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ABSTRACT

The study aims to investigate how the transfer of matrix materials from eroded asbestos cement products
induces stress responses in plants. The paper evaluates the exposure and risk factors of plants, water, and soil to
asbestos cement materials. Additionally, the experimental results provide empirical evidence for plant stress
responses based on physiological and germination parameters. Contamination of irrigation water with asbestos
cement raises environmental concerns due to its potential toxicity to plants and soil quality. Asbestos in irri-
gation water can lead to toxic stress for plants, affecting germination processes and growth. The paper analyzes
the effects of preset doses of irrigation water containing asbestos cement matrix on the germination process and
physiological parameters of Solanum lycopersicum in a controlled experiment setting. This research proposes
methodological developments that could be valuable for environmental plant protection professionals.
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INTRODUCTION

Asbestos minerals are commonly found in the environment (Mahini, 2005). According to Lewis
et al. (1996), asbestos is a general term that encompasses two groups of fibrous minerals with
different crystalline and chemical properties: amphiboles (crocidolite, amosite, anthophyllite,
actinolite, tremolite) and serpentine (chrysotile). These minerals have specific forms which
provide them with elasticity (tensile strength), high surface area, and resistance to heat and
chemical degradation (Van Orden, 1964). Nayak (2016) defines asbestos as a broad term
encompassing six types of fibrous materials primarily composed of silica, magnesia, and crys-
talline water.

According to Tóth and Weiszburg (2011) asbestos fibers are characterized as fibers with a
length exceeding 5 μm and a diameter less than 3 μm, but with a length-to-diameter ratio greater
than 3:1. These fibres are chemically inert - they do not evaporate, dissolve or release into the
environment to any significant extent (Mahini, 2005). Due to their microscopic size, these fibers
can be easily inhaled and deposited in various parts of the respiratory system, including the air
sacs (Douguet et al., 2013). Asbestos is commonly used in producing insulation, textiles, build-
ing materials and various appliances. Inhaling asbestos fibers can lead to health issues such as
asbestosis and lung cancer, pleural fibrosis and mesothelioma; although peritoneal mesotheli-
oma occurs less frequently (Lotti and Bergamo, 2014; Mossman et al., 1996).

Cement composite containing asbestos fibres has been widely used in many countries
around the world since the Second World War (Stevulova et al., 2022), and asbestos cement
products have since become a popular construction material, with the most commonly used
product forms accounting for 70% of the world’s asbestos production (Ingham, 2013), rather
over 90% (Stevulova et al., 2022). The global use of asbestos increased exponentially between
1940 and 1980, until it peaked in 1980 (Virta, 2006). Despite the fact that the manufacture and
sale of asbestos-cement products is now banned or restricted in most countries, the use of
previously installed products remains unregulated, which is particularly true for asbestos-cement
roofing elements with corrugated characteristics, which are also widely used as roofing for
agricultural facilities, or even for pressure pipes.

Bassani et al. (2007) suggest that asbestos cement is intrinsically brittle, with limited resis-
tance to impact, making it vulnerable to cracking and fracturing from minor impacts, repeated
loading, or failed fasteners. Deterioration and erosion of asbestos products lead to the release of
asbestos fibres into the air and stormwater, which eventually contaminate the soil indirectly
(Van Orden, 1964). The well-documented transformation process for these products involves
fragmentation, cracking and spalling caused by external or human-induced factors (Burragato
et al., 2010; Bint et al., 2017). Chrysotile accounts for about 95% of the asbestos used in building
materials, while other amphiboles are seldom used due to their extreme brittleness and thinness
– a characteristic also seen in Hungarian products (Bassani et al., 2007). Chrysotile has the
potential to be carried into water systems, and its physical properties can lead to some disso-
lution in aquatic environments, particularly at low pH levels (Van Orden, 1964). Research by
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Spurny (1989) suggests that the surface of an asbestos-cement slate slab may experience corro-
sion of approximately 0.01–0.024 mm per year due to weathering changes. According to
(Spurny, 1989; Suzuki et al., 2005) indicate that a square meter of corrugated asbestos-cement
sheet could lose several grams of asbestos annually, with up to 3 g being released from its matrix
structure. While it is claimed by many that asbestos fibres emitted from these products do not
present health or environmental risks, it should be acknowledged that a significant portion of
the population resides or works in affected areas; hence unknown risks persist as an area for
concern rather than justification for assurance (Kottek and Yuen, 2022). The primary factors
contributing to the release of asbestos fibres from the matrix structure include weather events,
extreme weather conditions, and sudden increase in precipitation attributed to climate change
(Bornemann and Hildebrandt, 1986). While asbestos fibres from asbestos cement may not
accumulate in the air (Tóth and Weiszburg, 2011), they can be discharged into rainwater leading
to water contamination, subsequently causing soil pollution and phytotoxic stress on vegetation.
The potential hazard of asbestos cement contaminating rainwater presents a risk due to pro-
longed drought resulting from climate change, as well as the shift towards using agricultural and
horticultural irrigation for other purposes.

The process of asbestos contamination involves a complex mechanism with one crucial
element being its stress-inducing effect. Trivedi and Ahmad (2011) have previously highlighted
that water and soil contaminated by asbestos result in toxicity that hinders germination pro-
cesses while affecting seed quality characteristics. O’Dell and Claassen (2006) also indicated that
chrysotile asbestos-contaminated soil creates a challenging environment for plant growth,
impacting productivity through disruption of nutrient levels. The adverse impacts were gauged
through parameters such as shoot height, root length, biomass, chlorophyll, and plant protein
content (Trivedi et al., 2004, 2007; Trivedi and Ahmad, 2011, 2013). It is now commonly
understood that chrysotile asbestos has unfavorable implications on the growth and nutrient
absorption of Panicum virgatum and Phleum pretense, affecting all morphological aspects.
Furthermore, there was a notable increase in the uptake of metals like Cr, Mn, V, As and Ba
too (Saleem et al., 2022).

MATERIAL AND METHOD

The research examined and assessed the germination characteristics and their variability in four
types (Manó, Vilma, Kecskeméti 549, Mobil) of Solanum lycopersicum to confirm the harmful
effects of irrigation water contamination by asbestos cement on plant growth through a simu-
lated distilled water experiment.

Experimental arrangement and conditions for germination

Four varieties of S. lycopersicum (Manó, Vilma, Kecskeméti 549, Mobil) were examined to study
the impact of stress induced by varying doses. The S. lycopersicum seeds underwent surface
sterilization using 2.0% NaOCl for 2 min, followed by three rinses with sterile distilled water.
Subsequently, 10 batches of 10 seeds each were placed in separate sterile petri dishes containing
moistened cotton disc. The petri dishes were then kept at room temperature and the germina-
tion process was observed. To calculate the germination percentage, the number of germinating
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seeds was divided by the total number of seeds and multiplied by 100%, as per the method of
Ranganathan and Thavaranjit (2015).

GR ¼ NGS
NS

3100 (1)

Where: GR-germination rate (%), NGS- number of germinated seeds, NS- number of seeds. To
examine the harmful impacts of chrysotile asbestos, a type of asbestos used in cement products,
on S. lycopersicum (tomato plant), it underwent testing for 31 days with alternating periods of
16 h of light and 8 h of darkness while maintaining controlled humidity levels.

Preparation of sample solutions, doses

Samples of asbestos cement products commonly utilized in Hungary were examined for this
study. These Hungarian asbestos cement products contained chrysotile asbestos with an average
content of 8.00–10.0%, alongside a composition of 90.0–92.0% cement. Investigating these
specific attributes simultaneously was essential due to the combined impact on matrix loss from
the erosion and degradation of the products. Concentrations of solutions were prepared in the
laboratory at 1.00, 2.00, 5.00, 10.0, 25.0 and 50.0 mg L�1 in a volume of doubly distilled water.
The control was a double distilled water treatment, furthermore a harvested rainwater sample
was included in the experiment too. The seeds received treatment twice weekly based on the
corresponding dosage for their specific treatment method.

Germination analysis

Sowing 10 seeds per petri dish resulted in a total of 400 seeds (N 5 8 3 50), and the continuous
measurement of seed germination was carried out for 31 days after sowing for all four seed
types. The analyses included 5 petri dishes for each treatment dose (N 5 5 3 10). For one set of
samples, a harvested rainwater sample from eroded and degraded asbestos cement roof structure
with corrugated characteristics was used. Throughout this period, the germination rate, time
taken for germination, as well as root length and shoot height were continuously monitored. The
measurements for root length included the part just touching the surface of the cotton disc and
tip of the main root while shoot height measurements considered the part just touching the
surface of the cotton disc along with the tip of the plant at day 31. Each treatment comprised
multiple replicates, and the findings are displayed as the mean plus standard error. The data
underwent statistical analysis and assessment of statistical correlations.

RESULTS

Figure 1 illustrates the normal germination duration of four varieties of S. lycopersicum in the
control group. Out of the four groups studied, the germination rate was 90.0% for Manó, Vilma
and Kecskeméti 549 and 96.0% for Mobil. Seed germination of S. lycopersicum under both light
and dark conditions at 25.0 8C was around or above 90.0% for the control group. Onset of
germination occurred on days 3rd and 4th on average. In the case of Manó it occurred on
day 3rd, Vilma on day 3rd, Kecskemét 549 and Mobil on day 4th under 25.0 8C conditions.
An increase in germination was observed on day 10th. In the case of Manó, stagnation, reaching
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a germination rate of 90.0%, occurred on day 26th. For Vilma, this occurred on day 28th, and for
Kecskemét 549 and Mobil, germination rate was reached on day 29th. The germination rate
decreased with increasing dose concentrations. The mean germination rate of the entire seed
samples is 91.5 ± 3.00%. For the harvested rainwater samples, the average germination rate was
89.0 ± 2.58%.

At dose concentration of 1.00 mg L�1 the germination rate was 96.7 ± 1.21%, while at
2.00 mg L�1 it was 90.8 ± 3.52%. An average decrease of around �12.1% was observed at
the 5.00 mg L�1 dose. At dose of 5.00 mg L�1 the rate value was 78.7 ± 1.10%. The average
germination rates were 70.0 ± 1.32% for 10.0 mg L�1 exposure, 58.0 ± 2.99% for 25.0 mg L�1

dose and 52.0 ± 3.26% for 50.0 mg L�1 contamination. Figure 2 illustrates the germination rate
relative to the control group based on the response to each dose concentration. At 50 mg L�1,
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Fig. 1. Comparative analysis of the germination time of the seeds tested
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the germination rate decreased to 55.6% in the case of Manó, 51.1% in the case of Vilma, 53.3%
in the case of Kecskeméti 549 and 47.9% in the case of Mobil. On average, the extent of variation
at a concentration of 50 mg L�1 and 1 mg L�1 is �44.8 ± 2.35%. The decline value was �42.2%
for Manó, �44.4% for Vilma, �44.4% for Kecskeméti 549 and �47.9% for Mobil. The analysis
into seed germination decline included simulating samples of low and highly contaminated
water, indicating that real contamination levels are in the middle. The variation in germination
rates between the seeds exposed to the harvested precipitation sample and those at 50 mg L�1

were �41.9% for Manó, �47.7% for Vilma, �46.7% for Kecskeméti 549, and �50.0% for Mobil.
The average value is �46.6 ± 3.43%. The average germination ratio for the two samples is 53.4 ±
3.43%, for Manó is 58.1%, for Vilma is 52.3%, for Kecskeméti 549 is 53.3%, for Mobil is 50.0%.
The decrease in seed sprouting is due to the presence of asbestos, specifically chrysotile asbestos,
which negatively impacts both the internal and external factors involved in germination (Trivedi
and Ahmad, 2011). Many other studies have also found a decrease in seed germination under
adverse conditions due to partial dehydration of seeds and a significant decrease in the process
of respiration. The harmful effects of asbestos on germination may be attributed to protein
deformation or an up-regulation of the transcription process, however, the specific mechanism
involved is still unclear (McIlrath et al., 1963; Shukla et al., 2006; Trivedi and Ahmad, 2011;
Luo et al., 2018).

The rate to the control group in root length resulting from asbestos cement content in the
irrigation water differed among all tested S. lycopersicum seeds, ranging from 41.1 to 94.3%
(Fig. 3). Specifically, for the Manó seeds, the reduction ranged from 47.7% (50.0 mg L�1) to
94.3% (1.00 mg L�1). For Vilma, the percentage of root length in relation to the control group
varied between 46.0 and 90.8%. For Kecskeméti 549, this range was 44.3–88.6%, while for Mobil
it was 41.1–91.1%. At a concentration of 1.00 mg L�1, the mean value of the root length ratio
is 91.2 ± 2.34%, while at 2.00 mg L�1 it is 84.4 ± 3.17%. The average ratio is 74.3 ± 4.03% for
5.00 mg L�1, 59.8 ± 4.43% for 10.0 mg L�1, 52.4 ± 4.26% for 25.0 mg L�1 and 44.8 ± 2.82%
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for 50.0 mg L�1. On average, the extent of variation at a concentration of 50mg L�1 and 1mg L�1

is �46.4 ± 2.57%. The variation in root length rates between the seeds exposed to the harvested
precipitation sample and those at 50mg L�1 were �48.1% for Manó, �51.2% for Vilma, �52.4%
for Kecskeméti 549, and �57.0% for Mobil. The average deviation is �52.2 ± 3.66%. The average
ratio for the two samples is 47.8 ± 3.66%, for Manó is 51.9%, for Vilma is 48.8%, for Kecskeméti
549 is 47.6%, for Mobil is 43.0%. According to Trivedi and Ahmad (2011), asbestos can lead to
varying degrees of reduction in root length. Additionally, it was reported that chrysotile asbestos
contamination in soil creates a challenging environment for plant growth and productivity due to
imbalanced nutrient conditions (O’dell and Claassen, 2006).

The height of the shoot has also changed significantly. The total height spectrum of the
tested samples varied between 47.6 and 98.8% (Fig. 4). For the Manó seeds, the reduction
ranged from 53.7% (50.0 mg L�1) to 98.8% (1.00 mg L�1). For Vilma, the percentage of
height of the shoot in relation to the control group varied between 51.9 and 98.8%. For
Kecskeméti 549, this range was 48.2–96.4%, while for Mobil it was 47.6–95.1%. At a concen-
tration of 1.00 mg L�1, the mean value of the height of the shoot ratio is 97.3 ± 1.82%, while at
2.00 mg L�1 it is 88.4 ± 3.44%. The average ratio is 79.0 ± 4.13% for 5.00 mg L�1, 68.6 ± 5.11%
for 10.0 mg L�1, 60.4 ± 5.27% for 25.0 mg L�1 and 50.3 ± 2.92% for 50.0 mg L�1. On average,
the extent of variation at a concentration of 50 mg L�1 and 1 mg L�1 is �46.9 ± 1.32%. The
variation in height of the shoot rates between the seeds exposed to the harvested precipitation
sample and those at 50 mg L�1 were �44.3% for Manó, �45.5% for Vilma, �47.4% for
Kecskeméti 549, and �48.7% for Mobil. The average deviation is �46.5 ± 1.95%. The average
ratio for the two samples is 53.5 ± 1.95%, for Manó is 55.7%, for Vilma is 54.5%, for
Kecskeméti 549 is 52.6%, for Mobil is 51.3%.
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Fig. 3. Comparative examination of the length of the roots that were analyzed
Mean values ± standard error are presented as a percentage of the corresponding control levels (%)
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DISCUSSION

The health impacts of asbestos on humans, specifically chrysotile asbestos, are widely under-
stood now. However, there is a significant lack of attention given to the potential ecological
effects of this substance, especially concerning its impact on plant life including agricultural
crops (NIPHEP, 1989; Trivedi and Ahmad, 2011). Research has demonstrated that higher
concentrations of asbestos in water environments can have negative consequences for aquatic
plant species (Schreier and Timmenga, 1986). Trivedi and Ahmad (2011) previously indicated
that water and soil contaminated with asbestos result in toxicity that hinders germination,
affects seed germination ability, as well as quality characteristics. In their study using potting
soil, they utilized soil samples tainted with different types of asbestos fibres while keeping the
main properties of the soil consistent (organic carbon, nitrogen, phosphorus potassium, elec-
trical conductivity, pH). This is an important factor considering O’Dell’s and Claassen (2006)’s
suggestion that chrysotile asbestos-contaminated soil creates a challenging environment for
plant growth by disturbing nutrient availability. The crops studied included common wheat,
green peas, and white mustard. Their experiments showed diminishing seed germination per-
centages with increased contamination levels. These negative responses were measured through
shoot height reduction, reduction in root length, biomass decrease, chlorophyll content, and
decreased plant protein content, resulting from toxic effects induced by asbestos exposure. The
reduction in shoot height observed under elevated dose conditions aligns with the findings of
Trivedi and Ahmad (2011), Trivedi and Ahmad (2013), Kumar and Maiti (2015), Saleem et al.
(2022), Pérez-Labrada et al. (2024) who reported growth inhibition in response to environ-
mental toxin stress, accompanied by hormonal imbalances and disruptions in nutrient absorp-
tion. Such dose-dependent inhibitory effects correspond with the broader research in plant
toxicology by Hafeez et al. (2023), which demonstrates that increased toxin doses adversely
affect plant physiological and metabolic processes.
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Fig. 4. Comparative examination of the height of the shoot that were analyzed
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CONCLUSIONS

The germination rate decreased by �44.0 ± 4.32% on average for the four types of S. lycopersi-
cum seeds tested. Manó by �40.0%, Vilma by �44.0%, Kecskeméti 549 by �42.0% and Mobil
also by �50.0%. The mean rate of change relative to the control group was �39.5 ± 5.99% in the
germination rate. The mean rate of change per 1 mg L�1 shows a factor of �0.790 ± 0.120%/
mg L�1 excluding variance. The mean rate of change relative to the control group was �43.5 ±
3.90%. The mean rate of change per 1 mg L�1 shows a factor of �0.869 ± 0.078%/mg L�1

excluding variance. The mean rate of change relative to the control group was �31.7 ± 3.41%.
The mean rate of change per 1 mg L�1 shows a factor of �0.634 ± 0.068%/mg L�1 excluding
variance. In summary, the research focused on examining how four different types of S. lyco-
persicum respond to varying levels of asbestos-cement contamination during germination and
growth. The findings suggest that the presence of chrysotile asbestos significantly lowers seed
germination rates, with a noticeable decline as contamination levels rise. Furthermore, it was
observed that higher contamination leads to delayed germination and final rates dropping below
50.0%. Moreover, all tested varieties displayed considerable reductions in both root length and
shoot height, signalling negative impacts on overall plant growth.

The results are consistent with prior studies that have shown the harmful effects of asbestos,
particularly chrysotile asbestos, on seed germination and plant growth. This study highlights the
importance of considering the ecological impact and potential effects on agricultural crops when
assessing water environments contaminated with asbestos. The observed decrease in seed germi-
nation, root length, and shoot height indicates that chrysotile asbestos negatively affects both
internal and external factors essential for plant development. This study emphasizes the neces-
sity for further research in this area. The data presented here, including the concentration-
dependent reduction in germination rates and changes in root and shoot parameters, enhance
our understanding of the ecological consequences of asbestos contamination. Ultimately, this
research adds to a growing body of evidence highlighting not only its well-documented health
impacts on humans, but also emphasizing its environmental risks.

ACKNOWLEDGEMENTS

Supported by the ÚNKP-23-3-I New National Excellence Program of the Ministry for Culture
and Innovation from the source of the National Research, Development and Innovation Fund.

.

REFERENCES

Bassani, C., Cavalli, R.M., Cavalcante, F., Cuomo, V., Palombo, A., Pascucci, S., and Pignatti, S. (2007).
Deterioration status of asbestos–cement roofing sheets assessed by analyzing hyperspectral data.
Remote Sensing of Environment, 109(3): 361–378.

Acta Phytopathologica et Entomologica Hungarica 59 (2024) 1, 63–73 71

Unauthenticated | Downloaded 10/18/24 08:52 AM UTC



Bint, L., Hunt, S., Dangerfield, D., and Mechaelis, M. (2017). New Zealand Guidelines for assessing and
managing asbestos in soil. Branz, Porirua, New Zealand, pp. 1–96.

Bornemann, P. and Hildebrandt, U. (1986). Problem concerning environmental dust evidence by weath-
ered-off asbestos-cement. Staub, Reinhaltung Der Luft, 46(11): 487–489.

Burragato, F., Gaglianone, G., Gerbasi, G., Mazziotti-Tagliani, S., Papacchini, L., Rossini, F., and
Sperduto, B. (2010). Fibrous mineral detection in natural soil and risk mitigation. Periodico di Miner-
alogia, 79(3): 21–35.

Douguet, D., Carteron, H., Janiaud, P., and Pinhas, N. (2013). Effets sur la santé des principaux types
d’exposition à l’amiante, Available at: https://hal–lara.archives–ouvertes.fr/hal–01571943 (Accessed 2
March 2024).

Hafeez, A., Rasheed, R., Ashraf, M.A., Qureshi, F.F., Hussain, I., and Iqbal, M. (2023). Effect of heavy metals
on growth, physiological and biochemical responses of plants. In: Husen, A. (Ed.), Plants and their
interaction to environmental pollution, 1st ed. Elsevier, pp. 139–159. https://doi.org/10.1016/C2020-0-
03319-0.

Ingham, J.P. (2013). Concrete products. In: Geomaterials under the microscope, 1st ed. Academic Press,
Elsevier, pp. 121–127.

Kottek, M. and Yuen, M.L. (2022). Public health risks from asbestos cement roofing. American Journal of
Industrial Medicine, 65(3): 157–161.

Kumar, A. and Maiti, S.K. (2015). Effect of organic manures on the growth of Cymbopogon citratus and
Chrysopogon zizanioides for the phytoremediation of chromite-asbestos mine waste: a pot scale exper-
iment. International Journal of Phytoremediation, 17(5): 437–447.

Lewis, I.R., Chaffin, N.C., Gunter, M.E., and Griffiths, P.R. (1996). Vibrational spectroscopic studies of
asbestos and comparison of suitability for remote analysis. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 52(3): 315–328.

Lotti, M. and Bergamo, L. (2014). Asbestos. In: Wexler, P. (Ed.), Encyclopedia of toxicology, 3rd ed., Vol. 1.
Academic Press, Elsevier Inc., pp. 323–326.

Luo, Y., Liang, J., Zeng, G., Chen, M., Mo, D., Li, G., and Zhang, D. (2018). Seed germination test for
toxicity evaluation of compost: its roles, problems and prospects. Waste Management, 71: 109–114.

Mahini, X. (2005). Asbestos. In: Wexler, P. (Ed.), Encyclopedia of toxicology, 2nd ed. Elsevier, London, UK,
pp. 179–182.

McIlrath, W.J., Abrol, Y.P., and Heiligman, F. (1963). Dehydration of seeds in intact tomato fruits. Science,
142(3600): 1681–1682.

Mossman, B.T., Kamp, D.W., and Weitzman, S.A. (1996). Mechanisms of carcinogenesis and clinical
features of asbestos - associated cancers. Cancer Investigation, 14(5): 466–480.

Nayak, L. (2016). Nature environment and pollution technology an international quarterly scientific
journal the mineral fibre: asbestos - its manufacture, properties, toxic effects and substitutes. Nature
Environment and Pollution Technology an International Quarterly Scientific Journal, 15: 477–482.

NIPHEP (1989). Report No. 758473013, integrated criteria document asbestos. In: Sloof, W., and
Blokzijl, P.J. (Eds.), National institute for public health and environmental protection. Bilthoven, The
Netherlands.

O’dell, R.E. and Claassen, V.P. (2006). Relative performance of native and exotic grass species in
response to amendment of drastically disturbed serpentine substrates. Journal of Applied Ecology,
43(5): 898–908.

Pérez–Labrada, F., Luis Espinoza-Acosta, J., Bárcenas-Santana, D., García-León, E., and Carmen López-Pérez, M.
(2024). Underlying mechanisms of action to improve plant growth and fruit quality in crops under alkaline

72 Acta Phytopathologica et Entomologica Hungarica 59 (2024) 1, 63–73

Unauthenticated | Downloaded 10/18/24 08:52 AM UTC

https://hal--lara.archives--ouvertes.fr/hal--01571943
https://doi.org/10.1016/C2020-0-03319-0
https://doi.org/10.1016/C2020-0-03319-0


stress. In: Hasanuzzaman, M., and Nahar, K. (Eds.), Abiotic stress in crop plants. IntechOpen. http://dx.doi.
org/10.5772/intechopen.114335.

Ranganathan, K and Thavaranjit, A.C. (2015). Promotion of vegetable seed germination by soil borne
bacteria. Archives of Applied Science Research, 7(8): 17–20.

Saleem, K., Asghar, M.A., Saleem, M.H., Raza, A., Kocsy, G., Iqbal, N., Ali, B., Albeshir, M.F., and Bhat, E.A.
(2022). Chrysotile–asbestos–induced damage in Panicum virgatum and Phleum pretense species and its
alleviation by organic–soil amendment. Sustainability, 14(17): 10824.

Schreier, H. and Timmenga, H. (1986). Earthworm response to asbestos rich serpentinitic sediments. Soil
Biology and Biochemistry, 1: 85–89.

Shukla, A., Barrett, T.F., Nakayama, K.I., Nakayama, K., Mossman, B.T., Lounsbury, K.M., Shukla, A.,
Barrett, T.F., Nakayama, K.I., Nakayama, K., Mossman, B.T., and Lounsbury, K.M. (2006). Transcrip-
tional up-regulation of MMPs 12 and 13 by asbestos occurs via a PKCδ-dependent pathway in murine
lung. The FASEB Journal, 20(7): 997–999.

Spurny, K.R. (1989). On the release of asbestos fibers from weathered and corroded asbestos cement
products. Environmental Research, 48(1): 100–116.

Stevulova, N., Estokova, A., Holub, M., and Singovszka, E. (2022). Demolition waste contaminated with
asbestos. In: Pacheco-Torgal, F., Falkinham, J.O., and Galaj, J. (Eds.), Advances in the toxicity of con-
struction and building materials. Elsevier, pp. 261–283.

Suzuki, Y., Yuen, S.R., and Ashley, R. (2005). Short, thin asbestos fibres contribute to the development of
human malignant mesothelioma: pathological evidence. International Journal of Hygiene and Environ-
mental Health, 208(3): 201–210.

Tóth, E. and Weiszburg, T. (2011). Környezeti ásványtan. Typotex Kiadó, Budapest, pp. 1–219.
Trivedi, A.K., Ahmad, É., Musthapa, M.S., Ansari, F.A., and Rahman, Q. (2004). Environmental contam-

ination of chrysotile asbestos and its toxic effects on growth and physiological and biochemical pa-
rameters of Lemna gibba. Archives of Environmental Contamination and Toxicology, 47(3): 281–289.

Trivedi, A.K., Ahmad, É., Musthapa, M.S., and Ansari, F.A. (2007). Environmental contamination of
chrysotile asbestos and its toxic effects on antioxidative system of Lemna gibba. Archives of Environ-
mental Contamination and Toxicology, 52(3): 355–362.

Trivedi, A.K. and Ahmad, I. (2011). Effects of chrysotile asbestos contaminated soil on crop plants. Soil and
Sediment Contamination: An International Journal, 20(7): 767–776.

Trivedi, A.K. and Ahmad, I. (2013). Genotoxicity of chrysotile asbestos on Allium cepa L. meristematic root
tip cells. Current Science, 105(6): 781–786.

Van Orden, D.R. (1964). Asbestos. In: Morrison, R.D., and Murphy, B.L. (Eds.), Environmental forensics,
1st ed. Academic Press, Elsevier, pp. 19–33.

Virta, R.L. (2006). Worldwide asbestos supply and consumption trends from 1900 through 2003. U.S.
Geological Survey, Reston, Virginia, pp. 1–80. https://pubs.usgs.gov/circ/2006/1298/c1298.pdf.

Open Access statement. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited, a link to the CC License is provided, and changes
– if any – are indicated. (SID_1)

Acta Phytopathologica et Entomologica Hungarica 59 (2024) 1, 63–73 73

Unauthenticated | Downloaded 10/18/24 08:52 AM UTC

http://dx.doi.org/10.5772/intechopen.114335
http://dx.doi.org/10.5772/intechopen.114335
https://pubs.usgs.gov/circ/2006/1298/c1298.pdf
https://creativecommons.org/licenses/by/4.0/

	Outline placeholder
	The impact of irrigation with harvested rainwater containing asbestos cement matrix on the germination characteristics of S ...
	Introduction
	Material and method
	Experimental arrangement and conditions for germination
	Preparation of sample solutions, doses
	Germination analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


