B EE RETHREEPM.5 PM, R EBRRERERRESH

BEFHH k% ZE PM, s 5 PM,
SR AR L P ALE B SR D 4

H o' F oW OEER & M B Rl
QLMK SRR 220, M $FH 550001,
2RMEWRSAETRRSFRUCFELALRE, ®RM  HH 550001)

WE TF20l74E AE 20184 2 B, BHEEFREH RS PMas 1 PMuo ke S, F BB BE 5 b 1 BB B vk B i AT
SR, ISR BB BRI ENER, FAHES AR TREY HE4HE (HYSPLIT BB HA . SRE=WH, RETHK
X ZFEPM s P RBE REERESFH 1.27~6.87.1.28~10.17 pg/m® , FHEA 5K 3.21.3.78 pg/m® ;PM1o P RBE B HRIK
BE4rH K 1.62~8.92,1.73~11.94 pg/m?®, FHEH K 3.97.4.50 pg/m? , RHREAZEALBABEER K, EVHRERFER. %
2 PMy.; JPM o SBT3 B0 b 7 B 43910 3.40.3.56 pg/m®, o He (BT BE4ME0 23 8129 6.18 %61 5.60%, £ & PM,s . PMo ' B
BRI 450K 3.56.5.20 pg/m?, HLILA BN 5.20% M 4.50% . BBRFEEETE PMos i, B ER T B EMAY TV (LISE .
BB 5K PMes 1 PMy R EE R RIFIEA X% R LR 40510 0.850 #0 0.870(P<<0,01), HAS{h 4 & 9] B % S % . ME M8
BN, J5RRESHT R, BMNE R RERITARR RSN 5T B = Rk K,

X7 PM,; PM,, BEBm EHRKFIE RE
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Characteristics and source analysis of black carbon in PM,; and PM,, of Guiyang City, China during autumn-winter
period AO Ya',DONG Xian'? ,FAN Xuelu',JIN Qian' ,CHEN Zhuo'* .(1.School of Chemistry and Material
Science sGuizhou Normal University , Guiyang Guizhou 550001;2.Guiyang Key Laboratory of Atmospheric Fine
Particles and Air Pollution Chemistry ,Guiyang Guizhou 550001)

Abstract; By using aethalometer, the concentration of black carbon in PM,; and PM,, was continuously detected
in Guiyang City,from September 2017 to February 2018. The effects of meteorological parameters on black carbon
mass conceniration were explored, and the source was analyzed by the HYSPLIT model. Results showed that the
daytime and nighttime black carbon concentration in PM, ;s during the detection period was mainly range in 1.27-6.87
and 1.28-10.17 pg/m®, and the average concentration was 3.21,3.78 pg/m®, respectively. For black carbon mass
concentration in PM,, ,its daytime variation range was 1.62-8.92 pg/m®, with a mean value of 3.97 pg/m?®,and its
nighttime variation range was 1.73-11.94 pg/m?®, with a mean value of 4.50 pg/m’,indicating that the nighttime
variation range was larger than daytime, and the average concentration of daytime black carbon was slightly below
night time black carbon. In autumn,the average mass concentration of black carbon in PM, 5 and PM;, were 3.40,3.56
pg/m® ,and the proportion (mass fraction) of black carbon in PM,; and PM;, were 6.18% and 5.60% , respectively.
However,in winter,the average mass concentration of black carbon in PM, s and PM,, was 3.56,5.20 ug/m®,and the
proportion of black carbon in PM,s and PM;, was 5.29% and 4.59%, indicating that black carbon was mainly
concentrated in PM;s with high in winter and low in autumn. The black carbon concentration had a good positive
correlation with PM;s and PM;, concentrations, with R of 0.850 and 0.870 (P <(0.01), respectively. Moreover, the
variation trend of black carbon concentration was also affected by pressure, wind speed, relative humidity and so on.
Backward trajectory analysis results showed that the black carbon concentration of Guiyang City was mainly affected
by air masses from Guizhou Province and Southeast Chongging City in autumn and winter.

Keywords: PM;;; PM,,; black carbon; pollution characteristics; source
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BMEKXOUMBRFEREYR, BEEW T RKEHF
BFEE RNKFCOMBERMEB _EmE
Felaeos: - BEpk 42 % 0.001~1.000 pm, EE KK
FE PM,s W, AT H B HE AR IREH EMBHE, &E
B3k o W, XN A R A R ED, 1989 F, BBk
P EFRAS T N (GAW) FI S S8 B 5T B — A
S URUEE T

PEREEEBRERES S 2R 1/4, BEE
ERETEBEELEBERNEERSHETE. 20
#HeE o0 FRE, PEMEAFRT AR HBRIE
B SR 447, BAS T BERE, M
ZHRBRAR EILEBESXHBERASWMT, =
SEBEMNAAEE., AMREFRBETRLETE
KK PM,s 5 PM,, P BB 5 4547, HFHEITRE
SPTRBENEWE, A HREG AN FH & A
AP (HYSPLIT) % 3 48 4307 H 7T BE ok 05, B
REREE A RO KK TR Y f BT e 244t
2%,

1 #RERE

1.1 #&%K%

REEH SRR RAT =& K HE K% (26.35°N,
106.42°E) T, BEEEHEE N 20 m, JEEER
K. XHEX FLYK,HE 8 km WEHAXTIE

FHEPRETNYREERERLRL HER
100 L/min, RS X 90 mm B9 A 2 38 B GEH
Whatman) , F 2017 4£ 9 H Z 2018 4£ 2 A& B H
(8:00—19.00) FITLIH (19:00 EK H 8:00) 5 FFH
R £E PM, s 1 PM,, , IEEZERHERT G 4 PR E , it
B PM,, 1 PM,,. SKIB.KEESKEHA HO-
BO-U30 IS S S MUK &, 18 PM,; il PMy, A
BEEM A 117 4, 31t 468 MG
1.2 HRFE5 544K

EERENGHETHEHEEEAT 48 h, 5E
R¥FF25+2) C, M BEMREF 50% 5%, PM,;
M PMy, RES, % SootScanTM Model OT21 &
B (EE Magge B2 20 8) W & Bk, LA 880

nm ZLARBAE S BB TOE, BB R EERW A HK
16.6, FF HYSPLIT B it % 2017 F 9 R &
2018 4F 2 A LAREE SO0 S WS ML #4778
AR BFFTAS [R) S ¥F X 38 %) SR Bk R BE 10 = ), 34
KT EEERAF KM .0 (NCEP) #4122k
R ARG (GDAS),
1.3 REEHSKIE

PEH AN EERRBHEREER
BE. oW AMNBESRENBREAWER, B 10
MR 1 R RE,iEREERE 104 W
CIE:S Y =F 2= 0 2T

2 #R5itie

2.1 EBREE/HiE

SREEHIE], BRR T PM,s B9 24 h REWRE R
17.50~112.05 pg/m?®,F3J{H (60.25 pg/m®) B(FH
EEKFREFMEY(GB 3095—2012) — 4R #E (35
pg/m*) i 1.72 /%, 5 GB 3095—2012 —RIxHE(T5
pg/m*) A, BIRR N 24.78% . PM, A 24 h 8
BB N 21.14 ~185.45 pg/m®, ¥ {8 (88.69
pg/m*) & GB 3095—2012 — R AR (50 pg/m*)
1.77 f%,5 GB 3095—2012 & 45 % (150 pg/m®)
M, AR R R 7.69%, UL B B P T KR PM.s.
PM, B —ERENBLE.

KR ZEPM,, TR 2 hREEAER 1.48~
8.49 pg/m' , EHEH 3.49 pg/m*; PM,, F Bk 24
hREBWRER 1.80~9.38 ug/m*, T E N 4.29
pg/m’, REEHIE PM,; fl PM, BN ER F1
FEEENFE 1, hFE AT, B EREAEL
EERER K, BB BKFHERERTTER, X
HESEEKEER KSTEHESCRYBEERTE
|, RE T REKBEY BAERX.

BEmSRKFENYAYEEREELNE 15
Ao PMo: PM, R BERAHKERLBEEEN—
WO EI N BEh, PM,; M1 PM,, R B A HWES
KREHBE 12 A, B/MEHAEI A, 12 A{KE.
R /DS, SR BN AR 2 T 0B Y ) AR, 9 18] R AL KL
RS X ¥ Y SCE T Al I R e R L

F1 PMsFIPM R ERBERERE

Table 1 Mass concentration of black carbon in PM;; and PM,; between daytime and nighttime pg/m?
B B PM,.; P Bk PM,, P Bk
i FHE AR EE FHE PR R 22
B 1.27~6.87 3.21 1.31 1.62~8.92 3.97 1.70
®E 1.28~10.17 3.78 1.92 1.73~11.94 4.50 2.29
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Fig.1 Changes of monthly average mass concentrations of
black carbon and atmospheric particles
in Guiyang City

ZRBERIEER M, 5 BOBR Y B BBV B AT
HE:;9 AEWED BFHSIES, KX 58,
R 25 S, F T FORL Y 09T 8, R B BB AR IR
BE AT ERAR .

k% PM,; P RBIEEHERN 3.40 pg/m*, 7
PM,s B3 5 th (DL & 2 803D h 6.18%;
PM,, P BB FHE R 3.56 pg/m*, 7 PM,, F ¥
R 5.60% ., &% PM, P BB®FEHEN 3.56
pg/m®, 7E PM, s PRy G 16K 5.29% ; PM,, h B
BFBMER 5.20 pg/m*, 7E PM, F )5 5 Lt R
4.59% . & A Mann-Whitney 1 3 47 #T #k & £
PM,: fil PM,, FBRICFEER B EM S RETH, L
ZPM,;s PERBRIEEFLHEES THE,BHKES
RERRBELHEZRAIBE (P =0.55); %=
E5£4F PM, P RBRBELIBHEEREE (P
0.01), Hif2 2.5~10.0 pm B BURLY (PMys.) B
BEZEFE T ARG REHB AN PM,; BB REEE
FHEBROBREESK B TFETENER, BN E
REATEESBBER RS RERY B &4 FE
HL 8 PM,, RE ARSI EERE, IR
PM,s.o B BR VR BE A LB 3 >, @ &
PM,, P B EM LK FE B ERA .

BREEELER KERPFVEBURFE, B
BHEHLERKE PM PG HEE T PM,, 31
PRETHEE PM . HRBRMSHER  ERE
XRE, BERRKESVEARESZEEMTLRE

He e g M R, T A ERBME . KEND .S
SER, SR EI, AR FERYOHEY 8L
b X BETE D BURE AE ELR , [F) B 005 2 1 51 3%
MEBEBRBRREOSEESB SR A POR Y1
TnTe), e A B e R G
2.2 BHEERRBRSM
2.2.1 PM,s . PM,, 55 BRI BE AH 3¢ 4 17

REEHI R, BEE PM,s 1 PM,, ¥ B A+ /7, K
WEREM, BRYE P, REEIFHX(R=
0.850, P<<0.01), 5 PM,, ¥ B Wl = BE 1 58 3% A 1E A
X(QR =0.870, P <<0.01), B ES PM,; fl
PM, REZ R M IEMXERRTHEEAEMRMN
BHRE. BERSBBRERFET T HE ISE
B S HETBURM A Wy BRR o5 ST A T 5% R A AR A
TR , B RRHE A 38 77 38 38 X B ae vk BE B v B9
AREMEE K,
2.2.2 RESEBEBKENEW

[Z5PHRRKEMIBLEF—EEWH., R
R A, SIB 4 — 1.80 ~ 26.58 °C, # % 18 B #&
57.15%~100.00% , FE T B & 58.6 mm, 3 K
0.15 m/s, FHEJE 89.23 kPa. L8 a) Bak kB
58258 WMHERHENE 2. PM,; fl PM,, F 2
WEEHNERBAAMEBE NEESEMHERX, 5
REHERBFEMN, 5T E /Y 7 &8
58, X AT BB 5 KA R H BT E B m D AR
KEX,

AR &S R EREANERBER
Al BEIX RBR B A=, RETRkAS
R EB IR, RERAEPELRIL . E
B, RIER T £ PM, s fil PMy, 5 BB 5 B ok B
SHBPFE 2~7.2~8 pg/m®, g X L W43 51
TE2~6.2~5 pg/m*; XN M FEEPELRIL, K
JEXE | PM,s 71 PMy, 0 R BR% F B 3k B 4 5 40 7R
T 2~8.2~10 pg/m*, A, FERILRE L, KL
% PM,; f1 PM,, F BB VE B X8R, R b 5K
KRB KV 46T B3 T BT HE B Ay
SEREHERX, ML EZREWED . AF Fi5 4
YYEH B ERNE,

R2 RERBREESKSHHAXRY"

Table 2 Correlation coefficient between black carbon concentration and meteorological parameters

S SR/ XTI EE R 587 |E
PM,s B8 —0.330 * * —0.428 % * —0.218 * —0.464 * * 0.524 % *
PM;, H B i —0.313 % * —0.545 % = —0.216 * —0.426 * * 0.512 % *

TV« % RARMRMELE 0.01 RFE ERE; » RAREEMETE 0.05 KFELEE.
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2.2.3 RS ME W

R TH—TEIREm AR R HTREZE
BHRIRER TN, LURAE S &SR, B A HYSPLIT
AT BEHLT 1 000 m W BEHY 72 h J5 BT
BT, RESKKRITWEBENEZREESR
R OB BEINIAEYLERER 4 R, 42 MHE 2
iR, HE2WH  REEFRRREIMERE
FER, RERARMEFABHIR S 41% ;KK
REEMACETEEB. VAT HIR, &
BYREERTAER WIEREBHIN L
9% RET MK ABRE AL T S KED, &
17%., #ERAERMNEEHH ST ERE, H 58%;
HREKEAEERTABEIASR, S 26%: 08K
RKEZHEEARILTMBIL AR, 334 9%
M7%. A ABKERIR F, RILF KT D,
TR WS g m.

ETEmPul R 8 R . 55 2500 X
B HRR PM. s & PM,, %R B B R P E #7400
AT, LA AE 2 050 R IR 18] AY IR X BB gk B kL

114

1a) Fk

YREWBE KRB, SRLE 3. BRI T,
BRZ 45 250 X BE A9 PM, F1 PM,, SR8 ok B K
BOAPGE 2>H58 3> 4> 8k 1. Hed, 8 2
KA TN X B HY PM,s 71 PM;o BBk BT B WKk BE
BR L, A R 4.02,4.18 pg/m® ;5 3 KR MPLIEXN
MR BEEERESER, 25Kk 3.74.3.86
pe/md s 8 1,4 FEK I B X 7 A4 BB A vk B ) A ke
Bk, £BZAEBEXT K PM,s A1 PM,, " B 5k
W LT 1>80E 2>k 3>k 4. 1 EK
FHLTE XS B B9 PM,; 71 PM,, H BB R B E RS,
435K 3.54.5.62 pg/m®; 55 2 FER PP XS N ) BB
BERRERER, 2510 3.53.4.98 pg/m*; 5 3.
4 FERF A X R A BB B AT . kA, B
KBELZ LS TP X BB PM,s 1 PM,, ¥k B 4% 1E
5B .

AR, EHRMERMEERTRAEHHRR
EATREEERIBRYEE N TRE K, &
XS FTERT WP 558 % 57 A b TE
RAEB/N,FTFHERY R SRBRIEERR.

2 RETHEFEANERRSH

Fig.2 Backward trajectory clustering analysis of Guiyang City in autumn and winter

£33 TEEVELNENATRHERNENRBNERYRERE
Table 3 Distribution characteristics and black carbon and particulates mass concentration of
backward trajectories in different seasons

BV ORERE HIER/X BRI

FHRBWRE/ (pg = m™3)

PMa.s ' BB PMy,o BB PM.s PMi,

1 17 FEEERARK 2.43 2,47 37,37 43,01

% 2 41 FHE A 4,02 4,18 67.60 82.45
3 19 BRT.ENE HHNE-EXT 3.74 3.86 59,98 73.62

4 23 #HALE HEE 3.41 3.50 62.55 68.06

1 26 HEEN . RMEH L 3.54 5.62 66.50 127.40

& 2 58 Bt & A i 3.53 4.98 64.12 113.60
3 7 WitE WEE 3.10 4,48 62.65 109.39

4 9 LEAE RMNEAEKT 2,92 4,22 56.81 84.96
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B OEE BRETRELE PM, 5 PM, FRRUR BB IER KBS

4 RATESEARNEMBEERES PMM PM, R EBRFERRE LS
Table 4 Comparison of black carbon in PM,s and PMy, in autumn and winter between
Guiyang City and other areas in China

P = SRR e i) W yE sk BT E/ (g - m™?) B
ezt 20114 12 AE 201242 A PM;s 5.03 JcErl15]
FERREBK 20154E 9 AE 2016 £ 2 A PM:s 4.70~9.72 SCHRL16]
KT 20104E 9 HE 201141 8 PM;s 4,70 ~9.10 XHk[17]
Lig-qiil 200347 9 HE 20044 2 § PMz;s 11.3~12.3 XHRL18]
il 2014 4FE 11 HZE 2015481 § PMas 8.76 XHk[9]
RHER% 19944 7 A& 19954 12 A PM:s 0.05~0.13 Hk[19]
BT 20174E 9 AE 20184E 2 A PM.s 2.95~5,15 P
=4 20024 9—11 § PMp 7.0 JcEkC20]
IEERARR 20154E 9 AZE 2016 4E 2 PM, 4.19~9.77 c#k[16]
i i) 2006 4F 12 A FE 20074E 1 A PMj, 5.0 Icwk[21]
KET 2008 4E 1 H PMjo 11.8 X#k(22]
[ifeaticl 20144E 11 A% 201541 7 PMia 10.80 3R]
AT 2017429 A ZE 20184E 2 PM,, 3.26~6.61 EHFGE

2.3 BAFELE A AN T 2T

R 4B S A A A R B R PM, il
PMi, R (A YE M ILE., NER4TE
H,RETKEZE PM, P BB ERFEEH A
BT B R T T B G KA IS W B K PM,, R B
BB TR i R, RATRKE
BERBETIHERSHFR L EREM TN AKS
AN &S, MR T HAZ G R A BT BB S ER
A5 sk, BT R SASHE E B H AR RE K,
WA BER S B T B B R AR A0 5 — MR A .

3 4 #

(1) B KSR PMos 5 PM,, P B H% 24 h &
BWES AR 1.48~8.49,1.80~9.38 pg/m?®, FH
H9 3.49.4.29 pg/m*; WA BT FBER K, B
] Rk T B o B R AR T A .

(2) Bk PM, s T BT HE N 3.40 pg/m® , 15
PM,  FHIFE3 &5 R 6.18% ; PM,, B S 5 S #4484
A 3.56 pg/m*, 7 PMy P FH 5K 5.60%.
X2 PM, s P RBTIENY 3.56 pg/m*, 75 PM,;
HISF34 .5 A 5.29%; PM,, o Bk F#{E% 5.20
l—‘-g/m3 » 7 PMy, I R 4.59% . BmELX
FR KEMAO T YA, L BBRE PM,
& F PMy, o

(3) T BBKES PM,; . PM,, 3k B A5 4k
BE—B, B IEMX; 5B X8 B KRR
BEAMR, BEAERIEME. KX BRKER
FRW, RELAFEHXNAHIKRILR, ZRNE L
PM, s 1 PM,, F BBRKEHEE.

W ERES T EREH, RMNEFHMRE

PRTITAR B 3 B9 A0 X 5% PR T Bk & 2 SR R Ok B R
o B X R B R A 5 A LT o A
i X, 5 PHTIT Bk & 22 RSB 39k B AR AR
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