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ABSTRACT
The concentrations of the five heavy metals; Zinc (Zn), Lead
(Pb), Cadmium (Cd), Nickel (Ni) and Copper (Cu) were
determined using Atomic Absorption Spectrophotometer (AAS).
Results of the analysis, shows that the average concentration of
the heavy metals at Ketu - Mile 12 were : Zn 7.175mg/L; Pb
1.288mg/l; Cu 0.531mg/l; Ni 0.223mg/l and Cd 0.021mg/l which
reflects Zn 77.67; Pb 13.94; Cu 5.75; Ni 2.41 and Cd 0.22 %
with the most abundant pollutant heavy metal being Zn in all
the sites while the least abundant was Cd. It was found that the
highest concentration of each heavy metals in all the sites were
as follow; Zn 14.93mg/l - Alapere; Pb 1.720mg/l - Ketu garage;
Cd 0.118mg/l - Mile 12 market; Ni 0.458mg/l - Mile 12 and Cu
0.956mg/I - Ketu garage while the least concentration of heavy
metals in all the sites were as follows: Zn < 0.005mg/l, Pb <
0.001mg/l), Cd < 0.001mg/l and Cu 0.106mg/l - Oniru, Ni
0.108mg/ - Iyana school. The most polluted site was Ikosi road
4.441 mg/l while the least polluted was Iyana School
0.327mg/l. The sequence of bioaccumulation and distribution
follows
the
pattern
thus:
Zn>Pb>Cu>Ni
>Cd.

essential heavy metals like As, Pb, Cd and Cr which may be
major air and land pollutants in areas where they are most
concentrated (Moses et al., 2009) . Exposures to these types of
toxic metals produces health hazard in humans (Cao et al., 2009).
Cadmium is toxic at extremely low levels. Several exposures may
result to pulmonary odema and death (Young, 2005). Lead is the
most significant toxic of all the heavy metals, and the inorganic
forms are absorbed through ingestion by food and water, and in
inhalation (Ferner, 2001). A notably serious effect of lead toxicity
is its teratogenic effect (Udedi, 2003; Ogwuegbu and Muhanga
2005). Zinc is considered to be relatively non-toxic, especially if
taken orally. However, excess amount can cause system
dysfunctions that results in impairment of growth and reproduction
(Onianwa, 2001; Nolan, 2011). Monitoring of air pollution using
biomonitors is emerging as a potentially effective and more
economical alternative performing by direct ambient air
measurement. Biomonitoring is defined generally as the use of
bio-organisms to obtain information on certain characteristics of
the biosphere (Sharmistha and Govind, 2006). Biomonitors have
been considered as a complementary tool in order to monitor the
environmental pollution and also could overcome some of the
shortcomings to the conventional monitoring techniques which
normally done through direct measurement by using electronic
devices (Poykio et al., 2005). Lower plants, especially mosses
and lichens, due to their high capacity for metal accumulation, are
probably the most frequently used in biomonitoring surveys
(Kabata - Pendias and Pendias, 2001). Mosses are found in
almost every habitat that supports life and their ecological role is
significant. They occur on every continent and in every location
habitable by photosynthetic plants. Mosses have little or no
developed cuticle. This is the reason why ions from the surface
have direct access for cationic exchanges in the cell membranes.
They have a great capacity for trace element retention (Marko et
al., 2009). iv. Mosses have undeveloped root and therefore have
to obtain minerals from rain and atmosphere particles, they
depend entirely on the uptake of nutrients from atmosphere
because of lack of roots, curticle and epidermis (Zechmeister et
al., 2003; Chakrabortty and Paratkar, 2006).There are several
species of mosses available in Nigeria and earlier surveys have
shown these local species to be suitable for biomonitoring
atmospheric heavy metal pollution (Ojiodu et al.,2017; Ekpo et al.,
2012; Fatoba and Oduekun, 2004; Adebiyi and Oyedeji, 2012;
Aniefiok et al., 2014; Sa’idu, 2015). The dense carpets that
Polythricum juniperum and other pleurocarpous mosses form on
the ground have turned out to be very effective traps of heavy
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INTRODUCTION
Atmospheric heavy metal contamination has been a major
environmental problem in Lagos, Nigeria due to emissions from
energy generation, vehicular traffic, combustion of fossil fuel and
poor waste management strategies. The extent of environmental
changes over the last decades has given a new urgency and
relevance to the detection and understanding of environmental
change which has altered global biogeochemical cycling of heavy
metals. Human activities such as industrial production, mining,
agriculture and transportation release a high amount of heavy
metals to the biosphere. The primary sources of heavy metal
pollution are the burning of fossil fuels, smelting of metal like ores,
municipal wastes, fertilizers, pesticides and sewage (Rai, 2009).
Heavy metals are the stable metals or metalloids whose density is
greater than 4.5gcm3, namely Pb, Cu, Ni, Cd, Zn, Hg and Cr, etc
(Chopra et al., 2009). Metals of high atomic mass that cannot be
processed by living organisms due to toxicity are commonly
known as heavy metals ( Duffus, 2007). Some of these metals are
essential for life at very low concentration levels but at high levels
of concentration they may lead to harmful effects in humans,
plants and animals. Those that are of grave concern are the non-
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metals in precipitation and airborne particles. The objectives of
this research are to assess and evaluate the temporal variability
of some heavy metals content in the atmosphere of Ketu - Mile
12, determine the baseline levels and bioaccumulation of heavy
metals and determine whether there is a significant difference in
the levels of heavy metals from one location to another within the
study area.
MATERIALS AND METHODS
Study Area / Sampling Locations
This study was conducted in Ketu - Mile 12 (N60 59 30 38E - N60
64 30 47E) areas of Lagos state, namely lle ile, Owode - elede,
kosofe, Iyana school, Mile 12 , Ketu guarage (Ikosi branch),
Alapere, Agboyi, Ikosi road, Owode - Onirin and Oniru in Lagos
Island. (Control). The sampling points were at least 300m from
main roads and 100m from minor roads.

Sample preparation and Analysis
Eleven samples of Polytrichum juniperum mosses were cleaned
from all debris (soil, leaves, and needles) dried at 450C to a
constant weight (Blagnyte and Paliulis, 2010). Sample of the
mosses (0.50g) were mixed with a mixture of 10ml nitric acid
(65%) and 2ml of hydrogen peroxide (30%), digestion was
performed using hot plate for 35minutes. After, mineralization
samples were left to cool till room temperature for one hour,
poured into 50ml flasks and finally make-up with distilled water
(Baltrenaite et al., 2011).
Mineralization conditions do not allow the total digestion of
mineral particles and a filtration was necessary. Determination
was performed for the most popular heavy metals that are spread
in the atmosphere (Cr, Cu, Pb, Ni, and Zn).The absorption metal
contents Cr, Cu, Ni, Pb and Zn in the filtrate were determined by
flame atomic absorption spectrophotometer (Perkin Elmer AA
200) using an air- acetylene flame. The analytical wavelengths
used were 357.9 nm for Cr, 324.7 nm for Cu, 232.0 nm for Ni,
283.3 nm for Pb and 213.9 nm for Zn.
Statistical Analysis
The results of heavy metal accumulation in Polytrichum juniperum
were evaluated by analysis of variance (ANOVA) together with
mean, standard deviation of each metal, T-test (IBM SPSS 23)
was also performed to check the significant variation between
each metals and sites.
Table 1: Shows Statistical analysis on the means concentration of
Heavy metals in Ketu - Mile 12 Area.

Figure 1: GIS Map of Ketu - Mile 12 Showing the Mean
Concentrations of each sampling site.
Selection of sampling sites
The sites were carefully chosen based on the following criteria:
accessibility to the Moss plant, availability of open spaces and of
course areas with minimal influence from traffic as well as
industrial activities. The sites were chosen to reflect activities in
the areas. The geo-referencing was carried out by using Garmin
GPS MAP 76S.
Moss sampling
Samples of Polytrichum juniperum collected from Ten sites within
the studied area at least 10 metres apart, once in a month from
September to November, 2016. The moss plant Polytrichum
juniperum was chosen because it is widespread across Ketu Mile 12 and can be found in all parts of the study Area. Sampling
below canopy of shrubs and large-leafed herbs was avoided.
Moss species were collected randomly between 2 - 2.5m high
from unplastered perimeter fences within the sample area. The
samples were collected using stainless steel trowel into
polyethylene bags, labelled accordingly and transported to the
laboratory for analysis.

NB: locations with the same superscript for each metal are not
significantly different from each other
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RESULTS AND DISCUSSION

Table 5: Shows the mean Concentration and Standard deviation
of the heavy metals (mg/l) at Ketu- Mile 12.

Table 2: Shows the Characteristics and Co-ordinates of
Monitoring Locations at Ketu - Mile 12 Area.

Table 3: Mean Concentration of Heavy metals at different
Locations in Lagos (mg/l).

Source: Ekpo et al., 2014
Table 4: Shows the mean Concentrations of Heavy metals (mg/l)
at different Locations of Ketu - Mile 12 using Polytrichum
juniperum for September, October and November.

N.B: Figures in italics in the columns indicates the mean of all the
heavy metals in each location that in the rolls indicates the mean
of each heavy metal in all the locations.

The most polluted site in Ketu - Mile 12 is Ikosi - road (4.441mg/l).
Alapere has the highest concentration of Zinc (14.93mg/l) while
Iyana school (0.327mg/I) is the least polluted site with the least
concentration of Zinc (0.900mg/l)( Table 4). The presence of Zinc
is due to large depot of weared brakes, corrosion of galvanized
steels, scrap iron bars, wearing - off of tyre alloys, alloys of Zinc
composite and improper disposal of sewage in the area. Apart
from Owode Onirin (1.6200mg/l) and lle ile (0.525mg/l), Ketu
garage has the highest concentration of Pb (1.720mg/l) which is
above WHO (2001) threshold limit due to the high commercial
and vehicular activities in the area, spillage of petroleum products,
smoking of cigarette, paint chips from the walls and disposal of
used auto batteries. Ketu garage which is associated with
mechanical and automobile activities has the highest
concentration of Cu (0.956mg/l) this is associated with release
from corroding metal parts derived from engine wear, brushing
and metal bearing and also from lubricating oil, used automobile
batteries. The highest concentration of Cd (0.118mg/l) and Ni
(0.458mg/l) was recorded in atmosphere of Mile 12 while Ikosi
road and kosofe has the least concentrations of Cd (< 0.001mg/l)
and Ni (0.071mg/l) respectively (Table 4). The presence of
Cadmiun and Nickel in these areas arises from combustion of
fossil fuels, smelting of metals, vehicular emission, traffic
congestion and various old paint chips. The amount of these
heavy metals in Ketu - Mile 12 were observed to follow the trend
Zn > Pb > Cu > Ni > Cd (Table 5). This result is in agreement with
that obtained by Adie et al., 2014 and Sa, idu, 2015 who carried
out a survey of heavy metals deposition in Makurdi and environs
in north central and north - western part of Nigeria respectively
using the moss monitoring method in which the trend was Fe > Zn
> Pb > Cu > Cr > Mn > Ni > Cd, they reported that the results
from the moss sample exhibited a significant variation in the
levels of metal ion with type of sampling site. The Polytrichum
juniperum specie used in this research exhibited significant
variation in the average levels of the metals with various sites in
the study areas. There were progressive increases in the levels of
bioaccumulation from September to November, although not
significant and T - test conducted showed (p > 0.05)( Table 5).
This may account for the persistent anthropogenic activities in the
Ketu - Mile 12 area (Table 2). The average levels of heavy metals
obtain in this research is lower compared to other areas in Lagos,
this may be due to Seasonal variation i.e in dry season when the
research was carried out the atmospheric moisture content is low,
there is no wash-down that will lead to bioaccummulation of
heavy metals in the moss plant (Ekpo et al., 2012) (Table 3). The
average levels of Zinc, Lead, Cadmium and Nickel are
significantly different in different sites (p < 0.05), while the
average levels of Copper in each of the sites is not significantly
different (p > 0.05). There is no significant difference between the
levels of Zinc at Ile ile, Kosofe, Iyana school, Mile 12, Agboyi and
Oniru, but they differ significantly from each other in Owode -
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elede, Ketu guarage, Alapere and Owode Onirin, Ikosi - road.
Also, there is no significant difference in the levels of Zinc at
Alapere and Ikosi road, but there is significant difference in the
levels of Zinc in all other sites (Table 1). There is no significant
difference between the levels of lead at Owode Onirin and Ketu
garage but there is a significant difference in the lead levels in all
other sites (Table 1). In addition, the levels of cadmium in all the
sites do not differ significantly from each other except Mile 12.
There is significant difference in the levels of Copper and Nickel
across all the studied sites (p > 0.05) (Table 1). The trend in the
levels of total atmospheric heavy metals in the study are; Ikosi
road > Alapere > Ketu garage > Owode elede > Owode - Onirin >
Ile ile > Agboyi > Mile 12 > Kosofe > Iyana school > Oniru (Table
1). All concentration of the metals detected were higher than the
control. Furthermore, the level of Zinc metals in all the sites in the
study area were far greater than the recommended limits of the
Federal Ministry of Environment (FME), European communities
(EC) and United Nations Environmental Programme (UNEP)
permissible level for heavy metals in the atmosphere. There is a
significant difference in the level of each heavy metals within each
of the sites (Pvalue< 0.05) ( Table 1). The concentration of heavy
metals in all the sites were higher than the values in the control
(Table 4). The high significant levels of Zn, Pb and Cu obtained in
the samples from Ketu - Mile 12 area is as a result of vehicular
and the activities of artisans in the area(Figure 1). The low
concentration of Chromium Cr and Nickel Ni suggest low
contributing factors to their spread and as well as plant inability to
preferentially accumulate these metals. However , levels of some
of the heavy metals were present in concentrations greater than
WHO (2001) threshold limiting values which the range is Zn (0.02
- 0.1mg/l), Pb (0.005 - 0.03mg/l), Cd (< 0.0024mg/l), Ni (0.000002
- 0.05mg/l) and Cu (0.0025mg/l) while some of the heavy metals
were within the range.
Conclusion
Since, Zn, Pb, Cd, Ni and Cu contributes 77.67; 13.94; 0.22; 2.41
and 5.75% to the atmosphere of Ketu - Mile 12. It is evident that
the atmosphere of Ketu - Mile 12 is highly polluted with the Heavy
metals. The high concentration of this heavy metals could be
attributed to large depot of weared brakes, corrosion of
galvanized steels, scrap iron bars, wearing of tyre alloys, alloys of
Zinc composite and improper disposal of sewage, vehicular and
Commercial activities within and around Ketu - Mile 12. Therefore,
there is need for environmental Monitoring, safety and
management of the Atmosphere of Ketu - Mile 12 to the high
concentration of this metal pollution which could be very
hazardous to human and plants existence.
ACKNOWLEDGEMENTS
The authors would like to thank the various Community
development Associations CDA at Ketu - Mile 12 Area for
allowing us to carry out this research in their various
Communities, the management and staff of Yaba College of
Technology, Lagos State, Nigerian for successful carrying out this
research.
REFERENCES
Adebiyi, A. O and Oyedeji, A. A. (2012). Comparative studies on
mosses for air pollution monitoring in sub-urban and rural
towns in Ekiti state. Ethiopian Journal of Environmental
Studies and Management. Vol. 5 pp. 408 - 421.

Aniefiok, E. I, Imaobong, I, U and Udo, J. I. (2014). Distribution of
Some Atmospheric Heavy Metals in Lichen and Moss
samples collected from Eket and Ibeno Local
Government Areas of Akwa Ibom State, Nigeria.
American Journal of Environmental Protection. Vol. 2, pp.
22 - 31.
Baltrenaite, K, Buktus, D.and Both, C.A. (2011). Comparison of
Three Tree Ring Sampling Methods for Trace Metal
Analysis. Journal of Environmental Engineering and
Landscape management. Vol.18, pp. 170 -177.
Blagnyte, R. and Paliulis, D. (2010). Determination of Heavy
metals in moss (Pylaisia polanthia) along the High
Intensive Traffic Flow in Gelzinis Vilkas Street (Vilnius
Lithuania). Journal of Environmental Engineering and
Landscape management.Vol. 8, pp. 31 - 36.
Cao, Y, Chen, A, Radcliffe, J, Dietrich, K. K, Jones, R. L,
Caldwelli, K. and Rogan, W. J. (2009). Postnatal
cadmium exposure, neurodevelopment and blood
pressure in children at 2, 5 and 7 years of age.
Environmental Health Perspectives. Vol. 117, pp.15801586.
Chakrabortty, S. and Paratkar, G.T. (2006). Biomonitoring of
Trace element air pollution using mosses. Aerosol and air
quality research. Vol. 6(3), pp. 247-258.
Chopra, A. K, Pathak, C. & Prasad, D, G. (2009). Scenario of
heavy metal contamination in agricultural soil and its
management. Journal of Applied and Natural Science.
Vol.1, pp. 99 - 108.
Duffus, J. H. (2007). Heavy Metals – A Meaningless Term.
Chemistry International. Vol. 23, pp. 15-17.
Ekpo, B. O, Uno, V. A, Adie, A. P. and lbok, V. J. (2012).
Comparative Study of Levels of Trace Metals in Moss
Species in Some Cities of the Niger Delta Region of
Nigeria. International Journal of Applied Science and
Technology. Vol. 2(3), pp. 127-135.
Fatoba, P. O. and Oduekun, T. I. (2004). Assessment of metal
deposition in Ilorin metropolis using mosses as
bioindicators. Nigerian Journal of Pure and Applied
Science. Vol.19, pp. 1549 - 1552.
Fatoba, P. O,Ogunkunle, C. O. and Olawepo, G. K. (2012).
Assessment of Atmospheric Metal Depositions in the
industrial areas of the Southwest of Nigeria. Ethiopian
Journal of Environmental Studies and Management. Vol.
5(3), pp.260-267.
Ferner, D. J. (2001). Toxicity, heavy metals, Institute of
Environmental Conservation and Research. Emergency
Medcine Journal.Vol. 2, 5.
Kabata - Pendias, A. and Pendias, H. (2001). Trace elements in
soil and plants. Vol. 3, pp. 241.
Marko, S, Vanja, V, Aneta, S. and Miorad, V. (2009). Deposition
of heavy metals (Pb, Sr and Zn) in the Country of
Obrenovac (Serbia) using mosses as bioindicators.
Journal of Ecology and the Natural Environment. Vol.1
(6), pp. 147 - 155.
Mehran, H, Mitra, A. and Payam, N. (2012).Biomonitoring of
Airborne Heavy Metal Contamination. Air PollutionMonitoring, Modelling, Health and Control. Journal of Air
pollution.Vo.l 2, pp.1 - 4.
Moses, K. S, Whiting, V. A, Bratton, R. G, Taylor, J. R. and
O'hara, M. T. (2009). Inorganic nutrients and
contaminants in subsistence species of Alaska: Linking

Temporal Variability of Heavy Metal Content in the Atmosphere of
Ketu- Mile 12 Area
of
Lagos - State, Southwestern - Nigeria Using Moss
Plant Polytrichum Juniperum As Bioindicator

15

Science World Journal Vol 13(No 2) 2018
www.scienceworldjournal.org
ISSN 1597-6343

wildlife and human health. International Journal of
Circumpolar Health. Vol. 68, Vol. 53-74.
Nolan, K. (2011). Copper toxicity syndrome, Journal of
Orthomolecular Psychiatry. Vol.12 (14), pp. 270 - 288.
Ogwuegbu, M.O.C and Muhanga, W. (2005). Investigation of lead
concentration in the blood of people in the copperbelt
province of Zambia. Journal of Environment. Vol. 1, pp.
66-75.
Ojiodu, C. C and E.E. Elemike, E. E. (2017). Bio- monitoring of
Atmospheric Heavy metals in Owode - Onirin, Ikorodu,
Lagos using Moss barbular indica (Hook) Spreng. Journal
of Chemical Society of Nigeria. Vol. 42, No 2, pp. 96100.
Onianwa, P. C. (2001). Monitoring Atmospheric Metal Pollution: A
Review of the Use of Mosses as Indicators.
Environmental Monitoring and Assesment. Vol. 71, pp.
13-50.
Poykio, R, Peramaki, P. and Nielemelia, M. (2005). The use of
Scots pine (pinussylvestris L.) bark as a bioindicator for
environmental pollution monitoring along two industrial
gradients in the Kemi-Tornio area, northen Finland.
International Journal of Environmental Analytical
Chemistry. Vol. 82(2), pp. 127-139.

Rai, P. K. (2009). Heavy metals phytoremediation from aquatic
ecosystems with special references to Macrophytes.
Critical Review in Environmental Science and
Technology. Vol. 39 (9), pp. 697- 753.
Sa’idu, A.(2015).Assessment of Moss species as Biomonitors of
Atmospheric Pollutants in some Towns of North -Western
Nigeria.pp.27- 50.
Sharmistha, C. and Govind, T. P. (2006). Biomonitoring of trace
element air pollution using mosses. Aerosol and air
quality research.Vol. 6, pp. 247.
Udedi, S. S. (2003). From guinea worm scourage to metal toxicity
in Ebonyi state, chemistry in Nigeria as the new
millennium unfolds. Vol.2 (2), pp. 13 -14.
Young, R.A. (2005). Toxicity profiles: Toxicity summary for
cadmium. Risk assessment information system. RAIS,
University of Tennessee.
Zechmeister, H.G, Honenwanllner, D, Ris, A. Hanvis-illnar,
A.(2003).Variation in Heavy Metals Concentrations in the
Moss Species Abietinellaabietina (Heidu). Fleisch
according to sampling time, within site variability and
Increase in Biomass. The Science of the Total
Environment. Vol. 301, pp. 55-65.

Temporal Variability of Heavy Metal Content in the Atmosphere of
Ketu- Mile 12 Area
of
Lagos - State, Southwestern - Nigeria Using Moss
Plant Polytrichum Juniperum As Bioindicator

16

