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Characteristics of black carbon aerosol and source apportionment at the
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Abstract: Based on one year real-time measurements of seven-wavelength aethalometer and combined with meteorological data during August 2016—July
2017 at the headwater of Urumqi River, the change characteristics, influencing factors and potential sources of black carbon aerosol have been analyzed.
The results showed that daily BC concentration during the studied period was 520 ng*m™, fluctuating in the range of 102~ 1525 ng*m™. The BC
concentration was 425, 536, 686 and 427 ng*m™> in spring, summer, autumn and winter. Seasonal BC concentrations were highest in autumn, followed
by summer and low in winter and spring. The two peaks in diurnal variations of BC were observed during morning between 8: 00 and 9: 00 local time ( UTC
+6) and in the evening around 16: 00—19: 00 local time, which is strongly related to the local emission sources, and meteorological factors. The BC
background concentration was 253, 271, 290 and 162 ng*m™> in the four seasons. By the influence of more emission sources, the BC concentrations at the
headwater of Urumqi River are larger than the other remote areas. There was a strong correlation between BC concentration and meteorological factors. The
higher BC concentration was more associated with the winds smaller than 2 m-s~'. Meanwhile, the lower BC concentration were more associated with the
relative humidity large than 55%. The concentration weighted trajectory ( CWT) analysis and AAE showed long-distance from Central Asia could be
important contributors to BC concentrations at the headwater of Urumqi River, same as fossil fuel and biomass burning sources from nearby.
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1 5|5 ( Introduction)

B RS IE E( Black carbon, faj 8 BC) A= %) &
BRRLFIAL A7 BRI A 58 2R B8 7= AE, Horp, R W
WRRHARE 2 Bk A T BRAR IR RS AT AE B 45, i AL
ATRR R 58 T AT AR A R AN A7 Il R 5E 45 ( Bond
et al.,2013; Petzold et al.,2013) . HAE K A E
3 RS2 R M A HE R TR TR R XURT R ARG R
JEER R A ST 52 10 ( Gong et al., 2010; Zhao
et al.,2012) AHICHIFFEFRY], RO BN IR AR 17
B TTERIOK T CO, , 75 A BRI DI 1 < fie 722 Ak
HiA 25 2 A /E B ( Ramanathan et al.,2008) . b4,
TERES (BRI SEVE TR, A S e T LA o K B
AL 2 Pk N T, 38 K F S R A, F
T A VKA T e, i — 205 o 38 DX 28 4
Bk X & 2R Ak Fl K 22 4> ( lanner et al., 2007;
Ramanathan et al.,2013; Qian et al.,2015) . BRgA{Y
FE RS T pk by i 5 8 22 00 #f 60, 10 ELVE AT Y
B U A AR 52 0 52 . PRk B 5 A BORL )
CRINEISI T St NG LN PN N T O Ay NS
W TE MR O AR R A 50R B9 AURS: ( Schwartz et all.
2005) .

HAT, 3 FE G T B A I ik o8 8L T
5T A0 ER 43 AR X ( Zhang et al., 2015; Zhu et al.,
2015; B W25 ,2016; Zhu et al.,2017) . fF-HL F1 A
N AR 2R A B, s 325 b DX R Bl I JE ) S A
LM T i e A © A BB ST T, B BE A5 A 2006
7 H—2007 4 1 J] 18] 1A% 2 1) R e DT EEDF 5T
TN Ml DX SRR A I, T HH AN AR i DX ) R
BV T LA Sz et N SR HE O 8 B I T 19 7 5
e ( Ming et al.,2016) XU &5 AE 2009 4R 5 H—
2011 4 3 F S A WL v AR i L oA DXOR AP i B
B E L 4 % b X SRR AR Bl 18 ~72 ngom ™,
AL FHAEI 7K ( Zhao et al.,2012) . 2K % £ 7 i
e SR Ml DT e 1 R Vs TS ) WL BF 5, 4
ZHLIX 2012 4F 11 —2013 4 2 7 ORI E N
413.2 ng-m™, lij 2013 4 2—6 H BERAIREAL N
139.1 ng*m™*( Wang et al.,2012) X EERFFENT T i
5] i 22 e, X PR B VTS 1 X BT % oK A R ik
SRR S (8] 73 A e A A | 3 SR R R A
HEA 75 T A F 0 S AR, 7 K L o DT )
BV RO ARk — P AR At , I HG o S P R 2R Y
WL — B AR T 25 FUIR A, [A) A, 2R L DX BB A

JEEH 2= AR AT H N AE AR i AN TR AE.

L& AR AL T AR K IR, 2 58 A5
T 7K B U5 ) B R T AR, AR Sl 0 2
RG] DX AR T B R e (2R A0 B4, 2010;
Ming et al.,2016) AMFFEXS A K 1 HEB ) 26K 55
T 95 DX T J PR A SR 2 A, % M i 46 SR i
FrRA BYAFAE 0 At AR LA AT 483 30 T WYty K
Ly DR PR AU I 2 1 A8 A R H N 84 L5
M) D] 3R A A A A S, AL AT A i o s X VA PR R
VS ISE 1) A S5 R B i) 2 14— S B 2 K s A
W

2 ##5 7% ( Materials and methods)

2.1 WL H

LI 5ty w3 B 37 AE B 45 RS IR DX P i o R
SFBER kLI 5 3 ( 87.12°E,43.21°N, i34k
re HE D 2130 m) |, DAR BRI ok st (1)
i AL T AR R I, B 8 RS T2y 107 km. i
B, R K1 3l S 5 45 AR SRR 15 vk 1T 2 32
km, ZUK)IAIE 50 4R RN I 52, 4k T Al
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Fig.1 Measurement site and the sounding areas

22 LIk

22,1 BHEFEBAE AWK EE Magee /2l
AT AE-31 AR PR fe i SO R A B Al 1Y) BT
R B HEA T S W A2 AN AT T A S8 3, X
K435k 370.470.525.590.660.880 F1 940 nm. H:
AR D BRI FH PR AR I IS X 5 ST L1 A1k
B AR s SO FH B 4 | 3 2 R AR RSV
FEERIT o D8 X A S Bt 0 2 0, 8t TS B
ISR B, J& Tt K FE I 7% ( Hansen et al.,
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1984) AHIF5E £ T 880 nm iz B T W45 1y BB e vk
JE SR R AR BRI LS MR, e i I B D P 2
IR o A e A ) e R P o A2 ) i R A
RS, (ELS 6 A IEAE 880 nm M BE R X R
B B A5 R R A/, R] 2008 A1, 880 nm R B
(I Bk R 16.6 m™ g ARWFTERAE T AR
fdt AT ArT U1 3510 3K, A A HE JS B R AR IR B 3.9
L+min~'( Hansen et al.,1990) .

Ji e Btk B I )G RE Ry 2016 4F 8 1 H—
2017 487 H 31 H ALER ISR RASAA S min, Zdhs
AEERA 1 b SERE AR R R v, W K
ACEFFRIC IR A BT S5, ] IREORAIE 4 /) i Iy

101

2016-9-19 2016-11-8

2016-12-28
HEICEE-R-H)

A A AN D T R4S 7 60%.

b TETRCGAIE R U5 T IR Ll vk 3 9 R0
MIZN.E 2 BT 2016 4F 8 H—2017 4F 7 A A 3l
G HIC T I T B 7K R AR X 3 8 s %
XA S5 B A W ) 2= A8 4k, Ho, B 2R
SRR L 8 13,6 °C; £ B ROR AL, R
-9.8 C; HREMEKF M55 R 2.5 CHI
1 C.RERFLERERETE, G372 55%, M
XTRE R 1 70% . Fk 22 A ZR [ K Fi /b A 31 4
AR 15% , AT X T8 A8 A SRAE 15T, K
HMNHFERL TS0 1.6.1.4.1.2 F10.8 m*s™.
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Fig.2 Elementary meteorological observations at the Tianshan Glaciological Station from August 2016 to July 2017, including air temperature, relative

humidity, wind speeds, and precipitations
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JEE | I RAS [) e ¥ e B2 1 7 A W FE AU L
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2255 1 190 4 325 5 SO 2 £ PEL B 5 i v B
TAER LI (1)) .
¢ =——3" Cmy (1)

Z lzlmfj
A, C2 MR (L)) ERFIIACE AR [ 20 M
¥ (1)) BYRIEZ —; C a2l | 280k A% (0, j) IS
P BC BT SR m BN L AR AR (4,)) 455 B 1Y
fi ).

3 R 5738 ( Results and discussion)

3.1 Bak A B RKE AT

3 R T 2016 4F 8 H—2017 4 7 H BHkHY
R[] A2 AR A, 78 0000 30 7], £ 88 AR S5 T Y5 DX RS
rh R Bk T R MR BE Y A Al S T 102 ~ 1525
ng'm_3 ,SEYE K 520 ng'm_a.BE'if%'}{E( 1525 ng'm_3)
HEAE 2016 4F 10 7 9 H, FEIF A T 21 H K 5 7Y
AW L UL R AR 4 ) R AR B AR ( 102
ng-m”) HPLE 2015 4E 11 H 29 H, AN TS H
PRR A R R R 25 0] BBl U ISR 31 1 R T B
VEHT (75 A 2 W]\ e A1
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Fig.3 Temporal variations of BC during August 2016 to July 2017

PR O35 e BE AR 344 ~ 805 ng - m L TP,
e TR H IAE 2016 4F 10 H, SeAIR-F- X vk B2
PRAE 2017 4 5 H . fi e V- 29 B2 1 BRAE 10 ] AT e
5 LIt S LR B 1 A ) B AR R O, T L T —
FIVRY TG YA TR - B AR S A AT R
5K Z W1 AR i RGO ST
2017 4 5 A BgRE/K REGRE) T 18 d, Hirr, 2017 4F
5H 12 HF15 H 19 HPYBoK RS T 12 mm i
5 AW TFEIRGE R 1.7 mes™ AURTF 4 7, B R
OB, R SR B S T A A L I =
P ARMEFE RS R, TR 1 R Y SR B R 2
H H T KA =B E 70 5l Oy 425,536
686 F1 427 ng=m " Bk R HBWZ, & BT
BRI RE A, Hor, Bk R ROV B2 29 S A Rl & 2
B 1.6 A5 K o 2 7 28 A 32 5 2 4 %) HE s U
ARG G A KT KA AP BRSR , 7]
s R AR AR X 4%, B 7K B S R ok, o AT R 1)
TR B S i/, AT 8 G 6 v 114) PRI VA J3E . T 4% 2
SRRV BE B Y FE R PR R R B S — U T i
BT AN RTE S K 216 FE iz, 55— J7 |
o =5 A B o) J e SV e EL A v PR AR T 3R T HE Al
by DX R Al A I 2 T A8 At A 2R RURRAE , ]
TLH G HIEE T IEA& (171545, 1999; Cao et al.,2009) .
X Bk fUHR AR T, AR TR Bh AL, EE AR
TSI A GE R AN 7 BOW A BRZERS AT AR

I R K P B R 1) 2B S A, PR AR B
2T A AT BB S5 A9 XA, B A Q. S8 R 5]
P50 SR vk B2 2R AR Ak 5 — 2 db Jy T By ZR T
A AN, 32 DR A 5 3T ) A R A A
ML, KA AR ) R b8 (45 A 2= R B VR B AT 15y
FHAhZEYT( Zhao et al.,2015; Song et al.,2013) .
BRI A —H 2 A B8RS,
KT SRR T A 12,37 pgom”, i R K EAUAT
3.84 pg m( FhELELE 2011 X HESE,2011) A5
KIN, 4 Z=AEHEAR 1000 ~ 2400 m 4b A7 58 ZU 1) 5 iR
JZ, BEAR T V5 G Wy 1) B g Vg b DX A 4 8, DT, D
B R ST A 20 L Ol R I ™ L H S B R 5%
AT DX AR R ASATH B R s s ( 5K B AR A5, 1994)

Ly R FE] 5 IX R Bk S I Y H A2 46 B A 1]
b (R RO XA R AIE L 22 30 R B2 Jme PP A I L B 1
SRR SV I TE 2 b B ] 8: 00—9: 00 AT 16: 00—
19: 0047 PRI BH Sl 7y v=s DEe 0, PRS00 331 o B Y
H IS fiE] 1: 00—3: 00 F1 12: 00—13: 00. 24 4 i 7] 3: 00
T IX BB BE T Iy 1 K, YR DA AL A >4 b Ik (1]
8:00—9: 00, #R J5 FF- 44 FB&, 76 1: 00—3: 00 ik FI| %%
IRAA, Bl 5 R 25 I S W3 n, IF 7€ 16: 00—
19: O0PRFFAER B , i J Bk B M\ SR T s AN WK
R 2 A0 I (VR FZ HH I AE 8: 00—9: 00 7] HE 2 FH
T H B, N R i s, B A0 e HE A X
L= i = =R B o= (S D R B TR 77 S
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AT B THR 3 B R AR SR AV S VAR
B M EA] 16: 00—19: 00 (U4 [ 5 24 b JE R 1
TG Sh AN WA AT AR R R A, AR 5 e )
YL, SEOE YL W 1 T H 2 R 3 AR, BT LA — A
B BB M o YR — P v T S IS A T
1:00—3: 00, 7] {5 7 [|) 4 2> 1) N Ry 3% sl A5 5% 7
12: 00—13: 00 H{ B4, 32 2 J5t PR 48 e 1) KU &)
TG Y B 5, LI F SR A T A X — i B
A B ( Babu et al.,2002) . H [a]( 8: 00—20: 00)

BETEIVREE N 539 ng-m LW 5 T A ( 20: 00—k
H 8:00) [1Y) 496 ng- m” 2 A HE AR N E S
[F) 3 18 1 3 b H N

F 1 IR T ER S W I ity A5 PR AR VAR, WL
1) L2 45 AR 5 90 DX R A V8 T ) ok 3 B R IR R
2R T FRIVARTS DX AW 0 3, A S e T 2 b DX Ak T A
XTI B RS A 5 i J8 s DX A i ) AH L, 5
AR FE R DX PR 32 4 22 HE IR S ), SRR R BE AT Ak T
e RS

R1 Ao N BERRE

Table 1 BC concentration in some regional background monitoring stations
, NN . . SRR R/ o
ik, TS ST VB T s (g 2R
te}
B atdbAp ZBIX 2015 4 1—10 A AE-33 2524 Y G2, 2016
HHIHOG ZRIX 2009 4F 10—12 A AE31 2300 X 18145, 2012
Hit A ZRIX 2007 4 1 A—2009 4 8 A AE31 1568 TkFEA 2011
i AR RIX. 2007 4 12 H—2008 4E 11 A AE31 1700 M FHBRSE,2011
e T+ ZBIX 2008 4F 11 H—20124E7 A AE-31 2200 TkEE5 2015
WL % RBIX. 2000 4F 8 —2001 4F 2 A AE-31 1440~7510 ZEth) 45,2001
HUFLHE X 2 1 (X 1996—2000 4 AE31 56~ 660 Z 25,2001
Hlt 0s IR 2006 4F- 4—5 H AE31 1890 1 T4, 2008
PR ARG, i 7 1l [X. 2010 4F 10 J§—2014 4F 10 A AE-31 74 Zhang et al.,2017
HA A% LV B 2 1 [X. 2009 4£ 5 A—2011 43 A AE-31 18~72 Zhao et al.,2012
FrImsE IR A7 Hh X 2009 4 11 —2010 4£ 9 A AE-6 133 Zhu et al. 2017
PR 1 P X 2012 4F 11 H—2013 4E 6 A AE31 276 Wang et al.,2016
[iE e R0) 37 b IX. 2012 4% 11 —2013 4 6 A AE31 413 Wang et al.,2012
32 BRAKKE i
N - 20%
A JECUR B 2 48 i Ml DX R A FR IR v B g i i %=

ATRA I IG WM L BEAS ST i e — RUBE X3k py Ak
TSR A RIS I T 18 o0 1) AR B KT, AR S
LT 248 F ey 14U R 8 A Sy iz b DX A IS VR JBE (2
T 45,2001) . [&] 4 Sy 58 AR S5 ] Y5 X P L0 75 5]
[ 4 A ZR7T BRI R AR 238 43 A Tl ORI 3l o5 PR Ak 11
AN B AE 2 2 ZE AR R 43 ) R 253,271 M
290 ng-m*, M4 ZEAN A 162 ng-m ™, 55 AR B 1)
T AR — 3 R E R AL

33 AZETMEHKENTH

330 RUr Ar Rk KU XL ) T R R R IR SRR
WRER A EZ N . & S B 17 0000 A ] 28K
FEI YR X A /N B v 8 5 g /0N i XU A XL ] )
KFHrp ARG BE A A 8h A G 3 L ) 3T
T Ak XU IR [ 540 24 K /N T 2 mesT R, SRR
1) ST 3570 3 P S A v 33X 45 0 A1 R S B A 22 1
PR YRR T 2 mes™ B, BRARVE T
BRRRR. M XGE KT 4 mes™ B, AR T RE 25 5 B
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Fig.4 Frequency distributions of BC concentration in the four
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Fig.5 The relationship of average BC concentration and winds during the study period
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Fig.6  The variation of BC concentration and precipitations during the study period
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BN SRR 1A S5 (IR AE 8 B /K 1R 24 K R 5 Bl
I A HE RS , W BT iR A8 K, HAB M8 #2382 H IE
HRANEOUT BB V- 40 B AR TR, R AT
AR TR R e 25 X6 SR SO I () DRV T i
LR R A I B fe vl B R 52 )1 24 vk B B G
A i TR A T B TR J ST e 2 P ().
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Fig.7 The relationship of BC concentration and temperature ,relative humidity

3.4 BB RIFEAAT

AE31 B AA 7 AU B, 435k 370,470,
520,590,660 .880.950 nm , 1| FH 4% 1% BT (1) B2 fi
WRIEAE, 455 LAUR 22 30nT RLTHEE 2% i Box Bz 8 il
e 2% ( Coen et al.,2010) :

[BC]x14625%107°

a()= T (2)

A, [BCIA BC I a(A) IR EG R AL

BB 1E 2 K0, T FORE ) iy 28 ek 8 5 | S Y

ASCER M L, DAL R AR AT B B s 572 Ak, i Bl

B 15 € 2 i SR AR AN B OGTR BT RE Y , 3k HEL
{H 4 2.14( Weingartner et al.,2003) .

PR MAE Z( AAE) Al LIR30 A % e Y
RERE, B P ARRIP (A A,) FIL
FHH LU AP P ER Y A8 S35 4

alA) A (3)
al Ay) A,
A, a(A) FoRMCREL A F AL TR AR

It A AR ATARIZ A K ) AAE fH:
AAE(A A,) = Ina( A,) ~Ina( A,) (%)

e InA,=InA,
AT R, 2 BBk R U T A ) B be
i, AAE B2 2; T 24 2Rk S 2RI T A AREHY
HEJL BE, AAE {f 29 5 1 ( Russell et al., 2010;
Kirchstetter et al., 2004; Sandradewi et al.,2008) .74s
SCHIAT LG BE 470 nm 660 nm 535 4 i I LA
FHCTE7TOWDIEE S H AP AAE {8, 355 501 AAE
EEALE FIAE 0.64 ~ 1.94 Z Ja], SFHE (1.2
0.26) . tn &l 8 fir 7,2 Ay AAE fH &, i3 T
1.51,8 JJ 1y AAE {HRAIK, 7y 0.82, /04 8 AFI9 A
9 AAE fIT 1 H o L ZRRIRK SRR AAE (H4E0T 1,
S350 1.01 F1 1.03; £ Z=MFZFER AAE & T 1,
30 1.44 001,32, (KL, B 2= Rk 2= R 1) R I
IR RA G g 3, T 4 Z= TN 2, A W) o A
Peoxt ATk Gl BT A DR A i b W], Rk ]
RETR & 1 HA I, i R L ( BrC) (B R ER
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IR U AW A, 453 AAE {H 3 K ( Chung
et al.,2012) EEPR L HEWT, (LA #ERHOHEROR 5 &
ARSI DX R Y T2 BRI (HAE & TR TR Y)
JRHRIERT B 1 DT RR R AL

1.6

1.4_—7_77— 7

1 2 3 4 5 6 7 8 9 10 11 12
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Fig.8 Monthly variation of AAE during the study period

3.5 EBHEARESN

TR B R SR YA DX PR Bl U RS Y AT RE
fekiigte , AR SCR ) NOAA $4Lf) HYSPLIT4 55X
T T 5 & K 350 I8 IR FE 3 1) i A< 3
( Draxler et al.,1998) , M Al Lliz ] T AR A9 9
IR A i S5 D T A2 U LR AL 3 AT A AR

ST AL, SR IR 22 290 20% 115
R 2 8 5 3k B T GDAS ( Global Data
Assimilation System) $&4L {25 [B] 70 HEFR R 1°x 1° 1)
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Fig.9 Cluster-mean 5-day backward air-mass trajectories calculated by the HYSPLIT model including the percentages of each cluster trajectories

during spring, summer, autumn and winter
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