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16% SiO2, 2% Al2O3 -3%. 

- s, 
Pb, Zn, Cd, Ni, Hg, Sb, Se, Bi, Te, Ag, Au, Pt, Pd, Rh, Cr, Mn, Mo, Ge, Ga, Ba, Be, Tl, Ti, B 

- -

-1% [11].

2, NOx, CO, CO2

-700 t SO2 -
[12].

Sb [13].
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[11].

flash-smelting [14], 

SO2, PM 

,  

*.

SO2) -

2016 - 2020 As
PM10

[15].
*https://www.kolektiv.co.rs/media/kolektiv/2289.pdf
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3.

, km2 856

, % 47.9

/ , ha 41000

13

, km2 61.1

.) 50159

km2 2011) 58.4

2003.) 15935

12

19

4. [3].

a
2011 2002 -

2011-2002
2002 = 100

146 813 123 848 146 551 -22 703 84,5 47 635 68 796

50 159 48 155 55 817 -7 662 86,3 16 764 22 439

27 227 20 635 23 613 -2 978 87,4 8 427 12 946

19 748 18 179 23 703 -5 524 76,7 7 357 10 207

49 679 36 879 43 418 -6 539 84,9 15 087 23 204

5. [3].

5, 7, 9)

1 689 330 1 551 268 108 021 529 738 748 731

50 159 48 155 1 030 16 764 22 439
34 710 33 328 731 14 500 14 500
2 726 2 640 51 934 2 382

590 570 20 162 231
945 896 - 309 477
753 747 6 228 305

3 350 3 277 25 1 005 1 537
1 058 1 056 - 392 561

545 512 17 157 220
1 151 1 104 26 342 608
613 583 29 172 237
916 886 29 308 485
326 318 8 120 149

97 30 34 29 33
1 676 1 542 38 486 714

703 666 16 - -
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3.

3.1. 

3.1.1. 

2

SOx)
, 

-

: -

-

-
-

-

, ,
- 1144 µg/m3, ,

, .

- -
-

- µg/m3

. 
- 100 µg/m3

: -

-

, . -

.
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12-14 6-10, -
-2020. .

T 1. 
, 75/2010 ), 

µg/m3  [21]

+

-

(SO2)

350 24 350 1.1.2016 - -

125 3 125 1.1.2016 50 75

50 - 50 1.1.2016 - -

-

(SO2)
20 - - - 8 12

12. 2 (µg/m3 -
- - - - BR, 

- -
- ADLV) [ 4 -

, 7 - ]

TF  
SO2

TF  
ADLV

TP  
SO2

TP  
ADLV

IN 
SO2

IN  
ADLV

JP  
SO2

JP  
ADLV

BR  
SO2

BR  
ADLV

SL  
SO2

SL  
ADLV

2010 174.0 111 72.0 65 101.6 71 101.0 41

2011 285.1 156 193.4 162 78.9 77 356.8 136 71.5 65

2012 228.7 159 224.0 144 89.0 89 320.3 198 125.0 115

2013 161.6 129 226.8 172 85 73 204.2 194 93.1 95 58.3 20

2014 342.0 312 321.0 245 129.0 178 281.0 245 123.0 133 142 165

2015 92.2 94 145 139 145.8 171 262.9 214 93.3 94 154 112

LV 50 3 50 3 50 3 50 3 50 3 50 3

TF  
SO2

TF  
ADLV

TP  
SO2

TP  
ADLV

IN 
SO2

IN  
ADLV

JP  
SO2

JP  
ADLV

BR  
SO2

BR  
ADLV

SL  
SO2

SL  
ADLV

2016 56.3 15 42.0 21 33.0 5 138.4 105 17 0 44.5 10

2017 48.3 12 43.0 21 25.0 3 141.3 93 18 1 17 1

2018 55.1 9 47.0 13 20.0 0 108.5 77 19 1 22.4 0

2019 68.8 47 55.0 41 28.0 8 158.6 139 34.0 11

2020 71.4 60 74.0 58 31.0 10 188.9 162 32.0 17 45.3 0

LV 50 3 50 3 50 3 50 3 50 3 50 3
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T 3. SO2 (µg/m3) 2020 [4]

. SO2 (µg/m3) ,
20. [7] ( )
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8. SO2 (µg/m3) 
2 [7]

)

9. SO2 (µg/m3) 
2 [7]

)
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10. SO2 (µg/m3) 
2 [7] ( )

11. SO2 ,
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T 4. SO2 (µg/m3) 
, 202 [7]

1** 2* 3* 4**

50 50 50 50

72.0 70.1 30.0 188.9

7.0 1.6 2.1 7.0

741.0 885.3 473.5 1273.0

46.7 56.9 30.4 107.1

0.62 0.81 1.10 0.56

> 125 µg/m3 60 58 10 154

1** 44 0 54.30 22 05 2.00

2* 44 0 N 22 0 E

3* 44 0 22 0
4**. , 44 0 22 0 0

2-14

SO2 , 

12 2

- 12 ,
-2015), SO2

- µg/m3

(2016-2020),

2, (TF)
(TP) (JP) 

2. 

(TF), 2 73% 
- , 2

2010-
2 TP, IN, JP, BR SL

73%, 42%, 76 73 -
2 0-

2 
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-2021. 
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3.1.2. (PM10, PM2.5)

PM10, PM2.5

: 
,

.

. 

-1 m, 
6 

4 6 

:
- .

: SO4
2-, Cl- 2+ (As, Cd, Pb, Ni 

. 
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5 10 2.5,
2.5

,
.

T 5. 10 2.5

2.5

63/2013), µg/m3 [21]

/ X

-

(PM10)

1 50 35 50 1.1.2016. 25 35

40 - 40 1.1.2016. 20 28

(PM2.5)
25 - 25 1.1.2019. 12 17

(PM2.5)
20 - 20 1.1.2024. - -

1 50* - 1.1.2012. - -

50* - 1.1.2012. - -

-

(PM2.5)
25 - - 1.1.2019. 12 17

16. 10 (µg/m3

4- - - IN, - JP, - TF, 
- -  KR, - BR, -

- LV) [ - 7 -
]

PM10_ P PM10_IN PM10_JP PM10_TF PM10_SL PM10_KR PM10_ BR PM10_ OS

2014 22.6 38.4 31.0 31.4 28.9

2015 26.5 30.6 27.7 31.3 30.8

LV 40 40 40 40 40

PM10_ P PM10_IN PM10_JP PM10_TF PM10_SL PM10_KR PM10_ BR PM10_ OS

2016 31.7 32.2 31.2 42.9 45.1

2017 31.7 44.6 51.5 55.3 54.7

2018 40.2 39.9 44.1 58.9 58.2

2019 36 28.5 50.2 32.5 31.9

2020 33 38.2 39.9 27.2 34.3 31.8

LV 40 40 40 40 40 40 40 40
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6
PM10 , 4-

(2014-2020) 
PM10 [21]

-2015) 
PM10.

-
(2018) (2017)

PM10
, (2017-2019) (2016-

2018) (2016-2018)
.

, 
A , 2019 ,

PM10

PM10 PM2.5 .
. ,

PM10

PM10)
PM10 . 

10 -
. 

PM10, 

PM10, 

PM10 .

, ,
10

10 ,
g/m3.

10

g/m3 -
10

g/m3).
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12-17 10

12. PM10 [7] (
)

13. PM10   [7] (
)
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14. PM10   [7] (
, )

15. PM10   [7] (
)
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16. PM10   [7] (
)

17. PM10   [7] (
)

PM10
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, 3

18,
2020 ,

10, (50 g/m3), 
, 36`

2020. .

10 -
( ) 

10. 
90%. 18

10 

( - -
10

18. 10
3) 

2020. , [4]
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PM2.5

,
2 3, 2.5. 

0 3

2.5 

2.5

[4] 2.5

16. , 2.5 

2019-2020. .
16.

2.5.

16. . 2.5 (µg/m3) 
[4].

( - LV)

PM2.5

25- 50- 75-
3 3 3 3

2019 19 9.4 14.5 22.5 98

2020 17 7.9 12.7 19.8 96

LV 25

18. . 2.5
3) 

2020. [4]
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,

1 ,

,
g/m3. 

, 19
- ,

10 . 
, 

, : [4]. 
20

19. 

    
1*. 44 0 N 22 0 E
2* 44 0 22 0
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20. , 
, 20 [4]

g/m3.

(50 g/m3

g/m3).
g/m3 7.4 g/m3.

(50 g/m3),

-
[4],

( ) .
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3.1.3. (Pb), (As), (Cd) (Ni) 10

: , -
( ). 

, .

: . 
. 

( , 
), .

, , 
( ). 

( 2.5 m), 

. 
10 m.

: , , 
. , 

. , 
, IQ

. 
.

: , . 
, 98%. 

. 

.

:

: 90%
. , , 

( , 
). . 10% 

(
). 

( 2.5 m) . 
10 m, 

10 m.
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:
, .

: , 
. 

( , 
, ).

. 

. 70% 
10 m. 

. 30 % 
10 

.

17

.
1

T 17. , ,
, 

), ng/m3 [21]

-

(Pb)

1000 - 1000 1.1.2016 - -

500 - 500 1.1.2016 250 350

-

(As)
6 - - - 2.4 3.6

(Cd)
5 - - - 2 3

(Ni)
20 - - - 10 14
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21. 
10

1*. . 44 N 22 E
2* 44 0 22 0
3. , , 44 0 22 0 0
4. , 16, Bor 44 0 22 0
5. , , Bor 44 02 24.00 22 09 46.00
6. , , Bor 44 08 16.00 22 05 35.00
7. , Bor 44 0 22 0

, , Bor 44 06 08.00 22 16 03.00

PM10 , -2020

8 22 As PM10

, -
As

- ,
As PM10 -

As PM10 TP, IN, SL
016-

As PM10

2014-
As

As PM10

-

As PM10

2016-
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T 18. 10 (ng/m3 , -2020. 
- - - JP, - TF, -

SL, - KR, - BR - OS, - ) [
- 7 -

]

As_ P As_IN As_JP As_TF As_SL As_KR As_ BR As_ OS

2014 43.9 50.3 47.2 63.0 14.6

2015 48.1 22.8 109.7 66.1 50.2

6 6 6 6 6 6 6 6

As_ P As_IN As_JP As_TF As_SL As_KR As_ BR As_ OS

2016 70.3 49.9 157.4 67.3 92.6

2017 106.3 119.5 276.4 187.6 147.4

2018 116.0 369.2 376.9 61.7 220.1

2019 115.8 31.3 550.0 11.1

2020 77.0 40.4 277.0 8.0 51.8 23.2

6 6 6 6 6 6 6 6

22. 10 , - .

10

, [4].

.
9
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- - - 19 [4].
10

T 19. 10 (ng/m3

, . [4].

23. 10 , [4].

- ,
- -

3 - - 3 - -
3 - - [4]. 
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PM10.

Pb PM10 , -2020

0 PM10

-

T 20. Pb 10 (ng/m3 , -2020. 
- - - JP, - TF, - SL, 

- KR, - BR, - - LV)
[ - 7 -

]

Pb_ P Pb_IN Pb_JP Pb_TF Pb_SL Pb_KR Pb_ BR Pb_ OS

2014 537 356 412 611 115

2015 207 67 253 159 149

LV 500 500 500 500 500 500 500 500

Pb_ P Pb_IN Pb_JP Pb_TF Pb_SL Pb_KR Pb_ BR Pb_ OS

2016 129 84 541 155 204

2017 101 200 678 150 209

2018 110 199 360 94 115

2019 176 53 845 36 17

2020 215 236 1194 29 163 69

LV 500 500 500 500 500 500 500 500

24. Pb 10 , - .
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-
Pb PM10

- Pb PM10

-
-

Pb PM10 -
Pb PM10 (TP), 

(IN) ( )
- Pb PM10

-

Pb
Pb PM10 , -

2020.

- - - 21 [4].

T 21. 10 (ng/m3

,

PM10 ,
3 -

3,
3 [4].
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Cd PM10 , -2020

22 25 Cd PM10

, -

T 22. Cd 10 (ng/m3 , -2020. 
- - - - -

- - - OS, - ) [
- 7 -

]

Cd_ P Cd_IN Cd_JP Cd_TF Cd_SL Cd_KR Cd_ BR Cd_ OS

2014 8.5 8.2 9.4 10.5 2.5

2015 3.7 1.9 10.0 3.7 6.3

5 5 5 5 5 5 5 5

Cd_ P Cd_IN Cd_JP Cd_TF Cd_SL Cd_KR Cd_ BR Cd_ OS

2016 3.7 2.8 12.3 3.8 4.7

2017 3.1 4.4 18.5 4.4 5.0

2018 4.8 6.0 19.5 2.1 4.1

2019 10.6 2.7 44.9 1.0 0.8

2020 12.0 5.3 32.0 0.8 6.3 2.8

5 5 5 5 5 5 5 5

25. Cd 10 , - .

4-2020 ,
Cd PM10 , 

,
Cd PM10. 
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Cd PM10

Cd, -

- - - 23 [4].

T 23. Cd 10 (ng/m3

[4].

,
- ( 3) - (1 3)

m3 [4].
26 Cd 10

26. Cd 10 , [4].
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Ni PM10 , -2020

24 7 Ni PM10

, -

T 24. Ni 10 (ng/m3 , -2020. 
- - - - -

- - - OS, - ) [
- 7 -

]

]

Ni_ P Ni_IN Ni_JP Ni_TF Ni_SL Ni_KR Ni_ BR Ni_ OS

2014 4.0 4.0 3.0 4.0 4.0

2015 3.0 4.6 3.2 2.4 4.7

20 20 20 20 20 20 20 20

Ni_ P Ni_IN Ni_JP Ni_TF Ni_SL Ni_KR Ni_ BR Ni_ OS

2016 6.7 4.9 3.2 4.1 5.2

2017 8.0 12.5 16.6 5.7 12.9

2018 11.2 5.4 7.6 4.6 3.8

2019 14.8 4.5 9.3 4.7 6.9

2020 2.0 7.4 10.0 5.8 11.7 8.5

20 20 20 20 20 20 20 20

- ,
Ni PM10.  

27. Ni 10 , - .

Ni PM10 (TP), (IN), 
(JP), (TF) (SL)

57%, - Ni
PM10 -
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Ni PM10

Ni,
2016- .

- - - 25 [4].
28 Ni 10

T 25. Ni 10 (ng/m3

2020. [4].

28. Ni 10 , [4].
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3.1.4. -

-
.

-

26 29-31

-
.

T 26. 
,

µg/m3 [21]

-

-
(NO2)

150 18 150 1.1.2021 75 105

85 - 85 1.1.2012 - -

40 - 40 1.1.2021 26 32

-

(NOx)
30 - - - 19.5 24
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29. , t/ , 2020. 
[4]

30

NO2, (85 g/m3), 
, 19.

, 2020. . 
- 2020. 

NO2.

2

2

[4]. 2 2020.
.

-
,
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30. NO2
3) 

2020. [4]

31. - , 20. [4]
)
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3.1.5. -

: -
.

-
, . 

, - . -
, , 

, .

: 60% -
, 95

, 
.

27 32-33 -
, 

-
, .

T 27. -
, mg/m3

[21]

-

8 10 - 10 1.1.2016 5 7

5 - 5 1.1.2016 - -

3 - 3 1.1.2016 - -

2010. 
.

, 

.
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32. CO (mg/m
3
) 

CO , 2020. [4]

33. - 20. [4]
)
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3.1.6. 

: 
.

.

VOC N x),
VOC 

. N x

28
. 

T 28. 
,

µg/m3 [21]

-

120
25
3 1.1.2018 - -

-
2010-2012

2011. ( 3).
34 ,

., 3 
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34. , 1. [4]
)

3.1.7. 

: (5-10 ) 
-20000 ppm) 

. -3000 ppm) , 
, , , , .

, 
. 

, 
.

. 
.

( ). 
. 
.

: . 

, 
. 

.
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29
.

T 29. 
,

µg/m3 [21]

-

(C6H6)
5 - 5 1.1.2016. 2 3.5

. 
.

3.1.8. (a) - PAH

: PAH

: 
PAH

80-

.5 
PM2.5

.

30
.
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T 30. 
, 

ng/m3 [21]

(a)
(BaP)

1 - - 0.4 0.6

BaP

.

, BaP
10

BaP 10, , 32.

- - -
31 [4].

T 31. 10 [4]

31,

3 ,
, - -

/m3 [4].
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3.1.9. -

m

[21].

: m

: 
m

SOx NOx

SOx

NOx m, 

T 5. .

, µg/m3 [21]

-

450 mg/m2/

200 mg/m2/

. 
1

1 . 
498.9 mg/m2/ . 
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T 15. . mg/m2/ ) , 1-2020. 
[7].

( - , - - - O , -
UTM

-AMLV, -LV)

BO UTM BO AMLV IN UTM IN  AMLV

2011 280.0 1 248.8 112.4 244.0

2012 317.4 2 268.6 124.0 267.0 1

2013 409.5 4 371.5 3 118.0 246.0

2014 498.9 7 473.7 6 179.0 1 330.0 4

2015 366.2 3 312.7 3 110.7 206.0 1

LV 200 200 200 200

BO UTM BO AMLV IN UTM IN  AMLV

2016 256.4 2 202.4 1 91.7 153.3

2017 211.8 1 181.8 97.7 273.1

2018 199.5 1 150.7 101.1 142.0

2019 140.8 234.5 1 113.7 134.6 1

2020 145.7 145.9 170.3 155.8

LV 200 200 200 200

1- IN,

, -
IN

.
BO, N 9%, 45%, 11 4% -2020. 

1-

BO, N 76%, 83%, 100 83
2016-

1-2015.

0-
. . 

[4].
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. -2020. . [7]

T . mg/m2/ ) , [4].

,
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3.2. 

. 2004
.

.

, . 
-

35. 
( -

1 m/s) ). 

)
[54, 71-75].

35. SO2

)

-
2

.
(http://www.amskv.sepa.gov.rs/pregledpodatakazbirni.php.
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3.2.1.

3.2.1.1. -

-

- -

. 650 m ,

.
- , 

EoI [5] /

je (100-500 m). e
. 

01.05.2009

T 32. -

SO2

SO2 - 100E, 
Teledyne Advanced Pollution Instrumentation, 

: EAS Envimet Analytical Systems Ges.m.b.h., 
Austria;

EN -
-

TUV-Report: 
936/21205926/B, 2007

EN 14212 1h

PM10

PM2.5

Light-scattering
GRIMM EDM180 dust monitoring system

EN 12341
EN 14907 

1h

36. - 01.05.2009.) [2]
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3.2.1.2. - (IN)

-

- km

( m), 

T 33. -

/

SO2

SO2 - 100E, Teledyne 
Advanced Pollution Instrumentation, : EAS 
Envimet Analytical Systems Ges.m.b.h., Austria;

EN -
-

TUV-Report: 936/21205926/B, 
2007

EN 14212 1h 

NO2

NO2 200E, Teledyne Advanced Pollution 
Instrumentation, : Envimet Analytical 
Systems Ges.m.b.h., Austria;
USEPA: Reference Method Number RFNA 1194-099 
CE: EN61326 (1997 w/A1: 98) Class A, FCC Part 15 Subpart B 
Section 15.107 Class A, ICES-003 Class A (ANSI C63.4 1992) & 
AS/NZS 3548 (w/A1 & A2; 97) Class A.

1h

CO

CO 300E/EM, Teledyne Advanced Pollution 
Instrumentation, : EAS Envimet Analytical 
Systems Ges.m.b.h., Austria;
USEPA: Reference Method Number EQOA-0992-087
CE: EN61010-1:90 + A1:92 + A2:95, EN61326 - Class A

1h

37. - 01.01.2010.) [2]
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EoI [5]
. 

je (100-500 m). e
.

1.2010

3.2.1.3. - (JP)

-
-

km
(1 km . 

(
EoI [5]

. 
je (100-500 m). e

.
5.2009 -

34 8.
- ,

-

T 34. -

SO2

SO2 - DKK-
TOA Corporation GFS-312E
Automated Equivalent Method: EQSA-1107-168; "DKK-TOA 
Corporation Model GFS-312E Ambient SO2 Analyzer", 

ISO -
-

US EPA Federal Register: Vol. 72, page 63176, 11/08/07 

EN 14212 1h

38. - 01.05.2009.) [2]
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3.2.1.4. - (BR)

-
-

, km

. 
-2021).

EoI [5]
. 

je (100-500 m). e
.

7.2007

T 35. -

SO2

SO2 - 100E, 
Teledyne Advanced Pollution Instrumentation, 

: EAS Envimet Analytical Systems Ges.m.b.h., 
Austria;

-
-

-Report: 
936/21205926/B, 2007

EN 14212 1h

39. - 01.07.2007.) [2]
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3.2.1.5. - (KR)

-

, 6.5 km

EoI [5], 
je (100-500 m).

e .
2.07.2015. 

2019 - 2021).

T 36. -

SO2

SO2 - 100E, 
Teledyne Advanced Pollution Instrumentation, 

: EAS Envimet Analytical Systems Ges.m.b.h., 
Austria;

-
-

-Report: 
936/21205926/B, 2007

EN 14212 1h

40. -
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3.2.1.6. - (SL)

-
. 

, km . 
EoI [5], 

je (100-500 m).
e .

9.05.2016. 

T 37. -

SO2

SO2 - 100E, 
Teledyne Advanced Pollution Instrumentation, 

: EAS Envimet Analytical Systems Ges.m.b.h., 
Austria;

-
-

-Report: 
936/21205926/B, 2007

EN 14212 1h

41. -
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3.2.2.

38-40
- , 

T 38. -

-

SO2 (24h) AT-801X PE

SRPS ISO 4220:1997

. .1:2019 IC

T 39. 

-

h) AT-801X PE

SRPS ISO 9835:1993 (E)
/ 

. .1:2020

T 40. 

-

/ 

10 2.5

LIFETEK PMS
SL MVS6

SRPS EN 12341:2015

Pb, Cd, Ni, As
SRPS EN 14902:2008 ICP-

Al, Sb, Zn, Cu, Co, Mn, 
Cr, Fe, V

.2:2020

PAH
.1:2020

GC-MS / 
-
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4.

4.1. 

a 41-43
, 11- ,  

25

2023. ,

DOO Bor [8].

T 41. 
, 11-2015 . [6, 25]

: 2011 - 2015. (t/ ) -

SOX/SO2 NOX/NO2 TSP

1. - - 20700.1 290.1

2. - - 1321.3 435.2

3. - 2451.8

4. - 194.1 45.4 32.6

5. - - 9.8 0.6 5.9

6. 338.5 77.5 7.8

7. - 10 1 0.5

8. - 16.7 17.4

9. - - 1.6 6.3 32

10. - 1 0.2 1

25028.2 147.7 822.5

T 42. 
, 2016-2020. , [2, 6, 25]

: 2016 - 2020. (t/ ) -

SOX/SO2 NOX/NO2 TSP

1. - 2] 846.0 47.9 59.7

2. - 241.0 30.3 19.6

3. - - 10.0 0.6 0.6

4. 295.5 74.9 9.8

5. - 12.1 1.0 0.4

6. - 22.2 35.2

7. - - 10.1 2

1404.6 186.9 171.1
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T 43. a
, 3. ,

: 2023. (t/ ) -

SOX/SO2 NOX/NO2 TSP

1. - 2023.7 595.0 34.1

2. 300.0 40.0 10.0

3. - 12.1 1.0 0.4

4. - 1.0 35.0

5. - - 5.0 20.0

2335.8 642.0 99.5

41-42 :

- SOx/SO2

17.8
SOx/SO2 2011-2015. 

- NOx/NO2

, ,
NOx/NO2 2011-2015. ;

- TSP
, ,  4.8

TSP 2011-2015.

42. 
[2, 6, ]
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Bor [8 3, 2023 ),
x/SO2

-
. 
[8], NOx/NO2

3.4 1 42., 

,

.   

43. NOx/NO2 TSP
[2, 6, ]

44. 
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4.2. 

, 
-

t
t

44
(2005-2010), 

. 

T 44.

(%)

( ) 31350 65

( ) 4.500 31

500 1

) 500 3

48.155 100

:

fpffp EFAE ,, [t/ ],

Ep,f - p f,
Af - f, 
EFp,f - p f.

45
[9 .

T 45. 2009 [9]

[g/GJ]
NOx CO NMVOC SO2 TSP PM10 PM2.5

EIG2009 110 4600 484 900 444 404 398

EIG2009 110 4600 484 900 444 404 398

EIG2009 68 46 15,5 140 6 3,7 3,7

EIG2009 74,5 5300 925 20 730 695 695
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46
. (2005-2010)

47.

T 46. o

%

( ) 95 11180

3.8

0.2

1.0

/ 16760

T 47. t

[t/ ] NOx CO HC SO2 SP PM10 PM2.5

48.9 4813 62.8 1588 1921 - -

[25-32]
- - - 4097 4396 - -

48.9 4813 62.8 5685 6317 - -

4.3. 

[2,19] 48-49.

T 48. 
8. .

73

204

99

12653

891

31
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T 49. [2,19]

x x SP Pb CO HC Benz piren

t/ 0.2 0.9 0.5 0.005 5.4 0.9 0.005

t/ 79.25 324.5 188.8 2.0 1957 320 1.96

4.4. 

50 45-47
,

2020

T 50. ,
2 t

x 2 x 2 SP

1404.6 186.96 171.1
5685.0 48.9 6317.0

79.3 324.5 188.8

45. SOx/SO2

SOx/SO2 ,

SOx/SO2

(79 SOx/SO2),
( 45).
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46. NOx/NO2

NOx/NO2 ,

NOx/NO2

58 %, 33
9 % ( 46).

47. TSP
TSP

SP
94.6%. 2.8%, 

2.6 % ( 47).
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4.5. 

). 

5.

5.1. 

( ,
)

,

5.2. 
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6.

( ,
, )

6.1. 

6.1.1. UNEP Clean-Up of Environmental (YUG 00-R71) [2]

o
SO2

PM)

6.1.2. ( 2018

( 2003 ) [10]

2003.,

-

o
:

- -
;

-
;

-
.
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6.1.3. 

- EAS. 
www 2

o (2010).

o /
- Envronmental Action/Management Plan

2

-

o 2010-2015 . [2].

6.1.4. 

2010-2020.

:

o

.

o (
) .

:

o .

o
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6.2. 

:

( , , ),

( ).

6.3. 

(
,

-
Directive 2001/81/EC of the European Parliament and of the Council of 23 October 
2001 on national emission ceilings for certain atmospheric pollutants
2001/80/EC 

- Directive of the European Parliament and of the Council of 23 
october on the limitation of emissions of certain pollutants into the air from large 
combustion plants, Air Pollution Act, 1987, Licensing of Industrial Plant)

(Council Directive EU, 
2008/50/EC)

(Council Directive EU, 2004/107/EC)

, 

6.4. 

6.4.1. 

[2]

-
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-2016. -

,

. 

-
PM10.

6.4.2. 

Serbia ZiJin Copper DOO)

, 

.

6.4.3. 

.
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7.

7.1. SWOT 

SWOT

. 

.

T 51. SWOT

SWOT 

(
- , 

- EAS, 

)

CO, NO2, O3, Ni, Pb, PM10

SO2 , As, Pb Cd PM10, 

E
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7.2. 

:

- SO2, 
(PM As Cd);

-
- , NOx CO.

:

SO2

SP)
As, Cd )

2.

T 52. 

K

(

.

-
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7.2.1. SO2

:
SO2 

. SO2 .

:
15 km [33].

:
.

7.2.2. 

:

PM10 PM10

:
km [33].

: 
.

7.2.3. 
(

NO2, CO O3,
,

.

km

: 
.



1 9 2 1 0  
- - -mail:institut@irmbor.co.rs

86 96

7.3. 

2.
2030. 

7.3.1. SO2

-

, ,
- 1144 µg/m3

-
-

-

3

- , 
, , 

. 
- , 

-
, 

-
:

-
:

.

-
Serbia ZiJin Copper DOO.
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, : 

o
.

o
.

o .

o .

o
-

.

o

o

o
.

o . 

.

o . 
.

o

.

o
.

o
.

o

.

7.3.2. 

. 

.

PAH, 
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:

o

);

o

o

o

o

o

o

:

o

o

o

o
.

o

o

o
.

:

o

o
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7.3.3. 

2, CO, 
PM10

7.3.4. 

:

o

o
o

o

o

.

o
.

o
.

o
.

, :

o

.

o

-
.

o /
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:

o : 

.

o -

o

-
.

o
.

o
-

.

o

.

o

.

o

.

7.4. 

2
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7.5. 

2

8. ,
,

2

.

9. ,
,

2
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A)

a 1-3
, 1- ,  

[25]
2023. 

[8].

T .
11-2015 . [6, 25]

: 2011 - 2015. (t/ )

SOX/SO2 NOX/NO2 TSP

1. - - 20700.1 290.1

2. - - 1321.3 435.2

3. - 2451.8

4. - 194.1 45.4 32.6

5. - - 9.8 0.6 5.9

6. 338.5 77.5 7.8

7. - 10 1 0.5

8. - 16.7 17.4

9. - - 1.6 6.3 32

10. - 1 0.2 1

25028.2 147.7 822.5

- ,

. SO2 ,
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T . 
16-2020. . [2, 6, 25]

: 2016 - 2020. ( )

SOX/SO2 NOX/NO2 TSP

1. - 2] 846.0 47.9 59.7

2. - 241.0 30.3 19.6

3. - - 10.0 0.6 0.6

4. 295.5 74.9 9.8

5. - 12.1 1.0 0.4

6. - 22.2 35.2

7. - - 10.1 2

1404.6 186.9 171.1

- ,
.

. 2016-2020. 
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T 3. a ,
3. , [8]

: 2023. (t/ ) -

SOX/SO2 NOX/NO2 TSP

1. - 2023.7 595.0 34.1

2. 300.0 40.0 10.0

3. - 12.1 1.0 0.4

4. - 1.0 35.0

5. - - 5.0 20.0

2335.8 642.0 99.5

1-3 :

- SOx/SO2

17.8 SOx/SO2

2011-2015. 

- NOx/NO2 ,
, NOx/NO2

2011-2015. ;

- TSP ,
,  4.8 TSP

2011-2015.

3.
[2, 6, ]

SOx/SO2

- .
. 
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[8], NOx/NO2

3.4 1 2

4. NOx/NO2 TSP
[2, 6, ]
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. 
1980

, 1991 1. 
, 5 .

, 
.

. 

, .

, 
, .

F (m2) 
,

:

q = g · F (mg/s) (1)

:

g -
( 1),

F - W,
q - , mg/s
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, ,
. , ( ) 

. 
, 

( ) 
, 2):

)/(, smgqKUG iiupr (2)

: 

Ui - ,
Ki - ,
q - ,

3):

q u1+ q u2+ q u3+ q un.= q (3)

:

q - , mg/s,
q u1 - , mg/s,
q u2 - , mg/s,
q u3 - , mg/s,
q u4 - , mg/s,
q un - , mg/s.

.
( ) 

.
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X (m). 
.

, :

m
WCCL

qK
X

soMDKp
,

)(
1

: 

X - ( ) ,
K - ,

q - ( ), / (
),

- ,

Wi - ,
L - ,
Ws - ,
Co - ,
CMDK - .

, 

. 
. pH<6.5 Cd. pH<5.5 

Ni, Mn, Zn, Co Al, pH<4 Cu Pb. 

, , 
, , , 

, , . 
, 

. , 

. 

  
, 2 m/s. , 

.   
2 - 9.
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1 2 2.

2. 1(C1) 2 (C2)

1 
2.3 m2, 2 0.5 m2. 2,

.
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g = 5223.25 mg/s. 3.
033 255 m2.
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4. 
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.

1.37 km2.
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5. . 

o 0.44 m2.
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5
6.

6. 5

0.36 m2.
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2. , 
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7.

9.88 km2.
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-

1

. 
( SPM)

.

SPM (km2)

(m)

SPM

2.3 329
2 0.5 1260

5 1960

1.37 1350

0.44 560

0.36 505 

4.1 3900

9.88 6400

14.5 6103
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.1) -

1. SO2 (µg/m3 -2020. 
- TF - TP - IN JP - BR, 

- SL - LV
- ADLV)

TF 
SO2

TF 
ADLV

TP 
SO2

TP 
ADLV

IN 
SO2

IN 
ADLV

JP 
SO2

JP 
ADLV

BR
SO2

BR
ADLV

SL 
SO2

SL 
ADLV

2010 189.4 34 56.2 60 98.5 77 111.6 74

2011 250.8 156 199.2 163 74.3 68 284.3 138 59.4 52

2012 230.5 163 211.7 151 89.6 94 290.6 201 121.9 108

2013 89.9 95 227.5 172 84.3 74 184.6 195 93.1 95 60.5 20

2014 343.8 133 321.3 245 127.1 176 273.7 245 100.3 133 141.4 165

2015 92.2 94 240.8 204 145.8 169 262.9 214 93.3 94 154 112

LV 50 3 50 3 50 3 50 3 50 3 50 3

TF 
SO2

TF 
ADLV

TP 
SO2

TP 
ADLV

IN 
SO2

IN 
ADLV

JP 
SO2

JP 
ADLV

BR
SO2

BR 
ADLV

SL 
SO2

SL 
ADLV

2016 55.7 17 48.5 19 44.8 3 133.9 119 44.5 10

2017 49.7 17 43.7 12 43.1 4 132.8 112 40.3 5

2018 52.1 12 47.0 13 20.0 0 108.1 99 16.4 0 22.4 0

2019 83.2 47 55.0 41 28.0 8 176.6 140 34.0 11

2020 72.0 60 70.1 55 30.0 9 188.9 154 26.1 4 45.3 0

LV 50 3 50 3 50 3 50 3 50 3 50 3

2

2010-
- 2

-
µg/m3

-
2,

TF TP JP
2. 

TF 2 73
- 2 0-

2 TP, IN, JP, BR SL
76%, 73%, 42%, 76 73 - 2 

0-
2 
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.2)

2. 10 (µg/m3

4- - - - - JP, 
- - -  - OS, - LV) 

[ - 7 - ]

PM10_ P PM10_IN PM10_JP PM10_TF PM10_SL

2014 22.6 38.4 31.0 31.4 28.9

2015 26.5 30.6 27.7 31.3 30.8

LV 40 40 40 40 40

PM10_ P PM10_IN PM10_JP PM10_TF PM10_SL PM10_KR PM10_ BR PM10_ OS

2016 31.7 32.2 31.2 42.9 45.1

2017 31.7 44.6 51.5 55.3 54.7

2018 40.2 39.9 44.1 58.9 58.2

2019 36 28.5 50.2 32.5 31.9

2020 33 38.2 39.9 27.2 34.3 31.8

LV 40 40 40 40 40 40 40 40

- 10

[21]
-

PM10.
-

PM10
- - (2016-2018) 

PM10 .
, A

10 

10 PM2.5 

10 10

10

PM10 -

10, 
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10, 

10

.

PM10 

T 3. 10 (ng/m3 ,
2014- - - - - JP, 

- - - - OS, - ) [
- 7 - ]

As_ P As_IN As_JP As_TF As_SL As_KR As_ BR As_ OS

2014 43.9 50.3 47.2 63.0 14.6

2015 48.1 22.8 109.7 66.1 50.2

6 6 6 6 6 6 6 6

As_ P As_IN As_JP As_TF As_SL As_KR As_ BR As_ OS

2016 70.3 49.9 157.4 67.3 92.6

2017 106.3 119.5 276.4 187.6 147.4

2018 116.0 369.2 376.9 61.7 220.1

2019 115.8 31.3 550.0 11.1

2020 77.0 40.4 277.0 8.0 51.8 23.2

6 6 6 6 6 6 6 6

As PM10

-
As

- ,
As PM10 -

As PM10 TP, IN, SL
- As

PM10 -
As

As PM10

2016-

As PM10 -
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T 4. Pb 10 (ng/m3 , -2020. 
- - - - - BR, 

- - - - LV) [7]

Pb_ P Pb_IN Pb_JP Pb_TF Pb_SL Pb_KR Pb_ BR Pb_ OS

2014 537 356 412 611 115

2015 207 67 253 159 149

LV 500 500 500 500 500 500 500 500

Pb_ P Pb_IN Pb_JP Pb_TF Pb_SL Pb_KR Pb_ BR Pb_ OS

2016 129 84 541 155 204

2017 101 200 678 150 209

2018 110 199 360 94 115

2019 176 53 845 36 17

2020 215 236 1194 29 163 69

LV 500 500 500 500 500 500 500 500

- Pb
PM10

2016- , Pb PM10 -

, - ,
Pb PM10 - ,
Pb PM10 TP, IN

- Pb PM10

-
Pb

Pb PM10 -

T 5. 10 (ng/m3 , -2020. 
- - - - - BR, 

- - - OS, - ) [ -
7 - ]

Cd_ P Cd_IN Cd_JP Cd_TF Cd_SL Cd_KR Cd_ BR Cd_ OS

2014 8.5 8.2 9.4 10.5 2.5

2015 3.7 1.9 10.0 3.7 6.3

5 5 5 5 5 5 5 5

Cd_ P Cd_IN Cd_JP Cd_TF Cd_SL Cd_KR Cd_ BR Cd_ OS

2016 3.7 2.8 12.3 3.8 4.7

2017 3.1 4.4 18.5 4.4 5.0

2018 4.8 6.0 19.5 2.1 4.1

2019 10.6 2.7 44.9 1.0 0.8

2020 12.0 5.3 32.0 0.8 6.3 2.8

5 5 5 5 5 5 5 5
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- Cd
PM10

,
Cd PM10. Cd PM10

Cd, -

T 6. 10 (ng/m3 -2020. 
- - - - - BR, 

- - - OS, - ) [ -
7 - ]

Ni_ P Ni_IN Ni_JP Ni_TF Ni_SL Ni_KR Ni_ BR Ni_ OS

2014 4.0 4.0 3.0 4.0 4.0

2015 3.0 4.6 3.2 2.4 4.7

20 20 20 20 20 20 20 20

Ni_ P Ni_IN Ni_JP Ni_TF Ni_SL Ni_KR Ni_ BR Ni_ OS

2016 6.7 4.9 3.2 4.1 5.2

2017 8.0 12.5 16.6 5.7 12.9

2018 11.2 5.4 7.6 4.6 3.8

2019 14.8 4.5 9.3 4.7 6.9

2020 2.0 7.4 10.0 5.8 11.7 8.5

20 20 20 20 20 20 20 20

- ,
Ni PM10.  

Ni PM10 TP, IN, JP, TF SL
- Ni PM10

-
Ni PM10

Ni, -
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3)

T 7. (mg/m2/dan)
1-

- )

.

2011 265.6 262.3 114.4 223.2

2012 317.4 268.6 164.8 266.9

2013 409.5 397.5 151.8 246.4

2014 498.9 473.7 179.0 329.8

2015 366.2 312.7 110.7 -

2016 256.4 202.4 91.7 85.9

2017 211.8 181.8 97.7 273.1

2018 199.5 150.7 101.1 142.0

2019 140.8 234.5 113.7 134.6

2020 145.7 145.9 170.3 151.8

200 200 200 200

- . ),
,

.  
- .

, -
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[59] ( , 

-

. Pb, 

-

, TP
Pb-Cd, Pb- Cd-As, 

Pb-As,
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Pb-Cu, Cd-As,
Pb-Cd i Cu-

-Cu, Pb-As, Cd-As. 

TSP -
.

:

- TP-PbIN, Pb -PbIN, PbIN-CuH

- PbTP-PbH, Pb -PbH

- TP-CdIN

- TP-CdH, CdTP-CuH,

- IN-CdH, CdTP-AsH

- TP-CuIN, CuTP-Cu , CuTP-CuH Cu -CuIN

- AsTP-CdIN, As -AsIN,  AsIN-AsH, As -AsH As -PbH,
- As -CdH As -CuH.

TSP

[15]

-2015.
[15]

JP, , 2004-

. 
-

[15]

10

10 TSP) 
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(Pb, Cu, As 

2

JP)
TSP 

2

2

2

JP_Pb.

.4. 2007. 

-
- . 
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. - JP [15]

. -
[15]
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-

[15] 
, , . 

, 
JP.

(1)

air crust

,

-
-
-

.3.
-
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, Cd, Cu . 

, 
, , 

. 

. EF)
- [15]

Pb Cd Ni Cu As

3630 6096 5.6 2693 3575

5132 7111 5.9 3320 4471

3109 5678 5.5 2416 3709

2925 3545 5.4 2451 2789

4926 8173 5.3 2772 5824

4956 6567 4.0 3251 4032

, 
. 

. 

, 

54, 60, 72
. 

(ws, wd, p, T, RH) 

PM10 , 
, , 

, 

, 
. 
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, 
: , , 

( ) . . 

(PM10 PM2.5) ( - ) 
( - ). 

PM10 PM2.5. . 
PM2.5

. 

. 

Pb, Cd, Ni, Cu , , 

, Cd, Ni, Cu

, 

, Cd, Ni, Cu 10

( ) 
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-

. 
- [78]

2019 2020 2021 2019 2020 2021

1 29 0 10.0 0 7 0 2.3

2 14 14 10.0 0 2 1 1.0

8 14 9 10.3 0 2 1 1.0

3 12 8 7.7 0 1 0 0.3

1 1 7 3.0 0 0 1 0.3

5 2 5 4.0 0 0 1 0.3

5 4 4 4.3 1 0 0 0.3

5 9 5 6.3 0 0 0 0.0

10 9 8 9.0 2 0 0 0.7

23 0 4 9.0 2 0 0 0.7

5 17 2 8.0 0 5 0 1.7

33 3 1 12.3 7 0 0 2.3

101 114 67 94.0 12 17 4 11.0

3 3 3

2019 2020 2021 2019 2020 2021

29 37 37 34.3 3 1 2 2.0

72 77 30 59.7 9 16 2 9.0

2019 2020 2021 2019 2020 2021
(%)

28.7 32.5 55.2 38.8 25.0 5.9 50.0 27.0

71.3 67.5 44.8 61.2 75.0 94.1 50.0 73.0

[21]

-
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[21]

-

2. 
- [78]

2019 2020 2021 2019 2020 2021

3 23 10 12.0 0 6 2 2.7

8 20 3 10.3 2 4 1 2.3

12 33 16 20.3 1 6 2 3.0

27 68 21 38.7 8 8 4 6.7

13 14 24 17.0 2 0 2 1.3

31 17 10 19.3 4 3 0 2.3

7 40 24 23.7 1 5 2 2.7

10 90 6 35.3 1 14 0 5.0

33 46 14 31.0 6 9 1 5.3

18 0 25 14.3 1 0 3 1.3

35 10 1 15.3 5 1 0 2.0

38 13 2 17.7 9 2 0 3.7

235 374 156 255.0 40 58 17 38.3

3 3 3

2019 2020 2021 2019 2020 2021

121 275 99 165.0 22 39 9 23.3

114 99 57 90.0 18 19 8 15.0

2019 2020 2021 2019 2020 2021
(%)

51.5 73.5 63.5 62.8 55.0 67.2 52.9 58.4

48.5 26.5 36.5 37.2 45.0 32.8 47.1 41.6
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[21]

-2021.

[21]

-2021.

[21]

-2021.
91 100

67

57.9
42.1



1 9 2 1 0  
- - -mail:institut@irmbor.co.rs

, 2023. 18 27

[21]

-
8 10

4

. 
- [78]

2019 2020 2021 2019 2020 2021

1 23 2 8.7 0 4 0 1.3

2 9 3 4.7 0 1 0 0.3

7 1 15 7.7 0 0 2 0.7

4 1 2.5 0 0 0 0.0

5 4 12 7.0 0 0 2 0.7

22 6 5 11.0 2 1 0 1.0

9 10 8 9.0 0 0 0 0.0

7 22 9 12.7 0 2 0 0.7

8 12 5 8.3 1 1 0 0.7

7 0 3 3.3 0 0 0 0.0

4 0 1 1.7 0 0 0 0.0

19 9 3 10.3 5 1 0 2.0

91 100 67 86.0 8 10 4 7.3

3 3 3

2019 2020 2021 2019 2020 2021

51 58 40 49.7 3 4 2 3.0

40 42 27 36.3 5 6 2 4.3

2019 2020 2021
(%)

2019 2020 2021

56.0 58.0 59.7 57.9 37.5 40.0 50.0 42.5

44.0 42.0 40.3 42.1 62.5 60.0 50.0 57.5

7.5
2.5 e
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[21]

- -

. 
- TF - [7]

2019 2020 2021

0 9 5 4.7

2 6 1 3.0

0 6 2 2.7

2 6 1 3.0

0 0 5 1.7

2 0 2 1.3

0 5 8 4.3

2 9 5 5.3

7 5 0 4.0

2 0 1 1.0

13 5 0 6.0

12 8 0 6.7

42 59 30 43.7

3 3 3

2019 2020 2021

13 25 21 19.7

29 34 9 24.0

2019 2020 2021

31.0 42.4 70.0 47.8

69.0 57.6 30.0 52.2

-
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[21]

-
174 

. 
- [7]

2019 2020 2021

1 20 5 8.7

8 12 7 9.0

12 33 15 20.0

4 17 10 10.3

12 13 7 10.7

18 10 13 13.7

15 23 20 19.3

20 22 17 19.7

15 13 8 12.0

3 0 6 3.0

0 9 3 4.0

15 2 0 5.7

123 174 111 136.0

3 3 3

2019 2020 2021

84 98 75 85.7

39 76 36 50.3

2019 2020 2021

68.3 56.3 67.6 64.1

31.7 43.7 32.4 35.9
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6
PM10

-2021. .

6.1. 
10 - [78]

2019 2020 2021

1 1 0 0.7

2 0 3 1.7

2 3 0 1.7

8 4 1 4.3

0 4 0 1.3

0 1 0 0.3

0 1 1 0.7

1 1 0 0.7

5 1 3 3.0

9 0 4 4.3

3 0 0 1.0

4 6 0 3.3

35 22 12 23.0

35 35 35

2019 2020 2021

14 12 5 10.3

21 10 7 12.7

2019 2020 2021

40.0 54.5 41.7 45.4

60.0 45.5 58.3 54.6

[21]

10

10

-
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10

10

.
10 - [7]

2019 2020 2021

1 6 3 3.3

7 0 7 4.7

4 0 0 1.3

2 1 0 1.0

0 0 0 0.0

0 0 0 0.0

1 0 0 0.3

2 0 0 0.7

0 0 0 0.0

10 0 1 3.7

3 0 0 1.0

4 0 1 1.7

34 7 12 17.7

35 35 35

2019 2020 2021

5 1 0 2.0

29 6 12 15.7

2019 2020 2021

14.7 14.3 0.0 9.7

85.3 85.7 100.0 90.3

[21] a
10

10
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10

10

10.

. 
10 - [7]

2019 2020 2021

8 5 6.5

6 9 7.5

9 11 10.0

13 10 11.5

8 4 6.0

3 4 3.5

2 4 11 5.7

12 14 13 13.0

13 8 17 12.7

19 1 8 9.3

8 2 2 4.0

8 1 1 3.3

62 77 95 78.0

35 35 35

2019 2020 2021

50 59 54.5

27 36 31.5

2019 2020 2021

64.9 62.1 63.5

35.1 37.9 36.5



1 9 2 1 0  
- - -mail:institut@irmbor.co.rs

, 2023. 24 27
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10
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e

10
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7) 
-

[21]

2

500 µg/m3

7.1. 
- [78]

2019 2020 2021 2019 2020 2021

1 29 0 10.0 0 4 0

2 14 14 10.0 0 0 2

8 14 9 10.3 0 0 0

3 12 8 7.7 0 0 0

1 1 7 3.0 0 0 1

5 2 5 4.0 0 0 0

5 4 4 4.3 0 0 0

5 9 5 6.3 0 1 0

10 9 8 9.0 0 0 0

23 0 4 9.0 1 0 0

5 17 2 8.0 0 1 0

33 3 1 12.3 3 0 0

101 114 67 94.0 4 6 3

2019 2020 2021 2019 2020 2021

29 37 37 34.3 0 1 1

72 77 30 59.7 4 5 2
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6 3

3.7
0.7

7.2. 
- [78]

2019 2020 2021 2019 2020 2021

3 23 10 12.0 0 0 0

8 20 3 10.3 0 2 0

12 33 16 20.3 0 2 0

27 68 21 38.7 4 0 2

13 14 24 17.0 0 8 0

31 17 10 19.3 2 0 0

7 40 24 23.7 0 2 1

10 90 6 35.3 0 7 0

33 46 14 31.0 0 2 0

18 0 25 14.3 0 0 3

35 10 1 15.3 3 0 0

38 13 2 17.7 2 0 0

235 374 156 255.0 9 23 6

2019 2020 2021 2019 2020 2021

121 275 99 165.0 2 12 3

114 99 57 90.0 7 11 3

2

23 6

7



1 9 2 1 0  
- - -mail:institut@irmbor.co.rs

, 2023. 27 27

5.7

7.3. 
- [78]

2019 2020 2021 2019 2020 2021

1 23 2 8.7 0 0 0

2 9 3 4.7 0 0 0

7 1 15 7.7 0 0 0

0 4 1 2.5 0 0 0

5 4 12 7.0 0 0 1

22 6 5 11.0 0 0 0

9 10 8 9.0 0 0 0

7 22 9 12.7 0 1 0

8 12 5 8.3 0 1 0

7 0 3 3.3 0 0 0

4 0 1 1.7 0 0 0

19 9 3 10.3 0 1 0

91 100 67 86.0 0 3 1

2019 2020 2021 2019 2020 2021

51 58 40 49.7 0 2 1

40 42 27 36.3 0 1 0

3

3 1

0.3

-














































