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Application of GC — MS to Source Identification of Ship Bilge Water
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Abstract: In observation of application of the gas chromatography-mass spectrography (GC-MS) to the
source identification of ship bilge water, analyses of the data were carried out on three suspected oil spill sam-
ples (US, 1S, 2S) from ship bilge water and one simulated oil spill sample (EUS). Measurements were
conducted on such aspects as the relative concentration of n-alkanes, diagnostic ratios, similarity matrix of
relative concentration as well as the clustering analysis diagram. It shows that the results from GC-MS could
provide reliable information for the identification of ship oil spill. Conclusions were drawn that the GC-MS
method is applicable to identifying the source of the ship bilge water.
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ARSCK “ULCK 387 . “Iirge™ 1 “ KImde” = 2 My b R A5 RO AR /K M RE 1R by nl S8 %5 ik
5ol US| 1S, 28, Jf4% “ULCK %27 (A8 /K AR Hl/E s B0 il AE , 45 EUS.
PN TR A IV E R FE S . BT A 500 mL 255 (L TRERR, 1A 300 mL 7K, inA “ULCK %7 fi
JEAKTHAE, TERRZ) 2 mm RV, SRIGE TR, ARRIL. =INEI XA &M R Al 20 ~28 C,
FHXREE 60% , N J15~6 G, WALEFEY 1 d.

1.2 #HFmiRratE

WRE: SRR 0. 200 g k. JH 10 mL IF S 4efr il A TR B0, A
DRTCKERREN, ETHERIR G A 1R, (eI, /ARSI 15 min, SRJ5HABOHLE
£ 15 min (3000 r/min). SRAEER SPE /M, IECHES. 0 mL ififk, 7§ SPE /IMERENIRKIZ S 2
HE, AR EIMAE S, 100.0 wl, A 1.0 mL IESkenhvk, MWW, mEMmA 6.0 mL EE
BEvei, WEVEH W F. F, f0 HAMRAGR 4 $] 0.5 mL LT, filA 100.0 pL iE #4585 P A5
(10.00 pg/mL), HEFIERZE 1.00 mL.

FRJEZK : 50 mL AEARAKHE S, AT IE2EEACH 10.0 L (10.00 pg/mL), ZJ5RMH 2.5 mL —
SRR 2 W, WCHEREIOR, AWK ZE 1.0 mL IR, k. RITEER SPE /ME, 1EC 4%
5.0 mLi%ifk, AARESY, TF SPE /AT MW 28 85 25 U2 BT, A 1.0 mL IEC ke, 382
W, MEAA 6.0 mLEC AT, WA F,. F, 8o ARG ) 0.5 mL LIF, JFA
100. 0 pL FEHLEEMAE (10.00 pg/mL) , HEFEAZE 1 mL.
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ARSCR A EE LI RS, ARG . RS REEH RS . Ok &
N € Y L e ey (AT T

TR FEE . YR AYIRE R U A S T B TR, U R E 2R EH R (WL — B R
o - ), S R B R RE TSR], R A Ao A g R kS B e A B, U B
HHEARES , AN S FRIRS SR G, ICRETTRNL L. P45 G B BT S AL i H T 1 S A
AL E R E B B, WA AL AT oA R P A U

IR BACRHAAR, EEERAE IR AR g T AR, fH0
BCHEA G AT THRAR P B, HERE LR 50 °C, f£4F 2 min, SRJ5 LA 6 C/min (3 T3] 300 C,
PRFF 16 ming B IR TES FALAERAE, B8 200 C; SR (% 8 T 14 2 0 A m A 11, 2
PR EE B E R 270°C 5 DOARAT HIRAS I I F 1 F e o B far LAY 855, RS 150 °C, HLESHER 70 eV
T RSB TR (BRI 85, 98 My T) Jyal; ARIRSIRE Jy 300 °C.
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1 I GC - MS SEITSAY 4 A ACIRE I IE AR A S . P 1 A0B7 0. S48l
I EUS AT EREIMINEE US. 28 #EE0A B (40 ~50 min 2RSSR , 10 1S R
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et0, TRAWIRAE 1S HikER; EUS 5 US| 28 IEMbekef R B 32 24 rh i Eu [ 22 58 n - Cy—n
~Cy n=C—n=CyMln—Cyy—n~Cy, ZHIAK; EUS 5 US, 28 S i m o & 530 T 44
44 43 min fE, FESRWAK. FTRL, BN EUS Sl SEks ke US| 2S fe/MEREE, ik
RS R e EAR LB, (HB T A5 S AR A2 W U E AT gt — 2 e b, Tl P 1 A LA
L TR RIS M S A —E, SFEORIKY B4, HIR 68 SURRER 2 BT .
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Fig.1 N-alkanes Original Fingerprint Chromatograms of the 4 bilge Oil Samples
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2 Sy 4 RS AIAE A IEASLE AR B A . NI 2 AT AR Hh, UM A EUS WA
XU RE S ERCF L, T AT BESR IR 1S AUy “M” I, HARXHRE RS “gifd”, SR
WHhEE EUS BYWARIR], R 5 Bl A R Bl iR A 2, B LAHERR 1S5 EUS SREU IS EIY n -
Ciy—n = Cy, USBREIIEIEE R n - Co—n = Cy, 28 Hn=Ciy—n = Cy, ZHIAK; 2S MRHT & &
(n=Cis—n~-Cy) BRI EUS A, FrLAnl LAHEER 2S; US BUAHX W EEIEIE 5 EUS ARHAERL, Higsike
(Pr) FERE (Ph) AOAXS R BEHRI] AR TSR IEAGLE e AR . BT LA, Sl DL i 5 AT e
T TR TE A BERAR S Ve BE 10 LA n] LUR B, w] B dai i ee US SRR iimA: EUS fAH L.
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Fig.2 Distributions of the N-alkanes Relative Content of the 4 Bilge Oil Samples
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W LR T ih TR e 4T Z TRV LUARL, e RBRERAE AR5 AL A4, T M
AMIRER ISR — B W B FIAE el HA R S i 5, 7RI AR UM @G5 R BLUESE C,p L Cgiht
B, STHEN, PUILE XA 2 B LEFILS C, . C M HEME N SR8 hR. 754 A0 554
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Tab.1 Diagnostic Ratios of The Four Bilge Oil Samples

45 No. C17/Pr C18/Ph Pr/Ph C17/C18 C20/Ph
us 2.347 3.125 0.958 0.721 3.792
1S 1.223 6.404 3.803 0.726 3.289
25 1.026 0.811 0. 808 1.004 11.070

EUS 3.803 4.167 0.883 0.761 4.502

F 1R 4 FAEISACGHFER IS L. AR 1 nTRUE 1, B TR EUS 5 = Fhn] B8 6 il ke
() n-C ./ n-Coy [HZHIAK; EUS B Pr/Ph 5 US| 28 225K, i 1S /& EUS i 4 {52, 2R E;
EUS F1 US 11 n-C,,/Ph {HHZ3T, 1M 2S 258K, J& EUS (2 f5Z£; EUS % C,,/Pr {Hx K 3. 803,
US 5 EUS 558650, T 1S, 28 ANFRIRIG HEE EUS (=42 —, FrUAal DLHERR AL 1S, 28, 4347
ALAL, AR AR US SR iR EUS fAHT.
2.4 IREARESH

TR S 2T T — 8 BRIT I AT /0 R Bk L RO B 2 0 A B T S i v R
KA FIHAE Z A AR R . AR SO B IR AR OC R BB 40 I e 2Z R AR DG, AR DC R 1T

s [ 11] o
%/AI ) j‘]



5 4 3 TR, 45 GC - MS TEMARRRIC K 5 B U5 4 51 b i v - 291 -

r=( ZAilAiZ - ZA' ZAiz/n)/[( ZA? - ( ZAﬂ)z/n)/( ZA? - ( ZAiz)z/n)}m,
o A,y Ay S MR RN AR S B 48 bR, FF SEPRis F AR BSOS 3 B2 B 0, 5 das T R 5 =
Z— ] BEIMAE B KM OC R B RHELER ,  JU AT B8 A B0 Sy i it .

222 B THMAE EUS 5 3 Fha] B R v i RE 1Y IE R B AR X MR BEARRUE R, US 5 EUS FZ/R b
FHOCRBUR K, HAE N 0.768, Ui AT BE ke US FELLLGR iyl AE EUS AL ferm. 81 3 S A4
T A EUS 5 3 Fa] SEVHAE 9 IE A e AR X ik B SRS Hr &, AR AT Bevi i AE US S0 v T v
FE EUS S AL DG i o M 4Pl s i A BUS 55 3 FivmT B8 g v A 7% 15 48 Jor o A X e 8 AR (R I
R AT, AT LLSE S AT S il AE US SIS him A EUS TEASe ki 80— 2.

R4 2 Coupling distance

F2 4 FhARRAARIE 7K RE ) TE MR AR SR E AR LB B 4 > 10 5 2 »
Tab.2 Similarity Matrix of Relative Content for Us : ! i
The Four Bilge Oil Samples J
455 No. Us 1S 25 EUS
Us 1.000 0.717 0. 661 0.768
1S 0.717 1.000 0.307 0.677
2S5 0.661 0.307 1.000 0.510
EUS 0.768 0.677 0.510 1.000
B3 4 MARKKMERSELLEREDITE
Fig.3 Clustering analysis diagram of
four bilge oil samples
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