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Analysis of long-range transport potential (LRTP) of polycyclic aromatic hydrocarbons (PAHs) in environ-—
ments of the Yanghe Watershed

GAO Jia—jia™?, LUO Wei*"

(1.Tibet Climatic Center, Lhasa 850000, China; 2.State Key Laboratory of Urban and Regional Ecology, Research Center for Eco—Environ—
mental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: The long-range transport potential (LRTP) and overall persistence(P,,) of 16 PAHs in air and water within the Yanghe Watershed
were estimated using the Transport and Persistence Level Il (TaPL3) model. Characteristic travel distances(CTDs) and P,s of PAH isomers
were compared and the relationships between the CTDs and the P, s were discussed. Key parameters of the model were validated using a
case study of sensitivity analysis of the parameters influencing CTDs and P,s of benzopyrene (BaP ). Results indicated that the CTD of 16
PAHs in air ranged from 13 km(DBA) to 712 km(Flu) and the P,_;, from 0.33 d(Acy) to 907 d(BaP). Soil was the main sink of PAHs in
air, which accounted for about 60 percent of total PAHs in air. The CTD of 16 PAHs in water ranged from 111 km(Flu) to 2512 km(Pyr),
and the P,~water ranged from 4.5 d (Nap) to 3293 d (BghiP). Sediment was the main sink of PAHs in water, which accounted for about 4

percent of total PAHs in water. Wind flow velocity and half-life of PAHs in soil were the two key parameters influencing CTD,, and P, ;.
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Water flow velocity and octanol—water partition coefficient (K, ) were the key parameters influencing CTD,,,, and P, _.,. Considering the

great CTDs of PAHs and their potential danger to environments and ecosystems of Beijing, PAH abatement measures should be taken by

PAH-related key enterprises within the Yanghe Watershed in the future.

Keywords: TaPL3 model; PAHs; long—range transport potential; overall persistence
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Table 1 Physical and chemical properties and related parameters of PAHs within the Yanghe Watershed

PAHs Nap Acy Ace Fl Phe Ant Pyr Fla Chr BaA BbF BkF BaP  BghiP  IedP  DBA
M/g-mol™  128.17 152.19 154.21 166.22 178.23 178.23 202.25 202.25 228.29 22829 252.31 25231 252.31 27633 276.33 278.35
tin/h 17 5 5 17 55 55 170 170 5 5 17 170 5 17 5
5 fh 170 1700 170 1700 550 550 1700 5500 1700 170 1700 170 1700 17 000 550 170
5 /h 5500 5500 1700 5500 17 000 17 000 55000 17 000 55000 550 5500 55000 55000 55000 17 000 17 000

ti5/h 8.5 2.5 2.5 8.5 275 215 85 8.5 85 2.5 25 8.5 85 2.5 8.5 25
tiith 1700 17 000 1700 1700 5500 5500 17 000 5500 170000 5500 5500 17 000 17 000 17 000 5500 17 000

S./g'm™®  104.18 40.96 18.97 10.02 4.28 2.05 0.63

4.27x
102

leK (JCEZ) 340 385 395 411 447 457 501

P./Pa 38.02 257 174 054 0.10 0.06

1.04  0.08 0.14 0.083 0.137 0.04 0.003 0.004 0.09

6.67x 1.35x  38x 1.05x 7.76x 7.94x 457x 6.61x 1.15x
107 107 107 10° 10 10° 107 107 10
4.97 5.67 5.83 5.86 5.86 6.05 6.63 6.57 6.46

T./C 79.94 9194 93.14 11453 98.85 216.64 150.25 1 408.83 256.85 158.63 168 212.52 178.8 274.58 162.87 266.56

How/kJ-mol™ 1570 20.00 28.71 24.05 19.73 14.52 23.73
Haw/kJ-mol™ -43.66 -49.86 -49.19 -49.26 -53.74 -54.16 -56.09

21.86 17.94 2483 4094 37.76 36.26 52.56 4894 30.37
-54.82 -77.82 -64.55 -60.26 -63.74 -5598 -59.14 -61.96 -82.33

T M R BEIR BT 0, 057,032 03, 038 23900 PAHSs TR K UTRRY) W) 13T T (0 0 5 S, Sk A 5 PR IR PRI ZE U s T D085

How FERE-IK ARG AE  Haw R -K A kS AS

Note: M indicates molecular mass.t{5 ,t"5 75 ,¢3% ,¢t74 indicate half lifes of PAHs in air,water,sediment, vegetation and soil , respectively. S, indicates

water solubility. P, indicates solid saturated vapor pressure. T,, indicates melting points. Hoy indicates octanol/water partition. H yy indicates air/water partition.
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Figure 1 Location of the Yanghe Watershed , China
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Table 2 Environmental parameters for the Yanghe Watershed

S i BE 24 ¥ BUYE
IE I C 59 KA r AR A AL 7 gg’ 2E-1¢
RAHR m’ 1.5E+6" LGP R A A LR R gg! 2E-20
KA m 1E+30% VOB AR LR A gg! 4E-2
KA AL m? 1.5E+4 A B B gy SE-2
IR m 3 SRR TR R AL m-h 5
R m 2E-1° TS 7K RS R AL m-h! SE-2
TR m SE-2M [k m-h 1E-4
R km-h! 2.5 ST IR R m-h! 6E-10"
IR AR m-s™ 5 A3 SARY BT TS R AL m-h 2E-2
SRR IR F B TN 2E-11M T3 AR R RS R R m-h 1E-5
JRHTR E AR AR e 5E-6 YRR PR TR TR AR m-h! 5
RIS AR TR 1E-6 DUBW KA BT R TR R %K m-h! 1E-4
TP S F AR EL Y 2F-1 IR/ G Ss 2 S m-h 5E-7
K TR IR B S 4 3E-1 VOB TR R m-h’! 2E-7
- S [ AH AR RS B TN 5E-1 T HOK R AR m-h SE-51
DU K FARR AT 8 e 8E~1™ - A g R i m-h 1E-08™
DURP I F AR AT 8 TR 2E-11 A gerh R kg m™ 2.4E+31
SR AR R kg m? 2E+31 TURR) R A fr 2 kg+m? 2.3E+31
KR H T 4 2 kgem™ 1.5E+3 TRAH £ 2 ) 25 kg-m? 1E+3

T :adf AR b2 RIRIAFRAY 10 15 ; HAR BRI E.

Note : a. From statistical yearbook; b. About 10 times of water erea; Defaults of the model.

16 F PAHs 1) CTD,;, *~ 13 km(DBA )~712 km(Flu) , £ i /NI CTD, e S LA Flu i F 1) 4 FRPAHSs, fix K9
/N CTD,;, /214 DBA F1 BghiP 4 F A 5~6 3 PAHs, CTD,u /& BKF Jy 3 #) 5 ¥£ PAHs,5~6 ¥F PAHs fY
KM CTD,, J=LA Flu 31 4 35 PAHs, /K& 16 CTD,uw K 313~972 km,,

Fl PAHs B9 CTD,uee 4 111 km(Flu)~2512 km(BKF), KA PAHs ) P, 7 0.33 d(Ace)~907 d(BaP),
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3 MR PAHs FERSFK R EIERIE R
Table 3 Modelling results of PAHs in air and water within the

Yanghe Watershed
PAHs CTD,;, /km P,/h CTD e /km P,/h
NaP 61 1.1 334 4.5
Acy 18 0.59 972 17
Ace 18 0.33 486 62
Fl 61 1.2 1009 24
Phe 197 5.9 1259 109
Ant 197 5.9 1259 109
Flu 712 17 111 29
Pyr 530 160 631 1799
BaA 18 0.56 316 2245
Chr 594 270 1023 1982
BbF 16 33 551 319
BkF 41 347 2512 1608
BaP 84 907 922 3057
DBA 13 307 283 788
Inp 37 136 313 943
BghiP 16 118 565 3293
Mean 163 144 784 1024

5 % PAHs 7E RS BT IR, F34ik 520 d,
K PAHs 19 P,, 7 4.5 d(NaP)~3293 d(BghiP), LA
4 Ik 1) PAHs FEERIF RN 34k 1275 d,

PAHs 7E7KIRH 1 P, SEIE R KRS P, FHIE
() 7 4%, el KR T (n <4) [ Py THHEKS P
Povfair % 14 1% , ﬁﬁ%%ﬁ]\%(n =5 )R)\fwaler [3[3 Po\—air % 5
£ o PRI BaP fE RSP GRS Jy 84 km, 18
FE/NF T H 9 CTD,, S 106 km) 2 Wania 255}
S (CTD,;, iy 493 km)BaP f&H FE 25, 5 K] 545274
A4 R TRLRE A G : AR SCR A KGR g 2.5 km-h' | ik
FER 5.9 °C, 1 Wania Z% XA 14 km-h™', T
R AR M 9.8 °C, 0 TR A7 FI) T PAHSs
SRR, TR AP AR A

KA HARRS> T PAHs F B H (3R 881 1R
TEFHAR—F, “ I EZE(Nap) 78RS ISATE R
FELE , 2GR s i B LA A ERCE K, PR e B B 3
T REVERNAR, FAFFERT I 0E . 5~6 ¥F PAHs
B VI ST AL SN A B A TR S AR AR BT
7R B 5 RARI A G S B i A IR
B HAFAERTE R o VRSS2 K A AL T
V=AY 5~6 R PAHSs 29 134 4 (R , PR
W% 5~6 ¥ PAHs 520 8k 5, 4 38 PAHs 1E A
PEAT, BV ORI AR A A, LI BRI, )

A A JIUAE 9 2 1T 24, T X S S50RE T FE KA K A
TE. PERNAIN 4 3R PAHs AEHERCR 20 138 1, 1642
KAIRFLIFZI T CANBG s i vE AR A 5 K ) , BRI i
BUEATPUIL XA A DL XL, HIHS 0 3 X R AR T 10
C., R A IR % 4 v 1A N A HE O PT 5 50 Tl o
J 4 5 PAHS 7] 7% rg A5 me 7 1) A%

KPR PAHSs [ I 25 3T 8% 32 2852 K AR B At S
N DA ) KA T DU RS A i s i, 28
Wil 25 T T v TR X R i, L e M T B
HaR 2R A Z K K B R . 3~4 FF PAHs
HERMR WAG KPR, "I PAHs 5 5K
(B TE BRI S A, AR RE B K o VT I A
AR 200 37 ¢, HHERM 3R PAHs TOl R K&
T MK A R 4 T PAHs Y5 L i LR 22 — . A5 T AF 36
B, P K A 26 () B (BaP) S E W i T
| PR 350 O B 1 BUE bR E

16 fift PAHs 1£ /K H A CTD e 28 K T R HY
CTD,,, BB CTD,, HEAT K IE B 4k il v 17488
55 ENZETET N PAHs B 42 Hi 2 10 1 ) v ek
UL PTG Y, IRFR PAHs AR XA EY 1, PR i AR MEXT T
Wit G 9. KRR PAHs TRV CTD,;, 31/
F 220 km, { AT AEXF K S O JRUT Hb X (409 RE 4 )
FEAERSIA L T Pyr.Chr F1 Flu A& HIHE 258K F 500
km, fRATRESTS Y ptH B KA . AR
AH T 9 3R] 0 X (A A D L G o 5 ) 7 KRR
PAHs %4 B 52 34 A3 Jin i 35425220 [T DA PAHs f& iy
W PRI B PAHSs S8 B 25 4% i wt SR 3 3=
SR AR B A FREE T 1 e AN 240
2.2 PAHs ZEHEFEMNHER TR LE

PAHs [ 43 B 0 S B 135 Y e S0 A e 48
A ILUB A PAHSs 7645 FREE A H 0 43 il 22 5 48
KOE 2) ARIE PAHSs 43 Bire KA H I EL B4, -3
ik 86%, 3K PAHs {05 14% , Hid NaP 76 kS H 4>
Bc () b il B K, R 16% , HARJ& Ace Fl FL, 2B 78K
S H 5 3 R 15%F1 15% ,5 .6 3541 DBA (InP
F1 BghiP 43 FL 76 R H P LB 33 AN & 10% . =5 36
PAHs 73 e e L3 I LBl R, 24 85%, TR
PAHs 7€ 5 i 3 e L 2 15%,

DIE W FE 281 - B o TR 035 <, A
3 LU B2 s /D i - SFERURRAR Hh () vk B A T 3
Jneol, - REE T PAHSs (1) 2 ZR IR R T i AR
R A R RBEHE . — 7 T, T U bk
ZF ORI EARAL R Tk S, KA H PAHs (4
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Figure 2 Percentages of PAH isomers in different environmental media
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X IR A2 AR TP B ek, 2D 4~5 3
PAHs & HrAHXTS R, G UTRY) PAHs SR 61%. A
AL T A R R R S T RE R R EORUR, PRI
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Figure 3 Sensitivity analysis of key parameters influencing CTD and P,, of BaP
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