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Air Pollution studies by the Moss biomonitoring, Neutron 

Activation Analysis and Related Analytical Techniques 

Abstract: 

Concerning of levels of public health, monitoring of atmospheric deposition has become 

necessary. Biomonitoring provides information about the pollutants and their concentrations in 

the atmosphere when biological samples are analyzed using a specific technique. 

Neutron Activation Analysis is a powerful nuclear technique for determination of elements and 

elemental composition of the material. In this overview, it can be used for analyzing organisms 

and biological samples like moss to obtain information about the concentrations of some 

elements in the sample, which in turn will give an indication of pollution level and ecological 

situation assessment of the environment. 

This present report gives an overview on biomonitoring of atmospheric deposition using mosses 

and a discussion of the main steps in the process. 

1. Introduction: 

Neutron Activation Analysis was first developed by G. Hevesy and H. Levi in 1936. They used Ra-

226 and Be as a neutron source and an ionization chamber. They promptly noticed that the 

element Dy (dysprosium) in the sample became highly radioactive after exposure to the neutron 

source. So, They suggested using this nuclear reaction to determine the elemental composition 

of unknown samples by measuring the induced radioactivity. 

Although many analytical techniques are developed , NAA is maintained as a powerful technique 

because it’s fast, simple, selective, sensitive, and accurate. It’s a useful technique for performing 

both qualitative and quantitative multi-elemental analysis. NAA can be used as a reference for 

other analytical techniques. It’s now possible to measure a vast amount of elemental 

constituents in any environmental sample by Instrumental Neutron Activation Analysis (INAA) 

which isa nondestructive multi-element analysis technique.  
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Neutron Activation Analysis depends on activating the nucleus and converting it from a stable 

nucleus into a radioactive one by bombarding it with a neutron and then detecting and 

identifying the radiation emitted by the radioactive nucleus. This allows precise identification of 

elements as the radioactive decay paths are well known for each element.. NAA can detect up to 

74 elements. The report is an attempt to, go deeper and discuss NAA and biomonitoring in 

details. . 

2. Theoretical concepts 

 

2.1. Physical concepts of Neutron Activation Analysis : 

Neutrons were first discovered by J. Chadwick in 1932 and the Neutron Activation was 

discovered by G. Hevsey and H. Levi in 1936 as mentioned in the introduction.. It’s based on 

measuring the characteristic gamma energies from the formed radionuclides as a result of 

bombarding stable ones with neutrons. 

To perform analysis of a sample, the sample is bombarded (irradiated) by neutrons from 

neutron source,in the present report it is a IBR-2 reactor, FLNP –JINR -Dubna. The neutron is 

captured in a nucleus, which has a good cross section to neutrons, a compound nucleus is 

formed. This compound nucleus de-excites emitting one or more prompt gamma rays that can 

be used in PGNAA technique and the nucleus becomes radioactive. This radioactive nucleus 

decays emitting a negative beta and delayed gamma emission (one or more gamma rays). This 

delayed gamma ray is the radiation of interest in our study DGNAA. This happens through the 

nuclear reaction (n,𝛾). 

 

 

 

 

Fig.(2.1.) scheme of neutron activation analysis principle 
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The energy of gamma is specific for the nucleus and it can be measured by high resolution 

semiconductor detector. 

𝑛0
1 +  𝑋𝑍

𝐴                            ( 𝑋𝑍
𝐴+1 ) * 

( 𝑋𝑍
𝐴+1 )*                         𝛾0

0 +  𝑋𝑍
𝐴+1  

If the productive nucleus is radioactive, the nuclear transformation follows first order kinetic 

reaction: 

At = A0 e-λt 

where  

At =Activity after time t 

A0 = initial activity 

λ= Decay constant and it’s equal to ln(2) / T , where T is the half life time. 

2.1.1. Prompt and delayed Gamma neutron Activation Analysis (PGNAA and DGNAA) 

Prompt gamma neutron activation analysis(PGNAA) employs the prompt gamma emitted after 

irradiation. The PGNAA technique is most applicable to elements with extremely high neutron 

capture cross-sections (B, Cd, Sm, and Gd); elements which decay too rapidly to be measured by 

DGNAA. 

Delayed gamma neutron activation analysis (DGNAA) employs with the majority of elements 

that produce radioactive nuclides. The technique is flexible with respect to time such that the 

sensitivity for a long-lived radionuclide that interferes with a shorter-lived radionuclide can be 

improved by waiting for the short-lived radionuclide to decay. This selectivity is a key advantage 

of DGNAA over other analytical methods. DGNAA is our interest in this study. 
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2.1.2. Instrumental Neutron Activation Analysis: 

. With the use of automated sample changer, HPGe detectors, and computerized data 

processing, it is generally possible to simultaneously measure more than thirty elements in most 

sample types without chemical processing. The application of purely instrumental procedures is 

commonly called instrumental neutron activation analysis (INAA). INAA using Ge-detector is a 

useful tool in determining large number of elements in water, soil, and vegetation. INAA is a 

non-destructive method although under certain conditions some material damage may 

occur.The technique used here in REGATA is INAA using epithermal neutrons. Using epithermal 

neutrons in the technique improve detection limits by INAA, e.g., for As, Br, Rb, Sr, Cd, Sb, I, Tb, 

Hf, Ta, Th, and U , reduce high matrix activity , and reduce fission product interference from 235U 

fission 

2.2. Biomonitoring: 

2.2.1. What’s Biomonitoring? 

Biomonitoring is a simple method to estimate the atmospheric pollution at a certain area using 

living organisms. It’s based on the capability of some living organisms to detect toxic substances 

in the atmosphere. The main purpose of using biomonitoring is to detect elements that can be 

detected by more expensive techniques. We can use plants to monitor atmosphere. When 

plants are exposed to air pollution, they will exhibit different symptoms. Damage symptoms give 

an indication to types, concentrations, and contacting time of pollutants. 

Compared with traditional monitoring method, monitoring using plants is an economic, simple 

and reliable method. 

Living organisms that are used in biomonitoring air pollution can be bioindicator, 

bioaccumulator, or both. First, bioaccumulator can accumulate substances from the atmosphere 

with a possibly linear correlation between concentrations of contaminants in environment and 

the living organism. Second , Bioindicator is sensitive to contamination that can produce an 

estimate of air quality in the area concerned. The good bioindicator should have long life cycle, 

known sensitivity to specific pollutants, and broad distribution in area concerned. Thetwo 

strategies may be regarded as complementary, can generate data on pollution and ensure 

effective integrated biomonitoring. 
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Bryophytes, which include mosses, are among the organisms most frequently used as 

bioaccumulators. 

2.2.2. Biomonitoring using Moss: 

The biomonitoring using moss allows simultaneous monitoring of large number of contaminants 

within the same sample. Biomonitoring using moss is simple, reliable, cost effective, doesn’t 

need electricity, inexpensive, and can promote a good performing. Moss is a type of bryophyte, 

which is a group of non-vascular. That’s why They grow low and flat along the ground. Unlike 

other plants, mosses can grow in rocks and areas with poor quality soil. moss has very shallow 

roots, just enough to hold on to the bare rock it lives on. Mosses grow in moist shady places. 

The reason why mosses are used in biomonitoring is that it has high capacity to intercept and 

accumulate most of the airborne elements compared to other living organisms. They obtain 

nutrients from both wet and dry depositions. Mosses have a large surface to weight ratio that 

impresses absorption. Moss has no real roots and it receives the nutrient from the atmosphere. 

Contaminants are therefore absorbed through the surface of their leaves. Therefore, there is a 

close correlation between the concentration of these substances in the plant and atmospheric 

deposition.  

There’re 2 types of Moss biomonitoring: active moss biomonitoring and passive moss 

biomonitoring. 

1- Passive Moss Biomonitoring:  

It’s where the native species of moss are used in the area under study. The process of 

study involves 2 major steps: collecting moss and analysis. Moss samples are collected 

from the site of interest. In the laboratory, the samples should be carefully cleaned from 

all dead material and attached litter, then only green and green-brown moss 

upper parts from the two–three last years were analyzed by Instrumental Neutron 

Activation Analysis (INAA) to obtain results about the level of pollution in the sampling 

site. 

2- Active Moss Biomonitoring: 

In the areas where there’s no moss like urban areas. The active moss biomonitoring is 

also called “moss bag technique”. The process involves many steps: collection of moss 

species from unpolluted area then cleaned and packed in nylon net bags then 

http://www.envpl.ipb.ac.rs/images/bio/bio2/img/bio2%20-%2009.jpg
http://www.envpl.ipb.ac.rs/images/bio/bio2/img/bio2%20-%2009.jpg
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transplanted in the area of study to be exposed to atmosphere. Then after time of 

exposure the moss bags should be analyzed using INAA to know the accumulation of 

atmospheric pollutants in the moss. The moss bag technique can be performed by dry 

or wet moss bags. The detailed sample preparation steps will be discussed later in the 

experimental work section. 

There’re several moss species. in this research , we’re interested in Sphagnum 

girensohnii moss. 
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3. Experimental work 

3.1. Experimental Setup: 

Neutron Activation Analysis is not a “Push – button” device, therefore, , there are some 

essentials should be compiled neutron source which is the IBR-2 reactor and gamma detection 

system. The full description of the used station of REGATA is given elsewhere[1] 

3.1.1. Neutron Source (IBR-2 reactor) 

The used neutron source is the IBR-2 reactor because of its high fluxes of neutrons from fission 

givesthe highest available sensitivities for most elements. The pulsed fast reactor IBR-2 provides 

thermal, epithermal, and fast neutrons for activation. As shown in Figure (3.1.), the IBR-2 

provides wide neutron spectrum for activation. 

 

Fig. (3.1.) neutron spectrum of the nuclear reactor 

The neutron spectrum contains Thermal, epithermal, and fast neutrons. Thermal neutrons (90-

95% of the total flux) are low energy neutrons (below 0.5 eV). The energy spectrum of thermal 

neutrons at room temperature is described well by Maxwell Boltzman with a mean energy 0.025 

eV. 

Epithermal neutrons (2% of the total flux)have energies from 0.5 eV to 0.5 MeV. A cadmium foil 

of 1mm thick can absorb thermal neutrons and allow only epithermal and fast neutrons above 

0.5 eVto pass (energies above the cut-off of Cd can pass). Both thermal and epithermal neutrons 

undergo (n,𝛾) reactions with target nuclei. NAA technique employs only epithermal neutrons to 
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induce (n,𝛾) reactions by irradiating the samples being analyzed inside either cadmium shield is 

called epithermal neutron activation analysis (ENAA). ENAA is the used here in REGATA setup 

(FLNP, JINR).Fast Neutrons (5% of the total flux) are neurons of energy above 0.5 MeV. Fast 

neutrons contribute very little in (n,𝛾) reactions. But instead they undergo other reactions like 

(n,n) and (n,p). NAA technique that employ fast neutrons releasing nuclear particles is called 

Fast Neutron Activation Analysis (FNAA).  

3.1.2. The Experimental setup for INAA (REGATA): 

The Experimental setup Consists of four irradiation channels, the pneumatic transport system 

(PTS) which transports containers by compressed air (at 3-6 atm. pressure), and four gamma 

detectors. Ch1 and Ch2 are connected to the pneumatic system and cooled by air. Ch3 and ch4 

are cooled by water so, their temperature is less than ch1 and ch2. Ch1 is coated by Cadmium to 

prevent thermal neutrons and allow only epithermal and fast neutrons 

 

 

Fig.(3.2.) The REGATA setup : Ch1-Ch4 -irradiation channels, S- intermediate storage, DCV- 

directional control valves, L-loading unit, U- unloading unit, SU- separate unit, SM- storage 

magazine, R- repacking unit, D- HPGe detector, AA- amplitude analyzer, CB- control board 
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PTS has loading (L) and unloading (U) units to load and to extract containers from the system. To 

provide safety, the unloading unit is placed into a glove box. All devices of the pneumatic system 

are equipped with photosensors and end-switches to indicate the container position in the 

system and to correct operation of all mechanisms. 

3.2. Moss Sampling and Sample Preparation: 

3.2.1.Passive biomonitoring: 

Samples are collected from the site of study then cleaned from soil and only green parts are 

taken then washed and dried in the laboratory. The moss samples are prepared to be sent to 

the reactor for irradiation. From each sampling site, 2 samples were made into bills and put in 

polyethylene bag for short lived measurements and in Aluminum cups for long lived isotopes 

and then labeled with a number. Now, the samples are ready for irradiation. 

3.2.2. Active biomonitoring: 

Moss samples should be collected from non-polluted place and should be at least 300 meters 

away from the nearest high way or industrial settlement and at least 100 meters away from any 

road or single house. At each sampling site 5 to 10 samples should be taken. 

Theses collected samples are taken to the laboratory and the green parts of the plant are 

separated and carefully cleaned. These parts are washed with distilled water and left to be air-

dried. 

Some grams of moss should be packed in nylon mesh bags (fig.3.3)of fixed dimensions to be 

exposed to the atmosphere. Some bags are kept in the laboratory to be irradiated and analyzed 

to determine initial concentrations of elements in our sample and be used to determine the 

relative accumulation factor. 

  

 

 

 

Fig. (3.3.) Dry Moss bag 
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4. Irradiation and sample analysis 

4.1. Sample preparation for irradiation: 

First, we have some unexposed moss samples that are used as references to determine only the 

elements coming from atmospheric deposition. It will enable 

us to determine the Relative Accumulation Factor (RAF). 

After being exposed to the atmosphere, moss bags are 

collected and taken to the chemistry laboratory to be mainly 

homogenized and dried in oven at 40°Cand then about 3 

grams of treated moss are made into a bill, weighted with 

and without the cover and the weight is recorded on the 

computer. The bill is wrapped by polyethylene bag in case of 

short-lived measurements and in Aluminum cup in case of 

long lived measurements. 

. 

 

4.2. Irradiation atIBR-2 FLNP, JINR: 

The wrapped bills are put in capsules (Transport containers) that will be sent by the pneumatic 

transport system to the reactor core for irradiation. Pneumatic transport system (PTS) which 

tubes are about 50–60 m long take 3-20 s to deliver the capsules to the reactor core. Transport 

containers of polyethylene and aluminum are used to deliver samples to the irradiation position 

and back. Polyethylene transport capsules are used  in case of short lived measurements, while 

aluminum capsules are used for long lived measurements. A total of3 or 4 samples are put 

together in the same capsule to be irradiated simultaneously. Loading and unloading of capsules 

are done automatically. 

For long-lived measurements, Channel Ch1 is used for determination of long-lived isotopes. 

Samples are irradiated for 3–5 days, repacked, and measured two times after delay for 4 and 

15–20 days. The measurement time varies from 1.5 to 10 h.  

for short-lived isotopes (Mg, Al, Cl, Ca, V, Mn, I), Ch2 is used for the determination. Samples are 

irradiated for 3 min and measured two times for 5–8 min after three to five delays and for 20 

min after 20 min delay. To handle highly active samples, the REGATA PTS is equipped with three 

Fig.(4.1)samples ready for irradiation 
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hot chambers, one of which is connected through the lock with the unit for unloading of 

irradiated samples. Elements with a short (seconds) half-life are determined by cyclic NAA with 

the possibility of automatic transportation of the irradiated sample to the detector through a 

pneumatic transport system. 

If the sample after irradiation is too hot, we can remotely control it through lead shielded glass  

 

Fig.(4.2.) The Control room in the irradiation unit 
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Fig.(4.3) treating with the irradiated sample 

4.3. Analysis using Genie2K: 

 

4.3.1. Spectrum from Genie 2k 

 

 

Fig. (4.1. A) Screenshot of the Spectrum 
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Fig. (4.1. B) The spectrum data plot 

4.3.2. Calibration: 

Energy calibration: 

 

Fig. (4.2. A) Energy calibration 
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Efficiency calibration curve : 

 

Fig. (4.2. B) Efficiency calibration 

 

4.3.3. Analyzing The Spectrum: 
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A. Peak Locate 

In this section we choose the taken part from the whole spectrum by adjusting Start 

channel and stop channel and it will calculate all peaks between the 2 channels. 
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The output report: 

 

 

 

B. Peak area 

The area under the peak  
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The output report : 

 

 

 

C. Interactive peak fit 

This choice allows us to edit our peaks by adding or deleting some row that we suspect 
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D. Nuclide Identification : 

 

- NID Nuclide Identification 
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Nuclide identification report: 
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Interference Corrected report : 

 

 

 

 



- 21 - 

4.4. Statistical analysis : 

As we put many samples in the same site, we have to obtain information about the site.First, all 

samples from each site are collected, analyzed, then concentrations of elements are 

determined. Then we calculate the Minimumdetectable concentration for each element, 

maximum, mean, median, and standard deviation (SD). Then RAF Factor for each element 

should be calculated.  

RAF (Relative Accumulation Factor) : it’s used to assess the accumulation level of each element 

in the sample.[ RAF = [Cexposed – Cinitial ] / Cinitial ] where Cexposed is the concentration of element in 

the sample exposed to the atmosphere(Cexposed : the concentration of the median of the 

concentrations of samples). Cinitial is the concentration of the element in the non polluted sample 

( sample with no exposure to the polluted atmosphere). 

Now we have calculated the accumulation factor 

if we want to test the sensitivity, MDC(Minimum Detectable Concentration) should be 

calculated [MDC = X*Cinitial + 1.96* SD* Cinitial]Where (1.96 Suggesting that the initial values are 

normally distributed) 

 

Conclusion and Future plans: 

 NAA is a super powerful nuclear technique that can be used to determine the elemental 

composition of material. Mosses are good accumulators and biomonitors for airborne elements. 

Therefore, using NAA to determine the elements accumulated in mosses is a powerful 

application for determining the level of atmospheric pollution. 

Furthermore, NAA is widely used to analyze another biomonitors. it is used to measure the 

accumulated elements in different tree species as such as leaves that are exposed to air 

pollutants, accumulate the elements by two ways (roots and air). So, it is used  as a biomonitor. 

When the nutrition coming from the soil is corrected, the atmospheric deposition in the leaves 

is known.  
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