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PAH Sources in Road Runoff System in Beijing
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Abstract: In this study, road runoff; rainwater ground sediment and roadside tree water samples were collected from three types of roads in
Beijing in 2006. The samples were analyzed for polycyclic aromatic hydrocarbons (PAHs) . The average PAH concentrations in each media in
May-June were generally higher than those in July-August. Factor analysis indicated that PAHs in road runoff were mainly from ground
sediment, and rainwater and roadside tree water also had certain influence to road runoff. Multiple regression analysis indicated that PAHs in
ground sediment and road runoff mainly come from vehicular emission at the vehicle way and branch road> and at the bicycle way, the
contributions of vehicular emission and coal combustion were equal. PAHs in rain were mainly from coal/oil combustion, and PAHs in roadside
tree water were dominated by vehicular emission source.
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Table 1 PAH concentrations in road runoff> rain, tree water and ground sediment samples

PAHs LA /nge L1 Mi7K/ng*L~! 87K /nge1.7! PETAAR
WA OB AH Vi AR RORLAH VAN UKL AH /ng*g™!
NAP 38.5 74.8 16.2 13.1 26.6 26.6 116.4
ACY 10.2 15.9 4.4 2.1 1.7 2.5 12.3
ACE 4.5 6.5 2.0 1.3 1.8 1.5 13.0
FLO 25.8 45.0 10.3 6.4 10.6 9.1 56.9
PHE 112.7 460.6 36.3 36.5 18.9 53.0 472.1
ANT 24.3 50.5 3.1 3.6 3.6 4.0 46.4
FLA 136.9 1013.8 41.6 56.1 47.5 70.3 862.1
PYR 86.2 708.1 27.5 39.6 32.4 51.8 534.0
BaA 12.5 187.3 2.2 4.3 2.7 7.8 120.5
CHR 29.6 494.8 9.9 23.1 9.3 24.1 298.9
BbF 15.1 226.9 3.5 9.5 4.7 12.5 180.9
BkF 10.0 160.8 2.3 7.6 3.8 12.4 145.3
BaP 4.5 195.0 A 8.4 1.2 11.1 114.2
IedP 2.0 51.5 KA 18.3 0.7 14.4 44.8
DahA 0.2 8.2 A HY 1.1 A H 1.1 14.4
BghiP 1.7 93.9 KA 5.7 RAT H 5.8 43.2
216 PAH 548.2 4341.1 172.9 274.6 135.3 317.9 3322.8
F2 WRER BERNLES .FKNMEKkPESNES PAHRENLE
Table 2 Ratios of PAH concentrations in road runoffs ground sediments rain and tree water samples
R WK WK HTBUE
Ptk R, e R R}fLmikid Rl[)j ﬁiﬁRd p Ry R, Ry Y MBEE AfTEIE
NAP 0.5 2.5 5.5 2.7 3.1 2.5 1.0 21.4 3.4 0.6 11.3 2.7 5.6
ACY 2.5 2.4 7.5 2.7 3.9 3.1 1.3 2.1 1.4 0.8 3.5 1.8 3.0
ACE 1.2 1.7 8.3 2.2 4.3 3.3 1.3 1.9 1.4 1.4 4.0 4.6 5.8
FLO 2.9 1.6 9.6 2.5 5.2 2.6 1.9 2.4 2.3 0.1 7.0 2.7 4.3
PHE 4.6 5.2 12.7 4.1 7.6 3.2 1.9 2.2 2.4 0.7 5.1 4.0 5.6
ANT 4.4 3.4 10.4 3.4 6.3 3.2 5.8 1.9 2.3 1.5 4.2 3.6 4.1
FLA 4.3 3.6 11.0 2.3 8.0 3.2 3.0 2.5 3.4 1.9 2.9 2.9 3.2
PYR 4.2 3.5 10.5 1.7 7.1 2.8 2.3 2.3 2.7 1.6 2.6 2.4 3.1
BaA 5.5 3.2 13.6 1.3 14.5 2.5 5.2 1.1 4.3 0.9 1.7 1.4 2.3
CHR 4.6 3.0 12.0 1.0 13.5 2.0 4.5 1.1 3.9 1.0 1.7 1.8 1.6
BbF 16.1 9.0 4.2 3.3 69.2 6.1 12.3 1.9 14.6 2.9 2.0 2.0 1.8
BkF 8.2 7.1 29.2 1.8 41.9 5.5 17.4 1.3 15.0 1.6 2.3 2.1 1.9
BaP 7.0 19.4 23.3 3.5 30.0 10.5 18.9 5.8 15.5 3.4 2.6 2.4 3.6
IedP 28.6 27.0 88.4 4.8 27123 13.3 4.4 6.8 8.7 10.9 9.8 6.8 11.2
DahA 39.1 47.9  104.8 8.7 136.9 29.7 5.7 5.1 17.2 2.4 1.0 1.0 0.9
BghiP 9.6 21.2 45.4 3.6 48.9 10.0 6.9 1.8 6.7 3.1 3.2 2.7 3.5

DR, = Wi PAHs LU 2O R, = ¥R AH PAHSs LHE

BT AR AR W A AR R AR T R . BURR R 4 R P 2 5, X AT e S i G
TR R M 4R ) L, IR AR S B AR e AU B0 DT R RS, G RIS Sl 7, b RS
A2FF PAHSs (YR8 FEA UL - HEBORR I mR (K RURLAT AN AR 9, R ATIE W - B 75 e
AT ABAET T HAT TN S, WORAR PRI I W ARARI 19 PAHs B &7 45— Uik .
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Table 3 Rotated component matrix of total PAHs (%:{ 4).|—?ﬁ7j< E‘J 3‘5? 1 ’fti%i‘%} /EE /W}Sﬁﬁ‘i‘i’ E‘E? )
(dlsS(ilved N lp;j{ml? fot" road ruiloff “ TR ZEHE O, R+ 3 A ANT 1804 458
Pt ETHATER LTHIAEL o AR AR O EDS) KT PAHS 19V 15
WFL W2 WL P2 PP IER g AR A A B RS PR T R AR
o o T o AR PAHS VEALBO B R K R KT 1
o 0 055 0% o6 o o TCENUEEHEIE, EH T 2 SR, T 3
PHE 0.76 0.64 0.83 0.5 0.79 0.60 ARV, LR 1 A 2 MURRRIE b = i R 42
ANT 0.9 035 076 0.64 0.78 0.60 TP AR IR . T SRR DX SO w4
o o T e T A, LA AR (MR b A 47 H U,
-, 051 046 o8 06 ogs s MCHEBUHNEEAE G I X A T h BT H 8 s
CHR 0.67 074 0.8 0.50 0.85 0.53 PRI AR IR 42 | RS AR Sk A FI X Ab
BbF 0.86 0.47 0.77 0.61 0.90 0.43 2.3 ZIGMEEIAASHT
ﬁ;ﬁ (0"5‘; 33(7) gzg gjj gzz 22‘6‘ DAEH 7 4 8 75 1 (R b v A 3 DR 7453328 B My i
b e 09 073 oss oo o AL BRAELLH 15 Fh PAHs Ak WA Ak, 3t
DahA 0.47 0.8 0.24 0.9 0091 0.41 T2 Juge eI, B IR A 7 2 00 A AE AL [T R 4L
BghiP 0.54 0.8 0.90 0.33 0.8 0.46 ] DL Sz W8 3= ml o IR, B A% 25 B (AR 6 Bk, i
pEe NS AW LG R i KBRS 5
R ETURE /% 51.5  96.8  60.1 96.2 65.1 98.5 b A Sk I 6 T
F4 BEANLWAKIBEKAERKIEL R E R FHE
Table 4 Rotated component matrix of total PAHs (dissolved + particle) for ground sediment, rain and tree water
HETHIAA A
y 7K B 5k 7K
PAHs LT AT TE FF N4 TE S
By1 By2 B3 By Wy W3 Byl Wy BAy3 By B2 B3 By By B3
ACY 0.42 0.75 -0.40 0.72 031 023 0.60 0.35 046 0.8 0.38 0.12 0.30 0.78 0.49
ACE 0.95 0.27 0.05 0.06 0.93 -0.02 0.05 -0.01 0.79 0.94 0.04 0.15 0.16 0.18 0.97
FLO 0.86 0.47 -0.06 0.33 0.8 0.16 0.84 0.17 046 0.94 0.03 0.16 023 0.61 0.73
PHE 0.79 0.56 -0.06 0.39 0.90 -0.08 0.93 0.22 020 0.97 0.2 0.12 0.63 0.70 0.33
ANT 0.90 0.40 -0.06 0.10 0.8 -0.05 0.95 0.12 020 0.36 0.09 091 0.65 0.68 0.26
FLA 0.48 0.82 0.05 0.64 0.67 -0.07 0.71 0.49 045 0.92 0.33 0.15 0.85 0.50 0.16
PYR 0.65 0.72 0.02 0.75 0.56 -0.05 0.60 0.53 0.53 0.8 0.48 0.1 0.8 0.43 0.18
BaA 0.55 0.64 -0.20 0.99 -0.02 0.11 0.19 0.92 032 -0.03 0.84 0.28 0.8 0.39 0.17
CHR 0.33 0.90 0.17 0.99 0.10 0.0 0.32 0.8 0.13 0.79 0.53 0.17 0.8 0.42 0.14
BbF 0.21 0.8  0.37 0.97 0.17 0.1 0.24 091 0.18 0.48 0.77 023 091 0.37 0.17
BkF 0.58 0.72 0.38 0.96 0.25 0.11 0.49 0.8 -0.01 0.26 0.93 0.09 0.96 0.13 0.23
BaP 0.73 0.58 -0.08 0.80 0.49 0.26 0.33 091 0.02 0.5 070 0.29 0.9 0.37 0.11
ledP 0.95 0.28 -0.01 0.8 0.51 -0.06 0.89 020 -0.23 0.22 0.95 -0.03 0.87 0.44 0.17
DahA -0.01 0.13 0.98 0.19 -0.06 0.97 -0.17 0.67 -0.36 -0.07 0.8 -0.24 0.79 0.54 0.17
BghiP 0.93 0.30 0.15 0.83 045 0.16 0.72 0.60 -0.23 0.43 0.8 0.05 0.95 0.06 0.26
T ZETIRR ) % 46.7 37.0 10.1 50.7 32.1 7.8 372 367 133 4.4 393 8.4 59.2 23.5 14.8
B E TR % 46.7 83.7 93.7 50.7 8.8 90.6 37.2 740 87.2 444 8.6 92.0 59.2 8.6 97.4
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Table 5 Multiple linear regression of principle component scores against 2 15 PAHs
S i PR ALY E Yy SO I AH P R FEATT e R 5K
X% Z=0.829 F1+0.557 F2 p1=0.000, p2=0.000 0.998
M E AR B3l % 7=0.821 F1+0.570 F2 p1=0.000, p2=0.000 0.999
BATZE1E 7 =0.707 F1+0.706 F2 p1=0.000, p2=0.000 0.999
S 7Z=0.735 F1+0.578 F2+0.331 F3 p1=0.000, p2=0.000, p3=0.000 0.985
BRI R LIRZIKSS G 7=0.798 F1+0.587 F2+0.018 F3 p1=0.000, p2=0.000, p3=0.660 0.982
HATE Z=0.682 F1+0.717 F2+0.039 F3 p1=0.000, p2=0.000, p3=0.362 0.980
7K 7=0.832 F1+0.520 F2+0.188 F3 p1=0.000, p2=0.000, p3=0.000 0.997
W 588 7K 7=0.859 F1+0.461 F2+0.223 F3 p1=0.000, p2=0.000, p3=0.000 1.000
F6 R REIANL . FEMAMMEKPE PAHs RiIFHTRIKE
Table 6  Contribution of PAH sources for road runoff; ground sediments rain and tree water
I b ‘ IlTH‘II”” \ I[IHCZI”T, ‘ IW%ZA _
W TTHR A/ % W TR/ % U TR/ %
Xt B4 HE 60 M 40 — —
MR GIRFIKES S BN ZEHER 59 3 41 — —
HAT 41 PRI 50 BLBhZ=HETs 50 — —
S BLahZ s 45 ek 35 TR 20
AR GIRFIK S ] BLEhZEHE 57 AR 4 To s U 1
HAT%IE DIRZIE S 314 47 R 50 Tk e IR 3
WK PRBE 18 54 BLBh A% 34 Wt 12
B 7 K B HE 56 TR 30 Ul 14
T 2006 F BRI AR PAHs 75 >k U5 1 51 #k 50 000 po——
BE W0 1 TR .5 ~ 6 AR PAHS U 1 SR 40000 -
YRT 7~8 H EH, B )L AT IR 1 v ik &= E}) 30000
N XA B S SEA S FLY . Larsen 2500 7F ; 20000
X} Baltimore K“TH I PAHs HEAT Y5 A B It 4R0E T E 10 000
TG, FF N R 3K 3 8053 43 A g v 1) — A ik 0
W AEABIE ST, TR A B A P 2 2 5, sooml S 1
e R . 05-04 05-26 06-28 07-23 07-31 08-08
IS0 5~ 6 A7 ~ 8 J1 2 AN BOW b R A% 50 000 p—
N N 4 Y \ N _ I - -0
WO AT S oA AR T B LE) AR, LB 4 40000 |- - BRI
SRR A TR 5 ~ 6 J1 23 Tl Ak 599 A1 41% 7 g 30000
~ 8 HA il 26% F1 749 « 46 F1- % BAT 4238, HL3) £ 20000
s}
T AR IR (W DT BR % 5 ~ 6 J1 40 il 2 519 A 5 10000
49% 7 ~8 H 43 A& 29% F 71 % : 153 % , ML 4= or e~
%D%¢%ﬁ%ﬁﬁﬁ$ﬁ 5 ~ 6 H %%U% 61%*” 39% ’ 7 -10.000 05-04 I 05-26 : 06-28 I 07-23 I 07-31 Ios_og
~ 8 J1r B 89% 1 92.% . 5 45 i B SR ek 47 o 000 R
TEF 2 . LR 1 R 2 R L, I ] B4 _a -~ R
e v . o 30000
QDT R E Y, SRS DUAS 3] T A O g
== Ay N . 20 000
BRI h PAHs 1K U 5Tk, 5 T B L3 -
TGRS NS 2 A 8008 8, 78 B AT 4538, HL3) A .
EHE MG FURIE % 1 29 50% XK ) PAHS, nilly
WAL TR 3 17 549% , 2WIRTAK R PAHS (1) B2 e 023 0731 osos

FEOR A TR UE SO TR K K PAHSs, L3k
ZEHE IR B TTRR A 56 9% » & W e 7K 52 T8 i A T

Fig.

1 FIRMRFRD PAHs IREITHKE

1 Source contributions of PAHs in each runoff event
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