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INTRODUCTTON

The present Consultation Meeting on the Accmulation and
Transformation of Chemical Contaminants by Biotic and Abiotic
Processes in the Marine Envircrment was jointly convened by FAO, UNEP
and TAFA in the framework of the long-term Programme for Pollution
Monitoring and Research in the Mediterranean (MED POL - Phase II) which
constitutes the scientific and technical component of the Mediterranean
Action Plan. One of the main cbjectives of the MED POL programme is to
generate information that can be used for the progressive technical
implementation of the Land-based Sources Protocol which has already
been ratified by almost all of the Mediterranean States. The study of
the transformation of the chemical substances in the marine
envirorment is essential for understanding their biogeochemical cycles
and their fate is one of the criteria considered when taking management
decisions for marine poliution control.

Following a kind invitation by ENEA the meeting tock place at the
Marine Fnvirorment Research Centre of Santa Teresa near lerici, La
Spezia, TItaly, from 24-28 September 1990. It was attended by 30
participants from France, Greece, Israel, Italy, Spain, Syria, Tunisia,
Turkey, U.K., U.S.A. and Yugoslavia as well as by representatives of
the Food and Agriculture Organization of the United Nations and the
International Atomic Pnhergy Agency. The list of participants appears
as Amnex I.

1. OPENING OF THE MEETING (Agenda item 1)

The meeting was opened by Mr. G.P. Gabrielides, FAQ Senior Fishery
Officer (Marine Pecllution), on behalf of the Food and Agriculture
Organization of the United Nations and the Co-ordinating Unit for the
Mediterranean Action Plan, and by Mr. M. Bernhard on behalf of the
Director of the host Institution. After welcoming the participants and
thanking the local organizers for accepting to host the meeting, Mr.
Gahrielides outlined the importance of studying the envirommental
transformation of chemical substances in marine pollution work and
expressed the wish that the meeting would motivate and encourage
Mediterranean scientists who now limit their studies to concentration
levels to give more emphasis to transformations.

Mr. Bermhard welcomed the participants and expressed his
satisfaction that the meeting was hosted by his Institution. He
briefly explained ENEA's activities and the involvement of the Centre
in the MED POL programme.

2. BACKGROUND AND SCOPE {Agenda item 2)

Mr. Gabrielides outlined the background and scope of the meeting.
In doing so, he referred to the previous MED POL activities in this
field and specifically to the old research activity K "Biogecchemical
cycle of selected pollutants". A number of research projects are now
under way in Mediterranean Institutions in the framework of Research
Area IV "Fates/Fnvirormental transformation" of the MED POL programme
and the present meeting provides a forum for the principal



investigators of these projects to present their work. In addition,
the meeting will give an opportunity for an exchange of views on the
problems encountered by scientists working internationally in this
field. Finally, the meeting will ke recquired to make recamendations
for future research needs.

3. ELECTION OF OFFICERS (Agenda item 3)

The meeting unanimously elected Mr. Michael Bermhard, Scientific
Adviser at ENEA, as Chairperscn, Mr. Michael Scoullos, Professor at the
University of Athens, as Vice—Chairperson and Mr. James Iamond,
Research Scientist at the Napier Polytechnic, Edinkurgh, Scotland
(presently at University of Crete, Greece) as Rapporteur. Mr. Gabriel
P. Gabrielides, FAO Senior Fishery Officer (Marine Pollution) at the
Coordinating Unit for the Mediterranean Action Plan, acted as
Technical Secretary of the meeting.

4. ADOPTION OF THE AGENDA (Agenda item 4)

The provisional agernda as proposed by the Secretariat was accepted
without modifications. It appears as Amnex 1T.

5. ORGANIZATION OF THE WORK (Agenda item 5)

The meeting decided to work in plenary but hkreak up into two
groups for the discussion of agenda item 7. The working hours were
agreed to be 09:00-13:00 hrs for the morning session and 14:30-17:30
hrs for the afterncon sessicn. Thursday afternoon was reserved for
the writing up of the report.

6. DPRESENTATION OF PAPERS (Agenda item 6)

During the meeting 23 papers were presented covering various
aspects of the accumilation and transformation of chemical contaminants
by bictic and abiotic processes in the marine envirorment. The list of
papers presented appears in Annex III.

The key-note paper outlining the current status, trends amd
prospects of chemical and bictic transformations of marine contaminants
was presented by Mr. F.E. Brinckman, of the U.S. National Institute of
Standards and Technology.

The importance of the ability to analytically determine both very
low concentrations (10715 molar) and rapidly reacting chemical species
in future research was stressed im conjunction with the recognition of
the need for a predictive capability in such envirormental
interactions with respect to both abictic and biotic components.

Subsequent papers highlighted aspects of envirormental
transformations of mercury/methylmercury, TBT, arcmatic and chlorinated
hydrocarbons and surface active substances as well as bictic and
abioctic interactions of a range cf heavy metals.



All papers presented at the meeting will be published in the
proceedings.

7. THE ROLE OF TRANSFORMATION AND BIOACCUMULATION OF CHEMICAL
CONTAMINANTS IN THE MARINE ENVIRONMENT VIS-A-VIS POLLUTION
CONTROL (Agenda item 7)

In discussing the definition of transformation several types of
transformations were identified. It was agreed that the term
transformation should encompass not only changes in molecular structure
but alsc changes in the physical matrix and the medium in which a
chemical entity is found. Such matrices can include not only
incrganic fluvial and airborne particulates but also dissolved and
particulate organic matter, living organisms such as phytoplankten and
zooplankton and bicgenic materials. The term "medium" can be
understood to include freshwater, oxic and anoxic seawater, the
gastrointestinal tracts of bicta and even physiological fluids and cell
cytoplasn. The recalcitrance of organic groups such as PCBs,
pe ticides and detergents arising from anthropogenic activities and
interacting within these media was identified as a problem occcurring
largely at localised pollution zones with mainly lower-level
'disturbances' arising on a global level.

The meeting recognised the difficulty of treating separately
bictic and abioctic transformations since they are often
indistingquishable in nature but it was agreed that an attempt should be
made to differentiate between the two in the discussions and in this
report. Similarly +the need to distinguish between man-made
contaminants and elevated occurrences of natural materials was
recognised, as was the importance of interfaces in acting as sites for
adsorption and desorption between bictic ard abictic phases.

7.1 Biolcogical transformaticn of contaminants

Both active and passive processes were identified whereby bicta
can mediate contaminant transformation. Contamination is essentially a
matter of degree; many metals are required by living organisms for
biological processes e.g. iron for oxygen and electron transport,
cobalt in vitamin By5, zinc in DNA and in enzymes, calcium, sodium and
potassium in muscle and nerve tissues. When present in excessive
amounts such metals can become toxic and need to be classified as
contaminants. Degradation of organic contaminants by the biotic phase
was defined as the alteration of the chemical structure of a
contaminant leading to partial or complete decamposition of the parent
compound.

Tt was recognised that, in the case of certain chemical species
such as PAH, the production of mutagenic metabolites increases the need
for assessment of the significance of their production, presence and
removal.

a) Alteration of envirorment by biocta
Bicta can indirectly mediate contaminant transformation by

altering their envirorment e.g. during algal blooms anoxic conditions
can build up in the water column due to excessive oxygen consumption.



Excretion of waste products, such as carbon dioxide and ammonia, can
directly influence contaminant speciation through changes in pH, etc.
Phytoplankton are known to excrete complex molecules such as sugars and
polysaccharides into their medium. Such exo-metabolites can camplex
metals and may render them more or less bicavailable to other
organisms. The important part played by organic material associated
with the particulate phase, incorporating ranges of particle size
distributions, is of prime importance in determining biotic and abiotic
interactions.

b) Physical interactions

Biota can also mediate contaminant transformation by providing
reactive surfaces where metals and organics may be adsorbed. Such
biocta can also transport contaminants to depth and sea-bottam
sediments. In this respect the inclusion of deep-sea areas in
pollution studies is necessary.

One biological activity which is particularly important in
contaminant transformation is the accumulation of contaminants which
are associated with particulate matter (whether inorganic or organic)
by filter-feeders and grazers. These organisms serve, by ingesting
small particulates and by producing rapidly-sinking fecal pellets, not
enly to transform the physical matrix and perhaps the chemical
structure of the contaminant, but also to transport rapidly the
contaminant to depth. During their passage through the water column,
associated metals can be remobilised by physical disaggregation of the
pellet, by leaching and dissolution, and by biological activity in the
pellet matrix. Such sirking pellets are also very efficient
scavengers of contaminants and have been shown to remove metals and
crganics from the water column, through which they fall, and to deliver
them to bottom sediments.

c) Metabolism

Perhaps the major role of biota in contaminant transformetion is
through metabolism. The meeting agreed that a need exists for more
detailed scientific knowledge on the metabolism by organisms of
persistent organic contaminants including PCBs, PAH and pesticides.
As far as metals are concerned, simple chemical reactions such as
methylation, demethylation, oxidation and reduction tend to be very
important. Several such examples were discussed including the
methylation of mercury and arsenic, the solubilization of non-toxic
chromium (III) through oxidation reactions and the reduction of the
toxic Cr(VI) to Cr(III).

In eukaryotes, metals can be transformed not only during
accumilation and metabolism in the tissues but also during passage
through the gastrointestinal tract. Little is known of the processes
operating on metal contaminants during digestion and the need to
clarify the effects of such transformations, physical and chemical, was
emphasized. A considerable research effort has been expended on metal
uptake and accumilation in eukaryotes. Much is known, mainly from
laboratory studies, of the rates and the routes of accumilation. ILess
is known of the transformation of chemical species of metal
contaminants within tissues and physiological fluids. Uptake and



accumilation of persistent organics directly or through the food chain
hasalsobeenmdelysuzdledarﬁtheneedforabetterurﬂerstarmngof
in wvive processes (by the identification and quantification of
metabolites) is recognised as an important area of research activity.

Sequestration of contaminants by inclusion in lysosomes, by
binding to metallcothicneins and by depos:.t:.on in mineral granules is a
well known phenomenon in marine organisms. The contaminants are
effectively rendered unavailable to other cellular components.

At the microbial level the meeting discussed how some bacteria are
resistant to metal contaminants by envelope impermeability which
excludes the contaminants from their interior. Other bacteria can
accumilate contaminants but, possessing certain enzymes, can transform
the contaminants. In this context, the group discussed not only
contaminant toxicity but also contaminant mobility induced by both
bicmethylation and bichydridization yielding volatile hydrophobic metal
toxicants.

Mercury is an example of a me 31 which, when methylated becomes
more toxic. Arsenic, on the other hand becames less toxic when
methylated. Bacteria can oxidise As(III) to As(V). Bacterial
transformation of tin species was also discussed. Moncalkyl tin
species are adsorbed to particulate matter and rapidly sink through the
water colum. Dimethyl and trimethyl tin do not adsorb and thus can ke
shown to remain in the water colum. Bacteria can also form several
selenium species, including elemental selenium. Perhaps the most
significant of these is dimethyl selenium oxide which is extremely
volatile.

The meeting identified the adoption of a multidisciplinary
approach, based on the use of data on the chemical structure,
reactivity and partition properties and incorporating biological
parameters in exposure and effects evaluation in future hazard and risk
assessment studies.

7.2 Abictic transformation of contaminants

When discussing abictic transformation of contaminants the meeting
recognised that metals are not present in water as simple ions but have
extremely cofmplex coordination chemistries. In freshwater, many metals
exist as divalent cations ions coordinating four or six neutral HyO
groups. In seawater, a number of H,0 groups are replaced by chloride
and hydroxyl icns w:.th resultant changes in charge, molecular weight,
size, hydrophobicity, volatility, etc. Thus at the freshwater-
seawater interface some extremely complex reactions occur which, though
we can often understand, we camnot always predict. Changes in metal
bicavailability can accompany the transformation. Important abiotic
transformations of organic contaminants (such as those occurring in DDT
and dieldrin) require further study of processes such as photochemical
reactions and the solubilization of contaminants by surface-active
substances.

Our urderstanding of such reactions is derived from well-
controlled laboratory experiments. In the envirorment, there is no
such control and many campeting reactions cccur.



The chleride ion in seawater was described as an extremely
efficient coordinator which can bind different metals, through
molecular bridges, closer than they would exist even in alloys.

Association of metal contaminants with natural and man-made
particles is dependent on the particle type and source. Scme particles
can be sources of metals e.g. volcanic ash and fluvial deposits from
mineral-rich areas. Many particles contain bukbles or act as seeds for
bubble-formation. Since the surface microlayers of kubbles and
particles are prime sites of metal transformation, the meeting
recognised that our understanding of processes operating at these sites
need to be improved.

Ancther area where abiotic transformation is impertant is the
oxic-anoxic interface in the water colum and in the sediment column.
Oxidation-reduction reactions occurring at this interface not only can
they remove metals from solution but can also remobilise metals from
particles. We are only beginning to recognise that anoxic conditions
can build-up in the water column on small scales (temporal and spatial)
and we need better methodology to detect the advent of such conditions
and to predict their effects.

Many chemical equilibria result in the formation of a bicavailable
species. If such a species is removed from the system e.g. through
acommlation by biota, then the chemical equilibrium results in the
formation of more of the bicavailable species with the result that non-
bicavailable species eventually enter the food chain through simple
chemical equilibrium considerations.

Unfortunately for those who wish to interpret nature, the above
was recognised as a simplification since not only one but many of such
reactions may occur similtanecusly.

7.3 Strategy of envirormental management/pollution control

One of the most important prerequisites for pollution centrol is
to urnderstand the system reliably. Simple laboratory approaches can
help but cannot replace envirommental measurements. It carmmot be
overstressed that natural systems are complex almost, if not
altogether, beyond cur current level of understanding.

Several approaches were identified by the meeting:

a) The most likely matrices and pathways should be identified for
various contaminants so +that the concept of "proper
measurements, properly applied" can be implemented.

b) Quality assurance 1s a necessity. Participation in
intercalibration exercises ensures that data is realistic and
comparable to that of other investigators based upon reliable
interchangeable reference or standard materials. An added
advantage of intercalibration programmes is that defects in
analytical methods can be identified and corrected for. It is
recognized that sampling can oontaminate transformation.
Sampling techniques and analytical techniques should be
optimised to minimise contamination, sampling variability and
analytical variability. 'The development of direct and in-
situ non-destructive measurements should be encouraged.



c) On the basis of the develamment of scientific knowledge on the
fate and significance of contaminants in the envirorment the
meeting recommended periodic review of existing leglslatlon,
and the update of accepted envirormental quality criteria in
line with scientific developments.

As marine enviroment pollution is not limited to national
poundaries, an international approach to envirormental management is
required. The meeting recognised the importance of a preventative
rather than curative approach in pollution control.

Since control measures often take several years to have an
observable effect, it is essential to establish specimen banks so that
realistic samples will be available many years later. Such a
mechanism should ensure that tsm'lporal changes which are measured are
real and are not due to changes in methodology and instrumentation.
High levels of 'noise" in relating wologlcal and toxicological data
was cited as a particular problem in relation to developing an
nrterdlsclplmary approach to envirommental pollution strategy. There
is a fundamental need for the collation of good data on ecologica
systems if extrapolation to include contaminant effects are to be
realistic.

A final peint relating to biotic transformation of contaminants in
relation to pollution management was the potential use of hicta to
clean up contaminated enviromments. For example, cyancbacteria are
being used to remove metals from industrial effluents just as oil-
degrading bacteria are used for oil spill clean-up. :

Tt was recognised that future progress would best be achieved
through interdisciplinary research efforts. Cne of the lessons
learned during the meeting was that exchange of ideas between
scientists with different backgrounds and expertise can be a very
fruitful process not only in improving sampling and analytical
techniques but also in interpreting data. Artificial imposition of
"chemical® or "bioclogical" or “geologlcal“ strategies and philosophies
on an heterogenecus natural enviromment is effective up to a point but
the meeting felt that this point has now been surpassed. Co-ordinated
research efforts, with a sharing of knowledge, facilities and
equipment, was felt by the meeting to be the optimal strategy for
future develcpments.

§. FUTURE RESFARCH NEEDS (Agenda item 8)

The most important strategy for future research was felt to be an
interdisciplinary approach. However several specific areas were
identified where such an approach should be focussed.

(a) Better characterization of particulate matter, both man-made and
natural, is required. This should include both gqualitative and
quantitative aspects.

(b) Development of new direct and non-destructive analytical
methodologies and improvement of ex:.sl::.ng ones are needed to
:|.dent1fy different chemical spec1es in the natural enviromment and
in the tissues of marine organisms.



(c)

(e)

(£)

(9)

(1)

(3)

(k)

(1)

Sampling. techniques should be improved and standardised at several
levels.

(1) to minimise, since it is impossible to eliminate,
variability,
(ii) to obtain samples which are suitable for bicassay work,

(1id) to facilitate spatial and temporal compariscons.
Efforts should be made to cbtain representative samples.

study of the behaviour of contaminants at cellular ard
subcellular levels. Flucidation of mechanisms of toxicity is
important not only to determine but alsc to devise appropriate
bicassays to measure contaminant effects.

Study of the degradation of crganic contaminants especially those
whose metabolites are expected to accumilate to a higher extent
ard be more toxic than the parent compound.

Ecotoxicological studies should focus on areas such as
synergistic contaminant effects.

More attention should be paid to the role of orgamc material
associated with the particulate phase and espec:.ally in relation
to variaticns in carbon perticle size and distribution
relationships.

The role of micro-organisms in metal transformation is slowly
being given the recognition it deserves. More attention should be
focussed on prokaryote interactions with metal contaminants and on
factors modulating their transformation.

A better understanding of natural processes operating in
uncontaminated envirorments would greatly aid the interpretation
of data from contaminated enviromments. Even though contaminated
envirorments receive more attention, uncontaminated ones should
not be ignored.

Information on processes operating at the air-sea interface is
still limited. Considering the quantities of contaminants
entering the marine enviromment from the atn'osphere and the
extremely high concentrations of contaminants in the upper 200
micrometres of the water cochmm, ouwr understanding of this
microlayer should be enhanced.

More attention should be given to designing laboratory
experlments by taking into consideration the parameters existing
in the natural evniromment so that a more realistic simulation of
the natural conditions is achieved. Additional work employing
mesocosm or even microcosm experiments in the field itself is
needed.

Ourmderstandmgof the meaning of high contaminant levels in
various matrices and their relation to measured effects should be
improved. The interpretation of data in the context of
envirormental impact needs to be improved at population, organism,
cellular and sub—cellular level.



(m) As a corollary to (1) above, the meeting felt that toco much
attention was being paid to making measurements and not encugh
attention was paid to the interpretation of results in terms of
envirormental risk.

(n) A better understanding of the enviromental behavicur of
contaminants and especially of the mechanisms involved in their
distritbution and fate is necessary for the prediction of the
envirommental target.

9. RECOMMENDATIONS (Agenda item 9)
The meeting made the following recommendations:

a) Interdisciplinary research should be strongly encouraged in
envirommental studies. Expertise in biochemistry, geology and
physical oceanography were quoted as examples to be included in
such research programmes.

b) Increased camunication and collaboration between scientists
should ke encouraged especially between advanced and less advanced
laboratories in developing countries. The provision of egquipment
alone is not considered satisfactory and joint programmes should
also be initiated and promoted. The organizaticn of international
meetings was considered a good way of getting appropriate
scientists together.

c) Biocassay techniques should be developed to aid the interpretation
of contaminant effects.

d) Sampling techniques need to be improved and to be standardised-
particularly where bicassays need to be performed on the samples.

e) A wider use of statistical techniques should be encouraged in the
interpretation of the data.

f) Participation in international intercomparison exercises should be
mandatory for all scientists involved in the collection and
provision of data on contaminant levels especially bkased on
interlaboratory comparisons defined by mutual standard reference
materials.

g) A specimen bank should be established which can store, for decades
if necessary, realistic envirommental samples, for the use of

programme participants.

10. ANY OTHER MATTER (Agenda item 10)

The publication of the proceedings was krought up under this
agenda item. The Technical Secretary explained that the report of the
meeting will be published very soon as a preliminary document. The
papers presented will be published in full either in the FAO Fisheries
Reports Series or the MAP Technical Reports Series. Participants were
encouraged to also publish their papers in international scientific
journals.



It was agreed that the papers should be reviewed by other
part1c1pants of the meeting. Pecple w1sh1ng to submit a revised
version of their paper before this review, should do so as soon as
possible but not later than the end of October 1990.

11. ADOPTION OF THE REPCRT (Agenda item 11)

The present report was adopted by the meeting on Friday, 28
Septenber 1990.

12. CLOSURE OF THE MEETING (Agenda item 12)

In his closing remarks, the Technical Secretary expressed
satisfaction for the results of the meeting and the constructive spirit
in which it was conducted. He also thanked the participants, the
Officers of the meeting, the guest—speaker and everybody else who
contributed directly or indirectly in the success of the meeting.
Special thanks were expressed to ENEA for the excellent hospitality.

An exchange of courtesies followed after which the Chairperson
closed the meeting.
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