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F O R E W O R D

As part of its programme to promote the exchange of information

relating to nuclear science and technology, the International Atomic
Energy Agency convened in Bangkok, Thailand, from 6-8 July 1970, an

informal meeting to discuss the topic of Activation Analysis»
The meeting was attended by

participants drawn from the follwing

countries:- Australia, Burma, Ceylon, Republic of China, India, Indonesia,
Prance, Japan, Republic of Korea, New Zealand, Philippines, Singapore,
Thailand, United States of America and Vietnam*
The proceedings consist of the contributions presented at the
meeting with minor editorial changes. Discussions are not included*

The Agency wishes to express- its sincere appreciation to the Thai

Office of Atomic Energy for Peace for its assistance in organising and
acting as host for the meeting and to the Governments of Australia, France,
Japan, New Zealand and the United States of America for providing free
of cost to the Agency, the services of experts for the meeting*
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The Innlic&tion of Neutron Activation AnalvaiB in Thailand

lira. Anong Nilubol

Chemistry Division
Office of Atomic Energy for Peace, Bangkok

The technique of neutron activation analysis was introduced
at the OABP about 5 years ago. Since that time, it has become a useful
technique for the determination! in particular, of certain trace inorganic
elements in biological samples in this country* Scientists here have been
working in close co-operation with those in other Government laboratories
to meet the requirements of their studies. At present, a high resolution
solid state gamma-ray detector is lacking in our laboratory. The results
of the work to be described briefly were thus mainly carried out utilising
our research reactor as the neutron source and multi-channel analysers
together with the technique of radiochemical separation. In some cases,
the non-destructive method was found feasible.
Hioe-Soil-Plant Studies

Under the programme of the Rice Department, Ministry of
Agriculture, for the study of the effect of fertilisers on rice yields,
the OAEP has been carrying out routine analyses on samples of rice, soils
and rice plants collected from various experimental stations in different
parts of the country.
Na, Al and Mh ar« usually determined by a non-destructive method*
An acid digestion and chemical separation were found essential in the
procedure for Cu and Zn determinations. The amounts of Mn, Gu and Zn
present were found in the range of microgrammes per g while Al and Ha
were present in terms of milligrammes per g. Mn and Ha, if present in
larger quantities than the average, would greatly interfere at all steps
of chemical separation. It is expected that the determination of Co, Mb and
As will be included in future routine samples. More samples need be analysed
and the interpretation of the results will require a statistical treatment.

Manganese in Body Fluids:

The technique of activation analysis can readily be applied
to the determination of Mn in body fluids. It was found that the amount
of Mn in normal fluids ranged from 0.08-0.15 ug/100 ml. The normally
large amount of Na was quite troublesome since its activity swamps that due
to other elements» In cases of Mn toxication, the increased Mn concentration
could be readily detected. The amount found can be high as 0.009 mg/100 ml
in severe cases* The accuracy of the method was + 1.5$.
We have also been engaged on the determination of certain inorganic
elements in the IAEA Intercoraparison Blood Samples. It was found that solvent
extraction after activation was needed for Mo and it was then determined as
Mo-99. One gram of the animal blood sample contained 0.378+0.0019 ug Mn,
1.414+0.0025 ug Cu, 16.5713+0.0607 ug Zn, 2.7025+0.0446 mg Pe and 0.0305+0.0013
ugMo.
Inorganic Content of Bladder Stones:

Ca, Mg and Na were present in large quanitities in bladder stones
in the milligramme per gramme range and they could be easily estimated by
chemical methods. From samples less than 1 mg, particularly when separation
of deposition layers was attempted, phosphorus could be determined by means
of fast neutron activation. It was found that the outer layer of the stones
contained Ca, Mg, Na and P in milligramme amounts together with Zn amounts
of about 100-800 ug/g. The core or nucleus appeared to be rich in Hg and Se.
For Hg and Se determination, the incorporation of a chemical separation is
needed. The amounts of Hg and Se found were 1-250 ug/g and 0.05-2.5 ug/g
respectively.
Determination of certain elements in Alloys

We have been routinely requested by some institutions to make
rapid analyses for selected elements e.g. V,W and Cr in cast iron and
steel alloys. The non-destructive method was found useful and this involved
about 1 mg of sample for analysis. The method used was activation and
gamma-spectrometry. The adoption of proper irradiation time, decay-time
and spectrum subtraction was found essential. V,W and Cr in cast iron
and steel samples could be determined with 2 seconds, 5 minutes and 20
minutes irradiation time respectively. The ranges of amounts found were
V 9-10 mg/g, W 15-17 mg/g and Cr 4-46 mg/g. The error could be + 1.5$.

Me had been requested to perform activation analysis on small
amounts of samples of archeological value, particularly pieces of
0*2-0.3 g from Buddha images of different periods. The non-destructive
method was adopted for the estimation of Cu, Zn and Am, Very often samples
contained Fe and Sn which created some problems owing to the occurrence
of many radioisotopes after neutron activation.
Inorganic elements in Soft and Hard Woodst
Though attempts to analyze soft and hard woods could not be
considered systematic, it appeared that Ha accumulated more in the heart
and pith. Hard woods contained more of Cu and Zn than in soft woods.

On Human Hair;
''tj~
On occasions the OAEP was called upon to perform hair matching
for the Police Department. It was found that the analysis was quite time
consuming. Six weeks were needed since the decay schemes and half-lives
of radioisotopes had to be observed and closely followed. The elements under
study for hair samples were Na, Cl, Cu, Mn, Zn, I and Ca.
The work on activation analysis as described briefly here has
been for us to give services to outside organizations on various kinds of
studies of their interests and convenience.

FUTURE PROGRAMME

In addition to the previous work involving activation analysis
the Chemistry Division aims to co-operate with or to assist other
institutions more in exploring the application of activation analysis techniques
to their research in the field of industry, hydrology, agriculture and
medicine which will be of service to mankind»
In addition, personnel from outside organisations are to be offered
the opportunity to work or to conduct research by using the facilities and
technology available at the Chemistry Division to investigate problems of
special interest to them.
For domestic purposes, the Chemistry Division plans to concentrate
and strengthen work on the following: -

I* Produce more qualified scientists and technicians to
work in this field.
2. Application of activation analysis will be attempted in the
problems of the environment, such as pollution studies or
circulation of air.
3. A search for more nuclear fuel which will be of great use to our
future nuclear power reactor programme.
4. Implementation of work in the field of forensic activation analysis.
5. Application of nuclear reactions based on secondarily produced
particles and using delayed the neutron counting technique for
mineralogy and geochemistry.
6. Development of fast radiochemical separations and data processing
facilities.
7. Co-operation with other laboratories in the field of analytical
quality control services.
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Activation Analysis at the-Bandung Reactor Centre

National Atomic Energy Agency» Indonesia
'by

Ciii, Ban LiangActivation analysis has been of interest to the Indonesian
Bandung Reactor Centre since the end of 1966 and has been carried out in
different contexts. First, it was carried out as part of a laboratory
coarse in radiochemistry for students of the Bandung Institute of Techno-

logy. Then the Bandung Reactor Centre also embarked on offering services
for analysis of various materials, sometimes using
neutron activation
analysis.
Some examples of the things that have been done are the determination of gold in gold samples and the determination of nickel and zinc
in their respective alloys* The determination of tungsten and antimony in
wolframite has also been carried out. Some chemical separation was necessary using an ion exchange column and a mixture of 1 H hydrochloric acid
and 1 H hydrofluoric acid as eluant. Some determinations of lanthanum and

Scandium in bauxite minerals have also been accomplished. The radiochemistry
work was carried out using hydrofluoric acid, dissolution in boric acid,

precipitation with sodium hydroxide and separation using a chromatographic
column* The sodium, aluminum and calcium contents of some phosphate fertilizers were also determined. This was a nondestructive determination where
aluminum and calcium were determined by short irradiation (li minute) and

the sodium was determined after an irradiation of % hour and cooling of one
hour. Some rock of undetermined origin was analyzed for molybdenum, zinc
and copper* The chemical separation was carried out by solvent extraction
of the molybdenum, while the zinc and copper were separated by ion exchange
in hydrochloric acid. Some attempts to determine the lead content using
the n, 2n reaction have been unsucessful due to the low sensitivity.

Some work that is going on at this moment is the determination
of selected trace elements in petroleum fractions. Vanadium, nickel, chlorine,etc.

have already been determined. Some attempts were also carried out to
utilize the reactor in our centre for fast neutron analysis for the
determination of the gross nitrogen content in several food products.
In this case the n, 2n reaction was used with a threshold energy of 10*9
and the annihilation photon from the emitted positron was determined.
Ammonium nitrate was used as the standard. In this way the gross nitrogen
content was determined and from this the protein content was calculated in
soybean and soybean products, some sorts of rice and some meat products.
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SURVEY ON NHJTRON ACTIVATION ANALYSIS ACTIVITIES
AT THE DALAT NUCLEAR RËSEARCU CENTRE

Nguyen Van Lanh
Dalat Nuclear Research Centre
Dalai, Vietnam

Introduction
The Dalat Nuclear Research Centre (D.N.R.C.) daring the past
few years has been involved in conducting an activation analysis service*
Work has been carried out in collaboration with other organizations.
However, no rigid research programme of our own has been established
and thus the Radiochemistry Division of the D.N.R.C. has no personnel
and special facilities permanently engaged in this field. The equipment
and facilities used are shared with other activities within the Division
and the whole Centre.
The activities in neutron activation analysis at the D.N.R.C.
are sporadically revived by requests for analysis. Up to now, such
analyses have been performed free of charge. Most of the work was carried
out on biological materials such as vegetables, raw natural rubber
(RES smoked sheets of different qualities, crepes and dried rubber films
obtained from concentrated natural late:x) from hevea tree leaves from
various clones.
Requests for analyses are far from too frequent and sometimes,
with the momentum acquired, the activities of the Division proceeded
independently. This was true when the D.N.R.C undertook the determination
of arsenic in various brands of soya sauces produced locally and attempted
to identify by non-destructive methods some particular trace elements in
mineral waters and tektites which are known to be abundant around Dalat.
At the present time, not much research work involving trace
element determinations is going on in Vietnam and hence the neutron
activation technique is hardly needed in other fields of scientific
activities of the nation. The D.N.R.C., although eager to assist people
whose works include trace element determinations, has found it rather

difficult to establish grounds for collaboration with other organisations.
Partly due to its remote location, far from the scientific research area
in Saigon, its activities and purposes are, in some cases, not widely
known. On the other hand, the work of these organizations involves mostly
the determination of elements present in a relatively high concentration.
Only in one case, has neutron activation analysis aroused a genuine
interest outside the D.JS.H.C. In a study of the influence of trace elements
On the yield of natural rubber latex in hevea trees originating from various
clones, the Vietnam Rubber Research Institute ai Laikhe, decided to determine
the contents of copper, zinc and manganese. Different analytical means, including colorimetric, spectrophotcmetric, potentiometric, emission spectroscopic
techniques and neutron activation analysis were used. The latter was carried
out by the D.M.R.C. and the other determinations made by various laboratories.
The results obtained were compared and found to differ significantly between
different groups of techniques. After evaluation studies made by the Vietnam
Rubber Research Institute, the results obtained by activation analysis were
considered to be among the most reliable*
Very soon afterward, the B.N.R.C. was entrusted by the same establishment to make other analysis of the same nature, namely the determination of
zinc and copper in hevea tree leaves. A further sign of confidence in the
activation techniques was evidenced by the number of samples received by the
B.N.R.C. As a matter of fact, the number of samples planned by the Vietnam
Rubber Research Institute for its study amounted to as many as 230. With this
relatively large number of samples in mind, together with the desire of seeing
the work carried out in the shortest time, the Radiochemistry Division has
devised different separation techniques for the activated elements. Amongst
these, amalgam exchange was considered to be one of the best. Rapid separation
and quite reproducible results were obtained. Unfortunately, as a result of
the war, the hevea trees lost most of their leaves and the Vietnam Rubber
Research Institute was forced to cloae dorm its laboratories at Laikhe and this
otherwise interesting programme was terminated.
FACILITIES AVAILABLE

(A)
Irradiation facilities: Lazy Suzan rotary rack and Rabbit
pneumatic tube (equipped with timer) of the VNR-l(.TRIGA Mark II). The thermal
-* p
p
'
neutron flux at full power (250.kW) is about 1.4x10 " n/cra /sec.
(B)
Counting equipment: CfM Counter: well type scintillation counter

and a 400-channel analyzer equipped with a 3x3 Nal(d) crystal and printer.

8

The entry and exit port of the Rabbit
situated in the reactor room and since there is
it, its usefulness is greatly reduced. Thus the
determination of very short-lived radionuclides

pneumatic tube are
no laboratory adjacent to
identification and
has not been considered.

SOIE HOBKS INVOLVING NEUTRON ACTIVATION ANALYSIS

(A)

Determination of copper and zinc in hevea tree leaves

Samples were prepared for irradiation by drying the leaves for
four hours at 70 C in an oven followed by pulverization.
Two different techniques have been devised for this determination.
Both techniques use the same nuclear reaction* The irradiation time
was 14 hours with the thermal neutron flux at full power. The nuclear
characteristics are the following for Cu and Zn :
Nuclear reactions:
Abundances
Cross sections
Half-lives
energies used

Cu63(n,£ )Cu64
69.1 %
4*5 b
12.8 Hr
0.51 MeV

Zn68(n,y )Zn69
18.57 %
0*09 b
13.9 Hr
0.44 MeV

(l) First methodt After irradiation and dissolution of the samples in a
mixture of acids (HN03:KC10.:H2S04 in the ratio 3:1:1), Cu is first separated
from the solution as CuS using HgS. After filtration the CuS is redissolved
in concentrated HNO. and then, converted to the chloride form by evaporation
•+• by NaKSO. and finally precipitated and counted
wih HC1. Cu2+ is reduced to Cu
as CuCNS.
Meanwhile, Zn is separated from the filtrate by extraction with
dithizone and finally precipitated and counted as ZnHg(CNS)/,.
The counting equipment used was a single channel analyzer with a
well type scintillator.
(2 ) Second method? The same dissolution technique was used. In this
method, the separation of Zn from -the aqueous solution is based on the
rapid exchange between Zn in solution and inactive Zn in the amalgam
(2 % in Zn). If there are more inactive Zn atoms in the amalgam than
Zn 9 ions in the solution, the exchange will result in a selective absorption
of Zn ° in Solution by the amalgam. The percentage of Zn separated by exchange
at equilibrium is:
B
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100

with n being the number of atoms of inactive Zn in amalgam and N the
£n
number of Zn 7 ions in solution. In the case of Cd, Tl, Fb, 8i and Zn,
this exchange is extremely rapid. The exchange is inversely proportional
to the concentration of Zn in solution.
If the zinc used in the preparation of the amalgam is very pure
no other exchange will take place between other elements in the amalgam
and their ions in the solution.However, since the content of impurities
in zinc is very small these exchanges are negligible) taking into account .
the previous relation and the radioactive purity of the zinctseparation in the
amalgam should be very high.
Unfortunately, some elements having an oxidation potential lower
than that of Zn may by reduced by the amalgam and adhere to its surface
or enter into an amalgam with mercury. The direct counting of the amalgam
even after thorough washing, is thus impossible in most cases. The removal
of Zn from the amalgam by reaction with an element having an oxidation potential immediately lower than that of Zn is then necessary. In this work,
we have used cadmium which has an oxidation potential immediately lower
than that of Zn and far higher than that of Cu. Thus, Cd2+ will displace
quantitatively Zn from the amalgam and will leave Cu intact in it.
The copper remaining on the amalgam may be determinated later on,
by reaction with Ag after displacing all the cadmium from the amalgam by
a solution of Cu(NO,)g.
The eluates containing active Zn and Cu are subsequently counted
with a single channel analyser and a well type scintillator. The yield

in Zn separated is obtained by using Zn ^ as tracer.
An alternative technique would be to separate copper first by re~
ducing the active Cu2+ ions by an amalgam of cadmium. Zinc will be
separated later by exchange with an amalgam of zinc. However, this technique
will introduce one or two more steps in the subsequent determination of sine.
It may be useful nevertheless if only copper is analyzed*
(B) Determination of arsenic in soya sauces.
Technical grade sulfuric acid is currently used in the preparation
of soya sauces. A certain amount of arsenic from the acid is thus introduced
into them. The concentration of arsenic has been checked by the Institut
Pasteur in Saigon by means of the .Gutzeit method. Attempts have been made by
the Radiochemistry Division to use neutron activation analysis to this end.
Sight different brands of sauces have been tested.
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The nuclear characteristics are the following:
for arsenic:
Nuclear reaction used
Natural abundance
Cross section
Half life of As76
Beta radiations
Gamma radiation

As'*(n,y) As
100 %
4.5 b
26.4 Hr
0.36; 1.76; 2.41; 2.97 MeV
0.555 MeV

Given the natural abundance, the thermal cross section and
76
the half life of As' , the determination of arsenic by the activation
technique may be considered as ideal* However, interferences by competitive
reactions may take place in the presence of Se, Br and Ge. Interference
by Se is improbable due to the small cross section and the presence of Ge
is not considered to be feasible for the soya sauces. The case of Br is
more serious due to the high salt content of the sauces. To cope with this
problem, salt contents have been determined and the comparators, irradiated
along with the samples, were prepared with solutions having the same salt
content. Also, various mineralization techniques have been tested»
The separation technique used involved the following steps:
mineralization with the mixture of acids HNCL, EUSO. and KC10. containing
a certain amount of hydrogen peroxide; preciptiation of metallic arsenic
after addition of carrier; distillation of its halide and finally,
reprecipitation of arsenic by means of ammonium hypophosphite, The yield
is determined from the weight of arsenic recovered, 70 to 80 %. A GM counter
has been used to determine the activity of the arsenic in both the samples
and the comparator. The gamma spectrum of As-?6 was taken to check the
radioactive purity of arsenic counted. This method has been studied by
A.A.Smales.
CONCLUSION
Surveying the activities carried out by the D.N.R.C. in
activation analysis, one can see that analses have in general been made
solely for analysis sake. Within the framework of an activation analysis
service, the work is not so challenging. It is in fact even frustrating work.
The philosophy behind the analysis is, most of the time, inaccessible or
simply non-existent if no close collaboration is arranged with other scientists.
Unless we are able to interpret the results ourselves or unless our interests
lie in the improvement of a particular technique or in the development of new
ones, activation analysis will remain a mere tool.

Research Act i vit les involving Badioactivation Analysis
in Korea
You Sun Kiw
Chemistry Division» Atomic Energy Research Institute, Seoul
Republic of Korea

Introduction
When the Triga Mark-II Research Reactor was installed at this institute
in I960, it was furnished with a pneumatic tube, a fume hood, and a laboratory
bench for the purpose of developing the utilization of the research reactor

in this country* This marked the commencement of research activity in radioactivation analysis in Korea. Since the output of the reactor was not sufficient
enough to perform any sophisticated fundamental research work in nuclear science,
radioactivation analysis was considered as one of the most promising means of
utilising the reactor* Various requests for routine analysis of the trace
elements contained in Korean mineral ores, archeological materials, domestic
industrial samples, native medicinal plants, and criminological samples had
been filed at this institute. Fortunately, a well trained scientist and technician
for the radioactivation work had been working at this division and hence these
requests from the public had been well worked cut to receive much recognition
of scientists and engineers both in this country and overseas.

Furthermore, some fundamental aspects of thermal neutron activation,
fast neutron activation, and X'-radioactivation analytical work had been
accomplished and the résulte were published in major journals both of Korea
and overseas*
Daring those periods, two experts from I.A.E.A. (J. Pijk (Belgium)
and Sanka Das (India)) had visited this institute to assist the training
of the research staff and to furnish the laboratory with efficient facilities*
However, many research workers in this field had left the institute for better
jobs both in this country and overseas, and therefore the Chemistry Section
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has always been engaged in searching the totter recruits* At present an
"'
I.A.E.A. trained scientist and two assistants are working on routine and
research analytical work.
Since Korea is now at the end of her second economical .reconstruction
programme and the third programme is expected to he initiated in 1971, many
analytical samples and research proposals are expected from the industrial,
scientific, and public organizations. The institute will be furnished with a
Triga Mark - III research reactor (2 MW) and other renewed facilities of
multi-channel analyser and counting devices by the middle of 1971* A new
research reactor building is now being constructed, which will furnish the
division with many units of hot laboratory» Even though most of the trained
and experienced research staff are now outside the institute, the co-operation
in research activities by former staff members will surely be expected
provided that the research funds and facilities for the research works are
*i.'

well arranged. It is my sincere request for I.A.E.A. to assist the division

both technically and economically to meet with the increasing demands for
'
t
radioactivation analytical work.
The following is a brief summary of the research work accomplished»
A brief outline of the routine analytical work is also described on the
basis of local situations.
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Research Activities

(a)

Research Publications

In order to eliminate any obscurity on the contents of each research
contribution, title, author's name, and brief summary or abstract are
presented chronologically. A request for a reprint of each contribution is
highly welcomed by the institute* Generally, the trend of the research work
is within the confines of the local speciality and demand.
Titles

Activation Analysis of trace thallium in meteorites, rocks, minerals,
alloys, and biological samples using 4*2 minutes Thallium-206.
(J. Kor. Ghem. Soc. j^ 26, (1961). By Chong K. Kirn

Abstract sMicrogram quantities of thallium in meteorites, rocks, minerals,
alloys, and biological samples have been analysed by rapid neutron
activation analysis. A 10 minute radiochemical separation procedure
coupled with a gas flow proportional- detector for 4*2 minute half
life measurement and a gamma or beta scintillation detector placed
in close proximity to the sample permitted detection of the 4*2
fflin. Tl . Samples were irradiated for 10 minutes at a thermal
11
—2
~1
neutron flux of approximately 0.9? x 10 neutron cm sec. *•
The lower limit of detection was about 10-7 gnu of thallium.
Titles

The radiochemistry of titanium
Thr
rh«™ K.
v ir^m
(NAS-NS-3034, U.S.A.E.C.,
By Chong
Kim

Titles

Analysis of Tantalum and Niobium by neutron activation
of Short-lived Radionucleides
By Chong K. Kim.

(1962)

Summarys

Korea is geologically characterized by the wide distribution of granite
and pegmatite. Columbite also is found. Niobium is used as cladding for the
uranium fuel elements in nuclear reactors. Materials such as beryllium,
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magnesium and aluminum which have low thermal neutron absorption cross
sections, good corrosion resistance have limitations at high temperatures*

While niobium 'does tiot have as low a cross section as the above-mentioned
metals, it far surpasses these materials with respect to strength at high
temperature. With higher energy for faster neutrons, the absorption cross
section of metals decreases considerably so .that the disadvantage of
niobium would be minimized»
A.S the trend in power reactor is inevitably toward higher

operating temperature to obtain better efficiencies, niobium is likely to
see service in future reactors.
Among the many methods currently used for analysis of niobium and
tantalum, the oolorimetric method appear to be most sensitive. However,

the application of this method requires effective methods of separating
it from iron, titanium, tungsten, molybdenum and other elements which would

interfere in the oolorimetric determination* Moreover, corrections for
"reagent blanks" become quite appreciable at low concentrations* Therefore,
some other analytical method must be developed to separate niobium and
tantalum from certain other elements.
Neutron activation analysis is one of the most powerful methods for
the determination of niobium in the submicrogram range and for tantalum
in microgram range, nevertheless, little work has been done with neutron
activation to date. Neutron activation to produce long-lived Kb94 and
182

Ta
might be applicable for the determination, but the calculated
sensitivity for the production of these isotopes indicates it to be low.
Besides, the nuclear characteristics of the (mtf.) activation of niobium
and tantalum give little promise for non-destructive analysis of samples
using only scintillation spectrometry. On the other hand, rapid radiochemical
separation coupled with short-lived Nb9 and Ta
is quite promising for

determining submicrogram amounts of these elements as well as fairlyclarge
amounts.

Titles

Activation Analysis of Vanadium, Mn, Co, and Cu Contained in

Korean Schinseng Radix. (1962)
By J. Pijk, M.J. Chun, J.H. Park, and J.I. Kirn.
Abstract:
Trace concentrations of Mn, V, Cu, Co and As were determined in

different species of Korean Schinseng roots by radioactivation analysis*
Manganese was isolated as MnOv, by precipitation, yield determination being
made by the sodium bismuthate method» Vanadium was selectively extracted
as cupferron complex in isopropylether. Yield was determined by the ferrous
ammoniumsulphate method* Copper was isolated by extraction with cupferronisopropylether, whereas Cobalt was separated from the bulk materials by
^-nitroso- M-naphthol extraction* Yield determination for copper was
made by a titrimetrio method, whereas a long-lived tracer was added for
cobalt recovery determination. Arsenic was precipitated as the element,
distilled in reductive medium and again precipitated, the final precipitate
being used for chemical yield determination.
It was found that BUYO Schinseng contained 25.9 PP>» of Mn and 0*023 ppm
of V, KUMSAN Schinseng contained 19*0 ppm of Mn, 0.0202 -ppm of v, 7*10 ppm of
Cu, 0.061 ppm of Co and 0.44 ppm of As. KANGHJA Schinseng 8*00 ppm of Cu and
0*057 ppm of Co, and POONGKI Sohingseng 0.25 PP» of As.

It appears that the results are reproducible within the limits of
the method. They differ slightly from one species to another*
Titles

Activation Analysis of Gold contents in a dry refinery process at
a gold refinery plant in Korea (1962)

By Chong K. Kirn, U.P. Chang, and J.I. Kirn
Abstracts

12 samples from an assay process chain were submitted to qualitative
and quantitative neutron activation analysis for the determination of gold*
Gold was detected and quantitatively determined in three samples after a
chemical separation consisting of solvent extraction and precipitation steps*
17

Duplicate determinations were reproducible. Quantitative data were obtained
from gamma-speotrometrio photopeak-area counting.

Interference from fast neutron reactions was negligible»

Titles

Activation Analysis of Scandium in Korean Monazite Ores
(1963)
By K.S. Chung and C. Lee

Abstract»
A procedure for determining the Scandium contents in Korean monazite
is described* To a reactor irradiated sample, a definite quantity of Scandium
carrier was added and the resulting mixture was dissolved in sulfuric acid and
fused. The rare earth elements were separated by adding ammonium thiocyanate.
The coprecipitated phosphoric acid was separated by precipitating it as
zirconium salt and scandium was separated from the remaining rare earth elements
by extraction into ethyl ether. The chemical yield of scandium was determined
by a gravimetric determination as scandium-mandelic acid precipitate.
Titles

Neutron Activation Analysis for the Determination of Heavy
Lanthanides- Part 1
(J. Hucl. Soi. %j, 53, (1965) (Korea))
By K.S. Chung and C. Lee

Abstracts
A rapid method for the radiochemical separation and determination
of the individual heavy lanthanides by neutron activation analysis is
described. Separation of different lanthanide elements is effected by means
of chemical procedures including a small cation exchange column* A gradient
elution technique is applied at room temperature at several pH values, i.e.,
3.6f 3*85, 4*00 and 4.20 using ammonium lactate as eluent» A sample of
nona«i$e is analyzed for its.content of dysprosium, ytterbium, and lutetium.
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Carrier free separation of Sr90*89, Zr95, Nb95, Ru103, and Cs137
from the mixture resulting from natural radioactive decay of
uranium'ores,
(j; Nucl. Soi. 6, 53, (1966) (Korea))

Title*

By K.S. Park and C, Lee
Abstracts
Carrier-free radioisotopes, Sr89*90, Er95, Ru103 and Cs137 are
usually produced as byproducts from nuclear fuel reprocessing in foreign
countries* In Korea, however, demands for these radioisotopes in the medical
and industrial field, even though there are no facilities for nuclear fuel
reprocessing systems, are increasing day by day. In this paper, the possibi89+9<
lities for
the production
production of
of carrier-free
carrier-free Sr
Sr
, Zr , Ru , and Cs ,
for the
with Korean TRIGA MARK II Reactor are discussed.
Title:

Substoichiometric determination of the decay yield of Ba-140»
(J.Kor.Chem.Soc. J, 113, (1965)
By K.S. Park and C. Lee

Abstracts
In the previous paper, the determination procedure for fission
products mainly consists of many steps which are usually derived from
classical analysis schemes. In the present paper, a simple and more rapid
method for the determination of fission products by means of, a smaller
amount of reagent than that corresponding to the stoichiometric ratio of
element to be determined is investigated. The yield of Ba-140 in fission
products is determined by this method.
Title:

A convenient method for the determination by activation analysis
of halogen in organic halogen compounds
(J.Hucl. Soi j^, 39, (1965) (Korea))
By You Sun Kirn
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Abstract*
A convenient technique fox- the determination by activation analysis
of organic halogen compounds was investigated using a strip of Whatman Ko* 1
filter paper as the sample support. The amount of halogen contained in a
micro quantity of organic chloro acid, bromide, and iodide was analyzed by
means of an activation analysis technique. The method was
simple and
convenient* The absolute error involved in this method averaged 1.0-0.1$.
The analytical procedures were described.
Title:

Radiometric methods for the analysis of minerals for Uranium and
Thorium. (1968)
?y M. Sankar Das, Kirn Won II and Lee Chul.

Summary»
During the last fifteen years radiometric methods have been reported
for the assay of the uranium and thorium content of minerals and ores. The
present report records the effort put in at the Atomic Energy Research
Institute, Seoul, Korea, at standardising some of these methods for the
benefit of those who would like to follow it up in future. The need for
this effort was felt in view of the occasional requests made to this
Institute by different scientific and commercial institutions in the country
for this type of analysis, generally through the Ministry of Science and
Technology.
Titles

Iron wire containing manganese as flux monitors in activation analysis
using short-lived radionuclides* (i960)
By M. Sankar Das, Lee Chul, Kim Won II.

Summary*

.

. . .

In activation analysis short-lived radionuclides, a monitor giving
rise to a long-lived product nuclide is usually employed to normalise
variations in the flux and periods of irradiations between samples and
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standards. A number of factors have to be taken into consideration in the
selection of this monitor. When the samples are irradiated to saturation
activity of the desired product nuclides, critical control of time is importantt
since the activity of the desired nuclide no longer depends on the variations
in time, but only on flux, while the monitor activity depends on both the tine
of irradiation and flux. In eases where the irradiation period is less than
two to three half-lives of the desired product nuolides, the monitor activity
can be used for normalisation of both flux and time variations. An additional
desideratum, specially in neutron activation analysis using reactor flux, is
that the cross section vs- neutron energy response of the monitor is similar
to that for the element being determined, a consideration which is difficult
to achieve, unless one uses the ideal monitor, viz; a known amount of the
sample element. At best this can be used in nondestructive analysis using
duplicate counting equipment. Metal foils and wires of elements having high
activation cross sections, such as gold, manganese, indium, copper, and platinum
are generally used* Of these, thin gold foils are the most popular*
This very high sensitivity of gold is as. much a handicap, as one has to
irradiate an accurately weighed amount of about a few hundred miorogramms
or less.

Alternately, one has to either irradiate an aliquot of the gold
solution prepared in aqua regia, or count and aliquot of the milligrams of
the foil dissolved after irradiation. The same practical difficulties are
involved the choice of the other metals.
Fukai used a 0.5$ Co-Al foil to overcome some of the difficulties in
the choice of gold. However, when a reactor flux is used for irradiations,
one has to wait for the decay of Na formed from the reaction Al (n,pt)
Na before the measurement of Co activity.
On the basis of considerations similar to those employed in spectrographic
analysis, Hoste and ooworkers have used a component of the sample itself
as an internal flux monitor. If this internal standard is a minor constituent.
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it is necessary to confirm that its concentration does not vary from sample
to sample. Alternately, the samples have to be analysed separately for this
monitor before the data can be used for the normalisation.
From the above discussion it is seen that there is a need for a -simpler
choice» It was felt that commercially available iron wires containing low
percentage values of manganese could be suitable monitors. Hence the present
studies were undertaken to establish the homogeneity of some iron wires with
respect to their manganese distribution and their application in activation
analysis.

Title*

The Determination of Trace Elements in Rice by Neutron Activation
Analysis
(J. Kucl. Soi. 2t 23 (1969))
By Y.Y. Lee and *A* Travesi
"Department of Chemistry, College of Liberal Arts & Sciences,
Seoul National University, Seoul, Korea and *Junta de Energia
Nuclear, Spain*

Summary*
The ever growing biochemical interest in trace elements in biological
materials has resulted in the publication of numerous papers dealing with
methods for the determination of such traces* The extreme sensitivity of
activation analysis has accordingly opened new possibilities for their determination and review articles on the use of activation analysis in biological
work have recently appeared» Bowen and Cawse gave practical details of
analytical methods for determining the amounts of a number of elements found
in biological tissues, especially in tomato seeds, by activation analysis.
According to Rose, trace amounts of 62 elements in certain matrices could
be determined by neutron activation analysis by combining nondestructive
gamma spectrometry and rapid chemical separation procedures*
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The purpose of this paper is to identify the trace elements in rioe
and to determine their amounts by neutron activation by applying the
analytical methods developed in previous works. When rice is exposed to
thermal neutrons, a large percentage of the induced radioactivity is produced
by such nuolides as sodiuro-24, potasslia-42 manganese-56, bromine-82 and chlorine-38,
produced by the corresponding elements that become highly radioactive during
activation, and, subsequently, these radionuclides overshadow the activities
of other induced nuclides* Therefore, it is so difficult to identify other
trace elements in any biological material by nondestructive techniques, such
as irradiation and direct gamma spectroroetry, even though partial identification of radioisotopes with different half-life may be obtained by variation
of the experimental conditions, such as irradiation and decay time» For this
reason, nondestructive and rapid chemical separation techniques were applied to
identify trace elements in rice and 14 elements could be identified.
Six major trace elements of them were also determined quantitatively by
neutron activation methods in two varieties of uncracked and cracked rice
samples»
The characteristics of the activation analysis performed for each
element analysed are shown in Tables»
Title»

Activation Analysis of human hair
(J. Hue. Soi. 6t 56, (1966) (Korea))
Sy W.H. Jae and K.S. Park

Abstract:
The head and pubic hair of thirty different persons were irradiated
with TRIGA MARK II Reactor in the flux of 7 x 1011 n/cm2 sec and 4 x 10 2
/}
m/cm sec» and analyzed with 256 Multichannel Pulse Height Analyzer and
Recording Spectrometer»
It was found that Na, Cu, Hn and Ge present in hair could be determined
using the above irradiation conditions. The variabilities of trace element
concentrations in hair of the same individuals were much smaller than that
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of different individuals for the same washing condition and also the contents
of trace elements of head hair and pubic hair of the same individuals were
shown to have much similarity.
Title:

The fast neutron flux measurement& of a research reactor (Triga Hark II)
by means of threshold reactions and cross section measurements of
2<H
Pb (nt n') 204Pb and204Fb (n. 2n) -*°3Pb reactions.
(J. Nucl. Soi. 9 73 (1969) (Korea))
By C. Lee and H.J. Cho

Abstracts

The average cross sections of 204Pb (nt n*)20*"pbt 204Pb(nt 2n)
Pbt and ^Fe (n, p) ^Mn were determined using «i(nf p) ^ Co and
Pe(nt p) Hn as the monitor reactions. The average cross sections of
20
S'e(n, n1)204mpb and204?b(n, 2n)203Pb were 20mb and 6.2mb, respectively.
In present study, the activities of
Fbt TPb and ^Pe were measured
by y -epeotrometry and the disintegration rates were calculated by means
of the photopeak efficiency curve which was obtained by standardized sources
from I.A.E.A. and related publications.

(b)

Routine Analysis

In Korea routine analytical work for the trace content of a sample
by radioactivation techniques are rather limited to the Chemistry Division,
since the Triga Mark II research reactor installed at this institute is
unique in this country. Even though some industrial plants and organizations
are making many attempts to import a portable source or packaged sources for
analytical purpose, demands for routine analytical work have been increasing*
The Office of Atomic Energy in Korea is now encouraging industrial engineers
or scientists to attend training courses titled "The application of radioactivation analysis" (sponsored once a year by the Office) and the necessary
governmental assistances for obtaining radioactive sources are sponsored by
this institute.
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Future Recommendations
In Korea, there are atill many scientists majoring in radioactivation
analysis and some of then have excellent capability for managing their
research work* Furthermore, many scientists and engineers have been trained
in this field through short training courses held by both I.A.B.A. and the
Office of Atomic Energy of Korea. As the economical reconstruction programme
of this country had successfully been managed so far and the level of science
and industrial plants have been improved to the extent of competing with
overseas for markets, the demands for activation analytical work have also
been increasing everywhere in this country» However, this division cannot
afford a sufficient number of scientists and assistants and the research
budget which are recfuired for fulfilling efficient analytical work* It is,
therefore, recommended for the authorities in this country to reinforce the
existing budgets and staffs as soon as possible* The joint venture of a
project with an outside scientist will also be possible, if funds and
facilities are well arranged* At present, the- institute itself has been
constructing the new research reactor, reactor building with hot lab*
facilities, and renewed counting devices, but the problems of funds and
joint venture are still unsolved*
If I.A.E.A. decide any regional co-operation programme in the Far
East in this occasion, Korea will surely be a potential source of competent
scientists for joint ventures of a research project and of many trainees

for the training programme in this field.
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The following is a brief summary of routine analytical work performed at
this laboratory*
1»

Determination of lUobium-TanTalum in a Korean ore.

2*

Determination of the trace contents of gold contained in the Sunduk
Buddha Bell made in Synra Dynasty. (Ça. A.B. 500. Kational Treasure).

3.

Determination of trace amounts of arsenic contained in the vomiting
material of a drug suicide* (requested by the national police),

4«

Determination of the wnpositions of aroheologrical relics excavated
from ancient tombs» (Kaf Cu, Al, and Co.)

5.

Determination of radioactive materials in an unknown sample (requested
by C.I.A» of Korea),

6.

Determination of trace contents of bromine in a medical drug,

7«

Investigation on the flow of underground water for agricultural
irrigation by means of radioactivation of tracer compounds (bromine,
sodium, and manganese)

8.

Investigation on the leakage of an agricultural reservoir by means of
activation analysis.

9»

Determination of trace elements contained in the
victim,

hair of a traffic

10.

Determination of copper contents in a dust sample contained in the pocket
of a criminal défendent.

11.

Determination of trace contents of the mineral ore of a trial concerns.

And etc*
The routine analyses have been performed on receipt of an official
request filed at the institute.
Gradually, industrial engineers and/or managements have become concerned with
the analysis of the trace element content of their products or samples obtained

during process control studies as the market for their products became
internationalised. It is, therefore, expected that there will be an increased
number of industrial samples submitted for routine activation analysis in
this division*
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Appendix

1. Name and Address of Scientists Concerned.
2. Present Research Facilities.

1» Name and present address of scientists concerned.

Name

Status

C. K. Kim ph.D.

ex staff Bell telephone laboratory, U.S.A.

J. I. Kim ph.D»

ex staff Inst. fur Radiochemie T.H.Muchen,
Germany

J. Pijk ph.D.

I.A.E.A. Belgium
expert

M. Sanka Das Ph.D.

I.A.E.A. Bha Bha Atomic Research Center,
expert
Trombay, Bombay, India

K.â.Chung Ph.D.

ex staff Sukang University, Seoul, Korea

W. M. Jae

visitor

Hanyang University, Seoul, Korea

K. C. Park, Ph. D.

visitor

Donga University, Pusan, Korea

K.S.Park ph.D.

ex staff Ullsan Technical College, Ullsan,
Korea.

w. P. Chang

Visitor

Y. Y. Lee, M.S.

ex staff

Present address

National Minning Laboratory, Te.ojon, Korea

Seoul University. (Department of
Chemistry) Seoul Korea.

M. J, Chun M.S.

Visitor

Seoul Women's College. Seoul
Korea.

Chull Lee

staff

Atomic Energy research Institute,
Seoul, Korea

And other assistants.

27

2.

Research Facilities

(a) Present facilities
T M C

» « * *00 Channel analyser
with ?x2" Hal scintillation >»robe« Several sets of & -counting
and /f>~countin# counters.
Hitachi 400 & 800 channel analysers with ^xV* Nal scintillation
Probe. Several seta of counters (transistorized).
Keutron PI\ixs A pneumatic tube system for Triga Mark-II research
reactor (100 kW).
Relative distribution of the neutron flux is summarised in Table 1»

(b) Future extension of research facilities
Haut ron FluxjL A duplicate pneumatic tube system for Trig» Mark-II
(2 MW«) research reactor*
(At the middle of 1971)
A 15 Mev neutron generator»
(At the middle of 19ÎO)
Some packaged radioactive sources for activation analysis imported
by civilian or other government organizations.

Count ing device et A considerable number of nraiti-chamel analysers
is beinff imported from Japan by this institute and other organizations.
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Table I.

Research Reactor» Facilities at Present
Designation

Position

Useful
dimensions
(cm)

Neutron flux
(n/cm sec)

Remark^

notary specimen rack

K.5.R.
v?ith 40 positions located No. 1
«» 11
da graphite reflector
• 21
it 31

Pneumatic transfer
tube*
Central thimble

-25 high

(near edge O.D.
of core) -3.8 diam
———————
O.D.
vertical
length
-3*0 diam
from top —
* 5.4 m

TRIGA. MARK - II

Procedures for measuring the flux.

th. «?• 2.5 x 10U 55Mh (n.J)56Hh
f . w, 5- 0 x 1010 5%i (n.p)*fco

th. «v. 1.2 x 1032
f . >av. 6.9 x I0n
th. av. 1.6 x 1012
f. *v. 1.4 x 1012

55

Mh- (n.y ^
Ni (nfcp)50Co

58

55

Mh(n^56Mh
5
% (n.p)58Co

Activation Analysis and Nuclear Research in Burma
R.W. THIELE - IAEA-EXPERT TO THE GOVERNMENT OF BURMA

Research endeavours in the field of Nuclear Sciences in Burma appear
to be concentrated in three main Institutions. These are the Chemistry and
Physics Departments of the Rangoon Arts & Science University and the Union
of Burma Applied Research Institute (UBARI).
The Nuclear Laboratory of the Chemistry Department of RASU to which
I am at present attached was established with the aid of IAEA in 1966. it
now comprises a fair outfit for Radiochemical work. Since its establishment 3 IAEA-experts in Nuclear Chemistry have been attached to the Chemistry
Department of RASU for a total of 22 months including my present assignmentthere. Recently an Americium/Beryllium Neutron source with a maximum thermal flux of approximately 1.6X10-5 n/cm^eec. has become available.
The previous expert, Dr. Krishnan, in collaboration with his counterpart} initiated a research project in the activation analysis of the
Arsenic and Mercury content of hair and fingernails of workers in the local
lead industry 'and also of pesticide residues in rice. At that-time the
neutron irradiations were carried out at the Atomic Energy Establishment,
Trombay, India.

However, in this respect a serious drawback exists in that"irradiations abroad and the importation of radioisotopes for current research
undertakings is limited by restrictions on regular foreign currency allocations to RASU and by delays over customs formalities»
We now have the somewhat strange situation of a fairly well equipped
Radioisotope Laboratory with no radioactivity to measure except for that
produced by the insignificant flux of the available Americium/BeryIliumsource* Therefore the provision of a suitable neutron generator is at present being considered. It is hoped that this may be supplied together with
some ancillary equipment sometime in the near future*
Utilisation of the Neutron Generator is envisaged mainly for the
purpose of activation analysis in a joint venture of the Chemistry and
Physics Departments of RASU together with UBARI-. It has also been proposed
that the resources and technical capabilities of these three Institutions
be pooled in a common laboratory which would then become a Central Nuclear

Laboratory for Burma.
. In view of these possible forthcoming developments an expanded
research programmet which is to be implemented on the basis of a five year
plan, has been drawn up* Research topics included in this programme are
predominantly of practical interest and aimed at a contribution by nuclear
methods, in particular activation analysis, to the technological and industrial needs of the country.
In the following, I should like to give a brief outline of these
research projects* Actually some of them are already in the process of
active implementation within the limitations imposed by the equipment at
our-disposal and by the limited neutron flux available from the Americium/
Beryllium-source.
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1) Activation Analysis of pesticide residues in rice.
The fumigation of rice with methyl-bromide as a preventive measure
against pests of various kind during storage is common practice in Burma
and other countries.
This fumigation is carried out according to FAO-specifications under
gasproof sheets at atmosperic pressure for 16-24 hours with about 30 grams
of Methyl-bromide per cubic meter of rice. After a further 6 hours of exposure to air the rice is then considered safe for consumption*

However, a preliminary assay by activation analysis using the 36 h
Br-82 indicated that a significant bromine contamination of up to 70 ppm is
present in some instances,even after much longer periods than the above 6
hours* The tolerance limit adopted in the U.S.A. and Canada is 50 ppm of
inorganic bromine residue. (This is well above the detection sensitivity for
Bromine, given by W.W. Meinke as greater than 1 ppm with a thermal flux of
10? n/cm2sec. and 6 minutes irradiation time using the 17.6 min. Br-80).
After a survey of the commonly encountered degrees of contamination
in Burma, activation analysis is eventually envisaged as method for the
routine checking of this staple food prior to its release to the public.
2) Activation Analysis of silver ores and the gold content of silver bullion.

The galena ores of Upper Burma are commercially exploited by the
Myanma Bawdwin Corporation in Namtu (Lashio). The ores are mainly leadsulfide with an average content of 0.015 % silver, 7 % lead, 4 % zinc, 3.3%
iron and 0*15 % copper. Small amounts of arsenic, antimony, bismuth, nickel,
cobalt and gold are also present» The Bawdwin plant produces refined lead,
zinc, nickel speiss and silver bullion. Some of the silver bullion has a
substantial gold content which is further refined abroad.
Application of Activation Analysis is envisaged to assay the gold
and arsenic content of the ore, the arsenic content of refined lead and the
old content of silver bullion» (The
sensitivity for arsenic and gold with
minutes irradiation at 10$ n/cm2sec. is better than 100 ppm.)

f

3) Activation Analysis for the Arsenic content of hair and finger nails of
Lead and Silver refining p l a n t . " " " "
The accumulation of arsenic in the hair and finger nails of persons
exposed to an arsenic-rich environment is a well established fact. In the
course of the smelting process involved in the winning of lead and silver
from galena ores also containing some arsenic, this arsenic becomes enriched.
The resulting arsenic pollution may call for precautions in order to prevent
health hazards to the workers employed in this industry.

A recent study of the arsenic in the hair and finger nails of
workers in the Bawdwin Refining Plant has shown that in hair this is as
high as 90 ppm in some instances. By comparison the normal arsenic content
of the hair of the average healthy person is 0.5-1.5 ppm (*).
(*) J.M.A. Lenihan, Proc. of Radioact.Anal.Symp. Vienna, June 1959» pp»8l-87*
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This survey, which it is expected will be published soon, was carried out by U Kyaw, a staff meaiber of the Chemistry Department of RASH,
with the aid of the IAEA.
It is now planned to enlarge the scope of this first investigation
and eventually to apply activation analysis to the routine survey of arsenic pollution in the refineries of the above mentioned corporation.

*0 tSorption behaviour of trace elements in the hair of the local population in Burma.
A recent paper by A,J. van den Berg and N.M. de Bruin, IAEA-Symposium on Nuclear Activation Techniques in the Life Sciences, Amsterdam
May 1967, has shown that the ion exchange properties of human hair must be
taken into consideration when its trace element content is investigated.
The samples examined by these tworothors appear to have been taken from the
Dutch population.

Due to the different racial and nutritional characteristics it is
expected that different results may be obtained from a similar study of the
hair of the Burmese population. Therefore a research project is at present
in the process of being implemented with a view to investigating the sorption behaviour of the hair of the local population with the aid of tracer
techniques. Completion of the investigation using activation anslysis
will become possible once higher fluxes are available.

5) Activation Analysis of Ancient Burmese Silver Coins.
The Archeological Survey of Burma has assembled a good collection
of burmese silver and gold coins dating from the Pyu period (8th Century)
to the 19th Century coinages of Mandalay (Yatanabon).
The non-destructive analysis of the silver and gold content of these
coins is carried out at present with the low flux of the available Am/Beneutron source. Once a suitable neutron irradiation facility with a higher
neutron flux becomes available, it is planned to extend activation analysis
also to the trace metal content of these coins. It is hoped that this will
yield data which, by correlation with the trace metal content of silver
ores from different areas will provide information on the history of economy
and trade in Burma.
6) Activation Analysis for the Determination of the Influence of some Trace
Eléments, such as copper in salt? on the durability of salted fish.
On grounds of previous studies in this field, carried out at the
Chemistry Department of RASU, it is suspected that the catalytic properties
of some metals such as copper, which are present in trace amounts in common
salt, may contribute to some extent to the degradation of salted fish.
An investigation of the influence of salt from different areas and
thus of different trace element content, on the durability of salted fish
prepared with it, has therefore been proposed. Since salted fish is one of
the staple foods in Burma, this proposition is also relevant to the economy.
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7) Activation Analysis of Monazite Sand,

Monazite sand occurs in Burma on the southern coast of the Tenasserim Area and the Southern Shan States. Samarskite, a Rare Earth-Columbata,
Tantalate is also found in the Shan States.
Little analytical work has been carried out so far on these minerals
except for some sporadic assays of their uranium and thorium content* Preliminary work has now been initiated at the Chemistry Department of RASU
with the Am/Be-source to identify and assay by a combination of neutron
activation and ion exchange some of the Rare Earth Elements accurring in

the burmese Monazite deposits*
8) Activation Analysis of Tunsten- Ores.

The burmese tungsten ores of the Kogok area are mainly Scheelite
(a W,Fe,Mn Oxide) and Wolframite, a Calcium tungstate. The Tungsten content ranges from 0.5 - 1 % with other metals (mainly copper, lead and tin)
bringing the total metal content of the ore up to about 2.5 %.
Commercial exploitation is at present limited to gravity separation
resulting in an upgraded ore with approximately 65 % metal content. This
ore is then exported.

Ore extraction is practised partly by purchasing small lots of ore
gathered by individual collectors. This may result in ore batches of variable grade. It is envisaged that activation analysis may be helpful both
for a quick routine assay of the single small lots and also for the prospecting for tungsten ores.
9) Activation Analysis of trace metals in local snake venoms.

Some snsJce venoms are known to contain small amounts of metals such
as copper, manganese, zinc etc. in their complex protein molecules* However, littl-e is known about the relationship between this metal content and
the toxicity of a particular snake venom.
Snake venoms in crystallised form are currently produced by the
Burma Pharmaceutical Industry in Rangoon. The comprise the Cobra, The
Hussel's Viper and the Banded Kraite venom*which would be readily available
for investigation by activation analysis.
10) Activation Analysis of Trace Elements in soil.
Some interest has also been expressed by the Chemistry and Agricultural Departments of RASU to apply Activation Analysis to the estimation of
those trace elements in soil which are biologically significant to the
crops which are commonly grown in Burma.
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The implementation of most of the research projects outlined above
will obviously depend either on the provision of a locally*operaied neutron
generator capable of furnishing a thermal flux of about 10 n/cm sec. or
some suitable arrangement to have irradiations carried out abroad.

171 th regard to technical staff available in Burma, at present there
are three lecturers at the Chemistry Department and four lecturers at the
Physics Department of RASU who have received training in Nuclear Sciences*
In addition, three staff members of the Chemistry Department and three staff
members of the Physics Department who are receiving training in specialised
fields of Nuclear Chemistry and Physics in England, Canada and Australia,
are due to return before 1972.
Altogether 13 staff members who have received training in Nuclear
Sciences should be available in the near future for the implementation of
the research programme.

Forensic Activation Analysis
by
Vincent P. Guinn

Department of Chemistry
University of California
Irvine, California 92664
Introduction»

The high sensitivity of high-flux

(reactor) thermal-neutron activation analysis (NAA) for the

detection and quantitative measurement of a large number of
elements has led, in recent years, to a considerable degree
of application of the method in the area of scientific crime
investigation (criminalistics). Thus, in a Forensic Acti-

vation Analysis Bibliography recently compiled by the au-

thorf some 135 publications in this field are listed - and
more are appearing quite rapidly. The nondestructive char-

acter of the purely-instrumental form of the method is an

added advantage in forensic work, since evidence samples
involved in actual criminal cases are not destroyed during
analysis, but are preserved intact for possible presentation
in court. Quite aside from, or in addition to, use in court,

NAA results can be very helpful in the investigative stage of

particular criminal cases. The ultra sensitivity of the
method often enables one to analyze evidence specimens that
are too tiny for meaningful analysis by more conventional
elemental analysis methods. Also, this high sensitivity
often enables one to characterize, or individualize, evi-

dence specimens as to the possibility of common origin -
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via the principle of multi-element trace-constituent charac-

terization.
At the present time, NAA is being employed on a
regular basis, in the investigation of actual criminal cases,
in five laboratories: (1) Gulf General Atomic, in San Diego,

California , (2) the U. S. Treasury Department laboratory, in
Washington, D. C., (3) the Federal Bureau of Investigation
laboratory, in Washington, D. C., (4) the Centre of Forensic
Sciences, in Toronto, Canada, and (5) the Home Office laboratory, in Aldermaston, England. The first case in the United
States in which NAA results were presented in court took
place in March of 1964. Since, that time, there have been

over 100 U. S. court cases involving the presentation of NAA
2
results. A list of the first 51 such U. S. cases has been
compiled by M. J. Pro and the author, and is available upon
request. There have now also been a number of such court
cases in Canada and England, and some in other countries.
The forensic NAA research and development work,

upon which case applications are based, has to date largely
been conducted at four locations: (1) Gulf General Atomic,

(2) the Oak Ridge National Laboratory, (3) the Centre of

Forensic Sciences and the University of Toronto - both in

Toronto, and (4) the Home Office laboratory - in Aldermaston.
However, in addition - or more recently, a number of significant contributions in this field have been made by groups

in Scotland, Holland, Brazil, and Japan, plus some others.
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In 1966,
Atomic (now

the author's former group at General

Gulf General Atomic) prepared a 28-minute color/

sound film for the U. S. Atomic Energy Commission on this

subject - based largely on illustrative actual cases investigated at General Atomic. The film is entitled, "The

Nuclear Witness - Activation Analysis in Crime Investigation",
and is used regularly in agent training courses by various

law enforcement agencies, such as the Federal Bureau of Investigation and the U. S. Treasury Department. Copies of the
film can be borrowed, at no charge, from U. S. AEC film libraries and various U. S. embassies.

During the fall of 1966,

the First International

Conference on Forensic Activation Analysis (FAA)

was held

at the General Atomic laboratories, in San Diego, California.

The Conference was co-sponsored by General Atomic, the U. S.
Atomic Energy Commission, and the California Association of

Criminalists. The papers presented at the Conference provided a thorough summary of the field, since the invited
speakers included virtually everyone, in any part of the

world, who had contributed appreciably to the development
of this field up to that time. At the Conference, 24 papers
were presented by 22 invited speakers from Australia, Brazil,
Canada, England, Scotland, and the U. S. . The speakers in-

cluded: L. C. Bate, D. E. Bryan, R. F. Coleman, N. E. Erickson,

V. P. Guinn, R. E. Jervis, M. F. Kerr, P. L. Kirk, S. S.

Krishnan, G. W. Leddicotte, J. M. A. Lenihan, F. W. Lima,
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C. J. Maletskos, A. K. Perkons, M. J. Pro, G. J. Rotariu,
E. V. Sayre, H. L. Schlesinger, D. M. Settle, H. Smith,
L. E. Smythe, and M. A. Wahlgren. The complete papers were
subsequently published in a 314-page Conference Proceedings.

A

The Conference was attended by scientists and law enforcement

personnel from ten countries.
Immediately after the September 1966 International

Conference on FAA, the various speakers met and formed an
informal international Forensic Activation Analysis Coor-

dinating Group - to aid in the proper and systematic development of this field, and of its use in court in criminal
cases. The initial Executive Committee of the Group includes

V. P* Guinn (Chairman), R. F. Coleman, S. S. Krishnan, F* W.

Lima, C. J. Maletskos, M. J. Pro, and L. E. Smythe. All persons who are actively engaged in FAA studies, and who are
interested in joining the informal Group, are welcome to contact the author. A new Executive Committee will be formed
during the Second International Conference on Forensic Acti-

vation Analysis. The Second Conference is being organized
by John Lenihan and Hamilton Smith, and is tentatively sched-

uled to be held in Glasgow, Scotland, April 17-19, 1972.

These dates were chosen so that the FAA Second Conference
would fall immediately after the Fourth International Conference on Modern Trends in Activation Analysis - scheduled
to be held in Saclay, France, April 10-14, 1972.

More recently, the International Atomic Energy
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Agency has initiated a program in the field of forensic

activation analysis. During May 1969, the Agency held a
Consultant's Meeting on FAA, in Vieriha, to formula :e recommendations to the IAEA for Agency activities in this field.

The four Consultants involved were R. P. Coleman, V. P.
Guinn (Chairman),^. E. Jervis, and C. J. Maletskos. The

Agency was represented by 6. B. Cook and 0. Suschny', and a
representative frDm Interpol aTsb participated. As an outgrowth of this Consultan€;fs 'Meeting, the IAEA "plains to ini-

tiate several activitie^ • in :the-field of forerisfc activation

analysis. Two of these etbtiviti'es, for example, are (!) preparation of a periodically-updated' PA¥ b'fblfôgô?aphy, and (2)
preparation and issuance of a ' state-of-the-art' paper on PAA.

The author • s PAA bibliography* was prepared: to help the Agency
get started on the IAEA bibliography. Additional references
from the U. S. National'Bureau of'StandarW^ recently-issued
PAA'bibliography5 will alsd be' incorpors&e'a in tlîe IAEA bibliography. The s ta te-of-t rte-art paper f-î s currently being
prepared by the four Consultants.

/r

-

Gunshot-Reisiclue Studies. In-'late 1961, the author's

group at General Atomic conducted 'exploratory experiments on
the possibility of detecting traces- of barium and?'antimony on
the back of' thé gunhand of a person who had recently fired a
gun, via NAA followed by carrier radiochemical separation of
the induced 82.9-minute 1393a (E =0.166 MeV) and" '• '
2.80-day

122

Sb (E « 0.5^4 MeV) activities. These' *

exploratory experiments, conducted in cooperation with
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R. H. Pinker, Chief Criminalist of the Los Angeles Police

Department, were quite promising, and led to a much more
extensive, and fruitful, study. Most cartridge primers
contain Ba(N03)2, Sb2S_, and lead styphnate - and some of

the older type include mercury fulminate. Since Ba(NO3>2
and Sb2S3 are more widely used (particularly in U. S. car-

tridges) ,and the NAA sensitivity for lead is not very good,
attention was focused on the detection and quantitative

measurement of Ba and Sb removed from a selected area of the
back of the hand via a paraffin "handlift" procedure.
A more detailed study of gunshot residues (and
other forensic applications of NAA) was initiated in May 1962,

with the support of the Division of Isotopes Development, of
the U. S. Atomic Energy Commission. Starting in 1967, additional support Was provided by the U. S. Department of

Justice. Many aspects of, and variables involved in, the
gunshçt-residue problem have been investigated in this study.
They include: type of gun, make of gun, condition of gun/
caliber of gun, cleanliness of gun, barrel length, brand of

ammunition, number of firings, angle of firing, wind di-

rection and velocity, spatial distribution of residues on
the hand, methods of removal of the residues, occupational
"handblank" levels, use of tagged gunpowder and tagged

,

/;
r

primers, etc. The results of these gunshot-residue studies

have been published in various interim papers and reports
(particularly in references 15-17, 19, 22, 39-43, 46, 52, and

107-108 in the FAA Bibliography ), and in some more recent .
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•

publications.6r 7'8 A comprehensive summary of this gunshotresidue work has just been published.

Q

The author's former laboratory at Gulf General
Atomic has distributed several hundred special gunshot-residue
paraffin hand-sampling kits

to a large number of law en-

forcement agencies in the U. S. and abroad, during the past

several years. These are frequently used by these agencies
for sampling the hands of suspects and apparent or questionable suicide victims in gunshot cases. Results of such Ba-Sb

measurements have been successfully presented in U. S. courts,
and courts in some foreign countries/ on a number of occasions.
An interesting test of the method was conducted in

March of this year (1970). Six paraffin handlift samples
(both hands from three different persons) were prepared by the

Dallas, Texas, Medical Examiner's Office - then sent as unknowns to the author's former laboratory at 'Gulf General
Atomic. The Ba-Sb results obtained were interpreted by the
author, and reported at a Ballistics Seminar for Medical
Examiners held in Dallas this April. It was reported that
two of the samples were from the hands of a person who had

apparently not fired a handgun recently; two were from the
hands of a person who had recently fired a medium-output gun
(such as a 0.38-caliber revolver) with his right hand; and two
were from the hands of a person who had fired a higher-output
gun (such as a 9mm, 0.45-caliber, or 0.25-caliber automatic),

holding the gun with both hands. These results turned out to
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be entirely correct. The samples, in fact, came from the
hands of (1) a person who had not fired recently, (2) a

person who fired a 0.38-caliber revolver one time, with his
right hand, and (3) a person who fired a 9mm automatic one
time, holding the gun with both hands.
Interesting NAA studies of gunshot residues have
more recently been carried out in a number of other laboratories. Scott, Coleman, and Cripps,

in England, per-

formed autoradiographic measurements on neutron-activated
paraffin handlifts, and were able to demonstrate the particulate nature of the deposits, via the 2.80-day 122Sb activity.

Subsequently, similar autoradiographic results were

obtained at Gulf General Atomic, by H. L. Schlesinger. The
Ba-Sb technique has also been investigated in Japan, by Kubota,
Tokunaga, and Nakamura.12 In the U. S., Thomas et al,13 and
Pillay et al,14 have extended the earlier General Atomic
studies

involving the use of rare-earth tagged gunpowder.
In closely-related studies, the NAA measurement of

traces of antimony on surfaces, such as skin or cloth, has been
used to estimate firing distances. This technique was first

developed in Germany, and reported by Baumgaertner, Staerk,
and Schoentag

in 1963. The method has been considerably

extended, in Canada, by Krishnan,16 '17 '18 '19 and used in the
investigation of some Canadian gunshot cases. Comparing an
evidence sample with test samples obtained by firing the recovered gun (rifle or handgun) with the same brand of ammunition, to yield an antimony concentration-versus-firing
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distance calibration curve, Krishnan finds that the firing

distance can often be determined with reasonable accuracy up

to distances of 8 to 10 feet.

The NAA method has also been used by Schlesinger,
Hoffman/ and Pro20 '21 , by Krishnan17 , and by Krishnan and
22

Nichol

, to establish whether holes in various materials

(tissue, cloth, leather, etc.)

are, in fact, bullet holes.

Material in and/or around the suspect hole, or swabbings of

these areas, are activated, and then examined for the presence of significant levels of 139Ba and 122Sb (and also for
se
64Cu, in case a copper-jacketed bullet is involved).

Trace-Element Characterization Applications . In

criminal investigations, it is often necessary to establish,
as definitively as possible, whether various evidence specimens

of a particular type involved in a case, do - or do not - have
a "common origin" (this term being appropriately defined).
Multi-element, high-flux, instrumental neutron activation
analysis has proved to be a powerful technique for such applications.

In general, specimens of a given type of material

(e.g., blue paint) will be closely similar in their levels of

major, minor, and trace elements - if they are from the same
specific source (e.g., blue paint of a particular brand, made
>

by one particular manufacturer, and perhaps from a particular
production batch). On the other hand, specimens of a given

type of material (e.g., blue paint), but of different origin

(e.g., blue paints from different manufacturers) may or may not
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be fairly similar in their levels of major and minor elements but almost certainly will differ considerably in their levels
of various trace elements.
The NAA trace-element characterization technique
has been applied (in some instances, via extensive investigations?
in other instances via, thus far, only exploratory studies)

to both natural products (e.g., hair, opium, marijuana, and
soil) and manufactured products (e.g., paint, glass, bullet

lead, paper, etc.).
To date, the most extensive such investigations have

been carried out on specimens of human head hair - notably by
Jervis and/or Perkons,23 '24 '25 '26 '27 in Canada, and by Coleman
and coworkers,28 '29 in England. In the investigation by
04
Perkons , washed head-hair specimens from approximately
1,000

persons (mostly Canadians) were analyzed.

In toto, 20

elements were detected and measured in these samples. In a
typical 5-10 mg sample of hair, however, a lesser number of

elements can normally be detected and measured quantitatively -

perhaps 10 to 14, under the conditions used by Perkons (usually
a 50-hour irradiation at a thermal-neutron flux of about 1013
n/cm2-sec, followed by Nal(Tl) gamma-ray spectrometry at several decay times).

In Coleraan's study 28 '29 , specimens of head

hair from 750 persons in England and Wales were analyzed in
a rather similar fashion, except for a different pre-irradiation
hair-washing method used.

In both studies, it was found that

there was a wide range of element concentrations amongst hair
specimens from different individuals, and a much narrower
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(though still appreciable) range amongst hair specimens from

the same individual.
When hair samples from a large number of persons are
thus analyzed/ the distribution of concentrations of any specified element is usually found to exhibit a skewed log-normal
distribution. That is, a frequency plot of the logarithms of
the element concentration values more nearly approximates a
normal (gaussian) distribution thcin

does a linear plot -

but there is still some asymmetry in the distribution. Depending upon the element/ the inter-person measured concen-

tration values are found to extend over three, four, or even
five decades. With comparably-sized samples (5-10 mg) of
hair taken from one particular individual, the intra-person
variability is found to be much less - the variation from
sample to sample usually varying only over a range of about
2-fold, at most. When individual strands of hair, from any
one particular person, are analyzed, the variability of at
least a number of elements is found to be more appreciable,
in some cases amounting to an extreme range of as much as
10-fold.
Numerous complicating factors in NAA hair measurements,
and the proper interpretation of NAA results in hair comparisons,
are discussed by Bate30 '31 , Bate and Dyer32*'•33
'•', Guinn34 , Jervis23 ,
Kerr35 , Lima et al 36 , van den Berg et al37 , and Porslev38
In toto, in the combined studies by Jervis and Perkons, Coleman
et al,and Guinn et al, 29 elements have been found, via multielement scanning -instrumental NAA, in human head hair 34 :

47

Na, Al/ Cl, K, Ça/ Se, Cr, Mn, Fe, Co/ Ni, Cu/ Zn/ Ga, As/
Se, Br, Rb, Sr, Mo/ Ag, Sb, X, Cs, La/ Sra, Eu, Au, and Hg.
A number of papers have been published that are

concerned with the NAA determination of arsenic in human
hair - usually with radiochemical separations - particularly
in connection with cases of chronic arsenic poisoning. In

particular, papers by Barô et al
Erickson

Smith
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42 43

/Forshufvud et al

/van den Berg et al

, Dewar and Lenihan
44

' / Lima

,
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, Smith et al

, and Wyttenbach et al

,

may be

cited.
The instrumental NAA trace-element characterization
approach has been explored, to date/ not only with hair, but
also - for example - with such evidence-type materials as:
Paint - e.g., studies by Bryan and Guinn49 , Bryan50 / Sayre51 /

Snow et al52 , Wyttenbach53 , Schlesinger et al54 , and
Guinn et al .
Drugs -

(opium/ marijuana, heroin, and dangerous drugs) ce

e.g./

studies by Bate and Pro
tr*i

Leddicotte et al

Schlesinger et al

eg-

, Bryan et al
co

, Pappas et al

/
cu

/ Rayudu et al

, Tuckerman et al

,

/ and Guinn

et al7.
Glass -

62
63
e.g./ studies by Coleman and Weston
, Settle
/
7
and Guinn et al .

Oils and greases. - (crude oils, fuel oils, lube oils/ grease
lubricants) - e. g., studies by Guinn and Bellanca
Bryan et al

/ and Guinn et al .
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,

66
Whisky - e.g., studies by Hoffman et al

67
, and Pro et al.

68
7
e.g., studies by Hoffman et al
, and Guinn et al.

Soil -

Bullet lead - e. g., studies by Lukens and Guinn

, Lukens

,

Lukens et al73./ and Guinn et al6'7 .

Tape Paper -

72
e.g., study by Scott et al.
•73
7
e. g., studies by Lukens et ai' , and Guinn et al .

Miscellaneous (rubber, wood, plastics, inks, etc.) - e. g.,
study by Guinn et al'.

The trace-element characterization approach, using
instrumental NAA, has thus far only been applied to evidence-

type materials in rather limited, small-scale, exploratory
studies - with the exception of the large-scale studies on
human head hair by Perkons * and by Coleman et al

, that on

paint by Schlesinger et al , that on bullet lead by Lukens
et al71 , and, to a lesser extent, that on paper by Lukens et

al73 . Large-scale NAA studies of certain other kinds of
materials of forensic interest (i.e., soils, glass, and oils)
are in progress, but have not been completed or published.

Accounts of illustrative actual case applications
of activation analysis have been reported by Coleman and WesCO

ton

yl 1

, Erickson

76

Smythe and Ryan

"7 VI

TfC

, Krishnan et al , Schlesinger et al

, and

. Some aspects of the presentation of NAA

results in court have been discussed by Bryan and Guinn77 ,
Guinn

, and Haletskos

. Various summary or review papers

on forensic activation analysis have been published by Bryan
et al80'81, Coleman82, Gibbons83, Guinn34'84'85'86, Jervis87,
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Lyon and Miller 88 , Perkons and Jervis89 , Ruch et al90 , and
Smith and. Lenihan 91 .

Remarks.' The forensic applications of activation analysis/ although quite recent, are rapidly advancing. Many
of these applications have already been utilized in the investigation of actual criminal cases, and in many instances

such results have been introduced in court. What are currently needed the most are:

(1) really large-scale NAA

studies of many kinds of evidence materials thus far only
studied on.a small scale, (2) studies within various geographical regions of the world on certain evidence-type

materials of particular forensic importance (e.g., human
head hair in Japan; in Thailand; in the Philippines, etc.),

and (3) development of sound statistical methods for assessing
probabilities of common origin - from actual case results and
the results of large-scale studies.
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STATUS OP ACTIVATION ANALYSIS
USING TSING HUA OPES-POOL REACTOR
ÎY
SI JUNE YEH

' INSTITUTE OF NUCLEAR SCIENCE
RATIONAL TSINO HUA ..dIVE$SITY
BBPUBLIC OP CHUTA

I.

INTRODUCTIONt

Activation analysis may be considered to be one of the most

practical applicatipts; in the utilization of research reactor.
One of the obvious advantages of this method is its high sensiti~

vity for many elements. Using the. average research reactor, it
is feasible to. determine the content of element in various matrices,

to an order of as .low as 0,00.x mierogram.. Although the detection ,
sensitivities of other analytical methods also have been improved
very much in recent years by using newly developed instruments,

these methods can rival the activation analysis in sensitivity
for only a certain limited number of alements. Thus, at

present, the technique of activation analysis seems to offer the
nighest sensitivity for the greatest number of elements. Another

rnaoor advantage of the activation analysis is that no correction
for reagent blank is required for this method. Because only the
clement originally present in the sample under consideration is

made radioactive during the irradiation in the reactor, and the

reagents added after the irradiation, which are not radioactive,
will not be measured.
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The possibility of performing non-destructiven analysis "by

activation certainly adds another oharftoteriwtio f«»tur« to
the usefulness of activation analysis.

In recent years the technique of activation analysis has
been so well established that many of the leading analytical
laboratories in the world have accepted activation analysis as
a regular method to supplc-iaont to ''eahniCLues such as emission
speotrometry, flame photometry, spectrophotometry, etc. for the
analysis of trace amount of elements.

Among many programmes on the 'utilization of the Tsing Hua
Open-pool Reactor (THOR) at the Institute of Nuclear Science of
National Tsing Hua University, activation analysis has been one
of the important project to which the Institute has given priority

for its development in order to fulfill the domestic demands.
It is the purpose of this report to summarize briefly the current

status of activation analysis program and review the'work done

on activation analysis by various workers using THOR.
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II.

CURRENT? STATUS OP ACTIVATION ANALYSIS USING THOR
*

THOR has "been running on routine schedule of thirty hours
continuous operation a week at its full power level 0f one
megawatt for many years.

Immediately after THOR started its

routine full power operation, the Institute has taken initiative
step to establish a program on activation analysis, and has
devoted considerable effort to the development of the project»
The reasons for this move are many fold?
(a) For the promotion of peaceful uses of atonic energy, the
:

<• -

project of activation analysis would provide the most direct
examples of practical application of THOR to appeal to the

public.
(b) The project of activation analysis can be carried out with
rather low budget, since it can be performed with relatively

simple and inexpensive instruments.
(c) It provides an excellent educational program in nuclear and

radioohemistry as well as research projects when it is coupled
with rapid radiochemical separation studies* The,project can be
•'
geared to solve the problems of local interests.

(d) Above

all, the project of activation analysis can pay

dividends much quicker than any other programmes on the utiliza.

tien of THOR*
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Up to now THOH-t» elitH the. only research realtor i» the
Republic, of China. -(The second research reactor is now under

construction by Chinese Atomic Energy Council). Thus, the

Institute has "been functioning as a National Laboratory in
nuclear studies and the r3lated fields by making all research
facilities associated with THOB available to those who are
interested in doing work along this line.

A. Facilities for Activation Analysis Available at THOR

Irradiation of sample for activation analysis can be made

conveniently by using the 2 inch pneumatic tube system attached to
,THOR. For short-irradiation and fast analysis of sample it has
been designed to deliver the irradiated sample from the vicinity
of core of THOR to a transfer cell in the neighboring radioisotope

laboratory within 1 second, after the irradiation being stopped.
A pro-set timer which operates blower system to pull the polyethylene
rabit into or out of the THOR makes it possible to irradiate the
sample automatically for short period of time. The pneumatic

tube would carry the sample to the position just outside the moderator of the THOR at which position the neutron flux is usually
y 2
ca. 4 x 1012 n/cm
« sec..

Another excellent irradiation facility, the complete system
for delayed neutron activation analysis has been designed and

installed, under the supervision of "Professor C. L. Liu, into
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one of the beam port of THOH by Instrumentation section of the

Institute of Nuclear Science»

The system was found to be very

reliable and useful. Several thousand irradiations have been

made with this facility during tho past two years*
t

. *

In addition to these two irradiation facilities it is also
.!«'••"

possible to irradiate the sample for activation analysis in the
pool) in the vertical dry tubes (there are six of them) or in

the beaa ports of THOR f©r longer period of time.

îbr destructive activation analysis, an isolated special
• .-'. .•=--,
laboratory in the radioisotope building is allocated for chemical
•

' ,

y

processing so that any undesirable radioactivity contamination
*

t

\

*

can be avoided. Special precaution is also exercised in the
preparation of sample for activation analysis»
Radioactivity measurements are made with standard counting

equipment including a 100-chanel pulse height analyser (OfMC
v *

*•

'

product)» Gamma - ray spectra are obtained by 2 in. x 2 in« Kal

(Tl) crystal» and are immediately visible on the oscilloscope
or can be simultaneously plotteX on an XT recorder and printed

out-. Another multichanel pulse height analyser will be added
very soon to this group of equipment„ to strengthen radioactivity
counting system. The feasibility study for an automated data

processing eysten for activation analysis is also in progress»
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B. Review on the Activation Analysis Work Using THOR

On©

great advantage of developing activation analysis programs

at the reactor center is that the problems of local interest can

effectively fit into the program. In many cases rather fruitful
results were obtained. Following are some typical examples of work

done on

activation analysis using THOR and its associated facili-

ties. The institutes and organizations taking active part in utilizing THOR for activation analysis work include NAMRU-2, Department of
Chemistry and School of Agriculture

of National Taiwan University,

Chung San Institute of Nuclear Research, Research Institute of

Taiwan Sugar Co», Taiwan Fertilizer Co., etc*
It is worthwhile to point out that in addition to its own

regular program on activation analysis work the radioisotope labora-

tory of Tsing Hua University has been offering activation analysis

service to domestic research institutes and organizations since 1969*

1. Activation Analysis Applied to Biological Studies

In close collaboration with HAMRU-2 (U. S. Havy Medical Research
Unit in Taipei), the radioisotope laboratory of Tsing Hua has analysed

several hundread samples of tissues taken from various parts of human
bodies* The contente of copper, zinc and manganese were determined

by destructive activation analysis for fourteen patients with Wilson'a
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disease, ten of their parents and siblings and twelve control subjects

(l).

Zinc aad manganese concentration did not differ in the three

groups. Patients with Wilson1s disease had a significant increase
in the mean muscle copper concentration compared with that of controls,
Ten of the fourteen patients with Wilson's disease were estimated to

have an increased amount of copper in their muscle tissues, averaging
4«5 aig»

2&is amount of copper is minimal when compared with the ex-

cess copper in the liver and central nervous system of patients with

Wilson's disease and suggests that the muscle is only a secondary
site for deposition of copper.
In another studyoftissue, copper, zinc and manganese were deter-

mined on post mortem speciments for three patients with Wilson's
disease and two control subjects (2). Zino and manganese contents

in tissues did not differ in patients and controls. The three
patients with Wilson's disease had marked elevations in copper content in their brain and liver. The two patients who had received 12

and 14 months of penicillamine therapy had normal copper content in.
•

~,

f

'

'

other tissues, including the kidney. The patient who did not receive
!.<

'

penicillamine therapy had marked elevation in copper content in all

of her tissues including skeletal muscle and spleen. This suggests

that penbillamine reduces renal copper rapidly , hepatic and other
tissues more slowly, and central nervous system copper the least*
The very high concentration for splenic and muscle copper in the

untreated patient suggests that she was supersaturated with copper.
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Bice is the most important crop in Taiwan* Activation analysis
has teen applied to elucidate the distribution of several trace

elements in rice plant (seed, stem, leaf, chaff and grain). After
irradiation in THOR, manganese, sod-vun and potassium were determined

non-destructively. Chlorine, bromine, copper and zinc were determined
after radiochemical separation treatment (3). The results show that
chlorine tends to 'be concentrated in seed, manganese, sodium and
"bromine in leaf, and potassium in stem. These distributions may reflect the metabolic specificity in organs of rice plant.
The content of manganese in rice grain was determined non-destructively by Wang and Chen using THOH and its associated facilities»

$he results revealed that content of manganese found in rice grain
was closely related to the content of manganese added externally

to the soil on which the rice «as grown (4).
Activation analysis of inorganic minor elements in plants was

studied by I»ai using THOR (*>)» Manganese, sodium and potassium in
citrus leaf were determined by non-destructive activation analysis.
It was found that manganese and sodium were accumulated in the tip

of leaf blade, while potassium was accumulated in the front part of
leaf, especially in the leaf stalk.

Cane is another important plant widely grown in Taiwan. Yang

and Chang have analysed the content of manganese in cane leaf by nondestructive activation analysis using Tsing Hua1s facility. The
results were found to be very helpful to the study of cane plantation (6).

68

Mercury phenyl acetate is one of the insecticides most widely used
in Taiwan. A systetoatic study is now in progress atr the radioisotope
'»,
f
laboratory of Tsing Hua University to determine the contenta of mercwy

in rice grain and rice plant by activation analysis»
*•

!

Saraples are
t t

'•

^ *

carefully collected through agricultural experimental stations dis<
' " •'
tributed all over the island so that the reoults of ana3.ysis can .be..,

Of value.
,f

2. Activation Analysis Applied to Geochemical Studies

In the study of ion exchange properties of clay minerals,, it is
necessary to taaow the potassium content of the clay» Ke and. his
i «/, •
ooworkers have determined content of potassium in 12 kinds of soils
•"'-,

• ' t-

"

of southern Taiwan by non-destructive activation analysis (?)•
'•

'

'

Some years ago "copper-uraniferrous" quai^ta or© was found in
northern Taitung area in Taiwan. The ores exhibited measurable
( - . « . ' - •
<
"
radioactivity, Cheng
and his coworkers have* *analysed
the. près by . -,
^* ,
. . * . * . • *

activation analysis and found that the content of uranium in the.se
' .<

tf

"*

* .' *

*

*

'

ores ranged between 0»002 and 0.035^. It was. also revealed^that , .
uranium was accompanied by copper and that inclusion of iron in the
ore decreased the uranium content (8).
v.i

'<•

••SiAG..'

**

"*'••

•

** *

W V

*

"*

. . . . .

1632 samples of monazite sand collected from Kinmen, Chingshankan
Chow, Jung-an and Vaisantin-Chow were analysedxtiy^We.n using delayed
neutron activation analysis system built in the beam,, port, of THOH (9).
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Each sample was irradiated for one minute, delayed for twenty seconds
and then counted for one minute for the determination of contents of
thorium and uranium in the monazite sand according to the method

proposed by S. Amiel. It was found that monazite sand of Kinmen contains highest contents of thorium and uranium, being 0.1$ and 0*03$*

respectively. Monazite sands collected from other places showed
rather wide ranges of thorium content (0.03 - 0.1 $) and uranium

content (0.005 - 0.01 $).
Delayed neutron activation analysis technique which is actually
a non-destructive method was checked with destructive activation
analysis method using enriched monazite sand samples. The sample

which was analysed by destructive method gives the contents of thorium
and uranium to be 5.10$and 0.076$, respectively. The same sample
was then analysed with delayed neutron activation analysis and the

result was formd to be 5.1 % for thorium and 0.08$ for uranium (10).
îfoi-e detailed study on the same subject was also made by tfu and Chen

(ll), who made another study on quick analysis of hafnium in Taiwan
Zircon found in southern Taiwan (12). Non-destructive method was used

and the content was found to be l.<

3. Activation Analysis Applied to Miscellaneous Problems.

Aluminum is produced in large quantity and is widely used in

Taiwan. Ke and Cheng have determined trace impurities in commercial
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aluminum by activation analysis (13). It was found that the contents
of manganese, nickel, copper, cobalt and iron were 6.6 x 10

$,

4.1 x 10~4 #, 6.0 x 10~4 #, 1.0 x 10~4 $> and 0.12#, respectively.

The best quality aluminum (2S grade) pi-oduced by Taiwan Aluminum

Co. is widely used in the irradiation facilities of THOH including
various irradiation containers. Before each batch is used, activation
analysis is employed to check the quality at the radio isotope laboratory of Tsing Hua.

Sodium glutamate

is one of the major chemical products in Taiwan

and cassava flour is used as raw material for some time. The contents
of bromine and iodine in commercial sodium glutassate

and cassava

flour were determined by Cheng and his coworkers using activation
analysis (14). It was reported by these authors that the content of
bromine varied widely between 0.003 and 0*1 ppm, while that of iodine

varied between 0.06 and 0.7 ppm. in six sodium glutamate

samples

taken from different manufacturers. For two samples of cassava flour,
the bromine content is 0.1 - 0.2 ppm and that of iodine 0.02 - 0.04

ppm.
fiadioohemical purities of chemicals used for radioisotope production at Tsing Hua are usually checked by activation analysis (15)*
A systematic study on trace elements in hot spring water of
Taiwan ia in progress using activation analysis* The project is

being carried out by Prof. T. H. Chen of Department of Chemistry,
National Taiwan University.

71

REFERENCES

(1) H. L. Leu, et* al., J. Lab. Clin. Med. , Accepted for publication*
(2) M* L. Leu, G. T. Strickland and S. J. Yeh, J. Lab. Clin. Med.,
Submitted for publication.

(3) Y* Kusaka, P. Y. Chen, E. Tsuji and S* Imai, Radioisotope, 16
34 (1967)
""
(4) C. L. Wang and P. Y. Chen, J. Soil and ïfertiliaer (Taiwan) 195
883 (1967)

(5) H. H. Lai, China Horticulture 1£ 1 (1969)
(6) Yang and C. H. Chang, Unpublished data.

(7) C. H» Ke, C* Y» Lin and H. 8* Cheng, J. Chinese Chen. Soc. 11
193 (1964)

(8) E. S. Cheng. C. Y. Lin and C. H. Ke, ibid, 11 105 (1964)
(9) T. C» Wen, Anual Report, Chung San Institute of Nuclear Research,
Radiochemistry Section (1968)
(10) S. K. Wei, ibid (1969)

(11) S. C. Vu and 8. L. Cern, ibid (1967)

(12) S. C. Wu and Si L» Chem, J. Hud. Soi/6. 97 (1969)
(13) C. E. Ke and E. S. Cheng, J. Chinese Chem. Soc. 11 39 (1964)

(14) E. 8. Cheng, C. E. Ke and C. Y. Lin, ibid 10 92 (1963)
(15) Unpublished data, Radioisotope manual, Tsing Hua Dhiversity.

72

Atomic energy activities in Ceylon
INTERNATIONAL ATOMIC MERGY SKJDY MEBTTNQOS ACTIVATION ANALYSIS
BANGKOK, 6

-

10 JULY 1970

by
Professor P.P.G.L. Siriwardene, University
of Ceylon, Colombo and Chairman, Atomic
Energy Authority of Ceylon.

Mr. Chairman, fellow~àeîegates, ladies and srentlemen.
I have been requested at very short notice to briefly indicate to you the
present position of atomic energy activities in Ceylon* My comments may
amount to "loud thinking" and if there are any points to be clarified or any
fresh questions to be answered I shall try and do them at the end of this
brief talk.

Ceylon is an island of an area of about 25»000 square miles and has
appreciable Quantities of certain radioactive minerals* Several complex
uranium and thorium minerals have been found in gero gravelsf in pegmatites
and other' vein deposits. The most important of these are thorianite, uranothorianite, thorite and monazite. Monazite is a phosphate of the rare earths
and in its primary state is found in certain granitic gneusses, migmatites
and in pegmatites, but these primary occurencee are of no commercial
importance. The mineral is also found as an important constituent of heavy
mineral sands on the west and south-west coasts of the island and these are
commercially exploitable. An experimental plant refines the sand for export.
Ceylon monazite sand contains over 9 percent thoria as Th02 and about 0.3
percent 11303. The Geological Survey Department is responsible for the survey
and refining of these sands. On the north east coast of Ceylon there.«. are
large deposits of the black mineral beach sand, ilmenite and this also occurs
*!

f

in small amounts in various other parts of the island's coastal area* The
ilmenite contains about one percent monazite.
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In 1956 an aerial survey was done by the Hunting Survey Corporation
of Canada* The radiometric equipment used was the Model 1950 R Scintillometer
developed by Canada* In 1962, IAEA, technical assistance was obtained and two
experts, a geologist and an electronics technician: were made available to
carry out radiometric assays and for the installation, maintenance and repair
of electronic instruments. A Radiometric Assay laboratory has been set up in the
Geological Survey Department and local personnel are handling the assay work
which is mainly uranium and thorium estimations»
Ceylon began the planning of atomic energy activities with the visit
of a IAEA team 1958 at the invitation of the Ceylon Government.
One of the recommendations of this team was the setting up of a radioisotope laboratory in the University of Ceylon* The University has had nuclear
physics in its courses in Physics and also radioactivity studies in its
Chemistry curriculum and a few scientists have crualified in branches of nuclear
physics in their postgraduate training abroad. Dr* P.H. Kendall was sent by
the IAEA to establish the radioisotope laboratory and the new laboratory was
called the Radioisotope Centre with the view that it could cater to the

needs not only of the University but also of outside institutions. The Centre
conducts courses for under graduâtes and has trained personnel from several
institutions and provides facilities to outside institutions as well. It has
commenced a programme in Activation Analysis with IAEA assistance* An expert,
Dr* A.H. Perkons, was at the Centre for i few months since the latter part
of last year. A survey has been made of the investigations proposed by the
various institutions which are interested in usiner this technicrue.
A plutonium-berrylium source has been installed which contains 5 Ci
6
?
of Pu and with a flux of 5.6 x 10 n/cm /sec. Its uses are limited and it is

hoped to continue the use of the Indian facilities in Trombay for some of the
work as was done before. There are many possible applications of activation
analysis in Ceylon* The.Geological Survey Department and the University
Geolory Department are interested in mineral survey studies, The Irrigation
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Department, the River Valleys Development, Board and the Faculty of Engineering
of the University have shown a desire to do flow rate studies, silt movement
studies, reservoir leakage studies, the leaching of trace elements from rocks,

pesticide pollution in agricultural land and inland waterways, stream and river
pollution studies and toxic pesticide residues in crops. The Deoartment of
Agriculture too has several tyoes of trace element studies that are possible
;
and so has the Tea Besearch Institute» The University is keen on using the
facility for teaching and research. The Medical ftesearch Institute was keen
on iodine metabolism studies in thyroid, iron metabolism, haemolytic anaemias
studies etc. In industry the Tyre Corporation has ahown interest in wear studies
of materials and the Plywood Corporation in testing the glue content» used
in the plywood industry» There is a great deal of interest by the Government
Analyst's Department in neutron activation analysis in criminology» 'i"he Centre
is now planning the possible uses and will shortly advise the institutions
concerned and create an interest in the use of this technicpje in the very many
applications that are possible» The neutron source now available is not
adequate enough and if the response to using this technique warrants, a neutron

generator might be considered.

Ceylon also has a long- history with much archaeological material which can
be usefully studied by activation analysis. There are the ancient coins as well*
Some of the results should provide interesting information on the sources of some

of the elements and even incorporate the valuable position Ceylon held as a
trading centre between countries in the Bast and in the West.

Agriculture is the base of our national economy. The Department of Agriculture,
which earlier used the facilities of the Hadioisotope Centre, now has its own
Radioisotope laboratory and also a gansna source, for fertilizer uptake studies
particularly of rice plants and plant breeding studies* The Agency assisted
Ceylon in this respect and also provided an expert, Ceylon has participated
in IAEA regional projects under the UNDP Special Fund in agriculture»
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Tea which is our major export comes under the guidance of the Tea
Research Institute. This Institute is carrying out experiments on fertilizer
uptake and also biochemical studies of the tea plant. The Institute uses the
facilities of the Radio!sotope Centre but has a laboratory set up for radioactive
work.

The Rubber Research Institute has shown interest in using isotopes and
with a trained officer who has just returned from abroad, it is expected that
a programme of work will be established. Rubber is Ceylon's second major

export. Coconut is the third most important export and the Coconut Research
Institute advises this industry. This Institute has been conducting field
trials using radioisotopes for several years. It is also associated with the
Tree Crops Programme of the IAEA.

In industry except for an interest in examining flaws by gamma radiography
and thickness gauging, not much progress has been made in the use of atomic
energy in industry.
In medicine the cancer hospital has cobalt therapy and also radium treatment.
The Hospital also conducts a film badge service to cover X-ray workers in all
hospitals. Radioisotopes are also used to a limited extent. In the Faculty
of Medicine, University of Ceylon, Peradeniya, a Radioisotope Unit is being set
up for clinical work. This is beirn? set up with technical assistance from
the IAEA,
Ceylor» has recentlv set up an Atomic Enersrv Authority which is now

planning a programme for the future uses of atomic energy in Cevlon. It is also
proposing to study the feasibility of nuclear power in Ceylon. Ceylon's main
power resource is hydro-electricity. There is thermal power toot but fuel
has to be imported. The recent establishment of an Oil Refinery might change
the situation with respect to thermal power.
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The fitoœic Enenry Authority is also proceeding with drafting atomic
energy legislation. The Authority functions under the Ministry of Industries
and Scientific Affairs.
T hope these brief comments will "be useful to gave you a broad picture
of the situation in Cevlon with rested to atomic energy and if there are
any truest ions these ^-srs be <v»nsid«»re<l dnrinp the discussion.
T

n*ust thank the TAEA for affording Ceylon to participate irs this

-' important meeting v*ere regional co-operation is also to lx* considered.
Ï m>jist also thank t&e personnel of the Thai Office of Atoms for Peace for
the excellent arrangements and their kind hospitality. I attended the first
re/nonal co-operation meeting c-f the IAEA in Manila last year and look
forward to some auccesRful conclusions at the end of our deliberations in
Bangkok.. It will be appropriate to reiterate our former Regional Officer-1»
p
own interpretation of the Einstein Equation E * me' where he stated the E
stands for effort, ra for men, materials, money, management etc. and c stands
for co-operation. It is this co-operation that is so much required and of
course in the equation it is (juite rightly raised to thô power two*

Review of National Activities in the Use of Radiation Sources, .and

Radioisotopes in Singapore

*y
Wong Hoi Kit

Ministry of Science and Technology, Singapore

Although activation analysis is a very useful tool and has many worthwhile
applications, at the present moment there seems to toe not sufficient demand from
the industries in Singapore for its application. Moreover the cost of equipment
for industrial application is comparatively substantial* In view of this situation,
it will be quite some time from now before Singapore will be interested in developing the capability of activation analysis.
In step with the nation's efforts to increase industrialization, the
Government is studying the areas in which nuclear science and technology can
help the industries in the country. The immediate interest of the Government is
the industrial application of radioisotopes and radiation sources. The potential
effectiveness of using radioisotopes in industries was assessed and it was found
that radioisotopes would find prompt usage in the industries once the country
has developed the capability for such uses* An impressive potential benefit is
envisaged to be gained from the utilisation of radioisotopes*
The Singapore Institute of Standards and-Industrial Research (SISIR), a
division of the Economic Development Board has set up a division to acquire
industrial radioisotope application equipment and personnel in order to develop
the capability for radioisotope application to industry. Already expert assistance,
in the form of experts and equipment, has been from the IAEA to help in the
development of this division so as to be a centralized capability to serve local
needs for industrial application of radioisotopes* Fellowships have been, given
to enable local scientists to be trained abroad in the industrial application
and radioisotopes.
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The present 'and future activities of the division are in the following
areas: (1) Radipisotope Instruments
(i) applications for ouality control (as in /?augirur of thickness»
density, level, etc. ); and
(ii) application for chemical analysis (e.g. radioisotope X-ray
fluorescence analysis of sulphur, chlorine, lead in the
t>etroleum industry).
(2) Ifedioactiye ^ Tracera
(i) application in fluid flow and batch processing physical studies
(as in the determination of mipcing efficiencies, flow rates,
residence time, etc*);
(ii) application in fluid flow and batch processing chemical studies

(as in the measurement of distribution coefficients, reaction
rates, etc*); and
(iii) application in chemical analysis (isotope dilution, sub-stoichiometric analysis etc.).
jfedijtJLon Sources

(i) application in radiography (e.g. gamma radiography of welds and
cast ings );

sealed source applications for chemical analysis (as in moisture
gauging, sulphur gauging etc.) ; and
(iii) sealed source application for radiation effects' applications
(radiation polymerization, radiosterilization, pest control,
radiation chemistry, etc*);

Prom the foregoing description, it is hoped that through, further expert
assistance from the IAEA, the division in STSTR can be developed into a potential
focus of expertise in Singapore and in the field of industrial application of
radioisotopfis.

' '
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Besides the «se of radioisotopes for industrial application, radioisotopes

are also used in the Radiotherapy Department of the Ministry of Health for
treatment purposes (e.g. for cancer and hyperthyroid diseases) and diagnostic
studies (e.g. of blood diseases). The department plans to set up a Radiation
Standards Laboratory and expert assistance was soumet from the 7AM to set up
the laboratory»

The University of Singapore and the Nanyang University nse radioisotopes
mainly for research and teaching purposes. In «articular the Biochemistry
Department of the University of Simranore is conducting metabolic studies (e.g.
on liver functions) usinrç raiioisotope tracers. The Physics Department of the
University of Singapore also uses radioisotopes tracers. In the department there
as a complete system for neutron activation analysis but it is chiefly used
for teaching purposes and research. The system comprises a neutron /generator
q
ÎO
/ ?
with a flux of 10 - 10" neutrons/cm -sec. and accessories such as counters
eto.
In summary, the uses of radioisotopes in Singapore are divided into two
broad areas, namely, industrial application of radioisotopes and application
of radioisotopes for medical and academic research and teaching purposes.
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III

Applications of Ksutron Activation Analysis in
Environmental Pollution Studies

by

Vincent P. Guinn
Department of Chemistry, University of California
Trvine, California D2664

As the combined result of the industrial revolution,
the rapid increase in the world's population, and indifference

toward the quality of our air, water, land, and food, the pollution of our environment has rapidly approached a critical
situation in many parts of the world. Fortunately, a number
of the major problems have at least now been recognized, and
the first steps are being taken to study, reduce, and monitor
the concentrations of various dangerous pollutants in our air,

water, soil, and food. Since most of these pollutants are
injurious to man's health and/or enjoyment of nature even when
present at extremely low concentrations, there is a need for
very sensitive analytical methods in the study of various environmental pollution problems. Neutron activation analysis
is not of help in the study of the molecular pollutants, such
as CO, NO2, CO2i SO2, hydrocarbons, O3, photochemical smog,
etc., but is an extremely powerful tool for the detection and
quantitative measurement of numerous deleterious elements present in the air in the form of particulates? of numerous such
elements dissolved in our various water sources and effluents;
and of certain pesticide-residue elements present in our foodstuffs, soil, and water. Some illustrative NAA studies of

such environmental pollutants are summarized briefly in the
following sections.
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Vanadium Air Pollution Studies. The author's first

contact with this field occurred some six years ago, when an
electrical power company requested his laboratory (General
Atomic) to investigate a pollution problem in which the pov/er

company was alleged to be the cause. Persons parking their
automobiles in various parking lots downwind from one of the

company's generator plants complained that specks of material,
allegedly coming from the generator plant, were landing on

their cars and picking up moisture to form little drops of
corrosive liquid - which then attacked the exposed metal surfaces of the automobiles. These complaints finally developed
-,

into lawsuits. From previous experience in the petroleum in-

dustry, the author and his colleagues immediately suspected
that the principal culprit was vanadium - coming from the appreciable levels of vanadium porphyrins present in almost all
crude oils (and hence in the residual oils burned in an oilfired power-generation plant such as the one in question).

Upon combustion, these vanadium prophyrins are burned to V2O5,
which is emitted, mostly in particulate form, from the plant
stacks - unless special removal equipment is used.
In order to test this hypothesis, samples of the

particulate "fallout" in the area closely downwind from the
plant were collected on large exposed glass plates. Returned

to the laboratory, these collector plates were first examined
visually. Numerous particles and liquid droplets were observed,
These were removed, and combined into a number of samples of

suitable size for analysis (mostly in the range of 10-100 mg).

84

Each sample was activated for one minute in the pneumatictube position of the General Atomic TRIGA Mark I reactor (at

a thermal-neutron flux of 2.5 x 1012 n/cm2 -sec), then counted

for one minute, after a one-minute decay period, on a 3-inch
x 3-inch solid Nal(Tl) crystal/400-channel gamma-ray spectro-

meter. The predominant induced activity detected was indeed
3.75-minute 52V, evidenced by a large gamma-ray photopeak at

1.434 MeV. Comparison with activated vanadium standards revealed that the particle-droplet samples contained percentage

amounts of vanadium - much higher levels of vanadium than are
detected in "normal" air particulate matter.

Larger pieces

of solid matter, which from time to time peeled off the inner

surfaces of the generator plant stack and were blown out by
the gas stream, then falling to the ground close to the stack,
on the plant's own property, were similarly analyzed. These
pieces turned out to contain almost 20% vanadium. On the
basis of these results, the power company conceded that it's
plant was the cause of the corrosive fallout material in the

area, and installed stack particulate-removal equipment, capable of removing most of the particulates from the stack effluent. They also reportedly made efforts to switch to clean-

er residual-oil feedstocks, i.e., ones especially lower in
their vanadium concentrations.

(From other studies, cited in

a later section of this paper, it is known that crude oils and

residual oils, depending upon thsir origin, can exhibit vanadium concentrations from as low as about 0.1 ppm to as high

as almost 1000 ppm).
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More recently, workers at the Argonne National
Laboratory conducted HAA measurements or. particulate samples.,

collected at a number of air-sampling stations in the Chicago
area.. The material collected on their filters was subjected
to a multi-element instrumental MAA scanning-type analysis,
revealing quite a number of elements. The vanadium levels

found at the different sampling locations varied over a range
of about 100-fold,the very high levels no doubt being encountered in locations downwind from power-generating stations in
which large amounts of residual oils were being burned as a

fuel. The types of fuel oils normally burned in the winter

time, in cold climates, for the heating of houses and buildings, are more volatile than the heavy residual oils, and have

been vacuum-"flashed" to separate them from the heavy residual
oils. The vanadium (and other metal-containing) porphyrins,
being relatively nonvolatile, largely remain behind in the
residual oils, so the distillate fuel oils usually contain
relatively very little vanadium (or other metals).

Other Elements. Quite recently/ NAA studies of air
3,
particulate material conducted at the University of Michigan1 '2 '

employing Ge(Li) multichannel gamma-ray spectrometry, succeeded
in detecting a total of 31 elements in such samples: Na, Mg,
Al, S, Cl, K, Ça, Se, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga,

As, Se, Br, Ag, In, Sb, La, Ce, Sm, En, W, Hg, and Th.

it is

evident that high-flux instrumental NAA, especially with the
use of a large Ge(Li) detector and an appropriate multichannel
pulse-height analyzer (e.g., one of 4096 channels), is capable
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of detecting and quantitatively measuring a large number of

elements that get into the air in particulate form. This

points the way to the possibility of monitoring the air for
numerous toxic elements that are dumped into the air by various
polluting industrial plants, thus enabling governmental agencies
to locate specific sources of such pollution/ and to take the

necessary steps to cause these sources to be eliminated or at
least sharply reduced in magnitude.

Lead. In certain areas of the world, and especially
in the United States, large numbers of high-compression engine

automobiles are used. Such engines require, as their fuel,

gasoline with a rather high octane number - usually around 90
to over 100. Straight-run gasoline (i.e., hydrocarbons in the
gasoline boiling-point range simply distilled out of crude oil)
consists largely of straight-chain and only slightly branched-

chain hydrocarbons, and hence has a very low octane number
(perhaps only 50-70). This is completely unusable in highcompression internal-combustion engines. Catalytically-refined
gasolines, such as alkylates, cracked gasolines, and platformates, have appreciably higher octane numbers than straight

run gasoline. Some of these are sufficiently high in octane
number to be used directly in high-compression engines, but

they are .relatively expensive. The common practice is to add
sufficient tetraethyl lead, an effective anti-knock agent, to

less expensive, less extensively refined gasoline, to raise
its octane number from the 80-90 range up to the desired

87

~85~90 (regular), 90-95 (intermediate)f or 95-100-J- (premium),
V
octane number level. Depending upon the octane number of the
stock gasoline, and the desired octane number of the final

gasoline/ anywhere froji 1 to 4 ml of Pb(C2Kr)4 are added, per

gallon of gasoline. Tetraethyl lead, itself, is a rather
dense (1.66 g/ml) colorless Liquid, quite soluble in gasoline.

It is soraewhat volatile and extremely toxic, both as the liq-

uid and as the vapor.
Unfortunately, when such leaded gasolines are burned
in internal-combustion engines, a large fraction of it is
ejected into the air, through the exhaust pipe, as '-micron-

size particles of Pb Br Cl.

The conversion to Pb Br Cl, in

the combustion, chambers of the engine, is achieved by the

incorporation of two "lead scavengers" in the gasoline, along
with the Pb(C?K5) .: ethylene dichloride and ethylene di-

bromide.

In the cylinder explosion, these compounds convert

the Pb and PbO probably formed initially by the decomposition
and combustion of the PbfC^H,.). to Pb Br Cl.

This compound,

although solid at lower temperatures, is molten at the cylinder combustion temperature, and hence is ejected in the
exhaust as tiny droplets of molten Pb Br Cl.

Without the

presence of these scavengers, the lead would form solid PbO,
xirhich. would accumulate in the engine, and soon plug it up.
It is estimated that, in the U. S. alone, approx-

imateDy 300,000 tons of lead are dumped into the air each
year - from the combustion of leaded gasoline in automobiles.

Only in recent years has the possible (and probable) danger

to the public health of this leaded air particulate matter
been recognized. Steps are now being taken to measure the

concentration of lead particulates in the air throughout the
U. S., to examine the extent of the transfer of this lead into
the lungs (and eventually blood stream and bones) of humans,
and to measure the degree of absorption of this lead into

growing plants (and thence into grazing animals). The medical

effects of chronic lead poisoning are difficult to detect,
since most of the symptoms are rather common ones - often
associated with many other common maladies.
Winchester and his co-workers4'5 '6 , have determined

lead in air particulate samples by non-activation analysis
2

methods, finding concentrations of <0.5 yg Pb/m in some
rural areas, 0.5 - 5 yg Pb/m in some urban areas, and peak

values as high as 40 yg Pb/m (e.g., inside heavily-traveled
highway tunnels). In the same samples, they determined the
Cl and Br contents by NAA, and established that the Pb-Cl-Br

atomic ratios were usually close to 1:1:1, corresponding to
lead aerosol particles of the average composition, Pb Br Cl.
In a recent study at the University of California at San
Diego Scripps Institution of Oceanography, Chow and Earl ,
using an isotopic-dilution mass spectrometric method, have

measured the lead concentrations in the air in samples taken
in mid-Pacific, and in and around the city of San Diego. They
find levels as low as 0.001 yg Pb/m of air in mid-Pacific,
but levels generally in the range of 0.4 to 8 yg Pb/m of air
in and around San Diego.
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In a large-scale monitoring program for lead in
air particulates ana other materials, a sensitive, accurate,
and rapid method is obviously desired.

To date, the methods

used have been chemical methods - somewhat lacking in each of

these desired attributes, and especially lacking in the matter of speed. Usually, lead is considered to be a rather insensitive and tedious element for detection and measurement
via thermal-neutron activation analysis. This reputation is
the result of the fact that the only (n,y) product of lead,
of moderate half life, is 3.30-hour 209 Pb, a pure 3— emitter,
with a low (n,y) formation cross section. However, in recent

years, attention has been drawn - in studies at the author's

former laboratory (Gulf General Atomic) - to the much more
rapid determination, based upon gamma-ray spectrometry, that
is possible via the detection of a different neutron-induced

activity of lead, 0.80-second
the reactor by the

Pb (n,y)

Pb, formed concurrently in
Pb thermal-neutron reac-

tion, and by the 207Pb{n,n') 207lRPb and 208Pb(n,2n) 207mPb
fast-neutron reactions.

Lead-207m emits a 0.570 MeV gamma-

ray photon in 98% of its disintegrations. Measurements indicate that, in a 10

thermal-aeutron/flux, one ug of lead

will produce a 0.570 MeV gamma-ray photopeak counting rate
(2 cm above a 3-inch x 3-inch solid Nal(Tl) crystal detector),
at zero decay time, of 12 cps, or a total of 14 net photopeak

counts. Obviously, to utilize such a very short-lived induced
activity, (1) a rapid transfer system is needed, (2) precision timing is needed, (3) the analysis must be done instrumentally, and (4) the total analysis time (transit in 4-
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irradiation 4 transit out + counting) will be very short -

of the order of a few seconds. Lukens, at Gulf General
Q
Atomic has published a paper in which measurements of lead,

based upon the detection of this

Pb induced activity,

are reported. These measurements were conducted with a

pneumatic tube having a transit time of 0.6 second, using
special single-containment sturdy polyethylene sample con-

tainers which are sent directly into the counter/ with no
manual handling. It has also been shown/ in these studies,
that the limit of detection for lead, via the 207mpb activ-

ity/

can be improved markedly by the use of high-intensity

reactor pulses. Thus, if the TRIGA is pulsed to a peak power
of 1000 megawatts, the limit of detection for lead is improved by a factor of about 22, compared with that attainable
by even a saturation irradiation at a steady-state 1013 n/cm 2•

sec thermal-neutron flux. With such .a pulse, 1 yg of lead

gives a total of 300 net photopeak counts, at 0.570 MeV, due
to 0.80-second

207m

Pb.

At present, the author is investigating - at the
University of California at Irvine - the possibility of de-

tecting chronic lead poisoning (arising from various sources,

such as automobile exhausts, eating by children of old white
lead paints, etc.)

via the rapid instrumental Ge(Li) detec-

tion of lead in specimens of hair, through the induced

activity.
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Pb

Water Pollute on Studies
Various Inorganic.. Ej.ejmonts.

Since water, itself,

is not appreciably activated by thermal neutrons/ it is an
almost ideal matrix for instrumental NAA measurements. The

method has been used by various workers (e.g., see numerous
papers listed in the National bureau of Standards activation

analysis bibliography

),and by the author and his colleagues

at Gulf General Atomic, to detect and measure various trace
elements in samples of rather pure water (distilled water,
demineralizei water, reactor pool water, boiler water, etc.),
rain water, tap water, brackish water, and sea water.

In the

case of water samples containing considerable amounts of

dissolved salts, post-irradiation radiochemical separations
with carriers permit one to measure various induced radionuclide activities that escape detection in a purely-instrumental NAA. measurement - because of the very high activity
levels of such interfering species as 14.96-hour 24Na and

37.29-minute 38Cl. The 24Na activity can be readily, and
almost completely, removed via the Girardi hydrated antimony
pentoxide (HAP) adsorption procedure

, or via the Maletskos

NaCl exchange procedure (which also removes the 38Cl activity).12
Girardi

has published a very thorough review paper on the

subject of radiochemical-separation techniques.
At present, interest is increasing in the use of
high-flux NAA, with radiochemical separations followed by
Ge(Li) gamma-ray spectrometry, to study the contamination of
rivers, lakes, and the oceans by such industrial-effluent
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toxic elements as Cr, Cu, As, Cd and Hg.
Oils. With the increasing movement of crude oils
and refinery products by ships, plus the extensive use of
residual (bunker fuel) oils by ships, the number and severity of instances of the pollution of inland waterways and
coastal shipping lanes by oil slicks has risen to dangerously

high levels. In some cases, offshore oil wells and fueling
docks also contribute to this problem. Large oil slicks,
caused by accidental spills or leaks, or by deliberate flushing of ballast tanks of ships, often persist for many weeks,
and cause extensive damage to marine life - as well as gener-

ating a considerable public nuisance. In the United States,
the deliberate contamination of rivers, lakes, harbors, and
coastal waterways by oil is forbidden by law. Also, the law
requires that accidental oil spills or leaks be promptly reported to the proper authorities, and the cost of cleaning up
the affected areas be borne by the company

responsible for

the spill or leak. Unfortunately, until quite recently there
has been no scientific method available to establish that a
particular oil slick was caused by a particular ship, well,

or dock in the immediate area of the oil slick.
Several years ago, the author's group at General

Atomic conducted, for the U.S. AEC, an exploratory study of
the possibility of demonstrating the common origin of oil

samples involved in an oil-slick investigation, via instrumental NAA. In this exploratory study
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, 16 different marine

fuel oils were studied, using reactor irradiations and
Nal (Tl) gamma-ray spectrometry.

Eight elements (Na, V, Mn,

Co, Cu, Zn, As, and Sb) were detected and measured in most of

these samples. They were found to exhibit widely differing
concentrations of these characterizing elements:

for example,

there was a 228-fold range in the vanadium values, a 120-fold

range in the manganese values, a 300-fold range in the sodium
values, and a 23-fold range in the cobalt values. Hydrocarbons, of course, provide an ideal matrix for instrumental
NAA, since the elements, C and H, are not significantly
activated by thermal neutrons.
More recently, this promising exploratory study has
been extended, in some depth, by the author and his colleagues,
at Gulf General Atomic.

In the first phase of this nev; study,

20 different crude oils, from various parts of the world, and
20 different residual {bunker fuel} oils, have been studied.
Using more extensive reactor irradiations, and both Nal(Tl)
and Ge(Li) gamma-ray spectrometry, 22 elements (in toto) have
been detected and measured in these samples: Al, Na, S, Cl,
V, Mn, Co, Ni, Zn, Ga, As, Br, Sr, Mo, In, Sn, Sb, I, Ba, La,

Sm, and Au. As in the earlier work, no two oils, of different origins, are very similar in their elemental compositions, wide ranges being found for most of the elements. Some
of the above 22 elements were only detected in a few of the
oils, whereas some elements were found in all or almost all
of the samples (i.e., Na, Cl, S, and Br were found in all 20

crude oil samples, Mn and V were found in 19 of them; and Al
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was found in 17 of them; Na, Cl, V, Mn, and Br were found
in all 20 residual oil samples, S was found in 18 of them,

and Al in 17 of them). The reproducibility of the method
for any given oil sample was shown to be excellent. For
example, the vanadium concentration values in one crude oil
were found - in nine aliquots exposed to contact with fresh
water or sea water, for various periods of time, to be: 53,
55, 53, 55, 50, 53, 54, 52, and 55 ppm,respectively. The mean
of these nine values is thus 53.3 ± 1.7 V (i.e., ± 3.1% of
the value). Actually, the measurement precision is better
than this, since there is a slight trend in the values - the

vanadium concentration increasing slightly with longer exposure to air and water (12, 24, and 48 hours), as the more
volatile components evaporate out. This same oil, before
spreading out on water (for a minimum period of 12 hours), had

an original vanadium content of 48 ppm. Similar reproducibilities were obtained for almost all the oil samples, for
vanadium and for most of the other detected elements. The
various contacting periods with fresh water and sea water
(with both mild and strong simulated wave action) did not

result in any appreciable contamination of the oil from water
solutes, or any appreciable leaching out of elements from, the
oil into the water, at least for most of the elements detected,
A comprehensive report on this first-phase study has recently
been published 14 , and a second-phase study is in progress.
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Food Contamination Studies

The principal type of contamination (or pollution)
of foods, presently of great concern, is that due to pesticide residues. Generally, organo pesticides in foodstuffs

can best be determined by gas chromatography, although
Schmitt and Zweig

, in studies at General Atomic/ have shown

that chlorine-containing organo pesticides such as DDT can be
determined in solvent extracts of foodstuffs by NAA.

Bromine, Bromine pesticide residues are of more
interest, so far as NAA detection is concerned, for two
reasons: (1) such pesticides are usually broken down in the
soil or in the plant to bromide ion, and (2) the normal bromine content of most foodstuffs is rather low, usually less
than 1-5 ppm. Thus, unlike the case of chloro organo pesticides, which must be removed by solvent extraction, in order

to separate such chlorine from the usually much larger inorganic chlorine content of foodstuffs, bromine residues can
be determined directly in the food material - without the
necessity of a solvent extraction. The first determinations
of bromine pesticide residues in foodstuffs v/ere carried out

i a , using a 10ft n/cm ?-sec thermal-neutron

by Guinn and Potter

flux( produced by the Shell Development Company's 3 MeV
Van de Graaff electron accelerator) and instrumental detection
of the gamma rays (some 0.511 MeV 3 annihilation, plus more

0.618 MeV y) of the induced 17.6-minute
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Br activity, via

NaI{Tl) gamma-ray spectrometry, in the earlier stages of the
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study (1958-1959), and a 10

n/cra -sec flux (using the

General Atomic TRIGA Mark I reactor) and Nal(Tl) instrumental
detection of the gamma rays (0.554, 0.619, 0.698, 0.777,
0.828 MeV) of the induced 35.34-hour
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*Br activity in the

later stages of the study (1960-1961) .
Bromine compounds such as dibromochloro-propane
are used extensively as soil fumigants, particularly to kill

nematodes in the soil. These nematocides are very effective,
but excessive soil doses or many repeated normal soil doses
can increase the Br~ concentration in the soil to the point

that growing plants can pick up excessive amounts of the element. Depending upon the type of crop or foodstuff, U. S.

regulations typically set bromine tolerance limits in the
range of 10 to 50 ppm.

In some instances, the author has

encountered food samples containing as much as 200 ppm Br.

Another bromine-containing fumigant, of a different

type, is methyl bromide. This gas is widely used to fumigate
stored grain (wheat, rice, barley, oats, etc.) and flour, and

certain other types of dry foods, to prevent insect attack
while the material is in storage. Methyl bromide is an ef-

fective fumigant, but, as in the case of dibromochloropropane,

excessive doses or many repeated doses can result in bromide
residues in the stored grain or other material that are above

the usual 50 ppm Br tolerance level.
In monitoring foodstuffs, including stored grains,

for bromine pesticide residues, a rapid, unequivocal, and
reasonably precise and accurate method is needed - if very
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large numbers of: samples arc to be processed rapidly and

economically. With even a modest reactor thermal-neutron
12 n/cm2-sec), instrumental NAA provides such a
flux (-10
method. The routine procedure adopted at the Gulf General
Atomic laboratory consists of simultaneously activating up

to 120 half-gram samples, plus a few Br standards, in the
reactor for 30 minutes (at a thermal-neutron flux of 2 x
1012 n/cra 2-sec), and then counting each sample for one to a

few minutes - after 1 to 2 days decay - on a 3-inch x 3inch Nal(Tl) multichannel gamma-ray spectrometer. The Br
content of each sample is calculated by a computer program
from the 0.554-0.619 MeV photopeak area due to 35.34-hour
82Br. The decay period before counting is necessary, to

allow shorter-lived intci lex-ing activities to decay out, or

down to acceptable levels (particularly 14.96-hour
Thus, when

24

Na).

large numbers of samples are processed, the time

spent by a chemist, per sample, is only a few minutes. Precisions and accuracies are typically in the range of ± 5% of

the value, at around 10 ppm Br, and in the range of ± 3%of the
value, at around 50 ppm Br. Other papers, on various aspects
the NAA method for pesticide residues in foodstuffs, includ-

ing that for bromine residues, have been published by Castro
and Schmitt17 , Buchanan and Guinn18 , Guinn and Schmitt19 ,
Guinn 20 '21 , and Lindgren et al22 . Similar bromine-pesticide
residue instrumental NAA studies, but employing Ge(Li) gamma-

ray spectrometry, have been reported by Guinn21 and Guinn et al23
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A laboratory-intercoroparison sample of CH-Br-fum-

igated flour was distributed a few years ago by the IAEA, and
its Br content was measured by many different laboratories,
using various methods - a number of which involved either
instrumental or radiochemical NAA. The author's group at General Atomic, employing instrumental NAA with Nal(Tl) and Ge(Li)

gamma-ray spectrometry, found a Br content of 8.03 ± 0.70 ppm,

in excellent agreement with the average of all reporting
laboratories21'23.
Mercury.

In recent years, considerable attention

has been devoted to the problems of acute and chronic mercury
poisoning, caused by introduction of mercury into foodstuffs
(particularly fish) from indiscriminate discharge of mercury-

containg industrial vaste effluents into rivers and lakes,
and from the use of mercury-treated grain seeds. Serious
mercury contamination problems have been reported in Japan
and Sweden, and more recently in the U. S. and Canada. The

problem is probably world-wide, but is only beginning to be
recognized in many other countries.
In May 1967, in Amsterdam, the IAEA held an Expert's

Meeting on Mercury Contamination of the Biosphere, chaired by
the author. The papers presented at this meeting by workers

from various countries, including members of the PAO and WHO,
gave an excellent summary of the mercury problem, as of that
time, and of the analytical methods being employed (including
extensive discussion of NAA techniques- for the determination

of mercury). One fact that emerged from these discussions
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was that no one was yet prepared to define a "safe tolerance"
level for mercury in foodstuffs, although it seemed to be

generally felt that one might be able to establish such a
level at around 0.001 ppm. Unfortunately, the papers pre-

sented at this meeting have not been published. However,
as an outgrowth of that meeting, the IAEA is currently
preparing a Handbook on Mercury Contamination in Man and His
Environment.

The author is preparing one of the ten chapters -

that on "Identification of Mercury by Nondestructive Neutron
Activation Analysis". The corresponding chapter, on mercury
determinations by NAA with radiocheraical separations, is

being prepared by two of the principal Swedish workers in this
field - T. Westermark and K. Ljunggren. They, and their co-

workers, R. Christel] and B. Sjostrand, have contributed
heavily to the development of the NAA method for mercury, and

to the evaluation of the mercury problem, particularly in

Sweden - where mercury contamination has resulted in the banning of consumption of fish from certain Swedish lakes, and
in the near extinction of several species of birds that live
on fish.

Their work has shown that aqueous mercury becomes

concentrated in certain tissues of fish - and then further
concentrated in certain tissues of birds or mammals that consume such contaminated fish.
Due to the extreme toxicity of mercury, studies of

the mercury contamination of various kinds of foodstuffs,
and the resulting concentrations in various animal and human

tissues, obviously need a very sensitive, specific, quantitative,

1.00

and hopefully rapid method of analysis. Reactor-flux NAA
readily supplies the needed sensitivity, specificity, and
precision and accuracy. The instrumental form of the NAA
method provides a very rapid method/ but interferences

typically limit one, for precise measurements, to mercury
levels of above a few hundredths of a ppm, in gram-size
samples.

If one employs post-irradiation radiochemical

separations (usually of the induced 65-hour 197Hg activity)
with Hg carrier, concentrations as low as about 0.0001/ppm
Hg can be measured, in gram or sub-gram samples. The radiochemical procedure is more time-consuming, of course, than

the purely-instrumental procedure, but it can be made reasonably rapid when groups of samples are processed on a
routine basis.
A few years ago, the IAEA distributed portions of

a laboratory-intercomparison ordinary flour (perhaps very
slightly contaminated with Hg) and one of flour containing
a significant amount of mercury (from contamination by seed

grain), to various laboratories. These samples were analyzed in numerous laboratories, by various methods - many

of which involved either instrumental NAA or NAA with
radiochemical separations. The author's group at General
Atomic analyzed these samples by instrumental reactor NAA,
employing both Nal(Tl) and Ge(Li) gamma-ray spectrometry. In

the mercury-contaminated flour, they found a mercury level
of 5.10 ± 0.16 ppm21 '23 - in excellent agreement with the
average value of all reporting laboratories.
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In the

relatively uncontarninated flour sample, under the conditions
employed (2-gram samples activated for 30 minutes at a

thermal-neutron flux of 1.8 x 1012 n/cci2 -sec), a trace of
mercury was detected, but could not be measured accurately.

Instead, an upper limit of <0.04 ppm Hg was reported. Other
laboratories, using NAA with radiochemical separations, were

able to establish a mean value, for this sample, of 0.038 ppm
Hg.

Seed grain

(wheat, rice, oats, barley, etc.)

is usually

treated with one or the other of several mercury compounds,

which serve as fungicides - protecting the seeds from fungus
attack while germinating in the soil.

Such seed grain

typically contains from 5 to 30 ppm Hg, and is quite toxic.
It is illegal to sell such seed grain for animal or human

consumption, but infortunately it sometimes is so used
accidentally - or, more often, excess unused seed grain is

illegally and deliberately dumped into fresh-crop grain,
resulting in some cases in dangerously contaminated grain:

Fresh-crop grain only contains a bare trace of the mercury
that was present in the original seed from which it grew,
so is qvtite safe to eat.

Of the several (n,y)

products of mercury, the one

generally most useful, and the one that provides the best
sensitivity of detection - with a moderate irradiation period •
is 65-hour 197Hg, as mentioned earlier. This induced activity

is best detected (at least in instrumental determinations)
with a Ge(Li) detector, since the excellent resolution of

this kind of detector provides an unequivocal indication of
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the presence of 197Hg - by resolving the two most prominent
emissions of 197
' Hg into two definitive peaks: the 77.6 keV
gamma ray and the ~68.8 keV gold x-ray of its electron-capture
23
decay product21 '.

With a Nal(Tl) detector, these two

closely-spaced peaks (of about equal size, with a 15 cm

Ge(Li) detector), are not resolved from one another,'but instead appear in the pulse-height spectrum as a single, much
broader, less definitive photopeak 24
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STATUS KBPOKT OH THB WORK CARRIED O'JT IM US>3a SJ THE FJEU)
ACT IVAT ION AMLYSIS

by

H. SAKKAR DAS

IHTRCDUCTIUN

Activation analysis (a.a.) was started in India in 1956 with
the commissioning of APSARA, the Swimming Pool Reactor» Most of the
studies have been made in the Analytical Division, even though worker»

in other groups have also used the technique for solving specific

problems*
FAG3UTIES

The AB3ARA Beaotor operating generally at 400 KW provides
-1
a Maximum thermal neutron flux of 1 x 1012 luca.-£sec.
and is most

widely used» The heavy, vater moderator reactor» C1B.US, is used when
higher thermal fluxes up!>o 6 x 10 a» on. sec»

are required* This

reactor has a pneumatic facility, in which polypropylene rabbits are

used* for irradiation of samples upto 1 cm. dia. at fluxes of
1 5 - 2 — 1
£ * 10 lucnu sec. « The irradiated samples are delivered in about
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•Reactor equivalent fission fluxes* of tho order of
11

p

•*!

10 n»cm*"" sec, have boon used for the study of threshold reactions
for a.a. and isotope production* Five curio Pu-Be sources of a total
6
-1
neutron output of 8 x 10 n,sec. are used for a number of expérimenta.
Facilities also exist for charged particle activation at the 5*5 MeV
Van-do-graaff accelerator»

In addition to normal counting equipments, the Analytical
Division has a 400 channel, 2MHZ JiDC, transistorised analyser made in
the BARG and a 1024 channel, 100 MHZ ADO, Nuclear Data M) 2200 system

ia being added to augment the present facilities,
RECENT STUDIES

Host of our studies in radiochemical methods of analysis have

been published and a list of these references is attached with this

report* I will restrict the present survey to our studies in the recent
past and our current programme*
In the past five years, thermal neutron a,a. has been applied

for regular service analysis of a vide variety of samples for a large
number of elements* In addition, reactor fast neutron a«a« has provided
check analysis methods for the détermination of titanium and niobium in
stabilised steels and ore samples and the fluorine content of organic

ecmpounda*' $oma of these methods are less sensitive compared to thermal

nautron a,a. methods; however in certain situations» they have definite
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advantages, which have been discussed in the relevant publications*
ISOTOPIC ANALYSIS OF IEaJ) FOR GEÛCHRONOLOGÏ

Activation analysis ia a method for i&atopic analysis of
polyisotopio elements, but it is rarely used for such studies for a

variety of reasons» Recently we have investigated this method for the
dating of thorium minerals and for calculating the 'Model Ages* of

galenas using Pb-208/Pb~204 ratios. The overall precision and accuracy
we have been able to achieve in this work is demonstrated in the results
given in Tables I to III* Some of these results have appeared in the
i
proceedings of the recent conference on 'Modern Trends in Activation

Analysis1 held in Washington, D»C*
TRACE ELEMENT DISTRIBUTION IN GÏÏÛCHEM3SIRÏ

Study of trace element distribution in geochemistry can be made

for a variety of programmes. In collaboration with the geologists of
Sagar University, we have carried out the analysis of a number of
ultramafio rooks and Jdtaberlites in particular, for uranium, thorium,
potassium, rubidium, caesium, sodium, manganese and scandium* The
measurements on the first three elements were required for the calculation

of the radioactive heat generation in materials of the upper mantle* The
other elements were, determined to make a comparative study of the

kimberlitea of India with similar African materials» Some of these results
have been published while Table 3V gives the comparative data on kimberlites.

I OS)

FISSION TRACK K3TI1QD flOK THR DKTBKHINATIOri OF WE UKAHIUM CONTEIJT
OP WHOLE ROCK SAMPHSS

I» connection with the study, of the distribution of uranium

in whole took simple*, we recently completed an investigation of tho
application of the fission track mothod for this work. The method lias

boon vised by Flo is her and co-workers for the study of the distribution
of uranium in rainera} separates. However, it cannot be applied for the
analysis of uranium content of whole rock samples because the precise

etching conditions are known only for a few rock forming minerals« This
difficulty has been overcome by Fleisher ot. al and Fisher and Bostrom
by developing the induced tracks on mica or 'lexan* fixed close to the
sample prior to irradiation? but this approach has difficulties in rook
samples containing rainerais with highly haterogenous distribution ia
uranium» The method we have followed is bo dissolve the sample in high

purity reagents, plate two aliquots, one as such ana the second containing
a known amount of uranium standard at comparable concentration and
Z
evaporate tho samples on 1*5 cm» pieces of Lexan» After drying another
piece of 'loxan1 is used to cover the sample» This sandwich is held

together by a stretched parafilm and irradiated. After irradiation ths
Lexans are separated from tho parafilm and etched in a bath described ia
Fig» !•

The density of tho fission tracks on 'Lexan* are counted under

a binocular microscope» We followed the standard addition method
described above to solve the problem of formation of non uniform 'sun
bursts* (Fig» 2) arising from the agglomeration of the uranium atoms

whan pare uranium solution!!, are used for standards* Some typical track

patterns are shown in Fig» 3* Tho accuracy of tho method has been
checked by analysing some USGS standard rocks with known uranium content,

determined by equally sensitive and accurate nuclear methods. The réduits
are shown in Table V.
PRACTICAL USe OF A Pu-JBo SOUHGB

Compared to what has been accomplished with the use of high

flux neutron activâtion,iu routine industrial application) where
stringent economical considerations are Important, analytical scientists

have not been able to contribute much» except with portable accelerators.
But then they have their own problems*

Results given in Table VI arc the data we have obtained with
the use of the Pu-Be source, which is nothing very big in 1970 and should

have been presented to a different set of customers* Extension of this
range of manganese analysis to higher levels is obvious and id shown in

Fig* 4 for manganese ores. Let us hope that 252Q:f will not be as
expensive as it is today*
CURRENT PROGRAMMES

We have two long-range programmes on hand viz., (l) Trace element
distribution study of archaeological samples and (2) Forensic activation

analysis*

In tbo first procraœaie vo toxvo tried to concentrate in oa»
area viz,, tb.o study of potuhards» Following the pioneering works
of Sayre wo have tried to stud/ tha distribution patterns of Ba, Mn,
La, :So and-Or* Those elements were selected on the basis that the

activated isotopes of these elements are easily discerned in an
irradiated sample, whan one applied ^ -ray speotrosaetry using ïfeï.(Tl)

' u

detector* Aa recent studies of Sayre and others in different fields
reveal, it would be possible to select wore radiouuelides using Go (Li)

detectors» As different from forensic studies, where one is interested
in identifying as many elements as possible so that you can uniquely

differentiate between two given samples, in tho analysis of potsherds>
o,

what one would be interested is to be able to have an 'Optimum, number

which is characteristic of a horizon* Secondly, contamination in
certain situations could facilitate Identification in forensic activation
i
work, while specimen contamination has necessarily to be guarded against

in the potsherds work* We have followed in general the method of Sayre
In normalising data and some of these are shown in Figs* 5 and 6* We

are also investigating the variations in the distribution patterns of
specimens collected from the same cultural horizon but belonging to

different periods which should bo revealed in specimens collected at
different depths»

In the field of forensic activation analysis we have a
collaborative programme with the Central Forensic Science Laboratory»
Calcutta» Under this arrangement BARC will provide the irradiation
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facilities, technical guldanco In the Research and Bevolopssent work
ana training for the «taff of Central Forensic Seienc» laboratory

vbo will be responsible for attending to specific oases* While experte

agree that hair samples are important evidence materials they seem
to differ ao regarda tba washing procedures to be adopted* We have
therefore started examining this aspect of the problem in somo detail
before we take up analysing large number of samples to establish regional

variations and other factors»
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Valtair (1966)

6»

Isotopic analysis of lead by neutron activation
aathod. Its application to Th-Pb ages of
aicsrais.

P«P« Parekh
7«T* Athavale

7«

Particle size distribution by activation and

aedJmentation»

S« Gangadharatt

M« Sankar Das

-do*
Nuclear & Radiation

'Chemistry Sympositaa,
Bombay (1965)

t Zi

Title

Authors

Reference

0« • .

Investigation of the trace element distribution
in potsherds»

N.J, Rao
R«K» lyer
M* Saokar Das

Nuclear & Radiation
Chemistry Symposia»,
Poona (1967)

9»

Kiclear Methods of analysis ~ symposium, on
analytical methods*

Mo Sankar Das

Ind. Soi» Cong« Session»
Hyderabad (l967)

Ifewtron activation method for isotopic analysis
of lead*

Po?» Parekh
M, Sankar Bas
V.X. Athavale

Paper No» 82' presented
at Proc. Int« Conf. on
•Modern Trends in
Activation. Analysis»
ÏÏ.S.A. (1968)

lu*

v-

T1BIEI

rescision AID ACCUR&CÏ ZN THB USD ISOTOPS BEEEBHBMTIOH
Beaobioaa uaedi

3*5 hours.
11) Pb^cn,»')»804»

II s

V

ni) rf^CM-ji**
Sample

Inter laboratory
standard
Galena
T-1003
Galena
GhGR

*»**

/$
•• 0.64 MeY
1 - cil
yj* - ail

67 nin.

0.574, 0*899
sad 0.912 M»7
^T ~ ril
V - 0.279 Ho7

52 hours.

w

Th s 0*6 Kb
:

G

fa a 23,9 ab

C

« 2*2 ab

^s

frPb 204
This work

62.08

1*457

35.73

52*02
52*83

1*453
1*475

35.80
35.82

52*31 + 0*45

1*462 1 0.012

35.73 ± 0.42

52.91
52*76
52.58
53.02

1*562
Io579
1*589
1*583

33*83
33*73
35.52
35.50

62.82 ± 0,19

1*573 ±0*01

33.09 + 0.24

Ofc'csr reported

35*64 to 36,05

53.43

T&3LR II

ISOTOPIC AGES OF THORIUM KIHSR&LS

Sample

Description and location

CMS

Detrital Monasite
Chavara (Kerala)

Ago (million ysara)
Present
Othar
work
works

627 £ 14
615

Detrital iaonaaito frcsa
Manavalakuruchi (Madras)

018 £ 8

KTfiB

Thorianite froa
Madagascar

470 t 17

480

XCfaS

Gharalite froa
Euttakazhi (Kerala)

654

490

IKE

Honazite froa

1387

1800 £40

USB

Samarskite from Ibllore
(Andhra Prodesh)

1441

1550

•(
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ÏABtëï III
«MCBSfc emS' OF GAISÏ&S

Ï-4005

Galena from Broken
Hills, Australia

1567 ± 192

1554

CbGR

Galena from
ChitaMurgftiysore)

2504 £104

2450 *
8608

SGA.

Galena from Sagar
(Madhya Pradesh)

895

600 - 760

BAGA

Galena from Baroda
(Gujarat)

78

60 - 110

BGA

Galena from Dhone

(

J' type

'J1 type

*Jf type

-

(Andbra Pradesh)

DKQA

Galena from
Devarakonda (Andhra
Pradesh)

* Model agea of galenas calculated «slag fl*?2^ ratios by the

Faxqubar-Jtassel-Cumming nethiod*

I2LÎ

TABÎE 17
DERIVAT IinS RATIOS OF X3ffi£aiiIE5S EEOM AIOHRA PRfiTCSH, BDIA

Sample No»
û 1/63

B 2/68

f-C

Th

ïï

12.3 OoS4

Na
4660

K

Rb

6198 303

Os

Kn

0.18

Se
2280

s/a x io4

£/*&K/Cs

1,15

1,33
55 ,£00

17

O.S7

0*£5

32.5 15

0.95

5,80
802

Th/U

Iv/Sb

22.8
€0

12.5

23.5 0.75 13140 7257

432

1.5

SSTC

D 3/68

15.5 0*48

780

4572

302

1.0

1330 13.1

û 4/68

26.3 0.59

460

2806

201

6,1

1380 17.9 44,6

:A

0*48

6.10401

D 5/68

20o9 0.68

550

3059

139

2.5

1380 22.6 30.7

22

0.45

5.56
1,241

Avexage(5)

19,7 0.61 3918 4778

235

2.2

1488 18*7 32.3

m

0«80

3»88

b) COMPARATIVE DATA OF KIKBSRI £JS
ISOTOPE DILUTION METHODS

South Africa 10*7 2.86
U.O 2«69
11*85 2,86

Basutolard

27.6 31.3

FROM OTHBR PASTS OF THE WORJB Bï HBOTRON ACT WèS IOS,

695

1190
565

Tanganyika

4,50G

9,270

aw

1140 11*4 3.7
17.1
4,1
4,1

1290 17.8
1230 12.9

3.7

3.4
Range of concentrations by other methods (Radon, Fluorimetric, Spectrocheaioal, Flame-phot oastric)

-

1«63- 1039- 5478- 11- 6.0
2.0
2746 29200 380 12.0

465- 101594 25

D 3/68 to 0 3/63 are Biatremes and D 4 to 5/68 are Dyke» samples,

45246

2.2
8.6

457-.
5400

TABLE 7
DSTEBMINâïION OF UR&KIBK CONTENT OF G-2 AID BCE-1
BY TES FISSION TR&GK MSTHŒ

Sample

Mount of U(in ng) added
to 0,S mg aliquot of the
sample
0

Track-Density „
(Units of J04cns /"*)

18» ± 2

2.5

40

± 2

5,0

66

t 5

7^5

86

t 5

BGR-1

0
2,5

ïïranita (ppa)
Present work
Other works

1*81 ± 0«14(HIA)

1,64 t 0,09
1,80 iO'OS^FH)

22b ± *

47

± 5

5,0

68

± s

7*5

92

t 5

2,16 + 0»08(isS^)
2«01 ± 0,12

2,07 t 0,05(DFK)

a) Traok density values are corrected for reagent blank of 0,2 x 10A tracks on•*%•
b) Values for 1 ng, aliquot of sample

TABÏB VZ
AN&LÏS3S 0? Mn I» 8J.ÏKXS AKD HHTAR ALLOXS

Xrr« Tiiae
Aaouut of
eample
Count time
Boteotor

Sample

% Mn
(Activation)

« Saturation
„ 5 gms.
va. 20 sain» after
10 min. clocay.
« 5» x 5» Eal(ïl)

^ Ma
(Chemical)

4952

0
.
7
0

0*68

4955

0
.
6
8

0«65

4950

0
.
5
7

0.38

6078

0
.
8
8

0.8S

6079

0
.
9
5

0.95

BCS 256/1

1*08,1.07
1.06

1.02

Xdait set by the reaction Fe56(a,p)Ma56 at 0.021^ Ma*
Specific activity of 4150 oate/20 min/1 gm. of 1$ Ma roder
the specified conditions»
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» 2Hr
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Activation Analysis Studies at tho flew Zealand
Institute of Nuclear Sciences
By T.A. Rafter

It -was not until 1966 that work was started in New Zealand to
build up our potential in the important field of activation analysis.

Earlier reviews of the work of the Institute placed most
emphasis on radioactive methods of dating and isotopic geochemistry.

During 1966 a 3 MeV Van de Graaff accelerator was installed and our
physicists were able for the first time at the Institute, to undertake

studies of nuclear reactions.
While these studies were to provide fundamental information of

decay patterns within activated nuclei, the techniques learned we knew,
would be of immediate application in the applied sciences, such as

activation analysis or for example in the production of % for plant
metabolic studies.

Fortunately through the work of Dr G.E. Coote we were well advanced
in the field of solid state detector development. The great sensitivity
of these detectors re-opened particularly the low energy field of nuclear
physics and greatly extended the application of nuclear techniques in the

agricultural and biological sciences.
In that same year we purchased a nanosecond positive ion beampulsing assembly but what was more important, was a multi-channel analyser
with computer memory, a PDP-8.
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In Table 1 are listed, most of the ou clear reactions studied at the
as
Institute. As v/cllVthe assembly of the dei/cctors, and the necessary
data hc.î.dlin3 equipment and ccmputer programs developed ovor the last
four years, v;e have built up a very powerful team of experimental and

theoretical physicists, well capable of tackling any activation problems
and backed by chemists skilled in the analytical separations necessary
for such studies.

Unfortunately Kew Zealand has as yet, no research reactor available
to take full advantage of these developraeni/s, so we are greatly restricted

in the main facets of nuclear science (especially for siaall countries
like New Zealand), the ability to produce short-lived isotopes and the

services of a, powerful neutron source for trace element studiesTable 1
Nuclear Reaction Studies at the New Zealand
Institute of Nuclear Sciences

1. 2^g(p,p'r)2^g
?.. 2\g(p,7)25Al

G.J. McCallum and K.P. Pohl
/

G.J. McCalluni, G.E. Coote,
R.J. Sparks, X.P. Pohl
K.P. Pohi, G.J. McCallum

3.

24

Mg(d,p7)25Mg

4.

19

P.J. Mathew

5.

82

P.J. Mathew

6.

204

F(n,p)190(£-)19F

Se(n,p)82As(p")82Se
Hg(n,p)2°^Au(p")204Hg

P.J. Mathew

7. "C^n)

G.J. McCallura, R.D. More

'3.

G.E. Coote, B.J. O'Brien

9.

Zn(p,y) ^Ga
56

Pe(p,7)5'?Co

B.J. O'Brien, G.E. Coote

10. 5°Ti(p,'/)51V

G.J. McCallum,R.J. Sparks, K.P. Pohl

11.

Ti(p,r)V

G.J. McCallum,R.J. Sparks, K.P.Pchl

12.

46
47
Ti(p,y) 'V

15.

5

G.J. McCallum, K.P. Pohl

Fe(p,7)55Co

B.J, o'Brien, G.E. Coote
R.D.More
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r»pr

ïn 19u6 in a preliminary experiment ^As was activated with

thermalised neutrons obtained frosi the "l3e(d,n) B reaction.

For the

iKioi.t a 220 uA bea.ni of 2.5 MeV deutcrcns was employed. In later
a
_J

experiments i .J. Mathew usiagVnuclear reaction (No. 5 in Table l)
discovered a new isotope of arsenic, 82As by bonbardraent of selenium
•with 15 MeV neutrons. The half -life of

As was found to be 15 ± 2 sec,

Neutron Activation of Halogens.

A practical example of activation analysis concerns the manufacture
of tyres in Jfew Zealand.

In the manufacture of tyres a rubber balloon is

used to-keep the inside of the tyre in shape during the vulcanising process.

Unfortunately the inner balloon sometimes sticks to the tyre. It has been

found that if the balloon was treated with bromine to form a bromlnated
surface, then this sticking problem was reduced. In order to measure the

amount of bromine that gave the best resultst the rubber specimen from
the balloon was irradiated with neutrons from the accelerator and the
resulting activity from the radioactive bromine was measured. This was then
compared with a known standard of bromine and hence the bromine concentration
in the rubber specimen determined.

This was a relatively simple opération

compared with'the chemical analysis. The results confirmed that the
halogen was attacking the double bonds present in the natural rubber.

I have here a reprint of a paper written by two members of my staff,
Messrs R.J. Sparks and G.J. McCallum, that discusses the determination of

trace elements by charged particle activation analysis.
When a sample is bombarded by charged particles, e.g. protons,

deuterons, a-particles, the presence of a particular element may be
inferred from the observation of its characteristic 7-ray (or more generally

set of y-rays).

Because of the advent of high resolution lithium drifted
133

germanium detectors Ge(Li) it is anticipated that charged particle activation

will becosie Acre widely used in the future, provided one has available a

particle e,ceelerator (such as a 3 MeV Van de Gra&ff accelerator).
Compared v.dth neutron activation analysis} charged particle activation
has one principle shortcoming in that the range of the charged particle is

typically of the order of a few hundred microns in most substances, whereas
neutron ranges are some thousands of times greater.

However, there are

many applications where information is required specifically about sur.fs.ces

and then this feature becomes an asset.

Another difference between neutron

and charged particle analysis is that with cnarged particles it is usually

possible, and generally necessary, to detect the 7-radiation in situ wnile
bombardment is taking place.

In neutron activation analysis the radiation,

must be detected and analysed after bombardment is finished and often after
time consuming chemical processes to remove unwanted activities. Interference

due to activation of other isotopes present can also occur with charged
particle activation but; the situation can be improved by marking use of the

resonance phenomenon of nuclear reactions, whereby a particular reaction nas
an increased probability of taking place when the bombarding particle has.
& well-defined energy range.

Charged particle analysis is best suited to

detecting light nuclei because at the energies normally encountered in this
work, the particles are unable to surmount the Coulomb repulsion barrier of

heavy nuclei.
To illustrate this new technique now available to New Zealand

industries an example of the estimation of nitrogen in steel and another
of oxygen in surface coatings of welding rods will be considered.

In order to obtain the characteristic spectrum of nitrogen for
purposes of identification and comparison, a target of titanium nitride vas
prepared, mounted in an evacuated chamber and bombarded with 1,2 MeV deuterons*
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The 7-ray spectrum obtained during bombardment showed that 5he principle

reaction occurring was that in which a K-14 nucleus captures a neutron
fro:n the incident deuteron followed by the ejnission of 7-rays ranging in

energy frcm p to 11 MeV,
i.e.

]

The 7-radiation was observed with a 30 cm^ Ge(Li) detector mounted

3 inches from the target and the spectrum analysed and stored in a PDP-8
computer, programed as a 1024 channel niulti-channel analyser.

A beam

current integrator connected to the target monitored and integrated the

deuteron current, giving a measure of the total charge deposited onto the
target during bombardment.

The steel sample to be analysed was a pellet of iron ore (V5"
dia. by Vo" thick) that had been partially converted to steel, the process
being stopped before conversion was complete.

When this sample was

activated, peaks characteristic of nitrogen were obtained as well as others

arising principally from oxygen and carbon.
Figures 1 and 2 show portions of the 7-ray spectra arising from these

elements. To obtain a quantitative estimate of the nitrogen content, targets

were prepared from steel, containing 0.034$ and 0.01$ nitrogen respectively

and a portion of the spectrum from the 0.03.4$ standard is shown in Figure 1.
In the course of these experiments clean surfaces of tantalum and

lead were bombarded and in both cases oxygen, nitrogen and carbon were
detected. The carbon background was mainly from pump oil vapour in the
vacuum system and could be removed by efficient cold trapping. If an
accurate determination of nitrogen and/or oxygen was needed, it would be
necessary to ensure against adsorption from the atmosphere.
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Figure 3

shows the relative intensities of the nitrogen y-ray

peaks plotted as a function of nitrogen concentration. If the intensity
from the lead is regarded as a background common to all samples due to
atmospheric adsorption, then it can be seen that when this background is

subtracted, the relative intensities for the two steel standards agree
very well with the chemical analyses.

The measurements suggest that the

"unknown" sample has a nitrogen content of 0.025$ by weight with an
estimated standard deviation of ± 0.00^$.
It should be possible to mount the saraple outside the vacuum system

and transmit the beam through a thin window making the whole technique
easier and relatively simple to process a number of samples in a short time.
Another example is the determination of oxygen in the oxide coatings

of aluminium rods. This problem arose from the opinion that one welding
manufacturer was as good as another.

When welding rods from both

manufacturers were analysed chemically, no difference could be found, but
by charged particle activation analysis it could be shown that one rod
had 5 times as much oxygen covering its surface as the other.

It was

even possible to determine whether or not the rod had been de-greased

before use.
For this measurement a 1 MeV deuteron beam was accelerated and made

to impinge on the aluminium rod.

The relative concentration of oxygen on

the outer surface of the rod was determined by observing the number of
7-rays emitted in the nuclear reaction

A 875 keV gamma ray is associated with this reaction and the
intensity of this gamma ray evaluated and compared with the same y-ray

from other samples of aluminium rods.
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From this a correlation between

the surface treatment and oxygen content of the oxide layer could be made.

For this work also a gas target of oxygen at various pressures
and a solid target of WO-, was used to study the excitation of oxygen and
the gamma rays emitted in the 0.9 MeV to 1.7 MeV range. This information
is needed if quantitative results are required in the charged particle
analysis of oxygen if no standard is provided.

In addition to good irradiation, detection and data handling
facilities,frequently it is necessary to apply raj?id chemical separation
methods.

At the Institute a new method for separating arsenic from a

large amount of selenium was developed. This was applied to selenium
78
irradiated to produce ' As. The irradiated SeOg was dissolved in 1Q&
y

HpSOj, with As carrier and the selenium reduced to the elementary state
by refluxing with hydrazine hydrochloride.

The selenium was filtered

r

off and the arsenic, remaining in solution precipitated as sulphide. The
time for this procedure was reduced to 20 minutes.

There are many other examples where neutron or charged particle
activation has been used for both pure and applied studies in New Zealand.

The nuclear reaction "Br(n,y) Br in which

Br has a Tj, of 18 minutes

has been used for studies in trickle irrigation.

were obtained by the reaction °Be(d,n) B.

In this case the neutrons

The nuclear reaction

C( Ke,a) C

was used for the'production of radioactive carbon dioxide in photosynthetic
studies while the reaction

•]2

1*5

C(d,n) "TÏ can be used to produce radioactive

nitrogen as nitrate, ammonia or nitrogen gas for nitrogen uptake studies in

the agricultural field.
I have attempted to give, without too much detail, some indication
of work involving activation analysis in New Zealand. There should be many

more examples, for nuclear science must co-ordinate the efforts of almost
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every discipline of science for its rich rewards. The investment is high
but the profits immeasurable.

It seems strange to me how easily men

gamble on the unproven resources of i-ickel, copper, zinc or oil but on the
proven potential of scientific knowledge, scientific manpower or scientific
equipment, we come up against the cold facts of present day reality.

But the scientist has many consolations, for his whole experience
is a gamble, for he knows not the day, nor the hour when knowledge today
becomes the means of survival tomorrow.
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ISOTOPES IN IKTOSTR?

Delivered to I.A.E.A. Symposium on Activation Analysis

Bangkok, July 6 - 9, 1970

By T. A. Rafter

Mr Chairman, Ladies and Gentlemen,

For this summary of our work on the uses of isotopes in
Industry, I have selected seven or eight illustrations from the
work of the Institute relating to the title of this address. Because

of the lack of a Research Reactor in New Zealand ve are seriously
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hindered in the full utilisation of isotopes for New Zealand Industry.
Nevertheless with the nuclear instrumentation and computing facilities
ve have been able to get within the D.S.I.R. budget and the high calibre

of the staff ve have been able to appoint and to retain, I feel sure

New Zealand Industry is receiving substantial help from us in these new
and exciting nuclear methods.

1.

Determination of Apparent Density Changes in Potassium
Carbonate Solution by Garcma-ray Attenuation.
The Kapuni natural gas plant removes COp fro:n the incoming

natural gas by circulating a solution of KpCO, which is converted to
KHCO,.

The KHCCv is subsequently regenerated by a pressure shift

enabling the KgCC, to be re-used.
Sane pump performance work in the plant had led them to believe
that the density of the K-CO- solution being circulated did not agree
with that which was determined on subjecting a cooled sample to chemical

or gravimetric analysis.
It was suspected that at the pump inlet the 30^ carbonate
solution still contained gaseous carbon dioxide held in a homogeneous

suspension.

As the solution is circulated at a temperature of 220°F (->*110OC)
and a pressure of about 17 p.s.i.g. it was difficult to directly confirm
the presence of gas by direct sampling.

The method had to be sensitive enough to detect the difference
between the expected liquid density of about 78 lb/ft5 and the suspected
density of about ?Cilb/ft3 uxk er operating conditions, i.e. a 1C$ change.

r

/* -—. r-r-

Cs-137

,-,

pD a
Ratemeter

'Nal.

The following relationship exists:

I = loe
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oscillograph

Thickness of the liquid between the windows vas J2.8 cm.

To calibrate the system a separate but identical pipe section to that
under test vas used.

At 53 C the count rate obtained through the full

thickness of liquid was recorded as 54.55? of a full scale reading(= 3000 c.p.s.)
A 4 cm void (plastic bottle) increased this value to ?O.C$.

The

absorption coefficient (#) -was calculated and it was shown that 1$ of

voids would increase a reading by 2$ of its value, e.g. from 50$ t

By using this equipment and making measurements along different
sections of the pipe that was calibrated against a similar pipe containing
stock solution McCabe and Pohl were able to show that gas voids were not

present in the section of the plant studied.

2.

Wanganui Sewer Investigation.
There must be a tremendous potential for the use of radioactive

isotopes in water tracing and as such, also in pollution studies. One
of the New Zealand rivers that has at the present time a pollution

problem, and has been brought before the public by the press and television,
is the Wanganui River.
There are many forms of pollution running into the Wanganui River

from sewerage, storm water and from the Imlay Freezing works.

The river

water was classified by the Water Pollution Council, with the result that

the Wanganui City Council became responsible for reducing the pollution

load in the river.
The Council called in consulting engineers to investigate the
problem and to make recommendations as to a solution. The Institute was

asked to provide information on the dilution available in the river and
also by the sea-water at various outfall points along the beach.
outfalls run from 5000 ft to several miles off-shore.
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Seme

These dilution problems are not simple problems. First, one has to

select a suitable isotope, it must not be easily absorbed, must have
a suitable Ti and emit an easily detected gancna-ray.

Suitable radio-

active isotopes could be Br-82 with a Ti. of 36 hours; C1-J56, Ti of
3 x ICr years; Na-24, T£ of 15 hours; tritium, TJL of 12.4 years. P-32,
TÏ. of 14 days was used in some of our earlier studies such as at Titahi
Bay, but it is a Beta emitter and suffers from being too easily absorbed.
The halogen 1-131 of T^ 8 days was chosen as its gamma-ray of 0.36 MeV
made in situ measurements easy.

This isotope we obtain from Lucas Heights

at a cost of $50 per 100 millicuries.
The detection equipment is relatively simple, consisting of a

Sodium Iodide Crystal Probe, preamplifier, ratemeter and chart recorder.

The next decision to take was how to make the injection of the
isotope.

One can make a surface spot injection which should give maximum

information of the rate of dispersion of the radioactive patch along the
vertical, horizontal and longitudinal axes.
Mr McCabe first tried to establish a pattern of dilution at a
particular point of time (space integrated).

While this method is

satisfactory in slow-moving waters such as in a lake or the sea, the
Wanganui River moves too fast, so this method failed.
The second method (time integrated) was to set up a number of
stationary detectors and allow the radioactive spots to move past the

detectors.

This method was also difficult in practice because of the

width of the river (600 yds wide) and the small amount of lateral
dispersion.

There was longitudinal mixing but little lateral movement.

The next step was to add dye as well as activity on the outgoing tide.
The experiment started off in salt water, which was relatively clean,
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so the dye persisted but as fresh water came down the river, the dye

quickly disappeared, so that it was difficult to get boats into position.
The third method tried was the continuous injection method which
has the distinct disadvantage that you can't get information on the
longitudinal rate, but has the advantage of giving us plenty of time to

make measurements in the activity stream.

These experiments showed that

lateral mixing was small but vertical mixing good, probably to the bottom,
although the depth was only 10-12 ft.
These studies are continuing but as a "spin off" from such

experiments it is frequently possible to see how a simple method can
give a good deal of information.

Mr McCabe was able to show the

feasibility of sampling and determining the chloride concentration in
the surf zone from the Wanganui river-mouth to Castlecliff to find the

amount of fresh river-water contamination of the sea. The consultants
subsequently made a survey by this method.

5.

Trickle Irrigation
I have here the lay-out of a trickle irrigation scheme for a one

acre trial area at Loburn Orchard, Canterbury.

It suggests another

interesting application in water tracing at present being studied by
Mr David King of the Agricultural Engineering Department at Lincoln. His

objective was to find the shape of the wetted profile under different
sub-soil conditions.

Five different soil types were selected. It is

desirable to provide water to a tree, equal to the respiration rate,
which for an orchard tree is about one gallon per hour.

What is the shape of the wetted profile? Does it spread out sideways or downwards in a steep cone, such as in porous soils of the Canterbury

147

Plains?

The traditional way of doing such a study is to dig a big hole

exposing a face and sampling off this face.

Another method is by coring,

but this method is too tedious because one has to do a determination of

tie moisture content of each sample.
Mr King started off using fluorescent dyes which soon became

absorbed on the soil particles, so he thought of using a radioactive tracer
method.

For the choice of isotopes the same rules as for the Wanganui

River problem were applied but in this case it was decided to use bromide
as a tracer and start by using inactive bromide.
have to handle radioactive material.

In the field you don't

It has the disadvantage however

that you can't make in situ measurements.
It was first necessary to show that bromide ion added as MH^Br
vas not a*e#orbed on the soil types to be studied.

This was investigated

simply by shaking up the soil sample as found naturally with a solution of

10"* molar NH^Br solution, centrifuging and then placing the solution in
a neutron beam that we can get out of our JMeV accelerator.

The bromide

activity induced vas compared with that of a standard 10"^M MHj.Br solution.
The nuclear reaction involved is:

Br79(n,7)Br8°

18 mins
Br80
Beta
0.6 MeV

The neutron flux available frca our accelerator using the reaction
Be9(d,n)B10
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is ©f'ifee order 5 x 10 , thé neutrons produced having energies up to about
6 MeV.
These experiments showed that there was no detectable absorption
by the soil particles.

At a concentration of 10"^ M one could simply

titrate the bromide but if it is necessary to run 500-600 samples it may
be quicker to activate the solution, record the induced activity on punch
tape, and allow the computer to estimate peak areas, giving the answers
in concentration units.

There are many other examples where radioactive tracers are making

very important contributions in water tracing problems. A few years ago I

used to quote the example of tritium as a tracer in the Manapouri tailrace
water inflow troubles,but as you can see, I am illustrating this lecture

as far as possible by some very recent work, much of it not yet completed.

4.

Application of Nuclear Science in the Paper Industry.
White filler clays are used in the manufacture of paper which

effects its whiteness and opacity.

The clay traditionally used is

kaolinite, obtained from deposits in either CornvAll in England, or Georgia

in the United States.
New Zealand has extensive deposits of extres-ely white clays but

these are of the mineral halloysite not kaolinite and were thus not

identical to the proven material.
The New Zealand paper industry accepted locally produced filler
clays because they were particularly white and were in other respects
apparently suitable for the purpose.

It was soon found, by stationery

manufacturers, that New Zealand made paper using locally produced clays
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•were more abrasive than paper produced with imported clays. Guillotine
blades required more frequent sharpening and stationery production was

seriously affected.
The Chemistry Division of D.S.I.R. vas asked to investigate this
problem and an American consultant engaged to report on an air beneficiation

process by which the local clay was being produced.

Hew beneficiation

methods were developed to improve the abrasive properties of the clay. The

consultant's assessment was that there was little improvement. This seemed
unreasonable and threw into doubt the validity of the abrasive test being

used.
In collaboration with our Institute and abrasive test, using a

Waring Blender with a blade which had been irradiated and so made radioactive in a reactor at Harwell, was developed.

It was shown that under

the standard test conditions, the amount of activity abraded from the blade
by the clay under test correlated well with the abrasiveness of the clay
as determined by both laboratory and full scale commercial cutting tests*

When this new test was applied to the clay samples from the new
beneficiation process, it was shown that the abrasiveness had been reduced
and that the process was capable of producing clays which were equal in
quality to the imported material.

As a result of these experiments a clay filler industry is being
built which will save the importation of 5,000 tons of clay per year. At
a cost of $50 per ton this is a saving of $250,000 per year. In addition,
an export production of 50-100,000 tons per year is aimed at, which should

earn $2.5-5 million dollars annually.
The amount of chromium abraded from the blade was of the order of
one microgran and its 0.4- MeV gaisraa could be easily estimated in a well-

type crystal counter.
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5.

A Combination of Mass Spectrometry and Nuclear Physics
as an Aid to the Chemist.
In 1968 there appeared in the journal Radiocarbon an article:

"Mass Spectrosietric Studies of Carbon-13 Variations in Corn and other
Grasses" by Margaret M. Bender of the University of Wisconsin.

As most of you know, we have been making radiocarbon measurements
at the Institute for over 20 years, in which we study the C-14 concentration

in a specimen with respect to modern wood.
Many years back when we had the problem of dating the Hew Zealand

moa, we felt some doubt in aging the moa bone carbonate or fats with
respect to the wood of modern trees. So we dated it with respect to modern
cow bone carbonate and fats.

In this way the carbon~l4 age for the

carbonate agreed with the fats.

Fortunately we had a mass spectrometer

available to us at the Institute and we were able to show that the 13C

concentration v/as about 1.5# richer in the bone carbonate than in the bone
fats and if a correction was applied for the 13
^C fractionation to the 14C
activity, we could get good agreement in ages in carbonaceous materials
having different ^C concentrations.

We have always measured the £~ C/ in most of our specimens.
The & 5C value as we call it for wood, coal and such like specimens is

always about -25 /oo lower than the standard used for comparison, in this

case a selected limestone.
Variations in the 6 ^C values for" different materials have always
caused us some concern for the & ^C of carbon dbxide in the atmosphere is
-8 /oo v.r.t. the limestone standard, while woods etc. are -25 /°° w.r.t.
the same standard, so that there is an isotope fractionation of 16 /oo
due to the photosynthetic process.
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Late last year I happened to meet Dr John Troughton of the
Physics Division of D.S.Ï.R., who was interested in the possibilities

of our accelerator to produce the short-lived isotope of carbon, C-12.
as a tracer in plant kinetic studies.

He mentioned that he was interested

in studying the Hatch-Slack phctosynthetlc cycle or the new pathway of
photosynthetic carbon dioxide fixation as found in. sugar cane, corn and

tropical grasses.

Eecalling Dr Margaret Bender's paper I asked if the mass spectrometer
could be used through the ~"'C/ "C ratio measurement, to screen those plants
following the Calvin cycle from those following the Hatch-Slack cycle.

3>r Troughton with the assistance of Dr Hendy of the Institute has
•i •* "ip
J

BOW made over two hundred ""C/ C ratio measurements and -they have
1X

TO

confirmed that plants following the Hatch-Slack cycle have a ~yC/ C ratio

ranging from -8 to ~lS /oo, while plants using the Calvin cycle range from
-25 to -35 /oo.

Drs Troughton and Hendy hare, for publication in Nature,

a paper on this aspect of the work.

As an interesting application, since the carbon isotopic ratio will
remain with whatever products are made from the plants, this measurement

could be used to trace the origin of alcohols, e.g. alcohol made from cane
sugar would have a ^C/ C ratio in the -8 to -l8°/oo range, but commercial
alcohols made from grapes or barley would be in the range of -25 to -35 /°°«
Plants using the Calvin cycle have a photosynthetic enzyme that
synthesises a 6-carbon straight chain compound which breaks down to give

two 3-carbon compounds.

In the Hatch-Slack cycle a different photo-

synthetic enzyme synthesises a four carbon straight chain compound.
Now turning to the accelerator group, hovr can the nuclear physicist

assist in such a study?

They started an investigation to see if carbon-11,
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a positron emitter with a T.o. of 20 minutes, could be made by the nuclear
reaction,

Dr Troughton was interested in using COp labelled with C-ll in his plant

kinetic studies.

Mr R.D. More of the accelerator group in preliminary

experiments shovred that CO^ labelled C-ll could be made by passing COg
gas through a target chamber in froifc of a He beam. Some of this gas was
placed in a leaf chamber and after a short tirae, activity was recorded

further down the leaf, proving the C-ll was being translocated.
The kinetics of the translocation process can change depending on
the species of the plant and its environment. Firstly, it has been observed
that in maize (a C-4 type of plant) carbon gets into the translocation

pathway faster than in cotton or tomato (C-J type plants).

In maize, for

example, carbon material gets into the translocation system within 5 minutes,
•whereas in the cotton plant this takes JO minutes.

Correspondingly the

translocated material moves in maize at a rate of 1 cm per minute along
the stem of the plant and in cotton this rate is ^ cm per minute. Secondly,
experiments have shown that the rate of translocation drops substantially

in the absence of light even after the plant has fully photosynthesised
the COg.
It always seems strange to me that the four most important elements

in nature, hydrogen, oxygen, carbon and nitrogen have no convenient shortlived radioactive isotopes.

Many years ago I was associated with Dr Greta

Cone in the use of the stable isotope of nitrogen H-15 in the study of plant

uptake of nitrogen.

Enriched nitrogen had to be fed to plants, in parti-

cular pinus radiata, in specially constructed plant chambers.

As we were

using enriched nitrogen gas, after several, weeks the gas was recovered,
the plants digested by the Kjeldahl method and. the araaoniuw sulphate reacted
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with MaBrO to liberate Np gas, the ^JS/ 'K ratio in which was measured
in a mass spectrometer.

Drs Morrison and Silvester of Lincoln carried

these experiments further, the object of the experiments being to study
the mechanism by which certain pioneer plants could assimilate nitrogen

from the atmosphere.
Nitrogen has a radioactive species Iï~13, but with a Ti of only

ten minutes.

As a rough guide we estSjaate that we can work with a

particular radionuelide for about six half- lives before activity has
decreased to such a low value that our instruments can no longer make
accurate measurements.

In this case the nuclear reaction used was

and the deuteron beam had to be brought outside the accelerator tube.

Sodium carbonate or carbon was bombarded with deuterons (heavy

hydrogen).
ammonia.

The carbonate is changed to nitrate from which we can make
The nitrate or ammonia can be fed to plants.

In one case Mr

Bdmonds from the Horticultural Department at Lincoln, studied the uptake,

by the roots, of pinus radiata.

He had to work in the accelerator

experimental area, the experiments being over in less than an hour.

He

has already shown that nitrogen uptake in pinus radiata is greater vhen
the pine is living in association with a fungus.
Mr R.D. More simply wrote for our Progress Report Ko. 14 (July -

December 1969): "The techniques developed for the manufacture of this
isotope are working well and the whole procedure is now routine",
Here is a beautiful technique for the agricultural scientists if
they have any problems with nitrogenous fertilisers remaining to be solved.
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6.

WOOD - Plastics

Another1 section of the Institute headed by Dr H.C. Sutton stuoi.es
the effects of radiation on matter.

A start -was made in 1957 to install

a 250 curie cobalt source for studies in radiation chemistry and the
utilisation of gamma-rays in industrial problems.
I like to feel that it was due to the enthusiasm of Drs G.S.

McNaughton and H. Melhuish who started off these studies at the Institute

that when such a progressive firm as the Tasman Vaccine Laboratories car.e

along expressing interest in the industrial applications of radiation
sterilization that it was experience, knowledge and help our scientists
were able to offer, that encouraged the Tasman Vaccine Laboratories to
•risk the considerable capital investment needed for the installation of

their 200,000 curie plant, for the sterilisation of medical supplies and

appliances.
This firm is making a profit, has expanded its plant and applications

and offers export potential for its products.
When Dr Sutton joined the Institute in 1965* ne brought with him

a wealth of experience in radiation chemistry, fron his years of study at
Durham and Edinburgh Universities.

I was somewhat doubtful as to how such

a highly trained university man would face up to the problems of industry.

We couldn't have made a better choice.

The use of ionising

radiation in food preservation was one that looked highly attractive to
in
New Zealand but it was a field which great pressures of a political and
scientific nature were being brought to bear in overseas countries, Dr

Sutton studies the field very carefully and produced this most valuable
report - Pood Irradiation- A Critical Assessment of its Value in New Zealand.

However, what I want to show you tonight is in sc*ae ways a novel
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application, but one nevertheless with considerable industrial potential.
These notes have been given to me for this lecture by Dr Button.

By impregnating wood with a liquid mononer such as methyl methacrylate
and then irradiating it with gamma rays from

Co source to polymerise the

monomer to a hard plastic, one can produce a new material with seme interesting
and useful properties.

The process has been known and studied overseas

for several years, particularly in America and Britain, and is now finding
applications in some rather specialised areas.

These include sporting

goods (skis, etc.), cutlery handles, and parquet flooring.
It occurred to us that some New Zealand woods such as pinus radiata
may be particularly suited to the process owing to its rapid growth and

consequent open cell structure allowing ready impregnation. The two
specimens on show have been made from the sapwood of pinus radiata which

can be impregnated merely by a preliminary vacuum to remove entrapped air,
followed by immersion in the liquid monomer for 5 minutes. Sapwood will

take up a little more than its own weight of monomer with this treatment,
and the specimen is then removed from the bath, covered with aluminium foil
to reduce monomer evaporation, and then given a megarad or more of gaaim

radiation which polymerises nearly all the absorbed monomer.

Heartwood

is useless, it takes up small and variable amounts of monomer.
The outstanding properties of the product are:
(a)

10 times increased hardness, (as hard as perspex)

(b)

Reduced rate of water absorption and hence increased dimensional
stability in changing humidities.

(c)

Improved aesthetic appeal. (Dyes can be incorporated if neededj
these specimens don't have any).

(d)

Increased abrasion resistance, about double that of wood.
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Other strength properties (breaking strength, shear stren/gtli* impact resistance)

are improved but only by 4o;£ or so.

This is because the perspex merely fills

the cell cavities; it does not penetrate the cell walls.

Cost is mainly that of the chemical monomer, about 30 cents per Ib in
New Zealand.

Radiation costs should be less than this. A board ft.,

(32"xl2"xl") of wood plastic would need about 3 Ibs of methyl nethacrylate
monomer costing about a dollar; labour and radiation costs night bring the
total to around $1.50, as compared with 15 to 20 cents for the wood. Clearly

the material is too costly for structural building but could have many

applications for special purposes; handles, }mobs, furniture panels,
sporting goods and parquet flooring are obvious cases.
One of the limiting factors in using this wood plastic is due to

evaporation of monomer from the surface before polymerisation. The result
is a skin of untreated vood on the surface, perhaps -£" thick, and this
must be machined off. We are studying ways of preventing this.

Another

is the failure to impregnate cell walls, which limits the dimensional

stability of the product.

7.

This is also on our programme.

Mineral Prospecting

Finally I will discuss an application in the mineral industry.

Nuclear science is not a science for the man who wants to remove himself
from the realities of life and is interested in producing information of
no apparent value to humanity. In fact, 1 doubt if such knowledge .exists.
I will discuss an example in which the most sophisticated nuclear
scientific equipment is being used to aid the mineral prospector.

Many years ago I was interested in the chemistry of -uranium and
thorituu and I aiti aware of the many problems that exist in the accurate
estimation of these elements chemically.
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We had been interested in the possibilities of a radiometric

estimation of these elements for many years, tut vie didn't have the
necessary skills or counting and computing equipment available for such

assays.
Early in 1968 Dr G.E. Coote, a physicist on our staff, v*o had very

successfully developed what are called solid state detectors C-e(Li) that
have revolutionised the resolving power of detectors for the study of
gamma-ray energies emitted from radionuclides, made an initial investigation of uranium ores from the Buller Gorge.

Most of you in your university days read something about the Natural

Radioactive Series, with the complicated decay pattern for the uranium,

actinium and thorium series.

To remind you of those series and to make

this section a little easier to understand, I will show a few slides.

The first slide shows the three natural radioactive series, the first

one starting at U-23>8, the second at U-2J5 and the third at Th-232. U-238
has three long life daughters, U-2J4, Th-230 and Ra-226.
The next slide shows the uranium chain in more detail, while the

spectrum of gamma radiation from a uraninite sample is seen in the next

slide.
This spectrum was taken with a high-quality 5" x 3" Kal crystal and
it should be noted that all significant peaks above 610 keV arise from
Bi-2l4 (RaC) hence provide no additional information.

The next slide shews the beautiful resolution possible with a 5 car
Ge(Li) detector for the region 0 to 800 keV. As this stage Dr Coote was

using a preamplifier with a 4 keV resolution. There are three prominent
peaks from Pb-214 (RaB) and one from Bi-2l4 (RaC).

These short-lived

isotopes which occur near the end of the uranium series are therefore easy
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to detect.

If the escape of radon from a specimen is prevented for a few

weeks before taking the spectrum, it would be possible to derive from the
intensities of these peaks the amount of radium in the specimen.

To derive information on the isotopes preceding radium, gamma-rays
of lower energy must be studied, so simple chemical separations were made
by Mr N. Whitehead who was working on plant uptake studies of uranium under
J)r Brooks at Massey University.
The next slide shows the spectrum for "Speepure" uranium which

contains Th-234, Pa-2^4 and Th-2304and also shows the spectrum of the
thorium fraction, separated from the uranium by solution of uranium in
n-tributyl phosphate.
When the uranium fraction was treated several more times, to remove

all traces of thorium, the final uranium fraction is seen on the next slide.
.•
From these last slides it can be concluded that the 0.063 peak and
about half the 0.093 peak arise from Th-234 and the peaks at 0.143, 0.163,
0.104 and 0.204 came from the decay of U-235.

The important practical conclusion from this is that the peaks 0.063
and 0.093 are direct or nearly direct measures of the amount of uranium in

the sample.
Another interesting conclusion is that peaks for decay of U-235 arc

easily seen in the spectra. U-235 is only 0.72$ of natural uranium and
'
'
has a half-life
of• 7 x 108 years but it has a decay scheme giving• off
gamma-rays. In contrast, the decay of U-233 results in no observable
gamma-rays.

'Further chemical separations were made such as the extraction of
lead to identify other peaks that will be reported in a paper by Kr G.B.
Coote, N.B. Whitehead and NVE. Cohn entitled "investigation o£ Uranixna Ores
by High-Resolution Gamma-Ray Spectronetry."
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Such studies have already provided practical applications.
Dr Rothbaum of the Chemistry Division D.S.I.R. vas interested in determining where traces of uranium found in* phosphate were going in an alkaline
extract of the rock. Though the uranium activity was very weak it was
easily shown that all the uranium remained in the rock residue* We can
easily assay phosphate rocks for uranium, measure the degree of uranium
disequilibrium of interest to the geologists, while the radicraetric assay
of uranium ore has been improved to the point where the slower chemical

methods are needed only as an occasional check.

In conclusion Mr Chairman, it has been a pleasure for me to prepare
this address.

Twelve years ago when the Institute was established we had

to build up a case to convince Government of the needs to establish the

laboratories and purchase the 5 MeV Van de Graaff accelerator. This case
had to be built around examples of uses that could be achieved.

Tonight

I have been able to refer to what has been achieved and in every illustration
quoted I have referred to work not only of members of my own staff but also

of the co-operation we have given to and received from other divisions of
D.S.I.R., university scientists, industrialists and engineering consultants.
I can best express my own satisfaction in the work at the Institute
by reading to you a letter of thanks referring to the first application

I discussed tonight.

"

I am writing to acknowledge the receipt of two copies of the report

'The Determination of Apparent Density Changes in Potassium Carbonate
Solution by Gamma-ray Attenuation', which has been written by Mr McCabe and

Mr Pohl as a result of their visit to the Kapuni natural Gas Plant last month.
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I would like to say that this report confirms the impression we
had formed of your staff as being very professional and competent scientific

investigators.

The work which they did here, under very poor environmental

conditions, has been invaluable in helping us and the pump manufacturers to

pin-point the cause of the recent troubles.

As a result I would appreciate

you thanking them personally for the excellent service vhich they provided".

Thank you.
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STATUS REPORT ON THE NEUTRON ACTIVATION
ANALYSIS ACTIVITIES IN THE PHILIPPINES

by
Librado D. Ibe
Director, Philippine Atomic Research Center
INTRODUCTION

The Philippines has a one megawatt open-pool type nuclear
research reactor which is presently utilized in the conduct of
nuclear^research and development activities. The reactor is
operated by the Philippine Atomic Research Center, the research
arm of the Philippine Atomic Energy Commission.
The reactor is presently utilized in the production of
some radioisotopes, nuclear physics experiments and neutron activation
analysis. For activation analysis the facilities available include
the two 2 inch pneumatic tubes and a 2-inch central core dry-pipe.
Although the reactor has been operative since 1963 it was
only in the latter part of 1966 that a neutron activation analysis
group was organized and almost immediately the training of personnel
and setting up of a radiochemical laboratory and nucleonic counting
assembly were initiated. Today, the counting system include a 100
channel analyzer with a 3 x 3 inch Nal(Tl) crystal.
CURRENT NAA PROJECTS

'She neutron activation analysis projects undertaken by the
NAA unit; can be essentially grouped into the following categories:
,.

• 1.
2.
•, jj..
4.
•5.

Mineral resource prospecting
Bio-medical applications
Industrial applications
Chemical characterization of Philippine soils
Dating of Philippine rocks and minerals

Some of the above projects are prosecuted with partial
financing solicited from outside organizations such as the IAEA, WHO,
and UNDP. Others are problems presented to us by outside groups.
MINERAL RESOURCE PROSPECTING

The research projects under this category include
a., ^tetallogenic provinces study on trace element distribution
in minerals and rocks
b. Geochemistry of Scandium in Philippine Rocks i
c. Trace element study of Philippine ocean sediments.
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The first project is partially supported by IAEA with
the services of an expert made available for a'one-year period.
The objective of the research is to gain scientific information
on the distribution of elements such as Au, Ag, As, Co, V, Mn,
Ho, Sb, Cd, Cu, Fe, Zn and Sc in known mineralized areas for
the purpose of characterizing chemical (elemental) composition
variations on a regional scale. The acquired data will then be
used as reference for correlating trace element distribution of

unexplored areas or regions. The importance of this approach
is in pin-pointing new mining areas or districts where more
detailed geological, geochewical and geophysical work could be
initiated.
Present emphasis is directed towards finding new copper
mineralized areas» I» this regard, we have an on-going NAA
geochemical survey based on whole rock analysis in Bohol, one

of the islands in the central section of the country. The aim
is to locate promising copper-bearing areas. An agreement, on
,a researcher-to-uesearcher basis, has been made between our
Mr. Gabriel gantos and Dr. Hon Tolmie of the Atomic Energy of
Canada, Ltd., for the activation .of the collected rocks. The
samples are subjected to NAA and x-ray fluorescence analysis
in Canada, and the data print outs in microfiche are sent to
Philippines for our interpretation and evaluation.
:the
.

f

.. j. , • The-,s«cpnd proj/ect on the geochemistry of scandium in
Philippine rocks is a grants-in-aid projects supported by the
National Research Council of the Philippines. The objective is
to study the geochemical relationship between scandium and iron
in Philippine rocks.

During the past several months, our NAA group has been
working also on the distribution of vanadium and manganese in
magnetite beach sand deposits.

The magnetite sands are collected

from the northern and western Luzon areas, Ricol region and
the Vesayan islands. Our findings reveal that the magnetite sands
contain about 0.2 - 0.3 % V, enough vanadium to bo considered as
a vanadium ore.
BIOMEDICAL APPLICATIONS

In the biomédical field, different kidney samples extracted
from human patients are being analyzed for quantitative estimation

of copper and zinc. This project is being done with Dr. I. Lawas
of the Philippine General Hospital as principal investigator.
Preliminary results indicated that the Cu content ranges from
25-50 ppm and the Zn from 100-1000 ppm.

Ano.ther collaborative investigation currently in progress
is on the "Ecology of Artherosclerosis: Role of Trace Elements",
a project &iven partial financial assistance from the WHO.
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The objectives of this project are (l) to determine the presence and
amount of Ca, Cd, Co, Cr, Cut Fe, Mn, Ho, Ki, V and Zn in the nails, sérum,
red blood celle, urine, heart and aorta of presumably healthy persons and
of subjects with a history of myocardial infection and of those who died
of cardiovascular disease, and (2) to find any correlation between the
quantity of trace element detected in nownal subjects and those with cardiovascular diseases. The early part of the investigation was spent in the
setting up and testing1 of a feasible procedure for the isolation and subsequent
counting of the nuclear decay of each of the eleven trace elements under study.
Samples of nails, blood and urine ae well as of the heart and aorta from male
subjects from 45-60 year of age are obtained through the co-operation of local
agencies including»
a. The Rural Health Unit in Cavité
b. The Veterans Memorial Hospital
c. The National Bureau of Investigation
d. The Manila Police Department
The samples are being collected in accordance with the protocol set up
by the WHO* Extreme care is taken to prevent contamination of samples» The
blood and heart samples were ashed prior to irradiation. Each sample was
divided into two parts and one part spiked with standards of elements under
study. Both sample and standard were then irradiated in the Philippine
19
p
reactor and subjected to a thermal neutron flux of about 10 n/cm -sec
for a minimum of 5 hours, cooled overnight and then re-irradiated for 10
minutes to reactivate the short half-life constinents* Post irradiation
radioohemical separation using both the wet chemical analysis and ion-exchange
techniques are employed. The 100 channel analyzer with a 3 x 3 inch Nal(Tl)
crystal is used for counting.
PriPSTRIAL APPLICATIONS

A study on the comparison of the effectiveness of different brands of
lubricating oils used in diesel engines is being undertaken upon request
of the Visayan Electric Company (VECO). This company uses one type of oil
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in four of its engines and another type in the fifth one. In addition to the
comparison of the two brands of oil, the study also seeks to explore the
possibility of providing some means to determine the wear rates of the
different engine parts such as piston rings, piston, cylinder liner and
bearings*
The standard technicfue of determining wear rate by activating the piston
and determining the Fe 59 activity in the lubricating oil is deemed inadvisable
because of the necessity to shut down the engines thus disrupting the operation
of the electric plant» The approach adopted is to take samples of lubricating
oil from the operating engines which were then irradiated in the reactor and
analyzed for their metal content» An attempt is also being made to determine
the wear rate of the different engine components by subjecting pieces of
metals from these parts to neutron activation analysis» Any element uniquely
present in one engine component can be used as a tracer to attribute the
presence of said element in the oil to the wear of the particular engine part*
Approximately two grams each of new oil, partially used oil, rejected
oil and sludge were prepared for each of the two brands of oil* The samples
are first ignited and about 100 rag of ash residues collected» The ashed samples
were sealed in polyethylene bags and irradiated in the reactor for about 10
hours at a power of one megawatt» Pieces of metals from the engine parts
(such as the piston, bearings, oil rings, etc.) were likewise irradiated under
similar conditions. The irradiated samples were subsequently analyzed for Pe,
Cu, Zn, As, V, and Mn.
Our initial findings show that one type of oil contains approximately
five times as much metals as the other* Comparing the metal uptakes of the
rejected oil samples, the first oil type has about 20$ higher uptake than the
second one*
The investigations are still being carried out to confirm the initial
findings as well as exploring the possibility of predicting, from the behaviour
of the engine wear rate with time, when an engine should be shut down for
overhauling*
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CHEMICAL CHAKftCTKRiaiglON OF SOILS

The study on the characterization of the Philippine agricultural
soils is UNDP supported. It ie primarily a project of the Philippine Bureau
of Soils with the Philippine AEG collaborating» The initial concentration
will be on the elemental characteristics of rice field soils» Not much work
has been done as the nucleonic equipment requested for the project is still
awaiting»
DAMHQ OP HOCKS .TO

The dating of rock formations and minerals is an important factor i«
the understanding of the correlations of the different rock types found
in the Philippines. Specialised ecpiiproent and supplies needed for the project
are still being readied for installation and assembly.

1. Santos, a. Jr.,

"Program of Operation and Activities of the NAA Unit,
PARC»», (Internal Report for June 1970).

2. De la Cruz, B.C», "Progress Report on the Ecology of Artherosclerosis,
March 1970", (submitted to the WHO). Unpublished.
3. Palabrioa, R.S., G. Santos, Jr. and Z. Ramos,
"Report on the PARC and VECO Study on the Lubricating
Property of Two Brands of Oil*», (PAEC Internal Report)»
4. Philippine Atomic Research Center, Semi-Annual Report,
1 July - 31 December 1969.

NEUTRON ACTIVATION ANALYSIS AT THE A.A.E.G. RESEARCH ESTABLISHMENT

Prepared by Dr. S.J. Bone
Australian Atomic Energy Commission Research Establishment
i.

N.A.A. facilities available in the Chemistry Division:

(a) A thermal neutron, self-service irradiation facility in HIFAR
located12 in the graphite
reflector. Twelve tubes, six with a flux of
5 x 10 n.cm."*sec.~1 and six with a flux of 10" 6n.cm.*2 sec."1. The
gamma flux is estimated to be in the range 0.5 x 10 to 0.5 x 10' rads
per hour. The irradiation containers or "rabbits" are of aluminium or
of polypropylene. With polypropylene rabbits the maximum irradiation
exposure allowed is 2 hours. The size of the rabbits : 1.8 cm. diameter
and 4 cm. length. Liquid or potentially volatile samples are sealed in
silica capsules and have to pass a pre-irradiation heat test (>200°C).
^Facility: 6HGR-4 Rig X-£)
(b) The following two irradiation facilities are being installed
and should be operational in 1971.

(i) A high flux, fast access, self-service irradiation
facility in HIFAR. This facility is actually a re-

placement of an older self-service irradiation rig
which was adapted for fast access work, but owing
to activated corrosion products released within the
facility, proved useless for N.A.A. The new facility will consist of one tube connected directly to
a send and receipt station located in a small

laboratory just outside the HIFAR shell. Transit
times will be 2 - 3 seconds either way. The flux
is expected to be 3 x 1013 n.cm.~2sec,~'1 and will

contain a small fraction of epithermal neutrons.
Rabbits will be of polypropylene and of a snap-cap
design to allow rapid transfer of the contents to
the counting site. The latter will consist of a
Ge solid state detector coupled with a 1024 channel
analyser plus associated print out equipment.

Dimensions of rabbits: 3.5 cm. diameter and 7 cm.
length.
[[Facility Rig X-10, Z tube)

(ii) A high flux, thermal neutron, self-service irradiation
facility in HIFAR. This facility will consist of one
tube of the X-34 rig which is being commissioned for
Isotope Division CSee File No. LH.69/7993. The flux is

expected to be'3 x 10*3 n.cm."^sec.'l and will contain
a small fraction of epithermal neutrons. The rabbits
will be of aluminium or polypropylene and with a volume
roughly one quarter of the thermal facility described

earlier. Liquid and potentially volatile substances
will have to be sealed in silica capsules and heat
tested prior to irradiation (>200°C).
[Facility Rig X-34JJ
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(c) Counting and laboratory facilities. In addition to the laboratory
located outside HIPAR shell, two radiochemical laboratories and two counting
rooms are available for N.A.A. in the Chemistry Division. The counting
facilities will consist of (1) three solid state detectors Ge(Li) with
volumes of 6 cc, 10 cc and 22 cc respectively, (2) three Na I detectors 3" diam x 3H thick, (3) two 1024 channel units coupled to a P.D.P. 11 and
capable of expansion to another 1024 unit and/or further increase in the
computer memory capacity. (A separate 1024 channel unit will be harnessed
to the fast access facility described above.) A 256 channel unit is also
available; (4) an alpha spectrometer, (5) a low background automatic liquid
scintillation, tritium counter (ANSITRON), (6) a low background, automatic
alpha-beta counter (2n), (7) general purpose beta and gamma counters.
It should be noted that ail these counting facilities are primarily
intended for general use in the Chemistry Division, but are available for N.A.A.
One of the solid state detectors will be allocated to the fast access irradiation facility.
2.

Research and Development work - Past, Present and Future:

PagJL (a) A neutron generator was tested. The generator was a Technical
Measurement Corporation ACTIVATROS 211 Model and produced 14 MeV neutrons via
the -*H(d,n)4 He reaction. Operationally, more time was spent trouble-shooting
than generating neutrons. The principal cause of many breakdowns was the
inability of the generator to remain stable for a reasonable length of time
while producing neutrons at its maximum rated output. From the analytical
measurements that were carried out the following conclusions were reached.
(i) A neutron generator is a poor substitute for a reactor when
assaying for elements at the p.p.m. level. The only exception is oxygen for which, theoretically, fractions of -p.p.m.
can be assayed. However, owing to the fairly high background oxygen of the rabbits the realisable measured limits
were found to be 2 to 3 orders of magnitude higher unless a
very large sample was used and/or it could be transported
from the irradiation to the counting site without the aid of
a rabbit. The half-life of the reaction is 7.5 seconds.
(ii)

For rapid accurate work it was necessary to employ a dual
sample, biaxial rotator which permitted the simultaneous
irradiation of both the sample and the standard with reference to which the assay is made. The need for this device
arises from the fact that a neutron generator is a point
source of neutrons and its output is not constant with
respect to space and time. Hence, it is difficult to correlate with reasonable accuracy the fluxes received during two
separate irradiations. One of the consequences of this
arrangement was the duplication of the transport system,
detectors and multichannel units.

The poor analytical return of a neutron generator, when reflected against
the cost of the space it occupied, the instruments it required and the time it
consumed of qualified staff for its maintenance and operation, led to a decision
to concentrate on developing the HIFAR reactor tacilities for N.A.A.
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(b) Ma«y applications ot K.A.A., both ol the destructive and nondestructive kind, have been carried out. Non-destructive analysis, which
employs gamma-ray spectrometry, is limited in use since it depends upon
the sensitivity and peak resolving capacity of the detector system. On
the other band, destructive analysis, although capable «f great sensitivity» is tedious since it depends upon, radiochemical separation. Natural
samples, in particular, often present unexpected processing problems
which demand variation in the normal chemical operation. Examples of thi-5
type of sample which have been analysed in these laboratories are given
below.
Sample
Lucerne and Rye grasses
Fish meal
Wheat meal
Coffee
Milk
"Milo"
Butter
Blood
Wool
Hair (human)
Geothermal waters
BeO
Copper
Aluminium
Steel
Sulphur
<NH4)2H.PO,
Titanium
Organic solvents

Elements assayed
Se, Te, S, Mn, Au
Se, Mn
Mn
Mn
Mn
Hg
Mn, Cu
Zn, Mn
Mn, Cu, Se, Te, Au
Mn, Cu, Co
As. Sb, Ma
Mn, Ni, S
Sb, Au, Ag, Se
Co
As
P (fast flux monitors)
Si ( "
»
"
)
Se { "
"
"
)
Hg

Interesting applications of N.A.A. coupled with radiochemical separation
were the identification of a suspect "Old Master'* painting and the assay of a
reference standard for Cu, Cr, Hg and Mn which was sent by the I.A.E.A.
The most frequent non-destructive application of N.A.A. is in forensic
work and samples analysed include hair, wool, copper, glass and grease. Gunshot residues require radiochemical separation.
(c) Gamma spectrometry methods have been applied to the analysis of U
and Th in ores and standard methods designed for recommended use.

Present (1) Computer programmes are being developed for evaluating complex
gamma-ray spectral data. (2) Gamma-ray data catalogues are being prepared for
S.A.A. purposes. (3) Gamma-ray spectrometry is being further exploited for
analysis.
Future
A future programme has not been fully defined but immediate interests
will be (1) The testing and application of the fast access self-service irradiation facility to biological and/or mineral analysis. (2) Application of
N.A.A. to problems in isotope effects.
A list of publications is attached.
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4.

Smythe L.E. and Ryan W.P. (1966). "N.A.Â. of some hair samples as
evidence for an Australian court". Proc. International Conf.
on Forensic. A.A., San Diego, California. Sept* .19-21.

5*

Porritt R. and Thackray M. (1963). "Safe simple method of opening
irradiated silica ampoules". Anal. Chem. 3J> (8) 1111.

172

SAi ATOÎ11G SRKR&7 AGBHCY

Meeting on Activation Analysis

PAHTÏCIPAOTB

Australia
Dr* ft. Smith
Assistant Director
Atomic Energy Research Establishment
Prxvato Mail Bag
Sutherland, W.S.W., Australia
Burma

Dr. R.W. Thieve
IAEA Expert
c/o USDP Office
P.O. Box 650
Rangoon, Burma

Ceylon
Dr. P.P»G. Lionel Sirxwardene
Professor of Chemistry '
University of
Colombo^
Republic of Ctdm

Br. Si Jung Yeh

Professor of Chemical Inçtâtute of Nuclear Science
Katioaal. Tsing Rua University
Hsinchu, Taiwan
Republic of Cbina

France
Dr. Philis
C.E.A.
Bue de la Federation
Parie, France

India
Dr. M. Sankar Bas
Head, Analytical J>ivision
Bhabha Atomic :-îe«earch Centre
Troffibay^ Borobay-71
India
173

Indonesia
Dr. Oei Ban Liaiig

Head, Chemistry laboratory
Bandung Reactor Centre
71 Dial or Kaptea, Patimara Bandtt&nc
Indonesia

Republic of Korea
Dr. You Sun Kizs
Director, Chemistry Drrxsion
Atomic Energy Hesearcfe Institute
Seoul, Hejniblic of Korsa

New Zealaad
Dr» T. A. Haftsr

Director,
Institute of Kuciear Sciences
Private Bag
Lower Hutty New Zealand
Dr. Librado

Director
Philippine» atossio Research Centre
Diliœan, Queaon City

Philippines
Sinapore
Dr. Wong Hoi Kit
Administrative Officer
Ministry of Science and Technology
Kay Siang Head

Singapore
U.S.A.
Professor ?.P« Guinn
Department of Cheadeiry
University of California
Irvine, California 92664
U.S.A.

Mr. I1. Mack
U.S. JSBsliaesy
Wireless Road
Bangkok
Thailand

Viet-Nam
Dr. Hgttyen 7a« Lanh
Radiocheraistry
Office of Atomic Energy
291 Phaw-Thanh-Gian 0t.
Saigon, Viet-Ham

174

Mr. J. Sherman
U.S. Etebaesy
Wireless Road
Bangjcok
Thailand

T h ail

a n d (Host country)

Dr. S. Srisukh

Secretary General
Office of Atomic Energy for Peace
Srirubsook Road
Bangkhen, Bangkok
Thailand
Mrs. Anong Wilbol
Head, Division of Chemistry
Office of Atomic Energy for Peace
Srirubsook Road

Bangkhen, Bangkok
Thailand
International Atomic Energy Agency
Dr. A. Finkelstein
Deputy Director General
I.A.E.A.

Kârntnerring 11
A-1011 Vienna
Austria
Dr. W» de Silva

Regional Officer for Asia and the Far East
c/o FAO Regional Office for Asia and the Far East
Room 411
Maliwan Mansion
39 Phra Atit Road
Bangkok-2, Thailand

Mr. A.R. Palmer
Head, Chemistry Section
I.A.E.A.
Kârntnerring 11
A-1011 Vienna
Austria

175

OBSERVERS

Mr. Vibus Leinampan
Assistant Scientific Officer
Rama I Road
Bangkok
Mr. Songsak Lirophaiboon
Assistant Scientific Officer
Department of Science
Industrial Ministry
Bangkok
Mr. Tiera Sompatchalit
Scientific Officer
Department of Science
Ministry of Industry
Bangkok
Mr* Kriangsak Lowatnatakul
Geologist
Department of Mineral Resources
.Bangkok

Mr. Sudham Yaemniyom
Junior Geologist
Department of Mineral Resources
Geology Division
Bangkok
Miss Sa-Ardsee Kanohanalai
Senior Lecturer
Faculty of Science
Chulalongkon University
Mrs. Salag Dhabanandana
Assistant Professor
Department of Chemistry
Faculty of Science
Chulalongkon University

Miss Rosna Autchakit
Lecturer
Department of Chemistry
Chulalongkon University

176

