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Abstract  Original Research Article 
 

This study was conducted to evaluate the efficiency of two digestion methods in determining heavy metal concentrations 

in a moss species. Samples of the moss Barbula lambaranensis were collected from seven major roadsides in Ado-Ekiti, 

Nigeria. In each location, three subsamples were collected and pooled to form a composite sample. Each was then 

divided into two parts. The moss samples were cleaned of extraneous material, oven dried at 50
0
C for 24 hrs and digested 

using two different digestion methods namely dry digestion and wet digestion to recommend the more efficient digestion 

method. Digested samples were analysed for six heavy metals namely iron (Fe), nickel (Ni), copper (Cu), chromium 

(Cr), lead (Pb) and cadmium (Cd) using atomic absorption spectrometry. Results revealed that both digestion methods 

gave similar and comparable results. Total mean concentrations (mg/kg) of Fe, Ni, Cu, Cr and Pb in the moss samples 

were 2758.57, 3.06, 18.93, 1.78 and 0.58 respectively using dry digestion method while mean concentrations of Fe 

(3409.05), Ni (3.56), Cu (20.37), Cr (2.21) and Pb (0.61) were observed in the moss samples using wet digestion method. 

Cadmium was below detection limits in both cases. Statistical analyses revealed that there were no significant 

differences between the concentrations of the heavy metals obtained by both digestion methods. This indicates that both 

digestion methods are equally precise and reliable for the preparation of moss samples for heavy metal analysis. 
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INTRODUCTION 
One of the major public challenges being 

experienced by most of the developing countries today is 

air pollution [1]. Recently, it has continued to pose a 

major threat to human health and the environment. 

Human activities have continued to deteriorate the 

environment, thus endangering it [2]. For instance, 

metals that once occurred naturally in trace quantities in 

the environment are now abundant and hazardous as a 

result of human/anthropogenic activities. Some of these 

activities include fossil fuel combustion, 

industrialization, many temperature driven reactions and 

incineration of domestic wastes [3, 4]. Heavy metals like 

Cd, Pb, Cu, and Zn when released find their way into the 

soil usually through rain and wind [5]. It has been 

reported that metals such as Pb, Cd, Hg, Ni and As could 

pose potential health hazards [6]. Some of them could 

find their ways to man through food chain and in that 

course, attack specific sites or organs which may result 

to diseases [7].  

 

The assessments of the level of heavy metals in 

the environment and the threat they constitute have being 

a major challenge to the environmental scientists. Some 

of the methods adopted to initially address this challenge 

are biomonitoring and direct measurements of air 

quality. However, biomonitoring has been widely 

adopted recently and considered as an alternative to 

direct ambient air measurement due to the fact that it 

provides information on both the quantity of pollutants 

and their impacts on the prevalence and conditions of the 

biomonitors. Moreover, it is also cheaper. Though the 

direct measurement of air quality is also reliable, it is 

expensive and the risk of contamination at low 

concentration is high [8]. Over the years, mosses have 

proven to be excellent bioindicators of pollution. In fact, 

they have become indispensable tools in the 

biomonitoring of air pollutants. Their use in this regard 

may be attributed to their lack of a true root system 

which makes them to depend on atmospheric deposition 

for the intake of water, nutrients and consequently toxic 

substances [9]. An added advantage of mosses as 

biomonitors is that it does not involve the use of 

expensive equipment. The simplicity of analyses of 

metal concentrations in mosses, fewer problems of 

contamination and the results which reveal integrated 

exposure over the years make mosses good bioindicators 
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[10]. Furthermore, the ability of these plants to grow 

abundantly and survive in natural habitats as well as 

urban areas and industrial locations is also considered as 

an added advantage [11]. Besides these, mosses are 

naked, small-sized, have the ability to tolerate different 

environmental conditions and also have high efficiency 

to accumulate heavy metals without choice [12]. Other 

advantages include perenniality, ease of collection, wide 

distribution and large capacity for cat ion exchange [13]. 

Mosses also grow on substrates or areas where higher 

plants find difficult to survive. Hence, they have little or 

no competition [14]. 

 

Mosses have been widely and successfully 

utilized for biomonitoring of heavy metals by different 

researchers [15, 16]. As such, different digestion 

methods have been used to prepare moss samples for 

heavy metal analysis [17, 18]. Considering the health 

hazards associated with the occurrence of heavy metals 

in the environment, the need to accurately determine 

their concentrations in the environment is inevitable for 

safety assurance. Moreover, the importance of sample 

preparation in ensuring accurate and reliable results in 

spectroscopic studies cannot be overemphasized.  

 

Thus, the aim of this study was to compare the 

efficiency of two digestion methods namely dry and wet 

digestion in determining the concentrations of heavy 

metals in mosses. 

 

MATERIALS AND METHODS 
Collection of Sample 

Moss samples were collected from seven major 

roadsides in Ado-Ekiti, Nigeria in July, 2019 with the aid 

of a sharp knife. The geographical coordinates and the 

altitudes of the locations are shown in Table-1. In each 

location, three subsamples were collected and pooled to 

form a composite sample. Each was then weighed and 

divided into two equal parts. Collections were kept in 

sterilized nylon bags and labelled accordingly. These 

were taken to the laboratory for identification as well as 

analyses for some heavy metals. 

 

Table-1: Geographical coordinates and altitudes of the locations 

Location Longitude/E Latitude/N Altitude (m) 

Fajuyi road 7
0
30′2280.49

 
5

0
12′775.47 466 

Ajilosun road 7
0
36′2205.65

 
5

0
13′804.43 450 

Irona road 7
0
37′2222.07

 
5

0
13′782.50 463 

Odo Ado road 7
0
37′2238.90

 
5

0
13′812.45 458 

Adebayo road 7
0
39′2355.83

 
5

0
13′842.28 412 

Old garage 7
0
37′2238.90

 
5

0
13′812.45 458 

Basiri road 7
0
35′2240.45

 
5

0
12′738.31 447 

 

Identification of moss samples 

Moss samples were identified in the herbarium 

of the Department of Plant Science and Biotechnology, 

Ekiti State University, Ado Ekiti using all diagnostic and 

morphological features. The identified moss, Barbula 

lambaranensis is the most abundant moss species in 

Ekiti State [19]. Voucher specimens were deposited in 

the herbarium.  

 

Chemicals 
All the chemicals used in this study were of 

analytical grades. HNO3 and HClO4 were obtained from 

Perkin Elmer USA. Distilled water was used throughout 

the study. 

 

Sample preparation and Digestion of moss samples 
Debris such as plant remains and soil particles 

were removed from the moss samples. They were then 

washed under running water. They were oven dried at 

50
0
C for 24 hrs after which they were then ground. 

Ground samples were thereafter subjected to two 

different digestion methods namely dry digestion and 

wet digestion. 

 

 

 

Dry Digestion 

A crucible was prepared by igniting in a muffle 

furnace at 550
0
C for 12 hrs and later transferred into a 

desiccator containing active desiccant while still hot to 

cool. After cooling, the crucible was weighed and 1 g of 

the sample was added into the crucible. The crucible was 

then put in the muffle furnace and ignited at 550
0
C until 

all the organic components have burnt off remaining the 

ash. The crucible was transferred into a desiccator when 

the furnace temperature reduced to about 200
0
C and 

allowed to cool. Then the ash was transferred into a 

beaker and 20 ml of HNO3 was added. The sample with 

the digesting solvent was placed on a hot plate in the 

fume cupboard until ash fully dissolved. The beaker and 

its contents after the digestion were allowed to cool to 

the room temperature. The mixture was then filtered into 

100ml volumetric flask and made up to the mark with 

distilled water. 
 

Wet Digestion 
1 g of the ground sample was weighed into a 

pyrex beaker and 10 ml of conc. HNO3 was added and 

allowed to soak for 30 mins. Then, 3 ml of 60% 

perchloric acid was added. This was placed on a hot plate 

and heated at 350
0
C until frothing stopped and HNO3 

almost evaporated. Then, a watch glass was placed on 
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the beaker and heating continued until the sample turned 

light straw in colour. This was then removed from the 

hot plate and cooled. Then, the watch glass was rinsed 

into the sample and it was filtered into 100 ml volumetric 

flask and made up to the mark with distilled water. 

 

Determination of Heavy Metals in Moss Samples  

The selected heavy metals in this study were 

chosen according to the significance of their occurrence 

in environments [20]. Working standards of iron, copper, 

nickel, chromium, lead and cadmium solutions were 

made from each of the heavy metals solution of 100g/l 

stock solutions of the metals. Blank was also prepared 

using the same volume of reagents used for the digestion 

and filtration. The concentrations of the heavy metals in 

the digested samples were determined using a Buck 

Scientific Atomic Absorption Spectrophotometer 

(Model: 210VGP) at various wavelengths of the metals 

and using specific cathode lamps of each metal. 

Quantification of the metals was based upon calibration 

curves of standard solutions of metals. Blanks were 

included in each batch of analysis. The accuracy of the 

analytical method was evaluated using certified 

reference standards. The concentrations of the metals 

were calculated using the formula: 

 
 

STATISTICAL ANALYSIS 
The mean concentrations of the heavy metals in 

the moss samples were obtained and recorded. Analysis 

of variance (ANOVA) was used to analyse the 

differences in metal concentrations in different locations. 

The differences in the concentrations of metals obtained 

by the two digestion methods were analysed using 

t-Test.  

 

RESULTS AND DISCUSSION 
The concentrations (mg/kg) of Fe, Ni, Cu, Cr 

and Pb in moss samples subjected to dry digestion 

method ranged from 1250.12 to 5660.24, 2.10 to 4.56, 

14.15 to 24.11 0.24 to 6.09 and 1.00 to 2.00 respectively 

(Table2) while it ranged from 1118.67 to 7480.05, 1.80 

to 6.28, 14.79 to 28.03, 0.88 to 6.13 and 1.02 to 2.07 

respectively in moss samples subjected to wet digestion 

method (Table 3). The variation observed in the 

concentrations of the heavy metals across the locations is 

in line with previous works and may be attributed to 

variations in the anthropogenic activities around the 

locations [15, 21]. 

 

The total mean concentrations of Fe, Ni, Cu, Cr 

and Pb in moss samples subjected to dry digestion 

method were 2758.57, 3.06, 18.93, 1.78 and 0.58 

respectively while total mean concentrations of Fe 

(3409.05), Ni (3.56), Cu (20.37), Cr (2.21) and Pb (0.61) 

were obtained in moss samples digested with the wet 

digestion method. The total mean concentrations of all 

the heavy metals in the present study are lower than 

reported mean values [22]. Mean Fe concentration in the 

present study compared favourably with reported mean 

value [23] but higher than reported range [24]. The mean 

Cu concentration observed in this study was higher than 

the mean value reported in India [23]. The 

concentrations of Ni, Cr and Pb in the present study were 

also lower than the values reported at Ilorin, Nigeria 

[16]. Reported sources of heavy metals in the 

environment include industrial activities, dead and 

decomposing animals and vegetation, domestic 

activities, fall out of atmospheric particulate [25]. Other 

reported sources of heavy metals in the environment 

include automobiles, incineration of domestic wastes, 

power station and fossil fuel combustions [4, 26]. 

 

In the present study, the prevalence of the metal 

concentrations was as follows: Fe> Cu > Ni > Cr > Pb > 

Cd (Fig 1 & 2). This may be attributed to variations in 

the uptake efficiency of mosses for individual metals 

[27]. It has been reported that several factors affect the 

uptake efficiency by mosses [28, 29].  

 

A comparison between the concentrations of 

the heavy metals in each of the locations in moss samples 

subjected to dry and wet digestion methods is shown in 

Fig 3-7. Both methods gave similar and comparable 

results. However, statistical analysis (Table 4) revealed 

that no significant differences existed between the 

concentrations of the heavy metals in moss samples 

subjected to dry and wet digestion methods. This result 

tends to agree with the previous works [30, 31].
  

Table-2: Mean concentrations (mg/kg) of heavy metals in a moss species, B. lambaranensis subjected to dry 

digestion method 

Location Pb Cd Cr Fe Ni Cu 

Fajuyi road BDL BDL 0.61e 3738.65b 3.12d 15.26f 

Ajilosun road BDL BDL 0.54f 1340.01f 2.42e 17.10e 

Irona road 1.00b BDL 6.09a 1250.12g 2.10g 24.00a 

Odo Ado road BDL BDL 2.91b 2520.23d 3.41c 18.00d 

Adebayo road 2.00a BDL 0.80d 2980.43c 3.56b 23.01b 

Old garage 1.05b BDL 1.16c 5660.24a 4.56a 21.11c 

Basiri road BDL BDL 0.34g 1820.21e 2.30f 14.02g 

Mean±S.D. 0.58±0.76 0.00 1.78±2.01 2758.57±1501.61 3.06±0.84 18.93±3.59 

BDL – Below Detection Limit 

Means with the same letters within columns are not significantly different at p< 0.05 
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Table-3: Mean concentrations (mg/kg) of heavy metals in a moss species, B. lambaranensis subjected to wet 

digestion method 

Location Pb Cd Cr Fe Ni Cu 

Fajuyi road BDL BDL 0.88e 5618.33b 3.02d 20.89c 

Ajilosun road BDL BDL 0.75f 1639.67f 2.10f 22.03b 

Irona road 1.02c BDL 6.13a 1118.67g 2.40e 18.00f 

Odo Ado road BDL BDL 4.19b 2560.01d 4.20c 18.79e 

Adebayo road 2.07a BDL 1.43c 3173.67c 5.12b 20.03d 

Old garage 1.17b BDL 1.22d 7480.05a 6.28a 28.03a 

Basiri road BDL BDL 0.88e 2273.03e 1.80g 14.79g 

Mean±S.D. 0.61±0.81 0.00 2.21±2.02 3409.05±2187.50 3.56±1.60 20.37±3.89 

BDL – Below Detection Limit 

Means with the same letters within columns are not significantly different at p< 0.05 

 

Table-4: t-Test 

Fe       

Sample N Mean SD Df t-Cal Pr>t 

WD 14 3409.05 2212.56 26 0.921 0.365 

DD 14 2757.59 1501.61    

Ni       

Sample N Mean SD Df t-Cal Pr>t 

WD 14 3.56 1.62 26 1.015 0.323 

DD 14 3.06 0.84    

Cu       

Sample N Mean SD Df t-Cal Pr>t 

WD 14 20.36 3.93 26 0.953 0.349 

DD 14 18.93 3.59    

Cr       

Sample N Mean SD Df t-Cal Pr>t 

WD 14 2.22 2.02 26 0.582 0.566 

DD 14 1.78 2.01    

Pb       

Sample N Mean SD Df t-Cal Pr>t 

WD 14 0.61 0.81 26 0.930 0.897 

DD 14 0.58 0.76    

WD: Wet Digestion; DD: Dry Digestion 

 

 
Fig-1: Comparison of total mean values of Fe concentrations (mg/kg) in moss samples subjected to dry and wet digestion methods 
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Fig-2: Comparison of total mean values of Ni, Cu, Cr and Pb concentrations (mg/kg) in moss samples subjected to dry and wet digestion 

methods 

 

 
Fig-3: Comparison of Fe concentrations (mg/kg) in moss samples subjected to dry and wet digestion methods in all the locations 

I: Fajuyi road, II: Ajilosun road, III: Irona road, IV: Odo Ado road, V: Adebayo road, VI: Old garage, VII: Basiri road 

 

 
Fig-4: Comparison of Ni concentrations (mg/kg) in moss samples subjected to dry and wet digestion methods in all the locations 

I: Fajuyi road, II: Ajilosun road, III: Irona road, IV: Odo Ado road, V: Adebayo road, VI: Old garage, VII: Basiri road 

 

 
Fig-5: Comparison of Cu concentrations (mg/kg) in moss samples subjected to dry and wet digestion methods in all the locations 

I: Fajuyi road, II: Ajilosun road, III: Irona road, IV: Odo Ado road, V: Adebayo road, VI: Old garage, VII: Basiri road 
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Fig-6: Comparison of Cr concentrations (mg/kg) in moss samples subjected to dry and wet digestion methods in all the locations 

I: Fajuyi road, II: Ajilosun road, III: Irona road, IV: Odo Ado road, V: Adebayo road, VI: Old garage, VII: Basiri road 

 

 
Fig-7: Comparison of Pb concentrations (mg/kg) in moss samples subjected to dry and wet digestion methods in all the locations 

I: Fajuyi road, II: Ajilosun road, III: Irona road, IV: Odo Ado road, V: Adebayo road, VI: Old garage, VII: Basiri road 

 

CONCLUSION 
The results of the present study have confirmed 

the occurrence of heavy metals in the atmosphere as the 

plant used in this study does not have true roots hence, it 

takes up water, nutrients and consequently any pollutant 

through atmospheric deposition through the outer 

surface. The study revealed that there were no significant 

differences between the concentrations of the heavy 

metals in moss samples subjected to dry and wet 

digestion methods. This suggests that both methods are 

equally precise and reliable for the preparation of moss 

samples for heavy metal analysis.  
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