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Introduction
The application of compost obtained from the stabilisation
of organic fractions of municipal solid waste (MSW com-
post) is currently of interest to scientists and engineers
operating in the fields of agricultural productions and
waste management in Tunisia. In this context, MSW com-
post produced in the pilot plant of Henchir El Yahoudia is
currently under investigation for possible applications as
organic amendment in agriculture (Jedidi et al. 1993, 1995,
2001, Ayari & Mdimegh 2000, Ayari et al. 2002, Hamdi et
al. 2002). Nevertheless, compost is often contaminated by
heavy metals due to inadequate separation of biodegrad-
able fractions from non-degradable or inert materials. As a
consequence, potential utilisation of compost might be
restricted. Therefore, it is essential to monitor the magni-
tude of heavy metal contamination in soils, 

which requires detailed chemical analysis of the soil. 
Magnetic susceptibility measurement is a simple, rapid,

and non-destructive technique that can be applied on
soil/sediment samples. It has been reported that the tech-
nique is a useful and low-cost ‘tool’ for assessing anthro-
pogenic pollution, especially heavy metal pollution
(Oldfield et al. 1978, Beckwith et al. 1986, Locke & Bertine
1986, Thompson & Oldfield 1986, Verosub & Roberts
1995, Georgeaud et al. 1997, Durz̆a 1999, Hoffmann et al.
1999, Petrovský & Ellwood 1999, Yoshida et al. 1999,
Magiera & Strzyszcz 2000, Yoshida et al. 2002). In this
paper we report the comparative magnetic susceptibilities
as a method of measuring heavy metal contamination of
MSW compost-amended soils. 

Magnetic susceptibility was measured for agricultural soils
in Mornag area, Tunisia, where the soils were partly
amended by manure or compost obtained from municipal
solid waste stabilisation (‘MSW compost’). Our study
indicates that natural non-treated soils and manure-
amended soils are always low in magnetic susceptibility,
but MSW compost-amended soils show higher values of
this parameter. Actually, the increase of magnetic suscep-
tibility shows a direct correspondence with the increasing
of the amount of MSW compost added to the soil.
According to the magnetic mineralogical investigation
carried out by isothermal remanent magnetisation acqui-
sition technique, higher magnetic susceptibility values are
depending on an increase in ferromagnetic components
such as either magnetite (�–Fe3O4) or maghemite 
(�–Fe2O3) particles. The growth in content of these fer-
romagnetic components corresponds to an increase of the
concentration of heavy metals in soils, which means that
magnetic susceptibility indirectly indicates the concentra-
tion of heavy metals in MSW compost-amended soils. 
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Materials and Methods
The samples studied were collected from the experimental
farm in Mornag (Tunisia), where different amounts of
manure or MSW compost were added to natural soils as
follows:

T natural, non-treated soil
F40 40t manure added per ha
F120 120t manure added per ha
C40 40t MSW compost added per ha
C80 80t MSW compost added per ha
C120 120t MSW compost added per ha

Magnetic measurements were performed by means of a
field magnetic susceptibility meter (ZH Instruments, model
SM20), at an operation frequency of 10kHz and a 10–6 (SI)
sensitivity. All field measurements were carried out by
attaching the sensor coil onto a flat surface at the sampled
site. At each site, five different readings were averaged and
interpreted. The drift of each reading was corrected by air
(zero adjustment) both before and after every measure-
ment.

30 g soil samples were collected, dried at room temper-
ature, and sieved through a 1.0 mm mesh sieve. Half 
(15 g) of each sample was digested in 90 mL aqua regia
(HCl–HNO3–H2O) at 95˚C, for one hour. Solutions were
then diluted to 300 mL with distilled water and analyses
was carried out by an Inductively Coupled Plasma –
Atomic Emission Spectrometry (ICP-AES, Perkin Elmer
model Plasma Vision 2000) and Mass Spectrometry (ICP-
MS, Perkin Elmer model Elan 6000).

To determine magnetic mineralogy and the main miner-
al component contributing to the soil magnetic property,
Isothermal Remanent Magnetisation (IRM) acquisition
experiments were carried out with samples of the soils T,
F40 and C120. The experiments were performed by using
a pulse magnetiser (Magnetic Measurements model
MMPM–10).

Soil amendments were made in October 1999 and
October 2000, while measurements and analyses were
done in July 2001.  

Results and discussions

Variation of Magnetic Susceptibility
The result of magnetic susceptibility measurements for
each amended soil is shown in Fig. 1. It clearly appears that
magnetic susceptibility varies drastically according to the
amendment characteristic. In particular, natural non-treat-
ed soil (T) and manure-amended soils (F40 and F120)
always present low initial values and little changes in mag-
netic susceptibility compared to MSW compost-amended

soils (C40, C80, and C120) which show the higher varia-
tions. The increase of magnetic susceptibility corresponds
to the higher quantities of MSW compost added to the soil
(C40 to C120). On the other hand, magnetic susceptibili-
ty slightly decreases in the case of manure-amended soil,
especially in F120, suggesting some dilution effect due to
the particular characteristics of such an organic amend-
ment.

Chemistry
A total of 37 elements were measured (B, Na, Mg, Al, P, S,
K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Sr,
Mo, Ag, Cd, Sb, Te, Ba, La, W, Au, Hg, Tl, Pb, Bi, Th, and
U). The upper detection limit for Ag, Au, Hg, W, Se, Te,
Tl, and Ga was 100 ppm, that for Mo, Co, Cd, Sb, Bi, Th,
U, and B was 2%, and that for Cu, Pb, Zn, Ni, Mn, As, V,
La, and Cr was 10%. The chemical composition of samples
from soils T (non-treated) and C120 (MSW compost-
amended) is shown in Table 1. 

Heavy metal analysis was also performed on samples T,
F40, F120, C40, C80 and C120 by Atomic Adsorption
Spectrometry (AAS). In particular, the concentrations of
Cd, Pb, Cr, Ni, Cu, and Zn were measured (Table 2) (Jedidi
et al. 2001). 

Only a fraction of the major elements can be extracted
from soil samples through digestion with aqua regia
because silicates are not completely dissolved with this
procedure. Owing to this limitation, results may not refer
to the actual total contents of such components. However,
environmentally concerned elements not bound to sili-
cates are efficiently dissolved by this kind of extraction
(Ure 1995, Giusti 2001). 

The results of chemical analyses indicate that heavy
metals and other potentially toxic elements (PTEs) are
greatly increased when MSW compost is used for soil
amendment. The concentration of PTEs such as Mn, As,
Sb, Ba, and Hg, is significant (Table 1). According to the
AAS analysis of heavy metals, an evident increase in the
concentrations of Pb, Cr, Ni, Cu, and Zn was also observed
(Table 2).

Mineralogy
Mineralogical study was performed by means of X-ray dif-
fraction (XRD) of powdered samples. XRD analysis was
carried out with a Shimadzu automated powder diffrac-
tometer equipped with a Cu X-ray radiation source (Cu-ka,
40 kV, 35 mA) and a scintillation detector. Samples of the
soils T and C120 were selected for the analysis. The XRD
diffraction charts are shown in Fig. 2. 
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Fig. 1: Variation of magnetic susceptibility of the MSW compost/manure amended soils.

Table 1: Composition of trace elements in the samples T and C120, analysed by ICP-AES and ICP-MS.

Table 2: Concentration of selected heavy metals in the MSW compost/manure amended soils analysed by AAS (Unit: mg/kg; Jedidi et al. 2001).

Before the amendment (October 1999)
Sample Cd Pb Cr Ni Cu Zn
T 1.14�0.30 49.50�5.38 22.50�9.47 21.97�3.72 42.49�5.20 115.67�19.09
F40 1.03�0.28 49.18�6.30 24.58�9.91 26.68�4.49 43.57�5.89 114.17�19.28
F120 1.11�0.20 54.34�7.08 25.97�12.01 25.59�4.62 43.85�6.09 117.87�19.12
C40 1.12�0.25 53.46�8.08 31.59�11.43 27.00�3.89 42.28�5.29 122.26�18.89
C80 0.82�0.15 62.31�10.99 24.34�9.29 27.34�5.18 45.00�6.58 123.39�20.18
C120 1.16�0.25 53.18�11.14 29.31�11.11 23.72�6.04 51.07�7.44 123.01�18.54

After the amendment (April 2000)
Sample Cd Pb Cr Ni Cu Zn
T 1.55�0.25 39.95�4.91 32.40�6.20 29.16�7.64 46.69�7.07 100.17�12.39
F40 1.53�0.32 43.76�8.36 37.44�6.42 25.90�6.40 53.44�6.29 103.08�15.26
F120 1.91�0.30 48.72�7.58 38.99�7.71 29.79�7.11 54.79�8.05 101.80�17.98
C40 1.60�0.32 46.75�5.88 39.49�7.53 33.39�8.79 54.68�9.08 120.80�20.79
C80 2.11�0.37 63.17�6.40 44.21�7.73 32.69�7.52 62.31�12.05 130.61�18.44
C120 2.09�0.41 68.83�5.85 42.49�8.42 32.86�6.69 68.46�10.80 136.69�17.87



Mineralogical compositions of the samples T and C120
showed quite similar results, with eight minerals identified
through diffraction patterns: hematite (�–Fe2O3), goethite
(�-FeOOH), quartz (SiO2), plagioclase (0.62NaAlSi3O8 –
0.32CaAl2SI2O8), K-feldspar (KAlSi3O8), calcite
(CaCO3), kaoline (Al2Si2(OH)4), and clay mineral belong-
ing to smectite group. These results suggest that MSW
compost amendments did not affect the mineralogical
composition of the soil, at least in the detection range cov-
ered by XRD method.

Magnetic Mineralogy
The IRM acquisition experiment was performed under a
50Hz pulse magnetiser, where the applied field was pro-
gressively increased up to 3mT at room temperature, 3T
IRM (SIRM) was then demagnetised by back-field applica-
tion. In each magnetisation step, the IRM was measured
with a spinner magnetometer. The isothermal magnetisa-
tion curve of each sample is illustrated in Fig. 3. 

Two curves, referring to samples T and F40, show rela-
tively poor saturation above Hex = 300mT, while the
curve corresponding to C120 shows good saturation above
Hex = 300mT and distinctively higher IRM intensity. It
means the IRM of the former two samples are mainly due
to high coercive magnetic minerals such as hematite and
goethite, while that of MSW compost amended samples is

affected by lower coercive magnetic minerals such as mag-
netite. 

Conclusions
The soil used in the present research was practically homo-
geneous with constant chemical composition and magnet-
ic properties. Nevertheless, when the soil was amended
with MSW compost, its magnetic susceptibility suddenly
increased according to the increasing amounts of compost
added  (Fig. 4). It means the mixing of MSW compost with
soil causes an enrichment of magnetic materials, which
results in an increase of magnetic susceptibility of the soil.
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Fig. 2: X-ray diffraction patterns of soil samples T (top) and C120 
(bottom).

Fig. 3: IRM acquisition curves for the samples T (top). F40 (middle),
and C120 (bottom).



The IRM acquisition experiment showed that only MSW
compost-amended soils are enriched with ferromagnetic
mineral components, probably magnetite (�–Fe3O4)
and/or maghemite (�–Fe2O3). These ferromagnetic miner-
al components are probably derived from municipal solid
waste material destined to compost preparation. 

On the other hand, MSW compost contains non-
negligible amounts of heavy metals that are potentially
toxic to human health. Significant increase in concentra-
tion after the mixing of MSW compost with the soil was
evidenced for five heavy metals, namely Pb, Cr, Ni, Cu,
and Zn. That was particularly true for the soils C80 and
C120. However, the pattern of Cd concentration is not
very clear (Figure 4). The increasing trend evidenced for
the concentrations of the five heavy metals mentioned
above was quite similar to that of magnetic susceptibility.
Therefore, the magnetic susceptibility variation in MSW
compost-amended soils can be regarded as a kind of indi-
cator of the concentration of certain heavy metals (Pb, Cr,

Ni, Cu, and Zn) whenever ferromagnetic mineral compo-
nents such as magnetite (�–Fe3O4) and maghemite
(�–Fe2O3) do play a role as tracers of heavy metal conta-
mination in the soils.

In conclusion, the magnetic susceptibility measurement
can be applied as a low-cost, quick monitoring tool for
assessing heavy metal contamination when a soil is amend-
ed with MSW compost.
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Fig. 4: Increase in heavy metal concentration and magnetic susceptibility value for each amended soil. 
Mag.Sus = Magnetic Susceptibility (x10–2 SI).
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