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PAHSs Concentration and Flux in Canopy Throughfall in Beijing Sub—urban Area

LIU Zhi-gang, HU Dan, OU Lang—bo, TONG Yin—dong, ZHANG Wei, WANG Xue—jun”

(College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: During the raining season of 2006 and 2007, as part of the research project on the rural non—point pollution, a landscape catch—
ment in the northwestern sub—urban area of Beijing was selected to study PAHs concentration and flux in canopy throughfall. In the sampling
campaign of two years, samples in total ten rainfall events were collected. The concentrations of sixteen PAHs in both dissolved and particle
phases were measured in rainwater and canopy throughfall. Measurement of PAHs in canopy throughfall water and rainwater showed that, in
canopy throughfall water, the concentration of particle—bound PAHs was higher than those in rainwater, while the PAHs in dissolved phase
was lower than those in rainwater. The canopy leaves have interception effect on dissolved PAHs and release effect on particle—bound PAHs.
The result of net flux calculation illustrated that the net flux of dissolved PAHs was negative in most rainfall events, and the net flux of parti—
cle-bound PAHs was mostly positive. The net flux of PAHs from canopy throughfall water was dominated by PAHs in particle phase.
Keywords:canopy throughfall; PAHs; net flux; rural non—point source pollution
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B M B Z RAR ST o A SO 5 2838 7K H PAHS /Y
15 Y REE R R ShAS AR A HEAT AT , BRI St i TR X
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1.1 R#E

A58 XIS B T P LR B3 & 45688, 7
A IR AL RE T IRE 10 RS, B4
SRR SRR 2R K B AR 50 em BARS5Ie)-
B 2 LAZ GBI, R S F RSt |
FHEBHI AR REW K . 7E 2006 F1 2007 4EA T2
W IERAET 10 SHRER, Bl 5 A FE T ST B4 %
WEH 2~41 mm, FEFNJIET A 30 ~ 150 min, YK B
FIFFIE LR 1, B350 TR e 285 K FIRN 7K 1R A
[R5 HEAT , FERE T R 7T R AR T 7R 5 3~4 i)
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Table 1 Hydrologic data for the sampled storm runoff events

H Mermsn i/ BREMTR/  RERIIRS / Fﬁﬁﬁﬂﬁ%ﬁ/

mm-h™ mm h
2006-05-04 1.8 4.6 25 30
2006-05-26 1.1 2.0 1.8 1.7
2006-06-28 122 244 2.0 0.8
2006-07-23 15.6 20.8 1.3 4.7
2006-07-31 20.5 41.0 2.0 3.0
2006-08-08 4.1 7.6 1.8 8.0
2007-05-22 4.1 9.6 23 11.0
2007-06-24 8.6 43 0.5 5.6
2007-06-27 10.2 19.8 1.9 2.8
2007-07-07 4.1 2.0 0.5 6.5

1.2 HRmBTAbIE

1} 568 25 375 7K R KR i SR 4 J S B4 S 36 =5 3
Frid ik, UE IS SERRE M IS AT 4R IR B (450 CHYy
5% 4 h), PG Sh A uE 2 & (Millipore) F HE/T . JEH
R T T A B SR J5 A T T A AR L
FEFAB A BTN TR TR 12 h BT R
TR R TR P EE IR E A AR bR
RS2 S PR E
1.3 PAHs > #TE

[é] A5 ZE B (Supelco ) F 10 mL — 58 Ge b )5
Pk 6 mL HELEL, SR 5 FlZD BB Sk koA . 18
T EMZEBGERERSE S, F 6 mL & B et i %
BUR: , B A B 2 T K B R A e K S e 2R vk 4 =
1 mL, %8B ZE GC AR

BT 5 RS TR B BR h B/ B4 by — e e
AL B IE AR (S % 50 CHEEL 24 h)#H1TR
FRHRER, $RBUAE R - F 100 mL — & F e M s 571
PEBOR B E N 50 C, JEEET R E R 16 h, FEOK
LW 5 FIRE R B AR E A B, REAL
FEAERIIAE 450 CTFHIHE 4 h, RIS 130 CRyHE
FEHPIEL 16 h, SRR/ EABEE A ENTEELY
W R ZE R W46 E | mL 274 , B E GC-MS
H e

Fi GC-MS (Agilent GC 6890/5973N MSD) il %
1979 4 3 E AR JR A A AR 5B M M5 e 19 16
235, BIZE(NAP), & JE (ACE) . J& (ACY),
% (FLO), 3E (PHE), B (ANT), %% B (FLA). &
(PYR). 7 3 [a] B (BaA) . Jii (CHR). ZK 3 [b] %¢ B
(BbF). 2K 3% [k] 5% ¥ (BKF) | 2K 3F [a] ¥ (BaP) ., Efi I
(1,2,3-cd)tE (IedP) . — 3 (ah) B (DahA ) L)} 2 3 [g,
h,i3t(BghiP),

BRE R . HP-5 B41FE (30 mx0.25 mmx0.25
pm) B0 AR, AN E 4l He S, AR 0.003
MPa, HEHE R 280 °C, SR A HERE 7=, 04
& 1 L, FHERF R - WIEEE 60 °C,LL 5 C min™ F+
R3] 300 °C, 18 20 min ERE M SERFH AIEH, i
AN ET LB TR 70 eV, R 45~600 amu,
SerRa AR AR R 1288 V , B TR 230 Co AR =R
FHEPEEES 4 (Selective Ton Monitoring , SIM ) £
o Him_E GC-MS MHAHT A NI 2 FBUB A A
AR ZIER, R RS R B /TR PAHs YR,
1.4 [REEH

FERER AT ERTINA 5 MR BRI 1R Z-
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DS\ :ﬁ}tﬂ':_DIO\ JE_DIO\%_DD %uEIHB—Du 'ﬁzjg IEI q&%
T8 Y) o KRR S 2F 138 7K i FP A PAHSs A [E]
W3 R ZE Dy (48+13)% , —E ) -D1o(56+13)% , 3 -
D1o(63+22)% , 7 —D1p( 50£22 )% , F6-D1,( 68426 )%, i
I PAHs H) E‘W%%’%—Ds(‘w’iﬂ))% , :ﬁ}téa‘—D1o
(6421)% , JE-Dyo(77222)% , i D1, (61211)% , k-
D(77%18) % BHE R LI 4% 2 N FEP2s 1, IR 4l
IR KRR IE U8 B R ERER BUA L U8 4K, He A IR
PEH AL TR 5 SE PR S R A , B DA S 4
PEH AL TRR T AT RE A SR TS Gy, B A A T S8
W& HKIE,

) Fi} SPSS11.0 3144, F ZFp g 43t 7 i , B4
FEARBAE T AR 7 2 BT R TS
40T, AT R 5B K FP PAHs (75 YL454E , 1
HiEE,

2 R

2.1 M7k H PAHs BYi5 4H4E

IEZAS SRR S5 R R, 7K PAHSs K %L
PRI BOE AT Ai o R ZK AR fih PP 8 A A R BURLAR
16 %t PAHs Fy e/ ME R KAE LT IE A A 5051
TER2H,

TR 7K fi PP BURLAE A A% AH 2 16 PAHSs #9 LA

Y{E 538 322.6 ng-L' 1 170.3 ng-L, WK H
PAHs 3= 223k J5 F [ W v il KA Hh SR R BURE AH A
PAHs, fURiAH PAHs ¥k JBE &7 5 PAHs YREERY 65% , H
R S R R S 45%, = sr
57%, WA 5 5 73% , EIRFIATE 5 91%,
PRSI PAHs 455 B3E , LK i
fi# A PAHs PIT o5 LU i o

2.2 WEEFE/K S PAHs 75 L454E

IEAG kA R, W &K PAHs Y
e FE B AR MO BOE 254377 o W IEE 2038 /K P s A AH A
TRLAE 16 # PAHs 5/IME R RAE S L (E Fn e
figFN7ER 3 H.

RSB KEE ST, BURAHFA#RAH X 16 PAHs
AU (B S350 394.5 ng- L7 #1 110.0 ng-L7, 5T
JKH X 16 PAHs fMk BEAREL , A4 5eE/K AR BORLAR X 16
PAHs ¥REE K THK (322.6 ng-L7), MAMEMHEY16
PAHs ¥k FEN/NFFE7K (170.3 ng- L), #¥ e 25 1% 7K T
Y16 PAHs BBk E 504.5 ng- L 57K 492.9 ng-L!
AHIE

3 a5t

3.1 F7kH PAHs BIZH S HIE S B E 3L
B AT FT 45 AT 7K PAHS ¥ B 5 SCHRk HP MK

& 2 MK#EERAF PAHs BIRE (ng L)

Table 2 PAHs concentrations in rain samples(ng+L™)

PAHS Y5f7AH PAHs WUkiAH PAHs
B/ME BKfE JLA{E %S R/ME wRME JUAT3Y{E AL
NAP NDY 73.4 11.3 15.7 ND 49.8 9.8 11.0
ACY 14 159 4.1 5.1 0.4 83 2.1 2.7
ACE ND 12.7 1.8 1.6 ND 4.7 1.3 1.3
FLO ND 332 6.1 7.6 ND 342 8.2 9.1
PHE ND 2554 27.0 252 4.9 189.8 38.0 40.2
ANT ND 18.7 3.1 3.1 0.1 524 3.7 5.0
FLA 11.1 161.7 49.2 39.8 10.6 398.7 69.5 65.4
PYR 6.3 101.7 30.1 30.0 8.4 224.9 47.9 439
BaA 0.7 13.3 2.4 2.0 0.1 46.6 6.3 4.6
CHR 3.9 35.0 10.6 9.9 2.1 185.8 29.0 19.6
BbF 0.7 51.3 5.6 43 0.4 180.7 19.5 16.7
BkF 0.3 12.0 2.3 2.1 0.2 97.8 9.3 12.2
BaP ND 10.3 0.7 0.8 0.3 140.5 9.4 16.8
IedP ND 18.3 1.2 1.7 ND 90.2 11.9 10.5
DahA ND 43 0.1 0.1 ND 7.6 0.8 1.1
BghiP ND 193 1.0 1.0 0.7 84.7 10.6 8.3
2.16 PAHs 58.4 654.0 170.3 158.0 37.0 1611.0 322.6 218.9

ﬁz:l)**ﬁﬂjo —Flﬁjo
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Table 3 PAHs concentrations in canopy throughfall samples(ng-L™)
Vi fFAR PAHs JBURLA PAHs
B/ME O JUA A IR B/ME BRME JUfT34(E R
NAP NDY 39.9 20.1 24.7 ND 310.3 194 17.6
ACY ND 23.1 4.7 6.2 0.4 8.2 2.7 3.0
ACE ND 6.0 1.9 2.7 0.2 11.6 2.0 24
FLO ND 23.2 74 123 1.7 40.5 12.0 13.1
PHE ND 65.8 21.3 224 8.9 205.0 53.0 41.2
ANT ND 7.6 32 4.0 0.9 249 4.8 42
FLA ND 96.2 47.0 50.4 154 576.0 87.6 80.2
PYR 1.0 53.1 24.9 28.9 104 384.9 62.9 59.3
BaA ND 6.3 2.5 2.7 ND 90.2 12.0 7.6
CHR 0.8 14.8 74 8.3 1.8 212.4 27.8 25.0
BbF 0.7 321 44 3.7 0.7 325.3 21.5 26.7
BkF ND 6.7 1.7 33 0.3 189.7 10.8 17.5
BaP ND 7.0 12 14 0.1 124.9 10.8 179
IedP ND 73 0.9 1.0 ND 124.3 8.5 12.0
DahA ND 2.0 0.2 0.1 ND 21.5 0.8 1.2
BghiP ND 9.2 0.8 0.9 1.2 161.1 10.6 8.3
2,16 PAHs 2.6 294.7 110.0 141.8 52.0 2483.3 394.5 342.6

PAHs By EEHFATHLEL, 85 RIIESR 4 P . BARAIF ST
HR ) SRAE i ST = 4B B Kl PAHs 2H 43 5%
AR, {HiEd BT AT ARG A% X R K A
PAHs B75 4K -5 HAthdth X A PR AR . H&
4TI, AFFSERIKH A PAHs ¥R 536 EMIRESLS
BHGE IR TFHNFIZK PAHs 5975 42K F o ABFSER
K 6 B PAHs (BaA .BbF BkF . BaP.DahA Fl
IcdP) Bk ) JLATIS(E R 66.7 ng L, X—REE T
;[ Le Havre Ji3sfE R o 6 FPEUE 14 PAHs Sk B
55.3 ng- L {7k,

THE A& B SORLA (A R AR LS. PAHS 535
A5 E 53t TZK R 16 # PAHs B4 43 LA 3 34370 4
W/ RE, FHWRE SR SY 16 F PAHs SR E /Y
80%7c A o F/KVEREAH PAHs 3 IR 53 BT 5 Ll
B, BGBEWEY R 474%, HRK 4 RAHS5, &

32.8% . F/KIURIAH PAHs H 4 3R4 53 HL BBl B i, 0
42.3%,3 A 435 36.5%

R T B HK H PAHS 75 34 A B[] 28 L R , Xof
5—6 A1 7—8 A REM M /KEE G H 16 Ff PAHs
RYRBEI TR F 7 2500, FER 5.62, MEHEER
/NTF0.05, FUIFIZK PAHs ¥k B A 7E 2% A B ) 22
Fo SrHITTHE MK AR FSURIAR 16 F PAHS 1k
EY5—6 AMREHNES 7—8 A WEHER i,
SRR S R WERTESEH KT 1, 5—6 A
R 4 PAHs fL AW ROV E RE A T 7—8 AR
B, 7R T RN H PAHSs ¥R B OB 22 5

Wi7K H PAHs #4920 4346 B G B[] B9 22 bt AR 2
=2 VRRERNEEREMN 5—6 A% 7—8 A KHAH 5 (2~
33R) HL BN, B 43 (4~6 1) ELBIREAR . FRZK B
PAHs YR, 2~3 4l 4 5—6 A 5 47.9%,7—8 A

% 4 F7krh PAHs iR ERIXTLL

Table 4 Comparison of PAH concentrations in rainwater with other studies

9T X ik PAHs 44} WP /ng- L SE IR
Le Havre, France 2.6 PAHs 553 Motelay—Massei et al., 20061
Gdansk, Poland >.16 PAHs 3170 Polkowska et al., 20001
Marais, France >.16 PAHs 1950 Kafi et al., 20087
Galveston Bay,USA 2,14 PAHs 50~408 Park et al., 2001
Hangzhou, China >.10 PAHs 2157 FEEE, 20051
Beijing, China >.16 PAHs 493 ST
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% 5 Mk rh 16 #h PAHs K9 1E bL i
(5—6 ARE/T—8 AKE)
Table 5 Temporal ratio of 16 PAHs in rainwater samples
(concentration in May—Jun vs. Jul.—Aug.)

+ 6 BIEKH 16 F PAHs AT [EI L 51
(5—6 RiRE/T—8 ARE)
Table 6 Temporal ratio of 16 PAHs in canopy throughfall
(concentration in May—Jun vs. Jul.—Aug.)

PAHs K PAHs LS PAHs R EK PAH R EK
FORAH WA FORAH WA ORI WA ORI AR

NAP 0.8 7.7 BaA 45 1.7 NAP 1.8 1.6 BaA 0.9 37
Acy 14 1.9 CHR 36 1.2 ACY 32 1.2 CHR 0.8 33
ACE 2.0 1.7 BbF 6.8 33 ACE 0.7 2.1 BbF 2.9 10.8
FLO 24 0.9 BKF 50 L5 FLO 02 2.1 BKF 0.9 6.4
PHE 2.0 16 BaP 74 5.0 PHE 14 1.8 BaP 2.9 6.9
ANT 35 13 IedP 8.0 4.0 ANT 0.7 2.1 ledP 9.2 14.4
FLA 32 22 DahA 14.8 31.9 FLA 14 35 DahA 45 237
PYR 2.8 2.0 BghiP 8.8 4.4 PYR 12 3.0 BghiP 4.6 12.8

1557.6%, T 4~6 3404 5—6 HF1 7—8 A 2515
52.1%F1 42.4% , XFPEtE A (LRE S B T PAHs HEK
BEZETN2, WrmTEHRERESRKRRF
PAHs R FER I m L HE R L REIE,
KRR & B85, BT =3 PAHs 2 H7EMS
B b, I 5—6 A WK 3R 45 E B . T
7445 PO b I 38 JH L X RS M 25 SRR B R R
S H TSP VR BEFISORIAE PAHS YREW S FEZ, 5—
i, 7—8 ASIRAN &R, K35 PAHs 443 FHE
EYER, HEAGMNZIERYE HIEPERBIRSH,
TEFZK A B PAHSs FR AT & Ho s
3.2 WEFEKS PAHs BED4FE SR EIZE L

Iy IR M T a B K R IBURLA . VAR AR LA
K PAHs &I E 4T H, S5 R B il 585
JKH 3 I 4 4 432 PAHs W) E2 4 4y, HomAn &
> 16 PAHs MR EF () 80% 445 , Hofil 5 Wi 7KAHE

X 5—6 A H 7—8 H KA MMl 28 B /KA i
16 Ff PAHs f B B AT 7 25501, F (B R
3.04, MAEAE 2 K 0.103, K F 0.05, NEEULEH 16 F
PAHs ) BRER BEWRAZR, HES—6 A5
7—8 A bk Hr R AE YA R AH 4 PAHs fLE I
L, 25 R FNAESR 6 X THURLAH PAHS, 4% 40 419
BB RT 1, FH 5—6 AR 585 K b B0k A
PAHs W& &= T 7—8 A . M f#AH PAHs H1,ACE,
FLO.ANT.BaA .CHR .BkF Z£240 43 () HUAE /N T 1. Bt
SR E, WEZEdEK 16 F PAHs ¥k B A9 B[R] 22
S WK BB, (B S0RAH PAHs ¥R (s [E) AR £k
B EWKHFE

PAHs #5340 43 L 5] 4 Bt ) AR AL R R B H AR 9
MAE, 0 5—6 AWK BRA 2~3 FHH 55

50.2%,7—8 H 5 61.4%;4~6 FFLH4Y 5~6 F F1 7—8
A4y 3k 49.8%F1 38.6%., Vaf#AH PAHs [T E) 25tk
A ,2~3 SR 5 5—6 A F1 7—8 A 435l 47.4%
1 49.4% ;4~6 R4 4y 5—6 A M 7—8 H 515
52.7% 50.6%, PAHs s it & A& (A R 3 TE R TR 22
e, 2~3 IR E B T, 4~6 FRA A L BIREA, 5
KA
3.3 RE3T PAHs B B 5REM

W53 K FP Y PAHs 24 2 kIR ()R
s B PAHs; (2) WK #5371 PAHs, 7E
R TR H , FRIZK T ARt e i T B, 1T RS
Y vh R, X R 7K I5 G 3 B STk L {5 R A e T
X 7K A TS Ye it S R B HOVE A Rl 2 24
B RTHATR K MRS LA SE 22 e, Xof Ja B R 7K Hh AT e
YR BERCRSEMAE ., AR, HRET 7
3 55 TR 17 (AR S 2R KA i, o 5 SR R 4y
FISRAE T X R (4 BsF 18] PR A i, AT LA g T 2o e AR
B K AT K P PAHs ¥ B 19 3h A28 L #- 4T HL 3R
S3HT, BT S T R 7K H PAHSs (43R B AR
N o XoF SRAE 2 ) 45 3 W 7K R Sl 2325 7K A4 B[] 3R B A
it T YR VR W S B R BB VS A A R UL AR
> 16 PAHs MUK, S5 X RSN ER 7 H , B R E&E
FIBT B P FIRE T 2 SR P BB BN ER T .

M 7 v, FEW S RN AT, W E
ZEBHKHISRIAE PAHs VRS T WK, KRR E
X AURLAE PAHs LA A 3 , TERE R i 2 o
T 7K A AR 6 T 2 398 0 N B 2R AR O A R A
PAHs i fif . X FVAf#AH PAHs, B 2007-05-22 #h, #%
EEFEHK PUSRAE PAHs VR RIREME TR K,
SR I TR XA AR PAHs AR B3N R 3 (HTE
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Table 7 Comparison of PAHs concentration in rainwater and canopy throughfall samples(ng+L™*)

i - Mk RIEZEEK

VAR BRI pitid; s VAR TURLAR RMREE

2006-06-28 RiHA 269.8 680.9 950.7 188.2 16125 1 800.7
Jai 204.7 210.3 415.0 136.7 291.2 4279
2006-07-23 T 262.6 465.3 727.9 244.8 512.4 757.2
=31 149.3 126.3 275.6 139.5 132.8 272.3
2006-07-31 Hii 9223 37.0 129.3 51.4 97.8 149.2
Jai 67.4 70.3 137.7 63.2 148.8 212.0
2007-05-22 RiHA 95.2 130.7 2259 254.1 712.8 966.9
Jai 58.4 142.2 200.6 168.1 207.9 376.0

2007-06-27 T 414.5 10014 14159 87.9 24833 25712
=31 108.2 161.7 269.9 117.5 660.2 777.7

2006-05-26 N 292.4 920.5 12129 294.7 15204 1815.1
2006-08-08 e 103.7 218.9 329.5 106.2 356.8 463.0

R TR JE A, W e /K 5 K s AR AH PAHSs MR B (9 22 1)
SHTEIAE B AN, 7E 2007-06-27 [ERS H G,
W e 28 35 /K VA AH PAHs [V BER IS 55 TR 7K o

BRI , W i X B 2K A A7 PAHs A
BEER, W ZEEK A PAHs & & HUFR/K
B B0, TERE TS RR A a3, SRR B8 1 S , B
EEBK - SHK P ERAE PAHs BOYREAZE A K, T
X FHURiAH PAHs, AR 555 K BURLA PAHs AU
JE HE 7K B 3, A%k e o T 0 ORI AH PAHs HAG R
HAER . 7E 2007-05-22 &I H , W 7 2F i /K Vi A
FFURLAH PAHs YR EEX R FREIK , IR B HT 59 R AT
BEREON 11 d(L3 1), 3 5 T HAbIZ R W A I AT
W5 KRB AT IARSSEE A TE N I 7K Hr i) PAHSs #4884l
BB alUREOON , T A2 3 PR3k 0 25 Rl BV F
ANIRIFEZASH PAHs #H753, iR £%, BURT PAHs
AR ZE 534 B, [ B, 5 T I I R B S A S (R I A
Ko
3.4 WEFEKPAHs HEE

W 56 2733 7K Y5 Y 8 B S TR K S e il
MEEFR e B KER, A—SFENIRS, WE
T R SR AR TS YL R M K ol T ke, i35 B
T P ¥ 2525 7Kl B F] DAVE R R R R R ST IiRE
B AL BAE . B SRR TR K SRAE Ak A A% 56 T
6 m?, B IR TE FEA 6 _I A0 T K o Rl T 5 2 2 4 i
R 2 b AT , MR WD B T B W 2 B 7K PAHSs (9
WEURGFEKER. SHBEWPREEEK
PAHs i@ & 5HN MV EIE 1 iR, WEssK
PAHs ¥+ 2500 AP 2 AN E 2 FiR o

B & 1 A0, e 2R 7K H X 16 PAHs B3 &
TR 1.3~171.8 g, A S0RLAH PAHSs BT & L BAEK
&G A CRBERIFHE SR AT B E A, (R
Sof IR T B F 7K A PAHSs 3 B 7t ok, 332 R R [
1 BN R e 7K 5 Y3 B R AL 38 TR 7K V5 Y3 & 1 e
H9ER45Y, FEFNE KRBT FZK H19 PAHs V5 4 i th K,
TN B Rk R B PR AR e T R e A, A
W e 2R F 7K BT G A

WL 2E % K () PAHSs 38 2 Pl R R WK X 16
PAHs [t 13 B 28 357K PAHs il & . 41
2P, BRI SEE KRS PSR AH PAHs (158
BREHCME, AR 5 T8 X R 7K v A
PAHs A Bl B 098 B8 VE A, ik e 27 3% /K J50RE A
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