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Abstract  The atmospheric deposition of some heavy metals was investigated using lichen (Parmelia caperata) 
and moss (Polytrichum juniperinum, Calymperes erosum and Racopilum africanum) samples collected from two 
oil–producing host communities viz Eket and Ibeno Local Government Areas of Akwa Ibom State, Nigeria. Lichen 
and moss samples were analysed using atomic absorption spectrometry equipped with flame and graphite furnace 
after decomposition using acid digestion technique. The concentrations of heavy metals in lichen and moss samples 
ranged from 0.001 – 0.092 μg g−1 for cadmium (Cd); 0.004 – 8.793 μg g−1 for chromium (Cr); 0.989 – 1.950 μg g−1 
for cobalt (Co); 2.350 – 110.760 μg g−1 for copper (Cu); 10.530 – 153.320 μg g−1 for manganese (Mn); 1.425 – 
21.730 μg g−1 for nickel (Ni); 0.001 – 17.380 μg g−1 for lead (Pb), and 23.530 – 130.600 μg g−1 for zinc (Zn). The 
statistical significance of correlations between Cu–Pb, Cu–Zn, Pb–Ni and Mn–Zn concentrations confirmed 
anthropogenic sources mainly due to emissions from vehicular traffic, fossil fuel combustion, solid waste disposal 
and other local anthropogenic activities. In a direct comparison, some of the target heavy metals such as Cd, Cr, Mn, 
Ni and Zn were accumulated at higher concentrations in moss samples compared to lichen from the same sampling 
site. The results obtained reveal important contributions towards understanding of heavy metal deposition patterns 
and provide baseline data that can be used for potential identification of areas at risk from atmospheric heavy metals 
contamination in the region. The use of epiphytic lichens and mosses provides a cost–effective approach for 
monitoring regional atmospheric heavy metal contamination and may be effectively used in large scale air pollution 
monitoring programmer. 
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1. Introduction 
Atmospheric heavy metal contamination has been a 

major environmental problem in Nigeria’s Niger Delta 
region due to emissions from gas flaring associated with 
petroleum development, energy generation, vehicular 
traffic, combustion of fossil fuel and poor waste 
management strategies. Heavy metals (or trace elements) 
are defined as chemical elements having density greater 
than 5 g cm−3 [1,2] and are toxic components of 
particulate matter. Some of these elements such as cobalt 
(Co), copper (Cu), iron (Fe), manganese (Mn), 
molybdenum (Mo), nickel (Ni) and zinc (Zn) are 
micronutrients required by plants [3,4]. In addition, low 

concentrations of chromium (Cr) and antimony (Sb) are 
essential for normal metabolic functioning of animals 
[5,6]. The non–essential metals and/or metalloids such as 
mercury (Hg), cadmium (Cd), lead (Pb), arsenic (As), 
chromium (Cr), and antimony (Sb) are toxic in either 
chemically combined or elemental forms. Apart from 
emissions from natural sources (meteoric, biogenic, 
terrestrial, marine, volcanic, forest fires, erosion and 
surface winds), heavy metals from anthropogenic sources 
are introduced into the environment mainly via three 
routes: (i) deposition of atmospheric particulates, (ii) 
disposal of metal enriched sewage sludge and sewage 
effluents and (iii) emissions from automobiles, metal 
mining, petroleum production and fossil fuel combustion. 
Combustion of fossil fuels is the principal anthropogenic 
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source of Be, Co, Hg, Mo, Ni, Sb, Se, Sn and V, as well as 
a large contributor of As, Cr, Cu, Mn and Zn, while 
industrial metallurgical processes produce the largest 
emissions of As, Cd, Cu, Ni and Zn [7]. However, other 
sources and mechanisms such as re-suspension of local 
soil dust, through rainfall precipitation and leaching from 
higher plants might significantly contribute to atmospheric 
deposition of heavy metals [8,9]. 

Monitoring and assessment of heavy metals 
concentrations in the environment contribute towards 
effective understanding of biogeochemical processes and 
gauging ecosystem health. Elemental analysis of 
vegetation has become a powerful tool for biogeochemical 
prospecting, biomonitoring and study of the environment 
[2,5,10,11,12,13]. In particular, lichens and mosses have 
been widely used as bioindicators for assessing the 
atmospheric deposition of heavy metals and/or biological 
effects of airborne contaminants [12,14-25]. Lichens and 
mosses have neither cuticle nor transport systems and 
obtain their nutrients and airborne contaminants directly 
from the atmosphere through cell walls. These non–
vascular plants usually have slow growth rate with rapid 
rate of atmospheric absorption and/or accumulation of 

potentially high concentrations of trace elements without 
apparent damage to the plant [26,27,28]. Uptake of heavy 
metals in these lower plants depends on the simple process 
of ion exchange and concentrations of trace elements in 
atmospheric deposition [13,27]. Although the use of 
lichens and mosses as bioindicators has been reported in 
some parts of Nigeria [21,22,23,24,29,30], there is a 
limited record in Nigeria’s Niger Delta region. However, 
lichens and mosses are evergreen plants which can be 
surveyed/ sampled for assessment of heavy metal 
deposition on a regional scale throughout the year. 
Measurement of the bioaccumulation of heavy metals in 
the lichen and moss samples could provide information 
which may help in the assessment of environmental risk 
and human health hazards in the Niger Delta region. 

This study investigates the concentrations of 
atmospheric heavy metals using epiphytic lichen and moss 
samples collected from Eket and Ibeno Local Government 
Areas of Akwa Ibom State, Nigeria. The concentrations of 
heavy metals in lichen and moss samples were used to 
assess the potential contamination of the atmospheric 
environment in the region. 

 

Figure 1. Map of Akwa Ibom State showing the location of the study areas (Eket and Ibeno Local Government Areas) 
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Figure 2. Map of Eket Local Government Area showing the location of sampling sites 

2. Materials and Methods 

2.1. Materials 
Nitric acid (HNO3) and perchloric acid (HClO4) used 

for sample decomposition by wet acid digestion procedure 
were of supra pure quality (Merck, UK). Double deionised 
water was used for all dilutions (Milli-Q Millipore 18.2 
MΩ cm-1 resistivity). All the plastic and glasswares were 

cleaned by soaking in dilute HNO3 (10%) and were rinsed 
with distilled water prior to use. The trace element 
standard solutions used for calibration were prepared by 
diluting stock solutions of 1000 mg l-1 of each element 
obtained from Sigma-Aldrich, UK. Sigma-Aldrich UK 
supplied the Lichen (trace elements) BCR® Certified 
Reference Material (CRM 482) used for analytical quality 
control. 
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Figure 3. Map of Ibeno Local Government Area showing the location of sampling sites 

Table 1. General characteristics and anthropogenic activities around the sampling sites 
Sampling 

sites Locality Specie Scientific 
name Substrate Anthropogenic activity 

M 1 176 Eket – Oron Road, Eket Moss Racopilum 
africanum 

Magnifera indica 
(Mango) 

High vehicular traffic, airstrip & municipal 
waste burning 

L 2 # 5 Route 2, Mkpok Housing Estate, 
Eket Lichen Permelia 

caperata 
Magnifiera indica 

(Mango) 
Residential estate: fossil fuel combustion & 

waste burning 

M 3 # 5 Route 2, Mkpok Housing Estate, 
Eket Moss Racopilum 

africanum 
Magnifiera indica 

(Mango) 
Residential estate: fossil fuel combustion & 

waste burning 

M 4 Lutheran Primary School, Ikot Ibiok Moss Racopilum 
africanum 

Magnifiera indica 
(Mango) 

High vehicular traffic, metal works & waste 
burning 

M 5 10 Ata Idung Afaha Eket, Eket-Oron 
Road Moss Calymperes 

erosum 
Elaeis guineensis 

(Oil palm) 
Medium vehicular traffic & metal works 

(welding) 

M 6 Uncultivated farm land, Ikot Use 
Ekong Moss Polytrichum 

juniperinum 
Elaeis guineensis 

(Oil palm) Remote rural settlement: peasant farming 

M 7 Ikot Odiong, Eket Moss Racopilum 
africanum 

Elaeis guineensis 
(Oil palm) 

Domestic waste burning & automobile 
repairs 

M 8 Effoi Village, Eket Moss Racopilum 
africanum 

Citrus sinensis 
(Orange) 

Low vehicular traffic & Domestic waste 
burning 

M 9 Ikot Abasi, Eket Moss Racopilum 
africanum 

Magnifera indica 
(Mango) 

Low vehicular traffic & Domestic waste 
burning 

M 10 Ikot Udoma, Eket Moss Racopilum 
africanum 

Elaeis guineensis 
(Oil palm) 

Low vehicular traffic & Domestic waste 
burning 

L 11 Ofriyo Road, Ofriyo - Eket Lichen Pleurozium 
caperata 

Unidentified 
flowering plant 

Low vehicular traffic & Domestic waste 
burning 

M 12 Ofriyo Road, Ofriyo - Eket. Moss Racopilum 
africanum 

Unidentified 
flowering plant 

Low vehicular traffic & Domestic waste 
burning 

M 13 98 Idua Road, Idua, Eket Moss Racopilum 
africanum 

Magnifiera indica 
(Mango) 

Metal works, automobile repairs & waste 
burning 

M 14 Ikot Obio Amana, Eket-Etinan 
Highway Moss Calymperes 

erosum 
Magnifiera indica 

(Mango) 
Metal works, Municipal & domestic waste 

burning. 

M 15 Ikot Inyang, Okon, Eket-Etinan 
Highway Moss Racopilum 

africanum 
Magnifiera indica 

(Mango) 
Petrol station, automobile repairs & waste 

burning 

M 16 Ikot Okudom - Okon, Eket-Etinan 
Highway Moss Racopilum 

africanum 
Magnifiera indica 

(Mango) 
High vehicular traffic & fossil fuel 

combustion 

L 17 Ikot Obioro, Okon Eket Lichen Parmelia 
caperata 

Elaeis guineensis 
(Oil palm) Remote rural settlement: peasant farming 

M 18 Ikot Obioro, Okon Eket Moss Racopilum 
africanum 

Elaeis guineensis 
(Oil palm) Remote rural settlement: peasant farming 

M 19 52 Atabong Road, Eket Moss Racopilum 
africanum Cola spp (Kola) High vehicular traffic, metal works & auto–

repairs 

M 20 High Court 2, Barracks Road, Eket Moss Racopilum 
africanum 

Magnifera indica 
(Mango) 

Business district: metal works & waste 
burning 

M 21 15C Marina Road, Afaha Eket Moss Polytrichum 
juniperinum 

Elaeis guineensis 
(Oil palm) 

High vehicular traffic & fossil fuel 
combustion 

M 22 Primary school, Edebuk, QIT Road Moss Polytrichum 
juniperinum 

Magnifera indica 
(Mango) 

High vehicular traffic & fossil fuel 
combustion 

M 23 Judiciary Magistrate Court, Iwuo-
Achang Moss Calymperes 

erosum 
Elaeis guineensis 
(Oil palm tree) Fossil fuel combustion & waste burning 

M 24 100 Jetty street, Iwuo Okpom, 
Mkpanak Moss Calymperes 

erosum 
Elaeis guineensis 
(Oil palm tree) 

Emissions from power plant, gas flaring & 
venting 

M 25 Ibeno Beach, Mkpanak, Ibeno Moss Calymperes 
erosum 

Elaeis guineensis 
(Oil palm tree) 

Industrial power generation, gas flaring & 
venting 
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2.2. Sampling and Analytical Procedure 
This study was conducted in the vicinity of two oil–

producing host communities viz Eket and Ibeno Local 
Government Areas, in the coastal area of Akwa Ibom 
State (Figure 1). Akwa Ibom State is located in the South–
South geopolitical zone and is one of the major oil–
producing states in Nigeria's Niger Delta region. Eket 
Local Government Area occupies the South central 
territorial part of Akwa Ibom State (Figure 2; 4°33’N, 
4°45‘N and 7°52’E, 8°02’E) and based on data from 2006 
Nigeria’s national census [31], it is home to 172, 856 
people and various oil and gas servicing companies. Ibeno 
Local Government Area occupies the largest Atlantic 
coastline of more than 129 km in Akwa Ibom State 
(Figure 3; 4°32’ 02’’N, 4°36‘02’’N and 7°48’’E, 
8°17’42’’E) and based on data from 2006 Nigeria’s 
national census [31], it is home to 74, 840 people and 
ExxonMobil Producing Nigeria Unlimited – Qua Iboe 
Terminal (QIT). Apart from gas flaring and venting 
associated with petroleum exploration and production in 
the Nigeria's Niger Delta [32], fossil fuel combustion and 
emissions from vehicular traffic are the main sources of 
atmospheric heavy metals in most host communities in 
Akwa Ibom State. In September 2004, lichen (Parmelia 
caperata) and moss (Polytrichum juniperinum, 
Calymperes erosum and Racopilum africanum) samples 
were collected from various sampling sites at Eket and 
Ibeno Local Government Areas. The general characteristic 
and major anthropogenic activities around the sampling 
sites are presented in Table 1. Lichen and moss samples 
were collected from trunks of 3 isolated trees per sampling 
points at 1.5 – 2 m above the ground level [19]. The lichen 
and moss samples were cleaned from mechanical 
impurities and dried at temperatures of 100°C for 24 h.  

The oven dried samples were homogenized by grinding 
in agate mortars and stored in polyethylene bottles prior to 
elemental analysis. In the laboratory, 1 g of each 
powdered sample was mineralized with 20 ml mixture of 

concentrated nitric acid and perchloric acid at a 3:1 ratio 
(15 ml 70% HN03: 5ml 70% HCl04) using Teflon beakers 
on a Gerhardt digestion hot plate. The beakers were 
loosely covered to avoid atmospheric contamination and 
the digestates were heated until the nitric acid boils off 
and white fumes from perchloric acid indicated the end of 
digestion. The digestates (5 ml) were diluted with 20 ml 
distilled deionized water, filtered through a Whitman 541 
filter paper into a volumetric flask and the final volume in 
each flask was adjusted to 100 ml with distilled deionized 
water. A series of blank samples were prepared using the 
same digestion method and the filtrates were analysed for 
concentrations of trace metals. 

The total concentrations of heavy metals in lichen and 
moss samples were determined using atomic absorption 
spectrophotometer (AAS; SOLAAR 939, ATI UNICAM) 
equipped with flame and graphite furnace. The digestates 
were directly introduced into the flame with continuous 
aspiration through polyethylene tubing and the 
concentration of the object element was obtained from the 
calibration plot. The concentrations of trace metals in the 
extracts were determined by comparing the absorbance of 
the standard metal solution and accuracy of the results was 
checked by analysis of the Lichen BCR® CRM 482. The 
concentrations of heavy metals in lichen and moss 
samples were expressed on dry weight basis (µg g-1). All 
analyses were carried out in duplicate and for each run, 
two blanks and a reference sample were analysed using 
the same procedure in order to ensure precision and 
accuracy of the analytical methods.  

2.3. Statistical Analysis 
The results obtained for the heavy metal concentrations 

in lichen and moss samples were subjected to statistical 
analysis. Variance in the data set was tested for statistical 
significance through analysis of variance (ANOVA) and 
correlation coefficients between the elements were 
determined by the Pearson product–moment using 
SigmaPlot® 12.5 (Systat Software Inc.). 

Table 2. Background concentrations of trace metals (µg g−1 dry wt.) in the Lichen BCR® Certified Reference Material (CRM 482). Values are 
the mean (n=12) ± standard deviation (SD) 

 Cd Cr Co Cu Mn Ni Pb Zn 

Certified (µg g−1) 0.56 ± 0.02 4.12 ± 0.15 0.32 ± 0.03 7.03 ± 0.19 33.0 ± 0.5 2.47 ± 0.07 40.9 ± 1.4 100.6 ± 2.2 

Found (µg g−1) 0.56 ± 0.02 4.10 ± 0.12 0.32 ± 0.01 6.78 ± 0.34 32.0 ± 1.2 2.58 ± 0.15 39.9 ± 1.3 99.2 ± 4.7 

Recovery % 100 100 100 96 97 100 98 99 

3. Results and Discussion 
The concentrations of heavy metals in the Lichen BCR® 

CRM 482 (Table 2) reveal that there were no significant 
differences between measured values and certified values 
for the reference material (P > 0.05). The measure of good 
agreement between the results obtained and certified 
values of the reference material indicates high precision of 
the analytical methods and accuracy of the results. The 
concentrations of heavy metals in lichen and moss 
samples at various sampling sites in the study area are 
reported in Table 3. Heavy metals concentrations in lichen 
and moss samples ranged from 0.001 – 0.092 μg g−1 for 
cadmium; 0.004 – 8.793 μg g−1 for chromium; 0.989 – 

1.950 μg g−1 for cobalt; 2.350 – 110.760 μg g−1 for copper; 
10.530 – 153.320 μg g−1 for manganese; 1.425 – 21.730 
μg g−1 for nickel; 0.001 – 17.380 μg g−1 for lead, and 
23.530 – 130.600 μg g−1 for zinc. There were variations in 
the concentrations of heavy metals between samples 
collected from different sampling sites and the differences 
were statistically significant for most elements (P < 0.01). 
The data revealed very strong statistical significance of 
correlations between Cu–Pb, Cu–Zn, Pb–Ni and Mn–Zn 
concentrations (Table 4). In a direct comparison, 
elemental analysis reveals that most target heavy metals 
were present in elevated concentrations in moss samples 
compared to those in lichen from the same sampling site 
(Table 5). 
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Table 3. Heavy metals concentrations (µg g−1 dry wt.) in lichen and moss samples. Values are the mean (n=2) ± standard deviation (SD) 
Sample Cd Cr Co Cu Mn Ni Pb Zn 

M 1 0.002 ± 0.04 5.816 ± 0.02 1.175 ± 0.02 18.180 ± 0.02 113.250 ± 0.02 6.480 ± 0.02 16.700 ± 0.02 87.700 ± 0.02 
L 2* 0.027 ± 0.02 0.005 ± 0.02 0.989 ± 0.01 15.240 ± 0.01 53.710 ± 0.01 3.230 ± 0.01 0.695 ± 0.01 49.070 ± 0.01 
M 3* 0.046 ± 0.12 2.305 ± 0.02 1.150 ± 0.01 7.618 ± 0.01 153.320 ± 0.01 3.390 ± 0.01 0.860 ± 0.01 74.570 ± 0.01 
M 4 0.064 ± 0.02 1.038 ± 0.02 1.950 ± 0.01 11.700 ± 0.01 92.950 ± 0.01 21.730 ± 0.01 2.425 ± 0.01 60.300 ± 0.01 
M 5 0.002 ± 0.00 1.662 ± 0.02 1.250 ± 0.01 15.230 ± 0.01 19.130 ± 0.01 3.050 ± 0.01 4.550 ± 0.01 64.430 ± 0.01 
M 6 0.005 ± 0.00 1.801 ± 0.02 1.301 ± 0.01 6.575 ± 0.01 41.350 ± 0.01 2.700 ± 0.01 0.001 ± 0.01 69.420 ± 0.01 
M 7 0.001 ± 0.00 8.793 ± 0.02 1.550 ± 0.01 7.950 ± 0.01 25.850 ± 0.01 3.850 ± 0.01 4.225 ± 0.01 46.030 ± 0.01 
M 8 0.051 ± 0.02 1.385 ± 0.02 1.725 ± 0.01 8.575 ± 0.01 63.700 ± 0.01 3.350 ± 0.01 0.001 ± 0.01 69.780 ± 0.01 
M 9 0.059 ± 0.01 3.462 ± 0.02 1.475 ± 0.01 9.675 ± 0.01 33.600 ± 0.01 2.550 ± 0.01 0.050 ± 0.01 23.530 ± 0.01 

M 10 0.092 ± 0.01 2.285 ± 0.02 1.350 ± 0.01 10.150 ± 0.01 74.030 ± 0.01 3.050 ± 0.01 0.001 ± 0.01 70.780 ± 0.01 
L 11** 0.004 ± 0.01 2.205 ± 0.02 1.516 ± 0.01 8.660 ± 0.01 132.160 ± 0.01 2.600 ± 0.01 0.870 ± 0.01 81.590 ± 0.01 
M 12** 0.004 ± 0.01 4.126 ± 0.02 1.293 ± 0.01 7.676 ± 0.01 131.510 ± 0.01 3.980 ± 0.01 1.390 ± 0.01 63.180 ± 0.01 
M 13 0.007 ± 0.01 3.462 ± 0.02 1.500 ± 0.01 8.575 ± 0.01 116.800 ± 0.01 3.450 ± 0.01 2.210 ± 0.01 65.800 ± 0.01 
M 14 0.009 ± 0.02 8.654 ± 0.02 1.910 ± 0.01 17.780 ± 0.01 131.280 ± 0.01 4.680 ± 0.01 6.050 ± 0.01 72.100 ± 0.01 
M 15 0.005 ± 0.01 2.354 ± 0.02 1.375 ± 0.01 5.570 ± 0.01 106.530 ± 0.01 2.750 ± 0.01 2.500 ± 0.01 55.650 ± 0.01 
M 16 0.050 ± 0.02 5.400 ± 0.02 1.600 ± 0.01 17.780 ± 0.01 115.230 ± 0.01 4.200 ± 0.01 2.025 ± 0.01 60.280 ± 0.01 

L 17*** 0.082 ± 0.02 0.205 ± 0.02 1.120 ± 0.01 14.490 ± 0.01 10.530 ± 0.01 1.430 ± 0.01 0.541 ± 0.01 55.250 ± 0.01 
M 18*** 0.086 ± 0.02 2.307 ± 0.02 1.137 ± 0.01 9.830 ± 0.01 29.910 ± 0.01 3.045 ± 0.01 1.306 ± 0.01 58.700 ± 0.01 

M 19 0.008 ± 0.02 0.004 ± 0.02 1.675 ± 0.01 110.760 ± 0.01 79.830 ± 0.01 4.750 ± 0.01 17.380 ± 0.01 130.600 ± 0.01 
M 20 0.005 ± 0.02 4.085 ± 0.02 1.625 ± 0.01 11.050 ± 0.01 90.780 ± 0.01 2.830 ± 0.01 3.550 ± 0.01 68.350 ± 0.01 
M 21 0.001 ± 0.02 3.669 ± 0.02 1.575 ± 0.01 9.650 ± 0.01 49.030 ± 0.01 2.480 ± 0.01 4.200 ± 0.01 41.430 ± 0.01 
M 22 0.001 ± 0.02 4.501 ± 0.02 1.750 ± 0.01 4.650 ± 0.01 95.680 ± 0.01 3.310 ± 0.01 3.010 ± 0.01 65.250 ± 0.01 
M 23 0.004 ± 0.02 2.908 ± 0.02 1.350 ± 0.01 7.475 ± 0.01 15.780 ± 0.01 2.425 ± 0.01 2.350 ± 0.01 31.980 ± 0.01 
M 24 0.003 ± 0.02 2.007 ± 0.02 1.450 ± 0.01 2.350 ± 0.01 13.790 ± 0.01 1.425 ± 0.01 1.825 ± 0.01 44.530 ± 0.01 
M 25 0.056 ± 0.02 4.431 ± 0.02 1.925 ± 0.01 9.650 ± 0.01 59.310 ± 0.01 2.100 ± 0.01 0.001 ± 0.01 ± 0.01 
Mean 0.027 3.155 1.469 14.274 73.962 3.953 3.149 61.948 

Median 0.007 2.354 1.475 9.650 74.030 3.050 2.025 63.180 
Min 0.001 0.004 0.989 2.350 10.530 1.425 0.001 23.530 
Max 0.092 8.793 1.950 110.760 153.320 21.730 17.380 130.600 
SD 0.031 2.284 0.264 20.524 43.737 3.855 4.488 20.883 

*, **, *** Samples of lichen and moss from the same site; L = Lichen; M = Moss 

Table 4. Pearson correlation coefficient (r) of concentrations of heavy metals in lichen and moss samples 
 Cd Cr Co Cu Mn Ni Pb Zn 

Cd 1.00        
Cr -0.302 1.00       
Co -0.078 0.352 1.00      
Cu -0.084 -0.244 0.145 1.00     
Mn -0.165 0.258 0.215 0.056 1.00    
Ni 0.170 -0.065 0.379 0.085 0.236 1.00   
Pb -0.396 0.162 0.073 0.717 0.175 0.169 1.00  
Zn -0.161 -0.167 0.057 0.709 0.483 0.147 0.653 1.00 

P < 0.05 

Table 5. Descriptive statistics of heavy metals concentrations (µg g−1 dry wt.) measured in lichen and moss samples from the same sampling site  
Sample Cd Cr Co Cu Mn Ni Pb Zn 
Lichen         
L 2* 0.027 ± 0.02 0.004 ± 0.02 0.989 ± 0.01 15.240 ± 0.01 53.710 ± 0.01 3.230 ± 0.01 0.695 ± 0.01 49.070 ± 0.01 

L 11** 0.004 ± 0.01 2.205 ± 0.02 1.516 ± 0.01 8.660 ± 0.01 132.160 ± 0.01 2.600 ± 0.01 0.870 ± 0.01 81.590 ± 0.01 
L 17*** 0.082 ± 0.02 0.205 ± 0.02 1.120 ± 0.01 14.490 ± 0.01 10.530 ± 0.01 1.430 ± 0.01 0.541 ± 0.01 55.250 ± 0.01 

Mean 0.038 0.805 1.208 12.797 65.467 2.420 0.702 61.970 
Median 0.027 0.205 1.120 14.490 53.710 2.600 0.695 55.250 

Min 0.004 0.004 0.989 8.660 10.530 1.430 0.541 49.070 
Max 0.082 2.205 1.516 15.240 132.160 3.230 0.870 81.590 
SD 0.040 1.217 0.274 3.602 61.661 0.913 0.165 17.270 

Moss         
M 3* 0.046 ± 0.12 2.305 ± 0.02 1.150 ± 0.01 7.618 ± 0.01 153.320 ± 0.01 3.390 ± 0.01 0.860 ± 0.01 74.570 ± 0.01 

M 12** 0.004 ± 0.01 4.126 ± 0.02 1.293 ± 0.01 7.676 ± 0.01 131.510 ± 0.01 3.980 ± 0.01 1.390 ± 0.01 63.180 ± 0.01 
M 18*** 0.086 ± 0.02 2.307 ± 0.02 1.137 ± 0.01 9.830 ± 0.01 29.910 ± 0.01 3.045 ± 0.01 1.306 ± 0.01 58.700 ± 0.01 

Mean 0.045 2.913 1.193 8.375 104.913 3.472 1.185 65.483 
Median 0.046 2.307 1.150 7.676 131.510 3.390 1.306 63.180 

Min 0.004 2.305 1.137 7.618 29.910 3.045 0.860 58.700 
Max 0.086 4.126 1.293 9.830 153.320 3.980 1.390 74.570 
SD 0.041 1.051 0.087 1.261 65.864 0.473 0.285 8.182 
Cadmium (Cd) concentrations in lichen and moss 

samples ranged from 0.001 to 0.092 μg g−1 with a mean 
concentration of 0.027 ± 0.031 μg g−1 (Table 3). The 
concentrations of Cd in lichen and moss samples were still 

at background levels at all the sampling sites. The 
background concentrations of Cd of 0.05 – 0.70 μg g−1 
have been reported in related studies in other regions in 
Nigeria [21,22]. Several studies have reported varying 
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concentrations of Cd in lichen and moss samples. 
Examples of the concentrations of Cd in lichen and moss 
samples obtained from other studies include 0.16 – 6.13 
μg g−1 [33]; 0.191 μg g−1 [34]; 0.047 – 0.162 μg g−1 [35]; 
0.97 – 1.26 μg g−1 [36]; 0.34 – 1.07 μg g−1 [13]; 0.24 – 1.4 
μg g−1 [37]; 0.10 – 0.64 μg g−1 [38], and 0.09 – 0.31 μg g−1 
[39]. In the present study, the highest concentration of Cd 
of 0.092 μg g−1 obtained at Ikot Udoma (Sample M 10, 
Table 1) can be attributed to anthropogenic activities such 
as combustion of fossil fuels and emissions from motor 
vehicles [38], metal works and waste burning [21,39]. The 
concentrations of Cd were not significantly correlated 
with concentrations of other metals (Table 4). Plants from 
unpolluted natural environments contain 0.01 – 0.3 μg g−1 
Cd [10] and ambient air usually has a low concentration of 
Cd in particulate form [40]. The background 
concentrations of Cd measured in this study are within the 
range of values obtained in similar studies in the 
developed countries like United State of America (U.S.A) 
and Europe. 

Chromium (Cr) concentrations in lichen and moss 
samples ranged from 0.004 to 8.793 μg g−1 with a mean 
concentration of 3.155 ± 2.284 μg g−1 (Table 3). The 
highest concentrations of Cr were observed in rural 
settlement at Ikot Odiong (8.793 μg g−1) and Ikot Obio 
Amana (8.654 μg g−1) compared to the lowest 
concentration of Cr of 0.004 μg g−1 measured at Atabong 
Road, which is an urban site with high anthropogenic 
activities (Table 1). The highest concentrations of Cr at 
these rural sites are attributed to long–range transport of 
trace metals in ambient aerosols [41] and local point 
sources such as a metal works, automobile workshop and 
wastes incineration located near the sampling sites. In 
addition, aerial fallout of windblown dust contribution 
from metal corrosion and soil of the study area might have 
increased the contamination load of the surrounding 
atmosphere. Several studies have reported varying 
concentrations of Cr in lichen and moss samples. 
Examples of the concentrations of Cr in lichen and moss 
samples obtained from other studies include 1.4 – 2.6 μg 
g−1 [13]; 1.60 – 4.70 μg g−1 [37]; 3.6 μg g−1 [34]; 1.6 – 
39.3 μg g−1 [42]; 2.62 – 6.69 μg g−1 [36]; 111 – 244 μg g−1 
[43]; 1.20 – 3.01 μg g−1 [38]; 1.00 – 829.00 μg g−1 [17], 
and 0.07 – 2.54 μg g−1 [39]. Apart from subtle relationship 
with Co, the concentrations of Cr were not significantly 
correlated with concentrations of other metals in the 
present study (Table 4). It has been reported that the 
concentrations of Cr in urban air ranged from <10 ng m-3 
to 50 ng m-3 [44]. The potential sources of human 
exposure to Cr are attributed to emissions from power 
plants [5,45], incineration of municipal wastes, metal 
works (e.g. welding and chrome-plating, etc.) and 
application of anti–corrosion paints.  

Cobalt (Co) concentrations in lichen and moss samples 
ranged from 0.989 to 1.950 μg g−1 with a mean 
concentration of 1.469 ± 0.264 μg g−1 (Table 3). The 
concentrations of Co in lichen and moss samples were still 
at background levels at all the sampling sites. The natural 
background concentrations of Co is in the order of 1 pg m-

3 and concentrations up to 40 ng m-3 have been reported in 
urban areas [46]. Several studies have reported varying 
concentrations of Co in lichen and moss samples. 
Examples of the concentrations of Co in lichen and moss 
samples obtained from other studies include 0.284 μg g−1 

[34]; 0.28 – 0.55 μg g−1 [36]; 0.20 – 5.55 μg g−1 [38], and 
3.33 – 5.63 μg g−1 [39]. Apart from subtle relationship 
with Ni, the concentrations of Co were not significantly 
correlated with concentrations of other metals in the 
present study (Table 4). Co is closely related to Ni in both 
its chemical and biochemical properties. The elevated 
concentrations of Co at some of the sampling sites are 
attributed to anthropogenic sources such as emissions 
from automobile exhausts, metal works, wastes burning, 
combustion of fossil fuels, and industrial emissions such 
as gas flaring and venting [47,48]. The behaviour of 
anthropogenic Co in the environment is poorly understood 
and there is limited baseline information to support wider 
and long–term environmental impacts. 

Copper (Cu) concentrations in lichen and moss samples 
ranged from 2.350 to 110.760 μg g−1 with a mean 
concentration of 1.469 ± 0.264 μg g−1 (Table 3). The 
highest concentration of Cu of 110.760 μg g−1 was 
measured at a sampling site at Atabong Road (Table 1) 
and was significantly higher (P < 0.05) compared to 
concentrations of Cu at other sampling sites (Table 3). The 
background Cu concentrations of 10 – 30 μg g−1 measured 
at other sampling sites are in agreement with earlier study 
by Onianwa [22] and concentrations of 0.6 – 1.0 μg g−1 
have been measured in Alectoria lichens in Mt. Rainier 
and Olympic National Park, Washington, U.S.A [49]. 
Several studies have reported varying concentrations of 
Cu in lichen and moss samples. Examples of the 
concentrations of Cu in lichen and moss samples obtained 
from other studies include 8.10 – 38.10 μg g−1 [21]; 1.79 – 
36.78 μg g−1 [33]; 0.91 μg g−1 [34]; 7.0 – 13.3 μg g−1 [42]; 
11.40 – 96.00 μg g−1 [50]; 1.00 – 9.70 μg g−1 [13]; 3.8 – 
14.0 μg g−1 [37]; 7.19 – 22.4 μg g−1 [38], and 1.60 – 26.30 
μg g−1 [17]. Few studies have reported that average 
concentrations are usually well below 1 μg m-3, but higher 
concentrations may be found in urban or otherwise 
polluted areas [51,52,53]. The elevated concentrations of 
Cu herein reported at most of the sampling sites in the 
present study are much higher than background 
concentration of Cu 4.8 μg g−1 obtained for the Olympic 
National Park, Washington, U.S.A. [54]. Apart from 
significant correlations with Pb (r = 0.72) and Zn (r = 
0.71), the concentrations of Cu were not significantly 
correlated with concentrations of other metals (Table 4). 
The elevated concentrations of Cu at some sampling sites, 
which often depend on the proximity to major 
anthropogenic sources, are attributed to emissions from 
vehicular traffic, metal works and other local 
anthropogenic source such as Cu–containing dust from 
metal corrosion.  

Manganese (Mn) concentrations in lichen and moss 
samples ranged from 10.530 to 153.320 μg g−1 with a 
mean concentration of 73.962 ± 43.737 μg g−1 (Table 3). 
The concentrations of Mn in lichen and moss samples 
were still at background levels at most of the sampling 
sites. The elevated concentrations of Mn were measured at 
samplings sites in the urban areas compared to the rural 
areas (Table 3). In urban and rural areas without 
significant manganese contamination, annual averages of 
manganese concentration are mainly in the range of 0.01 – 
0.07 μg m-3 [55,56]. Several studies have reported varying 
concentrations of Mn in lichen and moss samples. 
Examples of the concentrations of Mn in lichen and moss 
samples obtained from other studies include 93.00 – 
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802.00 μg g−1 [21]; 3.91 – 244.47 μg g−1 [33]; 22.70 – 
114.33 μg g−1 [37]; 38.20 μg g−1 [34]; 57.30 – 104.00 μg 
g−1 [36]; 25.80 – 208.00 μg g−1 [38], and 9.50 – 202.90 μg 
g−1 [17]. Apart from significant correlation with Zn (r = 
0.48), the concentrations of Cu were not significantly 
correlated with concentrations of other metals in the 
present study (Table 4). The concentrations of Mn in the 
ambient air in the rural areas are probably reflecting the 
contribution of vegetation inputs [16,17]. However, it is 
known that Mn toxicity limits in plants are in the range of 
400 – 1000 μg g−1 [57,58]. The atmospheric deposition of 
Mn is associated with local and/or anthropogenic activities 
in the urban areas and the distribution of Mn is more 
regional compared to Zn. 

Nickel (Ni) concentrations in lichen and moss samples 
ranged from 1.425 to 21.730 μg g−1 with a mean 
concentration of 3.953 ± 3.855 μg g−1 (Table 3). The 
concentrations of Ni in lichen and moss samples were still 
at background levels at most of the sampling sites. 
According to Norseth and Piscator [59], atmospheric 
concentrations of Ni may range from 6 – 17 ng m-3 in 
suburban areas and 120 –170 ng m-3 in the industrialized 
regions and large cities. The background concentrations of 
Ni of 3.50 – 13.50 μg g−1 have been reported in few 
related studies in other regions in Nigeria [21,22]. In the 
large part of northern Europe, the concentrations of 
ambient Ni in mosses are generally less than 2 μg g−1 [25]. 
Several studies have reported varying concentrations of Ni 
in lichen and moss samples. Examples of the 
concentrations of Ni in lichen and moss samples obtained 
from other studies include 1.10 – 1.80 μg g−1 [35]; 0.83 – 
10.20 μg g−1 [60]; 1.65 – 1.73 μg g−1 [13]; 2.6 – 11.4 μg 
g−1 [37], and 1.48 – 3.90 μg g−1 [38]. The values herein 
reported for most of the sampling sites in this present 
study are much higher than the background Ni 
concentration of < 0.5 μg g−1 reported for the Olympic 
National Park, Washington, U.S.A. [54]. Apart from 
subtle relationship with Co, the concentrations of Ni were 
not significantly correlated with concentrations of other 
metals in the present study (Table 4). The elevated 
concentrations of anthropogenic Ni in the urban areas are 
attributed to emissions from vehicular traffic, power 
generation plants, combustion of fossil fuel and 
incineration of municipal wastes.  

Lead (Pb) concentrations in lichen and moss samples 
ranged from 0.001 to 17.380 μg g−1 with a mean 
concentration of 3.149 ± 4.488 μg g−1 (Table 3). The 
concentrations of Pb in lichen and moss samples were still 
at background levels at most of the sampling sites. The 
highest Pb concentrations of 16.70 μg g−1 and 17.38 μg g−1 
were measured at the urban sites with the highest 
vehicular traffic density, frequent traffic queues and 
various anthropogenic activities (Table 1). The 
background concentrations of Pb of 5.00 – 40.00 μg g−1 

have been reported in few related studies in other regions 
in Nigeria [21,22]. Several studies have reported varying 
concentrations of Pb in lichen and moss samples. 
Examples of the concentrations of Pb in lichen and moss 
samples obtained from other studies include 2.99 – 52.75 
μg g−1 [33]; 15.90 μg g−1 [34]; 1.06 – 4.29 μg g−1 [35]; 
27.30 – 50.80 μg g−1 [36]; 11.00 – 33.80 μg g−1 [13]; 4.03 
– 44.60 μg g−1 [38]; 2.80 – 17.50 μg g−1 [17], and 3.10 – 
30.81 μg g−1 [39]. The values obtained at most of the 
sampling sites in this study are similar to background Pb 

concentration of 3.6 μg g−1 reported for the Olympic 
National Park, Washington, U.S.A. [54]. Apart from 
significant correlation with Cu (r = 0.72) and Zn (r = 0.65), 
the concentrations of Pb were not significantly correlated 
with concentrations of other metals in the present study 
(Table 4). The elevated concentrations of Pb reported in 
the present study are mainly attributed to emissions from 
vehicular traffic [38,61,62], exhaust gases associated with 
fossil fuel combustion, metal works, automobile repairs 
and municipal wastes incineration. However, it is 
important to note that long–term exposure to Pb 
contamination (>5 μg g−1) may cause complex human 
health effects such as chronic and/or peripheral 
neuropathy especially in children [63,64]. 

Zinc (Zn) concentrations in lichen and moss samples 
ranged from 23.530 to 130.600 μg g−1 with a mean 
concentration of 61.948 ± 20.883 μg g−1 (Table 3). The 
concentrations of Zn in lichen and moss samples were still 
at background levels at most of the sampling sites. The 
highest concentration of Zn of 130.60 μg g−1 was obtained 
at Atabong Road, an urban site with high vehicular traffic 
density, frequent traffic queues and other local 
anthropogenic activities (Table 1). The elevated 
concentrations herein reported at most of the sampling 
sites in this study are higher than Zn concentration of 9 – 
15 μg g−1 reported for the Olympic [49,54] and Mt. 
Rainier National Park, Washington, U.S.A. [49]. The 
background Zn concentrations of 26.30 – 153.00 μg g−1 
have been reported in South West region of Nigeria [21]. 
Several studies have reported varying concentrations of 
Zn in lichen and moss samples. Examples of the 
concentrations of Zn in lichen and moss samples obtained 
from other studies include 3.40 – 68.22 μg g−1 [33]; 6.48 – 
36.90 μg g−1 [35]; 37.00 – 101.00 μg g−1 [42]; 35.00 – 
204.00 μg g−1 [43]; 39.00 – 69.00 μg g−1 [13]; 23.70 – 
76.10 μg g−1 [37]; 14.50 – 41.80 μg g−1 [38]; 8.70 – 
278.60 μg g−1 [17], and 23.50 – 68.24 μg g − 1 [39]. 
Although the normal concentrations of Zn in plants are in 
the range of 10 – 100 μg g−1 [10], concentration of Zn in 
lichens > 100 μg g−1 is an indication of environmental 
contamination [65]. Apart from significant correlations 
with Cu (r = 0.72) and Pb (r = 0.65), the concentrations of 
Zn were not significantly correlated with concentrations of 
other metals in the present study (Table 4). The significant 
correlations among most of the elements such as Fe, Zn, 
Pb, Cr, Ni and Cu are considered as indicative of vehicle 
emissions airborne deposition [11,66]. The elevated 
concentrations of Zn deposition reported in the present 
study are attributed to emissions from vehicles, fossil fuel 
combustion, wastes incineration, metal works and rapid 
corrosion of zinc roofs in the Niger Delta region.  

The differences in concentrations of heavy metals 
between lichens and mosses were statistically significant 
(P < 0.05) for Cd, Cr, Mn, Ni, Pb and Zn, with mosses 
retaining higher concentrations than lichens except for Co 
and Cu (Table 5). In a similar study, Loppi and Bonini [67] 
reported significant differences (P < 0.05) in 
concentrations of heavy metals between lichens and 
mosses for Al, B, Fe, Hg, Pb, Sb, and Zn, with mosses 
retaining higher values than lichens except for Hg and Zn. 
Although lichens and mosses accumulate particulates and 
dissolve chemical species through dry and wet deposition 
[2,16,67], heavy metals deposition in mosses are more 
closely related to the chemical composition of rain water 
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[68,69]. Further, sea–spray or sea salt aerosols may 
contribute about 10% of total trace element emissions to 
the atmosphere [69,70]. Apart from strong marine 
influence that can affect metal deposition [71], emissions 
from gas flaring systems and acid precipitation might have 
affected the distribution of some heavy metals in epiphytic 
lichen and moss species at some of the sampling sites.  

4. Conclusions 
This study has shown the variations in the 

concentrations of heavy metals in lichen and moss 
samples and the distribution of certain heavy metals has 
shown that deposition patterns are mainly dominated by 
local and/or regional anthropogenic sources peculiar in the 
studied area. The concentrations of most target heavy 
metals in lichen and moss samples were relatively higher 
in urban sites compared to rural sites. Apart from gas 
flaring and venting associated with petroleum production 
that influence air quality in the Niger Delta region, 
statistical correlations confirmed that emissions from 
vehicular traffic, fossil fuel combustion, solid waste 
disposal and other local anthropogenic activities greatly 
contribute to atmospheric heavy metal contamination in 
this region. Epiphytic mosses are better accumulative 
bioindicators for some target atmospheric heavy metals 
such as Cd, Cr, Mn, Ni and Zn compared to lichens. 
Depending on speciation and bioavailability, long–term 
exposure to elevated concentrations of ambient heavy 
metals may pose a threat to human health and the 
environment. This study has made important contributions 
toward the understanding of atmospheric metal 
distribution patterns and the obtained baseline data can be 
used for identification of spatial and temporal changes in 
the distribution of atmospheric heavy metals in the studied 
area. The use of epiphytic lichens and mosses provides a 
cost–effective approach for monitoring regional 
atmospheric heavy metal contamination and may be 
effectively used in large scale air pollution monitoring 
programme.  
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