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ABSTRACT

Objective of the present work was to study theustaif some heavy
metals (Cd, Ni and Pb) in soils of Fayoum Distri@pvernorate of Fayoum.
Egypt. One hundred sixty one soil samples wereectdt from eighty one sites
during August and July 2005 following the grid ®ystat distances 2 kilometers
to represent Fayoum District soils. Levels andrihistion of the studied heavy
metals throughout Fayoum District area were id@mdifand mapped using
ILWIS Geographic Information system “GIS”.

It was found that the concentrations of total Caails greatly exceeded
the maximum permissible limits listed by severavaleped countries. The
concentrations of total Ni in soils slightly exceddhe maximum recommended
critical limits. Although the concentrations ofabPb in soils allover the area of
Fayoum District were generally below the maximurmnpssible limits, there is
evidence of Pb concentration increases in few spatscularly in soil surface
near the main roads and urban areas. Total and Dé@&Rractable metals
concentrations were considerably greater in thdéaserlayers (0-30 cm) in
comparison with those of subsoils (30-60 cm). Tihdicated that top soils of
Fayoum have been subjected to heavy metals cordatsirNo correlation was
found between the total content of each of Cd, Rt i in soils and their
DTPA-extractable concentrations. This could be etgm since all Fayoum
District soils are alkali in reaction and almosthrin CaCQ, therefore most of
the total amounts of metals are found in unavasldbfms which are less toxic
to plants. Results of the present investigatiomplemsized the need to further
research work in order to identify the main souroé$op soil contamination
with heavy metals in Fayoum and to find out sugabtandards in terms of
extractable metal amounts with DTPA or other extmats together with their
total contents for the evaluation of pollution willeavy metals in agricultural
soils of Egypit.
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1-INTRODUCTION
Sustainable agriculture is mainly related to enwinental, agronomic,
ethical and socioeconomic issues. One aspect tdisability is accumulation
of heavy metals in soils which may cause seriooblpms if certain levels are
exceeded.

Metals can enter the environment as a result oh boeatural and
anthropogenic activities, so, they are found uhlapsly in both polluted and
unpolluted soils. The natural sources include pses of pedogenesis lead to
mineral breakdown and translocation of the produwagsvell as accessions from
dust storms, volcanic eruptions and forest firesithfopogenic sources
comprise all contributions made by mankind inclgdindustrial processes that
contribute to both atmospheric and land deposifioniming and metallurgy,
urban and industrial wastes, sewage and fertilgg®lications in agricultural
areas(Tiller et al., 1995,Gimeno-Garcia et al.; 1996; Grant et al., 1998;
McLaughlin et al., 1999)

According to United Nation Environmental ProgramNEP) Percy et al.
(1997)reported that although the number of heavy metatsarth are about 40,
arsenic (As), cadmium (Cd), chromium (Cr), coppeu) lead (Pb), mercury
(Hg) and nickel (Ni) are the most common heavy msgiallutantsChenget al.
(2009 stated that among heavy metals, cadmium (CdgnargAs), chromium
(Cn), nickel (Ni), and lead (Pb) are commonly coesed as toxic to both plants
and humans.

Cadmium, Nickel and Lead exist in soils with lowncentrationsLindsay
et al. (1979)reported that their total contents in soils rangiveen (0.01 — 0.7)
for Cd, (5-500) for Ni and (2-200) mg/kg soil forb,P however their
concentrations in earth crust are 0.2, 100 and d&grespectively.

The levels of some heavy metals in agriculturallssof Egypt were
detected by some investigato’sboulroos et al. (1996) found that DTPA
extractable-Pb concentrations in 82 soil sampleeated from different
locations in Egypt range from 0.51 to 2.88 mg PB'Kthey also found that the
background levels of DTPA-extractable Cd in the sdotations varies widely
from non detected values to 0.06 mg/kg soil withaarrage of 0.018 + 0.002
mg/kg soil. Studies oRabie (1984)showed that the average amounts of Ni
extracted by DTPA are 0.78, 0.59 and 0.47 mg'Kgr heavy alluvial,

calcareousnd highly calcareous soils, while in sandy sdilinges from 0.28
Y
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to 0.88 mg Ni Kg. Investigations oEl-Leithi (1986) showed that Ni content in
the industrial areas of Nile Delta varies from @ite to another depending upon
the nature and composition of industrial wasteshasotal Ni contents in the
surface layer of soils range between 88.5 and 1Mg4Kg*, while DTPA-
extractable amounts of Ni range between 0.02 ané rhg Kg'. El-Rashidi et
al.( 1997)found that the total content of Pb in 71 soil saespiollected from 14
saline sodic soil profiles in Nile Delta range fr@® to 100 mg Pb K§ Abdel-
shakour (1982)obtained a lower range of Pb from 8 to 21 mg Pblkig-the
cultivated Nile alluvial soils.

The concentrations of some heavy metals were @etdry some other
investigators in some parts of Egy@afnira, 2004, Rabieet al. 1996 and
Abdellah, 1995) but there is still real need for more systematgearch work
to survey and to produce geographical distributr@ap for most common metal
pollutants allover the country.

Objective of the present work was to study thdustaf some heavy
metals namely nickel "Ni", lead "Pb" and cadmiund”Cin addition to total
soluble salts and pH in Fayoum District in ordedé&tect the levels, distribution
and degree of contamination with these componéntsighout Fayoum District
The levels of CaCg¢) organic matter and soil texture was also studied.

2-MATERIALS AND METHODS

One hundred and sixty one soil samples were celietom eighty one
sites representing fayoum District soils followitige grid system at distances 2
kilometers during July and August 2005. Locatiorighe studied sites were
identified using a "GPS" (Model German) as showiffigurel). Two samples
were taken from each site: the first from the stefaoil layer at depth 0 — 30 cm
(top soil) and the second represented the subsudait layer at depth 30— 60
cm (sub soil).

Collected soil samples were air-dried, crushed wittvooden hummer,
passed trough a 2 mm sieve and stored in plastibeboSoil samples were
analyzed for the following determinations:

Particle size distribution, by the hydrometer method (ASTM No. 152 H
Temp.) using sodium hexametaphosphate - sodiumorate as dispersing
agents (Piper, 1950) Calcium carbonate content volumetrically using
Scheibleis calcimeter Wright 1939), Soil (pH) in soil paste using a pH meter.
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Electrical conductivity (ECe) in the saturation pase extract using a
conductivity bridge as described byS. Salinity Lab. Staff (1969).

Available forms of Cadmium (Cd), Nickel (Ni) and Lead (Pb) in soil were
extracted using diethylene triamine penta acetic gOTPA) at pH 7.3
according toLindsay and Norvell (1969) and determined with atomic
absorption spectrophotometer.

Total content of heavy metaldn soil samples (0.5g of soil) were digested with
hydrofluoric (HF), perchloric (HCI¢) and hydrochloric (HCI) acids using
Teflon flasks(Jackson, 1979)

Organic matter content was determined according to Walkely and Black
method as described KJackson, 1979)

The obtained concentrations of total and DTPA exéidale metals were
classified into different levels (ranges), their ogephical distributions
throughout the whole area of Fayoum District welentified and mapped using
the interpolation capabilities of ILWIS Geographéormation System.
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Figure 1. Location map of collected soil samplesayoum District.



The third Conf. for Sustainable Agricultural Devetognt, Fac. of Agric., Fayoum Univ.,
12-14 Nov. 2007. (507-526)

3-RESULTS AND DISCUSSION

3.1. Soil Texture, pH Values, ECe, Organic Matter ad CaCO; Contents.

The authors had obtained detailed data for parside distribution, ECe
values, organic matter and Cagcontents for all the studied soil samples. Such
obtained data were not presented here becauseeolfiniited paper space,
however, the geographical distribution of soil fECe values, CaC{and clay
contents within the top 30 cm of soils are presgmdigures 2, 3, 4 and 5.

It could be observed from the obtained maps thetut 64% of the
District soils had pH values between 8-8.5 and ath6@o were of pH > 8.5 and
only about 26 % of the studied soils were belowgofigure 2).

According to ECe values about 56.5% of soils wevas@lered saline (ECe
values more than 4 dS/m).

The organic matter contents of soils ranged betw@&8 and 1.96%. With
respect to CaC{contents, it was found that about 68% of soilstaimed 5-
10% CaCQand 30% had > 10% CaG@Fig. 4). Results also indicated that
about 60% of soils are clayey with more than 408&¥.cl
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Figure 2. Soil pH values of the top 30 cm.
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Figure 3. ECe values in the top 30 cm. of Soils
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Figure 5. Clay content of the top 30 cm of soils

3.2. Cadmium Status in Soils.
3.2.1. Total Cadmium Content.

The concentrations and geographical distribution Gaf in Fayoum
District soils are given in table (1) and figurg.(Gotal Cd concentrations in the
surface layers of Fayoum District soils ranged frbf5 to 215 with a mean
value of 40.8 mg K§ soil. Corresponding values for the subsurfacerkayesre
from 2.3 to 38.5 with an average value of 18.89kgg soil. The overall mean
content of the top 60 cm layer were 29.73 mg &gil.

These results indicate that the surface layersayoém District soils
contain greater amounts of Cd in comparison withsatface layers.

Chen et al. (1999) reported that the mean total concentrations of
Cadmium in rural soils of several countries in nig'doil are 0.4 for Sweeden;
0.8 for Denmark; 1.0 for Norway; 1.5 for Italy; 2@ France, Australia, and S.
Africa; 3.0 for U.K and Canada; 4.0 for Taiwan; 3d¥y Germany; 12.0 for
Belgium; 20.0 for china; 20.0 and 39.0 for USA befand after using sewage
sludge. In comparison with data presented in tébjeit could be noticed that,
soils of Fayoum District generally contain greatencentrations of total Cd
than rural soils of all the above mentioned coestri

Y
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For the assessment and evaluation of Cd statuaynuf District soils,
with regard to soil contamination, the obtainedulssof the total element
concentrations were compared with recommendednatienal standards and
permissible critical limits developed by the Gowesants in several countries.
De Vries and Bakker (1998)eported that the critical soil total contents af C
according to environmental regulations of seveaaintries are 0.3 ppm in both
Denmark and Finland; 0.4 in Czech Republic; 0.5Canada; 0.8 in both
Netherlands and Switzerland; 0.4 for clay soils dnfl for sandy soils in
Germany; 0.1 in Ireland; and 0.2 ppm in Easterroger

The obtained data in the present work (Table licatdd that the total Cd
contents in all the studied soils representingvthele area of Fayoum District
greatly exceeds the permissible critical limitsnfti of contamination) of all the
above mentioned countries.

The geographic distribution and status of total i@akin throughout the
whole area of Fayoum District soils were identifiesing ILWIS (GIS). The
obtained map (Figure 6) indicated the following:
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Figure 6. Total Cadmium content in the top 30 cm osoils.

0.19 % of the District area contains < 5 ppm C2(fezldans).
3.62 % of the District area contains from 5-12 pph (3658 feddans).

A
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13.91 % of the District area contains from 12-2énppd (14079 feddans).
76.81 % of the District area contains from 20-5énppd (77763 feddans).
5.47 % of the District area contains from 50-10éhgpd (5540 feddans).
Total studied area 101235 feddans.

With respect to the Netherlands developed systemeported by
(Chen et. al. 1999) the limit at which soils should be remediated isppi,
therefore about 96% of Fayoum District soils shobé remediated from Cd
pollution.

Table 1. Concentrations of Cadmium, Nickel, Lead irsoils of Fayoum district

Site Soil | Concentration, mg kg" (on dry weight basis)
No. depth Cd Ni Pb
(cm) | Ext. |Total | Ext. | Total | Ext. | Total
1 0-30 | 0.12| 22.00 0.83 | 16.50 1.56 19.0
30-60| 0.27| 18.5( 0.46 11.0p 050 16.00
2 0-30 | 0.23| 28.50 0.27 | 34.50| 2.09 1250
30-60| 0.11| 19.00 0.04 | 21.50 1.94 4.50
3 0-30 | 0.16]| 49.51 0.79 10050 2.01 20.p0
30-60| 0.06| 29.50 0.40| 58.00( 0.02| 18.50
4 0-30 | 0.31| 385 043 41.00 2.67 6.Q0
30-60| 0.23| 28| 0.3§ 5.50 1.13 5.0
5 0-30 | 0.66| 16.50 0.08 | 19.50 1.19| 18.00
30-60| 0.08| 15.00 0.03| 16.50( 0.67 5.00
5 0-30 | 0.22]| 28.00 0.04 | 305.000 0.68| 20.5p
30-60| 0.11| 25.00 0.02 | 2.500( 0.41 5.50
. 0-30 | 0.32| 26.00 0.50 | 7.00 2.14| 12.50
30-60| 0.24| 19.50 0.45| 5.00 1.34 8.00
3 0-30 | 0.12| 44.50 0.64| 66.00| 3.46| 33.50
30-60| 0.10| 20.50 0.44 | 43.00 1.22| 18.50
9 0-30 | 0.21| 24.00 0.33 | 197.000 2.75 9.0Q
30-60| 0.12| 6.000 0.13 8.00 0.59 5.00

Ext. = DTPA extractab-Cd. Ni and P
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Site Soil | Concentration, mg kg* (on dry weight basis)
No. | depth Cd Ni Pb
(cm) | Ext. | Total | Ext. | Total | Ext. | Total
10 0-30 | 0.18| 142.0| 0.36| 147.5Q 2.34 11.00
30-60 | 0.09 28.00( 0.31| 58.00( 2.1¢ 10.0p
11 0-30 | 0.35[ 22.00| 1.27| 58,50, 2.58 155D
30-60 | 0.05( 20.50| 0.33 5.00 1.09 125D
12 0-30 | 0.10| 19.50| 0.75| 82.50| 2.00 29.5p
30-60 | 0.06| 20.50| 0.64| 49.50( 1.58 19.0p
13 0-30 0.24| 18.00| 0.32 9.50 222 12.0D
30-60 | 0.12( 35.00| 0.19 5.00 0.69 11.5p
14 0-30 | 0.29| 32.00| 0.52| 11.50| 1.1y 15.0p
30-60 | 0.12( 23.50| 0.35 6.50 0.0T 8.5
15 0-30 | 0.10] 34.50| 0.06 5.00 1.4¢ 3.0
30-60 Limestone layer
16 0-30 | 0.60[ 27.0 | 0.03| 130.00 1.08 13.00
30-60 | 0.04] 26.0 | 0.03| 119.00 0.39 6.5C
17 0-30 | 0.23] 31.0 | 0.44| 74.00f 2.14 37.50
30-60 | 0.15( 275 | 0.40| 59.50| 1.0% 19.50
18 0-30 | 0.13| 23.50| 0.48| 53.00f 2.4%2 13.5D
30-60 | 0.07| 12.00( 0.21 5.00 153 11.5p
19 0-30 | 0.12| 24.00| 0.63| 59.00{ 3.04 8.5C
30-60 | 0.06/ 20.50( 0.42 6.00 0.88  5.5C
20 0-30 | 0.19| 15.50| 0.49| 71.50| 2.52 29.0p
30-60 | 0.13/ 14.00( 0.31| 17.50f 0.61 10.5p
21 0-30 | 0.16| 21.00| 0.23| 424.00 0.98 17.00
30-60 | 0.07| 20.00( 0.14| 198.00 0.70  9.50
29 0-30 | 0.22| 123.0| 0.08| 56.00{ 1.9Y 5.5C
30-60 | 0.08/ 22.00( 0.02 11.50({ 1.1% 5.00
23 0-30 2.40| 215.0( 0.23 82501 1.19 7.5(
30-60 | 0.13/ 18.00( 0.09 5.00 0.53 7.0C
24 0-30 | 0.19| 23.00| 0.34| 127.00 199 13.00
30-60 | 0.08 3.00 | 0.22| 11.00f 1.10 9.0d
25 0-30 | 0.11]| 41.00| 0.41| 75.00f 2.52 24.0p
30-60 | 0.09| 27.00( 0.34( 13.00f 0.15 12.5p
26 0-30 | 0.10| 22.50| 0.53| 8250 2.30 11.0p
30-60 | 0.06/ 4.00 | 0.14| 74.00f 0.9% 8.50

Ext. = DTPA extractable-Cd, Ni and Pb

10
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Site Soil | Concentration, mg kg* (on dry weight basis)
No. | depth Cd Ni Pb

(cm) | Ext. | Total | Ext. | Total | Ext. | Total
0-30 | 0.21| 37.50| 1.16| 83.00/ 2.0% 45.0p

o 30-60 | 0.15( 26.00| 0.35| 10.50f 1.87 8.5(
o8 0-30 | 0.22| 38.50| 1.24| 46.50| 2.22 31.00
30-60 | 0.14] 30.50| 0.24| 39.50( 1.69 26.00
29 0-30 | 0.26] 35.0 | 0.67| 52.50| 1.1Q 14.5D
30-60 | 0.19] 31.50| 0.16| 20.50f 0.80  8.0(
30 0-30 | 0.17] 22.00| 0.12f 27.00] 1.11 27.50
30-60 | 0.13| 21.00| 0.03 5.00 0.6] 3.5(
31 0-30 | 1.82| 27.50| 0.62| 57.50| 1.32 11.00

30-60 | 0.27] 8.50 | 0.30| 15.50| 1.0 3.0¢
32 0-30 | 0.61] 21.50| 0.95| 2435 227 6.5
30-60 | 0.16| 20.50| 0.16| 86.50f 1.12  5.5(
0-30 | 0.14| 20.50| 0.88| 14.50| 2.72 21.50

33 30-60 | 0.10[f 4.50 | 0.53 5.00 0.54 10.50
34 0-30 | 0.24( 33.50( 0.42| 404.0f 3.13 26.90
30-60 | 0.17] 20.50| 0.28| 46.50| 2.8¢  9.5(
35 0-30 | 0.28( 30.00( 0.28| 56.00f 1.8%7 11.50
30-60 | 0.24| 26.50| 0.23| 39.50f 1.1%  9.5(
36 0-30 | 0.15( 20.00( 0.61| 1625 3.6 14.90
30-60 | 0.12] 550 | 0.43| 55.50| 2.09 5.5(
37 0-30 | 0.14f 139.0f 0O.77| 86.00f 1.37 19.00
30-60 | 0.11} 25.50| 0.28| 80.50f 0.98 11.50
38 0-30 | 0.11f 26.50| 0.33| 87.50| 3.4 14.50
30-60 | 0.09] 21.50| 0.23| 63.00f 1.3% 13.00
39 0-30 | 0.23[ 35.50| 0.21| 48.00f 2.69 6.50
30-60 | 0.06| 16.00| 0.11 4.00 1.56 5.5(
40 0-30 | 0.14f 51.00| 0.61| 32.00f 0.6% 17.00
30-60 | 0.06| 24.00| 0.33| 12.00f 0.50  6.5(
a1 0-30 | 0.11f 30.50| 0.64| 59.50| 1.66 35.00
30-60 | 0.08 21.00| 0.23| 15.50f 0.0¢ 16.50
42 0-30 | 0.12 17.50| 0.66| 159.0f 1.42 2250
30-60 | 0.03] 16.00| 0.43| 48.00f 0.8 12.00
43 0-30 | 0.10( 22.00| 0.37| 26.00f 1.81 9.50

30-60 | 0.06] 450 | 0.23 5.00 0.81 8.00
Ext. = DTPA extractable-Cd, Ni and Pb

11
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Site Soil | Concentration, mg kg* (on dry weight basis)
No. | depth Cd Ni Pb
(cm) | Ext. | Total | Ext. | Total | Ext. | Total
44 0-30 | 0.09| 30.00| 0.52| 83.50 2.77 9.50
30-60 | 0.06| 17.50( 0.48| 7850 1.30 6.00
45 0-30 | 0.09| 140.0| 0.52| 54.00 1.24 9.00
30-60 | 0.08] 17.00| 0.43| 10.00 0.46 5.00
46 0-30 | 0.22| 26.00| 0.45| 23.50 2.19 17.5(
30-60 | 0.14| 20.00| 0.16]| 9.00| 1.48 8.00
47 0-30 | 0.16| 51.00| 0.74| 99.50 0.77  40.0C
30-60 | 0.07) 24.50| 0.51| 7.00| 0.35 10.5C
48 0-30 | 0.33| 35.50| 0.48| 97.50 2.0% 17.0(
30-60 | 0.30] 10.00| 0.41| 9.50( 1.62 4.50
49 0-30 | 0.13| 34.50( 0.39| 44.00 3.68 8.50
30-60 | 0.05] 14.00( 0.22 9.00( 2.44 7.00
50 0-30 | 0.07| 23.00( 0.31| 74.00 3.42 20.5(
30-60 | 0.04| 18.00( 0.24| 4150 1.42 7.50
51 0-30 | 0.16| 27.50( 1.48| 9.00| 1.87% 18.5(
30-60 | 0.10] 22.00( 0.42| 5.00( 0.93 1.50
50 0-30 | 0.23| 33.00( 0.43| 1155 1.87 26.0(
30-60 | 0.07| 16.50( 0.36| 79.50 1.32 9.50
53 0-30 | 0.24| 23.50( 0.61| 353.5 2.23 9.00
30-60 | 0.09] 21.50( 0.45| 33.00 1.14 8.50
54 0-30 0.20( 27.50| 0.45( 4150 0.79 11.0¢
30-60 | 0.14| 16.00( 0.36| 18.00 0.56 4.50
55 0-30 | 0.10| 17.50( 0.08| 46.50 1.31 9.00
30-60 | 0.04{ 5.50 | 0.06| 33.000 0.7 8.00
56 0-30 0.23| 1445 0.37| 44.00 1.31 11.0¢
30-60 | 0.10] 38.50( 0.08| 28.50 1.13 8.00
57 0-30 | 0.17| 44.00| 0.51| 69.00 2.3% 10.5(
30-60 | 0.09] 12.50| 0.29| 5.00| 1.32 9.00
58 0-30 | 0.17| 34.50| 0.27| 79.50 2.22 10.5(
30-60 | 0.05[ 6.00 [ 0.23| 23.00f 0.41 9.00
59 0-30 | 0.34| 32.00| 0.29| 15.00 1.32 8.50
30-60 | 0.23] 19.50| 0.25| 6.00| 1.16 6.50
50 0-30 | 0.06| 32.00| 0.29] 313.0 0.89 23.0(
30-60 | 0.02] 27.00| 0.17| 296.00 0.32 5.50

Ext. = DTPA extractable-Cd, Ni and Pb

12
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Site Soil | Concentration, mg kg* (on dry weight basis)
No. | depth Cd Ni Pb
(cm) | Ext. | Total | Ext. | Total | Ext. | Total
61 0-30 | 0.10[ 29.00( 0.19| 179.5| 2.80 18.00
30-60 | 0.06| 22.00| 0.12| 550 | 2.28 12.50
62 0-30 | 0.16| 26.50( 0.40| 22.50| 2.21 16.00
30-60 | 0.10] 20.00| 0.31| 5.00| 0.21 6.00
63 0-30 | 0.17| 31.00( 0.76| 31.00| 1.35 21.00
30-60 | 0.12] 19.50( 0.29| 27.50( 1.20 4.50
64 0-30 | 0.08| 21.00( 0.27| 30.00| 1.05 6.00
30-60 | 0.05 6.50 | 0.15| 14.50 0.09 5.00
65 0-30 | 0.26| 30.00( 0.21| 7.50| 2.04 20.00
30-60 | 0.12] 28.00| 0.20| 6.50| 1.70 18.50
66 0-30 | 0.14| 30.50( 0.31| 165.5| 0.75 18.50
30-60 | 0.09| 24.50( 0.19| 42.50( 0.43 9.00
67 0-30 | 0.13[41.00| 0.24| 489.5| 1.18 27.50
30-60 | 0.05| 33.00| 0.07| 156.0f 0.87 7.50
68 0-30 | 0.29( 40.50| 0.45| 24.50| 1.72 7.00
30-60 | 0.14{ 4.00 | 0.42| 23.00 1.35 6.50
69 0-30 | 0.14| 28.00| 0.48| 112.0| 2.70 11.50
30-60 | 0.05| 20.50| 0.30| 98.50( 1.56 6.50
20 0-30 | 0.32f 132.0| 0.27| 41.00| 1.27 10.50
30-60 | 0.27| 29.50| 0.12| 37.00f 0.35 9.00
71 0-30 | 0.27( 28.50| 0.39| 11.50| 1.81 29.50
30-60 | 0.06] 6.50 | 0.36| 5.00f 0.72 9.50
79 0-30 | 0.23| 35.00( 0.38| 35.00| 2.04 23.00
30-60 | 0.11] 19.50| 0.14| 32.50( 0.94 11.50
73 0-30 | 0.22120.5| 0.56| 51.00| 1.37 16.00
30-60 | 0.09| 34.00| 0.54| 5.00| 0.63 9.50
74 0-30 | 0.13| 30.50| 0.73| 367.5| 1.46 45.00
30-60 | 0.06| 17.50| 0.06| 7.50 | 0.39 21.00
75 0-30 | 0.27| 21.50| 0.33| 14.00| 2.66 23.50
30-60 | 0.14| 21.00| 0.26| 5.00 | 1.77 7.50
76 0-30 | 0.12| 30.00( 0.34| 6.00| 1.48 18.50
30-60 | 0.07) 2.30 | 0.31] 5.00( 0.70 7.50
77 0-30 | 0.20( 23.50| 0.43| 16.00| 1.18 9.50
30-60 | 0.07| 19.50| 0.09| 5.00 | 0.44 8.50

Ext. = DTPA extractable-Cd, Ni and Pb
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Site | Soil | Concentration, mg kg (on dry weight basis)
No. | depth Cd Ni Pb
(cm) | Ext. | Total | Ext. | Total | Ext. | Total
78 0-30 | 0.12| 3150 0.31| 261.Q 1.52 9.00
30-60 | 0.02 6.00 | 0.29( 41.50 0.5¢ 7.50
79 0-30 | 0.16] 25,50 0.51| 71.00 2.8B 14.50
30-60 | 0.13[ 3.00 | 0.47| 5.00( 0.61 13.00
80 0-30 | 0.31] 31.00| 0.26| 62.00 1.64 10.0Q
30-60 | 0.16| 15.50 | 0.22 850 0.92 6.50
81 0-30 | 0.19| 4250 0.32| 33.09 1.9¢ 17.50
30-60 | 0.04f 27.00 | 0.24| 5.00( 1.42 9.00

Ext. = DTPA extractab-Cd. Ni and P

3.2.2 DTPA-extractable cadmium.

The concentrations of DTPA-extractable Cd are mive Table (1).
Extractable values of Cd ranged between 0.06 a#@ g kg soil in the top
30cm layer with a mean value of 0.25 mg'lapil. Values in subsoil (30-60 cm)
ranged from 0.02 to 0.30 with an average of 0.11kgigsoil. The overall mean
value of the top 60 cm layer was 0.18 md kgil.

It is worthy to mention in this respect that theaee no available
international standards or documented criticalténm the literature in terms of
DTPA-extractable heavy metals. The documented atasdill now are mostly
based on the total contents of heavy metals amdnghws cadmium, therefore
the evaluation of soil contamination with cadmiurasabased in this work on
the total content in soil.

3.3. Lead Status in Soils.
3.3.1. Total Lead Content.

The concentrations and geographical distributioriotdl Pb in the top 30 cm
(surface) and within the 30-60cm (subsurface) kyarFayoum District soils
are given in table (1) and figure (7). Total Pbaamtrations in the surface layers
of soils ranged from 3 to 45 with a mean value @05 mg kg soil.
Corresponding values for the subsurface layersedirigpm 1.5 to 26 with an
average value of 9.12mg kgThe overall mean content of the top 60 cm layer
was 14.78 mg Pb Kkisoil.
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It was reported bChenet al. (1999)that the mean total concentrations of
Lead in rural soils of several countries are 40 ppnSweden; 50 ppm and 100
ppm for Norway before and after using sewage slu8§gpm for S.Africa; 100
ppm for each of Italy; France, Australia and TaiwdP0 ppm for Denmark; 150
ppm and 300 ppm for USA before and after using gevsudge; 300 ppm for
U.K; 375 ppm for Canada; 600 ppm for Belgium andlQfpm for both
Germany and china.

A comparison of such values with data presentetalae (1), indicated
that, soils of Fayoum District generally contaimgajer concentrations of Pb
than rural soils of most of the above mentioneghtages.

For the assessment and evaluation of Pb statugyiaufm District soils
with respect to soil contamination, the obtaineduls of the total element
concentrations were compared with recommendednatienal standards and
permissible critical limits developed by environrtenauthorities allover the
world. De Vries and Bakker (1998Yyeported that the critical soil total contents
of Pb according to environmental regulations ofesalcountries are 25 ppm in
Canada; 32 ppm in Eastern Europe; 38 ppm in Finld@gdpm in Denmark; 40
ppm for clay soils and 100 ppm for sandy soils ier@any; 50 ppm in both
Switzerland and Ireland; 70 ppm in Czech Repubiit 85 ppm in Netherlands.

Comparing the levels of total Pb in Fayoum Distsioils with permissible
critical limits recommended in most of the aboventi@ned countries, it could
be stated that the concentrations of total leaul/atl the District are below such
permissible limits, however there is evidence ofdebumulation in some sites
particularly in soil surface in the vicinity of nmaroads (sites No. 24, 27, 47 and
74).

The obtained map (figure 7) shows the geographiisatibution of total
Pb with respect to the element concentrations m tbp 30 cm of soils
throughout the different parts of Fayoum Distrithe obtained data and map
indicated the following:

12.21 % of the District area contains <10 ppm R36Rfed.).

78.30 % of the District area contains from 10-2éhdb (79270 fed.).
9.02 % of the District area contains from 20-30 #in(9126 fed.).
0.41 % of the District area contains from 30-40 @m(415 fed).
0.06 % of the District area contains >40 ppm Pbfégk).

Total studied areal01235 feddans.
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3.3.2. DTPA-extractable Lead.

The concentrations of DTPA-extractable Pb are ginetable (1). DTPA
extractable values of Pb ranged between 0.65 &8l i.the top 30cm layer
with a mean of 1.39 mg Kgsoil. Values in subsoil (30-60 cm) ranged from 0.02
to 2.86 with an average of 0.99. The overall mealnes of the top 60 cm layer
was1.19 mg kg soil.

Since there are no available information in therditure in terms of
DTPA-extractable heavy metals, the assessmentibt@atamination with Pb
depended in this work on the total contents of metsoil.

3.4. Nickel in Soils.
3.4.1. Total Nickel Content.

The concentrations and geographical distributioiNbfevels in Fayoum
District soils are given in table (1) and (Figuje Botal Ni concentrations in the
surface layers ranged from 5 to 489.5 with a mesinevof 93.51 mg K§soil.
Corresponding values for the subsurface layersea@urigpm 2.5 to 269with an
average value of 32.49 mgkgoil. The overall mean content of the top 60 cm
layer were 62.8 mg kgsoil.

The mean total concentrations of Nickel in ruralssof some countries in
mg kg soil as reported byChen et al. (1999)were 15 for S.Africa; 20 for
china; 30 for Sweden and Denmark; 30 and 80 forwsdgrbefore and after
using sewage sludge; 50 for France; 60 for Austrafic for Italy; 100 for
Belgium; 120 for Taiwan; 150 for Canada; 200 forGany; 300 for U.K; 210
and 420 for USA before and after using sewage sludg

Nickel concentrations either in surface or subsgftayers of Fayoum
District soils are almost similar to the levelstbé above mentioned countries,
expect in some sites that had greater concentrétiam those of USA (sites No
21and 67).

For evaluating of the degree of soil contaminatroRayoum District, the
obtained results of the total element concentratiovere compared with
recommended international standards and permissiiileal limits. De Vries
and Bakker (1998)reported that the critical soil total contents afadcording
to some environmental regulations allover the warkel 10 ppm in Denmark; 15
for clay soils and 70 ppm for sandy soils in Genna2D ppm in Canada; 30
ppm in Ireland; 35 ppm in Netherlands; 40 ppm iml&id; 50 ppm in
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Switzerland; 60 ppm in both Taiwan and Czech Repuland 85 ppm in
Eastern Europe. In comparison with these limitgomld be observed that the
mean Ni values of the top soil of Fayoum Distrmisare generally greater than
the standards of these countries. According to &&thds Developed system
(Chenet al. 1999)the cleanup limit of Ni total content at which so#hould be
remedaited is 210 ppm , therefore soil at sites6N®1, 32, 34, 53, 60, , 67, 74
and 78 should be remedaited from Ni pollution.

3.4.2. DTPA-extractable Nickel.

The concentrations of DTPA-extractable Ni in safsFayoum District
are given in table (1). DTPA extractable valuesNofanged between 0.03 and
1.48 mg kg soil in the top 30 cm layer with a mean of 0.47 kaggoil. Values
in subsoil (30-60 cm) ranged from 0.02 to 0.64 withaverage of 0.27 mg kg
soil. The overall mean value of the top 60 cm layas 0.06 mg Kgsoil. Data
of DTPA extractable Ni were not used in the evatmabf soil contamination
with Ni since there are no available internatiostdndards or documented
critical limits in the literature in terms of DTPéxtractable Ni. Investigations of
Rashad et al. (1995)showed that DTPA extractable Ni contents range from
0.38 to 1.04 mg Ni Kg with an average of 0.66 mg Ni Kgn recent Nile
alluvial soils, while in coastal barrier plain soisandy soils) they range from
0.2 to 0.4 with an average of 0.31 mg NiKg

3.5. Conclusions and Recommendations.

As shown in table 1, the concentrations of bothaltand DTPA
extractable-Cd, Pb and Ni in Fayoum District seikre generally greater in the
surface (0-30cm) in comparison with those of thiessuface layers (30-60cm),
with some exceptions in some sites. The generahmeftotal Cd, Pb and Ni in
top soils were 2.16, 1.87 and 2.88 times those haf subsurface layer.
Corresponding ratios of DTPA extractable-metalsen227, 1.4 and 1.74 for
Cd, Pb and Ni respectively. These results may teatthe conclusion that the
surface layer of Fayoum District soils has beenesiibd to contaminants by the
three metals that may be originated from atmosphdgpositions, applied
commercial fertilizers (phosphatic in particulapesticides, manures, waste
disposals and may be discharge of untreated danssstiage.
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Results of the present investigation emphasizedrélaé need to more
systematic research work in order to identify th@mresources as well as the
degree and the geographical distribution of saitamination with heavy metals
not only throughout Fayoum Governorate but alsovall the country.

Statistical analysis of data indicated that theralation coefficients
between total and DTPA-extractable amounts of rmetadre of no trend. This
could be expected since all Fayoum soils are allkakaction and almost rich in
CaCQ, therefore most of the total amounts of metalsfaned in unavailable
form which are less toxic to plants. This emphasiaether research work in
order to find out suitable standards in terms ofPBJextractable amounts of
metals with DTPA or other extractants in additiantheir total contents for
evaluation of pollution with heavy metals in agftaual soils of Egypt.

The most suitable remediation methods should bentifted and
precautions must be taken in order to minimizedidgree of soil contamination
with heavy metals.
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