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ABSTRACT

The present study was conducted to investigate the accumulation of some
heavy metals (Cd, Cu, Pb and Zn) in soils and piants with different sources of
pollutien. The soil samples were collected from 3 sites from each of El-Gabal EL-
Asfar, Abou-Rawash, and Helwan areas which received sewage sludge and sewage
effluent for a long time. Also, one soil sample from Helwan was collected to represent
the contamination by industrial waste. The plant samples were taken from the same
location of soil samples.

Soil pH and total carbonate content (TCC) are slightly decreased as the
irrigation period increased. However, organi¢c matter increased. Total, bioavailable
contents of Cd, Cu, Pb, and Zn of sails, increased as the irrigation period increased.
Total contents exceeded, in many cases, and/ or reached, in some ones, the
maximum permitted loadings.

DTPA-extractable Cd, Cu, Pb and Zn increased continuously in the studied
areas which received sewage siudge, sewage effluent and industrial materials for a
long time. Bioavailable porticns were found to represent a great deal of the total
contents. The low percentage of total extracted by DTPA is due to its precipitation as
CaCO0s. These results give an evidence of high availability of sewage effluent burden-
metals to plants. There are negative correlation confections between DTPA
extractable -Cd and each of pH and CaCOQjs; and a positive correlation confections
with totai, organic matter and clay contents.

The concentrations of Cd, Cu, Pb and Zn in different plant organs increased
with increasing the irrigation time period of sewage effluent and both sewage sludge
- and industrial material applications to soils. The absoiute values of these metals in
plant organs are different from metal to another, depending on the sewage sludge
content and the availability of these metals in the soil which are controiled by different
soil parameters (CaCOs;, pH, clay and organic matter). The values of these metals
followed the order Cd < Pb < Cu < Zn. The cbtained resuits indicate that the heavy
metais accumulation in leaves or straw higher than edible parts {grains or seeds) of
plants. This is due to the low translocations of these metals in plants,
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INTRODUCTION

The application of sewage sludge and sewage effluent to land is, in
principal, an effective disposal method. Not only does it provide a solution to
the sludge disposal problem, but alse it ¢an prove to be beneficial to soil
fertifity and hence agricultural gproductivity {Chang et. al., 1878 and Higgins,
1984). When sludge addition ends, the lack of fresh crganic matter and the
decomposition of the organic matter previously added may result in large
changes in binding of metals due to changes in their chemicals forms in soil.

Associated changes in bioavailability may then produce large
increases or decreases in the nisks of potentially toxic metals to Crops,
animals or man. It is very important to establish what might happen to the
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chemical forms of metals present in such soils. Existing long-term filed
experiments can produce vital information at the present time as well as
helping to determine what might be the picture in future. Considerable
information is available on the effects after few years and iittle on chemical
forms of metals in the long term when the upper permissible metal
concentrations in soil have been reached at a given site. This may take 30
years or more when further sludge applications are then prohibited by law
(DoE, UK, 1988).

The presence of heavy metals is the most critical long-term hazard
when applying sludge to land {(Logan and Chaney, 1983). Research on the
possible adverse effects of heavy metals accumulation in agricultural soils
has focused on the pools of heavy metals availabie to plants {Sposito ef al.,
1983; Alva, 1992; and Davis, 1994; Taylor et al, 1995). Heavy metals in
soils may exist in forms that reflect their solubility and availability to plants.
Previous studies have demonstrated that soils have substantial capacity to
sorb heavy metals from solution, and metal concentrations in solutions are
controlled by sorption-desorption reactions at the surface of both inorganic
and organic soil colloidal materials (Swift and Mclaren 1991). Colloidal Fe
and Mn oxides are capable of sorbing large amounts of heavy metals
{Mckenzie 1972, 1980, Zasoki and Burau 1988 and Backes et al. 1995). They
are important metal sorbents in sandy soils, in addition to organic matter,
since other organic colloidal minerais are generally not present. In rnany
cases, metals are coprecipitated with Fe and Mn oxides.

The objective of this study is to: {l} investigate the contents of various
heavy metal (Cd, Cu, Pb, and Zn) in soils differing widely in soil properties,
which were treated with sewage effluent and industrial materials for a fong
time. (I} investigate the relationship between soil properties and the
availability of studied heavy metals, and {lil) mvestlgate the accumutation of
heavy metals in different plant types® - : -

MATERIALS AND METHODS

This study was carried out on four different locations in Egypt, which
contaminated consequently by considerable amounts of toxic metals; 3 sites
from El-Gabal El-Asfar, Abou-Rawash, and Helwan areas which received
sewage sludge and sewage effluent for long time and one site from Helwan
which contaminated by industriai waste. The description of these experiments
is as follow:

El-Gabal El-Asfar area:

The sandy soil of El-Gabal El-Asfar farm is located at north east of
Cairc Governorate, which is irrigated with sewage effluent of Cairo city since
1911, Controi soil content 3.1% clay, 0.07% organic matter, pH of 875,
3.89% of total carbonate content (TCC) and total contents 0.78, 12.36, 17.64,
and 33.52 uglg soil of Cd, Cu, Pb, and Zn, respectively. As general practice,
the soil was initially treated with sewage sludge before put under cultivation
and irrigated with sewage effluent carried out during the year 1986.
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Helwan area:

Helwan area is one of urban area in Egypt, it is located at south — east

of Cairo. The sludge experiment started in 1990 on a desertic (sandy) solil
with 3.0% clay, 0.06% organic matter, pH of 8.43, 44.61% of TCC, and total
contents 1.62, 7.51, 13.95, and 100.75 ug/g soil of Cd, Cu, Pb and Zn,
respectively, which irrigated with sewage effluent of Cairo city and which
comprises both municipal and industrial wastes. The soil was treated with
sewage sludge at rates of 20- 40 ton/ha for 6 years (sewage sludges
obtained from sewage of Helwan station).
Industrial area: This area endure of emissions of toxic metals from various
industrial activities together with household scurces. The control soil contains
25.23% clay, 0.32% organic matter, pH of 8.33, 23.55% of TCC, and total
contents 1.67, 8.11, 14.83, and 108.8 ug/g soit of Cd, Cu, Pb and Zn,
respectively. The industrial wastes are dumpes into El-Hagar canal.

Abou-Rawash area:

The soil samples were collected from Abou-Rawash area which
located in east of Giza Governorate, Egypt. Control soil contains 1.27% clay,
0.07% corganic matter, pH of 7.42, 3.46% of lotal carbonate content {TCC)
and total contents 0.16, 0.66, 4.16, and 2.19 ug/g soil of Cd, Cu, Pb and Zn,
respectively.

Soil sampling and analysis:

The soil samples were collected from 3 sites from each of El-Gabal EI-
Asfar, Abou-Rawash, and Helwan areas which received sewage sludge and
sewage effluent for long time. Also, three sites from HMelwan which
contaminated by industrial wastes. Six sub-samples were taken from each
soil and thoroughly homogenised before transportlng to the lahoratory and
prepared for analysis.

Soil Analysis: -
The general characteristics of soils:

Particle size distribution was carried out by the pipette method, pH,
organic matter {OM) and total carbonate content (TCC), were determined
using the standard methods outlined by Dewis and Freites (1970) and Btack
(1965).

Total Metal Content;

One gram (dry weight) soil samples were digested using 12 ml of a
mixture of HCIO4 and HF (5:1 vA) in platinum crucible. The crucible was
brought to near dryness, before adding a further 12 ml of the acid mixture,
and again bringing to near dryness. Finally, 1mi of HCIO, was added and
the sample was evaporated until the appearance of white fumes. The residue
was then dissolved in 5 ml of concentrated HCI before making up to 25 ml
with deionised water. Copper, Pb and Zn were analyized by Flame Atomic
Absorption spectrophotometer and cadmium by Graphite Furnace Atomic
Absarption Spectrophotometer (GF-AAS).

DTPA-Extractable metal:

‘Available’ Cd, Cu, Pb and Zn were determined for all samples using
{.005 M DTPA (diethylene triamine penta acetic acid) using the methods of
Lindsay and Norvell (1978).
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Sewage sludge and sewage effluent samples and analysis:

Air dried sewage sludge samples were collected from El-Gabal El-
Asfar farm, where sewage sludge from greater Cairo area has been
disposed. Six samples were coliected from different locations of differant
drying beds, then six subsamples were collected from each location and
mixed to form a composite sampie. The solid sewage sludge was air dried,
and crushed to pass through a 2 mm sieve. The dried samples were stored
for metal analysis.The general characteristics and total and available heavy
metais of sewage sludge were determined using the same methods used in
soils.

Sewage effluent samples were coliected from different locations of Ei-
Gabal Ei-Asfar farm. The sewage effluent samples were analyzed for pH, EC,
and solubie Cu, Zn, Cd and Pb using the standard methods outlined by
Dewis and Freites (1970) and Jackson (1967). The analysis of sewage
effluent and sewage sludge shown in Table (1).

Tabie (1): General characteristics and some heavy metals contents of
sewage effluent and sewage sludge coliected from different
studied locations.

Variables Sewage sludge
Abu-Rawash El-Gabal El-Asfar _; Helwan

H {1:2.5} ©.45 6.61 6.55
i (dSm) 1. 2.5 3.62 3.84 8.70
Jrganic matter % 46.8 45.3 : 44.8
{otal-N % 2.13 2.35 231
Total-B% 0.87 0.52 0.85
[Total-K% 0.16 0.19 Q.31
Availabie-N (ppm) 989 550 6520
Availabie- P (ppm) 113 168 151
Available- K {(ppm) 250 288 344
Total metal content (ppm)

Cd 8.43 .. 483 25.27
Cu 386 398 1660
Pb 236 279 328
Zn 1187 741 1582
DTPA-extractable metal (ppm)

Cd 0.53 0.59 0.88
{Cu 26.8 325 75.0
Pb 1.19 1.27 592
Zn 55,9 47.8 70.9
Sewage effiuent

pH 6.95 6.89 7.34
EC {dSim) 0.75 1.62 1.89
NOs (ppm) 1.53 2.05 2.50
P {ppm} 3.13 2.46 1.94
Soluble ions (meg/)

ca 1.20 0.75 0.91
Mg 1.84 0.43 0.74
Na 1.12 022 1.57
K 0.20 0.20 0.60
Cl 1.82 052 1.02
HCO:™ 0.74 0.42 0.56
SO 1.82 0.582 1.67
Metal {(ppm}

d 0.05 0.04 0.05
Cu 0.01 0.02 0.01
Pb 0.34 0.35 0.35
Zn 0.16 Q.16 0.18
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Plant sampling and analysis :

Plant samples were coilected from the same locations of soil
samples. The samples comprise both leaves and edible parts of different
plant species grown in the studied areas, corn (leaves and grains), alfalfa
(tops), bean (leaves and seeds) and wheat (straw and grains).

The plant samples were washed by 10" M HCI, dried, crushed, and
stored for analysis. Plant samples were digested using acid digestion
technique (HNO; - H.S0, - HCIO,) as described by Jackson (1967).
Concentrations of Zn, Cu, Cd, and Pb were measured in acid extracts by an
atomic absorption spectrophotometer {Perkin-Elmer). All analysis were done
in duplicates.

Statistical Analysis:
Genstat 5 (1987) was used for all statisticai procedures.

RESULTS AND DISCUSSION

I- General characteristics of the soils:

The general properties, pH, clay, organic matter, bulk density, and
total carbonate content of the studied socils are given in Table (2). The results
show thaf the pH range vaiues in all lccations varied from 7.4 to 8.8 the initial,
nonpoliuted, scils had the highest pH values. The pH values slightly
decreased as the irrigation period increased. The reaction of the soils was
alkali in the beginning and changed to slight acid ( 6.1- 6.9) as a general
range of change in El-Gabal El Asfar soils, the lowest one In El-Gabal El
Asfar farm which irrigated for 70 years with sewage effiuent.

Generally, it can be seen that the drop in pH was very fast and
clearly observed during the first 15 years of using sewage effluent in
irrigation, further changes-in pH with time were less sharp. The fast initial
drop in pH is.expected in this coarse texiure sandy soil having a very low
buffering capacity. The accumulation of organic matter content of the scil
after 15 years lessened further decrease in soil pH. The correlation coefficient
between organic matter content and soil pH was highly significant in all the
s0ils.

Data of Table (2) indicate that the total carbonate content (TCC) of the
irrigated soils, ranging from 0.57 to 17% are markediy lower than those,
ranging frem 3.46 to 44.6 %, of the initial ones. TCC content of the scils
decreased centinuously with increasing periods of using sewage effluent in
irrigation. These values decreased from 44.61 fo 17% in Helwan area which
irigated with sewage effluent. The decrease in CaCQ; of the soii can be
attributed to dissolution by the action of the organic acids present in the
sewage effluent, e.g., Humic and fulvic acids, and also to the nitrification of
the nitrogen mineralized during organic matter decomposition. The correlation
coefficient between soil organic matter contents and CaCQj; content was
highly significant in all soils.

On the other hand data in Table (2) show the initial organic matter
content of the soil of El-Gabal El-Asfar was very low, being cnly 0.07 %. This
content increased continuously with years of sewage effluent utilization till it
reached about 6.15% after 70 years. Also, the particles of the clay - size
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fraction, are increasing with the irrigation period comparing with the
background one.

Data in Table {2) show that the bulk density decreased with incraasing
years of sewage effluent utilization, this due to the high organic matter of
sludge which improved the soil physical characteristics. This finding agrees
with Peterson et al., 1879; Joost et al., 1981; Hinesly et ai., 1982, Petarson
et al., 1982 and Topper and Sabey, 1988.

Tabie {2): Some physical chemical characteristics of studied soils.

ilocation | Years | Clay % | pH{1:5) | TCC% : OMY% ;. Bd (glcm’)
El.Gabal —Contol | 315 875 38 | 007 | 152
El-Asfar 15 . 1879 8.56 300 | 378 1.24
70 23.79 8.11 157 £.15 122
ABOL- Cantrol 127 1 742 3.46 .07 18
Rawash 7 7.44 585 1.84 3.35 125 j
15 17.73 | 690 0.57 579 13 |
Control | 25.23 243 44.81 .08 137
Hewtan1i 7 36.04 748 30.50 2.66 1.37
15 37.10 7AC 1 1700 331 130
Contrei |  3.00 | 8133 2355 ¢ Q.32 128
Helwan 2 15 1439 | 788 | 1160 079 | 127 ¢
-20 17.39 | 745 1100 | 146 | 116

* % of total content

il- Total metal contents:

Total metal contents (Table 2) ranged from 015 to 067 within an
average 043 mg/kg for Cd; frem 088 to 811 within an average 4.27 mg/kg
for Cu; from 4.10 to 17.6 within an average 12.7 mg/kg for Ph; from 225 to
109 within an average £8.4 mg/kg for Zn, respectively, of the non-polivted soil
show that, except for Ph. the non-poiluted soils are aimost free of the studied
heavy metals. The high level of Ph could be attributed to the coliution by
vehicle exhaust, since the scme of studied 1s nearly fugh way.

The resuits listed in Takle (3) show drastic increase in heavy metals
contents of the soil being irrigated with sewage effluent As the period of
irrigation increased, the total contents progressively increased. The contents
of Cd, Cu, Pb and Zn of the soil irrigated with sewage effluent in Ei-Gabal E!-
Asfar for 15-Yr were 22, 121, 3, and 8 times higher than those of non-poiiuted
sail, respectively. The contents of Cd, Cu, Pb and Zn of the scil irigated with
sewage effluent in Abou-Rawash for 15-Yr were 40, 83, 10 and 14 times
higher than those of non-polluted soil, respectively. The contents of Cd, Cu,
Pt and Zn of the soil irrigated with sewags effiuent in Helwan1 for 15-Yr were
9.4, 12, 6, and 4 times higher than those of non-poliuted soil, respectively.
The contents of Cd, Cu, Pb and Zn of the soil irrigated with sewage effluent in
Helwan2 for 15-Yr were 14, 20, 7, and 8 times higher than those of non-
poliuted soil, respectively.

Comparing with the maximum permitted metal loading in soit
established by USEPA-503 regulation, McBride (1993), (Cd 20, Cu 750; Pb
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150; Zn 1400 ppm) the level of Pb in the surface layer of the soil of the
present work being irrigated for 15-Yr exceed the maximum permitted values
set by all the above mentioned organization. Except for USEPA-503 values,
Cd contents of the present study are higher than the maximum permitted
values of all standards. Total content of Cu accumulated in the surface layer
of being irrigated for 15-Yr was aimost equal to the maximum values set
Ontario, but, however, it was lower than the value of the Netherlands. (No
value recorded for USEPA-503). But it is important to declare that these
values were suggested for the use of sewage sludge in agricultural land they
considered the adsorptive properties of sludge, which often prevent
excessive uptake of many heavy metals into crop. Thereby these regulations
permit concentrations of particular metal to increase locally in soil by a factor
of hundred or more than present concentrations, McBride (1995). Thereby,
we have to deal with the above mentioned standards as a guide-tine only due
to the high solubility and mobility of sewage- burden metals which,
contradiction to sewage sludge, may facilitate uptake of heavy metals into
crops. Hence the maximum permitted metal loading in soil may decrease
upon dealing with untreated sewage effluent.

Table (3): Total metals content {ppm) of the studied soils.

I location Yraes Cd 4; Cu Pb Zn i
'El-Gaba Control 0.26 0.78 17 .64 3352 |
%EI-Asfar 15 565 | 9491 | 4900 | 2523 |
L 70 735 | 16938 | 12019 | 617.4 |
| Abou- | Contral | 015 0.66 4.10 22.52 |
Rawash i 7 I 398 | 23217 19.58 1278 |
| 15 | 592 | 5494 39.98 3105 |
i Control | 065 | 7.5 13.95 1008 |
'Hewlan1 "7 1 588 [ 8ui2 [ 31.91 2052
] 15 6.12 | 86.12 84.48 372.7
Helwan 2 Control 067 | 8M 14.93 108.8
.‘ 15 705 | 1539 | 6648 525.0
| L 20 016 | 1615 [ 9762 832.7

I1- Metal Bioavailability:
Data in Table (4) show that no detectable level of DTPA-extractable
Cd, Cu, Pb and Zn was found in the control scils (uncontaminated).
However, with time the values increased coniinuously untit it reached
0.33, 0.25, 0.15, and 0.19 ppm of El-Gabal El-Asfar, Abou-Rawash, and
Helwan (SE) areas which received sewage sludge and sewage effluent for
long time and Helwan (inds.) which contaminated by industrial waste,
respectively. Comparison between the listed values and those reported for
Cd by El-Sokkary and Lag (1980) and Aboulroos et ai.(1996) for soils of
Egyet, show a rapid accumulation of plant available form of studied metal as
a resut of using sewage effluent in irrigation. Also, the extracted values are
increasing with time. Bioavailable portions were found to represent a great
deal {from 2.1 to 4.5 %) of the tolai contents. Statistical analysis gave
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correiations (r = 0.995**, 0.822** -0.755*", -0.511™, and 0.839**) between
DTPA extractable -Cd and each of total and organic matter contents, pH,
CaCOQ;, and clay contents, respectively. In conclusion, these results prove the
high mobifity of sewage burden-heavy metals, which may enhance metal
uptake by piant, and downward movement of metals and contamination cf
ground water.

Data in Table (4 show that the value of DTFPA- extractabie Cu
increased with time continuously untl it reached 6.15, 1,79, 2.24, and 4.55
ppm of ElGabal Ei-Asfar, Abou-Rawash, and Helwan (SE; areas which
received sewage sludge and sewags effluent for a lfong time and Memvan
{inds.} which coniaminated by industrial waste, respectively. Comparisor
between the listed values and those reporled for Cu hy El-Sekkary and Lag
{1980) and Abculroos ef ai(1988) for soils of Egyel, show a rapid
accumulation of plani avaiiable formt of studied metal as 2 result of using
sewage efituent in irfigation. Also. the exiracted values are increasing with
time. Bicavailabie portions were found 1o represent a great deal (from 231 ko
4.72 %) of the totai contents. Statistical anzlysis gave correlations (=
§.698*, 0.720**, 0.580™ 0294, and 0.798" ) between DTPA extractabie -
Cu and each of tota! and organic matter contents, ofl CaCOs, and clay
contents, respectively. In conclusion, these resuits prove the high mobiity of
sewage burden-heavy metals, which may enhance matal uptake by plant,
and dgownward movement of metals and contamination of ground water.

Data in Table (4) show that the valus of DTRA- exiractabie Pb
increasad with time continucusly unil it reached 2.26, .71, 1.61, and 1.82
pom of El-Gabal El-Asfar, Abou-Rawash, and Helwan {SE) and Melwan
{inds ) areas, respectively. Comparison betwesn the listed values and those
reporied for Pb by El-Sckkary and Lag {188C) and Aboulroos et al.{1996) for
soiis of Egypt, show a rapid accumulation of plant available form of studied
metal as a result of using sewage effiiant in irrigation. Alse, the extracted
vailes are ncreasing with time. Bivavaillable portions ware found % represent
a great deal (from 1.74 to 1.81 %) of the total contgnts. Statisticai analysis
gave correlations (r = £.842%, 0.486% 0288, 0.084™ and 0.585*") between
CTPA extractavle-Pb and each of total and organic matter contants, pH,
CaCdQ;g, and clay contents, respectively, in conchision, these resuits prova the
nigh mobkility of sewage burden-heavy metals, which may enhance metal
uptake by piant, and downward movement of metals and contamination of
ground water.

Daia in Table (4) show that the vaiue of DTPA- extractable Zn
increased with time continuously until it reached 1923 9.685 11.64, and
18.96 ppm of El-Gabal El-Asfar, Abou-Rawash, and Helwan (SE) and
Helwan (inds.) areas, respectively. Comparison between the listed values
and those reported for Zn by E!-Sokkary and Lag (1980} and Aboulroos et
al (1996} for soils of Egypt, show a rapid accumulation of plant avaiiable form
of studied metal as a result of using sewage effiuent in irrigation. Alsa, the
extracted vaiues are increasing with time. Bioavailable portions were found to
represent a great deal (from 3.29 to 2.22 %) of the total contents. Statistical
analysis gave correlations (r = 0.993*, 0.569**, 0.776**, 0.655", and
0.787**) between DTPA extractable-Zn and each of total and organic matter
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contents, pH, CaCQ,;, and clay contents, respectively. In conclusion, these
resulls prove the high mabiity of sewage burden-heavy metais, which may
anhance metal uptake by plant and downward movement of metals and

cortamination of ground water.

Tabie (4): DTPA-extractabie metals (ppm} in the studied soils.

| _location Years | Cd | Cu Pb Zn
b Lppm | % lppm ! % lepm| % Ippm! %*
‘£-Gabal 1 Control ind | - 'nd| - 'ndi - ind ]| -
EiAsfar 1 15 1025 44 13401358090 (1.3418.3C 3551
L TG 0.33] 45 16151363 12.26: 1.88 {19231 3.11
_Cortrol {nd ;i - ng 1t - iad] - n.d -
D;‘;sh 7 10181 45 |154472:03611.d414.163.26
4B 1025142 | 1.7910326 10711781965 341
: T Contrl [ nd | - |ndl - 1Ad | - Tnadl -
Hewiant 1 7 0421 21118412311061,191[6.263.05
P 15 015) 24 [2241260]161]191111.64,3.12 ]
'Helwan 2 Controi ind! - Indl - Tnd| -~ Ind| -
15 1812213827248 116:1.74 [11.85{2.22
% 20 10.19] 2.1 |4.55]2.79 | 1.62 | 1.56 |18.96| 2.26 |

%, of total contart

The low percentage of totat Cd, Cu, Pb and Zn extracted by DTPA is
due 0 U5 precipitation as CaC0; { Street et al., 1877). Thase results give an
avidenca of high availability of sewage effluent burden-metzis to plants.

. Y- Agsumulzation of some heavy metais in plants:

Contents of Cd, Cu, Pb and Zn in the leaves, straw and edisle parts
{grains, seads) of the plants grown in the studied soiis are given in Table (5).
The reguliz show that the concentrations of Cd, Cu, Pb and Zn in different
plant organs increased with increasing the irrigation tme of sewage effiuent
and both sewage shludge and industrial material applications to soils. The
absalute vaiues of these metais in plant crgans are different from metal to
ancther, depending on the sewage sludge content and the availability of
these metals in the soil which are controilad by different soil parameters
(CaCO,, pH,.....elc.). The values of these metals followed the order Cd < Pb
< Cy < Zn. The same results were obtained by Maclean et al, (1969); Cox
and Rains, (1972); Hardiman et al, (1984) and Adriano, (1988). They
reported the reduction of Pb, Cd, Pb and Zn in plant tissue grown in soil
amended with limesione or calcium carbonate. The obtained results indicate

that the heavy metals accumulation in

leaves or straw higher than edible

parts (grains, seeds) of plants. This is due to the low translocations of these

metals in plants.

The concentration of Cd in all plant samples ranged from 0.03 to 0.1¢
with an average of 0.12 ppm (alfalfa tops ranged from 0.14 to 0.19 ppm, corn
ranged from 0.09 to 0.19 for leaves and from 0.07 to 0.17 for grains, Bean
ranged from 0.13 to 0.19 for leaves and from 0.04 to 0.13 for seeds, and
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wheat ranged from 0.09 to 0.19 for straw and from 0.03 to 0.18 for grains).
The Cd content in all studied plants lies within the normal range comparing
with the intermediate concentration of Cd reported by Adriano (1986) was
<0.30 ppm and Huffman and Hodgson (1973), found that the levels of Cd
were generally below 0.30 ppm (wheat = 0.20 ppm, grasses = 3.17 ppm).
Bergman and Cumakov, {(1977) found that the recommended levels are
for Cd 0.05-0.2 ppm while toxic leve! of this element are 5-30 ppm.

A highly significant correlation coefficients were found between leaves
of corn, bean, wheat, alfalfa tops and soils DTPA-extractable content of Cd
(0.51*, 0.57*, 0.66* and 0.56) respectively. Also, between wheat grains and
DTPA-extractabie content of Cd (G.55%), respectively.

The concentrations of Cu in all plant samples ranged from 5.2 to 41
with an average 13 of ppm (alfalfa tops ranged from 16.8 to 41.2 ppm, corn
ranged from 8.5 to 13.2 for leaves and from 5.9 to 10.3 for grains, Bean
ranged from 9.55 to 38.5 for leaves and from 6.3 to 39 for seeds, and wheat
ranged from 7.1 to 17.1 for straw and from 5.2 to 10.2 for grains}. The Cu
content in all studied plants lies within the normal range comparing with the
intermediate concentration of Cu reported by, Adriano, 1986, Aboulroos et. al.
1996; Brown et. al. 1998). Also, Sillanpaa (1982) found an average
concentration of 10.9 ppm Cu in ear leaf of corn (range from 5.6 to 15.6
ppm); the average vaiue for wheat tops was lower being 8.3 ppm (range
from 3.6 to 18.8 ppm),

A highly significant correlation coefficients were found between leaves
of corn, bean, wheat, alfalfa tops and soils DTPA-extractabie content of Cu
{0.71* ¢.75*" 0.66" and 0.69") respectively. Also, between corn gains, bean
seeds, and DTPA-extractable content of Cu (0.71" and 0.78**), respectively.

The concentrations of Pt in all plant samples ranged from 2.9 1o 13.7
~with an average of 6.3 ppm (alfalfa tops ranged from 5.7 to 10.8 ppm, corn
ranged from 4.4 to 8.8 for leaves and frem 3.2 to 6.7 for grains, Bean ranged
from 5.2 tc 13.7 for leaves and from 2.9 to §.6 for seeds, and wheat ranged
from 3.6 to 10.8 for straw and from 3.2 to 8.2 for grains). The concentrations
of Pb in plants in this study is higher than the normal range compared with
plants grown in uncontaminated soil (6.3 ppm} as repcrted by Chapman
(1975). But still lower than toxic range according to Bergman and Cumakov,
(1977. They reported that the toxic leve! of Pb 30-300 ppm.

A highly significant correlation coefficients were found between leaves
of corn, bean, wheat, alfaifa tops and scils DTPA-extractable content of Pb,
(0.53*, 0.91*, 0.72* and 0.91™), respectively. Also, between corn grains,
wheat grains and DTPA-extractable content of Pb (0.77* and 0.54% ),
respectively.

The concentrations of Zn in all plant samples ranged from 34 to 173
with an average of 72 ppm {(alfaifa tops ranged from 109 to 173 ppm, comn
ranged from 43 to 97 for leaves and from 36 to 61 for grains, Bean ranged
from 65 to 103 for leaves and from 42 to 82 for seeds, and wheat ranged
from 63 to 131 for straw and from 34 to 60 for grains). The concentrations of
Zn in plants in this study lies within the sufficiency range of Zn in plants.
Sillanpaa (1982) found an average concentration of Zn levels in 200
samples of field grown corn and wheat collected from different lacations in
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Egypt varied from 15.1 to 43.8 ppm with an average value of 31.6 ppm for
corr lgaves, and from 7.9 to 71 ppm with an average of 31.1 ppm for
wheaat tops.

Tabis 18); Heavy melais content in different parts of studied plants {ppm).

i | 3oyl ! N Meials
Aren ; Period fyear) | Plant Orangergn—Ttw | cd 1 P%
; Wy Affalia™ [Tops 13542 [ 2044 014 757
‘ 76 , 1 17345 ¢ 4120 0,18 1075 |
e KT Tomn Leaves ] 7708 789 g 757
x: i Grainsg | 52.44 7.714 a1 5.37
2 {70 jLeaves| 9675 | 11.90 219 875 |
R \Grains | 61.12 2.89 0.17 £.69
iy KE3 Bean  iLeaves | 8125 | 22.73 U5 o5
G % ‘Seeds | 6581 ! 1623 2.10 6.95
2 AN : iLeaves | 102.86 | 3847 0.19 13.69
] I S 1Seeds 220 22.83 g.12 9.55
T 15 (Wrgat ™ Leaves| 92713 1276707 848
; I iGrains | 60323 © 834 a1 588 |
, 70 ! lLeaves! 131.00 | 17.12 91¢ | 1055
o ] :Grains_|  55.99 10.15 G148 820 |
i T TAYfalfa |Tops 7U5.85i 1589 014 573
- B L 13327 | 18.41 0.17 763 |
= T [Corn~ “Leaves| BUBS | 853 ) 4441
g i i |Grains | 36.12 5.87 0.07 348 i
3 4 lLeaves| 71.15 | 695 540 516 |
- b iGrains | 4410 | T7.12 3.08 3.75 |
£ 7 Mean  |Leaves ' 6733 | 9.55 009 BI5
g3 iSeeds | 4222 | 631 | 0.4 289 |
2T 4 ; iLeaves | 6531 | 17.44 i 010 545 |
w . iSeeds ; 4418 | 7498 .04 293
e 7T (Wheat ™ TLeaves . 6208 1™ 742 0o 3831
2 & ' iGrains | 3422 | 893 ! 04 410
<z 4 ! jLeaves| 6924 | 752 [ Q02 4.86 |
R o Grains ;. 4212 719 1 0.08 483
‘ 5] [Alfalfa -~ Tops | 134.45 | 2145 078 OB
= 20 L i | 13665 | 2221 | 019 | 968 i
2 A5 Torn - [Leaves ! 46.45 i 1283 7074 827 |
o ; Grains | 4188 | 1013 098 638 |
o e gl s aw | o8
[ L iGrains | : . ) 52 |
‘3 5 'Bean ~ |Leaves | 744y [ T1537 T TUI3 T ELS |
e ; ; iSeeds | 44.30 8.02 .10 451
=20 | {Leaves | 7523 | 1547 014 915 |
‘e . iSeeds | 4474 8.85 010 § 522 !
i k] Wheat |Laaves | 7560 529 | 014 | 587
1S Grains | 5567 | 6.7 008 | 389
T 120 f Leaves ; 80.97 9.75 015 | 8.07
i 'Grains | 5846 ( 705 0.08 | 4.09
] 7 Alfalfa  [Tops | 12810 1 1859 AT T B30
. 15 I 134,32 | 21.43 0.18 215 |
'S i ofn Leaves: 4372 11.80 012 5472 1
@ |Grains | 4126 | 915 0.08 387
2 15 Leaves | 4631 12,94 0.14 6.25
5 Grains | 41,73 | 10.10 0.09 405
2 T Bean Leaves ] 71.00 T2.50 [N 550 |
& Seeds | 43.50 6.82 0.09 3.25
i~ 15 Leaves | 74.19 | 15.26 0.13 8.15
g | Seeds | 4412 | 7.99 0.10 4.42
2 Wheat |Leaves | 66.14 | /.13 0.09 475
] Grains | 36.21 515 0.04 3.20
b 15 Leaves | 75.00 9.22 0.13 5.60
Grains | 5523 6.61 0.08 3.86
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A highly significant correlation coefficients were found between leaves
of bean, wheat, alfalfa tops and soils DTPA-extractable content of Zn, (0.69%,
0.51* and 0.79*%), respectively. Also, between corn grains, bean seeds,
wheat grains and DTPA-extractable content of Zn (0.51*, 0.48*, and 0.79"),
respectively.
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