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JAGER RIS ERRIR, B AR At e

(1. BRI AA RS R B R 2 B, U (E B R E M E SR =, [
i 200080)

W . FRSAH GRS BTSRRI GC/MS) SR LI AMATFNL N5 2 KRR Z TR Y 18 M 230548 (PAHs) i
7 0. S5 RR WY, W58 Bl K M PTAR ) b 18 Fh PAHs & EL B [H 2l 146.74 ~3047.89 ng-L~' Hl 21. 01 ~ 11 990. 48
ng-g ' HEEREMPTIRY T PAHs &t 2 & FREZE. AKEMIEBY b =202, 3, 4 AP E3F PAHs 2 & AFTFH
H15. 6 7 PAHs M SEAHXS & FOKFE 0 & . WFGRi BeaR 22 fNE 2K AE v EBaP {543 318 1. 69 ~51.95 ng-L ™' F10 ~3. 03
ng- L™ BFZIKEEA 80% i 3 B M FROK ISR Tt it AR v BaP WFRME. HE BT Z PAHs & ¥/NT ERM [R{E,
HAHA PAHs 4153 & f = F ERM {E, \TBES X AW = A KW RIVER. il PAHs R#IEAL& W50+ HUAE VR A 3 B 453 B
AR, & IR SR BOK R R L A i IR AR B IR (9 52 6 SR IR ARE , DU R B R R 7 SR LU A5 04 52 SR IR ARRAIE.
KEEIR . ZITFIE BT IS GEARAE ;s TS RORIE RN

RESHES. XI131.2; X52 XEIRIATS. A XE4HS. 0250-3301(2012)12-4226-11

2002415 2. LT %3 TRARAH,

Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in

Urban Rivers of Wenzhou City

ZHOU Jie-cheng' , CHEN Zhen-lou', BI Chun-juan', LU Jin-gang', XU Shi-yuan', PAN Qi’

(1. Key laboratory of Geo-information Science, Ministry of Education, School of Resources and Environmental Science, East China
Normal University, Shanghai 200241, China; 2. Shanghai Installation Engineering Co. , Lid. , Shanghai 200080, China)

Abstract: Concentrations of 18 polycyclic aromatic hydrocarbons ( PAHs) in water and surface sediments collected from the urban
rivers of Wenzhou city in spring and summer were measured by GC-MS. The results showed that the total PAHs concentrations in water
and sediments of the studied rivers varied in ranges of 146. 74-3 047. 89 ng-L™" and 21.01-11990. 48 ng-g~"', respectively. Higher
concentrations occurred in spring. The low and middle rings of 2- 4-ring were dominant in both water and sediments, but the
concentrations of 5-ring and 6-ring PAHs in sediments were relatively higher than those in water. The EBaP values of PAHs in water of
the studied rivers in spring and summer were 1. 69-51. 95 ng-L ™" and 0-3.03 ng-L™", respectively. Eighty percent of water samples
in spring surpassed the limits of BaP in surface water of China. The concentrations of Z PAHs in the sediments both in spring and
summer were lower than the ERM value, but part of the components of PAHs had values higher than the ERM, suggesting possible
toxic effect on living organisms. Based on the PAHs molecule ratios and principal component analysis, a mixed PAHs source of
petroleum and combustion in water and sediments was diagnosed, while sediments showed a greater proportion of combustion sources.

Key words:PAHs; urban river; pollution characteristics; pollution source; Wenzhou
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PAHs MUHF5E B BB A BOE AR

A KK PAHS BYHRIE K5 ek I L A T
FHEE A RIBEFER R, [N TR Tz
BiFEt 2 BRI, LV VA T R R T 1Y
THBIE AL THOAHI AL WU 5T B B, JCH 2 X T i
SEA LG R TR E D, AR R R
3K — BT (3 Y S T, 0 G PR SRR Y 22 B 05
T ROIRBCHEA TGN AT 5, LAY S 3ok i o 5 3 BT
VESRHERLIAR S

1 RS

1.1 WX HEAL

TN AE Sy S 780 ) U T ST, HL PR BT 3R T
PE— B DO S MR TR Erh 2 . ik
IR X 2 25 MR 1% 2R B RTSE JL L AMRT R L R 0]
VR 3T 2 BT YA BRI . R L ey B
4 K:1 500 m, G529 20 m, MG AR IX 22 AR
JRAEIRA X AEURF AL M 1R B4 K1 000
m, A TEZY 15 m, W7 BN R X 228 B Be
Hiv. T S B ST VT R 2403 A A R R 1 s K HE
I FIRR 7K 1T
1.2 FEALRAE

FERCRABEZE (3 ) MEZE(6 ), i4ELhx
ZEXEN W A RS 300 m 2R AT K 2 KA
UURIRE. S0 b 2K AR 10 S AT #E 10
A, REEWMIKRIZKAEIG 128 [ 5L 56 = W AR AT, 78
24 h WEEBURGETE N, SRR ACR R SRR
JZUUR BT T ERE TR ) R B B
38 S AR - 20°C A R IRAT R T HLE
G 60 B, BRI H.
1.3 HEaiba

WAKAE S FHO. 7 wm 19 B 55 21 4k 8 % (GF/F,
Whatman , 9 [# ) 13 38 | 76 KEE op 5 2 SCR 45 77 )
ZE-dy | JE-d,y . FE-d,, . BE-d, FIHE-d,, , HREE 5 90PRK
FEh Z B8 35 kv BE A T 4238 . ) LC- 18 SPE
A AE BNV (Supleco, 26 E) #EAT AU 4. a4
I, SPE /MR G e . Wl | B4tk 4% 5
mL I AP, I KA PR 55 8 S mL e min ™' 22
A, FEBUS A 1S mL 307 5 F BE . IE O BE VIR SPE
JINKE IR TR T R R 359 A A 5 K 5 ( Merck,
PR, W B DryVap 4 B 3h 5@ & 45 1Y
(LabTech, £ ) #e4i 2= /MATRZ) 2 mL J5, A 15
mL P IE O e AT 7 A, B o 8 Ve 4 2 0.9
mL, A WA T E AR5 1 GC/MS ALK .

1 5 BT RE S A ASE300 it 7l A
B ( Dionex , ) ZHL. K5 20 ¢ VIFRYIFESL . 5 ¢
T AR 2 ¢ R AR A T A 34 mL 1K
R E. AEER A R R — S e (R
g 1:1) INEGEEE K 100°C , A< BUE F11 500 psi, B
BAETAEIRUCEL 3 UK, 15 SR W e S R R L
60% , A AU RS IO B 1] R 60 s, 1 ot v f
H DryVap 4 H 8l w46 1% ( LabTech , 3¢ [# ) # 44
B/MEFRZ) 2 mL )5, i i/ A AR/ TC K B R B 15
R, iR AR AR BRI 22 1. SEH 20 mL
IECBEBE bR 2H 43 Bt 70 mL — 5 e/ 1E &
Pt (RBLER 3:7) SR BURUEE Z 31 05 18 . ke
JBYE A DryVap 4= H gl S 4a 0k s 2/ MEBUS
P15 mL IE CBESEATIA R 5, feJo 8 Ve i &
0.9 mL, iIA AR TSR G FRF GC/MS ALK,

SEH AT A MU (PR, S e IEC k)
B4R W A Merck (781 ) . JoKEEREN . Tk
AR . AED | RERS . AR A sl 1 A [ 2y
LEH. RIEAR I CNW A7) (5. A9rb, 6
IKBRIREA . A AL B A B AR A 28 5 9t 450°C 1
Bed h DLEBRZe R, BEI T 130°C 514 FiG1L 13 h,
WA | HR A A e IR . S8 T B B
T T3l 450°C Kb, ¥ H S IF & LR
W E.
1.4 KA

PAHs & il R FHBCA H shiFFERS CTC 1R
AR 1/ 55 33 B¢ FH X ( Agilent 7890-5975GC/MS, 3
) I 5E | (34 HP-5MS A3 B 41454 (30 m x
0.25 mm x 0.25 wm). 3% 587 5040 A& 1
WL, ANFHFVERE  PERE TR BE A 300°C , 2R 0 = 4l
AR(99.999% ). FHEFEF MR 80°C , PR
1 min, LA15°C -min ~' FHEE] 255C , F£FF 1 min, LA 1
C-min~" I 2 265°C, {4 4F 1 min, LI 2.5
°C +min "' F} & F] 295°C , ¥ 1 min, S T iR Bt JR]
37.67 min. FiE A T2 ELE IR, TR
w70 eV, B T IR B h 280°C, DU Z% A
150°C , Bi RAER L BE B T 1 (SIM) . 3@ ks
F NIST JI it 22 e g 06 O B8 Bsf () 647 2 1 43 B
KA bR 5 s IE 2 it A dE
18 Fil PAHs( Supleco, 35 [® ) , Hoi 145 EPA 1 o5
il 16 F PAHs, 43 ol i %5 (Nap ), 1-F1 BE %%
(1MNap) . 2-FF3£ZE (2MNap) . J& (Acy) . ~AJE
(Ace) . Zi(Flo) . 3E(Phe) . B (Ant) , %J& (Fla) |
EE(Pyr) . AJF[a] B(BaA) | B(Chr) , AIf[b]7%



4228 57 S - SR 33 %
B(BbF) | ZKIF[ k] & (BKF) | %Jf-[a] BE(BaP) | R TR B B 2 IR SRR B TE YR L,

Bigf[1,2,3-cd] B (IedP), % Jf [a, h] B
(DahA) | Z#If[ g, h,i]dE(BghiP).
1.5 o0 O e Ao 4 il

PASRAR PAHSs 1R FISCR S8 - 9, T SR AE R
AR B 7 RS IN—AN 5256 % 28 (LR — AP AT
25 [ I K [ R g R 0 R 3R a3 R
68.47% ~73.98% , LAY 1 [ 246 7R 4 1 [l g
RAYHIH 67.04% ~83.47%.

SN RE T RN E K AR Z VTR 18 Fl PAHS
i, Hoh L HE EPA JL¥ERY 16 B PAHs. ik 1
IR, BRZK 18 B PAHs & 75 A1 100. 93 ~
3047.89 ng-L™', {5 H1897.46 ng-L~'; H Zi
JKH 18 Bl PAHs & B AR T & 2%, 7E 146. 74 ~
1672.08 ng- L~ Z [ 484k, % 22K FE v PAHs (93
EHIRBE FKHN 3 52, BEIEY T 18 #
PAHs &5 & 21.01 ~ 11 990. 48 ng-g ™', ¥I{H
92 868. 65 ng-¢ ', WEm T HE, EEVIHY 18

pEE Eid s
2 ERSHR i PAHs 75 50K 249.77 ~ 1454.30 ng-g ™', B{H
2.1 KRRIZUORY T PAHs F 541 #3 665. 59 ng-g .
*®1 FEFTKMARYH PAHs HEE"
Table 1 ~ Concentrations of PAHs in water and sediments in spring and summer
JK/ng-L~!
&Y HF HF
biEAE]| F-3y i i 22 Y -+ RS
Nap 172.43 ~258.71 257.95 0. 067 ND ~257. 88 56. 40 0.113
2MNap 76.86 ~757. 04 259.28 0.281 67.54 ~315.57 119.35 0.110
1MNap 56.22 ~661. 44 207. 46 0.256 17.32 ~241.51 90.29 0.091
Acy 13.91 ~51.91 30. 89 0.017 ND ~9. 54 2.00 0. 004
Ace 22.19 ~77.08 40. 87 0.022 5.12~42.38 15.95 0.015
Flo 46.70 ~233.90 118. 06 0.070 6.15 ~120. 60 34.45 0.049
Phe 216.27 ~1432.01 559.33 0. 495 21.31 ~250.77 81.39 0. 096
Ant 19.24 ~88.28 43.73 0.030 2.41 ~365.20 138. 87 0. 140
Fla 53.37 ~266.03 164. 68 0. 089 3.49 ~36.25 12.40 0.014
Pyr 30.18 ~184.34 111.31 0. 063 2.52~19.85 7.20 0. 007
BaA 8.87 ~48.48 20.39 0.016 ND ~5. 04 1.41 0. 002
Chr 7.76 ~56. 50 23.98 0.019 ND ~4.97 1.38 0. 002
BbF 6.27 ~16. 31 11.17 0. 004 ND — —
BkF 7.49 ~26. 66 12.92 0. 008 ND — —
BaP ND ~38.74 13.63 0.015 ND ~2.52 1.01 0. 001
IedP ND ~10. 32 3.43 0. 005 ND — —
DahA ND ~5.46 2.97 0.003 ND — —
BghiP 0.98 ~34.58 15.42 0.012 ND ~0. 000 30 1. 026E-07 1. 428 9E-07
PAHs 1100.93 ~3 047. 89 1 897. 46 0.743 146.74 ~1 672. 08 562. 10 0. 628
‘rﬂﬁﬁ%/ng-g’I
HEY &% 2%
i P RS {1 P bt 2
Nap 2.41 ~621.50 152. 89 0. 266 14.45 ~73.04 40. 11 0. 027
2MNap 2.15 ~382.58 126. 65 0. 164 19.19 ~170.29 68.97 0. 067
1 MNap 2.48 ~200. 48 86. 50 0. 101 20.78 ~104.98 47.42 0.035
Acy 0.15~47.74 11.08 0.021 2.70 ~7.25 4.35 0. 002
Ace 0.20 ~408. 31 91.37 0. 177 3.08 ~13.50 8.07 0. 004
Flo 0.86 ~745.01 164. 90 0. 325 8.98 ~37.28 20.79 0.014
Phe ND ~2534.52 546. 88 1.114 35.89 ~184.30 86.79 0. 064
Ant 0.89 ~1051.28 323.08 0. 450 4.01 ~23.22 11. 67 0.010
Fla 2.20 ~1092. 09 231.15 0. 482 18.44 ~178.89 68. 38 0. 066
Pyr 2.55~1010.91 225.21 0. 440 12.60 ~172. 30 67.23 0. 066
BaA 0. 60 ~940. 50 192.38 0.418 4.89 ~64.06 24. 67 0.024
Chr 0.72 ~933.47 240. 95 0. 401 6.26 ~110.23 41.18 0. 044
BbF 0.78 ~20.91 7.50 0. 009 7.72 ~79.13 31.51 0. 030
BkF 0.43 ~820. 54 169. 02 0. 364 4.91 ~70.91 22.97 0. 027
BaP 0.72 ~699.92 147.23 0.309 10. 92 ~ 164. 39 55.13 0. 065
ledP 0.45 ~109. 41 29.97 0. 046 9. 60 ~60. 52 29.89 0.021
DahA 0.07 ~58.17 13. 40 0. 025 6.14 ~19.41 11.36 0. 006
BghiP 0. 67 ~505.91 108. 49 0.222 7.71 ~50.45 25.09 0.017
PAHs 21.01 ~11990. 48 2 868. 65 5.133 249.77 ~1454. 30 665. 59 0. 540

1)ND Ry A#
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T iRl N R LT 22 R 0T KR 5 R DL, R
H5 E N AN T 2 36 07 12 15 e oK F 2R AT HE B
(W 2). W2 A, IR SR BT IE K (4 PAHSs
TG RORDUAH L — L6 35 YL A0 7™ B AR T =, b T
TS5 O IS 19 75 Je oK F, B 5 B AR Mississippi

River Fll Seine River #H L, &b F % Jy /™ & 1975 4L K
Vo HENBBTHITRE | TS B A kTR
— B P 0I5 G K. R 2R B GE LA h
PAHs &b T8 0™ 5 5 4 K F AR h PAHs &
et i KA A 37 1 T [ P K 22 B30T B R [ T B

2 RSN PAHs & EXftE
Table 2 Comparison of PAHs in rivers all over the world

AT W X ik PAHs Fli2& CE SCHR
T 18 146. 74 ~3 047. 89 A
Jue 16 6960 ~26 920 [22]
T8 H 16 192.5 ~2651.0 [23]
BT 16 106 ~945 [24]
et 16 9.75 ~309.75 [25]
Kt 16 45.81 ~1272.00 [26]

K /gL /&(ﬂ 16 1 800 ~35 000 [27]
ARG 16 9 900 ~ 474 000 [28]
KRB 16 321.8 ~6234.9 [29]
B 10 989 ~9 663 [30]
KT 16 4228 ~29 325 [31]
B[ 16 179 ~369 [32]
Mississippi River 16 62.9 ~144.7 [33]
Seine River 11 4 ~36 [34]
T 18 21.01 ~11990. 48 ARATE
BRI = 25 138 ~6 793 [4]
iy A0 16 99 ~1117 [22]
deig 16 17.7 ~407.7 [35]

LB g fnf(i? A 16 774. 80 ~255 371.91 [36]
WK 16 61 815 ~108 719 [37]
FURTIRITA 16 268.7 ~1956.3 [38]
By 16 6.7 ~1585.7 [39]
Hyeongsan River 16 5.30 ~7 680. 00 [20]
Malaysia Rivers 16 4 ~924 [40]

T B R TE K FEAUTA 2 3, 4 IR
PAHs & A4 T 5. 6 35 PAHs. W1 BT
7N, ¥% PAHs HBORFE KA ) PAHs 20202 3,
4K E, FF5 0N F PAHs BE# 1Y 79.98% |
16.88% Fl1 3. 14% , 5 Z= 53 5| i #1] PAHs &l & 1Y
95.84% . 3.98% H10. 18% . VLA PAHs
B2, 3,4 O EERRS L ] PAHs B
52.41% . 31.01% #1 15.58% , 1£ 5 7= 4 71| 5 5]
PAHs B A 43.30% | 30. 27% H126. 44% . KEEF
PRI H 5, 6 3 PAHs & B HHME. SKEE T
PAHs 4 AT EE, DRSS | 6 FRAY PAHs & AHXT
AN, BAIATE PAHs iE B Bt A, v
I PAHs 1.5 T H LTI .

2.2 MEWEKAT PAHs 4405 YK

WRHESCHR [41 ] #1235 [ EPA M 35 7K /K 53 b 1
(EPA 822-7Z-99-001) , [F] B F A< BfF 5 A 5 I Ath 4%
I FNZH U5 T A E R AT X L, An e 3 iR, i

MK i PAHs A25 203 AR 70 4 5 6 1l LA K oA
2 FEUZH SN PR B B bR e (B (EAS I AR B
TR A Y Y R B0 P BT BaP B it o TR R R
IKIREE TR BRUE | EPA FIINE K AR .
2.3 REWE KRR Y) h PAHs {d FEFIAEZS
IS DAy

— 2, 3 FRARIR PAHs 7T 230 3 i 2k
B, RS 2L = R A PAHs WU B VAR 09 B
PSS BT E P R SR 45 Bl PAHS
HAK M X T BaP B B MY & T (toxicity
equivalence factor, TEF) 4R Sk o A B8 B oK AR
PAHs Ffg e XU 547

BaP #9#:14: 2= ( BaP equivalents, EBaP, il &
K TEF ) AN

EBaP = ¢p,, x0.1 +¢¢, x0.001 + cpe x0.1 +

Capr X0.01 +cpp +Cppp XO0. 1 + ¢y (1)

U EBaP 3R/R 7 F 27X T BaP MRENE
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£3 KBEMALAEFX PAHs HIRERERE /ng-L~!
Table 3 Environmental quality criterions of PAHs in different nations and organizations/ng-L ="
: 2 e o _— 33
B s MEKOK JEEOKE RACSR EPAEPA M SURDRDE R
PAHs e OB 3838, Feithee RO R KRRVEEK B (EPA 822 ER L ES
2002) ! > b 1 JE 7-99-001) BN fEokbe B3k
Nap 11 000 1000 1000 ~10000  258.0 56.4
2MNap 259.3 119.4
1 MNap 207.5 90.3
Acy 1 200 000 30.9 2.0
Ace 40.9 16.0
Flo 1 300 000 118.1 34.5
Phe 4 600 800 2000 559.3 81.4
Ant 120 10.0 9 600 000 5~50 43.7 138.9
Fla 500 300 000 5 ~500 164.7 12.4
Pyr 960 000 1.3 7.2
BaA 200 4.4 20.4 1.4
Chr 4.4 24.0 1.4
BbF 4.4 11.2  ND
BkF 100 4.4 1229 ND
BaP 2.8 8.0 100 4.4 10 ~ 100 13.6 1.0
ledP 4.4 4 ND
DahA 4.4 .0 ND
BghiP 20 15.4  1.0E-07
HZ M (ng L") ; ¢ RARKFRARZ 7 1 AEK AWF9E 3 Z K FE EBaP {H7E 1.69 ~ 51.95
U E (ng-L7"). ng-L~" , HZ/KEE EBaP 1£0 ~3.03 ng-L~". FR[EHb
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FKIREE bRk P AL E BaP AYFR{E A 2. 8 ng- L~
(GB 3838-2002) ( CEPA,2002) , 5t AH I, HZE K
FEREIR 2K 80% , B /K FE AR R 20% . KIER
F X B V5 YR I e

PR T PAHs (9 A2 25 KU EAY , jK 36 45
W RREFERGE T —RITIERY PAHs (1)
A SR TES 7 BARTETTR A WIS L)
4 A 25 XU BRI 7 TR T R 22095, H AR E XTI
TR AT AILTS G A 28 RS PPN Aoy T BRI 1
A TR B B ASHIF T 36 AT 45k 3 FH 1 v
PEANH TS R Z DU T PAHs A9 A4 25 KU PEM b
T

BT AR R PAHs XAz 497 A 52 ) 1) S 46 1

G800 T 2 ANBUEAE R AR S XS PR 1y LA, 2R 28
OV X B IR AH (effects range low ) FIZL N X 8] /= {H
ERM ( effects range median) ™. 33X PNEUE AT LLgEAR
hy SRR o A A S KU AR A A 0L R
Fify > PAHs #T ERL(4 022 ng-g "), X449
R RIE FHRIA & (XU J LR < 10% ) 3 #5f T ERM
(44792 ng-g™") IR AE 25 7 A g IR T (OXUB: L
H>50% ) ; A AT W Z 8], AT AT GE XA 7 A=
FERIVEFH (RS LR N 10% ~50% ). W& 4 FR i)
MEL R D PAHs SR EY/NT
ERM BRAE SR M55 PAHs 415 = T ERM i, 1]
AT RES A= A BRI BRIV E .

*4 BRMETRRYH PAHs £EREITEMRD /ng-g !

Table 4  Ecological risk evaluation of PAHs in sediments of black and odorous rivers/ng-g~

1

=27 ERL ERM FEHUEY) RSk
Nap 160 2100 2.41 ~621.50 14.45 ~73. 04
2MNap 70 670 2.15 ~382.58 19.19 ~170.29
Acy 16 500 0.15 ~47.74 2.70 ~7.25
Ace 44 640 0.20 ~408. 31 3.08 ~13.50
Flo 19 540 0.86 ~745.01 8.98 ~37.28
Phe 240 1500 ND ~2 534. 52 35.89 ~184. 30
Ant 85.3 1100 0.89 ~1051.28 4.01~23.22
Fla 600 5100 2.20 ~1092.09 18.44 ~178.89
Pyr 665 2 600 2.55~1010.91 12. 60 ~172. 30
BaA 261 1600 0. 60 ~940. 50 4.89 ~64.06
Chr 384 2800 0.72 ~933. 47 6.26 ~110.23
BbF NA — 0.78 ~20.91 7.72 ~79.13
BkF NA — 0.43 ~820. 54 4.91 ~70.91
BaP 430 1600 0.72 ~699. 92 10.92 ~164. 39
DahA 63. 4 260 0.07 ~58.17 6.14 ~19. 41
3 ¥ PAHs 552 3160 4.27 ~4786. 86 66.61 ~264. 65
4-6 I PAHs 1700 9 600 9.27 ~6181.91 90.35 ~915. 17
> PAHs 4022 44792 21.01 ~11990. 48 249.77 ~1454.30
1) NA R oAl Al

2.4 PAHs RIEf#Hr

T B Z 5 SRR R | Vs ff P R B Ay
PR HIAFTE 225, Z 3055 ka7 i HE O 21 2R 5% 2
R RS LA AR, L, 76 SEBRERAE A fE B
FEAHXS 3 B AH A BB — e R e Bk 2 50
FFIRNE R IR AT B 4 Fhr b . R TR R
INEZIS 3 <y 3l SOREN-VE E Y] IND -3 VAt -3 ]|
FIEIIF[1,2,3-cd ] B/ A TFF [ g, h,i ] JERF. /&
Z A H T AW S HE RO AR BRI | 1 26 B/t
FIEIIE[1,2,3-cd] /R I [ g, h,i]dEIX 2 PR FF
SE PG K BRI H R A I AR 15 ., AT T TR A
TR AL | IR

TEARMEGE Y, 43 B E B K F1 2 )2 DU L

MUY PAHSs SRR /R AR PRMEAAERT PAHS FOACTE,
VEZ A G R IR W IR, 45 R an s 2 A&l 3 fii.
AR EL PAHS FRAFDOH S5 i AT LAA) 20 S e R F AR
il A TG Y. @R, K> T PAHs (2 ~ 3
) FEBORIRT A b e <, i | w1
(4 35,5 ~6 1) PAHs I 32 2K A 16 AT 0B F 19 A
SEaRberd i, il LRSI > T ep | Rk 1
(X b BRI X I PAHs R IR R4
RIZUURYIh PAHs SRBLH B0 W] ARG RFIE R
U, TN JB AT B DA S2 AR IR 5 e B R
FEEE. I K R B R A0 il R PR TS G U A1
T R SRR A R AR IR, 2 2% R SLTIE I
ABABRIHE JE BN, LU ST . B 51555
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