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ABSTRACT 

India ranks first in global water scarcity with more than 163 million people in the country without access 

to safe drinking water. Depleting water resources, increasing demand, increasing pollution and lax water 

treatment strategies has negatively impacted food security, human health, economy and ecosystem 

balance. Measures at individual, social, institutional and policy level need to be implemented for 

mitigating this water scarcity and raising awareness for water issues such as equity, quality and safety. 

This study explores the genotoxic potential of four drinking water samples from Tripura, India. The 

macroscopic parameters of root growth and microscopic parameters of alteration in mitotic index and 

frequency of chromosomal aberrations, specially micronuclei have been employed to assess toxicity, 

specially genotoxicity. The results indicate significant genotoxicity of groundwater and rain water; also 

suggests that water purification helps improving the drinking water quality.  

 

Keywords: Drinking Water; Quality; Potential Genotoxicity; Allium cepa Test, Chromosomal Aberration 

 

INTRODUCTION 

Water availability and accessibility is a critical issue worldwide. Water scarcity be it, physical -due to 

water overuse, desertification and drought; or economic -due to lack of infrastructure in providing 

equitable water supply from ample water resources; has negative impacts on food security, human health, 

economy and drastically affects ecosystem balance (Bond et al.,2019; Seckler et al., 1999). Important 

issues include water quality and safety, accessibility and equity.Water stress is a major concern for India, 

with increasing water demand, diminishing ground water resources, pollution, frequent incidences of 

drought and flood (Narula and Lall, 2009) coupled with inequities in safe drinking water supply affected 

by availability, institutional, social and economic factors. With increasing population, indiscriminate 

sewage and waste disposal, insufficient water treatment strategies, water pollution has reached alarming 

dimension to pose serious health problems (Siddiqui et al., 2011; Pattnayak,2015).Application of efficient 

water management strategies to mitigate water scarcity include holistic approach of increasing water 

availability through desalination, efficient water use through sustainable agriculture, upgrading water 

infrastructure, land use change and finally adoption of a system-based approach to reduce multi stressor 

effects and their interactions (Bond et al., 2019). 

Quality evaluation of drinking water is integral to safety assessment.World Health Organization (2011) 

provides a detailed guideline for safe drinking water quality including microbial, chemical, radiological, 

acceptability aspects, even analytical and treatment methods. The Bureau of Indian Standard (2012) also 

provides a guideline with parameters like pH, turbidity, hardness, metal and microbial contamination, 

taste and odour. However, most of the available water in India is unfit for drinking; there are more than 

163 million people without access to safe drinking water, contributing 19.33% of the 60% people 

worldwide without access to clean water (The Water Gap-The State of the World’s Water 2018). Several 

reports from India indicate that the physicochemical, biological parameters like pH, Dissolved Oxygen, 

Biological Oxygen Demand, Total Hardness, Total Dissolved Solids,turbidity, alkalinity, acidity, calcium, 

magnesium, iron, chloride, fluoride, sulphate, nitrate content, even microbial count of more than 40% of 

the drinking water sources from rural and urban areas are not within permissible levels, making the waters 

unfit for human consumption (Vyas and Sawant,2008; Jothivenkatachalam et al., 2010, Sahni et al., 2010, 

Das et al., 2014; Singh et al.,2015; Menon et al., 2019).  
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Measures to assess the safety and bring in decontamination and purification measures need to be adopted, 

so that acceptably clean water becomes available.Characterising the mutagenic potential of water through 

an efficient, fast, inexpensive, toxicity testing system was also felt necessary (Fatima and Ahmad,2006). 

However, potential genotoxicity of water samples has not been considered as concern parameter (Radićet 

al.,2010), although toxicity tests are efficient indicators of the biological effects of pollutants, even in low 

concentrations, that may not be detected through standard analytical procedures (Kungoloset al., 2006).  

The Allium cepa test has been a simple, efficient, inexpensive, in-vivo, short-term, plant-

basedgenotoxicity assay widely used for routine biomonitoring of water pollution (Fiskesjö 1985, Smaka-

Kinclet al., 1996;Leme and Marin-Morales, 2009;Siddiquiet al., 2011;Firbas and Amon 2014). The 

macroscopic parameter of root growth and microscopic parameters of alteration in cell division rate, 

appearance of chromosomal aberrations are the bioindicators of toxicity. The International Program 

Chemical Safety (IPCS), United Nations Environmental Program (UNEP) and World Health 

Organization (WHO) recommend the use of plant-based bioassays for (Ma et al., 1999; Leme and Marin-

Morales, 2009) biomonitoring of environmental pollutants, moreover the bioassays show good correlation 

with other bioassays (Grant and Salamone, 1994). Sensitivity of the test lies in fast response of root 

growth dynamics and easy identification (because of good chromosome size, low number, stable 

karyotype) of genotoxic end points- changes in Mitotic Index (MI), appearance of Chromosomal 

Aberrations (CA) and Micronuclei Index (MN) (Fiskesjö 1985; Leme and Marin-Morales, 2009;Bonciu et 

al.,2018). 

Here, we investigate genotoxic potential, if any, of four drinking water sources- water from tube well, tap 

water, purified tap water and rain water; by employing the macroscopic and microscopic toxicity 

parametersof the Allium cepa test. 

 

MATERIALS AND METHODS 

Drinking water samples were collected from and near Tripura University, including tap watersupply at 

University, water oftube well (groundwater) used by nearby villagers, rain water harvested in July-August 

and tap water purified with Kent RO Purification System at Department of Botany. All the sample waters 

were stored in clean sterilized bottles. The pH of each water sample was measured by Contech 102 pH 

Meter.  

For the Allium cepa test, local onion (Allium cepa L.) waspurchased, equal sized bulbs were selected, dry 

scale peeled off and kept in refrigerator for a day, the rooting zone was gently scraped to remove dead 

cells. The wet bulbs were exposed to the test water samples and kept at room temperature, in dark, for 

seven days for root growth observations. Kent Mineral RO purified tap water was used as negative 

control.Observation on root growth were recorded for three consecutive weeks. For cytological analysis, 

the bulbs were allowed to root for 4 days in dark, then the roots were excised at 6 hours interval up to 24 

hours, in a way so that the treatments terminated at 9-10am. All treatments were performed in triplicate. 

The excised root tips of Allium cepa L. were fixed in 1:3 acetic: alcohol overnight, fixed root tips were 

rinsed in distilled water, kept in 45 % acetic acid for few minutes, stained with 9:1 aceto-orcein: HCl 

solution, warmed, kept for an hour and squashed in 45% acetic acid (Sharma and Sharma,1980). Slides 

were prepared for cytological observation and photomicrographs obtained under Zeiss AxioScope1 

microscope. Metric observations under microscope include number of cells in different mitotic phases, 

number of aberrant cells, number of dividing cells and number of cells in microscopic field (at 40X 

objective). Mitotic Index (MI), Chromosomal Aberration (CA) and Micronuclei Index (MN) calculated 

as: 

MI= (Total number of dividing cells / Total number of cells) x 100  (1) 

CA= (Number of Aberrant cells / Number of dividing cells) x 100  (2) 

MN= (Number of micronuclei/ Number of dividing cells) x 100  (3) 

At least 2000 cells were scored for each water sample at specific duration of treatment. The mean values, 

standard deviation and standard error of mean were calculated for attributes of root length, mitotic index. 
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One-way ANOVA with post hoc Tukey’s Test were performed with all attributes at p<0.05 significance 

level. 

 

RESULTS  

Initially the pH levels of all drinking water samples were measured,that ranged between 6.02 to 7.11;pH 

of negative control and rain water sample were within the range specified for drinking water, whereas,pH 

of ground water and tap water were not within the range. Average root length was highest (8.36cm) for 

Kent RO purified control water, followed by rain water (8.28cm), ground water (5.17cm) and least for 

(4.86cm)tap water (Table 1). Reduction in root length (RL) ranged from 0.96% for rain water to 41.87% 

for tap water as compared to control. No distinct morphological change in root growth form was 

noted.EC50 value represents 50% root growth compared with negative control and is inversely related to 

toxicity of the sample. EC50 value of 2.808 indicates potential toxicity of the water samples.Considering 

the macroscopic parameter of toxicity, tap water was most toxic, followed by ground water.  

The average MI for rain water (6.76), tap water (5.23), ground water (3.98) and control water was 5.20 

(Table 2). Both increase and decrease in MI as compared to control noted, for rain water an increase of 

30.0% and for ground water a decrease of -23.46% was noted. No chromosomal aberrations were noted 

with negative control; for tap water, ground water and rain water 2.35%, 3.58% and 6.40% aberrant cells 

were noted respectively.Distinct chromosomal aberrations include metaphase clumping, sticky anaphase, 

micronuclei and c-mitosis, (Table 3, Figure 1) that indicate clastogenic and aneugenic effects.Micronuclei 

Index considered as the most efficient parameter of DNA/chromosome damage for in vivo bioassay, was 

highest for rain water (2.82), followed by groundwater (1.41) and very low (0.66) for tap 

water.Considering the microscopical parameters of genotoxicity, especially chromosomal aberration, rain 

water shows highest genotoxic effects with 30% increase in MI, highest CA and MN, followed by ground 

water with 23.46% decrease in MI and high values of CA and MN. Tap water shows slight alteration in 

MI, CA and MN.Statistical analysis through ANOVA and post hoc Tukey’s test indicate that the changes 

in root length and mitotic index were significantly affected by duration of exposure.  

 

Table 1: Root morphology of Allium cepa exposed to water samples  

Water samples pH  Root length (cm) over weeks on exposure to water samples 

 Week 1 

Mean ± SEM 

Week 2 

Mean ± SEM 

Week 3 

Mean ± SEM 

Mean ± SEM  

RO Purified water 7.11 6.69±0.17
a 

8.94±0.15
b 

9.44±0.35
c 

8.36±0.85
f 

Tap water 6.08 3.24±0.35
a 

5.10±0.39
d 

6.21±0.33
a 

4.86±0.85
g 

Groundwater 6.02 4.29±0.50
b 

5.48±0.59
d 

5.73±0.65
b 

5.17±0.44
g 

Rainwater 6.92 6.65±0.48
e 

8.82±0.38
a 

9.36±0.34
b 

8.28±0.83
d 

Similar letters are not significantly different at 5% confidence level using Post Hoc Tukey’s test 

 

Table 2: Mitotic Index of Allium cepa cells exposed to water samples 

Similar letters are not significantly different at 5% confidence level using Post Hoc Tukey’s test 

Water samples 

 

Mitotic Index ± SEM at treatment duration Chromosomal aberrations 
MN=micronuclei, CM=clumped 

metaphase, SA=sticky 

anaphase, 

C-MIT=c-mitosis
 

6hours 12hours 18hours 24hours 

RO Purified water 2.99±0.35
a 

4.90±0.66
a 

6.82±0.51
a 

6.09±0.53
a 

- 

Tap water 3.04±0.32
a 

4.27±0.80
b 

6.22±1.61
b 

7.40±0.77
d 

7MN, 15CM, 3SA 

Groundwater 2.49±0.28
a 

4.34±0.75
b 

3.88±0.40
b 

5.19±0.91
c 

15MN, 14CM, 6SA, 3C-MIT 

Rainwater 6.38±0.95
c 

5.76±0.72
d 

8.07±1.35
a 

6.84±0.47
a 

30MN, 29CM, 9SA 
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Figure 1: Chromosomal aberrations- A: Micronuclei at interphase, B: Micronuclei at prophase, C: 

Telophase with precocious separation, D: Metaphase clumping and fragmentation, E: Sticky 

Anaphase with precocious separation, F: Sticky Anaphase with fragmentation, G: Metaphase 

clumping, H: anaphase disorientation, I: C-mitosis, J: Sticky Anaphase. Bar=50µm 
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Table 3: Aberrant cells and Aberration Rate of Allium cepa cells exposed to water samples 

 

 

 

 

 

Figure 2: Alteration in Root Length, Alteration in Mitotic Index, Chromosomal Aberration and 

Micronuclei Index of tap water, groundwater and rain water as compared to RO purified control water 

 

DISCUSSION 

Safe drinking water should be amenable to all but due to several factors, water stress in India has reached 

alarming levels. Western and Northern parts of the country have higher water stress than the Eastern and 

Aberrant Cell Type Aberrant cells and *dividing cells Aberration 

Rate 6 hours 12 hours 18 hours 24 hours Total 
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Central parts, yet the drinking water quality is drastically below standard in eastern parts of India (Poonia 

and Punia, 2020). Tripura, North east India is the third smallest state of India. The four drinking water 

samples considered for the study represent tap water, ground water, rain water and purified water suitable 

for drinking and were collected from and near Tripura University located in the outskirts of Agartala, 

Tripura. The city gets its water supply from the river Haora; studies on physicochemical data (Singh et 

al., 2016) and action plan for rejuvenation of the river (Central Pollution Control Board, 2019), indicate 

high turbidity (10.9mg/L against standard <5mg/l), high metal ion concentration (2.18g/L against 

standard <0.03g/L), and lower pH values for the river water and groundwater near catchment sites. Of the 

four samples for study, two have pH within the specified standard 6.5 to 8.5. The pH is an important 

indicator of water quality and is affected by the substances present in water. Two of the water samples-

ground water and tap water have low pH, influenced by chloride, nitrate, sulphate, iron, chromium, 

arsenic, lead and other contaminants present in water. 

The Allium cepa test has been a chosen in vivo plant-based bioassay for monitoring of environmental 

pollution and has been widely applied for toxicity testing of contaminated waters (Al-Sabti and Kurelec, 

1985; Fiskesjo 1993; Smaka-Kincl et al., 1996; Fatima and Ahmad, 2006; Leme and Marin-Morales, 

2009; Barbério et al., 2009; Radić et al.,2010;Siddiquiet al., 2011;Athanásio et al., 2014; Mazzeo and 

Marin-Morales, 2015).Toxicity level of the drinking water samples in the present test can be determined 

based on macroscopic parameters like EC50 and reduced root growth that indicates potential toxicity; and 

microscopic parameters of mitotic index and chromosomal aberrations that are reliable indicators of 

genotoxicity. Although macroscopic and microscopic parameters are correlated (Akinboro and Bakare, 

2007; Fiskesjö, 1985) the macroscopic parameters are considered more sensitive (Fiskesjö1985). 

Reduction in root length of Allium cepa in all three water samples as compared to control reveals growth 

impeding and cytotoxic effects (Fiskesjö 1985; Firbas and Amon, 2014) of the water sample; tap water 

caused more reduction in root growth, followed by ground water and rain water. Assessment 

ofmacroscopic parameter of root growth is an important component of the test system that could be 

directly translatable into EC50 whichindicates 50% toxicity and is ameasurable index of phytotoxicity. 

The EC50 value 2.808 is inversely related with toxicity of water samples and indicates significant toxicity 

of the water samples.  

Thethree microscopic parameters- alteration in MI, increased CA and higher MN, are reliable genotoxic 

end points for toxicity testing. Significant alteration, both increase and decrease in MI of onion 

rootmeristem cells exposed to water samples (as compared to purified water- negative control)was noted, 

such deviation from the orderly progression of cell cycle is a mark of cytotoxicity (Leme and Marin-

Morales, 2009; Bonciuet al., 2018). An increase in MI with more prophase percentage on exposure to rain 

water indicates delay in breakdown of nuclear envelope proteins and increased rate of cell division. 

Decrease in MI and decrease in prophase percentage with ground water indicates intervention in DNA 

and nucleoproteins synthesis and delay in cell cycle progression (Leme and Marin-Morales, 2009;Ene-

Obong and Amadi,1987). Decrease in MI is a reliable and sensitive indicator of genotoxicity (Leme and 

Marin-Morales, 2009; Smaka-Kincl et al.,1996), reduction below 50% is referred to as the cytotoxic limit 

value (Panda andSahu,1985; Rank and Nielsen, 1997). Ground water appears to highly cytotoxic with a 

reduction of 23.46% in MI compared to control. Chromosomal aberrations are changes in chromosome 

structure apparently due to denaturation of protein, DNA; inhibition of DNA synthesis, repair; and 

chromosome damage (Nefic et al., 2013).Metaphase clumping and stickiness are clastogenic effects 

(chromosomal/DNA damage) thatappear due to increased chromosome condensation, DNA 

polymerization, coupled with inappropriate nucleoprotein formation and protein-protein interactions 

(Ford and Correll, 1992; Nefic et al., 2013, Kundu and Ray, 2017). C-mitosis or colchicine mitosis 

indicates aneugenic effects that appear due to chromosome segregation defects and spindle dysfunction. 

Micronuclei appear due to DNA rearrangements during chromosomal and nuclear events that fail to 

incorporate into main nucleus (Nefic et al., 2013; Bonciuet al., 2018; Leme and Marin-Morales, 2009). C-

mitosis indicates weak cytotoxicity, metaphase clumping and stickiness indicate severe cytotoxicity 
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associated with cell death (Fiskesjö 1985). Micronuclei are efficient and sensitive detectors of 

clastogenicity (Ma et al., 1995), frequency of micronuclei is proportional to the toxic effects of the 

sample. Chromosomal aberrations in plants are of discernible risk to human and other organisms, since 

the genotoxic endpoint/ target is DNA damage. Whereas no chromosomal aberrations were detected with 

purified control water, significant aberrations were noted on exposure to rainwater (6.40%), groundwater 

(3.58%) and tap water (2.35%). According to Kihlman (1975), aberrations over 1% are indicative of 

genotoxicity. Based on chromosomal aberrations, ground water is highly genotoxic, followed by 

rainwater and tap water. Micronuclei Index ranges from 2.82 to 0.66, with rain water inducing more 

micronuclei, than groundwater, followed by tap water.  

All the three drinking water samples evince enough genotoxicity/cytotoxicity (Figure 2). Ground water 

induces maximum CA and reduction in MIbut moderate change in root growth and is most genotoxic. 

Rain water induces high MN and CA but slight alteration in root growth. Tap water is least genotoxic 

with low CA, and very low MN and alteration in MI, however, it shows highest reduction in root length, 

indicating adequate toxicity. Statistical analysis indicates duration of exposure to be significantly 

affecting toxicity criteria.  

 

CONCLUSION 

In view of the findings presented in this communication, it may be surmised that firstly genotoxicity 

bioassay should be an important criteria for quality evaluation of potable and drinking water, secondly use 

of plant based toxicity assay is better for ethical considerations, thirdly the potential genotoxicity of the 

drinking water samples may be attributed to the dissolved contaminants like wastes, chemicals and metals 

and finallythe need for risk assessment. Looking into the possibility of health hazards produced by 

prolonged intake of these drinking water samples, it is recommended that water purification measures be 

implemented at institutional and individual levels, and awareness regarding the potential genotoxicity as 

well as the physicochemical and biological criteria of potable and drinking water must be raised. 
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