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technologies of industrial waste is a major challenge for 

strategies are needed to assess interactive toxic effects of all 

substances present in the treated waste. This study assessed 

located in the Kelani River basin using Allium cepa (common 

and retardation of root growth in A. cepa

1:8 reduced the genotoxic effects generated in A. cepa roots 

of incorporating practically feasible bioanalytical tools such as 

A. cepa root based test system on a regular basis for evaluating 

Allium

INTRODUCTION

Evaluating the effectiveness of waste treatment 

technologies is a major challenge for sustainable 

industrial development world-wide. Different types of 

anthropogenic chemicals including the ‘contaminants 

of emerging concern’ are being detected in treated 

wastewaters globally and there is increasing evidence 

of adverse environmental effects related to wastewater 

treatment plant discharges (Prasse et al.

selected set of physico-chemical parameters is unable 

in complex industrial wastewater samples including 

‘transformation products’ that can be formed during 

2013; Prasse et al. et al

are needed to assess interactive toxic effects of all 

substances present in the industrial waste even after the 

been established for a set of physico-chemical and 

been given in the national regulations for assessing toxic 

is considered as the largest recipient of industrial waste 

et al

1996) and also as a main drinking water source to general 
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plants 

parks may contain complex chemical mixtures which 

methods are not effective in identifying toxic effects 

being discharged into riverine ecosystems (Hemachandra 

and practically feasible bioanalytical tools are needed 

 Allium cepa

sensitive and economical tool for rapid screening 

A. cepa root based test system was used to assess the 

toxicity of textile and tanning industry wastewaters 

into the Kelani River (Hemachandra & Pathiratne 2016; 

2017b). The objective of the present study was to use the 

A. cepa root based test system for assessing the potential 

Sri Lanka.

METHODOLOGY

 

which discharge their treated

in high volumes into the 

in their in-house treatment systems prior to discharge 

into the common sewer line leading to the respective 

wastewater is subjected to biological treatment. The 

discharge of industrial wastewaters to inland water 

into canals/tributaries of the Kelani River where several 

water extraction points are located along the water course 

for provision of public drinking water supplies to several 

townships and suburbs in the area.

were collected in the year 2013 from the respective 

 

 57' 18.59" N; 

79  58' 8.18" E) to polyethylene bags separately in two 

sampling events covering the dry season (in February 

and one sampling event in the rainy season (in 

November)

chemical parameters viz

5  
chemical 

using standard analytical methods. Physico-chemical 

periods have been reported elsewhere (Hemachandra & 

samples were transported to the laboratory under chilled 

condition.

collection using a commercially available local variety 

of A. cepa bulbs adopting the previously described 

procedures (Pathiratne et al

weight and 1.7 – 2.3 cm in diameter) were placed in 

tested along with the control (aged tap water). The test 

tubes were kept in the dark at 25 – 27 C to protect the 

bulbs from direct sunlight. The exposure media were 

from each exposure condition including the controls 

were processed for microscopic studies as described by 
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slides prepared from the root tips of the respective 

onion bulb were coded randomly and examined blindly 

under the light microscope. Microscopic analysis (× 400 

number of cells undergoing mitotic stages in at least 

and nuclear abnormalities in at least 1000 interphase 

cells (micronuclei and nuclear abnormalities tests) 

and chromosomal aberrations in at least 100 mitoses 

excluding prophasic cells (chromosomal abnormalities 

test). The mitotic index was calculated as the percentage 

of cells undergoing mitosis in comparison to the total 

cells examined per each onion bulb. Frequencies of 

micronuclei and different types of nuclear abnormalities 

were estimated with respect to 1000 interphase cells per 

onion bulb. Different types of chromosomal abnormalities 

were categorised based on the descriptions given earlier 

(Leme & Marin-Morales 2009; Pathiratne et al

and presented as numbers of the 

abnormalities in 100 mitoses per onion bulb. A separate 

set of A. cepa bulbs was concurrently exposed to a known 

Sigma-Aldrich) at 10 mgL-1 as the positive control in the 

third sampling event following the same procedures. 

For evaluation of root growth responses (root growth 

medium) was submerged in exposure media in separate 

aged tap water control) continuously for 7 ds in the dark 

at 25 – 27 C with daily renewal of exposure media. For 

were measured after 7 ds of exposure for calculation 

abnormalities (if any) of the roots were also recorded. 

Data were compared using one-way analysis of variance 

(ANOVA) followed by Tukey’s pair wise comparison 

ANOVA. The data with respect to root growth inhibition 

test were analysed without data transformation. The data 

with proportions were subjected to arcsine-square root 

RESULTS AND DISCUSSION

A. cepa root-based test 

system. 

Normal mitotic phases and cytogenetic abnormalities 

observed in the root meristem of A. cepa bulbs after 48 hr 

exposure to the test media are shown in Figure 1. Observed 

chromosomal abnormalities in the root meristematic 

slips in the anaphase. Observed abnormalities associated 

nuclear buds and binuclei. The root meristem of A. cepa 

bulbs exposed to the positive control (10 mgL-1 EMS) 

showed suppressed mitotic indices and condensed 

control (Table 1). Exposure of A. cepa bulbs to CWWTP 

in the root meristem under undiluted and 1:8 diluted 

conditions compared with the respective controls in all 

condensed nuclei occurrence was the most prominent 

in all cases. The root meristems exposed to undiluted 

in all sampling events compared to the controls. In the 

 A. cepa root meristem showing normal cells (a: interphase 

(d: C-metaphase; e: chromosomal breaks; f: chromosomal 

micronucleated cell (i: micronucleus-arrow) and nuclear 

abnormalities (j: condensed nucleus; k: nuclear bud; l: 
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mutagenic effects of the exposed chemicals (Leme 

observed in the root meristem of A. cepa following 

arise from acentric fragments or whole chromosomes 

that were not incorporated into the main nucleus 

during the cell division cycle (Heddle et al. The 

frequency of nuclear buds and binuclei in the meristem  

buds may arise due to the removal of exceeding genetic 

material derived from the polyploidisation process 

(Fernandes et al

obstruction of normal cytokinesis process. Statistically 

(with respect to nuclear buds and binuclei) was found 

A. cepa

in the root meristem indicates cytotoxicity of chemicals 

(Leme & Marin-Morales 2009; Hemachandra & 

indices in the root meristem of A. cepa bulbs exposed to 

mitotic cell division process due to interactive effects of 

The 

mito-depressive effect could be associated with the cell 

death process as indicated by induction of condensed 

Andrade-Vieira et al. (2012) attributed increased 

frequency of condensed nuclei in meristematic cells to 

one of the apoptotic markers following stress conditions.

In A. cepa

abnormalities and nuclear abnormalities in root meristem 

indicates genotoxic effects promoted by environmental 

MI (%)

   

Control (dilution water)      49.5 ± 2.6a     0 ± 0a    0 ± 0a   0 ± 0a

1:8 dilution 29.7 ± 1.2b (40) 19.5 ± 6.4b    1.7 ± 0.7a    4.3 ± 1.7ab

undiluted 25.3 ± 1.3b (49)   30.1 ± 11.2b    4.1 ± 1.9a   8.5 ± 1.1b

1:8 dilution 27.6 ± 1.5b (44) 17.6 ± 6.9b    1.4 ± 0.6a    3.4 ± 1.2ab

undiluted 26.2 ± 2.1b (47)   60.5 ± 12.4c    3.8 ± 1.2a 11.6 ± 2.3b

Control (dilution water )      53.0 ± 2.5a             0.3 ± 0.1a    0 ± 0a   0 ± 0a

1:8 dilution 36.6 ± 2.9b (31)   8.3 ± 3.5b    0 ± 0a   0.9 ± 0.6a

undiluted 23.9 ± 3.2c (55) 11.2 ± 3.3b    0 ± 0a   1.9 ± 0.3a

1:8 dilution 25.1 ± 0.8c (53)   7.3 ± 2.5b    0 ± 0a   0.8 ± 0.3a

undiluted 18.1 ± 0.5c (66) 24.3 ± 6.6c    0 ± 0a   1.8 ± 0.4a

   

Control (dilution water)       46.8 ± 1.2a   0 ± 0a    0 ± 0a   0.4 ± 0.4a

1:8 dilution      31 ± 2.9bc (34)   7.7 ± 1.0b    0.9 ± 0.6a    2.6 ± 0.3ab

undiluted   30.9 ± 1.7bc (34) 10.3 ± 0.3b    0.9 ± 0.3a   5.5 ± 1.6b

1:8 dilution 35.7 ± 1.2b (24)   9.4 ± 2.0b    0.7 ± 0.4a    2.3 ± 1.1ab 

undiluted 27.2 ± 1.4c (42) 22.6 ± 7.2c    1.9 ± 1.3a   6.1 ± 0.7b

Control (negative control)      50.6 ± 3.1a    0 ± 0a    0.1 ± 0.1a   0.1 ± 0.1a

EMS 10 mgL-1 (positive control) 22.2 ± 4.4b (56) 32.2 ± 5.7c    6.8 ± 2.7b   6.8 ± 2.7b

Mitotic indices (MI) and occurrence of different nuclear abnormalities in root meristem of A. cepa following 48 hour continuous 

compared to the respective control.
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and the positive control compared to the dilution water 

the micronuclei and total nuclear abnormalities in the 

root meristem compared to those in dilution water may 

indicate genotoxic/mutagenic contaminations in the 

reduced to some extent in comparison to the undiluted 

   

Control (dilution water) 0 ± 0 0 ± 0 0 ± 0   0 ± 0 1.3 ± 0.7   1.3 ± 0.7a

1:8 dilution 0 ± 0 0.7 ± 0.4 1.0 ± 0.7   1.5 ± 0.8 0.4 ± 0.4    3.6 ± 0.2ab

undiluted 0.5 ± 0.3 2.7 ± 0.9 0.4 ± 0.4   4.6 ± 1.4 1.9 ± 1.6 10.1 ± 2.9b

1:8 dilution 0 ± 0 0.6 ± 0.6 0.9 ± 0.6   1.2 ± 1.2 0.6 ± 0.6    3.3 ± 2.3ab

undiluted 0 ± 0 4.4 ± 0.8 0.5 ± 0.5   2.7 ± 1.4 2.4 ± 1.3 10.1 ± 1.6b

2013)  

Control (dilution water ) 0 ± 0 1.2 ± 0.7 0.3 ± 0.3   0 ± 0 0.4 ± 0.3   1.9 ± 1.0a

1:8 dilution 0 ± 0 2.4 ± 0.7 0 ± 0   0 ± 0 0.6 ± 0.2    3.0 ± 0.8ab

undiluted 1.3 ± 0.5 3.9 ± 0.6 0.3 ± 0.3   1.3 ± 0.5 1.4 ± 0.7   8.3 ± 2.1b

1:8 dilution 0 ± 0 2.6 ± 0.4 0.2 ± 0.2   0 ± 0 0.6 ± 0.4    3.4 ± 0.8ab

undiluted 2.5 ± 1.1 2.2 ± 0.6 0.8 ± 0.5   2.5 ± 1.1 1.2 ± 0.6   9.2 ± 2.1b

Control (dilution water) 0 ± 0 1.4 ± 0.6 0 ± 0   0 ± 0 0.6 ± 0.3   2.1 ± 0.5a

1:8 dilution 0 ± 0 1.9 ± 0.7 1.0 ± 0.5   0.4 ± 0.4 1.2 ± 0.6    4.6 ± 1.5ab

undiluted 0 ± 0 3.2 ± 0.7 0.5 ± 0.3   4.2 ± 0.2 0.7 ± 0.4   8.6 ± 0.7b

1:8 dilution 0 ± 0 2.5 ± 0.7 1.0 ± 0.5   0.8 ± 0.4 0.9 ± 0.4    5.2 ± 1.2ab

undiluted 0 ± 0 2.6 ± 0.6 0 ± 0   4.0 ± 0.1 1.1 ± 0.3   7.8 ± 0.5b

Control (negative control) 0 ± 0 0 ± 0 0.0 ± 0.0   0.2 ± 1.9 1.1 ± 0.7   1.3 ± 2.1a

EMS 10 mgL-1 (positive control) 0.5 ± 0.5 1.7 ± 1.2 0.5 ± 0.5 16.6 ± 3.0 1.5 ± 1.0 20.9 ± 3.6c

 Occurrence of chromosomal abnormalities in root meristem of A. cepa 

observed in the root meristems are presented in 

Table 2. Chromosomal breaks were seen only in the 

sampling events and the positive control. Chromosomal 

bridges in the root meristems appear to increase in 

alteration of the chromosomal distribution due to 

the effect on microtubule assembly in the dividing 

cells (Leme & Marin-Morales 2009; Hemachandra & 
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the meristematic cells exposed to undiluted CWWTP 

controls on all occasions (Table 2) indicating genotoxic 

occurrence of chromosomal abnormalities is reduced but 

not eliminated completely. 

 In the A. cepa

inhibition indicates general toxicity of chemicals (Leme 

A. cepa bulbs exposed to the undiluted 

of root growth in comparison to the controls was found 

after seven days of continuous exposure of the onion 

conditions except for the bulbs exposed to the 1:8 diluted 

Root growth (cm)
Root growth 

inhibition (%)

Control (dilution water) 10.6 ± 0.1a -

1:8 dilution   7.6 ± 0.1b 28

undiluted   4.6 ± 0.1d 57

1:8 dilution   6.3 ± 0.1c 41

undiluted   3.3 ± 0.1e 69

Control (dilution water)   8.2 ± 0.2a -

1:8 dilution   6.9 ± 0.2c 16

undiluted   2.2 ± 0.1e 73

1:8 dilution   4.2 ± 0.2d 49

undiluted   2.1 ± 0.1f 74

Control (dilution water) 12.1 ± 0.1a -

1:8 dilution 12.8 ± 0.1a -

undiluted   4.3 ± 0.1c 64

1:8 dilution   8.1 ± 0.1b 33

undiluted   3.5 ± 0.1d 71

 Root growth of  A. cepa

  

The percentage root growth retardation (estimated as 

percentage differences in mean root lengths of the onion 

root length of the respective controls) in the onion bulbs 

-exposed A. cepa 

bulbs may be associated with the disturbance of mitotic 

process and root elongation process induced by complex 

mixtures 

sampling seasons can be subjected to continuous 

variation based on the type and amount of raw materials 

treatment methods and the concentration or dilution 

effect of the wastewaters in the dry and rainy seasons. 
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in the present study contained moderate levels of lead 

Lead induced cytotoxicity and genotoxicity in A. cepa 

roots after short exposure to environmentally relevant 

concentrations have been reported (Kaur et al.

could be due to overall interactive effects of all the 

chemicals including the transformation products in the 

complex mixture. Consequences of continuous genotoxic 

affect the 

watercourse. A study carried out concurrently with the 

erythrocytic abnormalities and DNA damage responses 

responses were frequently detected in A. cepa exposed 

to the expected 1:8 diluted conditions of the CWWTP 

dilutions

watercourse.

CONCLUSION 

A. cepa root-based test system demonstrated that the 

as indicated by the mito-depressive and root growth 

retardation effects. The genotoxic 

was evident by frequent elevation of nuclear and 

chromosomal abnormalities and occasional evolution of 

to 1:8 had reduced but not completely eliminated the 

genotoxic effects generated in A. cepa

Kelani River basin. In view of sustainable development 

results highlight the importance of incorporating 

practically feasible bioanalytical tools such as A. cepa 

root-based test system on regular basis for evaluating the 

This research was funded by the National Research 

REFERENCES

Effects of spent pot liner on mitotic activity and nuclear 

DNA content in meristematic cells of Allium cepa. Journal 

of Environmental Management 107: 140 – 146. 

 DOI: https://doi.org/10.1016/j.jenvman.2012.04.008

Republic of Sri Lanka (Extraordinary) 1534/18: National 

No. 1 of 2008.

Board of Investment (BOI) (2011). Environmental Norms. 

http://

www.investsrilanka.com/images/publications/pdf/

environmental_norms.pdf, Accessed 13 April 2016.

evaluation (TIE): complementary but different approaches 

for diagnosing causes of environmental toxicity. 

Environmental Toxicology and Chemistry 32: 1935 – 1945.

 DOI: https://doi.org/10.1002/etc.2299

M.A. (2007). Mechanism of micronuclei formation in 

Allium cepa

herbicide. Pesticide Biochemistry and Physiology 88: 

252 – 259.

 DOI: https://doi.org/10.1016/j.pestbp.2006.12.003

Fiskesjo G. (1985). The Allium test as a standard in 

environmental monitoring. Hereditas 102: 99 – 112. 

 DOI: https://doi.org/10.1111/j.1601-5223.1985.tb00471.x

and future. Environmental and Molecular Mutagenesis 18: 

277 – 291.

 DOI: https://doi.org/10.1002/em.2850180414

Hemachandra C.K. & Pathiratne A. (2015). Assessing toxicity 

Allium cepa bioassay. 

Bulletin of Environmental Contamination and Toxicology 

94: 199 – 203. 

 DOI: https://doi.org/10.1007/s00128-014-1373-8

Hemachandra C.K. & Pathiratne A. (2016). Combination 

Allium cepa test system 

and Oreochromis niloticus erythrocyte based comet 

assay/nuclear abnormalities tests for cyto-genotoxicity 



546 C.K. Hemachandra & A. Pathiratne

December 2018 Journal of the National Science Foundation of Sri Lanka 46(4)

industries. Ecotoxicology and Environmental Safety 131: 

54 – 64.

 DOI: https://doi.org/10.1016/j.ecoenv.2016.05.010

Hemachandra C.K. & Pathiratne A. (2017a). Bioassessment of 

Oreochromis 

niloticus). Bulletin of Environmental Contamination and 

Toxicology 99: 481 – 487.

 DOI: https://doi.org/10.1007/s00128-017-2156-9

Hemachandra C.K. & Pathiratne A. (2017b). Cytogenotoxicity 

of drinking water treatment plants using two in vivo test 

systems: Allium cepa root based and Nile tilapia erythrocyte 

based tests. Water Research 108: 320 – 329.

 DOI: https://doi.org/10.1016/j.watres.2016.11.009

Ileperuma O.A. (2000). Environmental pollution in Sri Lanka: 

a review. Journal of the National Science Foundation of Sri 

Lanka 28: 301 – 325.

 DOI: https://doi.org/10.4038/jnsfsr.v28i4.2644

Kannangara D.N.M. & Pathiratne A. (2015). Toxicity 

assessment of industrial wastewaters reaching Dandugan 

.  Journal of the 

National Science Foundation of Sri Lanka 43(1): 153 – 164.

 DOI: https://doi.org/10.4038/jnsfsr.v43i2.7943

Pb-inhibited mitotic activity in onion roots involves 

DNA damage and disruption of oxidative metabolism. 

Ecotoxicology 23(7): 1292 – 1304.

 DOI: https://doi.org/10.1007/s10646-014-1272-0

Leme D.M. & Marin-Morales M.A. (2009). Allium cepa test 

in environmental monitoring: a review on its application. 

Mutation Research 682: 71 – 81.

Mahagamage M.G.Y.L. & Manage P.M. (2014). Water quality 

index (CCME-WQI) based assessment study of water 

International 

Journal of Environment and Natural Resources 1: 

199 – 204.

P.M. (2016). Assessment of water quality index for the 

International 

Journal of Agriculture and Environmental Research 5: 

1158 – 1171.

(2016). The assessment of WWTP performance: towards a 

Chemosphere 145: 291 – 300.

 DOI: https://doi.org/10.1016/j.chemosphere.2015.11.054

of Allium cepa test system for screening cytotoxicity 

different industrial activities. Environmental Monitoring 

and Assessment 187: 730.

 DOI: 

Ternes T.A. (2015). Spoilt for choice: a critical review 

on the chemical and biological assessment of current 

wastewater treatment technologies. Water Research 87: 

237 – 270.

 DOI: https://doi.org/10.1016/j.watres.2015.09.023

Silva E.I.L. (1996). Water Quality in Sri Lanka – A Review 

on Twelve Waterbodies

to explain the potential toxicity of the treated wastewater 

at sewage treatment plants?. Environmental Science and 

Pollution Research 20: 3516 – 3528.

 DOI: https://doi.org/10.1007/s11356-013-1637-6

one of the green chemistry tools for assessing environmental 

quality: a review. Environment International 94: 341 – 361.

 DOI: https://doi.org/10.1016/j.envint.2016.05.017

Biostatistical Analysis th edition. Prentice 


