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SR R IR (ERAR F B PAE 0.16 pm FE AR 5514 IR ERAR EEAE A 0.18 um 7ETHL AT, A%
T B R o e i T AR AT, MR S A TR AR 0 R 1 BC AW R 1 7 2 P TR LB Bz 0 S A
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Vertical distribution and mixed state characteristics of black carbon
aerosols in Beijing Area based on aircraft observation under
different weather conditions

ZHAO Delong"****  ZHOU Wei'** SHENG Jiujiang'** HUANG Mengyu'**
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(1. Beijing Weather Modification Office, Beijing, 100089, China; 2. Beijing Key Laboratory of Cloud, Precipitation and
Atmospheric Water Resources, Beijing, 101200, China; 3. Field Experiment Base of Cloud and Precipitation
Research in North China, China Meteorological Administration, Beijing, 101200, China)

Abstract The airborne single particle soot photometer (SP2) was used in ten times of aircraft
observation studies on vertical distribution characteristics of black carbon aerosol under different
weather conditions in Beijing. The results showed that, under both haze and non-haze conditions, the
concentration of black carbon aerosol decreased with the increase of the height, and there existed a

clear boundary line for concentration change at the height of 1500 m. Below the height of 1500 m,
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the gradient of BC aerosol concentration was large, and the BC aerosol concentration under haze
conditions was about 4.3 times of that under non-haze conditions. Above the height of 1500 meters,
the gradient of BC aerosol concentration was small, and the BC aerosol concentration under haze
conditions was about 2.5 times of that under non-haze conditions. It was also found that the BC
aerosol particle spectrum had a single peak distribution, with the peak particle size mainly
concentrated at 0.16 um under haze conditions, and 0.18 pm under non-haze conditions. If close to
the ground, the average internal mixing ratio under haze conditions was much higher than that under
non-haze conditions, yet the average internal mixing ratios of BC aerosol under these two conditions
become closer as the altitude gets higher. Additionally, via simulation by CAMx of the BC aerosols
under different conditions, it was found that the simulated effects under haze condition were quite
different, and the simulation results under non-haze conditions were better than that under haze
conditions, which was mainly due to the fact that the aging state of black carbon was rarely
considered in most modes.

Keywords Dblack carbon aerosol, vertical distribution, mixed state, particle size, aircraft

measurement, Beijing Area.

VU, &Sk 1 EH I sa g0, MOCHEFEE &0 i TAR 20 i MRk (BC) R IEAE A
RAEZE ST, T2 W SRR 8 2 MREE ™ A2 1Y, 2352 I KRB @R B R KRR
VA IR T B G M43, P DA o AR 5 ) K B ST, 77 A SR S SR, AR, AT
FHE B ZEK WU BC A A AT LA Ry 2 BE 45 A% B LA 0K, U738 2= B Tl 38R A S
J VA 25 W 75 i, 352 0 S e 2 4510, R, BC AV 8 T LA in A 34 AR Ak 2 I g A=k i A it
TR, X A sk A 7 A T A 5 e )

H i, 723 E BC AR AT FE R 2340 72 Jm) BR TG 2 A RO G2 P RO IN 7 125, PR Ry 52 3] 1 8 s AN
At S IR ) 2 B R R s e, AR XEAS 21 BC 5 3 A FNE G A RRAE. 1M E AL 2 4 A X
BC AR E A IS JF e T A2 04 25 v FL M e i 8 0 AF 5%, 0 H: 2 28 [E] Droplet Measurement
Technologies(DMT) 2~ F) % 11 1) B k7 PR i Y6 B 31 (single particle soot photometer, & #% SP2) £l 28 i, 24
iz . &4, Cozic 5" Chwarz %519 Reddington 55" Baumgardner 55"*1, Metcalf 251" ¥ | SP2 X}
BC AU T B E . BC A I Y 2 BLIR & A8 S 40 A FRAE SR AT 17 2800 3 Hr . 6 X JLAE 7R A F H]
SP2 EFXFIRINE . b S Ji i B VY22 Jog ™, Y SRR IX ) BC RS IR L TR AA A v AR
FERHIE IIF T HRAE . SR, X F AR RS ™ BC S A B0 A RS SRR st 50

A SCHEBCH A 10 YRATRERR, XF LR AT 1 EAS RS F A X BC S B 434 L TR
EAEEMBLS R 2. BEVIRIRE S 2 BC AR IRHE, b2 15 Y 15 LA K BC
JREASAGAR, AT T T $ A

1 i%ﬁ\%ﬁﬁj\(Experimental section)

L1 UES R AT &

KHL AR A PR A Al i iz 12 Z& 41 3805 -5 KHLAIZs v [E £ £ %1 350 A5 kAL, i&
12 Fias o [ KL RAT I E 205 180—200 km-h' Fl1 280—560 km-h'!, iz 12 Filas o [E £ KL K
TR EE ST 4500 m AT 10000 m. AL RHLAE R SR AE R 48K 136 [E] BMI(Brechtel Manufacturing
Inc) /A A A 45 R A Sk Model 1200 R4E (5 1), iZ R GeRehE & CHLAY B R S i . A5 3OR A
FRY R CHLR 3 18k sk R, RIS IR A R R, R 2 P R A I [
i, BN AR HOR AR R G0 I HER T8 4. 1% R G e B RS i, DD AL RN S AL R ISR AR S
HAERHCR X T<6 pm Bife T BRI R 95%. CHLAYZ LG | B S5 3R (5 Bt AIMMES—20 #4£3k 3K
5, 5 HER N s,
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Fig.1 Schematic diagram of isokinetic sampling head
AT R EEAIEIRIX 4—5 FRZ [ S8R Ak X A /AT BE Dy 2200—600 m, & 300 m R FE—4>
B KEEIENL N AL B X AV L (116.39F, 40.2°N), KAT 7 S ELAAY AT X SR e B2 A ] 2.

(=} — (3] [98) -~
Altitude/km

Altitude/km

B2 FAat RAT XKEURERE
Fig.2 Schematic diagram of the flight area around Beijing

1.2 FASNOR 2B R ' 1T (Single particle soot photometer)

SN BC S e >R FH 26 [ DMT 28 B Az 77 (R 78 2 B0k BB O FE 1. SP2 J&3d ok il FDG A AT . T
WAL 2 ST 4 W HEORE - 09 AR L BT R RS S OB 1Y R L TR AR S A R 2 A A
20 2 i Mk, T L ) AR T R B SP2 OB IR P, 3 B EE K ) RRSE B OB R
(1064 nm) B ADCAF 5, (55 S8 4 AR E RDCAR I &5 R D0 2. G Foki 2 5 Nolion -+,
WG T S L 2 A EUT S SR 2. W RR 22 BC MR BRRL T, OGS B iR
FANZEEY BT R MBI E S, SRR ARSI 2 N BC ZEOCAE A4k, IR R ARG S,
FIBOEIE S 2853 41 2 A1 B (58 I B 350—800 nm FYEIEST, 745 I BE e 630—800 nm) Y2k
BRI R, BT AR B IE(E S BC & i E . MRS L], B Bk ARG SR BT
BC Joutet, P AR 48 5067 B [H) PRS0 21 9 BC kit B s e i1, 4R45 BC A0k B2 Tl BT iR 2

AWF5E SP2 Beitiat i 120 veem, BdE 73 HER R B AD 1 A4S, A RCKRAZIE Y 0.04—0.47 pm. BC £
TE 2 B R RAT S5 IS AT 0 RO e A R U, T A R M SR T AR A SRR AR, X B T R R A3 Bk
DMT {8 5 1 #5425 . #0315 5 F 1 98 [E TSI( Trust Science Innovation) 23 &) 1 L i 8 28 35 Fi {Y
(SMPS, Scanning Mobility Particle Sizer) Fll S ¢ & A= 4 0 BE AN [F]RLAR F 1Y 2R 2K & 4 LIS BR (PSL,
polystyrene latex sphere) #1745 1. A< 3C SP2 (1) BC it i {22 H+36%Y, 45850k 42 (MED, Mass Equivalent
Diameter) A 20%>. A< SCHA 4 A FRiERSE 1013.25 mb F, BC %% 4 2 g-em™, N 273.15 K.



1408 7N 54 1t 2 40 %

2 LEE 551G (Results and discussion)

2.1 AT BC AW IR T it e B 1) 2 EL 43 T
Bl 3 JEFEATR 25T 1) BC A7 I o e vk B 1) e 10 A Rk I, sl i X b e A SR R R 5 T
TR IX 25 0—3600 m T B A BC AU e T 5 Vi BE 2 Al AT, 35 K 1) BC A0 I o o vk 4
J VR S B KA B 4.2 pgm, /N2 0.03 pgem 3, AT F 5K, AESE R BC A B BT i R AAIE, i
W R RIEE] 2.4 ngm™, fw/P27R 0.01 pg-m™. 7838 AR5 551 T BC FIURL 4k B B 2R R 2 Bl 4 v B
() FF e TN, 1T ELYR AR AL E 1500 m & A NI S A 40 4R 76 1500 m DL, 82 AR AR5
Wi, BC SV W AR AL b BE R, 7R3 A5 F T EEEPIE 0.05—4.2 pgm >, F3y i ik 240
149 pgm™, EFTEMT FEEDLE 0.03—2.4 pgm™, FH WA K 035 pgrm™, %8 510 T 1
BC e [ 29 -8 511 S 4.3 4% 76 1500 m DL b2, 52 N 8 s ma /), 532 kAR i
SR, BC A MR B AR AL BE BN, PSR A5 F T BB P HE 0.03—0.6 pg-m>, YR IKIE LN
0.19 pgrm™, 5 &M T FEAEPTE 0.01—0.2 pgrm™, FH T Z°H 0.073 pgm™, 58 5544 T
BC A e B 29 AR g 4 F T B89 2.5 1% F1 K BC S IR £ ZORIETF AR IR A&, i KA
T FEAWHR A, Gl Rt Itk 230 FUZ T, AR5 Zhang %5 F Han 2650 (B9, — Mt im I 7E 20
JETTUR A SR BRI, BHAT T eI F i R R, S K S e R AR e T, PR AR AR s KR
Hh BRI VA IS v S B R i 28 KR, LR ) R AR, BRI R AN BEARAS A R T 1
254, BC VA I AE T i i Bt AR5 KL 3 0] LA A 7E S AR5 RS R, 76 1500 m VA 1 5 &
PRI 2% B 0 o e B B R U R, 7 R A BC AR I O B =8 232 KSR i ik 52 TR
5000 -
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4000 —e— 3EZENon-haze
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WA/ INTT AR A TRIIR 3 5IRER 4 KRR 6 KARSE KA I BB BT 1 e i B Ayl 14341

Fig.3 Vertical distribution of average mass concentration of black carbon aerosol under different weather conditions
2.2 AR BC BB 5 A

SR IORL) B RN EATTHE R i A3 i W) B2 R 5T, PR O vk i A B B o e Y B
BEARL - RUBE B AR AL FRAT TR Z R 43 A . X BC AU IBORE 9 J5T 12 ¥ P A0 —fL b BRAS- B[] 4. 43-H
SER TR, BC U I BURLIE B AR /1N, KE 7319 BC R I AT KL E 2 P 7E 0.05 —0.5 pm Z[H], JF35E
FAF T (AR B PR 0.18 pm, 7R3 5% MF T IE(ERAR EEAEH 0.16 um, FEA1F T A BC R IZ
WEAEDRAR /N TR S 25 1F T BIE(EDRLAR . FE AR RS T, BC R IR 0 A AF 7 W 22 5=, LA
0.05—0.06 um N, 75 58 45 PFZORAR T B9 BC U UL o5 SBHR 1) 4.4%, T 7E 3R 38 45 PFiZoRiA2 T
f BC VA I I i B i A9 3.3%, IX R WA 3 2% 1F T BE s R3n i A B 22 A 7 i BC MORL. 406 1 f
TESE A E T AU R X R, A7k B R DT RN FE, FEAESE AR T, JE AR XU A, A
ok A ALT7 B AR TS, B A AT 32 R U T R IR T 25 s A8 A D HER, b B A T R AR R
W, R TR BRI . Schwarz 280 Ay, 3T IR 59 BC F0RL B9 RS/ TR B R IR A4 A= 1) S
I, FEFE A5 T BC /IVRLT i FEBOR, AESE 450 T BC SOk 4 UK.
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Fig.4 Particle spectrum distribution of average mass concentration of black carbon aerosol under different weather conditions

#1 AL
Table 1 The statiscis of flight

[X 2 KA H 19 JEETHTE] (850 hpa) X[ AE UL /km S AHX R E %
Region Condition Date Time Wind Direction Visibility Relative humidity
2012.05.19 09:30—12:15 PiRg Southwest 5.6 73
2012.05.31 09:35—12:15 P Rd Southwest 10 56
$iHaze
2018.06.12 09:25—11:03 7~ Southeast 8 55
2018.07.20 09:55—11:45 R South 5 71
2012.05.03 10:20—13:50 PG4t Northwest 17 10
Ik X Main city
2012.05.23 09:15—12:40 PidtNorthwest 21.9 16
- 2012.06.11 09:05—12:00 P4t Northwest 27.1 20
JE5%Non-haze
2012.06.16 09:30—12:30 PidtNorthwest 143 30
2018.05.11 09:17—11:40 7R 1t Northeast 14.6 5
2018.06.27 10:55—12:53 PidtNorthwest 33.6 14

2.3 ARFEZMAT BCRURBIRG SR TE B

TR TR AR & 502 BC FURLAY L Z4FAIE, Mo BAURSE BC U ALREIE. B i BC BIALIMRA
RIS, X FP BC POk MRS BC, {H& BC ki — HHE B Kb &4 01— R0 2 A,
LN i, BELS M = /%5 i FEAED, PRIk, BC FURL A9 Ml > G 3 B BRIR £, AR Eh A ALY SF 4148, 1X
it BC 0K IR A, SP2 REA AN L AMEZS BC UKL, Sl A X BRI e 20 b7, — A5 2 M 4
R4S BC UKL A 23 HC 93 B0 A BEZR. H 181 5 m] 0, e i, 26 45 7F T B9 IR AS BC ki A 2> LA,
FEIT 55%, BT e 23 BIr i 1 20 FEBER, (EZAE 1500 mopsg BEAT — N RAE, TR LU 3 — > T v A i 3.
TEARSE Z5 15 T U T A TR 2 BC UKL 1 23 FL IR, RZ9°H 20%, 7 1500 m G N TR LU A2 (A BT,
1500 m LA_b IR HU A2 . IIET 5 76 H, 7630w i 1f s AR S 450 T AY IR ZS BC UKL (1 70 FEAH 220K,
R A o 2 8 IR R 37 B B TR AS BC KL 23 OB, 76 1500 m = 22 b, IR 540
TR PRAS BC UKL E 43 LA NG . 7E 1500 m AP, PP ARE T (09 RS BC BURLRE & &5 B T =
L BUARTRI B S, AN 1 Pr g 4 00 T M L AR 8 25 1F T i, BC W0RE SR 12 A DU i e 1<, BC it
KL I PR P Ao E 2, NI E 38 45 7F T TR AS BC BRI LU AR, 75 1500 m DAL, PIAPZEF R
(49 BC AR LE AR 15 A, 7 3 25 00 R B2 AR, BC BURE A9 R 1S IO TR R, AT LU (R
TR DX i o B A AT G, TR S A5 7F T BC A PITR LI IR AS #08 B2 A 9 B R PR A .
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Fig.5 Vertical distribution of BC mixed percentages under different weather conditions
24 A[EZEAET BC AU 5T vk B BN L

AHFFE PR IEAE 2012 4 MEIC YR HERCHE Bl CAMx #0x) 5 A 23 HARSE &4/ 5 A 19 H5E
M BC A AT, B e R ATIRT LRI Z5 S AT IO UE, 2R FHECF ST i A OGP R R 43HT, R (H
N AADLEL R LI (B 2 (8] 1 28 A R B W) 5 R B, BO(E AT 1 U PS5 SR A g 3 e X 33 19 R A
AL R A SEPETTE, S H 23 HAY R1E M 0.92,5 A 19 HIW RH M 0.8, H R {H 7] HITE 5 514 T AEsE
AT, AR REAR L X BC AW I A TR, (EUR 7 A 38 45 08 ARSI R S 4y, Pl BC R
2 T L7 1) b P i B A R AT, A g AR g AR T ARERLECER /N AR, T 2L CAMIx #EEUX BC R,
Ve P AR ERAEC A . 7 A 3 A5 T ORI (LRSS HDL(EL 10 3k 38 AR 230, T LA 3 1 1) b ) AR b i At B
B30 A5 55 A A DU FASE UL 7 T 15 1) AR AR R 3 25 AR, 1500 m LA PIASEAUL A £5c (8 B S AR
F BRI, T £E 1500 m Dh_E, 22 R8N, X ] G S8 R % 18 BC AR BAE g8 A5 1F T 2L
AR AEFE RN, I8 BC BB AIE B, 11552 bR WL IIAE H A B A0 2 1) BC U M ) o i R 3
i3k P 6(a) T H1SE BRI H A A0 2 1) BC AUV IS 1 o vk J3E S5 A ) BC AR I 1 J i vk 8 e
A3 A HAE—B, BRI 45 R X AR AR UL TR A S T B BC R IR A R B L E
(1), 02 A AN [ R A A OB L P ke 2 S5 1 T 2 A

4000 - (a 40001 ; .
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= 0519 ) Simulation m— (523 545 Simulation
—— 0519 ZBRA % Uncoating
3000 3000
E £
2 2000 1 2000
T T
1000 | 1000 -
0 1 1 1 I ] O 1 1 1 1 ]
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Mass concentration/(ng-m )

Mass concentration/(ng-m ™)

Bl6 AFEXTEMT BCHIBILS

Fig.6 Simulation results of BC under different weather conditions

3 %518 (Conclusion)

AR SO IR 288 P9 B0 AT B ' B8 T 1 X6 AN ) R AR PR U0 i 9 3 L0 A A AT T
10 B RHLIRIMBIESE, 45 R R0

(D) fEgE MARZE A0 T BC U IR A ok B A0 R Bt A s JBE T ey T /1, T EL ¥ B A2 A AE 1500 m g
AW P, AE 1500 m DU, 22 AN ZRAFIIR2 I, BC U I BE AR AR B BOR. 7R3 45 1F
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TR R E LR 1.49 pg-m, B A T8 0.35 ngm, 355514 F B9 BC SRk B 20 A5 4%
F TR 43 £5%. 76 1500 m UL b & 25, 32 FERIZ AL/, 3225k AE - 52, BC U vk 2 A2 1k
BREERIN, (58 26 1F PRI Bk 2900 0.19 ng-m ™, AR5 X AFLYN 0.073 pg-m™, Fa41F T Y BC U
JE e i 2 g AR 5 25 41 R 1Y 2.5 4%

(2) 76 75 A E 55 5% 14 T A5 21 19 BC 3 OB -3 #0 2 BR 0 S0 A, L AR H AR/, K4 1
BC KA B Ri A2 FZAETPTE 0.05—0.5 pm Z[H], S84 1F T I(E R 12 B2 LE 0.16 um, FEIEFE 451
U R AR F AR AR 0.18 pm.

(3) TEUTHL AT, 3 251 N A PR S BC A IR WURE 5 43 HL A s, 230 55%, Ak 3 25 FF o 1 49 Lt
i, HEFE 1500 m @5 A —N 2878, TR HL i B e Al fa 34, 7 3k 3 45 1F st il TR AS BC AU
JEERURE T 53 FEAAIR, KZH 20%, 7E 1500 m 0 FE AR HO 28 AL AR BTE, 1500 m DL b TR HE A8 K,
A 25 AP AR F T 19 NI L AT B2 s 34

(4) 83 CAMx B4l 7 FEAR R 2544 F 1Y BC AW I T 140 A R AE, 7EAE S8 4511 T Bl as R 2 1
FEZE AN MBI 25 R BT, S IR I B AR BR B B W) G TR S R AR N BLLAY 5 S 22 0K,
1500 m LA PR A B8 1 I A1 T S B WL, 76 1500 m LA 25 S A/, X E Bl TR b R %k
R E R OC.
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