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Abstract: Background, aim, and scope Nitrate, the primary acidic ion in the atmosphere, is the main component
of deposited atmospheric reactive nitrogen. The concentrations of nitrate and its precursors have shown increasing
trends, causing a number of climatic effects and altering ecological circumstances, including a reduction in
surface radiation and influences on the regional climate. The sources and formation mechanisms of atmospheric
nitrate have been widely studied inland, but marine aerosols have rarely been focused on. No studies on dry
deposition fluxes of the aerosol nitrate, nitrogen or oxygen isotope composition of nitrate in spring near Dongsha
Island have been reported. The aims of this study were to quantify the dry deposition nitrate fluxes, the associated
formation mechanisms and the aerosol nitrate sources near Dongsha Island, South China Sea. Materials and
methods A total of 86 total suspended particulate (TSP) aerosols were collected at Dongsha Island in the South
China Sea in spring 2013 (Mar.—May), and the NO,, §°N-NO; and §'*0-NO;, concentrations in the TSP were
analyzed. To analyze the possible origin of spring aerosol air masses at Dongsha Island, the backward trajectories
of the air masses were analyzed over 3 d (72 h) using the HYSPLIT (Hybrid Single Particle Lagrangian Integrated
Trajectory) model for retracing. This study calculated the relative contributions of different pathways to NO; in
the TSP by a Bayesian isotope mixing model. Results The NO, concentrations were significantly lower near the
island than those in urban mainland China and coastal regions (Mar., 4.0 pg-m ’; Apr., 2.9 ug-m °; and May,
1.2 pg-m™). The NO, concentration in the TSP of Dongsha Island showed a monthly decreasing trend from
Mar. to May, which was related to the air mass and rainfall sources at Dongsha Island during springtime. The
dry deposition flux of NO,-N on Dongsha Island was 1.0—3.5 mg-d ' -m°, as estimated by the concentrations
of NO,. The 6"*0-NO; values in Mar. and Apr. (76.1%0+3.8%0 and 79.1%o+5.6%o) were higher than those in
May (67.0%0=+7.5%0), indicating that the nitrate formation pathways in Mar. and Apr. were different from those
in May. The contribution of the NO,+-OH pathway to NO, in the TSP of Dongsha Island, China, in Mar. and
Apr. (56.7%—62.8%) was significantly lower than that of the NO,+-OH pathway in May (80.2%). In contrast,
the pathways of NO;+VOCs and N,0O,+H,0/Cl™ contributed more to the TSP NO, at Dongsha Island in Mar.
and Apr. (37.2%—43.3%) than in May (19.8%). We further estimated the °N fractionation factors between
NO, and particulate nitrate. The "°N fractionation factors formed by the NO,+-OH, N,0,+H,0, and NO,+VOCs
pathways were —2.0%o — 0%o, 24.6%0 — 26.6%o, and —18.4%0——17.8%o, respectively. The 0"°N-NO; values
in Mar., Apr. and May were —2.1%o0£0.9%0, —1.4%0 £ 1.4%0 and —1.1%o0=+ 1.1%o, respectively, at Dongsha
Island during springtime. Discussion The Bayesian isotope mixing model results showed that the pathways of
N,O:+H,0 and N,Os+Cl™ contributed 10.8% and 14.8% of the nitrate formation in Mar. and Apr., respectively.
The NO,+-OH pathway contributed 80.2% of the TSP nitrate formation pathways in May. The contribution of
the NO,+:-OH pathway to NO, was influenced by the temperature and sunshine hours. The monthly differences
in marine aerosol nitrate formation pathways indicated the influences of meteorological parameters, such as solar
irradiation and temperature, on nitrate formation. Although the concentrations of NO, in Mar. and Apr. were
obviously higher than those in May, the §"°N-NO; values in Mar. and Apr. were close to those in May, indicating
that both NO, sources and "N fractionation mediated the aerosol 5" N-NO; values. The 0"°N-NO; values in the
TSP of Dongsha Island in spring showed a monthly increasing trend; this trend was related to its sources and
fractionation behaviors during the formation process. Conclusions Spring is the transition season in the study
area; as the months change, the sources and formation pathways of NO, vary. During spring, the NO,+-OH
pathway dominated nitrate production on Dongsha Island (56.7% —80.2%). In Mar. and Apr., the N,O,+H,O and
NO;+VOCs pathways were nonnegligible pathways for aerosol nitrate formation at Dongsha Island. Terrestrial
and anthropogenic emissions were the main sources of aerosol nitrate on Dongsha Island in Mar. and Apr., while
natural sources dominated aerosol nitrate production in May. Recommendations and perspectives This study, for

the first time, quantified aerosol nitrate formation pathways and explored nitrate sources at Dongsha Island, South
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China Sea, during springtime. The understanding of the dry deposition fluxes of nitrate in marine aerosols was

also enhanced in this study.

Key words: Dongsha Island; TSP; nitrate; dry deposition flux; §"°N-NO; and ¢'°0-NO,
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Tab. 1 Aerosol NO3 concentrations in some Chinese cities, eastern sea region and South China Sea during spring
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Fig. 1 The average concentrations of NO; (orange) and

rainfall (deep green) in spring, 2013 on Dongsha Island

K2 RUDBEREHHILEE
Tab.2 Spring meteorological data by months for Dongsha
Island, China

Aty 34 4 H 5H
Months Mar. Apr. May
=8|
Uik 239 262 279
Temperature/ °C
=
.F%ﬂja 17.5 56.1 141.2
Precipitation/mm

H AR il )

. . - 12.0 12.6 13.1
Day length (Hainan Province)/(h-d ')
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NO, 7£ KA 8 A [R5 % 12 4 Ak B il iR
ihe T ARSI S50 SR A,
SRR B4 A% A B NO; 1 4[R2 41 % AS [
(Michalski et al., 2012) . Pk, ARk &I 07
R H TR RS NO, I %42 (Altieri
et al., 2013; Luo et al., 2020; Luo et al.,
2021) o ABFANA AR 5 HF R NO,+-OH B{ 124

) 6"°0-HNO, {H 4 51.6%0— 64.3%0, N,0+H,0
FI NO+VOCs i 12 A= 1 i 6"°0-HNO; {8 4 51| Ky
95.0%0 — 108.9%0 F1 96.7%0 — 111.9%0 ( & 3a) .
MRV S E TIANG IR, KES 5 NO,
e A EZmS ( Stark et al., 2007 ) , AHFFALE
[ 25 10 5 NLOs+CI™ #5421 1) 6"°O-HNO; {H fi
B K 115.2%0— 130.7%0.

AU 5 45 7 TSP W 5°0-NO; {H 11 25 1k 15 [l
H 53.7%0 —86.2%0, V- I41E K 74.2%0+7.8%0 ( &l
3b), K% (Xiaoetal., 2015 ) FI&5 ( Guha
etal., 2017) #Hik, T RZEHHEICI Wi ana
FIE (79.7%0+8.2%0 ) FIk 5T (84.8%0+12.4%o )
25 1 % 2% TSP 1 0"*0-NO; {4 (Luo et al., 2020;
Luo et al., 2021) , i FJ M (72.7%0+7.0%o )
I (74.4%0+10.7%0 ) 25 F 43 T J7 Ik T & 2=
TSP 1 6"0-NO; {8 (Zong etal., 2020) . 4 b
175 2% TSP 1 6"0-NO; 7 3 H (76.1%0+3.8%0 )
4 (79.1%0+5.6%0 ) Wl T 5 H (67.0%0+
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iR Es (K 4) . NOA+OH BRERZEREID B H
7 NO, ) R E I i 4E, Tk T 56.7% —80.2%
) NO,, i BTHRIT & T 2= v E AL 5 Wt A K5
(40%—60%, Luoetal., 2021) Fidbat (45%—
62%, Luo etal., 2020 ) NO,+-OH #§#% NO; [y
Tk . NO,+OH J&AEXT NO; iy siiik 5 H HE AT
BORRPHAR SR A G RIS ARIE, IR
H AR (R B BREEGS R A HiRGE,
1B 5 L2 B AR 1 B A R AR B E b 2%,
#2), dERURAFKEN T 40°N 4, FEICHR
5 85 H BRI R LU AR VD B 4 . -OH &A1),
KA -OH (1 AE B i 32 5 0 BESR J3 A A7 7R
W & A9 1EAH ¢ M (Heard and Pilling, 2003) . #
ZRY BRI R, HBRAEK, 8T NO+
-OH B2 4 i HNO,. B4k, 5 H NO,+OH %1%
XF NO, 1 57 ik i (80.2%) &5 T3 H (62.8%)
faH (56.7%) , X5k H BRI A G
(£1),
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2.3

A TR Rl HEBOR BT 6°N-NO, {H A (&
Sa) , KA H 0°N-NO; {8 76 7 W i BiF 58 o T
TE R R KR T Y NO; Sk U (Tickells et al.,
2013) . R NO, 7 KA H 8 A Ak il NO, 19 i
R &= PN A, (0B F] 2015 4F A A FEIS
T OR[E] A A B NO; B R R PN 43
Z8 (Walters et al., 2015a) . &3 Walters et al.
(2015a) RIHFSE, N,Os Fll NO;, 42 A il HNO,
i3 R Y PN AR R B eNyo, Fil eNyo, T4 20
wmr.

8NNZO5:1OOOX(150‘1\1205/1\102*1) (16)

3NN03:1OOOX(ISOCN03/N02—1) (17)
ZT:E: LJP: 1505N205/N02 il 150‘N03/N02 ﬁi}'%u ’fJC %E N,Os il NO,
VIS NO, FINO, Z [RI MBI F, IR ) PR

1000%(Pay,y—1)=(4+TH*x10"+(B+T7)x10°+
(C=THx10°+(D+T)*10* (18)
iti:l:‘: %i+%:gNNZOSH¢9 A\ B\ C%nDﬁ%uﬁ:
0.69398. —1.9859. 2.3876 F1 0.16308; 4il%

eNyo, i, A, B, CFIDA33IR: —2.7193. 3.6759.
—0.92418 f1 0.54189 ( Walters et al., 2015a) .
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