PERSAMPELAN
DAN
ANALISA

Ananthy Retnam, PhD
Seksyen Alam Sekitar
Jabatana Kimia Malaysia

Kursus Penguatkuasaam dan Kawalan
Pencemaran Marin

21 March 2018




CONTENT

INTRODUCTION
SAMPLING
ANALYSIS



INTRODUCTION

WHAT CRUDE OIL MAKES

W gasoline

m distillate fuel oil

® kerosene-type jet fuel

M residual fuel oil

H liquefied refinery gasses
m still gas

® coke

® asphalt and road oil

u petrochemical feedstocks
M lubricants

W kerosene

w other




INTRODUCTION
O1l spill:

Release of liquid petroleum
hydrocarbons into the environment

Human activity
A form of pollution

Marine o1l spills released into the
ocean or coastal waters



INTRODUCTION

O1l spill can occur at any of these stages:

O1l
O1l
O1l
O1l

extracted from ground
1s pumped to a pipeline
1s transported to a refinery

1s transported to final destination

Illegal dumping



INTRODUCTION

o Environmental effects
+ Smothering impact on physiological functions
» Chemical toxicity
o lethal and sub-lethal

o impairment of cellular functions

light oil heawvy oil

gasoline marine diesel oil light crude oil heavy crude oil HFO

toxic smothering

» Ecological change

o loss of key organisms

o Invading of habitat by opportunistic species
» Indirect effects

o Loss of habitat

o Elimination of ecologically important species




INTRODUCTION

Economic effects
Tourism
o short term — swimming, boating, angling, diving

o long term — public perception (for prolonged, wide scale
pollution)

Fisheries and mariculture

o Fish stocks

o Fouling gears, access to fishing sites
Shipyards, ports and harbours

o Disrupted both spill and clean up
Heavy industry

o Depends on seawater for operations



SAMPLING




SAMPLING FOR THE PURPOSE OF SOURCE
IDENTIFICATION

The most important stage of any chemical
analysis 1s the sampling

It does not matter how good your quality
systems and test methods are, if you don’t
begin with a representative sample you
cannot expect to produce accurate results

Obtaining truly representative samples
from o1l spills can prove challenging:

because the composition of o1l can vary
widely before it 1s even removed from
the ground.



SAMPLING METHODS/GUIDELINE

ASTM 4489 standard practice for sampling of
waterborne spills

CEN/TR 1552-1:2006 o1l spill identification.
Waterborne petroleum and petroleum products.
Sampling

USCG marine safety lab: Oil spill handling and
transmittal guide. 8t edition 2013

Bonn agreement counter pollution manual: Volume 3,
chapter 32, oil spill identification — Part 1

IMO manual on oil pollution: Section VI, IMO

guideline for sampling and 1dentification of oil spills.
IMO 1578E

ITOPF TIP14 sampling and monitoring of marine oil
spills



PRACTICAL SAMPLING GUIDELINES

¢ Samples taken must be representative of the spill and
suspected source

e Care must be tfaken 1o avoid confamination of the
samples from other hydrocarbon sources, including cross
contamination between samples

e Samples must be stored safely (neat cil may be highly
flammable) and in a manner that preserves the sample
integrity

¢ Collected samples must be clearly and uniquely labelled with
as much information about the sample as possible

e Samples should be securely sealed in a manner to prevent
tampering and maintain a robust chain-of-custody, particularly
when samples may be used as evidence in court action




GENERAL REQUIREMENTS

Safety - first priority, for the sampler

Minimize risk of toxic exposure from oil spilled
Follow regulations

Guided/accompanied of knowledgeable
people/crew

Training
All personal 1involved 1n sampling need to be
trained
Ensure correct sampling
Asked by lawyers in case legal proceedings

Sampling from ships (suspected polluters), the
sampler must be working on board



GENERAL REQUIREMENTS

Sample planning
Spilled sample, collect quickly - avoid evaporation
Source sample
Reference (blank) Samples

Sample Custody

Sample handle as legal evidence and kept within
"chain of custody”

Make notes, take photos and videos.



OIL SPILL SAMPLING RULES

All spills encountered and potential sources
of spill should be sampled

Samples should be taken even when 1t 1s
clear where the spill originates

Scattered and/or only thin sheen remains,
every effort should be made to take a least a
small sample

If any part of o1l spill differs from other part,
take extra samples to check if more than one
o1l spill occurred 1n that area



OIL SPILL SAMPLING RULES

If spill response operation continues for more than
one day, samples should be taken every day for
determination of degree of weathering and possible
contamination by other oils

Blank samples — if an o1l suspected of contamination

Samples and sampling equipment — handled and
stored properly

Reusable sampling equipment should be carefully
cleaned and stored in plastic bags

NEVER reuse sample bottles — even after careful
washing



OIL SPILL SAMPLING RULES

Sample handle as legal evidence and kept
within "chain of custody” until identification
and possible legal procedures have been
completed

Make notes of all relevant information about
sample and sample sites

Quick handling of samples
Sent as soon as possible to laboratory
Delayed, keep at +4°C (not frozen)



AMOUNT OF OIL REQUIRED

Description Minimum required quantity
(per sample)

Pure o1l source sample 30-50 mL

Contaminated o1l (eg. emulsified 10-20 g
o1l, o1l from sea or shore, tarball,

etc.)

Debries with oil, o1l stranded sand Sufficient quantity that oil content is
approx. 10 g

Oiled feather 5-10 feathers depending on oil
quantity present

Fish, shellfish Multiple individuals of same species
totaling 30 g

Water sample with visible o1l 1 liter

Water sample with no visible o1l 3-5 liters

Source: ITOPF, 2011 '




SAMPLING TECHNIQUES




1) Thick waterborne layers, viscous oil, tarball
ALUMINIUM BEAKER




1) Thick waterborne layers, viscous oil, tarball

A hole of
1-1% cm in diameter




Try to get 20-50 mL of o1l, repeat the
procedure to get the amount wanted

Transfer the o1l gather into 100 mL
clean glass bottle, label. May use
wooden spatula

Place the bottle 1n the safety bag and
seal the bag

For large spill area take several
positions within the spill



2) Thin oil layer on water (sheen)







2) Thin oil layer on water (sheen)
WATER




2) Thin o1l layer on water (sheen)
WATER




2) Thin oil layer on water (sheen)
ETFE NET




SAMPLING TECHNIQUES

ETFE is ethylene tetrafluoroethylene,

=N

not teflon (polytetrafluoroethylene)
71
||
I £
BBt

CEN/TF 120 N035 01l spill identification, Technical
Report 2006




VERY THIN OIL LAYERS

* Tetlon net at the end of a fishing rod




VERY THIN OIL LAYERS




VERY THIN OIL LAYERS




OIL ON SUBSTRATE

o rock/gravels/seaweeds/woodwork
» Large amount of oil

oScrap the o1l with spatula and transfer directly
into 100 mL bottle

o Lesser amount of o1l

owilpe the o1l with the ETFE net and transfer the
whole ETFE net to the glass bottle




OIL ON SUBSTRATE

If none of the above works

transfer the contaminated object
(eravel/rocks/seaweed etc.) directly in the
oglass bottle

Reference samples

Non-polluted material (rock, gravel, sea-
weed etc.)

As close to the "real" sampling area as
possible.



OIL ON SUBSTRATE

o 01l from sea birds and marine mammals
» Heavy polluted animal

o Wipe o1l onto the Teflon net and transfer the
net with oil to the 100 mL glass flask (glass).




OIL ON SUBSTRATE

» Less polluted animal

o Contaminated feather is picked off or
contaminated fur is cut of (with the knife)
and transferred to the 100 mL glass flask

» Never take whole animal samples, body
tissues, etc. which may become rotten during
shipment.




USE OF SAMPLING BUOY FROM AIRPLANE

: Polythylene-block with

3 threads
2,2: Polythylene-flasks
(closed)
4 : Glass-flask (open)
5 . Opening
& : Eye for the line

BSH - sampling device

» Also can be used from bigger ships or from bridges in
harbours




USE OF SAMPLING BUOY FROM AIRPLANE

Drop a sampling buoy into an oil spill from an air craft

ETFE net

Record the position, wind and sea current

Lift the buoy from the water without touching the sample
net

Drain the excess water, insert the ETFE into glass bottle



SOURCE SAMPLE

Investigations and o1l sampling on board
vessels

Cargo o1l
Machinery spaces
(bilge water, waste oil etc.)
Follow safety regulations and protocols

et assistants from ship by crew under
control

Tanks/ships hazardous are



SOURCE SAMPLE

NEVER accept unknown samples handed
over by ship representatives or shipping
company

Record observations using digital
camera/video

Use ships own sampling equipment if
available

Get approval for external equipment
usage



SOURCE SAMPLE

o Sample collector — tanker or difficult access places

\

4

24 i Sametes

e The sampdes collactor is hooked
\ arle & sleel messuanng lape and
| i inta a s« ling pipe
.. l I T tuibe
. " —
f \
‘\ 7,
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)
) Y Thick-welod heavy Brass tube

Sample collector with steel measunng tape

o ETFE net — very small amount of oil




OIL SHEEN




OIL ON GROUND/SOIL
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OIL FROM SHIP




OIL FROM SHIP




SAMPLE HANDLING, PACKING AND TRANSPORTATION

Sample custody and documentation
Samples cannot be:
o Manipulated t
o Mixed-up
o Contamination

Chain of custody
How to maintain the ‘chain of custody’

o Approved sealable and individually
numbered safety bags with adhesive
number labels



SAMPLE HANDLING, PACKING AND TRANSPORTATION

o Filling and labeling of sample bottles
» Sample bottles

o Thick walled wide-mouth borosilicate glass bottles
0100 — 250 mL

o Suitable Inner neck diameter 30mm
o Lid tightening

o New (unused) bottled for each sampling site

Avoid getting water into sample bottles
Do not fill to a higher level
Check the lid fits tightly

» Wipe excess o1l and water from the outside of the bottle




SAMPLE HANDLING, PACKING AND TRANSPORTATION

Packing of sample
3 forms of oil:
Free o1l
ETFE net containing oil
Oiled items (feathers, wood pieces, stone etc)
Affix label onto the sample bottle
Insert the bottle into safety bag and seal
Place the bottle package into a plastic jar

Ship the sample immediately or keep below +4°C
Attach letter of request



SAMPLE HANDLING, PACKING AND TRANSPORTATION

Safety bag

enclosing a

Un
A pfo.‘_l
<

Approved sealable The safety bag The plastic jar

and individually containing the (with its content)
numbered safety  sample bottle is is placed in a
bag. put into a 600 ml shipping

plastic jar. cardboard box.




SAMPLE HANDLING, PACKING AND TRANSPORTATION




SAMPLE HANDLING, PACKING AND TRANSPORTATION




COMMERCIAL SAMPLING KITS

o Case with equipment for sampling of oil spills

Case with equipment for sampling of oil spills No.
Metal ring (for polyethylene cornet) 1

Holder for metal nng 1
Palyethylene comet 20
Teflon® pad (20x30 cm) for thin ol films 15

Peg (for Teflon® pad) 20

Line (for rod and peg) coil
Fod (for Teflon® pad) (perhaps not enough room in the case for this rod) 1
Sample bottle, 100 ml thick-walled borosilicate glass 10
Sample label 50
Safety bag (20x30 cm). approved, sealable, mdividually numbered 50
Wiping cloth (or paper) package
Disposable gloves package
Sampling peg (for scraping small samples of oil) 50
Plastic bag (for filled sample bottles, garbage ete.) 20
Laminated o1l sampling flow diagram (cf Annex3, Section 3) 1
Lammated instruction “O1 spill sampling™ (cf. Appendix 1) 1
Lamimated equipment list 1




COMMERCIAL SAMPLING KITS

o Case with equipment for sampling on board ships

Case with equipment for sampling on board ships No.
Sample collector of brass for soimdmg pipes (to be hooked on the steel measimng | 1
tape)
Steel measuring tape 1
Brass weight (to be hooked on the steel measunng tape) 1
Ground wire (to be hooked on the steel measuring tape) 1
Water finding paste tube
Blackboard chalks (for chalking steel measuring tapes) package
Glass tube 10 ml (with Lid) for sample collector 10
Teflon® pad (20x30 cm} for thin oil films 13
Line coil
Sample bottle, 100 ml thick-walled borosihcate glass 20
Sample label 30
Safety bag (20=30 cm), approved, sealable, individually mimbered 50
Wniting-pad (with cover and pen) 1
Wiping cloth {or paper) package
Disposable gloves package
Sampling peg (for seraping small samples of oil) 50
Plastic bag (for filled sample bottles, garbage etc.) 20
Earplugs 30x2
Laminated o1l sampling flow diagram (cf. Annex3, Section 5) 1
Laminated equipment list 1




DO AND DON’TS IN SAMPLING

DO NOT composite any oil samples (o1l spill,
waste oil)

DO NOT use plastic bottles/containers for
samples

DO Rinse all sampling equipments and bottles
with solvents (dichloromethane) prior to use

Use of EFTE net 1s HIGHLY
RECOMMENDED for oil sheen instead of

skimming technique



EXAMPLE OF REQUEST FOR ANALYSIS FORM

Request for analysis

Request analysis of the samples listed below

Sampling No. of No. of pages:
date: samples:
General information
(Occurred incident, Information which is not
weather. spill size, Number label from safety bag given on the sample
suspected source, bottle *

judged o1l type, efc.)

*Information: Sampler: Name/field unit
Spill : Latitude & longitude, and sampling site’s geographical name
Ship: Ship name and sample site on board the ship

Signature Name in block letters Rank



ANALYSIS




WHAT HAPPENS IN THE
LABORATORY?




Analysis | Evaluation

- Chromatograms;

- Distribution profiles;

- Weathering check (WR and
distribution profiles);

- Diagnostic ratios (DR);

3  F EN S
Y Data

] ‘ Data assessment

‘ GC-MSD processing

Sample analysis

preparation

Conclusion
v - Positive match;

v'[% - Probable match
x - Negative match
? - Inconclusive

Technical
report




SAMPLES SENT TO LABORATORY




SAMPLES SENT TO LABORATORY




SAMPLES SENT TO LABORATORY
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SAMPLES SENT TO LABORATORY




SAMPLE PRESERVATION

Water/emulsions

Sample should be stored in refrigerator
at 4°C or less

Undisturbed storage of sample may
allow o1l to separate for water
facilitating the oil collection for
preparation

Sample preparation within a week



SAMPLE PRESERVATION

Sample containing primarily water

Add dichloromethane (DCM) added
1mmediately

example: 10ml to 1L water, shake
Store 1n refrigerator at 4°C or below
Sample preparation within a week

Neat o1l/oily sediment/oily soil/tarballs
Store 1n refrigerator at 4°C or below



SAMPLE PREPARATION FOR ANALYSIS

Visual examination and description of
samples

Note and record:
o Colour

o Odour

o Viscosity

o Free water

o Debris

o Photography ‘as-received’ condition



SAMPLE PREPARATION FOR ANALYSIS

o Water samples
» Liquid-liquid extraction




SAMPLE PREPARATION FOR ANALYSIS

o Water samples
« ETFE net




SAMPLE PREPARATION FOR ANALYSIS

o Sample clean up
» Minimize matrix interference
» Remove asphaltenes
» Soot particles

o Silica or florisil column

L!,I'E"I'.‘d solvenion —e [—
Iop of miumn

colurnn packed with
-+— &lica gel or gumng
comaietely saurated
with solvent

satonary phase being
washad oul af mlumn

} -+ gass wool o pevanl
H




CEN METHOD

CEN Method: European Commaittee for
Standardization

Developed by Bonn-OSINET \

Group of experts collaborating on o1l spill
1dentification

Improvement of 1991 Nordtest
method

Published 1n 2006 and 2012



CEN METHOD

Nordtest used visual comparison

CEN introduced quantitative compound
ratios

Three level tiered approached
Level 1 :GC-FID

Level 2 : GCMS
Level 3 : Diagnostic ratios




CEN METHOD

Four technically defensible conclusion:
Positive match
Probable match
Inconclusive

Non-match



Spm#. hspmed Physical and visual
\ples ‘ characterisation

Emuonl sample
clean-up if needed

v

/

features / tentative
oil type classification
Compare spill oils with suspected sources

C'mﬂl and Yea Differences possibly ~ No

" " ! \ caused by weathering — |

Oplonal Semi-qumﬂtatlve
distribution of n-alkanes

/ weathering check

cmm features/

oll type classification
Compare spill oils with suspected sources

Biomarker and PAH  Yes

sed by weathering /
\W—Wmﬁm/ w

Optional. Semi-quantitative
Mu / an-lvﬂe-l pr-d'lon / distribution of PAH's
correlation treatment / weathering check I

v
Diagnostic ratios
\maloh?/

Partly
Positive match § Probable match

Source: SINTEF




COMPOUNDS OF INTEREST

ALKANES

PAHs PN /\jj:iv

BI O M ARKE R S Straight-Chain Alkanes Sranched Alkane




DIAGNOSTIC RATIO

Diagnostic ratios

A suite of biomarkers (28)
that are robust against
weathering have been
selected to covergenuine
differences in oil samples and

oil types

SC28/RC26+5C2T

RC2TRC26+8C27

Diagnostic ratio Light |Lub Bilge |HFO Sludge | Crude
fiael ail ol
ol
GC FID
C17/pr X X X
C18./Ph X X X
Priph X X X
GC MBS
m'z 83 Cl17/pr X X X X X
Cl8ph X X X X X
Pr'ph X X X X X
m'z 192 | IMP/IMP X X X X X
m'z 198 | AMDET/IMDBT | X X X X X
m'z 216 | IMFL/AMPy X X X X X
B{a)F/4MPy X X X X X
B{b+c)F AMPy X X X X X
MPyAMPy X X X X X
IMP+/ 40Py X X X X X
m'z 234 | Betene/ TMP X X X X X
ENT/TMP X X X X X
mz 191 | 27Ts/30ab X X X X X
27Tm/30ab X X X X X
28ab30ab X X X X X
2%ab30ab X X X X X
300/ 0ak X X X X X
jlab30ab X X X X X
30G/30ab X X X X X
m/z 217 | 27dbR.27db3 X X X X X
m'z 218 | 2Tbb/29bb X X X X X
m/z 231 | SC26RC26+3C27 X X X
X X X
X X X
X X X

RC28RC26+8C27




INSTRUMENT

Flame 1onization detection (GC-FID)
Gives indication of the sample type
Compares alkanes patterns

Mass spectrometry (GC-MS)
Detailed information about compounds

Compares PAHs and biomarkers
patterns



SILNHINNHLSNI




LEVEL 1 : GC-FID

Injection Flame ionization
at 3300 C separation m detection

Oven: Column 10 - 60 m.
35-3250C

Carrier gas: helium



SYSTEM OUTPUT

Signal intensity

" time




CHROMATHOGRAM

Standard alkane
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TYPE OF OIL

SEponse_ Low boiling compounds
Intensity
Crude oil
i
3
i
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TYPE OF OIL

C18
1

Diesel

18

Cig

Ci4
Ca0

i3

T
1
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TYPE OF OIL

Lubricating oil

C27F
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TYPE OF OIL
Different types of lubricating oil




TYPE OF OIL

Heavy fuel oil R L
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TYPE OF OIL

12

C13

Bilge

Gas oil part

]
Ci

C14

Ci5

Cig

Lubricating oil part

c17




COMPARISON OF OIL

Overlay of a source and spill samples
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COMPARISON OF OIL

; Weathering
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INTEGRATION OF PEAKS

_ ———(C18

'W x N

T I_l T T T T T I T T | I 1 I 1 T T T I
12.80 13 D[} 13 20 13 4D 13.60 13.80 14.00 14.20

Calculation of peaks area or height ‘




DATA

Source 2 Source 2 dup Spill source PW-plot calculatit % Spill/Source
161121-rr16 161121-rrl6 normalised (source- after normalisation
spill)/source *

Alkane Source 2 source 2 Alkane |Source 2 source 2 Alkane |100 %
c8 7389 7120|C8 7389.0 7587.2|C8 3 97
c9 108642 106326|C9 108642.0 113303.2 1 96
C10 234165 220631|C10 234165.0 235108.9|C10 0 100
Cl1 341101 321418|C11 341101.0 342509.6 0 100
Cc12 373511 349510|C12 373511.0 372445.1|C12 0 100
Cc13 426133 397692|C13 426133.0 423788.8 -1 101
Cl1l4 455020 A433448|C14 455020.0 461891.1|C14 1 99
C15 454633 A435124|C15 454633.0 463677.1 2 98
Cl6 421128 A404862|C16 A421128.0 431429.3|C16 2 98
norpristan 102210 91287 |npri 102210.0 97277.3|npri -5 105
Cc17 409233 379533|C17 409233.0 404438.2 -1 101
Pristane 164180 154218|Pristane 164180.0 164337.9|pri 0 100
C18 349341 334827|C18 349341.0 356798.5|C18 2 98
Phytane 150249 140302|Phytane 150249.0 149508.7|phy 0 100
Cc19 343076 322468|C19 343076.0 343628.5 0 100
Cc20 323455 303586|C20 323455.0 323507.5|C20 0 100
c21 320115 302709|C21 320115.0 3225729 1 99
Cc22 296034 274002|C22 296034.0 291982.2|C22 -1 101
Cc23 290954 278508|C23 290954.0 296783.9 2 98
C24 273636 253353|C24 273636.0 269978.2|C24 -1 101
25 267566 251728|C25 267566.0 268246.5 0 100
C26 269302 250768|C26 269302.0 267223.5|C26 -1 101
c27 286101 271009|C27 286101.0 288792.8 1 99
C28 270049 254192|C28 270049.0 270872.2|C28 0 100




WEATHERING
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WEATHERING IN %

ramained after evaporation in %

Braporation cunve %enonmalized on the mean of C 200024
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RATIOS

absolute difference / mean difference*100

sample comparison C16/npri C17/pri C18/phy pri/phy

Source 1 - Source 2 344 1.2 7.6 35.7
Source 1 - Source 3 18.1 44.5 28.3 614
Source 2 - Source 3 16.6 43.4 20.8 27.2
Source 1 - Spill 12.7 44.4 29.9 52.6
Source 2 - Spill 22.0 43.2 22.5 17.7
Source 3 - Spill 5.5 0.2 1.7 9.6

Assumption: Differences < 14% 1s caused by analysis
=> no significant difference




SUMMARY

Type of o1l

Comparison of chromatograms
Weathering

Comparison of ratios



LEVEL 2 : GC-MS

High vacuum

-C-C-C-C-C-C-C-C-C-C-C-C-

From the GC J ~ ™~

-C-C-C-C-C-C-C- 1+

Jumping electrons

Analysis of charged fragments



DIESEL

UCM

i ]

Ekd

Zkd

il

15

10




MASS SPECTRUM

Abundance Abundance
Scan 1886 (26714 min): B3010201.0 R T TR e
9000004 & :
5000004
300000 {
300000 71
7000001 -
Cl/ Pristane
600000 -
I 800000 4
500000
5000004
400000 95 200000,
300000 { 200000,
200000+ 200000
100000+ Il 100000
141 155 189 o 241
0l 125189183107 211 996 | 26263 278189 306 o]
Idlnlllﬁlul BU .mu 12” _14“ 16” _13“ EUU 22” 24“ 26” 23“ g[lﬂ 40 50 80 7O 20 90 100110120 130140150180170180190200210220230240

miz—=



LUBRICATING OIL

UCM
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BIOMARKER ION M/Z 191
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Plot of mass over time => chromatogram
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Fan 192.00 (191.70 to 19270}
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Methyl phenanthrene and methylantracene
One of the differences between crude oil and HFO



CRUDE OIL
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BIOMARKER ION M/Z 191

shindancs

on 19100 (19070 & 191.70)

T
4000 4._1]1 4400 485

o 1500 19070 o 1590 .70

LI L L L0 O L
.00

48000 S0.00 S2.00 5400 5600 o

hom 157100 (150,70 to 1571.70;

—_—

M

Y i

R RN = TRt =T R P e =T

L 8 L

S0 S400 SO0

LR L B o

Tirre—c

4400



LEVEL 3: DIAGOSTIC RATIO

Minimum of 36 compounds are integrated
Ratio calculated:
A/B * 100%

o el s
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WEATHERING PLOT

Evaporation, dissolution and biodegradation have different effect
No weathering effect after 35 min

PW-plot normalised to hopane (30ab)

B Namn. BIO + Informn. PAHs ® Inform. BIO
145

130

115
Pn and phy >
100 Wﬂc +-VIW

40 +
l-methyvl dibenzthuophene + nonadecane
' g
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0 +I/ I /4/_+/ K‘ }l?a:u:lflﬁ
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PEAK RATIOS

absolute | repeatahility flag
Diagnostic mean mean difference | based on
ratios sample 1 | sample 3 mean RSD 5%
14 0
BaF-4MP% 4575 45.96 45 86 0.21 6.42
BbF-4MP% 34.56 37.33 35,84 277 5.03
Retena/C4-phe 0.00 0.00 0.00 0.00 0.00
2-MPI1-MP% 6691 0o 48 G619 143 837
C2-dbt'C2-phed 3612 32.93 34 52 320 4 83
C3-dbt'C3-phed% 41.42 39.49 40.45 1.93 il
4-MDV1-MD% 80.20 7783 79.02 238 11.06
C3-dbtC3-chri 83.71 84.79 B4 25 1.08 11.80
C23tri-30akh% 46.02 4518 45 60 .84 fi.38
C24tri-30ab% 29.00 2771 2836 128 347
C25tri-30akb% 2934 24.04 24 69 1.30 3.46
C24tefra-30ah% 0.00 0.00 0.00 0.00 0.00
CZB+C29 tri-30ab% 29.07 29.69 2038 0.62 411
C28tri-30akh% 18.40 18.55 1847 016 258
C25tri-30ah% 15.56 16.28 1582 071 233
27 Ts 27 TmPe 4375 45.24 44 49 1.49 6.23
28ab30ah% 0.00 0.00 0.00 0.00 0.00
25nor30ahb/30ab 0.00 0.00 0.00 0.00 0.00
29ah30ah% 4378 44 44 44 11 067 f.18
29Ts/30ab% 14.53 15.11 14 82 058 208
30dr30ab% 6.77 6.00 6.38 077 0.89
A00V30ab% 0.00 0.00 0.00 0.00 0.00
30gr30ab% 13.32 12.91 12,81 0.81 1.81




COMBINATION OF INFORMATION -

WEATHERING AND |

RATIO

Comparison of the normative ratios _ relative difference in %

HR-CTMprm
HR-CBUzhy

K- prin'zhy

HR—i-W O -W D

MR- Z-M P M P

MR- IR By
F-O il 4= py
HE-B =il i 4-Wpy
HR-H -y

- K- oy 4-Epy

ratio
st TR pren

PW-plot normalised to hopane (30ab)
o, PAHs W Nom. 260 + IPformL FAHS *ipform, B
145
130
115
x
100 t ﬁfﬂf—_,_--:%“—
-
=+
25 t
. 3+t
# T - +
LT
55
=
40 =+
*
5 -
+
10 T +
= e T T T s T T
] 15 20 = 1o ntton HAE 40 45 = 5E
Comparison of the informative ratios _ relative difference in %
o 14 28
DN -EEETE
B0 B
LR-EEEAT]
DR-ZPERT
laﬁﬂ' OH-RA N
O3 chliT s
il B e B
O-C I TP
LR
i Bt
D-CI0T AR
D -TAZ ¥ RCISE0IT

MR-OKT/T-M-phan
HR-ITTa Hwh
RIE-ITTm Mimh
KR-28 w7 lmb
KA -25mta lmb
KR-3005 Mmh
LLE L Cop
HR-320 Mmh

MR-ITobRISTdE S
RE-ITeh/208h

MR-SC28 RCS8aRTT
KR-303AMCIE = 5037
MR-RCITROIE= D27

RE-ROIARCR0T




SUMMARY

Separate compounds that not separated by
GC-FID

Visual comparison of ion patterns
Identification of o1l type

Comparison of peak patterns

Weathering effects

Spill and source sample



SUMMARY
O1l spill identification is a
‘fingerprinting’ technique
Samples are exactly compared

Comparison based on stable
compounds

Weathering can be estimated



PT OIL SPILL IDENTIFICATION
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BONN AGREEMENT

Oil Spill Identification
Network of Experts

JKM participated in Round
Robin 2015, 2016 and 2017

31 laboratories form 22 countries
participated.






