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1. SUMMARY 

This report describes the work of the Institute 
during the period January-June 1975* 

Nuclear Physics 

A new stainless steel accelerating tube was instal
led during the period but a number of* charging-belt problems 
seriously reduced the number of hours the accelerator was 
available for experiments. A new belt is currently being 
installed. 

A paper on peak summing and loss effects in Ge(Li) 
detectors has been accepted for publication. New calculations 
enabled much better agreement between theory and experiment 
to be obtained than was previously possible. 

Extensive use continues to be made of the X-ray-
induced X-ray fluorescence equipment. A graphite monochro-
mator has been received but is not yet installed. Greatly 
improved sensitivity is expected when this and other planned 
modifications are made to the apparatus. 

The pulsed NMR spectrometer is now operating. A 
testing program is being carried out and simultaneously an 
experimental program is being initiated. Initial experiments 
a.~e being conducted to assess the potential of pulsed NMR 
spectroscopy for the detection of cancerous tissue. 

Radiation Research 

The superoxide radical ion (ol*) formed by the 
radiolysis of oxygen-saturated formate solutions has shown 
to oxidise the haem groups in oxyhaemoglobin to methaemog
lobin with a rate constant of It i .1 x 10 M" 1 s~1 at pH 7. 
Complimentary studies with enzymatic sources of 0~* show that 
0~* also reduces the haem groups in methaemoglobin to oxy
haemoglobin with a rate constant 1.5 times larger. Formate 
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complexes with methaemoglobin and prevents its use in kinetic 
studies. These results show that the superoxide dismutase 
found in the red cell occurs in sufficient concentration to 
remove 0~* lOO times faster than it oxidises oxyhaemoglobin, 
and hence prevents a potential stress to the cell. 

In acid solutions of pH less than 5 the superoxide 
radical ion is converted to the hydroperoxy radical (O^). HO* 
radicals generated by irradiating formic acid solutions react 
with and remove the double bonds in aqueous solutions of 
sorbic acid (CH_-CH= CH-CH = CH-CO H), but at a very slow rate 
which can be observed only by small dose rate effects. Preli
minary estimates put this rate constant at less than 50 M~ s"~ 
at pH 2.3. The rate of attack of HO* on the double bond in 
cinnamic acid, and of 0~*on sorbic acid at pH 7 is smaller 
still, and scarcely detectable. Similar reactions of 0~* in 
living cells are therefore unlikely. 

A deposit of pyrene microcrystals is being investi
gated as an improved powdered fluorescence standard of 
possible industrial importance. The absolute efficiency of 
this standard is being measured by two methods: (a) using a 
quantum counter to integrate the photon spectrum and (b), 
using a calibrated spectrofluorimeter. A new calibration pro
cedure for spectrofluorimeters has been published in Applied 
Optics. 

The ability of the bacteria E. Coli B/r to survive 
Co y-radiation in the presence or absence of oxygen has been 

established after growth in different media and to different 
stages in the growth cycle. An oxygen enhancement ratio ranging 
between 2.3 and 3>kf dependent upon conditions, was found. 
Preliminary studies indicate that repair processes strongly 
influence our results at the low dose rate available (1.2 
krads min" ). 

Industrial applications include (a) assistance in 
controlling mould t,rr|,'th on an industrial sealant, (b) irra
diation of "kiwi fruit" cuttings in an attempt to induce 
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favourable mutations, (c) use of wood-plastic for coil formers 
to withstand high transient radial forces. 

Isotope Geochemistry 

Work in all aspects of the section has continued at 
a high level during this period. In the study of ore and 
rock genesis progress has been made in the analysis of field 
samples, in laboratory studies of isotope equilibrium and in 
theoretical calculation of isotope effects. Several papers 
recently published, using the work of our oxygen isotope 
laboratory have shown the value of this facility to New 
Zealand geology. In geothermal studies work is progressing 
in geo thermometry and in the study of water movements. The 
use of oxygen and hydrogen isotopes in hydrological studies 
continues to show promise in the New Zealand context. Recent 
potassium-argon dating projects include studies of the Plio-
Pleistocene volcanics of SV Auckland, the Tertiary-Cretaceous 
volcanics of Buller and Westland and the Alpine Schists in the 
Lewis Pass-Hanmer Springs district. In addition the extension 
of our geochronological work to Rb-Sr techniques moved a step 
forward with the arrival of the solid source mass spectrometer. 
However progress with the clean laboratory facilities for this 
work have been slower than had been hoped. Work on the use of 

15 enriched N in agricultural and forestry experiments continues. 

Radioactive Dating and Fallout 

A further seventeen measurements of . atural and bomb-
produced radiocarbon are bringing nearer an understanding of 
the carbor.-fixing process in New Zealand soils. This work 
has been continued in co-operation with Soil Bureau. 

The processing of C-lJ* data has now been streamlined 
to an efficiency and consistency not previously attainable. 

Because no further atotnospheric nuclear tests have 
been made in the Southern Hemisphere it has been possible to 
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reduce the number of fallout samples processed and to start 
work on the measurement of plutonium in rainwater because of 
its importance in the environmental context. 

Careful analysis of earlier tritium work has led to 
a re-appraisal of the accuracy of low-level results and the 
role of contamination in the measurement of past samples. 

A new design for an all-metal electrolysis cell has 
proved successful for the enrichment of tritium in water by 
electrolysis. The liquid scintillation counter for C-lb 
measurements is still not usable because of electronic design 
problems. 

The meaning and reliability of carbon-lb dates on 
palaeosols is being tackled by studying the take-up rate of 
humic contaminants by stream water, on columns of resin and 
of wood of different ages. Old wood was shown to adsorb con
tamination more efficiently than a commercial resin. 

Radioisotope Applications 

Radiometric tracer tests on three Wellington sewer 
outfall sites have now been concluded. Predictions of bacteria 
concentrations and the extent of established sewage fields have 
been reported. 

A cation-ion exchange system to separate uranium, iron, 
protactinium and thorium has been developed. The conditions 
for the quantitative electrodeposition of uranium, protactinium 
and thorium prior to alpha and beta counting have been inves
tigated and ascertained. The concentration of atmospheric 
carbon dioxide continues to rise at about 1 ppm each year. 
Collections of tritium gas and tritiated water from the 
atmosphere are now being made for the University of Miami. 
To permit carbon-lb specific activities in sea water to be 
measured rather than just A C values, a gas chromatography 
system has been developed which can provide results in 10 minu
tes on 10 ml water samples to within two otandard deviations. 
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per sample. Preparatory work has begun for the measurement of 
effluent dispersion in the lower Waimakariri River and for the 
gauging of the river at several points higher up-stream. 

Various other projects include radiometric measurement 
of trade waste flows, well logging, refractory brick densities, 
mixing of concrete additives and uranium estimations by gamma-
ray spectrometry. 

Instrumentation 

During this period new work includes the manufacture 
of components for the X-ray-induced fluorescence project, pro
totype electrolysis cells and tank for tritium measurements, 
a small underwater probe, using a 25 mm photomultiplier tube, 
and modifications to the C-H» liquid scintillation spectro
meter developed at the Institute, which includes a more precise 
sample changer (using a Geneva-wheel to improve reliability) 
and a new reference voltage to improve stability and range. 

A study of the International Electrotechnical Commission 
interface bus system for the standard inter-connection of elec
tronic instruments has been undertaken and the Packard Tri-carb 
liquid scintillation counter has been changed over to electronic 
control. 



6. 

2. INTRODUCTION 

This report reviews the work of the Institute for the 
period January to June 1975* Again attempts have been made to 
have a good blend of pure and applied work undertaken at the 
Institute. In nuclear physics, problems associated with the 
accurate measurement of gamma rays, beta-decay studies, together 
with the opportunity given to one of our scientists to gain 
experience on a new concept in cyclotron design at Simon 
Fraser University in Canada are linked with many 
applications of proton and X-ray-induced spectrometry in plant, 
animal and medical studies. The pulsed nuclear magnetic re
sonance machine is nearing completion and the role this technique 
can play in the medical field is now being investigated. 

The reactions of the superoxide radical ion and the 
hydroperoxy radical are finding increasing interest in blood 
studies and in the relationship of these chemical species to 
enzyme systems within the body. Studies have started on the 
reactions of the superoxide and hydroperoxy radical ions with 
unsaturated groups in the fatty acids which occur in membranes 
and lead to possible cellular damage. A new standard material 
has been developed for the accurate measurement of quantum 
efficiencies of powdered samples and a start has been made in 
an attempt to determine how the sensitivity of bacteria cells 
to irradiation can be estimated. The ability of cells to re
cover from sub-lethal or potentially lethal damage has been 
shown. The actual number of cells surviving is very dependent 
upon the pre-irradiation and post-irradiation treatment given 
to the sample. 

The new solid source mass spectrometer arrived in 
April and preliminary tests were carried out. It is proposed 
to interface this machine and our other mass spectrometers to 
the PDP-9/L computer. Our studies on the origin of rocks now 
include fluid inclusion temperature measurements. Good cor
relation of fluid inclusion and isotopic temperature measure
ments have been observed. Experiments continued to test 
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isotropic equilibrium temperatures between.S07 and HS . The 
value of our oxygen extraction system to New Zealand and 
overseas geoJogists can be seen by the number of recent papers 
published by scientists working at the Institute. Our ability 
to study variations in the oxygen isotopes of sulphates is 
becoming increasingly important in differentiating the modes 
of formation of sulphates. Because of increasing interest in 
geothermal areas for power production more effort has been 
devoted to isotopic studies in these regions. A comparison 
of measurements made in 1963 and 1971 could indicate that in 
the eastern part of the Vairakei geothermal field the fluid 
is now being drawn from a deeper source, whereas the fluid on 
the western side is being re-charged by groundwater from the 
west. Similar studies are now being carried out in the 
Broadlands geothermal area, in Papua-New Guinea, in Indonesia, 
and in the Philippines. A systematic study has been started 
of the n/H and 0/ 0 isotopic ratios in New Zealand river 
waters. 

Potassium-argon ages have been reported on basalts 
from the SW Auckland volcanic field (3-1 million years); the 
Tertiary-Cretaceous volcanics of Buller and Westland and for 
the Alpine Schists of the Lewis Pass-Hanmer Spring traverse. 
It is pleasing to see that agricultural scientists are again 
making use of the Institute's facilities for nitrogen fixation 
studies. It has been shown that the rate of nitrogen fixation 
by clover is inversely proportional to the age of the pasture. 
Improvements are being studied to update both our carbon-13 
and tritium measurement systems. The possibility of thermal 
or laser C-14 enrichment methods are being investigated. Con
siderable effort has been devoted to the study of both the 
IT 12 1 Ji 12 
C/ C and C/ C ratios in soils and soil fractions in an 

attempt to understand the time sequence in soil carbon develop
ment. Improvements are planned for tritium study that include, 
if possible, the development of a single-stage rather than a 
three-stage electrolysis process and the replacement of tritium 
gas counters by liquid scintillation counting. As our bomb-
fallout work is decreasing a start has been made on a study of 
plutonium in rainwaters and its build-up in New Zealand soils. 
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Increasing demands are being made upon us to use 
radioactive tracers in a wide variety of industrial problems. 
These include tests to establish sewage dilution ratios for out
falls in the Wellington area, an attempt to gain some data on 
underground water flow at Broadlands and iodide level in New 
Zealand waters. We are building up our experience in actinide 
chemistry as our knowledge of a-counting techniques is rather 
limited and this field of study is of importance in the 
environmental pollution field as is our continuous measurement 
of atmospheric C0„ at our station now operating at Baring Head. 
In January a further atmospheric sample system for tritium 
levels in atmospheric hydrogen and water vapour was set up in 
co-operation with the University of Miami. 

The scientific equipment of the Institute is being 
continuously upgraded to meet the demands of greater accuracy, 
easier control and a greater throughput of samples. During 
this period the mechanical workshop completed a Geneva-wheel 
assembly for the C-l** sample changer; completed a prototype 
electrolysis cell for the tritium project; re-designed the 
nickel reaction vessels for extraction of oxygen from rock; and 
made considerable modification of the argon extraction system. 
A considerable amount of effort has to go into the construction 
of an ultra-clean laboratory for the Rb-Sr project and much 
thought has gone into the development of an automatic system 
for interfacing our mass spectrometers to the PDP-9 computer. 
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3. RESEARCH PROJECTS 

A. Nuclear **hvsics 

A.l General 

Due to continuing work on the paper on peak loss and 
summing effects, and the considerable effort spent on topics 
such as X-ray fluorescence, sewage modelling studies and 
programming associated with INIS, little time has been spent 
on work in the field of nucleai physics. It is hoped that this 
trend will be reversed in the next review period. 

A.2 Accelerator 

A. 2.1 Operation - R.D. More 

During this period the accelerator was used for 197 
hours of beam time. The proton beam was used for nuclear 

11 reaction studies and the deuturon beam for production of C0 2 

for plant kinetic studies, determination of nitrogen in Totals 
and in the development of methods to produce N and Na for 
tracer experiments. The breakdown of usage is as follows: 

Hours Machine Days 
INS Accelerator Section protons 146.9 29 

deuterons 16.2 6 
INS Radiation Chemistry Section 

electrons 1.0 1 
INS Isotope Applications Section 

deuterons 7*7 7 
PEL Biophysics Section deuterons 25.3 15 

Total 197.1 58 
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A. 2.2 Maintenance - R.D. More and C.R. Purcell 

Since a new belt was installed in late 197^ it has 
been difficult to obtain high voltage. Dew point measurements 
were talien of the input gas and tank gas, before and after running 
and it was concluded that the gas was becoming wetter in the 
tank. It was assumed that this belt was absorbing moisture. 
After prolonged pump-out of the,the tank dew point remained high 
with new gas,and once again high voltage was obtained. 

A new stainless steel accelerating tube was installed. 
This installation had been delayed awaiting a tube adaptor. 
Owing to the belt problems described above the higher voltage 
expected with the new tube has not yet been realised. 

The corona load has always given trouble around the lead 
through the insulator from the tank. It has been thought that 
a small leak of gas coming through the insulator was causing 
deposits on the insulator and lowering its resistance. The 
whole corona load assembly was removed and overhauled and sus
pected leaking joints sealed. This improved the performance of 
the corona load, but after some time the symptoms reappeared and 
it was found that a nylon shroud was the cause of the insulation 
breakdown as the fault completely disappeared when a new nylon 
shroud was made. 

The belt that was giving trouble with moisture later 
became electrically unreliable and on inspection a large vertical 
burn mark was observed. The old used belt was replaced and this 
improved conditions somewhat but it has now suffered the same fate. 
A complete new belt is awaiting installation. 
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A. 3 Instrumentation 

A.3.1 Repairs to Si(Li) Detectors 

(a) Kevex Detector - G. Wallace 
The vacuum in the Si(Li) detector was found to be 

poor following experiments involving a He atmosphere in front 
of the window. Pumping on the detector relieved the situation 
only temporarily, and it was thought that the zeolite of the 
molecular sieve was in need of reconditioning. The cryostat was 
stripped and the cold finger arrangement containing the zeolite 
was removed. A thick wire braid connects the cryostat with the 
detector assembly. The cold finger and zeolite were held at 
H O C for four hours and on replacement a good vacuum was obtained. 

Photographs of the detector assembly for diagnosic 
purposes were taken. It is thought that loss of vacuum was not 
due to the beryllium window (O.O25U mm Be) but to the Araldite 
adhesive which was applied when the window was repaired during 
the previous six-monthly period. 

(b) Ortec Detector - P. Pohl 
The Victoria University of Wellington Chemistry 

Department's Si(Li) detector was borrowed to enable a comparison 
to be made between the INS detector ($2200) and the University 
detector ($6200). Unfortunately the V.U.W. detector had ceased 
operating and was to be sent to the U.S.A. for repair at a cost 
of at least $1000. Considerable argument between the manufac
turer and our local agent eventually produced a circuit diagram 
which enabled us to repair the preamplifier by the replacement 
of a $1 component, thus justified our insistence on fault
finding in New Zealand. 
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A.3»2 New Instruments 

The following three items have recently come to hand: 
(a) A precision pulse generator (BNC PB-4) which will 

primarily be used as a reference for stabilising high resolution 
spectra. 

(b) A "Pile up Rejector Live Time Corrector" (C.I. 1468) 
module will allow more accurate absolute counting, thus facili
tating hign accuracy quantitative analysis -using X-ray or the 
accelerator. 

(c) A wide range area monitor,which when installedjwill give 
a better measure of radiation hazards under all accelerator 
operating conditions than has been available up till now. 

A.3*3 Electronics 

(a) CAMAC System - J. Johl and P. Pohl 

Over the past six months we have received most of the 
CAMAC equipment needed to start the system. The equipment 
consists of a crate, crate controller, branch highway terminator 
with display, Teletypewriter interface, manual crate controller 
and ADC interface. We are still awaiting two branch highvay 
cables to complete the system. 

The ADC interface has been completed and tested with 
the manual crate controller. It is designed to connect the 
Canberra 8060 ADC to the CAMAC dataway. A large amount of 
computer time can be saved by using a de-randomising memory 
buffer for the temporary storage of data before performing block 
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transfers in direct memory access mode. There are two 16 word 
memories acting in a push-pull like operation so that as one 
memory is filled by the ADC, the other is being transferred to 
the computer. These memories will be expanded to 256 words 
when the appropriate integrated circuita can be obtained. A 
dead time counter is included in the interface which can be pre
set anywhere between 1 and 216 seconds.The peak settings of the 
stabilisers can be read through the interface onto the dataway. 

(b) ND-130 Multichannel Analyser - J.Johl and P.Pohl 

The ND-130 multichannel analyser haa been modified to 
use the 100 MHz Canberra Induatries ADC when thia is not in use 
elaewhere. This will increase the speed of the system by a 
factor of about five and will enable a pulse to be analysed in 
approximately 30 (is* 

(c) Canberra 8192 Channel ADC - J. Johl 

This ADC is currently not working correctly* The cause 
has not yet been discovered* 

(d) Electroplating Supply - P. Pohl 

A prototype electroplating supply waa constructed in 
conjunction with the Iaotopa Applicationa Group. Considerable 
modifications to the original design resulted from experimentally 
derived changes in specifications. The present "final" varaion 
will be uaed to define a properly designed Mark II instrument* 
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(e) Zero Impedance Microammeter - P. Pohl 

The radiation chemistry group was assisted to build a 
"zero impedance" microammeter for use with a Hersch cell to 
determine trace amounts of oxygen. 

(f) BRPE Teletype Tape Punch - C. Pure ell 

The BRPE punch associated with the Kicksort multi
channel analyser was required for the NMR project. A control unit 
built to enable the BRPE punch (high speed) already connected 
to the PDP-8 to be used for either the Kicksort analyser or the 
computer with minimum effort from the operator. 

A.k Experimental Program 

A.4.1 5°Ti(p,y) 5 1V - G.J. McCallum, F.C. Rumsey, K.P. Pohl 

Analysis of some spectra taken at the 1364 keV resonance 
has been completed. No experimental work on this reaction was 
carried out. 

A.l».2 2 7Al(p,y) Si - O.J, McCallum and G.B. Coote 

Further experimental work at the 2U83 keV resonance was 
carried out. A resonance at 2519 keV, appearing to have a 
slightly simpler decay was also investigated. It is proposed 
to obtain accurate branching ratios and angular distribution 
coefficients at both resonances and evaluate their suitability 
for use in detector efficiency calibrations. Analysis of some 
•pectra has been completed. 
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A, 4.3 Problems in the Accurate Measurement of Gamma ray 
Relative Intensities - G.J. McCallum, G.E. Coote 

Since the previous six-monthly report a significant 
improvement has been made in the comparison of experimental data 
with theoretical prediction. The reason for this improvement 
was that in earlier calculations the intrinsic full energy peak 
(FEP) efficiency (Pp) was assumed to be represented by the 
expression 

*P = I (l-e^E*) dQ/JdO (1) 

where n £ was an effective F£P attenuation coefficient analogous 
to the total attenuation coefficient ji. j / i s the path length of 
the y-ray in the detector and Q is the angle subtended by the 
detector. Significant improvements were obtained when the 
logically more reasonable form 

*P 

was employed. 

= ££ (i-e-^) da/jdfl (2) 

51 137 54 Experiments carried out with ** Cr, ""Cs and ^ Mn 
showed that eqn (2) is accurate at least over the energy range 
0.32 <,E< 0.84 MeV. It is expected to be equally accurate for 
energies ?0.84 MeV* The results of the experiments and the 
theoretical predictions are shwwn in Fig.l. Fig.2 shows the 
results for Na-22; a marked improvement over the results of the 
511/1275 keV ratio published in the last report is evident. 
Results for Bi-207 are depicted in Fig.3, 

A paper describing this work has been accepted for 

publication in Nuclear Instruments and Methods. 
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A.k.'* Beta Decay Studies in Collaboration witli 
Auckland University - D.C. Robinson 

In the last progress report (under A.4.6) mention was 
made of problems surrounding the analysis of C lifetime data. 
The main problem was to put the data in the correct form for 
reading by the Vogel computer. A program was eventually written 
to convert from Hewlett-Packard binary format to IBM EBCDIC 
characters and to write these onto a new magnetic tape. Two 
separate tapes were prepared and the Vogel computer rejected 
them both. With the help of the Cumberland Computer Centre the 
problem was identified as row parity errors and cyclic redundancy 
errors in one block on one of the tapes and in two different 
blocks on the other. It appears that the PEL Hewlett-Packard is 
occasionally wiiting bits incorrectly. Although it does not pick 
up r.ny error when it reads back the tapes, both the Cumberland 
machines (ICL 1904 and IBM 370/145) and the Vogel IBM 370 pick 
up the errors and refuse to process the data. 

The problem is not yet resolved but because of the long 
delays an attempt was made to do some analysis on the PEL Hewlett 
Packard itself. This was not very satisfactory because of core 
size and speed limitations but was sufficient to show that the 
data were not very satisfactory because of an apparent very high 
dead time effect. 

Later, during this year, Dr Barker and Dr Naylor of 
Auckland University prepared some test data to see if they had 
satisfactorily overcome this dead time problem. They sent those 
data down to INS for analysis and a new program was written to 
test it. However these new data still displayed anomalous dead 
time effects. 
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A.4.5 A Study of New High-neutron-excess Nuclides -
G.E. Coote (with a group from Simon Fraser 
University under J.M. D'Auria). 

Equipment for this experiment is being built at Simon 
Fraser University and some has already been installed at the 
sector-focused negative-ion cyclotron TRIUMF at the University 
of British Columbia. The apparatus for this experiment consists 
of four main parts: 

(a) A target box situated in one of the proton beam 
lines. It contains two targets which can be moved into the beam 
by remote control. The bombarding protons, which will have an 
energy between I5O and 500 MeV, will produce many nuclides in the 
targets via spallation and fission reactions; 

(b) A gas-jet facility, which will sweep recoiling nuclei 
from the target box through a plastic capillary 30 meters long 
to a shielded laboratory outside the accelerator building; 

(c) A mass spectrometer, whose source is the radioactive 
material deposited on a foil by the gas jet. Nuclei which recoil 
from the foil following beta decay are accelerated by a 20 kV 
potential, and their time-of-flight as they coast down a 1 metre 
evacuated tube is measured by electronic techniques; 

(d) Radiation detectors, electronic modules and a PDP-15 
computer for determining the flight time, collecting X-ray and 
y-ray spectra and storing these for later analysis. From the 
flight time the mass of the recoiling ion can be deduced, and 
correlated with the energy spectra. 

Parts (a) and (b) are completed and installed, as well 
as a sample collector for preliminary experiments. Most of the 
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mass spectrometer (c) has been assembled and made leak-tight, but 
a delay in supply of lead-throughs has prevented installation of 
the electron multiplier heavy-ion detector* 

Much of the electronic equipment (d) has been tested. 
For two reasons it was decided to delay by a fixed interval the 
true start pulse to make it the STOP input to the time-to* 
amplitude converter (TAC)t (i) There would otherwise be many start 
pulses not accompanied by stop pulses, leading to high dead-time 
in the TAC, (ii) the output of the present TAC follows by a fixed 
interval the STOP rather than the start pulse, so that inter
change of the true start and stop allows coincidence to be main
tained between this output and the delayed energy pulses. 

This setup has been tested using a pulser to generate 
the start, stop and energy signals; Fig. (2») shows how the various 
pulses are interrelated. 

A 10 nA beam of 480 MeV protons became available .for pre
liminary experiments. Transport of radioactive material by means 
of the gas-jet (a mixture of nitrogen and ethylene) was quite 
efficient. This result allayed fears that the ethylene would 
lose its transfer properties in a proton beam, or block the 
capillary due to polymerisation* The material was sprayed onto 
a small region of a continuous mylar tape, which was then moved 
so that emitted X-rays and y-rays could be viewed by two Ge(Li) 
detectors. Data were taken both with a uranium target in the 
beam and without it, leaving only the gas and the aluminium windows. 
Some spectra were taken after an interval, to allow the shorter-
lived components to decay* Analysis of all spectra has begun. 
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(a) Timing channel 

u 
(b) Energy channel 

time-* 

Fig. (4) - Signals generated in «• test of timing and energy 
measurement channels. 

A - Pulser output for pulse generation and oscilloscope trigger. 
B - Output from fast amplifier, sent to delay amplifier and 

timing single-channel analyser (SCA). 
C - Fast output signal from SCA, with Delay 1 adjustable from O 

to 1 us. This becomes the START pulse to the time-to-
amplitude converter (TAC). 

D - Pulse B delayed by a fixed interval Delay 2 in delay amplifier. 
£ - Fast timing pulse generated from pulse D in a constant-

fraction discriminator. This becomes the STOP input to the 
TAC. 

F - Output of the TAC whose height is proportional to the time 
interval between signals C and E. It occurs at a fixed 
interval after pulse E. 

G - Output pulse generated when pulse F is fed into a second SCA, 
provided its height lies within the voltage window which has 
been set. When fed into a linear gate it produces the gating 
pulse. 

H - which will allow through the corresponding energy pulse, 
I - Output of slow linear amplifier. 
J - Signal I delayed and stretched in a linear gate and stretcher. 
K - Pulse J is allowed through a second linear gate if a gating 

pulse H arrives in coincidence. 



A. h,6 X-ray Spectrometry - N.E, Whitehead 

During this period a reviev was written on the subject 
of the application of lithium-drifted silicon detectors to 
chemical analysis, and a lengthy trip overseas was undertaken to 
correlate recent data on the subject, visit laboratories, present 
papers at various conferences, etc. 

There was general agreement in most laboratories visited 
that a nomenclature proposed here for this type of analysis is 
generally to be commended. This uses the generic name "X-ray 
spectrometry" for the type of data collected and then nuclear-
physics-related terminology to describe the type of excitation. 
Thus (p,X) spectrometry describes the spectrometry of X-rays 
produced by proton bombardment. The principle can be extended; 
(oc,X) spectrometry is self evident in meaning. When the exciting 
radiation is X-rays themselves it is proposed that the name be 
(X,X' )spectrometry. When an isotope source is used, the name 
should be (y,X) spectrometry. This type of nomenclature has the 
following advantages: 

1. It emphasises the central distinctive feature of the 
method; X-ray spectrometry. 

2. It can be indefinitely extended to other particles. 
3. It is more compact than other terminology. 
k. It is immediately self-explanatory to those 

understanding even elementary nuclear physical reactions. 
5. Any acronyms formed are extremely close to the original. 
6. It is practically insensitive to language change. 
It is also proposed that this principle be extended to 

such cases as (d,p) spectrometry and (p,p) spectrometry, rather 
than their usual cumbersome names of "observation of prompt proton 
emission" and "elastic scattering of protons". 
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A.,k.7 Wool Analysis by (p,X) Spectrometry - N.E. Whitehead 

In this period, samples of wool were analysed by (p,X) 
spectrometry. These were submitted by the Wool Research 
Organisation. The object of the experiment was to determine 
levels of trace elements in the first transition series of 
elements which potentially are one factor in the yellowing of 
wool. There was considerable difficulty in accurately centring 
the beam on a few of the samples and the problem of obtaining 
quantitative values was particularly acute. The amount of beam 
striking the sample could not be accurately measured. Current 
integration at these low levels is suspect and an attempt to 
measure independently the amount of beam passing right through, 
and the amount of beam striking the sample, was not successful. 
Therefore normalisation to the bremsstrahlung area was used. 
Bremsstrahlung arises from the sample and is (given an approximately 
similar composition as for wool samples) proportional to the 
amount of wool actually hit by the beam. 1 found overseas, quite 
independently, one other group has used the same idea. The 
procedure yielded results which vere scattered and it is un
certain whether this is some unknown fault in it, or whether 
these variations are real. Noteworthy were the discovery of 
significant amounts of arsenic and mercury, possibly resulting 
from sheep-dip treatments, and titanium. The latter may mean 
the wool is contaminated with soil. 

A.*».8 (X,X>) Spectrometry 

(i) Development - G. Wallace, L. Wyatt, C. Butchers 

Development of this method of trace element analysis 



25-

is proceding along the lines indicated in the previous six-
monthly report: 

(a) A scattering chamber to enclose a He atmosphere 
was completed. Unfortunately the presence of He gradually 
ruined the detector vacuum. The chamber is at present being 
modified to withstand a vacuum. 

(b) Construction of a low-power transmission X-ray 
tube with selectable anode material has begun. 

(c) A singly-curved graphite monochromator has been 
purchased. 

(d) An investigation of the effect of using a higher 
quality Si(Li) detector was carried out. The VUV Chemistry 
Department1s Ortec detector was used fcr this purpose, after 
being repaired at INS. It was found that although the VUV de
tector background was about half that of the Kevex, this 
benefit was offset by the much lower geometric efficiency 

2 2 
(12.6 mm as against 30 mm surface area). The better resolution 
was of advantage particularly at the low energy end of the 
spectrum. 

In addition to these developments, construction has 
begun of a device to collimate the X-ray beam and accurately 
position a sample for scanning purposes* This has been prompted 
by the many forensic applications in which sample size is very 
small. It is hoped that a beam of less than 1 mm diameter will 
be obtained, 

A new stand for both X-ray tube and Si(Li) detector was 
constructed to facilitate adjustment and maintenance of the 
equipment. 
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(ii) Applications 

(a) Forensic Investigations - G. Wallace 
These are proving to be of increasing importance as can 

be Judged by the expanding number of applications, not all of 
which are successful. Bullet holes have again been identified, 
in both clothing and paper. Matching faint traces of powder with 
that from around a blown safe proved unsuccessful. Several 
cases involving rubber were similarly unsuccessful, largely due 
to insufficient amounts of material. Those included slashed 
tyres (minute trace on knife), piece of crashed helicopter 
(suspected boot mark) and clothing from a fatal accident in 
which the victim was run over by a suspected car. The iden
tification of glasses has been carried out with success, although 
care must be taken because of edge effects. 

(b) Plant Study - 6. Wallace 
It was hoped that it may have been possible to study 

the flow of materials about a living plant using X-ray methods. 
This was to have been done in association with Dr J. Troughton's 
group at PEL. It was found that because of the large amount of 
water present in plants, the reduced sensitivity prohibited 
examination of K, Ca and Fe at low levels. The use of the 
chemical analogues Rb, Sr seemed possible, although plants 
grown on these substitutes were not available. 

(c) Space Sphere - G. Wallace 
Some pieces of a 5 cm diameter black sphere, observed 

as a fiery object which fell to the ground at Akaroa, were 
examined for trace elements. There were none detected, and the 
composition was consistent with carbon. 
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(d) Blood Cells - G. Wallace, N.E. Whitehead and 
B.J. Barry 

A series of samples of fractionated blood cells were 
received from the Toxicology Research Unit in Dunedin. These 
were taken from patients with arthritic complaints who had 
received treatment including gold compounds. It was hoped that 
traces of gold might be found in the blood cells in an inves
tigation to determine how the cure works. Little success has 
been had so far, and the work is proceding. 

(e) Numismatic Investigations - N.E. Whitehead 
Five apparent silver coins, and one gold coin were 

investigated at the request of a coin dealer, who suspected they 
were counterfeit. The"silver' coins in fact were composed of 
anything but silver - mainly lead, tin and some bismuth. 
The 'gold' coin was composed of gold. In this sort of analysis 
one requires a non-destructive technique, and X-ray spectrometry 
is ideal. 

A. k. 9 The Use of C0 2 in Plant Translocation Studies -
J.H. Troughton (PEL) and R.D. More 

Several production runs of radioactive carbon dioxide 
were made and this was administered to soya bean plants. The 
plant chamber and associated counting equipment have only recently 
been operating at the Biophysics Section at the Physics and 
Engineering Laboratory and these first runs were of a trial basis. 
The laboratory being 0.6 km from the production source did not 
pose a major problem. This has now become a routine experiment 
and a two week period will be scheduled every six weeks. 
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A.*».10 Nitrogen Determination in Steel - G.J. McCallum, 
R.D. More and C.R. Pureell 

Nitrogen determinations in steel samples were carried out 
for the Chemistry Division, DSIR. The deuteron beam was used in 
the reaction N(d,py ) N and characteristic y-rays from the 
excited nitrogen were measured. One cf the standards used 
appeared to be^error and this was confirmed when a further set of 
standards was examined. 

13 2k A.k»11 Developments in the Production of N and Na -
R.D. More, B.J. Barry and C.R. Pureell 

13 Small quantities of N in the gaseous form have been 
made using the C production line. With a graphite target and 
using carbon dioxide as a carrier gas the deuteron beam has 

13 produced microcurie amounts of gaseous N which will be suitable 
for nitrogen fixation studies of legumes. 

2k 

Na is a very useful tracer in liquid flow systems. 
Development of production methods in association with the Isotope 
Applications group has progressed to where millicurie amounts of 
the tracer can be made. Some further work is needed to increase 
the yield, although one application has been successful even with 
the present yields. 

A.5 Nuclear Magnetic Resonance 

A*5.1 Development of Equipment - W.H, Heald, P. Pohl, 
J. Johl and L.A. McLachlan 

The i 12 and ± 2k volt supplies to the NIM bins have been 
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replaced by a commercial NIM supply. As well as this, substantial 
progress has been made on constructing the analogue modules, magnet 
field stabiliser, homogeneity controls and the digital output unit, 
all of which should be finished by September. 

The gated phase-shifters have been finished, except for 
a few connectors which have not yet been delivered. As a tempo
rary expedient, it has been wired up so that one channel can be 
used. This unit is used in conjunction with the pulse sequencer 
and allows the phase of each pulse in a sequence to be set 
independently of the phase of any other pulse. Vith this facility 
available measuring pulse sequences can be used which circumvent 
some of the instrumental limitations inherent in a simple NMK 
spectrometer. 

As mentioned in the last progress report, the magnet 
homogeneity is poor and attempts to use homogeneity correction 
coils have been only partially successful* One of the reasons 
for their partial failure was that the mechanical shims used by 
the manufacturer to improve the homogenity did this at the expense 
of adding spatially rapidly varying magnetic fields which could 
not be corrected by a small number of correction colls. A simple 
modification of the shims removed this defect and allowed 
improvement of the homogeneity to about 2 pptn. Further work is 
being done on this problem because an improvement of the homogeneity 
to about 0.5 ppm or better would allow separation of the hydrogen 
signals from different types of chemical groups with a consequent 
large increase in the number of experiments the equipment could 
do. 
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A.5*2 Experimental - L.A. McLachlan 

Several years ago some American workers' ' observed 
that the spin-lattice relaxation time(T.) of intracellular water 
in malignant tumours in rats was about a fifth longer than that 
for the normal tissue. Their explanation for this effect hinged 
on the fact that interaction of water with cell surfaces, such 
as membranes and proteins, shortens T. from the few seconds 
found in pure water down to about half a second; the greater the 
surface area or interaction strength, the shorter the T^. On 
the basis of an unproven theory, they assumed that the simpler 
structure of the de-differentiated malignant cells was reflected 
in a decreased 'order' of the intracellular water which caused T 1 

to be longer than that of the host cells. Although the theoretical 
background is shaky, work in several laboratories and medical 
schools has shown that this effect occurs for most tumours in 
both animals and humans and that it may have clinical applications 
in quickly determining whether or not tumours are malignant. 

A NMR study of both normal and cancerous tissues is now 
being undertaken to try and improve the understanding of the 
observed changes and assess the role of NMR in the medical field. 
Some preliminary experiments have been made, most of which involve 
mice infected with Sarcoma-180, a highly invasive sarcoma which 
is usually in the ascitic state, but often forms solid tumour 
when injected subcutaneously. One series of experiments involved 
a detailed investigation of tumour structure as revealed by NMR 
in both mice and a human ovary. It was found that although T. 

(l) R. Damadian. Science 171 1151 (1971) 
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in the rapidly growing tumour surface may be up to k0% longer, 
in the necrotic core T. is shorter and may even be less than 
that for the host tissue. As published results rarely state the 
extent of necrotism, it is impossible to tell whether or not 
other workers have made allowance for the considerable variation 
of T. within a tumour. Other experiments have been concerned 
with the rate at which the samples decompose. These suggest 
that if samples are stored in a refrigerator for a few days, 
their relaxation time decreases by about 5 to 10% with the ratio 
for T. of the cancerous and normal tissues remaining approximately 
constant. The length of time spent at room temperature seems 
moderately important and the experimental procedure should be 
such as to minimise this, otherwise decreases of more than 10% 
will occur after 2k hours. A few measurements have also been 
made on tissues preserved in formalin, but no conclusion as to 
the usefulness of such tissues for NMR work has yet been reached. 

The main experiment being undertaken is designed to find 
out how early NMR can detect the presence of cancer in a mouse. 
This experiment is being undertaken in co-operation with Dr V. 
Hamilton of the National Health Institute and involves injecting 
mice with about a thousand cells of Sarcoma-180 in the right hind 
leg,then killing them at regular intervals and measuring T. of 
their leg muscles, blood, kidneys, liver and spleen. 

A preliminary experiment done without controls or even 
a fixed experimental technique, has been completed and,as the 
supplied results given below show, there is a steady increase of 
the spin lattice relaxation time which is of some statistical sig
nificance in all organs, excep* the left leg. It is not clear 
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however whether this is due to the presence of cancer cells or 
just to a viral infection accidentally injected along with the 
cancer cells. When evaluation of this experiaent is coapleted, 
it will be repeated with sore aice and soae proper control 
experiaents. 

Spin-Lattice Relaxation Tiae of Cancerous Mice at 
Various Tiaes After Injection of the Cancer Cells 

(simplified results) 

Age of 
cancer 

Right 
Leg 

Left 
Le« Liver Kidney Spleen Blood 

0(Noraal ) 490 as 490 as 370 ms 340 as 500 as 770 as 
9 days 485 " 505 " 330 • - - -
14 " 465 " 470 » 362 " 350 w - -
21 " 500 " 515 " 370 • 315 " - 820 " 
35 " 570 » 535 " 430 " 410 " 530 " 940 " 
42 " 535 " 520 " 430 " *35 " 560 " 950 » 
S.D. 15 " 15 " 10 » 10 " 10 " 15 " 

Range 120 " 120 " 60 " 100 " 40 " 180 " 

A. 6 PDP-8 Data Processor 

A.6.1 Operation - C. Pureell 

During construction work to increase our laboratory 

space, the processor was operated in dusty conditions 

for several weeks. One transistor failure occurred 

during this period. When construction work ceased the oppor

tunity was taken to completely clean the central processor. The 

Digitronics tape reader was also overhauled. 

Total time run to date 19 882 hours 

Time used during period 475 " 
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A.6.2 Hewlett-Packard Plotter - C. Purcell 

Tho electrostatic 'table which holds down the paper on 
the Hewlett-Packard plotter became very weak. To correct this 
the 'table was cleaned with a soap (Teepol, as recommended), 
however when it was re-assembled, it did not work at all. It was 
finally discovered that only very soft flake soapa worked. Hard 
detergents left a residue which ruined the electrostatic field 
completely. The 'table' is now working properly. 

A.6.3 Programming 
Pulse Height Analysis - 0. Wallace 
An optional overlay has been included into the utility 

program K1K2 (G.J. McCallum) to permit the accumulation of 1024 
channel spectra throught the ND-160 ADC. The setting up and 
operation of this is trivial in comparison with previous pulse 
height analysis programs on the PDP-8. None of the features on 
K1K2 have been lost due to the extra overlay. 

A.7 PDP-11 Data Processor 

A.7*1 Operation - C.R. Purcell, P. Pohl and J. Johl 

(a) General 
Several failures in the memory circuits occurred at a 

time when the processor was operating in a vary dusty environment. 
We were able to repair all but one of these failures. Repairs 
of even a minor nature are somewhat hampered by the failure of 
the New Zealand company to stock spare parts for other than 
service contract customers. 
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A major catastrophe was the irreparable failure of part 
of the core memory - a memory drive wire broke where manufacturing 
stresses had damaged it. A suitable replacement core memory 
section is on order. 

Replacement of the ageing analog X-Y plotter with a 
rugged digital drum plotter (Calcomp Model 5^5) has made printout 
of spectra a straightforward task. The time lag between 
instructions and output in interactive spectrum manipulation has 
been favourably reduced by having 'Extended Arithmetic Element1 

hardware available. 

An investigation into possible replacement and/or backup 
for the Inktronic page printer included the temporary installation 
of an electrostatic printer for evaluation purposes. The possible 
high cost of special paper and the rather undesirable print font 
of this particular printer outweighed its desirable features of 
quiet, high-speed operation. Further evaluations will be carried 
out as the opportunity arises. 

Forward planning of changes to the PDP-11, configuration -
necessitated by increasing amount of data (i.e. spectra) - have 
centred around the need for data transfer to larger computing 
facilities. The obvious solution of obtaining "industry-compatible 
magnetic tapes is currently under investigation and, if adopted, 
would give the added advantage of allowing event-by-event recording 
of spectra. One obvious use, not feasible otherwise, is the 
simultaneous multi-element scanning of surfaces thus giving 
elemental ratios for each point on a scan. 

Total hours run to date 8I85 hours 
Time during previous 12 months 2930 " 
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(b) Inktronics Page Printer - C. Pureell 
Over about four months the numerals started overlapping 

in groups of two during printout. The platen manifold clearance 
was found to be the cause and was corrected. 

A letter was received from Teletype Corporation advising 
that parts ordered late last year would not be shipped till late 
this year, hence a method had to be found to keep the spiral 
spring taut for line feeding. It was found that current-limiting 
resistances on the line-feed motor, when momentarily shorted out, 
gave the motor enough torque to fully wind the spring. A system 
was therefore incorporated into the printer so that each time a 
new paper loap was formed the line-feed motor was given an extra 
burst of torque to fully wind the spring. These, along with the 
loop-forming rod for the fanfold paper has resulted in the printer 
working adequately without hindering the operator. 

A. 7•2 Programming 
(a) Library Records - G. Wallace, C.A. Genet 
York on transferring journal records to DECtape has been 

suspended due to the shift into the new library. 

(b) Spectrum Analysis - G. Wallace 
The transformation of CASPER to run under RT-11 is 

virtually complete, except for the inclusion of plotting routines. 
A considerable number of changes have been made to reduce the 
size of the program and to speed up analysis. Peak shapes have 
been restricted to gaussian and the interactive analysis has 
been made much more flexible. A report on the new system will 
be prepared. 
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(c) Evaluate Gaaaa Ray Intensities - (ANCASP) -
G.J. McCallua 

This program has been slightly iaproved, Modified and 
now runs under RT-11. 

(d) Spectrum Plotting (PLTSPK) - G.J. McCallua 
A program to plot spectra on the new Calcomp plotter was 

developed. The program makes extensive use of plotting subroutines 
written for the Calcoap plotter by Dr M.R. Manning. 

(e) Translation of Prograas to Operate under RT-11 
G.J. McCallua 

With the loss of k K of core and the installation of the 
RT-11 operating systeiu it was necessary to aodify a nuaber of 
programs to operate under the new systea. Prograas changed 
include POLY, EDITOR, CASCAD, EFF01. 

A large number of DECtapes containing data and analysis 
files were purged and those considered still important were 
translated to RT-11 format. 

A. 8 Sewage Field Modelling - G. Wallace 

As a result of previous work done in co-operation with 
the Hutt Vallay Drainage Board (reported in INS-R-1U3) we were 
asked to undertake the computer analysis of detailed aeasurements 
of both dye and radioisotope injections carried out, to deteraine 
the siting of a new outfall on the Vent Coast. One radioisotope 
tracer test and four dye tests were presented for analysis. The 
dye measurements were shown to be unreliable and some of these 
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data had to be discarded. The remainder were fitted and gave 
sensible dispersion parameters which were then used for model 
predictions of sewage fields. 

Because the currents in the receiving waters of the 
West Coast are tidal in nature, a previous model used for 
pollution studies (lNS-R-125) had to be modified to account for 
current reversals. This enabled a dynamic model of a sewage 
field to be set up, periodic with the tide. Subsequent analysis 
of these fields was performed to enable ready comparison of the 
predicted pollution levels with the requirements of water 
classification codes. A report has been prepared (INS-R-I63). 

A. 9 International Nuclear Information System (INIS) 
D.C. Robinson 

A.9.1 Current Status 

The six months just ended has seen a great deal of 
progress because I have been working almost full time on it. 
In the absence of any well-defined departmental policy of 
bibliographic information retrieval my conception of desirable 
aims, although initially unclear, have resolved themselves into 
the following* 

1) To supply INIS headquarters with New Zealand pub
lications falling within the INIS subject scope. 

2) To develop a useful SDI service based on INIS tapes. 
3) To develop programs for cumulating INIS data so that 

handling it becomes fairly routine* 
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4) To write a simple program with which, using the 
interactive terminal at PEL, it will be possible to demonstrate 
some of the possibilities of interactive retrieval. 

5) To write up an account of the work for publication. 

Most of these aims have now been achieved and the 
current status of each is discussed below. 

i) INPUT; This has never been a major problem. In the 
last six months eight pieces of literature were reported to 
Vienna. In the previous six months it was six. This level of 
input does not impose much work although some problems may arise 
later this year when machine-readable abstracts will be required. 

ii) SDI SERVICE: The number of outside users (or user 
groups) of the SDI service has increased to 11, with three new 
user groups at Auckland University Physics Department and two at 
National Radiation Laboratory. The number of profiles done for 
INS users has stayed constant at about 14 or 15* 

Although the service could be more widely used it is in 
some ways fortunate that the numbers are so small since a not 
insignificant amount of work is involved in maintaining the profiles, 
particularly initially or if the users are keen and interested in 
getting the most out of the service. To help with this work the 
program SIPRIM (PRofile IMprovement) was written. This is given 
the Information fod back from the user on relevance or otherwise 
of previous citations. It then prepares an alphabetical list of 
all the keywords belonging to these citations together with the 
number of times each has appeared in relevant and non-relevant 
references. It is then immediately obvious if a keyword is a 
likely one for use in improving the profile either as an added 
on condition or as a NOT term. 
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The last progress report describes INIS programs which 
were operational six months ago. These were: SIAUST, SISRCH, 
SILIST, SIEXTR, SIASSM and SICUML. For the whole of the last 
six months SISRCH or its modification SISRTX (see below) have 
been used to make the SDI searches. However for a number of 
reasons it was decided to write a new program. The main reason 
was that the profile structure for SISRCH was very restrictive. 
For example, requests of the form (A OR B OR C OR D) AND (x OR 
Y OR Z OR V) had to be fed to the computer as 

(A OR B OR C OR D) AND X 
OR (A OR B OR C OR D) AND Y 
OR (A OR B OR C OR D) AND Z 
OR (A OR B OR C OR D) AND W 

which requires the computer to make four separate searches each 
for A, B, C and D, with consequent waste of time. Again, although 
it was possible to retrieve papers in English only (for example) 
or b> a single author, it was not possible to specify both these 
conditions or to retrieve papers in either of English or German 
(for example) or papers by any one of a group of authors without 
a great deal of wasted duplicate searching. 

The new program is known as SIBYL and its profile struc
ture was modelled on that used by the CSIRO in Australia. By 
the end of June it was completed and debugged although tests on 
it were continuing. Comparing it with SISRCH, its profile 
structure is very much more flexible and convenient, it provides 
a much better summary of the search, it has the facility to read 
the profiles from disc or tape or cards and it runs slightly 
faster. The most recent tine test, using five fairly simple 
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profiles and a data tape containing 1070 references gave: 

SIAUST 11.59 CPU seconds 
SISRCH 5.20 CPU seconds 
SIBYL <t.90 CPU seconds 

Another development during this period was to modify 
SISRCH so as to obtain the output with lower as well as upper 
case printing. This has greatly improved the readability of the 
output. Only minor changes were absolutely necessary but the 
opportunity was taken to make a few other desirable changes and 
the resulting version was given a new name - SISRTX. Here the 
TX indicates that the output is in text form. The new program 
SIBYL was written from the start with lower case output in mind. 
For lower case printing the IBM text printing train known as TN 
is used. This does not include the whole of the INIS character 
set but it does have superscripts, square brackets and lower case 
alphabetics as well as all the relevant characters on the pre
viously used print train. INIS characters not available on it 
are: subscripts; square root, integral, male, female and right 
pointing arrow signs; and twelve greek letters. Programs SISRTX 
and SIBYL make the following replacments when these characters 
appear in titles: 

Subscrlots e.K. H2 becomes H/sub 

Greek Letters A 

f 
n 
11 

alpha A 

f 
n 
11 beta 

1 11 gamma 

V 11 nu 

A n mu 

IT w Pi 
L^i 

it omega 
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Special Signs 

-51 becomes (MEGA 

A n DELTA 

z it SIGMA 

III it XI 

A n LAMDA 

r" n SQRT 

J n INTEG 

9 n female 

a" it male 
-•> it - > 

This seems to be the best that can be done without 
acquiring the proper INIS print train but it is not always 
appropriate. For example, a title that referred to a "50 Q 
system" (meaning 50 ohm) appeared as "50 OMEGA system" a change 
which certainly obscured the meaning. Where these characters 
appear elsewhere than in the title the translation is simpler 
and is always to a single character e.g. Greek letters appear as 
equivalent English letters. This has been satisfactory in the 
past but may not be in future with abstracts appearing on tape 
(see below). 

During June the IAEA announced that their slowly maturing 
plans for including abstracts on tape would be speeded up and at 
least some abstracts would appear on tape before the end of the 
year in anticipation of planned full coverage from January 1976. 
This will include the publication of the abstracts in printed 
form. The motivation is that the USAEC wishes to discontinue 
publication of NSA from July 1976 and the IAEA wants INIS to be 
able to take its place. To help INIS liaison officers prepare 
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for this move the IAEA distributed a short test tape containing 
references with abstracts. To handle this situation program 
SIBYL was modified so as to print out the abstracts of relevant 
papers alongside the bibliographic details. The resulting version 
is known as SIBYLA. At present SIBYL and SIBYLA are undergoing 
final tests before being stabilised and stored as load modules. 
Vhen this is completed the SOI system can be regarded as developed 
and will probably stay stable for the forseeable future. 

iii) CUMULATION OF DATA: With a tape arriving every 
month a system must be developed for cumulating if the data is 
not to become too dispersed for efficient use. The last progress 
report described SICUML, a very simple program for cumulating 
INIS data and at the same time increasing the block size so as to 
store the information slightly more efficiently. Unfortunately 
it was found that, for 197**» where numerical keyword codes as 
well as the keywords themselves were put on tape, six months of 
INIS data was just too much to fit onto one 2400 ft tape. Accor
dingly r» further program - SICML2 - was written to cumulate the 
data and to remove the keyword codes. This is not a simple change 
because when the fields containing the codes are removed the 
following changes must be made. First the corresponding directory 
entries must be removed* This then means that all subsequent 
directory1 entries must be changed. This in turn requires alterations 
to be made to the subdirectory and of course base address, record 
length and block length all must be altered. In practice the 
program almost completely breaks down each record and then re
builds it without the keyword codes. It also includes code for 
blocking the records as efficiently as possible in triple length 
blocks. 
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Using this program Vol.5/1-12 (Jan-June 1974) has been 
cumulated onto one tape and so also has Vol.5/13-24 (July-Dec. 
1974). Vol.6/1-12 (Jan-June 1975) is complete apart from June 
but is held up until a replacement is obtained for the June tape 
which was defective. It is planned to cumulate the seven tapes 
at present comprising volumes 1-4 onto three tapes (Vol. 1-3, 
Vol. 4/1-12, Vol.4/13-24) over the next few months but this is 
a routine job for which there is no urgency and it will be done 
as convenient. 

This procedure for handling the data appears satis
factory for the immediate future. Searches can be done on the 
cumulated data if required and two additional tapes per year is 
not an unreasonable number to handle. However, to some extent 
this procedure is only a temporary expedient until firm depart
mental policy on the whole question of bibliographic tape data 
is formulated. 

iv) INTERACTIVE RETROSPECTIVE RETRIEVALt The last 
progress report mentioned two programs, SIEXTR and SIASSM, which 
were written to prepare an inverted keyword file for use with an 
interactive retrieval program. Work on this was discontinued 
during the previous six months period because of uncertainty over 
our future requirements, because of the long delay over the 
Gracefield terminal to the Vogel computer and because of pressure 
of other work. However, with almost all the remainder of the 
INIS work brought to the level of routine and with the appearance 
of the terminal it was decided, to take up this work again , 
although with a rather limited aim. 
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Since the MVD does not allow large disc files to be 
kept on the Vogel computer it cannot be used in a routine way 
for retrospective interactive retrieval* But with an inverted 
file easily available, the programming involved in providing a 
relatively simple and unsophisticated interactive capability is 
neither very long nor very difficult (although the qualifications 
"relatively simple and unsophisticated" must be emphasised). 
It was therefore felt that it would be desirable to develop 
such a program with the limited aim of demonstrating feasibility 
and some of the possibilities of such a system. This aim could 
be achieved using small data files which could be accommodated 
on the Vogel system without any strain. 

By the end of the current six month period virtually all 
the programming necessary was complete although some tidying up 
remains before the program is punched up. 

v) PUBLICATION t At present a first draft in very 
rough form of a paper describing work on the INIS system has 
been more or less completed. 

A.9.2 Programs 

Current list of operational INIS programs 1st 

SIAUSTs Australian current awareness search program* 
SISRCHs Program derived in part from SlAUST and sharing its 

rather inflexible and inconvenient profile structure 
but running over twice as fast. 

SISRTXt Version of SISRCH giving text (lower case) output. 
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SIBYL: 

SIBYLA: 
SIANAL: 

SILIST 
SIEXTR 
SIASSM 
SICUML 
SICML2 
SIPRIM 

New current awareness program with much more flexible 
profile structure. 
Version of SIBYL for use when abstracts are put on tape. 
Used after SISRCH and SISRTX to provide a rudimentary 
search summary. 
Lists complete INIS records without searching. 

Prepares inverted files. 

Simple cumulation program. 
Cumulation program which also removes keyword codes. 
For assisting profile improvement. 

A.9.3 Indexing Consistency Test 1975 

Early in the year, as in the two previous years, the 
IAEA distributed a set of papers to all INIS members for 
indexing with the idea of comparing the indexing performed 
around the world. There were twelve papers in this year's 
test (ICT75) and they were indexed and returned to IAEA during 
March. 
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B, Radiation Research 

B.l General 

Experimental work in this period deals mainly with 
studies of the biochemical reactions of the superoxide radical 
ion; development of a new fluorescent standard, and the 
development of routine procedures for irradiating bacterial 
suspensions for use in radiation biology* 

B,2 Radiation Sources 

B,2.1 Electron Beam Irradiations 

Owing to current needs for low intensity radiation, 
electron beams were not used in this period* 

B.2.2 Cobalt Source 

This was in constant use for irradiations at 0*1 rads 
per sec and lower, requiring irradiation tines up to three weeks 
in some cases* 

B,3 Radiation Chemistry of Aqueous Solutions 

B.3,1 Reaction of the Hydroperoxy Radical HO* with 
Nitrogen Dioxide (NO ) - H.C. Sutton 

Earlier work on this subject is now being extended in 
collaboration with Dr W,A, Seddon of A,E*C*L* Laboratories at 
Chalk River, using pulse radiolysis facilities which are not 
available at INS* So far the results agree with the reaction 
mechanism suggested previously, and it is proposed to extend 
these by means of conductivity studies to obtain further kinetic 
data* 

B,3.2 Biochemical Reactions of Superoxide Radical Ion (oV) 

B,3,2,l Introduction 

Superoxide radical ions have widespread occurence in 
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aerobic cells as intermediates or by-products of oxidative meta
bolism. Because these radicals are almost invariably accompanied 
by the enzyme superoxide dismutase(sOD) which catalyses their 
decomposition as shown in reaction (l) 

20~* + 2H* -» H 20 2, (1) 

it is reasonable to conclude that they have significant bio
chemical properties which are probably damaging, and are 
suppressed or controlled by superoxide dismutase. However, 
unlike more energetic radicals such as H* and OH*, their bond-
breaking ability is very limited. Also their behaviour as 
oxidising agents in the reaction 

0~* + e" -> H 20 2, (2) 

or reducing agents in the reaction 

°2* "* °2 + e" ( 3 ) 

is only mild, and commonly leads to equilibria in which oxidation 
and reduction occur at equal rate in systems with reduction po
tentials in the range 0,1 to 0,3 V at pH 7* Sarlier electro
chemical observations made in these laboratories with Dr P.L. 
Airey of Lucas Heights support this view* It is therefore 
difficult to account chemically for the biological significance 
of 0~* , and the work described below was undertaken in an attempt 
to resolve this apparent conflict. 

B.3.2.2 Reactions with Oxyhaemoglobin (oxyHb) and Methaemoglobin 
(metHb) - H.C, Sutton and P.B, Roberts in collaboration 
with Dr C.V. Winterbourn of Pathology Dept, Christchurch 

Hospital 
In the previous report it was shown, using radiation 

chemical sources of 0~", that the iron containing haem groups in 
oxyHb are ocidlsed by 0~* in a reaction analogous to (2)1 

0 2' • 2H* • Haem-Fe 2 +-0 2 —> Haem-Fe3* • H 20 2+0 2 {k) 
(oxyHb) (metHb) 
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whilst those in metHb are reduced in the reaction 

0~* • Haem-Fe 3 + —* Haem-Fe 2 + - 0 2 (5) 

which corresponds with (3)* Reaction (4) becomes nearly quanti
tative for 0~ produced by irradiating oxygen-saturated formate 
solutions if one uses low doses at dose rates less than 10 rad 
min" and oxyHb concentrations of 40 \M (l60 |iM haem groups). 
The following results have been obtained in this period1 

(a) The suppression of reaction (4) by superoxide 
dismutase (SOD) has been studied by irradiating formate solutions 
containing mixtures of oxyHb and SOD, in order to compare the 
rates of reaction (4) and (6)t 

2H + • 20^' 222* H 2 0 2 • 0 2 (6) 

The SOD-catalysed reaction (6) proceeds with known kinetics and 
rate constant so that k. f the rate constant for reaction (4), 
can be obtained from this comparison* Our stock solution of 
SOD was assayed for this purpose by sending a portion to a 
London laboratory for analysis by pulse radiolysis. Our results 
showed that a third reaction causing first order decay of 0~ 
competes with (4) and (6) for 0~*, and after allowing for this 
the rate constant k. = 4 ± 1 x io3 M~ s~ at pH 7 vas obtained, 
where concentrations are expressed as those of haem groups. 
Similar results were obtained by competing SOD with metHb in 
reaction (5) but their interpretation is less certain for reasons 
given below, 

(b) Further experiments in the absence of added SOD 
were conducted at 7 rads min~ and lower dose rates, and showed 
that the fraction of 0~* radicals produced by irradiation which 
oxidise haem groups in reaction (4) decreases below 1 with 
decreasing /oxyHb/, even though the results are independent of 
dose rate. This confirms the occurrence of first order decay of 
0"* at 2ptl7^ 1 0 M as noted in (a), in addition to its second 
order decay by reaction (l) at the higher concentrations where 
dose rate dependence is observed. The same rate constant for this 
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fix it order decay (0. 13 s~ ) accounts for these observations 
as that required for quantitative interpretation of the SOD 
experiments in (a) above* All the observations on oxyHb, 
including those at high dose rates, are now reasonably explained 
by a self-consistent set of rate constants for reactions (l), 
COi (6) and the first order decay of 6Z*. 

When starting with metHb solutions instead of oxyHb, 
the yields observed for its reduction by 0~* in reaction (5) 
varied with dose rate and metHb concentration in a manner closely 
analogous with that for oxyHb, but these yields were consistently 
lower* They approached a limiting value at high ̂ metHb/ and 
low dose rate of approximately 0*6 haem groups reduced per 0~* 
as compared with 1*0 for oxyHb. No satisfactory explanation 
for this has been found despite considerable study* Re-
oxidation of the oxyHb produced from metHb by hydrogen peroxide 
may account for a tiny part of this anomaly even though catalase 
was added to prevent this* A further possibility is that 
complexing of metHb by formate is responsible (see below), but 
no experimental data can be cited to support this. 

(c) To compare the rates of reaction (k) and (5), 
equilibria were sought on prolonged treatments with 0~ in 
which JmBtHbJ//pxyKtiJ * k./k_. This was impossible for 
technical reasons so an equivalent approach was used in which 
brief treatments with 0 ? were given to oxyHb-metHb mixtures of 
varying initial composition* No change is observed in the 
equilibrium mixture* This experiment was performed both with 
radiolytic 0** produced in formate solutions, and with formate-
free enzymatic sources of oZ* by Dr C,W. Winterbourn. The two 
methods gave different results, though each was reproducible* 
Enzymatic 0~* gave equilibria at pH 7 where JmBtVbJ//ZxyVtoJ • 
0,7 * k./k_, whilst radiolytic 0~* gave 1*5 for the same 
quantity* However when formate was added in the enzymatic 
experiment the result agreed with that obtained by irradiation* 
Formate forms a complex with iron in the haem groups of metHb 
but not with oxyHb, and this evidently reduces its rate of 
reaction with oZ', Supplementary experiments confirmed this* 
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(d) We conclude from the radiolytic experiments 
3 —1—1 above that k. = *» ± 1 x 10 M s , and from the enzymatic 

experiments that k./k = 0.7 at pH 7« Both methods were needed. 
The former gives known yields of 0~ which is impossible by 
enzymatic methods; the latter permits rate comparisons in the 
absence of formate. 

These conclusions accord with the known chemdstry of 
Qy as noted in the introduction because the reduction potential 
of the oxyHb-metHb system may be shown to be approximately 0.27 V 
at pH 7. They also provide a possible reason for the existence 
of SOD in the red cell,for its concentration in such cells is 
sufficient to suppress the oxidation reaction {k)i i.e. 0~* is 
removed by SOD about 100 times faster than it oxidises oxy-
haemoglobin to methaemoglobin. In the absence of SOD this 
oxidation reaction would predominate and impose biological 
stress on the red cell. However this is a special situation, 
and the ubiquitous presence of SOD in aerobic cells implies that 
0~ has other important functions which are as yet unknown. 

B.3.2.3 Reactions of 0~" and HO* with Unsaturated Organic 
Compounds - H.C. Sutton and L.W, Windsor 

It has been suggested in the literature that 0„ might 
react with unsaturated groups in the fatty acids which occur in 
membranes, and hence cause cellular damage. The general reaction 

H + + zic =cr: + o~* —» ^c -cd (7) l;^ 
would be the first step in any such process and is exothermic 
but probably requires considerable activation energy. As a 
first step in seeking evidence for such reactions* two simple 
water soluble unsaturated molecules with light absroption spectra 
suitable for analysis have bean selected* These are sorbic acid 
(CH3-CH=CH-CHsCH-C02Hf pK * 4.8) which absorbs at 255 nin with 
k* 25000 M^cm" 1 and cinnamic acid (C,H_-CH « CH-C0„H, pK » k) 

r 5-1 -1 
which absorbs at 275 nm with f« 18000 M cm , Loss of either 
of the conjugated double bonds in sorbic acid or the double bond 
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in cinnamic acid removes the absorption at the wavelengths 
stated. 

On irradiating these substances with Co-60 y-rays in 
oxygen-saturated formate solutions to generate 0~*, their light 
absorption decreased, demonstrating loss of double bonds which 
could result from reaction (7). However the yield of organic 
acid consumed in this way, G(-acid), was very small, much less 
than the yield of o"' (G(0~*) = 6) formed at pH 7 or of HO* 

2 <- 2 
formed in equal yield at pH O , and varied with pH, organic 
acid concentration and dose rate in a manner which shows that 
this reaction or its analogue (8) with HO* in acid solution is 
only partially responsible: 

HO* ^ H + • 0~* pK * 4 . 9 

HO* + ^ C S B C C — i O - c C (8) 2 
0 2 H 

At conventional dose rates (20 rad s~ ) most of the small 
G(-acid) yields observed are due to attack on double bonds in 
sorbic acid by the small fraction of OH* radicals derived from 
water radiolysis which escape reaction with formate, even in 
0.1 M concentration. At 0.1 rad s~ at pH 2.3 this yield is 
nearly doubled owing to reaction (8) by HO* radicals which, at 
this low dose rate, but not at the higher, escape decomposition 
by the second order reactiont 

2H0 2 -* H2°2 * °2 <9>* 

Analysis of preliminary data on sorbic acid in this 
way shows that kg, the rate constant for reaction (8) is less 
than 50 M~ 1s" 1 at pH 2,3 and is probably about 20 M"1s"1,whilst 
reaction (7) for 0** at pH 7 is slower still and may not occur 
at all. Cinnamic acid, which has less reactive double bonds 
(i.e. not conjugated), reacts less rapidly than sorbic acid with 
HO', Further studies are needed especially at high (accelerator) 
dose rates but it is already clear that reaction (7) proceeds at 
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9 rates which are at least 10 times lower than diffusion-controlled 
rates, even with reactive double bonds, and it is difficult to 
see how any such reaction could occur significantly in a biolo
gical situation unless the site of origin of 0~* peculiarly 
favours this* 

B.k Radiation Mechanisms in Plastics and Solids -

V.H. Melhuish 

B,4»l Tlierraoluminescence Studies 

No work done in this period 

B.4*2(a) Fluorescence Standards 

The published fluorescence efficiencies of some 
standards used by workers in radiation and photochemistry vary 
by as much as 20#. New determinations of the absolute fluores
cence efficiencies of these molecules were therefore made,using 
two different methods: (a) using a quantum counter to integrate 
the photon emission and (b), measuring the photon emission 
spectrum followed by graphical integration. The molecules 
studied were* 

2 aminopyridine in N, H-SO. 
fluorescein in N/lO NaOH 
rhodamine B in ethanol 
proflavine in pH 4.5 acetate buffer 
perylene in deaerated ethanol 

9,10 diphenyl anthracene ethanol 
1,3 diphenyl hexatriene ethanol 
3 aminophthalamlde in N/lO HgSO.. 

All measurements were based on the primary standard 
quinine in N. H-SO. whose absolute efficiency cP * 0.558 at 
25°C, This figure is somewhat higher than the original one 
since recent work at the Kodak Research Laboratories has shown 
that the absolute reflectivity of MgO, on which the determination 
(P - is based, J actually 2# higher than was previously thought. 
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The concentrations used were 3-10 \M and the spectrofluorimeter 
was calibrated as described in report No*20 and recently pub
lished (V.H. Melhuish, Applied Optics (1975) i^» 2 o)» T h e m o s t 

significant observation was that diphenylanthracene does in 
fact have a quantum efficiency of 0,85 a* room temperature and 
not 1.00 as some workers have assumed* It has been shown that 
the efficiency of this molecule approaches unity only at 
temperature below 100 K. 

Measuring the quantum efficiencies of powdered samples 
is very difficult and most values published quote an uncertainty 
of 5 to 20%, A new material has been developed in this labo
ratory which may have advantages over previous standards. Pyrene 
microcrystals prepared by precipitation in water, and bound to 
a metal plate with a small amount of polyvinylalcohol produces 
a highly absorbing, strongly fluorescent material with the 
particular advantage that since emission occurs from the excited 
dimer of pyrene, the emission spectrum is well separated from 
the absorption spectrum. Consequently there are no errors due 
to re-absorption and re-emission of fluorescence. Two samples 
with reflectivities of 50$ and 95# (compared with MgO) were 
measured over the wavelength range 270 to 350 nm and'P — found 
to be 0,J*7 ± 0,01 for both samples. This (f was found to be 
independent of the angle of illumination over the range 10 -90 , 
indicating that the angular distribution of fluorescence is 
closely Lambertian, 

B. *».2(b) Pulse Photolysis 

The original electronics for this instrument cons
tructed in the period 1968-70 has proved inadequate in speed 
and stability for studies of the free radical quenching of 
aromatic triplet states. The apparatus was therefore re-designed 
using linear integrated circuits which incorporate two new 
featuresi 

(a) differential input to be used with a monitoring 
photodiode to improve stability when measuring 
slow transients, 

(b) an improved full-wave rectifier circuit linear to ± 0.5$ 
over one decade for use with the silicon photodiode 
detector. 
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B.5 Radiation Biology - P»B. Roberts 

Progress Report 2k gave an account of the setting 
up and stocking of a bacteriological laboratory. In the present 
period, the main aim has been to establish a routine procedure 
for the irradiation of a bacterial suspension in the present 

Co irradiation facility and to establish, under our conditions, 
the extent of the oxygen effect and of repair or recovery from 
sub-lethal radiation injury in one of our bacterial strains, 
£ Coli B/r. These aims have been achieved and we can now look 
forward to serious investigations of how cell sensitivity to 
irradiation is determined arid how it can be modified. 

B.5.1 Bacterial Studies 

An outline of general procedure may be useful. Cells 
taken from stocks (see Progress Report 2k) are cultured in 
growth medium and figure 1 shows the growth in cell numbers 

k i 
after inoculating nutrient broth medium with about 10 cells/ml. 
After a short lag period, growth occurs logarithmically with a 
doubling time of around 20 minutes, until the onset of a 
plateau or stationary phase (after several hours at plateau 
phase, cell nun.bers decline). Cells are harvested either in 
late log or in plateau phase, washed free of growth medium and 
re-suspended in 1/15 M phosphate buffer at about 10 cells/ml, 
for irradiation under either N 2 or 0 2 > Samples taken after 
various times are suitably diluted in buffer and "plated out" 
on solid growth medium before incubation overnight at 37 C. 
Each surviving cell gives rise to a countable macroscopic colony. 

B.5,l,a The Oxygen Effect 

Two "survival curves" for E Coli B/r grown in tryptone-
glucose-yeast medium to plateau phase are shown in figure 2, In 
a survival curve log N/N 0 is plotted versus dose, with N * number 
of surviving cells, and N 0 • original number of cells. The 
slope of the exponential portion of the curve is a measure of 
the radiation sensitivity of the cells under a given set of 
conditions. The oxygen enhancement ratio (OER) is the ratio of 
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slopes in 0 and N . OER values for cells grown to either late 
log or plateau phase in both nutrient broth (NB) and tryptone-
glucose-yeast (TGY) media are given in the table below together 
with the doses required for survival to be reduced to the O.0O1 
survival level (D Q 0 0 1 ) . It is clear that the radiosensitivity 
of E Coli B/r in N and 0 is strongly dependent upon the dif
ferent physiological state of the cells found in the different 
stages of the growth cycle and culture media. 

Growth 
medium 

Growth 
stage N2 

001 (krads) 
°2 

OER 

TGY Plateau 
Late log 

191 
117 

56 
45 

3.4 
2.7 

NB Plateau 
Late log 

109 
87 

38 
38 

2.8 
2.3 

•5.1.b Repair or Rec overy 

The ability of cells to recover from sub-lethal or 
potentially lethal damage is shown by the "shoulder" an the 
survival curve and is expressed by the value of the extrapo
lation number, the intercept of the exponential part of the 
curve at zero dose. The shoulder and extrapolation number are 
shown clearly in the N_ curve in figure 2. Variations in extra
polation number have been noted with change in growth media or 
growth-stage. Mechanistically recovery is envisaged as the 
elimination of damage (probably within the chromosome) which, 
if not eliminated before cell division commences, will prevent 
division. At high, acute doses many cells are non-recoverable, 
having accumulated too much damage. However the actual number 
of survivors for a given dose is partly determined by the pre-
or post-irradiation treatment of a sample, in particular whether 
conditions are favourable for recovery to occur before division 
is required. For example, the increased resistance of cells 
grown in TGY relative to NB media, shown in the table, is believed 
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FIG.l 
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Fig.l: Growth curve, E Coli B/r in nutrient broth 

Fig.2s Survival curves, E.Coli B/r, from plateau pha 
grown in TGY (see text). 
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FIG.l 

k hours 8 10 

FIG. 2 

Shoulder region 

0.0001 

50 100 krads 200 250 

Fig.l: Growth curve, E Coli B/r in nutrient broth 

Fig.2: Survival curves, E.Coli B/r, from plateau 
grown in TGY (see text). 
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FIG 1 
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Fig.l: Growth curve, E Coli B/r in nutrient broth 

Fig.2: Survival curves, E.Coli B/r, from plateau phase cells 
grown in TOY (see text). 



59. 

to occur because, in cells maintained in glucose-containing 
medium, the synthesis of repair proteins occurs with a shorter 
induction period. We have shown qualitatively that the number 
of survivors can be altered within an order of magnitude by 
variation of the time the cells are held prior to incubation 
(a) in buffer or (b) on the growth medium after irradiation 
and by variation of the temperature (between k and 37 C) at 
which the cells are held. The number of survivors increases 
as conditions are altered to give longer periods in which 
recovery can occur before division is required* Holding times 
up to 3£ hours (i.e. about the total time of the longest 
irradiations) have been tested. More quantitative measurements 
on these effects, which are well documented but incompletely 
understood, can now be performed and used to see how recovery 
is affected by extra-cellular conditions or chemical additives. 

B.5»l»c General Consideration 

The main difficulties in establishing a sat. 3factory 
irradiation procedure have been due to the lengthy irradiation 
times (k hours) frequently required with the low dose rates 
obtained with the current Co source. The survival is greatly 
affected by the length of time in buffer and on the growth 
medium prior to incubation on this time scale (see l,b). As 
samples must be taken at different fractions of the total 
elapse time of the experiment, it is impossible to devise a 
completely standard procedure for each sample. The best comp
romise has been found to be to keep all samples in buffer at 
ambient temperature until the end of the entire irradiation and 
then 'plate out* and incubate all samples at the same time. In 
this way repair occur.' to the same extent in buffer and on 
growth medium for all samples (assuming that repair has the 
same efficiency during and after irradiation and is unaffected 
by changes in oxygen concentration that occur in some experiments)* 
It is also obvious that under the existing scheme we are obliged 
to work under conditions when considerable repair occurs during 
the irradiation. Our survival data, then, result from not only 
direct radiation killing but on factors which vary with the 
length of the experiment, such as repair during irradiation, 
post-irradiation treatments and the loss of viability of cells 
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held in buffer* These variable factors will be more closely 
controlled when a higher curie source is installed. 

Since oxygen is a potent sensitiser, a practical problem 
was to ensure that the nitrogen gas used to eliminate oxygen 
from suspensions was itself sufficiently free of oxygen* As 
little as 100-200 ppm of oxygen are suspected to significantly 
affect results. Dr Sutton has set up a Hersch cell to monitor 
the oxygen levels in the gas leaving the suspension. The oxygen 
content of the nitrogen used was found to vary from cylinder to 
cylinder, but this difficulty has now been overcome with the co
operation of the local branch of New Zealand Industrial Gases. 
A suspension is now considered *oxygen-free* only if the effluent 
g»£ registered < 12 ppm of oxygen, 

B.5.2 Halomethanes in the Stratosphere 

An interdivisional committee of DSIR scientists met 
in this period to discuss the possible depletion of stratospheric 
ozone, in particular, by halomethanes. To assist in this work, 
Dr Roberts issued INS-R-159* "Some biological consequences of 
increased ultra-violet light-intensity". 

B.6 Applications in Industry 

B.6.1 Wood-plastic - Dr H,C. Sutton 

At the request of the Physics and Engineering Labo
ratory of DSIR, a number of wood-plastic rods were made from 
pimm radiata impregnated with methyl raethacrylate, to act as 
coil formers for use with an electromagnetic forming machine. 
These formers withstand high transient radial forces which 
arise during use, and also maintain electrical insulation, 
Bakelite was unsuitable but wood-plastic behaved very satis
factorily. 
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B.6.2 Genetic Mutations in Plants - Dr P.B. Roberts 

Following the survey of the literature on the induction 
of useful mutations in seeds reported in Progress Report 24, 
Plant Diseases Division is conducting trials to determine the 
percentage germination of batches of kiwi-fruit seeds prior to 
irradiation. When the trials are complete, sample irradiations 
will be carried out. Meanwhile it is hoped to obtain results 
more quickly by irradiating dormant kiwi-fruit cuttings (scion-
wood) followed by normal horticultural grafting methods. 
Cuttings of two varieties, Hayward and Tomuri, have been 
received and will be irradiated shortly. 

B,6.3 Mould Growth on an Industrial Sealant - Dr P.B. Roberts 

Although no irradiation was involved, the section was 
asked to use its microbiological facilities to examine the 
apparent growth of a mould on the surface of a sealant commonly 
used in the building trade. The trouble had actually occurred 
in a dairy. A cursory examination suggested that the growth 
was indeed a common aerobic mould, a finding confirmed by 
inoculating the growth into a medium which was fairly selective 
for moulds (potato dextrose agar at pH 3»5)» Strong growth 
occurred,allowing production of a pure mould culture. 

The sealant consisted of three components, namely a 
base resin, liquid plasticiser and calcium stearate. Each com
ponent was checked separately for the presence of mould spores 
by inoculating some potato dextrose agar and observing any growth. 
No mould spores were found in the base resin or stearate but a 
small spore count was found in the plasticiser. The ability of 
each component to sustain the growth of the mould was tested by 
inoculating each component separately and in mixtures with the 
pure culture. Signs of growth were found after 14 days only in 
the calcium stearate and that was rather indefinite. This means 
that growth is very slow and not necessarily that growth cannot 
be sustained on the plasticiser or resin. Since strong growth 
could not be induced in the sealant within a practical laboratory 
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time scale, a sample of sealant containing a fungicide provided 
by the manufacturers could only be tested by competition against 
growth on potato dextrose agar. Under these, possibly unfair, 
conditions the fungicide was ineffective. The following 
findings have been passed on to the manufacturers: 

Moulds grow from spores which are frequently heat 
resistant. Thus the steam-hosing procedures used at the dairy 
to control bacterial growth may not prevent mould growth, 
entirely and may even encourage it by providing moist con
ditions. The mould probably feeds on the stearate component 
but a contribution from other components cannot be ruled out. 
Mould spores arise from the plasticiser but, even if those 
were eliminated, growth could arise from airborne spores picked 
up on site, A good fungicide should be added to the sealant, 
especially if damp conditions could be encountered. Testing 
of fungicides will be best carried out by a series of long-
term practical trials. 

The section is now co-operating in an advisory capa
city during the practical trials of different fungicides and 
sealants, 

B.6,4 Service Irradiations - L,V. Windsor 

The cobalt-60 source was used for other laboratories 
in this period as follows: 
Irradiation of salts for Canterbury University 36 hrs 
Irradiation of anatase for crystal structure 
investigation for Chemistry Division, in colla
boration with Dr Whitehead 170 " 
Irradiation of seeds for Massey University 7 " 

Total: 213 " 
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C. Isotope Geochemistry - Stable Isotopes 

C.l General 

C.l.i Summary - J.R. Hulston 

Work in all aspects of the section has continued at 
a high level during this period. In the study of ore and 
rock genesis progress has been made in the analysis of field 
samples, in laboratory studies of isotope equilibrium and in 
theoretical calculation of isotope effects. Several papers 
recently published, using the work of our oxygen isotope 
laboratory have shown the value of this facility to New 
Zealand geology. In geothermal studies work is progressing in 
geothermometry and in the study of water movements. The use 
of oxygen and hydrogen isotopes in hydrological studies con
tinues to show promise in the New Zealand context. Recent 
potassium-argon dating projects include studies of the Plio-
Pleistocene volcanics of SW Auckland, the Tertiary-Cretaceous 
volcanics of Buller and Vestland and the Alpine Schists in the 
Lewis Pass - Hanmer Springs district. In addition the exten
sion of our geochronolgical work to Rb-Sr techniques moved a 
step forward with the arrival of the solid source mass spectro
meter. However progress with the clean laboratory facilities 
for this work have been slower than had been hoped* Work on 

15 
the use of enriched N in agricultural and forestry experi
ments continues. 

C.l.2 Stable Isotope Conference, August k-6, 1976 -
B.V. Robinson 

To mark twenty years research at INS in the stable 
isotope field, and in particular Dr Rafter's and other staff 
members' contribution towards the application of stable isotope 
data to the earth sciences, the mass spectrometry - isotope geo
chemistry section plans to hold an International Stable Isotope 
Conference prior to the 25th International Geological Congress 
being held in Sydney, 16-25 August 1976. The response to a 
first circular distributed in December 1975 n&s been very 



6k. 

encouraging and about fifty scientists from the USA, Canada, 
Australia, Germany, France, Italy, the United Kingdom, Holland, 
Japan, Israel and S. Africa, as well as about forty within 
New Zealand, are expected to attend. With this number it is 
possible to hold the sessions in the INS lecture theatre and 
to have many of the meals at INS. Accommodation is being 
arranged at Lower Hutt motels. 

The conference will be organised into the following 
sessions: (l) Geothermal and volcanic studies, (2) Hydrology, 
palaeoclimatology and atmospheric research, (3) Oceanography, 
(k) Ore deposits, (5) Experimental and theoretical equilibrium 
studies, (6) Petrology, and (7) Techniques, instrumentation and 
standardisation. About fifty papers are expected to be presen
ted and many of these will be published after the confer3nce as 
a DS1R special bulletin. 

C.1.3 Overseas Visit - J.R. Hulston 

In January Dr Hulston visited Australia to attend the 
ANZAAS and Australian and New Zealand Society for Mass Spectro
metry (ANZSMS) conferences in Canberra, and also to visit 
isotope laboratories in Sydney and Brisbane, and computer faci
lities in Melbourne. At the ANZAAS conference he presented a 
paper entitled "Fractionation of Stable Isotopes and its Appli
cation to Geological Problems", as part of a symposium on 
"Physics and Geology". At the ANZSMS conference he presented 
a paper entitled "Hydrogen and Oxygen Isotope Ratio Studies of 
Geothermal Waters" (with M.K. Stewart). At the business session 
of this conference the Institute was honoured by the appointment 
of Dr Hulston as Chairman of the Society for the next two years 
and by the request that the next conference be held in New 
Zealand in January 1977. 

At a meeting held subsequently it has been decided 
that the 1977 ANZSMS conference will be held in Wellington from 
25-28 January 1977. It is proposed that in addition to the 
usual papers on organic mass spectrometry and stable isotope 
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geochemistry, sessions dealing with mass spectrometry in cli
nical medicine and in trace element geochemistry will be 
included. 

C.1.4 Mass Spectrometry Instrumentation - J,R. Hulston, 
C.J. Adams and J»E,R. Penman 

During February the old deuterium-hydrogen mass 
spectrometer was taken out of service in preparation for the 
arrival of the solid source mass spectrometer. This latter 
machine, an Aldermaston Micromass-30,was delivered in April 
and was installed by Mr David Walker of V.G. Micromass Ltd, 
England. The installation was satisfactoiy, with no major 
technical problems encountered and the initial operation was 
excellent. Trial analyses of potassium, calcium, rubidium, 
strontium, barium and uranium, using single and triple filament 
ionisation techniques, were made over a three-week period and 
some careful performance and calibration measurements were made, 
including absolute sensitivity for K, Kb, Sr, Uj abundance sen
sitivity for K, Rb, Sr; EHT stability; magnet current and field 
memory unit stability; output performance of the Dj.'A digital 
voltmeter; and pump-down times for the ion pump - titanium 
sublimation pump system. In each case the machine operated 
within the manufacturer's specifications. 

A temporary computer interface was constructed to test 
the instrument and preliminary FOCAL computer programs were 
modified to handle the mass spectrometer output, and these 
indicated that satisfactory performance of strontium isotope 
ratio measurements was being obtained. Routine strontium 
analyses await the completion of new chemical preparation 
facilities. 

Consid3rable thought has been given to interfacing 
the solid source mass spectrometer and other mass spectrometers 
to the PDP-9/L computer. It is proposed that instead of inter
facing each mass spectrometer individually to the computer, the 
recently adopted IEEE (std 488-1975) Standard Digital Interface 
for Programmable Instrumentation bus system would be used. 
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This will involve the construction of a simpler bus interface 
on the computer, with a single bus cable looping from the 
computer to each mass spectrometer in turn. The interface on 
the mass spectrometer end of the bus will be slightly more compli
cated than normal but will provide a much greater degree of 
flexibility. In addition it is expected that many instruments 
such as digital voltmeters will be available with the bus 
interface in the near future. In order to make the system as 
versatile as possible a standard interface unit is being designed 
in the electronic engineering section of the Institute. 

C.2 Ore and Rock Genesis 

C.2.1 Stable Isotope Studies of Ore Deposits - B. V. 
Robinson, D.R. Pettis, L.J. Prieditis 

C.2.1.1 New England Antimony Province, Australia 

Isotopic investigations in this area were reported 
in Progress Reports 22, 23 and 2k and all the results have now 
been compiled and plotted to show the geographical trends. 

Fluid inclusions in vein quartz from three localities 
were examined and filling temperatures obtained using a heating 
stage at the Geological Survey, Small ("-20 urn) primary and 
pseudosecondary two-phase inclusions with no salt or mineral 
crystals present were observed in all samples. Filling tempe
ratures for the three localities were in the range 200 ± 10, 
190 ± 10 and 195 ± 15°C. Secondary inclusions with filling 
temperatures of 1^0 i 20 C were also observed. The open and 
vug-like nature of the veins suggests a low pressure during vein 
deposition, hence the filling temperature of the primary inclusion 
will be close to the temperature of deposition. 

A manuscript is being prepared on the isotope studies 
and origin of the mineralisation with M. Farrand, University 
of New England. 
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C.2,1.2 Prince Lyell and Cape Horn Ore Deposits, Tasmania 

For Dr M. Solomon, University of Tasmania, isotopic 
analyses of pyrite,chalcopyrite and barite were made from these 
massive sulphide deposits. Of particular interest is the co-
existence of barite and pyrite in ore samples where 6 S values 
are +28,5 and +8.6% respectively. This fractionation represents 
a temperature of about 350 0. 6 0 analyses of this barite 
average +7.2 ± 0.3% and, using the BaS0.-H_0 calibration for 
350°C (see later section), an approximate 6 0 value of +7% 
is obtained for the ore fluid, which suggests the fluid to be 
of magmatic origin (h. P. Taylor,197^)• 

C.2,1.3 Aberfoyle Tin Deposits, Tasmania 

R. Wilkins of CSIRO, North Ryde, visited the Insti
tute in January to conduct stable isotope analyses of samples 
from this deposit. Galena, sphalerite, chalcopyrite, arseno-

c34 pyrite and stannite from the veins were analysed. All the o S 
values were between -2 and +2%, The isotopic fractionation 
between sphalerite and galena pairs is 1*5 ± 0.3%, which 
indicates a temperature of formation of about k$0 C for these 
minerals. The sulphides were formed later and probably at a 
lower temperature than the cassiterite. 

C.2,1.4 Experimental Studies of Sulphur Isotope Equilibrium -
B.W. Robinson, L.J. Prieditis and D.R. Pettis 

This work has been described in Progress Report 20, 
21 and 22. Experiments to test the attainment of isotopic 
equilibrium between S07 and HS~ are being repeated at 350 C in 
sealed gold tubes. This will essentially check the previous 
results that no isotopic exchange could be induced at 300 C. 

O as 
In addition, runs have also been started at 350 C with SO. and 
HS" in k M NaCl solution. The effect of ion-pairing at high 
temperature in the salt solution may induce isotopic exchange 
to take place. 
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C.2,2 Carbon ai.d Oxygen Isotopes in Petrogenesis -
J,R. Hulston 

The value of this project, and the work which Dr P. 
Blattner has put into it in recent years, can best be judged 
by the following abstracts of papers published recently by 
scientists working at INS. 

(a) Blattner, P. and Cooper, A.F. , Carbon and oxygen isotopic 
composition of carbonatite dikes and metamorphic 
country rock of the Haast Schist terrain, New Zealand. 
Contr. Mineral and Petrol., Vol. kk, 17-27 (197*0. 
Abstract: "A lamprophyre dike swarm intruding the 
Haast Schist terrain of Southern New Zealand includes 
Ba, Sr, and REE -rich carbonatites with carbon and 
oxygen isotopic compositions quite distinct from those 
of the country rock. In the light of more recent 
literature data it is argued that the field of carbon 
and oxygen isotcpic compositions defined by Taylor ot 
al. (1967) as pertaining to "primary igneous carbo-
natites" (PIC), is still relevant. The Haast carbo
natite isotopic compositions are readily derived from 
the PIC field, if assimilation of, and isotopic exchange 
with the known country rock by the magma is allowed for. 
The Haast Schist terrain is very poor in carbonate rocks 

13 and may directly overlie oceanic crust. Hence 6 C 
values typical of lower crust or upper mantle sources 

18 are preserved in the Haast carbonatites, and only 6 0 
has been modified during intrusion." 

(b) Black, Phllippa, M., Oxygen isotope study of metamoprhic 
rocks from the Ouegoa District, New Caledonia. Contrib, 
Mineral. Petrol., Vol.47, 197-206 (197*0. 
Abstract: "48 minerals from 18 in situ metamorphic 
rocks (mostly metasediments) from the Ouegoa district 

REE Rare Earth Element 
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have been studied. Particular emphasis was placed on 
obtaining isotopic data for quartz, calcite and musco-
vite but some pyroxenes and amphiboles were also 
examined. Data for Ouegoa rocks show they have tended 
to be isotopicaliy homogenized by metamorphism and that 
the effect of increasing metamorphism is to progres
sively deplete the rocks of heavy C and 0 isotopes. 
These results indicate that during metamorphism the 
rocks isotopically exchanged through the medium of a 
widespread oxygen-carrying fluid phase. Tentatively 
assigned temperatures obtained from isotopic data for 
quartz-calcite and quartz-muscovite pairs, using the 
calibration curves of Epstein and Taylor (1967), indicate 
lawsonite in the Ouegoa schists to be stable over a 
temperature range of 250 to 400 C and epidote from ca. 
380 to at least 550 C. Temperatures for metamorphic 
zones in Ouegoa blueschists closely parallel those 
obtained for Type III and IV glaucophane-bearing rocks 
from Ward Creek, California (Taylor and Coleman, 1968). 
The measured tectonic thickness of lawsonite-bearing 
schists has been used to calculate a lithostatic pres
sure increment of 2 Kb and geothermal gradient of 20 C 
per km for the lawsonite zone* Comparison of lithos
tatic pressure increment with total pressure increment 
estimated from the stability relations of lawsonite over 
the temperature range 250-J»00°C (3.5 Kb Nitsch, 1972) 
suggest P. . , if P, ... . . . and that the pressure of 

0 0 total r lithostatic 
the fluid phase may have exceeded lithostatic pressure." 

(c) Blattner, P. and Bird, G.V., Oxygen isotope fractionation 
between quartz and K-feldspar at 600 C, Earth and Pla
netary Science Letters, 23, 21-27, (191k), 

Abstractt "Quartz and K-feldspar were grown and/or 
equilibrated in a common fluid at 600 C, and were analy
sed mass-spectrometrically as pairs. Various errors 
that could affect quartz-feldspar oxygen isotope tempe
rature calibrations that are derived from quartz-solution 
and feldspar-solution data of different studies, are 



70. 

thereby avoided. Using a range of starting materials, 
ve obtained 1CT In a (quartz-K-feldspar) = 1.8 ± 0.15, 
a value in reasonable agreement with geological data." 

(d) Blattner, P., Oxygen isotopic composition of fissure-grown 
quartz, adularia, and calcite from Broadlands geothermal 
field, New Zealand, with an appendix on quartz-K-feldspar-
calcite-muscovite oxygen isotope geothermometers. American 
Journal of Science, Vol.275, Summer, 1975, p.785-800. 
Abstractt"Oxygen isotope analyses of well developed, 
fissure-grown quartz, adularia, and calcite crystals are 
related to downhole temperatures and other data from the 
Ohaki-Broadlands geo thermal field* The bore no. BR 7 pro
file shows how oxygen isotope analyses of geothermal mine
rals provide quantitative evidence on subsurface hydrology, 
particularly with regard to zones of boiling, and on the 
past stability of a geothermal system. The lower part of 
this profile permits correlation of a temperature of 275 c 

-"" l o 3 1 » ( ( , 8 o / , 6 o ) q „ „ t z / < l 8 ° / , 6 o ) K . f e l d , p „ ) " 3-3 
Based on the constraints gained from Broadlands, on 

the 600 C quartz-K-feldspar fractionation from Blattner 
and Bird (197^), and on earlier data of 0*Neil and Taylor 
(1967,1969) and 0«Neil, Clayton,and Mayeda (1969), quartz-
feldspar, quartz-calcite, and quartz-muscovite oxygen 
isotope geotherraometers may be calibrated independently 
of isotopic analyses of solutions. The corresponding new 
equations are 

10 3 In a(quartz-K-feldspar) = 0.82 • 0.7l» 10 K" 2 

K r In <x(quartz- muscovite) • 1.30 • 1.27 10 K" 
10 3 In a(quartz-calcite) » 0.37 • 0.88 10 $JBS-28 » 9.8/fa)B« 
30.36). The constant of the quartz-calcite equation 
depends directly on the scales of reporting used for 
silicates and carbonates respectively." 
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C.2.3 Isotopic Studies of Sulphates 

C.2.3*1 Oxygen Xsotopic Fractionation Between Barium Sulphate 
and Water at High Temperatures - B.W. Robinson, D.R. 

Pettis 

Work on this project has been described in Progress 
Reports 22 and 2k, Runs with 1 M NaCl solution at 350, 300, 250 
and 180, 150 and 110 C have been completed, analysed and the 
data corrected for hydration ion effects. Oxygen isotope frac
tionation factors thus obtained by the partial equilibration 
technique for BaSO. - H„0 in 1 M NaCl solution are: 

1000 In a B a S 0 _ H 0 = 2.64(106/T2) -5.3 ±0.3 

When corrected for the hydration ion effects in solution the 
fractionation factors for pure water are; 

1000 in a B - 3.01(106/T2) -7.3 ± 0.1 

Since difficulties were experienced with the "partial 
equilibration" technique in the quartz-water and calcite-water 
systems "complete exchange" experiments have been started at 
350°C and 300°C. Below these temperatures reaction rates are 
extremely slow and make experiments impracticable. 

C.2.3.2 Isotopic Analyses of Evaporites - T,A. Rafter and 
D.R, Pettis 

Or Vatters of the Geological Survey supplied barite, 
gypsum, anhydrite and anglesite samples from a variety of geolo
gical » 
belowt 
gical environments. The 6 S and 6 0 analyses are recorded 

R. No. S a m p l e 6 3 / > S 6 1 8 0 

f»035/l Gypsum, Gault Clay, U.K. -33.3 +0.1 
/2 Gypsum, Duntroonian or Vhaingaroan, -27.1 -3.9 

S.Canterbury 
/3 Gypsum, White Island +11,8 +27.2 
/k Gypsum, Broken Hill, NSW Ore deposit, -0,k +9.5 
/5 Gypsum, Cretaceous sand, N.Z. P r e o a m D » _6.i» -2.2 
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- 2 2 . 2 +3 .2 
- 2 5 . 8 +1 .9 
- 2 3 . 5 • 3 . 2 

- +7.2 
• 4 7 . 3 • 2 3 . 4 
+39 .1 +20.0 
+27 .0 • 1 1 . 5 
+29.8 +21.1 
+19 .1 +14 .1 
+23.8 • 1 6 . 8 

4035/6 Gypsum, Vht ^kauri, N. Z. 
/7 Gypsum, Vaikao, Canterbury 
/8 Gypsum, Waikao, Canterbury 
/9 Anglesite, Broken Hill, NSW 
/l0 Barite, Permian nodule, S. Australia 
/ll Barite, Cretaceous nodule, N. Auckland 
/12 Barite vein in coal measures, Westport 
/l3 Barite concretion, Eocene, N.Z. 
/l4 Barite concretion, L.Tertiary,Hawkes Bay +19.1 
/l5 Barite vein in coal measures,Buller 

Valley 

Of particular* note are the very positive 6 S and 6 O values 
of the nodules and concretions. These reflect the formation in 
closed basins with low nutrient supply and bacterial reduction 
of sulphate. The sea-water sulphate becomes progressively 
heavier with time as more and more is reduced, and barite is 
precipitated. On the other hand, the analyses of gypsum from 
clays show low isotopic values which suggest that the gypsum was 
formed by oxidation of biogenic sulphides in the clay. 

C.2.1.3 Isotopic Composition of Sulphur in Greywackes, 
N. Island, B.W. Robinson, L.J. Prieditis and 

D.R. Pettis 

Dr V. Giggenbach, Chemistry Division, separated sulphate 
sulphur and sulphide sulphur from greywackes bordering the Taupo 
volcanic zone. The results suggest that the sulphides are 
original minerals formed from the bacterial reduction of sea-
water sulphate. Sulphate present in the rocks is formed by 

c34 oxidation of the original sulphide mineral. The average 0 S 
value of the total sulphur in the rocks is about +5$»» Dr Gig
genbach has proposed that this value is ultimately reflected in 
the H 2S of the geothermal areas following anatexis of the grey
wackes. 

C.2.3.4 Calculation of Isotope Equilibrium Constants in 
Sulphate Solutions - J.R. Hulston 

Laboratory experiments carried out in recent years have 
1S 1 fi shown that the 0/ 0 equilibrium fractionation between sulphate 
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and water at high temperatures is almost twice that calculated 
by Urey, using the molecular vibration frequencies of the S07 
ion. Some recent thought on this problem has suggested that the 
use of HSO, or H SO, molecular vibration frequencies could give 
a calculated fractionation close to that found experimentally. 
Unfortunately force constant models of HS07 and H_SO., from which 
the isotopic frequencies could be calculated, are not available 
in the literature. Work has therefore begun on the fitting of 
the available frequencies to a suitable model which can then be 
used to complete the fractionation calculations* 

C.2.U Calculation of Isotope Equilibrium Constants of 
Solids - J.R. Hulston 

The paper entitled "Calculation of sulphur isotope 
fractionation between sphalerite and galena using lattice 
dynamics" written in conjunction with Dr Margaret Elcombe (Mate
rials Science Group, AAEC, Lucas Heights) was completed during 
this period and has now been accepted for publication in Earth 
and Planetary Science Letters* In this latest version of the 
paper a new formalism of the current theory has been developed 
which enables a reasonable estimate of the accuracy of the 
calculation to be made in terms of the eigenvector magnitudes 
and the isotopic mass difference of the atom involved in the 
isotopic exchange. It is hoped that this will lead to an even 
better understanding in isotope equilibrium calculations of 
solids in the future. 

C.3 Geothermal Studies 

C.3.1 Geothermometry 

C.3.1,1 Proposed Joint N.Z.-U.S. Study of Techniques for 
Understanding Underground Conditions in Geothermal 

Systems - J.R. Hulston 

During April, Dr A, Truesdell of U.S. Geological Survey, 
Menlo Park, visited New Zealand to discuss a joint project to 
develop the further use of chemical and isotopic indicators to 
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enable a rapid and inexpensive assessment of the energy potential 
of new geothermal areas from the study of natural surface dis
charges* The work proposed will combine studies of available 
surface and drillhole discharges from two systems in each country 
(Vaiotapu and Broadlands in New Zealand and The Geysers and 
Lassen in the U.S.A.) with experimental laboratory studies of 
equilibrium and kinetic processes in chemical and isotopic 
systems. The methods developed (principally for determination 
of underground temperatures, chemical character, fluid dilution 
and re-charge characteristics) can be tested in drilled systems 
and then applied to areas of unknown geothermal potential. This 
proposal has been submitted to the N.Z. Energy Research Committee 
for assistance with additional staffing and equipment. 

C.3.1.2 Sample Analysis - M.A. Cox and J.R. Hulston 

Analysis of samples in the Deep Sea Drilling project 
13 has been completed. Several sites were investigated, the 6 C 

value of the methane indicating in all cases that it has been 
biologically produced, 

13 Samples from the Ross Sea gave a 5 C_,_0 value for 13 methane of -65 to -7k%, samples from the Red Sea gave a 6 C___ 
value for methane -6b to -70jt. Samples from the west coast of N. 

1 *i 
America gave 6 C„_.n values of -61 to -85%, samples from the 13 North Oregon continental shelf save 6 C values of -38 to -5^$>» 
The heavy values of this latter site may indicate some geo-
thermal origin for the methane. Hydrogen from the methane gave 
6 „ U A U values of -161 to -207&. The samples did not contain 
carbon dioxide, so temperature estimation was not possible. 

Further time has been spent on experimental work to 
overcome fractionation problems in the geothermal line without 
success. The use of lamps to heat the vacuum system does not 
seem to produce improved results, neither does passing the air, 
used to regenerate the copper in the oven, through liquid oxygen 
to remove water. If a water sample is left in the vacuum line 
for a long period it has been found that the portion left in the 
oven becomes heavier while the portion left in the Toepler pump 
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becomes lighter. As the samples tested are always heavier, it 
is possibly an effect from the oven* 

Bomb experiment no.8 on the production of methane has 
been completed. The bomb was filled with a mixture cT carbon 
dioxide and hydrogen and platinum asbestos was added as a 
catalyst. After kk days at 375 C methane was detected. The 1 *j 6 C p B of the carbon dioxide put into the bomb became slightly 
heavier (from -29»1 to -26,7Jt) with the loss of light carbon for 

13 the formation of the methane. The 6 C p n R value of the methane 
was -55*. 

C.3,2 Hydrogen and Oxygen Isotope Studies of 
Geothennal Waters 

C.3.2.1 Wairakei Geothermal Area - M.K. Stewart 

A study of the changes of the D/H and 0/ 0 ratios 
of the Wairakei geothermal fluid with time has been undertaken 
using samples collected in 19°3 by Messrs S.H. Wilson and 
D.C. McDonald. The results will be compared with results from 
samples collected in 1971 and 197^ t>y personnel of Chemistry 
Division. 

The 1963 samples were of steam and water separated 
at the well-head temperature and pressure. The isotopic com
positions of the downhole fluids were calculated by combining 
the steam and water & values in the correct proportions (given 
by the measured enthalpies) and the isotopic compositions of 
the fluid were found to be approximately constant over the 13 

18 wells sampled. (The average values were 6D = -k5%, 6 0 = —5.8%>,) 
In contrast, the 1971 samples showed that the geothermal fluid 

18 to the east of the production area had higher 6 0 values 
18 (6 0 = -5.2^)), while fluid on the west of the production area 

had lower 6 l 80 values )6 0 —-6.2$), The 6D values were simi
lar in 1963 and 1971. A tentative interpretation of these 
observations is that the geothermal fluid in the eastern part 
is now being drawn from a deeper source whereas the fluid on the 
western side is being re-charged by groundwater from the west. 
Further measurements of groundwater and the later (197*0 samples 
arc planned. 



76. 

C.3.2.2 Broadlands Geothermal Area - M.K. Stewart 

A study of the D/H and 0/ 0 ratios of Broadlands 
geothermal fluids, begun in 1969, has been continued with 
samples from the Vairakei laboratory of Chemistry Division and 
some new well samples collected in November 197**. A sample 
from Ohaki Pool collected in 1968, prior to drilling, had 6 
values of 6D = -35.8& and 6 0 = -1.57&. In 1969, the deep 
geothermal fluid was inferred to have 6 values of 6D = ~k0% 

18 and 6 0 = -k.5% (Giggenbach, 1972). The water in Ohaki Pool 
18 would have had to be enriched in D and 0 by evaporation in 

the unusual proportions of 1.6:1 to have originated from the 
inferred deep water. A sample collected with the downhole 
sampler from well no.7 on the east side of the Waikato River 
in 197** had 6D = -kO.5% and 6 1 O = *».18#>. This agrees quite 
well with the inferred deep geothermal fluid. 

The samples collected in November 197*1 from wells no. 
2, 17, and 18, on the western side of the river had 6 values 

18 of approximately 6D = -k5% and 6 0 = -U,5%>. These were total 
condensates from wells with low rates of flow. The samples 
had chloride contents which were similar to the corrected down-
hole chloride values of other Broadlands wells. The apparent 
change in the 6D values from -kO to -k5%> is intriguing and pos
sibly results from re-charge by groundwater (6D = -k5%>) into 
the wells in the area on the west of the Waikato River. It is 
hoped to continue this study by analysing samples collected 
with the downhole sampler on both sides of the river in the 
future. 

C.3.2.3 Overseas Samples 

C.3,2,3.1 Papua-New Guinea - J.R. Hulston and M.A. Cox 

The results to date ±rom this area were discussed 
with Dr David Green (University of Brisbane) and Mr Ian Crick 
(Australian Bureau of Mineral Resources) in Canberra in January 
and it was decided to collect a further series of hot spring 
waters for chemical and isotopic analyses. These measurements 
have now been completed and show a very good correlation 
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18 between the 6D (and 6 0) value and the logarithm of the chloride 
content as was found previously at White Island, New Zealand. 
The D/0-18 ratio is however much higher in the Rabaul area and 
the reasons for this are currently under discussion* 

0,3.2.3.2 Indonesia - M.K, Stewart, M.A, Cox 

A further series of samples from Kamojang, Ci Solak 
and Darajak, collected by Mr A, Mahon as part of the N.Z. Geo-
thermal Aid Program have now been analysed. The results fit 
well with previous samples* Downhole samples from wells 
drilled recently show the presence of local meteoric water. 

C,3.2.4 Experimental Studies of Salt Effects on Isotopic 
Activity Ratios - M.K, Stewart 

1 ft "\f\ 
The D/H and 0/ o activity ratios of water are 

changed by addition of salts and consequently the equilibrium 
isotopic fractionations between solutions and water vapour or 
solutions and deposited minerals are dependent on the salts in 
solution. Knowledge of these activity ratios is therefore 
essential for the use of the stable hydrogen and oxygen isotopes 
in studies of concentrated hydrothermal solutions in geothermal 
systems and ore deposits. It is proposed initially to measure 

l ft 'i ft the o/ 0 and D/H isotopic ratios of solutions of common salts 
in the temperature range 0° - 100 C from which the activity 
ratios can be derived. 

C.3,3 Sulphur Isotope Studies of White Island - B,W, 
Robinson, D.R, Pettis, L,J, Prieditis 

Further samples collected on the 28 February 1974 and 
29 August 197^ and mainly representing the ES from eleven 
fumaroles were analysed. Over half of he the fumaroles collec-
ted in February 197^ have much higher 6 S values (up to +9.9#) 
than measured previously. By August however the 6 S values 
were down to a maximum of +7»5^ compared to the previously 
measured maximum of +5»5ft>« The high values correspond to a low 
temperature period of fumarolic activity and probably reflect 
tho loss of isotopically light elemental sulphur by condensation 
before the point of sampling. 
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C.3.4 Isotopic Analyses of Sulphates from Philippino Waters 
B.W. Robinson, D.R. Pettis and L.J. Prieditis 

A set of water samples collected by R.B. Glover of 
Chemistry Division were analysed for oxygen and deuterium 
(see Progress Report 2k), Sufficient sulphate for analysis 
was found in the following samples: 

R. Xo. S a m p 1 e 63*S * , 8°so; 
*18„ 
6 °H 20 

4825/4 Well 3 — •14.5 -6.5 
11 Bao River Hot Spring - + 8.2 -2.2 
/8 Paril Hot Spring - - 0.5 -1.2 
/ " Lower Paril Stream - + 6.2 -6.8 
/12 Bao River - •10.3 -7.0 
/u Malitboy Creek +7.5 • 6.2 -6.6 
/19 Baslay Hot Spring +26. k +14.6 -6.9 
/22 St Miguel Bacong Well - •U.3 -6.1 
/2k Cambucal Hot Spring •19.0 • 9.2 -4.2 
/25 Ilijan Hot Spring - • k.k -7.4 
/26 Tall, main crater +9.8 +12.3 +2.7 

In the hot spring ; amples there is a large and variable oxygen 
isotopic fractionation (10.4 to 21.5&) between sulphate and water. 
This would represent equilibrium sulphate temperatures of between 
180 and 60°C, 

C.3.5 Oxygen Isotope Studies of the Geothermal System 
at Wairakei - R.N. Clayton (University of 
Chicago) and A. Steiner (NZ Geol. Survey) 

This work, which was begun by Dr Clayton when he spent 
a period at INS in 1965 setting up the BrF_ oxygen isotope ex
traction system, has now been published in Geochimica et Cosmo-
chimica Acta, Vol 39, PP 1179-86, 1975. The conclusions from 
this work arc as follows: Volcanic rocks in the Wairakei geo
thermal field have undergone extensive oxygen isotope exchange 

18 with the thermal waters, resulting in an 0 depletion averaging 
about k%, A lower limit on the ratio of the mass of water to 
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rock in the exchange system is *t,3, at least ten times greater 
than the corresponding figure for the Salton Sea geothermal 
system. Carbonates, present as alteration products in most 
samples, are found to be in equilibrium with waters at present-
day temperatures in some wells, and to record higher "fossil" 
temperatures in others* Quartz phenocrysts and xenocrysts 
remain unexchanged, and only new hydrothermal quartz is in 
isotopic equilibrium with geothermal solutions* 

C,k Studies of the Hydrological Cycle 

C.4.1 Deuterium-Hydrogen Ratio Measurements - M.K. Stewart, 
M.A. Cox, J*R. Hulston 

C,l»,l,l General 

The Micromass 602C mass spectrometer was attached to 
the PDP-9/L computer in January and a FOCAL program was written 
to control the operation of the mass spectrometer. This system, 
based on the system developed for the old D/H machine, has 
operated very well and has helped both in saving operator time 
and in alleviating problems with the mass spectrometer* 

nne problem has been occasional failure of one of the 
changeover valves to close properly, thus allowing the sample 
and reference gases to mix before entering the tube. This has 
been temporarily overcome by recording the sizes of the major 
peaks along with the isotope ratios; if the peak current 
increases, non-closure of a valve is indicated and the particular 
ratio is rejected by the computer. The accompanying good data 
can still be used* Another elusive problem has been changes in 
calibration of the chart recorder* Several operational ampli
fiers have had to be replaced. Daily checks are at present 
being carried out to test the calibration* 

Measurements of several standards and machine correc
tion factors have been made to standardise the D/H results 
obtained on the mass spectrometer* Valve mixing is very small 
(less than 0,1#, provided that the changeover valves close 
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properly) and no correction factors were found to be necessary 
for the machine. Values obtained for INS-6 (Hutt Valley tap 
water) and INS-4 (Antarctic snow) were 5D = -36.01 ± 0.20J4 and 
6D = -255.4 ± 1,0^ respectively with respect to IAEA SM0¥. 
(Previous measurements of these standards were 6D = -36,0 ± 0,5% 
and 6D = -255.7 ± 2,154 (Feb.,1972) although lately INS-6 has 
been taken as 6D = -35*0/4, ) Deuterium/hydrogen ratio measure
ments of approximately 200 samples were completed. In addition 
some help was given to members of Waikato University when their 
new Micromass 602C arrived, in the form of D/H analyses of 
samples and standards, 

C.4,1.2 Survey of Deuterium in New Zealand Rivers - M.A, Cox 

Measurements of deuterium concentrations in rivers 
throughout New Zealand have been completed and a report on the 
results has been started. It is hoped that this will be comple
ted within the next six months. 

C./4.2 0xygen-l8/0xygen-l6 Ratio Measurements in Water -
M,K, Stewart, M.A. Cox 

The CO.-H 0 equilibration system was moved to its new 
position in Block B during February and has operated well since 
then. Raising the level of the water in the bath has improved 
the reproducibility of the results. Approximately 220 samples 
and 100 standards have been processed since the move, including 
hydrological samples from Nelson, Marlborough and Christchurch 
areas and geothermal samples from New Zealand and overseas, 

C.4.3 Hydrologic Study of Mt Tongariro - M.K, Stewart 

A study of the hydrology of the Mt Tongariro area has 
been started in conjunction with Dr V, Giggenbach of Chemistry 

1ft 1 f% Division, The D/H and 0/ 0 ratios and chemical compositions 
of the waters will be used to investigate the interrelations 
between fumaroles (at Ketetahi and Red Crater), hot and cold 
springs, lakes and streams on the mountain. The first set of 
samples were collected in late summer (March 1975) a n d additional 
samples will be collected in late winter (September), Analyses 
of the first set of samples are proceeding. 



81. 

C.5 Geochronology - C.J. Adams 

General 

This period saw the arrival of the Micromass-30 solid-
source mass spectrometer from England and a start was made on 
modifications to existing offices at INS for chemical facilities 
associated with this equipment. Before making a major committment 
to the Rb-Sr dating project, some equipment modifications were 
made for the K-Ar dating equipment and age determinations were 
completed on some urgent samples. 

C.5.1 Potasslum-Argon Dating Projects 

(1) Age of Plio-Pleistocene Volcanoes, SV Auckland -
in co-operation with Mr D. Robertson, Dept of 
Geology, University of Auckland 

Total rock age determinations of twenty basaltic horizons 
in the SV Auckland volcanic field were completed and formed a close 
group in the range 3.0-1.0 million years (uppermost Pliocene -
Lower Pleistocene) and complement the. existing age measurements 
done by J.J. Stipp at the Australian National University, several 
years ago* Mr Robertson is now engaged in detailed palaeomagnetic 
studies of these dated rock samples. 

(2) Tertiary-Cretaceous Volcanics, Buller and Westland -
in co-operation with Mr S, Nathan, N.Z. Geological 
Survey, Rotorua 

As part of regional mapping of the lower Buller Gorge 
region and stratigraphic re-investigations of Tertiary rocks in 
Vestland, Mr Nathan (NZGS) has collected several volcanic and minor 
plutonic igneous rocks for age determinations to clarify two 
problems, (l) The age of sedimentation of the Hawks Crag breccia, 
which is bracketed by the emplacement of the older Berlins Por
phyry, now dated at about 105 m.y., and the younger cross-cutting 
lamprophyre dykes, now dated at about 70-75 m.y. The age for the 
Hawks Crag breccia therefore falls in the range middle to upper 



aa -

Cretaceous which is in agreement with the tentative palynological 
evidence. (2) Volcanism in the uppermost Cretaceous - lower 
Tertiary rocks of Westland. K-Ar ages of these lavas and minor 
intrusions could have useful time-scale significance; however 
ten determinations have consistently yielded younger ages, about 
30-50 m.y., than anticipated, i.e., 65-75 m.y. At this preli
minary stage the ages form a rough grouping at J»5_5° m.y. which 
cannot be related to the age of the igneous event but alternatively 
might date a period of deep burial during which the rocks were 
heated and lost their accumulated radiogenic argon. Work on this 
topic is continuing. 

(3) Age of the Alpine Schists - Lewis Pass - Hanmer 
Springs Traverse - with R. Burden and Dr G. 
Bird (Victoria University, Wellington) 

This new traverse extends the K-Ar dating study of 
Mr D. Sheppard (see Progress Report No.2l) into an area of the 
Alpine Schists and Torlesse Group of considerably lower meta-
morphic grade, i.e., prehnite-pumpellyite, than previously 
attempted. Samples were collected by Dr Bird and Mr Burden in 
the Hanmer district during March and Mr Burden has completed all 
the potassium analyses during May and June, 

C.5,2 Argon Analysis - (with J.E.R. Penman) 

The argon analytical tquipment was operated throughout 
January and February and 55 analyses were done. 

In March, the vacuum system was partly dismantled and 
Mr A, Jalil made several important modifications to the equipmentj-

(1) The high vacuum line was re-designed and extended 
to incorpoi^ate the AEI-MS10 mass spectrometer. The diffusion, the 
ion, and the titanium sublimation pumps can now be used to pump 
the extraction system and/or MS10 in any combination. (2) The 
asbestos-board table top was replaced and a new, smaller high-
temperature oven constructed. (3) The rotary pump roughing vacuum 
line was completely replaced and very much simplified, (h) A new, 
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60 cm flexible high-current RF heating coil cable was made to 
operate with a longer, horizontal pyrex furnace tube. 

A short period was spent testing the vacuum line, ba
king out the new vacuum components and checking the performance 
of the mass spectrometer. The installation of the new argon 
extraction system and mass spectrometer is now 'essentially com
plete and provides a simple and rapid analytical system. In 
June several air calibration measurements and rock argon extrac
tions indicated that the extraction procedure can be done in 15 
minutes, gas purification in 25 minutes and immediate argon mass 
spectrometric analysis in 20 minutes* It should be possible to 
complete three argon analyses per day. Some preliminary measu
rements of atmospheric argon show that the gas clean-up procedures 
for all chemically active contaminants are far more efficient than 
previously supposed. The argon samples contain less than 2-5% 
total contaminants, excluding methane, which in certain cases 
(sedimentary rocks) may contribute 2-10#. The sensitivity of 
the mass spectrometer for atmospheric argon is about 6 x 10 
amp/torr (electron voltage 70 V,trap current 5*> pA> ion repeller 
+1 V, collector slit 0.01 in) and Ar/"5 Ar ratios of 297 ± 1.5 
have been consistently obtained which compare favourably with 
the accepted value of 295»5» 

The MS10 mass spectrometer should release the Reynolds-
type instrument from routine K-Ar work and it is hoped to use 
the latter in general rare gas analysis in geothermal borehole 
studies and other geological problems. 

C.5,3 Potassium Analysis - (with W,J. Mason) 

Routine potassium measurements have continued at a 
very high level, 325 analyses being finished in the period, Mr W # 

Mason took over a substantial portion of the analytical work on 
a part-time basis during the period March-June and concentrated 
on large collections of South Island and Antarctic rocks. At 
the same ti<ne he has modified the existing potassium analysis 
BASIC computer programs to provide more concise output. 
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The ion-exchange columns have been re-designed to 
utilise "screw-type" rather than "Quickfit" pyrex fittings and 
the capillary outlet tubes have been removed. This has resulted 
in a more robust design which can be easily repaired or replaced* 

The "stripping" or "washing" of the ion-exchange 
columns in 3.5-** M HCl has always been a slow process involving 
special acid reservoirs, connecting pipes, etc*, and the proce
dure has now been greatly simplified by washing the resin in 
bulk in a large sintered glass Buchner funnel which is con
tinuously flushed at high flow rates with 3*5 HCl and then 
distilled water. The original 12-hour procedure is thus reduced 
to 15 minutes. Immediately afterwards the resin is re-expanded 
in water in the funnel and thus the backwashing expanding pro
cedure (l hour) is not required, 

C,5»^ Computer Programming 

BASIC computer programs are being re-written for all 
the K-Ar age calculations to allow for the new on-line MSIO 
argon data, K-Ar ages can now be calculated immediately the mass 
spectrometer readings are available, 

BASIC computer programs were also written to calculate 
Ar spike volumes for spike numbers 1-1000 and orifice correc

tion factors for argon mass ratios under typical MSIO conditions, 

C.5.3 Potassium Ion-Responsive Electrode for Potassium 
Analysis - W,J, Mason 

Oversc -», specific ion electrodes for potassium have 
been developed rapidly over the last few years and their geo-
chemical application could become important, Geochemical 
analyses using commercially available K and Na sensitive 
electrodes have already been published, A literature search on 
this subject has been made and it is planned to try some preli
minary experiments to explore the feasibility of the method in 
the K-Ar dating context. 
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C.5.b Rubidium-Strontium Dating Projects 

Throughout this period, two papers concerning Rb-Sr 
age data in Westland approached completion and a short version 
of these was presented at the N,Z. Geochemical Group Conference 
at Te Anau in May. Dating work on the Greenland Group sediments 
is now completed and the final paper has been submitted to Earth 
and Planetary Science Letters* 

Until now Rb-Sr dating of the Precambrian Constant 
Gneiss has been confined to the coastal outcrops near the 
village of Charleston, south of Vestport. However, 8 km inland, 
in the Paparoa Range, are large outcrops of the Constant Gneiss 
that are geologically simpler than those of the Charleston area. 
Since this area is very inaccessible, the opportunity was taken 
to utilise helicopter time kindly made available by Dr M. Laird 
and S. Nathan of the N.Z, Geological Survey, who are completing 
regional mapping in the Paparoa Range. Fifty samples of a wide 
variety of rock types were collected in a few hours from the 
main summit ridge and some additional similar samples were 
collected from road and stream outcrops in the district. 

C.5.7 Rubidium-Strontium Chemical Analysis 

Work has begun on modification of two existing offices 
in Block B for Rb-Sr reagent preparation and rock digestion, but 
no analytical work will be possible until later this year. Most 
of the miscellaneous laboratory equipment has now been purchased 
and plans are being drawn up for minor laboratory equipment such 
as ion-exchange column cabinets, filament vacuum degasser, etc. 
Several new versions of plastic (polyethyleno) ion-exchange 
columns using "Swagelock" plastic plumbing fittings are being 
tried on the potassium analysis project with their possible use 
in Rb-Sr work in mind, 

C,5,8 Mineral Separation - D, Nicholson 

Work for several projects was completed, including? 
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(a) Total rock, biotite, Muscovite and plagioclase preparation 
for samples, Haast Schists; Haast-Pass, Vanaka and Queens-
town districts. 

(b) Complex sulphide separation from Coromandel (Maratoto) 
ore samples (3 samples). 

(c) Baryte separations from South Canterbury loess (2 samples). 
(d) Prepared four Kaimai Tunnel total rock samples for analysis. 

C.6 Research in Other Fields 

C.6.1 The Isotopic Composition of Sulphur in Soils -
T.A. Rafter, D.R. Pettis, L.J. Prieditis 

Further samples of sulphate from the Awarua clay and 
Whatoro clay have been analysed. Both show enrichment in 0-18 

Til but 6 S values are around +18 to +20% and similar to other 
soils analysed. 

C.6.2 The Isotopic Composition of Sulphate in Rain
water - T.A. Rafter, D.R. Pettis, L.T. Prieditis 

Sampling of Gracefield rainwater recommenced in 
January 1975 and when sufficient is available rainwater is also 

3k obtained from the Kaitoke sampling station. The 6 S values of 
Gracefield rain during this period varied from 10.3 to 13.6% 
and are depleted in S-3k with respect to sea-water sulphate. It 
was suggested that this depletion was due to the presence of 
sulphate from industrial S0„ oxidation which has low 0 S 
values. However the Kaitoke rain was measured in April and 
has a value of +12.9% which is similarly depleted but close to 
the average value for Kaitoke rain in the past. Previous 
analyses of Gracefield rain have been very variable,presumably 
reflecting varying amounts of industrial S02« 

C.6.3 Nitrogen Isotopes in Forestry and Agriculture -
B.W. Robinson, D.R. Pettis and L.J. Prieditis 

C.6.3.1 N-15 Enriched Fertiliser Studies on Pumice Soils 
The soils and site productivity section of the Forestry 



87-

Research Institute, Rotorua have started a tracer study using 
N-15 enriched urea to test the movement of fertiliser nitrogen 
through pumice soils within pinus radiata grown upon thea. 

It is desirable also to determine the breakdown pro
ducts of urea fertiliser and their individual movement through 
the soil. A test site over a special lysimeter was chosen and 
2 kg N-15 enriched (5 atom 56 excess) urea was applied to 25 v?-
area and watered in, whilst being protected from heavy rainfall. 
Samples of litter, soil and foliage, before the application and 
four weeks after, were taken. The results are shown below: 

Atom Jt excess N 
Sample Before application After application 

Foliage 0.0030 + 0.0001 0.027 ± 0.003 
Litter 0.0083 ± 0.0002 0.9^2 ± 0.05 
Soil 0.0054 ± 0.0001 0.090 ± 0.003 

The enrichment in the foliage of 30 ft pine trees 
demonstrates the mobility of nitrogen in these systems. In the 
winter water flows from the lysimeter and will be collected and 
analysed for total nitrogen and N-15 enrichment. 

C.6.3.2 Nitrogen Fixation in Established Pastures 

Mr D.C. Edmeades of Lincoln College is working on this 
project and recently analysed about one hundred and fifty further 
samples. The samples are from a trial laid out at Darfield to 
investigate the rate of nitrogen fixation in four established 
pastures of varying age and nitrogen status on the same soil 
type (Templeton soil loam) and under similar management systems. 

Five plots, each of 1 m 2, in a randomised complete 
block design represented each pasture. Nitrogen-15 enriched 
(28#) NaN0 3 was applied at the rate of 3-6 kg N/ha/g to 0.2 m 2 

strips of each plot. Dry matter yield, # clover, # nitrogen 
and N-15 enrichemtn of the grass and clover herbage was measured 
at various times. The results are shown below1 
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Pasture Age Soil Nitrogen D.M.Y % Clover N-fixed 
(yrs) kg/ha/0-20 cm g/m2 g N/m2 

JJ 25 637*» 107.3 15-8 1.7 ± o.k 
M 16 5907 139.6 25. k 3.8 ± 1.8 
MM 9 5617 109.2 50.0 5-*» ± 0.7 
K 2 6013 172.9 39.3 6.6 ± 3.0 

The rate of nitrogen fixation by the clover is inversely 
proportional to the age of the pasture. The D.M.Y. and % clover 
show the interaction of the age of the pasture and the nitrogen 
status of the soil. The older the pasture and the higher the 
nitrogen status the less D.M.Y. and % clover. 

The results demonstrate that the N-15 technique can be 
used successfully in field experiments to measure symbiotic 
nitrogen fixation. 

C.6.4 Oxygen Isotopic Composition of Oxides - B.V. Robinson 
and D.R. Pettis 

By varying the condition used on the sulphate-graphite 
reduction line it is possible to reduce oxide samples by graphite 

18 and obtain reproducible 6 0 results as reported by Clayton and 
Epstein in 1958. We have been able to analyse both cupric and 
cuprous oxide and hematite samples. However the method does 
not appear to be applicable for manganese dioxide since manga
nese is lost from the reaction boat above about 800 C and con
denses on the cold walls of the reaction vessel. Here it acts 
as a getter for the gases produced and only 8O-8596 yields of C0 2 

could be obtained from this oxide. 

C.6.5 Carbon Isotopic Composition of Corals - M.A. Cox 
J.R. Hulston 

Several samples of a soft coral were studied in 
conjunction with Dr J. Coll, Queensland, who is looking at 

13 the interaction of algal and animal cells. 6 C values were 
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measured on the plant (-15.6%), animal (-8.8%) and total cells 
(-11.2%) and on the spicules (l.5#>) and lipid (-16.2%) fraction. 
The spicules were reacted with 100 % phosphoric acid and the 
remainder of the samples burnt at 85O C in a stream of oxygen 
to produce C0 ? gas for mass spectrometry. The value for the 
total animal was close to that for the animal cells, indicating 
a predominance of animal over plant tissue. The lipid fraction 
gave almost exactly the same value as the plant tissue. The 
spicules gave a value of +1.$% w.r.t. PDB, normal for sea-water 
carbonate. 

L 
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D. Radioactive Dating and Fallout 

D.l General 

The arrival of a new (.over supply enabled us to re
start tritium enrichment. Improved results have been obtained 
with the aid of an all-metal cell design which provides a 
greater electrode surface. Evaluations of alternative C-14 
enrichment and detection methods have been extended. Fallout 
measurements are being extended to include plutonium. 

A satisfactory inverter for a no-break power supply 
unit (500 watt) has been made, which will enable one of the 
C-l'* counting systems to remain in operation through any power 
breaks. 

D.l.l Enrichment and Non-radioactive Detection of C-Hi 
H.S. Jansen 

Further evaluation of the thermal diffusion method 
of enrichment has made it quite clear that, while a system can 
be installed for about $1000, an installation for routine 
measurements would cost in excess of $5000 with about three man-
years construction work. Even then, reported performance of ther 
mal diffusion tends to be uneven with a scatter of more than 10$. 
For this reason this subsection has been extended to include 
means of C-lU enrichment other than thermal, and to methods of 
detection other than counting. This is reflected in the shor
tened title of this section. 

An early form of gas-liquid chromatography has never 
been adequately tried for C-14 enrichment. In this method the 
carbon is converted to HCN and KCN, and the HCN gas passes up
wards through the KCN solution. Modification of this method, 
to improve the separation efficiency,could be the increased use 
of surface effects in the KCN column. 

A laser technique of enrichment is being developed 
overseas. By the use of a laser beam one of the isotopes of 
carbon can be preferentially excited and in such a state it can 
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be separated from the other isotopes of carbon present. In view 
of the cost of lasers it may be batter to await the publication 
of results from groups at present working on this. 

The only C-14 detection method not involving radio
active counting is the mass spectrometric approach of Dr Anbar 
at Stamford University. Since the early announcements of 1972 
little promising news has been heard of this development. 

D.2 Carbon-lU Dating and Carbon-lfr Variations 
H.S. Jansen, D.R. Currie, >i.K. Burr, R.C. 
McGill, N.K. Wood and M. Shirer 

D.2.1 Sample Processing 

During the period 146 samples were processed, 50 f o r 

counter A (20 litres C0_), k6 for counter B (5.5 litres C0_), 
^8 for counter C (12.5 litres C0 2), one for counter D (100 cc 
CH.) and one series of 21 Lake Vanda water samples processed 

13 for 6 C values only. These samples may be classified as 
follows: 
N.Z. Geological Survey, D.S.I.R. 6k 
Soil Bureau, D.S.I.R. 17 
N.Z. Oceanographic Institute, D.S.I.R. 1 
Antarctic Division, D.S.I.R. 2 
N.Z. Archaeological Association Ik 
University of Auckland 6 
Overseas laboratories 8 
Institute of Nuclear Sciences: 

Sea waters, Makara 3 
Standards 5 
Air sampled: Makara 7 

Campbell Island 11 
Antarctica k 
Tarawa k _ 

26 

D.2.2 Carbon-14 Concentration in Soils and Soil 
Fractions 

The remainder of these samples was completed during 
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the period and the results reported to contributors. In these 
samples an attempt is being made to study the pathway of carbon 
fixation in soil. 

D.2.3 The Chemical Processing of Bone for 
Carbon-ll* Determinations 

We are at present looking at both Kjeldahl determina
tions for total nitrogen in bone and an amino acid determination 
(Dr R.J. Weston, Chemistry Division) before processing the 
sample for C-l*» measurement. A correlation may exist between 
the age of a fossil bone and its protein content. We also 
intend to use our own accelerator facility to determine nitrogen 
and carbon concentrations in the bone as a guide to the amount 
of sample required before processing. 

D.2.4 Carbon-lit in Oceanographic Studies 

We are at present investigating the design of a new 
deep ocean water sampler along the lines of that described by 
A.V. Young et al. (19&9). 

D.2.5 Carbon-1^ Secular Variations, Standards ind 
Data Processing - H.S. Jansen 

Work on tlata processing has continued and is expected 
to be completed by the end of this year. 

Wood samples have been selected and ground to extend 
the study of solvent-carbon retention and exchange. 

D.2.6 C-U* Counting Equipment 

The main counting load is still being carried by the 
three proportional CO -counters, with the 100 cc methane counter 
still suffering from teething problems when under four atmos
pheres of pressure. The liquid scintillation system is still 
being plagued with electronic troubles. 
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D.2.6.1 Gas-counting Gas Thermometer and Filling System 
Counter A - M.K. Burr 

The glass counter filling system which has been in use 
now for nearly twenty years is in need of re-building. Over this 
period of time various deposits (grease, material from gauge 
heads, etc.) have been deposited inside the glassware making 
pumping a long and tedious job on occasions. This is particu
larly noticeable when any traces of water vapour happen to be 
introduced into the line. 

In addition grease in thn manometer tubes can cause 
a sluggish response or incorrect reading of filling pressure. 
Several times in recent years sections of glassware in the gas 
thermometer have had to be renewed, sometimes resulting in a 
change in calibration, necessitating in turn the running of 
extra modern and background standards. Again most of this 
trouble has been caused by grease in the manometer tubes, but 
in addition over the years the mercury hae become very dirty and 
will have to be purified before it is used again. 

D.2.6.2 Carbon Dioxide Counters A and C - M.K. Burr 

"A" System. Both the electronics and counter of this 
system continued to operate reliably, with no loss of counting 
time due to equipment failure. An extremely slow change in gain 
in amplifier no. 2, which could only be detected by comparing 
the distribution of coincidence counts over the past two years, 
was found to be due to a plate-load resistor which over that 
time had decreased to half its normal value. Replacing this 
component restored the distribution of counts to normal. 

A sudden change in the cross point in both a standard 
and a new sample was found to be due to a faulty stabiliser 
tube in the discriminator bias line. 

"C" System. This system also has operated reliably 
during the period under review, resulting in no lost counting 
time. 
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D.2.6.3 Carbon Dioxide Counter B - D.R. Currie 

During the review period counting has proceeded satis
factorily. 

D.2.6.J* Development of Small C-14 (Currie) Counter -
D.R. Currie 

The ring has been wired but, at time of writing, the 
counter is not operational due to lack of suitable filling 
arrangements. It is estimated that it should be operating in 
about a month. 

D.2-7 Methane C-l*» (Fairhall) Counters - D.R. Currie 

D.2.7.I Four-atmosphere-100 ml Methane (Fairhall) Counter 

Modification of the vacuum system by the workshop was 
undertaken during the review period and, due to a long delay in 
obtaining replacements for a faulty valve and faulty Swagelok 
unions, it has been impossible to operate this counter, at the 
time of writing. 

D.2.7.2 One-litre Methane (Fairhall) Counter 

Efforts are being made to obtain a new quartz tube. 
No tube of this diameter is available locally. 

D.2.7.3 Liquid Scintillation Counter E 

Some improvements have been made in the electronics 
of this counter but there is still "cross-talkw between the 
windows. 

D.2.8 Geological Sample Contamination Investigatfon -
D.R. Currie 

A resin column has been used to concentrate organic 
materials from local stream waters. When the method used for 
extraction and estimation is considered satisfactory, then 
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absorption b> ground-up dating materials such as wood, charcoal, 
etc., will be investigated. 

D.2.9 Stand-by Inverter to Run Equipment - D.R. Currie 

A 5 0 0 watt inverter with several no-break power 
supply protective cut-out circuits has been constructed and 
tested. The operation is extremely satisfactory and reliable 
and several units have been run from this supply, but a filter 
to convert the square wave output into a sine-wave will be 
constructed before the inverter goes into use. The inverter 
will be used to run the methane counting equipment when complete. 

For the original problem of running the data-logger 
with an inverter it is now considered that the present Teletype 
should be replaced with a cheap, dedicated model which will 
require less power to start and run. A suitable replacement 
is being examined. The use of this equipment will also cure 
the present problem of having day-time data collection inter
rupted by people working the Hewlett-Packard terminal. 

D. 3 Tritium in Environmental Waters - A. A. Gugelmann 
and H.C. Andersen 

D.3»l Generai 

Mrs V.I. Cross resigned and part of her work, the 
oxygen-18 preparations, was taken over by Dr M.K. Stewart. 
Mr L.J. Prieditis changed to the mass spectrometry laboratory, 
after eight years of service in the tritium laboratory. I 
thank them for their efforts. Mrs H.C. Andersen is now intro
duced to her new task. 

D.3.2 Tritium Counting 

In January 1975 a new stage-I power supply arrived 
and partial operation of the electrolysis could be started. 
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As expected, the system showed inadequate performance below 
approximately 1 TU. Water that measured in the past frequently 
about 0.5 TU (TM1(A)), yielded 2.6 TU. The problem had arisen 
also in the past with similar values in 1970 and 1972. As the 
emphasis in the future will involve to a large extent geother
mal samples, showing generally low values, a new system had to 
be designed. The design criteria were as follows: 

Lowest detection limit: 0.1 TU for a portion of the samples 
(up to 20%); 
Reduced labour to operate with the reduced staff allocation; 
Minimum enrichment factor to avoid contamination problems. 

Two procedures for electrolytic enrichment have now been inves
tigated: 

(a) A batch process, extending the traditional 10 to 20-
fold volume reduction up to possibly 80-fold. 

(b) Continuous feeding on the principle of communicating 
vessels. 

The first experiments were undertaken with tne present 
stage-2 cells, starting with decreasing electrolyte concen
trations. As previous experience has shown, corrosion sets in 
if the current is held constant. The cause may be the resulting 
higher temperature or the necessary higher voltage. 

In a second experiment the power supply was adjusted 
to hold k V, operating consequently also at a lower current. 
Under these conditions no corrosion occurred. Consequently an 
all-metal cell was designed to offer increased electrode surface 
and better cooling characteristics. A 63-fold volume reduction 
was achieved in the first run without corrosion. 

The experiments now concentrate on the determination 
of an optimum operating procedure for a high enrichment factor. 

D.3.3 Tritium in Hydrological Studies 

The investigation in the Nelson area is progressing 
now to the stage when mathematical modelling can be planned. 
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Therefore the study is now pursued jointly vith Dr I.G. Donaldson 
from PEL. As the isotopic results are not yet covering a full 
hydrological cycle no definite conclusions can be reached. 

D.k Radioactive Fallout - W.J. Mason 

During this period no bombs were detonated by the 
French and the last of the short-lived isotopes were detected 
in the December 197*1 rain sample (processed in January). 

We participated in an interlaboratory calibration 
arranged by the IAEA Oceanographic Laboratory at Monaco. 

It had been decided (since the French have gone under
ground with their tests) to cut down the number of samples 
analysed to one every three months for rains and one approxi
mately every six months for sea water. Plutonium will be added 
to the isotopes analysed. Sensitive methods have been found 
which will be tested on the arrival of plutonium standards from 
Amersham, England. 

Another possible small project is to test soils (pro
bably every three months) to check up on how quickly the 
strontium activity is disappearing with no more atmospheric 
French tests and the residual activity from the early 1960-s 
USA and USSR shots very much diminished. 

A small amount of time was spent testing to see if 
f»(2-pyridylaso)resorcinol (P.A.R.) could be used quantitatively 
with a spectrophotometer to measure the rare earths. It is 
already used as a qualitative test. However it was found that 
even though the peak of the rare earth complex is 100 \xm higher 
than the uncomplexed compound, the P.A.R. gave considerable 
absorption at the rare earths' wavelengths. 

Results for radionuclides in rain water and coastal 
waters are given in tables 1 and 2. 
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D.5 Dating by Electron-spin Resonance - N.E. Whitehead 

No work was done on this subject during the period. 

D.6 Sediment Dating - W.J. McCabe, R.G. Ditchburn 

Work has been suspended on the Lake Pukaki cores in 
order to complete the development of the chemistry necessary 
for the U-Pa-Th dating technique. However, following an 
inquiry from the New Zealand Oceanographic Institute, W3 for
warded the fission product analysis results on the partially 
completed core. The remaining cores should be completed in the 
next six months. 

L 



TABLE l-fMOIONUCLIOfS jN RAIN tfATCR - December 1974 - June 1975 

Station • Cracafiald, Lower Hutt. E 174°SS« S 41°14» Stainless Steal Collector 30.S cm dieneter 

Sampling 
poriod 

2 . 1 2 . 7 4 
t o 

1 . 1 . 7 5 

Rainfall 
on. 

1 . 6 5 

Ce-137 
TJ « 30y, 

1 Sr-90 
• 28y. 

Pm-147 
2.6Sy. 

0 . 7 7 

4 . 6 3 

Ca-144 
284d. 

Y-91 
59d. 

Pr-143 
13.7d. 

aa-140 
12.Bd. 

0 . 0 1 4 

0 . 8 6 

Nd-14? 
11.Id. , 1 4 0 / c 90 3a 4 /Sr r 137 ,„ 90 i Cs / s r 

Sampling 
poriod 

2 . 1 2 . 7 4 
t o 

1 . 1 . 7 5 

Rainfall 
on. 

1 . 6 5 

9 

me/km 

p c / l 

0.010 

0 .62 

0 . 0 1 0 

0 . 6 3 

Pm-147 
2.6Sy. 

0 . 7 7 

4 . 6 3 

0 . 1 6 

9 . 9 0 

0 . 3 3 

518 

0 . 0 2 4 

1 . 4 7 

aa-140 
12.Bd. 

0 . 0 1 4 

0 . 8 6 

0 . 0 0 1 5 

0 . 0 9 2 
1 . 3 6 0 . 9 8 

2 
me/km 
pc/l 

January 
February 
March 

2 2 . 0 5 

2 
me/km 
pc/1 

0 , 1 4 

0 .62 

0 . 0 9 6 

0 . 4 3 

0.57 

2.56 

1 . 5 2 

6 . 8 4 

1.79 

8 . 0 6 
1 . 4 3 

2 
me/km 

pe/1 
2 

fflc/km 
pc/1 

' 

mc/km 

pc/1 

The overall uncertainties give a atandard deviation of approximately ,•, S% 



TABLE 2 - RADIONUCLIDE CONTENT OF NEW ZEALAND COASTAL WATERS 

I 
Location Collection Date 

Chloride 
6/1 

Cs-137 
pc/1 

Ti=30y. 

Sr-90 
pc/1 
= 28y. 

Pm-148 
pc/1 

=2.65.y. 
Co-144 
pc/1 

=284d. 
Y-9J. 
Pc/1 
•39d. 

IJr-143 
pc/1 

=13.7d. 

Ii:i-140 
pc/1 

=12,8d. 
Nd-147 
pc/l 

11.Id. 
^ C . / ^ S l 

I R4899 
i 

Makara 31 Jan.75 19.62 
0.068 
0.0056 
0,0068 

0.033 
0.087 
0.033 

0.014 
0.020 
0.014 

0,026 
0.026 
0.026 

0.042) 
i 
i 

| 
2,07 

i 
i 
* 
i 

1 

| N^.l 

r' 3 Monaco 79.94 33.87 0.66 0,41 
i 
I 2.36 

SW-1-3J Monaco 
i | 

81.74 34.96 0.49 0.44 
i 
i ! 
i 
r 
I 

2.34 
• i 

• 

S s sea-water as collected; R * river-water; C • sea-water corrected for dilution by river-water. 
The overall uncortainties give a standard deviation of approximately ± 5% 

m0mmmtm 
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E. Radioisotope Applications - V.J. McCabe 

General 

In February Mr D.C. Love attended a conference on 
atmospheric carbon dioxide monitoring at La Jolla, California 
and later visited Europe. 

Approval to order the navigation system referred to 
in Progress Report 2k, has been withdrawn. 

E.l Manukau Harbour Project 

No action. 

E. 2 Wellington Harbour Investigation 

Two radiotracer tests were made on the Vellington 
Vest Coast in collaboration with the Hutt Valley Drainage Board. 
These tests .showed that good mixing of water bodies occurs in 
the areas tested and prediction of the concentration of bac
teria in the established sewage field and the extent of the 
sewage field was made and reported. 

The Hutt Valley Drainage Board report on the Vest 
Coast Outfall investigation is now published and further general 
radiometric testing is not required. 

E.3 Underground Flow at Broadlands 

Approximately 1# of the iodine-131 activity injected 
in bore hole 11 (BRll) was discharged from BR8. The first 
activity appeared on the fourth day after injection which gives 
a maximum velocity of 2.3 m/hr for the 220 m distance between 
these bores. The mean residence time is about 33 days which 
gives an average velocity of 0.28 m/hr. 

E.k Lake Maraetai Project 

No action. 
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E.5 Activation Analysis of Mercury - 0. Rowse 

No reactor facility has yet been found which will 
irradiate our biological samples containing environmental 
levels of mercury for the time required to activate mercury—203. 
Most neutron activation analyses (NAA) on mercury are done 
using the 6^-hour half-life mercury-197* These difficulties 
combined with the high cost of $30-$^0 per sample, would indi
cate that NAA cannot compete with other techniques such as 
atomic absorption as an environmental monitoring method until 
such time as read or irradiation facilities are available locally. 

E.6 Iodide in Natural Waters - B. Barry 

Further polishing of the iodide electrode with plastic 
polishing strips, as mentioned in the last report, has resulted 
in better performance. Local tap-water iodide level has been 
determined as lb ± 1 rig.ml . There is some evidence that the 
electrode response is faster and steadier in acidic solutions; 
this will be investigated further. 

The radiometric method mentioned in Progress Report 22 
has still not been adapted for saline samples. The problem is 
that the I~(aqueous)/l (in toluene) exchange is suppressed. 
Labelling of, and electrode measurements on, the aqueous exchange 
phase have shown there to be a slowish transfer of I into the 
toluene, presumably by oxidation to I 0. Trials with likely 
oxidation agents (I0~, C1-, HN0 2) support this hypothesis but 
exchange is not suppressed. Tests will now be made to determine 
whether or not the formation of IC1 in the initial step of the 
analysis is responsible for the lack of exchange. 

E.7 Actinide Chemistry - W.J. McCabe, N.E. Whitehead 
and R.G. Ditchburn 

(Previously "Radioactivity of Niue Island Soils") 

E.7«l Ion Exchange Separations 

Development of a cation ion-exchange system to separate 
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urani.ua, iron, protactinium and thori.ua fro* a calcium carbonate 
matrix was completed. Considerable difficulty was experienced 
while using the uranium-235 tracer until it was found that an 
appreciable part of the activity was due to the presence of 
americiua-2*il and not to an intractable species of uraniua. The 
following sequence has been found to give good separation, using 
a Dowex 50x8 resin coluan. After an iron scavenge of the dis
solved saaple the carrier is taken to fuaes with 0.5 al of 
sulphuric acid and the resin as a C.2 M sulphuric acid solution. 
Uraniua is eluted with 0.5 M sulphuric acid, iron with 2 N HC1, 
protactinium with 0.7 M sulphuric acid saturated with S0_ and 
thorium with 2.5 M sulphuric acid. 

E.7.2 Solvent Extraction of Thorium 

It was found possible to extract thorium from a fairly 
concentrated nitric acid solution into a solution of tribenzyl-
aaine in toluene with high yield. Three layers form, and the 
thorium is mainly in the interfacial layer. Extraction of that 
layer with 10 M HC1 gives quantitative recovery of the thorium 
even though the layer precipitates! (it can be easily filtered 
off). This rather unusual system is documented in INS-LN-1»3. 

E.7.3 Preparation of Protactinium Spike 

Pa-233 was prepared frow its parent Np-237 by standard 
techniques but some of the reagents were not available in New 
Zealand. Accordingly, experiments were done which showed that 
Pa-233 can be selectively isolated from its parent by extraction 
from concentrated HCL into a 1:1 mixture of xylene and octan-2-ol. 
Back extraction is with ammonium bicarbonate. The yield is only 
about 70% on one extraction, but is quite adequate for the purpose. 

E.J.k Electrodoposition of Separated Actinides for a-counting 

A» It is generally agreed that electrodeposited 
sources are much more satisfactory for (X-spectrometry than 
those obtained from the evaporation of solutions it was decided 
to develop that system-. Most standard methods using this technique 

http://urani.ua
http://thori.ua
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u.-o high voltages and currents and long electiolysis times. 
Frequently, Jar from quantitative results are obtained. Refe
rences to the original work in this field were few and most 
of them diil net give adequate details. Consequently an inves
tigation has been made of the factors such as voltage, pH, 
temperature, electrode composition and surface finish, solution 
agitation and electrolyte composition, necessary for the depo
sit ion of uranium, thorium and protactinium. Quantitative 
recoveries, onto a 2.5 cm stainless steel rotating disc 
electrode, of uranium and thorium from sulphate solution and 
protactinium from sulphate fluoride solutions have been achieved, 
reducing the concentration with a half-value time of ten minutes. 

E.7.3 Uranium Estimation 

A request from the Mines Department was received to 
determine uranium in rock from Auckland Island. These rocks 
appeared to haA'e higher than normal levels of radioactivity and 
the reason for this was suspected to be a high uranium content. 
Analysis was performed by gamma-ray spectrometry and two levels 
were found. Sixteen hour counts were necessary in view of the 
low amounts of uranium present. The highest concentration of 
uranium found was 300 ppm and 9 ppm thorium. Potassium was 
also estimated. 

Another question was Whether there was increased radio
activity in the rock not derived from its own uranium and thorium 
contents but from radon from other sources diffusing through the 
rock and depositing its radioactive decay products in it. This 
assumption can be tested, but to do so an independent alpha count 
is required. 6O0 mg samples were hence counted in the Widebeta 
proportional counter. Radon daughter products out of equilibrium 
wirh the parent uranium in the sample should give rise to a 
grossly increased alpha count. It transpired that the standard 
IAEA sample used had the highest ratio of alpha counts to uranium 
content, and the Auckland Island samples were an order of mag
nitude lower. This showed that radon daughter products were not 
being deposited in the sample in excessive amounts, rather radon 
was escaping fairly fast, suggesting that a buried uranium deposit 
was not accounting lor the radioactivity observed. 
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To my knowledge this is the first use of this tech
nique to check for the presence of excess radon daughter 
products deposited in a sample. 

E.8 Atmospheric CO^ Pro.iect - D.C. Lowe, O.J. Rowse 

E.8.1 General 

Over the past decade atmospheric C0„ measurements by 
several laboratories, including IKS, have established that the 
concentration of CO is increasing in the atmosphere. This 
increase is almost undoubtedly due to the ever increasing 
amount of CO released by fossil fuel combustion. 

Because of the implications of increasing CO to the 
earth's climate the World Meteorological Organisation \¥M0) 
elected in 197^ -hat CO„ should be one of the most important 
parameters to be measured at the forthcoming series of WMO base
line weather monitoring stations. 

In March this year a meeting was organised by the WMO 
in an attempt to bring together workers from all the major 
laboratories who have had experience with atmospheric C0 9 

monitoring. The meeting was held at La Jolla, California and 
was attended by delegates from six countries, including New 
Zealand; D.C. Lowe attended on behalf of INS. Several important 
resolutions were passed at the meeting, the most important of 
which pertained to the calibrating gases used by the laboratories. 
In order that all CO measurements may be directly comparable, 
a single WMO calibrating gas laboratory has been set up to 
supply all the field laboratories with primary reference gases. 
All C0~ measurements are thus directly traceable back to the 
WMO standard. 

The meeting also proved to be an opportune time to 
discuss problems with our equipment in New Zealand. 

Following discussions with the group at Scripps Ins
titution of Oceanography over contamination problems in our 
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equipment we removed the manifold where the gases were mixed 
and replaced this by a series of three-way solenoid valves. 
This process led to some problems; leaks appeared, the freezers 
gave trouble and the ease of changing the Cylinders was lost. 
These problems combined with an unusually high number of nor
therly winds over the period have given us very little usable 
CO data. Again Mr B. Voolcott, the senior lighthouse keeper 
at Baring Head has been invaluable to the project. The data 
collected over the period have continued to show the general 
t~end of a 1 ppm rise per year and a seasonal oscillation with 
a period of one year and a peak-to-peak amplitude of about 1 ppm. 

£.8.2 Total C0 2 in Sea-water and Freshwater Samples 

D.C. Lowe made progress on this system before March to 
the point where samples could be measured. Numerous measurements 
of the standard were made and the SD was found to fall within 2%. 
Each determination takes 10 minutes and uses less than lO ml 
water. The major problem remaining was one of preventing water 
entering the chromatograph and with some care this was possible. 
A series of samples from varying depths in Lake Vanda were 
measured. 

Problems remaining are mostly with the commercial 
chromatograph, a Perkin Elmer. Its temperature controller is ou', 
of action and a problem exists with the flow control system. 

13 12 £.8.3 Atmospheric Carbon Dioxide C/ C ratio Measurements 

No action. 

E.8.4 1 3 C / 1 2 C Radios in Wood 

No action. 

E.9 Brick Densitites - B.J. Barry, W.J. McCabe 

It is possible that further work will be done in co
operation with Huntly1 Brick Co. Ltd to determine more exactly 
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the factors affecting transmission of radiation through ref
ractory bricks. Meanwhile a report on the work done so far 
is being prepared. 

E.10 Iodide as a Resin Tracer 

No action. 

E.ll CO Levels in Cylinders 

A survey was made on the Union Sydney berthed in 
Wellington. 

E.12 Collection of Data. Using Cassette Recorders 

No action. 

E.13 Waimakariri River - Sewer Outfall - W.J. McCabe, B.J.Barry 

Planning of the investigation on the basis of river 
flow and cross-section data as well as a preliminary dye test 
is proceeding. A preliminary investigation by INS staff planned 
for May had to be postponed because of early rains causing high 
river levels. The expected date for this work is now November. 

E.14 Waimakariri River - Gauging - B.J. Barry* W.J. McCabe 

River cross-section and flow data are awaited from 
the North Canterbury Catchment Board. In order to develop the 
technique,preparations are being made to measure some local 
rivers such as the Hutt and Wainuiomata Rivers. Investigations 
concerning costs of radiotracers iodine-132, bromine-82 and 
sodium-24 imported from overseas show that they would be greater 
than iodine-131. However for the local tests sufficient sodium-2^ 
can be made on our own accelerator. 

E.15 Trade Waste Effluent Flows - B.J. Barry 

Flow measurements have been made successfully in 
trade waste drains at the Gear Meat Co., Petone. A continuous 
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injection of * 1 mCi sodium-2^, produced by the accelerator, was 
made and samples taken at four separate points just above junc
tions where additional flows joined the line. The measured flow 
ranged from 3k to 187 litres/sec. 

E.16 Well Logging 

A natural gamma log of a bore at the Hutt Golf* Club 
was produced for Geophysics Division who are evaluating this 
technique. 

E.17 Mixing of Concrete - B.J. Barry, W.J. McCabe 

Discussions have been held with the N.Z. Portland 
Cement and Concrete Research Association on determining the 
extent of mixing of an anti-shrink additive in concrete for wall 

86 slabs. It is intended to label bentonite with Rb, destroy its 
ion exchange properties by heating to 1000 C, and mix it with 
the additive. Concrete will then be mixed under the usual con
ditions, moulds will be poured and counted. Completely mixed 
samples should then give equal count rates. 

E.18. Atmospheric Tritium - D.C. Lowe, O.J. Rowse 

In January Dr Gote Ostlund from the Tritium Laboratory, 
University of Miami, set up an atmospheric sampling system at 
Baring Head to measure Southern Hemisphere tritium levels. This 
system collects both tritiated water and hydrogen. The system 
which had been sent complete from Miami, required some work on 
it before it was operating correctly. The main problem was found 
to be a leaking electrolysis cell. Consistent results have been 
obtained since the middle of May. The samples are shipped to 
Miami for analysis. 
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F. Instrumentation - J.D. McCormick 

F.l Mecnanical - L. Wyatt, A. Jalil and J. MacKintosh 

F.l.l Helium Chamber for X-ray-induced Fluorescence 
Project - L. Wyatt 

The helium chamber was fabricated from 6.35 ran thick 
perspex sheet accurately machined on the milling machine, so 
that when fitted and glued together its cross-section repre
sented a right-angled triangle. Compression flanges using a 
neoprene 0-ring were provided to make a gas-tight seal around 
the detector. A perspex needle valve and inlet tube were also 
made and fitted to the chamber. 

F.l.2 Cobalt Source - L. Wyatt 

A temperature-controlled basket has been constructed 
using brass tubes, one fitted inside the other, to form a water 
jacket. The inner tube measured 32 mm inside diameter and 
390 mm in length. The top flange was of the standard design 
to fit the cobalt source, as was also the central locating 
ferrule at the bottom of the basket. Temperature control 
was achieved by circulating water through the jacket from a 
temperature-controlled water bath. 

F.l.3 Mini-collimator and Scanning Sample Holder - L. Wyatt 

In conjunction with Dr G. Wallace work has commenced 
on the design and manufacture of a mini-collimator and scanning 
sample holder for small samples undergoing analysis by X-ray 
fluorescence. This work will be reported on fully in the next 
six-monthly report. 

F.l.k Geneva-wheel Assembly for C-lk Changer - J. MacKintosh 

Machining and assembly of a Geneva-wheel with eight 
stations was completed. AJ.1 parts were precision-machined and 
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indexed on the milling machine, using a dividing head to ensure 
the accuracy of the movement required. 

F.1.5 Perspex Target Chamber - J. MacKintosh 

A perspex target chamber was completed for the accele
rator physics section. Th.\s was to replace the original chamber 
which had suffered radiation damage. 

F.1.6 Electrolysis Cell - J. MacKintosh 

A prototype electrolysis cell was constructed to 
drawing for the tritium project. It required the machining and 
fitting of two tubes, the outer tube of mild steel and the inner 
tube of stainless steel, sealed at ends with brass end-plates 
and Teflon washers. The assembly was clamped by means of three 
brass rods. 

F.1.7 Electrolysis Cell Tank - J. MacKintosh 

Machining and fitting of a continuous feeding tank 
for the electrolysis cell was completed to drawings for the 
tritium project. A stainless steel tube of 105 mm diameter was 
welded to a stainless steel base of 115 mm diameter and connec
ted by a 2 mm feed-hole in the side to the prototype electrolysi 
cell. 

F.1.8 Nickel Reaction Tubes - J. MacKintosh 

Machining, fitting and welding nickel tubes and flange 
for the oxygen project were carried out to a new design. The 
0-rings are now fitted to the top flange, while the previous 
design had 0-rings on the bottom flange. These tended to be da
maged when the tube was welded to its flange. Four of the 
required six were completed. 

Various other small jobs were completed during this 
periodt Jigs for NMR probe coils and carbon formers for NMR 
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pick-up coils (made by the glassblower),and a small, elongated 
frame with dial and pointer also for the NMR electronic equipment. 
For the tritium laboratory' a metal—to—metal seal connection of 
tho tritium counter was soft—soldered and for the C—Ik laboratory 
polythene and nylon insulators were made for the 100 ml C-lJ* 
counter. A new stainless steel spindle was turned and re-fitted 
in the housing with new bearings, for use in the electrodeposi-
tion apparatus. 

F.1.9 Modification to Argon Extraction System and 
Installation of AEI Mass Spectrometer - A. Jalil 

The stage 1 argon ultra-high extraction system was 
designed principally using standard 19 nun O.D. stainless steel 
tubing with Jk mm flanges and copper gaskets. The new design 
madr allowance for the MS10 mass spectrometer to be fitted to 
the extraction system. The positioning of the ion pump, the 
titanium sublimation and mercury diffusion pumps were re-arranged. 
The pyrex tube furnace was placed horizontally to enable more 
samples to be placed in the tube at any one time, thereby re
ducing the size of the bakeout oven. 

Two new "Sandanyo" board bases were made. In one half 
38.1 mm dia. holes were needed for the ion pump and the titanium 
sublimation pump, so that both could be mounted below the base 
board. The MS10 mass spectrometer inlet tube was mounted 1^0 mm 
above the base board in such a manner that it could be raised 
or lowered t 10 mm for vertical adjustment. 

The buffle valve used in conjunction with the diffusion 
pump/liquid nitrogen cold trap has proved unreliable under low 
vacuum and was removod and replaced with a bakeable Whitey valve 
to which a 72 mm UHV flange was connected. 

All the cooling outlet and inlet lines were also re
placed with two 0.5 mm stainless steel tubes and each provided 
with a 6.35 mm stainless steel Whitey valve and fittings. 
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One week was spent in leak testing the vacuum line, 
baking out the new vacuum components and checking the perfor
mance of the new MS10 mass spectrometer. Further details on 
this work appear in Progress Report No. 25 (C.5«2) by Dr C.J. 
Adams. 

F.1.10 Radio Frequency (R.F.) Coils - Argon Extraction 
System - A. Jalil 

The old R.F. coils had been damaged by abbrasive high 
velocity waterflow and two new sets were made, one for the R.F. 
generator terminal and the other for the R.F. coils. Basically 
two pair of copper connections were made (45 w long) from 
18 mm O.D. rod. Each pair was drilled internally to accept 
10.5 mm dia. heavy-duty copper cable, 400 strands, 12 mm in 
diameter. Both were then welded into copper terminal blocks 
that had 0.5 mm dia. holes for waterflow. The R.F. coils have 
four turns, 72 mm I.D., using 2.5 mm copper tube. A flexible 
radiator hose was placed over the cable connectors to allow cooling 
water to flow from the R.F. generator through the terminal block, 
cable connector, and around the cable into the R.F. coils, 
returning via the second lead. 

F.l.ll Miscellaneous Works - A. Jalil 

During the six-month period several small, urgent 
jobs were undertaken. Included weret A stand and bracket for 
the rain collector for the C-14 section, modification to shield 
and pumping system for the methane counter, small parts for the 
100 ml "Currie" counter and calibration of vacuum gauges. 
Repairs and complete overhauling of four rotary vacuum pumps 
were made. One of these belongs to the physics department of 
Victoria University of Wellington. 

F.2 Scientific Glassblowing - J. Judd 

At the time of writing this report (for the time 
covered by this report) Mr Judd is on special overseas leave. 
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F.3 Electronics - W.H. Heald, J.W. Plumner, R.G. Currie 
N.B. Spedding 

F.3-1 NMR Updating - W.H. Heald 

The unit containing the pulser, phase shifter and the 
transmitter drive units has now been assembled and tested, and 
has been "scd in the NMR equipment. It is however still incom
plete as the coaxial connectors required have not yet been 
received. 

The design of the controlled-current power supplies 
for homogeneity adjustment of the magnet and of the magnet field 
stabiliser is complete and this unit is now being wired. 

F.3.2 Rb-Sr Laboratory - W.H. Heald 

Glean air units and the fume hood have been received, and work 
has started on the partitions for the laboratory. Enquiries 
for equipment to monitor the effectiveness of the clean air 
units have not been satisfactory, as the equipment necessary 
costs far more than the clean air units to be tested. It is 
hoped to come to some arrangement to use equipment that the 
Tastnan Vaccine Laboratory will be obtaining for a similar requi
rement . 

MOWD have prepared contract documents for the venti
lation system and these are at present with the Government 
Printer. 

F.3.3 Underwater Probes - W.H. Heald 

A design has been prepeared for a smaller underwater 
probe than those at present in use. It will use a nominal 25 mm 
dia. photomultiplier tube. The design of the special coaxial 
connectors used for these probes is being modified slightly to 
try to avoid some troubles experienced with earlier connectors. 
Construction of both probes and connectors has been started by 
the workshop. 
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F.3.4 Binary' Decoder-Driver - J.W. Plummer 

The work on the binary decoder and driver for a 
Teletypewriter ( model ASR 33)» described in the 
last progress report (F.3-3), has been assembled and is in the 
final phase of testing. 

F.3-5 International Electrotechnical Commission (lEC) 
Interface Bus - J.V. Plumner 

A theoretical study of the proposed IEC specification 
on a standard interface has been undertaken and the design of 
electronic modules to simplify and standardise the interface 
design has been started. Work will continue in the future to 
provide interface modules for the PDP-9 computer, the digital 
voltmeter, a printer/keyboard punch and a programmable power 
supply. This equipment will be used to automate mass spectrometer 
experiments. 

F.3-6 Tritium Electrolysis - R.G. Currie 

The outdated and troublesome stage I electronics was 
removed and a new Hewlett-Packard constant current power supply 
was installed. The weight of the new power supply required 
strengthening of the existing rack cabinet and the back of the 
cabinet was closed in to enhance the effectiveness of forced air 
cooling. 

F.3.7 Widebeta Counter - R.G. Currie 

After a number of high voltage transistors had failed 
in this counter, a better transistor was purchased overseas and 
installed. Finally, the remaining HV transistors (about 12) in 
this section were replaced by these new transistors, none of which 
have so far failed. 
F.3«7a. PXirnaces - R.G. Currie 

Two furnaces were constructed with "built-in" NiCr/NiAl 
thermocouples and controlled to around 350 C with commercial 
temperature controllers. 
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F.3«# Four-channel Data Recorders - R.G. Currie 

Work is proceeding on the construction and testing of 
four, four-channel data recorders. Because these units are 
intended to be used "in the field" all 30 integrated circuits 
are being soldered onto the circuit board rather than provided 
with sockets which have proved to be a source of trouble in an 
earlier unit. 

F.3.9 Stage-Ill Tritium Electrolysis Power Supply - R.G. Currie 

The stage-III tritium electrolysis power supply 
failed, due to a fault in the current regulator circuit. Trouble 
was traced to poor soldered joints. After the trouble was 
corrected it was found that as many as twelve electrolysis cells 
could be placed in operation whereas normally only ten was possible. 

F.3.10 Pye Temperature Controllers - R.G. Currie 

Two temperature controllers have required mainte
nance, one having gone out of control due to a failed transistor. 
All five controllers of this make are being checked for accuracy 
and two out of three so far tested have required a small adjustmnet. 

F.I-11 Solartron Digital Voltmeter Mercury Batteries -
R.G. Currie 

The Solartron digital voltmeter mercury batteries 
necessary for the operation of the AC-DC converter failed. 
Leaking electrolyte was found to have caused corrosion. This 
has been repaired and new batteries have been ordered. 

F.3.12 C-li» Liquid Scintillation Spectrometer - N.B. Spedding 

The design of a new, more precise sample holder, 
incorporating a Geneva-wheel drive, was completed and has proved 
superior in performance and operation. A new voltage reference 
supply has been incorporated in the discriminator unit to give 
hottor stability and range. The manual INS-N-22 has been comp
leted and printed. 
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F.3.I3 Packard Tri-carb Liquid Scintillation Counter -
N.B. Spedding 

The sequencer-control unit has been constructed, 
tested and the preamplifiers modified to suit our system. Con
tact problems with plug-in circuit boards resulted in the per
manent wiring in of all circuit boards and more satisfactory 
results were obtained. The freezer unit developed a leak in 
the condenser and needs to be repaired. The bulk of the manual 
and circuit diagrams has been completed. 

F.3.1^ Vacuum Isolation Valve Delay Unit - N.B. Spedding 

A completely solid state circuit developed for these 
units in 1973 has proved satisfactory but more recently the 
circuit has been adapted to thick-film circuitry. The resulting 
unit has a number of notable features: 

1. A size reduction by a factor of two. 
2. The thick film chip (including a resistor dissi

pating 6 V heat) is bonded directly onto the alu
minium case. 

3. The unit is sealed against chemical attack. 

The unit has been running in a continuous test cycle 
of one minutes off, nine minutes on for the past two months and 
has performed very satisfactorily. A brief manual on the thick-
film technique, with reference to this unit, has been prepared. 

F.3.I5 Open Days - N.B. Spedding 

An electronic display was constructed to simulate the 
pulsed flow system used in radiation chemistry and an analogue-
to-digital-to-analogue demonstration was also constructed. 

F.3.16 Digital Test Facility - N.B. Spedding 

A digital test facility incorporating multiple point 
monitoring in "real time" or storage modes, together with 
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various signal-generation optxons and autoaatic voltage refe
rencing has been designed and parts are on order. This unit 
will enable the testing nnd Monitoring of complex digital 
circuits to be carried out vith a ainiaua of tiie and effort. 

F.3.17 Miscellaneous - K.B. Spedding 

Soae tiae has been spent in the evaluation of various 
puaping systeas for a rapid flow systea for axjcxng reagents with 
irradiated solutions, and a prograaaable high voltag* supply 
for the MSIO mass spectroaeter. 
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k. ACKNOWLEDGMENTS 

A considerable number of staff movements have taken place 
during this period. Dr B.J. O'Brien made a short visit to 
Vienna on UNSCEAR matters and visited the U.K. Atomic Energy 
Inspectorate. Dr N.F. Whitehead made an extensive tour (largely 
at his own expense) and visited laboratories specialising 
in proton-induced and X-ray-induced X-ray fluorescence. Mr D.C. 
Lowe was invited to a W.M.O. conference on CO- monitoring in the 
atmosphere. Dr J.R. Hulston visited Australia to attend the 
ANZAAS and ANZSMS conferences. He was elected chairman of 
ANZSMS and to be the organiser of the next conference to be 
held in Wellington in January 1977« Dr G.E. Coote was granted 
a 12 months study award to Simon Fraser University in Vancouver, 
Canada, Dr G.L. Lyon was offered a fellowship for 12 months to 
study at the University of Calgary, Alberta, Canada and Mr J. 
Judd took long-service leave to visit the United Kingdom. 

Mr D.W.N. Keith retired after working for twelve years 
at the Institute. Neil did a tremendous amount of work for the 
mass spectrometry section and we sincerely regret that he will 
no longer be working with us at the Institute. We wish him 
many years of happy retirement and look forward to seeing him 
as a regular visitor to the Institute. 

Mr G.N. Brown, a technical trainee with the engineering 
section, left to join the staff of Wellington Hospital, Mrs V.I. 
Cross*s resignation has left a difficult to fill gap in the 
tritium laboratory and Mr J. Dorward resigned after a short 
stay as a replacement for Mr R. Kyle. 

New staff appointees were Miss L.A. Windsor, who joined 
the radiation chemistry laboratory, Miss N.K. Wood, who is 
assisting Mr C. McGill in the C-14 laboratory, Mr B.J. Lett, who 
took up a technician's appointment in the electronic section 
and Mrs J.F.E. Bond is now in charge of our accounts section. 
We wish our new staff many years of association with the 
Institute. Mr L.J. Prieditis, after giving many years of 
valuable service to the tritium group, was transferred to the 
isotopic geochemistry section. 
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While the staff has not increased greatly in numbers over 

the last lew years, the volume of work initiated from both out
side and inside the system has increased tremendously. We are 
most grateful to our typists and administrative staff for 
keeping both scientific and clerical work up to date. 

(T.A. Rafter) 
Director 
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APPENDIX I 

CURRENT RESEARCH PROJECTS 
For ease of administration and finance, the work of the Institute 

is grouped under project headings. These six-monthly reports are a 
permanent record of many problems that never reach the publication 
state. Most projects are the co-ordinated effort of several divisions 
of the Institute and in the list below are named only those officers 
primarily concerned with each project or sub-project. 
Project No. 
101 Sulphur Isotopes 
102 C-lU Age Measurements 
103 1 3 C / 1 2 C Variation in Nature 
105 Industrial Applications 
106 !5N Studies 
107 , f tC Natural 
108 Deuterium Measurements 
109 Mass Spectrometers 
110 Cosmic Ray Studies 
111 Tritium 
112 Cobalt Source 
113 Radioactive Fallout 
114 Potassium-Argon Measurements 
115 Radiation Chemistry 

(a) In Aqueous Media 
(bl In Plastic Media 
(c) Industrial Applications 

118 Theoretical Nuclear Physics 
120 Theoretical Study of 

Isotope Effects 
121 Geothermal Geochemistry 
12^ Oxygen Isotopes 

(a) Sulphates 
(b) Rocks 
(c) Waters 

125 Glassblowing 
126 Accelerator Physics 

fa) Accelerator 
fb) Accelerator Electronics 
jc) Nuclear Reactions 
fd) Detector Development 
,e) Activation Analysis 
if 1 Radiation Damage 
fg) 0-decay Studies 
[h) Proton-induced X-ray 

Fluorescence 
(i) X-ray Fluorescence 

129 Engineering 
7a) Mechanical 
(b) Electronic 

Rafter/Robinson/Kelth/Pettis 
Jansen/McGill/Burr/Currie/Wood/ 

Bhirer 
McGill/Keith/Hulston/Cox 
Mc Cabe/Pohl /Rowse/Di tchburn/Barry 
Robinson/Keith 
Rafter/Jansen/Burr/McGill/tfood/ 

Shirer/D.R.Currie 
Hulston/Lyon/Cox/Stewart 
Hulston/Penman/Keith/Stewart 
Jansen 
Gugelmann/Prieditis/Cross/Andersen 
Sutton 
McCabe/Ditchburn/Mason 
Adams/Penman/Hulston/Ditchburn/ 

Nicholson 
Sutton/Windsor 
Melhuish 
Sutton 
0'Brien/Manning 
Hulston 
Lyon/Hulston/Cox/Stewart 
Rafter/Pettis/Keith 
Blattner(NZGS)/Smolnicki(NZGS) 
Gugelmann/Cox/Cross/Stewart 
Judd 
McCallum/More 
Pureell 
McCallum/Coote/Pohl/O'Brien 
Coote 
Wallace/Whitehead 
McLachlan 
D.C. Robinson 
Whitehead/Coote/D. C.Rohinson/McCallum 
Wallace 
McCormick 
Wyatt/Whiteley/Jalil/ 
Heald/R.G.Currie/Spedding /Lett 



121. 

Professional Staff 

APPENDIX II 
S T A F F 

., M.Sc, D.Sc.(N.Z. ),F.R. S.N. Z.- Direct 
, Ph.D. (Durham), F.R.S.E. 
(N.Z.) 
, Ph.D. (M.I.T. ) 
, Ph.D.(McMaster) 
(N.Z.) 
., M.I.E.E. 
, Ph.D.(Canberra) 
(St Andrews). Dr.rer.nat.(Heidelberg) 
(N.Z.) 
, Ph.D.(McMaster) 
(Rons), Ph.D.(Oxford) 
(Hons), Ph.D.(Vales) 
, Ph.D.fV.U.W. N.Z.) 
, Ph.D.(British Columbia) 
, Ph.D.(A.U. N.Z.) 
, C.Eng., M.I.E.E. 
., M.I.E.R.E. 
(Hons), M.Sc.(Leeds). Ph.D. (Alberta) 
, Ph.D.(Massey, N.Z.) 
, Ph.D. (V.U.V. N.Z.) 
(Studying for Ph.D.,Univ.of Utrecht) 
Ph.D.(Univ. of Pennsylvania) 

V.U.W. N.Z.) 
Hons), Ph.D.(Massey, N.Z.) 
Hons), M.Sc.(V.U.W. N.Z.) 
V.U.W.), Ph.D.(Waikato, N.Z.) 
V.U.W. N.Z.) 
Univ. of Bern) 
Otago Univ.,N.Z.) 
A.U. N.Z.) 

Blattner, P. Ph.D.(Univ.of Basle),N.Z. Geological Survey 
Smolnicki, I.(Miss) N.Z.C.S. " " " 
Currie, D.R. M.SC.(A.U. N.Z.) 

Rafter, T.A. O.B.E. 
Sutton, H.C. M.Sc., 
McCallum, G.J. M.Sc.l 
O'Brien, B.J. M.Sc. 
Hulston, J.R. M. Sc. 
McCabe, W.J. B.Sc.i 
McCormick, J.D. C.Eng, 
Coote,G.E. M.Sc. 
Taylor, C.B. M.Sc.I 
Jansen, H.S. M.Sc. 1 

Manning, M.R. M.Sc. 
Adams, C.J.D. B.Sc. 
Roberts, P.B. B.Sc. 
Nelhuish, W.H. M.Sc. 
McLachlan, L.A. M.Sc. 
Robinson, D.C. M.Sc. 
Heald, W.H. B.Sc. 
Plununer, J.W. C.Eng 
Robinson, B.W. B.Sc. 
Whitehead, N.E. M.Sc. 
Wallace, G. M.Sc. 
Sparks, R.J. M.Sc. 
Stewart, M.K. M.Sc. 
Pohl, K.P. M.Sc. 
Lyon, G.L. B.Sc. 
Lowe, D.C. B.Sc. 
Barry, B.J. M.Sc. 
Mason, W.J. B.Sc. 
Gugelmann, A.A. M.Sc. 
Spedding, N.B. B.Sc. 
Flower, G.C. B.Sc. 

Visitors 

Technical Staff 
Burr, M.K. 
Judd, W.J. 
More, R.D. 
Penman, J.E.R. 
Wyatt, L. 
Ditchburn, R.G. 
McGill, R.C. 
Prieditis, L.J. 
Whiteley, L. 
Cox, M.A.(Mrs) 
Currie, R.G. 

A.M.N.Z.I., Mech.E. 
N. Z.C. S. 
N.Z» C. S. 
N.Z.C. S. 
N» Z.T. C. 
N. Z. C. S. 
M» N. Z. E. I. 
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Johi, J. 
Jalil, A. 
Rouse, O.J. 
MacKintosh, J. 
Purcell, C.R. 
Andersen, H.C. (Mrs) 
Lett, B.J. 
Wood, N.K. (Miss) 
Windsor, L.A. (Miss) 
Pettis, D.R. (Miss) 

Temporary Technical Staff 
Rumsey, F. (Mrs) 
Shirer, M. (Mrs) 
Nicholson, D. 

Administrative Staff 
Kavanagh, P.B. 
Bond, J.P. (Mrs) 
Burr, P.D. (Mrs) 
Stuart, S.A. (Miss) 
Henderson, H.M. (Mrs) 
Genet, C.A. (Mrs) 
Madalinski, C. (Miss) 
Grace, L.A. 

Temporary Administrative 
Clarke, P.R. 
Stephens, M. (Mrs) 

B . S . E . E . ( M . I . T . ) 
N.Z.T.C. 
N.Z.C.S. 

N.Z.C.S. 

N.Z.C.S. 

N .Z .C .S . I . 

B .Sc . (Otago , N.Z.) 

B . S c , B.E. Mining* A.O.S.M. 

Adminis trat ive O f f i c e r 
Clerk 
Clerical Assistant 
Senior Shorthand Typist 
Typist 
Librar ian, N.Z.L.A.Cert . 
Library A s s i s t a n t 
Caretaker/Groundsman 

S t a f f 
Driver 
Cafe ter ia Manageress 
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APPENDIX III 

PAPERS, REPORTS. LABORATORY NOTES. MANUALS 

This report starts at the first contribution number 
with an incomplete reference in the previous report. 

Contribution No. 

6l6 Adams, C.J.D., Harper, C.T., Laird, M.G., 1975: 
K-Ar ages of low grade metasediments of the 
Greenland and Valuta groups in Westland and Duller, 
New Zealand. N.Z. Jl Geol. Geophys. 18: 39-48. 

617 Mason, W.J., McCabe, W.J., 1973: 
The investigation of the distribucion of radio
nuclides in surface water at Makara, New Zealand; 
from July 1970 to June 1973. I.A.E.A. Research 
Agreement No.164/4/CF. 
INS-R-126. 

618 Giggenbach, W.F., Kyle, P.R., Lyon, G.L. , 1973: 
Present volcanic activity on Mount Erebus, ROBS 
Island, Antarctica. Geology. 1 : 135-36. 

619 Rafter, T.A. , 1973: 
Report on visit to the Federal University of Bahia, 
Salvador, Brazil, 30th March to 30 May 1973. 
UNESCO Consultant Contract within the framework of 
UNDP Project BRA-7I-562. 
INS-R-127. 

620 Hicks, R.E., 1973: 
Report on attending the PDP-ll/20 familiarisation 
course. 
INS-R-128. 

621 Grigg, V.L., Spedding, N.B., 1973: 
Design of a 7A constant current supply for use in 
the second stage of the electrolysis of water to 
obtain tritium. 
INS-M-21. 
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622 McCallum, G.J.,1973: 
Accelerator Physics Group progress report, 
January-June 1973* 
INS-R-129. 

623 INS Progress Report No.21, January-June 1973-

62U Lowe, D.C. ,197*»: 
Atmospheric carbon dioxide in the Southern 
Hemisphere. Clean air. 8(l) : 12-15. 

625 Robinson, B.W. , 197«*: 
The origin of mineralisation at the Tui Nine, 
Te Aroha, New Zealand, in the light stable 
isotope studies. Symposium on stable isotopes 
as applied to problems of ore deposits, Dallas, 
11-12 November 1972. 
Economic Geology 69(6) : 910-925. 

626 Manning, M.R., 1973: 
Reduced density matrices and their many body 
problem. 
(in preparation) 

627 Coote, G.E., 1973: 
Methods for alignment of: a) A positive ion beam 
from the Van de Graaf accelerator, b) A quadrupole 
lens doublet. 
INS-LN-39. 

628 Kusakabe, M. ,197*»: 
Sulphur isotopic variations in nature. Part 10. 
Oxygen and sulphur isotopic study of Vairakei 
geothermal well discharges. 
N.Z. Jl Sci. 17(2) : 183-191. 

629 Robinson, D.C., 1973: 
CALXRY 
INS-P-113. 

630 Rafter, T.A., 1973: 
Report on International Union of Pure and Applied 
Chemistry conference, Munich, Germany, 21-31 Aug.1973 
INS-R-130. 

631 Lyon, G.L. , 197*»: 
Stable isotope analysis of Ice DVDP J. Dry 
Valley Drilling Project. Bulletin no.3 « 160-170 
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6 32 Robinson, D.C., Whitehead, N.E., Coote, G.E., 1974: 
Proton-induced X-ray fluorescence analysis and 
its uses in measuring air pollution. 
Chemistry and Industry in N.Z. 38(3) : 81-84. 

633 Coote, G.E., 1973: 
Report on visit to Australia, May 11-26, 1973• 
INS-R-132. 

Clk Lyon, G.L., 1973: 
Trough Lake Southern Victoria Land, Antarctica, 
(in preparation). 

635 Lyon, G.L. , Giggenbach, V.F. , 1974: 
Geothermal activity in Victoria Land, Antarctica. 
N.Z. Jl Geol. and Geophy. 17(3): 511-21. 

636 Robinson, B.W., 1975: 
Carbon and oxygen isotopic equilibria in hydro-
thermal calcites. 
Gcochemical Journal. 9 : 43-46. 

637 McCallum, G.J., 1973: 
X-RAY - Analyse x-ray spectra 
INS-P-114. 

638 McCallum, G.J.,1973: 
XRAYBA - Batch analysis of x-ray spectra. 
INS-P-115. 

639 Blattner, P., Cooper, A.F., 1974: 
Carbon and oxygen isotopic composition of carbonatite 
dikes and metamorphic country rock of the Haast 
schist terrain, New Zealand. 
Contributions to Mineralogy and Petrology 44 : 17-27. 

61»0 Whitehead, N.E. , 1973: 
REVERSER 
INS-P-116. 

641 Whitehead, N.E., 1973: 
Header tabulator 
INS-P-117. 

i> 

642 Robinson, B.C.,1973: 1 0 

The half- l i fe of C 
1NS-R-133. 
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643 Sparks, R.J. , Glasby, G.P., 1973* 
Application of charged particle activation analysis 
to SOP:- i 3 £ftt elements in marine manganese nodules. 
N.Z. Jl Sci. 16 : 643-65. 

644 Mason, W. J. , 1974: 1 3 7 

A rapid method for the separating of Cs from a 
large volumo of sea water. 
Radioanalytical and Radiochemical Letters 16(5) : 
237-239. 

6*»5 Taylor, C.B. , Prieditis, L. J. , Low, K.W. , Whiteley, L. , 
Bruram, C.B., McCormick, J.D., Wyatt, L., Judd, V.J., 
1973: 
A multi-channel vacuum distillation unit for the 
quantitative recovery of distilled water from NaOH 
residues after first and second stages of three-
stage-batch electrolytic enrichment during tritium 
measurements. 
INS-R-133. 

646 Whitehead, N.E.,1973: 
A summary of cu r ren t appl icat ions of proton-induced 
x-ray f luorescence . 
INS-R-I36. 

647 Adams, C.J.D. , Wodzicki,Antoni, Veissberg, B.G. , 1974: 
K-Ar dating of hydrothermal alterations at the 
Tui Mine, Te Aroha, New Zealand. 
N.Z. Jl Sci. 17(2) : 193-199. 

648 Stewart, M.K., Friedman, Irving, 1973: 
Deuterium fractionation between aqueous salt 
solutions and water vapour (Abstract). American 
Geophysical Union. Transactions. 5^ : 486. 

649 Polach, Henry A., Kruogor, Harold A., Bannister, Bryant,; 
Damon, Paul E.; Rafter, T.A., 1972: 
Correlation of C-14 activity of NBS oxalic acid 
with Arizona-1850 wood and ANU-sucrose radiocarbon 
dating standards: a preliminary report of investi
gations and results. 
International Radiocarbon Dating Conference, 8th, 
Proceedings, Lower Hutt, 18-25 October 1972. 

650 Rafter, T.A., 1973: 
Radiometric dating - achievements and prospects in 
the quaternary. 
Congress of the International Union of Quaternary 
Research, 9th, University of Canterbury, Christchurch, 
2-10 December 1973-
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(>51 Fairhall, A.V. ; Young, A.W. ; Bradford, P.A. ,1972: 
Radiocarbon in the sea. 
International Radiocarbon Dating Conference,8tht 

Proceedings, Lover Hutt, 18-26 October 1972. 
652 In Che Yang, Albert, Fairhall, A.W., 1973: 

Variations of natural radiocarbon during the last 
11 millenia and geophysical mechanisms for 
producing them. International radiocarbon dating 
conference, 8th, porceedings, Lower Hutt, 18-25 
October 1972. 

653 More, R.D., Troughton, J.H.,1973: 
Production of 1*C02 for use in plant translocation 
studies. Photosynthetica 7(3) : 271-74. 

654 Bowser, C.J., Rafter, T.A., Black, R.F.,1970: 
Geochemical evidence for the origin of mirabilite 
deposits near Hobbs Glacier, Victoria Land, 
Antarctica. Mineralogical Society of America* 
Special paper no. 3 : 261-72, 1970. 

655 Stewart, M.K., Friedman, Irving, 1975: 
Deuterium fractionation between aqueous salt 
solutions and water vapour. 
Journal of Geophysical Research. 80 : 3812-18. 

656 Stout, J.D., O'Brien, B.J. , 1972: 
Factors affecting radiocarbon enrichment in soil 
and the turnover of soil organic matter. 
International radiocarbon dating conference, 8th, 
Lower Hutt, 18-25 October 1972. 

657 Lowe, D.C.,1973s 
Atmospheric C0 ? at Baring Head. 
INS-R-137. 

658 Goh, K.M., Molloy, B.P.J. , Rafter, T.A.,1973: 
Radiocarbon dating of late Pleistocene loess from 
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