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Experimental analysis on sources and pollution characteristics of black carbon
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Abstract: To understand the sources and pollution characteristics of black carbon (BC) aerosols in metropolitan
areas, the mass concentration and meteorological parameters of BC, PM, <, and other pollutants in Shanghai urban
areas in 2014 were experimentally studied. Relevant parameters were obtained to evaluate BC pollution
characteristics, source distribution, and effects on atmospheric extinction in Shanghai urban area. Results show that
the mass concentration of BC had typical diurnal double-peak variations, and the annual average value reached
(3.11 £2.40) ng/ m’. The mass concentration of BC also showed an obvious seasonal variation trend that the
value was high in winter ((3.82 +3.32) pug/m’) and low in summer ( (2.56 +1.37) pg/m’). In addition, it
had a good correlation with PM, 5, and the ratio of BC/PM, swas the highest in autumn (7.37% ). The value of
BC absorption coefficient was (44.8 +31.8) Mm ™', and the ratio of absorption in extinction was 14.9% . Low
wind speed, low rain frequency, and low temperature conditions were not conducive to the diffusion, transmission,
and settlement of BC. Besides, it was found that the transmission in the north and northwest areas of Shanghai had
a great influence on the mass concentration of BC, and the pollution trajectories of different air mass types
accounted for the seasonal differences of BC concentration, indicating that the pollution of BC aerosols is the result
of both local emission sources and external transmission.
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Tab. 1 Average values of BC mass concentration and BC/PM, ,

ratio in different seasons
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Fig. 1~ Monthly variation of BC mass concentration and BC/
PM, ; ratio in Shanghai urban area
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Fig.2 Diurnal variation of BC mass concentration in Shanghai
urban area in different seasons

YL 0 ) B H I A (3. 11 £2.40) pg/m”,
SR (Y X0 AR AR SR Z T AR S5 P 2 |
RHE R b ST S A — B, SRR
WOKF- 5 AR AT H AT, 117 BB R S8
A5 B HE R AN R] , WAL 3 B TR) A5 BT A [
2.2 EmSBARSEMBSEIHXR

3 S BRI S PM, 5, €O S0, \NO, {55
Pty F 5 (B 5T o k8 1 A TR TR A AL
PM, S OREH 1) B S0 AR, PR, — 5 A DGR 8%
B3 XA CHERECH 0.74. Ap(BC)/Ap(PM, )
SHO. 048, 1% AH 5 TR st ALy 0. 0225 AT BE 5
oI5 RIE R IE AR . BERSIEIR S CO,
SO, FAH I R E 539 0. 75 F10. 68, 7] I €O, SO,
5 PR e 32 8 40 R U 2 RV T, I 2 R
B S TRE AT CO KR AT ER AL A BRHRI A= ) ST RR R A 6
FEA TS [ 2545 4 95 e 4 78 1 R M 3
MLEATE] Ap(BC)/Ap(CO) LA 0.003 1,3 5 T F
FHY0.001°" | EH A 0.002 91 Bk i SO,
FEHORAE T LI 5 PG R 5 A T XAk A AR Y 4R
e, % BBk V5 G A STk, T H. Ap (BC)/Ap (S0,)
2 TRV ZET R 1) 5 0 AT AN ). B R NO, (1% 48
KFBER 0.79, 3 I8 PR A LI o57 B3 — % 3 ] 1) o
U5, BRI HE R 2 5 2R AR NO, 5 i ik i
PAEN
2.3 WRKUREBXASHEXIERNZT

RISV RN A B i S LA A e 1 R R
il J B YR 2 ) 28 bt 2 5 T S R0 A B I s
A FH T S0 B DL 4 . SO 34 e 96 i 9k 1X
TR ( FRRR I ISR B LA ) IR o,
A HAS L R 25. 1 ~ 179. 1 Mm ™', 4F B {3k
(44.8 £31.8)Mm ™' & B Bk & 4 DFPRILER
Ay Sk (47.5 = 31.8), (37.5 + 18. 2),
(40.3 £24.8)F1(54. 1 +44.0)Mm ™', [P &7 >
%> > B I EFWIRBCSHSOE%
MASAY (35. 8 £10.5) Mm ™' FEAAH] ], & F= 0 &
HINAH(42.3 £17.7)Mm ™" K] 4 th o, 1AL
Y o,/ 0 ANE UL R O T DG R AL
A TUBRME AN RE 58 42 S e AR A R UL 45 [R] 4%
HITHE R o, JEAEE Y 228.9 ~663.4 Mm ™'
AEBIENA 339.7 Mm ™' WY I o, /0, 1 H 7S
LG RN 2.0% ~33.8% ,F-3{E Hy 14. 9% . 5 At
T P, R R B S TH O R B TR
W1 (2910% )RR HEAZE(£910.2% ) 7 TP
LRI (2924% ) TN (4 19% ) P o, 7E12 H
(IR SR (67. 42 Mm ™), i /MEHBLAE 9 A
(35.82 Mm ") , i o,/0 . WA T BLAE 10 1
(18.3% ) A EHBIAE L A5 (8.2% ). Hh,2 Ay



511 3 228, A RO I DX RRAR R A U S TS e - 57

o, FFEU G, ) 58.16 Mm ™' T[] 36. 78 Mm ™',
FER iz A oK %, BB ot i vk BE PR TR 1Y
YERT T ke, Wi o, /o A5A ETH, R o, TR
R R B 2R KM R i ih RR &M, o, TR
F¥1E37.26 Mm ™' 247 B o, /0 o DA 13.12 Mm ™

12
~ 9
g
2
< 6r
=
B
a 3T
0 50 100 150 200 250
PM, /(ug'm?)
(a) PM,
127 .
L]
= 9
g
oD
S |
X 6
=
B
a 3
0
p(SO,)/(ng'm™)
(c) SO,

EFHE14.68 Mm ™" X AT BB R Ay UKL BUR TS 2
FHRT I EE 2 MRV, A i 9 T A B T IR 2 70 T
TS S INTE:) I IR B (I L0y | S
TEANE T ARV M DX, T 25 2 1) K R A 1 £
2 A2 S EOW AR PRI 6V F AR

127
~ 9
g
2
< 6f
B
B
S

0 50 100 150 200

p(CO)/(ngm?)
(b) CO

127 .
".‘.E 9 |
on
=
g o
B
QU

Nt

0 100 200 300

p(NO )/ (pg'm)
(d) NO,

3 EmSFRSEMTEY BHERERENBEXE

Fig.3 Correlation between daily average mass concentration of BC and other pollutants

807 o gl Re—er MR H MY, |2
70t ; ! ! \/ﬁ ;s
i} : == . =
E ol /\/'/B 3 / N&
= : : SR
k) / 10 5
4 1 ~
§ 50 A ;’l ﬁ
= 4ol LY B R R
o T K g B
30 Zz L F L F L F 0
1 23 4567 8 9101112

A&
B4 TUNEAE R R AR R R R L R AL ER R T

Fig.4  Monthly variation of absorption coefficient and ratio of
absorption coefficient to extinction coefficient during
observation

2.4 SEEHMERRERENM

TR 00 2= AR AL T2 A S YL IR HE R FE RIS
R AL K5 45T BRI EE R4 I
T HAR R &7 Ll BB, BABE R I 55475 B0
w2 W, BLBh AR B RCR B TR
75 YW HECR B G HEBR 2 A KR Bk i

M), b A 53 2 R A% 2 PR ot R R o 3R 32 R R X i
JE AR A, MR BE 5 v i, 5 A s R 3 i
TG 2 1 i LA 2 1 IR TR B, AT K 17 3R B . ) 7
HATE IR SIS Y HUE 132 3
R AR R P R R R A S, SR
e SR IS T L7 1) 7 RIS o i s BRI B 72 4
XA ) T AR AT R e AV I e R

ENGESE T35 AR SOl E RS BEES
AR, MHFEFMEABERGEKT 5 m/s I, B0 =
WP R AR 5, (H 2 XU AE 3 m/s DL, S a5 i
Ve AR R SR s R s TS ey
B BN, 75 T T G R /N LR o e
ARG SES 743 A5, AT LAFRASAS [F) AU T 2
Jo TR B AT S E, Y R 0,1,2,3,4,5,6 m/s
I, SR v B 4y )y 5. 9,4.8,3.7,3.0,2. 5,
2.4,2.3 pg/m’ , KT 6 m/s R T BRHR TRk B Ny
2.2 pg/m’. KUK B — @ RS, SRR TR
EREAS M B TR, B T
PR 25, TR) 4 37 I 8 ¥ e Y ) B Al 2 i A%



- 58 - MR

N
s

4

PN S

i 552 %

St ofe , N, AR B e JEE R XU 2 [ AT A Jek 114
FHOEAE. P, AT AP XA T S5 m/s I, R
o e JBE 5 XL S A A A SRR S M SG R e R
YRR B, PR T 3 52 O A R
HERCIR Y 520 5 WAL, 2 KUK TS m/s B, AR Jo
R R R 32 SRy i PR HE TS JEE S A A, 52 T LYK
ZEFAI B 5 A ok AL i SL TR A9 A T, X 45 R TR 78
AR 53
2.5 BREHH

k2 T i LI Y TR) PR A R Ak i

& ASHIE R A ) 2905 A X A 5 [ (] R A 455 T 41
T ARG GORE, S5 6 DU ZE R A 1 T R R B, X
UK 2014 A ) R 6 BRI TR,
R WA E B (1) SR AL i BR AR S B WL 48 1)
JUEAA, IFE56 S A, a4 26
P16 435l 265 T AN [) 252745 R 7 P e o o e B ) 2R 2%
B, 42 2 o TR 22 & 2300 b BT A
oA, DL B e b B e s I 1) -2 ot et vk
FIbRIE2E.

---BE — #HEE — BC ----- HE
40 - -100
J
o 30 L 80 x
= i 60 2
o VAN b
40 oy
20 %
1 ! 1 1 1 0
o
g %
5 :
3 g
< =
=
@) =
Q X
&
5 BHRSBRRFESZSHEMAMETK
Fig.5 Daily variation of BC and major meteorological factors
N N )
soon | A A~ G y
T 40°N |- s LR P
Cluster 3(26.93 %) ~2 2 7 Y A Y o
= — ~ T Ly
Cluster 3(24.57 %)
- 5 . S o,
40°N ‘ Cluster 1(33.97 %)
i A
PR Cluster 2(32.52 %) | 30N o «
“ A A SO A . :
Cluster1(27.25 %) Cluster 43057977 Shanghal
30°N Shanghai A L A
Py Cluster2(20.94/%)
1 Cluster 4(13.31 %) [ 4 e
L2 ol e
20°N A
z, o y
)‘»5“'4"' ~
100°E 110°E 120°E 130°E 140°E  100°E 110°E 120°E 130°E
@ FF by EZF
N N
50°N A .
A ¥ 50°N “ | §
Cluster 3(35.70 %)
SR " Cluster 1(33.24 %)’ g
40°N e AN
WL VLa 40°N G X
Clubtér4(18.55%) iy
S — S Cluster 2(13.51 %) G
30°N o 0 N St T8
. RN e o « Cluster 4(17.55 % s, i
L Chaster 29.50 %) AU A AT fsmnghal
: / - . ,a
S A e
20°N X gl
100°E 110°E 120°E 130°E 90°E 100°E 110°E 120°E 130°E
(c) KZFE () XF

55 BT SR BT A T B A3 L
El6 MEREHET2 h HFEEE

Fig.6 72-h backward trajectories of each trajectory cluster in different seasons



511 3

228, A RO I DX RRAR R A U S TS e - 59 -

R2 204 FLEBTARETRRRERENTREERNICARIT

Tab.2 Summary of BC mass concentration of different trajectory clusters in Shanghai in different seasons in 2014
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