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SUMMARY

Some common littoral snd sublittoral marine organisms have been
enalysed, using atomic absorption spectrophotometry, to determine the
concentration of copper, iron, lead, ginc and mercury they contained.

The results show that there is variation in the concentration
of these elementa, (1) in gliven species token from @ifferent sites,
(2) in different species token from the same site, and often (3) with
ege in a given species,

The geographical variation, seen in all species analysed, is
correlated with the concentration heavy metsl ions in the water the
organism lives in,

It is suggested that snalysis of heavy metal ion concentretions
in organiéma is a good means of monitoring this type of pollution.,

The varistion between species may, in some cases, be correlated
with an accumulatien of heavy metal ions up the food chain, but in
polluted waters there is evidence of the breakdown of the natural
food webs and/or regulation of heavy metal ions,

Suggestions for future research strategy esre included,




1.

An Investigation of heavy metal ion comcentretions in littorsl snd sub-littoral

ecosystens.

Introduction
The President of the United Ststes' advisory commities has stated:-
"Envircnmental pollution is the unfavourable alteration of our
surroundings, wholly or largely as a by-product of men's action, threugh f
direct or indirect effects of changes in energy patterns, constitution an&
abundance of organisms.® | |
3 In the marine environment this includes such aetivities as dredging, the
introductien of sewage, domestic and industrisl 1iquid wastes, coal washings
and other solid wastes into the ses direetly, or indirectly via the riyers.
Pollution can, however, be classified into two main types; the first
involves the intreduction of completely new substances into the environment

end the second involves an increase in the level of a natuf&lly ocourring

substance which is alresdy present,
i In recent yesrs technological advances have lead to the production of
many new chemicsls. For axampla, more then 90% of the pesticides in use

1%06@3 are synthetic compounds. The introduction of such novel toxic substances
as these into an ecosystem often has comparatively straightforwara effects,
jThe organisms that are susceptible to the toxin end ebsorb a lethal dose are
eliminated whilst those that havé a natural resistance, or receive sub-lethal

| doses, survive.

- This can also be the conseguence of the second type of pollution, which
Einvolvaa é faster cycling of naturally occurring biogeochemlicals, This, how-
EGVQF, is often complicated by the fact that organisms have evolved over many
iyeara in the presence of these ehamiaaia, and hed the opportunity te underge
%further evolution &s the concepiration of these chemicals has increased.

10ften these elements are even involved in metsbolie processes.
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‘ Nature has an enormous capacity to recover fronm nirmr modifications of the
 environment, and these have been characteristic of the development of
 civilisetion during most of recorded history. One therefore might be lead
to expect & more complex or more subtle resction to this second type of
pollution ther that resulting from the first.

: Although one of the proper uses of the narine environment is in its

‘ capacity to dilute and disperse the waste products of society, care must

be taken to ensure that this use doeés not exclude other equally valusble
‘ activities. The latter include such things as food production gnd

‘ recreation. It is emelly important that we do not poison the system by
\ to it more waste then it cen accept. For man's future wellsbeing
it would therefore be beneficial to be able &) to define 1) the extent
of polluted water, and 2) the extent to which it is polluted, and b) to
‘monitor the effects this pollution is having within the ecosystem. It
ima% thought that a study of the concentrations of some of these biogeo-
chealcals, namely the heavy metal ions, in the ecosystem might assist
‘us in defining the degree ond extent of pollution and might else help us
towards a deeper understanding of its effects, This weula allew more

' accurate prediction of future trends.

24




SITE DATA

Site Location Suspended Faecal POl
Number Major Sites Lat. Long. Solids Bacteria ug /1
' g / 1 per litre

1. Musselburgh, 55957ty 3°02'w 30 100,000 50
Hidlothian,

20 st. A‘bbs, . Q 0
(Petticoe Wick), 55 55'N 2 09'W 12,1 200 0.37

3. Beadnell Bay, 55°33 8 1%37vw 18 9,000  1.74
Northunberland

L. Souter Point,  S54°58'N 1°20'W 53 100,000 2,78
County Durhanm

5, Hartlepool's PointSo41'w 1°11'w 70 160,000  71.9
County Durham

6. Redcar, 5,237 1%u0w nede n.d. 3.3
North Riding,

7. Robin Hood's Bay, Sk 26'N 0°31'W 5245 n.de 2.48
North Riding,
Yorkshire.

8;’0 Paull, 53011»2' N GQIB’W N, 8s Neds Nee
East Riding,
Yorkshire

ADDITIONAL SITES

9. Sesburn, s,°s60w  1°220w ned. n.d. 5.3
County Durham
10, Cley, 527y 1%38 n,d. n.d. n.d.

Norfolk




MAP SHOWING THE LOCATION OF THE SAMPLING SITES

FIGURE I.
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I chose the major sites which ere listed in table I and shown in the map
(figure I) beomuse they sppear to beff-iangf to a serdes differing in the degree of
- pollution of the water, Two edditional sites which were not studied in detail .
are also included in the tsble. These are Seabum, where ssuples of Mytilus edulis

lug, the whelk, were collected on & sewsge pipe close

to its ocutlet and Cley where ; stexrias mbens, the starfish, were oollected after

a large kill hed oceurred and thousands of individuale had been washed up on the
shore,
Current resesrch has shown that, as one might expect; there is a difference

between the unpolluted water off the coast of North Northumberlend and South~

Eest Scotland end the heavily polluted waters off the Durham coast, Thege
waters are polluted because the valleys of the Tyne, Wear and Tees ave accupia;'i
by large urban populations (190,000 people in the Tyneside, and 170,000 people
in the Teesside conurbations) and are the site of heavy engineering, ehipbuilding,
chenical and other industries., This alse epplies %o the Firth of Forth and
Rumbar Estuaries,

The parameters shown in table I are figures that are available (Bellamy
ot al, 1967, John, 1968, Jones, 1970) aaa.ndieaﬁam of the extent of poliution,
The number of faecal bacteria, estimated by a Standard Method, A.P.H.A.,(1965)
indicates the extent of pollution by sewage. Phosphate and nitrate, two bio~
logicelly importent compounds, are mutrients that are usually in short supply in
the open sea and such Mgh values therefors probadly indicate the extent of
nutrient enriehment by eutrophicated river water - the nutrients having been derived
from lend dreinege and sewage effluent, A4 report just published (“Taken for
Granted 19?@?) points out that up to half the water of the Tyne, Wear and Tees
is treated sewage effluent, . ALl the sewage of the City of Edinburgh is die-
charged raw into the estuary. A recent report ("The Scotsman,” August 10th,
1970) states that there were at least 10,000 square yards of untreated sewage
lying at low tide mark at Seafield, Pollutents also include domestic and




s
inmstria‘l 1iquid wastes, the pfe&ﬁeta of agrimltural and mg&mﬂng evosion,
and solid mm, suehfa;s 6oal weshings end £y ash (from al‘:ewfs:ﬁ@my
generators). Jones (1970) points cut that up to five hundred thousand tons of
fly ash and over one million tons of coal weshings and silt were depogited in
the see adjacent to Tynemouth each year,

It has been found thet the mecrophyte flore of the Purham coast is re-
stricted, both in diversity snd performsnce. This is thought to be caused by
suspended matter reducing the light svailsble to the plants. (Bellamy et al,
1967, Bellamy, 1968, Bellamy et al., 1968). '

The tida)l wave on the ooast moves from North to Scuth. _ There is also &
residual current from North to South (Admiralty Tide Tebles, 1970), both of
which cause movement of the water in e southerly direction. Thus polluted
weter from the Tyne, Wear, Vand 'ff?ueea w11l be vﬂ&spersea southwards, but scuth of
Redoar the sea water becomes less polluted due to mixing, It containa, however,
high levels of m«argmic‘ mterial in mapensiém' geneprated by fresh water srosion
of the boulder clay gliffs_,n which are characteristic of the regiom.

“if.t was my hope that by colleoting end analysing various species from each
gite for heavy metal ion concentrations it would be poseible to define the degree
and extent of the poilutﬁzén described above. As a subsidlary study verious age |
groups of the species to be analysed were aleo collected in an attempt to gain

some insight into the effect this pollution is having in the ecosystem.
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See water probebly centains every ehmiaal element but some have not yet
been detected. Huch information is available on the oceursnce of varidae elements
in marine plants and snimsls, but it s not yet comprehensive. Some of the
mmest amaiyseaf for heavy metal ions in mavine orgenisms seem to have been aade
by Philips (1917); Cormee (1919), Bodensky (1920) end Severy (1923). With the
development of improved snalytical techniaues more work has been done on the mdnor
constituents of see water end their concentration by mearine organisms,

‘The term 'minar constituents' can be minleeding, as ﬁaxv@y (1955) points out,
in that even at em@edingiy grest dilution of en element the number of its atoms
in a small volume of water is very grest. As an exanple he quotes the faﬁt thet a
see water sampls containing 0.00k u. g. gold per litre will contein 2 million atoms
per mm3 It follows thet many etoms of even these very dilute clements,; will make
contact with the surface of organisms in the sea, allowing absorption and edsorption
to oscurs

ccemmﬁims of trace metols in sea water are um&lly the m@on of
1 -} u g/1 (Bryen 1969) but it is @ifficult to generslise as varistion is seen
ba‘tg%; fx‘em element to element amd with geogrephicsl location, especially in cosmstal
wafa%m-._ Tables glving the trace glmwta which have been determined in sen water
have%mbeen compiled by Sverdrup, Johnson and Fleming (1942 pp 176-177) Rarvey
(1;%5 pp 31-32), Legendre (1947) and Harvey (1955 pp U0-141).

4 survey of the literature suggested that ‘it& is possible, on the one hand to
find marine organisms that regulate the internnl concentrotion of hmy metal ions
simost campl@telw and are not apprecisbly affected by the extexml concentration
(e.z. Bryen 1966) and, on t-hg other, to find orgenisms which are unable to regulate
the eaneemtmﬁien at all. (Black anéd Mitchell, 1952, Young znd Langille, 1958,
Cutnecht, 1965). Other organisms full between these two extremes, e.g,, zinc

”

regﬂlatim in the @yster.;, Crossostres virai

joa, 18 enly partial. (Chipmen,
Rice end Prioce, 1958) &

Biscmasim of‘ this problem in general terms is limited and so the literature

 the cementmtitm of the vericus lons investigated 13 now discussed

sepaprately,




Ses water has beem snalysed for copper by a number of pecple. Chow and
‘Thompson {1952) heve tebulated the results of verious observers and show & wide
variation in its concentration. Values ranged from less than 1 u & 1in
oceanie water to as much as about 25 u g / 1 in certain estuerine waters.

Copper is essentisl for plant growth, It occurs in seversl enzymes and
in the chloreplasts. It is also important to meny enimals oceurving, i’ér
exanple, in heaemocyanin, the respiratory pigement of many invertebrates.

~ Comse {1919) carried out the first spectrographic snalyses of marine
plants and found c@pp@f present, The anslyses, however, were g:mliﬁaéiw and
the species imeatigw&efl were not given,

In 1940 Gy &iswasa';aé the physiological importance 6f certain elements,
including ceméer, in seversl species of algae end determined the concentrstion

of copper to be 1.1 - 1.k u g /g of dry metter in Ascol

neria end 3.4 = 8:bu g/ g in Fucus 5
Black and mtchall in 1952 analysed for trace elements in algaee ané. found
a aeaao:mﬂ. variatioﬁ wﬂth June velues (takeon as being mpmsmtatim of the

sumner metabolic state) reaching 10 u g/ ¢ in oven dried B

cus vesioulogus,
2Aug/ g “fur the stipe and 6 u ¢ / g for the frond of L
Values for the sea water were put at less than u g/ 1. with the method used
whioch is cleerly far above the concentration that one would expeect to be prsaent:.
Hervey (1955) quotes the comcemtration of cupric ions (the typ:ical form in sea
woter as ouprous ions are rapldly oxidized to cupyde) which is poisenous to
marine plmn‘ts and animals to very around 1000 u g/ 1.
Young and Langill@ (1958) enslysed algae from tzhe Atlentic coest of Canada
and f‘mmﬁ copper concentrations ranging frem 6 - 62 p.pin. (equivalent to
u g/s) cceasionally with exceptionelly large ameunts of about 100 p.pem. in
Bryan (196L and 1968) neasured copper concentrstions in decaped crustaceans
end found there was from 20 -~ 35 u g/g of fresh weight of copper, and suggested
this constancy wes due to the regulation of the concentration in the bedy
fluids and tissues.
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Natural sea water conteins from 1 - 60 u g / 1 of iron (Hervey 1955). The,
quantity of iren in true solution in sea water is however very small, owing to
the insolubility of ferric hydroxide in the alkaline pH (8,1 - 8.3) of natural .
sea water, Iron is sssociated with land drainage and is normally present at
higher concentrations in coastel weters than in the open sea. {Schaeffer and
Bishop, 1958),

~ Harvey (1937), Goldberg (1952) and others have presented evidencs that the
algee can, and do, utilige particulate iren as their major source of this element,
presumably by hydrolysing particles adsorbed on thelr surfaces,

Ryther and Kramer (1961) investigated the relative iren requirements of some
coastal and off'shore plankton algae snd found that the oceanie species required
less iron than ccastal species. Ooeanic species atteained meximum z}apuiaﬁma'at
levels of iron capsble of supporting either no growth or a smn fraction of the
potential growth of the eoastal species under the conditions of the experiment,
The oceanic species attained maximum growth with no additinnal iron to 20 u g/l
of additional iron whilst the coastal species required 65 - 1300 u g/1 for maxi-

8y, 4n his study in 1940; estimated the concentration of iron to be between
120 and 1330 u g/g of dry matter in several species of elgse.

Black and Mitchell (1952) found the summer concentration of iren to reach
730 u g/g in Puous vesioul sis and about 1500 u'g/g in the stipe of Laminerl
digitata, whilst velues for the frond remained lower at 410 u &/g of ary weight,

Harvey (1955) quotes the concentration of lead in sea water, according to
two suthors, Bowy (1938) and Noddack (1940) as being 4 = 5 u g/1l. Black and
Mitchell (1952) quote values of less than B8 u g/l to less than 5u g/l for the
aamples they analyseds

Little data 45 availeble on the conventration of lead in wmarine organisms.

Figures for lead sre included by Webb (1937) in his studies on the ultinate




8
oghonl material, Black snd Bitchell {1952) found the cons

centrations of lesd to resch 7 u g/g of dry welght 4n Fuous vesiculosas,
7 - 16 u g/g in the stipe and b ~ 7 u ¢/g of Gry velght is the lenina of

Mgitats in summer, 4 donesmtyotion of 8§ p.p.a, ie m@eww for

There sees Yo Be only a few rofevencss in the 1iterature congerning the

cancentyrations ave usially very low neking the «lesent 3iffienlt %o deteet.

bo enslysis of the eoncentretion in sea veter by Stock and Cucuel {1934)

gave o velue of G.03 g / & { 1 8 g e 10 " g} equivalent to 0,03 perts per
bilisen,

e w2y other onalysis of marine saterisl For Mevean
ses fish, esrried cut by Raeder and Smekvik (1941). They quote values of
B 15508/ g

Hecently, when the Gwedes entisipeted problons botng csused by the use of
methyl end sthyl Sevonry compounds as ssed dressings oeptidn animals snd plents
were anulysed for moroary cimtent (e.g. Johoels et ei., 1967, Libe
Stenmark 1967, Tojuig 1967). Fheasents (B ==

ure (Tejning, 1967) and pike,

ated water 4p %0 5 u @ /g 1b the exisd museulstise,

r sppesrs to be thet of

. zine in ses wabter tu heve & oconcembrotion of less
than 8 u g / 1, Black snd Bitchell (1952} quote the slightly higher copcentration
of 9 - 12 u g/ 1 for Atleptic water whilst Dutknechs (1963) found

Zug/lend 38 ug /1 for Woode Hole Hasbour wober and Perker (1962) & ug/ 1 ip
the weter of o Tenas Bay. |

#ine, lke iyon and coppe

¥lessner, 1562, nd Yellec, 156%) but low sencentrations in water sfe reporbed




%.
to be toxic to higher plants., Chipman et al (1958) tested marine phytoplankton
for zinec toxicity and found the lowest concemtration which reduced the division
rate of Niﬁggeh@a to be 250 m g / 1. This wes approximately ten times the con-
eentration found in the sea-water samples they collected,

In his study Parker (1962) analysed the sediments in the bay for zine content
and found concentrations of 10 « 18 p.p.m. These values are at the lower emd of the
remge of those reported by Ishibashi et &1 (1959).

Black and Mitchell (1952) have reported summer concentrations of up to

105u g / g in dried Pucus vesiculosus and velues of 90 ug / g in the dried stipe

‘of‘kaminggia,éiggtaba compared with approximately 65 u g / g in the dried lamine.

Young and Langille (19%8) found e similar range of concentrations of szinc from
35 = 97 p.p.m. in the various species of algae they snalysed, as did Parker (1962)
who quotes 60 -~ 100 p.p.ms

The behaviour of Zn=65 in waters containing nuclear reactor wastes has been
investigated by Davis et a8l (1958). They found that although the Zn-65 concentrat-
ion was the lowest of eight isotopes detected in the diluted effiuent it was among
the most highly concentratéd by algae, and was readily transferred upward through
the food chein.

Gutkneeht (1963) investigated Zn~-65 upteke by four species of benthic marine

algae ond found that Fucus vesiculosus showed the highest retention of this isotope.

Freshly collected sa&ples of the four species were then analysed for ordinary gine,

Fucus vesioculosus was found to have the highest zinc concentration (829 u g / ¢ dry

weight) which is consistent with the faet that it showed the highest retention of
the isctope. ‘

Brysn (1969) studied the absorption of zine in Laminaria digitata with the uee
of radionuelide Zn~65 and atomic absorption analysis. He found no evidence for the
regulation of zinc by the plant. absorption of zine or Zn-65 he concluded, is a
graduel process of accumulstion and is not accompanied by the exchange of zinc,
Therefore, once absorbed, ginc or Zn-65 shows little tendency to be lost from the
plant.,

Analysis of gzinc in animels of the prineipal merine phyle has shown that this




1o,

element is nearly always present (Philips, 1917, Bodansky, 1920, Severy, 1923),
concentrations varying from barely detsetable amcunts to values of seversl hundred
w g/ g of wet tissue. Parker (1962) in his study of Zinc in a Texas Bay found
.&nimaié‘e@aﬁaining from 9 46 13 u g / &

| Chipmen, Rice end Price (1968) enalysed sea water and shellfish for sinec
content prior to a study of the upteke of radiosctive zinc. They found that
oysters, teken from sea~water containing an average 0.01 p.p«m. of ginc, con-
%ainéd on everage 5090 u g of zinc / g of dried meat. This appeared to be much
higher than that of clams, containing on average 2620 ug of zine / g of dried meat
end scalleps, containing only 610 u g to 1430 u g of zine / g of dried tissue,
They found that when they sdded radicactive zine to th@ water the shellfish toock
it up rapidly and acoumilated great ameunts in their gills. They also found that
marine fish quickly absorbed Zn - 65 into the body from the digestive tract, but
that most of it was lost when the fish were returned to non-radiocactive waters

The lobster (Homerus wulgaris) was found by Bryan (196L) to eontain between

20 and 35 ug /g of sine. Bxperiments showed that the animal appears to be able
%o regulate the concentration of zine in its tissues, Long exposure of lobsters
to seaswater containing 100 u g of gine per litre instead of the usual 5ug/ 1
foils to alter the zinc concentration in the blood muscle and goneds, but
increases the levels in the urine, exoretory organs, hepatopancreas and gills,

Probably extra sinc is absorbed then excreted. In 1968 Bryan anslys

other species of decapod crustacesns end again found sine concentyations of
between 20 and 35 u g / g« This is further evidence for zinc regulation in

decnpod crustacesns,

It seems that certain conclusions can be drewn from this survey of the
literature,
The first is that living organismg, plant or animal, have in thelr tissues,
much higher concentrastions of heavy metel ions than the concentrations found in
sea water, Agcumulation of these ions in an orgsnism sppears to ooccur whether

the element ia;inveiveé metabolically or not,
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11.

It would appear from the literature ﬁhaﬁ marine plants are incapable of
vegulating the eenéentrétians,oﬁ trace elements they centain, This also applies
to lower animels sueh as clems and oysters but higher animals such as aeoépea
erustaceans and marine fish can, and do, effect regulation,

One further conclusion that can be drawn is that, for sny of the ions,
there is tremendous variation 4n the concentrations reported in the literature.
Variations occur between species, between sites end with time,

élearly’the information that is aveilaeble is, as yet, incomplete.




At each of the major sites a colleection was mede of individuals of the

following species, when present:

and Asterias rubens I.

('Iéﬁntifi¢atien of the various species of ]

: pha is based on microscopic
characteristics such as, the shape of the pyrencids, the shape of the plastids

end the arrangement of the cells and therefore some other species of Enteromorpha

may have been included with the bulk of E. intestinalis).

This 1ist was chosen to include species from the three trophic levels, -
primary producers, herbivores; and carnivores, which were likely to be available
in suffiedent quantity to allew representative numbers of several sge or size

classes of each species to be collected.

yperborea, A, rubens, and some

¥, edulis were collected from the sub-littoral sone, the other species from the
littorel zone, |

As the colleetion end preparation of the samples is time consuming it was
impossible to sample all the sites concurrently. The sample perdiod was spread
over about five weeks from Hay lith onwards, In view of the work of Young and
Lengille (1958) and Black and Mitchell (1952) there is unlikely %o have been
seasonal variation during this periods Young end Langille (1958) found no
characteristic seasonal variation in the trace elements in algae from the

Atlantic coest of Canada. Black and Mitchell (1952), however, foumd & seasonal
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variation in the concentration of trace elements around Great Britein, con-
centrations be&ég higher in summer, The samples collected by the author should
therefore sll be representative effthe more active summer metebolic state.

After collection the semples were cleaned by washing in distilled water,
and 8@r§eﬁ, This washing should not have affected the heavy metal ion eon-
centrations. Young and Lengille (1958) found that thorough washing of marine
algae only lowered the content of total ash, silicon, sodium and potessium, and
had no apprecisble effect on the other elements. Such washing therefore removes
traces of adherent sand and silt end apparently leaches out scluble salts of the
alkali metels, Both Black and Mitchell (1952) and Young and lLangille (1958)
suggest the failure of weshing to remove trace elements is due to the fact that
they are fixed aﬁ insoluble salts, probably of acidic¢ polysaccharide or protein,

Because one of the aims of this investigation was to examine the a&eumulat-
ion bf heavy metal ions with age, sorting of the species had to be into selected
agé classes,

. Batisfactory methods are availsble for the age determination of L. ky

(after Kain, 1963). After checking to ensure that each dark growth ring, seen in
section at the base of the stipe, is associated with & hapteron level, the
distriet annusl growth rings can be counted., This prevents the boundary of the
nedulla being mistsken for & growth line and allowse recognition of what are
purely interference lines., John (1968) has found that plants growing off the
North-East coast of Englaﬁd and the South-East coast of Scotland show, efter the
third years growth, distinct annual growth rings assoclated with hapteron levels,

This method cannot be used for L. saccherina, Parke (1948) suggested that
the age of the plant cen be determined by counting the number of distinct growth
rings seen in transverse section at the base of the stipe., More than one hapteron
whorl, hewever, may be produée& in a growing sesson in North-Bast England and
South«Esst Scotland (John, 1908) and so there is difficulty in distinguishing
growth rings from supposed interference ones,

The same applies to L, digitsta. John (1968) aid find that he could group
individuals from a sample of a p@pulatién of L. gigitata into classes based on

the length of the stipe alone., These size classes were more than 9%0% correlated
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with age classes leter determined using only the distinct growth z‘—'irigs.
The age determination of M, edulis (Seed, 1969) has also been shown to
be reliable for the North-East e¢oast. The snimal is aged by counting the
dietinet rings on the shell.
For the speéiea for which no reliable methods of age determination are

i

available, the orgsnisms were grouped inte size claase'é. littores and

N, lepillus were separeted into sigze classes of 5 mem, de (1) © - 5 m.m,

(2) 5=~10 mem. (3) 10 - 15 w.m. etes The measurement was made on the longest

axis. This methoé was also tested on M.

1138 and gave similar groupings to

~ the method of separation by age determination. For i, rubems size groups based

5 em, were used, am} for L, digitate stipe lengths of (1)0-5 om, (2)5~12 em,
(3)12 - 25 em, (&) 25-35 em, (5)35-45 em, etc. were used. Fucus plants were
merely separated into (1) sporelings and (2) adults, It is probable that in
most cases, as with L  Sigitata above, the larger organisms are the older ones,

| After sorting, the moisture content of the semples was determined, They
were first dried at room temperature for 24~48 hours to remove excess moisture,
then weighed. Each sample was then dried to constant weight in a forced draught
oven at 105%4»

Sea-water samples were collected at each gite, filtered and stored, both
in Pyrex and Polythene containers, though Black and Mitchell (1952) found that
analyses were ifientical for sea-water samples stored in Pyrex and Polythene
,botﬁas.

Weighed aliquots of the dried material were prepared for analysis by atomic
sbsorption, as deseribed by Jefferies and Willie (1964). As the concentration
of the heavy metal iong in some of the samples is low, it was found, on a test
run, to be necessary to use dry weights of about 5 g., accurately weighed, to
increase the concentrstion sbove the lower limit of determinstion of the spectro-
photometers. Whole specimens of the animals were taken for snslysis, but only -
the base of the stipes, snd pleces of the lamine could be used due to the large
size of some of the gpecimens, Sampling the base of the stipe includes tissue
of all ages, Taking 5 g alse meant that each aliguet could be made up of the
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ground material of at least ten individual snimals or samples of plant and this
belps to eliminate variation in the semples, Each aliquot was then 'wet ashed'
by digesting it in a Kjeldahl flesk to which was added 20 nl of concentrated
pitrie acid, 5 ml of concentrated hydrochloric acid and 5 ml. of concentrated
porchloric acid, This is the same quantity of acid recommended by Jefferies and
Willis (1964) fer 1 g of material, On the test run, however, this quantity of
acid was found to result in the release of the same concentration of ions from
up to 10 g of dry material as from similar ssmples digested in twice the quentity
of acid. It was therefore presumed to be sufficient for the complete digestion.
(See Apendix I). All chemicals used were of analytieal grade, and care was taken
throughout the preparstion, extraction end anelysis to avoid any metallic con=~
tamination, The samples were heated carefully in order to minimise foaming end
prevent the loss of sample, When foaming had ceased the rate of heating was
increased and all excess acid was boiled off so that only a little perchlorate
remained, The level of fluid in the flesk was meintsined by the eddition of
distilled water., When the digestion was complete the neck of the flask was
washed down with distilled water and the contents filtered through Whatmsn

No. 42 paper, which had been previously sosked in 10% perchloric -acid to remove

trace elemerits from the paper. The filtration removed any silica that was present.

Analysis of the samples for Iron was carried out on the HILGER and WATTS
Atomic Absorption. Spectrophotometer. The instrument was set up asbéeaéribed in
the instruction menual using a wave length of 2483 AO, which gives a theoretical
sensitivity for 1% absorption of 0.15 p.iDems

It is international practice to quote the sensitivity (the concentration
required to give 1% absorption) rather than & 'limit detection' as the latter
depends very much on experimental conditions., Usually the absorbance is directly
proportieonsl te concentration, but some curvature may be found st high concentrat-
ions,

Copper, lead, mercury and ginc were determined with the FEL Atomic Absorption
Spectrophotometer, fbll@wing the method outlined by Bvans Electroselenium Limited,
For copper & wavelength of 325 m u was used, This gives a typical theoretical
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"sensitivity for 1% absorption™ef 0.1 psp.m. AS the samples included
guaentities of sodium which can cause troublesome 1ight scatmﬂng effects
in the determination of lead at the most sbsorbing wavelength of 217 nm
it was found to be necessary to use the 283 nm wavelength. This gives a
theoretical "sensitivity for 1% absorption®, of 0,85 p.p.m. The determination
of mercury was carried out at a wavelength of 254 m u which gives & typical
value of 4,75 p.psm. for the theoretical “sensitivity for 1% ebsorption,”
Finally, for zinc & wavelength of 214 m u was used, giving e typical

theoretical “sensitivity for 1% absorption® of 0.05 DePele




RESULTS

I have only included in this section histograms enfl grephs which

illustrate the characteristic trends in the results.,  This hes been

17.

done in an attempt %o prevent the reader being lost in tables of figures

representing the analyses for four metal ions in various age or size
classes of thirteen méin spegies from six major sites,

The complete results for each site are included in the
appendix, |

All results are expressed in micrograms per gram ( u g / g) of
dried material. Micro grams per gram are equivalent to parts per
miliion (p.p.w.). The conversion factors for dry to wet weight are
included in the appendix.

The samples were all analysed for mereuyy but the concentrstion
present proved to be too low for detection with the method used, This
mesns that the concentration in all samples was less than 250 w g / &

dry weight.




HISTOGRAMS OF VARIOUS SPECIES SHOWING THE CONCENTRATIONvOF COPPER AT DIFFERENT.SITES

 (The names and numbers of the various sites are given in Table I, opposite page 3).

Concentration
of COPPER(ug/qg).
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HISTOGRAMS OF VARIQUS SPECIES SHOWING THE CONCENTRATION OF IRON AT DIFFERENT SIIES
(The names and numbers of the various sites are given in Table I,opposite page 3).

i s.a. = species rare or absent at the site n.d. = no data
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HISTOGRAMS OF VARIOUS SPECIES SHOWING THE CONCENTRATION OF LEAD AT DIFFERENT SITES
(The names and numbers of the various sites are given in Table I, opposite page 3).
s.a. = species rare or absent at the site, n.,d. = no data

Concentration
of LEAD (ug/q).
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HISTOGRAMS OF VARIOUS SPECIES SHOWING THE CONCENTRATION OF ZINC AT DIFFERENT SITES
(The names and numbers of the various sites are given in Table I,opposite page 3).
s.a, = species rare or absent at the site n.d, = no data '

Eoncentration‘
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DISCUSSION
P Y
The most striking festure of the results is the variation. This is complex
but essentially of three mein typesi- (a) variation between sites (b) variation
with age/size and, (o) variation between species. For the sake of convenience
these three categories will be discussed separately.

a)e

Variation between sites

It 4s possible to arrenge the sites in order of the concentration of
heavy metal ions contained by a species from the sites, Beadnell and St. Abbs
have the lowest concentrations, next are Redcar, Robin Hoodd Bay and the Firth of
Forth and finally, with the highest concentrations Hartlepool and Souters Por

example the level of gzine in L, hyperborea from St. Abbs is significantly different,

(p = G.1X) from that at Redcer, and at Souter, The difference between Redear and
Souter however is only sﬁ.g;niﬁc@t at the 5% level, Similar figures can be quoted
for other species and ionsa.

This ordination of sites, based on increasing coneentrations of heavy metal
ions, agrees very well with that based on various parameters indicative of pollut-
ion snd tabulated ee‘trliér in this dissertation., FPFerhaps the only edception is
Robin Hood's Bey appearing to be a polluted site,

Two possible explanations immediately spring to mind for the fact that Robin
Hood's Bay appears to be a pelluted site., The first is that polluted water is
carried south from the Durhem coast by water currents, (See page L in site
gelection), ami this may carry pellutants to this part of the coast., This seems
unlikely at least to be the only explanation as some sampleées from Robin Hood's
Bay have lﬂ;ﬁ.gher cencén%mtiuﬁﬁ of heavy metal ions than those tsken from the
Durhem Coest. For exanple, the concentration of iron in M. edulis from Robin
Hood's Bay 'is 699 + 255 u g 4/ g dry material (a mean value for all age classes
over one year) whereas the comparable mean value for Hartlepeol is only
395 2 8 u g / g dry material. Both samples have a large standard error, the
reason for which is explained below,

The second explanation is that the large quantities of eroded inorgenic
material in suspension are creating conditions st Robin Hood's Bay similar to

those of an estuarine site such as Muaselimrgh. Iron is known to be brought to
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the sea in relatively large quentities in colloidel clay particles (Sverdrup
et al., 1942), R

It is of course pessible that the effeet is due to a combinastion of the
above two factors, Chemical snalyses of the suspended materiel in the fresh
water streams of the Robin Hood's 3&& area may help to clarify the situatioen,
It was stated in the literature review that copper, iron and sinc are meta=
bolically involved in organisms. If a species 1s present in sbundance at a
site it 4s unlikely that it is suffering from mutrient defieienoyg Presumably
then the concentration of these ions that is vitel to an orgenism is not more
than that found at the site having the lowest concemtration. Thus, it is
probably true to say that an orgsnism having an ien at a concentration above
this lower limiting value for normal growth is showing the effects of the in~
ereased e@nﬁentratieh of the ion in the water in which it ia 1iving.

The same argumgnt applies to an element such az leed or mercury which
does not appear to be metabolicelly involved but in this case the lower limit-
ing value for norma1<growth is zero,

b)e Yariation with age

Variation often ocours in the heavy metal ion concentrations within
& species at a given site. This variation is not random but correleted with age,
As there are differences between therpeciea each specles will be considered
separately,

1, gdulis This égeeieé shows a most proncunced variation in the heavy

metal ion concentration with ege such as that shown in the

resulte section for iréh'at'fbur sites. The trend is constant for all sites,
& rapid decrease in the concentration of the iron occuring in the first year of
life, The decrease thersafter is slight. There is, however, still a marked
difference, in the levels of concentration at any given age, between unpolluted
end pelluted sites,

The decrease of iron with age may be sither a real phenomenon resuliing fronm
the animal being eble to regulate the concentration of trace elements, or it may

be an apparent phenomenon resulting for example from an increase in the shell

to tissue weight ratio with age, In this latter ease it iz possible to imagin
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a situation in which the concentration of iron in the tissue appears to be

reduced when the whole animsl, with an ineressed proportion of shell, is
sampled intact.

In order to come to =z conclusieon regarding these two possibilities it will
be necessary to sample the tissue and shell of all age groups of the enimal
separately.

The other heavy metal ions in | ffpéhlis usually show a decresage with age,

but the decrease occurs almost completely in the first year. The two exceptions
are Souter and Hartlepool lead concentrations., Here the mesn lead concentrations
in the young animals are lower than those in the adults. Por exzmple the mean
lead concentration in the spot is 180 and 200 u g / g and in the older animals

is 343 and 289 u g / g et Jouter and Hartlepool respectively. It is interesting
to note, however, that the V&laes for the spot are of the same order of magnitude
a8 those of the other sites (which have a mean value of 180 3 6.86) and are not
significantly different whareaa«ﬁhe values for the adults are significantly §§gher
than those of the other sites (p = 1%). This would seem to suggest that @fﬁihe
sites examined only those in the very polluted water of the Durham coast is there

sufficient lead present te result in significant accumuletion with sge.

The various size classes of these two species had few

significont differences except a tendenegy for the smallest
gize class of individuals to have higher concentrations than the other size classes,
There were no signifieént differences between the dead Novfolk A, rubens and

ng from other sites that could be used to explain the death of the former.

E. Jesiculosus In this species there is some evidence of the concentratien
of heavy metal ions with age. Both sporelings and adult
plants were examined and some significent differences in concentretions found.

Por eﬁamplg the difference between the concentration ef zine féuné in sporelings
and adult plants from Mussélburgh is significantly different st the 5% level,
though respective differences in the St. Abb's and Beadnell concentrations are not.

5e L hyperbores There was found to be no significant varietion with age in

Ls hyperborea after the third year, Unless skin diving
equipment is used it is difficult to collect a sufficiently large sample of the
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younget plents, Unfortunately then none of the samples of L. 7bores
cluded age groups less than three years old, and it would seea frem th@ other

species examined, such as ¥, vesiculosus, thet this is the age group in which
glgnificant variation can occur.

6. The stipe of individuzal plents of this species usually had

L, Gigitate
higher concentrations of heavy metal ions than the lamina,

For example the meéan value for the ginc concentration in the stipe of plants

taken from all sites in 3170 3 261 u g / g and in the lamina is 2172 4 103, This

difference is significant (p = 2%). The significance is, of course, greater when

one compares concentrations in the stipe and lamina at one site as seme of the

variation in the mean is caused by variation between sites.

In addition to showing variation in heavy metal ion concentrations
between sites the hiatagramsvélag show a marked variastion between species at some of

the sites. For example, at St. Abbe the lead concentration in u g / g dry weight

is:
g6 primary plants
%0 h.9§ : producers 3
25 + 235 : %
36 + 9.82 ) ; |
153 + 25.70 predominantly )
; herbivores )
170 4+ 16.0 sominant :
6 + 1o | s

The most obvious difference is that between plants end enimels. It is highly
significant. There are similar differences in the lead concentrations at all other
sites, end this is probably indicative of the accumulation of heavy metal ions up
the food chain. Copper and iron concemtrations at the unpolluted sites, $t. abbs
and Beadnell, show similar differences, In polluted waters, however, the con~

centrations of copper,iron and ginc in the plents tends to be almost as high as in
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the animals,
Thus, in unpolluted water the concentration of all ions in plants is low,

being high in the animals. In polluted water the concentration of iens is high

in the plants but ususlly only slightly higher in the animals,

This requires an expiézxﬁtion snd there are two likely possibilities., The
fact that there is usually in animals in polluted water no significent sccumulate
ion of iens, other then lead, above the concentrations found in plants suggests
that the animals are capable of regulating the levels of these ions in their
tissues, st least to a certain extent. Secondly, it is also possible that this
could be caused by the breakdown of the natural food chains in polluted waters.
For example, A, rubens, when feeding directly on raw sewage in polluted waters,
may have a lower intske of héavy metal ions than it would have if it was feeding
on M. edulis.feeding on algal suspension high in heavy metal ions.

If the animals investigated are capable of regulsting these ions this would
help explain the decrease with age in the concentration of heavy metal ions that
was obsérved in many of t’heﬁ ‘atnimla sampled, It would be feasible to postulate
that this was also due to mgﬁl&ﬁion, and that the regulatory mechanism in
M, edulis for example became esteblished shortly after the animal had settled and

quickly reduced the high concemtrations of ions present.

In conclusion then it seems that the method of comparing the heavy metsal
icn concentrations of a sample of individuals, of eny of the species analysed
in this study, seems to provide a good means of comparing the degree of pollution
of the water froum which they were taken, |
| By analysing & seriee ef. samples taken at different distances from a known
source of pollution it will be possible to discover where over the range the
the pollutant ceases to have a significant effect on living organisms,

This study has also brought to light some problems. The answers to these
problems will have to be known before e comprehensive picture of pollution in-

volving heevy metal ions ean be drawmn up,
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These problems include determining the redson for the apparent decrease
with age of heavy metal lon concentrations that was found "&6 oteur in most of

the animals investigated, especially M, edulis. This is probably tied in with

the problem of determining whether or not the animals investizated in this
study can regulate the concentrations of any of the heavy metal ions in their
bodies or not. If regulation is found to be carried out, as it is for zine
and copper in decapod crustaceans (Bryan, 1968) it will be interesting to
find out just how efficient the process is, snd whether or pot it is capable
of coping with increased levels of pillution,

It will probably be worthwhile, from this point of view, to carry out such
experiments as (1) transplanting organisms from unpolluted to pelluted water
end visa versa and, (2) growing orgenisms in ses water tanks te which could
be added (a) different concentrations of heavy metal fons and (b) the radiosctive
forms of heavy metal ions, This should allow us to determine whether or not
regulation is carried out, what concentrations of pollutants can be eape& with,
whether species from unpolluted and pelluted sites are genetically different
aneg/er tolerant of varying levels of pollution,

N ce the critisal levels of pollution end the susceptible species are
known it should be possible to monitor the hesvy metal ion concentrations in
the orgenisme of polluted sress and prevent them being kilfiéﬁ off by heavy
metal ion poisoning. | ‘

Monitoring the heavy metal ion concentrations in the organisams themselves
is probably a much more accurate way of determining when critical levels of heavy
metsl pollution are reached than a method of monitoring levels in the sea water
or sediments,

Analysis of the latter may, however, be equally s good from the point of

view of defining merely the extemt of poliution.
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APPENDIX I

Test run showing the effect of extracting verious weights of
sample with various quantities of acid,

(8) Various weights of all age classes of Mytilus edulis

from Hartlepool's FPoint extracted using 20 ml concentrated
nitric acld, 5 ml, concentrsted hydrochloric acid end 5 ml,

sencentrated perehlorice acid,

Sample weight _ Concentration, inu g / g dry weight, of
( in g. ) Gopper Iron Lead Zine
2 21+ 3.8 563 3 103 242 4 39 2502 4 299
; | 19k & he2 619 4 9h 229 3 27 2721 & 35k
10 21.8 4 he6 597 4 114 240 3 k2 2894 4 317

(b) 5 g. samples of all age classes of Mytilus edulis from Hartlepool's
point extracted with either single or double quantities of con-
mentm%d acids, a single quantity being 20 ml, nitric, 5 nl,
hydrochloric and 5 ml. of perchleric acid.

Quantity of icid Concentration, in u g / g dry weight, of
used Copper Iron ‘ Lead Zine
Single 19k 4 b2 619 4 9b 229 & 27 2721 4 35h
Double 21.1 4 3.6 601 4 63 212 4 31 2904 3 323

n = 8 in all cases




APPENDIZX 1I

Dry %o Vet Welght Conversion Figures

Species Wet Weight Dry ¥eight % Water
per g.
Puocus VQSiQUJ.ESuS 1 84194 06
Leminerias digitata stipe 1 0.180 82.0
lamina 1 C.137 86.3
erborea stipe 1 0,174 82,6
lamine 1 0.142 85.8
Littoria littorea i 0.782 21.8
Mytilus edulis 1 0.4953 & 0.00% 50.46
Asterias rubens 1 0,418 4+ 0,036 58.2

1 0.8105 18,95

Nucella lapillus




AFPPENDIX TIII.

RESULTS SUMMARTES FOR THE VARIOUS SITES.

SUMMARY OF RESULTS FOR MUSSELBURGH

(Concentrstions in ug / g dry matter).

COPPER TRON T LEAD ZING
Specimen Yean Hean Hean Heoan
, Concentration H Concentration| Concentration [Concentration
Sea Water 0.2 14 1.7% 3
E, intestinalls, all classrs 30 6230 260. 6230
,_Vesiculosis sporelings 10 360 &+ 28 20 4405 3 166
adults | = 10 510 4 60 0 5635 & 124
L. littorea
less than 0.5 em 10 560 210 T340
over 0.5 cm 15 & 2.5 215 & 13 192.5;12.4 |6120 4 LOB
M. edulis spat 20 820 200 {4360
clder age groups 741 28k + 30 61 » 7 4156 4 163
less than 0.5 em 20 400 140 | 7340
over 0.5 on 22.5 4 L33} 200 3 5 U3 4 16 6120 4 408




SUMMARY OF RESULTS FOR ST. ABBS, PETTICOR WICK

{Concentrations in u g / g dry matter)

COPPER TRON LEAD ZING
Gan mean mean mean

Specimen ' ne
i —J. Concontration |Concentration

Concentration Ganmngmtim

Ses Water 0.08 7.5 1.5 3

B, intestinslis sll classes 3 370 - 50 1270

‘R_,,’ polmata all classes

F._vesiculosus
sporelings 2,5 40435 LS 43.5h 25 43,54 | 1805467
adults ' 1 0.7 L5 +10.60 25 4345k | 19451159

#:95 | 21254382
1920

3 35 4 3.54 30
trace Lo 20

Ls hyperborea
stipe 1.9 20.2 043 25 32,35 | 1384263
lamina 1 10.71 b 20 | 123532

)

stipe 3 22,9 30 & 8,17 36 39482 | 2406453.3
lamina 1 40,71 45 + 3.54 25 33.5# 114*65&116 5

-—

L, littorea all classes 5 200 170 - 9%0

Echimus estulentus _
less than 5 cm 343340427 187422.3 140421,6 | 21403 9ok
over 5 cm 365240439 2274549 | 164324.6 | 2195+ 521

Qphurolds

P

all classes trace 160 150 3656

M. edulis spat 20 280 150 2450
older age groups 8,6 40.8 164t 7.2 1254206 | 15504 83

N, lapillus all classes | 10 43 0 8 W6y 5 | 35605270

e rubems . .. then 5 o 10 150 % 7330

over 5 em 10 40.6 193417.8 170416 72(!3&28‘5

= i B



(ARY OF RESULTS FOR BEADNELL

(Concentrations in ug / g dry matter)

Specinen

=

A Cono@ntratien

GgPPER IR‘Z}N

Hean ,
Concentration 1|

Mean = |
Concentration

Mean
Concentratiorn

fea Water

trace

i3

1.5

2

Lntestine

1is, all classes 3

2300

, pelmata all classes

1&3@-7

2885 + 90

. Vesiculosus
sporelings
adults

trace
trace

15 410 +6

2885 4 81
3270 _7_4-*11{»8

F. serratus adults

trace

20

3760

trace

3700

60

trace

trace

3380

stipe

. lemine

troce 63 2 23

trace

40 3 12
W04 7

4480 & 1043
2480 & 42

" stipe
lamina

1 100
10

trace
 trece

‘
trace

- 6170

ST IOR——

trace 59 &+ 8.2

tmw L5 4 3¢54

B+ 2
trace

3375

2245 & 179

265

2
+
~

{ 18% 3 37

L. littores
less than 0.5 cm.

Wer ccb 031. ‘

160
j 158 2 b

trace
trace

{ 1510
: 2228 » 196‘

,L. @btusata all elassaa

trace 210

2720

) M‘ eﬂulis spat
older age classes

trace
trace

5920

2582 4 1420

As rubens
less than 5 cm.
_over 5 om.

trace
trace

- 8850
9195 2 bh9

esé than 0+5 em,
over 0.5 on,

trace
trace

3360

| 2926 & 26




(Concentrations in ug/g dry matter)

Specimen

COPPER
Mean

A530

| Soncentration ,f"“‘.”*e"’t’f‘??i‘m

LEAD
Hean
Concentration

ZINﬂ
Mean
Concentratian

Sea ¥ater

0.08

14

i

E, intestinalis
a1l classes

“‘almata,
all classes

F. vesiculosus

sporelings
adults

e
SR ¥

% T 7Y

S
o W»

36 210.7

|
_
l
l
_

17 3 1‘6
65 12,2

57 2 8

L, littorea
less than 0.5 cn.
over O, 5 cm,

i, edulis
spat
clder age classes

2680

1350 4 1k.1

3570
3016 &+ 333

Patina.ggllicanda
all classes

1025 4 268

L’

5730 & 542

Ae xubens
less than 5 onm,
over 5 om,

230
168 + 39

8830
] 8812 4 ko1

less than 0.5 em.

over 5 cm.

380
173 i 702

210

313 & 124

58760
2846 2 719




SUMMARY OF RESULTS FOR SEABURN

(Concentrations in ug / g dry matter)

IRON
Mean
Concentration

COPPER
Mean
Concentration

Specimen

LBAD

Mean

1 ConcentrationfConcentiration

e
Mean

Sea Water 0.08 16

340
999 & 246

3pat

Older Age Classes 13 + 1.22

210

25

2970
2375 4 11

N, lapillus

all Classes 13 & 3ok

183 4 17.3|

93 47.5




SUMMARY OF RESULTS FOR HARTLEPOOL'S POINT

(Concentrations in u g/g dry matter)

Speoimen

COPPER
Mean
Concentration

IRON
Kean
i Concentration

Hean

“ZING
Mean

concantrutiéniE@neentratiox

Sea Water

. a

N i;mg;tinalia
all classes

R, pelmats
81l classes

n.d.

5200

12600

<3

aporélinga
adults

stipe
lamina

T oM
NN

380
1080

40
40

| 3420

31910

M, edulis spat
older age classes

1400
395 & 86

200
289 4+ 39

3280

2183 4289

less

A._rubeng than 5 cm.

over 5 cm.

230

9

220

9333
8973 4600

N, lapillus

{ 20

163 & 11

396 4 78

1?@

all classes

2%




_ (Concentrations in u g/ g dry matter)

SUMMARY OF RESULTS FOR REDCAR

COFPPER IRON LEAD ZINC
Specimen | Mean Mean Mean Mean
Concentration | Concentration | Concentration| Concentration

R. palmata

all classes 60 4+ 6.4 1255 + 24.7 LO + 4.3 2965 + 38.8

diegitata

stipe 20 130 100 3680

lamine 20 70 Ny 2130
L. hyperborea

stipe 48 4 1k 60 + 5.9 18 + € 3205 + 7h2

lamina 23 + 2.7 137 + 39 16 + 5.6 3265 x 682
L. saccharins

stipe 54+ 3.54 65 + 17.7 30 4+ 7.2 {1520 + 368
M. edulis

spat 13650 210 3510

older age classes 16.2 + 2 320 + 66 162.5 49 2009 + 170
A. rubens

all classes 13 &+ 2.7 490 + 261 16 4+ 36 10960+ 377
N. lepillus v

all classes 34 + 1.8 18, + 26 274 4+ 50 2136 4+ 284




SUMMARY OF RESULTS FOR ROBIN HOOD'S BAY

(Concentrations in u g/g dry matter)

COPPER ~TRON “LEAD ZING
Specimen Mean Hean Mean Heoan :
Concentration Concentration | Concentration |Concentration

Sea Water
e intmestinalif

all olasses 20 4+ Le2 14630 + 850 115 &+ 11 3585 4 131

all classes 16 4 & 470 2 12,5 30 & 5.7 2443 4 126
L,‘, d’iétaﬁa

stipe 10 3 2.8 5 &+ 6eb 30 & 5.7 2325 » 98

lamina 10 & 1ok 165 4 10.6 30 2 5.8 2545 4 142
Lo . rbo_x;ea

stipe 12 4+ 2 98 F3 7.7 22 + 242 2736 2 Lo7

lamina 10 2 1.7 L2 _4;' L2 30 & 7.1 13630 4 268

stipe 10 140 8o 4182

lamina trace 1% Lo 2380
e littorea ,

less than 0.5 ca. 10 250 240 6340 _

over 0.5 cm. 1 + 2.6 Wl 4 57.5 259 & 7.7 4341 4 326
Mo odulis rz

spat 20 5170 210 5850

older age classes 12 » 1.8 9 4 255 - 118 & 7.7 J5696 2 299
A. Tubens

less than 5 cm, 10 1x 100 J5920

over 5 o, 16 4+ b 160 4+ 2.8 120 418 10076 & 343
N, lagillua

less than 0.5 onm. 10 200 120 4760

over 5 cm, 274 » 36,8

2h 4 5

180 4 25

1830 4+ 204




SUMMARY OF RESULTS FOR PAULL

(CGencentrations in u g/g dry matter)

| ~ COPPER IRON ~ LEAD ZINC
. 8pecimen Mean Mean Mean Hean
Concentration | Concentration | Concentration } Concentrati
E. intestinalis 100 & 7.2 1125041420 255 4 10,6 | 6900 4 863
F, vesiculosus
sporelings 30 & he2 1875+ 357 65 + 9.8 | 9085 11679
adults 30 & 6.1 51+ 7.8 | 838 41032




SUMMARY OF RESULTS FOR CLAY

{Concentrations in v g/g &ry smatter]

Coneentration

¢ - 5ea 10 4 1.4 855 & 150 4 Lok | 873551799
8 ~ 7.5 cm 306 g 22 3 346 118 » 95 140y 298
7¢5 = 10 com. less than 3| o s 7.5 8 & 2.2 | 753842933

W - 12,5 cm. 3.0 30.37 166 4 11.5 76 & 3.6 | 703222239

1%.5 <m. ond over 5e2 a0abs2 136 4+ 2.2 | 78 4 1.8




~ (efter Bellamy et al 1967, John 1968 =nd Jones 1970)

/WO Turbiddty Netural Pollution
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