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Impact of Sewage Water Used for Irrigation on Soil
Characteristics and Heavy Metals Composition of
some Grown Crops

A.M. Elgala, M.A.O. Elsharawy and M.M. Elbordiny
Soils Dept., Fac. Agric., Ain Shams Univ.,, Cairo, Egypt.

OIL and plant samples were collected from Eigabal-Elastar tarm,

irrigated with sewage water tor more than 80 years and from
Elkhanka area, irrigated with Nile water. Five soil profiles were dug to
the depth of 160 ¢m and soil samples were collected from successive
depths (0-5, 5-10, 10-20, 20-40, 40-80, 80-160 cm) to study the effect
of sewage water on general characteristics of soils and heavy metals
content of growing plants. The results show that the texture class of
Elgabai-Elasfar soil changed from sandy clay loam to clay loam from
0 to 10cm layer and from sandy loam to sandy clay loam from 10 to
20 ¢m layer. Total carbonate concentration was slightly affected due
to irrigation with sewage water. Organic matter content in the upper
layers (0-20 cm) of Elgabal-Elasfar soil increased by 30 teld
compared to the control. The pH values of soils irrigated with sewage
water decreased by about one unit, particularly in the upper layers.
white EC values increased to more than two fold compared to the
control. The surface layer of Elgabal-Elasfar soil contained higher Fe,
Zn, Cu, Co, Ni and Pb concentrations representing 9.0, 3.3, 10.6, 5.6,
6.9 and 3.2 times that of the control, respectively. Total Cu and Ni
content in the plough layer of Elgabal-Elasfar soil exceeded the
perrnissible limits according to the European Economic Commission,
while DTPA-extractable Cu is considered excessive or toxic. Levels
of heavy metals in edible parts of plants, i.e., orange, bean. corn and
clover grown on Elgabal-Elasfar soils were within the permissible
limits. Copper content in shoots of plants grown on Elgabal-Elastar
soil was considered excessive or toxic. The levels of Fe and Cu
concentrations in tissues of clover grown on Elgabal Elasfar soil
exceeded the permissible limits. Cobalt concentration in shoots and
seeds of broad bean irrigated with sewage water exceeded the normal
range.

Keywords: Heavy metals, Sewage water, Contaminated soil. Edibie
parts.
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In the last few years, the reuse of waste or low quality water became part of the
extension program for maximizing the use of water resources. However, the
uncontrolled application of such waters must have many unfavorable effects on
both soils and plants grown especially in the long-term use. The hazard effects
are mainly related to the soil properties and water quality, beside the types ol
Srowing Crops.

Wastewater, mostly without pretreatment, has been used for a long peried in
the Elgabal-Elasfar area for production of grains, vegetables and fruit crops for
human and animal consumption. This wastewater transports high amounts of
potential toxic substances, including heavy metals (Abdel-Aal er al. . 1991). Waly
ef al. {1987), Khalil {1990) and El-Tabey (1993) indicated that the continuous
use of sewage effluent for irrigating Elgabal-Elasfar sandy sotls decrecascd soil
pH from 8.6 10 6.8. Sadek and Sawy (1989) reported that cation exchange
capacity was increased by the continuous application of sewage water due 1o the
increase of finer materials and organic matter content. Recently, El-Motatum and
Badawy (2000) found that the Elgabal-Elasfar soil pH and calcium carbonate
conient decreased, while organic matter content increased for both rhizosphere
and bulk soils as the irrigation period with sewage water increased.

Eid (1984), Sadik er al. (19871, Abdel-Sabour er al. (1995} and Mosalem
{1997) found that the soil contents of total and available forms of Fe, Zn, Mn,
Cu. Pb, Ni. Cd, Co and Cr within the upper 60 cm layer increased by increasing
the period of irrigation with sewage water. Accumulation of these clements
tended 1o be more obvious in the surface layers than in the sub-surface.

El-Nashar (1985) found that the level of heavy metals, Fe, Mn. Zn, Cu. Pb.
Cd and Co in the leaves of fruits of navel orange, irrigated with sewage water (up
10 60 year) in Elgabal-Elasfar farm were within the permissible limits and below
the concentrations causing any toxic effects on plants and humans. EI-Motaium
and Badawy (2000) found that heavy metals were accumulated mainly in the
roots of both cabbage plants and orange trees irrigated for 80 years with scwage
water in Elgabal-Elasfar soil. In cabbage plants, heavy metals contents vary in
different organs in the following order: roots> leaves> stems whereas for orange
trees the order is as follows: roots> leaves> fruit peel> fruit pulp.

The objectives of this study were Lo evaluate the effect of using sewage waler
on the changes of some chemical characteristics and distribution of totat,
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chemically available heavy metals to the depth of 160 cm in Elgabal-Elasfar soil
as well as accumulation of such heavy metals in certain plant tissués of different
crops.

Material and Mcthods

Soil and water sampling and analysis
Two irrigation water samples were collected. Characteristics of irrigation
walter are shown in Table 1.

TABLE 1. Chemical composition of the collected water samples (means of five values

+8.4).
— Almtion of waler sources
Parameter Nile water Sewage waer
(Ismailiya Canal) { Elgabal-Elasfar drain)
pH T11£006 6.10£0.03
ET, dS. m"' 0.48 005 1.03 £0.01
Fe 0.59+018 2,580, 11
Zn 0.00 £ 004 0.5320.16
Cu 0.02 £ 0.01 2602018
Co not detocted 0.14 2 0.03
Ni P 0.07 + 0,04 0.67+0.12
o me- 0.05£0.02 049015
Biotogical oxygen 1.5 593.7
demand (BOD)
Total suspended 151 1487
matter
SAR 178 3.51
adj .SAR 2.58 509
Class of salinity No problem Increasing problem
Class of alkalinity No problem Trx g problem

Soil samples from two sites were collected. The first site is Elgabal-Elasfar
with a clay loam soil, Typic Torripsamments, which is irrigated from
Elgabal-Elasfar drain. The second site, namely Elkhanka, has a sandy loam soil,
Typie Torvipsamments, and is irrigated from Nile water in the same area located
two kilometers from Elgabal-Elasfar farm, The profiles of Elgabal-Elasfar soil
were taken to represent the oldest farm (>80 years irrigated with sewage water).
In cach site, five soil profiles were dug to the depth of 160 cm and soil samples
were collected from successive depths (0-5, 5-10, 10-20, 20-40, 40-80, 80-160
cm). The soil samples were air dried, crushed and finely ground, then sieved
through a Zmm sieve and kept for analysis. Soil characteristics were determined
using standard methods outlined by Jackson (1958) and Baruah and Barthakur
(1997). Total heavy metals contents of Fe, Zn, Cu., Co, Ni and Pb were
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determined after digestion with hydrofluorici / perchloric acids mixture {Jackson,
1958). Chemically available forms of elements were evaluated by extracting the
soil with DTPA according to Lindsay and Norveil (1978) and the metals in the
extract were determined using an atomic absorption specirophotometer.

Plant sampling and analysis

Plant leaves and orange fruit samples of orange trees (Cirrus sinensis L.) also
plant leaves of corn plants (Zea mays L.), broad bean (Vicia faba L.) and clover
{Trifolium alexandrinum L.) plants grown on two ficlds of the two locations were
collected as recommended by lones er @l (1971). Grains of corn and sceds of
broad bean were also collected at harvest. The collected plant smaples were
washed with tap waltcer. 107 M HCI solution. and deionized water. then oven
dried at 65°C for 48 hr. Plant materials were ground and mixed well. Orange
fruits were peeled, juice was extracted. then subjected 1o heavy metals

determination.
Results and Discussion

Soil general ciraracteristics

Table 2 shows some physical and chemical properties of the soil samples.
Results reveal that using sewage waler in irrigation was more effeclive in
changing soil texture of Elgabal-Elasfar. Values of clay content in the upper
layers of (0-20cm) were relatively higher than those of the soil irrigated {rom
Nile water {control). Texture class of Elgabal-Elasfar soil changed from sandy
clay loam to clay loam in the (0-10cm) and from sandy loam to sandy clay ioam
{10-20cm}, due to continuous irrigation with untrealed sewage water for about 80
vears. Results in Table 1 show a total suspended matler (organic + morganic} of
aboul ten times more in the sewage waler compared to Nile water. These results
agree with those of Abdel-Sabour er «l, (1993). Mosalem (1997) and
El-Motaiuin and Badawy (2000) who found that the continucus irrigation with
sewage water resulted in remarkable chauges of clay content and organic matler,
which might have been added to soils upon irrigation.

Total carbonate contents for Elgabal-Elasfar soil decreased with soil depth,
Decreasing carbonate contenl may be attributed to the ability of CaCQj to
dissolving of organic acids, naturally found in the sewage water and / or to
microbial activities such as crenic, humic and fulvic acids (Kononova, 1961 and
Tan, 1993).

Egvpr. J. Soil Sci. 43, No. 3 (2003)
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TABLE 2. Total and DTPA-extractable heavy metals, my. kg'l in the studied soils as alfected by source of irrigation and seil depth.

= Fe Zn Cu Co Ni Pb

% & 2 Depth
g% & (Cm)

=R T Ext A" T Ext Al T Ext Al T Ext Al T Ext Al T  Ext Al

0-5 23240 40,40 0.17 145.1 25.71 1773 159.6 18.45 11.56 4210 .18 5.06 7278 191 401 93,20 415 4.36

., S0 2115 3206 6.15 127.2 24.63 19.36 1534 1792 11.68 3830 1.72 449 68,14 1.86 17 28.17 389 4.41

£ 1020 17642 2522 a4 1239 19.82 16.00 147.1 17.57 1194 35.33 .27 354 6325 1.82 1.88 8126 2.63 130

Efé 20-40 12471 19.29 0.15 116.4 11.61 9.97 1393 1485 1C66 2781 1.05 i 568y .76 1.34 76.87 239 3.11

= 40-20 10493 12.16 0.12 105.1 9.43 897 126.% 2.82 .79 2430 087 358 4907 048 9.98 68.34 1.26 184

80-160 2764 273 032 93.01 3.17 3.45 118.9 4.66 1%2 T2.18 0.4% 2.03 41.36  0.23 .61 6415 014 0.22

[15.] 29478 903 0.36 42.26 0.23 0.54 14.70 0.13 091 448 .12 264 1062 0320 1.86 2891 042 1.45

510 2471 B.O6 033 41.52 0.21 0.51 1460 [ R ¥ 0.84 3N 012 K1) 10.00 0.20 198 iXi6 045 1.60

2 'E 10-20 2458 6.52 .28 41.42 0.16 0.39 14.02 0.0% a.61 3.42 009 2.60 9.9 oS 1.50 1572 a.32 1.24

_i_ 2040 2454 6.1% 0.25 4118 0.12 0.29 13.85 0.07 053 14 008 1.8% 9.63 03 1.54 i 0 {3}

5 ,g, 480 2449 6.19 0.25 41.16 0.08 .19 13.81 .06 0.44 30¢ 006 1.97 9.57 0.19 1.04 1948 0.29 1.49

~ R0-160 2434 597 0.25 .07 o1y 13.79 0.06 0.44 245 0.06 242 9.i4 010 1.09 19.33 0.1 083

41.03

# T and Ext ineans total and DTPA extractable heavy metals

## ALl (availability index) = (Ext) 100/T

ALY M HOVMES dO LOVAINI
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From the obtained data, it is clear that the organic matier content generally
increased due to irrigation with sewage water, but decreased with depth. Organic
matter content in the upper layers (0-20 cm) of Elgabal-Elasiar soil showed
about 30 fold increase relative to that of the control soil. These results are in
agreement with those obtained by Abdel-Naim er al. (1982) and El-Nashar
(1985).

The pH-values of Elgabal-Elasfar soil decreased for about one untt rcaching
7.23.7.27 and 7.34 in the upper 0-5, 5-10 and 10-20 cm layers, respectively. The
drop in pH-values was only about half a unit in the lower layers. Such deercase
could be attributed to the decomposition of organic materials of the sewage water
and production of CO4 and organic acids. Similar findings werc also obtained by
several authors (Khalil, 1990, Ei-Gendi ef al., 1997 and El-Motaium and Badawy
2000y who related the decrease in soil pH to using sewage waler for irrigation.

Results also show that the salinity of Elgabal-Elasfar soil increased in the
upper 40 cm layer, reaching about 2.5 fold that of the similar layers of the
control.

Heavy merals

Total content

Data given in Table 2 show the total amounts of Fe, Zn, Cu. Co. Ni and Pb in
different layers of the investigated soils profiles. They reveal that the total
content of these elements differs according to the water source used for
nrigation. Generally, concentrations of such heavy metals in the two soils were
higher in surface layers than in lower layers. However, the surface layer (0-5 cm)
of Elgabal Elasfar soil contained 9.4, 3.4, 10.9, 9.6, 14.6 and 9.9 times morc ol
Fe. Zn, Cu, Co, Ni and Pb, compared to the control soil. respectively. The
magnitude ol increase declines with depth. Increasing total amounts of heavy
metals in a specific layer could be mainly due to repeated irrigaiion with
wastewater, rather than to differences in the nature of soil origin, It is interesting
to note that the pattern of distribution is somewhat similar to that of organic
matier and clay content, which tended to accumulate through the surlace
soil layers. These results coincide with those of Veragra er al. (1986),
Dumonter ez al. (1990), Abdel-Aal et al. (1991} and Ei-Gendi ef af. (1997) who
found that irrigating sandy soil in the Abou-Rawash area with drainage water
increased total Cu, Zn and Fe, which reached 125, 170 and 3 times that of the
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non irrigated one in the same area. It seems that the high peimeability of the
sandy soil in Elgabal-Elasfar farm, besides the colloidal state of the suspended
matter, facilitates the downward movement of sewage effluent-born heavy
metals (ionic, complexed with organic -molecules and / or finely dispersed
colloidal). Moreover, the uncontrolled surface irrigation system permits the
excessive precipitation and downward movement of either the soluble or the
colloidal phase of the metals.

Referring to permissible limits of heavy metals values in agricultural soils,
considered by the European Economic Commission, Kabata, Pendias & Pendias
{1992) and Linzop (1987) reported; total Zn (150-300 ppm), Cu {50-100ppm), Ni
(30-50ppm) and Pb (50-100 ppm). The present data in the plough layer show that
total Cu and Ni content in the sandy soil of Elgabal-Elasfar farm exceeded the
permicsible limits. This may be reflected on the amounts of chemically available

forms, plant growth and composition of these elements.

DTPA-extractable heavy metals

Results given in Table 3 show the DTPA-extractable Fe, Zn, Cu, Co, Ni and
Pb in the upper 20 cm of Elgabal-Elasfar soil as affected by irrigation with
sewage water. Concentrations of such elements increased by about 4.1, 117, 159,
157, 12.0 and 9 fold that of control soil, respectively. The increasing
extractability of the concerned heavy metals in Elgabal-Elasfar soil could be
attributed to increasing the total contents, beside the relatively low pH values and
increasing organic matter content in this soil. Most dissolution and precipitatior.
processes of heavy metals were reported to be controlled by humus materials and
soil pH (Barrow, 1986).

The ranges of DTPA-extractable Fe, Zn and Cu in soils in terms of mg.kg']
are considered adequate as reported by Rose and Wang (1998}, which werc
15-40, 30-5 and 0.5-1.5, respectively. Results of the investigated soils revealed
that the concentrations of DTPA- Cu in the upper layers (0-20cm) for
Elgabal-Elasfar soil exceeded the adequate range, reaching the excessive or toxic
levels, while DTPA-Fe and Zn in the same soils are still in the adequate range.
The availability increasing of the heavy elements, mainly Co, Ni and Pb more
than 10 times as compared to the control may be reflected on growth and quality

of crops growing in the area.

Egypr. 1. Soil Sci. 43, No. 3 (2003)
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TABLE 3. DTPA-extraetable heavy metals, mg. kg'l in surface layer (0-20 cm) of
the studied soils irrigated with sewage and Nile water.

Location of soil samples Fe Zn Cu Co Ni Pb
Elgabal-Elasfar 32.50 23.39 15.00 1.72 220 3.56
Elkhanka (Control) 797 020 0.11 o.11 0.18 0,40

Effect of irrigation with sewage water on heavy metals contents of growing crops
in the ared
The impact of 80 years application of untreated sewage effluent of

Elgabal-Elasfar drain on the amount of DTPA-extractable Fe, Zn, Cu, Co, Ni and
Pb and the quality of perennial citrus trees are shown in Fig. 1. The extractability
of the above-mentioned elements in Elgabal-Elasfar soii increased, compared to
the control as mentioned above. For the concentrations of those elements in
citrus trees, the magnitude of increase in the leaves ranged from the double 10
about 6 times for all elements with the highest increase for Co. Such increase
was reflected on the concentration of these elements in the peel and juice,
patticularly Pb, followed by Ni and Zn. Results indicate that the edible part
(juice) is highly rich in heavy metals. The obtained data for Pb in citrus leaves
were generally fower than those reported by Mosalem (1997) for citrus trees,
grown for 52 years in Elgabal-Elasfar it seems. Whereas, the determined Fe, Zn,
Co and Pb contents in juice were less than those in juice of orange trees grown
on Abou Rawash farm and determined by Selem er ol (2000). The differences
could be a function of management practices applied and the variety grown,

For the winter crop (broad bean} the concentration of the studied elements in
the leaves showed high increase in broad bean leaves, (Fig. 2). The magnitude of
increase in heavy metals content is arranged in the folloWing order: CO > Ni >
Pb > Cu > Fe > Zn and this was reflected in the concentration of these clements
in the edible bean seeds. Again, results indicate that the bean seeds of plant
grown 1n Elgabal-Elasfar soils are rich in Co, Ni, and Pb content. It appears that
broad beans, grown in Elgabal-Elasfar accumulated more Fe and N1 but less
amount of Zn, Cu, Co and Pb compared to those found for broad beans grown in
the industrial area of Helwan, as found by Badawy and Helal (1997}, Such
variation could be related to differences in location and source of irrigation water
and consequently the variation in the ratio of those elements in the soils.

For the fodder crop (clover), the concentration increased about 18 and 22
times for Ni and Co and about 6 times for Pb, while Zn increased to about 5
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Fig. 1. Heavy metals concentrations in water, scils and organs of orange trees in
Elkhanka (control) and Elgabal-Elasfar area as affected by sewage water
application.
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Fig. 2. Heavy metals concentrations in bean, corn and clover plants as affected by
sewage water application.

times. For clover the values of Fe, Zn, Co, Ni and Pb were lower, but Cu content

was higher than that reported by Badawy and Helal (1997).

For the annual summer crop (corn) about the same sequence in increasing
contents of the studied elements was found in both leaves and edible parts of
corn (grains). The increases in such elements are in the following order: CO > Ni
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> Zn > Pb > Fe. Results found for corn seeds indicated that the concentrations of
Cu, Co, Ni and Pb were lower, whereas those of Fe and Zn were higher than
those reported by Badawy and Helal (1997). Again, differences mentioned for
both corn seeds and clover could be related to differences in variety, scil

properties, management practices and source of irrigation water.
Conclusion

From the above-mentioned results, it can be concluded that the long term use
of untreated sewage water for irrigating plants on Elgabal-Elasfar soil caused a
dramatic increase in the content of heavy metals in the soil. Plants grown on this
soil showed a high concentration of thesc elements in their tissues, including the
edible parts. Differences found for accumulation of Fe, Zn, Cu, Co, N1 and Pb
could be atiributed to the season of growih, soil properties and management
practices applied. It seems necessary that the sewage effluent needs 1o be trealed
before discharging in the drain systems. Such sources of water could only be
used to grow trees, for only wood production but not vegetable crops.
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