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Abstract

It is considered that ferns could present new aatémts to the action of stress factors as a resilthe wide
geographical spread and the diversity of the habita which they vegetate, adaptations that colilbhathem, among
other things, hyper-accumulation of metals. Thiscér aims at a brief overview of the results ob&l in experimental
research aimed at using pteridophytes in phytoreatiah.
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1. INTRODUCTION

The class of the heavy metals includes those clamiements that have an atomic weight greater
than 5g/cm. They are substances that can be found quitedrehyin nature at low concentrations,
but humans, through their various activities, mpdifeir weight so that they become harmful both
for the environment and human health. An imporfaature of heavy metals is that they cannot be
created or destroyed, so, once released, they memaihe environment for hundreds of years
(McGinn, 2002).

The most important source of heavy metal pollui®the industry with all its branches, and the
main chemical elements released into the envirohigea result of these activities are: As, Cd, Cr,
Cu, Zn, Ni, Pb, Hg.

In small amounts, some heavy metals (Zn, Cu, Cay ph essential role in the development of
plants, animals and humans, but they become toxexcess of certain concentrations; numerous
heavy metals have been the object of various stuajethe International Agency for Research on
Cancer (IARC), and some of them were placed intafrthe following categories:

- group 1: carcinogenic to humans - arsenic andgardc arsenic compounds, cadmium and its
compounds, compounds of chromium (V1);

- group 2A: probably carcinogenic - cobalt, in conation with tungsten carbide, inorganic lead
compounds;

- group 2B: possible carcinogenic - metallic nicktd compounds and alloys, lead, cobalt sulfate
and other soluble compounds of cobalt (1) (Agedisssified by the IARC).

Heavy metals accumulated in medicinal plants cbel@ potential source of toxicity to humans due
to its bioaccumulation along the food chain, esgBciwhen concentrations exceed the nominal
limit.
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Suruchi and Khanna (2011) evaluated crop produciimsoils contaminated with heavy metals in
urban areas and their surroundings in Agra, Iretha, observed high concentrations of heavy metals
in plant tissues, which indicated a potential tizskhuman health.

A study was conducted in China on the medicinakigsBlechnum orientaldo determine its
ability to accumulate heavy metals. Zhu et al. @Qnalyzed individuals of that species in polluted
and unpolluted sites and determined the conceoratdf heavy metals (Cu, Zn, Mn, Pb, Cd, Cr,
As and Hg) in leaves and roots. The average vdareBb, As, Hg, Cd and Cu in the leaves of the
samples oBlechnum orientalen the polluted site were 66, 5.6, 0.4, 7.5 and/ 2thg/kg, which
indicated exceeding the limits established for miedi plants, and thus hazardous potential effects
on human health.

2. PTERIDOPHYTESAND PHYTOREMEDIATION

It is considered that ferns could present new adigpis to the action of stress factors as a redult
the wide geographical spread and the diversityheflabitats in which they vegetate, adaptations
that could allow them, among other things, hypemwawulation of metals. They are excellent
models for experimental research, being used t@ldpwapid and efficient methods to test, for
instance, the toxicity of pollutants affecting gores and gametophytes.

Since 1980 (Petersen et al., 1980) experiments Ibese conducted for metal toxicity affecting the
germination of spores, and the following findingsrevreported:

- the percentage of germinated sporesOnoclea sensibilisis inversely proportional to the
concentration of heavy metals (Hg, Cd, Co) usete{Ben et al., 1980);

- spore germination in the speciteris vittatawas not inhibited by high concentrations of As (
2500 ppm) (Barger et al., 2007);

- Cu shows an inhibitory effect on the germinatidrspores irPolypodium cambricurMuccifora,
2008);

- in the speciePteris confusat was found that the spores germinated in thérobeample and the
samples of 120 and 140 ppm concentrations of Zievim P. argyraeathe maximum percentage
of germinated spores was recorded in the contraptaand the 140 ppm Zn variant, and in the 120
ppm Zn variant the spores did not germinate (Iradajyet al., 2011).

Starting from phytotoxicity test®x situandin situ studies were carried out in order to determine
the ability of ferns to accumulate heavy metalsuge in phytoremediation.

To determine whether a species is suitable forgbytediation a number of determinations are
conducted, calculating the translocation factoe (thtio of metal concentration in above-ground
tissues and the root concentration) and bioaccumunléhe ratio of metal concentration in the soil
and the concentration in above-ground tissues).

A species belongs to the hyperaccumulating typeaccumulates more than 100 mg/kg Cd, 1,000
mg/kg As/Co/Cu/Pb/Ni, 10,000 mg/kg Mn/Zn in its abeground parts, and if it has a translocation
and bioaccumulation factor higher than 1. Ma e{2001) found that, in China, the specidsris
vittata can grow in soils contaminated with arsenic ancuawlate large amounts of arsenic in its
higher (above-ground) biomass: 3,280-20,000 ppne. glant was also tolerated on soil of 1,500
ppm arsenic concentrations, while most plants casuwive in 50 ppm concentrations.
Pityrogramma calemelano@rancesconi et al., 2002) and several specidbefenusPteris
(Ma et al., 2001; Meharg and Hartley-Whitaker, 20@kao et al. 2002), are reported to be
hyperaccumulators of arsenic. However, not all gsof Pteris are hyperaccumulators, and
researches attempt to identify characteristicspa#fcges that accumulate arsenic (McGrath et
al., 2002).
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Also, for a species to be suitable for phytoremedm it should not show sensitivity to
toxicity. AspleniumaustralasicumandA. bulbiferumwere able to accumulate As up to 1,240
and 2,630ug As/g dry weight (DW) in the leaves after 7 daiysthe variants with a 100 mg/L
concentration of As, hence a larger translocatextdr. However, being As sensitive species,
they showed symptoms of toxicity. For this reastirese species are not recommended for
phytoremediation of soils contaminated with As|estst not in those whose concentrations are
higher than 50 mg/I (Sridokchan et al., 2005).

Phytoremediation using ferns can be done by: ployadNisation, phytostabilization /
phytoimmobilization, phytoextraction / phytoaccumtidn / phytoabsorbtion / phytocapturing.
1.Phytovolatilisation involves absorption of some metaloids or heavyatsefrom the soil,
conveying them to the leaves and transforming thémvolatile compounds in the stomata. As has
been successfully volatilized in the leaves of gpeciesPteris vittata as As compounds
(Sakakibara et al., 2010).

Phytovolatilisation is the most controversial methaf phytoremediation because some authors
(Atkinson et al., 1990; Heaton et al., 1998) arthet it cannot be used for phytoremediation of
soils contaminated with Se and Hg, and the inoigaorms of these elements are removed, and the
gaseous forms are not likely to be redepositetieraffected site or close by, and are less toxin th
the inorganic forms in the soil. Other authors dadi that this method is limited because the
pollutant is not completely eliminated, but onlgrisferred from one living environment (soil) to
another (atmosphere), whence it can be redepdsttinavathiamma and Li, 2007). There are also
inconsistencies as far as the risks to human awnttomment are concerned, when using this
method: some researchers have reported that slatiezcompounds released into the atmosphere
are dispersed and diluted so that there are ns (lsk et al., 2000; Meagher et al., 2000), while
others (Heaton et al., 1998; Rugh et al., 2000ymenend that this method should not be applied
near urban centers or rural areas, or in placdsumigue weather conditions which can cause rapid
deposition of volatile compounds.

2.Phytostabilization/phytoimmobilization involves reducing the mobility and bioavailabilibf
heavy metals in the soiNephrolepis cordifolilandHypolepis muellerivere identified as possible
candidates in the phytostabilization of Cu, Pb, &md Ni in contaminated soils. Similarly,
Dennstaedtia davallioideis favourable for use in phytostabilization ofls@ontaminated with Cu
and Zn. These species had higher survival ratesaaocdmulated high amounts of the metals
mentioned above (Kachenko et al., 200)lypodium cambricunis more resistant to Zn, while
Pteris vittatsuffered due to unrestricted absorption, whiclilted in macroscopic and microscopic
injury and death of plants. The results suggestRloéypodium cambricurmay be appropriate for
phytostabilization of Zn contaminated soils in tergie regions. (Roccotiello et al., 2010)
SpeciesAdiantum capillus-venerigad the highest concentration of As in the roofstp 1,190ug
As/g DW), and only up to 37Qg As/g DW in the leaves), resulting in a decreasadslocation
factor (0O 31), which suggests that there exist soraehanisms of As exclusion (Sridokchan et al.,
2005).

Phytostabilization cannot be applied to heavilytaannated soils because plants will not grow, and
the heavy metals in the soil are not removed, whiduires constant monitoring (Berti and
Cunningham, 2000).

3.Phytoextraction / phytoaccumulation / phytoabsorbtion / phytocapturing is performed using
hyperaccumulating species that absorb heavy metdle roots and carry them into the biomass
above the ground.
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Athyrium yokoscensaccumulates Pb in its tissues (Nishizono et &87), and its gametophyte
also shows tolerance to Pb, which it also accurasl@€amachi et al., 2005).

Pteris creticaandP. umbrosaaccumulated most As in the leaves (up to 3;09@s/g DW), and in
the rhizomes only up to 76Qg As/g DW. They can be used for phytoremediationsités
contaminated with As, due to their ability to tar high concentrations of As, and also the
hyperaccumulation of that metal (Sridokchan et24Q05).

Three species of ferns were able to accumulate Beri@ their leaves than in their rooBavallia
griffithiana — treated with selenat®teris vittatatreated with selenate, attiniopteris radiata
regardless of its formdctiniopteris radiatawas the species that had the best results in tefms
accumulating Se (Srivastava et al., 200%gris creticacan accumulate large amounts of As and
Sb; the highest concentration recorded was 1,6g/&kg, and 1,516.5 mg/kg in the leaves. The
results show that this fern can hyperaccumulate#s Sb simultaneously, consequently it is used
in the phytoremediation of soils contaminated wilibse metals (Feng et al., 2009). The species
Adiantum philippenseecorded the most significant level of Pb and dheentration in the leaves,
and Adiantum caudaturhad the best absorption coefficient for Pb, Ni &wd(Pongthornpruek et
al., 2008). Phytoextraction is the most common wetbf phytoremediation. Its efficiency depends
on there being hyperaccumulating plants, which rieegtow rapidly and produce large amounts of
biomass, on climatic factors, and on soil charaties: pH, soil texture, soil moisture and soil
temperature, the activity of microorganisms, orgammpounds, etc.

Most species of the gen&derisare of the As hyperaccumulating type, and candeel in different
countries for phytoremediation of soils contamidatéth that metal:

- P. vittatahas met all criteria to be used as a hyperaccuorulaiphytoremediation of soils
contaminated with As in Nigeria (Oloyede et al.12))

- P. umbrosas the most suitable for phytoremediation in North&an due to its increased
resistance to the environmental conditions in tiea §Saffari et al., 2008);

- P. creticaandP. vittataare able to accumulate As in the field conditiombe met with in
the Chinese Southern province of Hunan (Wei anchCh@06).

3. CONCLUSIONS

Pteridophytes include species in which the potentas proven to be used in phytoremediation by
phytovolatilisation, phytostabilization / phytoimimbzation, phytoextraction / phytoaccumulation /
phytoabsorbtion / phytocapturing. Selecting the tplgmediation method is done taking into
account, on the one hand, the mechanisms invotvetytoremediation processes, and on the other
hand, the type of soil, the type of metal, the eii@nd level of contamination, as well as the
environmental impact.
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