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Influence from Regional Transport

During the wintertime, air masses transported to Beijing were mainly from Inner Mongolia, Shanxi
and Hebei, where the open burning activities were associated with maize straw (Zhang et al., 2019).
During summer, air masses from Shandong, Hebei, Liaoning and Tianjin may bring particles from
burning of wheat straw. However, for Inner Mongolia and Shanxi, little wheat is grown in these areas
(Zhang et al., 2019; Zhou et al., 2017) and the influence of wheat straw burning is less important. The

fire spot intensity, transport direction and sources of biomass burning are summarized in Table S1.

The high fire spot intensity indicates a strong likelihood of regional transport. However, the
concentrations of LG would decrease with atmospheric transport by aging, varying with
environmental conditions (Bhattarai et al., 2019), which can be used to infer the influence from
regional transport and local emissions. For example, with similar PM2s concentrations, the LG
concentration on 26 November was much lower than that on 3 December. Considering the different
intensity of fire spots between the two days, LG on 26 November may arise more from regional
transport instead of local emissions. Moreover, the LG concentration on 2 December was similar to
that on 3 December, but the PM2s concentration was much lower. This implies a contribution from

local sources in addition to regional transport on 2 December.

Detailed Method of Ratio Selection and Sensitivity Test for Quantification of Biomass Burning

As mentioned in the main text, softwood, maize straw and wheat straw are the main types of biomass
fuels used within the region. The ratios of EC/OC and OC/LG from softwood, maize straw and wheat

straw are summarized in Table S2.

As the fraction of LG from wood burning (fwood) and straw burning (fsraw= 1- fwood) are each in the
range of 0 to 1, only those matching this limitation were selected when calculating OCpb. Emission
factors of LG from various biofuels showed that the LG emission from wheat straw was hundreds of
times higher than from the values for wood combustion, while the emission factors are similar
between maize and wood (Yan et al., 2018). It means that although the consumption of wheat straw
may be less than that of wood, LG emission from wheat straw may exceed that from wood, and fwood
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may be quite small in summer. Besides, the sum of calculated OCstraw and OCwood Should not exceed
the measured OCnf concentrations, which is another limitation for selecting EC/OC and OC/LG ratios.
Hence, ratios of softwood from No. 25 to No. 37 in Table S3 with ratios of maize (No. 48 in Table
S3) were used for the wintertime, and No. 30-37 with No. 42-45, 50 from softwood and wheat straw

respectively were used in the summertime estimation of fwood

OCub from each type of softwood and crop straw combination can be estimated once fwood Was
confirmed, and then these were averaged. To further assess the sensitivity of the calculated OCpp
results to the different ratio sets, concentrations of OCpy, for each set of ratios have been plotted vs.
the averaged values (Fig. S4). Compared to OCwood, concentrations of OCsyraw Show a small spread,
and are in narrow ranges. It means the OCswaw are less affected by the varying ratios, as the range of
ratios is smaller. According to Fig. S4, there are large uncertainties attached to the estimated values
of OCwood, but not OCstraw. The uncertainties from OCyy can further affect the estimation of OC from
cooking, but have no influence on estimates of SOC, which are determined from the (OC/EC)min
ratios. The accuracy of this extended Gelencsér method would increase if the softwood types and

ratios were confirmed.

The concentrations and contributions of OCpp are shown in Fig. S5. The uncertainties of OCpy are

calculated considering the uncertainties of ECnf and LG:

w325 e (B o]

Where a= (OC/LG)Wood, b: (OC/LG)straw, C:(EC/OC)Wood, and d:(EC/OC)straw.

The average uncertainty of the LG concentration is 15%. The uncertainty of ECys is calculated by
combining all the uncertainties from EC concentrations, fnr, fm and frer. The average uncertainty of

OChyp is 48.6%.

Determination of OC/ECt, min and OC/ECht, min ratios and the estimation of POCt and POCh¢
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OC/EC ratios are seen as an indicator of aerosol emission sources to estimate the POC and SOC
concentrations. *4C analysis can provide OC to EC ratios from fossil and non-fossil sources (OC/ECt
and OC/ECns). Herein, we use the lowest OC/ECt and OC/ECxs ratios (OC/ECt, min and OC/EChf, min,
respectively) to represent primary OC/EC emission ratio to calculate primary fossil-derived and non-
fossil-derived OC (POCs and POChs) respectively. To avoid the overestimation of POCs and POChx¢
from the measured OC/ECt, min and OC/EChny, min due to the limited samples for *C analysis in this

study, it is necessary to evaluate OC/EChf, min and OC/ECr, min ratios for the whole sampling period.

The relationship of OC/ECnf and OC/ECt with OC/EC can be described as follow,

OC  furoc OC
—_— = X e
ECy fnxrec EC

oc:<Lme>xoc

EC; \l-fyppc/ EC

where fnr, oc and far, ec are the non-fossil fractions of OC and EC, (1- fnr, oc) and (1- fnr, ec) are the

fossil fractions of OC and EC.

Ratios of OC/ECns are determined by NFOC and OC/EC, therefore OC/EChnt, min can be roughly

INF,EC

fNF,0C

quantified by multiplying the lowest 5% OC/EC ratios with the lowest two

ratios. Similarly,
fNF,EC

OC/ECt, min can be estimated by multiplying the lowest 5% OC/EC ratios with the lowest two

<—1'fNF ’°C> ratios. The estimated OC/ECuf, min and OC/ECt, min ratios for IAP and PG sites in winter and

1-fNF,EC

summer sampling period were listed in Table S4. The estimated OC/ECnf, min and OC/ECt, min ratios
are within the values of OC/EC emission ratios from coal combustion (1.5-15), traffic emission (0.69-
1.01), and biomass burning (3-7) (Ni et al., 2018). Higher OC/ECy, min ratios in winter are consistent
with the fact of elevated coal combustion compared to traffic emissions. It indicated the evaluation

of OC/ECh¢, min and OC/ECt, min ratios are reasonable.
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150 Table S1. Average concentrations of PM2s, EC, OC, fossil and non-fossil fractions of EC and OC
151  on **C sampling period.
Winter Summer
IAP haze IAP non- PG haze PG non-
IAP (n=6) PG (n=5)
(n=5) haze (n=2) (n=5) haze (n=2)
11/24, 11/26, 11/24, 11/26, 5/24,5/26,  5/26, 5/27,
12/02,12/03, 11/22,12/01 12/02,12/03, 11/22,12/01 5/27,6/10, 6/10, 6/16,
12/04 12/04 6/16, 6/17 6/17
PM2s (ugm?®)  158.7+62.1 30.1+27.3 212.1+£84.9 28.9+17.1 42.5+26.5 42.7+£21.2
EC (ng m?) 4.8+1.3 1.2+1.4 6.7+1.6 2.0+0.5 1.1+0.3 2.0+0.7
fNF EC 0.32+0.03 0.45+0.07 0.39+0.07 0.52+0.00 0.46+0.09 0.41+0.10
OC (ug m?) 33.848.6 9.4+7.4 62.0+£19.4 16.416.1 8.3£3.2 11.5+4.9
fnF o 0.32+0.05 0.32+0.03 0.40+0.07 0.42+0.02 0.46+0.12 0.50+0.09

fnr, ec and e, oc are the non-fossil fractions of EC and OC.
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Table S2.

Summary of fire spot intensity, transport direction and sources of biomass burning.

PM_s

ECnf

LG

Fire spots

Sources of biomass

Site Date . . Transport .

ugm3  ugm?  ngm? intensity burning
IAP  2016/11/22 10.9 0.14 96.1 Low from IM and HB Low intensity
IAP 2016/11/24  117.1 1.35 458.7 Low from IM and HB Local
IAP 2016/11/26  209.4 1.43 227.4 High from IM and HB Regional
IAP 2016/12/1 49.4 0.82 192.3 High from IM and HB Regional
IAP  2016/12/2 98.6 1.51 515.4 High from IM and HB Regional + local
IAP  2016/12/3 239.9 1.94 634.8 Low from HB and SX local
IAP  2016/12/4 128.6 1.02 321.7 Low from IM and HB local
PG 2016/11/22  16.8 0.85 216.6 Low from IM and HB Local
PG 2016/11/24  106.8 2.52 915.6 Low from IM and HB Local
PG 2016/11/26  239.6 4.34 913.7 High from IM and HB Regional + local
PG 2016/12/1 41.0 1.22 311.2 High from IM and HB Regional
PG 2016/12/2 138.2 1.34 780.0 High from IM and HB Regional + local
PG 2016/12/3 281.5 2.62 1406.3 Low from HB and SX Strong local
PG 2016/12/4 294.3 2.70 1796.1 Low from IM and HB Strong local
IAP  2017/5/24 12.2 0.55 13.0 High from IM, LN, HB  Regional
IAP  2017/5/26 34.7 0.44 22.1 High from IM, HB Regional
IAP  2017/5/27 78.8 0.49 20.1 High from IM, HB Regional
IAP  2017/6/10 18.6 0.46 11.6 Low from IM, LN, HB  Low intensity
IAP  2017/6/16 44.3 0.40 51.9 High from SD, HB Regional + local
IAP  2017/6/17 66.7 0.77 179.6 High from SX, HB Regional + local
PG 2017/5/26 374 0.58 56.4 High from SD, HB Regional
PG  2017/5/27 70.3 0.85 89.8 High from IM, HB Regional + local
PG 2017/6/10 11.6 0.65 56.9 Low from HB, TJ Local
PG 2017/6/16 47.4 0.72 107.1 Very high  from HB Regional + local
PG 2017/6/17 46.7 0.96 219.8 Very high  from IM, SX, HB Regional + local

IM: Inner Mongolia, HB: Hebei, SD: Shandong, SX: Shanxi, TJ: Tianjin



157  Table S3. Summary of EC/OC and OC/LG ratios of different biomass types and the ranges of

158 fractions in LG.

No. Sample EC/OC OC/LG Reference

1 Slash pine 0.141 0.341 Fine et al., 2002

2 Ponderosa pine 0.014 7.83 Fine et al., 2001

3 Western hemlock 0.050 2.52 Hays et al., 2002

4 Loblolly pine 0.178 1.02 Fine et al., 2002

5 Douglas fir 0.098 2.45 Fine et al., 2004

6 Eastern hemlock 0.053 10.5 Fine et al., 2001

7 White pine needle 0.078 7.18 Mazzoleni et al., 2007
8 Larch 0.176 3.68 Schmidl et al., 2008b

9 Balsam fir 0.066 12.3 Fine et al., 2001

10 Douglas fir (catalyst) 0.338 2.52 Fine et al., 2004

11 Loblolly pine 0.307 3.95 Fine et al., 2004

12 Chestnut oak 0.312 3.94 Wang et al., 2009

13 White pine needle 0.282 4.71 Mazzoleni et al., 2007
14 White pine needle 0.242 6.61 Mazzoleni et al., 2007
15 Spruce 0.384 5.02 Schmidl et al., 2008b

16 Mixed wood 0.288 6.76 Mazzoleni et al., 2007
17 White pine needle 0.331 6.64 Mazzoleni et al., 2007
18 Chinese evergreen Chinkapin 0.078 33.8 Wang et al., 2009

19 Chinese red pine 0.375 8.33 Sang-Arlt et al., 2020

20 Cape jasmine 0.137 27.9 Wang et al., 2009

21 Ponderosa pine needles 0.401 10.2 Mazzoleni et al., 2007
22 Common aporusa 0.095 43.3 Wang et al., 2009

23 Samak 0.054 137 Wang et al., 2009

24 Cedar wood 0.090 96.9 Mazzoleni et al., 2007
25 Excelsior 1.080 5.87 Mazzoleni et al., 2007
26 Excelsior 1.090 6.13 Mazzoleni et al., 2007
27 Eastern white pine 0.426 19.1 Fine et al., 2001

28 Maritime pine 1.420 6.87 Goncalves et al., 2010
29 China fir 0.651 16.7 Sang-Arlt et al., 2020

30 Ponderosa pine needles 1.320 15.4 Mazzoleni et al., 2007
31 Cedar wood 0.264 94.4 Mazzoleni et al., 2007
32 Ponderosa pine needles 1.500 17.4 Mazzoleni et al., 2007
33 Wood 0.500 55.6 Schmidl et al., 2008a

34 Ponderosa pine needles 0.632 55.4 Mazzoleni et al., 2007
35 Tamarak pine wood 0.330 137 Mazzoleni et al., 2007
36 Ponderosa pine sticks 3.320 20.1 Mazzoleni et al., 2007
37 Ponderosa pine sticks 3.680 25.6 Mazzoleni et al., 2007
38 Wood branch charcoal 0.393 625 Sun et al., 2019

39 Spruce with green needles 0.401 2128 Schmidl et al., 2008b
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40 Pine 0.508 2128 Schauer et al., 2001
41 Pine with green needles 0.600 3571 Schauer et al., 2001
No. Sample EC/OC OC/LG Reference

42 Wheat straw 0.223 4.07 Sunetal., 2019

43 Wheat straw 0.068 15.4 Fushimi et al., 2017
44 Wheat straw 0.083 15.2 Fushimi et al., 2017
45 Wheat straw 0.184 125 Dhammapala et al., 2007
46 Wheat straw 0.422 10 Hays et al., 2005

47 Wheat straw 0.510 9.09 Mazzoleni et al., 2007
48 Maize straw 0.257 3.18 Sun et al., 2019

49 Maize straw 0.106 55.6 Yan et al., 2018

50 Cereal straw 0.130 12 Zhang et al., 2007

10



160 Table S4. The estimated OC/EChnt, min and OC/EC+, min ratios for IAP and PG sites during the whole
161  winter and summer sampling period

lowest5 lowest 2 lowest 2 . .
% o o Estimated Estimated
OCJEC @ (@) OC/ECnf min OC/ECf min
IAP winter 4.35 0.70 0.96 3.06 4.16
PG winter 6.27 0.76 0.81 4.76 5.09
IAP summer  4.65 0.73 0.78 3.41 3.62
PG summer 4.45 0.88 0.62 3.92 2.76

162  fnr, oc and far, ec are the non-fossil fractions of OC and EC, (1- fnr, oc) and (1- fne, ec) are the fossil
163  fractions of OC and EC.
164

11



165 Table S5. Correlations and slopes among WINSOC, WSOC, POC, SOC, OCy, and OCc at IAP
166  and PG in winter and summer.

IAP winter PG winter IAP summer PG summer

X y slope  R? slope  R? slope  R? slope  R?
WINSOC; 111 0.97 1.23 0.97 0.92 0.93 0.84 0.82
POC WSOC; 0.57 0.99 0.61 0.84 0.96 0.92 0.58 0.55
WINSOC; 1.53 0.96 1.27 0.89 0.99 0.91 0.98 0.45
SOCs WSOCk 0.78 0.93 0.69 0.96 1.05 0.93 0.89 0.67
WINSOC ¢ 1.59 1.00 2.38 0.94 1.16 0.44 1.58 0.91
OCw  \wsocy 164 094 170 092 341 093 154 093
WINSOC ¢ 3.54 0.88 1.68 0.69 1.08 0.74 2.26 0.27
OCa WSOC¢ 3.83 0.94 121 0.69 1.53 0.19 2.29 0.32
SOCy WINSOC ¢ 0.85 0.98 0.98 0.83 0.42 0.65 0.79 0.92
WSOC¢ 0.90 0.99 0.71 0.83 1.09 0.97 0.75 0.88

167  f: fossil sources, nf: non-fossil sources, bb: biomass burning, ck: cooking. Concentrations of fossil
168  and non-fossil sources of WINSOC and WSOC were from 4C measurement. POC, SOC, OCp and
169  OCc are from extended Gelencsér method.

170

12



171

172
173
174

(©)

Source » & J99EN TTEATE
—
o
-~
Source = @ 3998N 11637 €

Source « at 39.9BN 11637E

Source a1 988N T1637E
—
Q
-
Source i J9UBN 11637 E

Maters AGL

@ ters AGL
fi
s
13
-
i

{
.
2
N
<
IS
|
i

mmmmmmmmmmmmmmmmmmmmm
W 1203 120 0L 1130 @ M@ 0T ouR 625 03 GG GG 0321 W10 603 0608 0BT G6OR 0605 06t

[ )

at 407N 117.05E
Source @ 017N TI705E

ource & 017N TI705E
Source » a1 407N TT705E
3
Souice »_at 407N TI705E
s
4/
(
\

Source »

o L L L
3 B8 . 2000 B 2000 2000
g g 3 R M~ =E i
g 8 /\. o~ / m§ ./ S [E ‘/ 000 |E ’E
3 Bl a0 i 0 B s e v Wl ¥ ] 1 S £
mmmmmmmmmmmmmmmmmmmmmmmmmm
@ B i WS S o oits s ot o oiee oud ot ofos oits ot ofos ofts oles o ofte ot oite oty ot o

Figure S1. 48 h air-mass back trajectories with 24 h interval at 250 m, (a)-(e): destination at IAP,
(H-(j): destination at PG. (https://ready.arl.noaa.qgov/HYSPLIT.php, last access: 12 June 2020)

13


https://ready.arl.noaa.gov/HYSPLIT.php

(o))
o
L~
Q
N—
(o))
o
—
O
N—

. A
Mongolia . (
= o X z )_SH
= . : i \/__/
%40 ¢ /Lt'\ g40| . v
'g )”\\[\- g )"’\pw
§ 35 &\m 3 35 | ° 12/1 \\;
e 11/22 WE ° 12/2
° 11/24 . B 12/3
50 L2128 s &MJZQJJ“?" » ag L2 12/4
90 95 100 105 110 115 120 125 130 90 95 100 105 110 115 120 125 130
H o H o
(C) Longitude(° E) (d) Longitude(° E)
50 L - 50
Mongolia - Mongolia
45 G _ 45
2 < . "-."
© Y S
§4O 5 40 /1—\\,\-'
- - Qinghai
35 35 6/10
* 6/16
L ° 6/17 5
30 . . : 30
90 95 100 105 110 115 120 125 130 90 95 100 105 110 115 120 125 130
175 Longitude(°® E) Longitude(° E)

176  Figure S2. Fire spots observed by MODIS (AQUA/TERRA)

177  (https://firms.modaps.eosdis.nasa.gov/alerts/, last access: 16 April 2020) around Beijing, coloured
178  dots refer to fire spots on (a): 22, 24, 26 Nov 2016, (b): 1-4 Dec 2016, (c): 24, 26, 27 May 2017, (d)
179 10, 16, 17 Jun 2017.
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Figure S3. Correlations of averaged OCuwood With OCwood from different ratios and averaged OCstraw
with OCstraw from different ratios. (a), the influence of ratios from softwood on the estimation of
OCuwood; (b), the influence of ratios from softwood on the estimation of OCstraw; (C), the influence of
ratios from wheat straws on the estimation of OCwood; (d), the influence of ratios from wheat straws
on the estimation of OCstraw. AS there is only one set of ratios from maize straw which matches the
selection limitation, the influence of ratios from maize straw was not plotted. The legends correspond

to the No. and types of samples in Table S3.
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195  Figure S5. Correlations of POCt from the extended Gelencsér method (POC+EG) and CMB if
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Correlations of OC sources from extended Gelencsér method with those from CMB
model during haze period (left) and non-haze period (right). EG denotes extended Gelencsér method.



