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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|
Q‘“k:\“\ﬂ‘ GE ReIy (4

Q
2 4 NOV 1963

LIBEARY




-2 -
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
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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.
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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
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"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.



~ 64 -

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
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++
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














































































































































































































































































































































































































































































































































































