 - 0.08 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 ef al. (1996} stated that the concentrations
of heavy metals in unpoliuted Nile waster were as follows in ppm: Fe 0.77 >
Mn 0.11 > Zn 0.09 > Cu 0.01 > and Pb 0.01. Aiso, 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 classﬂ' ed as
high saline, moderate alkaline where, EC was about (4.73 dS m™) and SAR
(14.32).

Available heavy metals in soils:

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 poliuted soil and non-polluted
(control).
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Table {4); Some chemical properties of the investigated soils in relation to proximately from the factories
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region. i
Distance p.H. Ec 4 Heavy metais(ugg’) o
{meter) Years | tsoil 2§ ) dSm Fe Mn Zn cu Pb cd Co Ni
25 2003 8.90 4.15 55.80 39.20 356 9.3 8.2 5.2 16 8.7
2004 9.92 4.18 56.20 40.30 36.3 8.6 84 5.4 3.8 9.2
2006 9.95 4.24 56.80 40.80 15.9 9.8 8.5 5.6 3.9 9.5
2006 9.97 4.27 57.20 41.20 37.2 10.3 8.6 5.9 4.1 9.7
2007 9.98 4.32 57.50 44.50 37.6 10.6 8.8 6.2 4.3 9.9
250 2003 9.58 391 48.30 29.20 24.3 7.2 58 3160 | 2.55 6.1
2004 9.60 3.93 84.60 29.90 24.1 7.4 6.0 355 | 280 6.4
2005 9.62 3.96 49.00 30.40 25.2 7.6 6.2 360 | 263 8.5
2006 9.63 3.99 49.60 30.50 25.8 7.7 6.3 3.65 | 2.85 6.5
2007 9.65 4.00 49.90 22.30 26.2 7.8 6.4 3.75 | 2.65 6.5
500 2003 8.98 315 33.20 2210 16.2 48 39 285 210 4.1
2004 8.88 3.18 33.25 22.30 164 5.0 3.9 270 | 215 4.3
2006 8.99 3.19 3325 22.60 16.6 5.2 43 275 | 220 4.4
2006 8.99 3.20 33.30 22.80 16.8 5.3 4.5 2.80 | 225 4.5
2007 8.99 3.20 33.30 22.90 16.9 5.4 4.7 280 | 225 4.6
1000 2003 8.55 1.86 18.70 12,60 10.9 3.2 28 1.65 | 0.99 2.4
2004 8.57 .87 18.70 12.70 11.6 3.5 29 176 | 1.15 26
2005 8.59 1.88 18.20 12.80 11.8 36 32 1.80 | 1.18 2.8
2006 8.60 1.89 19.00 12.80 12.2 3.7 23 1.85 | 1.16 2.9
2007 8.62 1.91 19.10 12.90 12.6 3.8 3.4 1.80 | 1,25 2.9
2000 2003 8.32 1.76 1410 11,20 9.3 2.1 17 120 | 0.75 1.50
2004 8.33 1.76 14.10 11.20 8.3 2.1 1.7 1.22 | 0.76 1.56
2005 8.33 177 14.20 11.30 9.5 2.1 17 1.24 | 0.7% 1.55
2006 8.34 1.78 14.20 11.40 9.5 2.2 1.8 1.25 | 0.80 1.80
2007 8.16 1.79 14.30 11.40 9.6 2.2 1.8 126 | 0.80 1.0
3000 2003 8.25 1.54 12.60 5.30 5.80 1.8 1.40 000 | 080 1.20
2004 8.26 1.52 12.60 9.30 6.85 1.8 1.40 0.96 | 0.60 1.20
2005 8.27 1.54 12.70 9.30 6.80 1.8 1.40 .0.93 1 0.60 1.20
2006 8.27 1.54 12,70 9.40 6.90 1.85 1.45 0.94 | 0.61 125
2007 8.28 1.55 12.70 9.40 6.95 1.85 1.45 0.95 | 0.61 1.25
4000 2003 8.15 1.40 11.80 8.20 530 1.50 1.26 0.60 | 0.50 1.0
Contro) 2004 B.15 1.40 11.80 8.20 5.60 1.60 1.20 0.60 | 0.50 1.0
2005 B.15 1.41 11.90 8.20 5.60 1.50 1.20 0.61 | 0.50 1.0
2008 8.15 1.41 11.90 8.30 5,70 1.50 1.22 0.61 | 0.50 1.1
2007 8.18 1.42 11.90 8.30 870 1.50 1.22 061 | 0.50 14
LS.D 0.05 12.03 1.87 1.45 0.35 0.27 0.21 | 0.19 0.28
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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 af (2007) found
that the higher values of Fe, Mn, Zn, Pb and Cu in soils were found beside the
industrial factories.

Heavy metais 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 ef al, 1982). Plant grown in the
poliuted soils absorbed higher amounts of metal jons 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 varicus 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 Tabies (5 & 6).

The data clearly demonstrated that the content of these metals in plants at
25 m. from the source of poilution in May 2007 were higher than at 4000 m. in
May 2002 {control) either in roots or in shoots. The metal contents decreased
with increasing distance from the source of poilution and couid be arranged
descendingly as the following: Onion roots, Fe, (192 - 320} > Mn (36.7 - 84.8)
>2Zn (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
order : leaves > stems > roots while it was for flax mature plants : stems >
leaves > seeds > cover capsules = roots .
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Table (5): Heavy metals concentration in onion plants grown in soils at different
factories region

distance from the

Heavy metals [ugg™)
3:;::; Years Fe Mo ] Zn ] cu Fb [ cd [ Co Ni
Roots | Shoots | Roots | Shoots | Roots | Shoots | Roots | Shoots | Roots | Sheots 1 Roots 1 Shoots i Roots | Shoots | Roots | Shoots
25 2003 298 241 83.8 658 75.4 54.2 15.8 9.8 i 89 5.2 4.8 2.8 57 3.2 1.2 6.3
2004 308 244 83.8 66.2 76.3 54.6 16.3 0.1 9.1 863 47 2.9 5.8 3.2 114 6.4
2005 n 248 84.3 66.7 776 54.9 16.8 10.5 9.4 53 48 3.2 6.0 4 115 8.5
2006 318 243 84.8 66.9 78.5 552 18,8 0.7 9.5 §5 4.9 3.5 6.0 35 1.7 6.6
2007 320 249 85.9 67.3 81.8 55.8 16.9 10.9 9.8 5.6 5,2 38 6.2 3.8 1.8 8.8
250 2003 282 245 716 56.7 68.7 52.4 128 2.0 6.3 s 33 19 4.2 23 7.8 51
2004 284 218 72.2 57.4 8.2 52.8 12.9 9.2 6.4 3.9 3.4 19 4.3 24 76 52
2005 286 218 73.3 56.2 894 53.3 4.8 9.3 6.5 38 35 2.0 43 25 7.8 5.3
2008 288 220 74.2 58.9 69.8 53.% 14.0 9.5 8.5 19 35 20 4.4 2.5 1.8 53
2007 | 200 | 202 | 755 | s97 | 702 | 648 [ 142 | 98 58 3.9 35 24 a5 i 25 | 79 | &4
500 2003 271 19% 63.4 49.9 82.9 43.7 11.4 8.3 EA 32 26 186 3.2 1.9 5.3 42
2004 273 200 83.8 50.2 63.4 43.9 1.6 8.5 5.2 32 2.8 16 3.2 1.9 6.3 4.2
2005 272 202 64.1 50.8 63.8 44.3 11.8 8.6 5.3 33 2.7 17 3.2 2.0 6.3 4.2
2006 274 203 64,5 50.9 64.2 448 11.8 8.8 5.3 3.3 27 17 R 241 6.4 4.3
2007 274 205 64.8 51.2 64.7 45.2 11.9 8.7 5.4 33 J 2.8 17 3.3 21 8.4 4.4
1000 | 2003 | 252 185 | 553 | 418 | 528 | 378 88 68 36 | 42 | 20 14 21 18 58 | 33
2004 252 186 558 418 53.2 379 8.6 6.7 3.8 2.2 20 1.4 2.2 1.6 5.0 33
2005 253 187 55.8 419 §34 381 8.7 6.7 3.7 23 2.0 15 2.2 1.6 81 33
2008 254 188 58,2 421 536 | 382 B.7 6.8 A7 2.3 21 1.5 22 16 51 34
2007 285 188 56.7 423 53.8 38.3 B7 | 68 i3 23 21 1.5 1.6 1.7 5.1 34
2000 2003 219 168 436 7 3368 41.2 29.8 T4 55 30 1.9 186 11 15 0.85 3.2 19
2004 219 159 43.8 360 41.3 28.8 7.4 55 0 138 1.6 1.1 1.5 0.80 3.2 18
2005 219 170 446 3r2 4.5 25.8 7.5 5.8 30 1.9 18 1.2 15 0.80 3.2 19
2006 220 170 442 3ra 416 209 75 5.6 30 2.0 18 1.2 1.6 0.90 33 . 18
_ 1 2007 220 170 44.2 37.5 418 28.9 1.5 £86 a0 2.0 1.8 12 1.8 0.95 3.4 f 2.0
aopo 2003 199 162 336 328 32.2 26.7 70 52 20 10 ] 14 0.8 0.9 0.70 21 1 18
2004 200 162 s 29 24 25.7 7.0 5.2 29 i1 1.2 0.8 0.9 0.75 21 1.5
2005 200 162 39 332 128 268 71 5.3 21 11 1.2 08 0.9 0.758 22 1.5
2006 200 163 34,2 3.2 325 268 71 53 2.4 1.1 1.2 0.9 1.0 0.75 2.2 15
2007 202 64 34.5 33.2 26 269 7.2 5.3 21 11 1.2 0.9 1.0 0.75 2.2 1.6
4000 2003 192 181 6.7 298 334 24.2 6.8 8.0 1.41 0.80 0.82 n.52 0.85 0.55 178 1.25
2004 184 163 37.2 29.9 338 246 6.9 50 1.42 0.80 0.83 0,53 0.87 0.58 1.80 1.28
2005 184 184 7.8 30.4 34.2 249 1.0 5.0 1.42 0.85 0.5 0.55 0.89 6.58 1.80 1.26
2008 195 164 g 30.9 347 253 7.0 5.0 1.43 0.88 0.88 9.55 0.90 0.58 1.81 1.27
2007 195 166 38.5 32.8 358 26.8 7.0 5.0 1.45 0.80 0.87 0.57 0.92 0.60 1.82 1.29
LSD £.066 3610 5.238 2.237 2.246 2,303 0.539 0529 0.411 L 0.33 0.296 0473 {0.356 [ 0.192 | 0.481 | 0480
0.05 1 _I L
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Table (6): Heavy metals concentration in potatoes plants grown in soils at different distance from the
factories region.

Distance | Years Heavy metals (ugn™)
{metar) Fe Wi Zn Cu Fb cd To NI
Roots | Shoots] Roots lShcmts Roots | Shoots | Roots | Shoots| Roots | Shants | Roots | Shoots [ Roots [Shoots Roots | Shoots
25 2003 295 278 85,2 60.2 805 | 59.2 8.9 45 99 52 4.30 1.80 4.20 280 8.50 560
2004 296 276 85.5 61.0 807 59.3 7.0 4.6 10.0 5.2 4,35 1.92 4.20 2.85 9.60 570
2005 297 276 85.7 61.2 0.9 598 7.1 4.6 1041 52 4.45 1.83 4.30 2.8 9.70 5.80
2006 298 217 85.8 1.5 B0.5 59.8 71 4.6 10.1 £3 4.50 1.93 4.50 2.92 9.76 5.85
2007 298 277 86.3 61.8 811 956.9 7.3 4.7 1.2 53 460 | 195 4.80 298 9.80 5,90
250 2003 278 257 79.2 55.3 75.7 53.8 128 8.2 65 34 28 160 370 1.90 FE] 42|
2004 278 258 79.B 85.5 759 53.9 14.6 8.5 6.6 3.5 2.8 1.60 3.80 1.0 7.2 4.3
2008 278 260 79.9 557 76.2 54.0 14.2 8.8 5.8 3B 27 1.70 190 2:00 7.2 4.5
2006 279 261 81.2 55.8 756 54.1 14.4 8.7 7.0 kR 2.8 1.70 3.90 2.10 7.4 4.5
2007 279 282 81.5 55% | 768 542 14.8 8.9 71 9 28 1,70 3.90 2.10 7.5 4.6
500 2002 288 246 7.2 512 68.8 48.8 102 TE 45 28 1.9 120 270 1.50 5.7 23
2004 289 247 T2.0 51.6 68.2 49.2 10.6 7.8 45 29 1.9 1.20 2.80 1.70 58 2.9
2005 270 243 729 51.8 700 498 10.8 7.6 4.6 3.0 2.0 1.20 280 1.80 6.0 3.0
2008 270 248 734 518 70.2 436 11.2 77 4.8 30 21 1.40 2.80 1.80 6.2 32
2007 21 248 74.3 52.0 714 48.7 11.4 7.8 4.7 3.2 2.1 1.40 2.90 1.30 5.2 33
1000 2003 2583 228 €15 432 58,6 46 .5 8.9 T2 33 1.9 14 0.80 24 1.0 43 22
2004 254 229 81.7 48.4 889 46.6 89 72 34 1.9 1.4 0.90 2.1 1.10 4.4 24
2005 255 [ 230 619 48.4 59.5 458 B9 7.2 34 30 1.5 1.00 24 1.20 4.4 24
2008 256 230 62.2 485 59.7 46.8 9.0 7.3 3.4 241 15 1.00 2.2 1.20 4.5 25
2007 255 230 62.3 48.8 59.9 45.9 9.0 I3 3.4 24 1.5 .00 2.2 1.20 4.6 2.5
2000 2003 232 209 504 38.2 49.5 345 T8 53 28 14 1] 0.50 12 (X1 24 1.4
2004 236 210 50.8 38.4 49.6 40 7.6 53 28 1.4 08 0.50 1.2 070 2.5 1.4
2005 238 210 50.8 %0 49.7 346 77 5.4 2.8 1.5 0.8 0.50 1.2 0.70 a5 1.4
2006 237 211 51.0 38.2 48.7 34.7 7.7 5.4 26 1.5 [1X:] 0.50 1.2 0.70 2.5 1.4
2007 237 211 §1.2 196 48.8 34.8 7.7 5.4 2.7 1.5 0.B 0.60 1.2 0.70 2.5 1.5
3000 2003 221 196 41.2 345 392 289 X 44 1.88 1.25 075 045 050 0.55 1.80 1.2
2004 221 196 41.2 45 396 30.2 5.9 4.4 1.8% 1.25 0.75 0.4 0.90 0.55 1.82 1.2
2005 222 196 41.3 34.5 9.8 30.2 5.9 4.5 1.90 1.25 B.75 0.46 0.90 0.55 1.85 1.2
2008 222 187 413 346 39.9 30.3 6.0 4.6 1.90 1.25 0.76 .49 0.30 D.56 1.85 1.2
2007 222 187 1.5 34.6 401 30.3 6.0 4.5 1.80 1.25 0.78 0.48 092 0.57 1.85 1.2
4000 2003 20 185 82 329 KEX Fid] 5.2 41 1.55 095 0.65 0.38 0.80 0.45 1.55 105 |
2004 202 186 38.8 32.9 35.6 28,2 53 4.1 1.56 0.98 0.86 0,38 0.82 G.46 1.56 1.10
2005 202 187 39.2 33.2 548 28.8 5.6 4.2 1.57 1.02 0.67 ¢.40 0.82 0.47 1.58 1.12
2006 203 187 9.8 34 36.0 287 57 42 1.57 1.05 0.68 .40 0.83 0.47 1.58 1.14
2007 203 188 349 118 36.2 28.8 5.8 43 1.59 1.10 0.70 0.42 0.83 0.48 1.58 1.15
L.s.D 8.04 5375 2.534 2.33 2446 2625 0.74 0.41 0.557 0588 0.E 0.192 0.258 0.228 0.40 0,396
0.05
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M. I. Raslan, A. A. Rahmou and M. A. Nasef

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 ef 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 continucus 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.

REFERENCES

Abd El - Mottaleb, M. A.,, R.M. Fayed and H. M. Eitaby (1993). Effect of
industrial activities on some heavy metals content in soils and plants.
Minufiya J. Agric. Res. 18: 1797 - 1813,

Abd El- Sabour, M. E,, A. A. Mohamed and A. O. Abd El- Nabi (2000). Heavy
metals accumulation in rice and sorghum crops grown on contaminated
soils in Egypt. Minufiya J. Agric. Res 25 (4): 1157 — 1167.

Abdel-Tawab, M.M., (1985). Soil pollution as affected by some industrial
wastes at Helwan, El-Saff area. M.Sc. Thesis, Fac. Of Agric. Cairo
University, Egypt.

Abou-El Naga, S. A, M. S. El- Shinnawi, M.S. El- Swaby and A. A. Salem
(1996). Changes in the elemental constituents of soil and plants under
irrigation with wastewaters; Menofiya J.Agric Res., Vol. 21 No. 6: 1575 -
1590. :

Ahmed, S.M., (2001). Phytoremediation of some contaminated soils with
heavy metals in the Kafer El- Dawar industrial area. Ph. D. thesis. Fac. Of
Agric. Alexandria University, Egypt.

APHA, (1985). Standard Methods for Examining of Water and Wastewater.16™
ed. Am. Public Health Assoc. Washington.

Bouwer, H. and R. L. Chaney (1974). Land treatment of wastewater Adv.
Agron., 26: 136 - 176,

1232



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

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 — 53.9) > Cu (4.1
- 4.7) > Ni {1.15 — 5.80) > 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 scil. These elevated levels of metals in soil may be
toxic to plants grown thercon 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.

REFERENCES ,

Abd El -~ Mottaleb, M. A., R.M. Fayed and H. M. Eitaby (1993). Effect of
industrial activities on some heavy metals content in soils and plants.
Minufiya J. Agric. Res. 18: 1797 - 1813.

Abd El- Sabour, M. E., A. A, Mohamed and A. O. Abd Ei- Nabi (2000). Heavy
metals accumulation in rice and sorghum crops grown on contaminated
soils in Egypt. Minufiya J. Agric. Res 25 (4): 1157 — 1167.

Abdel-Tawab, M.M., (1985). Soil pollution as affected by some industrial
wastes at Helwan, El-Saff area. M.Sc. Thesis, Fac. Of Agric. Cairo
University, Egypt.

Abou-El Naga, S. A., M. S. El- Shinnaw!, M.S, £]- Swaby and A. A, Salem
(1996). Changes in the elemental constituents of soil and plants under
irrigation with wastewaters; Menofiya J.Agric Res., 21. (6): 1575 — 1590.

Ahmed, S.M., (2001). Phytoremediation of some contaminated soils with
heavy metals in the Kafer El- Dawar industrial area. Ph. D. thesls. Fac. Of
Agric. Alexandria University, Egypt.

APHA, (1985). Standard Methods for Examining of Water and Wastewater.16™
ed. Am. Public Health Assoc. Washington. _

Bouwer, H. and R. L. Chaney (1974). Land treatment of wastewater Adv.
Agron., 26: 136 - 176.

1233



M. 1. Raslan, A. A . Rahmou and M. A. Nasef

Zein, F. 1., O. A. Hegab, A. M. Geigth and H. M. Ei- Sanafawy (2007) .
Fractionation of heavy metals and their distribution in heavy textural soils
as related to pollution sources . Egypt Soil Sci. Soc. 8 National
Conference. "Soils and water studies in Sustainable Agriculture
Systems.” November 25-26,2007.

1234



Effect of heavy and toxic metals cycle.in the environmenton ............

olia 8 gl 5 o Al 8 Lalaall g ALEE < 180 5 g0 Ll
daldl) il g 4y 530 9 (5

iali Ghlalae Ldhuas ~ gaajone Jie = (Pluy el il gaaa
raa— 530 = el )5 Ggal 58 e = Al g olaally i) Y Sigay 2gas

Al padlal

QS Cotaall 038 Gaamy oSk S aph e Al Ly alaall (e ) oo Gipe i
yalial) 0l Apand) Gl Cpima (5 gaa 08 B33 0 AT el 13 @Sl ¢ Blall (5 g
Laidial) o S0 die e Aulur (985 Ay g Sl juabial) Garg of LaS ¢ Giaad G g
igli Bayie cligle Ol A panl Claaianall g ugndll (g jLaally eliaall askil .
A Aala g A

P Al dal g (AN Bkl JSLA G O i A pjial) Ay 30 Llea g Al il
Hid) o YL juan A adlaally ARSS ghlia 350 A duald g oy call g aal gl o R
Ll s AG s Al ddiilae b3l 88 35S el Al ¢ gaatall Laliy Aala A )5 Adlaia
g3l s gday Lle (hgand g A9 3o Lgiitd) o3 Ailida g 5,08 dplia Abd
Ailaial) 03 a B 5 gudy . gkl alliaay Cliglash aiuany Saandl aduany (ipileall s
< glh 5 jlall \golilies LBl adlaall oda ol el 30 aaad dalgd g Luadd A 50
LBy, Aalull g ALEM pualial) Cpa B S ciliaS (g gind ) plima B 3y A A (5
gl pila ) Sliad g till jda o aal ) gay Zadl o) dibiall juaa 5l ) a3
sl e i3l Yiad Ll (o olad) e e £+ o Alasa 3554} o g ( gluad g
- Smtinde = i e il Lgblad o5 Al Gl Gany g Ao, 30 Dy 0
A Ao liall cliliall A ellisy JOi ~ cligS ~ agaadlS — (ol — galad — @i
e g YooV gYau T g¥eie gt g¥eot gla ol duad DA Al
Sl Jlaa e G teen oY urn oY c Y ees (0 YO (Yo day

4235



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

il d LA jeabind) odn i 3853 o 550 oda ‘D‘ihi‘)ﬂ\@‘lﬁm‘ﬁﬁg
s gy < 5 0 Aod s YooV oale b obuall g il g Ay 5N (e S0 53 salall
5oy Lale jualial) 038 3855 813 igtad Aol Yoo ¥ le Lglilg Yeeo QY0 LY
S} fg . eliall Gighill juse o bty pealinh oda i 65 B pallin g GlliSy
A o bl 3 e Lo ARl oda 6 IS, Saga pall (ubiladt g Juad) il
Gyl £136 (A B G atdiuy o2 (5 dal g sanally Auald g Ly Lgmandy iglil) B shiid
Aoty

o shaalall clied & ALEY jalied 385 of 5 5 3o DA il o gl Lag
(s M ol A i YN Ay Jaley e fos s Al dio WlaS 0 L S YO Al
- Aalil bl B Ciaa v - 0 alliSg Aol 0 paY) A ddeade - 4

old e Atul) o gian o oliall &gl § gl A jal pda G ciada gl S
Sl Ad A Alad g ALEN pualiahl 5,93 06 gl AdF g b B wij Leay jealind
i gmalil (ha Ay A0 (el B Ruali g 8T any Lale NN Lt ciligSal B W 385
bt 03 iy (g gl (pa @iy Aoy 5l iy sh3RY 5 plall ¥ guay o lial
. Al 5 phill Aelical) cliliall o2 Jpuay pdes WSd s

1236





