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Abstract-Distribution, mobility and toxicity of heavy metals in the
environment depend on the association form in the solid phase to
which they are bound. Sequential extraction techniques used to
obtain suitable information about heavy metals bounding form
and eco- toxicity. In this work, the speciation of heavy metals (Cd,
Co, Cu, and Pb), individual metal contamination factor (Cf) and
mobility of metals from sewage sludge hills to surrounding
ecosystem were conducted. An optimized two sequential
extraction (Tessier and BCR) and single extraction procedures
for sewage sludge were used. Sewage sludge samples were
collected from sludge hills near a wastewater treatment plant at
Kema region Aswan. The percentage of each metal as residual,
oxidizable, reducible and exchangeable form was calculated. The
results revealed that on the basis of heavy metals speciation, the
individual contamination factor values of Cd and Co have the
highest mobility (Cf: 27.38 and  36.36, respectively) and
susceptibility to be released from the sludge, while Pb and Cu
have the lowest mobility (Cf 2.25 and1.39, respectively). This
study provides valuable information on the mobility of metals in
sludge and helps in predicting their behaviour to the ecosystem.
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. INTRODUCTION

Sewage sludge is an unavoidable by-product of wastewater
treatment plants and problematic in its disposal. The
accumulation of sewage sludge from urban wastewater
treatment is a growing environmental problem. However, this
practice represents a potential threat to the environment
because of the possible high heavy metal content. The main
problem may be aggravated if the toxic metals are mobilized
in the soil and be taken up by plants or transported in drainage
waters or scattering to air cause air pollution [1- 4].

Metal accumulation in sludge poses an environmental
problem concerning possible metal transfer from these sludge
to ecosystem as well as their uptake by plants, thereby
including them in the food chain. In order to estimate the
reliable bioavailability of metals in the swage sludge, their
capacity for mobilization and their potential toxicity it is
desirable to determine the different chemical forms or ways of
binding between heavy metals and the sludge sample [ 5 -6 ].

The distribution of metals in sewage sludge can provide
researchers with evidence of the anthropogenic impact on
ecosystems and, therefore, aid in assessing the risks associated
with discharged human waste. The analysis of heavy metals is
a very important task to assess the potential environmental and
health risk associated with the sludge coming from waste
water treatment plants. .However, it is widely accepted that the
determination of total elements does not give an accurate
estimation of the potential environmental impact. So, it is
necessary to apply sequential extraction techniques to obtain

suitable information about their bio availability or toxicity
[7.8]

Although the separation of various chemical forms of
heavy metals is very difficult, the use of sequential extraction
methods in this way provides an important approach. The
application of sequential extraction procedures provides
relevant environmental information on polluted samples.
Therefore, several sequential extraction schemes have been
developed to predict the metal distribution among different
fractions, usually including exchangeable, associated to
carbonates, associated to Fe-Mn oxides (or reducible),
associated to organic matter and sulfides (or oxidizable) and
residual [ 9-13].

The Community Bureau of Reference (BCR) in 1987
began a programme to harmonise the methodology used in the
sequential extraction schemes used for determining metals in
soils and sediments [14]. This procedure has been successfully
applied to a variety of matrices, including lake, lagoon and
marine sediments, sewage sludge, soil and industrially
contaminated made-up ground [1, 2, 3, 15-20].

During recent decades, a great variety of extraction
schemes, both simple and sequential have been developed.
Sequential extraction is recognized as the best available
method for gaining information on the origin, manner of
occurrence, bioavailability, mobilization and transport of
heavy metals and also, therefore, for sewage sludge [21].

The main objective of this work was to compare, in treated
sewage sludge samples, the results the extracted heavy metals
Cd, Co, Cu and Pb obtained using the conventional Tessier
and BCR sequential extraction methods with those achieved
from single extractions, employing similar operating
conditions to the corresponding Tessier and BCR individual
steps. Also the objective was to evaluate the studied metals
toxicity through calculating the metal contamination factor

(cf).

Il. METHODOLOGY

A. Sample Collections

Sewage sludge samples were collected in polyethylene
containers from wastewater treatment plant located in Kema
region Aswan. The samples were dried at 110 °C in an oven
until a constant weight was achieved, after which one part of
the sample was ground using an agate mortar. Then, the
sample was sieved and the sludge with a particle size < 70
pum was separated. The sieved sample was kept in
polyethylene bags until sequential extraction or digestion for
total analysis.
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B. Reagents and Glassware

Extraction solutions (listed in the protocol of the Tessier
and BCR schemes) were prepared from analytical-reagent
grade reagents (BDH, UK). Standard solutions of Cd, Co, Cu,
and Pb were prepared by dilution of metal certified standard
solutions (1000 ppm) for atomic absorption spectrometry
(BDH, UK). The hydroxyl ammonium chloride was prepared
prior to use. Dilute nitric acid and ammonia solutions were
used for pH adjustments. All glassware and plastic materials
used were previously treated for 24 h in 2M nitric acid and
rinsed with double distilled water and then with ultra pure
water. 50ml of acid washed polyethylene centrifuge tubes was
used for extraction, while 50 ml polyethylene vessels

C. Instrumentation

Metal determination in the extracts was carried out by
means of a Perkin-Elmer Model 2380 double-beam atomic
absorption spectrometer. Hollow cathode lamp for each metal
was used as radiation source. Resonance lines employed were
324.8, 357.9, 230.0, 217.0 and 213.9 nm for Cu, Co, Pb and
Cd, respectively. Lamp intensity and band pass width were
used according to the manufacturer’s recommendations.
WIROWKA Laboratoryjna type WE-1, nr-6933 centrifuge;
speeds range 0-6000 rpm, timer 0-60 min (Mechanika
Phecyzyjna, Poland) used for centrifugation.

D. Swage Sludge Analysis

The chemical parameters (C, O, Mg, Al, Si, S, P, Ca and
Fe) in the sewage sludge samples are presented in Table I.

TABLE | CHEMICAL ANALYSIS OF SEWAGE SAMPLE

Element C O Mg Al Ssi S P Ca Fe

Concentration 64 6.3 0.63 24 836 244 162 981 4.4

(%)

TABLE Il HEAVY METAL CONCENTRATIONS IN CERTIFIED
STANDARD REFERENCE MATERIAL

Certified
Metal Unit Concentration Measured Recovery
%
cd mg/kg 0.148+0.21 0.150+0.26 | 98
Co mg/kg 0.9+£0.007 0.8+0.010 112
Cu mg/kg 10.01+0.34 10.06+0.44 | 99.5
Pb mg/kg 2.008+0.039 2.010+0.41 | 99.9

E. Quality Control and Analysis

The quality control of the experiments was performed with
the analysis of the certified reference materials (SRM1646a
Estuarine sediment) obtained from the National Institute of
Standards and Technology. The analyses of the sequential
extractions procedure were being replicated three times. A
blank was also run at the same time. All glassware and plastic
containers were previously soaked in suprapure nitric acid
(Merck) overnight, and rinsed with deionized water. The
results and the certified values are presented in Table Il. A
good agreement was observed between the obtained and the
certified values for the metals analyzed (Cd,Co,Cu and Pb).

F. Sequential Extraction

Sequential extraction involves the treatment of a sewage
sludge material with a series of chemical reagents with
increasing dissolution and displacement power, in order to
extract metals according to the chemical activity and property
of their binding to the solid. Depending upon the reagents
chosen, the method can assess the level of water-soluble and
exchangeable metals, as well as metals contained in easily
reducible or oxidizable compounds. Thus, the Tessier and
BCR sequential extraction methods were applied in this paper.
Sequential extraction was performed using five-stage Tessier
method and three-stage procedure recommended by BCR.

1).Tessier Scheme
Step 1. (F1)Exchangeable/acid soluble fraction

One gram of sludge was agitated at room temperature for
1 h with 8 ml of 1 mol/l MgCI2 at pH?7.

Step 2. (F2)Associated to carbonates fraction

The solid residue from step 1 was agitated with 8 ml ofl
mol/l sodium acetate/acetic acid buffer at pH 4.5 for 15 h at
room temperature.

Step 3. (F3)Associated to Fe—Mn oxides (or reducible)

The solid residue from step 2 was extracted with 20 ml
0f0.04 mol/l hydroxylamine hydrochloride in 25% (v/v) acetic
acid at 965 °C in a water bath for 5 h 30 min.

Step 4. (F4)Associated to organic matter (or oxidizable)

The residue from step three was extracted with 3 ml 0f0.02
mol/l nitric acid and 5 ml of 30% (v/v) hydrogen peroxide.
The mixture was heated to 85+5 °C in a water bath for 2 h. A
second aliquot of 3ml of 30%H202 was then added and the
mixture was heated at the same temperature for 3 h. After
cooling, 5 ml of 3.2mol/lammoniumacetate in 20% (Vv/ V) nitric
acid were added. Then, the sample was diluted to20 ml and
agitated continuously for 30 min.

Step 5. (F4)Residual fraction

The final solid residue was digested with a mixture of
hydrofluoric and perchloric acids in Teflon beakers. A 0.2 g of
sample was first digested with a solution of concentrated
HCIO4 (2 ml) and HF (10 ml) and evaporated to near dryness;
subsequently a second addition of HCIO4 (1 ml) and HF (10
ml) was made and again the mixture was evaporated to near
dryness. Finally HCIO4 (1 ml) was added and the sample was
evaporated until the appearance of white fumes. The residue
was dissolved in concentrated nitric acid and diluted to 25 ml.

2). BCR Scheme

The BCR three-step sequential extraction procedure
described by Ure et al. [14] was followed.

Step 1. (F1) Exchangeable/acid soluble fraction

40 ml of acetic acid (0.11 mol/I) was added to 1 g sludge in
al00 ml centrifuge tube with stopper and extracted by shaking
for 16 h at 22+5 °C (overnight). No delay should occur
between the addition of the extractant solution and the
beginning of the shaking. The extractant was separated from
the solid residue by centrifugation at 3000 rpm for20 min and
supernatant liquid was decanted into a polyethylene container
and analysed immediately. The residue was washed by adding
20 ml distilled water, shaking for 15 min on the end-over-end
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shaker and was centrifuged for 20 min at 3000 rpm. The
supernatant was decanted and discarded.

Step 2. (F2)Reducible fraction

40ml of a freshly prepared of hydroxylamine
hydrochloride(0.1 mol/l) was added to the residue from step 1
in the centrifuge tube, resuspended by manual shaking, and
then extracted by mechanical shaking for 16 h at
2245 °C(overnight). No delay should occur between the
addition of the extractant solution and the beginning of the
shaking. The extractant was separated from the solid residue
by centrifugation and decantation as in step 1. The extract was
retained in a polyethylene container, as before, for analysis.
The residue was washed by adding 20 ml distilled water,
shaking for 15 min on the end-over-end shaker and
centrifuging for 20 min at 3000 rpm. The supernatant was
decanted and discarded

Step 3. (F3)Oxidizable fraction

10 ml of hydrogen peroxide (8.8 mol/l)was added carefully
to the residue in centrifuge tube and was digested at room
temperature for 1 h with occasional manual shaking. The
digestion was continued for 1 h at 85+2 °C, with occasional
manual shaking for the first 1/2 h in a water bath and then the
volume was reduced to less than 3 ml by further heating of the
uncovered tube. A further aliquot of 10 ml of hydrogen
peroxide was added. The vessel was covered again and heated
to 85+2 °C and was digested for 1 h, with occasional manual
shaking for the first 1/2 h . The cover was removed and
reduced the volume of liquid to about 1 ml. 50 ml of
ammonium acetate (1.0 mol/l) was added to the cool moist
residue and was shaken for 16 h at 22+5 °C(overnight). The
extract was separated from the solid residue by centrifugation
and decantation as in step 1.

Step 4. (F4)Residual fraction
The residue was digested with HF/HNO3/HCIO4.

3).Single Extractions

Single extractions were carried out by employing a
separate aliquot of sample (2 g) for each individual reagent.
Centrifugation and storage of extracts was performed as in the
sequential extraction schemes. However, in this case, the solid
residue was also rejected. The main advantage of this
proposed procedure is that all fractions can be simultaneously
extracted and, consequently, it supplies faster results than the
sequential methods. In contrast, a larger sample amount is
needed, which does not pose an additional problem when
environmental samples are being studied. With the exception
of the first fraction of the two methods, the metal content
corresponding to each individual fraction was calculated by
subtracting the results obtained in two consecutive stages. In
all cases, metal recovery was calculated as the following ratio:
[metal content using single extraction/metal / content using
sequential extraction] X 100

I1l. RESULTS AND DISCUSSION

The accuracy of the method was checked by recovery
studies.  The results of this study provide important
information on the potential of the heavy metals to the
environment ecosystem. The average concentration of heavy
metals in samples by Tessier and BCR methods were
presented in Tables Ill and IV.

A. Application of Sequential Extraction Scheme

1).Heavy Metal Distribution in Sewage Sludge by
Tessier Sequential and Single Extraction Scheme

Extractable Pb, Cd ,Co and Cu concentrations in sewage
applying both conventional Tessier method and single
extraction are shown in Table Il and Figure 1 and distributed
in different fractions as follows ( the percentage of metal
regards to the total metals) :-

Exchangeable fraction (F1):

From Fig.1 Cd was the predominant metal in this fraction
in both sequential extraction (32%) and single (16%)
extraction. Pb, Co and Cu extracted in low percentage (5.6, 3.4
and 2.6 %, respectively). This results was in agreement with
low Pb in this fraction by Albores et al.[5] and Alonso et al
[22]. Sequential extraction reveals higher metal extraction than
single procedure.

Carbonate Fraction (F2)

Small amount of all metals were extracted in this fraction.
On comparison of sequential and single extraction; single
extraction possesses lower values of Cd and Co (0.8 and3.7%,
respectively) than in sequential extraction (3.2 and 5.8%,
respectively) (Fig.1).

Fe-Mn fraction (F3)

For most of the metals, this fraction comprised a much
larger proportion of the whole sample than in the other
fractions. Pb and Co were mainly associated with this fraction
(25.8 and 15.6% for sequential extraction, respectively, and
27.4 and 66.1% for single extraction, respectively). Single
extraction reveals higher metal extraction for Pb, Cd, Co and
Cu (27.4, 24, 66.1 and 5.2%, respectively) than sequential
procedure (25.8, 8, 15.6 and 3.6, respectively) (Fig.1).

Organic Matter fraction (F4)

In this fraction Cu was mainly associated with oxidizable
fraction (39.6 and 42.6% in sequential and single extraction,
respectively) (Fig.1). Copper is predominantly associated with
the organic matter fraction. Results obtained in this study are
agreed with that obtained by Ashwoth and Alloway [23].

100%
r 90%
r 80%
r 70%
r 60%
r 50%
r 40%
r 30%
r 20%
r 10%
0%

O Single/oxid.
| Sequ./oxid.
@ Single/Reducible
| sequ./Reducible
O single/carbonate
0O Sequ./carbonate
B Single/Exch
O Sequ./Exch.

Cd Pb

Fig.1. Partitioning patterns corresponding to the Tessier methods in sewage
sludge sample

2).Heavy Metal Distribution in Sewage Sludge with the
BCR and Single Extraction Scheme

Extractable Pb, Cd ,Co and Cu concentrations in sewage
applying both conventional BCR method and single extraction
are shown in Table IV and Fig.2 and distributed in different
fractions as follows (the percentage of metal regards to the
total metals) :-

For overall procedures using a conventional BCR method,
all metals (Pb, Cd, Co, and Cu) were quantified in all fractions.
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TABLE IlI

RESULTS OBTAINED FOR SLUDGE SAMPLES (EXPRESSED IN pg/g) USING BOTH The CONVENTIONAL TESSIER METHOD AND SINGLE
EXTRACTIONS

Metals Exchangeable Associated to Associated to
fraction carbonates fraction Fe—Mn fraction
Pb Seque. Single % Recovery Seque. Single % Recovery Seque. Single % Recovery
cd 0.86 0.78 91 0.947 0.96 102 3.98 4.23 106
0.04 0.02 50 0.004 0.001 25 0.01 0.03 300
Co 0.175 0.05 28.5 0.30 0.192 64 0.814 3.44 423
cu 3.58 3.51 98 2.596 2.85 110 5.07 7.24 143
Pb Associated to Residue Sum of 4 steps
organic matter fraction and residue
Cd . . .
Seque Single % Recovery. Seque Single % Recovery. Seque Single %
Recovery.
Co 1.65 2.01 121 5.78 0.89 649 13.2 8.9 149
0.013 0.007 54 0.013 0.005 260 0.1 0.1 127
Cu
0.152 0.081 53 0.15 0.61 25 1.6 4.4 36
55.3 59.4 107 11.74 12.7 92 78.3 85.7 91
TABLE IV
RESULTS OBTAINED FOR SLUDGE SAMPLES (EXPRESSED IN pg/g) USING BOTH THE CONVENTIONAL BCR METHOD AND SINGLE EXTRA
Metals Acid-soluble fraction Reducible fraction Oxidizable fraction
Seque. Single % Recovery Seque. Single % Recovery Seque. Single %
Recovery
Pb 2.32 2.33 100 2.8 1.2 42 8.41 6.53 78
0.11 0.72 654 0.17 0.89 523 0.12 0.13 108
cd 0.38 2.39 628 0.25 0.04 160 0.713 0.143 20
2.1 2.34 111 6.81 5.74 84 55.2 51.3 92
Co
Cu
Pb Residue Sum of 3 steps
and residue
Cd Seque. Single % Seque. Single %
Recovery Recovery
Co 6.01 6.81 88 19.5 16.9 115
0.011 0.09 12 0.41 1.79 23
Cu 0.16 0.25 64 15 3.18 a7
11.43 13.94 82 75.5 53.3 142
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Acid-soluble fraction (F1)

From Fig.2 the acid — soluble fraction single extraction
procedure displayed the higher detectable Pb, Cd ,Co and Cu
contents than using sequential procedure .Cd and Cu were
leached in small amount when using sequential extraction.
Single extraction showed higher proportion extraction of Cd
and Co (33.6 and 61%, respectively) than sequential extraction
(5.1 and 9.7%, respectively). Pb and Cu extracted in both
sequential and single procedures in small amounts.

Reducible fraction (F2)

Cadmium (Cd) was the most extracted metal in this
fraction (41.6%) in the single procedure (Fig.2). Similar result
was found by Albores et al. [5] in heavy metals fractionation
of sewage sludge with different stabilization degrees. These
could be related to the medium in reducing conditions in
single procedure.

Oxidizable fraction (F3)

This fraction provides high extraction efficiency for all
metals except Cd which reveal the lowest extraction (5.6 for
sequential and 6.1 for single procedures). Sequential extraction
displayed the higher detectable Pb, Cd , Co and Cu contents
(35.7, 5.6, 18.2 and 44.7%, respectively) than using single
procedure ( 27.7, 6.1, 3.7 and 41.5%, respectively) (Fig.2).
Yuan et al. [18] reported high percentages of Cu (74.15%) in
the oxidizable fraction of sewage sludge.

The European Community Bureau of Reference (BCR)
proposed the three-step modified sequential extraction scheme,
focusing on the reproducibility of the extraction and the
selectivity of the extract- ants. Most of the reagents used in the
BCR method are acid-stabilized or adjusted to pH 1.5- 2.0,
thus also minimizing readsorption. It has been adopted for the
certification of the extractable metal amounts in reference soil
and sediment material and sewage sludge-amended soil
reference material [24].

r 100%

r 80%

O Single/oxide r 60%
B Sequloxide

O Single/reducible

O Sequireducible r 40%
W Single/carbonate

O Sequ/carbonate r 20%

0%

Cu Co Cd Pb

Fig.2. Partitioning patterns corresponding to BCR methods in sewage sludge
simple

B. Comparison of Heavy Metal Extractions by Tessier and Bcr
Sequential and Single Methods
The distribution of the metallic fractions differs according

to extraction scheme used (Tables Il and IV).Over all, the
higher value of copper (Cu) presented in organic fraction for

both sequential and single extraction (55.3 and 59.4 p/g,
respectively) by Tessier method, and 55.2 and 51.3 Wg,
respectively by BCR methods in the oxidisable fraction
(Tables 11l and IV). The recovery of Cu % in organic fraction
by Tessier method is higher (107%) than in the oxidisable
fraction in BCR method (92%). This high Cu level may be
attributed to the preference of Cu for organic matter which is
supported by the high stability constant of copper complexes,
and also with the fact that binding phase of Cu was organic
and sulfide fraction in the sludge [2, 21-23]. Cu-organic
matter complexes were generally considered relatively stable
and the evaluation of the bioavailability of metals to
environment is essential to predict changes in metal behavior
in response to environment conditions. Swage sludge is rich in
Fe oxide and Cu in oxidizable fraction can be mobilized and
available in this oxidizing conditions. So, the Cu in all sludge
samples had a high potential eco-toxicity and bioavailability to
the ecosystem [25].

The high proportion of Pb was observed in Fe-Mn fraction
at Tessier method (3.98 and 4.23 /g for sequential and single
extraction, respectively), and this agree with Fuentes et al.[2]
and Kazi, [26] finding. In the BCR method, Pb was
distributed between the oxidizable fraction and the residual
fraction. Recovery of Pb% in the Fe-Mn fraction by Tessier is
higher (106%) than in oxidizable fraction (78%) by BCR
method.

In BCR method a relatively high concentration of Cd was
obtained in reducible fraction (0.17 p/g and 0.89 p/g for
sequential and single extraction, respectively) and acid-soluble
fraction (0.11 and 0.72 p/g for sequential and single
extractions). In Tessier method Cd was distributed between the
exchangeable fraction and Fe-Mn fraction. Recovery of Cd %
in the reducible fraction (523%) in BCR method was much
higher than in the exchangable (50%) and Fe-Mn fractions
(300%) by Tessier method. In general highly metal extraction
were found in soluble fraction in weak acids for Cd, in bound
to Fe-Mn oxide fraction for Cu in oxidizable fraction for Pb.
Sanchez-Martin [17] reported the same finding. Co is
predominant in Fe-Mn fraction (0.81 and 3.44 p/g for
sequential and single extraction, respectively) in Tessier
method. In BCR method Co represented the high extraction
(0.713 and 0.143 p/g) for sequential and single extraction,
respectively) with lower Co recovery (20%) than in Tiessier
method (423%).

In Conclusion in the Tessier and BCR methods Pb, Cd and
Co contents leached from both compared extraction
procedures was nearly equivalent (Table V).Only Cu extracted
by single in the Tessier method and in sequential extraction by
BCR method show different trend in comparing metal
extraction by Tessier and BCR methods.

C. Contamination Factor of Heavy Metals (Cf)

It is an important aspect that indicates degree of risk of
heavy metals to environment in relation with its retention time.
A high contamination factor of heavy metal shows low
retention time and high risk to the environment. The individual
contamination factor (Cf) of heavy metals was used to
estimate the relative retention time of heavy metals retained in
the sludge. It is determined by dividing the sum of
concentration of each heavy metal in the mobile phase (non-
residue phase) by its concentration in the residue phase. The
global contamination factor (Cf) is equal to the sum of
individual factor [27].
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TABLEV TOTAL METAL EXTRACTED FROM SEWAGE SLUDGE
SAMPLE BY THE CONVENTIONAL TISSER/BCR METHODS AND
SINGLE EXTRACTIONS

Metals | Tessier methods (ug/g) BCR methods (ug/g)
Single* | Seque® | R% Single* | Seque R%
Pb 135 10.1 134 7.4 7.98 93
Cd 0.40 1.7 24 0.1 0.06 116
Co 1.34 2.93 48 14 3.76 38
Cu 64.1 39.3 16 66. 73 91

R%. Recovery percentage
a Sum of metals extracted in the four stages of the BCR method (expressed in
Hg/g).
b Sum of metals extracted in the three stages of the Tessier method (expressed
_ _inugg.
¢ Recovery is calculated using the following ratio: [total metal content
extracted by the sequential procedure/total metal content extracted using
single extraction method] x 100.

TABLE VI HEAVY METAL CONTAMINATION FACTOR (Cf) IN EACH
FRACTION OF SLUDGE BY TISSER AND BCR METHODS

Metal Pb Cd Co Cu
Tisser Fractions
Exchangeable. 0.15 3.08 1.17 0.30
Carbonate. 0.16 0.31 2.00 0.22
Oxidizable 0.17 0.08 1.28 0.24
Org.Matter 0.73 2.31 22.93 0.62
Total 1.21 5.77 27.38 1.39
BCR Fractions
Soluble 0.39 10.00 2.38 0.18
Reducible 0.47 15.45 1.56 0.60
Oxidizable 1.40 10.91 4.46 4.83
Total 2.25 36.36 8.39 5.61

Fig.3. Contamination Factors of each metal at different mobile phase by
Tessier method

TableVI, Figure 3 and Figure 4 show estimated
contamination factor (Cf) of each metal in the sludge in both
Tessier and BCR procedures. The calculated factors in both
methods show highest ability of Co ( Cf 27.38) and Cd (Cf
36.36) to be released from the sludge piles , whereas Pb (Cf
2.25) and Cu (Cf 1.39) have the lowest. The residual
concentration of heavy metal is considered non-mobile
fraction and is an important part influencing the mobility
nature of the heavy metal. The combined effect of Cd in high
concentration and with high mobility potential shows the
increased possible risk of these metals to the environment

Heavy metals that are distributed in acid soluble/exchangeable
fraction and reducible fraction are readily to be absorbed in
plants or in water system causing pollution. So, these fractions
should be identified as direct effect fraction. The oxidizable
fraction in this oxidizing condition is easily mobilized and
transformed into acid soluble/exchangeable fraction or

reducible fraction , potential of that eco-toxicity should not be
ignored. So, the oxidizable fraction can be identified as
potential effect fraction. The heavy metal bound to residual
fraction is often considered “unreactive”, and not affected by
environment changes, is identified as stable fraction [28].

25.00

20.00 1
15.00 +
Y—
O
10.00 +

5.00 4

0.00 +
Sing

Cf Carbo Cf OM

Cf Solub

Cf Oxid

Fig.4. Contamination Factors of each metal at different mobile phase by BCR
method

Metals bound to reducible and organic fractions are
presumed to be more bioavailable and thus more harmful to
biota [29]. Trace elements in unpolluted soils or sediments are
mainly bound to silicates. In environmental studies the
determination of the different ways of binding gives more
information on trace metal mobility, as well as on their
availability or toxicity, in comparison with the total element
content [30].

D. Mobility Potential of Heavy Metals

The mobility and immobility and thus toxicity of heavy
metals in sewage sludge depend largely on their type of
binding forms. Table VII compare the mobility potential of
heavy metals in different forms. It was noticed from Tables 7
and 8 that Cd and Co has the highest ability and susceptibility
to be released from the sludge by the simple ion exchanged
mechanism, while Pb and Cu have the lowest mobility. It is
seen that the chloride content in the leachate can bind with Cd
and enhances its mobility in the solid waste [31]. The presence
of acid soluble portion of Pb indicates its sensitivity to the
acidic condition and tendency to leach easily. Under varied
reduction conditions, the release of Cd, Co, Pb and Cu from
the solid waste sludge is expected. This is in contrast with Cu
which precipitates with sulfide, absorbed on the organic matter,
and appears to be stable under the anaerobic condition.
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TABLE VII MOBILITY OF HEAVY METALS IN SEWAGE SLUDGE

WITH TESSIER AND BCR PROCEDURES

procedures Condition Metal mobility
Steps
Tessier Exchangeable fraction Cd>Co>Cu>Ph
1 Carbonate fraction Co > Cd >Cu>Pb
2 Fe-Mn fraction Co>Cu >Pb >Cd
3 Organic matter fraction Co>Cd>Pb>Cu
4 Residual fraction Co > Cd >Cu>Pb
5
BCR Acid-soulble fraction Cd>Co>Pb > Cu
1 Reducible fraction Co > Cd >Cu>Pb
2 Oxidizable fraction Cd>Cu >Co>Pb
3 Residual fraction Co > Cd >Cu>Pb
4

IV. CONCLUSIONS
The analysis of heavy metals is a very important task to

assess the potential environmental and health risk associated

Wi

th the sludge coming from wastewater treatment plants. In

this study the application of sequential extraction methods to
sewage sludge samples provides relevant information about
possible toxicity of heavy metals when they are discharged
into the environment. The calculated factors in both methods
show highest ability of Co (27.38) and Cd (36.36) to be
released from the sludge piles, whereas Pb (2.25) and Cu (1.39)
have the lowest. The long treatment time required in these
procedures could be shortened by replacing the sequential
treatment by single extractions. Also this study provides

va
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luable information on the mobility of metals in sludge and
Ips in predicting their behavior to the ecosystem..
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