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ABSTRACT
DEVELODMENT OF ION EXCHARNSE

RESIN METHOD3 FOR DIRECT ANALYSIS
UF EMVIAROHENTAL RADIDNUCLIDES

by Faul Allan Blakeslee

This thesis exaaines the developuent and evalua-
tion of am upflow ion exchange e¢olumn for the concentra-
tion and sudbsequent direct gamma analyeis of radionuclides
from environmental samples. The column has been developed
specifically for optimum counting geometry in the well of
8 three-inch sodium iodide (thallium sctivated) scintilla-
tion well Qetector; however, modification to other crystal
detection systeams is possidle,

The investization of column charauieristics and
performance was conducted using a mixed bed consisting of
Dowex 504-X8 and Dowex 1-X8 resins, Physical and chemical
factors affecting ¢olumn performance are discussed and
observations of column uniformity and capacity are pre-
sented,

An evaluation of c¢olumn performance is given with
respect to doth actual isotope removal froa prepared
‘anmplea and ihc'exiatins method of concentrating liguid
environmental samples by evaporation on plastic film
followed by gauma analysis of the plastic film,
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INTRODUCTION

Monltceriny of Qupr Envircament

The presence of man made radioisotopes in raine
wvater and aurfacé iatern is & phenouenon created by the
age bf‘huclear'teohnologﬁ in which we live, The wajor
sources of this po;entially hazardous contamination are
nuclehr weapons testing, nuclear pouér‘foactdr cperations,
and wastes froa nuclear réaearch'oper;tiéns.

The potential hazard to the health and safety of
man has bedowe an itcu‘or 1nte}natiodal eoncern, as
witnessed by the nearly worldwide acceptance of the
Nuclear Test Ban Treaty of 1963. Although environmzental
pollution from weapons testing has decreased siznificantly
over the past few years, there still exists an urgent
need for the development of improved systems for monitor-
ing radiocactivity present in our suvirvonment,

- - X% 4 hoped that this investigation will be one
Step in the developnent Of a monitoring system capable of
apid and quantitative analysis of the rmdionuclides
pregsent in liquid environmental samples.

‘The use of ion exchange resing for the concentra-
tion of redionuslides for direct gamma analysis is by no
means 8 hew technique, dbut 1t 13 hoped that the modifica-~
tions in epperatus and procedure presented in this paper
will sake this method more applicadble to routine sample
sonitoring.: The econcentration of environmental samples
on ion exchange resins can result in a significant saving

1
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e
in tise and space involved as ccapared with evaporation
sethods., Skillful and precise ladoratory techanique is
not pequired as with rediochemical methods,

Although eospletely quantitative analysis of
uixed igsotope samples is not possible using present
spectrozraphic methods, it is hoped that in the near
future the combination of gamas and bita spestrozraphic
analysis will place this wothod on an equal footing with
the more tedious and time-consuming procedures of redio-
chemical analysis. ¥hen $his day arrives the methods of
ton exchange concentration will beccms very useful
techniques,

ggg_;gpmont of UDrlon Column

' COnvcntional ion cxahanao coluan operution cone
liatn. in its sioplest tor-, of n packed colunn of ion
oxchanbo rcala which rocoivol | focd nolution st the top
of tb. eolumu. Flon throush the column 1is donnwnrd.
aidod by both grnvizy and hydrostatle proznuro rron th.
tluid above, SCernl lnvcltigator. [boui (1) and (2)3
Kriogcr. Guchrut. and gold (12)] 3 and others have used
tho donnflow colunu uothod of 10n cxchlnge for the
resoval ot rndionuclidca from envirouuontal aanplol.

| Tho lon activity lovola found 1a onvlronmentnl
untcr lauplol prucludo uny proceds of direct couating
with oqnipnent presently availabdle, Backsround lovolo
on the ordnr of 10‘%7c/1 are cowmon, particularly 1n
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3
surface waters--Grune (8). Concentration on ion exchange
resins of ionie forms of the radicnuclides present i
one of seversl methods whieh has proven to be of value
in increasing sample counts to & level where statistical
relisbility can be obtained within reasonable counting
periods,

One of the unigque features of environasntal
ssxples is the presence of suspended solids ia the sample
to be investigated, partisularly in rain or stream water.
These 30lids can be treated ia one of two ways: the
sazple may be prefiltered to resove the solids, or the
groes sample may be anslysed., Filtretion results in the
removal of & relatively large portion of the redionuclides
found 4n rein and streas samples, Fopr sols applications
this separetiion may be desireble) however, for routine
sonitoriag activities a gross analysis of the sasple say
give & more adeguate pisture of the condition of the.
ssmple. In such 8 case it 18 desireble to concentrate
both particulate and disselved portions in ore contalner
for counting. The downflow eolumn designed by Boni (1)
and (3) has been used for this purpose,

One of the limitations of thls column was the
stoppage of flow caused by the builldup of particulate
satter over the upper luéfacc of the resin. 7The upflow
column introduced by the authcr in this paper eliminates
this form of flow obstruction, PFlow enters at the bottom

of the coluan and diffuses upward throu;h the resin ted.
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4
Large molid particles are retained in a void volume at
the bottom of the coluan and thus cannot form a mat on
the reasin surface capable of blocking flow,

S01i4 particulate matter concentrated from rain
and strean water samplesa haa been showuwn (22) to contain
a significant fraction of the radioactivity found in such
naapléa. The concentration of iuépended s0lida at the
bottom of the upflow éoluéﬁ providea optimum éountina
geometry whenh the eolu&n is placed in the uall of the
ncintillation detector for analyaia.

The downt1ou column dﬂﬂi@ﬂ’d by Bont (1) end (3)
ua: cibniticantly larser than the uprlow coluuna investi-
zatcd in this paper. The erwotal uoll avallable to Boni
for gemas cnalylia or his sazmples aeasnrvd 3-1/4 inches
in d;ameter by 6 ;uchea deep. whereas tho<erysta1 well
ivailablé‘tor this inveatization measured 1~1/8 imches in
diameter by 1-3/8 inches desep, With this size limitation
it ﬁalbeen'beécigary to dezign a coluamn which wost

effectively utilizes the space avallable,
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LITERATURR _STIY

History of lon E Exc“q" "

Records as far back as 7,5 A.D, indicate that man
has rOQOgnizod and utilized certain boneficial properties
of natural soils and aandn for the purification of water,
Hechod and Schubert (17) trace the davelopment of ion
exchanges technology bcginhins ui:ﬁ the firat obachttioéa
of the phonbuenou of ion oxchnngo by H. 3, Thompson in
1650, It was obnerved by Thomyaon that certain soils had
thi lbiltty to nbsorh ammonium sultatc uith the release
of calcium sulfate troa the soil. The mechanism of this
cxchanbo reaction was vitualxsod by J. T. Way as boings

Ca-so1l + Nﬁa.‘scg == m-»u + CaSOg.

The firtt ion exchange process, developed by
F. Harw im 1896, utilized & natural cation exchange of
silicate for the removal of sodius and potasaium from
sugar best Juice, The first successful large-scale
application of eation exchange was by 2. Gans, who synthe-
Bized inorganic exchange materials capable of exchangling
Nst for other cations, This material was used success-
fully for water softening and sugar treatment,

The inorgsnic exchangs materials developed by Gans
and others were limited by the fact that they were acid
sensitive sand therefore could not be utilized in exchange
reastions invelving acid solutions, The dlscovery of
exchange capacity of husus and other natural organle
saterials led to the development of sulfonated ¢oals which

5
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6
were duradle and inexpensive,

Only within the paat thirty years has the develop-
uent of 1ou exchange processes brought ion exchance to the
point of deing considered a unit operation., This recent
developyment in application has resulted from the discovery
of the ion exchange properties of certain synthetles resins
by Adams and Holwmes, Holmes was the first to synthesize
both anion and eatieon exchange resins, ’

The modern era of iom exchange teshmology beganm in
1544 with the synthesis of exchange resins froa preformed
polystyrens by G, D'Alelio of Gecueral Rlectric Company.
From these first polystyrene resing, the presently availe
able resins with greatly impreved capasity and msechanical
stability have developed,

Application of ien zxchaﬁgo to'Radiation Studies

lTho literature presented each year on the topis
cf Lon exchange and 1ts aprlicationa 1is iummarlzed
briefly by Xunim in the publication "Industrial and
Engineering Chemlastry”. The number of papers presented
annually has increased almost exponentlially eince the end
of World vWar I, Developments are continually expanding
in the application of ion exchanje wethods in the aress
of water conditioning, inorganic chemistry and hydro-
metallurgy, organie cheaistry, focd technology, biochem-
iatry, vante treatment, and related flelds,

Of particular interest in this investigation are
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7
the areas of hydrometallurgy snd waste treatment., Within
these brosd ficlds such worz has been done on the concen-
tratiﬁa and separation of the verious radionuclidesa for
purposes of waste treatwent and purification,

The technigque of rezmoval of fad1§1u0£0pea by ion
exchanze from dilute aolutxana has been 1nveatiaated by
Suope (23) using nuoloar reactor process waters, Appli-
eaticn of the sawe prtnciples for the aonoontrneion of
rudianuclid.s fruu environnental naaplou has been carriod
out by Boni (1) and (3) and by xrieger, Gilehrist, and
Gold (12). Krieger, Gilohrist, oad Gold have concentrated
radionuclides from rainwater xn a tto-column ion oxohango
proccnl. poni has developed a column containin; alter-
nate layers of catiou and anion rouln uhich h- has uaod
to conccntrntc rtdlonuclidna tron rain and ltroa- sazplea,
Tho eolumn dnvvloped by Boni 1: suitable ror diruct gamna
aualyala using a larce well -oiqttllgtion crystal,
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PRINCIPIES CP_TON EXCHAKGE

Fesina |

The resins used in this lavestigation were
powex 504-X8 and Dowex 1-%8. Both reging are prepared
from the same polyuer gatelix uhzch 18 rormed by the
co~polymerizat1on of styrene with divinylbenzene ina
pearl-holyﬂcrization from which nearly abh;ricai beads
are obtained, The amoant'of’diviﬁylbinzane'uécd in tho
co~-polymerization is lnﬁicated by the number “-x8" which
weans “UF divinylbensene”. Thq'quantity of divinyle- |
btenzene qnod'dictatﬁl the degree of oross-linkagze between
atyrene polymers. This oross-linkage results in a three-
dimenslonal "network" structure in the resin, The higher
the percentago of divinylbcnzoua the tighter the roszn
network. The roaln atructuro ¢an bve plotured two-

dinehsionally 83

Sots [fsﬁs ] Ceis  Cot
s 0 .--CH-CKz“CI:B--CHQ“ CKGOCHQ a .CCE”CHQ-OCECOCH - an
- Setly |
Cglis Cels  1n  CsHs
Soa
.....?3..632-.73..082--[?H.-CH%} ..?n..cua..ca..cxz..
g, 6 o S
dae --cﬂtucnz-vn s00
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9

Doviex 5C4-:3 is & strongly aceile, nuclear
sulfonated, styrene-divinylbenzene cation exchange resin,
Muclear sulfonation 48 carried out using sulfurle acld,
with the resultant introduction of erproximately one
gulfonic esid group per bencene ring. LDowex 1-X8 s a
gtronzly basie, quaternary ammenium type, styrene-
divinylbenzene anlon ex¢hange resin, The fonogenic
quatertary asmonium groups 8re introduced by treatment
of the co-polywer matrix with chloromethyl ether followed
by treatment of the chlorowmethylated resin with trimethyl-
suine, The reaulting product 13 3 quaternary axmonlum
salt (the chloride form of & strongly basie anion exchange
resin),

Conaldering only the benzene ring to which the
exchangable greups are attached, the two resins may de
represented ass

o TR WO+ CHg
] | + -
CH3
R
Cation Exchange Group Anisn Cxchange Goroup
Hydrogen Form Chloride Form

Ion Ixchan:a Theory

Since the first investigation of the phenomenon of

fon exchange by way in 1350, scientliats have &ttempted'to
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10
define & tiwory of loa esichange which would accurately
explain the olgerved facts about thias type of resction.
Tuiee genersl clasees of Lon exchange thedorlza hive baen
progosads '

(1) the Donnen membians theory;

(2) the doubdle-layes theoryj &nd

- {3) : the orystal lattlico exchange taeoly.

For the woat part all three theories are quite
similar in that the exchange of ions wust satlafy the law
of electroneut ality.’ The major differcnce in tha thres
theorliea 18 the poaition and orijin of the exchange site,
In each case thao exchanze site 19 in effect & fixed, non-
diffusible, ionie group sapable of forming an elestro-
atatlo bond with & saall diffusidble fos of opposite charge.

The Donnan meubrane theory, &3 applled to ion
exchange, eonsiders the interface betwsen the $91id phase
redin and the liquid phase tonis solution ag a somi-
poruesble wembrane., The exchange of lons through this
"gembrane” taked place in such & way as to satiafy condi-
tions of eolution equilibrium, ) )

the double-layer theory as applied te ion exchange
is o wmodification of the explanation of the electrokinetia
properties of sdlleids, Thia theory proposes the exigt~
ence of a doudble layer of electrical charge surrounding
the resin, The inner layer of charze is fixed (the resin
satrix), while the cuter layer consists of a mobile,
aiffuss layer of charged ions (the counter dons). It la
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11
this outer layer of fcns which ere pletured ee taking
part in exchange resactions,

The most eealily visualized picture of the ion ex-
change progeas, especially with prespect to the strusture
of polymeris organis resins, 13 protatly the crystal
lattice theory. Althouygh or;anic resins do not have the
erystal structure with definite lattice ﬁSinti found in
inorzanic winerals cxnibxtzng exchanbo propertioa, the
voainn do have cxnhanre sites created by aulronation,
nnmonatxon. or similar treatment of the co-polymer. At
these exchange attos a dirrusxblo ion i olcatroatatically
bound to the resin polyner networsi, Exchangc ogours
(depending on solution concentrstion and seloctivity) when
an fon of like chlrbo dirtuuoa into tho ros:u and
npproaehec the exchanze site,

The eésitgl lattloo‘fheory sccounts adequately for
the observation that ccrtainllargo wolecules can be effeo-
tively eliainated from exchange reactions ty virtue of the
fast that they are too large to diffuse throuch the watrix
of the polymer netuork; Tnis nchoning.orfcct can be con=-
trolled by using reains of proper oroanolinma'e. Ihe'
higher the degree of cross-linkage, the smaller the net=
wori in the polymer.

Kunin (13, p. 12) has shown that the exchanse
capacity of both anion and cation resins can be accurately
predicted froa the known content of nitrozen or sulfur in

each rclin type. The quantity of nitrocen and aulrur
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12
indicates the number of possible exchange sites, and it is
thus evident that exchange oc¢ours throuchout the resin
satrix rather than as & surface reactlion such a2 simple
surface adsorption.

Thacry of Column Creration

Samueleon (18, p. 103) haa stated that, "A de-
talled theoretical study of.column operation 1s quite an
involved task, and at'preaeﬁt thér& existb 0o theory in
which all factors are taken into eoﬁaider‘tion: Fortue-
nately, such a complato'ltudivli uﬁt eaaqntial to the
préper applieation“or 16n‘oichanso ieparitioha o o o0

when rigerous 1n§eutigatlou is undertaken. how-‘
ever, analysis ¢an be based on one of two establisheld
theoricss | | |

(1) the plate theory, or

(2) the theory based on continuous variadles.

The pléto theory wag originally developed':a a
theory for polvent extracticn end disiillation. later,
it was nadirzcd‘aomeuhat for application to chrouma~
tegrephic columns, For purposes of calculation and pre-
diction of eolumn performance, the column under iavesti-
gation 1s divided intc a aeries of plates or layers of
exchauys resin,. Eash plate is then considered to come to
equilibrive with the portion of esolution in contast with
the plate,

The theory based om eontinuous variables is the
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13
wore precise of the two and in non-mathematlcal terma can
bte explained a2 beinz a sonslderatlion of idcallzed aasump-
tions abvout the kenetios of tha lon exchange proceas, 7The
theory 13 eassentlally based om the principles of maze
tranzfer and utilizes a fors of waterial dalance--I8lie
(20, p. 7). .

The shape of the breaxthrough curve for & given
exchange reaction in a particular solumn i¢ goverued by
the type of exchange involved, i,8., favorsble, neutral,
or unfavorable. These sconditions correspond o systems in
which the selsctivity ceefficient for the 1oa preaent in
the feed solution 1s grester than unity, equal to unity,
or less than unity, respectively, _ _

¥ithin the exchangs Eone of the ¢olumn, local
equilibriue (required for theoretical prediesion of column
perforsande) will be iamproved by such factors as low flow
rete, reduced particle sisze, and increased temperature.
These conditions therefore lead to a sharpening of break-
through curves and increased column efficiency,

Mechaniasm of Column Oreratlon

Normal ion exchange column éperatlon utilizes a
¢ylindrical column of ion exchange resin in a relatively
dense, uniform state of packing charged with one type of
exchanzeable ion (neglecting for the moment the condition
of mixed bed ion exchanze). A feed solution of uniforw
¢onoentration ia introduced st ona end of the column, -
This solution pagses throuzh the resis column end diffuses
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14
into the matrix of tho resin particlea where exchange
takes place bolween the Lons present 1in the feeld zolution
and the counter ions of similar charge orizinally
attached to the resin, Equilibriun i3 egtablished within
each differential elénonttqr dap;h of the ¢oluan assopd-
ing to the conditions 6}‘de1cetiv1ty. flow rate, tempera-
ture, and goncentration. fThe conditions are such that at
the top (inlet end) of th; cSIunn the counter lons ure
displaced by ions fros the feed solution, estadlishing
equilibrius at that concentration, The feed solution
passes throuzh the ¢oluan, establisuing an equilibrius
state at each level of the solumn corresponding to the
feed concentration at that level, Gradually the uppermést
levels of the column becows gaturated with the lons pisied
up from the feed solutieon. This oondition of saturation
procaeds down the eolumn, prededed by & band of partial
saturation, As the band of partial saturation reaches the
bottom of the column, the sonsemtreation of the lonis form
orizinoally found in the feed solution increases until at
somplete saturetion the somposition of the effluent solu-
tion i3 identical to thas of the influent,

Healn Selectivity

The €quilibrive constant used in physical chemistry
i3 not cbnpletely epplicable o resin systoms, and it i3
thercfore customary to define a ters known &8 the sslectiv-
ity coeffieient, PMor & preain in lonie form B, placed in

8 aolution oflion A and allowed to cowe to equilibrius, the
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selectivity coefficient is defined as (5, p. &€):

Conc, of lon A Conc, of Ion B
” A oL in the jfiesin in Soluticen
( ) B Cotic., ©oF ivn Cuiic, of lon

in the Resin X in Solution
in terms of ilroactlou eqdations

A+ Bx“'__:: Ar+B

A more rigorous definition of the selectivity .
ccefficient fnoludes the activity coefficients of the {ons
involved in the reasction--Samuelson (18, p. €5), Sueh a
definition is required for precise analytical worx, but in
the present investigation the e¢omposition of the sawmples
te be analyzed is too coumplex to @llow rigorous investiza-
tion. A simple understanding of the basis for exchange
reactions will, however, 8id in explaining the observed
behavior of the waters investigated.

Being 3 form of equilibrium conatant, the selec~
tivity coefficient 1ia dependent upon many factors. Tem=-
perature and pressure have a minor effect and are of 1little
concern under normal sperating conditions, For a given
type of resin the factors which have the greatest effect
on the selectivity coefficient are the valence, concen-
tration, and nmature of the exchanging ions.

Xunin (13, p. 32) has sugzested the following set
of imperical relationshipes which can e used t0 relate
fon selectivity:
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(1) A% 1low concantraticus and ordinacsy teuyoras
tures, in an squesusd mediuw, the extent of exchiinie 1ite
crecases wlih insreasing valency of tihe exchanging ion.

(2) At low conceutrations and ordinary tempera-
tures, in an aqueous wedium &nd with constant valence, the
extent of exchange increases with increasing atomic number
of the exchanging ion,

Another general rule which 18 used in predicting
ionlc selectivity is that within a given series, as de~
fined in (1) or (2) avove, the alfinity for a given resin
dezrcazes &3 the size of the hydrated ion increases {5,
Ppe 9).

Donner (4) has repofted two series of selectivity
coeffizients (k) for univalent anid divalent ions on
Dowex 50-X3 rosin:

Toble 1, Selectivity Scale for Univalent Iona
oa Dowex 50-i3,

X K
L4 1.00 R 3.18
H 1.27 Co 3.25
Xa 1.98 by 8.51
NHy — 2.55 T 12.4

R 2.90
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Table 2, Selectivity Scale for Divalent Jons
on Dowex 50-2.5,

- | .
U0z 2.5 M 3.93 -
Xg 3.29 Ca 5.16.
in 3.47 - - Sr 6.5)
Co 3.78 Pd 2.91
cu 3.8% Ba - 11.5
Cd 3.88

The icloctivtty of Dowex 1 resin for certain
anion: can bc seen rrou the rollouing partxal listing of
valuo- raportod by wheaton and Bauuan (27).

Teble 3. Selecsivity of Dowex 1 for Monovalept

Anione.
k . Red
Salicylate . 32.2 . 0.18
lodide 8.7 0.27
Phenoxide . g.ﬂ . . 0.38
Bisulfate el 0.
Nitrate 3.8 0.§g
Bromide 2.8 0.40
Nitrite 1.2 0.51
Bisulfite l.g 0.48
. Cyanide . 3.6 -QJNT -
Chloride 1.00 wenw
Bicarbonate - 0.32 o.gg
Dihydrogen Phoaphate 0.25 0.
Jormate 0.22 0.70
Acetate 0.17 0,73
. Aminoacetate 0.10 0.77
Hydroxide 0.09 0.77
Flvoride 0.09 0071

Xa1 =z Equivalent fraction in the reesin phase,
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Table 3 represents the seasurezent of equilibrius
gelectivity ccefficients of Dowex 1 in the chloride foru.
These values were odtaimed by mixing 5 sl. (wet volume)
of vresin with 50 sl, of a 0.} N solution of the socdium
galt of the anion under iavestigation. The value X.3
sepresesnts the ion freations of the total capacity of the
resin which is present in the chloride fors under
equilidrium conditions, These values sre reported be-
esuse 1t has been found that the value of k $8 not
sonatant over the range of 1onic ratiocs, X,3. The value
of X,; 48 turn relates %0 equilibrium eonditions and is
contentration depsndent,

It should be noted that altheugh the values .
reported are for Dowex 1 in the ehloride form, the same
ordar of selestivity weuld d¢ smintained for the sesin
410 ether fores, 1.0., hydrexide as used 18 this study.
The sagnituds of the values of k for Dowex 1 &n the
hydroxide fore weuld have €O be detersined experimentslly.
- - The effest of selestivity 1s greatly affected by
the toSal ionie doncentratien of the selution uander ia-
vestigation, eapecially 1o exshanges iavolviag sultivalent
fons (6). As the solutien besemes stronger, the effeet -
of selectivity becomes smaller. In the case of exchange
of univalent 1ons for trivalent 1ons the selectivity
cosfficient is inversely proportional to the square of
the total solution concentration. :

" The fundamental principles of column exchange
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19
operations briefly dessrited adove fer the ¢ondition of
exchange of a single pair of ionic forms ere greatly
complicated when @ solution of mixed ions (as found in
environmental samples) 1is coniideied. Sclke'o'atttemcnt
(20, p. £5) that, in wixed solutions ‘. e « the time for
appearance of the poaka Dnlximua concentrations) of
dirforont solutes sill be proportlonal to the relative
affinity for each noluto. can bde appliod to the behavior
of various 1onic rorns found 1n an cnvironaontal lllpl‘.
From the tablon of selectivity coefficients (Tablea 1
and 2) 1t is seen, for ozanplo, that the selectivity
soefficient for Dowex 50-X8 resin for cesium is 3.25.but
that the eoefficient for the divalont caictu-‘ion is 5.16,
troa this 1nroruat;on it can be seen that although the
resin column Qili 6rrdet1volr remove both ions froms a
solution prior to saturation, the coaiuﬁ 106. sorbed by
the resin BRy actdally be dlabllced'by calciua a8 satura-
tion 1is apprdachod. This dilplnocnens will cause a band
of saturation rOQ 60:1un ion to travel through the column
ahead of the band of saturation for calcium ion. This
sane rolationsyip holds true for all ion speciea tound in

the feed solution, with the result that ions for which the

solution before actual column breakthrouzh capacity has
been reached, It is for this reason that quantitative
concentration of redionuclides can be accomplished only

prior to colusn saturation.
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UL INN FUCHANNAR CoITrey

Column Preraration

The upflow column dollgncd for concentration of |
environmental lamplel consists of a 1-1/8-1nch by 3-1nch
polyethylene cylinder, closed at one end (LnPinc Sciontiric
Coapany. Tk2-68. No, 115). The column containc a7ea
31;:. tube oxtonding to thc bottou or ‘the column, tha
lower end of which ia fitted with a #k or #0 CaFlug
pooitiouod to croato e void voluno :round tho bottoa of
tn. ecntral roed tubo. thiu void provld.l ror ‘the collec-
tion of large loud paruczn.' The ria of the CaPlu.f_; is
porforuted to allow the uamplo watar to paas rrtalx out
through 8 lay¢r of Pyrex zlaaa vool (Cat. No, 3950)
packod around the c:rluz. - -

The rcsin partiole oizc choccn tor applicution in
thc uptlou bod 1nv¢|tisacton was 200-&00 wesh for both
tho anion and eatiou resina. This corresponds to a
particle aizo reange ot 0.07# to 0.033 ma,

| Tnc fine aosh resin was chosen for leverul or its
benef1cial properties. | o
|  (a) As shown by Samuelaon (13. p. 106), breai-
throush cnpacity 1- groatly 1norolsod as particle lizo is
docruanod. | )
_ A (b) Roddofion in particle liil ioproves breake-
through curve characteristics (18, p. 106).

(c) The time for exchange equilibrius 1s dircctly

20
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el
proportional to the square of she particle diameter (18,
p. 93)0 - ' -

(d) The resin sets a8 a filter, holding particu-
late s0lids at the dottos of the bed.

(¢e) The fine sesh resin has alse been used by
Bovi (1) t0 ¢olleet colloidal clay particles io river
water sauples which have absorbed radicactive cations.

A resin eross-linkage of 8% divinylbensens was
ehosen for both anion and cation exshangere. This 1s @&
sedium degree of cross-linkage and prevides a stadle resin
which does uot swell excessively when wet,. The -X8 resin
10 mere selective in its exchange reactioms than resins -
with & lower degree of crosg-linkege. A4lso, 1% 19 not
subjeet to large volume changes with changes in tounic forw
88 sre lower cross-linked resins (18, p, 152)., Reaction
equilibrium 1s resched st & slower rete with the -i8
resine thaa with lewsr cross-linked resias, dut this
effeot is miaimised by the seleoticn of the small particle
200-400 mesh resin,

- . The Dowex 50W resin was used im its originmal hydro-
gon fore. The selectivity coefficient of Dowez 50 im the
hydrogea form with 8§ divinylbenzens is given in Table 1
as 1.27. This 18 comparadle with 8 selectivity coeffi«
elent for salciuve of 5.16 and for cesium of 3.25 (see
Tables 1 end 2),

, .The Dowex 1 resin used was converted to the
hydroxide form by passage of an excess of 10% sodius
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22
hydroxide sclution over the resin in a column operation
prior to mixing the two resin types. In the hydroxide
form the reain has a selectivity coefficient of ©.09
relative to chloride at 1,00 and lodide at 8.7. Tue
selectivity coefficient of Dowex 1 in the free base
(hydroxide) fore is equal to that of fluoride (see
Table 3).

The resin bed above iho glass wool layer is placed
in the form of a slury, In the case of ths 200-400 mesh
nixed resin uded in this investigation, the resin required
packing to obtain a bed of uniform density. All steps in-
volved in the formation of the resin bed must be done in
such & way as to avoid the formation of air pockets within
the bted, as thess tend to obatruct flow and produce a non-
unifors bed, .. e _

The top of the resimn ded is covered with a second
layer of glazs wool and the eolumn ig fitted with a rubder
stopper drilled to accommodate the centrel fced tube and
an effluent tube consisting of a bent seotion of S mm
glase tubing which ean de vtaovod‘tor'eolu-h counting.

The couponents of the upf low oolu-i and the sssembled
column are shown in Figure 1.

The physical charscteristics and cepacity of the
resin bed may de virlcd to meet the requirements of nearly
any form of sample ooho.ntratioa.. Unless stated other~
wuise, all columns inveatigated were prepared using Dowex

£0W-X8 cation exchange resin in the hydrogen form and
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Figure 1. Upflow Ion Exchange
Column and Column Components.

Figure 2. Fresh Ion Exchange
Column irtght) and Exhausted
Column (left), showing discolora-
tion at bottom of column due to
concentration of particulate
matter from 10 liters of reinwater.
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Dowex 1-X3 anion exchanze resin in the free dbass or
hydroxide forwm,

The two resins were wmixed 1n the ratio eof 1.5:1,
anion to cation (by exchanze czpacity). 3wope (23,
P. 1101), while workinz on the removal of wixed fission
oroducts from tap water (adjusted to & pH of 2.5 with
nitrio acid), has utilized mixed bed oolumns with a ratio
of 211, anion to cation (by volume), The results of her
investigation indicated an initial breakthrouch of the anion
resin, The suZsestion was therefore made that a ratio of
311, anion to cation (by volume), be employed. In this
investigation use of & retie of 1,5:1, anion to sation
(by exchange sapacity), results in a ratio of approxi-
wately 2.511, anion to cation (by volume).

The columns were prepared using 14 grems (moist
weight) of mixed resin., The compacted volume of this
resin was equal te 1,07 inchee3 (0.000619 feet3).

golumn Qégratiqg ‘ _

~ Conditlons of operation of upflow columns require
a balﬁn&ing of factors affecting column performance,
Sugh flctora’na flow inte. pH adjustment, and c¢oluan
dluen:ioﬁ. u#at be considered and conditions chosen which
prodﬁco thc‘boat over-all results,

Tho.nanuracturvrn' recommendations (6, p. €1) are

for'tlon‘ratca of frow one to ten gal/min/ft2 for normal
size columns, Other investizators (23, p. 1030) and (2%)
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have ghown that for ontimum orneration with wixed bed
resins a flow rate on the order of 2 gal/min/rt3 is
desirable. On the dasis of the manufacturers' recormendas-
tiona the flow rate chosen for the column shoull be frow
138 to 13.8 ml/vin, while on the dasis of Swope's inves-
tirations the mslected flow rate should be 4.7 ml/zin,
A flow rate of approximately 10 ml/ein was chosen for
upflow column operation, The flow rate selecteld provides
for the concentration of a 10 liter sample of water in
under seventeen hours, as ¢ompared with a time require~
ment for the broaoﬁc evapbrat;on_iyatcl in oxcess of
thirty hours toé oonéontratioﬁ of the -au; volume when
sultiple samples are being prepared.

The column dimensions choasn were dictated by the
available counting equipment, The existing gamma spectro-
graphisc analysis equipment in use in the laboratory con-
siats of a Kuslear Chicazo, Model DS-303 Scintillation
Well Detector ce¢oupled to & uueléné Data 512 Channel Ganwa
Analyzer. Theé sodiunm iodido'(thaliiul activated) orystal
19 three inoh;a in dismeter and has & well 1-1/3 inches
in diapeter by 1-3/A inches dsep.

The well dimensiona severely limit the size of
samples whieh may de ¢ounted accurately, A2 & result the
dimenaions of the column chosen are fer from idcal, %he
length-to-dlameter ratio su;iested by Samuelson for
column operstion (13, p. 158) is between 10 end 20, . The
length-to~diameter ratio utilized 1n this investigation
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Figure 3. Gamma Analysis Equipment

Consisting of Nuclear Chicago,
Model DS-303 Scintillation Well
Detector and Nuclear Data 512
Channel Gamma Analyzer.

Figure 4. Detail of Secintillation
Detector with Upflow Column in
Crystal well.






7
is only approximately 1.6. %his limitation on solumn
depth undoubtedly has a very large effect upon coluan
breakthrough capasity, Sawuelson (18, p. 109, Fig. 5.11)
shovs graphically the effect of dspth variation for cone
stant resin volume,

Another important faetor wiich must de balanced
as to temafisial and detrimental effecta in eclumn opera-
tion is pH adjustment., 7The additiom of resgents to the
sample under investigation increases the total ionic eon-
sentretion of the solution, If the ions added for pAH
adjustment have a high affinity for the reain in the
eolumn, the capaclity of the column for the removal of
radiosctive 1ons will be decreased. A second censidera-
tion is thet the exchanze capacity of cation exchange
reoln decresscs as the hydrogen ion content of the in-
flueut selution increases--saasuelson (13, p. 110,

Fig. 5.12)s BSwope (23, p. 1083, Table 2) has demonstrated
the effeot of reduction of bed capacity at low pH but

also points out that at & pd of 7.0 "The decontamination
fagtors,; . «» «» are Dot a8 great as at pH 2.9, undoubtedly
because wons 0Ff the rediocactive nuclides would be in fonis
fora a8 the lower pH, whereas some, such as Zirsonlum,
would be colloidal at pH 7.0." (23, p. 1087).

dince the purpose of sauple concentration is to
quantitatively deteraine the radionuclides present, aone
ditiona must be chosen to give the most couplete rewmoval

from the sample. By pH adjustment it 1s therefore
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necessary to sacrifice sample volume to obtalin more
neerly guantitative concentration,

- Ju her work on the removal of mized fisaion pro-
dacts by means of concentration on mixed bed resins,
Swope (23) has uged nitric acid for pH adjustwent, The
sitrate anion added has a selectivity coefficient for
Dowexn 1 resin of 3.8, as compared with a selectivity
coeffieients of 0,09 for hydroxide ion (see Table 3).

Krieger, Gilchrist, and Gold (12) have reported
the use ©of hydrofluoric acid for the concentration of
ngs « Bb9% 1n the form of a fluoride conplex on anion
exchange resin, The additicn of hydroflucrie acii for
this purpose may also be utilized for the dcsaired pHd
adjustment, Makinz reinwater solutions 0.007 4 in hydroe~
fluoric acid, a8 su;zested bty Zrleger, Gilcohrist, ani
Gold, results in a pH of arpreximately 3,0,

Utiligation of hydrofluoric acid for pH adjust-
ment also produces another benefizlal effect. The
selectivity coefficient for fluoride ion on Dowex 1 (as
geen from Table 3) is 0,09, which is identlical to that
of bhydroxide fon, In dilute solution the exhaustion cf
the arnion resin by replacement cf OIf" with P™ wi1ll be
small compared with the replacement of OH™ by NO3 If
nitrioc acid 18 used for pH adjustuoent,

Juccessful operation of the upflow column requires
that no alr be allowed to enter the column as 1t will be=~

cowme trapped and work up through the resin, resulting in
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23
channeling. This requircment restricts the utilization
of thu_columnlto_aamplea low in dissolved cas content,
If, for example, ivrainnatcr saaple which 18 below room
teuperatgru ia ﬁasaed throdgh the uﬁtlouAéolumn. dise-
solved gnses ars released as the sample warms resulting
in §h§ buildup of gas pockitl withinvtho bed, Gai
pbckgt formation was not observed with samples which
had been brouzht to room temperature. This diffioulty
;éﬁ be Gvercome bﬁlrenoval of diaiolvid'saaoa:at low

prﬁs'urc before pagssing the sample through the column,






LABIRATORY IRVESTIGATIONS

Effects of Sonlids

Krieger, Gilchrist, and Gold (12), in their in-
veastization of the cohcent}ation of radionuclides from
ra&nu;ter..oepuratcd the -uapﬁnded aolidn troh’tho panrle
by filtration prior to panuing the uater throuzh the
anion and cation columnt. Boni (1), on the other hard,
has concentirated particulate iattér frdu hil sauzples by
weans or l layer of glasa wool over the relxn.. This
tecond npproach is wore denirnblo tor grogs sample
analysis since only one counting period is required.

The quantity of suspended 80lids present varies
greatly with aanplo type and smong individual :aaplcl
of » sivon typo. For oxanplo. a atreanm nay show wide
variations in !ulpondcd 8011433 load from day to day as a
result of rice;t surface runoff or stream pollution,
Ralowater may be pearly free of particulate matter or it
may contain a rolativoly large amount of 8olids, depend-
ing upon ataoaph.ria conditionn at the ttao of the rain,
In periods tollouins nuslesr bomb detonations particulate
fallout saterial may bde present in the r‘léwator. Small
rediocactive particles may be adsorbed by lerger mon- .
radiocactive solids, or they may be assimilated by bacteria
into the structure of biologlcal growths uhich in turn
nay be adsorbed on the surface of solida, Each of these

cases demonatratea the need for inclusion of euspended

30
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solids in a groass saxzpls analyaia.

Table 4 demonstretaes the effect of filltration on
a sample ot'nsid river water oontainxhg 8 mixture of fis-
sion product isotopes, The water tested was fisd Cedar
River watar uhioh was allowed agplo ilne for bilolngical
uptakoe and surface adsorption of the isotopes,

The filters used were Millipore Filters of the
sizes indicated, The filter efflusnt was evaporsted on
plastioc sheets which were deta-gamsa counted using an
end window Jeiger-Nuller counter. . Ons liter of ssarle
was passed through esch filter.

Table 8, Effect of Filtration on Aged Riverwater.

Filter Size cﬁiﬁ%u%::o nfﬁﬁgtfgn
0.01 % 8.6 crit 99.92
0. ¥ 5.9 crd 99.90
d.‘lS vd 11,6 CrH ‘99.80
0.8 % 14,7 c74 $9.75
1.2 7 13.3 cr 99,78
5.0 7 11.2 cPy 99.82

Blank 5,966 CPl ——

Percent . Count_fate Blank « Coun$ Rate Sample z 190
Reduction ount nave hlang

The removals obtaiucd wore o:oontiully tudopondont of
ttltcr tiae over tho size range teoted.

A cooond run waa sade a8 beroro using aa a riltcr

& plug or fine Pyrcx glass wool, Table 5 gives the
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results obtained in this test,

Tadble 5. Filtrltion of Azed Riverwater Throuéh

Glass ¥ool, .
: : Effluent fercent
Filter Count Hate Aeduction
Glass wWool 128.8 CcpX 23.15

Elanx 6,973 Cra ——

0o £iltration tests indicated that {iltration of
certain euvironmental sazples through a bed of glass wool
resulted in subsgantial removals of solid particles and
thelir asgoclated petivity,

Farly Unflow Columns

Early inveatixatior: cf upflou cclumng mat with
varying deg recs of success 1n thc conocntration of
radioactivity trom rainwater. These tirst upflow columnn
were aimilarAin deaizn to later columna with the excep-
tion that thé column 1taeit was'glaaa inastead of poly~
ethylene, | |

The ralnwater used in these first tests was not
fresh, but had been atored in an outside sollection pan
and later in‘tho laboratory. 1The water used was nét
aurticiéntlj uniforw in composition, especially with re-
gard to adapendad golids content, to provlda good comrara-
tive reaulta among tho eolunng tegted, The cérly coldana
nurtered trou & lack of standardization and unlrornity

which waa later attained when larger nucters of columnsg
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were prepared at the same time.. Despite all of these
1isitations the first four eoluans utilised for reinwater
sasple concentretion indicated dertain gemérsl trends.

The perdentage removal of motivity, whea somparing
the aount rate per liter detected om the ecluma with the
count rate per liter for an identical tea-liter evapirated
blank sample, ranged from a low of 38.3% to a high of’
101.5%, 1% appeared from initisl tests that under the
proper couditions results comparsble to these observed for
evaporated sauples might be obtalmed, . - .

It was apparent thats the removal of astivity by
the colurn was uot complets, ' The eolumn efflvent aativity,
a8 detected by the process of evaporation and counting
13entical %o that used for preparetion of the blank
sacple, renged froa 20,53 to £9.9% of the astivity de-
tected for the blank., As & result, the total astivity
detacted by the combination of column operation snd
effluent evaporation renged from 69,5 to 186.3% of the
sotivity dotected from the blank, ..

Another charscteristic of ceolumn operation

observed in early investigations was that ¢oclumn remcval
efficisncy desreased siznificantly as the ssople volume
increased, When an additional five liters of sample -
reainvater were passed through ¢olumns which had received
ten liters of sample previously, the unit activity -
(CPM/1) detected on the columns decreased by approximately
19%, The unit activity of the final flve liters of
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effluent showed an increase of from 28 7% to 107.3% over
© the unlt activity detected in the initial ten liters of
efflusnt,. The éauac of this increasze in értluent activ-
1ty wag the fect that the ¢olumns were being operated
teyond their breakthrough cppaclt; and the activity
_originally retained on the columns was boins eluted into
the artluent by nonradioactive ions with a hihher affinity
for tho rca:n. :" S '

Theec early investigations indicated that column
unltornlty ahpuld be studied and steps taken to ensure
wniformity of ssmples used for purposes of'conparilon.
Also, in order to better evaluate oolumn perforsance with
'ruapoat to the evaporation method, a study should be made
with rezard to geometry effeots and the relative effi-
olencies of the two methods. Fimally, the sdvissbility
 ‘ofqp§ob6n1n5'furtbor investizations should be deterwined
. by conducting tests on actual rainwater samples and
‘ ovaluating ecolumn performance with respect to the evapora-
tion'-cihod,l'Tnbla 6 shows the results obtained from l&me

of tho early ‘¢olumns tested,

Column uﬁzrofmq

. The hnirormity of column preparation has been
investigated by conducting treakthrough studies on six
sots of cclumns, Each column get consisted of four

1dentical upflow ¢olumns containing 14 g, of resin
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Table 6. Results of Early Column Iavestlgations.

Condition Investigated Golumn
A B C* D

Ionic form of cation resin. Nat Nzt H* nt
Ionic form of anion resin. OH™ OH~ CH™ OH™
Feed rainwater pH. Neutral | Neutral | Neutrai 2.5
Activity, 10 1. rainwater
evaporated (CPM/1). 32.42 32.42 32.42 63.15
Activity detected on column
(liter 1-10) (CPM/1). 18.29 32.93 26.6 24,35
Activity detected in effluent
(l1iter 1-10) (CPM/1), 6.66 27.53 29.18 19.6
% of blank activity detected
on column, 56.4 101.5 82.0 38.5
% of blank activity detected
in effluent. 20.5 84.8 89.9 31.0
Total 7 of blank activity
detected. 76.9 186.3 171.9 69.5
Activity detected on column
after 15 1. (CPM/1).. - 26.82 38.2 19.64
Activity in final 5 1,
effluent (CPM/1). -—- 57.10 * 25,22
% decrease in unit activity on
column after passing 15 1.
compared with unit activity
after 10 liters. -——- 18.6 - 19.4
% increase in unit activity of
final 5 1. of effluent as com-
pared with unit activity in
first 10 liters. - 107.3 - 28.7

* The results of Column C are not reliable due to ineffective
transfer of solids to the column from the first ten liters

of rainwater.
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mixed in the ratlo of 1.5:1, anioen to cation by ex-
change capaolty, fZThe resins were in tho hydroxids and
hydrogen forma, respectively. The effect cf pil on column
caracity was atudied at the gaue time by a:plylug fead
goluticna of different pH and ocondustivity to each of the
geta of columns, '

Measurement of effluent condustivlty waa chesen
as the eritecia of coluun performanca tecauvae it offered
the advantagze of beln; a siuzple teat which reqguired no
time-consuming procodures, a3 would evaporation and
aotivity counting, Conductivity measurement 13 alzso a
tent with a relatively hizh dezree of senaitivity,
especially over the range of particular interest to this
investization (the conductivity ranze of rainwater).
Conduativity wmeasurements, in dilute solutions, are
directly related to total fonic content of the solution
tested.

Test molutions were prepared using tap water
diluted with distilled water to Lrin; the conductivity of
the feed solution to the deaired conductivity levels pH
sdjustuents were mede with nitric acid. Conductivity and
pH of feed solution ang effluent were meagured at one
1iter increments, Corductivity measurements were wade
veing an Industrial Instruments Company “Solu Bridge”®,
and pH meagurements were made using a Beciman “Zercaatic®
PH wmeter,

The firet four geta of colunng tested demonstrate



- . - 't - - :
. ‘
. . . . .
- . .
. . ¢ -
- " il -
- - . [ . . Z
. DA i
’ . i o
- - - 3
. . . oo .
. . s - » .
PR . .
- - N h g e
A
\ N c o
. oSy
.. a oo - . -
E N e et e e . .
. . A . « L .
v N =
- - ! . .o
w7 = i .
P P Y VI . .
3 I S T PRI
. . [NRS A
" N - .
. - B . L.
v D S SN - Lo e .
. f RN .
-~ . .. N - - -
Lo . e A ) .
' . : -~ o ey ¢ - . -

[ '
~ e da. - ..
e - o 3
- , = . -
P
. - e e e
- ., .
. - 4 - [V .
& .
. P
e T
- - —~ D)
. A
PRI V'.. - ‘
L oe e e s
R R .
. P M. .
- b e =t e -
. .
F . s -

> . -
v PN L
P R ) B
s P
.- . B
. ~ 4 Wy e -
. kY

. S I s
R LR SRS SN
. : L., .
A v a2 oo X
LY - LI
it S e e e e se -

- U 2 S
. R 3 ‘¢ - -
~ o e e




27
the depree of column uniformity which cen be attained
th*oueh caﬂwrul golumn proegaration &and operation, . The
fivat uﬂﬁ or.colunns received & feed golution havin: &
natural pH ot ayg"oxiwstelv 2, 7.‘ Sets tws Bid three
recelved recd solutions whieh were nearly noutnal, and
set four rece;qu a feed solution of approximately 3.4,
Sety fiva ang six ﬁere ut1lizeqd t5 show the effect of
diaturbanaea wl tbin the eclumn on unita"mltx.\
calumn 20 of sot five was utilized arter the

contral teed tude had bees maved ¢ayalng d!aturbancc of
the v&ain.» ¢014ana 32, 33, and 35 of set six r.oaivod
feed nolution artar air bobbles had been allowsd to form
at the bo?ton of -the resin,—In doth instances ehannennb
resulted caue&na aarly breakthrouéh of tha column. with
a rouultinu ron‘ﬁn formity of res¢1tl._ Tnbles T throuoh
12 ahow tha results of column uniformity daterninationl.
| It lhould be ncted that the unit of conduqtlvity
meanurcﬂ tor coluzn nucters 10, 11. 12. and 13 18 1n
ﬂl@POhuﬁﬂ/k@.n The unit cf conductivity weasured tor all
ctnzv colunnl.ln in ppu 3823, The data 6: colunn
nnmbar@ 10 throuoh 13 was obtained using & Solu Bridge,

1ch upou pubsequent calibration wes found te give rnad-
lnga uhich nera not 8 linear function of the ionig OOn-
tent ‘of tnu :olution tested. The data of this set of
four columaa 13 therefore nct coxparable with that o! tno
romainins fivo sete of coluvns, The observations obtalnod

lro usaful, however, for the purpcse of demonatrnting
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Column Breakthrough and Uniformity Determination at Low pH, Using Identical 14 g Columns.

Columns #10, 11, 12, and 13.
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Columns #32, 33, 34, and 35.

Column Breakthrough and Uniformity Determination Showing Effect of Channeling
Due to Air Pocket Formation.

Table 12,
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5.6

6.0
6.5

7.5

32
0.2

0.2

0.2
0.2
0.2

0.2

0.2

0.4
0.9

2.4

3.3

4.8

5.6

6.5

7.1

7.8
8.3

9.0

_ Feed
Solution

pH
3.7

3.8

3.8

3.8
3.8

3.8

3.8

3.8

3.8

3.7

3.7

3.8

3.8

3.8
3.7

Cond.

12.5

11.0
11.5

11.0
12.0

10.5

12.0
11.5

11.5

12.0

11.5

11.0

12,5

12.0

12,5

13.0

Liter

No.

10
11
12
13
14
15
16
17

18
19
20

11.8 ppm NaOH

Average Feed Conductivity

3.8

Average Feed pH
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column uniformity within ¢he sgct. :

Conductivity readings for eoluin nutkbers L4
~ through 35 were obtained uaing a different 30lu Ig 1dua
i from which conductivity readlinza wera obtained 23 prm NadH
ﬂ (or mg Nadil/ilter)., Readlogo Obtulned foom this metaer
; were a linear funetion of fonis concentrasion of the
. golution tested.

. Tha data of Tubles 7 through 12 are plotted in

 Plzures Sthrough 10, The ordinate of each plot (V x Cy)

r&bresonts the product of the volume of feed solution

paesad throushi the column timey the conductivity of the

foed solution, when conductivity unitz erpressed ag ppn

| HavH are used, the ordinate valucs represzent oz NadH
&prlled to the coluwn,

The slgclaza of cach plot reprezents the removal
efficlency of the column, defined as (1 - Co/C3) x 100.

Ce = Coluwn effluent conductivity,
C1 = Column influent conductivity,

Proo the data obtalned 1t iz evident that coluans
can be prejared with a satlzlactory degree of vniformity.
tiequate care in preparsilion 123 requlred, however, to
gavsid disturbances within the bed which may cause channele
~ing of fluid through tha :ealin., Frovided that pooper sare
S ip taken duriny c¢olumn pregoration and operation, it 10
‘ the nu*rsr'u conclusion that suffizlently uniform results
can be obtained fron ucflow column operation to be aatl.-

tactorw tow the purpose of radicnuclide concentration,
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Effect of pi
Fizgure 11 is a plot of the averaze values obtained

frem the ¢olumn breakthrouzh studies of Tables 8 threugh
- 124, The plot represents removal efficiency vs. ionic load,
| [(i - Co/Cs) X 100 vs, V x Cy] and demonstretes the effect
of pH on removal efficiency. At approximately msutmal pH,
the total column capacity is substantially reduced as com~
- pared with yemoval eapacity at lower pH.
‘ It should dbe noted, however, that a sudbssantial
- portion of the solution ionic coneentration applied to
: the eslumns opereted at 1ow pE levels comes from She acid
‘: used to reduce the pH., Increased removal of redionuclides
g at low pi 18 the result of conversion of non-ionie
. collolids to an lonis form which 18 hld on the resin--

| Swope (23, p. 1087).
g |

- Effect f Counting Geowetry

‘; , ., <%he method of sample preparation pressntly

; px!lﬁc{tm i this ladoretory for gamsa analyeis of liquid

| suvironmental samples consists of econcentration by

: mpmtzou. The sazples are placed on & sheet of plastis

f11m on & "drying table” and ultreviolet lamps are used

%o evaporate the sample to dryness (Pigure 12). The

. plastic f1lm is then trimmed, folded tightly, and placed

| 18 & plastic Mottle which fits into the well of the ecuat-

“ing orystal (Figure 13). Sasple veluses up to ten liters
can be plased 1in each secticn of the 4drying tadle. wWhea
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Figure 12, Evaporating Table for
grying Liquid Samples on Plastic
1lm.

Figure 13. Upflow Column (right)
with folded plastic sheet contain-
ing 10 liter evaporated sample to
be placed in 17 ml. plastic bottle
for gamma analysis.
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& plastia ghoet capable of sccommodating & ten liter saumple
is placcd in the dateator crystal the entire volume of tpc
well is filled, Thls results in & geometry effect due to
the poor Eounting conditions near the top of the cryatali

Filgure 14 relates detscted sctivity to variation
of depth for a source of congstant activity, Tea ml,
sanples of &n isctope sclution were diluted with distilled
vater to the depths indicated and the resulting count :
retes obunrved‘ Extrapolation of tno curve to gero dapth
results in a theoretical count rate of approximately 6&0
counts per minute, This is :pproximatoly 135 percent of
the count rate observed at full ucllzdepth. bclt-abaorp-
tion uithtn the sample has not been coalid.red. ,

egwplc preparation which diltributca the sctivity
of the aa@plu throughout the full volume of the crystal
well results in this sawe type of geénetry effect. 1In
the dsnxgh ef the upflow ion exchange cocluma this soomctry
effect has teen winimized by concentrating high nctlvity
20114 particlea at the bottom of the colnnn.

ggalmation of Somple Preparation Methods

The evalustion of upflow column performance with
respect t; the practice of eonceutruﬁion by evaporation
on plastia sheets has been carried dut with both natural
and artificial samples. In one neriea of teats, ten ml.
port;on! o; ' paxedlzectope solution were gamna counted
in tho‘v;ll of the scintillation detector to determine
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900 |-

800}

700 |-

~ Depth of Crystal
600 |- ~ Well 1.75 inches.

500 |-

400

Observed Activity (CPM)

300}

200

100

0.00 0.50 1.00 . 1.50 2.00 2,50 . 3.00
Depth of Solution (Inches)

Figure 14, Variation of Count Rate With Sample Depth.
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the effest of various fectors on total count rate, %he
following 13 2 surnary of the conditions studied and the

roeaults oktained,

(4) Ten wl. of & uniform isotope solution ware
placed in each of three polyethylene bottles, idsntical
to those used for upflow ¢olumns, %he solution was
diluted with distilled water to a depth of two inches
{(approximately equal to the depth of pecin in prepared
upflow coluwns), Forty-ulnute gsuma counts of each

gample were taien,

Table 13. Gamma Activity of Agucous Isotope Solution,

Sample Nuwper Camma Astivity
B-1 €33.9 ¢&
B-2 €75.7 CPH
B-3 €18.7 Ccrd
Avera:e 684,84 CPH

{(B) 7Ten wl. of isotope solution were mixed with
énch of three one~liter volumes of tap water and passed
throuzh three upflow columng, Each ¢olumn %ag gamma
eounted directly and the effluent from cach column was
evaporated to dryness on plastic film and gamma eounicd
in & emall 17 ®l, plastic bottle, Forty-minute zamma

ecounts were taiien of each sanmple.
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Table 14, Gamma Activity Removal From Tap Water.
Camxa Actlivity QGamma Activity

Ssmple Rumber of Column of Effluent
PB~-1 485.6 CPH 46.3 cra
PB-2 540.3 CPH 8,7 ¢pA
F5-3 2,7 CPi 6.7 CP4
Average 551.5 CPig 20.6 CFPHd

(C) The test of series "B" sdove wae reran, -
substituting one liter of distilled water for the tap
wateor in each case. All other conditions were identical.

Table 15.” Gamma Activity Removal Froa D;ntillod Water,
Gamma Activity Gacma Activttf

Sasple Nusber of Column of Efflueat ..
. IB-B . s87.1¢P8 = 20.8 cPm
. PB=5 %95.86 cmu 0.4 €PN
FB-6 534.8 Cpit 114,1 CPN
Aversge 572.6 CPH 44.8 Cru

{D) Ten ml. of isotope solution were sdded to
sach of three one-liter volumes of tap water and evapo-
reted to dryness on plastic fila., The plastic was then
triosmed, folded, and placed in small (17 ml,) plastic
bottles which were gamma counted directly. It should be
noted that the folded plastisc sheets for one-liter samples
extend only 3/4 of an inch above the bottom of the oryatal
well. They thus provide & relatively good scounting geome-
Sry. Jorty-minute gamma sounts of each sasmple were taken.
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Table 16, OCamms Activity ia One-Liter Evaporeted

Samples,

Sample Kumber | éamma gofivity |
E1-1 73.1 CP
El-2 |  904,0 CPH
E1-3 §12.4 CPX

Averaze 896.5 CpM

(B) Ten ml. of isotope solution were added to
each of three ten-~lifer voluses of tap water and
evaporated to dryness on plastiec fils, The plastio was
then trismsd, folded, and plseed im polyethylens sone
tainers identicsl to those used for eolusn preparatien.
The plastic gheets extended t0o & height of approzimately
twe inches (egual to the depth of resin in a prepared
eolumn), PForty-sinute gamza counts of eech sample were
taken.

Table 17. Gamma Activity in Ten-Liter Evaporatcd

damples.
dample Rumder Canma Activity
-£10-1 658,7 cru
. E10-2 626.6 CPN
E10-3 647,7 CPM
Aversge 644,33 CrM

A comparison of these results provides a good .
picturo of the effect of sample geometry and ooupocatxou

ou total ‘observed count rate for the methods of onnplc
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preparation under luveatigation, VYor purposecs of compari-
son it is assuzed that the results of series "D’
(evaporation of one iiter of sasmple contailning 10 ml, of
isotope solution) are the opsimuw results expssted., The
aversge count rete observed for this wmethod wam 8396.5 CPi.

The obaerved aversze count rate for series “AY,
in which the seme activity wae dispersed im water solusion
to 8 depth of two inches, was 64A.0 CPi, The detected
sctivity was 71.8% of the assumed optimum.- this reduction
in activity 1o 1in ¢l0se asgreement with that anticipated
fromthe effects of counting geometry, Self-absorption
within each type of sample is a factor sontriduting to
eountd rate reductions this efféets has not been fully
evaluated in this study,

The oouat rates detected ia series "B" amd “C°,
after passing one-liter portions eof tap water and dis-
tilled wvater, reapectively, through 18 g, columnas, are
61,68 and 63, 74 of the assumed optimus value, The ob-
served npparont 1ncr¢ano in ortluont activity with thc
diattlled vater samples 18 bclicvcd to have been cauaod
by 1oakngo due to channeling ratber than by actunl column
broakthrough. The ract that tho nvcrabo column count
rate is higher for eoluans rtociving distilled water than
for thone rocciving tap water ll attributed to the fact
that tho high ionic content of tbo tap water has causcd
a noro eoapleto distribution of netxvity througliout the
dcpth or the column, As a reault, the effect of counting
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geszetry hag reduced the okserved c¢ount rate for the tap
water samples.

Ser1¢:<“Efv1- @ direct eveluation of the sethod
of evaporation of 10-liter samples. The results obtnined
indicate an apparent efficiency of 71.87%, whiceh is ‘
1d§nt£§al to that obtained for a uriform dispersion of
. the activity in acriaa"A”. The close ngreeuent of the
regults obdtained by these two counting motnoda 1ndicato
thd* the effect of self-absorption vithin the plaatlc '
ahaet 1: approximately the same 88 that which results
from nelt—absorption by water.

~ Leakage of activity from the columns te:tcd in
~ serles “B" and "C" only partially accounts for the de-
- ereased detection efficlency observed, The spparent
Qrfcet or uolt-abaorption is 1a the range of fros three
Vto li;ngf;ccat.¢ Surther invcstlgation in rodqirod to
fully‘evaluata this effect.

COluun Pertormuncc with Natural Samples

Aftnr investigating column uniformity and perfor-
nance eharaeteristlca uzing ertificial samples, an CVllul~
tion ot column performance wag conducted using trouhly
colloctcd rainuater. Two sets of four colusna each were
run ueing rainwater which had been adjusted with hydro-
fluorie acid to & molarity of 0.C07T M. Identical tene
liter samples were passed through sach column of the set

and a fifth ten~liter sample was evaporated to dryneas on
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Table 18. Rainwater Activity Determination by Column Method.
Resin Ratio 1.5:1, anion to caticn by exchange capacity.
Columns #37, 38, 39, and 40.

Condition Investigated '~ Column Number
37 38 39 40

Ionic form of cation

resin. H ): H* nt
Ionic form of anion

resin, OH™ OH™ OH"™ OE~
Resin proportions anion

to cation by exchange

capacity. 1.5:1 1.5:1 1.5:1 1.5:1
Weight of resin (g). 14 14 14 14
Feed rainwater pH. 3.0 3.C 3.0 3.0
pH adjusted with HF to

molarity. 0.007M 0.007M 0.007M 0.007M
Flow rate ml/min. 10 10 10 10
Activity of feed, 10 1.

rainwater evaporated

(cpM/1). 33.93 33.93 33.93 33.93
Activity detected on

column (CPM/1). 34,28 48.50 26.43 32.26
Activity detected in

effluent (CPM/1). 15.93 25.08 15.58 13.94
% of blank activity _

detected on column, 101.2 143.0 107.5 95.3
% of blank activity

detected in effluent 47.0 73.8 45.9 41.2
Total 7% of blank

activity detected. 148.2 216.8 153.4 136.5
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Table 19. Rainwater Activity Determination by Column Method.
Resin Ratio 1l:1, anion to caticn by exchange capacity.
Columns #41, 42, 43, and 44,

Condition Investigated

Column Number

41 42 43 44

Ionic form of cation

resin. H* HY Bt Bt
Ionic form of anion - - - -

resin, OH OH OH OH
Resin proportions anion

to cation by exchange

capacity. 1:1 1l:1 . L:1 1:1
Weight of resin (g). 14 14 14 14
Feed rainwater pHa 2.9 2.9 2.9 2.9
pH adjusted with HF to

molarity. 0.007M 0.007M 0.007M 0.007M
Flow rate ml/min. 10 10 10 10
Activity of feed, 10 1.

rainwater evaporated

(cpM/1). 13.40 "13.40 13.40 13.40
Activity detected on

column (CPM/1). 11.17 11,98 11.74 12,28
Activity detected in

effluent (CPM/1). 13.83 12,49 10.38 9.38
% of blank activity

detected on column. 83.3 89.4 87.7 91.6
% of blank activity

detected in effluent. 103.1 93.1 77.4 70.0
Total % of blank

186.4 181.5 165.1 161.6

~ activity detected.
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plastic f1ilm, Tables 13 and 19 show the resulta of this
series of tests, 3esln proportlions were adjusted in an
attempt to determins if column performance could be
improved by uslng a larger percentaze of cation resin,
The average results for the four columns of each set
weret
Table 20, Averaga Raluwater Removal, Resin Ratio 1.5:1,

anion to cation by exchange capacity, Columns
#370 33: 39, and 40,

Activity of 10 liter blank 33.93 Cc¥/1
Activity detected on column 37.87 ¢ri/d
Activity detected in effluent 17.63 cri/1

Table 21, Averaie Rainwater Removal., Hesin Ratio 1il,
anion to cation bz exchange capacity, Columns
#‘41. “2, 183, and “o

Aotivity of 10 liter blank 13.40 CFW/1
Astivity detected on ¢olumn 11,80 cr/d
Activity detected in effluent 11.52 CPH/1

The activity deteated on columns #37 through 40
was 109% of the activity detected in the evaporated blank.
These c¢olumns c¢ontained an anion to cation resin ratio
of 1.%11 by exchange capacity, Coluwmns £41 through 44
econtained an anion to cation resin ratio of 1lil, The
acﬁivity detected on these columns was only 83§ of that
ﬁotoétod in the evaporated blank, These results seea to
confirm the observation of Swope (23) that higher removal
efficiencies sre obtalned with anion to cation resin
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ratios greater than 1:l.

The results obtained from this series of teste
are siatlar in one respect to the results of the early
golunn tests using reiowater, in that the sum of the
activity detected on the colusn and in the evaporated
effluent 48 greater than that detected in the evaporeted
blank, The sus of the sotivity detested on the colums
and in the effluent renged from 136.5% to 216.6% of that
detected in the blank. This effect is undoubtedly the
result of & variation in esounting efficiency for the two
msthods.

Althoush adequate data ia not availadle for an
exadt efficiency detersination £or each method, certain
ebaervations can be made which will bhelp explain this
apparent inerease is activity, ZFirst, it is evideat that
the column is not eapadble of Quantitatively sossentrating
the aetivity from ten liters of reinwater. 7This ip .
apparent froa the feot that there 18 activily present in
the effluent,. The sotivity passing through the column 1s
ionic ia fors rether than particulate, sinee the soembination
of glass weol and resin bed form an effective filter. It
18 delleved that the activity passed into the effluens is
the resuls of seluss breakthrough in whieh iens of low
affinity for the resin are passed into the affluent first.
A peduction in asmple volume should result in quantitative
removal,

A second factor which helps to explain the
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apparent increase in astivity observed is that the resin
column 19 very efficient for the concentration of partic-
ulate matter at the bottom of the column., The high
activity nsloéiated.with tpo’selida_t:oa rainwater samplen
is therefore eoncentr&f.d by the upflow column in the !
ponltion of optimuu eounting 3eonetr7 1n the botton of
the cryatal well, Figure 14 indicates s linear rolation-
ship ‘between count rnto and depth of sample for :amplel
or eonttaut activity over the range of depths 1nv¢at1¢at'd
(0 94 to 2, 44 lnchal) This straight line rvlatlonuhip
has boon ‘extrapolated to zero deptn r‘sulttag in a pre-
dicted minimum thaoretical count rato aqual to 136% of
that detected at full crystal well depth. For orystal
nelll 1n which depth 18 lar:e compared with well radius,
however, thn activity detected would bn ezpected to in-
crease at an 1ncreasin@ rate &3 the eamplo depth is
reduced. A® a result, when hizh acztivity solid ptr@ialoa
are retained very near the bottom of the coiunn. the
actlvlty detcctod may be high enough to result in the
npparont 1ncreaaol in eample count rates cxperiencnd.

The ionic activity retained on the colusn and
that eluted into the effluent and detected by eounting
the pltatic sheet 18 dispersed throughout thc‘vdluno of
the crystal well and therefore is affected by both
seo-.irw and self-absorption effects,
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PI3CULSION -

The study of ractora~1nr1ucnc1ng the development
of a system for the qﬁnntitativq cbpcéntvatian of radio-
nuclidnt rrob liqﬁid anvlronmentglya;mplel for difect
gauma abaiyail using the co#nting equipwent available
has accomplished the basie works for achievinb its
objoctlvi. The upflow column developed providea for th.
conccntrntion of all particulata matter prcaone io tho
sawple lnd the naJor portion of all ionie fornl up to
column Srcakthrouah ' Upflow column decigu ninimizea the
effects or counting geometry in thc crystal uoll of gamma
ccintillation equipoent by conoentrntlng namplc activity
at or near the bottom or thc colunn wvhere optluu- count e«
ing is aébiovcd. ?11tr¢txon ot nolid natoriala is
ottoctivcly achieved uithoat tho buildup of a mat of
solids over the resin surfsce which obstructs flow (aa
has been experienced with downflow oéiumna). Upflou
coluuu: can de fabricsted to meet the roquirouontl set by
avnilahlo eountina cquipment fron tnexpenaivo. raadily
available uaterlalu. Colunn preparation is simple and
unitorn columnl can be prepared oauily.

~The size 1imitations impoged by the nvnilahlo
crystal uell havo liuigod the eize of column suited for
direct counting to such an extent that the rﬁnin ecapacity
i. exceeded when ten—liter rainwater samples are passed

through the cclumn, Limited experimental results indicate
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that & eadple sise of from five $0 seven liters of rein-
water should not exeeed the capacity of the 14 g. columns
tested, - Additional investization is required to determine
more precisely the maxious gample size applicsble, The
author feels that the coluwmn size liaitation is the major
faotor restrioting utilization of the wpflow aclumn for
congentration and direot gemna enalysis: The method c¢an
be utilized sucdaessfully with large volume saumples if a
Jarge volume orystal well is availadle to acoommeodate the
column sige required, -

when such eguipment is not available, the practice
¢f sample evaporstion on plastic film with subsequent
direcs counting of the plsstic sheet may de utilized to
advantage, The avaporation sethod say also de¢ utilized
for eomparison of results cbtained from upflow eolumn
operation,

Eash method offers certain advantazes over the
ether, The upflow column offers savings in time of
sample preparation and apace requiremssnts ag cospared to
the evaporation method. Sauzple handling dupring prepara-
tion 19 not required with upflow columns as 4% 1s io the
trisming and folding of plastic sheets following evapore-
tions 7The sample contaliner is cowpletely clesed during
eolumn operation, while the evaporation process requires
that the sample be exposed to the atmosphere and aetive
ity may de loat or gained in the form of qust,

- The eoncentration of 2011ds at the bottom of the
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upflow column may result ian an apparent high eount rate
from this forw of sativity, but if colusn capacity is not
excgeded and well velume is sufficient to provide reason-
able counting gzeometry for the entire depth of resin this
effect Bhould be minimized, In this respedt the evapora-
tion method providss the advantaze of & completely uni-
form sample ia which particulate and ionic sctivities
are uniforwly dispersed. 7The resultiug count rate is
tharefore affected only by gecmstry and self-absorption,

Segverel of the results odtained ia She evaluation
of oolumn perforwands with regard to the evaporetion
sathod showed astivity variations in exsess of those
predicted by statistical variations due to natural isotope
decay, The sample astivity and counting period were
chosen in sush a way as to produce an expected variation
in count rate of less than ome percent from identical Sen
®l, isotops solution samples, In spite of this fact,
astivity variations for idsntical conditions showed an
averagze variation of approximately team percent amonz She
samples tested. uhile other factors (such as gawss
anslyzer instability resulting fros tempereture variations
within the equipment and fatizue effects) may have gon-
tributed to ectivity variations in the samples aounted,
the major esuss of such variations is believed to have
Meulted from a lack of uniforwity of sample,  Examination
of the stosk igotope alxture from which the tem Bl, por-
tions were tsken disclosed the presence of & fors of
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biological growth, The dispersion of this growth was not
homogeneous and thereforse uniforw sszple preparation was
not possible. A4lthough the samples prepared lacked the
degree of uniformity desired, interpretation of the
results odtatned is still useful im evaluating the
sethods under investigation.

The statiatical error to do expected with five-
iiser reinwater aamples having & unis activity ef 25 Cr¥/l
and alleying a forty-ainute eounting period wish 325 Cr4
backsreund ip approxisstely 3.5%. 3Statistical reliadility
will be Lnoressed using larger sempls volumes oF longer
counting pesriods. Reliadility uwill alse be inereased if
sample estivity 418 higher than 25 CPi/1, but at this Sine
this appeavs to de Adout the level of astivity present in
ralnwater samples. L

Conaideration Las deecn given to severel fastore
selating to the deaigh and opegetion of the upflow.
solumm. %he resin tonie forms utilized were chosen bansed
upon the high affinity of Dowex 50W and Dewex 1 Pesits 1in
the hydrogen and hydroxide foras for all of the ieonie
forms normally found in environsental samples contalning
wixed fiseion products. A flow rete of spprexisately ten
Bl, per minute was selected with consideretion for hoth
iton exchange reastion time requirements and sample pro-
csssing tize, These two foctors have been balanced in an
effort to obtain satisfactory exschange reactions within &
reasonadle procesaing time.
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Adjustment of sample pH levels to approximately
3.0 has been sarried out using hydrofluoric acid, The
louering of pH has bdeen shown by others to produce pore
somplete reacval of radionuclides fros aquecus samples.
The use of hydrofluoric acid for pH adjustment gserves
two additionsl purposes. It forss &n anionis complex
with sirecnius which ean be cotasnhireted on anion exshange
resin. Due to the low selegtivity soefficient of Dowex 1)
ia the hydroxide form for ths flueride atiom, pH sdjust-
ssnt using hydrofluoric ssid reduces the amount of ex~
chatige sapacity takea up Ly nonrdioastive anions
associated with ether acids utilised for pH reduction,
Purther investigatiea of this seeond effect 12 required
to fully evaluate the increase in ¢ppacity obtained,

The anion to cation resin ratio schosen for mixed
bed operation has been baséd upon similar investigations
by Swope (23) in which she proposes the use of an anion to
cation resin ratio of as wmuch &g 311 (by volume). The
author has utilized an anion to cation resin ratio of
epproximately 2.511 (by volume) or 1.5:11 (by exchange
capacity)., It is felt that basing the resin ratio on ex-
change capacity rather than volume is more meaningful in
regpect to the reactions taking place, and it is a terwn
which ¢an be readily translated {rom one reasin type to
another,

The use of an anion to cation resin ratio greater

than 111 is opposed to the logical expectation that since
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71
moat radicactive ions are cations & larger proportion of
cation resin should be utilized. 7%his wazm apparently the
resgsoning of Boni (1), but Swope (23) ham shoun Lmproved
reczoval (waile sacrificing sauple size) uzing a hish
anion to ecaticn rutic in a mixed bed,

Eiutriation of activity froa the upllow columng
for the purposes of radiochemical separation or further
anaiyata has not been atiempied, but such & procsss should
be no wmore complicated than the reverse flow elutriation
of normal downflow columna. A slightly higher percentage
of the particulate matter from the sample may be retained
on the oolumn due to deeper ded penetration, but all icnie
activity should be readily digplaced from the column
simply Sy reversing the direction of flow in the elutria-
tion step,
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CONSLUSIONG

’ha cvaluation of the upflow iim exchanie ¢oluan
dnveloptd 1n this ctudy has led to the folloulng conclu-
gionas

1.' bpflcn celuuna can be prepared with sufficient
unito:mlt: to be aatxstactory for radionuclid; concentra-
tion provided that proper care is taxen during eolumn
preparation and operation,

2., 380114 particles froa environmental sanples are
concentrated at the bottom of the resin column where
counting conditions are optisum,

3. Liazited results have shown that an anion to
cation resin retio of 1.511 (by exchangs capasity)
produces more complete remsoval of activity from ralnwater
at low pR than does & resin ratio of 131,

4, The 1A g. resin columns studied did not have
sufficient exchange capacity to quantitatively concentrate
the activity from 10-11ter samples of reinwater.

5. Dus to the limitations imposed by availadle
orystal well dimensions, the 14 g, upflow coclumns investi-
gated would not contain sufficient reain to te satisfac-
tory for concentration of stream water sam;les.,

6. 7The wethod of evaporastion employed offers the
advantaze of producing a uniform saaple, The countribution
of particulate and fonic activities to the total observed
sctivity is a direct functlion of the gquantity of the two

72
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forma present,

T. Sasmple evapyoraetion on plastic shects can be
utilized for any type of liguid environoental sample.

8. The evaporstion method may be utilized as
the method of saaple preparation for direct analysis
when column capacity would be exceeded by the sample
volunme required for statistical reliability.



FUTURR DIE3

Both methods of sample preparation studied require
further lnvestigation, The following studies sheuld be
undertakent . .

. Upflow eolmﬁrs&thmugh &;iuu: for rein-
vater samples should be determined.

2. %The etfo'ot on totai éolm eapacity when
nydrofluoris #cid 1s used for pH sdjustment, as opposed
to the use of nitric acid, should be evaluated.

3. 7The optiaum anion to satiom resin ratio for
removal or radionuclides from environmental samples should
be determined. . | L

4. Methods should be developed for the utiliza-
ticn of sanples prepared for gamma anslysis for subsequent
beta analysias using uqniﬁ ssintillistion mctroarup!iié
methods, Resin a'aap'le’a' eould be treated in several waysi

A Aativity held on the column could be
;{::r;:::gasfu the coluan in a reverse

"B. The resin could be wet or dry ashed
prior to beta zample preparation,

5+ The evaperation method of sample preparetion
should be cfaluﬁd uth mt to sample uniformity and
counting effiolency,
6. &R&bﬂrﬁios of both the ion exchange resin
and plastio sheet utilized for evaporation rhould be

daiemlned.

(&
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