This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-"'""""‘-'-' "’-'{ " International Journal of Environmental Analytical Chemistry
3

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

mmw £y Speciation of Heavy Metals in Sewage Sludge and Sludge-Amended Soil
CHEMISTRY. M. Legret®

taeac | °Laboratoire Central des Ponts et Chaussées, Bouguenais, France

Precerdings of the 8 Workshem an
and -

Ermvircmmental snd Gleicsl Analysin

in

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Legret, M.(1993) 'Speciation of Heavy Metals in Sewage Sludge and Sludge-Amended Soil',
International Journal of Environmental Analytical Chemistry, 51: 1, 161 — 165

To link to this Article: DOI: 10.1080/03067319308027621
URL: http://dx.doi.org/10.1080/03067319308027621

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iliable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319308027621
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 06 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., Vol. 51, pp. 161-165 © 1993 Gordon and Breach Science Publishers S. A.
Reprints available directly from the publisher Printed in the United States of America
Photocopying permitted by license only

SPECIATION OF HEAVY METALS IN SEWAGE
SLUDGE AND SLUDGE-AMENDED SOIL

M. LEGRET

Laboratoire Central des Ponts et Chaussées, BP 19, 44340 Bouguenais, France

(Received in final form, 21 September 1992)

The presence of heavy metals in sewage sludge restricts their agricultural use. Sequential extraction procedures
may provide an assessment of the mobility of these elements in sludge and sludge-amended soil, and may help to
predict the release of metals in soil solution. Nevertheless, the “phases” in which an element occurs are operationally
defined and it is necessary to standardize a procedure in order to allow the comparison of results from different
laboratories.
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INTRODUCTION

The heavy metal content of sewage sludge is the main factor which still restricts their
agricultural use. The distribution of heavy metals in the different forms and phases in which
they occur in soil and sludge can be determined using sequential extraction procedures ™.
The “forms” or “phases” are operationally defined by means of reagents and procedures
used to isolate an element fraction.

Sequential extraction procedures provide information about the differentiation of the
relative bounding strength of metals on various solid phases and about their potential
reactivity under different physico-chemical environmental conditions.

Such extraction procedures make it possible to evaluate the mobility of metals in the
environment; the metals associated with the “exchangeable” and “oxidizable” phases are,
in fact, easily mobilized by ion exchange reactions and by the decomposition and transfor-
mation of organic matter. These techniques may help to predict the release of heavy metals
in soil solution.

METHODS

In this work, a modified Tessier procedure } was used. The main difference with the
method of Tessier is the extraction of the *“oxidizable” phase after the extraction of the
161
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“exchangeable” phase. This method allows the destruction of organic matter which entraps
the mineral materials and then provide a better extraction of the following phases.

Step I Exchangeable cations: BaCl2 1 mol/l, 16 ml, shaking during 2h.

Step 2 Oxidizable phases (organic fraction and sulphides): H2O2 8.8 mol/1 + HNO3
0.02 mol/l, (5 + 3), 16 m], shaking during Sh + 1 h at 98°C; extraction with
CH3COONH34 3.5 mol/l, 10 ml, shaking during 1 h.

Step 3 Acid-soluble phases (carbonates): CH3 COOH 1 mol/l + CH3COONa 0.6
mol/l, 35 ml, shaking during Sh.

Step 4 Reducible phases: (Fe and Mn oxihydrates): NH20OH,HCI 0,1 mol/l, HCI +
4 mol/l CH3COOH, 35 ml, 4h shaking + 1 h at 98°C: extraction with
CH3COONHj4 3.5 mol/l, 10 ml, shaking during 1 h.

Step 5 Residual fraction: dry ashing at 550°C during 2h + conc. HCI + HF (1 + 1),
20 ml, evaporation to dryness.

The concentrations of heavy metals in the extracts were measured by electrothermal atomic
absorption spectrometry.

The aim of this work was to determine the distribution of heavy metals in the various
component phases of sewage sludges, sampled at various stages of a treatment plant, and to
investigate the mobility of cadmium and nickel by extracting them from the sludges as this
mobility is critical for agricultural use.

The sludges investigated were taken from a sewage treatment plant, from the Bordeaux
urban area, including liquid waste from a battery manufacturing plant. These sludges were
characterized by a very high level of contamination by cadmium and nickel.

Besides, the migration and speciation of Cr, Pb, Ni and Cd were investigated in a sewage
sludge-amended soil. The tests were carried out on samples from the INRA (Institut National
de la Recherche Agronomique) experimental site at the Station d’ Agronomie de Bordeaux,
on which varying doses of sewage sludges containing a large amount of heavy metals, in
particular Cd and Ni, has been spread. The sludge was anaerobically digested, conditioned
by heat and dewatered using a filter-press. The soil was gravelly, with a very coarse texture.
The following treatments were tested (beginning in 1976):

T: control, inorganic fertilization only,
A: application of 10 t ha™ yr"' (dry matter) of sludge until 1980.
B: application of 100 ha™ 2yr" (dry matter) of sludge until 1980.

Since metals are generally associated with the fine fraction, the investigation was carried
out on the fraction less then 125 pm of the of the samples taken in 1983.

RESULTS AND DISCUSSION

Mixed fresh sludge, anaerobic digested sludge, autoclaved sludge and filter dried sludge
were investigated. Aerobic stabilization of mixed fresh sludge was carried out in the
laboratory. Determination of the heavy metals dissolved in the pore water revealed that
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Figure 1 Speciation of metals in the anaerobic digested sludge. (% extracted).

nickel is the most soluble metal, while cadmium and lead are entirely associated with the
solid phase of the sludges.

It was found that, during the sewage sludge treatment, the metals become less and less
easy to mobilize, and tend to associate with the “reducible” and “residual” phases. Never-
theless, it seems that, in dried sludge that is to be discharged into the environment, all of the
heavy metals except lead are potentially mobilizable, cadmium, and most of all nickel, being
the most mobile since up to 25 % and 55 % of these metals appeared in the “exchangeable”
and “oxidizable” phases.

The speciation of metals in the anaerobic digested sludge is presented in Figure 1; the
complete results of this study are presented elsewhere s,

The study of the migration and speciation of heavy metals was carried out on samples
from a sewage sludge-amended soil taken in an experimental site ‘.



15: 06 18 January 2011

Downl oaded At:

164 M. LEGRET

Table 1 Sequential extraction of metals from sewage sludge-treated soils (% extracted, dry wt.) Treatment A,
sludge 10 vha/yr 0 — 20 cm layer (1983)

FExchangeable  Oxidizable Acid-sol. Reducible Residual Total
% % % % % mg/kg
Cr - 14.5 7.0 10.8 67.7 234
Pb 1.1 5.8 552 235 144 56.6
Ni 15.4 538 73 17.8 57 128.0
Cd 65.1 27.1 5.0 2.5 0.3 60.7

Treatment B, sludge 100 t/ha/2 yrs, 0-20 cm fayer (1983).

Exchangeable  Oxidizable Acid-sol. Reducible Residual Total
% % % % % mg/kg
Cr 02 10.8 17.1 18 539 419
Pb - 1.7 26.7 55.7 159 816
Ni 11.3 46.1 104 15.6 16.6 4920
Cd 36.1 18.0 343 113 03 216.0

The concentration of metals measured in this way shows a large increase in the metal
contents of the surface horizon. It can be seen that there are large increase of Cd down to
the 60—80 cm layer and of Ni down to the 40—60 cm layer in the case of massive applications
of sludge. In the system studied and over the time period concerned (1976-1983), the
following observations have been made (Table 1).

Among the four metals studied, Cd is the one that migrates most readily in the soil, down
to the 6080 cm layer. Most of the Cd is in an “exchangeable” form in the soil (i.e. extracted
by BaCl, in this case), and this relative ease of exchange must be considered in the light of
both the great mobility of this metal in soil horizons which was demonstrated and the uptake
of Cd by plants.

Ni is associated primarily with the “oxidizable” phase, and migrated down to the 40-60
cm layer.

Pb is associated with the “acid-soluble” and “reducible phase” and did not display a great
mobility in the soil, i.e. not farther than the 2040 cm layer.

The additions of Cr were smaller and this metal remains localized in the upper layer. Cr
is found primarily in the residual phase.

It is therefore assumed that the spreading of sewage sludges containing large quantities
of heavy metals may contaminate sandy soils down to deep layers, especially in the case of
Cd. Moreover, the method of selective extractions provides information about how the
metals are bound to the soil, and may therefore help to predict their mobility.

CONCLUSION

Single extraction techniques, and moreover sequential extraction procedures provide infor-
mation about the way metals are bound to sludge and soil, and may therefore help to predict
their mobility. The metals associated with the “exchangeable” and “oxidizable” phases are
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easily mobilized by ion exchange reactions and by the transformation of organic matter.

On sludge treated soils we can achieve an assessment of the mobility of metals by adding
the percentage of metals present in these phases. In contrast, the metals associated with the
“residual” phase are not able to be released and may constitute the background level of
metals in soil.

However, it has been shown that an important redistribution of trace elements among
phases may occurs during the extraction procedure ’ and that the comparison between
various extraction techniques is difficult, moreover, an uncertainty on the significance of
the extracted metal remains °.

Consequently, it is necessary to define a reference method for the sequential extraction
of metals and to validate this method in relation to the mobility and availability of metals
in the environment.
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