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ABSTRACT: This trial was carried out to Investigate the influence of using
the collected sewage effluent of New Borg El-Arab Town after passing
through three successive oxidation lagoons to rrigate using of two spices of
an old mulberry trees and its effect on properties and content of some heavy
metals (Cu, Zn, Mn, Pb, Cd, Cr and Ni)of fruits. Also the concentration of
such metals in wastewater after passing through these lagoons and in the
cultivated solls of these trees before and after irrigation was determined. The
results showed that passing Borg El-Arab sewage effluent through three
successive lagoons reduced its content of Zn, NI and Pb while the others
metals, Cu, Cr and Cd were slightly affected. Using pretreated sewage
effluent in irrigation caused a noticeable rise in the heavy metals content of
the mulberry trees, cultivated soil's and fruits, especially those of black
mulberry trees than the control soil and fruits. Generally the determined
heavy metals in mulberry fruits could be arranged according to their levels in .
the following descending order Zn, Cu, Cr, Pb and Cd, respectively. Except
Pb, the other heavy metals in fruits of both mulberry trees species were
found to be lower than the reported maximum permitted levels of such
metals In Egyptian legislation. Also, using such water in irrigation reduced
moisture content, T.S.S. and Total sugars of fruits. The ash level of the fruits
of both mulberry trees was slightly affected. Soaking fruits in tap water for 15
min as a washing method, led to slightly increase of their moisture content
and a reduction of their T.S.S., ash and total anthocyanins. Washing led to
reduce fruits more than 20% of Cu, 30% of Cr, 28% of Zn, 47% of Ni, 30% of
Pb and 20% of Cd contents of fruits of both mulberry trees removed after
washing process.
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INTRODUCTION ‘
Utilization of both pretreated an industrial wastewater and sewage effluent
in plant irrigation is one of the promising economical waste disposal
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solutions. The main constrains facing utilizing such irrigation water are its
harmful effect on plants and human health. Tirmizi, et a/. (1996) showed that
uptake of Inorganic elements by vegetables irrigated with the sewage effluent
differed according to the vegetables species and thelr concentration in soll.
Generally the dominant pathway for most trace elements to vegetables waste
is the roots. According to Angelova et al. (1998) the majority of the absorbed
heavy metals taken up by roots from soil were fixed and accumulated In the
young feed rootlets with a 1 mm diameter. Voutsa et al. (1996) stated that
trace elements and heavy metals in plant leaves appear to originate mostly
as aerosols filling from the atmosphere. High accumulation ofheavy metals
due to atmospheric deposition in leafy vegetables was Pb, Cr, and Cd
(Zhelyazkov and Nielsen, 1996; Chizzola and Franz, 1996 .Angelova et al.
(1998) found that the content of heavy metals in the crops grown in an
industrial polluted region were greatly concentrated in the rachis, skin and
present in low levels in the pulp. Results of Holubowicz (1999) indicated that
heavy metals content in both soil leaf had no significant effect on the
increase of these metals in apple and sour cherry fruits. Both fruits
contained lower levels of such metals than in soil, leaves and the world
acceptable standards. (Selem et al. 2000) . Holubowicz (1998) reported that
heavy metals polluted soil did not affect plant growth and development.
Generally washing the fruits with tape water reduce the heavy metals
contents (El-Saeid and Shahat, 2000 and El-Sharnoubyand Abd EL-AIl, 2003).
New Borg El-Arab city which lies at 60 Km south west Alexandria, Egypt, is
one of the recent industrial areas in Egypt. One of the main problem, which
faces extension of an industrial activity In this town Is the sewage effluent
disposal (Hassan et al., 2002).This investigation aims to study the using
collected wastewater of sewage effluent of this town after passing through
three successive lagoons with a 5 ft depth to oxidize its organic mater as a
source of wate rirrigation for two species of an old mulberry trees The
Iinfluence of the Irrigation with such water on the physicochemical properties
and the accumulation of some heavy metals in raw and washed fruits of
these two mulberry trees species were studied. Also, the concentration of
such metals in wastewater after passing through lagoons and in the
cultivated soils of these trees before and after irrigation was determined.

MATERIALS AND METHODS
Materials:-

This experiment was carried out during the period extended from April
2001 to April 2002, in four experimental orchards each of 250 acre area in
New Borg
El-Arab town.containing 9 or 10 years old mulberry trees. Two of the four
orchards were planted with white mulberry trees (Morus alba) and the other’'s
two with biack mulberry trees (Morus nigra). One of the two orchards of white
and black mulberry trees was irrigated with Nubaria channel water, the
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common irrigated water in this area, while the other two orchards trees
irrigated with pretreated wastewater of Borg El-Arab town. During the period
of the experiment, the weather was very closed to the mean fluctuation
recorded in this area through many years ago, moderately rainy, windy and
cold (12-14°C) in winter dry hot (35-38°C) in summer nearly moderate with
(25-28°C) temperature in both spring and an autumn. The nature of the soil in
this area is calcareous. It consists of 70% sand, 11% clay, and 19% silt with a
texture of sandy loam. Samples of soil, irrigation water (normal and
wastewater) and mulberry fruits at technological ripeness stage were
collected to estimate their levels of heavy metal as following:-

Surface soll sample at 0-20 cm depth were collected according to scheme
of Magathaes et al. (1985) at April, 2001 before starting irrigation and in
October 2001, after 6 months of irrigation from the four mulberry trees
orchards. Generally, the mulberry orchards were irrigated twice monthly
through the year of experiment.

Irrigation water samples, either from Nubaria canals or pretreated
wastewater sewage effluent which derived from an industrial and municipal
sources, before and after passing in a stored lagoons prior to use in
irrigation were collected from the center of the main irrigation canal of the
four orchards.. The water samples were collected 3 times at April, October of
year 2001, and March 2002.

Samples of new crops of white and black mulberry fruits which were
irrigated either with Nubaria canal or pretreated wastewater were collected
through their technological ripening stage in March and April 2002,

Methods:-

The soil, irrigated water, and fruit samples were wet-digested using 1:3:5
viv mixture of HCIO,, HNO; and H,S0O, then Zn, Cu, Ni, Cd, Pb and Cr
were determined using Hitachi Model A- 1800 Atomic Absorption
Spectrophotometery. Chemicals of an analyticai grade, pyrix glass and
delonized water used during determination of heavy metals (Chapman and
Pratt, 1961).

Different fruits characters were estimated just after collection or after
soaking in tap water for 15 min. Total soluble solids (T.S.S) of white and
black muiberry fruit were measured with refractometer (Model-ZWAJJ, China),
moisture, total sugars and ash of the two mulberry fruits were estimated as
mentioned in A.O.A.C (1990). The total anthocyanins of black mulberry fruits
was determined as described by Fuleki and Frances (1968).

RESULTS AND DISCUSSION

Heavy metals content In irrigation water: Heavy metals content in irrigated
water presented in Table (1) indicated that concentration of the determined
heavy metals were generally lower in Nubaria canal irrigation water than the
sewage effluent irrigation water. The analysis of heavy metals of El-Nubaria
canal water after 6 months showed slight changed in their concentrations.
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This means that the sources of these heavy metals were stable. They mostly
come from fertilizers and pesticides used to control pests during plants
development. Untreated sewage effluent of Borg El-Arab town contained high
levels of the determined heavy metals particularly Cu, Zn, Ni and Pb. The
main sources of such water drived from the Industrial activity of various
manufactures in this town.

Pretreated Borg El-Arab sewage effluent by passing through three
successive lagoons reduced some heavy metals and did not affect the
other's. Zn, Ni and Pb contents were reduced after such pretreatments.
Meanwhile, the others Cu, Cr and Cd, were nearly stable. This mean that the
unaffected heavy metals are found in water soluble salt forms in such

irrigation water.
Table (1) Heavy metals concentration in irrigation water).

Source of water irrigation
Heagpr;c;tals Nubaria Canal Sewage Pretreated stored sewage effluent

A, B, effluent As B, c

Cu 0.09 0.12 0.33 0.31 0.30 0.30

Zn 0.20 0.23 0.31 0.20 0.20 0.22

Ni 0.13 0.11 0.24 0.17 0.16 0.16

" Cr 0.10 0.10 0.15 0.13 0.14 0.15
Cd 0.06 0.06 0.08 0.08 0.08 0.09

Pb 0.10 0.12 0.80 0.67 0.61 0.63

As and B Nubaria canal water used for irrigation mutberry trees in May and October 2001.
A, B; and C pretreated stored sewage effluent used for irrigation mulberry trees in May and
October 2001, and March 2002.

Storing of the pretreated Borg El-Arab sewage effluent for one year
caused slight fluctuation In Its content of heavy metals. Again this is an
indication that, these heavy metals are presented in water soluble form in
such water. According to Abd El-Aal et a/ (1991) and El-Hassanin et a/ (1993)
irrigation with sewage water increases of total and available forms of Pb, Ni,
Cd;'Cu,and Cr in the surface layers of cultivated soil.Same Finding were also
reported by Shalaby et al/ (1996)and Hassan et a/ (2002).

Heavy metals content in cultivated soils:- Results of heavy metals in Table
(2) declared that Pb found in the highest concentration followed
descendingly by Ni, Cu, Zn, Cd and Cr in the mulberry trees cultivated soils
irrigated with Nubaria canal, water slight changes in the levels of such heavy
metalsin soils were noticed after 6 months of irrigation. Meanwhile using
pretreated stored sewage effluent in irrigating these soils caused a
noticeable rise In its content of Zn, Cu, Ni and slight increase in the others
determined heavy metals. These finding agree with those reported by Selem
et al. (2000) and Minaisy (2003). They found that irrigation with sewage water
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increased the available Fe, Zn, Cu, Mn, Pb and Cd, fine materials and lowered
the pH of soils.

Table (2) Available heavy metals in the soil mulberry trees.

Heavy metals Mulberry trees cultivated soil
(ppm) A B, 8, Ch C,
Cu 1.12 1.11 1.12 1.26 1.29
Zn 1.08 1.10 1.13 1.40 1.48
Ni 1.52 1.52 1.50 1.63 1.65
Cr 0.65 0.65 0.69 0.75 0.80
Cd 0.69 0.69 0.71 0.74 073
Pb 6.60 6.60 6.40 6.94 712

A= Soll before irrigation in May 2001.
B;, B;= Soil of white and black mulberry trees after 6 months of irrigation with Nubaria canal

water.
C,a, (e:,= Soll of white and black mulberry trees with pretreated stored sewage effluent.

Heavy metals in mulberry fruits :-Data in Tabile (3) showed that black
mulberry frults had less values of heavy metals than white mulberry one.
Fruits of both white and black mulberry trees irrigated with Nubaria canal
water contained lower levels of the determined heavy metals than that
irrigated with pretreated stored sewage effluent.

Table (3) Heavy metals content of mulberry fruits

Heavy metals White mulberry fruits Biack mulberry fruits lggyptian Standarization

{ppm) A B A B for heavy metals
Cu 1.19 2,10 1.08 242 5.00
Zn 1.29 3.00 1.19 3.40 5.00
Cr - 0.38 0.74 0.36 0.85 5.00
Cd 0.01 0.04 0.01 0.02 0.10
Pb 0.40 0.59 0.38 0.51 0.30
Ni N.D N.D N.D N.D -

A- Irrigated with Nubaria canal water.
B- Irrigated with pretreated stored sewage effiuent.
N.D = Not determined.

Generally, the determined heavy metals in muiberry fruits could be
arranged according to their levels in the following descending order Zn, Cu,
Cr, Pb and Cd,respectively. Except Pb, the others determined heavy metals in
both mulberry fruits were very low than the maximum permitted
concentration of such metals in Egyptian legislation (Anonymous, 1993). The
presence of Pb in high evel in fruits may be due to the surrounding air which
laden with industrial vapors, cars exhausts and ingecticides containing Pb.
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Holubowicz (1899) found that fruits of apple and sour cherry trees in
Grodzlec Maly, Poland, where high heavy metals content in the soil was
recorded contained less levels of heavy metals than the acceptable standard

valuesp :

Some phsicochemical properties of mulberry fruits: Thedetermined
physicochemical properties of mulberry fruits in Table (4) showed that, black
mulberry fruits contained lowermoisture content, higher T.5.S. and ash
values than white fruits. On the other hand, total sugars were nearly similar
in both types of fruits. Irrigation with pretreated sewage effluent reduced
molsture content, TSS, total sugars and Increased the ash of both white and
black mulberry fruits. However the anthocyanins content of black mulberry
fruits was not affected with source of irrigation water. These results are in
partial harmony with that of Amin and Attia (2003) who found that fruits of
Morus albe species were white in colour, larger in size lower in total sugars
than those of Morus nigra. .Generally the fruits of Morus nigra consideres a
good source of anthocyanins (201 mg/100g).

Table (4) Some physicochemical properties of mulberry fruits .

Property White mulberry fruits Black mulberry fruits

A B A B
Moisture (%) 80.27 78.79 79.82 76.33
Total soluble solid (%) 17.93 16.90 20.61 18.91
Total sugar (%) 68.59 66.92 68.29 66.83
Ash (%) 4.89 5.07 5.75 5.89
Anthocyanin (mg/100g) - - 200.4 199.82

A- Irrigated with Nubaria canal water.
B- Irrigated with pretreated stored sewage effluent.

Effect of washing on heavy metals concentration and some physico-
chemical properties of mulberry fruits:- Figs (1) illustrates the influence of
soaking white and black mulberry fruits in water for 15 min as a washing
treatment on some of their physicochemical and content of heavy metals.
Soaking in water led to slight increase in moisture content of fruits due to
water imbibition through soaking. A reduction in TSS, total sugars, ash and
total anthocyanins as a results of leaching out of such components in water.
The changes in the previous properties were an obvious in black mulberry
fruits than white ones. Fig (2) also showed that more than 20% of Cu, 30% of
Cr, 28% of Zn, 47% of Ni, 30% of Pb and 20% of Cd contents of both white
and black mulberry fruits were removed through soaking in water. According
to Motyleva and Sosmina (1996), Holubowicz (1998), Angelova et al. (1998)
and El-Saeid and Shahat (2000) nearly 25-30% of heavy metals content of
fruits and vegetables were reduced after washing with tap water. El-
Sharnouby (2003) found that blanching of vegetables in hot water (90°C)
increased from reduction of their heavy metal content.
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Fig (2) Effect of washing on heavy metal content of mulberry fruits.
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CONCLUSION

The above mentioned results suggested the possibility of using sewage
effluent in irrigating muiberry trees in sandy loam soils. Also soaking the
fruits of these trees in water for 15 min.as washing method before
consuming reduced more than 20% of their heavy metals contents.
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