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B E ASGEH GC-MS WE T Bk R 2 IR 16 F LT £ 30558 (PAHs) W B, SR FH 2 Fh80HE 1
BORMEHT T PAHs IRIE.Z50ER ] M JE JERIZEIE (a) BAERR /3 HE G AR AT Y AR 12 FERT A A
YA K, 16 F PAHs SR 196.51—8549.33 ng-g ™', FHUE Ky 3320.03 ng- g™ IR PAHS BOFR S
RLAEAA i R E 7 HE R 3 55043 722 T 26 M [l AT A0 (PCA=MLR ) 45 3 oy i, L[ i e
PAHs [ EZRIE AR A IR (e AW B AR R B U8 ) S8 TR Be IR R Th IR, 3X 3 Aok JEXT &L PAHS
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Distribution, source and ecological, risk assessment of polycyclic aromatic
hydrocarbons ( PAHs) in surface sediments from Moshui River

LIU Shaopeng' LI Xianguo'"" ZHANG Dahai' LI Jiafu' HAN Bin’

(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao, 266100, China;
2. First Institute of Oceanography, State Oceanic Administration, Qingdao, 266061, China)

Abstract: Sixteen priority polycyclic aromatic hydrocarbons (PAHs) in the surface sediments from
Moshui River/were quantified by GC-MS, and sources of PAHs were analyzed based on a variety of
data analysis methods. Twelve PAHs were detected in all the samples, excluding acenaphthylene,
acenaphthene, anthracene and benzo( a) anthracene, which were not detected in some samples. The
total concentrations of PAHs ranged from 196.51 to 8549.33 ng - ¢™', with a mean value of
3320.03 ng-g'. The proportion of 4—6 ring-PAHs was quite high. Low molecular weight/high
molecular weight PAHs ( LMW/HMW ), molecular diagnostic ratios and principal component
analysis-multiple linear regression ( PCA-MLR) were used to determine the sources of PAHs. The
results suggested that the source contributions were 59.8% from the mixed source ( coal, biomass and
gasoline combustion ) , 26% from diesel engine emission, and 14.2% from petroleum source.

Methods of effects range low/effects range median ( ERL/ERM) and mean effects range-median
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quotient ( M-ERM-Q ) were used to analyze the ecological risks of PAHs. ERL/ERM results
indicated that fluorine, phenanthrene, benzo ( a) anthracene, chrysene, benzo (b)- fluoranthene,
benzo (k) fluoranthene and benzo( a) pyrene might cause occasionally adverse ecological effects and
dibenzo(a,h) anthrancene might cause frequently adverse ecological effects at the middle and lower
reaches of Moshui River. Results of M-ERM-Q suggested that the combined risk of PAHs is relatively
low for the upper reach and estuary region, and is low to middle for the middle and lower reaches.
Keywords: Moshui River, surface sediment, polycyclic aromatic hydrocarbons, distribution

characteristic, source apportionment, ecological risk.

Z 35558 (polycyclic aromatic hydrocarbons, PAHs) J&—2RFREE A il (UK K HIERGIERY))
Pz A HEA - =3E A (B0 B0 BOLF 228 ) (R A A DS Y~ PAHSs 43 T 25 A U
A, AP B DL AR R 280 PAHSs TE5 IR T A J0 68 05 1R 10 b A, ok n s 28U
M, R KA B R B0 TR R MR B AR T, PAHS 538 i KA DT R AR I SRl 72 ik A K Ik
W B AE R VD A B TR ORI b I B AR A AE DTRR A DT T 8 7™ A AR 25 KU . PRl PAHs € 8%
] 5% ] BB LA R A A T A 21 2R 90 O BT AR S 4 1 15 e ), SRR R PR JR) (EPA) LA 1979 4R S H
16 Fi WA T IRHIA 129 FAL et iz ded .

WFoE R B, NI S 1 pL A BE Hh A7 e K PAHs A S5 BR RN IR TT 43 R SR8 U5 A 3l 5
P2 MABEIE B Al M BRI A A A BB RIACRE AT 45 HLS o AL & W FE AR X8 iR T
AR S8 AR 5 TR SR BEAL AR A I R B 1 R 8 A AR 9 R R

S KL T RSN T ACFR , AT 05 1L = hR Ll iR 285 Sy B A v JakBH DS AR V5 . B A i i X
A RH R R | A 7 A T HER Y DK 5 Y 38 5 TR LR R R AT SR A Fe AR B K o | ™ E
o BRI A S R e A IR T RE ).

ARSCWESE T ST  PAHs (198 5 | 40 A1 RRAE B2 AR A KU S b 1 DLAR Y vh 75 Je Wy i R U5
PR TIZ XI5 OIRIL , TR BRORER 125 G IR B SBT3 G 48 (R AR Al AL Al A afs

1 SEEGHR 43 ( Experimental section )

1.1 FRELCREE

DUBRIRE 5L T 2015 4100 25 H2R H 887K Rl (120.33°E—120.56°E, 36.26°N—36.38°N) , #EH
FA MM 17 A7 CREEOIANE 1 FT7R ) SRE 0—2em BIRIZFEMIRA S B4, -20 CfiK
TR T2 1] S 0 25 20 TR IRk oW se A i T, S 2o 80 H (178 pum) i /5, -4 CARIRLRAF LA
HOTHT.

1 SRIKIERAR U AL
Fig.1 Sampling stations in Moshui River of Qingdao
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1.2 FESETAL B

DU PAHs AOTTAL PR 731 WL SCHR [ 4] . FREL 5.0 g DURRW, A 100 WL 5 AR 3E (160 ng-mL™")
YE R S R AR5 FEAA 20 mL CH,Cl, , 88 A5 2K (iR S A A AT FRZA 7], SK-5200H 29 ) 10 min
Je B0 AT B B R R WCE T OB R 3 R AR AE 35 C R e84 2 2—3 mL, kI Ak
FH(H T LS g B, 7 ¢ EARER,2 ¢ TOKBRIEREN, 1 ¢ WG ILHIKY ) 4 8154k, 20 mLC H , YER IE A %
Ke2h oI5 #5170 mLCH,,/CH,CL(V:V=T7:3) VElitf5 5] PAHs 414} ,35 C T HEZEWAE =2 1 mL, 57
ZHEFERR, IR N, TR &R TR — SRS A CH B A E 1 mL A Agilent 6890N GC/5973N
MSD S AH € 1% - T 3 56 A FH S M i 2 1t 43 #r
1.3 BRSO

A HP-5 MS(30 mx0.25 mmx0.25 wm) fIKHE 2R A gt B AN+, 23 02l He (1.0 mLemin™") ,
HERE IR Sy 280 °C, A4 aERE  ERE R A 1 pL AR W AR 80 °C, L 4 Comin”' FHE &
150 °C, FFLA 15 Comin™' FHE 2 290 °C , AA4F 12 min. B R F3R 5 (B , & FIRREE N 230 °C e
70 eV, 3 R R 300 C, PUBATIREE R 150 °C , 885 414 (SIM) #ixL.
1.4 B fE S s il

SRR A TS B AR ESE-d B A 2 AR PR AT LSCR WS #R (ASTEAT PAHs R 1]
WCRAZIE) | [RIBHA ST 25 PS50 | 28 FUIMARSE 30 FPPA TR SE 50 A ad e s 145 ek W 52 56 2 B R0 T8
B, R IR P E-d B BLSCR  74.5%—89.3%.16 Bl PAHsHY 23 5 A5 3 MR Sy 78.7%—
95.4% , I A ~FATHE D A AR XS AR U I 222407 T 30% (n=3) ST J5 i A R 0.10—1.90 ng-g™".

2 R 51718 (Results and discussion)

2.1 SUKIRZTURY T PAHs 195 & Mok A

ARWFFEIME T BT 17 AFRJZVORPIFE D 16 Fh PAHs A9 2, 254036 1 R, o 7 i fy
FE it ARG I Ok | B A S TR AR H S BRI (a) B, U 12 FP PAHSs TERTA FE R A K
.16 Fh PAHs B ( S PAH ) /T 196.51--8549.33 ng-g' Z[i] , F-HH i Jy 3320.03 ng-g ' ML AME
FIA 17 sl i Bk i 8 Al oA  HA SR = E0 /EH P PAHs (289 (a) B0 Ja 2RI (b) 2E 80 R TF
(k) 2R AT (a) B . A1 (a,h) B BIIT(1,2,3) EEFIRTIF (g, h,1) dE) .

F1 SKIERZTIRYIHA PAHs B i e XU PP fE bR

Table 1 Concentrations and risk assessment guideline values of PAHs in the surface sediments from Moshui River

WG P15
o ﬁﬁ‘_ﬁ . HH ' Concentration Averag? ERLL —
Components Abbreyiation Benzene rings range/ concentration/

(ng-g™") (ng-g™")
Z Nap 2 0.04—155.80 37.94 160 2100
JE K Acpy 3 N.D—34.09 8.42 44 640
& Ace 3 N.D N.D 16 500
% Flu 3 1.30—87.96 25.60 19 540
E[8 Phe 3 11.04—413.50 154.04 240 1500
3 Ant 3 N.D—74.46 28.22 853 1100
pd Fla 4 5.80—514.96 187.35 600 5100
4 Pyr 4 2.54—516.80 187.33 665 2600
KIf(a) B BaA 4 N.D—1283.13 403.03 261 1600
it Chr 4 5.17—1677.04 565.59 384 2800
FRIF(b) B BbF 5 8.57—722.15 348.43 320 1800
I (k) DEE ™ BkF 5 7.12—633.15 254.75 280 1620
FIf(a) " BaP 5 17.14—779.42 285.93 430 1600
ZRHF(a,h) B DahA 5 46.06—1488.93 319.39 63.4 260
BidE(1,2,3)E" InP 6 14.11—746.59 313.74
I (g,h,i)dE* BghiP 6 5.65—426.26 200.28 430 1600
2 PAH ¢ 196.51—8549.33 3320.03

HELND RKGH )« HE BB e HT5 5447 . Note: N.D, not detected, * , Environmental Priority Pollutants of China.
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SRR B _E IR M1—M6 37 H PAHs & RALFHARKE (K 2) , i N HRiE M8 s I 45 2]
AT M18 %547, PAHs Wk BE RIS K5 44 7 — B = AR B, B &AE AT 11 B3 R B A1, 2 K9]
NI PAHs HE 5 Wang 257 047 BB I5 JLHE PAHs RO XS H & B, — F W BE AL, H &2
TS [ v S0E AR T2 4 AT 1140 e 35 s T2 45 R 1) it DXL AT RS2 PR oA i 2 B S AR R BB X, 35 L AR G 3sE /N 5 v
FUERE T ARZ AR EFINK LASE , A 4528 T Tl el A A B A S RIS IR A G e A s Ot AT
P TG R e A8 U R A SRk AT I AR BN RS2 UTRR ) 5 AU 11 B3 B T RSP VB VR 2K 47 0 B O s B, 75
YWy 1] SN VS PN LS S 30k B B W RATG. L e M0 34 PAHs 5B e ey, T G 32 8 I A2 TR i
KANOEE T ARZ Ll kR, FEKE PAHs BOWETETS YR, FEA 2R QLR L[R2 M T B2 0
PAHs TR 2R ZTIRY .

9000

8000 [~

T
Y

7000
6000 [~

5000 |- 7 -

SPAHs/(ng-g™")
N

4000 -
3000 [~
2000 -

1000 |- % é
o[ m m @ BEE = A
M1 M2 M3 M4 M5 M6 M7 M8 M9 MI0 Mil MI2 MI3 Mi4 MI5 MI6 MI7 MI8
Station

B2 Skl Z TR i T PAHS 0 A1

Fig.2 The distributon of PAHs in surface sediments from Moshui River

2.2 SIKIRZVIURYIT PAHs MR AT

BRI 17 AR ZDOBIFE S b, X B PAHs W& B2 5T ik i KPR PAHs 415352 4 3Rf1 5 34, Jor
4 R TTHRER K 6.88%—53.28% , V-1 1 32.18% ,5 M TTHA R Ny 24.59%—47.97% , V-3 K 36.58%. iAW
G UTRYI T PAHs BYPRNELS A DA B (46 31 ) i 32, 4—6 FF PAHs XF Gk B2 1Y STk 0 47.17%—
96.64% , V144 84.03%. MIRIF (2—=3.3F ) (Y TTHR AN 3.36%—52.83% ,F-34°4 15.97%.
221 RHEHILE

MG AT R Yunker 45 BFFTAY S, IEAR PR UR PR AR B9 PAHSs DLRIFR (4—6 ) S R E 1
(LMW/HMW) /N Fol ;s i M I8 A= 19 PAHs DMEER (2—3 ¥5) o8 2, LMW/HMW KT 1LAWESE i 8T
FUIRE b PAHs /9 TMW/HMW 4~F 0.03—1.24 Z[a] /T 1 B934 16 AN3b 7, LMW/ HMW K 112
A 1AL UL AT A8, PAHs 25l AR R e AT A5 A A R = R e A TR B AR AR A
.
222 SrfHfik

PAHs FRIEAA AT AR E He AT, 70 Fi2 W BB B2 3R 3 A 80 77 35 T PAHs 193
2t 2 T2 W HUAE T U T4 FhER B4 b PAHs B9 R F A 3 FH B BRRAE 12 7 e (A 18 5 3
(Ant/ (Ant+Phe) ) FEE HEE (Fla/ (Fla+Pyr) ) 2RI (a) B 5 ( BaA/ (BaA+Chr) ) (RJf (a) B/ ATF
(g,h,i)3E(BaA/BghiP) MBI (1,2,3) 5 H I (g, h,i) & (InP/(InP +BghiP ) ). Chen 551" 5 11 24
PAHs SR J A7 B FNAR A BRBSIR I Ant/ ( Ant+Phe) >0.1, T 2052 A7 W P ] Ant/ ( Ant+Phe ) <0.1.
Yunker 251" 5 H 24 PAHs IR T A iliET5 Yent, (Fla/ (Fla+Pyr) . InP/(InP+BghiP) #1 BaA/ ( BaA+Chr)
ST 0.4.,0.2 F10.2, 2R IET A R BE s, 434 T 0.4—0.5,0.2—0.35 1 0.2—0.5 Z [A], 1M
2 PAHs RIE T RS SR A A P R BE R, =2 HUAE 20 5K T 0.5.0.35 1 0.5. 1L 4h Pandey %5774
4 BaA/BghiP [ HUAEFT LALL 0.6 Jl 53 32 @ I AN A28 I, 242k Ik 2858 PRI Fe (R T 0.6, Tk I Ak
AL PEET FUAE/N T 0.6.4R 3% Yunker ,Chen  Pandey Y & 3 nl == B2 L[5S W , SR 7KI R s R 2 T
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Y1 PAHs 731 FE(E T 45 R DLIA 3.

b i e 75 b AR B -
Al AT MRBEIE - A1 B Ak BRI
Pen—o]gum Petroleum s 7_1\'4‘/‘( TR ) Petroleum source 55:;15;?;" Coal, biomass cumbustion
0.5 Source combustion i Coal, biomass cumbustion 1.0 . .
: a 09F P .
020 F : : " T A HRBE
. : : e 08 : : Coal, biomass
. " u Cumbusti : cumbustion
- : - : umbustion 207F . .
2 0.15 : : | : ] -t
~ ‘. . 206[ o : Y
= : + [
€ 0,10 oo PR TR 0] SETEER TR G b s
= = : : -
g - T 04f : : 17 AR
0.05 - A i = ] : : Petroleum
Petroleum 03F u F : combustion
: : source : :
0 L - 02- »»»»»»»»»»»»»»»»»»»»»» ,.\ ............................ ,{fﬂl[i},l}[
N . I L L . L 0.1 . L i P . L Petroleum
035 040 045 050 055 0.60 0.65 0.70 0.75 ’ 0 0.1 02 0.3 0.4 0.5 0.6 source
Fla/(Fla+Pyr) BaA/(BaA+Chr)

AT AT AR
Petroleum Petroleum
source combustion

4.8
421
3.6F

Bmes AR RAGEI

Coal, biomass cumbustion

3.0F ™ : Traffic source
@24k .

g : :

8 1.8F : .

1.2F - (L

0.6F----: e B .
: : B3P
OF : : = uf Non-traffic
L i source

1 1 i 1 1 1 1
035 040 045 050 0.55 0.60 0.65 0.70 0.75
Fla/(Fla+Pyr)

hiP

3 BKIRE R E TR S Ant/ (Ant+Phe) Al Fla/ ( Fla+Pyr) , InP/(InP+BghiP)
BaA/(BaA+Chr) ,BaA/BghiP #l Fla/ ( Fla+Pyr) i L{H
Fig.3 Cross plots of diagnostic ratios for' Ant/ ( Ant+Phe) and Fla/(Fla+Pyr) ,InP/(InP+BghiP) and
BaA/(BaA+Chr) , BaA/BghiP land Fla/ (Fla+Pyr) in surface sediments from Moshui River

Ant/ ( Ant+Phe) F1 Fla/ ( Fla+Pyr) 9 AR AS X ArHT T 1, PAHSs (19 35 ZORE N A B FL i A BRRHE e
P8, BRI 22 A8 43 3 6 32 AR B 520 B InP/ (InP +BghiP ) F11 BaA/ ( BaA+Chr) H B0 Hr 2210, A<
FEA PAHs IR TR AB R II AT O A3l 57, 10 A7 iR RN ARE IR AR R A 3t 4% e 3 ] 5 e 78 A
8 AN R I A 92 AR BT HT 88 /K ) 6 2 DT PAHs 2 SR R TR0k A M R iR 8. b Ah
Fla/ ( Fla+Pyr) F1 BaA/BghiP f38 X A7 il i1, 28 AL M 4 AUl A7, S 4 3 v 348 S 7 5 T R B TR
BIFEIR.S 240 F AR 25 0 B, S8k i 3 2 DU T PAHSs AR TR L4 42 2%, Bk RUAR 1 18k e
U8, AR BR B TR AR IR, G iR AR 58 v AT 2 R, L v SR 3 K ) S R R UL 12 R A E i
TEAAT A ISR U 5 LA il I e AR FTRS FT 1 88 /K0T 3k 22 A A A ISR FH IR e A B
FIREFE A 05 HUBE 19 A 336 7 30T B 2% X35 PAHs 19 25Tk
2.2.3  FRIP -2 ek [n TR (PCA-MLR)

PCA J&FZI08it ik, & MU 22 50 5 FNAH OG0 B 1 | % 22 24 725 i R AT 28 4 1) de o BHLARL A 25
AW, AR TR A S F LA R B 4E B A MLR J& 8 T8 A & (Fr AR HL TS Y )ik
FE) A AR (1) Z I BYAHSCOCR . 2 HAA —Fhal & mdh s QeI ay i, o P LL A+ FU (i
KA WOE ST PAHs SRUR. SR 2475 Ye e 5 2 TR A R U B, PCA-MLR BB A 8 X /IR Ak U8, I
HERAEHT PAHs F 5. AR SO B8k TSk 17 >R Z VTR FE 5 517 PCA-MLR 8 Hr 45 8 3 4~ F 4
(PC1.PC2 1 PC3) , Bt 22 5Tk H N 90.2% , 45 5 L3k 2.

FRLSr PC1 7 22 5T lkH N R 2209 76.1% , E%Eh 3—6 Y519 PAHs #1245 . 3 F1 11 Acpy .Flu,
Phe F1 Ant,4 ¥£ff] Fla Pyr BaA Il Chr, ]W/MNAFH 5—6 H 40 T PAHs. Hii | Acpy \Pyr Al Flu & AH |
FEFFEEA: ) TR 8 /s 1 T 4 38R0 Fla Pyr . BaA 1 Chr X6 PAHs Sy MR [ 8 5 R4 5 45 77 )
(Phe Fla F1 Pyr JEMEAMRPE IR 0 EZHELY) ) ,5 2 6 35 PAHs EZRIE T4 R shil g B <.
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PRI PCL AT AR 2 ARG TR (B AR ARSI A AC il I ) .

Fr PC2 J5 22 STHK R 5 BT E W 7. 4%, 3% f7 3 ) PAHs H BbEF, InP Al BghiP. H
Boonyatumanond 2" 1A BghiP JE A2 Y5 /R4, Larsen 25 WF5T 4 & L InP 45 7% 56T MR B2 U 1t S
BbF InP Hl BghiP J& PC1 #ll PC2 #:F 4 /> BbF  BghiP 7E PC1 WY Z T PC2, Ul DTS Y
BbF BghiP % PC1(JRGR) £ | 1fij InP 76 PC2 HFH#RM i T PCL, RS Y InP 52 PC2 1Y
SR £ Larsen 55 [A] IR 48 1 DahA 78 ¥ A8 & shHLEE LA B 3898 & B, 5 b 3 Fh
PAHs A[A]f4/2 DahA J& PC1 A 445, R SRk T i AR ) i PAHSs B9 2838 YR AT DL G BH i 3l 43k i
TBRBE IR A SR IR, 255 0 Fr il LABE PC1 3Gl PR 2 B VIR BE IR |, PC2 2 R Seqh R Be g

FIAY PC3 BT 22 TUHRE 5 M7 2219 6.7% , F Acp FITTRRZE T 1Y Chr 20 ). Marr 2517 BF55 A Ky
NaP  Acp Fl Fla 3= ZRIE T LAA WA JFUREE 2, War il FF R i Tz i 72 v 9 9 2 it 28 AR 52
BEREATHRAE N F A5 PC3 kIR, X MBI a8 1 42 5 LU RN 20 LA A5 21 1 ILIEL PR e mT Ao 2 PC3
oK A R e o R TS L.

R 2 SKNERZVURYTh 2007 I 2R )5 28 e e i) 2o o3 e

Table 2 Principal component analysis after Varimax rotation for the selected PAHs in surface sediments from Moshui River

21 4y FE A4 Component Ao FEALS) Component
Components PCl1 PC2 PC3 Components PCl PC2 PC3
Nap -0.037 -0.801 0.079 Chr 0.847 0.231 0.448
Acpy 0.951 0.061 0.134 BbF 0.780 0.539 0.269
Ace 0.103 -0.001 0.964 BkF 0.858 0.464 0.146
Flu 0.941 0.110 0.170 BaP 0.866 0.462 0.024
Phe 0.957 0.143 0.046 DahA 0.772 0.319 -0.112
Ant 0.909 0.233 0.152 InP. 0.560 0.647 0.347
Fla 0.937 0.242 0.080 BghiP 0.659 0.623 0.127
Pyr 0.922 0.226 0.249 FZETTHRR, % 76.1 7.4 6.7
BaA 0.912 0.323 0.190 3 WA SRR AhiE

o BB FEM T Note: * The.black is the principal component factors by extraction.

AT 22 TE R L [T (MLR ) 434 , AT LTS3 4N 50 SR K ] 33 2 TR h PAHSs BSF 1 STk R
WNE 4 FrR. 25 R R TRA TR (B A=W RN R B2 U5 ) X PAHSs 1Y STHRN 59.8% , 2 AIF 5T IX 35
PAHs (% 5= ZORVE. 25 S n] G55 HRTTR E A4 1 X A9 RE VR &5 F 47 5C , B Rl T 70% RE TR 2% £ 2
AR A 2 SR K AT R A A A I AR AT FE /NI RIS 2R N T, v A g B 00 A 7 A 33 32 AR
TR AR I be. Tl Bl o+ 19 4 DR S O RE SR G0 , 3% 5 1 DX 3T 2 i S R v R e HE
i) PAHs e L.

R A Mixed source
L5 BEE Diesel engine emission
14.2% £ i Petroleum source

4 FERUF-Z UM RAAS I AR S K IR Z VIR T PAHs 1Y DTRR
Fig.4 Sources contributing to PAHs in surface sediments from Moshui River by principal component

analysis-multiple linear regression

SETMIRBEFIT AT 7 IX S PAHs A BTRRA 26.0% . BB 55 0 P L AR 21 i Tl & ik i X, H 880K
TR 2822 2% e gl 8 e T T4 T8, R A0 S00d 2 Tl ™ il )3 i R 7 (8 ) [R) I, 45 >4 M PR B 7 R 1Y
IR e R R TR A8 Ay 2 A W AR IR AR e, LSl R s LA i R CHR TS e B, St e ke
R R KA PAHSs 3% SRR A5 52 MR B IR X PAHs 19 STRRAS AT 200 | 2 1% X 4 PAHs Y5 —
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AIIEAE N 55 = Fh 2 ZOR WX F AL PAHs M 5TRkiR/N, SCH BT A PAHs SRR 14.2% AHX T8 K
AR IR BRI SRR | A Tl e I 3 i 3 A v (04 & ANt 8 1) B SR AR /D 1) 5k — &5 SR Al
AR ERELL T W EE P2
2.3 EKWFZTIEY T PAHs (R 5 AEHT A S KIS TEM
2.3.1 B IX AL/ H{EEE (ERL/ERM)

Long 55" K25 HE A HLY5 G P 7 A 25 KUK 807 X TG (B ( ERL) FIARL X [8] Hh (B (ERM) , B #
A U R AR 25 XU AR 7K 7 ERL/ERM. H B 7E H Ryt b A Tz e i ys
P B 5 ERL A1 ERM A9 E A8, #5075 Y vk FE IR T ERL, 77 A= B0 A= AR08 B ESR /N T 10% 5 #5775
Yk BEAr T ERL F ERM Z [8], WMH R 77 A A 1A S350 5 #5175 YL ik B KT ERM, T 7™ A= 47 1T A= A8 &%
AT BB 23 KT 75%.

X BB AKIAN R 17 A2 0507 PAHs FRRTEF T IR PEAL (BB DL 1) |, 45 SR R0, 4 R B 1) IR
BN HARR A9 ERL {5, 22 W ST X SR AR A7 7 2 A A 25 KUK AL 7 BB K ) i YiE M8—M 16 {37 Hh
Flu,Phe BaA ,Chr BbF BkF BaP % 7 F SR (¥R T ERL F ERM Z [8], {88 7= A6 i AR S %007,
M9O—M16 ¥fi{ii ' DahA AR ML T ERM , fE7ELH 7= A 0 1 A= A R00 19 7] BB ERL/ERM 1945 51 5
IR PAHSs A943 A7 AH— 3, 76 88K o 37T Yo F A X sk, 7 A4 90T A 2SR Y RT g M A
2.3.2 PR X B B T (M-ERM-Q)

M-ERM-Q & 1 Long 25"* $1 t i9 FH 2 0 F50 000 2 03T 1 D0AR Y o 2 b5 e (42 )& . PCBs . PAHSs
Y R GBI 1B s = o LRV AN & 1 e e B LN 2 W R O R < R/ Wy

M-REM-Q = w ( 1)

n

KB €O PAHs SRRIAUREE | ERM, Sk HGH R 9 DRI R VR 2, n oA PAHs SR 1Y BLEL 24 M-ERM-Q
fH<0.1, HA A XU A mT et L3/ s M-ERM-QEL7E 0.11—0.5 Z [alB, HA A= 25 XU ; M-ERM-Q
{E7E 0.51—1.5 Z []H , HAG v i A 25 MU 524 M-ERM-Q > 1.5 B, BAT R A5 XU

Oy MTEE R BN BB K I b3 (M1—M7 ) FIOAME 1 (M17 M18) i M-REM-Q {E/NT 0.11, A BR Y
LA RS XU R I M8—M9 M 11—M16:3k fif M-REM-Q {E7E 0.11—0.5 Z ], A K& 4k B K
B s M10 354 M-REM-Q B KT 0.5, HAAH E 25 A S % 45 T R FEAT & B /K Il it 3k 1 PAHs 4347
T, 7E PAHs R EE =5 14 3 {37 A7 70 8 AR 25 A AR 28 AU, A 76 v i 55 AR 8 U Y MO 33t 7 A, 1F 2
PAHs SR 3 5 i it v, 22 B P A Hs 110 ¥ 5 0 1, s i P 74 285 AU 2 0 . i

3 %51 (Conelusion)

(D ABFFEIET BT 17 A~ JZUURIRE G 16 FifEds PAHS 107 ik, SRS A T 196.51—
8549.33 ng-g Z[H] , AU K 3320.03 ng-g™'.

(2) HOKIAT 2 UURU D PAHS (9FRELAM A L 95 5F S T2 5 7 He 42T Heff , PCA-MLR % 3 iy i
AT E 2 X PAHSs () FEORIFEATR G I8 (B AE W BRI B E IR ) ST BR B I AN A T, 3 Fh
FPEXT B PAHs FBTHR A 51K 59.8% 26.0%F1 14.2%.3 Ty v 140 M s S BA B AF i —Fork.

(3) ERL/ERM 43 #7722 B, B8 /K] p R A 2R 43 7% A B 1T 19 22 25 XU . M-ERM-Q 43 BT 22 B, B /K i
LA AR5 2 A2 PR B, I A TR A S R
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