
NAU Journal of Civil  Engineering (NAUJCVE) November/December 2023 
Nnamdi Azikiwe University Journal of Civil Engineering (NAUJCVE) 

 
  Volume-1, Issue-4, pp-1-13 
  www.naujcve.com 
Research Paper                                                                                                        Open Access 

 

  w w w . n a u j c v e . c o m .  A l l  R i g h t s  R e s e r v e d  2 0 2 3 .  Page 1 

Assessing Heavy Metal Pollution of Groundwater Using Root 
Growth Kinetics of Allium Cepa as a Bio-Indicator 

Franklin C. Uzodinma1, Ijeoma I. Nwajuaku2, Ethelbert O. Mezie3, Ifeanyi K. Omaliko4  
 

1,2,3,4Department of Civil Engineering. Nnamdi Azikiwe University, Awka. Anambra State,Nigeria. 
Email1,2,3,4 : fc.Uzodinma@unizik.edu.ng, ii.nwajuaku@unizik.edu.ng, eo.mezie@unizik.edu.ng, 

ik.omaliko@unizik.edu.ng. 

*Corresponding Author Email: eo.mezie@unizik.edu.ng 

Abstract: Groundwater, one of the major sources of potable water in rural areas may contain heavy metals with 
potential cytotoxic and genotoxic effects. These rural areas are often characterized by the unavailability of 
advanced testing methods. This study investigates the use of Allium cepa as an economical short-term 
alternative in bioassay for the assessment of heavy metals in rural groundwater. Two species of onions; Allium 
cepa L. and Allium cepa b. were first sprouted for 24 hrs in a control groundwater sample and then subjected to 
different concentrations of heavy metals (cadmium, iron, chromium and lead) induced in the groundwater 
sample. Consequently, the mean daily root growths were measured after 24 hrs, 48 hrs, 72 hrs and 96 hrs while 
the percentage root growth inhibition was calculated with respect to the control. Other physical changes to the 
roots of both Allium cepa species were noted and recorded. Results obtained indicate that increase in 
concentration of the heavy metals in the groundwater sample and duration of exposure led to increase in growth 
inhibition of Allium cepa L roots. The Allium cepa b. specie did not give a similar response; although there was 
a general root growth inhibition, but no trend was observed in Allium cepa. b. However, the roots of the Allium 
cepa b. species subjected to different metal concentrations exhibited physical changes that were peculiar to the 
different metals. Thus, this study recommends the use of both species to assess the presence, and determine the 
extent of contamination by heavy metals in rural groundwater as a short-term alternative in rural areas where 
advanced testing techniques are not available or not within reach area.  
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I  INTRODUCTION 

 Over two third of the Earth’s surface is occupied by water, while less than a third is covered by land 
[1]. With continuous increase in the Earth’s population, there is a consequent of increasing pressure on the 
Earth’s resources with water at the forefront of human activities including industrialization, agriculture, mining, 
and channel-alteration amidst others which have led to reduced quality of available water resources. Poorer and 
mediocre water quality leads to pollution of water which has become a global issue. Consequently, the need for 
reforms, evaluation and continuous revision of water policies to prevent contamination of water body altered by 
human activities [2][3]. 

Rural areas are mostly associated with large populations and with most of their surface water polluted 
with agricultural runoff, sewage and wastewater, oil pollution and radioactive substances [4]; they depend on 
groundwater as a cleaner source of potable water. The intake of contaminated ground water directly or indirectly 
adds to the health challenge of the population. 
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Heavy metal pollution is one of the serious problems of fresh water bodies which are highly vulnerable to 
natural and anthropogenic interferences [5]. Due to some properties like high solubility, long half-life period, 
non-biodegradable nature and tendency of bioaccumulation and bio-magnification, they cause deleterious 
effects on aquatic flora and fauna as well as directly and indirectly affect human health [6]. Heavy metals like 
chromium, cadmium, nickel, iron and lead are carcinogenic in humans and epidemiological studies on genotoxic 
effects of these heavy metals have been reported in various biological systems [7][8]. Toxicity through heavy 
metals including arsenic, cadmium, lead, mercury, chromium, nickel, manganese and iron, is a widespread 
problem in developing countries [9]. The consumption of drinking water with these heavy metals leads to 
diarrhea, kidney damage, nervous problems, bone problems, liver damage, cancer and reproductive disorders 
[10]. 

In a continuous bid to prevent and control water pollution, bioassay tests were developed to be utilized 
as a tool in evaluating possible damaging effects of effluents that are discharged into water bodies [11]. Just as 
structural health monitoring target physical or mechanical changes in a building [12], bioassays target biological 
changes in an organism. These biological changes could be observed on the cellular levels [13]. Higher plants 
are considered good genetic models to monitor the environment since the primary target of toxins is the DNA, 
which all organisms possess. According to [14], Allium cepa bioassay is commonly used for monitoring surface 
water and groundwater quality. The Allium cepa bioassay is a cheap and easy test unlike other tests that require 
prerequisite preparations of samples that are tested. The use of Allium cepa in bioassay enhances testing various 
toxicity terminals viz. inhibition of root growth, and mitotic alterations [13]. In the Allium test, root growth 
inhibition and the appearance of stunted roots indicate retardation of growth and genotoxicty, while root wilting 
indicates toxicity [15] 

Although cytotoxic and genotoxic effects on Allium cepa have been reported following exposure to a 
number of pollutants including heavy metals [2][17][18][19], pesticides [20], complex mixtures such as 
industrial and municipal wastes [21][22] and emerging contaminants [23]. However, there is little or no 
consideration for those in rural areas where there is no available advanced testing methods or technical 
education to obtain, study and interpret the microscopic appearance of normal interphase cells and dividing cells 
in the Allium cepa root tip meristem which most of these researches consider as a means to evaluate toxicity. 
Similarly, other species of Allium cepa other than Allium cepa L. have not been considered to determine their 
suitability as bio-indicators. Consequently, as an economical short-term alternative, this study aims to 
investigate root the kinetics of two Allium cepa species as a bio-indicator of heavy metals in rural groundwater. 

 

 

II.     MATERIALS AND METHODS 

 Water samples were obtained from a groundwater source at kwata, and medium sized onion bulbs 
(Allium cepa L. and Allium cepa b.) of 15-20 mm diameter were commercially obtained from Eke Awka market, 
both locations are in Awka, Anambra State, Nigeria. (6o12’22.92” N, 7o4’5.36” E). The test materials were kept 
under dry conditions and mould attacked test onions were discarded. Care was taken to avoid poorly grown 
onions, to account for a number of bulbs in the population that would be poor growing; seven replicate bulbs 
were used for each test sample and control. The best five were chosen for examination. This is similar to the 
process carried out by [24] where the samples were assayed with the use of Allium chromosome aberration assay 
and Allium MNC assay without prior treatment with growth inhibitors. 

 The test specimens were prepared by removing the outer scales and the bottom plate. However, the 
rings of the root primordial were left intact. The base of the peeled bulbs was put into control water during the 
continued cleansing procedure to protect the primordial from drying. These series of cleaned medium sized 
bulbs of onions, (Allium cepa L. and Allium cepa b.) were first sprouted in control water as described by [15] by 
immersion. When the roots have reached lengths of 1 – 2 cm, test are performed at intervals of 24 hrs going 
forward. 

 The base specimens after sprouting in control water were then exposed directly to the different 
concentrations of the heavy metal contained in transparent containers of 310 ml each. Ground water without any 
heavy metal induced was used as the control. Initial concentrations of the heavy metals to be tested present in 
the sample are shown in Table 1. 
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Table 1: Initial concentration of heavy metals in groundwater sample 

Heavy Metal Concentration (ppm) 

Chromium 0.007 ppm 
Iron 0.056 ppm 
Lead 0.0651 ppm 

Cadmium undetected 
  
 Seven samples each for the different metal concentration (0.3 mg/l, 0.5 mg/l, 0.7 mg/l and 0.9 mg/l) 
were used for this experiment. The set up for the experiment was carried out at room temperature of 20oC and a 
relative humidity of 55/75%. Samples were arranged and tagged according to the name and concentration of 
heavy metals contained as used in the experiment. 

A. Root Lengths Measurement 

 Root lengths from the seven samples for each concentration of the different metals were measured at 
24 hrs, 48 hrs, 72 hrs, 96 hrs and 120 hrs with a meter rule from the base of the specimen to the root tip and the 
mean root lengths obtained. The percentage root growth inhibition of each concentration was calculated thus; 

                                       (1) 

        B.     Analysis  

 Percentages, Excel sheets and line graphs were used in this study to represent the root growth inhibition 
in the two species of onions. Photographs were taken of macroscopic changes on the roots and root tips.  
Regression analysis was used to show the interactive relationship between the root lengths of the specimens 
used in this study and the different concentrations of each metal while the significant difference between the 
concentration of the different metals and root length of the specimens were analyzed using analysis of variance 
(ANOVA).  

 

III.    RESULTS AND DISCUSSION 

 The results of the effect of different heavy metals that comprise cadmium, iron, lead and chromium on 
the roots length of Allium cepa L. and Allium cepa b. are show in sections A to D. 
 

A. Effect of Cadmium Metal 

 The effect of the different concentration of cadmium metal with time on the roots length of Allium cepa 
L. and Allium cepa b. are shown in Fig.1 and Fig.2 respectively. It is observed that for the Allium cepa L. 
species, there was inhibition in root length growth as the duration of treatment and concentration of the metal 
increased. At the highest concentration of 0.9 mg/l used in this study, the highest root growth inhibition, 58.7% 
with respect to the control specimen was observed for the cadmium induced samples. This result is consistent 
with [2] and [25] who concluded that root growth inhibition increased with increasing cadmium concentration 
and duration of treatment.  
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Fig.1: Variation of root length of Allium cepa L. with time after treatment with cadmium metal 

  

  

Fig. 2: Variation of root length of Allium cepa b. with time after treatment with cadmium metal 
  

 However, the same trend was not observed for the Allium cepa b. species, from the results obtained, of 
cadmium metal inhibited the root growth with respect to the control generally but the order in which this 
inhibition occurred is non – linear and non – sequential. The percentage root growth inhibition at 0.3 mg/l, 0.5 
mg/l, 0.7 mg/l and 0.9 mg/l of cadmium metal is 94.2%, 76.8%, 59.4% and 84.06% respectively. In fact, it is 
observed that as the concentration of cadmium metal in the water sample increased, the root growth inhibition 
decreased except at 0.9 mg/l concentration where the inhibition increased abruptly to 84.06%. 

 In addition, comparing the daily growth rate of both species, Allium cepa L. species showed linearity 
with respect to the concentration of the cadmium metal and duration of exposure while Allium cepa b. did not. 
The mean daily growth rate of both species of onion is presented in Fig.3. 
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Fig. 3: Mean daily growth rate of roots for both onion species in different concentrations of cadmium 

metal 
  

 During the experiment, other macroscopic effects other than the root growth inhibition were noted; it 
was observed that roots of all the Allium cepa b. species treated with cadmium metal all bent inwards towards 
the primordial, while those of Allium cepa L. remained straight outwards of the primordial (see Plate 1). 

  
Plate 1: Roots of the white onion subjected to cadmium treatment bending inwards towards the 

primordial 
 

B. Effect of Iron Metal 

 It was observed that Iron metal generally inhibits root growth in both species of the onions used in this 
study. The effect of the different concentration of iron metal with time on the root’s length of Allium cepa L. and 
Allium cepa b. is shown in Figs. 4 and 5 respectively. 

  
Fig. 4: Variation of root length of Allium cepa L. with time after treatment with iron metal 
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Fig.5: Variation of root length of Allium cepa b. with time after treatment with iron metal 

  
 Both species of onions treated to iron metal exhibited highest root growth inhibition overall amongst 
metals considered in this study. Roots of Allium cepa L. species were inhibited linearly with increase in iron 
metal content reaching a root growth inhibition of 91.4% at 0.9 mg/l concentration. Although root growth 
inhibition was high in the Allium cepa b. species, the root inhibition was nonlinear. The percentage inhibition in 
Allium cepa L. at 0.3 mg/l, 0.5 mg/l, 0.7 mg/l and 0.9 mg/l is 82.80%, 87.10%, 89.25% and 91.40% respectively 
while the percentage inhibition at 0.3 mg/l, 0.5 mg/l, 0.7 mg/l and 0.9 mg/l is 73.91%, 94.2%, 98.55% and 
91.3% respectively in Allium cepa b. species. 

 
 Daily growth rate for both species of onions treated with different concentrations of iron metal is 
shown in Fig.6. The mean daily growth rate for the Allium cepa L. reduces as the concentration and duration of 
exposure increases. The mean daily growth rate of the Allium cepa b. species increased with increase in 
concentration and duration of exposure up to 0.9 mg/l where an inhibition in the mean daily growth rate was 
observed. 

  

Fig. 6: Mean daily growth rate of roots for both onion species in different concentrations of iron metal 

 In addition, onion specimens subjected to treatment with iron metal had brown roots especially in the 
Allium cepa b. species (see Plate 2). This may be as a result of insoluble ferric form of iron where small 
oxidized iron particles become suspended in water and cling to the roots.  
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Plate 2: Brown roots of specimens subjected to iron concentration 

  

C. Effect of Chromium Metal 

 The effect of the different concentration of cadmium metal with duration of exposure on the root’s 
length of Allium cepa L. and Allium cepa b. are shown in Fig. 7 and Fig. 8 respectively. The root growth 
inhibition of Allium cepa L. increased with increase in time of exposure and concentration of chromium metal 
present in the ground water sample. This is in agreement with Singh [18] who concluded that the roots of Allium 
cepa L. exposed to different concentration of chromium in different time interval showed significant inhibition 
in root length as concentration increased. However, this was not same for the Allium cepa b. species. The 
percentage growth inhibition at 0.3 mg/l, 0.5 mg/l, 0.7 mg/l and 0.9 mg/l is 73.91%, 43.48%, 62.31% and 
62.31% respectively for the Allium cepa b. species. It can be observed that although the presence of chromium 
metal in the water generally inhibits the root growth of the Allium cepa b. species, the relationship is nonlinear 
with no trend. 

  
Fig.7: Variation of root length of Allium cepa L. with time after treatment with chromium metal 

  
Fig.8: Variation of root length of Allium cepa b. with time after treatment with chromium metal 
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 The roots of Allium cepa L. showed linear relationship with respect to mean daily growth rate on 
exposure to different concentration of chromium metal in the water sample. Increase in concentration and time 
of exposure led to inhibition in daily growth rate while the roots of Allium cepa b. species did not. The mean 
daily growth rate for both species of onions is shown in Fig.9. 

  

Fig. 9: Mean daily growth rate of roots for both onion species in different concentrations of chromium 
metal 

 In addition, it was observed that all roots of both species of onion treated with chromium metal had red 
ring-like tips, and this remained throughout the duration of the experiment (see Plate 3). 

  

Plate 3: Red ring-like tips of Allium cepa roots treated to concentrations of chromium metal 

D. Effect of Lead Metal 

 The introduction of lead metal in the groundwater sample inhibited root growth for both species of 
onions considered in this study. The effect of the different concentrations of lead metal with time on the root’s 
length of Allium cepa L. and Allium cepa b. is shown in Figs.10 and 11 respectively. It is observed that for the 
Allium cepa L. species, the root length was inhibited as the duration of time and concentration of the metal 
increased. This result is consistent with those of Palacio et al [26] who concluded that lead metal reduces root 
growth of Allium cepa L. and causes mitotic irregularities. However, this is not same for the Allium cepa b. 
species which displayed a non-linear relationship.  
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Fig. 10: Variation of root length of Allium cepa L. with time after treatment with lead metal 

 

Fig. 11: Variation of root length of Allium cepa b. with time after treatment with lead metal 

The roots of Allium cepa L. showed linearity with respect to mean daily growth rate on exposure to different 
concentration of lead metal in groundwater, that is, increase in concentration and time of exposure led to 
inhibition in daily growth rate while the roots of Allium cepa b. species did not. The mean daily growth rate for 
both species of onions is shown in Fig.12. 
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Fig. 12: Mean daily growth rate of roots for both onion species in different concentrations of lead metal 

The percentage inhibition at different concentrations of the heavy metals used in this study for Allium cepa L. 
and Allium cepa b. species are shown in Figs. 13 and 14 respectively. 

  
Fig. 13: Percentage growth inhibition on Allium cepa L. root growth at different concentrations of heavy 

metals 

  
Fig. 14: Percentage growth inhibition on Allium cepa b. root growth at different concentration of metals 
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E. Summary of Statistical Analysis 

 ANOVA tests were carried out to determine if there exists significant difference within the different 
concentrations of the heavy metals used in this study with respect to the daily root length of Allium cepa L.. 
Results obtained are shown in Table 2. 

Table 2: ANOVA table for the different concentrations of heavy metals and Allium cepa L. root length 

Metals DOF Calculated F- value P - value Critical F- value 

Cadmium 15 0.976833 0.435891 3.49025 
Iron 15 0.993939 0.428729 3.49025 

Chromium 15 5.409112 0.013790 3.49025 
lead 15 0.664383 0.589763 3.49025 

  
 From Table 2 and based on inferences from statistical analysis, there is no significant difference 
between different concentrations of cadmium, iron, and lead with time on the root lengths of Allium cepa L. 
since the critical F- value is greater than the calculated F – value. However, this is not same for chromium metal 
where the calculated F- value is greater than the critical F- value. In the later, Scheffes test (QI macros 2017 
software) was also applied to determine the source of the significant difference. Results obtained indicated that 
0.3 mg/l concentration was the source of the significant difference with F1 value of 1.339997. 
Results of the mean root lengths from the different concentration of heavy metals were also evaluated by 
Regression analysis. R2 values (which describes to what percentage the concentration explains the variance in 
the root lengths) obtained were; 87.4%, 96.5%, 86.4% and 94.9% in Allium cepa L. species for cadmium, iron, 
chromium and lead respectively, and 11.9%, 45.6%, 3.6% and 28.9% in Allium cepa b. species for cadmium, 
iron, chromium, and lead respectively. 

F.  Implication and Application of Results obtained in Rural Groundwater Quality Control 

 Results obtained indicate that Allium cepa L. species can be considered as an efficient short-term bio-
indicator for heavy metals present in groundwater and to an extent indicate severity of contamination. Hence, its 
use in bioassay assessment for rural groundwater is a cheap, easy to use and effective means to monitor rural 
ground water quality. This technique provides a short-term alternative when other concise methods are not 
available. One of its numerous advantages is the fact that the test specimen (Allium cepa L.) is readily available 
and does not need prerequisite preparations. In addition, reading off observations and interpretation of results is 
quite easy. The use of Allium cepa L. in monitoring heavy metals can provide valuable information on the 
presence and concentration of these metals and thus can be used as a tool to complement chemical analysis. 
Allium cepa b. an alternative, cannot be considered a good bio-indicator to be used independently in bioassay. 
This is because, it does not show profound trend of relationship between concentration of heavy metals, growth 
rate inhibition and time of exposure as observed when using Allium cepa L. despite certain observations such as 
bending of roots inwards towards the primordial, change in colouration of the roots, stunted growth as compared 
to the control and appearance of red rings on the root tip which similar to Allium cepa L., indicate the presence 
of heavy metals. 

 This study provides an alternative that is cheap, easy to handle, dependable and safe biological 
technique in the bioassay of heavy metals present in groundwater. It is essential for rural areas where certain 
technological advancement in the area of groundwater testing is not within reach. This research also presents a 
cheap prerequisite testing technique to chemical analysis in determining possible heavy metals present in a 
water sample before full scale analysis is carried out in order to save cost. A combination of bioassay and 
chemical analysis of heavy metals present in groundwater will provide a powerful approach and a 
comprehensive assessment of groundwater quality. 

    

IV.    CONCLUSION 

 This study provides additional and valuable information on the use of Allium cepa in bioassay for rural 
ground water assessment. The presence of heavy metals considered in this study in groundwater is deleterious to 
biological systems. Consequent to results obtained, the following conclusions can be drawn. 

 Firstly, Allium cepa L. species of onion is a good, easy to handle and dependable bio-indicator of heavy 
metals that may be present in groundwater. Allium cepa are plants and properties amongst different obtainable 
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samples may differ. Hence, the use of Allium cepa L. in monitoring heavy metals can be used as a tool to 
complement chemical analysis in order to obtain a comprehensive assessment of ground water quality. To this 
effect, bioassay using Allium cepa L. as an independent technique is not to be used as an ultimate tool in 
groundwater assessment. 

 Secondly, heavy metals in groundwater inhibit root growth of Allium cepa b. hence; it can be used to 
indicate the presence of contamination by heavy metals.  Although, certain physical observations such as 
bending of roots inwards towards the primordial, change in colouration of the roots, stunted growth as compared 
to the control and appearance of red rings on the root tip indicate the presence of certain heavy metals, it cannot 
however be used independently to determine the extent of contamination. Consequently, it should not be 
considered a good bio-indicator for heavy metals present in groundwater. 

 Thirdly, the use of root growth inhibition of Allium cepa L.  in combination with other observations on 
the roots of Allium cepa b. species can be used to assess the presence, and determine the extent of contamination 
by heavy metals in rural groundwater as a short term alternative in rural areas where advanced testing 
techniques are not available or not within reach. 
Fourthly, the technique presented in this study is a cheap, easy to handle, easy to interpret, require no 
prerequisite preparation and readily available method that can be used by households in rural areas. 
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