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CYTOTOXICITY AND GENOTOXICITY OF MELTING SNOW
– A CASE STUDY OF THE SHUMEN REGION, BULGARIA
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Abstract: The presence of atmospheric pollutants is regularly screened in Bulgaria. However, studies on the cytotoxic and
genotoxic potential of air contaminants are scarce. Snow collects pollutants from the air. The aim of the present study was to
evaluate the effects of melted snow samples from Shumen region (Bulgaria) on mitotic cells using the A. cepa test.
Samples were taken from three open spaces: 1) the city of Shumen, 2) a meadow on the Shumen plateau and 3) agricultural
land located about 9.5 km northeast of the town of Shumen.
The samples from the Shumen city and Shumen plateau indicated the presence of water soluble cytotoxic compounds. The
lack of cytotoxicity in the sample from the agricultural land was established. This proves an anthropogenic origin of
cytotoxic pollutions at the other two places. These results could serve as warning signals for health preventive programs
regarding air quality in Shumen and the Nature Park Shumen plateau during the winter.
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Introduction
Nowadays air pollution is considered as serious health risk (Calderon-Garciduenas et al., 2002;
Hudson et al., 2006; Samet & Krewski, 2007). The presence of atmospheric pollutants is regularly
screened in Bulgaria. It is well known that air contains a complex mixtures of different chemicals.
Amongst them particulate matter (PM) pollution has a negative impact on human health (Cai et al.,
2017, Rai, 2016). In Shumen city (Northeast Bulgaria) the content of PM10 has been significantly
elevated during winter (Regional Inspectorate of Environment and Water Shumen, 2016). Home
heating is considered to be the main source of this kind of pollution in the town. In addition,
permanent winds disseminate air contaminants to a protected area used by citizens for recreation. In
this way, both the ecosystem and human health could be affected.
Air contaminants include various chemicals, some of which are genotoxic. It should be noted that the
synergistic and antagonistic effects of environmental pollutants lead to the requirement to determine
approaches to study a whole mixture rather individual chemicals (Blagojević et al., 2009). Snow
collects pollutants from the atmosphere (Lei & Wania, 2004). So, analysis of melted snow samples
could be a useful approach to disclose the genotoxic potential of air contaminants (Blagojević et al.,
2009). For this purpose, tests used for evaluating the genotoxicity of water samples could be applied
(Majer et al., 2005). Тhe Allium cepa test (Levan, 1938) has been widely used for evaluating the
cytotoxic and genotoxic potential of complex mixtures showing close correlation with other testsystems (Grant, 1978; Fiskesjö, 1993; Tеdesco & Laughinghouse IV, 2012).
The aim of the present study was to evaluate the cytotoxic and genotoxic potential of melted snow
samples from the Shumen region (Bulgaria) using the A. cepa test.
Materials and Methods
Studied area and soil sampling
Shumen is a medium sized town, located in the northeastern part of Bulgaria, around 43o15-16`
latitude north and 26o54-58` longitude east. Low snowfall, low wind from the north-northeast and
temperatures below 0oC characterized the time period 10 days before the sampling date. The latitude
and longitude at the sampling site were recorded using a handheld global positioning system (GPS).
Samples of the snow were collected from three open spaces: 1) Sample from urban area (SU) - in the
city of Shumen, at the foot of the Shumen Plateau (altitude 246 m); 2) Sample from the Nature Park
(SNP) - a meadow near the huge monument on the Shumen plateau (altitude 447 m); 3) Sample from a
rural area (SR) - agricultural land in a rural area located about 9.5 km northeast away from the first
sampling site (altitude 243 m).
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Samples were collected from the surface layer of the snow. Ten surface snow sub-samples were taken
from each sampling site and bulked to give a composite sample. Sub-samples were taken in an ‘Sshape’ pattern at a distance of 5 m. Samples were maintained frozen during shipment and were kept in
frozen storage at -20oC until the time of analysis. Then snow samples were then melted at room
temperature.
Allium cepa-test
The onion bulbs were purchased from a biofarm certified to the BCS Öko Garantie; GLOBALG.A.P
and IFS Food. The outer scales of the bulbs and the old dry roots were removed without destroying the
root primordia. The bulbs were kept for root germination in deionized water for 24 h. Bulbs with new
roots with length of 1.5 cm were placed in melted snow and were allowed to root for 24 h at 25 ± 1 ºC.
The root tips were washed thoroughly with distilled water, fixed in a Clarke’s fixative (95% ethanol:
acetic acid glacial, 3:1) for 90 minutes and hydrolyzed in 1N HCl for 8 min and in 45% acetic acid for
60 min at room temperature. Then they were stained for 90 min in 1% aceto-orcein and the terminal
root tips (1-2 mm) were excised and squashed in 45% CH3COOH. Each snow sample and control
group consisted of 9 meristems from 3 bulbs. At least 1000 cells of each root meristem were analyzed.
The mitotic index was determined as a ratio between the number of cells in mitosis and the total
number of analyzed cells, expressed as a percentage. The index of each phase of mitotic division was
calculated as a ratio between the cell number in the respective period and the number of dividing cells.
The frequency of aberrant cells was calculated as a percentage of the total number of analyzed cells.
The following abnormalities were scored: mitotic cells with chromosome bridges, fragments, vagrant
chromosomes, multipolar anaphase/telophase, diagonal spindle, C-mitosis and interphase cells with
micronuclei or two nuclei.
Statistical analysis
Results were expressed as the mean ± standard deviation (SD) and significance was analyzed using a
Student’s t-test where significance was accepted at Р≤0.05.
Results and Discussion
We evaluated the microscopic cytotoxic effects of melted snow using the Allium cepa-test. Table 1
summarizes the effect of snow samples on the mitotic index and mitotic phase distribution in the root
meristematic cells of A. cepa. Upon the treatment with SNP and SU the mitotic division was almost
completely inhibited. These results indicate the occurrence of strong cytotoxic effect (Leme & MarinMorales, 2009). It is impossible to provide a cytogenetic analysis if the mitotic index is very low
(Rank, 2003). On the contrary, after treatment with SR, the mitotic index value was similar to the
negative control. The only sign for mitotic disturbance is a change in mitotic phase distribution (Table
1). As can be seen from Table 2, the frequency of aberrations upon treatment with SR also was similar
to the untreated control.
Table 1: Mitotic index and phase indices in root meristematic cells of Allium cepa L. exposed to
melted snow for 24 h.
Mitotic index
Prophase index Metaphase index Anaphase index Telophase index
(% ± SD)
(% ± SD)
(% ± SD)
(% ± SD)
(% ± SD)
Control 4.81 ± 0.71
61.20 ± 8.56
17.29 ± 7.14
6.43 ± 3.64
15.08 ± 3.31
SNP
SU
SR
4.85 ± 0.25
66.89 ± 13.90
16.00 ± 6.98
7.33 ± 8.51
9.78 ± 5.56*
Control – deionized water. Data are expressed as means ± SD (standard deviation), *P≤0.05.
Sample

Source: Authors
The present study was based on statistics about Particulate Matter (PM 10) dynamics in the air in the
town of Shumen. PM10 are inhalable particles, with diameters that are generally 10 micrometers and
smaller (EPA, 2017). Levels of PM are elevated during winter in Shumen city, mainly due to home
heating. Unfortunately, our results revealed that anthropogenic pollution affects negatively not only
the city, but also the protected park nearby. A possible explanation is the constant wind which
disseminates pollution on the park territory. This observation was confirmed by the analysis of the
sample from the agricultural area. The lack of cytotoxicity in the sample from agricultural land
confirmed the anthropogenic origin of this kind of pollution
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Table 2: Abnormalities in root meristematic cells of Allium cepa L. exposed to melted snow for
24 h.

Sample
Control
SNP
SU
SR

Dividing cells
B
V
(%) (%)
0.22 2.22
0.00 1.78

F
(%)
0.00
0.44

MP
(%)
0.00
0.00

CМ
(%)
0.00
0.67

DS
(%)
2.66
2.44

Total
(% ± SD)
5.10 ± 3.82
5.33 ± 4.80

Interphase cells
Micronuclei
Two nuclei
(% ± SD)
(% ± SD)
0.04 ± 0.05
0.13 ± 0.23
0.03 ± 0.05
0.00

Control – deionized water. B – Bridges; V – vagrant chromosomes; F – Fragments; MP – multipolar anaphase/telophase;
CМ – C-mitosis; DS – diagonal spindle. Data are expressed as means ± SD (standard deviation), *P≤0.05.

Source: Authors
As described by Blagojević et al. (2009) the snow accumulates various chemical compounds, but
knowledge about their genotoxic potential is scarce. The results of present study confirm observations
of the above-mentioned study that the A. cepa test is convenient for the evaluation of air pollution
through analysis of melted snow samples.
Conclusion
The observed microscopic effects of the melted snow samples from Shumen city indicated the
presence of water soluble cytotoxic compounds. Similar results were obtained from the site on the
Shumen plateau located near to the town. The lack of cytotoxicity in the sample from the agricultural
land confirmed the anthropogenic origin of this kind of pollution. These results could serve as warning
signals for health preventive programs regarding air quality in Shumen and protected area of the
Shumen plateau during winter.
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