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Abstract:

Taking three aerosol field measurement experiments carried out in 2016 summer at Xingtai (XT)
site, 2016 winter and 2017 winter at Beijing (BJ) site as examples, typical new particle formation
events during these three experiments are selected to analyze their effects on aerosol
hygroscopicity and cloud condensation nuclei (CCN) activity. BJ and XT were considered as two
typical cities located in a northern megalopolis area and a central-southern industrial area,
respectively, in the North China Plain. The formation mechanism of new particles in different
seasons at two sites were different, and the corresponding condensation sink (CS), growth rate
(GR) and aerosol chemical composition were also different. The dominant chemical species
formed during NPF events was organics at BJ site, but which was sulfate at XT site. The further
study found that aerosol hygroscopicity and CCN activity were significantly stronger at XT site
than these at BJ site, especially for the nucleation mode particles. The above results indicate that
the difference in aerosol hygroscopicity and activation ability should be fully considered when
estimating the influence of new particle formation on CCN number concentration.

Key words: Aerosol; New Particle Formation; Hygroscopicity; Cloud Condensation Nuclei
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KA BRAR BV AR P IS R A5 TORL AL AR ) 2 AH BV AR R, A B2 1A
RO, AMLBEZME R REILEE, Wkt N B IR HEE & F (Zellner etal., 2016); 14k,
AR IRAR A SRR, 7T LATE TR ORISR K B 4 G B U R K S R G s T4
AT LME N = B U = BRI, AT 142 508 K SUZ R G4 F 7 (Lohmann,
2007; Myhre and Shindell, 2013; f1) K5, 2008; 4-AEARLE, 2001). SR HIPIEE . 1L 224 E
oy ZREAR, Horh A RO 1 B R 1% 73 A (Particle Number Size Distribution, PNSD)
RIS, 256 SRRy« TR AE L SRR R (L 45 58, T
BFF FERN 3BT UV IR 1A SR VSN 3 MBI WL A Bl S S KT L A IO A R M AN B IS LR
2Bl 24 10] fi(Zhang et al., 2017; Wang Z B et al., 2013; Peng et al., 2014; Schmale et al., 2018;
Wang et al., 2018).

BORLFAERL (New Particle Formation, NPF) {42 5 KA P i A& VR U i 43 1
& CBRAIE USRI, @I HEAs . M S5 R R 3 W 3 R F B %R (Kulmala
etal.,, 2013; Chu et al., 2019). NPF FHEN SR I— AN EERIE, 0 T XS5 R TE
RN A ER A AR AL R A 4> L X (Lee et al., 20190, fEETFIEE (2015) HIBE TR BL
NPF RAN SRR SR RS, SRS, mRE. Jeaii v 2w sL M NPF $
PHERDOHB IS PR T8 R A, 10 7RIS A B AT MORIR FE AR, A R T IR
I BB EEAE PSS, A AT VAN 2R SE 2 5 A% AT TS BT DKL 7o AR, 738 = et
DX, A A UL AR FEE v R 355 o b 0 5 5 AT A, #0018 NPF) (Cai et al., 2017),
{H NPF F{E ] IR E R A, TR 5 et X 025 B ik B e v 9 L ok T Bk
fA Bt R (et NPF) (Wang Z., 2017;Wang et al., 2018).

HORL T A2 i S G AR VR IR B U RS A T A 0, 0T RV I 2 258
DGRV L IR 2 RS A2 A BN (JL/NER, 2012) 0 Yue 45 (2011) MR FEE I,
NPF F4 & = kt45#% (Cloud Condensation Nuclei, CCN) HIEZRJE, NPF FH4ERA S,
CON ik 5 31 0. Dameto 25 (2017) X 4RGN 5 T P4 10 R 130k 2
We 3 AR CON BURBEHHT T 40T, RIAAE 539 NI H B, # 70 RAEA T NPF FHf, H
T 14 K NPF 404 CON #ok . (FE BRI N 0.5% M =S 2] AA =EZ M 5Tk,
CCN K FESEK 3 NPF KAEHTIY 143%. HHILAT WL NPF FAE0T CON E0i FE s 2EAS [F]
RANTEI T R AR F R R, AR T SOk R IR S B T R R E R IR A %



RS HER I A BB Y, X R 200 NPF FAR R AR A U IR AR P AT 28 5
FOPHT o ST MR IR T 7E A SO A 41 N IS IR S /KIS AR LR, RS IR
Az I VA BE T ARV I BT TR A RN ) B B4 (Tao et al., 2012; Swietlicki
et al., 2008; Wang G et al., 2018; Bian et al., 2014). LK SIA I P REMEDI IR 4L 224193
BHERER L HEREL . BN AR AL i ARG A R ) 32 B R A — I
WU R K%, 2019; XIHTEFITRIEMHT, 2010), WRIEPESVA I H AR ML SV I 58 5
WIEH CCN. BT ISR CON BE AL RE ) E 2l B IR 7 kAR . TR A IR L
U X =AFAZ BT RE(EERE, 2019),

AT, FRE B A2 i 58 3 B SR R R 22 5200, Sz K ZRa W, JEHRSRE
R AR AEORL 33K R A 200 et IS AR SE GBS B I & (BI85, 2016; Li et al.,
2019; =57, 2020). *EALFJE (North China Plain, NCP) Sttt - A A5 Jeff ™ & [ h X
- RS HAR Y R HEBOR AR B R AR 4512 X NPF SRR, X iz
XORABURLA IR FE = A T B, (R A b X 55 58 IR LS R R, 8T ORI S K 5 1)<
VA SR 7T R AR S 2 X ) 2= SO B SRR B /K B P AR S (Ma et al., 2016)
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H = A TR AR SRR (2017485 H 25 HL 2017 4E 6 H 1 HF1 201746 A 2 H),
PR MR 65 3 000 mh Bk ade DY o e R i1 22 S (2016 4E 5 1 15 H L 2016 £ 5
H 22 H. 2016 4E 5 H 24 HF12016 4E 5 H 26 H) #ETHIF. TR &6 ST H b R0
SRS CHIE T ER, FTUAAR SO Gl £ W i 1] F e 15 e SCHE 2 o A SO E
SNz SRR AR R R AR ISR EE DA, A R R A 2 A o S I Bk
BE— B0 EE A T AP TR DXCAN [R) 22740 L AN [l s AR BT A R AIE 1 22 331 DA R 0 <
AT CON & A ReE AR 52 o
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2.1 BRFRX BN

B A R 10 P72 7 =N N = (AP | AN =191 1 B2 N TN i
P I BT S R PRI Ly > KA 2 R, R iR 2 W, AR TR



AL T K 5 GO PLE AR GEBAZAE) . ALt st sihr
AEHHT X AL =FRBRAT ) o [ REA B KB SR I 7078 (39°58'N, 116°22'E, ik 49
m), il A FELN VAR, A R FREE DRI Tl ool
& AL TR ALE RS, HAbP R X R, KAT IR, SRS mEZER, 7
FARMG (LB 1o 1z TIWAGFRRE =, FZ TSR Nk B Fokle)
S5 WO A A E TV HEBUE AR 2 R IR S B AR B e, 8RR .
ARt AL TR & TP AL ARSI T Rk (37° 11'N, 114° 22'E, ##K 180 m),
PEES & T X PRI 7 12 17 km, 2308 SR SR EEY5 4 Tl Akt i (Wang Y et al., 2018).
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Fig.1 Locations of Beijing (BJ) and Xingtai (XT) sampling sites in the topographic elevation map
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AWFFALH T — BB AR A, EL45 28 [ TSI 2 /) B B4 7 T A
Fi42 7 M4 (Scanning Mobility Particle Sizer, SMPS), %AX#%w] LI & #HE 7o 8 (Stokes)
FiAE 9 10-600 nm . [H] K UVA RORL T Bk B RUBEWE 434 (BI: PNSD) (EE%E, 2019). =X
LI SEEG () SMPS B [6] 73 HF 235 W BN 5 mine AN 78 AR S IRL T biie KN R =
FREAS: 15-40 nm FLARIEEE P WAZARAS ;s 40-100nm L% 70 Bl YA ZARMZEEA;  100-600nm
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J T A A 2 A 23 ORI A A 25 2 3£ [ Aerodyne 2y ) i ) & 70 HE SR
I 4% (Aerosol Mass Spectrometer, AMS), i & i s 57 FH 12 S oA 22 2H B 26 R
1% (Aerosol Chemical Speciation Monitor, ACSM) (£ %%, 2019). AMS il ACSM AJ SZH il
FRAE/NT 1 um FERIY) (PMD 44 5, 152] PMy AN (Org) TREREE (SO42).
Ml EE (NOsD. #dh (NHyH MG (C1) MREIREER, thil, AMS &) BAIF
BAFERAA TR FEE S . =000 PMy BBk (BC) A R AN 35 45 FH 55 [
Magee A F A= BRI (A5 AE-33) #HATllE.

A T B A A A UL A P PR A M R B 22 FELIE RS R 43 T A (Hygroscopicity Tandem
Different Mobility Analyzer, H-TDMA), iZAX#sREEMI AN [FPRAR SIS CARBE FLIl & 1) 2
40 80, 110+ 150 A1 200 nm ) TE) ERIRBFRAET CREEN 90%) HIRIEIER KK
F (growth factor, GF). Wang et al. (2017) X} H-TDMA ¥ TAEJRE AT T HE40I 4.
RRGRECRE N A SRS B B @ Riie m B4 & R4t (SMPS-CCNe) &
33, ZARGFEHBTCIER SMPS Mk E DMT A ml L/ =t di it #ds (Cloud
Condensation Nuclei counter, CCNc) ZHal, AJ LA EAS B AR 2 AF N A FERLAR SIS R AL
THIEACRE Jy, I S AT A4S BN R R AN BE A T USRS R i 4 (E K5, 2019;
Zhang et al., 2017), HEALER LA & RIK TG R E LR, T DLTHEAS B A R A
AT CON [HUKE (Ren etal., 2018).
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R4 w-Kohler B, AR IERT HAE IR IESE (o) BEATHEIR (Petters and

Kreidenweis, 2007). RGN EAXIR I ZER, « WIHEAXAT LA 2R ASCH TR « 2
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R BRAAMETEE, T NEE (B K, pwWKIWEE (AL kg/m®), Dp gy WHLT
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Fig.2 The diurnal Variations of (a-c) aerosol particle number size distribution (PNSD), (d-e) aerosol number concentration in three modes,

and (g-i) condensation sinks (CS) during the selected new particle formation (NPF) events in the three experiments.
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Table 1 aerosol growth rates (GR) in selected NPF events during the three experiments

His [X T PR BEK G Z/(nm « hY)
&= 1.8

b5
S 2.4
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SIS BAIAE L 53 T DAE — S R R ORI KRV AR A #R, Be4h, AL
FHHE RAWE BT 0 W S IR (RN 2= 4 AT AR P CE R SR, 1981) o V5 BeHkBUR
S S IR S L A LR B, Aol s SR (R 8 S e, VS e O 3 A N8
ATEHER (ARSIl AR GRACESE, 2000, FRNINEE, 2009), [ G 5k AR Bl oAk
SR, BRE R AEREHESL, T HE B RS o] 24
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IR — AL, X AT 5 B R e VA 1) A0 S R AR 5 A 3 A RO 5%, IR Ll T650%
KARE R R ETFHEE, WANRE 2 EHEBRT AR, [5A N A IRTER R B SR 5
(Wang et al., 2018) At 5¢ 2 Z= MU 21 1) A I A 2 4173 1) H AR A ARFAE A H At 19 08 00 ) 5
TR, IR A 2E A FEIR I B AR, X — IR E G LR LA L
AL R & Z AR R =, AR IR BB ZY, AR B] — R IR I o A s 2,46 4%
FEHREA R ARE, SEBUE, BARM KA EEAR L RINRRE,: 3Audix Kk
ZEAERR AV IBAT SN, BT S O S 1 2 (R I SRR BV FE A & L B 1 D
S YOV S PRI A RS AR TE R, WORLF A A 0 A A E R I A
JR AR, R AT DL A AT (R AV R A 2 20 40 AR AR DA 5 3 SR 128 B B K
M2 iy e IWSIBIAA 20 53 & & EL P H AR (B 3b) 1B URE, bl &FmE
WL & o LU AE R S 10, SR G &R TR T A R 7T 8 32 H R WU A
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T, X5 Du & (2021) MIBHUESRMEL, IR S NPF SRR R A BA KRR . 28
MM, R Z U0 5256 v % R0 1 23 1~ 24 B (B 3e), T BUR I & B ZEmilR #h 72
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Fig.3 The diurnal variations of (a) mass concentrations and (b) mass fractions of aerosol chemical compositions; and (c) the mass

fractions of aerosol chemical compositions during the selected new particle formation (NPF) events in the three experiments.
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Fig.4 Comparison of mass concentrations of aerosol chemical compositions in PM; during the selected new particle formation (NPF)

events in the three experiments.
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BRI A T (Maetal, 2016). BFFERBIRREBARK) A B 2 4 7> FELUBRR . H
U CL K AT VR 5P o =, TR P 5 5 ) 0 S ) = SRR T — T sl — U HE TP
KA (Wang et al., 2019). KAV TEIHI « (6 —fBHE 02 /24, TANLER TR

R e HAE 0.5 /oty FHBREREY x fH KT 0.5 (Petters and Kreidenweis, 2007)
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Fig.5 The diurnal variations of (a) aerosol hygroscopicity parameters and (b) CCN number concentrations at different supersaturation (SS)

during the selected new particle formation (NPF) events in the three experiments.

ME Sa iB 7] AR B AL SR A 2R B2, 40 nm BT 1« HARGEABE, o,
FEAZR, 40 nm WL F1 « (EARETE 0.2 47, 1EEZ, 40 nm KT HM&ET 0.2, X—45
RE—B U T AL R0 s NPF S R (10 A R BRI I R M A S TS
AU A 40 nm AR T R H AR GRHIE 5 Ab Rt s B 27, o HE AR ERK,
B EAE 0.5 i, Xt — BRI G EFHh 7 A g b, WaR MR KRR #h R 1%
TEEMEM, MR G B B A2 0 BRI B H AR A BRR #h 78 B R I A+
SR (B 3b), ORPINE 3b R PMy S IR AT, B TSR R
BRI T RIREES, 13 PMy (L2240 AR ARFAE 32 AR I T RS L7 2 4L A
TRHRAE, MELMRBUZ AR T (A0: 40 nm R 1) 422205 (AR HARAIE

B 40 nm RLE MBI RL T LASE, AR (80~200 nm) [ R T~ HRF I HH AL
IR HASAARRIE (B Sa). 80~200 nm “SIA AL T (1 x [ELTE IR 73 B B R P, 12 th
T RARE SO 3D HE T R PR RS 1R CRA— IR A LA BB A 3D
Gih, ZRRELRe S NN, AR AR ) H AR A R R . ] 6a ELER
St EE T = ORI R R SR e A, 80~200 nm (1 SIA A T (1°F 1) i EAE Lt
B AIG, R & B 2R de e, IR B 3 R 4 T ki) PML AL 2720 0315 8 BAT B0 10— 81k«
b R RS A WL SRS A A 20 A S LR, TR R SR 0 TE LR
i/ TR & E AR IE R TR SR 0 R e, WRIB M TE AL R SR BT & o E AR T b e

12



K E BN KAFZ . IIE 6a 78 0] LUF Y, b5l o5 ) S BT I P B R AR 1 18 K i 94
9, XHRFREUREEAR, —BIERT, BRI R E S, A, b4z
40 nm FL T[] w15 5 KT AR s (4 A0 ZUM BN 40 nm K710« A8, FHEAT BAUE
BRI A B A AL I MR 22 5 o BR8P 0 225 S 3 b 2 %)
CCN Bk 3 B [FI R 2

0.6

@) [ e [ IR

s (b) S
ImaE s

CCN enhancement ratio

0
40nm 80nm MOnm  150nm  200nm 0.11~0.12 0.13~0.14 0.22~0.23 040  0.75~0.76
b, ss

6 ZORVLMSEYE FHERLF A (a) RERIERFRIIUE S 5 (b) CON BURE 538 & FHIRTEL
Fig.6 Comparisons of (a) hygroscopicity parameter and (b) enhancement ratio of CCN number concentration during the selected new

particle formation (NPF) events in the three experiments.
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