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Table S1. Levels (mean SD) of the selected chemical elements in bee pollen compared to the available literature data. 

Element Matuszewska et al. (2021)  
- current study 

Temizer et al.  
(2018) [39] 

Altunatmaz et al.  
(2017) [40] 

Formicki et al.  
(2013) [41] 

 
 (2015) [42] 

Somerville and Nikol  
(2002) [43] 

Liolios et al.  
(2019) [44] 

Al  57.79  - -  - - 

As  7.03   - - - - 

Ba  - - -  - - 

Ca  - - -    

Cd  -    - - 

Co  - - -  - - 

Cr  0.37   -  - - 

Cu  4.95   -    

Fe  71.84       

K  - - -    

Mg  - -     

Mn  19.59   -    

Mo  0.22  - - - - - 

Na  - - -    

Ni  0.65     - - 

P  - - - -   

Pb  0.34    - - - 

S  - - - -  - 

Se  -  - - - - 

Si  -   - - - 

Zn  17.78      - 

 

 

 

 



Table S2. Levels (mean SD) of the selected chemical elements in propolis compared to the available literature data. 

Element Matuszewska et al. (2021)  
- current study 

Formicki et al.  
(2013) [41] 

Roman et al.  
(2011) [45] 

Finger 
et al. (2014) [46] 

Hodel 
et al. (2020) [47] 

 
and Bermejo (2012) [48] 

Popov 
et al. (2017) [49] 

Ag  - - - - 0.058 0.007 - 

Al  - - 680.00 610.00 - 460.00 62.20 - 

As  - 0.657 0.38 - 2.736 3.79 0.09 0.02 - 

Ca  - - 1,660.00 1070.00 - 3,443.00 1,672.00 - 

Cd  28.24  0.19 0.18 0.13 0.17 0.03* 0.07 0.02 0.02 0.01 

Co  - - - - 0.29 0.26 - 

Cr  - - 5.53 3.53 - 1.42 0.72 0.03 0.013 

Cu  - 6.95  - 4.15 2.85 3.45 0.68 0.023 0.005 

Fe  0.55 0.26 - - - 572.00 303.00 - 

K  - - 7,590.00 870.00 1,774.21 1,996.38 2,227.00 779.00 - 

Mg  362.13  - 1,270.00 640.00 - 814.00 318.00 - 

Mn  - - 80.00 60.00 - 15.30 7.16 - 

Na  - - 580.00 400.00 - 159.00 32.60 - 

Ni  4.92 2.60 - - - 1.99 1.07 - 

P  - - - - 404.00 157.00 - 

Pb  1.68 0.75 5.74 4.49 9.85 24.45 0.30 0.25 1.47 1.12 0.04 0.005 

S  - - - - 671.00 236.00 - 

Se  - - - 0.33 0.10 0.08 0.01 - 

Si  - - - - 694.00 104.00 - 

Zn  39.84 19.02 48.08 22.43 20.00 10.00 - 779.00 376.00 0.03 0.006 
* result from only one sample 

  



Table S3. Performance characteristics of the analytical method used. 

Analyte Working range of 
the method 

Detection 
limit 

Quantification 
limit 

Precision 
determined 

using 
unfortified 

samples 
(%RSD) 

Precision 
determined 

using 
fortified 
samples 
(%RSD) 

Recover
y (%) 

Ag 0.20   
0.020  4.0 mg/kg 

 
0.0047 mg/kg 

 
0.016 mg/kg ND 3.4 102-105 

Al 1.0   
0.10  20 mg/kg 

 
0.006 mg/kg 

 
0.018 mg/kg 17 1.5 83-112 

As 0.20   
0.020  4.0 mg/kg 

 
0.0085 mg/kg 

 
0.028 mg/kg 26 5.2 103-118 

Ba 2.0   
0.20  40 mg/kg 

 
0.084 mg/kg 

 
0.28 mg/kg 39 2.5 101-110 

Cd 0.10   
0.010  2.0 mg/kg 

 
0.002 mg/kg 

 
0.007 mg/kg 12 9.7 102-109 

Co 0.10   
0.010  2.0 mg/kg 

 
0.0015 mg/kg 

 
0.0049 mg/kg 32 4.1 103-112 

Cr  0.20   
0.020  4.0 mg/kg 

 
0.003 mg/kg 

 
0.01 mg/kg 24 2.4 106-113 

Cu 1.0   
0.10  20 mg/kg 

 
0.0078 mg/kg 

 
0.026 mg/kg 22 2.5 102-113 

Mn 2.0   
0.20  40 mg/kg 

 
0.04 mg/kg 

 
0.13 mg/kg 19 5.5 94-108 

Ni 0.20   
0.020  4.0 mg/kg 

 
0.0083 mg/kg 

 
0.028 mg/kg 23 4.6 102-109 

Pb  0.20   
0.020  4.0 mg/kg 

 
0.001 mg/kg 

 
0.003 mg/kg 25 1.0 100-104 

Se 0.20   
0.020  4.0 mg/kg 

 
0.017 mg/kg 

 
0.056 mg/kg ND 12 106-138 

V 0.20   
0.020  4.0 mg/kg 

 
0.005 mg/kg 

 
0.017 mg/kg 22 5.2 104-111 

Zn 1.0   
0.10  20 mg/kg 

 
0.054 mg/kg 

 
0.18 mg/kg 38 2.3 77-162 

<QL  below quantification limit 

  

 



 
Figure S1. Bar chart visualizing Ca levels (mean SD) measured in bee pollen in our study and by other 

researchers [42-44]. 

 

 

 

Figure S2. Bar chart visualizing Cu levels (mean SD) measured in bee pollen in our study and by other 
researchers [39,40,42-44]. 



 

Figure S3. Bar chart visualizing Cr levels (mean SD) measured in bee pollen in our study and by other 
researchers [39,40,42]. 

 

 

 

Figure S4. Bar chart visualizing Fe levels (mean SD) measured in bee pollen in our study and by other 
researchers [39-44]. 



 

Figure S5. Bar chart visualizing K levels (mean SD) measured in bee pollen in our study and by other 
researchers [42-44]. 

 

 

 

Figure S6 Bar chart visualizing Mg levels (mean SD) measured in bee pollen in our study and by other 
researchers [41-44]. 

 



 

Figure S7. Bar chart visualizing Mn levels (mean SD) measured in bee pollen in our study and by other 
researchers [39,40,42-44]. 

 

 

 

Figure S8. Bar chart visualizing Na levels (mean SD) measured in bee pollen in our study and by other 
researchers [42-44]. 

 



 

Figure S9. Bar chart visualizing Ni levels (mean SD) measured in bee pollen in our study and by other 
researchers [39-42]. 

 

 

Figure S10. Bar chart visualizing Pb levels (mean SD) measured in bee pollen in our study and by other 
researchers [39-41]. 

 



 

Figure S11. Bar chart visualizing Zn levels (mean SD) measured in bee pollen in our study and by other 
researchers [39-43]. 

  



 

Figure S12. Bar chart visualizing As levels (mean SD) measured in propolis in our study and by other 
researchers [45,47,48]. 

 

 

Figure S13. Bar chart visualizing Cr levels (mean SD) measured in propolis in our study and by other 
researchers [46,48,49]. 

 



 

Figure S14. Bar chart visualizing Cu levels (mean SD) measured in propolis in our study and by other 
researchers [45,47-49]. 

 

Figure S15. Bar chart visualizing K levels (mean SD) measured in propolis in our study and by other 
researchers [46-48]. 

 



 

Figure S16. Bar chart visualizing Mg levels (mean SD) measured in propolis in our study and by other 
researchers [41,46,48]. 

 

Figure S17. Bar chart visualizing Pb levels (mean SD) measured in propolis in our study and by other 
researchers [41,45-49]. 



 

Figure S17. Bar chart visualizing Zn levels (mean SD) measured in propolis in our study and by other 
researchers [41,45,46,48,49]. 
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