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COMPARATIVE field study was undertaken w evaluate the safe

use of Jow quality water for irrigation of some clayey soils. The
irrigation water sources were sewage wastewater (I), secondary \reate
sewage water (iI), canal polluted water from human wastes and
activities (HI) and canal water (V), as a source of normal canal water
for comparison (control). The results indicated that:

Highly significant differences were found between the comgiosition
of irrigation water used in studied area including; soluble salts, pH.
SAR. macronutrients (N,P,K) micro-nutrients (Zn. Cu, Mn, Fe) and
some heavy metals (Cd, Pb, Co, Ni, Cr, B) contenl.

Highly significant correlations (r) were found between the chemical
composition of irrigation water used and soil chemical properties
{whole profile), which predict the soil contamination due to irrigation
with low quality water.

Highly positive significant correlations (r) were found hketween
organic matter, calcium carbonate and soil salinity, available macro.
micro-nutrients and some available heavy metals. Soil reaction has a
highly negative significant effect.

Highly significant correlations (r) were found between the soil
content of macro, micro-nutrients and heavy metals, and its
accumulation in shoots of Berseem and shoots and grains of Zea
maize. This statistical evaluation represents the expected hazards (o
human or animals health and pollution to the environment as a whole.

Therefore. lo protect public health, the effluent should cither be
properly treated in advance before discharge it into the water ways
before irrigation application, or its use restricted to certain creps. So,
improperly treated wastewater not reach any part of a plant used for
human or animals consumption.

Keywords: Irrigation water, Soil, Plant, Pollution, Nutrients, Heavy
metals, Statistical analysis.
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Egyp- attached particular attention on the rational and most efficient use of all
available conventional water resources through water saving irrigation
apprcaches and also through optimal and sustainable use of non-conventional
water sources, including drainage water and treated sewage water.

Rzuse of sewage water may have potential adverse impacts on the
environment largely depending on sewage water characteristic, the degree of
purification, the method and location of reuse. Scil, ground water and surface
water pollution are among the most important disadvantages. of the sewage water
reuse, as sequence plant production (Papadopoulos, 1995).

It is clear from many studies to date (1979-2000) that under the use of low
quality water for irrigation, there is a potential affect on soil and plant as well as
human and animals.

Soil contaminated with heavy metals can produce apparently normal crops
that may be unsafe for human and animals consumption (Koke, 1979). These
metals in most cases are accumulated in the plant tissue or grains and when the
later are consumed by human or domestic animals may adversely effect their
health (Abu ElRoos et al., 1989).

Crrigoryan (1990) showed that the continual irrigation with sewage water led
to giadual increase in the accumulation of some heavy metals in the soil. The
content of heavy metals in plants increases with increasing their concentration in
the so0il. A comparison of the accumulation of heavy metals by fruit and
vegetables crops showed that in all plants, these metals increase with increasing
heavy metals concentration in soil (Evans et af.,, 1979, Truby and Raba 1990,
Venter, 1993 and Abbas; 1993).

Wilke and Metz (1992) found that maize gave the highest biomass yield and
was less sensitive to heavy metals pollution than other species. Leaves generally
contained greater amounts of the heavy metals than stems; root contained 3-20
times more than above ground parts.

The enhancement of industrial activities led to an increase in heavy metals in

the environment (soil, water and plants). These effects are related to dispose the
wastes of some industrial plants to drains or canals. These wastes provide heavy
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metals to the environment, which affected badly soil properties (El-Kassas ef al., 1994).
All heavy metals are aggressive environmental pollutants. They are easily taken
up by plants and they are strong stress factors for plant metabolism. Heavy
metals influence includes also disturbances in plant mineral nutrition by
competition with other nutrients (Siedlecka, 1995).

Abdel Sabour and Rabie (2000) found in soils subjected to irrigation with
domestic and industrial wastewater for long time (35 years) that vegetable plants
species varied in their affinity to accumulate metals in their edible parts.
Irigation with different wastewater significantly increased the concentration of
all tested metals (Fe, Mn, Zn, Cu, Co, Cd, Ni, and Pb} in vegetable plants
especially the leafy species. These abnormal levels exceed the permissible metals
intake as suggested by WHO.

The aim of this study is to evaluate the safe use of low quality water for
irrigation and jts effect on soil properties as well as some filed crops
contamination.

Material and Methods

Field work

A comparative field study was undertaken during growing scason
(1997-1998) 1o evaluate the safe use of the low quality water for irrigation at
Zenien area, El-Giza governorate, Egypt. Four locations were chosen differing in
irrigation water sources, included: Sewage wastewater from Nahia drain (I),
secondary treated sewage water from Zenien plant (II), canal polluted watér with
human wastes and activities from Abd El Aal canal (III), and canal waier as
control outside the polluted area (V). The studied soils are characterized by
texture class of sand, 27%, silt 23% and clay 50%. The soil texture is clay. The
tested crops were Berseem and Zea maize. A monthly water samples were collected from
the different irrigation sources. Soil samples were taken from different locations at
harvest time. Plant shoots and grains samples were laken from the same sites.

Laboratory analysis

- Chemical analysis for irrigation water and soil paste extracts were done
according to Jackson (1973).

- Available macro; micro-nutrients and heavy metals, were extracting byAB-
DTPA according to Soltanpour (1991) and determined by using ICP, 40(.
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- Availabie nitrogen forms were determined according to Markus et al. (1982),
by using Technicon Auto Analyzer, method No.763-85 (GT) A,

Statistical analysis
Statistical analysis were done according to Snedecor and Cochran (1967).

Results and Discussion

Characteristics of irrigation water sources used

Data presented in Table 1 show the analysis of variance and LSD test of
irrigation water used in the studied area. There is a highly significant difference
between the sources of irrigation water including, EC,, , pH, SAR, macro and
micro-nutrients and some heavy metals content in comparison with those of the
canal water {control). The salinity vary from slight 10 moderate for different
water sources in comparison with those of canal water (V) , which is considered
non-saline and non polluted according to Ayers and Westcot (1985)

In spite of the relatively high content of macro-nutrients, which are present in
irrigation water used, yet they still within the permissibie limits. NH, - N is
exceed the safe limits according to Ayers and Wesicot (1985). Phosphorus and
potassium show a higher concentrations than the usual range in fresh canal
water. It is worth to mention that there is no guidelines for P and K for
inlerprclatiori waler quality for irrigation. Thus, it could be considered from the
point of view of fertilization as supplemental fertilizers to the soil in future
(Papadopoulos and Stylianou, 1991).

The concentration of micro-nutrients (Zn, Mn, Cu and Fe), ‘'were in the safe
limits except Mn content of canal polluted water. They exceed the safe limits
according to the guidelines of National Academy of Sciences (1972).

- Regarding the heavy metais which present in negligible amount can
accumulate to toxic concentration in agnricultural food crops (Mclaughlin et ai.,
1996). data show that its concentration in irrigation water used are in the safe
limits except Cd and Co content, which are exceed the safe limits by National
Acadeimy of Sciences (1972} for all sources of irrigation waler used except the
comtrol. ™.
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TABLE 1. Analysis of variance and LSD test of different irrigation water (mean values) used of the studied area,
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Soil properties affected with low quality irrigation water used

Statistical analysis presehted in Table 2 show Pearson correlation coefficient
(r) with probability between chemical composition of irrigation water used and
soil extraction (whole profile), for both Berseem and Maize plots. A highly
significant correlation was found predicting the potential soil contaminating
capacity due to the long term application of different water qualities. It could be
concluded that using low quality water. for irrigation is associated with an
increase of EC,, macro and micronutrients (N, P, K, Zn, Cu, Mn and Fe) and
some heavy metals (Cd, Pb, Co, Ni, Cr and B). This is mainly due io the
chemical composition of the irrigation water. Where heavy metals content don™t
exist in soluble forms in such water for a long time, they are presented mainly as
suspended colloids or fixed by organic and mineral substances as well as
accumulation of organic matter in the soil. In- addition, slow mobility of these
elements from the top soil layers to the deep ones. Generally, the transformation,
mobilization, and immobilization of trace metals in soil depend on the type of
metals soil, and geomorphology of the area as well as the dissolved constituents
{Cruanas, 1992). ) ) |

Statistical analysis presented in Tables 3 and 4 show Pearson correlation
coefficient (r) with probability between pH, some soil components and soil
chemical composition of Berseem and Maize plots. A highly posttive significant
correlation is found between organic matter as well as calcium carbonate and soil
salinitv, available macro, micro-nutrients and some “available heavy metals
content in the studied soil for both Berseem and Maize plots. Soil reaction (pH)
has a highly negative significant correlation. This is mainly due to the release of
organic acid during organic matter degradation and microbial activity in the soil
as a result of using low quality water in the studied area. The decrease in soil
reaction is increasing the solubility of micro-nutrient and some heavy metals in
soil. '

Plant uptake of elements as a result of using poliuted water for irrigation

Statistical analysis presenied in Table 5 show Pearson correlation coetficient
(r) with probability between available macro, micro-nutrients and some heavy
metals content of the soil and the studied ficld crops (shoot & grain) at the
studied area under irrigation with low quality water.

Egypt. I Soil Sci. 43, No. 1 (2003)
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TABLE 2. Pearson correlation coefficient (r) with probability between chemical composition of both irrigation water and soil

extraction (Whole profile.).
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TABLE 3. Pcarson correlation coefficient (r} with probability between pH, some soil components and soil chemical composition

(Berscem plots).

Scil

Componenis EC NO, Nig, EAS L AL L Lu_ Aed ). Lo NI Cr B
nH 06337 | -042Y [ see 02 S s’ nses” s oy | esasT ] e | o™ | oS | oeze” | 07057
L _Du0 | s 1ovow o oeanr | ooads vt [LRERY D008 | oaom | 0006 | Boed nogg | en02 0001 0.000
O.M o280 § nese” | nass | oser [ eser [ ane | oees | ooy 0.306 DA | s | oassn” 0.159 0.362 0.252
0475 .00 0168 | 0008 ton3 | o.006 | 0000 6427 | 0037 0120 | 0060 0004 0.448 0.075% 0.218
CaCn, 228 0.t87 003 | oosen” | e28s 008" | 0s67 o0y 0271 w5757 ) 45697 | 08117 | 0348 0.408" | 0.445
. S0 Qasey (- wers |owesd ) obter Looo20 ooty QAL L IRY R onond ol auus 0 ooy 0088 10044 n.026
Clay 043y | 0029 | 0331 | 006t | wete §o-e0ss | oannnn | 0375 ] 04610 o -0384 | 0060 ) 0358 | 0482 | 0466’ | -0.5007

. L[ 0106 | 0728 ] 020§ 0TS | et | 0060 G 00210 | 00K | 6433 | 0088 | 00iS 4 0019 i 0011
Silt 6298 F 054 | 0200 | -0.080 EAT 0179 -n.22 -0.n3 0202 | coass | oodd )38 | 0229 | 0203 | -0.160
s f ode | oo : G| eas h osAT | 0o §ouden § 03 | SO | 0272 f 0331 | 0446
Sand vs79c | ones 429 MU 0.t22 016X 0340 | nset” 0.24} | o4y | 05847 | 0.557 | 0.568"
0.002 1.766 0.0)2 1.587 0.562 nazt 0061 [ 06y woz | 0342 0.040 0.002 0.004 0.003

P12 TIANVH d'N



(CO0CY I'ON "E€F 128 ptos 1 uixdg

TABLE 4. Pearson correlation coefficient (r) with probability between pH, some soil components and soil chemical composition

{Maize plots).
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TABLE 5. Pearson correlation coefficient (r) with probability between both soil and plant clements content.
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A highly significant correlation was found between the soil content of macro,
micro-nutrients and some heavy metals and its accumulation in shoots of
Berseemn and shoots and grains of Zea maize,due to the use of low quality water
for irrigation. It is noticed that the translocation from the soil to the shoots or
grains differ from one element to another. However, the transport.of trace metals
in soil and their uptake by plants are governed by their mobility (Cottenie,1980).
In general, trace metals are less mobile and thus less bio-available in soil with
higher organic matter and clay content (Cotienie ef al., 1983). The data clearly
indicated that Berseem or Maize tend to accumulate these metals, in their shoots
or grains, and when it exist in such toxic levels in the food chain, it represents a
hazard to human and animais health (Bohan et af., 1979).

The prolonged eftects of using low quality water such as the wastewater used
for irrigation in the study polluted area reflected in an increase in heavy inetals
accumulation in soil and plant. Therefore, the success of using that water depend
greatly on freating this water, adopting appropriate strategies aimed to
maintaining soil productivity and safe guarding public health and environment,
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