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A Monitory Field Study at El Saaf - Helwan Faba bean Farms Irrigated by 
Industrial Waste Water and Polluted Water with Sewage
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Botany Department, Women’s College, Ain Shams University, Cairo, Egypt. 

Abstract: The objective of this study was to evaluate the impact of sources of water pollution on water

supplies in Helwan vicinities area on cultivated adjacent farms. The industrial complex at Helwan produces

large wastes. In addition, the disposal of sanitary wastewater to agricultural canals disturbs in the areas

the environmental balance. This study was based on the evaluation of water and soil chemistry as affected

by pollution considering major ions, soluble heavy metals (Fe, Cu, Zn and Mn) as well as plant growth

and chemical analysis criteria. The results reviled that water, soil and plants in the area were variably

polluted from the different sources. Pollution reduced plant photosynthetic pigments and plants grown in

farms receiving industrial wastes exhibited higher values of heavy metals than the limit universally

permitted. Crop farming under similar conditions is legally prohibited. 
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INTRODUCTION

The investigated field area is located east of the

River Nile 20 km south of Cairo at Helwan, El Saaf.

The common cropping patterns there include vegetable,

fodders, fruits and some field crops. Water resources

within Helwan area include River Nile, irrigation

canals, industrial drains and shallow and deep

groundwater. Helwan is considered as one of the main

industrial areas where pronounced activities such as

iron, steel and cement industries are performed. With

the progressive increase of industrial activities, in

addition to the misuse of fertilizers in agriculture, the

area under consideration suffered from surface and

groundwater contamination with organic and inorganic

chemical pollutants . The main sources of water[8]

pollution in the area are mainly originated from

agriculture, sanitary wastewater and industrial wastes .[32]

For a long time, pollution problems are ignored and

their effect on the environment were not given due

consideration. Consequently, pronounced efforts are

needed to control such pollution.

Heavy metal contamination is now widespread .[25]

Soil may become contaminated with metals from a

variety of anthropogenic sources, such as smelters,

power station industry, the application of metal-

containing pesticides, fertilizers and sewage sludge .[30]

Heavy metal contamination is not only toxic to

animals, plants and microorganisms, but also they

become irreversibly immobilized in soil components .[21]

Alexander et al.  stated that metal contaminants in soil[3]

affect  human health through a variety of pathways.

Six common vegetables grown in a control and in a

soil spiked with Cd, Cu, Pb and Zn, showed highly

significant differences in metal content for several of

the contaminants. Carrot and pea cultivars exhibited

significant differences in accumulated concentration of

Cd, Cu, and Zn and legumes tend to be low

accumulators. Pereira et al.  reviewed that heavy[28]

metals adversely influenced growth of microorganisms,

which give importance of legumes in animal and

human consumption and their use in maintaining soil

fertility. Gadd  and Giller et al.  postulated that[10] [13]

some metals such as Zn, Cu, Ni and Cr are essential

or beneficial micronutrients for plants, animals and

microorganisms, whereas others, such as Cd, Hg, and

Pb have no known biological and/ or physiological

functions. However, all these metals could be toxic at

relative low concentrations. When exposed to moderate

heavy metal concentrations, soil microorganisms were

found to be very sensitive. Somasegaran and Hoben[42]

showed that Rhizobium  spp. have a profound

agronomic significance due to their ability to establish

nitrogen – fixing symbiosis with leguminous plants,

which is of major importance to the maintenance of

soil fertility.

Munn et al.  stated that sewage sludge has[24]

organic matter content so that its application to

Australian agricultural soils is likely to improve the

physical condition of the native soils. In addition, the

nutrient content of sludges, N, P, Ca and Mg, indicates

that they may also increase soil fertility. However, this

sludge is usually contaminated with industrial

pollutants, in particular with heavy metals, which are
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known to be toxic to microorganisms. Concern has

been raised that treating soils with these sludge may

adversely affect the mineralization of the organic N in

the soil, sludge or plant material incorporated into the

amended soils.

Bhogal et al.  stated that at Gleadthorpe in the[6]

UK,  sewage  sludge  enriched with salts of Zn, Cu

and  Ni,  where  total topsoil Zn and Cu

concentrations exceeded 200 and 120 mg/kg,

respectively.  These  results  demonstrate the

importance  measuring total heavy metal concentrations

in  topsoil  when assessing likely effects on plant

yields and metal uptakes. 

Maximum permitted heavy metal concentrations in

soil receiving sewage sludge have been implemented in

the UK by the sludge (Use in Agriculture) Regulations

1989 and the amendment in 1990 . These permit a[44 ,45]

maximum level of 200 mg/kg total zinc (Zn), 135

mg/kg total copper (Cu), 75 mg/kg total nickel (Ni)

and 3mg/kg total cadmium (Cd) in agricultural topsoils

(pH 6-7) where sludge is recycled to land.

Using treated wastewater in irrigation is associated

with health risk due to the possibility of the presence

of a wide spectrum of pathogens such as Escherichia

coli, Salmonella sp., Shigella sp., etc., as well as

intestinal nematoda eggs. All these pathogenic

organisms give rise to greatest health concern when

wastewater is used in irrigation .[29]

The present study is carried out to throw light on

some pollution problems in the study area and to

investigate the chemical and sanitary parameters related

to water, soil and crops when industrial waste and

wastewater are used in irrigation. This study aimed in

particular to investigate the possible ameliorative effect

of foliar application of ascobin on heavy metals

contaminated faba bean plants.

MATERIALS AND METHODS

Water samples were collected from an irrigation

canal receiving sewage water and an industrial drain

together with the respective soil samples from the

study farms. Moreover, faba bean, Vicia faba L., plants

were collected from the study farms at 30, 60 and 90

days age. Non-heavy metal agricultural soil and water

were used as control.

Physico-chemical parameters and heavy metal

contents of soil samples and water were determined

according to Page  and ASTM . Fresh and dry[26] [5]

weights of shoot were determined. Photosynthetic

pigments were deduced according to Metzner et al. .[22]

Mineral content N, P, K ,Na, Ca and Mg and anions

were carried out according to A.O.A.C . Heavy metal[1]

content (Fe, Cu, Zn, and Mn) were determined

according to Soltanpour and Workman  by Plasma[41]

O ptica l Emission-M ass Spectrometer.  P ro tein

electrophoresis, SDS polyacrylamide gel electrophoresis

was performed in 10% acrylamide slab gels according

to  Laemmli . For gel analysis, gel was photographed,[19]

scanned  and  analyzed  using  Gel  Doc 2000 Bis

Rad system.

In addition to the determinations of the field

samples, a pot experiment in the experimental garden

of Botany Department, Women’s College, Ain Shams

University was carried out on faba bean, Vicia faba L.,

to study the effect of foliar application of ascobin

(ascorbic and citric acids 2:1), a commercial product

obtained from Agriculture Research Centre, Ministry of

Agricultural, G iza, Egypt, on heavy metals

contaminated plants. Treatments were as follows:

C Control, irrigated every five days with non-

contaminated water.

C Plants irrigated every five days with industrial

waste.

C Plants irrigated every five days with wastewater.

A second set of plants were sprayed twice with

1.3gl ascobin after 15 and 30 days from sowing.-1  

Plants were harvested at 60 days and heavy metal

content were determined.

The data were statistically analyzed using the one-

way analysis of variance as described by Snedecor and

Cockran . The means were compared by LSD using[39]

SPSS version 12.

RESULTS AND DISCUSSION

Water: The  chemical  analysis  of water samples

from  the  three  studied sources are presented in

Table 1. The pH values of non-contaminated water 

(control) and water from irrigation canal receiving

sewage were 7.5 and 6.9, respectively i.e. neutral and

slightly acidic, while that of the industrial drain was

alkaline (10.5). EC and total soluble solids were higher

in the industrial drain and still higher in the irrigation

canal receiving swage. The highest cation concentration

was Ca , 65.2 mgl  in water from the industrial drain+2 -1

3while the highest anion concentration was HCO  in–

water from the irrigation canal.

The industrial water samples contained the highest

concentrations of Fe, Cu and Zn (6.23, 0.04 and 1.04

mg l , respectively) than for the other two sources-1

(Table 1). Heavy metal concentration in water samples

were within the normal range except Fe in the

industrial water drain.

Soil: Mechanical analysis of farm soil studies are

presented in (Table 2). Soil texture is sandy loam in

the control farm and sandy clay loam in the other two
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Table 1: Physico-chemical properties of: I - uncontaminated water (control) II- industrial wastewater III- irrigation water receiving sewage

I II III LSD at 5%

       Physical properties

pH 7.5 10.5* 6.9* 0.35

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EC (ìSm ) 448 962* 1377* 125-1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TDS (mgl ) 225 412* 738* 88-1

        Chemical properties

         Cations (mgl )-1

Ca 30.5 65.2* 60.9* 9.6+2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M g 15.9 4.4* 49.3* 5.8+2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Na 12 44* 128* 7.4+

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K 4 36* 10* 3.2+

         Anions (mgl )-1

3HCO 141.1 180.0* 308.2* 16.5-

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4SO 10 113* 148* 20.8-2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cl 25.2 149.5* 188.1* 23.4-

       Heavy metals (mgl ) -1

Fe 0.21 6.23* 0.92* 0.46

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cu 0.01 0.04* 0.02 0.011

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zn 0.02 1.04* 0.02 0.024

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M n 0.01 0.09* 0.11* 0.031

Table 2: Soil granulation and physico-chemical properties of soil extracts (1:2.5) irrigated by: I- uncontaminated water (control) II- industrial

wastewater III- irrigation water receiving sewage

I II III LSD at 5%

            Soil granulation

Coarse sand % 42.66 31.06* 25.73* 3.5

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fine sand % 41.51 29.48* 34.27* 2.8

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Silt% 2.90 18.83* 16.20* 2.2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Clay% 12.93 20.63* 23.80* 3.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Soil texture Sandy loam Sandy clay loam Sandy clay loam

            Physical properties

pH 7.8 8.1* 8.2* 0.65

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EC (dSm ) 0.51 1.19* 0.85* 0.24-1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TDS (mgl ) 356 677* 473* 56.0-1

          Chemical properties

Total organic carbon (%) 0.69 1.20* 2.22* 0.45

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic matter (%) 1.19 2.07* 2.82* 0.77

            Cations (mel )-1

Ca 1.95 4.70* 2.68* 0.83+2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M g 3.11 2.72* 3.48* 0.32+2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Na 1.04 2.61* 2.17* 0.44+

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K 0.26 1.07* 0.33 0.21+

           Anions (mel )-1

3HCO 3.47 3.37 4.63* 0.75-

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4SO 2.08 4.16* 2.50* 0.36-2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cl 1.09 4.08* 1.50* 0.29-

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 2: Continued

         Heavy metals (mgl )-1

Fe 3.76 146.36* 16.56* 5.80

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cu 1.09 3.85* 3.32* 0.89

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zn 10.40 107.00* 42.25* 15.4

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M n 9.91 66.15* 26.06* 10.8

contaminated farms. Table 2 presents the chemical

analysis of the studied farm soil extracts. Total organic
carbon and organic matter were higher in soil irrigated

by the irrigation canal than the other soils.
The soil heavy metals content (Table 2) are very

high for Fe, Cu, Zn and Mn in farm soil irrigated by
industrial  water drain than in the farm irrigated by

water receiving sewage and this latter shows high
levels than for the unpolluted control farm. 

Analogous records else where have been recorded.
Munn  et al.  showed that soil amendment with[24]

sludge  increased  the  concentration  of  total N, C
and  exchangeable cations, as well as pH in the soil. 

Ye et al.  reviewed that application of sewage[47]

increased contents of total C, N, P and K and reduced

total Zn, Pb, and Cd. These, in turn, reduced metal Zn,
Pb, and Cd uptake and accumulation in plant tissues.

Long-term metal deposition into soil results in high
metal concentrations, which therefore affects negatively

soil microflora . Soil is a complex environment where[20]

bacteria growth and development can be influenced by

different edaphic factors, such as pH or organic matter
content . Under conditions of lower soil pH, the[31 ]

number of rhizobia were significantly reduced and the
number of nodules observed on plants was also

lower .[18]

Faba Bean Plant:
Growth Criteria, Chemical Analysis and Heavy

Metal Content:
Growth Criteria: Highest growth (fresh and dry

weights) was recorded by plants irrigated from
irrigation canal contaminated with sewage sludge

followed  by  plants  irrigated  with  industrial drain
as  determined for 30, 60 and 90 days old plants

(Table 3).
Cheung et al.  stated that higher productivity of[7]

two legume species resulted from the swage sludge
compost due to a greater contribution of plant nutrient

in the compost. Ye et al.  showed that application of[47]

sewage sludge can effectively improve growth of

Sesbania species, this may be due to enrichment of
nutrients e.g., C, N, P and K and reduction of metal

toxicity. Geuns et al.  demonstrated that applied[12]

cadmium reduced the growth of mungbean (Phasaolus

aureus) roots and leaves and the tissue permeability of
hypocotyl segments was reduced when the endogenous

Cd concentration exceeded about 25 ìg/g dry wt.

Cheung et al.  stated that heavy metal toxicity was a[7]

possible factor contributing to poor seedling growth of
two legume species.

Bhogal et al.  stated that growth and yield were[6]

reduced on treatments containing high concentrations of

Zn and Cu, where topsoil Zn concentrations exceeded
200-260 mg/kg and Cu concentrations were in excess

of 120-300 mg/kg.

Photosynthetic Pigments: Control plants gave the
highest chlorophyll a, b and a + b followed by plants

irrigated from irrigation canal contaminated with
sewage sludge (Table 4). Plants irrigated from

industria l drain gave the lowest values of
photosynthetic pigments.

Shukry  stated that there are several[3 4 ]

interelemental relationship in pot- cultivated faba bean

(Vicia faba, Giza 461) growing naturally and irrigated
by industrial effluents enriched with zinc. Zinc

concentration in this industrial waste water was about
5.5 mgl . Industrial effluents induced decreased of-1

pigment contents in faba bean. Samantary  postulated[33]

that the protein and chlorophyll content were reduced

in both Cr  tolerant and Cr  sensitive cultivars of mung- -

bean, while enzymes activity varied between two

cultivars. Activities of catalase and peroxidase were
greater in Cr- sensitive than tolerant cultivar. 

Mobin and Khan  reviewed that chlorophyll a[23]

and a+b content were decreased in two mustard

cultivars under Cd treatments. Cadmium can be
accumulated to higher levels in the aerial organs ,[2 7 ]

preferentially in the chloroplasts and disturbs the
chloroplast function by inhibiting the activities of

2enzymes of chlorophyll biosynthesis and CO
fixation  or aggregation of pigment  protein[35]

complexs  of the photosystems . The Cd induced[17]

formation of active oxygen species (AOS), superoxide

2 2 2 (O ), hydroxyl (OH ) radicals and H O result in the- -

damage of chloroplast. Plants appear to possess a wide

array of defense strategies to protect the photosynthetic
apparatus and cellular membranes from AOS .[9]

Production of antioxidative enzymes is one part of
defense system that plants require to protect against

stress.
Agrawal and Mishra  stated that Cd stress reduced[2]

growth, yield, photosynthetic pigments and ascorbic
acid of pea plants. Singh et al.  postulated that the[38]

accumulation of Cr and Fe was found lowest in fruits
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Table 3: Fresh and dry weights of faba bean plants irrigated by: I- uncontaminated water (control) II- industrial wastewater III- irrigation water

receiving sewage

30 days 60 days 90 days

------------------------------------------- ------------------------------------------- -----------------------------------------

Fresh wt. Dry wt. Fresh wt. Dry wt. Fresh wt. Dry wt.

(g/plant) (g/plant) (g/plant) (g/plant) (g/plant) (g/plant)

I 7.15 0.81 24.12 3.08 44.47 7.82 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 14.23* 1.05 43.31* 4.10* 91.59* 13.06* 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

III 24.84* 1.96* 110.37* 10.24* 200.66* 25.81* 

LSD at 5% 3.14 0.66 7.58 0.70 15.42 3.26

Table 4: Photosynthetic pigments of faba bean plants irrigated by: I- uncontaminated water (control) II- industrial wastewater III- irrigation

water receiving sewage

Photosynthetic pigments (mg/g)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

30 days 60 days 90 days

------------------------------------------------------ ----------------------------------------------- ----------------------------------------------------

Chl. a Chl. b Chl. a+b Carot Chl. a Chl. b Chl. a+b Carot Chl. a Chl. b Chl. a+b Carot.

I 35.7 27.1 62.8 9.2 41.1 34.3 75.4 9.0 49.7 39.1 88.8 9.3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 20.8* 19.7* 40.5* 5.3* 27.5* 23.6* 51.1* 4.5* 40.7* 32.5* 73.2* 10.0*

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 28.6* 22.7* 51.3* 5.5* 34.1* 26.8* 60.9* 8.0 48.7* 37.2 85.9* 14.4*

LSD at 5% 3.65 2.90 5.74 1.66 6.25 3.01 4.58 2.11 3.07 4.25 7.10 1.04

Table 5: M ineral and heavy metal contents of faba bean plants irrigated by: I- uncontam inated water (control) II- industrial wastewater III-

irrigation water receiving sewage

% mg/100g dry wt.

--------------------------------------------------------------------------------------------------- -----------------------------------------------------

N P K Ca M g Na S Fe Cu Zn M n

I 2.29 0.09 3.6 0.73 0.46 0.9 0.4 40 0.60 96 1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 2.50* 0.17* 5.0* 0.75* 0.36* 1.0 0.8* 84* 0.96* 297* 23*

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

III 2.90* 0.20* 5.7* 0.96 0.35* 4.5* 1.0* 45 0.82* 113* 8*

LSD at 5% 0.16 0.07 0.64 0.11 0.08 1.05 0.30 8.25 6.44 10.79 4.62

Table 6: M ineral and heavy metal contents of faba bean seeds irrigated by: I- uncontaminated water (control) II- industrial wastewater III-

irrigation water receiving sewage

% mg/100g dry wt.

----------------------------------------------------------------------------------------------------- -----------------------------------------------------

N P K Ca M g Na S Fe Cu Zn M n

I 2.96 0.13 2.97 0.14 0.17 0.45 0.20 25.1 1.7 7.3 2.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 3.26 0.14 3.28 0.13 0.18 0.60* 0.50* 43.3* 3.4* 10.0* 3.5*

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

III 3.80* 0.18* 3.60* 0.13 0.27* 0.65* 0.60* 36.0* 2.1 8.1 2.6

LSD at 5% 0.45 0.03 0.37 NS 0.06 0.08 0.25 4.52 0.64 2.14 0.95

of tomato. The results showed an increase in
chlorophyll and protein contents in lower sludge

amendment ratio and the level of antioxidant ascorbic
acid increased in the sludge grown plants of tomato to

cope up with stress induced by the excess amount of
the heavy metals present in the sludge.

Singh and Sinha  reviewed hat photosynthetic[3 6 ]

pigments, protein and sugar contents were increased at

the lower amendments of tannery sludge. The tolerance
exhibited by the sludge-grown plants of Brassica

juncea  may  be  attributed to the enhanced level of
the  antioxidants  induced  under  stress conditions.

The reduction in chlorophyll content may be attributed
to the interaction of heavy metals (Cr, Fe, Zn and Mn)

present in sludge with the functional-SH group of

chlorophyll-synthesizing enzyme. Carotenoids is a
nonenzymatic antioxidant, playing vital role in the

protection of plant from the adverse impact of reactive
oxygen species .[14]

Mineral and Heavy Metal Contents of Shoot and

Seeds: Plants irrigated from irrigation canal receiving
sewage water exhibited the highest N, P, K, Ca, Na

and S content followed by plants irrigated with
industrial waste (Table 5). Similar trend of mineral

content of seeds was obtained and results are presented
in Table 6.

Al- Nakshabandi et al.  showed that the[4]

concentrations of P, N, Ca, Mg, Na and K in eggplants

fruits and leaves irrigated with wastewater were higher
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Table 7: Presence (1) absence (0) of banding pattern of faba bean

leaves irrigated by: I- uncontam inated water (control) II-

industrial wastewater III- irrigation water receiving sewage

M W I II III

148.04 1 1 1

121.92 1 1 0

103.07 1 1 1

71.77 1 0 1

45.71 1 1 1

33.98 1 1 1

29.00 0 1 0

26.35 1 1 1

21.93 1 1 1

17.32 1 0 1

Total 9 8 8

Table 8: Heavy m etal content of faba bean plants grow in the

experim ental garden and sprayed with ascobin

mg/100g dry wt.

----------------------------------------------------------------

Fe Cu Zn M n

I 4.5 0.50 25.1 0.9

I + Ascobin 4.0 0.34 20.7 0.5

II 10.8 0.76 64.4 7.6

II+ Ascobin 8.6 0.61 52.6 5.4

III 6.3 0.65 47.3 6.1

III+ Ascobin 5.0 0.57 40.1 4.0

LSD at 5% 1.07 0.11 3.27 1.43

than those irrigated with fresh water. This is probably

due to higher concentrations of these elements in the

effluent used for irrigation. Shukry  stated that faba[34]

bean plants irrigated with industrial effluents showed an

increase of K, Na and Ca.

Plants irrigated from the industrial drain exhibited

the highest heavy metal contents, followed by plants

irrigated from irrigation canal (Table 5). Heavy metals

concentration in faba bean shoot followed the following

order Zn> Fe> Cu> Mn. Seeds of the previous

treatments exhibited similar trend as faba bean shoot.

Heavy metals concentration in seeds followed the

following order Fe> Zn> Mn> Cu.

Shukry  demonstrated that in all plant organs of[34]

faba bean, Zn concentration increased continuously

with irrigation by industrial effluents.

SDS-PAGE Protein Analysis: The SDS-PAGE for

total protein in leaves was carried out for the three

faba bean samples as illustrated in Fig. 1 and Table 7.

Bands with different molecular weights (MW) were

detected and ranging from  17.32 KDa to 184.04 KDa

and the total number of bands among samples ranging

from 9 in control to 8 in two other samples.

The results showed that industrial polluted plants

(sample II) has 7 common bands and 1 new elaborated

band  with  low molecular weight 29.00 KDa.

Yupsanis et al.  reported that this band is as agent in[4 8 ]

nuclease enzyme responsible  of nucleic acid

degradation. All bands in industrial polluted plants

(sample II) were in minor intensity. 

Fig. 1: SDS-PAGE protein banding pattern of faba

bean leaves irrigated by: I- uncontaminated

water (control) II- industrial wastewater III-

irrigation water receiving sewage.

Heavy Metal Content of Plants Grown in the

Experimental Garden: Plants of three studied

treatments sprayed with antioxidant ascobin have

shown a noticeable in heavy metal contents, especially

Zn and Fe (Table 8).

Tamás et al.  stated that different metabolic[43]

processes are activated in different parts of barley root

during heavy metal (HM) treatment. Some of them are

characteristic for several HMs such as inhibition of

ascorbic acid oxidase stimulation the direct evidence of

HM induced oxidative stress is an enhanced level of

hydrogen peroxide production in roots and leaves .[16]

Villacorta et al.  demonstrated that the protective[46]

effect of vitamin C (L-ascorbic acid) can exhibit

antioxidant properties and can modulate signal

transduction and gene expression.

Free radical generation is one of the initial

responses is stimulated in the presence of metals ,[15]

which can seriously disrupt normal metabolism through

oxidative damage to cellular components. To mitigate

and repair the damage initiated by active oxygen,

plants have developed a complex antioxidant system

which play an important role in the cellular defence

strategy against oxidative stress, including resistance to

metals by protecting labile macromolecules .[1 1 ]

Antioxidants like ascorbic acid play an important role

in detoxification of toxic metal ions in the sludge.

Ascorbic acid is a powerful secondary antioxidant

playing a prominent role in scavenging free oxy-

radicals  and enhanced levels of ascorbic acid[40]

contents were reported by Singh et al.  in the plans[37 ,38]

gown on sludge.
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