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Abstract: Increasing waste production by human activities increased the problem of how to get rid of it without
causing undesirable impact on the environment and human. However, practice of wastewater use in irrigating
crops needs careful control because of the potential presence of unwanted constituents in the sludge, such
as heavy metals and organic contaminants. The effect of irrigation with treated wastewater on the soil
agricultural properties was studied in El-Sadat city. Soil and plant samples were collected from El-Sadat city,
irrigated with treated wastewater for five years and from irrigated with well water. Five soil profiles were dug
to the depth of 150 cm and soil samples were collected from successive depths ((0-5, 5-10, 10-30, 30-60, 60-90,
90-150 cm) to study the effect of treated wastewater on accumulation of heavy metals in soils and their content
in growing plants. The results show that the total content of such heavy metals in two soils were higher in
surface layers than those of lower ones. Concentrations of such heavy metals in the surface layer (0-5 cm) of
soil irrigated with treated water 8.0, 3.4, 3.4, 10.3, 9.6, 7.4 and 3.3 times more, for Fe, Zn, Cu, Co, Ni and Pb,
compared to the soil irrigated from well water, respectively. The total heavy metals in the plough layer show
that total contents of different heavy metals under these studies did not exceed the permissible limits.
Chemically available amounts of different elements in the upper 40 cm of soil irrigated with treated water
averaged 3.2, 122, 129, 186, 22.0, 14.5 and 10.5 fold that of soil irrigated with well water, respectively. Different
heavy metals in the plough layer of soil are still in the adequate range according to the European Economic
Commission. Different plants grown on the soil could be arranged according to their ability to accumulation of
heavy metals as in the following order: jojoba > khaya > axodium > Italian cypress. Variation in accumulation
percentage of different heavy metals in jojoba trees could be arranged in the following order : Co> Pb > Ni >
Cu> Fe=Zn> Mn. Jojoba trees accumulated both Co and Pb more than other trees. Whereas, Kheya trees on
other hand were hyper accumulator for Co, Ni and Pb. While, axodium and Italian cypress trees were higher
accumulator for both Ni and Pb.
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INTRODUCTION or soil. Chemical constituents may also contaminate

In many countries of the world, treated wastewater is reuse applications such as irrigation and groundwater
considered as an important element in water resources recharge. However, for most reuse applications,
planning . Toxic chemicals and pathogenic conventional wastewater treatment processes are able to[1]

microorganisms in untreated wastewater have a potential reduce these constituents to acceptable levels. Besides
for deleterious health effect and disease transmission. facing the environmental problems and saving water for
Epidemiological investigations on reuse of raw or irrigation, wastewater reuse results in saving significant
minimally-treated wastewater for food crop irrigation quantities of essential plant growth nutrients, especially
provided evidence of infections disease transmission . nitrogen and phosphorus . Matloub and Mehana[2]

The mechanisms of food crop contamination, by irrigation showed that the use of sewage effluent from Ismailiya
of reclaimed water may be either physical contamination, treated plant or mixed with Nile water for irrigation
where evaporation and repeated irrigation may cause increased the levels of DTPA extractable heavy metals
build up of contaminants on crops or uptake of the (Fe, Zn, Cu, Pb, Co and Ni) compared to the Nile water.
chemical constituents through roots from irrigation water However, the obtained levels were lower than the 

groundwater by percolation into the ground after the

[3]    [4]
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maximum permissible limits and the normal ranges. Abdel
Aziz  reported that the average content of total Fe, Mn,[5]

Zn, Cu, Pb and Cd in the surface layers of El-Saff soils
polluted by industrial wastes of Iron and Steel outlet were
15.56%, 2340, 399, 166.5, 129 and 1.95 ppm, respectively.
Elgala  mentioned that the total Fe, Zn, Cu, Co, Ni and Pb[6]

concentrations in the upper 10 cm layer increased by
about 1.4, 4.5, 1.1, 2.7, 2.8 and 5.5 times that of Musturud
soil, which irrigated with industrial wastewater; while in
rhElgabal-Elasfar soil, which irrigated with sewage water,
it reached 9.0, 3.3, 10.6, 9.6, 6.9 and 3.2 times that of soil
irrigated with Nile water. Khalil  reported that the[7]

prolonged period of irrigation with sewage water has
markedly increased the amount of Fe, Zn, Mn, Cu, Pb and
Ni in plants grown on Abu Rawash area, but the trace
element levels in the leaves and juice fruits citrus and field
crops (faba been, lupine) are below the standard level
values. 

The objectives of this study were to evaluate the
method used for treating wastewater and the effect of
using treated wastewater in El-Sadat area on the
distribution of total and chemically available heavy metals
in sandy soil to the depth of 150 as well as evaluate the
accumulation of such elements in certain grown crops. 

MATERIALS AND METHODS

Soil and water sampling and analysis: In the present
study, the treated industrial wastewater and well water as
a control of El-Sadat city, Minufiya Governorate, Egypt
situated 31° 51ó N latitude and 30° 36 óE longitude were
used. Performance of this treated water includes both
primary and secondary treatment. Primary treatment
comprises removal of suspended solids using natural
methods such as precipitation, flocculation and
sedimentation while secondary treatment uses biological
method such as phytoremediaition technique which
designed for the removal of metals in aquatic
environments. Several aquatic species were used to
remove heavy metals from industrial wastewater.
characteristics of irrigation water are shown in table, 1. 

Soil  samples  from  two  sites  were  collected  from
El-Sadat area. The first site is irrigated from well water.
The second site is irrigated from treated water in the same
area. In each site, five soil profiles were dug to the depth
of 150 cm and soil samples were collected from successive
depths (0-5, 5-10, 10-30, 30-60, 60-90, 90-150 cm). The soil
samples were air dried, crushed and finely ground, then
sieved through a 2mm sieve and kept for analysis. Soil
characteristics were determined using standard methods
outlined by . Total heavy metals contents of Fe, Zn, Cu,[8,9]

Co, Ni and Pb were determined after digestion with
hydrofluoric/ perchloric acids mixture . Chemically[8]

available forms of elements were evaluated by extracting

Table 1: Some chemical composition of the two water sources in Sadat
area.

Parameter FAO(11), (12) Well water Treated water
guidelines

pH 6.5-8.4 7.28 7.12
EC dS.m <3 1.1 4.04-1

TDS <450 15 212
COD n.d 150*

BOD n.d 95.25

Ca 75.9 2152+

Mg 21.3 54.92+

Na <70 114 549+

K 19.6 34.2+

Total N <30.0 4.32 65.2
NO 10 1.04 19.513

-

PO 8.6 0.05 3.234
-

B mg LG <1.0 n.d 0.161

Cl <140 181 903-

HCO <90 325.7 628.83
-

Fe 5.0 0.28 2.48
Mn 0.2 0.09 0.95
Zn 2.0 0.06 0.72
Cu 0.2 0.02 0.31
Ni 0.2 n.d 0.27
CO 0.05 n.d 0.08
Cd 0.01 n.d 0.06
Pb 5.0 n.d 1.28
SAR <9.0 2.99 8.62
*n.d = not detected

the soil with DTPA according to Lindsay and Norvell[10]

and the metals in the extract were determined using an
atomic absorption spectrophotometer. Table 2 shows
some physical and chemical properties of the soil samples.

Plant sampling and analysis: Plant leaves samples of
were collected from taxodium (Taxodium distichum),
Italian cypress (Cupressus sempervirens), khaya (Khaya
senegalensis) and jojoba (Simmondsia cohinensis) The
collected plant samples were washed with tap water, 10-4

M HCl solution, and ionized water, then oven dried at
65 C for 48 hours. Plant materials were ground and mixedo

well and kept for N, P, K, Fe, Zn, Cu, Co, Ni and Pb
analysis.

RESULTS AND DISCUSSIONS 

Heavy metals in soils:
Total content: Data given in table 2 show the total
amounts of Fe, Mn, Zn, Cu, Co, Ni and Pb in different
layers of the investigated soils profiles. Data reveal that
the total content of these elements differed according to
water source used for irrigation. Generally, concentrations
of such heavy metals in the soil irrigated with treated
water were higher in surface layers than those of lower
layers. However, increasing total amounts of heavy metals
in the upper layers could be mainly due to repeating
irrigation with treated water. This was evident from the
low heavy metals content in the surface layers of soil
irrigated with well water. The concentrations of such 
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Table 2: Some physical and chemical characteristics of the selected soils.
Parameter Soil irrigated with Soil irrigated with

well water treated water
pH (1:2) 7.87 8. 36
EC dS.m-1 1.12 0.92
CaCO % 2.11 2.083

OM% 0.11 0.19
CEC cmol .kg 12.6 12.8c

-1

Sand% 90.0 91.00
Silt% 9.00 8.00
Clay% 1.00 1.00
Textural class Sand Sand

heavy metals in the surface layer (0-5 cm) of soil irrigated
with treated water contained 1.72, 2.49, 2.72, 4.49, 4.24, 1.90
and 2.36 times more of Fe, Mn, Zn, Cu, Co, Ni and Pb,
compared to the soil irrigated with well water,
respectively. The magnitude of decrease declines with
depth. Increasing total amounts of heavy metals in a
specific layer could be mainly due to repeated irrigation
with wastewater. From the above mentioned results, it can
be seen that, although the treated water contained low
amounts of heavy metals, the magnitude of increase in
such metals in the soil irrigated with treated water were
higher than that of soil irrigated with well water. This
could be due to the increase in total dissolved suspended
solids (TDS) in the treated water compared to well water
. As will as increased chemical oxygen demand (COD)
which measures the amount of oxygen consumption to
oxidize organic matter in treated water . These results
coincide with those of , who found that irrigating[13,14]

sandy soil in the Abou- Rawash area with drainage water
increased total Cu, Zn and Fe, which reached 125, 170 and
5 times that of the virgin soil one in the same area. It
seems  that  the  high  permeability  of  the sandy soil in
El-Sadat area, besides the colloids state of the suspended
matter, facilitates the downward movement of heavy
metals, (ionic, complexed with organic molecules and /or
finely dispersed colloidal). Also, the employed drip
irrigation system using excessive amounts of waste
effluent enhances the downward movement of either
soluble or insoluble colloidal phase of the metals. These
results are in agreement with the findings of  who found[15]

that after 6 years of continually applying sludge at a
cropland disposal site over 90 % of the applied heavy
metals were found in the 0 to 15 cm soil depth. This depth
is practically within the plow layer.

Referring to permissible limits of heavy metals values
in agricultural soils, considered by the European
Economic Commission ,  reported; total Zn (150-300[16,17]

ppm), Cu (50-100ppm), Ni (30-50ppm) and Pb (50-100ppm).
The present data in the plough layer show that total
different heavy metals under these studies don't exceeded
the permissible limits. therefore, we can predicted when
the soil will be polluted with these elements. The maximum
time to used this water for irrigation without causing

undesirable impact on the environment can be calculated
according to the difference between the background
concentration, and the maximum permitted concentration
in the soils. If the soil still irrigated with this water for the
long time, the root zone could be polluted with Zn, Cu, Ni
and Pb after 230, 105, 449 and 134 years, respectively

DTPA-extractable heavy metals: Results given in table 3
show the DTPA-extractable Fe, Mn, Zn, Cu, Co, Ni and Pb
in the successive layers of El-Sadat soil as affected by
irrigation with well and treated water. Chemically available
values for different heavy metals vary according to water
source and decreased with increasing soil depth.
Concentrations of such elements in the upper 40 cm of the
soil irrigated with treated water averaged 3.2, 122, 129, 186,
22.0, 14.5 and 10.5 fold that of the soil irrigated with well
water, respectively. The increasing extractability of the
concerned heavy metals in the soil irrigated with treated
water could be attributed to increasing the total contents,
beside the relatively low pH values in this soil. Also, the
chemically available Mn, Zn and Cu showed the highest
values in the upper 40cm layer for soil irrigated with
treated water compared to other elements. This could be
attributed   mainly,   to  the  nature  of  industries  in  the
El-Sadat town which discharged effluents rich with these
elements and bioavailability of heavy metals in water
depend strongly on their distribution between different
physico-chemical forms i.e., their speciation. Several
authors reported that solubility of most heavy metals,
dissolution and precipitation processes of soil minerals
are controlled by soil pH . Although other soil[18]

scientists believe that soil chemistry is also very
important in controlling the solubility of trace elements in
the long-term,  pay no heed to the characteristics of the[19]

soil. 
Regarding available index representing the DTPA-

extractable metals as a percentage from the total, table 4,
data reveal that soil irrigated with treated water generally,
higher values of these ratios compared to the values of
soil irrigated with well water. The highest values recorded
with Zn and Cu while the lowest values were with Fe and
Pb. This indicates that the increases in total heavy metals
contents in the soils are in forms readily extractable by the
DTPA. Also, most of the added metals could be present
in a soluble form due to irrigation with treated water.

Effect of using fresh and drainage water on heavy metals
accumulation in growing trees in the area: Plant species
and varieties differ widely in their abilities to absorb,
accumulate and tolerate heavy metals. Contents of Fe, Zn,
Cu, Co, Ni and Pb in leaves grown on the studied areas 
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Table 3: Total and DTPA-extractable heavy metals, mg. kg  in the studied soils as affected by source of irrigation and soil depth.Depth (cm).-1

Fe Mn Zn Cu Co Ni Pb
------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------
Total DTPA Total DTPA Total DTPA Total DTPA Total DTPA Total DTPA Total DTPA

Soil irrigated with treated water
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0-5 52.9 5.05 26.28 3.67 11.51 2.57 6.96 1.85 1.91 0.22 1.88 0.29 6.82 0.42
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5-10 50.8 4.00 21.80 3.52 11.72 2.46 6.34 1.79 1.83 0.17 1.61 0.19 6.42 0.39
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10-30 50.2 3.15 20.98 2.83 9.39 1.98 5.71 1.76 1.19 0.13 1.33 0.18 6.23 0.26
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30-60 47.3 2.41 19.10 1.66 6.64 1.16 3.93 1.49 0.78 0.11 0.98 0.08 3.19 0.24
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60-90 38.2 1.52 16.28 1.35 4.51 0.94 3.61 0.98 0.43 0.09 0.81 0.05 2.83 0.13
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
90-150 35.4 1.09 13.00 0.45 4.20 0.32 1.89 0.47 02.22 0.05 0.62 0.03 2.43 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Soil irrigated with well water
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0-5 30.8 1.58 10.57 0.03 4.23 0.02 1.55 0.01 0.45 0.01 0.99 0.02 2.89 0.04
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5-10 30.8 1.01 10.38 0.03 4.15 0.02 1.54 0.01 0.39 0.01 0.97 0.02 2.82 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10-30 30.7 0.85 10.36 0.02 4.14 0.02 1.48 0.01 0.34 0.01 0.96 0.02 2.57 0.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30-60 30.7 0.77 10.30 0.02 4.12 0.01 1.46 0.01 0.31 0.01 0.91 0.02 2.22 0.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60-90 29.6 0.77 10.29 0.01 4.12 0.01 1.45 0.01 0.30 0.01 0.50 0.01 1.95 0.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
90-150 29.4 0.75 10.26 0.01 4.10 0.01 1.45 0.01 0.25 0.01 0.43 0.01 1.93 0.02

Table 4: available index ratio for different heavy metals in the studied soils as affected by source of irrigation and soil depth.
Depth (cm) Soil irrigated with treated water Soil irrigated with well water

-------------------------------------------------------------- -----------------------------------------------------------
Fe Mn Zn Cu Co Ni Pb Fe Mn Zn Cu Co Ni Pb

0-5 9.5 14.0 22.3 26.6 11.5 15.4 6.2 5.1 0.3 0.5 0.6 2.2 2.0 1.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5-10 7.9 16.1 21.0 28.2 9.3 11.8 6.1 3.3 0.3 0.5 0.6 2.6 2.1 1.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10-30 6.3 13.5 21.1 30.8 10.9 13.5 4.2 2.8 0.2 0.5 0.7 2.9 2.1 1.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30-60 5.1 8.7 17.5 37.9 14.1 8.2 7.5 2.5 0.2 0.2 0.7 3.2 2.2 1.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60-90 4.0 8.3 20.8 27.1 20.9 6.2 4.6 2.6 0.1 0.2 0.7 3.3 2.0 1.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
90-150 3.1 3.5 7.6 24.9 2.3 4.8 0.4 2.6 0.1 0.2 0.7 4.0 2.3 1.0

previously irrigated with waters of different qualities are trees. Whereas, Kheya trees were hyper accumulated for
illustrated in fig.1. Results show that, the highest values Co, Ni and Pb. While, axodium and Italian cypress trees
of heavy metals content were found in plants grown on were accumulator for Ni and Pb.
soil irrigated with treated water. This coincides with the From the above mentioned it could be concluded that
previous findings that soil contained the highest values reuse of treated wastewater for long term in agriculture
of chemically available heavy metals. Different pants can have devastating results on the soil, environment,
could be arranged as ability to accumulation heavy metals especially in arid and semi arid regions, if implemented
in the following order: jojoba > khaya > axodium > Italian hastily. Although, the following heavy metals: Fe, Mn, Zn
cypress. For the concentrations of those elements in Cu, Co, Ni and Pb occurred in treated water , in soil
jojoba trees, the magnitude of increase in the leaves irrigated with this water as well as other plants growing in
ranged from the three to about 8 times for all elements this soil did not reach the toxic level. The continued use
with the highest increase for Co. Variation in accumulation of such treated waters can with time accumulate in soils to
percent of different heavy metals in jojoba trees arranged abnormal levels whether in available or total forms. Also,
in the following order : Co> Pb > Ni > Cu> Fe=Zn> Mn. levels of these metals in plant parts may reach a
Jojoba trees accumulated both Co and Pb more than other hazardous or toxic level.
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Fig. 1: Heavy metals concentrations in leaves of taxodium, Italian cypress, khaya and jojoba affected by source of
water irrigation.



J. App. Sci. Res., 2(2): 106-111, 2006

111

REFERENCES 11. FAO, 1976. Soil survey investigations for irrigation.

1. Tchobanoglous, G. and L.F. Burton, 1991. Garelick and D. D. Mara. 1983. Sanitation and
Wastewater engineering treatment disposal and disease-health aspects of excreta and wastewater
reuse. 3rd edition, McGraw-Hill Inc. New York, USA. management. John Wiley & Sons, Chicester,

2. Shuval, H.I., A.Adin, B. Fattal, E. Rawitz and P. England. 
Yekutiel, 1986. Wastewater irrigation in developing 12. WHO (World Health Organization), 1993. Guidelines
countries-health effects and technical solutions. The for Drinking-water Quality. Volume 1:
World Bank, Washington, USA. Recommendations, 2nd edn. World Health

3. Pescod, M.D., 1992. Wastewater treatment and use in Organization, Geneva, Switzerland, 188 pp.
agriculture. FAO Irrigation and Drainage Paper no. 13. Dumontet, S., M. Levesque and S.P. Mathur, 1990.
47, Food and Agriculture Organization of the United Limited downward migration of pollutant metals (Cu,
Nations, Rome, Italy, 125 pp. Zn, Ni and Pb) in acidic virgin peat soil near a

4. Matloub, M.A. and T.A. Mehana, 1998. Utilization of smelter. Water, Air and Soil Pollution, 49: 329-342. 
treated sewage effluent for reclaiming a salt-affected 14. El-Gendi, S.A., S.H. Badawy and M.I.D. Helal, 1997.
soil. Egypt J. Appl. Sci. , 13: 298-316. Mobility of some heavy metal nutrients in sandy

5. Abdel  Aziz,  W.H., 1992. Study on soil pollution in soils irrigated with sewage effluent. J. Agric. Sci.
EL-Saff Region. M.Sc. Thesis, Fac. Agric., Ain Shams Mansoura Univ., 22: 3535-3552.
Univ., Egypt. 15. Vergara, I., T. Schirado, E.B. Schalscha and P.F. Pratt,

6. Elgala, A.M., M.A.O. Elsharawy and M.M. Elbordiny, 1986. Evidence for movement of heavy metals in soil
2003. Impact of sewage water used for irrigation on irrigated with untreated wastewater. J. Environ. Qual.,
soil characteristics and heavy metals composition of 7: 9-12.
some grown crops . Egypt J. Soil Sci., 43 : 405-419. 16. Kabata-Pendias, A. and H. Pendias, 2nd Edn., (Eds.),

7. Khalil, M.E., 1990. Accumulation of some nutrients 1992. Trace elements in soils and plants. CRC Press,
and heavy metals in Abu Rawash area, Giza Inc. Boca Raton, Florida. USA.
Governorate. M.Sc. Thesis, Fac. Agric., Moshtohor, 17. Linzon, S.N., 1987. Phytotoxicology excessive levels
Zagazig Univ., Egypt. for contaminants in soil and vegetation. Report of

8. Jackson, M.L., 1958. Soil Chemical Analysis. Prentic- Ministry of the Environment Ontario, Canada. (C.F.
Hall, Inc. Englewood Cliffs, N.J. Library of Congress, Lai, R. and B.A. Stewart (Eds.), 1994. Soil Processes
USA. and Water Quality. CRC, Inc. London).

9. Baruah, T.C. and H.P. Barthakur. (Eds.), 1997. A 18. Barrow, N.J., 1986. Testing a mechanistic model. Ix.
Textbook of Soil Analysis. Vikas Publishing Describing the effects of pH on Zn retention by soils.
Housing, PVTLTD, New Delhi. J. Soil Sci., 37: 295-302. 

10. Lindsay, W.L. and W.A. Norvell, 1978. Development 19. U.S.   Environmental   Protection  Agency,  1993.
of DTPA soil test for zinc, iron, manganese and Clean water  act.  Section  503/  58(32)  USEPA,
copper. Soil Sci. Soc. Am. J., 42: 421-426. Washington D.C. 

Soil Bull. 42, Rome. Feachem, R.G., D.J. Bradley, H.


