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Philips extends the bensfits in
AA. Philips Analytical has a long
and well proven frack recording
atomic absorption. Building on this
waalth of experience, the new X-
range of AA systems provides the
total analytical answer for the
1890's, whether the requiremsnt is
for flame, fumace or vapour deter-
minaion.

Three complete systems ansure
pertect coverage of all needs. PU
9100 X. Cutstanding performance
& capability in low cost AA, PU
9200 X. Flexibility to meet your
requirements in automated AA. PU
9400 X. Everything thats best in
Multi Element AA.

For further information contact
Philips Scientific & Industrial Pty
Lid. Private Bag St. Lukes Auck-
land. Phone (09) 834-160,

Further Issues of Chemistry in
New Zealand

As negotiations for a joint publi-
cation with the Royal Australian
Chemical Institute have not as yet
reached any finality "Chemistry in
New Zealand” will continue to ap-
pear as usual. Contributors should
send copy to the editor to arrive
several days before copy dead-
lines which for 1991 will be the last
weeks of January, March and May
and the second weeks of July,
September and November.

The Editor
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EDITORIAL - GREENHOUSE ISSUES

As New Zealand ends its 150th
year of European settlement we as
chemists can well reflect on the
important part that we have played
thus far in helping to give this land a
very special place among the de-
veloped nations with its healthy well
educated peole, ¢lear skies and a
comparatively unpolluted environ-
ment. Our agricultural industries
are whatthey are because of in part
the wise use that has been made of
chemical knowledge. Now how-
ever, we must consider the vital
tole that wa must play in ensuring
that many future generations of
New Zealanders can continue to
enjoy a lifestyle which is in all re-
spects desirable.

There is little dissent that, as has
been the case in all other countries
for centuries, human occupation of
the land has been exploitive.
Natural resources are always used
indiscriminately by man to serve
the needs of a growing population
until naturally abundant supplies of
whatever have been virtually con-
sumed. Our inherent cleverness
then alflows us to use what remains
more efficiently, to get by without it
or to obtain what we continue to
need from scmewhere or someons
else. In this country we have dug up
and sold most of our readily acces-
sible precious metal minerals (and
used our cleverness to determine
where the rest is probably buried),
we have dammed all the worthwhile
river sites for energy production,
made a wide range of useful marine
species virtually extinct, replaced

the bulk of the indigenous plant life
with exotic species more amenable
to managed exploitation and used
an ever increasing area of cleared
land for roads and housing. Aleng
the way we have accidentally de-
stroyed or made very rare many
plant and land animal species and
altered some of the landscape for
ever. We have accidentally intro-
duced unwanted plants and ani-
mals thathave found the country as
favourable to live in as we have and
then been forced to use a variety of
physical and chemical control
measures to prevent their spread,
After 150 years we are left with a
situation where the collective
financial rewards of managed pho-
tosynthesis {farming, forestry, hor-
ticulture), showing off our scenery
(tourism) exploiting our remaining
natural rescurces (fishing, mining)
and a variety of small by world
scale manufacturing activitiss are
insufficient to pay for our ever grow-
ing desire for such imported essen-
tials as fossil fuel, vehicles, ma-
chinery, aircraft, chemicals, drugs,
fabrics, traveland the like. We need
these to maintain the high standard
of living we have come o expect.
We are fortunately one of agroup
ot countries which enjoy good
health and affluence. As such we
have the luxury of being able to join
the debate on the niceties of the
tikely affects on our world of an
increasing atmosphetic carbon
dioxide content. The people of New
Zealand are committing
themselves to a reduction in the

emission ot greenhouse dis-
charges of 20-30% by the turn of
the century. Almost all of these
emissions are from the oxidation or
discharge of lossit carben com-
pounds involved in supplying our
energy needs.

To achieve any reduction at all
technologists (chemists & engi-
neers) will have to find ways of
achieving more while using less
fossil energy, using fossil energy
more efficiently or avoiding the use
of fossit energy but still satisfying
our absolute financial need to earn
our living from managed photosyn-
thesis, tourism and manufacturing.
itis salutary to note that our present
greenhouse discharges represent
only 0.1% of the global problem.
Can we afford to lead the way in
innovative technology or will we
follow the example of others?

The environment has captured
the imagination of many people. It
has surpassed social, political and
even religious belief in the minds of
many. The reality is that only the
continuous innovative use of basic
chemical and physical truths will
allow us as a nation to succeed
economically and at the same time
prevent further irreparable damage
fo aur country and our planet. We
Chemists as a group have a re-
sponsibility to ensure that New
Zealanders as a whole are techni-
cally enlightened so that all can
play their part inteligently and with
common purpose.

Signed

Ron Hall
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LETTER FROM THE PRESIDENT

Dear Member

Very significant moves are being
made now to the structure of the
Aoyal Society of New Zealand,
prior to a Government review in
1991 of its statutery role and func-
tions. NZIC is one of the largest
affiliated sciantific “societies” and
has been involved at Council level
to discussions aimed at producing
a reformed Royal Society with new
structures adapted to the future
needs of science and technology in
New Zealand. The discussions
lead to a very useful meeling of
Member Body President and repre-
santatives in Wellington on 29 Oc¢-
tober, with agreement on a new
basic struciure of the Royal Society
that included a Council represent-
ing a federation (or confederation)

of scientific societies.

The new Council will replace the
current Member Bodies' Commit-
tee within the Royal Society but will
now have a morg equal partnership
with the Fellowship of the Royal
Society in overall scientific affairs. It
should be able to act for the affili-
ated societies in a similar way as
the Council for FASTS (Federation
of Australian Scientific and Tech-
nological Societies) effectively
does in Australia. Broad objectives
for the new Council are:

1. To provide an independent
voice on relevant issues 1o both
Government and the people of
New Zealand on behalf of the sci-
entific community.

2. To engage in science policy
development and lobbying.

3. To give a rapid response on
technical and scienfific matters
where advice is sought.

A Council was formed at the
Member Body Presidents’ meating
to guide the scientific societies
group within the new Royal Society
through its firstyear. Two represen-
tatives were placed on the Council
from each of the following group-
ings of affiliated societies - Land
Science, Information and Mathe-
matics, Environmental Sciences,
Life Sciences, Physical Sciences,
and Technelogical Sciences. | am
one of the representatives for
Physical Sciences, a group that
includes NZIC, Institute of Physics,
and the Geological Society.

By the time you have read this
letter further meetings will have

taken place to finalise the name of
the Council and its functions. You
will be kept informed of develop-
mets but major functions of the
Council are likely to include Public
Awareness of Scence and Tech-
nology, advocacy on behall of
membership, government Science
and Technology Policy, Science
Education, and International mat-
ters. Some of the functions will be
carried out jointly with the academy
(Fellows) sector of the Royal Soci-
aty.

| wish you all well for Christmas
and the New Year. | look forward to
visiting each Branch during 1881.

Regards
Harry Percival
President

WOMEN IN CHEMICAL SCIENCES
SPECIALIST SESSION

Qver forty women attended the
Women in Chemical Sciences
Specialist Session at the recent
1990 NZIC/NZBS/NZSPP Confer-
ence. This first scheduled gather-
ing of women at an Institute Confer-
ence began with lunch, provided by
Shell Holding NZ Ltd, which gave
participants the opportunity to meet
and talk before the formal sessions
began.

The keynote address was given
by Dr irene irvine, CSIRO Institute
of Industrial Technologies, Mel-
bourne who was brought to New
Zealand by the NZIC Overseas
Visitors’ Fund supported by the
Wellington, Hamilton, Auckland
and Christchurch Branches, to-
gether with the Ministry of Agricul-
ture and Fisheries' Equal Employ-
ment Opportunities Programme,
Irenewas a founding member of the
Women in Chemistry Network
(WINC) of the Victorian Branch of
the Royal Australian Chemical In-
stitute, she was able to share expe-
riences of the establishment of the
Network and of activities under-
taken since to support members
- and to make them more visible in
chemistry. These activities have
included the establishment of a
prestigious annual lecture by a
woman chemist, the Joan Radford
Lecture, encouragement and sup-
port for women to apply for awards
and scholarships, submission of
the names of women for elected
positions on Boards and Councils,
and (with male colleagues) men-
toring of young women chemists.

Irene also briefly traced the con-
tribution of women to chemistry
since earliest times.

The Women in Chemistry Net-
work has consistently lobbied for
the survey of the position of women
in chemistry in Australia, along the
lines of that recently conducted in
Britain. Irene was able to report that

a Task Force has heen set up
within the Royal Australian Chemi-
cal Institute to investigate the
means by which a similar survey
may be conducted in Australia.

Following the address, partici-
pants broke up into small discus-
sion groups where they considered
the position of women in chemical
sciences in New Zealand before
reporting back in a final session.
The opportunity to share experi-
ences with people with similarinter-
ests and problems, to meet in a
small group and to meet socially
were considered extremely valu-
able. Perhaps the most pressing
problem shared concerned the diffi-
culties of caring for a young family
while still trying to carry out re-
search. Concern was expressed
about the lack of knowledge of the
position of women in the chemical
sciences in New Zealand, for ex-
ample, even the number of women
in the Institute of Chemistry is not
known. it was recommended that:

1. A Women in Chemical Sci-
ences meeting should be a regular
feature of future conferences; and

2. A survey of the position of
womeninchemistry, along the lines
of the British survey and the pro-
posed Australian survey, should be
carried out by the New Zealand
Institute of Chemistry.

BRITISH SURVEY RESULTS

From “Education, Employment
and Attitudes of Men and Women
Members®, 1983, The Royal Soci-
ety of Chemistry, London, UK

Results from analyses show
that, among other things:

- members reported that careers
advice at school on chemistry had
been inadequate;

- career progression and promo-
tion opponunities appeared to vary
between men and women;

- both men and women had en-
countered instances of sex dis-
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crimination against, and sexual
harassment of, women;

- a substantial proportion of
women who took career breaks felt
that, on return to work, responsibil-
ity or status in their jobs had
changed for the worse;

- majority of both men and
wamen would like refresher or re-
training courses to be provided for
people returning to work after a
carger break;

- a substanfial proportion of
women would like the Socciety 1o
provide services of activities tar-
geted at women chemists;

- an imbalance was identified
between facilities wanted, and fa-
cilities provided, in ceriain areas,
such as child care at work.

The following actions have been
agreed:

- the Society should survey its
Students Members to monitor the
quality of careers advice in chemis-

try;

- where there are indications of
discrimination, the Society should
investigate further and take such
supportive action as is practicable;

- the Society should encourage
the provision of refresher courses
and returner programmes;

the Society should consider
whether there are additonal pro-
fessional services it might provide
for women members;

- the Society should consider
carmrying out further surveys among
its women members to update in-
formation on ‘'women at the
workplace' and ‘women in career
breaks’;

- the Society should invite the
Women Chemist's Working Party
to draw up proposed terms of refer-
ence for a Women Chemist's
Committee to carry out the recom-
mendations of the Working Party.

Janet Burns, Education De-
partment, Massey University.

PEOPLE

WELLINGTON BRANCH CHAIRPERSON 1930/91

Elizabeth Douch was born in
Wellingten whete she attended
Tawa College before entering Vic-
toria University from where she
graduated BSc(hons) in chemistry
in 1981.

Between 1983 and 1984 she
worked with Dr Stuart Smedley at
Victoria University on a contract
from the Building Research Asso-
ciation to investigate the carrosion
of metals embedded in preserva-
tive-treated timber.

In 1985 she attended Hutt Val-
ley Outpost Teachers' College and
was appointed as an assistant
teacher of chemistry and mathe-
matics at Wellington Girls” college,
a position she still holds.

Elizabeth has been amember of
the Institute since 1986. She has
served as a commitiee member
and treasurer for the Wellington
Branch.



LETTER FROM AUSTRALIA

In Septermnber, while Melburni-
ans were distracted by the Austra-
lian Football League playoffs, | was
spanding a few days in Port
Moresby as guest of the Papua
New Guinea Institute of Chemistry,
Geographically the people of PNG
are our nearest neighbours, and al-
though there is regular contact be-
tween The Royal Australian
Chemical institute and the PNG
Institute, there is potential for even
stronger ties.

A number of people hold dual
PNGIC/RAC| membership, and
they and others come to RACI
conferences from time to time. In
the other direction, PNG students
take part in our Chemistry Quiz,
after some ‘“customising” of the
questions, | think. The PNGIC
Congress usually has a few people
from down south, sometimes from
companies who do business in
PNG and sometimes courtesy of
local industry sponsors as was my
visit.

The Sixth Congress, which | at-
tended, was held over a weekend
at the University of Papua New
Guinea, and about sixty people at-
tended, The thirty of so papers fell
mainly into two categories, having
to do with plant products and with
environmental analyses respec-
tively. Chemists in PNG play impor-
tant roles in national development,
and this was reflected in papers
about nutritional value ot vege-
tables, composition of seed oils and
maturing coconuts and structures
of local polysaccharides.

An interesting paper in this cate-
gory described the investigation of
plant leaves which were used in
preserving the meal which was left
over from feasts involving the tradi-
tional mumnu, the hotstone oven.
The chemist isolated the volatile
oils, recorded their improved spec-
tra, and sought the help of an Aus-
tralian colleague in getting gas
chromatopography/mass spec-
troscopy to work on the problam.
While awaiting this result he
checked the anti-bacterial proper-
ties of the oils against a range of
organisms which were likely to
cause meat spoilage, and found
that none of his extracts had much
effect. Reflecting that he had been
rather too keen to tackle the chem-
istry of the problem, he got down to
some trials with storage of cooked
meat and found that the crushed
leaves imparted a nice flavour but
didn't have any effect on shell-life.
A lesson learned, no doubt, but the
field-work must have been reward-
ing.

Trace metal analysis was the
other major theme of the conter-
ence, with contributions from in-
strument suppliers, analytical com-
panies, the two universities and the
mining industry. In one case a min-
ing company had surveyed three
analytical groups to see whether
different taboratories could come

up with the same results, it gave me
some pleasure to see that some
people from our own university had
shown up very well.

Many of PNG's gold and copper
mines are in the highlands where
annual rainfalls can reach
S000mm. *it's pretty steady”, say
the pecple from Porgera, “and we
never record more than 100mm a
day”. Their government is taking a
lot of interest in sediments and
heavy metals, especially in the Fly/
Strickland River system, so base-
line studies are much in demand.
Presentations in this section of the
meeting were mostly accompanied
by photographs, including some
spectacular ones of last year's
landslip near the OK Tedi ming.
While these two themes dominated
the conference, there were a few
papers on such things as chemical
education, chemiluminescence of
blood plasma, and tricarbonyl chro-
mium compounds,

The presenters at the congress
reflected the changes taking place
as PNG national slowly take over
the professional life oftheir country.
Expafriates now work on (renew-
able) three-year contracts, and a
condition of employment is that
nationals be trained to take over

these jobs at the earliest possible.

stage. In chemistry, the number of
B.Sc. graduates is small, with many
of the best science students study-
ing medicine after their foundation
year. With a population of 4 million,
PNG has about 800 students taking
year 12 at its four National High
Schools (year 11 & 12 only) and
another 50 in international schools;
about 500 are Science majors, and
250 proceed to higher education.
The University of Papua New
Guinea in Port Moresby gets about
100 of these, the others studying at
the PNG University of Technology
in Lae, and together these institu-
tions produce 10-20 chemistry
majors a year. :

Local graduates are in demand
in industry, with mining and analyti-
cal companies providing attractive
alternatives to graduate school. For
the tew who stay onthere are M.Sc.
and PhD. programs but not many
scholarships, although there are
teaching fellowships which help to
keep body and soul together until
they can be enrolled in overseas
doctoral programs, commonly Aus-
trafian and British. While this prac-
tice stunts the growth of PNG
graduate schools, it provides valu-
able breadth for the students who
study outside their own country.

Natural product chemistry is a
“natural” for a developing country,
and | was one of many Australian
organic chemists to cut their re-
search teeth on bags or twigs of
leaves which were thought to con-
tain interesting substances. There
is however a more public use of
PNG native ptants and it is one the
governmant would like to see dis-

appear - the chewing of buai (betel
nut). Formerly a social drug con-
sumed under well-understood so-
cial restrictions in the old lowland
society, its use has spread to the
highlands and alse jumped so-
cially-erecled boundaries. The nut,
from a slender palm tree, Areca
catechu, contains various pheno-
lics and the alkaloid arecoline (a
reduced nicetinic acid derivative) in
the form of its satts. While some
people chew betel alone or with a
spicy herbal accompaniment, most
users in Port Moresby mix it with
lime which frees the alkaloid and
ensures more rapid absorption. it
also produces a brilliant vermillion
red colour which decorates the city
as chewers unfoad their mouthfuls
of spent betel. Government public-
ity concerming the prevalence of
mouth cancer in betel chewers
seems to have no effect, especially
on those who value buai as a tonic.
Sale of buai is still permitted (about
25¢ each nut) and it's quite com-
mon to see up to one hundred nuts
set out on a cloth on the sidewalk
and attended by a patient retailer.

Guarantine regulations pre-
vented me bringing some buai
home, but we probably have
encugh "tonics” in Australian soci-
ety without importing more.

Kind regards

{an D. Rae

MISSING
PERSONS

Nearly 50 years ago, about 30
N.Z. chemists went to Australia to
make explosives. Prof. lan Rae of
Monash University (our occasional
Australian Correspondent) is re-
searching the history of this epi-
sode, with the assistance in New
Zealand of Lester Stoyner.

Some 20 have been identified,
spoken to or written to, but a num-
ber whowe believe were part of this
was effort remain untraced. If any
reader can supply an address or
information about them, please
write to Lester Stoyner (164A
Beach Road, Auckland 1310) or
the Editor.

The name of the “missing” are:

N.O. BATHURST - May have
been in Palmersten North

Moel BYTHELL - Said to have
entered the church and gone to
South Africa

William CHAPPELL - May have
stayed in Australia

Ron CONVENTRY

S.C. DENTHAM

Alex LEES

H.B. OAKLEY - May have come
from the UK

J.D. RAESIDE - Possible in Brit-
ish Colombia

John F. MARTIN - could be in
Australia or USA. worked in Pyro-
technics, Adelaide.

SAXTON - May not have been a
chemist, but was in an administra-
tive position.

ANALYTICAL
CHEMISTRY
COURSES AT ATI

The Department of Applied Sci-
ence is again offering the Royal
Sociaty of Chemistry's Certificate
course in Analytical Chemistry in
1991. This part-ime course is
available to NZCS or BSc gradu-
ates interested in extending and
updating their analytical chemistry
skills. Chemists without formal
qualifications but with experience
in anatytical chemistry are also
invited to apply.

The course runs for four twelve
week terms, Thursday 2.30pm -
8.30pm for three terms and Thurs-
day 4.30pm - 8,30pm for the fourth
term. Topics fall into two main ar-
eas, Advanced Analytical Tech-
niqgues and Applied Analytical
Methods, the latter involving visits
to industrial faboratories. In addi-

“tion, a project is performed, nor-

mally at the student's place of work.

The courseis moderated by, and
the certificate issued by the Royal
Sodiety of Chemistry in the UK.

In late 1991, ATI also hopes to
intraduce distance learning routes
to. UK qualifications (both RSC
Certificate and BTEC) using the
British Analytical Chemistry by
Open Learning texts which would
be suitable for students outside the
Auckland area. As a preliminary
step we would be pleased to re-
caive requests tor additional infor-
maticn from interested chemists.

For further information concarn-
ing the above analytical chemistry
courses, pleast contact:

Dr A. C. Herd, Department of
Applied Sclence, Auckland Instit-
ued of Technology, Private Bag,
Auckland. Phone (08) 778-573 Fax
{09) 371-568.

NZIC WELLINGTON
BRANCH NEWS

LAND RESOURCES
DIVISION DSIR

Dr Cyril Childs has returned from
Ehime University, Matsuyama
where he spent ten months under
the Japan Society for the Promo-
tion of Science programme study-
ing ferrihydrate in soils. Dr Benny
Thing is to visit the Japanese Na-
tional Institute of Environmental
Studies at Sukuba in January un-
der the auspices of the Japan/NZ
Sdentific and Technical agree-
ment.

vuw

Dr Sarah Russell has teft the
Department for postdoctoral work
at the University of Laramie.

Professor Leiv K Wyndes (Uni-
versity of Troms), Vice-President of
the Norwegian Chemical Society
recantly visited the Department
and DSIR Chemistry and spoke on
his work with small ring organics.
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ENVIRONMENTAL AWARENESS
- THE INDUSTRIAL CHALLENGE OF THE 1990’S

Industrial pollution is preventable - and it doesn't havetobe a
huge expense to the company according to Auckland Regional
Water Board.

A department of the Auckland Regional Council, the Water
Board has the responsibility for, among other things, the meni-
toring, maintenance and , where necessary, the enhancement
of water quality in stream, underground and coastal waters. The
Auckland Region has & land area of 5,000km? extending roughly
from Pukekohe to Te Hana, north of Wellsford, and out to Great
Barrier in the East. The total area is 16,000 km? whan the sea
araas are Included,

Industry Is just one of the many different activities conttibuting
to poliution problems in Auckland's urban streams and har-
bours. Butlike allthe other activities, for example farming, urban
subdivislon, residential, recreation and so on, the Water Board
is asking industry to ctean up its act.

Four areas of attention will reward those industries with
serious intentions of cutting down water pollution fremtheir site:-

- work practices and attitudes.

- spill contro!

- site design and drainage

- waste minimisation

" Industrial chemists can usefully be involved in improving all of
these.

Attitudes and Practices

Untidy yards, misuse of stormwater systems and being caught
unprapared for a spill of raw material product or wasted are the
most common reasons why industries cause pollution.

Outdoor working areas are typically messy - they are often
covered in materials spilled from decanting, loading or unload-
ing, overflowing waste storage vessels, leaking containers,
dripping 1aps or spigots, or washdown of drums or machinery.
When it rains, the runoff carries these contaminants through the
stormwater grate and out to the nearest stream or beach. Bad
housekeeping practices such as these result from lack of
awareness - and cause unintentional pollution.

Many people - including those working in industry - don't know
that under most cily streets run two sets of drains - sanitary
sewers and stormwater pipes. Water Board staff frequently find
that when they point out to someone that hosing a spill of
material down the stormwater grate in the yard has just tumed
a stream bright red, for example, the usual response is one of
genuine amazement.

Stormwater pipes are only meant to discharge rainwater off
outdoor surfaces (like roofs, roads and yards) into streams and
harbours. There is not treatment for any wastes that get into the
stormwater system. Changing attitudes and behaviour by in-
creased awarenesscan make a significant difference in polluted
areas.

If industrial staft keep as clean as possible all surfaces that
rain lands on, to ensure that only uncontaminated rainfall is
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Clare Feeney is a Water Quality Scientist with the Auckland Re-
gional Council’'s Water Board. .

She has held that position for nearly 10 years, for most of that
time being involved with processing water right applications to
discharge wastes, particularly to ground disposal systems.

in recent months, Clare has moved into the area of Public Edu-
catlon, as part of the Water Board's programme of involving the
population of the Auckland region in the management of their
natural environment.

discharged through stormwater systems, they can signiticantly
reduce the chronic water pollution caused by continual, low
lever contamination of stormwater in industrial areas. This
involves no capital cutlay by the firm, the only costs being staff
time.

Spills

Spill control for pollution also requires informed attitudes.
Accidents will always happen, even on the best managed and
designed sites, so spill contingency planning is a must.

Even on small sites, industriat staff need the training and
equipment to contain the spill and block access to stormwater
grates. The spilled material can then be collected for reuse of
safe disposal, without harming the environment,

Some spills may need to be neutralised. The industrial chem-
ist ar chemical engineer must ensure that staff are adequately
trained to do this themselves, or know who to contact to super-
vise them.

Surprisingly, foed products can be a serious waler quality
hazard. Site personnel trained in chemistry or engingering are
aware of the occupational health hazards of chemicals - but they
often don't realise the biological damage that ¢an result from
food products being spilled into streams or harbours.

Biodegradability is one reason why these apparently innocu-
ous products cause environmental damage. The oxygen de-
mand of whole milk is 100,000 g/m? - 3-4000 times greater than
that of raw sewage. Whey, milk’s industrial byproduct, from
butter manufacture, still has a Biochemical Oxygen Demand
(BOD) of around 40,000 g/m3. Many of Auckland’s streams and
estuarine headwaters may contain only 5-10 grams of oxygen
per cubic metre, with very small flows and little tidal flushing. It
is gasy to see how a spill of even a small quantity of food product
can suffocate aquatic life, and in fact food spills have caused
Auckland's biggest fish kills.

So, just becauss it is biodegradable, a spill still can't be hosed
down a stormwatar grate. This should only be done for sub-
stances which pose a serious and immadiate threat to human
health.

Any material spilled in an industrial yard must by contained
and removed - and, importantly site managers must find out how

-and why it occurred, lo prevent similar accidants in the future.

Site Design and Drainage

Structural alterations may be necessary to reduce pollution
from some sites, incurring some expenditure for measurements
such as roofing, bunding or drainage alterations.

Roofing of work areas which cannot reasonably be kept clean
and bunding of key storage areas both cut down the movement
of contaminants into stormwater pipes.

Similarly, all contaminated tlows (e.g. from intemal floor
drains, process activities or sanitary fixtures) must by con-
nected to the sanitary sewer, with any necessary Trade Wastes
approvals from the relevant drainage authority.



Steps such as these often enable relatively inexpensive
retrofits or site upgrading for smaller operations, particularly in
older premises or in new spec-built premises nat espacially
designed for the operation. Bigger, newer operations tend o be
better designed from the stant because of more effective plan-
ning controls now in place.

Waste Minimlsation -

The greatest chailenge for the industrial chemist or chemical
anginear, is, however, to cut down the wastage throughout the
industrial process.

Spills represent wastage, of sometimes very expensive prod-
uct - but industrial wastes can represent unnecessary wastage,
too.

Good product, raw materiai and waste disposal charges all
cost money. Minimising industrial waste streams can save
money - and benefit the environment too.

The Water Board’s pollution abatement inspectors are in-
creasingly encouraging industries to examine their entire proc-
ess, by asking themselves:

- does my process really need to generate waste?

- ¢an | re-use my wastes?

- can | racover usable product from my wastes?

- would a change in process cut down my waste steam?

- would altemative materials make my waste less harmful?

- does anybody else want to use my wastes?

Reuse on site is possible forwastes such as washdown water,
electroplating fluids, timber treatment compounds or solvents.
The Water Board suggestedthis to a firm which was discharging
contaminated wastewater into underground water which flowed
directly into the Manukau Harbour, The firm came up with a
system to return the wastewater into their process. The pay-
back period was anly 18 months, after which the company
expects to save thousands of dollars in the long term - dollars
which formerly went down the drain and had to ba spent buying
new chemical raw materials.

Recovery of expensive producl from waste streams can be
possible where the total waste flow cannot sasily be reused.
Separation can be worthwhile for some expensive materials,
rather than paying for both waste disposal charges and new
product.

Reduced waste volumes can be achieved by cutting down
water usage throughout all industrial processes. If this makes
the waste too concentrated for safe or economic disposal into
the sanitary sewer, this may make it easier to recover usefut
conslituents fromit. Lower waste volumes also make it easierto
handle waste storage or peak flow problems.

Recycling is available for some wastes that cannot be reused
on site. Glass, paper, oil, aluminium, tin cans and some plastics
can all be recycled. The ARC has a Recycle Hotline (09) 366-
2070 to inform paople of their nearest recycling station.

Rethinking the process may reveal that there are other
practices or products that could be used to either cut down the
waste stream of make it less harmful. A simple substitution of
materials could do the trick, If they are more expensive, the
costs saved in waste chamjes may compensate for the ex-
penses.

Pollution Prevention Pays

Pollution prevention can save firms money otherwise lost in
product loss, downtime for injury or clean up and waste disposal
charges. It can save further costs incurred when Water Board
statf nesd to revisit problem sites. The Water Board chargas to
recover costs of staff time, travel and analytical costs. In the
event of a prosecution for water pollution, further costs are
incurred by legal and court costs and fines from pollution
convictions. The costs of being publicly identified as a polluter
are harder to measure - but can be significant.

On the positive side, financial benefits from polilution preven-
tion may even outweigh costs saved by avoiding expenses.
Many maijor international firms now consider there are signifi-
cant financial gains to be made from pollution prevention -
inciuding improved health, safety and staff morale, and corpo-
rate image. The PR benefits of environmental friendliness give
firms a competitive edge in today's marketplace.

Education

The key to improved environmental awareness is education,
to encourage industries to discover for themselves the benefits

of being proactive in meeting consumer demands and regula-
tory requirements for environmental protection. This has sup-
ported the Water Board’s increasingly proactive role in pollution
prevention as part of the drive for sustainable anvironmental
managemant.

To meet industry's information needs, the Water Board is in
the process of putting together a falder about industrial poliution
prevention. Topics covered include waste minimisation, spill
control, good housekeeping and site design to reduce the
environmental impact of small and large industries.

Copies of the folder will be available in early 1991, and can be
obtained be phoning Clare Feeney at the Water Board on (09)
366-2135 or writing to the Water Board, Auckland Regional
Council, Private Bag, Auckland.

The folder will also publicise the Water Board’s Pollution
Hotline (phone (09) 773-107), a 24-hour emergancy response
service for water pollution events. industries which have a spill
can phone the Water Board for advice about preventing or
remedying water pollution.

The Challenge ' . .
Innovative and creative thinking by industrial chemists and

engineers is called for to enable industry 10 meet the derqands
of the green consumer - and the more powertul and consistent
green electorate - for sustainable impacts on the planet's
resources. .

The new environmental awareness has major potential for
industry to discover new cost efficiencies. The environmental
benefits will be welcomed by the Water Board and industry alike.

For further information please contact Clare Feeney, Water
Quality Scientist, on (09) 366-2135.

ANALYTICAL
CHEMISTRY COURSES

ROYAL SOCIETY OF CHEMISTRY

(UK) CERTIFICATE IN APPLIED

CHEMISTRY (Analytical Chemistry)
This part time course will again be offered in
1991. For chemists with NZCS, BSc or experi-
ence in analytical chemistry wishing to update
their analytical expertise.

DISTANCE LEARNING
ANALYTICAL CHEMISTRY

ATI hopes to introduce distance learning mod-
ules in analytical chemistry leading to UK quali-
fications late in 1991 and wish to compile a mail-
ing list of interested chemists particularly out-
side Auckland.

For information on the above courses, please

contact Dr AC Herd, Department of Applied
Science, Phone (09) 773 570 or Fax (09) 371 588.

[ |
e 111

AUCKLAND INSTITUTE OF TECHNOLOGY
PRIVATE BAG, CPO, AUCKLAND 1
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THE FUNDING OFR & D
AN AUSTRALIAN MODEL

J.R. May
Chief Executive Officer, Australian Mineral Industries Research Association Limited

The R & D Scene

Never before in the history of Australia has research and
development enjoyed such a high public profile. Never a day
goes by without there being an arlicle in the press on some
aspect of R & D. We have well watched TV programmes like
'‘Beyond 2000' and 'Quanturm’, one on a commercial channel
and one on ABC, that have litted the public profile of science
immeasurably.

Some years ago the Prime Minister set up a Science and
Technology Council to provide himwith direct advice on science
and technology matters. We now have a Chief Scientist who
also reports to the Prime Minister on science matters. All this
would have been unheard of in Australia 10 years ago.

What is behind all this activity? Why is science, technology
and research now seen as so important? | think there are two
factors,

a) Publicly funded R & D in Universities and Government
Laboratories has become a significant expenditure item. As our
economy has tightened so has expenditure been more closely
scrutinised. We are being called to account for our spending!

b) Research is sean as a tool of Govemment economic
planning. i we can increase our R & D spending and make it
more focused and effective this will improve our economic per-
tormance or so the argument goes.

This changed view of R & Dris not peculiarto Australia. As far
as | can tell it pervades the views of Governments in most
Western economies. It is not totally disconnected from similar
changes to funding of education in our tertiary institutions but
this is not an area | propose 1o explore tonight,

However, if we ook at R & D in our Universities it is
enlightening to see what has been happening over the past 30
years or s0. Protessor Don Aitken, Chairman of the Australian
Research Council, has analysed this in a fascinating lecture
given at Leeds Polytechnic earlier this year.

He points out that prior to the 1950s Universities in U.K. and
Australia were not heavily involved in research. The first PhD
graduated from an Australian University in 1950. | was about to
entar University atthattime! Most research was done in industry
or Government research laboratories up until then.

Following the second world war national governments began
funnelling substantial publicfunds into expanding our University
sector. In Australia this has seen a ten fold increase in students
and institutions.

At the same time, following inftiatives in the U.S.A. which led
to the setting up of the National Science Foundation, there was
a strong push to involved Universities in fundamental sclentific
research. By 1985 all academic staff in Universities in Australia
were said to doing research and were contractually obligedto do
so. Funding from Government assumed staft would be involved
in both teaching and research.

This growth came to an abrupt halt in Australia in the late
1970's. Deficit budgets, demographic changes and a slowing of
the uptake of PhDs into the workplace has brought about a
rethink by governments of its funding approach.

This new phase is a period of conflict and substantial change
to research funding mechanisms. It is characterised by heavy
Government intervention in determining both research priorities
and who should get the available funds. It is not clear yet where
it will lead but again this change is not peculiar to Australia.

Asfar asthe role of research in economic policy is concerned,
we have seen all sors of Government intiatives - grant schemes,
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tax incentives, funding of key centres, etc. etc. to try and
increase the amount of R & D especially within industry. The
assumption seems to have been that if we can onlygetoui R &
D right it will lead to a marked improvement in our economy.

It seems to me much of the tinkering in this area is both
shallow and simplistic in its understanding of the complex
process we know as innovation. | do not intend to develop this
theme tonight but | will come back to # from time to time.

So research and research funding is a high profile topic in our
country at present. And | expect it is In most Westemn countries.

R & D STATISTICS

What do the statistics tell us about R & D spanding?

Generally R & D spending Is quoted as a percentage of a
country’s GDP. Great store is placed on these numbers and the
OECD makes widely publicised comparisons between coun-
tries. Australia does not sit well in these comparisons. It spends
about 1.2% GDP on R & D compared with the U.S.A. which
spends 2.5%. Our policy makers are deeply concerned about
this and have used the statistics to justify all sorts of policy
initiatives.

But let us for amoment lcok behind these statistics. Inthe U.S.
something like 0.7% of GDP is spent on defence rasearch
leaving only 1.8% of GDP being spent on civil R & D. Australia
has relatively little defence research. its economy is based
heavily on its rural and mining sectors. These industries require
a different profile of R & D 1o remain competitive to industries
producing computers and pharmacetuticals. So when making
comparisons it is important to understand the different profiles
of the economies of the countries being compared.

But let us take this a step further. Research in an industry like
pharmaceuticais is vital. It is its iiteblood to ensure its future.
Without a continuing stream of new products emanating fromits
R & D a pharmaceutical company has a limited life.

If we add the exploration expenditure in Australiato our R &
D expenditure we come up with a figure of about 1.6% of GDP.
This is not all that different to civil R & D spending in U.5.A.!

Now | am not using this argument o say that all is well with
research in Australia. Far from it! But | want to point out how
dangerous simplistic comparisons of R & D spending can be.
What a hazardous basis for formulating science policy!

CONCEPTS OF INPUTS AND OUTCOMES

{ think there is an even greater problem to confront than
uncertainties in statistical comparisons about R & D spending.
We have to ask the question why do research in the first place?
As Professor Aitken and others have pointed out, Australia has
inherited a culture that equales rasearch to pursuit of knowi-
adge. In other words, research is an end in itself. i deserves
public funding for its own sake..

| acknowledge that the continuvation of effectiveness of this
curiosity motivated process is of crucial concermn to the future of
our society. Howaver, when dealing with research in the context
of an industry such as mine or when Governments want to use
research as a tool of economic policy, it is an insufficient
definition of research or justification for it. Research must be
linked to an end and this, for my industry, must be to bring about
technological change to improve the competitive position of the
industry.

Therefore in assessing R & D spending we must be con-
cerned about outcomes. Measuring outcomas of research is
much more difficult than measuring inputs. And yet most of the
focus of the R & D funding debate is on imputs. Policies have
been developed largely with a goal to increasing inputs notto



improving outcomes.

How do we improve outcomes of our research?

My experience tells me this is very difficult. It really is the
problem on which the R & D funding and management debate
sould be focused. Over the next few minutes | will give you a
briet overview of how AMIRA funclions so you might have a
glimpse of some of the issues involved in improving cutcomes
and how we have been addressing them in the mineral industry
in Australia,

THE AMIRA MODEL

AMIRA was set up by the Australian mineral industry in 1959.
There are three key elements to its concept.

a) We have no R & D facilities of our own. All work is
contracted out. AMIRA has been able to focus on its special role
leaving the management of the R & D infrastructure to others.

b) Each project is separately funded by a group of sponsoring
companies who chooseto put their monay into the project. This
torcas the companies to accept responsibility for priority setting
rather than leaving it to AMIRA. It also brings a level of
commitment from the participating companies that aids the
technology transfer process.

c) The running of AMIRA is funded by an administration
charge on each project. This forces AMIRA to be totally client
or market driven in its approach.

AMIRA plays a bridging role between its members or clients
and the R & D contractors. It has two functions. The first is ta
develop new projects. This is a brokerage role which determines
what R & D gets done. The second is to manage the funded
projects to ensure delivery of appropriate outcomes that spon-
soring companies can use. This determines how the R& D is
done. This concept is shown in figure 1.

To give you a brief overview of our current business let me
share with you some statistics.

a) Membership - 139

b} Council of 15 slected from these members establishes
policy

c) Stafling - 8 research co-ordinators who set up and manage

the portlolios of projects

1 Company Secretary who manages financial aspects
of the business

10 Support staff

PROJECT DEVELOPMENT J

|

BROKERAGE

l
CONTRACTOR “‘—"'."—'
l

MANAGEMENT

| PROJECT MANAGEMENT ]

FIGURE 1

Diagram showing the role of AMIRA as a broker and meanager.
AMIAA is the bridge between the research community and the

s The AMIRA Model

Size of business
*  Currenty we have 89 projects valited at $28 million
*  Spent $9 million with our contractors last year
* Will put nearly $13 million worth of new contracts in
place in 1990/91 It will cost just over $2 million to run
the business 1990/91
* 10% of this will coms from subscriptions
*  50% of this will come from administration charges on
projects
*  40% of this will come from interest eamed on money
flowing through the Asscciation
The crux of the business is the way we seek 1o develop new
projects. Figure 2 shows the model we have developed to do
this.

SCHEMATIC OF AMIRA PROJECT DEVELOPMENT

THE MARKET PLACE

SPONSORS SCIENTIFIC & TECHNOLOGICAL
PROBLEMS, NEEDS AND DEVELOPMENTS
///l | UNDERSTANDING OF INDUSTRY /’f 7
- | U 21
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R&D CORTAACTONS AMINA SEARCH
AMIRA IDENTIFIES AMIRA STATE OF NEW DEVELOPMENT
[[v]
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FIGURE 2
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The ideas for new propesals come from a number of proc-
esses both formal and informal. An idea that will lead to a
successfully funded new project must contain two slements:

*  the scientific problem or issue that must be addressed
*  theproblemthat the industry wants resclved to improve its
performances

The two elements must be clearly defined and appropriately
linked before a worthwhile research proposal can be prepared.

In the model the ideas are taken through an iterative process
with the market place to develop a packaged proposal that will
get funding support. This process is based on a clear under-
standing of what is required to ensure technological change in
a company which can then lead to improved performancs.

It the project development phase is successiul and generates
funding support the projects are then managed by a careful
process of reporting and review to ensure appropriate out-
comes for the sponsoring companies.

This is a complicated and sophisticated process which takes
much time and effon. It is designed to maximise the chances of
Identifying projects which will be supported. This, in tum, in-
creases the likelihood of getting outcomes from the R & D that
can and will be used by sponsors,

See how fundamentally different this process is from that
which follows from levy based systems of funding. With a levy
system you can never be sure you have your pricrities right for
the industry. Furthermore, because the decision making proc-
oss about priorities is removed from operating personnel, there
is limited commitmant to the resuking research. Ensuring com-
panies use the outcomes is very difficult.

I the purpose of a research funding scheme is to increase R
& D spending, then a levy is most effective. However, if the
purpose is to improve an industry's competitiveness or a coun-
try's scanomic performance, a levy is an inappropriate funding
approach.

Note how tha objectives of R & D policy determine the choice
of funding mechanism.

THE FUTURE .

Let me close by making a tew remarks about the future. | am
surs the research funding debate in Australia will continue a
pace for some time 10 come. It has the potential to be very
divisive. In fact, some policy decisions could see the dismantling
of part of our R & D infrastructure as we know it.

Much of the tension stems from concern about the balance
between fundamental, curiosity motivated research and tar-

geted research driven by aconomic need. The balance is chang-
ing and probably neads to change even more. Yet there needs
to be a balance.

Furthermore, not all researchers are equally creative. How
do we pick those who have the potential for making real
paradigm shifts. Who should pick these people for special
funding? As our education system in Australia is currently
functioning, some pecple are expressing concern as to whether
we will produce enough of these creative peopls to service our
future R & D needs. With funds foreducation unlikely 1o increase
significantly in the near future, how are we going to ensure an
adequate flow of skilled people into our science and technology
R & D infrastructure?

All these questions remain unanswered but are at the very
centre of the debate over R & D funding. In addition there
remains for me several other unanswered questions. Thaese
relate to managemsnt. Do we have managers of our R & D
intrastructure who have the skills to guide us through this time
of massive change? Are wa devoling enough effort 1o develop-
ing and training them? We are beginning to focus on this issue
in Australia but it may be quastion of too lfitle too late.

Another unanswered quastion relates to management within
our companies. Is it really aware of the strategic importance of
technology to its business? Does it have its time frames set
appropriately? Is it creating appropriate environments to en-
courage technological development and change?

Overall | feel optimistic. | do see encouraging signs of
change. | hope they continue to grow because we desperately
need to develop a culture that encourages science and technol-
ogy as an avenue 1o strategic business success.

As far as my own organisation is concerned, it has been
undergoing a period of suslained growth. This seems sat to
continue. The principles on which AMIRA is based are seen as
fundamantally Important 1o improving the effactiveness of R &
D. They are being copied in Australia by other industry groups
such as the Information Industry. In the minerals area they have
been copied in U.K. and now are being copied in Canada. This
clearly demonstrates the realisation that we need 1o be much
more concarned about outcomes in cur R & D. Funding of R &
D is not simply about how to get more dollars into R& D. Itis a
much more complaxissue than that and lhope here | have been
able to stimulate you to think more broadly across a subject that
is likely to continue to be of critical importance for both our
countries,

NZIC 1991 CONFERENCE

The 60th Anniversary Conterence of the New Zealand Insti-
tute of Chemistry and the New Zealand Blochemical Sociaty will
be held at the University of Canterbury from Monday, 26 August
1991 to Wednesday, 28 August, 1991.

Plenary Speakers who accepted invitations to date are:
Professor Kim Janda {Scripps Insiituite, La Jolla), Professor
Frank P. Larkins (University of Melbourne), Professor Clark Still
"(Columbia University), and Professor Bob Ramage {University
of Edinburgh).

The conterence will follow a format of sumposia to focus
attention on various aspects of chemistry and biochemistry.
Symposia themes will include:
History of the N.Z.I.C.
Education

Denis J. Hogan

A. Geogg Groves, Ellesmers
College, andDavid E. Lewthwaite,
Christchurch Polytachnic
Leon F. Phillips, University of
Canterbury ‘
Maurice Barnes, Lincoln Univer-
sity

Christine C. Winterboum, ChCh
HospitalDiagnostic and Forensic

Spectroscopy
Biochemistry

Biochemical Toxicology

Biochamistry Ross Boswell, Christchurch Clini-
cal School
Molecular Medicine Steve Brennan, Christchurch
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Hospital

James M. Coxon, University of
Canterbury

Graeme B. Russell, Biotachnol-
ogy Division, DSIR

Modelling

Natural Products

Synthesis Brian R. Davis, University of
Reaction Mechanisms Auckland
Michasl P. Hartshorn, Univer-
sity of Canterbury

A. John McKinnon, W.R.O.N.Z.
Graeme M. Keelay, Cantarbury
Frozen Meat

Keith A. Hunter, University of
Otago

Derak W. Smith, University of
Waikato

Thers will alsc be opportunity for presentation of papers and
posters not covered by the symposium tepics. Accommodation
will be available in University Halls and motels.

The Conference Executive is Jim Coxon (Chairperson),
Robert Maclagan (Secretary} and Jan Gregor (Treasurer),
Further information is available from the Conference secretary:
Dr R.G.A.R. Maclagan, Department of Chemistry, University of
Canterbury, Christchurch. {e-amail

CHEM171@CANTERBURY.AC.NZ;FAX(64-3)348 3308).

Industrial Chemistry

Primary Produce Chemistry/
Chemistry of Food and Drink
Environmental/Analytical

Inorganic



Bridge Building at Waikato:
Co-Operative Education in Chemistry

A.G. Langdon and C.M. Kirk, Chemistry Department
University of Walkato, Hamilton, New Zealand

Introduction

University funding and function continue 1o receive much
scrutiny in these times of accountability and conteslability
[1.2,3.4). There have been numerous calls fromboth education-
alists and industrialists that university chemistry programmes
should be made more refevant, should develop the professional
skills needed to equip students befttar for the real world of work
in sciance, and should bridge the gap between university de-
partment and employer. These sentiments, touchedupon inthe
Parry Report [5] thirty years ago, have been echoed frequently
in New Zealand [for example, [6,7,8,9,10,11] and overseas [for
example, [12,13,14,15,16,17]. New Zealand chemistry depart-
ments have responded more than is sometimes realised. Changes
have been intraduced to give students the option of undertaking
vocationally relevant courses as par of their degree programes.
Courses inchemicaltechnology, analytical chemistry, industrial
and applied chemistry, polymer sciance, materials science, and
science and management are now available. Indusirially based
project work, site visits, and industrial guest lecturers are
features of applied chemisiry courses. At Waikato, the co-
operative B.Sc [Tecnology] degree in Chemistry introduced *to
meetthe needs of students who have an interest in an industrial/
applied career in chemistry and the demands of empioyers for
graduates with some work experience.” [18], hias beesn developad
overthe last decade to provide the sort of education in chemistry

- and training in technology and management that is now being
widsely advocated,

Co-operative education and experiential learning are terms
little used in New Zealand's chemical education literature. They
are likely to becoma more commaon during the 1990's. The idaa
of “learning on the job”is as old as technology itself. It was first
used as a formalised university teaching tool in 1906 when
Professor Herman Schneider of the University of Cincinnati
designed an engineering programme around regular periods of
paidemploymentin industry. Schneider's School of Engineering
went on 1o become one of the world’s mostimpaortant centres for
teaching and research in engineering. In North America and
Europe, co-operative courses [or sandwich courses as they are
sometimes refarred to inthe U.K ], are an integral pan of higher
education at levels ranging from post-primary through to post-
graduate. For example, in the USA, approximately 1000 col-
leges and universities offer co-operative programes to 250,000
students who find placements with 50,000 employers and so
earn on average US$7000 pa. towards the cost of their study
pragrames [19].

The purpose of this paper is to describe the co-op pro-
gramme at Waikato; how it addresses contemporary issues in
chemical education, and how it has facilitated the formation of
educational parinerships with local and national industries, We
offer observations what may be useful to institutions contem-
plating establishing co-operative programmes, and potential
employers of co-op students who may also have industrial
raserch projects suitable for co-operative graduate thesis tap-
ics.

Co-operative Education

Co-operalive education is a special type of university-indus-
try linked study programme. It is a system of education that
integrates on-campus leaming with periods of off-campus work
experience. The paid work experience components, organised
with co-operating employers, are related to the student’s aca-
demic area of study and are a integrai part of the study
programme. They complement academic study by allowing
students to combine theoretical knowledge with practical expe-
rience.

The World Council and Assembly on Co-operative Education
offers the following definition:

"Co-operative Education includes the following essential
features:

a) It is a strategy of applied learning.

b} it involves a structured programme developed and super-
vised by an educational institution in collaboration with one or
more employing organisations.

¢} Relavant productive work is a integral part of the student's
reguiar academic programme and an essential component of
the final assessment.

d) The programme normally commences and terminates with
an academic period.

8) The work experience components involves productive
work and comprises a reasonable proportion of the total
programmea.

f) At whatever level programmes are offared, they maintain
excellence.”

Programmes for full time degree students who may be
required to do occasional vacation work, or for full time employ-
ees who may take occasional course work as part of a cedtificate
programme, lack the commitment to an employer-institution
partnership and do not conform to this definition.

Co-operative education is well established overseas in uni-
versities and othertertiary institutions andis of growing popular-
ity. The direct and indirect benelits to student, employer, institu-
tion, and community that account for this growth are now wall
recognised [19,20,21,22] and are summarised diagrammati-
cally in Figure 1 below:

STUDENT

. E:;fusiona] skills developed
+ link theary to practise

+ refevanr work experience

« individual amengon

EMPLOYER UNIVERSITY

» motivated emperary staff
« cost effectve

= aecess 10 Universiny skilly
~ feedback i aching programme
+ COPPOTAIC irMage

+ reduced recruiment costs

* smudent recruitment
+ motivagon through visits
+ links with employers

+ incame-generarion

* access 10 industry sidlis

« vigibility and reputaticn

+ linking waching w practice

COMMUNITY

= tec y transfer
* education-indusiry links
= tost effective education
+ appropriately skitled graduates

Figure 1: Advantages of Co-operative Education

For a small and devaloping department, introduction of a co-
operative programme had potential for growth in student num-
bers at a time of static or declining science enrolments. By
offering a programme that was vocationally oriented and unique
to Waikato, the Dapartment hoped to inspire more local stu-
dents to pursue university studies in chemistry and to attract
technologically oriented students from a wider area. Incorpora-
lion of an employment component at an early stage might go
some way towards overcoming the financial constraints of
students from socio-economic groups and geographic locations
who has been previously represented poorly in university chem-
istry courses. Because highly specialised tachnological training
could be incorporated into the pericds of work experience, it was
possible to provide an educational experience far beyond that
which the Department could provide from its own resources.
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Walkato's B.Sc.[Technology]: “the degree that works!”

The principal features of Waikato’s co-operative

B.Sc.[Technology] degree which has evolved are summarised
below:

B.Sc[Technology] in Chemistry
* Four year degree incorporating academic content of B.Sc¢.
* Vocational Experience as an integral part of the degree
12 months course related employment
sessions 1o develop professional skills
* Directed academic studies including:
Chemistry major
Analytical, Applied and Industrial Chemistry

Management Studies and/or Economics

(1) Vocational Exparience and Professional Skills: "learning
by doing"An essential aspect of the B.Sc[Technology] degrae
is that a total of 12-months of vocationally relevant work expe-
rience is Integrated intc a programme of formal university in-

struction. The pattern of integration for the work experience

component has varied to maximise employment oppartunities.
Initially it consisted of two 6-month periods spanning term time
of the third year and the summer vacations of the second and
1hird years. More recently we have used the vacation at the end
of the second year as a 3-month period and the vacation at the
end of the third year and the first semester of the fourth year as
a9-month period. This pattern allows full advantage to be taken
of the well established pattern of student vacation employment
and, furthermore, the student is able to complete a chemistry
major belore undertaking the major work experience period.

Each student in an industrial placement has both an industrial
and an academic supervisor. Day to day supervsion is the
rasponsibility of the industrial supervisor. The departmental
supervisor’s role is to ensure that liaison is maintained and that
any personal or academic preblems are dealt with. The depan-
mental supervisor may aiso make departmental resources
available, or act as a consultant to the student's project if called
upon. While the student is in employment a laboratory diary
must be kept and at the end of the employment period, the
writing of a formal report on the experience gained is required,
Of course if any of the student's work has been of a confidential
nature, this can be protected.

One of the intended objectives of the work experience
component is to allow the student to develop personal and
communication skills by having to work and get along with
practising professionals and other members of the industrial
work force. In addition we expect studenis to become proficient
at technical writing through maintaining the taboratory diary and
writing their work experience formal reports. These reports,
particularly for the 9-month placemant periods canbe significant
documents. Students are encouraged to identity areas where
processes could be improved orwhere new techniques could be
empioyed. Often ideas for subsequent project work or even
thesis topics are developad during the period of work experi-
ence. The major part of the report is usually based on project
work completed but it can also be concerned with a topic related
to the placement that is mutually acceptable to the student and
the academic and industrial supervisors. Assessment of stu-
dent performance is based upon the quality of the laboratory
diary, the formal report, site visit reports {coordinated by univer-
sity slaff) and the industrial supervisor's assessment of per-
formance as determined by a standardised questionnaire.

Because employers have stressed the importance of profes-
sional skills[9], we no longer laave these to be acquired in a
totally ad hoc manner during employment. A formal assessable
component, covering topics such as repon writing, committee
work, oral communication, health and safety, computer familiar-
ity, information retrieval, team-work, presentation of data and
problem salving, is introduced into the industry courses. Vocational
experianca, professional skills, and the Management compo-
nenttogether constitute a minimum of 7 of the 28 courses of the
dagree.

Placing students has baen the most difficult part of running
the B.Sc[Technology] programme. Unlike countrias in which
programmes like B.Sc[Technology] are well established, New
Zealand has little tradition of co-operative education, The numbers
of chemists employed in chemically based industries, are gen-
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erally smal. Much of the chemical research and development is
done overseas. The New Zealand aconomy has been in reces-
sion for the last decade and has recently undergone extensive
restructuring producing widespread redundancies and an
employment environment where staft recruitment is often a
minor concern. While theindustrial establishmentis sympathetic
to the general aims of co-operative education we have found
that it does not have the rasources to make the long-term
employment commitmants necessary fortha efficient organisa-
tion of student placements. It might also be noted that succes-
sive governments, while claiming to be supportive of initiatives
designed to make education more relevant and cost effective,
have not been preparad to offer any direct support and have
withdrawn frorn the university students the sort of employment
- training subsidies that are available to other sectors. In the
USA and Canada, anthe other hand, co-opsrative programmes
receive significant government assistance, particularly in the
form of start-up grants [20,23].

In spite of early difficulties, sufficient students joined the
programme to ensure its survival and to warrant, by 1988, the
appeintment of an industrial Programme Director with responsi-
bilities that included liason with industry and seeking suitable
placements for students. Aspects of the organisation of the
programme were centralised by the formation of a Coordinating
Committee and standard practises were adopted by all the
subjects offering the programme. Gut of necessity, and also
because we think it beneficial, the student has been invoived in
taking a more active role in the securement of the placement.
Working with each Departmental Coordinator, the Programma
Director identifies sympathetic employers. The student is re-
quired to prepare a curriculum vitae and apply to the employer
for an interview, Tight control is kept ovar the procass to ensure
that, while employers can be offerad a choice, they do not get
overwhelmed with students seeking the same position. Be-
cause the Department’s credibility is at stake, only students who
are successiul in their course work are considered for industrial
placements. We endeavour to match student interest with job
opportunity and where possible direct students to positions that
ara avaitable in their home districts. This minimisas accommo-
dation difficulties and allows companies to support students in
their own communities. In 1989 a total of 26 chemistry students
were placed by this method at locations ranging from Whanga-
reito Gisborne. Overthe School of Science and Technology, 74
students were placed throughout New Zealand. ‘

(2) Academic Programme: Directed Studies

Ancther essential aspect of the B.Sc[Tachnology] is that the
academic component of the degree satisties all the require-
ments of a conventional B.Sc. Thus graduates from the pro-
gramme can procead to higher degrees if they wish. The
majority of the the course work is specified upon entry to the
prograrnma and includes required courses in Analytical Chem-
istry, Management or Economics, and Industtial and Applied
Chemistry, as well as the courses required 1o complete the
Chemistry major. The Management/Economics component pro-
vides a base upon which to devalop the further skiils that are
needed for positiens of managerial responsibility in science-
based industry.

An important development in the Department’s teaching
programme has been the introduction of courses In Industrial
and Applied Chemistry. Dasigned to complement the industrial
component of B.Sc[Tachnology], these courses are also popu-
lar amangst other undergraduates. For example, at the second
year co-0p students are required to take an introductory course
in industrial and Applied Chemistry. it covars chemical raw
materials and their conversion to useful products [with special
emphasis being placed on New Zealand's processing indus-
tries]. There is an intreduction to simple ideas of process
technology including unit operations, mass and heat balance,
idealised reactors, industrial safety, and a consideration of
industrial effluents, their treatmant, and environmental effects.
Pan of the philosophy of the course Is that not only should the
content be refevant but the teaching method should help de-
velop the personal and professional skills needed in industry.
Thus activities such as group work to prepare a position paper
or solve an assigned problem, individually researched case
studies on some aspect of chemical technology relevant to New



Zealand, brief oral presentations 1o the class, and field trips to
industrial sites are included. The field trips are a highlight of the
course, impressing upon students the range, scale and scope of
chemical technology and the chemical processing industries in
New Zealand before they enter their first period of work experi-
ence.

Bridging the University-Industry Gap and Other Barriers

Measurement of the success or otherwise of an educational
programme is usually not a simple undertaking. From a purely
numerical point of view, the B.Sc[Technology] can be judged a
modest success, particularly in view of the rapid growih of
recent years [see Figure 2]. Approximately one fifth of all
chemistry sludents at Waikato are enrolled in the co-op pro-
gramme. It is disappointing to note that while the programme
has been successful in attracting first generation university
students fromthroughout New Zealand and even fromoverseas
it has not yet had an eftect on Maori enrolments. The pro-
gramme has however atiracted a significant percentage of
women students.
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Figure 2: B.Sc.(Technology) Enrolments

Anecdotal evidence from students and amployers is suffi-
cient to indicate that programme goals are being met, eg..:

Employers cormmant: “/ firmly believe that practical industrial
experienceis aninvaluable partof the B.Sc{Technology]course.
it provides the student with an early insight into how science and
technology are applied to industry. This makes the transition
from university to the work-place that much easier. [24]

Student's comment: “The Induslrial Placement experience
helped me develop much needed communication skills, good
co-worker relationships and work habits that | would not have
fearnt in a university environment. It showed me the role that
science and technology played in the industry. It also hejped me
to determine what my real interest and career selection should
be. | enjoyed my placement and learnt more than | ever
expected to do in three monthsT25]

Case histories of individual graduates indicate that the pro-
grame prepares students for career options that might not
otherwise have been considerad. Work exparience placements

- have lad to permanent employment and to date B.Sc[Technology]
graduates have had no difficulty finding positions that utilised
their skills, and ironically, as graduates, have been sought after
by empioyers,

Personal finances are a increasing problem for students at
the tertiary level. The co-op student has the benefit of earnings
spread over the period of study and the guarantes of vacation
employment. Taking into account bursary payments and as-

s

suming similar vacation earnings, a student who completes a
B.Sc{Technology] would have total earnings no more than a few
hundred dollars less than a studant who graduated B.Sc. after
three ysars and worked full time for the founth year. By the end
of the fifth year, and from then on, because of the higher salary
commanded by a four-year degres with work exparience [24],
the B.Sc.[Technology] graduate’s earnings could be expscted
to progressively exceed those of the B.Sc. graduate.

The liaison activities, supervision of Technology students
during periods of industrial placement, and research projects
that have been identified and developed during these place-
ments, have done much to strengthen the relationships be-
twaen the Department and focal and national organisatons that
employ chemists. Interest of students and employers in expand-
ing work placement projects or problems into thesis topics has
led 1o the establishment of a new post-gradaute degree, the
M.Sc.[Technology][25). Research contracts for post-graduate
research have resulied. In addition staff consultancy work has
increased to such an extent that it has been necessary to
establish a Chemical Services Unit to Coordinate this activity
and enable the Department to make its skills and facilities
available in a professional manner.

Waikato’s co-operative B.Sc[Technology] programme has
done much to bridge the "gap” between university and industry.
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Co-operative Education at the Graduate
level: M.Sc.[Technology] in Chemistry

There are numerous models available for successful co-
operative education first degrees. Cne of these is the
B.Sc[Technology] in Chemistry that has been discussed earlier
in this journal [1]. Co-operative education at the graduate level
is much less common. Waikato’s experience has besen that
although B.Sc. [Technology] graduates are well educated and
trained for employment and sought after by employers, more
than halt of our graduates have returned to study for higher
degrees. By the mid 1980’s it had becomae clear that to meet the
educalional aspirations of the retuming co-op graduates in a
way that recognised their unique undergraduate experience,
and to provide a better means of developing co-operative
research projects on industrial problems or opportunities, a new
post-graduate degree was required. ideally this would incorpo-
rate the {ollowing features:

(1) k would be sequential to B.Sc.[Technclogy] but B.Sc.
graduates with suitable records and some work experience
should not be excluded.

(2) The academic content of the new degree must be
equivalent to that of a conventional honours degree and must
allow a graduate to proceed 1o a doctorate.

(3) A mechanism must be provided for the adequate super-
vision and assessmeant of research topics that might be located
off campus and be in areas outside the specific areas of
oxpertise of academic staff members.

(4) There should be a component of advanced Technology
and Management built upon the undergraduate work experi-
ence and management courses.

The New Dagree
The structure of the six paper co-operative degree de-
signed to meet these requirements is summarised betow:

* three papers chosen from traditional chemistry honors
level papears

one paper in industrial Science and Managemeant

a thesis investigation of a real industrial or applied
problem or topic, originating from industry or invelving
the industrial application of university-based research.

*

-

The speclal characteristics of the new degree derive fromthe
selection of students with appropriate undergraduate andindus-
trial experignce, the special nature of the thesis topic and the
inclusion of the Industrial Science and Management course.
Each of these features is considered briefly balow.

{1) Selection of Students .

While it was envisaged that the majority of those enroling for
the degree would be co-op students., it was recognised that
appropriately qualified graduates, including those with technical
qualifications, already employed in industry and wishing to gain
a higher qualification that inctuded work related research, could
also be suitable candidates once the necessary prerequisites
had bean met. Appropriate degrae regulations have beendrawn
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up allowing for the possibility that much of the degree be taken
by the distance learning mods.

{2) Industrial Science and Management

This course is designed to give students an overview of the
application of scientific, managemsnt and technological skills,
knowledge, and resources to industrial problem solving and
management issuss. It thus involves a considerably broader
approach than subject-specific course material. However depth
in the students subject area is provided for by a special individu-
alised case study. The course is divided into two equal compo-
nents: a lacture/seminar programme and a case study.

The lecture/seminar programme is offerad with the support of
guest lecturers from industry. It explicitly recognises the inter-
disciplinary nature of industrial science and focuses on issues of
importance not usually mentionad in traditional honours pro-
grammes In science. For example, there are sessions on
industrial quality assurance, patents and intellectual property,
technology transfer, industrial relations, sclence communication,
negotiation, and the role of research and development. Speak-
ers provide resource material such as reading lists and/or
important documentation before the session to allow students
with quite different specialist backgrounds to participate equally.
As inthe undergraduate programme, considerable emphasis is
placed on the development of interpersonal skills as pan of the
learning process. Interactive presentations with role-playing
and experiential learning exercises have been found to be
particularly effective at this level. Students are given the oppor-
tunity of demonstrating their mastery of the material through the
writing of the two executive-type documents that are used for
assessment purposes.

The case study componentis intended to allow the studentto
develop the sort of analytical skills that are essential for the
dasign of Industrial research and development or technology
transfer programmes. It usually involves an.individually-de-
signed invastigation of an aspect of industrial or applied science
relovant to the students thesis investigation. For example the
case study could be in the form of a research proposal for the
thesis topic, devefoped by the student collaboration with the
University and Industry supervisors, and which would formthe
basis of the student’s thesis research. Alternatively it could
involve an in-depth investigation of the industrial implications of
the student’s thesis research which would include a proposal for
the commercial application of the research results. In sither
case the student would be required to formulate an industrial
problem in scientific terms, use the technical |iterature to seek
solutions, decide what further research needs to be done and
gstimate the costs, resources and lime required.

(3) Thasis Component

An important requirement of the M.Sc.[Technology] thesis
project is that it is industrially based or designed with industrial
inputs to met a parceived industrial need or opportunity. indus-
trial research is not new to university science departments.
Industrial rasearch is not new to university science depart-
ments. Industrial research contracts have become an increasingly



important form of funding for doctoral research programmes. At
the masters level, particularly if located off campus, such
collaboration is less common.

This sort of research requires careful planning and formal
structures are necessary 1o ensure that the predictable prob-
lerms and constraints associated with student involvernent in
commercially driven research do not lead to misunderstandings
and disillusionment if project goals are not achieved fully. Time
scales and expactations of the university and the company are
usually different and even defining the project goals can be time
consuming. To a large extent we have overcome such difficul-
ties by invelving the Industrial Liaison Unit as soon as a likely
projact area has been identified. A project panel involving the
university supervisor(s), industrial representatives and the stu-
dent (plus outside expens if nacessary) is set up and potential
difficufties of the sont already mentionad and others such as
confidetiality, owndarship of intellectual information, publication
rights, resource imptications, budget, assessment, etc are dis-
cussed until all parties are satisfied and an exchange of lettars
can take place. This panel meets reqularly during the two year
programme to consider the student’s progress reports and to
manitor the direction of the project. Whils there is not necessar-
ily a research contract, and the company is not formally asked
1o contribute funds to the University or the student (or vice-
versa)l), the company is required to provide evidence of a
commitment to the project. This may take the form of paid
industrial experience for a B.Sc.[Technology] student for work
related to the project, direct supervision and consultancy serv-
ices, accass to plant and materials, access to confidential
information, and funding of those parts of the project thatcannot

be met by university resources (consultants’ fees, special
equipment, joumals reference books, computer literature searchas,
and travel).

Summing Up

The M.Sc.[Technology] represents a logical extension to the
graduate level of Waikato's undergraduate co-operative
B.Sc.[Technology] programme. fts initial reception by both
students and employers has been gratifyingly positive. Afterjust
three years, 23 students have enrolled inthe programme across
the School. There has been no shortage of suitable industrial
research topics and industrial guest lecturers have been more
than willing to ofter presentations in support of the programme’s
Industrial Sciance and Management course. Taken together,
the B.Sc.[Technology) and M.Sc.[Technology] pregrames pro-
vide a mechanism by which real research and problem solving
opporunities can be identified and executed as part of the
Department’s teaching and research obligations. As a conse-
quence, the Department has been well placed to take advan-
tage of such initives as the Emerging Technologies Programe
which is ideally suited to the funding of students engaged in
technological research. With ominous signs everywhere thatfull
govemmentfunding of unversity research belongsto anerathat
has passed, the bridges that have been built across the univer-
sity-industry interface through co-operative education should
lead to mutually bensficial teaching and research partnerships
in the 1990's.
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- BOOK REVIEWS

STUDIES OF HIGH TEMPERA-
TURE SUPERCONDUCTORS
VOLUME 4

Edited by Anant Narlikar, Nova
Science Publishers, New York, PP
402, 1980

ISBN O-841743-57-8

Since the pioneering discovery
of high temperature superconduc-
tors in 1976 by Bednorz and Muller
there has been a proiiferation of
published papers, articles and
books on this subject. The literature
is massive and it is becoming diffi-
cultto keep abreast of this field. The
present series “Studies of High
Temperature Superconductors” is
an attempt to bring to professional
investigators up-to-date and in-
depth accounts of major technical
advances in this area. This is a
review on Volume 4 in this series.

The book contains fourteen
chapters and each is written by a
differant author(s); all being recog-
nised authorities. Their expertise
covers the discipline of condensed
matter physics and chemistry, as
wall as engineering disciplines like
cotamics. The articles presented
cover a wide spectrum of unusual
facets associated with the broad
spectum of studies in this area.

Even though the origin of high Tc
has remained disputed, novei theo-
ries and mechanisms of supercon-
ductivity feature in the present se-
ries. In Chapter |, Lobbe presents
arguments to support the BCS
weak-coupling theory, while in
Chapter B, Schmeltzer further de-
velops the RVB approach of Ander-
son, and in Chapter 12, Nakamura

describes superconductivity by a
new theory called the multi-valence
resonance condensate.

The quest for new supearconduc-
tors is taken up by Rao in Chapter 2
with the identification of two new
series of superconductors.

Bismuth based cuprates are dis-
cussed by Takano (Chapter 3),
Mujazawa et al. (Chapter (9) and
Nakamuraand Ogawa {Chapter 5).
The latter authors discuss a fabri-
cation procedure to obtain con-
trolled numbers of Cu-O-layers.
Phase diagram determinations and
crystal growth of the 1,23 super-
conductors is given by Nevriva in
Chapter 14.

The remainder of the chapters
are technique oriented, e.g. high
resolution polarized XPS by Mar-
celli (Chapter 13), Mossbauer
spectrascopy by Boolchand and
McDaniel {Chapter 7) and ion beam
techniques by Keinonen et al.
(Chapter 10)

The book contains 402 pages,
with the chapters not grouped into
any particular subject order. It is
reasonably error free, and to facili-
fate speedy publication the cam-
era-ready pattern has been fol-
lowed. This volume (as well as
earlier members in this series) is
specifically designed for profes-
sional specialists and graduate
students in physics, chemistry and
material science, -and this aim is
achieved with volume 4, Others
who want a more general introdug-
tion to this subject should look else-
where.

E.W. Ainscough

CONDITIONERS, EMOLLIENTS
and LUBRICANTS

Michaal and Irene Ash. Edward
Armold, (a division of Hodder &
Stoughton) 1280, Pp. 389. ISBN
0713136 74 X.

Price Unknown, Availablein N.2.
in 1991,

This book is No. 4 in a series
“What Every Chemical Technoto-
gist Wants To Know...” but it does
not inform users of conditioners,
emolliients or lubricants on the na-
ture of these materials, how they
work in formulations or reacton the
human body. Itis a dictionary of the
properties, brand names and sup-
pliers of SOME raw materials cho-
sen from the thousands that are
available.

it appears to have been com-
plied from manufacturer's bulletins,
by converting their information to
the format used in the book — viz.
some 30 headings comprising
Synonyms, Trade names, Form,
Colour, 5.G. etc and then getting a
computer to write the book, with
almost no editing. there are even
entries under “Uses™which have no
connection to cosmetics.

The poor editing shows, for ex-
ample, under one entry for the
“Form® of one material: “Liquid”
“Oily Liquid" :Clear Qily Liquid” and
“Clear Low Viscosity Oil". More
space-wasting material appears
under “lonic Nature" for the well-
known quaternary cetyl trimethyl
amnonium c¢hloride, where, after
“Cationic” there are 19 brand
names, all of which have already

appeared in the “Trade Names”
entry. There are also six more trade
names — perhaps these brands
are unique in not being cationic?

Many products give the density
in Ib./U.S. Gallon as well as specific
gravity. Mineral oil is a dassic,
where 31 S.Gs. of oils from six sup-
pliers are followed by 31 densities,
most conforming roughly to 8.33
times the S.G.

The *Uses" paragraphs becoms
suspect when isopropyl myristate,
a widely-used emollient in creams
and lotions, is listed as being used
only in bath products. There are
other equally poor entries.

Most laboratories will have a
copy of the “Rubber Bible" - the
C.R.C. Handbook of Chemistry
and Physics, now costing nearly
$200, and possibly the Merck In-
dex, (about $150), and any serious
cosmetic chemist of supply man-
ager will have acopy ofthe C.T.F.A
Cosmetic Ingredient Dictionary,
even ata price greater than either of
the others. The last-named, in its
610 A4 pages, has far more entries
than the book undet review, with
structural formulas, suppliers
names, brands, and excellent
cross-indexes. In a specific field,
there is also extensive literature
from most reputable suppliers, so
for a cosmetic chemist in this coun-
try, the purchase of "Conditioners,
Emollients and Lubricants” seems
pointtess. Others such as teach-
ers, students or consultants would
learn more from other sources.

C.LH. Stonyer
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CARBON DIOXIDE AS A WORLD
“GREENHOUSE” GAS - A NEW APPROACH?

PARTI
A.A. Evans,
Hazards Analysis Ltd., P.O. Box 29-037, Wellington

The above topic was approximately half the subject matter of
a paper presentsd at the annual Institute of Chemistry Confer-
ance (Health and Environment Session), Wellington, New Zealand
in August, 1990. The same concepts that were illustrated then
are presented hare but with more detail.

Intraduction

Without exception, we are all contributors 10 the “Green-
house” effect both directly and indirectly, hence the above topic
should be one of general interest. In this paper it is assumed,
without discussion, that the "Greenhouse” effect and the resul-
tant climate change is both real and detrimental to the world's
environment. Such a view is, for instance, supported by a paper
by Schneider (1) but is, for instance, opposed in another paper
by Schneider (2).

This topic should also be of general interest to chemists
because currantly it is a matter of public debate. It is more than
this, ft is a matter of New Zealand Govenmental policy - “The
aim: 20% reduction of 1990 carbon dioxide emissions by 2005
as an interim objective of Govemnment (3a)” In the policy there
are further targets being considered - “The Secretary for the
Environment, on behalf of the NZCCP, will report by 31 October
1991 on:- what actions could be undertaken to meet the
following targets and what the implications of these would be:*
Carbon Dioxide from human-related activities:

30% reduction in emissions by year 2005

40% reduction in emissions by the ysar 2005

60% reduction in emissions by the year 2020

" Methane from human-related activities:

15% reduction by the year 2020(3b)"

Infact it is much more than this, a strategy of 20% raduction
by the ysar 2005 is likely to be an international policy.
Carbon Storage Areas and Carbon Fluxes

Houghton & Woodwell (5) have constructed a table giving
estimated values for the world's major carbon reservoirs (sea
Table 1). From table 1 note that the atmosphere currently
contains less than 2% of the world's carbon whereas over 80%
of the world's carbon is found in the sea. It is expected that the
relative size of these values would surprise most readers.

Houghton & Woodwaell(5) also gave values for current net
flows between these carbon reservoirs (see figure 1). Defores-
tation causes the “vegetation/soils reservoir” to give up 2 billion
tonnes of carbon (net) annually. Combustion processes cause

Table 1 The Current World's Major Carbon Reservoirs
(values in billion tonnes)

(1) Almosphere 735 (1.7%)

(2) World Vegetation and Soils
(560 + 1500)

(3) Sea

2060 (4.8%)

J600 (82.2%)

{4) Fossil Fuel Reservoirs greater than 5000 (11.4%)

the :fossil fuel reservoir” to give up 5 billion tonnas of carbon
(netYannum. The net gain by the “air reservoir” is 3 billion
tonnes/annum while the net gain by the “sea reservoir” is 4
billion tonnes each year., Note the ditference in kind between
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Figure 1 Carbon Reservoir Net Fluxes - Current Value (in
billion tonnes/year)

deforestalion and the burning of fossil fuels in that the former is
revarsible by reforestation, whereas, with current feasible tech-
nolegy, the latter is not.
Scenario 1 - Constant Proportional Flow Scenario

If the net rate of carbon transter batween reservoirs contin-
ued to persist at their current levels, then in about 1000 years,
the current known fossil fuel reserves (lowest estimate} would
then be exhausted. Atthe end of that time, hypothetically, the
situation would be that given in Table 2 where the fossil fuel
resgrvoir is empty and there is amost no vegetation. This
“constant proportional flow” scenaric also indicates that the
concentration of carbon dioxide in the aimosphere will become
five-times its currant level.

Table 2 The World's Major Carbon Reservoirs in 1000 Years
Time if Current Rate of Flux Continues (billion tannes)
- Scenario 1

(1) Atmosphere 3735 (B.53%)

(2) World Vegetation and Soils 60 {0.14%)
{15 + 45)

(3) Sea

4000 (91.33%)

The following quote shows that the "constant proportional
flow" scenario is a model which is being proposed for the carbon
dioxide tiow - “Not all the carbon dioxide which is produced stays
inthe atmosphere. Natural acosystems, particularly the oceans,
are able to absorb approximately 50 percent of the excess
carbon dioxide which is produced by human activities. K is the
other 50 percent which remains in the almosphere that is
causing concern (6)”

Scenario 2 - Equilibrium Scenario

In dilute solutions, the equilibrium relationship between the
gas and liquid concentrations is depicted by Henry's law. This
law gives a straight line relationship between the concentrations
(assuming Dalton's law) i.e. doubling the concentration of
carbon dioxide in the air would double the concentration of
carbon dioxide in the sea (equilibrium). The equilibrium scenario
proposes that Henry’s law be applied to the average concentra-
tions.



Before the industrial revolution (i.e. in 1850) the amount of
carbon in the atmosphere was probably only around 600 billion
tonnes (5). Assuming carbon dioxide equilibrium betwean sea
and air existed in 1850, and assuming that the averaged
redistribution since that time is in the same proportion as those
given in Figure 1 (i.e. difference values of 135:90:180:225 in
ration 3:2:4:5), gives the values shown in Table 3. Howeverif a
ditferent redistribution pattern was used it would not markedly
alter the atmosphere/sea carbon ratio because the amount of
carbon in the sea is so large e.g. if there was the same
atmosphere and fossil fue! increments but a zero increment in
vegetation/soils then the atmosphare/sea carbon ratio would be
600/35,910 = 0.01671 instead of 600/35,820 = 0.0167

Table 3 Estimated World’s Major Carbon reserveoirs in 1850
(billion tonnes)

(1) Atmosphere 600  (1.4%)

(2) Warld Vegetation and Soils 2150  (4.9%)
(560 + 1500)

(3) Sea 35820 (81.8%)

(4) Fossit Fuel Reservoirs ~ greaterthan 5225  (11.9%)

Consider again 1000 years from today at the current rate of
carbon transfer, assuming Henry's law, and that equilibrium has
then been established between the sea and atmospheric car-
bon dioxide concentration levels. This gives the values shown in
Table 4. Under the “equilibrium™ scenario there should be no
great concern because the long term effect, once equilibriumis
achisved (0.01675:1), gives a value which is below the current
air carbon dioxide level. :

it should be noted that the salts in the sea have a butfering
effect on the carbon dioxide concantration, sothe situation inthe
sea is more complex than simply a Henry's law relationship.
There are also capacitative effects within the sea and atmos-
phere. However alfthough the situation is more complex than
presented here, it is reasonable to believe that the carbon
dioxide level would drop markedly it the large man-made carbon
dioxide contribution was discontinued i.e. the carbon dioxide
would continue to be absorbed by the sea after the large man-
made contribution ceased until the level in the atmosphere fell
to the equilibrium value (estimated currently to be from 735 (see
Table 1) to (0.01675 x 36,000 =) 603 billion tonnes of carbon}

Tabla 4 The World's Major Carbon Raservoirs in 1000 Years
Time with Current Rate of Flux (billicn tonnes) - Scenario 2

(1) Atmosphere 720  (1.64%)

(2) World Vegetation and Soils B0 (4.9%)
(15 + 45)

{3) Sea 43015 (98.22%)

Scenario 3 - Potentlal Difference Scenarlo

In this scenario, the man made additional carbon dioxide flow
from the atmosphere to the sea depends on the potential
difference that exists between them. The potential difference
may be expressed in terms of partial pressures, mole fractions,
concentrations oreven quantities. A standard equation for mass
transfer is

N, =K )(y-y‘) {Equation 1)

wgera S the overall gas-phase mass-transfer coefficient,

Ny, is the air-sea mass transfer rate,

y i the concentration in the gas phase, and y* is the vapour
concentration which would be in ‘equilibrium with the liquid
concentration. ]

Equation 1 is similar to the standard equation used to
determine the flow of electricity, i.e.

I'=(V, - V,JR {Equation 2)

where | is ihe curmrent,

R is the resistance, an

V is the voltage {subscripts 1 and 2 indicating a ditferance),nhence
the mass-transfer coefficient, K, in equation 1 is like the

reciprocal of a rasistance or, in other words, a conductance. it
is reasonable to assume that the resistance to mass transfer of
the carbon dioxide (i.e. 1/K does not change significantly with
changes in flow rate of the man-made carbon dioxide going from
the atmosphere to the sea. Therefore the ratio, flow/(potential
ditference), should be constant (i.e. should not change with
time) in the "potential ditference” scenario.

Consider Figure 1 again. The 4 billion tonne flux which is
flowing 1o the “sea reservoir” is the quantity which should be
used in the releation above. 3 billion tonnes of carbon/year are
also going into the atmosphere in order to raise the carbon
dioxide level and thereby increase the potential difference
between the air and the sea. Almost 50% of the carbon flux is
remaining in the atmosphere because ot its large capacitive
effect, as will be demonstrated. The flow behaviour can be
described very simply by equation 3,

N,=N, +N (Equation 3)

where N isthe sumofthe mass transter rates fromthe “fossil

fuels fuels reservoir’ and the "vegetation/soils reservoir’, and
N, Is net mass rate transfer into the air.
The current equilibrium value for “CO,” carbon would be
around 603 billion tonnes (see above). Hence the potential
difference would be 735 - 603 = 132 billion tonnes of “CO,"
carbon at the current rate of 4 billion of carbon/year. Therefore,
for a rate of 7 billion tonnes of carbon/year, the atmospheric
concentration should be {7/4) x 132 = 603 = 834 million tonnes
of carbon plus an increment to account for a small annual
increase of the carbon content in the sea.

In order to increase the carbon content in the airfrom 73510
834 billion tonnes of carbon with a rate of 3 billion tonnes/year
would take 33 years. But, because the concentration ot carbon
dioxide in the atmosphere and hence potential difference would
be increasing, a larger proportion of the man-made carbon
dioxide would be flowing into the sea. Therefore, there would be
exponential-type behaviour, with the time required to nearly
reach the "steady-state” condition being abcut 10010 200 years.
Thus the large capacitive effect of the aimosphere has been
demonstrated.

Once again consider the next 1000 years, while assu ming the
current rate of carbon transfer is continued through that pericd.
On the basis of the “potential difference” scenario, the values of
that time would be those given in Table 5. As indicated, the
carbon dioxide leval shauld be 29% greater than the current

Table 5 The World's most Major Carbon Reservoirs in 1000
Years Time with Current Rate of Flux {billion tonnes)
- Scenario 3

{1) Atmosphere 948 (2.16%)

(2) World Vegstation and Soils 60 (0.14%)
{15 + 45)

{3) Sea 42787 (97.70%)

level. Provided future discoveries do not greatly increase the
“iossil fuel reservoir’ above the original value (see Table 1),
thereafter the air carbon dioxide concentration would decrease
exponentially (over say 100 to 200 years) until it reached the
level indicated by Table 4 (720 billion tonnes).

Discussion

The “potential difference” scenario is considered to be the
correct model for describing carbon dioxide transier between
the different carbon reservoirs. The “equilibrium” scenariois not
correct because it would take a long period for equilibrium to be
reached once man-made flow of carbon dioxide into the atmos-
phere was stopped. The “potential difference” scenario and the
“aquilibrium” scenario give the same result when the “potential
difference” is zero.

The “constant proportional flow” scenario is considered to be
in error because it ignores the carbon dioxide capitative effectin
the atmosphere. The proportion of man-made carbon dioxide
remaining in the atmosphere has only kept constant in recanm
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years because the amount of man-man carbon dioxide being
emitted is increasing each year. This increase effectively in-
creases the atmosphere's capacity to retain carbon dioxide
because increased flow gives a higher “potential difference” for
the “steady-state” condition. Recent papers appearto be adopt-
ing the “constant proportional flow” scenario {1).(8),(9),(10).
Note that Schneider (1) presents a graphical reprasentation of
a constant emission rate and gives a constant increase in the
carbon dioxide level with time which would be the characteristic
of the “constant proportional flow” scenario.

ATMOSPHERE SEA
0 4
0 4
VECETATION/SOILS FOSSIL FUELS

Figure 2 Garbon Reservoir Net Fluxes - Reduced Values (in
billion tonnes/year)

It the current rate of man-made carbon dioxide emissions (7
billion tonnes of carbon annually) were held constant then the
amount of carbon in the atmosphere should eventually increase
above 834 billion tonnes of carbon. However, if the current
burning of fossil fuels was reduced to 80% of its current value
and net deforestation was no ionger continued, then the carbon
emission rate should fall to around 4 biliion tonnes/annum. At
this rate there should be no increase of carbon dioxide in the
atmosphere and hence the carbopn dioxide concentration should
remain near its present level. This might be termed the “steady-
state” scenario.

Scenarios 2 & 3 show that the carbon dioxide poilution
problem is more one of where the carbon dioxide is going rather
than the actual amount. If our carbon dioxide emissions went
directly to the sea then our carbon dioxide "greenhouse” sffect
problem could possibly be solved (see Figure 3a). This would
remove the need to pass carbon dioxide into the atmosphere.
Figure 3b shows an even better option. As long as replacement
reforestation occurs, the combustion of wood could be used to
provide more of the world’s energy requirements with most of
the resulting carbon dioxide bring absorbed into the sea. Carbon
dioxide which is not absorbed by the sea can be recaptured by
tree growth or, if absorption by the sea is very efficient, then the
operation could be used to remove carbon dioxide from the air
which has been generated in areas remote from the seaside. If
electric cars wers fully developad then both wood and oil coutd
be burnt to provide electricity and much of the carbon dioxide
removed from the combustion gas by absorption in sea water.
itwould be a matter of cost and, at any carbon dioxide gas entry
point, the important pessibility of local ecologica! damage from
the high carbonic acid concentration and a consequantial cal-
cium deficiency. It should be noted that the figures given in this
paper are only indicative valuss for illustrative purposes. For
instance Houghton and Woodwell (5) give more accurate values
of 5.5 and 1.8 billion tonnes/annum instead of 5 and 2 billion
tonnesfannum for fossil fuel combustion and forest ciearing.
Also the carbon content of the atmosphere would bs closer 1o
810 than to 600 billion tonnes.

Conclusions

(1) Man-made carbon dioxide emissions cannot simply be
divided into a portion retained by the aimosphere and another
partion absorbed into the sea.

{2} A new “patential difference” scenaric demonstrated in this
paper should be a satisfactory method of describing the carbon
dioxide fiow between carbon reservoirs,
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Figure 3 The Possibilty of Carbon Dioxide Being Directly
Absorbed by the Sea

(3) If the amount of carbon dioxide emitted by man was heid
constant at its current value, then the concentration of carbon
dioxide in the atmosphere would eventually lavel out to a value
which is about 15% above its present value.

(4) Considerable time (say 100 to 200 years) would be
required before the “steady-stale” value was reached. The
“steady-state” value would increase with time due to the in-
creasing carbon dioxide in the sea.

(5) If net deforestation was discontinued and the current fossil
fuel usage reduced to 80% of its current value than the carbon
dioxide level would remain near its current value. Hence such a
world policy could indeed pravent any further significant in-
crease in the “greenhouse effect” due to man-made carbon
dioxide emissions.

(6} ¥ man-made carbon dioxide emissions ware reduced to
near zero there would be a considerable fall in the atmospheric
carbon dioxide concentration (perhaps as much as 20%). Once
again this decrease would be exponential and occur over a long
time period.

(7) The absorption of man-made carbon dioxide by the sea
might be short-circuited with appropriate technology and theraby
avoid any almospheric build-up of that “greenhouse gas”,
carbon dioxide,

(8} WHAT A GREAT AND MIGHTY CARBON RESERVQIR
ARE OUR OCEANS!
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Balances pH meters, gas chromatographs etc. listed under brand names
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HOW TO USE THE DIRECTORY:

I you know the product you are interesied in e.g. a pH meter fum to the appropnate section (in this
case Section A, Laboratory Equipment). Brand names of pH meters are listed and referenced back to
the Company Listing see example below,

Reference number Companies products or
used in Head Office services appear in these
Sections A-F ' Sections /
\ SCI—MED (N2) LTD / (A B)
117 24 Forth Street, Dunedin
P.O. Box 321 Dunedin Phone 775-531

P.O. Box 68232 Auckland Phone 793-993

P.Q. Box 508 Wellington \ Phone 845-809

P.O. Box 411 Christchurch Phone 65-463

A wholly owned subsidiary company of the EBQS Group, supplying New
Zealand and the South Pacific with scientific instrumentation, fully
supported by our technical, marketing and service team.

7/

Branches

The letter code in each listing Indicates the type of
activities in which the company engages.

A - Scientitic Instruments

B - Laboratory Equipment

C - Specialist or Consultative Services
D - Chemical Supplies

E - Process Control Instruments

F - Process Equipment

Chemistry in New Zealand/December 1990/133



COMPANY
LISTING

1 ABB KENT-TAYLOR Ltd
. PO Box 58-647
Gresnmount
AUCKLAND
Ph (09) 274 6099
PO Box 30-932, LOWER HUTT, Ph {04) 698-413
Importers, suppllers and servicers of laboratory and proc-
@ss control instruments.

A,E

ABELS Ltd

Private Bag 18

Newmarket

AUCKLAND

Ph {09) 520-5858
Unilevar, PO Box 35-092, Naenae, WELLINGTON,

Ph (04) 678-688

Manufacturers of and consultants in chamical testing of
fats and oils.

3 ADVANCED ANALYTICAL
1/6 Aegus Place

Takapuna

PO Box 36-280

Northcote

AUCKLAND

Ph (09) 419-1448  Fax (09) 418-0022
Supplisrs and servicers of sclentific Instruments for chemi-
cal analysis.
This entry has been carried over from the 1989 yearbook

D

4 AJAX CHEMICALS
17 Olive Rd
PO Box 12-645
Penrose
AUCKLAND
Ph {09) 592-593 & 596-956 Fax {09) 594-856
This entry has been carriad over from the 1989 yearbook

C

5 ALLAN ASPELL & ASSOCIATES Ltd
34 Constellation Drive

Mairangi Bay

AUCKLAND

Ph (08) 479-2962  Fax (09) 479-2962
Analytical chemists and scientific consultants specializ-
ing in environmental chemistry, microbiology, analysis of
foods, pharmaceuticals and industrial material and spe-
cialist investigations.

6 ALLENS UNITED WASTE DISPOSALS LTD
30 Neales Rd

East Tamaki

PO Box 58-032

Gresnmount

AUCKLAND

Ph (09) 274-5572 Fax (09) 274-1065
40 Milton Rd, TAURANGA, Ph (075) 718-618 .
Speclalists In the disposal of chemlcal wastes.

This entry has been carrled over from the 1989 yearbook

7 ALLIED CORPORATION (N.Z.} Ltd
Ph (09) 464-850 Fax (0S) 464-849

ALLTECH ASSOCIATES INC
8 PO Box 100352

NSMC

AUCKLAND 10

Ph (09) 444-3230
Supplier of chromatographic Instruments, equipment, ma-
terials and reagents.

A

ALPHA BIOLOGICALS
6 Fencible Drive
PO Box 38-213
Howick
AUCKLAND
Ph & Fax {09) 534-4424
Microblological quality control laboratory. Telarc regis-
tered for testing foods, cosmetics, waters, sewage and
effluents.
This entry has been carried over from the 1989 yearbook

A.EF

1 0 ALPHATECH SYSTEMS LTD
35 Scarborough Tee

PO Box 37-583

Parnell

AUCKLAND

Ph (09} 770-392 Fax (09) 398-514
63 Mills Rd, Brooklyn, WELLINGTON, Ph (04) 893-905
Importers and distributors of a wide range of sclantific
equipment and consumables for use in analytical chemis-
try, biochemistry, molecular biology, physics, medical
physics and biotechnology. A full back up service is

ANALYTICAL RESEARCH LABORATORIES

provided.
PO Box 989 C
Napier

Ph (0B) 835-6807  Fax (06} 835-0785
Independent analytical laboratory and consulting serv-
CAMBRIDGE

ices.
Ph (071) 274-409

Telarc registered laboratory and member of the NZ Asso-
ciation of Consulting Laboratorles specializing In the analysis

1 ANALYTICAL SERVICES LIMITED
85 Queen St

1 3 ANALYTICAL SOLUTIONS LTD

of minerals and nutrients In solls, plant tissues, feedstuffs
PO Box 87-212
AUCKLAND 5

and waters.
Ph (09) 523-1400

A scientific consultancy offering advice and development
assistance for cllents using or considering instrumental

mathods of analysis.

1 APPLIED BIOSYSTEMS {AUSTRALIA) P/L
26 Harker St

Burwood

Victoria 3125

AUSTRALIA

Ph {00-61-3) 808-7777 Fax (00-61-3) 887-1489
Supplier of systems and tools for blotachnology research
and related applications. Manufacturer and distributor of
a wide range of automated instruments, chromatography

columns and components and assoclated chemicals.

1 APPLIED INSTRUMENTS Ltd
PO Box 62-010
Sylvia Park
AUCKLAND
Ph 592-633 Fax 592-630
Importers and distributors of Industrial instrumaentation.
This entry has been carried over from the 1989 yearbook
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1 AQUA TREATMENT Ltd
32 Monokia St C
ROTORUA
Ph (073) 470-407 Fax (073) 478-911
Analysis of water, effluents, boiler deposits, environmental
chemists and consultants,
This entry has been carried over from the 1989 yearbook

A,B,C,E,F

1 W ARTHUR FISHER
525 Great South Rd
PO Box 12-747
Penrose
AUCKLAND
Ph (09) 592-629
27 Te Puni St, PO Box 38-774, LOWER HUTT, Ph (04) 689-629
144 Hazeldean Rd, PO Box 4158, CHRISTCHURCH,
Ph (03} 667-692
Suppliers and consuftants in the field of laboratory Instru-
ments equipment, process control instrument and proc-

assing equipment.

1 AUCKLAND VALVE & FITTING CO. Ltd
26 Ryan Place

Manukau City

PO Box 97-687

Sth Auckland Mail Centre

AUCKLAND

Ph (09) 278-6164  Fax (09) 277-9069
Christchurch Valve & Fitting Co., Ph {04) 381-830
New Plymouth, Ph {067) 79-535
Spaclallsts In valves and fittings and the Insiailation of

AUSTRALIA PTY Ltd

NEW ZEALAND BRANCH

PO Box 59-174

Mangere Bridge

AUCKLAND

Ph (09) 6456-000 Fax (09) 646-005
Manufacturerand distributor of Ames Miles and Technicon

products.
23 BAYER N.Z. Ltd D
CPQO Box 2825
AUCKLAND ‘
Ph (09) 480-1540  Fax (09) 480-1541
Marine Parade, PO Box 38-405, Petone, WELLINGTON,
Ph {04) 688-176 Fax (04) 688-181
105 Rutherford St, CHRISTCHURCH,
203 Nelson St, HASTINGS,
Subsidiary of Bayer AG Leverkusen.

2 2 BAYER DIAGNOSTIC

B,D

Ph (03) 843-136

Ph {070) 60-259
A,D
PALMERSTON NORTH
Ph {063) 82-038 and 0800-657-792

Importer and supplier of chemicals, reagents, diagnostic
WELLINGTON

products and laboratory materlals.
A,B
Ph {04) 764-5186

Repair, maintenance and construction of all types of labo-

2 4 BDH CHEMICALS NEW ZEALAND Ltd
PO Box 1246

25 R.A. BELL INSTRUMENTS Ltid
PO Box 12-279

1 AUSTIN CHALK CO D
Ph (0327) 6119

laboratory gas systems.
This entry has been carried over from the 1989 yearbook
PO Box 148
KAIAPOI
Non metallic mineral, chemicals and surface coatings
made to order.

2 AVERY NEW ZEALAND LTD
21-23 Preteria St

PO Box 44-155 VIC

LOWER HUTT

Ph (04) 698-588 Fax (04) 698-822
7C First Avenus, WHANGARE|, Ph (089) 84-872
17-19 Teed St, Newmarket, AUCKLAND, Ph (09) 502-072
64 Commerce St, HAMILTON, Ph (071) 75-458
2 Newton Trade Centre, Newton Rd,
MT MAUNGANUI SOUTH,
322 Aberdeen Rd, GISBORNE,
27 Carlyle St, NAPIER,
194 Courtney St, NEW PLYMOUTH,
57 Ingestre St, WANGANUI,
3/1005 Treamaine Ave,
PALMERSTON NORTH,
80 Kingsley St, CHRISTCHURCH,
62 Sturdee St, DUNEDIN,
42 Gloucester St, NELSON,
1 Bank St, TIMARU,
39 Gala St, INVERCARGILL,
Shops 11 & 12 Raiwaga Shaopping
Cantra, Suva, FIJI, Ph (00-679) 383-737
Manufacturers importers and suppliers of electronic and
mechanlical weilghing and counting machines, including
analytical and top-pan balances.
This entry carrled over from the 1389 yearbook

21 BASF N.Z Ltd
PO Box 407
AUCKLAND
Ph {09) 644-371 Fax 666-901

Importers and manufacturers representatives.
This entry has been carried over from the 1983 yearbook

Ph (075) 52-318
Ph (079) 74-479
Ph {070} 54-602
Ph {067) 83-807
Ph (064) 56-064

Ph (063) 88-680
Ph (03) 65-119
Ph (03) 53-227
Ph (054) 87-798
Ph (056) 89-488
Ph (021) 84-737

D

ratory equipment and instruments.

26 BETA CHEMICALS (N.Z.) Ltd
9 Lorien Place
PO Box 58-034
East Tamaki
AUCKLAND
Ph (09) 274-4574  Fax (09) 274-5365
Wellington Branch, Ph (04) 683-936
Christchurch Branch, Ph (03) 666-882
Manufactureres of adhesives, sealants, plastisols, screen
printing inks specialised paints and solvents.
This entry has been carried over from the 1989 yearbook

C.D

27 BETZ LABORATORIES PTY LTD
69-77 Williamson Rd :
Ingleburn
NSW 2565
AUSTRALIA
RD 3, Drury, AUCKLAND,
PO Box 13-029, Hillcrest, HAMILTON,  Ph {071) 68-904
PO Box 296, KAWERAU, Ph {076} 36-537
Suppliers of specialty chemicals and engineering services
programs for water, energy and process systems.

Ph (09) 294-8276

A

2 BLAXALL AND STEVEN Ltd
PC Box 25-095
CHRISTCHURCH
Ph (03) 662-828
Importers and distributors of optical Instruments.

2 BROWN AND DUREAU NZ Ltd
1-5 Wiremu St

Balmoral

AUCKLAND

Ph (09) 608-438
451-453 St Asaph St, CHRISTCHURCH, Ph (03) 664- 336
12 Fifeshire Ave, WELLINGTON, Ph (04) 850-398
Importers and suppliers of chemicals, industrial products,
plastics and wine.

D
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3 G. BUCHAN WATER TREATMENT
92 Ellice Rd

Glenfield

PO Box 65-040

Mairangi Bay

AUCKLAND

Ph (09) 444-8209  Fax (09) 444-6903
Involved inali aspects of chemical metering and control for
water treatment and other industrial applications. Also
invoived In sewage processing with extended aeration.
This entry has been carried over from the 1989 yearbook

CHRISTCHURCH

Ph (09) 796-900
BaMast Laboratory, PO Box 2, Belfast, CHRISTCHURCH 5,
Ph (03) 238-696
Specialists In processing of meat and meat byproducts of-
fering a service in testing of food, meat, meat byproducts
and water and environmental testing.
C,D

C

31 CANTERBURY FROZEN MEAT Co Ltd
PO Box 283

3 CARINA CHEMICAL
LABORATORIES Ltd
PO Box 30-366
Lower Hutt
WELLINGTON
Ph (04) 662-753
Consultants specializing in the research and development
of new processes and chemical mathods from Initial labo-
ratory triais through scale up to commercialization. Also
supplier of fine chemicals,

3 CASTROL N.Z. Ltd
PO Box 11-047

WELLINGTON

Ph (04) 843-978 Fax (04) 842-044
Port Rd, Seaview, LOWER HUTT, Ph (04) 683-049
Cnr Hamer and Jellico Sts, Freemans Bay, AUCKLAND, Ph
(09) 796-460
504 Cranford St, Papanui, CHRISTCHURCH, Ph (03) 526-099
Manufaciureras and marketers of lubricants and ailied
products.
This entry has been carried over from the 1989 yearbook

D

3 CATOLEUM NEW ZEALAND Ltd
44 Cryers Rd

East Tamaki

AUCKLAND

Ph {09) 274-5032
Suppliers of chemicals service and technology In the area
of water treatment and speclalty process chemicals for a
wide range of industries.

3 CAWTHRON INSTITUTE

Private Bag
NELSON |
Ph (054) 82-319 Fax (054) 69-484
Auckland Office, Ph (09) 535-9024

Indepandent research Institute offering services in: envi-
ronmental consulting, chemical and microblological test-

Ing and waste utllization.
B.E

3 CERAMIC ENGINEERING Ltd
71 Tha Mall

Onehunga

AUCKLAND

Ph {09) 665-251
Manufacturers of ceramics, refractorfas and other high
temperature components for the foundry, aluminium and
steoel Industries.

3

CHEMCHEK NZ LABORATORY

8A Aintree Ave A, B 9 D, E
PC Box 43-047

Mangere

AUCKLAND

Ph (09) 256-0188

Suppliers of water and wastewater test reagents and equip-
maent and water purifiers.

CHEMCOLOUR INDUSTRIES (N.2.) Ltd
3 Poland Rd

Glenfield

PC Box 100-145

NSMC

AUCKLAND

Ph (09} 444-4650  Fax (09) 443-1047
Manutacturers and importers of a range of surfactants, pigment
dispersions, dyestuffs, dispersants, processing alds, en-
zymes, vitamins, fatty alcohols and fatty acids.

AC

3 CHEMTEST LABORATORIES
PO Box 63-097

Papatoetoe

AUCKLAND

Ph & Fax {09) 274-5336 & (09) 274-8873
Sarvicing of water treatment equipment especially lon ex-
change. Supplier of chemical infection pumps. Anailytical
services for water, plant tissues and solls,

4 CHEMICAL CLEANING Ltd
Totara St

MT MAUNGANU| SOUTH

Ph (075) 53-157 Fax (075) 57-076
201-203 Fraser St, TIMARU, Ph (056) 45-026
Suppliers of commedity chemicals, proprietary detergents,
fungicides, bottle washing compounds, aluminium etchants,
bleaches and sequestering agents,
This entry has been carried over from the 1989 yearbook

C

4 CHEMICAL SERVICE
LABORATORIES (1985) Ltd

3 Hardy St

PO Box 13-033

Johnsenville

WELLINGTON

Ph (04) 787-039  Fax (04) 787-402
Analytical and consulting chemists, bacterioliologists.
This entry has been carrled over from the 1989 yearbook

CHEMICAL SPECIALTIES Ltd

166 Princes St

Onehunga

AUCKLAND

Ph (09) 668-618

Chamicalcompounders manufacturing fliling compounds,
hand cleaners and polyester and epoxy coatings.

AUCKLAND A’ B’ D’ E

Ph (09) 793-466 Fax (09) 392-715
Terrace House, 4 Oxford Tce, POBox 1616, CHRISTCHURCH,
Ph (03) 661-255, Fax (03) 54-201
1 Margaret St, LOWERHUTT, P Box 31-165, WELLINGTON,
Ph (04) 693-888, Fax (04) 661-536
Supplier of industrial raw materials, laboratory equipment
and Instruments for laboratories and process control,

4

4 CHEMIPLAS NZ Ltd
PO Box 37-408
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4 4 CIBA-GEIGY NEW ZEALAND LIMITED
47-51 Patiki Rd

Avondale

AUCKLAND

Ph {03) 883-149
1/2 Horlor St, Naenae, WELLINGTON,  Ph (04) 674-778
Manufacturers and distributors of agricultural chemicals,
dyestuffs, pharmaceuticals, plastics, additives, pigments
and other industrial chemicals.

4

D

COLGATE PALMOLIVE Lid

Nevis St

Patone

WELLINGTCN

Ph (04) 686-018

Manufacturers of soap, toothpaste and detergents.

4

COMMERCIAL MINERALS Ltd

58 Ellice Rd

Glenfield

PO Box 2679

AUCKLAND

Ph {09) 444-4521  Telex Commin 21025

B8 Gasson St, PO Box 1802, CHRISTCHURCH 2,
Ph (03) 69-395, Telex WABCHCH 4673

Importers of chemicals, industrial minerais, dyestuffs, pig-

ments, textlle auxiliaries, fat liquors and manufacturers of

textile and leather auxiliaries,

This entry has been carried over from the 1989 yearbook

D

4 CONTAMINATION CONTROL Ltd A F
PO Box 14-621 y
AUCKLAND 6

Ph (09) 570-135
Specialists in water treatment from smali scale point ofuse
systems to town water supplies. Manufacturers of UV
products.

CPL PLASTICS

13 Patiki Rd

Avondale

AUCKLAND

Ph (09) 886-054 Fax (09) 884-520
Suppliers of fume, laminar flow and saltspray cabinets,
extraction systems and plastic waste piping.

4 B

49 DAVID E COOPER
Consulting Environmental Chemist
PO Box 62
MANGAWHAI, NORTHLAND
Ph (0846) 68-596
Consulting environmental chemistry on water, wastewater
and treatment. Air pollution and control backed up by
laboratory work.
This entry has been carried over from the 1989 yearbook
AUCKLAND

5 C
Ph (09) 643-637

P.J. Dawson Laboratories, Ph {071) 380-251
Specialists In the trace analysis ofenvironmental organics
in particular pesticides and mycotoxins.

P.J. DAWSON LABORATORIES
PO Box 13-518

C .

DIVERSEY N.Z.Ltd

PO Box 23-172

Papatoetoe

AUCKLAND

Ph (09) 278-2119

Specialty chemical manufacturers.
This entry has been carried over from the 1989 yearbook

D

51 D

52 DOW CORNING NEW ZEALAND
Administration House

Unit G (Level 7)

44 Anzac Ave

CPO Box 3775

AUCKLAND

Ph (09) 733-870 Fax {(09) 733-877
Manufacturer and marketer of silicone based products,

DSIR CHEMISTRY
53 Private Bag

Petonse

WELLINGTON

Ph (04) 666-919 Fax (04} 694-500
Mt Albert Research Centra, CPQ Box 2224, AUCKLAND, Ph
(09) 893-660, 17 Kelly St,
Mt Eden, AUCKLAND,
Geothermal Res. Centre,
Private Bag, TAUPQ,
llam Research Centre, PO Box 29-181,
CHRISTCHURCH, Ph (03) 516-019
New Zealands largest and most comprehensive chemical
facility.

C

Ph (09) 601-747
Ph (074) 48-211

54 DSIR LAND RESOURCES
Private Bag

Eastern Hutt Rd

LOWER HUTT

Ph (04) 673-119
Private Bag, PALMERSTON NQRTH,
Private Bag, CHRISTCHURCH,
Private Bag, DUNEDIN,
Private Bag, HAVELOCK NORTH,
¢/- Ruakura Agricultural Research
Centre, Private Bag, HAMILTON, Ph (071) 385-378
DSIR Land Resources is New Zealand Largest providsr of
éxpert scientific information and advice on the land and its
biota with 230 scientific and support staff with extensive
experience In New Zealand, the South Pacific, Asia and
Antarctica,

C

Ph (063) 67-154
Ph (03) 252-511
Ph (03) 477-4050
Ph (070) 778-196

5 5 DSIR MATERIALS
PERFORMANCE GROUP
DSIR Industrial Development,
AUCKLAND,
DSIR Industrial Development,
WELLINGTON,
DSIR Industrial Devalopment,
CHRISTCHURCH, Ph (03) 358-9189
DSIR Chemistry Ph (04) 666-919
DSIR Materials Performance Group Is a multl-disciplinary
collection of technical adviser and scientists who can
provide a comprehensive range of services and advice on
materials research, performance monitoring and fallure
investigations.

Ph (09) 303-4116
Ph (04) 690-788
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DU PONT (N.2.} Ltd
PO Box 76-256
Manukau City
"‘AUCKLAND

Ph (09) 277-8080
Importers

This entry has been carried over from the 1989 yearbook

S A.E

Fax (09) 278-0204'

57 EBBETT AUTOMATION Ltd
70-74 Victoria St

Pstone

WELLINGTON

Ph (04) 686-377  Fax (04) 682-374
Manufacturers and suppliers of Instrumentation and con-
trol systems, power inverters, computer power supplies
and voltage regulators.

E

ELECTRICAL MEASUREMENT &
CONTROL Lid E

171 Target Rd

AUCKLAND 10

PO Box 31-145, Milford

AUCKLAND 9

Ph (09) 444-9229  Fax (09) 444-1145
Importers and maufacturers of industrial instruments, con-
trollers and alectronic welghing equipment.

This eniry has been carried over from the 1989 yearbook

S B,C

B)SIR

CHEMISTRY
DIVISION

We Have The
Solutions

(09) 893 660
(09) 601 747
Tpo. (074) 48 211
Chch.(03) 516 019
Wgtn. (04) 666 919

Ak.

| 6 5 FOUR SHIPS SCIENTIFIC

59 EMAIL INDUSTRIES
6 Monahan Rd
Mt Wellington
AUCKLAND _
Ph (09) 574-037
42 Cable St, WELLINGTON, Ph {04) 859-578
6 Lincoln Lane, CHRISTCHURCH, Ph (03) 69-892
An Australian company with many Australlan divisions
represented in New Zealand,
This entry has been carried over from the 1989 yearbook

6 C

B,C

ENVIROLAB SERVICES Ltd
8 Leek St

PO Box 9437

Newmarket

AUCKLAND

Ph {09) 524-4721
Consuitants and providers of analytical services related to
all aspects of environmental engineering.

61

EQUUS INDUSTRIES Ltd

4 North St

PO Box 601

BLENHEIM

Ph (057) 80-214 Fax (057) 80-214
Manufacturer of protective coatings for building and engF
neering industries. Products specially designed on re-

quest.
D

6 2 FARMAC ENTERPRISES LTD
228 Neilson St

Onehunga

AUCKLAND 6

Ph (09) 668-186
Manufacturer and distributor of concentrated volumetric
or ready to use laboratory reagent solutions aluminium
soldering flux, buffer and swimming pool test kits etc.

6 C

FERTILIZER AND LIME
RESEARCH CENTRE

Massey University, Private Bag
PALMERSTON NORTH

Ph (063) 6§9-099 Ext 7736
Consultants specializing In the fertilizer Industry, waste
disposal and land rehabliitation. Also analysis of soils
plants water and fertilizers.

64 FLINDERS COOK
(TECHNICAL SERVICES) LTD

3 Fanton St

PO Box 437, AUCKLAND

Ph (09) 303-3425, 303-3465
PO Box 2346, WELLINGTON, Ph {04) 858-422
Public analytical and consuiting chemical laboratory with
special expertise in bulk liquid quality and quantity con-

trol,

56 Ngahere St
Stokes Valley
PO Box 37-067
WELLINGTON

. Fourteen years experience In sales and service of Kratos

mass spectrometors and surface analysis equipment.
This entry has been carried over from the 1989 yearbook

6 D

H.B.FULLER COMPANY (NZ} Ltd

64 Tidal Rd

PO Box 43-164, Mangere

AUCKLAND :

Ph (09) 275-6062  Fax (09) 275-6002

Wellington Branch, Ph (04) 679-390
Christchurch Branch, Ph (03) 492-236
Manufacturer and distributor of a wide range of adhesives,
sealants and specialty coatings.
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FURST-LAB
. 13 Ropa Lane
PO Box 15-017
Miramar
WELLINGTON
Ph {04) 888-607 Fax {04) 888-607

Spaecialists In laboratory fitments.
C,D.,F

6 B,C

GAMLEN CHEMICAL

COMPANY N2 Ltd

34 Leonard Rd

Mt Wellington

PO Box 11-049

Ellerslie

AUCKLAND

42 Railway Ave, LOWER HUTT, (04) 694-501
Manufacturers and suppliers of water treatment chemicals
and consultant in the field of water treatment and analysis
{Including Laglonella and Pneumodimica).

6

6

GCNZ WOODWARD-CLYDE

22 Heather St

Parnall

PO Box 37-547

AUCKLAND

Ph (09) 399-477 Fax 399-702
29 Glenelg Spur, CHRISTCHURCH 2,  Ph (03) 332-3519
Consulting engineers, geologists and environmental sci-
entists speclalizing in wastewater treatment, waste mini-
misation, water resources, occupational heafth and air
poilution, EIA risk assessment and environmental audits.

70 GEOCHEMISTRY RESEARCH Ltd
27 Voltalre St

Karori

WELLINGTON

Ph (04) 764-078
Chemical and geachemical consulting with special exper-
tise In minerals and Industrial chemistry, mineral explora-
tion, minsral characterization, analysls, reactions, indus-
trial utifization and processing. Petroleum exploration
geochemistry. _
This entry has been carried over from the 1989 yearbook

C

71 GOUGH TECHNOLOGY Ltd B
PO Box 22-073

CHRISTCHURCH

Ph (03) 798-740 Fax {03) 796-776
PO Box 68-150, , Ph (08) 763-174,
AUCKLAND Fax (09) 784-582
PO Box 38-421, Petons, Ph {04) 686-675,
WELLINGTON, Fax (04) 684-376

PO Box 1193, DUNEDIN, Ph {03) 477-5823
Marketers of a range of test equipment

This entry has been carried over from the 1989 yearbook

i
W.R. GRACE (NZ) Ltd
Private Bag
Porirua
WELLINGTON
Ph {04) 376-069
Qlive Rd, Penrose, AUCKLAND, Ph (09) 591-324
Lancaster Lane, CHRISTCHURCH, Ph {03) 661-883
Suppliers of chemlicals to the chemical industry.

7 D

7

W. GRAYSONS AND ASSOCIATES Ltd
100 Hugo Johnson Drive

PO Box 12-545

Penrose

AUCKLAND

Ph (09) 590-329 Fax {09) 599-044
Inorganic Laboratory, 575 Great South
Road, Penrose, AUCKLAND,

Macraes Laboratory, Macraes Flat,
Palmerston, DUNEDIN Ph (034) 770-240
General technical consuitants dealing with mine process
control, timber, water, fallura, microbiological and patho-
gen, food and pharmaceutical analysls, environmental
surveys, product and Q/A system development and prod-
uct Q/C. Telarc registerad laboratory for asbestos, trace
metal, timber, microbiologlcal and pathogen, nitrate/ni-
trite and vitamin analyses, tube calibrations, thermostating
and container approval for hazardous substances to UN

cade.
HAMILTON EAST
Ph (071) 395-143  Fax {071) 393-590

This entry has been carried over from the 1989 yearbaok
HAMILTON

Ph (071) 82-599 - Fax (071) 80-594
This entry has been carrled over from the 1989 yearbook

C

Ph (09) 592 669

HAMILTON ANALYTICAL LABORATORY
PO Box 4136

HAMILTON MEDICAL LABORATORIES
PO Box 52

76 HARCROS CHEMICALS
{NZ) Lid
119 Carbine Road
Mt Wellington
AUCKLAND
Ph (09) 276-4019

A,B,D,E,F

Fax (09) 276-7231

111 Molesworth St, WELLINGTON, Ph {04) 739-569
467 Selwyn 5t, CHRISTCHURCH, Ph {03) 667-547
Suppliers of laboratory instrumants and equipment, labo-
ratory and industrial chemicals and process and process
control equipment,

3
]

¥

77 A.C, HATRICK (NZ) Lid
22 York St

Parnell

AUCKLAND

Ph (08) 303-2695
Avondale Plant and Laboratories, Ph (09) 887-007
Tawa Plant and Sales Office, Ph (04) 327-199
Bell Biock Plant, Ph {067) 71-783

.Manufacturer and suppilers of a wide varlety of synthetic

resins.

HAZARDS ANALYSIS Ltd
8 Silverstream Rd

Crofton Downs
WELLINGTON

Ph (04) 791-388

Analysis of hazards involving flammable vapours and
dusts and also toxic chemicals. Services include analysis
of causes of accidents and recommendiations for preven-
tative procedures, chemical plant safety audits, half day
safety training programmes.

This entry has been carried over from the 1989 yearbook
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SUPPLIERS OF CHEMICALS FROM:
® ALLIED COLLOIDS LTD.. UK: ACRYLAMIDE e ] .M. HUBER CORPORATION. USA: CLLAYS,
FLOCCULANTS AND SPECIALTY ® NIPPON ZEON, JAPAN: SYNTHETIC RUBBERS.
CHEMICALS. ® POLYPRO INTERNATIONAL INC, USA: WATER
® AVEBE OF HOLLAND: SPECIALTY SOLUBLE POLYMERS. '
STARCHES. ¢ THOR CHEMICALS PTY LTD.: BIOCIDES.,
® THE BOOTS CO. LTD., UK: FINE ® UNIROYAL CHEMICAL: RUBBER CHEMICALS
‘CHEMICALS. AND SYNTHETIC RUBBER.
¢ CHAN CHUN PETROCHEMICAL, TAIWAN:
PVA. SUPPLIERS OF PLASTICS FROM:
e CHALLENGE METALS & TECHNOLOGIES
~ PTYLTD ZINC DUST AND OXIDES. e MITSUBISHI KASE] CORPORATION, JAPAN,
® DAI-ICHI KOGYO SEIYAKU CO., JAPAN: e SAUDI BASIC INDUSTRIES (SABIC), SAUDI
SURFACTANTS. ARABIA,
® DEGUSSA, WEST GERMANY: SILICAS AND ® SHIN-ETSU CHEMICAL CO. LTD., JAPAN.
SILICATES ETC. ® LUCKY LTD., KOREA.
CONTACT:
CHEMIPLAS N.Z. LIMITED
Ph: 793-468 Auckand Ph: 693-888 Wellington Ph: 661-255 Christchurch
P.O. Box 37-408 P.O. Box 31-165 P.O. Box 1616
\ AUCKLAND WELLINGTON CHRISTCHURCH /

DOW CORNING SILICONES

FOR PERFORMANCE & RELIABILITY

The development of silicones and other specialised technologies by Dow Corning's Research &
Development have enabled them to produce a wide range of silicone products for numerous
applications in almost every industry.

Products include: —

SILICONE FLULIDS SILICONE RESINS SILICONE RUBBERS
Lubricants Paint Additives Construction Sealants
Damping Fiuids High Temperature Paints Gaskets-formed in
Dieleciric Compounds & Fluids Insulating Varnishes place & fabricaled .
Hydraulic Fluids Paper Release Coatings Moulding Rubbers
Polish Additives Resin intermediates Electrical/Electronic
Cosmetic Additives Water Repellents potting, encapsulation
Processing Aids-PU Foam & insulation

Protective Coatings
Heat Vulcanised Rubber

SILICONE EMULSIONS LUBRICANTS
Defoamers Silicone Greases
Mould Release Molykote® Lubricanis

Textile Water Repellent

Common Dow Corning Trade Marks — DRI-SIL — FABRIGLIDE — MOLYKOTE ~
SILASTIC — SYLGARD — SYLOFF.

DOW CORNING NEW ZEALAND
w
ADMINISTRATOR HOUSE, 44 ANZAC AVENUE,
L UNIT G, LEVEL 7. CPO BOX 3775 AUCKLAND
PHONE AUCKLAND (09) 733-870 FAX (09) 733-877
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79 R.J. HILL LABORATORIES
25 Te Aroha St

PC Box 4048

HAMILTON

Ph (071) 552-266
Telarc reglistered laboratory specializing in analysis of
soll, water and plant material, '

C

8 HOLT LLOYD Ltd
35 Leonard Rd
Mt Wallington
PO Box 11-049
Ellerslie
AUCKLAND 5
Manufacturer of car care products and polyester fillers and
contract packer of aerosols and small packs and tubes.
81 B.R. HOMERSHAM Ltd A C E
CHRISTCHURCH I
Ph (03) 358-8309
Suppliers of laboratoty and process control instruments
and consultants on procass control systems.

PO Box 280
PO Box 12-258, Penrose, AUCKLAND, Ph (09) 641-984

8 ICI INSTRUMENTS
246 Kyhber Pass
Grafton
PO Box 68-330
Newton
AUCKLAND
Ph (09) 735-765
Manufacturers and suppliers of analytical instruments
with full back up services.

8 INDEPENDENT SERVICE
LABORATORIES (ISL)
25 McPherson St
Richmond
Private Bag
NELSON
Victoria St, PO Box 135, WAIHI, Ph {08163) 8969
industrial chemists, mining and exploration consultants
and analysts (specilalists in geochemistry). Experioncedin
method development for companies not having their own
Iaboratory facliities.
This entry has been carried over from the 1989 yearbook

E

8 4 INSTRUMATICS {CONTROLS
AND SYSTEMS) Ltd

PO Box 22-671

Otahuhu

AUCKLAND

Ph {09) 276-7096
Spaeclalists in micro-processor based process control and
anergy management systems offering a setvice from sys-
tem desfgn through impottation installation commission-

ing and technical support.
A,B,E

8 JOHN MORRIS SCIENTIFIC Ltd

PO Box 6348

Woellesley St

AUCKLAND

Ph (09) 444-5836  Fax (09) 444-0974
352 Manchester St, Ph {03) 653-825,
CHRISTCHURCH, Fax (03) 666-375
7 Hinau St, Eastbourne, Ph {04) 627- 525,
WELLINGTON, Fax (04) 627-212

Suppliers of laboratory Instruments and fittings and proc-
ass control equipment.

8 JOHN YOLLAND AND ASSOCIATES Ltd
PO Box 51-411

Pakuranga

AUCKLAND

Ph {09) 569-807
Consulting services spacializing In product testing of
building materials and systems, solid fuel heaters, air
temperature, flow and pollution and industrial hygiene.

A,B,D

C

87 LAB SUPPLY PIERCE (NZ} LTD
PO Box 34-234

Birkenhead

AUCKLAND

Ph {09) 419-2551
PC Box 20-035, Bishopdale,
CHRISTCHURCH, . Ph (03) 358-7410
Suppliers of scientlfic instruments and equipment and
laboratory fittings and chemicals.

A,D

8 LIFE TECHNCLOGIES Ltd
18-24 Botha Rd
Penrose
PO Box 12-502
AUCKLAND
7 Brixton St, CHRISTCHURCH, Ph (03) 494-215
Manufacturer and supplier of consumabiles and equipment
specific to clinical and research laboratory use.

8 MacEWANS MACHINERY Ltd
706 Great South Rd

Penrose

PO Box 12-845

AUCKLAND

Ph (09) 590-185 (579-0185 after Sth April 1991)

Fax (09) 591-317 (579-1315 after 5th April 1991)
Suppliers of spacialized technical process equipment and
systems to the food, baverage chemical and water treat-
ment industries.

188 Stoddard Rd
Mt Roskill
AUCKLAND

Ph (09) 694-119

9 W.D. McGREGOR Ltd

MAF QUALITY MANAGEMENT

Manufacturers and suppliers of furnaces.
Lynfield Food Services Centre
PO Box 41

91
AUCKLAND

Analytical laboralory services.

C

9 MAF CHEMICAL SERVICES
WALLACEVILLE ANIMAL c
RESEARCH CENTRE
PO Box 40-063, UPPER HUTT
Ph {04) 286-089 Fax (04) 280-493
Consulting laberatory undertaking a wide range of residue
analyses on both animal and plant materials.

9 3 MED-CHEM Ltd
5th Floor
Augustus House

15 Augustus Tce

Parnell

AUCKLAND

Ph (09) 774-932
importers and distributors of food grade and technical
grade chemicals,

D
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Varian —the future of GC/MS

The best GC/MS, now and in the future, starts with
chromatographic excellence. After all, if you don't start with
expert chromatographic techniques, how can you trust the
final results?

Look to the campany known for its expertise, from sample
handling to the most sensitive detection — Varian.

The combination of our proven 3400 Gas Chromatograph
with second generation ion trap technology brings the most
sensitive and reliable benchtop GC/MS to the market.

The new Varian Saturn GC/MS System gives picture perfect
spectra even at picogram levels — a significant advantage over
conventional benchtop quadrupoles. It'simportant to know
that you can count on the Saturn GC/MS to give you the
whole picture when confirming compounds, because your
analyses affect our environment, our health, the products we
use, and must meet regulatory protocols.

Chromatographic excellence and the most sensitive mass
spec detector, coupled with Varian's renowned service and
worldwide support, make this the GC/MS with a future.

Let us show you why you should invest your GC/MS future
with Varian. Contact sole NZ agents Wilton Instruments

today:
varian®

WILTOMN INSTRUMENTS

People you can count on

Auckland, Private Bag Northcote 9. Tet 418.3039
Lower Kutt, Box 31-044. Tel 697.099
Christchurch, Box 1813. Tel: .66.3663

A member of the Salmond Smith Biolab group.
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MEDIC CORPORATION Ltd
94 Private Bag A,B, D, E,F

LOWER HUTT

Ph (09) 693-539
535 Parnell Rd, AUCKLAND,
18-20 Lake Rd, HAMILTON,
14 Yulcan Place, Marylands,
CHRISTCHURCH, Ph {03) 338-1938
141 Frederick St, DUNEDIN, Ph 740-722
Suppliers of all requirements for the health care industry
and process filtration specialists.

A,B

Ph (09) 303-2979
Ph 472-729

9 MEDTEC PRODUCTS
1/125 Naenae Rd
Naeanas
WELLINGTON
Ph (04) 670-011

Unit B, 129 Onewa Rd, Northcote, Pt (09) 480-6763,

AUCKLAND, Fax (09} 480-6386
323 Cranford St, Edgeware
CHRISTCHURCH Ph (03) 355-8105

Suppliers of medical and analytical instruments and labo-
ratory consumabies.

g 6 METALLURGICAL AND INDUS
TRIAL CONSULTANTS
72-82 Taranaki St
PO Box 2346
WELLINGTON
Ph (04) 858-422 Fax (04) 852-961
This entry has been carrled over from the 1989 yearbook

C

9 METALLURGICAL SERVICES Lid
PO Box 44
Drury
SOUTH AUCKLAND
Ph {09) 294-8437
Consuliants speclalizing inmetaliurgical analysis and heat

1 02 NATIONAL AGLAB A
188 Collingwood St
HAMILTON

Ph (071) 80-599
Analytical laboratory specializing in plant tissue, soil nu-
trients, and surface waters for domestic and agricultural
users,
This entry has been carried over from the 1989 yearbook

103 ADD

Fax (09) 525-1033
Ph (063) 63-951

NDA LABWARE
PO Box 11-095
Elierslie
AUCKLAND

Ph (09) 525-1031
PO Box 210, PALMERSTON NORTH,
PO Box 31-044, LOWER HUTT, Ph {04) 697-099
PO Box 9033, CHRISTCHURCH, Ph (03) 669-712
Suppliers of laboratory equipment and chemicals to the

104 A,C,D

NEW ZEALAND
HYDROPONICS Ltd
PO Box 949
TAURANGA

Ph (075) 780-849
Suppliers of hydroponic materials and equipment.

NUCLEAR SCIENCES

GROUP

Division of Physical Sciences, DSIR

Public Trust Bidg

Lambton Quay

WELLINGTON

Ph (04) 666-919

Specialists in the construction of instruments based on
nucilear tachniques (Density gauging, fat /moisture con-
tent), remote sensing of corrosion, remote monitoring and
tracing of residence times and flow paths for solids liquids

105

treatment sarvices.

9 MINTECH NZ Lid
121 Carbine Rd
PO Box 62-718
Mt Wellington
AUCKLAND
Ph 0800-804-461
Suppliers of chemicals and minerals to the chemical in-

dustry.
D

9 MOBIL OILNZ LTD

62 The Terrace

WELLINGTON

Ph (04) 722-078
Mobil Bulk Warehouse and Terminal, Seaview,
WELLINGTON, Ph (04) 683-089

Suppliers of petroleum products, solvents and chemicals.
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MOOYMAN & HORNBY
LABORATORIES

PO Box 21-188
CHRISTCHURCH

Ph (03) 792-644

This entry has been carrled aver from the 1989 yearbook
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MOSS INDUSTRIES Ltd
PO Box 19-000
Avondale

AUCKLAND 7

Ph {09) 817-8698
Consulting chemists in the forensic, industrial, manufac-
turing and development fields. Computer consultants of-
fering technlcal advice, hardware repairs and sofiware
moditications.

NUPLEX INDUSTRIES Ltd
PO Box 12-841

and gases.
Penrose
AUCKLAND

Ph (09) 592-029 Fax (09) 510-542
25-29 Broderick Rd, PO Box 3833, Johnsonville,
WELLINGTON Ph (04) 785-681, Fax (04) 783-177
14 verston Tce, CHRISTCHURCH,
Ph {03) 666-802, Fax (03) 790-279
Manufacturers of emulsilon polymers, alkyd resins, poly-
WELLINGTON

ester resins and coatings.
B,D,F
PO Box 3337, WELLINGTON

Ph (04) 725-725 Fax (04) 730-833
Penrose, AUCKLAND, Ph (09) 598-166,

NZIG Ltd
133-137 The Tetrace

Fax 594-976
LOWER HUTT, Ph (04) 684-249,

Fax {04) 687-249
CHRISTCHURCH, Ph (03) 487-199,

Fax {04) 430-463
DUNEDIN, Ph (03) 488-2065
HAMILTON, Ph (071) 493-963,

Suppliers of gases and gas mixtures for a wide range of
uses from Instrument calibration to inert blanketing and
purging. NZIG also offer process control equipment,
troubleshooting and Innovative design and development
services.
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1 0 8 NZ PHARMACEUTICALS Ltd
PO Box 1869
PALMERSTON NORTH
Ph (063) 258-676
Processors of natural raw materials into pharmaceutical
raw materials and fine chemlicals intermediates.
AUCKLAND 1

109
Ph (09) 592-880

Branches in Avondale, East Tamaki, Penrose, Glenfield,
Whangarei, Hamitton, Rotorua, Hastings, Gishorne, Napier,
New Plymouth, Petons, Nelson, Christchurch, Dunadin, Inver-

NZ SAFETY LIMITED
Private Bag

1 1 6 POLYCHEM MARKETING LIMITED
PO Box 6435
AUCKLAND
Ph (09) 520-5868
PO Box 9141, WELLINGTON,
PO Box 13-283, CHRISTCHURCH,

D

Ph (04) 856-609
Ph (03) 660-652

PROCESSED
CHEMICALS
INDUSTRIES Ltd
PO Box 88
Silverdale

NORTH AUCKLAND
Ph (0942} 48-179
Equipmaent and consumables for water purification. Analy-
sls for water soll and plant materials.

This entry has been carrled over from the 1989 yearbook
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cargill.
Suppllers of personal protection, firefighting equipment,
hygiene and first aid supplles.
1 1 O PACIFIC ANALYTICAL Ltd C
407 Gray St
PO Box 4266
HAMILTON EAST

Ph {071) 68-766
Consultancy invoived with technical/scientific personnel
placemeant computer/EDP consullancy (real time systems
for laboratories), general laboratory consultancy. Offering
staff training /evalustion, technical report preparation,

computer consumables.
This entry has been carried over from the 19589 yearbook
PO Box 22-0684
AUCKLAND
Importer and supplier of chemical and fertilizer raw mate-
rials,

1 1 1 PACIFIC RAW MATERIALS Ltd C D
Ph (09) 759-789
112

PEARSON BIOLOGICALS

Tower Building

Cnr Montreal and Salisbury Sts

PO Box 25-091, CHRISTCHURCH

Ph (03) 650-624  Fax {(03) 650-690
Telarc reglstered laboratory offering comprehensive mi-
crobiological testing and consultancy for the food, cos-
metic and water supply (for drinking and industrial use).
Services include testing for Listeria and Legionella.

113 C.D

PHARM CHEM RESEARCH
LABORATORIES

PO Box 5313

DUNEDIN

Ph (03) 4 777-967
Consuliants In the fieids of analysis, physical measure-
ment, chemical synthesis research andliterature searches.

114 A.E

PHILIPS SCIENTIFIC AND
INDUSTRIAL PTY Ltd

2 Wagener Place

Mt Albert

AUCKLAND

Ph (09) 894-160

125 Wexford Rd, Miramar, WELLINGTON, Ph (04) 889-788
224 Lichfield St, CHRISTCHURCH, Ph (03) 792-030
Suppllers of sclentific and indusirial equipment. Services
Include pre sales testing, installation, operator training,
software upgrades, proeventative maintenance and service

agreements.
B
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PLASFAB INSTALLATIONS 1977 Ltd
24 Hill St

Onehunga

AUCKLAND

Ph (09) 666-689, 666-340
Manufacturers plastic fume and laminar flow cabinets.
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PWT NEW ZEALAND
Ltd

11 Spring St
Onehunga
AUCKLAND

Ph (09) 641-079

118 C,D,E,F

Fax {09) 640-782

Woellington Branch, Ph {04) 723-3070
Chrisichurch Branch, Ph (03) 343-3515
Napier Branch, Ph (06) 843-5869
Rotorua Branch, Ph (073} 487-433

Palmerston North Branch, Ph (063) 63-192
Spacialists In engineering, control and chemical aspects

QUIK-STIK INTERNATIONAL Ltd

PO Box 76-221

Manukau City

AUCKLAND

Ph (09) 278-0939  Fax (09) 278-9082
20 Hutt Rd, Petone, WELLINGTON,

of waler treatment and process control.
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PC Box 44-094, Ph {04) 695-194
373 Brisbane St, Sydenham,
CHRISTCHURCH, Ph (03) £64-729

Producers of pressure sensitive labels for identification
and safety. Processable by hand, typewrlter or EDP units.

RADIOMETER PACIFIC
Unit A

10-20 Sylvia Park Rd
Penrose

AUCKLAND

Ph (09) 573-1110  Fax {09) 573-1106
Radiometer pacific is a subsidiary of Radlometer Copen-
hagen importing and distributing sclentlfic and medical
Instruments and equipment with a full back up service.

120 A,B

RANKINE & HILL Ltd :
ENVIRONMENTAL SERVICE

6 Crowhurst

PO Box 9762

NEWMARKET

Ph (09) 520-6019
Environmental and blological consuiting services and cheml-
cal and microblological analysis.

121 C

1 2 2 RHONE-POULENC NEW ZEALAND Ltd
PO Box 35-060

Naenae

LOWER HUTT

Ph {04) 693-091
Rhone-Poulenc focuses its activitles in three main areas:
applied life sclences; specialty chemicals, performance

products and new materlals and chemical intermediates

which supply integrated industrial networks.




ROBERT BRYCE & CO LTD
PO Box 30-145

LOWER HUTT

Ph (04) 683-559

123 D

Auckland, Ph {09) 656-169
Christchurch, Ph (03) 687-530
Suppliers of chemical raw materials for industrial produc-

tion.
AUCKLAND &

124
Ph {09) 570-4698

Manufacturers, suppliers and exporters of sample prepa-
ration equipment.

125

ROCKLABS Ltd
PO Box 18-142

RORY SHANAHAN LABORATORIES Ltd

55 Halsey Drive

Mt Roskill

AUCKLAND 4

Ph {09) 673-149

Consuiting and analytical services to defence council,

private investigators and industry.
A.B,D

1 26 SALMOND SMITH BIOLAB
{BIOLAB SCIENTIFIC)

30 Woodside Ave

Private Bag

Northcote

AUCKLAND

Ph (09) 418-3039

410 Hutt Rd, PO Box 31-044, LOWER HUTT, Ph (04) 697-099

68 Orbeli St, PO Box 1813, CHRISTCHURCH, Ph (03) 663-663

Suppliers of dlagnostic equipment, scientiflc glassware,

plasticware chemicals and consumables.

SCIENTIFIC SUPPLIES Ltd

130
131

B,D
A,B,C,E

SCI-MED DIVISION
OF TECHNOLOGY
CORPORATION Lid
156 Frederick St
PO Box 321
DUNEDIN

Ph (03) 477-5537
Auckland Branch,

PO Box 68-585,

Wellington Branch,

PO Box 38-314,

Fax (03) 477-0757

Ph (09) 793-993,

Fax {09) 793-477

Ph (04) 682-519,

Fax (04) 682-292
Christchurch Branch, Ph (03) 812-333,
PO Box 32-118, Fax (03) 812-335
Distributors of a wide range of sclentific and medical
instrumentation and accessories. Cusiomers are sup-
ported with service In each main cenire to provide soju-
tions to thair scientitic problems.

Pakuranga

132

Suppliers of water purifiers.

SCOTT ELECTRONICS
2 Gossamer Drive

SHELL CHEMICALS
NEW ZEALAND Ltd
PO Box 2091
WELLINGTON

Ph (04) 720-080

Shell Petro-chemicals, PO Box 1084,

133 D

AUCKLAND, Ph (09) 778-880
Shall Agriculture, PO Box 2081,
WELLINGTON, Ph (04) 720-080

1 27 SCIENTIFIC ANALYTICAL Ltd C Importers and distributors of agricultural and petro-chem}-
22 Vogel St cals.
PO Box 1355
DUNEDIN 1 3 4 SORENSON LABORATORIES Ltd c
Ph (03) 477-2204 PO Box 43-122
General consultant and analyst for manufacturing and Mangere
processing industries and agriculture related industries. AUCKLAND
Specilallsts in soll and plant analysis. Ph (09) 275-1459
This entry has been cartied over from the 1989 yearbook  Microbiological testing.
1 2 8 SCIENTIFIC AND GENERAL C 1 3 5 SULKEM COLTD D
CONSULTANTS 40 Anzac Ave
PO Box 13-219 PO Box 2294
Onehunga CPO
AUCKLAND AUCKLAND

Ph (09) 642-593
Independent consulting and analytical services to industry
specializing in food analysis, personal care products,
industrial commodities and processes.

129

SCIENTIFIC SERVICE
LABORATORIES LTD
PO Box 3030
Onekawa

NAPIER

Ph (070) 439-218
Manufacturers and packers of corrosive products such as
soldering fluids, chemical pickles, etchants, hydrochloric
and sulphuric aclds. Consuitants in the design and instal-
iation of small scale chemical plants and industrial scale
glassware and disposal of acid effluents.

C,D

Ph {08) 390-769
Suppliers of all types of chemicals and raw materials.

136 D

SWIFT NEW ZEALAND
222 Station Rd
Penrose

PO Box 2301
AUCKLAND

Ph (09) 591-039
2nd Floor David Forman House,
134 Queens Drive LOWER HUTT,
PO Box 2328, WELLINGTON,

Fax (09) 597-047

Ph (04) 665-361,
Fax {04) 665-843
Amuri Counts, Durham St, Ph (03) 662-851,
PQ Box 1611, CHRISTCHURCH, Fax {03) 651-797
Imporiers of chemicals, chemical raw materials filtration
materials,
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Waste Management
Our name says it all
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We handle and treéf "all
liquid wastes.

We offer a diverse range of services
to generators of hazardous liquid
wastes throughout New Zealand.
Each task, from cleaning up
chemical spills to the transport and
treatment of bulk industrial wastes,
is handled by highly
trained, experienced
staff with a proven
safety record.
Treatment ensures
that all materials
eventually disposed
of provide no threat
to the environment.

ANV

e

AUCKLAND (09)

278-3644

Waste
Managementuz

HAZARDOUS LIQUID WASTE OPERATIONS
Diversey Rd, Wiri, P.O. 8ox 76-108, Manukau City.

CHEMICAL
ANALYSIS

P.O. Box 989
NAPIER
Ph (06} 835 6807

Il&lytica,l Fax (o%) 835 0785

CONTACT:

esearch
aboratories
Ljimited

FOR

# Food Analysis & Plant Tissue

® Effluents ¢ Soils

® Nutrient solutions ® Waters

® Wine Analysis ® Fertilizers

* Consultancy ® Pesticide residues

Member NZ Association of Consuiting Laboratories

R

CHEMISTRY
DIVISION

We Have The

Solutions

Ak. (09) 893 660

(09) 601 747
Tpo. (074) 48211
Chch.(03) 516 019
Wgtn. (04) 666 919




1 37 TASMEX LABORATORIES Ltd
92 Alpha St
CAMBRIDGE
Ph & Fax (071) 650-624
Microbiolgical and chemical analysis.
This entry has been carried over from the 1989 yearbook
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C

TELARC NEW ZEALAND
19 Mauranui Ave
Remuera

AUCKLAND 5

Ph (09) 523-1045

77 Durham St, CHRISTCHURCH, Ph (03) 797-358
Telare promotes identifies and formally recognizes quality
in the supply of New Zealands goods and setvices and
offers educational setvices for the training of laboratory

WASH SYSTEMS Ltd

g Corban Ave

PO Box 21-342

Hendersen

AUCKLAND

Ph (09) 837-2372 Fax (09) 837-0880
Manufacturers and distributors of commercial and Indus-
trial wash machines.

1 46 WASTE MANAGEMENT NZ Ltd
25 Diversey Lane

Wiri .

PO Box 76-108

MANUKAU CITY

Ph (09) 278-3644, 278-2433
Supplier of specialist and general services for the removal,
treatment and disposal of hazardous liquid wastas.

145 B

staff.

139 Iowensr  B.C,T
151 Park Rd
Miramar
WELLINGTON

Ph (04) 882-092 Fax (04) 887-523
Speclalists in the design fabrication and Installation of
fume cupboards, fume extraction fans ducting and fume
extraction systems bench tops draining racks and other

rigid laboratory fittings in PVC and polypropylene.
CHRISTCHURCH
Ph (03) 50-624

This eniry has been carrled over from the 1989 yearbook

TOWER BIOLOGICALS Ltd
PO Box 25-091

UNION CARBIDE

{NEW ZEALAND) LIMITED
Until APRIL 1991

Unit 11

Ellice Court

95 Ellice Rd

Glenfield

Ph (09) 444-8046

From April 1991

cnr Bush Rd and Piermark Drive
North Harbour Industrial Estate
Albany

AUCKLAND 10

Ph to be advised.

Importer and distributor of chemlcals for industry.

142
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UNIVERSITY OF CANTERBURY

GEOLOGY DEPARTMENT C
Private Bag

CHRISTCHURCH

Ph (03} 667-001

X-ray fluorescence and diffraction for the analysis and
identlification of plant material and minerai samples.

143

UPJOHN PHARMACEUTICALS
3 Fisher Cres

Mt Wallington

AUCKLAND

Ph (09) 270- 0328

Importers and distributors of human and veterinary phar-
maceuticals and pharmaceutical fine chemicals.

1 4 4 VELA AGAROSE LTD
PO Box 2900 D
WELLINGTON
Ph (04) 662-753
Manufacturer of agarose.

WATSON VICTOR Ltd

4 Adelaide Rd

PO Box 1180
WELLINGTON

Ph {04) 857-699

616-618 Great South Rd, PO Box 1218,
Ellerslia, AUCKLAND,

Unit 14, 75 Peterborough St,

PO Box 706, CHRISTCHURCH,

Cnr Clyde and Albany Sts, PO Box 921,
DUNEDIN, Ph (03) 477-7291
Watson Victor Lid supply a wide range of products in the
field of laboratory instruments, equipment and consum-
ables and process control equipment. Their products are
supported by a full back up service.

148
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Ph {09) 593-039
Ph (03) 669-282

W.B. WEBLEY - APPLIED RESEARCH
AND CONSULTING SERVICES

PO Box 687

NELSON

Ph and Fax (054) 82-442

Specialist In Industrial and environmentsl consulting.

149 A.E

Fax (04) 697-240
Ph (09) 418-3039,
Fax (09) 418-0729

WILTON INSTRUMENTS
410 Hutt Rd

PO Box 31-044
LOWER HUTT
Ph (04) 897-099
Woodside Ave, Private Bag,
Northcote, AUCKLAND,

68 Orbell St, Ph (03) 663-663,
CHRISTCHURCH, Fax (03) 697-240
Suppliers of sclentific laboratory appliances and instru-
ments and industrial process control equipment.

150

XL CONSULTANTS
1/164 Beach Rd
Campbells Bay
AUCKLAND 10

Ph {09) 410-7710
Consultants in formulation and manufacturing techniquas
of Industrial, veterinary and household products.

151

HOECHST N.Z. Ltd
21-39 Jellicoe Rd.
Panmure
AUCKLAND

Ph (09) 527-8068
94 Bell Rd South, Gracefield, WELLINGTON, Ph (04) 698-212
Jipcho Rd, Sockburn, CHRISTCHURCH, Ph (03) 348-0375
importers of chemicals, plastics, flbre dyes, pigments,
rasins and pharmaceuticals.
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SECTION A
LABORATORY
INSTRUMENTS

BALANCES

Analytical

A&D A
Chyo 103
Mettier 147
Oertiing 131
Ohaus a5
Precisa 87
Sargent Welch 43
Sartorius 49
Top-pan

A&D 4l
Mettler 147
Qertling 131
Ohaus 95126
Preclsa 87
Sargent Welch 43
Sartorius 149
CENTRIFUGES

Beckman 10
Eppendort 87
Hawkley o4
Herasus Sepatech 103,126
Hermls 85
IEC 131
Jollan 88
MSE 87
Roche 76
Savant 87
Sorvall 147
CHART RECORDERS
BBC 10
Chino 17
Dixon Fal
Esterling Angus 71
Foxboro 17
Hewlatt Packard a5
Kipp & Zoven 10
Linear 131
Lioyd 149
Phiflps 114
Wators 10
Sekonic n
Yokogawa a1
CHROMATOQGRAPHY

Gas Chromatographs

Carle Erba 10
Chrompack 10,87
Danl a2
Gowmac 8
Hewilett Packard a5
Microsensor Technology Inc 10
Philips 114
Photovac 8
SRl 8
Supsico 126
Tokyo Electric 43
Varian 149
Yokogawa 81

HPLC
ABI 14
Alltech ]
Brownlee 8
Hamilton 8
Hewlett Packard 95
Hypersil 8
ICl instruments a2
Machery-Nagel 8
Merck 8
Spectra Physics 147
Varian 149
Isco 149
Waters 10
Whatman 8
Supelco 126
Rainin 126
Zorbax 79
HPLC Fittings
Upchurch Scientific 131
Rheodyne 131
ton Chromategraphs
ICI Instruments 82
Metrohm 85
Philips 114
Varian 149
Waters 10
Wescan a
Zorbax 79
Columns and Packings
ABI 14
Alitech 8
Brownlee 10,14
Chrompak 87
Hewlett Packard 1]
Hichrom 10
HPLC Technology 10
J & W Scientific 8,131
Merck 24
Philips 114
Quadrex 8
SGE 8
Shandon 10,147
Spectra Physics 147
Spectrum 88
Supelco 126
Tosoh Corp 131
TSK 10
Varian 149
Waters 10
Whatman 103
Zorbax 79
OTHERS
Pyroprobe (pyrolysis unit)
CcDs
SYRINGES
Becton Dickinson 126
Bosch 79
Hamilton 8,10,87,131,147
Heowlett Packard a5
Monoject 94
Precision Sampling 8
Waters 10
SGE B
Supelco 125
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Unimetrics 8

COMPUTERS

Laboratory Computers,

Data Stations, Integrators
ABC a5
Analog Devices 17
Delta 131
Hewlett Packard a5
Hitachi 10
[CI Instruments 82
IPC 10
NEC ) 10
Philips 114
Spectra Physics 147
Spring Circle 131
System Instrument

Company i3
Varian 149
Waters 10
Yokogawa 81
ELECTROCHEMISTRY
Gonductivity Meters

ABB Kent- Taylor 1
Bibby 94
Cole Parmer 126
EDT 148
Extech 17
Foxboro 17
Hach 149
Hanna Instruments 10,43,87,94
Jenway 103,126
Metrohm a5
Microtech 104
Orign 147
Philips 88,114
Portec 71
Radiometer 120
Schott Gerate a7
Solomat 87
Suntex 131
Yokogawa &1
Yellow Springs a5
pH/mV Meters

Cole Parmer 126
EDT 149
Extech 17
Foxboro 17
ICM 85
Hach 149
Hanna Instrumeants 10,4387
Metrohm 85
Microtech 104
Philips 88,114
Qricn 147
Jenway 103,126
Palintest 47
Portec "
Radiometer 120
Schott a7
Solomat 87
Suntex 13
Yokogawa 81
Electrodes (glass, P1, reference)
ABB Kent-Taylor 1
EDT 149
EIL 1
Extech 17
Foxboro 17
Hach 149
Hanna instruments 10,43,87, 104
Ingold 85,131
Metrohm 85
Orion 147
Philips 88,114
Radiometer 120
Russell 131
Schott Gerate 87,103,126
Solomat 87

Yokogawa 81

Selective lon and gas Sensing
Electrodes

Cole Parmer 126
EDT 149
Hach 149
Hanna Instruments 10,43
ingold 85
Metrohm 85
Crion 147
Philips 114
Radiometer 120
Russsll 1
Schott Gerate 126
Solomat 87
Polarographs

EG & G Princeton

Applied Research 10
Metrohm 85
Tacusse! 120
SPECTROSCOPY

Vlslble Spectrophotometars
Blochrom 131
Cetil 149
GBC 82
Hitachi 10
Jenway 126
LKB 131
Merck 24
Milton Roy 126
Palintest 47
Pharmacia 131
Philips 114
Unipath 147,149
Varian 149
UV-Vis Spectrophotometers
Beckman 10
Biocchrom 131
Cedil 149
GBC 82
Jenway 126
Hitachi 10
Hewtett Packard 95
LKB 131
Milton Roy 126
Pharmacia 131
Philips 114
Unipath 147,149

Varian 149

Intrared Spectrophotometers

Hitachi 10
Philips 114
Quantum 1200 (NIR/Vis) 43
FTR

Bomem 10
Bruker 131
Hoffman 126
Nicolet 147
Fluorimeters

Hitachi 10
Unipath 147,149
NMR

Bruker 131
Hitachi 10
Varian 149



Flame Photometers

Instrumentation

Labaoratories 131
Jenway 126
Radiometer 120
ICP

Hitachi 10
Philips 114
Atomic Absorbtlons
Spectrophotometors

GBC 82
Hitachi 10
Philips 114
Tokyo Electric 43
Varian 149
Hollow Cathode Lamps
Cathodeon 10
S & J Juniper 131
Philips 114
Photron 82
Varian - 149
THERMAL ANALYSIS
Cahn BS
Mettler 147
Setaram 82
T.A. Instruments 76

X-RAY AND RADIOCHEMISTRY
Radicchemical Equipment
Beckman 10

Berthold
Pharmacia Wallac
Pharmacia Oy
Radiometer
(Penicillin Assays)

10
13
131

120

Raytest 10

X-Ray Difiraction and Fluores-
cence

Philips 114
Tanaka Scientific X-ray

Sulphur Detector 43
MICROSCOPES

Optical

Carton 28,87
Joel 131
Kyowa 148
Matic 28
Nikan 147
Ogawa Seiki 43
Union 149
Vixen 28
Electron

Philips {(scanning

and transmission) 114
OTHER

Auto Titraters -

Radiometer 120
Elemental Analysis -

Mitsubishi Instrumentation 131
Fermentation Equipment -

LH Fermentation 131
DNA, Protein/Peptide
Synthesizers and

sequencers 14
Nucleic Acid Extractors 14
Electrophoresis Equipment 14
Density Gauges 105
Minotta Chromameter 43
Ebbett Power Supplies

{invertars and converter) 57

CHEMICAL PROCESSES IN

NEW ZEALAND VOL II

Edited by J.E. Packer
R. Whiting

Detailed descriptions of a wide variety of
New Zealand’s industries:

“Think Big” energy projects
Phosphate and Lime in Soils
Agricultural Chemicals Production
01l Reclamation

.. and many more

$28. 3 inchusive of GST and postage.

Send order to: Milton Gibson
AR =B .
a - 27 galaxy Drive
A WA Mairangi Bay
AUCKLAND

Smoothflow

Registered Design 96640

® PVC Fume Cabinets
® Complete extraction systems.
e Fumetlow pvc centrifugal fans.

Proudly manufactured in New Zealand by

CPL Plastics

13 Patiki Road, Avondale, Auckland.
Phone {09) 886-054 Fax {09) 884-520

Q) javac

is the name
to know for
all your

JAVAC (N Z.)LTD
348 Church Street, Penrose,

P.Q. Box 12-549, Auckiand.

Phone (09) 590-450. Fax (09) 591-196.

LANCER 9998

UE
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(AL

PHATECH )

SYSTEMS LTD & CO.

LEADERSHIP IN . ..

CHROMATOGRAPHY
CAPILLARY
ELECTROPHORESIS

Waters for all HPLC
Carlo Erba for innovative GC

Atto for open column chromatography .

CENTRIFUGATION

A complete range of sizes and
speeds from the Beckman
Microfuge to the new TL-100
benchtop Ultracentrifuge.

SPECTROSCOPY

Hitachi Scientific Instruments present
excellent quality and performance in
UV-Vis, IR, AA, FLUORO, NMR, TEM,
SEM.

pH/CONDUCTIVITY/
TEMPERATURE

Hanna Instruments provide a wide
range of economical meters, including
pocket, portable and bench units

RADIOCHEMISTRY

Widest choice of detectors and
electronics plus plug-in
Spectrometers for
micro—computgrs.

ELEMENTAL ANALYSIS

Carlo Erba are leading manufacturers
of Nitrogen Analysers as well as
C, H, N, O, S units.
Europa Scientific provide Isotope Ratio
Mass Specs

ELECTROPHORESIS

Atto for Power supplies, chamber,
DNA kits, Immunodot, Gradient
formers, gel dryers. Biometra for
Rotating Field Electrophoresis (RFE).

MOLECULAR BIOLOGY

Milligen for DNA/Peptide Synthesisers/
Sequencers, Molecular Dynamics for
Densitometers, Phosphorimagers and

Confocal Microscopes.
Ericomp for Thermal Cyclers.

P.0. Box 37-583, Auckland ® Tel (09) 770-392 ® Telex: NZ 21433. Fax: (09) 398-514 ® Wellington Bch Ph: (04) 893-805




SECTION B -
LABORATORY
EQUIPMENT

Bench Surtaces

Friedrischfeld 139
Furst-Lab 67
Sargent Welch 43
Thermoplastic

Engineering 126,139
Burners

Gallenkamp 147
R&L 87,126
Sargent Welch 43
Clamps, Stands,

Bossheads

Gallenkamp 147
R&L 87,126
Rudolf Brand 84
Sargent Welch 43
Crucibles

Assay crucibles 36
Carbide 36
Cupels . 35
Rudolf Brand 94
Sargent Welch 43
Silica 38
Statliche 126
Thermal Syndicate 126
Desslecators

Bibby 126
Bel-Art 87
Glaswerk Wertheim 87
Jencons 126
Nalgene 94
Sargent Welch 43
Fliter Media

Alumina 36
Ceramic 36
Mast 94
Millipore 128
Refractory 38
Sargent Welch 43

Fume Cupboards and Laminar
Flow

Equipment

Email 126
Flow 87
Medite 04
Plasfab 115
Sargent Welch 43
Thermoplastic

Engineering 126,139
Xtracare 139
Econccare 139
Furnaces

Components 36
Carbolite 147
Heraeus Themotech 126
Lab I, il I 80
Lindberg 85
New Lab 150 - 200 80
Thermolyne Q4
Gas Regulators

Cole Parmer 126
Fairchild 17
Matheson 107
Sargent Welch 43
Victor 107

Glassware
Various 37
Bibby 126
Chromacol 8
Fortuna 87
Glaswerk Wertheim 13
Jencons 126
Manesty 76
Sargent Welch ’ 43
Schott Duran 87,131
Volac 126
Wheaton 126
Heating Mantles
Electrothermal 126
isopad 87,131,147
Sargent Welch 43
Hot Plates
Bibby 87,126
Chiltern 126
Gerhardt 85
Heating Tiles 36
Heidolph 147
IKA - 85,87
Sargent Welch 43
Snijders 131
Laboratory Coats
Cole Parmer 126
Sargent Welch 43
Laboratory Furniture
Brownall 139
Furst-Lab 67
Sargent Welch 43
Mills
Fritsch 85
IKA 8s5.87
Newport Sdientific 120
Rocklabs 124
Sargent Welch 43
Plpettes (Auto)
Various a7
Eppendort 87
Gilson 85
HTL 126
Labsystems 87
Oxtord 94
Rainin 126
Rudolf Brand 94
Sargent Welch 43
Volac 126
Plasticware
Azlon 126
Bal-Art B7
Elkay 94
Falcon 126
Kartell 87
Labserve 126
Lancer 94
LP ltaliana ' 126
Nalgene 94
Rudolf Brand 94
Sargent Welch 43
Safely Glasses
Various 108
Cole Parmer

Sargent Welch 43 Heraeus Thermotech 126

Herasus Votsch 120
Sieves Sanyo 87
Endecotts 85,87,126,147 Sargent Welch 43
Fritsch 85 Thermolyne o4
Sargent Welch 43

Vacuum Pumps
Spatulas Cole Parmer 126
Nalgene 94 Gallenkamp 147
Nicke! Electro 87 Rudelf Brand 94
Mettler 147 Sargent Welch 43
R&L 126 Savant 87
Rudolf Brand 94
Sargent Welch 43 Valves and Fittings

" Various (for gases) 107

Stirrers Brownall (taps) 139
Bibby 87 Cole Parmer 126
Chiltern 126 Supelco 126
Cole Parmer 126 Sargent Welch 43
KA 87 Spectra Physics 147
Omni 147
Silverson 76 Water Baths -
Sargent Weilch 43 Thermoregulators
Snijders 131 B. Brown 84
Thermolyne o4 Chiltern 126

Contherm 126
Thermometers Corbett Research 94
Bibby 126 Eyelo 131
Brannan 126 Grant 126
Budenburg 17 Haake 147
Cole Parmer 126 Heto a7
Ching 17 Nickel Electro a7
Extech 17 Pamasol 76
Sargent Welch 43  -Sargent Welch 43
Rudolf Brand 94
Zeal 87 Freezors and Freeze dryers

Queus 131
Tongs Christ 131
R&L 87,126
Rudolf Brand 94 Maisture Meters
Sargent Welch 43 Mitsibuishi 1
Ovens Laboratory Dishwashers
Contherm 126 Wash Systems 145
Gallenkamp 147

- L]
Aqua Treatment Limited

32 Monokia Street

ROTORUA

In association with;
Rankine & Hill Lid.
Consulting Engineers

Member NZ Association of Consulting Laboratories

Phone/Fax (073) 470-407

Analysis of water and effluents
Water Rights monitoring
Instrumental and traditional methods
Microbiological Analysis
Legionella and Giardia Testing
Environmental Chemistry
Environmental Consultants —
Terrestrial and Aquatic Ecology
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Hamilton Analytical
Laboratory Ltd

CONSULTANTS IN APPLIED CHEMISTRY,
NUTRITION & VETERINARY SCIENCE
H.F. DEWES. DIP.AG. B.V.SC., FAVCS

P.0.BOX 4135, HAMILTONEAST, HAMILTON, NEW ZEALAND.
PHONE 395-143; A.H. 64-170, 496-267
LABORATORY: NOLAN BUILDINGS, 43 HOOD STREET,
HAMILTON, NEW ZEALAND

Hamilton Analytical Laboratory Limited offers a
service of nutritional advice and management to the
dairy, sheep, horse and goat sectors of primary
production. A wide range of plant and animal tissues
and fluids are examined; these analytical data are
used to provide a protocol for herd nutritional
management, which inctudes fertiliser, dosing and
drenching information.

Analytical chemistry and veterinary science investiga-
tions are also undertaken in association with the
insurance assessments industry, as well as for
general purposes. In conjunction with its associated
company, Scientific Associates Limited, an investiga-
tive and consultative service in applied technology is
offered in the fields of electronics and physical
measurement,

Member NZ Association of Consulling Laboratories

R.J. Hill Laboratories

* Specialising in the analysis of

— Environmental samples
— Soils

— Plant tissue

— Waters and Effluents
— Foodstuffs

* Analytical techniques include
Graphite Furnace A.A. spectroscopy
for low level metal analysis

Member Telarc Registered Laboratory

For further information
please contact:

R.J. Hill Laboratories
P.O. Box 4048, Hamilton.
Telephone (071) 227766

Fax (071) 227766

MEMBER OF NEW ZEALAND ASSOCIATION OF CONSULTING LABORATORIES

range of other Instrumentation.

* pH and Conductivity Meters
* Titration Systems

* Specific lon Analyzers

* Environmental Test Cabinsts
* Salt Spray Cabinets

* Electronic Test Cabinets

For further information please contact

hRADIOMET? PACIFICLTD.

RADIOMETER A/S of COPENHAGEN

proudly announce the formation of their new subsidiary company:-

RADIOMETER PACIFIC LIMITED

This new Company has been established to provide full service and after sales support
to all Radiometer Equipment, both Medical and Analytical, as well as offering a wide

* Blood Gas Monitors

* Clinical Instruments

" Na and K Apalyzers

* lonised Ca Analyzers

* Patient Monitors

* Low Cost Temperature Recorders

Agencies include — RADIOMETER, HERAEUS-VOTSCH, HERAEUS-INDUSTRIAL, HERAEUS-ORIGINAL HANAU,
BUCHI-GLAS-USTER, PENICILLIN ASSAY INC., COLORMET,
NEWPORT TECHNOLOGY, AUSCORD RECORDERS.

Unit A 10-20 Sylvia Park Road
Auckland, New Zealand PO Box 58-468

Phone (09) 573-1110
Fax:  {09) 573-1106




New Zealand Association of Consulting Laboratories

Company and Address

Contact

Telephone & Fax

Company and Address

Qgha Biclogleals Ltd
Box 38 213, Howlck
AUCKLAND

Analytical Research Laboratorles
PO Box 989, NAPIER

Analytical Services Lid
Private Bag, CAMBRIDGE

Rankins & HIll Environmental Servies
32 Monokia Street, ROTORUA

Allan Aspell & Assoclates Lid
Congtellation Drive, Mairang! Bay
AUCKLAND 1

Cawthron Insthute
PO Box 175, NELSON

Chemlcal Service Laboratorias Ltd
PO Box 13-033, Johnsonvlille
WELLINGTCN

P J Dawson Lakoratorlas
PO Box 178, HAMILTON

Dr Eilzabsth Ebbett
PO Box 437, AUCKLAND

Flinders Cook Technical Sarvices
PO Box 437, AUCKLAND

W Qrayson & Associatas Lid
PO Box 12-545, Penrose
AUCKLAND

Hamilton Analytical Laboratory
PO Box 4135, HAMILTON EAST

Dr Gloria Hettige
PO Box 30-366, LOWER HUTT

R J Hill Laboratorles
PO Box 4048, HAMILTON EAST

Chem Test Laboratorles
PO Box 63 097, Papatostoe South
AUCKLAND

Metallurgleal & Industrial Consultants
PO Box 2346, WELLINGTON

Meoyman & Hormby Laboratories
PO Hox 6178, CHRISTCHURCH

NZ Hydraponlcs Lid
PO Box 849, TAURANGA

Hamllton Medical Laboratorles
PO Box 52, HAMILTON

Selentific & Genaral Consultants
PO Box 13-219, Onehunga
AUCKLAND

SGS New Zealand Ltd
PO Box 13-518, Cnehunga
AUCKILAND &

Shanahan Scientific Services
PO Box 49 048, Mt Roskill South
AUCKLAND 4

Sorenson Laboratories Lid
PO Box 43 122, Mangere
AUCKLAND

Envirolab Services Ltd
PO Box 9437, Newmarket
AUCKLAND

Tasmex Laboratorles
92 Alpha Streat, CAMBRIDGE

Pgarson Blologicals Lid
PO Box 25091, CHRISTCHURCH

Zantech
PO Box 1777, DUNEDIN

Executive Secretary
NZACL, PO Box 268
WAIKANAE

Contact
Geofiry Hill
Pater Lorentz
John Turner
Nick Milter

Allan Aspell

Graham Robertson

Murray Friar

Peter Dawson
Elizabeth Ebbett
Peter Bailey

Bilt Grayson

Mike Lowe
Glonia Hettige
Roger Hil

John Thompson

Derak Wilkinson
Calin Knudsen

Margaret Arnold

Brian Lineham

Dennis Karl

Karl Smith

Rory Shanahan
Torben Sorenson
Rabert Fullerton

John Smale

David Robertson

Thomas Henderson

John Liddle

Tetephone

{09} 534 4424
(06) 836 6807
(C71) 274 409
{073} 470 407

(09) 279 2962

{054) 82 319

(04} 787 039

(071) 80 251
{09) 303 3465
{09) 303 3465

{09) 590 320

{071) 395 143
(04) 662 753
(071) 552-266

(09) 274 8873

{04) BEG 422
{03) 792 644
(075) 780 8489
(071) 80 539

(09) 642 503

(09) 643 637

(09) 673 149

(09) 275 1459

{09) 524 4721

{071) 273 081
{03) 650 624
{03) 477 9669

(058) 36 255

Fax

(08) 534 4424
(08) 835 0785
(071} 274 485

(073) 478 911

(G54) 69 464

(04) 787 402

{071) 82313
(09) 303 3465
(09) 303 3425

{68) 599 044

(671) 383 590
{04) 638 514

{071} 552-266

(075) 780 847
{071} 80 594

{09) 646 728

{09) 665 054

(09) 524 6502

(03) 650 920
{03) 477 9605

{058} 37 936




SECTION C
CONSULTANTS
GEOGRAPHICAL
LISTING

1 AUCKLAND AND
NORTH AUCKLAND

2 ABELS Ld

Manufacturers of and consultants
in chemical testing of fats and oils.
Equipment includes UV - Vis
spectrophotometars, Capillary GC
and pulsed NMR

§ ALLAN ASPELL &
ASSOCIATES Ltd

Analytical chemists and scientific
consultants specializing in envi-
ronmental chemistry, microbiol-
ogy. analysis of foods, pharma-
ceuticals and industrial material
and specialist investigations.
Equipment includes AAS (flame,
graphite furnace and hydride gen-
eratlon); GC with FID, NPD, ECD
and purge tap apparatus; mass
selective detector (MSD),
scanning UV-Vis; scanning fluori-
meter; IR spectrophotometer;
furnace and incubators; ion selec-
tive electrodes; Karl Fischer appa-
ratus

€ ALLENS UNITED WASTE DIS-
POSALS LTD

Specialists in the disposal of
chemical wastes.

9 ALPHA BIOLOGICALS
Microbiclogical quality control
laboratory. Telarc registered for
testing foods, cosmetics, waters,
sewage and offluents. Microbio-
logical quality including sterility of
veterinary preparations. Plant
hygiene evaluation.
Instrumentation includes Laminar
flow cabinet, microscopes, incu-
bators,

Seward Stomacher, Freeze drier
and membrane filtration appara-
tus

Thi;s entry has been carried over
from the 1989 yearbook

13 ANALYTICAL SOLUTIONS
LTD

A scientific consultancy offering
advice and development assis-
tanca for dients using or consider-
ing instrumental methods of analy-
sis. Services include: instruction
of staff In the application of specific
new technologies and techniques;
Development of sample pre-treat-
ment and soparation

strategies; Needs analysis and
independent advice in specifying
and configuring instrumentation
prior to purchase. Equipment
available includes capillary and
packed column GC, HPLC, AAS,
UV-Vis, (FT)-IR.

17 W ARTHUR FISHER
Suppliers and consultants in the
field of laboratory instruments
equipment, process contro! instru-
ment and processing equipment.

27 BETZ LABORATORIES PTY
LTD

Suppliers of specialty chemicals
and engineering services pro-
grams for water, energy and proc-
ess systems.

30 G. BUCHAN WATER TREAT-
MENT

Involved in all aspects of chemical
metering and control for water
treatment and other industrial ap-
plications. Also involvedinsewage
processing with extended aera-
tion.

This entry has been carried over
from the 1989 yearbook

35 CAWTHRON INSTITUTE
Independent research institute of-
fering services in. environmental
consulting, chemical and
microbiclogical testing and waste
utilization. Equipment available
includes: HPLC with UV, IR, Fluo-
rescence detectors; GC with FID,
ECD; Spectrophotometers AA, IR,
UV-Vis and liquid scintillation
counter.

39 CHEMTEST LABORATO-
RIES

Servicing of water treatment
equipment especially ion ex-
change. Supplier of chemical in-
jection pumps. Analytical services
for water, plant tissues and soils.

49 DAVID E COOPER
Consulting environmental chemis-
try on water, wastewater and treat-
ment. Air pollution and control
backed up by laboratory work.
This entry has been carried over
from the 1989 yearbook

50 P.J. DAWSON LABORATO-
RIES

Specialists in the trace analysis of
environmental organics in particu-
lar pesticides and mycotoxins.
Equipment includes: HFLC, GC
with FID, TCD, N/P, ECD and UV
Vis spectrophotometer.

53 DSIR CHEMISTRY

New Zealands largest and most
comprehensive chemical facility.
Able to analyse almost anything.
Most analytical techniques are
available - AAS, GC-MS, HPLC,
NMR, ICP.
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55 DSIR MATERIALS PER-
FORMANCE GROUP

DSIR Materials Performance
Group Is a multi-disciplinary col
lection of technical advisers and
scientists who can provide a com-
prehensive range of sewvices and
advice on materials research, pet-
formance monitoring and failure
investigations. Almost all indus-
trial materials can be analysed
from metals to rubbers to concrete
to lubricants. Most performance
testing equipment is available in-
cluding Scanning electron micro-
scope, X-ray powder diffraction
and thin layer activation.

60 ENVIROCLAB SERVICES Ltd
Consultants and providers of ana-
Iytical services related to all as-
pects of environmental enginger-
ing.

64 FLINDERS COOK {TECHNI-
CAL SERVICES) LTD

Public analytical and consulting
chemical laboratory with special
expertise in bulk liquid quality and
quantity control. Analysis of Petro-
chemicals, solvents, paints, plas-
tics, pharmaceuticals, trigly-
cerides, waste waters, monomers,
oils stc. Equipmentincludes FTIR,
AAS, GC, HPLC, Fiash point UV-
Vis spectropholometers.

68 GAMLEN CHEMICAL COM-
PANY NZ Ltd

Manufacturers and supplters of
water treatment chemicals and
consultant in the field of water
freatment and analysis (including
Legionella and Pneumadimica).

69 GCNZ WOODWARD-CLYDE
Consulting engineers, geologists
and environmental scientists spe-
cializing in wastewater treatment,
waste minimisation, water re-
sources, occupational heaith and
air pollution, EIA risk assessment
and environmental audits. Equip-
ment includes Portable organic
vapour monitor, portable GC,
occupational  health  monitoring
equipment, GFO-Technical and
soil

monitoring and sampling equip-
ment.

73 W. GRAYSONS AND ASSO-
CIATES Ltd

General technical consultants
dealing with mine process control,
timber, water, failure, microbio-
logical and pathogen, tood and
pharmaceultical analysis,
environmental surveys, product
and Q/A system development and
product Q/C. Telarc registered
laboratory for asbestos, trace
metal,

timber, microbiological and patho-
gen, nitrate/nitrite and vitamin
analyses, tube calibrations, ther-
mostaling and container approval
for hazardous substances to UN
code. A wide range of modern
equipment is available.

81 B.R. HOMERSHAM Ltd
Supptiers of laboratory and pioc-
ess contro! instruments and con-
sullants on process control sys-
tems.

86 JOHN YOLLAND AND ASSC-
CIATES Ltd

Consulting services specializing in
product testing of building materi-
als and systems, solid fuel heat-
ers, air temperature, flow and pol-
tution and industrial hygiene. Cali-
bration of manometers to 6kPa.

91 MAF QUALITY MANAGE-
MENT

Analytical laboratory services.
Equipment available includes GC,
MS, HPLC.

97 METALLURGICAL SERV-
ICES Ltd

Consultants specializing in metal-
lurgical analysis and heat treat-
ment services. Advisory service
on forging and casting. Optical
emission spectrometer available.

101 MOSS INDUSTRIES Lid
Consulting chemists in the foren-
sic, industrial, manufacturing and
development fields. Computer
consultants offering technical ad-
vice, hardware repairs and
software modifications.

118 PWT NEW ZEALAND Ltd
Specialists in engineering, control
and chemical aspects of water
treatment and process control.
Consultant services available on
all forms of water treatment for
Various purpases.

121 RANKINE & HILL Lid ENVI-
RONMENTAL SERVICES
Environmental and biological con-
sulting services and chemical and
microbiological analysis. Includ-
ing detection of Gardia and Le-
gionella. Equipment available in-
cludes UV-Vis spectrophotome-
ter, AAS and epiflucrescence
microscope.

125 RORY SHANAHAN LABO-
RATORIES Ltd

Consulting and analytical servicas
to defence coundil, private invest-
gators and industry. Analyses
include Blood alkeohol, alcoholic
beverages, accelerants and other
hydrocarbons, identification of
hairs and textile fibres, micros-
copy. Services include scientific
testimony, scientific expert evalu-
ations, forensic investigations in-
cluding arson, general physical
evidence. Equipmentincludes GC
with FID and integrator, visible
spectrophotometer,  stereob-
inocular microscope, UV and IR

photography.

128 SCIENTIFIC AND GENERAL
CONSULTANTS

Independent consulting and ana-
lytical services to industry special-
izing in food analysis, personal
care products, industrial commodi-



High Performance Liquid
Chromatography

Asuite of compact, user friendly
and modular instruments to
simplify your most complex
liquid chromatography needs.

ICI LC1100 Dual Piston Pump

ICI LC1200 Variable Wave-
length UV-Vis Detector

ICI LC1260 Electrochemical
Detector

ICI LC1430 Gradient
Controller

ICI LC1431 System
Organiser Module

ICI LC1432 System Organiser
Module

ICI LC1500 Dual Piston Pump

ICI LC1600 Advanced Auto-
Sampler

ICI TC1900 HPLC Oven

ICI DP800 Chromatography
Data Processing System

ICI DP700 Chromatography
Data Processing System

ICI DP600 Dual Pen Chart
Recorder

Dani range of GC instruments
and accessories.

Spectroscopy

Incorporating the latest fea-

tures and accessories, the ICl/

GBC spectroscopy range pro-

vides a cost-effective solution

to a host of analytical applica-
tions.

ICI/GBC 911 UV Visible
Spectrophotometer
ICI/GBC 904/906 Atomic
Absorption
Spectrophotometers
ICI/GBC HG3000 Automatic
Hydride Generation
ICI/GBC System 3000
Graphite Furnace Atomic
Absorption
Spectrophotometer.

Materials Testing
Equipment

An advanced range of instru-
ments providing essential data
for the definition, quality con-
trol and processing of high
technology materials.

ICI Instruments Impact
Testers
Lloyd Tensile Testers
Bohlin Rheometers
A new range of Melt Rheo-
meters
Setaram Thermal Analysers:
DSC, Calorimeter,
DTA, TGA,TMA,
Dilatometer

IC| Australia Operations Pty
of the ICI Roundel w!
Imperial Chemicals

INTERNATIONAL

IC| is an internationally respected
chemical company servicing 150
countries and generating sales of
more than US$18 billion annually.
It's businesses are involved in the
pharmaceutical, biotechnology, ag-
ricultural, materials, organic chemi-
cal, and environmental industries.

AUSTRALIA & NEW ZEALAND
ICl Instruments (Australia) is a
division created to design, manu-
facture and market quality instru-
mentationinternationally. Backed by
the resources of ICI, (one of the
world’s largest users of analytical
instrumentation), ICI Instruments is
in a strong position to understand
and appreciate your analytical
requirements.

——— g
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Instruments

ICI Instruments has a fully integrated
research. and development team,
specialised manufacturing facilities
and a marketing operation based in
Melbourne, Australia. The
company’s principle philosophy is
based on ‘inherent reliability, quality
of manufacture and superiority of
service’. With this philosophy, ICI
Instruments has achieved a rapid
rise to international success with an
office now based in New Zealand.

With a broad product range, exten-
sive experience and an international
network, ICl Instruments guarantees
satisfaction and expert professional
support throughout a wide range of
demanding applications.

ICI HPLC Automated Gradient System

ICI/GBC 906 Atomic Absorption Spectrophotometer

For further information:

David Payne, ICl Instruments |
246 Khyber Pass Road, Grafton,
Auckland Phone: (09) 735 765
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FARMAC ENTERPRISES LTD.

AN/

INTRODUCING
“BAG IN THE BOX” SOLUTIONS
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/10 SIVER NITRATE pH 4.00 REAGENTS FOR WATER
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SULPHURIC ACID
HYDAOCHLORIC ACID
SOOI HYDROXIEE

ALSD AVADLABLE AS
AMPOULES FOR DULAUTION

OR AS REQUIRED

:

STANDARDS
INDICATORS
STAINS
MANOMETER FLUIDS

:

SOLUTIONS ALSO AVAILABLE [N
100m], SCCImI 1 LITRE. 2 LITRE, 5 LITRE ETC CONTAINERS

TEST KITS AND SPOT TEST REAGENTS

SWIMMIMG POOL
TEST KIT & REAGENTS
FOR MEASURING
CHLORINE. pr.
ALKALINITY, HARDNESS.
ETC.

FOR MUNICIPAL,
SCHOOL QR HOME
SWIMMING PQOLS.

TRANSFORMER QIL,
P.C.B. DETECTION
TPA SPOT TEST
REAGENTS FOR
BORQON, COFPER
ETC.

FIELD TEST KITS FOR

SPECIALITY
PRODUCTS
STEEL MARKING
ACID
FLUX FOR SOLDERING
ALUMINIUM

CUSTOMER FORMULATIONS OR PARTICULAR STANDARDS

Orders or enquiries (o

LABORATORY SUPPLIERS

OR OURSELVES

W. GRAYSON &

ASSOCIATES LTD

Analysts
[ ]
Chromatography - GLC, HPLC, etc
[}
Corrosion Consulling
L
Food & Pharmaceutical Analysis
L J
Forensic Investigation
-
Gas Analysis
[}
Geochemical Analysis & Assayers
[
Microbiology
o
Product Developmenti & Metal Analysis
®

Piastics, Packaging & Oils
L J
Water, Effluents & Wood Analysis

(09) 590-329

s TELORC (eqisieren tapnnator

oH" letepnons
FARMAC ENTERPR,SES L"'D Hugo Jonnson Diwve Penrose. Auckland. New Zealand @
0 Box 12-545, Penrose FAX NZ (09] 599-044 &
\-/PH P.O. BOX 13-219 ONEHUNGA, AUCKLAND 6. Also at Invercargill Phone 10211 82-247 ‘45'
TELEPHONE (09) 668186 FAX (03) 646-728 Member NZ Association of Consulling Laboratories ¥
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this better than ( i Watson Victor, 100 years
Watson Victor. -, of experience you can call on
We carry a range of key products / with complete confidence.
from the world's leading -,
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CONSULTANTS
CONTINUED

ties and processes. Equipment
includes UV- Vis spectrophotome-
ter, AAS, GC, HPLC, Kari Fischer.

134 SORENSON LABORATO-
RIES Ltd

Microbiological testing. Product
development and feasibility stud-
ies in the food area.

138 TELARC NEW ZEALAND
Telarc promotes identifies and for-
mally recognizes quality in the
supply of New Zealands goods
and services and offers educa-
tional services for the training of
laboratory staff.

150 XL CONSULTANTS
Consultants in formulation and
manufacturing techniques of in-
dustrial, veterinary and household
products.

2 Waikato and Bay of
Plenty

6 ALLENS UNITED WASTE
DISPOSALS LTD

See listing in the Auckland, Narth
Auckland section for details.

12 ANALYTICAL SERVICES
UMITED

Telarc registered laboratory and
member of the NZ Association of
Consulting Laboratories specializ-
ing In the analysis of minerals and
nutrients in soils, ptant tissues,
feedstuffs and waters.

16 AQUA TREATMENT Ltd
Analysis of water, effluents, boiler
deposits, environmental chemists
and consultants.

This entry has been carried over
from the 1989 yearbook

50 P.J. DAWSON LABORATO-
RIES

Sea listing in the Auckland, North
Auckland section for details.

54 DSIR LAND RESOURCES
DSIR

Land Resources is New Zealand
Largest provider of expert scien-
tific information and advice on the
land andits biota with 230 scientific
and support staff with extensive
experience in New Zealand, the
South Pacific, Asia and Antarctica.
Expert information and advice on
vegetation, wildlite, soils and land
use. Environmental advice. Land
suitability and hazard analysis.

Waste disposal and ifrigation.
Land rehabilitation. Plant
identification. Analytical services.
Geographical information and
maps. Radiotracing. Equipment
availableindudes X-ray diffraction
and fluorescence, AAS, Autoana-
lysers, IR, DTA, Mossbauer, TEM,
Carbon analysers, lon chromatog-
raphy, GC and Beta counters.

74 HAMILTON ANALYTICAL
LABORATORY

This entry has been carried over
from the 1989 yearbook

75 HAMILTON MEDICAL LABO-
RATORIES

This entry has been carried over
from the 1989 yearbook

79 R.J. HILL LABORATORIES
Telarc registered laboratory spe-
cializing in analysis of soil, water
and plant material for advice in
erwirenmental agricultural and in-
dustrial matters. Equipment
available includes AAS with hy-
dride generation and graphite
furnace, UV-Vis spectropholome-
ter.

83 INDEPENDENT SERVICE
LABORATORIES (ISL)

Industrial chemists, mining and
exploration consultants and ana-
lysts (specialists in gecchemistry).
Experienced in method develop-
ment for companies not having
their own laboratory facilities.
This entry has been carried over
from the 1989 yearbook

102 NATIONAL AGLAB
Analytical iaboratory specializing
in plant tissue, soil nutrients, and
surface waters for domestic and
agricuttural users.

This entry has been cartied over
from the 1988 yearbook

104 NEW ZEALAND HYDRO-
PONICS Ltd

Suppliers and consultants in the
field of hydroponic materials and
equipment and systems. Analysis
of waters, soils, nutrients and plant
materials. AAS available.

110 PACIFIC ANALYTICAL Ltd

Consultancy invelved with techni-
caliscientific personnel placement
computer/EDP consultancy (real
time systems for faboratories},
general laboratory consultancy.
Oftering staff training /evaluation,
technical report preparation,
computer consumables.

This entry has been carried over
from the 1988 yearbook

137 TASMEX LABORATORIES
Ltd
Microbiological
analysis.

This entry has been carried over
from the 1989 yearbook

and chemical

3 Wellington, Hawkes
Bay, Manawatu and
Taranaki.

11 ANALYTICAL RESEARCH
LABORATORIES

Independent analytical laboratory
and consulting services. Analysis
of soils, plant materials, agricul-
tural and industrial products and
food for major and frace elements,
acids, sugars, additives, herbi-
cides, insecticides, fungicides and
general analytical services.
Equipment available includes
HPLC, AAS, UV-Vis, GC, Auto
analyser.

17 W ARTHUR FISHER
See listing in the Auckland, North
Auckland section for details.

32 CARINA CHEMICAL LABO-
RATORIES Ltd

Consultants specializing in the
research and development of new
processes and chemical methods
from initial labaratory trials through
scale up to commercialization.
Also supplier of fine chemicals.
Equipment available includes GC,
Uv-Vis [R.

41 CHEMICAL SERVICE LABO-
RATCORIES (1985) Ltd

Analytical and consulting chem-
ists, bactericlogists.

This entry has been carried over
from the 1989 yearbook

53 DSIR CHEMISTRY
See listing in the Auckland, North
Auckland section for details.

'

54 DSIR LAND RESOURCES
See the Hamilton region entry for
more details

55 DSIR MATERIALS PER-
FORMANCE GROUP

See listing in the Auckland, North
Auckland section for details.

63 FERTILIZER AND LIME RE-
SEARCH CENTRE

Consultants specializing in the fer-
tilizer industry, waste disposal and
land rehabilitation. Alsc analysis
of soils plants water and fertilizers.
A comprehensive range of chemi-
cal and physical analyses on soils
fortilizers; also advice on fertilizers
requirements. Equipment
available include automated colo-
rimettic analysers, AAS, X-Ray

diffraction, SEM and TEM and
scintillation counters.

64 FUNDERS COOK (TECHN)-
CAL SERVICES) LTD

See listing in the Auckland, North
Auckland section for details.

67 FURST-LAB

Specialists in laboratory fitments
and consultants in Jaboratory de-
sign.

68 GAMLEN CHEMICAL COM-
PANY NZ Ltd

See listing in the Auckland, North
Auckland section for details.

70 GEOCHEMISTRY RE-
SEARCH Ltd

Chemical and geochemical con-
sulting with special expertise in
minerals and industrial chemistry,
mineral exploration, mineral char-
acterization, analysis, reactions,
industrial utilization and process-
ing. Petroleum exploration geo-
chemistry.

This entry has been carried over
from the 1989 yearbook

73 W. GRAYSONS AND ASSO-

CIATES Lud
See listing in the Auckland, North
Auckland section for details.

78 HAZARDS ANALYSIS Lid
Analysis of hazards involving flam-
mable vapours and dusts and also
toxic chemicals. Services include
analysis of causes of accidents
and recommendations for preven-
tative procedures, chemical plant
safety audits, half day safety
training programmes.

This entry has been carried over
from the 1988 yearbook

81 B.R. HOMERSHAM Ltd
See listing in the Auckland, North
Auckland section for details.

92 MAF CHEMICAL SERVICES

Consulting laboratory undertaking
a wide range of residue analyses
on both animal and plant materials.
Specializes in analysis of veteri-
nary drugs, pesticides, herbicides
environmental contaminants, vita-
mins, nutrients, trace and macro
elements and food analysis.
Equipment available

includes AAS, HPLC with UV and
fluorescence detectors, GC with
MS, N/P and ECD, UV-Vis spec-
rophotometers and Autoanalys-
ers.

96 METALLURGICAL AND IN-
DUSTRIAL CONSULTANTS
Speciaiists in failure analysis,
metallographic testing, heat treat-
ment, mechanical and non-de-
structive tasting.

This entry has been carried over
from the 1989 yearbook

Chemistry in New Zealand/December 1990/157



Mass
spectrometric
analyses

[ Come to the experts for:

- General organic microanalysis
- HRMS, elemental composition
- Capillary GC-MS with library search
- Ultra trace analysis
- Environmental protocols
- Stable isotope tracer studies
" Expert interpretation

Contact: :
Dr Patrick T. Holland
Ruakura Agricultural Centre

Private Bag, Hamilton

\. Ph(071) 562839 Fax (071) 385073 J

MAF TechRuakura
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O Metallurgical Services Ltd.

SPECTROGRAPHIC ANALYSIS SERVICE
PHYSICAL TESTING - ADVISORY SERVICE

Optical Emission Spectrographic
chemical analysis of all —
Ferrous metals, Copper,
Aluminium alloys

24 hour service

We can offer a complete,
experienced consultancy and
advisory service to the metals

industry including problem solving,
scrap investigation, casting design
material selection, metal formlng
and heat-treatment.

Physical Testing and Complete .
Heat-Treatment facilities available. {

WAIHOEHOE ROAD DRURY
P.O. BOX 44, DRURY. NEW ZEALAND.
PHONE (09) 294-8431; (09) 294-8437

Member NZ Association of Consuiting Laboratories

ANALYTICAL &

CONSULTING
SERVICES

We can provide the above services in
the fields of Chemical and
Bacteriological Analysis:

Food

Animal By- Products

QOils — food and mineral
Cosmetics/Toiletries

Fertilizers

Pharmaceuticals

Industrial products and processes

Write or Phone for further information

Scientific and General

Consultants

228 Neilson St., PO Box 13-219 Onehunga, Auckland 6
Fax 646-728. Phone (09) 642-593

MINISTRY OF AGRICULTURE
AND FISHERIES

MAF CHEMICAL SERVICES

MAF

A laboratory with over 25 years experience and expertise in analytical
chemistry, including residue analysis, ¢can provide a comprehensive
analytical service, including:

* Veterinary Drugs *  Pesticides

* Herbicides *  Environmental Contaminants

* Food Analysis *  Vitamins and Nutrients

* Trace and Macro Elements
The laboratory is well equipped with madern instrumentation,

Including Atomnic Absorption, HPLC, GC and GC-MS. Field and
animal trials can also be undertaken.

For turther intormation on the services offered and the
cosl involved contact:

Dr John C. Turner

MAT Chemical Services

Wallaceville Animal Rescarch Cenlre
.0, Box 40-063

Upper Hutt

TELEPHONI: (04) 286-089 FAX, (04) 280-493




CONSULTANTS
CONTINUED

1058 NUCLEAR SCIENCES
GROUP

Specialists in the construction of
instruments based on nuclear
techniques (Density gauging, fat /
moisture content), remote sensing
of corrosion, remote menitoring
and tracing of residencs times and
flow paths for solids fiquids "and
gases. Process investigations us-
ing radiotracers.

118 PWT NEW ZEALAND Ltd

4 Nelson, Blenheim,
Marlborough

35 CAWTHRON INSTITUTE
See the listing in the Auckland,
North Auckland section for de-
tails.

83 INDEPENDENT SERVICE
LABORATORIES (ISL)

Sea the listing in the Hamilton, Bay
of Plenty section for details.

148 W.B. WEBLEY - APPLIED
RESEARCH AND CONSULTING
SERVICES

Consultancy services in the fields
of chemistry, computing and tech-
nical management. Advice on and
implementation of environmental
monitoring systems and effluent
treafment systems. applied re-
search services for product and
process development.

5 Christchurch and
Canterbury

17 W ARTHUR FISHER
Sew the listing in the Auckland,
North Auckland section for details

31 CANTERBURY FROZEN
MEAT Co Lid

Specialists in processing of meat
and meat byproducts offering a
service in testing of food, meat,
meat byproducis and water and
environmental testing. Proximate
analysis of Foed and food prod-
ucts, micsobiological analyses of

food, water and environmental
samples and chemical analysis of
water and effluents. Equipment
available inctudes UV-Vis spectro-
photometers, AAS and Automated
Kjeldahl.

53 DSIR CHEMISTRY
See the listing in the Auckland,
North Auckland section for details

54 DSIA LAND RESOURCES
Seo the listing in the Hamilton,
Waikato, Bay of Plenty section fot
dotails

85 DSIR MATERIALS PER-
FORMANCE GROUP

See the listing in the Auckland,
North Auckland section for details

69 GCNZ WOODWARD-CLYDE
See the listing in the Auckland,
North Auckland section for details

81 B.R. HCMERSHAM Lid
See the listing in the Auckiand,
North Auckiand section for details

100 MOOYMAN & HORNBY
LABORATORIES

Water soil and plant analysis.
Equipment available includes
AAS, UV-Vis, Flame Photometer.
This entry has been carried over
from the 1989 yearbook

112 PEARSON BIOLOGICALS
Telarc registered laboratory offer-
ing comprehensive microbiolagi-
cal testing and consultancy for the
food, cosmetic and water supply
(for drinking and industrial use).
Services include testing for Lis-
teria and Legionelia.

118 PWT NEW ZEALAND Ltd
See the listing in the Auckland,
North Auckland section for details

138 TELARC NEW ZEALAND
Seg the listing in the Auckland,
North Auckland section for details

140 TOWER BIOLOGICALS Ltd
This entry has been carried over
from the 1989 yearbook

142 UNIVERSITY OF CANTER-
BURY

X-ray fluorescence and diffraction
for the analysis and identification
of plant material and mineral
samples.

6 Dunedin, Ctago

54 DSIR LAND RESOURCES
See the listing in the Auckiand,
Narth Auck

land section for details

73 W. GRAYSONS AND ASSO-
CIATES Ltd

See the listing in the Auckland,
North Auckland section for details

113 PHARM CHEM RESEARCH
LABORATORIES

Consuitants in the fields of analy-
sis, physical measurement chemi-
cal synthesis research and litera-
ture searches. Research and de-
velopment projects  feasibility
studies and forensic studies
undertaken,

127 SCIENTIFIC ANALYTICAL
Ltd

General consultant and analyst for
manufacturing and processing in-

dustries and agriculture related
industries. Analyses of soil, herb-
age, water, trace efements, food
and procassed foodstuffs, house-
hold and industrial products,
manufactured goods. Equipment
includes AAS with hydride genera-
tion and graphite furnace, UV-Vis
spectrophotometer Karl Fischer
and Kjeldahl.

This entry has been carried over
from the 1989 yearbook

See listing in the Auckland, North
Auckland section for details.

129 SCIENTIFIC SERVICE
LABORATORIES LTD
Manufacturers and packers of
corrosive preducts such as solder-
ing fluids, chemical pickles,
etchants, hydrochioric and sulphu-
ric acids. Consultants in the de-
sign and installation of small scale
chemical plants and industrial
scale glassware and disposal of
acid effiuents.

139 THERMOPLASTIC ENGI-
NEERING Ltd

Specialists in the design fabrica-
tion and installation of fume cup-
boards, fume extraction fans,
ducting and fume extraction sys-
tems bench tops, draining racks
and other rigid laboratory fittings in
PVC and polypropylene.

=
ix]:

ENVIROLAB

Analytical Excellence

When you need to be assured of top experience
in analytical and laboratory services, it makes
sense to contact the Beca group.

We provide value solutions whatever your

challenge in:

» Laboratory Trials
» Field Tests

» Chemical Analysis of Water and Effluents
» Air Pollution Monitoring
+ Environmental Studies of Solid Wastes

» Toxicity Studies

» Compliance Monitoring
» Treatment Plant Commissioning
» Corrosion Investigations
Envirolab is the New Zealand agent for Colilert®,

For further information please contact Rob Fullerton,
Manager, on (09} 5244 721, Fax ((09) 5246 502.

8 Leek St, PO Box 9437, Newmarket.
TELARC Registered Laboratory
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Topical and indispensable

scientific and technical -+ Pearson Biologicals
k -h A Division of Medlab South Lid
LALLLAL N UL MANN'S — OFFERING —
COMPREHENSIVE MICROBIOLOGICAL
N A monumental
reference work that TESTING FOR:

sets the intermational
standard in chemical
technology Iterature

In 34 volumes.

¢ FOOD, MEAT, DAIRY PRODUCTS
¢ FINISHED PRODUCTS
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® INGREDIENTS
® PLANT PREPARATION AREA
I ¢ Q) C. PROGRAMMES
Sensor§ e ENVIRONMENTAL MICROBIOLOGY
e WATER (INCL) INDUSTRIAL WATER
. ® SWIMMING & SPA POOLS
W.Gﬁwl.].Hm.J.N.Zcmélwnmel Worldwide the first ® LEG'ONELLA
- tatazaban series to meet the ® | ISTERIA
i varying ”ee‘.dffs?f CONSULTATION FOR ALL MICROBIOLOGICAL
sensor specialists.
j In 8 volumes. . PROBLEMS.
j (A TELARC REGISTERED LABORATORY)
i oo 1st Floor, Tower Building P.O. Box 25091
c o J Cnr. Montreal & Salisbury Sts.  PH. (03) 650-624 -
Christchurch. FAX. (03) 650-920
For further information, please contact VCH MEMBER NZ ASSOCIATION OF
VCH. P.O. Box 10 11 61, D-6940 Weinheim

CONSULTING LABORATORIES

Down in the lab, the new Kiwifruit strain had
broken all growth records and more besides.
Now it was time to discover Watson Victor.

consumabiles from the

Here‘s an hypothesis
well worth testing when /. o world’s leading -
next you require N ‘ : ;: laboratory equipment
equipment for your manufacturers.
research or educational ’ \‘ And we can support
laboratory. It is “that our brands with the
Watson Victor is the S & -:af/ expert backup service that
company io contact first’’ laboratory professionals need.
We've proven we are the leader in the Watson Victor, 100 years of

field through our services to all sections of the experience you can call on with complete confidence.

WATSON VICTOR

Your Assurance of Quality.

scientific community over many years,

We carry a range of key products and

Aucidand Pt 593-039 write to P.0. Box 1216 « Welington Ph 857-699 writ to P.0. Bax 1180 « Christchurch Ph 669-282 write to P, Bax 706. « Dunedin Ph 777-291 writs 1o P.O. Bax 921. g




() Metrohm

New Karl Fischer
Titrator 701 KF Titrino

Metrohm have just released the
newest and most sophisticated KF
titrator on the market.

Its features include:

automatic titer determination
automatic blank determination
automatic drift compensation
non volatile memory
bidirectional RS 232 interface
integrated stirrer and pump

STA

BILITY OF EDIBLE OILS & FATS
The new 679 Rancimat determines automatically
the oxidative stability of 6 fat or oil samples in par-
allel. The expanded temperature range (50-200° C)
and the use of calibrated electrodes increase the .
application possibilities. It is also now possible to new exchange unit with ceramic
determine the thermal stability of PVC according SlopeocK 7

to DIN 55 381 By separating the control and wet The 701 KF Titrino is now
sections, the instrument can be operated conve- gﬁgg'f at aprcete suital
niently from the laboratory bench, while actual

measurement is performed in a fume.

——
John Morris Scientific Ltd. Al the Best for Your Laboratory

P.O. Box 6348 P.O. Box 30496 P.O. Box 22286
Wellesley Street Lower Hutt Christchurch
Auckland 1 Wellington

Phone: 444-5836 Phone (04) 627-525 Phone (03) 653-825

Fax: 444-0974 Fax (04) 627-212 Fax (03) 666-975




(patent pending)

The Fumecupboard that thinks!

e XTRACARE!
i Designed for
reater Safety,
implicity,

and ease of

., yoperation...

Original New Zealand
Design to fully meet

NZ Standards

7203 and 6103 part 3.

SEND FOR OUR

Ak

i

'/ COLOUR
. BROCHURE

Check these unique features...

Microprocessor Control with Display Panel ® Start-up purging system ® Automatic
Temperature and airflow sensing with shutdown and alarm e Freidrichsfeld Ceramic
Floor with maximum chemical and heat resistance ® Balanced airflow @ Patented
baffle system ® Ergonomic design ® Sealed overhead lighting ® Maximum floor
working space ® Twopart counterweighted door @ Specially designed condensate
trap ® Brownall Labtaps.

Standard units include one water tap and oblong sink.
A WIDE RANGE OF OPTIONAL EXTRAS ON REQUEST.

Thermoplastic Engineering Lid.

Pacemakers in Plastic Fabrication

151 Park Road, Miramar, Wellington, New Zealand.
Box 15174, Wellington. Telephone (04) 882-092
FAX (04) 887-523.
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