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CONFIDENTIAL,

This paper will be presented at the Joint Technical-
Agronomlc gonference in Lausanne fromSeptember 24th to 26th
1956, It must not bs published prior to that date, and,
in any case, it must not be publighed without the permiesion

of the suthor.
RADIO-ISQTOPES AS A TOOL IN STUDYING MIXING METHODS

by I.A, Brownlie
(5cottish Agreculfural Industries Limited)

1. . Introduction

Although natursally occurring radio active ignatopes were first used
in tracer sxperiments some forty years ago, the limltetion in avail-
1bility and number and bthe high cost of these isetopes restirleted the
application of the tracer technique until the discovery that the
radio actlive 1sotopes of thecomiomer elements could be prepared. In
»eoent years the production of o wide range of radic active isotopes
in the atomic plle "BEPO" of the United Kingdom Atomio Energy
Egtablishment at Harwell has stimulated the usas of these lsotopes
in industry. About one hundred different redlo isotcpes are
avallable, and statistice show that deliverleas of these isotopes to
industry have lnoreased from 19 in 1948 to 1,180 in 1954, the latter
figure including deliveries from the Radlochemical Centre at Amer8ham,
If we Include deliveries to hospitals, universities, etc., and export,
the deliveries have inoresased from 135 in 1947, to 16,425 in 1954,

The American figures for radic lactope deliveries are very similar,
since, over a period of eight years from 1946-1953, nearly 50,000
deliveries were made from the Oak Rldge National Leboratoriss to
hospitals, universities, research laboratories and factories.

Numerous examples of the uses of radio isotopes in industry have
appeared Iin the literaturas. it will suffice to mention hare one
exanple of radio lsotope. application, The rate of wear in the 1ining
of a blagt furmace has been measured (1) by embedding . small pelleta
of cobalt 60 in the refractory Lining when the furnace isa being
bullt, By measuring the radiation from the outside of the Furnace
during operation and Trom small gamples of steel from each batoh,
the rate of wear of the lining can be closely followed. This example
Suggests posaible application in the fertiliser industry for uase
‘in studying the life of brick-lined reaction vessels and acld atorage
tanke, ete.

When we caue to consider the branch of Industry concerned with
agricultural chemicals, wo find that thers has bean during the last
decade a wide applicatilon of radio lsotope ressarch, mainly concerned
with the flelds of soil sclence and plant metabolism, and not with
manufecturing technique. It ig true that uses have been made o.
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rodicigotopes for the determinstion of tr-nsit timas of fartiliasr
cimeterinle through ariere snd coolavs, etc., but mport frow this

- there 1a 11ttla published informotion on npplicatilons of radlo-
1gotopos to the manulzeturing techniquae of tho fertilissr and
:111ed industriass, Wi onnve, howsver, had occaoion to use tha
tochnlqus of rediolscteopss in gtudying mixing afficlencles, and the
purpese of vhils paper dla to roeport ths dovaelopwant of our wmathods
end the rssulta obteinod, in o wey which it 1 hoped will be of
velues to thoso intereebud in the woplicoticn of rodlolactopas to
the etudy of wixing ¢nd olhor problsme in ths fertiliasr indusitry.

2. Qbjlsctives

#9 Zra not conceracsid 1 thls pzper with tha sfflciancy of
nlxing of the major conponants of cny mixturs of cheslcels sincs
tha afficisne, of diriribution throughout the mess con gonerslly ts
prtlefuctorily dstorwinad by ehswmical anclyess of samples, Hathar
do we wish to consider ths distribution of meterials oregent in
sunll gquentitice whavoe orliaery nsthods of chemieel anrlyels tocoma
#1thor inseneitive or uwnduly Tlos-consuming. In oriuvr tc aeks the
treatmsnt geancral we ehell refsr to the we)or wody of the nixture es
"rew omatsrial’ and the small cuevtitiss whose afficlency of distribu-
tion we wlsh to dateraing ns "minor cowstitusnta',

3. - cfxpoerimental

Jels Praliminary gurerluonta. One grean of waacoj, which had been
irradlated with neubrone in the etomic pille "BEPOT Ffor 1 wesk ot
I'lla Factor 0.¢, wns obtained from ths Ltomle Znergy Raasaroh .
Eatablighment ot Hurwell. Iroa drrailation data Lt was ece=loulated
that the speciflec pctivity of thie materisl was 8.3 me/e. on
daspatech. Sodiums? in tha form of Wa»C0i wae chogen, gincs it 1g m
X snitter and, therolore, #ivae a aults ly high esecuracy in
counting, %Ed ned & half-117s of fifteen hours. The gtiort halfi-
life of Na”* was chosel a2 an important escet in thess lavestigetiona,
glnce 1t minimimgs ths wtovegs time nscsssary befors the final
procauct bacomes sefe For pubgsquent hendling. slthough activated
Ha,C0, mey not bs o nornal conatituent of the mix mnd may not thers-
fofa giva g conplately trus pleturs of the mixing ¢fficiency, the
alternative procsdure of irradisting the miner consbtitusnt in the
atonic pille wlght sive rise to unesuitabls typee of eetlvity which
could not go sasily ba conbrollasd, sodlwm carbonata ggﬂ cheosen_
rether than the chlorids beczuse of the praosence of 1-°, 335, pae
and K% gasoclated with drradiated Nall,

From indtilal counting szporlamentsa in which redlometive Neok
wag digperszed in a ] Lb. saupls of Tzy matariel, 1t wes eetablished
tnat e totel activity of 1.5 e of Jact would bs rogulrsd per ton
ol final prouucet, s¢ thatl tha aumbar of eccunts from e 1 1b. pamyl o
woulld be euificliontly nigh to mive at least Wt poourecy in the
counting oxpsriments,

3.2. apvaratua, ~fUor the prslivinary studles it wae decidad to
obtaln for our counting sxpsrimants a2 cold cathode goaling unit
daveloped jolntly hy Zrdicsson Lté. =md .. Z.H.=. Herwaell, and now
avallebles comnsrcially sa Unit Type 1201 € from Ericsson Ltd.. Thia
wes used 1n conjuinctlon with o high efflciency gamme counter tubs,
Type G 10 Tb, supplisd by 20th Century Zlectronlcs snd a Frobs Tnit
Type 1014 L supplisd by tlemdng Hedlo Ltd. The E.3.T. voltage for
the counter tube wmg obiainsd Dy using a etebilissd Power Unit Type
1082 =upplicd by L.Z.RH.5. udorwell, fhere are wany typcs of aquip-
ment now on the warkat, but the above: wsre chossn ao being zoat
dultatle for our own appllecticns.



-3 -

Cwlng to the vary hilgh ssnalvivity of the tubs, and in crder 1o
ninimigs becksround radiation, it was nscassary to make a la=d
contalner to scresen. th: Lubo, Thia contalner which kad lsad walle
of 1V thickness was dsslgned to nold esch semple in the sams relative
pogition to the tube duriay counting.

3.3 Fhoal tecanlgne. It wes decided that, in view of the larie
Aumber AF beatt necosgary in our sxpsriments, we should rgstrict the
counting tims to 1 minute Ior panch sample cnd do thrao counta on

sach samnpla. In ordar Lo coteln o auffieiegzly high number of counts
from sach samula, it was nscessary to adl Hes # getivity 1.5 me to
ssch ton intluwstely mixed with ths winor additive. Thege condltions
wara found 1ty wive n sample count of 900-550 per nimute, = flgure
which agresd closely with our _roelimiaxry celculations, and whlch was
sufficiently sreatsr then the background count of 60/min. for
gtatletionl moouracy.

4he procedurs then, on rsceipt ol tha readlcactivae Ne-COy from
Harwell, was to dissolve 1t in water anad spray it on to the finor
alditive while tha latser wee balny, agitetasd In w» horizontal padile
wmlxar. The preceutions from bthe health aspect mentioned leter wers
atrictly adhered toc end cloas contzot with the isotone wea avolded as
far =8 possiblez, Mhe trestod winor additive waes then addod Lo the
one ton betoh of Tew setarinl snd, after mixing, & 1 1b. saupls was
drewn from amch 1 cwhb. during bagolng. The semples were then plecsd
in 1 1b. oylindriesl snap-closure tinz, which were each messured for
rediozotlvity by counting for threa one winute pericds.

4. Traatuent of results

The mixing sfficlency of minor alditives cen ba aogaaged by
celoulating the varience belwesn The counts of the 20 samples frow

pech one ton oateh. The 20 pgroups of three counts chteined wera
sxominsd ia 211 ceoeg by the wethol of .inclysis of Yarisnce. This

cives an estimats of ths variance dus to ervor which includsu the
varisncs due to Tluctuating beckground interfersnce, errors in
counting and 1n timing, snd a2n egtimats of ths verlance betwasn

smmples which is tha vordiancs iue to mixdng.
5. Salaty precaytiona

ia ware ianformed by tha Iniustrisl Ldvisory Group et Harwell
thut we should heve to satisy the local Fzetory Inepector and the
Radicloglesl Frotectlon 3ervica regariing the procedure we proposed
bo =adoptb. o5 oa weetine with L. Inspsctor of Factorles for
Zdinburgh and H.io. wedicel Inspector Tor Scotland, it wae azreed
that tne following precautions should be edopted: -

g) Overells =ad soms (orwm of halr covering should be lLzsusd
to ell operators in the lmmedicte vicinity during the exverimenta.
Thess orticlaos should be withdrewn aad weahsd =t the concluaion of
tha expariwment.

) Ugaring of niero-Tilter wasks should be anforced where there
ig denger of radiocactiv. dust balng pragent,

e} Radlaetion dosimstera should bz used durdng Lhe axperiment
to5 weasure both thoe dcsmcces recelved by porsonnel end the amounts of
radiation presesnt in wverious sxctiones of the plant,

d) Tersonnsl ghould be sdvised to waah thoroughly efter the
sxperliusnta are conpletad,

3)  The "sective” product should be kept in a gcectlon of the
gtore which ig eufficisatly iseclatsd frou persomnsl until the activity
h=o deoayed to o safae lawval.
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The Rediclogical Protection Service were quite setisfilad
that we were not presented with any serious hazard from selther
external or internal radisticn at the levels of radiocactlvity
propoged and did not consider it necessary that they should
viait ua.

In addition to the above precmutlions, wa decided that
radiation dosage tests would have to be done, and thie involved
ell persovmnel 1n wearing smell f1lm badges aupplied by the
National FPhysionl laboratory. All stapes in the mixing and
gempling procedures were ocarefully worked out in advanoe. It
i difficult to work out the mafe exposure times Ffor peraonnel
in the factory, slhce the material 1is dispersed in the varilous
mixing and conveying wnits, but & 3sfe rule 13 to work at &
maximum dlatance from the active material, 2ince the aotivity
falla off with the sguare of the distanos. The results of the
radiation film teats, whilch ware asgesped for us by the National
Physical Laboratory, fully confirmed that our preceutions from
the health aapeot were adequate, and that the exposure to harmful
redlations had been negligible.

6. Example,

One example of ths technligque outlined above ia the measure-.
ment of dispersion of minor additives in feedingstuff mixtures.
Although this 1s not en exauwple of application to fertiliser
manufacture, it 18 choson as a difficult and extreme case because
here we have to consider the agucastion of the product bhelng safe
for asubsequent aale and for consumption bty animals,

The problem of minor additives in feedingatuffe has arisen
because of the slgnificance now attached to the soientifle
feading of livestook and the increesing use of antibilotics,
vitamin suppléemente, and potent druge such as Nitrofurazone, and
Phenyl-araonic acld which are present in the proportion of only
£ few pounde per ton. The disperaion of these materials cannot
be adequatsly and gquickliy measured by chemicel methods, but the
use of radlo-isotopes has cnabled us o examine the efficlency
of our mixing technigues and to suggest weys by which they can
be 1nproved.

In order to ca;gul&te the minimum storcge time for feeding-
gtufi containing Na*" hefore oonsumption by dnimals, it wae
nece2aary to have some cloge idea of the safe dosage level for
enimals. The National Institute for Medieal Research advilsad
that a dose of C,03R per week should not be exceeded and that
thie would be egquivalent to an actlvity of 0.06 pc per day per
kg, of animal welght. Considering pig feed, whers the feeding
rate ia 50 g./day per k¢. of body weight, then there should not
be more than 0.0&6 pe per 50 g. of feed, 1.e, 0.55 me per lb. of
foed. 1t might be notcd here that his value includes & safety
faotor of 10. The level of activity which could be tolerated by
humans 1sa actually O.3R per wcek, We were able to hold the few
tona of feedlngatufls wsed in our experinente for periocds of 14
days, but in actual lact, ut a level of activity sgual to 1.5 ne
per ton, a storage time of one day would bring the activity well
balow the safe dosage level for animals.

T | Gonclusions,

We have tried to show that radicolisotopes constitus an
g¢fficlent tool which may well be applled more widely in the
fertiliser end allied industrien, Tho potential medical hazards
whioh might ot first aight seem to outweigh the simplicity of the
method can be efficicntly contrelled, and the cxtreme rapidity of
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determining thc ocutcome of trials compares very favourably with
the tlme required for chemicel anelyses of ogulvalent acouracy,
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AFPPENDIX

A An cxample of the results which can be obtained by the
radiocisotope technique in the study of o mixing problem, the
counting results for eddition ol e minor constituent at the rate
of 3 1b, per ton batch are compered im Table I with similar
resulte for an improved mixing method. Twenty random 1 1b,
pamples are taken from each batch and the redioectivity of eaoh
somple ieg examined by three separate counts,

TABLE T.

Counting resultsd,

Mixing Mcthod A Mixing Method B
Sample Counts per minute Semple Counta per minute |
No. (a) (b) (c) No. | (a) (b) (c)
1 856 | 884 880 1 979 | 985 977
2 7o 7T 775 2 922 1 965 936
3 Ba3 ) 845 808 3 948 [ 1007 918
4 8731 B6O 882 4 1056 1 1016 | 1059
5 948 | 946 958 ] 944 990 95T
& 2390 1 957 995 6 981 t 1027 980
7 996 | 1010 | 1005 ! 1011} 993 | 1068
8 1011 | 1015 {1040 8 1639 | 1016 | 1084
9 918 | &892 926 9 991 | 914 911
10 934+ 969 9683 10 996 | 963 968
11 992 } 956 992 11 1054 | 1049 | 1033
12 548 | 875 850 12 1019 § 1025 | 1070
13 305 | 930 961 13 960 | L020 | 1067
14 999 { 955 983 14 Q66 | 1015 985
15 1021 | 1008 987 15 940 | 1047 1029
16 942 1 963 q60 16 900 1 930 931
17 956 | 1006 974 17 1082 | 1045 | 1083
18 877 | 846 858 16 929 1 949 5976
19 933 | 895 868 19 966 | 1034 | 1010
20 942 | 895 903 20 1079 | 1102 | 1078

The interpretation of these regults is shown in Table II.



TABLE II.

Mixdnge gfficlenciaa.

% Probability of being within etated limits
1l 1lb.gample 5 1b.z2ample
Mixing [
Method 95%-105% | 90-110% 95-105% 90-110%
A 52,2 84.5 £9.0 99.9
B 76,20 94, 17 89, 07 100,00

Although the results for 95-105% limits are given, it 1s
belleved thet these conditions are too severe for a constituent
present 1n guch amall amounts, and accordingly the wider limite
of 90-110% ere genorally adopted. The results show that mixing
method A would be less aatlafectory for general uese than the
improved method B.



