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Figure S1. A demonstrative wind rose in Krakéw Poland: share of wind directions in % (a), and wind
speed distribution in m/s (b), divided into cool and warm half-years [1].
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Figure S2. Location of air-flow corridors and Regional Environmental Protection Inspectorate air
monitoring stations in Krakéw (modified after [2]).
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Table S1. Description of the air monitoring stations operated by the Regional Environmental

Protection Inspectorate (REPI) in Krakéw [3].

Station address Station Measurement method and
No. . Purpose
and Code site* measured compounds
. 1 . Automatic: CeHs, CO, NO, NO,
1 éliloaolgi?mklego Roadside z:szlsfn‘izifsure NOx, PM10, PM2.5
Manual: CsHs, PM10, BaP(PM10)
Automatic: CeHs, CO, NO, NO,
. . NOxy, SOz, PM10, PM2.5
2 Nogwe bl Bbleesens o, ciea
Ni(PM10), Pb(PM10), PM10, CeéHs,
BaP(PM10)
Automatic: CeHs, NO, NO2, NOx, O3,
SO, PM10, PM2.5
, } . Manual: As(PM10), Cd(PM10),
3 ?ﬁé‘;g;;furdwamw City Z;Z:;’;Efsure Ni(PM10), Pb(PM10), PM10, PM2.5,
CsHs, BaA(PM10), BaP(PM10),
BbF(PM10), BjF(PM10), BKF(PM10),
DBahA(PM10)
Krakow - Population exposure
4 ulDietla Roadside assissment P Automatic: NOz NOx, NO, PM10
(MAL028)
5 Krakow — os.Piastow Cit Public exposure Automatic: PM10
(MALO031) y assessment Manual: PM10, BaP(PM10), PM2.5
Krakow —
raxow , . Public exposure Automatic: PM10
6 ul.Zioty Rog City assessment Manual: PM10, BaP(PM10)
(MALO032) ’ !
. , . . Automatic: PM10
i vera i el e T e
As(PM10), Cd(PM10), Pb(PM10),
8 fsr les:z;wice City Protecting human health Automatic: PM10
(PLO735A) Manual: PM10, BaP(PM10)
Krakow — ul.Teli
rakow —ul Telimeny . Public exposure Automatic: PM10
? (MAL042) City assessment Manual: PM10, BaP(PM10)
closed on 30.05.2018 ’ !

“Station sites” are defined in the Polish law in reference to the types of specific pollutions dominating in selected

locations. These determine the types of monitoring stations, based on the selection of the pollutants being

measured (last column).
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Table S2. Ranges of the 1h concentrations in the Polish air quality index (AQI) for selected pollutants [3].

Air quality SO: NO: CcO PMuio PM:s Os CsHse
index [ug/m?] [ug/m?] [Lg/m?] [ug/m’]  [ug/m?] [ug/m’]  [ug/m’]
[ Verygood = 0-50 0-40 0-3,000 0-20 0-13 0-70 0-6
Good 50.1-100 40.1-100 3,001-7,000 20.1-50 13.1-35 70.1-120 6.1-11
Moderate 100.1-200  100.1-150  7,001-11,000 50.1-80 35.1-55 120.1-150  11.1-16
Average 200.1-350  150.1-200  11,001-15,000  80.1-110 55.1-75 150.1-180  16.1-21
15,001-21,000  110.1-150  751-110  180.1-240  21.1-51

350.1-500 200.1-400
>240 >51

>500 >400 >21,000 >150 >110

Table S3. The Polish AQI index and the corresponding health recommendations for residents [3].

Air qualit
1 y Health recommendations

index
_ Good air quality. Air pollution is not a threat. Ideal conditions for outdoor activities.
Cood Good air quality. Air pollution poses a minimum threat to those at risk. Very good conditions for
outdoor activities.
Acceptable air quality. Air pollution can pose a risk to people at risk. Good conditions for outdoor
activities.

Average air quality. Air pollution is a threat to those at risk who may experience health effects. Other
Average people should limit spending time outdoors, especially if they experience such symptoms as coughing
or sore throat.

Bad air quality. People at risk should avoid going outside. Other residents should limit staying
outdoors. Outdoor activities are not recommended.

Dangerously bad air quality. People at risk should definitely avoid going outside. Others should keep

exits to a minimum. All outdoor activities are discouraged.

Moderate

Very bad
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Table S4. Description of the enrichment indices used in the study [4].

Enrichment factors Formulas Explanations Limit values Classification References
Igeo<0 Class 0 — practically uncontaminated
0< Loo<1 Class 1 — uncontaminated to moderately
G- elerr'1ent - contaminated
Geo-accumulation index content in PM; Ba 1< Tgeo <2 Class 2 — moderately contaminated
Igeo=log2*(Ci/1.5"Bn) - background . . [5-7]
Igeo value: 1.5 2< Jgeo <3 Class 3 — moderately to heavily contaminated
- 3< Tgeo<4 Class 4 — heavily contaminated
constant
4< Tgeo<5 Class 5 — heavily to extremely contaminated
5< Igeo Class 6 — extremely contaminated
Cmi — mean CF«1 low contamination
element 1<CF<3 moderate contamination
Contamination factor CF = Cini/Cret con.centration in 3< CF <6 considerable contamination 89]
CF PM; Cref ~ 6 <CF very high contamination
reference value of
element
Ci— element EF <1 no enrichment
contentin PM;, Crer 1<EF <3 minor enrichment
—Fe content in
Enrich t fact le; Bi — 3<EF <5 moderate enrichment
nrichment factor EF=(Ci/Cret)/(Bi/Brer) sampe . [10,11]
EF reference content 5<EF <10 moderately severe enrichment
of a single 10< EF <25 severe enrichment
element; Bre - Fe 25< EF <50 very severe enrichment
reference content .
EF >50 extremely severe enrichment
Tr - toxicity ERI <40 low potential ecological risk
response . C o
- 40< ERI <80 moderate potential ecological risk
coefficient of a
single element; 80 <ERI <160 considerable potential ecological risk
Ecological risk index CFi - ) ] ) )
ERI ERI = Tri x CFi contamination 160< ERI <320 high potential ecological risk [8,12-15]
factor of a single 320< ERI very high potential ecological risk

element
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Ci - element mHQ <0.5 nil to very low severity of contamination
concentration in 0.5<mHQ<1.0  very low severity of contamination
PM; TEL - 1.0< mHQ<1.5 low severity of contamination
o . threshold effect 1.5<mHQ<2.0  moderate severity of contamination
Modified hazard quotient . . . -
oditied hazard quotien mHQ = [Ci ( L Ly L.)] 2 level; PEL - 2.0<mHQ <2.5 considerable severity of contamination [16,17]
mHQ TELi ~ PELi = SELi - ] R
probable effect 25<mHQ<3.0  high severity of contamination
level; SEL —severe ~ 3.0<mHQ<3.5  very high severity of contamination
effect level for a mHQ >3.5 extreme severity of contamination

single element
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Table S5. Exposure parameters used for the risk assessment calculations under resident scenario in the study.

Exposure parameters Adult Child References
IRing — PM ingestion rate (mg/kg) 100 200 [18]
IRinh — inhalation rate for person (m3/h) 0.83 0.31 [19,20]
CF — unit conversion factor (kg/mg) 100 10-¢ [18]
FI - fraction ingested from a contaminated source 1 1 21]
(unitless)
ET - exposure time for person (h/day) 24 24 site specific*
ED — exposure duration (years) 24 6 [21,22]
EF — exposure frequency (days/year) 350 350 site specific*
EV — event frequency (events/day) 1 1 site specific*®
AF - soil-to-skin adherence factor (mg/cm?-event) 0.07 0.2 [18]
SA - skin surface area available for contact (cm?) 6,032 2,373 [23]
PEF - soil-to-air particulate emission factor (m®kg) 1.36 x 10° 1.36 x 10° [19]
BW —body weight (kg) 70 15 [18]
AT - averaging time — non-carcinogens (days) 8,760 2,190 [21]
AT - averaging time — carcinogens (days) 25,550 25,550 [21]
AT - averaging time — non-carcinogens (hours) 210,240 52,560 [24]
AT — averaging time — carcinogens (hours) 613,200 613,200 [24]

* site specific; assumption: two weeks of holidays each year
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Table S6. Toxicological parameters used for the risk assessment calculations under resident scenario in the study.

Toxicological RfC ® IUR ® RfD ® SF® RBA®  ABSq®
parameters mg/m? (mg/m3)? mg/kg-day (mg/kg-day)? wunitless unitless
Ambient air
SOz - - - - - -
NO:2 - - 1.10 x 102 - - -
CcO - - - - - -
Benzen 3.00 x 102 7.80 x 107 4.00 x 103 5.50 x 102 - -
PM2.5 5.00 x 102 @ - - - - -
PM10 - - 1.10 x 102 - - -
Pb(PM10) - - 3.50 x 103 420 x 102 1 -
As(PM10) 1.50 x 10 4.30 x 10-¢ 3.00 x 10+ 1.50 =< 100 0.6 0.03
Cd(PM10) 1.00 x 10 1.80 x 10¢ 1.00 x 103 - 1 0.001
Ni(PM10) 9.00 x 10 2.60 x 1010 2.00 x 102 - 1 0.01
BaP(PM10) 2.00 x 10° 6.00 x 107 3.00 x 10+ 1.00 x 100 - 0.13
BaA(PM10) - 6.00 x 108 - 1.00 x 101 - 0.13
BbF (PM10) - 6.00 x 108 - 1.00 x 101 - 0.13
BjF(PM10) - 1.10 x 107 - 1.20 x 100 - 0.13
BkF(PM10) - 6.00 x 10° - 1.00 x 102 - 0.13
DBahA(PM10) - 6.00 x 107 - 1.00 x 100 - 0.13
Deposited PM
Al 5.00 x 103 - 1.00 x 100 - 1 -
As 1.50 x 105 4.30 x 10° 3.00 x 10* 1.50 x 100 0.6 0.03
Ba 5.00 x 10+ - 2.00 x 101 - 1 -
Be 2.00 x 10 2.40 x 10 2.00 x 103 - 1 -
Cd 1.00 x 10 1.80 x 10-¢ 1.00 x 103 - 1 0.001
Co 6.00 x 10° 9.00 x 10° 3.00 x 10+ - 1 -
Cr(II) - - 1.50 x 10° - 1 -
Cr(VI) 1.00 x 104 8.40 x 10 3.00 x 103 5.00 x 101 1 -
Cu - - 4.00 x 102 - 1 -
Fe - - 7.00 x 101 - 1 -
Li - - 2.00 x 103 - 1 -
Mn 5.00 x 10 - 2.40 x 102 - 1 -
Ni 9.00 x 10 2.60 x 1010 2.00 x 102 - 1 0.01
Pb - - 3.50 x 103® 4.20 x 102 1 -
Sn - - 6.00 x 101 - 1 -
Sr - - 6.00 x 101 - 1 -
\ 1.00 x 104 - 5.00 x 103 - 1 -
Zn - - 3.00 x 10! - 1 -
7r - - 8.00 x 10 - 1 -

RfC, reference concentration; RfD, reference dose; IUR, inhalation unit risk; SF, slope factor; RBA, relative

bioavailability factor; ABSq, dermal absorption factor

- not available
1[25]; 2[26]; 3[27]; 4[28]
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Table S7. Changes in annual air pollutant contents in Krakéw in 2005-2020 [3], with permissible levels.

As Cd Ni Pb BaP BaA BbF BjF BKF DBahA
NO: SO2 cO CeHs Os PM10 PM2.5
Year (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10)

pg/m®* pug/m®  ug/m* ug/m?* pg/m®  ug/m? pg/m3 ng/m?3 ng/m?3 ng/m?3 ng/m* ng/m* ng/m® ng/m® ng/m® ng/md ng/m?

2005 63.0 - - 5.5 - 73.0 - - - - - - - - - - -

2006 66.0 - - 5.9 - 86.5 - - - - - - - - - - -
2007 45.5 10.0 1004 45 - 69.5 59.0 - - - - - - - - - -
2008 48.0 8.0 685 3.7 - 70.5 38.0 - - - - - - - - - -
2009 50.5 9.0 977 4.0 - 70.5 43.0 - - - - - - - - - -
2010 45.3 8.5 997 4.0 34 63.3 45.7 - - - - - - - - - -
2011 44.7 8.5 838 - 34 65.3 45.7 - - - - - - - - - -
2012 44.7 10.5 851 - 34 58.0 39.3 - - - - - - - - - -
2013 44.7 8.5 833 3.0 35 51.3 36.7 - - - - - - - - - -
2014 38.0 7.0 881 2.8 33 52.7 36.0 1.37 0.92 1.89 0.027 6.9 3.0 42 4.5 2.7 1.1
2015 41.0 7.0 769 2.8 38 54.3 36.3 2.09 1.19 1.91 0.033 7.8 30. 3.8 4.1 34 2.3
2016 413 6.0 701 2.1 34 44.0 32.0 1.26 0.69 1.44 0.133 42 6.8 3.0 2.2 3.7 0.7
2017 41.5 7.0 753 2.2 38 44.0 33.0 1.26 0.57 1.53 0.019 4.7 7.8 34 2.7 2.3 0.6
2018 40.3 6.0 693 2.3 41 429 31.7 0.98 0.52 1.90 0.017 53 6.0 2.5 1.8 1.9 0.4
2019 38.8 5.0 602 1.3 40 34.8 25.0 0.88 0.46 1.61 0.013 45 44 2.3 1.7 1.6 0.3
2020 35.3* 5.3* 557* 0.8* 45* 34.4* 26.1% 1.27* 0.42* 1.33* 0.016* 8.5% 9.9% 4.4% 3.6* 3.2% 0.7*
average 455 7.6 796 3.2 35 57.2 37.7 1.30 0.68 1.66 0.037 5.9 5.8 3.4 29 2.7 0.9
annual
25
permissible 40 125 10,000 5 - 40 (20 6*** Sl 20%** 500 - - - - - -
level [29]

- data not available; * until the end of May 2020; ** since 2020; *** [30]; bold: the concentrations exceeding the recommended levels.
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Table S8. Changes in monthly air pollutant contents in 2018 in Krakdw; average values of all the monitoring stations [3].

As Cd Ni Pb BaP BaA BbF BjF BkF DBahA
NO:2  SO: CO GHs PM10 PM25 O:s
Month. (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10)
pg/m?  pg/m? pg/m? pg/md  pg/m? ug/m? pg/m? ng/m? ng/m? ng/m* ng/m?* ng/m* ng/m* ng/m? ng/m* ng/m?* ng/m?3
January 40 8.0 1009 4.9 56 47 24 2.03 0.59 1.59 0.025 12.1 12.1 3.79 2.83 3.57 0.67
February 39 7.9 803 3.5 61 53 33 1.51 0.64 191 0.021 12.7 17.2 5.57 4.45 4.48 0.98
March 47 11.3 822 3.9 70 51 41 1.45 0.53 1.69 0.019 10.7 15.1 5.58 4.62 4.32 1.09
April 45 4.9 567 1.6 41 23 48 0.57 0.39 2.46 0.012 1.77 1.55 1.14 0.67 0.73 0.18
May 38 5.1 501 1.1 30 19 65 0.50 0.40 2.60 0.014 0.61 0.30 0.37 0.18 0.20 0.05
June 38 4.6 482 0.8 26 17 62 0.50 0.28 1.75 0.009 0.22 0.24 0.31 0.14 0.16 0.03
July 38 4.7 482 0.8 25 16 56 0.50 0.32 1.08 0.008 0.19 0.20 0.29 0.14 0.15 0.02
August 41 4.9 548 1.2 29 19 54 0.53 0.38 2.10 0.012 0.55 0.22 0.29 0.15 0.15 0.02
September 41 4.4 596 12 31 22 43 0.52 0.41 1.53 0.013 0.76 0.66 0.77 0.39 0.42 0.06
October 43 4.6 762 2.3 48 35 30 0.82 0.57 1.52 0.019 3.73 2.34 2.35 1.45 1.43 0.28
November 37 5.5 939 3.6 55 46 18 1.19 0.82 1.99 0.024 8.70 8.95 5.02 3.12 3.38 0.70

December 39 7.2 809 3.0 42 34 20 1.12 0.58 1.47 0.016 10.6 12.7 5.04 3.79 3.70 0.80
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Table S9. Changes in daily air pollutant contents in a selected winter month, average values for Krakéw, March
2018 [3], with recommended concentrations.

Day NO:2 SO: cO CeHs (O] O3 8-hour PM10 PM2.5
[ug/m?]  [ug/m?]l  [ug/m’] [ug/m?] [ug/m3]  [ug/m’] [ug/m?] [ug/m?]
1 March 50 14 888 55 37 66 104 81
2 March 40 16 825 49 62 86 99 76
3 March 55 18 855 5.2 48 87 104 80
4 March 60 19 1399 7.8 46 86 152 115
5 March 81 21 1467 9.0 37 67 150 111
6 March 70 17 1339 7.5 19 48 100 84
7 March 61 12 1262 7.0 22 52 92 72
8 March 56 10 1049 3.9 25 58 67 52
9 March 57 11 1110 5.0 28 70 76 58
10 March 56 11 1245 6.3 27 67 95 63
11 March 45 9 1111 4.7 43 82 74 48
12 March 39 9 602 1.6 58 69 39 19
13 March 45 8 652 1.5 43 63 34 17
14 March 47 8 797 3.0 10 19 49 40
15 March 34 7 493 2.6 23 40 43 31
16 March 31 6 615 3.0 22 36 38 33
17 March 16 5 244 0.9 74 80 22 16
18 March 13 9 241 0.8 82 85 30 17
19 March 27 7 414 1.4 81 85 32 23
20 March 45 10 558 2.5 50 78 48 38
21 March 45 14 598 2.7 45 80 56 39
22 March 58 12 769 3.6 37 79 75 40
23 March 57 14 1156 5.9 29 62 103 75
24 March 48 14 916 5.0 55 92 86 67
25 March 50 15 791 3.9 42 93 76 58
26 March 58 12 827 3.6 31 67 77 53
27 March 45 9 688 2.9 26 44 64 48
28 March 40 7 555 2.3 45 71 51 36
29 March 53 10 756 3.1 23 51 59 41
30 March 44 8 604 2.6 45 88 43 31
31 March 34 9 688 3.2 43 64 34 25
24h

permissible - 125 - - - 120*% 50 25%*

level [29]

* 8h permissible level

** guideline value [31]

bold: the concentrations exceeding the recommended levels
2 March weekend marking
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Table S10. Changes in daily air pollutant contents in a selected summer month, average values for Krakow, July
2018 [3], with recommended concentrations.

Day NO: SO: co CsHs Os O3 8-hour PM10 PM2.5
[ug/m’]  [ug/m’]  [ug/m’] [ug/m’] [ug/m’]  [ug/m’] [ug/m’] [ug/m’]
1 July 21 3.3 360 04 48 55 12 6
2 July 31 3.8 433 0.5 47 77 18 9
3 July 44 5.1 464 0.8 52 107 24 13
4 July 57 6.3 524 1.0 69 142 29 16
5 July 65 5.1 613 1.1 79 156 34 19
6 July 54 45 595 0.9 76 123 32 23
7 July 32 4.5 444 0.5 65 105 25 15
8 July 30 44 398 0.6 64 102 23 13
9 July 50 4.7 548 1.0 48 102 30 19
10 July 45 3.8 487 0.9 58 117 29 18
11 July 41 4.6 601 1.3 30 59 28 20
12 July 34 4.5 442 0.6 59 92 19 12
13 July 31 3.6 425 0.5 65 101 16 10
14 July 24 4.1 381 04 66 86 20 12
15 July 22 45 378 0.5 64 85 19 12
16 July 39 5.0 524 0.7 44 70 24 16
17 July 30 4.1 423 0.5 45 52 17 14
18 July 27 3.8 417 0.5 39 53 13 9
19 July 26 3.9 415 0.5 35 41 20 17
20 July 33 4.3 515 0.8 35 68 31 22
21 July 46 5.1 528 1.0 70 137 35 25
22 July 37 6.1 512 1.6 78 144 34 27
23 July 42 4.8 430 0.7 60 111 32 18
24 July 45 4.0 399 0.6 77 130 34 19
25 July 39 44 455 0.8 54 99 30 17
26 July 37 4.6 480 0.8 51 78 21 12
27 July 36 6.7 503 0.9 67 98 24 14
28 July 37 6.1 571 1.0 54 117 26 14
29 July 29 4.6 485 0.6 63 106 23 14
30 July 43 4.0 584 1.3 30 69 24 15
31 July 33 6.9 607 1.7 58 93 29 15
24h
permissible - 125 - - - 120* 50 25%*
level [29]

* 8h permissible level

** guideline value [31]

bold: the concentrations exceeding the recommended levels
1 July weekend marking
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Table S11. Daily and hourly SOz content changes, with the hourly Polish AQI index, average values for Krakéw, March 2018 [3] (weekend marking in grey).

SO:

Day

1,2 (3|4 |5|6|7|8|9 (1011|1213 14|15 |16 |17 |18 19|20 |21 |22 |23 |24 |25|26|27 2829|3031

Hour
01:00
02:00
03:00
04:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00
24:00

Colors refer to the following air quality index (AQI) codes: dark green — very good; green — good; yellow — moderate; orange — average; red — bad; maroon — very bad.
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Table S12. Daily and hourly CO content changes, with the hourly Polish AQI index, average values for Krakéw, March 2018 [3] (weekend marking in grey).

L2l e e[ fe e oo Lo e o ol
|
|
|
|
|
06:00 ‘
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

4:00

Colors refer to the following air quality index (AQI) codes: dark green — very good; green — good; yellow — moderate; orange — average; red — bad; maroon — very bad.
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Table S13. Changes in monthly air-pollutant contents in the first half of 2020 in Krakow, average values from all the monitoring stations [3].

As Cd Ni Pb BaP BaA BbF BjF BkF DBahA
Hs PM10 PM2.
Month NO: SO: €O GHe PMI0O PM25  Os b0 (pM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PM10) (PMI0)

pg/m3 pg/m? pg/m® ug/md ug/m? ug/m? pug/m? ng/m* ng/m* ng/m* ng/m?> ng/m* ng/m* ng/m* ng/m* ng/m? ng/m?

January 43 7.75 842 1.57 53 47 21 1.66 0.55 1.74 0.022 11.6 14.5 6.30 5.31 4.48 1.02
February 39 505 563  0.70 27 21 41 0.87 0.28 0.91 0.01 5.29 5.27 243 1.92 1.75 0.37
March 35 525 528 0.70 37 28 49 - - - - 5.73 - - - - -
April 32 5.00 407 047 33 22 62 - - - - - - - - - -
May 28 3.60 376 040 21 14 51 - - - - - - - - - -

- data not available
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Table S14. Estimated daily intake values for the resident of Krakéw, in reference to exposure pathways.

Inhalation Ingestion Dermal contact
Pollutant ECron-care (mg/m?) ECene (mg/m?) ADD ing non-canc ADD ing canc ADDder non-canc ADDder canc
(mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
adult child adult child adult child adult child adult child adult child
Ambient air
SOz 729x10% 7.29x10°% 250x10° 6.25x10*
NO2 436 x102 4.36x102 1.50x102 3.74x103
CO 7.63x107  7.63x1017 2.62x101 6.54 x 102
Benzen 3.07x10° 3.07x10°% 1.05x10° 2.63 x10*
PM2.5 3.62x102 3.62x10%2 1.24x102 3.10x10°
PM10 548 x10? 548 =102 1.88x102 4.70x103
Pb (PM10) 3.55x10° 3.55x10° 1.22x10° 3.04 x10°
As (PM10) 1.25x10° 1.25x10° 4.27x107 1.07 x 107
Cd (PM10) 652x107 652x107 224x107 559 x 10 - -
Ni (PM10) 1.59 x10° 1.59 x10° 5.46 x107 1.36 x 107
BaP (PM10) 5.66 x10° 5.66x10°¢ 194 x10°¢ 4.85x107
BaA (PM10) 5.60 x 10¢  5.60x10° 1.92x10°¢ 4.80x 107
BbF (PM10) 3.23x10° 3.23x10° 1.11x10°¢ 277 x107
BjF (PM10) 2.82x10° 2.82x10°¢ 9.67x107 242 x107
BkF (PM10) 258 x10° 258 x10° 8.84x107 2.21x107
DBahA (PM10) 8.34 x107 8.34x107 2.86x107 7.15x108
ADD inh non-canc ADDinh canc (mg/kg- ADD)ing non-canc ADD)ing canc ADDer non-canc ADDyer canc
(mg/kg-day) day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
adult child adult adult adult child adult child adult child adult child
SO2 2.08x10°% 4.86x10° 7.14x10* 4.16x10*
NO2 1.25x102 291 x102 4.27x10% 2.49 x 1073
CO 218 x101  5.09x101 747 x102 4.36 x 102 - -
Benzen 8.77x10* 2.05x10° 3.01 x10* 1.75x10*
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PM2.5 1.03 x102 241 x102 3.54x103 2.07 x103
PM10 1.57 x102  3.66 x 102 5.37 x10% 3.13 x 103
Pb (PM10) 1.01 x10° 237 x10° 3.48 x10° 2.03 x 10
As (PM10) 3.56 x107 8.31x107 1.22x107 7.12x108
Cd (PM10) 1.86 x107 4.35x107 6.39x10% 3.73 x 108
Ni (PM10) 455 %107 1.06x10°¢ 1.56x107 9.10 x 108
BaP (PM10) 1.62x10° 3.77x10°% 554 x107 3.23 x 107
BaA (PM10) 1.60 x10¢  3.73x10°¢ 5.49x107 3.20 x 107
BbF (PM10) 9.23x107 215x10°® 3.17x107 1.85x107
BjF (PM10) 8.05x107 1.88x10° 2.76x107 1.61 =107
BkF (PM10) 737 x107 1.72x10° 253 x107 1.47 x107
DBahA (PM10) 238 x107 556x107 8.17x10% 4.77 x108
Deposited PM
ADDing non-canc ADDing canc ADDder non-canc ADDader canc
ECuon-care (mg/m?) ECarc (mg/m?) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
adult child adult child adult child adult child adult child adult child
Al 1.07 x10* 1.07 x10* 3.84x105 9.21 x 10
As 248 x107 248 x107 8.86x10% 2.12x108
Ba 1.89 x10° 1.89x10° 6.75x107 1.62 x 107
Be 9.14 x10° 9.14 x10° 3.27x10° 7.83 x 10-1°
Cd 1.95x108 1.95x10% 6.96x10° 1.67 x 10
Co 3.98x10®% 398 x10% 1.42x10% 3.41x10°
Cr(IIT) 1.52 x10° 1.52x10¢ 5.45x107 1.31 x107 - -
Cr(V]) 1.52x10°¢ 1.52x10° 5.45x107 1.31 x107
Cu 211 x10° 211x10°% 7.53x107 1.81 x107
Fe 6.84 x10* 6.84 x10* 2.45x10* 5.87x10°
Li 3.57x107 3.57x107 1.28x107 3.06 x 108
Mn 1.06 x10°  1.06 x 105 3.77 x10°  9.04 x 107

Ni 414 x107 414 x107 1.48x107 3.55x 108
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Pb 145 x10° 1.45x10° 5.17x107 1.24 x107

Sn 212 x107  212x107 7.56x10% 1.81 x108

Sr 238 x10° 238 x10°¢ 850x107 2.04x107

\Y% 5.08 x107 5.08 x107 1.82x107 4.35x108

Zn 9.85x10° 9.85x10%° 352x10° 8.44 x10°

Zr 770x10% 7.70x10®% 2.75x10% 6.60 x 10°

ADD)inh non-canc ADDsinh canc (mg/kg- ADD)ing non-canc ADDing canc ADD derm non-canc ADDderm canc
(mg/kg-day) day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
adult child adult child adult child adult child adult child adult child

Al 1.28 x10¢ 298 x10¢ 4.39 x107 256 x107 8.70x103 8.12x102 298 x103 6.96 x103 3.67x102 1.93x10" 1.26x102% 1.65 x 102
As 2.95x10° 6.89x10° 1.01x10° 5.90x10° 1.19x10° 1.05x10* 4.07x10° 9.03 x10° 2.54x10° 1.33x10° 8.72x107 1.14 x10°
Ba 225x10% 524x10% 770x10° 4.49x10° 1.48x10* 1.26x10° 5.09x10°5 1.08x10+ 6.45x10% 3.38x10° 2.21x10* 2.90x10+*
Be 1.09 x 1010 2,54 x 100 3.73 x 1011 218 x 101" 7.09 x 107 5.75x10° 243 x107 4.93 x107 3.12x10°¢ 1.64x10° 1.07 x10°® 1.40 x10°
Cd 232 %1010 541 =100 794 <101 4.63x101" 149x10° 1.16x10° 5.11x107 9.95x107 6.65x10° 3.49x10% 228 x10° 2.99 x 10~
Co 4.73x1010 110 x10° 1.62x101° 947 x101  3.00 x 10® 2.25x10° 1.03x10¢ 193 x10° 1.36x105 7.13x10° 4.66x10° 6.11 x10°
Cr(IIT) 1.81x10% 4.23x108% 6.22x10° 3.63x10° 1.14x10* 8.22x10* 3.89x10° 7.05x10°> 5.21x10* 2.73x103 1.78x10* 2.34x10*
Cr(VI) 1.81x10% 423 x10% 6.22x10° 3.63x10° 1.12x10* 7.85x10* 3.84x10° 6.72x10° 521 x10* 2.73x10% 1.78x10* 2.34x10*
Cu 251 x10®% 5.85x10®% 8.60x10° 5.02x10° 1.53x10* 1.04x10° 525x105 8.90x105 7.20x10% 3.78x10° 2.47x10* 3.24x10*
Fe 8.15x10° 1.90x10° 2.79x10°® 1.63x10° 4.91x102 3.23x107 1.68x102 2.77x102 234x101 1.23x10° 8.02x102 1.05x 10"
Li 425 x10° 992x10° 1.46x10° 850x101° 253x10° 1.62x10* 8.67x10° 1.39x10° 1.22x10* 6.40=x10* 4.18x10° 5.49 x10°
Mn 1.26 x107 293 x107 4.31x108% 251 x108% 738x10% 4.60x10° 253x10*% 3.94x10* 3.61x103 1.89x102 1.24x10° 1.62x103
Ni 493 x10° 1.15x10®% 1.69x10° 9.85x101° 286x10° 1.74x10* 9.80x10° 1.49x105 1.41x10° 7.42x10° 4.85x107 6.36 x107
Pb 1.72x108 4.02x10®% 591 x10° 3.44x10° 9.88x10° 5.86x10* 3.39x10° 5.02x10° 4.95x10* 259 x10° 1.70x10* 2.22x10+*
Sn 2.52x10° 5.88x10° 8.63x101° 5.04x101° 1.43x10° 827x10° 4.89x10° 7.09x10° 7.23x10° 3.79x10* 248 x10° 3.25x10°
Sr 2.83x10% 6.60x108% 9.70x10° 5.66x10° 1.59x10* 898 =10+ 543 x10° 7.70x10° 8.13 x10* 4.26x103 2.79x10* 3.65x10+*
\Y 6.04 x10° 1.41x10®% 2.07x10° 1.21x10° 3.35x10° 1.86x10* 1.15x10° 159x10° 1.74x10* 9.10x10* 5.95x105 7.80 x10°
Zn 1.17 x 10 274 x10° 4.02x107 2.34x107 6.41x10° 3.49x102 220x10% 299x10° 3.37x102 1.77x101 1.15x102 1.51 x10?
Zr 9.17 x 1010 214 x10° 3.14x10710 1.83x1010 496 x10° 2.64x105 1.70x10° 2.27x10°¢ 2.63x10° 1.38x10* 9.02x10°¢ 1.18x10°

- not applicable to the available data



Int. ]. Environ. Res. Public Health 2020, 17, x 19 of 20

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Osrodka, L.; Godtowska, J.; Hajto, M.; Rozwoda, W.; Wojtylak, M. Determining the anemological conditions
for the area of Krakéw on the basis of data from the Institute of Meteorology and Water Management
observation and measurement network (in Polish). Krakowski Holding Komunalny S.A. 2010.
http://archiwum.dialogspoleczny krakow.pl/files/objects/2061/35/Za%C4%B9%E2 %80%9 A%C3%84 %E2 %80
%A6cznik%20nr%201%20-%20Analiza%20anemologiczna_09.02%20site.pdf. (Accessed on 21 July 2020).
Change in the Study of Conditions and Directions for Spatial Development of the City of Krakow. Volume 1:
Determinants; Urzad Miasta Krakowa: Krakow, Poland, 2013. https://www.bip.krakow.pl/?dok_id=62484.
(Accessed on 21 July 2020).

Regional Environmental Protection Inspectorate in Krakéw, Poland. Wojewddzki Inspektorat Ochrony
Srodowiska w Krakowie. Available online: http://Krakéw.pios.gov.pl/ (Accessed on 26 May 2020).
Gruszecka-Kosowska, A. Deposited particulate matter enrichment in heavy metals and related health risk: A
case study of Krakéw, Poland. Proceedings, 2020, 44(1), 1-7. doi: 10.3390/IECEHS-2-06373.

Miiller, G. Index of geoaccumulation in sediments of the Rhine River, GeoJournal 1969, 2(3), 108-118.

Loska, K.; Wiechuta, D.; Korus, I. Metal contamination of farming soils affected by industry. Environ Int 2004,
30, 159-165.

Sutherland, R.A. (2000). Bed sediment-associated trace metals in an urban stream, Oahu, Hawaii. Environ Geol
2000, 39(6), 611-627.

Ho, H.H.; Swennen, R.; Van Damme, A. Distribution and contamination status of heavy metals in estuarine
sediments near Cua Ong Harbo, Ha Long Bay, Vietnam. Geol Belg 2010, 13(1-2), 37-47.

Gong, Q.; Deng, ]J. Calculating pollution indices by heavy metals in ecological geochemistry assessment and
as case study in parks of Beijing. ] China Univ Geosci 2008, 19(3), 230-241.

Chai, L.; Li, H.; Yang, Z.; Min, X; Liao, Q.; Liu, Y.; Men, S.; Yan, Y.; Xu, J. Heavy metals and metalloids in the
surface sediments of the Xiangjiang River, Hunan, China: distribution, contamination, and ecological risk
assessment. Environ Sci Pollut Res 2017, 24, 874-885.

Liu, Y., Wang, Q., Zhuang, W., Yuan, Y., Jiao, K., Wang, M., & Chen, Q. (2018). Calculation of thallium’s
toxicity coefficient in the evaluation of potential ecological risk index: a case study. Chemosphere 2018, 194,
562-569.

Wang, N., Wang, A., Kong, L., & He, M. (2018). Calculation and application of Sb toxicity coefficient for
potential ecological risk assessment. Sci Total Environ 2018, 610611, 167-174.

Benson, N.U.; Adedapo, A.E.; Omowunmi, H.F.A.; Williams, A.B.; Udosen, E.D.; Ayejuyo, O.O.; Olajire, A.A.
New ecological risk indices for evaluating heavy metals contamination in aquatic sediment: A case study of
the Gulf of Guinea. Regional Studies in Marine Science 2018, 18, 44-56.

MacDonald, D.D.; Ingersoll, C.G.; Berger, T.A. Development and evaluation of consensus-based sediment
quality guidelines for freshwater ecosystems. Arch Environ Con Tox 2000, 39, 20-31.

Kabata-Pendias, A. Trace elements in soils and plants (4th ed.). Boca Raton: CRC Press, Taylor &Francis Group,
2011.

Hakanson, L. An ecological risk index for aquatic pollution control. A sedimentological approach. Water Res
1980, 14, 975-1001.

Rudnick, R.; Gao, S. Composition of the Continental Crust. In Treatise on Geochemistry 2nd Edition; Elsevier
Science: Oxford, UK; San Diego, CA, USA: Elsevier Pergamon, 2014.

Exposure Factors Handbook: 2011 Edition. National Center for Environmental Assessment, Washington, DC; US
Environmental Protection Agency, 2011, EPA/600/R-09/052F.

Supplemental guidance for developing soil screening levels for superfund sites. Office of Emergency and Remedial
Response. US Environmental Protection Agency, 2002, Washington, DC, USA, OSWER 9355, 4-24.
Child-specific Exposure Factors Handbook. National Center for Environmental Assessment Office of Research
and Development. Washington, DC; US Environmental Protection Agency, 2008, EPA/600/R-06/096F.

Risk assessment guidance for superfund, Vol. 3: Part A, Process for conducting probabilistic risk assessment. Office of
Emergency and Remedial Response, US Environmental Protection Agency, 2001, Washington, DC, USA.
Weisto, E.; Bronder, ].; Bubak, A.; Rodriguez-Valdés, E.; Gallego, J.L.R. Human health risk assessment in
restoring safe and productive use of abandoned contaminated sites. Environ Int 2016, 94, 436-448.

Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. Office of
Solid Waste and Emergency Response, US Environmental Protection Agency, 2014, Washington, DC.



Int. ]. Environ. Res. Public Health 2020, 17, x 20 of 20

24.

25.

26.

27.

28.

29.

30.

31.

Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance
for Inhalation Risk Assessment), Final. Office of Superfund Remediation and Technology Innovation, OSWER
Directive 9285,7-82, EPA-540-R-070-002, US Environmental Protection Agency, 2009, Washington, DC, USA.
Regional Screening Level (RSL) Summary Table (TR=1E-06, HQ=1) May 2020. US Environmental Protection
Agency 2020, Washington DC, USA.

de Oliveira, B.F.A.; Ignotti, E.; Artaxo, P.; do Nascimento Saldiva, P.H.; Junger, W.L.; Hacon, S. Risk
assessment of PM2.5 to child residents in Brazilian Amazon region with biofuel production. Environ Health
2012, 11:64.

Taiwo, A.M.; Awomeso, J.A.; Taiwo, O.T. Oremodu, B.D.; Akintunde, O.O.; Ojo, N.O.; Elegbede, O.O;
Olanrewaju, H.H.; Arowolo, T.A. Assessment of health risks associated with road dusts in major traffic
hotspots in Abeokuta metropolis, Ogun state, southwestern Nigeria. Stoch Environ Res Risk Assess 2017, 31(2),
431-447.

Office of environmental health hazard assessment assessments. California Environmental Protection Agency,
Office of Environmental Health Hazard Assessment, Oakland, CA., 2016. http://oehha.ca.gov/chemicals.
Regulation of the Minister of the Environment concerning the levels of certain substances in the air of 24
August 2012 (O] 2012, Item 1031, in Polish).
http://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20120001031.

Goddard, S.L.; Williams, K.R.; Robins, C.; Butterfield, D.M.; Brown, R.J.C. Concentration trends of metals in
ambient air in the UK: a review. Environ Monit Assess 2019, 191, 683.

Air quality in Europe — 2019 report. EEA Report No 10/2019; Publications Office of the European Union,
Luxembourg 2019.

© 2020 by the authors. Submitted for possible open access publication under the terms
@ @ and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).


https://pubag.nal.usda.gov/?q=%22Oremodu%2C+B.+D.%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Akintunde%2C+O.+O.%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Ojo%2C+N.+O.%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Elegbede%2C+O.+O.%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Olanrewaju%2C+H.+H.%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Arowolo%2C+T.+A.%22&search_field=author
http://oehha.ca.gov/chemicals

