—t

R S48 2022,40(15)

www.kjdb.org 33

XRESTRMBIYNH AR

TR, Fok, BEa R
U RSB S TR R, 1 200438

i

ot

WE RUPHTS R EZ SRIEAE A R R 2%, 1 H 5 R W) Z (8 7E—E R &AM T A
A EARH B B — R B & S RIS R R B B a5 0. A TSR Gio
AT B PR B A ) T B, b SR LSRR 25 bR 5 S 19 T e B2 A 00 i, AR 2 e 2
KT A BV A A LA B 2% S N E AR BOR B . 4 TR R /TS
LB RN B A, £338 T LAR 3 TH AR B e < 20 o e ORI B L A AL
WA 53 e RO T L ALY TR EOR , R ZRIR T R 519 YA HAb i I - Be
KR KRG ZETE R IEA ; T I HoAR

KA T5 Gy m] LIS ARG R Ui BR AR
PR RIS AR Z BT 2 R E . R
AT R AT LA O A TS G W AR TS e W)
Hop ST B4 — A AR R A
— A bk FE Kk A HLY (volatile organic com-
pounds, VOCs) . ", 53 4h , — 44k fik .75 2009
AR MR (EPA) AN 5 B A, T
JBE 15 Gy e PR A 2 P B NI B8 0 , B
AT AT LA T nm £ 100 pmo JTAFEARRTE
TG Yy PM, 5035 PM,, 48 (1 /2 25 3l ) 4 RiAz /N
F2.5 pm 510 pm AR ORI . U I
RLHR AR Z HEZ 0 N2 R —HE—
UCHETCUR , 358 1Y J2: BLHE HE RO UM U e 5 4

UE, R BE TR Uh AR R R IR AR A
TRBERR O ZRHERO , FR R R AP RS
2ot Wy BRAR 2 SN, T I AR R AR, 91 n 25 /<,
HH R SRS R A T L2 I A e s T SR, S
I OH H 3L EARIE i kA P
XS FNUR &S TS e W E R &t %
iy AN EIRA &R AR B AR 2 S I
TR B B AT U, S Y A P,
VOCs B fb i Fnss 28 &AL 5, il 4n OH [ 3 |
NO, H #13 \N,0,.NO, %, BfiE P EALTFH LR,
ARG G HE R R B AN A2 3G, rp R AR T Y
TR R A BRESY, XA AR T . VOCs
AP U S R T 0F5E R

Wk H 1 :2021-10-23 ;& 1] H ] :2022-04-25

FEATH B E [ RIEESZ 0 FIH (42077193); B 5 F R IESTFAET H (21906024)
FEH T TRAEGEAGIER ) WFFE 0L BT 5 10 o AR R P {548 ¢ xiaofeiwang@fudan.edu.cn
IR FEAE, FHk, BREER . RAE AT Jp AW AR BE5E (). BHE 24, 2022, 40(15): 33-40; doi:10.3981/j.issn.1000-7857.

2022.15.004



—t

34 www.kjdb.org

RS S482022,40(15)

TR Y IR LB ATTE RS R e EE
SRR T B AN R, R R RS B L R
(B8] 73 B R A HE A . AR S4B i B F ) Py
TRAE BTG RTRRIF A R 25
X R A A 27 R AT R ) A 81 Ak T
VOCs FA HLE BRI B A

1 BRI MR A

WA RIE R B A 2 RO, — R
TR B B A A R A R ISR 1)
FM 5 3 — e AR IR B A R IE AR
B S, i ik BB PR A BT R 2B B (nucle-
ation)®, KA H— BRI SUR S (AR R 43 F1
KA ) e kAR, o] LAEE &7 — 8, A sy
T, AN R L AR | Ak g Fx 241 R A=
Bl A5, (50 AT L2 7 A A Sk 8 2 ORL ), 31 3 R
PR AR A B KA KRAFRTIE
IR — B ) IR RIS BOY s, E NSNS
N B3 B SRR R AR 3z w21 K<
ORI B« e LA A R 2 A A5 11 A
AR B 1 2RI, I Lok 2 A% AR A g oK
WORLH )RR SR K B R MRS . Bk 1B
B ER T AT DA I A e Uk () B0k BE i 52 21z
()7, 1 HOZa R 22 0 8] 45 Fp & Z 1 W AL 270
(NS NTTRUER =20 iU A Y

BB B, BB A HLER T 3 oA DLR L2
(1) H,80,-H,0 — o M # it #2 5 (2) H,S0,-NH,-
H,0 = ez 2, NH, 7] 5 H,S0, 5, A= il £
MR AE H,S0, 50+ W . fE KRG Z izt 12
o A (3) BRR- /K- MU A /8 B T
A AU AT DAFE Y % R e 7 i LB AT
BZ 15 P 550 R PG s (4) RRH
MY 5 Bz & A N ATk | AE IR R
R HERCIR 1R -t — A AL B AR R AT ) #
JEVG IR T R T v 5 (5) LS 5 A% B Ie i T
5 5 % RIS, 7RV IR B DX (R s A R 42 0] LA
WAL A% R E

XA PR AR B TR T 1) B IE O AE 1 nm 22

A, ARG 0 0 N P A TR OB TR H AR AT B Rk
A, PRI 10 nm DU A0 I B0k B2 SR A 53 A e
ST A K e () B AT 2 —

SR RS R D R A O R O
12, BIVACH I Ok — T — b 2 5k — SO L 1%
e I EURDGE 5 TR B T, SR TR
TILE DK LLT WS B0RL , B OGAR 54d Tt
55, N RRRIX — 0], WE5E N DU T B4 R I
it %0 %% (condensation particle counter, CPC) ",
CPC 11 it B 2ok 0F T (B A% & PR A
(R ZEIRAE R AR AR T B4 B IR i, <
Ve AR (B LA OK ) L DT 38 8 B (F
Fro XFT 10 nm DU A ARMEE 8 — UCEELS 3
B BNEOE T RO KN, R G AR R TIT & T PR
PBEAEIGAC 5 — ORI Z H 287523 10 nm L)
AR B AR R E I L S8 CPC X 28
VIR RLAR IS K B0 T LAT R /N,

URE PP RLAR TG I 1 HOR T LU SR s R
B )RR TR G R ARTE {SORT L IE A% R AR 1
0o 2B 1R T SR R AR T A 2 5
X R RO A S o HL IS RS I I A3 A (dif-
ferential mobility analyzer, DMA) & & 1 pm DA
RAZA EZ T A, DMA HI CPC 41U F i LT %
R R A2 1A (SMPS ) J2& H A 2t A =00 0 55
W BE AR A3 A B R WIS 2% o AR 1Y &=
B B N Y U A L R R B
i 7 & (electrical mobility) , 1M 78 £ 1 HL iEF8 R 5
SRR R, AT LATHIR SO I B kLA o
10 nm PAN A 0B F T RARAR /N ZE 2 Srp
(A1 B2 Bl 2 s e A A R I, O 1 X —
(] 451, 3 47> i BE T %) Richard Flagan F1HB -
27 1) Fernandez de la Mora >k FH¥E Il DMA HH iR 37
PRI, 80/ NI AR DMA HE= B3 B a], DT 5
A B By s ma ™, BT, 5 i E DMA Fil
PEESIGK CPC AL A T AR 1~10 nm S,
R R o3 A o B 1 DA RE AR A 5 i, 3 o —
T 77 15 SR AR AN [] CPC X AN [RRE AR A JE 118 A
RN 22 50 RCHE 10 nm DLF B98I R R 72
G35, N 5F 2% Airmodus 24 B AR AE 77 1 UKL



—t

R S48 2022,40(15)

www.kjdb.org 35

*ﬁﬁ%ﬁﬁjﬂ)‘((particle size magnifier,PSM)'“”O

R ORI B O TR R T B AR A
o3 — ek R R BRI o R R A
UKL A LA, T LAAS 285 H g s B T R i
JE AT - AT B[R] B (atmospheric pressure inter-
face—time—of—flight mass spectrometer ) £ "™, 5 ji%
V18 15 2 9 23 R v A 88 T LA 0 o 0 1Y
Bt g, MR 70 B2, KRR AT A
YR A UR ) 2 P TR L DR TR
LB Lk R, T RE R BB A I . AR &
JR ) —Fh 5 v Ao B R 20 R S T R AR
JE | PR - SN R 8 VAN TG S K RS
JE R o BRSO A

F3 A A A T AR R S, 19 AN
iR & e A PR , LB A A | X ey B m]
DA P e Al 2 v 5 40 K AT I ) B2 3 (APi-ToF-
CIMS) K 384, i RS OG5 96 (LIF)
AR DRSO A H RV B, 4545 U A B RR 7D
TR SO, FZ , AT LU B S BRBR AR L

2 REBRAIHAS FHFHHER

I RAR 2 AP TR ORI R 2
BN ToHLEE AR AR 5% RS PREL S5 ) (R A L
Y &R AE R A . RIS AL
7 LLTE 20%~80% Z [0, R HF AR 2, 1 i 4%
5 ORIRE A T DL — BRI AL E AL BT i
M o IR A ML 0 BT BB AL BTk
FIBSERAYHT I AR AT BT AR 12 T LSR5 3 S
JELH 53, T B4R A3 TR 1A 2 S S R Uk i £ ke
K R IF SR R4S Tk 2 43 BT T B A T2l o K

1 G0 B R AR WL B 4 o BT R 4 R i
K SCI R , 20t — 2 I RTALBE, SR G 40T . %
A L BT A AL 0 AT T B T LUK S SR
PTG 51 40 45 28 (0 Bk I O A . A%
JoT T I A 4 AU €33 SBT3 156 F (GCMS) (TR 7
TSI (LCMS) .

SIS BB EL ik, BN A
B B I 2 52 [ Aerodyne 23 B & 1S

VR WL B 1% (aerosol mss spectrometer, AMS) 23X Fifr
Jo i 2l 1 A I 2 R BN ) 235 B8 (aerodynamic
focusing lens) A U AR B L 25 i) — 42 )&
Y bz Jm Pl — BeseE S 600°C, KA L
YRR 3 TCHLY) (ANBR R B2 RH R 5 ) 2> 9 <Ak, HE
P ZE TR BE R B0 T B U 1, AT
WA & 20 A o R A AT B AR BE A
PTG AH X — 5 i 2 B A DL T8, AT
REFTIZEAER . AR — R, (38 73 8
AR L B FORAE R I B h AR 21 TR

P BT A I (O B I HEOR e — P 47
ok R R (3% 73 B AR BTG L B Y A D
FA B Uk 3 1 YR I Bl T4 (impactor) IR
3w i b iZE R A iR R 350C,
PRl S R P )RR 2 A L A A SRS T A
SR ETE S, e B DU AT JBT S AG I , S o ]
IIBERN 0.5~1 h A 4™, P A U I €33 ot 1%
R FHE AR TR AT T AR 385 2025, P AT LA SE 4
MO SR IAT R o AT 00T o I AEAR B B
R JRAUAT Y S 4 B i A g (4 vy 20 R RAT I
)i ) B A 3 B (0 2 (B BoR ) A,

R B AR 2 A B B TR B SRR 2
TE 28 HA 5% 25 25 BUHE, B (extractive electrospray ioniza-
tion, EEST) A BB, AR J L FRL I 557 A
R F RO 5 A I R L AR 5 0, B H B 55 T
R ZE A, AT e B B R I b A DLy 1 |
S BT, X R L BT ROA SR B L B AR BN
SR PR T R S BRI AT
P 1] 5 3% 5 0 251 BIF Corbitrap ) BTG AGI >

B T BOSEOR LUSN G ER WA DL Y
HETFBRZ— ik EEA B L5805
(FTIR) R4 2 1% (Raman ) 777, 3 S5 i AR Al
LUK DA B h e g A 2 i, ARk, BUBOREDYG
TS TAR KA AR o AU IR ORE AT L i e
FNELE b, P S Os iT LA B b ) B~ Ok A T
EEEIIECE LS TS i S XU AR i EA=
G T LA R ) AT (AFM) 25 558k , FIIH]
AFM 745 1 2 A, 52 IR S J0RE <08 i 1 2 43

W



—t

36 www.kjdb.org

RS S482022,40(15)

3 #AMFIMITHEAR

RATP AP AT LU S B e
A VOCs TER A3 B v 49 T H: E 2 1Y) £y
BT R A R TR R BIL AR Y
HIAR =0 $5 R VA ALY 4 HAR k] o) S 4%
KA PP (volatile organic compounds, VOCs) |
PRI/ S5 A ALY (SVOCS/IVOCs)
TR A% K A HL (LVOCS/ELVOCGs) . VOCs
TE R A B Mk BE ARG, B 73 BOR 2228 ppt (part
per trillion, J74253Z—) 9], R —#8 531 VOCs
AT LIk E] ppb (part per billion, 142432 —) %%
Sl BRI, VOC 1) il = 2 e SR B0RE B v 1) Jo ik
s NDYNS I EE T NS

VOCs [ 3 Ak 7] 73 R 7E LM 2R | 1%
81 B9 2R AR AT RE SR T RIA BFR SRR 1 SR
VIR 3 Ao 28 4 ' A 3 e o 1 Ak B ) HE PN 7
FERAE 23 SRR il SRR EAT R i Tk 4 AR 251 1
SRS AR C5 70 2 LS B 5 2 Rl g FoR
D7 PREE 2 SOh R R AL . ERFEHAR Y
U A R RIS R R R K
LA K Tl st 0 5 1 VOCs RS R e %2 . (1S
R 35X T35 28 VOCs R IBOR AN By, X T ix 26 4))
J5TFT L W B0 R AR VAR (33 7 BT AR . VOCs
W 7500 EL A7 W R DA R RS AT 33 K ARE T R
HMERL KA 5 VOCs A SR B HF 5o DL i
VOCs W B 5704 A7 84k ok R 2E Bk 7 T 28 R &
I/ — CIRHEORE R IR BRARERR KA S, )
WA 0] 2 el P T S RO A 00 gk B PSS X B AR A
st HEA T A B S P v OB (3 A T A

2 58 B AR (3 TS I H (GCMS) £R o nf
DL T AR P sl B B/ N B VOCs Kl o SR T
GCMS PG I 52 A0 e A1 T A2 v 8 B, PRI T 5
Bl VOCs B R FEdEAT P ARl I
JIT LAZ 7 1 2R FH — S B AR T4 DU
B AR AR 19 VOCs , SR HE VOCs fif W2 JBE B
FIFH GCMS #4750 HT . GCMS 11 L 85 7 =X L 1352
+ LB (electron impact ionization, EI), AL Y
RE A, AR A 237 B9 B v, AT %2R 0 11

Bo N TP — a8, AR R, Bas AN O
B (vacuum ultraviolet photoionization, VUV VS E &
JE& , 3 Al A s 5 OB X A A (B AR S A
HORTEIR 2 F4544) , VOCs 43 178 FL B i F v ml LA
PREFSEREME, BRI VUV BTETE VOCs MR s 4
B 7 RZ M

VOCs 73 T FE R 2 i PR, SR T B i 2
REAZINHY FL S PRI, VOCs 1 HE B BAR J2 i i
RO OCHE . ARk, fbp i B AR 3 TR L e
81 40 5 27 B B N I ( PTR—-MS ) ™4 1y FH - 22 Fif
VOCs ITEL ARG, 28 0] LATC S TAL 3, 5 4 it
A PTR-MS #4773 #7 , i 6] 23 B AT /N T 1 min,
PTR-MS 38 % 1| FH — N I8 (40 Po-210) 15 K 7%
A HO B . XS ik AR —0F
ERE 5 VOCs 73 1 & E R , T HE— 707 1E
HL 0 3T 1~ (B8 208 1) B 45 VOCs 7 1 41X
Gl L SRS T AR A I . B T A BT
R Hb , AW IT A 1 & A H A s 350, A Al iR
AR AT D B AR5 A e B A i 1) VOCs FIA AL
JRig S0 R IR R AR VECAR RN SRR A
AR T B A R R B A VOCs K H A
BA MR VOCS™ . b2 i 2 5T 35 4 i
VOCs 11 R AL, K BR AT LS 3] pptsK-F-, 1 H.
RGN i T8 73 B AAR &, W] T A VO Cs R BE 1 55
P FEZAGIN o H A7 v B B 1) — > B U B Y
F B 7 AR R o TR — il oy v a0 e ]
T /NGB VOCs I , 191 4 PTR-MS 7 RE AR 1)
(1) VOCs 731 [ i1 3 s ZLHOK &, XA HLO7
BB A RER RS BT o 1 b

4 KRESTRMHHEMENFR

FURIT, BOL T B EORG 2 W TR A
IR Gl , RAHOE T IR — P B
BB — PR TS Y 2 EA I HR™ . ot S
RAHTG YW Bk A S RO B SR RO, 3
HIUR R e i A48 J7 18], AR SR P B SO B A
Koo G OB R DI AR5 B RIS, DTS 21023 B
Bl o e, S HOR AR I IR A T A



—t

R S48 2022,40(15)

www.kjdb.org 37

YRS S oAy T MBI FIOK B, AR SR s 3=
SRR E o AN R RO R, O A
B HATFE BRI . R PR AR, RO
IRFARALA ZF053 3, QB AU F2 TR
JE TR s R B R T AT R R AR R A
P BAF RS U T TR BRI IR R UA
PRI R = P T 4R

Z2 57 06 2 W RO 1% 72 (differential optical ab-
sorption spectroscopy , DOAS) J& 73 — Ff 27 Ty k)
M 3 G IR B 5 B W 5, 23 B OB IR ) D' 2 R AR
CANIE( 37 N L DR K i SO E 1156
DOAS F &t F 2 AL 1T 200~460 nm [958 5 FIIL 7]
TAEIKIR A o BN DOAS H AR 32 LUK PR
15 LR S FI AT UL B B4R AE I SO 1% S ik
filh, PR3 P T AR BOA R AE S SRS 1
AT AL £ RV AR, AL
AR A =55

KA YW B i 2 T BN A R IR, 4%
B R BN, ™ AT RE S EURSE T, IR
TG YELA S NI TAES A H s B, Horp, JLBE
SR TR SRR Ry, AR A A R
Sy MR REPELE 7y 2 R XS T 3 G Oy
ERRRA R,

KRAA T FH FEA SR A A i
ALY Bk SE ALY R Z BT R SE A LTS e &
J& AL R IR 5 T O (ICP-MS) |, AL Jg&
FE ROETEAL, X B2 POEE: (XRF) BT 775 5 X
A4k (PIXE) P PG AE ik (NAA) I
IR GG E FEAT RN s EAE ALY, B SR I
G RPN JCE ML AL L L AN UR o
B ASCRS DN 5 B S8 A 5 TS 0 LT AME LT AU
I ASCHEAT R 5 22 3R 05 e 48 K A L A H A
e A S W E Z TS (R 402 M AL JZ A Ak
JZJZHT(TLC) , %325 M TR & W) 4% 20 53 0 He— ot
RO R AN BB VA R 25 57 TN 2 1%
I E ARS8 ) O3k (R OB (i FI U (i
FOAR) FOGTE 2 (B AMAT WL 73500 B vk 9t #r
V5 B AR R SR S0 B RGN

RAAFFEWH LM H W L&

oAt JE A, HORAE A A SR DR IEN A
TR AR o IR e R R Ty vk T
Gy 2 K2 BV FRIE AR R SR 0k . B R R R
B FAR E MR . B0 b B e
B OGS (LIF) 5L hl B OG AR/,
2 (MALDD) A0 75 S i 28 63k 50 R (LIBS) P,
T 5 05 1 SR R R IR A P IR E D
SBUE R HILRE % 2O YR ke, 8 il ARG
I AR B T A Tl B (L6 T B 3R 00 RS
AIREFRUEY) AU AT RE . H WL SRR S
A W H AR A 5 AR v R A i =X R N B
AR A AR 72 3 H AR — R P A
PP O G P UK SRR S AR A b i o A
Yoy s o MiEERE R EOR 2R HHE
YIRE %, HAEE SR W R 35 AL ) ORI 5
AR o PSR R MER I R (R AR
AL

AN, T XA R R B AR
SE AL BRI R RE | 7R 45 7 B 2% ROV I 0 3 2 £
AT RS s . ik
B YW AT RSN i AR . shi
A BI85 R W A 25 SR B 0 SRR B 4
HBET EAMLRAE IR A 1848 . W A T3 B 24 508 i
R R R e ) SRR A P i R R R
25 AT G2 AT W AR TTA 1 26 1 A4k A9 19 4
PIA o RPN 7 vk A s R A T . RS
20 L fioh B A 23 o P A S S B WA
/RO i AR SO Y BB = b A DN TR e 7]
(A0 L RE R A T AR WA PRI IR S S Ak
B LR 55 FE 308 2 0 K b 2 i RN 24 i DL
HFE &7 fi B BRAEXERE | DA K ™ ARt sh i 6y
TR 2 Ak R 3 T A ) ARG M fid 4 R AT L)
20 4 53 o ARV T R R R R
(EEVESIEOE S -E 5 NA

RAEGHERW I EE R, SRR EZ,
PERAS 53, A LU T SR TS Qe W) B Uk BEARA , ix 28



—t

38 www.kjdb.org

RS S482022,40(15)

ARSI ARSR TPk P, 702 A 5 G4
P M AR W I e — B R A 15 Qe R
RIEWEET M Z—o FA, N T TS IE 5
YA R R A R, BEOR A5 (8 2 PR LA L
R 1) 73 AR B AN o g 22 ] 0 R AR ARG = 2
375328 SR AR F) IO R O s A AT AN o o 1]
BER FBRERAE L I AR A . X SEHR R R
KRG R I E AL 2710 . fem, R
AT YR AR AR SR, dEdr 2%
BASCER AR A AL /N B AL T Bt S R T G
Py s B AR S SR T 18]

% %37k (References)

[1] Seinfeld J H, Pandis S N. Atmospheric chemistry and
physics: From air pollution to climate change[M]. New Jer-
sey: Wiley, 2016.

[2] Loris N. EPA formally declares CO, a dangerous pollutant
[EB/OL]. [2021-09-01]. https://www.dailysignal.com/2009/
12/07/epa—formally-declares—co2—a-dangerous—pollutant/.

[3] sR/NEL, IMRIE, EEGR, S T % -4 R X HR
B ()] BRI, 2013, 58(13): 1178-1187.

[4] Huang R J, Zhang Y, Bozzetti C, et al. High secondary
aerosol contribution to particulate pollution during haze
events in ChinalJ]. Nature, 2014, 514(7521): 218-222.

[5] Fu H, Chen J. Formation, features and controlling strate-
gies of severe haze—fog pollutions in ChinalJ]. Science of
the Total Environment, 2017, 578: 121-138.

[6] Huang X, Ding A J, Wang Z L, et al. Amplified trans-
boundary transport of haze by aerosol-boundary layer in-
teraction in ChinalJ]. Nature Geoscience, 2020, 13(6):
428-434.

[7] Wang X F, Zhang Y P, Chen H, et al. Particulate nitrate
formation in a highly polluted urban area: A case study
by single—particle mass spectrometry in ShanghailJ|. Envi-
ronmental Science & Technology, 2009, 43(9): 3061-
3066.

(8] R 5t . i+ 4F [ K5 R UE TS SRR )], PRBE R 2
%, 2012, 32(2): 257-269.

(9] EEM, B, G, 5 RAUHORL T AR LR O DFAE
[J]. fL5:4H, 2013, 71(4): 519-527.

[10] Yao L, Garmash O, Bianchi F, et al. Atmospheric new

particle formation from sulfuric acid and amines in a

Chinese megacity|J]. Science, 2018, 361(6399): 278-

281.

[11] Kirkby J, Curtius J, Almeida J, et al. Role of sulphuric
acid, ammonia and galactic cosmic rays in atmospheric
aerosol nucleation|]]. Nature, 2011, 476(7361): 429-433.

[12] Kulkarni P, Baron P A, Willeke K. Aerosol measure-
ment: Principles, techniques, and applications|[M]. New
Jersey: Wiley, 2011: 41-54.

[13] Kangasluoma J, Hering S, Picard D, et al. Characteriza-
tion of three new condensation particle counters for sub—
3 nm particle detection during the Helsinki CPC work-
shop: The ADI versatile water CPC, TSI 3777 nano en-
hancer and boosted TSI 3010[J]. Atmospheric Measure-
ment Techniques, 2017, 10(6): 2271-2281.

[14] Rosser S, de la Mora J F. Vienna—type DMA of high res-
olution and high flow rate[J]. Aerosol Science and Tech-
nology, 2005, 39(12): 1191-1200.

[15] de la Mora J F, Perez—Lorenzo L J, Arranz G, et al. Fast
high—resolution nanoDMA measurements with a 25ms re-
sponse time electrometer[]J]. Aerosol Science and Tech-
nology, 2017, 51(6): 724-734.

[16] de la Mora J F, Kozlowski J. Hand=held differential mo-
bility analyzers of high resolution for 1-30 nm particles:
Design and fabrication considerations[J]. Journal of Aero-
sol Science, 2013, 57: 45-53.

[17] Zhang S H, Akutsu Y, Russell L M, et al. RADIAL dif-
ferential mobility analyzer|J]. Aerosol Science and Tech-
nology, 1995, 23(3): 357-372.

[18] Vanhanen J, Mikkild J, Lehtipalo K, et al. Particle size
magnifier for nano—CN detection|]]|. Aerosol Science and
Technology, 2011, 45(4): 533-542.

[19] Junninen H, Ehn M, Petdjd T, et al. A high-resolution
mass spectrometer to measure atmospheric ion composi-
tion|J]. Atmospheric Measurement Techniques, 2010, 3
(4): 1039-1053.

[20] Hallquist M, Wenger J C, Baltensperger U, et al. The
formation, properties and impact of secondary organic
aerosol: Current and emerging issues|[J]. Atmospheric
Chemistry and Physics, 2009, 9(14): 5155-5236.

[21] Jayne J T, Leard D C, Zhang X, et al. Development of
an aerosol mass spectrometer for size and composition
analysis of submicron particles[J]. Aerosol Science and
Technology, 2000, 33(1/2): 49-70.

[22] Williams B J, Goldstein A H, Kreisberg N M, et al. An
in—situ instrument for speciated organic composition of
atmospheric aerosols: Thermal desorption aerosol GC/

MS-FID (TAG) [J]. Aerosol Science and Technology,



—t

R S48 2022,40(15)

www.kjdb.org 39

2006, 40(8): 627-638.

[23] An Z ], Ren H X, Xue M, et al. Comprehensive two—di-
mensional gas chromatography mass spectrometry with a
solid—state thermal modulator for in-situ speciated mea-
surement of organic aerosols[J]. Journal of Chromatogra-
phy A, 2020, 1625: 461336.

[24] Gallimore P J, Kalberer M. Characterizing an extractive
electrospray ionization (EESI) source for the online mass
spectrometry analysis of organic aerosols|[J]. Environmen-
tal Science & Technology, 2013, 47(13): 7324-7331.

[25] 2104, %, B, 5. W RO BORE R A
B AIE 5 P L (D). 50 BT 6“7, 2018, 46(10): 1528
1538.

[26] Wang X F, Sultana C M, Trueblood J, et al. Microbial
control of sea spray aerosol composition: A tale of two
blooms[J]. ACS Central Science, 2015, 1(3): 124-131.

[27] Fu H B, Wang X, Wu H B, et al. Heterogeneous uptake
and oxidation of SO, on iron oxides|J]. The Journal of
Physical Chemistry C, 2007, 111(16): 6077-6085.

[28] Bondy A L, Kirpes R M, Merzel R L, et al. Atomic force
microscopy—infrared spectroscopy of individual atmo-
spheric aerosol particles: Subdiffraction limit vibrational
spectroscopy and morphological analysis[J]. Analytical
Chemistry, 2017, 89(17): 8594-8598.

[29] #5675, Blive e, JpA, . S ATTHE O, 75 Y
B VOCs 16 PEF# AT, BR2# 42, 2018, 63(12):
1130-1141.

[30] & Hi, AL, XIEFIR, &5 T MR LA B )
SR U SORTRATFE ). BRBERHE 50K, 2011,
34(5): 80-86.

(311 Bk . b B IR K A B & W rHE R AR S ok
D). Lat: WK, 2009.

[32] e, A7, BRHaI, 55 . SR PEA MLYRAE TS 15
MIZEA T[T KEEHL T R 22244, 2015, 31(4): 61-
64.

[33] Ma C M, Ruan R T. Adsorption of toluene on mesopo-
rous materials from waste solar panel as silica source[J].
Applied Clay Science, 2013, 80: 196-201.

[34] Yuan B, Koss A R, Warneke C, et al. Proton—transfer—
reaction mass spectrometry: Applications in atmospheric
sciences|J]. Chemical Reviews, 2017, 117(21): 13187-
13229.

[35] Ehn M, Thornton J A, Kleist E, et al. A large source of
low—volatility ~secondary organic aerosol[J]. Nature,
2014, 506(7489): 476-479.

[36] Kirkby J, Duplissy J, Sengupta K, et al. lon—induced nu-

cleation of pure biogenic articles|J]. Nature, 2016, 533
(7604): 521-526.

[37] Trostl J, Chuang W K, Gordon H, et al. The role of low—
volatility organic compounds in initial particle growth in
the atmosphere[]]. Nature, 2016, 533(7604): 527-531.

[38] Lee B H, Lopez—Hilfiker ¥ D, Mohr C, et al. An iodide—
adduct high-resolution time—of—flight chemical-ioniza-
tion mass spectrometer: Application to atmospheric inor-
ganic and organic compounds|J]. Environmental Science
& Technology, 2014, 48(11): 6309-6317.

[39] Berndt T, Richters S, Jokinen T, et al. Hydroxyl radical—
induced formation of highly oxidized organic compounds
[J]. Nature communications, 2016, 7(1): 1-8.

[40] Hansel A, Scholz W, Mentler B, et al. Detection of RO,
radicals and other products from cyclohexene ozonolysis
with NH," and acetate chemical ionization mass spec-
trometry[J]. Atmospheric Environment, 2018, 186: 248-
255.

[41] Yao L, Wang M Y, Wang X K, et al. Detection of atmo-
spheric gaseous amines and amides by a high-resolution
time—of—flight chemical ionization mass spectrometer
with protonated ethanol reagent ions|J]. Atmospheric
Chemistry and Physics, 2016, 16(22): 14527-14543.

[42] HBEH XUZR, TRk, 5. RARINBEOLH IS HORE:
A RGO, 2018, 13(5): 321-341.

[43] Verhoelst T, Compernolle S, Pinardi G, et al. Ground-
based validation of the Copernicus Sentinel-5P TROPO-
MI NO, measurements with the NDACC ZSL-DOAS,
MAX-DOAS and Pandonia global networks|J]. Atmo-
spheric Measurement Techniques, 2021, 14(1): 481-510.

[44] Manisalidis I, Stavropoulou E, Stavropoulos A, et al. En-
vironmental and health impacts of air pollution: A review
[J]. Frontiers in Public Health, 2020, 8: 14.

[45] Lee M L, Novotny M, Bartle K D. Gas chromatography/
mass spectrometric and nuclear magnetic resonance
spectrometric studies of carcinogenic polynuclear aromat-
ic hydrocarbons in tobacco and marijuana smoke con-
densates|J]. Analytical Chemistry, 1976, 48(2): 405-416.

[46] Zheng W, Reponen T, Grinshpun S A, et al. Effect of
sampling time and air humidity on the bioefficiency of
filter samplers for bioaerosol collection[]J]. Journal of
Aerosol Science, 2001, 32(5): 661-674.

[47] Pasquarella C, Pitzurra O, Savino A. The index of micro-
bial air contamination|[]J]. Journal of Hospital Infection,
2000, 46(4): 241-256.

[48] Sanchez—Monedero M A, Stentiford E I. Generation and



—t

40 www.kjdb.org NS 2022,40(15)
dispersion of airborne microorganisms from composting crobial Ecology, 1984, 10(4): 297-300.
facilities|J]. Process Safety and Environmental Protec- [51] Zare R N. My life with LIF: A personal account of devel-
tion, 2003, 81(3): 166—-170. oping laser—induced fluorescence[J]. Annual Review of
[49] Henningson E W, Ahlberg M S. Evaluation of microbio- Analytical Chemistry, 2012, 5(1): 1-14.
logical aerosol samplers: A review[J]. Journal of Aerosol [52] Bakand S, Hayes A. Troubleshooting methods for toxici-
Science, 1994, 25(8): 1459-1492. ty testing of airborne chemicals in wvitro[J]|. Journal of
[50] Brock T D. How sensitive is the light microscope for ob- Pharmacol Toxicol Methods, 2010, 61(2): 76-85.

servations on microorganisms in natural habitats?[J]. Mi-

Research progress of new observation techniques for atmospheric
composite pollution

WANG Xiaofei’, WANG Lin, CHEN Jianmin

Department of Environmental Science and Engineering, Fudan University, Shanghai 200438, China

Abstract Air pollution consists of a large number of pollutants, which usually have complicated sources and aging pathways.
There are interactions among these pollutant species, thereby forming so called combined pollution. To study the formation
mechanism and control technology for air pollution, it is necessary to measure the concentrations of major pollutants in the air.
However, ultrafine aerosol particles, organic aerosols and volatile organic compounds are especially difficult to detect. This paper
introduces the new technologies and methods for measuring air pollutants. Specifically, the recently developed methods for
measuring ultrafine aerosol particle formation, volatile organic compounds, and particulate organics are discussed in detail.
Besides, a short review of other widely used monitoring methods is also included.
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