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Distribution characteristics and sources of petroleum hydrocarbons in
sediments from Xiaoyangkou coastal area in Jiangsu Province
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Abstract In order to understand the pollution status of petroleum hydrocarbons in surface
sediments of Xiaoyangkou coastal area and analyze the impact of nearshore production activities on
the marine environment,10 sediment samples were collected in 2020 and analyzed for the content of
petroleum hydrocarbons by gas chromatography and polycyclic aromatic hydrocarbons (PAH) by gas
chromatography- mass spectrometry. The distribution characteristics of n-alkane and the source of
petroleum hydrocarbons were studied. The results showed that the content of total petroleum

hydrocarbons (TPH) varied from 3.95 pg-g™' to 13.28 pg-g™', and the carbon number distribution was
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from 11 to 36. The content of TPH in the sediments near Yangkou Port and Yangkou Chemical
Industrial Park were relatively low, which indicated that the port and chemical production projects
had no obvious influence on the concentration of petroleum hydrocarbon in the adjacent sea areas.
The TPH content near the river mouth was at a relatively high level, which may be greatly affected
by terrigenous input. Petroleum hydrocarbons in most of the samples were from terrigenous and
marine mixed sources, while terrigenous input was dominant in a small part of samples. It was
possible that this area was slightly contaminated by petroleum. The total amount of PAHs ranged
from 53.1—117.0 ng-g™', which was consistent with other studies in this sea area and at a relatively
low level compared with other sea areas in China. Tricyclic and tetracyclic aromatic hydrocarbons
were predominant, which was probably as a result of combustion mixed with petroleum sources.

Keywords Xiaoyangkou, marine sediment, petroleum hydrocarbons,  distribution

characteristics.
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PG PR ZIRITIRAR AR ok BB ARIR, KRR35k A AR BRI AT RN S8 et i it s 2 AR 0.
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1 MRS 7 (Materials and methods)
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Fig.1 Point distribution in Xiaoyangkou sea area
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TS 7 AL B S5 842, ASE 200; “SUAH L5 ZHER, 7809B; UM (o 1% -l ik 15k FH AN “ZHEf,
7890B-5973C; % WK ¥ 45 1% . 3& [# Organomation Associates, N-EVAP 111; [ 41 % B ( SPE) /M . 3€ [#
Supelco Florisil, 1g/6 mL; e 7% KA 1l Heidolph, Laborota 4000 efficient.

1E & %E: J.T.Baker, 5% ; — S H 4. J.T.Baker, £ 5% 4 ; ik % 1: 0.02—0.10 mm; JC 7K i B2 44 «
450 °C THIFE 4 h, BEE . IEC B Cy-Cyo IEMIBERE L & W B bE . A bE: 3 [F Accustandard, H.4H
3B 500 pg-mL'; 16 B Z2 355 bR W : 52 E Accustandard, H12H 534 B R 200 pg-mL ™.

IEC ke 7 R Z TR 5 IR IR A AR HEV I (25 -Dg., JE -Dg. 3E-Djg. ZEB-Dyg. EE-Dyo. AT [a] EE-
Dy, AIZEFH: [g,h,i] §E-Dy,): Cambridge /A 7], 10 pg-mL™'; IF O e /NG AE-1Cy MIAIF: [a] JE-D,,, Cambridge
N F]L 20 pg'mL.

1.3 stk
1.3.1 HEALALHE

FKAE DU SR R TR T IHEE 22 100 HLAF, SV PRECE R 5.00 g.
132 HEAHRER

FE i >R FH NS 5 700 A B (ASE) #4732 1.

ARSI . AR BCTCRR L S, I AEESE £ 4.00 g, FTEAMIRAIEE R 2 22 mL ZEBGH A, I A JCK B
BRAN 1 g $EBURIE C %, ZEBURFE 100 °C, JE 41 1500 psi, fEFR 2 ¥k, 25 2 BURHE] 15 min, 05K
60 s, 7 IR EAR TR 60%.

LR TR . BRI AL B, A 3 12 4.00 g, /MR A5 % 22 mL 250, i A TG K
WA AN 1 g LS Ak iAs (7 BURIRZ 3R 05 48 ) . A IO I o S W BEFIE O BE (a1, V1Y), € BUR
150 °C, FJ7 1500 psi, &2 2 X, SR AL HAS ] 8 min, ZURE 45 s; I FTRGEIR TR 70%.

133 W4 55k

A TR« K A UK e i 2% A e 4 2 1 mL, AL AR YA 10 mL 1E & k- S H ke (101,
VIV)IRG VW . 10 mL 1E CRei L), Bk 47 5% % 2 SPE /b, WA U W, H 2 mL 1E O % vk
WA B, 12 mL IF O ek e fAt, & I ISR e i A i, SR FH AWk 45 2 1 mL.

LI T IR I« W R BOTRCR FH e % 7% AR 46 2 1 mL, b AR 5 mL G H &2 A1 10 mL 1E
CBEIE )T, B e AW % 7 2 SPE /L, AR T R W, T 3 mL 1F O B VR IR AR W I AR A B, T
10 mL PER R (1E C be: A& Be=7:3, VIV) kP AL RE, A I W82 IR 8 0RN 3t HE T, SR FH RS ke 4 2
0.5 mL, I AR NAR (S GEAR-2Cq FIATT [a] BE-Dpp) JFE A 2 1 mL.

1.3.4  Srbr&cfs

S AT IR RN TE A B 4 (GC-FID) {43 4% : HP-5(30 mx0.32 mmx0.25 pm) , JF I 5« #) 4f 1R B
50 °C, f#%F 3 min, 10 °C-min”' JHE 2 140 °C, ££4F 5 min, 20 °C-min™' FHE £ 320 °C, ££F 10.5 min;
FEERE: 300 °C; A#E i & : 1.5 mL-min'; AR aeaf; AR FR 1 pl; FID &I &% 16 B2 325 °C; &
H: 30 mL-min™', 25 i i : 300 mL-min ", IERIBEIR (C g—Clo) MBI | A e SAH (3 B UL IE] 2, 42 1]
HP I B T R AT 2SS AR Co—Coq. BB L C g ST Cro—Cl.
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Fig.2 Gas chromatographic spectra of petroleum hydrocarbons (C;;—C,,), pristane and phytane
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ZHF51(GC-MS) i+ : HP-5(30 mx0.32 mmx0.25 um), FHEFLF: ¥ 1R EE 80 °C, {#4%F 1 min,
20 °C-min~' FHi % 250 °C, {£4F 5 min, 3.5 °C-min™ FFE & 290 °C, {£4F 3 min; JFFE IR E: 310 °C; ¥
UifE: 1 mL-min™y A3 AR 1 uL; SR B IR, TR 70 eV BT IRIR L : 230 °Cs
TR IR : 280 °C; I FILEIR : 4 min; P FE 25 T WL MAL (SIM), FR1E 2 75 % (LML £3589
R E AR (03 BT ik ) (HT 805-2016) 11
135 Z5RiHA

A7 TR AR A T AR (Cg—Clyo) T8 B8 BT B) B8 R 7 8 1, MBS %08 tH W T 1R, 39 0E DO - Be 45 o 3%
e — KPS AT R (FnBRAE I 26 B T AR, TH 8 MR [B) o 11 PN 0GR, SR FH AP £ PR
Sy IE R Soe ke e MR P B I B) 2 Pk, SR AR IR S . 29805 8 s R A R B8 B[R] RIVRRAE 5 1 2k, R
FHPIbR A .
1.3.6 Bl S5 R4E

IEAGKESE (Cr—Cayo) « WEBIHE | AE L 520 3 53 At b 1 1T 26 S PR Y5 B2 0—50 pg-mL', #HC R %K
>0.9999. £7 11 A S A T AR v 2R R PRV BN 0—1.55 mg-mL™", 416 2 %0>0.9999. M40 7y 2 K752
i o TR R M e e A L 0—5.00 pg-mL 7, AHOC R £0>0.999. FHRUTRPIRE fhix & 2 447505,
B INBE 8 25 1 SE 6. IEABEIRAS FOIMAR SE 56 B2 20 AR VR FE A 10 pg-g ! B, SE3IRIBCR A 80%. £
IR TF 28 FUIMAR SE 56 B2 2 AR R B 100 ng-g ™ B, P34 I3 h 81%.
1.4 e %

ABIFEAE S A i S i i L, 115 B8 S e 2 A RN o3 A R AR 1 Z A B, 256 e Bt
GO IR A T 5 YA DAL TRV, Hoh, IEA % A8 (n-Alkane) B B BTS04 B, AT L34
WL AFEE G e Bl F /R DB h A iR 28 Ok IR, B R L VIR . A s e SR 2 . i
Fot -5 HE o P9 AFL T 35 LA % ) I AR e 48 119 55 i EU (L RE 408 I I L AR ) ) T R B 5 L R A Y e e o A
BARRAY(UCM) W & 500 5 a5 g . Ui S5 R R g et Bl

WF5E R A BARFE B8 ORIk & 1.

F 1 WICRATREOTR I g X
Table 1 The calculation method and meaning of the index adopted in this study

CELEAN HWHEIE HECE XL
Index Calculation method Meaning
3 0 AIKC M S 5 TE A5 o it L g TR 75 47 5 2.
L/H L/H=()"Co/ ) Cons) FHFITHERIIR E SR, MRS sy AN . i,
TAR TAR=(nCz7 +nCz +nC31)/(nCys +nCy7 +10Cyo) FT VN IEAD e IR AR T DTk

CPI, =1/2[ Z Cisa1 (ﬁﬁ)/z Cia20 (f&]ﬁi)'%) +

CPI FHEELERERR AL A FE 5L, FF X 43 IER St I AR
: ZCIS-ZI (%w{)/zclé-zz (@W)] " "
CPI, =1/2[ZC25735 (%TW)/Z Co434 (fl%ﬁ?)%)+ ]
CPL, KaEbel A Fa %k, A+ X o IR Be @RI,
Z Cas.35 (%ﬁﬁ)/z Ca6-36 (ﬁﬁb’%)]
Cig/Ph 1E /it S5 A e 1 LA JHFPEM AR e
UR BAALA S ] A B A i LA FFHEWDTR Y RS Z B A5 Y.

2 %55 59718 (Results and discussion)

2.1 AR B A R AE

XF A R R (TPH) #E4T 7 358, 3F 545 0 0L 3% 2. 0F 53 0 3 25 i A6 A il 48 At 3 11
3.95—13.28 pg-g !, FIMEN 7.59 pg-g . L BEEIREH BTG A Cp—Cag, Horp 5 5 A5 007 52 Bt R
i N AR AT R ST, LA i o S BB L VR B SRR ) B A A 1 151, B TR 43 1] L 3.
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Table 2 The contents of total petroleum hydrocarbons and total n-alkanes at each point in the study areas

YA A ER (pg-g™) AR S (ugrg )
Sampling points TPH >n—Alk
1 10.40 1.99
2 9.35 1.36
3 7.50 1.30
4 6.19 1.57
5 13.28 4.31
6 5.19 1.74
7 6.60 1.67
8 6.33 2.07
9 7.12 1.72
10 3.95 1.23
W 7.59 1.90
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C0000UOLTLLLLLLLLLLLTTY 3151315181 SIS SISISIBISI ISV SIS ST 1 $1 618
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Fig.3 The typical bimodal distribution (a) and unimodal distribution (b) of n-alkanes in the study areas
AW TR /NG IR JZ TR v TPH (YR B2 5 [ oA 90 20 T S 90 285 SR kA7 LU, Tk 3 BT,
AN VSRR JE DU v TPH kB2 /K AR A, B R ARR T VI AR VT 1 S5 I i) I 25 2R
F 3 EREERZIURY b S R LR

Table 3 Comparison of total petroleum hydrocarbon concentrations in surface sediments of coastal waters

VRl A 4l WRBEIE L/ (pg-g™) PR (pgg ™) oRUIDIRFS 275 30k
Study aera Concentration range Average concertation Test method Reference

ZRE T AL ND—125.60 20.27 SARERED [1]

T B R T I 15.2—65.3 30.1 SR AR [15]
AR Sliniistd 50.05—428.50 176.25 Vi ERCNiS [16]
BRIL E S AR T3, 66.6—1445 663 SRR [17

LI/ 3.95—13.3 7.59 ARk EN TP

R 5 3¢ B ) B 458 R0 J 28 I\ A A A2 15 e i TR A v I S I ) v B N IBB AT 10 pg- g 'Y, ARSI
15 57 A S S S A T3 T RESZ 3] T — e AR B A0 A s e, BB 7 B AT Y 1 5 A 2 5 A
TPH ¥ BE AT 1, T BEAZ 0] it ik 52 i 5 K. E B 9 F1HS e H1 AL TRl IX B0 7—10 5 i i TPH ¥k
JEE ARG S ARR, 2% W20 M dal 0T o s 10 P T A 7 o b 408 30T Vg 3sf AR A0 P A T 8 e 7 A P e S
2.2 AR T

A FE X IE A B ke AH O 1 Z2 Bl B0t 47 7 ge i3, 45 SR 03k 4. Hoh L/H<1 R IE M beke 12
KRR = AR VRS S AN, L/H B 1 R IE R e R IR T 17 i A W AL i, L/H>2 3l 5 Ak
AT A T Yt g B R AR I H BIE ST I R 43 R B S L/H 2T T 1, 45 0500 L/H Y {E A
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0.83, I IER I3 s L7 AR W R TF i A AL, o 55 s L/H B0, Al kel RE 2 2RI T
o S AR TR S, 52 B IR BT AR BOR
&4 WIIEIE B A G HE R

Table 4 The index calculated from n-alkanes in the study areas

Sampf'fpoims Y n—Alk/Cq L/H TAR Py, CPI, C,5/Ph UR
1 153 0.73 3.40 0.4 1.34 252 3.19
2 12.7 0.72 5.68 0.17 1.42 245 433
3 11.4 0.79 3.99 0.19 1.18 2.18 3.46
4 13.1 0.67 6.73 0.15 171 247 225
5 41.4 0.23 10.8 0.43 1.14 239 2.04
6 15.6 1.12 272 0.53 1.47 2.75 1.24
7 15.2 0.76 7.26 0.15 237 2.69 2.15
8 17.3 0.93 2.95 0.61 1.81 2.43 1.27
9 15.6 0.82 331 0.55 2.10 2.06 1.83
10 12.7 1.56 1.29 0.47 0.86 2.46 1.51

il 17.0 0.83 4.82 037 1.54 2.44 233

TAR VA IEAA Bl Bl R . VIR A XS SRk 0 S50 BEVRAE B AER e ke BN Cyys Cog. Cyy, THIRAL
PAEABERE F BN C 5. Cyqy Crop HI TR HE IE M IE 12 T 5) 32 028 WA B R A, L LU AV PT i 25 v £ i
U5 TR0, 45 5L N R AT H BFSE 4% A TAR KT 1, #1H H 4.82, T8 — & Ao Bk U f 3, It
HE 5 b

CPI 2 X 3 IE A e Je A R 1Y) o3 — A8 P A8 b, ki V58 v 5 A 40 1 A o 2 2 A AR 5B 42, CPIL L — i
Sk 4—10, 415 1 VE S AT B SRR I IE A e e — M e B B A P g5, CPLIZE T 11721, AT
H AT 5% T 388 45 557 260 e o R Bl PG A48 8 CPT, B B A 0.15—0.61, ¥{E K 0.37, 5 — 2 A {8 5088 I 3,
Al RESZ B AT gy o A TR A DL B AR W R AR T S L R B B A8 e A #5 48 B CPLL Y [ Ry
0.86—2.37, BIMH N 1.54, B T 1, BEIRE ORI &, n] RBJZIR A R IR 1 45 5.

C16 75 A2 A7 W5 G it 3, rh g/ R il 3 Sn-Alk/C16 FAE AT T RAE DU Y 75 52 3 4 s
Y AN T 30 RIZE] T G54, KT 50 Ui R 32 275 et AR5 H i 5% 845 507 Bk
T Cier & 55 54N, 4 55 Zn-Alk/C16 LB /N T 30, AT REAZ 3] T A5 4L, 5 5 5 /0T 50, NREVEHI R
ZE A5 L.

UCM @ 3 S S HE e K8 FIAR e K S5 AR B AR 23 BS S IR 1), #8512 A A il B HORS 9 7 o
fie ARG 7= 90, A WIF9E R F U/R SRHEWT TR 2 75 32 24 ihi5 4, U/R KT 2 RBSZ 2400 ™= s
Yo, /NF 4 RAZ B T REAMIGY, KT 4 WRMASZA) T 7™ 504105 Y AT B 05813805 56
U/R G IR 1.24—4.33, SE3(E N 2.33, Fe WA T (52 B 525 A1 5 .

% B J5e Pr FAR ¢ Ph 9 B AE 5 FH T 340 W U0 AR PR 4%, Pr/Ph<1.0 B, it 5038 I 19 U0 AR PR 8%,
Pr/Ph>1.0 B, Sy S84k I O R IR S5 1024, AR SC 4% A A0 A i v P R 235 SR /I F K HE PR (4.40% 1072 pgeg ™),
Ph A6 I 275 52 v 90 B A (3.59—4.09) x 1072 pg-g ™, Pr Ay ¥R 8 422 BEKG 1 BR (9 1/2 HH4829, 153 Pr/Ph (970
IR 0.54—0.61, 25 /NTF 1, SR G5 AT G by it 420 S i DURRBRBE . pR T W S5 o R J6E LU A 4R 1Y
TERE BEJ B MERE i, PRI Co/Ph W] T 2R AE A T B R 2 B . ARG U 3045 AV C1o/Ph I 2.06—2.75,
PIE R 2.44, 5K 2 R0 55 9 A 19 BT sl ORI, Cg/Ph HUAEE B (2.0—4.5) 2. REUTEYI H A
THIE 1 A 32 3 B 8 %) R i A0 XA
2.3 BT KA R

A58 X 52 E AR B (EPA) P SE 4§l 1Y 16 22 34 35 J8 X 0F 5% 1 35k 4% 507 ORI 2647 1 43 #0T,
KSR 16 PP 2 RS 8 B UL 5. WE AR IR 16 M 2 M5 IR BB 53.1—117.0 ng g,
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S I E ST A 2, 78 AL TR B, & AL TR R 16 R 2 3807 I A K i
FOPORN R PR S DL UL 4. i P 4RI, 25 AL TTARA) TP A [R) I8 22 B0 0 0 o BE bl RE/IMRIRCH »
SSPURSTIRSTURSRER, DLERRRIUER S 3, B 16 F 205 IR B Y 79.6%—93.0%. A
MR, 0 78 205 52 (2—3 B6) TR IE T A OB P ARTRMA SR . Jca VR IR s 4, = o
Tk Z 55 (4—6 B ORI T A A BB IR A e L. MR AT 5 1 1A 5 AN [ PR B 2 31 05 J o
FEA O, WA Y) th Z 3807 ke nl BE b A s 2 . BCA TR A A BVRHEA B2 55 22 Pl ke AR L.
RS5OSR 16 P2 TIT ke
Table 5 Total contents of 16 PAHs at each point in the study area

JEEina LRI R/ (ng-g ")
Sampling points Total content of PAHs
1 88.0
2 56.5
3 117.0
4 59.3
5 68.2
6 46.6
7 53.1
8 76.4
9 62.7
10 69.3
i 69.7

o " ¥R2ring a=3¥f3 ring O PY¥R4 ring m FLIRS ring o AER6 ring

DIo — -
D9 —
D8 7 , , I
D7 V7222777777777 TIIES
D6 V7777777777777 TIIE==

D5 W7777z7z77777727277772777777774_TIIES
D4 VI

1 I

D3 77 7 7 i T
D2 o —
D1 . 2 Z I — _ m]Ei

0 20 40 60 80 100

Percentage/%

B 4 WIS RN R PR B D5 R 2
Fig.4 Composition of PAH with different number of rings at each point in the study areas

3 2512 (Conclusion)

(1) YL 5 /N 130T 5 0 35 36 2 UL AR B A T )& & B 3.95—13.28 pgrg ' Z 0], L A
C11—Csg. IEFIERE 1 A1 22 I i Vi Y 45 A T %) DL 281 A1 60 ol VR 0 4% 10 BP0 7R 3 Ay P 25 78 R 5
T 13830 B A AN A YE A 3 AF RT3 1, T B8 A2 T I i A S M AR A 11 s AR Ak Tl ol 08 0 VAR ik
TOBU o il A 1 AR AR, s RIS v 3k b il s B A 7 A B Sl s )

(2)L/H F1 TAR B LUAE 73 BT 45 SR 3R W1, B 53 0 3l R0 0 3R J2 DR vh A T i U Bl Vi VR 5>
VR, 5 5 s o7 i Y5O 32 ARG B S 0F 5% 96 308 45 o548 26 i o S ik 10 8 F5 85 CPLL YN 0.15—0.61, 5 —4
IR ER L3, CPL, JEFE K 0.86—2.37, JCHH B A L3, I e IR A IR 45

(3)Zn-AlK/C16 LAHTEF N 11.4—41.4, UR JLFh 1.24—4.33, RUIFFFE AT G852 2 2 A
VY. Horp 5 5 50 32 A TS YL AE N B R RZ IR AR X RN,

(4)Pr/Ph<1, FEHUTFIAEE J Sl S IRAR, TTREAZ 2 T A RIS 4y Cio/Ph YE I H 2.06—2.75, 5 i
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H AT, 2 B A I AR 9 A 52 B B I O i T XA

(5)TLFR /N 1T R ISR JZ DAY 16 Fh 2 3R 37 %8 B A8 53.1—117.0 ng-g™ Z [4], 1 [& 4k
TAIREAROK R, LA=IA MDA Z 3R 55708 0 =, Al BE A5 e . mCA 1R oA BRHIRbE 25 22 T ok U5
F .
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