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Tubing for
Peristaltic Pumps

SILESCOL Silicons Rubber, over 30 standard sizes from 0-5mm i.d., elastic, excellent
TRANSLUCENT resi to many chemical i either by steam at 120°C. or by dry
heat at 180°C., will not deteriorate either in storage or in tropical climate.

VINESCOL 23 Black fluorinated synthetic rubber, in sizes from 1.0 mm i.d,, resistant fo concens
trated sulphuric acid 9895, phosphoric acid 805, potrol, crude oil, perchloroe
ethylene, etc. Will withstand temperatures up to 200°C,

BUTYL XX Black butyl synthetic rubber, in sizes from 1.0 mm i.d., with very low gas perm-
eability and good resistance 1o many chemicals.

ESCOPLASTIC MS Translucent plastic In slzes from 0.5 mm L.d., with good resistance to many

chemicals.

ESCO (RUBBER) LTD.

of Rubber, Silicane
Rubber and Plastic Products

14-16 Great Portiand Street,

London, WIN 5AB
RUBBER
BUNGS

Smi. & 10mk,

(STOPPERS) }
in YESCOPLASTIC” PLASTIC DISPOSABLE 1

85 SIZES STERILE SEROLOGICAL GRADUATED PIPETTES ;
|

!

made in 10 compounds of

NATURAL RUBBER

and the following “ESCOPLASTIC" PLASTIC DISPOSABLE .
SYNTHETIC RUBBERS: STARLE PETR DnEs FoR TISSUE cuLTune
SILICONE
FLUORINATED
NITRILE
BUTYL

ailso P.V.C. Bungs in 33 gizes
“E.R.L." RUBBER HOLDERS FOR
TEST TUBES, AMPOULES, BOTTLES, etc.

DISTRIBUTORS FOR AMERICAN CONTINENT:
NEW BRUNSWICK SCIENTIFIC CO., INC., 1130 SOMERSET STREET, NEW BRUNSWICK, NEW JERSEY 08903, US.A,
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Vitamins are manufactured consistentiy to the highest
ot purity and quality thus ensuring the best possible
stability ana biological avaiabiity

Roche Vitamins Pantothenates and Panthenol Vitamin By Roche Carotenoid Colours

Retinyl Acetate and Ascorbic Acid and p-Carotene

Retiny) Palmitate Vitemin A Sodium Ascorbate Vitamin C Apocarotenal

p-Carorenc Provitamin A DL-a-Tocophery} Acetate and Apocarotenoic ester
amine Hydrochloride and DL-a-Tocopherol Vitamin E Canthaxanthin

Thiamine Mononitrate Vitamin Ba D-Bictin Vitemin H

Ribsoflavin and Riboflsvin.5'- Menndione Sodium Bisulphite Vitamin K Koche Antioxidant Vitaming

phosphate Sodium Vitamin B2 DL-a~Tocopherol

Pyridoxine Hydrochlori inBe Ascorbic Acid,

Nicotinic Acid and Sodium Ascorbate

Nicotinamide Vitamin PP Ascorby) Palmitate

Our sdvisory and information service st Roche is second tonone. Soif you have sny queries or problems why not get in touch?
Just phone 01-935 8573 or write to: Roche Products Limited, Chemical Ssles Departmem,
15 Manchester Square, LONDON WM 6AP
' MONS
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Laser Raman spectra of drying vils and aikyd resins
by L. A. O Neill and N. A. R. Falla
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Fssay review
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The discriminating analyst can now these characteristic ‘finger prints’ is made
identify a compound in any mixture witha possibie by a new p d ic method
resolution of one part in a miltion. The and Camspek is also designed for integration

identification is positive with clear discrimin-  with computerised data analysis systems.
ation between similar sy-t0-use sampling for gases,
compounds - an advance made liquids and solids is possible
possible only by a new with Camspck and last
hnique of chemical changcover from onc to the

other, like the instrument’s

simple push-button operation,
makes it ideal for quality control
and routine analysis. Camspck
is a unigue new generation of

by microwave spectrometry

with Camspek, This new

integrated desk-sized spectro-

meter from Cambridge

Scientific Instruments employs

microwave irradiation of a sample, microwave spectrometers and a new

held in a temperature-controlled fow advance for British chemical instrumentation

pressure cedl within the unit, to ?l:serve the in the world's industrial and rescarch markets.
Jecular rotation r of its

ingredients. Quantitative measurement of Camspek'is one ina million.

362482 MHz

&o &o oio oio Full details
and performance data from

Cambridge Scientific instruments Limited

' the Chesterton Road
GEORGE KENT Cambridge CB4 3AW England
‘group Telephone 022361199 Telex 81162
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Editorial

What price priorities?

In the issue of I8 September 1971, p 1051, this journal
carried a picture of Lord Sherficld, formerly the distinguished
diplomat it Roger Makins, shaking hands with Mr
George Beehy, The occasion was the opening of BSI's new
Sherficld Building and the two were together as president
and deputy president of the British Standards Institution.

It is fuir 10 say that the opening of a modest building was
of little event in itsell: it is what lay behind the opening
ceremony which should be causing industry - and ours as
much as any to prick up its ears or adjust its bi-focals.

What Mr Beeby doesn't know about the economic effects
of technical rationalisation, particularly intcrnationally,
would find plenty of spice on a postage stamp: the significant
thing is the reaction of Lord Sherficld in the short time
that he has become president of BSI. Now a prominent
figure in international finance, he has become an ardent
propagandist for the Institution in which he holds the
highest position, The two arc corrclated, for there can be
litlle doubt in any one’s mind that a major force in Lord
Sherficld's enthusiasm is the very rapid rcalisation that the
widesprend collaboration which is achieved through BS)
means, in the long run, real moncy, both to those who put
standards into practice und to the country as a whole.

Sherlicld Building is in the Hemel Hempstead Centre of
BSI. u centre which is very largely devated to testing and
approvals within export demands. it holds, for example,
the agency for testing electrical and other equipment on
behalf of the Canadian Standards Association. These tests
arc n egal prereguisite (o exports to Canada, It has authority
from the USA automobile authority to approve a number
of nutomobile parts for entry to the American market.

It is in effcct the modern requirement in the rapidly
growing trend townrds certification and approval of foreign
goods and is o decided lever in the pressure to ease the path
of exporters throughout the world by establishing reciprocal
approvals agreements. When such independent and authori-
tative cenlres arc testing to internationally agreed test
methods and certifying under international authority, the
shunting of new designs backwards and forwards between
a manufacturer and the country of his market, the time
spent in constant trips to iron owt technical differences, will
be unnceessary.

There is a long wity to go ye! but the movement has
started and gains momentum cvery year.

Which brings us (o a purallel item in the opening ceremony
. the establishment of a plague in honour of the foresight
of Mr 1. A. R. Binncy, now dircctor general of BSI, who,
in concert with leading figures in the standards movement
like Mr Beeby, saw this turn of events a decade ago.

It was possibly a unique occasion in this field - the
recognition of a man in such a permanent way within his

own lifetime of service. Three years ago, The Times earried a
picture of Mr Binney greeting Dr Boitsov, his counterpart
in the USSR. Dr Boitsov is now a Minister of the Soviet
Council of Ministers, and heads a grand network of stan-
dards centres, which includes over 1000 officers solely
devoted to information. Like Mr Binney, Dr Boitsov sits on
the council of the International Organisation for Standard-
isation in Geneva and cxpresses in his own energy in
international collaboration the very keen interest of the
Soviet.

There must be a lesson here somewhere when a learnced
standards man becomes a minister in the senior Soviet
hierarchy. There must be something to be drawn from the
fact that Japan maintains a permanent liaison men at ISO
in Geneva. The lesson is not hard 10 find. In one year
Russia saved 8 million roubles on crane production, in the
same year 13 million roubics on paper and stationery and
these are only two in a list totalling an astonishing financial
return.

Yet BSI, and for that matter most of the other national
standards bodies, staggers from April to March, cocking
an apprehensive eye, first at the economic charts affecting
their subscriptions and sales and then at the mood of the
government of the day. Not only docs it not know where
next year's money is coming from, it does nol know how
this year's expenditure is 1o be met.

The comparisons, at a time when the international
pressure is for harmonisation of effort which will save cvery
country untold millions in avoiding dragging themsetves
around national technical obstacles, are ludicrous. BSI's
annual report shows that the Institution took a leading role
in the production of 53 1SO Rccommendations strictly
related 1o chemicals. The total effort including paints,
pesticides, plastics compounds and chemical engincering
is large and grows larger il onc sclects items such as the
sampling and chemical testing of leather, petroleum and
dozens of associated standards.

In the long run, when these 1SO standards are firmly
embedded in national standards they can oaly add up to
conservation of skills, of time and of money.

Under the present financial strictures, individual com-
panies can be forgiven for overlooking these facts. But in
terms of concerted industrial effort and national concern,
there is sufficient evidence that the considerable amount
of voluntary eflort expended on work of vital importance 1o
industrial efficiency and the export trade is, if not exactly
neglected, at least unappreciated.

This is the real caption to the picture of Lord Sherficld
and Mr Beeby that was published a short time ago . . . and
it is the proper emphasis on the simple building that was
opened on that day.
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News this week

Society reports and
notices

Plastics and Polymer Group

*The physlcs and chemistry of (racture’
Professor E. B, Andrews, head of the
Department of Materinls at Queen Mary
College, London will be giving a lecture
on the ubove subject al 14 Belgrave Square,
London S.W.1 on Tuesday 23 November
1971 at 6 pm. Professor Andrews has
supplicd the following abstract of his
proposcd talk:

The study of fracture phenomena in
polymeric solids can be approached from
any one of three different dircctions, which
could be called the cngincering, mectal-
Iurgica) and chemical viewpoints respec-
tivcly. The cngincering or mechanical
approach, typified by the fracture mechanics
trentment of the subject, considers the
solid as & continuum with certain average
or macroscopic mechanicat propertics such
us clastic moduli, yield stresses, visco-
clastic paramelers and so on. Jis great
wvatlue is that it leads 1o predictive formulae
which are usefid to the engineering designer
wishing to avoid fatigue fracture or stress-
COTrosion. N

The 'metnllurgical’ or morphological
approach recognises the importance of
physical microstructure and heterogeneity
in controlling fracture properties. For
example, a spherulitic specimen of a given
plastic may be very brittle, but one
crystallised under strain may be (ough and
ductile. The relationship between mor-
phology and fracture is a developing field
of cffort and some current work will be
discussed.

Finnlly, fracture ulimaltely concerns the
breakage of inter-utomic bonds, and cun
thus be regarded from a chemical view-
point. Exiensive studies of ‘main-chain’
rupture have been made in the general field
of mechuno-chemistry, but the relation of
these events to the fracture of the bulk
solid is only just emerging, largely as a
result of e.s.r. and related investigations.

LET.W,

Food Engineering Panel
Kortheoming lecture ‘“The drying and
instantising of milk products®

The FFood Engineering Pancl, Food Group,
are holding a meeting on § December 1971
at 14 Belgruve Square, London, which will
be uddressed by Mr PP, Barnurd, of the Milk

Maurketing Board on the subject of ‘The
drying and instantising of milk products’,
and not as may be clsewhere described. All
members of the Food Group and thcir
guests are welcome to this topical meeting,
which begins at 6,15 pm. R..C.

Colloid & Surface

Chemistry Group

Forthcoming lecture ‘Colloidal

aspects of printing inks®

A mceting will be held jointly with The
London Section of OCCA on the above
subject at 6 pm on Monday 13 December
1971 at 14 Belgrave Square. S.W.1. The
Spcaker will be Dr W. Carr of Ciba-Geigy.
An abstract of the lecture follows:

Colloidal dispersions are characterised
by the degree of sub-division of the dis-
perse phase. The lower limit of size is
accepled as being Inm (1 millimicron);
the upper limit as being between 0-2 and
10um (0-2 and !-0 microns).

Particle size measurements on the pig-
ments in printing inks demonstrated that
commercial inks are partly in the colloid
range. With some inks, their storage
propertics are directly related (o the degree
10 which they are truc colloids. This work
would indicate that the upper limit for
true colloidal dispersion is 0:3um.

Inks can be shown to improve in dis-
persion on dilution. This can be explained
qualitatively in terms of modern colloid
theory. .

The flow propertics of inks can be
explained partly in terms of modern
colloid theory. K.5.W.S.

Pesticides Group

Forthcoming symposium ‘Increasing the
biological contribution to the control of
pests and discases’

A major symposium will be held in Oxford
on 5-7 January 1972 on the above theme.
It is being organised on hehalf of the Royal
Socicty Sub-committee for Biological Con-
trol by the Association of Applied Bio-
logists. British Ecological Socicty and
SC1 Pesticides Group. Scientific contri-
butions will review devel in a

forms may be obuained from (he Society
of Chemical industiy, 14 Belgrave Square,
London SW1X 8PS. D

Solvent Extraction &
lon Exchange Group

Forthcoming visit to Permutit and
Battersea Power Station

A visit has been arranged (o the Permutit
Co. Lud at Isleworth, Middlesex and Bailer-
sca Power Station on Wednesday |
March 1972 at 11 am. In the morning
Mr R. C. Williams, British Nuclear Fucls
Ltd, will give a lecture on ‘lon Exchange
and its use in modern electric power
stations’ al Isleworth. The visit (o Buttersea
Power Station will take place in the
aflernoon.

Places on this visit are Jimited and those
who wish 10 atiend should write to Mr
M. J. Cristal, Head of Technical Informa-
tion Service, The Permutit Co. Ltd.
Permutit House. Gunnersbury Avenue,
London W.4 before 31 December 1971,

If suflicient persons arc intcresied an
additional visit in the morning and a
repeat of the lecture in the afternoon will
be arranged. N.M.K.

London Section

Forthcoming visit to Harwell

The whole-day visit to Ithe Chemistry
Division (Purc and Applied) at Harwell
has been arranged for Thursday 1 May
1972, commencing at 11 am. Further
details will be given in the Bullctin about
two months before the visit. PAS.

Heavy Organic Chemicals and
Fine Chemicais Groups

‘Impact of organometsilics on the

heavy organic chemical industry®

A joint meeting of the Heavy Organic
Chemicals and the Fine Chemicals Groups
was held in the Society's rooms on 19
October 1971 with Dr ). A. Gardner
(Vice-Chairman, Heavy Organic Chenucals
Group) in the chair. D Gardines into-
duced the lecturer, Dr J. Faeset of
Moetallaeseltscliaft

variety of control techniques, including
the use of conventional pesticides and other
chemicals. Emphasis will be placed on the
cffcctive exploitation of these techniques
with due regard 10 cconomic and environ-
mental considerations.

Further  particulars

and application

MONS

Dr Facsel started his lecture with i bricf
history of the industnial production and
application of organometallic compounds,
duting from the infroduction some 40
years ago of lead tetracthyl and of organic
mercurials. The usage of organometallics
in the petrochemical industry dates from

085316
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llw pioneering work of Ziegler on the
isation  and isation of
olefins. The basic Zicgler chemistry was
outlined; on the basis of Ziegler's work
(patticularly with aluminium alkyls) routes
1o « number of interesting compounds
huve been developed, c.g. long chain
«a-ofefing, primary alcohols, propylene
dimer, cthylene and propylenc polymers,
polyb i and polyi In 1970,
production of atuminium alkyls was
25,000 1on, muinly used in the production
of Jong chain primary alcohols from
cthyiene; the production of a-olefins by
cthylene oligomerisation is not currently
compelitive with production from n-
purafling. Propylene  dimer, the only
product from propylene with aluminium
alkyl catalysts, gives isoprene and methane
on cracking, and about onc third of the
western world capacity of synthetic iso-
prene is based on this reaction. The
Ziegler high density polycthylene process
was described bricfly, and the properties
nf lnw density and hlgh dcmny poly-
were he pr
of polypropylenc was developed by Natta
with catalyst systems composed of alu-
mnmum alkyls plus nnmum salts:
propyl hug muny appli
o rapid growth rute so that by 1975 it was
foreeast that 20 per cent of the total
polyolefin market will be for polypropylene.

In the polymerisation of diolefins to give
rubbers, different polymer siruciures are
obained with different catalyst systems.
Lithium alkyls are usefui catalysts, and in
1970 some 300 lon of lithium butyl were
used in the preduction of stereo rubbers,
mainly from butadicne: stereo polybuta-
diene is competitive with natural rubber
in tyres and mcchanical rubber goods.
Aluminium alkyls arc used in the pro-
duction of ethylenc/propylenc terpolymer
rubbers which have good properties in
many applications. The versatility of the
orgunomelallic catalyst systems available
allow many varictics of rubber (o be
produced, and it was forecast that siereo
rubbers will grow much more rapidly than
SBR, representing about 30 per cent of (he
market for synthetic rubber by 1975,

In the subsequent discussion, Dr Facsel
sitid that the huzard of handling organo-
metallic compounds were now well under-
stood; lithium butyl was sold as a non-
pyrophoric solution, In reply to a question
on the use of synthetic rubbers in tyres,
he hasised that polybutadi and
terpolymer  rubber were  already  com-
petitive with natural rubber, but that
polyisoprenc was not so because of the
high monomer cost.

The meeting concluded with a vote of
thunks proposed by Mr H, Hodge, who
complimented the lecturer on his able

presentation in simple terms of a subject
of considerable complexity. AFM.

Newcastle upon Tyne Section
‘Safety aspects of natural gas’

A joint meeting with the RIC. and the
Institute of Fuel was held on Wednesday
13 October 1971 in the School of Chemistry,
Newcastle upon Tyne when Dr P, J. King
of UMIST gave an illustrated talk on
‘Safety aspects of natural gas’.

Dr King, who was introduced by Dr
R. N. Parkins, the Section Chairman,
pointed out that the subject matter of the
lecture was based on the results of the
inquiry into the safety of natural gas as a
fuel, which was conducted at the Govern-
ment’s request during 1970. After giving
4 briel historical survey of the discovery
of natural gas and the conversion plans
for Great Britain, Dr King spoke of the
factors leading to the growth of public
disquiet and the subscquent setting up of
the inquiry.

The speaker compared (he physical
and chemical properties of town gas and
natural gases and showed that while the
two (ypes of fuel were similar they did
differ in many respects and the effect of
these differences on their relalive safety
were discussed. Parlicular atention was
placed on combustion characteristics and
explosion hazards. The problem of ade-
quate and cfficient ventilation for all types
of fucl was given special consideration and
comments on the advent of natural gas in
the north east were included.

The speaker concluded that all fucls
were hazardous unless properly used, but
natural gas introduced no new hazards
when compared to town gas; on the
contrary, it removed the greatest single
hazard, that of carbon monoxide poisoning
due to accidental escape of unburnt gas.

A lively discussion followed in which
it was quericd how the gas industry
intended to overcome the ventilation
problem, and whether stalutory powers to

1335

information. The gas industry was laking
the problem scriously and information
regarding gas explosions was recorded
independently by fire officers.

The meeting concluded with a vote of
thanks 10 Dr King by the chairman of the
local section of the Institute of Fuel

DAW,

Appointments and
resignations

Mr Robert Cars, Scerctary of State for
Employment, has appointed Mr S, H,
Lawrence to be a member of the bourd of
directors of Industrial Advisers (o the
Blind Ltd.

Mr M. A. E. Hodgson and Mr S, D, L.yon
have been elected deputy chaismen of e
Board of ICI as from 1 April, 1972. At
that time they will join Mr M. J. S.
Clapham and Mr R. S. Wrighl, two of the
three present deputy chairmen. Mr P, T,
Menzies retires from this position on M
March on taking up the chairmanship of
the Elcclrlcny Council.
oy

A )
Mr M. A. E. Hodgson

The Badger-Tomoe Co. Ltd, Tokyo,
Yapan, has appointed Mr E, H. Martel
as vice-president and managing director.

Mr R. M. Wells, development manuger
and a member of the exccutive board of
Philips Tiltration Lid, has been invested
as chairman of the Filtration Socicty for
1971-2,

Mr S. W, Gillies, director and general
of Saro Products Ltd, Isle ol

Mr S.D. Lyon

enforce regular i of

wouid be involved. Dr King rephed that he
thought adequate ventilation ought 10 he
provided in the first instance by (he gas
industry. Dr King suggested that a joint
consultative council for safety be set up
for the gas, clectricity, oil and solid fuel
industries.

One speaker mentioned that there was
evidence which showed that the chance of
explosion with natural gas was greater than
that of town gas and he asked what facts
and figures werc available to substantiate
this. Dr King replied that statistics with
regard o explosions were minimal and it
could’not be said that natural gas was more
dangerous on the basis of such inadequate

Wight, has been appoinfed managing
director of that company.

Mr C. A. Cannon and Mr G. Gollings
have been appointed to the board of
Giloster Saro Lid, Gloucester.

A well-known authority in this field,
Mr W. A. Roberts has heen appointed
field product manager (nuclear) for
Beckman-RIIC Ltd of Glenrothes and
Croydon.

Pennwalt Chernicals Lid has announced
that Mr D. Macicod has been appointed
area representative for Scotland, calling
on cngineering outlets with a range of
cleaning and pre-finishing chemicals.
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Mr S. T. McGeary has been appointed
general  production manager of GEC-
ENiott Process Instruments Ltd.

Dr D, Newman, chemistry master at
Il(m has been nppmnlcd hy lhe Salters’
i to a Sabt ship 1o
be held at Imperial Cnllczc in the Depart-
ment of Chemical Engincering and Chem-
ival Technology during the Spring term of
Mr V. 1l. Wentworth, senior technical
specinlist - plastics  with  Monsanto  in
1.ondon, has retired afler 17 years with the
company.

Mr 8. A. Stewart retired as Director of

work like rubber, have a wide variety of
uscs in fields where flexibility and hard
wear are the main requirements. They also
show 1csistance to fuels, oils, oxygen,
abrasion, tcar and general hanical

20 November 1971 Chemistry and Indusny

processed by other than the conventional
methods, together with a process which
avoided the slow electro-refining in the
pullﬁculmn of bllslcl copper. Apart from

abuse. The ‘Daltomold” series are expected

to compete with synthetic rubber and, it is

hoped, to replace certain other materials,
1

including metals, in some icati in

he said, the
new processes inay help to reduce pollution
It was hoped that an Australian company
would join with the National University

the car, textile, footwear and engineering
industrics.

Rapid mineral dentification

A service for the expert and rapid identifi-
cation of a wide range of mineral sub-
stnnccﬁ is now offered by Yarsley Research

the British Tur Industry A iation on
31 October 1971, He is succeeded by
Mr M. Hayman, Managing Director of
Wenzole Producers Ltd and  currently
President of the National Benzole & Allied

Products Association.

Mr ). R, King, director of sales of Tor-
pedo Marine Paints, the marine division
of the Herger, Jenson & Nicholson Group
of Companices, has retired.

Thomas Broadbent & Sons Lid has
announced  the  retiemem of Mr F,
Broadhent on 30 September 1971, due to
continued and serious ill health.

Death

Professor Dr H. A, Bockenoogen,
formerly head of the Unilever Research
Laboratories at  Viwardingen, Holland,
dicd on 26 October 1971, Professor- Dr
NBockenoogen gave the Infernational Lec-
ture to the Qils and Fats Group of SCI in
966.

Company and
industrial news

Conoco and Norsk seek
Ttalian ofiNwre acreage
(mmncmalc lmlmnu S n A,
y of C
secking offshore prospective acreage. The
compuny has announced that, in con-
junction with Norsk Hydro Jualiana, it is
nnpl\'mg 1o the Halinn government for
exploration licences in thirteen blocks of
Zone C, situated off the coast of Sicily.
Norsk Hydro Haliana is the Ttalian sub-
sidinry of Norwny's Norsk Hydro, and will
have i onc-third interest. (o Continentale’s
two-thirds, in the Zone C Venture.
Urcthune clastomers from 1C1
‘I'he Organic Division of 1C1 are intraduc-
ing & new runge of cight thermoplastic
urethane elusiomers which combine qual-
ities of rubber and plastics. The product,
“Dultomold’, hus the clastic properties of
rubber und the toughness associated with
plastics produced from polymers. The new
products, which mould like plastics and

the Halian
il Company, is

ies Ltd of CI in Surrey.
Usmg modcrn X-ray powder diffraction
analysis equipment, only a smail sample
of the unknown substance is required.
Identification is assisted by the American
ASTM index which records data on over
9000 compounds, in addition 1o Yarsley's
own library of films giving data on over
5000 materials.

Expanded polystyrene sheet process

Omega Plastics Lid of Canvey Island, with
financial backing from the National Re-
search Development Corporation, have
produced cxpanded polystyrenc as thin
shects of consistent quality, which can be
used for a variety of purposcs. Demand for
the material is such that Omega is offering
the compiete process as a package deal
and is willing 10 license patents both in the
UK and abroad.

Phillips announces polyethylene
licence in Yugoslavia

in devel Radio Australia News

LC. convert Fulham power station to oil

A contract to convert the hoilers in the
No 1 boiler house of the Central Electricity
Generating Board power station at fulham
from coal to oil firing has been awarded to
International Combustion Lid of Derby.
This contract is worth almost half a million
pounds. The contract calls for the con-
version of six boilers, the first to be com-
pleled during late 1971 and the sixth by
early 1972, Under the terms of this con-
tract, International Combustion will supply,
erect and commission the complete oil
firing plant and all conversion equipment.
International Combustion have been work-
ing for the past two years on a number of
oil and gas conversions for the Central
Electricity Generating Board (hroughout
the country.

Ordcer for Douglas-Rownson
Douglas-Rownson of Basingstoke (Baker
Perkins Group) have obtained a £20,000
order from Meyer Dumore for a palletis-
ing and conveying system which is (0 be
installed at Daniel Thwaites brewery,
Blackburn,

A.P.V. - Mitcheil’s Japancse contract
A.P.V. - Mitchell Ltd of Croydon have

Phillips Petroleum Ci y has an-
nounced a new high density polyethylene
licence agreement with Hemijska Industrija
Pancevo, a Yugoslavian firm, who will
erect a 50,000 ton/year plant at Pancevo,
20 km from Belgrade. Fifteen

d d and a process for
producmu pure fluosilicic acid from va-
pours given off during the vacuum con-
centration of phosphoric acid. This purc
fluosilicic acid, containing less than 100

now have licences to use the Phillips
process in the USA and in nine other
countries. The licensee plants, lngether

p.p.m. of phosphoric acid, is then used to
produce aluminium fluoride and cryolite,
essential raw materials in the production of
aluminium. This is a2 major breakthrough

with the Phillips plant near Hi
Texas, now represent one million (on/yeur
of high density polyethylene capacity.

New copper processing methods
Scientists in the Research School of
Chemistry at the Australian National

in using d effluent for the pro-
duction of valuable chemicals. The first
plant, consisting of two units, was installed
in Japan in 1969-70 for Tohoku Hiroy
KKK at Akita giving highly satisfuctory
results. The success of this plant has
resu]lcd in a further order being placed tor

University have di: ds of
extracting and refining copper which could
change the existing industrial processes.
Patent applications have been filed. An-
nouncing this, the Vice Chancellor of the
University, Professor Sir John Crawford,
said a small unit for developing the practical
and commercial aspects of the discoveries
had been established. Sir John said that a
group of research scientists had found
solvents which allowed copper to be

bishi Chemical [ndustries for in-
stallation later this year.

BOC introduce sircraft

engine starting system

A new mcthod of starting aircraft jet
engines is being introduced into the UK
by the British Oxygen Compuny in co
operation  with  Aviation and  General
Consultants Lid of Middlcsex. The system
is based on the ‘Cryostart’ jet engine starter
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which is munufuctured in the United States
by the Systems Capital Technology Cor-
poration of California, The system invalves
pissing liquid nitrogen over hot aluminium
axide pelicts. The unit has a tank of liquid
nitrogen supercooled to - 185°c. When
the engine is to be started, the liquid
nitrogen flows into a chamber containing a
bed of aluminimn oxide pellets that have
been prebented (0 232 ¢, As soon as the
nitrogen vontiacts the heater bed it turns
into gas, expands instantly and is ducted
into the jet engine to turn the turbine air
compressory, The ‘Cryostart” system hus a
number of advantages over conventional
methods using compressed air.

General

New combined (reatment for liver fluke
Afier severnl  yeurs of trinl work a
Shelistar modluscicide called ‘Frescon' is
now wvailuble o farmers for spraying
pastures to control the mud-snail which
transmits liver fluke to cattle and sheep
causing Jiver damage, unthriftiness and in
acute cuses, death.

Ppescon' is important because, for the
first time, farmers can make a two-pronged
uttuck by using it with cxisting oral

The bi of both
methods is calcuiated to give better resuits
thun either used alone. The material will
be distributed by 1CI Pharmaceuticals
Division, Zanil und Nilzan and the
murketing organisation necessary 10 _get
the integrated treatment into use.

Agricultural Science Institute calls for
national policy ou primary industries

The Australian Institwie of Agricultural
Science hus called for a national policy
on primary industries, The institute smd
in o special that the combi

trend in the sale of speciality products in
the veterinary, dental and chemistry
divisions.

Glaxo Group annual report

In his annual report, Sir Alan Wilson,
chairman of Glaxo Group Ltd, announced
that, as had been predicted, sales had
increased substantially but profit margins
were reduced. Total Group sales, ex-
cluding wholesales, showed an increase of
nearly 10 per cent over last year, while the
trading profit at £24-Im increased by about
1 per cent. The profit after tax attributable
1o the ordinary stockholders was £12:8m,
about 3 per cent higher than last year.

Associated British Maltsters
annual report
The new chairman of A d British
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siderable gasoline and oil sales on the
forecourt bul also the station has five
bays for lubrication service, a washing
area that can handlc up 10 10 cars at one
time and a fully equipped garage for
repairs. The fuel oil business has also
flourished and there are four tankers for
customer dclivery and five tankers arc
operated on behalf of Shell Turkey for
distribution of Shell products to dealers.

Publications

Petrolcum industry catalogue

The council of British Manufacturers of
Petroleum Equipment has broughy out s
latest catalogue entitied British petroleum
equipment and services 1971{72. The catu-
Inguv: contains information about British

Maltsters Ltd, Mr P. Parker, who took over
from Mr D, L. Nicolson following his
appointment to the chair of the new
British Airways Board, announced in his
annuul report that profits attributable to
ordinary  sharcholders amounted  to
£704,000, an increuse of 67 per cent over
the previous year. The annual general
meeting of the company will be held on
11 January 1972, but the board is making a
sccond interim dividend of 15 per cent
payable on 10 December 1971,

Annusl report of the Food, Drink and
Tobacco Industry Training Board

The annual report of the Food, Drink and
Tobacco Industry Training Board states
that the year had been one of both con-
solidation and development, The major
emphasis during the yeur was the improve-
ment of standards of performance through
individual advisory visits, meetings with
groups of employers and the develoy

of written guides and recommendations.

effort uf furmcrs alnculluml y.xcnusls.
| and

The r g improved dards would,
it was hnpcd form the basis for moving on

was needed 10 place the rural cconomy on
& sound busis for the next 18 to 20 years.
However, the immediate need was to solve
short tertn problems facing the man on the
Jlund. 1t considers a thorough review is
necessary. The institute announced that
it is selting up a coordinating coniittee
10 consider u national policy on agricultare.

Radio Australia News

Willows Francis Group snnual report

In his unnual statement Mr A_J. Cornforth
the chuirown of the Willow Francis Group
reported u profit before tax of £139,399,
and stated that sales and trading profits
hud shown an encouraging increase during
the first guarter of the current year, He
stated that muany of the company’s im-
medinte objectives had  been  attained,
natably the restoration of an upward

t h what the board has recognised as
only lhe essential first stage of its work,
the system based on levy/grant. During the
yeur significant progress was made lowards
this goal. Discussions were therefore
heginning on the feasibility of moving
towsrds a dual role of assessment and
advice based on churges more closcly
related 10 the amount of time spent with
companics.

Turkey’s largest filling station
In the recent Shell Magazine there is an
article ubout a Shell filling station beside
the Topkapi Gate of the ancient city of
Byzantium, This station was discovered
by Hugh Harvey, formerly of Trade
Relations, SIPC.

Since the filling station is situated on
the busy London Road it has been very
successful and not only arc there con-
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who together can supply the
whole range of equipment and services
required for operations and installations in
the oil, petrochemical and natural gas
industrics.  Other literature  from  the
CBMPE includes the weekly infi t
bulletin COMPE information service and
the quarterty journal Ol and petrochenucal
equipment news.

Further information can be obtiined
from the Sccretary, CBMPE, 118 South-
wark Street, London SEI 0SU.

BSC progress report

The progress report on British Steel Cor-
poration rescarch and development, Steel-
research *71, describes some aspects of the
Corporation’s research for the period 28
Februury 1970 to | March 1971, Although
not ded (0 be the
report spans for the first Ilme the whale
field of the Corporation’s current reseirch
effort.

Copies of the report are avilable from
the Information Officer. Rritish  Sieel
Corporation, Park House, Park Street,
London W.1.

New literature from Naitloc
New literature, describing a range of fuel
and fireside treatments which will help
users {o pinpoint (ucl iion and
combusion problems, is availuble from
Nulfloc L1d. The company. jointly owned
by ICI and the Nalco Chenucal Company,
mukes a wide range of fucl and fircside
treatments  specially  formuiated 1o da
specific jobs.

Further information may be obtained
from Nalftoc Ltd, PO Box 11, Northwich,
Cheshire,

c

Adhesives in the packaging industry

A series of 8-page colour booklets from
National Adhesives and  Resins L,
Slough, Buckinghaiishire, provides a hundy
and useful reference for anyone concerned
with adhesives for packaging. National.

1]
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which claims to be the world's leading
supplier of adhesives products for the
puckaging indusiry, says that the primary
concern is to help a user recognise, select
and properly use the best adhesive for
the job to be done.

Copies of the booklets can be obtained
by writing to National Adhesives and
Resins Ltd, Slough, Buckinghamnshire.

Factory accidents

A new publication, Facrory accidents:

their causes and prevention (A5, 26pp -

price 20p) bas just becn pubhshed by

RoSPA. It rep ap

The causes of everyday accidents in factories.
Further information can be obtained

from RoSPA, Terminal House, 52 Gros-

venor Gardens, London S.W.1.

Organlc synthesis design

A new booklel, An introduction to the
design  of organic  synthesis, has been
added to the series of {rec technical booklets
produced by Koch-Light Laboratories Ltd.
The publication, prepared by Dr S. Turner,
analyses the upprouch to organic synihesis

ment, educational and hod:
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of assessment in chemistry at the tertiary
level.

Further details and application forms are
available from Mr B. A. T. Bleach,
Academic Registrar, Thames Polytechnic,
Wellington Street, London SE18 6PF.
Royal Society meetings
The Royal Society anniversary meeting
will be beld on 30 November 1971 at
2.30 pm. The programme of meetings for
November and December 1971 is avail-
able from the Executive Secretary, The
Royal Society, '6 Carlton House Terrace,
London SW1Y SAG.

Golden jubilee meeting
A meeting to commemorate the golden
jubilee of the Department of Biochemistry
of the Indian Institute of Science, Bangalore
is 1o be held in Bangalore from 2.7
December 197). The subjects on which
papers are (0 be presented include lipids,

proteins and enzymes.
Further information can bc obtained
[mm the Executive Secretary, The Bio-
1 Society, 7 Warwick Court,

and also g u simplified tr of
the analysis which will enable a chemist,
using pencil und paper rather than a
compuler, to consider & specific synthesis
in a general way which reveals many of lhc
importani p to be sur
when benchwork begins,

The booklet is available free on reguest
from Koch-Light Laboratories Lid,
Colnbrook, Buckinghamshire. N

Thiokol Chemicals Litd report

A new technical service report produced by
Thiokol Chemicals Ltd Technical Service
and Development  Laboratory emitled
Evaluation of thixotropic  additives  in
two-part  polysulphide sealants, is now
availuble from Thiokol Chemicals Ltd,
Chemical Division, Station Tower, Station
Squure, Coventry, CV1 2GH. This report
is based on 1wo ycars' evaluation of
thixotropic additives.

Meetings, Notices

Ciba Foundation mectings
A list of (‘xhu l'oundnhon meelmxs, for

London WCIR 5DP.

Urban transportation conference

‘Urban transportation’ is the theme of

the National Conference of the Institution

o( Highway Enameers. at Church House,
n 9-10 D ber 1971 for

whlch over 500 delegates have so far

registered.

Further details and application forms
can be obtained from The Secretary, The
Institution of Highway Engineers, 14
Queen Anne's Gate, London SWIH
9AF.

National Physical Laboratory conference
A conferénce, entitled *The measurement
of high frequency dielectric properties of
materials’ will be held at the National
Physical Laboratory from 27-29 March
1972. The frequency range covered wiil be
approximately 1-300 GHz. A fee of
approximately £20 will be charged to cover
accommodation, food and conference
expenses.

Further information can be obtained
from Dr J. Chamberlain, National Physical

the f of inter

in medical and chemical rescarch, over the
next few months can be obtained from the
Cibn  Foundation, 41 Portland Place,
London WIN 4BN,

Chemical education conference
A three duy conference entitled ‘Dcvc_lop~
ments in tertiary chemical " is to

y, Tedding Middlesex before
15 Dccemher 1971,
First § L i
Bookings arc being taken now for lhe
first International Confe on Pac}
Technology, to be held at the London
Hillon on 27-29 March 1972. This is the
first to be held

be held at the Thames Polytechnic on 13-15
Devember 1971, The aim of the conference
is to bring together chemists and edu-
cativnalists to review and discuss current
work in the areas of curriculum develop-

on the technology of packuging. Jt is
being organised by Pira (the research
association for the paper and board,
printing and packaging mdusmes) in
conjunction with IAPRI (the Inter 1

A iation of Packaging Research Inaii-
tutes). The conference will provide a
comprehensive picture of progress in
various aspects of the many technologies
involved.

Confercnce programmes and application
forms are available now from the Con-
ference Organisers, Pira, Randalls Road,
Leatherhead, Surrey, England.

Pera confercnces

Pera, the production engincering rescarch
association, is holding four conferenves 1n
Melton Mowbray. They are ‘Selling
technical products 1o industry’ on 30
November-1 December, *The modern con-
cept of quality management’ on 7-8
December, *Non-destructive testing’ on 9
December and 'Metrication - making it
pay' on }5-16 December. Further detuils
may be obtained from the Public Relations
section, Pera, Melton Mowbray, Leicesicr-
shire.

Lighting seminar

A seminar on ‘Using the Latest White
Light Sources in Commerce and Industry’,
will be held at the Royal Commonwealih
Society, Northumberland Avenue, London
S.W.1. on Tuesduy 30 November 1971 aq
5.30 pm. It is sponsored by The Electricity
Council and the Lighting Industry Feder-
ation,

Carbohydrate chemistry award
The Council of the Chemical Socicty, in
association with the Carbohydratc Dis-
cussion Group, has announced the intiu-
duction of a new biennial award in
carbohydrate chemisiry, to be sponsored by
Tate and Lyle L.td. The award will cover
all aspects of the subject. Applications or
recommendations for 1970 must be received
not luter than 3) Decciber 197,

Copies of the rules of the award arc

available from Dr J. I. Gibson, The
Chemical  Society, Burlington  House,
London W1V 0BN.

Beilby Medal and Prize 1972

Awards from the Sir George Beilby
Memorial Fund are annually made to
British investigators in  recognition of
independent original work of exceplional
merit carried out over a period of years in
the ficlds of chemical engincering, fuel
technology or metallurgy. Work of the
nature indicated must be brought to the
natice of the administratars not kuter than
31 December 1971 by letier addressed
to the Convencr of the Administrators,
Sir George Beilby Memorial Fund, The
Royai Institute of Chemistry, London
WCIB SDT. Applications made by the
candidute should include the names of
two referees. The letter should be accom-
panied by nine copies of a short statement
on the candidate’s carcer.
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Chemical Industries Association
annual general meeting and dinner

In his presidential speech to the annual general meeting
of the Chemical Industries Association on 1{ November
197), Mr ). H. Townsend was pleased to publicly acknow-
ledge the support that the members had given to the
Association at a ume when the industry was subject to
ousside pressures and influences, and individual members
had to be ready to respond quickly and constructively to
changing circumstances at home and abroad. This support
had been well matched by the skill and effort of the per-
manemt staff of the Association.

Mr Townsend went on (o say that the industry must work
harmoniously with many external bodies if chemical
manulacturing in this country is to make its most effective
contribution to national economic activitics and to the
wider sspirations of society, This means a continuing
dinlogue with government departments on all aspects of
trade, employment and the environment and with trade
unions on wages and conditions, and many discussions with
the industries’ counterparts in Europe in view of the growing
involvement in European aflairs.

On the economic front there have inevitably been serious
problems for the industry as the UK economy has gone
through another year without effective growth, and the
powerful influcnces of inflation and trading difficulties
have been strongly at work on the international scene. Some
of these problems had been foreshadowed by trends
cstablished during previous years, but they had become
more aculc in recent months, and in the climate of wn-
ceruinty over international developments, the industry may
find itself fucing a tendency towards restrictive attitudes.

At home, the output of chemicals is currently only 3 per
cent higher than it was a year ago. This is a serious slackening
of growth compared with the average of 6-5 per cent/year
throughout the 1960s. As a result of a market demand smalfer
now than was anticipated when the investment decisions
were taken in the brisker cconomic climate of 1968-9 some
surplus capacity is now evident, particularly in certain
heavy organic fields. The industry is also subject to great
pressures on costs of matcrials, fuels and wages, and
increases in these have outstripped any improvements that
can be made in productivity.

A more encouraging feature of the current scene is the
performance of chemical exports. This is particularly
gratifying at a time when surplus capacity in the major
producing countries is tending to intensify competition, The
volume of UK exports has continued to grow and despite
keenness in prices their value for the first half of 1971 was
£463m compared with £418m in 1970. Chemical imports
showed less growth in the first half of the year and as a
result the balance of trade in chemicals has improved.

The Association warmly wel the decision of Parlia-
ment to join the European Economic Community, since it
has strongly supported British entry in the belief that the
balance of advantage would be decisively in favour of the
UK chemical industry.

The Rt Hon. Peter Walker, Secretary of Siate for the Envirommenr,
with the President

As regards environmental problems, a substantial effort
both nationaily and internationally has been andcontinuesto
be made by the industry to overcome them. The industry has
had over many years a deep consciousness of the problems
of its own hazards, and Mr Townsend felt it significant
that despile the hazards of work in the industry the incidence
of injury to people working in daily contact with chemicals
is currently slightly less than for the manufacturing industry
as a whole. This was a subject on which there was a complete
absence of complacency.

Mr Townsend concluded liis speech by stating his
conviction that the Association had the resources and the
will to meet any challenges and to compete successfully
with the rest of the world.

At the annual dinner held at Grosvenor House, Park
Lane, London W.1. on the evening of 11 November 1971,
Mr Townsend, in his capacity as President of the Association,
welcomed the guests. In his response, the Right Honourable
Peter Walker, Secretary of State for the Environment, was
pleased to say that rivers and air were becoming cleaner
each year, and that he shared in the optimism so far as the
futurc of the environment was concerned. After a diflicult
period during which an Empirc had disappeured, Britain
was now cntering a phasc of growing industrial power
supported by world-wide connections, finc institutions such
as the City of London, and a resourceful people. Mr
Walker then referred 10 a young gencration who were
decply i d in the envir and felt that Britain
had the opportunity of combining commercial greatness
with a betler standard of living. He said that he looked
upon the chemical industry as a partner in achieving these
aims.
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The polychlorobiphenyls, their occurrence
and significance: a review

by R. Edwards
M. J. Heinz Co. Ltd, Hayes Park, Hayes, Middlesex

Pollution of the global environment by man is rightly
receiving considerable attention because of the increasing
realisation of possible long term effects on both the physical
environment and Jiving organisms. Clearly it is necessary
(o distinguish between short term toxic effects and long term
ones (i.c. reproductive and carcinogenic ellects), these latter
being more difficult 1o assess, The chlorinated hydrocarbons
used as biocides are well documented in their short term
toxic cffects, and with knowledge of their facile accumulation
in the environment due 1o their considerable chemical
stability, more work is being done on the long term effects
coupled with tighter control of their use. With the latter
the main points of entry into the terrestrial environment
are through crop spraying and secd dressings with conse-
yuent accumulation in the soil. From this point they can also
reach the aerial environment secondarily by evaporation
or ‘co-distillation’ and carringe in fine particulate matter.
‘They ure also systemic in plants to varying degrees. Aqueous
run-off carries them through the drainage system together
with industrial efuent sources to reach the marine environ-
ment above the continental shelves. It is thus possible for
lhcsc compounds lo reach the lower members of the many

Man'sd dindustrial use of biocides for
hygienic purposes leads 1o entry at various other points in
the food chains. The very large concentration factor (10%)
possible in these food chains is well known and in the final
members (.g. marine mammals, predatory birds, man)
the concentrations can reach alarming proportions. Lipid
solubility means that a large percentage of these residues
will be stored in (he fat depots of the body.

The polychlorobiphenyls (PCBs), with & very widely
dispersed use throughout industry, have very similar pro-
perties 1o the chlorinated hydrocarhon pesticides, but are
cven more thermally and chemically stable. An important
dlﬂ’crcnu: however, lies in lhe routes \hrouuh which they

the cnvir Emphasis here is on indust-
rinl effuents reaching the marine medium, and possibly the
burning of industrial waste contributes relatively more to the
acrinl distribution.  Although rccommended for use in
conjunction with pesticides, there is no documented example
of this known to the author, so that distribution through
crop spraying should not be a contributory factor. This fits
the known pattern of distribution of PCBs in the environ-
ment, the highest concentrations coming from the heads of
fresh water food chains, marine organisms and sea birds.
High levels arc also known in terrestrial avian predators, but
only recently has it been shown! that in onc region they can
be found at levels comparable to those for organochlorine
pestivides, While relatively little toxicological work has been

done on PCBs and some of the results are superficially con-
flicting, this can be explained and there can be no doubt that
they have very similar cflects on mammalian and avian
metabolic processes to those of chlorinated pesticides. and
indeed that synergistic effects can occur between the twa
classes.2 If any control over the use of PCBs is ultimately
attempted this will be much more difficult than with pesti-
cides because of the very large number of uses 1o which they
are pul.

There exists considerable difficulty in the analytical field
because these compounds cannot be separated casily from
pesticide residues, and this has probably resulted in guite a
few reports in the past giving faisely high results for some
pesticide residues.> Unknown peaks in gas chromatography
analyses were early recognised 6 but it was not until Jen-
sen’ applied mass spectrometry (o the prohlem that some
of them were identified as PCBs.

Properties and uses

The PCBs received carly notice back in 18818 and were in
widespread industrial use by 1930.9 The biphenyls, terph-
enyls, naphthalenes, and mixtures of these are chlorinntcd
in varying degrees according to the use to which they are
put,10 and are marketed under trade names such as ‘Aroch-
lor’, ‘Phenochlor’, and *Clophen’. The products are complex
mixtures of the various compounds and isomers. They range
from mobile liquids to crystalline materials or hard resins,
and while the lower members are readily soluble in non-
polar solvents they become progressively less so with increns-
ing extent of chlorination. They are extremely stable com-
pounds, not hydrolysed by water, acid or alkali, and with
a thermal stability such that they arc used in fire-proofing.
They find use in elastomers, adhesives, paints, varnishes,
printing inks, putty and as general fillers. The excellent
dielectric properties Jead to widespread use Tor clectric
insulators and as coolant/insulators in transformers. This
stability and their low vapour pressures matke them ideal as
lubricants, hydraulic fluids, liquid seals, cutting oils and
vacuum diffusion pump oils. Employment in packapmp
materials has led to the contamination of food.'! There
are a host of other uses, but finally it may be mentioned that
both the Monsanto Company and the USDH have reported
that they act as effective vapour suppressants in insecticide
formulations and thus prolong the active life of an applica-
tion. However, it has not been acknowledged that PCBs
have actually been used for this purpose commerclly.
As an ancillary fact, a patent for the production of PCBs
from lindune residues has been granted. This muluphcity
of usage has repercussions in the analytical area because
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many solvents, some adsorbents and other analytical
malerials, and even the atmosphere of a laboratory can be
contaminaied by PCBs.

Occurrence in the environment

It is now well established that PCBs can be found in wild-
life in many arcas of the cnvironment.)-12726 The highest
levels arc generally assaciated with the industrial areas and
the adjncent freshwater and marine food chains. The
distribution is incvitabiy not quite so simple as this because
of the migratory habits of some of the species invoived!9:24
and the fact of widespread acrial distribution.28 Cohen and
Pinkerton?? reviewed the latter in respect of pesticides,
mainly over the North American continent, and found
higher levels in dust than rainfall. Riscbrough er /.25
studicd the carringe of pesticides in the trade winds coming
from Europe and Africa by collecting dust from the air
over the Barbados lslands, and detected from 1-64 p.p.b.
organochlorine residues. Dust collected over the Californian
coast contained some thousand limes greater concentration
of organuchiorines, but none could be found in dust collected
from over the Central Pacific, although traces were inferred
from the sature of the particulate matter, While no PCBs
were detected in any of these samples, it was concluded that
they were probably present in trace amounts. Tarrant and
Tatton, 28 however, who found organochlorine pesticides in
ruinwater samples taken from all over the British Isles
showed that levels were highest in the summer months
(¢f. Rischrough er al.25) and in populous areas, also found
PCBs in all of them although they did not estimate the
concentrations. The importance of acrial distribution of
pesticides relutive to the hydrospheric distribution has been
stressed by Riscbrough e af., and it is inferred that PCBs
have a similar pattern of distribution. However, it would
scem that with PCBs more cmphasis should be placed
on the hydrospheric medium, becausc an  important
part in the transfer (o the atmosphere, via dusts used as
carriers in agricultural applications, can be considered as
low in this case. If the vapour pressurcs of DDT and PCBs
are Giken as being of the same order, it would then be
expecled that atmospheric levels of PCBs would be Jow
relative to DIDT. The relative concentration of pesticides
und PCBs in the hydrosphere and aimosphere have yet to be
convineingly demonstrated.

The outstanding feature of the distribution is the occur-
rence in marine organisms on the continental shelves round
North West Europe and North America, and also the
extraordinarily high levels found in some freshwater avian
predators, all associated with effluent from industrial
activity. 1M14.16:07.20.21.26 Along the west coast of the USA
PCBs have been detected in estuarine and coastal waters
in Sun Frauncisco Bay, San Dicgo Bay and Puget Sound
(Washington), In arcas remote from industrial activity
round the Bay of California and parts of the Panama coast
for example, birds’ egps contained 20-30pg PCB each, but
near the ahove mentioned industrial locations the eggs con-
tained up to several hundred and sometimes over a thousand
1 PClcgg. The cast coast of the USA has yiclded similar
evidence for contamination by PCBs. Holden and Marsden!?
detected PCBs in scals from the Gulf of St Lawrence inshal-
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low walers (Magdalen Islands) and in the deeper waters of
the Cabot Straits. They have also been qualitatively detected
in fish and shelifish from Texas and Georgis, and in the
south, in the Gulf of Mexico, in estuarine waters at Charle-
ston, S. Carolina, levels of less than 0-1 p.p.m. were found in
fish and blue crabs.20 Duke e7 a/. also monitored the resuhs
of an industrial Jcakage into the Escambia River which was
carried through several inner bays through to the Gulf of
Mexico off Florida. Maximum levels at source ranged from
486 p.p.m. in sediment to 20 p.p.m. in fish. crustacea and
sediment in the outer bays. The best indicators of contamin-
ant Jevels were static organisms like oysters (up to 3 p.p.m.}.

Round the coasts of North West Europe the situation s
similarly documented. Jensen et al.}7 investigated levels in
marine ecosysterns in Swedish waters. The ciosed nature of
the Baltic arca perhaps leads to somewhat higher con-
centrations than those gencrally found on Atlantic and
American coasts. Levels tended 10 be lower in waters off
West Sweden and 10 the north of the Baltic proper, in the
Gulf of Bothnia, and higher going south from the Stockholm
Archipelago to the South Baltic. The ievels ranged from
0002 to 10 p.p.m. in mussels and fish up to 150-240 p.p.m.
in white tailed cagles. The concentrations were equtvalent
to the totai DDT levels found. K oeman cf ai.1o qualitatively
identified PCBs along the Netherlands coast from the
Wadden Sea southwards to, and up, the Rhine, in mussels,
fish and birds and their eggs. The uniformity of GC patterns
suggested that they all originated from pollution of the
Rhinc. Holmes, Simmons and Tatton!2 reported the pre-
sence of PCBs in marine birds and their eggs collected
from round the British Isles. and Holden and Marsden!?
showed them 1o be present in seals and porpoises round the
coasts of Scotland, being highest in those from the east coust
(sec below). Bonner,2! investigating the deaths of seal pups
on the Cornish coast, found PCBs here (160 p.p.m. in
blubber) higher than in comparable northern samples
(34-48 p.p.m.), but less than in East Anglian specimens
{350-520 p.p.m.). Presst, Jefferies and Moore. surveying
PCB levels in British wildlife, reported an average of
4 (1-25) p.p.m. in (he eggs of marine birds. and comparing
the cast and west coasts of Scotland in respect of two sets of
twenty five cggs somewhat higher levels (7 as againa
3-6 p.p.m.) in the western samples. No PCBs were detected
in whales analysed by Wolman and Wilson,2® and thys is
compatible with a distribution pattern confined 1o the
continental shelves. However, this may be a rather naive
use of the evidence because the water solubility of PCBs.
especially the higher chlorinated ones, is extremely low and
the bulk of the PCB is more likely to be associated with
sediment on the bottom and entering into the food chains
mainly via bottom living organisms. Most whales feed on
plankton, and thus might in any case be expected to show
low levels. A further point of perspective is also given by
the fact that loss of lower PCBs from aqucous suspen-
sions when acrated has been observed 4®

Holden26 has traced aqueous pollution back to onc type
of source. The work on scals in Scotland having shown that
levels were highest in the Firth of Forth region, water
samples from the surface and at depth from the estuary
and river up 10 Glasgow showed no detectable amounts
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and only trace guantities in trunk sewer effluents. The
zooplankfon contained less than 0-03 p.p.m., and fish up
1o 2:6 p.p.m. However, industrial effiucnts are usually
passed 1o the sewage works together with domestic sewage,
and so the sludpe, which is dumped offshore, was examined.
‘The fiftcen samples analysed ranged from [-185 p.p.m.
PCB on dry weight, with two sewage plants giving con-
sistently high levels (50-160 p.p.m.). Sludge from Manchester
exhibitcd somewhat lower Jevels, and that from l.ondon
less again, but taking into account the varying outputs,
cach arca was cstimated to contribute roughly I ton/
year PCB contamination to the marine environment from
sewage sludge. In the case of inland areas sludge can be
disposed of by spreading over the land surface, and so offer
a route 1o terrestrial food chains. The question of why it is
that relatively low levels of PCB are found in man and his
domesticated animals, posed in 196730 perhaps now has some
answer.

Distribution in terrestrial and freshwater ecosystems has
Iargely been assayed in terms of the avifauna because of the
effects of organochlorine pesticides and almost certainly
PCBs on some bird populations. The DDT/PCB ratio has
been used by Riscbrough ¢r al. as an environmental
index,’4:2425 but when data is comparcd considcration
must be made of the various biological factors, such as
tissue distribution, species metabolism, migration, diet,
health and age, which all affect residue concentrations.
These authors have shown that the DDT/PCB ratio is low,
below 2, ncar industrial areas, and increases with the
distance away 1o become greater than 10 in remote regions.
The geographical distribution in terrestrial and freshwater
wildlife will be reviewed within the framework of these
faclors. Riscbrough er al.'4 examined peregrine falcons
and their prey, centring round the Bay of California.
Falcons freshly migrated from the Arctic had low levels
which increased with residence time in California; the
levels in the Californian birds increased with age; and the
indigenous adulls showed the highest levels. The maximum
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values in Table ] can be used to show the differences in
tissue distribution.

The same authors24 determined chlorinated hydrocarbon
residues in breeding pelicans und cormorants in lakes to the
north-west of the Great Lakes (Table 11). As the birds
used the same food sources the clear differences in resulls
demonstrated a species difference probably due to variation
in residue levels in the migration areas, but possibly meta-
bolic differences in terms of rates of excretion of organco-
chlorines into the eggs may be involved. Birds have also

Table I
Chiorinated hydrocarbon residucs in pelicans and cormuvranty

PP DDE PC8 DOEIPCB
Eggs p.p.m. p.p.m. ratio
Cormorant 104 8 3
Pelican 17 06 29
Fish (whole) 008 oS 016

been studied in Britain!219 and the extensive survey (599
samples) by Presst, Jefferies and Moorc!® iflustrates some of
the factors involved; firstly habitat and migration (Table 1i1).
Secondly; the eggs from marine birds from two colonies
widely separated from one another demonsirates very
convincingly (Table 1V) specific differences related to
migration habits. The guillemot spends the longest time in

Table IV
Specific differences related to migration habits

DDTIPCB ratio

St Abbs Head Galloway
Guillemot 0-233 0-250
Razorbill 0-500 0-455
Shag 0625 0727
Kittiwake 0666 0875

coaslal waters, the Kittiwake the shortest time there, for
breeding purposes only, and the Shag is essentially seden-
tary. The effect of health on relative and absolute levels is
scen in the report by Bonner?! on scal pup deaths. (Table V).

Table )
Tissue disteibution of DDT and PCB in peregrines and their prey Table V
Total DOT BCP DDTIPCB Effect of chlorinated hydracarbon levels on seal pup health
ppan. p.pan. ratio Total DDT PCB DDTIPCE
Peregrines: unhatched egg 102 102 100 ppm. e et
muscle 100 98 10 Liver:  Cornish 24 46 008
liver 7 57 13 Northern (well fed) 06 4 015
body fat 50 32 156 Northern (starving) 20 6 on
Prey: B 151 43 33 Blubber: Cornish - 160 007
whole body 59 9-8 5-5 Northern {well fed) 98 34 029
muscle 264 - 0098 270 Northern (starving) 181 a8 038
Tabic 1T
Habit and migration faciors affecting chiorinated hydrocarbon residues
Liver Eer
Hird class No samples Mean p.p.m. No samples Mean p.p.m.
(u) Terrestrial predators:
static 75 4:5 1s 17
partind migrants 49 43 6 2:0
migrants 9 1-0 5 10
(h) I-rexhwater (mostly static and mostly herons) 57 345 124 47
(<) Marine 4 25 96 40
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One of the most striking features of freshwater species is
the extraordinarily high Jevels in herons at the head of a
food chain where up to 900 p.p.m. have been found!® in
British matesial. As the British heron is sedentary, occurs
neacly il over the country, and there arc few migrants
from the continent, this specics might be expected to be
a good geographical index of PCB distribution. Unfortun.
alely nearly all the samples obtained in the survey of
Presst ¢f al.’® came from the Midlands and South East
so that no clear puttern emerged. However, the age factor
is well fllustrated by this species as the average liver levels
for nestlings was found to be S p.p.m. while that for adults
was 98 p.pam. Diet is of course an important consideration,
and means ll\a( different species from the same area can
exhibit very d rations, Thus, while birds
feeding on insects have shown 0-1 p.p.m. (liver), raptors
feeding on mammals yieided 0-50 p.p.m. It is necessary
then, when comparing o intespreting data, to take into
consideration all these factors. Terrestrial restriction of
PCBs to neue industrial arcas would seem to be reinforced
by the failure of Holden26 to find them in freshwater fish
in Scotiand, and by Davis who failed to find them in
heetles, earthwarms, slugs and grasshoppers of one agri-
cultural area in England.

To what extent are PCBs found in human beings and
foodstuffs? Jensen in 1966 first reported? the presence of
PCBs in human hair, and later reports!2:2} indicated that
Jevels in man and his foodstuffs were lower than those found
in birds, and helow | p.p.m. One exceptional case has been
recorded,?? however. Recently a very extensive survey of
foodstuffs in Sweden sampled between 1967 and 1969,
and analysed for organachiorine pesticides and PCB's, has
been published.!

In a wide range of foods and food materials, PCB levels
were found to be below 0-1 p.p.m. (90 per cent of 1400
sumples) and comparable to DDT levels. The higher con-
centrations came fram {reshwater and marine fish, especially
those with a high fat content. Another casc where relatively
high levels were found was with milk. Cows excrete little
DDT in their milk and here all eleven samples were below
0:03 p.p.m. DDT and 0:1 p.p.m. PCB on whole milk. In
human milk rclatively mare DDT is excreted and the average
over 22 samples was 0-107 p.p.m. DDT and 0-16 p.p.m.
PCB. Other rclatively high samples are eggs and butter.
(Table V1)

‘Table VI
Total DDTIPCE (p.p.m.
No  DDT PCB whole material)
Human milk 22 0107 016 0-668
1gg, yolk 20 021 0-027 7-78
Butter 12 0 0-0) 333
Toxicology

Soon ufter the beginnings of induatrial use of the chlorinated
naphthalenes and biphenyls carly in this century, human
exposure was scen to lead to skin cruptions (chloracne)
and in animal inhalation and fecding experiments (1919), it
was shown that liver damage occurred with the chiorinated
naphtitalenes. As a result of threc human deaths, investi-

1343

gations were continued in the 1930s, and it was further
demonstrated in wurk on rabbits that in tho naphthalene

series the higher chiorinated mixtures were the most toxic.
The work was expanded by Bennett ez a/.32:33 who also used
mixtures including PCBs, and PCBs aione. A PCB con-
taining 65 per cent chlorine was used, and later one con-
taining 55 per cent. The substances were applied to rats by
inhalation, subcutaneous injection, and oral means, and it
was confirmed that the high chlorinated naphthalenes were
more toxic than the lower ones, but that the PCB was more
toxic still, Here, feeding at a lower rate (0-05g/rat every other
day) produced extensive mortality, and as with the naphthal-
enes resulted in yellowing and enlargement of the livers.
Liver damage caused by these compounds had not disap-
peared two months alter dosing had ceased. This damage
caused the animals to be extremely sensitive to damage by
other compounds, ¢.g. carbon tetrachloride (used as a solvent
for these mixtures), and much smaller doses than normal
were rapidly fatal. Miller in 194434 experimented with a
PCB containing 42 per cent chlorine and worked on guinca
pigs, rats and rabbits, using feeding, subcutaneous, skin and
corneal applications. He used single doses ranging from
69 to 690mg and courses totalling up o 1380mg (over up to
54d) and found that guinea pigs were the most sensitive,
rabbits Jess so, and rats least sensitive in respect of liver
damage. Damage was largely confined to the liver but in
rats there was also hypertrophy of the spleen. The occurrence
of hyaline bodies in the liver was confined to the rat. Von
Oettingen in 195535 found that even 0-05g/d fed to rats
caused liver damage. Skin lesions were similar (o those
found in man.

Man's exposure to these chlorinated hydrocarbons leads
initially to dermatitis, then liver damage with resultant
jaundice, and Greenburg,¥ reviewing the situation in 1939,
concluded that there had probably been at least six human
deaths from this cause. Bennett e a/,32 had measured the
alr concemrauon at lhlrly lnduslnnl plants and suggested

ation (MAC) of 0-Smg/m?
for tetrachlorinated and higher chiorinated naphthalenes,
with the observation that these levels had certainly been
grossly exceeded over the previous twenty years. This work
resulted in increased awareness of the hazards from vapours
of these compounds and elementary improvements in
industrial conditions has largely eliminated this source of
danger (but sece Biros?2). The American Conference of
Government and Industrial Hygienists in 19537 laid down
an MAC for the lower chiorinated PCBsof 1-0mg m?,and for
thehigher chlorinated oncs(* Arochlors’ 1254-)0-Smg/m*, This
appears to presume parallelism with the naphthalenes. and
these figures are perpewuvated in handbooks of industrial
toxicology,® but recent papers2:43 point to the reverse situs
ation (see below). These MACs are to becompared with those
for ‘Aldrin’ and ‘Dicldrin’ (0-25mg/m?, tentative) and para-
thion (0-1mg/m?). The oxidised chlorinated biphenyls are
more toxic than the parent compounds.’8

McLaughlin in 1963 published the resuits of toxicological
studies on a number of chemicals which might be found in
food3? using a sophisticated method based on injection into
fertife hens' eggs. 25,000 epgs were used over three years and
strict controls set up, Among the compounds tested was the
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*Arochlor 1242° injected at 0-025 and 0-3mi giving a 0 and
5 per cent hatch as compared with over 95 per cent in the
control group. Teralogenic effects were also noted in some
of the chicks which did hatch. These results may be com-
pared with those for ‘Heptachior', where 0-05 and 0-10m} of
a 1 per cent solution in propylene glycol (non-toxic) gave a
75 und 65 per cent hatch respectively.

Flick ef al.4® endeavouring to identify the factor causing
the chick ocdema disease, following reports that the factor
was highly chlorinated and that a plasticiser (PCB) used as
U cage wise coating fed at 001 per cent or higher caused

in chicks, investigated the effect of ‘Arochlor
1242". Groups of twelve chicks were fed on diets containing
2% or 400 p.p.m. over a three week period, changes in
weight being noted. Weight guin was lower with the 400
p.p.m. dict and indced loss took place at the end of the
period. Three chicks on this diet died. Here the hydroperi-
cardium volume was ten times larger than with the 200
p.pam. level or the controls, the pancreas, kidneys and
adrenals affected, and haemoglobin levels were lower. The
PCB produced similar effects to the oedema factor, but
was not so potent, and gas chromatography demonstrated
that it was not the same.

TFwo groups of workers, Risebrough, Peakall er al. in the
USi%.2441 % and Jefferies, Moore, Presst ef al. in Great
Britain,!®4 have actively pursued (he effects of organo-
chlorine pesticides and PCBs on birds. The decline in
certain bird populations, especinlly raptors, has been
attributed to the presence of organchlorine pesticides, but
it is also possible that PCBs have played a part in this, not
only because of their intrinsic toxicity but because it has
been shown (in inscets,? and below) that there are synergistic
effects hetween some PCBs and DDT and ‘Dieldrin’.
Lethad toxicity 10 1he adult bird is not the only factor because
it has been shown!441 that organochlorine pesticides at the
order of onc p.pm. are effective in inducing steroid
hydroxylases in avian liver, thus leading 10 lowered oestrogen
levels and reduced reproductive capacity. Added to this
DI has an entirely different effect on the reproductive
system, that of causing eggshell thinning, which causes added
failures in reproduction. Teratogenic cffects may also occur
because of the excretion/concentration factor in the eggs.
30 s thus necessary to review the effects of the organo-
chlorine pesticides on birds in conjunction with those of the
PCBs.

Following work by Peakatl,4) which demonstrated that
pigcons fed with DDT at 10 p.p.m. andfor ‘Dieldrin’ at
2 p.p.m. for onc week had higher levels of testosterone or
progesterone metabolites than controls. Risebrough, Peakall
et al' compared the effect of PDE, DDT and PCB
(*Arochlor 1262%) in increasing the levels of polar metabol-
ites in cestradiol metabolism, again using pigeon liver
ates in vitro. Their results are given in Table VIL

isol
Tuble V)
Polar merabulites formed (ma molesy
;'muml pid
DD (40mg/kg) 70
DT (d0mglkgr [3)
Pes (20mgrked 160
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This PCB has about five times the capacity to reduce
oestradiol levels than DDT or DDE. The effect of 4 single
dose of DDT may last for over two months. This work
was extended to compare the effects of two different PCBy
in kestrels, again using liver microsome isolates.4* The
kestrels were fed at 0-5 and 5:0 p.p.m. tevels with *Arochlor
1254* and ‘Arochlor 1262", and the results were as in Table
VI

Table VIII
Palar metabolites tnmolesig microsonud
Jfraction)
‘1254° ‘1262

Contro! 0 0

05 p.p.m. 13-65 19-08

50 p.pam. 605 47-95

While these figures do not clearly indicate the relative activity
of these PCBs, it has been shown that ‘Dieldrin' and PCB
are much more active in reducing oestrogen levels than either
DDT or DDE.#2 That pesticides reduce oestrogen levels in
mammals has also been demonstrated.

Presst, Jefferies and Moore*4 investigated the lethal
effects of ‘Arochlor 1254° on Bengalese finches. Food
containing higher levels of PCB (440 p.p.m.) was refused by
the birds (100 per cent mortality not occurring) but it was
still possible to calculate the LDsp as 253-6mg’kg/d.
Seven out of the 38 birds dicd. Enlarged kidneys was the
main feature, with in two cases increased volume of peri-
cardial fluid. While there was a correlation betweendosc rates
and liver concentrations, there was also considerable varia-
tion in levels (3-697 p.p.m.). Whether a particular con-
centration will be fatal will depend, as with organochlorine
pesticides, on the condition of an animal. Considerable
storage in fat is possible and until this reservoir is suturated.
concentrations will probably not rise to lethal concentri-
tions in susceptible organs. So danger can arise in times of
stress (e.g. starvation or with the breeding cycle) when the
fat reserves are mobilised releasing large quantities of PCB
or whatever. The liver by itself in these birds may thus not
be a good index because the liver fat reserves may vary
considerably and will themselves be mobilised ultimatcly
The authors therefore suggest the brain/liver percentage as
a useful index, being high in those birds that died (X3-7 per
cent and low in the survivors (26:4 per cent). The LDy,
for DDT is some thirteen times lower than for this PCB,
but consideration has to be given to the fact that while the
DDT mortality curve is steep (no deaths at 1000 and all dead
at 1200mg/kg/d), the PCB curve is shallow. so that at low
levels PCB may be more toxic than DDT. The authors con-
clude on the basis of this experimental work and reasonably
assuming that no drastic change in useage of PCBs is hikely
to have taken place over the past two decades. that few
bird deaths have been caused by PCBs. However they state,
without citing evidence, that the PCBs do not vary markedly
in toxicity and this is at variance with recent work? 4546 (se¢
below), the PCB used here being of relatively low toxicity
Additionally the authors do not consider the possibility of
synergistic effects.? 1t was recognised that the position with
sublethal effcets may be different.
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Very little work20:47- ¥ has been done on the effect of PCBs
(und terphenyls) on aguatic organisms, despite the fact that
it is known that some marine crustacea and fish are very
sensitive 1o organochiorine pesticide residues.%  For
example Crangon vuigaris (brown shrimp) has an LC so/48h/
157¢ for DT of 0.003 - 0-1 p.p.m., und levels as low as
00001 p.p.m. may be detrimental 1o some species of
mollusc. One difliculty in the study of toxicity to aquatic
organisms is the extremely low solubility of these com-
pounds in water and the difliculty of obtaining sufficiently
stable emulsions.4? ¢ The use of solubilising agents, of
low toxicity, overcomes this. Zitko,4 using ‘Corexit 7664" to
solubilise ‘Arochlor 1221" and ‘Arochlor 1254°, carried oul
192 hour tests with these compounds using Atlantic salmon
parr, He found (hat concentrations above 2mg/l were lethal.
Wildish*® using *Arochlor 1254" in emulsions, or solubilising
with ‘Corexit 7664°, carricd out 30d tests with Gammarus
oceaniens and found Iethal threshold values of 0-001 to
0-0lmg/l ¢‘Corexit’y and 00! to 0-lmg/l (emulsions).
Guthric er «l47 tested mixtures containing chlorinated
terphenyls and their oxidation products and found lethal
threshold values of about Smg/l and pertinently that low
oxypen levels in the water enhanced the toxicity. Duke
et al. 2 who manitored PCB levels in biota and sediment in
the Escambin Bay area of Florida as u result of an industrial
leakuge of PCB into the Escambia River, conducted both
weute toxicity tests and 20d bioassays. 48h tests on pinfish
und juvenile shrimps at the 100 p.p.b. level was not toxic
10 the fish but caused 100 per cent mortality in the shrimps.
Oysters received a 96h test and the effect was measured in
terms of arrest of shell growth, Here 1 p.p.b. resulted in
19 per cent decreasc in shell growth and 100 p.p.b. 100
per cent. Resultant whole body concgntrations for the three
organisms were 17, 3-9 and 33 p.p.m. respectively. It should
be noted that the oysters when replaced in PCB free water
for threc weeks recovered (heir normal growth rates. In
the 20d assays using a concentration of 5 p.p.b., a 72 per
cent mortality occurred in juvenile shrimps and 5 per cent in
juvenile crabs. 1t would appear then from all this work
that some crustaces and molluscs are as sensitive to PCBs
as they are to organochlorine pesticides.

Some toxicological work has been effected using insects. 2-46
Moriurty? dosed fourth instar nymphs of Chorthippus
brimens (grasshopper) topically with ‘Arochlor 1254° at
12-5, 50 or 200ug levels, but found that definite mortality
was only associated with the 200ug group plus a possible
sub-Jethal effect associated with moulting (fat mobilisation).
The maximum amounts of PCB in individuals of the latter
group were 14ug (male) and 8ug (female). The work of
Lichtenstein, however, is much more revealing as to the
relative toxicity of the various PCBs and the synergistic
effects withh DIYT and ‘Dieldrin’. Groups of 50 Drosophila
melanogaster were placed in contact with vessels coated
with a layer of the substance or mixture of substances,
and groups of 15 Musca domestica were dosed topically.
Tests of the individual substances showed that ‘Dicldrin’
wis some 25-30 times more toxic than DDT, and ]-8000
times more toxic than the PCBs. The higher chlorinated
biphenyls, und the terphenyis, gave rise to no mortality in
the 24 or 48h tests, but (oxicity increased with decrease in
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chlorine content in the lower half of the series. These results
raise doublts as to the relevance of the many papers which
have used ‘Arochlor 1254°, which here has little or no effect
under these conditions. The synergistic effects with *Dicl-
drin’ were positive with some of tower *Arochlors’ and
uniformly positive with pp'DDT up to ‘Arochlor 1254°.
However, with the higher chlorinated PCBs and PCTs a
reduction of toxicity was observed. While it is improper to
transpose results from one phylum to another and short
term toxicity may have littlc bearing on long term cffects,
nevertheless this paper is a strong indication that consider-
able care should be taken in planning these toxicologicil
studies.

Work using mammals is equally sparse. A preliminany
study by Sabotka,s? using ‘Arochlor 1254' und ‘Arochlor
1260" or DDT in single doses of 1-10mg/kg (*Arochlor's) or
0-25mg/kg (DDT) carried out behaviour tests on mice over
periods of 4 10 24h afler administration. There is a clear
difference between the two groups of substances. DI
probably attenuating and PCBs probably enhancing central
inhibitory systems. The paper by Bitman and Cecil*
surveying the oestrogenic activity of DDT analogues and
PCBs in terms of the 18h glycogen response of immature
rat uterus assumes considerable importance in relation to
a lot of the work cited above. The stereochemical require-
ments are quite strict, and in general for diphenyl-methane
and -ethane, and triphcnylmethane compounds activity is
restricled to those where either the pp' positions are vacant
or filled by hydroxy or methoxy groups, being inactive
where halogen or alkyl groups arc present. So the pp’
compounds perthane, kelthane, DDE, DDD and methoxy-
chior are inactive. However, pp'DT is active and the
op'isomer some sixteen fimes more 5o, while of the others
mentioned only op'DDE gains o response. ‘Arochlor’s
1221-48’ are about half as active at pp'DDT, but the higher
members areinactive.(¢f. Lichtenstein). In perspective though
these compounds only have something like 10 } times the
activity of natural oestrogens, but this fits well with the
observed patiern of steroid hydraxylase induction in birds,
where DDT and PCB are very active but DDE is less so.
Perhaps another significant point is that the oe” and pp'bi-
phenols have an equivalent oestrogenic activity. The lower
chlorinated PCBs could be degraded in the atmosphere as has
been shown by laboratory experiments where the greatest
diminution in onc gas chromatograph peak was found
where PCBs on an aqucous surface were subject to UV
irradiation.5! At the same timc it has been observed!® 170
that the tower chlorinated PCBs tend to be absent in wildlife
samples, particularly in birds. and it may be speculated
to what degree there may be differential excretion or in vive
breakdown, and what effect this has. A recent study by
Vos et al.52 reveals another important aspect. They discov-
ered that two out of three 60 per cent chlorinated PCBs
contained highly toxic oxygenated impuritics. These (wo
commercial preparations (*Phenochlor DP6', *Clophen A6O°)
when injected into hens' eggs at the 3-Smy level caused
almost 100 per cent mortality whereas the third sample
(‘Arochlor 1260') gave a relatively low mortality. A fraction
containing no PCBs was isolated from one of them by
‘Florisil® column chromatography and shown to be toaic,
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Gas chromnlogtaphy and mass spectrn showed this fraction
1o cont hloro and p furans which
were, however, musked by hcxachlomnuphthalenc and hep-
tachlorobipheny) respectively, thus limiting the accuracy of
quantification. The pentachlorodibenzofuran was estimated
1o be at about the 5 and 20 p.p.m. level in the two samples,
That PCB exerted a similar cffect to that of the chick oedema
Tactor (CEF) had been noted previously,*® and that toxico-
logical studies using PCBs had produced variable results.
1,2,3.7,8.9,-hexachloro dibenzodioxin has now been identi-
fied as one of the ocdema factors’2 and it may be recalled that
the toxic factor in the weedkiller 2,3,5-T was shown to be a
tetrachloro dioxin.$} In fact these chlorinated dioxins and
dibenzofurans are very highly toxic groups of compounds.
0-2ug pentachlorodibenzofuran is necded to cause 100 per
cent moriality in hen eggs as compared to 0-05ug of hexa-
chlorodibenzo-p-dioxin. The occurrence of the dibenzo-
furans in PCBs is associated with the use of sodium hydrox-
ide in the distillation of erude PCB. Pentachlorophenot
(PCP) and 2.3,4.6- tetrachlorophenol are possible precursors
of CEF and have been found to be present in toxic oleic
acidg. 54

1t is evident then that other compounds besides the PCBs
themselves should be sought for in wildlife and that indivi-
dual ds as well as cial preparations should
be used in toxicological studies. Unfurtunately the indivi-
dual PCB compounds are not readily available.

Holden and Marsden®s have already noted the presence
of unidentified polar ds in wildlife extracts. It is
(o be hoped that the current FDA programme¢ on the
toxicology of PCBs takes into account all these factors.

Analysis

PCBs are extracted together with chlormaled hydrocarbon
pesticides in routine residue analyses,’7 and being complex
mixtures of ds with GC ion times o non-
polar col almost identical to a of y

nolubly of the DDT group, present an nnulyllcal problem
which is not completely soluble by gas chromatographic
means alone. Chemical conversion of the pesticides,
leaving the PCBs almost unchanged, provides a partial but
not completely satisfactory solution, but group scparation
is fundamentally sounder, this of course providing additional
evidence of identity. Both thin layer chromatography and
column chromatography have afforded quite good partial
separation of PCBs from pesticides and the best schemeS#
claims to leave only ‘Aldrin’ with the PCBs, wilh which
there is very little interference by the PCBs. A number of
workers!?:22:59.60 have confirmed the presence of PCBs
in living tissues by means of mass spectrometry, but apart
from this means the quantification of PCBs presents severe
problems because of the large number of compounds
involved and that the individual compounds are not readily
available, so that most authors have only been able to
calculate upproximate figures.

Gas chromatography retention data for PCBs is now
udequutely documentedi2:16:18:26:50:01 (and also! +2:13:14:20.
24.253:99) and on non-polar columns the main region of
interference of PCBs and organochlorine pesticide residues
with onc another may vary from the point of emergence of

3
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pp’DDE that of pp'DDT. PCBs may continue to emerge
with retention times up to four or five times that of DDT.
It has been noted in this Jaboratory that response to PCBs
relative to organochlorine pesticides can be small on some
columns, and from the viewpoint of determining pesticide
residucs, can ameliorate the situation. However, using morc
polar columns, e.g. ‘QF-1" or ‘XE-60',)2.23%0.62 PCBs
emerge largely prior to the DDT group, which allows simplc
quantification of the latter, but may still leave an unsatis-
factorily complex chromatogram. Improved resolution of
PCB compounds has been claimeds? using novel stationary
phases.

One alternative has been to alter the retention time of
pesticides by derivatisation, leaving the PCBs intact, and of
course aiding the identification of the pesticides. Jensen'?
used a mild nitration technique adapted from Erro ef al.
and originating from the Schechter-Haller method, claimed
that the PCBs remained unaltered while members of the
DDT group were effectively removed, although other
organochlorines (e.g. ‘Toxaphene’, heptachlor epoxide,
lindane and BHC) are not removed. This scheme (}:I
HNO3/H,S0, for Smin at 0°C) was followed by Risebrough
et al.,'50 but Reynoldsé! found that DDT derivative
peaks ultimately emerged on the chromatogram making
for an unprofitably long analysis time. Moreover, some lower
chlorinatcd PCBs appeared to have been affected by the
procedure. Saponification with aicoholic potash!3:14:59 leads
to the dehydrochlorination of pp'DDT, pp'TDE, and
‘Texaphene’, with the derivative peaks appearing eurlier
in the chromatogram, and the PCBs reportedly unaflected.
BHC is destroyed by this procedure. PCBs have also been
differentiated from DDT using carbon-skeleton chromito-
graphy.s4

Separation prior to gas chromatography is to be pre-
ferred not only because simpler chromatograms can be
obtained but because this will give nearly as much evidence
as to identity as derivation. Thin layer chromatography,
reverse phase paper chromatography!2 and column chroma-
tography afford means of obtaining partial separationy of
organochlorine pesticides from PCBs and fractions can
easily be obtained where only ‘Aldrin’, ‘Heptachlor’, und
pp’'DDE remain with the PCBs. The former two arc not
very important in respect of the gas chromatography
separation because there is usually little interference between
them and PCBs, but pp’'DDE can emerge with the major
PCB peaks using non-polar columns. Thin layer chromato-
graphy has given this sort of separation using sitica gel'* and
alumina,!'? and in column chromatography Holden and
Marsden26:45 ciaimed good separation of PCBs using cither
alumina, silica gel, or both in series with long narrow
columns. Reynolds®! documented a separation with ‘Fori-
sil’, while Bevenue and Ogata%2 commented on their [uilure
to reproduce this work in terms of pesticide separations
only, and noted the differences in activity between ‘regular’
and ‘PR Florisil’. This reviewer has found no difliculty in
obtaining this separation using ‘Florisil’. Armour and
Burke®8 in a carefully documented paper showed that it was
possible to carry out a separation leaving only ‘Aldrin’
with the PCBs. For this they used silicic acid partly deacti-
vated with 3 per cent water mixed with celite and cluted the
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PCBs (‘Arochlor’s 1254 and 1260") with petroleum ether.
*Arochlor 1254 needed the larger volume of eluant and the
separition was more critical. The cautionary note is added
that any trace of polar solvent in the sample will make the
separation impaossible and pp'DDE will emerge with the
PCBs. Also, the separation is only possible provided that
the column (20 {-5g) is not over loaded (i.¢. not exceeding
20pg PCB). This then solves the main separation problem
leaving on non-polar gas chromatography columns only
u small PCB peak which may interfere with the estimation
of *Aldrin’. These authors have also documented the separ-
ation of chiorinated naphthalenes.6s

Confirmation of idemtity has been achieved by combined
gns chromatography/mass spectrometry, 18:22.59.60 bug gener-
ally quantification is not simple because of the large number
of compounds involved and because these are not readily
available individually for reference purposes. If it can be
assumed that a fraction contains only PCBs (ie. in a
column chromatography or gas chromatography effluent)
and that the composition on & gas chromatography trace
conforms to that of a commercial mixture, then micro-
coulometric estimation will give an answer. Jensen ef al.,\7
using a combination of mass spectrometry, ECGC and
microcoulometry oblained results which were only accurate
to about 4 fuctor of two. With the sume assumptions eleciron
capture detection can be used, referring to commercial PCB
mixtures2 cither by cstimating the total peak arca!®:.59:63 or
basing the calculation on onc!1619 or more?0 suitable
peaks. pp'DDE or ‘Dicldrin’ may be used as an internal
standard.!6:50 One empirical approach calculated one PCB
peak as pp’ DT and multiplied by a factor of ten to obtain
a result;24 another took the total area:weight ratio to be
cquivalent (o that for DDE; and another %30 assumed the
response of cach penk to be equivalent to DDE and applied
n correction factor from the use of microcoulometric
detection (the authors did not have permanent access to a
microcoulometric detector). Gregory®? studying the electron
capture cocfficients of mono- und dichloro- and methyl-
hiphenyls showed that there is over a twentyfold variation
hetween the chloro compounds. Zitko4? determined the
concentritions of PCB in fresh and salt water by means of
ultraviolel spectrophotometry and fluorescence. While the
lower chlorinated PCBs can be prepared easily®® and only
simple mixtures formed when using the Ullmann reaction,
the higher members are more difficult to make singly.

Discussion

The decline of certain bird populations was associated with
the usc of ‘Dieldrin' seed dressings and has been attributed
1o lethal toxic effects. With increasing awareness of these
dungers, betler monitoring and usage control, at least in
developed countries, lethal toxic effects are progressively
less likely to occur. Rather, the significance of PCBs (and
pesticides) to mun und other organisms must now be seen
in the context of sub-lethal effects having long term influence
on populations through the media of reproductive processes
(reduction in fertility, delays in breeding), teratogenic and
curcinogenic effects on both the parent and later generations.
1.1 4o tests, even over a long period, are irrclevant from this
viewpoint. Certainly it is truc that severe mammalian
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liver damage and death can result from high PCB jevels but
these are only reached in a few foodchain heads, and the
normal levels found in man are not of this order. To be sct
against this, however, is the finding (in LDsg terms) that
while with DDT there appears to be a definite ‘no effect’
level this is apparently not true for PCB. Preciscly what
compounds are sesponsible for the toxicity of PCBs is
not yet clear, but it seems certain that it concerns the lower
chlorinated compounds and probably the oxidation
products in vivo or in vitro. It also emerges that impurities in
some commercial mixtures are certainly highly toxic, and
if the fact of synergistic effects, though demonstrated as
yet in one area only, is taken into account then the picture
becomes a very complicated one. Clearly it is extremely
difficult to carry out strictly controlled toxicological studses
at a feeding level of the order of 1 p.p.m. over a long period,
and in terms of multigeneration tests. The necd for multi-
generation tests may be related to DDT, where. despite
many years study, it has only recently been indicated that,
with only the original parents dosed, carcinogenic effects
may occur in later generations (6th generation mice).
DDT may again be used to illustrate the sort of effect which
may be looked for. In California, Oregon and Washington,
genetic changes in the fruit fly poputation have been shown
to result from heavy spraying programmes in these areas,
and in the latter 1wo states were tied (o two specific forest
spraying programmes. The pattern of these genetic changes
can also be correlated with spread by winds over long dist-
ances. With PCBs thc major dispersal medium is probably
water, but otherwise there are no essential differences in the
situation. The PCBs are spread all over the continentul
shelves which are fed by industrial cfftuents.

The toxicology of the weedkiller 2,4,5-T** and of mercury
residuess® has recently come to the fore and they present
some parallels with the PCBs. While in contrast o PCBs
there is a definite, but small, contribution to agricultural
pollution, by mercury from seed dressings, the industrial
contribution must lead to a similar marine distribution to
PCBs, although as yet very little is known about this area.
Mercury, in contrast to PCB, is only cumulative in living
tissue to a limiled extent, and there is a definite natural
contribution from the sea floor. The massive aerial use of
the weedkiller 2,4,5-T as a defoliant by the Americans
resulted in teratological as well as dircct toxic effects due
to traces of a chlorinated dibenzodioxin. 1t is as well that
PCBs are not used in such fashion because it has now been
shown that some commercial preparations contain traces of
chiorinated dibenzofurans which are also highly toxic.

Water pollution is recciving considerable attention
within the traditional framework of oxygen deficiency,
reduced and oxidised nitrogen, temperature and so on, but
the type of pollution problem presented by PCBs, DDT and
s0 on is largely ignored. In a recent official report on toxic
chemicals, which recommends further work to appraise the
situation in fresh, estuarine and coastal watcrs, there appears
to be a large ptual gap. C ing on the presence
of DDT in raw sewage, this is dismissed as a significant
source of riverine pollution because DDT is solid attached
and largely remains in the sewage sludge, but what happens
to the sludge is blithely ignored. The ironic situation is ol
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course that the sludge is commonly dumped in estuaries
or even spread out over the Jand so that pollutants such as the
PCBs are recircutated through the food chains.

These are but a few aspects of environmental pollution
which citn ultimately lead to man’s own detriment. In many
cases the users of pollutant materials, industrial or domestic,
have no conception of their own insidious contribution to
pollution, and in the case of the very useful PCBs it is very
diflicull to sce how their disposal can be controlied to
minimise pollution, From the point of view of restrictingtypes
of usc to those least likely 10 result in poltution, one prod-
ucer, Monsanto, has made a very responsible move?0 in this
direction, but as PCB manufacture is no longer covered by
patents thix may not be effective. 1t is obvious that with
their ubiquitous presence the effects of PCBs and associated
compounds must be investigated with great thoroughness.
1t is not only to preserve bird populations or other wildlife
but 1o prevent Jong term changes in man himself that such
scurches are directed.

The author is grateful 1o the H. 1. Heinz Co. LW, for
permission (o publish this paper.
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Laser Raman spectra of drying oils

and alkyd resins

by L. A. O'Neill and N. A. R. Falla

Paint Rescarch Association, Teddingron, Middlesex

Laser Raman spectroscopy is proving an important
complement 1o infrared spectroscopy in the polymer field.!
In this paper is reported a comparison of laser Raman
speetra and infrared spectra of some drying oils and oil-
modificd resins used in the coatings industry.

The Jaser Raman spectra were recorded in the Division
of Chemical Standards of the National Physical Laboratory.

Materials and experimental
‘Fhe samples examined included linsced oil, tung oil and a
pentuerythritol linseed o-phthalic alkyd resin.

The Raman spectra were recorded on a ‘Spex’ Model
140} doublc grating laser Raman spectrometer, using a
*Spectrophysics’ Model 140 argon jon laser with excitation
at 488nm. The samples were examined in glass capillary
fubes with 90 illumination.

The infrared spectra of the samples as thin films on KBr
plates were recorded on a ‘Unicam® SP100 spectrometer.

Results

The comparative infrared and Jlaser Raman spectra are
shown in Fgs | to 3 and present the {ollowing features.
Linseed oil

The infrared spectra of unsaturated glyceride oils show
strong bands at 2850 and 2920cm- } which, together with
medium intensity bunds at 1460, 1375 and 720cm-!, are
assigned to aliphatic C -H vibrations. The ester groups
present give rise to the strongest bands in the spectra at
174K, 1239, 1155, 1100 and 1020cm~). The methylenc
interrupted cir unsaturation in the chain does not give rise
to any strongly active infrared modes, the major band being
the medium intensity absorption at 3008cm=~),

| ' 1 1 '

| 1 1 | Jd
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o

Yig. 1o Infrared spectvam of linseed ail

There are several barids in the infrared spectra of tri-
glycerides which are common to the Raman spectru,
although their frequency may be slightly different. These
include the bands at 3008, 2920, 2850 and 1748cm .

The ester bands are very much stronger in the infrared
than in the Raman spectra: in particular the 1748cm !
C=0 stretch, the strongest infrared band, is only weakly
Raman active, while the 1239, 1155, 1100 and [020cm !
bands are all absent in the Raman spectra.

The main feature in the Raman spectrum not found in the
infrared is a very strong band at 1659cm ! characteristic of
unsaturation. There arc, in addition, bands at 2966, 2900,
1442, 1304 and 868cm-! due to aliphatic C - H vibrations
and two ester bands at 1267 and 1077cm 1.

The ratio of the intensity of the unsaturation band at
1659cm~1 to that of the aliphatic band at 14d42¢m ! was
determined for linseed in comparison with soya bean oil.
From these ratios it was possible to oblain an assessment
of the relative degree of unsaturation of the samples. The
value obtained was in agrecment with that determined by the
Wijs’ iodine method.

Tung oil

The infrared spectrum is similar to that of linsced oil. The
main differences are associated with the rrans-rrans-cis
conjugated triene structurc present in tung oil. This structure
gives rise 10 a strong infrared band at 990cm !, together with
less intense bands at 960 and 3010cm 1.

The effect of this conjugated structure is even more
pronounced in the Raman spectrum. The strong unsatu-
ration band occurs 20cm~! lower than in linsced oil, ut
1638cm!. The relative intensity of this band is also greatly
increased (far more than would be expected from the

e 1 | | ' |
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Fig. 1b Laser Raman spectrum of linseed oil
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Fig. 20 Infrared spectrum of tung oil

higher total unsaturation of the oil).

Many more ester vibrational modes are Raman active
than in the non-conjugated oils, giving medium intensity
bunds at 1291, 1255, 1230, 1195 and 1100cm), together with
# very intense bund at 1165cm),

Linseed oil alkyd

The infrared spectra of the linsced oil alkyd shows the
characteristic features of the unsaturated oil. The principle
changes that occur in the spectrum when the oil is incorpor-
ated into un alkyd are a frequency drop of the ester carbonyl
stretch from 1748 to 1740cm 3, and the Joss of the 1239cm-!
ester bund. The 1270cm-! ester band, which is not infrared
active in the oil, appears as a strong band in the correspond-
ing afkyd.

‘The dingnostic infrared bands of the phthalic portion of
the alkyd are at 3060, 1600, 1580, 1075, 1040, 740 and
705cm- ),

The presence of pentacrythritol in the alkyd does not give
rise to any major characteristic infrared bands. The
1385cm-! band has, however, a slightly higher frequency
than in the corresponding mode in & glycerol alkyd.

The dilferences between the Raman and infrared spectra
of the triglycerides noted in the previous section are also
seen in the spectra of the corrésponding alkyd. As in the
infrared, several changes are noted in the Raman spectra
of the triglyceride portion of the alkyds. The very strong
unsaturation band is shifted down a few wave number

I ' 1 1 T
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¥ig. 3n Infiared spectrum of pemtacrytheital linseed o-phihalic alkyd
resin
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Fig. 2b Laser Raman spectrum of tung oil

values to 1654cm~1, while the [165cm-! ester band, which
is inactive in the oil spectrum, is now present as a weak hand
in the corresponding alkyd.

The aromatic bands at 3060, 1600, 1580 and 1040cm !
are common to the Raman spectra, those at 1600 and
1041cm~! being of higher intensity than their infrared
counterparts. The 1075, 740 and 705cm-! bands are not
Raman active.

The characteristic pentacrythritol modified band at
1385¢cm~! is also Raman inactive.

Other alkyds examined included a saturated acid alkyd,
in which the unsaturation band at ~ 1650cm-! was essen-
tially absent, and an alkyd prepared with sebacic acid in
place of phthalic acid, in which the aromatic bands were
absent.

Discussion and conclusions

The results show that in the field of drying oils and alkyd
resins, the laser Raman spectra filf an important gap in the
structural information given by infrared spectra.

While in the infrared spectra there is no characteristic
band for total unsaturation. only for 1rans unsaturation, the
band for total unsaturation in the Raman spectra is onc of
the strongest bands. For the non-conjugated glyceride oils
the band can be used as a quantitative measure of un-
saturation and the intensity of the band in the alkyd gives
an indication of the residual unsaturation. Witha conjugutcd

|
}
\J W\f }
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Fig. 3b Laser Raman specirum of pemacryihrital linseed o-phihalic
alkyd resin
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not been explored.

oil the unsaturntion band is greatly enhanced, dominating
the spectrum, as it does on the uitraviolet region.

In contrast, the main ester carbonyl band, which is one of
the strongest in the infrared, is weak in the Raman spectrum,
and minor carbonyl bands are bareiy discernible.

Hydroxyl groups normally give only weak bands in the
Raman spectrum and this region (around: 3500cm~!) has

Reflerence
1 Cudby,

British Pest Control Association

annual dinner

The British Pest Control Assnciation's
annual dinner at the Park Lunc Hotel on
Tuesduy 2 November 1971, attracted
nearly 100 members and gucsts who came
10 hear this year's Principal Guest Speaker
Sir Basil Enghobn, Penmanent Secretary
of the Ministry of Agriculture, Fisheries
and F-ood.

In the course of his address, Sir Basil
referred 1o the chunges in the work of the
ministry which werc announced in the
government’s white paper last January,
With a view to reducing the burden on the
tux payer, the ministry's pest control activ-
ities will be limited to those which can be
coeried out only by the government and
which are essential 10 (he public intePest.
Rabbit clearance socicties were no longer
cligible for grants und he thought that this
would undoubiedly offer an opportunity
for increused pest destruction activities for
BPCA member companies. Furthermore,
the white paper also announced a signifi-
cunt reduction in the ministry's advisory
work on pest control and in future regional
stafTs will not be going out and aboul nearly
as much to give on the spot advice on pest
control. Although the ministry will keep on
inspecting imported food cargoes for pests,
because it hus always been an important
function of the gavernment to defend this
island against invasion, it will be up to
conumercial orgunisations themselves to pay
for keeping pests under control in future.
In the sume way, the ministry will no longer
normally go out 10 individual farms to
advise on pest control unless they have
statutory dutics 10 perform.

I his reply, the President, Mr A, Fraser
McIntosh, expressed his very great pleasure
in being able 1o welcome Sir Basil
t:ngholm 1o a BPCA Dinner for the third
time, o fitting climax to what he described
as 4 vintuge yeur for the association. He
referred to the annual dinner being this
year made more glamorous by the presence

Standing at the British Pest Control Association annual dinner is the President, Mr A.

Several of the aromalic bands are common to Raman
anq infrared, and a few are stronger in the Ruman spectrum,
which may prove of value.

M. E. A.. Willis, H. A., Hendra, P. J. & Peacock, C. J ,
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Fraser Mcintosh, on whose right is the principal guest speaker, Siv Basil Engholm. the
Permanent Secretary of the Ministry of Agriculture, Fisheries and Food. On his right
is Dr A. G. Fisken, Vice-President of BPCA who proposed the toast 1o the guests, and on
the President's left is Dr M. B. Green, the Chairman of the Pesticides Group of the
Society of Chemical Industry, who replied on behalf of the guests.

of the ladics associated with the industry.
Mr Fraser McIntosh, in referring (o the
recent major government decision on the
EEC, also inentioned that during last
month’s British Pest Control Conference
in Jersey he had started to investigate the
fi ion of a p F ion of
Pest Control Associations, He felt confi-
dent that Britain had a great deal to offer
Europe in pest control technigues and
standards of operation, and one of the
main reasons for this was that during the
last 25 years the industry has been in the
unique position of pooling its knowledge

with that of ministry officers.

The President ended his speech by
expressing the sincere thanks of the BPCA
to the ministry for the tremendous contri-
bution to the Jersey conference by officials
and scientific officers of the ministry, not
only in the papers they presenied. but in the
vital part they played in discussions
throughout the conference. This lent
authority and cmphasiscd the close co-
operation and invaiuable support given hy
HM Government and greaily impressed the
overscas delegates.

¢ ) KLY
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Essgy review

Synthetic methods of organic chemistry

hy P. D. Magnus

Dr Magnus has been at Imperial College for
the past ten vears, first as an undergraduate,
then stwlving for a PhD under Professor
D. 1. R. Bartun, In 1966 he was appointed
oy an axsistant fecturer in the second year
of his PhD, and in 1969 he was appointed
to the position of lecturer. Duving the past

Sfive years he has been working with Professor
Barton and they have published several
papers, notably in the area of organic
synthesis. Dr Magnus' own research interests
are in the study of new reactions and the
synthesis of natural products, especially
ferpenes.

"The lntest volume of Synrhetic methads of arganic chemisiry*
is number 25, completing the fifth scries, and marking the
documentation of synthetic procedures for the past 25
years, Before describing the achievements of this volume a
bricf glance a1 what synthetic organic chemists have been
doing in the past, and morc recendy, might serve to illu-
strute the complexity and magnitude of the task that
De W. Theilheimer has undertaken.

Organic synthesis, over the past hundred or so years has
remained one of the main pursuits of organic chemical
rescarch. Jt must be said to be the life-blood of organic
chemistry, supplying new reactions and the factual material
upon which the theoies of organic chemistry are based.
Indecd, it would be no cxaggcrnuon 1o say, without organic
synthesis there would be no organic chemistry at all.

Like the other branches of organic chcmustry the ob-
jective of synthesis has not remained static in its outlook.
It has changed since the carly days of structural verifi-
cation, now the domain of the X-ray crystallographer, to a
search for new reactions that not infrequently (witness the
Woodward-Hoffman  rules) change the whole face of
organic chemistry.

When we arc asked to assess a paper or book concerned
cither with a specific synthesis, or the development of new
general synthelic methods, the usual objective discipline
of science cun be extremely difficuit 1o apply. We are
approaching the subjective reaim of acsthetic values and
consequently many conflicting views may ensue. A pamc-
ular synthesis may be said to be cxtremely useful in a
commercial assessment, yet reveal nothing new or particu-
lurly stimulating to the academic scientist. Likewise some
academic synthetic work that unfolds new reactions or
enables fundamental sieps to be taken in theory, are useless
to the commercial world. Possibly theye is only one real
way of judging synthetic work and that js in jts usefulness

* ‘Synthetic methods of organic chemistry’, 1971, Val. 25. Yearbook
1971, by W. Theilheimer, pp xvi -4 707, Jahn Wiley, 5(r296, $71-05,
HM2%06.

and gencrality. Does it enable one to do whal could not
be done before? Does it improve on what could be dane
before? Naturally the scientist’s integrity must be absolutely
honest in the assessment of what he has done. Any new
synthetic methods that are reported in the chemical literature,
(0 warrant serious appraisal, must attempt to define the
scope, limitations and of course the yiclds of products
obtained (preferably of isolated products). The practising
synthetic organic chemist is then in a position to say
whether this new synthetic method is useful to him per-
sonaily or to synthetic organic chemists in general,

In the past the bulk of chemical reactions were discovered
in the course of often long and tedious degradational work
to clucidate structures. This wholly admirable pursuit
uncovered a vast number of reactions, often unexplainced
at the time, and also provided the structures of a farge
number of natural products. The next most obvious step
was to confirm the allotted structurc by an unambiguous
total synthesis. As the natural products presented more
formidable structures the art of synthesis became more
independent of the initiai structural clucidation. Eventuaily
with the advent of sophisticated spectroscopic methods and
X-ray crystatlography, synthesis has grown inte an inde-
pendent science.

This renaissance of organic chemistry has at once
enabled the organic chemist to become more productive and
creative. Synthesis is no Jonger a method of conlirmation
but a creative science secking to understand and develop
new methods of making and breaking bonds between atoms.,

The documentation of the achievements of synthetic
organic chemistry is an awe inspiring and monumental
1ask. But no onc can doubt the necessity of recording the
reactions that have been used, with varying degrees of
success by organic chemists, into a single series of books
1t is one thing to sec the nceessity, guite another to exccute
it successfully. The neces ol documenting synthetic
methods was recogniscd by Dr W. Theithcimer i the
ambitious task of producing an annual coverage of syn-
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thetic methods. The first volume of ‘Synthetic methods’
appenared in 1946, and its title describes precisely what it is;
a4 compilation of synthetic mcthods. The subsequent
annual volumes have been divided into five series. Each
live volume series is terminated with an index of reaction
titles and a cumulative index. Consequently in 1971 we
have arrived at Yolume 25, the terminal volume of the fifth
series. Throughout the twenty five volumes the coverage
of the literature and format has maintained a consistently
high standard, and over the years this encyclopedic work,
in duc recognition of the author's achievement has come
to be more sffectionately referred to as ‘Theitheimer'.

When one is considering the synthesis of a molecule of
any magnitude, or the operation of a single synthetic step,
the question that is put, cither consciously or subcon-
sciously, is what bonds do [ want to make, and how do I
want to make them? Theilheimer is classified according to
this simple idea. Each section is written under the heading
“Formation of the X-Y Bond®, where X and Y cover the
full range of atoms of interest to both organic and organo-
metallic chemists. [H, O, N, Halogens, S, C and the re-
maining clements (Rem)}. When the various combinations
of these clements are assembled the result is some twenty
five dilferent bond types. The sub-classification deals with
the sccond guestion. How do 1 want to make these bonds?

1383

The bond formation (ypes arc symbolised as follows,
addition (\”/), elimination (/n\), rearrangement (¢7\)
and exchange (}}). Furthermore the reactions such as electron
pair formation on heleroatoms, and methods of synthesising
nitrogen radicals and the heteropolar bonds are included.
Volume 25§ is completely up-to-date, containing references
to some scven hundred papers that have appearcd between
1968-1970. Each vofume of ‘Theilhcimer’ begins with u
section entitled ‘Trends in synthetic organic chemistry’.
This section in volume 25 is as in previous volumes an
extremely useful survey of the main synthetic achievements
during the past year. Volume 25 includes references io the
stercoselective juvenile hormone syntheses and prosta-
glandin syntheses that serve 10 remind us that natural
products still provide a powerful incentive for the develop-
ment of new synthetic methods.

The admirable achievement of ‘Theilheimer' in collating
the past twenty five years of synthetic organic chemistry
can never be underestimated. Mercly browsing through
these volumes can be a source of many ideas and the
acquisition of considerable knowledge. No active organic
research school can afford to be without this vast store of
information. Although prohibitively priced for the in-
dividual this should never deter libraries from apportioning
part of their budget to the latest volume of *Theilheimer'.

Book reviews

Understanding chemistey ~
1971

by G. C. Pimental and R. Spratley
Pp xiv | 974

Son Francisco; Holden-Day  $7-50

‘This is an cxcellent book into which an
enormous amount of work and  study
has been put by the authors. )t is 4 com-
prehensive text in general and physical
chemistry which cndeavours to  return
to fundumental chemical principles and
bring order and logic to what in many
similarly aimed text books is an unrelated
vollection of factual information. The
ook is ideally aimed for an introductary
college course in the States which keeps
the muthematical content 10 a8 minimum
and adequately mcels the need of ‘A’
Level chemistry courses in this country.

The book is to be thoroughly recom-
mended 1o ‘all students attempting ‘A’
Level or higher chemistry courses and it
is a worthwhile addition to any chemical
library.

J. DL THUMAS

Industrial crystailisation from solutivns
197

by ). Nyvit Ppv+189

London: Butterworths £5-50

This short book is a (ransiation of the
Czech original of 1967, and it is described
as having been exiensively revised 1o
incrense its suitability for the English
speaking market. The author has tried,
with some success, 10 avoid excessive
overlap with existing English texts, and
he writes from the standpoint of the

In many of the topics for le the
principles of chemical bonding  orbital
nomencluture and quantum theory the
stindind is carried beyond some ‘A’ Level
syllubuses but the information is produced
in such u palaable way that students
wking the book will be stimulaled to sec
cuch topic through. The presentation is
excellent and the index comprchensive,
With 974 pages this is no small feat.

The first chapter, accounting for three
fifths of the pages, covers the theoretical
foundations of crystallisation as a prepara-
tion for the second chapter, which is a
very weicome discussion of design caicu-
fations- for crystallisers. This discussion
is firmly based on the kinetics of crystal-
lisation as well as on the usual mass
bulances, and the use of numerous numeri-

cal examples confirms the general impres-
sion that this is & book by a practicul man,
Information about the solubility and
crystallisation of many substances is
presented in the appendices to the main
text,

About thirteen hundred refercnces are
vited in groups, but the thoroughness
of the literature survey varies markedly
from viie section to another. On p 77, lor
example, one sentence directs the reader
to 50 references, and on p 156 na fewer than
66 references are introduced in this way.
Since none of these icfercnces concern
publications in the last ten years, a much
shorter list of carefully selected recent
references wouid have been much more
useful.

The author has published a number of
papers on crystallisation, not always
easily accessible to western readers, and
it is appropriate that his collected views
should now be available in book form,
Chemical engineers interested in crystallisa-
tion will certainly benefit from reading this
successful translation, and it should en-
courage the replacement of the somewhat
mysterious art of crystailisation by science.
based engineering procedures.

1. A, BLACKADDER
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Structure of organic solids. Main lectures
presenied at the Second Microsymposium
‘Structure of organic solids', Prague, 1968
1969
Ppvi86
Lenmcdon: Butterworthy  £2:90
The contents of this book have already
appeared in Pare amt applied chemistry,
$969, 18, 4, pp 465 10 350. The Micro-
symposium referred 1o in the subtitle was
held under the auspices of the Macro-
molecular Division of the International
Umm\ of P'ure and Applicd Chemistry, in
ion with the Czechoslovak ' Aca-
demy of Sciences and the Czechos!

Microwave molecular spectrs. Volume 9,
Part 11 of "Technique of Organic
Chemistry”

1970

W. Gordy and R. L. Cook Pp ix+ 747

, New York: Intersciessice Publishers

£15-50

Over the pas| twenty-five years microwave
specxroscopy has contributed a wealth of

about fecul roperties.
Although it is probably most gencrally
associated with precise structural deter-
minations, it has also provided a wide
range of other information about mole-
cules. Included in this arc molecular

Chemical Society. The contents cansist of
four cxcellent review papers in different
ficlds. W. Moppe and 11 colleagues
described their eapericnce over the Jast
few yeurs in the use of an uutomated four-
le difftactometer foe the mwking of
8ccUrRte A-tuy mﬂ‘rachon measurements
on an (if need be) 1 single

dipole and quadrupole moments, magnetic
moments, nuclear guadrupole coupling
constants, barriers to molecular inversion
and internal rotation, canformations, mole~
cular force fields and energy transfer in
collision. The stage has now been reached
where increasingly larger and more flexible

cules are being slud:ed Quite recently

crystal. They illustrate this with a descrip
tion of the structures and

structure determinution of a number of

I instr has been in-

ds of which has ly improved
ease of operallon h is therefore opportunc

that a P! and up-to-date book

complex  osganic
some of biochemical interest.

W. Ruland, in speuking of the structure
of amorphous solids, give a concise
theoretical introduction 10 the idea of
short-range order of particles of strongly
anisolropic shapes such us u bundle of
lmmr molecules or a stack of n(amr

les, following this by exy
results on ny|ons and on carbonised
organit materials.

G. L, Bucon,
dlﬂrucnnn studics will soon achieve first

on the subject should be published at the
present time. It appears as a member in the
well-known ‘Technique of organic chemis-
try' series, but its coverage and level of
lrenlrnem will make it of inl:res( to
physi and ¢ | i

and to SpPeCtroscopists in pamcular

The book begins with a treatment of
molecular rutanon, m terms of angular

purity with and then 1

The d of matrix
cluiming that neutron el of angular
lays lhc foundauon for much of the book
over give a i nnd
d i h of

A-suy techniques for the
of atomic posilions and dynamics in
orgunic crystals, gave an account of pro-
gress over the previaus five years, illustrat-
ing this with examples of current studies
of bigh accuracy of particular interest
in cheistry.

Finally C. A. Taylar described optical
methods (diffeuction anulogues) as an aid
in structure determination, especially since
the udvent of the gas-phase laser has made
it possible (o rethink the design of optical
dvlTnulomclcrs By far the most useful

f ions of opticnl methods, he claims,
nre in studies of imperfectly crysto)lised
malerinl. Mis examples, copiously illus-
trated by well-reproduced diagrams, refer
mainly to fibrous structures, which could
huve boen from living or non-iving
nwierial, but which arc in fact ‘shapes'
producing various difftaction effects which
could trigger off useful ideas rclating to
real structures.

The fate XATHLLEN LONSDALE

p ¢
linear polyatomic, symmetric rotor and
asymmetric rotor molecules. Another chap-
ter deals with molecules in which internal
rotation occurs, The treatment of both
high and low barrier approximations is
sct out and reference is made to numerous
pasticolar molecules.

Other chapters deal with line shapes
and nuclear hyperfine structures. Stark
and Zeemann cffects for the various
classes of molecules are treated in turn
and again particular examples are con-
sidered. Centrifugal distortion in asym-
metric rotors is clearly developed and its
use in molecular force field determination
is shown with examples. Particular atten-
tion is paid 10 the evaluation of molecular
structures from rotational constants. A
fina) chupler denls with nuclear quadrupale

lur dipole and

the chentical bond. The whole treatment
of the xuh_yccQ |s well integrated, the
h used in

20 November 1971 Chemistry and Indusiry

the book following on smaothly from the
develoy of matrix el nothe
carly part of the book. The reader is further
heiped by useful appendices. It is typical
of the care that has been taken in the
development that an appendix is devoted
to the frequently used van Vlieck transfor-
mation. 1n addition, the appendices
include a wealth of information including
mofecular structures derived up to 1969,
It is a book which is likely to be of wide
interest for reference purpases on molecutur
structure, and will be indispensable for
sesearch workers with interests in rotational
SPECtroscopy.

D. S MILLEN

Aspects of adhesion 6

1971

by ID. 1. Alner  Pp xii } 149
London: University of London Press
£3-45

This volume is one of a scrics dealing. as
thetitle implies, with ail aspects of adhesion.
1t is in fact the paper given at a conference
held in the City University two years ago,
but the fact that it is published somewhat
later does nat in any way detract from the
topicality of the various articles in the book.
Since it is one of a scries it deals parti-
cularly with only one aspect of adhesion,
namcly, the adhcsion of thin flms to
various types of surface. Under these
conditions, the interaction of the polymer
with the substrate is of particular import-
ance and there are, lherefore, two pupers
dealing with the more fundamental aspecty
of this part of the subject and in particulor
onc dealing wvlh the cifect of hydrogen
ding in adh The pupers
deal with quite specific aspects of the sub-
ject and include practical details of the
instruments that have been designed to
measure the adhesion of filins under these
particular circumstances. In addition, there
are one or two articles dealing with
adhesion of mietal films to glass where the
same general problems arise and in which
the devising of suitable muchines for
measuring adhesion is equally inmportant.
As is usual in this suhject, a great deat of
the knowledge must be cmpirical i
character though quite specific facts ofien
emerge which arc not explicable under
the basis of cxistent theories. For those
who are enguged in work of this kimd
the several chapiers will be of great use in
ensuring that films made wunder  these
conditions will be properly attached to the
substrate.

H.W.oMELVILLY
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Communications to the editor

Contrilutions should have novelty and should be bricf. In arder to expedite publication proofs will not be circulsted 0 authors
unless requested when the manuscript is submitted or there are substantial queries by referces. Proofs not circulated will be
checked against the manuscript and evrata will not be published if the manuscript (including figures and formutac) is at faul1.

Structure of the pigments (Hansa colours} formed from acetoacetarylides with diazonium salts

e P Beady and J. 1. P. Tyman*

Branel University, Dopaviment of Chennstry, Lomfon W.3

Recent preliminary work -2 on the crystal structure of certain
analogues of HANSA 10G (C.1. pigment yellow 3) prompts
the publication of this Communication on the related
subject of the chemical structure of this class of substance.

In initial experiments, diazolised 4-amino-3-nitrotolucne
coupled with the acetoacetanilides (3,X - F,CLBr) to
produce yellow pigments having little difference in shade.
The iode and fluore derivatives are new compounds.

Nitration of 4-fluoroacetanilide in concentrated sul-
phuric ncid with methyl nitrate? rather than ethyl nitrate,
followed by hydrolysis, diazotisation and coupling’ with
d-fluoroacetoncetanilide and  with compound (I,X=F)
gave two new difluoro compounds which were orange in
colour. The Jatter, the diftuoro analogue of HANSA 10G,
wits oblained as orange necdles from xylene or nitrobenzene,
mp 248 C{Found: C, 53.2; B, 3.5 N, 15-4. CyoH 12NOF;
reguires: C, 5313 H, 33, N, 15-4 per cent). The infrared
spectrum (KBr dise) showed only @ single carbonyl band
at 1660-1670 (CONH), 1510cm 't (NQj), a broad band
congisting of two maxima at 3050-3100cm-! (NH and
H-bonded OH) together with bands due to the N=N,
C  C and phenyl groups. The n.m.r. spectrum proved to be
difficull to determine owing to the insolubility of the pigment
in the usunl solvents (CDCly, (CDy);S0, DCON(CD3),.
and CyDg). In hot nitrobenzene CoDsNO,, absorption
bands were present at v 548 (bs, 1H, enolic OHY), —1-55
(hx, tH, CONKY, 15287 (m, 1H, ArH), 2:07-2-2) (dd, 2H,
ArlH), 2:8-3Q (m, 4H. ArH) and 7-78 (5, 3H, Me). The
enolic OH and CONH groups underwent exchange with
D40, The dichioro (HANSA 10G) and the dibromo
analogues? showed similar spectra,

Potentially there are a considerable number of hydrogen-
bonded structures but only ‘two (1] and M1, X =X'-. F)
need seriously be considered, incorporating a hydroxyl
group associnted with cither an azo or a carbonyl group
(of the CONH). The latter structure is reminiscent of the
internid bonding occurring in acetylacetone. Since hoth
henzeneazo-B-naphthol and acetylacetone (in nitrobenzene
or CHCl,) exhibit fow ficld proton absorption (OH, <-5}
the n.m.r. spectrum does not afford a complete distinction
beiween (1) and (1),

‘The existence of a tautomeric structure {1V) or the alter-

* Prosent addeess: Brunel University, Schoof of Chemistry, Kingston
Lane, Uxbridge, Middlesex

capgio
@ QC‘Q”
:

(I

native in which the NH is associated with the curbonyl
group can be excluded since in both cascs neither the n.m.r.
nor infrared absorption spectra would be in agrcement.
In o-aminoacetophenone tNH occurs al 612 (CCly),
Likewise the n.m.r. spectrum of salicylaldehyde-2.4-
dinitrophenylhydrazone, a double hydrogen-bonded struc-
ture showed 012 (bs, 1H, NH.... O, a feature character.
istic of 2,4-dinitropbenylhydrazones generally) and = -0-33
(hs, 1H, H-bonded phenolic OH). The infrared spectrum
clearly exhibited a strong band at 1630cm=! (C N) ahsent
in the HANSA pigments.

The bonded azo group in compound (1) would not he
expected Lo undergo cis-rrans isomerisation as would be the
case with a free azo group. Chloroform solutions of the
HANSA pigments irradiated with ultraviolet light Tor 4
prolonged period were like benzencazo-Benaphthol com-
pletely stable whereas azobenzenc rapidly isomerised. The
difluoro compound before and after such treatment
possessed.  2max. (CHCL). 260 (log ed-40.), 345 (log
€4:35) and 4)2nm (log €4-31). The very fast properties ot
these pigments must indecd be associated with the very
stable hydrogen-bonded structure (1) applicable (v the
solid states und to solutions.
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The presence of a fluorine atom orthe to the -NHCO-
group might have been expected to lead to hydrogen
bonding. No evidence of any significant shift in the n.m.r.
absorption of the amide proton was found in the difluoro
compared with the dichloro and dibromo compounds.
2-Fluoroacctoacetanilide, 2-fluoroacetanilide, and 2-fluoro-
aniline were similar confirming that the -NH- hydrogen-
bonds compuratively less than the -OH group.

Although it was recognised® that only the enolic acetoace-
tanifide couples, numerous authors® have represented the
structure of the products with the hydrazone grouping
-NH-N. C<. 1In view of the present findings, the extensive
formulation? of pigments of this type with such a structure
is erroncons. Owing to simultancous hydrogen bonding
the enclic coupling product is stabilised as soon as it is
formed.

The n.m.r, spectra of all the acetoacetanilides contain a

Pyrolytic reactions of cyclic azines
by G. Hasenheuttl, C. Opatka and J. G. Krause

Deparsment of Chemistry, Niagara University, New York 14109, USA

Pyrolyses of several acyclic azines have been reported.!
Now the first example of the thermolysis of a cyclic azine
is described. The azine, 1,2-dinza-3,7-diphenylcyclohepta-2,
7-diene (1),7 wus pyrolysed neat and under nitrogen at
250-300"¢ until there was no evidgnce of unreacied azine
us shown by tlc A idcrable t of i

was cvolved during the pyrolysis, and a small amount
(2 per cent) of liquid identified as benzonitrile distilled
from the pyrolysate. Distillation of the residue at 0-imm
from an oil bath (2207¢) afforded an oil (11) (70 per cent)
which soon solidified and was recrystallised from ethanol,
mp K1-82'c, Sodium fusion confirmed the presence of
nitrogen, and the n.m.r. spectrum was devoid of any
saturated C-H absorption. This suggested that the product
could be 2,6-diphenylpyridine. and this was proved by
comparison with an authentic sample.? Similarly, ),2-
dium‘3-5-7-triphcnylcyclohcplu-z.T-dicnc (114 gave 2,4,6-
triphenylpyridine (1V) (55 per cent), mp 137-139°C (picrate,
mp 191-193°C) (Lit.5 mp 137-1387c; picrate, mp 189-
192°¢).

o
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small band at t+—3-4 (enolic OH) present to less than
10 per cent; tautomerism of the keto form to the enolic
form readily occurs aided by the precipitation of the
pigment as the coupling proceeds.
Received 22 July 1971
Revised 14 September 1971
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This remarkable reaction can be seen to involve the
loss of only one nitrogen atom per molecule of azine as well
as the loss of one hydrogen atom from each of the three
sp3 carbons to give ammonia. This contrasts with the pyroly-
sis of benzaldehyde azine where C- : N cleavuge with loss of
nitrogen occurs to form stitbene.®

The conversion of compounds ([) and (1) into the
pyridines (11) and (1Y) vnder these conditions is probably
a free radical process since the reaction displays an induc-
tion period (during large-scale pyrolyses on g of azine
the reaction tended to go out of control at the beginning
unless healing was stopped jrom time to lime), and the
yields are drastically reduced il oxygen instead of nitrogen
is bubbled through the azine during pyrolysis.

Photolysis of the azines (1) and (1t1) with 3500A light in
methanol for extended periods of time resulted in no
product formation and complete recovery of starting
material.
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¢ Zimmerman,'H. E. & Somaschhara, S., ibid., 1963, K2, SHOS
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[
Special Discussion of the Faraday Society

Thin Liquid Films
and Boundary Layers

cdited by F, C, Tompkins
The Faraday Seciety, London, Cngland:
Oclober 1971, 270pp., £5.50

This Special Discussion represents the first of a new
series on physical chemistry topics of scientific and
industrial importance and timeliness. Following the
well-known pallcrn of lhc Faraday Society’s General
Di i had the ad ge of preprinted
pupers, thus allowmg for important debates on the
work submitted.

The pupers and a report of the ensuing discussion are
contained in this volume, which forms a valuable
reference work on the most recent concepts and
experimental work undertaken by international
authoritics.

CHEMISTRY & INDUSTRY
BUYERS" GUIDE 1972

for

w]

Manufacturing Industries

Annual Reports on
NMR Spectroscopy
Volume 4

edited by K. F, Mooney

Anacon (Instruments) Limitced, Bourne End
Buckinghamshire, England
December 1971, approx. 580 pp., £10.00
Annual Reports on NM R Spectroscopy, formerly
Annual Review of NMR Spectroscopy, has established
itxell as & means for the specialist and non-specialist
uluk(. 1o bccou“: fmmllar w?h new apphcalmns of the
N @
l»oloslull pharmaceutical and agrlcullural
chemistry.
With the increasing exploitation of larger chemical
shifis and the growing interest in fluorochemistry,
fluorine-19 NMR has assumed special importance.
This subject, and also proton NMR, is reviewed in
cuch volume.
The series will continue to be a valuable source of
information for all analytical, structural, inorganic
and organic physical chemists.
Contents
General roview of the proton magnetic resonance.
The investigation of the kinetics of conformational
chunges by nuclcar magnetic resonance Spectroscopy.
Nuclear magnetic resonance spec(roscopy in pesticide
chemistry. A simple guide to the use of iterative
computer programmies in the analysis of nuclear
mugnetic resonance spectira. Nuclear magnetic
resonance spectra of polymers. Fluorine-19 nuclear
mugnetic resonance speciroscopy. Author index.
Subject index.

Anticorrosion Fertiliser Petrochemical
Beverage Fine Chemical  Patroleum
Building Food Pharmaceutical
Chemical Gay Plastics

a

Chemicai plant  instrumentation Printing

Coal Maintenance Process & Plant
!

Construction M Control
Consultanty Metai finishing  Research &
Cosmetic Nuclear development
Effluent treatment Packaging Rubber
Electrochemical  Paint Textile

Electronic
Water treatment and other industries

Academic Press
London and New York

24-28 Oval Road, London NW1, England
111 Fifth Avenue, New York, NY 10003, USA

The 1972 Buyers’ Guide will be one of the most
up-to-date and comprehensive sources of British
suppliers of chemicals, chemical plant, and
laboratory equipment.

To secure your copy fill in and return the coupon below
to J. G. Kennedy & Partners, 220 Methuen Park,
London N10. Telephone: 01-883 5533/4

To J. G. Kennedy & Partners, 222 Methuen Park,
London N0, England.

Please reserve me ...... copies of the CHEMISTRY
& INDUSTRY BUYERS® GUIDE 1972 at £1.60 each,

Name:.co..ooooiiiiinninn. Signature .................
Position held:........................... Date

CoOmPany: ...
Address: .

NOV
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Elasticity, Plasticity and
Structure of Matter

Third edition
Rdited by R. HOUWINK and H. K. DE DECKER

The science of deformation of materials, now usually called
rheology, has branched out into several new and significant areas
of rescarch in the Iast twenty-five years resultihg in a wide range
of matcrials hecoming available to the constructional engineer and
phvkicist. The thied edition of this book shows him how the
hrhnviour of materials is related to the structurc of matter, so that
he will not only be guided to a correct choice of lable mater-
juls, but will be able to develop new matcrials meeting specified
reguirements, £7.60 net

CAMBRIDGE UNIVERSITY PRESS

SOCIETY OF CHEMICAL INDUSTRY

A CENTURY OF CHEMISTRY ON TYNESIDE
18551968

by
W, A, Campbell
on behall of the Newcastle upon Tyne
Section of the Society of Chemical Industry.
Price: 50p
Price to members: 38p
Orders should be sent to:

SCI Publications,
Sndety. Publications Sales Office,

Biackhorse R
Letchworth, Mpm. Bngland Tel: 04626 5817

Advertisesment Dapartment for

GChemistry
and Industry

T. G. SCOTT AND SON LIMITED
1 Clement’s Inn, London, WC2A 2ED
Tel: 01-242 6264

Full details of rates and
circulation supplied on request

20 Novembher 1971 Chemisiry and Indssts v

pH test books
by Johnsons

A fuil range of test books packed in
clear plastic boxes of 10 is now avallable. The
range covers simple red/blue litmus types,
to the more complex Universal test

peper (pH 1 to pH 11),

Write for full details to :

JOHNSONS OF HENDON LTD
335 HENDON WAY LONDON N.W.4

PCMUis as
near as your

OUT tray

PCMU (Physico-Chemicat .
Measuremeats Uit s .
sumud to provide xhc W
ustrial chemisi—
w erever he is—with an
efficient, economical and
{ast physico-chemical
measurement service—-hy past,
The #nalytical technigues
-vmlublc in PCM U include
nfra-red spectrometry, organic
TUSS :pmmmrlry. NMR mﬂmmrlry
and Meissbuucr speciromet
POMU sanphes an imvaisable service & !&
10 the smaller reseacch or industcigl
luboratory by piving them aceess
Ily 1o the latest
techniques. Large indusinal
Iaboratories, #hho, find thus the
‘MU service provides an cconamic answer when u ‘one-off*
requirement arises of when their own facilities are overloaded
The service is comprehensive (skifled interpretalion of results is
availableif required. with .m‘c\\ |o nmu) other analytical technigues) .,

confidential . . . cconomical . .. fast.

s alo h\p\\lv conveniem w:
supply PPost Oflice approved packs
for your specimens and special order
furms frec of Charge.

Ask us for u copy of the PCMU HARWELL ANO
Prospecius. Qurs 1s 4 service you TON
should learn more aboul ALOERAMAS

PCMU HARWELL DIDCOT BERKS Abmgdon 4141, ' 4181

Wacre

MOUNS 085340
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CLASSIFIED ADVERTISEMENTS

IMPORTANT :—Unless otherwise stated, replies should be addressed to Box........
c/o T. G. Scott & Son Ltd., 1 Clement’s Inn, London WC2A 2ED.

Names of companies 1o whom replies should not be semt may be listed on a covering letter addressed to the
above agents.

CHARGES. Situations Vacant, Educational, Fellowships and Grants, etc., 50p per ifne (approximately
10 words). Minimum £2.00. Box replies 25p extra.
Situations Wanted, 40p per line (appr ly 10 words). Mini €1.50. Box replies 25p extra.

SITUATIONS VACANT

UNIVERSITY OF LONDON THE CONSERVATORS OF THE RIVER THAMES
CHAIR OF PHYSICAL CHEMISTRY AT
F PHYSICAL CHEM) DEPUTY CHIEF PURIFICATION

Im the shove Chair. Sulary not less than 14533 OFFI(ER

non wries, Applications (10 cupies) should be received
lnmhm. (( nan) n-nm »?T.'\.J \l\rff ";‘nﬁ“n"‘o".:.“...f.'.i."ﬂl'm m;::u‘gl Applications are invited for the above new appointment which
may be (550) will be based on Reading. Applicants must possess an honours
degree in chemistry and be a fcllow of the Royal Institute of

The Sennst invire applicy
# yeus plu

Chemistry. Experience of the management of river and ground-

MIDDLE LEE REGIONAL DRAINAGE SCHMEME water quality in relation 10 public water supply, effluent
- MEAD ; c disposal and other uses is desirable. No less essential will be
RYEMEADS SEWAGE BURRICATIGN WORKS: the possession of the personal qualitics neccssary 10 cnable the
STANSTEAD ABBOTTS, NR. WARE, HERTS. successful applicant to act for the Chief Purification Oflicer on
a wide varicty of purificalion management matters.
ASSISTANT CHEMIST/TRADE WASTE
‘The salary scale for the post is £4,230-4 x £174- £4926
|NSPECT°R with cssential car altuwance. Local government superannustion
required acts will be applicablc.
Swlary range £1926—£2199 Applicati ina d ‘Deputy Chicf Purifica-
unlificntions Tegroc in  Chemistry andior 1.W.P.C. Diploma (H.N.C. tion Officer” and mlrked personnl giving names and addresses
»u.ln U cunmidered), Expret ience i (rade wane contiol desirnble. of 3 persons 1o whom reference can be made musi be recerved
Applkcants must powsens u driving icence. Asixtance with housing and semoval not Iater than 3rd Docember 1971,
enpemes in suituble cunes. Superanneation Scharne,
hich is close 10 Hoddesdon, Hertx, has » well equipped luborator H. Fi
it iR atromeniaon 1l amaivin of (gt <Macont and Prowdine (hlef Firifcation Offcer,
contool fin n ireatment works,
i . chdlng Bﬂdgc Housr,
Whitien application numing two references 1o the: Reading RGLSPR,
Uenernt Manaper, Hurkow Development Corparation, Gate House, The m;n so1)

Hatlow, L

SENIOR TECHNICIAN

W A Senior Technician is required with a background of cither chemical or hanical eng ing up to

H.N.C. or H.N.D, Jevel. The work concerned will be interesting and varied and the salary paid will be
ate with age, qualifications and experience.

Please write for an application form to the Administrative Officer, at the address below, quoting reference
TCE-V.

Brooke Bond Liebig Research Centre,

Blounts Court, MONS 085341

Sonning Common,

Reading,

RG4 INZ.. .
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A2 R NOUNIE, Wit chemicnt experience, | Very varie dry
L et s e Waite. Mutet s Duchamon, 328 Kennaton Rowd, London sElL

a0l

SRR

1kIGATE GRAMMAR SCHOOL, SURREY

Wanted in January. Chemistry Technician.
Salary Grade |, 2 or 3 according to quali-
fications and experience. Three [abora-
tories. Apply to Headmaster in writing,
giving names of two referees. o

(ANT ANALYTICAL CHEMIST required fur u Public Analyst’s Luboratory,
Ve work ‘an fond: druge;

MISCELLANEOUS

l IQUID NITROGEN dcliveries from one litre to
4 five hundred litres within 24 hours of your phone
call in most parts of England, also supplied Liquid
Aigon, Solid CO and liquid Nitrogen equipment,
for hire or sale, Details from Cryoservice Lid., Mitton
Steeet, Maltby, Rotherham, Yorks. Telephone: Maltby
(070 YR1) 2205 or Burnsley (0226) 742912, (339)

20 November 1971 Chemistry and Indusiry

LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY
AND WARREN SPRING LABORATORY

Particle
“lorkshop 1972

S 7 Aprit  Introductory series of 18 lectures covering:—
Pariicle Sire Analysis :
Qutline of Particle Technology

10 14 April  Specialised topics from the ficds of:—

Powder Science

Solid-1.iguid Scparation

Solids Handling

Powder Metaliurgy

A selection can be made from over 50 lectures.

10-14 April

Course Fee £50.00
Residence  £21.00

£-7 April
Course Fee £30.00
Residence  £12.00

Fusther details from.—
Centre for Extension Studies,
Umiversity of Technology,
Toughborough, Leics., LETT 3TU.
Tel: 050-93 63171 extn 249 and 213
(853

sc ' PUBLICATIONS

Soclety of Chemical Industry,
14 Belgrave Square, London S.W.|

JUST PUBLISHED

DISPOSAL OF PLASTICS WASTE
AND LITTER - THE STAUDINGER REPORT

The very properties that make plastics so useful in
modern Society also create tremendous problems of
disposal - how can we ger rid of plastics waste and
litter?

‘What is being done, and what must be done, by the
plastics and packaging industrics and by goverpmnent
and local authorities?

100 pp, 8vo. £2 (sofr-back edn. £1)

WATER IN THE CHEMICAL AND
ALLIED INDUSTRIES - THE HEWSON
REPORT

‘Water is b ing ap i gly scarce -
how are firms trying to conserve it?

What is being done to combat scaling and corrosion?

What steps are being taken by industry to avoid
poilutiog water supplies?

185 pp, 8vo. £3

CHEMISTRY ANDINDUSTRYINTHE
1990s

How will chemicals be used to increase crop yields,
protect crops, produce synthetic foods?

Materials for clothing and shelter, haviog remained
latively h d for ies, are now changi
very rapidly. New types of power and new uses for it

are becoming vital to progress.

How will all these changes affect the environment?

In view of the pace of il ion and
change, how can industry forecast demands and plan
its production for 20 years hence?

This book brings together a fascinating collection
of expert articles an topics which concern us all.

200 pp, 410. £4 (soft-back edn. £2)

ION EXCHANGE IN THE PROCESS
INDUSTRIES

‘The huge volumes of highly purificd water used in
industry would not have been possible without piesent
ion h hoology. The Pi di of this
International Symposium cover the whole of recent

on these i

450 pp, 4to. £10

These and other interesting publications (rom:

SCI PUBLICATIONS,

CHEMICAL SOCIETY PUBL. SALES OFFICE,
BLACKHORSE ROAD, LETCHWORTHN, HERTS,
ENGLAND. Tel: 04626 5817.

MONS 085342
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Graduate
Pharmacist

Product Development

A young graduate pharmacist is required to join a
small group concerned with the development of
pharmaceutical, hiological and diagnostic products.
Some experience i a development department is
essentinl for this post which will embrace work on
W kinetics and drug i
The pharmaceutical development department has
close links with chemical, biological and analytica)
development depariments and with the busic rescarch
departments. The person appointed must be able
thercfore 10 hold his own with collcagues in develop-
ment work #nd in the manufacturing departments.
He will report 10 the Pharmaccutical Development
Manager.
The appoiniment is based at High Wycombe and a
cortain amount of (ruvel at home and overseas is
likely,
Salary will be attractive and negotiable. Company
bencfits and conditions of scrvice arc excellent.
Mease write giving bricl details of education and
cureer to:

‘The Personnel Manager,
G. D, Searke & Co, Lid.,
Lanc End Road,
High Wycombe,
Bucks,

SEARLE
Research in the Service of Mankind

N

1360)

QUEENS' COLLEGE, CAMBRIDGE

C.E.G.B. Ressarch Fellowship in Chemical Engineering
or Applied Physical Chemistry

The College invites applications for the above Research
Felinwship tenable from October 1972. The Feilowship is
1o b financed by a grant from the Ceniral Electricity Generating
Roard for rescarch in the Depariment of Chemical Engineering
on some 1opic of interest to the Board. Examples of suitable
topics are; solutc behaviour st dry-out in annular two-phase
flow, the imeraction beiween surfac friction, mass flow and
mass transport to or from the surface; chemical reactions in
porous medin coupled with diffusion under adiabatic conditions;
or relnted (opics of interest to the C.E.G.B. These examples
are indicative only.

The Fellow will be required to do up to six hours s weck
teaching for the College and will be cntitled (o commens and
rooms in College. The Fellowship stipend will be determined in
the light of lre and experience, and will be comparable with
that of a similar University post.

Applications (threc copics) should be sent to the President,
Quoens' College, Cambridge, so as o reach him not later than
st Janunry 1972, accompanied by a curriculum vitac, a statement
of the nature and duration of the proposed research, and the
names of iwo persons who arc wilfing to act as referees.

(334}

QUALITY
GONTROL
CHEMIST

A fully qualified chemist is required 10 Tl an im-
portant position, which has developed in the control
of standards of plastic products. Apphcants who
will be under 30 vears. shouid be famibai with gas
chromatography and u.v. spectroscopy techigues
and have knowledge ot Interest in measutements of
physical properties. A Univessity degree 01 s equiv
alent in chemustry. together with at least 2 years m
industry ss required. This 15 a posiion of considerable
fesponsibity and an abiltty to supervise stalf s
essential.

Thete 1s a good commencing satary Funye benchiy
conform to modern prachice.

Further informauon will be given at an interview:
Wiite quoting reference QCC'3

Administration Manager,

SMITH & NEPHEW RESEARCH LTOD.,

Gilston Park, Harlow, Essex. X

1588,

PLASTICS
ENGINEER

A Jending precivion gesr manufuciurcr with # sound reputation For high
quality machined gears has reached an advanced singe i the develnpment
of precivion gears and now needs B knowledgeadle end experienced
;ng!rmr 10 assume responsibality for the continued development of thi new

usiness.

Applicats should be qualified mechanical engincers who have specivined
in the wpplication of moulding techniques and who have wdvenced tech-
nological knowledge in this eld.

Sulary by negotiation, excellent conditions of service.

Apply in_compiete confidence ta the Compuny’s Persunnel Advisers,
John Fikes & Pariners Lid., 63 Krigbtsbridge, S {, 01235 oM.
sy

No. 530, Chemisiry & Industry,

ONDON CONSULTANT requires analyst prefersbly M.Chem A. for work
including drugs. Good prospecit fov hl\‘l'l(l"' able te accent cosponsitulity  Boy
G. Scort & Son Lid, | Clement's Inn WCIA 201,

MISCELLANEQUS

WANTED

Small 1-5 kilo stainless steel autociave. Working pressure up to
120 p.s.i. and working temperature up to zwc?, with stirrer
= Crode Chemlcais Lid. (E. S. Lowaer), Cowick Hall, Snaith,
Goole, Yorkshire DN 14 0AA,

(347)

MONS 085343
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isin the eye of the user.

Beautiful is possibly the last word
you'd use to describe BXL polyethylene
valve sacks. But from the end user's
point of view they certainfy have their
advantages.

Like appearance. You can have any
design you like printed on the pigmented
tilm. Or clear film if you prefer, so that
the contents can be inspecied and
checked with the minimum of fuss.

crE
o

And BXL valve sacks are square-ended
when they're full. So they make a very
neat package. The beauty of that is they
take up less space during transportation
and storage.

In the field of polymer packing,
fertilisers, chemicals, the self-closing
valve is particularly useful. Because the
seal is perfect all the time the sack is
closed. So there can be no fibrous
contamination of the contents.

in other words, in a BXL polyethylene
valve sack, the contents look good and
stay perfect.

Beautiful.

Qj Cl_ Bakellte Xylonite

Flmblu Pnhgmu Divisien.
Garton, near Harnsley, Yurks
tefephione 077 676 3386

085344
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