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Abstract 

With this project, a biomonitoring survey will be carried out with epiphytic lichens. The lichens 
Parmelia sulcata (or caperata) will be collected from olive trees about 1-2 m above the ground, using a 
10x10 km grid (or 50x50 km grid (cf. Fig.1). In total, about 300 sampling sites will be set up. Within one 
sampling site, variations in elemental concentrations of lichen material taken from several trees of the 
same species will be analyzed to obtain the local variation for each element (made in 10% of the grid). In 
addition some typical soil samples will be collected so that the contribution of soil suspended in air 
particulate matter can be recognised. The samples will be analyzed for - 5 0 elements by NAA and PIXE. 
The expected results will be integrated data sets, which will be used in the next step for application of a 
statistical procedure to identify particular pollution sources. The project also consists of exposure 
experiments with lichen transplant samples at several sampling sites, which are representative for the 
regions under study (cf. Fig.2). In addition at each sampling site air particulate matter and total deposition 
will be collected monthly, during 1 year. The aim isto establish a quantitative relationship between results 
obtained with the lichen transplant samples and with air particulate matter and total deposition. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

The industrial development of Portugal is increasing. Thus, an environmental study 
concerning determination of air pollutants from industrial emissions and identification of 
the polluting sources should be pertinent. The cooperation between INETI, through this 
project, and the national authorities for the environment will lead (i) to a better knowledge 
of the state of air pollution in Portugal; and (ii) to the undertaking of decisions for 
environmental control. This is consistent with the priorities set by the programme of the 
Portuguese government. 

On successful completion of the project, (i) a reference integrated database in the 
environment obtained by nuclear techniques will be available: (ii) the 'Survey of the 
atmospheric pollution produced by industry can be accomplished by systematic 
determination of integrated databases; (iii) the nuclear techniques will be increasingly 
applied; and, (iv) cooperation research work between INETI and similar institutions and 
among different groups of INETI will be experienced. 
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INETI has acquired experience and capacity in nuclear techniques namely INAA and 
PIXE. The relevant list of publications is on a separate page [1-12]. In INAA, (i) relatively 
standardized methods are being applied since 1979; (ii) implementation of the 
^-standardization method to high energy Ge detectors was accomplished (1988), and (iii) 
extension of this method to low energy Ge detectors was made (1991). INAA has been 
applied to geological, environmental and biological samples. PIXE was implemented in 
1988 and it has been applied to biological and environmental samples using the thick 
target PIXE. 

Projects have been developed, namely, (i) the preparation of a lichen reference 
material for the IAEA, and (ii) the evaluation of trace element air pollution in the 
neighbourhood of coal power stations for the Electricity of Portugal, where epiphytic 
lichens, plants, underground waters, effluents and aerosols were analyzed. 

The Radiochemistry Department of the Interfaculty Reactor Institute (IRI), University 
Delft has over fifteen years experience in environmental studies, especially with respect 
to the application of instrumental neutron activation analysis (INAA) as analytical technique 
for the determination of trace elements in environmental samples. During the last ten 
years continuous research has been carried out in the field of biomonitoring trace element 
air pollution, with special attention for methodology and development of factor analysis 
techniques, the latter leading to the possibility of identification and localization of pollution 
sources. In 1968, IRI started exposure experiments, similar to the ones in the proposed 
project, aimed at gaining more insight in i) the applicability of epiphytic lichens as 
quantitative biomonitors, and ii) uptake mechanisms, responsible for the element 
concentrations determined in the lichen samples. One of the aims of-the Radiochemistry 
Department of IRI is the development and application of physical instrumental and 
mathematical methods for radiochemical studies of trace elements in the environment. 
INAA is extensively used for multielement analysis in a large variety of samples. 
Mathematical methods are specifically applied to unlock large datasets. The above shows 
that the proposed project is totally consistent with IRI strategies. 

2. METHODS 

2.1 Core Programme 

In the first year, the air sampler given by Dr. Maenhaut of the Gent University, will 
be installed at the urban site of Lisbon (see Fig. 2). At this site, results on S02 , NO and 
NOx, are available and also meteorological data can be obtained. The aerosol filters (0.4 
um and 8 um) will be collected each week 8h/weekend day and 8h/mid-week day: the 8h 
will be spread in 20 minutes in each of the 24 h (20 min x 24 =480 min = 8h) - The sam
pling period ranges from September 1993 to August 1994. 

Analytical quality control will be made before the start of the "routine" analysis. The 
techniques used are INAA and PIXE to determine about 50 elements. Sample mass will 
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be obtained; no "black carbon" will be made since there are some other determined 
elements which are suitable for identification of coal-fired combustion pollution source. 
Blank samples and reference materials will be analyzed after each set of 15 "actual" 
samples for analysis control. 

In the second year, the air sampler will be placed at the rural site of Abrantes (see 
Fig. 2) and a similar sampling procedure will be followed. The sampling period foreseen 
ranges from March 1994 to February 1995. 

The data evaluation will be done in cooperation with the Deift University, fnterfaculty 
Reactor Institute. 

2.2 Supplementary Programme 

The supplementary programme concerns the contents of the technical cooperation 
IAEA/INETI for the Contract POR/8/006, which consists of two parts: the Survey and the 
Quantification. 

Concerning the survey, Parmelia sulcata and P. caperata are being collected on olive 
trees in July and August 1993 following the grids shown in Fig. 1. 

Concerning the quantification, total deposition per month during one year will be 
collected (start in March) at the Lisbon site, as well as 12 sets of lichen transplants (2xl2 
nylon bags) which will be exposed 1 month, 2 months,...up to 12 months during one year. 
The lichen is Parmelia caperata in its natural bark of Quercus suber. The same will be done 
at the rural site of Abrantes from March 1994 on and at the other six sites shown in Fig. 
2. In all the 8 sites (see Fig. 2). aerosol filters will be collected one weekend day and three 
weekdays per month during one year. For the quantification, two filters will be used: one 
which will collect up to 0.4//m particulates and other collecting particulates greater than 
0.4 fjrr\. 

The techniques used are INAA and PIXE as well. The total deposition will be pre-
concentrated prior to analysis and Cd separation in lichens will be made after nuclear 
reactor irradiation whenever necessary. Again, blank samples and reference materials will 
be analyzed after each set of 15 "actual" samples for analysis control. The data evaluation 
will be done in cooperation with the Delft University, Interfaculty Reactor Institute. 

2.2.1 Instrumental Neutron Activation Analysis (INAA) 

Pellets (diameter: 1.3 cm; height: 0.3 cm) of 500 mg each will be made for each 
material using a pressure of 6 t/cm2 and put into polyethylene containers for irradiation. 

k0-method - The short irradiations (1 min. irradiation time) will be carried out in the 
pneumatic system of the INETI's Portuguese Research Reactor (RPI) at a thermal neutron 
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Figure 1 . Selected area for qualitative monitoring 
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Figure 2. Selected locations for quantitative monitoring 
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f lux of 2 .7x10 1 2 c r r v V ; the long irradiations (7 h) wil l be carried out in the core grid of the 

RPI at a thermal neutron flux of 3.6x101 2 or 2.2x1013 cm 'V 1 . Wires of 0 . 1 % Au-AI of 

1 mm diameter (CBNM) and of Mo 1 2 5 ^ m diameter (Goodfellow) wi l l be co-irradiated as 

comparators. All measurements will be carried out w i th a HPGe and a LEPD. The spectra 

wil l be processed using SEQAL computer code. The calculations wil l be made by using the 

k0-standardization method's computer codes SOLANG and SINGCOMP. The Gent k0-

factors wil l be used. 

Compzrath"3 methnrl- Standard?; will be employed as reference samples. After oven-

drying for 24 h at 110°C they wil l be diluted in cellulose (also oven-dried at the same 

condit ions); pellets similar to the samples will be thus made. The irradiations wi l l be done 

in the core grid of RPI at a thermal neutron flux of 3.2x101 2 cm' 2s ' \ All measurements wil l 

be carried out w i t h a Ge(Li) and a LEPD. The spectra will be processed using the programs 

GELI and DAISY [GELIAN and OLIVE program adaptations]. 

2.2.2 Proton -Induced X-ray Emission (PIXE) 

Thick target - Pellets wil l be made out of each sample using a pressure of 6 ton/cm 2 . 

The TTPIXE analyses wil l be carried out at INETI's Van de Graaff accelerator. Samples wi l l 

be irradiated in vacuum ( 1 0 5 Torr) wi th a 1.9 MeV proton beam (20 mm 2 cross section) 

and 750 nA/cm 2 maximum current density. Total irradiation t ime will be 30 min. per pellet. 

A 200 eV resolution Si(Li) detector is placed at 90° relative to proton direction. Spectra 

analysis wi l l be performed wi th AXIL Computer CODE V3.0 . Quantitative analysis wi l l be 

made w i th DATTPIXE. The values reported wil l be corrected for radiation damage effects 

during irradiation. 

3. RESULTS 

Table I shows the results obtained by INAA and PIXE in INETI for the lichen reference 

material (IAEA-336) prepared and certified by INETI for the IAEA [9 ,111. Table II shows 

some results obtained for epiphytic lichens, soils and air filters collected in the 

neighbourhood of coal-fired power stations (C.T. Sines and C.T. Pego [10]) . 

4 . PLANS FOR FUTURE WORK 

- Collection of the lichens from trees using a 10x10 km grid or 50x50km (Fig.1), 

during 2 months on July and August 1993. Also in that period, collection of soils on each 

geological region of the country. The collection is assisted by an expert of the Delft 

University. 
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TABLE I. CONCENTRATION DATA FOR IAEA-336 REFERENCE MATERIAL (IN mg/g). 

THE UNCERTAINTIES ARE STANDARD ERRORS. 

ng/g Ag 

Al 

ng/g Aa 

Ba 

Br 

Ca 

Ce 

CI 

ng/g Co 

Cr 

ng/g Cs 

Cu 

ng/g Eu 

Fe 

ng/g Gd 

ng/g Hf 

ng/g Hg 

K 

ng/g La 

ng/g Lu 

Mg 

Mn 

Croup 1 

INAA 
komahod 

29.3+2.0 

631+20 

568±16 

6.82+0.18 

15.49+0.32 

3375±1S5 

1.269+0.035 

1696+31 

332.6±3.5 

1.338+0.012 

140.0+6.6 

-

18.75+0.50 

494.1+4.6 

891+29 

58.72+0.82 

247.7+6.4 

1859±33 

650±35 

7.26+0.75 

585+49 

53.1+1.6 

Omit? ? 

INAA 
comp. mcth. 

-

-

636.7+6.2 

5.92±0.18 

12.90+0.11 

-

1.146+0.022 

-

292.2+5.2 

1.0911+0.0075 

U3.3±1.7 

-

24.00+0.47 

441.4+3.6 

-

58.56±0.58 

192+11 

1793+10 

620.0+8.5 

6.77±0.14 

-

61.44+0.47 

1rmrr> ^ 

WXE 
thick target 

-

-

-

-

3.40+0.24 

2888.3+8.7 

--

2165+.22 

--

-

-

3.83+0.46 

-

418+15 

-

--

-

2005±11 

-

-

-

63.2+1.6 

Na 

ng/g Nd 

Ni 

P 

Pb 

Rb 

S 

ng/g Sb 

ng/g Sc 

ng/g Se 

Si 

ng/g Sm 

Sr 

ng/g Ta 

ng/g Tb 

ng/g Th 

Ti 

ng/g Tm 

ng/g U 

V 

ng/g Yb 

Zn 

Group 1 

INAA 
kg method 

361.8±6.1 

490±26 

-

-

-

1.926+0.034 

-

89.9±2.0 

205.1 ±2.0 

261.0+7.2 

-

101.4±9.2 

11.20+0.70 

15.25+0.34 

15.03+0.76 

166.1+2.0 

56.8 ±4.2 

5.75±0.65 

47.68±0.45 

1.436±0.072 

23.8+1.0 

36.14±0.35 

Group 2 

INAA 
comp. melh. 

389.7±2.9 

543 + 16 

-

--

-

1.634±0.019 

-

78.6±5.3 

170.0±1.7 

268.9±8.4 

-

111.2±3.3 

8.58+0.18 

16.44+0.47 

15.26±0.66 

144.4±2.4 

-

-

~ 

-

45.22±0.32 

28.10+0.23 

Group 3 

TOE 
thick target 

-

-

-

675±45 

7.08±0.39 

1.97+0.27 

836+28 

-

•• 

• • 

1897+134 

-

7.47+0.38 

-• 

-

-

51.67±0.99 

-

--

-

-

31.83±0.70 
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Table II. CONCENTRATION DATA FOR SOME EPIPHYTIC LICHENS COLLECTED IN THE 

NEIGHBOURHOOD OF COAL-FIRED POWER STATIONS. THE UNCERTAINTIES ARE 1s. 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Tb 

Tm 

Yb 

Lu 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Tb 

Tm 

Yb 

Lu 

Parmelia sulcata 

LEPD 

East 

-
7.2(2.3) 

3.1(3.6) 

0.654(0.6) 

0.107(6.8) 

0.54(18) 

0.075(2.7) 

0.023(10) 

0.15(7-6) 

0.025(24) 

LE 

East 

-
2.16(4.0) 

1.01(5.7) 

0.222(4.4) 

0.038(3.9) 

0.20(12) 

0.027(11) 

0.007(26) 

0.034(26) 

0.004(29) 

West 

-
9.4(2.0) 

4.0(3.6) 

0.850(0.4) 

0.138(4.5) 

0.65(16) 

0.113(2.2) 

0.043(18) 

0.219(2.8) 

0.037(13) 

Evernia 

PD 

West 

-
4.0(22) 

1.9(24) 

0.398(0.4) 

0.07(22) 

0.32(11) 

0.046(2.2) 

0.018(9.9) 

0.088(7.4) 

0.010(12) 

LICHENS 

April 

HPGe 

East 

3.1(5.4) 

7.8(8.4) 

3.2(19) 

0.63(2.5) 

0.110(3.5) 

-
0.074(2.9) 

-
0.16(9.0) 

irunastri 

HI 

East 

0.988(0.4) 

2.3(6.1) 

1.0(22) 

0.209(2.9) 

0.042(4.1) 

-
0.026(8.3) 

-
0.029(24) 

-

West 

4.2(4.0) 

9.8(6.1) 

4.1(12) 

0.82(3.9) 

0.125(1.6) 

-
0.095(1.9) 

-
0.24(12) 

»Gc 

West 

2.02(1.0) 

5.2(13) 

2.1(14) 

0.406(1.9) 

0.080(2.8) 

-
0.048(3.5) 

-
0.090(25) 

-

1991 

Parmelia 

LEPD 

East 

-
3.2(3.3) 

1.20(6.6) 

0.31(3.4) 

0.049(4.6) 

0.24(15) 

0.036(12) 

-
0.080(3.6) 

0.0098(11) 

Octob 

LEPD 

-
6.61(0.7) 

2.8(4.7) 

0.616(0.5) 

0.120(1.0) 

0.58(17) 

0.091(2.7) 

-
0.197(4.1) 

0.035(16) 

West 

-
6.0(3.7) 

2.1(14) 

-
0.0754(1.0) 

0.39(13) 

0.068(2.5) 

0.023(12) 

0.132(2.3) 

0.020(16) 

Parmelia sw 

:r 1990 

HPGe 

3.72(0.7) 

8.4(7.9) 

3.5(9.8) 

0.634(0.5) 

0.143(5.0) 

-
0.106(5.6) 

-
0.20(8.3) 

-

caperata 

HPGe 

East 

1.600(0.5) 

3.9(5.7) 

1.9(11) 

0.293(0.4) 

0.048(8.4) 

-
0.034(6.8) 

-
0.078(8.7) 

-

cata (south) 

April 

LEPD 

-
3.8(7.0) 

1.4(7.4) 

0.36(4.9) 

0.072(13) 

0.32(29) 

0.053(11) 

0.22(19) 

0.112(6.7) 

0.019(28) 

West 

3.13(0.4) 

7.5(4.3) 

2.8(16) 

0.583(0.3) 

0.095(2.8) 

-
0.065(2.6) 

-
0.16(9.0) 

-

1991 

HPGe 

1.84(1.9) 

4.4(8.9) 

1.4(31) 

0.370(2.5) 

0.063(9.6) 

-
0.048(3.5) 

-
0.13(12) 

-
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Table II. (cont.) 

La 

Ce 

Nd 

Sm 

Eu 

Tb 

Yb 

Lu 

NORTH 

0-10 cm 

Oct. 1990 

38.4(0.7) 

74.3(0.8) 

36(3.2) 

6.93(0.5) 

1.47(1.5) 

0.83(4.5) 

2.8(4.1) 

0.41(2.9) 

April 1991 

38.4(0.7) 

76.9(0.8) 

35(3.1) 

7.08(0.5) 

1.37(1.5) 

0.93(4.0) 

2.6(4.2) 

0.43(2.8) 

SOIL 

SOUTH 

0-10 cm 

Oct. 1990 

34.3(0.7) 

67.3(0.8) 

31(3.3) 

5.68(0.5) 

1.00(1.8) 

0.80(4.4) 

2.6(4.4) 

0.42(2.5) 

April 1991 

34.7(0.7) 

68.2(0.8) 

30(3.3) 

5.73(0.5) 

0.98(1.8) 

0.77(4.4) 

2.1(5.2) 

0.41(2.6) 

10-20 cm 

Oct. 1990 

36.4(0.7) 

71.7(0.8) 

33(3.2) 

6.08(0.5) 

1.07(1.7) 

0.82(4.4) 

3.0(3.9) 

0.46(2.4) 

April 1991 

35.0(0.7) 

67.7(0.8) 

31(3.1) 

5.80(0.5) 

1.17(1.6) 

0.91(4.0) 

2.4(4.2) 

0.46(2.5) 

La 

Ce 

Nd 

Sm 

Eu 

Tb 

Yb 

Lu 

SOIL 

APRIL 1991 

0-10 cm 

East 

78.2(0.6) 

155.0(0.5) 

74(2.4) 

13.80(0.4) 

1.17(1.5) 

1.53(2.9) 

5.3(2.6) 

0.85(1.7) 

West 

114.0(0.5) 

230(0.5) 

106(2.3) 

20.60(0.4) 

1.40(1.4) 

2.14(2.6) 

7.6(2.3) 

1.18(1.8) 

10-20 cm 

East 

83.8(0.5) 

180.0(0.5) 

98(2.2) 

14.80(0.4) 

1.37(1.4) 

1.59(2.9) 

5.4(2.7) 

0.87(2.0) 

West 

105.0(0.5) 

223(0.5) 

100(2.3) 

19.50(0.4) 

1.27(1.5) 

2.09(2.7) 

7.2(2.4) 

1.16(1.9) 

La 

Ce 

Nd 

Sm 

Eu 

Tb 

Yb 

Lu 

North 

0.97(1.2) 

1.57(1.5) 

0.848(5.0) 

0.132(1.0) 

0.030(4.7) 

0.0120(7-0) 

0.040(13) 

0.0070(6.5) 

AEROSOLS 

OCTOBER 1990 

North 

0.76(1.2) 

1.03(1.5) 

0.659(5.0) 

0.0710(1.0) 

0.018(4.7) 

0.0080(7.0) 

-
0.0050(6.5) 

South 

1.30(1.8) 

2.39(1.5) 

1.17(5.0) 

0.178(1.6) 

0.040(4.5) 

0.021(6.5) 

0.058(10) 

0.0110(6.0) 

South 

1.78(0.9) 

2.60(1.4) 

1.30(5.0) 

0.228(0.8) 

0.045(3.9) 

0.032(12) 

0.109(8.1) 

0.019(4.5) 



- Preparation of the collected lichens for analysis: removal of contaminating species, 
washing, freeze-drying, grinding, and peptization. Preparation of the collected soils for 
analysis: separation of fraction, grinding, and drying (Sept. 1993-March 1994). 

- Analysis of the lichens and soils (Sept. 1993- March 1994). 

- Installation of one air sampler at the urban site of Lisbon. Collection of air filters 
(Sept. 1993-August 1994). 

- Installation of one air sampler at the rural site of Abrantes. Collection of air filters, 
total deposition and transplanted lichens (March 1994 - February 1995). 

- Installation of 7 air samplers at the sites Viana do Castelo, Porto, Estarreja, 
Coimbra, Lisboa, Barreiro and Sines. Collection of air filters, total deposition and 
transplanted lichens (March 1994-February 1995). The installation will be assisted by an 
expert of the Delft University. 

- Following a training at Delft University, application of radiochemistry to lichens and 
preconcentration to total deposition will be continued at INETI. 

- Analysis of the transplanted lichens, total deposition and air filters by INAA and 
PIXE (October 1993-December 1995). 

- Interpretation of the results (April 1994: survey; 1994/1995: core programme and 
quantification) to be made at Delft University (training) and by experts of this University 
at INETI. 
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