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Characteristics and generation mechanism of peroxyacetyl nitrate (PAN) pollution in the atmosphere of Zibo City, China.
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Abstract: As a typical photochemical product, atmospheric peroxyacetyl nitrate (PAN), which has received widespread attention for
the important role it plays in atmospheric photochemical processes, has been studied relatively late due to difficulties in monitoring.
In order to deeply investigate the concentration level of PAN and its generation mechanism in industrial cities, this study conducted
online observations of PAN and other pollutants for one year from March 2023 to February 2024 in Zibo City, North China Plain.
The average concentration of PAN during the study period was 1.09x10 ° (0.03~10.07x10 °), and the four-seasonal concentration
ranking showed a pattern of winter (2.07x10°) > autumn (0.98x10°) > spring (0.64x10”°) > summer (0.61x10®). There was a
significant difference in the time of occurrence of the peak daily change concentration, with the peak occurring at midday (12:00) in
summer and delayed to the afternoon (17:00) in winter. The results of the generalised additive model (GAM) showed that the PAN
concentration was significantly affected by temperature and atmospheric oxidability. Calculations based on the zero-dimensional box
model (FOAM) showed that acetaldehyde contributed the most to peroxyacetyl (PA) (69%), followed by photolysis (18%) and
oxidation (11%) of methylglyoxal, and that the loss of PA was dominated by the interaction of nitric oxide (NO) (18%) and nitrogen
dioxide (NO,) (81%) with PA. The relative incremental reactivity (RIR) showed that PAN generation was sensitive to NO,. This
study enriches the understanding of the characteristics of atmospheric PAN pollution and its formation mechanism in North China
and provides scientific and technological support for air pollution control.

Key words: peroxyacetyl nitrate (PAN); peroxyacetyl (PA); generalised additive model (GAM); observation-based model (OBM)
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Table 1 Comparison of PAN concentrations in different

regions of China

A BTN ) BIEC<10°)  BRME(<107)  B% ik
W 2023-03~2023-05 0.64 2.61 NI
WM 2023-06~2023-08 0.61 231 FNTIE
W 2023-09~2023-11 0.98 8.60 FNTIE
W 2023-12~2024-02 2.07 10.07 A5
JE17  2018-01~2018-12 0.55 4.19 [14]
PE§ 2015-11~2016-01 1.89 9.60 [17]
FHh o 2018-10~2018-11 0.75 5.83 [18]
FHhH o 2019-07~2019-08 0.81 7.82 [18]
BH 2020-06~2020-08 0.42 3.12 [33]
BH 2020-09~2020-11 0.60 2.89 [33]
BH 2020-12~2021-02 0.65 3.54 [33]
BH 2021-03~2021-05 0.80 3.57 [33]
E#g  2016-12~2017-02 1.00 6.00 [34]
E#  2017-03~2017-05 1.30 5.80 [34]
E#  2017-06~2017-08 0.90 7.00 [34]
E#  2017-09~2017-11 0.70 6.20 [34]
Jbx 2018-12~2019-02 0.61 - [42]
b5 2019-03~2019-05 1.37 - [42]
Jbx 2019-06~2019-08 0.96 - [42]
Jbx 2019-09~2019-11 127 - [42]
WYl 2020.08—2020.11 0.61 4.56 [44]
M 2018.09—2019.08 1.96 12.81 [45]
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Fig.2 Time series of meteorological conditions and conventional pollutant concentrations during the observation period
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Fig.3 Seasonal variations of PAN and other conventional pollutants and meteorological parameters
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Fig.4 Daily variation of conventional pollutants and meteorological parameters
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R2 PANKEBEMEZR GAM REHSER
Table 2 Results of the GAM model fitting for the single

influencing factor of PAN concentration

g HHH S BEA L AR
S BN T - . F P R %)
SCilLIE) 6.957  8.056  84.01 0 0.166  16.10
SHIXERE) 5974 7144 9.82 0 0.019  2.03
5(0,) 6350 7515 15.19 0 0.031 327
S(RH) 7.856  8.668  21.14 0 0.048  5.01
S(NO) 7739 8576 36.82 0 0.083 852
SUNO,) 5463 6609 715 0 0.016 181
S(E) 8.648 8963 7224 0 0.180 1830
S(HN ) 8430 8903 21.66 0 0.061  6.42
N 3) 8.787  8.986  34.97 0 0.097  10.00

N THRFVABSERFTARYINT PAN KRB 52
W, K GAM #5504 IF Ji& 43 A1 . %% 2 B0k FE A3
T (DFAESEFR AT T 05 Heii,0.(05+NO,) HE fiE
SR A AR 22 i M R KA AL RE D 1 R TR
B LL O A EARPE SR bR; ) MU S IR 053 (3)

NAPENO FI, L e PAN b1 ik $5e K 1R A 44
PO e A OVOCs B4y, ikl
GAM BEERKH AN 15 (4 IR S HCRE AR
FE o RHR G AR R (INOY)4 AN SN 2RI, B
PAN ¥R EEAE R AR, DL IR 9 AN AR b fifks
A gt H 8] (8:00~18:00) A4k EA T 4005 43 7.

S5 A R A 2 RS LG VR AT A
IINT R R IUA L R IE 2, 8RR AR R H
B>1,R 4TS PAN RS2 (R R 2 AR
TR BRI F AR5 K (84.01), H oK
(72.24), 3 IR FE RIZEXT PAN I B S8 M i 25 oy
RRRAS RN F A R® Ry ZE R R /N AH P Y
345<0.01, 18 S AH A B0 2 R R LA 45 Ik 3 f
TSRS B 1) FAAE AU i BE(89.141)>0, (78.721>
AR (29.098)>7K(24.253)> X34 (7.081) >k
15(3.345)> 2. (2.369)>NO(2.223)>JNO, (1.334),iX
SR BEAR EI N PAN RIS = A 550, 5 Xia %400
FIT T 2 PAN [ GAM BT 43 # 45 SR ph—
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TR 2 10x10°7 15, % PAN 85 1) 5% 1 7] 28 AN
T,IX L WIHE LW 10x107° (1978 FEl N, PAN (1T 1%

ANS2 FLUR B WA, 5 22 52 1 U B U0,
BEA RS I IX PR PA H IR (VR4 (1034
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