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Simulation of Long—Range Transport Potential and Overall Persistence of Polychlorinated Biphenyls (PCBs )
in Lanzhou Area, China

MA Zi-long, GAO Hong, FANG Li—jiang, DING Zhong—yuan, WU You—fang, LIU Min, WU Jun—nian

(College of Resource and Environment, Lanzhou University, Lanzhou 730000, China )

Abstract: Polychlorinated Biphenyls(PCBs) are a group of persistent organic pollutants(POPs ),which can be away from the source area and
distribute on a global scale because of its long—range transport, bioaccumulation and persistence characteristic.So they already become a
threat to human health and ecosystems. Therefore, it is very significant to estimate the long—range transport potential(LRTP) and the overall
persistence(P,,) of PCBs, in which that the PCBs environmental risk to the ecological system and human health of local and remote areas can
be assessed and also it is available to manage and authorized controlled specified chemicals. In this paper, the characteristic travel distance
(CTD) and P,, of 7 congeners of PCBs through air and water in Lanzhou area were calculated by TaPL3 model.Futhermore,the relationships
between the LRTP and P,, were also discussed. In addition, the uncertainty of the model was identified by sensitivity analysis method taking
PCB28 as an example. Modeling results indicated that CTD,;, of 7 PCB congeners through the atmosphere were between 250~2 500 km, while
P,, were between 500~33 000 d,in which we can deduced that congeners of PCB138,PCB153 and PCB180 had the greater impact on the
source region because of their smaller CTD,;,, otherwise, congeners of PCB28 ,PCB52,PCB77,PCB101 with larger CTD,; tend to transport to
remote area by air. Meanwhile the CTD,,, of 7 PCB congeners were between 6 500~61 000 km and P, were between 850~36 000 d in water,
in which PCB28, PCB52, PCB77 and PCB101 had the greater impact on the water environment of source region because of their smaller
CTD,,. in water otherwise, PCB138,PCB153,PCB180 tend to away from water body of local area and flow to other regions by water.In addi—
tion, the study results also showed that there were no direct relationships between the LRTP and P, of 7 PCBs congeners. Futhermore, the
physical and chemical parameter (lg K,,) is the most influential parameters for P,, and CTD,;, when PCBs were emitted into the atmosphere.
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Moreover, P,, were more dependent on physical and chemical properties of PCBs than the CTD,,,, when PCBs were discharged into the water,

while the CTD,,,., were more dependent on environmental conditions than P,. Compared to the similar foreign research, the CTD,;, of PCB28

through atmosphere in Lanzhou was obviously lower, and the CTD,,, of it through water was significantly higher, however, P, are significantly

higher through both water and atmosphere.

Keywords: PCBs; TaPL3; persistent organic pollutants(POPs ); long-range transport potential(LRTP); overall persistence(P,,)

% & B % (Polychlorinated Biphenyls,PCBs ) /& —
R LAY A5 A 1S L4 (Persistent Organic Pollutants,
POPs), i THEA KIEE T AWEREMEA
PSR, AT BRI, AT 2 BRIEER , BN B A 25
AEMARBRENEREE . A 1965 43 1974 4F
(1974 L FIFEPER (L7 )R 10 48], H E A
JEE 10 000 t fy PCBs #FH A= P R T, e, 9 000 ¢
SREBETEMTRIBAA, 1000t AP
FEAE GRS IR, 8RR A 2(2001 4E 5
H 22 H)¥s PCBs 5N E #5245 POPs Z—P,

20 42 80 44X, [EAMAH LK I PCBs idid
KIS AW & PR AT LU RS B AR i
X, X AR AR AR B AR S R G, AR 2
TR RAEER, AR TR R B AR SO
TR B AR IX L AER LA Y 62 Fh PCB, EIRER
5 2530 ng kg, Feffk 71.7 ng kg, FHI & 534 ng-
kg™, WEEIACRAE X IR E , W] BB 2R IE T IIX 5 ¢
FE X IBRITFESR IR e . E N E X
RS T A oAt LR POPs (41757575 ) K EE
B £ fi 3% J1 (The Long —range Transport Potential,
LRTP) #1445 A 14 (Overall Persistence, P,,) B L AF
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FHRIE . BSR 1974 4F PCBs BICU 57> {HUILATHbER |
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KRR SN RA R, [ PCBs [RIZE¥ 71
SRRE R B2, S0, RS BRI U2
MR R EATERAT HE KZEFY,

B4 E GEMS/Food (Global Environmental Moni—
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71~ P BAL4K (indicator PCB), FH LA 5 & PCB #4975 YL ik
DL, [ PCBT7 /Fh—Fh2e g i ERB AL
AL LM PCB, HEEMmm T HALR &4, K
TEF (Toxic Equivalency Factors, EHYERTFIERN
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Z—"9, (R, BF5E PCBs(28,52,77,101,138,153,180)
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Rl R 2258 2 s R B IR KRS 4
MRREKDH B Z JEREE IR AET R BRE
ZK,4E H BEHECH 2 600 h, TR N 180 d, 45744
F%7K & 250~350 mm, HEEH M7 6—9 A, 4F ¥
S8 9.3 °C, 22 M AT K BB T4 [ F 3K,
B SRR I, B 22 M Br 4 358.6 km™, £ T
85 X (e B P LT a0 )3 BORE
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28R AT AN R TH ) T R VR P B S T
TR (4 BE S A (] A 3 I AR . AE AL E YR Y
CTD b, Houk B AR B0 IR VR R 1Y Ve, X FH
FE KA R WA 0 ) [ S8 M A K AR5 BB T B, CTD
ARYE S TR A S 20 TR T R B S
O, o A] RSP BRI B (H ) RAE™, B BAN 43 F
TE RS BRI B 4 R g i it R v P X 2 P i
“BRER” W EL
1.3 #REIESR

= HFER LA AR TaPL3M(Version 3.00) &
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b 1) KA K A A HERCER R 1000 kg-h™ 9 PCBs,
PCBs fHy/ & (EERIABEREM AL A PR R
o) 5HE B FESE . B KIS KRR kiR,
B DU AR 5 A FAM . R R FER AL S
LS HAMIES L, H 3.00 fATEHE R B AR
BT RIS BT T RO, 8 2
1.4 RIS

TaPL3 AT A 18 M L2 S5 46
MRS R SRS HORE F 2RI T B ML
TR SR, ¥ S BOE LR 1.8 2.

2 HREWE

2.1 HERBIEHIER
REAIRLAL Y (Y 45 R A 46 i 1 R SRR R CTD
(LA/LW)& PW(TRA/TRW) ,qzig“ﬁ%ﬁ”ﬁ(ﬁ(lf)ﬁ;ﬁ\:&ﬁ

IR B DU AR B P A R R A B (WA W
Ws W F1Wy)so
2.1.1 PCBs B R RAIEHISE R

2 3 34 PCB28.PCB52.PCB77.PCB101 .PCB138.
PCB153 #1 PCB180 HEjik I K < Hr B A5 7Y g 1 58 45
.. PCB138.PCB153 #1 PCB180 [ L, #HAth 4 Fp#y
SN, TR 7K AR A A R A (e BEEL 5 41 4 FRIRT 2R
YRR Z , I 325208 i3 KBRS PR BOE Y X
B AR, X SR T AR A M DA R BN
BEK A EL R BT B . X 3 M s HER I RS A
RGE LR ERSE Wi 591 4 0.03% ,0.06% F
0.01%, PCB28 .PCB52 . PCB77 1 PCB101 fFHE %1%
B, TR ELT i X, R EI R R IFE RS
BRI EREE, WA 4331k 5.08% .2.22% .0.62%Fl1
0.58%,

% 1 PCBs HynIBL 2 RS H

Table 1 Physical-chemical parameters for pollutants

e 20 PCB28 PCB52 PCB77 PCB101 PCB138 PCB153 PCB180
SWANLE 2,4,4 2,2',55 3,3',4,4  2,2',4,5,5 2,2,3,4,4,5 272 ,44,55 2,72 ,3,445,5
VR S /g L 257.54318 29198818 29218 326.49 360.87809 360.8780 39508
5 85/°C 57.58 88 18008 78.508 80.518 103.518 11008
KRR /g Lt 0.117 0.1401 0.002 708 0.006 7418 0.007 208 0.011 108 0.005 221
A IR E/Pa 0.014 98 0.012 0 0.000 646" 0.002 458 0.000 51408 0.000 603" 0.000 107 208
FEEK IR BIXTEL 5.5501 5791 6.48 6.331 7.220 6.801 7.16™
FRE IR TREIEAE k] - mol? 283947 _37.56™) -14.331 -8.811 -17.38™ ~17.481 -8.27M
7K ERRIREAE k] - mol™ 472319 48.44" 58.96" 70.96" 69.50 70.970 74.141)
JK H 2L FE /M 24 000" 30 000" 30 000" 60 000" 120 000" 123 000 240 0001
st LRS- Gl 26 000" 87 600" 87 6001 55 000° 165 0001 165 000" 333 000"
it el OE 573 300° 300° 7500 1 200" 3 000° 3 000" 6 000"
VLB R 24 328 /h 26 000" 87 600" 87 600" 87 600" 165 000" 165 000" 330 000
KEPHIEZER/M 6001 6001 1 50009 2 400 6 000 6 000 12 000™
1 a: BRUME; b BRA I RS —F
2 HARAXHHEERESH
Table 2 Environmental parameters of the study area
S8 BUE S8 BUE
PIRIREE/C 9.8% B E /g1 1 5001
KA HERYm? 1.11E+09™ BIRBUR Y B g L 2 5632
K E/m 2 0004 KA S B g L 1 000%"
bI TR AN 1.00E+07% g E A B g L 2 5632
TR B /m 2.5 LR R AH 2 B g - L 2 563"
TR /m 0.1%4 TP ERA RS R g 0.018 724
R 3#/km-h 2.88™ TR B Dk & /g g™ 0.002 6%
K BE km - b 6.12" BRI EERENRR S Bl g 0.002 62
TR /m 0.1 AR S R/g g 0.0520
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PCB 1) 7 #hFEIZE Y14 Ly HEFF 5 PCB180<PCB138<
PCB153<PCB52<PCB28<PCB77<PCB101 ;X 7[R &
YIHF-34“ B BK B (H ) 9 HE >/ PCB180<PCB138<
PCB52<PCB153<PCB28<PCB77<PCB101, H:H,PCB180
() L, F01 H (EE5 25N, PCB101/) L, F1 H (EEFERA,
HHEFEAER Xt F PCB138 . PCB153 . PCB52 . PCB28
PCB77,L, #1 H HAL T %5  (BHF A, X FEE
PCBs FYFRALME AN [, i _E 22 AbF Emr ) 43 iy
KATGYTHE, 15 YW 55 4455 TR R vt Al o
2.1.2 PCBs HEEI/K A R 45 SR

2% 4 >4 PCB28.PCB52 .PCB77.PCB101.PCB138.
PCB153 F1 PCB180 HE i 2] 7K A v B A58 7 fr) 5 411 2%
. PCB28 F1 PCB52 7E7K H1 ) CTD B/, MR X 52
M ALK, SR F T3 P 4 o B AT A K VA
B, HHAEAKEKFIHHRGE R B, Wy 25
15.11%7#1 2.28%, PCB77.PCB101 ,PCB138 . PCB153
F11 PCB180 ZE/KH (9 Wy #EAL, 235K 1.76% .1.85% .
1.29% .1.35% %1 1.15% ., 5 L, 14 iF#1 )% ,PCB138.
PCB153.PCB180 #H Lt 55 4k 4 #h [F] & 4 (PCB28,
PCB52.PCB77.PCB101) =FfE-7K 43 Bt 72 B A% $50ME
R, Ly WK, Hr PCB28 TE/KKH Y Ly /),
PCB180 7E7K A1/ Ly B K, %1% PCB28 TE/K{k
1) 10 544

& 3 PCBs HEMBI RS P EER A H &R
Table 3 Model output for exposure of PCBs in air

2% PCB28 PCB52 PCB77 PCB101 PCB138 PCB153 PCB180

Lykm 1771 1317 1713 2476 352 561 281
Tra/d 504 857 4022 6178 15345 14597 32491
H 1.80 1.09 2.29 6.37 0.66 1.30 0.52
Wi%  5.08 2.22 0.62 0.58 0.03 0.06 0.01
Ww%  4.48 2.15 1.72 1.83 1.28 1.34 1.14
W% 1540  4.47 2.60 5.45 0.77 0.92 0.38
Ws/%  73.9 89.9 94.5 91.9 97.7 97.4 98.3
W%  1.18 1.27 0.51 0.23 0.25 0.32 0.18

% 4 PCBs HER Bk h B ERU RGBT 45 R
Table 4 Model output for exposure of PCBs to water

2% PCB28 PCB52 PCB77 PCB101 PCB138 PCB153 PCB180

Lykm 6614 8549 14348 18111 33172 32808 60 488
Trw/d 881 2547 5562 6658 17530 16582 35933
Wi% 246 0603 0324 0469 0.0104 0.0255 0.003 55
Ww/%  5.11 2.28 1.76 1.85 1.29 1.35 1.15
W% 745 1.21 1.37 4.4 0239 0423 0.108
Ws/% 844 95.6 96.3 93.1 98.4 98.1 98.7
Wv% 0492 0344 0268 0.189 0.0784 0.145 251

22 JH 2 SR T R R R SR X, [RIAT
F PCBs BfbME A, FEMKRK, FEZMKX
PCBs 7 BRI/ . PCBs 4 7 P R YT7ERSHHY
SRFAE (7o) BB HEFEAK R AP B B RE A (o) 5, HH
I WL, PCBs #EAFRER T 5 P, A E B,
2.2 ERESHNREE S

R AR TSRO RS, SR A AR BTHR, AT IR
I AU SE R S M A S B, DL PCB28 Ay,
i HE Mongan 54 H i) REE R BN AL, B S
BRI R R, FSPRERE S,

RS REESHPSHNRE

Table 5 Parameters code in model sensitivity study

SH (] 25 ]
FRE-K B R BRI EL X1 iR S=3 U] Y2
R X2 LRI B2 530 Y3
KA X3 K ARG AL RE Y4
TR X4 || UIRUIHRERREIGEE Y5

T EPRERATELEE X5 WIREE Y6
HEIRE X6 KGR Y7
KRREE X7 VU Y8

Pl AR e X8 TR Y9
Rk X9 || AMHERGERSE Y10

SH T U ER X10 (|FUR K FHFERSE Y11
YL X11 IR R ST Y12
FEIKAERBRTE Y1 VIR R IR Y13

X A3 PCBs HR B R HIHRSHL, Y 3R PCBs HR B K
REIFRSHL

HE 1AL 1 ANSEPE 9 NS5 (3 13k
ZH,6 NAESEOXHE L KT L B REEE
Ko HH, XF Ly KNS HOEF K TR
HIXE(X1), I H R AFmMSE, B3 T-391.3%, H
WRRE . KIPEERAMRSEE, &R IEZm
ZH, 4y BIEER] T 99.94% .61.26%F1 45.74% ., i%EEK
B PEREK B R BT EUR TS, R
AR R TIRSE, BT 22 X 4 KU
AN R RARER i MBS EARRR , ST PCBs #)
XA YRR . X Flad KA H PCBs [958
A o, 11 DM2EPE 100280 B3NS
5,7 MIRSHO RBEBR AT 1o B KH
BEHERE KBRS, I H R IEF MBS,
KB T 285.71% , HUORIE S RS B R # = 1
HMSH

HE 2T UES, A 13 M350 M5,
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IRARFLE SRR GEREK BRI EESE BRI R R E, KB T 515.891% , YRR
XE KA Ly (EIER, B AERWMSH. A9 B VIR PR MRy iR R, %R
NS ABESE,T DRSS EONEKIER  100%,3X 4 MSEE N EZHSE . XESBIERK

200

—_
[=]
(=]

! |_| 1 I_l 1 ,_l 1 T — & 1 1 1 x4 ! X5 |
- X1 X10

(=]

-100
-200
=300

SHCT Ly B R R B0 %

-400 -
-500L SERG

3501
3001
2501
2001
150

100
50t X11 X3 X10

0 . . . A T . .
s L L] L

-100 X2 X7 X6

-150*+ SHAE

B 1 SHxHETKSE CTD(L)REI L H B Pov(m) IR BUE

Figure 1 The sensitivity of parameters of CTD(L,) and its corresponding overall persistent P,,(7,) in atmosphere
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Figure 2 The sensitivity of parameters of CTD(Ly) and its corresponding overall persistent Pov(7g,) in water
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TR L PCBs MiER FIREAR , P HAEABE
=] ,

TEEAE A2, ANBFGTR LT 22 N I X A 3R 2%
14,3813 TaPL3( Version 3.00 A& T # 3 KA A
IR CTD DL Pyo BFFEEE R LR —A0] SRS
55T Hiffh POPs 5% [7]2% POPs 76 A [F] #1IX i) CTD F
P,, LA “HIXHE” , AR — A A XHE” . SEFRTEL
R W 50 T T ARG e AT S
2.3 LRTP 1 P,, 92X &

28 CTD {EF1 P, X PCBs (HEF £, FHAEXT
AP A —B, B4 B R RE SO s DL SCHEIR
AR F R AT, 24 PCBs HEBCBEI R ), R E
o H oK v f# M BK B PCBs (PCB28.PCB52,
PCB77.PCB101)# CTD —AREL K, T 45 & B B
f) PCBs(PCB138.PCB153.PCB180)) CTD —f 4%
/N5 24 PCBs HEBCEI KRBT, TR Ktk o e 35 1
&K ) PCBs(PCB138.PCB153 . PCB180)f CTD —iiit
EREE A, T AE DR A K A Hp e 35 B 8045 19 PCBs
(PCB28.PCB52.PCB77.PCB101) f CTD — f#R %%
/N X FHEHBIR KA ) PCBs T & , X P, F1 CTD 5
M) B K PR S BT 2 B - K 43 BE 2R B X 8 (1g Ko ) 5
XFHERCBIK A& H # PCBs T & , Py b CTD B4R T
PCBs {34, T CTD H. P, AR F I35 4
CTD A P, HFEBAMATR (FEREKSR) "TREHAE
PCBs ZEH A BB KM T (—R2TTEY ), H
T 7EASW5E H PCB138 . PCB153.PCB180 7E KK H (1)
Ly B/, TR A B R HF A () B0 EE 53 51 4 F
PCBs % k78 £ ; PCB138 .PCB153 . PCB180 7£ 7K A& H
B Ly 8K, HR R AN (raw ) K
24 5ESMEXARIILLE

F|F TaPL3(Version 3.00 I E ], 2R 5%
SHH 22 3 X B 3 R R E N Y EQC(Envi-
ronmental Quality Council , 3& E I ENEE R4 )IME
S, T YA ES BN ALY PCB28 Y
Ly F1 Ly 43314 4 996 km F1 5 597 km, 7 F1 7w 435
722 d F1 1675 d, Hirp Ly He 22 X f 3, HUR
HET B RN LS, R RS R IEE
MRS HON KK , EQC R HUE S 144 km-h,
FE 22N HL X HRUE 2.88 km-h™ (9 5452, MREE N
IEME BAUR F RS SRS L EQC I AL
fE>% 1000 m, & 22 JH 3#b X B 2 000 m f)—2, FH EE
R F , WE/MEZ i EQC BT B Ly B .
Ly L 22 M3 X A PRI , JEC T DR R T AR AE AN /], 23K

BUEZ R KR . EQC IAEET 7o Ml maw T HISE RIS,
FER W T REE RN EERIRE EQC R BUE R
20 C, 222 N3 X HUHE 10 CHIPIfE

Andreas Beyer 5532 ] TaPL3 ( Version2.0 ) 1
T3 9 Tetra~CB Ly F1 Ly 43 5% 8 900 km Fl
2 900 km, 7ps Fl 7rw 431128 2 500 d F1 2 900 d, iZ 545 5%
TETHE T, RS AR R IR AE N, R B R 2% I8
FIR BTSSR, B 5 AP R IS g5 R LU A
BB, SEFEHBTENR EQC IEAM T IS4
RUWAEHEESR,

3 #ig

(1)2% M| #b X PCB28 ,PCB52.PCB77 .PCB101 .,
PCB138.PCB153 F1 PCB180 [ L, £ 250~2 500 km
Z 8] , e TE 500~33 000 d Z 8] , H: & ,PCB138,
PCB153 F1 PCB180 [ L, %A 4 Fpdgy /N, T s
ANE (rea ) BERAR 22, BRI TG X X 5% MR B8 K T PCB28,
PCB52.PCB77.PCB101 fi FHE KM L, BAGTLE
KAP#TmEENTES . REFESITRI, Zm
PCB28 L, [ RS F B R BE- /K4 Bl R B X
8% 3 MIBAESEBNRESE 6 MRS,
PCB28 7y, S B 2 BE— /K 4 it R B %t
85 3 MIES MRS ES T M IESEG

(2)2% | #i X PCB28 . PCB52 ,PCB77 .PCB101 .
PCB138.PCB153 F11 PCB180 (] Ly 7E 6 500~61 000 km
ZJ8], rry TE 850~36 000 d Z i), H:ff,PCB28.PCB52,
PCB77 #1 PCB101 # Ly %/, PRITXHIR X MR EK 5
PCB138.PCB153 #1 PCB180 [ Ly FlIAR: A ray 5
K, BERGTEKEFHATEE R TR . %M PCB28
Ly RS F B R RE K B R BN EEF 3 4
WA F S ECRK R # S 10 MRS, 2w
PCB28 7y FIKREESE F B R-F B KA BE R BN
55 2 MBS BB S T M IESE

(3)PCBs 4 LRTP #1 P,, Z [A]&A HEMIK R
SHHERCBIR S AP PCBs i &, X P, Fl CTD $20i#%
KOS HE R R S5 X HE 2K A
PCBs T 7 ,P,, tb CTD B KT PCBs M3 fb 1 T,
1M CTD Lt P,, B T IR A 1
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