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So m ake a note in you diary – 2$3%J!"%K(L%
3"I)!2I('%IJ!&"+"!I"%M%NO01%$,D0,;9,8%PQNR

W e will let you know the v enue as soon as it is 
confi rm ed, so keep an eye on our web  pages  
100DSTT555C.60?47.4,C?8>C@UT

Much earlier this year also saw the continuing 
success of our two training courses in the “ L eading 
Y our Technical Team ”  program m e. Towards the end 
of this edition K ev in O x ley, the program m e director, 
ex plains m ore ab out the course details. W endy Mason, 
L Y TT’ s program m e adm inistrator, tells m e that we 
already hav e q uite a num b er of delegates registered 
for the nex t ones, which run in Feb ruary and March 
2016. So please do let her know as early as you can if 
you are thinking of enrolling on them . 

A lso inside this edition we hav e a new section, which 
shows you who m ake up the I ST E x ecutiv e, and what each 

of them  does. E x ecutiv e 
positions are honorary 
ones;  each m em b er giv es 
their tim e freely. 

But, we can’ t really show 
you the E x ec without also 
introducing you to one 
of our m ost im portant 
people. W endy, the “ star”  
of our I ST O ffi ce.
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I  am  pretty  
sure that you 
will enj oy  
this edition.  
I t’ s packed with 
interesting and 
v aried articles, 
news item s, and 

inform ation ab out upcom ing ev ents. My thanks, as 
always, to each and all the contrib utors to this edition 
–  please keep the articles and papers com ing in.

This sum m er has b een a v ery b usy tim e for the 
institute, for our chairm an, for our offi cers, and our 
adm inistrators - with  roadshows, vi sits, training 
ev ents, and lots of networking. Terry C roft has som e 
great news to tell you ab out in his C hairm an’ s Vie w. 
But, I  would like to single out for m y special m ention 
our I ST Technical C onference 2015, which we held 
in L eeds on the 10th of Septem b er. I t was a terrifi c 
success. W e welcom ed well ov er 160 delegates, 
had two b rilliant keynote speakers, and a b unch of 
great speakers who gav e the 12 workshop sessions.  
There were three indivi dual I ST awards, provid ed b y 
our Joh n R ob inson Fund, presented at the end of the 
conference. Ea ch award recognised an outstanding 
achiev em ent that was v ery m uch in the spirit of 
Joh n’ s generous legacy to our institute. But I ’ ll let Ben 
Palm er tell you m ore ab out how the whole day went –  
you will fi nd his article inside.

For m e, as a rather laz y chair of the conference 
com m ittee, there is no doub t that the success of our 
conference was v ery m uch down to the conference 
organising team . A  terrifi c group of innova tiv e 
thinking, hardworking, enthusiastic people, who 
gav e freely of their tim e and effort to plan, organise, 
and run the ev ent.  Their collectiv e vi sion, to put on 
a truly am b itious conference specifi cally designed 
for technical staff across all disciplines, really was 
realised. W ell done you lot.

I ’ m  delighted to b e ab le to tell you that the team  
has already b egun the planning for nex t year’ s 
conference. The date has b een set for the 15th of 
Septem b er 2016.
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I  hav e to 
start with the 
ex citing news 
that H elen 
Sharm an 
OBE has b een 
appointed 
as our new 
President. 
H elen says 
m ore in her 
new b log for 
the J ournal. 

Y ou can also fi nd a resum e of her career on our 
web site !!!"#$%&'(#')"&*+",-. H avin g worked in 
technical and m anagerial positions in m anufacturing, 
research and education she is the perfect choice for 
this prestigious and challenging role. A  unanim ous 
decision b y the Ex ecutiv e!  I  look forward to our 
working partnership through the I ST on b ehalf of our 
m em b ers and the technical com m unity at large and 
to further prom ote the profi le of the Professional 
Technician. W atch this space. 

O v er the last six  m onths the day- to- day b usiness 
has nev er slowed down and our activ ities continue to 
ex pand. O ur Board and team s continue to giv e their free 
tim e to the goals and aim s of the I ST and hav e clocked 
up ev en m ore train m iles. They hav e continued to deliv er 
workshops, sem inars as well as 1 to 1 m entoring and 
guidance. They hav e cov ered the island from  D ev on and 
C ornwall to Scotland;  all highly successful v isits.

More com panies and univ ersities hav e taken the 
opportunity to form  working partnerships with the 
I ST through our “ C orporate A ffi liation”  schem e, 
which giv es them  access to a wide range of ex perts 
and resources. Ex eter U niv ersity is one of the latest 
univ ersities to sign up to this ex cellent schem e. 
For m ore inform ation on this schem e contact  
office6istonline$or]$ua 

The sum m er ended with the A nnual I ST C onference this 
tim e hosted at the Met H otel in L eeds on Septem b er 
10th. The delegate list had to b e closed early as we had 
reached capacity ( b ut don’ t worry the 2016 v enue will 
b e ev en b igger) . I an Moulson ( C hair of the C onference 
C om m ittee)  with support from  W endy, J oan and the rest 
of the team  deliv ered a highly successful conference. 
More inform ation will b e released shortly on the 2016 
conference. So look out for the date. 
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The work of the I ST focussing on Professional 
R egistration continues apace. W orking with the G atsb y 
Foundation, Science C ouncil, H E aTE D  and other 
b odies we hav e continued to dem onstrate the m erits 
of b eing recognised as a Professional Technician, 
Specialist or Manager. O ur num b ers hav e increased 
signifi cantly as the m essage gets out there in the 
com m unity. O ur specialist team s are ready and waiting 
to answer your call and answer your q uestions either 
as an indiv idual, institution or com pany.

Wi th m ore and m ore com panies, agencies and 
institutions engaging with the N ational Professional 
R egistration Schem e the I ST has created “ specifi cally 
tailored”  working partnerships for these groups to 
provi de them  with this professional support, which 
they need to achiev e their strategic goals for their 
operations and their support staff.

I f your com pany, agency or institution wants help 
or support in professionalising their technical 
com m unity and related staff in any way then please 
contact m e directly at t$croft6istonline$or]$ua today.

I n this tim e of change and som etim es uncertainty, 
our new President, the team  and I  will b e continuing 
to work hard on your b ehalf. Particularly in all areas 
which hav e im pact on you and your colleagues as well 
as to ensure the profi le of the technical com m unity is 
continued to b e raised to dem onstrate to em ployers 
and the pub lic at large your key contrib ution not only 
to your em ployer b ut also to U K  plc. 

L ast b ut not least, please rem em b er this is 789:5
professional b ody run b y technicians for technicians 
so get inv olv ed and m ake a difference!

Wi th sincere thanks 

;)**<50*&=% 
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I  am  delighted to b e your new President. H avin g 
worked in technical and m anagerial positions in 
m anufacturing, research and education, I  am  aware 
of the vita l part that technical staff play. O n m y 
spacefl ight, I  trusted m y life to the team s of people 
who worked on m y spacecraft and rocket and I  hav e 
ex perienced va rious team  structures where technical 
staff hav e b een integral to operations.  

I  am  looking forward to working with your C hairm an  
Terry C roft and the I ST’ s com m ittees to support 
specialist, technical and m anagerial staff professionally 
and to highlight the positiv e im pact of these roles.  
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W hether it b e through professional q ualifi cations, team  
dynam ics or otherwise, I  b eliev e that technical staff 
deserv e full and proper recognition. This is im portant 
for indiv iduals and also for the profession. A s society 
relies increasingly on science and technology, we 
need technical staff m ore than ev er. The country is 
encouraging young people to pursue careers across the 
STE M disciplines and the I ST dem onstrates what great 
opportunities a technical career offers. W e know this, 
and so should ev eryone else!   

Photo credit: Thom as A ngus, I m perial C ollege photographer



!"#$%&%'&()*$+&,)
"-.&+-&$/01+-.2$/34$5,6(7)$89:;

<+.=&().>?$0@$AB&>&($C0.+)$,.>D$>D&$!"#

Ben is a m em b er 
of the I ST and is 
a technician in 
the D epartm ent 
of Materials 
Science &  
E ngineering at 
the U niv ersity 
of Sheffi eld. H e 
is cham pioning 
professional 
registration 

within his faculty, and in the wider world, as well as b eing 
an assessor for and activ e m em b er of the I ST.

Tim ’ s report 
was describ ed 
as an ex cellent 
ex am ple of 
good C PD ;  
com prehensiv e, 
thorough and 
dem onstrating 
a b road range 
of activ ity and 
engagem ent. 
Tim  is a 

R esearch Technician at D urham  U niv ersity and, after 
the award, gav e a fascinating presentation which 
included personal challenges he has faced such as 
the 300 m ile unsupported Y ukon A rctic U ltra m arathon 
and the offi ce chair world cham pionship race!

L eighton is 
a technician 
at C ardiff 
Metropolitan 
U niv ersity and 
is working hard 
to m otiv ate 
and inspire 
his technical 
colleagues 
to b ecom e 
professionally 
registered with 

the I ST. H e is also working to achiev e R egistered 
Scientist status.

L isa has recently 
b een prom oted 
to team  leader 
within the 
Faculty of 
E ngineering at 
the U niv ersity of 
Sheffi eld. She 
is passionate 
ab out prom oting 
the technician 
as a highly 

skilled indiv idual. L isa is also an activ e m em b er of the 
technical networking group ( TechN et)  at Sheffi eld.
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8en Falmer reYeiving the SYienYe 
CounYilÊs (&'+ CF: Award \or the best 
CF: submission by a Hegistered SYientist$

Jim Milliamson reYeiving the SYienYe CounYilÊs 
(&'+ CF: Award \or the best CF: submission 
by a Hegistered SYienYe JeYhniYian$

Leighton @enkins reYeiving a high 
Yommendation \rom the SYienYe CounYil 
\or his CF: submission, as a Hegistered 
SYienYe JeYhniYian$

Lisa >ollands reYeiving a high Yommendation 
\rom the SYienYe CounYil \or her CF: 
submission, as a Hegistered SYientist$

:r =ail Heeves and @onathan Cresswell reYeive the A\Óliation 
YertiÓYate on behal\ o\ their University at a reYent JeYhniYal Sta\\ 
Con\erenYe held on Yampus$

Terry C roft MBE ( I ST C hair)  was delighted to welcom e 
the U niv ersity of Ex eter as C orporate A ffi liates of the 
I ST and we look forward to working together.
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On  Ju ne 30th the work of univ ersity technicians was 
celeb rated at the inaugural 2015 H igher E ducation 
Technicians’  Sum m it (#H ET S2015)  at the Un iv ersity 
of No ttingham . 

The Sum m it recognised the achiev em ents of 
technicians –  the ‘ unsung heroes’  of U K  higher 
education –  and was held in association with the 
research and innov ation collab oration of the six  
leading Midlands univ ersities and the Science C ouncil.

ÆJ^e Iuccit is t^e first of its aind Ä celeXratin] 
#$%&'($)%*%+%,#-.&-/)00-&',1&%23%4#)-%&56&7,)*%4-)#8&
#%($,)('0&-#'669&:%&'4%&#$4)00%1&#5&$'*%&'##4'(#%1&
),-3)4'#)5,'0&-3%'/%4-&',1&#$%&-73354#&56&'&,7+;%4&
56&0%'4,%1&-5()%#)%-&',1&54<',)-'#)5,-.&'00&56&=$5+&
'4%&67008&(5++)##%1&#5&#$%&3456%--)5,'0&4%(5<,)#)5,&
56&#%($,)()',-&),&$)<$%4&%17('#)5,&',1&;%85,19>&&
- K elly V ere, C onference C hair

?%0%;4'#),<&#$%&#'0%,#&56&#%($,)()',-
The talent and ex perience of technicians were 
celeb rated via  the inaugural Papin Priz es, which were 
giv en to individ ual technicians across the Midlands 
region who hav e dem onstrated ex cellence.

Vic toria Wil son, Un iv ersity of N ottingham , was 
presented the L ifetim e A chiev em ent A ward for her 
contrib utions as a lab oratory technician. Vic toria has 
worked with Professor Sir A lec Je ffreys and m ade a 
piv otal contrib ution in the discov ery of the techniq ue 
now known as D N A  fi ngerprinting. D NA  fi ngerprinting 
rev olutionised the way in which police inv estigate 
crim e and Vic toria’ s contrib ution was recently 
portrayed in the recent I TV  dram a C ode of a K iller 
starring D avid  Threlfall, Joh n Sim m  and L ydia R ose 
Brewley, who portrayed the character of Vic toria.

@A&(',,5#&#$),/&56&',8;518&+54%&4)($08&1%-%4*),<&
56&#$)-&4%(5<,)#)5,9&B)(/8&='-&'&#%($,)()',&=)#$&+%&
#$457<$57#&#$%&CDE!-.&',1&,5#&5,08&1)1&'&6',#'-#)(&
F5;&),&/%%3),<&#$%&*%48&(5+30)('#%1&-$5=&#$'#&='-&
+8&0';54'#548&5,&#$%&45'1.&;7#&'0-5&(5,#4);7#%1&
%,54+57-08&#5&574&4%-%'4($&),)#)'008&5,&<%,%&
%*507#)5,&',1&#$%,&),#5&',1&;%85,1&#$%&=54/&#$'#&
lead to t^e first :DA fin]erprint$Ç - Sir  A lec J effreys, 
Un iv ersity of L eicester

G!CH&I)<$%4&J17('#)5,&K%($,)()',-L&M7++)#&N&4%(5<,)-),<&#$%&#'0%,#&56&#%($,)()',-

K'0/-&645+&',&'-#45,'7#.&'&0541&',1&'&/,)<$#
The consortium  attracted ov er 400 guests, who heard 
from  high- profi le keynote speakers including:

D r H elen Sharm an O BE –  fi rst Briton in space, now 
D epartm ental O perations Manager at I m perial 
C ollege L ondon.  

Professor L ord K um ar Bhattacharyya K t C BE  FR E ng 
FR S –  Professor of Manufacturing and C hairm an of the 
W arwick Manufacturing G roup, U niv ersity of W arwick, 
Trustee of the I nstitute for Pub lic Policy R esearch.

Professor Sir D av id Gr eenaway, V ice- C hancellor, 
U niv ersity of N ottingham .

These distinguished speakers focussed on b roader 
issues around technical skills and education including 
the im portance of technical skills in driv ing forward 
innov ation, and current initiativ es to ensure the future 
prov ision of technical education to young people.

@K%($,)()',-&'4%&7-7'008&#$%&7,-7,<&$%45%-&
',1&$%45),%-&56&7,)*%4-)#8&0)6%9&O54%&#$',&F7-#&
%,';0),<&34'(#)('0&0';54'#548&(0'--%-&',1&4%-%'4($.&
#%($,)()',-&'4%&#$%&<07%&=)#$57#&=$)($&$7<%&($7,/-&
56&7,)*%4-)#8&0)6%&=5701&6'00&'3'4#9&P453%408&4%(5<,)-),<&
#%($,)('0&-/)00-&',1&%,-74),<&6700&1%*%053+%,#'0&
support mill ensure universities Xenefit fullo froc t^is 
mealt^ of resource$Ç -  D r Sharm an

@K%($,)()',-&30'8&'&*)#'0&450%&),&-73354#),<&MKJO&
-7;F%(#-&),&7,)*%4-)#)%-&',1&(5,#4);7#%&%,54+57-08&
#5&4%-%'4($.&%17('#)5,&',1&57#4%'($&'(#)*)#)%-9&A&'+&
1%0)<$#%1&#5&-%%&#$'#&%17('#)5,&',1&'334%,#)(%-$)3&
53354#7,)#)%-&654&#%($,)('0&450%-&$'*%&),(4%'-%1&5*%4&
4%(%,#&8%'4-.&',1&#$)-&=)00&%,(574'<%&+54%&857,<&3%530%&
to ecXara on a tec^nical career$Ç  -  L ord Bhattacharyya 

@K$%&-7++)#&$'-&(4%'#%1&'&-%,-%&56&(5++7,)#8&
=)#$),&#$%&#%($,)('0&35509&A#&$'-&<)*%,&3%530%&#$%&
($',(%&#5&(5+%&57#.&+%%#&,%=&#%($,)()',-&',1&-%%&
#$'#&#%($,)('0&450%-&(',&;%&'&('4%%4&,5#&F7-#&'&F5;9&
A6&857&-#4)33%1&57#&#$%&#%($,)()',&=54/654(%&'#&#$%&
Q,)*%4-)#8&56&O',($%-#%4&#$%&=54/&=5701&-#539&&
K$)-&%*%,#&$'-&4%'008&;457<$#&#$%&+%--'<%&$5+%&&
t^at tec^nicians are essential$Ç  -  R achael W atkins,  
a technician at the U niv ersity of Manchester
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Back copies of our b i-a nnual J ournal pub lication 
are vie wab le online, b ut access is restricted to our 
current m em b ers only. Mem b ers can log in using their 
surnam e as the usernam e and their date of b irth 
(f orm at: yyyy-m m -d d) a s their password.

#12$%&'()*+$3*/4$!55'25
1006788.50&)+.)29&(:9'48.50;<&'()*+;6'-+./*0.&)

?\ you enperienYe any problems aYYessing the 
publiYations please YontaYt us (o\ÓYe6istonline$org$uk), 
guoting your Surname, Membership Dumber and
:ate o\ 8irth$

=(0./+2$5'->.55.&)5$?&($012$!"#$%&'()*+
W e welcom e article sub m issions from  all areas 
of pure and applied science, and all areas of 
technology, including areas such as I T, m edia, and 
the arts. W e like to cov er ex isting, historical, and new 
technological adva nces, and also unusual aspects 
of science. W e particularly want to encourage 
sub m issions from  people who want to pub lish for 
the fi rst tim e, and can offer help and assistance in 
putting a fi rst article together.

C ontact the editor: i$coulson6istonline$or]$ua
Or  the I ST offi ce: office6istonline$or]$ua

The guidelines for article sub m issions to the I ST 
J ournal are:

1. A rticle sub m ission deadlines for 2015/ 2016 are;  
• ='0'>)$2@.0.&)$.5$AB50$%'+C9 
• $"6(.):$2@.0.&)$.5$AB50$%*)'*(C9 

2. A rticles should b e sub m itted electronically in 
Microsoft W ord .doc form at with im ages sent 
separately as J PE G  fi les ( in the highest resolution 
possib le please as we m ay not b e ab le to reproduce 
low resolution im ages) . Please cross reference to 
im ages and captions in your article tex t.  
 
This is our preferred option b ut other form ats  
can som etim es b e accom m odated;  please contact 
the E ditor. 

3. Short articles: these can b e sub m itted in any 
length up to roughly 2000 words. 

4. Maj or articles: these are norm ally no longer than 
roughly 6000 words per edition, b ut please contact 
the E ditor for longer sub m issions as they can usually 
b e accom m odated across two or m ore editions. 

5. A ll accepted articles will b e edited into the I ST 
J ournal' s house- style and m ay b e corrected for 
gram m ar. Tex t layout and im ages m ay b e changed, 
altered or om itted. 

6. A ll articles m ust b e written in U K  En glish.  
( I f En glish is not your fi rst language, you should 
ask an En glish- speaking colleague to proofread 
your article.)  Poorly translated articles m ay b e 
declined b y the editors. 

7. A rticle sub m issions should b e sub m itted v ia em ail 
to office6istonline$or]$ua. Y our em ail should 
clearly state " J ournal A rticle Sub m ission"  and the 
article and im ages sent with it as separate em ail 
fi le attachm ents.

W e can prov ide sub scriptions for hard copies of our 
J ournal – rates for 2016 are as b elow, for further 
details please contact (office6istonline$or]$ua):

U K  -  £25 per year ( 2 editions per year)
EU  -  £40 per year ( 2 editions per year)
N on EU  -  £55 per year ( 2 editions per year)

DE
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Fellowship of the I nstitute is the m ost senior grade 
ava ilab le and is an indicator of a v ery high lev el 
of achiev em ent in the fi eld and an outstanding 
contrib ution to the profession.

Fellowship candidates will req uire considerab le 
ex perience gained ov er a num b er of years of 
responsib le work and b e ab le to dem onstrate im portant 
achiev em ents relating to the application of science, 
technology or m anagem ent skills. Fellows of the I nstitute 
are elected b y the E x ecutiv e on the recom m endation of 
a Fellowship Panel which com prises at least 3 Fellows of 
the I nstitute in good standing. The Fellowship Panel will 
take into consideration, in support of each application, 
q ualifi cations, professional work ex perience, length 
of serv ice, superv isory ab ility, contrib ution to the 
adv ancem ent of science and/ or technology and the 
candidate’ s com m itm ent to furthering the aim s and 
ob j ectiv es of the I ST.

I ndiv iduals m ay b e nom inated for Fellowship b y 
ex isting m em b ers of the Ex ecutiv e of the I nstitute 
or they m ay apply in their own right using the 
appropriate form  ava ilab le from  the R egistered
O ffi ce or the I ST’ s web site. The sam e criteria apply
in either case although the process differs slightly.
Gu idance inform ation in respect of the application 
process is also ava ilab le on the web site.

N ew Fellows are ex pected to contrib ute to the 
adv ancem ent of the I ST and to play a full and activ e 
role in prom oting the institute. I n their fi rst year of 
m em b ership new Fellows will also b e encouraged to 
sub m it a suitab le article for pub lication in the I ST’ s 
b iannual J ournal.

A pplication form s and guidance docum ents can b e 
downloaded at (istonline$or]$ua%cecXers^ip%fellom).
45(6778(9:;(<7=:(
;0 office6istonline$or]$ua
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W e are working hard to ensure that we provid e 
our m em b ers with the b est service that we can, 
and one of the areas that we hav e updated is our 
com m unications. There are now a num b er of ways in 
which we can stay in contact and provi de inform ation 
for our m em b ers.

E m ail -  This continues to b e our preferred m ethod for 
direct contact with our m em b ers, particularly as we hav e 
a signifi cant num b er of ov erseas colleagues for whom  
hardcopy m ailings can b e prob lem atic ( and costly) .

Ou r m ain em ail addresses are:

office6istonline$or]$ua – g eneral enq uiries

cecXers^ips6istonline$or]$ua – en q uiries 
regarding new m em b erships and renewals 

re]istrations6istonline$or]$ua – en q uiries regarding 
C Sci/ R Sci/ R SciTech registrations and renewals

I t is im portant that we hav e ev eryone’ s up- to- date 
em ail address so if yours changes please let us know.

W eb site (istonline$or]$ua) -  W e post b oth im portant 
announcem ents and general inform ation that we 
think will b e useful for our m em b ers on our web site, 
so vi sit us there on a regular b asis to see updates.

Social Media – W e use social m edia routes for q uick 
com m unications, networking and hope to encourage 
b oth m em b ers and non- m em b ers alike to engage in 
online discussions and provi de ideas and feedb ack. 
The platform s that we use are:

Twitter ( @i stonline)  -  we encourage ideas, feedb ack, 
and discussions using E%/C)*+A@

Faceb ook ( institute.of.science.and.technology)  -  
feedb ack, ideas and com m ents welcom e

L inkedI n and G oogle+  -  j oin in group discussions, 
links through to these groups ( and our Twitter account 
and Faceb ook page)  are av ailab le on our web site.
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Mem b ership of the I nstitute is open to specialist, 
technical, and m anagerial staff in a b road range of 
env ironm ents such as science, engineering, industry, 
local authorities, schools, FE , H E , research/ analytical/
health facilities, gov ernm ent departm ents, and m any 
m ore in the U K  and ov erseas. There are fi v e grades of 
m em b ership in the I nstitute. A n applicant does not 
initially apply for a specifi c grade of m em b ership, the 
grade offered b y the I nstitute b eing dependent upon 
the q ualifi cations and ex perience of the applicant.

314*5($)6
To help us m aintain, b uild and ex pand the ( I ST)  
com m unity.

I ST can help b y supporting and dev eloping your:
•  career and interests
•  professional standing
•  knowledge and skills
•  network of contacts

7(8.'1.,*9.*%&)*/.*&*:($%.*'(*/.*1.&,;*&);*
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A pplication for m em b ership at J unior, A ffi liate, 
A ssociate and Mem b er grades can b e m ade b y 
em ail or b y post to the I ST offi ce using the standard 
application form  which is av ailab le for download 
(^ttp0%%istonline$or]$ua%cecXers^ip%). The form  m ust 
b e accom panied b y a copy of each relev ant certifi cate, 
diplom a etc. ( scanned copies sent electronically are 
accepted) .  C om pleted applications should b e em ailed 
through to cecXers^ips6istonline$or]$ua or posted 
to our Sheffi eld O ffi ce.

Mem b ership A pplication N otes for those applying for 
m em b ership are ava ilab le  
(^ttp0%%istonline$or]$ua%cecXers^ip%)$

W hen an application has b een accepted, the applicant 
will b e notifi ed of the grade offered, at which tim e a 
full sub scription paym ent will b e req uired ( within one 
m onth of notifi cation) . A fter the sub scription has b een 
receiv ed the new m em b er’ s nam e will b e added to the 
R egister of Mem b ers and a C ertifi cate and m em b er’ s 
card will b e sent. Following entry on the R egister 
m em b ers are entitled to the designated post- nom inal 
letters relev ant to their grade.

2.-/.,01$"*+..0*&,.=
•  J unior: £5
•  A ffi liate: £20
•  A ssociate: £35
•  Mem b er: £45
•  Fellow: £ 58

* R etired or unem ployed m em b ers can claim  a 
reduction of 50%  off the norm al rate 

Previ ous m em b ers whose m em b ership m ay hav e 
lapsed can apply for reinstatem ent b y com pleting 
and returning a Mem b ership R einstatem ent Form  to 
cecXers^ips6istonline$or]$ua
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The I nstitute of Science and Technology has b een 
supporting specialists with the technical skills that 
the world’ s econom y needs for m ore than
66 years. W e represent all sorts of technicians, 
ex perts, and m anagers wherev er they work: from  
science lab s and engineering facilities to recording 
studios and I T departm ents.

A s technology continues to dev elop at a trem endous 
pace, the I ST is there to help technicians b e the b est 
they can b e. W e encourage our m em b ers to further 
their careers b y pursuing professional and personal 
dev elopm ent, and b y attaining a professional status that 
recognises the v alue of their ex perience and ex pertise.

I n that way, we are always thinking ab out the future 
for our m em b ers and the organisations they work for. 
I t is our m ission to ensure that industry, b usiness, 
research, schools, colleges, and univ ersities hav e the 
staff they need to keep up with constant adva nces in 
science and technology.

C entral to this is the I ST’ s b elief that technicians 
deserv e form al recognition for the work that they do, 
the ex perience they’ v e racked up and the ex pertise 
they hav e to share. W e know that our m em b ers are 
skilled professionals, and now we can giv e them  
offi cial accreditation as a C hartered Scientist (C Sci) , 
R egistered Scientist (R Sci) , R egistered Science 
Technician (R SciTech) or  R egistered Practicioner 
(M I ScT(R eg) or  FI ScT(R eg) )  to prov e it.

By registering, technicians are prom oting the 
professional standing of them selv es and their 
colleagues. They are showing that they are m aking a 
v ital contrib ution in their fi elds and achiev ing a status 
that m akes them  a key asset for the long- term .

W e are working hard to b ring technicians from  all 
disciplines into our international com m unity of 
specialists. Ou r m em b ers work across a wide range 
of fi elds, which giv es each of them  the chance to 
m ake contacts across b usiness, industry, research, 
and education, and address the challenges these 
areas face together.

There is advice a nd guidance av ailab le for m em b ers 
(p articularly new or young ones)  th rough the 

I ST’ s Mentoring Support N etwork. O ur work with 
organisations such as H Ea TED  and unionlearn, 
prom otes the professional dev elopm ent of 
technicians in all areas. Together, we are ensuring 
technicians get the support and opportunities they 
need to achiev e their potential.

W e know how im portant it is for technicians to b e 
ab le to dev elop their skills and hav e their ex pertise 
recognised. W e know too, as we look to the future, that 
m any m ore highly skilled technicians are needed.  
That’ s why the I ST has dedicated itself to continuing to 
raise the status of specialist, technical and m anagerial 
staff and to continue to support their progression.

-"'%./-%01%#2%+)3#201#$0+2%),2%*4%$'5"2050#21%
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The num b er of skilled technicians j oining the I ST’ s 
registration schem e is growing fast. That’ s b ecause 
m ore and m ore of our m em b ers are discov ering the 
great b enefi ts and opportunities that professional 
recognition can b ring.

The I ST is one of the Science C ouncil’ s L icenced 
Bodies and can now award C hartered Scientist 
( C Sci) , R egistered Scientist ( R Sci)  or R egistered 
Science Technician ( R SciTech)  status to ex perienced 
technicians.

To register, you sim ply need to show that you hav e, 
and use, the skills that q ualify for professional status, 
while always continuing with your professional 
dev elopm ent. A  full ex planation of what you need to 
do to get registered status can b e found on the I ST 
web site: 01$+2802'7+)37,9:;)+6'110+2#8<)'301$)#$0+2

I n addition, the I ST is running workshops in different 
organisations to ex plain the application process 
in m ore detail. I f you are interested in one of these 
workshops, and there is enough interest where you 
work, em ail office6istonline$or]$ua

Y ou can also m eet som e of the people who hav e 
registered so far b y vi siting our web site:%01$+2802'7
+)37,9:;)+6'110+2#8<)'301$)#$0+2:5#1'<1$,=0'1

K ingfi sher H ouse, 90 R ockingham  Street  
Sheffi eld S1 4EB

T: 0114 276 3197
F: 0114 272 6354

E:  offi ce@i stonline.org.uk
W:  www.istonline.org.uk

>?
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Not orking in cience or  
cience echnology?

IST Registered Practitioners

 

Registered Practitioner

Since 1987, the Institute of Science & Technology has operated a Register of 

The Institute of Science and Technology is uniquely an 

organisation run by technicians for technicians. We 

support these incredibly important staff in all areas, 

As the professional body for specialist, technical 

and managerial staff, we are actively involved in 

the professional recognition of technical staff in 

education, research, government, and industry. It is 

our view that our Registration Schemes are essential 

to establish your professional standing, acknowledge 

your expertise and to enhance your career prospects.

Technicians and technologists working in non-science 

Registers but the IST recognises the exceptional work 

that technicians and technologists working in non-

our members with a means to endorse their status 

and to enable them to demonstrate transferable 

skills, up-to-date professional competence, and 

continuing professional development. We do this 

through our  and by 

the designation of MIScT(Reg) or FIScT(Reg) status to 

members who meet the criteria.

Registered Practitioners must have attained a high 

knowledge of modern technology to enable them to 

Criteria for Registration include:

Technology

also satisfy the requirements)

area

*

and length)

Importantly, there is also a route for mature applicants 

who have achieved a high standard of professional 

competence but who may not have the formal 

Registration is renewed each year with evidence of 

Professional and Personal Development. There is a 

fee for admission to the Register and a nominal annual 

renewal fee.

* The IST CPD award can be used to demonstrate CPD activity for 

registration scheme competencies. Individuals automatically 

become members of the IST, and although the IST CPD award 

demonstrate work based experience and learning. 
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T15385 Mrs O A  E kundayo MI ScT

T15386 Mr T Er iam iatoe MI ScT

T15387 D r J J Bom phrey MI ScT

T15388 Mr A  Or chard  MI ScT

T15389 Mr E E I m ade MI ScT

T15390 Mr I  W alker MI ScT

T15391 Mrs J  C  Fenton MI ScT

T15392 Mrs S M C ordon MI ScT

T15393 Mrs M R  K illion MI ScT

T15394 Mr F O I m asekhom wan A ssocI ScT

T15395 Mr S O A gb ua MI ScT

T15396 Mr D  I  Or onsaye MI ScT

T15397 Mr O S Om onuwa A ssocI ScT

T15398 Mr A  C  H ooper A ssocI ScT

T15399 Mr N P  I gieb or MI ScT

T15400 Miss E S K adiri A ssocI ScT

T15401 Mr A  K  A z iegb e A ssocI ScT

T15402 Mr J Om ob ude-I diado A ssocI ScT

T15403 Miss  E J Ba rtkowska MI ScT

T15404 Mr S P Fletcher MI ScT

T15405 Mrs J  C oaker  MI ScT

T15406 Miss L  Gr egory MI ScT

T15407 Mr A  E  Eg uav oen A ssocI ScT

T15408 Miss V  C ottam  A ssocI ScT

T15409 Mr J A li  MI ScT

T15410 Mr O A  A yodele MI ScT

T15411 Mr S A  Mason MI ScT

T15412 Miss G Nw aez e A ssocI ScT

T15413 Miss L  J H unt  MI ScT

T15414 Mr S H ale MI ScT

T15415 Mrs F O Em erib e A ssocI ScT

T15416 Ms P H epplewhite  MI ScT

T15417 Mr I  C  R aycraft  MI ScT

T15418 Miss A  T Oigb ochie A ssocI ScT

T15419 Mrs F M Op eseitan MI ScT

T15420 Mrs A  I  O m osigho A ssocI ScT

T15421 Mr R  S Moss   MI ScT

T15422 Mr E D einne MI ScT

T15423 Mr M P Martin MI ScT

T15424 Mrs B Mangnall  MI ScT

T15425 Mr E R  L  Gu nard MI ScT

T15426 Mr A  J L um b y MI ScT

T15427 Miss K  L  Nic holson MI ScT

T15428 Mr L  W alker MI ScT

T15429 Mr J N R ustidge MI ScT

T15430 Mr C  C arpenter MI ScT

T15431 Mr S O Ogb onnaya A ssocI ScT

T15432 Mr C  M H aaga MI ScT

T15433 Mrs M Millin MI ScT

T15434 D r L  Potiphar MI ScT

T15435 Mr A  Nu m an A ssocI ScT

T15436 Mr F S A kinb oro MI ScT

T15437 Mrs R  O Ot ori A ssocI ScT

T15438 Mr I  E Nn odim  MI ScT

T15439 Miss N El lis  MI ScT

T15440 D r R  Wh alley MI ScT

T15441 Mr A  Wigl ey  MI ScT

T15442 Miss L  Farrell  MI ScT

T15443 Mr Ekh aguosa MI ScT

T15444 Miss Utim  MI ScT

T15445 D r C  J Wh ittington  FI ScT

T15446 Mr B E R ush  MI ScT

T15447 Mr J O I ham a A ssocI ScT

T15448 Mr H  McFarlane MI ScT

T15449 Mrs S L  Ga lloway MI ScT

T15450 Mr A  Brandwood MI ScT

T15451 D r. G A kien MI ScT

T15452 D r J C rosse  MI ScT

T15453 D r M H odges  MI ScT

T15454 Mrs M D  Bates MI ScT

T15455 D r A  C  R yan  MI ScT

T15456 Mr T S Gr egson MI ScT

T15457 D r V  V  K arloukovski  MI ScT

T15458 Mr J Sellwood MI ScT

T15459 Ms V  E Eff a MI ScT

T15460 D r J A ndre  MI ScT

T15461 Mr D  L  L ath MI ScT

T15462 Mrs M Biskupska MI ScT

T15463 D r A  K night  MI ScT

T15464 D r J V  Baum   MI ScT

T15465 Mr P C  Pickstock MI ScT

T15466 Ms M H arrison MI ScT

T15467 Mr D  A ndrew MI ScT

T15468 Mrs C  Gr ainger-Bou ltb y MI ScT

T15469 D r E M  Fitz charles  MI ScT

T15470 Mrs J D oub ell MI ScT

T15471 Mr T L  Na pier  MI ScT

T15472 Mrs R  A  A dedokun MI ScT

T15473 D r G Niv en  MI ScT

T15474 Mr P R  N ott MI ScT

T15475 Miss K  McL aughlin MI ScT

T15476 Mr C  E Ju ry MI ScT
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T14940 Miss J A  Porter R SciTech

T15128 Mr R  Markwell R SciTech

T15320 Mr O D  McI ntosh R SciTech

T15371 Mr L  J M oore R SciTech

T15388 Mr A  Or chard R SciTech

T15439 Miss N El lis R SciTech

T15441 Mr A  Wigl ey R SciTech

T14917 Mr S M H aynes R Sci

T14948 Mr G J Nic holson R Sci

T14964 Mr G Bl unt R Sci

T15106 Ms F J W right R Sci

T15194 Mr A  Patrick R Sci

T15260 Miss K  Ok urowska R Sci

T15277 D r R  H  M C ornock R Sci

T15296 D r Moorehead R Sci

T15361 Mr G M ehton R Sci

T15375 Miss K  M L is R Sci

T15376 Mr A  Townshend R Sci

T15403 Miss  E J Ba rtkowska R Sci

T15405 Mrs J C oaker R Sci

T15409 Mr J A li R Sci

T15413 Miss L  J H unt R Sci

T15416 Ms P H epplewhite R Sci

T15417 Mr I  C  R aycraft R Sci

T15421 Mr R  S Moss BSc R Sci

T15424 Mrs B Mangnall R Sci

T15442 Miss L  Farrell R Sci

T15468 Mrs C  Gr ainger-Bou ltb y R Sci

T15471 Mr T L  Na pier R Sci

T15491 Mr P R  C ooling R Sci

T15510 Mr T Booth R Sci

T14838 Mr S Miah C Sci

T15246 Mr G J P assm ore C Sci

T15283 Mr A  C hakrava rtty C Sci

T15324 D r K  Seunarine C Sci

T15337 D r B T J D yer C Sci

T15359 Ms V  S A ffl eck C Sci

T15414 Mr S H ale C Sci
&
7(.0*8&9:

T15477 Mr D  A  A ffram MI ScT

T15478 Mrs H  Blagb rough MI ScT

T15479 Mrs H  Murden MI ScT

T15480 Mr M J A  Ox ford MI ScT

T15481 Mr C  E Nw agb ara MI ScT

T15482 Mr K  W ah-M oon H o MI ScT

T15483 Mr M I  McI ntosh MI ScT

T15484 D r A  J C allaway   MI ScT

T15485 Mr D  Fox  MI ScT

T15486 Mr C  J Gel auf MI ScT

T15487 Mr F Egb eob awaye MI ScT

T15488 D r C  E M  Stev enson  MI ScT

T15489 D r T H  Bishop  MI ScT

T15490 Mr D  H  Peet MI ScT

T15491 Mr P R  C ooling  MI ScT

T15492 Mrs S J W ellington MI ScT

T15493 Miss E Sm art MI ScT

T15494 Mr A  D  Parsons MI ScT

T15495 D r E Sa rgent  MI ScT

T15496 Mr N G Od edare MI ScT

T15497 Miss N J Nic holson MI ScT

T15498 Mr F Bayer MI ScT

T15499 Mr K  A  Gor ringe MI ScT

T15500 Mrs B Frater MI ScT

T15501 Ms S L 'A m ie MI ScT

T15502 Ms C  C am pb ell A ssocI ScT

T15503 Mrs D  K  H urst MI ScT

T15505 Mrs H  J Qu irk MI ScT

T15506 Mrs K  Thom son A ssocI ScT

T15507 Mr A  Wil son MI ScT

T15508 Mrs K eat MI ScT

T15509 Mr D  R  C allaghan MI ScT

T15510 Mr T Booth  MI ScT

T15511 Mr M A  Foster MI ScT

T15512 Mr D  C  C hilton MI ScT

T15513 Ms M K ing MI ScT

T15514 D r C  V  Manvil le MI ScT

T15515 Mr S R  Jon dhale MI ScT

T15516 Ms R  M A ustin MI ScT

T15517 Mr C  L loyd MI ScT

T15518 Miss W A  Thom as MI ScT

7(.0*8&;99
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On  the 10th 
of Septem b er 
the I ST was 
delighted 
to welcom e 
the return 
of its annual 
conference 
aim ed at 
technical staff 
across all 
disciplines.  

O v er 160 delegates descended upon the Met H otel 
in L eeds for an enj oyab le and inform ativ e day of 
workshops and talks, not to m ention a great opportunity 
for networking with other like- m inded technicians!

A fter initial registration 
and refreshm ents the 
day opened with Terry 
C roft, C hairm an of the 
I ST, welcom ing the 
delegates and outlining 
the key role the I ST 
plays as the v oice for 
technicians across a 
wide range of sectors, 
b oth within higher 
education and industry. 
Terry em phasised the 
im portant initiativ es 
that the I ST are currently 
inv olv ed with, such as the C atalyst Proj ect, which 
aim s to b olster technical career structures and lead 
to an understanding of future technical needs in 
H E . The m orning’ s keynote talk was then deliv ered 
to a full auditorium  b y Professor V anessa Toulm in, 
D irector of the Na tional Fairground A rchiv e and H ead 
of C ultural En gagem ent at the Un iv ersity of Sheffi eld. 
V anessa deliv ered an enthralling talk regarding 
the im portance of technical support in deliv ering 
successful pub lic engagem ents, givin g ex am ples 
from  sev eral pub lic ev ents, such as the Festiva l of 
the Mind. The success of these ev ents certainly 
wouldn’ t hav e happened without key technical staff, 

often operating in the b ackground, working hard and 
utilising their technical prowess to deliv er engaging 
and fun ev ents for the pub lic.

The conference’ s packed program m e included 2 
highly m otiva tional talks from  keynote speakers, plus 
3 technical workshops ( chosen from  the 12 ava ilab le)  
throughout the day.

D elegates had the choice to attend workshop sessions 
cov ering a wide range of topics. This b road spectrum  
of topics, all relev ant to the technical com m unity, 
seem ed to hav e great appeal to the div erse and v aried 
technical audience. I  know that the I ST was ex trem ely 
delighted to welcom e the presenters of this year’ s 
conference workshops. They were all from  a v ery wide 
range of b ackgrounds, and had kindly giv en their 
v aluab le tim e to lead the workshops.

The opening session saw workshops b eing deliv ered 
concerning: understanding chem ical lab elling and 
data sheets led b y Philippa N ob b s, approaches on how 
to effectiv ely plan your technical career b y N atalie 
K ennerley and K ev in O x ley, how to apply for the Science 
C ouncil’ s technical registration schem e presented 
b y Michelle J ackson and K rystena C allaghan, and 
a presentation regarding 3D  printing and the future 
of additiv e layer m anufacturing b y J am es H unt of 
the Mercury C entre. A ll the workshops were well 
sub scrib ed and warm ly receiv ed b y the delegates.

Following refreshm ents a second suite of workshops 
b egan in earnest. A gain, a div erse range of topics were 
on offer to appeal to the wide m em b ership of the I ST. 

A \ull main hall \or the start o\ the (&'+ 
?SJ Con\erenYe

Hegistration Å over ',& delegates registered \or the day

Fro\essor Lanessa Joulmin 
delivers the morningÊs key 
note talk ÇAll you have to do 
is turn up # the importanYe o\ 
teYhniYal support in publiY 
engagementÈ
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Presentations 
included a talk 
on counter 
terrorism  b y 
N eil W indle, 
from  W est 
Y orkshire 
Police. N eil 
led a gripping 
discussion 
ab out the 
current state 
of affairs 

regarding the terrorist threat in the U K  and also 
what positiv e actions can b e taken in the workplace 
to m itigate any potential threats. O ther workshops 
included how to dev elop a taught course in your area 
of ex pertise in order to generate incom e, presented 
b y N atalie K ennerley, food technology and how 
fl av ours are created b y G eoff Passm ore, and fi nally 
a presentation b y D r R achel C rossley and Sue C hurm  
from  H E aTE D  detailing how the organisation supports 
the professional dev elopm ent of technical staff. 

Deil Mindle, Counter Jerrorism SeYurity 
Advisor # Mest Oorkshire FoliYe, delivering 
his workshop

HaYhel Crossley and Sue 
Churn presenting their 
workshop ÇSupporting the 
pro\essional development o\ 
teYhniYal sta\\È

Datalie Aennerley presenting 
her workshop on how to 
develop a taught Yourse

L unch soon followed and as well as key tim e 
of networking, this allowed tim e to peruse the 
posters that had b een b rought along b y som e of the 
delegates which were later to b e sub j ect to a poster 
com petition and the chance to win an I Pad Mini!  
The food hall was b ustling with activity  as people 
discussed the ev ents of the day so far and also took 
the opportunity to visit th e suppliers’  ex hib ition and 
speak directly with representativ es from  com panies, 
including Maz urek O ptical Services , Therm o 
Scientifi c, H Ea TED , SL S and Sarstedt. C om m ents 
from  other delegates so far regarding the conference 
were positiv e, with m any people stating how good it 
was to b e ab le to com e away from  the workplace for 
the day and b e ab le to chat to so m any other like-
m inded individ uals.

A fter a satisfying lunch the second keynote of 
the day was deliv ered b y R oger D ainty MBE , U K  
Managing D irector of Future H ealth Technologies 
L td. R oger gav e a gripping account of his career 
history and rise through the ranks from  working as a 
m olecular b iology technician to leading the largest 
stem  cell repositories in the U K . R oger highlighted 
how technicians in academ ia can often pigeon hole 
them selv es into thinking the transition to industry 
would b e diffi cult, whereas q uite the opposite is 
often the case giv en the wide ranging skill sets that 
m any technicians in academ ia do possess. I t was 
pleasing to hear ab out what a success R oger had 
m ade of his career and the strength of his b usiness, 
and also to hear of real world ex am ples of successful 
treatm ents utilising stem  cells.  

ÆJ^e mide ran]e of moras^ops included specific 
!"#$$#%&$'$()*+$,-%.$../),.%".%0$((%".%+)#$%
1$,$#"(%/,-$#$.-%.$../),.%),%.234$!-.%)5%/,-$#$.-%
-)%-6$%-$!6,/!"(%!)++2,/-78%+$",/,1%-6$#$%0".%
.)+$-6/,1%5)#%$'$#7),$9%:%5)2,&%-6$%.$../),%),%
;<%*#/,-/,1%*"#-/!2("#(7%/,-$#$.-/,18%",&%"%1#$"-%
)**)#-2,/-7%-)%($"#,%"3)2-%-6/.%$=!/-/,1%/,,)'"-/),%
froc an enpert in t^e field$ 8ot^ aeonote speaaers 
1"'$%-6)216-%*#)')>/,1%*#$.$,-"-/),.%-6"-%6"&%"%
3#)"&%"**$"(8%",&%-6$%!),5$#$,!$%"(.)%*#)'/&$&%
-6$%)**)#-2,/-7%-)%,$-0)#>%0/-6%!)(($"12$.%5#)+%
ot^er institutionsÇ-  J ennifer L outh, Technician at 
the U niv ersity of Sheffi eld
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!"#$%&'()$*+($,-./.'0)102$#('10334%55(30.163$789:
Stephen Burgess, U niv ersity of L eeds
The I ST award for “ O utstanding trainee or apprentice”  
acknowledges the ex ceptional and m uch v alued 
contrib ution that Stephen, as a newly- trained 

technician, has b rought 
to the technical 
workforce where he 
works. I t recognises his 
com m itm ent, dedication, 
and perform ance in his 
work for the School of 
Ea rth & En vi ronm ent 
I nstrum ent W orkshop. 

!"#$%&'()$*+($;3/.$<+0*3(3063$=+/.3($=(3/30.'.1+0$789:$
Michelle K ing, British A ntarctic Surv ey
The I ST A ward for “ Best Poster Presentation”  

recognises the m ost 
outstanding poster 
presented during the 
I ST C onference 2015. 
Michelle’ s poster “ L ife 
in the freez er, Bub b les 
Boulders &  Beasties”  
won for its clarity of the 
sub m itted m aterial, 
nov elty, and v isual im pact.

The whole conference had b een an engaging and 
thoroughly enj oyab le day, an ex cellent opportunity to 
network with other like- m inded technicians, with a wide 
range of interesting and inform ativ e workshops and 
talks. I ’ m  really looking forward to nex t year’ s conference!
 
#>'0?/$.+$.>3$/5+0/+(/$+*$#>3$!"#@/$#36>016'A$
<+0*3(3063$789:

BC'D1)@/$&+(?/>+5$+0$5(+)-6102$A3'(0102$E3)1'$
&'/$&3AA$5(3/30.3)F$'0)$*-AA$+*$5('6.16'A$.15/$.>'.$
&1AA$G3$D3(H$-/3*-AI$#>3$6+0*3(3063$'/$'$&>+A3$&'/$
mell or]anised and en`ooaXle$Ç - Be v erley L ane, 
D epartm ental Safety Offi cer at the Un iv ersity of 
Sheffi eld 

 
The fi nal set of workshops of the day included 
presentations from  Tim  D ennet of the En vir onm ent 
A gency regarding q uality assurance and 
guidelines, three m ini workshops concerning 
lab oratory awareness b y representativ es from  
Therm o Scientifi c, a talk b y D r Ja ne Blunt, Safety 
Offi cer at the C av endish L ab oratory, ab out how 
to correctly select the appropriate glov es and 
respirators for handling chem icals, and a workshop 
b y D avid  L uckhurst, Technician at the U niv ersity 
of W olv erham pton, ab out how to fi lm  and create 
teaching m edia for others. D avi d describ ed the 
process taken to successfully create teaching m edia, 
particularly in the lab oratory, as well as what specifi c 
hardware and software m ay b e req uired.  

Following the fi nal workshop sessions delegates 
congregated in the conference auditorium  for Terry’ s 
closing rem arks. H e thanked all those who had b een 
inv olv ed with the conference and also outlined the 
I ST’ s plans for an ev en larger conference nex t year so 
watch this space!   

Finally, N ate A dam s, who 
started his career from  
a technical b ackground 
to b ecom e a univ ersity 
researcher and a TV  
presenter, announced the 
three separate I ST A wards. 
E ach award winner 
receiv ed a certifi cate and 
an I Pad Mini. 
 
The three awards were prov ided b y the I ST’ s J ohn 
R ob inson Fund, for recognising achiev em ents v ery m uch 
in the spirit of J ohn’ s generous legacy to our institute.

!"#$%&'()$*+($,-./.'0)102$<+0.(1G-.1+0$789:
Ja m es Trout, En vir onm ent A gency
The I ST A ward for “ Ou tstanding C ontrib ution”  

acknowledges the 
ex ceptional contrib ution 
that J am es has m ade 
to his workplace, 
sector, the technical 
com m unity, and the 
I ST, and recognises his 
effort and dedication 
to professional 
dev elopm ent initiativ es.

Date announYes the ?SJ 
Award winners

@ames aYYepting his award 
\rom Jerry Cro\t, ?SJ Chairman

MiYhelle reYeiving her award 
\rom Jerry Cro\t, ?SJ Chairman

Stephen aYYepting his award 
\rom Jerry Cro\t, ?SJ Chairman

�<or over +& years, Sarstedt has been one o\ the worldÊs 
leading providers o\ laboratory and mediYal eguipment$ Me 
develop, manu\aYture and distribute Yonsumables in the Óeld 
o\ mediYine and researYh$ Eur Yompany is well known \or É>igh 
guality, >igh#per\ormanYe and Made in =ermanyÊ produYts and 
an unYompromising Yommitment to Yustomer reguirements�
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I n nearly a century and 
a half, Wi lliam  W atkins 
was inv olv ed in the 
enterprise for only a 
year or two. Y et his story 
is, I  b eliev e, worthy of 
telling at length ( and we 
share the sam e date of 
b irth, 99 years apart) . 
H e operated in a world 
where rich V ictorians 
spent v ast sum s on 

b uilding up collections of b utterfl ies and m oths. 
I t was an ob session that Wi lliam  W atkins shared. 
H e com prom ised his health b y j oining a regim ent 
destined for I ndia where cholera and other tropical 
diseases affl icted the troops, and as a result was 
discharged as unfi t for duty, dying at the age of 51 
after sev eral b outs of illness. H is death seem s to 
hav e unhinged his daughter who sub seq uently spent 
a num b er of years in lunatic asylum s.

A rthur D oncaster ran the fi rm  for 46 years. D eaf 
from  b irth, he m anaged dialogue with custom ers b y 
m eans of a slate and chalk. The D oncasters were an 
infl uential b usiness- owning Q uaker fam ily, related 
to the R owntrees of chocolate fam e. A rthur' s b rother 
Sam uel was also a keen lepidopterist, although 
he confi ned this to a hob b y. Sam uel’ s son L eonard 
b ecam e a professor of z oology. 

!"#$%&'#
A  fondly 
rem em b ered 
C hristm as 
present from  
childhood is 
Jhe :umpy 
8ook o\ Morld 
Dature, still in 
m y possession 
ov er fi fty years 
later. Browsing 
chapter thirty 

on the sub j ect of b utterfl ies and m oths ( lepidoptera)  
inspired m e to contem plate studying insects and 
so I  acq uired a W atkins & D oncaster catalogue, 
price one shilling. A  chance conv ersation with a 
b usiness acq uaintance in m uch m ore recent tim es 
rev ealed that his com pany was sharing a b uilding 
in K ent with none other than W atkins & D oncaster. I  
m entally tagged the little green catalogue for further 
consideration. A fter the passage of a few m ore years, 
or possib ly longer, it is the inspiration for this article.

()*"+,-.*/+)
The nice thing ab out the fi rm  of W atkins and D oncaster 
is this: throughout its history it has b een run b y people 
whose interest, passion and b usiness activ ities were one 
and the sam e. I t has also surv iv ed for approx im ately 140 
years. L ocations hav e v aried b ut the nam e has endured 
as a trib ute to the reputation that b egan with the original 
partnership of W illiam  W atkins and A rthur D oncaster.

0$*1/)23435+).$2*#"633
*7#3)$*-"$'/2*23
8'$)39$''63(:;38".7/</2*

English Swallowtail, used as the basis \or the Matkins � :onYaster 
logo (Yourtesy o\ Hobert =oodden, Morldwide 8utterÔies) Catalogue Yovers (Yourtesy o\ Amy Mells, Matkins � :onYaster)

Mell#worn, the '/+- edition o\ Jhe :umpy 
8ook o\ Morld Dature

Matkins � :onYaster 
Yatalogue aYguired by the 
author Y$ '/,&
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From  1925 to 1940, W atkins and D oncaster operated 
under A rthur's on e-tim e assistant, Frederic Metté . 
I t has b een said that during this period the b usiness 
declined. I f Frederic lacked com m ercial acum en, 
he was j ust as keen on natural history as his 
predecessors. A fter his death, howev er, there was 
ab out a year when the fi rm  was " rudderless"  b ecause 
Frederic’ s son had b een called up to j oin the forces.

I n the paraphrased words of W inston C hurchill, another 
b utterfl y lov er, this was not the b eginning of the end 
b ut the end of the b eginning. C ontrol passed to R ichard 
Ford. U nder the Fords, the stuffed anim als, eggs and 
insects m ov ed from  the original site at 36 Strand, 
L ondon, to W elling, then Four Throws in K ent and fi nally 
to G olderfi eld, in H erefordshire. D uring that tim e, three 
successiv e generations of the fam ily held the reins. 
R ob in Ford j oined his father R ichard straight from  
school. L ater, R ob in’ s wife J ulia b ecam e a partner. A lm ost 
three- q uarters of a century after R ichard Ford took ov er 
the ailing naturalists, W atkins and D oncaster is still 
functioning, now in the hands of his granddaughter A m y.

Fart 10 Milliac Matains" �J^e 8utterÓo Ain]�
$$$ he is happy in the en`oyment o\ remarkable health and 
vigour$ ?n \aYt, he is something o\ a >erYules in build$
(A n intervie w with Wil liam  W atkins, !"#$%&'()*+
,"-*$$*, 30 May 1894. )

A ppearances can b e deceptiv e. The reporter who 
enthusiastically penned 
the ab ov e was no doub t 
unaware of W illiam ' s 
long- standing heart 
disease, and generous 
in his description of a 
stature that m easured 
less than fi v e and a half 
feet. W ithin six  years of 
the interv iew, newspapers 
declared: “ The Butterfl y 
K ing is dead” .

 
The son of C ornelius D avi d W atkins, Wil liam  was 
b orn 8 M ay 1849 a t the Gol den H orse on A ldersgate 
Street, L ondon. C ornelius’ s father, H arry, ran the 
pub  and C ornelius m ov ed on to b ecom e licensee 
of the “ Man L oaded with Mischief”  at 414 Ox ford 
Street.1 The !"#$%&'()*+,"-*$$* spoke of Wi lliam ’ s 
“ W elsh ex traction” . I f true, this m ust hav e b een from  
ancestors further b ack than his grandparents.

A round the age of nine, W illiam  W atkins attended 
E b enez er L odge, a b oarding school in the v illage of 
L ingfi eld, ab out 3 m iles north of E ast G rinstead, Surrey. 
There, his growing infatuation with collecting receiv ed 
a b oost from  the proprietor of the school, L em uel 
A llingham  W estcott. W estcott had studied b otany and 
encouraged young W illiam  in studying natural history.

Milliam Matkins as shown in 
$.*+!"#$%&'()*+,"-*$$*/++
)& May './*

Wi lliam ' s parents persuaded him  to take up a 
position at the L ondon ship and insurance b rokers 
C heeswright & Miskin as an articled clerk. This tim e 
there was ev en m ore incentiv e to continue with a 
" hob b y"  that soon b ecam e a consum ing passion. 
Stim ulation now cam e from  one of the partners, 
Wi lliam  Thom as Miskin, him self an avi d collector. 

O n the 27 A pril 1866,  Wi lliam  captured a Dotodonta 
Yarmelita m oth at W est Wi ckham . H e was particularly 
proud of this and wrote to Jhe Entomologist: “ I  had 
the pleasure of taking a fi ne fem ale specim en of 
this rare insect off the Bishop’ s Fence; 2 it had only 
j ust em erged from  the pupa, as the wings were not 
dry. I  took it at ex actly 8 A .M.”  Twenty- eight years 
later he still rem em b ered that day and elab orated 

for the Ea stb ourne 
Ga z ette’ s reporter: “ A n 
old collector was an hour 
later, and v ery m uch 
regretted that he did not 
get the Yarmelita, as he 
would hav e no diffi culty 
in selling it for £3. ”

A t the tim e of the  
D$ Yarmelita episode, 
Wi lliam  was still liv ing 
with his parents at 
the “ Man L oaded with 
Mischief”  pub lic house, 
although his father 
gav e up the licence in 
the sam e year. L ife as a 
clerk with C heeswright 
& Miskin did not suit 
Wi lliam , b ut what to  
do nex t?

!"#$%&'"(("

Jhe loYation o\ Jhe Man 
Loaded with MisYhie\$ ?t 
was rebuilt in '/&&, by then 
known as Jhe Frimrose and 
by '/'+ Jhe ShamroYk$ As 
a result o\ renumbering it 
is now at +) En\ord Street 
(image Yredit0 Stephen 
>arris, photographed 
:eYember (&&/)

Map o\ ?ndian subYontinent
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The Army MediYal :epartment Heport of 18 70 m akes 
W ellington sound like a Butlin’ s holiday cam p, with 
a racq uet court, swim m ing pool, gym nasium  and 
skittle alley.  Men were giv en a daily allowance of b eer 
( 2 pints)  and a dram  of arrack ( the local fi re- water) .  
Meals were at 8  am , 1 pm  and 4 pm . The m eat supplied 
alternated b etween b eef and m utton ( 1 pound per 
day)  and the rations included the strangely precise 
q uantities of  5/ 7 ounce of tea and 2 1/ 3 ounces of sugar. 
O b taining fresh water was an interesting process. 

?t is Yonveyed thenYe Q\rom wells in the hillsideS by 
a pipe to a plaYe Ylose to the barraYks, whenYe it is 
Yarried, in large mussaYks (bags made o\ hide) slung 
over the baYks o\ bulloYks, by the puYkallies (water#
Yarriers), and by them distributed to the Ólters, whiYh 
are plaYed in the di\\erent barraYk verandahs$!
Jhese Ólters Yonsist o\ three Yhatties (pots made o\ 
burnt Ylay) plaYed one above the other on tripod stands$ !
Jhe upper two Yontain some Yourse sand and YharYoal, 
and have a small hole in their bottoms to allow the water 
to perYolate to the Yhatty below$ ? am unable to give 
an analytiYal report o\ the gualities o\ the water as the 
=overnment bon o\ apparatus and reagents \or YhemiYal 
analysis has not yet been supplied to this station$. 

W illiam  wasted no tim e 
and his net was soon in 
action again. I t seem s 
that others shared his 
enthusiasm : " Many of 
the m en em ploy their 
leisure tim e in m aking 
collections of m oths, 
b utterfl ies and b eetles, 
and of ferns, all of which 

there are a great m any, and b eautiful v arieties to b e 
found on these hills." 9 

The ancient Eg yptian and Middle Ea stern art of 
“ sugaring”  is the rem ova l of b ody hair with the aid 
of a sugary paste. To the lepidopterist, the term  
has an entirely different m eaning. The discov ery 
that m oths were partial to som ething alcoholic and 
sweet b egan to b e ex ploited at least as early as the 
1840 s. There were m any va riations on a them e, as 
collectors ex perim ented with ingredients like b eer 
and m olasses. Sugaring gav e spectacular results for 
Wi lliam  W atkins who sm eared treacle and rum  on 

trees: “ Y ou get m oths 
larger than b ats b y 
‘ sugaring’  in Burm ah.”

By N ov em b er 18 73 it 
was tim e for Wi lliam  to 
m ov e out. This tim e to 
Poonam elle, on the other 
side of the country.   
 

Chinese Eak Silkmoth 
(Yourtesy o\ Hobert =oodden, 
Morldwide 8utterÔies)

Hobin Moth (Yourtesy o\ 
Hobert =oodden, Morldwide 
8utterÔies)

A t the age of nineteen, on 1 Septem b er 1868,  Wi lliam  
j oined the 76th Foot, a regim ent originally raised to 
serv e in I ndia. The regim ent returned to I ndia in 1863 
and in 1868 m ov ed to Burm a. Wil liam  was posted to 
the Thayetm yo b ase in the south of Burm a, situated 
on one b ank of the I rrawaddy riv er. Shortly after 
arrivin g on 10 March 1870 , there was an outb reak of 
cholera. A  report b y the A rm y Medical D epartm ent 
notes that in the 76th Foot there were 28 cases 
and 21 deaths am ongst the m en.3 By the 24 A pril 
Wil liam  was ab le to leav e cam p, b utterfl y net in hand, 
and on 27 A pril captured a Sphinn Yonvolvuli ( The 
C onv olv ulus H awk m oth) .4 Wil liam  would later nam e 
his house at Ea stb ourne " Vil la Sphinx " .

Priva te W atkins b ecam e C orporal W atkins on 31 May 
1870 . Three m onths later the regim ent was on the 
m ov e again, this tim e only trav elling ab out two m iles 
further up the I rrawaddy. Wil liam  reported:

Jay#au#goon is a delight\ul plaYe, but the heat is 
intense Yompared with Jhayetmyo, whiYh is not muYh 
to say0 plenty o\ inseYts, and plenty o\ Lepidopterists 
(\or hal\ the regiment seemed entomologiYally struYk), 
but no mosguito hunters1 these in\ernal pests were 
terribly annoying1 at night one would hear them 
apparently a great distanYe o\\, and in a seYond they 
would dart right into one�s ear.5 

The spelling Tayaugoon m ay b e incorrect, as no such 
nam e seem s to ex ist. There is, howev er, a reference to 
Taraugon cam p, sited at A llanm yo, at the appropriate 
location on the I rrawaddy.6 Tem porary b arracks were 
constructed there for the transfer of troops during an 
outb reak of disease. W illiam  m ade use of the j ungle 
location: “ For the collection m ade this m onth I  can thank 
the generous- hearted gov ernm ent for ordering our shift.”

Further prom otion cam e. On  5 Oc tob er 1870 Wi lliam  
achiev ed the rank of Sergeant and in Feb ruary of 
the following year the 76th Foot m ade its way to 
Secunderab ad, where Wi lliam  acted as O rderly R oom  
C lerk. A t the ripe old age of 22, he was diagnosed 
with heart prob lem s, although the condition didn' t 
im m ediately affect him  enough to disrupt duties.  
On  the sub j ect of collecting insects at Secunderab ad, 
Wil liam  had this to say:

Undoubtedly ? Yould have done better than ? did i\ 
? had the time and health0 in Yommon with many 
others this \ailed me in that wretYhed station, most 
appropriately named the =raveyard o\ ?ndia$-

I n Feb ruary 1872 Wi lliam  was sent to the 
C onva lescent D epot at W ellington, in the N eilgherry 
H ills, running along the southwest  of I ndia. A  diffi cult 
j ourney since the nearest railway station was ab out 
50 m iles away b y road and transport b etween the two 
cam e in the form  of b ullock carts. 
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( insect house)  for the Z oological Society, in R egent’ s 
Park Ga rdens. I t opened on 25 A pril 1880 and Wi lliam  
wrote reports of the progress for the FroYeedings o\ 
the SYientiÓY Meetings o\ the PoologiYal SoYiety o\ 
!"#$"#. A  vi sitor from  the R oyal A q uarium  noted:

?t is Yurious and amusing to walk a\ter Mr Matkins as 
he goes \rom Yage to Yage, enplaining their Yontents to 
numerous visitors, and to listen to their remarks, some 
pertinent, whilst others make me \eel sad at the dense 
ignoranYe o\ well dressed and ÇeduYatedÈ people$')

There were health issues for Wi lliam  while at the 
insectarium . H e reported to the Z oological Society:  
“ I  hav e not b een ab le to add a num b er of species that 
I  should hav e wished, owing to sev ere illness, which 
suddenly attacked m e on the 14th instant [ 14 May 
1881] .14 O n and off, he reported other incapacities 
ov er the following years.
 
Wi lliam  m arried A m elia Wi dm er, elev en years younger 
than him self, on 23 Feb ruary 1884.  The couple went 
to liv e at The H ollies, V icarage R oad, C roydon, where 
Wi lliam  continued his entom ological activi ties. 
C roydon lies to the south of C rystal Palace Park, once 
the site of the C rystal Palace b uildings. The structure 
was originally erected in H yde Park to house the 
Gr eat Ex hib ition of 1851 , and then reconstructed 
at Sydenham  H ill with an offi cial opening b y Q ueen 
V ictoria in 1854 ( b urning down in 1936) . Wi lliam  set 
up his “ insectarium ”  inside C rystal Palace, within 
3½ m iles of V icarage R oad as the crow fl ies. A t this 
tim e he pub lished a 42- page b ook under the title 
:ireYtions \or ColleYting, Hearing, and Freserving 
8ritish and <oreign 8utterÔies and Moths.

The b irths of six  children hav e b een traced to the 
period when Wi lliam  and A m elia were at C roydon. 
A ntoinette A nnie arriv ed fi rst ( 1885)  followed b y 
H arry ( 1886) , C asim ir ( 1888) , L eonard ( 1889) , D aisy 
( 1890)  and Philip ( 1892) . D aisy died at the age of one.

En tom ologist R ichard 
J ones notes that the 
curator of the Surrey 
H ouse Museum  at 
Forest H ill, L ondon, set 
up b y F. J . H ornim an 
to display his natural 
history specim ens, 
was a Mr C . D . W atkins 
( from  1884 to 1890) .15  

C ould this person b e related to Wi lliam  W atkins as 
R ichard J ones suggests?  R ecall that Wi lliam  sold 
the specim ens collected in I ndia to H ornim an so 
m ay hav e had the infl uence to secure the j ob  for his 
father, C ornelius D avi d. U nlikely as this sounds, giv en 
C ornelius’ s previ ous profession as a pub  landlord, he 
is listed in the 1891 census as a m useum  curator. 

A fter arriv ing, his heart condition started to cause 
prob lem s and a m edical ex am ination determ ined that this 
was likely to increase in sev erity.  A  regim ental b oard held 
on 14 J anuary 18 74 found W illiam  unfi t for further serv ice 
and fi nal discharge from  the arm y cam e on 24 May 18 74.

!"#$%&'%()*+"),
On  returning, Wil liam  took up residence at 25 
R utland R oad, H am pstead R oad, L ondon. H e had 
accum ulated q uite a num b er of specim ens in I ndia 
and turned this collection into cash b y selling it  
to the tea m erchant Frederick Joh n H ornim an.  
The fam ous entom ologist of the day, H enry Tib b atts 
Stainton said: " Take a pleasure in your b usiness and 
m ake a b usiness of your pleasure" 10. Wil liam  did j ust 
that, trading from  R utland R oad. A  va luab le contact 
was Wil liam  C hapm an H ewetson who helped b y 
provid ing the addresses of collectors ab road. Wil liam  
W atkins proceeded to b uild up a network of agents 
who could supply him  with rare and ex otic va rieties. 

K elly’ s 18 79 L ondon directory lists the following: 
“ W illiam  W atkins, N aturalist;  British &  ex otic insects, 
entom ological apparatus, cab inets &  c 36 Strand W .C .”  
Since entries for K elly’ s directories were collected in 
the year b efore pub lication, he m ust hav e set up the 
shop no later than 18 78 . W atkins &  D oncaster would 
ev entually occupy the m aj ority of 36 Strand, b ut initially 
W illiam  W atkins m ov ed into only one of the fi v e fl oors. 
N eighb ours cam e and went. Shortly after arriv ing, 
b usiness m ay hav e b een conducted to the strains of 
J .S. Bach' s Toccata and Fugue in D  Minor, courtesy of 
W alter V enning Southgate. Southgate estab lished an 
organ studio on one of the fl oors, offering lessons and 
the chance for m ore profi cient players to practise.  
H e was offi cial organist at St. Michael' s C hurch, 
Stockwell Park R oad, L ondon. O ther occupants of the 
b uilding in the early days were b lue b rick m anufacturers 
W ood &  I v ery L td, the L ift &  H oist Manufacturing 
C om pany L td and the N ational V igilance A ssociation. 

The coleopterist (a  specialist in b eetles) Geor ge 
L ewis notifi ed the EntomologistÊs Monthly Magapine 
in 1879 th at he had discov ered a new species of the 
scarab  b eetle. “ I  hav e nam ed this species after Mr. 
W . W atkins, the well- known dealer, from  whom  m y 
specim ens were ob tained.” 11

The b ackground to A rthur D oncaster and Wil liam  
W atkins b ecom ing partners in 1879 is n ot known. 
Perhaps Wil liam  adv ertised for a partner, as he did 
later in his career. Wh atev er the circum stances, the 
collab oration lasted only a short tim e. A lthough the 
fi rm  continued to b e styled W atkins and D oncaster, 
the partnership was offi cially dissolv ed as of 16 
No v em b er 1880 .12

The reason for the split m ay well hav e b een Wil liam ’ s 
appointm ent to set up and supervis e an insectarium  

Foplar Admiral (Yourtesy o\ 
Hobert =oodden, Morldwide 
8utterÔies)
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From  a later sale notice we 
hav e an idea of the space 
av ailab le at V illa Sphinx . 
There were nine b edroom s, 
three reception room s, a 
dressing room , b athroom , 
kitchens, larders, 
housem aid’ s pantry and 
ab out three q uarters of an 
acre of land.17 W illiam  set 
ab out installing b utterfl y 
cages in the garden.

The shop at 21 Piccadilly 
continued in tandem  
with Ea stb ourne for a 
while. A n adv ertisem ent 
for a m anager of the 
L ondon b ranch giv es 
the im pression that this 
carried on into 1896, 18  
although a letter to the 
Z oological Museum  at 
Tring dated 4 Septem b er 
1895 states that it had 
b een closed.19  

For a 21st b irthday present, N athan Mayer 
R othschild, wealthy b anker and politician, gav e his 
son a new m useum  b uilding. L ionel W alter R othschild 
had b een am assing z oological specim ens since 
childhood. I t grew to such a siz e that it was worthy 
of opening to the pub lic and req uired two curators: 
Er nst H artert as ornithologist ( appointed 1892)  and 
D r K arl J ordan as entom ologist ( appointed 1893) .  
The Z oological Museum , Tring, prov ided Wi lliam  with 
a custom er for the, often v ery ex pensiv e, selections 
of lepidoptera sent b y collectors in foreign lands.

A  letter to K arl J ordan advi sed that: “ I  hav e recently 
taken on a v ery ex cellent C ollector who has 
b een som e years collecting in C anada and also 
in Florida.” 20 Wi lliam  receiv ed parcels from  the 
collectors, inspected the contents and sent them  to 
K arl J ordan, who in turn consulted with R othschild 
ab out the price to b e offered on whatev er was 
selected. This seem ed to work out for b oth parties 
ex cept for one particular occasion.

:ear :r @ordan,
? sent some butterÔies \rom Aden a \ew days baYk 
� yesterday reYeived them baYk with my \orwarding 
letter$ Mill you please tell me what this implies5 that 
none are wanted or that ? have o\\ended by sending 
them$ ? sinYerely hope that it is not the latter$('!

C ordiality m ust hav e resum ed as further letters 
followed, advi sing on new supplies.

Colville >ouse SYhool, 
\ormerly �Lilla Sphinn� (\rom 
the SYhoolsÊ ArYhive o\ the 
Eastbourne LoYal >istory 
SoYiety)

A statement o\ aYYount sent 
to Ernst >artert at the Jring 
Museum, a private museum 
owned by Lionel Malter 
HothsYhild (� Jhe Dational 
>istory Museum)

Feeling the need of a central L ondon b ase, in 1886 
Wil liam  adv ertised as a Na turalist at 1 Buckingham  
Palace R oad. H e did not use this address for long. 
By 1890 h e had opened a b ranch estab lishm ent at 
21 Piccadilly, opposite to the Museum  of Practical 
Geol ogy (l ater the Geol ogical Museum , dem olished in 
1935) . H is displays attracted q uite a b it of fav ourab le 
press. The L ondon correspondent for the ManYhester 
=uardian sent this report:

Mr Matkins o\ FiYYadilly has on view a remarkably 
Óne YolleYtion o\ butterÔies rarely seen in the very 
best museums$ Amongst them is a deep blue butterÔy 
\rom the Solomon ?slands, not obtained without loss 
o\ li\e$ Jhe Órst naturalists who attempted to Ónd it 
were eaten by the natives, together with their spoil$

“ Mr W atkins”  was not av erse to ex panding his 
b usiness interests outside of serious collecting circles. 
H e adv ertised m ounted b utterfl ies, then a fashionab le 
adornm ent for ladies. Myra�s @ournal o\ :ress and 
<ashion com m ented in the J anuary issue of 18 91:

Jhere is one point about the wearing o\ butterÔies that 
renders the praYtiYe \ar less ob`eYtionable than that o\ 
using birds as ornaments \or the dress or \or the hair, 
and this is that the li\e o\ a butterÔy is so short that it 
is but little Yurtailed by its Yapture $$$ o\ Yourse no one 
dreams o\ running a pin through a butterÔy�s head until it 
is dead $$$È A nd then went on the praise the m erchandise:

$$$ not even diamond butterÔies Yan vie in beauty 
with the lovely speYimens o\ the real inseYt whiYh 
Mr Milliam Matkins, \ormerly Entomologist to the 
PoologiYal SoYiety, supplies \or YolleYtors, and 
mounted \or wear$ 

<rom MyraÊs @ournal o\ :ress � <ashion, :eYember './&

There were ev en som e sales of a m oth repellent: 
“ C lothes m oths routed – ab solutely infallib le 
rem edy against these pests;  H eterocite;  Tins 1s & 
2s 6d: all stores or from  Proprietor W illiam  W atkins, 
En tom ologist, Ea stb ourne.” 16

!"##$%&'(")*%
The rather va gue address of “ Ea stb ourne”  giv en in 
the H eterocite adv ertisem ent referred to V illa Sphinx , 
Selwyn R oad, Ea stb ourne, where Wil liam  had taken 
up residence in ab out 1892.  H e prom ptly j oined a 
local group – th e Ea stb ourne Na tural H istory Society. 
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U nfortunately, the sym ptom s reappeared: “ She laughs 
long and loudly at nothing in particular and then weeps 
and howls also without reason … ” 24 A  second spell at 
Bethlem  followed, from  A pril 1902 to J une 1903.  
W e know that she ev entually returned to norm al life 
b ecause of her m arriage to W alter E v an Scoggins in 1948 . 

J ust prior to W illiam  W atkins’  death, his son C asim ir 
was m ov ed from  a priv ate school in E astb ourne to liv e 
with a relativ e, D aniel J ones, and attend the Boteler 
G ram m ar School at W arrington. C asim ir continued at 
the school from  age 12 to 14. The nex t sighting of him  
is in 1910. L ike his father at around the age of 20, he 
longed for adv enture and with b rother H arry trav elled to 
Peru. The two are recorded in the Madre de D ios region, 
southeastern Peru, collecting fi shes. This appears to 
hav e b een at least partly a com m ercial v enture as “ the 
fi sh m aterial”  was sent to the natural history dealer 
W illiam  Frederick H enry R osenb erg, who sold the item s 
to the British Museum  ( N atural H istory) .25 The b rothers 
are also m entioned in connection with a collection 
of 17000 b ird skins26 and H iram  Bingham  wrote:  “ …  I  
secured in A req uipa the serv ices of Mr C asim ir W atkins, 
an E nglish naturalist.”  These were ex citing tim es as the 
Y ale U niv ersity ex pedition led b y H iram  Bingham  resulted 
in the discov ery of the I nca city of Machu Picchu.

!"#$%&'%(#$)*#%+,-."/$0#
A rthur had the 
disadv antage of deafness 
from  b irth b ut on the 
other hand was part of a 
well- to- do Q uaker fam ily 
with connections. H is 
grandfather D aniel had 
form ed D aniel D oncaster 
&  Sons in 1778 , steel 
m akers and m erchants.27 
D aniel’ s son, also D aniel, 
m arried Maria Mallinson 
in 18 32 and A rthur was 
the last of ten children, 
b orn in 18 56. A  strong 
connection with the 
R owntree fam ily ex isted 
–  now fam ous b ecause of 
the b ranch that ran the 
chocolate factory in Y ork. 
G randfather D aniel’ s 
second wife was J ane 
R owntree ( 1765- 18 37)  

and A rthur’ s sister A nna Mary ( 18 49- 1938 )  m arried 
W illiam  Stickney R owntree ( 18 48 - 1939) . A nother 
sister, H elen ( 18 33- 1920)  m arried J ohn Stephenson 
R owntree ( 18 34- 1907) , a reform er of the Q uaker 
m ov em ent and a director of the fi rm  that later b rought 
us products like Sm arties and the K it- K at. W hen J . S. 
R owntree died, Pheb e D oncaster ( 18 47- 1924) , another 
of A rthur’ s sisters, com piled a m em oir in his honour.28

R othschild, Jor dan 
and H artert edited and 
com posed articles for 
the Tring m useum ’ s 
own j ournal, Dovitates 
PoologiYae. Wil liam  
W atkins sub scrib ed to 
the pub lication, which 
often contained his 
adv ertisem ents adj acent 
to those of W atkins & 
D oncaster, placed b y 
A rthur D oncaster. I t 
would b e interesting 
to know how the two 
regarded each other.

The form ation of W illiam  W atkins L td on 11 Ju ne 
1895 w as an attem pt to raise funds. Shortly after, the 
schem e collapsed as a letter to the Tring m useum  
confi rm s: “ I  want to reduce m y enorm ous stock 
havin g lost ab out £400 in  va in trying to conv ert 
m y b usiness into a C om pany so that m ore capital 
would b e at com m and to sub sidise collectors … ”  
The sub scrib ers to the short-l iv ed v enture, with £10 
worth of shares each, were: Wil liam ’ s wife A m elia 
with four of her relativ es, C ornelius D avid  W atkins, 
Frederick L owe (a n entom ologist) a nd an accountant. 

Letter to :r Aarl @ordan 
about a YolleYtion \rom 
Joronto ((( Dovember './+)0 
Ç? \ear that there is little 
o\ interest in it but may be 
a \ew speYimens will be 
o\ interest � there\ore ? 
send them$È (� Jhe Datural 
>istory Museum)

1,%."##2%,-%$)0%3*/4-0//%,5%6,770#.4"8%
9-$,7,8,:4/$/%"-;%<0-0#"8%="$*#"8%>4/$,#2%
+0"80#/%4-%"88%4$/%3#"-.)0/?%$,%@*#.)"/0%"-;%/088%
"88%9-$,7,8,:4."8%A@0.470-/?%B,,C/?%0$.D?%"-;%$,%
@*#.)"/0?%3*2?%,#%7"-*5".$*#0%"@@84"-.0/%*/*"882%
"@@0#$"4-4-:%$)0#0$,?%"-;%:0-0#"882%$,%7"C0?%/088%
,#%@*#.)"/0%7"$0#4"8/?%/*3/$"-.0/?%"-;%$)4-:/%
#0E*4#0;%5,#%,#%4-.4;0-$"8%$,%$)0%"5,#0/"4;%3*/4-0//D

(C lause 3b  of the Mem orandum  of A ssociation for 
Wil liam  W atkins L td)

H ealth prob lem s started to plague W illiam  in the 
18 90s: “ Being m edically adv ised to retire, I  am  
desirous of negotiating for partnership or sale outright 
of m y world- known, successful entom ological 
b usiness.” 22 I t is clear that this, and other attem pts, 
did not produce any acceptab le results and W illiam  
was still trying to recruit assistance towards the end 
of 18 99. O n 9 J une 1900 he died.

I n the wake of Wil liam ’ s death cam e further upset 
at the W atkins’  household. D aughter A ntoinette 
A nnie started to rant and rav e. D octor A . E . R ussell 
ex am ined A ntoinette on 18 J uly and wrote: “ She is 
in a state of acute m aniacal ex citem ent, shouting 
constantly. She has hallucinations of vision s seeing 
anim als where none are present.” 23 A ntoinette was 
im m ediately adm itted to Bethlem  H ospital where she 
stayed until May the following year.  

Jhe :onYasters outside the 
\amily home at '- 8roomhill 
Hoad, She\Óeld, Y$ late 
'.,&s%early '.-&s$ Le\t to 
right (standing)0 Samuel 
('.+)#'/)*), >annah Mary 
(n�e 8arber, wi\e o\ Charles, 
'.*+#'/')), Charles ('.*'#
'..*)$ Le\t to right (sitting)0 
:avid Aenway ('.)-#'..'), 
@ane Elipa ('.*+#'./-), LuYy 
Maria ('.*)#'/)*), Arthur 
('.+,#'/)'), Anna Mary 
('.*/#'/).), :aniel ('.&-#
'..*), Maria (n�e Mallinson, 
wi\e o\ :aniel senior, '.''#
'..&), Fhebe ('.*-#'/(*), 
Mary @ane (n�e Miller, wi\e 
o\ :aniel `unior, '.*+#'/',), 
>elen ('.))#'/(&)$
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The wording nex t to the 
caricature of A rthur 
D oncaster shown here 
reads: “ A rthur D oncaster 
sent b y the Go v ernm ent 
on b ehalf of the N at: 
H ist: Museum  to collect 
Maurice Sand’ s m oths 
and b utterfl ies from  
Geo rge Sands33 hom e at 
N ohant!  A lpine clim b er 
Picture C ollector Q uaker 
– related to the C adb urys 
and R owntrees O ur host 
30.5.12” . 

A rthur receiv ed terrib le news ab out an accident that 
had occurred at the fam ily steel works in Sheffi eld. 
N ewspaper reports spoke of " 600 to 1000 tons"  of steel 
and iron b ars stored against a warehouse wall which 
then collapsed taking the roof with it. The m ass of 
m etal and b uilding m aterial fell on a group of children 
who were playing in the street outside. A t least sev en 
were killed.34 This would hav e had a profound affect on 
the socially responsib le D oncasters. 

I n the 18 90s there were at least 50 naturalists in 
L ondon offering supplies to the pub lic. O ne naturalist 
m ight approach another to ob tain a trade discount on 
item s that could then b e resold. W illiam  Sear decided 
to take adv antage of this system  b y falsely claim ing to 
represent one of the well- known b usinesses. Som ehow, 
he acq uired a piece of W atkins and D oncaster headed 
notepaper, which he used to b uy b ird feathers at a 
reduced price from  G eorge B. A shm ead &  C o. I t em erged 
that he had em ployed a sim ilar ruse elsewhere, using 
forged letters from  different naturalists to ob tain goods 
without paym ent. A rthur’ s assistant, Frank W oodham , 
attended court to confi rm  the W atkins &  D oncaster 
connection as b ogus and ex plained the ab sence of his 
em ployer: “ Mr. D oncaster can write v ery well, b ut he is 
deaf and dum b , and persons conv erse with him  on their 
fi ngers.” 35 Sear receiv ed eight m onth’ s hard lab our at 
Pentonv ille prison.

L eonard’ s friend, Prof. Wi lliam  Bateson, m entioned in 
the note, later wrote: “ [ L eonard]  D oncaster was one 
of the clearest- headed m en I  hav e known, and, b eing 
full of b oth enthusiasm  and knowledge, he taught 
ex traordinarily well.” 32

A rthur followed his elder b rother Sam uel in the hob b y 
of entom ology although only A rthur dev eloped it 
into a full- tim e occupation.29 Sam uel ev idently sent 
specim ens to other collectors. I n 18 72 he appealed 
v ia the pages of Jhe Entomologist for help in fi nding 
rob ust postal b ox es. A n unknown reader responded: 
“ I  am  like Mr. D oncaster. I  hav e found nothing that will 
withstand the sledge- ham m er of post- offi ce offi cials.”  

A rthur’ s nephew L eonard b ecam e a distinguished 
academ ic. H e held the post of superintendent of the 
Museum  of Z oology at the U niv ersity of C am b ridge 
from  1909 to 1914, took the degree of ScD  in 1913 and 
b ecam e an FR S in 1915 on the b asis of research into 
the theory of heredity proposed b y G regor Mendel. 
L eonard D oncaster died at the age of 42 while 
professor of z oology at the U niv ersity of L iv erpool.  
A  colleague wrote that his death was “ nothing less 
than a calam ity to L iv erpool U niv ersity” .30

A round the tim e that 
A rthur D oncaster 
b ecam e Wi lliam  W atkins'  
partner in 1879,  the 
She\Óeld ?ndependent 
cov ered a m eeting of the 
Sheffi eld N aturalists’  
C lub . A rthur sent a case 
of b utterfl ies and larv ae, 
although he seem s not to 
hav e attended in person.
Oth er collections were 
displayed to m em b ers of 
the club .

!"#[ a D r Merryweather] #
sent skulls o\ a \on, #
a hedgehog, a \erret, #

a stoat, a rat and a mouse, a pair o\ elephant molars 
and a very handsome iben horn$

Mr :$ HoebuYk o\ Leeds, one o\ the SeYretaries o\ the 
Oorkshire Daturalists =roup, was represented by a 
large number o\ speYimens o\ the iYhneumon Ôy$

Miss =atty showed her YolleYtion o\ 8ritish and 
\oreign seaweeds$)' 

The club ’ s president, F. Brittain, gav e a talk on “ L ower 
V egetab le Or ganism s”  with illustrations “ b y m eans 
of the ox y- hydrogen light” . There was ev en a b and to 
provid e m usical entertainm ent.

A  note found in a drawer of the D oncaster m oth 
collection housed at the A lfred D enny Museum  ( see 
appendix )  is signed PD , likely to hav e b een written 
b y Phyllis D oncaster, A rthur’ s niece and sister to 
L eonard. This shows that A rthur’ s other niece, 
Ger trude Mary, was attracted to the study of m oths. 

An invoiYe signed by 
Arthur :onYaster$  Like 
Milliam Matkins, Matkins � 
:onYaster supplied the Jring 
Museum (� Jhe Datural 
>istory Museum)

Arthur :onYaster as seen 
through the eyes o\ artist 
@ohn >ipkins )& May '/'( (� 
Dational Library o\ SYotland)

Fart o\ the :onYaster YolleYtion at the Al\red :enny Museum, 
She\Óeld (Yourtesy o\ :r DiYola >emmings)
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W riting to the!
EntomologistÊs HeYord 
and @ournal o\ Lariation, 
R . R . Uh thoff-K aufm ann 
recalled his own 
childhood ex periences 
and contact with “ … 
that m ost reliab le fi rm , 
W atkins and D oncaster 
of the Strand, long since 
m ov ed.”  

Mr <rederiYk [ sic]  Mett� wrote 
suYh polite and enYouraging 
letters to youngsters$ >is 
Yatalogue was a treasure#house 
and `oy to read$ E\ Yourse, the 
beetles were not named nor 
"#$%""%& [ K aufm ann had b ought 
ten shilling’ s worth of m ix ed 
b eetles]  but the seleYtion was 
YatholiY and inYluded a Carabus 
nitens L$), 

Frederic ( spelt without a k) 
Metté w as b orn at Melb ourne 

in 1886,  a few years after his father, also called 
Frederic, went to A ustralia. H is grandfather H enry 
A nton Metté or iginated from  H esse-K essel, b orn c. 
1811 (a t that tim e part of the K ingdom  of W estphalia, 
under the French) . H enry A nton worked as a tailor 
in partnership with sev eral others in L ondon and 
Frederic senior followed in the trade as a salesm an 
for drapery goods. 

By 1895,  the Metté f am ily had returned to En gland. 
I t seem s that Frederic j unior was originally destined 
to take up the tailor’ s scissors b ut b y 1911 had 
b ecom e an assistant to a naturalist, prob ab ly A rthur 
D oncaster b y then. A t som e point he entered into 
full partnership and succeeded to the b usiness on 
the retirem ent of A rthur, dated 31 Oc tob er 1925.37 

<rederiY Mett� with the 
=regory \amily0 AliYe was the 
mother o\ Lilian � <lorenYe 
(AliYe, is middle o\ the Yentre 
row1 <rederiY is on the rear 
row \ar right, <lorenYe to his 
le\t nent to him � then Lilian) 
(Yourtesy o\ the Mett� \amily)

<rederiY in MM? 
uni\orm with 
<lorenYe (Yourtesy 
o\ the Mett� \amily)

An advertisement, a year be\ore <rederiY Mett� suYYeeded to the 
business (Dature, - @une '/(*)

Frederic m arried Florence Maud G regory in 1915 and 
her sister L ilian V ictoria G regory in 1926. I t is b eliev ed 
that the fi rst sister died b ut no record of the death has 
b een found. Marriage to Florence resulted in a son and a 
daughter. L ilian and Frederic did not hav e any children.

Wi th his b rother Burton, Frederic j oined the forces 
to fi ght in France during WWI  – as priv ates in 
the Q ueen’ s R egim ent and Middlesex  R egim ent, 
respectiv ely. Burton did not return. H e died on 27 
March 1916 at the age of 20.

L ittle has b een discov ered ab out how Frederic Metté  
b ecam e a naturalist. Michael A . Salm on38  and Wi lliam  
T. Blows39 describ e him  as an authority on b ird 
eggs. Perhaps his ex pertise j ust dev eloped from  a 
childhood interest without any form al training. 
 
Macm illan had pub lished E dward Meyrick’ s 8 43- page 
>andbook o\ 8ritish Lepidoptera in 18 95. By the 1920s 
it was out of print and in need of rev ising. Frederic 
approv ed the pub lication of an updated v ersion and  
A Hevised >andbook o\ 8ritish Lepidoptera appeared 
in 1927 under W atkins &  D oncaster.

The Second W orld W ar was a turning point for W atkins 
&  D oncaster. Frederic died on 1 D ecem b er 1940, j ust 
a few m onths after the start of hostilities. H is son 
was called up which m eant that continuity of the 
b usiness rested in the hands of L ilian V ictoria Metté . 
E ffectiv ely, the em ployees were left to “ get on with it” .

!"#$%/'%01)%(2#*%3"4+56
R ichard L awrence 
E dward Ford was b orn 
on 10 March 1913 
at Bex ley, the son of 
L eonard Talm an Ford. 
L eonard q ualifi ed in 
b oth chem istry and 
the law b ut m ade his 
m ark in entom ology. 
A lthough lacking his 
father’ s academ ic 
achiev em ents, R ichard 
prov ed him self later as 
an ex pert in the sub j ects 
of palaeontology, 

ornithology and entom ology. A fter working on a 
b utterfl y farm  he j oined the I m perial Bureau of 
En tom ology under D ouglas Wi lkinson, collab orating 
with Wi lkinson on the study of m icrogastrinae, a 
sub fam ily of parasitic wasps.

Som eone who knew R ichard Ford q uite well ov er 
the period from  the 1960s to the early 1990s is 
W illiam  Blows. I n an article for the =eologiYal Curator, 
“ C onv ersations with a N aturalist: The L ife and 
G eological W ork of R ichard Ford 1913- 1996” ,  

Jhe Strand premises, 
demolished '/+,%- (Yourtesy 
o\ Amy Mells, Matkins � 
:onYaster)
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Jhe loYation o\ ''& Farkview Hoad ('/,& Yatalogue)

he draws on an intervie w and a num b er of less form al 
conv ersations. Wh at seem s to hav e b ecom e confused 
is the dating of W atkins’  arriva l at E astb ourne 
A ccording to Wil liam  Blows’  paper, and other 
historical accounts since then,40 Wil liam  W atkins 
started in b usiness at the Vil la Sphinx , Ea stb ourne, 
in 1874.  A s we hav e discov ered, W atkins left the 
arm y to take up residence in L ondon and the m ov e to 
Ea stb ourne did not occur until nearly twenty years 
later. The source of this error is m ost likely the result 
of linking the V illa Sphinx  address and “ founded 18 74” , 
printed on a surv iv ing W illiam  W atkins catalogue. 

For ab out a year after Frederic Metté ’ s death, 
W atkins & D oncaster ran without m uch direction. 
The fi rm  now faced an uncertain future. These ev ents 
did not escape the notice of Sir Gu y A nstruther 
K nox  Marshall, D irector of the I m perial Bureau of 
En tom ology. Marshall was “ an insect m an”  from  
school days. A n ob ituary of Marshall records: “ … in 
C harterhouse … b utterfl y collecting was apparently 
regarded as an eccentricity so he adopted the less 
conspicuous hob b y of b eetle collecting.” 41 Sir Gu y 
consulted with R ichard Ford and as a result Ford 
b ought the ailing enterprise in 1941.

These were the war years and W atkins &  D oncaster did 
its b it to support the fi ght against G erm any, not always 
knowingly. A n order from  the gov ernm ent for glass owl’ s 
eyes turned out to b e part of a plan to assist escaping 
prisoners- of- war. W ooden owls attached to calendars 
concealed m iniature m aps in the eye sockets.42

A nother story is rem iniscent of R oald D ahl’ s hairy-
faced Mr Twit, who captured b irds b y sm earing 
H ugtight glue on the b ranches of a tree ( W ednesday 
was b ird- pie day for the Twits) . I n the case of W atkins 
&  D oncaster, the b irds were carrier pigeons and the 
glue som ething known as b irdlim e. The incident b egan 
when a v isitor speaking v irtually no E nglish called 
at the Strand offi ces, asking for b irdlim e. N ow the 
sale of this sub stance was illegal, b ut the stranger 
carried an offi cial letter from  a certain departm ent in 
W hitehall. There were no stocks to b e had so R ichard 
Ford set ab out its preparation b y distilling the inner 
b ark of holly, helped b y som e fellow m em b ers of the 
hom e guard. W hen the v isitor returned, he receiv ed the 
adhesiv e in a 2lb  j am  j ar and ex plained its purpose with 
the aid of som e im prom ptu drawings. The G erm ans 
were using pigeons to send m essages. Perhaps these 
could b e intercepted b y sticky m eans?  R ichard Ford 
dem onstrated, using a stuffed b ird and warm  water, 
that the feet would need to b e freed after reading any 
m essages. N othing m ore was heard ab out the schem e.

A fter Metté , the focus returned to lepidoptery. I n the 
1940s W atkins &  D oncaster pub lished a num b er of 
b ooks b y Philip Bertram  Murray A llan, such as Jalking 
!"#$!%&' (1943) a nd A Moth#>unterÊs =ossip ( 1947) .

N um b er 36 stood on a 
stretch of road where 
the Strand narrowed 
and the decision to 
widen the thoroughfare 
m eant dem olition of the 
b uildings on W atkins & 
D oncaster’ s side. C losure 
of the shop receiv ed 
national press attention. 
Jhe ManYhester 

=uardian lam ented: “ The days when one can b uy 
a pair of glass eyes for a stuffed tiger, a fossilised 
m am m oth tooth, or a case of b eautiful b utterfl ies 
within two hundred yards of Trafalgar Sq uare are 
alm ost ov er … schoolb oys and older lepidopterists 
in search of En glish fritillaries or som e rare tropical 
specim ens will hav e to penetrate the com parativ e 
wilds of W elling, K ent, to m ake their purchases.43

HiYhard <ord using a 
Hobinson moth trap in '/+&$ 
Jhey were most e\\eYtive at 
attraYting moths when Ótted 
with merYury vapour lamps 
(Yourtesy o\ Amy Mells, 
Matkins � :onYaster)

Matkins � :onYaster at ''& 
Farkview Hoad, Melling, 
Aent (Yourtesy o\ Amy 
Mells, Matkins � :onYaster, 
photograph Aeith C$ Lewis)

Jhe Yabinet room at Melling 
('/,& Yatalogue)

HiYhard <ord with a batYh 
o\ Atlas moths in '/+& 
(Yourtesy o\ Amy Mells, #
Matkins � :onYaster)

ColleYtors in typiYal garb$ 
HiYhard <ordÊs \ather, Leonard 
Jalman <ord, is in the Yentre 
Ôanked by :rs MansÓeld 
and Ooung$ Fhoto taken in 
'/') (Yourtesy o\ Amy Mells, 
Matkins � :onYaster)

!"##$%&''

()



R ichard Ford now m ov ed 
the b usiness to fam iliar 
territory. The chosen 
location at 110 Parkvie w 
R oad, W elling, was close 
to the place of his b irth 
at Bex ley. H ardly “ the 
com parativ e wilds” , this 
description of W elling 
m ight hav e applied b ack 
in the 1890 s when the 
area consisted m ostly of 
open fi elds and woods. 
By the 1950s the north 
side of 110 Parkvie w 

R oad was well-p opulated, although the ex panse 
of D anson Park lay to the south. For visit ors to the 
prem ises, the recom m ended transport from  central 
L ondon was a num b er 701 or 702 Gr een L ine C oach 
running from  A scot to Gr av esend.

R ob in Ford j oined his father as a partner in 1963 and 
it was at Parkvie w R oad that the postal side of the 
b usiness really ex panded. The catalogue of those 
days advised : “ Wh ere a long shaped article such as 
a net handle or setting b oard is ordered together 
with a round b ulky article such as a killing j ar, these 
will b e sent in two parcels, and m ay possib ly arriv e 
at different tim es.”  R ichard Ford retired to the I sle 
of Wigh t in 1969, leav ing R ob in and his wife Ju lia to 
continue the b usiness. A  com prehensiv e description 
of R ichard Ford’ s contrib utions to the study of 
entom ology and fossils is to b e found in the article b y 
Wil liam  T. Blows (see b ib liography) .

!"#$%&'$"()
The nex t m ov e for W atkins 
&  D oncaster, in 1973, did 
take them  into the “ wilds” . 
Four Throws is a v illage in 
K ent b etween H awkhurst 
and Sandhurst, along the 
A 268 , the nearest railway 
station, at E tchingham , a 
fi v e- m ile j ourney b y road. A  
b uilding prev iously used b y 
a coal m erchant prov ided 
the nex t hom e and q uite a 
b it of work had to b e done 
to restore the place to a 
decent condition.

W hile at Four Throws, an 
opportunity to reach m ore 
custom ers presented 
itself. W orldwide 
Butterfl ies, started from  
v ery sm all b eginnings b y 
R ob ert G oodden in 1960, 

Moths \or sale ('/,& Yatalogue)

Jhe Matkins � :onYaster 
building at <our Jhrows 
(Yourtesy o\ Amy Mells, 
Matkins � :onYaster)

Jhe butterÔy shop at (' 
8righton Sguare (Yourtesy o\ 
Hobert =oodden, Morldwide 
8utterÔies)

had taken on the lease of a shop in Brighton. Situated 
at 21 Brighton Sq uare, the ex - fl orist’ s prem ises offered 
entom ologists and collectors a range of lepidoptera 
and other insects. This ran successfully for ten years 
until R ob ert needed to m arshal all his resources for 
an am b itious m ov e to the im posing C om pton H ouse 
in D orset. R ob in Ford and R ob ert G oodden were good 
friends so the lease, still with a num b er of years left to 
run, passed to W atkins &  D oncaster. Trading at the shop 
then continued until 198 5 when the cost of rent b ecam e 
uneconom ical. R ob in &  J ulia Ford’ s daughter A m y 
j oined in 2004, b ringing to the com pany her ex pertise in 
b usiness and m arketing. 

O perations at Four Throws continued until 2013, 
a period of 40 years. A m y W ells ( née Ford)  then 
m ov ed W atkins & D oncaster to H erefordshire, with 
showroom s at Go lderfi eld, near Pudleston – to the 
north of the A 44, b etween L eom inster and Brom yard.

And finallo

A lthough the em phasis in this article has b een on 
lepidoptera, the fi rm  of W atkins and D oncaster is, 
and has b een, associated with m ost aspects of 
natural history supplies. I ndeed, at one tim e a team  of 
tax iderm ists was em ployed to satisfy the V ictorian liking 
for stuffed b irds. Be it for decoration, adornm ent, serious 
study, or recreational pursuits, the fl ow of goods from  36 
Strand and its successors has continued unab ated since 
18 78 . Tim es hav e changed, of course, and ev en when the 
fi rm  m ov ed to W elling in 1956, natural history as a hob b y 
was on the decline. But with a custom er b ase spanning 
the glob e and the ab ility to adapt to changing m arkets, 
W atkins &  D oncaster has surv iv ed and will hopefully 
continue with, perhaps, a fourth generation of the Fords.

*++,-./0 
Transcript of a note found with the D oncaster m oth 
collection, now at the A lfred D enny Museum , Sheffi eld.

R hõ ea N euara [ R hodinia newara]

These m oths were reared at Fernwood, A b b eydale 
in the 1890 ies b y Ger trude Mary D oncaster later 
H oldsworth. Their cocoons ex hib it a m arv ellous 
instinctiv e skill always wov en perpendicularly on a 
b ranch of O ak with a leaf curled around the cocoon. 

Fremises at =olderÓeld 
(Yourtesy o\ Amy Mells, 
Matkins � :onYaster)

An interior shot o\ the building 
at =olderÓeld (Yourtesy o\ Amy 
Mells, Matkins � :onYaster)
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Michael has a personal interest as his relativ e G eorge 
R ichard O ckenden collected specim ens for L ionel 
W alter R othschild and Ge orge m ay hav e known 
Wi lliam  W atkins personally. G.  R . O ckenden died of 
typhoid on an ex pedition for R othschild in 1906.

R ain water can thus 
enter b etween the 
b eautifully selvi ged 
[ selv edged]  edges which 
fi t closely together. 
To prev ent their 
pupã e b eing drowned 
they m ake a clev erly 
“ b uttonholed”  drain  
hole at the b ottom .  
To prev ent ants or other 
insects entering through 

this drain hole, they weav e a grate with tiniest- holes 
ab ov e it. See in this cut open cocoon. L eonard’ s 
friend Prof. Bateson seeing this specim en said it was 
the m ost wonderful ex am ple of instinctiv e foresight 
he had ev er seen. P.D .
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Army MediYal :epartment Heport \or the Oear '.-&, 
12 (L ondon: H MSO , 1872)
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A tray o\ moths, with note, 
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at the Al\red :enny Museum, 
She\Óeld (Yourtesy o\ :r 
DiYola >emmings)
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The H undred Thousand Gen om es is an ex citing 
proj ect b eing run b y G enom ics E ngland1. Gen om ics 
En gland is a com pany set up and wholly owned b y 
the D epartm ent of H ealth. O v er approx im ately the 
nex t two and half years the proj ect plans to seq uence 
100,000 genom es from  ab out 70,000 patients. I t is 
one of sev eral sim ilar proj ects b eing run in different 
countries worldwide. 

Gen om ics En gland is run b y a b oard which includes 
Sir Joh n C hisholm  as C hairm an (Sir  Joh n is a form er 
chairm an of the Medical R esearch C ouncil)  and 
Professor Mark C aulfi eld as C hief Scientist.

Gen om ics is one area where the UK  has constantly 
b een ab le to contrib ute ab ov e its ex pected share.   
On e of the b ig scientifi c achiev em ents at the end 
of the 20th and the b eginning of the 21st century 
was The H um an Gen om e Mapping Proj ect. On e of 
the great ex pectations from  this proj ect was that 
it would help im prov e diagnosis and treatm ent of 
a wide range of conditions. I n The H um an Gen om e 
Mapping Proj ect the U K  contrib uted around a third of 
the data, m uch of it from  the W ellcom e Trust Sanger 
I nstitute in C am b ridge.

The new proj ect is a step further towards this 
goal. O b taining the fi rst com plete hum an genom e 
seq uence took ab out 15 years and cost worldwide 
sev eral b illion U S dollars. The adva nces in 
seq uencing technology now m ean that a patient’ s 
genom e can b e seq uenced for £1000- £2000 and data 
produced at a rate eq uiva lent to b etween one and 
two com plete genom es per hour.

Gen om ics En gland has estab lished, initially, 11 
regional hub s around the country through which it 
will run the proj ect. D uring the course of the proj ect it 
is possib le that additional hub s will b e estab lished.  
I t is ex pected that b y the end of the proj ect these 
hub s will hav e b ecom e the b asis of an ongoing 
genom ics servi ce for the N H S.

The actual seq uencing of the genom es has b een 
contracted to the com pany I llum ina, which is one 
of the m aj or suppliers of seq uencing technologies.  
Much of the work will b e carried out in a new 
seq uencing facility on the W ellcom e Trust Ge nom e 
C am pus at H inx ton near C am b ridge2. 

A lthough the seq uencing of all these genom es will 
b e a m aj or task in itself it is only part of the ov erall 
proj ect.  O nce all the raw data has b een generated it 
needs to b e analysed and interpreted. The interpreted 
data then needs to b e reduced to a form  that can b e 
relayed in an understandab le form  to patients v ia their 
clinicians. Particularly im portant will b e prov iding 
genetic counselling to patients.

A round 40%  of the genom es seq uenced will b e from  
patients with different form s of cancer. I n these 
cases b oth the patient’ s norm al tissue and one or 
m ore sam ples from  their tum our tissue will also b e 
seq uenced. E v en within the sam e form  of cancer 
there m ay b e different com b inations of genetic 
m utations. The hope is that b y b eing ab le to identify 
a patient’ s specifi c com b ination of m utations that 
b etter directed treatm ent will b e possib le.  

8$(#)*+#$9,$5)$*.(5)9,+:,$0*+-7#1#$,#1$*;$<=8'$9)07>?9)($577$*;$91,$(#)#,@$A50"$(#)*+#$0*)159),$577$*;$1"#$
9);*.+519*)$)##?#?$1*$6>97?$5)?$+59)159)$1"51$*.(5)9,+@$B)$">+5),'$5$0*-C$*;$1"#$#)19.#$(#)*+#$D+*.#$
t^an ) Xillion :DA Xase pairs) is contained in all cells t^at ^ave a nucleus$
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The rest of the genom es seq uenced in this 
proj ect will look prim arily at the possib le genetics 
underlying rare conditions. 

The G enom ics En gland web site estim ates that 1 in 
17 people suffer from  one of these rare conditions.  
Specialised software dev eloped b y the com pany 
C ongenica3 will b e used to help identify the genes 
inv olv ed in these conditions.

I n a wide ranging article5 Shirley H odgson, 
Professor of C ancer Gen etics at St Geo rges 
H ospital, Un iv ersity of L ondon looks at how 
som e of the inform ation generated from  this and 
sim ilar large scale seq uencing proj ects m ight b e 
used. Wh ilst we already know that som e gene 
m utations greatly increase the risk of certain 
conditions, there m ight b e other illnesses where 
specifi c genetic m utations only slightly increase 
a patient’ s risk. H ow im portant would this slightly 
increased risk b e?  For ex am ple, if the ov erall 
incidence of a particular disease in the population 
is one in a m illion, would a particular gene va riant 
which increases that risk to 1.1 in a m illion really 
b e signifi cant?  W ork b y A lex androv et al6 has found 
v ery specifi c “ signatures”  for genetic dam age 
caused b y things like too m uch sun ex posure or 
sm oking. W ould these envi ronm ental ex posures 
swam p any sm all inherited changes in risk?

A nother area that will need to b e addressed is 
incidental results. For ex am ple, if a person is b eing 
inv estigated for one condition b ut in the course of this 
inv estigation they are found to hav e genetic v ariants 
that put them  at high risk of som e other condition. 
H odgson asks if they should b e inform ed of this 
especially if this additional condition is untreatab le.  

A lthough the m ain seq uencing proj ect is designed 
to b ring b enefi ts to patients, the 100,000 Gen om e 
Proj ect has other, secondary, ob j ectiv es. O ne of 
these additional ob j ectiv es is to giv e a b oost to the 
UK  genom ics industry. 

Wh en the H um an Ge nom e Mapping Proj ect started 
there was little in the way of a b iotech industry 
in the U K . V arious research groups in academ ia 
and industry dev eloped b iological reagents which 
could b e useful to other researchers. The Medical 
R esearch C ouncil estab lished the H um an Ge nom e 
Mapping Proj ect R esource C entre through which 
these reagents could b e provi ded to researchers, 
and this prob ab ly did m uch to create a m arket into 
which industry provi ders could m ov e and ex pand 
the U K  b iotech industry. I t is hoped that the new 
proj ect will giv e a sim ilar b oost to the dev eloping 
area of genetic m edicine. 

 A nother ob j ectiv e of the proj ect is to b uild a 
cohort of health professionals educated in 
applying genom ics to m edicine. To achiev e this 
e proj ect is working in association with H ealth 
E ducation En gland, who hav e created a special 
section of their web site dev oted to genom ics 
education4. This includes som e online training. 
H ealth E ducation En gland are also running som e 
grant schem es for N H S staff to attend m ore 
detailed training courses.

A s has b een seen, this proj ect is a v ery im portant 
part in the continuing ev olution of genom ic m edicine.  
O v er the nex t few years genom ic m edicine will b e 
an ex citing fi eld as it m ov es from  the research lab  
into production m edical care. The 100,000 G enom es 
Proj ect will b e at the forefront of this.

!"#"$"%&"'
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I n part 1 of this discussion [ I ST Jou rnal, Spring 2015]  
the form al nature of the m easurem ent process 
was ex am ined and the logical process whereb y 
a m easurem ent procedure could b e defi ned b y 
intention was dev eloped. This form al defi nition is 
req uired when, as is alm ost always necessary, raw 
m easurem ent data m ust b e processed to ex tract the 
m eaning and content. A s it is only b y understanding 
the form al nature of the m easurem ent process that 
suitab le analysis techniq ues can b e deployed to 
ex tract the true m eaning of the m easurem ent results.

Un til this point in the discussion the nature of the 
relationships b etween m em b ers of the m easured 
class has only b een superfi cially ex am ined.  
These relationships can hav e a b ig im pact on the  
type of m easurem ent procedure undertaken and 
the type of sub seq uent analysis that would b e 
appropriate. I n part 1 of this ex am ination of the 
nature of m easurem ent the m aj ority of the ex am ples 
ex hib ited a b inary relationship b etween the m em b ers 
of the m easured class of the form  greater than or 
eq ual to ( �) . Meaning that if the set of tem peratures 
was the m easured class then for two m easured 
tem peratures in this class one would either b e 
greater than the other or they would b e eq ual.

H owev er, other types of relationships other than � 
can ex ist b etween the m em b ers of the m easured 
class, and m easurem ent procedures can b e dev ised 
that preserv e these other relationships in the 
representational set that the m easurem ent process 
m aps the m easured class onto, and thus form  a 
m easure of the m easured class at a different lev el. 
Much of the im petus b ehind attem pts to defi ne 
m easurem ents of a range of attrib utes that cannot 
b e easily defi ned in term s of physically ob serv ab le 
features, e.g. in physiological ex am inations and 
ex perim ents, has in recent years contrib uted to a  
re- ex am ination of what m ight b e term ed a 
m easurem ent processes in term s of these other 
possib le relationships b etween m em b ers of the 
m easured class. These theories fall under the general 
heading of operational theories of m easurem ent[ 1] , and 
this has led to the concept of lev els of m easurem ent.
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A s already stated so far the representation of physical 
q uantities has b een b ased on the ex istence of a 
relationship b etween the elem ents of the m easured 
class in the form  a b inary relationship of the form  � 
b etween m em b ers of any class. I t is inherent up to this 
point that the b inary relationship shown ab ov e has 
b een of an interv al nature and not m erely of an ordinal 
nature. i.e. that not only is one m em b er of a class � 
to any other b ut the ex tent to which the one m em b er 
could b e greater than another is q uantifi ab le. 
 
To giv e an ex am ple if the tem perature in C elsius 
changes b y 1˚ C  degree from  10˚ C  to 11˚ C  this is the 
sam e change as when the tem perature changes from  
40˚ C  to 41˚ C  degrees. Thus, there is signifi cance to 
the distance b etween any two scaled v alues and to 
any fraction b etween the num b ers.  

This can b e contrasted with a purely ordinal 
relationship where the b inary relationship >  applies, 
thus one v alue m ay b e greater than another b ut there 
is no signifi cance to how m uch b igger. A gain to prov ide 
an ex am ple;  were we to order or rank different species 
of salm on from  b iggest to sm allest then we would  
b e arranging them  according to an ordinal scale.  
A s it would not m atter how m uch b igger or sm aller 
they were only that they were b igger and sm aller.

I f we categorised the salm on in term s of sub  class 
of the class of salm on, e.g. A tlantic salm on, Pacifi c 
salm on, or young, m ature or old salm on we would 
b e defi ning a nom inal relationship b etween the 
m em b ers of the class of salm on b y nom inating them  
into different categories.

Finally, for interv al data for which we can defi ne 
an ab solute z ero we can defi ne a further lev el of 
relationship that is of a ratio nature.  A gain for ex am ple 
20̊ C  and 40̊ C  degrees on the arb itrarily defi ned 
C elsius scale are the sam e as 293̊ K  and 313̊ K  degrees 
on the K elv in tem perature scale. So superfi cially the 
ratio of the two tem peratures in degrees C elsius m ay 
appear to b e 2:1 b ut if looked at on the K ev in scale the 
ration b etween the two tem peratures is only 1.07:1.  
H owev er, as there is an ab solute z ero, rather than an 
arb itrarily defi ned z ero for C elsius, in the K elv in scale 
the ratio of 40̊ K  to 20̊ K  really is 2:1.
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These concepts of different scales, nom inal, 
ordinal, interva l and rational has form ed the b asis 
of an ex tension of the concept of representational 
m easurem ent, and a range of scale m appings b ased 
on these relationships has b een used to defi ne 
different lev els of m easurem ent[ 2] .
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I n nom inal m easurem ents m em b ers of the m easured 
class are nom inated into specifi c categories that 
are sub sets of the m easured class which are to b e 
m apped into specifi c sub sets of the representativ e 
class. So, any one sub set of the m easured class will 
hav e all its m em b ers m apped onto the sam e sub set 
of the representational class, where the m apping 
only depends on the m em b ership of specifi c sub sets.
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I n ordinal m easurem ents the ranked m em b ers of 
the m easured class are m apped onto the ranked 
m em b ers of the representativ e class where the 
m apping only depends on this ranking and not on any 
other characteristic of the data. 
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I n this form  of m easurem ent the m apping 
b etween m em b ers of the m easured class onto the 
representational class is dependent on the order 
and the ex act relationship b etween m em b ers of the 
representational class m irroring the relationship 
b etween the m em b ers of the m easured class.
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I nterv al m easurem ents where an ab solute z ero lev el 
and therefore an ab solute ratio b etween the m em b ers 
of the representational and m easured class can b e 
identifi ed are m easurem ents on a ratio scale. 

Since traditional representational m easurem ent theory 
env isaged the assignm ent of sym b ols to indiv idual 
m em b ers of a class the inclusion of the concept that 
m em b ers can b e nom inated to fall within sub - classes 
or categories within the m easured class that m ust b e 
m irrored as sub - classes of the representational class 
m eans that the defi nition of m easurem ent m ust b e 
enlarged to include this concept. 

Thus:  
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Below in tab le 1 the data shown on radio freq uency 
power fl ux  density ( PFD )  at radio freq uencies ( R F)  at 
positions relativ e to a large transm itter antenna can 
b e used to illustrate different lev els of inform ation 
and their lev els of m easurem ent. A s per the fi gure the 
data initially refers to PFD  in watts per m etre W m - 2 at a 
range of distances from  a transm itter tower.
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R ational I nterva l O rdinal N om inal

1 500 490 1 H igh

2 250 240 2 H igh

3 55 45 3 I nterm ediate

4 31 21 4 I nterm ediate

5 20 10 5 I nterm ediate

6 14 4 6 I nterm ediate

7 10 0 7 I nterm ediate

8 8 N / A 8 L ow

9 6 N / A 9 L ow

10 5 N / A 10 L ow

Jable '0 Measurement data at di\\erent levels \or transmitter

I f our interest 
is sim ply in the 
PFD  at different 
ranges from  
the transm itter 
then little 
analysis of the 
data is req uired 
since the data 
is m easured in 
W m - 2 and there 
is an ab solute 

z ero on this scale therefore these are clearly ratio 
lev el m easurem ents. I f the contex t in which these 
m easurem ents were m ade was to fi nd the location 
of or direction to the transm itter and it was known 
that the closer the m easurem ents were m ade to the 
transm itter the higher the recorded lev els would b e 
then an ordinal m easurem ent that m erely ranked the 
m easurem ents would b e suffi cient for an analysis of 
the data to prov ide the answer.

H owev er, if the contex t in which we were m aking 
these m easurem ents was in term s of health and 
safety and the possib le effects of these PFD  
lev els, then m ore analysis would b e req uired. The 
I nternational C om m ission on N one I onising R adiation 
Protection ( I C N I R P) [ 3]  defi nes a num b er of reference 
lev els for PFD s that are considered to b e haz ardous.  

<igure '0 Measurement distanYes \rom 
H< transmitter
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A t the freq uency m easured these lim its were less 
than 10 W m - 2 integrated ov er any 6 m inute period to 
giv e 3600 J a nd not m ore than 20 tim es the reference 
lev el of 10 W m - 2 instantaneously.

Thus, from  the data, closer than 2 m etres from  the 
transm itter there is instantaneous ex posure to a PFD  
that is considered to b e haz ardous. Un til you are at 
least 7 m etres from  the antenna you will b e ex posed 
ov er a 6 m inute period to a non-ion ising radiation 
dose with a total energy of 3600J , and thus ov er any 
6 m inute period you would b e considered to b e in a 
haz ard z one. Beyond 7 m etres continuous radiation 
ex posure would b e considered to not represent a 
haz ard. I f instantaneous ex posure to 20 tim es the 
reference lev el is categorised to b e high risk area, 
ex posure ov er 3600J ov er any 6 m inute period is 
categorised to b e interm ediate risk, and less than 
3600J o v er any 6 m inute period low risk, then the 
m easured data points can b e nom inated to fall into 
different categories. I f the contex t in which the 
m easurem ents are m ade is to categorise the areas 
around the transm itter into high, interm ediate and 
low risk areas then clearly m easurem ent at a nom inal 
lev el would b e suffi cient.  

Thus, although in this case the data is m easured on 
a ratio scale an ordinal scale m easurem ent would b e 
suffi cient for direction fi nding and a categorical scale 
that m erely nom inated the m easured results into 
different categories would b e suffi cient from  a health 
and safety point of vi ew.    

Finally, if the contex t in which the data was ob tained 
was to ascertain how m uch ab ov e the I C R I R P 
reference lev el the recorded lev els were and how 
m uch they had to b e reduced b y, then b y m aking 
interv al m easurem ents  ab ov e an arb itrarily defi ned 
z ero lev el set at 10 W m - 2 would b e suffi cient.

C learly m easurem ents can b e m ade at different 
lev els with different types of scale at each lev el 
and the appropriateness of the use of any scale 
is directly related to the contex t in which the 
m easurem ents are to b e m ade and the m eaning to b e 
ex tracted from  the results. I nevita b ly, rational lev el 
m easurem ents req uire the highest lev el of accuracy, 
precision and sensitivi ty and therefore are the m ost 
dem anding in term s of the fi delity, rob ustness, 
and repeatab ility in their defi ned m easurem ent 
procedure. Measurem ents on scales m ade at other 
lev els, e.g. Or dinal data can often b e easier to ob tain 
and dependant on the contex t in which they are b eing 
m ade often contain all the inform ation req uired.

ÆJ^e forcal scientific cet^od" froc oXservation 
to ^opot^esis and onmard to test and confircation 
or falsification is essentiallo Xased on t^e idea 
!"#!$!"%&%$#&%$'%#()&#*+%$,&%-./!.01($2&0'$#13$
scientific ^opot^esis t^at can confirc t^e relevance 
or accuraco of t^e predictions of t^e t^eoroÇ$  

I n the ex am ple ab ov e it is clear that the 
m easurem ent raw data that was acq uired on a ratio 
scale could b e processed to provi de m easurem ents 
on the other scales, i.e. interva l, ordinal categorical 
b ut this is not always the case and data acq uired at 
other lev els can provi de suffi cient inform ation for 
m any purposes. I n part 1 of this discussion on the 
nature of m easurem ent it was postulated that;  

(a) (X) (c) (d) 405$
!0!#+

6#+%( 82 13 176 112 383

7%'#+%( 74 23 184 85 366

156 36 360 197 749

Jable (0 Fer\ormanYe o\ English sYhool leavers in mathematiYs !
'/-&#.& Yohort

Gi v en that any scientifi c hypothesis b y defi nition 
m ust b e m ust b e falsifi ab le[ 4] , i.e. sub j ect to b eing 
tested with respect to data can b e found to b e 
v erifi ed or prov ed to b e incorrect. Then often 
m easurem ents at only a nom inal lev el that only 
categorise data can b e suffi cient to test the data. 

For ex am ple using historical data shown in tab le 
2 b elow, if the hypothesis was adv anced that the 
perform ance of school leav ers in certain sub j ects 
was dependent on the sex  of the school leav ers this 
hypothesis could b e tested scientifi cally at a nom inal 
lev el with only categorical m easurem ent data.  

This so called contingency tab le[ 5] , has categorised the 
results of the ex am inations as passes at either a,b ,c, or 
d in colum ns and as either m ale or fem ale in the rows.

From  the data in the tab le, which lists counts of 
students achievi ng certain pass grades and their 
respectiv e sex es, the form al null hypothesis H o can 
b e adva nced:

H o: Sex  and perform ance of E nglish school leav ers in the 
1979- 8 0 m athem atics ex am inations are independent

A nd the following alternativ e hypothesis can b e 
adv anced

H i:  Sex  and perform ance of E nglish school leav ers in the 
1979- 8 0 m athem atics ex am inations are not independent 
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The m easurem ent data in the contingency tab le could b e tested statistically to estab lish the v alidity of the 
null hypothesis and b y inference the alternativ e hypothesis for ex am ple using a�ѯ2 test[ 6] . The details of the 
test are listed in the reference b ut for com pleteness the result was that H o cannot b e rej ected at a 95%  
signifi cance lev el so there is no relationship b etween the perform ances in the school lev ers in m athem atics 
on the b asis of their sex .

This is an ex am ple of when purely nom inal data collected on a categorical scale can b e used to estab lish the 
va lidity of a scientifi c hypothesis b ut hypotheses can of course b e tested on the b asis of, rational, interv al, 
ordinal, or categorical m easurem ent data. Tab le 3 b elow illustrated the types of statistical tests that can b e 
deployed to test m easurem ent data to confi rm  or falsify hypotheses.  

Jable )0  AppliYable statistiYal tests \or di\\erent levels o\ measurement data

Dote0 the inYlusion o\ two and two paired terms in the samples areas relates to nature o\ the measurement data obtained \rom the inYlusion o\ 
Yontrol groups, \or enample in blind and double blind trials or other Yomparison type enperimentsQ-S!
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Nu m b er of 
sam ples

N / A On e or two 
paired

Two not 
paired

Two not 
paired

O ne or two 
paired

O ne or two 
paired

Two not 
paired

Two not 
paired

Sam ple siz e L arge Sm all L arge Sm all L arge Sm all L arge Sm all

Suitab le 
test

ѯ2 Sign test Mood’ s 
Median 
test

Mann 
Wh ittney 
test

O ne sam ple 
Z- test

Wi lcox on 
m atched 
pairs test

Two sam ple 
Z- test

Two sam ple 
t- test

A s has already b een em phasised in part 1 of this 
discussion the nature of the structured form al 
output from  any m easurem ent process is inherently 
b ased on the nature of this m easurem ent process 
itself. Therefore the types of analysis that is 
appropriate for any m easurem ent data set is 
fundam entally dependant on the form al structure 
of the m easurem ent process itself, so a thorough 
understanding of this process at a form al lev el is 
necessary to decide on the correct type of results 
analysis to adopt. Tab le 2 illustrates an indicativ e b ut 
not an ex haustiv e array of the type of data analysis 
that can b e deployed to test hypotheses using 
m easurem ent data acq uired at different scale lev els.  

H ypothesis testing is included as an appropriate 
ex am ple that shows how the nature of the 
m easurem ent process is directly related to the 
type of m easurem ent data acq uired, and thus the 
appropriate options ava ilab le for data analysis. 
A  wide range of other analysis and processing 
options that relate to the contex t and m eaning to 
b e ex tracted from  m easurem ents are av ailab le, b ut 
the applicab ility of these options is fundam entally 
related to the form al structure of the m easurem ent 
process, and the use of techniq ues that are not 
appropriate for a giv en m easurem ent process or lev el 
will inva lidate any conclusions drawn from  the data. 
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The nature of the structured form al output from  
any m easurem ent process is inherently b ased 
on the nature of this m easurem ent process 

itself and therefore the types of analysis that 
are appropriate for any m easurem ent data set is 
fundam entally dependant on the form al structure 
of the m easurem ent process itself so a thorough 
understanding of this process at a form al lev el is 
necessary to decide on the correct type of results 
analysis to adopt.  

D ifferent lev els of m easurem ent produce v ery different 
types of data and clearly there is a hierarchy inherent 
within these different types of data. D ependant on the 
nature of the categorical sub sets that are to b e defi ned, 
the R atio data m ay well contain the inform ation to form  
these. By defi nition the interv al and ordinal aspects of 
the data will b e included in the ratio data produced in 
a m easurem ent. N om inal m ay well b e, and the ordinal 
aspects of interv al data will b e included in interv al 
m easurem ents and purely ordinal aspects often can b e 
used to defi ne categorical sub  sets. 
 
Thus, it can b e seen that this hierarchy allows the 
ex am ination of m easurem ent data in a wide v ariety of 
ways. N on param etric statistical analysis[ 8 ]  techniq ues 
can b e em ployed on the nom inal and ordinal aspects of 
all m easurem ent data sets along with the m ore usual 
param etric statistical techniq ues usually em ployed 
only on interv al and ratio m easurem ent data.  

A n understanding of the different lev els of 
m easurem ents opens up the opportunity to assess 
and process m easurem ent data sets in a num b er of 
ways that do not norm ally occur if the data is only 
vi ewed at the interva l or ratio lev el.  
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The use of a wide range of analysis techniq ues is 
im portant as the contex t in which the m easurem ents 
are taken and the type of knowledge which is to b e 
ex tracted from  the data is intim ately related to the 
nature of m easurem ent process.

A dditionally a fi rm  b asis in the understanding of the 
nature of the m easurem ent process is an im portant 
precursor to the identifi cation and im plem entation of 
effectiv e m easurem ent techniq ues and alm ost ev en 
m ore im portant in identifying and isolating im portant 
features in m easurem ent data from  which m eaning 
and content can b e ex tracted.

Finally it is m ore than 2,400 years since Plato fi rst 
proposed his theory of knowledge where, knowledge 
was defi ned as true j ustifi ed b elief ( J TB) [ 9] .  I f we 
accept that, sub j ect to the constraints of the Ge ttier 
prob lem [ 10] , the JTB theory of knowledge is still a 
va lid sum m ation of the theory of knowledge then an 
im portant q uestion to b e answered is what can b e 
considered to b e a b etter form  of j ustifi cation for any 
b elief than m easurem ent b ased confi rm ation of the 
predictions form ed as a result of the b elief. A s such 
the process of m easurem ent m ight b e considered b y 
som e to b e the fi nal arb iter of what can actually b e 
considered to b e knowledge.  
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!"#$%&'#($)(&*#+,(-$./(#0'/1#2$sets out " Strategies 
against pollution of water"  outlining the steps to  
b e taken. 

Of in terest to a lab oratory like the Na tional 
L ab oratory Servi ce ( N L S) is th e  “ First L ist”  of priority 
sub stances which was later superseded b y a new 
list within The En v ironm ental Q uality Standards 
D irectiv e, also known as the Priority Sub stances 
D irectiv e;  which set envi ronm ental q uality standards 
(E QS) f or the sub stances in surface waters ( riv er, 
lake, transitional and coastal)  and confi rm ed 
their designation as priority or priority haz ardous 
sub stances. The Eu ropean C om m ission further 
revie wed the list in 2012. I t put forward a proposal 
for a D irectiv e am ending the WF D  and the E Q SD  
as regards priority sub stances. I n 2013 rev ised 
E QS va lues, b ased upon practiced env ironm ental 
and tox icological effects, were confi rm ed and new 
sub stances were included.

34&5/'6$7884(&90#$34&5/'6$:,9'(,5$./(#0'/1#;
I n addition to the list of sub stances a  daughter directiv e 
of W FD , referred to as the Q uality A ssurance Q uality 
C ontrol D irectiv e ( Q A  Q C ) , and national guidance4 from  
the C hem icals Task Team  ( C TT)  of the U nited K ingdom  
Technical A dv isory G roup ( U K TA G ) , set out a series 
of req uired and recom m ended q uality criteria which 
are necessary for the reported data to b e used to 
assess com pliance against the E Q S and sub seq uently 
describ ing whether “ good”  chem ical status has b een 
dem onstrated for the relev ant water b ody. 

Wh at are these and how does it affect the N ational 
L ab oratory Servi ce?

1. Minim um  perform ance criteria for all m ethods 
of analysis are b ased on an uncertainty of 
m easurem ent of ≤50 %  estim ated at the lev el of 
releva nt E Q S

<,=$:&('#($

!"#$>91/(,9*#9'&5$34&5/'6$
?'&9@&(@8$./(#0'/1#AB$7$9#+$
0"&55#9C#$D,($5&=,(&',(/#8E

2. I n order to achiev e this L im its of D etection ( L oD )  
approx im ately ≤ one sev enth of the E Q S m ust b e 
achiev ed.

?IE 1)+)0 defines Bo: as ( n ¸( n t0$0+ n I: 
+/'"/9F=&'0"$+"#(#$'GEGH$/8$'"#$'&=45&'#@$
value of ItudentÉs t (sin]le#sided) at t^e /+% 
I(,=&=/5/'6$5#1#5$&9@$?.$/8$'"#$8'&9@&(@$@#1/&'/,9E$$
!"/8$#J4&'#8$',$KELH$M$?.$+/'"/9F=&'0"E$$N/*/'$
of Guantification 3 10 n mit^in#Xatc^ standard 
deviation n Hecovero <actor 3 ($1+ n Bo:

3. I n the ab sence of m eeting the m inim um  
perform ance criteria, m onitoring is carried out 
using b est ava ilab le techniq ues ( BA T)  not entailing 
ex cessiv e costs.

4. That the m ethodology is dem onstrated to b e in 
control at the v alue of the L oD .

!"#$:"&55#9C#
I n O ctob er 2013 the En vi ronm ent A gency req uested 
that its lab oratories ex am ine the rev ised list of 
sub stances with E Q S v alues and determ ine whether 
they could m eet the new criteria. This list included 
112 sub stances, in terrestrial and transitional and 
coastal surface waters, with a designation of Priority 
Sub stance, Priority H az ardous Sub stance, Specifi c 
Pollutant and a U K  designation of O ther Sub stances. 
O f these, 8 had nev er b efore b een q uantifi ab ly 
analysed in water b y the N L S. A  further 18 ( plus a 
range of diox ins and diox in like sub stances)  were 
req uired in b iota ( fi sh and shellfi sh) , of which 6 had 
also nev er b een analysed b efore b y the N L S.

O f the 112 sub stances, 42 in water and 6 in b iota 
would req uire either a new m ethod or a m ethod 
im prov em ent and of these, 34 would req uire either 
adv ancem ent in instrum ent sensitiv ity or greater 
concentration of envi ronm ental sam ples than the 
current m ethodology used.
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Some o\ the SpeYiÓY Follutants, Friority and Friority >apardous SubstanYes reguiring advanYement in methodology

8enpo(a)pyrene
8enpo(b)Ôuoranthene
8enpo(ghi)perylene
8enpo(k)Ôuoranthene
!"#$%&"'(
Cypermethrin
D iaz inon
D ichlorov os
En dosulfan
Fluoranthene

The following sub stances dem onstrate the largest 
challenges with respect to im prov em ents in L im its 
of D etection (L oD ) r anging from  10 to 30,000 fold 
im prov em ents on ex isting capab ilities. 

•  H eptachlor target L oD  0.00003ng- 1

•  Benz o(a ) pyrene L oD  0.02 ng- 1

•  D ichlorv os L oD  0.09 ng- 1

•  C yperm ethrin L oD  0.01ng- 1

•  PFOS L oD  0.09 ng- 1 & 1ugkg- 1

H eptachlor
H eptachlor Ep ox ide
H ex achlorocyclohex ane
Methiocarb
Non ylphenol
Oc tylphenol
Pentachlorob enz ene
cis and trans perm ethrin
perfl uorooctane sulfonate ( PFO S)

Terb utryn
Trib utyl tin chloride
Polyb rom inated diphenyl ethers  
A lconifen
A lachlor
Benz yl b utyl phthalate 
Bifenox
D icofol
H ex ab rom ocyclododecane 

>eptaYhlor

:iYhlorvos

Cypermethrin

8enpo(a)pyrene

FerÔuorooYtane sul\onate (F<ES)

!"#$%#&%'()*'+,-
The program m e of b ringing suitab le m ethods on line 
was to b e done ov er two years b ringing all m ethods up 
to a standard so that they m ight b e considered to b e BA T 
b y A pril 2016 and where possib le report the req uired 
L oQ  v alues. The following activ ities were undertaken.

•  Split the va rious dev elopm ents down into separate 
proj ects of which 10 were considered of high 
enough im portance to resource. 

•  I dentify m ethodology and instrum entation which 
offered the b est opportunity to deliv er the req uired 
results and identify the cost of m onitoring.

A  signifi cant proportion of the En v ironm ent 
A gency m onitoring program m es are the cost of the 
lab oratory analysis, and a signifi cant proportion of 
this can b e the capital outlay in instrum entation. 
Wi th a typical instrum ent capab le of analysing the 
sub stances shown here costing b etween £50 k and 
£300 k it is vi tal that any m onitoring program m e is 
fully j ustifi ed. 

The lab oratories then conducted an ex tensiv e 
procurem ent process to identify instrum entation 
which provi ded the right b alance b etween sensitivi ty, 
q uality and v alue for m oney, env ironm ental im pact 
and H ealth and Safety. Trials were undertaken with 
va rious instrum ent com panies and two instrum ents 
types were identifi ed. Ga s chrom atography- m ass 
spectrom etry ( GC - MS)  and liq uid chrom atography-
m ass spectrom etry ( L C - MS)

These instrum ents, whilst sensitiv e in their own right, 
also offer v ery good signal to noise ratios. H owev er, this 
still leav es the lab oratory to ex tract from  the sam ple 
the com pounds of interest. E v en with these sensitiv e 
instrum ents this still leav es a m inim um  of 2000 fold 
concentration step, ex tracting and concentrating at the 
sam e tim e. This is routinely perform ed b y ex tracting 
the com pounds of interest b y either dissolv ing these 
organic com pounds in an organic solv ent such as 
dichlorom ethane, or b y adsorb ing them  onto a so called 
Solid Phase m aterial and eluting them  off;  in b oth cases 
prior to concentration.

The En vi ronm ent A gency has concluded that 
sam pling anything m ore than one litre of water at a 
tim e in a routine m onitoring would b e im practical.  
I n the case of heptachlor this still won’ t b e suffi cient, 
and in order to achiev e the req uired L oD , in ex cess of 
100 litres per sam ple would b e necessary. 

./



This is where the lab oratories fall b ack on the 
prem ise of BA T, not entailing ex cessiv e cost. 

The greatest challenge for lab oratories howev er is 
not j ust the low lev el of detection now req uired b ut 
is in controlling the b ackground lev el of som e of the 
com pounds in the envi ronm ent and their im pact 
upon va lidating the m ethodologies.

The real challenge now starts. H avin g estab lished 
your m ethodology it needs to b e va lidated according 
to va rious guidelines5,6,7 b efore it can b e determ ined 
the m ethod works and data generated is fi t for 
purpose. This is where this article concludes with the 
challenging j ob  of va lidating the m ethodology and 
m onitoring the envir onm ent.

!"#"$%&'()*%+,*-"%&$"
The Na tional L ab oratory Service a s reported in the 
I ST’ s spring 2015 J ournal edition hav e j oined forces 
with I ST and the Science C ouncil, and are activ ely 
prom oting the dev elopm ent of its people. The 
technical challenges presented b y the E Q S and Q A /
QC  D irectiv es are a fantastic opportunity for N L S 
people to dev elop m ethodology whilst challenging 
and dev eloping them selv es and the organisation;  
identifying new ways of working and new scientifi c 
solutions. Many of our staff hav e b een taken “ off-
line”  to focus on these proj ects enab ling other staff 
to fi ll the v oid and therefore spread the dev elopm ent 
opportunities to m ore of our people. 

.+/0%,
1%2*34,/",*is the N ational 
L ab oratory Serv ices 
Product Manager and 
has 25 years ex perience 
in dev eloping analytical 
tests and leading and 
m anaging chem istry 
team s. R ob  is currently in 
the process of applying 
for the Science C ouncils 
C hartered Scientist award.

1"5","(6"7
1. En vir onm ental Qu ality Standards (D irectiv e 2008/ 105/ E C ) (E QSD )
2. W ater Fram ework D irectiv e (2000 / 60/ E C ) (WF D )
3. Qu ality A ssurance Qu ality C ontrol D irectiv e (D irectiv e 2009/ 90/ E C )
4. UK TA G c hem istry task team  guidance on the im plem entation of the Q A /
QC  D irectiv e
5. En v ironm ent A gency, Na tional L ab oratory Service , System s Q uality 
Manual (V ersion 18 29/ 04/ 15)
6. NS30 , A  Manual on A nalytical Qu ality C ontrol for the W ater I ndustry, 
I SBN 09022156-853,  WR C  plc, Marlow UK . C heesem an, R .V . and Wil son, 
A .L . (r evised  b y Ga rdner, M.J)
7. I SO / I E C  17025:2005 Gen eral req uirem ents for the com petence of 
testing and calib ration lab oratories
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The feasib ility 
of dissolv ing 
surrogate 
fi ssile m aterial 
em b edded 
in a neutron-
transparent 
SiC  inert m atrix  
( Figure 1)  in 
m olten salt 
is im portant 
for dev eloping 
electrochem ical 
reactors 

for spent fuel reprocessing. C onv entional pyro-
processing inv olv es the dissolution of spent fuel in 
m olten L iC l- K C l eutectic followed b y separation using 
electro- refi ning5. For G eneration I V  fuel, reprocessing 
fi ssile U C  could inv olv e m olten salt electrolysis of U C , 
dissolution of the dendritic uranium  deposit in hot 
m ercury and then the conv ersion of the uranium  in 
q uasi- am algam  to U C  b y distillation in a hydrocarb on 
gas atm osphere6. A lso, reprocessing the SiC  m atrix  
could inv olv e m olten C aC l2- C aO  corrosion at 8 00° C  
for 2 h ( see L e C hâ telier conditions from  18 8 3)  to 
generate water solub le doub le salt C a3SiO 4· C aC l2 
m ix ed with C a3SiO 4C l2 ( Figure 2 and 3) . This nov el 
reprocessing schem e could b e used for TR I SO  fuel7.  
I t is im portant to note that m olten salt reactors hav e 
the potential to solv e alm ost all the prob lem s of 
nuclear energy in a far m ore elegant way than ex isting 
light- water reactors8 .

!"#$%&'()'*$%%+#,-&'.&/&%,-"+/'01'2$&34'
JH?SE \uel partiYle embedded in SiC (Hed 
# +-$' wt$� Carbon1 8lue # '/$- wt$� 
SiliYon1 =reen # (&$. wt$� Enygen)$

!"#$%&'5)'67%,8'9"22%,:-"+/'
;<&:-%,4',, :ouble salt 
!"#SiE*$!"!%( mined with 
!"#SiE*!%(&'()'!"#SiE*!%('
(@CF:S ()#&.-)) showing a 
monoYliniY Yrystal struYture 
(spaYe group0 F('%Y) 
Yonsisting t YYp arrangement 
o\ SiE*

*� tetrahedra and Cl� 
anions with the Ca(! Yations 
oYYupying interspersed 
oYtahedral sites in a distorted 
DaCl#type struYture$

!"#$%&'=)'0/2%,7%&9';<&:-%,4'
>ygrosYopiY double salt 
!"#SiE*$!"!%( mined with 
!"#SiE*!%( show E#> bending 
modes at ',)& Ym�''"*+'
,-"./%0'.1,2%31+'+24(%15,'62.'
a )*&& Ym�' band Yonsisting 
o\ E#> symmetriY stretYhing 
modes at )((& Ym�' and E#> 
anti#symmetriY stretYhing 
modes at )**+ Ym�'&

The cathodic protection of G eneration I V  reactor 
v essels to withstand the corrosiv e nature of m olten 
salts will prov e a m aj or challenge. Matson et al.9 
found that v essels ex perienced sev ere corrosiv e 
attack in contact with a m olten fl uoride- b ased salt. 
Sim ilarly, A ndriiko et al.10 tested sacrifi cial anodes 
for the cathodic protection of graphite crucib les in 
the electro- deposition of germ anium  from  a m olten 
fl uoride- b ased salt. The req uired cathodic current 
density was diffi cult to ob tain with a graphite crucib le 
anode where cathode degradation b y ox idation near 
the anode resulted in product contam ination. Further, 
the corrosion resistance of copper and nickel was 
signifi cantly b etter than iron. K olosov  et al.11 found 
that im posing an im pressed current density prov ided 
suffi cient corrosion protection of process v essels 
containing a m olten chloride- b ased salt.  
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H owev er, I v es and Good m an12 recom m ended 
a lower operating tem perature as oppose 
to cathodic protection as it failed to provi de 
corrosion protection of a storage v essel in the 
va pour regions of a m olten carb onate- b ased salt.

The dev elopm ent of inert anodes enab les H all-
H é roult reactors to m inim iz e process control 
prob lem s such as large anode- cathode gaps and 
disturb ances from  daily changes of m onolithic self-
b aked ( Soderb erg)  or preb aked anodes. A n em pirical 
approach b ased upon process ex perience guides 
m aterial selection since selecting an optim um  
anode m aterial on a theoretical b asis is im possib le. 
C opper- nickel, copper and tin ox ide anodes generate 
m ore uniform  current distrib utions along horiz ontal 
undersides due to sm ooth release of m ore than 95 %  
sm aller gas b ub b les ( b ub b le contact angle ~  0° )  from  
60 %  thinner b ub b le layers than graphite anodes13. 
The b ub b le contact angle of 120- 130°  for graphite 
anodes tends to induce a high ohm ic drop with low 
electrical conductiv ity in the b ub b le- free anode-
cathode gap. To com plim ent inert anode technology, 
the installation of 0.57- 0.61 cm  sloped drainab le 
cathodes coated with titanium  dib oride would offer 
alum inium  wettab ility with low alum ina deposition 
while the dev elopm ent of wing- pattern stub  designs 
would m inim iz e potential drops in anode- stub  
connections8 ,14.

The design of an inert anode underside affects the 
potential distrib ution in H all- H ér oult reactors14. 
I n practice, fl at undersides contrib ute to the 
physical m anifestation of anode effects and alum ina 
concentration gradients leading to non- uniform  
current distrib utions and alum ina deposition. 

I n contrast, undulated and 0.5- 3°  sloped undersides 
m inim iz e alum inium  re- ox idation b y inducing effi cient 
circulation patterns, low electrical resistance in 
shorter anode- cathode regions, and few localiz ed 
regions of high current density16,17. A  series of anode 
plates inclined at 45°  ab ov e shaped cathodes in a 
grid- like assem b ly hav e also b een proposed14. Finally, 
perforated undersides com prising a series of parallel 
horiz ontal rods that are spaced apart in a generally 
co- planar arrangem ent, which form  longitudinal 
fl ow- through openings, offer a large surface area with 
relativ ely uniform  current distrib utions18 .

!"#$%&'()'*&+%',&-'./+0&'1+-/23&.4 Forous titanium dionide 
Yathodes (porosity 3 )( �) within rotationally symmetriY 
eleYtroYhemiYal reaYtors$

The A lcan- I shiz uka, Metalysis and A lcoa reactors 
for m agnesium , titanium  and alum inium  production 
respectiv ely hav e utiliz ed ( or will utiliz e)  a term inal 
anode and cathode with v ertically stacked b ipolar 
electrodes. I n relation to the latter, the production 
of alum inium  could b e optim iz ed in a H all- H é roult 
reactor eq uipped with inert b ipolar electrodes 
prov ided that certain technical issues are 
addressed8 :

•  D eploy electrodes in closely- spaced horiz ontal 
arrays to ensure high electrode packing density 
and low capital outlay per unit of alum inium  
production;  

•  A node and cathode m aterials with dissim ilar 
ex pansion coeffi cients within a m onolithic 
structure;  

•  Maintain internal stab ility of b ipolar electrodes 
during ex tended reactor operation while 
protecting the perim eter of the anode/ cathode 
interface from  corrosiv e attack.

The anodic and cathodic side of a b ipolar 
electrode could consist of cooled pipes or fl ow-
channels carrying cooling fl uid em b edded in the 
anode while a layer of m aterial ( with a higher 
electrical resistivi ty than the cathode)  is inserted 
into the b ipolar electrode to provi de heating. 
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The cathode of the b ipolar electrode could b e heated 
b y m eans of reducing the activ e surface area of 
the cathode so that the electrode has a cathode 
to anode surface area ratio of 0.5- 1. H eating and 
cooling schedules could b e im posed to m aintain 
the tem perature at the anode and cathode surface 
slightly lower than the m olten salt tem perature 
with careful m onitoring of the rate of fl uid transport 
through fl ow-c hannels to av oid ex cessiv e cooling.

The design of an anode annulus with near net shape 
titanium  diox ide cathodes in FFC  C am b ridge reactors 
indicate that Slit cathodes are preferab le b ecause 
they generate the m ost uniform  current density 
distrib ution ( Figure 5) . This innov ation supports the 
direct electro- reduction of m etal ox ide m ix tures into 
near net m etal alloy com ponents while addressing 
the relationship b etween product design, operating 
costs and titanium  production capab ilities in different 
countries b ased on 2003- 2012 census data on U .S. and 
foreign produced titanium  prices19. Further, lim itations 
of the K roll process hav e held b ack the widespread 
use of titanium  where titanium  prices hav e b een 15 
tim es higher than alum inium  and 60 tim es higher 
than steel. A lso, the worldwide production and 
consum ption of 40 m illion tons of alum inium  and 1.2 
b illion tons of steel in 2009 dwarfed ~  100 thousand 
tons of titanium . This was com pounded b y a forecast 
that world titanium  consum ption b etween 2011 and 
2025 will increase at a 4- 10 %  av erage annual rate19.

!"#$%&'()'*%"+,%-'.$%%&/0'1"20%"3$0"4/5 Standard deviation in 
Yurrent density `!"#" along the Yurrent YolleYtor%JiE(%melt )F?$ 
:etails o\ model development Yan be \ound in my previous work'+"

Further, the electronic conductiv ity of the m olten 
salt15,20 could lower current effi ciency from  b ypass 
currents b etween neighb ouring b ipolar electrodes. 
This prob lem  could b e m inim iz ed b y increasing the 
current and height of the b ipolar reactor;  b ounding 
b ipolar electrodes with an upwardly ex tending rim  
around the electrode edge, and electrically insulating 
the internal wall of the reactor ( see the I shikawa-
K onda approach) .
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I n future, a nex t generation high-p urity m etal 
production plant could av oid lab our intensity, poor 
space-tim e yield and ineffi cient m ass transport b y 
operating b ipolar reactors in sem i-con tinuous m ode. 
I n titanium  production, incorporating a continuous 
pum ping loop in a b ipolar reactor to increasingly 
raise current effi ciency b y lowering b ackground 
current since repeated re- circulation of fresh m olten 
calcium  chloride from  a reserv oir would increasingly 
lower the concentration of calcium  ox ide19.  
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The nanoscale affects all our liv es and in m any 
different areas, including m edicine and pharm acy. 
The transform ation of m aterials into the nano 
dim ension changes their physical properties, and is 
used in pharm aceutics to dev elop a new innov ativ e 
form ulation principle for poorly solub le drugs: the 
drug nanocrystals. This article discusses the physics 
b ehind the drug nanocrystals and the changes of 
their physical properties, along with the industrially 
releva nt production technologies. A lso discussed are 
the b enefi ts and the disadva ntages of the v arious 
ways forward with som e ex am ples of products 
m arketed or in the dev elopm ent pipelines.

Comparison o\ various biologiYal assemblies and teYhnologiYal deviYesi!
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The nanoscopic scale ( or nano scale)  refers to 
structures with at least one dim ension in the length 
scale of 1– 100 nanom eters. N anoscience is the study 
of nano scale m aterials. D ue to their sm all dim ensions 
these structures ex hib it rem arkab le properties, 
functionality, and phenom ena. N anotechnology is a 
discipline that is b ased on the m anipulation, control, 
and integration of atom s and m olecules to form  
nanosiz ed m aterials, structures, com ponents, dev ices, 
and system s. N anotechnology is the application of 
nanoscience, especially to industrial and com m ercial 
ob j ectiv es1. N owadays, the appellation “ nano”  is widely 
encountered in our daily liv es. For ex am ple it is included 
in the production of nano com ponents of com puter 
m icrochips 2, in b iotechnology 3, in research regarding 
cosm etic, food and pharm aceutical products 4, 5.
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dm 3A   :   (Cs#Cb)     ( N oyes and W hitney 1897) 11

Wh ere: m , m ass of the dissolv ed m aterial;  t, tim e;  A , 
surface area of the interface b etween the dissolv ing 
sub stance and the solv ent;  d, thickness of the 
b oundary layer of the solv ent at the surface of the 
dissolv ing sub stance and the solv ent;  C s, m ass 
concentration of the sub stance on the surface or 
“ saturation solub ility” ;  C b , m ass concentration of the 
sub stance in the b ulk of the solv ent.

Therefore, the transform ation of drug into nanoscale 
enhances the b ioav ailab ility of drugs where the 
dissolution v elocity is the rate- lim iting step.  
I n addition, drug nanocrystals possess increased 
saturation solub ility ( b elow a critical siz e of 1– 2 µm , 
the C s rises with decreasing particle siz e)  havi ng 
the adv antage that the dissolution v elocity is further 
enhanced ( b ecause dm / dt is directly proportional to 
the saturation solub ility)  and that, with the increased 
saturation solub ility, the concentration gradient 
b etween gut lum en and b lood is raised, im prov ing 
the ab sorption b y passiv e diffusion12. The rate of 
dissolution and, thus, the b ioava ilab ility can b e 
further b oosted enhancing the saturation solub ility 
through the increase of the dissolution pressure12, 
or producing nanocrystals in the am orphous state, 
due to the fact that am orphous drug nanoparticles 
possess a higher C s com pared to eq ually siz ed drug 
nanocrystals in the crystalline state13.

I n general, optim al drug nanocrystals should hav e a 
siz e of ranging from  50 nm  to 20 nm  and b e am orphous.

I n m edicine, nanotechnology has the potential to 
im prov e the whole care process. There are diagnostic 
tools, im aging agents, drug deliv ery system s, 
pharm aceuticals, im plants and tissue engineered 
constructs, of nanoscopic scale ava ilab le that are 
aim ed toward m aking m edical practice safer, less 
intrusiv e and m ore personalised6. I n pharm acy, 
nanotechnology can enhance the b ioava ilab ility. 
This characteristic has a positiv e im plication due 
to the fact that, ov er the last ten years, the num b er 
of poorly solub le drugs has steadily increased. 
Es tim ates indicate that 40%  of the drugs in the 
pipelines hav e solub ility prob lem s7. A dva nces in 
high throughput screening m ethods can lead to a 
greater v olum e of newly discov ered drugs, and ab out 
60%  of them  could hav e poor water solub ility8 . Poor 
solub ility in water correlates with poor b ioava ilab ility 
(if th e drug is not solub ilised it will not b e ab le to 
b e ab sorb ed from  the gastrointestinal tract into the 
b loodstream  and it will not reach the site of action) . 
Na notechnology responds to this prob lem  through 
the functionalisation of the drug b y the incorporation 
into solub le v ectors, or the form ation of nanocrystals. 
The chem ical m odifi cation of the drug is lim ited b y 
drug solub ility properties and b ecause of the use 
of surfactants and/ or co-sol v ents, ( their residues 
can lead to increased side effects) 9. The synthesis 
of nano drug deliv ery system s (D D S) en hance the 
effi cacy and decrease side effects through a site-
specifi c targeted deliv ery, help to increase the 
stab ility of drugs, and possess useful controlled 
release properties10. Un fortunately, in this synthesis 
there is also the need to use surfactants. 
 H owev er, the form ation of nanocrystals, on the other 
hand, will perm it im prov ed b ioava ilab ility of the 
sub stance and av oid the use of ex cipients.
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D rug nanocrystals are crystals with a siz e in the 
nanom eter range that are totally com posed of drug 
without carrier m aterial. They are adm inistered in the 
pharm aceutical form s of “ nanosuspensions” , that 
are dispersions of nanocrystals in liq uid m edia. The 
dispersed particles are stab ilised using surfactants 
or polym eric stab ilisers. Ex am ples of dispersion 
fl uids are water, aq ueous solutions, or non-a q ueous 
m edia (e .g., liq uid polyethylene glycol, oils) . The 
process of nano crystallisation leads to the form ation 
of crystalline or am orphous products, depending 
on the production technologies. Physically, the 
transform ation of drug into nanocrystals increases 
the dissolution v elocity b y surface area enlargem ent. 
The siz e reduction induces an increase in the surface 
area and thus, according to the No yes-Wh itney 
eq uation, to an increased dissolution v elocity.

!" !

<igure$ ' :ynamiY Light SYattering (:LS) speYtrum (   a 
YharaYterisation teYhnigue able to inspeYt the sipe and morphology 
o\ nanopartiYles) o\ Foly(LaYtide#Yo#=lyYolide) nanoYrystals 
obtained with Malvern Petasiper Dano PS instrument at the 
Ç?nstitute o\ 8iosYienYes and 8ioHesourYesÈ in Daples
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The three m ain m ethodologies used to produce 
nanocrystals are m illing, precipitation, and 
hom ogenisation. A m ong these, m illing is currently 
the industrially m ost releva nt techniq ue, b ut 
hom ogenisation is ex periencing a growing interest. 
Both are “ top down technologies”  (n anocrystals are 
ob tained starting from  a large-siz e drug powder) .  
Precipitation, on the other hand, is a “ b ottom  
up technology”  (n anocrystals are form ed from  
dissolv ed m olecules)  and is currently not used in 
the production of com m ercial products due to the 
poor solub ility of som e drugs in aq ueous and organic 
m edia, the need of solv ent rem ova l and the diffi culty 
in controlling the process.

!"0&(1(','(#)*20'3#$.
I n this techniq ue, the drug is dissolv ed in a solv ent 
and sub seq uently added to a nonsolv ent, leading 
to the precipitation of fi nely dispersed drug 
nanocrystals. The form ed crystals are stab ilised 
with a surfactant in order to av oid their growing 
at a m icrom eter range. This preparation m ethod 
cannot b e used for drugs insolub le in b oth aq ueous 
and organic m edia14. This lim itation prev ents the 
industrial dev elopm ent of the precipitation.  
A  m odifi ed m ethod contem plates the use of an oil/
water ( O / W) tw o phase system  that perm its the 
form ation of am orphous drug nanocrystals. I n this 
techniq ue a solution of the drug, together with a 
surfactant in lipophilic phase, is m ix ed with an 
appropriate solv ent at a specifi c tem perature with 
the addition of a protectiv e colloid15. 
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Milling m ethods are a class of techniq ues that hav e 
a com m on theory b ut different procedures. I n this 
approach, the particle siz e dim inution is achiev ed 
through a b ead or a pearl m ill.  

Specifi cally, m illing m edia, dispersion liq uids 
( generally water) , stab ilisers, and drug are charged 
into the m illing cham b er. The m ov em ent of the m illing 
m edia generates siz e reduction b y the shear forces of 
im pact. The different strategies are due to the usage 
of sm aller or larger pearls as m illing m edia or in the 
different m aterial com position ( e.g. ceram ics ( cerium  
or yttrium  stab ilised z irconium  diox ide) , stainless 
steel, glass or highly cross linked polystyrene resin) . 
D isadva ntages are in the erosion from  the m illing 
m aterial and in the adherence of product to the 
inner surface area of the m ill. A  solution for the fi rst 
prob lem  is in the coating of m illing b eads16 while, to 
decrease the loss in the production, two b asic m illing 
principles are used: the m illing m edium  is m ov ed b y 
an agitator, or the com plete container is m aneuv ered 
in a com plex  dynam ism . The m illing tim e lasts 
from  m inutes to days depending on the surfactant 
content, hardness of the drug, vi scosity, tem perature, 
energy input, and siz e of the m illing m edia17.
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N anocrystals deriv ed from  hom ogenisation m ethods 
are produced according to three m ain technologies: 
m icrofl uidiser technology, piston gap hom ogenisation 
in water and piston gap hom ogenisation in non-
aq ueous solv ent. The “ m icrofl uidiser technology”  
generates sm all particles through a frontal collision 
of two fl uid stream s under pressures up to 1700 b ar, 
inducing shear and cav itation forces ( =  a dynam ism  
prov oked b y shockwav es) 18 . H om ogenisation req uires 
surfactants ab le to stab ilise the desired particle.  
The disadv antage is in the high num b er of cycles ( 50 
to 100 passes)  necessary for a suffi cient particle siz e 
reduction19. I n contrast, piston- gap hom ogenisers 
act producing nanoparticle suspensions in water 
at room  tem perature. Specifi cally, drug powder is 
dispersed in an aq ueous surfactant solution and 
sub seq uently forced b y a piston through the tiny 
hom ogenisation gap ( 5 to 20 µm )  with pressures from  
1500 to 4000 b ar. The width of the hom ogenisation 
gap depends on the vi scosity of the suspension 
and on the applied pressure. This stress causes the 
form ation of gas b ub b les that collapse im m ediately 
when the liq uid leav es the hom ogenisation gap and 
returns to the norm al air pressure of 1 b ar, resulting 
in shockwav es. C onseq uently, the drug particles are 
reduced in siz e due to high shear forces, turb ulent 
fl ow and shockwav es20. Piston- gap hom ogenisers 
hav e disadva ntages related with the use of water 
( e.g., hydrolysis of water- sensitiv e drugs;  necessity 
of drying steps such as lyophilisation) . Therefore this 
technology is m ost suitab le for the form ulation of 
aq ueous suspensions of nanocrystals21. A lternativ ely, 
the piston- gap hom ogenisers in non- aq ueous solv ent 
use dispersion m edia with a low va pour pressure.  
 

<igure$ ( SYanning eleYtron miYrosYopy (SEM) image o\ Foly 
(LaYtide#Yo#=lyYolide) nanoYrystals obtained by <E? Guanta 
(&& <E= instrument at the ÇEleYtron miYrosYopy \aYilityÈ o\ the 
Ç?nstitute \or Folymers, Composites and 8iomaterialsÈ in Foppuoli
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I n this technology the cavi tation forces are v ery little 
or non-e x istent and the rem aining shear forces, 
particle collisions and turb ulences are suffi cient to 
achiev e nanoparticles22. Op tional low tem peratures 
during the hom ogenisation allow the processing 
of heat lab ile drugs22. I n addition the use of non-
aq ueous m edia protects drugs from  hydrolysis. 
Suitab le non-a q ueous eluents are oils or hot-m elted 
polyethylene glycols ( PE G) 23.
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The research in nanocrystals has also resulted in new 
synthetic technologies. For ex am ple, precipitation 
m ethods with sub seq uent annealing steps hav e 
b een dev eloped through the application of high 
energy (e .g., high shear and/ or therm al energy) 24, 
and a spray-d rying pre- treatm ent step prior to 
hom ogenisation, to produce particles b elow 100 
nm 25 and supercritical fl uid m ethods such as “ rapid 
ex pansion of supercritical solution”  (R E SS) , “ rapid 
ex pansion from  supercritical to aq ueous solution”  
(R E SA S) , “ solution enhanced dispersion b y the 
supercritical fl uids”  ( SED S) , “ spray freez ing into 
liq uid”  (SF L ) , “ eva porativ e precipitation into aq ueous 
solution”  (EP A S) , and “ aerosol solv ent ex traction”  
(A SE S) 26, 27.
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No wadays, all m aj or pharm aceutical com panies 
hav e realised the potential of drug nanocrystals 
and include this form ulation approach into their 
m edicinal dev elopm ent process, taking adva ntage 
of the v ersatility of nanosiz ing technology28 . I n fact, 
there are currently six  FD A  approv ed nanocrystal 
products on the m arket and sev eral others are 
in different stages of clinical trials. R apam une®  

<igure$ ) SimpliÓed sYheme o\ nanoYrystal preYipitation (a), 
milling teYhnology (b), MiYroÔuidiper materials proYessor (Y) and 
piston#gap homogeniper (d)

( R apam ycin)  b y Wy eth, Em end®  ( A prepitant)  b y 
Merck, Tricor®  ( Fenofi b rate)  b y A b b ott, Megace E S®  
( Megestrol)  b y Par Pharm aceutical C om panies, 
Triglide®  ( Fenofi  b rate)  b y Sciele Pharm a I nc., 
I nv ega® ( Paliperidone palm itate)  b y J anssen are 
m arketed, while Sem apim od®  ( Gu anylhydraz one)  b y 
C ytokine Pharm asciences, Theralux ®  ( Thym ectacin)  
b y C elm ed, N ucryst®  ( Silv er)  b y  N ucryst 
Pharm aceuticals are in Phase I I  trials and Pax ceed®  
( Paclitax el)  b y  A ngiotech is in Phase I I I 12 .  
 
The pharm acologic/ pharm acokinetic adva ntages of 
nanocrystals correlate with the drug adm inistration 
m odality. For derm al application, nanocrystals of 
poorly solub le cosm etics and pharm aceuticals hav e 
enhanced skin penetration. 

Moreov er the increased concentration gradients, 
conseq uent to the im prov ed skin adsorption, 
prom ote passiv e penetration. The m arketed cosm etic 
products containing nanosiz ed rutin giv e evi dence 
of the effi cacy of derm al nanocrystals preparations.  
C om pared to the water- solub le rutinglucoside these 
form ulations possess a 500 tim es higher b ioactiv ity 
( m easured as sun protection factor) 29. Sim ilarly, 
oral nanocrystals preparations of poorly solub le 
drugs hav e enhanced b ioava ilab ility due to the fast 
dissolution of crystals that cause the im prov em ent 
of the ab sorption in the gut, the reduction of the 
difference in drug activi ty b etween fed and non- fed 
state, the possib ility to m ake nanosuspensions m ore 
concentrated in order to decrease the application 
v olum e, and the production of less v iscous 
form ulations23, 30. D isadv antages are related with the 
presence of electrolytes that reduce the nanocrystal 
z eta potential leading to aggregation and to a slower 
dissolution17. Finally, nanosuspensions are used to 
m im e intrav enously inj ected solutions thanks to 
their capacity to m inim ise the uptake b y the liv er. 
This property is due to the fact that m olecules ab ov e 
200 nm  are taken up b y the m acrophages of the 
liv er, potentially causing tox icity, while nanocrystals 
b elow 100 nm  dissolv e m uch faster and lead to a 
pharm acokinetics sim ilar to inj ected drug solutions.

7)(&*4-,)(
A t the present stage, nanocrystal technology 
offers som e ex cellent pharm acological b enefi ts. 
The particle siz e dim inution results in increased 
contact surface, saturation solub ility, and 
dissolution v elocity. These factors are ab le to solv e 
solub ility prob lem s and lead to a m ore acceptab le 
b ioava ilab ility. I n addition, nanocrystal technology 
enab les the dev elopm ent of form ulations free of 
surfactants that can cause enhanced side effects or 
adv erse reactions.  
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Furtherm ore, nanocrystals hav e a fast action onset, 
a sim ilar ab sorption in fed and fasted conditions, 
and decreased side effects due to the sm aller doses 
req uired. I t is possib le that in the future m ore new 
drugs will b e poorly solub le and, thus, there will b e 
an increased need for a m ore targeted drug deliv ery 
system s b ased on drug nanocrystals. R esearch is 
likely to b e focused on the linkage of the nanosiz ed 
drug particles with special ligands or other surface 
m odifi cations to their target site in order to further 
increase the perform ance of these system s.
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A t end of 2014 I  was tasked with dev eloping a 
m ethod in line with req uirem ents of the C hem ical 
I nv estigation Program m e (C I P2) t o look at m ercury 
analysis in waters. This is a proj ect b eing undertaken 
b y all of the W ater Util ity com panies in partnership 
with the Un ited K ingdom  W ater R esearch (UK WI R ) , 
as part of the response to the W ater Fram ework 
D irectiv e (2000 / 60/ E C ) (WF D ) .

A  L im it of detection of 0.001ug/ l was req uired and 
this was always going to b e a challenge. H owev er, 
the Na tional L ab oratory Service (NL S) h ad achiev ed 
sim ilar detection lim its during the fi rst C hem icals 
I nv estigation Program m e, and after m onths of 
further dev elopm ents we hav e achiev ed this in m any 
different water m atrices.

W e analyse for the presence of m ercury in m any 
different  water m atrices including groundwater, 
trade to controlled waters, treated sewage, riv er 
water, and crude sewage using cold va pour atom ic 
fl uorescence spectrom etry eq uipped with a gold trap 
am algam ation system . See fi gure 1.
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Mercury is a highly tox ic elem ent 
that is found b oth naturally and has 
b een introduced as a contam inant 
in the env ironm ent. Mercury is 
used in therm om eters, b arom eters, 
m ercury- v apour lam ps, adv ertising 
signs, m ercury switches, and 

b atteries, electrical appliances, in the chlor- alkali 
industry, and in dental fi llings. I n the past m ercury 
was also used in pesticides, pharm aceutical products, 
and in paints. I n the U K  the m ain sources of m ercury 
to air and water are from  waste incineration, chlorine 
m anufacture, m etal production, coal com b ustion, 
dental surgeries, crem atoria, and from  hospitals.

G3422+%&+7
The previ ous m ethod, used routinely, was b ased 
around the U nited States’  En v ironm ent Protection 
A gency’ s m ethod 245.7. U sing this m ethod we were 
ab le to achiev e a detection lim it of 0.01µ gl- 1. D uring 
the installation of our new cold va pour atom ic 
fl uorescence spectrom etry “ gold trap”  eq uipped 
instrum ent, we decided to use the EP A  m ethod 1631.

The “ gold trap”  works b y passing gas with the 
m ercury va pour in ov er A u/ Pt wire gauz e;  this 
collects the m ercury from  the gaseous va pour v ia 
am algam ation. A fter two m inutes the gauz e is super 
heated to 800 degrees releasing the m ercury vi a 
therm al desorption, and this is m ov ed vi a A rgon to 
the detector for m easurem ent.

There were m any challenges to ov ercom e b efore 
sam ples could b e accepted, these included 
b ottle type, preserv ativ e va lidation of the m ethod 
in different water types, and gaining U K A S 
accreditation to I SO / I E C  17025.

/'%+9'?"662+'6.8+
W e routinely use 125m l Pyrex  glass b ottles. 
H owev er, at v ery low lev els there is the possib ility 
that desorption of m ercury through the glass would 
b e signifi cant. I t was decided therefore to trial a 
125m l fl uorinated b ottle. Suitab ility test and trails 
on different siz es and m akes com m enced, with the 
successful product used b eing a N algene 125m l 
fl uorinated b ottle. See fi gure 2. 
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Faced with high throughputs and short turnaround 
tim es, a 250m l b ottle would hav e b een preferred from  
an analytical perspectiv e, to giv e am ple opportunity 
to repeat analysis as the m ethod uses nearly 30m ls 
of sam ple per analysis. H owev er, b alancing cost, 
H &S , and the likely risk of repeat analysis 125m l was 
decided upon.

!"#$#"%&'(%#
Mercury can b e present in the envir onm ent in the 
elem ental form  ( H g0) , as well as a wide va riety of 
inorganic and organic form s (b oth as H gI  and H gI I ) . 
H owev er, as m ercury is v olatile and has a high 
chem ical m ob ility a preserva tiv e is req uired to help 
to keep the m ercury in solution. H ydrochloric acid 
is currently thought to offer suitab le properties for 
‘ fi x ing’  the m ercury at the tim e of sam pling.

The routine m ercury m ethod uses a “ low- grade”  
H ydrochloric A cid ( H C l) . H owev er when used in the 
new low lev el m ethod it was found to contain sm all 
q uantities of m ercury, and this lev el changed from  
b ottle to b ottle and m anufacturing b atch to b atch. 
H owev er after ex tensiv e tests a source of H C l with 
v ery low b ackground lev els was identifi ed.

This does typify the new challenges in env ironm ental 
trace analysis. L ev els of detection deriv ed from  
En vir onm ental Qu ality Standards, which in turn are 
often b ased upon ex trapolated tox icological studies, 
hav e led to detection lim its set at ub iq uitous lev els in 
the envir onm ent, which in turn increases the risk of 
positiv es results from  non envir onm ental sam ples.

I n line with our q uality procedure a full v alidation 
ex ercise was undertaken b y testing the proposed 
m ethod in the types of water sam ple req uired, across 
a m ethod range of 0.001µ g- 1-0 .02µ g- 1. See fi gure 3. 
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<igure *$ A typiYal &$&&'ug%l peak in river water$

Ov er a two-w eek period Surface W ater, Gr oundwater, 
Treated Sewage Effl uent, and Trade to C ontrolled 
W aters were tested and the detection lim it of 
0.001µ gl- 1 as shown in Tab le 1 was achiev ed. A  
typical instrum ent response can b e seen in fi gure 4. 
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UH P (p olished water) 0.001µ gl- 1 0.001µ gl- 1

Surface water (r iv er) 0.001µ gl- 1 0.001µ gl- 1

Gr ound water 0.001µ gl- 1 0.001µ gl- 1

Treated sewage effl uent 0.001µ gl- 1 0.002µ gl- 1

Trade to controlled waters 0.001µ gl- 1 0.002µ gl- 1

Kntreated (sema]e) efÓuent 78779:,*;9 7877<:,*;9
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Surface water 
(r iv er)

0.016µ gl- 1 3.27% 0.589% 97.5%

Gr ound water 0.016µ gl- 1 1.99% 0.656% 96.9%

Treated sewage 
effl uent

0.014 µ gl- 1 3.56% 5.07% 95.3%

Trade to 
controlled waters

0.016µ gl- 2.44% 4.16% 8. 7%

A1'"#&'#6-
(sema]e) efÓuent
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U ntreated sewage effl uent has b een listed in the 
tab les differently b ecause it req uired a different 
approach. Wh en analysing it neat, havi ng high solids 
content, sam ples recov eries were unacceptab ly 
low in the region of 40- 60% , b ut after a period of 1 
week this had decreased to around 20% . I n addition 
a “ m atrix  effect”  was seen that suppressed the 
fl uorescence in sam ples analysed im m ediately after 
the untreated effl uent. 

Sam ples are routinely digested with 0.25m l of potassium  
b rom ate &  potassium  b rom ide ( see fi gure 5) . O ther 
digesting reagents were considered such as aq ua regia, 
or m icrowav e digestion, howev er this would hav e taken 
the preparation away from  b oth the routine m ercury 
m ethod and the analysis of other m aterial, increasing the 
com plex ity for b oth the sam pling and analytical team s. 
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The untreated sewage effl uent was then diluted on 
a 5,10 and 20-f old dilution to try and elim inate the 
m atrix  and allow the m ercury to b e rem ov ed from  the 
now sm aller am ount of solids in the sam ple. This was 
a large task which took m any days and hours, b ut 
once we had the entire set of data the q uality section 
on site passed the 5 tim es dilution in crude sewage, 
with a recov ery of 93%  (see tab le 2) .

The fi nal challenge was to gain a U K A S accreditation 
against I SO / I E C  17025 for this new m ethod;  a process 
known as an E x tension to Scope. This was a critical 
success factor for our custom er. Being awarded U K A S 
A ccreditation is not a giv en and req uires, in addition to 
a suitab le m ethodology, ev idence that the m ethod is 
working routinely for the m aterials b eing analysed, b ut 
also a full and prev iously audited Q uality System . W e 
additionally dem onstrated stab ility tim es for sam ples 
at these v ery low lev els within the new calib ration 
range in a diffi cult sam ple m atrix ;  ex ternal profi ciency 
testing schem es and to m atrix  m atch our q uality 
control sam ples b y adding preserv ativ e, which was not 
prev iously the case. Sub seq uently, U K A S accreditation 
was awarded. The m ethod is now in routine operation. 
D aily contam ination checks hav e b een introduced due to 
the v ery low detection lev els req uired and the risk of in-
lab  contam ination. Figure 6 shows the Shewhart chart.

<igure , the Shewhart Yhart 

The entire process has taken a year, from  the tim e 
m ethod dev elopm ent was instigated to when 
contracts were awarded and sam ples analysed. 
The process has inv olv ed the whole of the Metals 
C hem istry Team  at the En v ironm ent A gency’ s 
N ational L ab oratory Servi ce.

This article has giv en j ust a snapshot of the work we 
at N L S are inv olv ed in, and a b rief insight into the 
typical work of the En vi ronm ent A gency lab oratories.

B8&'2-
B"64%C$,')* j oined the En v ironm ent A gency in 1996. 
I n A ndy’ s own words, “ I  started work as an assistant 
scientist in the m etals section of the lab oratory on 
our old site in Ex eter. I  hav e spent 16 years working 
in this section and 3 years working in the organics 
section of the lab . I  am  currently one of 3 scientists 
that ov ersee the m etals analysis at the N ational 
L ab oratory Servi ces Starcross L ab  nr Ex eter. D uring 
m y 16 years working in this section, a large part of 
this has b een spent working on m ercury analysis in 
b oth soils and waters.”
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On  25th A pril 1943, the fi rst offi cial BBC  transm ission 
from  the Skelton Transm itting Station, up in rural 
C um b erland, eight m iles north of Penrith and twelv e 
m iles south of C arlisle, was b roadcast into Eu rope, 
illum inating the occupied countries with a powerful 
radio b eam  that spread from  Nor way to Portugal.  

I n No v em b er of the sam e year, further transm issions 
from  the 750 A cre site – th e b iggest in Eu rope 
and arguab ly the largest short-w av e site in the 
world – w ere b roadcast into the last v estiges of 
the British Em pire, as far away as Ne w Z ealand 
and the A m ericas. Skelton Pasture included three 
farm steads: Gr iz eb eck, Priestfold and Skelton 
Gl eb e.  Gr iz eb eck H all and Priestfold are long-
since dem olished, b ut serv ed as livin g q uarters for 
engineering staff and their fam ilies until the 1970s.  
Skelton Gl eb e is a ruin, left eerily ab andoned b y the 
fam ily whose land was com pulsorily acq uired three 
generations ago: a deed b orne of wartim e necessity 
which ev okes b itter m em ories to this day.  

A  BBC  agreem ent on 28 th O ctob er 1931 resulted 
in the b uilding of a high- power short- wav e E m pire 
Broadcasting Station at D av entry, in N ortham ptonshire.  
Two ST& C  transm itters were installed and eighteen 
aerials erected. H itherto, short- wav e radio had b een 
the preserv e of radio am ateurs and had not b een taken 
seriously b y either the G PO  or the BBC . I ts potential 
was then recognised, and SW  Broadcasting b egan in 
earnest at D av entry on 19th D ecem b er 1932 with the 
start of the E m pire Serv ice, to b e followed six  days later 
with K ing G eorge V ’ s R oyal C hristm as Message to the 
peoples of the British E m pire.

I n 1940, the BBC  had fourteen short- wav e 
transm itters, m ostly at D av entry ( O SE 1 and 2) , b ut 
others at Start Point in D ev on ( O SE 4)  and a conv erted 
transm itter at C lev edon in N orth Som erset. I n an 
attem pt to m eet the radio power of G erm any, a new 
station at R am pisham  in D orsetshire was b uilt, up 
and running in 1941 with four Marconi SW B18  100kW  
transm itters. A  single short- wav e transm itter, Sender 
51, was b uilt at L isnagarv ey ( O SE 7)  in the sam e year.  
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A  Ministry of I nform ation edict set out at the end 
of 1940 decided that eighteen m ore high- power 
transm itters were req uired to b roadcast the req uisite 
m aterial and languages, so a concerted effort to 
increase shortwav e b roadcasting power went ahead 
with the construction of W oofferton, near L udlow in 
Shropshire and Skelton in C um b erland.

‘ O SE ’ , in BBC  parlance m eans ‘ O v erseas Station 
Ex tension’ , b eing an ex tension of D av entry.

Skelton was chosen as a location for four reasons:

•  I t was on the m ain telephone trunk- circuit route 
from  L ondon to Gl asgow and so was relativ ely easy 
to feed program m e to. 

•  A  reliab le source of electricity was av ailab le  
from  the Mid- C um b erland electricity supply. 
The m ax im um  dem and of the station during W W I I  
was 4MV A , a not inconsiderab le load at that tim e. 

•  I t was geographically suitab le, b eing at a suffi cient 
distance from  the target audience area of occupied 
Eu rope such that the ‘ skip’  distance ( shortwav e 
is propagated b y b ouncing the signal off the 
ionosphere, the conditions of which change from  
day- to- night;  winter- to- sum m er and ov er the 
elev en- year sunspot cycle, and b ack earthwards 
again to the listener, who will b e hundreds of m iles 
away)  was j ust right for target cov erage. 

•  I t is also on a plateau 600’  ab ov e sea- lev el b etween 
the C aldew and E den v alleys, allowing the transm itted 
signal take- off angle of b etween 7 and 11 degrees to 
hit the ionosphere, unfettered b y ob stacles.

The Skelton Transm itting Station and the station 
at W oofferton in Shropshire were b uilt in 1942 and 
O SE8 ( Skelton A )  went on- air on 25th A pril 1943 ( after 
transm itter testing in March that year) . O SE 9 went to 
air in anger following the acceptance of transm itter 
plant with Senders 71 and 72 signed off on 20th 
N ov em b er 1943. Senders 73, 74, 75 and 76 had b een 
accepted and tested in three m onths earlier.   
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This program m e of essential wartim e construction, 
along with aerodrom es and defence infrastructure, was 
the largest civ il engineering program m e undertaken in 
Britain, with hundreds of I rish lab ourers em ployed in 
the com pletion of the site, which took j ust ov er a year to 
com plete from  inception.

Skelton A (ESE.) Senders ,+ and ,,$ '/*&s$ Copyright Skelton 
Jransmitting Station$

The two austere b rick, reinforced concrete and steel 
b uildings that housed the twelv e British designed 
and m anufactured transm itters were separated b y a 
distance of a m ile, to m inim ise the effects of an enem y 
air attack. E ach b uilding was hardened suffi ciently 
to withstand all b ut a direct hit. I t was claim ed that it 
would withstand a direct hit from  a 500lb  b om b , b ut 
this is doub tful, ev en though there were 18 ”  thick b last 
walls interlocked with a concrete fl oor and skeletal 
steel girder- work div iding the transm itter halls into 
three ‘ cells’  of two transm itters each. There were two 
diam etrically- opposite sub terranean air- raid shelters 
and escape cham b ers in each b uilding, and the 
b uildings them selv es were env eloped in cam oufl age 
netting during the hostilities.   

Six  Marconi SW B18 1 00kW transm itters and six  
dual-c hannel Standard Telephones and C ab les ( STC )  
100 kilowatt transm itters were capab le of directing 
a total power output of one- and-on e half Megawatts 
into a selection of 53 aerials designed b y the BBC , 
each supported b y 31 m asts erected b y J . L . E v e L td., 
with the BBC -d esigned feeder groundwork b eing 
contracted to British I ndustrial C allender’ s C ab les.  
Three inter-sit e feeders allowed any transm itter from  
either site to driv e any aerial array, if req uired.  
The dual- channel transm itters at O SE 9 ( later known as 
Skelton B)  consisted of two R F stages with a com m on 
m odulator so that two freq uencies could b e b roadcast 
sim ultaneously, b ut carrying the sam e program m e.  
The original req uirem ent was that either channel could 
b e used in isolation, so a high freq uency could b e set up 
for day working and a lower freq uency for night working. 

The program m es b roadcast from  Skelton were appended 
with Émessages personnelsÊ whereb y innocuous news 
item s would b e punctuated with whim sical phases such 
as: ‘ tonight, A unt Polly’ s tea- party b egins at m oon- rise’ .  

This would b e a m essage to the French R esistance to 
ex pect a parachute drop of arm s, or a coded signal to 
dem olish a section of railway line.

The Skelton Transm itting Station played an im portant 
role in the run- up to ‘ D ’ - D ay, when ‘ Messages 
Personnels’  were b roadcast in such secrecy that 
ev en the engineers who ran and m aintained the 
transm itters knew nothing of their m eaning. 
Morse code was also transm itted from  Skelton 
during wartim e: one- and- one- half hours per 
night in En glish, French and Ger m an. A ny secrecy 
associated with these transm issions was negated 
sim ply b ecause all the lights in Penrith fl ickered in 
sym pathy with the transm itted signal!

U pon cessation of hostilities, the Skelton site was 
found to b e in an ideal location for the nex t chapter 
in history: the ‘ C old W ar’ , and on 26th March, 1946, 
the BBC  launched the R ussian Servi ce, aim ed at the 
Sovi et U nion and E astern Eu rope.

The R ussians b ecam e adept at ‘ j am m ing’  the BBC ’ s 
transm issions within seconds of them  b eing directed 
into the east, and to this end, a system  of ‘ Barrage’  
transm issions were instigated, with eighteen 
different radio freq uencies all carrying the sam e 
m essage. A  system  of ‘ crash- starting’  transm issions 
was also undertaken, costing the Sovi ets v aluab le 
j am m ing tim e and allowing the m essage to get 
through. Short- wav e b roadcasting, unlike the stab le 
freq uencies ex pected of dom estic b roadcasters, was 
undertaken on a range of freq uencies b etween j ust 
b elow 4MH z  and 21MH z  ( later ex tended to 26MH z )  
dependent on tim e of day and tim e of year, and 
distinctiv e ‘ interva l signals’  were generally b roadcast 
two m inutes and twenty- nine seconds prior to the 
start of transm ission to allow the listener to tune in.  
The fam ous ‘ V - for- V ictory’  interva l signal, created 
during WWI I  on an A frican war- drum  b y percussionist 
J am es Blades and unab le to b e ex actly replicated b y 
the enem y was in use throughout " and later b ecam e 
‘ I nterva l Signal N o: 7’  on BBC  short- wav e b roadcasts.

C rash- starting did away with the interv al signals in 
an attem pt to get the ‘ Wh at, Wh y, Wh os, Wh ere and 
H ow’  out in the fi rst few seconds of the b roadcast 
without giv ing the Sov iets ( or other countries who 
didn’ t like what the BBC  b roadcast)  any clue as 
to which freq uency to j am . A  b roadcast could b e 
dropped on a ‘ crash fi nish’  from  W oofferton ( say)  and 
picked up within a second on a Skelton transm itter.  
By doing so the sam e target audience would b e 
reached as the propagation conditions grew past 
their b est for W oofferton b ut peaked for Skelton.  
L ater on ‘ crash starts’  were used to allow different 
b roadcasters their air- tim e without ov erlapping ( and 
so interfering!)  transm issions.
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The aerial curtain arrays 
at Skelton A  were m ostly 
dual b and arrays post-
1970, tuned for 6 and 
7MH z ;  9 and 11MH z ;  
15 and 17MH z ;  17 and 
21MH z , b ut there were 
rem aining single b and 
arrays for 4MH z  and 
7MH z .  The array would 
typically b e two elem ents 
wide and four high, and 
slewab le, m eaning the 
angle of radiation could 
b e ‘ pulled’  fi fteen degrees 

either side of fundam ental b earing b y introducing a 
switched phase- difference at the feeder groundwork 
( a ‘ slew loop’ ) .  Skelton B used m ostly single- b and 
arrays, though dual- b and arrays were later added. 

By 1984 th e 39 m asts supported 31 aerials at Skelton 
A  and 35 aerials at Skelton B.

A ll the BBC  H F transm itters, or ‘ senders’ , were 
allocated a uniq ue num b er. The Marconi transm itters 
at O SE 8  ( later Skelton A )  were originally num b ered 
61, 62, 63, 64, 65 and 66 and the ST& C  transm itters 
at O SE 9 ( later Skelton B)  were 71, 72, 73, 74, 75 and 
76.  W hen the ‘ new’  transm itters were installed at 
Skelton A  in 1967/ 68  they were re- designated Senders 
51 ( ex - L isnagarv ey) , 52, 53, 54, 55, and 56.  Sender 61 
rem ained and when the ex - R am pisham  transm itters 
were installed at Skelton A  in 198 4 they were giv en the 
num b ers 57 ( ex - R am pisham  N o: 39) , 58 , 59 and 60.  
I t’ s easy to draw parallels with train- spotting here.

Sender ,', MarYoni '&&kM SM8'., '/.&s and SM8 tuning truYk, 
'/.&s$ Fhotos Yopyright Hussell M$ 8arnes

Skelton 8 (ESE/) aerial switYhing tower and open wire \eeders$  
Copyright H$ M$ 8arnes

Switching the transm itter output to the appropriate 
aerial was originally done on a switching fram e, one 
for each b uilding, ab out 150 feet in diam eter, with an 
eight- sided tower in the centre, 40 feet high with a 
switch lev el for each transm itter. A t O SE 9 the sender 
‘ A ’  channel went to the autom atic switching tower 
in the centre and the ‘ B’  channel went to the outer 
surrounding fram e, to m anual b ifurcation switches.  
Further switching ( slewing and rev ersal)  was done 
m anually b y a Technical A ssistant ( Switching) , riding 
a b icycle to the appropriate aerial am ongst 750 A cres 
of land, wielding a long hooked ash switching pole, 
som etim es in utter darkness ( m iners’  cap- lam ps and 

helm ets to m ount them  
on were prov ided in later 
years)  and switching 
took place after an 
instruction b y fi eld-
telephone suggested it 
was safe and correct to 
do so. I t was not unknown 
for the wrong feeder to 
b e switched, and the 
sub seq uent arcs and 
dem odulated corona 
b oom ing program m e 
around the aerial feed are 
not readily forgotten…

The req uirem ent for m anual aerial switching at 
Skelton ceased on 25th March 1984,  TA s ( Switching)  
were offered redundancy or a transfer to D ay 
Maintenance duties.  Manual switching continued 
well past this date at W oofferton.

The rotary switching tower, long- since m odifi ed from  
its original ‘ Ge neva  Wh eel’  m echanism , rem ained at 
Skelton B until the station closed, and the Skelton 
A  switching tower was replaced with an enclosed 
feeder m atrix  system  to m eet the req uirem ents of 
the new 250kW senders and new aerials and used 
BBC - designed switches driv en b y electrically-
controlled com pressed air. Feeders out to the 
aerials were open wire construction of 328 O hm s 
characteristic im pedance and the driv en elem ents 
were end- fed half- wav e dipoles so the driv e- point 
im pedance m atched the feeder im pedance. D uring 
norm al scheduled operation under com m and of the 
ZEL D A  A utom atic C ontrol System  ( m ore later) , any 
transm itter at Skelton A  could b e connected to one 
of eight aerial arrays, and any aerial could b e m ade 
ava ilab le to up to three transm itters. Total fl ex ib ility 
was provi ded b y m anually reconfi guring the aerial 
control wiring vi a plug and socket term inations in the 
control b ays, as necessary.

Sender ,', MarYoni SM8 
tuning truYk, '/.&s$ Fhotos 
Yopyright Hussell M$ 8arnes

Skelton 8 (ESE/) aerial 
switYhing tower and open wire 
\eeders$ Copyright H$ M$ 8arnes
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A  typical aerial array designation would read H R R S 
4/ 2/ .6 m eaning it was H oriz ontally polarised, 
R efl ected, R ev ersib le, Slewab le, 4 horiz ontal 
radiating elem ents, 2 v ertical radiating elem ents, 
0.6 wav elengths b etween ground and the lowest 
feed point. H alf an array curtain could b e used, 
givin g a wider ‘ footprint’  b ut possib ly spilling ov er 
the target area. ‘ R ev ersib le’  sim ply m eans feeding 
the refl ector and term inating the driv en elem ents 
to achiev e a 180  degree change of radiated signal. 

W hen b oth channels on the ST& C  C S8 s at Skelton 
B ( O SE 9)  were used, twelv e freq uencies could b e 
b roadcast sim ultaneously: two from  each com m on-
m odulated sender ( as transm itters are historically 
referred to in short- wav e parlance) . The transm itter 
output of each R F channel in this case was 75kW , 
with 100kW  av ailab le on single channel working.  

Program m e was originally deliv ered to site on 
G PO  circuits and from  May 1943, was routed to 
the shortwav e transm itter sites though A ldenham  
in H ertfordshire. From  1939 a sim ple language 
colour- coding system  was used for the program m e 
networks. C olour- coded ‘ chains’  were used until the 
1990s ( G reen for BBC  W orld Serv ice and Brown for 
BBC  A rab ic serv ice, typically)  and m any an ev ening 
shift was spent am ending schedules b y hand with 
scissors, glue and coloured pencils. A s the old j oke 
goes -  the BBC  transm itter engineer, hom e after a 
hard shift, greets his little child. ‘ … A nd what did you 
do at school today, son? ’  ‘ O h, I  cut things out of paper, 
coloured them  in and glued them  into a b ook. W hat 
ab out you, daddy?  ‘ O h, m uch the sam e as you! ’

Wh en WWI I  ended, program m e chains and studios 
were relocated to L ondon: to Bush H ouse in the 
A ldwych and Ox ford Street. A  sm all em ergency 
studio was provid ed at O SE8 and O SE 9, each 
consisting of a turntab le desk, m icrophone and 
signalling circuits. The studios were operational 
into the 1960s as a radio contrib utor ( and later, a 
BBC  agricultural correspondent)  who liv ed in W est 
C um b erland, A lfred H all, MBE , was div erted to 
Skelton when he was due to m ake a b roadcast and 
couldn’ t get to Manchester studios on tim e.

The program m e feeds, or ‘ chains’  to Skelton were, 
b y the 1970s, using a G PO  48 kH z  ‘ split carrier’  
freq uency div ision m ultiplex  circuit, sent up a co-
ax ial tub e and prov ided v ia div erse paths to m itigate 
against failure.  This system  was replaced in the 
early 1990s with a m ore m odern v ersion of the old 
discrete priv ate wire m usic lines as BT had signalled 
its intention to cease supporting 48 kH z  group 
circuits b y 1992.  These copper circuits were, in turn, 
replaced b y a short- liv ed fi b re- optic network. I n the 
m id- 1990s BT circuits were done away with in fav our 
of an ‘ in- house’  satellite network feeding all BBC  H F 

sites and known as the G lob al D istrib ution System . 
I n the unlikely ev ent of failure, D E L s ( D irect E x change 
L ines)  with restricted m usic b andwidth could b e used 
to carry program m e, and, later on, I SD N  circuits were 
used as b ackup, offering full b andwidth of 5 kH z .  

I n the last few years b efore H F b roadcasting ceased, 
BBC  feeds were routed v ia this satellite network and 
other feeds were sent v ia I nternet protocol. I n the 
ev en m ore unlikely ev ent of a total loss of circuits, 
a ‘ R ev ox ’  reel- to- reel recorder was on hand to 
b roadcast an em ergency tape consisting of a readily-
identifi ab le BBC  interv al signal. ‘ E v en m ore unlikely… ’  
But it did happen!  N ot long into the 1990s an incident 
with an ex cav ator off- site led to the disruption of b oth 
div erse program m e feeds from  Penrith and C arlisle 
and a BT SH F link v ehicle was sent to Skelton to try to 
estab lish a connection with the H arrab y m icrowav e 
link station at C arlisle. The attem pt failed and D E L s 
and a ‘ split- b and’  circuit prov iding two feeds were 
used instead until the fault was repaired. 

A lthough the electricity req uired cam e onto the site 
from  the outside supply, an alternativ e supply was 
prov ided at the opposite end of each b uilding to that 
which the m ains entered, to offer div ersity in the 
ev ent of an air attack. O SE 8  ( Skelton A )  had three 
11kV  500kV A  E nglish E lectric alternators driv en b y 
750hp E nglish E lectric W illans engines and O SE 9 
( Skelton B)  had three 11kV  500kV A  BTH  alternators 
driv en b y 750hp Mirrlees engines. The inter- b uilding 
O SE 8  –  O SE 9 11kV  electricity link was routed away 
from  the site in a circuitous fashion, again to m itigate 
dam age caused b y enem y air strikes. The diesel 
engines driv ing the alternators were com pressed air 
start and were rem ov ed in the early 198 0s.

I n 1967/ 68 , fi v e of the wartim e Marconi transm itters 
were scrapped at Skelton A , and replaced with six  
new, m ore powerful and effi cient Marconi B6122 
transm itters of 250kW  output. A  further four ex -
R am pisham  Marconi BD 272 transm itters ( v ery sim ilar 
to the B6122)  were installed b etween 198 3 and 
198 4 in what was the old standb y house where the 
generators were. Sender 57, the fi rst to b e installed, 
was tested to air in J uly 198 3. The one rem aining 
wartim e- v intage Marconi SW B18  100kW  transm itter 
soldiered on until 198 7, and was replaced in 198 8 / 9 
with a Marconi BD 272 from  D av entry.  

From  construction in W W I I  to the 1950s, transm itter 
control was effected rather like a m anual telephone 
ex change, with BPO  ( British Post O ffi ce)  q uarter-
inch j acks and corded plugs, a m aster and slav e 
clock system  and engineers sitting at a desk where 
the appropriate array for the sender and the correct 
program m e to b e b roadcast were selected and 
switched, nearly always at q uarter- hour interv als 
on the salient hours. 
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By 1957 all program m e switching was carried out 
using a Siem ens Bros autom atic switching unit 
which used uniselectors and a m atrix  into which 
sm all pins were inserted to tell the uniselectors to 
switch appropriately.

The high- tension and fi lam ent supplies were 
applied m anually b y the transm itter engineer sat at 
the transm itter control desk, which at one tim e was 
enclosed within a cub icle. The cub icles were later 
rem ov ed after discussion with the U nion and BBC  
m anagem ent regarding reduction of staffi ng lev els 
( one person could operate two senders under the 
new arrangem ent) , and transm itter staff worked 
at the control desks in the open sender hall. V alv e 
fi lam ents were fed from  m otor- generator sets in 
the crypt, rated 1500 A m peres at 30V  d.c. and in 
1975/ 76, the rotating m achinery was rem ov ed from  
Skelton B and the ST& C  C S8  transm itter v alv es 
were conv erted to a.c. fi lam ent working.

Wh en the ‘ new’  250kW transm itters were installed 
at Skelton A  the control of the transm itters, the 
program m e and aerial switching, was autom ated 
using a Mullard 4,096 word 42 b it m agnetic ‘ core-
store’  system , program m ed using punched tape 
or m anual inputting. This was replaced in 1982 
with a BBC  ‘ in- house’  D esigns D epartm ent control 
system  known as ‘ ZEL D A ’  and b uilt on ‘ Z eus’  ( Z ed 
Eigh ty U niv ersal System ) m odules. ZEL D A  stood 
for Z eus E ditor, L oader, D isc operating system  and 
A ssem b ler. I t was addressed b y assem b ly code 
inputted from  a keyb oard. D ata was written twice 
a year to an eight-i nch fl oppy disc kept in one half 
of a dual driv e in accordance with the sum m er 
and winter b roadcasting schedules ( March and 
Oc tob er) a nd stored in v olatile R A M to ex ecute the 
appropriate sender on and off tim es, program m e 
selection and aerial and b earing details, 
dependent on a series of ‘ day codes’ . C ontrol 
system  data was stored in EP R O MS. 

ZEL D A  could support other applications and 
the system  at Skelton featured a v ersion of the 
popular gam e of Space I nva ders!

This data ex isted in three places: a m ain 
superv isor, a b ackup superv isor and the sender 
controller. A  polling system  ensured that the 
data in the sender controller agreed with that 
in the superv isor' s. I f a schedule disagreem ent 
had b een detected twice, a correction would b e 
attem pted. Manual interv ention v ia the keyb oard 
allowed instantaneous control, with further ov er-
ride prov ision at the sender and array interface 
panels on the com puter system . A  network of 
V D U s was prov ided throughout the stations 
displaying present and ‘ nex t action’  operations on 
one screen and alarm s on another. 

A utom atic m onitoring of the sender outputs and 
com parison with the inputs was provi ded, and 
any difference would sound an alarm  and prov ide 
an indication appropriate to the fault on the V D U  
network. A larm s were prioritised and included 
fi re alarm s, com pressed air failure ( for the aerial 
switching) , carrier fail, program m e failure and 
non- urgent alarm s req uiring attention as soon 
as practicab le. I ncluded in the new ‘ A pparatus 
R oom s’  where the A C S was housed were H C D  
rub idium  m aster oscillators and b ack- up crystal 
ov en oscillators, from  which a highly stab le 
1MH z  source was fed to the sender freq uency 
synthesiz ers from  which operational b roadcast 
freq uencies were deriv ed. Synchronised inter-
site transm itter working then b ecam e a vi ab le 
proposition, with two transm itter sites targeting 
the sam e area.

The Z E L D A  autom atic control system  was disciplined 
from  the 60kH z  MSF transm itter at R ugb y. This 
60kH z  tim e- transm itter is now at A nthorn and is 
prov ided b y Bab cock and the N ational Physical 
L ab oratory, b ut that’ s another story…

O n 24th March 1990, the six  STC  heavi ly- m odifi ed 
wartim e- vi ntage transm itters at Skelton B were 
de- com m issioned, with the last transm ission 
b eing cerem oniously closed b y Mrs O liv e 
Shallcross who, as O liv e H odson, had worked on 
the transm itters at Skelton during WWI I  where 
she m et her husb and, J ack Shallcross, the Senior 
Maintenance En gineer on her shift. Skelton B was 
replaced with four 300 kilowatt fully autom atic 
Marconi B6126 transm itters of high effi ciency 
design in a new b uilding sev eral hundred m etres 
away and hereafter referred to as Skelton C .
A  further two ex - D av entry 300 kilowatt B6126 
transm itters were added not long afterwards. 
O n 11th May 1990, Skelton C  was offi cially opened 
b y ( Sir)  J ohn Tusa, then Managing D irector of the 
BBC  W orld Servi ce. The Skelton B b uilding was 
dem olished in 1991.

The B6126 transm itters installed at Skelton C  
used PWM  ( Pulse- Wi dth Modulation) : a single 
TH 555 hyperva potron va lv e acting as a switch 
at 60kH z  is driv en b y a va riab le m ark- space 
wav eform  where the ex cursion b etween m ax im um  
space m inim um  m ark to m ax im um  m ark m inim um  
space corresponds to no m odulation to 100%  
m odulation respectiv ely. This switching wav eform  
is sm oothed out with the resulting d.c. output 
swinging b etween ab out 900V  to 26kV  dependent 
on the lev el of m odulation. This v oltage is applied 
to the anode of a TH 537 hyperv apotron va lv e in 
class ‘ C ’  single- ended confi guration with 11.4kV  
eq uating to 50:50 m ark- space ratio, or plain 
unm odulated carrier. 
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A  system  of am plitude-m odulated com panding 
with 6db  com pression ensures that the peak 
env elope of the fully m odulated carrier does not 
ex ceed the peak env elope of unm odulated carrier.  

The transm itter effi ciencies m ade thus are 
transparent to the listener, whose receiv er’ s 
autom atic gain control negates the effect of A MC  
and renders it as it would a traditionally- m odulated 
A M signal where the power at the peak of the 
env elope is four tim es carrier power. Transm itter 
effi ciency at Skelton C  would b e typically 72%  
b ecause of this: 6%  m ore than the m anufacturer’ s 
spec on ‘ traditional’  A M. A n option known as 
‘ E nhanced’  carrier was also av ailab le, increasing 
the effectiv e transm itter carrier power to 450kW , 
and reducing when m odulated.  U ntil the collapse 
of the Berlin W all in 198 9 and the outb reak of 
‘ perestroika’  that preceded it, the BBC  was in the 
second phase of the C old W ar and was engaged in a 
radio ‘ power race’  deem ed necessary to transcend 
political b oundaries. E nhanced m ode offered the 
presence on the H F b ands, should it b e needed.

A t Skelton C  the 300kW  transm itters had a 50 O hm  
unb alanced output m ade from  nine- inch rigid co-
ax ial feeder and were fed to Marconi- designed wide-
b and aerial arrays v ia a co- ax ial switching m atrix  
and sem i- rigid nine- inch co- ax  b lown at positiv e 
pressure with dry air. The initial capital outlay of this 
system  was ex pensiv e com pared to the older open-
wire feeders, b ut faults were ex trem ely rare, whereas 
open- wire feeders would fl ash ov er when they 
sagged together in the sum m er heat and req uired 
greater m aintenance and adj ustm ents. A ny sender 
could b e connected to any aerial and a test- load was 
prov ided, consisting of a pum ped colum n of sodium  
carb onate and de- ionised water solution. Skelton 
C  aerials could b e slewed at fi x ed b earings up to 30 
degrees either side of fundam ental. The 50- O hm  
unb alanced feeder ex tended into the aerial fi eld and 
was m atched to the half- wav e end- fed dipoles v ia a 
b alun at the b ase of the array. A lthough these arrays 
were ‘ wide- b and’  ( typically 6 –  12MH z ;  9 –  15MH z ;  
9 –  18 MH z  and 11 –  21MH z )  they were less effi cient 
than the older arrays at Skelton A , though this was 
m itigated b y b eing driv en at higher power. The other 
adv antage b eing that fewer arrays were needed and 
took up less land.

The Marconi B6126 transm itters were ex tensiv ely 
controlled b y C MO S technology and were 
freq uency-a gile, tuning autom atically within 
the H F b and-p lans and reducing the need for 
engineering staff attendance to that purely of 
m aintenance and fault repairs, as opposed to the 
1960s B6122 and BD 272 transm itters at Skelton 
A  which used the sam e PO3000 r elay technology 
found in contem porary autom atic telephone 

ex changes, and which not only req uired ex tensiv e 
m aintenance to work correctly, b ut which had 
to b e b and- changed and tuned m anually, with 
different sets of inductors clam ped in b y hand and 
the va cuum  capacitors form ing the tuning stages 
set to position from  pre- written settings cards. 

Three engineers could b and- change a transm itter 
in m inutes –  one m inute if challenged -  although 
it was necessary to wear long leather gauntlets to 
change the coils, especially if the sender had b een 
allowed to drift off- tune, causing the increased 
energy consum ption of a non- resonant condition 
to create ex cessiv e heat. I t was not unusual for 
transm itter engineers to b e dressed in tee- shirts, 
shorts and open sandals during the hot sum m er 
m onths. D espite this sartorial casualness, the only 
inj uries infl icted were the odd v ery m inor b urn from  
a carelessly- caught tuning coil. A erosol tins of 
‘ Burn- E z e’  were readily av ailab le in the sender hall. 

Solid- state rectifi cation and a fast- acting ignitron 
crowb ar va lv e protection devi ce were used on the 
Skelton C  transm itters to cut off the high- v oltage 
a.c. b y m eans of va cuum  cont actors and dum p 
the 26kV  stored in the reserv oir capacitors down 
to earth v ia a chain of silicon carb ide ‘ Polo Mint’  
resistors prior to b eing shorted out b y a further 
va cuum  contactor when suffi cient energy had 
b een discharged. Spectacular fi rework effects 
occurred v ery occasionally when the insulated b ar 
supporting the resistors caught fi re!  A s there were 
no oil- fi lled com ponents in the H V  enclosures of 
the B6126s, there was no protection other than 
portab le ex tinguishers.

The BD 272 transm itters ( as well as the B6122 
transm itters: a Marconi v ariant of the BD 272)  were 
eq uipped with fast- acting polarised C arpenter 
relays and thyratron v alv es to effect a rapid 
rem ova l of supply as a result of a H T ov erload. 
H igh- lev el m odulation was em ployed on the 
250kW sets, as on the earlier SWB 18 and C S8 
transm itters, with the output load of the push- pull 
class B m odulating am plifi er b eing the prim ary 
winding of an oil- fi lled m odulation transform er. 

The secondary winding was in the H T circuit of the 
class C  push- pull m odulated am plifi er. V apour-
phase cooling was em ployed on the BD 272 ( B6122)  
transm itter v alv es, with two 125kW  BY 1144L  
triode v alv es in b oth m odulating am plifi er ( audio)  
and m odulated am plifi er ( R F) . G rounded- grid 
confi guration was used with 10%  of the output 
power b eing furnished b y two BY 1161 triode v alv es 
in the penultim ate R F stage. The m odulator fi nal 
v alv es were driv en v ia four cathode- follower v alv es 
to reduce distortion as the im pedance changed 
when the output stage was driv en into grid current. 
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A n oil- fi lled sm oothing reactor, m odulation 
transform er, chokes and rectifi er transform ers were 
located in a room  b ehind each transm itter, protected 
at Skelton A  b y a C O 2 fi re- drench ex tinguisher 
system  supplied b y the W alter K idde C om pany. 

Som e fi re ex tinguishers consisted of a portab le 
trolley upon which was m ounted two cylinders 
of C O 2 and a discharge horn. The original fi re 
protection system  installed in 1943 consisted of 
m anually-op erated m ethyl- b rom ide ex tinguishers 
with fl oor-m ounted system s in the sender hall 
sections, the H V  switch room , the L V  switch room s 
and the diesel houses. Methyl- b rom ide rem ained 
in use at Skelton B until the early – m id 1970s.

I n 2007 the last- to- b e- installed ex - D av entry Marconi 
BD 272 at Skelton A  was replaced with a R I Z  C roatian-
b uilt 300kW  D R M ( D igital R adio Mondiale)  and 
analogue A M capab le transm itter: the shape of things 
to com e…  Skelton A  j oined in the future of short-
wav e b roadcasting, sending out digital and analogue 
transm issions from  a fully autom ated freq uency- agile 
com puter controlled ( W indows X P)  state- of- the- art 
8 0%  effi cient transm itter: its single R F output v alv e 
b eing driv en b y a solid- state driv er stage and the 
v alv e H T b eing m odulated b y a pseudo- random ly 
switched set of m odules using the ‘ step- stair’  
techniq ue to b uild up an audio wav eform , sm ooth the 
output, and apply it to the anode of the fi nal v alv e.

The digital signal b roadcast was near- FM q uality 
and the rob ustness of the signal could b e v aried 
to m eet the challenges presented b y the v arying 
conditions of the H F b ands. The program m e input 
to Sender 61 was digital in its entirety from  studio 
to transm itter. A  full description of D R M q uantising 
lev els, orthogonal freq uency- div ision m ultiplex  and 
rob ustness m odes can b e found online.

Sim ilar transm itters were installed at W oofferton 
around the sam e tim e, b ut in 2012 a decision was m ade 
to dism antle and m ov e Skelton’ s Sender 61 to the BBC  
K ranj i site in Singapore after the end of the 2013 winter 
schedule. I n May 2013, this m ov e took place.

Skelton continued to b roadcast to E urope, the 
Middle E ast, parts of A sia, A frica and the A m ericas 
throughout and after the ‘ C old W ar’ , and it is 
likely that Skelton’ s v oice to the world kept Beirut 
hostages J ohn McC arthy, Terry W aite and Brian 
K eenan inform ed of ev ents twenty- eight years ago. 
O v er thirty different languages hav e m odulated 
the signals from  C um b ria’ s v oice to the world and 
the typical daily output of 198 1 was m ade up of 
Bulgarian, C z ech, Finnish, French, G erm an, G reek, 
H ungarian, Polish, R om anian, R ussian, Serb o- C roat, 
Slov ak, Slov ene, Spanish for b oth E urope and S. 
A m erica, Turkish, A rab ic and, of course, E nglish.

I n the late 198 0s, following the collapse of the Berlin 
W all and the end of the ‘ C old W ar’  the world theatre 
started to change, and high- power short- wav e 
transm issions with their sub seq uent ex pensiv e 
running costs were b eing superseded b y local V H F 
radio and satellite b roadcasts in the dev eloped 
world. Short- wav e was j ust one of sev eral v ehicles 
b y which the BBC  could b e heard ab road. 

Short- wav e b roadcasting still had a role to play 
in the dev eloping world, in particular A frica and 
I ndia, where educational and current affairs 
program m es were concentrated, and where short-
wav e could b e receiv ed on v ery b asic, univ ersally 
ava ilab le receiv ers costing nothing m ore than a 
few dollars. 

K nowledge and entertainm ent are prom ulgated in 
the peaceab le world of today largely v ia satellite 
and the I nternet, and the role of powerful short-
wav e transm itters such as those at Skelton 
is dim inishing as b roadcasters face an ev er-
increasing strain on their b udgets.

The Skelton Transm itting Station, once the v oice 
of freedom  in a world of turm oil, was sold off b y 
the British Broadcasting C orporation in 1997 to 
b ecom e Merlin C om m unications I nternational, 
although was still contracted to b roadcast BBC  
program m es. A longside the BBC , reciprocal 
transm issions from  the likes of V ietnam , C anada 
and K orea were b roadcast from  this rem ote 
C um b rian location, alongside independent 
b roadcasters such as Fam ily R adio. 

O n the ev ening of 30th O ctob er 2011, a sm all 
cerem ony took place in front of Sender 54 at 
Skelton A  when it was switched off for the last 
tim e at the close of the sum m er schedule at 
23:15 GM T. This was the last of the B6122 /  
BD 272 senders to radiate scheduled program m e, 
although a v ery short ‘ test’  transm ission was 
b roadcast at the 70th A nniv ersary party on 26th 
A pril 2013 when Senders 51 and 52 were powered, 
m uch to the pleasure of a sm all knot of long-
retired staff. The last H F ( shortwav e)  b roadcast 
from  Skelton ( Skelton ‘ C ’ )  went out on 31st March 
2013, at the end of the winter schedule.

I n 2001, Merlin C om m unications was sub sum ed 
into V osper Thorneycroft, later V T Gr oup, and 
in A ugust 2010, V T Gr oup were b ought out b y 
Bab cock I nternational, who currently run the 
Skelton Transm itting Station and who, b y b uilding 
on the collectiv e skills of the Skelton staff, are 
taking it forward to m eet the technological 
challenges of the 21st C entury.

Continued$$$
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'"(()**+,-+./&0)(+1-203-4+5126 is a Senior 
Transm itting En gineer at the Skelton Transm itting 
Station and has b een em ployed in b roadcasting 
since 1983,  starting work at the BBC  K irk o’  Shotts 
television  and radio transm itter in C entral Scotland 
in Ju ly of that year and arrivi ng at Skelton in 
No v em b er 1985  after q ualifying as a BBC  En gineer 
at ETD  W ood Nor ton.  A ttachm ents to transm itting 
stations at H annington, Forfar, R am pisham  (twice!) 
and Masirah I sland, Om an were undertaken b etween 
’ 85 a nd ’ 91. A  nativ e of W orkington, C um b ria, he now 
liv es near Penrith and is m arried with two grown-u p 
daughters. H is interests ( other than work)  include 
am ateur radio, photography, studying WWI I  defence 
infrastructure, local history and wrestling with the 
accordion. Oh , and playing in a b rass b and.
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>+ ?%@)9A)&+BCDE; First En gineer-in -C harge on site, S. A . Wi lliam s, ex - Start Point.
>+ F/0"/&G+BCDH; W ork b egins on installing transm itters.
>+ 5/&I$+BCDH; Transm itters tested on- air.
>+ EJ#$+!K&:*+BCDH; First transm itters at Skelton A  in servi ce.
>+ ?%@)9A)&+BCDH;+A ll transm itters at OSE8 a nd OS E 9 in serv ice.
>+ EL#$+5/&I$+BCDL; BBC  R ussian Service s tarted.
>+ BCDC; 36 languages b eing b roadcast.
>+ BCJB; On e hundred and six ty staff em ployed at Skelton, with typically sev enteen staff on shift.
>+ BCJM;+Salary for a Technical A ssistant was £855 p er annum  ( m ax ) .
>+ BCLD; Salary for a Technical A ssistant was £1 ,184 per annum  ( m ax ) .
>+ BCLN; Salary for a Technical A ssistant was £1 ,400 per annum  ( m ax ) .
>+ BCLNOLM; I nstallation of six  250kW M arconi B6122 transm itters at Skelton A  ( O SE8) .
>+ BCMB;+85 s taff working at Skelton.
>+ BCMD;+Four m ore Marconi BD 272 H F transm itters ( ex - R am pisham )  installed in Skelton A .
>+ BCMJ;+BBC  D om estic engineering staff and H F engineering staff integrated.  E ight staff on shift at Skelton.
>+ BCMJ; Typically 2520 transm ission hours b roadcast weekly from  Skelton.
>+ BCMMOC; The last W artim e Marconi SWB18 tr ansm itter ( Sender 61)  replaced with a Marconi 250kW  

BD 272 transm itter.
>+ ED#$+5/&I$+BCCP;+L ast transm ission b roadcast from  Sk’ B’ .
>+ BCCP(; Fiv e staff on shift at Skelton.
•  11th May 1990: Offi cial opening of Sk’ C ’  b y J ohn Tusa, H ead of BBC  WS .
>+ BCCB; Skelton B dem olished.
>+ B(#+!K&:*+BCCN; BBC  Transm itter Gr oup priva tised.  O v erseas b roadcasting staff and m anagem ent form ed 

a ‘ b uy-ou t’  consortium  and b ecam e known as Merlin C om m unications I nternational.
>+ EPPP(;+Three staff on shift plus ‘ standb y’  call- out engineer.
>+ EPPB; Merlin C om m unications I nternational taken ov er b y V osper Thorneycroft and b ecam e known as V T 

C om m unications.
>+ EP#$+Q)A&"/&G+EPPM;+C essation of BBC  analogue Eu ropean BBC  W orld Servi ce shortwav e b roadcasts  

from  Skelton.
>+ EPPC;+Typically 376.75 transm ission hours b roadcast weekly from  Skelton.
>+ EPBP;+VT  C om m unications b ought out b y Bab cock.
>+ HP+RI#%A)&+EPBB; L ast H F transm ission from  the B6122 /  BD 272 transm itters at Skelton A .
>+ HB(#+5/&I$+EPBH; L ast H F transm ission went out from  Skelton C .
>+ EPBD; 30 staff working at Skelton.
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Figure 1 shows the interior of a sectioned titanium  
ox ide cathode that was non- destructiv ely v isualiz ed in 
3D  b y stacking a series of indiv idual 2D  X - ray im ages 
using X - ray com puted tom ography. Tom ography 
detectors m easured the attenuation of X - ray intensity 
as a function of X - ray energy, path length of the 
electron b eam  and the linear attenuation coeffi cient 
through the cathode according to Beer’ s law. The grey 
contrast in the cathode im age corresponds to lighter 
sem iconducting phases in the interior and darker 
im purity phases at the surface. The calcium , ox ygen 
and titanium  elem ental profi les suggest a perov skite 
C aTiO 3 phase at the titanium / core/ m elt three- phase 
interline ( 3PI )  as well as Magné li TinO 2n−1 and C aTiO 3 
phases in central regions of the ox ide cathode ( Figure 
2) 3. The titanium  profi le was com plem ented b y a sharp 
fall in ox ygen profi le b y O 2− ion diffusion out of pores. 
I t is im portant to note that a C ab rera and Mott- type 
transport m echanism  could b e responsib le for the 
appearance of the initial titanium  layer. 

The dense fl oret patches in Figure 3a can b e 
describ ed as an asym ptotic, self-sim ilar O stwald 
ripening regim e of supersaturated fl oret patches 
with a narrow siz e distrib ution. A ssum ing 
isotropic surface energy, the drivin g force for m ass 
transfer from  regions of high to low curva ture 
occurs according to the curva ture dependence 
of the chem ical potential6. This results in the 
disappearance of surfaces possessing high curva ture 
and thus a lowering of interfacial free energy b y m ass 
transfer from  the sm aller to the larger patches of the 
distrib ution;  the total patch num b er dim inishes while 
av erage patch siz e increases.  

J*94$&(?K(.%&/0$1/"&,*/#%($&#/01$(/1,71+&+0':(#@!"#$#%&!
titanium dionide Yathode preYursor$ b, Forous titanium onide 
Yathode$ Y, Components post eleYtro#reduYtion$

The L ifshitz - Slyoz ov encounter m odifi ed theory 
could provi de a reasonab ly accurate approx im ation 
of this b ehav iour when perturb ations in the 
L ifshitz - Slyoz ov - W agner theory are sm all7. A s tim e 
progresses, the lowering of the free energy b arrier to 
nucleation leads to spinodal decom position4.

The ev olution of K irkendall porosity during the 
generation of titanium  from  the penetration of the 3PI  
( Figure 3b  and 4)  can b e understood b y considering 
m ass transfer across the 3PI . The ex cess v acancy 
concentration needed to grow K irkendall pores 
can b e describ ed b y the G ib b s- Thom son relation 
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where v acancies condense at v oids containing the 
v olum e eq uiv alent to m any v acant lattice sites if an 
ex cess v acancy concentration of at least twice the 
eq uilib rium  v acancy concentration8 . Further, the 
contraction of the cathode in a direction perpendicular 
to the 3PI  could b e achiev ed b y the annihilation of 
v acancies predom inantly at edge dislocations whose 
Burgers’  v ectors are perpendicular to the 3PI . Such a 
contraction would b e one dim ensional and could not 
tend to estab lish any tensile stress since relax ation 
is perm itted in this direction. The dev elopm ent of 
K irkendall porosity b ehind the 3PI  ( Figure 4b )  occurs 
when an appropriate supersaturation of v acancies 
is supplem ented b y a sub norm al concentration of 
interstitial ox ygen atom s. 

!"#$%&'()'*"+,-"$.'/0"1&'2,+3/1&4'X -ED S elem ental linescan and 
electron m ap (vie wed in BSEI ) o f titanium , calcium  and ox ygen 
elem ental profi les.

!"#$%&'5)'6,+3/1"2'.,77'+%,-78&%4',9'O stwald ripening. b , K irkendall 
effect. Scale b ars: 50 µ m .

U nderstanding the nature of the Ti/ TiO 2/ m elt 3PI  ( i.e. 
a renorm aliz ation of 1D  interlines into a q uasi- 2D  
interface)  is im portant for m odelling the electro-
reduction of titanium  diox ide to titanium . The 3PI  can 
b e describ ed as a localiz ed system  in a statistical 
continuum  lim it where v ery short wav elength 
fl uctuations in a fi eld are as im portant as fl uctuations 
at a fi x ed wav elength. Therefore, the effectiv e 
interaction ( or H am iltonian)  that describ es the  
length ( or energy)  scales of fl uctuations at each 1D   
interline is v ery sim ilar;  the num b er of independent 
v ariab les at each 1D  interline is fi x ed and fi nite.  
The continuum  lim it arises on a m acroscopic length 
scale in which independent fi eld v ariab les are defi ned 
b y a continuum . The application of q uantum  shuffl e 
diagram s9 indicates m any ways of distrib uting energy 
at 1D  interlines and that a classical continuum  lim it is 
nonsense b ecause of the v iolation of the second law 
of therm odynam ics leading to z ero entropy according 
to the Boltz m ann eq uation.

Ti/ TiO 2/ m elt 3PI  m ov em ent using the arb itrary 
L agrangian- Eu lerian m ethod renders the orientation 
of a tangent plane to a function at a giv en point 
within the cathode that represents the b est linear 
approx im ation to a differentiab le function near 
that point ( i.e. J acob ian m atrix )  im possib le. This 
has a detrim ental effect on the local stab ility of the 
tim e- dependent ev olution of nonlinear dynam ical 
phenom ena gov erned b y partial differential 
eq uations ( i.e. Stiffness m atrix ) 10 and thus sev ere 
num erical instab ility ( Figure 5) 4. I n the L agrangian 
m ethod the position and physical properties of the 
3PI  are describ ed in term s of reference coordinates 
at tim e =  z ero whereas the Eu lerian m ethod is 

!"#$%&':)'6,+3/1&'."2%/7+%$2+$%&4',9'Titanium  diox ide cathode 
precursor. b , V acancy condensation in a titanium  cathode.  
Scale b ars: 50 µm .
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<i]ure +0 Fenetratin] )F? a]ainst a Óat ^oripontal anode$!
The rate of electro- reduction is slower than that ob serv ed 
against an annulus anode4.

restricted to the confi guration achiev ed after 3PI  
m ov em ent and therefore describ es a fi x ed 3PI  in 
space at tim e >  z ero. The contracting 3PI  length in 
fi gure 5 is consistent with a fall in ex perim ental 
current b eyond surface m etalliz ation4. 

I n future, the diffusion and nucleation m echanism s 
during the electro-r eduction of Gr oup I I I - X  and rare 
earth ox ides with com plim entary num erical m odels 
b ased on m eshless m ethods should b e inv estigated4. 
Further, inj ecting current into an electrochem ical 
reactor from  a current source and then m easuring 
the v oltage b etween electrodes could generate in-
situ electrical conductivi ty distrib ution m aps ( i.e. 
electrical im pedance tom ography) 11,12. D epending on 
the arrangem ent of current inj ecting and receiv ing 
electrodes, m ost of the current could b e constrained 
through the cathode. This could b e used to v alidate 
num erical m odels as well as m onitoring reaction 
progress b y prob ing potential distrib ution. I t is 
im portant to note that the diffi culty of q uantifying 
the reliab ility of im ages and data error caused 
b y poor electrode location characteriz ed b y the 
sensitivity  in v oltage to b oth the current source and 
receiv er positions, and the contact of electrodes with 
the m olten salt, need to b e addressed.

"#$%&'
(%)'*+,!-,)'./01.)/2!345672!856.2 is in the School 
of C hem ical En gineering and A nalytical Science, The 
Un iv ersity of Manchester, Ox ford R oad, Manchester 
M13 9PL , Un ited K ingdom .
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Two cutting-
edge science 
instrum ents 
dev eloped b y 
U K  researchers 
took to the skies 
ab oard N A SA ' s 
G lob al H awk 
research aircraft 
for the fi rst tim e 
in March 2015.

The two instrum ents are the fi rst from  the UK  to take 
adva ntage of the Gl ob al H awk' s capab ilities. They 
were dev eloped as part of the four year collab oration 
b etween the NE R C 's C o-or dinated A irb orne Studies 
in the Tropics (C A ST) p roj ect and NA SA 's A irb orne 
Tropical Tropopause Ex perim ent (A TTR EX) .

The uninhab ited aircraft, b ased at N A SA ' s A rm strong 
Flight R esearch C entre, C alifornia, can fl y at twice the 
height of Mount E v erest and doub le the altitude of a 
com m ercial j et for m ore than a day at a tim e, trav elling 
the eq uiv alent of half of E arth' s circum ference in a 
single fl ight in an atm osphere where the air pressure 
is less than a tenth of that at sea lev el.

The aircraft is fl ying ab ov e the eq uatorial regions of 
the Pacifi c Ocea n at an altitude of 20km , where the 
lowest layer of the atm osphere, the troposphere, 
m eets the stratosphere ab ov e. Scientists b eliev e this 
area, known as the tropopause, plays a critical role in 
Ea rth's clim ate.

The fi rst of the instrum ents, GH OS T (Gr eenhouse 
Ob serva tions of the Stratosphere and Troposphere) , 
was dev eloped b y the Science & Technology Facilities 
C ouncil's (S TFC ) UK  A stronom y Technology C entre 
(UK A TC )  in E dinb urgh, in a j oint effort with the 
univ ersities of E dinb urgh and L eicester.

Sitting in the b elly of the Gl ob al H awk, GH OS T 
b ehav es like a sub -or b ital satellite instrum ent, 
m easuring greenhouse gases such as carb on diox ide 
and m ethane across large regions b ut in fi ne detail. 

This will allow scientists to produce precise m aps 
of where greenhouse gases are b eing released and 
taken up at the Ea rth' s surface -  v ital inform ation for 
international clim ate negotiations.

The second instrum ent, A I I TS ( the A erosol I ce 
I nterface Transition Spectrom eter) , m easures 
particles like dust, water droplets and ice crystals. 
The transport of particles and pollutants b etween 
the troposphere and stratosphere plays a crucial role 
in the clim ate system  and the health of the oz one 
layer. A I I TS was j ointly dev eloped b y the univ ersities 
of H ertfordshire and Manchester.

The two U K  pieces of kit were j oined on b oard b y 
instrum ents from  the A TTR EX  proj ect. These will 
focus on the transport of water va pour and other 
trace gases into the stratosphere. Studies show that 
ev en slight changes in the am ount of water va pour 
in the stratosphere can warm  tem peratures b y 
ab sorb ing heat rising from  the surface.

:;<*,*#(-*#&'=1-)(+)#&,,.*,#>1-#$%&'()*#,$&*+$*?#
J^e c^ance to Óo tmo nem KA instrucents on 
t^e =loXal >ama is vero encitin]$ Me are Óoin] at 
)*'=*-().-*,#7*%19#@ABC#&+#)<*#*D.()1-&(%#E(,)#
Facific to investi]ate ^om t^in cirrus clouds forc$ Me 
)<*+#)-($/#7($/#7*%19#)<*#+*9#2343#FCF@G#,()*%%&)*#
)1#=-1H&0*#'1-*#0*)(&%*0#'*(,.-*'*+),#9<*-*#)<*#
,()*%%&)*#'*(,.-*,?:#-  D r N eil H arris, U niv ersity of 
C am b ridge, science lead for the N E R C  C A ST proj ect
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t^e incrediXlo tino Óuctuations in t^e levels of 
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A ndy V ick, innov ations m anager at STFC ' s U K A TC  
facility and the lead inv estigator for the G H O ST 
proj ect, celeb rated the successful fi rst fl ight of G H O ST

I m age credit: N A SA  Photo b y C arla Thom as

NA SA ’ s Gl ob al H awk, a rem ote-con trolled 
airplane that can fl y for up to 30 hours at 
altitudes up to 65,000 feet. 

MB
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N E R C  ex pertise has m ade a key contrib ution to a new 
report on how the cities of the future can deal with 
the challenges around m anaging water in a changing 
env ironm ent -  challenges that include prov iding clean 
water, dealing with wastewater and controlling fl ood risk.

The report, “ Future vision s for water and cities: 
a thought piece” , ex am ines fi v e different vi sions 
for how water could b e m anaged in future cities, 
and ex plores the research b reakthroughs and 
technological innova tions we will need to get to each 
of them . I t is pub lished b y the Go v ernm ent O ffi ce for 
Science (GO-Scien ce) a nd was produced b y the U K  
W ater Partnership, which is a collab oration b etween 
the water industry, policym akers and researchers.

451$&6.+$%"01#&63#3+$&.2&!"#"$%&7+.8$9#&"%&9.(%")$+"(0&
t^e Xroad ran]e of issues" m^ic^ ^ave a si]nificant 
inÓuence on t^e lon]#terc developcent of t^e 
:;<%&9"#"$%=&51$&">7'9#&.2&*'#$+&'()&"#%&%3%#'"('?-$&
>'('0$>$(#&7-'@&'&9+"#"9'-&+.-$&"(&#1"%&23#3+$=&51$&:;&
A'#$+&B'+#($+%1"7&1'%&>')$&'&C'-3'?-$&9.(#+"?3#".(&
#.&#1$&)$?'#$&?@&"#%&7+$%$(#'#".(&.2&'&%$#&.2&
"(#$+$%#"(0&'-#$+('#"C$&C"%".(%&2.+&#1$&%377-@&'()&3%$&
.2&*'#$+&"(&.3+&9"#"$%D&2.+&*1"91&#1$&$E7$+#"%$&9+$'#$)&
?@&FGH!<%&"(C$%#>$(#&"(&$(C"+.(>$(#'-&%9"$(9$&
7-'@$)&'&C"#'-&7'+#=4 -  Sir Mark W alport, G ov ernm ent 
C hief Scientifi c A dv iser and head of G O - Science

4G(C"+.(>$(#'-&%9"$(9$&*"--&?$&9+39"'-&"(&$('?-"(0&
9"#"$%&#.&>$$#&#1$&91'--$(0$%&#1$@&2'9$&'+.3()&
*'#$+&"(&#1$&9.>"(0&)$9')$%=&FGH!&"%&7-$'%$)&#.&
1'C$&%377.+#$)&#1"%&+$7.+#D&*1"91&%1.*%&1.*&#1$&
+$%$'+91$+%&*$&23()&'+$&1$-7"(0&-$')&#1$&)$?'#$&
"(&#1"%&'+$'=4&-  D uncan Wi ngham , chief ex ecutiv e 
of N ER C

4IC$+&+$9$(#&@$'+%&#1$&)"22$+$(#&7'+#%&.2&#1$&:;&
*'#$+&%$9#.+&1'C$&#$()$)&#.&.7$+'#$&"(&"%.-'#".(D&
*"#1&#1$&?"00$%#&0'7&?$"(0&'+.3()&#1$&#'/$&37&.2&
'9')$>"9&+$%$'+91&?@&#1$&*'#$+&"()3%#+@=&51'#<%&
*1@&J&'77-'3)&#1$&*.+/&#1'#&FGH!&1'%&73#&"(#.&
"("#"'#"C$%&-"/$&#1$&:;&A'#$+&B'+#($+%1"7=&FGH!&"%&
1$-7"(0&#.&?+$'/&).*(&?'++"$+%D&'()&#1"%&3-#">'#$-@&
^as to Xenefit KA plc$� -  Peter D rake, chief 
ex ecutiv e of the W ater I ndustry Forum , an industry 
group that supports the U K  W ater Partnership

The report inv estigates ideas that include growing 
food in and on b uildings to create ' garden cityscapes' ;  
designing b uildings on stilts to fl ood- proof cities;  
using the internet and sm art appliances to im prov e 

water m anagem ent;  harnessing the deep geology 
b eneath urb an areas to deliv er drainage, water, 
heating and cooling;  and using utility- run program m es 
to m ake com m unities'  water use m ore sustainab le.

This is a highly topical area and one in which N ER C  is 
showing thought leadership, working alongside m any 
different stakeholders including gov ernm ent, N G O s 
and industry. En vi ronm ental change is ex pected to 
reduce the ava ilab ility of clean water in m any areas, 
and ex trem e weather is ex pected to increase -  the 
cities of the future are likely to face m ore droughts 
and greater risk of fl ooding. To deal with such 
challenges, innov ativ e thinking will b e essential.

Dagoya Mest MediYal Center (@apan) roo\top garden by AMOEAE # 
Mikimedia Commons 

A n R C U K  ev ent held on 30 J une attracted around 200 
people from  across industry, gov ernm ent and the 
research com m unity, to discuss challenges for water 
in cities of the future, focusing on the v isions set out 
in the report. A  new vi deo highlights som e of the key 
them es from  the ev ent. 

A m ong the report' s authors are N ER C ' s Faith 
C ulshaw, coordinator for the U K  W ater Partnership' s 
R esearch and I nnova tion group, Stephanie Bricker of 
the British Geo logical Surv ey and Mike A crem an and 
Gr aham  L eeks of the C entre for E cology & H ydrology.

KL
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Beethov en com posed som e of his m ost fam ous 
works after he b ecam e profoundly deaf.

More recently, m usicians such as Oz z y Osb ourne, 
Brian Wil son and Phil C ollins hav e encountered 
prob lem s with their hearing. Tinnitus affects m any 
m ore, from  Er ic C lapton and Ne il Y oung to will.i.am .

N ow a collab orativ e proj ect b etween the U niv ersity of 
L eeds and Sheffi eld Teaching H ospitals N H S Foundation 
Trust is b ringing together m usic psychologist D r A linka  
G reasley and D r H arriet C rook, L ead C linical Scientist 
for C om plex  H earing L oss, to inv estigate how m usic 
listening ex periences are affected b y deafness, hearing 
im pairm ents and the use of hearing aids.

'.(& portrait o\ Ludwig van 8eethoven aged */ when Yomposing 
the Missa Sole$ Around '.'* however, by the age o\ **, 8eethoven 
was almost totally dea\$

56#($(-,-/1$+),2(7"8%"(+"24)23(+,(1)."(1,23"%9(
$24(*$2:(-",-1"8#('"$%)23(2$+/%$11:(4"&1)2"#(
as me ]et older"Ç s^e said$ ÆAction on >earin] 
;,##(%"-,%+#(+'$+(+'"%"($%"(<=(*)11),2(-",-1"(
7)+'('"$%)23()*-$)%*"2+#()2(+'"(>?(@(+7,(
*)11),2(,0(+'"*(7"$%('"$%)23($)4#(@($24(+'"#"(
2/*A"%#($%"(%)#)23BC

5D/#)&()#($2()*-,%+$2+(-$%+(,0(-",-1"8#(1)."#(
$24(&$2('$."(-,7"%0/1(-':#)&$19(#,&)$19($24(
"*,+),2$1("00"&+#(,2()24).)4/$1#9()2&1/4)23(
+',#"(7)+'($11(1"."1#(,0('"$%)23()*-$)%*"2+(
@("."2(+'"(-%,0,/241:(4"$0B(E'"(-/%-,#"(
,0('"$%)23($)4#()#(+,($*-1)0:(#-""&'9($24(
".)4"2&"(#/33"#+#(+'$+(*$2:('"$%)23($)4(/#"%#(
"F-"%)"2&"(-%,A1"*#(7'"2(1)#+"2)23(+,(*/#)&9(
#/&'($#($&,/#+)&(0""4A$&G9(4)#+,%+),2($24(
%"4/&"4(+,2"(H/$1)+:BC

5IF-1,%)23(+'"#"()##/"#(#:#+"*$+)&$11:9(
+'%,/3'($(&,*A)2$+),2(,0()2J4"-+'()2+"%.)"7)23(
$24($(1$%3"J(#&$1"(2$+),2$1(#/%.":9(7)11($11,7(
/#(+,(/24"%#+$24(+'"#"(-%,A1"*#($24()4"2+)0:(
$%"$#(0,%()*-%,.)23(+'"(-"%&"-+),2(,0(*/#)&(
usin] ^earin] aid tec^nolo]o$Ç
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The proj ect, H earing A ids for Music, will look at how 
people use hearing aids in m usical situations, from  
listening to m usic at hom e to going to a sym phony or 
rock concert.

D r Gr easley, from  the U niv ersity’ s School of Music, 
pointed out that you don’ t need to hav e liv ed a rock ’ n’  
roll lifestyle to hav e a hearing im pairm ent.  



A s well as provid ing advi ce to hearing aid users, 
results will b e used to help audiologists talk 
ab out m usic listening issues with patients in 
their clinics. The research m ay also b enefi t 
m anufacturers of hearing aids b y provi ding a b asis 
for im prov ed digital signal processing, helping 
users of the technology to access m usic.

ÆJ^is is t^e first tice ^earin] test data ^as 
!""#$%&"'$()*#+&,'"$&*-,()$.&/-0*)*+,-()$'(1($
1*$-2"(1"$($&/&1"3(1,-$"4.)*2(1,*#$,#1*$0*5$
0"(2,#+$(,'&$(66"-1$3%&,-$),&1"#,#+$!"0(7,*%2&89$
:;3.2*7"'$(--"&&$1*$3%&,-$%&,#+$0"(2,#+$(,'&$
mill Xenefit people of all a]es" facilitatin] cusic 
"'%-(1,*#$6*2$'"(6$-0,)'2"#$(#'$/*%#+$."*.)"<$
3%&,-$),&1"#,#+$(#'$."26*23(#-"$,#$('%)10**'<$
(#'$-*#1,#%"'$3%&,-()$"#+(+"3"#1$,#1*$*)'$
a]e$Ç -D r C rook, an ex pert in the neuroscience of 
m usic perception b ased at the R oyal H allam shire 
H ospital, Sheffi eld.

D espite the large num b ers of those affected, 
v ery little is known ab out the m usic listening 
ex periences and b ehaviou r of people with hearing 
im pairm ents b ecause previ ous studies hav e 
assum ed a typical lev el of hearing in participants.

:="*.)"$1"))$%&$10(1$3*'"2#$',+,1()$0"(2,#+$(,'&$
0(7"$.2*7"'$($2"7")(1,*#$!"-(%&"$10"/$2"7"()$
0,10"21*$>)*&1?$&*%#'&$&%-0$(&$($0%33,#+$62,'+"$
*2$!*,),#+$@"11)"<$/"1$),&1"#,#+$1*$3%&,-$,&$&1,))$
proXlecatic$Ç -D r Gr easley

AB

Pianist D anny L ane, him self profoundly deaf, is 
A rtistic D irector of W est Y orkshire charity Music 
and the D eaf founded in 1988 to help deaf people 
access m usic and perform ing arts.

:C0,&$2"&"(2-0$,&$7"2/$3%-0$#""'"'8$D%&,-$(#'$10"$
E"(6$*61"#$2"-",7"$"3(,)&$62*3$3%&,-,(#&$*2$.(2"#1&$
*6$3%&,-()$-0,)'2"#$50*$(2"$62%&12(1"'$5,10$10",2$
0"(2,#+$(,'&89$:D%&,-$6*23&$($7"2/$,3.*21(#1$.(21$*6$
10",2$),7"&$F$(#/10,#+$10(1$3,+01$0").$,3.2*7"$10",2$
"#G*/3"#1$*6$,1<$50"10"2$(&$),&1"#"2&$*2$."26*23"2&<$
is to Xe melcoced$Ç-  D anny L ane

D r Gr easley is conducting interv iews with hearing 
aid users and will also lead a large- scale national 
online surv ey.

D r R ob ert Fulford, a Post- doctoral R esearch Fellow 
at the U niv ersity, is also working on the three year 
proj ect, which has b een awarded funding worth 
£247 ,295 from  the A rts and H um anities R esearch 
C ouncil.

D rs Gr easley, C rook and Fulford are j oined b y an 
adv isory panel consisting of ex perts in auditory 
processing, digital signal processing, hearing aid 
fi tting, hearing therapy and deaf education.

Their fi ndings will b enefi t hearing aid users and 
people with all lev els of deafness, b oth in the U K  
and internationally, through open access content 
on the proj ect web site and forum .
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Practical m easures to aid landslip prev ention and 
enhance track stab ility are am ong the im prov em ents 
pinpointed b y recent research that will m ean rail 
passengers face fewer speed restrictions, delays 
and cancellations in future -  and will help the UK  rail 
industry achiev e m ulti-m illion-p ound savi ngs.

A  whole range of potential im prov em ents to how 
railway track is designed, b uilt and m aintained has 
b een highlighted b y " R ailway Track for the 21st 
C entury" , a £ 3.1 m illion, fi v e year research program m e 
funded b y the E ngineering and Physical Sciences 
R esearch C ouncil ( E PSR C ) . I t has b een undertaken b y 
a consortium  led b y the U niv ersity of Southam pton, 
and also the U niv ersity of Birm ingham , the U niv ersity 
of N ottingham  as well as a range of industry partners, 
who hav e prov ided additional fi nancial support.

FiYtures Yourtesy University o\ Southampton

FiYtures Yourtesy University o\ Southampton

U sing innova tiv e com puter m odels and on- train 
and trackside m easurem ent techniq ues to rev eal 
in unprecedented detail the forces and pressures 
that railway track is sub j ected to, key outcom es and 
fi ndings include the following:

•  Savi ngs of £500 ,000 a year hav e already b een 
realised through m ore effectiv e m anagem ent of 
line side v egetation. Seasonal track m ov em ent 
on clay em b ankm ents can b e addressed b y using 
v egetation to m anage water content and hence 
reduce shrink- swell prob lem s in the clay, as well as 
im prov ing track stab ility during wet periods. 

•  Better risk assessm ent of earthworks has led to 
im prov ed adv erse weather m anagem ent, deliv ering 
an estim ated 14 per cent reduction in the risk of trains 
running into landslides during high- rainfall periods. 

•  The risk of landslips can b e further reduced b y 
piles driv en into the earth to stab ilise slopes 
form ing part of cuttings and em b ankm ents.  
A nnual sav ings estim ated at b etween £13 m illion 
and £20 m illion are ex pected from  im prov ed design 
arising from  the research, as well as b ig reductions 
in the tim e taken for the works. 

•  Maintenance req uirem ents can also b e reduced b y 
including a wider range of grain siz e in the b allast 
supporting the track, b y inserting fl ex ib le pads 
under sleepers, or b y reducing the b allast shoulder 
slope, all of which can reduce the stresses that the 
track system  ex periences. 

34*"#()%."51%&."(610%.,61$2%'51*%+.1%$")+%71/%
01&"01)8%9,+%+.1%+*"&:%"(0%1"*+./'*:)%+.12%*,(%
'(%"*1%),9)+"(+#"$$2%+.1%)"-1%")%"%&1(+,*2%"6';%
<(&*1")1)%#(%+.1%)=110%"(0%/1#6.+%'7%+*"#()%"*1%
=,++#(6%',*%*"#$%#(7*")+*,&+,*1%,(01*%6*'/#(6%
=*1)),*18%/.#$1%#(&*1")1)%#(%)1*5#&1%7*1>,1(&2%
"*1%*10,&#(6%-"#(+1("(&1%/#(0'/);%4.1%&."(61)%
/1?51%1@=$'*10%'771*%/"2)%+'%.1$=%-"#(+"#(%"(0%
up]rade t^e infrastructure for t^e (1st centuro$Ç 
-  Professor Wi lliam  Powrie of Southam pton 
U niv ersity, who has led the research

AB



FiYtures Yourtesy University o\ Southampton
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On e slope stab ilisation proj ect in L ondon has 
sav ed £1 .5 m illion in costs and achiev ed a four 
m onth shortening in tim escale through utilising 
procedures devi sed b y the research program m e.

#$%&'(&'()*(+,-+..+*/(+,)01.+(23(%24(5+'+)5-%(
).&6*+7(/2(628+5*0+*/(/5)*'125/(12.&-9(1527:-+'(
si]nificant Xenefits" in t^is case for t^e railmaos 
and passen]ers$Ç - K edar Pandya, H ead of 
En gineering at EP SR C  ( En gineering and Physical 
Sciences R esearch C ouncil)

N ow sev eral of the m ost prom ising ideas 
generated b y the program m e are b eing taken 
further forward b y the £8. 2 m illion, fi v e year 
follow- on initiativ e ' Track to the Future'  prim arily 
funded b y EP SR C  ( En gineering and Physical 
Sciences R esearch C ouncil)  and b eing undertaken 
b y the sam e consortium , which H uddersfi eld 
U niv ersity has now also j oined.

#;:5(425<(%)'('%+7(025+(.&6%/(2*(/%+(0)*9(-201.+,(
3)-/25'()*7(0+-%)*&'0'(/%)/(7+/+50&*+(%24(
5)&.4)9(/5)-<(=+%)8+'>(;:5(-2*-.:'&2*'()5+(+?:)..9(
)11.&-)=.+(/2(/%+(@AB'(+,&'/&*6(5)&.(*+/425<()*7(/2(/%+(
^i]^#speed railmaos of tocorrom$Ç -  Professor Powrie

The fi v e year EP SR C  ( En gineering and Physical 
Sciences R esearch C ouncil) - funded research 
program m e ' R ailway Track for the 21st C entury'  
b egan in J une 2010.

I ndustrial partners include: N etwork R ail, L ondon 
U nderground, Tata Steel, Balfour Beatty, Pandrol 
Track System s, the R ail Safety & Standards Board 
( R SSB) , the R ail I ndustry A ssociation ( R I A )  and the 
A ssociation of Train O perating C om panies ( A TO C ) .

The U K ' s rail network includes ov er 18, 000km  of 
em b ankm ents and cuttings where slope stab ility 
is a critical operational req uirem ent.
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Minister \or Universities and SYienYe @o @ohnson speaking at the 
inauguration o\ H'&& (Credit0 SJ<C)

J uly 2015 m arked a giant leap for the U K  space 
industry as 2 m aj or new space facilities opened at the 
U K  Space G ateway in O x fordshire, including the new 
STFC  R A L  Space integration and test facility “ R 100” .

;<(.=&.=%&=%-(.#>%&,0&.=%&?:.=%-0,-9&@""*%.,)&
BaXoratoro it mould Xe ^ard to find anot^er 
0#$(*(./&.=#.&=#'&9,)%&5,-%&.,&%'.#+*('=&.=%&
$-%9%).(#*'&,0&67&'"#$%&'$(%)$%4&<%&'%.&.=%&
'.#)9#-9&0,-&'"#$%&'$(%)$%&.%$=),*,>/&#)9&A-(.('=&
()>%):(./&('&=%*"()>&5#)B()9&*,,B&+#$B&#.&.=%&
forcation of our universe to see t^e first stars and 
>#*#C(%'D&#)9&),.=()>&$,:*9&+%&5,-%&%C$(.()>&,-&
.=-(**()>&.=#)&.=#.4&@)9&'"#$%&'$(%)$%&('&,0&$,:-'%&
),.&E:'.&#)&%)9&()&(.'%*0D&+:.&#'&,)%&,0&,:-&F&>-%#.&
.%$=),*,>(%'&'#.%**(.%&.%$=),*,>/&:)9%-"()'&',&
5#)/&,0&,:-&B%/&()9:'.-(#*&'%$.,-'4

G=('&)%H&0#$(*(./&5%#)'&.=%&67&),H&=#'&,)%&,0&.=%&
+%'.&.%'.()>&0#$(*(.(%'&#)/H=%-%&()&.=%&H,-*9D&#)9&
IJ5&9%*(>=.%9&.,&+%&"#-.&,0&.=%&,"%)()>&,0&.=%&?KLL&
:evelopcent and Jest <acilito todaoÇ &
- Jo Joh nson, the Minister for Un iv ersities and 
Science speaking at the inauguration ev ent 

;M:-&)%H&().%>-#.(,)&#)9&.%'.&0#$(*(./&"-,N(9%'&
$#"#+(*(./&0,-&.=%&)%%9'&,0&.=%&)%C.&>%)%-#.(,)&,0&
'"#$%$-#0.&#)9&()'.-:5%).'D&#)9&H(**&$,).-(+:.%&
.,&.=%&>-,H()>&$,55:)(./&,0&'"#$%&0,$:''%9&
+:'()%''%'D&$#"#+(*(.(%'&#)9&'B(**'&*,$#.%9&#.&.=%&
O#-H%**&P#5":'&'"#$%&Q#.%H#/4

M:-&?KLL&+:(*9()>&('&#&5#E,-&%C"#)'(,)&,0&,:-&.%'.&
0#$(*(.(%'R&()$*:9()>&.H,&)%H&S5&9(#5%.%-&!"#$%&
G%'.&P=#5+%-'&#*,)>&H(.=&#&N(+-#.(,)&0#$(*(./D&
$*%#)&-,,5'&#)9&@IT&U@''%5+*/D&I).%>-#.(,)&#)9&
Lerification) control rooc$ Mit^ F^ase ( of t^e 
"-,E%$.&$:--%).*/&%C"%$.%9&.,&+%&$,5"*%.%9&+/&
V:)%&2LK3&.=%'%&#-%&()$-%9(+*/&%C$(.()>&.(5%'&
to Xe morain] at HAB Ipace$Ç -  D r C hris Mutlow, 
D irector of R A L  Space

The fi rst instrum ent to arriv e for calib ration in Phase 
1 of this new state of the art facility will b e the E SA  
Sentinel 4 U V N  ( U ltra- v iolet/ V isib le/ N ear- infrared)  
instrum ent, which is destined for geo- stationary 
orb it, form s part of C opernicus, the Eu ropean Ea rth 
ob serv ation program m e.

J uly also saw the opening of the new E C SA T b uilding 
– the Eu ropean Space A gency’ s ( E SA )  hom e in the 
U K . E SA ’ s U K  facility has b een dev eloping steadily 
since 2008,  following the U K  gov ernm ent’ s decision 
to increase its contrib ution to E SA  and the new 
b uilding will host 120+  j ob s, including team s in 
telecom m unications and integrated applications. 
Special em phasis will b e put on the dev elopm ent 
of new m arkets for satellite- b ased servi ces and 
applications. The b uilding will also house the Ea rth 
O b serv ation C lim ate O ffi ce, Science and Ex ploration 
team s and Technology and Q uality Managem ent 
team s supporting E SA  research and dev elopm ent 
program m es in the U K , focusing on ‘ gam e- changing’  
technologies and capab ilities.

WW



The functions of around 
150 genes hav e b een 
discov ered b y scientists 
across E urope in a 
m aj or initiativ e to try to 
understand the part they 
play in disease and b iology.

Since m ice share 90 per cent of their genes with 
hum ans they are one of the b est organism s to help 
us understand hum an genetics. The Eu ropean 
Mouse D isease C linic (EUM OD I C )*  b rought together 
scientists from  across Eu rope to inv estigate the 
functions of 320 genes in m ice. Ov er half of these 
genes had no previ ously known function, and the 
rem aining genes were poorly understood.

O v er 8 0 per cent of the m ouse lines assessed had 
a characteristic that prov ided a clue to what the 
m issing gene’ s role m ight b e. I f the m ouse fails a 
hearing test, for ex am ple, it suggests the m issing 
gene m ight hav e a role in hearing. I n total, they carried 
out ov er 150 different tests on each m ouse line. The 
researchers classifi ed 94 genes linked to disease into 
three categories: b one and skeleton, m etab olism , and 
neurological and b ehav ioural disorders.

On e of the genes discov ered, El m od1, b elongs to a 
large group of genes activ e in the b rain for which 
there was no inform ation ab out its function. This 
work rev ealed that m ice with a faulty El m od1 gene 
had lower b lood glucose lev els and lower b ody 
weight. I t also rev ealed that this gene was inv olv ed in 
gait and the anim als had a lower grip strength.

I n order to study gene function, the E U MO D I C  consortium  
produced m ouse lines which each had a single gene 
rem ov ed. These m ouse lines were then analysed in m ouse 
clinics, where each m ouse was assessed b y a series of 
tests and inv estigations, allowing the researchers to 
estab lish the functions of the m issing genes.

E U MO D I C  was the fi rst step towards the creation of 
a datab ase of m ouse gene functions, a v ision now 
b eing realised b y the I nternational Mouse Phenotyping 
C onsortium  ( I MPC ) . The I MPC  incorporates 18  centres 
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from  across the glob e with the aim  ov er the nex t ten 
years of uncov ering the functions of all 20,000 genes 
in the m ouse genom e. I MPC  b uilds on the groundwork 
and achiev em ents of E U MO D I C  in estab lishing the 
procedures and processes to identify and catalogue 
the functions of genes.

7'8!9:;<&2*"1*-&"&)$=*%4(2&2*5">0&.3".&=622&261*&
$+&6+&.3*&;!?<&"+/&.3*&/"."&"+/&%*-$(%>*-&6.&3"-&
)%$16/*/&4$%&->6*+.6-.-@&'8!9:;<&"+/&;!?<&=622&
A*&.%(20&.%"+-4$%,".61*&4$%&,*/6>"2&%*-*"%>3&A0&
%*1*"26+5&.3*&%$2*-&.3".&/644*%*+.&5*+*-&)2"0&6+&
disease$Ç -  Professor Stev e Brown, D irector of the 
MR C  Mam m alian Ge netics U nit at H arwell and the 
coordinator of the EU MO D I C  consortium

7B3*&-."+/"%/6-*/&)%">.6>*-&.3".&3"1*&A**+&/*1*2$)*/&
.3%$(53&.36-&%*-*"%>3&"22$=&,(2.6)2*&>*+.%*-&.$&=$%C&6+&
>$+>*%.&.$&5*+*%".*&%$A(-.D&%*)%$/(>6A2*&/"."@&;+&.3*&
2$+5&.*%,D&.36-&-.%*",26+*/&"))%$">3&"+/&.3*&"1"62"A626.0&
of t^e data froc t^ese studies mill si]nificantlo reduce 
t^e nucXer of anicals used in researc^$Ç -  D r D av id 
A dam s, E x perim ental C ancer G enetics G roup L eader at 
the W ellcom e Trust Sanger I nstitute, a m aj or contrib utor 
to the E U D O MI C  consortium

This was the fi rst tim e such a proj ect has b een 
attem pted on this scale with m ultiple centres 
cooperating together from  different countries.  
The consortium  had to estab lish new standardised 
procedures to generate and assess the m ouse lines 
and a central Eu ropean datab ase to store all the 
data. The aim  of the proj ect was to understand m ore 
ab out genes we currently know v ery little ab out, and 
open up new av enues for research into the genetics 
of hum an disease. A ll the fi ndings hav e b een m ade 
pub lically ava ilab le, allowing other scientists to use 
them  in their own research.

  EUME:?C, was established in (&&-, and was the Órst 
genetiYs pro`eYt o\ its kind bringing together mouse 
genetiYs Yentres \rom aYross Europe to work together to 
study the role o\ hundreds o\ genes$ ?t revealed the traits 
o\ over )&& genes and set standards and proYedures \or a 
larger international e\\ort to investigate the \unYtions o\ 
all (&,&&& genes in the mouse$
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Scientists hav e dem onstrated for the fi rst tim e how 
to generate m agnetism  in m etals that aren't n aturally 
m agnetic, which could end our reliance on som e rare 
and tox ic elem ents currently used.

I n a study led b y the Un iv ersity of L eeds and 
pub lished in the j ournal Dature, researchers detail a 
way of altering the q uantum  interactions of m atter 
in order to “ fi ddle the num b ers”  in a m athem atical 
eq uation that determ ines whether elem ents are 
m agnetic, called the Stoner C riterion. 

?mage Yourtesy University o\ Leeds

34$+/2)'5#$)*")2$/$('*$)1'2/$*+-1)+/)1'*$(+'#-)
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*"):$;+%$-)*6'*)&-$)'5&/:'/*)'/:)6'<'(:#$--)
elecents" suc^ as carXon and copper$Ç - C o-l ead 
author Fatm a A l Ma'M ari, from  the School of 
Physics & A stronom y at the U niv ersity of L eeds
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steel5Ç -  C o- lead author Tim  Moorsom , also from  
the U niv ersity' s School of Physics &  A stronom y
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t^at can fulfil t^is needÇ$ -  A l Ma' Mari

Magnets are used in m any industrial and 
technological applications, including power 
generation in wind turb ines, m em ory storage in hard 
disks and in m edical im aging. 

Y et, despite their widespread use, at room  tem perature 
only three elem ents are ferrom agnetic -  m eaning they 
hav e high susceptib ility to b ecom ing and rem aining 
m agnetic in the ab sence of a fi eld, as opposed to 
param agnetic sub stances, which are only weakly 
attracted to the poles of a m agnet and do not retain any 
m agnetism  on their own. These ferrom agnetic elem ents 
are the m etals iron, cob alt and nickel. 

The condition that determ ines whether a sub stance 
is ferrom agnetic is called the Stoner C riterion.  

FG



The m ov em ent of electrons b etween the m etal and 
the m olecules allows the non- m agnetic m aterial 
to ov ercom e the Stoner C riterion. 

!"#$%&'$()*#+$+#,#%+-*#+,$*%'$&().-#'$)*%)$
-+#%).&/$%$0(1#-21%+$.&)#+3%-#$-*%&/#'$*(4$
0%/&#),$5#*%6#7$8(+$2,9$)*#$&#:)$,)#;$4%,$)($)#,)$
.3$0(1#-21#,$-(21'$%1,($5#$2,#'$)($5+.&/$0%/&#).-$
orderin] into non#ca]netic cetals$Ç -  D r O scar 
C espedes, principal inv estigator of the proj ect, 
also from  the U niv ersity' s School of Physics &  
A stronom y

The researchers say that the study has 
successfully dem onstrated the techniq ue, b ut that 
further work is needed to m ake these synthetic 
m agnets stronger.

!<2++#&)1=9$=(2$4(21'&>)$5#$%51#$)($,).-?$(&#$
(3$)*#,#$0%/&#),$)($=(2+$3+.'/#7$@2)$4#$%+#$
confident t^at apploin] t^e tec^nigue to t^e 
+./*)$-(05.&%).(&$(3$#1#0#&),$4.11$=.#1'$%$&#4$
3(+0$(3$'#,./&#+$0%/&#),$3(+$-2++#&)$%&'$32)2+#$
tec^nolo]iesÇ$ -  D r C espedes

The research paper, “ Beating the Stoner C riterion 
U sing Molecular I nterfaces” , is pub lished in the 
j ournal Dature.

I t ex plains why iron is ferrom agnetic while 
m anganese is not, ev en though the elem ents are 
found side-b y-sid e in the periodic tab le.

The Stoner C riterion was form ulated b y Professor 
E dm und C lifton Stoner, a theoretical physicist 
who worked at the Un iv ersity of L eeds from  the 
1930s until the 1960s. A t its heart, it analyses 
the distrib ution of electrons in an atom  and the 
strength of the interaction b etween them .

I t states that for an elem ent to b e ferrom agnetic, 
when you m ultiply the num b er of different states 
that electrons are allowed to occupy in orb itals 
around the nucleus of an atom  -  called the D ensity 
of States ( D O S)  -  b y som ething called the “ ex change 
interaction” , the result m ust b e greater than one.

The ex change interaction refers to the m agnetic 
interaction b etween electrons within an atom , 
which is determ ined b y the orientation of each 
electron' s m agnetic “ spin”  -  a q uantum  m echanical 
property to describ e the intrinsic angular 
m om entum  carried b y elem entary particles, with 
only two options, either “ up”  or “ down” .

I n the new study, the researchers hav e shown how 
to change the ex change interaction and D O S 
in non- m agnetic m aterials b y rem ovi ng som e 
electrons using an interface coated with a thin 
layer of the carb on m olecule C 60, which is also 
called a “ b uckyb all” .

AB
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The discov ery of 
unusual foraging 
activ ity in 
b acteria species 
populating 
our gut m ay 
ex plain how 
conditions like 
I nfl am m atory 
Bowel D isease 
( I BD )  link to 

changes in the populations of b acteria in our gut.

I BD  affects 1 in ev ery 250 people in the UK , b ut its 
causes are unknown. Studies hav e shown that I BD  
patients hav e a different profi le of gut m icrob es, 
which is called dysb iosis.

A ll of us hav e trillions of b enefi cial b acteria in our 
gut, b ut the com b ination of different species, known 
as the m icrob iom e, va ries. A  crucial q uestion has 
b een whether I BD  causes our m icrob iom e to change, 
or whether an im b alanced m icrob iom e could b e 
triggering I BD . The q uestion is, ex actly how does one 
affect the other?  W e need to study these interactions 
to defi ne new targets for therapeutics.

Na thalie Ju ge and colleagues at the I nstitute of Food 
R esearch (I FR ) h av e b een trying to answer these 
q uestions b y looking at the envir onm ent in which gut 
b acteria grow m ucus. I FR  is strategically supported 
b y the Biotechnology and Biological Sciences 
R esearch C ouncil.

Mucus cov ers the lining of our gut and provid es 
an ideal envir onm ent for gut b acteria to grow b y 
provid ing them  with a rich source of sugars. H owev er 
not all b acteria can consum e m ucus, and it has  
b een shown recently that I BD  patients had a higher 
proportion of specifi c m ucus-d egrading b acteria 
called HuminoYoYYus gnavus, com m on gut b acteria 
found in m ost individ uals.

Mucus is m ade up of long m olecules, called m ucins, 
which consist of protein chains, coated with sugars, 
and usually capped with sialic acid, a sugar residue 
widely distrib uted in anim al tissues. To use m ucins, 
b acteria fi rst hav e to rem ov e the sialic acid.  

O nce this is done, the sialic acid b ecom es ava ilab le 
as a nutrient source for the whole of the b acterial 
com m unity in the m ucosal envi ronm ent.

This m eans m ucin- degrading b acteria hav e an im portant 
role in the whole b acterial com m unity, so the researchers 
set out to work out what m akes them  effectiv e.

Previ ously, the researchers found that H$ gnavusÊs 
ab ility to degrade m ucins depended on the type 
of strain they were working with. So they then 
com pared the genom e seq uences of these strains 
to identify which genes were b ehind the m ucus-
degrading ab ilities.

I n a follow- up study, pub lished in the j ournal Dature 
CommuniYations, they found a surprising result. 
The cleava ge enz ym e allowing H$ gnavus strains to 
grow on m ucins, instead of releasing free sialic acid, 
chem ically m odifi es it upon cleava ge, prov iding these 
b acteria with a preferential source of nutrient.

This suggests a “ selfi sh”  b ehavi our where instead of 
sharing free sialic acid with other b acteria, H$ gnavus 
m ucin- degrader strains can use the m odifi ed sialic 
acid them selv es.

This unusual activ ity hadn’ t b een seen in any other 
gut b acteria b efore. But havi ng identifi ed the enz ym e, 
a b ioinform atics screen found it in 11%  of other 
b acteria. A nd the enz ym e is also enriched in I BD  
patients, which agrees with previ ous studies showing 
an increased proportion of H$ gnavus in I BD  patients.

12/$'.)"3$'.!'$'.)0$/"45(/$(!5$./67$'./$-!*'/+)!$',$
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nutritional advanta]e over ot^ersÇ$ -  D r J uge

The researchers now need to determ ine the im pact 
of these fi ndings in a com plex  m icrob ial com m unity, 
b ut this study points the way b eyond correlations 
b etween I BD  and changes in the m icrob iota. Wh ilst it 
will b e a while b efore this inform ation could b e used 
to dev elop new therapies, it could b e dev eloped into 
a b etter b iom arker for I BD .

I m age credit: b y Blausen.com  staff. " Blausen gallery 2014" . W ikiv ersity 
J ournal of Medicine.
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R esearchers from  the MR C  C ognition and Brain 
Sciences Un it will b e part of a m aj or W ellcom e Trust 
study to assess whether m indfulness training for 
teenagers can im prov e their m ental health.

The three-p art study includes the fi rst large 
random ised control trial of m indfulness training 
com pared with ‘ teaching as usual’ . I t will inv olv e 
nearly six  thousand students aged 11 to 14. O ther 
parts of the study are a program m e of ex perim ental 
research to estab lish whether and how m indfulness 
im prov es the m ental resilience of teenagers, and an 
eva luation of the m ost effectiv e way to train teachers 
to deliv er m indfulness classes to students.

The £6. 4 m illion research program m e will also b e 
carried out with team s at the Un iv ersity of O x ford and 
UC L  (Un iv ersity C ollege L ondon) in  collab oration with 
the Un iv ersity of Ex eter, ov er sev en years.

Teenage years are a v ulnerab le tim e in term s of onset 
of m ental illness, with ov er 75%  of m ental disorders 
b eginning b efore the age of 24 and half b y the age of 15. 
This program m e of research is b ased on the theory that, 
j ust as physical training is associated with im prov ed 
physical health, psychological resilience training is 
associated with b etter m ental health outcom es. By 
prom oting good m ental health and interv ening early, 
i.e. in crucial teenage years, researchers are seeking 
to understand whether they can b uild young people’ s 
resilience and help to prev ent m ental illness dev eloping.

Mindfulness training is a v ery popular techniq ue that 
has b een found to b e v ery effectiv e in prev enting 
depression and prom oting m ental health in adults. 
This program m e of research seeks to answer whether 
m indfulness reduces the incidence of depression 

I m age credit: W ellcom e Trust

and associated m ental disorders in teenagers b y 
im prov ing their ab ility to em ploy prob lem  solv ing 
skills in the face of em otional distress, intrusiv e 
thoughts or b ehav ioural im pulses. This ab ility is 
known b y researchers as ‘ ex ecutiv e control’ .

The study has recruited 76 m ainstream  schools: 38  
schools will train 11- 14 year old students in m indfulness 
and 38  schools will act as a ‘ control’ , teaching standard 
personal, health and social education lessons. 
Mindfulness training, which takes place ov er 10 lessons 
within a school term , will b e offered to all students 
as part of their norm al school curriculum . The trial is 
ex pected to b egin in late 2016 and will run for 5 years, 
including a follow- up period of 2 years for each student.

Mindfulness training is designed to b e of b enefi t 
across a spectrum  of m ental health v ulnerab ility, 
from  those at high risk, to those that are low risk 
and/ or fl ourishing –  as you m ight see across 
any typical classroom . The goal is to eva luate 
m indfulness training across the whole population, 
and researchers want to assess b oth m ental health 
prob lem s and positiv e m ental health. K ey outcom es 
researchers will b e looking for are: risk of depression, 
social and b ehav ioural skills, and well- b eing.

R esearchers are also looking at secondary outcom es 
of m indfulness training including peer relationships, 
anx iety, student attainm ent, and teacher well- b eing.

R esearchers at the MR C  C ognition and Brain 
Sciences U nit, with U C L , are testing ex actly how 
m indfulness affects wellb eing and whether 
m indfulness training is m ore b enefi cial at som e 
stages of adolescence than others.
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Physicists at the Un iv ersity of Y ork hav e rev ealed 
a new understanding of nucleosynthesis in stars, 
provid ing insight into the role m assiv e stars play in 
the ev olution of the Milky W ay and the origins of the 
Solar System .

R adioactiv e alum inium  (a lum inium - 26 or A l26) is 
an elem ent that em its gam m a radiation through its 
decay enab ling astronom ers to im age its location in 
our galax y. Studying how A l26 is created in m assiv e 
stars, scientists hav e distinguished b etween 
prev iously confl icting assum ptions ab out its rate of 
production b y nuclear fusion. 

Measuring the fusion of helium  and sodium  at two 
separate particle accelerators in C anada and D enm ark, 
the rate of production of A l26 was determ ined to 
within a factor of two. A n im prov em ent on prev ious 
ex perim ents where there was disagreem ent of around 
a factor of 100 b etween m easurem ents, this outcom e 
rem ov es dispute ab out the effect of sodium  fusion on 
the rate of alum inium  production.

A l26 is known for its relativ ely short lifespan  
(in  astrophysical term s) , decaying in around 1 m illion 
years, com pared with the lifetim e of m assiv e stars  
of ab out 19 m illion years.  

340(&%#)&)/#'0%0(10-(10+&%'-)/#%/*5%,*/26(1,",&%
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/*5%,*5)#&+/*5%+0)&)%"6&)#7/+("*&<%@">%>)%
6)++)#%,*5)#&+/*5%+0)%;#"')&&)&%>(+0(*%&+/#&%+0/+%
5#(7)%/-,2(*(,2%;#"5,'+("*?%>)%;/7)%+0)%>/9%."#%
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of our Iolar Iostec$Ç -  D r A lison L aird, R eader in 
the U niv ersity of Y ork’ s D epartm ent of Physics and 
lead author on one of the two research papers.
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definitive researc^ me ^ave to date of radioactive 
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/-,2(*(,28AB%(&%;#"5,')5%(*%&+/#&?%/*5%'/*%
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/-,2(*(,2%5)'/9%+0#",10%1/22/8#/5(/+("*%
2/;&?%>)%/#)%*">%/6-)%+"%6,(-5%/%2"#)%/'',#/+)%
;('+,#)%".%+0)%'"*5(+("*&%>0)*%",#%C"-/#%C9&+)2%
forced$Ç -  D r C hristian D iget, L ecturer in N uclear 
A strophysics in Y ork’ s D epartm ent of Physics and 
a lead researcher on the second research paper.

This m eans we are now ab le to b etter understand 
gam m a radiation m aps of the galax y, ob serv ed b y 
space telescopes such as I N TE GR A L  and C O MPTEL , 
and deduce a m ore accurate picture of recent 
activi ties of m assiv e stars in the galax y.

E vi dence of A l26 decay ob serv ed in m eteorites and 
pre- solar grains also suggests that m aterial from  
m assiv e stars contam inated the gas cloud from  
which the Solar System  form ed, prov iding insight into 
its early ex istence.

Jhe gas Yell target and siliYon deteYtor array inside the JU:A 
sYattering Yhamber at JH?UM< (Yredit0 @essiYa Jomlinson)
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Serious sales prom otion in this country b egan in 1903 
when A . W ü lfi ng &  C om pany, trading as the Sanatogen 
C om pany, rented part of a warehouse at 8 3 U pper 
Tham es Street, L ondon. D r A lb ert Busch and J ohann 
A b raham  W ü lfi ng were partners in this concern. 

A n early adv ertisem ent m ade the im m odest claim : 
“ … greatest inv ention of m odern m edical science”  
and “ D octors hav e prov ed it the m ost rapid cure for 
R ickets in children.” 1 A s tim e went on, som e v ery 
em inent people lent their support.

L loyd Ge orge 
introduced the 
Patents and 
D esigns A ct of 
1907. O ne of 
the prov isions 
was to enab le 
cancellation 
of a patent if 
the article ( or 
process)  in 
q uestion failed 

to b e m anufactured to an adeq uate degree in the U K . 
Since Sanatogen supplies cam e from  a factory near 
H anov er, and W ü lfi ng wished to protect its patent 
rights, fi nding a suitab le site b ecam e a priority.  
Milk is req uired in large q uantities for Sanatogen 
and a willing local workforce always helps. C ornwall 
provi ded b oth, with its dairy herds and general lack 
of industrial em ploym ent opportunities. 

The C onsolidated Tin Sm elting C om pany had a 
works at C hyandour and one at Stab le H ob b a, b oth 
near Penz ance. C onsolidated Tin m ov ed sm elting to 
C hyandour, closing down their operations at Stab le 
H ob b a. A .W ü lfi ng & C o took up the lease. There were 
com plaints of sm ells from  the new plant b ut the local 
press and authorities were too well disposed towards 
the com pany to m ake m uch of a fuss. 

The m ain com ponents of Sanatogen powder 
were identifi ed at the C onnecticut A gricultural 
Ex perim ental Station in 1912. A fter discounting 
the 10%  water content, the b alance consisted of 
90%  casein and 5%  sodium  glycerophosphate. A lso 
there were unspecifi ed com pounds of phosphorus, 
nitrogen and sulphur m aking up the rem ainder.2
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C om pton 
Mackenz ie 
is known for 
the nov el 
Mhisky =alore, 
released as a 
fi lm  in 1949. H e 
is also notab le 
for b eing 
prosecuted 
under the 
Offi cial Secrets 

A ct after som e sensitiv e rev elations in his b ook =reek 
Memories, and for b eing an enthusiastic prom oter of 
a nerv e tonic called Sanatogen.

This product ex isted b efore W orld W ar O ne b ut 
its Ger m an ownership in the U K  ceased when the 
b usiness was confi scated and put up for tender.  
I ts new owners prom ised to rem ov e links with the 
past b y renam ing the tonic. This nev er happened.
A  num b er of fi rm s, eager to take adva ntage of the 
uncertainty surrounding the future of Sanatogen, 
offered “ superior”  products with copycat nam es 
like Sanaphos and Sanagen. I t was open season on 
anything connected with “ the enem y” .

Both G erm an and E nglish owners prom oted Santogen 
sham elessly, with the typically ex aggerated claim s 
of the day. I n its original form , it was not supplied as 
an alcoholic drink -  later cam e the form ulation with 
fortifi ed wine. O n changing to British ownership, 
the nam e of the com pany b ecam e G enatosan. A s a 
sub sidiary of the A nglo- C ontinental G uano W orks L td, 
it j oined Fisons and gav e b irth to the L oughb orough 
G lass C om pany L td, the foundation stone of the m aj or 
lab oratory supplier Fisons Scientifi c A pparatus L td.

A$ M�lfin] � Cocpano
Bauer & C o of Berlin fi rst used the registered 
tradem ark Sanatogen in Oc tob er 1897 , its creation 
due to the work of A lb ert Busch and Felix  Bauer. 
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Ene o\ the earliest advertisements \or 
Sanatogen in England (?llustrated London 
Dews, (* EYtober '/&))
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The court case went b adly for Scales. A fter hearing 
from  the adv ertisem ent writer Er ic H udson that 
Scales had said “ Wh y should we go on m aking 
m oney for these Ge rm an swine when we could b e 
m aking it for ourselv es” , the j ury found for A . W ü lfi ng. 
Meanwhile, there was a concerted effort b y the 
British Milk Products C o L td, m akers of Sanaphos, to 
ex ert infl uence.

N o sooner had war b roken out than Sanaphos appeared 
on the m arket. A dv ertisem ents went straight for the 
j ugular: “ The ex trav agant price at which “ Sanatogen”  
was sold not only enriched its G erm an owner, b ut 
prev ented its use am ongst those who cannot afford 
such prices.”   British Milk Products C o L td went further 
to step up the pressure. They prov ided lists of doctors 
who now found that Sanatogen was an inferior product, 
and the com pany started what they called “ The 
Sanaphos Petition”  –  asking the gov ernm ent to forb id 
trading b y G erm an- owned fi rm s. A nother contender 
in the nerv e tonic m arket, Sanagen, b illed itself as the 
British super- Sanatogen.7

The W ü lfi ng com pany m ounted a defence: “ N ev er forget 
that Sanatogen is a food not a m edicine or “ secret 
rem edy” . I t increases nerv e- energy b y feeding the nerv es 
–  not b y goading them  with drugs or stim ulants.” 8

E v entually, the papers reported with ob vi ous 
satisfaction that 38- year- old Max  Mü ller had b een 
arrested and sent to an internm ent cam p b ased at 
A lex andra Palace.9 Then followed the disposal of the 
b usiness, as a going concern.

!"#$%&'$#
A  person claim ing 
to hav e b enefi ted 
from  regular doses of 
Sanatogen, and no doub t 
som eone with an eye 
for a profi tab le v enture, 
set ab out contacting 
prospectiv e inv estors 
to support a b id for 
W ü lfi ng.10 This led to a 
successful tender of 
£76000 , ten percent 
payab le as a deposit. 

The Board of Trade gav e its offi cial authorisation for 
the transfer from  state ownership on 16 Feb ruary 
1917, the date that Gen atosan L td cam e into b eing. 
O b serv ant readers will note that Ge natosan is an 
anagram  of Sanatogen.

A m ongst the “ m ov ers and shakers”  b ehind 
Gen atosan were The R ight H onourab le D avi d A lfred 
Baron R hondda, A rchib ald Mitchelson and J am es 
Go m er Berry. They were also directors of The A nglo-
C ontinental Gu ano W orks L td.11 

A  sev ere fi re at 83 Up per Tham es Street in Septem b er 
1908 d islodged the thirteen fi rm s occupying the 
six -fl oored warehouse.3 The Sanatogen C om pany 
q uickly found a new hom e at 12 C henies Street, off 
the Tottenham  C ourt R oad. A dv ertising continued 
with outlandish statem ents like: “ A nd ov er 16000 
doctors hav e written v oluntary letters, com m ending 
Sanatogen b ecause of the ex cellent results which 
they hav e ob tained from  it in cases of N erv ous 
Ex haustion, Brain-f ag, Sleeplessness, D epression, 
I m paired D igestion, and va rious wasting diseases.” 4

Such were the b usiness m ethods em ployed that 
ev en the gov ernm ent took notice. L ater, in a H ouse of 
C om m ons deb ate on 6 J une 1921, G ershom  Stewart, 
MP for W irral, said:

?\ you ever saw any partiYularly blatant advertisement 
by a 8ritish Yompany you might be sure there was 
something =erman about it$ Jhey went in \or \anYy 
names \or their artiYles$ An artiYle Yalled Sanatogen, 
used by a great many people, was made by a =erman 
Órm Yalled M�lÓng Company$ Jhe whole o\ their system 
o\ shamming was induYed by Yupidity and deYeit$+

W hen war b roke out in 1914, A . W ü lfi ng &  C om pany was 
q uick to issue a statem ent to the press: “ …  Mr W ü lfi ng, 
the proprietor of the b usiness, is ov er 60 years of age 
and is incapab le of fi ghting with the G erm an forces … ”  
More im portant was the suspicion that W ü lfi ng’ s m oney 
m ight b e supporting the G erm an war m achine. 

G erm an 
em ployees of 
A . W ü lfi ng &  
C om pany were 
allowed b y the 
authorities to 
continue with 
their work for 
som e tim e. 
H owev er, other 
m em b ers of 
the staff were 
plotting a coup 
and at least one 

riv al b usiness started a cam paign to hav e the general 
m anager Max  Mü ller rem ov ed. The A lien I nternm ent 
C om m ittee had originally allowed H err Mü ller to rem ain 
in his post as he was indispensab le to the running of 
the com pany and it was in the interest of the country 
that he continued to do so.6 A  petition organised b y 
A lb ert W arren Scales, b riefl y j oint m anager with Mü ller, 
suggested that it was a m istake to ex em pt Muller from  
internm ent and that the petitioners should b e allowed 
to take ov er. H av ing discov ered the plot, Mü ller sacked 
Scales and those inv olv ed, on the b asis of disloyalty. 
Scales then sued for wrongful dism issal, prob ab ly hoping 
to capitalise on prev ailing anti- G erm an sentim ents, 

Jhe Sanatogen \aYtory at Stable >obba$ 
Jhis appeared in a number o\ newspapers 
during '/'+ with a deYlaration to 
appease the 8ritish publiY0 ÇJhere are 
not, and have never been, any but 8ritish 
workmen in this \aYtory sinYe it was 
established seven years ago$�

Another o\ the produYts 
originated by M�lÓng � 
Company, <ormamint was a 
throat lopenge with antiseptiY 
properties (?mage Yredit0 
MelYome Library, London)

()



H e ev en m anaged to m ention the tonic in one of his 
nov els: “ A  curious thing really that Philip should b e 
prepared to choke him self ov er a cup of b adly m ix ed 
Sanatogen rather than wound a young wom an’ s 
feelings...” 14 Wh en it cam e to writing a prom otional 
b ooklet ab out the com pany’ s history and activ ities, 
who b etter to do it than the fam ous author him self?  

A ccording to Mackenz ie, Sanatogen took six  days 
to m ake from  start to fi nish. First, acidifi cation of 
skim m ed m ilk precipitated casein ( m ilk protein)  
which, after rem ova l b y fi ltration, was pressed to 
rem ov e water. There were then two washes, one with 
alcohol, the nex t with ether. A t this point cam e the 
addition of sodium  glycerophosphate, followed b y 
drying, grinding and packing. The Ger m an origin of 
the form ulation is not m entioned. 

Sanatogen also appeared in shops m ix ed with 
chocolate. The b lend with British fortifi ed wine didn’ t 
com e onto the m arket until 1938,  m anufactured 
under licence b y Wh iteways.
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J am es Fison b egan as a vi llage b aker at Barningham , 
Suffolk. From  this b eginning, v ia the m erger of J am es 
Fison & Sons with E dward Packard & C o in 1919, and 
a further m aj or am algam ation with two other Ea st 
A nglian com panies15 Fisons b uilt up a respectab le 
presence in the fertiliser m arket. By acq uiring a 
m aj ority stake in the A nglo- C ontinental Gu ano W orks 
L td in 1937, the siz e of Fisons effectiv ely doub led.

The acq uisition of Ge natosan, as a sub sidiary 
of A nglo- C ontinental, ultim ately led to Fisons 
estab lishing a pharm aceutical div ision, and a 
scientifi c supply b usiness that, for a tim e, ranked 
num b er three in the world. I t started D uring the 
Second W orld W ar with a single glassb lower, C olin 
C legg, who was b rought in to help rem edy the 
shortage of glass apparatus req uired for Gen atosan’ s 
new research lab s. This servi ce ex panded with the 
form ation of the L oughb orough Gl ass C om pany L td, 
incorporated on 19 D ecem b er 1946 and renam ed as 
Fisons Scientifi c A pparatus L td in 1962. L ab oratory 
chem icals were added to the range when Fisons 
b ought the Ge neral C hem ical C om pany L td in 1963.

Jhe heading o\ a letter written shortly a\ter =enatosan moved to 
the new address

Baron R hondda, b orn D avid  A lfred Thom as, serv ed 
as Minister of Food C ontrol toward the end of the 
First W orld W ar and surviv ed the sinking of the ship 
L usitania. J am es G om er Berry owned !"#$%&'()*$
Jimes with his b rother Wi lliam , and Mitchelson was a 
stockb roker holding 17 other directorships. 

Oh lendorff & C o ran a fertiliser and acid factory near 
the R iv er Tham es, where they treated Peruv ian guano 
with sulphuric acid to produce what was known as 
“ dissolv ed guano” . The principals were A lb ertus v on 
Oh lendorff and A dolphus H orny. I n 1883 the A nglo-
C ontinental Gu ano W orks was form ed as a sub sidiary 
of Oh lendorff & C o to operate the factories at L ondon, 
H am b urg, A ntwerp and Em m erich am  R hein.
V on Oh lendorff decided to retire in 188 8 so that he 
could concentrate on his H am b urg b usiness, leavi ng 
H orny with the b enefi t of a sub stantial loan to 
continue the L ondon fertiliser works.12 L ord R hondda 
and his inv estors acq uired A nglo-C ontinental from  
the Pub lic Trustee in 1916, and Gen atosan b ecam e a 
sub sidiary in due course. 

Wh en the First W orld W ar ended, there were 
opportunities to increase sales ab road of Sanatogen 
and the other “ health”  products: A lb ulactin ( a food 
for infants) , Form am int, C ystopurin and Gen asprin. 
These were all inherited from  W ü lfi ng, apart  
from  Gen atosan’ s b rand of asprin, Gen asprin.  
A n adv ertisem ent in Jhe FraYtitioner, a j ournal 
read b y GP s, describ es Gen asprin as “ The faultless 
b rand of asprin, guaranteed ab solutely free from  
irritant tox ic acids, talc, and all harm ful im purities 
and adulterants.”  Form am int -  “ The trustworthy 
m outh and throat disinfectant in tab let form , 
releasing nascent form aldehyde”  and C ystopurin –  
“ A  distinct adva nce on other urinary antiseptics of 
this type, owing to the presence of undecom posed 
hex am ethylene tetram ine.” 13

O ne of the legacies of G erm an ownership was a 
network of b ranches and agencies ab road, kept in 
ex istence throughout the war so that trade could b e 
taken up m ore readily when the tim e cam e. These were 
in A ustralia, C anada, C hina, E gypt, I ndia, J apan, South 
A frica, South A m erica, and N ew Z ealand;  a testim ony to 
the prev ious success of the W ü lfi ng com pany.

G eneral m anager W illiam  G eorge A sq uith ex pressed 
the com pany’ s am b ition to ex pand the product range 
b y m ov ing into fi ne chem ical production and to 
ex tend the ex isting facilities for the m anufacture of 
containers. These plans req uired m ore space than was 
av ailab le at Stab le H ob b a and b y 1919 the b oard had 
inv estigated possib le sites. By 1921, suitab le prem ises 
on R egent Street, L oughb orough, had b een found.

From  the start of Gen atosan’ s form ation onwards, 
C om pton Mackenz ie endorsed Sanatogen.  
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Fisons went on to acq uire A . Ga llenkam p & C o L td in 
1977, which had already m erged with another m aj or 
lab oratory supplier, G riffi n & Geor ge L td. Following 
the sale of Fison’ s loss-m aking fertiliser division  to 
Nor sk H ydro in 1982,  it was a rapid downhill slide. 
Wh at hadn’ t already b een disposed of was dispersed 
after Fisons plc fell to a takeov er b y R PR  A cq uisition 
C orp on b ehalf of R hôn e Poulenc R orer during 1995.

The nam e of Fisons is fading from  m em ory b ut 
Sanatogen liv es on. The 15%  ab v t onic wine, readily 
ava ilab le in superm arkets, is now under the control 
of A ccolade Win es, and Sanatogen b ased products 
are part of a supplem ents range from  Bayer A G.  

A spin#o\\ \rom =enatosan Ltd, dediYated premises \or the 
Loughborough =lass Company Ltd, @une '/,& (Loughborough 
=lass Co Ltd Yatalogue, '/,&)

Jhe aYguisition o\ the =eneral ChemiYal Company gave <isons 
better Yoverage o\ the laboratory supply market, although the 
range o\ reagents was drastiYally pruned in '/,*
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Thanks to the staff and v olunteers at the local 
studies section of L oughb orough L ib rary, including: 
Brian Bentley, C hristine H arris, C arol N eath and 
K athy Philips.

Thanks also to Professor Michael Moss for a copy of 
his Fisons m anuscript.
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C om panies H ouse archiv e C D  for Gen atosan L td, 
com pany num b er 00146033.

A N O N , :evelopment o\ the Erganisation0 
<isons FharmaYeutiYals ( L ocal Studies L ib rary, 
L oughb orough, ref 661 L / BO R O , c 1987) .
D A V I S, A ndy, H�: Charnwood a Site >istory 
( A straZ enica, nd) .
MA C K EN ZI E , C om pton, !"#$%&'$# ( Gen atosan L td, 
1950s) .
MO SS, Michael S., <ertilipers to FharmaYeutiYals, 
<isons0 Jhe 8iography o\ a Company '-(&#'/., 
( unpub lished m anuscript, copy at I pswich Pub lic 
R ecord O ffi ce) .

Further details ab out Fisons Scientifi c A pparatus L td 
can b e found in:
A lan Ga ll, “ A  H istory of the Pyrex  Wh olesalers: 
Part Ei ghteen – Fisons Scientifi c A pparatus 
L td, L oughb orough” , 8ritish SoYiety o\ SYientiÓY 
=lassblowers @ournal, 52/ 2 ( A pril 2014) , 71- 79.
A lan Ga ll,“ A  H istory of the Pyrex  Wh olesalers: Part 
Ei ghteen – Fisons Scientifi c A pparatus L td -  the 
Story C oncluded” , 8ritish SoYiety o\ SYientiÓY 
=lassblowers @ournal, 52/ 3 ( J uly 2014) , 112- 120.
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1 She\Óeld :aily Jelegraph, 21 A pril 1904.
2 The analysis of Sanatogen is referred to in J ohn P. Street, “ The Feeding of 
Sanatogen C om pared with C om m ercial C asein with R espect to Maintenance 
and G rowth” , J ournal o\ the AmeriYan MediYal SoYiety, 63/ 21 ( 1914) .
3 Stam\ord MerYury, 18 Sep tem b er 1908.
4 A dv ertisem ent in ()"*+,'"-."-, 6 Oc tob er 1912.
5 H ouse of C om m ons D eb ates (H ansard) ,  6 Ju ne 1921, v ol 142, col 1553.
6 “ Ger m ans Sued” , Chemist � :ruggist, 1 A pril 1916.
7 A dv ertisem ent, :aily HeYord, 15 Ju ne 1916.
8  She\Óeld Evening Jelegraph, 16 Feb ruary 1915.
9 See, for ex am ple, 8ath ChroniYle � Meekly =apette, 3 Ju ne 1916.
10 ()"*+,'"-."-, 17 D ecem b er 1916. 
11 See A lan Ga ll, “ Treasure I sland: R iches From  Gu ano” ,*/0(*1&2-#$3*
(Su m m er 2013) , 29-31 .
12 Jhe EYonomist, 7 Ju ly 1888.
13 Jhe FraYtitioner, Ju ly 1920.
14 C om pton Mackenz ie, Sylvia and MiYhael0 Jhe Later Adventures o\ Sylvia 
SYarlett (L ondon: H arper Brothers, 1919) , 154.
15 Packard & Ja m es Fison (Th etford) L td m erged with J oseph Fison & C o 
and Prentice Brothers to form  Fison, Packard & Prentice L td.
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H elen is the O perations Manager for the C hem istry D epartm ent at I m perial C ollege. She started 
her career with a degree in chem istry from  the U niv ersity of Sheffi eld b efore working in industry 
for G E C  and then Mars C onfectionery, where she was part of the team  that created the Mars I ce 
C ream . A fter applying for a j ob  that was adv ertised as, “ A stronaut wanted,”  H elen trained at the 
Y uri G agarin C osm onaut Training C entre in Star C ity near Moscow, b ecom ing the fi rst British 
astronaut when she launched into space on b oard a Soyuz  spacecraft on 18  May 1991.  
H elen b ecam e a science com m unicator after her space fl ight. More recently, she has started 
a new career in m anagem ent, working at the N ational Physical L ab oratory and at K ingston 
U niv ersity L ondon, b efore m ov ing to I m perial C ollege in the sum m er of 2015.
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Terry is the C hairm an of the I ST and has a passion and com m itm ent to the Technical 
C om m unity. H is work inv olv es prom oting the Professional Technician as a career choice. 
H e b rings a wealth of ex perience to the b oard through his inv olv em ent with the wider 
sector and as D irector of the C atalyst Proj ect, titled “ D ev elopm ent of C areer Pathways for 
Technicians across the H igher E ducation Sector.”
;0 t$croft6istonline$or]$ua
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I n 2010 C hris b ecam e a m em b er of the I nstitute of Science and Technology and was co-
opted onto the I ST’ s Ex ecutiv e as D eputy Marketing O ffi cer. C hris was instrum ental in 
re-b randing the I ST with a new logo and new- look j ournal. H e continues to help m anage the 
production of The J ournal with the I ST m arketing team . C hris b ecam e an elected m em b er 
of the Ex ecutiv e in May 2014 and serv es as the I ST Secretary.
;0 c$p$scit^6istonline$or]$ua
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A s Treasurer, Joa n’ s prim arily role is to control ex penditure on b ehalf of the Ex ecutiv e 
and b e responsib le for ensuring that satisfactory accounts of all m onies receiv ed and 
ex pended are m aintained. Further to this, J oan provi des advi ce as to how annual fi nancial 
perform ance m ight b e im prov ed, within the contex t of the I ST b eing a not- for- profi t 
organisation. She carries out any tasks agreed b y the Ex ecutiv e to m ax im ise ov erall 
fi nancial wellb eing.
;0 `oanmard6istonline$or]$ua

;ducation Efficer0 F^ilippa DoXXs 8A (^ons)" CC=?" CC?EI>" <?IcJ
A s E ducation Offi cer, Philippa m aintains knowledge of v ocational training and 
q ualifi cations for technical practitioners and participates in regional and national 
dev elopm ent program m es. She has a long history of inv olv em ent in the dev elopm ent and 
deliv ery of technician training and led the introduction of the I ST’ s servi ce to em ployers to 
va lidate their in-h ouse training schem es.
;0 education6istonline$or]$ua

Caraetin] Efficer0 ?an Coulson <?IcJ  
A s Marketing Offi cer, I an looks at new and ex isting ways in which the I ST m arkets itself to 
its m em b ers, prospectiv e m em b ers, and the science and technology com m unity. I an is also 
the E ditor of the I ST' s b iannual pub lication ' The J ournal'  and is chair of its editorial panel, 
which ov ersees the q uality of its articles and other content.
;0 i$coulson6istonline$or]$ua
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CecXers^ip :evelopcent Efficer0 Aevin Enleo <?IcJ" CIci
A s Mem b ership D ev elopm ent O ffi cer, K ev in dev elops strategies for m em b ership 
engagem ent with the I ST. H is role further includes dev eloping, m anaging and im plem enting 
a com m unication strategy for m em b ers. A  key elem ent of this is to identify opportunities to 
recruit new m em b ers and upgrade ex isting ones. W orking alongside the Marketing O ffi cer 
and PR  A dv isor, K ev in dev elops the im plem entation of recruitm ent and retention cam paigns 
and prom otes the b enefi ts of m em b ership to H igher E ducation institutions and industry.  
;0 a$c$onleo6istonline$or]$ua

!"#$%&'(')*+$,-".."*/(,0%12*34,5*6-75*894,:5*;4,$
A s R egistrar, Michelle ov ersees the registration schem es run through the I ST and 
contrib utes to the dev elopm ent of associated strategic and operational procedures.
;0 cic^elle`acason6istonline$or]$ua

8"..1<%-$=*>*?@"'%"(%*4",'"&('A)*7"'"0*4(A"'%*894,:
A s Fellowship & Ov erseas Secretary D erek coordinates the revi ew of Fellowship 
applications, setting in place panels of other Fellows for peer revi ew, and advi ses the 
Ex ecutiv e on the outcom e of the revi ews. H e also m aintains the docum entation of those 
applications. D erek is point of contact for ov erseas inq uiries for organisations wishing to 
work with the I ST;  he liaises with such organisations and reports b ack to the Ex ecutiv e.
;0 dereasaoers6istonline$or]$ua
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A s Pub lic R elations A dvisor , Na talie’ s role is to represent the I ST at ev ents, conferences, 
ex hib itions, and open days. Planning PR  cam paigns, strategies, and writing and editing 
m arketing m aterial are all key aspects of this role. N atalie is a m em b er of the I ST Marketing 
Board. I n her role as Senior A ssessor, N atalie assesses applications for R egistered Science 
Technician, R egistered Scientist, and C hartered Scientist. 
;0 n$`$aennerleo6istonline$or]$ua
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G eoffrey is a m em b er of the I ST E ducation Board and is one of the assessors for Professional 
R egistration. H is b ackground is in technical training m anagem ent, and he is now leading the 
fi rst I nternational H E  technical training program m e in C hina as part of an ongoing I ST Proj ect.
;0 ]$^omell6istonline$or]$ua
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*567 Technical Managers in U niv ersities (previously known as EMU, Engineering Managers in Universities), and 
89:57 C hem istry H igher E ducation Managers (previously known as UCLAS, University Chemistry Laboratory 
Administrators and Supervisors) are two v oluntary associations of technical m anagers and superv isors 
working within chem istry, technology, and engineering in support of a wide range of disciplines in univ ersities 
throughout the U nited K ingdom . For b oth groups the b road term  ‘ Technical Manager’  encom passes a wide 
range of activ ities, em ploym ent categories and j ob  titles in H E I s. But such a person will norm ally hav e som e 
responsib ility for m anaging technical resources such as a technical serv ice, a facility, a workshop, or a 
lab oratory that prov ides support to academ ic teaching and/ or research. This technical support can b e in and 
across any of the enorm ously div erse range of disciplines found in univ ersities.

The aim s of the TMU  &  C H E M A ssociations are:

•  To foster a corporate and collegiate spirit across its m em b ership
•  To enab le sharing of b est practice
•  To add to indiv idual and corporate knowledge
•  To b roaden understanding of the profession
•  To act as a focus for feeding legitim ate and com m on concerns with respect to their support for teaching and 

research in H igher E ducation I nstitutions ( H E I s)  to the I nstitute of Science and Technology, of which TMU  and 
C H E M are registered Special I nterest G roups

For m ore inform ation contact:
89:5&;&9/''<&!=/>27 ;0 ^$adacs6s^effield$ac$ua
*56&?&3,#@@&9#A,007 ;0 ]$^omell6s^effield$ac$ua
?IJ Effice Ä Mendo Cason" ;0 office6istonline$or]$ua
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The L eading Y our Technical Team  program m e set of !"#$%&'()*+,(-"./&%.#0(-"#1 and(2+%0$%&'(*&()*+, 
!"#$",3/%4(56%003 is geared toward deliv ering the fundam ental and key skill elem ents for leading and 
m anaging people, particularly in a technical team .

!"#$%&'()*+,(-"./&%.#0(-"#1
-/"(!"#$%&'()*+,(-"./&%.#0(-"#1(7,*',#11"(5"8

L Y TT -  L eading Y our Technical Team
BY L S -  Building on Y our L eadership Skills

The nature of technical support in m any univ ersities 
and higher education colleges is changing. 
Technicians hav e b ecom e b oth increasingly 
specialised and also high im pact in term s of directly 
supporting teaching, research or infrastructure. 
R ecent surv eys hav e shown that high q uality 
technical support is now seen as essential in 
deliv ering a high va lue student ex perience and 
q uality research.

For m any univ ersities one of the key challenges is 
how to effectiv ely channel, dev elop and m anage their 
highly va luab le technical resource. I ncreasingly, what 
has b een highlighted when realigning and grouping 
together technical support is the need to prepare 
and train technicians to m anage, and ab ov e all, lead 
technical team s. W e hav e designed the L eading Y our 
Technical Team  program m e set to m eet this need.

Both L YT T and BYL S are deliv ered in the contex t of 
a higher education technical envir onm ent b ut they 
are not aim ed at any specifi c j ob  role or discipline. 
Ou r participants com e from  a v ery b road range of 
higher education institutions, and from  a v ery div erse 
range of academ ic disciplines and departm ents or 
service sec tions. For ex am ple our recent courses 
hav e included people from  institutions such as 
Gl asgow C aledonian Un iv ersity, Un iv ersity of L eeds, 
Un iv ersity of Ox ford, C anterb ury C ollege, Un iv ersity 
of Bristol, Un iv ersity C ollege C ork, and N orwich 
Un iv ersity C ollege of A rts to nam e b ut a few. Sim ilarly 
our participants also hav e a wide va riety of j ob  roles. 
These ranging for ex am ple from  Technician, Senior 
Technician, L ab oratory Manager, I T Ne twork Team  
L eader, W orkshop Manager, Geol ogical Facilities 
Manager, Tex tile W orkshop Manager and Bio-
repository Manager. 

!"#$%&'()*+,(-"./&%.#0(-"#1 has a long and well 
respected history. I t has b een running for 30 years 
with m ore than 1,200 technicians hav ing b een 
through the program m e ov er this tim e.  
The program m e content has continued to adapt 
and dev elop in line with changes in H E and it 
continues to b e held in v ery high regard b y H E senior 
m anagers and staff dev elopers. I ts high reputation is 
m aintained through deliv ering a v ery high standard of 
technical m anagem ent training v ia ex perienced H E 
m anagers, in a practical contex t with the reality of 
m anaging in a univ ersity technical envi ronm ent. 

9*:(8/"(4,*',#11"(:*,63; Both program m e follow 
a sim ilar form at, in that the learning is enhanced 
through inform al and highly participativ e sessions 
that include activ e discussion, ex change of ideas and 
delegate group work. There is no role playing.

There are a strictly lim ited num b er of places and 
applicants are advi sed to apply early in order to 
secure a place.  

!"#$%&'()*+,(-"./&%.#0(-"#1(
Ipecific pro]racce ]oals
The program m e introduces the fundam ental b uilding 
b locks of m anagem ent and leadership specifi cally 
in the contex t of technical support in univ ersities 
and higher education colleges. I t provi des an 
opportunity to look at the practical challenges of 
m anaging and supervi sing technical staff from  b oth 
academ ic and servi ce areas, as well as ex am ining 
a range of essential m anagem ent and leadership 
skills and techniq ues. The program m e links practical 
leadership theories to dynam ic team  leading in 
contex t with the reality of m anaging in a technical 
univ ersity envi ronm ent.

<=



By the end of the program m e participants will hav e:
•  I dentifi ed the m ain m anagem ent/ leadership/

supervi sory skills req uired of them  within their own 
working envir onm ent.

•  Ga ined inform ation on key issues, changes in 
higher education and current initiativ es and 
dev elopm ents which affect technical staff.

•  R efl ected upon the practices and processes 
affecting m anagem ent and leadership in technical 
units, sections and departm ents.

•  Practised a num b er of leadership and m anagem ent 
skills and identifi ed ways to dev elop these  
skills further.

•  H ad an opportunity to share with presenters 
and fellow participants from  a wide num b er of 
univ ersities and higher education colleges, their 
vie ws, ex periences, ex pertise etc.

!"#$%#$
The program m e will cov er topics including:
•  K ey issues - r oles and responsib ilities.
•  Managem ent v leadership.
•  Motiv ation and delegation - in divi duals and team .
•  C om m unication skills & team  b riefi ng. 
•  I nfl uencing skills and analysing your network.
•  Managing and leading your team  through change.
•  People m anagem ent issues & case studies.
•  Positiv e team  leadership

&'"()'"*+,(-$$%#,
This program m e is intended for chief/  principal/
senior technicians, lab oratory/  workshop/ unit 
m anagers, recently appointed departm ental 
superintendents or senior colleagues from  U K  
univ ersities and colleges, who m ight now or 
in the future, hav e m anagerial or superv isory 
responsib ilities and are interested in dev eloping 
their fundam ental m anagem ent/ leadership skills. 
The program m e content will b e deliv ered within the 
contex t of working in an univ ersity envi ronm ent and 
will b e applicab le to support staff from  academ ic and 
service a reas. I t is m ost im portant that participants 
are, wherev er possib le, residential and therefore 
ava ilab le to attend the program m e throughout.  

.*/+,/#0("#(1"*2(3%-,%2)'/4(56/++)
Ipecific pro]racce ]oals
The program m e b uilds on the fundam entals learned 
in L eading Y our Technical Team  and prov ides a further 
opportunity to look at the practical challenges of 
m anaging or superv ising technical staff from  b oth 
academ ic and serv ice areas, as well as ex am ining a 
range of essential m anagem ent and leadership skills 
and techniq ues. The program m e again links practical 
leadership theories to dynam ic team  leading in contex t 
with the reality of m anaging in a technical univ ersity 
env ironm ent. The program m e content incorporates 
a range of topics that were suggested b y attendees 
on L eading Y our Technical Team  as areas that they 

would m ost like to ex plore further, e.g. Managing 
Staff Perform ance, D ealing with D iffi cult People and 
I nfl uencing Skills. Toward the end of the program m e we 
b egin to ex plore the topic of L eadership I ntelligences, 
which introduces you to them es cov ered in greater depth 
in m ore adv anced leadership program m es.

By the end of the program m e participants will  
know how to:
•  L ead and m otiva te b y identifying the key skills 

and characteristics of successful leaders and to 
dev elop the key people m anagem ent skills you 
need to ensure success.

•  I m prov e perform ance through dev eloping personal 
strategies for enhancing the effectiv eness of your 
team  b y using fl ex ib ility across the leadership 
styles.

•  Manage perform ance through dev eloping your 
team ’ s strengths b y setting and reaching b oth 
personal and team  ob j ectiv es using delegation and 
leadership skills.

•  L ead a team  m ade up of different personalities and 
encourage m utual respect and cooperation from  all 
team  m em b ers and understand how to ov ercom e 
b arriers to com m unication.

•  W ork with diffi cult people through resolv ing 
confl ict and dealing with diffi cult people and 
situations confi dently and positiv ely.

•  U nderstand yourself, your infl uencing envi ronm ent 
and your im pact and to dev elop m ultidirectional 
infl uencing skills and an infl uencing strategy.

!"#$%#$
The program m e will cov er topics including:
•  L eadership & m otiva tion -  The differences of 

m otiva tion, infl uence and m anipulation.
•  Managing perform ance – Wh ere and when to 

im prov e team  and/ or indivi duals perform ance.
•  W orking with diffi cult people -  H ow to take control 

& case studies.
•  I nfl uencing -  I nfl uencing team s & infl uencing 

indiv iduals.
•  L eadership intelligences -  Personality b ased 

leadership, leadership and team  perform ance.

&'"()'"*+,(-$$%#,
This program m e is particularly suited to people 
who hav e com pleted L eading Y our Technical Team  
or those who hav e previ ously attended sim ilar 
program m es and hav e a few years’  ex perience in a 
technical m anagerial or supervi sory role and want to 
further dev elop their m anagem ent/ leadership skills. 
The program m e content will b e deliv ered within the 
contex t of working in a univ ersity env ironm ent and 
will b e applicab le to support staff from  academ ic and 
servi ce areas. I t is m ost im portant that participants 
are, wherev er possib le, residential and therefore 
ava ilab le to attend the program m e throughout.  
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‘ I  hav e learned m ore ab out the supervisor y skills 
that I  req uire in m y j ob , how to dev elop these skills 
and especially in the way I  com m unicate to other 
m em b ers of staff. I  really enj oyed sharing vie ws and 
ex periences with fellow participants from  other 
univ ersities.’

‘ The course was run in a relax ed and inform al 
m anner, at the sam e tim e b eing really inform ativ e 
which led to an interesting and useful ex perience.’

‘ This course is well structured and presented. I t 
thought m e to look at m y m anagem ent techniq ue and 
to focus m y efforts on areas where I  can succeed’

‘ Good  course that hits a lot of the m ain areas and 
interesting areas regarding m anagem ent and 
team  leadership. I t's m otiva tional to the point that 
you return to work with m ore ideas and your own  
m otiva tion to tackle day to day leadership.’

‘ For m e the course was a positiv e ex perience and 
directly related to m y day to day working life.’

‘ I t was useful to fi nd that m any people are in the 
sam e position with the sam e worries and the 
program m e provid ed useful inform ation on dealing 
with m any of our issues.

2+%0$%&'(*&()*+,(!"#$",3/%4(56%003
‘ A  D ifferent way of looking at the way I  respond to 
m y team  to im prov e all our perform ances. A  way of 
understanding the indivi dual m em b ers of m y team . 
A  chance to discuss with people from  different 
institutions and areas of work how they deal with 
diffi cult m em b ers of their team s.’

‘ Felt I  cam e away from  the course feeling b etter 
ab out b eing a team  leader and focusing on 
m anagem ent issues.’

‘ A  fun and inform ativ e way of helping m e ex plore m y 
leadership skills and how they affect m y team .’

‘ The course was v ery inform ativ e and inspirational 
with lots of ideas and discussions throughout the 
sessions. A  v ery useful program m e deliv ered in a fun 
relax ed envi ronm ent.’

‘ A  v ery relax ed and inform ativ e course with like-
m inded delegates;  the course was inclusiv e and 
challenged delegate with thought prov oking ideas 
and concepts.’

‘ I nteraction and prob lem s ex perienced b etween 
people across the H E spectrum  away from  your place 
of work is of great va lue and should not b e forgotten. 
I n- house training is not necessarily the way forward.’
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W e would b e happy to discuss running these courses 
at your host instituion or at a suitab le v enue, if a 
num b er  of  attendees from  a single institution wish to 
undertake the courses.  Please contact W endy Mason.
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Fresenter profiles
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K ev in is the Program m e D irector 
for the L Y TT &  BY L S  courses, which 
are now run through the I nstitute 
of Science &  Technology ( I ST) . H e 
is the departm ental m anager of 
the D epartm ent of I nfection &  

I m m unity within the Medical School at the U niv ersity 
of Sheffi eld. H e b egan his career at Sheffi eld as a 
trainee Medical L ab oratory Scientifi c  O ffi cer ov er 30 
year ago and has sub seq uently ex perienced a series 
of div erse technical roles within the School. O v er the 
last 10 years he has undertaken a range of senior 
m anagerial positions, leading technical and support 
staff team s, under v arious adm inistrations and has 
b een inv olv ed with sm all and large proj ect team s 
across the U niv ersity. A s well as helping to redesign 
and co- deliv er the L Y TT &  BY L S program m es from  2010 
K ev in is also activ ely inv olv ed in b oth prom oting and 
deliv ering staff dev elopm ent and training at Sheffi eld.

+$,-&.//0,
L isa has signifi cant ex perience 
m anaging large team s in b oth 
priv ate and pub lic sector 
organisations. A fter graduating 
from  L oughb orough U niv ersity she 
worked for airport operator BA A plc 

in a v ariety of operational, change m anagem ent and 
training roles across all the L ondon airports. W hilst 
with BA A  she also gained her MBA  from  the U niv ersity 
of Surrey. I n 2000 L isa m ov ed with her fam ily to the U SA  
where she undertook v olunteer work which included 
the A m erican R ed C ross and the Sm all Business 
A dm inistration in Tex as. L isa j oined the U niv ersity of 
Sheffi eld in 2005 and currently m anages a team  of 
400+  staff in her role as H ead of C am pus Serv ices.

1-%&2/3),/%&
Before his retirem ent in D ecem b er 
2013 I an was the departm ental 
m anager of the D epartm ent 
of El ectronic and El ectrical 
En gineering at the U niv ersity of 
Sheffi eld. H e was at Sheffi eld for 

40 years, b eginning his career there as an electronics 
technician following a num b er of years in the 
electronics industry and an electrical engineering 
apprenticeship in the steel industry. Throughout 
his career I an b uilt up a wealth of ex perience in 
m anaging a div erse range of support staff team s. 
H e has m anaged technical team s ranging in siz e 
from  2 to 40 people as well as sm all to m edium  siz ed 
adm inistrativ e and m anagerial team s. For m any years 
I an has b een activ ely inv olv ed in b oth prom oting and 
deliv ering technical training at Sheffi eld and also 
m ore widely since 2002 through the L eading Y our 
Technical Team  program m es.

To b ook a place on either of these program m es 
please contact: 

."%0*&2-,/%4&
L Y TT & BY L S Program m e A dm inistrator
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Advertising in the journal offers a cost-effective 
method of reaching the specialist technical 
community.

The Institute of Science & Technology’s bi-annual 
Journal is a practically focused high quality 
publication, aimed at all levels of the technical and 
specialist community, who work in a wide and diverse 
number of areas. These areas range through industry, 
business, and education disciplines, from science 
labs and engineering facilities to recording studios 
and IT departments. Its main focus is the opportunity 
to keep our members, and also the very many other 
colleagues in the wider community of professional 
technicians who read it, informed. 

The IST is an international organisation with 
members from across the UK and Europe, South 
America, Africa, Malaysia, and Australia.

We strive to help industry, business and education to 
maintain and grow the quality of their technical staff, 
and help them to keep up with constant advances in 
science and technology. 

The Journal offers an ideal opportunity for suppliers 
of services to industry, business, and education 
disciplines to promote their products, develop 
new contacts, and reinforce existing relationships.  
Suppliers and manufacturers are much more likely to 
reach the people who are directly using their services 
and products through the IST and its Journal. 
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