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Localized source tracing of O, and PM, using SCICHEM model: A case study
of Daxing District, Beijing

WANG Zhaotong*, XU Xin'*, WANG Gang’, BO Xin"*", ZHANG Yinglei"*"

1. Department of Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029
2. BUCT Institute for Carbon-neutrality of Chinese Industries, Beijing University of Chemical Technology, Beijing 100029
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Abstract: Based on the China High Resolution Emission Gridded Data (CHRED3.0A) , this study further assigned the emission inventory of Daxing
District (Beijing) in 2023 with 2 km resolution and subdivided it into 318 grids. The SCICHEM model was used to simulate the influence of sources of
traffic, industrial, agricultural, and domestic emissions on air quality within each grid in Daxing District, and to conduct O, and PM, ; traceability
studies. Owing to the population distribution and road network pattern, results indicated that the contribution of traffic and domestic sources to O, and
PM, 5 concentration were concentrated mostly in the north and northwest of Daxing District, whereas the contribution of industrial sources to O, (PM, 5)
is in the central and northern (western) areas of Daxing District. The 19* and 294* grids, which contributed most to 0, and PM, 5, were affected
substantially by industrial sources. Overall, the concentrations of PM, . in January and O in July in Daxing District were affected strongly by domestic
sources and traffic sources in all local source departments. The average contributions of traffic and domestic sources in January and July were 51.05%
and 31.74%, respectively. In contrast, the contributions of industrial and agricultural sources to PM, jand O, concentrations were comparatively low.
The findings suggest that control of domestic and traffic emissions should receive greater attention in terms of local pollution control in Daxing District.
The case study provides robust support for the use of SCICHEM model in rapid traceability of PM, ; and Oy at the local scale.

Keywords: local scale; SCICHEM; O,; PM, .; source tracing
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1 3|5 (Introduction)

T, 2 ST A AL R O, R PM, W IR 9T 32 2 A v A DX Sl sl i RUBE S v i A A L 4
CMAQ (The Community Multiscale Air Quality Modeling System) , CAMx (Comprehensive Air Quality Model with
Extensions) . RegAEMS (Regional Atmospheric Environment Modeling System ) 4§ [X_ Ja ] B A5 7Y (5% 4 B 55
2023; XA A, 20235 PFIRAEAE, 2023). A 224 3 i o 4B o i 9 U5 2 REAR B, 4 CMAQ 1 ISAM
(Integrated Source Apportionment) 5 3t ( £ £ JL 5, 2023) . RegAEMS H' 1Y) APSA (Air Pollution Source
Apportionment) FEHR ( EAEFL, 2020) .CAMx H1 9 OSAT(Ozone Source Apportionment) L (Chen et al., 2024)
A SCPU IOHEEE MART RIS X AU BT AR ML X PM, B 0,75 Ye A IR ARAT . SRAT, DX R B AR AL 3 Y T 2
ARG, BLAE R R AU B AT PR

T Jey b RUBE TR R 8 R 112 19 28 S s B R U CALPURE , AERMOD %5, 1 52 B4k 2 1w ML ] A iR
il JHC T B St A 2 S RERIL AR TC AR O, 55 kT Yy A L S A% ik A vh b B S R AR G &R (£
WA 25, 2024). PRI, H A s 2 Jay i ROEE SRS 1 O, B PRI T, T 78 Jay i RUBE T 19 PML, s i ISR 98 o 1 i — 25
.

M Z T, 7€ EPRI(The Electric Power Research Institute , https : //www.epri.com ) 23 ] %% B F F 1999 4 F
J% 1) SCICHEM (SCIPUFF with chemistry ) #5854 | 2 3 — [ 4] & 4E Wi 40 4] (SCIPUFF, Second-order Closure
Integrated PUFF) §™ BTG A RA% Y H G A A RO, 18 1 e 307 A0 AT A 3 7m — 4 B9 B TR) AR AR RO HE 37
[RIRF 2% 58 TG AR 27 N, RE AR S st RS R iy IRUBE %) O, A1 YR PM, , i A= BN 30 #2 ( Karamchandani
et al., 2002; EPRI, 2021 ). b4k, SCICHEM SCH5 U8 | i A0 A% 22 Rl AR 20, AT XU AR
T T A Y Jy BR 1 .SCICHEM BE % 5K 8 b 4 38 1T I8 O F W PM,, 19 9 85 RAL i ok 72 . ) 4
Karamchandani % (2020) %} . T SCICHEM 5 CMAQ . CAMx #5548 O, AU AN [A] , 45 526 W SCICHEM fE % T - Hb J2
Ml E HIE ] FEL NO iR /5 . W], SCICHEM SR 1 38 1 3 35 WA A , AT AR A1 31530 5 22 50 25 0 3 T s o
R BAE R BSCR (EPRI, 2021).

SCIPUFF 7E>4 SCICHEM FE A1 i A% O3, 132 b H IR A9 . Allen 45 (2007 ) ¥4 SCIPUFF #5241 5 i8¢ f%
REARSE S, B TR 15 Y DR AR R 5 O F ) P SN Kt 2R A T 30 AE , AT AT R0 52 35 B IR A 1 IR Leone
45(2016) 1| JH SCIPUFF A1 5k 1 2015 45 ZEHE b X P 7K e T HERIOT W 0 3ty 55 P Y 42 4F DT Rk 5, A
LR 7R PM AL AU 5 S E B AT RGF A9 — ot K e ) D izt X PM,, 75 G4 /Y 2 ORI BF 58
SCICHEM A7 I R 98 U5 43 H7 & B B3e 345 SR, H AT SCICHEM F2 2213 JH T A AR LU PR RE Al B A ll A6
fU4E (Karamchandani et al., 2020 , X #HESE, 2022) , A FH SCICHEM #5584 H F O, F1 PM, 31 5 53477 (1 W0F 52475
B

B0 bR R, ASBIEFE LA BT R X O ], N7 1 46T SCICHEM YRy i RUEER 0,5 PM, 775 e At
A GE S A N R HE R S B |, i — 25 2 i CHRED3.0A (China High Resolution Emission Gridded
Data 3.0A) {5 5145 51 2023 4765 1T A% X 75 B W HERORE B (73 BE% - 2 k). 8 1 SCICHEM X 43 Fic (4% 22 1k
B BB XS AL 5 T RS XA 5 1 O, 5 PM, 75 G (1 PRE I IR 43 B, DF 92 45 2R ] Sy i RUBE T O, PM,, 5 15
ST =P E S

2 ®FE A% (Research methods)

2.1 RS

WS DA A 5T R X, A T s T R B b Ak o T b XA T AV R X L 2 s R i
I — R4 AT 0 55 RS TH B 3l (L 1) B 5 T R X R R M AR W B2 2 Bl R FE 28 B BRI & X b ot
RO BRALIZ 50 H g, 8 UiV iUR R | b st i 2 5 HOR B3 04 31 28 X (b e T A SRR AR A
)R , 2023 AEL TR XA ST ER AR A XA 25 PV, AR S9VR B2 R 36 pgem™, 0, H 5 K 8 h i 811
5590 [ e BEAE N 175 pgem”.
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2.2 SCICHEM #Z 2V NE1 1R R S
AR BIF 5 AR AP R Oy b st T R 2% X T AR R 60
kmx50 km. i 55 B Bt oA 2023 4F 1 A .7 A .SCICHEM
SR FH 32 b 2R DX A AR AR AR AR A0 5 2 Bl A R
KT WA B 43 B3 BRI 1 A0 BRI 250 m, T
SOV BEEE R A CMAQ A | 28 CTM2SCICHEM T
H A CMAQ % 546 S SCICHEM A% 0 7] 34 1] 75 5
W B R A% 5 AR A 2E ML 5 1, SCICHEM < AH
b 2% L SR H CB6r2 HIL I, S I BT B 4 £
ISORROPIA 11 JCHL I J7 24 #5E Bt (Fountoukis er al.,
2007) . KA PRI (SOA) e (Carlton et al.,
2010) . A LSRR (Carlton et al., 2008) 5. Fig.1 Schematic diagram of air quality monitoring stations in Daxing
GBI A AT R X T G 0 B District, Beijing
K B R R8s i R 28k H P ESR %
JRFRAERY 2023 AR BT TH R4 XRG4 H B/ N (345 54594, 39.72°N,116.35°E) , b [ADULI 55 441 45
PR G IR EE A5 . 2023 4F 1 H 7 H A6 5T R 2% BRG] 7 250 4 2 T, 1 R AU AAE KGR 25,7 A K
] AARTE XU X 325 .1 A A S i 28%, 7 A i e i 9%.
2023 4F 117 A b st R4 X S B R Bl K H WRF(Weather Research and Forecasting ) 15 2045
45 8 18 MMIF (Meteorology-Chemistry Interface Processor) T 21754k B 455 H 5 800 F1H#E 8 : 00
AN S5 T RSO L b s B BRI XU B X, e T B a1 4ok 21 2, B N 0~1919 m.

Bl JtEHAXXESEEENETEE

B2 2023FtmHAXK1A.7 ARKHRE
Fig.2  Wind rose diagrams for January and July 2023 in Daxing District, Beijing

221 BRREHE BT PRI R JC kAR 58 8 04 DX N 15 2 R AR A ) A s T) R s ) AR Ak
(Agency, 2017) , AHF 58I FHYGALF RS A CMAQ $2 44 BRI 52 IX 38 1) = 275 Y vk FE 304 A SCICHEM £5%
BRI S

AWFFELEH] CMAQ 5.0.2 JUA  IZ WA W H iz B IR FEAR R 3 SURAR A R 143 T 850 UEB (Zheng
et al., 2019;Luo et al., 2023; Wang et al., 2023).CMAQ v5.0.2 5% CBOS X Z Ak 24 [ b HILEE AT AERO6 “I i
HEEAEH KPR T Y amo 7 S35 5 3 B0 I R H 43 Bl #)12: (Piecewise Parabolic Method, PPM) 31453 ;
T J Y HCR HAE X FRAT A (Asymmetric Convective Model version 2, ACM2) 118 3% & T RGN
e FE WREF B CMAQ M A R 24 & 1 )7 SN 712 58, WOAR B B R ] 2 A hao &
4 102°E . 37°N.WRF #50% Fl T RRTM (Rapid Radiative Transfer Model ) 75 28 J K I 594 77 % ; Dudhia )7
LIRS % 5 YSU(Yonsei University) 558 A i1 529 B 5 28 ; Monin-Obukhov 77 28 N L R W) B 28 5
WSM 3-class simple ice scheme F T # o 2 .
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CMAQ 7% JZ IS TE WRF A% B SEAE T, 2K 07 1) 4430 5453 il 3 A4S WA, Lt/ N2 SRS .CMAQ
W KPR 500 < 25— SR o A RV R, S BER O 27 kmx27 ke, IR EECN 1821553 25 — 23 7 5 5t
S, SrHER T 9 kmx9 km, FIME KL 66x93. 783 ELJ5 [0 b0 )2 0 38 J= , 735l J2 1.00,0.995.,0.99.,0.985 |
0.98.0.975.0.97.0.965.0.96.0.955.0.95.0.945.0.94.0.93.0.92.0.91.0.90.0.88.0.85.0.82.0.79.0.76 .0.73 ,
0.69.0.65.0.60.0.55.0.50,0.45.0.40.0.35.0.30.0.25.0.20.0.15.0.10.,0.05 .0.00.

N WA R A5 F R 525 PR AU S R ) R ), AU TR T T 3 d, AR ST S0 AR 4D 2022 4F 12 A 28

H—20234:2 H 2 H 2023 4 6 27 H—2023 4- 8 2 HAE K 2023 4F 1.7 A db 5t i K24 X35 5ok i

CMAQ 475 — JZ B M, SR A A 7 503 3 R B AR ) v BE LB 2% s 4750 — )2
% I SR FH 5% — J2 80 i ) 285 RAE Sl 00 by e B2 AN L8 L BRI AR DR IT i b e 22 R HE T B
(Multi-resolution Emission Inventory for China) , 23 [B] 43 9F% 8 0.25°%0.25°.
222 EBRABE AU ET RS X HEBOE AU B T AR ST AT BA b R A PR S R TS G HE R
(CHRED3.0A) (Gao et al., 2022) 7544 ¥4 CO NO, SO, .PM,, .PM,,. VOCs FIl NH, 55 . it 2 A F4Hs %
P &A= b R 2 RS X CHRED3.0A T B 7R b 5T 77 K% D&ﬁ IEM%EE H 53 HEE N 10 km $2 T+ 5 2
km, B3 318 A W% (&1 3). Horp N FE >k A 56 [ BRI AR R U8 [ 28 S 96 28 TF R Y 1 kmx 1 km 5 23 BEFE A
1 803 72 (Landscan 4 Bk A 11 25 [8] 5085 | https : /landscan. ornl. gov) , % [ 04 2K B OSMstreet (https : //www.
openstreetmap.org) , FHUR TSk A b ER B R R SRR SRR S (https ://fwww.resdc.cn).

B3 JmEmARMRBFEDEME

Fig.3 Emission inventory allocation grid for Daxing District, Beijing

23RBS
AWF5E 2% [N AR SCRR O PEAS 7 8 R EFEZE, 20165 T4, 2020; K4, 2021) , FI A0
PR BT R4 XI5 G Wy HERON 25 S5 Wa 3 O, Bz PM, RS4RI 5 52 s W I Al AH G 22850, LABG IE A 7Y

FREEABLZRE SR A r A L (1),
> (0, - 0)(M,-M)

S 008 [

(1)
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2, 0, FM 23S Wil 5 SEBR W, O A0 M A AL AR A E S I 5 n S SPGB REA S
3 R 51418 (Results and discussion)

31 EEWAMRTEMHRIER

2023 4E b HUTH K% X 5 Yo Wy HEHOIR 4540 9 5
25 (8] 5 1F 40 &l 4~5 IF 7R . K 2% X COLNO, . SO, .
VOCs . PM, . PM,, Al NH, 4= HE & 5301 4 6.43%10°
0.97x10*. 0.63x10*, 1.84%10*, 0.21x10*. 0.35x10*.
0.29x10* t. 4 [ 4 A[ 1, CO SO, . PM, 5 . PM,, HEjif 57 1=
T UR 5% M S 2, o i o 45 TS g W HE R R
77.56% .97.49% . 88.84% .92.99%. 1 T A= 7% YA HE ik
ZFNN A AR RE R, K% XN 1 56 B 4 A7 A v b X

F T ol K X AL R PG I E M X R CO LSO, . vy
PM, o PM, 75 4 HE i 0 Fr i 1K 3 B 43 A U

DK b 3 2 P A (7 5).NO kR 3 B % A i -

M, 5 R 64.19%. K24SIX B B XIS N Figd  Stucture diagram of pollutant emission source in Daxing
145 85 HR L, NO,HE B8k e IX 434 5 CO District, Beijing

SO, .PM, ;. PM, HEBC i 3 Kb X — 35 . VOCs HE ik 2k | T, &7 Ll 8 60.22% , Hodr, VOCs HEU R 82
KA X B e K L2 BT & X5 e bt X NH HER 32 500 AV IR, 5 EE 81.80%.
32 RMERHMAESMELHAR
3.2.1 SCICHEM % R A AVBUE 5 52 b W A A 1 22 2] 2 Fh P 252 ) , ABIF9Y 255 B AR
i JE T R4 X 28 A ek W 3ty PML, s B O, (2], JF 3B B AT ek o (RS B R 3 5 K% I ) 2023 4F 1
1y H 3 PM, B4 (B 5 SEI 448 7 4 MDASO, B A4 {5 ST B (i 2 A7 38 UE 43 Br , LAPFAl SCICHEM 452
RUXF PM, s B2 OB PERE , A G 45 R 3B PM, AS48L 55 SEINAH DG 0.49 , O AAELE 55 ST AH G4 0.55.
322 BELMETTEAS T JERTT AR PM, U5 YRR B S (IR A 55, 2021) , 1 B 2252 O, 15 YL se i W i ( FAE
i, 2019). AHFFEE w40 BT A6 5T RS XA Hi 6 25 BTt Wt 9 1 PMLs 5 7 H 0,75 G BTk S 4% I 4%
5 A 455 T TSR 2 [R] (R AR 6 L] . 25 SR s, 1
H 45 WU X 23 A0 Wty PML o F 359 3¢ B B3 ik il T o

Table 1 PM, jand O, contribution ratios for key grids in January and July
15 R4S BTk LG BRI R 11.79%,7 H 85 RIS X R 2% — 7 =
DX 23 Ao a0 O, ~F- ¥4 v B BTk T 15 I A% BT ik T PRI AT 0, R

F1 BRAMIE1AH.7AHPM, .0, "KL

il

ti HE BTN 34.76% , P, ASHF 57 5 S b s T 1 19% 1.06 204* 10.62
R4 IR 23 it Wty TR HETT 15 A BTk AT 2 1 0.88 179" 5.83

LA PM,, 577 0, A MKHIIRS Rk 1 3 & 084 302° 197
R R PV R o o
B O LR S O s e . " S
TR 23 A5 5 W sy PML, SR B8 kA o5 e s, 7 3g* 0.80 279 177
1.06%. 11* 4 15 GL W HE s Ry 23 <050 W I il PM, § 255 0.77 301" 1.28
Ve BE SR ST R, L 0.88%. 9 285 077 243" 1.23

7 X2 SR B O, W kB kom0 0 07 2L
O P AEE A AL R0 SR O R o o
Ko A 55 23 Ao i W ol B g R [T 5 i), %o 23 A< 13 14 073 307 1.09
1 W O, ¥k FE BTERI K X U h 7E K% IX & 3 14 46 0.72 244 1.09
FE R XS i1 . 2947 A& 15 e Wy HE IO 25 =5 £ W ) 15 196 0.71 3047 1.05
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3l O ¥ BE TTMREL 7 Ll /51, 8 10.62%. 179" A% 15 G W HETIC A 25 A0 1t W I 3 O R B 25 — ko U, o kb
0.87%. 179" & 55 294* [ 4% 73 5] 1 VOCs J NO, HEFICHE 55— R 8 K M A%, 2947 A% JFE 105 0 336 % 3 R 0.97
ke, T 179" P B AW 00328 B 28 #5104 5.10 ke, {H R T 179" R0 A% VOCs Sz NO, HECHRE K, HXF O, 9k B 5k A/5 8%
35 R, O, BT RS A HE e K 55 W 003l B 8 2 e s o SO iy O, e B8 B R %) S B R 3%

ES 2023t EHAMRTLEDHMETESHER
Fig.5 Spatial distribution of pollutant emissions in Daxing District, Beijing, in 2023
3.3 EAHEIEMIRE S M
1624 1 b st K% DX 23 A 0T i W 0 s ML, W 445 S . DAL 6 Rl 0, b o i DR 2% X 2 A0 Jo e WA 0
PM, ;¥ 25 11 U 57 1k F o S0 AR R Ay A8 38 15> A 16 IR > Al 5> Tl Y8, BTk o B 43501 48.72% . 42.87%
5.85% H1 3.94%. 5Z W AR PM, ;s DR 9265 — JORIE, H 10 35 52 e vl BRI T 28 38 57— I PM, >R I8 5 T
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R AR I P,  HP 2 8 1) T B ) (22 R, 20225 BE5E 45, 2024) . AR 3 JRh 28 S i W o PM,
W B3R — RORIR, 22 AR M B A= TG HE O PV, B B RS M ARl I PML v JBE kA T4 (/K F- . T
My EXT PM, ¥ BE BTk (7 AR/ 0T i B Y I T R R TR T A TR e R RORL T A R R
(Lietal., 2021 , ZEfRkE:, 2022).

7 R 1 H 0T R 2% X 25 S5 Wi PM,
W BE DTRRTT 15 WOA% £ 5B 1T Lo 45 SRR W, 5838
U5 R Z 85 M A& 1 = 2 DTHRR T, 4 150738725574
W %, A2 U8 5 L AE 34.319%~66.95% 2 1] , 75 W 3¢
AR PM, ¥R JE sk 5 = AR . Tk JEAE 19%,
11%.30", 156" ] 4% XiF PM, ;¢ B o3 ik A0 55 — KOR T,
Tolb I8 5 HEAE 36.289%~43.79% Z ] . Hidr 197 117
& 3 ) Sk W0 3l P R R Bk ) R — RIS R
A% , 33X AT BE 512 A% PN Tk Al B R A A K
AR IRAE 437 1470 46" A% X PM, Tk B2 DRk 1Y 25—
TR, 5 LA 91K 35.37% .35.87%. WAk , 16 T A7
DA% Hh AR T PM, s ¥ B TTRIR IS A 5 1K, R IR ML 5 X6 P R B 5% e A R

El6 2023fF1AARXX=SFEEN L PM, #REER
Fig.6 Source apportionment results of PM, 5 at national control points

in Daxing District in January 2023

BE7 2023518 KXXPM, iKEREKET 15 RS S50 L F)

Fig.7  Proportions of various industries contributing to the PM, ¢ concentration from the top 15 grids in Daxing District in January 2023

20234F 1 H , A6 R4 XA FR T THEROM 2% X 25 A5 e W I3l A5 PML, s 1R 32 110 ik L 9] 17 150 dn 1] 8 Jir
N ASTRIEBTTXF PM, s V¢ B BTHR H A 0 A AN TR) A2 06 R L 38 38 PR HE O PM 5 ¥ B2 BTk w8 1B X 00 7 72 K% X P
AR WX P ¥ B Bk 32 BA R4 X AR R 5, S W T AR TG B PM 5 75 G (4 JRy 52 ) . Tk IR X PM, 5
W RE DTER H LA 197 1R 156" A Sy s () R (B DX 2 A A, AT 6B 55 A% P Tl Al (9 42 o3 A B Tl A=
PG S EAR DG, F BT T JE A AR O R X PM, ik B AT

19 8 2023 4F 7 A A3 b a T R 241X 23 AT it W O, VR 45 SR . b T K% X A s Y5 22 38 VR A O, Y
S5 —FORUR, XF O, BT 7 H oM 53.37% , FLUOA AR TR TR -5 TR, BTk b7 H 405018 20.619% i112.44% , 4l R
b7 /N, o4 1.89%.

10 2k 7 H 5% 23 A0 d W0 003 o7 iR HE 44 1T 15 A AN ] 3508 11 X6 28 /=05 g Wl sy O, ¥k B8 B ik EL f51) . B
294*F1 179* WA A1, A% PRAR Xof 24 A0 f: 003l O, ¥k B ik 32 2 27 31| 238 0 YR Wil , 383 VR 7 oA T 38.43%~
85.94% Z [] . 11 294" . 179% 537l 2 O, ¥ & BT ik 1) 55— ORI 20 — RO IR, LAz Tl 552 ) dd 25, 530 7 89.19% .
91.83%. T A A% Hh Al 50t 2 Ao 2t Wl sy O VA 5 DT AR 34 Sk e {1
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E8 2023fF 1 AMLRHAMKZEIR ., TR R AR & E R HE RS PM, R B 58k L 61 = B 2 75 1§ 5
Fig.8 Spatial distribution of the contribution ratio of emissions from transportation, industry, agriculture, and domestic sources to PM,

concentration in Daxing District, Beijing in January 2023

2023 4F 7 H AU 5T R XA [R]ER 1 HE O K
DX 7S A o I T O TR LU A L an AL 11
Jros ARSI 89 O, BTHR 20 A1 7778 22 5, A= 36 TN
ST R O, 7 BE TR {8 X 32 2L TR 2% X PE
B S ALEB , 3K — 43 A AR 532 X IR B T & X
£E 1 1% 0 A J A 26 AL IR X O, BT ik =5 (8 X 32 B 43
ATTE RS XA ER B P L FR LAY X 38, o i 7 AN [
DX 3515 L U T wk %) 22 S, T RE S5 RO Hb o3 A AR B 20237 AANESSRELRNL O MELR
K TAP IR TTHR R A X ZRPAER ST fiy0 Source apportionment results of 0, at air quality monitoring
A A B AR Y S R bR X B, DA Tl PR TS G i stations in Daxing District in July 2023

10 202357 ARXEINEKRE KL O,7R E SEKET 15 W 4% & 5017 STkt B

Fig.10  Contribution ratios of different sectors in the top 15 grids to O, concentrations at air quality monitoring stations in Daxing District, July 2023
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T BALE SRS SR B IZ DX DL 2947 F1 1797 A% S vl 11T 2947 F1 179° A% BRI Y NO, Fll VOCs HE & 7
S Tl P A HE T B FTAE , X5F O, A2 R i Y 2

E11 202347 AHR LR AR, Tl R A& RHER X O, /K B Ak LL Bl = 8 5 155
Fig.11 Spatial distribution of the contribution ratio of emissions from transportation, industry, agriculture, and domestic sources to O

concentration in Daxing District, Beijing in July 2023

34 FAHEMEST

AR FEAFAE LA AN 7 K 22 - OHEBOE HAE 43 Bl B bz 20 7 800 | A R R 3 T 45 b
S, SO BC S VE S HEARPE (A O, 2022) , I T 8GN TR Y ) AS B 1 L QB[ AR B AS B
SCICHEM 5 % A CMAQ A 40 i = 4Rk i 35 /E 75 BV B2 37, T CMAQ B AL 32 B JEE H1 i HE R (R4
Yy A MU Z R IR Z 50 (Gao et al., 2024) A FT 1 B4 XF A H IR XT O, K PM, ¢ B A 5T ik 52 ), 455
RIETHR F v BB T A HIE B, 18 o 780375 SR X S AR s i, DTS 0 1 A5 20 A A A e 1

4 42512 (Conclusions)

D ARWF5E T CHRED3.0A 5 520 Bt A9 A6 50 1T K 2% X35 5, R H] SCICHEM 58 BUAR A8 K 2% [X 35 Y HE il 5
e AL S R 25 R S 7R, 2023 4F 1 H 38480 H 34 PM, R B2 .7 A £ MDABO, ¥k Ji2 5 S WA ¥k B2 19 A S 43 31
470.49.0.55.

2) 32 N3 A % IO 235 P8 A R M A4 3 VR % 5 3 R R4 X P, 5, O, VR J3E T ik v {1 DX 45 HH B A b A 7
JEEB, T TV JEXF K4 X PM, 5, O, ¥ J3E 785 {50 X H BAE Tl 335 Sl 26 DX I 1 i Aol PR R 241X PM, 5, O, ¥
TTERI AL TR AT

3) FE 7 R TR 5 T S s, T AT A A2 5 T IR R A 3 VR I B RV R T TR PML L O, & B TR
Ab F AR KT, H PM, 5, O, 8 B BT Rk AR K0 1972947 A% 37 TlL RS i 4 K, AT BE 5 Tl X A 43 A X3,
FHE.

4) X A 5T S DX AR i Y AT T PM, 5 AT O, V& B B BT k43 AT s, 3¢ 3 VR R A TR IR R S Tk OR
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T A Ay, ST PEXT PM, R 5 i, o 48.72% , FoR O A= TG R, o 42.87%.7 A Ay, 35 IR O, 3k S BT Rk
BeoR b H53.37% , A TR IR RE SR, b5 1 20.61%. ARk, Tl IR K A0l JEXT PM, K O, 4 BE STk A B
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