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Abstract

Surface seawater samples were collected from Jiaozhou Bay and Qingdao coastal water in February
(winter), May (spring) and August (summer) 2018. Seasonal distribution, sources and ecological risk
assessment of PAHs in surface seawater of this area were examined. The result shows that the con-
centration of PAHs in seawater in spring, summer and winter was 99.8 - 366.7 ng/L, 64.6 - 253.3
ng/L and 68.9 - 234.0 ng/L, respectively. Compared with the concentration of PAHs in surface sea-
water of other regions, it is at a moderate level of pollution. And compared with the previous re-
search results in this studied area, we found that there was an increasing tendency year by year for
2 PAHs. The compositional characteristics of PAHs show that the 2-3 ring congeners are higher than
that of the 4-6 ring congeners. Source apportionment results suggested that main source of PAHs in
surface waters of Jiaozhou Bay and Qingdao coastal area was petroleum source in spring, whilst a
mixed source from petroleum and biomass burning was identified in summer and winter. The re-
sults from risk quotient assessment showed that phenanthrene (Phe) may pose a relatively high
ecological risk in surface seawater, while the other 15 PAHs are at medium risk, and there is no dis-
tinct difference among spring, summer and winter. This provides data support for PAHs pollution
control and ecological environment protection in Jiaozhou bay and Qingdao coastal water.
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m =

A3 TF20184E2 A (XF). 20184E5H (FE)N2018E8 H (HF)RERME R F HiLEREEK, %
XBRBEAKEFZHFRMFET 5 RIBERESRERET T AR, SRRA, FF. EENL
F KPS B E S H899.8 ng/L~366.7 ng/L. 64.6 ng/L~253.3 ng/L#68.9 ng/L~234.0
ng/L. 5 A XRERKPPAHSHIRFEM AT HFEEYOKFE, 5EBZHARERMTH, &
R ER/KHPAHSHIRER ZEH MBS . EHFRAABIFEENRH2- 3 EER T4-65F W EE.
RIEARE, RMERE SIEEERREEKFHPAHSEEN T EMAFEREAME, BENLFNA
TR AR BEUR VR & RIE . MEBEEIHMEERRYE, BRMNERE RILEREE/K P IE(Phe) FERH
AR, HE1SHPAHSHI XKL T HEKE; F. . LFNERFAR. ARME KX E HILHEPAHs
BRIYS Guda il A AR S A B R TAR R MR T HF .
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1. 518

% 3577 )% (Polycyclic Aromatic Hydrocarbons, PAHSs) & — 2 s R EE A PEE WIS 428, & H il B R A
R R B R KM — R BUEYIR[1]. PAHs 75 K S[2]. KIR[3] [4]. DIRRI[SIRIAEY R [6]55 45 2
WA P A7, HEEORIE T AR, A, DERATHRALSRE. ERBE. HahERS
Hems, At . A VLB SR 2 A ST ORI PAHS, I AT - IBITRE . HERARIR DL RUUEAE
JEETT I NIEFE[T], (EMEFEASE R BB, AR RIS R T 1E (1 B o

JRIHE & — P A AR, AT IR E. B, 22— MRANRAES RSG[8].
IV AT S I REEYS, & BTRAR BN, fahEESTMEN. X, 2% IR E
[9]. (HBEEFH SiE L TFEFNPoE KR, & KRRTG R e IN[10]. 1 H AR RS & F
Byl g /K PAHS AR 25 BRI TR WARTE . A SCRF AL T RIS K 75 S I i 3R 2K PAHS [RZET
SRR, X AR RS AT PR, AR 75 il PAHSs 75 Guda il Fl A S PR B AR 7 T
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Figure 1. Sampling stations in Jiaozhou Bay and Qingdao coastal water
1. BRMERE B RAEuh L

2.2. AL

KA PAHS A AbEE BAR G #2525 2R 25 (111 77 7%, SR H [E A AEELZ:(SPE), AgelaCleanert C18 ff] SPE
ANFERR O & BE(5.0 mL). HFEE(5.0 mL). #BAEK(5.0 mL)HE TG L. HERREEL 1 L [RKFE, I 5%
{1 R AR et R, DABR e 2 B0 5 R ) TEI UL, P48 5 J5 A 7K DL 4 mL/min~5 mL/min ()38 £ i i SPE
JNEE, BJ5 A 5.0 mL ) Q JKkE SPE /MRS M. 7.0 mL B9 AR B B IR VR SPE VEE, EURE
05mL Zaty, HRBEFEGY, REEZMBERKME FTRT, I5FEhiE B/E 100 uL, FFEFRHER IR
b

2.3. L&/

K HH Sy SO 3354 (2010Pus) , X Kb HEJE A - 16 38 EIA AR S5 AL S 45 il 1K) PAHS SUARIEAT 73 4T
XS MT . (il DB-5MS B4HFE(30 m x 0.25 mm x 0.25 um ZHE4E, EH), RARDRIERE,
BEFEREDY 1 uL: BERE iR B2 280°C , Al 35 i 52 24 300°C, 3 N4l & U2, i A 3.0 mL/min:;
AR AR 2 T IOWIGEIEE 50°C, PL 10°C/min B EFHE Z 150°C, f24F 1 min, 2RJ5 LA 4°C
/min G EEFHE S 290°C, R#FF 15 min, S E AR Y 60 min.

24. REERSRERIE
PITA AR SR AE A 2 i S el e 3 k. H R R AR h i PAHS S LAl 8 baits
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BT B 5 ARG 1 AR AL LTI (—AKEES, BT R FE AT I —E [ PAHS fR
#E, SARIbRAE AR S LR, R SR IP IR FUIMAR ) 1 AMFERCPATRE. T B H 28 TR
BAS LI AR NN R FTIERTG g, A T4 R 7525 8 PAHs (8 Ei/N T R, ®
BISEER 7 iEA S TH0 PAHS FIIGE o BEBUMAR I MTEE 70%~103%, &% E EPA HlaikioH
(70%~130%), fRiE [ IR L R PIERE . SPATRE ARG bRt 25 /N T 26% (n = 3), 1AFISEE EPA xR
#E(RSD < 30%), it B4 AT HAF BB . o rp BT B i R BEAT RIS AL IE

3. &Rt
3.1. REB/KTP PAHs BB FLARRIFE

3 AN HINE Ko B iR 2K H 16 Fh PAHs (5 &5 T4 1. 47 PAHs [UIREN T
68.9 ng/L~234.0 ng/L . [i], “F¥JikE N 151.1 ng/L; #ZE PAHs SR /T 99.8 ng/L~366.7 ng/L Z [i],
SR FE N 209.9 ng/L; K2 PAHs W 64.6 ng/L~253.3 ng/L 2 [], PN 131.0 ng/L. Eb%: 3
ANEALER AT UUE ), B RS E 2K PAHs B BEHFMAETK R, EEMMNEBK. 8 A
AL v V1R il FEE T 58 27 P B Y Y ST 3 ok 22 305 5 J8 D e A R A P R e PR 2R bR [12] . 34, BRI /K il
IKESGINRT PAHSs (IR BERC R T W REAE R, ARSI 2 (1 PAHS & 2 HUIK[13].

Table 1. Concentrations of PAHs monomers in surface waters of Jiaozhou Bay and Qingdao Qingdao coastal water (ng/L)

1. RINEREBIEEREKED PAHs BIRHIRE (ng/L)

X7 B FES
PAHs H.{k
Min Max Mean Min Max Mean Min Max Mean
7% 0.1 13.2 3.8 n.d. 12.3 1.4 0.1 29 1.1
TN 0.1 335 33 0.3 5.2 1.4 0.0 3.0 0.8
J& 0.6 9.4 35 0.6 14.6 43 0.6 10.8 46
%j 47 40.9 15.7 45 58.2 21.3 10.3 70.0 325
E[H 27.6 92.1 57.8 325 125.1 81.9 26.9 150.8 60.6
B 1.8 18.8 6.0 22 10.8 6.2 2.0 6.4 38
R 1.4 50.6 19.7 0.2 16.9 2.7 0.5 35 1.9
2 0.8 24.7 29 0.5 17.8 5.4 0.1 5.4 1.6
HIHa B 0.5 10.4 32 0.3 79 43 0.2 3.0 1.0
JeE 0.7 54,5 14.9 1.6 26.8 9.8 0.5 19.4 46
I b W n.d. 9.1 24 0.1 22.2 45 0.1 1.6 0.6
HIH kW n.d. n.d. n.d. n.d. 70.5 14.2 1.2 22.0 6.1
FFHatk 0.4 50.7 8.3 0.5 103.6 22.1 0.3 30.0 6.2
gt 123 i 0.4 16.9 4.0 0.1 29.2 5.4 n.d. n.d. n.d.
I ah B 0.1 8.3 17 nd. 6.8 0.9 n.d. nd. n.d.
K3 ghi 4t n.d. 66.6 4.0 n.d. 62.7 24.1 0.7 36.1 5.8
SPAHs 68.9 234.0 151.1 99.8 366.7 209.9 64.6 253.3 131.0
nd.: K.
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HH A X R ZKAEFE PAHs IRFEALL, Wk 2 iR, RIUAHE IR e 1] (15.8
ng/L~233.4 ng/L). JE[]76#5(2004) [14] (103.4 ng/L~676.9 ng/L). ERVLIA H1(12.9 ng/L~182.4 ng/L) [15]. %<
J#[16] (70.2 ng/L~120.3 ng/L) LA S L ZRIE 17155 X I B R 2 K AR PAHS IR BEZKSFAR Y s R T IE T
P7#5(1999) [4] (106.1 ng/L~4365.6 ng/L). XL ARV RILI[1[18] (139.2 ng/L~1717.9 ng/L). #4iHiE[19]
(582.8 ng/L~2208.3 ng/L (%Z), 952.4 ng/L~1201.7 ng/L (& 7)) 11[20] (473.7 ng/L~1190.1 ng/L (M
Z), 1681.8 ng/L~6014.4 ng/L (F£-2F)): it T G ¥4I PG #358(23.3 ng/L~70.9 ng/L) [21]. &fAk Fkit,
JBE IS Je 7 S 3 i 2 KA T ) PAHS Kb iR 855 LK ~F- o T B 78 30 RIS [R] — 7K S AE AN [R] I 3375 G
VIR B R AN R, 5% T BRI L s SRR, EEALE 2004 A [22] 8 7015 N 5 T i i 3 3R S K A
PAHSs [ )& {5 /& 22.8 ng/L~85.0 ng/L, ZEZ57E 2009 4E[23|0F 7T 75 1T j7 R 2 2 /K /R th PAHS [k /&
JUFE 2 8.2 ng/L~272.0 ng/L, KIAEZ XL Z KT PAHS BIWK A BEI N &S, & hTF Mkt

JUEESR T A . TolbA AR AR e e bR Jres Fe I [24]

Table 2. Content levels of PAHSs in surface water of different regions

< 2. EHXFKEKS PAHs HIE 2KF

HIF 7 DX 43 FE A EL KIZKAk T PAHS ¥R % i EE BTN
[Epeia bl 15.8 ng/L~233.4 ng/L [1
J& TP 5 (1999) 9 106.1 ng/L~4365.6 ng/L [4]
JE 1] 75 #(2004) 6 103.4 ng/L~676.9 ng/L [14]
B e P 25 23.3ng/L~70.9 ng/L [21]
284.6 ng/L~468.1 ng/L (5 H)
LR 21 [17]
106.8 ng/L~203.6 ng/L (8 A)
TR R I 16 139.2 ng/L~1717.9 ng/L [18]
b7 SARTINN| 15 12.9 ng/L~182.4 ng/L [15]
473.7 ng/L~1190.1 ng/L (=)
O O 25 [20]
1681.8 ng/L~6014.4 ng/L (RZ)
582.8 ng/L~2208.3 ng/L (&%)
7R RES 12 [19]
952.4 ng/L~1201.7 ng/L (2 =)
PR 8 70.2 ng/L~120.3 ng/L [16]
JBE IV ZR AL 21 22.8 ng/L~85.0 ng/L (2004 %) [22]
T T R 25 8.2 ng/L~272.0 ng/L (2009 4E) [23]
68.9 ng/L~234.0 ng/L (&%)
JBE M 75 o AT Mk 34 99.8 ng/L~366.7 ng/L (FZ) AW

64.6 ng/L~253.3 ng/L (2 =)

WEFCRIAE =51 PAHs BILURE RIS T8I, A 2 tha) DU H AR ST X 38 PAHS
R HAZ =AY PAHs BB R R EUN, SR RIHVNARD 2-3 30 58 E S E, EFEFL

MEEN55.9%, B&E 58S EN 785%, &&F A S EN 62.3%; 4-6 RS ERD.

TE=/NZ=T17 PAHSs

HSRFEARL,  TURAE RS S35 By iR J2 g /K rf PAHS FE A [F) 2715 A 6 AHALL RS ki«
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Figure 2. Relative abundance of PAHSs in surface waters of Jiaozhou Bay and Qingdao coastal water (a spring, b summer, ¢

winter)
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FKk s PAHSs B3k
AREIEHREL UL S AR B BR B, ARt PAHs BB e B4 A0 AR BD Bl B Al 4, ARG

IR SE R ATEGAEL, AT DUEVE B9 I PAHS [FISKRIE[25] [26] 1M H. PAHS [)[7] 73 57 A4 fA FAT AR UL I 44

32. B

D

TIZERMBN JIEHHIE, ARG B BTSSR, mHElTRRE R EA S KAV B, Fit

AJ LR RS 2 SRR R AR, F DA 20 R840 57 PAHS V5 G40  ASHT 78356 F Ant/(Phe+Ant) 1 Fla/(Fla+Pyr)

FUARAR &5 6 R 58 TR BT B PN 3R 2 K AR v PAHS BRI .

i Ant/(Phe+Ant) T ELAE/N T 0.1 W FZ& AR, KT 0.1 W= ZRERIE . Fla/(Fla+Pyr) i) LA /)N
T 0.4 EER AR, KT 0.5 ) 3= R R A AEY) FUREEYR, /T 0.4~0.5 2 8] 3 B 2 A AL IR 27] [28].

M3 Ant/(Phe+Ant)Fl Fla/(Fla+Pyr)f4 sl I ELAE AT LR B, fEHEZER T 1 Auif7 Ant/(Phe+Ant) Lt
HAT 0.1; HAWRSEAZ /N T 0.1, T2 WA MR X IR, REFFRING K& FH BT #R

EE K P A R PAHS [ FBSRYE . fEE A 10%0955 67 Ant/(Phe+Ant) I ELAE AT 0.1, 4 16%[H)5k

A7 Fla/(Fla+Pyn) [ ELAE /N T 0.4, 66%ii47 Fla/(Fla+Pyn) T HuAE KT 0.5, F AR ML % 2Kkt PAHSs 7

BER MBSRIE. EAZEH 9 Nuif Ant/(Phe+Ant) (I HE KT 0.1, 17 H. Fla/(Fla+Pyr) i ELABE A AL A
1 ANEAZNT 0.4, F 1 ANUEAZAE 0.4~0.5 28], FREJLBIEZ XA L0751 HERIEE — AN RAVE, H

FERE B AL TR BENRT PAHS TTRRECR, U A BN T 72 1R 7 B T B HL PRI PR e ROAE 44 = UM MR GE F HE

v AMEESEINT 23 I7 R MHA .
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Figure 3. Ant/(Phe+Ant) and Fla/(Fla+Pyr) in Jiaozhou Bay and Qingdao coastal water
3. BRINERERIEERE KIS Ant/(Phe+Ant)Fa Fla/(Fla+Pyr)

3.3. BB/ PAHs B4 S KBETEM

RS RAEL V22 (RQ) A& — s B B VPR KA A=A PN Ak 27 W o v 0 A 285 RS 1 — Fh 5 45, ] UK
Az 25 KU AT 2 R [19] [29] [30]. He UK AK it 8 A R T

RQ = CPAHS/CQV @)
RQnes = CPAHS/CQV(NCS) (2)
RQ,\,,F,CS = CPAHS/CQV(MPCS) (3)

ARHF Copns AFEN T PAHS I EIRE, ng/l; Cou RaniZAMI BRI/ A ) PAHS KU bRAE(E
Covnes Zo s 1ZAH NPT 5T 1 1K) PAHS S I RS AR AEAE « Covvpes 27~ I AH NG /1 5T H ) PAHS iz 51 X
SR UELE - 16 i PAHS 1] Couinesy ™ Covuecs B AN 4 F7R[17] [19]0 HHt RQpansnes) e B A% U 5 F
1 0 < RQypansnes) < 1o AR IAMALALE, 4 1 < RQspansies < 800, AHEIAEATEXE: RQ
pars(vipcs) 72 iml KU, 0 < RQypansovecs) < 10 MR ILN AP AE R, RQypansvecsy = 1, HEERIA
FAE R UK. PAHS [ R 43 20 L35 3.

Table 3. Risk classification of PAHs
%z 3. PAHs BIXBE 5> 4%

Individual PAHs >PAHs
X0 Iyﬁﬁ % RQPAHs(NCs) RQPAHs(MPCs) X0 Iyﬁﬁ % RQZPAHS(NCS) RQZPAHS(MPCS)
HRAC R 0~1
AR AU 0~1
(905 >1; <800 0
R 1 >800 0
F S IR >l <1
A XU 2 <800 >1
A >1 e UG >800 >1
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AR DRSS AL 0 T AR A H RS % 5 5 1 g K Ak rh o BRI = ASZE 715 PAHS 1) RQes A1 RQuipcs
(PS84, W5k 4 FioR. 1ERZR)Z KA Phe 185 i AR RQwmpcs(2.7 ng/L) > 1, KB /K 11 Phe
AR A I XU s T AR 15 Fh PAHS 1] RQupes B3 < 1, 1M RQues > 1 RIIHFEZFWG/KH Nap. Acy.
Ace. Flo. Ant. Fla. Pyr. BaA. Chr. BbP. BkF. BaP. InP. DBahA. BghiP ¥kt F X &, #HH
ZH RQypansives) (347.7 ng/L) < 800, ifii RQspansvecs) (5.9) > 1, R Z/K M PAHS BEARLL T 45 U .
RIER AL ZEN RQness RQupcs H 5 H T BA RPN, RUIEZX I PAHs A28 XU A H
B ZE AT PR R . R R NS J 75 SR )2 K i b D& 52 31 PAHS (1975 5%, JF Xt
AR S R A T AR B AR S R, T Phe A0 TR AR K, ROZ SR EM .

Table 4. Average RQNCs and RQMPCs of PAHSs in Jiaozhou Bay and Qingdao coastal water
= 4. RMNERBTRIEEREKIEF PAHs B RQncs M RQwipcs FITH1E

2 (ng/L) 5 Z(ng/L) %-Z%(ng/L)
PAH Covines/(NG/L)  Covimecs/(NG/L)
RQNCS RQMPCS RQNCS RQMPCS RQNCS RQMPCS
Nap 12 1200 11 0 0.1 1 13 0
Acy 0.7 70 21 0 11 0 4.7 0
Ace 0.7 70 6.1 0.1 6.6 0.1 51 0.1
Flo 0.7 70 30.5 0.3 46.4 0.5 224 0.2
Phe 3 30 27.3 2.7 20.2 2 19.3 1.9
Ant 0.7 70 8.8 0.1 5.4 0.1 8.6 0.1
Fla 3 300 0.9 0 0.6 0 6.6 0.1
Pyr 0.7 70 7.6 0.1 2.3 0 4.1 0
BaA 0.1 10 43.4 0.4 10.1 0.1 319 0.3
Chr 3.4 340 29 0 13 0 4.4 0
BbP 0.1 10 45 0.4 5.8 0.1 241 0.2
BkF 0.4 40 35.6 0.4 15.3 0.2 0 0
BaP 0.5 50 442 0.4 12.3 0.1 16.5 0.2
InP 0.5 50 10.7 0.1 0 0 8 0.1
DBahA 0.4 40 2.3 0 0 0 4.1 0
BghiP 0.3 30 80.3 0.8 19.2 0.2 134 0.1
> PAHs 347.7 5.9 146.8 3.3 173.4 35
4. &g

WIS K5 SR Z KA, YPAHs EEFMAFN G E S, £EFSED . SHAMXEZE
KA PAHs B L AR T i S5 Gk SIZEEC AT R4 RS b, R IR R HEK T PAHS [I9K
JERBER IS . ZH I EMAREE R 2-3 K& &, 4-6 M TR KRFESITERB, B
8 K B IDRESAR 2 K P ) PAHS B3N 12 A B AT, M a IR e K 1R
BRI RS (ELVE VA 45 R, NS &3 R 2K b Phe fAEBUR AOAEAS XU, HE 15 F
PAHs XA TR 2EKTs Ky 2 XFWERAK.
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