


w % # 3 $40 % 46 W

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4 6 A 15 H

H
jtﬁwﬁmjt%éygjigqq@ﬁm%ﬁmg”””“”””””u””“”””””““””””uu”””””””u””””””uuunt ............

K, BAR, MW, TAE, KK, B9, BSW, BEH, KT, MAK, EH, XEX, TRE (2493)
ﬂgmeM;mﬁﬁmimm YUREIE S AEZE S B PP e Wi, FEE, K2, R, B, G AKE, R (2500)
LfﬁEﬁﬁmﬁhmﬁﬁLﬁk%%%ﬁﬁﬁ&uﬁﬁﬁﬁﬁhﬁ&mwm ................................................

RSO EEREEALL ARt r%ﬁ,&, ﬁ;ﬂ} %é&% —j ﬂk }’ijﬂﬁ /U]i’lﬂfi %ﬂ_ﬂ_ (2510)
FHHT 2017 AR IS YL T TR IR TCHUAL L TS YR E AT - eeeeemeemmmmmmeneneees ; ..............................................
............................................. % éﬁ% ]Sff%# ?11% ;%? 5% Dg'h ?ﬁ %Lg /51%)1 ;(]’54\1 (2519)
B R b T B a0 0 A s = 1T LT
............................................. ;’g\j*@ ;f]:‘]‘lh% ETZ# g&ﬁk E&i)@, ;(jjﬁﬁ Eﬁkﬂé ;%X ﬂ%ﬁ& (2526)
BT HEBUIOR AL SRR AR oeeeeeeeen b REE. B KL KA BRI, Z (2533)
DT AR5 Ry Ut B BT AL A RO BT +oeveeees B, BT, HAR, RS SHAE THE. KE (2540)
G RGNS AL I B30 k3 L I
------------------------------------ MEK, BEE KEE, FIUW, BHG, RGH, REF, £, T, 2¥ (2546)
F%ﬁ%I%%ﬁWP%;Wﬁﬁgﬂﬁﬁﬁmiﬁ&ﬁ%%%ﬂ& .........................................................
................................................................................. X'J%T—?E, U‘%ﬂﬂ %/ﬁ;ﬂ :5‘%3 I’77‘H‘ %g% (2556)
2014 ~2016 AEFIERMTTFH PM,, A1 PM, | 15 0BG TEAY +vrevreeeeereeesoenmsmeemse i e
................................................ sk, T, RpEi, WU, BRKK, T, 2R, K&E, K HE (2565)
1990 ~ 2017 4541 [ i X GBI IS (2 A K 3L TR oo o AE, MEX, BB, MAIK, T (25712)
jtgﬁﬁfﬁgﬂi b 35‘/;{5— ﬁ“%ﬁﬁ'ﬁﬁi.ﬁﬁ ................................................ E@E é FH, %W'F% FH%B (2582)
{Ifﬁ:ﬁpﬂ{ﬂﬂ%ﬂﬁﬁ%/ﬁ%%ﬁﬁﬁi{%ﬁ&ﬁ%?ﬁ RSN AE R LR LRI EE %,\XX Eﬂﬁ()ﬂ HE e, 7K = (2595)
WA TR X RS, NO, . HNO, TSR TE YYIRE L T RRIITRGE  wveveeereremee e
..................................................................... WPH AR T, Mk, £F, TAK, 2F, 24K (2607)
AT B K U [ AL B EORTR e EOF, EGW, RAE, TRk, TAak, EAE, AEE (2615)
L5 LLUBIFTURLC S BN I R A 5 e I R oo PRI, 2B, KEW, 2 F M (2624)
N @ S e ik Nl it o B RS %%%,%ﬁm,%W%,é%%(%m)
BN b 10 R S BB TG T o oevv e KSR, WaGE, FEA, X%, ZHE, R (2639)
= X T VR Y R A LR IR L 3L TR e FL(E 2R iﬂiﬁﬁﬁ:/ﬁﬁif/\fﬁ .............................................
............................................................... VLA, Joeri Kaal, R, %L, KMBH, TEH, B, A% (2647)
Zktttt%ZJ%/‘TFFﬁXTFFEE(Hz;ﬁaﬂiﬁtqﬂ(HDORdE’Eyﬂﬁ ..............................................................................
...................................................... s, BEE, BT, TRM, MBE, ¥U=, TWH, EHE (2657)
mk%ﬂﬂﬁﬂuﬁﬁ%$¢ﬁAHK@%%TK@%&&%EE --------------------- Wik, RARA, BEE XL (2667)
STEMPKHBDCHD KK TR BRI -ooveoeeeeeneoeess A, R, BOBR, BB i, KEYL (2675)
ﬁﬁ%iﬂﬁ@ﬂTmmw%%m&%ﬁ%%ﬁm~mmmmm~; --------------------- KT, BaE, REE, T (2686)
IS N C N MO SRR S B EARE - K38, B4, TR, RUERL BREHL, Z915C. 41 (2606)
e VBT YL L TR G VS Y YBATT -+ vvvververseessessesssessesseassesssaseessesstesbes e s ssess et s essasssssesbe s s ssens et e s e
................................................ E‘ﬁ%,ﬁﬁiﬁx,%ig fj[:t‘ﬂ, U:,JI_i$ ?/{i %%é%,?%‘(%,ﬂ/#/ﬁ(Zﬂ)S)
A T T R R T A ) S B AR T T IR JEURA L v vevvmmmmmmmimnn e e e oo et ettt e By, =W, KEE (2715)
IKURK B T AV B KRR IIE RS LRI vvvvoeessenssnennna WA, WM, B, FY, Bk BT (2722)
SN T LT RU B O T3 B SMBRBR IR, +vevvvsevseessemssnmssnsnin b Zipre #HE KEK, KE (2730)
B BRSO ACI T P ATRFAE  ovvvereresereessnnens T, HEM, BH, he2, KB, Bk, I (2738)
IK BEAAE I R I 7K T R A B BE VR AN AT AE -vveeermenrmreeeeee e, E%ﬂ}(, E%gﬁ'\’ )2 Xﬂ'ﬂ:, e, x| bE (2745)
ANFGRAN R K B TRy ] B 7K 32 5 b 31 ] A0 A5 5 A B K 4 W%%% .........................................................
B AN JKBE Wk, wWEE HEE, NEE, T (2753)
FKEFATIBH KBTI R R & 54, %ﬁ%ﬁﬁﬁﬂﬂﬁ .....................................................................
------------------------ R, 2RH, RLE, RUA, B, RO, FHE, KiEH, KE, EXY, £—T (2764)
SEERA B A BRI EFPERE oo vooveeeeeeece, kA, AR, PR, WA, K, B (2773)
WP AR A 50 K TR LR (BRI ST <o s EHA, %%,%%ﬁ(ﬂ%)
PRGBS 1) S 7 e b B 55 b IR /KA ATk &km %ﬁ ERw, ik, £5E, AFW, iz, RWE (2793)
VS KANIT KA HUBE T YR SO BRAL IR +veeeeeees e FNK, EF, MK, T, T, % (2800)
L X A P S R A A AL R S eeeeeees Ead, R, /EH;LE ffﬂfﬂ"ﬂ‘ Karasuta Chdyangkun (2807)
TEPETS VeV BRASAG XTI FR A RIM coeeeveemmrerinemeeeieeeeee 3 R, BEAE G, TEE, ZTU, 2 (2813)
F RIS T AT B FE AT A IAEHE wovvvevveeosoeesssseece B, *hEH, GAM, Ak, RFK, AHA (2821)
PRI A D] G L 2 T ARHE AR A o 2 R ARG ZR ooeveeeeeeneneeeene Ak, Lo, mXq, BN, BAEW (2827)
PRI TN TR TG Y] TR IN OFHF LMY -2 oeovemeemeneennnes WEE, BRI, BE, FAR, IR, HA (2840)
mmhi%ﬁkgﬁW%HEENM$ﬁ%%m&ﬁMEWMﬂ ------------------ A, Bhsh, i, FE, Hipd (2847)
I [l EUK S 3o} ﬁﬁfﬁﬁi@@%ﬂi%t%@ﬁ%wm .....................................................................
........................................................................ ﬁﬂ{% E'KJIQI é}iﬁ.@ 9’&3}1%, ?/ﬁfi 7151)?/;% Eﬂ7}<7‘?«(2858)
B R A A e YR e T A1 o oL on S R
e e T, BE, TRTF, R, MR, EL, A=F, £ (2869)
7 B e R T 5 DR T 35 R B O B G SR B SRAIE oo IR RS e
.................................................................. ;(1 ,;5 %%ﬁ—’ ﬁ\ﬁ.“?, ?;}%ﬁy’ X)(*’h ?ﬁﬂ‘ %Eﬁ, F/if\/ﬁ?@ (2877)
SE T GIS AIZ AU MM -S4 25 1) 3 A R SRR v B-d, WX, MEH, E4A, #HE (2885)
SRR D NN AN SRR 25 T 0T JL TG YT oo EAL KFW, Ay ERAk, Tk (2895)
B R JSUR VRO A TR L SSRGS AA VR AE - B, fRIcfh, 20k, S8, EEE, 3% (2904)
ﬁﬂﬂEM@ﬁ%ﬁ%%%kﬁﬂi%ﬁ%&ﬁﬂ%ﬂ%m%m ..................................................................
...................................................... 1@»%,& u\% _:E;H;CQI ;r|i$ ,#]IE?, Fif%} %IS/J ijr’/f']‘%[gﬂ (2912)
ﬁi%ﬁﬁﬁfﬁ&%ﬂ:ﬁ%@iW?ﬁi?'ﬂ%%ﬁﬂ@%ﬂﬁ s SR, %, IR, fh, Ak EHE (2920)
R LR (7 3 DNA-SIP /R Pk 58 0+ 1Y S i -oeeeeeeeeee MARA, EHE, EME, HAR, REE. HEE (2930)
%7!%%11%&%?7(]‘35%EPHM&ME%&T[%%%_KE’J G coeeeemeeeeeeeeeees AT, K, FRE, KW, 5 AR (2939)
A% FH I8 38 198 FP U 2 S ( Mn-ANAMMOX) 3 B IGFRTT  -vveemeeesmeeeneeene BRiE, 2EH, Bk, THE, i (2948)
YEPRPUFR 22 S o] W5 AT th S A TR BRI BN = vevveeeeesmmmmmmeeeesnnnnnneeeessannnicnaaens Ry wum. FEH GEM (2954)

(ARBERFEVIETT IS 35(2929) (RBERLEY ERG T 0] (2947) = (2646, 2656, 2857)



9540 4 45 6 ] 2019 4E 6 A
Vol.40, No.6 Jun. , 2019

ChsE ;7

Eco-Environmental

Knowledge Web

5 R
Environmental Science

KEMEZHHRERT LRASFIEN KRS

Do, Wvr T, FER, B, 28, L%, K

(FAFF RS RL S 5 TR, K 300350)
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Br L AHSC AT B RIS AT Hrx s YRR AR RS IR AT 6. S5 3RIT, PM, ;" (TC) N 4.89% (IR THH) ~18. 83% (Pdi) ,
w(0C) H93.57% (KTIE) ~15.39% (PUHEEE) , (EC) } 1.32% (KTIH) ~3.44% (HE &) ; PM,,Fo(TC) H 8. 14% (K
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Characteristics and Source Apportionment of Carbon Components in Road Dust
PM, . and PM,, During Spring in Tianjin Derived by Using the Quadrat
Sampling Method

MA Yan, JI Ya-gin“, GUO Ji-liang, ZHAO Jing-qi, LI Yue-yang, WANG Shi-bao, ZHANG Lei

(College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China)

Abstract: In order to study the characteristics and sources of carbon fractions in PM, 5 and PM,; of road dust in Tianjin, samples of
road dust were collected by the quadrat sampling method in April 2015 in Tianjin, and samples were re-suspended on filters by using a
NK-ZXF sampler. A Thermal Optical Carbon Analyzer (IMPROVE-TOR) was employed to measure the concentrations of organic
carbon (OC) and elemental carbon (EC), and the pollution characteristics and sources were investigated by non-parametric tests and
OC/EC ratio, correlation, and cluster analyses. The results showed that @ (total carbon, TC) in PM, , of road dust amounted to
4.89% (secondary road) -18.83% (expressway), w(OC) amounted to 3. 57% (secondary road) -15.39% (expressway), and @
(EC) amounted to 1.32% ( secondary road) -3.44% ( expressway); meanwhile, @ (TC) in PM,, of road dust was 8.14%
('secondary road) -19.71% (expressway), w(OC) was 5.91% (secondary road) -16.28% (expressway) , and w( EC) was 1. 96%
(main road) -3.43% (expressway). The mass fraction of each carbon component for the expressway was relatively high, and that for
the secondary trunk road was relatively low, which may have been due to the large traffic volume on the expressway and corresponding
large amounts of exhaust emissions from motor vehicles, whereas there were fewer vehicles on the secondary trunk road. Additionally,
w(0C) was significantly larger than w (EC) for all types of roads, and w( EC) did not vary much among the different road types. The
non-parametric tests of two related samples showed that there was no significant difference in the mass fraction of each carbon
component between PM, s and PM,;. The correlation analysis showed that the sources of OC and EC in road dust were roughly the
same. The OC/EC ratio analysis and cluster analysis showed that the main sources of the carbon components in the dust of roads in
Tianjin in spring were coal combustion, motor vehicle exhaust, and biomass burning.

Key words: Tianjin; road dust; PM, 5; PM,;; carbon components; source apportionment

UTAEK, BEEZTTI P L, KUY E
JCH S T A T s e
) A Al B | T R LR 1O R A Bk A A A
et T B A S R AUBURL A 15 Y A T2 R U
2 R RS R AL SRR AR T P
RN VE TS T R HET IE 4 A RO B PR DT
SR T R T A8 3 T 4 2 HERCRAE B s
(6] 347 5 X g S B T RE DT IR IR T R T AR
T A KRB T R T AT T R DR AT 5
EFEIIE T R T A 2R B R R 1 TT R

if 5 AR S BT T R T AR 2 e v
43 JR 75 Y AR PR R AU 5 48 WY S 55 S B9 T
Tk Z 1 I o 2 A7 88 e B 8 A R AIE 5 5K
SIS T R AR I R R T R 2 S R
WA N IE B AR T B ALy 22—, S A

s HER: 2018-11-29; f&ITHHA: 2019-01-12

EEWE : BRI RPiR S A i g7 AT 0 H (DQGG-05-

04)
EZBN: SUF(1996 ~ ), %, W5, FEHTF I RHKK
kG et , E-mail: 1264101582@ qq. com
# JBIEVEH , E-mail ; jiyaqin@ nankai. edu. cn



6 SyFas . KA AR D7 A I A A2 e AL R AE SR IR 3 B 2541

RIS 28 SRR SR T R T B 258 4
2 FPBR A 3 FRAE BRI, AR IE I TR 11
ZRULTUTE G, SR AR DT W 2B SR B 4 B RE A
AT PR TR B R AR BT BN L e A
TE B, AR AL AR, DU KT a8
HE AR TAE SRR A AR S F.

1 HR5HEE

1.1 FEACREE

F2015 44 A, REXKETERFETIE, KT
S DU SNARZR 5 Rl SRR 11 AN
BEOURESh, PEULER 1. 9 2538 B4 i AE A 4 A
SRAER, RS ZIE] [R]BE — M KT 800 m, SRAE AN
BRI ASC | AN AL, BAR
FE S AENL ) B FEENL BN 423 4R AE— B I 2R
FESL (BIEE S5 08 R4 16 MRESL) , IR 176
ANFE .

SREE DT B WA . BISR FHARE 7 HE RN
2 X e T AR AT DR W 4T B . B A
AR 1 m® B RFERERAE, HL3h %8 fdk
PLBhZEiE R 4 m® FI2 m®. RERSEH)S, BUR
£og, AMERERENAEEHARERLEN
T IRAT, 1] S5 % AT

F1 REEMEIEK

Table 1 ~ Sampling information for typical roads
SRS H R TE % E 0]
T FIE g ALE M
SRR FTiE RPEE N
B E T RIGEM
LI WA RVEE M
FAIT 2B (AR T TR i RPUEN
FIE by mMALER
HMIKIE S ZRVEE ]
B e MALEm
Fawiea)i PR % RPUEN
HPRZ G 1 HPREL rdLEm
HPIREL PY 2 HPIRLL rALE M

1.2 FEShHTAR I

FERE SR R | B AEARY, B TR
VA3 d, SRIEH I S 20 B (25 750 um) il
200 H (2975 wm) 0978 81b5 HEGR 07 43, K40t~ A8 [
B FE R — DU AR ARE S iR 4T 60T, (D NK-ZXF B
B VERAEAR LRI B 2] PM, S F1 PM , B R
TEIBRE A% 22 A W A5 B B4 8 MR & 7 R e 1
KV-ZF-A7 72 h JGFRE, &,
1.3 BT

K 2 E VO 5T BT ( DRI) il 19 DRI Model
2001 A BOCERA AL BT AL 5. SrHTEE, TR

JParh 2 AP B A 1 BB, FERRLE AT,
39T 140, 280 . 480 1 580°C T EE T Al #A A7 L i |
53] 0C 19 4 Fh4H43(0C1, OC2, OC3 1 0C4) ; 4
2 BB, TEE 2% ARMASRIET, 72 417T 580,
740 F1 840°CZ A THI , 155 EC 19 3 Fhédl4r (ECL |
EC2, EC3). HiF OC FEfik b i i vh 2 T8 il 24 ik ik
(optical pyrolyzed carbon, OPC), [ I, # #&
IMPROVE 43 M 80K OC 72 XA OC1 + 0C2 + 0C3
+0C4 + OPC, ¥ EC % XA EC1 + EC2 + EC3 -
opPC'™,
1.4 sl

Rk 2 AR T K BR Bk, 25 A S e T
TE L B4 i 600°C FHIBE 3 by RAERT G 23 KA 3
JEEAE B R R 1) K2 NEA 72 h, DARR IR B
TRLE XS T U EERR H A 520 5 B KT 4R 40 A ke 21
Sy ZHT, H CH,/He FRifES M (AT LR 1:19) B
IXES, BRI M A0 FID 55 /N T £3 mV
DA, e HEOE TR B AR X 22 76 5% LAY, 2 RAE
SIMPTEE RGN CH,/ He FRIES A AL RS

2 F#HREIE

2.1 BRASHFEE ST

5 T8 R ARUTE B A7 AR S B 2 0 B A
K1 s, ANl AL, PM, s Ha(TC) 24 4. 89% (I
Tih) ~18.83% (TRE ), FHEN 13.17% +
5.29% ; PM,, H' w(TC) N 8.14% (X T i) ~
19.71% (PR i) , FIEH 13.82% +4.23%. 4%
TR ALE B4 PM, ,Fo(0C) R 3.57% (KT
H) ~15.39% (PR#EEK), FHERH 10.63% =
4.47% , w(EC) N 1.32% (K TiB) ~3.44% (e
B, SEEIME A 2.54% +0.86% ; PM,,FFw(0C) K
5.91% (W TE) ~16.28% (Hrig &), FHE K
11.30% +3.80% , w(EC) N 1.96% ( ETif) ~
3.43% (PRii) , FHMEN 2.51% £0.60%. 52K
RUE T o (0C) B K Tw(EC), w(EC) 7EA[H
PR 22 K.

PM,; 1 @ (OC1), @ (0C2). w (0C3) Fl
w(ECL) ¥ ot 3 i b e, 40 N 1.54% |
4.21% . 6.28% F12.66% ; w(0C4) Fl o (EC2) ¥
IR FETE PR, 550 4.27% F10.89% ;
w(OPC)TEETHEMAL TR 0.1%, KTEH
MK 0.01% 5 o (EC3) 75 45 18 f S RV IE FK 45 20
PM, F1 PM,, FIFRAE. PM,,"H 0 (OCI) ., @(0C2) .
w(0C3) ., w(0C4) ., w(EC1) Fl w(EC2) ¥ Jy Pk
B RE, 8k 2 11%, 4.10% ., 5.10% .
4.86% . 2.52% 1 1.01% ; w( OPC) 75 PR3k i Fl FR



2542 H

i

40 %

LR 0. 11% , IRTIE &AL H 0.

W, B P o(TC), o (0C1),
w(0C2) . w(0C3) Ml w(ECI) 7P 1% 5 5.
AR, KA AFERESERERU
P % (8790 Wi-h™') B K, KT IHE (2461
LT 2 N S N VI R SV T o
PLsh A B A HE A, e oy T o B . i
KT IE AR A 4 e AL, TR TR TE
BB,

o AR BB AE R, KRR PM,
w(0C) N 14.8% , w(EC) } 3.2%. 7] W, KA
RIH OC, EC Y 5T 73 B0 = 118 8% 47 20 UKL
HOC, EC M. X ] R8-S5 KA J0R o H ik
ARSIz M 22 ¢, RKELUE B4 PM,
Faw(0C) Mw(EC) & H AT ) Xt kb 0L 3 2.
MR, R T B AR ik 4 A AU T A R,
VB R HET 1975 YL N2 Z A0

J T WFSE PM, (H PM,, T (0C) Flw (EC) [H] Y
ZRREHAGIEE L, 2 SPSS 16. 0 Ff4x}
AT T WA CFEAAE SRS, MR P Y ST
0.05, RIS 7% FEFE PM, s F PM,, [H] 34 70
EEER.

2.2 OC/EC WAl T

BRI OC/EC > 2 J2& SOC WAETEMR

P . BRI AT, KT IE B 45 2R PM, 5 5 PM,, P

B 0c4
[oac I
oc2
EHoci

w(PM335)/%

e

-4b

w(PM, )%

P

otetelelele
[ ]
Teteletetete

N

£33 iy SRR
bl e i)
B 1 #EE&7L PM,  F1 PM, RERA S IR ED HKE
Fig. 1 Mass fraction of the carbon fraction

in road dust PM, 5 and PM,

®2 REMERFE PM,  PBASSHEMBMTLE %

Table 2 Comparison of the carbon components of road dust in Tianjin with other cities/%
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