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Estimation of uncertainty of measured concentrations is described in Zhang et al. [1].
When the concentration is less than or equal to the method detection limit (MDL):

Uncertainty = Z X MDL 1)

When the concentration is greater than the MDL:

Uncertainty = \/(Error fraction X concentration)? + (0.5 X MDL)? (2)
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where error fractions for the 24 PMzs-bound elements, black carbon and brown car-
bons are equal to 10% as suggested by other researchers (e.g., Wang et al. [2]; Shin et al.
3))-

Determination of number of factors is described in Zhang et al. [1].

In PMF modeling, the optimal number of PMF-resolved factors is decided by the us-
ers. In this study, based on the number of potential sources and the number of measured
elements, the optimal number of PMF-resolved factors should be between two and ten.
Thus, for each of the five scenarios, PMF model simulations were conducted from two to
ten factors to determine an optimal number of factors.

The factor number was determined using three criteria: (1) evaluation of scaled re-
siduals, i.e., IM (maximum individual column mean of scaled residuals), IS (maximum
individual column standard deviation of scaled residuals) as well as Q(robust), Q(true),
and Q/Q(exp) with factor numbers ranging from two to ten; (2) analysis of the factor
matching rates for the bootstrap runs, and (3) interpretability of PMF factor profiles.

Figures S1-54 show the IM, IS, Q(robust), Q(true), Q/Q(exp) and bootstrap matching
rates by the number of factors. IM exhibited the largest decrease when moving from four
to five factors (54%), the increment of factors beyond five resulted in less decrease in IM
(0.1-17%), which suggests that including more factors than five would not significantly
reduce mean scaled residuals of elements involved. The trends of IS, Q(robust), Q(true)
and Q/(Qexp) show large drops in values from three to four factors and from four to five
factors, and further increase in factor numbers beyond five only leads to a small drop in
IS, Q (robust), Q (true), and Q/Q(exp). Furthermore, with the five-factor solution, all fac-
tors were mapped in 100% of bootstrap runs, the highest among the nine solutions. Over-
all, the five-factor solution was the most stable, and explained most of the data variability,
and the improvement of the goodness-of-fit of the solutions was marginal beyond the
five-factor solution. Therefore, the five-factor solution was selected in Scenario 1.

PMF factor interpretation for Scenario 1

The factor of coal/heavy oil burning was the largest contributor (33%) to total pre-
dicted PM2s-bound elemental concentrations. This factor was characterized by high load-
ings of S (82%), Se (72%), Br (69%), V (53%) and moderate loadings of Pb (43%), Cr (27%)
and K (27%) (Table S2). Pb, S and Se are markers for coal combustion [4, 5, 6], while V is
the marker for heavy oil burning [7]. Further, the loadings of Br and Pb in this study are
similar to the profiles of Br (50%) and Pb (50%) from coal combustion sources [8] and
loadings of Se and V in this study agreed with the profiles of Se (40%) and V (60%) from
heavy oil combustions [9]. Although coal-fired power plants were eliminated in Ontario
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in 2014 [10], coals are still used to generate electricity in the neighboring States, e.g., Mich-
igan, Indiana, and Ohio [11]. Therefore, this factor is likely originated from regional/trans-
boundary sources. A PM2s source apportionment study indicated that the US Midwest,
East Coast, and Canada’s West were dominant regional sources of sulfate and nitrate in
Ontario. That study utilized a trajectory-based simplified quantitative transport bias anal-
ysis to identify possible sources of PMzs-bound sulfate and nitrate factors using PMzs-
bound element data collected from 2005-2010 at five Ontario sites (Windsor, Wallaceburg,
Simcoe, Toronto, and Ottawa) [12].

The second-highest contributing factor was vehicular exhaust, contributing an aver-
age of 30% of total PMzs-bound elemental concentrations. This factor is characterized by
the high loadings of BrCi (93%), BrCz (90%), Sn (89%), As (75%), and BC (72%), and mod-
erate loadings of Ba (31%), Cr (27%) and Pb (27%) (Table S2). Diesel vehicle emissions are
considered major sources of black carbon [13]. The loadings of BC, Ba and Pb in this study
is similar to the profiles of vehicle exhaust from Chen et al. [14], i.e., elemental carbon
(65%), Ba (40%), and Pb (40%). High loadings of As in vehicle emissions have been re-
ported in other studies, for example, 65% in Landis et al. [15] and 44% in Balakrishna et
al. [16]. Figures S5-58 show the results of Fpeak rotation that were used to assess the rota-
tional ambiguity in the PMF solutions. The contributions of BC, BrCi, BrCz, and Pb to each
of the resolved five factors involving a given element changed little among the four se-
lected Fpeak strengths (-1, -0.5, 0.5, 1) when compared with contributions in the base
model, suggesting little rotational ambiguity. Further, the number of DISP swaps was zero
and the decrease in Q was less than 0.1% (data not shown) at any dQmax levels tested (4,
8, 15, 25), again suggesting there was little rotational ambiguity in the five-factor profiles
of PMF solutions. The vehicular exhaust factor had a clear diurnal variability (Figure S9),
i.e., peaked in the morning of 6:00-9:00 due to rush hour traffic, and low in the afternoon
of 16:00-17:00 due to increased atmospheric mixing height, suggesting this factor is pri-
marily from local sources.

The third-highest contributing factor was metal processing, which was contributing
19% of total PM2s-bound elemental concentrations. The metal processing factor was dom-
inated by high loadings of Hg (92%), Co (82%), Rb (77%), Ag (73%), Cd (71%), Si (56%),
Ni (54%), Cu (44%), K (42%), and Sr (41%), and moderate loadings of Ba (30%) (Table S2).
The loadings of Ag, Cd, Co, and Rb are similar to profiles in previous studies, i.e., iron ore
and steel industry from Hsu et al. [17] (i.e., Co: 80%) and metal processing from Wang et
al. [18] (i.e., 75% of Ag, 50% of Cd, and 30% of Rb). The diurnal variability of metal pro-
cessing contributions was small (Figure S9), and averaged hour-of-day contributions
ranged from 308 ng/m? at 5:00 to 415 ng/m? at 8:00, suggesting regional sources of the
metal processing factor.

The next-highest contributing factor was crustal dust, contributing 15% of total PMas-
bound elemental concentrations. The crustal dust factor was characterized by high load-
ings of Ca (90%), Ti (59%) and Fe (55%) and moderate loadings of Mn (35%), Sr (32%), Ba
(31%) and Si (27%) (Table S2). Similar profiles of crustal dust have been reported by Yu et
al. [19] that loadings of Ca, Ti, Fe, Si, and Fe are ~80%, 70%, 40%, and 70%, respectively.
The crustal dust factor had elevated factor contributions in the morning of 7:00-9:00 (Fig-
ure S9), suggesting resuspension of crustal dust by on-road vehicles.

Finally, the lowest contributing factor was vehicle brake and tire wear, contributed
3% of total PM2s-bound elemental concentrations. The vehicle brake and tire wear factor
was characterized by high loadings of Zn (79%) and Mn (58%), and moderate loadings of
Fe (26%) (Table S2). Zn is a main tracer of tire wear [20]. Farahani et al. [21] reported load-
ing of 75% of Zn, 5% of Pb and 5% Ti in their profile of tire wear. The loadings of Mn and
Fe are similar to the profiles of brake wear from Taghvaee et al. [22] i.e., Mn (30%) and Fe
(20%). The diurnal variability of vehicle brake and tire wear was large and in good agree-
ment with other two traffic-related factors, i.e., vehicular exhaust and crustal dust, sug-
gesting the three traffic-related factors are primarily from local sources.
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Table S1. Statistics of hourly concentrations for PM25, BC and BrCs (ug/m?) and PMzs-bound ele-

ments (ng/m?) during April-October 2021.

a) Scenario 1 (base case) (N=4362)

Species | Mean su Min Median | Max v MDL Missing | <MDL | Flagged | Valid

Dev (%) (%) (%) (%) (%)

PMzs 9.0 59 0.5 8 48 152 0.5 1.9 4.1 2.6 91
BC 0.55 0.42 0.0025 0.44 4.8 77 | 0.005 2.6 0.1 0 97
BrC* 0.068 0.10 0.001 0.040 2.1 154 | NA 2.6 14 0.1 84
BrC,* 0.086 | 0.082 0.001 0.062 1.6 96 NA 2.6 0.8 0.1 97
Ag 2.6 1.2 22 2.2 14 47 4.33 11 73 4.2 11
As 0.3 1.1 0.06 0.1 33 396 | 0.11 11 72 4.2 13
Ba 2.8 13 0.48 1.0 370 470 | 095 11 40 4.2 45
Br 3.1 2.5 0.09 2.7 49 79 0.18 11 1.3 4.2 83
Ca 84 110 0.45 52 1600 | 134 0.9 11 0.5 4.2 84
Cd 3.8 1.9 29 2.9 17 51 5.75 11 66 4.2 19
Co 0.2 0.1 0.16 0.2 5.7 64 0.32 11 83 4.2 1.1
Cr 0.4 2.7 0.15 0.2 110 757 | 0.29 11 67 4.2 18
Cu 4.7 10 1.5 32 260 209 | 0.27 11 0 4.2 84
Fe 110 230 0.38 65 7500 | 209 | 0.76 11 0.1 4.2 84
Hg 0.6 0.6 0.095 0.5 10 97 0.19 11 24 4.2 60
K 110 260 33 83 7000 | 229 | 2.37 11 0 4.2 84
Mn 4.3 8.8 0.14 1.8 150 207 | 0.28 11 3.6 4.2 81
Ni 0.5 1.6 0.12 0.3 41 311 | 0.23 11 35 4.2 49
Pb 3.8 7.9 0.25 3.0 340 207 | 0.22 11 0 4.2 84
Rb 0.2 0.1 0.17 0.2 29 63 0.34 11 70 4.2 14
S 580 500 8.1 440 4100 87 6 11 0 4.2 84
Se 0.6 1.1 0.07 0.4 20 167 | 0.14 11 18 4.2 66
Si 400 210 47 360 3300 52 20 11 0 4.2 84
Sn 39 4.2 3.7 3.7 140 105 | 7.46 11 84 4.2 0.4
Sr 1.5 6.6 0.23 0.9 180 429 | 045 11 7.8 4.2 77
Ti 39 4.0 0.19 2.9 55 101 | 0.38 11 1.5 4.2 83
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v 0.5 1.1 0.15 0.2 31 230 | 0.29 11 55 4.2 29
Zn 24 52 0.12 10 840 216 | 0.23 11 0.3 4.2 84
Note: Missing (%) + <MDL (%) + Flagged (%) + Valid (%) =100%.
* BrC1 and BrC: concentrations were calculated.
b) Scenario 3 (N=72)
Species | Mean | Std Dev Min Median Max CV (%) <MDL (%) Valid (%)
PM: s 19 12 2 17 47 158 0 100
BC 1.0 0.59 0.25 0.83 2.6 58.5 0 100
BrC,* 0.17 0.15 0.003 0.12 0.57 88.9 7 93
BrC,* 0.17 0.12 0.001 0.12 0.44 73.6 1 99
Ag 2.8 1.6 2.2 2.2 10 58.5 65 15
As 0.67 1.1 0.055 0.055 4.5 165 51 29
Ba 55 83 0.47 17 370 151 6 75
Br 4 23 1.2 33 12 57.5 0 81
Ca 64 52 15 52 260 80.1 0 81
Cd 4.7 3 2.9 2.9 17 63 50 31
Co 0.17 0.034 0.16 0.16 0.42 20.7 79 1
Cr 1 1.8 0.15 0.15 9.7 179 39 42
Cu 42 58 3.2 15 260 140 0 81
Fe 120 150 19 65 820 131 0 81
Hg 0.55 0.61 0.095 0.43 35 112 33 47
K 1200 1600 83 450 7000 136 0 81
Mn 6.5 10 0.32 2.9 57 160 0 81
Ni 0.34 0.44 0.12 0.27 2.9 129 39 42
Pb 7.4 5.9 2.2 4.8 29 79.5 0 81
Rb 0.46 0.6 0.17 0.17 2.9 131 47 33
S 680 600 100 440 2900 89.1 0 81
Se 0.45 0.42 0.07 0.36 1.9 93.1 22 58
Si 400 140 160 360 840 35.8 0 81
Sn 17 30 3.7 3.7 140 180 58 22
Sr 29 42 0.87 9.4 180 146 0 81
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Ti 9.4 10 1.2 4.4 49 108 0 81
A% 0.41 0.91 0.15 0.15 5.7 224 68 13
Zn 28 46 34 12 320 164 0 81

Note: Missing (%) + <MDL (%) + Flagged (%) + Valid (%) =100%
* BrC, and BrC, concentrations were calculated.

¢) Scenario 4 (N=24)

Species | Mean | Std Dev Min Median Max CV (%) <MDL (%) Valid (%)
PM>s 23 9.8 12 19 43 236 0 100
BC 1.4 0.86 0.26 1.0 3.1 61.1 0 100
BrC* 0.42 0.64 0.010 0.099 2.1 152 0 100
BrCy* 0.30 0.32 0.033 0.14 1.0 108 0 100
Ag 33 23 22 22 11 70.2 71 25
As 1.7 2.9 0.055 0.055 11 175 54 42
Ba 7.9 11 0.47 33 41 141 8 88
Br 8.3 10 1.5 4 42 126 0 96
Ca 270 160 24 240 560 57.5 0 96
Cd 3.8 1.7 29 2.9 7.3 434 71 25
Co 0.66 1.3 0.16 0.16 5.7 199 71 25
Cr 8 25 0.14 0.14 110 308 50 46
Cu 21 30 2.7 6.5 120 142 0 96
Fe 1200 2200 35 370 7500 174 0 96
Hg 1.3 24 0.095 0.45 10 184 29 67
K 260 200 97 170 850 78 0 96
Mn 31 36 1.8 16 150 118 0 96
Ni 43 8.5 0.12 0.31 26 199 38 58
Pb 12 20 1.3 5.7 96 160 0 96
Rb 0.31 0.19 0.17 0.17 0.95 63.2 54 42
S 560 130 330 520 880 237 0 96
Se 0.57 0.46 0.07 0.37 1.7 81.7 4 92
Si 640 200 280 610 1000 314 0 96
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Sn 3.7 <0.1 3.7 3.7 3.7 <0.1 96 0
Sr 3.5 4.1 0.79 1.9 17 117 0 96
Ti 8.7 4.1 1.9 8.1 20 46.6 0 96
\% 0.34 0.51 0.15 0.15 2.5 150 67 29
Zn 63 66 6 36 240 106 0 96
Note: Missing (%) + <MDL (%) + Flagged (%) + Valid (%) =100%
* BrC, and BrC, concentrations were calculated.
d) Scenario 5 (N=4266)
Species | Mean | Std Dev Min Median Max CV (%) <MDL (%) Valid (%)
PMa2s 8.8 5.5 0.5 8 48 159 4 91
BC 0.53 0.41 0.0025 0.44 4.8 76.2 0 91
BrC,* 0.064 0.087 0.001 0.040 1.4 137 14 86
BrC,* 0.083 0.075 0.001 0.062 1.6 90.9 0.8 99
Ag 2.6 1.2 2.2 2.2 14 45.9 73 11
As 0.25 1 0.055 0.055 33 409 72 12
Ba 1.9 3.6 0.48 1 130 192 41 44
Br 3.1 2.3 0.09 2.7 49 75.7 1.3 83
Ca 83 110 0.45 52 1600 135 0.5 84
Cd 3.8 1.9 2.9 2.9 17 504 66 18
Co 0.16 0.027 0.16 0.16 0.69 16.8 83 0.9
Cr 0.3 2 0.15 0.15 110 646 67 17
Cu 3.9 32 1.5 32 83 80.8 0.0 84
Fe 100 150 0.38 65 3700 143 0.1 84
Hg 0.6 0.56 0.095 0.46 6.3 93.1 24 60
K 94 51 33 83 960 55 0 84
Mn 4.1 8.2 0.14 1.8 110 200 3.7 81
Ni 0.49 1.4 0.12 0.27 41 295 35 49
Pb 3.7 7.8 0.25 3 340 209 0 84
Rb 0.21 0.11 0.17 0.17 1.1 51.8 70 14
S 580 500 8.1 440 4100 86.9 0 84
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Se 0.64 1.1 0.07 0.36 20 168 18 66
Si 400 210 47 360 3300 52.5 0 84
Sn 3.7 <0.1 3.7 3.7 3.7 <0.1 84 0.0
Sr 1.1 1.6 0.23 0.87 73 147 8.0 76
Ti 3.8 3.7 0.19 2.9 55 96.8 1.5 83
A% 0.5 1.1 0.15 0.15 31 230 55 29
Zn 24 52 0.12 10 840 218 0.3 84

Note: Missing (%) + <MDL (%) + Flagged (%) + Valid (%) =100%

* BrC, and BrC, concentrations were calculated.

Table S2. Factor profiles (% of species mass concentrations being assigned to that factor) for black
carbon (BC) and brown carbons (BrC: and BrCz), and PM:zs-bound elements in Windsor during

April-October 2021 (Scenario 1). Bold values are percentages >40%.

Coal/heavy Vehicular Metal Vehicle brake
Species oil burning exhaust processing Crustal dust and tire wear
BC 15 79 0 6 0
BrC, 0 78 20 0 2
BrC, 0 90 3 5 1
Ag 21 6 68 5 0
As 23 65 9 0 2
Ba 5 36 29 28 1
Br 67 14 14 5 0
Ca 0 0 11 87 2
Cd 21 9 67 2 1
Co 18 10 67 3 1
Cr 20 23 33 17 6
Cu 14 21 41 14 10
Fe 8 8 8 53 23
Hg 9 0 83 2 5
K 26 18 41 15 0
Mn 7 4 1 33 55
Ni 19 9 57 14 1
Pb 40 31 23 4 1
Rb 17 9 66 8 0
S 82 0 14 2 2
Se 70 4 22 0 4
Si 17 1 54 28 0
Sn 23 16 60 1 0
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Sr 16 11 42 31 0
Ti 17 7 19 58 0
\% 42 3 43 11 1
Zn 14 6 0 4 76

Table S3. Factor profiles (% of species mass concentrations being assigned to that factor) for black
carbon (BC) and brown carbons (BrC: and BrCz), and PMzs-bound elements in Windsor during the
1¢t episodic event on July 3-5, 2021 (Scenario 3). Bold values are percentages >40%.

Spec Vehicular Coal burning and Crustal dust and
ecies
P Fireworks exhaust metal processing | tire and brake wear
BC 7 50 38 5
BrC, 6 75 15 4
BrC, 5 65 22 7
Ag 0 22 63 15
As 0 100 0 0
Ba 74 18 0 7
Br 17 30 43 10
Ca 0 13 36 51
Cd 13 30 50
Co 7 20 65 8
Cr 80 9 0 11
Cu 69 18 3 9
Fe 5 14 16 65
Hg 0 10 69 21
K 69 19 3 9
Mn 26 12 3 60
Ni 6 22 51 21
Pb 28 32 28 12
Rb 66 0 31
S 56 1 35 8
Se 29 0 43 28
Si 8 18 59 14
Sn 94 0 6 0
Sr 75 15 1 8
Ti 52 21 14 14
\% 30 10 45 15
Zn 21 18 14 48

Table S4. List of firework events in Michigan in July 2021 (Data sources: Oilver, [23]; Mlive, [24]).

Date Start Time Location
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July 2 and | 10:00 PM 20900 Oakwood Blvd. Dearborn,
3 Michigan
July 2, 3,]10:12 PM 301 Washington Ave. Bay City, Michigan
and 4
July 3 10:00 PM 32481 West Jefferson Ave, Brownstown
Charter Township, Michigan
July 3 10:00 PM 600 West Main Street, Manchester,
Michigan
July 4 At dusk 9318 Main Street, Whitmore Lake,
Michigan
July 4 At dusk 6598 Brush Street, North Branch,
Michigan
Table S5. Factor profiles (% of species mass concentrations being assigned to that factor) for black
carbon (BC) and brown carbons (BrCi and BrCz), and PM2s-bound elements in Windsor during the
2nd episodic event on July 20, 2021 (Scenario 4). Bold values are percentages >40%.
Mineral Coal burning and | Vehicular | Crustal | Heavy oil burning and
Species dust metal processing exhaust dust metal processing
BC 33 22 18 19 7
BrC, 26 5 62 0 7
BrC, 34 13 47 6 0
Ag 10 67 19 4 1
As 5 2 56 0 37
Ba 71 7 0 19 3
Br 17 32 46 3 3
Ca 11 18 8 64 0
Cd 12 63 13 4 9
Co 0 17 80 3 0
Cr 2 3 34 7 54
Cu 17 10 34 5 33
Fe 6 1 16 16 61
Hg 6 23 2 0 69
K 46 32 8 10 4
Mn 62 0 10 16 12
Ni 0 0 12 6 82
Pb 19 20 16 19 25
Rb 21 51 17 5 5
S 22 54 11 10 3
Se 27 31 16 10 17
Si 13 44 13 23 7
Sn 17 58 9 12 3
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Sr 59 11 1 27
Ti 31 29 10 26 5
A% 6 16 0 33 45
Zn 10 14 52 23 1
Table S6. Factor profiles (% of species mass concentrations being assigned to that factor) for black
carbon (BC) and brown carbons (BrCi and BrCz), and PMzs-bound elements in Windsor excluding
the two episodic events (Scenario 5). Bold values are percentages >40%.
Coal/heavy oil Vehicular Metal Vehicle tire and
Species burnings exhaust processing | Crustal dust brake wear
BC 16 80 0 4 0
BrC, 0 74 24 0 3
BrC, 0 91 3 4 1
Ag 21 6 68 5 0
As 24 63 11 0 2
Ba 6 35 30 27 2
Br 68 13 14 5 0
Ca 6 1 10 82 2
Cd 20 9 68 2 1
Co 19 9 68 4 0
Cr 21 20 36 18 5
Cu 15 20 41 13 10
Fe 11 9 7 50 23
Hg 9 0 83 3 5
K 27 17 41 14 0
Mn 9 4 1 31 55
Ni 20 11 56 13 1
Pb 41 30 23 4 1
Rb 15 6 70 9 0
S 82 0 14 2 2
Se 70 5 21 0 3
Si 19 0 54 27 0
Sn 21 9 66 3 0
Sr 18 10 42 30 0
Ti 20 7 18 55 0
A% 41 42 11 1
Zn 14 0 4 77

Table S7. Vehicle exhaust factor profiles (% of species mass concentrations being assigned to that
factor) in each of the five scenarios. Bold values are percentages >40%.
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Species S1 S2 S3 S4 S5
BC 79 87 50 18 80
BrC, 78 75 62 74
BrC, 920 65 47 91
Ag 6 7 22 19 6
As 65 90 100 56 63
Ba 36 58 18 0 35
Br 14 15 30 46 13
Ca 0 0 13 8 1
Cd 9 12 30 13 9
Co 10 12 20 80 9

Cr 23 31 9 34 20
Cu 21 32 18 34 20
Fe 8 14 14 16 9
Hg 0 0 10 2 0
K 18 21 19 8 17
Mn 4 7 12 10 4
Ni 9 15 22 12 11
Pb 31 47 32 16 30
Rb 9 9 0 17 6
S 0 0 1 11 0
Se 4 5 0 16 5
Si 1 0 18 13 0
Sn 16 18 0 9 9
Sr 11 16 15 1 10
Ti 7 10 21 10 7
v 3 4 10 0 5
Zn 6 7 18 52 5
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Scenario 1, IM and IS vs. number of factors
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Figure S1. IM and IS vs. number of factors in Scenario 1.
Scenario 1, Q (Robust) and Q (True) vs. number of factors
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Figure S2. Q (Robust) and Q (True) vs. number of factors in Scenario 1.
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Scenario 1, Q/Q(exp) vs number of factors
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Figure S3. Q/Qexp vs. number of factors in Scenario 1.
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Figure S4. The percentage of bootstrap matching vs. number of factors in Scenario 1.
BC (ng/m3) - Fpeak =-10 Factor Contribution > 0 05 % BC (ng/m3) - Fpeak =-05 Factor Contribution > 0.05 %

W Factor 1= 2812000 (5.5 %)
B Factor 2= 78.87100 (15.5 %)
B Factor 3= 401.77000 (79.0 %)

B Factor 1=27.43200 (54 %)
B Factor2 = 79.51700 (15.6 %)
@ Factor 3 = 401.29000 (79.0 %)
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BC (ngim3) - Fpeak = 1.0

W Factor 1= 28 24500 (5.6 %)
M Factor 2 = 78 58000 (155 %)
B Factor 3= 401.08000 (79.0 %)

BC (ng/m3) - Fpeak =05

Eactor Contribution > 0.05 %

B Factor 1= 2834400 (5.6 %)
B Factor 2 = 78.66600 (15.5 %)
B Factor 3 = 401.42000 (79.0 %)

BC (ng/m3) - Run 15

M Factor 1= 28.35600 (5.6 %)
M Factor 2 = 7853600 (155 %)
B Factor 3= 40105000 (78.9 %)

Figure S5. Factor contributions (ng/m® and %) of BC to individual PMF resolved sources (factors
contribution >0.05% is shown) at Fpeak strength of -1, -0.5, 0.5 and 1 in the base model (Run 15) of
Scenario 1. Factor 1: Crustal dust, Factor 2: Coal/heavy oil burning, Factor 3: vehicular exhaust.

BrC1(ng/m3) - Fpeak =-1.0

Ea [ LC ) n> Yz

B Factor 3 = 36.96400 (77.7 %)
O Factor4 = 243180 (19.8 %)
[ Factor5= 116580 (25 %)

BrC1 (ng/m3) - Fpeak=-05

Ea C ! n> ! é ?2

B Factor 3 = 36.99600 (77.7 %)
O Factor4 = 2.43420 (19.8 %)
[ Factor5 = 117460 (25 %)

BrC1(ng/m3) - Fpeak=1.0

Eactor Contribution > 0.05 %

M Factor 3 = 36.87800 (77.6 %)
O Factor4 =9.45100 (19.9 %)
@ Factor 5= 1.19500 (2.5 %)

BrC1(ng/m3)- Fpeak = 0.5

W Factor 3 = 36.93600 (776 %)
[ Factor4 = 944860 (19.9 %)
[ Factor 5 = 1.18560 (2.5 %)

BrC1 (ng/m3) - Run 15

B Factor 3 = 36.91300 (7.6 %)
O Factor4=944790 (19.9 %)
[ Factor5= 118150 (25 %)
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Figure S6. Factor contributions (ng/m? and %) of BrCi to individual PMF resolved sources (factors
contribution >0.05% is shown) at Fpeak strength of -1, -0.5, 0.5 and 1 in the base model (Run 15) of
Scenario 1. Factor 3: vehicular exhaust, Factor 4: Metal processing, Factor 5: Vehicle tire and brake
wear.

BrC2 (ng/im3) - Fpeak =-1.0

BrC2 (ng/m3)- Fpeak =-05

Eactor Contribution > 0.05 %

B Factor 1=421670 (54 %)
B Factor 3=71.09300 (302 %)
O Factor4 = 241750 (3.1 %)
B Factor 5= 1.05340 (1.3 %)

Eactor Contribution > 0.05 %
Factor 1=4.10430 (5.2 %)
Factor 2 = 0.13266 (0.2 %)
Factor 3 = 71.01000 (202 %)
Factor 4 = 2.42240 (3.1 %)
Factor 5 = 1.04560 (1.3 %)

OoOEEm

BrC2 (ng/m3) - Fpeak = 1.0

Eactor Contribution > 0.05 % BrC2 (ng/m3) - Fpeak=0.5 Eactor Contribution > 0.05 %

B Factor 1= 4.25280 (5.4 %)
B Factor 3 = 70.93300 (90.2 %)
O Factor4 = 2.40900 (3.1 %)
@ Factor 5= 1.07580 (1.4 %)

B Factor 1=4.26620 (5.4 %)
B Factor 3=71.01300 (30.2 %)
O Factor4 = 241110 (3.1 %)
B Factor5= 106580 (14 %)

BrC2 (ng/m3) - Run 15

B Factor 1=4.26100 (54 %)
B Factor 3 = 7095500 (902 %)
O Factor4 =2.41530 (3.1%)
B Factor 5= 1.06050 (1.3 %)

Figure S7. Factor contributions (ng/m?® and %) of BrCz to individual PMF resolved sources (factors
contribution >0.05% is shown) at Fpeak strength of -1, -0.5, 0.5 and 1 in the base model (Run 15) of
Scenario 1. Factor 1: Crustal dust, Factor 2: Coal/heavy oil burning, Factor 3: vehicular exhaust, Fac-
tor 4: Metal processing, Factor 5: Vehicle tire and brake wear.
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Figure S8. Factor contributions (ng/m® and %) of Pb to individual PMF resolved sources (factors
contribution >0.05% is shown) at Fpeak strength of -1, -0.5, 0.5 and 1 in the base model (Run 15) of
Scenario 1. Factor 1: Crustal dust, Factor 2: Coal/heavy oil burning, Factor 3: vehicular exhaust, Fac-
tor 4: Metal processing, Factor 5: Vehicle tire and brake wear.
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Figure S9. Diurnal variations of PMF estimated source contributions (ng/m?3) in Scenario 1 (percent-

ages in the subtitles are average source contributions) and total concentrations of all factors, and
observed PMzs concentration (pg/m?).
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Figure S10. Scatter plot of hourly total observed vs. predicted concentrations (Scenario 1). The two
episodes are labelled in red and green, respectively. When concentrations were greater than 4000
ng/m? most of the hourly concentrations in the two episodes deviate further away from the 1:1 line.
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Figure S11. IM and IS vs. number of factors in Scenario 3.
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Scenario 3, Q (Robust) and Q (True) vs. number of factors
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Figure S12. Q (Robust) and Q (True) vs. number of factors in Scenario 3.
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Figure S13. The percentage of bootstrap matching vs. number of factors in Scenario 3.
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Figure S14. Time-series of PMF estimated factor concentrations (ng/m?) in Scenario 3 (percentages
in the subtitles are average source contributions) and total concentrations of all factors, and ob-
served PM2s concentration (ug/m3).
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Figure S15. Ratios of observed to predicted concentrations for event markers in Scenarios 1 and 3
vs. observed concentrations.
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Figure S16. Time-series of hourly observed and predicted concentrations for As, BrCi, Br, Cr, Fe,
Pb, Se, Ti, and Zn during the episode on July 3-5, 2021 (Scenario 3). S1 and S3 in the figure legends

correspond to Scenario 1 and Scenario 3, respectively.
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Figure S17. The percentage of bootstrap matching vs. number of factors in Scenario 4.
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Figure S18. IM and IS vs. number of factors in Scenario 4.
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Scenario 4, Q (Robust) and Q (True) vs. number of factors
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Figure S19. Q (Robust) and Q (True) vs. number of factors in Scenario 4.
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Figure S20. Time-series of PMF estimated factor concentrations (ng/m?) in Scenario 4 (percentages
in the subtitles are average source contributions) and total concentrations of all factors, and ob-

served PM2s concentration (pg/m?).
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Figure S21. Source contributions of the mineral dust factor in Scenario 4 vs. hourly wind direction
on July 20, 2021.
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Figure S23. Time-series of hourly observed and predicted concentrations for As, Ba, Hg, K, Se, Sr, Ti and V during the
episode of July 20, 2021 (Scenario 4). S1 and S4 in the figure legends correspond to Scenario 1 and Scenario 4, respec-

tively.
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