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Abstract

This study assessed the heavy metal compositions and chromosome aberrations induced by cassava industrial effluent
using Allium cepa meristem assay. Effluent collected at the point of discharge from the cassava processing factory
located at Lokoja, Kogi State Nigeria was analyzed for quantity of Cadmium (Cd), Chromium (Cr), Copper (Cu),
Manganese (Mn), Iron (Fe), Nickel Ni, Cobalt (Co) and Lead (Pb) using Atomic Absorption Spectrophotometer method.
Onion (Allium cepa) roots were allowed to grow in beakers containing different concentrations of cassava industrial
effluent (i.e. 25%, 50%, 75% and 100%) and the control for 24 hours. Harvesting of the tips for chromosome
observations was carried out between 8:00 to 9:00am West Africa Time. Data pooled under X400 magnification of the
light microscope for mitotic phases and chromosome aberrations were analyzed using Analysis of Variance (ANOVA)
while means with significant difference across concentrations were separated using Duncan Multiple Range Test
(DMRT). The results revealed that only Cadmium (Cd) and Lead (Pb) concentrations in the effluent were higher than
the minimum values recommended by World Health Organization. The effluent also produce binucleate cells, variant
chromosomes, C-mitosis, vacuolated cells, tripolar anaphase and anaphase bridge which suggests the mutagenic and
cytotoxic activities of the industrial effluent. The decrease in the Mitotic Indices (MI) of effluent-treated root cells
compared to the control indicates mito-depressive ability of the effluent at every concentration. Regular monitoring of
industries for compliance to treatment of effluent before releasing them into the environment is recommended.
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1. Introduction

Industrial growth in Nigeria has been of great benefit to the nation but indiscriminate discharge of wastewater
generated from these industries into the environment has posed serious health and environmental issues [1, 2]. Punitive
measures are not taken on industries that discharge hazardous waste into the environment because industrialization
has been regarded as a major index to national growth [3]. Wastes generated from industrial activities as noted by [4]
contribute significantly to environmental irritation and pollution. Most of these wastes are generated in form of effluent
which according to [5] are mutagenic and capable of causing serious human diseases. Proper management of industrial
effluent to reduce the risks associated with them was suggested by [6]. The untreated or partially treated effluents
generated from industries are usually discharged indiscriminately into the aquatic system [7]. This obviously
predisposes aquatic ecosystems to heavy metal pollutants which could enter human systems through the food chain [8].
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High concentration of heavy metals capable of causing aberrations in living systems has been associated with most of
the industrial effluents [9].

According to [10] and [11] the main source of heavy metal contamination in aquatic ecosystems are anthropogenic
activities. Increase in heavy metal concentration in water bodies is now becoming serious threat to human and aquatic
ecosystems [12, 13]. According to [8] when heavy metal concentrations exceed environmental tolerance limits, use of
such water for agricultural (irrigation and aquaculture) activities could pose serious harm to environmental and human
health. The common heavy metals of health concern to humans according to [14] are Arsenic, Cadmium, Chromium,
Lead, Nickel and Zinc. Exactly a decade ago, [15] envisaged that water contamination by heavy metals is likely to
increase rapidly beyond tolerance limits if best practices are not put in place. Since very little has been done to curtail
this, heavy metal contamination of water bodies have been reported by [7] to be a serious issue of global concern from
environmental and human health perspectives. Industrial waste water (effluent) is without doubt one of the important
sources of heavy metal pollution to aquatic [6, 16].

Products derived from cassava are the principal source of food for about 500 million to 1 billion people in tropical
countries [17]. The quest to increase the uses, improve the shelf-life, flavor, taste and reduce the cyanide content of
cassava has brought about several traditional and industrial processing techniques. According to [4], the three common
traditional products obtained from fermented cassava tubers in Nigeria are ‘garri’, ‘lafun’ and ‘akpu’. Other important
uses of cassava in Nigeria include production of ‘farinha’, ‘attieke’, starch, bread, chips, e.t.c [18]. Industries like
breweries, feed mills, ethanol plants and paper mills also use cassava as their raw materials [19].

Plant based bioassays are the most preferred biological assay for the screening and monitoring of hazardous pollutants
in the environment [3, 20, 21]. The preference of plant based bioassay over other biological assays could be attributed
to its cheap, rapid detection of minute alteration in the quality of water and use of simple laboratory equipment for the
investigation [22]. Allium bioassay according to [23] have been shown to correlate well with other bioassay systems
and therefore proved to be an excellent indicator of toxicity. The comparableness in response of plant and mammalian
cells to cytotoxic agents in the opinion of [21] has been attributed to the structural similarities of chromosomes. IIbas
et al. [24] buttressed this by stating that the deformities observed in onion root tips treated with mutagenic chemicals
are also detected in human cells since both onion and human genomes contains DNA. According to [20] mitotic index
and type/rate of chromosomal abnormalities are two common markers used to evaluate the cytotoxicity and
genotoxicity of mutagenic agents. Allium cepa (onion) is frequently employed for the assessment of environmental risk
because it contains few numbers of chromosomes that are large enough to present clear elucidation of chromosome
aberrations [25, 26, 27].

The cytotoxic potential of wastewater produced after traditional fermentation of cassava tubers to produce ‘lafun’,
‘garri’ and ‘akpu’ was assessed by [4]. Studies on the toxicity of effluent generated from industrial processing of cassava
have not been given the required attention. Since the bulk of the pollution experienced today comes from indiscriminate
discharge of industrial effluent to the environment compared to traditional wastewater discharge, the former therefore
deserves urgent attention. No cytotoxic study on effluent generated from any industry in Lokoja, Kogi State, Nigeria
using Allium cepa chromosome aberration assay has been conducted hence findings from this study will generate
baseline data for environmental monitoring and pollution control in the study area. Against this background, effluent
from cassava processing industry in Lokoja, Kogi State was considered for this study. The industry extracts ethanol from
cassava and discharge the wastewater directly into the River Niger through a large pipe. Fishing and irrigation farming
is the major occupation of people living around this polluted river. Assessing the impact of this effluent on genetic
systems is very germane since humans consume the aquatic products and crops grown with the polluted water. This
study therefore aimed at determining heavy metal compositions and chromosome aberrations associated with cassava
industrial effluent using Allium cepa root tip assay.

2. Material and methods

2.1. Sample Collection

The effluent considered for this study was aseptically collected into sterile bottles at the point of discharge from the
cassava processing factory located at Lokoja, Kogi State Nigeria. Allium cepa (onion) bulbs of fairly equal sizes were
purchased from International market Lokoja, Kogi State.
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2.2. Heavy Metal Analysis

Eight heavy metals (Cadmium, Chromium, Copper, Manganese, Iron, Nickel, Cobalt and Lead) were analyzed using
Atomic Absorption Spectrophotometer (AAS) method described by [28].

2.3. Preparation of test sample

A total of twenty five healthy Allium cepa bulbs of fairly equal sizes were rinsed with water and the dry scaly leaves
were removed. In order to hasten the development of roots, dried roots were cautiously removed. The reduced stems
in lower parts of the bulbs were thereafter allowed to make contact with distilled water in the beakers after dissecting
the onion bulbs transversely. The upper parts of the dissected onion bulbs were discarded. To maintain uniform
genotypes, the dissected onions were allowed to sprout shoots and only onions bulbs that sprouted up to five small
onions sets were selected for further study. The onion set were transferred into the beakers containing different
concentrations of cassava industrial effluent (i.e. 25 %, 50 %, 75 % and 100 %). The roots were removed from the
treatments after 24 hours and washed thoroughly. Only the roots measuring about 1cm in length were harvested into
vials between the hours of 8:00 to 9:00am WAT. Each treatment had five replicates and followed Complete Randomized
Design (CRD) arrangement. The methods outlined by [29] were adopted for fixation, hydrolysis, squashing and staining
of root tips.

2.4. Fixation

The fixative is made up of ratio 1:3 of glacial acetic acid and absolute ethanol. Fixation is meant to keep the cells in their
natural states. The fixed root tips remained in labeled vials and are kept in the refrigerator until when needed.

2.5. Hydrolysis

The root tips were removed from fixatives and properly washed with distilled water. Hydrolysis using 10% HCl at 60°C
in water bath was carried out to soften the root tips.

2.6. Squashing and staining

The root tips were thoroughly washed with distilled water to remove 10% HCI. The washed root tips were placed one
at a time on the glass slide for squashing. The older parts of the root tips were cut with blade and discarded while the
meristematic tips remaining on the slide were stained with two drops of aceto-carmines and covered with cover slips.
Squashing of meristems was carried out using the flat end of a cylindrical search needle until a turbid suspension was
obtained. By carefully applying pressure on the filter paper used to fold the specimen between the slide and the cover
slip, excess stain was drained off. Transparent nail polish was applied to the edges of the cover slip to make the specimen
air-tight. Five different slides were prepared for each treatment using the described methods.

2.7. Chromosome observation

Each slide was carefully studied under the Celestron Digital model of the light microscope. Three different objectives
(X4, X10, X40) were used to examine the slides. Photomicrographs of different stages of cell division and abnormal cells
were taken using X40 magnifications.

2.8. Data Analyses

For each of the different concentrations of the industrial effluents, ten microscopic counts were taken from five different
prepared slides. This was taken for normal mitotic stages and aberrant conditions. Data obtained were subjected to
Analysis of Variance (ANOVA) and Duncan Multiple Range Test (DMRT) using Post hoc test with SPSS version 23. The
Mitotic Index (MI) and Percentage of Aberrant Cells (PAC) for the effluent treated cells and control were calculated using
the formulae outlined by [30] and presented in a bar chart.

Total number of dividing cell

Mitotic Index (MI) = X 100

Total numberof cells examined

Total number of abnormal cells

Percentage of Aberrant Cells (PAC) = X 100

Total numberof cells examined
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3. Results

Table 1 shows the heavy metal composition of the cassava industrial effluent. From the table Arsenic (As) and Selenium
(Se) were not detected in the effluent while Chromium (0.026 * 0.004 ppm) and Copper (0.012 *+ 0.002 ppm) were
detected but their values were not above the permissible level of World Health Organization (WHO). Only the values of
Cadmium (0.080 + 0.001 ppm) and Lead (0.029 * 0.002 ppm) detected in the effluent were found to be above the World
Health Organization (WHO) permissible levels (Table 1).

Table 1 Heavy metal concentrations of effluent obtained from the cassava processing company

Parameter | Arsenic | Cadmium Chromium Copper Lead Selenium
(As) (Cd) (Cr) (Cu) (Pb) (Se)

Quantity ND 0.080 + 0.001* 0.026 £ 0.004 | 0.012 +0.002 0.029 + 0.002* ND

(pppm)

WHO 0.01 0.003 0.05 2.00 0.01 0.01

ND= Not Detected
* Values greater than the permissible level according to World Health Organization

Table 2 and Figures 2A-K shows the effect of different concentrations of cassava industrial effluent on the cytological
parameters of Allium cepa root meristematic cells. Ten out of the thirteen cytological parameters considered showed
statistical significant difference (P<0.05) in relation to the different concentrations of cassava industrial effluent
considered.

The cytological attributes with statistical significant differences at P<0.05 are number of interphase, metaphase,
telophase, binucleate cells, variant chromosomes, C-mitosis, vacuolated cells, tripolar anaphase, anaphase bridge and
the total number of aberrant cells. Although 25% and 75% concentration of the effluent did not produce vacuolated
cells while no binucleate cell was recorded in 50% concentration. The three cytological attributes that did not show
significant difference among the different concentrations of cassava industrial effluent in this study are total number of
cells, number of prophase and number of anaphase.

From the same Table 2, it can be observed that the control group did not show any of the recorded chromosomal
aberrations reported in this study. The production of aberrations was observed to be concentration dependent with
highest concentration (100%) producing the highest values for numbers of binucleate cells, vacuolated cell, faulty
polarity, multiple bridges and total numbers of aberrant cells.

Table 2 Effects of cassava industrial effluent on cell division and chromosome abnormalities of Allium cepa root tip
cells.

Conc. TC NI NP NM NA | NT NB NV NC ND NL NX TZ
Control | 111.90 | 70.102 | 29.10 | 4.102 | 2.50 | 13.202 | 0.00¢ | 0.00¢ | 0.00¢ | 0.00° | 0.00¢ | 0.00" | 0.002
25% 120.60 | 59.402> | 30.20 | 2.50° | 4.40 | 6.50> | 0.20¢ | 4.502 | 1.70° | 0.00" | 2.602 | 0.60P | 9.60d
50% 101.60 | 50.40bc | 25.00 | 1.30° | 3.90 | 7.30> | 0.00¢ | 1.56Yc | 0.44c | 0.44> | 0.78> | 0.22P | 3.44b
75% 113.40 | 44.20¢ | 28.00 | 2.00° | 3.70 | 6.10> | 0.70> | 2.70¢ | 1.60" | 0.00" | 1.502> | 0.40P | 6.90c
100% 111.22 | 51.40bc | 31.50 | 2.30> | 2.6 | 7.90> | 1.402 | 3.20ab | 2.30> | 1.502 | 2.802 | 1.302 | 12.5¢
LSD NS 4.46 NS 0.49 | NS 1.29 0.27 | 1.86 042 | 0.29 | 143 0.22 | 2.49
Value

Means with the same alphabets are not different statistically at P<0.05
Keys: TC- Total number of cells; NI- Number of cells at interphase stage; NP- Number of cells at prophase stage; NM- Number of cells at metaphase
stage; NA- Number of cells at anaphase stage; NT- Number of cells at telophase stage; NB- Number of binucleate cells; NV- Number of variant
chromosomes; NC- Number of C-mitosis cells; ND- Number of vacuolated cells; NL- Number of tripolar anaphases; NX- Number of anaphase bridge;
TZ- Total number of aberrant cells; LSD- Least significant difference; NS- Not significant

Figure 1 shows the effect of different concentrations of the industrial effluents on Mitotic Index and percentage of
aberrant cells of Allium cepa root tip cells. Cells from the control roots produced the highest Mitotic Indices (MI)
(47.49%) while the lowest Mitotic Indices (MI) value of 35.10% was recorded for 75% concentration. Among the
different concentrations of effluent, root tips treated with 100% cassava industrial effluent produced the highest Mitotic
Index (39.83%). The highest percentage of aberrant cells was recorded in 100% concentration (11.24%) while no
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chromosomal aberration was recorded in control. Allium cepa root tips treated with 50% concentration of the industrial
effluent produced the least percentage of aberrant cells (3.38%) among the effluent-treated roots.

Concentrations

S0.00— B 25

40.00—

30.00—

Percentage

20.00—

10.00—

=

T
M PAC

0.00—

Figure 1 Mitotic Index and Percentage of Aberrant cells for Allium cepa root tip cells treated with different
concentrations of cassava industrial effluents
Key: MI= Mitotic Index; PAC= Percentage of Aberrant Cells

Figure 2 A -K Allium cepa root tip showing normal stages of mitotic division (A to E) and aberrant cells (F to K) from
root tips treated with different concentrations of cassava industrial effluent.

(A) Normal interphase cell (B) Normal prophase cell (C) Normal metaphase (D) Normal anaphase (E) Normal telophase
(F) Binucleate cell (G) Variant chromosomes (H) C-mitosis (I) Vacuolated cell (J) Tripolar anaphase (K) Anaphase
bridge.

4., Discussion

Industrial effluent constitutes the major direct source of pollutant into aquatic environment with long term implications
on sustainability of the ecosystem [31]. The fact that effluent obtained after extraction of ethanol from cassava contained
Cadmium (Cd) and Lead (Pb) higher than the minimum values recommended by World Health Organization indicates
that effluent discharged by the industry is hazardous. This finding strongly suggests that effluent from the industry was
not treated and therefore not safe for fishing and agricultural purposes. The high Cadmium (Cd) and Lead (Pb) contents
recorded in this study calls for concern because [32] reported that Cadmium (Cd) is very toxic even at extremely low
concentrations. According to them, there is positive correlation between the rate of renal disorder typified by tubular
proteinuria in humans and duration of exposure to Cadmium. On the other hand, [33] reported that Lead (Pb) is one of
the most pronounced hazardous heavy metals capable of causing teratogenic disorder when ingested into human
systems through water and food.
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The fact that the total number of cells, numbers of prophase and anaphase cells did not show statistical significant
differences among the different concentration of the effluent and control suggests that the effluent does not create or
destroy available cells neither does it affect cells at these two stages of cell division (prophase and anaphase). Alege [34]
gave similar report on different concentrations of aqueous extracts of Cola nitida where numbers of cells at interphase,
prophase, anaphase and telophase stages did not vary significantly in relation to control.

This study revealed the clear effect of cassava industrial effluents on cell division and expression of chromosomal
aberrations in Allium cepa root tip cells. The observed binucleate cells, variant chromosomes, C-mitosis, vacuolated cells,
tripolar anaphase and anaphase bridge indicates mutagenic potential of the cassava industrial effluent studied. By
comparison, variant chromosome, C-mitosis and Anaphase bridge induced by cassava industrial effluent on Allium cepa
root meristems in this study have been previously reported by [4, 17, 21, 27, 35, 36, 37 and 38] as chromosomal
abnormalities associated with effluents from bottling, cassava processing, textile, pharmaceutical, silk dyeing, textile,
dyeing and pharmaceutical industries respectively. This suggests that the three chromosomal defects (variant
chromosome, C-mitosis and Anaphase Bridge) may be induced by effluents generally.

This study also revealed decrease in the Mitotic Indices (MI) of effluent - treated root cells compared to the control
which indicates mito-depressive potential of the effluent at every concentration. This observed reduction in Mitotic
Index is in agreement with the reports of [4, 17, 27, 37] who observed decrease in Mitotic Indices of effluent - treated
Allium cepa root tip cells compared to control. Kumari and Tripathi [27] opined that the reduction in Mitotic Index in
chemical-treated Allium cepa root cells could be as a result of the effect of toxic chemicals on the synthesis of DNA or
protein.

The significant increasing occurrence of chromosomal aberration in root cells of Allium cepa treated with the cassava
industrial effluent and the absence of aberrations in control indicates the mutagenic nature of the effluent. Udebuani et
al. [38] attributed the induction of chromosomal aberrations by industrial effluent to the high concentration of heavy
metals in them. Abu [39] opined that the presence of heavy metals and cyanide in industrial effluents could be implicated
as potentially mutagenic substances that would eventually find their way into man through consumption of plants and
aquatic organisms from such polluted water bodies. The absence of chromosomal aberration in control coupled with
the significant variations observed for the six aberrant conditions observed across the different concentrations of
cassava industrial effluent suggests that the induction of chromosome abnormalities in this study is concentration
dependent. As expected, the 100% concentration is obviously the most mutagenic in this study. This study therefore
supported the use of Allium cepa assay for screening and monitoring of hazardous pollutants in the environment.

5. Conclusion

This study revealed the mutagenic and cytotoxic ability of cassava industrial effluent. Every concentration of the effluent
has been found to be mutagenic although 100% concentration is found to be most mutagenic. The aberrations observed
in this study may be linked to the high Cadmium (Cd) and Lead (Pb) concentrations of the studied effluent. Evidence
from this study strongly suggests that the effluent was not treated before being discharged into the water body. This
practice of discharging untreated effluent into the water bodies will obviously have serious health and environmental
implications. Periodic monitoring of industries for compliance to treatment of effluent before being discharged to the
environment is highly recommended because of the mutagenic and cytotoxic potential of cassava industrial effluent
reported in this study.
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