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Text S1. Mass-to-charge ratio (m/z) calibration.

In this study, six isolated ion peaks (O,-, CNO-, C3Hs03-, C,F303-, CsF9O»-, C10HF90s-) were identified as suitable for m/z
calibration over the entire studied m/z range. Accuracies are reported as parts-per-million of the m/z value (ppm), calculated
as:

Accuracy [ppm] = (M/Zcomp= M/ Zca1)/(0/Zcar) % 108, (N
where m/Zcomp 18 the peak position, m/z.,; is the calibration value. The average accuracy achieved for all six m/z calibrants was
within 3 ppm (Table S1), determined from a weighted average of all m/z calibration accuracies and their standard deviations.
The accuracy for ions not used in the m/z calibration is also evaluated. Several overlapping peaks are recorded at most integer
m/z, and multi-peak fitting is performed to determine individual signal intensities (Figure S3). This procedure may introduce
additional uncertainty in the determined peak positions beyond the m/z accuracy of isolated peaks. To estimate the accuracy
for the measured ions, multi-peak fits of peaks with known individual peak positions were performed. Table S2 shows the
average biases and m/z accuracies for five (Cl-, NO»-, NOs-, C3Hs03-, CgH150,-) ions, determined from a time series of several
hours of individual spectra. The table lists values for both isolated peaks and those in multiple-peak groups. The average
accuracies estimated for the isolated peaks are similar to those for the m/z calibration peaks, but larger for the multiple peak

cases, reflecting the additional uncertainties due to the proximity of other peaks.

Text S2. OH exposure in Go:PAM.

The OHcyxp in Go:PAM was calculated using the model described by Watne et al. (2018). Briefly, a chemical model containing
a comprehensive description of ozone photolysis and HOy chemistry and a skeleton description of NOy, CO, HC and SOx
chemistry was used to mimic the gas-phase chemistry in Go:PAM (Table S3). The minimum OH exposure was derived for
each bus passage plume using the maximum NOy, HC and CO concentrations in Go:PAM and the corresponding water and
ozone concentrations. The assumed speciation of HC was aldehydes (26%), alkanes (33%), alkenes (14%) and aromatic
compounds (27%). The oxidation capacity of Go:PAM was offline calibrated by SO, as described by Lambe et al. (2011),
where the photon flux at 254 nm, Prruxzss= 1.57x10'° cm? 57 and first order loss rates of OH were derived by matching the

measured and modeled SO, and Oz decreases.

Recently, a concern of non-OH chemistry in the OFR has been raised. (Peng et al., 2016) In this study, we estimated the ratios
of exposures of non-OH species to OH exposure for O3, O('D) and O(CP). The relative importance of non-OH chemistry was
evaluated according to Peng et al. (Peng et al., 2016), by taking toluene as a surrogate as it is a common SOA precursor found
in vehicle emissions (Gentner et al., 2017; Liu et al., 2019). The undesired VOC destructions by Oz, O('D) and O(°P) were
negligible (close to 0 %). The direct photolysis of aromatics in Go:PAM has been evaluated by Watne et al. (2018) under
similar experimental conditions (photon flux, residence time). No reductions of toluene and trimethyl-benzene were observed

with UV light on.



52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Text S3. Classification of acetate-CIMS measured species.

The identities of the organic compounds are assigned based on knowledge of the sensitivities of the ionization scheme and the
expected compounds emitted from the buses. These compounds were classified into nine families on the basis of their
molecular characteristics, according to Liu et al. (2017). Briefly, the functional group composition of ions containing C, H or
O atoms was estimated from its elemental composition using the number of oxygen atoms (n,) and double bound equivalency
(DBE, calculated as 1+n.-1/2ny), assuming (1) each ion has at least one carboxylic acid group, (2) the excess oxygen (n, — 2)
is contained in hydroxy or keto groups, (3) the excess DBE (DBE — 1) is due to keto groups (priority) or alkene groups, and
(4) a phenyl group exists if DBE > 5. The ions are categorized into acid classes using the following prioritized criteria: (1) if
DBE > 5, the ion is categorized as an aromatic acid, otherwise (2) if n, = 2, the ion is assigned as a monoacid (either saturated
(DBE=1) or unsaturated (DBE>1)), (3) if n, > 2, and n, > 2 x DBE, the ion is counted as a hydroxy acid, (4) in the case of n,
> 2 and n, <2 x DBE (DBE > 2), the ions is defined as a carbonyl acid if n, is an odd number, otherwise the ion is referred to
as a diacid or hydroxycarbonyl acid. For ions containing N or S atoms, (1) if the ny> 0, and ns=0, ions is assigned as a nitrogen
(N)-containing compounds (no S), (2) if the ng> 0, and nn=0, ions is assigned as a sulfur (S)-containing compounds (no N),
(3) if the nx> 0, and ng>0, ions is assigned as a N and S-containing compounds. Table S4 lists the classification for the ions

identified in this study.
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75  Figure S2. Schematic of the roadside measurement. (a) fresh emission measurements, (b) aged measurements: photo-oxidation
76  of bus plumes. RSD (Remote Sensing Device), CO, analyzer, NO/NOy analyser, EEPS (Engine Exhaust Particle Sizer), and
77 HR-ToF-CIMS (high-resolution time-of-flight chemical-ionization mass spectrometer).

78
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80 Figure S3. Example peak fits of major ions.
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83  Figure S4. Correlations between ion counts of most abundant gas-phase organic acids and EFpm.aged (a-h) from 19 buses after
84  oxidation in the Go:PAM.



85
86 Table S1. Isolated ion peaks for m/z calibration.

Exact, m/z Assigned formula Accuracy£lo (ppm)
31.990378 O»- 0.2+0.1
41.998537 CNO- 2.6%1.1
89.024418 C5H50:3- 2.942
112.985587 CoF505- 3.24£2.7
262.976007 CsF9O»- 3.1£1
87
88

89 Table S2. The average biases and m/z accuracies for five ions (determined from a time series of several hours of individual
90 spectra).

Exact, m/z Assigned formula Accuracy=1 (ppm) Comments
34.969401 Cl- 3.743.2 Isolate peak
89.024418 C3H;50;- 1.5+1.2 Isolate peak
61.988366 NO:s- 1.2+1 Isolate peak
45.993452 NO:- 2.8+1.2 Isolate peak
143.107753 CgHi50,- 3.7£5 Multi-peak
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95 Table S3. Reactions and rate coefficients for model calculations of OH exposure. The data were taken from the literature as

96 described in Watne et al. * 74% of measured HC, **26% of measured HC.

No. Reaction k (cm? molecule™'s 1)
1 Osthv — 0:+0('D) 0.18

2 O('D)+H20 — OH+OH 1.99x10°1°
3 0('D)+02 — O(Cp)+Oz 3.97x10°1!
4 O('D)+03 — 02+0(Cp)+ OCp) 1.2x10°10
5 O('D)+03 — Ox+ Oz 1.2x10°10
6 O('D)+N2 — O(p)+Na 3.11x101!
7 O(Cp)+02+M — O3+M 6.1x10-34
8 O(p)+0s — 0r+0s 7.96x10°15
9 O(p)+OH — H+0; 3.20x10°1!
10 H+02— HO2 9.57x1013
11 H+HO2; —» OH+OH 7.2x101
12 H+HO2 — OCp)+H20 1.6x10°12
13 H+HO2 — H2+0O2 6.9x10712
14 OH+OH — H20+0(p) 1.8x1012
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OH+OH — H202

OH+03 — HO2+02

HO2+ HO2 — H202+02
HC+OH —0.7R02+0.3HO>
HCHO+OH — H>0+CO+ HO2
SO2+OH — OHSO:
OHSO02+02 — SO3+HO2
NO+O(p) — NO2

NO2+hv — NO+O(®p)
NO2>+OH —HNO3

NO>+OH —HOONO
HO2+NO — NO>+OH
RO2+NO — RO+ NO2
O('D)+N2+M — N20+M
N20+0('D) — N2+02
N20+0('D) — NO+NO
O(Cp)+HO2 — OH+0:
O(Cp)+ H202 — OH+HO:
H+O3 — OH+O2

HO2+03 — OH+02+02
HO2+ OH — H20 +0O>
H>O2+hv — OH+OH
HO»+hv — OH+O('D)

OH+ H202 — HO2+H20
NO+0O3— NO2+02
O('D)+Hz; — OH+H

OH+H> — H,O+H
NO2+0O(p) — NO+O:
NO2»+O(p) — NO3

H+NO; —» NO+OH
NO+NO3 — NO2+NO2
NO2+03 — NO3+0O2

CO+OH — CO2+H

OH deposition/loss

CH30 — HCHO+ HO2
CH30H+0OH — HO>+HCHO
OH+CH300H — HCHO+OH
OH+CH300H — CH302
CH302+CH302 — CH30OH+HCHO
CH302+CH302 — CH30+CHs0
CH302+NO2 — CH302NO2
CH302NO2 — CH302+NO2
OH+CH4 — CH30:2
CH302+HO2 — CH300H
CH302+HO2 — HCHO
CH302+NO — CH30+NO>

6.29x10°12
7.25%10714
3.28x10°12
1.0x10°1
9.2x1012
9.59x10713
4.3x10°13
1.66x10°12
1.64x10*
1.06x107!
1.79x10712
8.16x107!12
9x1012
2.82x10736
5.09x10!!
7.64x10!1
5.87x1071
1.7x10°15
2.89x107!
1.93x10°1
1.11x1010
1.05x1073
4.07%107
1.8x10712
1.95x10°14
1.2x10-10
6.67x10°1
1.03x107!
1.61x1012
1.28x10710
2.65x10°1
3.2x10°"7
2.4x10713
35
9.92x103
8.95x10°13
4.01x1012
6.02x10712
4.43x10713
2.58x10713
5.88x1012
1.50
6.37x10°1
4.74x10712
4.67x1013
7.69x10712
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Table S4. Classification of acetate-CIMS measured species.

Elemental composition  Formula Assigned category

DBE=1-3, no=2 monoacid
DBE=2-3, no—=4 diacid/hydroxycarbonyl acid

NoNorS DBE =1, no =3-5 or DBE =2, no>4 hydroxy acid
DBE =2, n, =3 or DBE = 3, n,<6 carbonyl acid
DBE =5 or 6, no =2-5 aromatic acid
n~> 0, and ns=0 nitrogen (N)-containing compounds (no S)

With N or S ns> 0, and nn=0 sulfur (S)-containing compounds (no N)
nn> 0, and ns>0 N and S-containing compounds
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