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Abstract

This study detected 16 polycyclic aromatic hydrocarbons (PAHs) in 64 seawater samples from
Jiaozhou Bay and Qingdao coastal water. Source identification and ecological risk assessment of
PAHs were analyzed, which is aimed to provide supporting data and a reference for PAHs pollu-
tion control and ecological protection. The concentration of }1sPAHs ranged from 60.40 to 465.44
ng/L with a mean value of 124.13 ng/L. The proportion of PAHs composition in seawater from LHE
was dominated by 2-3 ring PAHs, especially for Phe and Flu. Low molecular weight/high molecular
weight PAHs (LMW /HMW) and molecular diagnostic indices were used to determine the sources
of PAHs. The results suggested that main source of PAHs in seawaters of Jiaozhou Bay and Qingdao
coastal area was petroleum source, whilst partly source from coal and wood combustion were ex-
isted. According to risk quotients (RQs) assessment, naphthalene (Nap), acenaphthylene (Acpy), flu-
oranthene (Fla), dibenz (a, h) anthracene (DahA), indeno (1, 2, 3-cd), and pyrene (InP), in Jiaozhou
Bay and Qingdao coastal Water showed low ecological risk level, while the others were at mod-
erate ecological risk level. Consequently, further study and reasonable prevention for Jiaozhou
Bay and Qingdao coastal water are required.
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m =

AR TR Ko SR 64N KRR T 1650 LI TS B (PAHS) BT THI5E, &I X PAHSHISKIEAR
PRI ZS RE RS, AT XM PAHSTS Y2 40 4 AR IR AEEIE X A B 04K 3E . PAHS BIREA T
60.40 ng/L~465.44 ng/LZ )], F{E°5124.13 ng/L. 3. F2EE3R (2-35F)PAHS R M B K BT
KA F RSB H RIS . B R E . ST HEERNE, BN RAR RS PAHs EERET A
TR, R EAER A SRR . RSB (RQs) TR, RMNE & F i ¥ K A&+ 2E (Nap).
JEX(Acpy). KRB (Fla). =23 (a, h). B (DahA). &3t (1, 2, 3). W(InP)AT 7] 2B 475 MK,
HABKEATEREGAKT, BB HRAR 5 E & BRI .

KiEia
ZH R (PAHS), K, EHREIY, Ak, BMNBEE HILE
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1. 518

LI T7IE(PAHS)E BB BUREYE . BRANE . BRI AEE ISR, £ R KR B3 TR
AR B iz K [1]. PAHS HOSRIE T 70 9 A JSRIEAN LIRS, Herbmnhdi . pAR IR 2 st
RIS AN URIE . AR FR A TR ik s A AL P s R (8 R A o AR R R A . A
PR EE IR A R EMTEA TR B, KEIHUREHRGE . B A AR B
L2 AR e 5 RS AT T RERE PAHS BEBCE IR [2] - 285 BEBCE A 7 (1) PAHS 383 K TTRE
WRAR S TFRANE . S EAEH BB AR HE KA, XA i AR A UK

IS e A7 T ) AR S e ) SRS, S T B A R R ) B R, O oMk ARl il
fiRipll. AZEis sl AR BEAE A IR, BEW RATFPRE R RE, R HER RIS e
Haidg %, xASHES N RE R —E B . #0T 0, ABTFNGE T IRMIE K& BT 64 DKk
Bt R 16 A2 355 e (PAHS) IV, Gl SR AF AT AN LS RS VRO, WA AT T X 38 PAHS V5 Ze il A2k
AR S AR SCRF AT BRI AR -
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2. SCLRERSY
2.1. HmRE

IKBERE ST 2018 4F 7 H SRAE BN S 5 Syifnif, SRAE A 1 fos o SRFESE A 2L PUANWTTHT : V5 A

BN L R L LLAE X I (P1. P2, P3. P4), iBANEA ARG AT A . 5. % NS IR T,
/\”lJy'j P5. P6. P7. P8, P9. P10. P11. P12, P13. P14. P15. P16 uifii. R/K &K% 0.5 m £JZ/KEE
(0 H), F3ifi/KiR H ALK 0.3 Hy 0.6 H HFZ/KFE, Al H ANRZKFE. K REJGEI/KFESLRI A 0.45 um 4L
TSR AT 4E DRI (450°C Bl K058 4 h)id 98, K BB B Ve A FR AT AR iR R, 78 4°C R R E LR
TFIZIR 8 LI = b B

120.1°E 120.2°E 120.3°E 120.4°E 120.5°E 120.6°E

Figure 1. Sampling sites in Jiaozhou Bay and Qingdao coastal water

B 1 BRMNERE SISk mR RIS

2.2. RAISHEEILE

ASCRKH 16 i PAHs WA PR : 25(Nap). JE/M(Acpy). JE(Ace)s Zj(Flu). E(Phe). H(Ant). %
Bi(Fla). E(Pyr). #3F(a)#(BaA). JE(Chr). # () B (BbF). (k)% E(BKF). #Jf(a)tb(BaP). —
79 (a, h) B (DahA). EliFf(L, 2, 3)EE(Inp). #<If(g, h, i)FE(BghiP), BN 2 AR,

W oD oD

%% (Nap) % (Flu) FIF(R) W B (BKF)
JE I (Acpy) #IH(a)tk (BaP)

T (Pyr) ;
T* (Ace) A}Ha)ﬁ" (BaA) Eg

Z7f(g, h, )4t (BghiP)

93 (Fla)
E (Chr)
—%Jf(a, hy (DahA)
3E (Phe)

: : : HIF(b)%H (BLF) O%

# (Ant) Bidf(1, 2, 3)EE (Inp)

Figure 2. Structure of 16 PAHs molecular
2.16 # PAHs 9> F45H0REE

DOI: 10.12677/aac.2019.92014 109 TR


https://doi.org/10.12677/aac.2019.92014

A

AR FH [ AH 2L HGE (SPE) R K AL 111 PAHS HEAT & AL . RO & 5¢(5.0 mL, faikal),
(5.0 mL, fifkal), #Bai/K(5.0 mL)%f SPE /M (Agela Cleanert C18)i#H TiE 4k . MR EL 1 L /KFF,
PR PAHs [BIKCEINN 5% FEEVE AR, RAWE . FEdhESER, BHEE SPE /MERI KRR
(4 mL/min~5 mL/min), & 456 mM05 F 4K (5.0 mL)#EE SPE MEFHHE ST . “SH (7.0 mLIERA
Ve o PRI SPE /INVEE, K ZE 0.5 mL A fq, 7 #8 AR ERE R - 75 A A MRS F AR 2T,
SRR AR A 100 pl, RFEARETER I AT .

2.3. HmaHT

KH H A B3t GC-2010plus UM i AL A5 KO B AR 25 (FID)REAE St gE AT R 437, A8 FH i
AOC-20i HZhBERESRHERE, ANPWBERE, BERERN 1L, AR N8, WEN 3.0 mU/min.
WAL SR 22548 DB-5MS E4143:(30 m x 0.25 mm x 0.25 um), BERE RIS I 2836 7 43 514 280°C .300°C,
FHEFEF &2 AN WIMRIEE 50°C, 10°C/min JHE A 150°C#4F 1 min, 4°C/min 3% FHEE 290°C f#5F 15
min, =534 E A 60 min.

2.4, REEHIFRERIE

NORIESEES T HERAVE, BT A BIBCRACER AR A 2 i S be (i al) i v 3 Wk, DABR L AXER  PAHSs
FHARY T ARSI 8 Muh AR, R E R AR (LA 1 L AiKONRE R SEie s 72
ATRESINIITFH) ~PATSEG (L 3 43 [A) — Sl KRR [RIEEAT 5250, F 5 H AR 10 RE X A o O 22 ) RS 52
PR it (] — AL RE AR 2 43, b — (3 7ERE S BT AR FE AT I PAHS AxifE, 5 R INbrAERIRE R LRSS, i
ST IR (U2 0 16 Tt PAHS 38 S5 AR [F1 i K 4 89.2% + 11.3%, 7454 95 [ EPA B 52 7 [ (70%~130%) -
SEATRE(n = 3)H PAHS AR A5 vH: I 22 (RSD) N 13.7%, #5435 EPA #riE(RSD < 30%). FTA (K714
FI SR PRI R H AR A1, I5E 25 R AR AT IR R E .

3. BR5WE
3.1 BMERARLIEEIK T PAHs IS BE S

AHE TN E T BNV K 5 i 16 AN REESEA1(64 A RFE M) /KK 16 Fh PAHSs &8, 45% sk 1
J. 16 it PAHS(Y16PAHS)H AT 60.40 ng/L~465.44 ng/L 2 [d], “F-¥IME N 124.13 ng/L. Hr, BT —
I, h)EAIEIR(L, 2, e LISk, 5K 20y 96.8%, Julita th 34 95.3%, HRx PAHs Hiifd
WA, R PAHS TR J 75 By 1 i K o v Y A7 7E

Table 1. Concentrations of PAHSs in Jiaozhou Bay and Qingdao coastal water (ng/L)

# 1. BRNERS BIEEKES PAHs IS E(ng/L)

H s [k R/ME I ON:] FHE Tl
% Nap nd’ 1.70 0.70 0.66
JeE I Acpy n.d. 3.50 0.65 0.41
i Ace 0.61 10.00 3.84 3.68
Vil Flu 2.64 89.92 21.72 26.47
[ Phe 6.91 143.06 52.62 46.96
hist Ant 0.86 6.05 3.52 351
R Fla 0.48 5.07 2.00 1.82
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Continued

t Pyr 0.34 5.43 1.63 149

I (@) & BaA 0.10 20.53 1.49 0.74

T Chr 0.26 157.73 6.42 2.94

R H () BbF 0.03 3.86 0.73 0.59

RIE(K) e BkF 0.61 31.79 8.32 7.22

K ()t BaP 0.43 200.82 8.50 4.16

TR If(a, h) B DahA n.d. n.d. n.d. n.d.

Bt (1, 2, 3)tE Inp n.d. n.d. n.d. n.d.

S H(g, h, D)IE BghiP 1.00 29.66 6.00 4.38
Y 16PAHS? 60.40 465.44 124.13 116.52

5 16PAHs: 16 i PAH B4R B S
bn.d.: 7’(*\/1\:'25'0

N T BB AR IR PAHS H5 GRS [ B Kk th PAHS 5 AR 5t XA
TXGE 2). AWFFX IR T G ERIT 3], BRVL H 41K PAHS WK, 53 = fM[5].
IR [6] X SR FE /K SPARIE , A T I AR ALEE[7] WA T AN M 8] LIl 11[9], S fik T
FVS[10]s RWEIS L] Uit A E T TP AiR[12] . BARAFBTTEh PAHs SRS A A, (H2 %44k
o BN K BT R PAHS AT b ARG BT o RAE R EHEACOK B AR HE[13], #EK T EUEY) BaP
M EEANE T 2.50 ng/L. AW FE AP ANAT 11 ASSRFE RUR T iZbnitE, 3RY) PAHS X NI B i Sk 4
TS G 52 B3 DD e 5 AL

Table 2. Comparison of PAHSs in water of different regions

2. AR EF PAHs BIEEE

X35, 3 .PAHs ng/L SFEI1H ng/L n SR
LR 146.0~896.6 374.8 16 1
KL ] [ 139.2~1717.9 486.4 16 [9]

G ] AR S 99.1~1307.5 384.3 16 [8]
£ IR Y 12.3-58.0 19.8 16 [3]
A mpe 420.2~2539.1 1016.3 14 [10]
KIEWHF 30.1~746.0 169.0 21 [6]
JUI T 1 0 5 117G 30 v 6960~26,900 17,000 16 [12]
I =AM 64.8~334.6 121.3 16 [5]
KT 4228~29325 10984 16 [11]
BT H 12.9~182.4 15 [4]

EN T 60.4~465.4 124.1 16

FR IS R 5 J 0 9 DX AR 35 R P 3i A/K A i PAHS 3R FE N IA] 3 i, /NS BEIE K LAARIREI PAHS T3
WEE 129.9 ng/L, Horf PL b7 ~F3509 B e vy » JGICAE PL 3tz 0.3 H A1 JZ 7K A BV 1A B i { 280.7 ngl/L
CREARIXIREE i fl), SN E ., NEMTHROX, 25 SEEMEOZ—, ZRFH. K7 &
g rsem, M RSB AE R R RS S HE KR FR ST R [14], Si4h, Al s A
Al RE SIS K A PAHS (18 . PL Sl R B /NS I, DR S2 08 11 IX TS ik i i 1 PAHS
15 PR B K o 32 5 VP A A S N K LA I, PAHS T 393R E 43 308 111.5 ng/L. 117.1 ng/L.. 138.0 ng/L .
& B R EE TR X, Sl nOR A, R B2 E AR TR KRG KA B . KT, A
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N ARG 3o BB 5 S PR X, T AR PS b AL 2K rh PAHS IR EEfe i, 128 N AR iR
KR PAHSs PHu B R, HLER IR 20 R B B RO T I p i s, R ki b R S A
PAHS JZH [F) I JZ ISR AT I HE
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Figure 3. Concentrations of PAHSs in Jiaozhou Bay and Qingdao coastal water
B 3. RMERE BIEgKIAEF PAHs IKE

PR PNV Je 5 B3 g /K ki PAHs LA 28( 4), 3 SRR E & =il PAHs, PRI H 2
FENT71.8%. HIUE 5 3 PAHs, “FHIEH S EN 13.9%. WML L&, Phe. Flu &R K5 B
KA B PAHS 182y, W 5 PAHs SR ) 14.3%~84.0%, 7KiEH PAHs LUMKIF A (2-3 3£), 2-3
N PAHs X SR EE I TR R N 16.8%~90.7%, “FIIMEN 72.4%, #i¥(4-6 F1)%T PAHS LK FE DTk %N
9.3%~83.2%, “TIME N 27.6%. PAHS TE/KAR 1 IR FERE & PR BG40 T B3 0w Bk . % mif i ah
R EIKSE[15]4IE T S8 4K Zhang ZE[7]400E 1930 7R LK . Men 25 [9]HR I ff XL o] ve] 111§
K PAHS FIZL A L2481 o

AR \\\§\\
N T RMMRRRN
N EANNY N
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Figure 4. PAHs composition in Jiaozhou Bay and Qingdao coastal water
4. RIMERE BIEEGKAH PAHs LR
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3.2. BME R EBIEEk &R PAHs BIRIER

PAHS TEFREE A1 57 Hh 1 2 o0 A1 52 B SR F R ik 1k Rt s mm, BRI w] LUK FH AR 86 L ik, o0 1 b vt
KRR PAHS BEATRIEARNT . ARYE Yunker Z5[16]FIVFZE[1710F 7T, =i3F PAHs (4-6 2F) EZRIE T, A
W KL FHLE D TSR, BEELMWHMW)NT 1; {K3F PAHS(2-3 38) EERE T4
IR, BDEGHAEFER . AP, Hik. AR R MRS, LMWHMW KT 1o RIS K AR ik i
H PAHs ] LMW/HMW i 24 0.20~9.79, “F34{E )y 3.56, HHAHH 4 A KA s LMW/HMW /N1, i
PERT DAL JI, B N TS R AR K AR Ff PAHS 2 SR IE T A i, RS th /7 /e miB B s e il . 55
JE[18]4RIE (1) 75 B3l B K Hh PAHS [ RIE B AE AL .

3T HEE 2 H AT PAHSs SRIERFAT R B 2 52—, FLR B A FBRIE 421 PAHSs 7E3F
BE A R LA B 4 R RR A [19] . A STk B Ant/(Ant+Phe) A1 Fla/(Fla+Pyr) . BaA/(BaA+Chr) il
Fla/(Fla+Pyr) ft) b AR SR B 70 e P VS K AR 4K A - PAHS R IR . R4 Yunker Z5[16]8F 7% #H,
Ant/(Ant+Phe)/N T~ 0.1 37 K7 PAHSs SRIE T A, KT 0.1 R Fla/(Fla+Pyr) /T 0.4 18 % 45
AAMBEHRE, 0.4~0.5 AR AMARRIE, KT 05 8k, R AKERIE; BaA/(BaA+Chr)
(Il FHE 5 5 /T 0.2 0.2~0.35 2 [l KT 0.35 SRAK KRR L = FiokJi .

FWE FMRGEE R AM . IREE [ nE

1.0 AHIE  AWMPER  BR AMBEE e e
0.24 ‘ n KF4 ’ 3 = KFA
@ 3 . E5 091 ® _— . E£5
0.20- % ' " AEN 98] . L= HEN
: 0.7 P ol
: : RIBEIR ; ;
3 0.16 it £ 0.6 . s AR
§ . - 5 " % 0.5 L o
2012 . 804 = . G .
s R - S FO— gim | IS
< 0.3 Poeie ®
2 0.08- . '. . A s " om R B
. %im —ﬁ LI RN 0.2 4 o
0.04- o -.‘3 " '.‘ L] .l . IR 0.1
N I un [ ] 0.04 E/ﬂi?ﬁi
0.00 T T T v T T T T T -0.1 T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 1.0 01 02 03 04 05 06 07 08 09 1.0
Fla/(Fla+Pyr) Fla/(Fla+Pry)

Figure 5. Ratios for Ant/(Ant+Phe) and Fla/(Fla+Pyr) (a), BaA/( BaA+Chr) and Fla/( Fla+Pyr) (b) in Jiaozhou Bay and
Qingdao coastal water
5. BRME RS BEEk AT Ant/(Ant+Phe)#A Fla/(Fla+Pyr) (a). BaA/(BaA+Chr)F Fla/(Fla+Pyr) (b)EIEL{E

AR 73 LOARL U W R, R VS R AR g 38K AR - PAHS 4 F LB A A s SR sl 5 B |
Ant/(Ant+Phe) Fl Fla/(Fla+Pyr)3& X4 #Trl £ (14] 5(a)), #FFCIX IR A F PAHS F2 BRI T AR, [FIN a2
FIATIREL . SR AR IEBEENEH o o 48.4%[1RAFE fih PAHS 2 A TMIRFIEIR . AP BREPEIR 5
Wi, 17.29%H R AE 52 B4 IR IR BERA IR, 15.6% F 0 RFE SN2 B A MR o /NS PRI K AR X 3
HHEMAIHXREE, WAPTEEIR . AR EBRPERIR . /N B G XA T IRMVE N, BR T PL Sfifr 52 /N
REARGRIETS Gy B Ah, P2, P3. P4 TRESZ NS NHFRIR (Ll ZERHR . i) sem, AT 4
KEATEM Tolky5K, AT RS KT HE A RS K, BT RAE R R . REFF. ARMEEEE . X4k
W46 T et A P K AR P PAHS S ERVE TS SR K. A R . A IRBE SRR AR .

5(b)# 7~ BaA/(BaA+Chr)Fll Fla/(Fla+Pyr)ss S o3 #ir, 51| 5(a)ubhr s A AEAL, {H5Z BIBRIGEVR 2 K
BEAIHEIEZ . Phe IR IRGE AN i) £ 1 F2 h HERU PAHS B3 ZE 40 [20], Flu 8% R AM RS R AE
Vi ke[21]. Yan Z5[22]90 4 Ant Rl Phe AN [l 8547 o] BB A& 33 Ant/(Ant+Phe) 5 HAb 8 5 2 [F A7 1E
ZRHRE . AT Phe, Ant 8 5 RACHER I N[22], 1T PAHs £t KA T - BUTH%. hERFR. W
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A

Tikid SEg e MR SIE BRI R R, AR R R AR A ERMRAT Sy, R RE 3B
Ant/(Ant+Phe) 5 H AR bR Z 8 FF4E Z2 5I[19], (HIFARERERR A IR 28 EPTIR, OMIE S AR i
AKARH PAHS EERIE T MR, R AAAERR . ARMSEIRBEIR R -

3.3. BME R ABIEiEk T PAHs BIESRKT

4R Kalf %£[23]F1 Cao S5 [2414RE (K XU (RQS), LA PAHSs 2 H 1A 1 2 4 B2 (NCs) Fll B K 2
(MPCs) 5%, 14t PAHs 30 M S ALK A I A 5 XU . 3 A Kl =) Z @) s

RQ = CPAHs/CQv @
RQues = CPAHS/CQV(NCS) )
RQMPCS = CPAHS/CQV(MPCS) @)

A, Cpans TR KA 1 B PAHS B4R B (ng/L) , Coy 2 R K A 5 PAHS B4 [ UK R HEAEL (ng/L) » Covincs)
NEALRSFRHEE(NG/L)s Coumpes 9 H KUSARHEAE (ng/L)» RQues Ras SR MU (L, RQuipcs A9 11 X
e . M9 RQ MU RAE R0 N = A4 PAHSs AE 25 KUK T A2 (RQnes < 1), A7 MU b T 2%
K (RQnes > 1 1 RQuipes < 1), ZE 25 KU Ak T 7™ H 7K T (RQuipcs > 1) -

I 2% ALK 1 PAHS 1 RQues Ml RQuuecylELANZE 3 AR, # PAHS MU A4 MUy
PIRIE R EA S XK. 2, Nap. Acpy. Fla. DahA. Inp (DahA. Inp A H )i R K A 25 XU
A DA, AR PRI B A T S AR A R K. Bk B, Y 16PAHS ) RQuecy KT 1, W PAHSs Xt
FRE IS B AR AT K AR 51 R AR AR S ARG ™ B, NEgh T BEE AR, JRSE G RIS Gkl . AR K
JaH e A A BB TR

Table 3. RQucsF RQqupcs) Values of PAHs in Jiaozhou Bay and Qingdao coastal water
7= 3. BRME R ARk R s PAHS B RQueyF1 RQqwpcsE

NCs MPCs RQnes RQueos

PN 1 PN P

Nap 12 1200 0-0.14 0.06 0-0.001 0.001
Acpy 07 70 0-4.99 0.93 0-0.05 0.01
Ace 0.7 70 0.87~14.3 5.48 0.01~0.14 0.05
Flu 0.7 70 3.77~128 396 0.04~1.28 0.40
Phe 3 300 2.30~47.7 175 0.02~0.48 0.18
Ant 0.7 70 1.23-8.64 5.02 0.01~0.09 0.05
Fla 3 300 0.16~1.69 0.67 0~0.02 0.01
Pyr 0.7 70 0.48~7.75 233 0~0.08 0.02
BaA 0.1 10 1.03~205 14.9 0.01~2.05 0.15
Chr 3.4 340 0.08~46.4 1.89 0~0.46 0.02
BbF 0.1 10 0.25~38.6 7.34 0-0.39 0.07
BKF 0.4 40 152-795 208 0.02~0.79 0.21
BaP 05 50 0.85~402 17.0 0.01~4.02 0.17
DahA 05 50 0 0 0 0
Inp 0.4 40 0 0 0 0
BghiP 03 30 3.33~98.9 200 0.03~0.99 0.20
Y 16PAHs 91.1~609 154 0.91~6.09 154
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4, 4Eig

1) AWM E T B INTE M ST 64 A7KAEFER R 16 B PAHS 198 &, SR EAT 60.40 ng/L~465.44

ng/L 18], “F¥ME A 124.13 ng/L. Phe. Flu Z5{K3R(2-3 FF)PAHS & 12N T K 75 S alm s /KA o A S 4L Rl

B

2) MidiR E L. Ant/(Ant+Phe). Fla/(Fla+Pyr)fl BaA/(BaA+Chr)f8Hr3H0 5, B8N T8 M AR ek /K

fRrf PAHS FZORIET A, FIRAAESE AR SE IR -

3) RQs M &N, BT K AR S K A H PAHSs % Nap. Acpy. Fla. DahA. Inp (DahA. Inp FK:

)4 T AT 2 A AR S G, AR AR A IUROKT 3 B IR A BB Tl
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