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Fig. 1 Mean 72-hour backward trajectories and their seasonal variations for

seven different categories obtained by cluster analysis
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(47%) K_S _N(25%) . K_N(G5%) Ml K_Na_N_S
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Table 1 Classification results of the HMS-containing particles by Art-2a

I Ko ! AR
(?:cj;]p Nz&nier Pirﬁopt):jtf)n FEAEE Marker Si'éuﬂr?ce
K_ECOC_S 34 908 47 39[KJ*, [C, 7, [C.HL 1", 97[HSO,] YRR
K_S N 18 732 25 39[KJ™, 97[HSO, ]~ » 62[NO; ™, 46[NO, ]~ W ARAR
K_N 3568 5 39[K]", 46[NO, ], 62[NO;] Y THRAR
K_Na_N_S 4181 5 39[K]', 23[Nal]', 46[NO,] .62[NO,] . 97[HSO, ] ‘:¥5ikke

K_Ca_S N 681 1 39[K]", 40[Cal", 97[HSO,] , 46[NO,] , 62[NO, ]~ W

ALK _S N 518 1 27[AL]", 39[K1", 97[HSO,]™, 46[NO, 1™, 62[NO; ]~ MBI
Fe_rich 7 243 10 56[Fe]™, 39[K]" Tl HEik
Pb_rich 3507 5 208[Pb] ", 39[K]" Tk AR
V_rich 750 1 51LV]Y, 67[VO]" iR ERTHP S o i
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Fig. 2 Average single particle mass spectra of nine types of HMS-containing particles obtained by using Art-2a analysis method
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Fig. 4

(a) Monthly and seasonal variations in the number fraction of nine types of HMS-containing particles,

the average hourly number of HMS-containing particles and (b) monthly and seasonal variations in mass concentrations of

PM, ; and its water-soluble ions (SO} , NO; , NH, , Ca®", Mg”", Cl" , and Na')

2.3 HMS i5 7Kk S B 820 [F =
JUE HMS 534 = A4 T 5 e X A1, FRAT]

TERFFE P IRON R T — S AR B i . i T
AHIFEARXS HMS 5 e E AT JEEAE i 2 1 7 3
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(RPNuys/ (SOT™ /PM, ) K 1EA HMS V5 Y4 7KF-, AT
BRI HMS 75 52K F T HMS Bk (101 22 240 i A8 1k
FAGHAR . LT REFIITAT S H00 25 Y0 75 %6 431 L
¥ HMS 1975 49K o0 AR s =2, Gl 5(a)—

5C0) fitm T R AU S YL PP Ak P A o B 25 15 YR N
JE, A R TR (K_ECOC_S.K_S_N Al K_N)Xf HMS
P DTHR 2 2 B R UG L 28 i HE RO AE HMIS 75 4
TR ESEN . S5UcFEn, 5 0EE i S
A=W SRR BIR A TR (K_Na_ N_S) KA 8 iR B HE i i
(V_rich) A BTk & H 2 BT R R 3, e A 76 75 S s 1)
TEBLT IR I T HMS J5 9% 5 SR A TR

100 100
(a)
< <
% 80 % 80
g —] g
5 5
g — =
‘g 60 ] ‘g 60 |
=) =)
g (- g —
=] . =
Z 40t | Z 40t
5 =
11 i
g 20 @ 20
"% %, "% % @
, g , g
Yo, %, % Yo, % %
A By Sy
% %
. 100
|| ©
80
5 2
2 2
- S 60
§= b=
=] =]
(=9 (=9
g =)
£ 2 40
E E
i} il
Y Y
20
. %5, Y & i
G ‘ 3
(o] 47@ 65 {o 47@ 65
b T, Sy b T Sy
% %
PNy PN,,,/SOL

100 RE X
(¢) Undefined
® - |-V7rich
.g — berich
E £ — Feirich
b
_aé [ Jarx s N
2 L | Pk ca s N
40
+ Bl Na NS
T
W o K N
# [Cx s
[ Ik Ecoc s
oL 158 EEE 5
Zr, % A
%,
%
100
® W
“ m-
S
g N5
2 60 -
3
= N4
= I []
E N3
)
Y
20 -N2
—N
/ 4
o, %, %,
]
%

RPN,,/(SO}/PM2.5)/%

(FEF PNjpys PNipys/SOG (RPN s/ (SOT /PM, O FEFRIYA ) HMS 15 KR 0R A S U8 5Tk () — () TP BTl B (D— (D). 15
YeFEE i 25 %A 75 i B AE . Panels show ((a)—(c¢)) particle source contributions and ((d)—()) air mass trajectory cluster frequencies under
varying pollution levels defined by PNipgs PNipys/SO4 ™ » RPNppys/ (SO /PM, ). Pollution thresholds were determined using 25th and 75th percen-

tile values. )

B 5 ANTE HMS {55 KR 0RO IR AT AT B SR ik

Fig.5 Sources apportionment and air mass trajectories clustering across different HMS pollution levels

SRR T AR A 22 EEE LK 1)),
HAS I 9 [R] I PR A (NS + N4+ N6D (& EE ik
58 %% » fk 2 i T RBE PE S AT (N1T-+N2+N7=21%) FilJ7)
WA (N5=21%) . [HAHERENR, 22K, K
REPER A Z S ik 45 %, Hirp KYT =4/ (ND
IR 40%0 .1 A E A 56 %6 . 1 5 B 2= KR v A
A7 R R 2 1200 s N T30 2 2 e <A

b K2 55 % ETFE 2 60 % A2 45 Ja < W sk
10 R EHRT = 28%,

HE—2 50 B 45 By i 42 75 Y oK S A9 52 (O [
5(d)—5(D) , RIFEE HMS J5 YA B AW nig, 4t 5
A PRIE(NT N2 B B 3 38 0 17 5 < AR A
(N5 N7 Wi 2 b . AR AL f AR HMS 15
YLK 1) 5 ] 52 0 6 2% S K M AR i ks AR



32 O W R

E I 2025 4E

CRAIT =4 N1, 525 55 N2 P g f i) N7) Y RPN-
HMS/ (SO /PM, ;) F ¥ HAA 43 5l A 4%, 10%
200 AR 2 TR A . Hoh, S e IR AR
(N2) B LA SR 10% . A ELZ T i A G i
T2 B BT S AR FR VTR L IX (N3 | 5985 1 LA ZR VA e (N4
DL KRR (NG (1 HAB 43 30 R 3903 % Fll 3%, T AE R
HA A (NS B2 Rz b EE— 2R R 2%, X2z
S AL AR BB HERCE HMS 15 34 il i 3 2
PRI, T e 7 T U5 00 1 i Pl A 20 R O 0 R DR
KA BAE TG G

1 RPNps/ (SOT /PM, ) ZH/E Al HMS *f
ERRBURL AT DTER S0 S et X T R . b
AR H S PM, o BTN 224 pg e m 7,
Hp iR i Wk B 20 45 pg  m*, HMS i ik
KA pg e m L HMS M UL A B0k B 2N
9%HH R AR AE T RPNuws/ ((SOT /PM, ) 292K 45%.,
AWFFE T HMS V5 34 bR IR R 75 % 53 160 55, LA
RPN/ (SO /PM, ) LB 4% CWLIEL 6) 5 AT
FefE . ABFFE T MARGA S5 (9 B3 198 &5 57 £ v B S B
9 HMS SRk i SR A 4 B R g i A t-430 07
B AU S5 s R LU 29 4206 ATh R = TAHIESR .
e HMIS 15 2 8 1] 5 it 0 A 9 Bk 8 R (K _ECOC_S.
K_S_ND [ i tb (73%) B . @& F o AR 75 e K SF B
(69%.64%) M Ab 75 Y (N1 N2) B STk (42 %0) fi 2
i TS YK (27 %6.0%0) s KB i HMS 75 e it
W B2 B A J7 A W R R ) 3 R e BT S B
— R HAIAN (3 H 14 H 7:00—16:00) H & HMS i
RS BER IR 18 %6 » LA RPNjs/(SOT /PM, 5)
R AV 2ot R AR BB TE (K_ECOC_S,
K_S_N.K_ND W e ik 81% . S BIME i A2 v iR
BARK AR AL R (ND . 3 ) R ET A
1 SO, il HCHO BRBUR A sy 518 3. 75<10 7 Al

600
o 10 8
£ 5001 3
% 10.8 &
3 = e
;él; 400 &
il g B

i L 0.6
S5 s00f i ez
W = R =
| 0.4 277
#Z 200 Bk 2
= <
e 41.6% =
£ 100 02 Z
5

0 - —0
0 20 40 60

RPN,,../(SO}/PM2.5)/%

6 ABFFEH RPNuys/(SOT /PM, 5) K
AR 8 B BOR R AR B
Fig. 6 Probability density function and cumulative
distribution function of RPNys/(SO%™ /PM, 5) in this study

5.16 X107 pg + m 7, Hrdr SO, WK TFAHIFE 147K
(4. 041077 pg » m ), i HCHO .3 5 T F-H1KF
(2.16X10 7 pg + m *) AABIRIAR T 3 A& 2™ HE 55 5
MK (2 1. 2X10 5 F1 2. 0X10 % pg e m DM, 3%
5 YA 6 v AR A i i HCHO ¥k B 28 W 73 AT 4 4 xoF
TR HMS A= B SR

3 4EiE

ARG R T B & HMS R4 i 15 44
RUVFRFOE S A2 A, Hoh A ) BRI 4 4F A
T Yok IR, 35 R 8220, 1 F K_ECOC_S
(47%) K_S N(25%) . K_N(5%) F1 K_Na_N_S(5%)4
Kz Tl HE ik P8 LA Fe_rich (10%) 1 Pb_ rich
(5% A 3 HR B Wl 2 2 BRAE 4K 210 AN HE
A V_rich 06 (1%0) , B 25T mk L b 3% YR U
(K_Ca_S N, 1) FEACEE TR (AL K_S_N,1%0)
r7 FEAERTH /N | 349 52 LA Rk B2 T v 18 2R 1 RRAE

15 YR i 2 AR A A2 R AR 5 R b A [ B
gl AR AR Y R R i KB A A B
ISR Tk SR . ST R 5AU U
AHOC , MM TS G I 30 A2 T 7 ST 4% . 98 BUR i
TR 52 A 75 Y R B R X el K o e s R 8 T B EAK
5. AKTLS G HMS & &b o 2 ROERA, E—25
A H I 5 S0

Briff: &M A B R R P F R MARGA F=
PM, s BF43 &\ %0 = A& Bl sh 3R AL ey SO,
# % (www. epd. gov. hk/epd/sc_ chi/environmentin-
hk/air/data/air_data. htmD . 7 & 4§ HCHO %387 F=
(FERERRGEFERRAFTENNTZATREEEREY
HYSPLIT & #fe 4 # & (www. arl. noaa. gov/hys-
plit/),

SE Lk

[1] Huang R J, Zhang Y, Bozzetti C, et al. High secondary aerosol
contribution to particulate pollution during haze events in China
[J]. Nature, 2014, 514(7521); 218-222.

[2] Charlson R J, Schwartz S E, Hales ] M, et al. Climate forcing by
anthropogenic aerosols[ J]. Science, 1992, 255(5043); 423-430.

[3] Lu Z, Streets D G, Zhang Q, et al. Sulfur dioxide emissions in
China and sulfur trends in East Asia since 2000[J]. Atmospheric
Chemistry and Physics, 2010, 10(13): 6311-31.

[4] Huang X, LiuZ, Ge Y, et al. Aerosol high water contents favor
sulfate and secondary organic aerosol formation from fossil fuel
combustion emissions[ J ]. npj Climate and Atmospheric Science,
2023, 6(1): 173.

[5] Chow W, Liao K, Huang X H H, et al. Measurement report: The

10-year trend of PM, ; major components and source tracers from



12 4

FROROR . S I UL S A BT e v I OO I PR T R R R R R IR M T AR AL 33

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

2008 to 2017 in an urban site of Hong Kong, China[J]. Atmos-
pheric Chemistry and Physics, 2022, 22(17): 11557-11577.

Wang J, Gao J, Che F. et al. Decade-long trends in chemical com-
s in Beijing, China (2011—2020)[J].

Science of The Total Environment, 2022, 832: 154664.
Song S, Meng G, Xu W, et al. Possible heterogeneous chemistry

ponent properties of PM,

of hydroxymethanesulfonate (HMS) in northern China winter haze

[J]. Atmospheric Chemistry and Physics, 2019, 19(2): 1357-
1371.

Zhang F, Wang Y. Peng J, et al. An unexpected catalyst domi-
nates formation and radiative forcing of regional haze[ J]. Proceedings
of the National Academy of Sciences. 2020, 117(8): 3960-3966.
Harris E, Sinha B, Van Pinxteren D, et al. Enhanced role of tran-
sition metal ion catalysis during in-cloud oxidation of SO,[J]. Sci-
ence, 2013, 340(6133): 727-730.

Cheng Y, Zheng G. Wei C, et al. Reactive nitrogen chemistry in

aerosol water as a source of sulfate during haze events in China

[J]. Science Advances, 2016, 2(12): €1601530.

Liu Y, Feng Z. Zheng F, et al. Ammonium nitrate promotes sul-

fate formation through uptake kinetic regime[ ]J]. Atmospheric

Chemistry and Physics, 2021, 21(17): 13269-13286.

Guo H, Weber R J, Nenes A. High levels of ammonia do not raise

fine particle pH sufficiently to yield nitrogen oxide-dominated sulfate

production[ J]. Scientific Reports, 2017, 7(1): 12109.

Li L, Hoffmann M R, Colussi A J. Role of nitrogen dioxide in

the production of sulfate during Chinese haze-aerosol episodes[]J].

Environmental Science & Technology, 2018, 52(5): 2686-2693.

Liu M, Song Y, Zhou T, et al. Fine particle pH during severe

haze episodes in northern China[ J]. Geophysical Research Let-

ters, 2017, 44(10): 5213-5221.

Wang G, Zhang F, Peng J. et al. Particle acidity and sulfate pro-

duction during severe haze events in China cannot be reliably in-

ferred by assuming a mixture of inorganic salts[J]. Atmospheric

Chemistry and Physics, 2018, 18(14). 10123-10132.

Zhao D, Song X, Zhu T, et al. Multiphase oxidation of SO, by

NO, on CaCO, particles[ J]. Atmospheric Chemistry and Physics.,

2018, 18(4) . 2481-2493.

Sorooshian A, Crosbie E, Maudlin L. C, et al. Surface and air-

borne measurements of organosulfur and methanesulfonate over

the western United States and coastal areas[ ] ]. Journal of Geo-

physical Research: Atmospheres. 2015, 120(16) . 8535-8548.

Surratt J D, Gomez-Gonzdlez Y, Chan A W H, et al. Organosul-

fate formation in biogenic secondary organic aerosol[J]. The

Journal of Physical Chemistry A, 2008, 112(36): 8345-8378.

Tolocka M P, Turpin B. Contribution of organosulfur compounds

to organic aerosol mass[J]. Environmental Science &. Technology

2012, 46(15): 7978-7983.

Moch ] M, Dovrou E, Mickley L J. et al. Contribution of
hydroxymethane sulfonate to ambient particulate matter: A po-
tential explanation for high particulate sulfur during severe winter
haze in Beijing[J]. Geophysical Research Letters, 2018, 45(21):
11969-11979.

Pandis S N, Seinfeld ] H. Sensitivity analysis of a chemical mech-
anism for aqueous-phase atmospheric chemistry[J]. Journal of

Geophysical Research: Atmospheres, 1989, 94(D1): 1105-1126.

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Boyce S D, Hoffmann M R. Kinetics and mechanism of the for-
mation of hydroxymethanesulfonic acid at low pH[J]. The Jour-
nal of Physical Chemistry, 1984, 88(20) . 4740-4746.

Deister U, Neeb R, Helas G, et al. Temperature dependence of
the equilibrium CH, (OH), +HSO; =CH, (OH)SO; + H,O0 in
aqueous solution[J]. The Journal of Physical Chemistry, 1986,
90(14) . 3213-3217.

Kok G L, Gitlin SN, Lazrus A L. Kinetics of the formation and
decomposition of hydroxymethanesulfonate[ J]. Journal of Geo-
physical Research: Atmospheres, 1986, 91(D2): 2801-2804.
Kovacs K, Mcilwaine R, Gannon K, et al. Complex behavior in
the formaldehyde-sulfite reaction[ J]. The Journal of Physical
Chemistry A, 2005, 109(1). 283-288.

Olson T M, Hoffmann M R. On the kinetics of formaldehyde-S
(IV) adduct formation in slightly acidic solution[J]. Atmospheric
Environment (1967), 1986, 20(11): 2277-2278.

Munger ] W, Tiller C, Hoffmann M R.
Hydroxymethanesulfonate in fog water[ ] ]. Science, 1986, 231
(4735): 247-249.

Lai D, Wong Y K, Xu R, et al. Significant conversion of organic

Identification of

sulfur from hydroxymethanesulfonate to inorganic sulfate and per-
oxydisulfate ions upon heterogeneous OH oxidation[]]. Environ-
mental Science & Technology Letters, 2023, 10(9); 773-778.
Zhang H, Xu Y, Jia .. Hydroxymethanesulfonate formation as a
significant pathway of transformation of SO, [J]. Atmospheric
Environment, 2023, 294. 119474.

Zhang Y, Han R, Sun X, et al. Sulfate formation driven by win-
tertime fog processing and a hydroxymethanesulfonate complex
with iron: Observations from single-particle measurements in
Hong Kong[J]. Journal of Geophysical Research: Atmospheres.
2024, 129(12): €2023]D040512.

Scheinhardt S, Van Pinxteren D, Miiller K, et al. Hydroxymeth-
anesulfonic acid in size-segregated aerosol particles at nine sites in
Germany[J]. Atmospheric Chemistry and Physics, 2014, 14(9):
4531-4538.

Liu J, Gunsch M J, Moffett C E, et al. Hydroxymethanesulfon-
ate (HMS) formation during summertime fog in an Arctic oil field
[T]. Environmental Science & Technology Letters, 2021, 8(7):
511-518.

Anunciado M B, De Boskey M, Haines L, et al. Stability assess-
ment of organic sulfur and organosulfate compounds in filter sam-
ples for quantification by Fourier- transform infrared spectroscopy
[J]. Atmospheric Measurement Techniques, 2023, 16(14):
3515-3529.

Gilardoni S, Massoli P, Paglione M, et al. Direct observation of
aqueous secondary organic aerosol from biomass-burning emis-
sions[ J ]. Proceedings of the National Academy of Sciences.,
2016, 113(36): 10013-10018.

Chapman E G, Barinaga C J. Udseth H R, et al. Confirmation
and quantitation of hydroxymethanesulfonate in precipitation by
electrospray ionization-tandem mass spectrometry [ J]. Atmos-
pheric Environment Part A General Topics, 1990, 24(12) . 2951-
2957.

Chen C, Zhang Z, Wei L, et al. The importance of hydroxymeth-

anesulfonate (HMS) in winter haze episodes in North China Plain



34

O W R

2
¥

¥ iR 2025 4E

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[J]. Environmental Research, 2022, 211; 113093.

Dovrou E, Lim C Y, Canagaratna M R, et al. Measurement
techniques for identifying and quantifying hydroxymethanesulfon-
ate (HMS) in an aqueous matrix and particulate matter using
aerosol mass spectrometry and ion chromatography[]J]. Atmos-
pheric Measurement Techniques, 2019, 12(10): 5303-5315.

Wei L, Fu P, Chen X, et al. Quantitative determination of
hydroxymethanesulfonate (HMS) Using lon Chromatography and
UHPLC-LTQ-Orbitrap Mass Spectrometry: A missing source of
sulfur during haze episodes in Beijing[J]. Environmental Science
&. Technology Letters, 2020, 7(10): 701-707.

Louis H, Gber T E, Charlie D E, et al. Detection of hydroxy-
methanesulfonate (HMS) by transition metal-anchored fullerene
nanoclusters[ ] ]. Journal of the Iranian Chemical Society, 2023,
20(3): 713-729.

Campbell ] R, Battaglia M Jr. , Dingilian K, et al. Source and
chemistry of hydroxymethanesulfonate ( HMS) in Fairbanks,
Alaska[ JJ. Environmental Science &. Technology, 2022, 56
(12): 7657-7667.

Moch J M, Dovrou E, Mickley L J, et al. Global importance of
hydroxymethanesulfonate in ambient particulate matter: Implica-
tions for air quality[J]. Journal of Geophysical Research: Atmos-
pheres, 2020, 125(18): ¢2020JD032706.

Dixon R W, Aasen H. Measurement of hydroxymethanesulfonate
in atmospheric aerosols[ ] ]. Atmospheric Environment, 1999, 33
(13): 2023-2029.

Ma T, Furutani H, Duan F, et al. Contribution of hydroxymeth-
anesulfonate (HMS) to severe winter haze in the North China
Plain[ ] ]. Atmospheric Chemistry and Physics, 2020, 20(10):
5887-5897.

Song S, Ma T, Zhang Y, et al. Global modeling of heterogeneous
hydroxymethanesulfonate chemistry[ ] ]. Atmospheric Chemistry
and Physics, 2021, 21(1): 457-481.

Zhou Y. Huang X H, Bian Q, et al. Sources and atmospheric
processes impacting oxalate at a suburban coastal site in Hong
Kong: Insights inferred from 1 year hourly measurements[ ] ].

Journal of Geophysical Research: Atmospheres, 2015, 120(18):
9772-9788.

Li L, Huang Z. Dong J, et al. Real time bipolar time-of-flight
mass spectrometer for analyzing single aerosol particles[ J]. Inter-
national Journal of Mass Spectrometry, 2011, 303(2): 118-124.

Miyazaki K, Bowman K, Sekiya T, et al. Chemical Reanalysis
Products[C]. [s. 1. ]: Jet Propulsion Laboratory, 2019.

Allen J O.
Spectral Data, F, 2001[C]. [s.L J: [s.n. ], 2013.

Louie P K K, Watson ] G, Chow J C, et al. Seasonal characteris-

tics and regional transport of PM,

Software Toolkit to Analyze Single-Particle Mass

- in Hong Kong[J]. Atmos-

pheric Environment, 2005, 39(9): 1695-1710.
Li J, Posfai M, Hobbs P V. et al. Individual aerosol particles

[51]

[54]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

from biomass burning in southern Africa: 2, Compositions and
aging of inorganic particlesJ]. Journal of Geophysical Research;
Atmospheres, 2003, 108(D13) . 8484.

Ito A. Atmospheric processing of combustion aerosols as a source
of bioavailable iron[J]. Environmental Science &. Technology
Letters, 2015, 2(3): 70-75.

Li W, Xu L, Liu X, et al. Air pollution-aerosol interactions pro-
duce more bioavailable iron for ocean ecosystems[ ] ]. Science Ad-
vances, 2017, 3(3): el601749.

Celo V, Dabek-Zlotorzynska E, Mccurdy M. Chemical character-
ization of exhaust emissions from selected Canadian marine ves-
sels: The case of trace metals and lanthanoids[ J]. Environmental
Science & Technology, 2015, 49(8): 5220-5226.

Corbin J C, Mensah A A, Pieber SM, et al. Trace metals in soot
and PM, ; from heavy-fuel-oil combustion in a marine engine[ ] ].
Environmental Science &. Technology, 2018, 52(11): 6714-
6722.

Bian Q, Huang X H H, Yu J Z. One-year observations of size
distribution characteristics of major aerosol constituents at a
coastal receptor site in Hong Kong &-ndash; Part 1: Inorganic
ions and oxalate[J]. Atmospheric Chemistry and Physics, 2014,
14(17): 9013-9027.

Carranza ] E, Fisher BT, Yoder G D, et al. On-line analysis of
ambient air aerosols using laser-induced breakdown spectroscopy
[J]. Spectrochimica Acta Part B: Atomic Spectroscopy, 2001, 56
(6): 851-864.

Wang Y, Zhuang G, Xu C, et al. The air pollution caused by the
burning of fireworks during the lantern festival in Beijing[J]. At-
mospheric Environment, 2007, 41(2): 417-431.

Zhang Y, Li W, Li L. et al. Source apportionment of PM, ;
using PMF combined online bulk and single-particle measure-
ments: Contribution of fireworks and biomass burning[J]. Jour-
nal of Environmental Sciences, 2024, 136: 325-336.

Ye C, Liu P, Ma Z, et al. High H,0, concentrations observed
during haze periods during the Winter in Beijing: Importance of
H, 0, oxidation in sulfate formation[J]. Environmental Science
&. Technology Letters, 2018, 5(12): 757-763.

Chan K L. Biomass burning sources and their contributions to the
local air quality in Hong Kong[J]. Science of the Total Environ-
ment, 2017, 596-597. 212-221.

Wen L. Xue L, Wang X, et al. Summertime fine particulate ni-
trate pollution in the North China Plain: Increasing trends, for-
mation mechanisms and implications for control policy[J]. At-
mospheric Chemistry and Physics, 2018, 18(15): 11261-11275.
Zong Z. Tian C, Sun Z. et al. Long-term evolution of particulate ni-
trate pollution in North China: Isotopic evidence from 10 offshore
cruises in the Bohai Sea from 2014 to 2019[J]. Journal of Geophysical
Research: Atmospheres, 2022, 127(11): e2022]JD036567.



12 4

FROROR . S I UL S A BT e v I OO I PR T R R R R R IR M T AR AL

Source Analysis and Seasonal Variations of Hydroxymethylsulfonate in
Coastal Hong Kong Aerosols: A Single Particle Mass Spectrometry Perspective

Han Rongrong', Wu Guanru', Zhang Youtian', Wang Xinshuo'. Li Lei®,
Li Mei®, Zhou Zhen®, Yu Jianzhen®, Zhou Yang'
(1. College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China; 2. Institute of Mass
Spectrometer and Atmospheric Environment, Jinan University, Guangzhou 510632, China; 3. Division of Environment,

Hong Kong University of Science and Technology, Hong Kong 999077, China)

Abstract: Hydroxymethanesulfonate (HMS), an organosulfur compound formed through the aqueous-
phase reactions between formaldehyde (HCHO) and sulfur dioxide (SO,), has been increasingly recog-
nized as a ubiquitous component of atmospheric aerosols. While existing research in China has predomi-
nantly focused on inland northern regions. coastal environments likely exhibit unique HMS pollution
patterns and formation mechanisms due to distinct atmospheric processes involving marine-terrestrial
interactions. In this study, we present the first systematic investigation of HMS sources and seasonal
variability in a suburban coastal site in Hong Kong using Single Particle Aerosol Mass Spectrometry
(SPAMS) across winter, spring and summer, combined with backward trajectory analysis. The results
showed that nine types of HMS-containing particles were identified, with biomass burning-derived
HMS-K particles dominating annual contributions (82%), comprising four subtypes: K_ECOC_S
(47%), K.S N (25%), K N (5%), and K Na_N_S (5%). Industrial combustion sources manifested
through Fe rich (10%) and Pb_rich (5%) particles, exhibiting winter-spring predominance. Ship-emit-
ted V_rich particles (1%) increased more than four times in summer, synchronized with the enhanced
maritime activities. Other HMS-containing particles were mainly from dust sources (K_Ca_S N, 1%)
and fireworks and firecrackers sources (Al K_S N, 1%), both peaking in winter due to seasonal winds
and anthropogenic emissions. Air mass trajectory analysis showed that high HMS pollution events were
mainly associated with northern biomass burning transport, while marine sources dominated the low
pollution period. This study provides new scientific basis and data support for understanding the forma-
tion mechanism and pollution characteristics of HMS in the southern coastal region.

Key words: hydroxymethylsulfonate(HMS) ; single particle mass spectrometry; coastal cities; source

apportionment; backward trajectory
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