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A Study on the Development of an RFID System for

Recreational Boating Safety
W. S. LeeD. S. Yang:C. Sung'T. S. Choi

Abstract

Finding out the exact location of survivors in short period of time is
critical to conduct rescue activity successfully in oceans. Current technology
with natural circumstances limits the activity that our efforts come along.
R&D Center housed at Korea Coast Guard (KCG) has developed the
system named "RFID for Life jacket" which enables us to access the
location of persons under distressed situation. The RFID has been widely
known as state-of-art technology to monitor the location even in inland or
in ocean. Composed of tag, antenna, reader and middleware, RFID is
attached to a life jacket that people usually wears in recreational activity.
By conducting experiments in pilot-scale several times, successful results
showing 96.7% of transmission within 3.5km in diameter were produced.
This study explains the routes of experiments to reach the goal and

expected results coming from this accomplishments.

Keywords : RFID, GPS, Life Jacket
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Investigation and Case Study for Fire Incident
Y. S. Leel. N. Park-S. W. Ku-G. H. Choi

Abstract

The cause of a fire is various but for analysis of that, we must collect
amounts of informations and evidences in that scene. Especially, in case of
vessels, as we don't expect immediate action for fire extinguish and there is
the possibility of demolish of evidence, sinking vessel, it's important to set
up the procedure for fire investigation.

Normally, As a fire occurred, the trace of V pattern trace or short
circuit are founded in the scene and we investigate the cause of fire on
that basis. The fire can be classified with ventilation controlled fire type
and fuel controlled fire type by burning type, accidental fire and arson by
cause of being occurred. The order of fire occurrence is as follows; first it
has to be made up of 3 elements of fire and completed in all combustion
by way of inner the spread of a fire. The normal procedure of investigation
for fire is as follows; total observation, the statement research by the
concerned people, the observation of inside structure, excavation of the
scene and restoration, finding the evidence, the judgement of the fire
starting point, final judgement of the cause of fire, after that, all
investigation is completed. Also, the fire can be investigated from 3 point

of view; electric factor, implement factor and human factor.

Keywords : Fire, Arson, Investigation, V pattern, Short circuit
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Fig. 1. Typical V pattern in the scene
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Investigation and Forensic Analysis of the Ship Collision

Accident
Y. S. Leell. N. Park-G. H. Choi'Y. N. Kim

AR
sl pAkan7h EAyehel om

EAFILTE 26%E AFA] 3G TH(Table 1). 5731,

Ao wFHEA7L £33t
5UAZF A 715709 A3 &

AR T SEALE AAALLY] 33%, &
o]

o oS

{

s

)

4 A, B4 £ 1 e

o2

4
58 WASE dEAIE FEA4T} GREolAT

. Statistics of marine accidents for recent 5 years.

Abstract

Many marine accidents have been occurred with the increase of marine
transport volume. Generally, investigator of marine accident has collected
various evidences in the scene. The evidence is classified with 3 types -
1) physical evidence included solids, liquids and gases, 2) documentary
evidence such as charts, logbooks, instrument charts, recorder, as-built
drawings and vendor information 3) human evidence.

In this report, we investigated evidences collected in the accident scene
using the stereomicroscope, microscope-IR, pyrolysis-GC, SEM/EDS and
LS-DYNA. From these results, we identified the cause of collision accident.
In order to investigate accidents thoroughly, we will examine using various
skills developed. And also we may be helpful in preventing the marine

accidents for the future.

Keywords : Marine accident, Ship's collision, Forensic science, Investigation
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614 196 52 140 75 55 84 12

652 146 58 250 43 49 79 27

728 170 87 231 59 52 81 48
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715 237 56 189 59 52 77 45
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Table 2. Classifications of color pigments.
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Fig. 7. Simulation results of case 1 and case 2
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Study for Organotin Compounds in Ship Hull Antifouling Paints
Y. S. LeeS. J. Leel. N. Park:-B. S. Shinl. T. KimH. J. Oh-C. S. Kim

Abstract

Due to its excellent antifouling capability, organotin compounds have
been widely used from the early of 20th centuries as heat stabilizers,
catalyst, insecticide, and antifoulant etc. Usage of the compounds began to
increase significantly from 1970s, however, side effect was exposed in
Arcachon, France that drew public attention. The significance of its usage
in the aspect of marine environment produced AFS convention, which was
selected finally by IMO in 2001. According to the convention, usage of
organotin including TBT(tributyltin) was banned, and residual amounts of
organotin existed in out-layer of vessel will be regulated and monitored
from 2008. This study has intent 1) to compare current analytical methods
including gas chromatography equipped with different detectors gas
chromatograph(GC-FPD) and mass spectrometer(MS) suggested by MEPC,

and 2) to find a way to follow the agreements made in IMO accordingly.

Keywords : TBT, Organotin, AFS Convention, FPD, GC-MS
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glojt}. sl F3tE EREE(TBT)S Algle] Aupbda LE7]71 17)
g2ty o] fREdE(DBNLE YRS EE(DBT)S A Zx=REe(MBT)L 2
R EUEMB)S A2 540 gl FALLSnHY 715 e F4
o7 ZAEr}
old TN s ES 7 TAVE HE AL EFUE(TBT)IOZ

[e]

EREE(TBT)S TBTOE 1 HA4o] 719

o
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Table 1. Relative toxicity of TBTO and TBTN.

Compound LDso(mg/kg) Species
Copper(1I) sulphate 5H,0 300 Rat
TBTN 224 Rat
Caffeine 192 Rat
TBTO 127 Rat
Nicotine 50 Rat

AT E AutelA AFHE HJNE AR E o] 835t FQIE.|
52 T HEIF-EE(TetBT), ETF-EE(TBT), tFdd
E(MBT)Ol tg FE74% &g 93 s gadE S
ZE4S dAsiginh w3 b4 2 E 28 3(GC-FPD, GC-MS)E ©]&
of FFAE 2 AA AMgEE AutogRE dE mube dfH F

=

MEAY S AT, TEAHE AAE R sl
2. M7 2 gk
2.1. AR

Aol AgE FANE ARt EFURTBT] FHHE e
A= Aol AHsHs RUAE) fAMR AAY AmE WET]

|
A3l dAFES BHF] AFHoR FES] ARAT b BHst AR
2 ARgetglon, we duteA AqFHI AlRE FAUGeR sGith
Table 20 AFH AEdFS YAtk dutell A =dRIE Alg )
FAAl A mHe] HES xWd ddete FeE AF}HL =He9l
I, QA HAJNEE F7)¢ NG Jdd R A4 BE §F OB
HA7TE ol &, YAE A WwEo] AR ARESHT
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Table 2. Sample from ship hull.

Type Sum Fishing Boat Qil Tanker ~ Tugboat Govemment Boat ETC
Sum 16 7 2 1 3 3

1 SHIMADZUAM®| GC-2010< AHE3FS 2™, TinitAlS
in filter®} FPD(Flame Photometric Detector)S 23k 7}~ E 13
g Ho7 dle] AZRAI|(GC-MS QP-2010)2 o] Agsle] A3
oh E3 ARV (GC-MS)O ] AEFYL FAE 3Ake] AOC- 20
Auto injectorE ©]-838}o] FJ5} T}

2 AFNA AFES FUIFAEEE ET892 AccustandardA}2
Organometallic Butyltin Chloride Standard & 318 9 (Tetra-Butyltin,
Tri-Butyltin, Di-Butyltin, Mono-Butyltin) 2 AldrichAl2]  Tri-Butyltin
Chloride(96%)E AH&3t1ow, 42 KantoAl PCB 4182 % 1,0009H
TE5H RS AHE38131 3, Ethanol ¥ Toluene KantoAl 3008 55% H o
2 PCB 24 &S /\]'%5}031:]' 2] 31 Sodium Sulfate Anhydrous % Sodium
Borohydridei= KantoA| 32 2 Sodium Sulfate Anhydrous™= 4507 2] 3|3} Z 0]
Al 4x7E B SA 7 AE ARR SR

o,

2.3. MA2|

HFE N2 Mono-Butyltin Chloride(MBTC), Di-Butyltin Chloride(DBTC),
Tri-Butyltin Chloride(TBTC), Tetra-Butyltin Chloride(TetBTC) ©] &3+% £
S 5sugml'o]stE 3A4% F 2.5% Sodium Borohydride(Alcohol & <H)E 37}
ste] A A3 20+ Rkl FRS AkE 2o & Magnetlc stirrer2 10

2 kst & Ralzw o] &t 10827 AAF & £35S g A
FH ZEpaTe] A4 FFIY o] T s 77 A}%?‘&B}.
Ane 5 Aol &

E‘riioﬂ Yt EFAS go AL%% 83| A 713 2.5% Sodium
= S Sodium Sulfate
=A1712 717] A%
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AaE deth SAHSE st ARE gAEta o] T 1uE FAsH
717132 el AFE-sheh
24. AEYY R 24
71719l B4 ZAL Table 33+ o).zt 7]7]19] A& A= AHoly 7}
2, 2Ex T A WelA fFAsHA dEs 6}04 A e Al shgith &
4 8ol A AFRAVNGCFPD)S] B Aol ERUEY(SIME o] §3}e]
=4 ARvtEIRE Wol AH wh vhaa EU}E:L?JB(GC-FPDoﬂ A
v 2Asaa st BA AE Al T2 ARSI
AR 71 (GC-MS)o A A A o] 2 B UE H(SIM)S o] &3 2] o A]
AL RUE 2RSS Table 40 UERNQIT o] 5 B A4S B
ko]l AV AA = 497t gk 53] BAFe] HAE AeE 24T
S of@A = 497 BF Jdoh

Table 3. Operational condition of GC-FPD and GC-MS.

Gas Chormatograph(FPD)

Gas Chromatograph(GC-MS)

- DB-5MS(5%-phenyl)-methyl-

polysiloxane coated

Column - length 30m, 0.25m I.D
- film thickness 0.25.m)
Carrier gas - He 1.2m{/min

Injection mode - Splitless
Injection temp. - 200C

- 60C(hold : 0.5min)
Oven temp. - rate(10°C/min)

- final temp : 270°C
running time - 24.5min
Detector - FPD

- DB-5MS(5%-phenyl)-methyl-
polysiloxane coated

- length 30m, 0.25¢m 1.D

film thickness 0.25m)

- He 1.14m¢/min
Splitless
- 200C

50°C(hold : 0.5min)
rate1(10 C/min, 200°C)

- rate2(20C/min)

- final temp : 300C
- 24min

- MS
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Table 4. Selected Ions by GC-MS. 3. 23} 2 nEk

=
ltem Selected lons
Mono-Butyltin(MBT) 120, 177, 179 31 2MY 22 &el
Di-Butyltin(DBT) 120, 179, 234 . ;]j jjjﬁfi394E"E‘i;;t1:dj;§22 322%] j‘:ﬁ ;]i
TH-Eiylin(TET) 121, 179, 2% o ;;1;}.@;; 3) olge 7;}13 Az A 62 Ame) A7 HAS 1
Teta Buyin(TeeT 79, 2%, 291 ol A4 R AT A I AGAE 3ERHA] GEOR FARY ol
& 40T Dast Uk Fig. 32 A7ke] BAU|ERE DEEds A9
= ARE BAD F atEaae evdel 8 ¥ 2delt

GC-FPDZ #2413l A3} Fig. 29} #& AZntEIW S A9t} o] 17
S

a7 s s BANREA) Jar delsgon £
5449 A BEBAo|AT F ARAMEIRES sy 27} AEH N\
R I EEIET YR fARE Aol ol d Aol

-~

\

®al0y 03 sSuojeq
12A3105 opYjod

(10000)
T

Fig. 2. Chromatogram by GC-FPD and GC-MS.

D MBT/DBT @ TBT @ TetBT
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Fig. 4. Chromatogram diluted with Toluene
(D Standard. @ Diluted with Toluene. 3 Paint sample

AAed FEadol 9oz FHQE HAg Al AHEH= Toluene
SNor A A 43 19| Fig. 49 21H@c|t}t. o] ARvIEIRC
717100 e FRAE A 7 Zhke]l 1A%
¥ AlRte] FY FEH = Ao ]E‘r. olsl &

de AFEA7NM =
WA B & REEAY HJE ASE v 2 é‘%kii%‘En‘)ﬂ/‘iE
skelgt 4= itk
Fig. 594l B %ol AEA}F 1H57F <zt & ¥ o] A7 1100] /oA
= AZ2HERY dHo] 79| fAlsle] sdE Aol ko] Fhsditt
AAESG FEL F FARJES A5 A7F Ao e S &
ol 7] flte] EEA % EFNddo] sfH AEE AA s ATt
Aol W sEWstE golr gk o] w MEl Aol 2R U (SIM) HA
S o) g8 =d 192 Fig. 63 o}
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Fig. 5. Mass Spectrum of Standard and Paint Sample

o
I

o] 18 HAFHM utz A FEE Fig. 69 TFELS ASs
5291 2.89ppmoll A 24X 7744 S7FSEEETE 244 7b0] A UpA = F A4S ha
st 542 Hola gtk HQIE AlRe] Aol 244130 At FHE
A&7 AlEske] 60413te] A v FA3] sl T ol ek
Aol T ‘*‘EA HAJAE /\15’2 AAe]ste] ARZEA7] 204

i%%f\l ngoL] 9.41ppmol| A wix] ek B A7k 72417F2] 9.94ppmE =7}
Zl o

A WA o= Am EASAR AEH FEE A WA etk o

A AT S8 AE A o] £ XU EF(SIM) FA L FEAR}

Hstm AFAoE BRIk FolmE ofilol glo} A ofel e wlol
Z

|
At} 7tAAZVE Y Z(GC-FPD)E o] &3 EAA3: A
AAT TEE FASe FHoz APV Agroen
S Ag3lr) st
Fig. 7 A5 & W9 o=z FFHAE S48 AFE4]7/(GC-MS)ol A
£ 0.730]2 7t2A 20 E LY E(GC-FPD)l A E 0592 7F2=F = nlE 1)
X(GC-FPD)E o] &3sle] A8k Zlo] HA7F AehA] &2 o= yghrh
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Fig. 6. Sample and Standard Quantitation by SIM mode
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Fig. 7. Sample Quantitation by SIM GC-MS and GC-FPD

Aupol ) A AAE BN EE SALUE o] fale] §71F4 =
2 FET 5 Qe Sl e wh Ave] A8 AUAEE et
HE 7150 9 wol M4 AL ¢ gusl 2ol Fum
A7) Wil of HAE AAE AA WEol HAAS ¥l Sushel
AEEES Folof AL AL AT §u12 Agselof FFE

fro] olAlth Fig. 8& ANE ARE ALg3te] Bal, Zmzvw, 9
S

Aew fUIFNERT EYFER(TBDE F&, AAY § taARvE
=
=

1Y Z(GC-FPD)E o] -&3te] #453d
o]l gEmzmgtoly ditow &3 A
ag)a ZF FEEE AT e FEE B
A FAHEY HEzzdgat it
Bo AxrL A3 Aow YEIYTH(EFAA - 7
0.35, A2k 0.38)

o] 94% ‘ZF%EEOﬂ FES M= Aow wk

10
u frt
o
i
g
=
rlo
2wt

—e—Toluene
1 —=—-DCM
—— Hexane

0.5h 1.5 4 6 18
Time(hr)

Fig. 8. Extraction effect of solution
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Table 5. Relative Standard Deviation and Correlation coefficient 4 Organotins.

GC-FPD GC-MS
RSD C.C(RY RSD C.C(RY
MBT/DBT 0673 0.9702 0.608 0.9933
TBT 0.726 0.9902 0.704 0.9975
TetBT 0.252 0.9961 1.263 0.9481
o] BFEEAY] H4 MethodZHE WAE EuA RS E48 A3 A
164% 2x=HEE(MBT)/t 49 E(DBT)?] I -
FEE 8,650mg/keol L EREE(TBN)S 53 A%, Hasis 53,7
ng/kg 183 HEZDEEE(TeBT)S 43 A, HIF%E 343mg/keo]$

(Table 6). 9 WA A= A59 34 ul47} 10,0008 o] 1
n] 7} %‘M Ve A gkt et
(TBT)°] A=

w7t 7] Wl 25d olsh o
A3k} B4 A<
d AEE FIFNBAE AEYE

lo

Table 6. Analytical Result of 16 Paint Sample.

Egran

TAE &

MBT/DBT TetBT

Detected 5 4

Maximum 8,650 mg/kg 53,763 mg/kg 343 mg/kg
4.2 B

Fast "AAFE FFFES v A Efy
(TBT)Z} HEZ}F-EHE(TetBT)> w27} Z A3 Aol &ols}
R EEMBT)Y UFHEDBTS AR Hewx i 2o Az
A1 ok 530l Ak AYE N2 5 EFEA} T
o] JFgo 2 RL:FLHE(MBT)/UFEE (DB EFEERY oF 62

of AEEE AL ¢+ AN o] AP AFAASPANE el

]

AV B B A A SR EHYSIM) A A5t

AASCAN) WAel Aol wE wEHA AxARsEaYE
(GC-FPD)RH 3570 1ot Bsht] glo] ©x7h WA 5ol o ko4
F glol BEYEPEI|(FPD)E FET haamehE e xot gl glo]
g e gel Al

EE Aol A HAAE EupAse] F9 clZmzvcel A

b Fa oA ~Ele] iAo ¥ Al 3 <H(International Convention
on the Control of Harmful Anti-Fouling Systems on Ships, 2001)°l] 4= A1}
oAl z9e) AATE Autel BREl A RAAY FF] AAHA Fu%
o] o] Fol Aol Brpa Al AT ThA] Wahw Autel A HRAE =
Aol AR, Az BHA AR e BE 227} A%ea 4
SHAl o] Fold ok &t7]ell o] Ag-A37t ew|7t St

Bie] Sl ASAIFYAGUA VAR KT SGE R E 5
UoHAE 2 g AR UE BAow Yol Baje] A7
9 5 o8 71A "WelA BEste] 2008 HEH A AL A mute
Al AAFHEA LA OB LAY neel Has,

Jo 3
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Study for Oil Spill Source Identification by Comprehensive

Two Dimensional Gas Chromatography
Y. S. LeeS. J. Leel. T. KimC. S. KimH. J. Oh-H. G. Kim

Abstract

A distinctive difference of hydrocarbon in crude oil and petroleum
products exists. Depending on the origin where it comes from, crude oil
shows its own unique pattern which is different from petroleum products
containing characteristics according to their operating process and production
period. A process of mixing behavior in a tank containing residual amounts
of oil draws its own pattern when analysis is conducted. The analytical
process described above is named oil fingerprint method. This study
investigates an effectiveness of the method for comparing data sets
produced by conventional gas chromatography with mass spectrometer
(GC/MS) and comprehensive two-dimensional gas chromatography(GCxGC)

which is known as powerful new technology for chemical analysis.

Keywords : oil fingerprint method, two-dimensional gas chromatography
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vl 53, Ao S F840] g s Ao oael Ahazmn
EJ83Z(GCxGC) 7]Holt}.

B ATl AT AR FAE7IHes &8 7hedol dFsEa 9l
= 23pd }iﬂiu}ilﬂﬂi(COmprehenswe Two Dimensional Gas
Chromatography, GCxGC)E ©] &3} 7|&9] 7t~a2ulE 1832 (GC)}t 7
2ARnEIYE AR 7|(GCMS)2He] EATY HlaL S Sl A
A7 daAded diafA w=stharzt ghok

Table 1. Number of oil spill accidents and an amount of spilt oil for recent 5 years.

year total under 1kl 1~ 10k¢ 10~ 30ke 30~100k¢ over 100k(
number of 1,835 1,696 88 29 17 5
cases - 92.4% 4.8% 1.6% 0.9% 0.3%
amount 4,407.7 124.7 260.2 456.9 850.8 2,715.1
(ko) - 2.8% 5.9% 10.4% 19.3% 61.6%
2001 455 428 22 1 3 1
2002 385 363 15 4 2 1
2003 297 263 23 3 6 2
2004 343 315 16 9 2 1
2005 355 327 12 12 4 -

2. M7 2 gk

21. A8 ®E
AT AHEHE VIEAIREE 159 Yfi(crude oi)ot 2F 9] AlEF
(product oi)E AF&3te] GC, GC/MS, GCxGCE o]&3dlo] EA3qit).

Table 2= 2 g0l 2184 FFS YeEAL

-71 -

Table 2. Class of oil for experiments.

class producer remark
crude oil Iran heavy - weathering alteration
product oil gasoil SK REFINERY marine fuel
product oil MF100 SK REFINERY marine fuel

2.2. 7I23 20lEJ2| Z(Fast GC-FID)

Jb2d 2 E 2 ZE GC 2010(Shimadzu, Japan)S ARSIt 71412
ZvlE I~ (gas chromatography) 7| & %9 X 3&slriFE 3ol

237 % 7] (flame ionization detector)’} F-ZFH 7|AAZvLE 18] Z(gas
chromatograph)Z -2]-4138le] Ao HJRE IAAH| oJ3lo] FFe
A8 FAAEE FHst= Yyl

o] e AAFFFEARY FFEFFE=AFLE 438 W
Wt Hegel B HelsEoel Holun ke Ao FE BA
o FAUWOR ALFH L ek WAFARTFES WEH e Lol
oA FEEI EFo|ZHAEVIFID)E SHH 7I1F5A 7] a9
A 2 v} E 213 (chromatogram)S YEFATE GC EAWHE HXE 7txmg
PtE LS o] gslo] #2418t Table 32 GCO| ¥4 21& HERS

.

Table 3. GC experimental conditions.

10m=0.18mm 1Dx0.18/m film

Columns 100% dimethyl polysiloxane(VB-1)
80°C (1min hold)~300C @ 15°C/min
Injection Split 300°C
Detection FID 320°C
Flow N2 at a constant flow of 1.2ml/min
- 72 -
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23. JiA232olEdef T HZFEMI|(GC/MS)
ZheAaRvtE g AFEA 7] GC2010(Shimadzu, Japan)Z QP2010
(Shimadzu, Japan)S A3sH A|~8S AL&33 0
GCMSE o] &3 3dFEF 71:“4—5'—*4%%—8— GC-FIDOﬂH glaH7]
H Holth GCe HA AL
1 }'0—5]'0:1 AWt

[H
2
on

%)
EANHL 26719 EA Q] EFAl O] 2(target ion)S A1 3 A Elo]
(selected ion monitoring)¥2] S A8l BAEF3ITH 2 4] U
& AA AW =(aliphatic)™} W& (aromatic) /D Z2 T 4 e
W alkane(m/z 85, 113, 183), PAHS(C2N ~ C4N, P/A ~ C3PA etc), &
< ¥3%3F PAHS(D ~ C3D), 28] 3l biomarker2 &#H % m/z 191, 217,

= 2 Q 3t 79 Fluorenes(COF ~ C3F) =+ Chrysenes(COC ~ C3C)%5
= X & ATh GCMS A4S 9E FL, F2 #+82 MER oA %L
n-Hexane &2 &3+ whole oilS AF&-351iTh

Table 4= GC/MS®9| 4315 UERI

Table 4. GC/MS experimental conditions.

30mx0.25mm 1Dx0.25/m film,

Columns 5% diphenyl 95% dimethyl polysiloxane(DB-5ms)
60°C (0.5min hold)~300C @ 6°C/min

Injection Splitless 300°C

lon Source temperature  200°C

Mode Selected lon Monitoring

Flow He at a constant flow of 1.2ml/min

2.4. 2D GC(GCxGC) ZtAa2nlede=

2D GC(GCxGC)E LECOAFS] Thermal ModulatorE 723l Agilent 6890
GCE AM&-33itt.

Table 5% 2D GC9 &4x=7& YERAL.

- 73 -

Table 5. 2D GC experimental conditions.

1st column 10mx0.18mm IDx0.18um film Rix-5
Main oven 40°C(0.2min hold)~320°C (1min hold) @ 15°C/min
2nd column 1mx0.1mm IDx0.1xm film Rtx-1701

Columns

2nd oven 40°C offset from main oven
Injection Split 250°C
Detection FID 250°C
Flow He at a constant flow of 1.5ml/min
temperature  30°C offset from main oven

Modulator
frequency 5s with a 1s hot pulse time

AZutE = 543 s £2E A VIR He = Es
=S B4 S AFse BHoE AHgHET 7159 2 55T 3 E
S ez 3 o BE SRHES dd B Aol REste AL oH e
A9-7F Bt olelgr B SFES HEtr] fd Ak vl A
e Al = Ak

Comprehensive w82 /IHS EE Al=57F #8748 =&5 = 2o
= Aold 4 9lth Giddings[15]9] °]3tH E|7} thEo] Rexde 23
SHAl H W <A Q) TRk RErE B ARV EE A i)
Zho]| =ZF AL o] FEAYE ol FEAtdolA FElE HARE B

frotA He Ao AYsta dut

GCxGC Al=®le 9-4 Ausks Aol slojof 3hn, Qe o]~
(interface) L} E%E 2] o] E](modulator)E 3| o] T+ A#o] AAF A 1st AH
(first column)oll Al Yo+= 33ES MEHAY BolA F7[H o= 2nd
A # (second column) .2 ¢8| oF Tl GCXxGC Al ~Blo 2 FYPH Al
ARFAQl Ak G PH7FA 2 WA datA A AErtE 2e)a] F <l
27t dojdt) Eed SgES R HEVE AAFEA da dxAE Y
oM Y& 3gES ZEYo|HRE Eo7tt Fig. 12 7]2% <l 2D GC 4]
289 NEFEE YERYATH
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Fig 2. Principle of generating data on 2D GC[16]
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(fast column analysis)< X AHHY BFAAAH
Ao Z Fx1Add H 3|
LS 7hsA ke A=

XA 34 # (capillary column)oﬂ A —rE]lﬂ‘“ Pristane (CioHso 2.,6,10,14
-Tetramethylpentadecane) ¥} Phytane(CaoHs 2,6,10, 14-Tetramethylhexadecane)<>
n-Heptadecane(C17), n-Octadecane(C18)3} &7 YEl=  #AE3 F(couple
peak)o]™ 71E54E& YERWFE vlo] 2917 (biomarker)®] dE o]t}

Pristane 2} Phytaneg T}A] 2 Pri/phy-"% v ¢} Cc173}9] l—':‘C‘]H](C17/pr)94—
C18%2] £o]H|(C18/phy)E ©]-&3ato] 2 eh= o] vlg- F&&HA A&
et

N dfrEfroke] FdoRE Wel7] faide A" GC-FIDe| A=v}
EOd sfee] FAMS A steiof gt} dtd o g va= :rLHE] el
<a) Hx T, b) #H$oll =% peak®] THA C) "l

o] =% peake] T
) peak FolE UEIUE ©4F d) peak91 ARG o] F1 U+ **/l
e) peak®] HFEFAE o]F 1 A= A9 B E, f) pristane, phytane} C17, C18
9] #=o]H], g) UCM(unresolved complex mixture)®] ¥ ¥ T w43l &
AFAde #as g 4 vk Fig. 3 GCE o]&3 AAWstd
Iranian heavy crude oil®] A ZvrlE 1S ERY ST

VA get e AZgEA7|(GO/MS)S] BAMHE dFo] gad
A BAow B ok AFEAVE HEVR o] &5t Hd AmntED
o] FeEleh diFd)

04_0,. /\ 011;]_

=Y 4uE F1sl HEE gaade A9E
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Fig. 4. GC/MS ion chromatogram of weathered Iranian heavy crude oil

279 GCxGCAl =8l 719 g Geo] EEeAE 5317 9154
o) N VAR EOYZE AlA"o g2 N2 tE F A(phase)?
Ao A Fel7t o] FAAET FAEC] AUt

AE TE T 7, & Ist 292 GCo HdeE

A 514 2rxdo]l 7hed AA S E(mini oven)

ARE-8FH 2nd
ZHAaL S

o

=
o
=

o] = 25 o E(modulator)7} &= o] 9lo] 1st A7
A RS A B (trap)dt A7t thA] 2nd HH O = 8- (elution)
AA 1st A A E28HA] &gk &S 2nd ARAA b EElske= dE
ot}

EZOIE = hot jet 271, cold jet 271 F 4712 jetz FA T O] 1st A
oA #El¥l Aol 2nd AR E9157] A cold jetoll A AAHAE
o] &3t WA o w 24 ERrt. ¥ 3L hot jetoll A& L0 UFHF

alkanes

(a) Iranian heavy crude oil

T ‘H
Hl'hA“‘
e
‘Ildl\v\u' Wi

(b) gasoil

(¢) MF100(marine fuel oil)

Fig. 5. Contour plot chromatogram of GCxGC
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Fig. 5 A& 5ol tist 23¢9 GC2 contour plot chromatogram= U} E}
WSlt}. Fig. 59 (a)= contour plot chromatogramoﬂ el o] @] Y f-2

Fo FAAES e o2 st dERSAL o w AlE 9
()% (C)°] Lefzet el AulrtsteArt vEhd A g o= Al
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A3l

Fig. 62 o] &du] 2] 2DA ZrE13-S Surface plote] FENZ e
At

L
o

o$L‘
AN o
e e

Fig. 7ol 9} o] 2D GColM = GCSF GeMSAH E FA3 e ~x)
o3 A=ZvlE 13 (spike chromatogram)s VS I 9)\‘:} & Geell
7t ol a7t F9 AlEstE ol de AS
Fig. 82} Fig. 92 Fig. 79] oj&av]f £ A5 Aﬂ“"é}ﬂl HER A
b4 GC ZAyte} nustd Lhalkanes)AdH o] 9= B e AE

o
Sol PEHE AL X 4 AT EF ARREE Thao YA B
qo] THYAE BBF 5 Qo AFHER FA% 22 APRA gl
W fE AS & 5 vk
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Fig. 8. nC16 “nC19 region of Iranian heavy o0il(2D GC)

Fig. 9. nC16 “nC19 region of Iranian heavy o0il(2D GC)
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Study for Identification method of non persistent spill oils
W. S. Lee:C. G. KimH. G. KimI. T. Kim

Abstract

Oil spilt on the sea is classified into persistent and non persistent oil as
its durability. While non persistent oil is rapidly disappeared on the surface
of the sea because of its strong volatility and law viscosity, persistent oil
which is hard to be dispersed naturally should be removed by artificial
response works.

The object of this study is to explain oil spill response, laws relative to
compensation for oil pollution damage and classification methods as
physical characteristics of oil and to establish methods to analyze and
identify various substances spilt on the sea: a) persistent refined petroleum
such as gas oil, kerosene and gasoline, b) condensate crude oil which is
one of typical super light crude oil, c¢) xylene which is one of

HNS(hazardous and noxious substances).

Keywords : spilt oil, persistent oil, non persistent oil
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2E Yfr(crude oi)®t AlFfr(refined petroleum)+ & 7|55 HE
= A "gskeds S-S 7 v A A A E aRd
548 AUD A AFR AT 2L 559 18le PAE 1 A
27F W Ao 54, e AAEA, A7) Sl whek xpolido]
ASE A} EASG BAGE drtel ARaa el wopgle 4
FRae) £7 5ol o8 PEE ¢ At 548 A un AAels
FU el AFAADE AFAD B Aol Hol WAT & rk. o
A FEE = 544 2olE o] &sto] FHNE AL B W
S FA 719 (oil fingerprint method)o] 2} &t o]#]3t 7|H-& A3 7]
71 S S8 A9E 4 ¢ v

2
Aol F8&3 FAE TAVIHoRE VAIRZVEIHE(GC : Gas
Chromatograph)&  ©]-&¢ X3} glslFAF W gSetslrii/-3333E
IR : Infrared Spectroscopy)E ©]-&3F #
= a8 PFEFF AL : Fluorescence Spectro-

scopy)E ©]-&% WFFEIFLF 2HELZALY Fol dor GOMS
o

B o A

&
T,
™
2
o%
T
.8
22
o
X
i
C::I‘
o
b1
X

= 2
He gATIHelt olggt VHELS FAEHIY Aud.nd AEw
Ho = A=E"E T8k

AGFrEf A AUk 7k &9 54 wiEdd gule &
2olal FAARl % AAE 7HAIL dlo] F45Y o] ol A g
T AR gt dFOAAIL Al ARl AH, S dH 9
g W EYo At 9z A T& 3 Bt A& V|HE
da = gy s Jdds dFEEY FrtAAE St 3ol R
e dA 5ol g8 fEE 7l s AEAATE A
Atk F7PEE BA 7R lo] kel MY o)A WA F 9l
A E AR 542 Fdsih

2 AFdAE BASEY FRregEdndrdy o B84 A
Aol ogk FFle] s Festlal, HASHAA HASHAELARE F
THE Afr(gas oil), 5 fr(kerosene), 3| (gasoline)s 2] A|E - (refined
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petroleum)®} A A HEAHYRA WM o] EYf(condensate  crude
oil), ZZ#]31 HNS(hazardous & noxious substances)® wH & AFo]l
(xylene)s FTAHOoE ol EHC FFHIUSE A5 #FAEA 714

del Aseict

2. X|&EM7|E(persistent oils)Z} H|X|ZM7|S(non persistent

oils)2| =7 4]

21. SHSHOIN XISH R HIXSH R BF

A fER AL WA NE KB MASYINEI} A5 B
o FRAL MASHY Ee Hugel P AHE 542 A
B glol dHonRy F43 AduE S Feha wwe] A% 7B
o A wate] olzl9] ASIAY WAL Wa i KPS B

H| 2|4 7)ol = A AdAER9 e =AY (crude oil),

I~

7}4: ¥ (gasoline), U}ZE}(naphtha), & fr(kerosene), -(gas oil) &°] 2%
4 5 e AHRY VES dFEEe Yit(crude ook AAT A
(refined residual oils), ¥ & -(lubrication)’s-©] &%t}

A grEel tnlteSHedA AHAR AR V5 TEHL

2 EFsle 712 4 fr(gas oil)el T}

)

22. RESELH AR B8

FReGEMNILGYIe Ao ERE §F = wEE 7
ot fRePedst WA Aol Avkafae] WY @ dn
FRegEde] Mye nAss ALS FYsh] A 199390 ARE
ol vt

(persistence hydrocarbon

h

.ol RolA AaE A&KQEstradEA
mineral oil)= ¥-r(crude oil), & fr(fuel oil), A& F f(heavy diesel oil),
& ZF(lubrication)o]™, o] FF <ol 340T o]l A = F3]9] 50%E
z¥dateE gol FEHA ofYste iR A E] Slo] A&A

—_

FEIEEHHAEZHEE M70025) @ 1993. 1. 1. M &, 2003.12.11 LS E
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gl afo] ¥4 AoE At vk 1gER T4 EREAY
T oa 2 zel7t o™ A fr(gas oil)$k T fr(kerosene)d] UH- FF
< SRR A A F 2= A% Ak

=R AT FFS VAT FTH =EA HZLE HF(specific
gravity), %57 (distillation characteristics), “d &= (viscosity), & (pour

point)5-©] Tk

23.1. H|E

Aol MFe 2 4Re) BegaTaE F4otd FLHL FF
9ogte] Aol Wasith AnAow )ge) wF] Fe5E A&y
= StolXlth. Table 12 HlFol] od Af9 AdufFE EFE HENU
=
Table 1. Classification of crude oil and fuel oil by specific gravity.

Group I Group II GroupIIl GrouplV
specific <0.8 087 085 0.857 0.95 >0.95

gravity (°API>45) (°API 357 45) (°APl 17.57 35) (°API<17.5)

type gasoline gas oil medium fuel oil  heavy fuel oil

2.3.2. &7/ 4 &(distillation)

HEAES Azste A AR A8 SR FARU 2 93
Sl Mol v woz FWsl Wk BEssel wHge ury
o RAZe] 4% B o] WL AFAFS vhFe wakis
EgRoly] Wi 1 HAE wud ¥ WIS AAsm: Ytk 53
Al E e EEFE7E 2 AlEY] TS FAGE o A
Aol k.
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2.3.3. 7| (vapour pressure)

S71ole AFAE A TS Frishe AR ST
(37.8T)= Fx1d 2HE7] YA AA SdE S7|7F HPE S o] d
o] S el S22 A 3aAdo] A3 AAFAFEE F7|do] ¥
I FAEAFIFE SVl Y

el FEE VIS o= HA EEsshAESE WstE wol
A ZHE AAHAY 2HFREA "l o]gA WIEolvl=: HAES A
A] 1 8H(weathering alteration)¥}7g o] 2} 3t}

ol WA FAHE Foil film)> S(evaporation)d} -&3fl(dissolu
-tion)2] AAto] FrY A dukH o7 =& uH]H(boiling point)SE A

5 BAste] G A weth

3.2. & 4h(evaporation)
THEEd Are 7|59 A (volatility)oll o8] AAEHW AH]H

Aol S5 FAARC] W SUEr] wiEel 7158 27 &,
Arol & vlu 2w =

Ml ok 200Ce il
Ao ZHoA 2447l FuEk)
(gasoline)s 9] A|lEFHe FEE 4
T Fig. 12 n-alkane®] ©Aol vl#Elgh v £x & Yehuich
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. Boiling point distribution of n-alkane

=l skef wAl, E54
2 At 2y o] AHA
7} gai& e vs] 107 10008
Hs kel 9FS 9 Wol weth 7E FelA

AFrEfote THARE Wa)7] H8AE £4%9 GC-FIDY Z=v}
E [e]

of @, AwHow vaw THR

o
peak?] B4 b) FHFo| HEH peakd TAaT,

UEhl= ©4F, d) peak®] FHS ol Fal = A

9] &, e) peak?] HIFA S o|Fa Q= A9 FE, f) pristane, phytane}

= O

Ci7, Cis9 =0°]H¥], g) UCM(unresolved complex mixture)?] ¥ 52 &4
sto] FA-rAE S BdS e 5 Qlth
Table 20 YEIH F4 270 F AMS 5o #AGle]l AAAA 71A
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22REaRe 97 A% weln BYel 49 WAXAIE 5 AuA

B4 BN AGHA 2T ¥
Ao WAL AP EoR Tk

A, AWACIERS ge FARTIAE Wud we AARES
A BAEE Table 29 AW Lo AR FLEAL AGTIE
Psh Ge WARES 4 ALY, $H(15), UEE, F345L A
MARE FHOR BNZAL Gelstel BASCE $2 HYEE A 5
St

Table 2. Analysis conditions of gas chromatograph.

A-method B-method

Detector FID FID
Column Fused Capillary, 30mx0.25mmx0.25.m Fused Capillary, 30mx0.25mmx0.25.m
Phase 100% dimethylsiloxane or equivalent 100% dimethylsiloxane or equivalent
Carrier gas, N2(99.9% more), spIi.t ratio 1:80 N2(99.9% more), spli.t ratio 1:80
flow column flow 1.2mé/min column flow 1.2me/min

air : 400md/min, hydrogen : 47m/min air : 400m¢/min, hydrogen : 47m¢/min
Temp. program 60(0.5min) = 310°C 50(5min) ~ 250 C
Temperature rate 6.0°C /min 4.0°C /min
Detector Temp. 320C 320C
Injector Temp. 300C 300C
Stop time 60min 50min
Run time 70min 65min

Fig. 2 Table 29 AY wXZHo=z ®A43 7[&3
(MF180)2] 714l 2 vl 2ot}

e DAAI AL Qi wae BRI} xR o) Ade] AA
wm 7hAe] W ek gage] R 2 7

o
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Fig. 2. Representative chromatogram of gasoline, gas oil, and MFO 180

Table 304 = ©ael wlEd F+5E 449 HeE e o
FolM el o] W2 e 7H MxEY fEdeS Ay Sl
nla) Ao Moz Aol sl As & vk

Table 3. Identification range classified by oil as carbon number.

Carbon No. 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

evaporation C12
naphtha C6~ C12
gasoline C6~ Cl12
kerosene C6~ Cl6
Jet oil C6~ Cl6
Condensate C6~ C25
gasoil & Boiler Kero C6~ C27
Crude oil & Bunker C6~ C31 more
mz 184, 198, 212,
26
mz 178, 1 206,
PAH 70 %2
m / z
156,170,184
m/z 191
Biomarker m/z 217
m/z 218
.90 -
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Fig. 4. GC-MSD/SIM chromatogram of gas oil for ships and vehicles
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5.3.1. 7+&l(gasoline)

MW7 307 200CARRA AWAel Qe AALES AffEe
FAelt ol Heb 4zt ARACR C4TCRAEAAC B8
G BHEZ @ FFO) Aol Tedol At BEraTE F4 F
= N o
=3

H
AA ¥ FFu ek AR 2HS ANBHRELRY FF Y
o p

Lo weh AEAkgrkE
gasoline), &8 714 ¥ (industrial gasoline)2 *HF ¥ T} Fig. 55 Asx&
7hER- Y] ARvE ot

H(motor gasoline), ¥+ 7}< ¥ (aviation

5.3.2. L} Z El(naphtha)

Grelt 948 3R 9 G 56 fRAldd §EHE Ao

- 03 -

2 dutd o2 AT El(light naphtha)9} 52U~ EKheavy naphtha)Z

Baht KsTHA % ARAREde FAFE gk

Gasoline

1.3.5 frimethylbenzen
1,2,4 timethylbenzen

m; p xviene
tert-buthylbenzen +

ethylbepzen

= _ o
o3

0 xylene

20 Ei) Ef a0 40 “min

Fig. 5. Chromatogram of gasoline for vehicles(B-method)

AAYZER= v)" 307 130T, HE 0.6570.700)H, AU ZEE
907 170C, Hl% 0.70 7 0.754 =]t} o] F 7HAE E¥se AHAE F
o] U E(full range naphtha)g}al o} 7|3 fo A5 2 Mf3}

Gzeae) 98 5o A8,

5.3.3. &3 E{H191 = F(aviation turbine fuel)

FFHE S5 AY 2 507300CY P Solrte A
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AREEE B T AAA, BdE, A5 o] Fa% AFaaR
&%} Table 4= &3 9 KSit4& YERAL Fig. 6 LZERS}
FTFJet A-1)2] ARVED e 9 Th

Table 4. Standards of aviation turbine fuel(KSM 2608).
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Fig. 8. Gas chromatogram of xylene(B-method)
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The Case Study for Identification of Oil Spill Accidents
W. S. LeeS. J. LeeH. G. Kiml. T. KimC. S. KimH. J. Oh-H. J. Hong

Abstract

Crude oil is complex mixture of thousands of different organic compounds
formed from a variety of organic materials that are chemically converted
under differing geological conditions over long periods of time. Also oil
composition varies according to crude source, refining, processing, handling,
and storage.

The oil fingerprint method is application of specific knowledge of
petrochemicals and use of sophisticated analytical equipment and techniques
to identify the source(s) of oil pollution.

KCG currently utilizes four primary analytical techniques: Gas
Chromatography(GC), Fluorescence Spectroscopy(FL), Infrared Spectro-
scopy(IR) and Gas Chromatograph mass spectrometer(GC/MS). Of all these
techniques, GC technique is the most widely used as a primary analytical

method because of high reliableness, separating efficiency, and repeatability.

Keywords : oil fingerprint
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Table 1. Number of oil spill accidents and an amount of spilt oil for recent 5 years.

year total under 1k¢ 1~10k¢ 10~30k¢ 30~100k¢ over 100kl
number of 1,835 1,696 88 29 17 5
cases - 92.4% 4.8% 1.6% 0.9% 0.3%
amount 4,407.7 124.7 260.2 456.9 850.8 2,715.1
(k) - 2.8% 5.9% 10.4% 19.3% 61.6%
2001 455 428 22 1 3 1
2002 385 363 15 4 2 1
2003 297 263 23 3 6 2
2004 343 315 16 9 2 1
2005 355 327 12 12 4 -

2.1. 7|d A =0lE02| Z(GC-FID)E 0|28t whH
718 @AY BEHe AFS dAE
AR S e edxA T AEE AT

= -
=, WE Aol A e ol Aol aadel
I

M= sl el ool m= sidAtal gl os) fEE ISl o
g AACHERTE FdstaL v STPER SV ARl 9l
of Tha zto]l 2 AT & dot A A} 542 Tttt

AFFEEde E4 glo] 7IEAA e JAARrtEaYgEE
o]-&3 W olH AL HEZFFEAE ol & T FFEFFEAE o
ok U2 AR 54, AR AEH % AR il wel dEH
o2 AN Qv

7| A A E e} E T

27 A ' Adeld A9l

Fol A FiEA o AAWsFEe A wA oF

FAaFe vlolutAm/z 191, 217, 218)F EA13}A Hh
7| A A ZeFE 22 2 (gas chromatograohy)> 715 %9 ¥ 3s}etslriF

o
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S B2o] 237 =7](flame ionization detector)’} F-ZE 7]A| A Z=vlE 1)
M (gas chromatograph)@ W24 3sle] dojz AHRE FFg el 29F
FES A3 BARE WS Wl of WWe A MR

A S
Atk B@shrEAstgE S vlsAel weh el A i B3l
AZ7I(FID)Z Z4 ¥ o] 715
. GCEAIHAA I addsS B35t WHS A¥(packed column), B
(Fast capillary column), C*(capillary column)®. 2 T+ T} Table 2%
| o E4xAS YEAL Fig. 12 Zzbe] EAgl o3 &
= Yepd azulE o))

P oZ rE L ot R M ool
2

ml o
o

Table 2. Analysis conditions of gas chromatograph.

A-method B-method C-method
detector FID FID FID
column stainless steel capillary capillary
2mx3.0mm 15mx0.1mmx0.1.m 30mx0.25mmx0.25,m
chromosolveW
i 0,
phase " setéliicmo(;ntos-f12/u > dimetlolgl;/l‘;)xane dimetlolos?/li)xane
(AW-DMCS) Y Y
(60-80 mesh)
carrier gas, N2 or He(99.9% more) N or He(99.9% more) N2 or He(99.9% more)
flow 50me /min 1.2m¢ /min 1.2m /min
assistant gas 30me /min 30m¢ /min
temperature L~ o Ly~ g Ly~ o
program 80(2min) ~ 300C 80(1min) = 300°C 60(0.5min) ~ 300C
temperature rate 9.5C /min 15°C /min 6.0°C /min
detector o o o
femperature 320C 320C 320C
injector 300°C 300°C 300°C
emperature
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0.000)

5.
4
4
3
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(c) C-method(capillary column)
Fig. 1. Chromatogram of crude oil form ShengLi, China

FAAYE A3 vnA WE BAANIY nYE AR Y KB E
e AAAS ol Aol BAe mRHeln AAKl mANLYL
i

BA B2 (capillary  column)oll 4] F2] %= Pristane(CioHao  2,6,10,14
-Tetramethylpentadecane)®} Phytane (CaHi 2,6,10,14-Tetramethylhexadecane)
2 n-Heptadecane(C17), n-Octadecane(C18)¥} &7 UElLf= #13=3] F(couple
peak)o]™ 715 Y-S YE = vlo] L. vl (biomarker)?] U F-o]T}. Pristane
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3} Phytaned 7FA| 3l Pri/phy2] W]9} C173+9] o]u)(C17/pr)$t C187+¢]
o] H](C18/phy)& ©]-&3te] 7H2late ol mig- F-&3HA AF&FTh

N drErokel sHN-E ¥el7] A= £4E GC-FIDO| A=}
Eadl sy FAMES A Sto]of ghrh. dwtxow e AR
B2 a) Hxo HEE peak?d 45, b) H AEH peak?] A
¢) At peak FolE YERHE TAT d) peak®] HHS o] FiL e MY
IE, e) peak?] HIFAS o]F3 AT MO FE, f) pristane, phytane}
C17, C189] 3o]H], g) UCM(unresolved complex mixture)2] #¥ 55 &
At TA-FAE Y BaE WY 5 ik

z
)

o

o

1oox

22. HlMEBYEAE ol28 E4uy

Ao ggEsel oF BAgEe Hoie] AnE B W §4
Hi FE 7 shgel djste] AGAFFANEDS ST o] FrUE
Hla BAste] §Ee AW @ AA W olBE A ol

AFFEED WA A BRSD Qi Bho] Af Ei AueA ALg
e ARAAA oW fAAATAAAE Aeets Hzel PHom
F2 Abgel glev] o AdE o owse] BAMWS A4
F alvt

AR .

HYEYYTHE ol 838 E4uHy
S A% A B B o FedA
ety FE oluAel nlHste] T2

(ground state)l| Xl o1 7] ¥l (excite state)Z EWA = A4S Etr) o] &
EAE oUAZE TAl ZIAZE R Eoks W WEse 3
ool HEE AT e BAVIVIE ¥ FEF3 S (fluorescene

spectroscopy) &} &t}

N
Rl

of AW FEfreel TFH d= vV FFEIFLFIE
Bl 32 549 23 (exciting wavelength)oll 4 W ¢l o] &34
=HEGS SAsto] Al7|ek sEE vlaLste] gelshs Wolth. AfF
ol EAlstE BT EEEES kg FH o]l diRAY AEE A
atk olgldk tEEdS sEe] 54 wiiLel FAWEE 2 71Ee]
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2.4. GC/MS 0|83+ 2A{dH

GCMSE °] &3 sid-FEf WA UE GC-FIDAA #9187
e A e HAA o R AMEEE WRlo|th GCo A A
AE A 22 NEHQ ol mldiEA o] shsste] AAWEE
FEfre PR Ade BaHor AgEE Jgolt)

o] EAWMHS Table 37 o] 22719 hEZ < EfAlo] &g A3
Aol 2K B F(Selected Ton Monitoring) ¥4 & Ab&3te] 4%t} +4
A ggEde A7 AW =(aliphatic)?} W3 (aromatic) A= R
F dom AEsH  alkane(m/z 85, 113, 183), PAHs(C2N ™ C4N, P/A~

C3PA etc), H(sulfur)S ¥3+3F PAHs(D ~ C3D), L8] 3L biomarker® &%
m/z 191, 217, 218%5°|t}. H Qa3 7S Fluorenes(COF ~ C3F) H&
Chrysenes(COC ~ C3C)5& X8 4 Slth

|

Table 3. Representative target ions of GC/MS.

Compound Type lon  Abbrev. Compound Type lon  Abbrev.
alkanes 85 C1-phenanthrenes 192 C1PA
alkanes 113 C2-phenanthrenes 206 C2PA
alkanes and acyclic iosprenoid 183 C3-phenanthrenes 220 C3PA
C2-naphthalenes 156 C2N | mono-aromartic steranes 253
C3-naphthalenes 170  C3N | norhopanes 177
C4-naphthalenes 184  C4N | methyl hopanes 205
CO-dibenzothiophene 184  CD bicyclonaphthalenes 208
C1-dibenzothiophenes 198 C1D | tri-aromatic steranes 231
C2-dibenzothiophenes 212 C2D | Triterpanes(hopanes) 191
C3-dibenzothiophenes 226  C3D | 14a(H) steranes 217
phenanthrene/anthracene 178  P/A | 143(H) steranes 218
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GC/MS w415 913l Fl, F2 ¥ M2 314 &3l n-HexaneQ &2 5
Z3 whole oilS AFEEIT) B2 B&E9 AA, &0 S A8 &
(F1, F2, =% FI1+F2)9] FoA3% GeMSe] A2 & ¥MAT +
AAEE ZHAEA Alell= Fde 2318 frAstelof gt
3. SHY2G AL ZHALEAM At
3.1. A&3 B4o| FEE ES

sl Fol A WA FRLGALE Aute] 542 olFA wliel %
BEo] wfg- of il Pt MES o R B Foluid Mute] dia A
AF zAE @dAow Brbsith aeRE A4 EMAE daw
e dRET AR A daE A2 7P dad 7iHolet
fe1g 5’: o]r/]_.

Fig. 29} Fig. 3& s~E ZA7W S ol @ste] 29l 9=

A AlelE ehngl

o

(a) chromatogram of spilt oil

(b) chromatogram of suspected oil

Fig. 2. Case of exposing the oil spiller(2004, Incheon)
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t}. Fig. 4= Iranian heavy crude oil®] A3l o & UEFHAAL Fig. 5
= n-alkane?| C255 7|22 34 Fig. 49 AZvtEaM ] 1S W
& 3 (bar-chart by Excell)@ 3 A|g Zlolth HAAWH3} Z$-9] n-alkane2] &

25 2 yghin 282 ¢ 5 Aok

Iranian Heavy

Iranian Heavy

(a) before weathering

(B) after weathering

Fig. 4. Chromatogram of Iranian heavy oil before and after weathering
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Iranian Heavy Crude oil n—alkane Weathering check
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Fig. 7. Gas chromatogram of xylene
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Fig. 8. Blend of fuel(gas oil) and oil dispersant
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1. M E

e @y W Fueee awESe ud Frbsa, uds
admE=E HA-E4 JIE A7 @3 s Qo] ABAF oF 4009149 G AL WAL Qo]
~ HNSE =AOo2 - WANYAE 24 FUHL Y Agelth S URie 442
o997 % P S -71 9L Flol ek Qi FURE FEAS o8 APFEE B o
FolAx g Aol
Study for Identification of Waterbome Spilt Substances 4%?; e %Jﬂ_r ?igﬁww kil _%—E ﬁﬂ#_ s A 24
MET AL QA% FRGEALA WA BT AT BHA}
- Focus on Hazardous and Noxious Substances - o AeIA Aol WA A Aele daolt qEez U oloF SxA
W. 8. LeeC. G KimH. G. Kinel. T. Kim 5o wwe eadol AnARLE TN el FEUsource of ol
spil)o] A3 Akt e xS g3l 5o 4ol ddstA ey
Abstract EIRILS S
In the analysis and identification area for pollutant spilt on the sea, a el FrEH= 7IFo2eE U (crude oil), 95 (refined petroleum),
high ability of analyzing spilt substances and accurate and rapid analytical & &f(lubrication) B FAZFE] MAHAS(bilge), A&, AD-FaAE
methods is required to decide a response way, to confirm contaminated area AHNS) T2 Y= F Aok FEIHZE 1odd B9 HiE, W=
and to expose a pollutant spiller. exz g JAA AFgoR Q% &, 11 TE, Fx, IE F A
In particular, the quantity of HNS(hazardous and noxious substances) Abarel] o3k frER F-EE 4 SUth Table 12 < 10d3F 2 A
reaches 50% of total quantity of goods transported on the sea in Korea. ARl sF it ds UeEhllaL, Table 2= <t 51d%be] HNS
For that reason, the possibility of occurring a disaster by HNS spill is =AhL dgs HER Y
increased. ARERAS FARAYTE Al Bt A 54 wpe] F
The object of this study is to confirm methods of analysis and e =&8ela A 95 445 7L slo] #4458 So] ofd #
identification for HNS using a gas chromatograph(GC), Fourier transform gt s Aokt stan g S dAba Al A e A, 29X
infrared spectrometer(FT/IR) and gas chromatograph mass spectrometer o] &l B =W e g e Ao A 2 fldl FFsta A%5F 7
e gaw o

(GC/MS) and to demonstrate why the analytical database for HNS should
be established for HNS spill response.

Keywords : HNS, waterborne spilt substances
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Table 1. Number of oil spill accidents and an amount of spilt oil for recent 5 years. 2. AMFESERS S/YH ENM

year total  under 1kl 1~10k¢ 10~30k¢ 30~100ke over 100ke
number of 1,835 1,696 88 29 17 5 21. &R TE
cases - 92.4% 4.8% 1.6% 0.9% 0.3%
amount 44077 1247 2602 4569 8508 27151 211 Light distillates R o B
(kt) . 28%  59%  104%  193%  616% C3ocdl wsTa AR gbie S AdEes v
(naphtha), 3] f-(automotive gasoline) 5©| ST}
2001 455 428 22 1 3 1
2002 385 363 15 4 2 1 2.1.2. Mid-range distillates
2003 297 263 23 3 6 2 €67 269 ®alra AL AT QB AFAIESR S (kerosene),
2004 343 315 16 9 2 1 A EAr(jet fuel oil), 73 (diesel oil) 5ol SiTh.
2005 355 327 12 12 4 -
2.1.3. Heavy fuel types
S A (residual oils)E FAEO® Stal A, AdREST s £
Table 2. Present state of pollutant spill accidents for recent 5 years. el HGAEoltt 2 gAr|THE 2 nAdgdad AeE X A}
[case number/amount(ke)] Ao o& AZH, BERF, CEFE T8I 4 o Az HEr)
year total oil HNS the others Zol R}, Myt A= AGoe] Fdlo we AEE dEste] Mure
total 1,963/4,580 1,885/3,080 22/1,437 57/64 719k ARl FFol wlgl MFO(marine fuel oi)2 E2]i= U3 HA=ZE
2000 483/ 583 463/ 569 3 3 1711 M EFAEHFE AT
2001 455/ 668 440/ 631 4 10 11/27
2002 385/ 410 372/ 199 6/ 211 7/0.4 2.1.4. Lubricating oils
2003 297/1,458 28411452 5 2 8/ 4 €287 C409] B a4 AL AT 9lon] s alkaned] 4ol
2004 343/1,462 325/ 230 4/1,210 14/22 A9 EAEA] gorn ANtAH 0 Z crankcase oil, hydraulic oil, cutting oil
e ETTT
A F83 EAVIHoRE VAARZMEIYZ(GC : Gas Chroma-
tograph), 2 9]43-43EA(IR : Infrared Spectroscopy), 84 334 (FL 2.1.5. Bilge etc.
: Fluorescence Spectroscopy)E ©]-&3 WHE0] 9low GC/MS+ o] &3 Me2 A Eo| TIH A o) ke AR Ho A FAF L Y= 7
B e neHon AERE vl olzld AWES FAY g9 FRol TFAG. WA B AAAse Bel o BAe Al
ot dedaad Nguden Asde pAsn Ak Aol B3} AR, &AHECl ST FAEFEOIT Mupol A A
Aol e vt sidEEEe oF 50%E A d = © LY=ol EREIdEo] o] FolA= tEAQ Bl
Abie] 9al Aol molx RS fiASsEe "aAe] AVHIL U= 9 Fig. 1& AAS9 v H(boiling point)oll WE AFHFo EFo HAAH
FAo B AMENS)S AR Aol e FRH e w=aaa) g, S (bilge)S LB GCFID 22 PHE el T,
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2.2. HNS(Hazardous and Noxious Substances)
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Fig. 3. Gas chromatogram of xylene
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Copr LI1900, 19011990 Sadter_ A Miats Neserved

\,uUJLMA\, Py

d d\ A ,MMWMMAMJM\

— P pror

[SEARCH TYPE: IR Spectrum Search

DATE: 10410405

TIME: 16:25:36

INUMBER OF HITS: 20

ISEARCH ALGORITHM: Euclidean Distance

RANK LIB ENTRY Hal CHEMICAL NAME

K ULA2 948 ETHYLBENZENE.

z EL2529 906 PHENETHYLAMINE, A-METHYL-, L~

3 SRe3 888 ETHYLBENZENE

a EL2773 882 BENZHYDROL, A-PROPYL-,

5 EL2154 874 BENZYL ALCOHOL, A-PROPYL-,

6 EL2311 874 1-PROPANOL, DL-2-BENZYLAMINO-,

7 ELB43 871 BENZYLAMINE, N-ISOPROPYL-,

8 EL2391 871 PHOSPHINE SULFIDE, DIBUTYLPHENYL-,

9 EL1805 868 BENZYLAMINE, A-METHYL-,

10 UL360 867

1 EL2610 863 HEXANE, 1,3,5-TRIPHENYL-, JRACEMIC-,

12 EL539 862 BENZENE, SEC-BUTYL-,

13 EL2642 855 ISOQUINOLINE, 1-BENZYL- 1,2,3,4TETRAHYDRO-,
11 EL997 853 BENZYL ALCOHOL, A-ETHYL-,

15 EL2851 851 BENZYLAMINE, A-/2-/DIETHYLAMINO}- ETHYL#-N-METHYL-A-PHENYL-,
16 EL1689 849 BENZENE, [2-METHYLPROPENYL-,

17 EL1848 849 ETHANOL, 2-/A-METHYLBENZYLAMINO}-,

18 EL2166 848 VALERONITRILE, 4METHYL-2-PHENYL-,

19 EL208 846 PROPANE, 1-BROMO-3-PHENYL-,

20 SR179 845 CUMAR R-15 [FORMERLY CUMAR MH-1 1{2 RESIN]*COUMARONE-INDENE RESIN

Fig. 5. Example for searching FT/IR library
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ZIAAZEDYZANAN Ede] HHEE #H3y] HsiAE E-e 7R
A 5 A {H(retention time)©] F LS AR 7} Hh

ER BAzANAN 7| AI20E LY

™ L ) H -
B 950l e AR FAT F vk
U= Fig. 69l etylbenzene2] ] JAzrtE 23S Jelde A%
Ak gy A oAM=

- de] AR AR FAFm
2 Abdel olefgk & AaLe] EHu]ﬁ}oq Fig. 73} o] 7|AZ=ntE1%
o] dlojglu|o] 23171 g sttt
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Fig. 6. Gas chromatogram of ethylbenzene
VB-1 Column(30mx0.25mx0.25mm), 50°C (5min)—4 C /min—250C (10min)

Tetrachloroetylene

Fig. 7. Pre-drawn gas chromatogram of ethylbenzene etc.

424, 7|M3AZ20lEdei = HZFEMT|(GCMS)E ©
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e 4
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ol AgolA BAFES & 5 glov] FAo| Z oA B
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Fig. 82 Xylene &£%%E 2| Total Ton Chromatograme WEIJSI I Fig. 9
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Fig. 8. Total ion chromatogram of xylene compounds
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Fomda  CBHID Retindex:
Class Flag: No Class Flags,

Fig. 9. Mass spectrum of ethylbenzene in xylene compounds

425 SEHEY.EMZH|
ARSHRAGE AT Al A el A%a)
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Table 3. Class of measuring and analyzing instruments(in a field).

item class of equipments
KM8

detector and KM9
detection kit

water quality measuring kit

KM18A2
gas detector CDS(Contained Detection system) Kit
Chempro100
otable measurin
pod 9 came
instrument
APD-2000

potable analyzing ~ 9as chromatograph(Portable GC)

instrument gas chromatograph mass spectrometer(Portable GCMS)
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233 =W (FT/R), 71 A A28 ZH(GC), 18 7)Aazvteez 2
FEAIHGOMS) e 293 o THAQ] IS v of drh
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7B gy 22 NEEAS @ BATRE VA E
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Analysis of Ocean Dumping wastes
W. S. Lee'H. J. Cho-S. K. Shinl. G. Kim'S. H. Park-G. S. Park-
S. H. CchangJ. C. Han'D. W. Kim-B. S. Yang'Y. M. Kim-
S. W. Chae:‘G. M. Pyo-S. J. HwangJ. C. Lee-H. K. Lee-
T. W. Kim'H. J. HongP. G. Jangl. C. SongM. S. Seo-
S. S. Gil'N. J. Park

Abstract

In order to reduce the amount of wastes which have been dumped at
sea, 96 Protocol on London Conference became effective on March 24,
2006. Following the protocol, the number of chemical analysis items for
wastes prepared for ocean dumping was decided to increase from 14 to 26
by a newly revised regulation on Prevention of Marine Pollution. The
method of chemical analysis changed more thoroughly as well as the
number of items.

In this study we tried to clarify the efficiency by the newly decided
method; the result revealed 9-29 times reducing effect of the amount of

ocean dumping wastes.

Keywords : ocean dumping wastes, reducing the amount of wastes, 96 Protocol
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Table 1. The items of analysis and their criteria permitting ocean dumping for wastes.
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Fig. 2. The state of wastes disposal at sea from '98 to '05
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Table 2. The number of waste samples analyzed for ocean dumping from '97 to '05.

T = Al ‘97 '98 99 '00 '01 '02  '03  '04 '05

11,692 536 727 1,194 1,355 1,444 1,366 1,462 1,505 2,103

A (323) (30) (57) 41) (34 (40) (22) (35 (@31 (33)
AT 7 3,647 404 376 391 450 442 395 459 400 330
ST 152) (190 (30) (14) (15) (22) (10) (19) (19) (4)
A=A 8,045 132 351 803 905 1002 971 1003 1105 1,773

Yo7 a1 @7 @7 (19) (18) (12) (16) (12) (29)

% () The samples over the criteria(unable to dispose at sea)

AEAA 43S JTHE BRI F 11,6923 F AEAxRY
42834(36.6%) = 7Hd #wom, AH-INY 2,554%(21.8%), }tokE
1,481 (12.7%), THLAWAAIEY 1,325%9(11.3%), 7IEF |F 1,127
9.6%), F7FE 52178 (4.4%), SOl H2] 40178((3.4%) o2 HEFRLT
97 A A 05 A=A 0] AFE HYIE EAFAE AHEW A EAX
2 /\21ooaul;<]1\]x4<§g] ;\]a/\ §7]_5}1 9] = tﬂ—ﬂ‘:] /HO Oixucﬁ
9 98] ARsrE Fasta e Ao vewern, #HrE 4
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Fig. 4. The changes of the number of waste sample analysis from '97 to '05
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Table 3. The number of waste samples analyzed for ocean classified by

industrial characteristics.

WE o, AF AR @ uR Sdes g
g Az JA oS Tk UAAE Es
Al 11,692 4,283 2,554 1481 521 1,325 401 1,127
‘97 536 191 114 40 63 27 28 73
'98 727 222 197 65 60 71 20 92
'99 1,194 291 351 209 61 64 45 173
'00 1,355 422 374 185 79 94 54 147
'01 1,444 503 368 186 83 104 70 130
'02 1,366 497 300 180 81 143 58 107
'03 1,462 591 275 171 48 207 62 108
'04 1,505 583 272 213 23 217 57 140
'05 2,103 983 303 232 23 398 7 157
1200
—— AN EM =
1000 [ = FEA
EEEE
35713 /
800 I —smeygyx
—o—Zo|EH=Z
600 —— —+—7IEt
400
200
0
974 984 99 00 0144 024 034 0444 054

Fig. 5. The changes of waste samples analyzed from '97 to '05 classified by

industrial characteristics
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3. 9
1997\ 72005\ B¢t AFEHE AIEF(11.6927%) thh] ZIAEE 323F

(28%) % o] F AZEARY 11481.0%), A+ 9278(0.8%), 3-3HeF
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71EFS 3031 (0.3%) olem, =X R F At HEIELS ofd

i, o R HEF 854, el 5971, AE 264, JF=F 264 4 o]tk

Table 4. The number of waste samples over the criteria from '97 to '0S.

2= Z]

= 3 o 35]-5 ik = =
I S I A A B B RN R
o 1 = - R Sy | _lva_ [e) }\]/}_'_j‘ —_—
AR 11,692 4283 2554 1481 521 1325 401 1,127

A 323 114 92 37 28 22 0 30

97 30 3 15 3 4 2 5
g 98 57 9 29 5 6 2 6
= 9 41 9 12 8 3 2 7
= 00 34 0 12 4 4 2 2
7} 01 40 18 8 2 5 2 5
A 2 13 1 1 2 5
=03 35 19 3 6 2 4 1

04 31 19 5 2 1 4

05 33 14 7 6 1 1 4

QES TR, 1Y Wol 2e obdd 1247
T ARG ey ol odel hel e gt o
SRR WA A7) wEoln AEAEY 2474, 3

o =
= = =
stofEdd 144, FHLATAANEY 114 o= HEH A

HEF g2 8578 FolAE AEFAZRY 413, I8713Y 199 o2
A AEEJ oW o= HEFIF WE-A, EXH % AEHE, IY7HE
S 9% FEe duE Wol AN "l o AL JERE
9F, A 63, setkEY 6d, TR °é%ﬂ AdY 5H o=
HEH AT
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5.1. Hi &

LC 969 A 48 9 st Fxlo i G dAE A 13
o] 7§74 (06. 2. 21)E ] '08\d 2¢¥ 22URE HEHE MEE HIDAT
AAE A 3 A = Qe B FE daXd o) 7=
237 $EE e 95 5 dste] R AFUHoR AEHAE
AAsL A7) A27lEs A48 A AT 2 F&ol o 23 A

e mAHs,

5.2. AAMA R MY
TAANEE @A Y mEHn Jde dEFT Ad 2 AJAA Y
[e] =)

[e} 1l
A FR WEEHE H2E 83H 5 2788 S A ERR AAs .

Table 5. The number of waste samples analyzed for ocean dumping

classified by industrial characteristics.
A ARz sEkelRr ARad vEks WA FEs 7] B
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Table 8. The number of waste samples over the criteria.
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Fig. 7. The comparison of the ratios over criteria analyzed by extracting(1.6%) Fig. 9. Over second criterion ratios according to the characteristics of industry
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Monitoring of Marine Environmental Pollution in the Ocean
Dumping Areas
W. S. Lee:H. J. Cho-S. K. Shin'S. H. Park’K. S. Park-

S. H. Chang'D. W. Kim'B. S. YangS. H. ChaeJ. C. Lee
S. S. Gil'S. J. Hwang

Abstract

Dumping of wastes at sea is forbidden by the law named Prevention of
Marine Pollution in Korea, except of a certain wastes hard to treat in land
with low concentration of hazardous materials, such as waste matter, waste
water from stock raising and sludges, etc. The increasing amount of
dumping of wastes at sea induces pollutant condition in marine environment.
Therefore, international convention on prevention of marine pollution by
ocean dumping of wastes such as '96 Protocol on London Convention
enforces the participants to follow the agreement.

We, Korea Coast Guard, conducts persistent investigation at ocean
dumping areas every year from 1998 to monitor marine environment
changes probably effected by dumping of wastes at the sea areas. More
intensive and seasonal monitoring is needed to protect marine environment,

continuously damaged by artificial pollutant.

Keywords : ocean dumping areas, monitoring, marine pollution
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Table 1. The capacity of ocean dumping areas, Korea.
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Fig. 1. (a) Schematic diagram showing three dumping areas apart from Korea

Peninsula; (b) temporary resting parts in Donghae Byung and Seohae Byung
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Table 2. The location of each site in ocean

dumping areas, Korea.
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Fig. 2. Sampling sites and resting areas in Seohae Byeong, Donghae Byeong

and Donghae Jeong.
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2.3. ZApukH
2.3.1. Al ZA

A]e,] ‘H?L By, B4 GG UAY A4xel3 Aol Al
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o] g3lo] AFH st A AZHA Az wE wEEH we ¥y 4oy
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sl T sel BN B s, S 140
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Table 3. Method of preserving samples until experiment.

TR U NEE7 B =g Hl 2
COoD, SS, TOC , 1000m¢ | 4Col3} W
& | E2EEe JYAEF| PEYW, 1000m | A GE 2o A
Fo4 PEH, 500m | A W% [y
- |
A 2o pep = 5-2)H, 500 = WE
ﬂ ﬂ% s T, S T B g = S

1998 2 1999 == A7) AAE 157 53 5L 5 67
Juiali S xAlatgl o, 20009 5B E 678 (TOC)% iiié g
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Table 4. Items of chemical analysis in the samples.

T = A} 3y = ZAMA 7]
5o, AR, S0l & EpH),
W57 | &EA2(DO), 3H8HA AT 87 H(COD), g
S (9)| 1o . 2ol 2,5,8,11¢
g | T )| FH=ASS), TEA(T-N), F2(T-P),
(15) 718 2(TOC)
AR S| 67FAF(Cr'), ¥l 4(As), FHEH(CA), 5 84l
- 8%
35 (6) | W(Pb), T-21(Cu), °H(Zn)
A (LR L
_ 22 2,58,114
AR =@y T 2SI
Qe
3= (1) 715 2(TOC)
1. z_:y_/\
ﬂ%(Cr), H| 2x(As), 7F=H(Cd), H(Pb),
T2(Cu), °F1(Zn), +2(Hg)

3 A 2. ZFF 2o E] EX]H < (PCB) 3
A ) PCB-28, PCB-52, PCB-101, PCB-118, SELCT
(22) |A7BHE|  PCB-138, PCB-153, PCB-180 871

&5 (21
3. hEh ksl 42 (PAHS)
Naphthalene, Phenanthrene,
Anthrancene,
Benzo(a)pyrene, Fluroanthene,
Benzo(a)anthracene, Benzo(b)fluroranthene

06 2 21 AFeATAE Al RNl weE WA E=
HA71E A L 5ol sto] #HrlE wEsi el did =AEES o
T8tk 54 A Ao R = 08id 249 227H AdEE HrE AR
HAArbell Az o] F7he AHAF7] LA EH(POPs)?] EPE 220l Bl =H]|
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Fig. 3. Fluctuation of Total Nitrogen(TN) mean concentration from ocean

dumping sites in recent three years
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Table 5. Pollutant concentrations in seawater from ocean dumping sites and
the adjacent areas(control stations).
sld/a| =AF | COD | TN TP Cr' | As | Cd | Pb | Cu | Zn
= (2) | (opm) | (ppm) | (ppm) | (ppb) | (pPb) | (PPb) | (PPb) | (PPD) | (PPb)
5 1.3 0.11 0.028 0.1 0.5 0.1 0.3 0.5 2.0
1.2 0.12 0.027 0.1 0.4 0.1 0.2 0.3 2.1
5 1.2 0.19 0.010 ) ) ) ) ) )
1.1 0.21 0.010
R 3 1.1 0.23 0.018 09 | 340 | 0.1 0.5 0.9 3.5
0.9 0.35 0.021 0.8 | 35.1 | 0.1 0.4 0.7 2.6
1 1.1 0.50 0.006 ) ) ) ) ) )
0.9 0.30 0.008
- 1.2 0.26 0.016 0.5 173 | 0.1 0.4 0.7 2.8
et 1.0 0.30 0.017 0.5 17.8 | 0.1 0.3 0.5 2.4
5 1.2 0.104 0.011 0.2 0.4 0.2 0.4 0.4 2.2
1.0 0.111 0.013 0.1 0.3 0.1 0.3 0.4 2.0
5 0.8 0.169 0.003 ) ) ) ) ) )
1.0 0.171 0.007
=g 3 1.2 0.298 0.014 04 | 356 | ND 0.2 0.4 2.0
1.0 0.234 0.016 0.3 | 356 | ND 0.1 0.4 1.5
1 1.2 0.271 0.006 ) ) . . . .
1.0 0.303 0.006
W 1.1 0.211 0.009 0.3 18.0 | 0.1 0.3 0.4 2.1
1.0 0.205 0.011 0.2 18.0 | 0.1 0.2 0.4 1.8
) 1.2 0.097 0.011 0.2 0.3 0.3 0.2 0.5 2.4
1.1 0.124 0.009 0.2 0.3 0.2 0.2 0.5 2.1
5 0.8 0.194 0.009 ) ) . . . .
0.8 0.190 0.005
Rk g 1.0 | 0368 | 0012 | 06 | 354 | 0.1 | 04 | 14 | 25
0.9 0317 0.016 0.5 | 345 | ND 0.3 0.8 2.2
1 1.0 0.285 0.008 ) ) . . . .
1.0 0.362 0.011
Wt 1.0 0.236 0.010 0.4 179 | 0.2 0.3 1.0 2.4
1.0 0.248 0.010 0.4 174 | 0.1 0.3 0.7 2.2
. [°53 | 1°]3} 10301 8}/0.03°] 310
Nz &5 | 2018k 0,608} 05°]8F | 50 | 50 | 10 | 50 | 20 | 100
s | 4°]3} [1.00]3) 0.090]3
# ot Z xAhs Hluwside| QE=EE s E LEHY

HiEdY a4 ol EAlskeE vF T35
B, o]% [2003] o] ZAFE 2002 7€ 9
FE=7F 22 0.86, 6.75, 0.10, 0.14ppb o2, Bl&3] S AA|e] HH-sme} v

w3lel B cust cdE 72 0.7, 0.1ppb= H| 23 ,
S 24ppbE FUWtR T of3u] e %E“z’ LPEMME, Pbi= L ubd

Hlgko] 2uf) o] ¥ =5 YWEIlth =3 d [2004] o] vRabRE &
AE F71A499 3 ? FTud M ZAnet s B9, Cu, Zn, Cd, Pbol
1.58, 1.82, 0.15, 0.19ppb2] s=Z AANZH oz wiEd|H2 v s=8
Bolou, Pbel A5 viEa ol ozt A deEo aeu wiEa oot
ddnt, vhaket Z”E T BE de  Ted sEe A9 A
714 olske] W2 ghe Holal 3l3ltk(Table 5)

A T L9EdY wEe wE S vasjdel S AolE
UERHA ke, ol dllgre] EEld HEom wiEs el Fr1E ¥
71EEo] E-2tE wﬁﬁoi A}EHDP upehA 7] = o] o Gl

Table 6. Comparison of heavy metal concentrations in seawater from ocean

dumping sites with inshore areas of Korea (unit : ppb)

Z A o Cu Zn cd Pb
vl = 3 o (A A H ) 0.7 24 0.1 0.3
GIER 0.5 2.1 0.1 0.3

Ll 0.86 6.75 0.10 0.14

1.58 1.82 0.15 0.19
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E Hu
Cr(151mg/kg,dw)e] 73-5- Ml Fh71d el 4= 7|+ sHEHAI(ERL) ©]2<]
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FEE dehigon@ AANAE NEAE 9), 1 9 Cu, Zn B
FE% Fsre H4% 71F 88N ol FEREE Uehln 9
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Table 7. Heavy metal concentrations in sediments from ocean dumping sites

and inshore areas of Korea (mg/kg,dw).

S /gy Cr Zn Cu Pb References

v 28] o (1 A 3 151 132 33 25 )

' ﬁ((ﬂl Jl’]z;ﬁ 04)) 86 110 21 24 this study
A ukE 27k 49 43 12 24 x% [2001]
OJXd‘%fz} }H# 214 420 251 56 o= [ 1998]

QA 58 136 260 138 38
71 &) 7 59 128 30 37 Lee&Lee [ 1983]
B 67 95 19 35 Z% [2000]
Ll s - 182 67 50 % [2003]
A 3l & 85 158 115 26 |5 [1999]
Al 3} 5 (oF & I
s | | | A | | o
e 210 432 147 %% [2005]
FlTF JAd 89 101 28 Kim et al. 1998]
Gkl 53 61 11 Z% [1993]
= 3 48 67 15 Kim et al. [1998]
9wk 25 94 13 29 ©]%5 [2003]
ERM 370 365 271 220
ERL 81 271 34 47

# ]S G 7] H(NOAA) HAE #4AA ¢
ERM(“3%HA], effective range median) - A A AAE 50%] &S v SHFE;
ERL(3}8HA, effective range low) - A AE 10%0] FS 5
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Fig. 6. Heavy metal concentrations in sediments of Seohae Byeong according

to sampling stations (A, B control stations)
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APPENDIX

2003-2006 TEZTAL WAsT
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O gd™¥MI|2Y sldg7|&
% 27 BARAI R AL02BA ~1%94 474)
BB A WY AEE D)
[HE 11<714 °00.8.17, *03.6.30, *05.9.8>
1) 4t
3l & A Ab S = | = _
gu|Ta0l [T g ste Tl sz | xa
TH| x| T mg/t) g | (mg/e) | (mg/e)
°© (mg /)
I 78783 108 | 7.5 9% |0.01 ©3|1,000 ©3} 0.3 o] 3 210_63
M 65785 2ela | 5 o4 001 ¢l5|1,000 oI5 0.6 ol & %
I 6.5~ 8.5 4 ©]3} 2 oA _ _ 1.0 ©] & g]%%
2) At AZES
5 g = 71 ((mg/t | & S 7] % ((mg/
" ) " 0)
ol oF A=
67} 2 & (Cr6+) 0.05 ] 0.02
2 0.05 shera s 0.06
H A . .
e 0.01 Here e 0.25
FAR= . .
A }WH(Cd) os | A|priEAEeedel
P . .
& (Pb) HEgZzzod g
o} A (Zn) 0.1 0.01
g o0z || EHE==ARA 0.03
B 0.01 dEe 0'02
o . .
o Al ¢F(CN) o _—
42 (Hg) 0.0005 0.01
z A 0.005
e S .
FE el S0l AW e Al (A
g =g (PCB) | 0.0005 : 05
BS)
WI L BF IS gEde] W vl & Sabael A, 34 @ o5 g0
Hghe 5
2 SRIE Sgolne) #g 2 clbigst g0 2 4 5 5719 e
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A AR FAO AgRF g o] FEe) AAFA el A 44
3. EHIME T8 W2, duke] At 5 JE 85 o] gHE: 44
O 20004
T = A s H s 3 W s o A
2AF A7) ANAF | A2 | A3 | AAZF | AR | A2ZF | A3 | AdzF | AL | A2 | A3 | A4}
- 29) | 69|69 (119 29 | 69 |6 |[11Y | Y | 6D (68D |11
o) FE
81 | 82|81 |82 | 82 |84 | 83| 84 | 83| 83| 83|83
(pH)
|EM(%) | 87 | 86 | 5.1 | 7.4 | 88 - 78 | 72 | 86| 69 | 68 | 83
P Qe
s °l 15|13 12|11 |12 |15| 12| 10| 10| 1.0 | 1.3 |08
(mg))
- (mg/0) |0.0009]0.0009|0.0009]0.0002|0.0009|0.0006 |0.0009|0.0002|0.0006|0.0011 |0.0007 | 00001
Yol d & -
(g /0) 0.011 |0.015|0.006 | 0.005 | 0.004 | 0.016| 0.003 | 0.002 |0.008| 0.018 | 0.002| N.D
ob A A A A&
(;ng/(’,)) N.D | N.D | N.D {0.005|0.005 | 0.001|0.004 | 0.002|0.005| 0.001 | 0.002 |0.006
A2k A (mg/
) 0.091 |0.007|0.041|0.029 | 0.080 | 0.008| 0.025 | 0.006 |0.050| 0.007 | 0.040|0.018
%A 2 (ng /L . o0 -100s 251 0.03° : c 510.0
) 0.102 |0.022|0.047|0.039 | 0.089 | 0.025| 0.033 | 0.010 |0.063 | 0.026 | 0.045 |0.024
%<l (mg/0) |0.016]0.009(0.011]0.008|0.015 [0.008 | 0.007 | 0.005 |0.009| 0.006 | 0.007 |0.006
0 =
67}1; (mg/ ND [ ND | ND [ ND | ND | ND | ND | ND | ND | ND | ND | ND
Wl 2 (mg/¢) | ND | NND | ND | ND | ND | ND | ND | ND | ND | ND | ND | N.D
Ej ==} o
/}“‘T(m&/“ ND | ND | ND [ ND | ND | ND | ND | ND | ND | ND | ND | ND
' (mg /0) N.D | N.D | N.D | N.D |0.0001| ND | ND | ND | ND | ND | ND | ND
T-2] (mg/¢) [0.0001] N.D | N.D | N.D |0.0003/0.0001| N.D | N.D {00002| N.D | N.D | N.D
o<l (mg/0) |0.0028/0.0017|0.0041[0.0065|0.0038|0.00250.0048(0.0044|0.0029|0.0019|0.0044 | 00061
2229 (g
°*L)(mw N.D [ ND | ND [ ND | ND | ND | ND | ND | ND | ND | ND | ND
Alek(mg/¢) | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | N.D
¥ ND : A&5HA o|gt
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= 2 A 5 o 3 5 9 4
A} A7 AR [ A2z A3} | A4 AlLAF | A2} | A3 | A4} | AL} | Alak | A3} | A4t
- 29 |69 6D 119 28 | 6D | 6D 11| 28 | 6D | 6Y) |19
E’p]ﬁ)o 82 82|82 |82| 83 | 84| 82 |83|83]|83]| 82|83
Q =
e | o7 |74l 71|80 86 |77 | 63 | 77|82 |73 | 65 |78
T
Qzﬁ@ﬁ?a 12 |15 16| 16| 12| 13| 13 |14 13|12 1509
S5 (ng/0) |0.0003 00004 0.0004 0.0001 00002 00003
1 ]
i E(‘riﬁlﬁ—i 00010017/ 0.034 |0.015| 0.000 | 0.018] 0.038 |0.007]0.000[0.011| 0.049 |0.010
]
”(m:% 210,001 [0.001|0.000|0.000] 0.003 |0.000| 0.001 [0.000]0.005|0.001| 0.002 |0.001
] IS
ZF'(;LZ) 0.064|0013]0.045 |0.021| 0.067 | 0.002| 0.033 |0.021|0.062|0.028| 0.044 |0.021
%8 2 (ng/0) | 0.0660032]0.0790.036] 0.071]0.020] 0.072 [0.028]0.066|0.040] 0.094 |0.032
%9 (me/t) | 0.001 |0.004] 0.010]0.006] 0.001 |0.002| 0.006 |0.003|0.001]0.006] 0.009 |0.005
67121 % (me/2 10,0001 00001 0.0001 0.0002 00001 0.0002
M) 2 (ng/0)  |0.0002 00025 0.0003 0.0016 00003 00016
7= B (ng/t) |0.0001 00000 0.0000 0.0000 00000 0.0000
Wme/0)  |0.0001 00001 0.0002 0.0002 00008 00001
72 (/) |0.0005 00005 0.0003 0.0003 00008 0.0006
obel (mg/0) |0.0027 00014 0.0041 00031 00025 00016
2 (/00,0000 00000 0.0000 0.0000 00000 0.0000
A t(ng/t) | 0.000 0.000 0.000 0.000 0.000 0.000
Bl of A = 00000 0.0000 0.0000
(mg/0) . ’ .
ShebE) & (ng /0 0.0000 0.0000 0.0000
)
] (g /¢ 00000 0.0000 0.0000
)
=
v 0.0000 0.0000 0.0000
FES = )
o 00000 0.0000 0.0000
EeiEEeE 0.0000 0.0000 0.0000
(mg/0) : ’ :
22t
il 00000 0.0000 0.0000
H = 5
o= 00000 0.0000 0.0000
(mg /2)
- 188 -




o
2
A
5
g
2
[}

®al0y 03 sSuojeq

O 20024%

T % EE K K
np Al | PV [ARA ABA A AL [ ARAY [ A [ A | AL [ARA ABA AU
- 29) |69 @69 119 20 | 69 | 6Y (119 28 |69 689 119

2= Q1

7*‘*&117)"5 83 |82 82 82| 83 |82 82 82| 83|83 83|82

&L EN L - . -
et 88 | 86|66 |76 75| 76|61 75|71 |80 6375

SISEAA

ﬁyﬁ(;@%ﬁ 1315|1413 11| 14|15 |14 1.1 |13] 10]10

&3 (ng/0) 00003 00004 0.0000 00002 0.0000 0.0003

1 ]

i E(‘nﬂg?e}fi 0.005 |0.013]0.016]0.026| 0.007 |0.010| 0.023|0.021| 0.004 |0.008| 0.028 |0.019
] ]

ot ?—mgf)li 0.001 0.000]0.000[0.001| 0.003 |0.001| 0.002|0.002| 0.005 |0.001|0.001 |0.002
] ]

é—(%ﬁ)i 0.0800.031|0.051]0.017| 0.054 |0.012] 0.0360.019 0.058 |0.001|0.050|0.021

= A o

F A&/ 10,086 |0043]0.066|0.044|0.0640.022] 0.061|0.041| 0.067 0.009] 0.079 | 0.042

% (mg/0) |0.017]0009]0.015]0.007]0.012]0.005|0.009 [0.008] 0.011]0.004] 0.0110.009

67121 % e/ 16,0001 00000 0.0001 00001 0.0002 0.0001

W] & (mg/0) ]0.0003 00004 00003 00005 0.0002 00003

ﬂETU{(“W ¢ 10.0000 00001 00000 0.0000 0.0000 0.0000

W ng/t)  |0.0001 00001 0.0000 0.0000 0.0000 0.0001
= (ng/0)_|0.0004 00004 0.0002 0.0001 0,000 0.0002
obel (ng/t) |0.0026 00009 0.0009 0.0009 0.0010 00011
%2 (ng/t) |0.0000 00000 0.0000 0.0000 0.0000 0.0000
A Sk (me/t) |0.000 0.000 0.000 0.000 0,000 0.000
R

A 00000 0.0000 0.0000
] Q.

el £ 00000 0.0000 0.0000
(mg /¢)

TralE] o

dete| & 00000 0.0000 0.0000
(mg /0)

LL1EpERReRt 00000 0.0000 0.0000
(mg/0) : . :

EE=EC
b 00000 0.0000 0.0000

ErjgmelE 00000 0.0000 0.0000
(mg/t) i . )
Zzamw

HEmed 00000 0.0000 0.0000

(mg/0)
e
o = 5 00000 0.0000 0.0000
(mg /0)
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T = Aoy T o o9 T & A

et Ay | A [ARAT AR AR AR AR AR [ AR | AL [ ARA | A7 ] A

- 29 |69 6GY 119 28 | 69| GY 41| e | GY | 69 (119
T}f;ﬁ &% 1 g2 83|82 (82|83 |83|82 |82 8383|8282

EESPN - = | - .

i 75 86|66 76|77 |70 64 |75| 7475|6275
SISEAA] 13
ﬁyﬁ(njjﬁ% 13 1211 1211|1112 || 1109|0910
% (ng/0) |0.0002 00002 00001 0.0001 0.0001 0.0000
FE ot A ‘

ol b 2 10,005 |0007|0.010]0.004| 0.002{0.004| 0.014 |0.010{ 0.001 | 0.009|0.011 |0.014
ol A kA & . . - ) .

S % 0.001]0001{0.0020.004]0.003{0.002| 0.002 [0.004| 0.005|0.002|0.001 |0.003

] ]

é‘—(%fj)i 0.063]0.031|0.053|0.016/0.073 |0.020| 0.054 [0.019| 0.040 [0.021|0.050|0.029
%4 & (mg/0) |0.102]0.089]0.082]0.058]0.107]0.068| 0.085 [0.049| 0.086 |0.058 0.079|0.068
%9l (mg/0) |0.020]0020[0.016]0011]0.019]0.015]0.010]0.009]0.013]0.015|0.009]0.009
67}3;5' (me /¢ 16,0000 00001 0.0000 0.0001 0.0000 00002
] 2 (me/0) 00012 0.0005 00013 0.0005 00013 0.0004
ﬁj/gjf 0.0000 00000 0.0000 0.0000 0.0000 0.0000
g/t |0.0002 00000 00002 0.0000 0.0002 0.0000
72 (ng/0) 0,004 0.0002 0.0003 0.0001 0.0004 0.0002
obel (mg/t) |0.0038 00027 00015 00012 00019 00017
%o (mg/t) |0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
A9k (mg/0) | 0.000 0.000 0.000 0.000 0.000 0.000
ool of A &

A 0.0000 0.0000 0.0000
THebE] (e /2 0.0000 0.0000 0.0000
BehE] (g /2 0.0000 0.0000 0.0000

)
LI

o 00000 0.0000 0.0000
HES S 2ol

o 0.0000 0.0000 0.0000
EREEERSE]

ErjgmelE 00000 0.0000 0.0000

(mg/0)

——
HEmeg 0.0000 0.0000 0.0000

(mg/0)

W = =

o= T 0.0000 0.0000 0.0000

(mg /¢)
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O 20044 O 2003-2006 TEZAI HASE

T ® EIEEE R 5 8 A + 5 2003 2004
A [ARA A3 (AR AR | A3 | A3 | AR AR | AR | A3 | AR
ZAE A ZA e 3 ¥ =y = A 3 =) = A
FA7 ] o) a9 62 a9 o9 | 69 | 62 |019)] e |69 ]| 6o |19 A8 < Add | sAd | wAA | AAd | wAY | s

4‘%]1%%5 83 82|82 82| 83 |82|82 82|83 |83 82|82 & (©) 113 16.4 18.0 11.0 16.0 17.9
FRETN AE (%) 32.3 33.8 33.9 32.2 34.1 34.1

Gl 80 | 77165 |76| 7.6 | 7.5 | 66 | 7.6 | 7.5 | 7.7 | 6.4 | 7.6 Aol = 03 v 52 = )
SISEAA
ﬂg&(;}gﬁlﬁ 12 1212|1210 1112 ]12]12]|10] 11]10 DO 76 72 — 5 P P 3

& (mg/0) |0.0001 00003 0.0003 0.0002 0.0004 0.0001 QD) 1.2 1.1 1.0 1.2 1.1 1.1
T ] < o= o - -

3 M 9FE 210,002|0004{0.009|0.003] 0.003|0.007| 0.010 0.002{ 0.005 |0.002| 0.011 |0.003 SS (me/t) 25 22 1.6 L5 L4 L1

P 1 % (m) 10.3 14.9 11.7 8.0 - -
STy 0.001]000110.000/0.002) 0.005|0.001|0.001|0.006| 0.004 0.001{0.001|0.006 P 00002 1 00001 1 00001 1 0000z 1 0000z 1 00003
] ]

ZF'—(;L;/%)}* 0.072]0.029|0.057]0.025|0.0650.021| 0.063 |0.034| 0.054 |0.025|0.050|0.030 B pFLmg) 0.007 0.008 0.009 0.004 0.005 0.005
= A o - - - - -
%éi)(mw 0.112[0.063/0.106/0.097| 0.105|0.058|0.099 [0.065| 0.105 |0.055|0.102|0.075 obhkdingt) 0.002 0.003 0.003 0.001 0.003 0.003
%2l (mg/0) |0.026]0.018]0.014]0.017]0.022(0.015[0.012{0.015|0.016 |0.014|0.014|0.016 Abdaingt) 0.041 0.042 0.035 0.046 0.046 0.040

g = (ne %) 5
67P:L£)c. e/ |5.0000 00001 0.0000 0.0009 0.0000 00003 24 2ng) 0.083 0.077 0.073 0.095 0.081 0.084
£21(ngd) 0.017 0.013 0.012 0.019 0.016 0.015

W] 2 (mg /) |0.0016 00002 0.0014 0.0002 00012 0.0001 —

I E B (e /1 671515 mg) 0.0001 | 00001 | 00001 | 0.0000 | 0.0005 | 0.0002

— w (mg

) 0.0000 00003 0.0000 0.0005 00000 0.0003 W) 2(mg/0) 0.0009 | 00009 | 00009 | 00009 | 0.0008 | 0.0007

W ng/)  0.0001 00002 0.0002 00001 0.0002 0.0009 F=Rng0) 0.0000 | 00000 | 00000 | 00002 | 0.0002 | 0.0002
-] (mg/¢) ]0.0004 0.0003 0.0003 0.0003 0.0002 0.0003 H(mg/0) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0005
okl (mg/0) |0.0023 00022 0.0013 00018 00014 00022 Y 0.0003 T 0000z T 00003 | 00003 | 0.0003 | 0.0003
5 2 (mg/t)_|0.0000 00000 0.0000 00000 0.0000 00000 o<l (mg/t) 0.0033 | 00014 | 00018 | 0.0022 | 0.0016 | 0.0018
Al <k ng/0) 10000 0.000 0.000 0.000 0.000 0.000 2= 2ngl) 0.0000 | 00000 | 0.0000 | 00000 | 0.0000 | 0.0000
Tt} o] o} ] =

] <Lg/}g> b 00000 0.0000 0.0000 A 2H(mg/0) 0.000 0.000 0.000 0.000 0.000 0.000
5 e g 2 00000 00000 0.0000 5716k ng) 1.2 1.0 0.9 1.0 1.1 0.9

(mg /) ’ ’ ’
TeHe Z229-a(u) 0.24 0.16 0.36 0.18 0.14 0.16
e 00000 0.0000 0.0000
e lolobimgd) 0.0000 | 00000 | 00000 | 00000 | 00000 | 0.0000
LL1EPERRaR 00000 0.0000 0.0000 —
(g0 T ngd) 0.0000 | 0.0000 | 00000 | 00000 | 00000 | 0.0000
HEsEz sl
oIS 7 mg,;)“’“ 00000 0.0000 0.0000 IEL L (ng) 0.0000 | 00000 | 00000 | 00000 | 00000 | 0.0000
ErjERRdsl LLIE}EZelERIng) | 0.0000 0.0000 0.0000 0.0000 0.0000 | 0.0000
0 00000 0.0000 0.0000
o A . ‘
EEEEL! STt e Y 0.0000 | 00000 | 00000 | 00000 | 00000 | 0.0000
/D 00000 0.0000 0.0000
AEF ErzwaoEing 0.0000 | 00000 | 00000 | 00000 | 00000 | 0.0000
= T
00000 0.0000 0.0000 -
(mg /0) )22 2 ek (ngt) 0.0000 | 00000 | 00000 | 00000 | 00000 | 0.0000
AT ng) 0.0000 | 00000 | 00000 | 00000 | 0.0000 | 0.0000
i
iy - 191 - - 192 -

o
2
o
5
g
2
[}



®al0y 03 sSuojeq
13310 OPYOQ

T L 20054 20069 (2, 5¥ A &)
N Ay | Ay | sAd | Aad | sad | B4
T2 () 12.1 16.1 18.6 9.8 12.3 12.7
AEE (%) 32.6 33.9 33.8 33.0 33.9 34.0
FAno]pH 8.3 8.1 7.9 8.4 8.4 8.3
DO(mg/0) 7.9 7.0 6.7 7.8 7.9 8.0
COD(mgl0) 1.2 1.1 1.0 1.3 1.0 1.0
SS (mg/0) 1.5 1.5 1.5 1.3 1.1 1.8
5 %= (m) 8.4 23.0 17.5 - - -
3 (mg/0) 0.0000 0.0000 0.0000 - - -
P g0 0.002 0.001 0.000 - - -
oz A{ngl) 0.002 0.009 0.005 - - -
A2 (nglt) 0.074 0.064 0.062 - - -
=2 2(mgll) 0.238 0.210 0.236 0.240 0.163 0.194
Z<2N(mg'0) 0.015 0.011 0.010 0.011 0.008 0.008
67123 mg) 0.0005 0.0003 0.0004 0.0003 0.0002 0.0002
H]2x(mg/0) 0.0172 0.0180 0.0179 0.0235 0.0156 0.0207
7F=F{ngt) 0.0001 0.0001 0.0002 0.0000 0.0000 0.0000
Hmg/0) 0.0004 0.0003 0.0003 0.0000 0.0001 0.0001
T2 (mg/0) 0.0007 0.0004 0.0008 0.0003 0.0003 0.0004
o} <A (mg/0) 0.0027 0.0021 0.0024 0.0004 0.0007 0.0007
F2mg) 0.0000 0.0000 0.0000 - - -

A < (mg/0) 0.000 0.000 0.000 - - -
7 15H2x(ng 0) 1.7 2.3 2.0 1.7 1.3 1.5
22 -a(ugl) 0.10 0.11 0.06 0.03 0.02 0.01
tlolol=(ngd) 0.0000 0.0000 0.0000 - - -
I} 2(mg) 0.0000 0.0000 0.0000 - - -
efEl(ng0) 0.0000 0.0000 0.0000 - - -
L11E2EE = Mngd) 0.0000 0.0000 0.0000 - - -
vEEE2olmg) 0.0000 0.0000 0.0000 - - -
Ezgzzodulng) 0.0000 0.0000 0.0000 - - -
) & 2 Z v gH(ng/0) 0.0000 0.0000 0.0000 - - -
FlEFngt) 0.0000 0.0000 0.0000 - - -
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After short-term response to pollutant material spilled at sea, it must be

very important of tracing the movement of the pollutant, because we can

not certify if the material really disappeared or not from the sea area. From

now on, long-term monitoring on pollutant movement is not carried out in

0
Plo

the sea around Korea.
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An explosion of waste tank occurred in Gamcheon Port, Busan, on

March in 2006, we constituted a group of marine pollution investigation to

investigate the accident occurred area in longer term after immediate

response, till the concentration of the pollutant returns to that before the

accident. The purpose of this study is to trace the pollutant at sea and to

2. ZAPIR

recognize the pattern of the concentration change and to provide scientific

data to support resonable response.

0
ujr

o

2.1. Zdste|

Q=
=l

1 Jdom, A= 2F 0.9~1.7kn,

o] grairel 915

ok 4kme] AA

=]
5

o]
fred

el
7U

explosion of waste tank, marine pollution, Gamcheon Port,

Keywords :

o

long-term monitoring

- 1% -

- 195 -

Felzt fely, 55

[
N Dokdo forever
belongs to Korea



12A3105 opYjod

®al0y 03 sSuojeq
5 Falads BB

¥
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Fig. 1. The landscape of Gamcheon Port and accident occurred area(red spot)

2.2. A3 E

2006. 3. 18. 08:40, F-4t Abst FHE (F)ERIGe] #HIE ALW
A7F FEEHA R ) T4 " A g ey AdHa 2o a3
AGRIAE 54, dEAA 1,7600E0] FHERY FEH 1 F FA
#4284y 200=0] sjAtel FA A
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Fig. 1. The scene of exploded waste tank

Fig. 2. The way of waste water stream from the accident area to the sea
showed by a red arrow(the distance about 0.3km)
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Table 1. Location of Sampling stations in Gamcheon Port.

EN A A &4
CK =AM B7(E) (m)
Sl 35°0401" 128°5990" TE
2 35°04'50" 129°0000" 105
3 35°0407" 129°00103" 112
4 3520330 129°00122" 118
55 35°02/66" 1290°0026" 179
6 35°0291" 129°0068" 14.0
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Fig. 4. Sampling sites in Gamcheon Port, Busan

Table 2. The frequency of seawater sampling at Gamcheon Port.

TE| 4 Al A H A 71 A 1A
5|3 28(3h) | F A} BFE | B, 54, Im
11:30~12:30 | AR A1 10~12m/sec i )
-AAA R A
23 4. 430 | F A} XFE | A, BA, 05m | FAA R
09:30~10:30 | FALE. o] A % 5~10m/sec A8
33} 4.13(%) | F AP BFE | AL 54, 05m A g .
07:50~08:55 | AR o] A 5~10m/sec B AT akAE]
< _ HEEATE
i |4 18GH | AR el A g, 54, 0.5m B
08:40~09:40 | A 7] H o357 10~12m/sec
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Fig. 5. Sampling seawater by water sampler

Fig. 6. Transportation of sampled seawater from sampler to bottle
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3.1. 3HEHY ML FZH(COD, Chemical Oxygen Demand)

sepE R TR AHE W 2AAE

X3 E Fig. 79 Fig.
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S Yehiglen 7H3Y cope HuwsEEE 1.0 ~ 12mghE 397
IR O5we] ¥uad g4 HAE Yepddeh vlagzded 7t
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The fluctuation of COD concentration according to stations at

sampling date
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Table 3. The analysis result of pollutant material concentration comparing the

inside port sites from the outside.
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3.2. 37/7|EF(TOC, Total Organic Carbon)
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COD

0.9

1.4

13

1.1

1.5

1.1

1.3

1.6

1.6

0.9

0.9

1.6

1.0

0.9

0.8

0.9

1.1

0.9

0.8

0.9

1.3

1.1

1.2

0.8

1.3

0.8

0.9

1.1

0.8

0.8

1.0

0.9

1.3

1.2

0.8

0.9

0.8

0.9

0.8

0.8

TOC

1.47

223

1.80

2.18

1.68

2.49

1.59

2.54

223

3.27

2.11

1.55

2.46

2.03

2.06

1.52

2.19

1.99

2.29

1.95

2.79

2.83

1.90

3.43

243

2.31

3.04

1.86

3.47

1.98

1.60

2.52

1.72

1.56

3.34

1.59

3.85

2.58

1.70

3.12

2.70

2.09

2.33

2.55

291

3.12

TN

0.194

0.221

0.230

0.229

0.221:0.233

0.196

0.235

0.228

0.231

0.226

0.176

0.232

0.248

0.248

0.249

0.235:0.221

0.258

0.246

0.209

0.233

0.243

0.244

0.283

0.308

0.304

0.291

0.308 0.277

0.299

0.277

0.214

0.200

0.228

0.222

0.224

0.221

0.260

0.231

0.259.0.233

0.248

0.229

0.228

0.215

0.187

0.199

TP

0.016

0.017

0.025

0.019

0.023:0.023

0.020

0.029

0.019

0.024

0.033

0.024

0.013

0.019

0.020

0.023

0.017:0.019

0.019

0.023

0.021

0.018

0.021

0.026

0.025

0.031

0.028

0.032

0.0280.029

0.034

0.041

0.017

0.017

0.016

0.028

0.017

0.025

0.027

0.023

0.029:0.026

0.030

0.017

0.020

0.029

0.027

0.031
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