
G. Hristozova1,2, S. Marinova1, M.V. Frontasyeva2 

 

1Faculty of Physics and Technology, Paisii Hilendarski University, Plovdiv, Bulgaria 
2Sector of Neutron Activation Analysis and Applied Research, FLNP, JINR, Russian Federation 

 

 



2 

 

 Non-uniform sampling 

networks: 

 Hot and dry 

summers, 

mountainous 

terrains, arable land 

 Different groups 

partaking in sample 

collection 

 Financial and time 

constraints  

 

Most abundant moss species: Hypnum cupressiforme 
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 Higher anthropogenic 

emissions and 

sampling in more 

polluted areas 

 Higher contribution 

of wind-blown dust 

from drier mineral 

soils (Al) 

 NAA as analytical 

method  

31st TFM discussion: Factors contributing to the gradient include: 
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Data submitted: 1995-2010: ICP–AES;              *2005 additional data: NAA  

              2015: NAA  + ICP-AES 

 Retrospective comparison:  

median values  

 With data from other 

participants, including 

neighboring countries 

 With data from 

surveys conducted in 

Bulgaria  
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Relative difference [%]: relative to the median concentrations in 1995:  
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Different accuracies for each element. In 2015: Cu & Pb medians increased but 

 Cd medians decrease steadily (ICP-AES: 1995-2015); 

Ni median values decreased (NAA in 2015). 
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1995, N=215 

 Sampling network: 

 A rather uniform  

grid: 30 x 30 km 

 Almost all nature 

parks and reserves 

were sampled 

 In valleys: proximity 

to arable land and 

urban areas 

Moss species: Hypnum cupressiforme 

G. Hristozova            XXVII ISINN, 12.06.2019                    



7 

2000, N=217 

 Non-uniform sampling 

networks: 

 The degree of 

regularity decreased 

to avoid urbanized 

areas and arable land  

 SS in mountainous 

regions shifted the 

most (accessibility) 

 Emphasis on all 

borders 

Moss species: Hypnum cupressiforme 
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2005, N=213 

 Non-uniform sampling 

networks: 

 Fewer points 

remaining from the 

uniform design 

 Sampling density 

increased near the 

southern borders: 

 Pb-Zn plant 

 Mineral deposits 

 Strandzha Narure park 

Moss species: Hypnum cupressiforme (but also: Abietinella abietina, Brachythecium 

rutabulum) 
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2010, N=129 

 Non-uniform sampling 

networks: 

 Even fewer points 

retained from the 

uniform design 

 Emphasis only on 

borders, some nature 

parks, and some 

known “hotspost” 

 Financial and time 

constraints  

Moss species: Hypnum cupressiforme (but also: Pseudoscleropodium purum, 

Brachythecium rutabulum, Abietinella abietina, Rhytidium rugosum) 
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 2015, N=115 

 Non-uniform sampling 

networks: 

 No samples from the 

northern border 

 Even fewer points 

from the uniform 

design + few samples 

from Nature parks 

 Resembles the 2005 

sampling network: 

 Increased sampling 

density near the 

southern borders 

Moss species: Hypnum cupressiforme (but also: Pseudoscleropodium purum, 

Pleurozium schreberi, Abietinella abietina) 
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✓ Sampling in more polluted areas 

 

✓ Higher contribution of wind-blown 

dust from drier mineral soils 

✓ High anthropogenic emissions 

           (coal combustion)  
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Sample but do not report to the 

ICP Vegetation? Worst example  

but not an isolated case. 

Thermal power plant 

Sampling 

sites 
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Relative difference [%]: relative to the median concentrations in 1995:  

1995 (N=169), 2000 (N=164), 2005 (N=166), 2010 (N=99), 2015 (N=89) 

In 2005: Zn median values increased, As follows the same trend. 

-60 

-50 

-40 

-30 

-20 

-10 

0 

10 

1995 2000 2005 2010 2015 

Cu 

Fe 

Pb 

V 

Zn 

-100 

-50 

0 

50 

100 

150 

200 

1995 2000 2005 2010 2015 

Al 

As 

Cd 

Cr 

Ni 

G. Hristozova            XXVII ISINN, 12.06.2019                    

- 46 SS - 53 SS - 47 SS - 30 SS - 26 SS 
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1995 (N=106), 2000 (N=98), 2005 (N=96), 2010 (N=60), 2015 (N=55) 

Minimization: combining all collected samples to decrease cost for analyses.  

Relative difference [%]: relative to the median concentrations in 1995:  
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- 109 SS - 119 SS - 117 SS - 69 SS - 60 SS 
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Relative difference [%]: relative to the median concentrations in 1995:  

N= 42, very few samples in North Bulgaria. Same trends! 
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 State monitoring stations: near 

roads, on the periphery of 

protected areas 

 Protected habitats: mineral and 

non-mineral deposits, proximity to 

the Black Sea, high altitudes,  

 Historical and present day mining 
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a) ‘95: in Kalimok-Brashlen protected habitat; 

’00: on the banks of the Danube River, 

‘05: in the town of Tutrakan 

b) ’95 and ’00: in villa zone, 

’10 near a military weapons testing area 

c) ‘95: Between a town and a nature park, 

‘00 and ’05: near railroad and an 

aerodrome  

a) b) 

c) 

G. Hristozova            XXVII ISINN, 12.06.2019                    



18 G. Hristozova            XXVII ISINN, 12.06.2019                    



19 G. Hristozova            XXVII ISINN, 12.06.2019                    

36403640  

12151215  

818818  

30203020  

795795  

43054305  

844,5844,5  
1037,51037,5  

6767  6767  6767  6767  6767  6767  6767  6767  

870870  870870  870870  870870  870870  870870  870870  870870  

RozhenRozhen  RilaRila  VitoshaVitosha  PersinaPersina  BulgarkaBulgarka  SrebarnaSrebarna  KamchiaKamchia  StrandzhaStrandzha  

Nature pakrs & reserves: Al [mg/kg], median valuesNature pakrs & reserves: Al [mg/kg], median values  



20 G. Hristozova            XXVII ISINN, 12.06.2019                    

36403640  

12151215  

818818  

30203020  

795795  

43054305  

844,5844,5  
1037,51037,5  

6767  6767  6767  6767  6767  6767  6767  6767  

870870  870870  870870  870870  870870  870870  870870  870870  

RozhenRozhen  RilaRila  VitoshaVitosha  PersinaPersina  BulgarkaBulgarka  SrebarnaSrebarna  KamchiaKamchia  StrandzhaStrandzha  

Nature pakrs & reserves: Al [mg/kg], median valuesNature pakrs & reserves: Al [mg/kg], median values  

Al/Fe scatterplotAl/Fe scatterplot  

Rozhen 



21 G. Hristozova            XXVII ISINN, 12.06.2019                    

00  
500500  

10001000  
15001500  
20002000  
25002500  
30003000  
35003500  
40004000  
45004500  

Fe Fe [mg/kg], median values[mg/kg], median values  

00  
0,20,2  
0,40,4  
0,60,6  
0,80,8  

11  
1,21,2  
1,41,4  
1,61,6  
1,81,8  

As As [mg/kg], median values[mg/kg], median values  

00  

22  

44  

66  

88  

1010  Ni Ni [mg/kg], median values[mg/kg], median values  

00  

11  

22  

33  

44  

55  

66  Cr Cr [mg/kg], median values[mg/kg], median values  

00  

22  

44  

66  

88  

1010  
V V [mg/kg], median values[mg/kg], median values  

00  

5050  

100100  

150150  

200200  Zn [mg/kg], median valuesZn [mg/kg], median values  

00  

0,20,2  

0,40,4  

0,60,6  

0,80,8  

11  Cd Cd [mg/kg], median values[mg/kg], median values  

00  
1010  
2020  
3030  
4040  
5050  
6060  
7070  
8080  PbPb  [mg/kg], median values[mg/kg], median values  

00  
55  

1010  
1515  
2020  
2525  
3030  
3535  Cu Cu [mg/kg], median values[mg/kg], median values  



22 G. Hristozova            XXVII ISINN, 12.06.2019                    

As, Cd, Pb 

none 

As, Cd, Cu, Pb 

Al, V, Cd, Pb  
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As 

Al, Cd, Cr, Fe, V, Ni  

none 

none 



23 

Between 1995 and 2010, for Bulgaria, there was an observation that, in 
general, concentrations of metals deposited from the atmosphere had 
steadily decreased by about 30%. The most recent survey data does not 
show continuation of that trend for all elements reported.  
 
However, the sampling networks were inconsistent through the 
20-year period of participation in the ICP Vegetation European moss 
survey. 
 
Based entirely on location criteria, the datasets from 1995 to 2015 were 
adjusted to exclude sites near known sources of pollution. Then, a grid 
of 30×30 km was used to further minimize the number of sampling sites. 
For each square of the grid, the concentrations of metals determined in 
multiple sampling sites were averaged (treated as if they were 
subsamples) or discarded (as if they had not been collected).  
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The resulting datasets were used to show trends which would have been 
reported for the ICP Vegetation programme, were the sampling 
networks consistent in time and designed to avoid known local sources 
of contamination. 
 
Non-parametic U-test was used to show that the difference in the medians 
obtained were not significant, except for the element Zn. Therefore, the 
sampling design alone was not a factor contributing to the east-west 
gradient for metals in Europe. Median values prove to be very robust, as 
they were “unaffected” by the aggressive removal of outliers. 
 
Having in mind the financial and time constraints, and the difficulty of 
finding living plants from appropriate species, this overview and attempt at 
optimization based on location criteria should be taken into consideration 
for the 2020/21 moss survey in Bulgaria.   
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