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INTRODUCTION

The aim of this research'project was to investigate the uptake
of radiostrontium and radiocalcium, primarily by Limnaea species,
under varying calcium ion concentrations in the external aquatic
environment.

The reasons for studying the fission products 89 Sr and 90 Sr
are,

(i) that almost nothing is known about the metabolism of these
radionuc;iées by frésh water molluscs;

(ii) +that these fission products are known to be poténtial
hazards from the public health point of view,

- (11i) that the possibility exists that these fission products have
potential ecological effects,

(iv) +that molluscs may act as biological indicators, and

(v) that.strontium may act as an indicator for calecium.

90 Sr has a half life of 28 years and this means that a slow
. rate of turnover may result in radiation exposure for the entire
life of the organism. 89 Sr has a half-life of 51 days, so that
it will, take almost a ye;r (six half lives) before 98.5% of the
activity has decayed. In the present work, 85 Sr and 47 Ca were
used because they are gamma-emitiing isotopes, and because of this,
théy can be measured é number of successive times. This is not so
with.89 Sr and 90 Sr, which are both beta-emitting isotopes, and

whose use therefore involves killing in order to extract the

UNIVE|
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i‘sotope. It is assumed that the uptake of 85 Sr and 47 Ca is
similar to that of 89 Sr and 90 Sr.

The Phylum Mollusca are ideally suitable for investigating
the uptake of radionuclideé, since they have two distinct parts
to their organism - the shell and the body proper (head, foot,
mantle and viscera). An aquatic enviromment provided a less
variable habitat than a terrestrial en&ironment, so water snails
were chosen in preference to terrestrial species.

The molluscan species studied were Bithynia tentaculata (Linn)

and Viviparus viviparus (Linn) of Prosobranchiata; and Limnaea

stagnalis (Linn), Limnaéa auricularia (Linn), Limnaee pereger (Mull)

and Limnaea truncatula (Mull) of Pulmonata.
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MATERIALS AND METHODS

The freshwater species of gastropods were obtained from the
Shropshire Union Canal at Chester (396673, 396675) page 7, except

for Limnaea truncatula which was obtained from I.C.I.,, Wilmslow,

Cheéhire.

The experiments were carried out in (a) unfiltered and filtered
canal water and (b) aerated and non-aerated distilled water contain-
ing amounts of calcium varying from 0-600 ppm Ca++. (Pigures la and
1b). The calcium ion concentrations were obfained by addition of
suitable amounts of filtered saturated 'Analar' calcium sulphate
solution, which had been made up for at least 10 days. Aeration
was sipplied by a Hy-Flo diffuser pump, as.shown in Figure la.
Continuous flow experiments (c) were also performed (i) using the
same solution and.(ii) changing the solution at known intervals of
time, in each case-using a range of calcium concentrations, and (d)
humidity experiments were performed in a thermostatic bath at 18°C,
with fed and injected snaiis.' The initial experiments were with
unfed snails but later were studied with fed as well as unfed snails.

In experiments in which the snails were fed, the source of the

food was Zlodea callistroides (from L. Haig, Newdigate, Surrey),

Elodea canadensis (Michx) from the Shropshire Union Canal, Chester,

WHasturtium officinale x microphyllum (Watercress), from a stream

Ruthin (186582) which contained Limnaea pereger, and Lactua sativa

SLinnz the garden lettuce.
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Stiff paper cover,to stop dust.

Plastic tubing

To diffuser
pump
<
L —_
- X {
»l\ |
Class 3mm Glass tubing,drawn out into a
Vessels. Covers to glass vessels, fine jet. These were adjusted to give
to reduce a constant stream of bubbles,
evaporation.

Figure., 1 &.
Arrangement of experimental vessels - Aerated condition.

.Glass plates Cut plastic tubkng, which raised glass plate ,so
allowing air in for respiration.

- M. ™~

Fisu.‘!‘e. 1 bo
Arrangement of experimental vessels - Non-aerated condition.
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Any dead snails or bleached or discoloured plant material in
the experiments, were remo&ed immediately and the pH of the
solution determined to see whgther it could be used or dis-
continued. The pH of the experiments was determined with
‘B.D.H. Universal Indicator and pH papers, and the pH of the
'.solution containing the snails or plants, was determined every
time 2 snail or plant was sampled for breakdown. The pH varied
throughout the experiments from pH 6.5-7.0.

Laboratory conditions were used with temperatures varying
from 18-22°C, and the lighting was mainly diffuse daylight
supplemented by artificia} lighting. A series of experiments
vere performed in the dark to see whether uptake over a wide
calcium range would be influenced by darkness (see page 180).

Borosilicate glass, silica, polythene and polystyrene
apparatus was used throughout the experiments. |

In addition to taking samples for radiocactivity measurement,
a 1Q ml. sample was taken for calcium ion determination évery
time a snail of plant was used for breakdown, into a 250ml. flask.
The calcium concentrations were determined by a2 standard
titrimeffic procedure using ethylenediamine tetraacetic acid '
(BEDTA) solution with Patten and Reeder's (calcein) indicator.
(Vogel 1961; Lucas & Pickering 1962). This indicator gave a

clearly defined colour change at the end point.



The calcium ion concentration of the canal water, filtered
through glass wool, was determined when snails were collected
from the canal.

The radioacti&e i;otopes used in the experiments were
obtained from the Radiochemical Centre, Amersham. | Initially,

89 Sr and 90 Sr were used, but later 85 Sr and 47 Ca were used.
Sufficient radiocactive isotopewas added to thecalcium solutions
to gi#e a count rate of at least 2000 cpm. The isotope was
allowed to equilibriate with the glass walls of the vessels for
at least three hours (non-aerated) and 1 hour (aerated) before
the introduction of either snails or plants. In the case of the
feeding experiments, the plants were azllowed to eguilibriate with

the isotope solution before the introduction of the snails.

Ecology of the Shropshire Union Canal, Chester

The ecology of the Shropshire Union Canal at Chester, is
sumnarised in Figures 2, 3, 4, 5 & 6.

The canal in this area is infreqﬁently cleaned by British
Waterways, although the banks are kept in good order. A large
amount of debris is found floating in the surface waters. The
canal is slow moving and-is relatively shallow, so that the
environment presents a fairly uniform habitat for both the flora

and the fauna.



SMCNSLU\B

FIGURE 2,

MAP OF SHROPSHIR%® UNION CANAL, TO SHOW POSITION OF

AREA OF SAMPLING SHMAILS ( A ).

( TAXEN FROM 'FIELD STUDIES,' 1., 1, 1959,Freshwater
S8udies in Shropshire Canal by H.M.Twigg).
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The snails were obtained ﬁmm the reed beds on the east bank

of the canal, amongst Juncus articulatus, Sparsanium erectum and

in deeper water Qlycera maxima. The close-up photograph (on

page 1l ) of the surface waters, shows the presence of Lemna minor

and Hydrocharis Morsus ranae, which forms a typical habitat for

snails, Elodea canadensis and Myriglyllum spicatum are under the
surface of the water and cannat be seen in the photograph.
Several pieces of wood were placed in the waier and anchored

to the bank by means of wire (photographs on pages § and 11).
"~ After a period of 172_months, an algai matt forms on the wood
which supports a large snail population, and facilitates ease-bf
collecting.

. Viviparus species was found mainly on the surface mud in

shallow water. Bithynia species was found in large numbers on

the rhizomes of the reeds, and on the wood. Limnaea stagnalis
was found mainly on the surface mud in shallow water, on Elodea

and on the wood. Limnaea pereger and Limnaea auricaularia were

found on the rhizomes of the reeds, amongst the Elodea and on the-:
wood.,

The following is an analysis of the éanal water from thé
Shropshire Union banal, Chester from where the snails were
collected for the experiments. The analysis was performed by

¥r. B.A. Brooks, in the City Analyst's Office, Chester on 23.10.62.
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Alkalinity . 140 ppm as NazG'--O3
chloride 114 ppm as NaCl
carbonate 84 ppm as 003——

Total Hardness 229 ppm

calcium 165 prm as CaCO3
magnesium 64 ppm as MgCO3
pH 7.4

. n ++
magnesium 15.55 ppm as Mg
calcium 66 ppm as ca*t

The reasons for using Limnaea species and Bithynia species

In the initial experiments with Limnaea stagnalis, it was
found that they needed a large volume of water to be active,
otherwise they would die. This finding is in agreement with
those of Taylor,1894-1900; Turner,1927; Crabb,1929;
Boycott,1936; Robertson,1941.

There was also some difficulty in weighing the specimens

of L.stagnalis, due probably to the large volums of fluid in the

mantle cavity, which was difficult to remove. It was
inadvisable to have large volumes of radiocactive isotope,
because of the risk of contamination. It was decided that
smaller species of Limnaea would not need such large volumes

of water in which to live, and that they would greatly reduce the
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difficulty of weighing. Three species of Limnzea were selected,

two of which, Limnaea auricularia and Limnaea pereger, occurred

in great numbers in the Shropshire Union Canal at Chester.

Limnaea truncatula was the smallest species used in the

experiments.

L. porezer has been found in lakes in North Yales (Boycott
1936) with calcium concentrations of 1, 2, 5 and 8 mg Ca/l, to
lakes containing 122 mg Ca/litre. L.pereger is therefore suit-
able for experiments since it can tolerate a wide range of calcium
concentrations,

Limnaea species belong to the group of molluscs termed

'pulmonates' and are descended from land living molluscs, possess

a radula and feed on organic detritus and algae. Bithynia

tentaculata and Viviparus viviparus were selected as & comparison
with Limnaea species, as they are ciliary feeders and possess

opercula. Bithynia tentaculata and Viviparus viviparus are also

found in abun@ance in the Shropshire Union Canal. All the snails
selected for experiments were washed in distilled water to remove
surface algae and detritus, and then in the appropriate calcium
concentration for the experiment.

The Limnaea species were measured, from the apex of the shell to
the base of the umbilicus and this measurement was called the shell

length (SL. Viviparus species were measured across the most
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ventriocose part of the shell, that is, the maximiin diameter (MD).

The reasons for using certain plant materials as a source of food

for the snails

Seven vessels containing uncontaminated filtered canal

water and Limnaea pereger were set up, each containing different

plant material.

In (i) pieces of lettuce, (ii) Elodea canadensis, (iii)

Nasturtium officinale, (iv) Cladophora, (v) Fontinalis, (vi)

Oscillatoria and (vii) artificial prepared food consisting of

50% Cow and Gate dried milk and 50% Farex.

These Jjars were left for 14 days and then examined, to
see which plant the snails had eaten. All the lettuce had been
eéten, some Elodea and some watercress. There was no sign, even

under a binocular microscope that any of the Cladophora or

s

prepared food had been eaten, there was difficulty in sampling

and this food therefore proved to be unsatisfactory.
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Calibration of the liguid 6-counters
\

89 Sr and 90 Sr were used in the first series of

experiments on the uptake of radicactive isotopes by moclluscs.
1
These two isotopes are both €>_ emitters (Figure 7), and

measuremsnt of the activity was performed on dual liquid (ﬁ—

counters. (Figures 8 & 9).

Element half-life beta energy gamma energy
89 sr 51 days 1.44 KoV (100%) 0.91 MeV (0.01%)
90 Sr 28 years | 0.54 MeV (100%) '

90 Y b4 -2 houss 2.25 Mev (\oo%)

Pigure T.
Physical data on 89 Sr and 90 Sr from 'The Radiochemical lanual,
Part One, Physical Data,' published by the Radiochemical Centre,

Amersham, 1962,

The two liquid counters were standard counting apparatus.
The equip&ent consisted of Ericsson 1221C Scalers with 1221C Power
Unit or with L19.105A Power Unit. The liquid radiation counter
tube employed was the 20th. Century Electronics Type M.6 (operating
voltage around 1150 volts) which was accomodated in the cylindrical

(Veall) type lead castle. The capacity of the M.6 is about 10ml.






and the liquid should be added until +the top of the tube is
covered to a depth of 1/4 inch. The counter measurss the
concentration of the radiocactive isotope not the total amount.
The counting rate is independent of the weight of dissolved
material in ths solution, provided that the density is not
significantly different from that of water.

The operational voltage of the Geiger Muller tube type M6
was determined using 10 ml. of standard 89 Sr solution and

measuring the activity over a wide L.H.T voltage range.

Method of using the M6 tube,

One millilitre of 89 Sr obtained as strontium chloride from
Amersham was made up to 50 ml. in a gradusted flask, with aerated
distilled water and made slightly acid, (pH 6.5), by external
spotting. The flask was thoroughly shaken and allowed to stand
for 30 minutes before a 10 ml. sample was pipetted into the M6
tube which had been previously washed out with concentrated HC1l
and three washes of distilled water.

Contamination of the glass walls of the M6 tube, due to
adsorption or ion-exchange with the isotope solution, necessitated
. cleaning the tube after each determination. The tube was wéshed.
out witp 2N HI\TO3 and three washes of distilled water, which

removed 89 Sr and 90 Sr from the walls of the tube.



Background was determined periodically throughout the
experiment. This ensured that the M6 tube had no residual

activity on the glass walls, and was clean.

Determination of the Geiger Muller (GM) plateau.

The 10ml. sample in the M6 tube was counted over a wide
E.H.T voltage range. Since 10 ml, of strontium chloride was
used in determining the activity of the strontium, the strontium
chloride solution was replaced by 10 ml. of distilled water
after thorough washing, to determine the background over the
same voltage range.

The count rate was corrected by adding the appropriate
paralysis correction which was read off from a set of tables
(Briccison pamphlet for the beta counters), before background was
sub-tracted from the count. The corrected count was plotted
against increasing E.H.T voltagé, and the opergting voltage was
found to be 1100v for the particular M6 tube used, this. figure

being the mean of the G plateau (Nokes, 1960).

Double checking of the count rate

The 10 ml. sample was counted on two liguid beta-counters.
This was considered necessary, since there was a fluctuation in

the E.H.T supply to the counters throughout the day, the mercury
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contacts in tie castle were 1oweréd due to placing the M6 tube
in the castle, and there was intermittent faulting in the
electronic circuit of the counters. One counter was used to

check the performance of" the other.

Stability of the M6 tube

The stability of the M6 tube was determined on the setting
above, using the formula. on the Barnes Control Chart. A clean
dry M6 tube was placed in the castle of the liquid %,—counter
and a sealed standard source of 90 Sr was placed on top of the
tube , and the castle 1lid closed. The Barnes Control Chart gave
upper and lower limits of stability and provided the calculated
figure fell between these two figures, then the tube was said to
be stable.

A I 2 determination was performed at the begiri,:ing and

the end of each day that the tube was used, to ensure stability.

Effieiency of the M6 tube

Although the efficiency of the M6 tube was not required in
these experiments, an approximate figure has been quoted of 5.6%
for 89 Sr ( Carr, Harrison & Sutton, 1961), 10-11% for 90 Y and

0.5% for 90 Sr (Carr, Harrison & Sutton,1961: Sherwood & Dunster

1958), These: figures vary from tube to tube,
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The same M6 tube was used throughout the experiments for 89 Sr,
and .anothetube for g0 Sr. It was extremely important that the
counters were allowed to warm up for at least 13 hours before use,

to avoid fluctuation in the count rate.

Calibration of the?{ —scir_rbillation counter

Since both 85 Sr and 47 Ca are gamma emitting isotopes
(Figure 10), they are measured by means of a gamma scintillation
counter (Figure 11). In this case, an EKCC N529D Scaler with
" a thallium activated 1% inch diameter Nal crystal contained in a
lead castle, was used, which gave 217 geometry.

However, 47 Ca which has a short half-life has a daughter
product, i.e. 47 Scandium, which has a similar half life (Figure
10). This situation presents the problem of separating 47 Sc¢ from
47 Ca. The Decay or Disintegration Scheme for a particular
radionuclidé is a statistical means and is constant (Moore, 1963).

The Decay Scheme for 47 Ca is shown in Figure 12.




Element half life beta energy gamma energy
85 Sr €5 days electron 0.513 MeV (100%)
capture 85

100% "~ via 0.9 usecRb

47 Ca 4.7 days 0.66 eV (83%) | 0.48 MeV ( 6%

: 1.94 MeV (17% | 0.83 MeV ( 6%)

1.31 MeV (77%)

47 Sc 3.4 days 0.45 MeV (74%) | 0.16 MeV (74%)

0.61 MeV (26%) '

Figure

10

Physical data on 85 Sr, 47 Ca and 47 Sc from, 'The Radiochemical

Manual, Part One, Physical Data,' published by the Radiochemical

Centre, Amersham, 1962.
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Calcium 47 t/2 = 4.7 days

€ 0.66 MeV (83%)

Scandium 47 Excited State

1.94 HeV %X 0.48 MeV (6%)

(17%) N
\{0.85 MeV (6%) .
Scandium 47 t/2 = 3.4 days

ﬁ 0.45 eV (74%)

Excited State of

% Titanium 47 -
0 .61 MeV ' X 0.16 MeV (74%)
(26%)
Titanium 47
Ground State
Figure 12,

Decay Scheme for 47 Ca.

Data obtained from,' The Radiochemical Manual, Part One,
Physical Data,' 1962,

Note: Not ell the steps in the transfer from the excited

to the ground state of 47 Sc are known with any certainty.
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Determination of 85 3r.

The aiscriminator was set at Hv. The 5 ml sample of a
diluted radiostrontium solution was placed centrally 6n the
ﬁal crystal. The 1id of the castle was closed. The count
rate was measured with increasing applied EZ.H.T from 600v to
1400v at 100v intervals. The amplification was 1000 x 0.1 =
100. The measurements were repeated with 5ml of distilled
water in a similar polystyrene pot with polyihene cover, in
place of the isotope solution, to obtain a background count.

The experiment wes repeated at 1Ov discrimination.

From the results, a graph of S?/B against E.H.T was
plotted on 1in/1in paper, (Figure 13), and showed a maximum,
representing &=sd=2=, the optimum E.H.T voltage for the

~emitting radiostrontium 85 and the discriminator bias
voltage. (Outeridge 1954).

The operating voltage from this experiment showed that

the best setting for counting radiostrontium 85 was 1100v

E.H.T., 10v Disc Bias and amplification 100.

. Method 2.

in energy spectrum of the sample used in liethod 1 was
performed. The Disc Bias was set at a maximum, and the
Z.H.T voltage turned down until no counts were . iven,
i.e. 800v Z.H.T. On this voltage, and amplification 100,
the Disc Bias was varied from Ov to 50v and a graph
plotted of corrected cpm azainst increasing Disc Bias (Figure
14). It can be seen that at 10v Disc Bias, that the

maximum energy of the isotope is counted.
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Method 3

The energy spectrum of a 5 ml sample was performed with a
pulse height analyser (PHA) and the N529D Scaler. The setting
for counting the maximum energy was 800v E.H.7., amplification

100, band width 1lv, analyser ON and PHA 22.5v (Figure 15).

Determination of radiocalcium 47

The main reason for uging 47 Ca was that it was the only gamma-
emitting isotope of caicium available and that whole quy
measurements could be made on the living snail at intervals of
time, The gamma scintillation method facilitated ease of
counting and handling radicactive material.

4 great disadvantage of using 47 Ca was discovered during the
preliminary work. This was the difficulty of obtaining a pure
sample of 47 Ca.Radiocalcium 47 decays.wwith a half life of 4.7 days
into radicscandium 47 which has a half life of 3.4 days. Thus one
has the situation where both parent anddaughter isotopes have short
half-lives. As the 47 Ca decays, ?he 47 Sc builds up int6 the
solution, and at the same time decays, as shown in Figure 16. The
regrowth of 47 Sc into £he mixture has a maximum at 5.8 days.

Therefofe when 47 Ca is used in an experiment over 14 days, the
initial count must be high enough for decay, that is, 4,060 cpm.

This count will give a count sufficiently high to be statistically
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correct after three half lives. The instrument must be set in such
a way as to count 47 Ca and not a mixture of 47 Ca and 47 Sc.
Method 1

Radiocalcium 47 was obtained from the Radiochemical Centre,
‘Amersham as sterilised calcium chloride in isotonic saline solution,
with 0.27 ug of calecium per 22.2 uC in O.lml. The isotope was
ailuted with distilled water to give a count of, 20,000 cpm per 5ml.

The operating voltage determined accord?ng to a Sz/B plot was
1100v E.H.T., 10v Disc Bias and 100 amplification.

To confirm the setting obtained by the 82/3 plot, a similar
Plot was performed using 5 ml of standard 60 Co solution which has
gamma, energies similar to 47 Ca, i.e. 1.17 and 1.33 HeV, The
SE/B plot for 60 Co gave a peak at 1125v E.H.T., with Disc Bias
10v and amplification 100. If 1125v E.H.T = 1.33 MeV, then
1100v = 1.33 x 1100 = 1.3005 lieV, which is approximately 1.31 MeV,
the ensrgy ;gﬁlhe highest gamma of 47 Ca.

There was little real value in working out the efficiency of
the counter but an approximation was carried out as outlined
below. - A standard solution of 60 Co was diluted gquantitatively
with acidified distilled water and a 5 ml sample counted. This

.1liguid sample was pléced on the Mal crystal and counted 0vef
4

20 minutes, and gave a corrected count of 1.2 x 107 cpm. These

values were substituted in the general eguation,




2

observed cpm

Efficiency (%)

calculated cpm x 100
_ 4
= 1l.2 x 10 4 x lO2

11,183 x 10
- 0.1073 x 10°

= 10.73% for 60 Co at 1125v E.H.T.,D.B.10v.
Amp 100

At 900v E.H.T., Disc Bias 1Ov and amplification 25, the
efficiency of the counter, using 60 Co, is 2.6% (Pickering 1964).
These figures suggest that the efficiency of the counter is related
 to the amplification setting.

Since both 47 Ca and 47 Sc are gamma emitters, then the SZ/B
setting gave the total activity of both these isotopes in the
sample. 47 Sc has a low energy gamma, but a high percentage of
gamma's (page 23) and 47 Ca has high energy gamma and high
percentage of gamma's. Higher discrimination values tended to
cut out the lowef-energies, thus the setting used, i.e. 1100v
E.HfT., Disc Bias 10v and amplification 100, counted primarily
the higher energy gammas, that is, 47 Ca.

Half life determinations on the sample used gave a value of
6.5 days, which is consistent with.the value expected from a
mixture of 47 Ca and 47 Sc.

To cut out the lower.energy gamma of 47 Sc, the amplication

was set at 25v. The B.H.T was reduced at Disc Bias 15v, until the

count rate stopped, which occurred at 900 v E.H.T. The Disc




- 3 -
Bias was turned dowm, at Ov Disc Bias there wss a fast count which .
diminished at 7v Disc Bias and there was no. count at 10v Disc Bias.
Thus at 10v Disc Bias, amplificaticn 25 and 900v E.H.T. only the
highest gamma's were counted, i.e. 47 Ca.

At 100v amplification, E.H.T 900v, it was not until a Disc
Bias of 37v was reached that the count rate was almost nil. At
1100v E.H.T., amplification 100, the Disc Bias had: -wo.effect in
\‘Qd.LLCLng the aumber of counts over the Disc Bias range of O- 50v
iie. it counted the maximum energy of both 47 Sc and 47 Ca. To
substantizte these findings, samples of Cerium 144, which has a
half life of 285 days and gamma energy of 0.13 MeV (compare 47 Sc
with gamma energy of 0.16 MeV), and 60 Co with & half 'life of
5.27 years and ramma energies of 1.17 and 1.33 HeV (compare 47
Ca with gamma energy of 1.31 MeV) were used.

The following setiing was used to determine the 47 Ca in
the initial set of experiments, 900v E.H.T., Disc Bias 35v and
amplification 25. - ‘
ilethod 2.

To ensure that the 47 Ca was counted a pulse height analyser
(PHA) was introduced into thé circuit which separatsd the 47 Ca
from the 47 Sc by virtue of their different energies. The PHA was
a stabilised D&natron N/lOl, with modifications by Mr. R. Herbert,
Principal Physicist a2t the Radium Institute, Liverpool. The

PHA was introduced into the EKCO N 529D Scaler circuit as shown in










Figures 17 & 18,

There was no paralysis encountered with the PHA so that a more
active source was used than with the scaler. A PHA used at narrow
band widths, say 1lv or 2v, limits the number of pulses. Since a
high count rate is desirable a2 more active source can be used. The
PHA can differentiafe betwesn the low energy gamma (0.16 MeV) of
the scandium 47 and the high energy gamma (1.31 MeV) of the calcium
47. Thus one has a double'counting technique.

Before one can calibrate the PHA for 47 Ca and 47 Sc, ons has

to work with a pure sample.of 47 Ca.

The Amersham Method for the separation of radiocalcium from

radioscandium. (Radiochemical Manual, Part Two 1963)

This method claims that filtration through filtef paper removes
the bulk of the scandium from a neutralised solution of calcium 47.
Dxperiments were carried out to test this claim. The isotope
from Amersham was diluted to give a count of 20,000 cpm per Smi
on the previously determined SZ/B plot. The diluted calcium
solution was neutrélised using calecium hydroxide solution,jénd then
filtered through Green's No.791 filter paper as shown in Figure 19.
The collecting pot contained 1 ml of concentrated HC1l, to
prevent adsorption of the isotope onto the wall of the pot. A

- 5 ml sample was collected, which included the acid, and counted.
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The counts were corrected by multiplying by 5/4 to give a 5ml

reading, which will be comparable with other samples.

Procedure for the calibration of EKCO N 529 D Scaler with

PHA in the determination of 47 Ca and 47 Sc

The 5ml sample, reputed to be pure calciuimm 47 by the Amersham

method, was placed centrally on the Nal crystal and the castle
lid closed.

| The energy spectrum of 47 Ca was determined first, since it
had & high energy gamma, i.e. 1.31 MeV, With amplification set at
25 (250 x 0.1) PHA at ‘30v, analyser switch on and band width
2v, a table ol resulis was constructed of count rate against
increasing applied voltage (E.H.T) from 1-160Cv at 50v
intervals. The experiment was repeated at 5v and Tv Band -
Widths. . These results were expressed grabhically, with count
rate plotted against increasing E.H.T in Figure 20.

It can be seen from Figure 20, that (i) the count rate

increased with increasing band width and (ii)that the main
peak was at 875v for 47 Ca. From this, one would éxpect the 47
Sc peak to be at 3.75v PHA, which can be increased to 15v PHA by

~ increasing the amplification to 100, i.e. a factor of 4.

A test for scandium was performed on the same sample at this

setting

The B.H.T was left at 875v and the amplification was
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readjusted to 100 (1000 x 0.1), Band Width 2v, analyser switch on,
and the PHA.voltage was varied from 0-50 volts., A graph of count
rate against PHA voltege was constructed from the data obtained,
Figure 21, Figute 21, shows that (i) there was a peak at 22v
PHA and (ii) that this peak indicates that 47 Sc was present in
the solution. This proves that the claimed separation by filter
paper does not take place. If no 47 Sc was present, then there
would have been no peak. This proves that there was not complete
separation and that both 47 Sc and 47 Ca were present.

The 47 Ca eng:gy.SPectrum was constructed, by plotting the
count rate against'PHA voltage in Figuré 22. The settiqg was

875v,amplification 25, Band Width 2v, analyser switch on.

Chemical method fqr the separation of pure 47 Ca

Another method for the separation of calcium and scandium was
ther employed (Ellison 1964). To the diluted 47 Ca solution from
Lmersham, 10C ug of 'Analar' ferric chloride was added until a pH of‘
2.5 was reached, using pH papers and B.D.H..Uhiversal Indicator.

The solutioﬁ was neutralised with equal quantities of freshly prepared
N/lO ammonium hydroxide which had been kept in a refrigerator, and
H/lO ammonium chloride, until a brownish red precipitate of ferric
hydroxide appsared. Iml of the ammonium hydroxide and the ammonium
chloride was added cautiously to the isotope soluticn, which darkened -

before clouding appeared, and then the precipitate occured. The
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The solutidén was tested with pH papers and B.D.H. Universal
Indicator until a pH of 7.0 was reached.

The formation of the colloidal precipitate of ferric
hydroxide formed a surface, onto which the scandium was é&?orbed.
This separation is termed 'radiocolloid formation,' and is probably
due to the adsorption of hydrated ions on suitable surfaces.
(Radiochemical Manual, Part one, Radioactive Chemicals 1963).

Removal of the precipitate and the scandium was effected
by filtering through Whatman No.541 filter paper. Only one
filtration was found to be necessary.

The filtrate was counted for 47 Ca and 47 Sc by the previous
method, The enexrgy sﬁectrum was constructed as before, for the

"filtered 47 Ca, and this was checked using a standard 60 Co source,
Pigure 23. The standard 60 Co has two peaks at 30.5v and434.6v
which corresponds with the gamma energies of 1.17 and 1.33 MeY.

The filtered 47 Ca has three pesks at 13v, 22v and 34v. The peak
for 1.33 MeV for 60 Co was at 34.6v, the peak for 47 Ca is at 34v

which will -correspond with,
= 1.308 MeV

The other two peaks for calcium give energies of 0.47 MeV and 0.84

eV, These figures are closely in agreement with the figures quoted
in the Radioisotope Manual published by Amersham, and which is
summarised on page : 24. Thus the setting of 875v E.H.T., amplification
25, band width 2v, analyser switch on and 34v PHA was the correct |

setting for measuring the 47 Ca in a sample.







- 45 -

The energy spectrum of 57 Co was constructed and then the
filtered 47 da was compared to see if there was any scandium
present. The setting for the 57 Co was 875v E.H.T., amplification
100, band width 1lv with analyser switch on. 8ince fhe band width
is 1lv, then the instrument dées not differentiate between two of the
gamma energies of 0.122 MeV and 0.136 MeV. (Figure 24). Figure
24 shows that the peak for 57 Co was at 1l4v PHA and that this
corresponds with 0.122 MeV. The graph also showed that the
filtered 47 Ca solution at thissetting was almost a s%raight line
with no definite peak. This indicates that there is no scandium
present in the sample.

The 47:Ca sample was kept for a number of days, and measured
over the energy spectrum to observe the growth of 47 Se from its
parent isotope 47 Ca. This ingrowth is shown in Figure 25.

Fig, 25 shows that (i) that there was no 47 Sc present in the
filtered 47 Ca solution, but as time progressed 47 Sc grew into the
solution from the decay of 47 Ca.

(ii) that the peak occurred at 19v PHA, If 1l4v PHA corresponds
with 0.122 MeV, i.e. the energy of 57 Co, then 19v PHA will
correspond with O.122_x 19 = 0.165 MeV for scandium 47.

(1iii) that the c;gmical separation method employed removed
the whole of the scandium from the calcium solution.

From these results, one can obtain the settings to differentiate

between calcium 47 and scandium 47, These settings were :-







(i) Calcium 47.
E.H.T. 875v., Amplification 25v., P.H.A. 34v., Band Width 1lv.,
Analyser ON.
(ii) Scandium 47.

E.H.T, 875v., Amplification 100v.,P.H.A. 19v., Band Width 1lv.,
Analyser ON.

Since there was a growing-in of the scandium into the filtered calcium
solution, a factor has to be determined to give a correct value for
scandium, (i.e. 'f').

Calculation of the factor 'f!

_ count rate of Ca 47 filtered at 19v, i.e. low voltage
~ count rate of Ca 47 filtered at 34v, i.e. high voltage

= 1500 cpm
4600 cpm

it

0.3260
This factor was then used to correct the scandium count obtained from
the PHA setting.
Let 'x' be the value at the high voltage, i.e. 34v, and 'y' be the value
at fhe low voltage, i.e. 19v.
Then 'x' = calcium count, which was then corrected for decay, and

'y' - 0.3260 x = scandium count, which was corrected for decay.
It was fouﬁd unnecessary to determine absolute values, since most of
the results were expressed in the form of Accumulation Factors (A.F.),
and the initial standard of at least 2000cpm per 5ml, observed at the
beginning of the experiment. Since the sensitivity of the IEkco scaler
and PHA was different; for counting scandium and calcium, then a ratio

of the cpm's is therefore not applicable. However, a comparison of
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the A.F's of scandium and calcium can be made.

The energy spectra of both Ca 47 and Sc 47 were checke@ at fhe
beginning and the end of the first experiment involving the PHA unit.
It was found that the peaks which corresponded wifh the energies of
the gamma radiations, had decreased throughout the day (12 hours).
This decrease in the optimum voltage on the PHA implied that there
was a fluctuation in the E.H.T. supply. The resistors in the unit
have a variable temperature coefficient, and the ouitput of the 100v
from the resistois compared with the output through a neon stabiliser
was not constant. Thus in all experiments involving counting of
Ca 47 and Sc 47, tﬁree different settings for each isotope were
counted. The highest figure of the three readings was taken to be
the correct figure.

These settings are as follows -

(1) for calcium 47 ... PHA 27v, 28v, 29v and 34v.(It was found
necessary to have

and four readings for
calcium, since it
(ii) for scandium ... PHA 17v, 18rand 19v. varied more than

the scandium.)
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Method of killing and extracting the activity of\V -isoiopes froﬁ snails
Method 1

The snail was removed from the isotope solution with plastic
forceps, and drained on filter paper. It was then placed in a
measured amoﬁnt of acetone, which waé enough to cover the snail -
normally 2:ml, - in a test-tube for 2 minutes, and then the snail
was washed with distilled water.

This method proved unsatisfactory for two reasons :-

(1) the acetone caused the snail to produce excessive mucus which
hindered dissection into shell and body, and

(ii) the acetone and the distilled water removed a significant

amount of activity from the snail (more than 5%).

Method 2

The snail was removed from the isotope solution with plastic
forceps, shaken, drained on the walls of the glass vessel and placed
in a test-tube containing a measured amount of the isotope solution -
(usually ? ml) that it had been in, and placed in a warm water bath for
a few seconds., The snail was removed from the test-tube very quickly,
drained and placed in a weighed crucible ready for extraction. It
was weighed before and after it was killed (fresh weight) and the
difference which was constant, was the amount of fiuid present in the
mantle cavity, the acti&ity of which was negligible.

The slight warming caused the snail's collar muscles to relax, thus
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facilitating easy and rapid removal of the body from the shell.

The snail was killed, weighed in a crucible to obtain the fresh
weight (FW) and placed in a hot-air oven at 100°C for 30 minutes.
It was then weighed after cooling in a dessicator to give the
dry weight (DW).

The crucible was heated with its cover on, to dull redness.,
1ml of concentrated HC1l was added to the cooled crucible, which was
re~-heated until nearly all the acid had evaporated. The crucible
and cover were allowed to cool, and 10ml of distilled water was
pipetted onto the incinerated snail. The acidic solution was allowed
to stand for 30 mins. before being made up to 50ml in a graduated
flask with distilled water. 10ml of this solution was pipetted into
a M6 tube and counted on the_liquidg)-counter, and the count multiplied
by 5, then corrected for background and decay.

The activity of the shell and body were extracted in the same way.
The initial count on the M6 tube of a 89 Sr and 90 Sr solution

is a Yttrium-Strontium count, and it is necessary to keep the 10ml
sample in a polythene tube with strew capkn, acidified with 1hl.
concentrated HC1l to prevent adsorption by the tube, for 3 weeks. During
the period of 5 weeks, any yttirum 90 ( half-life 64.2 hours) would
" have decayed to less. than 1%, At the end of 3 weeks, the 90 Y will
be in radioactive equilibrium with the 90 Sr. This count is proportional
to the strontium present in the solution.(Overman & Clark, 1960). At the

end of 3 weeks, the 10ml sample is counted, the count multiplied by
11/10, then corrected for background and decay. (See pages 2094-204c¢ ).




Method of extraction . of é -activity from plant material

\
The plantmaterial was drained, blotted lightly on Green's filter
paper No.796, before being weighed. It was then treated as for the

snail.

Method used to extract Q)-activity from the radula of fed Limnaea

\

Six snails were placed in 250ml of distilled water containing

pereger

- 66 ppm Ca**, after feeding on lettuce for 4 days. The calcium solutiqn
contained 90 Sr.

The faeces were collected by filtration through glass wool
contained in a Gooch crucible which was attached to a filter pump.
The faeces were then dissolved in 5ml 2N NaOH solution and heated
in a covered crucible, This liquor was transferred to a graduated
centrifuge tube and centrifuged for 1 hour. The supernatant fluid
was counted for activity, and the residue was looked at under a
biﬁocular microscopé: for the radula. The radulas were dissolved
in aqua regia - 3ml of concentrated HNO3 being added first, then
concentrated HC1l drop by drop,_the mixture being heated after every
drop. The acidic solution was centrifuged again and placed under
a binocular microscops to see if any of the radulag observed

previously were still there. The solution was made up- to 10ml with

distilled water and counted in a M6 tube.
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Since the activity expected was small, the 10ml sample was
counted for 1 hour. There was no significant difference between the
background and the count. ‘This proves that defaeceation of worn
radulae does not coptribute a part in the elimination of the isotope.
It also implies that the radulae are very little, if any, calcified, but

are made of chitin and or other protein. (Runham 1962a; 1963bj 19630.)

Method of killing and extracting the activity of‘\(-—isqjgpes from the
snail '

The snails were removed from the glass vessels with plastic
forceps, drained on the walls prior to being weighed (FW) and counted
whole. The snails were placed in weighed crucibles and dried at 100°¢C
for 30 mins. in a hot air oven. The crucible with cover on, was

allowed to cool in a desiccator before being weighed (DW).  The

"crucible and cover were placed in a muffle furnace at 55000 for 30

mins. after which, they were removed from the furnace, allowed to cool
in a desiccator, and 5ml concentrated HCl added with 1 ml of distilled
water. The acidic digested solution was allowed to extract activity
from the walls of the cruecible, by leaving it for 30 mins. before
pipetting 5 ml into a polystyrene pot with polythene cover on,to count
on the Nal crystal in the scintillation unit. The count rate was
corrected by multiplying by 6/5, and then for background and decay.
The scaler could not differentiate between the density of con-

centrated HCl and d&istilled water, so 5 ml of conc HCl was used,
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which necessitated only one extraction from the crucible; other-
wise, with 1ml of conc.HCI and 4ml of distilled water, it took 2 or
even 3 extractions to extract all the activity from the crucible
walls.

The dissection of the snails into the required portions was
performed in the pot which contained the snail. The shell was
transferred to another weighed pot. Thus the body pot would contain
all the body fluids. The pots were tested for activity by acid
extraction evex& time they were used, to ses if any activity had
become adsorbed onﬁo the walls of the pot. If so, this activity

was added to the activiiy of the crucible to give a corrected count.

Method of extraction of \{ —-activity from plants
v

The small amount of plant material used in the sampling process

did not necessitate incineration. The plant material was drained & then
lightly blotted with filter paper, and weighed before being counted

in a pot (see Figure 26). Then 5ml of conc HCl was pipetted onto

the plant material, and allowed to extract activity for 30 minutes,

before being counted. The acid completely digests the plant
material used, and therefore does not affect the geometry of
counting. The count was corrected for background and decay. . The
filter paper was counted to see if there was any residual activity
on it. If this was significant, it was added to the exiracted

amount.
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Method of studying the initial uptake of isotove by snails

Method 1

The preliminary experiments presented two problems :-

(i) a special tube had to be designed to keep the snails in
the same position in the tube while counting, and (ii) a method
of aeration or means of continuous flow was necpss;ry to accelerate
uptake by the snail.

A flat bottomed tube was placed through the opening in the 1lid
of the castle (Figure 27). The background on the tube Wa.s
determined, 5ml of 85 Sr solution was added to the tube and counted.
A snail was then introduced into the isotope solution and counted
continucusly for 6 hours to determine the initial uptake by the
snai}.

- It was observed that after the snail had been introduced into
the tube, with foof or operculum (Limnaea and Bithynia species
respectively) pointing downwards at the bottom of the tube, that the
count rate dropped. The snail was uncontaminated and was initially
'dead' space displacing the isotope solution as shown in Figure 28.
The count rate rises when the isotope is being absorbed by the snail.
| Bithynia species were content to reméin in the same position for
the duration of the experiment, while Limnaea species moved about
the tube, thus upsetting the geometry of the counter, and therefore
giving a varying count rate.

The uptake by Bithynia species in the first 6 hours was
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negligible, so a pipette was used to aerate the liquid. This
ensured mixing of the isotope and accelerated the uvntake by the
snail,

The snails were also counted in 10ml polystyrene pots
previously used in other experiments (page 52) with 5 ml of
isofope solution end snail in, so that a comparison between
two sets of experiments could bz compared. The different sized
pots presented different geometry arrvangements to the counter and
the count rate was affected. (Fiure 21),.

This static method proved unsatisfactory as a means of
studying the initial uptake of isotopes by snails.,
lethod 2

As a result of ithe problems mentioned in Method 1, the
following method was adopted.

(a) Construction of the tube. The tube was designed by
the author as shown in ¥i_ure 30, and supplied by J.H. Martin, &sq.,
Scientific Services, Saughall Road, Chester. The inlet itube was
splayed to accommodate the spire of theshell and after
satisfactory trials, thres tubes were designed with varying lengths
of inlet tube inside the tube to accommodate different shell
lengths (S5.L) of the different snails used in the experiments.

(v) Thé apparatus useﬁ is showm in Figure 31. The Woullfe's
bottle had a capacity of 1 litre and flow through the polythene

tubing was started with a puff-ball. A screw clip was used to
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regulate the flow, to-about 100ml per 30 mins. The backgréund was
counted with the empty tube in the castle. The initial run was
. without a snail, so that the isotope was adsorbed onto the walls
.of the glass and polythene apparatus. It took two runs of
isotope solution for the apparatus to become adsorbed with
isotope. The snail was introduced into the tube, and the &ﬁlow
started. Continuous counting of the run was recorded. 10ml
samples of the solution were taken from the beaker, for calcium
¢eterminations with E.D.T.A., at the beginning and end of a run.

The same liguid was used over again and it was observed taat
there was an increase in the calcium jion concentration throughout
the experiment, probably due to leaching from the snail.

The snail was counted (a) drained and (b) in 5ml of the
isotope solution in a polystyfene pot, for direct comparison with
previous experiments, (see pége 79 for calculation).

A run through of fhe ligquid, minus snaily was performed at the
end of the experiment to ensure that the count rate on the liquid
had not significantly altered.

The activity of the snail was extracted as on pages 52-53.

The disadvantages of this method are (i) that the 1 litre of
isotope solution only lasts for 4-5 hours, and when the solution
is being poursd back into the Woulffe's bottle, there is a time
lag, which is evident on the plotted graph of corrected cpm against

time, (Figure 32), and (ii) with using the same solution over






- 62 -
"and over again, the calcium level in the solution increases with
time, thus one cannot plot corrected cpm against time, since the

calcium concentration varies.

Method 3

Here, 2 litres of isotope solution were made up and 250ml
were used for each run through the apparatus used in Method 2.
In this experiment, new amounts of isotope solution were used and
not the same solution over and over again. The advantage was that
the calcium concentration was constant, that is, the amount of
leaching from the snail was constant over a definite period of time.

A series of experiments with Limnaea pereger were performed at O,

6ppm, 66ppm and 350 ppm catt Soricentrations. Results were
expressed as corrected cpm (or AF) against time, and also AF against
calcium ion concentrations.
Method 4

The only way %o correct the time lag phenomenon was by inserting
a perista&ic pump into the circuit, and leaving out the bezker,
Results from this method gave a more even graph of corrected cpm
against time than Method 3, (Figure 33). |

The disadvantage of this method with snails was that it did not

ensure a constant calcium level, since the same solution was
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circulating over the snail a large number of times, and
therefore leaching of calcium from the snail caused an increase
with time.

This method has proved successful with smaller.organisms
which do not have a large concentration of calcium salts which
are available for ion-exchange in their bodies, e.g., the
uptake of 137 Ba by the moss Fontinalis. (Pickering 1964).

All the experiments on contirnuous flow were with unfed

snails.
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Experiments in a Humid Atmosphere as an alternative to an

aquatic environment

Preliminary method. (Method 1)

The .aim of these experiments was to see whether the isotorpe
is transferred from the body to the shell, and at the same time
to provide evidencs 6n survival undsr these humid conditions,

The first set of experiments wers with unfed Limnaea

auricularia and Limnsea stagnalis, in a humid (saturated aqueous)

atmosphere in a thermostatic bath =zt 1800, after being injected with
85 Sr solution into the highly muscular fcot. Since only a small
volume of the isotope solution could be injected, then the
solution must have a high activity. A 50 ul Hamilton
microsyringe was used to inject 0.0lml of 85 Sr solution into the
foot. (Figures34 and 35).

The snails were moving after 3 days in the conical flasks.,
The snails were.weighed (fresh weight), counted whole, dissected
into shell and body, and the activity extracted as on pages’ 52-53
The conical flasks were washed out with acid and counted to see
whether any activity had passed from the snail to the glass when the

snail had moved about the flask.

Method 2

Three sets of experiments were sst up as a result of Method 1,
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with the object of comparing movement of isotope from (a) body
to shell with (b) food to shell.,
(1) Injection of 85 Sr and 47 Ca solutions into the foot of

Limnaea auricularia. ,

There was considerable difficulty in injecting isotope into

the foot or body of Bithynia and Viviparus, since they possessed
hard opercula which ciosed when stimulated by the syringe.

47 Ca was used to see whether it followed the same.- path
as 85 Sr.

(ii) Injection of 85 Sr into the vascular bundles of lettuce.
(iii)Ingestion from the contaminated lettuce by the snails,

The isotope was injected into the mid vein (vascular
bundles), since if the isotope had been placed on the surface of
the lettuce, then uplake could have taken place via the foot, body
or shell (by contact) as well as the aliméntary canal.

In addition to counting {he snail, any pieces of uneaten

lettuce were weighed, counted whole and the activity extracted

Resulis.

The results of these injection experiments cannot be expressed
as A.I"'s. since there was no surrounding ligquid. The results were
expressad as either correccied cpm or correct cpm/fresh weight in

grams azainst time. o reference to the external calcium

[&]

concentration could be made, as theres was no surrounding liquid

habitat.
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Lxpression of the results

1. Statistical corrections

Counter corrzctions e.g., calculation of overall standard
deviation.
Background (BG) 70 counts in 10 minutes

Sample + Background 300 counts in 10 minutes

+ 0.84 cpm (o 1)

t
(@]
1}
.
|+
G
olol ?5131
]
-~

Sampls  + BG =30 .+ =230 + 1.73 cpm (g 2)
Sample = 23 +\/11_ +30 =23+ 1.9 cpm (¢ 3)
10 )

One can improéve precision, by extending measurements, or
one can calculate the numbor of counts to requisite precision.
In radicactivity, "if the count is low, then onc must count for a

2 7
long periocd of time ©o.obtain o significant count. (Holman

1962 @ Youden 1957).

Bxpression of resulis for(g ~igotopes

The results from all\the methods used on pages 49-53 were

expressed as Accumulation Facdsérs (A.F) and these wers plotied

~ainst calcium icn concentration of

against time or &z
solution at the time of breakdowm of the snail or plant.

AP, = cpm of the snail or plant x 10

t
wslght of the snail or plant cpm of the surrounding medium

To distinguish between Fresh Teizht and Dry Teight determinations
[ o 9

L

the A.F's arec expressed as A,F {P.W) or A.F (D.7) respectively.
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BExpression of resulis for x/ -isotopes
\

In en-counting the material is in a liquid form, since the

activity of the organism cannot be counted a number of successive
times.

In XL coiumting the same organism can be counted a number of
successive times. Thus the solid count on the whole or dissected
snail must have a correclion applied to it, so that it is comparable
with the liquid count obtained on acid extraction. This
correction is due to the different geometry which a solid object
presents to the Nal crystal, compafed with a liguid sample.
Therefore, the count rate of solid to liguid is determined for the
snail or the plant in the 85 Sr and 47 Ca experiments.

Geometry Factor 'f' = count (cpm) on the solid

count (cpm) on the solid dissolved in
the liquid.

A.F = cpm of the snail or plant x 5

weight of the snail or plant cpm of the surrounding liquid

x 'f!

The geometrical factors ('f') for Limnaea pereger, are listed in

Pigure 36, and 2 plots of (i) Shell length (SL) against 'f' in
Figure 37, and (ii) log SL against 'f' in Figure 38. It can be
seen that there is an exponential relationship between these two

factors.
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20—

log
SL mm.

1.04

L ] f‘l

. Figure 38. )
Plot: log Shell Length (SL) in'mm against
t£' (Semi-log plot).
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Calculation of snail and liquid counts used in Continuous flow

experiments using 85 Sr (page57 )

Tube Count on liquid and snail = 5074 cpm
Count on liquid ' = 2799 cpm
= 3275 cpm
Pot Count on liquid and snail = 6374 cpm
Count on liquid = 3671.4 cpm
Count on snail ' = 2702.6cpm
Ratios or Conversion factors
Snail + liquid = 6374 - . - |
ey — = . L = .
5074 1.2563 iquid = 3671.4 -1.316
2799
Snail = 2702.6 _ 0.8252 (Limnaea pereger)
3275 '

Corrected values

(i) Corrected value for snail = 3275 x 0.8252

55537 = 1148.2 cpm/g

(ii) Corrected value for liquid = 2799 x 1.3116 x 1/5 = 3671.17/5 =
: 734.23 cpm/ml.

Note: Figures corrected for background and decay.

Accumulation Factors

AP, = corrected ¢pm of snail 5
weight of snail corracted cpm of liquid




- 73 -
++
AF. = 1148.5/734.23 = 1.5638 @ 2.5 ppm Ca
In this case, a correction has been made for both the snail
and the ligquid, since one is comparing 2 different geometrical

shapes, that is, the pot and the tube.

Expression of the results.

These results were expressed as s-
(i) corrected cpm against time (@ constant calcium
concentrations).
(ii) corrected cpm ageinst time (@ varying calcium
concentrations).
(iii) A.F against time (@ constant calcium concentrations).
(iv) A.F against calcium concentrations.

These results are exiremely important since they show the

uptake of isotope by the smail in the first hours.
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EBXPERIMENTAL WORK

AND

RESULTS
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Introduction

The aim of the experimentzl work was to study the influence
.of calcium in the surrounding medium on the uptake of 89 Sr,
90 Sr, 85 Sr, and 47 Ca by species of molluscs listed on page L

The scheme of analysis is expressed diagrammatically belows:-

B
Whole Snail Shell/Body Eggs fShells
Unfed Fed Unf ed Fed
. _ . 89/
Sr 89/90 i85,147| 89 99 85}47| 89 90| 85‘ 47| 89190 |85 147 85 90
Limnaea 2/ Sa '
pereger 1 314 5b 7 6 18 20/
L.
truncatuls 8
L.auri— 10 10 9
cularia 1 911 1919 19
L.stag-
nalis : 17 /21
Bithynia 13
tenta- _
culata | 12 [16| f5] 14 15
Viviparug .
viviparu:i . 17

Figufe- 39
Table showing the number of experiments performed. The number in
the table is the number of the Experiment.
Notes: % uptake in the darks 5 a - the food source is lettuces
5b -~ +the food source is Elodea.

ihal conh are
In all 865+~ & Qod+ <L counts after Jueeks haoe been grven. In “7‘" 1in ouun
Tadial countd ore not ?.u,fe,lv Sl'\sau;trtmm cowntt but o.ruﬁmoo\k{ﬂw' \?\J‘N’ vence of teeiamo 4o.

ded .
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Experiment 1

The uptake of 89 Sr by unfed Limnaea pereger (whole snail)

The uptake of 89 Sr by L, pereger under calcium concentrations
from 0-90 ppm Ca++, was studied for 35 days under non-aerated

conditions as shown in Figure fﬁ. The snails were unfed for the

-duration of the experiment.

The avérage fresh weight of the snails was 0.1080 g and their
iength was 2-3 mm. The snails were from an aquarium containing
breeding L. pereger and the calcium concentration at the time of
sampling was 50 ppm Ca++.

The uptake of 89 Sr was plotted as :-

(i) Accumulation Factor (fresh weight) against time, for

certain calcium ranges, as shown in Figure 40, and the

results in Figure 41.

It can be seen that the uptake of isotope is greater at low
calcium levels in the medium and that the tnitiad cmwmbﬁﬁia(see
page gZ;)a$e always greatér than 89 Sr. Equilibrium is reached
sooner at high calcium lévels, i.e. 7 days at 66-75 ppm 6a+f
compared with 14 dayé at 8-12 ppm cat*. The graph also shows that
above 66-T5 ppm Ca++, further additions of calcium would not
markedly affect the equilibrium level.

If,.as their shape suggests, these curves are exponential

growth curves, (Rosenthal, 1957, 1960) then Et is approximately

5 times the exponential half life, i.e. Et/s = 13 which is 97% accumite,
1 :
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(FWelson 1963).  These relationships are summarised in the
following equation (Dawes 1956) :-

A.F = kot

.0.693
where k = the rate of uptake and t, i1s the half life of the process.
2
AF/Et is proportional to the rate of upﬁake, and from Figure 41, is
higher at low calcium levels. Et or Et/5 is smaller at higher

calcium levels, which means that the rate of release of galcium is

greadter.at-higher.cédlcium levels.,

cat*ppm A.7P(FVW) at Time taken to reach Et/5 A.F(Fwwﬁ£

Bquilibrium Eguilibrium

Et (in days)
8 -~ 12 Y-Sr 340 14 , 2.8 24.2
89 Sr 110 1% 2.8 7.8
18 —22 |v-sr 78 14 2.8 5.5
89 Sr 40 14 2.8 2.8
66— 75 Y-Sr 15 T I l.4 2.15
{89 sr ¢ 7 ﬂ 1.4 1.28

Figure 41

Table of results obtained from Figure 40, which shows the

relationship between A.F(FW) and Equilibrium time, Et'.
Y-S» are A Fsbased on initial counts .
1S+ e A.fs based on thiee week counts.
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(i1) A plot of A.7(FW) azainst calcium concentratiown at 21 days is
plotted in Figﬁre 42, At this time all the A.F(FW) at the different
calcium levels will have attained equilibrium, The uptake is greater
at low calcium levels, particularly below 20 ppm catt » than at
higher caleium levels. A.F's based on initial counts are higher
than A.F's based on the three week count ( 89 Sr) at all qalcium

levels,

(iii) A semi-log plot of A.F(FV) against calcium concentration was

plotted in Figurc 45 . It can be shown that 2 lines may be drawn through
the points, suggesting two processes of uptake. The lines change their
slope at different calcium levels, dependent on the time. The slope
changes at 26 ppm Ca' for 89 Sr at 7 days, to 40 ppm Ca’’ at 14-35

days.

(iv) A log plot of A.F(F¥) against calcium concentration was plotted
in Tigure 44, From the expression,

1 og A.F(FW) = a - b log Ca*™ ppm,
isotone

where 'a' is the log A.F(F¥) at calcium value of 1 and 'b' is the
slope; then the following expressions are obtained from

Figure 44.




+

log A.F(FW) l.29 - 1.0 log Ca + ppm (below 22.4 ppm)

89 Sr

1.8 - 0.4 log ca’™ ppm (above 22.4 ppm)

It can be observed that the slope changes at 22.4 ppm catt. &
slope of -1.0 means that the rate of release is proporiional to
the total uptake at any time. This ssems to be true for calcium
(see experiment 10 page 142 ), and a slope of the same order in
strontium, implies that the strontium follows the same path as
calcium, i.e. at the same rate. A slope of -0:4 indicates that
the strontium is not following ths calcium, i.e. & lower rate, and
conversely a slope greater than -1.0 means that the strontium goes:
ﬁhrough the membrane more easily than the calcium, i.e. at a
higher rate.

This experiment proves that the uptake of strontium 39 is
calcium dependent below 22.4 ppm ca** in the medium, and not

solely dependent above this level.
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Experiment 2

The uptake of 90 Sr by unfed Limnaea pereger (whole snail)

The uptake of 90 Sr by Limnaea pereger was studied in unfed

snails in calcium concentrations varying from 0-80 Ppm ca’t s oOver
a period of 21 days, and under the same conditions as with 89 Sr
i.e. non-aeration. The snails were collected from the

8hropshire Union Canal, Chester and the calcium concentration at
the time of sampling was 40,52 ppm ca™™ . The mean fresh weight

of the snails was 0.3658 g,

The uptake of 90 Sr was plotted as:-

(1) log A.F(FW) against log calcium concentration, in Figure 45,

Expressions from the graph in Figure 45 are on page 88.
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log 4.F(F.W)

90 Sr 1.78 = 0.4 1log Ca’™" ppm (at all calcium

levels at 7 days).

1.78 - 0.4 log catt ppm (above 21 ppm

ca™t at 14 days).

#

1.0 - 0.85 log catt ppm (below 21 ppm

catt at 14 days).

1.78 — 0.4 log Ca‘™ ppm (avove 38.9 ppm

ca™ at 21 days).

1.0 - 0.85 loz ca™t ppm (below 38.9 ppm

++

Ca at 21 days).

. s ++ . -
The rate of uptake above 21 ppm Ca is similar 1o that

obtained for 89 Sr on pages:82:and 83 . The results below

this figure show a lower slope than that obiained with 89 Sr.

(ii) A plot of slope against time in days, is plotted in Figure
46 for 90 Sr figures. This suggests that Bquilibrium is attained
after 14 days in the isotope at low calcium levels, and at T days

_ ++
for calcium levels above 38.9 ppm Ca .
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Bxperiment 3

The effect of asration on the uptake of 90 Sr by unfed Limnaea

pereger (whole snails)

deration was supplied by means of a Hy-Flo diffuser pump
and the set up shown in Figure la.

The uptake of 90 'Sr by the snails in an aerated environment
is plotted in Figure 47, 25 A.F(F.W) agzinst certain calcium ranges
from 0-90 ppm Ca++. The mean fresh weight of the snails was
0.2564 g.

The results from Figure 47, are tabulated in Figure 48, and a
comparison betw%gn aerated and non-aerated conditions are tabulated
in Figure 49.  ;

By plotting A.E‘(F.W)/Et, i.e. rate of uptake,against calcium
concentration in Figure 50, it can be seen that aeration does not
significantly affect the uptake of 90 Sr by Limnaea pereger.

It was notea.that the pH did not vary appreciably during the

time of seration, i.e. from pH 6.5 to 6.8, over 21 days.






AT at

++ - AR/
Ca’ " Range Equilibrium By E,
7 - 14 104 14 T.4
35 - 54 18 10 1.8
60 - 75 10 7 1.5

Figure 48

Table of results obtained from Figure 47, page 89.

Aerated

HonAerated

++ Mean of ++ Mean of |AF/
Ca ~ Range Ca+$ Range Ca  Range Ca’ Range Et

7T~ 14 11 8 - 12 10 7.8
35 - 54 45 18 - 22 20 2.8
60 - 75 68 66 - 75 T0 1.3

Comparison

of results

Figure

obtained with and without aeration.
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‘Bxperiment 4

The uptake of%ég S% by unfed Limnaea pereger (whole snail)

A method of continuous flow was employed over 3 days.

Since no re-circulation of soclution was employed, the calcium
level in the medium remained constant throughout the experiment.

In those experiments that lasted more than 3 days, the
continuous flow method was not employed, hut the aerated solution
was changed frequently, so that the calcium level in the medium
remained -the same.

Calcium concentrations varied from63-650 ppm Ca++, and the
experiment was éver 35 days. The snails were counted a2t infer¥als
of time ‘as shown in Figure 51, which is the plot of A.F(FW) against .
Time in days, at constant calcium levels in the medium.

Equilibrium can be seen to varj with the d;fferent calcium
levels, and the results are tabulated in Figure 32. These
snails were not fed throughout this experiment, and the mean fresh
weight was 0.1976 g.

The uptake of 85 Sr seems to be linear with time, which
indicates the continued formation or axchange of mineral component
of the snail (shell) with sequestation of the isotope with the

shell matrix. (Rosenthal 1956).






e 7.

ca’” ppm Eqﬁﬂ%bi“%ium AR %;;gv ) lof géﬁfliﬁrﬁii: " Et/i.: AF/F%
6.3 115 2.0607 14 2.8 8.21
30.9 25 1.3979 11 2.2 2.27
66 . 14 1.1461 8 1.6 1.75
350 4 0.6950 6 1.2 0.83
650 0.9 | T.9542 2 0.4 | 0.45

-

Figure 52.
Table of rssults obtained from Figure 51, page 95.

Uptake of 85 Sr by unfed Limnaea pereger under aerated conditions

at constant calcium levels.

(]

The figures in Figure §2, are extremely similar to those
obtained for 89 Sr on page 78, and suggest that the rate of
uptake is similar for 85 3r. Weeson, Rvonback & Roser (1963)
found results obtained for 89 Sr and 85 Sr upiake by mice were in
good agreement with one ancther.

From Figure 52, it canr be seen that Et/5 decreases with
increasing c;lcium concentrations in the medium, and that“Eﬁ/S
approximates A..F(FW)/Et above 30.9 ppm Ca™., These relationships

can be expressed asi-

?t/g approximates A.F(FW)/Et
(Et)‘". = 5'A'F(F\F") ececeees Eq_n;l_.
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or E, = js. A.F(7W) Ceeies.. Eqn.2 .

Thus, one can check the Equiliﬁrium Time if one determines the A.F
W) or vice versa. This relationship appears to hold true for
' ] s
A.F(FW) determined above 30.9 ppm Ca
If one takes the value for A.F(FW) at 6.3 ppm Ca++, as 115
and substitute it in Egn, 2, then
B, = f5.115 = 515 = 23.9 days
or . if B, = 14 days in Egn. 1 then,

(Jz:,c)2 = 5. A.F(F.W)

AF(FW) = 14. 1 =
(Fw) __45_.A l%ﬁ_ = 39.2 A.F(FUW)

Thesé results do not agree with one another, and do not agree with
the equations 1 & 2. . This sﬁggests that a different process of
uptake occurs below 30.9 ppm Ca++. .

A semi-log plot of log A.F(TFYW) against Time (in days)
in Figure 53, results in a straight line. This would suggest that

|
the time taken to reach egquilibrium is proportionzl to thé?A.F(FW).
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Bxperiment 5(a)

The uptake of 85 Sr by fed Limnaea pereger (whole snails)

Uptake by the food

(1) The uptake of the lettuce used as food was first determined.
Care was taken to avoid the mid-rib and similar pieces of lettuce
were used in. each experimental jar. It was found that it took
7 days for thg lettuce to equilibriate with the isotope solution
under aerated conditions. The calcium concentrations varied from
0-240 ppm Ca++. The mean fresh weight of the letiuce was 0.2491 g.

The uptake of 85 Sr after 7 days by lettuce is shown in Figure
54 and 56, that uptake is much less above 20 ppm Ca++, than below
this level.

A log plot of A.P(F.W) against calcium concentrations is plotted
in Figure 58. The following expression can be obtained from the
graphs

log AF (FW) = 2.7 - 1.05 log cat?t ppm (+ 7 days).
35 Sr

Uptake by the fed snail

(ii) Bnails were introduced into the expérimental jars dafter the
lettuce had equilibriated with the isotope solution, i.e. after 7
days. The snails were sampled at 7 and 14 days after feeding.

The mean fresh weight of the snails was 0.0731 g. I+t was noticed
that after 7 days, that the surface layers of the lettuce was eaten.
The uptake of 85 Sr by the feeding snails is shown in Figure

55- The uptake is considerably below 25 Ppm Ca++’ but not so above
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this level. The snails 'were very active during their period of
feeding, and their uptake of isotope increased as shown in Figure
57. A plot of log A.F(F.W) against calcium concentration for"
the lettuce is plotted in Figure 56, and that for the feeding snails
in Figure 57. It can be seen that there are two lines in both
the leftuce and snail semi-log plots, and that the calcium values
at the change of slopes varies from 18 ppm Ca++ for the lettuce,
to 23 ppm Ca++ for limnaea at 7 days, and 35 ppm Ca.++ at 14 days
feeding. These calcium levels agree with the unfed snails in
Experiment 2.

A plot of log A.F(F.W) against log calcium concentrations is

plotted in Figure 59, for Limnaea pereger. The following

expressions are obtained from Figure Sq y
log A.F(F.¥) go o = 3.08 - 0.85 log ca™ ppm (after 7

days feeding).

3.45 - 0.85 log catt ppn (after 14
days feeding).

Comparing these figures with those obtained in Experiments
1-4, there is only one straight line in the fed log plot in Figure59.

Feeding does increase the maximum amount of isotope in Limnaca
pereger. (Compare 3.45 at 14 days feeding with 2.25-2.40 at 14 |
days unfed). The slope has changed from -0.4 1o -0.85, and also
the 'two-line' plot of the unfed has become the 'one-line' plot of

the fed. This implies that the calcium deficiency in experiments

at low calcium levels in

SOIEND?

2 1 NOV 1965

EafIOn

i N I L

L g%fj has been rectified by using
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lettuce as a source of food.(F.Z-lfS).



Experiment 5(b)

The uptake of 85 Sr by fed Limnasa pereger (whole snails

Uptake by the food

The source of the food in this experiment was Blodea
canadensis. Pieces of [lodea were cut into lengths of 37{5H
mm long, bearing 27 leaflets and the mean fresh weight was
0.0376 g. The eiperiment was aerated as in Figure la.
Calcium concentrations waried from 0-650 ppm Ca++. |

The uptake of 85 Sr by Elodea was plotted ;s,
(i) - A.P. (F.¥) against calcium concentrations, in Figure 60.
This Figﬁre,shows that there is greater uptakeiof isotops at
calcium levels below 25 ppm ca’t.

(ii) A.F(F,W) égainst iog calcium concentration in Figure 61.
Thisplot shows that the uptake befofe and after feeding b& the
snails at 7 and 14 days follows a similar pattern. The change
over in slope occurs at 25 ppm catt. Uptake below this figure
is rapid compared with above this level.

(iii) log A.F(F.W) against log calcium concent£ation in Figure
62. It is noticed that the expression before and after feeding
by thesnails is different. At T days, in which the Elodea-
equilibriates with the isotope solution, it is,

log A.F(F.W) 85 sp = 2.8 - 0.8 log catt ppm

After 7 and 14 days feeding, the expression becomes -
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log Ca.++ ppnm,

Uptake of 85 Sr by Limnaes percser and Elodea

canadensis,

+
. log Ca ppm

Figure , 61 .,
Plot: A.F (F.W) of Limnaea and Elodea, against

+7,+14 days “eeding '
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log A.F(F. = 3,6 - 1.05 log Cq++ ppm

W) 85 Sr
Since both the maximum and the slope have increased, this suggests
that the snails by feeding on the Elodea, have made the plant_

. more permeable to the isotope, and it soon becomes saturated.
However, the plant remained green and healthy looking through-

out the experiment. The slope of Blodea is similar to that

obtaned for lettuce in experiment 5(a), i.e. -1.05.

Uptake by the feeding snails

The snails were introduced into the isotope solution after
the Blodea had equilibriated with the isctope, i.e. after T
days. The mean freshwight of the snails was- 0.3705 g.

The uptake of 85 Sr by the snails was plotted as:-

(i) A.P(FP.W) against log calcium concentration in Figure 61.
This plot indicates that thgre are tw& processes or phases to
the-uptakg dependent on the calcium concentration of éhg
surrounding water. The change over in slope occurs at 25 ppm
Ca++, where the rate below this figure is muchhigher than above
this figure. The plant and thesnail are plotted on the same
graph, and this semi-log graph indicates that there is a
similarity in the uptake of 85 Sr. The plant figures are
approximately 10 times that for the snail. The figures for the
change over of slope in the semi-log plot for snails feeding on

Elodea is comparable with snails feeding on lettuce, (see page 97).
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log Ca™" ppm

Mure 63.

1 . . . . . .
Plot: log A.T(FYT) against calcium concentration in the

medium, The untake of 85 Sr by Limnaea pereger,

feeding on Blodea at 7 days ( +) and at 14 days
(o).

Each noint is the mean of 10 snails.
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(ii) In the log plot in Figure 63, one has a 'two-line' plot
at 7 days feeding to a 'one-line' plot at 14 days feeding.
This suggests that during the first 7 days, the amount of food,
i.e._Flodea, does not have as much effect as lettuce, in chang-
ing the slope of the plot. It was observed that the snails did
not feed as well on Elodea as they did on lettuce. At 14 days
the snails had eaten sufficient food, i.e. Elodea to alter the
slope of the plot. Expressions from Figure 63, are :-

1og.A;F(FW) 185 sr = 1.25 - 0.375 log ca’t ppm (above 39.8

ppm Catt after 7 days feeding).

1.1 - 0.7 log catt ppm (below 39.8
ppm Ca++ after 7 days feeding).

log A.FP(FW) = 2.5 - 0.85 log Ca'™ ppm (after 14

85 sr
days feeding).

The slope of -0.85 at 14 days is in good agreement with that
obtained by lettuce in Experiment 5(a), page 101, although the
~maximum is less, i.e. 2.5 compared with 3.5. This confirms the
above observation, that the snails do not feed as well on Elodea
as they do on lettuce.

This experiment confirms the fact that feeding does

increase the rate of uptake and accumulation of 85 Sr by Limnaea

peresger.
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Experiment 6

The uptake of 89 Sr by unfe@/fed Limnaea pereger (shell and

body) in filtered and unfiltered canal water

The uptake of 89 Sr by L.pereger was studied over 7 days
in filtered and unfiltered canal water from the Shropshire Union

Canal, at Chester. The mean fresh weight of the snails was
b / S

0.1334 g and that of Elodea canadensis was 0.2999 g. While the

P W:DW ratio fo; the snails was 3:1, that for llodea was 12:1

The canal water was Tiltered through glass wool in a large Buchner
funnel, which retarded the microscopic particles in suspension.
The ‘calcium ion concentraﬁion of the filtered canal water was
68‘ppm catt anda its ﬁH was T.4.

In the experiments which had the unfiltered canal water,
there was & large amount of organic detritus and floating
organisms which caused polluted conditions after 2-3 days. | The
experiménts were not aerated and this accelerated bacterial
de-composition of the suspended material. This pollution caused
the snails to die in the unfiltered water.

The résults are tabulated in TFigure 64. In the unfiltered
water the AFBM.-Q,:.,";E%‘ c{%igher than the filtered solution.  This
is probably due to the increased surface area of the suspended
particles on to which is adsorbed the particulate Yttrium ion

(¥

. In jar 3, with only Llodea in, this is not so
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apparent, the AF (FW) unfiltered is 30.46 compared with the
filtered AF(FW) 23.73.

This experiment proved that the unfiltered canal water
was unsuitable for experimental purposes, and that the filtered
water contained too many variables (see page 13) for anaiysis

of the water.

FILTBRED AND UNFILTERED CANAL WATER

LIMNABA PEREGER

ﬁgﬁi:f:hggw _Filtered Unf ? ltered
Shell 23.4 152.1 54.8 d:gglls
Body 21.8 38.8 21.2
Elodea 669.3 1286.9 i 85.4 253
FW Shell 19.12 | 29.04 50.7 | Smarls
Body 1.45 | 13.11 | 16.73
Blodea 1 62.12 | 23.23 | 9.8 | 30.5
DEEE TS 8.4 | 26.6 a7.7 |5%eils
Body 2.0 3.8 8.6
Elodea - 409 1278.7
Shell FW 7.15 | 29.1 6.50 |onails died
Eody 1.41 2.33 5.58
Elodea 36.51 [22.68 | 24.66 27.18

Figure 64.
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It can be seen that the uptake by the shell is higher than
that of the body, particularly so in Jar 2 when it is feeding

on Blodea and probably algal material in suspension.
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. Experiment T

The uptake of 89 Sr by shell snd body separately of unfed

Limnaea pereger

The uptake of 89 Sr by lLimnaesa pereger was studied over a

period of 21 days and under aecrated conditions. The calcium
concentration varied from 0-120 ppm Ca++. The snail was
dissected into shell and body which were counted separately.
The mean fresh weight of the snails was 0.2688 g.

Results are expressed asi-
(1) AF(FW) against calcium concentration in Figure 65. It
can ve seen that with time ths AF(FW) increases, and that it
decreases with increasin; calcium levels for both the shell and
the body. The change over in slope varies from 20 ppm Ca++ to
50 ppm Ca++, as time increases from 7 to 21 days. Uptake below
these levels is more rapid than abovs them, and the uptake for
the shell is greater-than that of the body. This is particularly
significant, since the shell forms 14-22% of the fresh weight of
the snail, and contains 33-45% liquid; whereas the bddy forms
60-70% of the fresh weight of the snail and has 80% liquid in
its composition.
(ii) A log of AF(FW) against calcium concentration is shown in
Figure 66,‘for the shell and the body. Expressions from the

plots are tabulated in Figure 67.
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Figure 66

Title to the log plots on page 117 .
Plot: log AF(FV) against log calcium concentration.
The uptake of 89 Sr by shell (+) and body (o) of

Limnaea pereger, at 7, 14 and 21 days.

AF(FW) based on thitee weekK counks .
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L. pereger 4 4 T days + 14 days + 21 days
shell fa.f. 1325 - 0.1 2.2~ 044 2.2 - 0.4
jb. 2.4 - 1.2

body Ja.| 6;-8 - 0.1 1:65 - 0g4 - | 1465 - 0.4
. {v.] 1.2 - o0.8

Calcium level

at change over 26.92 39.81 56:23

catt ppm. ‘

Figure 67.
Table of expressions from TFigure 66, al 7, 14 and 21 days in
the isotope solution. Readings along "a ' are above the calcium

level at the change of the slope, and 'b' below this level.

There is an initial uptake by the shell and body which is very low,
and after 14 days attains the slope, found in Experiments 1 and 2.
Although the slope is the same for the shell and the body, the
maximum is higher for the shell than thes body.

These results-are in agreement with those attained for

Experiments 1 (page 78 ) and Experiment 2 (page 86 ).
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Experiment 8

The uptake of 89 Sr by unfed Limnaea truncatula

(whole snails)

The uptake of ¥=E==S==ww 39 Sr by L.truncatula under

calcium cohcentrations varying from 0-103 ppm Ca++, was
studied for 35 days, under asrated conditions. The snails
were unfed for thé duration of the experiment. The mean
fresh weight of the snails was 0.1717 g and were 9-11 mm long.
Thelqptake of 89 Sr was plotted as:-
(i) A.F(FW) against time for certain calcium ranges, in Tigure .
68 and the results in Figure 69.
It can be observed that equilibrium takes lonéer to attain
at low calcium_concentrations, and that there is éreater
accuﬁulation of the isotope at low calcium levels. The uptake

figures at equilibrium areless than for Limnaea pereger (see

page 78). This difference is probably due to the difference
in thickness of the shell and the mass of the snail, L.
truncatula being the smaller and having a' thinner shell. The
amount of exchangeable calcium in the shell is less in

L.truncatula than in L.pereger, and will itself become quickly

saturated with isotope. L.pereger was much more active under

the experimental conditions than L.truncatula, which suggests

that the more active the organism the greater the amount of

isotope taken up. L. truncatula is primarily air-breathing
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and non-aquatic, whose habit results in the occasional sub-

mergence in water (Russell-Hunter, 1964), but like L.pereger

is classified ecologically as a so.ft water species (Macan,

1960).

Calcium : AF.(FW) at | Time in days, | B AF(FW)
conc, ppm. | T5°%°P® | Equilibrium |of Bquilibrium 't/s /B,
13.6 - Y-Sr 165 7 1.4 23.5

27.1 89 St 44 T 1.4 6.2
65.1 - Y.sr 7 33.4 6 1.2 5.5

68.4 89 Sr 8 6 1.2 1.3

Figure 69.
Table of results from Figure 68. Uptake of Y-Sr -. and 89 Sr

by Limnaea truncatula, at varying calcium levels.

NoTe: Y-S¢ AF(FW)bosed on Initul coumts ¢ %95+ AF(Fw)based on 3ueel counts.

The results in Figure 69, are similar to Bxperiment 1 (page
78) and Zxperiment 4 (page 94), where Et/5 is approximately equal
to AF(FW)/Et, except at low calcium levels. The difference

between the results for Limnaea truncatula and Limnaea pereger, is

that, L. truncatula reaches equilibrium guicker. A plot of AF(FW)

against calcium concentration in the medium shows that uptake is

greater at low calcium levels. (Figure 70).
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(ii) 1log AF(FW) against calcium concemkration in Figure 71,
resilts in two lines which change their slove at 37 ppm Ca++,

with uptake greater below this level than above it,

(iii) log AP(FW) ;gainst logz calcium concentration in Figure 72.
ﬁere the 'two-line'.log plot indicates that the snails are unféd.
Ixpressions from this plot are:-

2.3 - 0.8 log Ca’™™ ppm (above 37

ppm Ca’ )

log AF(FW) 89 St

5.2 — 3.3 log catt ppm (below 37

ppm Ca’™)
The maximum above 37 ppm Ca++ is similar to that obtained
in Experiment 1, page 85, but the slope has increased from
-0.4 to -0.8. This implies that the rate of uptake of 89 Sr is

quicker in L.truncatula than in L.pereger. This would

substantiate the reasoning in para.(i) page 119 .
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Experiment 9

The uptake of 85 Sr by fed Limnaea auricularia

(Whole snail, shell and body)

The uptake of 85 Sr by Limnaea auricularia was studied over

T days at éalcium concentrations varying from 0-240 ppm Ca++.
The snaiis were fed with lettuce for the duration of the
experiment. After counting the whole snail, it was dissected
into shell and body, the activity of which were then
detefmined separately.

Uptake by lettuce

The mean fresh weight of the lettuce was 0.3802 g. The
uptake of 85 Sr was plotted in Figure 73, at 5 days aeration.
The pieces of lettuce did not have any mid-vein in them. The
expression from the graph is:~

log AF(FW) = 3.0 - 1.15 log Ca’ ppm

© 85 sr
This expression is comparable with the expression obtained in

Experiment 5a, page 97.

Uptake by feeding snails

The snails were introduced into the isotoﬁe solution con-
taining the lettuce at 5 days. The mean fresh weight of the
snails was 0.1168 g. and 8.5 mm long. The calcium concentration
of the canal water at the time of sampling was 66.02 ppm Ca++.
_The béhy weighed approximately 81% of tke fresh weight of the
snail, compared with up to 24% for the shell.

The results are plotted ass-
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(i) A.FP(PW) against calcium concentration in Figure 74.  This
plot shows that tﬁe LF(FVW) increases over the whole calcium
range studied, after T dqys feeding.

(ii) AP(FW) against time, in days, at varying ealcium ranges
in-Figure T5. This graph shows that at 1oﬁ calcium levels,
‘there is a sudden uptake followed by a decreazse. At calcium
levels above 46.8 ppm Ca++, instead of two lines, there is only
one line, which implies that uptake is taking place at the same
rate. The experiment was only over 7 days, and it is apparent
that equilibrium has not been reached.

(1ii) A plot of AF(FW)/Ca™™ ppm against time is shown in Figure
76. It is only at high calcium levels that there appears to be
a straight line. At lower calc%um levels there are several linss
which could be joined up to form a curve which suggests that at
low calcium levels, that AF(FW)/Ca++ ppm is not time dependent,
or time dependent plus another factor.

(iv) log AF(FW) against log calcium concentration for the fed
whole snail in Figure'77; for the shell in Figure TS_and for the
body in Figure 79. The expressions from the log plots are
summarised in Figure T0. The significant point about theéé
plots is that, with the exception of the 1 day shell points,

all are 'one-line' plots. This is consistent with the feeding

experiments performed with Limnaea pereger (pages 97,104 Y.

The maximum is similar to that obtained in Experiment 5(a), page

1Q% although the slope is slightly higher approaching -1.0.









The slope indicates that the 85 sirontium is permeating the
membrane of the snail at the same rate a8 ithe caleiwn ion,

I+ can be seen quite clearly from Fijure 80, that the
maximum incrzases with tiwe, Tut thot the rate of uptake
remains the sanme,

Limnaea 1T Aenr .5 As a _— N N
auricularia oL day + 2 days W 4 days |+ 7 days
Whole snail 2.6 - 0.95 2.7 ~ 0.992.95 — 0.95(3.2 - 0.95
Shell 1.8 - 0.45
2.2 - 1-3 2. 5 —_ 0.9 3'15 — O-(_/ 3.65 - 0.95
Eody 2.0 - 0.95 | 2.3 - 0.95§2.6 - 0.95| 2.8 - 0.95
!

Pigure 80.

Table of expressions from

The upteke of 85

Figures

17, 18, 19.

Sr by Limnaea auricularia

fezding on lettuce, whole snail,
" .
The maximum for the shell

but the slope, i.e. the rate of uptake

ig higher than that

is the same.
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Tixperiment 10

The uptake of 47 Ca by fed and unfed Limnaea auricularia

(whole snail)

The uptake of 47 Ca by Limnaea auricularia was studied for

. s . ++
9 days at calcium concentrations varying from 0-650 ppm Ca .

The snails were fed with watercress- Nasturtium officinale -

which was obtained from a stream near Ruthin (Grid Ref.186582)

which contained Limnaea pereger and Limnaea stagnalis. Similar
terminal leaflets of watercress were washed thoroughly in
acrated distilled water to remove the superficial detritus and
‘then with the apprépriate calééum concentration before being
piaced in the isotope solution.

(a) The watercress was allowed to equilibriate with the isotope
solution. By plotting log AF(FW) against log calcium
concentration in Figure 81, for results obitained at 2 and 4

days aeration, it was found that equilibrium was rsached at

2 days. The experession from Figure 81 is:-

log AF(BW) 49 A~ = 2.0 = 0.3 log Ca'™ ppm (2 days)
47 Cov.

The mean fresh weight of the watlercress leaflets was 0.3500 g.
It was determined that aftér the leaflets had been in the glass
vessels for 4 days, that the calcium concentration in the lower

calcium levels had increased, ss shown in Figure 82.






- Jar . 1 2 - 3 4 5 6

— 1
Initial Calcium

Core opm 0 5 li10 e | 3101} 615
Final Caleium 1.3 l15.4}15.4 |66 | 310} 615

Conc. ppm.

Pigure 82.
Table of results of the initial and final calcium

concentrations, in which the vatercress had equilibriated.

The rate of leaching from the wetercress varied from 1.1 x

1072 g/day at Sppm Ca™ to 6.0 x 10—6 g/day at 10 ppm_Ca++.

(b) After 4 days aeration, the snails were intrcduced inte
1 S o 2 oL S 2 3 2.7 o <+ ) - m '++
the isotope solutions containing the watercress. The Ca
- . . . ++
rpm of the canal at the time of sampling was 103.2 Ca Ppm
b
*
and the mean fresh weight of the snails was 0.5400 g.
At the same time that the snails were put into the vessels
‘containing the watercress, snails were also placed into
control isotope vessels which did not contain wetercress.
Thus one had a direct comparison between unfed and fed snails.
It was observed that the surface of the watercress had
een eaten by e snails, but that over e period of t
b t by th ls, but that er the 1 od of the

experiment, the watercress remained green and healthy lcoking.
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If the leaflets bscame discolourzd, they were removed.

The results were plotted as:-
(1) Af(FW) against log calcium concentration in Figures 83
and 84 for watercress and snsil respectively. The change

+
s 12.59 ppm Ca Tat 2 days,

I

over ;n slope for the vmiercress
to 15.85 ppm catt at 4 days: ané after being eaten, to 31.62
ppm Ca++. These figures suggest that feeding by snails
increases thg leaching of celcium from the plants. It was
obsefved that the snaile, which possess radulas, rasp off the
surface layers of the leaves of the watercress. Consequently,
the AF(FV) has increased considerably, particularly below3l.62
ppm Ca++.

_Thé change over in slcpe for the snails, is 19.95 ppm Ca,++
for.the unfed snails, to 28.18 ppm Ca++ for the fed snails.

It is interesting to note that the slopes of tﬁé-semi—log
plots for both the watercress and the snail are similar above
31.62 ppm cat™.  This suggests that the external calcium

concentration is important to plants 2nd animals in the uptake

of isotopes.

(iii) log AF(FW) against loz calcium concentraticn in Figure 85.
The log plot of fed snails is compared with that of the unfed

snails. This confirms other experiments, in that the unfed snail
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is characterised by a 'two-line' plot, and the fed snail by
& 'one-line' plot.
Expressions from Pigure §5 are:-

1.85 - 0.40 log ca’™t ppm above 31.62 ppm,

log AF(FW) 47 Ca

2.65 - 2.15 log ca*™ ppm below 31.62 ppm

(UNFED).

log AF(FW) = 2.65 - 0.55 log Ca'' ppm (FED).

47 Ca

(iii) By plotting the fresh weights of (a) the watercress and

(b) Limnaea auricularia against the AF(FV), in Figures 86 and

87, respectively; it can be seen that there is a divergence
over a wide range of calcium..concentrations, Two curves can
be drawn, relating to the calcium concentration of the
surrounding habitat, with higher AF(FW) at low calcium
concentration. These plots suggest that the AF(FW) -

weight relationship is calcium dependent.
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IBxperiment 11

The uptake of 47 Ca and 47 Sc by unfed and fed Limnaea

auricularia (whole snail, shell and body)

The uptake of 47 Ca and 47 Sc by unfed and fed Limnaea
auricularia was studied over a periocd of 11 days, at calcium
levels in the medium from 0-240 ppm Ca++, under aeratéd
conditions.

The source cof food was lettuce in the fed snail experiments.
Fed snails were broken down at 2, 4 and 7 days. The unfed
snails were broken down at 4, 6 and 11 days. The mean fresh
weight of the snails was 0.1537 g. and the shell length varied
from 7-11 mm. The body weighed approximately 68% of the fresh
weight of the snail, while the shell weighed approzimately 27%.

The whole snail was initially counted, then dissected into
shell and body which were then counted.separately.

The calcium concentration of the canal water at the time of
sampling was 37.03 ppm Ca++.' This low value-was due to the

heavy rains over the previous week,

a. Unfed snails
In all the jars there was an increase in the calcium
. . . . . . ++
concentration in the medium, the mean being 17.93 ppm Ca  per

jar over 11 days, which ig equivalent to a rate of leaching of
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1.7 x 10_5g Ca++/ day.

The general pattern of ths AF(FW)'s of the whole snails
was that the Sc:Ca ratio incrzosed with the calcium con-
centration in the medium and is always greater than 1, (see
Figure 88). | |

These figures indicate dizcrimination in favour of
scandium. With increasing calcium concentration in the medium
with time, the AF(FW)'S for 47 Ca and 47 Sc increase for the
whole snail as shown in Figure 82. Above 175-220 ppm ca*t in
the medium, there is very little effect on the Sc/Ca ratio
by increasing the calcium concentration in the medium.

The results are expressed ass-

(i) AF(FW) against the calcium concentration in the medium in
Figure 90. There is an increase of AF(FW) with time for both
47 Sc and 47 Ca. The increase in 47 Sc seeﬁ; to come from the
decay of 47 Ca. There is an apparent decrease in the uptake
of 47 Ca, i.e. the uptake is either reduced, or the uptake has
remained the same- and the amount of active excretion increased.
Although the AF(FW)'s below 65-70 ppm Ca ' are similar, above
70 ppm Ca++, the snail absorbs 47 Sc in preference to 47 Ca.
Since the AF(FW)'s are similar it does suggest that there is a

similar mechanism of uptake.
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(i%#) log ATF(FW) against log calcium concentration in the medium
in Figure 91, for the unfed snail and the results in Figure 92,
page 151. The slope of 47 Sc is shaliower than 47 Ca; and.this
suggests that 47 Sc is less.dependent +than 47 Ca in the external
calcium concentration in the medium.'

The rate of uptake of 47 Sc by both body and shell is
the same, but there is a higher maximum in the shell. This is
probably due to the fact that the shell presents a zreater
surface area to the medium on which is adéérbed the particulate
se* jon.

The rate of" vptake of 47 Ca is more in the shell than the
body. One would expect this, since there is more exchange calcium
in the shell than in the body.

In 21l the log plots for the unied sngils, there are
'two-line' plots with the exception of the shell. This is similar
to that dbtained with radiostrontium in previous experiments., The
'two-line' plots are more definite for 47 Ca than 47 Sc and this
indicates that the uptake of 47 Sc is less dependent on the calcium
concentration in the medium than 47 Ca.

The slope of the unfed snails for 47 Ca and 47 Sc is -0.4
which is the same as that obtained for Limnaea species on pages
85, 86, 110 and 142. Since both_the slopes for the uptake of

radiostrontium and radiocalcium are the same, then it could be
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‘stated that radiostrontium follows the same path as
radiocalcium through the membraznes of the unfed snall, i.e.

Limnaea species.

b. Fed snails

Uptake by lettuce

The mean fresh weight of the pieces of lettuce was 0.2649 g
and these were allowed to equilibriate with the isotope solution

before the introduction of the snails - Limnaea auricularia. I%

took 4 days Ffor the lettuce to equilibriate with the isotone
under aerated conditions.

The expressionsfrom the log »lot in Figure 93, are:-

log AF(FW) = 3.85 - 1.15 log Ca'" ppm

47 Sc

log AF(FW) , 3.0 - 0.95 log Ca’" ppm

7 Ca

_. _Jptake by the feeding snails

The results are plotted in Figures 94, and 95 and the
expressions from the log plot are recorded in Figure 92.

The expressions for 47 5c¢ are similar to those obtsined
with the unfed snails only that the maxima are slightly
higher. Since the slope of the fed approximates that of the
unfed, then the higher maxima could be due to the activity of

the isotope in the food in the digestive tract. This proves
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AF(FW)

catt ppm

Title to Figure 94, page 155.
Plot: AF(FW) against the calcium
concentration of the medium. The
uptake of 47 3¢ and 47 Ca by fed

Limnaea auricularia, at 2 days, 4

‘days and T days; for (a) body,
(v) shell and (c) whole snail.

Bach point is the mean of 8.






log

AF(FW)
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log Ca' ' ppm

Titles to Figure 95, page 15%.
Plot: log AF(FW) against log calcium
concentration of the medium. The
uptake of 47 Sc and 47 Ca by fed

Limnaea auricularia, for (a) body,

(b) shell and (c) whole snailj
at 2 days +, 3 days - o and
7 days - Q.

Bach point is the mean of 8.
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that the gut discriminates against the particulate scandium
"ion, in favour of the ionic calcium ion.

The other factor which confirms that fesding has little
if no effect on the uptake of 47 Sc, is the fact that in the
body and the whole snail, there are 'two-line' plots, which
are characteristic of non-fed snails.

The slope of the 47 Ca has increased to -1.05. This
means that feeding has increased the rate of uptake and
accumulation of 47 Ca in the snail. The other factor is that
theres is no evidence of a ‘'two-line' plot. The 'one-line'

plot for 47 Ca by Limnaea auricularia feeding on letiuce, con-

firms the evidence obtained with 85 Sr, in that feeding does
influence the rate and accumulaeticn of +the. isotope.

The rate of leaching of calcium from the snails is 1.2
X 10—5 g Ca++/ day, which is less than in the unfed experiments
by approximately 50%. The amount of body fluids in the fed
snails is higher than in the unfed snails as showm in Figure 96.

The body weight {fresh weight of the snail) increases with
time, while the sheil decreases due to the leaching of calcium
from its structure. The meen fresh weight of the fed snail was
0.1363'g and were T7-12 mm long, compared with a mean fresh weight
of 0.1537 g for the unfed snails and 7-11 mm long,

The plot of Sc/Ca ratio against time in Figure 88, shows

that feeding reduces the Sc/Ca ratio, although the AF(FW) for
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Time in days’ + 2 + 4 + 6 + 71 + 11

% TW of Snail 65% 73% 75%

Body. Unfed

Fed 68% 67% 75%

Shell - Unfed ° 27% 26% 24%
- Ped 27% 27% 21%

Body'Fluids

~ Unfed 5% 6% 4%
-~ Ped 8¢t 1% _ 1%

Pigure 96.
Data on the % fresh weights of (a) body, (b) shell and (c) body

fluids of Limnaega auricularia, for fed and unfed, at different

time intervals.

* * * *

the fed snails are higher than the unfed snails. This is
indicated by the lower rate of leaching of calcium in the fed

snails.
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Experiment 12

The uptake of 89 Sr by unfed Bithynia tentaculata (whole snail)
The uptake of 89 Sr by Bithynia tentaculata was studied for
35 days in calcium concentrations varying from 0-80 ppm Ca++,
under aerated conditions. |
The mean fresh weight of the snails was 0.1591 g and 8-11
mm long. The ratio.: of Fi/:D¥Ws:3:l.
The uptake of 89 Sr by thé snail was plotted asi-
(1) AP(FW) against time, for certain calcium ranges, in

Figure 97, and the results in Figure 98.

Caleium AF(FW) at | Time taken to E, | g AR(FW)/
Range Equilibrium Bguilibrium t/s Et
.ppm__ - (days) .

0-10 2.5 - 7 1.4 | 4.6
65-68 A ' 5 1.0 1.4

Figure 9:8

Results-obtained from Figure 97, on the uptake of 89 Sr by whole

- snails of Bithynia ‘tentaculata. AF(FW)gC, S+ bagced on thiee week
counts! .

The results show that the uptake is less than for Limnaea pereger

(page 78), Limnaea truncatula (page 121 ) and Limnaea

aﬁricularia_(page 128 ). The uptake at calcium levels above

++ A N . .
66 ppm Ca ,. is similar io the uptake by Limnaea species;






~162-

while below this figure the uptake by Bithynia is considerably
less than Limnaea species. This is probably due to the fact
that Bithynia has a chitinous opefculum which seals the

entrance to its shell when it is not moving, so preventing

rapid exchange or uptake of the isotope by the body. Snails
were sampled throughout the year, and it was found that there

was less dimineralisation from %he snail in October than in
April, which is probably due to the lower temperature stabilising
the solubility product of CaC0y.  In 4pril, thewTate of
dimineralisation or leaching was 1.08 & 1.5 x lO—sg Ca++/day,

6

while in October it was 8.8 x 10 Caf+/day. This seasonal
difference, affected the uptake only slightly, less uptake
taking place in October than in April, e.g. in April the AF(FW)
at 66 ppm ca*” was 15.26 compared with 12.00 in October. This

confirms the point that the calcium concentration of the

environment is important in determining the uptake of isotope.

(ii) log AF(FW) against log calcium concentration in Figure 98.
g g

Bxpressions for 28 days and 35 days are as follows:-

log AF(FW) go o = 2.2 - 0.65 log Ca™™ ppm (4 weeks)

2,0 - 0.65 log Ca’t ppm (5 weeks )

i
I

The significant point about this plot, is that there is only

one line, and not two lines which is characteristic of non-






-164-

feeding Limnaea species. The 'one-line' plot is charactérised
by fed Limnaea species. There must be a different
mechanism of uptake or that Bithynia can tolerate lower

calcium levels than Limnaea pereger.
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Ixperiment 13

The uptake of 90 Sr by unfed Bithynia tentaculata (whole snails)

The uptake of 90 Sr by unfed Bithynia tentéculata was

'_studied.over 21 days at calcium concentrations from 0-650 ppm
'Ca++ under aerated conditions. The mean fresh weight of'
the snails was 0.2335 g and 9-11 mm long. The ratio of
FW:DW:=3=1.

The uptake of 90 Sr by the snails was plotted in Figure
99. The expression from the log plot,

log AF(FW) = 2.1 - 0.65 log Ca’" ppm

90 Sr

is comﬁarable with the expression for 89 Sr on page. 162,

The results confirm the 89 Sr results.
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Experiment 14

The uptake of 85 Sr by fed Bithynia tentaculata (whole snail)

Uptake by food

The uptake of 85 Sr by fed Bithynia tentaculata was

studied for 21 days, in calcium concentrations varying from
0-120 ppm Ca++, and under szerated conditions.

The food in this experiment was lettuce. The mean fresh
weight of the lettuce was 0.3568 g, and was allowed to
equilibriate with the isotope =zolution before thz introduction
of the snails, i.e. after 7 days. The uptake by the lettuce
is plotted in Figure 100, which gives the following expression:-

log AF(FW) = 2.9 - 1.0 log ca’™" ppm.
85 Sr :

This expression is in good agreement with that attained by

lettuce in the Limnasa experiments on 'pagses 97 and 125.

Upteke by snails

The snails were introduced into the isotope solution which
Eontained the lettuce aftzr 7 days. The mean fresh weight
of'the snails wés 0.1473 g. |

The results of the uptake of the fed sneils is plotted in

Figure 101. Expressions from Figure are:-
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log AF(FW) 2.65 - 1.05 log Ca'" ppm (+ 14 days)

85

3.25 - 1.05 log catt ppm (+ 21 days)

The slope of the fed snzil is -1.05 compared with -0.65
for the unfed snails. Tais implies that the lettuce has
increased the rate of uptaks of the isctope, and in this case

the maximum has increaged from 2.2 to 3.25.
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Experiment 15

The uptake of 47 Ca by unfed Bithynia tentaculata.

5

(whole snail, shell, body and operculum)

The uptake of 47 Ca by unfed Bithyﬁia tentaculata over

] mn g ++ 0 h]
a calcium range of 0-50 ppm Ca ', was studiedfor 5 days under
aerated conditions.
The mean fresh weight of the snails was 0.0640 g and
8-11 mm long. The calcium ion concentration of the canal
g
- . - ~ ++
at the time of sampling was 65.8 ppm Ca .
In this experiment, the snail was counted whcle, then
dissected into shell, bo and operculum,
H

The weights of the

various parts are summarised in Figure 1C2.

B.tentaculata og z‘l;gil gditflo D o»i;
body 45 6:1
shell 37 l.2:1
operculum 6.8 2:1
body fluids 11.2 -

Figure 102.

Table of percentage weights of the various parts

of the dissected Bithynia tentaculata.

Mean of 90 snails.
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The figure in Figure 93, shows that there is little fluid in

th

[O]

shell and that the skeletal siructurss, i.e. the shell
and the operculum, nearly weigh as much as the body.

The uptake of 47 Ca by E.tentaculate are plctted as:-

(i) 1log AP(FW) against calcium concentrations for ths body,
snell, operculum and the whole snail in Figure 103.

The uptake by the body is consiant after 3 days aeration

"and is related to the calcium concentration of the external

0

environment,.i.e. the AF(FT) decreases with increasing calcium
concentration.
The uptake by the shell increases to the 5th day, and is
higher than the bedy.
The uptaﬁe by the operculum is initially higk, then
decreases and at the 5th day, increaées uoaln to gimilar figures

to the shell.

The uptake for the whole snaill is constant after <he

[e N

3I’d Y .

(ii) 1log nP(Pv) gainst log calcium concentration in Figure 108,
for the body, shell, operculum and the whole body. The
expression;:,

log AF{FW) mexizum at log 1 - slope of lag Ca’ ppm

iscotope

are summarised in Figure 105,
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Title to Figure 1035, page 174. _

Plot: log AF(F¥) against the calcium concentration
of the medium. The uptake of 47 Ca by Bithynia

tentaculata, (a) whole snail, (b) body and (c) shellﬁdJoFetculum1,

at 3(+), 4 (o) and 5 (O ) days in the isotope
solution. The snails were unfed.

Each point is the mean of 15.
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Title to Figure 104, page 176.

Plot: log AF(FV) against log calcium concentration of the

medium. The uptake of 47 Ca by unfed Bithynia tentaculata,
. )opercu‘tum.
(a) whole snail, (b) body end (c¢) shell,/at 3(+), 4 (o) and

5 () days in the isotope solution.

Lach point is the mean of 15.
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Days in -
isotope :ﬁ:i; Body ] Shell Operculum
solution
T e o ey e
3 2.3 - 0.2 | 2.3 -0.45 | 2.1 - 0.15 { 3.55 - 1.45
4 2.5 - 0.05| 2.5 - 0.4 | 2.95- 0.6 | 2.25 - 0.25
5 2.5 - 0,15} 2.4 - 0.45 2.6 — 0.6 2.60 - 0.05
Figure 105

Table of expressions obtained from the log plots in TFigure 104.

These figurés show that the operculum has the highest initial
uptake but that this diminishes rapidly, probably because the
operculum only weighs 0.012 g fresh weight, and is mainly
composed of chitin with a little calcium. Thus itlis
quickly'saturated with isotope -~ it presents a considerable
surface area to the isotope in the aquatic enviromment -
and after a period-of time, it forms an exchange system with
the body, which has considerably more calcium in its calcium
pools than is found in the operculum.

The shell and body have greater mass than the operculum
and it will take longer for them to become saturated with
" isotope. The shell weighs O.O6OQ07 0.1100 g fresh weight
according to the length of the snéii. The hody weighs
between 0.07400 - 0.1700 g fresﬁ weight; Besides the massl

the chemical composition has a profound effect on the uptake
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of isotopes, and also the rate of metabolism of the organ

or organism concerned,

(1i1) Ehe AF(FW)'s of the dissected parts were plotted
against the fresh weight in Fisure 106;-

Since three straight linss can be drawn through the
various points,_then this plot suggests that there is a
weight uptake relationship. Since the weight is a
function of the age of the snail, then uptake is dependent
on the age of the snail. A4ll these snails are from the
same habitat. Probably the calciﬁm concentration of the
environment influences the thickness or deposition of the
shell, so that, there would be a greater variance in the

points if the snails were from a variety of habitats.
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Experiment 16

The effect of darkness on the uptake of 90 Sr by unfed

Bithynia tentaculata (whole snail)

The uptake of 90 Sr by unfed Bithynia tentaculata was

studied for 5 weeks in éalcium concentrations varying from.
0-80 ppm Ca++. The experiments were ncn-aerated and were
kept.in a well ventilated but darlk cupboard for the duration
‘of the experiment.

The mean fresh Weighf of the snails was 0.2601 g and the
FW:D¥W ratio was 3:l. |

A control experiment was set up in the light, i.e.
normal laboratory conditions.

The results are plotted zs AF(FW¥) against calcium |
concentration in Figure 1071 It can be seeﬁ that the up-
take in the light is higher than in the dark. This suggests
that darkness has a retarding effect on the uptake of S0 Sr

by snails.
The tempe*atu,m, of the Solutions inside the CM1>|>oo.+oL

was 154 L°C.
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Experiment 17

The uptake of 90 Sr by orzans of unfed (a) Viviparus viviparus

and (b) Limnaea stasnalis

(a) The uptake of 90 Sr by various organs of Viviparus viviparus

af'ter 24 hours in the isotope is summarised in Figure 108, at

8,22 ppm Ca'*?,

(b) The uptake of 30 Sr by various organs of Limnaea stagnalis

at 24 and 48 hours in the isotope is summarised in Figure 109,
at 2,19 ppm ca*™ and 2.74 ppm ca*t .

The results of (a) show a marked distribution in favour
of the organs containing calcium . The marked significance being
that the operculum has the highest 90 Sr A.F(FW). Organs furthest
away from the aquatic environment have low AF(F¥W) e.g. digestive

gland, while organs having areas in direct contact with the

surrounding medium have fairly high AF(FW) e.g. mantle and reproductive

openings leading to their respective organs. The AF(DW) and activity/g

were calculated, since some research workers use these figures. Since

the activity of the aquatic environment is continually changing due
to ion-exchange with the walls of the glass vessels and the water,

the activity /g measurement often,
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fluctuates and is not a reliable figure to compare results.
The AF(DW) is erroneous, since the % water possessed by the

various organs varied considerably, e.g. the shell has a low

-

% of water, while the body has a high %L Since the organism
lives in an aquatic environmment, it is more recasonable to
express results in the form of AF(FW), which takez into
considsration the activity of the environment, and thip this
must be guoted in relation to the calcium.concentration of

the surrcunding medium.

(¢) The results show that the shell takes up more than any
other organ in the body. The digestive gland has a high
initial AF(FW> which rapidly diminishes to that of the body.
The mantle region presents a great surface area to the isotope
selution and would therefore favour the adsorption/absorption
of the particulare e ion rather than the ionic set ion.
The digestive gland of Limnaea has'calcareoué gfénules in

it which aid digestion, and the figures suggest that the calcium
pool in the body of Limnaea is continually changing - a high

o \ . . . .
AR(F) denoting a low calcium concentration and vice versa.
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+ 24 hours + 48 hours

Qo S+ AF(Fvw) ] qo Se AF(FW)

Shell 25,9 51
body 6.6 6.5
digestive gland 8.9 5.5
mantle
6.5 )

(heart & kidney) 10.2
ca™* ppm 2.19 : 2,74
mean wt. .

' 2,835 2.0583

of 3 snails (g)

Figure 109,

Uptake of 90 Sr by various organs of Limnaea stagnalis.

Reddings, mean of 3 snails. AF(FW) 90 Sr based on

three: weeks figures.
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Bxperiment 19

The uptake of 85 Sr by egg cases of Limnaea pereger

The egg cases were from & breeding aquaria containing L.
péreger. They were placed in varying calcium concentrations
‘for a period of 28 days, under aerated conditions. The
results are expressed in Figure 11Q@ and the uptake of 85
Sr in Pigure 111.

It can ﬁe seen that frow Figure 11Q, that there is a
decrease in AF(FW) with increasing calcium concentration,

particulariy above T4.7 ppm Ca++.

The expression from the log plot in Figure 111, is :-

log AF(FW) g . = 1.6 - 0.5 log ca™" ppm.

-AF(FW) 11.25 11.35" 5.08 | 1.75 1.82
Calcium level -
Catt ppm 7.59 13.9 T4.7 303.2 | 645.8

Fresh weight T e
of egg cases g 0.8819 ¢ 0.4408 [ 0.5907 {0.4576 [0.9383

Figure 110.

Table of results, on the uptake of 85 Sr by the egg cases of

Limnaea pereger after 28 days, at varying calcium levels.
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Experiment 19

Injection Experiments

These experiments werc designed to find out if the isotope
moved from the body to the shell, and whether the food con-
tributed to the isotope uptakes in hunidity experiments.

(a)The uptake of 85 Sr by Limnaea auricularia, by injection into

the foot

The resulfs are summarised in Figure 112. It can be.
concluded from these experiments that after 2 days, that a
substantial amount of the activity of the isoctope is found in
the shell, i.e. 10 times as much in the shell as in the body.
Thie is significant, since.the isotope could only have get to

the shell through the body, and not by uptake from the normal

surrounding aquatic medium.

‘Limnaea Fresh | % of #W Activity/g | hctivity | Belio
. . - . . o R . Solid:
Auricularia | Weight g | of snail (solid count) (acid count) Meid

snail 0.3942 - 687.5 - -
shell 0.1182 30 1835.3 823.8 |2.2:1
body 0.2176 55.2 17 3.9 86.5 2.0:1

Ratio of | Ratio of

shell:body shell:body

1 10.6:1 9.5:1

Figure -112.

Uptake of 85 Sr by Limnaea auricularia, by injection method in a

atmosphere, at 2 days.

Readings are the mean of 6 snails.
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Experiment 19b -

The uptake of 47 Ca and 47 Sc by Limnaea auricularia, by

injection into the foot, in a humid atmosphere

'The results are summarised in Figure 145.
These-;eSults show'ﬁhat scandimnAQg% calcium 47 are
" taken up rapidly by the shell. The Sc:Ca ratio for the
‘body being a half that for the shell after 2 days.

The activity per gram of 47 Ca in the shell is
cémparable with the uptake of 85 Sr An page 188, This

would suggest that strontium follows the same path as calcium.
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L.agricularia Freii z?ight %sigiif' Actézity/g Acté:it&/g gifé;
snail 0.1485 - 3866.6 1156 3 :1
shell 0.0796 57. 2375 837.5 2.8:1
body 0.0586 41.8 6440.6 | 1264.1 5 & 1

Figure 113. :

‘Uptake of 47 Sc and 47 Ca

injection method into the

are the mean of 4 snails.

foot, after 2 days.

by Limnaea auricularia, by

T'igures
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Experiment 19 c.

The uptake of 85 Sr by Limnasa auricularia feeding on

contaminated lettuce in a humid atmosphere

" The isotope was injected into the mid-vein of the iettuce,
‘and the snails were carefully placed on the lettuce with foot
resting on the lettuce, after making sure that no isotope had
leaked onto the surface of the lettuce.

The results are summarised in Figure 114. It can be seen
that over 3 days, that there is an increase in the activity of
the snail, shell and body. The uptake by the shell at 2 days
being 6 times that of the body, and at 3 days 8 times as much as
the body.

The effect of feeding in the transference of isotope from the
body to the shell, is less effective than injection, (see page
188), | | ' '

The results from the injection experiments prove that -
(i) - the isotopes 85 Sr, 47 Ca and 47 Sc are transferred from

the body to the shell of limnaea auricularia, and

-(ii) from contaminated food to the body and then to the shell.
The difference in accumulation suggest that theﬁQ:f
molluscan membranes function as a 'éieve', i.e. there are active
sites or pores where similar elements of similar ionic radius,
i.e. calcium and sbrontium, compete.for passage through the mem-

brane. The element wiih the smaller ionic radius or hydrated
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ionic radius passes through the membrane guickest and
therefore the rate of uptake, activity per gram or

A.F. is highest.
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Experiment 20

The uptake and release of 89 Sr by dead shells of Limnaea pereger

The uptake of 89 Sr by shells of dead Limnaea gperegeg was
studied over a period of 28 days in distilled wéter. The shells
were drained before being placed in fresh distilled water for a
further 42 days.

The mean fresh weight of +the shells was 0.4330 g. The
‘isotope was allowed to equilibriate with the glass walls.of the
vessel for 4.days before the snails were put into the isotope
SSIution.

The results were plottgd a8 1-

(i) -corrected cpm of liquor against time in Figure 115. It
can.be observed from this plot that, over 28 days there is a
loss - of 500 cpm per 10 ml sample. The shells were placed in
100 ml1 of isotope, so that there is a drop of SOOO.cbm after 28
days. After 28 days in fresh distilled water there is leaching
of 8% Sr from tha shell into the waier, in the order of 497 cpm
per 10 ml, or 4970 cpm per 100ml. This means that nearly all
the isotope that the shell took, is being leached back into the
water.

At the saﬁe time, there is calcium being lost by the shell
into the external enviromment at the rate of 3.1 x 10—6 g/day
during the period of uptake. During the period of release of

isotope, there is still calcium leaching from the shell, but at
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a rate of 2.7 x 10_6 g/day.
(i1) a log plot of log AF(FW) of the sheil was plotted against
the log of the calcium concentration of the surrounding medium
in Figure 117.

The expression from the plot in Figure 1186, is :-

log AT ( FW) = 1.65 ~ 0.4 log ca’t ppm
89 Sr

At the end of the experiment, there is still isotope present
in the shell, despite leaching of calcium from the shell for
42 days. The AF(FW) at the end of 77 days was 4.54 compared
with the AF(DN) of 21.47.

The se results suggest that 89 Sr is incorporated in two forms
in the shell of L.pereger, i.e. in a combined state with other
compounds present in the shell which does not leach and in an
uncombined state which does leach,

These experiments prove that dead shells play an
important part in the gxchange system in an aquatic
enviromment for isotopes as well as for normal calcium enchange.
It is important to realise that in these experiments on dead
shells, that there are no dynamic processes involving energy
relations characteristic of living organism, e.g. ATP production.

The shells behave as a physical ion—eiphange system.
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Experiment 21

The uptake of 90 Sr by dead shells of Limnhaea stagnalis

The uptake of G0 Sr by shells of L.stagnalis wasistudied
over 126 days in varying calcium concentrations, shown in Figure

127.

AF (FW) 343.1 335.9 297.2 148.6

finitial
Calcium level

fca™ ppm 0 5 10 66

'inal
Calcium level 21.5 , 31.7 . 37.9 126.6

gamriaccam

Difference i
R nw

ca ** ppm 21.5 26.7 27.9 60
fean rate of -6 4 -
oss of 17x 10 "8/ | 21,2216} 22.14 x 107 | 47.61 x 107°
alcium ay

Figure 117.

Table of results, of the uptake of 90 Sr by shells of L.stagnalis,

‘at 126 days. A’F(FW)QOSP boged ew thiee weel counlts .

The results were plotted as a log plot of AF(FW),in Figure 118,
against calcium concentration. The expression from the plot is:i-

log AF(FW) . = 3.25 - 0.45 log Ca ' ppm (at 126 days).
90 Sr
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Thé slope of uptake is similar to that obtained for
L. pereger, see page 197 , which suggests that the shells
have the same chemical composition.

The shells WGré leﬁ;in for a long period of time to see
if the accumulation of the isotope would be greater.than in
Experiment 20 . This is so, since the maximum from the log
plot has increased from 1.65tc 3.25. This could be accounted
for by the increased size and thickness of the shell of
L.stagnalis. This & shown, when éne compares the rate of

leaching of calcium in these two species, L. stagnalis
6

g ca’t / day at 21.5 ppm ca*?
6

leaches at a rate of 17 x 10~
compared with L,pereger's rate of 3.1 x 10 ~ g ca’t / day

below 10 ppm Ca++.
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Introduction

The conceﬁtration of strontium in natural waters has been
found by Lpha.mmer,(l’.938), Thompson and Chow, (1955a, 1955b, 1963),
Odum, (1955, 1957a, 1957b), Ichikawa, (1960, 1961, 1962), and
Templeton and Brovm, (1964), to be related to the amount of
calcium present. The relationship is expressed as a Sr:Ca
ratio, in units of number of atoms of each element present,
The Sri:Ca ratio for sea water is 9.0:1000 compared with
2.45:1000 for fresh ﬁaters. Thus the amoﬁnt of strontium
present in fresh water is small. Sidgwiék, (1962) states
that calcium is the commonest metal in the earth's crust
(3.63%) after aluminium (8.8%), and iron (5.1%). Strontium
forms 0.042% of the earth's crust, i.e. 1% of that of calcium.
Robertson, (1941) quotes values of 0.002 g/l of calcium for
soft water (fresh water), 0.064 g/1 of calcium for hard water
(fresh water) and 0.403 . g/1 for sea water, of waters in and
around Great Britain. Odum, (1957b) quotés values of 0.1 to
0.5 mg/l of strontium for a variety of fresh waters in North
Americ;.

| The relationship between calcium and strontium in natural
waters, is illustrated by analyses of the shells of a wide
variety of fresh water, marine and terrestrial molluscs. The

shell of molluscs is mainly calcium carbonate, which can exist
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in three c;ystalline states - calcite, aragonite and vaterite -
in a protein framework of conchiolin. It has been found that
the aragonite crystal type shell contains more strontium than
the other types. (Fox & ﬁamage,l931; Trueman ,1944; Thompson.
and Chow,1955a; 1955b; Wilbur21964). Furthermore, the aragonite
type shell is characteristic of the marine molluscs, and the
calcitic type shell of the fresh water molluscs. There are,
however, intermediate itype crystals - calcite-aragonite
mixtures, which overlap both salt and fresh waters. In
marine waters, the aberrant group of radiolarians, the

- Acantharia, have a predomin%?e'of celestite (SrSO4) in their
skeletons (Odum,1951).

The calcitic shell of Limnaea stagnalis has 99.6% of Ca.CO3

in the inorganic structures of the shell, and 3.04% of
conchiolin in the organic structures (Taylor,1894). Although
certain ions influence the various crystalline states of CaCO3,
©.g. the presence of strontium influences the formation of
aragonite crystals, it doesg not mean that it will be included

' within the crystal itself (Kitano, 1962, Kitanoétdl,1962).

The snails studied in this ressarch work are mainly calcitic
types. The reason for strontium being present in the water
in trace guantities may be that a high concentration of it is
toiic to fresh water organisms, (Thompson and Chow 1955b).

The importance of radiostrontium is today extremely great
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due to its presence as a fission product from atomic
explosions and nuclear reactions. It eniters the earth
through (i) the atmosphere and (ii) rainfall which cause
pollution of rivers, canals etc., and the ground. Among the
300 isotopes produced by nuclear fission, 90 Sr - 90 Y forms
5.9% of the fission yield and 89 Sr forms 4.8%, so that
radiostrontium forms altogether 10.7%:of the fiésion yield,
(Bowgn,1959). Besides the fission products, neutron rich
eleménts are formed, e.g. 45 Ca. The fission products are
normally trace elements, while the neutron rich elements are
éssential for both planfs and animals. Although radio-
strontium may constitute the most serious direct hazard to man,
because of its long half life - 28 years for 90 Sr - and its
accumulation in skeletal sitructures, the effects of fission
products on shorter lived biota, e.g. Mollusca, may also ‘
ultimately be of imporitance to man because of the food chaias
involved. Townsley (1963) and Townsley, Reid, Ego (1959) have
determined that 10 times as much water passes through the
epithelia of fresh water fish compared with marine fish.
Therefore, the quantity of radionuclides in fresh water
presents a greater contamination than the same quantity in sea
water in fish. This is probably true for fresh water

molluscs, especially those which have a gill system for respiration.
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Discussion of experimental conditions

(a) Temperature

The temperature of the experiments was kept between 18-22°¢,
Imai (1937) and Wilbur (1963) found that although there was

rapid growth of the shell of limnaea pereger between 22-28°C,

the final shell size was greatest at 18°¢. filbur & Owen
(1964) state that feeding ceases below a given temperature

for molluscan species, when the digestive tract becomes empty
and growth is slow or absent. Bacq & Alexander (1961) showed
that the temperature affects the radiosensitivity of biological
systems, 1.s. that warm blooded organisms are mors sensitive

to radiation than cold blcoded organisms.

(b) Hydrogen Ion concentration (pH)

The pH in the experiments with allthe species of snails
was found to be between pH 6.5-6.8. ﬁoycott (1936) states
that there are virtually no fresh water snails found in waters
below pH 6 or less in Great Britain, using B.D.H. Universal

Indicator. Limnaea perezer will die at pH 5.6.

The pH of the isotope solution must be kept slightly
acid, i.e. pH 6.5-6.8, since at higher pH values the isotope is
.adsorbed onto the surfaces of the glass vessels. (Wilford et al,

1962; Pickering,1964). If the alkali solution is acidified,
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then the activity of the isotope returns to the solution from

the walls of the glass vessels.

- (¢) Darkness
The experiment on the effect of darkness on the uptake of

radiostrontium by unfed Bithynia tentaculata, (page 180),

‘indicates that darkness retards uptake. The tempefature in
the cupboard is lower than in the laboratory, so that the
1oﬁered temperature could have reduced the solubility pfoduct
of thelcalcium carboyate, which would limit jion-exchange and
wduld result in lower uptske.

Goreau (1959)-f0uﬂd that darkness decreased the uptake of
45 Ca Dby cordls, and stated that there was an increase in the
calcification in the light.

Brown (1963) reports that constant darkness reduces the level

of caleification in the tissues in fish. TFelitchenko (1962)
reports that higher light intensitiies inqredsesthe metalbolism andﬂem&m
incréaseSaccumulation of 90 Sr by fish.

Collander (1930, 1941) studied Egégg and other higher piants
and Tound %ha the uptake of radiostrontium was stimulated by
light, with the new alkaline earth elements being concentrated

in the growing cells.
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(4) concentration of the isotope in the surrounding medium

‘The question to what extent the accumulation of radioisotopes
by ofganisms is related to the concentration of the isotope in the
surfounding mediqm is a matter of controversy in the literature.
Hiyama & Ichikawa (1957), have reported that marine fish in 10 uc
90 Sr/litre accumulate 10 times as much isotope as fish in 1 uc
90 Sr/litre. Prosser (1945) however, states that the uptake of 90 Sr
and 137 Ba by goldfish is independent of the dose of 90 Sr. Townsley

(1959,1963) found that in the euryhaline teleost -Tilipia mossambica-

" the uptake of 89 Sr in the tissues did not correspond to the multiplies
of 1, 10 and iOO of the dose in the medium. Rosenthal ( 1956,1957a,
1957b, 1958, 1961) states, that in the fish, Lebistes, the rate of
incorporation of 45 Ca and 90 Sr appears to be a function of the

. concentration of the nuclide in fresh water, and that the rate of
uptake of 45 Ca, 90 3r and 35 S is logarithmically related to the
activity in the medium.

The concentrétion of isotope in the present work was
approximately 0.25 uc per 250 ml of medium, Since the concentration
of the isotope in the medium in the experiments was similar, then the:
results are comparable.

If the activity of the snails increased in proportion to the
activity of the medium, then the Accumulation Factor (AF) is
independent of the activity of the medium. (Kevern,1964; Polikarpov,
1958),

-The concentration of the isotope in the solution, also
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determines the dose rate i.e. the absorbed dose of ionising
radiation. This is the energy imparted to matter by ionising
particles per unit mass of irradiéted material at the place of
interest, and termed the rad (Taylor, 1957).

Organisms vary in their sensitivity to radiation, much
more widely than the cells of which they are constituted. In
general, the more comilex the organism, the more vulnerable it is.
It takes about 10,000~ 20,000 r to kill a snail (Lindop,1961) and
600-700 r to kill man (Bacq & Alexander, 1961). These figures,
are the dose of radiation which kills 507 of the organisms within

30 days, and is known as the L.D. The dose which molluscs

50/50°

can withstand is very hich, and because of this property, are

suitable organisms to study the uptake of radiocactive isotopes.
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(e) Radioisotopes used in the experiments

(b)& -emitting isotopes
\

Both 89 Sr-and 90 Sr are %Qemitting isotopes (page 17).

89 Sr cannot be obtained as a pure sample, since in the production
of it from 255 U , some 90 Sr is formed as an impurity.(Radiochemical
Manual, Part IT,1963).

The half life of 90 Sr is longer than 89 Sr, and over a
period of time, the percentage of 90 Sr in the total activity of the
mixture of 89 Sr and 90 Sr, increases., The amount of 90 Sr impurity
in the 89 Sr can be determined by a self absorption plot and the
amount expressed as a percentage. The 90 Sr present as an impurity
decays by@)-emission to 90 Yttrium, which has a half life of 64.2

hours, and this deceys to stable 90 Zirconium (ILucas,Pickering, 1958).

Thus the initiél count on the acid extraction of 89 Sr is a mixture

of 89 Sr, 90 Sr and 90 Y ,as shown in Figure |l8a ., The efficiency
of the(s-counters will be greater for the higher energy beta
radiations i.e. 90 Y (2.25 MeV) a.nd-89 Sr (1.44 MeV).

As time proceeds, the activity of the 89 Sr decreases due to
decay to 89 Zr, and the 90 Sr present decays to 90 Y. After 3 weéks
any Y 90 originally present in the snail coming either from the 90 Sr
in the snail or from 90 Y in the water will have decayed, and will be
replaced by an amount of 90 Y in radioactive equilibrium with the
90 Sr in the snail. The final count i.e. at three weeks, represents ti

89 Sr and 90 Sr in the snail at the time of separation from the water.
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The value which one attaches to the initial count i.e. the yttrium
strontium count, which need not be in radiocactive equilibrium,must
.be treated carefully. The initial counts were plotted to see if there
was any correlation with the strontium counts i.e. the final counts
at three weeksu_The initial counts are always higher than the final
countsu'and this does suggest that the yttrium is being taken up
from the water and does not all originate from the decay of 90 Sr
within the snail,

In 90 Sr solutions, the initial count is again a yttrium-sﬁrontiun
count, which must be treated carefully. The final count i.e. at three
weeks, represents the strontium count. From Experiments 1 & 2, the
results for 89 Sr and 90 Sr are similar, and suggest that 89 Sr

behaves in a similar way to 90 Sr.

jﬁg\(;emitting isotopes
Y

85 Sr is produced in the following way,

84Sr + 1n = 853r * k//

85 Sr is a?{Femitting isotope ( page 23) and decays to a very short

lived daughter isotope, 85m Rubidium.

t/2 =51 days t/2 = 0.9usecs

metastable form of
Rubidium
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Since 85m Rubidium is such a short lived isotope, the acid
extraction of a snail may be counted after 7.2 usecs i.e, 8 half-
lives, The corrected count rate is therefore a strontium count.
Since 85 Sr is a{—emitting isotope, it may be counted in livingz
snails. Uptake may be measured in the game snail at intervals of
time and this cannot be d-ne with 89 Sr and 90 Sr, since the snails
have to be killed before counts can be made.

The difficulties due to geometrical shapes of the snails
were taken into account and minimised ( see pages 69-71).

The results obtained with 85 Sr are in good agreement with those
of 89 Sr and 90 Sr. The difference in mass between the strontium
isotones does not seem to ~ffect their untake by snails.

47 Ca is also a\{;emitting isotope ( paze 23), and as in the
case of' B85 Sr, one has the advantaze of being able to measure the
activity in a snail at intervals of time. However, 47 Ca has a
much shorter half-life than 85 Sr, and its daughter isotope 47 Sc
has a half-life similar to its parent ( page 25). Thus one has the
complication of sevarating the calciun count from the scandium

count ( pages 30~ 48),
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(&) Surfacing of the snails
During the experiments it was observed that the molluscs,

especially Limnaea truncatula, came to the surface of the medium, .

and in some cases climbed out of the medium. This was

iﬁmediately noted and the snail pushed back into ths medium by

means of a plastic rod. Ophel and Judd (1962) found that

there was no significant difference between the concentration
" of 90 Sr by partially or totally immersed goldfish under the

same experimental conditions.

Discussion of the experimental resulis

Templeton and Brown (1964) and Lucas and Pickering (1962)
'in their papers on the uptake of radiostrontium by trout and
-fresh watér algae respectively, state that many investigators
have reported dataién the degree of accumulaticn by biota, but
few have related their results to the calcium and the strontium
of, the medium or the food supply.
Odum (1957) étates that, “the 5r/Ca ratio is characteristic
of a species of a taxonomic group only when grown with a
" characteristic Sr/Ca ratio in the external medium or food supply.”
He also states that plants had a similar ratio to that found in
the medium around the cells or the roots.

L4

The experiments were in thz main with snails from the same

- habitat and that the uptake of radiostrontium and radiocalcium
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was related to the calcium concentration in the medium. The stable
strontium wos not defermined owing to insufficent apfaratus.
(1) Provided that 2ll the strontium in the fresh water
molluscs is exchangeablé, then it is possible to measure the
amount by allowing it to exchange with radiocactive strontium
added to the surrounding medium until an equilibrium A.F
is reached.

Timofeev-Resovskij (1958) states that equilibrium is

reached in 14 days, with 90 Sr uptake by Limnaea stegnalisj; but

there is no mention of the calcium concentration in the
medium.
It can be seen from the uptake of radiostrontium by

Limnaca pereger (pages 78 & 94 ),that equilibrium takes longer

to attain at low calcium concentrations. Above éO ppm Ca.++
the AF(FW) is related to the time taken to reach equilibrium.
(i1) The plot of the slope, i.c. of the log regression of
AP(FW) against calcium conc;ntration,against the calcium
concentration of the enviromment is shown in Figure 119. The-
straight line that is drawn through the points shows that the
previous history of the snail, in this case, the enviromment
where the snail was bred, is extremely important in determining
the amount of radioisotope that it takes up.

(iii) The results show that the uptake of radiostrontium and

radiocalcium, as megsured by the AF(FW) of Limnaea and Bithynia
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species, is higher at low calcium levels than at high calcium
levels. This dependence of uptake on the conceniration of
calcium in the medium has been observed by imestigators in
different aquatic organisms; Prosser (1945), Kirpichikov

(1956), Rosenthal (1956, 19572, 1957b, 1958, 1960), Oguri (1961),
Ophel (1963)_and Brown & Templeton (1964) in fresh water fish;
Boroughs, Townsley & Hiatt (1956, 1957) and Schiffman (1959) in
marine fish; Fretter (1953), Cdum (1957), Ichikawa (1961),
Machline & Templeton (1963) in marine molluscs; Schoffeniels
(1951), Asano (1956), Bevelander (1952), Gong (1957),
Timofeev-Resovskij (1958, 1959), Van der Borght (1962, 1963a,
1963b), Nelson (1963), Van der Borsght & S.van Puymbroeck (1964)
in fresh water molluscs; Cilera (1960), Lucas & Pickering (1962),
Jayson & Pickering (l962j in fresh water plants, and Glaser

(1962) in plankton.

(iv) 1In the semi-log plots of AF(FW) against calcium concen-
trations in the medium for both unfed and fed, the uptake of
radiostrontium and radiocalcium is calcium dependent,
particularly below 56 ppm Ca++, dependent on the mollusc species
and whether it is fed or unfed. The change in slope in the
semi-log plots would seem to suggest a lower limit to the
concentration of calcium which the species can withstand in

.its natural environment.
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Prosser et al (1945) noticed such a change, at 35 ppm Ca++,
occurred in the uptake of radiostirontium by goldfish, and

Van der Borght (1963) noted 30 mg/l in L.stagnalis (unfed).

(v) Uptake by whole snails

In the log plots of AF(FRQ against the calcium con-
centration of the medium, two significant results have been
noted.‘

(a) That in Limnaea species, there is a 'two-line'! plot for
.the unfed snail, which changes to a 'one~line' plot for the
fed snail. This implies that the food which the snails eat
is having an effect on the rate and accﬁmulation of rad;o—
strontium and radiocalcium, It was noticed that lettuce was
more effective than Elodea, in bringiné about this change in

“slope in Limnaea pereger (see pages 9 7 and 104 ). This is

probably due to the differentizl availability of calcium from
the plant foods, (Hugot & Caussret 1957).

The change in siope can be interpreted in Figure 120.
The experiment with Blodea on page 104, shows that -there is a
change occuring, since it takes lénger for the Blodea to have
an effect, than the lettuce, (see page 110). The effect of
lettuce with radiocalcium and radiostrontium is the same, since

the difference in the slope of the regression plots for the fed
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and unfed snails is approximately the same, (Figure 12&).

Slope 85 Sr 47 ca
Fed snails | -0.85 -1.05
Unfed snailsi -0.40 . £0.65
Difference ~-0.45 -0.40

Figure 121.

Slopes of the regression lines for fed and
unfed Limnsea species for radiostrontium

and radiocalcium.

The change from the 'two-line' plot to the 'one-line' plot is
also seen on page 142 , on the effect of feeding on Limnaea
auricularia. The food source being watercress.

The plant material contains calcium which is leached into
the wétér,'and is taken from the water by the snail as well
as abstracting it from the inéested food. This additional
source of calcium will generally lower the AF(FW) at low
calcium levels, but at the same time there will be increased
uptake by the body and the shell of the mollusc. Another
source of calcium is from the digestive gland, as increasing

food uptake causes secretion of calcium from this gland. (Granl960).
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Wagge (1951) states that for calcium to be deposited the
food supply must contain oproteins and calcium, and that calcium
is not laid down in the absence of ths other.- This protein
is found in the fopd togather with the calecium, and could
stabilise the leaéhing of calcium from the snail.

(b) The rate and accumulation of radiostrontium and radio-

calcium by whole snails of Eithynia tentaculata in the unfed

and fed state is a 'one-line'!' plot. There is no evidence of
another line in the log plot of AF(FW) against the calcium
concentration of the medium,

Tﬁe uptakes of radioisotopes by Bithynia is much less than
that of Limnaea speciés at low calcium concentrations in the
medium.' This was observed by Timofeef;Resovsky (l95{?€and
Glaser (1962), but there was no mention of the calecium
" concentration of the medium. This fact seems to indicate some
fun&amental physiological difference betwesn the two genera.

The chitinous operculum present in Bithynia, but not
in Limnaea, closes when thefe are adverse environmental
changes, i.e. low calcium concentrations in the medium, thus
preventing access of radioisotopeé to the body, (Batts &

Parry 1964).

Scheer (1957) states that Bithynia species has a low

protein cohcentration in its body fluids, and therefore unlike

Limnaea, does not need much protein in its diet for the
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deposition of calcium in the shell.
¢ ;

Robertson (1963) states that Bithynia can withstand lower

saiinities, i.e. 60/00, than Limnaea pereger 10—110/00.

Limnaea is probably iso-osmotic with the medium at these low

" salinities, which could account for the high AF(FW) found at
these low calciumllevels, since there would be rapid exchange
of isotope for the calcium przsent in the snail. An

indication of the osmotic effect is shown by the decrease in

the amount of body fluids in Linnaea pereger at high calcium
levels in the medium, which is showh.in.Figure 122.

The increased uptake in Limnaea speéies is probably
associated with the richly vascularised gill-less mantle
cavity, and the adsorbed iéotope is quickly distributed via
the thin waelled blood vessels to the rest of the body.

It is probable that the snail requires some time for the
_internal environment of the snail to become adjusted to the
change in the environment. It is likely that the snail ad-
justéd to an environment of low calcium levels and low osmotic
pressure would show a more rapid rate of accumulation of radio-
isofope during the early stages of an exﬁeriment. After the
initial period there is a constant accumulation of isotope from
the medium until equilibrium is reached. .

The high concentration of calcium (more than 50 times the

‘quantity of strontium in an environment) would give dilution
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) . s . \
effects on stroatium and calcium absorption. Townsley (1963)
reports that fish do not discriminate against stroatium when
the strontium ion and calcium ion concentrations are low.

It seems therefore, that Bithynia tentaculata exercises

greater control than Limnaea species, at low calcium levels in

the medium.

(vi) The distribution of radiostrontium and radiocalcium in

the various sitructures of Limnaea species, Bithynia

tentaculata and Viviparus viviparus

(a) Distribution in the shell and body

Both radiostrontium snd radiocalcium were found to be
accumulated to a greater extent in the shell of these molluscs

than in the body. This was found to be so in Limnaea stagnalis

by Van der Borght (1962, 1963), Timofeev-Resovsky (1957, 1958),
Odum (1958) and in Anodonta by Schoffeniels (1951). 'The
operculum in Bithynia and Viviparus, which are bolh operculates,
had an initial h%gher AP(F¥W) than the shell,which decreased with
time to below the value of the body.

he rate and accumulation of these isotopes in the shell

L.

and body are higher in fed than unfed molluscs, particularly
if lettuce is used as ths source of food.

The availability of calcium in the medium plays an

important part in the uptake of these isotopes, since in the
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unfed Limnaea species, uptake below 20 ppm Ca++ i
dependent than aﬁove:tﬁis levels |

The difference in the upfake between radiostrontium and radio-
.palcium for the shell, and body, is that there is discrimination -
against stronfium by the'fed snail. This is shown in figures
IZSaand 1.23b . These results shqw the same trend as Brown &
Templeton's work on thé uptake of radicstrontium and radio-
- calcium on the bone and muscle of trout (1964).

The uptake of dead shells of Limnasa persger gives a

regression line ofs-

log AF(FW) = 1.65 - 0.4 log Ca’* ppm

89‘Sr
vhile the unfed shell is,

log AF(FW = 1.8 - 0.4 log catt pem (above

) 89 Sr
22.4 pPpm) .

Since there.is activity left in the dead shells after a long
period of time, this does suggest that the strontium is in two
forﬁé in the shell, i.e. an ionisable form which can be readily
exchanged with cations in the enviromment, and gecondly, a non-
diffusible fraction which is probabily compleied with the protein
framework of the shell, (N@bDbﬁald,l951; Rosentha1,1958;
Bisenberg & Gordon”l961; Williams & Pickering,1961; Dolphin
& Eve, 1963; ophe1,1963; Pearson, 1965). '

The higher maximum suggests that uptake by living cells is

a dynamic process rather than a purely passive physical process.
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Gong (1957), Vilbur & Jodrey (1952, 1955), Horiguchi (1960),
and Wilbur (1964).state that the transference of ions to the
shell is determined by the concentration of ions in the extra-
palliel fluid. Van der Borght (1962, 1963), Bevelander (1952),
and Rao & Goldberg  (1954) found that the newly formed border

of the shell in Limneea stagnalis and Anodonta had the highest

AF(FW) of the shell. Johnson et al (1962) observed the same

féature in Australorbis (Planorbidae).

The regression line of fed Limnaea pereger is,

log AF(FY = 3.45 - 0.85 log Ca'” ppm,

) 85 sr
at 14 days feeding on lettuce. The significant point here is,
“that the rate of uptake has increaséd by 100%, and that the
maximum has increessed by approximately 100%. This stresses
“the importance of food in the diet of fresh water organisms, and
its effect on the contamination of those organisms which feed on
it. These results imply, that while a large amount of radio-
isotepe is adsorbed by the shell directly from the water, an
appreciable amount of radioisotope is iransferred to the shell
from the body vias the extra-pallial fluid,

The higher maximum™of the regression line for dead shells

of Limnaea stagnalis is associated with the greater amount of

Fal

calciumavailable for exchange. The rate of

from the shell in L.stagnalis is 17 x 10"6g Ca++ /day at 21.5ppm

leaching of calcium

Ca++, which is considerably more than the rate of 3.1 x 166g Ca++/
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day below 10 ppm.Ca++. This depletion of calcium from the shell
would account for the increased amount of radiostrontium in the
shell.

Schiffman (1959, 196Q, 1961) compared the rate of upiake of
90 Sr by trout, from food in a gelatine capsule which was inserted
into the stgmach of the fish and from the surrounding medium.
He found that food was the main route of uptake rather than the
water in which the fish swam. - Vhen he changed the food source,
4o that of the natural food and did not insert the contaminated
food into the stomach, he found that the water was 10 times as
important as a source of radiostrontium than the natural food.
Gros (1953) noted that the deposition of 90 Sr in rats obtained
by drinking was more than from contaminated lettuce, Fretter
(1953) states that marine molluscs and polycheates obtain 90 &Sr
directly from the ﬁater as well as the food. Boroughs et al
(1957).staté that unfed marine fish can take up calcium (45 Ca)
di;ectly from sea water and do not need a dietary source for
this element. Townsley- (1963) found that 45 Ca and 90 Sr
were Qirectly absorbed by marine fish from the surrounding water.
Toniyama et al (1956) found that goldfish feéding'on WOrms
absorbed 45 fa directly from the water, 50 times as much as

from the diet.

Injection methods into the foot of Limnaea auricularia

A
prove Pthat radiostrontium and radiocalcium are transferred irom
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the body to the shell. The activity/g of 85 Sr in the shell
after 2 days, is approximately equal to that for 47 Ca, but the
47 Ca in the body is approximately 15 timeé the amount of 85

Sr present. This means that the body discriminates against
strontium.

When Limnaea auricularia were fed on contaminated lettuce

in humiditj experiments, the amount of 85 Sr in the shell in
2 days is less than the igﬁaéted snail, but more activity is
recorded for the body. This means that the uptake of 47 Ca
through the gut is more efficient than the uptake of 85 Sr,
or that thé gut discriminaies against strontium. These
resulﬁs: which were not in an agueous medium, show that the
presence of such a medium, increases the accumulation of
isotopes in the shell., Rao & Goldberg (1954) found that

the mucus sheet on the g£ills of Mytilus califormancus provided

an absorbing surface for radiostirontium which is in a constant
state of renewal.

The high uptske by the shell in anagueous medium is
significant since the shell in Limnaea species only forms
14-22% of the fresh weight of the snail, and contains 33-45%
liguid, whilst the body forms 60-70% of the fresh weight of the

snail, of which 80% is liquid.
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(b) Distribution of radiostrontium in the tissues of Limnaea

stagnalis and Viviparus viviparus

The results as measured by the AF(FW) show that the
greatest éccumulation of 90 Sr is in the skeletal structures.
The rank order for the uptake of 90 Sr at 24 hrs. by Viviparus

”vi;igarus iss—

1. 'operdulum

2. shell

3. Heproductive system

4. mantle, kidney and heart

5. head and féot
6. digestive gland
This is in agreement with Machline and Templeton's 4}962)
statement, that tissues in contact with the medium are more
heavily contaminated than the internal tissues. The reproducti#e
system, mantle, kidney:and heart have openings into the mantle
cavity, where the water i1s changed freqﬁently due to the uptake
of oxygen by the gills.

The rank order for the uptake of 90Sr by Limnaea

_stagnalis is:~



@ 24 hours ® 48 hours

1 shell _ 1, shell
2.digestive gland 2 mantle

3. mantle 3, body

4$body 4 .digestive gland

This implies that there are calcium pools in the body, and in this
case supports the statement on page 216, that the digestive
gland has a supply of calcium which can be utilised by the
body at low calcium levels in reducing the amount of
radiobtrontium uptake by increasing the level of calecium in
the medium.
The distribution of 90 Sr by.L.stagnalis is similar to that

obtained by Bfown & Templéton (1964} on the uptake of 90 Sr
and 45 Ca by trouts-

1, skeleton

2 2ills
3, integument

4, muscle

5. Viscera
The gills would cérreépond with the.mantle region, and the
digestive gland with the viscera. Further work is needed on
the detailed uptake of radioisotopes over long periqu of time
and at different calcium concentrations in thé medium, which

would help.to elucidate the pathways of the radioisotopes Lt
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as well as the equilibria for the respective tissues.

(c) The uptake of 85 Sr by egs cases of Limnaea pereger

The uptake of 85 Sr by the egg cases of Limnaea pereger

is similar to the regression line obtained with unfed snails,

log AF(FW) 1.6 - 0.5 log Ca'’ ppm (at 28
85 Sr
days, egg cases)

log AF(FW) 1.6 - 0.4 log Ca’t ppm (unfed snails)

85 Sr

Thesérresults indicate that the uptake by the egg cases bshaves
like the unfed rather than the fed snails which had a slope of
~0.85 log Ca*¥ ppm.  Raven (19463 1956, 1958, 1564) have
observed that the layer which carries the cortical fieid in the
Limnaea egg, consists of a complex collcid composed of proteins
phosphatides, and probably ribonltdeic acid.,. Calcium ions,
adsorbed onto this complex, are important for maintaining its
stability and physiologzical properties. An exchange of calcium
ions in the membrane with other cations, e.g. strontium, in
the medium may occur up to & certain concentration without
altering the physioclogical properties of the membrane.
Additionﬁl substitution may cause differential permeability of
the membrane.

Jura & George (1958)Ifound that in the jelly enclosing the
puimonate eg-s calcium as well as protein, mucépolysaccharides,

and fats is present. Althoughthe jelly is essentially
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protective, the calcium can he utilised by the young snails.
The presence of protein as well as calcium in the jelly of
the pulmonate ezg could account for the 'one-line' plot

by the egg cases of Limnaea nerecrer.

It seems therefore that tie calcium concentration in the
medium is imporiant in controllin; the uptake of radio-
rontiuwn in the egg cases as well as the developing and adult
nails,

Fregh water molluscs as indicators of contamination of

natural waters by radioisotopes

Templeton and Brovm (1964) stateﬁhat, 'Studies on
the metabolism of calcium and strontium have indicated that
although strontivm follows calcium closely, there is a degree
of differentiation. In mammals, for instance, sirontium is
discriminated against calcium in absorption from the gut,
whilst in the kidney, calciwa is resorbed.preferentially to
strontium.'

Baver (1955, 1962) states that, 'to date no one has been

able to demonsirate any difference between calcium and

strontium in the rate of skelctal clearance of these elements

from the circulation.'! Bauver found that 90 Sr was retained
in young rats to a lesser extent that 45 Ca owing to preferential

excretion (or failure of reabsorption) of the former element
by the kidneys as well as by the gut.

Lxperimental evidence had proved that the uptake of radio-streplium
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and radiocalcium by Limnses species, Bithynia and Viwiparus
specles follow a similar path, but that there is discrimination
against strontium in the fed snails.

Van der Borght (1962) noticed that 90 Sr was accumulated in

a similar menner to 45 Ca by Limnaea stagnalis, and dis-criminated

. 3 * X .o =y . ol =l - ++
against strontium . in favour of calcium. Below 1O/ppm Ca
there was more strontium taken up by the unfed snail than

calcium, This is also true with Limnsea pereger, Limnaea

truncatula, Limnaea auricularia at low calcium levels, in the unfed

snails. The discriminatign in favour of strontium varies from
0-56 ppm Caf+, dependent on the molluscan species. Above this
level, the unfed énails discriminate against strontium, in
favour of calcium. Since the snails discriminate against
strontium above 56 ppm Ca++, then in their natural habitat

(66 pPrm Ca++ to 120 ppm 9a++); they will reduce the

radiation hazard to themselves.

The mean Sr/Ca ratic for fresﬁ water gastropods in fresh
waters in the U.S.4. is 0.75 compared with & ratio of 2.34 for
sea water (Odum 1958). Thus strontium may be taken up as a
calcium replacement more in fresh water than in sea water.

The life cycle of fresh water pulmonates is mainly annual,
(Comfort,l957; Yonge, 19585 Russell Hunter,1961, 1963;

Berrie, 19633 Fenwick,6 1964);znd therefore Limnaea species can
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only be regarded as éhort term indicators of radiocactive
pellution in fresh waters.

The main reason that they can be regarded as biological
indicators, is that they accumulate radiostrontium and radio-~
calcium to a level higher than that of the medium. The radio-
strontium is still retained in the shell after the snail has

died. Limnaea pereger is an ideal choice as a short term

biological indicator as it almost has a world wide distribution
(Russel Huntier ,1963), and it can tolerate a diversity of fresh
waler habitats.

Van der Borght (1962, 1962, 1964) has suggested that

Limnaea stagnalis can be used as a biological indicator, but
it is not as widespreaa as L.pereger,

Nelson (1963). has sugsested that the fresh Water clam
could be used as an indicator, since it is relatively immobile
on river botioms, and as the shell is increased in thickness

over the years, the radiostrontium is concentrated in the
nacreous layer (Thompson & Chow 1955). Also, the Sr:Ca ratio
is independent of the age of the mollusc. The clam also
discriminates against strontium relative to calecium in shell
deposition.

Ravera and Kerline (1960) have suggested that Viviparus ater

could be used as a biological indicator since it is the largest

prosobranch found in the Italian lakes, and is widely distributed
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in Italy.
There is a sirong need for a short term biological

indicator, such as, Limneea pereger or Bithynia tentaculata,

~which will measure the radiocactive deposition over a limited

peribd of time.

Theory of the uptake of radiostrontium and radiocalcium

By molluscs

The structure of the cell membrane and the theories of
cellular permeability are summarised by Wassermann (1963).

The effect of secretion of H+ and Ca.++ by the membranes of
organisms in altering the permeability of cells has been noted
by several investigators in both plant and animal celis.
KmbjérJ914; Solomonﬁl961;._antin,1931; Ellis, 19473 Kinizula

& Koketsu,1962; Abood, 19633 Jura & George,l958; Steffensen,
1958 Ussing,1960; Thomason & Schofield,1961; Jayson &
Pickering,l962; Jayson et al,1964: Raven, 1963).

The effect seems-to be that the calcium affects the
viscosity of the lipo-protein layer, and at low calcium levels,
the permeabilit& of the cell is increased. This would accounﬁ
‘for the increased uptake of radiostrontium at low calcium levels.
¥artonosi & Feretos (1964) state that the presence of strontium

has no effect on the transport of calcium. Abood (1963) also

states that polyvalent cations have the.- same effect, but
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-monovalent cations work the other way. This could account
for the uptake of Yttrium 90 and Scandium 47. Vickery (1960)
states that scandium does not sxist in aqueous.solution, but
' because of its amphoteric nature readily forms complexes of
considerable stability. = This could account for the fact

that the uptake of scandium 47 by Limnaea auricularia is

similar in both fed and unfed snails. Yttrium (Vickery 1960)
is normally found in nature as a replacement of calcium, e.g.
in apatite crystal. This could explain that the uptake of
ytitrium 90 is similar to the uptake of radiostrontium, since
it replaces calciim in the snail. However, yttrium tends

to be in the particulate form (see Figure 124i), and therefore
the uptake of'yttriuﬁ would follow the path of strontium in
being adsorbed onto the shsll rather than be taken up by the
cellular membranes. The other impor%ént point, is that
yttrium 90 is‘the daughter product of strontium 90, and that
‘probably the activity messured is ytirium from strontium
decay. Palu@bo (1963) states that the rare earths to which
_yttriﬁm gn& scandiuﬁ belong, usually occur in the insolu@le-
forﬁ and are not feadily available for uptake by living |

systems.



Yttriun A % %

Tonic Colloidal Particulate
sea water 0.4 2.2 28
distilled
water 1.6 1.5 86

Figure 124

Physical chara¢teristics of yttrium and scandium (Vickery 1960)

E S
Yttrium occurs in the earth's crust in small amounts e.g.
51g/%oh and scandium 5g/ton . (Goldschmidt, 1954).

Palumbo (1963) found that yttrium and scandium were not
readily available for uptake by living organisms. He found
that phytoplankton concentrated these elements 10 times as much
as fish, and concluded that this selectivity was due to the
external surfaces’of the organisms. He found that the primary
site of deposition was the skeleton in both mollusc and fish,

The insolubility of these particulate isotopes at the
physiological pH of the digestive tract made their absorption
difficult,

It was observed in Limnaea truncatula that the initial counts

of te faecss
A

are higher than the three week counts (90 Sr), which implies

that the gut discriminates agains¥y yttrium in favour of strontium.

Also, the count rate decreases
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with increasing calcium concentration in the medium as shown

in Figure 123. (Boroughs, Toimsley, Hiatt, 1956).
Expegi?:ntal 1 5 3 4 5
9CY-90Sr Cpm. 1261.6 | 821 | 740 720 | 581.8

90sr cpm. | 710 | 450 |345 | 310 | 138
Calcium conec.
Ca*t ppm. 13.6 13.6 }13.6 |18.9 66

Figure 125.

Table of uptake 90Y-90Sr and 90Sr by faetss of

Limnaea truncatula at 14 days, at different

calcium concentrations. Figures are the mean

of 6. %Y-95+ aw wifial coun's; 9o S+ are 3weel coumts.

The physical properties of calcium and strontium suggest
that the&_follow thes same pathway throﬁgh bioclogical membranes,
since the passage through ths pcores in the membranes is
determined by the hydrated ator or molecule rather than the
ionic radius of the element. (ﬁarris,l960). Alfhough the
unhydrated ionic radius of calcium is 1.06 2 and strontium is
1.27 2 , (Vickery)1960; Sidgwick’1961), they have the same
mobility of 59.8 which sugrests the same hydrated ionic radius.

Nightingale (1959) states that the hydrated ionic radius of
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calcium and strontium is the same ,i.e. 4.12 X .

A new habitat of chironomid larvae

Whilst investigating the uptake of 90 Sr by Limnaea
Ppereger, it became necessary to dissect out the different
parts under a binocular picroscope. It was observed that
20 out of 30 dissected snails contained stages of a
developing chironomid larva ( 15 of Stage I and 5 of Stage II),
as shown in Figures126a and 126b respectively. The chironomid
larveae were rffodgvdl in the mantle cavity of the snails, which
were obtained from the Shropshire Union Canal, Chester in
July 1963, The calcium concgntration of the canal was
66 ppm Ca++, and the pH of 7.4 .

This habitat is not listed in reference books on the
subject. (Taylor, 1894; Ellis, 1926; Boycott, 1954; 1936a.b;
Caullery, 1952; Macan, 1959; Step, 1960; Morton, 1963). The
activity of the chironomid larvae was extracted as for the
snail, and is shown in Figure 127. The results in Figure 127
show thet (i) the development of chironomid 1érvae is favoured
by high calcium levels, (ii) that radioawetive strontium is
concentrated by the larvae, (iii) that accumulation of this
isotope is calcium dependent and (iv) there is a possibility

of further concentration
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of thilS. isotope. in the food chains, since the chironomid
larvae form§the diet of many animals,

It is highly probable that the chironomid larvae are not
parasitic on the snail, but only gain shelter from living in

the mantle cavity.

-':f r -‘\T
Isotope Count AP, io' of AR, Fo. of
arvae larvae
Y-Sr 15 10 8.7 10
90 Sr 9 10 5 10
Difference in
isotope counts 6 2.7
Calcium ion
conc., 8ppm 66ppm
Larval stages ' 10 of 5 of Stage I
Stage 1 5 of Staze II

Figure 127.

Wotes: (i) Mean fresh wsight of the chironomid larvae 0.1.939 g
(ii) AF's at 5 days from commencement of experiment.

G Y- S*-', AE , based on witial COMS)L
A0S+ | AF | basedk on Sweetl coumdts.
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Further Reseaxrch

Many problems relating to the uptake of 47 Ca and
radiostrontium (85 Sr, 89 Sr and 90 Sr) by molluscs
remain to be solved. Some of the most interesting ars -
(i) influence of increasing the ”cfivity of the surrocunding
water, (ii) effect of pH, (iii) effect of temperature,
(iv) effect of oxygen concentrations, since all biological
systems ara radiosensitive in theé presence of oxygen (Bacq
& Alexander 1961), (v) the uptake by molluscs from different
habitats, to obtain some ecological distributioﬁ, (vi) the
influence of other cations, e.z. magnesium, (vii) salinity
and (viii) the influence of irradiation, by  means of X-rays,

J"

gamma rays or neutrons on the uptzke of the above mentioned

isotopes.
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- Summary
l. In fresh waters, the uptake of radiostrontium and radio-

calcium by Limnaea species, Bithynia tentaculata and ¥iviparus

viviparus, was influenced by the calcium concentration of the
medium.

The effect of the following environmental conditions upon
these snails was investigated: (i) +temperature, (ii) hydrogen
ion concentration, (iii) the effect of darkness, (iv) the
concentration of isotope in the surrounding medium and (v) the
surfacing of the snails.

2. The influence of the previcus habitat had a profound effect

on the uptake of radiostrontium by Limnaesa pereger. The
lower the calcium concentration of the habitat, the greatser

the uptazke of radiosirontium and radiocalcium by the snails.

I

. The uptake of radiostrontium and radidcalcium 5y unfed
Limnaea species showed that the snails discriminzied against
calcium in favour of strontium below 56 ppm Ca++, according

to the species énd the state of feeding; and in favour of
calcium above this level,

4. In the fed Limnaea species, the snails discriminated against
strontium in favour of calcium at all calcium concentrations in
the surrounding medium. This provés that the food - lettuce,

Elodea, watercress - plays an important part in the uptake of
e dedeakitind
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radiostrontium and radiocalciuwn in Limnaea species.

5. In Bithynia tsntaculata, the results for the fed and unfed, show

that it discriminates agaiust strontium in favour of calcium.
The results also indicate that Eithynia has a greater control
of the permeability of its tiscues than Limnaea species at
low calcium concentrations,

6. The uptake of radiostrontium and radiocalcium by the
éhell is greater than that of the body in all the molluscs
%ﬁsted, and there is greater accumulation of these isotopes by
the skeletal tissues than by the visceral tissues of the body.
7. The accumulation of radiostrontium follows 2 similar path
to that of radiocalcium, but the snails tend to discriminate
against strontium. This would reduce the internal radiation

dose to the snails.’

8. It is suggested that Limnaea pereger is a good short term
biological indicator for radioactive contamination of fresh
waters, because of its widespread distribution and ability to
tolerate a diversity of frech water habitats. Bithynia

tentaculata, although able 1o control its membrane

permeability to a greater extent than Limnaea species at low

calcium concentration, does not accumulate z2s much isotope as

L.pereger, and therefore the difference in the activity beiween
J

the habitat and the snail would be less in Bithynia than in

Limnaea,
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9. The uptake of radicstrontium and radiocalcium was studied in
a humid atmosphere. The results suggest that vhile the food
is iﬁpqrtant in the uptake and accumulation of radiocactive
isotopes, most of the activity taken up by the snails is

taken up directly from the water. The focd, however,
stabilises the permeability of the snail'é membranes.

10. Some information was incidsatly collected on the uptake
and accumulation ofqpYttrium and 47Sc, which showed that these
pariiculate radiQisotopes are discrimingted against by the
molluscs in favour of the ionic radiocisotopes 90 Sr and 47 Ca.
11l. A new habitat for chironomid larvae was discovered in the

mantle cavity of Limnaea pereger. This finding indicates

that there is a possibility of further contaminationj&ﬁnthese
isotopes in the food chain. This is particularly important

with 90 Sr since it has a half-life of 28 years.
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