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Abstract

This work aims to investigate the distribution pattern of heavy metals in the different parts of citrus trees. Monthly samples of
different types of irrigation water (treated wastewater, groundwater, and fresh canal water) were collected. Both
physicochemical characteristics and heavy metal concentration were evaluated. Different citrus plant samples and fruits from
three different species of citrus trees were collected from the sewage farm as well as the farms irrigated with groundwater and
canal water. All citrus tree samples were partitioned into: leaves, stem and citrus fruit. The fruits were divided to the outer
crust, and squeezed juice. The results showed that the level of metals in treated wastewater was within the permissible limits;
while the citrus trees irrigated by this water contains higher levels due to metals accumulation. One important notice is that
the toxic metals including Cd, Pb, Ni, Cr in all cases were at the lowest and/or below detection limit, particularly, in the citrus
juice. The outer crust of the citrus fruits contained the second lowest level of all metal. Thus, the citrus fruits showed no
accumulation of heavy metals. This could be explained by the fact that heavy metals were up taken by the roots and only
smaller fractions were trans-located to the other parts of the tree. The essential nutrient metals including Fe, Mn, and Zn were
accumulated mostly by leaves and stems. It was concluded that heavy metal accumulated differently according to the plant
species, the part of the tree and fruit. Such fluctuations are governed by the irrigating water, pH of the soil, plant uptake and/or
water-soil-to-plant transfer factors. Other factors include temperature, moisture, organic matter, phosphorous content and the
availability of the other nutrient elements. The present experimental study showed that the primary treated wastewater should
not be used for irrigating any edible plant.

Keywords: citrus trees; sewage farm; water reuse; accumulation of metals

1. Introduction

Despite growing constraints on the production of
conventional water supplies and wastewater
discharges. The reuse has become an important way
in many countries for meeting the needs for water
supply and disposal of wastewater. This increasing
reliance on reuse means incorporating reuse programs
into wider planning initiatives is crucial.

There is a widespread international concern over
the lack of food in the developing countries,
particularly these countries that suffer from
deficiency of water resources for irrigation and/or
cultivation [1; 2]. Egypt, as a developing country is
among these countries due to the limited water

resources and fertile land for cultivation [3; 4]. One
additional problem is the fast growing population that
will reach about 150 million by the year 2025 [5; -7].
In Egypt, Nile water is the major water resource for
irrigating the agriculture area that represents about
3.8% of the total land [1; 8; 9]. The rest, 96.2% of the
Egyptian land, is an arid and semi-arid land without
almost any cultivation [6]. Therefore, land
reclamation is the most stressing problems for
cultivation and food production [5]. Meanwhile, the
reclamation of the sandy soil nature of the desert
consumes large amount of water. Such sandy soil
usually suffers from lack of fertility, micro-and
macro-nutrient elements as well as very poor water
holding capacity [6]. Water recycling and the reuse of
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properly treated wastewater may be viewed as water
resource for irrigation in arid and semi-arid countries
that improves the fertility of poor soils [8; 10; 11].

The use of treated wastewater provides a reliable
alternative source of nutrient source for plants in arid
and semi-arid regions [8]. The purpose is to close the
gap between demands and supply of water, eliminate
the pollution of freshwater resources and providing
sound solution to water scarcity to fulfill the
development strategies [12; 13].

The planned water projects in Egypt aim to
achieve effective and healthy reuse of water by using
biotechnology as an efficient treatment of
wastewater. As a renewable source of irrigation
water, rich in nutrients and organic matter in addition
to being cost-effective, alternative to traditional
irrigation water, it had been of interest to both
environmentalists and agronomists over the last
decades. However, it is always associated with
various adverse impacts on soil ecosystem and
farming due to the presence of heavy metals [12; 14-
18.

Currently, there are more than 230 municipal
wastewater treatment plants in Egypt. The total
volume of treated sewage effluent produced in Egypt
is expected to rise from 6,348 million m3 daily in
2004 to 9,684 million m3 daily in 2021 [19]. While, a
total annual generated amount of sewage effluent in
Egypt is estimated at 2020 at 2.54 billion m3/yr. The
daily rate of sewage generation is estimated at 120
and 80 liter/capita/d in urban and rural areas,
respectively. There are 83 sewer plants in Egypt,
most of them carry out secondary treatment and few
apply only primary treatment [20; 21].

Urban coverage of improved sanitation is
gradually increased from 45% in 1993, to 56% in
2004, and estimated to reach 81.3% in 2021 [22; 23].
Conversely, sanitation progress still slow in rural
areas. It is worth mentioning that huge amounts of
sewage effluent were disposed to the environment,
hence reached the soil and caused severe adverse
impacts. Moreover, the industrial wastewaters were
discharged along with the sewage [11; 21; 24; 25]. As
a result sewage contained mixed industrial
contamination including heavy metals [26-28]. The
use of adequately treated wastewater in agriculture
proved to be an alternative solution of freshwater in
several countries [29; 30]. In Egypt, sewage irrigation
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farms are not common and are not officially allowed
unless for woody trees [31; 32].

Generally, the Citrus fruit trees are irrigated by
fresh Nile water in the Delta area. The Citrus fruits
are considered one of the major fruit crops in Egypt.
The total cultivated area is about 29% (204,095
hectare), of the total fruit area (700,854 ha). The total
fruitful area of Citrus reached (175734 ha), which
produce about 4,272,886 metric tons all are planted in
the Delta area using Nile River freshwater for
irrigation. Out of this amount, around 1.8 million tons
are exported according to Ministry of Agriculture
(2017-2018) [32]. Egypt is ranking as the 1st biggest
producer of fresh orange throughout the world in year
2019 followed by Brazil, China, US, EU, and
Mexico, where it was the sixth world producer [8].

This work aims to investigate the level of heavy
metals in the different parts of citrus fruit plants that
was irrigated with treated wastewater in the
experimental area of Abu-Rawash, Egypt. The
distribution pattern of heavy metals in the different
parts of the orange fruits is among the aim of the
present study. Does it represent any health hazard to
Man? How far is the level of metals in the studied
plant correlated with the national and international
permissible limits?

2. Materials and Methods

2.1. Abu-rawash sewage experimental farm (ASF)

The total area of this experimental Farm was 250
fedan which was expanded to 500 fedan. The
experimental Farm receives between 4500 to 5500
m3/d secondary treated sewage water from both
Zenien and Abu-Rawash Sewage Treatment Plants.
The ASF has been established in 1936 and became
fully operated in 1944. The ASF consists of
essentially planting hardwood trees, besides some
experimental fields of flower plants beside a very
small experimental area on irrigating citrus trees.
Research experiments for the use of digested sludge
were conducted for land reclamation. The ASF is
surrounded by the Eucalyptus trees as environmental
protection to the surrounding desert area.
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2.2. Abu-rawash sewage treatment plant

The plant receives about 500 x10° md raw
sewage water from the Giza area. The plant receives
also 30,000 m?d liquid sludge at a concentration of
0.4-0.6% from the Zenien sewage plant. The plant is
a primary treatment consists of the following:
Screening, Grit champers, Primary Aeration Tanks,
Primary  Sedimentation  Tank, and Sludge
Concentration Basins. This sludge is pumped from
Zenien sewage plant to Abu-Rawash plant, to be
concentrated in the "Sludge Concentration Basins",
mixed with the sludge produced from the Abu-
Rawash plant. The final mixed liquid sludge is then
pumped to the great lagoon in the Western Desert.
The amount of this sludge is about 42,000 to 45,000
tdsly.

However, extensive sewage irrigation for citrus
trees was conducted in a very limited area, namely
“Abu-Rawash” as a long term study. It is the second-
largest sewage experimental farm in Egypt after
“Gabal El-Asfar” S.F. which is irrigated by the
treated municipal effluent from Abu-Rawash Sewage
Treatment Plant (STP). The present total capacity of
this STP is 1.6 million m3/d as one of the largest
STP. The first part of this plant was implemented in
1992 with a capacity of 400,000 m%¥d. It was
preliminary upgraded and funded by US aid to
increase the capacity to 800,000 m®/day and was put
into service on 15 February 2010, bringing the plant's
initial treatment capacity up to 1.2 million m3/day. It
serves about 9.5 million people. Abu-Rawash Sewage
Experimental Farm was designed to irrigate woody
trees only. However, a very limited area of the
experimental farm was planted with Citrus fruits as
an experiment for a short period [8].

2.3. Treated wastewater samples

This study was carried out during the period from
January to October 2019. Monthly samples of the

Table 1 :The investigated Citrus Species

treated wastewater were collected for the
determination of the physicochemical characteristics.
The level of heavy metals in these samples was also
determined monthly according to APHA [33]. For
correlation, samples from the nearby groundwater
and Nile water were collected for the determination
of the physico-chemical characteristics and the level
of heavy metals of these waters for correlation with
the corresponding metals in the treated wastewater
according to APHA [33].

2.4. Plant samples

Different citrus plant samples and fruits from
three different species of citrus trees were collected
from the sewage farm. Similar samples were
collected from other filed of citrus trees that were
irrigated by Nile water and/or groundwater. The fruits
were divided into the outer crust and squeezed juice.
The plant parts namely stem and leaves and the outer
crust of the citrus fruit were oven-dried at 105°C for
24 hrs until a constant weight was obtained. The
dried plants were grinded to a fine powder then acid
digested with nitric acid followed by H,O; according
to APHA [33]. The acidic treatment releases the
metals in the digested samples.

2.5. Citrus juice samples

The citrus fruit samples were squeezed to extract
the juice out of the fruit cells. The liquid juice
samples were then acid digested using nitric acid
followed by H,0,. The digested juice samples were
filtered and brought back to its original volume.

2.6. Metal Determination

Metals were determined in all samples using
atomic absorption spectroscopy. The determined
metals were Cd, Pb, Cu, Cr, Zn, Ni, Mn, and Fe.
Flame Photometer was used for the determination of
Na, K, Mg, and Ca.

Species

The given symbol

Citrus senensis (variety Washington Navel orange)
Citrus senensis (variety Laring orange)
Citrus (Lime orange)

A
B
C
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3. Results

3.1. Physico-chemical characteristics of irrigation
water

Physico-chemical characteristics of groundwater,
fresh canal water, and the treated sewage water that
were used for irrigation at Abu-Rawash experimental
farm during the experimental period from January to
October 2019 are given in Tables (2, 3, and 4). By
correlating the studied parameters in groundwater and
the canal water (Tables 2, and 3) the results indicate
that the levels of studied parameters in the
groundwater are higher than the corresponding
parameters in canal water with the exception that the

pH of the later is slightly higher than the former. The
origins of the heavy metals in the groundwater can be
due to the release of chemical weathering of some
rocks, and soil leaching processes in the environment,
as well as anthropogenic activities. Those
anthropogenic  causes include industrial and
household effluent, landfill leachate, and mining [22;
32; 34]. Meanwhile, the presence of some algae in
the canal water can be responsible for the slightly
higher pH [35]. However, the pH in three types of
water was generally around the neutral or slightly
alkaline level.

Table 2 :Physico-chemical characteristics of groundwater that used for irrigation at Abu-Rawash Experimental Farm (from Jan. to Oct. 2019)

EC umohs/cm Cations (mg/l) Anions (mg/l)

Month  pH at 25°C Na* K* Mg Ca™ HCOy cr SOZ
Jan. 7.3 0.98 6.22 0.66 2.35 11.0 6.22 5.4 1.79
Feb. 7.2 0.98 7.18 0.78 2.55 12.0 6.23 5.38 1.58
March 75 1.01 8.79 0.89 271 12.5 6.27 5.28 1.82
April 7.2 1.27 7.82 0.93 241 11.2 6.01 5.19 0.42
May 7.3 1.28 7.93 0.99 2.53 12.3 6.04 5.2 .0.45
June 7.1 131 8.45 111 2.55 12.1 6.02 5.22 0.44
July 74 1.32 8.56 118 2.63 12.6 6.05 5.23 0.46
Aug. 7.6 141 8.65 1.26 2.74 13.2 6.06 5.26 0.47
Sept 7.4 0.97 3.54 0.48 1.88 10.5 6.07 5.24 1.40
Oct. 75 0.95 5.12 0.57 195 11.0 6.11 5.2 18
Min 7.10 0.95 3.54 0.48 1.88 10.50 6.01 5.19 0.42
Max 7.60 141 8.79 1.26 2.74 13.20 6.27 5.40 1.82
Av 1.15 7.23 0.85 243 11.84 6.11 5.26 1.13

St.dev 0.16 0.18 1.75 0.25 0.30 0.87 0.10 0.07 0.66

Min. = Minimum, Max. =Maximum, Ave = average, St.dev. = standard deviation

Table 3:Physico-chemical characteristics of canal water in the area of Abu-Rawash during the period of study (from Jan. to Oct. 2019)

EC umohs/cm Cations (mg/l) Anions (mg/l)

Month — pH at 25°C Na* K Mg* ca* HCOx cr SO
Jan. 8.1 0.53 3.01 0.11 0.73 4.0 3.13 242 0.84
Feb. 7.8 0.6 34 0.18 0.89 4.3 3.11 25 0.92

March 8.2 0.61 3.54 0.29 0.92 4.7 3.27 3.08 0.88
April 75 0.58 1.48 0.37 1.13 5.0 3.22 3.99 0.9
May 79 0.59 2.72 04 1.18 51 2.2 3.95 1.02
June 7.8 0.62 2.89 0.38 1.25 5.4 2.29 401 15
July 8.3 0.57 3.05 0.45 1.05 5.0 242 2.8 1.59
Aug. 8.4 0.6 3.45 0.35 0.99 4.7 2.49 0.89 0.99
Sep. 8.0 0.62 4.77 0.29 1.02 4.9 3.62 0.77 0.23
Oct. 8.2 0.58 2.53 0.21 0.75 4.0 3.79 2.52 0.18
Min 7.50 0.53 2.53 0.11 0.73 4.00 2.20 0.77 0.18
Max 8.40 0.62 477 0.45 1.25 5.40 3.79 4.01 1.59
Ave 7.8 0.59 3.26 0.30 0.99 471 2.95 2.69 0.91

St. dev 0.27 0.03 0.66 0.11 0.17 0.47 0.57 117 0.45

Min. = Minimum, Max. =Maximum, Ave = average,

St.dev. = standard deviation
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Table 4:Physico-chemical characteristics of the primary treated sewage water that is used for irrigation at Abu-Rawash Experimental Farm

(from Jan. to Oct. 2019)

Month pH COD (mg/l) BOD (mg/l) TSS (mg/l) TKN (mg/l) TP (mg/l)
Jan. 6.8 135 75 38 27 43
Feb. 7.2 151 78 40 28 42

March 7.5 146 75 42 27 43
April 6.5 145 72 40 26 4.0
May 7.8 142 70 38 25 39
June 8.0 139 69 37 25 4.0
July 8.3 135 65 30 25 3.8
Aug. 8.7 133 63 31 26 37
Sept. 6.8 135 65 32 26 3.8
Oct. 6.5 136 68 33 28 4.0
Min 6.5 133 63 30 25 37
Max 8.7 151 78 42 28 43
Ave 7.5 140 70 36 26 4.0

St. dev 0.8 6.0 5.0 4.3 1.2 0.2

Permissible level [35] 600 300 350

Min. = Minimum, Max. =Maximum, Ave = average, St.dev. = standard deviation

On the other hand, the physicochemical
characteristics of Abu-Rawash's primary treated
effluent during Jan. to Dec. 2019 period are set out in
Table (4). These characteristics are within the
permissible limits of the Egyptian Law [36] as
primary treated wastewater which is allowed to be
reused for irrigating lumber trees only. Meanwhile,
the level of heavy metals in the treated sewage water,
raw canal water, and groundwater during the studied
period is given in Table (5). By correlating the
permissible limits of the international regulation
including the FAO (long term, and short term) [37],
and the USEPA [38] it is apparent that the level of

metals in wastewater and the other two types of water
studied are within the permissible level. However,
sewage water contains higher values than canal water
or groundwater (Table 5). It is worth mentioning here
that the industrial wastewater was discharged; in
former times; to the sewer system without adequate
treatment. According to the local Standards of the
Egyptian Manual Guidelines for Treated Wastewater
Reuse in Agriculture [37-39], it is enforced that all
kinds of wastewater should be primarily treated at
least before discharging to the environment.
Therefore, better quality of sewage water, particularly
level of heavy metals is; presently; expected.

Table 5 :Level of heavy metals in the primary treated sewage water, canal water and ground water at Abu-Rawash area during the period from

Jan. to Oct. 2019 (as mg/l)

Water resource type Cu Zn Fe Mn Pb Cr Cd Ni

Min 0.1 0.49 0.35 0.13 0.02 0.004 0.01 0.04

Sewage Water Max 0.2 1.89 0.69 0.19 0.04 0.01 0.01 0.12

Ave 0.14 111 0.53 0.17 0.04 0.007 0.01 0.07

St.dev 0.04 0.59 0.1 0.02 0.01 0.004 0.002 0.03

Min 0.04 0.12 0.13 0.1 0.01 <0.001 0 0.01

Ground Water Max 0.09 0.41 0.57 0.18 0.03 0.003 0.01 0.06

Ave 0.05 0.22 0.33 0.14 0.02 0.002 0.003 0.03

St.dev 0.01 0.1 0.13 0.03 0.01 0.001 0.001 0.01

Canal Water Min 0.01 0.03 0.22 0.08 0.003 <0.001 0.001 0.01
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Max 0.03 0.24
Ave 0.02 0.12
St.dev 0.01 0.06
Long term use, Maximum concentration 02 5
level* [37-38] '
Short term use, Maximum concentration 5 10

mg/I** [37-38]

0.44 0.16 0.01 0.004 0.002 0.02
0.24 0.11 0.01 0.002 0.001 0.01
0.07 0.03 0.002 0.001 0 0
5 0.2 5 0.1 0.01 0.2
20 10 10 1.0 0.05 2

“Water can be constantly used in all types of soil.

™ Water can be used for up to 20 years in types of soft soil textures, whether neutral or alkaline..

3.2. Heavy Metals in Citrus Trees Irrigated by
Treated Sewage Water

Citrus senensis (variety Washington Navel),
Species A

The results in Table (6) present the level of heavy
metals in different parts of these citrus plants,
namely: stems, leaves of the citrus tree and the fruits
(outer crust and the juice). It can be noticed that the
pattern of heavy metals accumulation in this plant can
be arranged as follow:

Fe>Mn>Zn>Cu>Cr>Ni>Pb>Cd
The Pb was higher than the Ni, only for the crust. The
level of heavy metals in all cases was at the lowest in

Table 6

the juice of the citrus orange than in the other parts
and was the highest in the stem of the tree according
to the following pattern:

S>L>C>]J
The lowest level among all the studied metals was
exhibited by Cr, Ni, Pb, and Cd. The order of heavy
metals showed some fluctuations but the levels of
iron, manganese, zinc, and copper were much higher
than lead and cadmium (Table 6).
Table 6: Level of macro, micro-nutrient elements,
and heavy metals in Citrus trees irrigated by treated
sewage water at Abu-Rawash Sewage Experimental
Farm [Species A Citrus senensis (variety Washington
Navel)] (as mg/kg dry weight) (during 2019).

Level of macro, micro-nutrient elements and heavy metals in Citrus trees irrigated by treated sewage water at Abu-Rawash Sewage Farm
[Species A Citrus senensis (variety Washington Navel)] (as mg/kg dry weight) (during 2019)

Part of plant Fe Mn Zn Cu Cr Ni Pb Cd
Min 92.92 21.83 20.35 8.95 1.13 1.30 0.30 0.10
Max 767.07 51.52 42.22 19.78 18.76 16.88 5.52 1.07
Ave 303.34 34.20 27.52 15.55 14.06 8.72 4.50 0.81
S Stdev 99.48 9.60 13.09 4.50 5.66 2.56 191 0.17
Min 72.10 14.03 12.34 6.57 4.08 0.50 0.35 0.01
Max 154.83 45.91 38.53 14.60 7.65 4.39 2.29 0.85
Ave 112.70 30.03 24.30 11.73 5.17 2.28 1.23 0.70
L Stdev 36.30 3.14 14.85 5.40 2.59 0.54 0.64 11.63
Min 10.48 10.25 6.04 4.22 3.00 0.20 0.10 0.14
Max 64.94 26.10 15.83 13.79 7.34 0.63 1.20 1.10
Ave 48.62 17.63 13.90 7.69 5.11 0.160 1.09 0.62
C Stdev 13.55 6.98 4.76 2.86 1.50 0.261 0.91 0.317
Min 8.04 6.02 4.10 2.50 2.00 0.200 0.05 0.030
Max 37.69 20.20 8.10 6.10 4.46 0.500 0.40 0.300
Ave 23.25 10.09 6.50 4.50 0.45 0.300 0.25 0.200
J Stdev 5.25 2.60 2.80 1.60 1.00 0.040 0.03 0.300

S = Stem of the tree, L=leaves of the treel, C = Outer peel of the Citrus Fruit, J= Juice of the Citrus fruit

Citrus senensis (variety Laring), Species (B)

The results are given in Table (7). These results
indicated that the level of metals in the different parts
of Species (B) is as follow:

S>L>C>]J

Egypt. J. Chem. 64, No. 1 (2021)

Meanwhile, it can be noticed that the Fe, Mn, and
Zn are the highest among all metals. The
concentration of metals in the stem, leaves, and juice
only can be arranged as follow:

Fe>Mn>Zn>Cu>Cr>Ni>Pb>Cd

Only, the outer crust of the orange fruit has

different arranging as follow:
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Fe>Mn>Zn>Cu>Pb>Cd>Cr>Ni
Level of Pb and Cd were higher than Cr and Ni. It
is worth mentioning that the steam accumulated Cd
less than leaves and crust but higher than the juice.
Therefore, the level of Cd in the different studied
parts according to the following decreasing order:

L>C>S>]J
Table 7: Level of macro, micro-nutrient elements,
and heavy metals in citrus trees irrigated by treated
sewage water at Abu-Rawash Sewage Experimental
Farm (during 2019 Citrus senensis (variety Laring)
(species B) as (mg/kg dry weight).

Table 7

Level of macro, micro-nutrient elements and heavy metals in citrus trees irrigated by treated sewage water at Abu-Rawash Sewage Farm
(during 2019 Citrus senensis (variety Laring) (species B) as (mg/kg dry weight)

Part of plant Fe Mn Zn Cu Cr Ni Pb Cd
Min 101 26.83 25.08 10.2 2.01 11 03 0.15

Max 642.03 61.76 54.56 225 18.5 25.51 6.2 15

Ave 334.83 39.59 36.47 17.8 9.77 11.51 55 0.66

S St. dev 107.47 17.04 15.47 5.3 3.57 45 21 0.25
Min 82.04 16.2 15.2 75 0.8 0.9 0.45 0.02

Max 169 55.4 44.56 20.27 4 5.51 3.2 15

Ave 129.11 42.0 30.52 18.39 3.2 2.06 2.28 1.2

L St. dev 44.67 10.2 12.55 7.02 0.8 11 0.8 0.4
Min 11.26 11.6 7.8 5.2 0.7 04 0.2 0.07

Max 70 31 21.02 174 0.9 0.8 1.8 14

Ave 51.1 21.3 16.4 8.7 0.6 0.5 13 11

Cc St. dev 15 7.8 6.3 32 0.25 0.22 0.95 04
Min 9.3 7.2 5.1 32 0.3 0.35 0.07 0.06

Max 42.3 253 9.3 75 0.6 0.7 05 05

Ave 26.34 14.3 75 5.4 0.3 0.4 0.32 0.35

J St. dev 7.2 4.2 3.1 2 0.12 0.07 0.06 0.1

S = Stem of the tree, L=leaves of the treel, C = Outer peel of the Citrus fruit, J= Juice of the Citrus fruit

Meanwhile, the distribution order of heavy metals
the different parts of the Lime citrus fruit can be
arranged as follow:

S>L>C>]J

Table 8: Level of macro-micro-nutrient elements
and heavy metals in citrus trees irrigated by treated
sewage water at Abu-Rawash Sewage Experimental
Farm (during 2019, Citrus senensis (Lime) (species
C) (mg/kg as dry weight).

Citrus senensis (Lime citrus fruit) Species (C)

The results are given in Table (8). The level of
metals in this Lime citrus fruit can be arranged
according to the following descending order:

Fe>Mn>Zn>Cu>Ni>Cr>Pb>Cd

Table 8
Level of macro-micro-nutrient elements and heavy metals in Citrus trees irrigated by treated sewage water at Abu-Rawash Sewage Farm
(during 2019, Citrus senensis (Lime) (species C) (mg/kg as dry weight)

Part of plant Fe Mn Zn Cu Cr Ni Pb Cd
Min 95.3 254 29.5 9.6 25 1.2 0.3 0.2

Max 548.2 60.1 62.3 24.3 19.2 22.3 7.1 2.1

Ave 322.3 41.7 38.3 16.9 10.2 12.3 5.8 0.9

S St. dev 120 19.36 16.2 45 4.1 5 31 0.3

Min 75.3 16.9 16.2 8.1 1.02 11 0.5 0.04

Max 155.6 61.2 45.2 21.2 45 6.1 41 1.2

Ave 122.7 36.2 335 15.0 3.8 4.8 31 0.7

L St. dev 41.3 11 17.2 8 0.9 15 1 0.5

Min 10.55 10.2 8.9 6.0 0.40 0.44 0.31 0.09

Max 65.05 35 22.3 16.2 1.2 1.7 1.0 0.5

Ave 48.3 22.3 18.3 9.1 0.50 0.64 0.42 0.35

C St.dev 15 8.1 75 3.3 0.3 0.3 12 05

Min 8.7 8.1 6.1 3.8 0.3 04 01 0.07

Max 40.2 31.2 8.7 8.2 0.7 0.9 0.7 0.6

Ave 25.3 15.7 8.1 6.1 0.40 0.45 0.35 0.30

J St. dev 8.2 55 3.2 25 0.1 0.1 0.1 0.2

S = Stem of the tree, L=leaves of the treel, C = Outer peel of the citrus fruit, J= Juice of the citrus fruit
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172

H. I. Abdel-Shafy et.al.

Heavy Metals in Citrus Trees Irrigated by
Fresh Canal Water

Level of heavy metals in the different parts of the
three different citrus plant samples namely Citrus
sinensis-variety Washington Navel (Species A),
Citrus sinensis-variety Laring (Species B), and
Citrus sinensis-Lime citrus fruit (Species C) are
given in Table (9). These results indicated that the
level of metals in the stem and leaves can be arranged
according to the following decreasing order:

Fe>Mn>2Zn>Cu>Cr>Ni>Pb>Cd

For the outer crust and the juice of the citrus fruits,

the Cr, Ni, Pb, and Cd are below 0.01 or zero,

therefore, the metals can be arranged as follow:
Table 9
Toxicity limits in water, soil, and plant

Fe>Mn>Zn>Cu

In all cases, the level of metals in the studied parts
of the citrus trees irrigated by fresh canal water can
be arranged as follow:

S>L>C>]J

By correlating the present results with the previous
ones, it is obvious that the levels of metals in these
citrus trees are much less than the form ones. Figure
(1) presents the level of Fe, Mn, Zn, and Cu in the
juice of citrus fruits irrigated by the three different
types of water, namely: treated sewage water, Canal
water, and groundwater. One important notice is that
the toxic metals including Cd, Pb, Ni, Cr are almost
below detection limits in the citrus juice.

Maximum conc. in irrigation

Toxic conc. in soil

Toxic conc. in plant (ppm) Egyptian Law (ppm)

Element water (ppm) (24) (ppm) (25) (26) 27)
Fe 5 10 - 200 - 1
Cu 0.2 160 >20 1
Mn 0.2 100 >500 0.2
Zn 2 400 >400 1
Pb 0.05 20-41 >60 0.05
Cd 0.01 2-9 >100 0.01
Ni 0.2 100 >80 0.1

mFe mMn Zn mCu

Concentration (mg/kg) dry weight

|HHLF

Species Spe(les Specles
A

Specles Specles Spe(les Spenes Spe(les Spe(les

Sewage water Surface water Ground water

Fig. 1. Accumulation of Fe, Mn, Zn, and Cu in the juice of
different citrus tree species as affected by the source of irrigated
water.

4. Discussions

In correlation with the level of metals in treated
wastewater (Table 5) with the permissible limits
Table (9), it can be indicated that it is within or less
the acceptable limits [35; 37; 40]. Meanwhile, this
treated wastewater is within the acceptable level in
terms of the physical and chemical characteristics for
irrigating Lumber trees only. Correlation between the
physical and chemical characteristics of the primary
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treated sewage, Nile freshwater, and groundwater
showed that the former should be reused only for
irrigating lumber trees as previously recommended
[8; 14; 35].

The general notice is that the concentrations of all
elements in fruit crust and juice were much less than
the level in the irrigation water in all cases. This
could be explained by the fact that heavy metals are
taken up by the roots and only smaller fractions were
trans-located to the other parts of the plant [32; 43;
41; 42]. 1t is worth mentioning that the essential
nutrient metals including Fe, Mn, and Zn were
accumulated mostly by leaves and stems. While, the
most toxic metals including Cr, Ni, Pb, and Cd were
at the lowest level in all parts of the plants and were
at the lowest in the fruit crust and juice (Figure 2).

0.50
mCr mNi Pb mcd

0.45 |
0.40 —

0.35 - —
0.30

0.25

0.20 |

015 | B —
0.10 | E— =
0.05 |

0.00

Species A Species B Species C

Concentration (mg/kg) dry weight

Sewage water

Figure 2: Level of Cr, Ni, Pb, and Cd in the juice three different
species of citrus trees irrigated by primary treated sewage water.

Level of metals in the stems, leaves, crust, and the
juice in the all studied sample species followed the
same decreasing order. The order of heavy metals in
the studied citrus trees was uniform. Iron showed the
highest level while lead and cadmium exhibited the
lowest level in all cases. It is worth to notice that the
level of metals in all the studied parts of these fruits
followed the same decreasing order. The stem of the
trees accumulated the highest level of all the studied
metals followed by the leaves. From the obtained
results the level of metals in juice in all cases was the
lowest compared to the other parts of the studied
fruits. The outer crust of the citrus fruits contained
also the second-lowest level of all metal and was
slightly higher than the juice. The results indicated
that heavy metal accumulated differently according to
the part of the tree and the fruit. These findings are in
harmony with Arora et al., [43] who recorded
different levels of heavy metals accumulation in the
edible parts of different kinds of plants, irrigated with
the same wastewater. Such fluctuations may be
attributed to the variations in source of irrigation
water [41; 44] as well as other factors including
temperature, pH, moisture, organic matter, soil pH,
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organic matter, phosphorous content as well as the
availability of the other nutrient elements [8; 45; 46].

Additionally, heavy metal accumulation depends
on the plant type. Consequently, the efficiency of
plants to absorb a given metal is governed by the
irrigating water, availability of metals in the soil,
plant uptake and/or water-soil-to-plant transfer
factors [44; 45]. In this respect, elevated levels of
cadmium in soils may inhibit soil productivity, while
a very low cadmium concentration may decrease the
vital plant processes including photosynthesis
process, water absorption, and mitosis. The same
phenomenon is true for lead [46; 47]. Thus,
developing toxicity symptoms, wilting of older
leaves, dark green leaves, brown short roots, and
stunted foliage may take place [47-49]. It is
documented that heavy metals are toxic, resulting in
weak plant growth, chlorosis, and low yield [48].
Such a problem may be accompanied by a reduction
in the nutrient uptake plant, disorders in their
metabolism, and a reduction in the ability to fix
phosphorous and / or nitrogen in the plant
leguminous [50].

According to Feitknecht and Schindler [51], the
relationship between the metal solubility product
(Ksp) follows the following equation:

(M*2) (OH), ===== K, (solubility constant)

Such solubility products provide an important
general guide to the available soluble metals that can
be expected as a result of incomplete solid separation,
precipitates aging, and/or co-precipitation/adsorption
effects in water [29; 51; 52].

In the present study, the average pH of the
irrigated water is slightly alkaline at 7.5, thus heavy
metals are in the range between slightly insoluble
and/or precipitated form [52]. Consequently, it can be
concluded that the availability of heavy metals from
the irrigated water was greatly controlled and
restricted by such slightly alkaline pH. This fact
explains clearly the limited uptake of heavy metals by
the studied citrus plants.

In Egypt, local restricted regulations are followed
precisely that defines all type of irrigated plants
according to the type and quality of irrigated water
[35]. Consequently, this Code assigns the type of
agricultural groups that can be irrigated by water
reuse. Effluent limit values for heavy metals and
microbial parameters are listed to define the
suitability of water reuse in irrigation.



174 H. I. Abdel-Shafy et.al.

5. Conclusions

The successful implementation of wastewater
reuse options as irrigation water requires careful
planning, efficient wastewater reclamation, effective
design, and safe operation, storage, and controlled
distribution mechanisms.

The orange fruit displays no heavy metals
accumulations.

Agriculture is a major consumer of water.
Consequently, the reuse of thoroughly treated
wastewater will contribute to the water resources.

Current wastewater reclamation approaches
include several steps to mitigate the safety and
environmental threats associated with different reuse
applications.

The treated effluents contain considerable amounts
of macro and micro-nutrient. This may compensate
for the required amount of fertilizers, thus reducing
the fertilization cost in agriculture activities.

Reuse of treated sewage water and wastewater as
unconventional water resources should be also
classified according to the level of heavy metals
besides their physico-chemical characteristics.

The present experimental study showed that the
primary treated wastewater should not be used for
irrigating any edible plant.
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