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Abstract 

The trace element constituents of aerosols such as Hg, Pb, Cd, Se, As, Cu, Zn, Cr, V, etc. are 
permanent pollutants affecting the biosphere and the general ecosystem. The measurements of these 
elements collected on air filters, in rainwater, and also in some bioindicators such as moss and lichen, can 
yield very significant information on the origin, transport, removal and deposition of these pollutants. A 
set of sensitive and precise nuclear-related and chemical methods such as PIXE, EDXRF, FAAS and DPASV 
have, ther>. fore, been developed and applied to analyze a number of trace and minor elements in air 
particulates, coal fly ash, plant materials, moss and water. Further analytical developments would include 
INAA and TRXRF. Some of the results from air particulates (integral), coal fly ash and moss analyses are 
presented to illustrate the experience level of the Laboratory. A core programme of study on the trace 
element composition of aerosols from urban and rural atmosphere in Bangladesh has been planned for 
implementation within the framework of this CRP. Weekly air sampling would be done in high and low 
pollution areas and the temporal variations in trace element composition, along with meteorological data 
would be established so that valid comparison of the results with similar data from other geographical 
regions can be made and the possible causes for the variations can be correctly assessed. In the 
supplementary programme, research would be conducted to identify some biomonitors such as moss to 
study the atmospheric deposition pattern of heavy metals in Bangladesh. Chemical characterization of 
rainwater in terms of major cations and anions is anticipated, if an ion chromatograph is available. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

1.1 Scientific Background 

During the last decade, a great awareness has been created among the public and 

the Government as to the impact of chemical pollutants on the quality of human life and 

the general ecosystem. As a result, great strides are being made in different regions of 

the industrialized world to develop a better understanding of the issues related to various 

aspects of environmental pollution because some parts of the globe previously thought to 

be pristine are now found to contain hazardous pollutants like Pb, Hg, PCBs, etc. [1]. In 

the absence of general human activities in these areas such as the Arctic, these pollutants 

might have been transported from distant sources. Such findings have drawn the 

attention of serious researchers [2]. The developing world in this regard is in the early 

stage of initiating such studies, and are limited to local factors, as many countries in this 

region lack the required technology for comprehensive environmental pollution analysis in 

general and atmospheric pollution in particular. At this backdrop, the basic object of the 

present Co-ordinated Research Programme (CRP) on "Applied Research in Air Pollution" 

4 7 



is believed to provide the right format to narrow down the knowledge gap in this field of 
global interest. 

The atmospheric chemical pollutants exist as gaseous and particulate compounds, 
together known as aerosols. The major gaseous components are important to study as 
they influence global climate change and acid precipitation while the particulate matter 
constituents, mostly the trace elements in different chemical forms, are also important to 
study as they influence cloud formation and solar radiation budget and can alter the quality 
of life. The particulate matters in the troposphere and the atmosphere are subjected to 
worldwide distribution by air mass circulation and they are ultimately returned to the 
Earth's surface by wet deposition through precipitation and by dry deposition through 
sedimentation, impaction and diffusion [3]. After their deposition onto the Earth's surface, 
they enter the food chain at a rate determined by the deposition intensity, biogeochemical 
processes and hydrodynamic conditions of a given ecosystem [4]. Since trace elements 
in the environment can be considered as nutrients and toxic pollutants and also as tracer 
of transfer mechanisms, for global mass balance models [5] of these elements, it is 
necessary to study the regional as well as global distributions of trace metals that are 
taking place as airborne dusts and industrial emissions and correlate them with the global 
circulation patterns. Such a study would enable us to detect the cause of natural and 
unnatural variations in the concentrations of these elements in aerosols and their 
correlation with meteorological fluctuations. The identification of the source- receptor 
relationship and the estimate of source strengths would help develop appropriate pollution 
control programmes. The results from these studies would thus be an invaluable source 
of data essential to assess the long-term ecological and health impacts of the huge 
quantities of toxic metals being globally dispersed in the different compartments of the 
living environment including the atmosphere. 

1.2 Scope of the project 

The Government of Bangladesh is aware of the implications of environmental 
pollution and as such taking initiatives to develop standard criteria for environmental 
quality, particularly, for ambient air, drinking water and foodstuffs. Our laboratory is 
involved in this national development effort to provide baseline data on different chemical 
parameters of environmental concern required by the Department of Environment. The 
requirement for baseline data to define ambient air quality can be satisfied to a large extent 
within the framework of the present CRP. 

In the area of air pollution, no substantive study has yet been reported in 
Bangladesh. In the absence of proper sampling facilities and lack of requisite knowledge, 
very limited studies on trace metal composition of air particulates (AP) in the Dhaka city 
were recorded [6]. These studies were primarily directed towards the development of 
standard sampling and analytical procedures. Further development of this competence to 
a requisite level is foreseen under the scope of the present CRP, as the Agency plans to 
provide substantial supports for obtaining the standard air sampling equipment, standard 
reference materials essential for validating the analytical methodologies, training facilities 
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for the scientific staff and also to a larger extent, major capital equipment support through 
technical cooperation for the overall development of the programme in the member states. 
Above all, the scope for exchange of information and ideas with the participants from the 
developed laboratories of this coordinated research programme is the most important 
consideration of the programme. 

The experimental strategy of the programme would provide opportunities to obtain 
(i) accurate national baseline data on trace element compositions of the atmospheric 
environment, (2) chemical characteristics of rainwater and (3) identification of some 
botanical species in Bangladesh that can be used to monitor the temporal pattern of trace 
metal deposition on the terrestrial environment under a tropical climate. 

1.3 Related work done and other Internationa! collaborations 

An external beam Particle-Induced X-ray Emission (PIXE) method for multielement 
analysis (Z > 19} of size-fractionated AP was developed in 1988 [71. In air sampling, a 
6-stage Battelle type Delron cascade impactor and Nuclepore filters were used. The 
method was applied for workplace monitoring of trace metals. Resource limitations such 
as an accurate volumetric device and a good microbalance, hindered further development 
of this work. To analyze relatively lighter elements in particulate matter, an experimental 
setup for internal beam PIXE has recently been developed with assistance from the IAEA. 
The analytical standardization of the system for accurate results would be completed soon 
after acquiring some Micromatter standards of these elements. 

The present research group participated in a previous CRP on "The Use of Nuclear 
arc Nuclear-Related Techniques in the Study of Environmental Pollution Associated with 
Solid Wastes", Samples of AP collected from rural and urban areas, fly ash collected on 
air filters, coal fly ash as such for intercomparison studies and industrial effluents were 
analyzed primarily to study the applicability of PIXE, X-ray Fluorescence (XRF), Atomic 
Absorption Spectroscopy (AAS) and Differential Pulse Anodic Stripping Voltammetry 
(DPASV) methods. The results of intercomparison studies were in reasonable agreements 
with data from other laboratories. 

A Proton-Induced Gamma-ray Emission (PIGE) method is in the early stage of 

development for light element analysis in environmental samples. 

In the field of Marine and Precipitation Chemistry, expertise has been recently 
developed in cooperation with European Economic Community (EEC), on the Transport of 
Heavy Metals in the Marine Ecosystem [81 and on the Studies of Rainfalls and Cloud 
Chemistry and its Effects on Vegetation. The later study is still being pursued in UK. It 
is expected that in the future, joint research protocols with EEC would be developed to 
study environmental pollution in the terrestrial ecosystem in Bangladesh. 

The International Centre for Science and High Technology, Trieste, Italy, has taken 
an initiative to organize a Workshop in Sri Lanka, in 1994, on Marine Water Analysis for 
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Chemical Pollutants. This Laboratory is expected to coordinate this Workshop among the 
South and South-East Asian countries. 

2. ANALYTICAL METHODS 

The existing analytical methods of trace metal analysis in environmental samples 
include PIXE. XRF, PIGE, NAA, AAS and DPASV. For direct air filter analysis, PIXE, XRF, 
NAA and PIGE will be used in this research programme. Independent and selected checks 
of these analyses for quality assurance would be done with AAS, DPASV (for Cu, Zn, Pb 
and Cd) and TRXRF after acid digestion of the filters, as these methods are highly selective 
and sensitive. The analytical procedures of AAS and DPASV are normally validated by 
analyzing standard reference materials from the National Institute of Standards and 
Technology (NIST), USA, using standards of appropriate matrix. 

2.1 PIXE 

PIXE is an established analytical method for multielement analysis, particularly 
suitable for AP matter. Both internal and external beam techniques using 2.5-2.8 MeV 
proton beams can be utilized. In AP analysis, usually Micromatter thin standards, are used 
for concentration calibration. In thick target analysis, samples of dry matter are finely 
powdered and presented in the form of pellets, 7 mm diameter and 1 mm thick. The 
proton beam on the target has the maximum dimension of 4 mm x 5 mm in the external 
beam setup. Spectral data are unfolded by using the AXIL software modified by the IAEA. 
Standard NIM/BIN electronics and a Si(Li) X-ray detector (either from Ortec or Canberra, 
with ~ 175 eV resolution) are used for data collection. At present integral AP collection 
is done on Whatman-41 filters using a Millipore air filtering setup with 47 mm diameter and 
a gas meter for air volummetry. In the future, air sampling techniques would be perfected 
for coarse and fine fractions of aerosols by using the air sampler to be provided by the 
Agency under this CRP. 

The accuracy of the PIXE analytical procedure for air filters, as followed now, is 
dependent on the accuracy of the Micromatter standards used for constructing the PIXE 
yield curve. Any deviation in the X-ray yield for field samples of finite thickness is 
corrected for proton energy loss and X-ray absorption in the sample using standard 
ECPSSR formalism and known matrix composition [91. In the future, standard reference 
air filters would be used for quality assurance of the data. The other procedure to validate 
analytical results is the intercomparison studies of a given sample, organized by the 
Agency. 

2.2 XRF 

In the XRF method, a low power X-ray generator (30 mA and 50 keV) is used for 
characteristic X-ray excitation using Mo K„ primary X-rays. All other analytical steps are 
similar to those followed in PIXE analysis. 
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The sensitivity of the present XRF setup for air filter analysis is not enough for 

relatively lighter elements. With IAEA assistance in 1993, the existing setup would be 

developed For TRXRF analysis. For these analyses, the primary samples would be digested 

to solution and the quality of the data would be assured by independent AAS methods 

using AAS standard references in solution. DPSVA can also be used for quality control of 

Cu, Zn, Pb and Cd results. 

2.3 AAS 

In AAS analysis of solid samples, analyte solutions are generally prepared by dry 

or wet ashing. Dry ashing is carried out at 450-500° C for 4-5 hours. The ash residue 

is dissolved in Suprapur HN03 . Wet ashing is done in teflon digestion bombs with a HC104 

+ HN03 mixture. 

2.4 NAA 

This method needs to be completely established in the laboratories of the Institute 

of Nuclear Science and Technology, Savar, using the TRIGA MK ll 3 MW reactor. All the 

necessary basic facilities for this development are available and the preliminary work 

related to this programme is started. The reactor has thermal neutron flux of the order of 

1012 n/cm2/s with appropriate sample irradiation facilities, such as a Lazy Susan, a dry 

central thimble and a fast rabbit system. 

2.5 Collection and analysis of moss 

In 1992, six samples of moss were collected from the Dhaka city during the months 

of July-August. The moss (Brownlowia elata Roxb. {Apocyna) or Pterospermum 

acerifolium wild (Stercu)) samples were collected from the boundary wall and also the roof 

of the office/residential building along the roadside area of the Dhaka city during the period 

of July-August, 1992. The surface areas of sample site were 100x20 cm and 30x30 cm. 

The samples were removed from the wall by scraping wi th a knife. 

The moss samples were washed under tap water in a porcelain dish to remove the 

ground sands and accumulated dust particles and then washed with distilled deionized 

water. The cleaned samples were dried first at room temperature to remove excess water 

and finally at 80° C in an oven until constant weight was obtained. The dried samples 

were ground to a fine powder in an aluminum carbide mortar, and then stored in 

polyethylene bags. Finally, they were preserved in a desiccator for further analysis. 

All the samples were analyzed by the external beam PIXE method. Briefly, sample 

pellets were irradiated wi th 2.0 MeV (on the target) proton beams obtained from the 3 

MeV Van de Graaff accelerator at the Atomic Energy Centre, Dhaka. The targets were 

irradiated for a charge of 20 JJC. The characteristic x-rays were detected with a Si(Li) 

Ortec detector and analyzed wi th a 1024 multichannel analyzer (Canberra) and other NIM 
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electronics. Cbiibration curves were obtained using NBS Orchard leaves (SRM 1571). All 
the spectra were analyzed using AXIL on an IBM PC/AT computer. 

3. RESULTS 

Previously, in 1991, PIXE and XRF analysis of 24 air particulate samples collected 
from the Dhaka city and rural areas in Bangladesh and coal fly ash supplied by Bhabha 
Atomic Research Centre (BARC), India, for IAEA intercomparison studies, was done within 
the framework of a previous CRP on the "Use of Nuclear and Nuclear-related Techniques 
in the Study of Pollution Associated with Solid Wastes". The results are given in Tables 
Mil. A PIXE spectrum of an air sample from the Dhaka city is illustrated in Fig. 1 to 

o 
o 

c 
o 
o 

1E4 

1000 

100-

450 

Channel Number 

650 

Figure 1. X-ray spectrum of an air particulate sample from an urban area. 
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ndicate the quality of the spectral information. From these limited data, however, no 

definite conclusions can be drawn regarding the trace metal atmospheric pollution in the 

Dhaka city. 

Under the joint intercomparison study programme between International Atomic 

Energy Agency (IAEA), Vienna and the Laboratories Nacional de Engenharia e Techhologia 

Industrial (LNETI), Portugal, are developing a lichen material, related to the present CRPto 

use as a biomonitor for trace metals. Samples of IAEA-336 Lichen and IAEA-359 research 

sample Cabbage have been analyzed by PIXE and AAS methods and the results were 

submitted for evaluation and reporting by LNETI. Some of the PIXE results (K, Ca and Cu) 

were confirmed by AAS analysis. Both sets of results are shown in Table IV. The N1ST 

orchard leaf standard SRM 1571 was used for PIXE yield curve for concentration 

calibration assuming similar matrix composition [10] and for quality control and assurance, 

NIST reference material, spinach (SRM 1570) for both the standard and the IAEA samples. 

Reasonable agreement between the PIXE and AAS results of the elements analyzed by 

AAS is observed. 

The results of the moss analysis are given in Table V. In the PIXE analysis, the 

results of 5 replicate measurements were consistent for most of the analytes indicating the 

reproducibility of the method as well as the homogeneity of the samples. 

4 . PLANS FOR FUTURE WORK 

The overall work plan within the framework of this CRP is divided into two parts 

to be implemented during the first year of the programme, (1) Core plan and (2) 

Supplementary plan 

4.1 Core plan 

Under this plan of work, weekly air sampling of two fractions of AP, coarse (2-10 

//m) and fine ( < 2 / / m ) would be made in two locations, Dhaka (high pollution area) and 

Savar (low pollution area). The timing of sampling in two locations would be sequential 

if only one sampler is provided by the Agency. Depending on the level of progress, 

frequency of air sampling in high pollution area may be increased. Meteorological data 

during air sampling will be also collected in collaboration with the Meteorological 

Department. 

4 .2 Supplementary plan 

(a) Some local species of moss and if possible, lichen would be collected from both the 

areas during the period of this research and analyze them for heavy metal contents of 

environmental importance, following seasonal growth of these species in Bangladesh. The 

results would indicate the correlation between bioaccumulation of trace metals and their 

atmospheric concentrations under tropical climate. 
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(b) The soluble portions of Cu, Zn, Pb and Cd in the fine fractions of air particulate 
samples under rainwater acidity conditions would be studied using the DPASV method. 

In the second year of the programme, subject to the availability of an Ion 

Chromatograph, the analysis of major anions (S04"2, N03", CI") and cations (Na+ , K+ , Ca+ 2 

and Mg+2) in rainwater may be started. 

REFERENCES 

[1] TRAVIS, C.C., HESTER, S.T., Global Chemical Pollution, Environ. Sci .Tech., 25(5) 

(1991)814-819. 

[2] AMUNDSEN, C.E., et al.. Long Range Transport of Trace Elements to Southern 

Norway, Atmos. Environ., 26A(7) (1992) 1309-1324. 

[3] PIERSON, D.H., et al. , Trace Elements in the Atmospheric Environment, Nature, 

241 (1973) 252-256. 

[4] NRIAGU, J.O., Human Influence on the Global Cycling of Trace Metals, Proc. Int. 

Conf. Heavy Metals in the Environment, Edinburgh, 1 (1991) 1-5. 

[5] NRIAGU, J.O., PACYNA, J.M., Quantitative Assessment of World-wide 

Contamination of Air, Water and Soils by Trace Metals, Nature, 333 (1988) 134-

139. 

[6] KHAUQUZZAMAN, M., BISWAS, S.K., Monitoring of Heavy Metal Pollutants in Air 

Particulates in Bangladesh, IAEA Report NAHRES-9, Vienna (1992) 15. 

[7] KHAN, A.H. , BISWAS, S.K., An Analytical Methodology for Heavy Element 

Contaminants in Air Particulates, Proc. Natl. Sym. Monitoring of Environmental 

Systems of Chemical Industries in Bangladesh, Dhaka (1988) 44 . 

[8] KHAN, A.H., et al . , Trace Element Geochemistry at the Sediment-Water Interface 

in the North Sea and the Western Wadden Sea, Netherlands Institute for Sea 

Research, NIOZ-Rapport 1992-10 and Bangladesh Atomic Energy Commission, 

BAEC Report 1992-1. 

[9] MAENHAUT, W., et al.. Study of the Atmospheric Aerosol Composition in Zaire 

using Nuclear and Nuclear-related Techniques, IAEA Report NAHRES-6, Vienna 

(1991) Annex 4. 

[10] KHAUQUZZAMAN, M., et al.. Trace Element Analysis in Biological Materials by 

External Beam PIXE, Nucl. Instr. Method, 181 (1981) 20-215. 

54 



Table I. CONCENTRATION OF DIFFERENT ELEMENTS IN AIR SAMPLES FROM URBAN AND 
RURAL AREAS IN BANGLADESH (ng/m3). 

Urban Rural 

Mean Range Mean Range 

K 
Ca 
Ti 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Br 
Rb 
Sr 
Pb 

1755 ± 554(20) 
3608 ± 1200(20) 
299 ± 86(20) 
5.8 ± 3.2(20) 
57 ± 21(20) 
2751 ± 901(20) 
3.9 ± 2.7(20) 
9.0 ± 7.1(20) 
147 ± 122(18) 
9.9 ± 8.7(18) 
22 ± 10{18) 
10 ± 5.7(16) 
11 ± 5.7(17) 
172 ± 133(19) 

1126- 3055 
2037- 7197 
173-474 
1.24- 10.8 
33.5- 110 
1724 - 5097 
1.0- 10.3 
2 .5-33.4 
42.9-556 
3.8-32.8 
10.2-51.9 
3.3-23.7 
2.7 - 28.6 
55.2- 514 

1404 ± 684(14) 
1932 ± 956(14) 
208 ± 105(14) 
4.8 ± 2.3(7) 
37.9 ± 16.9(14) 
1353 ± 599(14) 
2.6 ± 1.6(12) 
4.8 ± 2.7 
59 ± 47(13) 
7.2 ± 6.0(8) 
5.6 ± 2.4(7) 
5.9 ± 3.4(10) 
5.3 ± 3.1(10) 
75 ± 58(13) 

561 - 3076 
798 - 3835 
66 - 398 
2.23 - 7.82 
15.6-63.0 
493 -2189 
1.0-5.71 
2.20- 11.1 
20.0 - 186 
2.58-21.1 
2.58 - 8.59 
1.39-13.3 
1.71 -10.7 
17.3-235 

Numbers shown in the parentheses represent number of samples. 

Table II. CONCENTRATION OF DIFFERENT ELEMENTS IN SAMPLES FROM BARC, INDIA, 
FOR IAEA INTERCOMPARISON STUDIES (ng/m3) 

Sample-A Sample-B 
XRF PIXE XRF PIXE 

K 
Ca 
Ti 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Br 
Rb 
Sr 
Pb 

2704 ± 305 
6104 ± 170 
543 ± 25 
331 ± 1 7 
246 ± 9 
7071 ± 34 
67.8 ± 8.4 
636 ± 17 
1950 ± 19 

-
33.9 ± 8.4 

-
-
-

738 ± 42 
5468 ± 51 
526 ± 8.5 
288 ± 8.5 
178 ± 12.7 
4595 ± 17 
59.3 ± 8.5 
407 ± 10 
1356 ± 18 
153 ± 8.5 
16.9 ± 8.5 
24.6 ± 6.8 
35.6 ± 7.6 
1297 ± 42 

5140 ± 562 
10844 ± 241 
699 ± 32 
361 ± 24 
651 ± 24 
13334 ± 80 
80.4 ± 16.1 
851 ± 25 
2876 ± 32 
112 ± 16 
48.1 ± 8.0 

-
-
-

1928 ± 25 
9960 ± 241 
1020 ± 80 
369 ± 8.1 
610 ± 8.1 
9719 ± 16 
56.2 ± 8.0 
635 ± 8.0 
2506 ± 16 
845 ± 8 
40.2 ± 8.1 
16.1 ± 4.0 
38.6 ± 2.4 
1229 ± 25 



Table III. CONCENTRATION OF DIFFERENT ELEMENTS IN STANDARD COAL FLY ASH (NBS 
1633A). THE CONCENTRATIONS ARE IN mg/kg UNLESS SPECIFIED OTHERWISE. 

This work Certified value 

K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
Ga 
Ge 
As 
Br 
Rb 
Sr 
Zr 
Pb 

16.6 ± 0.3 mg/g 
10.9 ± 0.1 
7.8 ± 0.1 i 
286 ± 23 
159 ± 12 
87 ± 12 

mg/g 

•ng/g 

85.2 ± 0.1 mg/g 
119 ± 7 
99 ± 2 
206 ± 3 
55 ± 2 
43 ± 2 
110 ± 3 
41 ± 3 
142 ±5 
877 ± 12 
232 ± 7 
87 ± 3 

18.8 ± 0.6 mg/g 
11.1 ± 0.1 mg/g 
( 8 ) mp/g 
297 ± 6 
196 ± 6 
179 ± 8 
94.0 ± 1.0 mg/g 
127 ± 4 
118 ± 3 
220 ± 10 
( 5 8 ) 
-
145 ± 15 
-
131 ± 2 
830 ± 30 
-
72.4 ± 0.4 

Table IV. TRACE AND MINOR ELEMENT CONCENTRATIONS IN IAEA LICHEN (336) 
AND CABBAGE (359). CONCENTRATIONS IN mg/kg (PPM) 

Lichen Cabbage 

Na 
Mg 
K 
Ca 
Ti 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Br 
Rb 
Sr 
Pb 

1280 ± 112 
891 ± 13 
1104 ± 246 
2776 ± 96 
57.6 ± 4.7 
< 0.7 
54.0 ± 1.9 
368 ± 15 
4.05 ± 1.52 
2.32 ± 0.18 
29.7 ± 1.2 

< 0.3 
13.4 ± 1.0 
1.98 ± 0.45 
11.5 ± 0.5 
6.00 ± 0.64 

496 ± 8 
2532 ± 48 
34098 ± 6 1 7 
21621 ± 639 
9.32 ± 3.31 
2.17 ± 0.35 
27.9 ± 0.5 
144 ± 10 
1.69 ± 0.64 
4.77 ± 0.87 
37.2 ± 0.6 
< 0.3 
7.04 ± 0.61 
7.24 ± 0.42 
58.2 ± 1.9 
2.05 ± 0.61 



Table V. TRACE AND MINOR ELEMENT CONCENTRATIONS (mg/kg) IN MOSSES COLLECTED FROM 
DIFFERENT PLACES IN THE DHAKA CITY (90.5°E, 23.7°N). 

Sample 
No. 

BM1 

BM1 

BM2 

BM2 

BM3 

BM3 

BM4 

BM5 

BM6 

Date of 
Collection 

15.07.92 

15.07.92 

22.07.92 

24,07.92 

24.07.92 

29.07.92 

01.08.92 

01.08.92 

08.08.92 

K 

6324 

4462 

<641 

3304 

1140 

12120 

2146 

3786 

6258 

Ca 

14407 

13677 

21296 

12569 

12708 

16917 

12743 

14275 

25228 

Ti 

527 

400 

82 

1060 

1033 

443 

1342 

1036 

296 

Cr 

14 

12 

0.5 

21 

19 

11 

105 

26 

5.0 

Mn 

153 

163 

46 

242 

217 

123 

261 

265 

65 

Fe 

5507 

4443 

946 

10043 

9713 

4573 

13004 

10019 

3477 

Ni 

18 

19 

10 

31 

20 

23 

33 

36 

13 

Cu 

33 

124 

42 

115 

25 

44 

342 

121 

22 

Zn 

279 

1875 

199 

464 

338 

441 

668 

998 

169 

As 

<0.3 

7.9 

2.3 

1.7 

<0.3 

5.0 

<0.3 

<0.3 

1.5 

Br 

14 

20 

11 

19 

9.3 

26 

18 

20 

12 

Pb 

136 

177 

15 

253 

203 

103 

325 

282 

55 

Description of the moss sampling site: 
Average temperature: 26°C mrn. and 32°C max. 
Relative humidity: 75-80% 
Total rain fall during the collection period: 570 mm. 


