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ABSTRACT
An investigation was carried out on the potential suitability of

selected marine invertebrates, especially the echinoids Arbacia lixula

and Paracentrotus lividus and the gastropod Patella coerulea as

indicators of the abundance of some Heavy Metals in the coastal Mediterranean
envi ronment, with particular.emphasis on their use in large scale monitoring
with the collaboration of unskilled personnel, Samples were collected

from 32 individually described sites around the Tyrrhenian Basin, and
analyzed for Heavy Metal content. A Microwave digestion technique was
experimented with, but found unsuitable. The analytical results are

plotted, compared with other values appearing in the literature, and
subjected to statistical correlation analysis with the described envi ronmental

and demographic data collected throughout the survey. No statistically

I

content and any of the environmental variables, though some significant
intermetallic correlations are found and discussed, A significant
correlation between a described composite fauno-floristic index and
environmental and demographic variables is found and its implications

towards an alternative monitoring technique are discussed.
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The Question
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Reasons for interest in heavy metals

It was Samuel Butler who claimed that all progress is based upon
the universal, innate desire on the part of every organism to live beyond
its means, |If so, it could be that the time has come for industrial
man to ask himself whether or not he will be able to afford to pay the
bill of progress once it is presented,

Little doubt remains that man's pressure on his environments has
reached critical proportions in a number of areas, but our ability in
measuring this pressure, evaluating its impact, and predicting its
effects is still far from satisfactory.

Possibly due to the greater time-lag between cause and apparent
effect, the degradation of the marine environment has come to the public
attention relatively later than that of its terrestial counterpart, and
even then mainly due to such highly publicized disasters such as the
Minamata mercury poisonings, nevertheless, this late entry has not
diminished the seriousness of the phenomenon (1), The debate is still
open whether or not life in the sea as an entity is actually under
direct threat, but enough_examples have._shown_beyond_reasonable. doubt
that locaiized environmentai insuits, acute or chronic, can have serious
to disastrous effects both on the exposed marine communities and to the
human communities directly or indirectly dependent on them,

A special place in the lengthy catalogue of hazardous substances
industrial societies are pouring into the environment at an increasing
rate belongs to assorted toxic heavy metals, both as salts and in their
metallic forms. Found in industrial waste, in waste tip leachate, and
in mine waste (2), they are not as visibly offensive as raw sewage,
solid waste, or spilled hydrocarbons, and are therefore less likely
to be spotted or made the target for public outcry before their effects

become apparent. They are, however, toxic in fairly small quantities,
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usually cumulative, and highly persistent (3,4,5,6). They are prone to
biological cycling and enrichment which may greatly alter their dis-
tribution and toxicity (5,7,8,9), they act mostly as metabolic poi sons

- often essential at trace levels - and present a highly complex
toxicology, involving as it does an assortment of sublethal effects,
positive and negative synergisms between elements, and different patterns
of absorption - and hence biochemical activity = according to the
chemical species in which they are present (5,10,11,12,13,14,15,16),

To this we may add the difficulty of their detection in the environment,
requiring accurate measurements of very small quantities of the metal,
usually present as an organometallic complex, whose detectability might
vary with surrounding conditions such as local ionic balance and
adsorption on nearby surfaces (17,18,19,20).

The toxicology of heavy metals has been studied and treated fairly
extensively from the clinical and biochemical aspect. Considerably less
seems to be known of their behaviour in the envi ronment before their
clinical symptoms become apparent in an insulted organism,

There has been, therefore, a certain degree of pressure for
developing methodologies which allow the presence of heavy metals in
the environment to be measured at sublethal levels, and an eariy warning
to be given if these seem to point out increases which might be
incompatible with environmental and human health,

One path towards this goal which has been abundantly followed has
been that of using specific organisms, termed accumulators, which, by
absorbing and accumulating pollutants in measurable quantities, can be
used for monitoring their levels in the environment, levels which may
themselves be unmeasurable or measurable only with difficulty (21,22,23).
Another is that in which similarly sensitive organisms are used as

indicators, not so much by measuring their pollutant content, but by
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measuring the manner in which they react physiologically, behaviourally,
and through the structure of the communities of which they are part, to
varying levels of pollutants in their environment (24,25,26,27,28,29,
30,31,32,33,34).

A combination of these two approaches has been used in the past by
workers in the University of Durham and elsewhere in developing a
methodology by which the kelp forest and its associated communities can
and has been used for the measurement of pollution levels in inshore
waters, The work of Bellamy et al (28,29,30,31), Jones (35,32,33,34)
and Moore (36) has led up to the use for this purpose of the community

structure of the hapteron ectofauna of the kelp Laminaria hyperborea,

subsequently investigated in depth by Sheppard (37).
The use of a uniform sampling unit such as the holdfast ectofauna

of a single individual of Laminaria hyperborea, a unit easily collected

by a SCUBA diver not otherwise trained in scientific techniques, opens
considerable possibilities for large scale surveys based on the collab-
oration between amateur divers distributed over a considerable area
and a centralized laboratory for analysis and data evaluation. The
concreteness of these possibilities was demonstrated-by—Bel-lamy--(38);
when a study based on the simultaneous collection of kelp holdfasts
along the better part of Britain's coastline was carried out with the
assistance of the British Sub-Aqua Club, and confirmed in the recently
completed Underwater Conservation Year, where the usefulness of amateur
divers for the coordinated collection of data and observations for
universities and research establishments on a variety of subjects has
been abundantly vindicated.

This study was undertaken as an attempt to investigate the
possibility of transferring this concept, viz, the use of a technique

aimed at the monitoring of heavy metal levels in the inshore marine
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The Sampling
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Echinoid community data Table 6
TECHFR Total frequency of echinoids, visual estimate
RECHFR Relative echinoid frequency (A : Arbacia lixula,
P : Paracentrotus lividus) - Visual estimate
ECHCOM General appearance of two echinoid communities, visual
estimate
SITE TECHFR RECHFR ECHCOM
1 V.ABUND, A<P SEPARATED
2 V.ABUND. A=P SEPARATED
3 V.,ABUND, P ONLY N.A.
b ABUND, P ONLY N.A.
5 PRESENT A=FP SEPARATED
6 PRESENT A>P MIXED
9 ABUND, A>P MI XED
11 V.ABUND. A>P - MIXED
12 ABUND, A<P CLUSTERED
13 PRESENT A=FP MIXED
4 V .,ABUND. A=P M1 XED
i ABUND, A<F i RED
17 ABUND, A =P SEPARATED
18 V.ABUND. A<P MI XED
19 ABUND. A=P MIXED
20 RARE A<P MI XED
21 RARE A<P MIXED
22 ABUND, A>P SEPARATED
23 V.ABUND, AP SEPARATED
24 PRESENT A<P SEPARATED
25 : ABUND., A =P SEPARATED.
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Table 7
Facies distribution on sites according to the modified Ehrhardt

classification described in the text (68), as well as the composite

index described in appendix 5,

A

Abundant

P

Present

Absent and Scarce values omitted

Site 1 2 3 4 5 6 7 8 9 10 11 12| FACTOT

| P = =« = « = = « A - = - 38
2 - A - - - - - - = - = A

3 e N

4 P - - = = = - A P - - - 56
5 - = = = = A - - - - - - 21
9 - - 4 = = A A - - - - = 48
1 P - P - - A - - - - - P 29
12 - - P - - P - - = = - = 20
13 P A - P - - - - = - - A !
A - - P P - P P =« = - - = 46
15 - - - P - A - - - - = A 29
17 P P P P - P - - = =« - = 34
18 - = P = = = 4 - - - - = 6

-9} - - A P - P - -4 - - - - 3 -

20 P - - - - A - - - - - - 23
21 A - - - = = = = = = - P 3
22 - - A - - - A - = - - - 36
24 P - - P - - A - - - - P 37
25 A - = P = P = = = = = P 25
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respectively, and table 7 shows the distribution, in order of increasing
environmental insult - except for facies 12 - of the indicator
communities used by Ehrhardt (68) to estimate organic pollution, A

full description of these appears in appendices 2 and 5,
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distilled water, and stored in polythene or polypropylene bottles which
had been, as all other glassware used in the digestion, abundantly
leached in hydrochloric acid so as to reduce as far as possible the

effect of vessel surface contamination and adsorption,
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Figure 3

Arbacia lixula 9 ppm
Copper WZ 4.5 ppm
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Figure b4
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Figure 5

Arbacia lixula o 9 PPm
Cadmium F 4 ppm
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Figure 11

Patella coerulea o ppm
Copper %‘:‘i 4.5 ppm
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Points Raised

In an attempt to obtain an answer to the questions initially posed in
the introduction and arisen throughout this work, the discussion of the
obtained results can be broken down in a number of separate headings,
treated individually in the following chapter,

1) Is there sufficient reason to believe the obtained results to

be analytically accurate and suitable for interpretation in ;he

context of this study?

Comparing the obtained results with those of other workers, in
particular those who have availed themselves of the same laboratory
facilities used throughout this study (37, 65, 83), they appear to be
in no way less trustworthy. The spread of the individual site readings
is admittedly on the lrge side, especially in the case of Calcium, in
the echinoid samples, but this could be explained both by the possibility
of occasional skeletal fragments finding their way amongst the soft
tissues during dissection and by possible variation in gut contents.
Interelemental correlation analysis, to be dlscussed below, showed no
persistent correlation between the alkaline metals, Calcium in particular,
and the Heavy Metal values, indicating that the matrix interference T
correction factors used may be considered valid. It is felt, therefore,
that there is no reason not to accept the obtained values as true estimates,
within the accuracy and precision of the analytical technique, of the
detectable analytes within the samples,

2) Are the Heavy Metal values obtained comparable with those cited

by other workers?

A summary of the obtained results together with those published by
other authors is presented in tables 21 to 24, By and large the values
are comparable, though usually at the higher end of the range, and with

somewhat greater spread. The latter might well be caused by the use of
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Patella coerulea

Surviving correlation matrix

Table 27
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ESTPOLL in Patella coerulea are difficult to justify in terms of environ=

mental insult to the species, except possibly through the rather tortuous
argument that an increase in pollution lpad in a given area might affect
the resident species' excretory capacities. Such an argument, at any rate,
would need far more and weightier evidence than available in its favour,

in these conditions, the two positive correlations detected, Lead with POP

for Arbacia lixula and Copper with INLEV for Paracentrotus lividus, remain

worthy of note but can hardly be considered conclusive for the purposes
of this study.

What does stand out, is the relatively persistent correlation between
BOTTOM and a number of Heavy Metals, The index in question is a
geomorphological rather than a geochemical one, and therefore a connection
between it and the Heavy Metal content of the two echinoids is not
immediately'obvious. One possibility for which a sandy or silty bottom
might be connected with higher values than a rocky one could be that fine
particulate material, deposited on the algae on which the two species feed,
may be an important vehicle for metal intake, and that therefore a greater
presence of such material would correspond to a proportionally greater
metal content, Though not totally implausible, this theory-would—— - --
also require considerably more evidence than available before being taken
seriously in consideration, |

In the light of these results, it is felt that insufficient evidence
is provided for a correlation between Heavy Metal content and variables
depending on human impact, and only inconclusive evidence for a correlation
between the Heavy Metal values and the one studied variable not so dependent,

bottom morphology.
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6) On the same considerations as the previous heading, is there
any evidence that the measured Heavy Metal levels are in any way

correlated with internal, i.,e. non-environmental, variables?

As can be seen in tables 25 to 27, a type of correlation which
does appear in all species investigated is that between different metal
contents. Persistent positive correlations between heavy and alkaline
metals might be taken as indicating an insufficient correction for Atomic
Absorption Spectrometry matrix interference. Sheppard (90) found
generally positive correlations between heavy metals and Calcium and
Magnesium, and negative correlations with Sodium and Potassium studying
the same species treated here and collected in and around the Bay of Naples,
and he tentatively explained them as result of the disturbance of the
organism's intracellular ionic balance caused by the effect of toxic metals
on membrane permeability. No such consistent results were found in
the data at hand, and it can be seen from table 25, referring to Arbacla
lixula, that the only persistent correlation between heavy and alkaline
metals are those between Lead and Potassium, which is indeed negative,
and between Sodium and Zinc, which is instead positive, Both are absent
in the other two species. It can also be seen that the removal of the
statistical influence of Lead makes a relatively strong positive correiation
appear between Copper and Potassium. This removal also brings about a
negative correlation between Zinc and Copper, while the removal of the
statistical influence of Potassium brings out a relatively strong positive
correlation between Lead and Copper. This seems to indicate a set of
multiple cross interferences, at least between Lead, Copper, Zinc and
Potassium. These may either be dependent on the analytical technique, in
which case synergistic and antagonistic interference factors, both for
alkaline and for Heavy Metals, would have to be allowed for as well as the

normally considered Matrix Interference corrections or else might be
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The Conclusions

The preceding chapter lists the positive and negative results,
as well as the problems, which have cropped up throughout this study.

What sort of answers, therefore, can one give to the original questions
raised in the introduction, and what conclusions can be drawn from them,
both in respect to the study's specific scope and to the wider aspects of
envi ronmental monitoring?

As far as the three initial technical problems are concerned, the
results are almost entlirely negative. The analytical technique studied,
involving microwave sample digestion, proved itself totally inadequate,
and the analysis had eventually to be carried out ;sing the procedure it
was meant to replace. On the other hand the use of amateur divers for
the purpose of collecting samples and infgrmation was by and large vindicated,
even though most of the sampling was in practice carried out by the author.
When contacts were made with local divers and diving organizations, help
proved itself both forthcoming and useful, and there is every reason to
believe that similar or more complex work, assuming an adequate planning and
experimental design, could be carried out by them with only elementary
scienti-fic- training-and—l-i-ttle-or -no -scienti-fic -supervision.—tnfortunately;
the technique used, viz, the collection and analysis of the echinoids

Arbacia lixula and Paracentrotus lividus and the gastropod Patella coerulea,

did not prove itgelf of any definite value towards the monitoring of Heavy
Metal values, voiding therefore the usefulness of the sampling sﬁrategy

wi thout nevertheless touching upon the validity of the sampling method.
The failure of the actual monitoring part of the study did not seem to
depend so much on the inadequacy of the species investigated, as from the
uncertainties surrounding the value of such an investigation as a tool for
environmental monitoring. While it can be expected that the presence of

contaminants in the environment will have some effect on Its Inhablitants,
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and internal variables, generally not taken into consideration,

Secondly, the question arises on whether the organism's metal coptent,
assuming that it can be considered in a meaningful context, can be measured
with satisfactory accuracy and precision. There is no shortage of
analytical techniques for identifying trace quantities of métals, but
the comparability of such results originating from different laboratories
has frequently been queried (eg. 98), and the limited comparability of
Lead and Cadmium results have been officially recognized (99). Finally,
it appears that the actual chemical species in which the metal appears,
is absorbed, and is retained could be as important if not more so than
the total quantity present (100,20). Analytical techniques have been
suggested for chemical speciation of trace metals (71,19) but théir cost
and complexity, together with the fact that such analyses will require
standards of accuracy and repeatability even higher than those which are
posing difficulties nowadays, are felt to be unlikely either to become
very widespread, or to give results significantly more valid than the
ones currently obtained (98).

On these counts, together with the uncertainties arisen throughout
this study, the author feels that the simple measurement of Heavy Metal
content of indicator organisms is unlikely to produce results commensurate

~with the difficulties incurred in obtain{ng them,

As mentioned in the introduction, the analytical pathWay towards
environmental monitoring had been chosen due to the absence in the
Mediterranean basin of species usefully comparable to the Laminariaceae
which had shown their worth in the North Sea. The community analysis
pathway, not depending on any single parameter but making use of the combined

response of the entire affected ecosystem, would avoid most of the

problems described above though, to be sure, not without presenting

difficulties of its own., Analyzing the community structure of a characteristic
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the south side of the jetty (on the outside). Visibility 20cm,
Maximum depth of the area Lm, the jetty is composed mainly of rock, with
occasional concrete blocks,

Ranking: Patella 12

Site 8 Sampled /12/75

Anzio fish market. Sampled on same day as site 7, Bought some shell-

fish from a local stand, presumably caught on the beach strip immediately

south of the town, Both Tellina distorta and Venerupis decussata were

alive and fresh, and presumably had been purged for some hours in the
stall's tank. Venerupis acceptable, Tellina a bit too small to make
one want to waste time on it., Both species of economic interest, and

eaten in large quantities.

Site 9 Sampled 5/11/75

Sorrento - Marina Piccola. Sampled along jetty, towards the beach, south

of the sewage outlet. Heavy organic pollution, some of which very visible,

but there still was a considerable variety of organisms on the rocks and

concrete—boulders forming the jetty. -Mainly-red—algae: — Arbacia 1ixula

was extremely common, but Paracentrotus was only present in small numbers

and of very small size, Only 5 samples of acceptable size were found,
the others were about 1-2cm in diameter, and were returned to sea, The
majority of Patellae were in the 2-3cm size class, with occasional 4=5cm

individuals, The 2-3cm class was sampled,

Ranking: Arbacia 18,12
Paracentrotus 9.75

Patella 10,25
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Site 10 Sampled /4/76

Sorrento - fish market. Obtained some Venerupis decussata from the fish

market, alive and apparently caught in the bay of Naples,

Site 11 Sampled 5/11/75

Massa Lubrense., Furthest town on the Sorrentine Peninsula facing the

Gulf of Naples. Sampled the outer part of the jetty. Large cement
blocks merging with a rocky bottom, degraaing steeply. Sampled between 2
and 15 m for the echinoids, around | m for Patella. Echinoids very

frequent, but Arbacia: Paracentrotus::50:1 or more. Patellae were not

very frequent, with a certain variation within the 2-b4cm size class,

Ranking: Arbacia 11

Paracentrotus 13.4
Patella 8.5

Site 12 Sampled 7/11/75
Agropoli. Sampled on outer side of pier, close to cliff face, The pier

is a recently constructed structure of limestone blocks and rubble =

the concrete massing does not reach the water uncovered. The bottom was

sand-covered rock, with frequent outcrops. Not very many algae, possibly
because of exposed position, but this does not seem to be necessarily a
hinderance. Echinoids were very abundant, but distinctly clustered,

Paracentrotus lividus was the most abundant, but in some well defined

areas, Arbacia was definitely predominant. Altogether, Paracentrotus:

Arbacia:: 3:1., Patellae were of two size classes, abundant 2-3 cm, a
few 5-7 cm. The smaller were sampled, close to the surface along the
seawall,

Ranking: Arbacia 14,12

Paracentrotus 15.25

Patella 7.5
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Site 13 Samplied 7/11/75

Punta Tresino. Sampled at the end of the beach of Santa Maria Di

Castellabate, at the southermost end of the cape. Large, sharply
angled stratifications, selectively eroded and subsequently crollapsed,
form a bottom of large boulders, caves, sandy stretches, and Posidonia

oceanica meadows. Arbacia and Paracentrotus were equally abundant,

possibly with a slight excess of Paracentrotus., Echinoids were picked

mainly on vertical faces of the ridges in 2-3cm of water, Patella
was sampled a bit farther north, towards the point, as close to the

beach the shallows were filled with Posidonia detritus,

Ranking: Arbacia 16.75
Paracentrotus 12.75
Patella 11.5

Site 4 Sampled 7/11/75

Punta Inferno, Sampled on the outer wall of the seawall In front of

the small fishermen's harbour. The seawall is formed of large concrete

blocks, set onto a generally bare sandy bottom. Limited flora, echinoids

very abundant, Arbacia and Paracentrotus about equally abundant. Patella

infrequent, in two distinct size classes 2-3cm and 5-6 cm, Assorted

Muricacea were the most common inhabitants,

Ranking: Arbacia 19.25
Paracentrotus 9.5
Patella 4

Site 15 Sampled 7/11/75

Ogliastro Marina. Sampled on the southermost side of the cape, at the

end of the public access road. The beginning of the point's flytch

scarp, emerging from the sand of the Ogliastro Marina beach, has sharply
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Ehrhardt Facies Classification

The following groupings, first described in this context by
Ehrhardt in 1968 (68), do not constitute true communities, but can be
considered as diagnostic ''facies', not necessarily concluéive, but
which if widely interpreted and considered in the light of the other
site characteristics can give a reasonably precise indication on
the level of organic pollution in the area, and on its chronicity. They
refer only to Mediterranean areas with principally rocky substrata, and
to superficial waters,

Facies | (Rhodophyta and/or Phaeophyta)

Characterized by the presence of Jania rubens or other large

rhodophytes or phaeophytes as dominant species. Sometimes there is a
sediment-accumulating undergrowth, for example of Cladophora spp.
Facies 2 (Anthozoa)

Characterized by anthozoans as dominant organisms, frequently
together with other encrusting organisms.

Facies 3 (Cytoseira)

Characterized by the domi nance of Cystoseira spp. in the surface

waters, not to be confused with the presence of Cystoseira $pp. ~

on sandy or detritic bottoms in the immediate vicinity of marine
angiosperms,
Facies 4 (Incrusting algae)

Characterized by presence of abundant incrusting rhodophytes, as

for example Litophyllum incrustans,.

Facies 5 (Tubiform invertebrates)
Characterized by abundant calcareous incrustations due to serpulids
and /or vermatids, at times covered by a flora of incrusting algae.

Facies 6 (Corallina

Characterized by the dominance of Corallina officinalis and

Corallina mediterranea, usually associated with Ulva lactuca and
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Enteromorpha spp.

Facies 7 (Ulva lactuca)

Characterized as facies 8 by an abundance of chlorophytes such as

Ulva lactuca, Enteromorpha spp. and Cladophora spp., with Ulva lactuca

predominating. More plants than animals,

Facies 8 (Enteromorpha)

Characterized as facies 7 by an abundance of chlorophytes such as

Ulva lactuca, Enteromorpha spp. and Cladophora spp., with Enteromorpha

spp. dominating. More plants than animals,

N.B. Facies 7 and 8 may appear as a temporary phase during the
recolonization of an area cleared by sea action or erosion,

Facies 9 (Harbour)

Characterized by the presence of chlorophytes such as Ulva lactuca

and Enteromorpha spp.,but in which the dominant organisms are filter

feeders, especially Mytilus spp. and Balanus spp., together with Ciona

intestinalis and sessile polichetes.

Facies 10  (Fouling)

Characterized by a scarce presence of Mytilus spp. and Balanus spp.,

an almost complete—absence of -chlorophytes, and a-predomi-nance -of- .-
amphipods and sessile polichetes, usually as incrusting fouling on

fixed and floating structures,

Facies 11 (Obvious pollution)

Characterized by a total absence of visible algae, an almost total
absence of molluscs and lamellibranchs, and by the presence of a bottom
layer of anaerobic mud, rich in nematodes and 502 ~ producing bacteria.
Facies 12 (Sea grasses)

This facies does not strictly belong in the series, and certainly
cannot be placed in a fixed position on the scale, but it might well be
present in sandy or detritic patches, particularly amongst facies 1 to

6, and as a rule requires relatively clean water and considerable light,
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It might, therefore, be worthwhile noting separately. It is characterized
by the presence of a more or less thick mat of marine angiosperms,

Posidonia oceanica, Cymodocea nodosa, or Zostera spp., with their

associated rich ectofauna and ectoflora, and the predators of the same.































- 142 -

Nitric Acid sp. Gr. 1.5 fuming
95% HNO, = 63.01

3
Minimum assay 95.0% HNO

3

Dilution test

Non-volatile matter
Chloride (C1)
Phosphate (Pou)
Sulphate (SOu)
Arsenic (As)

lron (Fe)

Heavy metals (Pb)

Manganese (Mn)

Perchloric acid.
HCIOh = 100.46
Assay

sp.gr. 1.54

Dilution test

Non-volatile matter
Chlorate (C|03)
Chloride (C1)

Free Chlorine (C1)
Nitrate (N03)
Phosphate (Poh)

Silicate (Si0,) ' ” -
Sulphate (SQh)
Ammonium (NHh)
Arsenic (As)
Copper (Cu)
lron (Fe)

Lead (Pb)

Manganese (Mn)

Silver and Mercury (Ag+Hg)

BDH Chemicals
AnalaR

Meets requirements of 'Methods of
Test'

0.001%
0.00005%
0.0002%
0.002%
0.000001%
0.0001%

10.0001%

0.00004%

AnalaR, BDH Chemicals Ltd., Poole, England

60 to 62% HC10

Misci lbe with water, forming
clear colourless solution

max 0.003%
max 0.0012%
.0001%
.0005%
.001%
.0002%.
.0001%
.0004%
.0002%
.000005%
.00002%
.00005%
max 0,00001% -
max 0.00005%
max 0,00004%

3
o
x
O O O O O 0O 0 ©O O o©o
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Appendix 5

Description of composite indices
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The three composite indices mentioned in the discussion were
calculated as follows:
""Apparent Visible Pollution Index'' - FACTOT

This is a composite statement of the obtained Ehrhardt Scale values.
During the sampling, the distribution of the single facies was noted on an
absent/present/abundant scale, coded 1, 2 and 3 respectively. For the
present purpose, absent values and facies 12 were ignored, and the arbitrary
weighing scale shown in table 30 was used,

Table 30

FACTOT weighing scale

Facies weight Facies weight
] 1 7 9
2 2 8 10
3 3 9 12
L L 10 15
5 6 11 20
6 7 12 -

The individual facies values were multiplied by their weighing, and

summed to give the composite index.

""Bottom morphology'' - BOTTOM

This index gives a rough indication of the '‘rockyness' of the
sampling site, by summing the arbitrarily assigned values listed in
table 31 to the recorded bottom characteristics.

Table 3}
BOTTOM weighing scale -
|f MUD abundant

—

If MUD present 3
If SAND abundant 5
1f SAND present 7
If PEBBLE present 15
I f PEBBLE abundant 20
If ROCK present 25

{f ROCK abundant 30
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