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H G, AXxFFRANAAY (aromatic organic compounds, AOCs ) 77 4 4E . i # # 47 %
FHEESKRIF/HENTR, EEXEEERARFET20HLREE N 6 R EFEREAFRE
( polycyclic aromatic hydrocarbons, PAHs ) , #& T #h & # % 89 #F % & ¥, & ¥ PAHs 4T £ 4 & W
AOCs A ERiEM M ., ETHEMNAP AOCs  FARWE M, AXKITLEAREBEELH
B h W A Z 4 R M i -6 AT B 1] T ( comprehensive two-dimensional gas chromatography- time of
flight mass spectrometry, GCxGC-TOFMS ) , fif 1 3 41 % #£ < 4% [ 7 4 # A AOCs 4 F 41 ik & 38 & %
B, Vb T X F BT R KR AOCs Wy 41 iR AR AE L %8 Bl 0 AT L 2237 22 ¢ RO B 2 K A 4 S KR $E 4T 4T
B A5 o AT KR LR B 89 GCxGC-TOFMS # [ & 3., #h . % ¥ 90 ¥ & 2 Kk # AOCs 1 4
FHESFELXEAIMESWNS0% U L, Ed iy 79 AOCs kA MK FRE AFRZ K
FR|KWET 2 7B, L FHEKRE LA H (2238486 ) ng/L. ( 1266+486) ng/L f1 ( 1064+
826) ng/L. EE El A b, # & Ik B KK T AOCs By & & T % i, [ IR #r N\ B8 3 AR i
IR 3 4 B 45 98 K AOCs By it % 2 itk . ¥ — P32 Bl & R M ( hazard quotients, HOs ) 71K 3F [a]
%4 % A& ( BaP equivalent risk, BaPE ) H A 5 5 iFf 7 AOCs th ik A& A ARG, IFFHEE R
KW, A& T K PAHs, ¥ 79 ## AOCs 2 M PN IFFEEB Y K E LSRR EFH ., AFEETH
AOCs 7 F & EAn g 8 & 53 T E#HNRALEHI AOCs 3B F A SNBEYHEHTEEE L.
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Molecular identification and risk assessment of aromatic organic compounds in offshore

waters of Bohai and Yellow Seas
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Abstract: Traditional studies on the occurrence, transport behavior and potential ecological risk of aromatic
organic compounds (AOCs) often focus on the 16-priority controlled polycyclic aromatic hydrocarbons (PAHs)
proposed by the United States Environmental Protection Agency (EPA) in the last century. However, more and
more studies have shown that AOCs have stronger toxic effects compared with priority-controlled PAHs. In

view of the complexity of AOCs molecular composition in environmental media, this study relies on
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comprehensive two-dimensional gas chromatography-time of flight mass spectrometry (GCxGC-TOFMS) with
stronger chromatographic separation capability to screen and initially establish a high-throughput database of
AOCs molecular composition in offshore seawater in China. The composition characteristics, spatial
distribution, potential aquatic ecological risks and their seasonal differences of AOCs in the Bohai Sea and the
Yellow Sea were studied. By analyzing the GCxGC-TOFMS spectra of organic extracts from seawater, it was
found that AOCs accounted for more than 50% of semi-volatile organic molecules in the surface water of the
Bohai Sea and the Yellow Sea. The 79 AOCs showed the highest concentration in autumn, followed by spring,
and the lowest concentration in summer. The average total concentration was (2238+86) ng/L, (1266+486) ng/L
and (1064+826) ng/L, respectively. In terms of spatial distribution, the concentrations of AOCs in the surface
waters of Bohai Bay is significantly higher than that in the Yellow Sea. The spatial and temporal heterogeneity
of AOC:s is regulated by the intensity of land-based input and the drive of sea circulation. The potential aquatic
ecological risk of AOCs was further evaluated based on hazard quotient (HQs) and Benzo[a]pyrene equivalent
risk (BaPE) models respectively. The evaluation results showed that the aquatic ecological risk was
significantly increased when 79 AOCs were included in the evaluation model compared to the parent PAHs.
The molecular identification of AOCs and the high-throughput database established in this study are of
reference significance for understanding the potential ecological impacts of AOCs emitted by human activities.

Key words: aromatic organic compounds; monitoring list; Bohai and Yellow Seas; surface seawater; spatial

and temporal distribution; ecological risk
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T BE OB RE £ 2 5 (GFF, JEIEFLE2 M 0.7 pum,
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HL(3000 r/min) HEg.0 K BR/IME P9 8% B K 43, 4K
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TP BEIR AU RN, DAV UR A A
(A HUTZE 53, PRIRCE T 10 mL v 35 38 5.0
b, I TR ICOK B RR A L BRER B K4y,
8 40 < (99.999% ) Xk B W E A T R W e 4, HH
IEC R B I R 2 2 mL B @RS/ N, E
% 600 pL, H B R R LHLHT
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Tab.l Sampling stations of surface seawater in Bohai and Yellow Sea of China
- REERBUL
SRR P R KB /m stk
= e =

HI 122.30°E 37.71°N 23 12 9.4 20.4 7R B LRI
H2 121.19°E 37.92°N 18 12 9.1 19.9 WA B AR IR
H3 122.90°E 36.99°N 27 20 8.9 17.7 7R B AR
H4 121.99°E 36.49°N 24 20 10.2 19.5 AR B AR B AT 1
H5 121.00°E 35.99°N 25 20 9.3 19.1 INAR P B AR R R 1
Bl 118.97°E 38.67°N 16 12 9.4 19.6 HEA] 1 AR ALHR
B2 119.40°E 38.08°N 23 12 9.5 19.2 BT 2R
B3 120.74°E 38.35°N 25 21 9.4 19.3 TR

1.2 GCxGC-TOFMS F3 75 %54 ik 381

FIH 2 E LECO A Al Y GCxGC-TOFMS (%!
54 Pegasus 4D) XA & D5 A WAL G )
HEATIAE , Ak S GCXGC S 4R . — 4 £
FEFEE ] 30 m % 0.25 mm x 0.25 pm [ Rxi-5SiMs
FE, Z4E AR5 A ] 1.8 mx0.15 mmx0.15 pm fY
Rxi-17SiMs 4, 23R 1 262010(99.999% ) , Tt i

4 1.2 mL/min, #FFE5 R 1 uL, AoridEee, #Ere
FHREE Ry 280 ¢, —4EmiRAMEAIRE N 5 °C, A
il #% #MZ IR R 15 °C, ML 2RI R 280 °C.
GC WIIRIEE N 60 °C, F£%F 2 min, LA 4 °C/min T}
&3 300 °C, {54 10 min, GCxGC i J& 3%
BN 5 s, PAERN ¥ W] 43 ) i B 1 s A
1.5 s TOFMS Jiii% 254 % A IEIR B [A] 24 5 min,
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HES RE R 70 eV, RS fL R 1475 V, B T
JEIRE R 250 C, fEH LI R 250 C. R4
PR AOR A EE, B S 50 ~ 750 u,
KA FFD 150 K& . AOCs 7% &lfH LECO
Chroma TOF 4.0 W A< B A i B, o2 % B 1 R
NIST 2.0 i/ . Bdiab ¥ 7 kb FES AT
— 2RV TE (R R R Y 4 %) L 4R v (—
e 0.1 ) FFMELE (B A 100) .

454 AOCs IR A 5 i . NIST 1% 2 A LR
4 T 3 BT BC R 50N R 43 B A R AE X
79 i AOCs 17 % 1, I AOCs 1 & #r i N
bRk & . AOCs IR br £ #5 8 #f £ /& PAHs
(PPAHs) . 3 F % #2435 PAHs(PASHs) . 8 Fl ¢
A %% ¥ PAHs( PAOHs) . 7 Fl & & 24 & PAHs
(PANHs) . 17 F 48 3t PAHs(OPAHSs) . 12 Fl 48 3
&8 2 PAHs(OPAOHSs) & 24 Fhbe L fk PAHs
(APAHSs), PE41 5 LI % 17, AOCs brifE 1
A AccuStandard & K8, T H H R B A, 4K
T 95%, WHETH K,
1.3 el S5 AIE

PR RAE | SIS o A PN BN 43 b
TE A O e P R AR . DL 8 L B Ali Kk ik 473k
FomAz Rt PAHs BIBCRIE /R 9)) 5256, 1375
6 14T, Gk 550 Sl AR [R) 9 Ak B Fn AR T e
5B InFR MR 73.7% ~ 126.3%., 4 3 5 23
F th PAHSs 1) 3 f5 A i 22 9F 2 R A (LA 8 L
M AR 2 515D 8 s W AR R i Ad 2
PR 7 K R, 25 SR B, WK PAHSs 17
P PR 4 0.014 ~ 0.064 ng/L.
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Fig. 1 Flow chart of molecular composition of semi-

volatile organic compounds by GCxGC-TOFMS
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600 A fL & Wi TE R, 3 AN ZETT I £ AN i
Horf 5 2 AL W I T B 7 (2.83%10°), 7B
Z AL S YT AR 5 E R 90%; E RS
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Tab.2 Molecular numbers, peak areas and proportions of semi-
volatile organic compounds in the surface sea water of the
Yellow River estuary in three seasons

i RS A3 2R AR B3 (R T6001/NT-600) HEATR1 43

- SRR W T /< 10°
TEEARLLEE T AR B
>600 <600 >600 <600
HZ 3127(35%)  5786(65%)  28.3(90%)  3.1(10%)
HE  1964(26%) 5526(74%)  21.4(85%)  3.7(15%)
BZE 3194(30%)  7310(70%)  28.0(81%)  6.6(19%)
MRS AL T 600 Ak & 2 (AOCs I Hith)
HEATRI4Y
el Sy T A WETTRYx10°
AOCs HAt b 54 AOCs  HAtufb &
FE 621(20%)  2506(80%)  4.9(17%)  23.4(83%)
HZE 502026%)  1462(74%)  3.7(18%)  16.4(84%)
®E 557(17%) 2639(83%)  4.0(14%)  24.0(86%)

Bk AOCs #b, FUils i th i 214 & A ALk
G W)L B W ke N BRI oy T BT AW
G K FIEEARLEE KT 600 (215 & A
MLALA P, AOCs 1443 T 50 P i AR LR
MXTEAR (R 2), HE EFEMKEN S TE0E
H7 EEAr IR 20% . 26% F117%. 3 4~Z=77 AOCs
Oy P TR (5 FE R B T R 20%, Hib
Z= MRk 22 AOCs 4 Bt 10 T R 25 44 25 {0 o
K 7% AOCs 73 TG TR AR 5 LU iR =1, o 18%, (H R

@ it BORREE AT R 3 3R

Z% AOCs 43 W T AU K, 97 20 410 & 2% AOCs
oy F B R AR O ZE A, BT AOCs
3 BB R T ARUZE 35 T ) o AR AR IR,
I A T L ) S AT RGN T Pk RO B E . I
YA B A 0I5 B, — 7 AR 38 b 1 D) B8 I (]
FINIST 3 EVC L, ) — 45 A GCxGC R fi
(g “TUH RO ” A RS HEER, g R
Mo = A A P o TR UM MERA B, Sl B AR ik &
YIRAERAEPE . i
2.1.2 AOCs ffit ey =

TE UG AR T 45 R B S ACETE A R T, ¥ B
B o5 © FFR M S H REAE IR Jr L O B B[R] 4
5 R XA AL B W 1E B s B S KO,
A LRIE B bR s> FROMER e e 2 . 7R
AT I AR R B A A o v 0 T A Y E b
AEAE ), ST R AR Al i P2 DG T %) At 335 2 A {0
FE B WAL B AL R R B B P
I, 78 C NS SR B IR A 2 0F T, FE it
PRI “FLR BN ” A “TEATES " ik, RENS
R bR U S AT A ) AR S5 K AL 6 B3
HEAh P MRS R . SR R, X T JoAs i
() AOCs i 7, 7% 5 FLA% B B [B) B2 30 H 2546 4
LA bR AL A P 1) T3 e 1 it 4%, e A% SE 3T
PRIE AL W B S AL BP0 AR g
T GCxGC-TOFMS fifi 28 45 Fe 37 T A0 7% 8 F
PPAHs, 3 fl' PASHs. 8 #f' PAOHs. 7 #f' PANHs,
17 i OPAHSs. 12 #ff OPAOHs } 24 #ft APAHs %
7 R EWER ., - PXRE B E
W | H I A R R KRR S AT L R
YE, B E T LT 79 FE A0 AOCs TER Y H
FRALA PR A, A LR 1Y
2.2 . BEEERIZKAT AOCs BYIRAFARE

. HEMKEE . #iERERZ KA
79 F AOCs 1 5 & B (Y70A0Cs) 43 5l ok 512 ~
1977 ng/L. 355 ~ 2829 ng/L F1 2118 ~ 2369 ng/L,
e FE S Y98 2 51k (1266+486) ng/L. ( 1064+
826) ng/L A1 (2238+86) ng/L( % 3) . A[E Zi
. BT R R K TR AOCs W 1
PE2E BRI A5 R R, B R E K S
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AOCs Y J I B B 1T 25 5 (p<0.05), 2830 ng/L. R 8 2022 4F & ] /K % A 4R ),
KR AOCs VR EE R, B2, HZ 54 AOCs 2022 4F 7 H — 10 H SRy 2] WU, 53¢ — Bsf 0 22 Jof
e B A . T AR O L R B A AOCs K AN v B SN, KR Vs YW Bl 2 HE N T
Ve R, B2 T L1 AOCs Wk B fe i, g WA, sk — L ) A T NI

®3 BE EFWUEY BBLBREKEPREZEE AOCs BRE (ng/L) FIAR( %)

Tab.3 Concentrations (ng/L) and compositions (%) of different types of AOCs in the surface waters of Bohai Sea in spring, summer and

autumn
ks 2% E
& wFhE SEHYE+ S fE+ T
Ja HE B L E S E
P22 FrifiE 22 P22
YsPPAHs 53~182 8.6 10.124.6 34~232 7.8 8.846.6 16.4 ~19.1 172 17.5£0.9
Y;PASHs  2.3~385 5.5 14.6£14.9 2.4~66.8 6.6 16.4+21.7 324~762 509 51.8+154

YsPAOHs  55.1~301.2 189.8 1924+792  69.1~382.8 108.1 161.4+106.0 353.8~396.4 370.5 372.7+18.9
-~ Y,PANHs 0.02~110.2 269  42.0+42.8 0.0~138.7 4377 4594475 86.1~313.6 2244 222.4+73.0
- Y ,OPAOHs 132.4~4633 2337 2623£1284  34.1~6556 141.1 221.4+211.6 288.1~563.0 4712 447.1295.2

> ;0PAHs 109.7~454.7 2741 277.0£1182  63.4~7563  146.6 248.5+236.5 3952~537.7 4813 476.1+52.1
Y4APAHs 1712~640.8 5105 467.3+156.5 182.7~805.8 2832 361.6+205.6 537.1~736.9 6683 650.4+72.1

279A0Cs 5124 ~1977.1 12552 1265.7+485.7 355.5~2829.8 713.1 1064.0+825.4 2118.3~2368.9 2228.5 2238.1+85.6

YsPPAHs  0.5%~13% 090% 0.8%+02%  0.7%~12% 080% 0.9%+02%  0.7%~09% 0.80% 0.8%=0.1%
TPASHs  04%~22% 050% 1.0%<07%  03%~24% 1.10% 12%=0.6%  15%~32% 230% 23%=0.6%
TPAOHs 10.8% ~17.2% 1530% 14.9%=2.1% 1357%~ 19.4% 16.20% 16.4%=2.4% 15.3% ~17.6% 16.60% 16.7%0.8%

tgg Y;PANHs — 0.0%~63% 290% 2.9%2.15%  0.0%~89% 3.90% 3.6%+32% 3.9%~132% 10.50% 9.9%+3.2%

Y120PAOHSs 12.3% ~30.7% 21.90% 20.8%<+5.7%  9.6%~25.1% 19.60% 18.1%+5.6% 13.1%~25.7% 21.10% 19.9%+4.0%
170PAHs  16.0% ~27.6% 22.20% 21.87%3.8% 13.1% ~26.8% 2130% 21.1%=4.5% 18.3% ~24.5% 21.70% 21.3%+2.2%

Y24APAHs 31.8% ~53.8% 35.80% 37.7%+7.4% 27.8% ~51.4% 38.60% 38.8%+8.6% 23.0% ~33.4% 30.00% 29.1%+3.6%

TEARFZEG AOCs ALl I, il S EmpP W, & %0 AOCs [R5 5 PPAHSs #4r AL, 4
¥ PPAHs KL & WMk BE AL (5 &L AOCs MR BE 1 A BB AS 58 @R B AR 242 B S HE A
2%~ 3%, B EH LT HABZE BB PAHs U7 AEY SRR, B4 5454 F PPAHs Otk FEY
(F3). W T WML 5% (I OPAHs Fl $fb i {2k & 4 AOCs A1, i Tix sk
OPAOHs %) 5 PPAHs #H L A R EbE . ¢ AL B W HA SRtk L = /KU M AR 28 AR 1 F
M SRR PERGE R, e, (648 BAUKREE o5, HAEsk, UURW . RS BRBEA 5 14 40 A
PPAHs KM B85 AOCs TS5 /KPR ¢ 21k PPAHs B oh) iz, HE A H &Y &
TEBOR IR 25 ORI S 1, Xl A B A ™ WZ EE, MERZE Kb X 3Ky
[i] AOCs MFPZS | W AN HFITIRANTE A AOCSWRER ER THEME (L3, &
I AIEAL o Bk APAHs(SF34 (&5 FL 254 30%) LA 41, PANHs I PASHs 7E i) . #5 Vi 30T g 32 J2 K 1k
Gh, . IR ZE KT AOCs A Hui B AOCs i i FLEAR LSRR 5 AH X At R, Bk vl it vh
= BRI i OPAHs( 2 25%) . OPAOHs(20%) 7 WEW}SF PASHs 4, PANHs 1 PASHs iR 3
Ml PAOHs( 15%) % 3 2540 & 4 J5 T 1 PAHs, B4, 1EEST . 254 JeR FITh ekt Rt
o VG L4 N 1614~ 3727 ng/L. 2214~  AUES IR S mE LAY, ARG 3 Fh
447.1 ng/L 1 248.5 ~ 476.1 ng/L(%£ 3) . M55 %  PASHs Ml 7 f PANHs, H o PANHs [ %% {& ik



904 H 5

SR

%43 K

B2 R AR (R 3) .
2.3 JET AOCs it B0 2 1 A i . BT
R JZ KT AOCs 1A= 285 XU DA

T Ak 2505 G Wy ) A 2 B BB 1 A B
{8 (hazard quotients, HQs) A& 25 XU PFAk 455 A4 £
SRR )z N T 25 ) R AR A BLTS
Pl K AR A S KR HOs 5 UK
Z 5 4 5 KU PEAN 1 AS [R) 2 ALAL G 4 i vk B
( Cpans, ng/L) 5 HAH N 1412 P4 254 %54 ( chronic
toxicity, Cr, mg/L) HCARL B N Fil; Hrpfb & 951y
12 M B M £ 98 SR A JC 8400 R & (non-observed
effect concentrations, NOEC) B Tl il JC =& Juf e J&

(predicted non-effect concentrations, PNEC) 13738

HWHAGOE, A AL & W) NOEC 8% PNEC
BOMEARAS, DI, B AT AT LR B A o A A R
DA 2] 1~ BN MR B ECso 381 BUBOE IR i
LCsy 2233 PFAH A 7 (assessment factor, AF) % 1F
Ja EUEACE . ik, HOs 3Rk AT AR/ N
N (1):

_ CpansXAF
HOs= ), Crx106 ()
A AN R 2 AL A W TE) R OE R

[F] 3 ECso 8% LCso %% 95 W] LL i U.S. EPA( U.S.
Environmental Protection Agency) Y A= 2% 45 44 1§
P & & (ecological structure activity relationships)
XA 2 7 (http://cfpub.epa.gov/ecotox/advanced
query.htm) 3R B, #8504 & i /D AH L) NOEC,
LCso Ml ECso Ktds, fH H A Ak 5 1 0 e e JE 45
HCRE FRAON AN AT B 2w, P AE 5| Sanchez-
Avila 25" £ 285 52 ) PPAHS T4 P37 ) S i
b, A 2% Sanderson 25 P fI Salvito 2 1%
XoF 75 G ) 2 BHARO DA 28 TP A DR 18 TR
g (3R 4), EHUBFAES RS T 3 MUERA
BB EYIE R G, WY . P sh
I, REAE LR G 1Tl AOCs XTSRS
AT AR AR S ARS: . Fe 40 HOs E TR
A KBEAKE a0 T . (1) HOs<1.0 R/n iz 215 Y
Yot B35 A B XU 5 (2) 1.0<SHQs<10 KR~
RGP AR S R G AT R AR BN R
52 5 (3) 10<SHQs<100 3 7 1% 25 75 4L 1y ot
WS R G T e A W B AR . DA
BB AT A T R 2 K 8
PPAHs Fll 79 filt AOCs XJ 125 | 3 28 Fl/K & 1Y
HOsfH (% 5) . # A0 & 8 b fu iy i I 4%

F4 AT HO BEITMEE AOCs R EERFRARKEEM(BEREMBPTRE) B ECs, 3 LCs BHE
Tab.4 Correction factors for each AOCs and ECs, or LCs, data for different aquatic organisms (fish, algae and crustaceans) for HOs model
evaluation
g Wk SN PPt
% kA
) W ZIR mg/L HE W AIR mg/L RS EWEE mglL
Oncorhynchu: Chlorell, P
PPAHs Naphthalene  LCso HEOTIVIERIS 3 90 LCy, oreta 33 LGy enaeus 55 50
kisutch vulgaris aztecus
Oncorhynchus Chlorell, P X
APAHs  Anap LCs HEOTIVIERIS 3 90 LGy, oreta 33 LGy enaeus 55 50
kisutch vulgaris aztecus
PPAHsAcenaphthylene LCs * 231 LCs * 1.92 LCs * 0.58 1000
Cyprinod Ameri ]
PPAHs Acenaphthene NOEC JPHIOaOn 52 ECsy  Skeletonema costatum 0.5 LCs, O CUE 619 50
variegatus bahia
Oncorhynchus Pseudokirchneriella Artemia
PPAHs  Fluorene LCs 0.82 NOEC 1.67  LCs 350
mykiss subcapitata salina
Oncorhynchus Pseudokirchneriella Artemia
APAHs Aflu LCs, ) 0.82 NOEC . 1.67 LCs . 350
mykiss subcapitata salina
Oncorhynchus Scenedesmus Americamysis
PPAHs Anthracene = NOEC ) 0.032 NOEC . 274 LCs . 0.003 50
mykiss subspicatus bahia
Scenedesmus Americamysis
PPAHs Phenanthrene  LCsg * 1.187 NOEC . 0.003 LCs . 0.535 100
subspicatus bahia
Scenedesmus Americamysis
APAHs APhe LCs * 1.187 NOEC . 0.003 LCs ) 0.535 100
subspicatus bahia
Oncorhynchus Phaeodactylum Americamysis
PPAHs Fluoranthene  LCjs ) 0.091 NOEC ) 0.08 NOEC . 0.011 50
mykiss tricornutum bahia
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‘ % Bk i -
6};}@ /ft%% 2 N % N *® N ?
Bl A=W 2R mg/l BHEZEN AEMATR mgL BdEZEN 2R mg/L
Scenedesmus
PPAHs Pyrene NOEC  Fundulus heteroclitus 0.015  NOEC ) 1.44 LCsy  Americamysis bahia 0.025 50
subspicatus
Scenedesmus
APAHs APyr  NOEC  Fundulus heteroclitus 0.015  NOEC ) 1.44 LCsy  Americamysis bahia 0.025 50
subspicatus
PASH - LCs Poecilia reticulata  13.6 * * * LCs, Water Flea 2.9 100
PAOH - LCsy  Pimephales promelas 14 ECs green alga 1.5 LCs Water Flea 20.3 100
PANH - LCsy  Pimephales promelas  77.8 ECs green alga 100 LCs, Water Flea 42 100
OPAOH - LCs, Carp 51 * * * LCs, Water Flea 40 1000
OPAH - LCs Oncorhynchus clarkii 6 LCs, green alga 4 ECs Fairy Shrimp 33 1000
s * RN TEUE
#*5 HET 8T PPAHs #0179 f AOCs iTE W H), HiFEERE KK HYs &
Tab.5 Calculated HQs values of offshore surface water in Bohai and Yellow Seas based on 8 PPAHs and 79 AOCs
- ik Wk ek
aEw i
& "5F HE £ "HF  HE & =53 HE
Bl 0.02 0.01 0.03 0.02 0.01 0.03 0.25 0.09 0.21
B2 0.02 0.02 0.01 0.02 0.02 0.01 0.17 0.19 0.08
B3 0.03 0.02 0.02 0.04 0.02 0.01 0.24 0.10 0.12
H1 0.02 0.02 0.01 0.02 0.02 0.02 0.17 0.07 0.06
8Ft H2 0.02 0.01 0.01 0.02 0.01 0.00 0.17 0.05 0.02
PAHs
H3 0.03 0.02 0.01 0.03 0.02 0.01 0.12 0.07 0.03
H4 0.02 0.01 0.00 0.02 0.01 0.00 0.09 0.03 0.01
H5 0.03 0.01 0.00 0.03 0.02 0.01 0.18 0.06 0.03
T
e 0.03£0.00  0.02+£0.01  0.01+£0.01  0.03£0.01 0.02+0.01 0.01+£0.01  0.17+0.05 0.08+0.05 0.07+0.07
Fnifif 22
Bl 1.18 0.49 1.20 2.07 0.88 1.99 1.58 0.62 1.30
B2 0.30 1.78 1.28 0.51 2.89 2.14 0.50 2.25 1.51
B3 0.87 0.94 1.24 1.57 1.61 2.20 1.12 1.08 1.59
H1 0.88 0.78 1.17 1.44 1.36 1.96 0.93 0.86 1.48
79K H2 0.56 0.30 1.29 1.04 0.56 2.17 0.82 0.39 1.22
AOCs
H3 0.88 0.26 1.15 1.43 0.50 1.98 0.79 0.46 1.21
H4 0.48 0.20 1.03 0.81 0.42 1.70 0.53 0.28 1.12
H5 0.64 0.29 1.12 1.09 0.55 2.00 0.73 0.35 1.44
P+
o 0.72+0.28  0.63+0.53  1.19+0.09  1.24+0.49 1.10+0.85 2.02+0.16  0.87+0.35 0.79+0.65 1.36+0.17
PR 22

PPAHS, /[R5 (1) . 8096 T 1 3R )23 g 7K 3 o7
Y170 B I A S (HOs<1.0) . ¥ 79 #f AOCs
AN HOs A= 25 WIS PEA BT J | 45 i v 3R 2 1
K RIS TR I S R AR 2 Y A 2 XU AR 4R T
T 1~ 2 M ERY.

BaP & PPAHs ' 7 M g 5 1) — A 4 4y, H

A R BUEE

1M HoAth 5 43 T 12 PAHSs, 11 BaA.

BbF. BKF. IP il DBA 3 HLA7 %o (1) S v,
P & e T BaP %5 %A ( BaP equivalent risk,

BaPE) 51, 53X

JEXT PAHSs it 5 RS 47 R 1 T
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fili g — A% 17 5 BB A5 b5, BaPE B
TR 7R s F A B A SO M B PAHS MR AR §7
H 3 M 24 8 A F (toxic equivalency factors, TEF)
Rk BaP BEMERYRE™ JER LA
P 5 U BE(E AT NN . BaPE(ng/L) W] DL
BaPE = :l:lTEFi (2)

gERL U (U & 8 Fl PPAHs, %, B %
IR, BT R 2 KK BaPE (/) F-3ik
B 43 511 4 (0.07+0.01) ng/L. (0.04+0.02) ng/L il
(0.05+0.04) ng/L(F 6) . ¥4 79 F AOCs 5| A

BaP SF A MG AL J5 , B2 . H R MK ZEM
BaPE B4y 514 (4.6£1.9)ng/L. (3.9943.12)ng/L
F1(7.5+0.5) ng/L(5k 6), ¥ 8 7' PPAHSs 1Y) BaPE
e 2 2 AN, IZAA S KR TR ER S AR T ]
F KA BaPE 7E A — 50 9%, W3 & TR Y
FREE T i bR E (2 ng/L) ™ RS> 45 K5 HOs
BREAY PR 110 1 25 XU 25 SR — B, R . i
13 3¢ 2 K M b i) AOCs RE 1 Bl T 16 10 2E 75 X
Ko PRI, ¥ 58 AOCs A 25 XU P 75 B0, it
LS M B K AR T S B i AR T R X
R RGN AERZ A

F 6  EHTF 8% PPAHs 179 # AOCs It E M HigILig R E/K & BaPE (&
Tab.6 Calculated BaPE values of offshore surface water in Bohai and Yellow Seas based on 8 PPAHs and 79 AOCs
A7 A Bl B2 B3 HI H2 H3 H4 H5 SR E R O 22
s >'<sPPAHs 0.07 0.06 0.09 0.08 0.06 0.05 0.06 0.08 0.07+0.01
>20A0Cs 7.9 2.3 6.4 4.6 3.7 53 2.7 43 4.60+1.90
5 >'sPPAHs 0.03 0.08 0.05 0.06 0.05 0.03 0.01 0.01 0.04+0.02
>290A0Cs 3.4 10.5 6 5.1 1.8 2 1.4 1.8 3.99+3.12
>sPPAHs 0.11 0.07 0.1 0.04 0.02 0.02 0.02 0.01 0.05+0.04
B
>0A0Cs 7.7 8.1 7.1 7.7 8 6.7 6.9 7.4 7.50+0.50
3 it YA S XS 251G . AR 2 SRR W, My

(1) 3T GCxGC-TOFMS fit fi% 52 B #5 7] [
FZAARRE S TR 2 30% 45 K A ML A
WA, 1 AOCs 43 F R 5 w12 R Bk &
Yy B 20%.

(2) # 4t GCxGC-TOFMS 3 Bl 4 fiF #dt 57 T
FLH5 60 FibrvEfL G ¥ AN 19 FhAb L & W AE N
1) B bR E Mg 8. gt DRy E RS R R
B, W . BT I KR Y 0 AOCs AR BE Y A
(1523+745)ng/L. HZ, HEMZEEY 10AOCs MY
JE B 23 51 49 (1266+486) ng/L, (1064+826) ng/L
F1(2238+86)ng/Lo AS[A] Z=5 () AP I i N FEAE I
SR K-S S AE WA A E S F TR R K 2
5, ZHF R SLFAE S AOCs 3 H B & 1Y)
AT

(3) 3 T e B8 A RN 2R [a] 18 25 50U PR
ol A 25 U BB TR0 9 DA 25 SR R, L 0 I i
KA BEAR PAHS FT0 18 35 19 4= 25 KURE, T
79 B AOCs 40 N TPAL A Ji5 1 45 SR 32 B, AOCs

AL TR EEAEHTR PAHSs AT AE M)A
5 X T IR TG D7 A LTS W B IR R A7
R IR A A AL S 2L
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