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ABSTRACT 

Air pollution has created a lot of problems in the developed and developing countries. To avoid or 
reduce these problems, constant monitoring of the air should be ensured. The conventional 
techniques is costly because it requires a lot of money and time consuming. Biomonitoring has 
been the alternative method. Moss, lichens and plants are biomonitors available to entrap air 
pollutants. The aim of this paper is to discuss one of the ways of monitoring air pollution – Moss 
bag technique. To do this, types, choice, preparation, handling of bags after preparation of moss 
were discussed. From the literatures consulted, it was discovered that there were differences in the 
techniques used by the researchers. In all, the use of mosses with emphasis on the employment of 
moss bag have proved to be a powerful tool in airborne particulate and toxic elements. To 
conclude, developing countries should focus more on this technique because it will reduce cost of 
air monitoring. 
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INTRODUCTION 

Anthropogenic and non-anthropogenic activities have increased throughout the world. The 
consequence is air pollution. Air pollution has created a lot of problems which have affected living 
and non-living things. According to WHO [1], over 2.4 million premature deaths are linked to 
urban air pollution problems. Traffic-related air pollutants are associated with toxic elements are 
on the increase, these are found at elevated concentrations on the roads (paved and unpaved). To 
avoid air pollution problem or to reduce it, constant monitoring is important. These will provide 
the values indicating whether the environment is polluted or not. The results obtained will inform 
the right steps to undertake. 

Most air pollution analysis requires equipment which is costly, not readily available and time-
consuming. According to Gatziolis et al. [2], in Portland, Oregon, US the cost of providing one 
permanent air toxic monitor is $40,000 annually to metals. Further, it was observed that one 
instrument is not enough for the task of monitoring at a neighborhood level. In developing 
countries there is bound to be a problem due to the high cost involved. Biomonitoring of air 
pollution has been on since 40 years ago [3]. Bioindicators are used to check changes in the 
environment, monitor for the presence of pollution and its effect on the ecosystem [4]. Many types 
of bioindicators are useful and suitable for wide range of applications. According to Vuković et 
al. [5], biomonitoring depicts a simple and cost-effective alternative means to regulatory 
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monitoring of air quality. Moss, lichens and plants are biomonitors available to entrap air 
pollutants. Moss lack developed root systems and thus obtain its nutrients from the air and other 
sources. It has a high surface/volume ratio and high cation exchange capacity which increases its 
adsorbent efficiency. Moss also lacks a variability in morphology throughout the growing season, 
also it has no cuticle, accumulates large amounts of trace elements [6]. 

 
‘Moss bag technique’ was introduced by Goodman and Roberts [7] since then it has been used 
over the last several decades as a useful technique of active moss biomonitoring of pollutants such 
as heavy metals, non-metals and PAHs. This technique has been useful for conducting a detailed 
survey of the polluted urban areas, where native mosses are usually absent because of 
predominantly paved and landscaped surfaces [8]. In contrast to instrumental measurements, moss 
bags do not require power supply and maintenance. Thus, the moss bag technique could be applied 
to obtain a satisfactory spatial resolution of monitoring sampling sites, and consequently a detailed 
database. Another important difference between the moss bag technique and instrumental 
measurements is sampling time [9].  Instrumental measurements are usually carried out within 
short time periods, providing a daily concentration of pollutants, whereas moss bags act as a long-
term integrator of air pollutants providing average concentration. Long-term sampling is a 
prerequisite for the assessment of cumulative exposure to a certain pollutant that has a hazardous 
effect on human health. 
 
Most literature have grouped biomonitoring into two parts namely passive and active 
biomonitoring. Passive biomonitoring uses mosses grown in natural in an area, while active 
biomonitoring is the use of transported moss from another location. According to Ares et al. [3], 
native mosses used for passive biomonitoring are used for studies in large areas especially regional 
and national studies. Active biomonitoring is useful for studies in smaller areas.  

The aim of this paper was to review method of biomonitoring using moss bag technique. 

 

METHODOLOGY 

Types of Moss 

Over 22,000 varieties of moss are in existence worldwide [10].  There are various ways in a choice 
of moss this can be done by deciding on what to do with it. Many are found in the forest and can 
be cultivated in homes.  
 
Few examples of the moss given by Baessler [10].  include: 

i. Sheet moss is grown anywhere most especially at foot traffic paths. 
ii. Cushion moss grows to form a ball-like form. It changes colour from dry form to wet. 
iii. Ceratodon moss grows between stones. 
iv. Fern moss compared to other mosses is a fast growing organism. It is a good and strong 

grass. 
v. Rock moss is good for planting in flower gardens. It slings to stones. 
vi. Haircap moss resembles a tiny forest and provides a good height.  
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Others specified by Moss Catalog [11] are: Tree apron moss, moss rocks, moss roofs and wall, 
reindeer moss, moss for sunny areas, moss for terrariums, moss grab bag, moss starter and moss 
mat. 

Choice of Moss 

There are many species of moss throughout the universe. The reason for the choice of species 
depends largely on the availability and abundance of the study locations, which has enabled the 
use of native and transplanted moss in some studies [3].  The different mosses available, have been 
employed in comparative studies due to the abundance within the vicinity of the study area. The 
following criteria are used for the sampling of moss for various researches using the bag technique. 

i. preference for widely distributed and pleurocarpous mosses,  
ii. the selected samples should have some structural and physicochemical characteristics 

that will enable efficient uptake of contaminants from the atmosphere,  
iii. the selected ones should be species of the most commonly employed researches and 

which have existing information readily available. 
iv. the capacity of the different species of moss to accumulate contaminants. 
The capacity of the species to capture the contaminants have been given by Giordano et al. 
[6]. These have been corroborated by another author elsewhere [12 - 14]. 

 

SPECIES SELECTION 
To date many different species have been used in researches on air pollution.  The different species 
employed affect the results.  According to Ares et al. [3], over 55% of the different species have 
been used on one occasion or the other.  According to the report provided by the team of 
researchers, reasons for the selection was based on availability and abundance, availability 
throughout the seasons (harmattan, rain, spring, autumn) and tolerance to the pollutants [15].   
 

Table 1 depicts few examples of mosses selected due to the reasons highlighted above. 
            Moss  Samples                                  Country                  References 
1.  Sphagnum capillifolium                            Italy                           [16] 
2.  Hypernum cupressiforme                          Italy                           [16]. 
3.  Leptodon smithii                                       Italy                           [17] 
4.  Fabronia ciliaris                                       Mexico                      [18] 
5.  Sphagnum girgensohnii                            Belgrade                    [19] 
6.  Sphagnum girgensohnii                            Belgrade                    [20] 
7.  Isothecium myosuroides                           Ireland                       [21] 
8.  Isothecium myosuroides                           Ireland                       [21]                            
9.  Hypernum cupressiforme                         Belgrade                    [5] 
10. H. cupressiforme                                     Italy                           [22] 
11. Pleurozium schreberi                              Funlundi                    [23] 

 
 Apart from the basic criteria previously listed, other reasons of sampling could be: 
i. Mosses should have a limited biological variation  
ii. Sampling and sample preparation should be simple and fast 
iii. Mosses should have low background concentrations of elements. 
iv. Uptake of elements should be independent of local conditions 
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v. Information of the moss should be widely available 
 
Moss bag preparation 
Selection of sample 
Before a moss bag can be prepared for analysis. There is the need to select appropriate moss for 
the preparation.  The old or young shoot of the moss should be selected.  It is on record that older 
parts of the stem contain different amounts of some elements than younger tissues [24].  Different 
substrates and exposure to the atmosphere could be considered too.  The reason is that elemental 
deposition of moss on soil and rock dust is quite different from ones grown on tree trunks [25].  
Other considerations for selection could be the use of the whole shoot, or green part of the shoot 
or the use of apical portions of similar size.  It is very important to consider samples that are 
homogeneous. 
 
Area of Study 
Area of sampling and study is an important point to be noted during the research design.  The hot 
spots should be accurately mapped out before embarking on the study.  It is important to note the 
period in which to sample this could be needed to capture the different seasons (rain, harmattan, 
winter, summer, spring and autumn).  Traffic effects could be studied too because traffic is 
considered to be the major source of pollution during summer season [5] industrial activities, sub-
Urban, Urban, Rural and green zones could be considered too.  Other areas can be identified apart 
from the earlier suggestions.  It is paramount that mapping of the hot spots should be determined 
before setting out on the proposed study. 
 
During the experimental periods, meteorological parameters (air temperature rainfall, wind speed 
and direction, pressure, the sunshine, humidity and others should be considered.  Meteorological 
equipment can be stationed in the sampling spots. 
 
Again, the use of GPS in an important factor.  This will assist in determining the location of the 
spot.  The longitude and latitude of the area are determined. 
 
Also, the timing of the research work should be considered. The length of time could be daily, 
week, two weeks, monthly and a year or many years. 
 
Sample Treatment (Exposure and Post –Exposure) 
Treatment of sample is an important task for the sample to be adjunct ready for use.  The sample 
can be treated or not treated prior to exposure.  For the moss to be live or dead it depends on the 
pre-exposure treatment and the objective of the study.  The purpose of treatment is to get a 
transplant with similar and well-defined initial features like morphology, well characterized initial 
contents of contaminants, comparable physiological status [3, 6]. 
 
Cleaning of Sample 
It is important that moss should be cleaned before preparation of the moss bag.  Different methods 
are employed for the cleaning.  Any of the followings could be used for cleaning. 
 
Water Washing 
The objectives of washing in water are: 
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i. To activate (partially) the tissues through the removal of some elements bound to cation 
exchange sites of the moss cell wall and membrane. 
ii. To clean the particles and plant remains. 
 
The results of the washing steps are determined by the number of washing, duration, type of water 
used, the relation between the weight of the moss and volume of water used [26, 27].  Information 
about this method of washing was reported by Giordano et al. [6]; Zarazua – Ortega et al. [18] and 
Vukovic et al. [5]. 
 
Drying of Moss Samples 
Drying is meant to reduce the water or moisture content in a sample.  Drying of moss is not an 
exceptional.  Drying can be effected using many methods which include: 
 
Oven drying 
This is a method consisting of maintaining the material in an oven at a specific temperature usually 
using less than 100oC for about 24 hours.  Consideration on temperature should be made if a live 
moss is going to be employed for the research work because at very high temperature it may 
denature the moss or some metals may be volatilized.  Giordano et al. [6] gave some reasons why 
oven drying is better than acid washing or other methods.  The reasons include: 
 
i. Eco-friendly (ii)  morphology and leaflet arrangement of moss unaltered, while the 
disadvantage is found on the shoots which become brittle and leaf fragments tends to fall off the 
stem. 
 
Drying mosses using mesh bags has reduced the loss of materials.  The disadvantage is that drying 
does not release metals bound to cation exchange sites.  Wilkins and Aherne [21] oven dried their 
samples at 60oC for 70 hours, while Ares et al. [27] dried their samples at 75oC    
 
Air drying   
This is a method whereby mosses are relieved of the excess water or acid that are left on them after 
washing to 40oC.  The temperature should not cause the death of moss and dried to a constant 
weight.  Suoranta et al. [23]; Vukovic et al. [5]; Vukovic et al. [28], Vukovic et al. [20] have 
reported on this technique of drying. 
 
Freeze drying 
Zarazua – Ortega et al. [18] used the freeze-drying method in their sample preparation.  The sample 
was carefully washed, freeze-dried, ground, sifted and homogenized.  The resultant moss sample 
was digested for subsequent analyses. 
 
Homogeneous Sample 
In all the studies reviewed, the final step in the production of moss sample was homogenizing the 
dried mosses. In summary, it was observed that the followings were used: 
i. Hand mixing 
ii Centrifugal mill 
iii Mortar and pestle 
iv Mixer mill 
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v Blender 
 
Preparation of transplants 
Moss transplant is a method used in moss bag preparation.  This involves the placing of moss in 
some support like a mesh net bag or mats.  In the case of the use of supports, mat, the moss from 
an unpolluted area is embedded into a mat form and this is transplanted into contaminated area for 
as long as the research will be concluded.  This method is similar to that used within native moss 
monitoring.  It is meant to evaluate the degree of adaptation of nature moss to the contamination 
in a particular area [8]. 
 
Unwashed 
De Nicola et al. [17], Vikovic et al. [28], Wilkins and Aherne [21] and Suoranta et al. [23] 
conducted their research work without washing their samples.  All they did was to make sure the 
samples were devoid of impurities (foreign matters).  De Nicola et al. [17], removed dead or 
extraneous matters under a binocular microscope.  In the study carried out by Giordano et al. [6] 
it was reported that differences in metal values within the moss samples exposed after washing 
with water and acid did not differ significantly. 
 
Acid washing. 
Also known as activation.  This treatment is about washing the selected mosses in an acid medium.  
The aim of this is to leach the metal wins from the cell walls [6, 25] and disrupting biological 
membranes [29].  This regenerates the cation exchange sites found in the cell wall, with the aim 
of increasing the bioconcentration capacity of the exposed moss.  Giordano et al. [6] recommended 
acid washing (1N HNO3, ratio 1:2 v/v.  In the review work of Ares et al. [3] it was noted that 
various concentrations were used 0.0025M and 1M were used by about 54% authors, while about 
80% authors recommended 0.01 and 0.5M HCl. 
 
Mosses were rinsed thrice with double distilled water (10L of water was used per 100g of moss 
and shaken for 10mins). 
 
Devitalizing Treatment 
Attentions have been given to this treatment since decades [26, 30, 31].  The use of this treatment 
depends on the type of research which may be to bio-monitor atmospheric contaminant or to study 
the effects of contamination on moss.  The use of live moss is ideal for the first aim (biomonitoring) 
while dead moss is good for the effect of contamination on moss.  However, the use of dead 
samples has some advantages over the use of live samples.  For example, at all times (i) moss 
metabolism cannot have any effect on the results or outcome (ii) the results or outcome will be 
less variable.  The use of dead moss is suitable in urban and industrial areas.  The use of live moss 
is an active monitoring of air pollutants which provide spatial and temporal information on sources 
and deposition patterns of atmospheric contaminants [32]. 
 
The transplanted moss can be placed within a frame constructed with wood [33] or plastic [34] or 
without the use of frame. 
 
The transplanting of moss in a net bag depends on the size of the bag, size and composition of a 
mesh net, auto irrigation systems [3].  Each of the characterization would be discussed below: 
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(i) Mesh net material 
Various materials have been used from the literatures reviewed.  It could be summarized that 
net materials could be (i) nylon (ii) Polythene (iii) polypropylene (iv) glass fibre (v) mosquito 
nets   (vi) cotton   (vii) metal and   (viii) non-plastics from the findings, it was observed that 
plastics and glass fibre were better because non-plastics may interfere with the uptake process. 

 
(ii) Mesh size 
Selection of the sizes of the mesh to be used in important.  The loss of materials during research 
should be prevented.  Also the thickness of the mesh should be considered too.  If the thickness 
is much, there is the likelihood that the capture of the contaminants by moss may be high which 
may intercept and retain particulate materials [35].  The recommended sizes should be between 
1 – 150mm2.    
 
(iii) Bag Shape 

There are three categories of shapes of moss bags.  They are cylindrical, spherical and square or 
rectangular shapes (three-dimensional) the spherical and cylindrical shapes allow uniform 
collection efficiency from all directions.  It also allows sample collection by gravitational 
sedimentation in flat or rectangular shape (two-dimensional), explosive of the moss is uniform to 
the atmosphere.  If compartments are made in the bag, the capture of elements in the atmosphere 
is improved. 
 
Quantity of moss in bag 
When considering the use of moss bag technique in biomonitoring, it is paramount to take the 
followings into consideration (i)  In the experimental design sufficient moss materials should be 
readily available in the natural environment (ii)  enough material should be available and (iii) loss 
of material during the exposure.  It is important that sufficient (large amount) moss material should 
use to avoid a shortage of sample during experimentation.  (i.e handling and exposure).  The 
surface area (M2kg-1) of the bag and moss could determine the better efficiency of metal 
accumulation.  The recommended amount of moss in each bag should be between 100 and 200mg.  
 
Size of bags 
According to Ares et al. [3], the size of the bag determines the ratio between the weight of the 
moss and the surface area of the bag.  The ratio determines the efficiency by which the transplants 
attracts contaminants from the atmosphere.  In the studies carried out with the use of moss bag 
technique, the calculated ratio (mg cm-2) was between <40 to > 110. It was recommended that 
moss should be loosely packed in thin layers [40].  When moss is loosely packed, it reduces 
overlapping compression of the moss and even exposure of the moss to the contaminants.  Temple 
et al. [35] found that bag withy weight/surface area ratio of 30mg cm-2 were ideal for the maximum 
uptake.    
 
Handling of bags after preparation 
This is an important area of consideration.  To prevent spoilage by bacterial activity, loss of 
material and contamination of the bag.  They should be stored at low temperatures or sealed in 
plastic bags prior to exposure in the sampling areas. 
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Exposure 
The concentrations of contaminants in the moss are affected by the type of support, height and 
duration of the exposure, shading and cover number of bags exposed and different systems of 
irrigation. 
 
Live mosses have been used for the moss bag technique most mosses used for the exposure are 
live.  There are two techniques used in overcoming the death of the moss during exposure periods.  
Auto irrigation and spraying of the mosses are employed.  In auto irrigation system, mosses are 
placed on capullaing mat attached to a container (Plastic) filled with water is meant to keep the 
moss bag wet.  According to Clough [36], wet moss bags have a higher speed of deposition of 
particles than on dry moss bags. 
 
Spraying of the moss bags with distilled water is another method of the irrigation system.  This 
can be carried out once or twice a week [37, 38]). 
 
An alternative method to using irrigated system is non-irrigated.  The problem is that they dry out 
fast.  The efficiency in retaining metals depends on air humidity, precipitation and wind intensity.  
The velocity of deposition may be higher in dry moss bags than in wet bags, the reason is that in 
dry moss bags the metal deposition velocity in higher due to the large surface area [40]. 
 
Shading net (shading system) can be used during exposure of the moss bags or mat shading net is 
used to cover the bags order to reduce environmental and hydric stress from sunlight and the wind. 
Prevention of stress will assist in clearer identification of relationships between the concentrations 
of certain contaminants in moss tissues and their effect on different physiological variables. 
 
Like the use of shading system, shelters or covered (shelter systems) sites (below balcony) are 
employed (i) to prevent exposure of the moss bags to wet deposition and or loss by leaching of 
some of the retained contaminants (ii)  cover prevents the largest particles reaching the moss and 
may alter the dynamics of particle deposition. (iii) it will alter the form and intensity with which 
the wind affects the moss samples.  This finally, influence bio-concentration of the contaminants.  
Apart from the below balconies used as cover, other includes PVC sheets, pots, inverted funnels 
[39]. 
 
Positioning height and duration of exposure of moss bags 
The positioning of moss bag is important in moss bag sampling technique.  The positioning of 
moss flat or spherical bags must be considered.  The reason for this consideration is that positioning 
affects the uptake of contaminants.  The positions of bags must be considered in relation to ground 
(Horizontal or vertical) and the focal point of contamination.  Horizontal positioning of bags 
increases the capture of contaminants by gravitational sedimentation and wet deposition [7] while 
flat bags in vertical position captures contaminants present in the air with low sedimentation rates.  
The orientation of bags relative to the source of contamination should be taken into consideration 
whenever transplants are used to monitor isolated focal points of contamination. 
 
Interference of the moss bag should be avoided from obstacles like buildings, vegetation and 
others. 
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In the preparation of the moss bags, the followings should be considered (Fig 1): 
(i) Supports – plastic tubes, glass fiber poles, steeve 
(ii) Materials used – Inert materials that cannot be contaminated  
(iii) Structures for hanging – trees, leaning posts 
(iv) Moss bags/ mats – nylon fiber 
(v) Site/Location – Rooftops, vegetation 
(vi) Arrangement of bags – No overlapping, each bag should face cardinal direction 
 

 
(i)                                                              (ii) 

 
(iii)                                                             (iv) 

 

 
(v)                                                             (vi) 

 
Fig 1: Considerations in moss bags preparation
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The height of exposure may not be the same there will always be variability depending on the 
researchers.  However, the ground level to 30m high has been recommended and used.  It was 
noted that the difference in height affect the results obtained at different locations because air- 
flow and turbulence vary with height above the ground [25, 40]. 
 
Note 
  Height        Emissions 
Low height (4m)    Related to traffic and suspended dust from roads  
High height (12-20m)    Related from long-distance transport and marine  
      origin. 
 
In considering the height of exposure, the objective of the study, practical aspects (availability of 
support to hang the bag and to prevent loss through vandalism) should be paramount. 
 
Duration of exposure also varies.  The duration ranges from 1 week to 6 months.  The criteria for 
the duration are: 
(i) Detectable accumulated concentrations 
(ii) Reliable values 
(iii) An exposure period within the limits of practical considerations. 
 
The number of replicates bags and level of error will determine the number of moss bags needed 
for the research work.  The level of error can be calculated, between 5 and 20% is recommended.  
For example in some cases, if the number of moss bags required is many, there should be extra 
bags exposure because of a large difference. 
 

CONCLUSION 

Mosses are a cheap and useful tool for estimating particulate matter and toxic elements in the air. 
The moss bag technique is simple and cost effective. The moss network provides a useful tool for 
validating the performance of atmospheric. There is the need to select appropriate moss for the 
preparation. It is recommended that developing countries should harness the advantages of using 
the technique. 
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