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ABSTRACT

The remediation of heavy metal-contaminated sites us-
ing hyperaccumulating plants represents a promising alter-
native to currently used methods. The potential of five spe-
cies was examined to determine their tolerance and ability
to accumulate metals for phytoremediation purposes, in
polluted soils. The area studied is located in the SE of Spain
and is heavily affected by the effects of mining activities.
The total contents of heavy metals were determined in soil
and plant samples and their soluble and bioavailable con-
tents in soil samples. Average soil concentrations ranged
from 2 mg kg™ to 165 mg kg for Cd and from 550 mg kg™'
to 3990 mg kg™ for Pb. The concentration found in vegeta-
ble species studies ranged from 1.1 mg kg™ (d.w) to 172 mg
kg (d.w) for Cd in roots and from 1.4 mg kg (d.w) to
2.7 mg kg'1 (d.w) for Cd in leaves. Finally, lead content in
plant samples ranged from 45 mg kg™ (d.w) to 1089 mg kg
(d.w) in roots and from 52 mg kg (d.w) to 960 mg kg’
(d.w) in leaves.

Among the plant species collected, Dittrichia viscosa
and Arthrocnemum macrostachyum were the best Cd and
Pb accumulators from contaminated soils. The other plant
species analyzed showed a lower heavy metal content and
transfer factors values of less than 1, so that they can be
considered as hypertolerant to heavy metals but not hyper-
accumulators.

KEYWORDS: Cadmium; lead; hyperaccumulator plants; soil con-
tamination; phytoremediation; transfer factor; bioavailability

INTRODUCTION

Trace element pollution is an important environmental
problem. Mining activities, among others, are characterised
by high waste generation, high concentrations of heavy
metals and usually low pH values, a combination which

often results in severe contamination problems [1, 2]. Alt-
hough some metals are essential for life, high concentra-
tions can produce negative effects. Many methods have
been proposed to remediate heavy metal-contaminated soils,
although most are very expensive or do not provide long-
term solutions. The approaches include ex situ techniques
such as soil washing, acid cleaning, ashing or soil replace-
ment and electrokinetic techniques [3-6]. In contrast, in situ
remediation techniques consist of adding chemicals to
contaminated soils to reduce the solubility of metals through
metal sorption and/or precipitation, thus, reducing metal
transport from the contaminated soil to the surface and
groundwater [7]. The aim of amendment addition is to re-
duce the bioaccessible fraction of metals, for which purpose,
several materials have been used, including phosphate [8],
natural zeolites [9], municipal biosolids [10], fly ashes [11,
12] red mud [13], cutting marble sludges [14] and iodide
and citric acid [15].

Among more cost-effective solutions for remediating
soils polluted by heavy metals, phytoremediation is one of
the most environmentally friendly since it uses plants to
remove pollutants from the environment or, at least, to
render them harmless [16, 17].

Phytoremediation is considered as a potential solution
for the remediation of contaminated soils. The success of
phytoremediation technology is dependent on several fac-
tors such as the ability of the selected plant species for
accumulating high concentrations of metal in the shoots
and to produce high biomass [18]. Previous works have
shown the possibilities of using Brassicaceae family [19],
Thlaspi sp., Alyssum sp., Phyla nodiflora or Gentiana pen-
nelliana [20] for phytoremediation of contaminated soils.
Particularly, Amaranthus blitoides [21] has been used for
phytoremediation of soils polluted by arsenic.

Some plant species can be grouped according to their
trace element accumulation capability. For example, ex-
cluders have an avoidance (or restriction) mechanism which
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prevents element uptake, while accumulators have mecha-
nisms of metal tolerance and accumulation in their above-
ground biomass. A sub-group within the accumulators is
represented by hyperaccumulators [22], which are plants
commonly growing on metalliferous soils and able to com-
plete their life cycle without any sign of metal phytotoxi-
city [23].

The aim of this work was to compare the trace element
accumulation capacity of selected plant species growing on
contaminated soils and to assess changes in the concentra-
tion of soil-available metals. Five plant species (Limonium
carthaginens, Arthrocnemum macrostachyum, Dittrichia
viscosa, Glaucium flavum and Zygophyllum fabago) were
studied, and their transfer factors values were calculated.

MATERIALS AND METHODS

For this study, five soil samples and five plant species
were taken from the surrounding area of Sierra Minera and
Portman Bay (Murcia, SE Spain), close to the mining re-
gion of La Uni6n, which was subjected to mining activities
since the times of the Roman Empire until 1991 [24].

Samples were air dried and sieved to <2 mm for gen-
eral analytical determinations. The pH was determined in
a 1:1 suspension of soil in pure water and in 1M KC1 [25].
Electrical conductivity (EC) was also determined. CaCOj3
content was determined by the Bernard calcimeter volumet-
ric method, which consists of quantifying the CO, released
when the sample is treated with HCI [26, 27]. The organic
matter (O.M.) content was determined by sulfochromic
oxidation [28, 29]. Particle size distribution was performed
after dispersion of the fine soil and by combining extrac-
tion by Robinson pipette and sieving.

To determine the Cd and Pb content, soil samples were
first ground to a fine powder using an agate ball mill and
then 100 mg were placed in Teflon vessels to which 5 ml
of concentrated HF acid solution, 200 pl of concentrated
HNOs acid solution and 5 ml of water were added. Fresh
vegetable samples, were separated into root and above-
ground biomass and then lyophilized. 200 mg of lyophi-
lized vegetal tissue were placed in Teflon vessels with 3 ml
of water, 2 ml of concentrated H,O, and 5 ml of concen-
trated HNOj acid solution. When digestion was complete
(15 minutes at 1000 W in a Milestone ETHOS PLUS
microwave), the samples were transferred to a volumetric
flask and brought to 50 ml. Cd and Pb content were de-
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termined by electrothermal atomization atomic absorption
spectrometry (ETAAS) using an Unicam 929 AASpec-
trometer. The reliability of the results was verified by ana-
lysing a standard reference material (SRM 2711 Montana
Soil and SRM 1515 Apple leaves).

The bioaccessible concentrations of Cd and Pb in soil
samples were measured using the DTPA soil test [30, 31].
For this purpose, 5g of air-dried soil (<2 mm) were mixed
with 10ml of a solution containing 0.005 mol 1" DTPA,
0.01 mol I'' CaCl, and 0.1 mol I'' TEA (pH=7.3). The mix-
ture was shaken for 120 minutes at 3000 rpm. The suspen-
sion was then filtered immediately. Moreover, a 1:5 extrac-
tion was made to determine the water soluble metal con-
tent.

The mineralogical composition was studied by X-ray
diffraction (XRD), using a Philips PW3040 diffractometer
with Cu-Ka. X-powder software [32] was used to analyse
the X-ray diffraction diagrams obtained by the crystalline
powder method. The powder diffraction file (PDF2) data-
base was used for peak identification, taking into account
that the determination of minerals from soils by XRD analy-
sis is not accurate below a limit of 5% of the total weight
in a sample (depending on the crystallinity of individual
minerals).

Finally, in order to evaluate the phytoextraction po-
tential of the selected plants, the transfer factor was calcu-
lated. The term transfer factor (TF) has been defined as the
ratio of metal concentration in plants to the total metal con-
centration in soil [33-35].

RESULTS AND DISCUSSION

The general soil characteristics are given in Table 1.
Samples S2, S3 and S4 showed slightly alkaline pH and
S1 and S5 acidic pH values. All the samples presented a
very low organic matter percentage, low soluble salt con-
tent, low calcium carbonate percentage and sandy or sandy-
clay textures (Table 2).

TABLE 1 - Chemical characteristics of soil samples

pH H,0 EC (mS cm™) CaCO; (%) | O.M.(%)
S1 5.0 7.4 <0.1 0.3
S2 8.1 2.8 10.1 0.8
S3 7.5 0.2 0.4 0.8
S4 7.4 3.5 <0.1 1.9
S5 4.2 24 <0.1 1.0

TABLE 2 - Particle size distribution of soil samples (%)

<2pm | 2-20pm | 20-50pm | 50-100pm | 100-250pm | 250-500pum | 500-1000pm | 1000-2000pm
S1| 09 4.5 4.3 7.2 17.1 11.9 16.2 37.9
S2| 1.8 8.5 7.9 15.2 42.2 14.0 10.4 0.1
S3| 04 1.1 0.6 0.7 7.7 11.7 24.2 53.6
S4| 1.0 4.8 2.3 1.5 10.7 36.6 27.7 15.6
S5| 29 7.4 5.0 2.0 19.8 14.2 48.3 0.4
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FIGURE 1 - Mineralogical composition of soil samples (%)
TABLE 3 - Total, bioavailable and soluble Cd and Pb content in soil samples.
Total Cd (mg DTPA Cd Soluble Cd Total Pb DTPA Pb Soluble Pb
kg") (mg kg™ (mg kg™ (mg kg™) (mg kg™ (mg kg™
S1 90 8 11 3990 350 12
S2 120 2 <0.1 pg kg’ 1240 120 2
S3 160 2 0.001 1700 150 0.04
S4 75 2 0.003 2330 230 0.08
S5 2 0.1 0.61 550 50 17
Mean 90 3 2.9 1960 180 6
Std. dev 58.6 3 4.8 1306 115 7.6

The plant species selected grew in poorly developed
soils formed by materials from surrounding mining areas,
carbonate materials and phillites. The mineralogical analy-
sis showed that the main minerals were quartz, muscovite,
kaolinite and illite while the minority minerals were prod-
ucts of the mining (Figure 1).

The total Cd and Pb contents are shown in Table 3. The
total Cd concentration in soil samples collected from the
site varied from 2 mg kg™ in S5 to 160 mg kg in S3, the
mean Cd concentration being 90 mg kg'. Pb concentra-
tions varied from 550 mg kg™ in S5 and 3990 mg kg™ in
S1, with a mean value of 1960 mg kg™

The DTPA and water soluble contents are also shown
in Table 3. DTPA extractable amounts of Pb were much
higher than DTPA extractable Cd. The mean values for
DTPA-extracted Cd and Pb were 3 mg kg'l and 180 mg kg'l,
while the corresponding values for the water soluble frac-
tions were 2.9 mg kg and 6 mg kg™

The metal concentrations in plants varied with plant
species [36]. Under normal growing conditions, plants can
potentially accumulate certain metal ions up to one order of
magnitude greater than the surrounding medium. The con-
centrations of Cd and Pb in plant biomass are shown in
Table 4. The highest Cd value was that found in Ar-
throcnemum macrostachyum with 170 mg kg™ (d.w) in
roots and 4.5 mg kg™ (d.w) in leaves. The same plant also
showed the highest Pb values, 1090 mg kg (d.w) in
roots and 960 mg kg (d.w) in leaves.

As mentioned above, the soil to plant transfer factor
(TF) is an index for evaluating the transfer potential of a
metal from soil to plant. The TFrorar values for Cd and Pb
in Table 5 show that the TFrorar values ranged from 0.01
to 2.34, while values were lower for Pb, between 0.01 and
0.47.

It is well established that in order to predict the transfer
of metals from soil to plants and to assess the risks associ-

1668



© hy PSP Volume 17 - No 10h. 2008 Fresenius Environmental Bulletin

TABLE 4 - Cd and Pb content in plant samples (d.w)

Cd (mg kg™) Pb (mg kg™)
Scientific name Roots Leaves Roots Leaves

Glaucium flavum S1 1.2 1.4 45 52

Zygophyllum fabago S2 2.8 2.7 46 87
Limonium carthaginens. S3 1.1 1.4 115 137
Arthrocnemum macrostachyum S4 170 4.5 1090 960
Dittrichia viscosa S5 4.6 2.6 121 510

TABLE 5 - TF values for plant species
Cd Pb
Sample TFroraL TForea TFroraL TForea

" Leaves 0.01 0.18 0.01 0.15
Glaucium flavum Roots 0.01 0.15 0.01 0.13
Leaves 0.02 1.35 0.07 0.72
Zygophyllum fabago Roots 0.02 1.40 0.03 038
Limonium carthaginens. Leaves 0.008 0.70 0.08 0.89
Roots 0.006 0.55 0.07 0.75
Arthrocnemum macrostachyum Leaves 0.06 2.25 0.41 4.17
Roots 2.34 86 0.47 4.73

Dittrichia viscosa Leaves L.07 26 0.26 1
Roots 1.92 46 0.06 2.52

ated with the presence of metals in the food chain, the
bioaccessible amount rather than the total amount should
be used [37].

Therefore, the soil-to-plant transfer factor based on the
DTPA-extractable Cd and Pb values (TFprps) for all the
five vegetable species was also calculated. These values
ranged from 0.15 to 86 for Cd and from 0.13 to 11 for Pb.

The plant response to heavy metals in soil depends on
the plant species, the total soil metal concentration, and the
bioavailability of the metal. A comparison of our results
with the criteria used to classify the hyperaccumulator
plants [38] indicates that the three plant species collected
from the mining sites under study are not hyperaccumula-
tors, as clearly shown by their transfer factors lower than 1
(Table 5) and can thus be considered as hypertolerant. On
the other hand, Arthrocnemum macrostachyum and Dit-
trichia viscosa, which have TF values generally much
higher than 1, can be considered as Cd- and Pb-
hyperaccumulators.

CONCLUSIONS

FEB

This study was conducted to screen plants growing on
a contaminated site used for Cd and Pb phytoextraction.
Dittrichia viscosa and Arthrocnemum macrostachyum,
with their TF values greater than 1, have the potential to
be used for phytoextraction. The other plant species col-
lected from the mining sites were hypertolerant but not
hyperaccumulators because their TFrorar values were lower
than 1. Although these plant species do not accumulate
high concentrations of metals, they may be a good tool for

reducing erosion effects and also for reducing the leach-
ing of metals.
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