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PREPARATION OF RADIOACTIVE TRACER 
FOR STUDYING SEDIMENT MOVEMENT 

Syed Dildar Hussain, Ghulam Akbar tihauri, Mohanmad Uafeez Qureshi 
and 

Maeeai Ahmad Khan 

Radiation S Isotope Applications Division (RIAD) 
Pakistan Institute of Nuclear Science and Technology (PIMSTECH; 

P.O. Nilore, Rawalpindi, PAKISTAN 

ABSTRACT 

In order to study the movement of sediment in harbours, 
s&tuariee and streams, artificial sediment in the form of glass 
is prepared. A preselected nuclide is added to the glass 
during its manufacture. The density and size distribution of th? 
glass particles is matched with that of the natural sediment. The 
activation of the artificial sediment in a reactor changes the 
nuclide into a radioactive isotope thereby tagging it and making 
it possible to trace its movement with suitable radiation 
detector. The method of tracer preparation i3 des r̂ lbed with 
apecial reference to sediment movement studies at Karachi herbour. 
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1. INTRODUCTION 

Radioactive tracers are widely used to study the 
(1—6) rovement of bed load in harbours, estuaries and streams 

etc. The pre-requisite for a good tracer is that it should 
move like the natural sediment in the prevailing field cond
itions. This requires the density and grain size distribution 
of the tracer to be similar to that of the sediment of the 
experimental area. 

The tracer can bs prepared in different ways e.g. 
labelling of the natural material or activation of a pre
selected impurity added to artificially produced sediment. 
The natural material, on irradiation, yields short-lived 
radioisotopes which ate not suitable for long-term field 
experiments. The surface labelling of natural material 
distributes radioactivity proportionally to the surface area 
of the particle. The activation of the artificial sediment 
produces radioactivity proportional to the volume and hence the 
mass of the labelled particles. About 1 kg of such tracer 
with 50 curies of scandium-<46 activity was produced for use 

(7-8^ in sediment studies at Karachi , The details of the 
method of preparing this tracer are presented. 

2. TECHNIQUES OF TRACER PREPARATION 

The tracer material should behave just like the 
sediment whose movement is to be studied. It should have 
grain size distribution and grain density similar to that 
of the natural sediment. The tracer material to be tagged 
with radioactivity can be either natural sediment itself or 
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artificially produced glass resembling the natural sediment. 
A few techniques of preparing radioactive tracer are 
described below. 

2.1 Treatment of Natural Sediment 

Natural sediment can be tagged with radioactivity in 
different ways as given below 

2.1.1 Irradiation 

The irradiation of natural material normally yields 
only short lived isotopes which are unsuitable for long term 
field investigations . Representative sample of the sediment 
to be studied has to be taken for irradiation. Mineral 
constituents of grains have specific gravity lower or higher 
than quartz. Disparities in the specific activity of 
individual grains thus occur. These disproportionately active 
grains, because of their different specific gravity, might not 
behave in the same manner as the remainder of the sand and the 
movement would be unduly weighted by these typical grains. 
Heavy and light constituents may be removed by density sepa
ration leaving the final tracer composed almost entirely of 
quartz grains. 

Measurements of the radioactivity of different size 
fractions of the bed sand by Crickmore and Lean showed 
that the activity was proportional to the surface area rather 
than to the volume of the particles. Ideally a measurement of 
the radioactivity should yield directly the weight of the 
tracer present irrespective of the particle size. This would 
happen in case of volume labelled particles. The particle size 
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distribution is adjusted so that the activity carried on 
each size fraction is oroportional to the percentage of 
that size fraction by weight in the sand. 

The sand sample is irradiated in a reactor. Adequate 
cooling time is given to allow the ahort-lived radioisotopes 
e.g. silicon-31 (half life 2.6 h)to decay. The activity 
acquired by sand is due to a mixture of several radioisotopes. 
The main short-lived isotopes detected in one ease were - -
sodium-2* (half life 15 h) and bromine-82 (half life 36 h) and 
activity had a strong gamma-ray component which could be 
easily detected. Such tracer has been used in experiments 
lasting about 8 days in which the decay time of the activity 
was sufficiently long for laboratory studies, yet short enough 
for experiments to be repeated at close intervals 

2.1.2 Surface Labelling 

Surface labelling of sediment material is the only 
method possible when large amounts of labelled material are 
necessary for tracing experiment. It involves plating of a 
radioisotope such as goid-198 or chromium-51 onto the grain 
surfaces. The activity is superficial and must be protected 
against loss by dissolution and abrasion in the prevailing 
field conditions. The radioactivity is proportional to the 
surface area of the grains. 

The storage and disposal of the radioactive materials 
must be undertaken in accordance with the radiation safety 
procedures*11-12*' 

Methods of labelling sand with gold-198 and chromium-51 
are described below: 
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2.1,2.1 Gold-198 Labelling 

The sand is washed with hydrochloric acid to 
destroy carbonates, p-isopropylbenzaldehyde is used as 
the labelling agent because of its better adsorption of 
gold and its insolubility in water which reduces the 
possibility of the gold being precipitated in solution. The 
sand is treated with a solution containing p-iaopropylbenzaldehyde 
rand absolute ethanol in the proportion (2.5 to 3): IS. This 
mixture is allowed to stand for 10-15 minutes and the excess 
solution decanted. The sand i6 washed with ethanol and water, 
and dried. It is then treated with gold-198 chloride solution. 
After 30 minutes the solution is decanted off and sand is 
dried. Heating the labelled sand to 1000°C increases the 
retention of gold on the sand. Gold on the labelled sand 
heated to 1000°C is apparently in elemental state and washing 
the sand with hydrochloric acid removes negligible amount of 

activity. About 98% of gold deposited on sand in this way is 
(13) retained as shown by leach tests 

2-1.2.2 Chromium-51 Labelling 

The sand TO be labelled is treated with hydrochloric 
acid to remove shell fragments. It is then washed with 
demineralized water to remove traces of soluble calcium and 
alkali metals which would form soluble dichromates that do not 
decompose at operating temperature. The dried sand is loaded 
into a mixer provided with heating arrangement. Ammonium 
dichrornate solution labelled with chromium-51 (equivalent to 
3 mg or less of chromium per gram of sand) is added to dried 
sand in a quantity sufficient to dampen it uniformly. Mixing 
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is- continued while the temperature is raised and held at 
350°C for about 30 minutes. The ammonium dichromate decomposes' 
according to the following reaction: 

(NH | >) 2 Cr 2 0 ? .fl* aVcr 2 0 3 • UMjO «• N 2 

After cooling, the labelled sand is washed with fresh water 
to remove residual soluble dichroaates and fine suspension. 
About 70% of the chromic oxide adheres firmly to sand grains 
for long periods under highly abrasive conditions in sea water. 

5i Ammonium dichromate labelled with Cr is prepared 
by treating irradiated chromium metal with perchloric acid 
to convert it into oxide. The chromium trdoxide is separated 
and neutralized with concentrated ammonium hydroxide solution 
to form ammonium dichromate. 

The technique permits the labelling of large quantities 
51 of sand with multicurie amounts of Cr under appropriate 

(1*4) 
conditions of radiation and contamination safety 
2.1.3 Simulated Mass Labelling 

Mass labelling is achieved when the radioactivity is 
proportional to the weight of the particle tagged. Simulated 
mass labelling of natural Material could be carried out by. 
siev; fig the sand into fractions and labelling each fraction 
with the same amount of say, gold-198 per gram of sand by 
the method already described. The radioactivity per unit weighr 
of the sand processed in thia way appears to be proportional to 

(13) mass rather than to surface area . 

2.2 Treatment of Artificial Sediment 

This method involves the preparation of artificial 
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similar to those of the natural sediment. A preselected 
tracer nuclide is incorporated into the glass matrix during 
its preparation. The glass pieces are ground and the grain-
size distribution is matched with that of the natural sediment. 
The activation of a suitable quantity of the inactive glass 
gives the radioactive tracer material with the desired activity. 
Since the activable element is incorporated in the volume of 
the tracer, the activity is proportional to the mass of the 
tracer. 

3. SELECTION OF THE RADIONUCLIDE 

The- radionuclides which can be used to tag the tracer 
material for studying sediment transport phenomena are 
generally gamina-emitters. Properties of a few radionuclides 

( U ) 

and their parent nuclides * are listed in table 1. The cteri--"i••; 
water concentrations (insoluble) x ' are also given. 

The following considerations may be helpful in the 
selection of a suitable radionuclide. 

The half life of the radionuclide should be well suited 
to the duration of investigation, A short lived radionuclide 
such as gold-198 may not be suitable for long term investiga
tions. The use of a long-lived isotope tot- short term 
investigations may lead to unnecessary environmental contamina
tion. 

The radiation emission of the radionuclide should be 
given due consideration. The radionuclide should emit gamma-
rays of suitable energy and intensity. The energy of gamma-
rays should be high enough to be of a greater range in water. 
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The flux density of the gamma-rays should be large to 
raise their detectability. 

The detectability of the radionuclide by the 
available radiation detection system need also be taken into 
consideration. The quality and quantity of the radiation 
should match the detection sensitivity of the detector. 

If artificially prepared sediment is to be tagged by 
activation, the parent nuclide is carefully selected. It should 
be available in a suitable pure chemical form and capable of 
being easily and strongly fixed as a component in the sediinn-.• , 
Moreover it should have high natural abundance and thermal 
neutron capture cross section so as to yield high specific 
activity of the desired radionuclide. The nuclide should be 
uniformly distributed within the glass matrix. 

The facilities oi radioisotope production, handling, 
transportation and possible radiation health hazards to the 
classifisd worKers and public at large must be considered before 
selecting a radioisotope. 

The constraints mentioned above on the selection of a 
suitable radionuclide do not allow the investigator a wide 
choice. The radionuclides that can be employed in medium 
term sediment movement studies are scandium-^6 and iridium-}^"•'. 

(l 7) A comparison of some important parameters e.g. half life, 
detection sensitivity, statistics of detection, effect of 
variation of bed-detector distance on detector response, 
preparation of the inactive tracer, radioactivation, measurement 
of activity, handling and transport, handling at the experimental 
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site, cost of tracer and radiological health hazards for 
both scandium-46 and iridiuffi-192 indicates the overall 
superiority of the former. Scandium-46 is thus a radionuclide 
of choice. 

For sediment movement studies at Karachi, 50 curies 
of scandium-U6 activity in 1 kg of scandium glass was consi-

( 13"» dered safe from radiation.hazard and safety considerations 

4. PREPARATION OF INACTIVE SCANDIUM GLASS 

Preparation of inactive tracer glass involves the 
nixing of oxides of silicon, sodium, calcium, lead etc. and 
the activable element i.e. scandium in a suitable proportion. 
The mixture is fired in oxidizing atmosphere and the molten 
mass dropped into cold water. The glass pieces are annealad 
to relieve stresses and are ground to match the grain-size 
distribution of the natural sediment. The details cf the 
rtsethod adopted for preparing scandium glass for sediitie;it 
movement studies at Karachi are given in the following sections. 

4.1 Composition of the Glass 

Preparation of scandium glass in early days involved ;..-.•: 

fusion of scandium oxide with soda glass. Although scandium 
oxide is soluble in soda glass upto about 5%, losses of this 
scarce and expensive oxide to the extent of 50% during the 
process of incorporation of Set)., in glass have been reported. 
However if Sc^O^ is mixed with various ingredients of the 
glass and the Mixture fused at appropriate temperature, the 
loss of Sc 20 3 Is negligibly small* 1 9*. 
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I The composition of glass is adjusted to get the 
I C> 0 ) 
1 desired density. A typical composition " giving a density 
I of about S.65 g/am3 is gi,Jen in table 2. 
I The chemicals used ware of analytical grade from 

E. Merck (Darmstadt, West Germany). The scandium oxide (Russian I i 
* product) was 99% pure and contained iron, calcium, silicon, 
t ytterbium, ytterium, zirconium, titanium to a concentration of 
| 0.05% and thorium, aluminium and magnesium to 0.01%. 
i 

I SiO ? (quartz) of mesh size 25-100 was added to 
hydrochloric acid (May % Baker, specific gravity 1.180) diluted 
with art equivalent volume of distilled water. Acid stood at 
least 2b mm above SiO ?. The mixture was boiled for four hours, 
cooled and decanted. SiO- was washed six times with distilled 
water. It was then boiled with distilled water for two hours, 
cooled and washed again with distilled water U-5 times, finally 

I it was dried overnight in an air oven at :iL0-T?0°C and cooled in 
a dessicator. 

All the ingredients were weighed using an analytical 
balance and thoroughly mixed. 

4.2 Fusion of Glass Ingredients 

A furnace wade up of fire bricks and consuming naf ra 1 

gas and air was employed for fusion of the glass ingredients. 
The furnace and grog crucible were heated gradually to a 
temperature of about 1300°C . This temperature was reached in 
approximately five hours. The crucible was taken out and a 
batoh of glass mixture was added. This was heated in the 
furnace for about half an hour. The .addition of the glass mixture «nd 
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subsequent heating was repeated 4-5 times to have an adequate 
quantity of fused glass. This process had to be adopted 
because the crucible could not accommodate much of the 
glass mixture at one time. The mixture was heated for 
ar>ont one hour1 after addition of the last batch. The 
temperature in the furnace was around 1U00CC. About 3 kg 
glass mixture was fused in this way. 

Crucibles of platinum and alumina were tried but 
the one of grog worked. 

4.3 Cooling and Annealing 

The molten glass was in the form of transparent 
viscous fluid. It was dropped into water at room 
temperature for rapid cooling. The lumps of glass thus 
formed were annealed at a temperature of about 620 C. This 
process resulted in the formation of irregular lumps of 
about 0.5 cm diameter with little internal stresses. 

*• • ** Matching of Grain Size of Glass 

A ba.i 1-mill consisting of a porcelain cylinder and 
halls was u«?ed to shatter the glass lumps to finer size. 
This resulted in particle shape close to that of natural sand 
The powdered glass was graded by U3ing a set of British 
Standard Sieves with mesh number 52,60,72,85,100,120,150,170, 
200,240 and 3C0. The aperture of this set of sieves ranged 
from 29U.6U to 53.31 microns. The alternate grinding and 
sieving was repeated and the glass retained by each sieve 
bottled separately. Glass particles of various sizes were 
mixed in the proportion matching the grain-size distribution 
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of the natural sand. Approximately 1200 g of size-matched 
glass was prepared. The density of this glass was found to 

3 be 2.63 g/cm . 

The size distribution of the sand of the 
experimental area of Karachi harbour is shown in figure 1 
and that of the scandium glass tracer is given in figure 2. 
It can be seen that the deviation front the desired grain-size 
distribution is extremely small and it is only at the lower 
end of the curve. 

5. ACTIVATION OF SCANDIUM GLASS 

The radioactivity required for the sediment 
movement studies at Karachi was 50 curies of scandium-46 
in 1 kg of the scandium glass. The experimental conditions 
were such that the tracer had to be equally divided into 
32 parts and activated ' J*'' ' The details of activation 
of the glass are giver, below: 

5..1 Encapsulation of Inactive, Tracer 

Capsules of silica glass tubing of internal 
diameter 2.6 cm and wall thickness 1." mrn were fabricated. 

3 Bulk density of the sand was found to be 1.C8 g/cm' . The 
height of the capsule was found to be 6.31 cm. On*', kilograr 
of scandium glass was distributed into 3? equal parts. Each 
of the 32 capsules was filled with 31.25 * 0.001 g scandium 
glass and sealed properly. 
5' 2 Irradiation of Scandiuni Glass 

The glass capsules were enclosed in aluminium cans 
for the containment of radioactive ,?las3 in caso of accidental 
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breakage of the capsule during irradiation and subsequent 
handling. The cans were arranged in k rows and 8 columns in 
an aluminium rig fabricated for this purpose (fig. 3). The 
rig was lowered to the core face of 5 MW swimming pool type 
Research Reactor at Silore, Rawalpindi. Very thin steel ropes 
were used to hold the rig in position. 

Thermal neutron flux which each capsule in the rig 
would receive was measured in a separate experiment and 
average flux was determined. The activity required to be 
produced 17 days prior to the injection was calculated from 
the law of decay of radioactivity and found to be 58 curies. 
The time of irradiation required to produce 58 curies of 
Bcandiufii»>*6 was calculated by using the following relation: 

where t, X, I, A, $, o, N and m stand for time of irradiation, 
decay constant, activity to be produced, atomic mass of the 
element to be activated, thermal neutron flux, thermal neutron 
capture cross section, Avagadro's number and mass of the activ-

13 2 able element respectively. Taking ^ = 1.1 x 10 n/sec. cm and 
B J 23 barn, the time of irradiation was found to be about 
50 hours. 

The reactor was operated at full power and the 
scandium glass irradiated for 50 hours. 

5.3 Post-irradiation Treatment 

After irradiation, the tracer was left in the reactor 
pool for 10 days to allow the activity due to sodium-2M etc, 
to decay. The rig was then transferred to the hot cell to 
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remove t h e aluminium cans and load the capsules i n t o t h e 

t r a n s p o r t con ta ine r . Remote unscrewing of the caps could 

not be done. The following chemical method was adopted. 

The aluminium cans con ta in ing the capsu les were put 

- o n a s t a i n l e s s s t e e l s tand placed in a s t a i n l e s s s t e e l t r a y 

* with concentra ted c a u s t i c soda oo lu t ion of about 95% strength. The 

,. basas of the cans dipping in this solution dissolved away in about two bra .?•. 

r The oap3ules were inraereed in a solution <* sulphuric acid of 5% .strength 

J. to neutralize alkali . After* rinsing with water, the capsules were loaded ir> 

j two transport containers ' which had been specially., d e s i r e d and 

f ab r i ca t ed for t h i s purpose. 

S.M Confirmation of A c t i v i t y 

Five small capsules were prepared from s i l i c a g l a s s 

tub ing . About 20 tag scandium g la s s was put in each of t h e 

four t e s t c apsu l e s . The f i f t h capsule was leapt.empty t o check 

background r a d i a t i o n from i m p u r i t i e s in the g l a s s while 

measuring a c t i v i t y of scandium g l a s s . Al l the f ive capsu les 

were sea led and enclosed in the aluminium cans con ta in ing 

the main capsu le s . The t e s t capsu les were placed a t d i f f e r e n t 

l o c a t i o n s in the i r r a d i a t i o n r i g . The main capsules and t h e 

t e s t capsules were i r r a d i a t e d s imul taneous ly . The measurement 

of a c t i v i t y of the t e s t capsu les showed t h a t t he a c t i v i t y 

produced in 1 kg of scandium g l a s s was 48.H3«f c u r i e s which 

was only 3.13% l e s s than the t a r g e t value of 50 c u r i e s . 
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Table 1 : Basic nuclear properties of some nuclides 
which can be used as tracer 

Table 2 : Typical composition of scandium glass 



Table 1 : Basic nuclear proper-Ties of some nuclide* which can 
be used as tracer 

Radionuclide 
Half life G a — a emission 

Energy 
HeV 

Absolute 
intensity % 

Derived water 
concentration 
(inauluble)* 

pa/ cm* 

Parent Nuclide 
K Natural 

abundan
ce t 

Thermal neutron cap' 
ture cross section 
(barn) 

$odiuafc->2*» 

Silicon-31 

Scandius»-16 

Bromine-82 

15h 

2.62h 

83.9d 

Chromium-51 27.8d 

Zinc-65 2*3.8d 

35. In 

l*ntfcama*-110 <iQ.22h 

1.36855 100 
2.7511 99.85 
1.2662 0,07 

0.8893 100 
1.1205 100 
0.3201 9.8 

1.11552 19.8 
0.511 3.1 
0.55H3*» 72.5 
0.60650 1.0 
0.6191 39.6 
0.69836 28.0 
0.7765 83.2 
0.82779 21.2 
1.008 1.7 
1.0*1 28.0 
1.31713 27.0 
1.17188 17.0 
0.32875 21.3 
0.13255 3.1 
0.18703 15.7 
0.75179 1.5 
0.8158 23.6 
0.86786 5.6 
0.91960 2.5 
0.92525 6.8 

8x10 

6x10 

1 0 ~ 3 

0.05 

5x10 

1 0 " 3 

-1 

-3 

-3 

7x10 -1 

23 
11 
30 
11 
15 
21 
50 
21 
61 
30 
81 
35 

Ha 

Si 

Sc 

Cr 

Zn 

Br 

139 
57 La 

100 0.10 t 0.03 

3.09 0.10 ± 0.01 

100 25 t 2 

1.3 16 t 0.5 

18.89 0.82 ± 0.01 

19.16 0.26 

99.911 8.8 * 0.7 

continued. 
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Table 2 : Typical composition of scandium glass 

Sr. No. Chemical % by weight No. 
Name } 

t t 
Formula 

% by weight 

1. Silicon oxide 
(Quartz) 

SiO, 67.2 

2. Sodium oxide Ka 20 
Na 2CC 3 

m.* 
or 

Sodium carbonate 

Ka 20 
Na 2CC 3 2̂ .881 

3. Calcium oxide CaO 11.S 
or 

Calcium carbonate CaC03 21.25 
H. Lead oxide 

(Litharge) 
PbO 5.0 

5. Scandium oxide S c2°3 1.5 
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t#3*. 

FIGURE CAPTIONS 

Figure 1 ; Particle size distribution of sand of 
the iniection area 

iigure 2 : Particle size distribution of scandium 
glass tracer 

Figure 3 Schematic showing irradiation rig 
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