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ABSTRACT

The cobjectives of this research were to investigate the sail pollution load and to
determine the effects of irrigation with wastewater on macro elements and heavy
metals uptake and partitioning in Valencia orange trees [Citrus sinensis {L.) Osbeck]
during the active fruit deveiopment stage in the desent of west Noubaria. The results
indicated that the application of wastewater led to changes in some soil
physicochemical characteristics. Macro elements (N, P, and K) and heavy metals (Cd,
Mn, Cu, Ni, Pb, and Zn) concentrations in wastewaler-imigated soil were higher than
the concentrations in the canal water-irrigated reference soil. Concentrations of heavy
metals in wastewater-irrigated soit, except for Mn, were above the maximum allowed
levels for seils. The poliution load index values indicated that the wastewater-imigated
soil was strongly enriched with heavy metals. Wastewater-irigated frees were
contaminated with heavy metals and the levels in developing fruils exceeded the
maximum aliowed daily intake (MADI) for human. The trend of plant conceniration
factor {PCF) for heavy metals in roots, leaves and fruits was in the order of Zn= Cd >
Ni > Pb> Mn > Cu in wastewater-irrigated trees, and was Cd > Mn > Pb > Cu > Ni >
Zn in canal water-irrigated trees,

INTRODUCTION

Orange is the most important fruit crop grown in Egymt, with approximately
haif the total fruit production in Egypt. Orange cuitivation in Egypt is
concentrated in two main regions, the Niie Delta and the newly reclaimed
desert lands. However, in the desert of west Nubaria, there is an increasing
demand for irrigation water resources, Therefore, some farms reuse the
drainage water or wastewater to fulfill the irrigation requirements especially
during surnmer season. Some villages in west Noubaria dispose untreated
municipal water in drainage water canals and therefore the drainage water is
mixed with untreated municipal water. This mixed wastewater is used by
some growers 1o irrigate their farms during the whole year where river Nile
canal water cannot reach or satisfy the optimum irrigation needs and
groundwater from wells is expensive to be used. Wastewater irrigation, solid
waste disposal, sludge applications, vehicular exhaust and industrial activities
are the major sources of soil contamination with heavy metals, and an
increased metal uptake by food crops grown on such contaminated soils is
ofien observed. In general, wastewater contains substantial amounts of
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beneficial nutrients and toxic heavy metals, which are creating opportunities
and probiems for agricultural production, respectively (Chen of al., 2005 and
Singh ef al., 2004). Excessive accumulation of heavy metals in agricultural
soils through wastewater irrigation, may not anly result in soil contamination,
but also lead to elevated heavy metal uptake by crops, and thus affect food
quality and safety (Muchuweti ef al., 2006). Heavy metal accumulation in soils
and plants is of increasing concern because of the potential human health
risks. Food chain contamination is one of the important pathways for the entry
of these toxic pollutants into the human body. Heavy metal accumuiation in
plants depends upon plant species and the efficiency of different plants in
absorbing metals, and this can be evaluated by either plant uptake or soil-to-
plant transfer factors of the metals (Rattan ef a/., 2005). Fruits cultivated in
wastewater-irrigated soils take up heavy metals in large quantities which may
lead to potential health risks to the consumers. In order to assess the health
risks, it is necessary to identify the potential of a source ta introduce risk
agents into the environment, estimate the amount of risk agents that come
into contact with the human-environment boundaries, and quaritify the health
consequence of the exposure (Ma et al., 2006). According to the National
Ressarch Council (NRC, 1983), this process consists of four steps, hazard
identification, exposure assessment, dosefresponse assessment, and risk
characterization. Chronic level intake of toxic metals has adverse impacts on
humans and the associated harmful impacts become apparent oniy after
several years of exposure (Bahemuka and Mubofu, 1999 and lkeda et al.,
2000). However, the consumption of heavy metal-contaminated food can
seriously deplete some essential nutrients in the body that are further
responsible for decreasing immunological defenses, intrauterine growth
retardation, impaired psycho-social facuities, disabilities associated with
rnalnutrition and high prevalence of upper gastrointestinal cancer rates
{lyengar and Nair, 2000 and Turkdogan et al., 2003). Wastewater irrigation is
a widespread practice in the world and recently a number of articles have
been published on wastewater-irrigated soils contaminated with heavy metais
(Liu ef al., 2005; Mapanda ef al., 2G05; Rattan et al., 2005 and Rothenberg et
al., 2007). However, an additional insight into metal uptake, accumuiation and”
assessment of human health risks associated with wastewater-irrigated soils
is still needed. In Egypt, there are increasing environmental and public health
awareness regarding the poliution of soil, water,-and fruits as a resuit of using
untreated wastewater in agriculture. The objectives of this research were to
investigate the soil poliution load and to determine the effects of irrigation with
wastewater on macro elements and heavy metals uptake and partitioning in
Valencia orange trees grown on the desert soils of west Noubaria.

MATERIALS AND METHODS

Plant materiais and growing conditions: The study was conducted during
the growing seasons 2008 and 2009 at two private Citrus orchards located in
Tiba region in west Noubaria, Egypt. The first site {long. 29.54 °E, lat. 30.41
°N) was irrigated with canal water from river Nile and consisted of 5 feddans
of four-year-old Valencia orange trees [Citrus sinensis {L.) Osbeck] grafted on
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Volkamer lemon rootstock [Citrus limon Burm f, and the trees were planted
in single rows spaced 4 m within rows and 5 m between rows. The second
site (long. 29.56 °E, lat. 30.36 °N) was irrigated with. mixed drainage and
municipal wastewater and consisted of 100 feddans of four-year—old Valencia
orange trees grafted on Volkamer lemon roctstock, and the trees were
planted in single rows spaced 4 m within rows and 6 m between rows. The
majority of citrus tree roots were in the top sail layer (30 to 60 cm). Irrigation
was delivered using two drip irrigation tubes per row. Fertigation was applied
once a week as adapted in the area. Each feddan received 120 : 60 : 150
units of N, P, and ¥, respectively during the season. Soll, water, root, leaf and
fruit sampling was conducted in the mid of June in 2008 and 2009 growing
5easons.

Soil sampling and analysis: Surface (0-30 cm) and sub-surface (30-60cm})
soil samples (Typic torpsamment) were collected using a stainless steel
auger. Samples of the air-dried soits were ground to pass a 2-mm sieve prior
to the following physical and chemical analysis: Soil pH was measured in
1:2.5 soil suspension (Richards, 1954) and electrical conductivity (EC) was
determined using the paste extract method (Richards, 1954); Calcium
carbonate content was determined by using a calcimeter (Nelson, 1982);
Particie size distribution was measured according to the hydrometer method
(Day, 1965), The organic matter content {(OM)} of the samples was
determined by dichromate oxidation method (Nelson and Sommers, 1982);
Cation exchange capacity (CEC) was determined using 1 M NaOAC
{Rhoades, 1982). in addition, the available macronutnents; Olsen-P (Olsen
and Sommers, 1982); NH;OAc-K (Knudsen ef al., 1982) and available-N
(Keeney and Nelson, 1982) were determined. The properties of the studied
soil in the two seasons are presented in Table (1). Total heavy metals (Cd,
Cu, Ni, Pb, Mn, and Zn) were determined according to Ure {1995). The
diethylene triamine penta acetic acid extracting (0.005M DTPA, 0.1 TEA, and
0.01 M CaCl, , adjusted to pH 7.3} solution (Lindsay and Norvell, 1978) was
employed to exiract heavy metals as potential indicator of plant-available
heavy metals from soils irrigated with and without mixed water. The soil
extracts were analyzed for the determination of Cd, Cu, Ni, and Pb by the
atomic absorption spectrometry (Baker and Amacher, 1982).The total and
DTPA-extractabte heavy metals content in soil for the two seasons are shown
in Table (2).

Water sampling and analysis: Representative water samples (500 mi) were
collected in polyethylene bottles, which properly washed/rinsed with the same
water that is being sampled. Water samples were taken from two sources,
the first source represents canal water (Fara Eshreen canal) from Nile-river,
and the second represents wastewater (Fara Eshreen drainage) where
drainage water is mixed with municipal wastewater. After proper labeling (e.g.
source of water, date of collection, and type of ar‘]alysis required), the
samples were sent imnmediately to the iaboratory.
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Table (1): The main Physical and chemical properties of the studied soll {means * SD). #

1
] - Avalil(ahle-ﬁvalrlaable- Avallable
Depthi EC pH | cacO, | CEC, Clay siit Sand | Teodure! N o.M
Treatment : (INNH | (OSN | oy ey
) OAc-K) |NaHCO,!
em [ dSm* gkg”' c)"::"-* gkg™ mgkg” gkg"
7" season
Canal | 0-30 0.62+0.037.3820.03 22.540.12] 9.6520.21 [111,0046,00P4.4520.55858.2424.76] L.S [72.00+3.102.89£0.14]49,00+1.40]11.00:2_ 00
water  [30-60)0.4420.027.4220.02 36.5+0.23 | 8.9920.23 [115.00£3.00_27+0.50 | 870+5.00 | L.S [6B.00x1.601.85:0.1145.00:2.00 8.9020, 30
Wastowater,0:30 02580 047.82+0,03 32 51.307,55£0,20 1111.98+5 4534 9630 72858 96:5,04_|S 8560204015 27:0,0558.00£0.2014.00£1. 0
30-603.4520.067.4420.02/34.50+ 1.50 8.21+0.09115.5042,5527.30:0.45 871.623.8 | LS [B4.00+2.00/4.56£0.43/55.0021.7012.3020. 4
LSD s 0.05 | 0.03 2.10 0.25 §.10 0.75 6.22 2.69 0.37 158 | 150
2™ season :
Canal | 0-30 10.66+0.027.4620.0223.0020,12110.00+0.23113.00+4.5302.9423.50864.6622.55 L5 _176.12+2.549.34+0.0051 650 5815,12+1. 54
water  |36-60(0,4120.04)7.3520.0337.45:0.06) 9.600,00 [118.1216.1206.45£3.50855.4324.33 LS 57.06+0.932.1120.06145.0021.54/11.54+0. =
s 0-30 [3.670.077.83+0.0433.3020.07, 8.8610.05114.1215.5%3.5610.%%62.32:4.8 LS [01.12£0.547.23£0.06/50.11£0.1515.99:0. 85
tewnter) 6014 0020, 7117.50+0.0335,6520.03 9.120.31 |1 17.00:2.4325. 13£0.98857 7642.00 LS _|B6.85£0.356.6020.3358.0820.89/15. 760 =43
1 LSD o5 0.05 0,03 1.99 0.23 613 | 073 6.17 T 223 1T o028 | 195

# Means of three samples t SD.
1 O.M: organic matter
11 L.S: Loamy sand
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Wastewater
30-80 [7.02x0.1301 15.00:2.57399.00!11.0055.501:1.50295.001:4.00530.34111.86'2.9910‘13 36.87+3.87(60.3421.8617.6511.05[31.6741.33 53.00£2.43
LSD om 0.24 247 8.62 2.08 385 8.53 0.10 272 1.35 073 0.90 3.00
2™ season
e anal wat 0-30 .20:0.21'45.2122.22 238.0016.42 [18.00+1.56 02,1242 73] 189.00£3.05 [0.2210.06] 5.22£0.04 | 3.18+0.92 | 7.1311.95 | 3.55£1.08 15.24£1.51
anal wates
30-80 [3.30:0.66{ 48.50+2.75]264.0026.00 [19.50£2.00 99.00£3.05 | 182.00£2.64 [0.3620.08 4.45¢1,23 | 2.2240.10 | 5.7620.61 | 4.2341.45 17.54¢1.52
0-30 F.13:|:0.31ﬂ 18.2244.11 618.0015.00 61.50:1.5?76.90:3.04 633.5417.30 [4.1210.63[38.6512 67[68.5412,90(22.76+2.32{28.1811.18) 56.6513.28
Wastewater

‘1230 ‘W v ‘Apyen

Table (2}: The amount of total and DTPA-extractable heavy metals contents in soil irrigated with canal and waste

Total heavy matals | DTPA-extractable metals
kg
Treatment Depth,cm{ _:W g
1" season
Cd Cu Ph Ni Mn Zn Ccd Cu Pb Ni Mn Zn

0-30  [2.1040.11|43 2110.22 | 234.00+6.00 [14.00£0.11| 86.12£2.12] 185.00£2.00 [0.1820.02[ 3,1320.05 | 2.18£0.08 | 5.1320.05 | 1.55:0.07 12.2410.28
30-80 [1.8840.11]44.5041.50 | 254.0016.00 16.1210.46) 95.00£2.00] 178.00£2.00 |0.3310.06) 2.45+0.09 | 1.80+0.03 | 4.7640.21 | 1.2320.12 15.5443.00
0-30 7.13x0.31/1 12.2212.2%912.0014.00 66.67+2.67(276.00+3.00: 523.54 £4 46 [3.1210.06/34.66+1,35(55.5421.46[18.7620.24|27.1640.26 55.65+2.33

Canal water]

30-80 P.02+0.871121.0011 .T&f B0Z.0012.00 |60.00+2.001265.0017.02630 34+ 11.66(3.0910 50|37.8712.30[63.3422 40|19 .70£1 .58'34.6712.1 B 58.40£3.95
LSD oo 0.22 T2.45 9,58 2.03 38 8.48 0.10 T2.T71 1.33 0.72 0.89 3.02
waters (means 1 SD). #
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The water samples were filtered and analyzed for EC, soluble cations
and anions (Richards,1954), but the pH of water samples was measured
before filtration of sampies (Richards,1954); Sodium adsorption ratio{(SAR)
was calculated in order to determine the sodicity or alkalinity hazard of
irrigation waters; NOs-N was determined by the Kjeldahl methed (Keeney
and Nelson, 1982);- Boron was determined colorimetrically using carmine
method {Richards,1954); and soluble heavy metals were determined
spectrophotometrically using atomic absorption spectrometry (AAS) (Baker
and Amacher, 1982), Water analysis data are presented in Table (3)

Plant sampling and analysis: Each sampie replicate of newly developed

roots consisted of two sub-samples that were taken from both sides of one

tree under the dripper at the active root-zone (0 - 60 cm deep). Each sample
of leaves consisted of 30 mature leaves from the middle of non-fruiting shoots
from all directions of the tree. Each fruit sample consisted of 10 developing
fruits of approximately 5 cm in diameter that was collected from all directions
of the tree. The plant tissues were washed with tap water followed by double-

distilled water, dried in a forced-air oven at 65 °C for 48 h, and ground in a

stainless steel mill. Ground plant samples were ashed in a muffle furnace at

450 °C for 6 h (Jones, 2001). The plant ash was dissolved in nitric acid

solution (1:1, v/v), diluted to a final volume with double-distilled water, and

analyzed for Cd, Pb, Cu, Zn, Mn, Ni, K and P. Another sub-sample of plant

material was ashed and dissolved in hydrochloiic acid soiution {1:1, v/v),

diluted to a final volume with double-distilled water,j and analyzed for N

(Jones, 2001).

Plant concentration factor and soil pollution load index calculations:

1- Plant concentration factor (PCF): The transfer factor of heavy metais
from soil to plant tissues was calculated on the basis of dry weight as
follows: PCF= C pant/ C s

Where C .y and C 4 represent the concentrations of heavy metais in plant

tissue and available concentrations in soil, respectively, (Cui et al., 2005).

2- Pollution load index (PLI): The degree of soil pollution for each metal
was calculated using the following modified equation:

PLI= C sampie scil / C reterence scil

Where C sample soi aNd C rererence son represent the concentrations of heavy

metals in wastewater-irrigated soil and canal water-irrigated soil, respectivaly,

(Liu et al., 2005).

Statistical analysis: Three and five representative random replicates for

soils and plant tissues, respectively, were sampled for hoth treatments in

each season. Concentrations of macro elements and heavy metals in plant
tissues were analyzed by the t-test. Soil characteristics for both treatments in
two soil layers were analyzed by one-way analysis of variance (ANQVA) and
significance was determined by the Fisher's least 5|gn|f icant difference test at
P< 0.05 (SAS Institute, 1994).
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Table (3): The chemical analysis of the irrigation waters used in the study (means & SD except for pH). #

EC [ pH | CI" [ Na™ | Cca™ | Mg™ [ SAR [NO"»NJHCO;"| B [ Cu” [ Pb™ | NI" T Mn™ | Zn™ | Cd”
Irigation o) T n:
dSm med.I" mg.l” -
1% season
Canal 0.62+ | 8.17- | 9.00+ | 3.70+ | 360t [ 040t ) 1.80+ | 400+ | 4.00¢ ) 0.60+ | 0.18¢ | 3.20¢ | 0.11% | 0.14¢ | 130 | 0.02¢
water 0.05 | 8.1 0.70 0.10 0.50 003 | 013 | 050 020 | 004 | 002 | 009 | 0.03 | 002 } 019 | 0.1
Waste | 4,86+ [ 7.89- [ 2500 [ 24.50 | 15.00% [ 10.00 | 5.50+ [ 32.00+ | 7.00% | 3.90x [ 3.53¢ | 0.12¢ | 2.98+ [ 0.17% | 4.54x { 0.8z
water | 007 | 797 | 110 | 050 | 1.70 | 050 | 110 | 3.00 | 1.01 | 0.22 | 0.36 | 024 | 0.11 | 0.02 | 0.18 | 0.02
T ?T o R T
Canal 0.58+ | 8.08- | 11124 | 3.54% | 4.00% | 0.51¢ | 220+ | 6.00% | 3.76% | 0.63 | 0.23% | 2.87+ | C.14¢ | 0.19x | 1.22¢ | 0.02¢
water 003 | 813 | 0.12 0.08 0.34 0.06 | 0.07 0.54 .23 002 | 0068 | 005 | 0.04 | 0.01 | 013 | 0.01
Waste 511t | 7.91- [ 28.15¢ | 26,34+ | 15.65¢ j 1242+ | 6.12¢ | 38.09+ | 6.50x | 3.33¢ { 4.12¢ {1232+ | 3.50¢ | 0.22¢ | 5.78+ { 1.032
water o.11 7.95 1.65 0.70 0.90 045 | 089 | 2.54 087 | 011 | 051 | 070 | 0.09 | 0.03 j 0.11 | 0.03
6.50-
wc 3.00 9.00 10.00 | 3.00 | 20.00 | 500 | 612 | 5.00 150 j 0.76 | 0.20 | 5.00 | 0.20 § 0.20 | 2.00 | 0.010
# Means of three samples & SD.

IWC: irrigation water criterla, US EPA 1992

‘12 39 "W "V ‘Apyen
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RESULTS AND DISCUSSION

1. Soil characterization and contamination: Table (1) summarizes the
physical and chemical characteristics of scil samples, including both
wastewater-irrigated soil and canal-irrigated soil (reference soil). Soil pH was
significantly affected by the wastewater irrigation. In the wastewater-irrigated
soils, the electrical conductivity (EC) of soil paste extract was significantly
affected by the wastewater irrigation compared to the reference soil. As in
2008, the EC values ranged from 3.25 to 3.45 dSm™ in surface and sub-
surface layers of wastewater-irrigated soil, while the corresponding values for
reference soil were between 0.44 and 0.62 dSm™. Caicium carbonate content
was significantly higher in the surface than in the sub-surface soif layers in
both treatments and was significantly higher in the surface layer of the
wastewater-irrigated soil compared fo the reference soil (Table 1). However,
the sand, silt, and clay fractions contents were not significantly different in
wastewater-irrigated soil compared with reference soil in the two seasons
{Table 1). The cation exchange capacity (CEC) of wastewater-irrigated soil
was significantly different compared with reference séil (Table 1). Organic
matter was significantly higher in the surface layer of wastewater-irrigated soil
compared with the reference soit {Table 1). The available macronutrients N, P,
and K contents were significantly higher in wastewater-irrigated soil
compared with canal water-irigated soil {Table 1}. This increase in the
macronutrients contents may be due to the presence of high concentrations
of macronutrients in wastewater and organic materials. The disposal of
sewage effluents to-surface waters and subsequently to agriculturai land has
been employed to improve soil physical and chemical conditions, as a source
of plant nutrients (Ei-Nennah ef al, 1982). As shown in Tables (1 & 2),
irrigating with wastewater led to gradual increase in total and available forms
of nutrients and heavy metals in soils of the two seasons 2008 to 2009
(Tables 1 and 2}. Similar resuits indicated the accumulation of heavy metals
in top soils irrigated with sewage effluents (E-Nennah ef al., 1882). Other
authors have cited evidence of increases in extractable Cu, Zn, Ni, Ph, Mn
and Cd following sewage application to soils {(Mapanda et af., 2005; Mireles
et al., 2004 and Khan et al., 2008). In the wastewater-irrigated soil, heavy
metal (Cd, Mn, Cu, Ni, Pb, and Zn) concentrations were significantly higher
than the corresponding concentrations of reference soil. The results indicated
that all heavy metal concentrations ,except for Mn, were above the maximum
allowed levels for soils (Aloway, 1995), and there wasisubstantial buildup of
Cd, Mn, Cu, Ni, Pb and Zn in the wastewater-irrigated soil compared to the
reference soil. In 2008, average PLI index of surface soil for Cd, Mn, Cu, Ni,
Pb and Zn was 17.33, 17.52, 11.07, 3.65, 25.47, and 4.55, respectively, and
was 9.06, 25.74, 15.05, 3.71, 31.92, and 3.41, respectively for sub-surface
solf. Similar results were observed in the second season. Our results are in
agreement with those reported by Mapanda et al. (2005) and Khan et al.
{2008).

2. Water characteristics: As compared with the USEPA (1993) maximum
allowed irrigation water criteria the data presented in Table (3), showed an
increase in soluble saits, boron, and heavy metals i.e. Cd, Cu, Mn, Ni, Pb,
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and Zn in wastewater as compared to canai water. This increase can be
attributed to the pollution of agricultural drainage water with untreated
municipal water, The EC of wastewater was more than 3 dasm” in both
sampling seasons. The concentrations of chloride, 'sodium, magnesium,
nitrate, bicarbonate, and boron were more than the US EPA criteria.
Moreover, the soluble forms of heavy metals except for Mn were maore than
the allowed levels in irrigation water. However, the calculated SAR and
calcium content in the wastewater were less than US EPA (1893). We
cbserved that wastewater-irrigated trees were smaller in size and had leaves
with brighter green color as compared with canal water-irrigated trees,
although no symptoms of chronic toxicity have appeared on wastewater-
irigated trees. The increase in EC, boron and heavy metals in wastewater
may cause a gradual accumulation in soil and uptake by trees which can lead
to a potential prablem. On the other hand, a metal such as cadmium may not
affect the growth of citrus tree, but it can render a health hazard when
consumed by humans or animals (El-Nennah et al, 1982 and Melia ef ai.,
2002). '

3. Macro elements and heavy metals partitioning in citrus trees: Macro
elements (N, P, and K) concentrations in roots, leaves and fruits of trees
grown in wastewater-irrigated soil increased significantly as compared with
trees grown in the reference seil (Figure 1). The N concentration was 1.7 %,
2.6%, and 1.8% in root, leaves and fruits, respectively of orange trees grown
in canal water-irrigated soil, for the first season. The results of second season
were close to that of the first season. However, in wastewater-irmigated soil,
the N concentration was higher than the concentrations in all plant tissues in
the reference soil (Figure 1). Similarly, the concentrations of P in tissues of
trees grown in wastewater-irrigated soil were higher than the concentrations
in tissues of trees grown in reference soil in the two growing seasons (Figure
1). The concentrations of P in the second season were 0.83, 0.74, and 0.78%
in roots, leaves, and fruits of orange trees grown in wastewater irrigated soil,
respectively, whereas, the concentration of P in the first season was 0.53,
0.47, and 0.55% in roots, leaves and fruits of orange (Figure 1).This can be
due to the accumulation of nutrients in the soil as a resuit of continuous
irrigation with wastewater (Khan et al., 2008). Also, the results of curmrent
study indicated that the concentrations of K in different iree tissues were
significantly higher in trees grown in wastewater-irrigated soil compared with
reference soil (Figure 1). These results indicated that the wastewater may be
a source of some nutrients such as N, P and K and contains substantial
amounts of beneficial nutrients which are creating opportunities to agricultural
production. These results were in agreement with the resuits of Chen et al.,
(2005), Singh et al(2004) and Eisokkary (2001). Heavy metals
concentrations in different parts of trees grown in wastewater-irrigated soils
were higher than those in trees grown in reference soil as well as from the
maximum allowed daily intake (MADI) for human {Levander, 1990}, as
illustrated in Figures (2 &3).
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Figure (1): Nitrogen (N), phosphorus (P), and potassium (K) levels in
tissues of Valencia orange trees as influenced by irrigation
with waste and canal waters. T bars = SD, n = 5. Lowercase
letters above SD bars indicate significant difference by t-test. '

The Cd concentrations ranged frem 5.12 ppm to 10.99 ppm in trees
grown in wastewater-irrigated soil, and were significantly higher than trees
grown in the reference soil (Figure 2). In all tree fissues, concentrations of Cd
exceeded the MADI limit (0.07 ppm). These results were confirmed with the
results of the second season. Similarly, the Mi concentrations were
significantly higher in wastewater-irrigated trees and ranged from 28.19 ppm
to 35.17 ppm in the first season and from 32.13 ppm to 40.40 ppm in the
second season {Figure 2). In the tree plant tissues, ceoncentrations of Ni
exceeded the MADI timit (0.35 ppm). The Pb concentrations varied between
48.23 ppm and 70.18 ppm, in trees grown in waslewater-irrigated soil and
were significantly higher than trees grown in the reference soil, and exceeded
the MAD! limit for Pb {0.25 ppm) in the two seasons (Figure 2). Also, the Cu
concentrations were significantly higher in trees grown in wastewater-irrigated
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soil than trees grown in the reference soil, and ranged from 24.82 ppm to
28.26 ppm in the first season and from 27.98 ppm to 33.13 ppm in the
second season (Figure 3). In all tree tissues, concentrations of Cu exceeded
the MADI limit (1.50 ppm). Similarly, the Mn concenirations varied between
19.19 ppm and 40.14 ppm, in trees grown in wastewater-irrigated soil and
were significantly higher than trees grown in the reference soil, and exceeded
the MADI limit for Mn {2.65 ppm) in the two seasons (Figure 3). The Zn
concentrations were significantly higher in trees grown in wastewater-irrigated
soil than trees grown in the reference soil, and ranged from 162.93 ppm to
225,32 ppm in the first season and from 178.18 ppm to 259.12 ppm in the
second season (Figure 3). In all tree tissues, concentrations of Zn were
higher in wastewater-irrigated trees than those grown in reference soil and
the concentrations exceeded the MADI limit for Zn (10.00 ppm). Results from
present and previous studies (Elsokkary, 2001; Mireles et al., 2004; Sclis et
al., 2005; Liu et al., 2005; Muchuweti ef al.,, 2008 and Sharma et al., 2007)
demonstrate that plants grown in wastewater-irigated soils are contaminated
with heavy metals.

4. Heavy metal transfer from scil to tree tissues

Typically, the soil-to-plant transfer factor is one of the key
components of human exposure to metals through the food chain. in order to
investigate the human health risk index {HRI) associated with wastewater-
irrigated soil, it is essential to assess the PCF (Cui ef al., 2004). The PCF
values between wastewater-imigated and reference soils were significantly
different. The mean values of PCF for heavy metals including Cu, Pb, Ni, Mn,
and Cd were lower in trees grown in the wastewater-irrigated soils than trees
grown in the reference soil. Mean values of PCF in wastewater-irrigated trees
for Cu, Pb, Ni, Mn, and Cd ranged from 0.69 to 0.79, 0.83 to 1.21, 1.55 to
1.93, 0.65 to 1.36, and 1.68 to 3.60, respectively, in the first season, and
ranged from 0.73 to 0.87, 0.84 to 1.30, 1.51 to 1.90, 0.66 to 1.41, and 1.51 to
2.98, respectively in the second season (Table 4). This was due to the high
concentrations of heavy metals in the wastewater-irrigated soil as compared
with the eference soil.

On the conirary, mean values of PCF for Zn was higher in trees
grown in the wastewater-irrigated soil than trees grown in reference soil, and
ranged from 3.00 to 4.25 in the first season and from 3.02 to 4.39 in the
second season (Tabie 4). The trend of PCF for heavy metals in different parts
of trees were in the order of Zn> Cd > Ni > Pb> Mn > Cu in wastewater-
irrigated trees, and was in the order of Cd > Mn.> Ph >'Cu > Ni > Zn in canal
water-irrigated trees (Table 4). Similarly, the PCF values for the macro
elements in all tree tissues between wastewater-irfigated trees and canat
water-irrigated trees were significantly different. The mean vaiues of PCF for
N, P and K were higher in trees grown in wastewater-irrigated soit than trees
grown in reference s¢ii (Tabie 4). The trend of PCF for macro elements in
different parts of tree was in the order of P > N = K in wastewater-irrigated
trees, and was P > N > K in canal water-irrigated trees (Tabie 4). Qur results
agreed with the findings of previous studies (Mapanda et a/., 2005; Rattan et
al., 2005, and Khan et al., 2008).
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Table (4): Macro elements and heavy metal transfer factors (on dry weight basis) for trees grown in canal
and wastewater-irrigated soils.

Irrigation

Plant Concentration Factor (PCF)
P

K

1% season 2008

2™ season 2009

1™ season 2008

Root Leafl Fruit

Root Leaf Fruit

Root Leaf Fruit

2™ seasoh 2009

1™ season 2008

2™ season 2009

Root Leaf Fruit

Root Leaf Fruit

Canal watar,

Wastewater

357.89 547.37 378.95(384.00 566.00 436.00
(11.12)(12.32) (9.43) [(21.00)(18.45) (7.22)
500.73 566.37 355.75(513.33 575.00 381.67
(15.12) (18/18) (8.23) [(19.87)(26.98)(17.34)

502.08 460.25 585.77
(13.23) (16.87) (19.09)

555.56 592.50 592.50
(23.13) (26.34) (24.76)
1077.24955.28 1117.89{1185.711057.14 1114.2

(34.76) (28.23) (27.08) | (25.45) (22.54) (30.12)
: Pb

171.43114.29 142.86

177.14122.86 154,29

(.08} (11.45)(12.43)[(16.74) (8.54) (10.11
530.66 392.66 496.46(531.11 395.56 498.89)

Cu

22.43)(16.12)(14.65)(22.11)(15.90)(18.23
Ni

Wastewater

Canal water| 542 325 278
(0.22) (0.18) (0.11)

078 070 069

374 250 2.09
(0.17) (0.10) {0.11)
087 076 0.73
{0.11) {0.12) (0.09)

11.06 1047 B8.44
(0.77) (0.68) (1.09)
121 092 0.83

365 313 330
(0.23} (0.19) (0.14)
193 155 1.71

3.14 267 2.86
{0.42) (0.33) (0.28)
190 151 .1.76

{0.08) {0.08) (0.08)
Mn

0.15) (0.17) (0.19) | (0.18) (022} (0.19)
Zn

(0.28) (0.33) (0.46}](0.39) (0.36) (0.32)
Cd

Wastewater,

Canal water| 12.59 935 4.33
(0.99) (1.06) {0.88)

136 096 065

(0.08) (0.11) (0.13)

488 391 209
{0.76) {0.72) {0.55)
141 088 066

[(0.43) (0.12) (0.10)

34z 266 183
(0.87) (0.55) (0.33)
415 322 3.0

(0.23) (0.16) (0.18)

835 7.76 6.86
(1.06) (0.76) (0.77)
360 168 2.02
(0.32) (0.08) (0.26)

12.50 10.00 16.93
{0.93) (0.88) (1.10)
298 151 2.21

Data are the average (n=5).
Numnbers in parenthesis indicate the standard devlation.

{0.23) 0.12) {0.21)

6002 4990300 “(01) ¥E “Alt) BANOSUBY 19§ OUBY T
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Figure (2): Cadmium (Cd), Nickel (Ni), and Lead (Pb) lavels in tissues

Valencia orangs trees as influenced by irrigation with waste
and canal waters, compared with the maximum allowed daily
intake (MADI) of fruit for humans (Levander, 1990). T bars =
8D, n = 5. Lowercase letters above SD bars indicate
significant difference by t-test.

We concluded that application of wastewater for several vears had led to
changes in some soil physicochemical characteristics and upiake and
partitioning of heavy metals in orange trees. Heavy metals in wastewater
irrigated soils showed a substantial build-up with a significant increase over
reference soil. The pollution load index values indicated that the wastewater-
irigated soil was strongly enriched with heavy metals. Furthermore, the
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wastewater-irrigated trees were contaminated with these heavy metals and
their levels in developing fruits exceeded the maximum allowed daily intake
(MADI) for human (Levander, 1990). Further studies are needed to assess
the concentrations and podioning of macro elements and heavy metals in
different fruit parts at harvest as well an assessment for fruit quality and sheif
life.

b j:'-.‘-
=y
P

Ca [ppm)

Cond  Weir  Sonx  Wasle Gund  Wemte WA
Roos Leaves Fruits

Ein Lppin)

B {ppmd

P
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Figure (3): Copper (Cu), Manganese (Mn), and Zinc (Zn) levels in tissues
Valencia orange trees as influenced by irrigation with waste
and canal waters, compared with the maximum allowed daily
intake (MADI) of fruit for humans (Levander, 1990). T bars =

5D, n = 5 Lowercase letiters above SD bars indicate
significant difference by i-test. s
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