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FEE : I RITIUT AT AR N 1 4 Z2 15 Y st Bt e ANASURL A (PM,, o) P ARAR PR HLAL A5 9 (0 75 S ik R 2 2o I AR Ak, SR BRI A7 2019—2022 4F:
S A GF (142 P, RE dt, RSO G335 - B 106 F 48020 B R AUBURE A rh AR SR M B A P 3 49 B, e f 55 16 2 805 4% (polycyclic
aromatic hydrocarbons, PAHs ) F133 F IEAG BE 42 (n-alkanes ). $E M 7% 1 6 YR BA Y5 Y S0 | R 58 LR 75 Y o B v PAHSs Fil n-alkanes 975 YL 4RAE
FISR IR 5 5 /R :2019—2022 4F A ZE R PE R ] PM,, VB 431 47 (114.5 = 53.5) . (93.0 = 50.8) . (77.1 = 45.1) A1(100.4 £ 62.3) pg+m . PAHs filn-
alkanes ¥ 52351 4 (76.9 + 27.1) . (104.0 = 16.5) . (45.6 + 25.0) . (49.1 = 13.1) ng-m>F1(348.6 = 97.9) . (270.3 + 64.4) . (184.2 + 93.0) .(190.2 +
48.2) ng-m”. LT 5 Yuiof B vf P, PAHs il n-alkanes 19734 5T 4 ¢ 2 53 591y (122.9 + 37.8) pgem ™. (85.1 = 29.0) ng+m *FI(257.1 + 82.3)
ngem MR R Y 2.8 1.6 A 1.3 45 AR HEHRAE HL B s & BAAE 2019—2022 4F 4 75 15 G ad P v PAHSs 119 32 52 57 ik I 2 SR B 1 26 40 TS IR
Be i HLEh A HEROREE S | n-alkanes 3225 PR RLA R RS R RE IR, B 52 0 3 0 3%

KRR PM, s ZITTRE s IEMENE s V5 el A2 5 12 W LU
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Characteristics of non-polar organic compounds in PM, during typical winter
pollution episodes in Zhengzhou

GUO Peng'*, KONG Zihan>*, DONG Zhe'*, SHANG Lugi"?, PAN Lihua*’, ZHANG Ruiqin®?, LI Xiao™*""
1. College of Chemistry, Zhengzhou University, Zhengzhou 450001

2. Institute of Environmental Science, Zhengzhou University, Zhengzhou 450001

3. School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001

Abstract: This study aimed to explore the pollution characteristics and changes in the sources of non-polar organic compounds in PM, 5 during winter
pollution episodes in Zhengzhou. PM, ¢ samples were collected from urban sites over four consecutive winters from 2019 to 2022. A total of 49 non-polar
organic compounds, including 16 polycyclic aromatic hydrocarbons (PAHs) and 33 n-alkanes, were analyzed using gas chromatography-mass
spectrometry (GC-MS). Six typical pollution events were identified to investigate the pollution characteristics and sources of PAHs and n-alkanes. The
results indicated that the PM,  concentrations during the winter sampling periods from 2019 to 2022 were (114.5 + 53.5), (93.0 + 50.8), (77.1 +
45.1), and (100.4 + 62.3) ].Lg'm%, respectively. The concentrations of PAHs and n-alkanes were (76.9 +27.1), (104.0 + 16.5), (45.6 + 25.0),
(49.1 + 13.1) ng*m™ and (348.6 + 97.9), (270.3 + 64.4), (184.2+93.0), (190.2 + 48.2) ng*m ", respectively. The average mass concentrations of
PM, 5, PAHs, and n-alkanes during the pollution process were (122.9 + 37.8) pgem™, (85.1 + 29.0) ng'm™, and (257.1 + 82.3) ng'm™,
respectively, which are 2.8, 1.6, and 1.3 times those of clean days, respectively. The diagnostic ratio method revealed that the sources of PAHs shifted
from coal and biomass combustion to mobile source emissions during the 2019—2022 winter pollution episodes, while n-alkanes were influenced by
both biogenic and anthropogenic sources, with the latter having a more significant impact.

Keywords: PM,.; PAHs; n-alkanes; pollution episodes; diagnostic ratio
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1 3|5 (Introduction)

Bt T A R T A AR A bR, 2S00 G R) A H 25 52 1 4 3K OCTE (Lane et al., 2022; Zhang et al.,
2022;Zhao et al.,2022; Yu et al.,2023) {2024 4F- 4 BR A “CRBUR & ) 7R , 238 5 32 A AT S BOLT-H05 — K
AU 2R L 2021 AF 2Bk 294 810 7 ABEF25 K75 4k (HEL, 2024). Horp PM, A —Fh E B2 505 464, vl LA
8 3k P I R 58 MR AT A AR 9 325 81 i e 3 380 3K 1l vk o, 0 D75 R 22 b IS L R R G RN 48 R G
(Rentschler et al., 2023) , %t/ A% FlFR 5% 4d FE 15 Rl IR 8 52 W) (Bu et al., 2021; Geng et al., 2021; Liu et al.,
2022; Cory-Slechta et al., 2023; Qiu et al., 2023).

Tl Jo A I A 7 A AL (Organice aerosols, OA ) Fil— Ff XEERE A B4 W ' 2H 4376 2 3% ( Elemental carbon,
EC) 3l 285% (Black carbon, BC). A MLk (Organic carbon, OC )i & A LA#E B H0 2 K R A A LYk
JEAKA, HORIE T AN W B9 R (BABE RO F A 4K (A 0RO 3 72 (Hama et al., 2022) 4% 4 SGRAE R 530
#‘{kﬁ*ﬂﬁi‘ﬁ(f’rimary organic carbon, POC)%ﬂ:ﬁ\ﬁﬂﬂﬁffz(Secondary organic carbon, SOC). IEWMIEA ML EY
(Non-Polar organic compounds, NPOCs ) & K i 38 3l 7775 1 — 25 POC, (45 Z 3 55 42 (PAHs) L IERBESE (n-
alkanes ) FIZELESEH) 0T (TR AT 45, 2024).

PAHs Fl n-alkanes 4 PM, s 1 B 22 A9 2H 53 (Sun et al., 2021) , B F 2K B AW HERCA AZETG 3h, Wik A
BRBMIREE A RS RN A7 TR 45 (Cao et al., 2021). Hidt  PAHSs J&—Fp i 77 76 (IR BTG e, £ B R 7E
A NS CINEE A7 R AT AT ) B A 56 R be i B B Y 2 9% & A4 HL 4 (Abdel-Shafy et al.,
2016). B4k PAHs 76 PM, A o5 e8I, (B LB P ok, vl o aak W A 456 AT R 425 i 12 A A AR (Venkatraman et
al., 2024) , K 1t 32 [&] 21744 3 (the United State Environmental Protection Agency, US EPA)F-7E 1976 4E 5L 16
Fh PAHs 51 A Je 4 H1 40 J .n-Alkanes & KA HLA A B ) B Z 5 Y (Aumont et al., 2012; Zhao et al.,
2014) , 75 OA H 5 P v, BRIV A i s 35 4 DI, ) AR 50 v TSR AB P I HE B 9 n-alkanes WX AP Y OA A7
A EH TR (KT S5, 2024).

VAR, [ N AN X PM,  HP ) PAHSs Fill n-alkanes B2 3 257 . 1 0 55 (2020) MK =M 75 508 i
FER I, SEW 5 B 25 PM, P 1) PAHs EZORIE T AT BVBHA B FI A= W) UR S L n-alkanes W& A 5 AN R AR5
AL [E TR . PNES 57 55 (2024) I AIFSE R W T T T PM,, s PAHSs BT AR W00 AR 55 4t Lo e A A —
SE TR EUR KBS . Gao 25 (2022) (5T A B HH [ - HERR X PM, 5 H PAHSs 1l n-alkanes f¥% B2 7EAK & T80
B Z 5 A% Kang % (2020 ) X7 56 [ 14 /K PM, ;' PAHs Fll n-alkanes [ & MR IR BEFT T3R8 , 45 B R IH L F A
e EP IR B AR 2 R SR R TR  Ambade 45 (2020 ) 78 B[R STMHSHE AR /R T RS IE IR 98 vh &2 B0,
PAHs Fll n-alkanes F ¥ & KB 2= 1 28 AT A2 46 AR MER H L H ETIOAIESE 32248 h e 75 e e 2= 1 284k (5]
WA, 2018) R AT AR B XURS PEAN (CEVR AR SE , 2022) 457 1, 1M X T~ L8 5 Y i B2 v PAHs Fl n-alkanes
AR A/ RSN T AR A R v B g SR T 22—, PM, 5 Y™ i, A 2238 DL PM, o E 285 L) AR ISR
He T RBIN R 27 m LS 4 AR AR AT 1 PM FE i, AU @3- B 5 A (GC-MS) SE 53 HT 2019—2022
4E4 7% PAHs Fl n-alkanes 1975 447K AR ARRIE PUAR I 8 HERT BB RO SR IR, IR AR AE 3 15 it A vp HOTs ey
TEFAS AL AR | LIS R R 17 A0 G B S A I i 2% .

2 M5 7% (Materials and methods)

21 HEFEE

AR F 18 SRAE st 57 TR T 13 0 X B2 K 100 -5 4B K2 F2 A IX B3 [) B o0 PUAB AR T (113°54 ',
34°82N) , ANEL 1 iR , SR o5 I B b T 15 24 13 m, AN AR 2005 55 B 20 1.5 me SRAE A0 200G DU R R R 2 K
TSI 32T IE 7R R RN BE Ik R 1 A R AE A LAAE 3 ki FTLAVE 7 km Ak, SRA b A R AR B
22838 R S HE R i e

AiFF 5% 45 FH 1 PM,, , J9URE ) SR FF 2% J2: VU3 18 R FE A% (TH-16A, 207 KU, H ) |, SR FE 2% 1Y 52 3 16.7
Le-min™". A R G508 I 5 F PM, B & 96 B2 I 0 Hr , A D38 i (Whatman QMA , Maidstone , 52 [E ) ] A HL4
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Y53BT . AE B UCRAE B B Al A a2, SRAE IS [R] 2 B K A 4709 10:00 B H |F9:00, 323 h. 72019,
20202021 F12022 4F4 2203 HIARAE T 21,33 .29 F1 29 AL RAE A A 5 12 H—1 A A, 40 e &
ASSRAE G BE 1w A A2 AR 2~3 28 U RE A

FE e DE BT E R AFERT IS 2 B TAE 25 “CHI 50% FXH I BE 1 4508 A5 48 h, FRHRG 25 B F R FRE 5
AL AR AR T, 7R R RERT , BOFE Th b vh e 450 “CAE R IESMLIE 4 b, Z I 1 25 “CHI 50% A XHTFE (1)
T VAT 48 b RAE S AR 250 T A, R ARGS9 AR S A 22 )5 PR A7 ZE 18 "CUKAE Y S REFR L.
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Fig. 1  Spatial distribution of sampling sites and the surrounding environment
22 Hmath

FE BRI : B3 Tk A DB I BS54 5Y ) B 53 8 T JIC 2 3T 47 4k Ko B I ZE G (34 mL) b, i TN
B F AR (BASE-26, It 5t 5487, v ) XATAILAL 3 AT A B . A BUAT) y S0 B AT B (IR FR L 3 1) 1)
IRAWW, ZEHUE 128 10 MPa, 24 100 °C, FHSZEES min, FEFR 2 U .44 26 BOR AN 22 USRI B 3 U5 1)
TR 5 2= AW 4 A Sh A 4 (QZDIT-128) He i AKX T 1 mL, IIA 10 pL B NFRIR G5
W, AW BEE 2 2 1 mLHL300~400 pL A 5 B A 0 TR A ML 53 50 #r

23T A3 GC-MS (Agilent 7890GC/7000MS, USA) 5¢ B X 49 R B Ak & W 1) 5 &, 4% 16
PAHs F133 F n-alkanes. H:H' PAHs £ %5 25 (Nap) & (Acy) . ~%EUE (Ace) .25 (Flu) . 3F (Phe) . B (Ant) 5% J&
(FIt) .6 (Pyr) I [a] BU(BaA) . (Chr) RIF[b 2B (BbF) AR If [k 28 B (BKF) R If-[a ]t (BaP) (Efi Jf:
[123cd | (TedP) . — K Ff-[ ah | B (DahA ) FIAFF:[ ghi 36 (BghiP) ; n-alkanes f& 5 5043 7 0 B 7E Co~C, 1Y 33 Fh
HHLA).

OC FIEC 43HT : OC/EC i I e 40 BT (Model 5L, Sunset Laboratory Inc., 3¢ [E ) R FH#OE [ 5124600 .
TR 1.45 em® A7 BEPE B A BT SO A6 N, AR SUOREE T, 08 TR EE TH = 2 850 °C, A3 HL Rk = ik A
TR ER EARE TR AE 870 CTR B ALK COLJE R H RS B INAR S (4 Ni AR Ak 10k Y Joe A A 31 . B
Je W IR AR 22 550 °C, 7E He/O, B8 B IR FE R TH R 2 870 °C, T R BRIk A E ALY Bl AL ] A LB , LA HLEK
[ 14 7 i ARG
23 REEHSREMFIE(QA/QC)

AT FE I 5 B A L) B0 R FH PN s - o 1 2 32 0 R A £ 40T A FH A9 R AR E R 1S ol ()57 25 I A
RAY K A US EPA 5256 25 W 4% 22 48 1) )8 30 B 22 R 27 g 30 B 2 M 1 A 52 56 %8 (The Wisconsin State
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Laboratory of Hygiene ). i i L £ XA ALY HEA TR ME A HE T 2R ) mT ok R R (R F KT 0.99, [IIEH 73%~
127% , A~ A BT A L BRI FEL S 0.002~0.038 ng-pl™.
24 HESHAE
241 SOCHHE RHE/NEEMT SOC, Ik &R M EC/R E#vE BIE T EC Ak 2=t o0 fae H S
SOC B R R ¢ A ] , ¥ G IR HE UG AS 23 A A= HoAth Ak 228 4k, PRt EC 84 iy — IR CIR 19 46 75 )
(Gilardoni et al., 2009; Huang et al., 2010; Li et al., 2015). 3158 J5 3400 W (1)~(2).
SOC = 0C-(OC/EC) = X EC (1)
POC = 0C-S0C (2)
X, (OC/EC),,, AAFAAZER OC/EC HLAE Y fie/IME .
242 EMRBEFRBEME EIEH (Carbon maximum number, C,, ) L 48 %4 (Carbon preference index,
CPT) FITAE 1 57 ik 2% ( Plant wax n-alkane ratio, WNA% ) ZEZ500] LIAE B $8 78 n-alkanes 2 5 19 55 2235 47 .CPI
RV [R50 () e Ao S vl J3E =2 R 55 A e ok B85 22 RN LU A (Brray et al., 1961) . 1537 A S (3) s
sc,
m (3)
A, S C o HATER n-alkanes [T W EE AL, Y C A EK n-alkanes 19 57 52 94% BE NN
FH W) 1 45 8 (The contribution of wax n-alkanes, WaxC, ) 8Bk B0 A n i) n-alkanes 1A 4 W 5058 23 00 6 A%
BAE , WaxC, /2 FH 25 00hi n-alkanes ¥ B a2 A0 215 95 /1 510K n-alkanes ¥ B 097 YER T 09, Ir A WaxC, 1)
Jot R VR 22 FIA FE ) B R E M4 56 2 (Plant wax n-alkanes, WNA ) R0 . FH n-alkanes BRI FE Vs 25 WNA HJI
AT IRBHE A Lt 42 (Fossil fuel n-alkanes, FENA) {1 Sk . WNA% FIl FENA% 5 5% B T i S5 AE 4 HECR
AT BOEHIETL Y n-alkanes Xf T° 3 n-alkanes A SR, H T P48 0K ) 1 n-alkanes 19 A= 9735 R0 A U5 A0 AH T
51 Mk (Kawamura et al., 2003; Wang et al., 2006).FFNA% 1 WNA% ) 145 A K J& 1 (Lyu et al., 2019) , 4
WaxC, I {E/NF O B A BTk K 0.WaxC, Fl WNA% (7 2 0 /A 2 (4) FAZ (5) iR

CPI =

WaxC, = C,-0.5x(C,_,+C,.,) (4)
WNA% = % x 100% (5)

3 R 51718 (Results and discussion)

3.1 ARFRIEGE
FERBEIIE] M T 2019—2022 4F 4 7 PM, Wk B K 18] SR (PR B 43 B i b ) (GB33095-2012) H

T RAREFRAE (75 pgem) AR EL I 14,2215 £ 2019—2022 £ LB FTREMFER

Fi16d 6:}.5.3]” Tl? ) %#%ﬁ E/‘J 66.7% .66.7% 51.7% Table 1  Time period of winter pollution events from 2019 to 2022

F155.2% , S B AR 3N 59.8% , 78 K AL AR P, 00 TSR ] PM, /(g m™)
EP1 2020.1.8—2020.1.11 1185+7.6

I 13 YA B S 0 s o A AR A R A

i . - . EP2 2020.12.19—2020.12.28 117.3 +54.7
S5 5300 91 i A SR 20192020, 2021 A EP3 2021.1.2—2021.1.5 111.9 +27.8
2022 AR AR R A I [R] B HLTS S (] i 22 3 d EP4 2021.1.13—2021.1.16 1353 £42.5
15 G FF R o, L0 ) 6 > BRI TG L o FE EPS 2021.12.31—2022.1.4 101.7 £ 28.9
(Episode, EP), 3435 L b EP1 . EP2 EP3 \EP4, EP6 2022.12.25—2023.1.5 152.4 + 65.0
EP5 Fl EP6, 4~ F 4 i B B Ta] 38 1 f s T PM, R 15 ead i PM,, P30 0L

PAHs 1 n-alkanes B PM, ;28 Ak A8 s 1] 2 510 40 ] 2 F1 &L 3 7, KRN 17 2019—2022 4F- 4 25 PM, F- 24k
SR (114.5 £ 53.5) .(93.0 + 50.8) . (77.1 + 45.1) Fi1(100.4 + 62.3) ug-m>, S 16PAHs 735 4 (76.9 + 27.1) .
(104.0 + 16.5) . (45.6 + 25.0) F1(49.1 + 13.1) ng'm>, S n-alkanes 43 5l & (348.6 = 97.9) . (270.3 + 64.4) .
(184.2 + 93.0) F1(190.2 + 48.2) ng-m .6 {5 Y 2 H PM, . > 16PAHs Fl1 Y n-alkanes [1%°F- ] Jit & 4 & 53 51
$9(122.9 +37.8) pgrm™.(85.1 £29.0) ng-m H1(257.1 £ 82.3) ng-m™>, Zr 5T KA 2.8 . 1.6 1 1.31%.



53

ik

=

foricd

K
o

o~

i

KRN T 2 = LR e B i P, AR E A AL & 9

LIRS

5

—— YPAHs

[ ] PMys

(- w-Bu)sHYIX

ER3

EP2

91-10-120T
S1-10"120C
¥1-10-120T
£1-10-120C
T1-107120T
[1-10-120T
01-10-120T
60-10-120T
80-10-120C
L0-10-120T
90-10-120T
S0-10"120T ~
$0-10-120T T
£€0-10-120C
20-10-120T I
10-10-120C 1}

AAAARANARARNARRNE RN RRAN AR AR

300

1150

L
S
w
[o\l

L L
(=3 (=2
(= vy
(o] —

(e w-3M)SYNd

100 ¢

(¢ w-3u)/SHVAX

50

0

EPIl

L1-10-020C
$1-10-020T
11-100202
01-10-020C
60-10-020C
]80-10-020C
L£0-10-020T
$0-10-020T
£€0-10-020T —~
20-10-0z07 X
10-10-020¢ TR
1€-21-610C &
0£T1-6107 T
6T-C1-610C I
82-71-610C
LTT1-610C
97-21-610C
$T-T1-610T

¥T-Tl-610C

Tcti-610T

12-21-610T

(=3
v

(e w-3M) YNNG

00

0

(c_w-Bu)SHYAT

i 4L0-10-€20C
™ 490-10-€20T

450-10-€20T

4+0-10-€20C

4€0-10-€20T

EP6

420-10-€20T
410-10-€20C
41€-C1-C20T
40€-C1-220T

462-21-220T
48C-C1-CC0T

4LT-T1-T20T
492-C1-220T
4SC-C1-CT0T
4¥C-C1-T20T
4€2-C1-CT0T
4CT-T1-220T
412-C1-T20T
402-C1-220T
461-C1-220T
481-C1-CC0T
4L1-C1-C20T
491-C1-220T
4S1-C1-220T
4¥1-C1-220T
4€1-C1-220T
4cl-Tl-ccoT
411-CT1-T20T
401-Zl-ccoT

300

(=3
)

1001

(=3
(=3
Q

Am\E.miV\m.NZ&

2501

(cw-Bu)sHvdX

1150

(=

EBS

+0-10-220C
€0-10-220T
20-10-220T
10-10-220T
1€-C1-120T
0€-T1-120T
6Z-C1-120T
8C-C1-120T
LT-T1-120T
9C-C1-120T
€2-CI-120T
TT-T1-120T
12-C1-120T
0Z-C1-120T
61-C1-120T
81-C1-120T
LI1-T1-120C
91-C1-120T
S1-C1-120T
¥1-C1-120C
€1-T1-120T

01-CI-120T

80-C1-120C
4L0-C1-120T
490-C1-120T
150-C1-120T
4¥0-C1-120C
4€0-C1-120C
320-C1-120T

3001

L
o

v =1
— —

¢ w31/ INd

2501
2007

—~

o

HI(E-A-H)

HIN(&E-A-H)

B2 PM, 1S PAHs KRS 55

Fig. 2 Time series of concentrations of PM, s and > PAHs

> n-alkanes

[ ]PMys

1500

(¢_w-3u)/soueyje-ul
(=3 (=3 (=
(=3 (=3 =1
A.T o o~

EP4

ERS

T

10-10-120T
1€-71-020C wm.\
0€-Z1-020C
62-C1-020C
82-¢1-0z0c M

LT-T1-020T

IER2

92-21-020T
§2-T1-020C
¥C-C1-020T
€2-C1-020C
TCTl-020T
12-21-020C
02-C1-020T

L1-T1-020T
91-21-020T
S1-T1-020T

250r

S 2l =
[=3 el =
ISl — R

(¢ w-31)S N
(¢_w-3u)/souesje-u
(=3 (=3

(=3
(=) =3
sl < 2}

EP1

+L1-10-020T

$1-10-0202
11-10-020T
01-10-0202
60-10-0202
80-10-0202
L0-10-0202
$0-10-0202
£0-10-020C ~
z20-10-0z0z T
10-10-0z0z &
1£-21-610C &
g
oe-21-6107 B
6T-21-6107 T
8T-T1-610C
LT-T1-610C
92-21-6102
$T-TI-610T

pc-ti-610T

4¢T-CI-610T

41T-Cl-610T

250

200
5
100

(¢ w-31)/SYNd

(=1

(¢_w-3u)/soueyje-ul

300

=)
S
=

|

\/- 200

L L L L
S o (=3 (=3
[=3 v 3] (=}
A Il — —_

G

S
=3
N
_w-g

)/ INd

(¢ w-3u)/sauee-u

= o §
I=} I=3
< el

EPS

o 4 (=3

(=3 )

a =
o

B) A IAd

300
250r

(

L0-10-€20T
90-10-€20C
§0-10-€20T
¥0-10-€20C
€0-10-€20C
20-10-€20T
10-10-€20T

1 L1€-C1-C20T

0€-C1-220T

1 6C-C1-T20T

8C-C1-CT0T
LT-T1-TT0T
9C-T1-TT0T
§T-TI-TT0T
¥2-T1-T20C
€2-T1-720T
TT-T1-TT0C
12-T1-T20T

102-C1-220T

61-C1-TC0C
81-C1-C20T
L1-T1-T20T
91-T1-2T0C
S1-T1-TC0T
¥1-C1-220C
€1-C1-TT0T
cl-cl-ceoc
11-C1-T20T
01-C1-220T

1¥0-10-220T

€0-10-220T
20-10-220T
10-10-220T
1€-C1-120T
0€-TI-120C
6C-Cl-120C
8C-T1-120T
LT-Tl-120T
9T-C1-120T
€2-CI-120T
TT-Tl-120T

112-T1-120T

0T-Cl-120T
61-Cl-120T
81-CI-120T
LI-Tl-120T
91-C1-120T
SI-TI-120T
¥1-CI-120C
€1-TI-120T
01-Cl-120T
80-CI-120T

1L0-CL-120T

90-C1-120T

150-CI-120C

¥0-CI-120T
€0-CI-120C
c0-cl-1coT

HIEE-A-H)

HEI(4E-H-H)

E 3 PM, f13 n-alkanes §JE¢ 8 5 51
Fig. 3 Time series of concentrations of PM, ;and > n-alkanes



54 »oom B ¥ % 45 &

ML S T, M T 4 22 1 PM, 75 Y 7K S 7E 2019—2021 4EFa 4 T B, T B350 0 18.9% H1 17.19% ,BAE
2022 FFEAZE LR (30.2% ). B 2D T B 32345 25 T B SRR M T 7™ 118 AT G By 42 B RN 3 i, LA
T 9 1 1A ) RIS 1 T 10 22 5 3% 2 Jb i, Tl A ™ RN A8 A2 B T B KR B L2022 41 JiS , TR [ 5 A3 3 e il %
Bl 458G Ry A A8 N T A F o T I B A s it , WK 2 AE A 7 AR BT 2 TR R 80 e HE
RO N BRI SN, FEPM, TG 3 B .S 16PAHs 76 PM, s HF 9 & He 205124 0.7 .1.5.0.7 F10.6
ng-pg ! 15 YRS 16PAHs W R PM, s B9 /K - FH 5 75, S 16PAHs Fl PM, S 3 T — 301 A8 fe i 45
5 e FE AR AV AN [R] 42, 7 2020—2022 4E 4 ZEh S 16PAHs 75 PM,, 0 5 HL 630 R R ka3, 2 16 Rl ds
PAHs 76 JUAF 42 I BCR 4T
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& 6 2 6 Y75 Y it 7 vh PAHSs 45 B 1 1k 3
A1, EP1~EP6 H R - [ b ]9 JE 14 Ve B 8 I fe vy 11, 3
Fil R« 13.0~16.4 ng=m™, fiz = B L BRAE EP2 .
UL B F AN TR, EPL EP2 \EP4 R EPS ol i
EP3 Rt , EP6 H R 28 I [a | B . FRLUK PAH (19 5 5
B Z WIS, 28 8  EUE A2 ik 2K 43
T PAHs VR FEERCAIR, T 5 4540 F it PAHS 7E 6
UG et B SR AN [ 08 i v B KO TR B 3 v
JEATEb B B ORI [a | BOSE T BUR KRB
FEEACT HER R R Arda bR, 7 [b 298 B A R I A
ZFf, D Y5 Y 5 AR v PAHS 09 38 5 S i [ £ 8
E

b T WE5E PAHs SR I8 0928 Ak AR B 5 4 1
LW R T A, S R R R T bl
Flt/(Flt+Pyr) 1 IedP/(IedP+BghiP) # {8 ] T8 51
] A R RE R B T A A HE i 5 RS 1) PAHSs HE L
(Kavouras et al.,2001; Yunker et al., 2002 ; Ravindra
et al.,2008). &1 7 Jp R 7 4 2= 4 A 4EA3 1 Flv/ (Fli+
Pyr) Fl ledP/(1cdP+BghiP) (Y 734 , FIt/(Flt+Pyr) Lt
{E/NTF 0.4 FZRVET A, KT 0.5 MR IR e sl A
Y RRGE T FE 0.4 1 0.5 2 8] v REAC RIS AR
BECZERAE ) A5 TedP/(TedP+BghiP ) /N T 0.2 I
RSk AT RCE S R, KT OoSE EERA T
I8 e i A W B B HE i (Yunker et al., 2002; Fang
et al., 2004 ; Katsoyiannis et al., 2011).

g5 R E W, Flv(Flt+Pyr) I — R MR e,
2019—2020 4F IedP/(IedP+BghiP) FL A Fa & , 26 W 44
BRMRIFEFN A Wy TR 2 I 32 2 A HE SR . 177 2021—
2022 4F TedP/(TedP+BghiP) (1) Fb {8 H B0 BH 2 T %,
BBl ZEHE R 20 7 1 5 DTk

AN [R5 Gyt #8 A 8 Fl/ (Fli+Pyr) FT TedP/(Ted P+
BghiP) HC VI R BB U 36 2 7%, Fl/(Fli+Pyr) ()
{E7E EP1~EP4 K A0 3% A BB AR 1k, X R
P T 4 245 Yl g R v o R0 A 0 T AR b — L
F B V5 YL B TedP/(IedP+BghiP) (Y H {8 7E EP1~EP4
3RS E K, R T 0.6, 78 EPS I EP6 [ AIE
ledP/(1edP+BghiP) (/N T 0.6 B 5 K 100%.
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TEQ) JH T EAE PAHs 254645 W (048 e XU (Nisbet er al., 1992; XIBEIH4E, 2019). 4 T 458 £ 5 PAHs (i
AU FEIE ST Yassaa 55 (2001 ) 42 AR 5 44> PAH SRR BRI [a JEE >4 15 K PP Ak L300 IXURS: . AR 418 D 745 (1)
PAH SRR BE TR T RS Yo BRI B M vk B, DRI BE T 16 F PAHs 11 5 vk B A7 A 8 e R 1T 3
(‘ZEH4%, 2018).

R2 ORITHRTIES PAHSISHILLE S F9E

Table 2 Distribution and average values of PAHs diagnostic ratios during six pollution episodes

V5 et i SEiHE FI/(Flt+Pyr)  TedP/(TedP+BghiP) || {54id 7 GEIHE FI/(Flt+Pyr)  TedP/(TedP+BghiP)
I 0.4~0.5 0.5~0.6 I 0.4 ~0.6 0.4 ~0.7
EP1 EP4
FHIE 0.5+0.1 0.6 + 0.04 R ST 0.5+0.1 0.6 +0.02
U 0.4~0.6 0.3~0.7 S 0.7~09 0.1~03
EP2 EP5
FHIE 0.5+0.1 0.6+ 0.1 FHIE 0.8 +0.1 0.2+0.1
I 0.4 ~0.6 0.5~0.7 Y HEl 0.8~0.9 0.1~03
EP3 N EP6
FHIE 0.5+0.1 0.6 +0.1 YA 0.8 +0.04 0.2+0.1

2R PR, 2019—2022 4E 4 2= TEQ{E 430 10.1.13.6.7.3 F116.7 ng-m™, ZE AL #4FH PAHs 1E PM, ;i
&7 U AR ] .6 YRI5 Gk F2 i PAHSs B9 TEQ A5 BBl & 5.3~21.1 ng*m ™, M M (11.3 + 3.8) ng-m™. 5 [ 4 HAth
WA EE, BN 4 ZE 1 TEQ (B T A (28.6 ng-m™) B8 AR5 (19.3 ng-m™) Z5 b 7 V5 Y3l 7 (2= 4%
2021), T FI% (3.4 ng'm™) (W (2.9~6.3 ng-m™) , 5L 5T (6.5~17.2 ng-m>) A2 . F W RN 1 5 Y ad 72
H PAHs X g B AA TRV AE AG 3 L AN T 4 =35 3% R P 1 TEQ 4B R 7.4 ng-m™ 1340 T = /K7, Ktk
Ty Ak SR N ag X T4 2 PAHs JU R = 8% PAHs P FPHERC ]
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2019—2022 4F- 4 2 S n-alkanes 14 ¥ B 3 {8 73 5l J2& (348.6 = 97.9) . (270.3 + 64.4) . (184.2 + 93.0) Fll
(190.2 £48.2) ng'm™.EP1 ~ EP6 1> n-alkanes & /4 115.8~496.4 ngm ™ FH{EK(257.1 £ 82.3) ng-m™, /&
IR ((193.6 £ 76.0 ) ng~m™) (Y 1.3 A% . 6 YT Y ich 2 i (0 - 49 8 A v 9 BRLACRY Co VR B2 (30.1 £ 21.1)
ng'm”, i 3 n-alkanes # BE (1) 11.5%. U= SRR o, WRFE S (23.5 £ 16.7) ng=m ™, (5 LU N 8.7%. TEIE I K, By B
A Cog WRIESE(14.8 £ 11.7) ng-m >, (5 FEBEAIK FI5 YL K (10.5% ) AEFFFE R B2, 15 35 K TP Uk & Rl C,,
WeRE R (20.1 + 10.7) ng-m > X E W Cp AT R T EEV5 YLK S, n-alkanes e B T RN 2 —, C,, FER AT
TH 3 i (Hostettler et al., 2002) FIALHIWEE (Rogge et al., 1991) , A7 157 B C,oJ2 A8 B K 2 R UTRLAY
FEL W) 17 B A0 4 3 ke T HE TR B W0 7= A2 1) (Yadav et al., 2013). F5H 5 4 25 PM, " A S n-alkanes & 5 45
T R G A, B S R 22 H B W0 . R R AE EPS i, 15 YR ((177.6 + 35.4) ng-m ™) [
> n-alkanes ¥ B 2L FIE 15 K .n-Alkanes 7E 2021 4F-2- 2% PM, s HP (1946 B AR G4, X PML, i %) B 32 o ik
AP, B T n-alkanes 289 B 76 15 Y4 T8 il A% 2 5 o ALAG S P D3[R4 6 PML 5 1) R A NG A A v
TERZ I .

8 A 6 YR i5 Y iz B2 Y n-alkanes £5 B [V i 43 A EP1~EP3 H 53 ik £ 5 0 54 Cs, 2T HR FE 53 31 1
(49.3 £9.5).(39.2 + 27.2) F1(57.1 + 16.0) ng*m™, fE EP1 F1 EP2 Hf (5 Fe ¥ 83t 10% , EP3 w5 e 1 20%.C,,
S EPAFTEPS H 7 b f5 2 i LA, S X599 B 43 3R 31 T (26.3 + 24.2) F1(17.5 + 4.3) ng-m ™, EP6 ' C,, & fc 1)
PAPR SRR IR F] (20.5 £ 7.9) ngem . WFIE R B VIR BE £ 77 A2 C,0~C,, (Schauer et al., 1999; Schauer et
al., 2002). TEFEIE KT, Cos i S n-alkanes ¥ FE A9 10.5% MK TG 4 K A0 5 H . B 8 el €, C,y \ Cop V5 it
R E R I B SR L Co EZR [ T v S5 R A S HEROR A ) SR et A | DRl I HE TR M T 44 F205
et i n-alkanes (19 32 BRI B ZEHERL A= 10 RRGE R 4 e HE K .

n-Alkanes [F] 2 ¥ #% ik % 1 BE 7] DL 43 M AK 43 F 18 (Low Molecular Weight, LMW) (& i %0 /N T 25) n-
alkanes fl 54§ 1 (High Molecular Weight, HMW ) ({5 5% K T 45T 25) n-alkanes. LMW n-alkanes =23k H
FAL A BRI HERL (Simoneit et al., 2004; Kang et al., 2016) , HMW n-alkanes % %523k [ A ¥ FA b i v 45
FE) I B HE (Kawamura et al., 2003 ; Simoneit ef al., 2004) , H 330 H 22 1 @ B e e 3 .
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Fig. 8 Characteristics of individual n-alkane concentration distribution during six pollution episodes

&9 Sk 6 YRI5 Y it #2 H n-alkanes B9 T 20 534 , EP1~EP6 /' LMW n-alkanes 7£ > n-alkanes 97 A9 /5 40
9 A 27.7% . 24.9% .25.9% . 31.4% .41.2% F11 40.6% , HMW n-alkanes 7£ > n-alkanes #0495 L4351 N 72, 3% .
75.1% . 74.1% .68.6% .58.8% F159.4%. 6 XA 15 441 ## ' LMW n-alkanes [ (7 LL#B{IX T HMW n-alkanes. 75 2
i 1 J2 , LMW n-alkanes 1) (5 FO7E 2019—2022 4E 4 2= 2 L E &%, EPS AT EP6 H LMW/HMW n-alkanes 3%
BT A CRTE XTI YR 5 Gl i B n-alkanes 45 352 5 B9 BT .

i 32 CPIE L AT LAW) 25 H] T n-alkanes (YA [R] R U5, R 22 B0 97 38 BB IR ABL 2N 4= HESCIR (CPTL =~ 1) LA
KA HECIR (CPT > 5) & n-alkanes 8 325 5 (Kawamura et al., 2003). ABF5E H CPL T840 BB 2 (1 lk
P3G 8, 1Z A8 M 1 UL 32 ML 3h 42 JRGBOK, CPTL A CPI2 43 46 /8 LMW n-alkanes Fl HMW n-alkanes (/)5
PEFAFE L WN A% AT LR IE (1) Ak 12 T 55 S AE 4 5 19 25 PR n-alkanes 19 BTHR o LU, IS 80BOE =i L)
23 Bk n-alkanes AT /55 S5 A ) 5 HERL , WN A% A 8K, 2% B AR P 5% n-alkanes [ 5Tk B &5 (Wang et al.
2005). FEAAHFEH LI C,,  Cog . Csy  C VE AR HEBO R W Rl 1158 WaxC,.6 TS5 e it B2 v (0 & I 2 4 n 5=
3PN

*3 EPI~EP6H CPI.CPIl . CPI2 WNA #1 FFNA {&
Table 3 Values of CPI, CPI1, CPI2, WNA, and FFNA in EP1 to EP6

Y CPl CPI1 CPI2 WNA FFENA | V55l CPI CPI1 CPI2 WNA FFNA
EP1 12 1.4 1.1 37.3% 62.7% EP4 1 0.7 12 36.6% 63.4%
EP2 13 1.4 13 36.4% 63.6% EP5 1.3 1.3 12 42.9% 57.1%
EP3 1.4 1.6 1.3 46.3% 53.7% EP6 1.4 1.6 1.3 45.9% 54.1%
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AW H 6 Y5 Y ik B2 1Y CPLE S A 0.8~2.0, H{E M 1.3 + 0.3, BEAIK T35 3 K o %) CPI{E 1.4 = 0.3.
CPI1{HYE I 0.6~2.2, ¥{H J 1.4 + 0.4, CPI2{H{E [F 4 0.9~2.4, 438 K 1.3 + 0.3, A T 4 Z 75 YL i 7
W n-alkanes 52 A A IR AR Y708 2 [m] 520 . 35 Jead A v CPIL AT CPI2 A A 3423 138/ F 5, %A R H B
F AR AR a3 R HE T 7S TS G i B H LMW n-alkanes Al HMW n-alkanes 52 4 973R A0 Ay IR LR 52 m, HA
Rl IR E

WNA FIFFENA ()25 R 2B EP1~EP6 H 3502 A R 5 o1k 5 & . 5 At 75 4L #2448 L, EPS FTEP6 1 WNA
HR T T 2021 4E LARG . BB AETE I R AL A R B (53.9%) 1 5T mRATS 22 3 T A U5 (46.1% ) 1) TR, T
15 Y R P 2 S T

4 4512 (Conclusions)

1) BT 2019—2022 4 4 25 PM, , 1k Ji 43 51 R (114.5 + 53.5) . (93.0 = 50.8) . (77.1 + 45.1) F1(100.4 +
62.3) pug-m>. 3 16PAHs 435l Jy (76.9 + 27.1) . (104.0 + 16.5) . (45.6 + 25.0) f1 (49.1 = 13.1) ng'm™, 3 n-
alkanes 73 %] 4 (348.6 + 97.9) . (270.3 + 64.4) . (184.2 + 93.0) f1(190.2 + 48.2) ng*m™.

2) 6 KIGY L FET PM,,, S 16PAHs A1, n-alkanes f4-F- 2 i 4 B 43 710 (122.9 + 37.8) pgem™, (85.1 +
29.0) F1(257.1 + 82.3) ng+-m, 43 HETHIE K 2.8 1.6 Al 1.3£7%.

3) ST W LA A 45 S B A MN 117 44 28 PAHSs 7875 e it B v 9 ST iR 5 A S Sk e A A= ) T kb 2 S
I HLE 4 HE 35

4) 6 KI5 YL B HMW n-alkanes 19 (&7 Fb 347 2 F LMW n-alkanes.C,,, .CPI Al WaxC, %45 5 26 B M T &
Z& ) n-alkanes 52 A\ R IEANAE YR E 2, Hig AR 35 .
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