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REPORT ON THE WORKSHOP ON THE ANALYSIS OF
HYDROCARBONS IN SEAWATER

I NTRODUCTI ON

The determ nation of hydrocarbons and their concen-
trations in seawater are activities of considerable
concern both from the points of view of environnental
nmonitoring of marine pollution by fossil fuels and/or
research aimng at the elucidation of conpositiona
features, persistence, pathways and final elimnation
of these conpounds from the aqueous phase. Many

nmet hods exist for dealing with the different aspects
of hydrocarbon analysis in seawater, the results of
whose application form the basis of our understand-
ing of the inplications of marine oil pollution

During the first part of the workshop invited

l ectures, therefore, provided an overview of the nost
recent developnents in marine oil pollution related
research. The ensueing practical work was thus based
on a firmenpirical and theoretical foundation
Practical work during the second part conprised
collection of a uniform set of water sanples which
were anal ysed at the Kiel |aboratory by a comobn

met hod (UV-spectrofluorinetry).

Simul taneously but at a different sanpling station
lipophilic organic material including fossil hydro-
R XAD-2 resin
from nore than 700 dm3 of seawater. Aliquots of this
concentrate were distributed to be analysed at the
wor kshop participants' own |aboratories. The results

carbons was concentrated on Anberlite



are incorporated in this report.

This approach, i.e. the joint collection of a uniform
set of sanples, work-up and analysis at the Kiel

| aboratory by a comon nethod on the one hand and
conparison of truely identical sanples by individua
met hods on the other hand was believed to be nore
cost-effective and leading to nore realistic results

t han having workshop participants bring their own

anal ytical equiprment to Kiel

CPENI NG OF THE MEETI NG

The workshop was opened Monday, March 23, by the
convener, Dr. Manfred Ehrhardt of the Departnent of
Marine Chem stry, Institut fiir Meereskunde an der

Universitit Kiel.

In his welcomng address he explained briefly the
reasons for holding a Wrkshop on the Analysis of
Hydrocarbons in Seawater. He stressed the inportance
of supporting surveillance and nonitoring exercises
by adequate basic research providing a nore detail ed
under standi ng of chem cal processes in the water than
can be obtained fromthe quantification of a few
arbitrarily selected pollutants.

The participants of the workshop were then wel coned

by Prof. Dr. Bernt Zeitzchel, acting director of the
Institut fiir Meereskunde. He gave an introduction to
the history of the institute and explained its interna
adm ni strative structure, one characteristic feature of
which is the existence of ten different departnents
evenly distributed into biological and physical/

chem cal disciplines covering, with the exception of
mari ne geol ogy, all aspects of marine sciences.



ADOPTI ON OF THE AGENDA

The convenor then took the chair again and introduced
t he workshop schedul e which was accepted w thout
change. It is appended as Annex |. Annex |l contains
the list of participants.

ELECTI ON OF CHAI RVAN

M Ehrhardt was unaninously elected chairman of the
wor kshop

ELECTI ON OF RAPPORTEUR

S. Carlberg acted as rapporteur

LECTURES AND PRELI M NARY DI SCUSSI ONS

In the afternoon of the first day, March 23, three

| ectures were presented, all dealing with problens
associated with calibration, intercalibration and
identification in petroleum hydrocarbon analysis
Abstracts of the lectures are appended to this report
as Annex 111.

Robin Law started by introducing the results from the
first ICES Interconparison Exercise on Petrol eum
Hydrocarbons. The sanples used in the exercise were

a reference oil (which was to be analysed by GC and

if possible, by GCM), a sedinent, and a nussel tissue
homogenate. Despite the very wde variety of nethods
applied the results were in good and in sonme cases in
very good agreenent.



In the discussion that followed it was pointed out that
one should not draw too general conclusions from the
results as they represented the first internationa

i nterconparison of this kind. It was also noted that

a second simlar exercise is being planned for 1982
with Dr. John Farrington (Wods Hol e Cceanographic
Institution, USA) and Dr. -Anthony Knap (Bernuda Bi o-

| ogi cal Station) as coordinators.

The discussion then turned to analytical details. It
was noted that several of the participants used an
excitation wavelength of 310 nmin the fluorescence

anal ysis and neasured the em ssion at 360 nm as
prescribed in the UNESCO Manual s and Cui des No.
It was pointed out that this wavel ength conbi nation

7%

was good for crude oils but very insensitive for
analysis of light oils i.e. oils domnated by aromatics
with one or two benzene rings in their structures. For
nmeasurements of these oils a conbination of 270 nm
excitation and 330 nm em ssion wavelength is nore

sui tabl e.

The discussion turned over to solvents and extraction
techniques. It was noted that extractions of petroleum
hydr ocar bons from seawater could be done efficiently

at the natural pH of seawater. Only when other organic
material is to be extracted it is necessary to change
the pH of the water sanple. It was al so nmentioned that
carbon tetrachloride seens to be nore efficient than
hexane, especially for extracting high concentrations
of petroleum For |ow background concentrations this
opi nion was not supported by data obtained during the

%) Quide to Qperational Procedures for the |QGOSS
Pilot Project on Marine Pollution (Petroleun) noni-
toring. Intergovernnental Cceanographic Conmm ssion,
Wrld Meteorol ogical O ganization. Mnuals and
Guides, 7. 1976 Unesco, 50 pp.



Wr kshop. n-Hexane al so seened to cause fewer problens
with formation of emnulsions. Law nentioned that

di chl or onet hane seens not to cause quenching of
fluorescence as other chlorinated solvents do. In fact
sanples could be neasured in the fluorineter as
solutions in dichloronethane.

A discussion on GC analysis followed. The ICES inter-
conpari son exercise did not contain aconpilation of
the various nethods used for quantification. Such a
conpi l ation, based on a questionnaire, wll be nade
for the final report which will appear in the |ICES
Cooperative Research Report Series. It was also
concluded that although GC is a wonderful tool for
identification and other qualitative purposes it is
very difficult to do proper quantification of a hydro-
carbon mxture from a gas chronmatogram containi ng nore
than a few peaks.

In the paper introduced by Stig Carlberg the nerits
and problens were discussed associated with using

either a single conpound as standard or an oil as
reference for the calibration. From the paper and

also from the discussion that followed it was concl uded
that there was a need for a comon standard. It should
be an oil of some kind and not a single conponent such
as chrysene which had been used in an internationa

i nterconpari son exercise

Carlberg al so presented spectra obtained by the

techni que of simultaneous scanning of excitation and

em ssion wavel engths,wth a fixed wavel ength difference
In each one of such spectra information is contained
that would otherwi se require a great nunmber of em ssion
spectra run at fixed excitation wavel engths. Thus,

a synchronous scanning spectrum provides sone infor-
mation on the conposition of sanple (or reference oil)

2 128200870x-12



and can, therefore, be used for choosing a suitable
reference oil for a sanple.

The paper also stressed the inportance of checking
that extracts do not contain substances in anounts
where they may influence the fluorescence neasurenents
by quenching or self-absoprtion. Self-absorption can
be identified easily by conparing the intensities of

t he Raman scattering peaks, which should be the sane
for the pure solvent and for the sanples unless there
are overl apping em ssion peaks. The group recomended
that this procedure be included as a routine operation
in the anal ysis.

In her paper "Developnent of an Q1 Identification
System Inger Andresen described the work carried out

by a NORDTEST working group with the aim of producing

a system of unified techni ques. The system for
identification uses a stepwise approach involving
determnation of the boiling range by gas chronatography
foll owed by UV-absorption and UV-fluorescence spectro-
photonetry as well as high resolution gas chronatography
(cc), infrared spectrophotonetry and determ nation of

i ndividual elenments e.g. nickel, vanadium and sul phur,

in the oil. The systemis published in a report which
soon will becone avail abl e.

Andresen al so described the successful applications

of a UV-absorption techni que published by Levyx). By
studying the ratio between neasurenents nade on peaks
at ca. 228 and 254 nmthe type of oil can be identified
al though a source identification cannot be done in

that way. Andresen also nentioned that in emulsifiers,

%) E'M Levy (1972) The identification of petrol eum
products in the marine environnent by absorption
spectrophotonetry. Water Res., 6, 57-69



which are used for oil conbatting operations, sone
stabilizers are often used. These stabilizers usually
interfere with the UV-fluorescence of petrol eum hydro-
car bons.

In the discussion Law nmentioned that sanples of oi
which were collected off the Dutch coast, had been
characterized and identified successfully 10 nonths
after the spill by GC techniques. The presentation of
papers and al so discussions continued in the norning
of March 24.

Seija Sinkkonen presented in her paper a |arge anount
of data concerning the analysis of hydrocarbons in
sedinents, nussels and flatfish. The anal yses were part
of a study of the biological effects of the "Antonio
Gramsky" accident when oil was released into the Baltic
in early 1979. The anal yses were done by applying GC,
mass spectronetry, mass chromatography and high
performance |iquid chromatography (HPLC). The results
of the analyses, as well as certain analytical details,
attracted a considerable interest from the group. The
very inpressing high resolution in the HPLC chroma-
tograms was noted especially.

It was noted that the analyses showed a high incidence
of anthracene in the sanples. This conpound is usually
scarce in oils but was abundant in the Soviet crude
oil which was spilled in this case. Anthracene is also
relatively abundant in pyrolysis products of fuel oils
and other carbonaceous naterials.

The followng two papers reported of studies conducted
to investigate the relevance of the UV-fluorescence

met hod for nonitoring petroleum hydrocarbons.

In his paper Christoph Gsterroht described a study of



t he possible influence of biogenic hydrocarbons on the
fluorescence neasurenents. It was realised that biogenic
hydrocarbons would domi nate on a water body carrying

a plankton production. If this material fluorescences,

it would disturb the fluorescence analysis. Because
particulate material acts as preconcentrator for

i pophilic dissolved organic substances, the study
focussed on the particulate fraction. Detailed analyses
showed that in the hydrocarbon fraction there was a

high content of all-cis A33,6,9,12,15,18,~-

henei cosahexaene and squal ene and a strong predom nance
of aliphatics with an odd nunber of carbon atons. Taking
into consideration results of other works published in
the literature it was concluded that the mgjority of the
identified conmponents were produced by marine flora and
fauna. It was especially noted that no aromatic conpounds
were found. Particles were accunul ated from appr. 400 dm>
portions of seawater.

The other study relevant to fluorescence analysis was
presented in a paper by Manfred Ehrhardt and Fathall ah
Bouchertall. The study referred to the background
fluorescence in non-polluted waters. The investigators
had chosen the approach to study what conpounds fl uoresce
of those which can be extracted from seawater with the
aid of a nonpolar solvent. There is no conclusive

evi dence that such fluorescing conpounds are produced

bi osynthetically. It is concluded that if polyaromatic
hydrocarbons (PAH's) can be produced by e.g. bacteria,

the product should consists of a few but rather dom nating
conponent s.

Large water volunes were solvent-extracted with sol vent
or |ipophilic conpound accunul ated by Iiquid-solid
sorption (An‘oerliteR XAD-2). The m xture of substances
thus obtained was very rich in conponents. In the

extracts of Baltic seawater concentrations of non-



substituted PAH s were found to be high (5 - 20 tines)
relative to the al kylated conpounds. As the forner

conmpounds are not abundant in oils but in conbustion

products of oils, the results suggest a considerable
i nput of air-borne PAH pollution rather than PAH s from

petroleumoils. This matter is now being studied further
The extracted material also contained a nunber of
aromati c ketones, which nmay have been forned by e.g. uv-
irradiation of aromatics in the surface film on the
wat er .

From the study it was concluded that as no fluorescent

hydrocarbons were found in the fraction that can safely
be attributed to biological sources the UV-fluorescence
method is not sensitive to disturbance by such materi al

The results also showed, however, that the nethod can
at present not distinguish between PAH s from petrol eum

and from incineration products.

In the discussion that followed it was noted that Law
and Andrulewicz in 1978 found simlar high concentrations
of non-substituted PAH s in particulate matter in their
study of the Gdansk Deep.

The | ast paper was presented by Jens Derenbach as a

denonstration of the biological relevance of neasuring

| ow | evels of petroleum hydrocarbons in the marine
environment. In |aboratory experinents it was shown e.g.
how very |low concentrations of crude oil, 15 png-. dnf3
down to as low as 0.2 pg- dm'3, interfered with the

attraction of Fucus ganetes thus disturbing the natura
communi cation via sex pheronones. It was also noted

t hat Fucus often grows extensively in areas which have
been recently subjected to oil pollution. It is not
known, however, whether this is an effect of growth
stimulation or of reduced grazing by herbivorous

organi sms. Results reported from ongoing studies at
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Wods Hol e Cceanographic Institution on phytopl ankton
pheronone systens would indicate that in analogy with
results from benthic algae conponents from oil pollution
could have considerable effects on many forns of

chem cally medi ated comuni cation

The discussions in the afternoon of March 24 concentrated
on two nain areas: the relevance of the UV-fluorescence
nmet hod for nonitoring of oil pollution and then on
various analytical details to be tested in the follow ng
practical parts of the Wrkshop.

From sonme of the presentations above it was concl uded
that results measured with the UV-fluorescence nmethod
are not likely to be influenced by recently bio-

synt hesi zed hydrocarbons. On the other hand it was al so
shown that the nethod cannot distinguish between
aromati c conpounds of different origins.

From the viewpoint of biological effects of pollution
there is obviously no necessity to know whether a
certain substance or mxture of substances originates
froman oil spill or from conbustion of an oil or other
fossil fuels.

I f Ehrhardt and Bouchertall's findings that a signifi-
cant part of the PAH's found in waters of the Kiel

Bi ght originate from atnospheric inputs are represen-
tative for the Baltic area, UV-fluorescence neasurenents
would offer little help to nonitor |ow |evel background
values of oil contam nation as a nmeans of supporting

adm ni strative counterneasures against such pollution
From the latter viewpoint it would, at |east theor-
etically, be nore profitable to nonitor single conponents
or groups of conponents which may be nore specific for
oil pollution. This latter aspect is a direct parallel
with the current debate on PCB nonitoring. The argunent
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was raised again, however, that as conpared with PCB
an oil contains many nore toxic substances. Thus,
nmonitoring a few of them would still |eave too many
W thout surveillance. In any case such nore detailed
nmonitoring would require nore elaborate nethods.

It was clearly realised that institutes involved in
nonitoring, e.g. within the Baltic Mnitoring Programe,
cannot on a routine basis process |arge nunbers of
sanples if elaborate and time-consum ng nethods are
required.

As a result of the discussions the group concluded

that the UV-fluorescence nethod is conparatively

sel ective, very sensitive, sinple, inexpensive and fast.
The method can produce good data in short tine and thus
provides an effective tool for screening |arge areas
e.g. in the form of regional nonitoring progranmes

The group, therefore, recommended the application of
the UVF nethod for nonitoring purposes. \Were clear
cases of polluted areas are thus identified they need
to be studied with nore elaborate nethods in order to
obtain nore detailed information on the extent and
nature of such pollution. Such nethods are GC with
capillary colums and capillary GC coupled to a mass
spectroneter.

The group also recomended that synchronous scanning

of excitation and em ssion wavel ength should be applied
whenever possible using a wavelength difference of

25 nmand a band width of = 10 nm because this procedure
produces nore qualitative information on the conposition
of the extracts.

As for the analytical details it was concluded that
some different solvents should be conpared for use as
extractants. D chloronethane is a good solvent for
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hydrocarbons and PAH's, it is non-flammable and |ess
toxic than carbon tetrachloride, and it separates
readily fromthe water phase. It was, therefore,
decided that this solvent should be tested together
with carbon tetrachloride and hexane which are used
frequently.

Concerning possible interferences in the fluorescence
measurenments it was pointed out that neither

di phenyl sul phones nor aromatic ketones or phthal ates
whi ch have been identified in extracts of Baltic Sea
water fluoresce under the experinental conditions of
oi | anal yses.

Different oils may have different fluorescence
intensities at any given wavel ength. Quantitative
measurenments preferably should be nmade at a wavel ength
where the difference between different oils are at a
mninmum To illustrate this subject Carlberg intro-
duced a paper by two Hungarian scientistgﬂ

They showed that the differences could be mnimzed
e.g. by using an excitation wavelength of 270 nm and
375 nm for the em ssion neasurenents.

It was noted, however, that although oils from various
areas have different conposition differences in their
fluorescence properties may be surprisingly snall

A difference of only 15 % between the em ssion
intensities between equal concentrations of an Ekofisk
crude oil and a Kuwait crude was nentioned.

%) Kdsa, |. and Bajnéczy, G (1977): Spectrofluorinetric
study of petroleum fractions and crudes of different
origin. A nethod for the determ nations of petroleum
in surface waters. Peri odi ca Pol ytechni ca, Chem cal
Engi neering, 21, 199-209.
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Law supplied the results of a study conducted at MNAFF

i n Burnham on-Crouch, UK, in which relative
fluorescence intensities of crude oils from 21 different
production areas were conpared. Excited at 310 nm the
fluorescence at 360 nm showed rather small differences
(Annex V). It was stressed, however, that for other
crude oils differences may-be greater

PRACTI CAL WORK

On Wednesday, March 25, all workshop participants
enbarked on R V. "Alkor" for a short cruise into Kiel
Bight in order to collect water sanples near Kiel

i ghthouse (DHI station No 709, 54030,8I N, 10°16,5" E)

In order to provide all participants of the workshop
with identical sanples of lipophilic material to be
anal ysed for dissolved/dispersed hydrocarbon concen-
trations by individual methods in the participants'
home | aboratories a collection device was anchored en
route to the sanpling station approximately 2 mles
off the north shore near the entrance to Eckernférde
Bi ght (54°32* N, 10°1,5" E). The collection device is
described in the Proceedings of the Xl I Conference of
the Baltic Cceanographers, Leningrad, April 1980.
Annex V describes briefly how the sanple was collected
and processed.

At the anchor station near Kiel |ighthouse water
sanpl es were taken by various sanplers |owered both
open and closed and ranging in volume from1l to 10 am’>.
Imediately after retrieval the sanples were extracted
with a first portion of water-immscible solvents
(cc14, CH2C12, n- hexane) and set aside. Extractions
were conpleted after return to the |aboratory.

Anal yses during the following two days reveal ed

3 128200870X-12
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a conparatively good agreenent anong concentrations

of di ssol ved/ di spersed hydrocarbons determ ned by
spectrofluorinetry according to the procedure outlined
in UNESCO Manuals and @Quides No 7, although different
nmet hods of sanpling, extraction, and work-up were

enmpl oyed. Al individual analytical techniques
including sanpling are deseribed in detail in Annex VI.

DI SCUSSI ON ON THE FI RST ROUND OF SAMPLES

For sanpling of water from 1 m depth two different
met hods had been used: drop bottles which are open
during their descent in the water and closed bottles
which are opened after reaching the selected depth.
Al'l sanples taken at greater depths were collected
with sanplers of the closed bottle type.

The group felt it was of interest to conpare the
results of the two nodes of surface water sanpling.

The results (see Table 1, Annex VI) do not support the
view that sanples in the drop bottles becone contam -
nated because the bottles are opened before they are
cast into the water. Contrary to expectation the nean
val ue of "oil" concentrations obtained from sanples
taken with closed bottles was slightly higher than the
mean value from sanples taken with drop bottles (see
al so discussion of the second round of the sanples,
page 15). It should also be noted, however, that the
use of closed bottles resulted in smaller variations
of the analytical results.

Results were reported of a sanpling exercise carried
out in Mditerranean surface water. Sanples were taken
both from the vessel and from a rubber dinghy which

was rowed away upwi nd from the vessel. Results from two
sets of sanples were not statistically different which
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suggests that with the selected sanpling nethod the
ship itself normally does not cause contam nation of
the sanples. One reason for this may be that, as was
found when testing the sanples in a hydrographic test
tank, the open drop bottle is actually closed by an
air bubble during its descent to 1 m depth. These
observations had al so been confirmed by SCUBA divers
at actual sanpling.

It was agreed to use the second cruise on Mnday, March
30, to conpare the extraction properties of carbon
tetrachloride wth those of dichloronmethane. The use

of the latter solvent which does not interfere with
fluorescence anal yses and thus does not have to be
exchanged for n-hexane would sinplify the method
consi der abl y.

The second sanpling exercise took place on board the
Deut sche Hydrographi sche Institut's R V. "Guss" which
had generously been nmade available for this purpose.

DI SCUSSI ON OF THE SECOND ROUND OF SAMPLES

When comparising results from extracts obtained with
different solvents sone differences becanme evident.
Methylenechloride gave significantly higher concentra-
tions (see Table 2, Annex VI). Not only were the
concentrations of extracted materials higher but also
gave the solvent rather deeply coloured extracts as
conpared with hexane and carbon tetrachl oride solutions,
and the resulting spectra were partly different.

As it is well established in earlier work, by the
participants and others, that both carbon tetrachloride
and hexane are good solvents capable of extracting from
the water the petrol eum hydrocarbons of interest, the
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addi tional extracting capability of nethylene chloride
was not regarded as a benefit for the analysis. The
extra material which was extracted may, at least in
sone sanples, cause self-absorption. Thus the analyst
woul d have to check this frequently and possibly also
apply a clean-up procedure before the photonetric
nmeasurements could be made'. That woul d nean not only

a requirenent for nore nmanpower for the analysis, but
al so sone additional risk for introducing contam nants.
The higher volatility of dichloromethane as conpared
with carbon tetrachloride was regarded as a definite
advant age whi ch, however, cannot conpensate for the
difficulties nmentioned above.

Carbon tetrachloride and hexane again gave simlar
results on parallel analyses. The nean concentration
found in n-hexane extracts again was slightly higher
(see Table 2, Annex VI). The reason for this phenonenon
has not been established with certainty, but it is
assunmed that some fluorescent material is lost during
the evaporation of carbon tetrachloride. Since this

sol vent al so has serious disadvantages, nmainly from

t he viewpoint of occupational health and safety, the
group decided to recommend that hexane (n-hexane or
cycl ohexane) be used as extractant and solvent for
fluorescence neasurenments. This constitutes a
substantial deviation from the original procedure
(MAPMOPP), but the results of this intercalibration
suggest that data will remain conparable with those
obtained with the original procedure. Suitable ways to
perform the extraction etc. are described in Annex VI.

It was noted that, especially when a great deal of

bi ogeni ¢ conpounds are present in the water, a
significant part of the hexane will dissolve in the
water. It was, therefore, advised that if extractions
are carried out with a small volune of hexane
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(e.g. 10 cm® - dm'3) the separated solvent phase and
possi bl e emul sion should be collected and adjusted to
volunme after the extract has been dried with sodi um
sul phate. A second way to overcone the problem could
be to increase the volune of hexane (to 20 - 30 cm’

'dm—3) as to nmake the | osses by dissolution insignificant.

SELECTI ON OF REFERENCE QAL

Synchronous excitation spectra of sone crude oils were
obtained (Fig. 1). The oils were the topped Iranian
crude used in the intercalibration and a Soviet crude
used by Finnish and Polish participants as standard as
wel |l as an Ekofisk crude. As the spectra showed the

oils to be of simlar conposition up to the region of
about 390 nm the Wrkshop recommended that a preparation
of the Ekofisk crude should be used as a common standard
for nmonitoring purposes in the Baltic. An additiona
advantage of this approach is that the same oil can be
used for both the North Sea and the Baltic. From the
anal ytical point of view the choice of reference oil

is not so very critical as can be understood from the
conparison of crude oils in Annex IV.

Gerhard Dahl mann of the German Hydrographic Institute
undertook the responsibility to prepare such a common
standard Ekofisk crude oil preparation and have it
available for distribution. This offer was received
with great appreciation by the Wrkshop participants.

COVPARI SON  OF SPECTROFLUCRI METERS

When conparing the results from neasurenents nade on
the two fluorineters available to the participants it

becane evident that the Aminco spF 500 instrunment gave
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slightly higher concentration figures. This was found

to be an effect of the different bandpass settings

(5 nmon the Aminco and 10 nm on the Farrand MKl
instrument). Wen the sanme bandpass was used on both
instrunents the results were not significantly different.
The reason for the higher concentration figures obtained
at narrow bandpass was identified to be an effect of

the better resolution in these spectra.

In view of the small differences it was not felt to be
necessary to make a recommendation for the use of a

5 nm bandpass as this would nake it inpossble for
several institutes to participate in nonitoring
activities. It was decided that neasurenents could be
performed with either 10 or 5 nm bandpass. It was
recogni sed, however, that neasurenents at 5 nm bandpass
were nore precise. It was, therefore, advise that, when
possible, the nonitoring institutes should start using
instrunents with narrow bandpass

CLCSI NG OF THE MEETI NG

After a final discussion of the Wrkshop report the
chairman closed the nmeeting on Friday, April 3, by
thanking all participants for their keen interest in
the subject matter of the Wrkshop and their many
useful and constructive contributions.

RESULTS OF THE WORKSHOP
It should be noted that
1) the UV-fluorescence neasurenent of |ipophilic

seawat er extracts at the exctitation and em ssion
wavel engths specified in UNESCO Manual s and Cuide
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No 7 appears not to be influenced by products of
recent biosynthesis and produces neaningful results
at concentrations O >1ug dissolved/dispersed

petrol eum resi dues per dm>.

2) the above method cannot differentiate between
pol ycyclic aromatic hydrocarbons of different
origin sone of which are probably introduced into
seawater by aeolian transport and precipitation
from t he atnosphere.

3) regardl ess of sanpling and work-up procedures the
results of the analyses were in fairly good
agr eenent .

4) the solvent used to extract seawater sanples
appears to contribute nost to the variability of
results (see Table 2, Annex VI).

5) hexane is a suitable solvent leading to results
whi ch are approximately 30 % higher than those

obtained with carbon tetrachloride as extractant.
Its use sinplifies the analytical procedure and

reduces health hazards.

6) an artificially weathered (topped) crude oil is a
sui tabl e reference substance.

7) using different crude oils as standards will not
have a dramatic influence on analytical results

al though their quality can be inproved by conparison
of unknowns with a common reference oil

13. RECOMVENDATI ONS

Concluding that the UV-fluorescence nethod for assessing
concentrations of petroleum residues dissolved and/or
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di spersed in seawater is conparatively selective, very
sensitive, sinple and relatively inexpensive,

considering also that the application of this nethod
is likely to produce good data in short tine and thus
provides an effective tool for screening |arge areas,
e.g. in the form of regional nonitoring progranmres,

the G oup recommends the use of the WV fluorescence
nmet hod for nonitoring purposes.

Recogni zing the need to establish the absence in
solutions to be analysed fluorinetrically of substances
whi ch cause self-absorption or quenching,

the Goup recommends that the intensities of the peak
caused by Raman scattering of the pure solvent should
be conpared with the intensity of the Raman peak of

the solution. In the absence of interfering substances
and overl appi ng em ssion bands both peaks have the sane

intensities.

Recogni zing that additional qualitative information

is thus obtained the Goup recomends that synchronous
scanning of excitation and em ssion wavel ength shoul d

be applied whenever possible using a wavel ength difference
of 25 nm and a band width of < 10 nm

Based on a systematic conparison of the extraction
efficiencies of n-hexane and carbon tetrachloride for
fl uorescent conpounds from seawater,

recognizing the lower toxicity of n-hexane, and

appreciating the reduced conplexity of the work-up

procedur e,

the Goup recomends to use either n-hexane or
cycl ohexane as extractant and solvent for fluorescence

4 128200870X-12
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nmeasurenents of dissol ved/ di spersed petrol eum residues
in seawater.

Taking into account the fact that the use of standards
prepared from different crude oils does not introduce

substantial errors, but recoqnizing the inmmroved

quality and credibility of -data based on a comon reference
substance the Goup reconmends to use a topped Ekofi sk
crude oil as the standard for oil contam nation

nmonitoring purposes in both the North Sea and the Baltic
Sea Area.

* % %

This study has been supported financially by the
Federal Mnistry for Research and Technol ogy
(Bundesm ni sterium fiir Forschung und Technologie) of
the Federal Republic of Germany (MFU 0511-1). The
results of the study are published under the sole
responsibility of the W rkshop participants
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aliquots of a common sanple (see
Annex V)



24

ANNEX 1

WORKSHOP  TI ME SCHEDULE

Monday, March 23, 1981

nor ni ng:

af t er noon:

Tuesday, March 24

nor ni ng:

af t er noon:

Wednesday, March 25

norni ng and
af t ernoon:

Regi stration, opening of the
neeting, welcomng address, election
of chairman and rapporteur.

Sem nar on recent developnents in
sanpling, analysis, interpretation
of results and their conparability
with regards to hydrocarbons in
seawater (lectures by invited
speakers).

Sem nar conti nued.

Di scussion on |essons to be |earned
from recent analytical devel opnents
(sanpling, storage, work-up
analysis, interpretation of results,
reference material).

Excursion on board ship. Collecting
of sanples for determ nation of

di ssol ved/ di spersed hydrocarbons by
sanpling gear to be brought along

by workshop attendants. Aliquots to
be anal ysed at Kiel |aboratory by
common nethod (spectrofluorinetry)
and standard. Deploynent of sanpling




Thursday, March 26

norni ng and
af t ernoon:

Friday, March 27

nor ni ng and
af t er noon:

Sat urday, March 28

norni ng and
af t er noon:

Monday, March 30

nor ni ng and
af t er noon:

5 128200870X-12
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buoy at a location near the entrance
t0 Eckernfdrde Bight (54°32'N,
10°1,5'E) for collection of inte-
grated sanple. Aliquots to be
distributed to all workshop partici-
pants for analyses in hone

| aboratories by own nethods and
common as well as own standards.

Sanpl e preparation and neasurenent
(spectrofluorinmetry, conmon
standard).

Measurenents continued, conparison
of results. Denonstration of sea-
wat er extraction devices and
computerized GC-M5 equi pnent.

Day off, sight-seeing, social
activities.

Sanpl e collection from ship for a
second round of analyses possibly
i ncorporating inprovenents
derived from conparison of first
results.



Tuesday, March 31

norni ng and
af t er noon:

Wednesday, April 1

norni ng and
af t ernoon:

Thursday, April 2

nor ni ng:

af t er noon:

Friday, April 3

nor ni ng:

af t er noon:

It was agreed that

t he workshop prior
refl ected

wor kshop attendants report
of analyses perforned at
i ndividually devel oped nethods of
to May 31.
in this Report.

26

Sanpl e preparation and neasurenent
(spectrofluorinetry,
standard).

comon

Measur enents conti nued.

recommendati ons to
be derived from | ectures and

Di scussi on on

practical experience during the
wor kshop and on prelimnary
wor kshop report.

Drafting of prelimnary report

and recomrendati ons.

Accept ance of recommendations and
prelimnary workshop report.

D stribution of conmmbn standards.

G osing of the neeting.

the results
| aboratories by

sanpl es taken during

These results are

their own
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ANNEX 11

LI ST OF PARTI Cl PANTS

Andr esen, | nger

Dantest

Amager Boul evard 114

DK 2300 Copenhagen, Denmark

Andrul ewi cz, Eugeniusz

Institute of Meteorology and \Water
Managenment

ui1. Waszyngtona 42

P1 81-342 dynia, Pol and

Berend, Peter

Wasserwi rtschaftsdirekti on Kiiste
Badenstr. 18

DDR 2300 Stral sund, GDR

Bouchertall, Fatallah

Institut fiir Meereskunde an der
Uni versitat Kiel

Dti sternbrooker Wg 20

D 2300 Kiel, FRG

Carl berg, Stig

Nati onal Board of Fisheries
Institute of Hydrographic Research
P.0O.Box 2566

S 40317 Gbteborg, Sweden

Dahl mann, Gerhard

Deut sches Hydrographi sches Institut
Labor Siilldorf

Wistland 2

D 2000 Hanmburg 55, FRG

Der enbach, Jens

Institut fiir Meereskunde an der
Uni versitat Kiel

Di i sternbooker Weg 20

D 2300 Kiel, FRG

Ehr hardt, Manfred

Institut fiir Meereskunde an der
Uni versitat Kiel

Di i sternbrooker Wg 20

D 2300 Kiel, FRG

Er komaa, Kirsti

Nati onal Board of Waters, Finland
Kyldsaarenkatu 10

SF 00550 Hel sinki 55, Finland



Lange, WIfried
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Deut sches Hydrographi sches Institut

Labor Siilldorf
Wistland 2

D 2000 Hanmburg 55, FRG

Law, Robin

Mnistry of Agriculture, Fisheries and Food,

Fi sheries Laboratory
Renenbr ance Avenue
@& Bur nham on- Cr ouch
Essex CcmMO 8HA, U K

GCsterroht, Christoph

Institut fiir Meereskunde an der

Universitidt Ki el

Di i st ernbrooker Wg 20

D 2300 Kiel, FRG

Sinkkonen, Seija Inkeri

Jyvadskyldan Yliopisto
Kem an Laitos
Kyl li ki nkatu 1-3

SF 40100 Jyvidskyla 10, Finland

Tervo, Vappu

Institute of Mari ne Research

P.0.Box 166

SF 00141 Hel sinki 14, Finland

Tronczynski, Jacek

Acadeny of Agriculture

Institute of Fisheries
Cceanography and Sea Protection
Dept. of Hydrochem stry and Water

Pr ot ecti on

Kazi merza Krolewi cza 4

Pl 71-505 Szczecin,

Pol and

10

11

12

13

14

15
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ANNEX 111

ABSTRACTS OF LECTURES HELD DURI NG THE WORKSHOP
IN ORDER OF THEI R PRESENTATI ON

Report on the first |ICES Interconparison Exercise on
Pet r ol eum Hydr ocar bons

R J. Law and J.E. Portmann

Abstract

An interconparison of petroleum hydrocarbon anal yses
has been conducted for sanples of crude oil, marine

sedi nrent and a nussel honogenate. Thirty-six sets of
sanples were distributed and results have been submtted
by twenty-six |aboratories in eleven countries. No

anal ytical techniques were specified for the exercise,
and anal yses by gravinetry, infrared and ultraviol et
spectrophotonetry, fluorescence spectroscopy, gas and
liquid chromatography, and conbined gas chromatography/
mass spectronetry were reported. A reasonabl e agreenent
was obtai ned between |aboratories for broad fraction
anal yses, but the determ ned concentrations of specific
hydr ocar bons showed greater variation. Proposals are
made for the general lines of a followup exercise.

Calibration problens related with analysis of
petrol eum hydrocarbons using UV-fluorescence photonetry

Stig R Carlberg

Abstract

Based upon experience from an international inter-
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calibration exercise conducted within the franmework
of the 1OC-WVMO Marine Pollution (Petroleum Mnitoring
Pilot Project (MAPMOPP) problens are discussed such as

- selection of reference material (petroleum oil or
si ngl e conponent)

- spectral properties and requirenents concerning the
reference material

- quantitative aspects with reference to the selected
reference material

- the use of filter fluorineters and spectrofluorineters

- selection of wavelengths for quantitative neasurenents

- practical hints how to avoid errors in quantitative
anal ysi s

as conclusions from the discussion the author proposes
that:

- a suitable pretreated crude oil is used as a common
reference material for calibration
- analysis is made with spectrofluorineters rather

than filter fluorinmeters and that, preferably,
em ssion spectra should be scanned and recorded

- the Raman peak should be used as internal calibration
standard in quantitative work to avoid errors due to
guenching or self-absorption of emtted |ight.

Devel opnent of an oil identification system

I nger Andresen

Abstr act

During a long period (since 1960) the National Institute
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for Testing and Verification (Dantest) in Denmark has
been consultative to the Danish authorities with
respect to oil pollution. The institute deals wth
oi | combatting procedures as well as identification of
the origin of spills.

During the period the analytical system has been

revised several tines. In the latest 2-3 years a
standard system has been devel oped in collaboration

with 4 other Scandinavian |aboratories under the auspices
of the Nordtest organization.

The standard system consists of a two-step anal ytica
procedure, the first step (UV or UV-fluorescence and
GC on conventional colums) is used as a screening
procedure, the second step (GC capillary, IR AAS,
S-determnation and HPLC) is used as identification
procedure.

Monitoring of marine oil pollution by analysis
of nmussel and fish sanples

Seija Sinkkonen and Jaakko Paasivirta

Abstract

Extraction, clean-up and determ nation methods for oi
residues in nussels and fish of the Baltic Sea have
been devel oped in order to find inproved neans of
nmonitoring localized incidents of oil pollution and
their tinme trends and to study the possible enrichnent
of individual oil conponents in food chains.

Al'i phatic hydrocarbon residues were readily separated
from other nussel and fish conponents and anal ysed
by glass capillary gas chromatography using dry needle
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injection and FlI detector.

Li quid chromat ography nethods were tried in clean-up
and group separation of aromatic oil residues. However,
interference of natural conmpounds in GO FID prevented
the use of the latter nethod in final determ nations.
G&C/ mass spectronetry was applied to determ ne

i ndi di dual aromatic conpounds or conpound groups.

H gh pressure |iquid chromatography was also applied

as a final determnation nethod for aromatic conponents.

Ol residue conmpounds could be differentiated from
conmpounds occuring naturally in nussels and fish by
statistical treatnent of the analysis results.

Particul ate hydrocarbons in the Baltic with

respect to MAPMOPP nethod for determning
di ssolved and particul ate hydrocarbons in seawater

C. GCsterroht

Abstract

Particulate matter, collected by two different nethods
from1l mand 5 mdepth at a station east of Gotland
(57°05'N, 19°26'E) in May 1980 was extracted in a
specially designed rotating extractor. The raw extract
is cleaned and separated into different fractions in
order of increasing polarities by liquid chromato-
graphy on silica gel. The hexane-fraction containing
hydrocarbons is again chromatographed to separate

hi ghly unsaturated hydrocarbons from aliphatics and
mono—~ and diolefins. The fractions finally resulting
are subjected to GC-Ms analysis and, if necessary and
possible, to other analytical techniques. Only ali-
phatic and ol efinic hydrocarbons were detected.
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conparing our results with data fromthe literature, it
appears nost likely that the majority of hydrocarbons
extracted from particulate matter at the tinme and

| ocation indicated above, were released by narine
organi sms, mainly planktonic and benthic al gae. No

aromatic or alicyclic hydrocarbons were found. Considering

t he MAPMOPP net hod and the conpounds to which it is
sensitive, we conclude that UVF indeed does not neasure
bi ogeni ¢ hydrocarbons but rather PaH's of anthropogenic
origin. This does not necessarily nean that petrol eum
derived hydrocarbons are determ ned very precisely by

t hi s net hod.

Literature.reference:

GCsterroht, Chr. and G Petrick (1982):Aliphatic hydro-
carbons in particulate nmatter from the Baltic.
Accepted for publication in Marine Chem stry.

Composi tional characteristics of |ipophilic
seawater extracts

Fat hal | ah Bouchertall and Manfred Ehr hardt

Abstract

In order to ascertain the origin of l|ipophilic

fl uorescent conpounds extractable from seawater wth
carbon tetrachloride or accessible by sorption onto
AmberliteXXaAD-2 resin, such concentrates were anal ysed
by GC and GC-MS techni ques. The conposition of
concentrates differs from that of fresh crude oils in
that |ow boiling alkanes up to twenty carbon atons are
usual ly mssing. Anmong aromatic hydrocarbons
unsubstituted PAH's such as phenant hene, pyrene,

fl uorant hene, chrysene, are substantially nore abundant
than in crude oils suggesting a pyrolytic origin of
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a portion, as yet undeterm ned, of marine PAH's. Sone
aromati c ketones were discovered in the extracts which
however, hardly contribute to the fluorescence.

Literature reference:

Bouchertall, F. (1980): Anreicherung und Charakterisierung
von im Meerwasser geldsten fluoreszierenden organischen
Substanzen. Diss. Kiel, 1980.

Ehrhardt, M (1980): Prelimnary results of a nove
sanpling technique for dissolved and particul ate

organic material in deeper water |ayers. Paper presented
at the 12th Conference of Baltic QGceanographers,

Leni ngrad, USSR, April 1980.

Interference of |ow concentrations of petroleum
hydr ocarbons with sex pheronone reactions of

mari ne al gae

Jens B. Derenbach

Abstr act

Ganetes of different brown algae are known to be
attracted by their specific sex pheronone at concen-
tration levels of sonme ng. dnf3. This chenptaxis is

not very specific. A range of simlar olefinic conpounds
m m c pheronone reactions. In addition, petroleum

hydr ocar bons were discovered to interfere with the
pheronone reaction of ganetes. Different authors
reported inhibition of zygote formation or reduced
ganmete attraction with Fucus, Cutleria, and Lam naria
species at sublethal concentrations between 0.2 and

50 pg of crude oil or diesel oil per dm® Of seawater.

This interference of petroleum hydrocarbons with
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pheronone reaction systens may not be restricted to
coastal areas. There is sone indication that conpounds
simlar to known pheronones of benthic al gae al so act
as pheronones in plankton al gae. By anal ogy one is
tenpted to assunme that |ow concentrations of petroleum
hydr ocarbons thus possibly affect a large portion of
organisnms in the ocean.

Literature reference:

Derenbach, J.B. and MV. GCereck (1980): Interference
of petrol eum hydrocarbons with the sex pheronone
reaction of Fucus vesiculosus. J. exp. mar. Biol. Ecol.,
44, 61-65.

Derenbach, J.B., W Boland, E F&lster, D.G Miller
(1980): Interference tests wth the pheronone system
of the brown alga Cutleria multifida. Mar. Ecol. Prog.
Ser. 3, 357-361.
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ANNEX IV

COVPARI SON OF RELATI VE FLUORESCENCE | NTENSI TIES OF CRUDE

O LS FROM DI FFERENT PRODUCTI ON AREAS

Equal ly concentrated solutions (1O mcrograns per cm® of

di chl oronet hane) of crude oils from different production
areas were related to the .Ekofisk crude. (Instrunment: Baird-
Atom ¢ SFR-100, bandpass: 10 nm excitation: 310 nm

em ssion: 360 nm. This work was carried out at the

Mnistry of Agriculture, Fisheries and Food, Directorate

of Fisheries Research, Fisheries Laboratory, Burnham-on-
Crouch, Essex CMO 8HA, U K

Ekof i sk crude oil 1.00
Auk " " 0. 65
Beryl " " 1.10
Kuwai t " " 0. 80
Mont r ose " " 0. 80
Dunlin " " 1.05
Forties " " 0. 85
Argyl | " " 0. 60
Thristle " " 0.85
Pi per " " 0.90
G aynore " " 1.00
Mur chi son " " 0. 80
N ni an " " 0. 85
Br ent " " 0.75
Li ght Arabian " " 0.78
Li ght Iranian " " 1.00
Li ght Saudi Arabian crude oil 0.82
Li byan (Brega) crude oil 0. 86
Ni geri an " " 1.10
Abu Dhabi  (Murban)" " 0.63
Beatrice " " 0.77

mean val ue = 0.856'0.145 (% 17,94 %)
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ANNEX V

PREPARATI ON OF AN | NTEGRATED SAMPLE FOR DI STRI BUTI ON
TO ALL WORKSHCOP PARTI Cl PANTS

Water is drawn through a 14 cm dianeter kiln-fired
glass fibre filter. The filtered water then passes
through a glass colum (20 x 200 mm) filled with 100 cnB
of pre-cleaned AmberliteRXaAD-2 resin. The vol ume of

wat er punped through the system is neasured by counting
t he nunber of revolutions of the netering punp.

The system was operated for 48 hours at a depth of 5 m
bel ow the surface (water depth 20 n). Breaking of a
tube at elevated pressure resulting from a high
concentration of particulate material suspended in the
water which finally clogged the filter prevented a
preci se determnation of the volune of water which had
passed through the XAD-2 cartridge. It should, however,
be close to 760 dm> indicated by the neter

After retrieval the XAD-2 cartridge was eluted for six
hours with refluxing aqueous acetone. The acetone was
evaporated under reduced pressure in a rotary evaporator.
Li pophilic material was then extracted from the aqueous
residue into spectrograde carbon tetrachloride (3 x

25 cmd) . The carbon tetrachloride solution was washed
once with 25 cm® of high purity water (MIIipore Super

Q System) saturated with kiln-fired sodium chloride

and dried over anhydrous sodium sul phate (solvent
extracted and reactivated at 130°, vacuunj .

The solution was then nade up to 200 em® in a vol umetric
flask. 10 cm® portions were pipetted into glass anpoul es
which were flanmeseal ed under a stream of ultrapure

ni trogen.
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Each anpoul e contains lipophilic material accunul ated
on XAD-2 resin frOle%% = 38 dam° of filtered seawater
and extracted by carbon tetrachloride from the acetone
eluate of the XAD 2 col um.

These sanples were anal ysed by all Wrkshop
participants in their home laboratories in order to
determine the influence of individual analytical
techniques on the variability of results obtained from
a uniform set of sanples. It was agreed that results
should be reported to the Wrkshop convenor not |ater
than May 31, 1981, for inclusion in the Final Report.
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ANNEX VI

DESCRI PTI ON OF ANALYTI CAL METHODS FOR THE ASSESSMENT
OF CONCENTRATI ONS OF DI SSOLVED/ DI SPERSED O L RESI DUES
AS EMPLOYED BY PARTI Cl PANTS DURI NG THE WORKSHOP AND
RESULTS

1) Andresen, |nger

MAPMOPP net hod as described in UNESCO Manual s and
Quides No 7, without nodifications.

2) Andrul ewi cz, Eugene

For the first round of sanples the MAPMOPP procedure
was enployed w thout nodifications.

The second round of sanples was extracted with 2 x
40 cm> of dichl oromet hane each. Extraction was
effected by rigorous shaking for 10 m nutes.

Di chl oromet hane extracts were used directly for

fl uorescence measurenents.

3) Berend, Peter

MAPMOPP net hod wi thout nodifications.

4) Bouchertall, Fathallah
MAPMOPP net hod wi thout nodifications.

5) Carlberg, Stig

Saopling. Standard |1 GOSS sanpler for 1 m depth. 2,8 cm

or 1 dm’ t horoughly cl eaned reagent bottle which is
open during its decent in the water.

Extraction. Carbon tetrachloride 25 cm3, or

di chl or onet hane 50 cm®> was used. The sanple bottle
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is manual |y shaken for about 10 minutes and then the
phases are left to separate. The solvent is wth-
drawn with a pipette and transferred into a fl ask.

A second extraction is carried out with the sane

(25 cm3or 50 cm>) vol une of sol vent.

Pretreatment. The extracts-containing emul sion were
dried by adding pre-extracted sodium sul phate. The
dried extracts were then transferred into clean

fl asks and evaporated to dryness using a rotary
evaporator and a water bath at 30 - 40°C. The
evaporation process was interrupted inmediately
before the last traces of solvent disappeared. It

was made sure that all traces of carbon tetrachloride

was renoved fronlthe_flask before the residues were
redi ssolved in 10 cnB8 of hexane in a volunetric flask

Calibration. 2,0 cnB8 of the solvent was neasured into
the photonetric cell and background em ssion was
recorded using an excitation wavel ength of 310 nm and an
em ssion wavel ength of 360 nm Known anounts of
reference oil (topped Iranian Crude dissolved in

hexane) were added by means of a mcrosyringe (roughly

1 mn® in each portion). A calibration graph was con-
structed from the em ssion readings at 360 nm after
substraction of the em ssion of the solvent at the

sane wavel engt h.

Anal ysis. The sanple extracts were neasured in the
same way as described above. In the calcul ations
account was nade for the differencies in calibration
vol ume (2 cnf% and final extracts volunme (10 cm3).

10) Dahl mann, Gerhard and WIfried Lange

The sanpling device consists of a 10 am” round bottom
flask described by Stadler and Schomaker, Dt. hydrogr
z., 30, 20-25 (1977).
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Advant ages: Easy to clean glass surface, opens only

at the desired depth, can be used for deep-water

sanples up to 2000 m The sanple is extracted
within the sanpler. The hexane- phase can be separated

'"easily by a special device to be attached to the
sanpler after extraction rendering unnecessary the
use of an additional separatory funnel.

Di sadvant age: Sonmewhat unwi el dy equiprment. Before
each sanpling, the sanpler is washed with water
(and detergents) and rinsed with 500 cm? of acetone

and 500 cm3 of hexane. The sanple is shaken on a

mechani cal shaker for 30 nmin. with 300 cm® hexane
(nanograde) aboard the ship. In the |aboratory the
extracts are dried with Nazso4 and concentrated in
a rotary evaporator to 10 cnB. An aliquot of this
solution is neasured wth an Aminco SPF 500 spectro

fluoronmeter (I GOSS-wavel ength).

Calibration_of the_instrument: The fluorescence
intensity of a known concentration of Ekofisk-crude
oil is dialled in with the "range vernier"-setting.
The fluorescence of pure hexane is adjusted to

0.000 by neans of the "blank substract vernier".

We normally produce two spectra of a sanple: an

em ssion spectrum at 310 nm excitati on wavel ength

and a synchronous spectrum at a wavel ength difference
between excitation and enission of Ah= 23 nm.

Der enbach, Jens

For the first round of analysis the MAPMOPP nethod
was used w thout nodification

Instead of carbon tetrachloride 2 x 20 cm3 of
di chl oronet hane were used for the second round of
anal yses.
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Fl uorescence signals of water-saturated standards
and extracts were found to be low by 5 - 20 %
relative to dry sanpl es.

12) Ehrhardt, Manfred and Christoph Gsterroht
MAPMOPP et hod w thout nodification.

Er komma, Kirsti

For the first and second round of analyses the
MAPMOPP net hod was used. For the second round of
anal yses di chl oronmet hane and carbon tetrachl oride
were used as solvents. In addition to the NMAPMOPP
procedure the follow ng nmethod was used for both
rounds of anal yses.

Sampling: Water sanples are taken with 1 dm> Herck
reagent bottles which are closed with a teflon foil
while being lowered to the sanpling depth. The
teflon foil is then pierced wth a messenger-

activated devi ce.

3

Extraction: 10 cm” of n-hexane are added to the

sanple bottle and its content is stirred with a
magnetic stirrer for 45 mn. Pre-extracted seawater
is then added to force the hexane layer into the
neck of the bottle fromwhich it is withdrawn with

a pipette.

Fl uorescence spectra are obtained with 310 nm
excitation wavel ength. The fluorescence intensity
of 360 nmis used for quantification.

Law, Robin

No wat er anal yses during the Wrkshop.

Si nkkonen, Seija |nkeri
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For the first round of sanples the MAPMOPP net hod
was used w thout nodification.

In the second round the sanple was extracted with
di chl oronethane (1 x 50, 2 x 30 cm>) which was
dried with Na,S0,, evaporated and replaced by n-
hexane for the fluorescence neasurenent.

Tervo, Vappu

In both the first and the second sanple collection

t he MAPMOPP net hod was used w thout nodification for
one sanple, and for another sanple the sane nethod

was enpl oyed as described under 9) above.

Tronczynski, Jacek

For sanples taken during the first round the MAPMOPP
met hod was used w thout nodification

Sanmpl es taken during the second round were anal yzed
both according to the MAPMOPP net hod and,
alternatively, by using dichloronethane as extractant
and subsequently as solvent for fluorescence

nmeasur ement .
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TABLE 1

Results of the first round of sanple collection.
Nunbers refer to the group or individual who anal ysed
the sanple (see |list of participants, Annex 11).
Particulars in parentheses denote the type of fluori-
meter: MK 1 = Farrand MK 1, SPF 500 = Aminco SPF 500.

Met hods are described in detail in the beginning of
t he Annex.
No Method Result
( pg "oil"-dm )
1 2.8 a drop bottle, 2 x 25 cm® CCl,, n-C6 1.2 (4 1)
2 2.8 am drop bottle, 2 x 25 am® CCl,, n=C; 0.5 (SPF 500)
2.8 an® drop bottle, 2 x 50 cm® CHCL, 1.2 (SPF 500)
3 2.8 am drop bottle, 2 x 25 cm’ &Cl,, n=C 0.5 (M 1)
2.8 an® drop bottle, 2 x 25 em® CCl,, n-C, 1.1 (SPF 500)
4 2.8 dm> drop bottle, 2 x 25 a® © CCl,, n=C, 0.6 (M 1)
2.8 am> drop bottle, 2 x 25 am> CCl,, n=Cg 0.9 (M 1)
5 2.8 aw drop bottle, 2 x 25 cm® CCl,, n-C; 1.6 (SPF 500)
6,10 2.8 am drop bottle, 2 x 25 am® CCl,, n-C, 1.6 (SPF 500)
2.8 an° drop bottle, 2 x 25 em® CCl,, n—C, 1.3 (% 1)
8,12 2.8 dm® drop bottle, 2 x 25 aw CCl,, n—C, 0.9 (M 1)
13 2.8 dam’ drop bottle, 2 x 25 cm’ CCl,, n-C; 1.4 (% 1)
2.8 dm® drop bottle, 2 x 25 am® CCl,, nC; 1.4 (SPF 500)
14 2.8 dm® drop bottle, 2 x 25 am> CCl,, nCg 0.9 (Mk 1)
15 2.8 am drop bottle, 2 x 25 am® CCL,, n-C6 1.4 (SPF 500)
all sanplers were | owered open
nean val ue = 1.1of0.37(t33.6 %)
6,10 10 dmgjspherical gl ass sanpl er, 300 cm’ n~C. 1.7 (SPF 500)
9 1.0 an° closed bottle, 10 cm’® n-C, 11 (MK 1)
1.0 am® closed bottle, 10 cm® n-C 1.5 (M 1)
14 1.0 ao’ closed bottle, 10 cm® n-Cs L7 (M 1)

all sanplers were | owered cl osed
mean value = 1.570.28(%18.7 2)
overal | nean val ues of all surface sanples= 1.24%0.37(329.83)
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Table 1, continued
No Met hod Result

(ug "oil"-dm >

5 1.0 &0 closed bottle, 10 and n-c6 10 m 2.1 (SPF 500)

1.0 an ¢ gsed bott| e, 10cmh-C6 10 m 2.2 (SPF 500)

6,10 10 dn spherical glass sampler,30(')cm3 8 m 1.9 (SPF 500)

9 1.0 dn® ¢l osed bottle, 10 cn—qc6 10 m 1.4 (MK 1)
sanpl es taken at greater depth,

sanpl er closed during decent nean val ue =1.90%0.36 (*18.9 %)

)
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TABLE 2

Results of the second round of sanple collection.
Nunbers refer to the group or individual who anal ysed
the sanple (see list of participants, Annex 11).
Particulars in parentheses denote the type of fluori-
meter: M 1 = Farrand M 1, SPF 500 = Aaminco SPF 500.

Met hods are described in detail in the beginning of
t his Annex.
No Met hod Result
{ png "oil residue“-dm_3)

1
2 2.8 dm’drop bottle, 2 x 25 am> CCl,, nC; 0.6 (SPF 500)
3 2.8dn’drop bottle, 2 x 25 am’ ccl,, n-C6 1.3 (M 1)
4 2.8 drop bottle, 2 x 25 am® CCl,, n-G6 0.8 (4 1)
5 2.8 dm’drop bottle, 2 x 25 am> CCl,, n-C6 1.7 (SPF 500)
6,10 2.8 am’ drop bottle, 2 x 25 cm’ CCl,, n-Cg L1 (SPF 500)
8,12 2.8 dm’ drop bottle, 2 x 25 n’ CCl,, n=Cg 0.7 (M 1)

2.8 dm’ drop bottle, 2 x 25 e’ CCl,, n-Cg 0.8 (M 1)
9 2.8 dm’ drop bottle, 2 x 25 can® Cl,, nCg 0.8 (%k 1)
13 2.8 an’ drop bottle, 2 x 25 o’ CCl,r nCc 6.3 (MK V&
14 2.8 an drop bottle, 2 x 25 cm’ CCl, n-C6 0.7 (M 1)
15 2.8 am’ drop bottle, 2 x 25 cm’ CCl,, n-C, 1.3 (SPF 500)

sol vent: carbon tetrachloride
mean val ue = 0.98%.36(F37,0 2)

3

6,10 10 ane spherical glass sampler, 300 cm n—C, 1.4 (SPF 500)
10 dn spherical gl ass sampler, 300 cm® n-C, 1.4 (SPF 500)
10 dn’ spherical gl ass sanpler, 300 cw’ n-C_ 1.3 (SPF 500)
10 dn> spherical glass sampler, 300 cm® n=Co 1.3 (SPF 500)
10 an’ spherical glass sampler, 300 cm’ n-C, 1.4 (SPF 500)

9 1.0 a cl osed bottl e, 1 x 10 cm n~Cg 1.1 (M 1)
1.0 dm’ closed bottle, 1 x10 cm’ n-C, 15 (M 1)
1.0 ém° closed bottle, 1 x 10 cm nC. 10m L1 (M D

14 1.0 an>closed bottle, 1 x 10 cm n=C, 1.7 %k 1)
1.0 am’ closed bottle, 1 xlo cm’® n-Ch 1.0 (M 1)
sol vent: n-hexane mean value = 1.35%0.20(*14.8 9)

= Not used in calculation of mean val ue
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Table 2, continued

No Met hod Resul t
( pg "oil residue"-dm_B)

2 2.8 a drop bottle, 50, 25 cn® CH,CL, 2.4 (SPF 500)

3 2.8 dn’ drop bottle, 2 x 50 cm® CH,CL, 3.7 (MK 1)

4 2.8 dn’ droo bottle, 50, 25 an® CHCL 6.1 (M 1)¥
2.8 an® drop bottle, 50, 25 cfn GH.CL ,n=c, 3.4 (M 1)

5 2.8 aw drop bottle, 2 x 50 an® CHCL, 3.7 (SPF 500)

6,10 10 dn’ spherical glass sanpler, 3.3 an’

2 X 50 an’ CHCL, 1.3 (SPF 500)

7 2.8 am> drop bottle, 2 x 50 cms c,CL, 2.3 (M 1)

8,12 2.8 am> drop bottle, 2 x 50 cm® a.Cl, 30.0 (M L)¥
2.8 dm> drop bottle, 2 x 50 cm’ cr,Cl, 2.1 (M 1)

9 2.8 dm> drop bottle, 2 X 50 cmd CH.CL, 2.0 (M 1)

13 2.8 am’ drop bottle, 2 x 50 cm cm,Cl, 9.6 (M 1)¥

14 2.8 dam’ drop bottle, 2 x 50 o’ CH2C12,n-C6 1.9 (M 1)

15 2.8 dn° drop bottle, 2 x 50 cm® ca,Cl, 3.0 (SPF 500)
2.8 dn° drop bottle, 2 x 50 cmd CH,CL, 3.0 (SPF 500)
sol vent: dichl or net hane

mean val ue = 2.62%0.79(%30.2 9)

=% Not used in calculation of mean val ue
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ANNEX VII

DESCRI PTI ON OF ANALYTI CAL METHODS FOR THE ASSESSMENT
OF DI SSCLVED DI SPERSED O L RESI DUES AS EMPLOYED BY
PARTI CI PANTS IN THEI R HOVE LABCORATORI ES AND RESULTS
OBTAI NED FROM ALI QUOTS OF A COVMON SAMPLE (SEE ANNEX V).

2) Andrul ewi cz, Eugene
The aliquot of the common sanple distributed during
t he Wirkshop was evaporated to dryness on a rotary
evaporator. The residue was taken up in spectrograde
n- hexane and nmade up to volune in a 10 em> vol umetric
flask. It was analysed with an Aminco SPF 500
spectrofluorinmeter using 310 nm excitation and
360 nm em ssion wavelength and Iranian crude oil as
st andard.

3) Berend, Peter
The carbon tetrachloride solvent was renoved from
the extract by evaporating it to dryness in a rotary
evaporator under reduced pressure at room tenperature.
The residue was dissolved in 10,0 cm> n-hexane. The
fluorescence intensity was neasured at 310 nm
excitation and 360 nm em ssion wavel ength using a
JOBIN | VON SPECTROFLUO JY 3 D "Clair". A topped
I ranian crude and Ekofisk crude were used as standard.

4,7, Bouchertall, Fathallah, Jens Derenbach;

8,12) Manfred Ehrhardt; Christoph Gsterroht
The content of the anpoule containing the carbon
tetrachloride solution of the extract was transferred
guantitatively into a 100 em’ coni cal fl ask. The
sol vent was evaporated in a rotary evaporator under
reduced pressure and a bath tenperature of 40°C.
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Remai ning traces of CCl4 were blown away wth
ultrapure nitrogen. The residue was dissolved in
spectrograde n-hexane and nade up to 10 cm® in a
volunetric flask. Fluorescence spectra were recorded
bet ween 320 and 450 nm with an excitation wavel ength
of 310 nm both of the sanple and different
concentrations of the standard (Ekofisk crude,
slightly weathered).

5) Carlberg, Stig

The aliquot of the extract from XAD-2 resin
distributed during the Wrkshop was treated in the
following way: the anpoule was opened and its content
transferred quantitatively with hexane washings into
a clean flask. The flask was, immersed into a water
bath at 30°C, and the solvents were evaporated with
a gentle stream of nitrogen. Wen no traces of
carbon tetrachloride could be detected by snelling,
the residue was redissolved in 10.0 cni of n-hexane.
The em ssion spectrum was recorded as for other
extracts. A topped Iranian crude was used as standard.

6,10) Dahl mann, Gerhard, and WIfried Lange

Two aliquots of the comobn sanple were anal ysed.

Aliquot No 1: The carbon tetrachloride solvent was
evaporated with a rotary evaporator. The residue was
taken up in spectrograde n-hexane which was evaporated
again. The residue thus obtained was dissolved in
spect rograde n-hexane and nade up to volune in a 10 cm®

vol unetric fl ask.

Aliquot No 2: The carbon tetrachloride was evaporated
with a rotary evaporator except for a residue of
appr. 0.2 an. This small volune of renmaining solvent
was blown away with purified nitrogen. The residue
was taken up in hexane and made up to volume in a

10 cm3 volunetric fl ask.
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Both aliquots were analysed with an Aminco SPF 500

spectrofluorineter using a band wi dth setting of
5 nm and operating the instrunent in the "RATIO
node. A topped Iranian crude was used as standard

Er komaa, Kirsti

Four 2 cnB portions of the solution in the anpoul e
were taken of which two were evaporated to dryness
with a flow of nitrogen and the other two with a
rotary evaporator, the residues were dissolved in
10 cm® of n-hexane before the analysis. A topped

Irani an crude was used as standard at 310 nm
excitation. The fluorescence intensities of the

sanpl es and standard were conpared at 360 nm

Law, Robin

The carbon tetrachloride solvent of the aliquot was
renoved on a rotary evaporator. The residue was taker
up in dichloronmethane and nade up to volune in a

10 cm® volunetric flask. The sanpl e was anal ysed
using 310 nm excitation and 360 nm em ssion wave-
| engt h.

Tervo, Vappu

The solvent was evaporated to dryness in a rotary
evaporator at room tenperature and the residue
dissolved in 10 cm O n-hexane (Ratburn, HPLC).
The fluorescence intensity was neasured at 360 nm
(excitation at 310 nm) using a Perkin El ner 204

doubl e-grati ng nonochromator fluorescence spectro-
phot onet er.

The reference solutions were nade of Russian and
Iranian crude oils which did not show renarkabl e
di fferences.
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15) Tronczynski, Jacek

The integrated sanple was taken to dryness under

reduced pressure in a rotary evaporator. The residue

was dissolved in 10 cm3 of n-hexane and the

fluorescence intensity recorded at 360 nm with an
excitation wavelength of 310 nm and band w dth
settings of 5 and 10 nm

TABLE 1

Results obtained by Wrkshop participants from anal yses
of aliquots of a common sanple (see Annex V)

No Results Comments
(pg - dm™3)
2 0.6 topped Iranian crude as standard
3 0.6 Ekofi sk crude as standard
0.45 topped Iranian crude as standard
4, 7, 8, 12 0.42 slightly weathered Ekofisk crude as
st andard
5 0.41 topped Iranian crude as reference
6, 10 0.48 :
Ekofi sk crude as standard
0.46
0. 36 topped Iranian crude as standard.
0.32 For differences see detailed description
above.
0.3 nitrogen flaw evaporation, topped
0.3 Iranian crude as standard
0.2 rotary evaporation, topped Iranian
0.2 crude as standard
11 0.6 solvent CH,CL,, Ekofi sk crude as
st andard
14 0.5 Russian and Iranian crudes as

st andar ds
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Table 1, continued

No Results Caoments
(pg / dm°)
15 0.45 5nmslit width
0.41 10 nm slit width

Overall mean val ue:

1+

=042% 012 pg.dm3 ¢ 28.6 9

(n

11
|

7)

It mght be worth noting that the absolute standard
deviation from the nean values of "oil" concentrations

obt ai ned from anal yses of aliquots of an integrated

sanple is considerably snmaller than standard devi -
ations of "oil" concentrations neasured in individua

sanples from - it was hoped - a uniform body of water

This may be taken to reflect the influence of sanple
variability, extraction efficiency, and individua

wor k-up procedures on the analytical results.
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