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ABSTRACT

Wastewater, mostly without pretreatment, has been used for
irrigation in some locations such as Bahr El-Baqar drain area in El-
Hosinia plain, Sharkia Governorate. A survey study including
wastewater, soil and plant was carried out in El-Hosinia area to
identify such problem. Moreover, certain amendments i.e. gypsum,
byproduct rich in Ca from citric acid company (BCC) and citric acid,
were applied to contaminated studied soil columns experiment to
assess their effects on the distribution of Fe and Mn among the
different soil fractions as well as the bioavailability of certain heavy
elements, consequently their contents in cotton seeds.

The obtained results showed that Bahr El-Baqar drain water was
contaminated with Fe, Mn, Zn, Cu, Pb, Ni, Co and Cd which were
higher than exceeded the permissible limits, while roots of alfalfa and
rice plants grown on such soil contained Fe and Mn,as well as plants
shoots contained only Fe , above the normal range.

Soil Fe fractions were in the following order: residual fraction>
reducible bound> organically bound> carbonate fraction>
exchangeable Fe, but Mn fractions were in the following order:
reducible bound> residual fraction> carbonate fraction> organically
bound> exchangeable Mn. The applied treatments increased the
downward movement of Fe and Mn as indicated by increasing their
concentrations with increasing soil depth and this point out to the
possibility of reducing such heavy elements concentration at plant root
zone. Gypsum amendment was superior in reducing the chemically
available Fe and Mn followed by byproduct (BCC). Heavy elements
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content in seeds of cotton plants cultivated in soil columns were
within the sufficient range.

Keywords: Heavy elements — Salt affected soils — Low quality water
— Improvement - Industrial byproducts — Fractionation —
Cotton plants.

INTRODUCTION

Soils high in salt and/or sodium may limit crop yields. Salt-
affected soils may contain an excess of water-soluble salts (saline
soils), exchangeable sodium (sodic soils) or both an excess of salts
and exchangeable sodium (saline-sodic soils). Heavy element is one of
the pollutants which cause severe threats to humans and the
environment. There are three sources of water pollution with heavy
element; industrial emission, wastewater and solid waste. Wastewater,
mostly without pretreatments, has been used in some locations such as
Bahr El-Baqar area for production of grains and vegetables for human
and cattle consumption. Wastewater of different drains in Egypt
contains considerable concentrations of many heavy elements. El-
Sayed (2007) reported that water of Zeifta drain may be considered
not safe for usage as regards to Ni and Cd but safe as regards to Pb
and Zn. Values of both EC and pH, opposite to organic matter content,
were high at long distances from source of pollution, and this may
explain the obtained trend of heavy elements distribution in the
studied area. Perez et al. (2003) found that reuse of poorly purified
and industrial waters in semi-arid areas lead to progressive
desertification. Eid (1984) found that the content of Fe, Mn, Zn, Cu,
Pb, Cd, Ni and Co in Egyptian soils irrigated with sewage effluent
increased with time. Mosalem (1997) revealed that increasing
irrigation period of sewage effluent at El-Gabal El-Asfar farm has
increased both extractable and total Fe, Zn, Mn, Cu, Ni, Pb, Co and
Cd elements in soil.

Thus, the aim of this study is to apply certain traditional and
non-traditional amendments to El-Hosinia soil (salt-affected soil)
through equilibration column experiment to decrease the harmful
effect of heavy metals on soil chemical properties as well as to
improve the seeds of cotton plants under wastewater irrigation
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MATERIALS AND METHODS

To improve the status of certain heavy elements of such soil, the
following experiment was conducted. PVC columns, 60 cm long and
20 cm internal diameter, were packed with the surface soil sample (0-
20 cm) of El-Hosinia plain, Sharkia Governorate, clay soil, Vertic
Torrifluvents. Some physical and chemical characteristics of the
studied soil are given in table (1). According to salinity and alkalinity
criteria outlined by Richards (1954), soil is classified as saline sodic
soil. Such soil was irrigated for long years with water of Bahr El-
Bagar drain which causes severe salinity problem and moderate
alkalinity hazard according to Ayers and Westcot (1985). The soil was
packed to a height of 55 cm of the columns which were arranged in a
randomized block design with three replicates for each treatment. Four
treatments were applied as follows:

e Control (soil without amendments).

e Gypsum, 16.12 gkg™ soil (equal to 21.3 ton/fed./20 cm).

e Byproduct from citric acid company rich in Ca, 16.12 g.kg" soil
(equal to 21.3 ton/fed./20 cm).

e Citric acid, at a rate of 0.98 g.kg™ soil. The amounts of citric acid
were dissolved in irrigation water giving a solution of pH 6.5.

Characteristics of the used amendments are shown in Abd
Elrahman (2008). The amounts of applied amendments were the
recommended rates to reduce the ESP of soil to below 15%.

Table 1: Some physical and chemical characteristics of the studied
soil (0-20 cm).

Characteristic Value
Particle size distribution, %
Clay 50.7
Silt 36.6
Sand 13.0
Texture class Clay
CaCOs3, % 6.10
OM, % 1.51
pH (paste) 7.36
EC., dS.m" 7.34
SAR 21.8

ESP, % 31.0
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Firstly, gypsum and byproduct treatments were applied through
mixing with soil in the columns. Moisture content of treated soil
columns was kept at field capacity. Then 45 days later, citric acid
treatments were added to the other soil columns through irrigation
water. Soil columns were leached with excess amounts of irrigation
water. The washed columns were cultivated with cotton (Gossypium
hirsutum L., c.v Giza 85) in summer season.

Soil samples were collected after plant harvest (185 days from
sowing) at depth of 0 to 15, 15 to 30 and 30 to 55 cm. The collected
samples were air dried, crushed, sieved through a 2 mm sieve and
stored for their chemical characteristics determination.

Plant samples (seeds) were collected at the same time of soil
sampling, prepared and kept for heavy elements determination.

Routine analysis of the tested soil was determined according to
the standards methods published by Richards (1954) and Jackson
(1958). Total heavy elements in soil was determined by digesting 1.0g
of dried samples with hydrofluoric/ perchloric acids and heavy
elements concentrations were detected by atomic absorption
spectrophotometer (Jackson, 1958). Chemically available heavy
elements were extracted with DTPA solution from soils according to
Lindsay and Norvell (1978). Thereafter, heavy elements in the
extracts were determined using atomic absorption spectrophotometer.
After cotton harvesting, soil samples were taken from different depths.
Such samples were subjected to sequential extraction according to
Tessier et al. (1979) to estimate the different forms of Fe and Mn.
Total heavy elements in plant were determined by digestion solutions
(H,SO4/H,0,) and were analyzed for heavy elements by atomic
absorption spectrophotometer (Jackson, 1958).

RESULTS AND DISCUSSION

Heavy elements content of water, soil and some growing plants:
Data in table (2) reveal that Bahr El-Bagar drain, mainly, was
contaminated with heavy elements, i.e. Fe, Mn, Cu, Ni, Co and Cd,
which were higher than the permissible levels, but Zn and Pb only
were below the permissible limits according to the criteria of water
quality for irrigation purposes published by Ayers and Westcot
(1985). The increase in concentration of different heavy elements in
Bahr El-Baqar drain water may be due to that Bahr El-Baqar is the
main drain in the Nile Delta which collects most of wastewater i.e.
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industrial, sewage effluent and agricultural wastewater from Cairo,
Qalubia and Sharkia Governorates.

Table 2: Heavy elements content of the collected current water
samples, mg.L™"

Month Fe Mn Zn Cu Ph Ni Ca cd

Bahr El-Bagar drain water

Tul., 2004 731 0.84 0.67 0.44 0.81 0.29 0.10 0.05
Oct., 2004 7.01 0.78 0.63 041 0.76 028 0.09 0.04
Jan., 2003 5.63 0.71 053 0.34 0.68 0.24 0.06 0.03
Apr. 2005 6.22 0.73 0.58 0.39 0.73 0.26 0.08 0.04
Mean 6.54 0.77 0.60 0.40 0.75 0.27 0.08 0.04
Nile water 0.78 0.13 0.11 0.06 0.04 0.01 nd.* n.d.

* n.d.=not detected.
#
Average of four seasons.

5 02 2 02 5 02 0.05 0.01

-Recommended maximum concentration (mg L) 1n irrigation water, cited from Avers
and Westcot (1985).

Data listed in table (3) show the total and DTPA—extractable
amounts of Fe, Mn, Zn, Cu, Pb, Ni, Co and Cd in surface layer of the
studied soils which irrigated continuously with Bahr El-Baqar
wastewater. Increasing total amounts of heavy elements in the soil
could be mainly due to repeating irrigation with wastewater. Values of
total heavy elements in the studied soils were compared with their
levels considered by European Union, reported by Kabata-Pendias and
Pendias (1992) and Alloway (1995) for maximum acceptable total
heavy elements concentration in agricultural soils for plant growth,
animal and human consumption. The present data show that Mn and
Cu concentrations in the soil irrigated with Bahr El-Baqar drain
exceeded the permissible limits. However, the ranges of DTPA-
extractable Fe, Zn, and Cu in soils in term of mg.kg" are considered
adequate. These ranges were reported by Rose and Wang (1998) as
15-40, 5-30 and 0.5-1.5, respectively. The maximum background
levels of Zn, Cu, Pb, Ni and Cd extracted by DTPA in term of mg.kg
! were given by Logan and Miller (1982) as 11.2, 7.7, 7.9, 2.6 and
3.6, respectively.
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Table 3. Total and DTPA-extractable heavy elements of the
studied soil (mg.kg™).

Fe Mn In Cu
Total Ext. Total Ext. Total Ext. Total Ext.
49708 342 1500 41.5 200 11 08.3 104
45 - 21 150-300¢ >1T 50140 o1
- 1500-3000%+ - 300-400%% 1127 60125+ 177

Table 3: Continued

Pb Ni Co Cd

Total Ext. Total Ext. Total Ext. Total Ext.
890.2 2.34 49.3 1.36 19 0.84 2.77 0.2

50-300+ - 3078 - . - L0306 -
100-400%* 7,97 100%* 2.6% 25-50%* - 3.0-8.0%*  3.6"

* Maximum total contents (mg.kg'l), European Union, Alloway (1993).

#*Maximum total contents (mg.kg'l), Kabata-Pendias and Pendias (1992), levels considered as hytotoxic.
; Adequate levels extracted by DTPA (mg_kg'l), cited from McKenzie (1992).

* Maximum background levels extracted by DTPA (mg.kg'l)_ cited from Logan and Miller (1982).

Plant species and varieties differ widely in their abilities to
adsorb, accumulate and tolerate heavy elements. Contents of Fe, Mn,
Zn, Cu, Pb, Ni, Co and Cd in root and shoot of alfalfa, in winter
season, and rice, in summer season, are given in table (4). The
obtained results coincide with the pervious findings for soil and
irrigation water. Roots and shoots of alfalfa and rice plants contained
Fe above the normal range as compared with the limits of Jones
(1967), while Mn concentration was above the normal range only in
plants roots as compared with the limits of Kabata-Pendias and
Pendias (1992).
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Table 4: Concentrations of heavy elements in different parts of
some plants collected from soils irrigated with drainage water or
Nile water.

Fe Mn In Cu Ph Ni Co Cd

Plant sample lng.kg'l
Irrigation with Bahr El-Baqar drain
Alfalfa
Root 1440 339 30 138 3.00 1.90 0.90 0.11
Shoot 836 191 36 7.80 115 0.74 0.36 0.03
Rice
Root 1458 43 55 157 41 203 0.95 0.14
Shoot 848 196 41 9.00 24 093 041 0.05
Irrigation with Nile water
Alfalfa
Root 124 46 12 0.30 028 0.08 0.04 0.00
Shoot 67.5 23 15 0.17 0.09 0.05 0.01 0.00
Rice
Root 185 50 13 0.50 033 0.10 0.05 0.01
Shoot 89 27 90 0.28 0.15 0.08 0.02 0.00

Notmal tange mg kg 50-230+ 30-300%  17-180%*  5-30% 5-10%= 0.1-5*  0.02-1%*  0.05-0.2%

Comaminatedmglkg” - 400-1000%  100-400++  0-100+ 303005 10-100%%  15-50% .30
According to *Jones (1967) and **Kabata-Pendias and Pendias (1992).

Improvement of Fe and Mn status in the studied soil:

Data of the previously mentioned survey study indicated that Fe
and Mn were the two elements that occurred in amounts near or higher
than the permissible limits. Consequently, chemical properties,
particularly Fe and Mn behaviour and distribution in the different soil
fractions were selected to be improved using certain amendments.

1-Distribution of iron:

Data in table (5) show the distribution of different forms of Fe
throughout soil columns treated with certain amendments under
irrigation with Bahr El-Baqar drain water, after harvesting cotton
plants. Generally, the amended or not amended soil contained Fe
forms as follows: RES> OXD> ORG> CAB> EXC.

The residual fraction, reducible bound Fe and carbonate fraction were
higher in gypsum followed by, BCC and citric acid treatments. The
organically bound, the exchangeable Fe and chemically available Fe
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values were higher in citric acid, followed by BCC and gypsum
treatments. Distribution of Fe among the different fractions in the
untreated soil (control) showed that the residual fraction is the
prevalent form in soil which represented about 96.8% of the sum of Fe
fractions. This could be due to the high soil pH values by leading
element to be precipitated.

Table 5: Effect of different amendments on Fe and Mn fractions
in Bahr El-Baqar soil irrigated with Bahr El-Baqar drain water
after harvesting cotton plants.

Depth, Fe fractions, mg.kg'1 Mn fractions, mg.kg-1
Amendment . DIPA-
m EXC® CAB OXD ORG RES Sum DIPAFe  EXC CAB OXD ORG RES Sum ‘[];
Control 0-15 273 217 1003 410 47300 48845 330 410 710 8% 607 198 1276 407
1530 203 230 1006 413 4730 48844 370 0 B0 %L T W1 188 507
3060 307 250 1005 414 47433 48001 380 43760 04 T3 203 1300 320
Mean 01 2382 1005 412 4TS 4B0L0 360 421 733 000 713 201 1288 508
Gypsum 015 210 200 994 3530 46333 48094 268 N0 650 819 01 153 1160 360
1530 207 20 997 M 46367 48131 271 B3 670 803 134 1160 380
3060 240 237 1001 332 46613 48187 200 369 607 83 963 156 182 407
Mean 0111 W7 5 43D 4810 179 Ml o611 821 94 1M 10 82
BCC 015 220 200 87 386 46037 47557 273 M0643 800 100 130 1M6 300
1530 227 213 o008 46077 47604 280 M1Oo670 812 103 137 114 303
3060 258 233 003 00 46093 47627 320 76 680 813 105 141 1165 433
Mean B35 25 000 388 do06d 47506 200 B4O664 8L 103 130 115 406
Citric acid 015 M3 197 837 06 43367 47038 300 B 0§ 6 116 125 1000 407
1530 267 210 841 98 43640 4721 334 76 611 T O17T 128 101 464
3060 289 21T 845 50T 43667 47153 386 #4561 T 120 131 118 484
Mean 66 208 841 3T 43625 47104 MO B4 613 T 18 128 103 452
L3 Dyss 40 111 109 104 411 406 281 100 108 101 110 126 139 185

# Byproduct from citric acid company, rich m Ca
# EXC, CAB, 0XD, ORG and RES means exchangeable, carbonate, reducible bound organically bound and residual fractions, respectively
The obtained results agree with the findings of El-Gendi et al.
(1997) and Abou Zied (1999). Reducible bound Fe was the second
dominant fraction; on average the reducible bound Fe of the studied
soil represented 2.24%, while the organically bound Fe represented
0.84% of the sum, followed by Fe associated with carbonates which
represented 0.047% of the sum. The exchangeable fraction of Fe has
the lowest values among the operationally defined ones. It amounted
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to 0.045% of the sum of the extracted Fe fractions. The DTPA-Fe
which represents the chemically available Fe showed similar trend to
that of EXC-Fe. Generally, all Fe fractions and DTPA extractable Fe
in all treatments were increased with increasing soil depth to show the
downward movement by increasing solubility and leachability.

2- Distribution of manganese:

On average, percent of total Mn associated with different
fractions in the studied untreated soil was in the following order: Fe-
Mn oxide (69.9%)> residual (15.6%)> carbonate (5.69%)> organic
(5.53%)> exchangeable (3.27%), respectively (show table, 5). Zhang
et al. (1997) found that the distribution of various forms of Mn was
significantly influenced by the soil pH and organic matter content. Mn
was present predominantly as organically bound forms at pH < 6.5 or
as Mn oxide and amorphous associated forms at pH > 6.5. On the
other hand, data reveal that under effect of certain amendments
percent of total Mn associated with different fractions in the studied
soil was in the following order: Fe-Mn oxide> residual> organic>
carbonate> exchangeable. This explained the highest amount of Mn
which correlated with the organic fraction under the effect of these
amendments, especially for citric acid treatment. The obtained data
showed also that chemically available Mn showed similar trend with
exchangeable Mn. However, the untreated or treated tested soil
contained available Mn higher than the critical level (3 to 5 mg.kg™)
according to Sillanpaa (1982).

Gypsum amendment was superior in reducing the chemically
available Fe and Mn from the studied soil, followed by byproduct
(BCO).

Dry weight and heavy elements content of cotton plants:

Data in table (6) show the yield of dry weight and weight of
1000 seeds of cotton plants cultivated in Bahr El-Baqar soil as
affected by different amendments, under irrigation with tap water or
Bahr El-Baqar drain water. It is clear that cotton dry weight as well as
heavy elements content values were significantly lower in case of
irrigation with tap water compared with drain water irrigation. It could
be also noticed that addition of such amendments to the contaminated
soil under investigation improved, relatively their chemical properties
which in turn promotes plants growth, improves general plant vigour
and encourages their yields. Under irrigation with Bahr El-Baqar drain
water the dry weight and weight of 1000 seeds showed increases



246 IMPROVEMENT OF CERTAIN HEAVY ELEMENTS STATUS

recording (17.8 and 18.5%) > (12.7 and 13.3%) > (10.6 and 9.4%)
over the control for BCC, gypsum and citric acid treatments,
respectively.

Seeds, as an important part of cotton crop, were taken to study
their content of trace elements after harvesting cotton plants.
Application of such amendments under irrigation with Bahr El-Baqar
drain water were significantly decreased the seeds content of Fe, Mn,
Zn, Cu, Pb, Ni, Co and Cd compared to control treatment, especially
for gypsum. It recorded 29.1, 24.8, 26.4, 31.5, 57.1, 47.1, 52.9 and
60.0% less than the control treatment, respectively. While, BCC
recorded 20.6, 15.0, 19.3, 19.5, 40.7, 24.3, 41.2 and 40.0% less than
the control, respectively. Whereas, citric acid treatment decreased the
studied heavy elements in cotton seeds by about 8.50, 6.70, 11.8, 14.1,
19.8, 12.9, 26.5 and 20.0% less than the control, respectively,
recording the lowest decreases compared with other treatments. This
could be due to the role of organic acids such as citric acid in reducing
soil pH and increasing solubility of such elements. Also, soluble
organic complexes of certain heavy elements could play an important
role in getting such elements more available to plant, Barness and
Chen (1991).

In general, trace elements concentrations in seeds of cotton
plants reflect the amounts of the chemically available heavy elements
present in the cultivated soil, which in turn is highly affected by both
the source of contamination and kind of amendment applied to this
soil. The obtained data was compared with the potentially toxic levels
of trace elements in plants according to Jones (1967) and Kabata-
Pendias and Pendias (1992). Heavy elements content in seeds of
cotton plants at harvest period were within the sufficient range under
irrigation with Bahr El-Baqar drain water. Several authors have shown
that trace elements tend to accumulate in roots of plants rather than
shoots, flowers and seeds, among them Zhang and Wang (1991),
Wang et al. (1997) and Abou El-Naga et al. (1999). But continues
irrigation with drainage water of Bahr El-Baqar could increase heavy
elements content in the different parts of plants, especially for those
cultivated in heavy clay soils. Therefore, these soils can be planted
with woody trees for human and animal safety.



J. Biol. Chem. Environ. Sci., 2008, 3(2), 237-250 247

Table 6: Dry weight, weight of 1000 seeds and trace elements
concentrations of seeds of cotton plants cultivated in Bahr El-
Bagqar soil as affected by different amendments under irrigation
with tap water or Bahr El-Baqar drain water.

Dry weight

Weight : . _ .
' I . N . !
Amendment of x];lllllt)le o 1000 Fe Mu In Cu Ph i Co Cd
g/column seelsg mgkg’
Irrigation with tap water
Control 97 921 148 107 301 194 0.60 0.37 0.19 0.03
Gypsim 102 100 109 68.5 40 5.68 024 020 012 001
BCC? 108 103 123 §0.6 57 381 030 027 0.14 001
Citric acid 994 968 139 920 79 6.12 040 031 016 002
LS Dy 328 w6 545 113 012 0.07 003 ol 0.01
Irrigation with Bahr El-Bagar drain water
Control 849 198 165 120 348 8.61 1.00 070 034 005
Gypsim 957 904 17 903 256 590 049 037 016 002
BCCF 100 946 131 102 31 6.93 0.64 0.53 0.20 0.03
Citric acid 99 873 151 12 307 740 07 0.61 25 0.04
LS Dy 101 6 470 160 017 008 00 0.03 0.01
# Byproduct from citric acid company, rich i Ca.
Notmal range, mg‘kg'] - = 30-3800 0 30-300s+ I7-1Ee XM -10% 0 0D Q021 005-00
Contaminated, ﬂ:tg.kg'] . - . 400-1000%%  100-400%*  20-100%%  30-300%% 10-100%=  15.30% 530
Accordingto  *Tones (1967) and **Kabata-Pendias and Pendias (1992)
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