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Abstract; The pollution' level and sources of dioxin-like polychlorinated biphenyls ( DL-PCBs) in
local environment were investigated by analyzing the contents and distributions of DL-PCBs in the
tree bark collected in western areas of china, and the levels of DL-PCBs in the local atmosphere
were evaluated by mathematical model. The results indicated that the concentrations of DL-PCBs in
bark were from no detected to 1.81 ng-g™'. The predominant PCB congener was PCB-118,
contributing to 70% of the total DL-PCB concentrations. The results of principal component analysis
showed that DL-PCBs were mainly supplied by long-range atmospheric transport. DL-PCBs
concentrations in atmosphere were aslo calculated by using bark-atmosphere distribution model of
POPs. The results indicated that the concentrations of DL-PCBs in the atmosphere were from 0 to

0.79 pg-m~. Compared with the domestic and foreign research results, the levels of DL-PCBs in the
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atmosphere of western China are at a low level.
Keywords: tree bark, atmosphere, persistent organic pollutants, dioxin-like polychlorinated

biphenyls, western China.

ZFH KK (polychlorinated biphenyls, PCBs) & F B 71 1 i S 78 SR TS A i N TA
BUALE Wy ) EFR. i T HARE A2 PR BT I R AL IR N8 2V, PCBs B 78 HL 25 85 F1A8 e i i) FASZ
TR N2 2501 LA KT T 790 R AR TN R S D T Tz B L 2 R 2 I ((dioxin-like
polychlorinated biphenyls, DL-PCBs) j& PCBs g8 K — Y, 2 HE =S HoR TUEBR A
RARSE R E T 1965 4E T IR 4E 7= PCBs, Lt 20 80 4R A& W45 1k A= =, 1 [H] 38 = He A4 7= T PCBs 24
7000—10000 t"" B & PCBs 7™ S (W AN 57, PCBs 4 2 Wi B 3 SR 55 b [BlB, B 7 PCBs A
PR ANE IO B I R AN A ) 2 U AP I, O A YA AE TR B vh O e 208 i & b i A= E AN
TR IRH , B OR T AR L AR AE 452 11 2F 7= Fifdi F PCBs , B HAE Tl FEIBR 8 1 & B R e AT AR iz A7 12

H T, XT3 E RS DL-PCBs 17K FIE R F AL A C A 8 2 i ol , {HH 8 48 th e vh A
AR A Ry S AR I L X T PGS e VA b DX A I S A/ R AT 5 A RS 4 =R 28
FEE P AR I 7 A T EREE  DL-PCBs HYZKP-FIAR IR, I HIAM B 5 R A S SRt % 53 3 [ 7 3
X KA 12 Fh DL-PCBs 7K F-.

1 #5771 ( Materials and methods)

1.1 HEA R

T 2013 4% 8 H 7EH FE VG X R 5 15 M ( Saliv matsudana Koidz) B K2 1R A FE i, PRI B L
& LHPALE 10 4> S R RAE AN S NI RAE S AR REG SR AR I, P AN BB /N TTHT I 50 m N Y
3 RS HERE S, % T3 BT 1.5 m 250 A B 0 2076 F 35 e, A 001 € 95
IRt 1075 e 04 B 3 BB %95 OB R 5 B 5 I s S B 6 59000 5
T-20 CHRARIRKFE P ORAT.

R 1M ECREE SRR
Table 1 Details of bark sampling sites

o y o ARy
e frﬁﬁg S s sz PRSI P[‘%ﬁ;ﬁ/ TP annual
No. sites Province Latitude(°N)  Longitude( °E emperature/C - average TjP/ Types
(pg-m™)
1 T HiE 37.38 101.62 1 520 133 Z
2 A Hilg 36.32 102.83 8 350 137 )
3 T HiF 36.62 101.78 5 446 163 i)
4 i A 34.69 103.35 3 518 60 E23)
5 R HM 35.54 106.67 9 525 79 E2T]
6 GEal| TH 38.49 106.23 10 200 118 EZi)
7 JiHR i 30.57 104.07 16 1003 153 i)
8 SRl pa 29.55 103.77 18 753 176 Wi
9 JE L s 30.08 103.85 17 1000 165 Wi
10 eI Py i 30.13 104.63 17 835 119 EZi)
11 F55] S 26.26 107.52 15 1094 74 20
12 PHEE B 26.2 107.79 16 917 74 EZ0)
13 SLaT7S S 25.78 104.95 14 1395 67 EZ0)
14 217 P 26.45 99.42 12 1015 45 E20)
15 K i) 23.75 109.22 22 1735 62 EZi)
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1.2 SEE s K

6890N-5975 “TAH (- BT ik 1 A ( Agilent, USA) ; R-3 BYJie% 25 & A ( Buchi, Swiss) ; Aanti.J-25 5
B L AL ( Beckman, USA) 3 BF2000 %0 M 4% (b3 /Ay t 2 B A BR 2 7] ) 5 AUX120 HLF K F
(Shimadzu, Japan).

WEe ke, —E P (AR DE, ). T.Baker, USA) ; FEM (75—150 wm, Mreck, Germany ) i FH i FH
AN RETRIA T 7 130 CHU TR HLE 12 b R HEIE A 5% (B ) KB K L TE AL TR B ER
(orHrag [ 2545 AL AR A FRA 7)) HRTT 450 °C R85 4 hy mai /< a5 W db sty G
NE)) AR (A, 5 Millipore 23 W B2 K AL R 50 ) ARUED) I . PCBs bRifERE S (PCB-81,77 123,
118 114 105,126,167 .156 157 .169 . 189) § [ Labor Dr. Ehrenstorfer; P} FRIE 4" C,,-PCBs ( PCB-81 |
77123 118 114 105 126,167 .156 . 157 .169 .189) i H Cambridge Isotope Laboratories.

1.3 FEAETALHE

RS E BT T8 10.0 g TR AR B BT IR RR 20 1 em® 4 o, B A TREARE 1, OF A 20.0 ¢ TE
IKBRERAN , AL AR FCAR B ES o I A AR (0.64 ng “C-PCBs) J7, FH 200 mL JEC Be/ 75 Bl R 4 V4 i
(1/1,V/V) BESMPGEE 20 hARBORKSG E 4 mL J5 8.0 L5 R s, B 2L+ 2 )5 i f 7K
FHEREFRBURE. A 4 ml IECKRER IRAFEHE AR (A T 1 g TR, 4 ¢ Bt
B, 1 g hPERERE, 8 g FRITERENRS,2 ¢ WP IERERS, 4 ¢ TC/AKBRIRAN) 47 B 1k, 18.0 mL 1F C %e Tk 1
100.0 mLIECV e/ S BE(97/3,V/ V) Ve AR VR I , W E 25 22100 i, GC/MS F#l.

1.4 {ER5HT

354 R ] DB-5MS 4 (30 mx0.25 mm i.d., JE/E 0.1 wm™; J&W Scientific ) . FJ4H IR 100 C , {4
53 min, ZRJ5 LA 5 Comin™' A HETEE 250 C.HERE 1, B U DUBAT A9 IR B2 43 51 300 °C (150 °C FiI
150 C.#A MR 1.0 mL-min™" SRR AL ST WL, H 57k 27 BB UE (NCT) |, 3 5 58 1K
(SIM) k47 5E B34 PCB-81 .77 B WA INBS 7K (m/z) 29055 292, PCB-123 (118 . 114 105 Fil 126 E+% 5
M m/z 326 5 328 ,PCB-167 156 157 169 ML F24 (m/2) 360 5 362, 1 PCB-189 1Y Wl = +-h
m/z 394 F1396." C-PCBs WHRHI ISR B T (m/2) 50 BIFE X 2 C,-PCB #6865 7 o | 12.

1.5 sl

H bRl AP 5 R FH IR AL 28 P A5 T4 0 S Bk, 25 W ot A s o il R AH OC R B r (R T
0.9990. 3% ] 3 {5 M b e it AL A HIBR K 0.05—2 pg, F7 K HIBR N 0.1—10 pg-g ' (LABEE I, Iw).
S ek AR v Rl AT A X BRECES ) BRI RTE S REAS o A rh & AR 19 [T S 8 34 K
T 65%+7%.

2 ZEH 5998 ( Results and discussion)

2.1 FREVGHHL X K H DL-PCBs /75

W 1 FrR , 3 E P XA 2 DL-PCBs (& (IBEE T, TR 8 nd—1.81 ng-g " H i f 05
R BAE DU JE LLRAE A5, T SR ATt B A ST D A 8 ST D I 8 79 SR 54 B2 v DL-PCBss 117K
SR T4 PR X PN SRR 2B RN O £ R, PCBs B4 AT RS /D, T FECY #b BB DL-PCBs
BT YA BE AR, [RI , J RAE AT 5% DI £ AR AE s B AR i o DL-PCBs 1Y% 1 (0.59 ng-g™') IR Tk
SRR R B RS TR S (0.94 ng-g ') .3X 5 He %517 % 30 [ B T0] 1 3 X W) B2 H DL-PCBs BOHF 57—
250 Fh [ PG 5 s DX A4 B2 DL-PCBs 19 F41 80 0.71 ng- g™, 5 Fh [ 2 ] 3 sl [X B4 12 H (9 DL-PCBs
KA (0.72 ng-g™) M (HZAR TR BFSE (12.8 ngeg ') " B T3 [ g 5 v 7 72490 101 i
BRI 2 O T (48.2 ng-g ') 2 BV 1, TR PG i XA 2 o DL-PCBs &b T AT AR A9 K - (B A5
TR SR BT 5 | FH A SR TR 58 R R T AR 58 4 — 30, (RE AR & i bR HEAL S R AD 22 S X A
W25 5 1 5 e 7 — o R FE 1T D 220 W
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Fig.1 Concentrations and distributions of the polychlorinated biphenyls found in the

tree bark samples from western areas of China

2.2 FREVEH XA K2 DL-PCBs B[R] AR 15 5 Wi

AHFFER Ez v — LR T PCB-77 ,105 118 156,157 . 167 F1 189 45 7 # PCB [w] % {A. H: v PCB-
118(73% ) K6 H 5 5 2 B e i (1 [ R AR, HEUJ PCB-105(119% ) Al PCB-77(5% ) 3% 5 3k [ 35 T_L jife
XA Kz o PCBs A [l A A3 A — 25, 24 LU S C Y = G628 A T G628 =17 1965 4F PCBs 153k [
FRUGAE = 2 2R 80 AEARAS 1, T E ERUE 72 PCBs £ 7000— 10000 t, H: 3% ] - Hy /7748 JR 25 Fl g,
AR A R4 ] PCB-77 \PCB-105 1 PCB-118 1E i 2675 [ #8317 19 PCBs 32 % 1 [l e fA 7 [
i, PCB-118 12 TG Mk PCBs IR A 477 i Aroclor 1254 1 1260 1 3 5 [ i 4410 R I, A BFF 52 )
Jz it PCBs AR LL PCB-77 ,105 A1 118 g R AMEFR A (K. h T #F—2 T i 4% KA 5 PCBs 1SR TR,
FH 333 BT 0 48 SRR S5 Bz R PCBs F 4SRN T 1 04T, 45 S 18l 2 Fii.

40 |
30 %
20
o
-4 13
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o
I 1 L3 7
- o
0 5 of 06 1
o1 o% ° o8
£s514 -
-Lof I . L I I
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PC1

2 DL-PCBs [R5 Hr15 4

Fig.2 Principal component analysis scores plots for the polychlorinated biphenyls

M 2 AT LRI, RAFER 2.3.4.5.10 11 A1 14 FEpAE X T b, )% i 2 228 PCB-118. Wang
VTR KRB ARG PCBs FE BE S A5 i ad B v vl BE 2 A= WA, 1T = AR PCBs i T A PEER S, &
I AT 40 T A IS e 25 (H 2 1 G0FR 1 PCBs LA W3 0 1 B B SR RS BB A7, R I o S SR B A
X /) DL-PCBs R JEAR AT BE & KA I B A i st o, X T 4R 5 T RAE S 1,68 12 Fl 15, 3K Bk
FE B Bz kst 4—7 B DL-PCBs [ (GRS AN R AR | P sk B R A A DL-PCBs 12K 5
FIRESR 1 TR AL S FAS L (0 HE R SRR A5 7.9 A 13 B IS, , A LA X A & H K (1) PCBs 1Y
SRR A SRAE S 7 Ay AR I TR R WG A L BT [ R R S R 3 A Tl 3k
Mz — P, Y4 Tl 36 S A] RE 12 X B B2 F DL-PCBs (930 8 12 R A% S5 W B2 FP AR5 19 DL-PCBs 7
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JE LT, iz X AT EAE R R Tolk el X, W] REAE B e R v i i T DL-PCBs AYHER. RAFE S5 13 R
B e FLHAT RN &k B 7K TR A I 5% 2 I K R s R A L D B A R IR BE R PCBs TR 7E HE L

VR IR, & B A K FL AR A I R F2 B PCB ARG PCB-118 78 1241 X A B2 AR 5 v B e i 7%

#(1.54 ng-g™")  RI/KHL 348 AT BEJZIZHBIX. PCBs YA,

2.3 KRS DL-PCBs HITPEM

AR B4 SRR R T DL-PCBs 10 BT, 4500 46 W0 00 B/ 2 SV IL SR 80 TR BE S5 1R 22 it 4
R () BB B B/ R REL(K,,) *E%E Ky AT MG RR A 25 HAR L
p— CB
KBA _FA ( 1 )

o Ky oW R/ RS 2K € oW B v EARI R 85 € RS E ARG 7 4
IV 2 B O, Koy 1T LR W3t (2) BB B2

-0.766
2x107 - LM . K05 e%(—o.%z&-wmpm.mo) (7-308) +210B - S*™° . P ! 00 K
154 sp * Roy
Ky, = 2
BA 1+B « Cpg + Koy )

Kb L R RS (gom ™), Ko HAEEE- R BC RS R AR SRR 450(8.314 Parm™ (mo-K) ™),
AH‘dpj‘?ﬂ{é{&&F%k‘}(jﬁ\( Pa:m>mol™") , T MR (K),B N 5LAEW B TAH L HE (m™ pg™),
S AR B B R EAR (m> m™) | P A YA AR RE R B (mm ) |, C g, R SUEREE ORI 5 1 (g om ™).

B IgK,, F1 AH,, [ INEE 2 FT7R5. AN, Zhao %51 I s (T MR AR R (¥ i 5 %85 32 1 LL 2 T8I AR 43 501 A
3.94x10* g+m™ 4.99x10° g-m™ 8.88x10° m™ m ™. i & (I i e R0 B V7 UKL 5tk 5 o VR T XY
Gt

R 2 4 DL-PGBs [P AL A H 4L
Table 2 Physico-chemical constants for the congeners of DL-PCBs

a&w B/ (m¥pg ™) LgK, (25 C) -AH,, /(kPa-m*mol™")
PCB-77 2.27x10712 9.70 97.8
PCB-81 5.57x107"3 9.88 95.8
PCB-105 1.62x107 13 10.17 106.7
PCB-114 1.09x10712 9.62 107.1
PCB-118 2.65x107"3 9.86 107.6
PCB-123 3.46x107"3 9.83 104.4
PCB-126 3.61x1071 10.56 107.4
PCB-156 1.06x107"3 10.36 112.1
PCB-157 3.00x107"3 10.57 117.0
PCB-167 9.57x107 10.59 112.2
PCB-189 3.60x1071 11.15 122.1
TE: BB BURK F He S5 HUBFIEN) ;Ko K 1 Chen S5 RUBFFEIY ;AH,, K 1 Puri Fil Xiao %;E’JB?*W 31

Note: The constant B comes from the study of He, et al.[!"]

Chen, et al.[?2>%],

AT (2) 5, A S RSP DL-PCBs 197K P [ 8 0—0.79 pg-m™, T {H 9 /K P Ny
0.01 pg-m~> (&l 3).Holoubek %5/l %E T ## 50 2 I [E Kosetice observatory K< 1 DL-PCBs HYF 19k &
4 115 pg+m™.Tacovidou 55> F 2006 -5 T Hb g — 415 55 R AR UK DL-PCBs FVR 101y
12—48 pg-m~.Wu &2 TIRE 11 A HREE S K DL-PCBs FUMETLFI N 4—27 pg-m ™. 5
PA_E [ A AMIFTEA L, ASBIFE XK DL-PCBs A& AL THAR K.

, Ko, comes from the study of Chen, et all?!l ) AH,,, comes from the study of
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Fig.3 The estimated concentrations of DL-PCBs in air at the sampling sites in western areas of China

3 4512 ( Conclusion)

SR A 3R FE PG X B DL-PCBs 1913 A TR X A AROK S K 43R B A 2 Hh DL-PCBs
1) [ TG AAR ZE 5 Ry B — , FEZE L PCB-118 2R 3=, R WA R P4 R T B T DL-PCBs 1Y E2k A TRA
PR B B A T A3 (R R T SR AE 5 DL-PCBs 1 [RIIG AR AL BUAFFE 25 5% , v REAT AR LR Ay i A 3 A iz -
KA TR PEH L X KA DL-PCBs B R JE A0=—0.79 pg-m™ AFHXFE P /R H g 1o X, 38 [ PG
TRHLIX KA H DL-PCBs Ao FE AL T4 7K -
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