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Abstract

Collected aerosol particulate samples from a pollution event in Hangzhou in winter, analyzed PM,
carbonaceous components (OC, EC) and inorganic water-soluble ionic components in the samples,
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and collected gas precursors such as SO; and NO; data. The results showed that the daily PM, s
concentration was 79.73~90.76 pg/m3, and the mass concentration of inorganic water-soluble
ions accounted for 28.30~40.07% of the PM:5 mass concentration, respectively. The molar con-
centration of total cations in the measured components is higher than the total anions, but the ra-
tio of anions to cations is relatively stable. The values of SOR and NOR reflect the ability of precur-
sors to convert into secondary water-soluble ions. In this sampling process, high humidity and low
temperature lead to low ozone concentration, which is beneficial to the heterogeneous chemical

reaction of SO to generate SOi‘, and is not conducive to the photochemical reaction of NO; to

generate NO;. The mass concentration of NO; /the mass concentration of SO > 1, indicating

that the sources of pollutants are mostly mobile sources, which may be automobile exhaust emis-
sions. The mass concentration of OM is 21.16~36.72 ng/m3, and the mass concentration of EC is
1.52~3.43 pg/ms3. TCA accounted for 28.44~44.33% of PM: 5 respectively. The mass concentration
of OC/EC are7.65~9.93, both of which are greater than 2. All these conclusions reflect the severe
secondary pollution disaster in Hangzhou.
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1. =048

R M5 5 RO RRE D AAFAE, THRK =M. st SIS N %L, TilkkIE
RR TR R EMEEX . KIL=AMEPEERSEF L. TSk, ANORSmX], Wit
ARV TR B R E R R, X AT = AN RO P AR TS G R I ERIE 2] B
(AT L ERALR SR : 30°16'N. 120°12E. ), WLAE S, A TWILA MM KT NI . &
1k 2020 4F, BUMITH REE 10 ANX . B, BN AT ARy —AN FSRBIF 78 A& = A b X 2S00 GUARp e 1) g 2 1
Wi

BUNTTAGHS . RES. FEMBEILIAGE, PRgH RS, RACHBSEMK. AT, EZFELIPERE X
NRRAT IR, K AL 7 T 4 b T2 5 G 1) ) AT RS AR RS TS As S L X PR, 7R XU R
AE T W3] PR RS [A]F RS R EE ZR 5, v - ZRES AR - P R A 1 R R 2% K 5 iy
IREGERTEIER T, BU8s JiF BEUNIX, KA K5 .

H 2002 =LAk, WU TG A SRS I B B, BURERIUT 235 4% (RS RI RS,
FEHERRIR B PGS, DR ECRIR AL . S BRI TR 450 . Tl 2 L EE M 2010
M) 46.2% | [43) 2015 4E 1) 28.9% /5 45[5]. H 2015 SEJEAS, FEEE Tk, BRGEALSEAE I8 Al B 4h i
o, AU A I [ SR AT R A R R 1Y) ¢ =8 IR AR AR P Al TR K LT R B AR ) [5]
MR (2006 SEHUMN TR BDRBLATRY Bak: BT HIAES PMys IS N 77.5 png/m®. (2018 4EHTM TTEF
BRIRILA TR Bl 2 1 - B 7 4 B+ R ISR A IR BEIR B, 4E38 PMys W FE A 40 pg/m®, R[4 37.5 pg/m®,
T FEZEN 48.39% . B A MR RIS KTIA BE, UM T AR PMos W FE DR FE1T B 2K PM 5 WK FE AR 3 hR1HE (35
ug/m’) [6].
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2. IRENEEX

K= STy R 28 5% 1A SR RV AN RS X, 2 Rk AN G B A 28 DR I KA 52 i ST R 2SR
S R 3] M AL = A X 25 A DU AT T 2 TG AR, AT BL— e R b ek
HA = A 2 TS SR

A FUA B I T AU T O ROR I CIR L, BE— 25 70 B 5 B AR ) IR A S i A, AT
PP TS GO PR BTG IR AN R, R B SLEZ R R TREREER, K= M XE S R05 46 Bk
2%,

3. ARG E
3.1 FHMs

AHIE 5 KA B AE WL A BTN THHTTL K2R SR X R Y B s DU AR TR (ZR & 117°94'69. b4
37°79'12), FEEHLIE 12 m. KAES AT 200 m A A EZE—— RV, FRERE. KSR E R E
REWTREAIX . KFERTTR] N 2017 4F 12 H 21~25 H .

3.2. REEFTESIEE

VRS20 R FH BRI KT iR B KSR RE RS (TH-150A BY) SR 4E PMys BEAS, 1% FAE B (KRR B4 100
L/min. &RF I8 fiF#f I 19 &30 75, Bil 8 SZH —RE L1 7 55 30 702 KA 8], X IIR
PR 115 h, BUCRAEI [B]FI KA 30 min, FSKREUR RAETE PMyos FEA I RAERE, SE 4000 1R FE
fiE, FEER B SA. SRAEEAE F B AR 90 mm (A JESERE, (EATAT, A oCiEE T EAE 600°C 15 a4
W A R, BB A EE  AEBE IR TERR A N (IER 20°C, MR 50 + 2%)FRE . FRAJEIERL AT,
IR G TR E O T, IR, DABTAHB A, TR, IR AR E S, R DB
BETVRH, ARIFF SR G, BEMEAE . RS PMys REAS A0 S 8 I 75 B P OB i o 25 R AE
SR JEAEVKAR A IR [ 7]

AR YRS 6 R FH B R B 8% (DKL-2 ), SREERIARLE 0.01~10 pm i Bl P (0 SR TR B J00RE, %R A %
(RRAE B B 1.0 Limin, &K 8 SR E 19 /530 70, Wik 8 SZEE —RE L 7 5430 0 ER
FERIITE], RFRRFERT KN 115 ho 5346, 2 RAE % K FH 325 5 Ao B A X ke SR SV R B R R AR [ 7]

3.3. FhAE

1) ASHIFFUAL FH ks 2 £ 5 K1 (Sartorius MES-F, A% 5 24 0.001 mg) 7E 1 i W 2% 14~ (I v 20°C,
HRJE N 50 + 2%)FREUCKAE PMys AT G A eI B &, FIRHURIR . WA N, REERBIMARLL ., KA1 S
PM,s 1 JC BB R S5 R 2K, SR PM,s 2R E .

2) ARHEFALEH OCIEC 43 AT X I PM,s FE A A ML (OC) 5 7t Bk (EC) 5t & 43 A1 1 190 - R4 Gray
L8] T, FRATAT LUK OC KT 1.4, RIKFHEHI(OM)FR EIKE, KZIFR.

3) AW FLAL I B 1 (1% {X (Dionex ICs-90) I PMy g A4St TG HL /KIS P B 14103 B o Bk 2 2500
53 JIFE S TRAERFOARE 5 A AT AP IR, TR B 3 T U 40 2 — 1 PMos A S BEIEREAS, BN C A 10 ml
B TR NBRE R, E4H 20 min BB R /KIS, #HAERBLETF LA ml, E% 0.22 um
(13 368 Sk ) K B b VARG A 25 T KNSRI (A B3R AT P 3E) [ 7] B oK /N BRI AP B RE S IR T R &
H B BERE 2 P T RE S 0T, UG MRS 5 RHBH B T (Na'™ K. NH; . Ca®*fll Mg™") il 4 FHBA S 7 (F
Cl'. NOj; #1S07 )i E[3]-
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4. iR TETHS
4.1. PM, s RIKA M B FHFE

BUNTE 21~25 H B 7 — R E AR R 4t 72, A S R (L )R, 59k AR, IR
BERAK, 76 10CLAR, MR EZ N 1 %, RKUE <1.5mls, JEAL T# KM RCRE, R4t FE kK
HEEARZE, AT IR R4, SRR ST B AR N 41%~70%, BE% 54t
FERHEAT, 23 H, MHXHEE LRI KME, N 70%, XFH 23 HAIE IR B YA — A il RS,
FEREIBHCN 95~132, EEERE.

Table 1. Weather conditions and Air Quality Index (AQI)
# 1 SRFHRESREEH(AQN

H 3 /T FEXIREE 1% MG AQl
12/21 6 51 1 95
12/22 7 58 1 122
12/23 9 70 1 132
12/24 10 41 2 124

MLIATE], B F 8 sSUFINE | 19 5130 7373 KA, 13303 12 h 1) PMys i &Rk BB B . LA
1HR, 21 His gt fEIF ek, FHFiZHiinE, PMysIEM 21 H AR 70.15 pg/m® K 2417 92.73 pg/m?®,
0y 22,58 pg/m®, WK A 32.19%. RS HITKZE 84.96 ng/m®, 22 H ARG R4k INE, Ei
], 3K F T 96.55 pg/m®, B, BWT R, 253 25 H FRKE C 7% 2 72.29 pg/m®, [7 21 H#14E PMys
WE(70.15 ug/mi) Y, 5 FEgi k. this gt fEd, PMys HFR IR E 7 BN 79.73~90.76 pg/m’,
B IR E 2012 EAA (GREEA S ERME) (GB 3095-2012) 2% H EIhr#E(75 pg/m®), UK PM,s H
JR IR P R AR ik 106.31%~121.01%.
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Figure 1. PM, s mass concentration change trend chart

B 1. PM,s REREEHHEEE
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KRR KR PMy s KA ME B TR LK 2. JURIES 7R EIR S N 25.63~31.94 pg/m®, 5 PMys
JR IR E 1) 28.30%~40.07%, LLEB K. KEHE THSF, KB TIREN 22.07~28.19 pg/m?®, 5
BT URE 81.7%~88.2%, MBS Yok IR AT B2 IR A NS G HE H BR IR £ IR Eh AN B ER 5 TEHL
KBRS, HHESEROR, XEegs RR PPN T T Q5 G ™ HE . PMys Fl OM Ji SR B s (W
2), B TIREEREIZ NO; SO MINH; o S/KIEHE FIkIEA/NANO; > SO7 > NH; >Ca* >
Cl'>K">Na">Mg”*>F .

Table 2. PM, 5 and water-soluble ion concentration (ug/m®)

# 2. PM,s RIKAM B FRE (ug/md)

Hin PM,5 Na* NH; K* Mg Ca? F ol SO NO,
12/21 8144 0.29 4.65 0.68 0.14 2.95 0.03 1.70 4.14 17.19
12/22  90.76 0.17 4.98 0.60 0.12 2.20 0.00 1.10 433 16.61
12/23  90.56 0.14 4.30 4.30 0.11 1.69 0.00 0.85 4.46 1331
12124 79.73 0.20 6.30 6.30 0.11 1.59 0.04 1.23 6.14 15.75
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Figure 2. PM, 5 and water-soluble ion concentration distribution (ug/m®)

& 2. PM, s RIK R B FRE 5% E (ug/m’)
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4.2. A, PHEFEEDH

BA - H 1 B P2 AR VIL B A4 S P 0 3 VR AT R B PR 0 o B T RASE S IRT A O 1 o B VA B2 7
AL, BEMTE R PHE B RIREEG[9] [10] [11], FIWrHHBA. PHES FFEPRIRBL, BI. PHES 76 BE
IRIRBET A KN:

X . SO0 NO; CI° F
RBIBF R (SR T) =t L4 Dt 0
+ + 2+ 2+ +
EBEI%?F%WZUE(ZBH%%FM QX ca” Mg NA, 2)

23 39 20 12 18
SRRELIR], S BT R B B T R B TR R IR, B S T A BE SRV BB A 0.332~0.418 pmol/m?,
IH 5 7 140 JBE R VA 43 390 4 0.359~0.462 pmol/m® (L% 3). 23 HI B BH B T-H Ak, RIS AR Bk,
EF 70%, HREEE /D REEKFEA, RIS, SR N U . Y T EE R IR A P B T R
IR ELAE N 0.911~0.925 (WL 3), JpAifc vEase, XERWIA. BHE T FEDIR LT o
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Figure 3. Anion and cation molar concentration (umol/m®) and its ratio (Zanion/Zcation)

E 3. BB, PAESFEESGKEE (umol/m®) B ELELE (= BB F/S RS F)
4.3. RS

R4 SO, NO, I B4k, W43 AR K VBRI ) —VOKIEPERS 7 SOF . NO;, (AL, ik
(I JEE g 2 LR AR o LB TR BE I R/ e 534, AR SO, NO, Hedk /K i MRS 1 SO% -+ NO;
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(38R 2 ML SR SRR, Potin: SR, WRRE, RO, KA. @ FHER(S)RIEUN) I AL 2R (sulfur
oxidation ratio, SOR and nitrogen oxidation ratio, NOR) K 37~ B A& 1k ot B2 88 - 1 - [12] [13]. SOR
1 NOR FIMH K/ NEERS /R A I RT A SO, NO, B0 AE B — VoK B B 7 SOZ . NO; 1% /b . SOR

F1NOR it A
SO? /96
= 4 3
SOR (SO% /96)+(s0, /64) ©
B NO, /62
NOR = (NO; /62) +(NO, /46) @

KRR (A BRI BRI E . SOL . NOj (85 7 L& SOR Al NOR L% 3, SO, [IJF &
WRIEN 14~22 pg/m®. NO, [ ik 57~99 ug/m®. WATRIL, SSHIAEY SO, NO, 5 Bk A/
FHATEA A ZUOKIEMEES 7 SO5 « NO; IS TS K /N8 45t B, IX BB /K B 7 SO . NO; ]
ReA AIFIRIR, ] B2 TR A R2 A 551 1) SRS A Bl o

KEEHIE], SOR MIMIMEZ 0.16. KA H SO, 75 5 i A b ik SOz, 456 H,0 28K HoSO,, 83 $54H
BCE ARSI SAZAE R, TR RO BR 1) SV IR, I [RII R A 5 SR A R R #h [14] . SO, FEXTR /= 2%
i OH [ HFEM, fEKERT, SO, 28R H0, KAEBRAHEMINL, Boh, SO, th21E L i Yk
Y(a-Al,03, CaCOs, MgO 5) [T, [F] O5 KAEAEBIAIL N A AR ER 2R [14] BATATLAE H], Rk
19118] SOR (R 43 74 0.147~0.175, 23 Hik B KMH, 1M 23 HATMEREAS, AXHRER, 53] 70%, H
AN, BRI « 50 K O WK FEAE, (I8 O WRFER A 23 HIeAb =g 2 e 55 1, it —Dn
s R R 3 5 @ L JE SRR Ak 2 S5O AE

Table 3. Precursor concentration (ug/m®), ion concentration (ug/m*), SOR and NOR

= 3. BTIRHIKE (ug/m®). BFKE (ug/m®). SOR F1 NOR

H# SO¥ NO;, SO, NO, SOR NOR
12/21 4.14 17.19 16.00 76.00 0.147 0.144
12/22 4.33 16.16 15.00 87.00 0.161 0.121
12/23 4.46 13.31 14.00 99.00 0.175 0.091
12/24 6.14 15.75 22.00 57.00 0.157 0.170

SKFEIE], NOR fU1H %71 0.091~0.170, NOR HI#4ME A 0.131. NO, KGR FE O A fk, R,
14 H B2 HO, fil RO, 572 NO [ NO, ek, i#E— D3RR B O3 (1 NOL YR, [FIBFTERL T & N 1) —iki5
GeWid 48 O AE BRI (PAN) . HNOg,  HAHXHREEUIC, 255 I a R AR EE[14]. AT LAE H NOR
TR G AR BT N B, X n] B2 TR AR, AR B R, DR R AR R, Jebd Nk 5536
B, SOR 7E 23 HA — M EREME(LE 4), NOR A — NS HRME, ARGk MRS,
A4 SO, 5 75 5l it A AR 2 S 37 26 il SO% .

NO, . SOZ f) i B3 J& LA AT AT S W B0REAY) A2 FH RS 375 Yellslids 2 [ 52 5 Jeili P B I [15], 4tk
BT 10, BRI sTEk i T A s SHERT 1, B shIE I vawk i T E e . HeE TS
BULE 4, BAR, HEBIRT 1, SIS REMSRIE S NREANE, X FE BT TR mAE R A HR S, Wi
] YR (AT A T AR B ) (R v R B o A SR R BR B VR B 8
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Figure 4. The mass concentration ratio of SOR, NOR and NO;, SO’
[&] 4. SOR, NOR 1 NO; . SO* MIREIRELL

4.4.0C. EC &t

SKEEHIE] OM B H 35 5 B 3 )8 21.16~36.72 pg/m®, EC R B IR E 7058 1.52~3.43 pug/m® (I
Ay, MBI (TCA)FR IR PMys F1 T B AL AT G R BRI AT, TCA BRI 43 3l 22.68~40.14
ug/m®s TCA 73515 PMys 1) 28.44%~44.33%, HIMAI WL, BRI 415002 PMys (B BEA R 52— M
TCA [RERER PMys BRI 73 LR . BB HATLIEH, AR TCA BRI K T2 e (I,
Kl 5), X AT REA BT RS T2 AR I A

Table 4. Daily mass concentration of EC, OM, PM, 5 and TCA (pg/m®)
# 4.EC. OM. PMy5#1 TCA K HRERE (ng/m°)

H EC OM ocC TCA OC/EC
12/21 2.42 28.41 21.01 31.83 8.70
12/22 2.87 32.53 23.23 35.40 8.01
12/23 3.43 36.72 26.23 40.14 7.65
12124 1.52 21.16 15.11 22.68 9.93
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OC 5 EC LU 25 RAE — e FEEE b ] UHITA Jo — A HLI(SOC) A 1 - Chow J C &5 9t . 7~ [16] -
4 OC/EC KT 2 i, KRASRBKTE&H SOC. OC M EWE N 15.11~26.23 pg/m®, OC/EC HIfH A
7.65~9.93 (W5 4). WAHIH KT 2, W RKASBERP AR E S ER SOC, #t—BRMPUMN T4 kIS
e, Hihh, TR ERAHRZ HREE ), Hif, kR EC A NO, RNLE)E B HUZ
PO T — > 2 25 Yl

451 70.48

TCA —e— Ratio
40t P
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Figure 5. TCA mass concentration (pg/m>), TCA/PM, 5
[ 5. TCA REKE (ug/m®). TCAIPMys

5. &

1) 2017 4 12 H 21~25 HIIX KI5 4t 2, PM,s HIREE 5518 79.73~90.76 pg/m®, #kE H % —
2% H ¥ PMy s JFR IR IE AR UE(75 pg/m®), PUK PM,s HIRE bR %A 6.31%~21.01%.

2) FAEWIE], H¥J PMys HAURKIEMEE F(Na's NH; . K'. Mg®*. Ca**. F'. ClI'. SO; . NO;)
(B SV I (TCA) I IR FEE 20 3] o PMy 5 J SR 2 11 28.30%~40.07% 11 28.44%~44.33%, i I /K 5 1 9
T AT TCA 2 S BN T 42 PM, s B B4 SO 2 o Hoip R T, o 2K IS 257 1) 81.7%~88.2%,
OC/EC HME 537N 7.65~9.93, KT 2, FEABIM T AT IG5 H ™ H

3) SRAEHAR], o BH B BE R P R o T 8 7 BE AR IR I, BAPH S 7 1 P ARIR LA LF . FIR TCA
R FEREAR T M, E e O KL R 2 PRI S 801 .

4) FKFEWIE, SOR AT NOR fIME 2> )2 0.276 F1 0.231. BEE 5 4 A0 2 A1 A X8 B A9 T+, SOR
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