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ABSTRACT

INTRODUCION

Metalliferous mining and smelting,
clectroplating, industrial wastes, chemical and
other manufacturing industries, chemical ferti-
lizers, pesticides, vehicle exhausts and irriga-
tion with industrial waste waters are the most
important anthropogenic sources of soil poll-
ution (Atia, 2005 and Abbas, 2007). Land
application represents an economically
desirable outlet for the producers of a waste
and a potential cheap source of organic matter
and fertilizer elements for landowners
(Iwegbue er al, 2006). In addition to the
potential beneficial components, some waste
materials may also contain non-essential
clements, persistent organic compounds and
microorganisms that may be harmful to plants
(Mullin and Mitchell, 1994 and Lwegbue et
al.,, 2005).

The chemical forms of the heavy
metals affect their mobility and bioavailability
and accordingly their absorption by plant,
therefore remediation of the soils polluted
with heavy metals is dependent, to a large
extont, on recognition of distribution of the
heavy metals among the different soil frac-
tions (Snchez- Martin e/ al., 2007).

Sequential extraction technique was
adopted by many investigators to assess
reactivity of the different species of various
heavy metals in soils. El-Gendi (2003) in a
fractionation study on Cd, Co, Cu, Pb and Zn
in Al-Gabal Al-Asfar soil, Qalyoubia Gover-
norate, Egypt found that these metals were
distributed among the different soil fractions
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following different sequences. Pb followed the
descending order: organically- bound (ORG)
> Fe-Mn oxides- bound > Residual- bound
(RES) > carbonate- bound (CA) > exchange-
able (EXC) whereas Cd followed the
sequance: ORG > RES > Fe-Mn oxides-
bound > CA > EXC. Also, Co was predo-
minately organically bound or in the residual
fraction, and the residual fraction was the
dominant form of both Zn and Cu. Potential
difficulties associated with fractionation pro-
cedures have been grouped in four categories
i.e., absence of validation, sensitivity to pro-
cedural variables, post extraction re-adsor-
ption and selectivity and sample preservation.
Despite such difficulties, sequential extraction
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is considered the most reliable method for
assessing the origin, manner of occurrence,
biocavailability, mobilization and transport of
heavy metals (Ma and Rao, 1997).

The current study was conducted to
(i) determine the total metal contents of the
essential heavy metals (Zn and Cu) and the
non essential ones (Cd, Co and Pb) in some
soils of Egypt polluted with metal ions due to
different anthropogenic activities (ii) assess
the metal ion distribution among the different
soil fractions and (iii) asses the mobility index
which represents the potentially available
forms of these metal ions.

MATERIALS AND METHODS

The soil samples:

Six surface soil samples (0-30 cm)
were collected from six locations polluted
with heavy metals due to different anthro-
pogenic activities. These locations are:

1- Al-Gabal Al-Asfar farm where the soil is
polluted with heavy metals due to irriga-
tion with the scwage water.

2- Arab Abou-Saed arable fields whose
source of irrigation and pollution is the
treated sewage and industrial wastewaters
of Arab Abou-Saed waste water treating
plant.

3- Bahr Al-Baqgar arable soil where the soil
is irrigated with Bahr Al-Bagar drain.

4- Toukh agricuitural fields along the Cairo-
Alexandria highway, where the source of
pollution is the car exhausts due to the
heavy traffic density on the highway.

5- Namou! village where the source of irri-
gation and pollution is Namoul drain.

6- Shobra Al-Khema industrial area where
the source of soil pollution is the smelters
and factories in this area.

Methods of soil analyses:

The soil samples were air dried, crushed,
sieved through a 2 mm sieve and kept for the
following analyses:
= Particle size distribution by pipette method

according to Kilmer and Alexander (1949)

using Na-hexameta-phosphate as a dispers-
ing agent.

= Organic matter content according to
Walkley and Black method, as described by
Page et al. (1982)

» Total carbonates by means of the calci-
meter, (Piper, 1950)

» pH electrometrically in 1:2.5 soil — water
suspension using a pH meter as outlined by
Page et al. (1982)

= Electrical conductivity of the soil paste
extract using electrical conductivity bridge
as described by Richards (1954)

= Cationic and anionic composition in the
soil paste extract using the standard methods
outlined by Page et al. (1982)

= Total Cd, Co, Pb, Cu and Zn in soil digests
of a mixture of conc. HNO; and conc.
H,S0, and 62% perchloric acid as recom-
mendded by Hesse (1971)

Heavy metals fractionation:

The method for heavy elements
fractionation proposed by Tessier et al. (1979)
was followed for the determination of Cd, Co,
Pb, Cu and Zn fractions in the studied soils.

The method consists of sequential
extraction of the soil with different solutions,
and it is designed to separate heavy metals
into six operationally defined fractions. A
summery of the procedure is as follows:



Table (1): Some physical and chemical prope

ies of the investigated soils.

One gram of each dry soil was
weighted and put into a 40 mL polycarbonate
centrifuge tube to obtain the different fiactions
as follows:

»  Water-soluble: The soil samples were
oxtracted with 15 mL portions of deio-
nized water after shaking for 2 hours.

» Exchangeable: The residuss from water
soluble on wore extracted with § mL,
portions of | M M, conm ) ufm
g‘nlmklu. for | hour

on,

»  Carbonate-bound: Tho residuss from
oxchangeablo fraction were oxtracted with
8 mL portions of | M sodium acetate
(NaOAc), adjusted to pH § with HOAs,
for § hours with continuous agitation,

¢  Fe-Mn oxides bound: The residues from
carbonate fraction were extracted with 20
mL portions of 0,04 M hydroxylamine
hydrochloric (NH;OH HCI) in 25% (v/v)
acetic acid (HOAC) at 96°C with oocca-
sional agitation for 6 hours.

Soil location
G::ﬂ Arab | Bahr | Toukh | Namoul | Shobra Al
The property AL | Abou- | Ak Khema
Asfar Ssed | Bagar
sy | 63 | & | &9 Ss) (S6)
Particle size distribution %
Sand 8753 | 4901 | 17.60 | 24.02 | 14.75 21.00
Silt 542 | 36.09 | 2437 | 2499 | 30.25 29.49
|  Clay 705 | 1490 | 58.03 | 5099 | 55.00 |  49.51
Textural class Sand { Loam | Clay | Clay Clay | Clay loam
Organic matter % 387 | 098 | 149 | 229 | 2.52 1.21
Calcium carbonate % 3.07 18.62 | 4.54 242 1.88 2.40
| pH (1:2.5) soll-water suspension 6.85 7.45 7.4 7.15 7.4 7.60
 EC (dSm™) 169 | 13.10 | 592 | 8.10 93 6.10
[ Soluble ions (mmol. L) '
i Ca" 737 | 3798 | 12.30 | 47.98 | 31.03 31.03
| My 083 | 778 | 642 | 21.04 | 17.55 11.61
Na 7.08 [106.00 | 3553 | 23.52 [ S1.77 32.96
K 072 1 085 [ 085 [ 128 [ 0.83 0.24
CO,~ 000 [ 000 | 000 | 000 | 000 0.00
HCOy 228 | 374 | 480 | 428 | 428 3.74
cr 588 | 6664 | 2744 | 1764 | 3928 29.40
$0.* 784 | 8223 | 2286 | 71.90 | §7.62 42.70

o Organically- bound: The residues from
Fo-Mn oxides fraction were extracted
with 3 mL portions of 0.02 M HNO, and
5 mL of 30% H;0; (adjusted at pH 2 with
HNO3), The mixtures ware heatod to 85°C
for two hours with occasional agitation

¢ Residuali The residues from organically-
bound fraction were placed in platinum
crucibles and digestad with hydrofluoric
and perchloric acid according to Jackson
(1973).

Follcwin' sach extraction, mixtures
were oentrifuged at 5000 rpm for 10 minutos.
Prior to the start of the next extraction step, the
residues were shaken with § mL water for 30
minutes, centrifiged, and the wash solutions
were discarded. All total and chemically
extmotable heavy metals were determined
using ICP.MS. (Inductively Coupled Plasma
Mass Spectrometer) TSA (POEMS. 111).
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RESULTS AND DISCUSSION

Total contents of the studied metal ions:

Data presented in Tables 2 to 6 reveal
that total contents of the investigated metal
ions varied depending on types of both soil
and metal ion. In Al-Gabal Al-Asfar and Bahr
Al-Bagar soils, these metal ions could be
arranged according to their total content in the
following descending order: Zn > Cu > Pb >
Co > Cd. A rather different sequence charac-
terized Arab Abou-Saed, Toukh and Namoul
soils where the following order
was attained Zn > Cu > Co > Pb > Cd. A third
sequence characterized Shobra Al-Khema soil
in which the studied metal ions followed the
descending order: Cu > Zn > Co > Pb > Cd.
The variations in the sequence of the metal
ions in the studied soils might be attributed to
the parent material from which the soil was
originated as well as the source of contamina-
tion of soil. However, total contents of heavy
metals provide little information on the
bicavailability of heavy metals and potential
hazard that may occur due to these metal ions
(Li and Shuman, 1996). Therefore, the current
study dealt with the distribution of the metal
ions among the different fractions. Such a
fractionation study would be helpful in
determining the readily mobile fractions as
well as the other metal fractions, especially the
residual fraction which are considered
immobile and tightly bound and may not be
expected to be released under natural
conditions (Zorpas ef al., 2007 and Iwegbue ef
al., 2007).

Distribution of the metal ions among the
different soils:

Data presented in Tables 2 to 6 reveal
that the sum of extractable fractions of Cd, Co,
Pb, Cu and Zn relative to the total content
varied from a metal ion to another and also
from one soil to another. This sum varied
from 81 to 88% for Cd, 78 to 84% for Co, 76
to 88% for Pb, 77 to 83% for Cu and from 80
to 83% for Zn.

On the other hand, the sum of
extractable fractions of different metal ions
varied from 79 to 88% of the total  contents in
Al-Gabal Al-Asfar soil, from 76 to 80% in
Arab Abou-Saed soil, from 80 to 88% in Bahr
Al-Bagar soil, from 78 to 83% in Toukh soil,

from 79 to 84% in Namoul soil and from 81 to
84% in Shobra Al-Khema soil. -

Tessier et al. (1979) reported that the
extractable fractions of Cd, Co, Ni and Pb in
sediment samples were within 88 to 97% of
their sums. In the same counsideration, El-
Gendi (1994) reported that Pb extractable
fractions in normal, moderately, and highly
polluted soils amounted 73, 76 and 94% of
their total Pb, respectively. The association
between heavy metals and the different soil
components determine their mobility and
availability (Kabala and Singh, 2001).

Soluble fraction:

In all the soils, the percentages of the
soluble fractions of any of the studied metal
ions seemed the lowest. Percentage of soluble
fraction relative to the total content of Cd
ranged from 0.59% in Al-Gabal Al-Asfar soil
to 3.66% in Namoul soil. The corresponding

es of Co, Pb, Cuandanangedfrom
0.01, 0.46, 0.62 and 0.13% in Arab Abou-
Saed, Arab Abou-Saed, Al-Gabal Al-Asfar
and Al-Gabal Al-Asfar soils to 0.29, 0.96,
0.96, 0.69% in Toukh, Al-Gabal Al-Asfar,
Bahr Al-Bagar and Bahr Al-Baqgar soils,
respectively.

The low percentages of soluble metal
ions are ascribed to the reactions between
metal ions and soils, which mainly include
complexation, surface adsorption, exchange
reactions, chelation and precipitation of metal
ions on the soil particle surface; or to diffusion
into the mesopores and macropores of soil
leading to conversion of highly soluble forms
into less soluble ones (Ma and Rao, 1997).

Exchangeable fraction:

The lowest percentages of exchan-
geable fractions of Cd, Co, Pb, Cu and Zn
were 5.94, 3.18, 1.10, 0.44 and 1.19% in Al-
Gabal Al-Asfar, Arab Abou-Saed, Arab
Abou-Saed, Shobra Al-Khema and Al-Gabal
Al-Asfar soils, respectively. The correspon-
ding highest of the aforemen-
tioned metal ions were 9.13, 8.22; 4.69, 2.36
and 2.92% in Namoul, Namoul, Namoul,
Arab Abou-Saed and Toukh Soils, respec-
tively.



The aforementioned results reveal
that the summations of soluble and exchange-
able fractions of the investigated soils are
rather low. These fractions (soluble + exchan-
geable) are considered the most biologically
active fractions (Leita and De-Nobili, 1991;
He er al,, 1992). Accordingly, these fractions
have somewhat low potential of contamina-
tion of food chain, surface water and ground
water,

In spite of the low total contents of
both Cd and Co, the percentages of their
soluble + exchangeable fractions seemed

higher than the other studied metal ions. This

finding holds true in all the investigated soils
regardless of their physical and chemical
properties as well as the source of pollution.
Naidu et al. (1994) reported that the exchan-
geable Cd was probably hydrated Cd** and
adsorbed via outsphere surface complexation.

Carbonate-bound fraction:

Percentages of carbonate-bound
fractions of the studied metal ions although
are generally, relatively higher than the corres-
ponding exchangeable fractions, yet they
varied from one metal ion to another and from
one soil to another.

Percentages of Co- bound to the
carbonate fraction in the different studied soils
seemed higher than the corresponding ones of
Cd, Pb, Cu or Zn and also, the calcareous soil
of Arab Abou Saed showed the highest
percentage of Co- bound to the carbonate
fraction (27.25%). The relatively higher con-
tont of CaCO, in this soil might account for
such a high fraction. These resuiis agree with
those of Renella ef a/. (2004) who found that
in a calcareous soil under various mana-
gements, most of Cd of the soil was slightly
available, being mostly bound to carbonate
and residual fractions.

Fe-Mn oxides bound fraction:

Percentages of metal ions bound to
Fe-Mn oxides, (which differed from one metal
ion to another and from one soil to another)
were generally higher than the corresponding
carbonate- bound ones except in Arab Abou-
Saed soil where percentage of the carbonate-

bound fractions sometimes exceeded the Fe-
Mn oxides- bound ones. The Zn- bound to Fe-
Mn oxides was at the highest percentages
compared with the other heavy metals in Al-
Gabal Al-Asfar, whereas Cu bound to Fe-Mn
oxides represented the highest percentage as
compared with the other metal ions bound to
these oxides in Arab Abou-Saed soil. Higher
percentages of Pb bound:to Fe- Mn oxides
characterized Bahr Al-Bagar and Shobra Al-
Khema soils. The Cd bound to Fe-Mn oxides
was the dominant form as compared with the
other metal ions bound to the Fe- Mn oxides
in both Toukh and Namoul soils. Abd- El-
Fattah and Wada (1981) stated that Fe oxides
showed the highest affinity for the selective
adsorption of Cd and Zn and a greater affinity
for selective adsorption of Co. Cobalt is also
adsorbed by crystalline Mn- oxides. In soils of
relatively high pH such as the case herein, the
formation of hydroxy species, Co(OH),, is
expected to be precipitated at the oxide
surface. Kabata Pendias and Pendias (2001)
found that the highest proportion of adsorbed
Cu were bound with Fe and Mn oxides,
amorphous Fe and Al- hydroxides and clays.
Riffaldi er a/. (1976) reported that Pb was
found associated mainly with Mn oxides, Fe
and Al hydroxides.

Organic-bound fraction:

Data presented in Tables 2 to 6 reveal
that generally higher percentages of the
studied metal ions are bound to the organic
fraction. Generally, Cd was the highest metal
ion that was bound by organic fraction as
compared with the other studied metal ions in
Al-Gabal Al-Asfar and Arsb Abou- Saed
soils. The high portion of Cd associated with
organic matter indicates a high affinity of
these metals.

PmentqelofCu-omiallybound
fractions exceeded the other metal ions
organically bound fractions in the other
contaminated soils. Sknchez- Martin er al.
(2007) found that Cu distribution was mainly
found in the organic fraction. The increased
affinity of Cu for the organic matter was
reported also by Merrington ef al. (2003) and
Sénchez- Martin ef al. (2007). Presence of Cu
in organic matter fraction agrees with many
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studies (Mabila er al., 2001 and El- Gendi,
2003) that have shown that Cu has high
affinity for organic matter and forms strong
specific bond with electron- rich functional
groups in organic matter. It is obvious that
organic ligands complex Cu ions preferen-
tially over the other metal ions.

Percentage of Zn bound to the
organic matter seemed, generally, lower than
the percentages of the other metal ions
organically bound fractions in Al-Gabal Al-
Asfar, Toukh and Namoul soils. This result
stands in good agreement with that of El-
Gendi (2004) who stated that low portion of
Zn was associated with organic matter. Soil
organic matter is capable of bonding Zn in
stable form. However, stability constants of
Zn- organic matter in soils are relatively low
(Stevenson, 1967).

Pronounced percentages of Pb are
organically bound. The relatively high percen-
tage of Pb- organically bound fraction is
expected since Pb has high affinity with
organic matter (Zimdahl and Skogerboe,
1977).

Residual fraction:

The residual fraction of the studied
metal ions was either the highest dominant
fraction or the second dominant one. For
example; it was the dominant fraction for Co,
Pb and Zn in Al Gabal Al- Asfar, Bahr Al-
Bagar, Toukh and Namoul soils. On the other
hand, it was the second dominant fraction for
Cd at the same soils. Kabala and Singh (2001)
indicated that metal ions incorporated into the
crystalline lattices of clays appear relatively
inactive. These results agree with those of El-
Gendi (2003 and 2004) and indicate that the
greatest percentages of the metal ions are
present in forms tightly bound and
consequently are not readily available.

Bioavailability and mobility Index (MI):
Water soluble and exchangeable frac-

tions are considered readily mobile and

bioavailable, whereas other metal fractions,
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especially the residual fraction within the
primary mineral lattice phase (Li and Shuman,
1996) are considered immobile and tightly
bound and may not be expected to be released
under natural conditions.

Accordingly, the studied metal ions
can be armanged according to their
biocavailability in the following descending
order: Cd > Co > Pb > Zn > Cu in all the
investigated soils except Arab Abou-Saed soil
which is of a calcareous nature where the
following descending order was obtained: Co
>Pb>Zn>Cd>Cu.

The aforementioned results show that
with the exception of Cd, the very small
percentages of heavy metal ions found in the
soluble and exchangeable fractions would
indicate that these ions originate from
different anthropogenic sources as well as
those primary found in soil undergo immobili-
zation process. Accordingly, the risk of heavy
metals pollution might be reduced.

Kabala and Singh (2001) calculated
what is known as the mobility index (MI) on
the basis of metal percentages in the soluble
and exchangeable fractions beside the
carbonate bound fraction, which normally
represent the metal pool in more labile forms
(potentially available forms according to
Shrivastava and Banerjee, 2004 and Fuentes et
al., 2004).

Calculation of the overall mobility
index of the studied metal ions reveal that
these metal ions followed the descending
order: Co > Cd > Pb > Zn > Cu. This result
indicates that Co is suggested to be as one of
the most mobile elements and accordingly this
clement plus Cd may have the greatest
environmental significance. By contrast, the
potential mobilities of Zn and Cu are
relatively lower, probably due to complexa-
tion of these metals by organic matter and the
other soil components.



Table (2): Distribution of Cd ssmeng the different fractions of the investigated soils.

Sum. of Fractions

mgkg'

2.38

1.83

0.162

0.159

0.243

0.260

Tetal Fractions
Carbenate | Fe-Mnoxides | Orgmmically . Sum. of
Sl Location | et | Selsble | Exchangeable| hownd bownd bownd Residual Fractions

mgiy

mgig'| % |mgie’| % |mgkg’| % |mgig’'| % |mexe’| % |mgie’'| % | meig’ Z::,‘
Al-Gabal AlAsfar | 2515 | 0040 ] 0.19 | 0880 | 4.16 | 2790 [1320] 1880 | 892 | 7290 | 3450 | 8250 | 39.03 | 21.13 | 84
Arab-Abousaed | 1217 | 0001 | 001 | 0317 3.18 | 2720 [2725] 07T | 7.72 | 1.723 | 1726 | 4450 | 44.58 | 998 | 82
BehrAl-Bagar | 27.14 | 0061 | 028 | 1.160 | 532 | 3470 [16.00] 2910 | 1339 | 5040 | 2321 | 9.080 | 41.80 | 217.12| 80
Toukh 2654 | 0060 029 | 1550 | 7.48 | 2570 [1242] 2990 | 1442 | 5540 | 2675 | 7990 | 38.64 | 2070 | 78
Namoul 2610 |0039] 018 | 1.8300 | 822 [ 2770 [12.62] 30| 1399 | 5630 | 2576 | 8620 | 3932 | 2192 | 84
Shobra Al- Khema | 24.08 | 0016 | 008 | 123 | 629 | 268 [13.73] 2600 | 1333 | 387 | 1987 | 9.11 | 46.70 | 1950 | 81

L.os....n:fo SUONIDLY mmmam &MVWN MH mos.m uopnquisiq



Table (4): Distribution of Pb among the different fractions of the investigated soils.

Fractions

Carbonate

Fe-Mn oxides
bound

Soil Location bound

mg kg

%

mgkg

%

Al-Gabal Al-Asfar . 2520

3.72

5.040

745

Arab- Abou saed : 1.607

19.38

0317

9.85

Bahr Al- Baqar 3.360

9.48

8.630

2447

Toukh 0.578

4.62

2510

20.08

Namoul 0.323

3.30

1.840

18.80

Shobra Al- Khema 1.27

> Table (5): Distribution of Cu among the different fractions of the investigated soils.

7.80

3.040

18.69

Al-Gabal Al-Asfar

Arab- Abou saed

Bahr Al- Baqar

Toukh

Namoul

Shobra Al- Khema

oy 8

800Z ‘(1)9# ‘194 ‘doqosysopy a8 sy Jo sppuuy



Table (6): Distribution of Zn smsng e dlllcrent fractisns of the isvestipated seis
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Mobility Index %

Ccd Co

Pb Cu Zn
Metal lon

Fig. (1): Mobility index of Cd, Co, Pb, Cu and Zn of the studied soils.
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