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3. EEREARGTE, 6T, 100029 )

W OE N TR R HEE I X RS AN UR Y B 1R A S B KO RISV, T 2017 4F 7 H A AR i
Wb E T ORI A, RE PMys FE G T HOER L (TOR) , MI5E PM,s ALK (OC)
MICEE (EC) MM 15 Y45AE; FIFH OC/EC HMEE . AHSE M7 ik RNk BE = B 3 45 0 K/
SURE 0 o W 2H 43 0% T BE R VR SRR AT e T S5 SRR, W I I [ IR U BT X PM,s 9O X BT R R A
84.65 ngm>, HTEFR _HRERME (75 ngm™) , HeH, OCFI EC B F35% B 4351 R 21.03 pgrm™
8.12 pg'm”, 45 PM, 5 Y 26.2% Fll 9.9%. AN IRFFFTAEA OC/EC LLfHAE 2.07—3.53, F-¥I{H N 2.66, FI
M XA EW RN O RIE g, KA (SOC) &/~ 423 pgm™, &5 OC % 20.1%; XF OC,
EC #EATHHEME T, 45 oR, PEMEME&L (R=0.776, P<0.01) , HAILFEM—UORIE; HTHk
FEFEBEVEXT PM, s 1 8 PR AL /MR BESEA T A0 AT % EL, 235 SR 08 /% Y 8 S0 B0k 0 HR B9 Tk 2 43 5 R TR BL
SAHETRI R, B3R IR TR RRIE f 47 2.

G REEIEEHIX, PM,s, SIS, SRR,

Characterization of Carbonaceous Aerosols at Binhai District, China

WANG Zhiyong' XUE Dan* JIA Hongyan® LIU Jing*
MAO Tianyu' SONG Shanjun’ LI Penghui® ™

(1. Tianjin Research Institute for Water Transport Engineering, Tianjin, 300456, China; 2. School of Environmental Science and
Safety Engineering, Tianjin University of Technology, Tianjin, 300384, China; 3. National Institute of Metrology, China,
Beijing, 100029, China)

Abstract To understand the concentration and source characteristics of carbonaceous aerosols in
Tianjin Binhai district, fine particle was collected in Dongjiang logistics park. OC and EC
concentrations were analyzed by the IMPROVE thermal/optical reflectance (TOR) protocol. And
emission sources of carbonaceous species were analyzed based on OC/EC ratio, pollutant
concentration and correlation results. During the observation campaign, the average concentration of
PM, s was 84.65 ug'm, higher than the Class 2 of PM, 5 standard (75 pg'm?) in China. The average
concentrations of organic carbon (OC) and element carbon (EC) in PM, 5 were 21.03 ug'm~, and
8.12 ug'm™, accounting for 26.2% and 9.9% of particulate mass, respectively. The OC/EC ratios
varied from 2.07—3.53, with an average value of 2.66, indicating the contribution of secondary

pollution in Binhai District. Secondary organic carbon (SOC) calculated based on minimum OC/EC
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ratio method was 4.23 ug'm™, accounting for 20.1% of OC. OC and EC were well related with each
other (R=0.776, P<0.01), indicating they shared common emission sources. Based on the analysis of
eight carbon fraction concentrations, vehicle emission was the predominant source of carbonaceous
aerosols in Binhai District, while coal combustion and road dust had less contribution.

Keywords Tianjin Binhai district, PM, s, carbonaceous aerosols, source apportionment.

RABURL ) (PM) 23 [ R SER B P 19 1 2835 ey, AR 22 432 b X HETCRE il i 52 M i 22 4. 7
TURE B 28l7 AL~ o v, i I TR e L P i A R o, — T o R RV FEE 1Y 10%—T70%, (1 5 A AL
B (OC) FITC Bk (EC) PITR >, EC F2 2 th WA G 2 i A2 B HEHR0™ 2R, OC BRAL & 15 YL I B HEHR ™ 2E
(18— WA LB (POC) , AL 75 F SORLAS £k )™ AR 1 Z A HLER (SOC) M. H 9 e i s B 8 % S Ak A8
b, BRETPA S AR AR AR RS, 2 B TR BRSO L BT N B B R R IR
R4 SOC TTHRAF A AT, (H 2 X SUAIF 5T 35 B v e A TR Sl Tl i DX, JH Al b XX 450K ) (PM, 5) 28017
B L A FRAE AR SEATAFAEAN S, [l SOC ¥R BE FAk AU UL o2 AT 75 1A 71,

AUTAFA, T R IUR A5 G B i M9 L ¥ e e A8 D S5 B s g, 7 R RO HEION TR UL
Y1) Tk 5, PML BT Qe RR AR e A 5 S 4 A8 A1, ASBIR T A K T T TR X BB R AR AT, 0 B
PM, 5 20T 5 Bk R I A VA B R AR FIOR T 58 T X A2 WL 3l 4 2 ORI R R SRS 0 B2 o e 5, DA
RATREEAZALXT SOC W BE K- 5. BIF 5T 45 2 Sy B X IR URUARE ) 28ty e 41 20 B A, R
SOC A AL, il 7 FUAE 9y 775 T 47 i BEORE S 6 AH 5C i) R IF 5 S FF

1 M5 7 (Materials and methods)

1.1 SREEH S S RE SR

AMFGET 2017 45 7 H A5 I V8T DX AR BT 9 0 O el 1 e 0K 40 SR A a5, Bl DX TAT AR 24 0.72 kn?,
SKRE AR e O 7 B AL SR AR, TR GBS . 3% X Bk Tl HE R A D, 2 L3 45 R SR ARHEL
PR M 25 Ay S 2. o7 ) ] R AT K SR A 2 R A PML, s A . SR T ) R AR i, SR AE B
[ 24 23 h( L j= 9:00 =X H 8:00), RAEFRZITH &R 2.3 L-h', B KK PMys AES 1A, HOREF
PM, s B 15 A (FFEATREAR 1A, 25 FRRAR 24 ) . SRAFEINI ] S Kt 4 AF S A, SF 349 28.1 °C,
AH X Y5 ] 25%—95%, -2 XU 2.44 m-s.
1.2 HEaa T

FE S0 HT SR FH 25 E VD BEBF 3 BT 1 B DRI Model 2001A #OGHRAM T, FFHHOE 52 51 (TOR ) 43
Bk s o OC. BC R B2 KT K H 5 ik 41 3 2 ot et vk 3. LD B2 7 T UM 21 He 5544, B0k b
1A FLIK 2= 7E 140, 280, 480, 580 °C T 43 7l 4% & Ji £ A Ak S8 AL 4P S 1z, A2 B CO, 1Y 25 1 43 il % g
OC 1ty 4 -4l 41, B OC1, OC2, OC3., OC4, SR J5 F-HF % e i E & A1 2% (KB40 50) O, 1) He SRR T, 41
ST 580, 740, 840 °C IR E T & A I, Ak W, CO, 1Y 45 54 9%k EC 1 3 4~414y, Bl EC1., EC2,
EC3. L LA B BT A= i ) — S Ak, 7638 B v 28 — SR AR AL B8 R CHLG, P9 1R KO0 B ks
W25 (FID) #4722 A . 78 T8I M BREE T, 543 OC #% 748 g 24 fi@ i (OPC) , i FH| 633 nm Y He-
Ne BOGRUFAE S, ATEI OPC Y AR i IR B G s 1 A8 Ak 48 7 i EC AR Y E I 5, DA T M 4
& OC HI EC H 43125 4519,

A% IMPROVE 43 33, #5 OC, EC 435 5%E X H: OC=0C1+0C2+0C3+0C4+0OPC, EC= EC1+EC2+
EC3-OPC.
1.3 BT AE

TESPHTRE ST, RHRE S b BEATHERS , T He/CH, A HE SRR R 4025 A FEAT IR, & A 70 Bk
(6] HEAT— UCTAT PR B, B4R 0 T iR 25 /N T 10%. KE 525 1 g R RERE 532 S it B2 19 25 1 08 s gk A7
WAL 5> 53 0T, S BT SR AR AG H PR
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2 ZEE 550 (Results and discussion)

21 PMys KOHAHE Fr R SN R

L9111, MR 52T IR IR M,y 5 ik % FCARAS IR AL S 0 TV AR 9 - 1. 250
5% IO 22 K PN, P44 LRI 0 84.65 o, 0 T E 508 (FR b5 U BB fE ) (GB
3095—2012) FALE ) PMy 5 24 h 349 BB — SUBRIEREL (75 pgem ™). Jo, OC #9349 Bt g
9 21.03 pg-m™, EC A9-F- 3 i W S 8.12 pgm™, 45 (5 PM, s & fHAY 26.2%. 9.9%, TC(OC 5 EC Z
F) -4 VR B 29.15 ngrm >, (5 PM, 5 19 36.0%; OC [ VR 2 EC 119 2.59 %, i TC & =11 72%.

&1 PM,sH TC, OC, EC & (pgm™) LH & 1
Table 1 The concentration (ug-m ) and proportion of TC, OC and EC in PM, s

PM, 5 TC ocC EC TC/PM, 5 OC/PM, 5 EC/PM, 5
WL 84.65 29.15 21.03 8.12 36.00% 26.20% 9.90%
H/ME 30.74 15.60 11.39 4.06 16.80% 12.30% 4.50%
YN ] 92.65 44.00 33.81 1231 59.80% 46.60% 14.40%

B AT AL 45 R 55 3T 10 48 [ Py HA X (3R 2) A4 B (E AR LU, 858 BoRIRIERT X OC & &
PURTHEK, & FAbat, Bl 55 iRICAET, EC R T &, (H T HAB T ; OC/PM, s RIE S
P M DA T, (H S e T Al kT, EC/PM, s RS T 0 L B a0, i T AR UL 5 R
X 2016 4F A9 BOHE AH LE , TR X 7R 36 P B 2% 3 BROKSF B9 5 i T IX, OC & S Al 22 ok, i XY
2.8 f,

F2 AT PM, s KH OC. EC. OC/EC %f It
Table 2 Comparison of OC, EC and OC/EC in different cities

I Site SKAfHT ] Sampling period PM, 5/(pg'm™) OC/(pg'm™) OC/PM, 5 EC/(pg'm™) EC/PM, 5
Jb 2014.6—2014.7 69.0£47.9 10.9143.95 15.8% 1.67+0.64 2.4%
g 2009.7 58.87+20.04 11.37+4.12 19.3% 3.68+1.27 6.3%
e 2010.1—2011.1 115.12 16.98+10.31 14.75% 5.81+2.82 5.05%
o 2011.7—2012.2 127+48.7 19.4+10.5 15.3% 2.9+1.48 2.3%
m 2007.6—2008.5 98.8 15.7 15.9% 10.4 10.5%
JTHuA 2008.7 53.7423.2 14.0+5.6 26.1% 474222 10.1%
M 2012.3—2013.2 125.5£62.9 27.1 21.6% 7.01 6.72%

K X4 2016.8—2016.9 64.10 7.543 11.7% 4.0+1.8 6.1%

ARG 2017.7 84.65 21.03 26.2% 8.12 9.9%

S R B (TCA) & 38 KA W) R B ik 4 4. IR B 23 KPR Y v 1) 8 A P14 (organic matter,
OM) % 13l 7 F OC HeAb i) OM Ak, H ik, B N ARATSE 2 DA 2 O 3 TCA By &0

TCA =1.60C+EC

(D

PE 5, RIAEHT X TCA f 3 0 41.76 pg-m>, (5 PM, 5 A4 49.3%, 156 BH ik Jo 05 I8 2 08 10 7 IX.

AT e 1) B B2 R
2.2 IRA MR

#E E N AMITSE Hh, OC/EC e B B (B3 5 B A by J2 AW — A AILBR 2B I K35, Chow 28 AIFFT AN,
24 OC/EC >2 B AT A AE7E R i5 Gels), ARWF 5 AE i 9 OC/EC LUAEAE 2.07—3.53 [1], “F-H4{H H 2.66, i
FF S VI DX A A B S P R Btk D R 5 At 3k T A 5 45 R AH L (3R 3), BB X OC/EC WL /&5 T R
5t RHETT R A, T A T



1874 B78 5% 1t 2 40 %

£ 3 AFPLTT OC/EC X Lt
Table 3 OC/EC ratios observed in different cities

P I O N ST TR JARHKT B
Site Beijing Shanghai Jinan Wuhan Nanjing Guangzhou Chongging Tianjin This study
OC/EC 7.6 32 2.9 6.7 1.5 3 3.4 1.9 2.66

FH T H R I B R R AR v A LR 1 ik, B AMIIERY 2 R B OC/EC 7 5 L
18 % — WA HURR IR BE 7K O R4 T 2 3R 17, Castro™ Fll Turpin!™ BFFYEE 1 T 28 A2, HAGE AR
wr

SOC = OC,,c — EC X (OC/EC),y;» ©))

Hrr, SOC— AP S i (pgm ™) ; OCoe— A WLk & it (ug'm™); EC—IT &k (ug'm ™) ; (OC/EC) pin—
Wi 3 18] OC/EC FiF Wt 2] ) fe /s FE AR, TG H 49 SR RE I 1], OC/EC 1Y fe /N FL A 2.07, #5352,
SOC 4 4.23 pg'm™>, {5 OC 11 20.1%.

XFF SOC MYTE AL — B2 5T A RS, B 5% 28 B R SRR I 2 B2 /K F- T BB X SOC 1 A il ™ A=
52 M U AR i 9 Al o Wi B R RE I TR) R ROER 8 A R L B E £ B, 12 ] Extended AIM Aerosol
Thermodynamics Model K TCHL I 7 2 AR TS8R AT o5 0L 9 1 1 38 /KT g FH B SE 3 43 4 (SPSS
22.0) X ¥ H7 X KB Y SOC 5 R B B AT AH G HE A3 BT, R M IRIMHC R, S | R | >
0.8 IF, ] LATA Sy W 7225 1 18] 25 5 AH 065 0.8> | R | >0.5 I, 0] LLIA K WG 2% & rh 8 AH OG5 0.5> | R | 0.3 |,
AT AR AR EEAH G, | R | <0.3 U8B AH SC R B2 55, JEAR A SC2. 45 R Kl 1 fiR, SOC F it 5
1% B A W 2 1 97 A O (R=-0.802, P<0.01), iX 5 Li 552" FE X Jri Ll 5 2= K ASURE ) 1) B 90 245 SR AH I .
Li %0 () F 58 26 B, T 32 5% 0 2 i Ak S 0L 9 B2 I, SOC 1Y vk 8 748 1k 5 g i 52t 38 1 A OG5 AR i
Peltier 451 1 Rengarajan 55" 7E Atlanta F1E[J 3 P4 2 2= 9 52 45 SRR W1, o T 2 2 R ORY) 2 1R
S R W B, BRBEXT SOC Y AR %A 38 bk, bR BIFFT 45 R 1Y 22 5 ] fig 32 1) HoAt D g s i, 497)
W, 7 A A S5 A G R B, SOC 1Y B i 7F — i AR 1Az AU | AT R R G 1 3 2 R 2R R R
X B[R 2 AT BE AR — R AL [RIVEH T SOC A= sl 4. IR BLAE Ji B2 o8 v, B T % IR KRR, 2t
LEL P IRR M ARTRIXT SOC JE AL A1 52 .
2.3 ERAIE R IE ST

Turpin A FEIA Ry, AL A H (04 AH DA A 902 XoF Bl Jo A=V e A4 7 A 5L A ATy 1) i AR FR ). H
Tl & N AR R OC 5 EC Y AH MR X 25 7 ke 41 43 19 R I8 28 47 30 DL 7k 43 A, 38 i iF 52 OC.
EC ¥ B2 7K V- A AH S, AT LA DX 43 JS0RE ) F e SBT3 HC 118 > 5250, 2 SR 5 () A DG MR e i, R W HLAF A
ARRN S — S 5 YRR (H5 PR A 3 A OC R UH. OC/EC (B I sl K, X AT RS2 R R 2 B 241
RG2S 80 (SPSS 22.0) WHEETEFT X PM, 5 H OC. BC #FATAHICHE 1T, K] 2 A
WA CHE BT I, R=0.776(P<0.01), FREHEEREHT X PM, s 1 OC., EC ARG, HA IR HEBORE.

121 12

R=-0.802

R=0.776

OC concentration/(pg-m ™)

SOC concentration/(ug-m>)
(=)}
T

1 LN 1 1 1 1 1 1 1 1 1 1 1 |
10 12 14 16 18 20 22 24 26 28 30 32 34
EC concentration/(ug-m™>)

I I ! L L I - 1
0 50 100 150 200 250 300
H" concentration/(nmol-L™")
1 SOC S A B2 OC. EC XM
Fig.2 The correlation between OC and EC

Fig.1 The correlation between SOC and acidity
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T R AUWORY) PM, s 8 NBi4H 73 1Y & 281 T3¢ 4. th 3k 4 n] L, OC., EC &k 4153 HEFN T 2 -
EC1>0C2>0C3>0PC>0C4>0C1>EC2>EC3, H:H, EC1 iy & &t fe i, A 12.30 pg'm 3 OC2, OC3 1) 7% it
K2, 530l h 5.29 pg-m™ il 5.01 ug-m>; EC2, EC3 Ay & i fik, YA L 0.5 pg'm2, 23054 0.45 pgrm™
F10.08 pg'm™.

&4 OC,ECHEA/EH(pgm?)
Table 4 The concentration of individual OC and EC compound (ug-m™)

ocl1 0oc2 0C3 0C4 EC1 EC2 EC3 OPC
FHE 1.74 5.29 5.01 429 12.30 0.45 0.08 4.70
w/ME 0.63 3.13 3.12 2.44 4.68 0.00 0.00 1.63
wKME 3.07 7.29 6.74 6.68 19.85 1.00 0.44 10.15

FHXAFFRFEH, OC., EC 1 8 Fifik ] 7 AC3R 1T AR A HERCIR, 45 20 5 & s i R/ T U — e R B
AR RAZ ORI ) B R o, OCT F OC2 J3 il 2 25 Wy o A B8 15t ) AR A0 2H 3 FR R JE U HIE ke ) AR A 2
43, BC1 R HLEN ZE 5 HE A R AE 26 43, EC2 1 BC3 W 2 AE 5 v 25 HE R B FRAE 20 43, b TS [) o5
el FHAS [R) 77 3k 45 VR At B 1080 4 5 20 8, S [A] SRR XS OC3. OC4 Fil OPC 1Y 2K IR 73 25 4 Ut I 2=, OC3 1l
OC4 A RE R ML =M HEAL « AR HE B Bl 18 B4 R AR IR 2 43, OPC Al RE 2 A= W) Bk e I sl 4 AL
Bl A2 PN HE B R AE 2 72N MR e 4 B S B I BT X 8 B 4 43 1 2, U BH R I KA UBORL Y
PM, 5 il B 28 43 £ 2R IR A LSl ZEHEOR a2 S, 380 R IR TR R B4 40

3 %58 (Conclusion)

(1) W I 1a] , R I 8T IX KR PM, s Y TCA B i PM, 5 4 49.3%, PM, 5 1F- 34 5 2 ok 8
g 84.65 pg-m, B T (FREE 23 ST R AR ME ) (GB 3095—2012) F PM, 5 1Y 24 h -2 i e — 2 brifis
FEAE (75 pg'm™); OC B FRIF IR HN 21.03 pg'm>, 5 PM, 5 14 26.2%; EC (P34 it B4 8.12 pg'm ™,
17 PM, 5 1) 9.9%.

(2)OC/EC FHIE N 2.66, ZHIXAFAE IR I5%, it OC/EC fi/M U H L4545 H SOC 4 4.23 pg'm,
i OC 119 20.1%; SOC ¥ BE 7KV 5 KAR B 42 i 35 TAH G,

(3) )3 FHAH 523 B i, 45 I 9 57 IX PM, s 1 OC. BC 3k B 7K % ELA %5 4 59 4 56 (R=0.776,
P<0.01), I ICE MM HLIREAT LR — O IR J6T e B2 =F Bk, i@ 2 X OC Ml EC 44143 1M i it
W EEHEAT LR, e B X R SUBURL) PM, 5 20T i B 28 73 2 2R IR A AL 3N ZEHEC R vam 2 < 3
SRR T RABEHEORIE 47 242
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