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Supplement information

Non-refractory PM,s (NR-PM:5) measurement. Concentration of NR-PMz.s was
measured with a ToF-ACSM (Aerodyne Co. Ltd., USA). The operation protocol and
the configuration of ToF-ACSM has been described well in previous work (Frohlich et
al., 2013). Namely, PM2 s particles from the inlet were focused by a PM2.s aerodynamic
lens (Williams et al., 2013), and then vaporized by a standard vaporizer heated at 600
°C followed by electronic ionization (EI, 70 eV). The non-refractory components
including chloride, nitrate, sulfate, ammonia and organics were measured using a time-
of-flight mass spectrometer with unit mass resolution (UMR). The concentrations of
the above species were calculated based on the measured fragments signals, the signal
ions (SI), the fragment table, the measured ionization efficiency (IE) of nitrate and the
corresponding relative ionization efficiency (RIE) for sulfate, chloride, ammonia and
organics. IE calibration of nitrate was performed using 300 nm dry NH4NOs3 every
month during this observation study.

VOCs measurement. VOCs were measured using a Single Photo Ionization Time-of-
flight Mass spectrometer (SPI-ToF-MS 3000R, Hexin Mass Spectrometry). 0.8 L min’
! of filtered air was sucked from the whole sampling tube and heated to 80 °C in the
inlet. VOCs were selectively enriched continuously through a polydimethylsiloxane
(PDMS) membrane, and then ionized by VUV light (10.5 eV) with a deuterium lamp.
The concentration of VOCs was determined with the time-of-flight mass spectrometer
(ToF-MS) based upon external standard curves of PAMS and TO-15 standard gases

(Linde Electronics & Specialty Gases, USA). VOCs with m/z from 40 to 300 were
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recorded with 3 min of time resolution, while hourly averaged concentration were
reported in this work. Calibration was performed every week.

HONO measurement. HONO in ambient air directly sampled from the window of the
laboratory was absorbed by a solution containing 0.06 mol L' sulfnilamide in 1 mol L
' HCl, and then transformed into an azo dye by N-(l-naphthyl) ethylene-
diaminedihydrochloride (0.8 mml L!). The azo dye was pumped into Teflon absorption
cells (Liquid Core Waveguide, LCW) and detected by a mini-spectrometer with a diode
array detector (Ocean Optics, SD2000). The HONO concentrations was obtained by
subtracting the calibrated signal of the second coil from the first coil using external
nitrile standard solutions. Zero point calibration was performed every day using
scrubbed zero air (Tong et al., 2016).

Photolysis rate constants of HONO and Os. Photolysis rate constants of NO2(J/no2),
HONO(Juono) and O3(Jo3) under clear sky conditions were calculated according to the
solar zenith angle and the location using a box model (FACSIMILE 4). NO:2 photolysis
sensor (JNo2, Metcon) was unavailable, while UVB is always available during our
observation study. However, it was available from Aug 17 to Sep 16, 2018. A calibration
function between the measured UVB light intensity and Jno2 was established to correct
the influence the climatological O3 column, aerosol optical depth and cloud cover on
surface UV light intensity from Aug 17 to Sep 16, 2008. As shown in Figure S10, the
model well predicted the Jnoz2. Then the Jnoz2 during this campaign study was predicted

using the model. We further confirmed the calculated Jxo2 by comprising the OH

concentration estimated by the Joip according to the equation (con=Joipx2x10!!
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molecules cm™) (Tan et al., 2019) and the measured OH concentration at Huairou,
which is 60 km northeast from BUCT, form Jan 11 to Mar 10, 2016. As shown in Figure
S10C, the estimated diurnal curve of OH is comparable with that measured at Huairou.

Fig. S7 shows the calculated photolysis rates.
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52 Figure S1. Location of AHL/BUCT observation station. The map was

53 made from Wemap and © Google Earth.
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55  Figure S2. Hourly averaged (A)-(F) concentration of pollutants from Feb 1 to Jun 30,

56  2018.
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Figure S3. The monthly cumulative frequency of PMa2.s and HONO and the monthly

mean concentration of PM2.s5 and HONO.
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78 Fig. S7. The photolysis rate of NO2, HONO, O3 (O1D) and nitrate (middle value)
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Figure S8. Correlation of the charge between inorganic anions and cations in non-

refractory PMzs in Beijing.
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Supplementary tables

Table S1. ANOVA statistics analysis for the monthly mean fraction of the individual component in NR-PMz.s and HONO concentration.
Fraction of NR-PM 5 (%)

Component or Concentration of gaseous Feb Mar Apr May

pollutants (ppbv)
Feb (12.242.9)
Mar (14.242.8) Significant

Ammonium Apr (14.0£4.0) Significant Not significant
May (11.6+4.6) Not significant Significant Significant
Jun (12.245.2) Not significant Significant Significant Not significant
Feb (7.7£6.1)
Mar (4.4£2.6) Significant
Chloride Apr (1.1£1.2) Significant Significant

May (0.7£1.1) Significant Significant Not significant

Jun (0.3£0.2) Significant Significant

Significant

Not significant

12



BC

NOx

SO,

CO

Feb (3.0£2.8)
Mar (4.6£3.1)
Apr (3.2£2.6)
May (2.8+2.1)

Jun (2.6£1.5)

Feb (20.4£17.3)
Mar (40.5+24.0)
Apr (22.8£18.6)
May (25.0£15.9)
Jun (19.0£12.1)
Feb (3.8£3.3)
Mar (12.1£13.0)
Apr (2.81£2.4)
May (1.8£1.7)
Jun (1.3£1.2)
Feb (959.6£554.6)

Significant

Not significant
Not significant

Significant

Significant
Not significant
Significant
Not significant

Significant
Significant
Significant
Significant

Significant

Significant
Significant

Significant
Significant
Significant

Significant
Significant
Significant

Not significant

Significant Not significant

Not significant

Significant Significant

Not significant

Significant Not significant



Mar (1075.0£571.8)

Significant

Apr (546.61378.1) Significant Significant

May (554.1+£336.9) Significant Significant Not significant

Jun (583.44286.2) Significant Significant Not significant Not significant
Feb (22.6%14.6)
Mar (23.8+19.2) Not significant

(0] Apr (43.5+29.0) Significant Significant

May (42.5£28.3) Significant Significant Not significant
Jun (57.2£30.7) Significant Significant Significant Significant

Note: “Significant” or “Not significant” denotes that the difference of the monthly mean fractions or concentrations is significant or not

significant at the 0.05 level.
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Tab. S2. Mean concentrations of HONO and PMz:s in selected episodes

. Average NR-PM; 5 Concentration (%)
Episode ) HONO - - - -
No. Duration (opb) PMz 5 . Chloride Nitrate Organic Sulphate Ammonium
concentration (%) (ng m™) (%) (ng m™) (%) (ng m™) (%) (ng m™) (%) (ng m™)

1 Feb 2-5 0.38+0.28 9.3+4.5 4.0+2.3  0.26+0.39 12.3%£5.6 0.80+1.17 51.1£10.0 2.68+3.00 20.619.2  0.69+0.24 12.0+£3.2  0.54+0.49
2 Feb8-9  0.90+0.72 44.543.5 6329 1.59+1.46 15.8£7.9 4.20£3.87 49.9+4.8 9.63+7.64 17.3£8.8  2.31£1.42 10.8£1.0 2.14+1.69
3 Feb 10-12  0.31+0.40 9.0+0.8 52435 0.18%0.22  6.83.9 0.30+0.44 48.6+£10.6 1.75£1.72 28.1£11.5  0.74+0.38 11.2£2.5  0.35%0.23
4 Feb 16-19  1.38+0.86 101.5£26.8  15.5t4.2 9.04+4.94 25.0%4.1 13.15£7.73 32.243.8 18.21£8.25 14.443.7  7.8244.39 12.9+1.5  6.85+3.78
5 Feb21-24  0.64+0.58 24.3+7.0 55+4.1  0.60+0.51 14.946.3 1.80+1.38 56.3+10.0 5.83+2.94 11.8£5.0  1.17+0.67 11.6£2.8  1.24+0.77
6 Feb 25-28  0.87+0.64 108.8+42.9 52+1.4 2944197 27.1£3.9 15.3+8.77 42.5+6.8 22.83+9.68 10.4+£3.8  6.44£5.78 14.7+1.8  8.34+5.30
7 Mar 2-3 1.41+0.84 120.0+47.0 83122 4.23+1.72 26.5+4.8  15.29+9.44 44.44+6.2  23.40+10.49 7.2£1.9 436+3.37 13.5£1.9  7.7444.76
8 Mar 8-10  1.36+0.89 88.7£34.2 4.8+1.8 1.87+1.09 283+52  11.00+6.20 43.0+7.0 15.65+7.15 9.0£2.8 3.10£1.42 149+2.0 5.58+2.92
9 Mar 11-14  2.27+1.68 170.3£75.4 3.520.9 2.48+1.32 34.8443 28.32+19.09  36.8£5.0  27.90+15.78 8.1£1.8 6.60+4.72 16.8£1.5 13.57£8.99
10 Mar 16-19  1.88+1.38 66.0£25.7 3.841.7 1.99£1.18 30.2£6.3 17.40£12.45  359+2.8  20.87+10.52 13.5£5.1  7.00+4.92 16.5£1.0  9.17+5.86
11 Mar 21-23  1.41+0.72 83.7£22.1 5.342.8 2544230 31.5#3.8  12.2345.22 45.1+6.7 18.02+5.46 4.4+1.0 1.67£0.92 13.7+1.6  5.3842.08
12 Mar 25-27 2.22+1.34 129.54£51.9 2.0+£0.7 0.94+0.64 35.3+3.6  16.321£9.90 41.5£54  20.46£10.18 5.7£1.2 2.56+1.68 15.6x1.6  7.11+4.37
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1 Table S3. The summary of the HONO/NOXx ratio from vehicles in this study and the
reported emission ratio of HONO/NOx from vehicles in China.
No. Time ANO/ANOx RANO/ANOx AHONO/ANOx RAHONO/ANOX
1 2018/2/6 5:00-8:00 1.00 0.99 1.3% 0.92
2 2018/2/8 5:00-8:00 0.94 0.99 1.8% 0.96
3 2018/3/3 5:00-8:00 0.98 0.99 2.4% 0.96
2018/3/13 5:00-
4 1.00 0.99 1.4% 0.86
8:00
2018/4/15 5:00-
5 0.82 0.97 2.3% 0.99
7:00
Mean 0.95£0.08 - 1.84£0.5% -
. AHONO/ANOx
Time Place Methods Reference
Range Mean
2015/9/1- Ji’nan, Empirical analysis 0.19%- (Lietal.,
0.53+0.20%
2016/8/31 Shandong of field data 0.87% 2018)
2011/8/3- Honek Empirical analysis 0.5%- 1240.4% (Xu et al.,
ngkon 240.
2012/531  Onexong of field data 1.6% ° 2015)
2015/3/11- Honek T | ) ¢ | 2440.35% (Liang et al.,
ongkon, unnel experimen - 2440.
2015/3/21 giong P ° 2017)
2014 Beiji Tunnel experiment 2.1% (Yang et al.
ijin nnel experimen - .
eijing unnel experime 0 2014)
Chassis 0.03%- (Liu et al.,
2017 Beijing 0.18%
dynamometer test 0.42% 2017)
2016/12/16- Empirical analysis (Zhang et al.,
Beijing - 1.3%
2016/12/24 of field data 2018)
2016/12/7 Low limit (Meng et al
- ng et al.,
Beijing correlation of field - 1.41% cne ©
2016/12/13 2019)
data
Low limit
2018/2/1- . .
Beijing correlation of field - 1.17% This study
2018/6/30
data
2018/2/1- Beiii Empirical analysis 1.3-2.4% 1 840.5% This stud
2018/6/30 cuing of field data e LR 15 Sty
3
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