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Abstract 

An assessment of the genotoxic effect of paint effluent (waste water from paint industry) using 

the Allium test was done. Different concentrations of effluent (100%, 75%, 50% and 25%) were 

made and tested using the aceto-orcein squash technique with tap water as control.  Slides 

were observed under the microscope (x100). Result showed mitotic inhibition which was 

concentration-dependent. The mitotic index was 9.80% for control, but was lower for other 

concentrations: 25% (8.97%), 50% (7.34%), 75% (5.67%) and 100% (3.93%). Chromosomal 

aberrations induced by different concentrations of effluent such as bridged chromosome, 

vagrant chromosome, C-mitosis, laggards and sticky chromosomes were observed. These 

results showed that paint effluent has genotoxic potential and is capable of affecting the 

biosynthesis of DNA especially when absorbed at high concentrations for a long period of time. 

Keywords: Allium cepa, Chromosomal aberrations, Genotoxic outcome, Mitotic index, Paint 

effluent.  

 

1. Introduction 

Paint is a polymer coating or layer that is used to protect, signal, illuminate, or even decorate 

the item to which it is applied. Components like resins, colors, fillers, solvents, and additives 

are used to create this polymeric compound. Resin is the primary component of paint, and it is 

responsible for the production of the film, as well as the aesthetics and protection of the 
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material. Pigments are made up of inorganic and organic compounds that serve to produce 

color, opacity, and protection. Despite their benefits, the paint industry produces pollutants in 

the form of wastes and effluents known as industrial wastewater. Emulsion paints are made up 

of a complex mixture of organic and inorganic pigments, latexes, extenders, cellulosic and non-

cellulosic thickeners, combining agents, and other constituents (Krithika & Ligy, 2016; 

Aniyikaiye et al., 2019). 

 

Industrial wastewater is a by-product of commercial or industrial operations. Water is essential 

for almost every step of production across a range of industries, whether it is for the food we 

eat, the beverages we drink, the clothes we wear, or the paper and chemical products we use. 

The wastewater that results must be carefully handled. The "final result," regardless of how 

wastewater is handled, is referred to as effluent. Paint wastewater frequently contains all 

precursor paint components with little dilution (Zak et al., 2014; Aniyikaiye et al., 2019). In 

general, industrial effluents are regarded as the most potentially dangerous waste, as they 

contain poisonous chemicals, heavy metals, and nutrients (Dhevagi & Oblisami 2002; Oladele 

et al., 2018). Distinct sectors and contaminants produce different forms of industrial 

wastewater; each sector produces its own unique blend of pollutants. The treatment of 

industrial wastewater, like the varied characteristics of industrial wastewater, must be tailored 

to the individual type of effluent produced. Hazardous chemicals, poisonous to chromosomes 

and genes, may be present in industrial wastewater (genotoxins). One of the leading causes of 

cancer is genotoxins. Genotoxins are substances that can harm DNA or chromosomal structure, 

resulting in mutations. It could be a chemical or a radioactive substance. Injury to somatic cells 

can end in diseases like cancer, but loss to germ cells can result in genetic problems and 

diseases (Hidemichi et al., 2014). 

 

The impact of industrial effluent on aquatic and terrestrial ecosystems cannot be overstated, 

and it continues to pique public interest around the world. Many companies in Lagos, Nigeria, 

release their effluents into various water bodies throughout the city; especially paint 

manufacturers discharge enormous amounts of effluent containing organic and inorganic 

chemicals due to the city's poor and ineffective sewage systems. The release of this industrial 

waste into the environment has a significant influence on the receiving water bodies. This is 

especially true in businesses that deal with chemicals and related processes, such as the paint 

industry (Ranade & Bhandari, 2014). 

 

Onion (Allium cepa L.), is a bulb-producing plant of the Amaryllidaceae family. Researchers 

have utilized it to provide important information on the genotoxicity of most industrial and 

chemical wastes over time. Allium root growth is severely hampered, and long-term treatment 

results in root mortality. Allium cepa was first used as a biological test system to assess the 

cytogenetic properties of colchicine on cells (Levan, 1938 cited in Rank, 2003). Since then, A. 

cepa has been a commonly utilized biological material in laboratory tests due to the rapid 

growth of its roots and the reaction of genetic material to the presence of possible cytotoxic 

and genotoxic substances in test solutions (Vesna et al., 1996). By examining macroscopic 

parameters such as root growth inhibition values, cytological parameters such as cellular 

metaphase and anaphase aberrations, and cellular division inhibition, the Allium test has been 

used to assess the quality of underground and surface waters, as well as effluents, in a 

straightforward manner (Fiskesjo, 1988, Vesna et al., 1996). Onions' chromosomal division 

and meristematic root cell division are frequently utilized to inform populations about product 

consumption (Vicentini et al., 2001). Allium cepa has a low chromosome number (2n=16).  

Because they are few and easy to count, these chromosomes can be utilized for cytological 

investigations. A. cepa chromosomes are also large enough to show chromosomal 
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abnormalities (Okoli & Russom 1986). A. cepa is often used as a biomonitor for genotoxicity 

assays due to its reduced chromosome number and big chromosome size. Because their genetic 

makeup is identical, the assay yields similar results to animal experiments, resulting in the same 

response to mutagens (Akinboro et al., 2011). The presence of metacentric chromosomes in A. 

cepa cells makes microscopic analysis easier and more accurate. Despite the fact that Oladele 

et al., (2013) found that paint effluents exhibit hematotoxic effects in Swiss albino mice, there 

is little evidence on the genotoxic consequences of paint effluents. This work therefore, is on 

the genotoxic evaluation of industrial waste water from a paint industry using the Allium test. 

 

2. Materials and Method 

2.1 Test Materials 

Onions bulbs (Allium cepa) were obtained from Mile 12 market, Lagos. Ethanol, icy acetic 

acid, hydrochloric acid, dye and Whatman filter paper were used for this experiment. Paint 

effluent was procured from a paint factory at Ikeja, Lagos. It was collected directly from the 

industry’s wastewater discharge unit. 

2.2 Methodology 

Allium cepa assay was carried out as described by Njoku et al., (2015). Paint effluent (industrial 

waste water) was collected in a rubber container and stored at room temperature. The onion 

bulbs were carefully selected and the dry scaly root was carefully scraped off without 

destroying the root primordia. The wastewater was distributed into beakers with appropriate 

measurements of 100%, 75%, 50% and 25% respectively. Viable onion bulbs were identified 

by introducing them into tap water for 24 hours and the sprouted ones were used for the 

experiment. Each concentration had four beakers and the control making a total of 20 beakers 

and 20 onion bulbs for the set-up. After 24 hours, four onion bulbs were placed on the 

respective beakers for each concentration of 100%, 75%, 50%, and 25% and 0% (for the 

control), these concentrations were topped up with their respective concentration daily. 

Four (4) root tips from each concentration and the control set-up were harvested after 48 hours 

and were immediately fixed in 1:3 glacial acetic acid/ 95% alcohol (V/V) for at least 24 hours 

at 4oC and then stored away in 70% alcohol under refrigeration until required (Nwakanma and 

Okoli, 2014). Five roots from each concentration and the control experiment were harvested 

and their measurements taken with a meter rule (cm). After fixation, slides were prepared using 

all fixed root tips. These tips were further treated with 1N-HCl for a period of 5 minutes so that 

the tissues of the root tips will be hydrolyzed and soften after which the excess 1N-HCl was 

blotted out using Whatman No.1 filter paper. Fixed tips were macerated using a dissecting 

needle. Maceration was carried out to enhance stain uptake and to ensure the spreading of the 

cells in a monolayer for easy microscopic examination. After maceration, root tips were stained 

with Lactic-acetic orcein stain, which was allowed to sit for 20 minutes to allow the stain to 

properly permeate these cells (Fiskesjö, 1993). For preservation, surplus stain was carefully 

squeezed out of the cover slip, which was then uniformly wrapped in filter paper (to absorb 

excess stain and avoid air bubbles) and sealed at the edges with nail varnish (Fiskesjö, 1997). 

Generated slides were inspected under a microscope with an X40 objective to measure 

differences in mitotic phases as well as induced aberrations. Using an X100 objective and oil 

immersion, micrographs of aberrations and various stages of mitosis were taken. The grading 

of slides was done using the approach given by Fiskesjö (1989) and Rank (2003).  
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2.2 Statistical Analysis 

The effect of waste water concentrations on Allium cepa roots were analyzed using a one-way 

analysis of variance (ANOVA) in the statistical software GraphPad Prism™ 6. Significant 

differences between means at p<0.05 probability were separated using the Tukey’s multiple 

comparison test. 

 

 

3. Results  

Results from this work are presented on Tables 1 and 2 as well as on Figures 1 and 2 below. 

Table 2 shows means ± standard errors of the root length of Allium cepa at different 

concentrations. It showed that the highest numerical root length was at 25% concentration with 

mean of 0.867 cm (SE = 0.262) while the least numerical root length was at 75% and 100% 

concentrations with means of 0.10 cm respectively. However, there was no significant 

difference in the root length (cm) between the different concentrations (p≤ 0.05). 

 

Table 1: Cytological effects of waste water on Allium cepa root meristem cells 

 
EFF. 

CONC

. 

NO OF 

CELLS 

NO. OF 

DIVIDI

NG 

CELLS 

ATT BRIDGE

S/ FRAG 

BINU

C. 

C-

MIT. 

MULTI

POL. 

STICKY 

CHROM

. 

VAG. LAG. TOTAL  

ABB. 

MITOTIC 

INDEX 

CONT. 500 49 0 0 0 0 0 0 0 0 0   9.80% 

25% 457 41 3 4 2 2 1 6 5 0 23 8.97% 

50% 449 33 3 6 0 0 0 5 5 0 19 7.34% 

75% 441 25 3 4 0 2 0 4 2 0 15 5.6% 

100% 433 17 2 3 0 1 0 5 1 0 12 3.93% 

 

Keys: EFF. CONC. =Effluent Concentration. ATT. =Attached chromosome. 

BRIDGES/FRAG. =Bridges and fragments. BINUC. =binuclei chromosome.  C-MIT. = C-

mitosis. MULTIPOL. = multipolar chromosome. STICKY CHROM. = Sticky chromosome. 

VAG. =Vagrant chromosome. LAG. =Laggard chromosomes. TOTAL ABB. = Total 

aberration.  CONT. =control. 

 

Table 2: Mean ± standard error of root length (cm) of Allium cepa at different concentrations 

Concentration N Mean ± SE 

Control (0%) 16 0.431 ± 0.091a 

Conc. 25% 15 0.867 ± 0.262a 

Conc. 50% 8 0.200 ± 0.046a 

Conc. 75% 3 0.100 ± 0.000a 

Conc. 100% 4 0.100 ± 0.000a 

 F - Statistics  F4,41 = 2.436; p = 0.062 

Table 2 above shows the means ± standard errors of the root length of Allium Cepa at different 

concentrations. It showed that the highest root length was at 25% concentration with mean of 

0.867 cm (se = 0.262) while the least mean root length was at 75% and 100% concentrations 

with means 0.10cm respectively. However, there was no significant mean difference in the root 

length (cm) at the different concentrations (p > 0.05). 
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      a) Normal Prophase (x 100) from control                              b) Normal Metaphase (x 100) from control 

 

                                                                                                

 

 

 

 

 

 

          c) Vagrant chromosomes from 25% concentration                          d) Sticky chromosome from 50% concentration 

               (x100)                                                                                    (x100) 

 

 

 

 

 

 

 

 

 

       e) C-mitosis from 75% concentration (x100)                             f) Binuclei chromosomes from 100% concentration    

       (x100)    

Figure 1 (a – f): Microscopic (cytological or genotoxic) effects of paint effluent on Allium 

cepa root tip cells.  
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4. Discussion 

The presence of some cytotoxic/genotoxic compounds in the paint effluent employed in the 

study recommends the existence of various chromosomal abnormalities in A. cepa root tip cells 

(vagrant chromosomes, bridges and fragments, as well as laggard chromosomes). Sticky 

chromosomes imply a very toxic, unalterable outcome likely leading to cell death (Fiskesjö, 

1988). Vagrant chromosomes have been described as mild C-mitotic effects indicating a 

possibility of aneuploidy. According to Kong & Ma (1999), chromosomal stickiness may result 

in inadequate separation of daughter chromosomes due to chromo-protein cross-linkage. Also, 

according to Konuk et al (2007), stickiness is an indicator of cell death and may be caused by 

physical adhesion of proteins to chromosomes. The presence of these abnormalities in the 

chromosomes of the test plant used for this study indicates that plants and/or other organisms 

exposed to paint effluents may suffer from cell death or have risk of chromosomal 

abnormalities. According to the views of Paul et al., (2013), occurrence of several types of 

chromosomal abnormalities, such as stickiness, laggards, c-mitosis, bridges, multipolarity and 

fragments of Allium root tip cells in this study, clearly showed that the accumulated effect of 

paint effluent results in inactivation of spindle formation, deformation of non-histone 

chromosomal proteins and mutation of the structural genes. The usual idea that aberrations 

increase with increasing concentration was not followed as higher concentrations such as 

100%, 75% showed smaller amount of aberrations compared to Lower concentrations, such as 

50% and 25%, resulting in a substantially higher number of aberrations. This conclusion 

contradicts Qian (2004), who claimed that the aberrant rate rises with concentrations, although 

it is in line with Odeigah et al., (1997). According to Odeigah et al., (1997), a possible reason 

for this is that there was an inhibitory effect on cell division as concentration and, as a result, 

toxicity increased. This could happen during pre-prophase, when cells are stopped from 

entering prophase, or it could happen during prophase, when cells begin mitosis but are arrested 

during prophase, resulting in a high frequency of prophase cells. The most plausible reason is 

prophase - arrest, which might also explain the drop in chromosome abnormalities without a 

parallel decline in mitotic index values (Odeigah et al., 1997). Some of the abnormalities 

discovered in this investigation include chromosome breakage as bridges (Table 1; Figure 1). 

Anaphase and metaphase problems are caused by quality and quantitative aberrations in the 

chromatin kinetochore. (Amin, 2002), and hence may be a risk of aneuploidy (Maluszynska & 

Juchimiuk, 2005). Bridges are generated as a result of unequal chromatid exchange, according 

to Odeigah et al., (1997), however Kalcheva et al., (2009) stated that bridges are formed as a 

result of chromosome or chromatid breakage. These submissions could imply that paint 

effluent can result in unequal chromatid exchange. The existence of a small number of 

binucleated cells usually emerge as a consequence of the inhibition of cell plate formation 

(Grant, 1978), which might be attributable to the suppression of phragmoplast production in 

the early telophase (Borooah, 2011). Abnormalities in the mitotic spindle or the centromere 

cause chromosome lagging (Ivanova et al., 2008). Anaphase and telophase bridges, as well as 

chromosome fragments, were created by a variety of chromosome abnormalities linked to the 

loss of genetic material, according to Ivanova and his colleagues. According to this research, 

paint effluent has a genotoxic effect on Allium cepa roots. These effects of paint effluents on 

A. cepa root meristem cells suggest that people will have comparable, if not identical, 

repercussions. These findings point to the genotoxic character of paint effluent that are released 

into the environment. For the benefit of our environment and living species, this study 

advocates the employment of non-toxic alternatives in place of harmful components already 

utilized by paint makers. 
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5. Conclusion 

 
In conclusion, this study has shown that paint effluent has genotoxic effect on Allium cepa 

roots. These effects of paint effluent on the root meristem cells of onion roots are an indication 

of the likelihood of a similar if not same effects on humans. Results shown here are indicative 

of the genotoxic nature of paint effluent which are discharged into the environment. This study 

advocates the use of non-toxic alternatives in place of toxic components presently in use by 

paint industries for the safety of our environment and living organisms. 
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