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10  Figure S1: Indexed EU-27 emission trends for HMs. Reworked from (EEA, 2025).
Table S1: Basic characteristic of selected stations.
Station name Station Station type Coordiantes Altitute [m] Category
abbreviation according EOI a.s.l.
Brno-Lisen BBN background/urban/res | 49° 12" 47.6" N 16° 340 BU
idental 40" 40.9"E
Bily Kiiz BKR background/rural/nat | 49° 30" 9.4" N 18° 890 BRM
32" 18.8" E
ural
Cervena hora CER background/rural/nat | 49° 46" 37.7" N 17° 749 BRL
ural 32" 31.0"E




Churanov CHU background/rural/nat | 49° 4° 6.4" N 13° 1118 BRM
ural 36"53.3"E

Jizerka nz background/rural/nat | 50°49" 11.8" N 15° 830 BRM
ural 20" 40.2" E

Kladno- SKL background/urban/res | 50° 10" 2.7" N 14° 219 BU

Svermov idental, industrial 6"21.7"E

Kosetice KOS background/rural/nat | 49° 34" 24.2" N 15° 535 BRL
ural, agricultural 4"49.0"E

Kucharovice KUCH background/rural/agri | 48° 52" 52.9" N 16° 334 BRL
cultural 5"89"E

Lom LOM background/rural/ 50° 35" 8.8" N 13° 265 BRL
industrial 40" 243" E

Ostrava-Poruba | OPR background/sub- 49°49" 31.1" N 18° 242 BS
urban/residental 9"334"E

Ostrava-Ptivoz | POP industrial/urban/ 49° 51" 22.5" N 18° 207 I
industrial 16" 11.1"E

Pardubice Dukla | EPA background/urban/res | 50° 1° 26.5" N 15° 239 BU
idental 45" 48.8"E

Plzen-Slovany PLL dopravni/urban/ 49° 43" 56.8" N 13° 340 T
commercial 24" 83"E

Praha 4-Libus LIB background/sub- 50° 0" 26.3" N 14° 301 BS
urban/residental 26"454"E

Svratouch ESV background/rural/nat | 49° 44" 6.3" N 16° 735 BRL
ural 2"3.1"E

Usti nL.- | ULK background/sub- 50° 41" 0.7" N 14° 367 BS

Kockov urban/residental; 2"283"E

natural
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Figure S2: HMDN and HMOR concentration overview at all station type, 2010-2021. Colours representing particular station type.
Background Rural Lowland stations - BRL green, Background Rural Mountain stations - BRM are coloured lightblue, Background
Suburban stations — BS orange, Background Urban stations - BU red, Industrial station I — yellow and Traffic station — T black.
The violet background indicates HMDN concentration, and the white background indicates HMOR concentration. The Y-axis does

not reach the maximum values.
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Table S2: Correlation coefficient (Rs) of Aspn concentrations. The Rs values > 0.7 are highlighted in blue.

type BRL | BRL | BRL BRL BRL | BRM | BRM | BRM | BS BS |BS BU |BU |BU |[I T

station | CER | KOS | KUCH | LOM ESV | BKR | CHU | JiZ OPO | LIB |ULK | BBN | SKL | EPA | OPR | PLL
BRL |CER 0.54[0.60 |0.41 [0.56|0.66 [0.38 [0.39 [0.67[0.47[0.36 [0.64 [0.38]0.53[0.43]0.44
BRL | KOS 069 (054 [0.61][037 [0.60 [0.48 [0.45 0.55[0.60 | 0.55]0.63]0.35]0.64
BRL |KUCH |0.60 043 [0.64]0.41 [0.44 [0.33 [0.46 0.35 0.40[0.63]0.360.48
BRL |LOM |0.41 0.3810.30 [0.42 [0.48 [0.47 0.66 W-
BRL |ESV |0.560.61]0.64 0.43 [0.35 [0.40 [0.460.47]0.33]0.65 [0.35]0.65]0.39]0.41
BRM |BKR |0.66/0.37[0.41 [0.30 0.26 |0.32 [0.60[0.31]0.220.51[0.28]0.66]0.20]0.31
BRM |CHU |0.38(0.60[0.44 [042 [035 040 [0.23]0.52]0.42[0.41[0.34]0.40[0.22]0.53
BRM |Jiz |0.39]048[033 [048 [0.40[0.32 0.27]0.45[0.58 [0.33[0.36[0.44[0.300.44
BS |oPo |0.67/0.45]046 [047 [0.46]0.60 [0.23 0.50]0.36 [ 0.48 [0.54]0.40 0.47
BS |LIB |047 0471031 [0.52 [0.45 0.64 0.54]0.17
BS |ULK |0.36 0.33]0.22 [0.42 058 0.38]0.36]0.61
BU |BBN |0.64 0.65]0.51 [0.41 |0.33 0.59]0.39]0.40




BU |SKL [0.38/0.55|0.40 0.35]0.28 | 0.34 |0.36 |0.54 0.59 | 0.32 [N 0.41 | 0.32
BU |EPA |0.53/0.630.63 M%s 0.66 [0.40 [ 0.44 [0.40 [0.54|0.38 [0.59 [ 0.41 I
I OPR |0.61[0.35[0.36 [0.49 [0.39/0.20 [0.22 [0.30 0.170.36 [0.39 [ 0.32 | 0.39 [ENN 0.46
T PLL | 0.44[0.64|0.48 Ho.m 0.31 [0.53 [0.44 [0.47 0.61[0.40 0.48 | 0.46 JEHO
Table S3: Correlation coefficient (Rs) of Cdpn concentrations. The Rs values > 0.7 are highlighted in blue.

type BRL | BRL |BRL |BRL |BRL|BRM |BRM |BRM |BS (BS |BS |(BU |BU [BU |I T

station | CER | KOS | KUCH | LOM | ESV | BKR | CHU | JIZ OPO |LIB | ULK [ BBN | SKL | EPA | OPR | PLL
BRL | CER 0.57]0.65 [0.50 [0.64[0.66 |0.45 [0.25 [0.69 [0.49 0.55
BRL | KOS 0.44 [0.66 [0.33 [0.54
BRL |KUCH 0.61 0.52 [0.51 [0.18 [0.56
BRL |LOM 0.6210.37 [0.55 [0.41 [0.45
BRL |ESV |0.64 0.49 [0.53 [0.40 0.55
BRM | BKR | 0.66 0.36 [0.15 [0.580.36[0.38 [ 0.59 | 0.27[0.44 | 0.60 | 0.35
BRM | CHU [0.45]0.66[0.51 [0.55[0.53]0.36 0.30 [0.37 10.62[0.60 [0.49 [0.52]0.54[0.42]0.63
BRM |JIz [0.25]0.33]0.18 |[0.41 [0.40[0.15 0.23 0.42
BS |OPO [0.69[0.54[0.56 |0.45 |0.55|0.58 0.44
BS |LIB |0.49 0.610.36 {0.62 0.50
BS |ULK |0.54 0.640.38 [0.60 [0.37 [0.49
BU |BBN 0.68 0.56 0.59 [0.49 [0.23 0.630.58 1.00‘ 0.63]0.53
BU |[SKL |0.40[0.65 0.27 0.52 10.39 [0.51 0.66 1.00
BU |EPA |0.55 0.44 [0.54 [0.34 [0.53 0.67 0.65 I 0.55 | 0.67
I OPR |0.66 0.60 [0.42 [0.29 0.63 [0.49]0.55
T |[PLL |0.44 0.35 [0.63 [0.42 0.67| 0.46 JEHQ

25 Table S4: Correlation coefficient (Rs) of Nipn concentrations. The Rs values > 0.7 are highlighted in blue.

type BRL |BRL |BRL BRL |BRL |BRM | BRM | BRM | BS BS |BS BU |BU |BU |I T

station | CER | KOS | KUCH | LOM |ESV |BKR |CHU |JIZ |OPO |LIB | ULK | BBN | SKL | EPA | OPR | PLL
BRL | CER 041034 (036 |0.54|0.30 {0.40 [0.44 |0.33 |0.31/0.45 |0.27 |0.40 |0.31 |0.25 |0.29
BRL | KOS 049 1044 |0.43(0.29 |0.47 |0.44 |0.31 |0.48|0.47 [0.45 |0.47 | 0.49 |0.28 | 0.47
BRL |KUCH | 0.41 0.40 |0.45|0.38 [0.35 |0.35|0.31 {0.36]0.35 |0.51 [0.29 |0.46 |0.22 | 0.38
BRL |[LOM |0.34 |0.44 0.40 {0.29 |0.44 |0.53 |{0.25 [0.47]0.52 |0.41 {0.49|0.45(0.25 | 0.56
BRL |ESV [0.36 |0.43 0.37 {0.37 {0.44 |0.33 |0.38]0.36 [0.45 |0.35|0.53|0.30 |0.36




BRM |BKR [0.54 {0.29 [0.38 |0.29 |0.37
BRM |CHU |0.30 {0.47 |0.35 |0.44 [0.37]0.26
BRM |JIZ 0.40 ({044 1035 [0.53 |0.44 |0.33 |0.39
BS |0oPO |0.44|0.31 |0.31 0.25 [0.330.44 |0.24 |0.30
BS |LIB |033(048 036 |0.47 [0.38]0.28 [0.44 |0.44 |0.29
BS |ULK |0.31(047 {035 |0.52 [0.36|0.24 |0.43 |0.48 |0.28 |0.49
BU |BBN |[0.45]0.45 |0.51 041 (045|044 |(0.31 |0.35]0.37 |{0.37{0.36
BU |SKL |0.27 (047 {029 |0.49 [0.35|0.26 |0.44 |0.35|0.27 {0.51]0.47 |0.33
BU |EPA |0.40 (049 |046 |0.45 [0.53]0.41 [0.39 |0.51 |0.34 {0.48]0.44 |0.48 | 0.42
I OPR [0.31(0.28 {0.22 |0.25 |0.30|{0.31 |0.29 |0.32 |{0.53 |0.25]0.29 |0.33 [0.28
T PLL |0.25]047 {038 [0.56 [0.36 |0.28 [0.50 [0.47 [0.26 |0.50|0.49 [0.40 |0.50

0.33 10.44 {0.28]0.24 |0.44 |0.26 |0.41 [0.31 [0.28
0.24 10.44]0.43 {0.31 |0.44 10.39|0.29 |0.50
0.30 {0.44|0.48 |0.35 {0.35|0.510.32 |0.47
0.2910.28 {0.37 {0.27 | 0.34 | 0.53 | 0.26
0.49 {0.37 |0.51 |0.48 {0.25 | 0.50
0.36 {0.470.44 10.29 | 0.49
0.3310.48 |10.33 {0.40
0.28 | 0.50

Table S5: Correlation coefficient (Rs) of Pbon concentrations. The Rs values > 0.7 are highlighted in blue.

type BRL | BRL |BRL |BRL |BRL |BRM |BRM |BRM |BS (BS |BS |(BU |BU [(BU |I T

station | CER | KOS | KUCH | LOM | ESV | BKR | CHU | JIZ OPO |LIB |ULK | BBN | SKL | EPA | OPR | PLL
BRL |CER 0.590.66 [0.46 [0.67]0.68 [0.43 [0.53 [0.68 |0.46 0.39 0.58]0.61]0.45
BRL |KOS m 0.43 [0.67 |0.60 |0.52 0.64 0.49]0.67
BRL |KUCH |O. 1.00 K 0.51 |0.47 [0.49 [0.55 0.48 0.48]0.56
BRL |LOM |0.46 WI.OO 0.33 0.57 [0.68 [0.39 0690.44-
BRL |ESV |0.67 ml.oo 0.49 [0.54 [0.66 |0.54 0.54 0.56 [ 0.58
BRM |BKR |0.68 0.35 1037 [0.58]0.36]0.36 | 0.57 [ 0.27]0.45 | 0.53 | 0.36

BRM |[CHU [0.43]0.67|0.47 |0.57 |0.54
BRM |JIZ 0.53/0.60{0.49 |0.68 |0.66|0.37
BS |OPO [0.68]|0.52|0.55 |0.39 |0.54|0.58 |0.32

0.32]0.63]0.62 |0.46 [ 0.55(0.54|0.37 | 0.66
0.42{0.56|0.69 | 0.53 {0.59(0.65|0.46 | 0.58
0.4210.46 | 0.60 [ 0.46 | 0.52

BS |LIB 0.36 [0.63 [0.56 |0.42
BS |ULK 0.36 |0.62 [0.69 [0.46 I 0.56 | 0.68]0.68

BU |BBN 0.57 [0.46 |0.53 0.600.56 1.00 .

BU |SKL |0.39]0.64 069 027 0.55 [0.59 [0.46 0.68 1.00

BU |EPA [0.58 068 0.45 [0.54 [0.65 [0.52]0.68]0.68 0.63 0N 0.54 | 0.67

0.53 |0.37 {0.46
0.36 | 0.66 | 0.58

0.59 [ 0.49 | 0.54 RN 0.44
0.670.44 ¥l

I OPR |0.61

T PLL |0.45




30 Table S6: Correlation coefficient (Rs) of HMb~ concentrations at BRL stations.
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Table S7: Correlation coefficient (Rs) of HMb~ concentrations at BRM stations.

BKR_As|BKR_Cd|BKR_ Ni[BKR_Pb|CHU As|CHU_Cd|CHU_Ni|CHU_PbJIZ_As|lIZ_Cd|lIZ NilJIZ_Pb

BKR_As|l 0.7 052 (0.7
BKR_Cd|0.7 1 062 (0,93
BKR Ni[0.51 (059 |1 0.61

BKR_Pb|0.7 0.93 0.62 1

CHU_As 1 0.81 0.45 0.82
CHU_Cd| 0.81 1 0.55 0.9
CHU_Ni 0.41 0.52 1 0.57
CHU_Pb 0.82 0.9 0.6 1
JIZ_As 1 0.59 10.57 (0.85
JIZ_Cd 0.59 |1 0.4 ]0.62
JIZ_Ni 0.54 |04 1 0.59
JIZ_Pb 0.85 [0.62 ]0.63 |1

Table S8: Correlation coefficient (Rs) of HMb~ concentrations at BS stations.

OPO_As|OPO_CdlOPO_NilOPO Pb|LIB_As|LIB_Cd|LIB NilLIB_PblULK_As|{ULK_Cd|ULK_Ni[ULK_Pb

OPO_As|1 0.67 0.59 0.7
OPO_Cd|0.67 1 0.6 0.9
OPO_Ni [0.59 0.6 1 0.64

OPO_Pb (0.7 0.9 0.64 1

LIB_As 1 0.78 [0.46 |0.72

LIB_Cd 0.78 |1 0.55 10.87

LIB_Ni 0.46 [0.55 1 0.63

LIB_Pb 0.72 10.87 [0.63 |1

ULK_As 1 0.74 0.43 0.78
ULK_Cd 0.74 1 0.57 0.9
ULK_Ni 0.43 0.57 1 0.61
ULK_Pb 0.78 0.9 0.61 1

Table S9: Correlation coefficient (Rs) of HMDN concentrations at BU, I and T stations.

BBN |BBN_|BBN |BBN |SKL |SKL |SKL |SKL |EPA_ | EPA_ | EPA |EPA |OPR | OPR_| OPR | OPR |PLL |PLL |PLL | PPL_
As |cd | Ni | Pb |As |cd | Ni | Pb |As |cd | Ni | Pb | As |cd | Ni | Pb |As |cd | Ni |Pb
BBN_
As 1 076 | 054 |0.79
BBN_
cd 076 |1 0.59 |0.93




BBN_

BBN_
Pb 079 [093 o062 |1
SKL_
As 1 081 |032 |0.75
SKL_
cd 081 |1 049 |0.88
SKL_
Ni 032 [049 |1 0.55
SKL_
Pb 075 |088 |0.55 |1
EPA_
As 1 072 |06 [0.76
EPA_
cd 072 |1 0.63 |0.92
EPA_
Ni 06 [063 |1 0.65
EPA_
Pb 076 092 |065 |1
OPR_
As 1 067 |0.73 |0.74
OPR_
cd 067 |1 0.52 |0.88
OPR_

OPR_
Pb 074 |0388 |062 |1
PLL_
As 1 074 036 |0.72
PLL_
cd 074 |1 046 |0.72
PLL_
Ni 036 |046 |1 0.48
PLL_
Pb 072 (072 |048 |1

40 Table S10: The results of long-term trend analyses of HMp~x and HM concentrations for the individual stations.The overall trend is
mentioned as a percentage increase/decrease per year, and the 95% confidence intervals in the slope are listed in [ | %/year.

Significance level: p <0.001 = * x *, p <0.01 = %, p< 0.05 =% and p < 0.1 = +.

‘ As %/year ‘ Cd %/year | Pb %/year | Ni %/year

BRL

KOSpn | —4.42[5.53, —2.63] *** | —4.87 [-5.91, —3.75] *** | —4.57 [-5.68, —3.43] *** |-3.33[-34.92, -1.67] ***




~5.44 [6.62, —4]

KOS | -4.92[-5.95,-3.42] *** | =5.12 [6.75, —3.5] *** | #xx ~3.75[~4.94, —2.06] ***

BKUpx | —4.00 [-5.21, —2.81] *** | ~4.72 [-6.1, ~3.34] *** | -4.85[-5.95, -3.61] *** |-2.67[-3.99, —0.34] *

BKU | -5.05[-6.11, -3.5] *** | -5.72[-7.06, —3.84] *** |-5.86[6.97, —4.68] *** |-3.15[-4.4,-1.16] **
~1.89 [4.12, 1.2] ~1.81[-3, 0.02]

LOMpx ~4.43[-5.52, ~3.13] *** | -5.14[6.01, ~3.93] *** | *

LOM | —2.16[-3.99, —0.11]* |-5.37[-6.68, —3.68] *** |-5.44[-6.62, —4.00] *** |-2.04[-3.12, -0.41] **

ESVon | —0.88 [2.97, 1.66] ~3.97 [-5.10, —2.43] *** | -4.01 [-4.95, —2.58] *** | -0.99[-3.31, 12.3]

ESV | -3.23[4.83,-1.19] *** | -5.33 [6.79, —3.87] *** |-5.22[6.49, ~4.00] *** |-1.73 [-3.43,0.58]

CERpy | —4.76 [-5.73, —3.62] *** | —5.88 [<6.79, —4.53] *** | —4.83 [-5.75, —3.83] *** [-3.5[-4.82, -1.53] ***

CER | -5.34[6.37,—4.43] *** | -6.52 [7.11, =5.54] *** | -5.78 [-6.51, ~4.86] *** |-3.95[-5.15, —2.35] ***

BRM

BKRpxn | —7.41 [~7.86, —6.97] *** | =5.84 [-6.42 —5.16] *** | -5.17[-5.94, —4.48] *** | -3.15[-4.48, —1.06]**

BKR | -7.61[8.34, —6.81]*** | ~6.48 [7.19, 5.7 *** | -6.12[6.87, =5.31] *** | -4.00 [-4.91, -2.1] ***

3395, -1.49] **

CHUpy | —4.59 [-5.59, —3.39] *** | -5.58 [7.13, ~4.46] *** | —4.93 [6.13, —3.75] ***

CHU | -5.94[-7.07, —4.51] *** | —6.35[-8.17, ~4.57] *** | -6.00 [6.82, —4.81] *** |-4.27[-5.52, -2.31] ***

NZpn | —3.20 [4.58, —1.62] *** | ~7.3[-8.15,~5.91] *** | -5.23 [-6.00, ~4.14J] *** | -3.42 [-4.74, —1.74]***

hiv4 —4.27[-5.31, —2.89] *** | —8.07 [-9.54, —6.68] *** | —5.60 [~652, —4.68] *** | -4.17[-5.41, —2.64] ***

BS

ULKpy | —3.98 [-5.68, —2.32] *** | -5.67 [-6.7, —4.79] *** | —5.36 [~6.38, —4.33] *** [-3.45 [-4.71, —1.49] **

ULK | —3.96 [-5.35, ~2.14] *** | —6.04 [~7.04, —4.87] *** | -5.32 [-6.22, —4.25] *** |-3.47[-4.55, —2] ***

LIBpy | —5.07 [6.72, =3.25] *** | =5.66 [6.55, ~4.67] *** |6 [-6.72, ~4.96] *** ~3.42 [4.53, —2.1] ***

LIB ~4.9[-6.61, 3211 *** | —6.22 [-7.59, —482] *** | -6.53 [-7.22, —5.49] *** |-3.65[-4.76, —2.31] ***

OPOpy | —3.03 [4.68, —1.34] *** | =5.91 [6.86, ~4.65] *** | -5.31[6.31, ~4.32] *** |-0.47[2.57,2.41]

OPO | -3.61[-5.31,—1.89] *** | —6.04 [-7.19, —4.98] *** | -5.81 [~7.05, —5.04] *** |-2.05[-3.74, -0.05] *

BU

BBNpn | —4.33 [-5.36, —3.22] *** | -5.5[6.35, ~4.21] *** | -5.07 [-5.85, ~4.25] *** | -4.64 [-5.42, ~3.71] ***

BBN | -4.79 [-5.82, -3.75] *** | —5.83 [-7.03, ~4.58] *** | -5.67[6.38, —4.53] *** | -4.94 [-5.71, —3.76]r ***

EPApy | —1.72[-3.12,-0.04] * | -4.99[-6.1,~3.89] *** | -4.97[6.12, -3.68] *** |-3.33 [4.56, ~1.78] ***

EPA | -3.62[-4.82,—1.94] *** | -5.84 [-6.92, ~4.24] *** |-5.88[-7.1, ~4.46] *** | -4.01[-5.19, —2.77] ***

SKLpn | —4.69 [6.73, —1.94] *** | =528 [-6.4, —4.06] *** | —6.51 [-7.21, =5.21] *** | -3.45 [-4.57, ~2.14] ***

SKL | -5.03 [~7.54, —2.84] *** | —5.63 [~6.67, —3.99] *** | —6.85 [-7.64, =5.8] *** | -4.28[~5.23, ~3.03] ***

I

OPRyy | 373 [487,72.63] ¥ [-5.73 [-6.60, ~4.73] *** [-4.95 [-5.82, ~4.01] *** [0.74[~1.68, 4.14]

OPR | —441[5.66 —3.42] *** | =6.19 [-7.44,-5.26] *** |-5.85[6.54,5.09] *** |0.23[-1.8,3.31]

T
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PLLpn

—4.54 [-6.31, —2.54] ***

~5.36 [6.89, —4.08] ***

~5.86 [<6.77, —5.5] ***

~5.02 [-5.92, —3.97] ***

PLL

—5.09 [-6.41, —3] ***

—6.04 [-7.16, —4.72] ***

—6.52 [7.34, —5.49] ***

—4.81 [5.84, —3.78] ***

Table S11: The maximal and minimal percentage difference between HM OR-DN yearly average concentration.

Station
HM type BRL BRM BS BU I T
max 36 51 44 41 46 44
As OR—DN [%] min 12 19 10 20 7 9
max 36 47 40 44 39 52
Cd OR-DN [%] min 13 21 11 8 8 20
max 39 49 46 40 47 50
Ni OR-DN [%] min 23 20 20 20 18 27
max 35 43 39 43 46 50
Pb OR-DN [%] min 13 19 18 9 15 8
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Figure S3: Dispersion conditions evaluated by ventilation coefficient value according to method CHMI (2026) at individual stations
50  2011-2021.
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