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Abstract: Phytotoxicity and phytogenotoxicity
of soils in the area of liquidated pesticide-burial
ground. First efforts to reduce the environmental
risks caused by existing pesticide burial grounds
were undertaken in Poland at the beginning of
the 1990s. Work on their liquidation was acceler-
ated after the adoption of the first National Waste
Management Plan 2006 and National Waste Man-
agement Plan 2010. In 2011 The Supreme Audit
Office carried out an assessment of the realisa-
tion of the plans, which revealed the negligence
in monitoring of the areas of liquidated pesticide
burial grounds, whilst even after the land reclama-
tion process, the remaining contamination could
still pose environmental risk. In such areas, to
evaluate the impact of the mixture of potentially
present toxic and genotoxic substances, higher
plant bioassays are very useful. On the example
of liquidated pesticide burial ground in Gréjec we
concluded, that after several years from the liqui-
dation and land reclamation processes, environ-
mental impact of this type of facility could still
be perceptible. Phytogenotoxicity of soil samples,
collected from the liquidated burial site and the
immediate vicinity, was detected with Vicia faba
Root Tip Assay.
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INTRODUCTION

The problem of utilization of obsolete
pesticides appeared in 20th century. The
first attempts to solve this issue in Po-

land were undertaken in the 1960s. Pesti-
cides were initially buried directly in the
earth pits throughout the whole country
(Wotkowicz et al. 2010). In 1971, the
guidelines for the construction storage
sites appeared and they recommended
to build underground reservoirs made
of concrete rings, with the diameter of
1-2 m and the depth of 3—4 m (Central-
ny Zwiazek Spoéldzielczosci Rolnikow
1971). Unfortunately, the above men-
tioned instruction did not impose herme-
ticity checking of these facilities, nor did
it contain requirements regarding their
location. Therefore, often the pesticide
burial sites were located on groundwater
supply areas, posing risk for water con-
sumers (Bieganska et al. 2013).

At the beginning of the 21st century,
the total mass of obsolete pesticides in the
world was estimated at 400,000-500,000
Mg (Bieganska et al. 2013), with large
stocks in Central and Eastern Europe
(Kocur-Bera 2013). The amount of this
type of substances deposited in Poland is
not known in detail. According to the as-
sessment of the Ministry of the Environ-
ment of 2010, their weight was 2,567.81
Mg (Ignatowicz 2013). First efforts to
reduce the environmental risks caused
by existing pesticide burial grounds were
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undertaken in the the 1990s, but works
on their liquidation accelerated after the
adoption of the first National Waste Man-
agement Plan 2006 which assumed that
the existing pesticide tombs in the coun-
try would be removed by the end of 2010.
This objective was maintained in the next
National Waste Management Plan 2010.

In 2011 The Supreme Audit Office
(Najwyzsza Izba Kontroli 2012) carried
out an assessment of the extent to which
this objective has been achieved. It
showed that many of the burial grounds
have been liquidated, but at the sched-
uled time not all of them. Moreover it re-
vealed the negligence in monitoring of
the areas of liquidated pesticide tombs: it
was carried out only for 30% of sites. In
the majority of cases, even the status of
waters in the immediate vicinity was not
being checked.

The monitoring of the area of liqui-
dated pesticide tomb seems absolutely
obligatory, to be sure that all the threats
to the natural environment have been
mitigated. Even after the extermination
and land reclamation process, the re-
maining contamination could still pose
risk for nature and also for human health
(Ignatowicz 2013, Kocur-Bera 2013). It
is worth reminding that natural flora may
be sensitive to genotoxic pollutants in
soil and/or air even at very low concen-
trations (Greguskova and Micieta 2013).
They may possibly lead to decrease in
plant reproduction ability with conse-
quences for the process of succession
(Pflugshaupt et al. 2002).

In such areas, to evaluate the impact
of the mixture of potentially present
toxic and genotoxic substances, higher
plant bioassays are very useful. They are
relatively inexpensive and well suited to

evaluate environmental hazards to eco-
systems (Gopalan 1999). In our research
we assessed the phytotoxicity and also
phytogenotoxicity of soils in the liqui-
dated pesticide burial area in Grojec. Our
aim was to determine, on the basis of this
example, whether any environmental
impact may be perceptible several years
after the liquidation of a pesticide tomb
and the land reclamation process.

RESEARCH AREA
AND METHODS

Research area

The pesticide-burial site was located
in the unused agricultural area, in the
south-western part of the city of Grojec,
at Mogielnicka street. It consisted of 29
wells made of concrete rings with an in-
ternal diameter of 840—1,200 mm and a
depth of 2.4-3.5 m below ground level.
Five wells were not equipped with a con-
crete bottom. The facility also included a
ground pit measuring 1.5 X 2.1 X 0.4 m
and of a volume of approx. 1.26 m>.

In October, 2007, the Community Of-
fice in Grojec signed a contract for the
liquidation of the burial site and reclama-
tion of the area. The works were carried
out from 7 November 2007 to 9 January
2008. In the first stage pesticides and
packaging materials were taken out of
the wells and the ground pit, transport-
ed to the hazardous waste incinerator
in Dabrowa Gornicza and inactivated.
Next the contaminated soil (to a depth
of 4 m) and concrete well constructions
were extracted. This material was taken
to the hazardous waste landfill in Gorzow
Wielkopolski. In total, 490.77 Mg of haz-
ardous waste were removed (Table 1).



Phytotoxicity and phytogenotoxicity of soils...

265

TABLE 1. Amount of waste extracted during the liquidation of the pesticide burial ground in Groéjec

(Kucharski et al. 2008)

Tve of extracted waste Waste Amount of extracted waste
P code Mg)

Agrochemical waste containing hazardous substances,

including plant protection products of 02 01 08* 58.24

I and II toxicity class (very toxic and toxic)

Soil, including stones, containing dangerous substances 17 05 03* 370.11

Mixed or segregated waste from concrete, brick rubble,

ceramic waste and equipment items containing hazardous | 17 01 06* 62.42

substances

* Additionally mark hazardous waste.

The final stage of works was the recla-
mation of the area (120 m?); the bottom of
the excavation was filled with a 1 m thick
layer of loam with a low infiltration rate
(< 810 m/s). Next, a 2.7 m layer of pure
native soil was applied and covered with
0.3 m thick sand and peat mixture. For un-
derground water monitoring purpose one
piezometer was installed (27 m). Ground
waters are being checked in 2 dug wells at
private properties (Matracka et al. 2012).

Soil sampling

Soil samples were taken, using Egner’s
sampling stick, from 4 points: samples
M20 and M40 — at the liquidated bur-
ial ground itself, at 20 cm depth and at
40 cm depth respectively; sample P2 —
at 200 m distance from the burial site in
Northern direction, sample P3 —at 200 m
distance in Eastern direction, sample P4
— at 200 m and sample P5 — at 400 m
distances in Western direction. In each
point 18-20 individual samples from the
surface layer (0-20 c¢cm) and in case of
sample M40, from the subsurface layer
(2040 cm) were taken. The mixture of
individual samples constituted a repre-
sentative sample for each check point.

Phytotoxicity assessment

For phytotoxicity assessment Seedling
Emergence and Growth Tests with Vi-
cia faba and Synapis alba were applied.
Seeds were sown in 25 ml containers
filled with examined soil. As the control
sample rinsed river sand was used. In case
of Vicia faba 5 seeds, and in case of Syn-
apis 10 seeds were placed in each pot, in
5 replications. Seedling emergence was
observed, and subsequently after 5 days
Synapis seedlings were replaced from
the pots and their roots measured. In case
of Vicia the process of germination was
longer, so the seedlings were replaced
and the roots measured after 14 days.

Phytogenotoxicity assessment

For phytogenotoxicity assessment Vicia
faba RTA (Root Tip Assay) was used.
The seeds were germinated in rinsed
river sand. After achieving the main root
about 2-3 cm long they were placed in
soil samples and the control in sand. Af-
ter 3 days of exposition the roots were cut
off, rinsed in water and fixed in Carnoy’s
solution (ethanol and glacial acetic acid
3:1) for 24 h. Then they were rinsed
and stored in 70% ethanol in a fridge.
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Microscope slide preparation started with
root maceration in 1N HCI for 40 min in
room temperature and staining in aceto-
orcein for about 2 h. For each combina-
tion 5 microscopic slides were prepared
and the mitotic indices (MI) in 5 x 1,000
meristematic cells were calculated ac-
cording to the following formula:

M1=(M)100%
T

M — number of dividing cells;
T — total number of cells.

Next step was to assess the percent-
age of chromosomal aberrations (such
as: bridges, fragments or vagrant chro-
mosomes) in 5 x 200 anaphase and telo-
phase cells (AAT).

A Tabnorm ] -100%

AAT =( T
all
AT jpnorm — abnormal anaphase and telo-
phase cells;
— total number of anaphase and

telophase cells.

ATy

Test results were subjected to the
Statistica 13.3 computer program. After
One-way Analysis of Variance (ANO-
VA), we used Tukey’s honestly signifi-
cant difference (HSD) post hoc test at a
significance level of P < 0.05.

RESULTS AND DISCUSSION

Liquidated pesticide burial grounds may
pose danger for the surrounding soils and
waters for many years after the reclama-
tion process (Ignatowicz 2018). Accord-
ing to Galuszka et al. (2011) in Poland
there were 124 unsatisfactory remedia-

tion projects of pesticide burial ground
liquidation. Monitoring was carried out
only for 30% of sites, being neglected in
the rest of them (Najwyzsza Izba Kon-
troli 2012), and it indicated that in some
places the quality of ground-waters did
not meet the standards. The quality of
soils was rarely checked, because most
of'the soil from liquidated burial grounds
had been removed (1m thick layer under-
lying the containers and 0,5 m thick lay-
er adhering to the containers Gatuszka et
al. 2011) and the rest was supposed to be
cleaned up by biological processes. Un-
fortunately for some substances, for ex-
ample organochlorine pesticides (OCP),
it takes decades (Liu et al. 2015). Soil
may serve as storage compartment for
them as they have limited water solubil-
ity and tend to be sorbed on soil particles
(Stark et al. 1987). On the other hand
in higher temperatures in summer, be-
ing volatile, they may be released into
the upper soil layers and the atmosphere
(Alamdar et al. 2014).

We do not have the detail data of kind
of pesticides in Grojec burial ground but,
according to Galuszka et al. (2011), typi-
cal content of a pesticide tomb in Poland
was dominated by OCP (10-100% waste
volume) with DDT insecticide as the
prevailing compound. Soil monitoring at
Grojec site in 2011-2012, at 4 m depth,
detected the presence of OCP, such as:
aldrine, dieldrine, DDT and its metabo-
lites DDD, DDE, and some other groups
of pesticides. The quantities were not
exceeding standards for the certain kind
of soil (Matracka et al. 2012), but in the
upper layers they were not checked.

Downward movement of pesticides in
soils is of course the main direction, but
in case of DDT, or other high molecular
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weight halogenated organic compounds,
it is limited (Lippmann et al. 2003).
Low solubility suggests that leaching
will not be a major route of loss in this
case (Boul 1995). There may also be
the upward movement, due to evapora-
tion, which has been underestimated for
years. Certain compounds may volatil-
ize from even deep subsurface locations
(Jury et al. 1990, 1992). DDT, especially
converted in soil to DDE, has a volatile
nature and may be quite easily lost by
evaporation (Boul 1995).

In our studies we performed phyto-
toxicity and phytogenotoxicity testing of
surface backfill soils, in order to check
their potential contamination with the re-
maining pesticides through volatilization
from the deeper layers. It was already re-
ported (Gill et al. 1991) that, even after
the remediation process, the surface soils
at chemical waste sites, might be genoto-
xic to plant bioindicators.

Phytotoxicity seedling tests may have
many endpoints, but in pot experiments
the seedling shoot emergence and root
elongation are normally used. In our re-
search neither the emergence of shoots,
nor the elongation of roots, which is a
more sensitive parameter (An 2004), in
both test species: Synapis alba and Vi-
cia faba, did indicate toxicity of exam-
ined soils (Fig. 1). However, it must be
mentioned, that some plant species such
as Artemisia annua, Amaranthus retro-
flexus, Kochia scoparia and others, are
known to be resistant to pesticides, in-
cluding OCP. They accumulate OCP in
root system and it is not preventing them
from producing high biomass. They do
not show any toxic symptoms and they
may possibly be used for phytoremedia-
tion purposes (Nurzhanova et al. 2013).
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Perhaps Vicia and Synapis used in our
experiment were also tolerant enough
not to show inhibition of seedling emer-
gence and root elongation.

Species such as Vicia faba, Allium
cepa, Tradescantia paludosa have abil-
ity to detect phytogenotoxicity of chemi-
cal agents and they are currently in use
for this purpose in environmental studies
(Ma et al. 2005). For phytogenotoxicity
testing we used Vicia faba Root Tip As-
say, which is highly recommended for
soil samples (Cotelle et al. 2015) and
known as sensitive to DDT and DDE as
genotoxic agents (Juarez-Santacruz et al.
2015). Initially the mitotic indices were
calculated. In comparison with control,
the soil samples collected from surface
layer of 20 cm, from any of the points,
did not inhibit mitosis of the meristemat-
ic root cells. Only in case of soil sample
M40, taken from subsurface layer 20—
—40 cm, at the burial ground, the mitotic
index was significantly lower than in
the control one. The substances present
in the sample inhibited mitosis by over
50% (Fig. 2). Similar inhibition in M/
was observed in Vicia after treatment
with Cyolan organophosphorus insecti-
cide (George and Ghareeb 2001).

Observations of anaphase and telo-
phase cells indicated significantly higher
number of aberrations (AAT), such as:
chromosomal bridges, vagrant chromo-
somes and fragments of chromosomes,
in any of the examined soil samples in
comparison with control. We concluded
that the soil samples from each of the
points showed phytogenotoxic effects
on meristematic cells of Vicia faba roots.
The highest one (about 30% AAT) was
observed for sample M40 from the point
located at liquidated burial site 40 cm
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deep. Again similar effect of Cyolan was
observed in Vicia (George and Ghareeb
2001). Soil samples from other points,
showed similar genotoxicity level, but it
was significantly lower than on the bur-
ial ground itself (Fig. 2). It seems natu-
ral that concentration of genotoxic agent
was decreasing in points distant from the
burial ground. Such relation was also re-
ported by Alamdar et al. (2014).
Genotoxic effect observed in our
research concerned root cells, but it is
proved that contaminants uptaken by
roots from soil, may be translocated to
the over ground part of plant, with ef-

ficiency depending on the species (Nurz-
hanova et al. 2013). In areas with con-
taminated soils, disturbances were ob-
served in generative parts of plants in
several native species: Chelidonium ma-
Jjus, Clematis vitalba, Cichorium intybus,
Linaria vulgaris (Misik et al. 2007), and
also Artemisia vulgaris, Melilotus albus,
Trifolium pretense, Salix caprea, La-
mium maculatum and others (Solenska et
al. 2006, Greguskova and Micieta 2013).
Aberrations in tetrads after the meiosis
may lead to abnormal microspores, the
production of abortive pollen grains
and in consequence certain percentage
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of empty seeds. Pollen limitation is es-
pecially affecting winter declining spe-
cies, because their reproductive success
and persistence mostly depends on seeds
(Pflugshaupt et al. 2002). Native plants
responses to genotoxic substances can
be observed even at very low concentra-
tions (Greguskova and Micieta 2013)
and may possibly lead to the decrease
of plant reproduction ability with conse-
quences for the process of succession in
the area (Pflugshaupt et al. 2002).

CONCLUSIONS

1. On the example of liquidated pesti-
cide burial ground in Groéjec it was
concluded, that after several years
from the liquidation and land recla-
mation processes, environmental im-
pact of this type of facilities can still
be perceptible.

2. Although phytotoxicity of soils was
not detected at the liquidated burial
site or the immediate vicinity, phy-
togenotoxicity of the same soil sam-
ples was significant.

3. Phytogenotoxicity studies, using
plant bioassays and native plant spe-
cies, are recommended beside the
chemical analysis of soils for full
monitoring of liquidated pesticide
burial grounds.
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Streszczenie: Fitotoksycznosé i fitogenotoksycz-
nos¢ gleb na terenie zlikwidowanego mogilnika
pestycydowego. Pierwsze wysitki w celu likwi-
dacji zagrozen spowodowanych przez istniejace
mogilniki pestycydowe zostaly podjgte w Polsce
na poczatku lat 90. XX wieku. Prace likwidacyj-
ne zostaly przyspieszone po przyjgciu pierwsze-
go Krajowego Planu Gospodarki Odpadami 2006
oraz nastgpnego Krajowego Planu Gospodarki
Odpadami 2010. W 2011 roku Najwyzsza Izba
Kontroli przeprowadzila oceng realizacji pla-
noéw, ktora ujawnita zaniedbania w monitoringu
obszardéw po zlikwidowanych mogilnikach, pod-
czas gdy nawet po usunigciu mogilnika i rekul-
tywacji terenu pozostate zanieczyszczenia moga
stwarza¢ zagrozenie dla $rodowiska. W takich
rejonach do oceny wplywu mieszaniny poten-
cjalnie toksycznych i genotoksycznych substan-
cji bardzo uzyteczne sa testy z zastosowaniem
ro$lin wyzszych. Na przyktadzie zlikwidowane-
go mogilnika pestycydowego w Grojcu stwier-
dzono, iz po kilku latach od likwidacji wplyw
tego rodzaju instalacji na s$rodowisko moze
pozostawa¢ odczuwalny. Fitotogenoksyczno$é
probek gleby pobranych z terenu zlikwidowa-
nego mogilnika oraz bezposredniego sasiedztwa
stwierdzono za pomoca testu stozkow wzrostu
korzeni Vicia faba.

Stowa kluczowe: mogilnik pestycydowy, fitotok-
sycznos¢, fitogenotoksycznose, Vicia faba RTA
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