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Environmental quality and source identification of petroleum
hydrocarbons in the surface sediment of the oil and gas
exploration zone in the central of Bohai Sea
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(1. Law & Politics School of Ocean University of Chinay, Qingdao, 266100, China; 2.North China Sea Branch of State Oceanic
Administration, Qingdao, 266100, China; 3.Yantai Oceanic Environmental Monitoring Central Station, State Oceanic Administration,

Yantai, 264006, China; 4. Yantai_ Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai, 264003, China)

Abstract: The concentrations of petroleum hydrocarbons from the surface sediments, collected from
oil and gas exploration area in central Bohai Sea were measured to investigate the spatial
distributions, analyze the sources according to the component characteristics of n-alkane and
polycyclic aromatic hydrocarbons (PAHs) , and evaluate environmental quality. The results showed
that/the petroleum hydrocarbons contents in surface sediments ranged from 12.5 pg - g™ to
860 wg-g ', and”the pollutant standard index (PSI) was in the range of 0.61—41.97. The
concentrationsand PSI in sediment decreased with the distanced from the oil drilling platform. The
sediment environment was anoxic reduction. The distribution of n-alkanes and sterane, terpane
biomarkers indicate that the alkanes from higher plants and marine plankton coexist in the sediments
of Bohai Sea. Petroleum products and fossil fuel combustion products should not be ignored for

modern sediments of Bohai Sea. PAHs in sediment from oil platform stations are mainly from the
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direct input of oil, while other stations mainly from combustion sources.
Keywords ; Bohai Sea, oil spill pollution, PAHs, risk assessment, pollution source, the oil and gas

exploration zone.
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A G e F R, A i T e © SO I e Vi T 295 Qe W) 2 — i e 3 [ e R St
TR MR, AT & A IR AR A N i R h T 4 M X R 2011 4 6 A
11 H A2 T h AR RS 19-3 Il B R AR Vi il 5, 12 S 0 1 45 U2t /K TR 840 km? , i B 3T
VSO K AT T T B e O 1280 g - L7 BTSSR AE 53 A5 LA, BRI 22 P R LA R i 1 i R TR
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PASE— 2 1 iR A e 5 R0, A il e sl ma T W S T, A A il O SR A b A
N STsIROR AE3T TUEI S A i R o

1 #ES F 1 (Materials and methods)

1.1 HEARAE

RIZVURY FEIBRESR T 2015 4F 8 ASRAESAG  RAE U 7 an 18] 1 frzs. Horf BH22 . BH28 kT
SRAEIX ,BHP7 .BHPS .BHP14 .BHP17 BHP18 HIl BHP19 Jy f1l°F & #MHl 5, PLA PL5 F1 PL6 M it 4
T 6 R A 5 R AR SRR S A VAR 20 °C AR RAT | 25 0] 28 523638 0 AT

0
N BH22
38°23'00"} A
°
BH28
38°22'30"1
P T BHPY
38°22'00"F p e
° I—?PSB:IW BHP17
BHP19 BHP14
[ ]
38°21307), BH]IPIS |
120°6'30"  120°7°0" 120°7'30"

1 WP XIS SR
Fig.1 Study area and location of sampling sites in the Bohai

1.2 Af AL SRS Bl ik

(1) LR £ i ke B I

Ak BRSSO R A KT R DU A i BT 50 mL B ZE LA, i 15.0 mL
IECBE, IR 2 min, 77702 )5 W TE A BOR, A 20 mL SRR BT IR 60 mL HEFE 706
S, 1100 mL IECBEE R A 1 U, R IY IR R A OB W O F R0 2 b TR A oA
10 mLBRRREMIFR , Re ATt B IE e W 5 0 T Lo o0 =1 P AR G 0 <) 2 min, 8RS 5
KACTIZ) A 20 mL BEFREAIR B A BETR 2 U, KK, AR ACE T ETE 70 1 S S5 P Y
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KAy BEFEBORA 25 mL HLZE H 4 v RN e T A T 5

(2) GURIRE i B B A4y 5

DUBRE A VR T, S et 0, DB AR 2, IR TR IR IR 4R 48 h SRJE Mk Bim' ™ 4 i
WA 5 FH AR/ RE A (g IEF AR 2 M 43 B3 43 I IE O B R sh gk (IR B LG Sl 30:70) ZR AR 1 FiT g i
FFIRN Y St 5 IR 1 IR 8 5 2% AN b W A B S, X 40 S A R U 0 0 AT (8 - 3 B X
(GC-MS) I Hr%sE.

(3) DUBUIRE b - oS 43 A

FIHT 6890N GC-5973N MSD “THI k- BUHFR X (S Agilent 2v 7)) IEATHURIKE AL SM4T. BT i €
TEFEA ; Agilent HP=5MS (30 mx0.25 mmx0.25 mm ) AR 3% 2514 . 2ERE DR 280 °C ; RArabie ; 3
S0 He, i A 1.0 mL-min~ FERAE FHERE T SEIG 50 °C,A2FF 2 min, L1 6 °C-min™ 3 T3] 300 C £
F5 16 min. JFHESFF P& T (ED & 7R, B FEEE 70 oV, B FIRIREE 230 C.

SR R B R (SIM) Jr=XilE 4T GC-MS 2 Hr A, He v 6 BUCRFAE 8 - 8 1 (m/2 85 ) XA #4) e
e M EhE AR e A TR 5 FH IE Aot I TR G R M I VR A T A R FH ) 22 B 05 0 e £ ik B e MR B
2% GB/T 21247—2007. 1 F D14- =B A AE Sy 22 30 35 8 19 PO A A i Ak 38 2 RTIILAGT A 22 35 05 &
(D8-Nap ,D10-Phe \D10-Ace \D12-Chy ,D12-Pery) #47 ISR 22 , 101 FAR64.95%—112.69% 2. [1]. 5
B i ]/ T AR (QA/QC) 2% USEPA Jrid: 4 10 MREMIEAT 1 ANTE 5 Pk S2 U6 125 11525
1.3 DU PR AR M i

(1) VLR PFAN A

RIZ DU AR eI T (PR DT BT ) ( GB18668-~2002) Y Y — bR, £ 2 UL it A
WEMES) T3 1.

R1 DBV R

Table 1 Marine sediment quality

EgE| —HhrifE e 7 5 = RbRifE
Test Standards of the first grade Standards of the second grade Standards of the third grade
ZERLIES <500.0 <1000.0 <1500.0

(2) LB LI FAEM 7
S Hakanson 2. T30 AHTURU) 7 B 075 SR BL A AT JE A 2RI T
I=C/S,
SR Lh | TG RS €k | S SO I (PRI 150 § 05 R bR
I 1A B SR o NG S 75 S K 1< 1 5 sl ek AR 1 <1, <3 05 ek
3<1,<6 WBEEIKF 1,56 HEEHIKT.

2 5B ANE (Results and discussion)

2.1 RIZVIRY A SIS T T

WRAUARYE 2 1 M DURR Y o i [ SR, AR R R oy | Bl v s i AR TR DX U LRI & i o7
501—860 pg-g 'Ab, AT A 2R TS Y B & i 12.5—103 pg- g ¥/ T 500 x 107, LAY A1 3
RYIFF G — RGP DTBY T v (E AR D7 s Ak 0T, 2598 W AS 56 4 0 b AR 438 11 A X AF 5 X A
ARV EIRFFE HE 40 em DLF (BP 20 42 30 AFAR ARG DUBU P A il AR A9 5 5 (20,49 pg-g' ) 8K
1%, Y NZETE S 52 5255 , WIAVE A5 IX 1) T S (E. R 2 TR A Tl e v B2 T 5 e pEo UL I 2. 3R il
M X 3% 2 BH-22 F1 BH-28 75 435 %0 (0.61—0.91) %75 N KI5 Y 57 75 Y K AR A7 i F & 40 5
(BHP-14 BHP-17 .BHP-18 F1 BHP-19) 75 Q48 %0 (1.01—2.42) 7 Ky 2535 YL oK I 5 3 5 A ki
(BHP-7 ,BHP-8 1 BHP-9) 24 3.98—5.03, fik 7 A 8 1 15 Y 7KV 5 A~ & 3l 2 88 ( PLA (PL5 \PL6) 75 ¢
F8BON23.77—41.97, s N E FETS YK LN  BFIT S e B, th 3R il B X B 53 A0 F & BEE B
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Fig.2 Concentrations and pollution index of the petroleum hydrocarbons (PHs) in the surface/sediments
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2.2.1  IEMkERE
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BRI B 20 00 A Co—Cys, BT Al B0 0 FHE A0 J 50 Al 50 06 0 % O AH Y, ?EFtKﬁ(LMW/HMW
>C5,/C5) K 0.61—1.76.31X uﬂﬂ&?ﬂ*él:inﬁ%lﬁuﬂr’]kmkx%kE’Jﬁ%ﬁzazﬂxwaimﬁ HRA
PEA BT S ESERE S N PR AP R 55— (140 BH-22 .BHP-17) , &2 B I XU A3 A, HLFifivs I I
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Fig.3 Molecular distribution of n-alkanes concentrations in sediment of typical collecting stations

WL #4544 ( Carbon preference index) CPI Al & L #4544 OEP ( Odd-even predominance ) 42 PF- i ¥
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i, H OFP 3l # 76 8—10 2 [a), 1 A\ A i shiin A A9 I A4 e 428 I G B e A7 A A 34 i s faaE 1 17 3
B PrE 7 OEP $8%0(1.20—1.60) KT 8, HAZIT T 1, LI A A B A9 AN TE shii AL 24 CPI
FE 4—10 B ths i R0 Ay o A i AR AL U O T SRR T IR A A R PR A TE M e CPT (L DU it 25 5% 1)
TR (R BEII A2 T 105 AR 28 X IR b CPT (B 0.35—1.13 , f At Hsle U8 1 JFm stk A
WAL IIABE. LA, C T8 A 32 A TG Yo TR I P AR A0 B, RIS W S8 0T 5 0 (5 i R Z DRI AG T C
(E 4). 5358, X n-alk/C ¢ ELAE A AT 1R R d8 7 A i T5 G i 4845, OB iz (/N T 30 R BHAZ 2] T i
154 KT 50 MIRIATURYI A b5 Yy, HHBeR F 208 [ AW IR AHAHE G Hh 4% 5 0 LU (B I, 45 3
POZMEIITE 30 N, AT W% 00 350 PT BE 32 2 1 A5 Y, HL A2 R0 TS YR B B K B S A 6
(8.37—8.57) , 15 Y A% Ji Fe 55 1Y A ARty FH DX DX dant 6 (15.13—17.78) .
222 SR IR

HEIRTORY D  ZAFEE 20 DMRLL T I AT A, i S ( Pristane, Pr) FIHH
5t (Phytane,, Ph) , 38640 &4 220k H T4 R 9 BILMEE & F B0 AR PAn 9. Pr/Ph /N FE B 1
AU B R OB 52 2 1 A iiis e RS XORIMAT £ 38 6 2 2 DUBU 4543 037 Pr/ Ph, FUAELY 43 A S5
I 0.94—1.13 , REAILAZ BT — & B B 1A 90 T3 G i Jgl L8 il 67 R JZ DU 4> 3 6 Pr/Ph LU {H
F A A LR 0.73—0.90 , 48 7R DB IR EE N i 80 JE A S | ELAFTE A3 TS Yeorh T 18 S oe FIAE BEAH X F4H
B IEABEREPE BB AR E U ATT Z 8] ) AR R Ry B0 (%) 2 W o A 45 . OB I R 7R A7 A A I B i
P 5 T BB 2 D e 7R A T P I A R AT, 2 08 7 468 P e 32 2 v L A YR Y L (s 2 7 A T A 3
f A HE S A&l s A REAETE A R4, PLA (PLS5 F1 PL6 i i 47 1l 15 Y ™ 5.

3.50
2.00 —e— OEP —= CPI 1 2.00 n -
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N \ . - A —a
150fe—o—o—o o o ° et 10 250+ ™ - W T
e L —e Pr/Ph
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B0 mmmm e m e oo w100 & g —& Cy/Pr
‘\ E 150 _a C,¢/Ph N A
A Ay o
0.50 ™ e wa " m0.50 1.00 1 ?Z;f*‘,k" e
-— e .
0.50 -
e ———————. U L L ! ! L 1 ! L L 1 |
88352222233 "y T = = 5 % 9 v % v
T o & e A 2R AR A N - = T
m m % E % m Mm M m ) g 5 E-E % % E ] ] A
Station Station
B4 JUBYTH OEP FLCPT S0 Hi &l B 5 UUBYTHh Pr/Ph C,/Pr F1 C/Ph SHM i K]
CPL = 1/2[ (Ca3+Cas*Car*+CagCat )/ (Gp ¥+ Cog + Cy+Co ) Fig.5 Distribution of Pr/Ph C,,/Pr and
+ (Cp3+Cps+Cy +CogH L5 ) /(Cpy +056+Co+C39+C3p ) | C,¢/Ph in the sediments

OEP = (Cp5+6Cy; +Cy ) /4(CpqtCo5)
Fig.4 . Distribution of OEP and CPI in the sediment

2.2.3  ELEAES B AE IR S A Y

FEREA S BEAE I DU T T I A TR e T AR IE AN AT DL s et B A8 AL A A U5 A 1, 18
A S WA HILT ) BRI 1 A8 AL 25 £ L 17a(H) 218(H) RFIAE, £
B Cyp-18a (H) -—FEFELE(Ts) (Cpp-17a(H) -—FEFELE(Tm) | Coo-FEZERE  CI0-FEFELE | C - 2 B Ji
N Cy -THEBESE , R A A FE Ba BEBER G 5340, S B R A0 rp FE G B iR C,e>C,y>Cy g, IR R
A HUTE BT 5 O3 BBE S 80 C, 7805 228/ (228+22R) 1 0.53—0.57, G, 55 %% 20S/ (20S+20R)
0.41—0.45 & /R R S I HSCE X AT g 5 AT R i i A R,
2.3 WK
231 FREE 5K

s ISR R & A A IS Yt AR K AR AR SR A X A R ) 22 30 55
TR BT B OB 2% 15 8] 301 AV 1R R 58 Bk A A s R AT B B T 2R 0T (e ) BE AN, 45
sl R DL LT 15 R SeEE il 0y PAHs JEARFA K . SR F , PAHs BiE 5°F & 09 8E 2535 I 52 05
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/N Hoh AR I X PAHs & BHRAK, N 63.82+9.45 ng- g 3 -5 J8 BB SRAE A5 AT RE 32 i ST R i B b i
TSR, PAHs 7 5 (171.66+93.38 ng-g™' ) e ; T A AME MG V-5 R FE M A& T 2Z 00, R
99.57+38.92 ng- g . S ENAMAMI R Z VIR h 2055 & BT R (R 2), PEE S R
(Santander Bay) ¥4 & - (H A, hif i il ST R X & 2 5458 K % P8 7 U7 ( Mediterranean coast )
FH AL THARAY & f 7K, 5 B R A 2 R XK A AR L AL AR A AKCE H s A 5.

x2 EHWINRERIIBWIZHIT IR

Table 2 Comparison of PAHs in the surface sediment in various regions of the world

Hh AR L PAHs/(ng-g™") Z:7% 3k
Sampling sites i Content range I Mean Reference
T 72.05—273.42 118.79 ENTIEN
Kyt 90.14—502.12 259.1 [12]
] 134—2432 27074.08 [13]

s San| 134—2432 885.17 [14]
S 38.7—136.2 107.05 [15]
PUPE T SRIAMEHS 0.35—344.60 59.59 [16]

B B VE VY LT R 3.5—14100 787.24 [17]

DA €851 385 I 34.2—188 100.68 [18]

2.3.2 PAHs JEf#bT

753 SR A AR, 1T RAFE R 0 531 PAHSs SRR ARAE 2L AR TR X (0 T (2—4 3F) 51
TR EZIHIFIR(5—6 FF) ol LMW/HMW-PAHs (0.90+0.05) T 1.0 ; i 53 &5 B HC & FBl R 3 1X 8
ZE (1.54+0.54) AR T 1, WA B ™ 5t i i AR T J i 22 3405 e 1 G 1) 32 2R R Ik A1
RO M/ (D +EE) (Flu/ (Flu+Pyr) ) H H(a) BA(FEIE (a) B+ (BaA/(BaA+Chy) ) FL{E K
B/ (B+9E) (Ant/ (Ant+Phy) (9 LU {E (] 6) 43 B 8t AE SR i DXOGF L6 3l 067 A7 3 75 41 SR
GUE AR ) PAHs 20k H AR IR ST IS 5507 PAHs O H A i B4 A

Sy TR B A B L e
Petroleum  Grass/wood/coal Petroleum Grass/wood/coal
Petroleum . . Petroleum . .
10 combusion  combustion combusion combustion
: - 1 02 - T
@) I 1 eA mB (b) I | eA mB
1 1 1 1
08 i | AC XD ' 1 AC XD
z b B P
So6 | Grass/wood/coal i 1 = 1 1
% [ combustion Vo % ) VLA
< oo Z 0.1 Combusion 1! X
€04 LI A ~ v oA
2 . -_-____-____I-__|_ ____________ ! E X 1
< ! 1 < ! I
m Mixed H ! 1 I
(2 SN e N ittt e, [niiaieiiaiiat
| | 1
Petroleum < H Petroleum | E
0 1 1 ! 1 1 0 ! 1} ! ! L
0 0.2 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0
Flu/(Flu+Pyr) Flu/(Flu+Pyr)

Bl6 J5RRUAENTH AR LS
(AARRAMX By RAMF B AL CEF 5 2D PR A
Fig.6 Plots of PAH isomer pair ratios for source identification

(A: Non oil producing area; B: Peripheral point of oil production platform; C: Near oil platform; D Oil platform)

3 2518 ( Conclusion)

(1) A Db 2 AR5 B sl 5 RSP, A1 30 5 SMEL o AR TS B 5 Bk PAIG, 37 65 ol
BRER 1R ATl 5wl AL TS YK
(2) BEE- S-SR ARG, S DA TR 65 JE RS AR AT PA s 5 L BRI A
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(3) A8 i (v IE MR B K A A1 22 52 BIOUUAE AR 1) Ity | VA TR SR WY G I 2 iy S R R ¥ A
Wi N e it Rl SOT R DU 2% uli 2 DU P IE M B R A Pr/Ph (EEEA/NT 1, U
DU DURRIN DAy R et B R DR A B

(4) e RAMN DX FEIb A7 A7 °F 5 S8 B AGE P 5 o A2 DR RS PAHSs 3220k A ARSI, 1M
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