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Estimation of Dose Rates in

Tsetse Fly Blood – Diet Irradiator
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    Abstract

Gamma dose profile in blood–diet was estimated for a 60Co based gamma irradiator in

Ethiopia which was set up under IAEA’s Southern Tsetse-Fly Eradication Project (STEP).

The unique product irradiation configuration of the blood-diet required twin-circle source

geometry. Analytical & MCNP methods used for dose estimation required a modification in blood-

diet vessels before commissioning dosimetry.

Keywords: Tsetse fly, Blood-diet, Gamma Irradiator, Category IV

Introduction

Under  the  Southern Tsetse  f ly
Eradication Project (STEP) of IAEA, an industrial
gamma irradiator was set up at Addis Ababa in
Ethiopia jointly by Board of Radiation &Isotope
Technology and M/s Symec Engineers (India) Pvt.
Ltd.

Tsetse fly carries parasites which causes
sleeping sickness (Trypanosomiasis) in human
beings and cattle. IAEA initiated STEP for the
eradication of Tsetse flies by Sterile Insect
Technology (SIT). First, flies of good quality are
bred by giving them a blood-diet of pathogen free
blood. For this the blood meal is processed in the
gamma irradiator for a dose of 1200 Gy - 1800
Gy. Then the male flies are subjected to SIT for
a dose of 120 Gy and then released. Gradually

Tsetse fly population would collapse, eradicating
the disease.

Description of the plant

The gamma irradiation plant at Addis Ababa
in Ethiopia is designed for a maximum capacity of
100kCi 60Co[1]. This is a category IV[2] batch type of
irradiator with two concentric cylindrical source frames
surrounded by cylindrical stainless steel product vessels
revolving on turn-tables placed around the source
(Fig.1& Fig.2). The distance of the product vessels
from the cylindrical source can be manually adjusted
for each turn table via a lead screw. The product
(blood-diet) is loaded and unloaded into the product
vessels & carried to the irradiation cell using
manually operated trolleys.
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Fig.4 Dose positions in blood vessel

Materials and Methods

60 kCi activity was theoretically distributed
in 16 source pencils of BC-188type in this irradiator
configuration.The dose rates in irradiation mode were
estimated when rotating vessels are at distances 75cm,
100 cm and 125 cm from the source centre. Calculation
methods used were analytical & MCNP to corroborate
the analytical results.

A source distribution model was developed
for this purpose and Dose Uniformity Ratio (DUR) was
also evaluated for all the cases. This is repeated for all
the eight vessels.

The inner and outer cylindrical source
frames (Fig.3) are of Pitch Circle Diameters (PCDs)
25 cm and 46.2 cm respectively. The inner frame
can accommodate 24 source pencils of 60Co  (BRIT
make, BC188 type) and the outer frame 28 numbers of
source pencils. BC 188 type pencil is of length 45.1cm
× 1.11cm diameter and is doubly encapsulated. There
are 8 product vessels, each vessel is of 40cm height ×
40cm diameter and are made of 0.3cm thick SS.

Fig.2 Blood- diet vessels around the source

Fig.1 Blood-diet Irradiator at Ethiopia

    Fig.3 Cylindrical source frame

Top layer

Middle layer

Bottom layer
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 Table 1. Dose rates in blood- diet in a rotating vessel at different distances from source centre

References
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Panoramic Gamma Irradiators [1993].

Results & Discussion

Dose profile in all the eight vessels was found
to be more or less similar. A typical example is given in
Table 1. Calculated DURs for all three distances which
were found to be higher than 1.5 (the prescribed value)
for the blood-diet. Therefore the volume available in
the vessels was required to be reduced /reworked in
the central region of each vessel. Alternatively the vessel
diameter may be reduced to achieve the desired Dose
Uniformity Ratio (DUR).

Conclusion

Estimations of dose profile carried out for the
Ethiopian blood- diet irradiator revealed a Dose
Uniformity Ratio between 1.73 and 2.10, requiring
change in design of the product vessel.
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Abstract

Decontamination of spices by gamma irradiation is a well established technology. The Ra

diation Processing Plant (RPP), Vashi, Navi Mumbai, has sufficiently demonstrated the

efficacy of gamma irradiation of spices to an average dose of 10 kGy. The dose measurement

reports of RPP often showed radiation dose of about 8 kGy & more at the minimum dose position

while the maximum dose exceeds 11 kGy and the dose uniformity ratio was found to be 1.3. The post

irradiation microbiological assessment of the spices processed at minimum dose position showed

total aerobic plate count (APC) of maximum 103 CFU/g while coliform & mould count to be below

detectable level (<10 CFU/g).  However some spices such as fenugreek, ginger, pepper etc. have

threshold dose limit of 5-10 kGy where flavor or aroma of spices may change. Hence few spices were

irradiated at a low range of 6-8 kGy radiation doses at RPP. The post irradiation microbiological

evaluation of these spices showed similar results as above, without any significant difference. Thus,

these studies are suggestive of irradiation of spices to the minimum radiation doses of 6-8 kGy so as

to ensure minimal sensory changes in spices coupled with efficient utilization of RPP.

Introduction

Spices are one of the important components
in many of our food preparations. However, most of
the spices are reported to be contaminated with
microorganisms as high as 107 CFU/g of total aerobic
plate count [1]. Gamma irradiation is an effective

technique for decontamination of spices. The efficacy
of irradiation of spices is well established [2]. Radiation
dose of 6-14 kGy is being recommended by
Government of India for radiation processing of spice
[3]. Radiation processing plant, Vashi was commissioned
in the year 2000 and since then it has demonstrated its
efficiency where more than 15000 tons of spices were
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processed to an average radiation dose of 10 kGy. The
post irradiation microbiological data of these spices
when processed at minimum dose position was found
to be maximum 103 CFU/g of  total aerobic plate counts
whereas mould & coliform count was found to be below
detectable levels. The radiation dose measurement
reports often showed radiation dose of about 8 kGy &
more at minimum dose position while the maximum dose
exceeds 11 kGy and the dose uniformity ratio was found
to be 1.3. However some of the spices such as
fenugreek, ginger, pepper etc. have threshold radiation
dose limits of 5-10 kGy, thus the higher limits of radiation
dose may prove detrimental to such spices [4]. Hence
irradiation studies of few spices to low recommended
dose range of gamma radiation  was carried out
considering threshold dose & also enhancing overall
efficiency of the radiation processing plants. The present
paper deals with the comparative microbiological
assessment of gamma irradiated spices processed to
the minimum radiation dose of 6-8 kGy and an average
dose of 10 kGy at RPP, Vashi.

Materials & Methods

Spices: 500 g each spices were obtained from the
clients of RPP, Vashi for in-house quality control &
developmental work.

Gamma Irradiation: The spices packed in polythene
bags were exposed to gamma radiation from 60Co
source to the minimum dose position along with the
product at RPP, Vashi. The minimum dose position
was well established by product dose profile studies.

Dose profile studies: The dose profile studies of
the spices was carried out by placing ceric- cerous
dosimeters at different locations covering two side
planes & the middle plane in the product box.
Absorbed dose evaluation was carried out using
potentiometer and the minimum & maximum dose
positions were determined [5].  The spice samples
were irradiated at the well established minimum dose
position.

Microbiological studies:  The spices were
examined for microbial count by standard plate count
method, serial dilution technique [6]. 10 g each of the
spice samples in duplicate were taken for analysis.
Standard plate count agar (HiMedia) was used for
total aerobic plate count and plates were incubated
at 30-35°C for 3 days. Yeast & mould count was
obtained on potato dextrose agar (HiMedia) by
incubating the plates at 20-25°C for 5-7 days. Violet
red bile agar (HiMedia) was used for enumeration
of total coliform bacteria at incubation temperature
of 30-35°C for 24 hrs.
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Table-I: Microbiological assessment of spices processed at an average dose of 10 kGy  (at minimum dose position)

APC = Total aerobic plate count

† = Only yeast colonies reported, no mold colonies were observed

#  = Red pigmented colonies resembling micrococcus group of bacteria were observed.
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Table-II: Microbiological assessment of spices processed at minimum radiation doses of 6- 8 kGy

† = Only yeast colonies reported, no mould colonies were observed

Results & Discussions

The maximum observed microbiological

count of more than 500 samples of 21 different spices

analyzed at RPP, Vashi, Navi Mumbai, India is

summarized in observation Table I. The data reveals

that the spices were found to be heavily contaminated

with the total aerobic plate count of as high as 1.4 x 108

CFU/g, yeast & mold count of 1.5 X 107 CFU/g and

coliform count of 7.2 x 104 CFU/g. It is observed

that in most of the spices post-irradiation microbiological

count was found to be below detectable level

(<10 CFU/g) when the spices were irradiated at the

average dose of 10 kGy. However few spices such as

kaloungee seeds, chilli powder & curry powder the APC

of as high as 2.5 x 103 was observed. Mostly

micrococcus group of red pigmented radiation resistant

bacteria was reported in these spices as mentioned in

our earlier findings [7].

The observation Table II shows the post-
irradiation microbiological count of few spices
processed to 6-8 kGy radiation doses. The careful
observation of the data shows similar results with the
reduction in APC to as low as 1.8 x 102 CFU/g and
mold & coliform count to below detectable level. Thus
these studies suggest that radiation dose as low as 6-8
kGy is also adequate to efficiently improve the
microbiological quality of spices. This will also help in
20 % increase in the throughput of RPP and minimal
sensory changes in spices.

The microbiological limit of 0-100 CFU/g of
APC for irradiated spices was suggested by Sharma-
et-al in their earlier findings [2]. However our findings
showed a post-irradiation count of 2.5 x 103 CFU/g in
one of the irradiated spices. In view of this the
microbiological limits of APC not exceeding 2.5 x
103103CFU/g and coliform & mold count of <10 CFU/
g is suggested to be set for irradiated spices
based on our projected microbiological data. However
yeast count to the level of 5.0X102 CFU/g may be
permited in irradiated spices.
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Research Article

Abstract

Zr is an interesting immuno-PET imaging agent due to its favourable physical characteristics

of 78.4 h half-life and relatively low positron energy of 0.9MeV. The production of  89Zr from
natY foil has been carried out with 12Mev as well as 18MeV proton beam from VEC cyclotron

through 89Y(p,n)89Zr reaction. The experimental yield of  89Zr was 7mCi (0.5mCi/ìAh) at the end of

bombardment (EOB). Radiochemical separation of 89Zr from irradiated Y target matrix has been

achieved by different separation methodologies like anion exchange chromatography, cation

exchange chromatography and by Sephadex column. Finally, Zr-89 so obtained has been labeled

with oxine.

alternatives are manifold: its physical half-life is better
suited to antibody-based imaging than that of 64Cu
or 86Y, particularly in the clinic. It is also safe to handle,
cheaper to produce, more stable in-vivo, and remains
in tumors far more effectively than 124I. Additionally,
its emission of positrons rather than single photons
allows for higher resolution and quantitative imaging
[3]. Thus, this work is aimed to see the production
feasibility of 89Zr from natY and standardize the
radiochemical separation by different methodologies.

Introduction

In molecular imaging, 89Zr has emerged as
one of the most promising metallo-radionuclides for
developing new immuno-PET imaging agents for in vivo
imaging of cancer [1]. The radionuclide’s 78.4 h half-
life is ideal for sufficient binding of antibodies in target
tissues and 23% b+ emission with relatively low
maximum positron energy of 0.9MeV resulting in a good
spatial resolution [2]. The advantages over the

89
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Experimental

The production of 89Zr from natY foil
(thickness-100ìm) has been carried out with 12Mev as
well as 18MeV proton beam (0.8-1.5μA) from VEC
cyclotron through 89Y(p,n)89Zr reaction. The irradiated
target was dissolved in Conc. HCl. Radiochemical
separation of 89Zr from irradiated Y target matrix has
been achieved by different separation methodologies
like anion exchange chromatography, cation exchange
chromatography and Sephadex separation. Finally, Zr-
89 has been labeled with oxine.

A. Anion exchanger chromatography: Dowex -1 ×
8 (Cl-) resin (100-200 mesh) was packed in a glass
column of 15cm length and 1.0 cm diameter, resulting
in 6cm bed length chromatography column and
conditioned with conc. HCl. 100ìl H

2
O

2 
was added to

the dissolved Y-target solution, evaporated to dryness,
and then reconstituted in conc. HCl and this solution
was loaded on the column. At this molarity, the 89Zr
activity selectively binds to the resin, whereas Y freely
comes out of the column. After complete removal of Y
from the column, by washing with conc. HCl the bound
89Zr activity was eluted from the column with 40ml of
2M HCl. Elution of 89Zr from anion exchange column
has also been carried out using different eluting agent
like 6M HCl, 1M HNO

3
 and 5M HNO

3.

B. Cation exchange chromatography: The dissolved
Y solution in conc. HCl was made to 1M HCl and loaded
in the conditioned Dowex-50 × 8 columns (10 ml bed
volume). At this molarity, both Y and 89Zr were retained
in the column. Then the column was washed with 1M
HCl followed by 2M HCl. In the washings and after
load solution the losses of 89Zr were monitored in HPGe
detector. Finally, 89Zr was eluted from the column with
1% oxalic acid and 0.1N Sodium Citrate (1:1) mixed
eluent.

C.  Sephadex-25 column chromatography:
Sephadex-25 column of 1ml bed volume was conditioned
with citrate buffer solution. To the yttrium target
dissolved solution sodium citrate solution was added and
pH of the solution was made at 12 and then loaded on

the sephadex-25 column. Then the column was washed
with citrate buffer solution followed by water. Under
this condition, Y comes out freely during loading and
washing from the column and 89Zr was selectively
retained on the column as determined by HPGe detector.
Trapped 89Zr was then eluted from the column with 0.1M
HCl .

Labeling with oxine:, 89Zr activity in dil HCl was
evaporated to dryness and then, reconstituted with 1ml
10% sodium carbonate solution. It was mixed with 5-
6mg oxine in 3ml chloroform in the vortex for 15min.
After that, the chloroform phase was separated from
the aqueous phase and each phase was assayed by
HPGe detector for determination of labeling efficiency.

Results and Discussion

The studies showed that when Y-target is

irradiated at 18MeV proton, along with 89Zr, the

radionuclidic impurities of 88Zr & 88Y are also produced.

But at 12MeV, only 89Zr will be produced. The

experimental yield of 89Zr was 33mCi (27MBq/ìAh) at

EOB. The recovery yield of 89Zr activity from the anion

exchanger, Dowex-1column with 2M HCl and 6M HCl,

was found to be >98% and 83% respectively. The

elution profile with 2M HCl and with 6M HCl suggests

that most of the 89Zr activity was eluted in the first 8ml

fraction (Fig-1 &Fig-2). The elution efficiency of 89Zr

from the anion exchanger was found to be quite low,

14% with 1M HNO
3
 and 22% with 5M HNO

3,

respectively. The recovery  yield of 89Zr activity from

the cation exchange column was 70%. Elution yield of
89Zr from the Sephadex G-25 column was 97%. The

elution with different eluting agents and different

separation methodologies are summarized in

Table-1. The advantage of the Sephadex column

separation is that 1ml bed volume column can selectively

retain 89Zr from the bulk Y-target dissolved solution and

elution can be performed with dilute 0.1N HCl, which

is ideal for radiolabeling purposes. It was found that

the labeling yield of 89Zr with oxine was 93%.
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Fig 1.  Elution profile of 89Zr with 2M HCl89Zr with 2M HCl89 Fig 2.  Elution profile of 89Zr with 6M HCl

Table 1. Summary of elution efficiency of 89Zr at
different methodology

Fig 3. Flow diagram of Sephadex G-25 Column
Chromatography procedure for separation of

89Zr from natY.

Conclusion

It can be concluded that the separation of 89Zr from Y-
target using Sephadex column chromatography tech-
nique is new, innovative and most suitable for direct
radiolabelling.

References

1. J. P. Holland, Y. Sheh, J. S. Lewis, Nucl.
Med. Biol., 36 (2009) 729-739.

2. M. Walther, P. Gebhardt, P.G-Gehling,
et. al. Appl. Radiat. Isot., 69 (2011) 852-857.

3. M. Sadeghi, M. Enferadi, M. Bakhtiari,
Ann. Nucl. Ener., 41 (2012) 97-103.

P beam

C. HCl
Y- target Y-Zr soln.+ 1N Na-

citrate @pH 12

load

Waste

Wash 
(1)

Elu (2)

89Zr



Research  Article

12

A Simple Method for Preparation

of Pure 68Ga-acetate Precursor

for Formulation of

Radiopharmaceuticals

Sankha Chattopadhyay, Md. Neyar Alam, Madhusmita, Umesh Kumar,

Sujata Saha Das, Luna Barua,

Correspondence: sankha@vecc.gov.in

Radiopharmaceuticals Lab, Regional Centre, Board of Radiation

& Isotope Technology (BRIT), Variable Energy Cyclotron Centre

(VECC), Kolkata, 700 064, India

metallic impurities introduced from reagents used for
chemical processing, column matrix, target  etc. and
thus to provide 68Ga in a useful form for direct
radiolabelling.

Here, in this study, the parent 68Ge has been
produced through the natGa (p, 2n) reaction in the
cyclotron of Variable Energy Cyclotron Centre
(VECC), Kolkata.68Ge/68Ga column generator has
been prepared with tin dioxide indigenously prepared
from metallic tin [11].

68Ge-68Ga generator prepared was
evaluated with respect to the 68Ga elution efficiency,
68Ge breakthrough, chemical purity of 68Ga and to
check the suitability of the purified 68Ga eluate for
preparation of radiopharmaceuticals.  The whole
process of purification has been semi-automated for
efficient, rapid and easy handling of the generator.

Introduction

Gallium-68 (68Ga)-labelled tracers are
increasingly used in positron emission tomography
(PET) for diagnostic and theranostics purposes [1]

The 68Ga-labeled somatostatin receptor ligands like
68Ga-DOTATOC/NOC/TATE peptides are today
routinely used for PET imaging of neuroendocrine
tumors [2-5].

TiO
2
 or SnO

2
 based generator are the most

commonly available commercial generator systems
[6-9] from which ionic 68Ga is eluted in 0.1-1N HCl.
Zhernosekov et al. (2007) and others have reported
an efficient and simplified method for preparation
of 68Ga-labelled radiopharmaceuticals using a micro-
chromatography column containing cation-exchange
resin [9,10]. This method of cation exchange-based
post-processing minimizes volume and acid
concentration online and reduces the amount of
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Experimental

Preparation of 68Ge/68Ga generator and elution
 of 68Ga

Germenium-68 was produced by natGa(p,
2n)68Ge reaction7 in VECC cyclotron. Germenium-68
was chemically separated from Ga and was taken in
0.1M HCl. Tin dioxide was chosen as the column matrix.
Tin dioxide was synthesized and column was prepared as
provided in the reported method [11].

To make the generator column, 68Ge in 0.1M
HCl was loaded onto the SnO

2
 column. After loading

68Ge  on the column, the column was washed with 600ml
1M HCl to ensure the removal of trace amount of Ga-
target material and Zn-68 produced by decay of 68Ga
[13]. The generator was ready and 68Ga was eluted daily
with 4ml 1M HCl.

Preparation of cation exchange purification column

The purification column was prepared by
taking Dowex 50×8 resin (400 mesh), 25mg in a small
teflon tubing (0.3 cm i.d.). The bottom portion of the
tube was packed with quartz wool and fitted with
polypropylene straight fittings (1-2mm). The column was
pre-equilibrated with 0.3M HCl.

 Purification and concentration of primary
68Ga eluate

The post elution purification was performed by
using cation exchange chromatography [10]. Purification of
the primary 68Ga eluate through cation exchange resin
column was attempted as in the following way (Figure 1).

The primary 68Ga eluate in 1M HCl from
68Ge/68Ga generator was diluted to 0.3M HCl and
an aliquot of 65Zn tracer (around 0.0001% of the
total 68Ga activity) was added to this activity to
cheek the Zn contamination level in purified 68Ga
activity. The mixture was loaded on a tiny Dowex-
50×8 cation exchange resin column. Under this
condition, 68Ga was trapped on the resin and the
column was washed with 3ml 80 % (v/v) acetone-
0.01M HCl mixture solution to remove the metallic
impurities and lower the acidity [9]. The resin column
was finally washed with 1ml water to remove acetone
and traces of acid. Then, 68Ga was eluted from the
column with 1ml 1M NaOH to a vial containing
required volume of glacial acetic acid to make the
pH of the final preparation of 68Ga-acetate at 5.0.

Figure 1.  Steps for post elution purification of the
primary Ga-68 eluate

Semi-automated purification process unit

The chemical purification processing,
according to the present work, has been semi-
automated (Figure 2). All the chemicals required for
the purification were arranged first and kept in the
respective syringes or vials. All the waste collection
vials and purified 68Ga collection vials were kept initially
in lead pots. Then the following steps were executed
sequentially with the help of the manual control switch:
(i) elution of 68Ga activity from the 68Ge/68Ga generator,
(ii) dilution of HCl concentration to 0.3M, (iii) loading
of unpurified diluted 68Ga activity onto the small cation
exchange column, (iv) washing the column with
acetone-HCl mixture, (v) washing the column with pure
water, (vi) elution of pure 68Ga with dilute sodium
hydroxide solution. The direct acting ON–OFF type
solenoid valves were used to control the transfer of
solution, air etc. Transfer of solution was carried out
through reduced pressure using a vacuum pump.

Figure 2. Semi automated 68Ga-post purification
process system
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Radionuclidic purity determination

68Ge decays exclusively by electron capture
and therefore can only be detected radiochemically
directly through the photon emission of its daughter
nuclide, 68Ga. Therefore, it is not possible to detect 68Ge
within an excess of 68Ga using ã-spectroscopy. For
determination of possible 68Ge breakthrough in 68Ga
eluate sample, i.e., to estimate the radionuclidic purity
of the 68Ga eluate, the post eluted sample was allowed
for decay period of two days to decay unsupported 68Ga
completely. The presence of 1077KeV peak was due
to 68Ga arising from 68Ge that broke through the column
along with 68Ga during elution.  These estimations were
achieved by counting 1ml 68Ga eluate for around 2h in
the HPGe. 65Zn impurity in the eluate was estimated
from the 1115keV peak of 65Zn.

Analysis of chemical purity of the 68Ga eluate

In the 68Ga eluate, one of the potential
chemical impurities was tin ions, which might come from
the column matrix. The other impurity was iron ions
which may come from the reagents and Dowex-50
resin. In order to determine these chemical impurities
in the 68Ga eluate, the gallium-68 samples were allowed
to decay for 10-15 days. A series of randomly selected
decayed 68Ga eluate samples (n=30), collected over a
period of 300 days, were analyzed. The trace level of
acetone content was determined by iodoform test. The
trace level of the tin ion contamination in the decayed
samples was determined by ICP-OES technique using
the iCAP 6500 ICP spectrometer (Thermo Scientific)
as reported in the paper [12]. The iron content was
determined by a, a’-dipyridyl reagent [12].

Labelling of radiopharmaceuticals

Suitability for labeling of 68Ga was assessed
by labeling of EDTMP and oxine ligands with purified
68Ga following the reported methods [13,14].

Labelling of EDTMP

The purified 68Ga eluate in sodium acetate
was reconstituted with 300μg of EDTMP dissolved in
0.01N NaOH solution. The final pH of the mixed solution
was around 9.0.

Labelling of oxine

The purified 68Ga eluate (1ml) in sodium
acetate buffer (pH 5-6) was reconstituted with 300μl

of oxine solution (1.5mg/10ml ethanol).The product was
vortex mixed for 3min after 5 min post reconstitution
with 2 ml of dichloromethane. The organic layer
containing the 68Ga-oxine was taken out and evaporated
to dryness under nitrogen gas stream and warm water
bath. The residue was reconstituted with 300ml of 25%
ethanol and 1ml saline.

Analysis of the labeled compounds

The radiochemical purity of 68Ga-EDTMP
was estimated by paper chromatography (PC)
(Whatman No.1 Chromatography paper) using
pyridine:ethanol:water (1:2:4) mixture, pH- 6 as eluant
[13]. The radiochemical purity of 68Ga-oxine was
estimated by Silica gel ITLC strips (E. Merck) using
solvent chloroform:methanol (9:5) [14]. The
chromatography strips were  cut into 1 cm pieces and
activity assayed in HPGe detector to estimate the
radiochemical purity of the labelled compounds.

Results and Discussion

An average yield of chemical separation of
68Ge from the irradiated target was about 80%. The
68Ge-68Ga generator prepared from 68Ge produced was
evaluated by daily elution basis for about 300 days.
Elution was performed with 4ml 1N HCl.  Average
elution efficiency of the generator was found to remain
constant at about 58% ± 3.2 (SD, n=300) and 95 % of
the elutable 68Ga activity was collected in the first 2ml
of the eluate (Figure 3 and Figure 4).

68Ga generator eluates are not absolutely
pure, both, chemically and radionuclidically [9]. Non-
radioactive metal ions such as 68Zn (II), generated on
the generator by decay of 68Ga, Sn (IV) generated from
the SnO

2
 column based 68Ge/68Ga generator and Fe

(III) as general chemical impurity, represent metal ion
impurities which may compete with 68Ga3+ for
coordinate labeling of radiopharmaceutical precursors.
After loading the primary 68Ga eluate in 0.3N HCl on
the cation exchange column, all the metallic impurities
were removed from Ga-68 in the post purification step
by simply washing the cation exchange column with
80% (v/v) acetone-0.01M HCl mixture. Ga-68 is held
up in the resin column. When 68Ga was eluted from the
cation exchange resin with 1N sodium hydroxide Ga-
68 remains as gallate, Ga (OH)

4
-.
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Figure 3. Elution efficiency of  68Ga from the in-house
made 68Ge-68Ga generator based on

the loaded 68Ge activity

Figure 4. Elution profile of 68Ga from the in-house made
68Ge-68Ga generator

We have taken the 68Ga-gallate in acetic acid
medium directly so that it is converted to 68Ga-acetate
(weak complex). From 68Ga-acetate, one can make
various types of labeled compounds with suitable ligands.
The use of sodium acetate buffer has the added
advantage of being eligible for human use, possibly
simplifying the regulatory approval of the
radiopharmaceutical as well as feasibility to omit
additional quality control tests.

The modified method of purification of the
primary 68Ga eluate from the generator was
standardized using the semi automated system (Figure
2). The average yield of the purified 68Ga has been
around 84% ± 8.6% (SD, n=335), pH 5.0. The
breakthrough of Ge-68 before and after purification was
0.014% and 0.00027% of the total 68Ga activity,
respectively (Figure 5). The Zinc-65 activity, before
and after purification, was 0.001% and 0.00002% of
the total 68Ga activity. The estimated iron content in the
purified 68Ga was less than 5ppm. The estimated
acetone content was below the detection limit (0.01%v/
v). The Sn concentration in the primary 68Ge eluate as
estimated was 0.03 ppm.

Figure 5.68Ge breakthrough of the unpurified and
purified 68Ga eluate. The data is expressed as percentage

of total 68Ga activity at elution

Figure 6.Paper Chromatograph of  68Ga(OH)
4
-,

68Ga-acetate, 68Ga-EDTMP

In paper chromatography studies the following
results are obtained [Figure 6]. Gallium-68 in sodium
hydroxide medium which predominantly remains as
68Ga-gallate [Ga(OH)

4
-] form moves with the solvent

(R
f
= 0.6) with very little amount of  gallium hydroxide,

Ga(OH)
3 

remaining at the point of spot (R
f
 =0).

Gallium-68 in acetate buffer (forms weak complex)
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moves slowly from the point of spot with the solvent (R
f

=0.4). 68Ga-EDTMP moves towards the solvent front (R
f 
=0.8–

0.9), while under identical conditions, colloidal/hydrolyzed
68Ga remains at the point of application (R

f 
=0). In thin layer

chromatography, 68Ga-oxine runs to the solvent front and

the free 68Ga remains at the origin. The Radiochemical
Chemical Purity of 68Ga-EDTMP and 68Ga-oxine was found to

be about 99% and 95%, respectively. The results of the

labeling experiments confirm that the quality of 68Ga-acetate
is high enough for biomedical applications.

Conclusion

It may be concluded that the newly developed

semi automated module for purification of the primary 68Ga

eluate of the SnO
2
 column based 68 Ge/ 68 Ga generators can

give high quality 68Ga-acetate for preparation of

radiopharmaceuticals.
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Abstract

Casks designed for transporting radioactive material are mandated to withstand drop from

specific heights on hard ground. The maximum internal stress in the shell of the cask after

such an impact needs to be as low as possible to ensure safety of the material being trans-

ported. This paper investigates the concept of splitting the shell of the radioactive transport con-

tainer into multiple layers to reduce these stresses after impact. Different geometrical configurations

which are likely to be encountered while designing such containers have been studied through

plane 2D and 3D finite element analysis and the efficacy of this idea has been explored on each of

them. Considerable reduction of stress has been reported and an explanation based on elastic

deformation of layered beams has been suggested. Simulations on a cask with the currently preva-

lent design also show the benefit of implementing this idea.

1. Introduction

Casks designed to carry radioactive material
usually use lead as the shielding material and stainless
steel as an outer casing (shell). These casks are
mandated to withstand an impact which simulates an

accident scenario (IAEA, 2008, 2012). Under such an
impact, the cask is subjected to high local deformation.
The major stresses experienced in this process are by
outer shell of cask which can experience high stress
and strains. Many authors have investigated the impact
of a cask on a rigid target from 9 meter height and on a
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punch from 1 meter height (Teng et al, 2003;Jaksic and
Nilsson, 2009; Rajendran et al, 2005; Kim et al,
2010a,2010b).It has been widely reported that the outer
shell of the cask, which comes directly in contact with
target, experiences high stress. This should not be high
enough to cause failure. If experiments show or
simulations predict that the stress in outer casing (shell)
exceeds its limiting value, then a design modification of
the cask becomes necessary. The most common
approach to stress reduction has been to provide an
additional layer of shock absorber near impact areas
where high stresses are experienced. This can be
achieved by using softer material (as shown by
Rajendran et al, 2008) or some other material as cage
which absorbs energy of impact before it reaches the
main body of the cask. Many configurations of such a
cage have been explored by different authors. One
popular configuration for this is foam filled structures
which has been studied by many authors for its
crashworthiness (Peroni et al, 2008). Multi cell structures
have also been demonstrated by some authors (Olabi,
2006) to be effective. However, shock absorbers add
to the volume of the cask which may not be acceptable
under all conditions. An alternative approach to stress
reduction is to modify the cask geometry, which may
include changing curvatures at some locations, to reduce
local impact stresses. In this paper, an attempt has been
made to understand this deformation behaviour using
objects with simple geometries for impact and thereafter
suggest a way to reduce stress in the outer shell. We
have tried to establish that if outer shell of a cask is
split in multiple parts through the thickness (without
changing the total shell thickness), strains and thus
stresses show considerable reduction for most of the
objects. For this purpose, finite element analysis has
been conducted using simple 2-D plane stress and 3-D
models. The 9 m drop test was simulated since it is a
regulatory requirement and is one of the more widely
studied tests for simulating accidents.

It may be emphasized that shock
absorbers, if designed properly, can reduce stress levels
in the shell of the cask significantly. However, they are
essentially an addition to the cask as they add both
volume and weight to it. Reduction of volume by using
these shock absorbers inside the shell is not a viable
option as it will replace lead, leading to reduction in
radiation shielding. The proposed approach of using split
shells to reduce stress will reduce the size or can
eliminate the requirement of an additional shock

absorbing material. The volume and weight of the total
package will be smaller compared the approach of using
shock absorberssince small or no additional material is
being used outsidethe cask. The initial study reported
in this paper investigates different lead filled solids which
are similar to the shapes of the cask near critical impact
locations. This does not take care of all possible cask
impact locations/orientations but is expected to simulate
those cask locations/orientations which lead to high
damage after impact.

2. Shell Splitting

It is known that a leaf spring allows higher
deformation without failure to be achieved using multiple
leafs compared to a single leaf of same total thickness.
In other words, a single leaf of same total thickness
will experience higher stress and strain if both the
configurations are subjected to the same deformation.
The theory behind this has been explained in section
8.3. This concept (henceforth called ‘shell splitting’)
was used to reduce stress in the shell of a container. To
the best of our knowledge, this method of stress reduction
in container shells has not been reported in literature.
Shell splitting can also be compared with de-lamination
in composite plates. It can be considered as a controlled
de-lamination where de-lamination is purposefully
introduced to get the benefit of stress reduction. A higher
level of overall deformation but lower local deformation
(which avoids breakage) is acceptable in the shell since
the entire container will be replaced after an accident.
Prevention of shell breakage is the primary objective
during an accident even at the cost of higher deformation.

In the work presented here, shell splitting
is provided in steel casing part of the lead filled
geometries considered here. The original shell in single
layer is replaced with two layers of shells having same
total thickness. Figure 1 shows both single and split
shell configurations. The gaps between the two shell
layers and between shell and lead have been
exaggerated. No connection is provided between two
layers of shell or between the shell and lead and they
move freely with respect to each other. As friction has
not been considered between different layers of
materials, there is no shear force transfer between
different layers. Only compressive forces can be
transferred between different layers of materials.
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3. Different Objects Used for Analysis

Four objects have been considered for
analysis with single layer and dual layer configurations
in the shell as follows:

1. Lead cylinder with steel shell, axis of cylinder
horizontal

2. Lead square prism with steel shell, axis of prism
horizontal, impact at a long edge

3. Lead sphere with steel shell

4. Lead cone with steel shell, axis vertical, two such
cones attached at the base, impact at the apex of the
bottom cone

The first two were analyzed using plane 2D
analysis. The objects and cross sections used for this
purpose are shown in figure 1 in both single shell and
split shell configurations. For the other two, same
sections were used with quarter symmetric 3D analysis.

Four different ratios were used in this study – 80,

57, 40 and 29, where

 Outer diameter of cylindrical section / spherical

section used for impact
or equivalent diameter of a square section of the same
area which was determined as follows:

. Where ‘ ’ is the area of concerned

section

D was kept at 800 mm while t was changed
from 10 mm through 14 and 20 mm to 28 mm. This
was done for all the four objects mentioned earlier and
for both single and split shell configurations in each of
them. This led to 32 separate impact studies. The results
discussed in sections 5 and 6 are for 14 mm shell
thickness (D/t = 57) unless mentioned otherwise. A
summary of all the results is presented in section 7.

4. Finite Element Model for Analysis

Four types of objects as mentioned above
were used for analysis. The shell was considered to
be a single layer of material. 2D plane stress analysis
was used to simulate the impact of the cylinder and
the prism on a rigid surface using ABAQUS/Explicit.
Quarter symmetric solid model was used to simulate
impact of the sphere and the cone using same sections
as used for the cylinder and the prism. Elements used

for modeling are the explicit elements of ABAQUS.
Four noded plane stress elements (CPS4R) were
used for 2D plane stress analysis and 8 noded brick
elements (C3D8R) were used for 3D analysis. Finer
meshing (4 times denser than meshing at other area)
was used at impact location for the casing to reduce
simulation time. Approximately 1200 elements and
1500 nodes were generated for cylinder and prism
and approximately 23000 elements and 30000 nodes
for sphere and cone. Time step was of the order of
10-7s. A small initial gap was modeled between steel
casing and lead and between different layers of steel
(for split shell configuration). Frictionless contact
was provided between all interfaces. A few
simulations were carried out with friction and were
found to give almost same results as those without
friction. The model (2D plane stress) was also
analyzed with overall dense meshing for the
possibility of constructive interference of stress
waves reflecting from boundaries. The overall dense
meshing resulted in only a marginal increase in
maximum stress generated during impact (less than
1%). This indicates that the phenomenon of
constructive wave interference can be ignored in this
exercise. Impact was carried out with the cylinder
impacting a rigid target at 13.4 m/s velocity. This is
equivalent to (little higher than) 9 meter free fall of
the body. A bilinear material model was used for both
steel and lead. Material properties used for steel and
lead are given in table 1.

5. Impact Behaviour of Solids without
Shell Splitting

The four objects discussed above, were first
analyzed for their impact on a rigid target with a single
shell. The results are discussed in this section.

Impact Behaviour of Cylinder with Axis Horizontal

Figure 2a shows the mesh model used for
analysis for the impact of a lead cylinder with 14 mm
thick shell. Figure 3a shows that high stress (above 2/
3rd of maximum stress) occurs in two locations. Onset
of deformation in cylindrical shell causes an increase in
curvature resulting in high stress in that region. A
second area of high stress is the location where shell
starts flattening near the target. Here curvature of the
shell changes to zero and it experiences bending stress
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because of flattening (in addition to compressive stress).
Figure 4a shows internal energy (sum of applied elastic
strain energy, energy dissipated by plasticity, and the
energy dissipated by time-dependent deformation as
defined in ABAQUS documentation) time history plots
for this impact with shells of two different thickness
(14 mm in one case and 28 mm in another case) during
impact with the contribution of steel shell and lead shown
separately. For shells of higher thickness, the
contribution of shell is higher in the total energy absorbed
by structure. With lesser deformation it transfers smaller
energy to the lead which is behind the shell. Total of
the energy absorbed remains approximately same in
both the scenarios.

From the figure 3a, it can be seen that the
dominant mode of deformation is bending of shell. After
impact, the shell of the circular pipe starts flattening in
the impact zone. Presence of lead behind the shell
prevents it from deforming freely in the central region
of impact. In absence of lead, this region can move
inside the pipe.

Impact Behaviour of Square Prism with Axis Horizontal

A similar behaviour was observed with impact
of a square prism on one of its long edges (Figures 2b,
3b and 4b). The major mode of deformation was
bending. The one major difference between this
simulation and the previous one (impact of horizontal
cylinder) is that due to its geometry, shell has higher
surface area (H” 12% higher) for the prism. Thus, the
shell of the prism moves outside creating a bigger gap
between steel shell and lead during impact. This allows
the shell to move more freely. Figures 2b and 3b show
the mesh model used for analysis and deformed shape
respectively. As seen in figure 3b, high stress (above
2/3rdof maximum stress) is experienced in two areas
10 ms after impact, as was the case with impact of
circular pipe. One of these is the region where the
straight portion of the prism takes a curved shape and
experiences high stress due to bending. The other is
near the target where flattening of shell takes place.
Figure 4b shows energy plots of impact simulations
for shells of two different thicknesses with the
contribution of shell and lead shown separately.

Impact Behaviour of Sphere

The section used for impact of cylinder
(shown in figure 1) is also used to simulate the impact

of a sphere on a rigid target. Simulation was done using
only one fourth of a sphere with the required constraints.
Other parameters like initial velocity, mesh density and
material properties are kept the same for this analysis.
Figure 2c shows the mesh model used for analysis.

A sphere has a point contact at impact location
where curvature of section at point of contact is in
multiple planes. In the region of impact, the sphere tries
to flatten along the target generating stress and strain
in the process. Figure 3c represents the state of
maximum stress during impact. Unlike stress patterns
in horizontal cylinder and horizontal square prism, high
stresses in the sphere are observed only in the region
where flattening takes place. Free bending of shell is
not observed in this case. Stresses in the process are
expected to be higher than those of the cylinder as higher
energy is shared by steel casing. Figure 4c shows
internal energy plots for two spheres having shells of
14 mm and 28 mm thickness respectively during impact
with the contribution of shell and lead shown separately
in both impact scenarios.

Impact Behaviour of Cone with Axis Vertical

The section used for impact of square prism
(shown in figure 1) is used for quarter symmetric
analysis to simulate the impact of a vertical axis double
cone on a rigid target. Figure 2d shows the mesh model
used for analysis.

As in impact of the sphere, the cone also
experiences deformation in multiple planes. Stresses
are high in this impact scenario as normal stresses are
comparatively high during impact. Figure 3d shows
the state of maximum stress during impact of a cone.
Figure 4d shows the energy plot of a cone with 14 mm
thick shells during impact with the contribution of shell
and lead shown separately. A comparison with a cone
having a 28 mm thick shell is also shown in the same
figure.

The results discussed in section 5 are for solids
with a single shell where bending of shell is seen as the
main mode of deformation either in the form of increase
in curvature or flattening of shell. This suggests that
the stresses can be reduced if bending stresses are
reduced. Section 6 deals with numerical experiments
carried out after splitting the shell into two parts where
bending stress is expected to be reduced.
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6. Impact Behaviour of Solids with Shell
Splitting

A set of numerical experiments were carried
out which were exactly same as those described in the
previous section except that the shell was split into two
equal parts while retaining its overall thickness. All
parameters like mesh density, material properties and
material configuration were kept the same. The results
are as follows.

Impact of Cylinder with Split Shell

Figure 5 shows the meshed model used for
impact analysis of a horizontal cylinder. Figure 6a
shows the deformed shape and stress patterns after
impact for both single shell and split shell configurations.
It is seen that the overall deformed shape is similar for
both single and split shell configurations. A comparison
of the internal energy plots (Figure 7a) shows that
energy absorbed by steel and lead are also almost same
in both single and split shell configurations. This is
because material configuration is same for both the
scenarios and only a split is provided in shell across the
thickness. However, stress and strain are significantly
reduced by the split shell configuration. Also a greater
portion of the shell is in elastic zone compared to the
single shell configuration and so the elastic recovery
of deformation is expected to be higher. The stress
pattern is also similar to that of the single shell
configuration. Two areas of high stress are observed,
one at the position of rapid change of curvature (where
flattening of shell occurs near the target) and another
at the position of high bending of the shell (figure 8). A
little redistribution of energy occurs between steel and
lead in case of split shell which leads to slightly higher
deformation for split shell configuration. From figure
9a, it can also be seen that contribution of outer and
inner parts of the split shell is almost same. Plastic strain
produced in split and single shell configurations is shown
in figure 10a. Strains produced in split shells (0.0295)
are much lower than single shell (0.0549) configuration.
Figure 11a shows the velocity plot of centre of gravity
of single and split shell configurations during impact of
the cylinder to have an idea of deformation during
impact. This suggests that the movement of lead in
both the configurations is similar and any material
encased by lead is expected to behave in the same
manner in both single and split shell configurations.

Impact of Square Prism, Sphere and Cone with Split Shell

Simulations similar to those described in
section 6.1 were conducted on the horizontal square
prism, sphere and cone with the only difference from
the simulations described in sections 5.2, 5.3 and 5.4
being that the steel shell was split into two equal parts
while keeping the total shell thickness the same. Figure
6 shows that the deformation patterns are similar for
both single and split shell configurations for all the
objects. This is also borne out by the plots of velocity of
centre of gravity (figure 11) which indicate that the
lead is expected to move in the same manner and give
a similar level of cover to the enclosed radioactive
material after impact for both single and split shell
configurations. Both the inner and outer shells have
similar contributions towards internal energy absorption
after impact as is seen from figure 9. Figure 10 shows
that the maximum strain is much lower for the split
shell configuration compared to the single shell
configuration for the cylinder, the prism and the sphere.
However, this trend is not too obvious for the cone
(figure 10d) where a high reduction of maximum strain
is not observed due to splitting of the shell as compared
to other geometries. This is perhaps due to fact that
axial crushing is the dominant mode of deformation for
the cone whereas bending is the primary mode of
deformation for the others (horizontal cylinder, horizontal
prism and sphere). The difference in visualization of
the cylinder and the prism compared that of the sphere
and the cone results from the plane 2D analysis for the
former and quarter symmetric 3D analysis for the latter.

7. Summary of Results

The results of impact analysis with single shell
and split shell configurations which were carried out
for different thickness of shell on the four different
objects (as described in sections 5 and 6) are given in
tables 2-5 for deformations, stresses and strains.

8. Observation and Comments

8.1 Deformation, Stress and Strain

The effect of changing the shell thickness on

deformation ratio [  ], stress ratio [ ],

and strain ratio [ ] have been summarized
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in figures 12, 13 and 14. Shell thickness was non-
dimensionalized by noting the ratio D/t. Deformation
was measured in terms of final lead displacement
near point of impact in impact direction for all
configurations. Tables 2 to 5 and figure 12 show an
increase in deformation after splitting of the shell
for all the objects under consideration except for the
cone. Figure 12  also shows an increase in
deformation ratio with increase in shell thickness (i.e.
reduction in the ratio D/t) for cylinder, prism and
sphere. This is explained by an increase in
contribution of the shell towards energy absorption.
However, this trend is not observed for the cone. A
change of the dominant mode of deformation from
bending to axial crushing is considered to be
responsible for this deviant trend for the cone.

Tables 2 to 5 and figures 13 and 14
also show that splitting of the shell resulted in a
reduction in maximum stress and strain for all
cases. In case of cone, reduction in strain is small
due the reason explained in section 6.3. The
inconsistent result for the cone may be ascribed
to the dominance of axial crushing as the mode
of deformation as against bending for the others.

8.2 Multiple Splitting of Shell

The benefits of splitting the shell into two
equal parts (while keeping the overall shell thickness
the same) has been demonstrated in the work
reported so far. It was expected that splitting
(dividing) the shell into more than two parts would
result in greater benefits. However, it was necessary
to study the increment in benefits with every
additional increase in number of parts (divisions) in
order to decide on the suitable number of parts in
which the shell should be split. A horizontal lead
cylinder with 28 mm thick shell was subjected to
impact simulations as described in earlier sections.
The shell was split into two, three and four parts
while keeping the overall thickness same. The effect
of this multi-layer shell splitting on stress, strain and
deformation ratios have been plotted in figure 15.
This shows that a three way shell splitting may be
justified in view of its benefits (reduction in maximum
stress and strain). Shell splitting beyond three layers
is expected to give only a minimal improvement in
these benefits.

8.3 Analogy with Simply Supported Beam

Deformation of a simply supported beam can
be compared with the plastic deformation of the shell
under bending in the simulations described so far. Strain
and stress in a beam are maximum in the top layer and
are proportional to their distance from the neutral layer.
For the same deformation in both configurations,
maximum strain and thus stress generated in a shell
can be reduced by reducing distance from neutral layer.
When shell thickness is reduced by half by splitting
shell thickness in two parts, strains in shell are
significantly reduced.

Deflection of simply supported beam with loading
at centre can be calculated as below (refer figure 16)

(1)

If the beam thickness t is split in two equal parts

of thickness t/2, then deflection of the spit simply supported

beam can be given as below

(2)

and can be calculated as follows

(3)

(4)

(5)

If deflection of both the configurations is same
then forces required for this deflection are related as follows

(6)

Maximum stresses generated in both beams due

to these forces are

(7)

(8)

Extending above relation to the plastic region

using rigid plastic material model (ignoring elastic strain of
bilinear material model):
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(9)

(10)

(11)

(12)

(13)

(14)

(15)

Above relation shows that, extending the

stress strain relation in elastic zone to plastic zone with

a rigid plastic material model, strain generated in plastic

region for split shell configuration will be approximately

half of that generated in single shell configuration. With

bilinear material model also, strain will be much less in

the split configuration. As strain is proportional to stress

with a ratio of tangent modulus, stress in split shell

configuration will also be lower than that in the single

shell configuration.

9. Shell Splitting of Steel Lead Steel Cask
Subjected to Impact

After establishing the method and effect of
shell splitting on impact of simple regular objects, the
method was employed on a cask used for transporting
radioactive material. Only two way and three way shell
splitting were examined as splitting the shell into larger
number of layers has been established to give only
nominal improvement in benefits.

9.1 Geometry of Cask Used for Analysis

The cask used for impact analysis was a steel
lead steel cask as shown in figure 17. It had a single
plug and has its top and bottom corners rounded. Eight
closer bolts were used to tie the plug with the main
body of the cask. 200 mm equivalent lead thickness
was provided around cask cavity for shielding. The top
face of the cask body was flushed with a lead filled
plug. For the split shell configurations, the 20 mm thick

shell was divided into equal parts (two or three) while
retaining all other cask dimensions.

9.2 Modeling and Impact Parameters

The steel lead steel cask had SS304L as
casing material and chemical lead as shielding material.
Properties of both the materials were the same as given
in table 1 and bilinear material model was used for both.
The target was modeled as an elastic material. The
cask was assigned a 13.4 m/s initial velocity which was
equivalent to a 9 meter drop. As explained earlier, the 9
meter drop is a regulatory requirement and is one of
the most widely used tests for validating the design of a
cask for transporting radioactive material. Only impacts
in corner drop and inverse corner drop were analyzed
because a preliminary analysis indicated these to be
the most critical orientations. Corner drop was defined
as the orientation in which a line joining the bottom
corner point (making first contact with ground during
impact) and centre of gravity was vertical. Inverse
corner drop was defined as the orientation in which a
line joining the top corner point (making first contact
with ground during impact) and centre of gravity was
vertical.

9.3 Results and Discussion

The deformed shapes of the casks after the
impact simulations are shown in figures 18 and 19 for
single and split shell configurations. Visual inspection
of the deformed shapes does not indicate a major
difference between the single and split shell
configurations. Table 6 summarizes the results of the
simulations and shows a 5.0% increase in deformation
in 3 layer split shell configuration for corner drop and
16.3% increase in inverse corner drop. The maximum
von Mises stress value in split shell configuration
reduces by 5.4% for corner drop and by 21.2% for
inverse corner drop for the three layer split. These
results establish the technical advantage of splitting the
shell of a cask for carrying radioactive material.

Reduction in stress is observed to be smaller
in corner drop as compared to inverse corner drop. This
may be explained by the high curvature in shell in the
deformed area of corner drop which reduces the effect
of reduction in stress due to shell splitting. It also results
in a little higher deformation leading to comparatively
smaller lead available for shielding in cask at the impact
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location. However, a large amount of lead is generally
available at the corners. Thus, a reduction in stress level
can be achieved by shell splitting in spite of the slightly
higher deformation.

10. Conclusion

This paper explores the concept of reducing
impact stresses in a container designed for transporting
radioactive material by splitting the shell of such
containers into multiple layers while retaining the overall
thickness of the shell. Four regular objects (cylinder,
prism, sphere and cone), which may form the basis of
designing many complicated shapes, were used for
simulating a nine meter drop on a rigid target (the test
being a regulatory requirement). The maximum von
Mises stress was considerably reduced with shell
splitting for the cylinder, the prism and the sphere while
the results for the cone were erratic. This was attributed
to the fact that the primary mode of deformation for
the cone was axial compression while for the others it
was bending. Theory of bending of a simply supported
beam was used to explain the reduction in stress. The
benefits of shell splitting improved with increase in shell
thickness and also with the number of layers in which
the shell was split. However, it was found that splitting
the shell into more than three layers gave only a marginal
improvement in these benefits. The idea was
implemented in a standard steel lead steel cask used
for transporting radioactive material. Two of the most
critical nine meter drop orientations were simulated.
The most critical orientation showed upto 21.2%
reduction in maximum von Mises stress as a result of
splitting the shell into three parts.

Shell splitting may lead to a secondary benefit.
Ease of handling often requires some projected parts
to be welded to the casing. These are weak points and
are regions at which shell damage is expected to be
initiated during an impact/accident. A split shell
configuration allows such weak points to be confined
to the outer layer of the shell. Thus there is a greater
possibility of the inner layer(s) of shell of retaining
integrity, preventing lead leakage and avoiding radiation
hazard after an accident.

Nomenclature

 = outer diameter/equivalent outer diameter

at point of impact

 = deformation in the direction of impact

 = maximum VM stress during impact

= maximum plastic strain during

impact in steel shell

 = difference in deformations of split

shell and single shell configurations, expressed as a per-

centage of the latter

 = difference in maximum VM

stress during impact of split shell and single shell con-

figurations, expressed as a percentage of the latter

 = difference in maximum plas-

tic equivalent strain occurred impact of split shell and

single shell configurations, expressed as a percentage

of the latter

= deformation of single beam

 = deformation of split beam

 = length of beam

 = point load applied on single beam

 = force applied on split beam

 = young’s modulus of beam material

 = Tangent modulus of beam material

= moment of inertia of single beam about

neutral axis

= moment of inertia of split beam about

neutral axis

 = shell thickness for single shell configura-

tion and combined thickness of both shells for split shell

configuration

 = width of beam
 = plastic strain in single beam

 = stress in single beam

 = stress in single beam

 = yield stress of beam material

 = stress in single beam exceeding yield stress

 = stress in single beam exceeding yield stress

   = plastic strain in split beam
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Figure 1: Isometric views (a) and cross sections (b) of solids used for impact analysis

(a) 2D plane stress analysis of cylinder

(c) 1/4th 3D stress analysis of sphere                         (d) 1/4th 3D stress analysis of cone

Figure 2: Mesh models used for different objects

(b) 2D plane stress analysis of prism
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(a) Cylinder

(c) Sphere

Figure 4: Internal energy comparison of components of different objects during impact with 14 mm and 28 mm shells

              (a) Cylinder (b) Prism

           (a) Sphere (d) Cone

Figure 3: Von Mises Stress in different objects with single shell at maximum stress state during impact

(b)Prism

(d) Cone
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(a) Cylinder

(b) Prism

Figure 5: Mesh model used for cylinder with
shell split into two parts

(a) Cylinder (b) Prism

(c) Sphere (d) Cone

Figure 7: Internal energy during impact of different
objects with and without split in shell

Figure 8: Stress in cylinder with split shell at maximum
stress state during impact

(b) Prism

(c) Sphere

(d) Cone

Figure 6: Comparison of deformed shapes after impact of
different objects without and with split shell
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(a) Cylinder (b) Prism

(c) Sphere (d) Cone

Figure 9: Internal energy of split shell during impact of shell only
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(a) Cylinder

(b) Prism

(c)Sphere

(d) Cone

Figure 10: Plastic strains in different objects after impact without and with split shell



Research  Article

31

Figure 12: Effect of shell thickness on deformation ratio

Figure 13: Effect of shell thickness on stress ratio

Figure 16: Bending of single layer and double layer
simply supported beams

Figure 17: Design of cask

(b) Prism(a) Cylinder

(d) Cone(c) Sphere

Figure 11: Velocity of CG during impact of different
objects with and without split in shell

Figure 14: Effect of shell thickness on strain ratio

Figure 15: Effect of number of splits (divisions) of
shell on stress, strain and deformation
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Figure 18: Deformed shape of cask after 9 m corner drop without split and with shell split in two and three layers

Figure 19: Deformed shape of cask after 9 m inverse corner drop without split and with
shell split in two and three layers



Research  Article

33

Table 2: Horizontal cylinder’s impact with single and split shell

Table 3: Horizontal square prism’s impact with single and split shell

Table 1: Material Properties

S.N. 
t 

(mm) D/t 

Single shell Split Shell 

Δδ 
(%) 

Δsmax 
(%) 

ΔPEmax 

(%) 
δ  

(mm) 
Smax 

(MPa) 
PEeq 

 
δ  

(mm) 
Smax 

(MPa) 
PEeq 

 
1 10 80 105.6 204.0 0.047 105.9 187 0.026 0.3% -8.3% -44.2% 
2 14 57 105.3 210.5 0.055 105.3 191.6 0.031 0.0% -9.0% -44.6% 
3 20 40 102.4 214.4 0.062 104.1 197.6 0.035 1.7% -7.8% -43.5% 
4 28 29 99.4 220.3 0.065 102.2 203.5 0.043 2.8% -7.6% -33.8% 

S.N. 
t 

(mm) D/t 

Single shell Split Shell 

Δδ 
(%) 

Δsmax 
(%) 

ΔPEmax 
(%) 

δ 
(mm) 

Smax 
(Pa) 

PEeq 

 
δ 

(mm) 
Smax 

(Pa) 
PEeq 

 
1 10 80 138.6 255.4 0.113 138.6 213.7 0.067 0.0% -16.3% -40.7% 
2 14 57 137.9 264.3 0.118 138.4 221.2 0.069 0.4% -16.3% -42.2% 
3 20 40 134.9 281.1 0.144 137.7 239 0.090 2.1% -15.0% -37.5% 
4 28 29 127.6 306.2 0.174 135 244.8 0.096 5.8% -20.1% -44.8% 

Sr.

No.

Properties Steel

(SS 304L)

Lead

(Chemical Lead)

1 Material law
Bilinear

Elastic-Plastic

Bilinear

Elastic-Plastic

2 Density 8000 kg/m³ 11350 kg/m³

3 Young’s modulus 210x10
9

N/m² 14x10
9

N/m²

4 Poisson’s ratio 0.3 0.42

5 Yield stress 170x10
6

N/m² 7x10
6
N/m²

6 Tangent modulus 787.5x10
6

N/m² 15.3x10
6

N/m²

7 Ultimate stress 485x10
6

N/m² Not Used
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Table 5: Cone’s impact with single and split shell

Table 6: Summary of results for cask impact

S.N. 
t 

(mm) D/t 

Single shell Split Shell 

Δδ 
(%) 

Δsmax 
(%) 

ΔPEmax 
(%) 

δ 
(mm) 

Smax 
(Pa) PEeq 

δ 
(mm) 

Smax 

(Pa) PEeq 
1 10 80 122.1 448.4 0.37 122.5 423.1 0.322 0.3% -5.6% -13.0% 
2 14 57 112 460.6 0.372 110.6 408.8 0.328 -1.3% -11.2% -11.8% 
3 20 40 104 480 0.4 96.7 418.1 0.317 -7.0% -12.9% -20.8% 
4 28 29 88.9 485 0.437 97.3 415.5 0.316 9.4% -14.3% -27.7% 

Table 4: Sphere’s impact with single and split shell

Inverse Corner Drop Corner Drop

δ Smax PEeq δ Smax PEeq

Single Casing 66.4 485 0.423 71.3 434.5 0.337

Casing Split in two layers 76 403.5 0.302 75 420.7 0.321

% Change 14.5% -16.8% -28.6% 5.2% -3.2% -4.7%

Casing Split in three Layers 77.2 382.3 0.271 74.9 411.2 0.309

% Change 16.3% -21.2% -35.9% 5.0% -5.4% -8.3%

S.N. t (mm) D/t

Single shell Split Shell

Δδ (%)

Δsmax

(%)

ΔPEmax

(%)

δ

(mm)

Smax

(Pa)

PEeq δ

(mm)

Smax

(Pa)

PEeq

1 10 80 86.1 296.4 0.173 86.2 261.6 0.122 0.1% -11.7% -29.5%

2 14 57 80.3 325.1 0.2 80.7 272 0.135 0.5% -16.3% -32.5%

3 20 40 72.7 334.2 0.211 74.1 286.8 0.149 1.9% -14.2% -29.4%

4 28 29 63.6 321.6 0.194 66.9 285 0.152 5.2% -11.4% -21.6%
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Activities of Radioanalytical

Laboratory – an Overview

B.K. Pathak, N. Jayachandran, Ajay. N .Thamke, C.V.Sontakke And

K.Devika

Radioanalytical Laboratory, Vashi Complex

1. Introduction

Many radioactive isotopes of elements
(radionuclides) are naturally present in the
environment, including our body.  We are
continuously exposed to natural background radiation
from these radionuclides on a daily basis.
Radioactivity can be detected in food and water and
the concentration of naturally-occurring radionuclides
varies depending on several factors such as local
geology, climate and agricultural practices.

People can also be exposed to radiation
from man-made activities, including medical
diagnostic intervention.  Man-made radionuclides can
contaminate food they are discharged into the
environment as a result of a nuclear incident or
weapon test. The amount of radiation people are
exposed to varies from place to place and among
individuals. In the event of releases of radioactivity
following an emergency at a nuclear power plant,
land, rivers, sea and structures in the vicinity of the
power plant can become contaminated with a
mixture of radionuclides generated inside the reactor,
also known as “nuclear fission products”. Individuals
can therefore become exposed to radiation from
these fission products.

Consuming contaminated food will
increase the amount of radioactivity inside a person
and therefore increase their exposure to radiation,
thereby possibly increasing the health risks
associated with radiation exposure. The exact health
effects will depend on which radionuclides have
been ingested and the amount being ingested.

Radioactive caesium (Caesium-137) can
stay in the environment for many years and could
continue to present a longer term problem for food,
and food production, and a threat to human health.
If caesium-137 enters the body,  it is distributed fairly
uniformly throughout the body’s  soft tissues,
resulting in exposure of those tissues. Compared to
some other radionuclides, caesium-137 remains in
the  body for a relatively short time. Like all
radionuclides, exposure to radiation from caesium-
137 results in an increased risk of cancer.

The Codex Guideline Levels and The
Codex Alimentarius Commission (Joint FAO/WHO
Food Standards Programme) has developed the
guideline levels for certain radionuclides in food
following a nuclear emergency (General Standard
for Contaminants and Toxins in Food and Feed
(GSCTFF), CODEX STAN 193- 1995, page 33-37).
The Guideline Levels have been first developed in
1988 and then revised in 2006 to increase the number
of radionuclides covered. These Guideline Levels are
applied to foods destined for human consumption and
traded internationally, which have been contaminated
following a nuclear or radiological emergency. If
radionuclide levels in food do not exceed the
corresponding guidelines levels, the food should be
considered as safe for human consumption as far as
generic radiological protection of food consumers is
concerned. Shortly after the Chernobyl nuclear
power station accident, the presence of man-made
radioisotopes was detected in foodstuffs in various
countries. The measurement of man-made
radionuclides in the import & export consignments

General or Feature Article
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of foodstuffs became mandatory in international import/
export trade practice. India, primarily being an
agricultural country, has the capacity to produce both
agricultural commodities and related industrial products
in huge quantity. Radioactivity test certificate stating
that the level of man-made radioactivity is below the
permissible levels is demanded by many countries for
every shipment of commodities.

2. Activities  of  Radioanalytical

Laboratory

The work related to the commercial testing and
certification of radioactivity content in commodities was
taken over by BRIT from Environmental Assessment Di-
vision, BARC in 2006. Radioanalytical Laboratory at
BRIT Vashi Complex, accredited by Atomic Energy Regu-
latory Board, was set up in 2007. The sole mission was to
partner the customers in their ever increasing
radioanalytical testing needs.  Radioanalytical Laboratory
has got well-experienced team of technocrats ready to
take up majority of radioanalytical work.

HPGe Spectrometry System at RAL

NaI Spectroscopy system at RAL

Radioanalytical Laboratory is equipped with
many sophisticated counting instruments required for
testing of man-made and naturally occurring
radionuclides.

We are committed to update the existing
facilities with new innovative instrumentation and also
to offer better quality service to ensure that our
capabilities remain at the leading edge. Radioanalytical
Laboratory enters into Inter-Laboratory Comparisons
with BARC Laboratory and the outcome of these
studies has proved that our performance is accurate,
trustworthy and near to the true value of results. During
to 2016, RAL has obtained NABL certification.

Radioanalytical Laboratory covers a wide
range of services which include measurement and
certification of:

- Man-made radioactivity in food items

- naturally occurring radionuclides in
environmental samples

- gross alpha, gross beta, 226Ra, 228Ra and total
uranium content in water samples

- cobalt-60 content in steel samples  and

- surface radiation dose level of steel
consignments

Various categories of import-export food
items regularly tested for the presence of man-made
radionuclides include farm products, milk products,
meat, animal feed supplement; poultry feed
supplements and many other miscellaneous products,
including steel.

Measurement of natural radionuclide content
in environmental samples is important in order to assess
the extent of radiation dose from these materials to the
general public. Radioanalytical Laboratory undertakes
the measurement and certification of naturally occurring
radionuclide content in various environmental samples,
especially rock phosphate, gypsum, coal, fly ash and
cement bricks containing fly ash from various Thermal
Power Plants in our country.
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Gross alpha and gross beta analysis
certificate is mandatory requirement for obtaining
Indian Bureau of Standards license for manufacture
and supply of packaged drinking water. Radioanalytical
Laboratory is equipped with counters for the
measurement of alpha and beta emitting radionuclides.

Uranium content in water samples is
determined using LED uranium fluorimeter. In the past,
Radioanalytical Laboratory had played an important role
in the screening of underground water samples from
various districts of Punjab for the presence of uranium.

Radioanalytical Laboratory also undertakes
the survey and certification of surface radiation dose
of steel consignment at factory sites and import-export
warehouses.

As a part of infrastructure expansion
programme, BRIT has set up Radioanalytical
Laboratories at its Regional Centre at Bangalore and
the laboratory is now operational.  Another Laboratory
at BRIT, Deonar, Mumbai, is ready for obtaining AERB
accreditation.
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Controlling Human Error in

Manufacturing Industries

Tarveen Karir, Piyush Srivastava

Scientific Information Resources & Publications, Corporate

Planning, BRIT

Abstract

Human error is known to be the major cause of quality and production losses in many indus

tries. Although it is unlikely that human error will ever be eliminated, many human perform

ance problems can be prevented. As technology advances, human error in manufacturing

becomes more and more visible. Modern tools & techniques such as Lean and Six Sigma are well

known to bring significant improvement in operations and to reduce costs, and there are many

notable success stories across most industry sectors. However, frequently they fail to address serious

quality problems caused by human error. Overcoming human frailty present within various opera-

tional processes continues to be a challenge and one that requires special consideration. Human

error is responsible for more than 80% of failures and defects. But very little is known about the

nature of these events, mainly because the quest of answers ends where human error investigations

should begin.

Good Manufacturing Practices (GMP)

and International Standards

Worldwide, there are more than 20 different
official regulatory statements, national and
international, on Good Manufacturing Practices
(GMP) for pharmaceuticals (or ‘drugs’ or
‘medicinal’) products and International Standards for
Engineering products. These regulatory statements
may be termed as being the most influential and most

frequently referenced: The United States Current
Good Manufacturing Practice Regulations (cGMPs)
and the European Commission’s ‘Good
Manufacturing Practices for Medicinal Products for
Human and Veterinary Use’ (the EC GMP guide).
We would not go into the details of these for this
article. Code of Federal Regulations, 21 CFR, part
211.22, “[the quality control unit has…..] clearly
states that the authority should review production
records to assure that no errors have occurred or, if
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errors have occurred, that they have been fully
investigated”. If the FDA expects that errors be fully
investigated, it is safe to assume that the term ‘human
error’ is NOT a root cause. That is the reason why
it needs to be fully investigated, hence determine
the root cause of the human error.

What is human error?

Baron1 states that, on an average, about
80% of industrial accidents are caused wholly or
partly by human actions. Human error is defined in
many ways. One definition is ‘any action, or lack of
action performed by a person that exceeds a system’s
tolerance’ or ‘that action performed by a human,
which results in something different than expected’.
According to Dhillon2, ‘A failure to perform a
prescribed task or the performance is due to
forbidden actions’. Human error is an error and not
an intentional act for harm. Sabotage is not
considered a human error, unless the result of the
actual intentions is different than we expected. An
intention of harm is considered as ‘Sabotage’. So
stating that a human error has occurred does not
necessarily mean that it is the “human’s” fault or
there is, by default, an intention of creating a
problem. It is important to realize that humans will
make errors no matter what their level is of skill,
experience, or training (Kim3).

The reality is that people make mistakes
because they can. Our systems allow humans to
incorporate their natural unreliability into processes
that should be protected by systems in organizations.
The problem basically relies in the fact that most of
the systems do not directly consider human error
prevention as a part of the design and human factors
and capabilities are usually ignored when it comes
to people. As technology advances, human error in
manufacturing becomes more and more visible every
day. Sadly, little is known about the nature of these
events mainly because quality event investigations
end where human error investigations should begin.
When we investigate quality events, the focus of
those investigations rely on explaining what happened
in the process and how the product was affected. A
human error usually explains the reason for the
occurrence of the deviation; nevertheless, the reason
for that error remains unexplained and consequently
the corrective and preventive actions fail to address
the underlying conditions for that failure. This in turn
translates into ineffective action plans that result in
non-value added activities, wasting resources and
eventually resulting in recurrences and repeated
events. Norman5 suggests two ways that human
errors occur, ‘mistakes’ and ‘slips’. A ‘mistake’ is a
failure in the planning of a task and a ‘slip’ is due to
the execution of a task, a lapse in concentration. ‘If
the intention is not appropriate, this is a mistake. If
the intention is not what was intended, this is a slip’.

Chemical engineers explain product
behaviour, mechanical engineers explain equipment
behaviour, industrial engineers explain process
behaviour, but who explains human behaviour? The
answer to this question may be that ‘Human error’
explains human behaviour.
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Human behaviour is complex and just like
equipment, product and process, it needs to be
analyzed in depth. When we come to the conclusion
of an equipment failure, we would explain exactly
what the equipment failure was so that it could be
fixed appropriately. An error-inducing condition-
based error may occur when an error-inducing
condition exists and when one has not used the
appropriate behaviours to counteract the condition.
Some such conditions are inherent in the task itself,
some are in the environment in which the task must
be accomplished, and some are in our human
attributes. Humans are fallible and hence no matter
how practiced a worker is, skill-based errors or lapse-
based errors will exist until the time that they are
avoided by automation. For example, in human
welding, even with the utmost attention, slag occurs.
When an individual makes lapse-based errors at an
unacceptable frequency, they may have more
specific root causes (e.g., a long-standing emotional
problem, the use of medication, substance abuse, or
attention deficit disorder).

The Blame Approach – Not Useful

Despite the industry’s awareness of
human errors, companies still frequently fail to
substantively and correctly address errors. The
typical response to a human error is retraining
but this often fails to produce the desired result.
Training (or lack thereof) is responsible for
avoiding only about 10% of the human errors that
occur, since the majority of it is basically because
of issues related to lack of knowledge, skill, or
ability. If the error was not due to one of these
then the training is practically useless. Also, the
management are still taking the “blame” approach
to “human error”, which induces to the individual’s
sense of fear. The blame perspective only leads
to less trust from people to bring up issues that
may lead to failures, which in turn results in
management  being less  aware of  system
weaknesses  that  eventual ly  resul t  in  more
mistakes. Thus, a systemic view (for human
error), instead, assumes that some degree of error
is inevitable and puts systems in place to detect,
prevent, and correct it.

Human Error Prevention / Reduction

Some of the important areas to evaluate the
manufacturing systems and operations in any industry
may be as follows:

• Management Systems: Documentation
control, investigation management, risk management and
project management are important to set the basis for
the rest of the operation.

• Procedures: These needs to be accurate,
human engineered, available and enforceable.

• Human Factors Engineering: Work
areas need to be designed with human factors and
human capabilities in mind. Excessive monitoring,
mental calculations, housekeeping and work layout,
among others, become the main reasons for errors in
this category.

• Training: Training needs to be included
(the ‘why’s’ as well as ‘what’s’ and ‘how’s’ of the
procedures) and explained vividly by the qualified staff.
Also, on the job training and qualification (OJT) is
necessary, especially for critical tasks and activities.

• Immediate Supervision: Pre-job briefs,
walkthroughs, presence and instructions to workers are
necessary. We need to have supervisors on the floor,
and not in the offices.

• Communication: Communication
between groups, shifts, radio communication rules and
training. Employees should know what needs to be
achieved daily and the proper way to perform the
particular task in hand.
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• Individual Performance: This need to
be evaluated for the conditions with the intention of
studying the cognitive overload that creates attention
and memory failures. Some of these conditions include
available time for the job, fitness for duty or fatigue
management, and complexity and task design.

Conclusion

In conclusion, human error can be prevented.
Good and accurate administrative management systems
which assure that there are controls for providing clear,
accurate procedures, instructions and other aids which
are crucial for human error prevention. In addition, good
human factors engineering of control systems,
appropriate processes and work environment; job-
relevant training and practice; appropriate supervision;
good communications; and individual personnel
performance, are all part of the formula ‘human error
prevention’. Humans have more things in common than
differences and we can conclude that the areas requiring
improvement are practically universal.

Taking control over these issues opens a new set of
opportunities and avoids companies to lose billions by
avoiding avoidable human mistakes. This way we will
not only be more productive but also fair to those that
go to work with the intention to do a good job but end
up being victims of weak systems.

We as humans do not exist in vacuum.
Behaviours are influenced by external as well as internal
variables. Individuals are definitely responsible for their
actions. But before we determine that internal factors
like attitude or attention are responsible for the mistake,
we as organizations are responsible for eliminating the
possibilities of external factor influencing human
behaviour. Individual performance in manufacturing
industry is responsible for less than five percent of
deviations and the people want to do the things right.
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As long as you feel pain
you’re still alive. As long

as you make  mistakes
you’re still human. As

long as you keep trying
there’s still hope.
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1. Training course on ‘Radiotracer related

techniques for diagnostic laboratory’

was conducted at Radiopharmacutical

Programme, BRIT duribg 20th

April – 30th April 2016.

2. Seminar on ‘Radiation Protection and

Safety Measures’ was conducted at

BRIT, Vashi Complex for all the staff

of Radiopharmaceuticals Programme

and Labelled Compounds Laboratories,

which was as a part of refreasher

activity.

3. As per AERB guidelines, accreditation

was conducted for the officers of the

Radiopharmaceuticals Programme,

Quality Control Programme and

Technology Development Group.

4. License for operation of Integrated

Facility for Radiation Technology

(IFRT) is obtained from AERB. First

time the sealed sources are fabricated

and handled at IFRT, Vashi.

5. Officers of Radiation Physics Group

carried out a study for using Cs-137 as

source in Panaromic Gamma Irradiators

for processing food commodities.

6. BRIT has developed Cs-137 based

Blood Irradiator as an alternative to

Co-60 based Blood Irradiator and the

first Blood Irradiator with Cs-137

source was supplied and installed at

Jankalyan Raktpedhi, Pune in January

2016. With Cs-137 sealed source, the

equipment will have longer useful life.

7. Two weeks Certification ‘in-plant’

training course was conducted for

operators of Radiation Processing

Facilities of BRIT.
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