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I. INTRODUCTION

This report relates to a radiation survey of the external surface of one of Owlstone Limited's

Lonestar units (serial number ooo18) carried out by Aurora Health Physics Services Ltd.

Owlstone is planning to sell Lonestar units commercially and asked Aurora to carry out an

independent survey prior to bringing the unit to market.

The Lonestar unit contains a single 5S5 MBq nickel-63 source. Nickel-63 emits beta radiation

with a maximum eners/of 66 keV.

RADIATION SURVEY

2.r Survey Methodolory

The radiation survey undertaken comprised of direct monitoring, in contact with, and at a

number of fixed distances from all external surfaces of the Lonestar unit using the following

instruments:

Table r: Instrurnents used.

2.2 Survey Results

The direct radiation monitoring of all external surfaces of the Lonestar unit detected localised

elevated radiation readings over a small area on the rear of the unit. The maximum observed

contact dose rate was o.8 gSv/h. Radiation readings over all other surfaces of the unit were

at background levels. Radiation readings at 5cm from the unit were all at background levels

Instrument Serial No(s) Calibration

Date

Background (on site)

Mini Instruments 9oo D AHPoo4r

fac68)

z9/o5/o7 <o.r gSv/h

Mini Instruments 9oo EPr5 AHPooTT

bz6q)

t6/rr/o7 1 - 2 counts per second (cps)

Thermo Electron

Electra/BPrqDD

AHPotor
(q8oq/q86)

z4/tz/o7 10 - 15 cps

Automess 615o ADz AHPoo6r

htzq6)
s/07/07 o.o5 pSv/h

Instrument calibration certificates are appended to this report (see Appendix r).
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(less than o.r pSv/h). Figure I below shows the measured dose-rate profile around the unit.

Dose rates in the vertical plane follow the same profile.

<o.r pSv/h

Key 5cm from unit

3ocm from unit

loocm from unit

Figure 1. Dose rate profile around Lonestar Unit.

<o.r pSv/h

<o.r pSv/h

pSv/h <o.1 pSv/h <o.l

<o.r pSv/h

<o .1

/h <o.

pSv/h

<o.r prSv/h

<o.r pSv/h
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A dose rate survey has been carried out around a Lonestar Unit (serial number ooor8). The
maximum measured dose rate in contact with the unit was o.8 pSv/h. Dose rates at scm were
all at background levels (less than o.r pSv/h).
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APPENDIX T CALIBRATION CERTIFICATES

TherrnoFisher
S C I E N T I F I C

CERTI FICATE OF CALIBRATION

Jf l l )  l ! \ ' :  Thernro Fisher Scie nt i f ic  RM&SI

Bccnhnm l tadlat ion Cl l ihrnt ion Llboraton,

l  l i  Otr  ISStJE: 29 Mrv 2007 ( i l l l l ' l  l l r l ( 'A ' l ' l 1 i  No;  9 l15' --<
At 'pt tovt :D sIGNA-l0t(y:  l - - ' - -  J  t -o\rc
'I 

his ccrtilicirtc detcils th{r calibration rcsrrlts obtaincd lirr thr. instrulncnt rilrned bclo\v *'hcn calibratcd
irr colrjunctiorr rvith calitrration proccrlurc [f(lS 028

The proccdrrres used lirr thc nrcilsurctncnts flrc consistcnl with GPG l.l ( l.)(.X) )
r \ l l  nreast t rcnrents arc c l tcckcd h1'a dcsignatcd'Qual i l lcd Pr-rson'as dct l r rcd b,v regrr lat i r r r r  l9(- l )  of ' rhr
lonis ing l {adiat ion l lcgulat inns 1999.

Issue r
PageT of14

lnslrl| i lrcnt Typc:

Ins t runrcn l  Manr t fac lu rc r :

Ins t runr rn l  Scr ia l  Numhpr :

Radiaaion 
-I 'r 'pc 

Dlclsurcrl :

Cus lomcr :

Mini  9{)0 D AMB
Thcrnto l:ishcr Scientilic
4368
Gamrna l)osc Rale (Sv/lr)
Thermo Irishcr Scientilic

l l j ,  h r r  l , r h . .  l l c , c n n l -  - ,  r  t . t l n  r  r t r B a f  T r a r , h ,  t .  + j  t i t  i l  \ t  ! t u !  r  u , ,  r  t n i l ,  i

r l . ! ' : f t i , i r A d , : o s i  S n  r r . i 1 { r r , ,  I ' r [ i r r r r r r t k ] a  C n r ' t i t c  C B S i B Z

TIIAC]I'AI}II,ITY
All nrcasttrcnrcnls s,erc performcd s'itlr a garrrnra s()urcc svslcnl rvhich lrls hecn cnlibralcd u'ith cros:
rr-lcrcrrccd ionisati<xt cltunrtrcrs ilnd clcctronreteni il accrrrdnnce to BS 51169 ( | 980), lS().l0i7 ( I 97q),
inrpl"r ing trnccability' tc N:rtiorral Standartls.

tJf i(.lEll'l 'AlNTl RS
51slcnr lbst
'ltC, 

"n.l 
r'oCo: 

Ftrr air kcnnil ralcs tttrorc I pC1'.h'1. tlrc urrcunnintv irr tlrc $vslenr dosc ralc is + ior6.
lrlAur: Itor air kcrma rirtcs ilh)ve 20 p(iy.h'1. thu unccrtirinty in thc s-vslurrr dose rate is-], 4o.i'
lnrlicnlctl Dosc Ratc
All indicatcd dosc rotcs rluotcd. exccpl lhc backgrourrd rcspr)nse, havc arr unccrlaint,v ol'r | 0tlo.

INTRINSIC ERR()R
'l'hc 

intrinsic crror is calculltcd hv irrdicatcd dose rate - s\slr.m dosc rfltc x 100%
systu[l dosc fatc

NOTIi: 
' fhis 

culihrution is nol sutom:rl ically r.alir l for r:onditions of u*r' r l i ffcrcnt to lhose of
calibr:rt ion as gircn upon this ccrtif icalc,

' | 
hc rrrtccrl it irtt ics nrc l i lr a cortfidetrcc prohabilhv ol'rrot less than 95% l'. ' f.().

E n v k q n r ! 4 r : l  I n r $ 0 d ! n r t

Rtdi!tM M6i!urcmant rnd

Socudly lmtruD.nlr
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CERTIFTCATE OF CALIBRATION

TE OF ISSUE: n Nwr zooT 9 t25

Mcrluremcrl Rcaultt
Thc Prcbc was mount€d horizonhlly, fach4 thc grnmr radisrlon bcam,
Drte of Meesurcmcnts:
lmlrumcnt TyF:
lrutrumcnt Scdal Number:
Te$ Type:
Te,rnpcmturc fC):

29Mry2@7
Mini 900 D AMB
4fi8
lnitiol
2 l .c

Background Rcsponsc (pSv.h'r): <0,39Sv/h
Pnssure(mbar): l004mbar

Ovcrloed Ratponrc
Offscalc for l0 sccs: Satisfrctory

Ercrgr ond ?oler Rerporc lrAn

Rcnrrkr3

Malrurr'lcrr Pcdorncd Byl

Tho uncarteinlics are for g confidence probabilily ofnol lcss than

[ll All systcm dose rnd dorc ratcs erc ombient dose equivaleil mtcs. H'( l0).

J.W.V.Cobs

Sorrtr
Ndnh€r (H.!artlor

Sy;lea

Dole ltrrc

hdktlcd
D@nrte

htrirdc
Emr

t49tLX (P lOhrSv/h I musv/h -lO-lYP/t

l498LX l00lSv/h | 62uSv/h -18.$tr/o
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Ra-Clst,on futetrolcgy Group, Rdi€lim Frotectim Dlvsion
Hs8lth Flotscllon fuE1ct, Chitan, Oldsol. Oxtodshre, Sx11 oRO

E.fl a | ; rad m+l@ h pl.org.uk Web: zft11|, hFa.org.ukta'1i6th1
Tel: +.4131123U 831 B!0 Frx: +44(.0]'r?35 Bzt 818

Rad iol ogl cel Proiection Inslrument
Cerllflcnte of Calibretion

Ho.49024

A. l'linrs snd addr€8s ot'r$ol:
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B. Dstall* ol instrumenl end uEg.

D3scription
Scrial llo:
Uie:

tutslls ol callbrBl:on:

u3le:
T,1Fe o: enllbrslloll:
Gr ileriHoil (Dft Jlllonr :

SrurE€ to dcl€Els' sEpalallotl:
Orlfir16lto"]
Ur'cortoinliea:

T'rc€*rility:

D. Rssulb of EelibrElloni

Erb sf [Eau€:

Aqrorf H€alth Physics Ltd
HErurEll nmvetlcn CFnt|c
'hflc AvenlJD']|OCJT
,JxforCehke
f,x1 1 oQG

ThEmo900with tgpe EPlii Probo
2269 anC - rEEpecilvEly
hlcnilorlng of *urfaces mntrminated erith beis elnl[ng
nJclides.

15 Novemoer l00T
Amurl cslibruliun
Tlu iilshu|||enti lhiff]ity rra6 debrmhad rring a turge
ol{i$r * [Y l5C enendel arua mlsnirslion plaq.re
iturce5 Ths roFponra to a tadet'/ cf clher nucftdee
$Es illso fieasufed.
3 mrr trom thB floflt of thc dcbEr.Dr
Rcdialicn bcnm pcrp+ndiculfir tc del'BEtor lYindotu
The rncsrlaintiec €lEtEd h hir cgftif cde arE erptetsed
s! th* g59t contderce tevel.
rqllsourEe EEF.ritlEE quoted in thl€ {€rliliede ttctE rlsirerl
fitm sfiisdon rflle nef,$ rrFmenla rnina H P ftltlo'of 2.
All FrniFBian rHte rreariu-EnehlE srs (lrectl'l ltacgable
lE ne[6rE etf,ndardsvif, UKAS ac3r€dled cElibration
facilllie$,

$ati$iac'tory for FsaFu rgrnents FCrrfonned
SEg ov€r

13 Nosen'tb€r e0t7

=

o
F

u
EE
J

IJ

c ,

E, Gompllanca with thc lonaring Rrdiiliqn; Rogolatlons i 999:

Thesc rasu{s are }Fical o' tpe ard lhe inslrunenl ls cuilablE iar lhe u* derctibeC in sec:iDn
B. undes lhe tE'ms.d th€ Rsoulallons snti the associet€d Apprwed CirsF of PraEllre.

q*f fnratfon perferrtred by: bliBr c s B€Ewict sl€natur€: F .,8 ,#tm:fr

AFFrrreBd by (orndifirq Feri.trr): ilr T J Danisle $lgnalwt-/7*-.t&&s_-.-.
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CortlfarlB of crf,bratlon No. 40024

Rerultt of callbrallonl

F, Phyllcrllnqpoctloo: g6n€ry lost SatiE ldory
Condilkrn of hstrum€nt Salbfscto.y
Audb: Satistaa{ory

H, Oth€rr.dl.donrolponsor:

Rrsgonso facto. is deliil€d as t]€ faclor by which lh€ Indlcallon of lho lmlrumant has to be
rlivlrlcd by to ghn the units as delhed bdlow.

REsponse faclor - Indcat€qEadng - tcrggg!!!g:
Eslimabd sourc. acihrlty - EG, Bq cm t

tt ls €slimalod lhat for ]mnitoring ol surfaces miformly contaminltad tvllh:

lrP 4.4 cps abot G background = 1 Eqcrn'2
$pr 1.6 @B above bad(grcund ' I Bqcrni
!6S 1.7 cpoabovebackgrourd = | Bqcmn

tiCa l.ecpsabovebackgrourd=1 Bqcm2
2sTl 3,Sc$gabova background = 1 Bqcm{

END OF DATA

Issue t

Page ro of 14

G. Lln.rrlty:

Source Aclivig
lssr+sY;

lnslrument
Range

lrlslrumonl
Readng
l imBGl

RoBponE€
Factor

Esdmat€d
Uncerbinty

Brckgro|,I|d
3.2 Bq crn'2

18.4 Bq crna
54.7 Bo cnr'2

0 - 2000 Co{|nts s't
0 - 2000 Countg s't
0 - 2000 Counte t'r
0 - 2N0 Cognts s'r

0
1 4
70
24

4.1
4.3
4-4

rg)96
x10l"
t20%
t20%

Nrrcfd€
Instrumsnt

Ranga

lnSSument
Reading
(inc BG)

Response
Factor

EciimEt d
Unc€rlainty

Backgrqrnd
rcl
&co
rrTPm
*c

2.rAm

0 - 2000 Countr s''
0 - 2000 C,ounts s'l
0 - 2000 Cornts s'l
0. AnOCo|'|tsB't
0.20fl! Gounts e'l
0. 20fi) CoLnte s'l

0
140
55
13
240
50

;
2.4
1 .6
1 .7
2.3

t50?o
t2tr:A
t20%
'2(Joh
t2O%
rz(lgi
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Radiation Mstrology Group, Radiation Protection Oivlsion
Heallh Protection Agency, Chilton, Didcot, Oxfordshic, OX11 oRQ

E-mail; rad.met@hpa.org.uk Web: www.hpa,org.ukfradiatlon
Tel: +44(0)1235 831 600 Fax: +44(0)1235 822 818

Radiological Protectlon Instrument
Gerlificate of Calibration

No,49498

A. Name gnd address of user:

Issue r

Page rr of 14

c,

z
o
F

c
E
J

(J

B.

D. Results of callbratlon:

E. Compliance wlth the loniring Radiations Regulations 1999:

Th€sE results ars lypical of lype and the instrumsnl is suitable for th€ use described in sectlon
B, under the terms of the Regulation6 snd the assoclat€d Approved CodE 0f practice.

Callbrallon performed by: Mr D E Payne Sfgnature: Ef*1-
Approved by (Quallfied Personl: Mr D R Bungay sisnature:R"

Dete of ls6ue: 24 Dec€mber 2007

Datails 0f instrumlnt and uso:

Oescription:
Serial No:
use:

DgtElls of callbratlon!

Date:
Type of calibration:
Calibration conditions:

Source lo deteclor separation:
Orientation:
Uncertainties;

Traceability:

Aurora Health PhyslcB Ltd
Harwell lnnovatlon Cenlre
Curie Avenue
Oidcol
Oxfordshke
ox11 00G

NE Eloctra lA wilh type BP'|9DO probe
3803 and 388 respactively
Moniloring of surfac€s contaminated wilh beta emittang
radionuclid€s.

24 Decembef 2007
Annual calibration
The-lnslru_ment's linearity was determined uslng a range
of *Sr + *Y ISO extended area contamination daque
sourcos. The response lo a variety of other nuclides
was also measured.
3 mm from the front of lhB delector
Radiation beam p€rp€ndicular to detector window
The uncertaintles stated in this certilicate are expresssd
at the 95Yo conlid€nce level.
Allsoure aclivities guoted in fis cerlifrcate were derived
fmm €mission rat€ m€asur€ments wing a P faclor of 2.
All emission rat€ measur€ments are directly lracaable
to nalion€l standards via UI(AS accrediled calibration
facllities.

Satisfactory for measuremenls performed
See over

Health
Protection
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Ceillncate of callbratlon No. 40408

Rosltr of callbratlon:

F. Phyricallnrpec$ont

G. Lin€.rity:

Bdery t€rl: Srtlstaclory
Condtbnotlnslrumenl: Satlstactory
Ar.rdo: Satls{actory
E.H.T.: 98W

H. Othor.rdlrtlonrcrpontcr:

Reaponse fador lB defn€d r! lha hcior by wlich thc indication of thc instrument has to b6
dlvld€d by lo glve the ur*6 ss dcfind Horv.

Responso hclor = Indbatcd rcadhg -BG, counte e'r
Edtunated sour6 adlvlty -BG,8q cm'

It i3 €slimaled Ihsl for nsnllorlng of sudaceB urformly contanlnated wilh:

np 29.2 cp6 above bed<gro.nd r I Bqcrn'2
tlP 12.6 cps above badtgroutd - 1 Bqcrnp
rb 11.4 cps above bsd(grq-md = I Eqcrf

trOo 12.6 cp6 abov€ badqround = I Bqcr#
2ilTl 2.9 cpE rbovc bacltgror.nd s I Bqcrnr

EI{O OF DATA

Source AdMty
(ssr+ sY)

Instrumenl
Range

lnrtrumcnl
Readhg
linc BGI

Rssponse
Fador

Esumalcd
Uncertalnty

Back$ound
3.2 Bq cm'2

16,5 Bq cm{
54.9 Bo cm{

Ohibl Coun[8 e''
Oigital Cd.tnls c't
Digital Counls s-l
Dkrital Countg s'l

8.83
89
451
1540

25-SO
27.16
28.12

i50%
t20ph
t2M
t2Wo

Nndid€
Inslrum6]d

Range

lmtilmnl
Rcadng
l lmBGl

Reegose
Factor

Ee$mated
Unc€r{alnly

Backgfourd
tcl
*co
r.rPm
ttc

r.rAm

Digital Ccxint3 !"
Dlgltal Cornts rl
Olgllal Cilnt8 s-r
Dlgital Counts s'l
Dililal Ccrnte r-l
Dhitat Cflnts s't

6.83
955
,130
1 1 5
1931
4U

t,
18.71
13.59
13.49
22.22

r5096
x20%
tm%
t?Qo/o

t?Ool1a

x20lo
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Radlatlon Metrology Group
National Radiological Protectlon Board, Chilton, Didcol, Oxon, OXl1 oRQ

E-mai l :  rad.met@nrpb.org web: ww$r.nrpb,org
Tel :  (01235) 831600 F6x (01235) 822818

Radiological Protectlon Instrument
Certificate of Callbration

No.  47551

A. NBme and address of user: z
o
F

c
E
J

IJ

B .

D, Results of calibratloni

This instrument is dcsigncd to measure thc quantity photon dosc equivalent, H,,
The calibratlon wai performed uiing the quantitf ambient dose equivalent and
therefore the responses obtalned for zatAm and soco a?e ri tntlclpated,

E. Compllance wlth the lonlilng Redlatlons RegulatlonF 1999:

These results are typical of type and the instrument is suitable for the use descrlbed In
sectlon B, under the terms of the Regulations and the associated Approved code of
Practlco,

Callbratlon pErformed by: M r D € P a y n e  S l g n . t u r e i ffr"'f,-
Approved by (Quallfied Person): Mr D R Bungay SiSnrtr.., 

@>
Date of lssue: 3 July 2007

Details of instrument and use:

Description;
Ser ia l  No:
Use:

Details of callbration:

Date:
Type of calibratlon:
Calibration conditlons:

Calibration reference point:
or ientat ion:
uncertainties:

Traceability:

Aurora Health Physlcs Ltd
Harwell lnnovation Centre
Curie Avenue
Chi l ton
Oxtordshire
ox11 oQG

Automers 6150 AD
73756
x and 7 rediation above 60 kev

3 July 2007
Annual calibratlon
The instrument's linearity was tested over a range of
ambient dose equivalent rates using ll/Cs. The
instrument's response to rolAm and Eoco was also
measured and the overload and dose range
Derformance were confl rmed
As marked
Radiation beam normal to front face of instrument
The uncertalnties stated in this certificate are
expressed at the 95olo confidence level,
All the equlpment associated with the measurements
performed In thig certificate have callbrations directly
traceable to national standards via the National
Physlcal Laboratory or UKAS accr€dit€d callbration
facilities,

Satisfactory for measurement performed.
see over.
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Certlflcate ot callbratlon no, 475s1

Reaulta of crllbradont

t. Fhyrlcal lnrpqcdon:
Battery test:
AUdIO:

Satlsfactory
SatiBfactory
Satlsfactory

Satlsfactorya,

lt,

Inft?um€nt 3€ttlngr:

0€e Rrt€ llmirltY,

Radlatlon
Quallty

lnstrurncnt
Rangc

Instrumcnt
Rcadlng

Raspo||sc
Factor

Estlmated
Uncertalnty

Background
rltcs 1662 kcvl
tttcs (662 kev)
trtqs (6G2 kev)
t3'cs 

166t kevl
rrtcs (68? kev)
t!7G (6d2 k€v)
trTcs (662 kcv)
rrtcs (662 k€v)

0-10 pSv h'r
0.10 pSv h ' l
0- lO pSv h ' r
0-1O0 p5v h'r
0-1O0 pSv h'r
0-1000 p5v h'r
0-1000 pSv h']
0-10 mSv h ' l
0-10 msv h ' l

0.04
2.4
s.69
18.4
62.4
197
572
2,  r9
6.62

1 . 1 2
0.98
1.00
1.02
1.00
1 .01
0.99
0.98

rlOo/o
r10q6
ilosb
tL0oh
tl0o/o
rl096
xl0o/o
r10%
=109p

I ,

t .

Do8€ R€ponf€!

Other nuclldc ?crponier:

z'rAm (60 keV)

sco (1.2s Hev)

(F1000 1l5v h''

0-looo usv h'l

94.  s

s28

o.37

1 . 3 5

rlo96

tl09o

K, ov€rloadi

R€spons. factor ls defin€d as the lactor by whlch the indlcatlon of thc Instrument has to be
dlvided by to glve tie unltf ai d€flned b€low. Thrse facto6 are refered where applicable
to a temperature and pressure of 20oC and 1013 mbar,

Re.ponse factor - ----..1::l:-'-'-1-:-"-111!--:.?-9:ll-Ii-1li-Y..i-l:.111
Truc amblent dose equivelent rlte - BG. pSv h'r, mSv h'r, pSv

E''ID OF DATA


