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Remediation technologies available for reducing the harmful effects in heavy-
metal-contaminated soils include excavation (physical removal of the
contaminated material) and later replacement with unpolluted soil, stabilization of
the metals in the soil on site, and the growing of plants (phytoremediation) to stop
the spread of contamination or to extract the metals from the soil. One
phytoremediation process is phytostabilization, which consists of combining plant
growth and root development with soil amendments in order to decrease the
bioavailability and solubility of metals in soils (Wong, 2003) For
phytostabilization, plants should develop a strong root system and substantial
aerial biomass, should accumulate heavy metals within the roots, and should have
restricted translocations of metals from the roots to shoots (De Vos et al. 1991). In
addition, natural and synthetic inorganic and organic amendments can be added to
the soil to reduce contaminant exposure or to enhance geochemical processes such
as precipitation, sorption (Mench et al, 2000).

Dittrichia viscosa, a ruderal plant species of the Compositac family, has a wide
distribution in the Mediterranean region. This shrub has a large biomass, and it
can be considered, according to Baker (1987), to be pseudo-metalophyte, because
it grows in soils that are non-contaminated or contaminated by heavy metals
(Melendo et al. 2002). Its use for phytostabilization purposes is unknown.

Olive-oil production is one of the foremost industrics in the Mediterranean
countries. In recent years, the implementation of a continuous biphasic olive-oil
pressing system generates huge amounts of a new solid olive-mill waste called
alperujo or biphasic olive pomace (OP). This olive waste contains up to 60%
water as well as high concentrations of sugars, pectins, salts, acids, polyalcohols,
and polyphenols (Benitez et al. 2004), and, therefore, its disposal poses a serious
environmental problem. Proposals for the efficient elimination of this olive waste
include its agricultural use after bioremediation via composting or
vermicomposting (Benitez et al. 2002; Mari et al. 2003). The potential for using of
biphasic olive pomace, natural, composted or vermicomposted, as organic
amendments for phytostabilization of contaminated soils with heavy metals
remains to be investigated.
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The objective of this study was to investigate, in an artificially contaminated soil,
the effect of the application of three olive-derived wastes (biphasic olive pomace,
and compost and vermicompost from biphasic olive pomace) on growth and
concentration of Zn and Pb in Dittrichia viscosa, as well as on the extractability of
these metals in the soil after harvesting. The possible use of combining this shrub
and olive-derived wastes can serve to develop phytostabilization processes of
Mediterranean contaminated soils.

MATERIAL AND METHODS

Topsoil (0-20 cm) from a Typic Calcixeroll was collected near Granada, Spain.
The soil was dried at room temperature for a week and sieved through an 8-mm
sieve prior to use. Some chemlcal and physmal charactenstlcs of the natural soil
are as follows: clay: 219 g kg™, silt 314 gkg?, sand 467 g kg, CaCO5: 426 g kg’
L pH: 7.3, orgamc carbon: 15 gkg’, N: 1.6 g kg™, cation exchange capaclty 11.5
cmol(+) kg, The soil was contammated by adding 4000 mg Zn kg soil in the
form of ZnCl, and 3200 mg Pb kg’soil in the form of PbCl, using saturated
aqueous solution and allowing the soil to incubate at 28°C for 2 months. Three
olive-derived wastes were used: biphasic olive pomace (OP) obtained from a
commercial olive-oil manufacturer (Romeroliva, Deifontes, Granada, Spain); a
mature compost (COP) obtained from a mixture of biphasic olive pomace, olive
leaves, and manure (total composting time, including maturation period, being 9
months); and a mature vermicompost (VOP) from a mixture of biphasic olive
cake and biosolids (8:1 dw:dw) inoculated with earthworms of the specie Eisenia
andrei (total vermicomposting time being 6 months). Some characteristics of
those organic amendments are given in Table 1.

Table 1. Some properties of biphasic olive pomace (OP), compost from biphasic
olive pomace (COP) and vermicompost from biphasic olive pomace (VOP)

OoP cop VOP
pH (H,0) 52 83 74
Total organic carbon g kg 480 233 351
Humic acid carbon g kg 6 49 14
Total polyphenols g kg™ 36 nd nd
CN 59 16 24
Total N g kg 81 15 15
Total Pb mg kg 5 6 73
Total Zn mu 10 44 483

nd: not detected

One kilogram of the natural soil (15) or artificially contaminated soil, unamended
(CS) or amended with 250 Mg ha™ of biphasic olive pomace (CS+COP), compost
from biphasic olive pomace (CS+COP) and vermicompost from biphasic olive
pomace (CS+VOP) were placed in plastic pots (16 cm diameter, 15 cm height).
Four replicates per treatment were prepared and placed in a controlled
greenhouse. Five seeds of Dittrichia viscosa (L) Greuter were sown to each pot,
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and one month after emergence, the plants were thinned to three per pot. The pots
were watered to about 80% of field capacity throughout the experimental period
of twelve months. There were four replicates for each treatment. The plants were
harvested and separated into shoots (stems and leaves) and roots. Roots and
shoots were washed with deionised water, oven-dried at 60 °C, weighed and
stored in plastic vials. Total Zn and Pb contents of roots and shoots were tested by
AAS after digestion with HNO5-HCIO; (2:1) until clear.

After the plant material was harvested, soil samples from each pot were collected
for analysis of total, soluble and extractable Pb and Zn, organic carbon, humic
acids and nitrogen. The total Zn and Pb concentrations were measured by AAS
after the samples were digested in concentrated aqua regia (McGrath and Cunliffe,
1985). Pb and Zn were extracted using two different extractants: a) deionized
water (water soluble) using a 1:10 sample:water ratio (Guisquiani et al. 1992), b)
0.005 M DTPA-0.005 M CaCl + 0.1 M Tricthanolamine, pH 7.3 (DTPA) using a
1:2 sample:extractant ratio (Lindsay and Norwell, 1978). The heavy-metal
concentrations in the extracts were measured by AAS.Total organic carbon, total
humic acids were determined according to MAPA (1986).

All results are the means of four replicates. Data were subjected to an analysis of
variance {ANOVA) using STATGRAPHICS Plus 5.1 statistical software
(Statistical Graphics Corp., Princeton, NJ), and Duncan's Multiple Range Test was
used to separate the means.

RESULTS AND DISCUSSION

Table 2. Shoot dry weight (g/pot), Zn and Pb concentrations (mg kg'l) in roots
and shoots, and translocation factor (TF).

S Cs CS+COP CS+VOP

Shoots (dw)  19.96+1.45*  11.58+1.43%  14.41£0.58°  16.88+0.89"
Zn

Root 100+9° 1374+46" 1087+82° 114683°

Shoot 17+2° 1735 15425° 138+8°

TF 0.17+0.018°  0.1320.007”°  0.14+0.013°  0.120.005°
Pb

Root 77+14% 2161+60° 1239+95° 108950°

Shoot nd 4+0.46° 30.38* 2+20.39°

TF nd 0.002 0.002 0.002

Key: S: untreated soil, CS, contaminated soil, CS+COP: contaminated soil
amended with olive pomace compost and CS+VOP: contaminated soil amended
with olive pomace vermicompost.

Values are meanszSD (n=4). Means of the some row followed by different letters
differ significantly (p<0.05).

TF: metal concentration shoots/ metal concentration root
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The application of biphasic olive pomace to the contaminated soil (CS+0C)
drastically inhibited the germination of seeds of D. viscosa, and after two months
the scarce pregerminated plants had died (without having grown). This dramatic
negative effect could be due to the known high toxicity of this olive waste
(Benitez et al. 2004), as consequence mainly of its high content in polyphenols
(Table 1). The high toxicity of the biphasic olive pomace prevents its use as soil
organic amendment for remediation and agricultural activities.

In the other treatments, the aerial biomass of D. viscosa grown in the artificially
contaminated soil (CS) was a 42% lower than those of D. viscosa grown in the
untreated soil (S) (Table 2). The application of compost and vermicompost from
olive pomace to the contaminated soil improved significantly the yield of D.
viscosa, especially when vermicompost was used as a soil amendment. In this
treatment (CS+VOP), the aerial biomass of D. viscosa was some 45% higher than
that found for contaminated soil and only a 15% lower than that found in the
natural soil.

In the contaminated soil (CS), D. viscosa showed high concentrations of Zn and
Pb in roots (Table 2). In the aerial part, the Zn concentration was appreciably
lower than in roots, and the Pb concentration was very low. Application of
compost and vermicompost from biphasic olive pomace to the contaminated soil
significantly decreased Zn and Pb concentrations in roots and shoots. Decreases of
Zn and Pb concentrations in plants have been reported when humified organic
wastes were applied to contaminated soils (Shuman et al. 2001). The transfer
factor (TF), defined as the ratio of Zn or Pb concentrations in shoots to that in
root, is a good index of such translocation in a plant. TF was very low (< 0.5) in
D. viscosa in all treatments, and the application of compost and vermicomposts
scarcely changed this factor. The low TF values recorded are particularly
interesting if D. viscosa is used for phytostabilization, because it would allow its
harvest without restrictions.

Table 3. DTPA-extractable and water-soluble Zn and Pb (mg kg'l) in post-harvest
soil samples.

DTPA-Zn Soluble-Zn DTPA-Pb Soluble-Pb

S 2242° 0.2+0.03° 111¢ 0

Cs 955+32% 9.8+0.1* 217+10° 0.55+0.04°
CS+COP 849:+20° 4.6+0.4° 120+8° 0.51+0.03*
CS+VOP 773+23° 5.8+0.7° 98+8° 0.43+0.03°

Values are means+SD (n=4). Means of the some column followed by different
letters differ significantly (p<0.05).

Likewise, the addition of compost and vermicompost from biphasic olive pomace
significantly decreased the amounts of water-soluble and DTPA-extractable Zn
and Pb in the contaminated soil after harvesting (Table 3). Comparatively, the
greatest decreases occurred when the contaminated soil was amended with
vermicompost (CS+VOP). However, total Zn and Pb concentrations in soil were
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scarcely affected (Table 4). Closely positive correlations (P <0.05) were recorded
between the concentrations of Zn and Pb in the roots and shoots of the plant and
the extractable forms of both metals in the soil after harvesting. Contrasting
results have been found on the effect of organic amendments on the extractability
and availability of heavy metals in soils (Ebbs et al. 1997; Karaca 2004). These
contradictory results are because soil-metal availability is strongly influenced by
the humic quality and content in metals and dissolved organic matter of the
amendment as well as by the intrinsic properties of the soils (pH, organic matter,
clay and iron oxide content, Eh, carbonates) (Kabata-Pendias, 2001; McBride,
1989). In our study, the reductions in extractable forms of Zn and Pb in the soil
must be related to chelation, complexation and adsorption between metals in soil
and the most humified organic-matter content in both olive-derived amendments,
in addition to the possible dilution effect produced when these wastes were mixed
with soil (Shuman et al. 2001). In addition, the calcareous nature of the
contaminated soil would inhibit the formation of soluble organo-metallic
complexes (Jahiruddin et al. 1985), which probably contributed to the inability of
the compost and vermicompost from biphasic olive pomace to increase DTPA-
extractable Zn and Pb concentrations.

Table 4. Total Zn and Pb concentrations, organic carbon, humic acids, nitrogen,
in post-harvest soil samples

S [ CS+COP  CS+VOP
Total Zn mg kg™ 100£9°  3379+119° 3110£210° 3134+227°
Total Pb mg kg 77414°  2163+138° 1989+213* 1975+190°

Organic carbon g kg™ 11.9:09° 10.1:0.7° 283:29*  28.4+1.8°
Humic acids mg kg™ 20732118° 22232194°  5272+451 51779117
Nitrogen g kg™ 2120.1°  20+01° 379402  3.8420.1°

Values are means+SD (n=4). Means of the some row followed by different letters
differ significantly (p<0.05).

In conclusion, availability of Zn and Pb in an artificially contaminated soil was
significantly reduced after application of compost or vermicompost from biphasic
olive pomace. In addition, those new organic amendments augmented the amounts
of humic acids and nitrogen in the soil, thereby implying improved fertility and
quality of the artificially contaminated soil. As consequence, the aerial biomass of
the shrub D. viscosa was significantly improved, maintaining, in addition, a high
capacity to accumulate Zn and Pb in the roots. Therefore, the combined use of
biostabilized olive-derived wastes and D. viscosa could constitute an alternative
and appropriate tool in phytostabilization processes in soils contaminated by
heavy metals, especially in the Mediterrancan area, where that shrub is distributed
widely and olive waste is produced in huge quantities.
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