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S1. Estimation of the probability density functions (PDFs) of p values
The p values used in Eq. (11) in the main text is the fraction of EC from coal combustion (ECcoal)
in EC from fossil sources (ECrossi). That is,

_ ECcoal — ECcoal
chossil ECcoal + Ecliq.fossil

p (1)

where ECiossit is the sum of ECeoaand EC from liquid fossil fuel combustion (i.e., vehicle emissions;
EClig.fossil) -
Eq. (S1) can be formulated as:

_ fcoal _ fcoal

ffossil fcoal + fliq.fossil

(52)

where feoa and fiig fossit 1S the relative contribution of coal combustion emission and liquid fossil fuel
combustion to EC. The sum of fcoa and fiiq fossit IS frossit OF EC, which is well constrained by F*“C of
EC.

The PDFs of feoa and fiiq fossit (€9., Fig. S4), derived from the Bayesian calculations detailed in Sect.
2.6 in the main text, are used to calculated the PDFs of p.
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Figure S1. Selected samples for *C analysis. Three composite samples that represent high (H),
medium (M) and low (L) TC concentrations are combined from several individual filter samples
per season. Each composite sample is consisting of 2 to 4 24-hr filter pieces with similar TC
loadings and air mass backward trajectories (Table S1).
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Figure S2. Fraction modern (F*C) of elemental carbon (EC), organic carbon (OC), water-insoluble
oC (W|OC) and water-soluble OC (WSOC) (FlAC(Ec), F14C(oc), FlAC(W|oc) and F14C(Wsoc)
respectively). F*Cwsoc) is calculated from the measured F**C(ocy and F*Cuwioc) following the
isotope mass balance. The blue dashed area for best estimate of F*Cwsoc) (blue filled circle)
indicates ranges of F1*Cwsoc) (Sect. 2.5).
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Figure S3. (a) An example probability density functions (PDFs) of concentrations of POCrossit (red), SOCrossit (light blue) for sample Autumn-L. (b)
PDFs of concentrations of and OC, ¢ (light blue) and POCyy, (red) for the same sample. Their concentrations are estimated by “C-apportioned OC

and EC using the EC tracer method (Sect. 2.5). The mean and median are indicated by the dashed and solid vertical lines.
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Figure S4. Probability density functions (PDFs) of the relative source contributions of biomass burning (fo,), coal combustion (feea) and liquid fossil
fuel combustion (fiiq fossit) to EC constrained by combining radiocarbon and §*C measurements, calculated using the Bayesian Markov chain Monte

Carlo approach (Sect. 2.6).
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Table S1. Sample information as well as the fraction modern (F**C) of elemental carbon (EC),
organic carbon (OC), water-insoluble OC (WIOC) and water-soluble OC (WSOC) (F**Co),
F*Coc), F**Cwioc) and F**Cwsoc) respectively), and stable carbon isotopic compositions (5'3C, %o)

of EC (8'%Ckc).

ﬁ:mg le gzr:;pllng FC go? FC (oo F*C wioc? F*C wsoc)” 8%Cec

Winter-H 2015.12.20 | 0.340 =0.005 0.640 £0.009 0.565 %0.006 0.704 -24.6
2015.12.21 (0.682-0.717)

Winter-M 2015.11.30 | 0.258 £0.005 | 0.609 £0.007 | 0.558 +0.007 | 0.649 -25
2015.12.8 (0.635-0.657)
2015.12.9

Winter-L 2015.12.14 | 0.320 =0.005 0.626 £0.007 0.553 £0.006 0.69 -24.7
2015.12.16 (0.675-0.699)
2015.12.17

Spring-H 2016.5.5 0.123 +0.004 0.534 +0.006 0.514 +0.006 0.543 -24.7
2016.5.10 (0.541-0.543)

Spring-M 2016.4.19 0.145 +0.006 0.531 +0.007 0.450 #+0.006 0.577 -24.8
2016.4.20 (0.567-0.583)

Spring-L 2016.4.23 0.184 +0.004 0.557 +0.007 0.445 +0.006 0.637 -24.2
2016.4.24 (0.610-0.654)
2016.4.27

Summer-H | 2016.7.21 0.159 +£0.004 | 0.549 +£0.006 | 0.438 =0.006 | 0.605 -24.7
2016.7.23 (0.587-0.616)

Summer-M | 2016.7.11 0.191 +0.004 0.593 +0.007 0.497 +0.006 0.651 -25.2
2016.7.16 (0.631-0.663)
2016.7.27

Summer-L | 2016.7.5 0.181 +0.006 0.637 £0.007 0.394 +0.006 0.795 -25
2016.7.6 (0.750-0.822)
2016.7.12
2016.7.13

Autumn-H | 11/3/2016 0.169 £0.004 0.562 £0.007 0.516 £0.007 0.599 -25.2
11/4/2016 (0.591-0.603)
11/13/2016

Autumn-M | 10/17/2016 | 0.154 £+0.004 0.547 +0.007 0.492 +0.006 0.587 -25.5
10/18/2016 (0.575-0.595)
11/1/2016

Autumn-L | 10/15/2016 | 0.194 +0.004 0.593 +0.006 0.518 +0.006 0.635 -25.1
10/16/2016 (0.623-0.643)
10/20/2016

3 F14C values are given in average =measurement uncertainty.

b F14Cwsoc) is calculated from the measured F*“C(oc) and F**Cwioc) following the isotope mass balance (Eq.
4 in the main text). The range of F**Cwsoc) is presented in the parentheses, calculated following the method
detailed in Sect 2.5.
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Table S2. Consensus value of F**C secondary standards IAEA- C7 and -C8 along with measured
FC values. Data corrections for the measured F14C of secondary standards are the same as those
for samples.

Standards Consensus value of F**C | measured F*C measured mass (ugC)
IAEA-C7 0.4953 £0.0012 0.4884 £0.0059 76

0.5017 £0.0064 80
IAEA-C8 0.1503 £0.0017 0.1511 £0.0039 63

0.1540 +0.0038 100
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Table S3. Relative contributions of non-fossil sources to EC, OC, WIOC and WSOC (fu(EC), fnf(OC), fui( WIOC), fuir(WSOC)), and relative fossil
sources contribution to EC, OC, WIOC and WSOC (Ffiossil(EC), frossit(OC), frossit(WIOC), frossit(WSOC)) for each sample.

Sample name | fp(EC) frossil(EC) far(OC) frossit(OC) fur(WIOC) frossit(W1OC) far(WSOC) frossit(WSOC)
Winter-H 0.310 +0.008 0.690 +0.008 0.587 +£0.014 | 0.413 +=0.014 0.516 +£0.012 | 0.484 +0.012 0.639 +0.014 0.361 +0.014
Winter-M 0.235 +0.006 0.765 %0.006 0.559 +0.012 | 0.441 +0.012 0.509 +0.012 | 0.491 +0.012 0.590 +0.012 0.410 #0.012
Winter-L 0.291 +0.007 0.709 %0.007 0.574 +0.012 | 0.426 +0.012 0.504 +0.011 | 0.496 +0.011 0.627 +0.013 0.373 +0.013
Spring-H 0.112 +0.004 0.888 +0.004 0.490 +£0.011 | 0.510 +0.011 0.468 +£0.011 | 0.532 +0.011 0.495 +0.010 0.505 +0.010
Spring-M 0.132 +0.006 0.868 +0.006 0.487 +0.011 | 0.513 +0.011 0.410 +0.010 | 0.590 +0.010 0.525 +0.011 0.475 +0.011
Spring-L 0.167 +0.005 0.833 +0.005 0.511 +0.011 | 0.489 +0.011 0.406 +£0.010 | 0.594 +0.010 0.578 +£0.014 0.422 +£0.014
Summer-H 0.144 +0.005 0.856 +0.005 0.504 +0.011 | 0.496 +0.011 0.399 +0.009 | 0.601 +0.009 0.550 +0.012 0.450 +0.012
Summer-M 0.173 +0.005 0.827 +0.005 0.544 +£0.012 | 0.456 +0.012 0.454 +0.010 | 0.546 +0.010 0.591 +0.013 0.409 +0.013
Summer-L 0.165 +0.006 0.835 %0.006 0.585 +0.012 | 0.415 +0.012 0.359 +£0.009 | 0.641 +0.009 0.720 +0.019 0.280 +0.019
Autumn-H 0.153 +0.005 0.847 +0.005 0.516 +0.011 | 0.484 +0.011 0.470 +0.011 | 0.530 +0.011 0.545 +0.011 0.455 +0.011
Autumn-M 0.140 +0.004 0.860 +0.004 0.502 +£0.011 | 0.498 +0.011 0.448 +£0.010 | 0.552 +0.010 0.534 +0.011 0.466 +0.011
Autumn-L 0.177 +0.005 0.823 +0.005 0.544 +0.012 | 0.456 +0.012 0.472 +0.011 | 0.528 +0.011 0.578 +0.012 0.422 +0.012
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Table S4. Concentrations of EC, OC, WIOC and WSOC from non-fossil sources (ECu,, OCri, WIOC: and WSOC¢) and fossil sources (ECrossil,

OCrossit, WIOCrossit and WSOCrossit) in units of ug m for each sample.

Sample name | ECyp E Crossil OCnt OCossil WIOCx¢ WIOCsossii WSOCs WSO Csossil
Winter-H 3.08 +0.18 6.86 +0.39 27.66 +£1.56 19.43 +1.20 10.78 +=0.78 10.12 +0.74 16.72 +1.82 9.43 +1.08
Winter-M 1.44 +0.09 4.70 +0.28 21.17 +1.17 16.73 +0.97 8.25 #+0.62 7.95 +0.59 12.80 +1.36 8.89 +0.96
Winter-L 0.82 +0.06 1.99 +0.14 8.31 +0.48 6.16 +0.37 3.33 +0.17 3.27 +0.17 4.95 +0.53 2.94 +0.32
Spring-H 0.36 +0.03 2.86 +£0.19 5.62 +£0.33 5.85 +0.34 1.56 +0.08 1.77 +0.09 4.03 +0.33 4.12 +0.34
Spring-M 0.30 +0.03 2.00 +=0.15 3.68 +0.22 3.87 +0.23 1.08 +0.06 1.56 +0.08 2.58 +0.24 2.34 +0.22
Spring-L 0.22 +0.02 1.09 +0.10 2.48 +£0.16 2.37 £0.15 0.79 +0.06 1.15+0.09 1.68 +0.19 1.23+0.14
Summer-H 0.32 +0.03 1.88 +0.14 3.71+0.23 3.65 +0.22 0.94 +0.08 141 +0.11 2.75 %+0.26 2.25+0.21
Summer-M 0.17 +0.02 0.83 +0.08 2.25+*0.15 1.89 +0.13 0.68 +0.06 0.82 +0.07 1.55 +0.17 1.07 +0.12
Summer-L 0.12 +0.02 0.60 +0.07 1.96 +0.14 1.39 +0.10 0.46 +0.03 0.82 +£0.05 1.49 +0.17 0.58 +0.08
Autumn-H 1.05 +0.07 5.79 +0.33 12.05 +0.68 11.32 +0.64 4.77 +0.22 5.37 +0.24 7.22 +0.72 6.03 +0.61
Autumn-M 0.54 +£0.04 3.29+0.21 5.88 +£0.35 5.83 £0.35 2.13+0.15 2.62 +0.18 3.71+0.38 3.24 +£0.34
Autumn-L 0.28 +0.02 1.29 +0.11 3.29 +0.21 2.76 +0.18 0.99 +0.07 1.11 +0.08 2.29 +0.23 1.67 +0.17
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Table S5. Concentrations (ug m) of primary OC from biomass burning (POCyy), OC from non-
fossil sources excluding primary biomass burning (OCqnf), primary OC from fossil sources
(POCrossit), secondary OC from fossil sources (SOCrssi) (median and interquartile range). The
median values for POCy, and OC, f are very close to their mean values due to their symmetric
PDFs (Fig. S3b).

Sample Name POCub OCo.nt PO Crossil SOCtossil
Winter-H 12.27 15.34 9.24 10.10
(11.26-13.37) (13.87-16.78) (7.52-11.64) (7.64-11.97)
Winter-M 5.77 15.37 5.99 10.55
(5.26-6.27) (14.45-16.29) (4.95-7.70) (8.92-11.84)
Winter-L 3.26 5.03 2.69 3.42
(2.98-3.55) (4.61-5.46) (2.19-3.39) (2.73-3.99)
Spring-H 1.44 4.17 3.87 1.97
(1.31-1.58) (3.92-4.42) (3.05-5.05) (0.81-2.77)
Spring-M 1.22 2.46 2.58 1.28
(1.11-1.33) (2.27-2.64) (2.10-3.34) (0.52-1.77)
Spring-L 0.87 1.60 1.58 0.77
(0.79-0.96) (1.46-1.74) (1.25-1.98) (0.38-1.12)
Summer-H 1.26 245 2.49 1.15
(1.15-1.38) (2.26-2.64) (2.00-3.22) (0.42-1.66)
Summer-M 0.69 1.55 1.00 0.87
(0.62-0.77) (1.43-1.67) (0.84-1.25) (0.60-1.06)
Summer-L 0.47 1.48 0.76 0.62
(0.42-0.53) (1.38-1.59) (0.62-0.98) (0.40-0.78)
Autumn-H 4.20 7.88 7.07 4.21
(3.84-4.56) (7.30-8.45) (5.93-9.06) (2.21-5.43)
Autumn-M 2.14 3.73 3.75 2.02
(1.96-2.34) (3.43-4.03) (3.23-4.78) (0.99-2.61)
Autumn-L 1.11 2.18 1.61 1.13
(1.00-1.22) (2.01-2.35) (1.34-2.05) (0.68-1.43)
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Table S6. Relative non-fossil sources contribution to EC, OC, WIOC and WSOC (fun(EC), far(OC), fuf(WIOC), fri(WSOC)), and relative fossil
sources contribution to EC, OC, WIOC and WSOC (frossil(EC), frossil(OC), frossit( WIOC), frosst(WSOC)) in different seasons and throughout the year.

Season fbb(EC) ffossi | (EC) fnf(O C) ffossn(o C) fnf(W| OC) ffossi |(W| OC) fnf(WSOC) ffossil (WSOC)
Winter 0.279 +0.039 0.721 +0.039 0.573 +0.014 | 0.427 +=0.014 0.510 +0.006 | 0.490 +0.006 0.619 +0.026 0.381 +0.026
Spring 0.137 +0.028 0.863 +0.028 0.496 +0.013 | 0.504 +0.013 0.428 +0.035 | 0.572 +0.035 0.533 +0.042 0.467 +0.042
Summer 0.161 +0.015 0.839 +0.015 0.544 +0.040 | 0.456 +0.040 0.404 +0.047 | 0.596 +0.047 0.620 +0.089 0.380 +0.089
Autumn 0.157 +0.019 0.843 +0.019 0.521 +0.021 | 0.479 +0.021 0.464 +0.013 | 0.536 +0.013 0.552 +0.023 0.448 +0.023
Annual 0.183 +0.062 0.817 +0.062 0.534 +£0.037 | 0.466 +0.037 0.451 +0.049 | 0.549 +0.049 0.581 +0.060 0.419 +0.060
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Table S7. Concentrations of EC, OC, WIOC and WSOC from non-fossil sources (ECu,, OCri, WIOCs and WSOC¢) and fossil sources (ECrossil,
OCrossit, WIOCrossit and WSOCrossit) in units of ug m in different seasons and throughout the year.

Season ECub E Cossil OCn¢ OCtossil WIOC ¢ WIOCrossil WSOC¢ WSOCossil
Winter 1.78 +1.17 452 +2.44 19.05 +9.85 1411 +7.01 7.45 +3.79 7.11 +3.50 11.49 +5.99 7.09 +3.60
Spring 0.29 +0.07 1.98 +0.89 3.93 +1.58 4.03 +1.75 1.14 +0.39 1.49 +0.31 2.76 £1.18 2.56 +£1.46
Summer 0.20 +=0.10 1.10 +0.68 2.64 +0.94 231119 0.69 +0.24 1.02 +0.34 1.93+0.71 1.30 +0.86
Autumn 0.62 +0.39 3.46 £2.25 7.07 £4.50 6.64 £4.34 2.63+1.94 3.03 £2.16 4.41 £2.54 3.65+2.21
Annual 0.72 +0.84 2.76 +2.03 8.17 +8.23 6.77 £5.94 2.98 +3.34 3.16 +3.06 5.15 +4.85 3.65 +2.97
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75  Table S8. Fractional contribution of different incomplete combustion sources to EC in different
76  seasons (median, interquartile range (25th-75th percentile)).

Sources Winter Spring Summer Autumn
Biomass median 0.28 0.146 0.163 0.159
burning 25th-75th percentile | (0.26-0.31) | (0.13-0.17) | (0.15-0.18) | (0.15-0.18)
Coal median 0.246 0.296 0.227 0.19
combustion 25th-75th percentile | (0.13-0.41) | (0.15-0.50) | (0.11-0.41) | (0.09-0.36)
Liquid fossil median 0.459 0.534 0.598 0.638

fuel combustion | 25th.75th percentile | (0.29-0.59) | (0.33-0.69) | (0.41-0.72) | (0.45-0.74)

77
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78  Table S9. EC concentrations (in unit of pg m) from biomass burning (ECs), coal combustion
79  (ECca) and liquid fossil fuel combustion (ECiiqfssit) for each sample (median and interquartile
80  range in unit of pg m®), and the seasonal averaged concentrations (ug m) calculated by averaging
81  the median values for each sample in each season?.

ECub ECcoal ECiig.fossil
median  (interquartile median (interquartile median (interquartile

range) range) range)
Winter-H 3.07 (2.94-3.22) 2.79 (1.43-451) 4.03 (2.32-5.42)
Winter-M 144 (1.38-1.52) 1.42 (0.67-2.60) 3.25 (2.07-4.00)
Winter-L 0.82 (0.77-0.86) 0.69 (0.36-1.18) 1.28 (0.80-1.62)
Spring-H 0.36 (0.34-0.38) 1.02 (0.44-1.90) 1.81 (0.94-2.39)
Spring-M 0.30 (0.29-0.32) 0.70 (0.31-1.30) 1.29 (0.69-1.67)
Spring-L 0.22 (0.21-0.23) 0.50 (0.24-0.79) 0.57 (0.29-0.84)
Summer-H 0.32 (0.30-0.34) 0.66 (0.30-1.20) 1.20 (0.66-1.55)
Summer-M 0.17 (0.16-0.19) 0.20 (0.10-0.39) 0.61 (0.43-0.72)
Summer-L 0.12 (0.11-0.13) 0.16 (0.08-0.32) 0.42 (0.28-0.52)
Autumn-H 1.05 (1.00-1.10) 1.46 (0.68-2.99) 429 (2.80-5.08)
Autumn-M 0.54 (0.51-0.56) 0.68 (0.33-1.33) 2.58 (1.94-2.94)
Autumn-L 0.28 (0.26-0.29) 0.37 (0.18-0.68) 091 (0.60-1.11)
Winter? 1.78 £1.16 1.63 +1.06 2.86 +1.42
Spring? 0.30 £0.07 0.74 £0.26 1.23 +0.62
Summer? 0.20 +0.10 0.34 +=0.28 0.75 +0.41
Autumn? 0.62 +0.39 0.84 +0.57 2.59 +1.69

82  ?The seasonal averaged concentrations calculated by averaging the median values for each sample
83  ineach season.
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