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Introduction

During the last few decades, technical-grade hexachlorocyclohexane (HCH), containing 55-80 ¢
«-HCH, 5-14 %. R-HCH, and 8-15 %-HCH, has been used in large quantities as an insectigide,
HCH (lindane) being the only insecticidal component in the mixture. Although its application has bee
restricted, lindane is still used in several parts of the world. During many years, the waste produc
from the synthesis of lindane (85 % of HCH isomers produced) were disposed of on areas surroundi
the production centres, causing a serious worldwide contamination problem.

Once HCH isomers enter the soil they are subject to various physical (evaporation, leachin
adsorption, irreversible sorption) and biological processes (plant accumulation, biodegradation
Residual HCH can persist for long time, and both HCH isomers and their metabolites can contamine
the groundwater. Plants can absorb and sequester organic pollutants directly or indirectly, thus allowi
their entry into the trophic chain. Degradation of these pollutants can be enhanced in the immedic
vicinity of plant roots - the rhizosphere soil - which is characterized by a high degree of both chemic:
and biological activity. Dissipation of contaminants in the rhizosphere has been reported fc
insecticide§ herbicided trichloroethyleng PAHS, and fuel oil hydrocarbohs

The aims of this study were i) to evaluate the bioaccumulation of HCH isomers in the vegetatio
developed on a heavily contaminated area, and ii) to investigate the effect of the rhizosphere on th
compounds.

Materials and Methods

The study site is a contaminated area (356Dlatated in Porrifio (Galicia, Spain), where HCH
residues from lindane synthesis were dumped in the past. Topsoil samples were collected from
points, dried at room temperature, passed through a 2-mm sieve, and ground to <50 pum. Soil samj
were extracted with hexane:acetone and sonication, then analyzed for HCH isomers by GC/ECD.

Five plant species were harvested and separated into roots, stems and leaves. Plant tissues \
washed, dried at room temperature, and ground to a fine powder. HCH isomers in plant tissues w
extracted with hexane:acetone in a microwave oven; the extracts were purified with florisil an
alumine, and thereafter eluted with hexane:ethyl acetate. HCH isomers in the purified extracts we
quantified by GC/ECD.

Two plant species were selected for the rhizosphere st@igsus striatusndAvena sativaThe
former is a wild species, common in the area, whereas the latter is important in agriculture
Rhizosphere soil was separated from the bulk soil using a modified version of the shaking method
Chung and ZazoskiBulk soil, rhizosphere soil, and roots were analyzed for HCH isomers as above.
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Fig. 1 Concentration of HCH isomers in topsoil samples from the contaminated site.

Results and Discussion

Concentration and distribution of HCH isomers in soill

The soil samples was very variable in terms of both concentration and distribution of HCH isomel
typical of contaminated industrial sites. Chemical analysis indicated the presence of four HCH isom:
(a, B,y, andd), a and b being dominant (Fig. 1). Concentrations of total HCH, calculated as the su
of concentrations of the four isomers, ranged between 2 and 20000 ndjdqdaying a large standard
deviation.

Concentration and distribution of HCH isomers in plant tissues

All five species tested were able to accumulate the four isomers in their tissues, and concentrati
of HCHs in leaves were closely related to those found in soils (Fig. 2). Concentrations of total HCH
plant tissues ranged between 1.7 and 62.5 mig tkgre being differences among species and among
plant ogans. Cytisus striatusand Chenopodiumvulgare were the highest and the lowest HCH
accumulators, respectively. Within each plant species, the distribution of HCHs among the differe
plant organs studied generally showed a similar pattern: leaves > stems > roots (examples of tt
trends are shown in Fig. 3 for two selected sites with medium and very high contaminatiol
respectively).

\olatilization of HCH isomers from the soil surface and subsequent sorption by leaves may be t
main accumulation pathway in aerial biomass. Schroll“eteglorted no translocation of lipophilic
compounds from root to shoot. Moreover, bioaccumulation of HCH isomers in plant tissues seems
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Fig. 2. Concentration of B-HCH in soil and leaves from five species grown in contaminated soil.
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Fig 3. Concentration of HCH isomers in plant tissues of five species and soil from two selected
sites with a) very high contamination, and b) medium contamination (R=roots, S=stem,

L=leaves).
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Fig. 4. Concentration of HCH isomers in bulk soil, rhizosphere soil and roots of Cytisus
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striatus (Cy) and Avena sativa (Av).
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be isomer-selective, as 3-HCH, the most lipophilic isomer, was always the most abundant isomer fol
in the plant tissue (60-80 % from total HCH), even in those areas whtZél was dominant (Fig. 3).

Rhizhosphere study

Data obtained from the bulk and rhizosphere soils of the two plant species selected suggest 1
both species tend to reduce the levels of the four HCH isomers in the rhizosphere (Fig. 4). Tl
reduction was relatively more important farHCH than for 3-HCH, resulting in a change in the
relative distribution of these two isomers from the bulk soil to the rhizosphere soil. Concentrations
HCH isomers in roots were found to be relatively constant whitin each plant sgeaas. sativavas
able to accumulate more HCHs, in particular 3-HCH, hgtisus striatus

The lower levels of HCHs in the rhizosphere than in the bulk soils was probably the result ¢
several factors: a) sequestration by partitioning to the lipophilic pant tissues and/or uptake by the ro
(as indicated above), b) root exudation of enzymes, such deshalogenase, which may be abl
dechlorinate organochlorated compourftiand c) enhanced biodegradation by a rhizospheric €ffect
The capacity of these plants to dissipate HCH in the rhizosphere soil can be used for phytorremedia
purposes.
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