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by Paul Allan.Blakaalea

Thia tncIia axaaiaaa tho cavalOpucnt and evalua-

tion of an uptlcu ion axchcngc column forlthc concantra»

tion and cubccquant dlract gamma analycia of radionuclide:

tro- anvironuantal camplca. m column baa bean davaloyad

specifically for’cptimun counting geometry in the well of

a three-inch sodium iodidc (thalliu- activated) acintilla-

tiou sell detector: hcuavor. modification to othar cryatal

dataction ayctcua 1a pocaiblo.

The investigation of column characteristica and

parfcrnanco uaa conducted using a uixad bod conciatiog 0!

Dose: sou-18 and Down: 1-xa rocinc. Pnyciccl and chemical

factors affecting column partormcnca arc dilcuclcd and

obaarvcticna of column uniforoity and capacity arc pre-

aantad.

An avaluaticn of column pcrforncnca ia given nith

raapcct to both actual iaotcpa ronoval tron prepared

lccoplcc and tha'axiatins method of concantrctina liquid

covironnental couple: by avaporction on plastic :11-

rollcucd by gamma analysis or the plastic film.
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fienitgring of {lug Envircnngnt

The prcaenco of man made radioicotOpcc in rain-

water and curfaoc watcrc in c phenomenon created by the

330 of nuclear technology in which no live. the major

aourcca of thia potentially hazardous contamination arc

nuclear'uccponc testing, nuclear power reactor operations,

and unatcc fro: nuclear rcaoarch cpcrnticnc.

The potential hazard to the health and nofoty of

man has bacon. on item of international concern, as

witnccacd by the hourly worlonidc'accaotancc of tho

nuclear Test Ban Troaty of 1963. Although environmental

pollution fron*ncapona tcating has dooroaacd aignificantiy

ovcr the pact fun yours. thorn atill Quilt! an urgent .

mod for the «inlay-ant of “prom not... for miter.

in: ndioactivity pro-ant in our amino-ant.

. It ia hopad.that thin invaatiaation hill to con

«13.9 in tho chOIOpnont Of a monitoring crotch‘tapcblo of

rapid and quantitative analyail of tha ndioncclidaa

rpnlaont in liquid.cnvironlantal aanplca.

'Tho an. of ion axchcngo rocina for the concentra-

tiontof rcdionnaiidoa for direct gal-a analycil in by no

means a has technique. but it is hop-d that tho Iodificau

tiooo in cpparatua and proceduro presented in thin piper

*uill oak. thin method more applicable to routine aanplc

Juanitorin¢.' The concantrction of cnvironnontal couple-

on ion cxchangc resins can occult in a significant caving

l
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in tin. and apaca involved aa nonparad uith evaporation

nothoda; skillful and praciaa laboratory taohniquo in

not raquirad aa with nodiochcnioal nothoda.

ilthoughaoaplataly Quantitative unalyaia ot

aiaad iaotopo annploa in not poaaiblo uaingpraacnt

apootrogrophio nothoda. it in hopad that in the near

tuturc tho combination.o! guano and onto spectrognaphio

analyaia will plaoa thin nathod on an aqual footing nith

tho not. todiona and tina~conanains procoduraa of radioa

chanical analyaia. flhcn‘thio day arrival the octnoda of

ion unchango conccntrntion will banana v.91 unaful

tacnniquaa.

£53_;gpocntorprlou Column

Conventional ion axohnnga column operation con-

aiata, in ita ainpleot torn, of a packed column of ion

oxchangc rosin which rncaivca a 24.4 aoluticn at the top

of tho column. Flow through the colnnn ia downward.

aided by hoth gravity and hydrcatatic procnura iron the

fluid abovn. Savaral invcatigatorn [honi (l) and (2);

Kruger. tlilchriot. and Gold (12)] g and other. raw. uacd

tho donnrlou colunn nothod of ion exchange for tho

ranovul or rudionuclidca fromenvironmental nanploo.

. Tho Ion activity level: round in cnvironocntal

natcr’aanplca preclude any proccaa of direct counting

uith cquipncnt proacntly available. .Bcckground lavalo

on tho ordar of lofro/l are connon, particularly in
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aortaco oatoro-uaruno (8). Concontration on ion aachango

raaino or ionio Korma of tho radionuclidoa prcaant io

ono of aovorol cathoda which hao provon to be of valuo

in incraaoin; aanplo counta to a lovol thorn statistical

roliability can to obtainod within roaaonablo counting

porindl.

Ono of tho uniquo toaturaa ot onvironoontal

aaaploa ia tho prooonco ct onapondod.ooliao in tho aampla

to ho invootigatod. particoloél: in rain or atmn utcr.

Tho-o aclida can to troatod.ia ono of too uoya: tho

acnplo no: to praiiltarod to aooovo tho oolido. or tho

cocoa oaoplo any to acolyaodt Filtration roaulta in tho

oooooal o: a rolativoly largo portion of tho radionuclidoo

found.in rain and.atroaa aaaploo. toa'aoao applicationa

thin ooporation no: to dooiroblo: honorary {or routino

oonitoring'aativitiao a emu analnio o: tho lanplo any

alto a ooro adoquato piotuoo of tho condition of tho.

oaaplo. In ouch a caoo it in dooirablo to concontroto

both particulato and dialoltoa portion: in ono container

for counting. Tho dounfloo column doaignod by Bani (l)

and (3) haa boon uood for thia purpose.

Ono of tho lioitationa or thia ccluon una tho

atonpago of flow caoaod by tho buildup of particulato

aattor’ovor tho oppor'ounfcco of tho rosin. Tho option

colunn introduced by tho author in thin paper olioinatoa

thia for: of flow obstruction. Flow enter: at tho botto-

ot tho column and diffuacn upward throu3h the roain ted.
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Largo solid particles are retained in a void volume at

the bottom or the column and thus cannot torn a not on

tho ronin.aurfoco capable of blocking flow.

Solid particulato matter concentrated from rain

and atrcan water samples has been shown (22) to contain

a significant fraction or the radiooctivity found in ouch

samples. The concontration or aucpcndcd solid: at tho

hotton of tho upflon column provides optimum counting

geometry when tho column is placed in tho well of tho

scintillation dctcctor for analysis.

Tho donntloo colunn dosi3nod by Boni (1 ) and (3)

was significantly lar3ar than tho option oolunno investi-

gntod in this paper. Tho crystal coll avoilahlo to Boni

.for gaunt anolysio or his aanploa nonsurod Bul/fi inches

in diameter by 6 inches dong. whereas the cryntal uoll

ovailablo {or this investigation honoured lvl/B inchca in

dichotor by 1-3/3 inches coop. With this aiaa linitntion

it haa'hoonunocoosnrx to doaign a column which moot

ortoctivoly utilizos tho space available.



 

D , _

I .I I l

‘ l D

. - r ‘ ‘ .' ‘ ’ U

l

. - . . 'l b

. -' - I

I ’ <

. . l

v I . i

.

, A ~ ,

, ‘ . ,- - .

. * . L .

. ' : '
_ . , , .1 A u

‘

. n ‘ . . -.

‘H .u v v A -' . 3 ,

. ‘ 1 s

v
. u - l'

‘ \

t . ‘

.

. -- t

-1

, .

on _ B 'l ". . ..

- . . . 4 o . ~-

. 7 .

a , ' .
1 -_ ..

r O . _ ,

u

g ‘ l ‘7‘ u r

t H a ,g *1 ._

u

.4 -5 .. i

.

u ‘ u q

' ' . . ‘ \

3 ‘ I
, . . .

.- ‘ -- - '

.._ . .t

I

3" ‘

- c ‘. , 4, 43

, s n _ fl

, ~

.' I

. _ . n

 

.‘ 4 , .—

..

u .. ‘ v > I '

o . ' 5.. 1

I ‘ . n. 5. f r. '

* . ~. "4! v“
3...

l

4. ~ ')

, .

or J . a l

r

' r

, . ’

I
. A» o .

V ‘ ,
. “ ... . (r-

.1 '. . . "‘

A

, ~ L

a

a ‘ a 'v

. . - Co

I

e» '- 3‘
i I r

\ . - . a :

~. . ‘ - . .

. - \‘6.
i

4" L ‘- "

- I ‘

'.- J u -

A ~ , .. .\ ~

'. ’ ‘ 0 f0.

 

«
-

a

A. M ‘

' ,

‘ a 2 v . o’v

.. L4 _

_ \I . , .‘. 3‘

Q '1' _.

.
, . . .c

, A B. M

. .—

,. ' . .4

D u

1..

 

1 ' p

I. n w 1, .,' ‘6. I:

h .g .. P '

:3 .1 . 3 ‘ _,A

. a

. L . I.“ 1. h.

f . 0 ‘~ a 4 f:

w '7 ' a .-

I P'

1' _‘§ \

 



132731317”"' 3 BY

flislomi‘ Ion3W

 Rcccrda aa tar baca ca 755 A.D. indicate that man

baa recasniaod.and utilized certain beneficial propertica

of natural coil: and node for the purification of water.

Rachcd and 3chcbort (17) iraca tho dcvclopueatof ion

cxchangc technology begincing uitfi in. {irat obnervcticca

of ma phoncuenoc ct inn exchange by H. 3. Thompson in

1850. It «in cburved by Thompson that cartain aoila bad

inc ability to abnorb ammonium sultatalith the ralaaaa

9: calcium auirata rm iha coil. Trio uchaniau of this

cxcnangc «action was viaualicad by J. T. Hay aa lacing:

Ca-aoil + Hanan-fl_— Ear-non + C3303.

The fix-at icc axchnngc prcccaa, dovalcpcd by

7. flat- ia _13963_ctiiiaad a natural cation “change or

aiiicatc for tha naval of cardiac and petunia from

am: but Anion. Tho fir-t auccaaaful Larva-acne

application “cation ”change can by a. can. who lynche-

Dim inorganic cabana. material: capable of exchanging

Ba” to: other cation. - This tutorial can and acccaaan

fully tar «tar softening and sugar tnatnant.

the inorganic autumn materiala developed by Gan:

and 9th". Ian limited by the fact that. they an acid

Jami“?! and thomtora could not be utilized in millage

vacation involving acid auction. The discovery of

exchange capacity of tin-Isa and other natural organic

utoriala lad to the cavcicpmcnt or culi'onatad coala uhich

5
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6

acra durabia and inaxponsiva.

Only tithin.tha past thirty years has tha decolon-

acnt of ion axchangc proceaaaa brought ion axohcngo to the

noint of Doing conaidarad a unit operation. -Thio recent

devalopnant in application has roaultad tron tho diacovary

at tho ion.CXchanga prepartiaa of cartain aynthatio retina

b1 Adela and animal. Eclaaa aaa tho firot to aynthcaiaa

both anion and oatioa-axchangc rcaina. ‘

Tho aodarn ara of ion axchanga technology began in

lyhc‘aith tho ayntnoaia or aacnansa racin- troa preformed

poly-tyrana by c. D'ilolio or occorol Electric company.

Iron thaaa firot polyatyrana calico. tho praaootly'avail¢

abla vaaina aith graatly inpravad capacity and mechanical

atatility nova dataIOpad.

épplication;of lon Exchange to;R§gigticn Studies

’Tha litarotura presented each year on the topic

of ion cachanga and ita applications is aumcarizcd

briatly by Konin in tho publication ”Induatriol and

Enginacring Chooictry". Tho number or papcra protected

annually baa incraacod almost exconentially ainoa tho and

of florid bar 1!. D¢V010pment8 arc continually orpanding

in tho application of ion exchange methods in the area:

or aatorLconditioning, inorganic chemistry and hydr0~

aotallurgy. organic chcoiatry. food tocnncloaya biochem-

iatry. uaota treatment. and related.tioldo.

Of particular interact in thin investigation arc
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the areas of hydronctallurgy and wait. treatment. within

thooa brood fields ouch work has been done on the concen~

trction and coparction or the variant radionuclide: for

purpose: or naata treatment and.purirication.

Tho tochniquo or removal of radioiootopca by ion

exonnn3o from diluta colotiono baa been investigated by

Boone (23) coins noclaar reactor.proceoa waters. Appli-

cation of the acne principlca to: the concantration of

radionuclidan tron environmental conploo boo been ccrriad

out by Boni (l) cnd.(3) and by Kricgor. Gilchriat. and

Gold (12). .Kriogar.‘cilchriot,oond.Gold.bnva concentrated

radionuclidoa from rainucter in a tnowcclunn ion oxcnongo

procaaa. .Boni has developed a column containing alter~

nata layora of cation ano.anion raain which no baa noad

to conccntratahradionuclidaa trcavain and atroaa aanploc.

Tho column cavalcpod.by Bani iaanitablo for diract gonna

analyaia coins a largo coll acintillation cryatal.

i
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The rea1na uaed»1n thin iavent13atisn warn.

Dowex 505-18 and Down: 1-88. Both roa1ha arc prepared

from tho lama polymer matrix.uh1ch 13 formed by the

co~9olymer1zat1on or Ityrcno with divinylbcnzene 1a I

pearl-polymor1zat1on from uhtch nearly spherical beads

are obtainod.v The amount of divinylbcnzcne used 1n the

co~polymrizat1on u manned by the number ‘f‘ 8" «men

manna “8% divinylbonzeno” .‘ Thu quant1ty or d1vinyl- _ V

benzene unad dietatol the de3rnc of oroaavlinka3o between

atyrann polymers. Th1n cross-11nk330 rasulta in n thrao»

d1mena1onsl “network” structuru 1n the rus1n. The h13her

the percentage of d1v1nylbonzeno the t13btar the rou1n

netucrk. The roa1n atructura can bo pictured two-

dimohaionally as:

I

6635 3 [$655 ] c635 $553
I l

noo--~CMKZ”CH~-CH2«
Uzi-mafia a "CH”CH£¢-C&OCH2--

$533 .

. . . --Ta.-czxa-.c‘m..cxe..[cn--caz] "(fancnzncaflcazu

0511: 05115 11 (3535

$638

"'“*fi38~““2-‘°3-°52-*[?”~-°Hé] ..$ng.caé.-cn..ca2--

B
c " c3. c
635 36H“ 535 685

'0 I O -ucfi..{;fiznd O O O
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”Dome: fiGR-X8 is aafirong1y_aceilc, nuclear

Daltonated. Ityrena-divinylbcnxane catlan exchauac resin.

Nuclear aulronation 13 carried out using sulfuria acid,

with the raaultant introduction or approximately one

sulranic acid group per benzene ring. Bowen 1~XS in a

ntrcngly basic. quaternary ammonium type. styrene-

divinylbcnzene anion exchango resin. The loungenia

quafiernary ammonium greupa are introduced by trontncnt

or tht co-polymer'aatrix‘uith.ahloromethyl other'tollouad

by treatmant of the chleromcthylatea resin with trimethyl-

amine. Thu roaultina product is a quaternary ammoniun

salt (the chloride term cf a strongly basie anien exchange

resin). _ n. f_ _

Geaaidgrlng‘anlx the bonsono ring to which the

txnhangablu 33°09! urn attachnd. tha two resin: say b0

npnaanted u!

 

7""3“
0;-3...0 CBS

l
| 7+ .

CH3

'3

Cat1on Exchange Group Anzsn Exchange GrOup

Hydrogen Form Chloride Fora

$99;Exchangg Sheena

Since the firat investigation of the phenomenon of

ion cxahange by Hay in 1359. acientiata have attempted to
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dmfina a theory of 10a ezcflanga which would accurately

explain the ohsérvod facts abaut this type of rw&ctian.

wares general classes of ion exehanga theories have been

progoeada

(1) the Donnan nemhrana theory;

(2) tna daublavlayep theory: anfi

‘ (3) =th¢ crystal lattice oznhanao taeory.

Forltho was: part all thrue theoricu 1r. quite

31-11.» in that thn canning. of ion: must satisfy the law

of olnotroneutrnlity.* The E2392 difference in the three

thiérlci 1: the position and origin of tha exchange aite.

In Clch can. the oxahango atta 18 in effect I fixed, non-

diffuaibln. ionic group capable of turning an electro~

itatlo bond vita O‘Inail diffusibll ton of Oppositc charge.

The nonnanftnnhrahd canary. an applied to tan

exchange. Caaazdovl the interracc botuoln ind 19116 phase

viiin lfid the liquid punt. teal: solution llAl nemiw ‘

porucablo Inlmrtue. Tho Otahlaao of loan caravan uh:-

“uonbrnna‘ inkai plant In ouch ; any :- ta nutter: condi-

tion-'0: colution.oqu111br1uu. ' "

Th0 «cubic-layor tutoryln flapliea to ion exchange

1- a Ioaiticattoo of the oprQnatiea of tho olectrOKInetia

gropcttloa of 66116165. This theory proposes the exist»

anon or a Gothic layur or olactrioal chargt'surroundxng

tn. atlzu.' The inn.» layor 0! chars: it fixed (tho resin

Iler183,‘vhilo the outcr layer consists of a aobild.

«mus an: a: chargad ions (the emmter 10m)... 11: u
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this Omar layer at 16ml! which an pLetum'd as taking;

part 1n cxnhango reaet1onn. -

The most eaa1ly v1nn3112ed.p1cturo of the ion ex»

change precaaa. capacially w1th rasgeat to the atruoturo

at polymeric organ1c resins. 1: probably the arystal

lattice thear~1 Although.organia resins do not have the

eryatal atvucture u1th def1n1tc 1attice p§1nté found in

1norgan1a minerals cxn1b1t1ng exchange prepartiaé, the

resin: do have exchangc lites created by!aultonacicn.

nnmona11on. or 01milar treatment or the co.polsmer1 At

than. cxchango 31193 a d1rrua1blo 1ou 1: olcatroatat1cally

bound to the raa1n.polyner network. Exchango coaurl 1

(depending cu solut1an concentrat1on and selectivity) when

an 1am of 11ko charge diffuses tutu tho roa1n and

approaches the exchnnza I1tc.

Th0 ctsitgl lltt1oo {beefy acceunta adequately for

tho'ohachltiou that corta1u largo usleculel dun be otroan

tivuly c1151nated tron exchange gcact1oaa by virtue of tha

he: um” um 111 1:16 16:59 1:15 411'!an thmugh the matrix

of the polymer nétuork1 This Ichoni 3 effect can be con-

trolled by using realms of prepay cross-linwa'e. The.

highcr the degree of cross-linkage. the aaaller the net-

ucrfi 1n the polymer.

Kunin (13, p. 12) has shown that the exchange

capac1ty of both anion and cation rea1na can be accurately

predicted from tn» known aoutent of nitPOgen or cultur 1n

each run1n typ31111a quantity of n1tr0gen and sulfur
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1nd1cutca the aumhor'or paaa1bln exahango 11193. and 11 1:

than ovidanfi thafi alaningc coaeri throughout 1h. resin

Iatrlx rather than n: t surtaoo r.nctioa Ivan as I1mp1e

Inrraao adsorption.

figgpry a! Calymn Opegagiqg

”wmuelsen (18 p. 163) ha: atatea that, “A fie-

ta11ed theoretical study 0: column Operat1on 1a qu1te an

1nvolved task, and at preaant there oxiata no theory 1n

wh1ch all factors are tnxen 1nto eanaidernt1an. Fortu-

natoly. such a aompleto ltudy 1. not easent131 to the

prepay applicationor 1en exchange naparut1ons . . .’.

. when rLEorous 1nveutigat1on 1n undertaken, how—‘

ever. analysis can be based on an. or tun eutab11shed

theories: ' - - H

I (I) the ylatc theory. or

(2) tho theory based on continuous variahlas.

‘ Thn plate thaory was ariginally davelaped an a

theary for solvent cxtractien and diat111atian. Later.

1: was naditled somewhat for app11cat1on to chrema-

tagrnph1c onlnnnl. For*purpoaas at calenlat1on and pre—

dicticn at colunnrporromunnco, tho coluan under 1uvoat1~

5:119: 10 4111606 1310 t atria. at plates or layer! or-

axnhangn tal1n.~»!a¢h plate 1: than cana1dnrad to can. to

«alarm: nth tho portion or 9911:1103 1:: cont“: U111:

en. 9131..

lb. th-ary battd.ou cont1nuoua variablal 1- 1h.
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Esra precise or the two 253 in nan-mathematical tarma can

be explained an being a eonaideratlon of idealized aaaumpv

tion: about the Renatias of the ion exchange praceza. Th:

theavy is casentiallr balod on tha principle: 9! mass

trans!” and attun- a for: n! uteri“ balance-+3012.

(20. n. 71).: .

m :31an or the bnakthmuah can. for a sis-«n .'

minus: auction in a particular 001m 10 30'"?qu by

tn. typo or exchange“ Lamina, ”1.... “gamble. antral.

er nutcvoublo._ than aoudittcugoomapond $0 interns in

which. tho ”bounty central”! for tho logpmunt in

tin Ind .919th 1- gram: than any, «an to unity.

or'leao than un1t3.,recp¢ctlvgly, , _ .

Iithln the “mag. am at“ my 301mm. to“;

«autumn (manna tar tmutual 19134109103 01' cfilwfl

pox-forum) will In “prom by man tutor: as low How

an. manned partial. tin; and manual tcflmntm.

mic ”mutton. than” 1914 to I sharpening or bzguk-

through our”: and 1mm calm “fluency.

figchaagflmmfl cgfiggmfi ibpefiatigg

Earmal ion exchange cclumn 59eration utilizes a

cylindrical oalmn of ion exchange main in It relatively

dame. nation It“. or packing charged with one type or

axnhnnselble ion (neglecting far tho manna: the condition

of and had ion exchange). A feed solution at mum :_

concentration la intmduaed at one and of the column. ~_

This tolutlan paeaaa through.tho resin aolumn and dittua¢a
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into the matrix of tho ronin partiolea whore exchange

taken place bofiueon the iooa present in the reed solution

and tho oonnier ions of aimilar oharge originally

attached to the resin. Equilibrium is established within

each dirrorontiai oioooot or dopih of tho ooiumn‘aooord-

ing to the conditions oE-ocioetivity. flow rate. temporau

euro. and concentration.The conditions are anon that at

the top (inlet and) of tho column tho counter ions are

diapiaood.by ion: from on. food solution; ontohiiahina

equilibrioa it thao concentration. Tho food Ioiution

panic! through on. ooluao. Oitlbliihing an equilibriua

stats at.¢aon 10201 of thn'aoiumn corresponding to the --

teed.oonocutzationlli that Invol. aradunlly tho apporIOIt

invoia at tho ooiuno'booofio doearotod.uito.tho ions picked

up from the food toiutioo.‘ Thin condition of :aturntiou

prooooda down the column. proocdcd by a band.or portioi

saturation. in the band of porfiioi saturation reaches the

bottoo or to. ooiuao, the oonoootrution of on. ionic fora

originally found in the road.noiution inoroaoes until at

60:91.60 saturation the composition or the affluent solo-

tiou in location: to that of tho ioriooot.

Rosin R1w:zwivity
—' —-—"‘—v'

The equilibriLm constant usea in yhgsiooi ohomiatry

is not oomplotoly applicable to rosin systems, and it 13

therefor: customary to define a tarm known as the aoleotiVo

ity oooftioiont. For|a rosin in ionic form 3, placed in

a aolution of ion A and allowed to coma to equilibrius. the
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selectivity coefficient is dcfincd as (6. p. 8):

Cone. of Ion B

in Solution

Gone . Omani

in Solution

Cone. of Ion A

' inthe firsin

0“) 13 Cone. omen

in tho Rosin

   
   

  

In terms of i reaction cqoation:

' Ar+8

c A B

(“’3 W

A nor. rigorous definition of tho Iolcctivity

coefficient includes tho activity coefficients of tho ions

involved in tho runotiou-«Snuuollon (18. p. 65), ;$uch I

    

dotinition in roouired for'prcoiao analytical work. but in

tho present investigation tho composition of the coupler

to.ba analyzedio too oomplox.to allow rigorouo invoctiaa~

tion. A Iiuplo undorttanding of tho hnaio for*cxchoago

reaction: will, however. aid in oxnlaining the observed

behavior of tho water: invoatigatod.

Sting a for: of equilibrium constant, the saloon

tivity coeffioiont id dopondont upon many factorl. Ten-

porature and pro-euro have a minor'offoct and or. of little

concern under normal omitting conditions. For a givon

type of rooio tho factor! which hnvo tho xrootoot effect

on tho Ioloctivity coefficient or. the volcano. concen-

tration, and actor. of tho exchanging ionn.

Rania (13. p. 32) no: suggested the following set

of imporionl rolationnhipa which can on used to rolnto

ion soloctivity:
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(1) Al low concontrotions and ordino:y tonyoraw

tures, in an aqueoua medium, he extent of exchango in-

creases wish increasing valency of tho exchanging ion.

(2) At low concentrationc and ordinary tempora-

turcc. in an aqueous oodiuo ond with constant valonoc, tho

extent of exchango increases with increasing atomic number

of tho exchanging ion.

another general rule Which is used in predicting

ionic eclectiVity is that within a given series. as do~

fined in (l) or (2) aoove, the afinity for o given rosin

decreases as the oiz-e ofthe h5oratcd ion increases (5,

to. 9).

Donner (4) has reported two series of selectivity

coofficionto (k) for univalono an: divalent ions on

Done: 50-13 occin:

Tablo l. flclcctivity Scale for Univclent Iona

on Donn: 50-23.

x v

Li 1.00 no . 3.15

'H 1.27 Co 3.25

Na . 1.98 kg. 8.51

nag 2.55 Tli 12.3

K 2.90
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Table 2. Soloctiuty scale for Divolont Iona

on Dowel 50*)8o

.5... ?' AL

U02 8.h5 ' . ii 3.93 '

Ks 3-29 , Co 5.16"

2n 3.#T * ‘Sr’ 5.51

Co 3.73 , Pb 9.91

Cu 3.85 ~ ' BC ‘ 11.5

Cd .3.33

Tho ooloctivity of Doro: l rooin for»cortoin

aniono con ho coon from tho following partial listing of

voluoo nportod bywhooton and.Bouoon (27).

cubic 3. dolootivity or naval for Icnouhnt

Anionl.

.34 EC}...

Sollcyloto . , w ' .33.3'. '0.18

Iodido 8.7 0.27

Phonon“ . ‘ ' {o3 i 0.3‘

Bioulfoto .l 0.

flitroto . 3.8 5 ‘0.

Bromide 2.8 0. 0

Dita-it. _ 1.2 . . 0.51.

Bilu1f1t. 1o 0.“8

: 01.016. . -‘o (‘ .'°o“7 :

Chloride 1.00 ---~

" Bicorboooto' - 0.32 ~ 20.23

Ddhydrogon Pnoophatc 0.25 O.

tor-Ito -‘. . ' 0.32 0.70

Acetate 0.17 0.73

.ioincocototo, 0.10 0.71

Hydroxido 0.09 0.77

'lucr‘d. °o°9 0071

Xe; 2 Equivalent fraction in the rosin phooo.
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hblo 3 roprooonto tho ooosuronont of oqnilibriuo

oolootivity ccoffioionto arm”: 1 in tho chlorido form.

who“ voluo ooro notoriood by mixing 5 ol. ‘ (not aim)

of min Iith so .16. of o 0.). l oolotioo of tho ocdiuo

“it of tho onion undo: in‘vootigoticn. Tho voluo Xe;

uprooonto the ion froctioo of tho total conceit: of the

ruin which io proooot in tho chlorido fcro candor.

oouiiibriuo conditiooo. Thooo voluu or. roportod bou-

oouoo it boo boon found thot tho volno of it to not '

ooootont "or tho row of ionic rotioo. I“. . 'mo'volco

of x“ io torn rolotoo to oonilibriuo condition ond 1o

ooooootrotion dopoodont.

.It would ho octod thotolthougo tho niooor .. , .

roportod oro for Dcoox l in tho chlorido fora. «tho oooo

ouor or ‘oolootivitr oould' to niotoiood for tho room

in othor for-o. i.o.. hydmido oo nod iotnio “My.

Tho cognituo of too who. of k for no”: i in tho

hydroxido‘ “around no" to to dour-ind omrioontolly.

a- -‘ A no offoot of oolootioity io grootly offootod by

tho totol ionio coooootrotioo of tho oolotioo «odor io-

mtizotioo. oopociolly to ouhongoo inch“; oultiulont

iooo (6). lo tho ooiotioo toooooo otronaoo. tho offoot. ,

of oolootivit: cocoon omllor. in tho cooo of mum

cf onivolont icno for trivolont icno tho oolootivity

ooofficiont io invorooly preporticnal to tho oquoro of

tho totol oclution concontrotion.‘ : '

' Tho fundaoontol principloo or column oxchongo
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operations briefly described above for the condition of

exchange of a oinglo pair of ionic force ere greatly

complicated when a ooluticn of mixed ione (no found in

environmental oanplee) io conoidered. Selke'o'etotoment

(20. p. 85) that. in nixed eolctiono 3. . . the time for

appearance of tho peoka Dooxinua concentrationa] of

different ooluteo will be proportional to the relative

affinity for’each oolote.’ can he applied to the behavior

of vericue ionic fcroo found in on environmental oeeple.

Froo the tablee of ooloctivity coefficiento (Tobiea l

and 2) it io oeen. for’exooplo. that the oolectivity

coefficient for none: 50-18 reoin for ceoiuo lo 3.25 but

that the coefficient for the divalent celcico ion in 5.16.

Iron thio information it con be oeen that although the

resin column oill effectively remove both lone froo o

oolution prior to oatorotion. the ceeiuo iono eorbed by

the reein may octcolly be displaced by calciuo ea eaturoc

ticn io approached. Thin displacement will cacao o bend

of oetorotion for coaiuo ion to travel through the column

ahead of the band of oatnration for calcico ion. 'Thio

eooe relationship holdo true torrell ion opecieo found in

the feed oolution. with the result that iono for which the

§§g1n haa . low affinity nay to eluted into the effluent

oolution before actual colunn breakthrough capacity hoe

been reached. It io for thie roooon that quantitative

concentration of radionuclidoe can be accompliehed only

prior to column eoturotion.





{JR}Ion_rzcg{§gg gpzvoo -

Qolnnn Pgopargtion

The option column doeigned for concentration of “

environmental eaopiaa concietc of a l-l/B-inoh by 3~inch

pclyethylane cylindcr. cloacd at one and (LaPine Scientific

Conpany. Th2u68. No. 115). The column containe a 7 no

51... tube extending to the bottoe ofthe column, tho

lower end of which ie fitted with a #k or #6 CaPlug

poeitioned to create a void volume around the bottoa of

the central food tube. Thin voidprovidee for tho collec-

tion of largo colid particlee.' The rim of the Caflug ia

parforatod to allow the oonplo motor to pace frecly out

through a layer of Pyrea glaee eool (Cat. ho. 3950)

packed around the Carlos. " * i .

The reein particle cine choaen for application in

the option bed inventigation.eaa coo-coo icon for both

the anion and cation reaina. Thia correaponda to a

particle also rangc of 0.071 to 0.038 an.

The fine each resin eae choeon for eeverel of its

beneficial prepcrtiee. ' ' ' '

. ‘ (a) he ehoen by Samuelaon (18. p. 106). break-

1

through capacity ingreatly increased ae particle eiae in

decreaeed. fl ' -~

. ‘ (b) Redcction in particleeiae inprovee break-

through curve characteristica (18, p. 106).

(c) The time for»oxohango equilibrium in directly

2O
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proportionalto the «care of the particle din-eter (18,

r. 93). . - - . *-

(d) The reein eete II I filter. holding portion-

late eolide at the bottoe cf the bed.

(e) The fine eeeh reeia hae alee been need by

Bani (l) to collect colloidal clay particle! in river

eater eaoplea which have abeorbad radioactive catione.

a reeia cocoa-linkage of 8s dieinglbenaeoe eaa

chceen for both anion and cation exchange"- 'i'hie ie a

eedion degree of cocoa-linkage and poetidee a etable reein

ebich doea an «oil exceaaivelr when eat. . The .18 reaia

ieeere reelective in itemhanxe reaction-thee reeine~

eith a loner degree of creel-linkage. Alec. it u not

eabJeat to large volnee chemo eith cinema in. ionic fore

ea are lever cmaa-linkad roaine (18. p. 152). function

equilibriue ie reacm at a eleeer rate with the ~18

retina than eith- leaner craaeoliahed reliae. bat thie

effect 1e eiaiaiaed by. the eclectioe e: the nail particle

800400 each eeeic.

2 if”. Done: 5% ruin lee need in ite original hydrOov

see fore. The Inactivityaeoefficieu of Don: 50 in the

Me for! eith 8p divtnylbonaene ie given in Table 1

ea 1.27. Title ie comparable eitb a aellctivity coeffic

elect tee eelciae or 9.16 and for ceeiu of 3.25 (ace

mice 1 end a).

. The m l ruin naed eae converted to the

Winters by paaeaze of an exceee of 105 acdioa
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hydroxide solution over the resin in e column operation

prior'to nixing.the two resin types. In the hydroxide

tore the resin hee e celectivity coefficient of 0.09

relative to chloride et 1.00 end iodide et 8.7. The

eelectivity coefficient of have: 1 in the free base

(hydroxide) tore ie equel to that of fluoride (see

Table 3). f

The reelh.hedweheee the eleee eccl layer 1e placed

in the fore of e elury. In the once or the zoo—hoe mesh

nixed reeia need in thie inventigetiOh, the resin required

pecking to ohteih e bed of uniform density. All ctepe in-

volved in the {creation of the reeih bed euet be done in

each e we: cc to evcid.the {creation or eirlpockete eithin

the bed. ee thece tend to chatruct tlce end produce a non-

imitate bed. -A . ., .. ‘

The top of the mill bed ie covered with e ceccnd

layer ct slene wool and the ecluec ie titted eith e rubber

stepper drilled to eccceecdete the centrel Tecd tube and

en effluent tube coneictiha of e bent eecticn or 5 ea

sleee tubing ehich.eec be reacted,tor ccluec counting.

The component. at the uptlce eelueuiend,teeleccemblcd

column ere shown in Figure l.

The phyeicel cherecterictice end cepecity of the

reeih bed may he eeried to eeet the requireeeute or neerly

en: tore of eeeple coheehtreticc.. pale-e etetod cther~

eiee, ell columns inveetigctcd were prepared ueihg Dove:

sou-X8 ceticn.exchchge recih in thc hydrogen torn end
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Figure l. Mice Ion whence

Coluen end Colueh Coeponentc.
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Figure 2. Preeh Ion Exchehse

column fright) end Bxheueted

Colueh left). ehceihs diecclore—

tion et hottoe of calm due to

concentration of perticulete

eetter tree 10 iitere of reimeter.
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Dowcx 1-13 anion exchange resin in the free base or

hydroxide form.

The two resins were mixed in the ratio or 1.521.

union to cation (by exchange capacity). Scope (23.

p. 1101), while eorking an the removal or mixed fiction

producte from tap water (edJuctcd to e pH of 2.5 with

nitric acid). hoe utilized nixed had cola-he eith e ratio

of 211. onion to cation (by volume). The results or bar

investigation indicatcd‘eh initlelnbreekthroogh or the enion

resin. The suggestion nee therefore cedc thet e retic or

331. enion to ceticc (by voluee). he eeplcyed. In thie

investigation are or e retie-cr 1.511. enicn to cation

(by exchange capacity). reculte in e ratio or approxi-

mately 2.5:1.‘enicn to cetion (by voluee).

The columns eere prepared ueioa it greet (eciet

ecight) or eixed relic. The compacted.ecluee or thie

reeih,eee ecuel to 1.07 inchee3 (0.000619 feet3).

gplnnn oogretion .

H Conditicne or operation of option coluhnc require

e helcncing of rectcre effecting column performance.

Such factore'ee tloe rate. oh edJuetncnt, and column

dieeneicne hurt he considered end conditions chosen which

prodoce the boat overmell reunite.

The eanufccturerc' recommendation: (6. p. 61) ere

forVIloe‘rctec or from one to ten gal/hin/rt2 for normal

lice columns. Other inventigctors (23. p. 1090) end (25)
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have shown that for optimum onerotion with nixed bod

roeine a flow rote on the order of 2 gal/oin/it3 in

desirable. 0n the basin of the manufacturee' recommenda-

tlono the flow rate chosen for the column ohouli be from

188 to 18.8 ml/bin. while on the heels or Suopo'o inves-

tigations the eeleoted flan rate ehould be h.7 nl/hin.

A flow rate or approximately 10 Ilflnin nae chosen for

option column operation. The flu! rote eelootod provide:

for the concentration or e 10 liter temple of water in

under seventeen noore. ee tampered with a tin: require-

neat tor'tne preeent evaporetion listen in excuse of

thirty hours tor eonoeotretion or the same volume when

multiple samples are being prepared.

The column dieeneione chosen were dioteted by the

eveilable counting equipment. The existing gonna spectre-

graphic enelyeie equip-out in use in the laboratory con-

eiete or e uuoleer'Chioezo. Iodel 08-303 Scintillation

tell Detector coupled to e Nuoleer'nete 512 Channel comma

Analyzer. The Indian iodide (thalliul activated) crystal

it three inches in diameter and.hol e well 1-1/3 inches

in diameter by 1-3/3 incnee deep.

The well diaeneiona severely limit the size of

temples which he: be counted accurately. in e result the

dimennlone of the cola-n chosen are for from ideal. The

lengthato-diemeter ratio euggeoted by Samuelson for

ooluun operation (18. p. 158 ) is between 10 and 20. The

length-toadiemoter ratio utilized in this investigation
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Figure 3. Gal-a Analysis Equip-eat

Consisting of Nuclear Chicago,

lodel DB-303 Scintillation Hell

Detector and nuclear Data 512

channel Gel-e Analyser.

 
 

Figure h. Detail of Scintillation

Detector with Upflou Column in

Crystal well.
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is onlyapproaioately 1.6. this limitation on column

depth undoubtedly has a very large effect upon column

breakthrough capeoity. Maison (18. p. 109. F18» 5.11)

shoes emohioally the street of depth variation for con.

stunt resin volume.

Another loom-tent factor which met be balanced

as to oceansial and detrimental effects in column opera-

tion is on adiustesnt. The addition or resnente to the

semis under investigation inoreeees the total ionic eon»

eentrstion or the solution. It the ions added for on

adJostmt have a high strinity for the resin in the

«lone. the capacity or the column for the removal of

radioactive ions sill be decressed. A second considers-

tion is that the exchange capacity of cation exchange

reeie decreases as the hydmgen ion content of the in-

tloent solution increaseon-osooelson (18. p. 110.

$13. 5.12); hope (23. p. 1033. Table 2) has downstretod

the effect of reduction of bed capacity at los 98 but

also points one that at a p3 of 7.0 “The deoontseinetion

factors. . . u are not as great no at pH 2.5. undoubtedly

because nose of the radioactive noolides would be in ionic

tore as the letter :23. whereas some, soon as zirconiue.

scold he colloidal at pH “1.0." (.23. p. 1087).

Since the purpose of sample concentration is to

quantitatively determine the redionuolides present, eon.

ditions Inst be chosen to give the most complete removal *

fro. the sample. By pH adjustment it is therefore
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necessary to uncritico couple volume to obtain ooro

nearly quentitativo concentration.

- In her work on the removal of nix/ad i‘iooion pro-

ducte h: loans of concentration on mixed bod resins.

BIOpe (23) has used nitric acid for 93 adjustment. Tho

nitveto.enion nddod has I selectivity coefficient for

Donnell resin of 3.8. as compared with a selectivity

coefficient of 0.09 for hydroxide ion (coo Table 3).

trieser. Gilchrist. and Gold (12) have reported

the nee or hydrofluoric acid for tho concentration of

Zr95 -no95 in the form of a fluoride complex on anion

exchange resin. Too addition or hydrofluoric acid for

thie purpose may also be utilized for tho docirod p3

adjustment. Making roiooator solutions 0.087 o in hydro-

fluoric ecid. ea suggested by Krioger, Gilchriot, and

cold. results in a on or approximately 3.0.

Utilisation of hydrofluoric acid for pg odJuat-

moot slao produce! another beneficial affect. The

eolectivity coefficient for fluoride ion on noon; 1 (as

soon froe Table 3) in 0.09. which in identical to that

or hydroxide ion. In dilute colution the exhaustion of

the union rosin by replacement of OH“ with P“ will on

eaell comparod‘oith the replacement of 0&' by 333 if

nitric ecid is unod-for pH adjustment.

Succcccful operation or the option coluan requires

that no air be allowed to enter the column on it will be-

cooo trapped and work up through the resin, resulting in
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channeling. This rsquircmsni rcstriois too utilization

of the column to samples los in dicsolvcd gas content.

If. for example. s rsinuator sampls union is below room

tcnpcrctnro is caused throngn the uoflou column, dis«

solvcd goon: srs rsloasod ss {he saools csros rcsnlting

in incbuiicup of gun pooksts within tho bod. cos

pooéct foruation was not obssrvcd'uitn csmploc union

had been brouzhi to room comparators, This difficulty

con bs'ovsrooos b9 removal of dissoivsd asses st low

prscsurs bcforo panning tho ssupls through ins coiunn.





gonorccofiv IHEESTIGRTIQ§4

Effeotg*of‘SQ1i§g

firicgcr. Gilchrist, and Gold (12). in their in~

vcotigation of tho concentootion of radionuclidcc from

rainwater. soporotcd tho ouopondod oolido fron’tho canola

by filtration prior to poosing tho onto: through tho

onion ond cation columns.l Boni (l). on tho other.hand.

has concentratod particulate octtov>froo his samples by

moons of o layor of zinc: wool over the rosin._ This

second oporocch is more desirablo for gross sample

onelysio sinco only ono counting period is roquirod.

in. quontity of suopondod oolidosprooont vorico

greatly oitn oanpls typo ond.olons individuol oonplss

of s givon typo. For‘oxonpls. o strooo coy anon oido

variations in suspendod solids lood froo do: to any so s

result of cocont surfoco runoff or otrono pollution.

Roinootor no: é. noorl: frco of portiouloto matter or it

now contain s rolativoly largo amount of solids. depend-

ing upon otcoopnsric conditions It tho time of tho rain.

In poriods follosina nuolocr bomb dotonotions porticuloto

follout octorisl any bo present in tho roinootor. Snail

codioootivo portioloo osy ho odoorbod by iorgsr‘oon- -

radiosctivo solids. or they no: he oooioilotod by bsotoris

into tho structuro of biological growths which in turn

on: no adsorbed on the surface of calico. Each of thoso

cosos dononotrotco the need for inclusion of cucpondsd

33
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solids in.s cross sampls onslyaio.

Table 5 demonstrates tho effect of filtration on

s sampls o: sssd river water containing s nixturs or flow

sion product isotopes. Ins sstsr‘teoosd*sss and Cedar

Rivnr'nntor'uhioh'nsa allowed unpls time for biological

uptake and surraos sdoorption of tho isotopes.

The tiltsrs nsod.vors Hillipors.Filtors of tho

sizes indicstsi. .tns riltsr'stflusns mos svsoorstsd.on _

plsshio shoots shioh wars hots-assss oonnosd.usina so

sod sinoou must-null” oonntsr. Ono litss or sssols

sss posssd through ssoh filter.

Tools fl. Etfsot o! Filtration on Aged Rlvorwator.

Pilisr*sizol c§5§§W§§fio ’ aiEngign

mm; I 13.6 cm 99.92

9.1 y ~ 5.9 com 99:90

6.1357 11.6 cm {99.80

0.8 4/ “.7 cm- 99.75

1.2-7 13.3 62m 99.78

5.0 7 11.2 cm 9182

Blsnk 5.966 era ' -~«

Psrosnt

Reduction '

 

Tho rsnovsls obtsinsd.soro ssssntislly indspsnosnt of

tilts: size over tho sins rungs testoo.

s osoond run sss nods ss borers using so sfilter

s plug of fins Pyrex glass wool. Toblo 5 gives tbs
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rssolts ohtsinsd in this toot.

Table 5. Filtration or Aged Rivorwster Through

018.. .001 o-

- ' .Ertluont Percent

Filter Count Rate fioduction

Glass Wool 128.8 CPK 98.15

Blank 6.973 coo ' --‘

‘a too tiltrfition tsats lodlcstod toot filtration of

csrtsin snoironnontsl ssnolss through s had or also: sool~

rsaoltod in substsntiol rsnovsls of solid particloa and

their associated sstivity.

Early in'louZCoolom...:
M

Early investigation: or upflou colnmno not with

varying degrees of success in tho concentration of

radioactivity from rainwator. Toots first upflon colnmno

were similar in denign to later coluons with the sxoep-

tion that tho column itoelt was glass instead of poly-

ethylono.

Tho rainwater used in thooo first tests was not

fresh. but had boon stored in an outside collection pan

and later in the laboratory. The motor used was not

sufficiontlj uniform in oonooeition. especially with re-

gard to unopendod solids content. to prooido good compare»

tivo results noong tbs colunno tented. The onrly colnnna

ourrorod from s look of standardization and uniformity

which was later attained when larger numbers of columns
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sort prooorsd st tns ssno tin... aoapitssll of thscs

lisitstions tns first.tour~solusns utilised for rsinwstsr

sssols oonoontrstioo indicstod.osrtsin goosrsl trends..

lbs poroontsao rsoovsl or sotivity, snoo.coapsring

tbs count rsts porrlitsr*dstsotsdnos.tbs column with the

count rsts psi- litsr for so idsnticsl ton-litsr svsoorstsd

tlsnk stools. rsnasd.tros s low or 38.5! to s high or'

101.5%. it spposrod tron initisl tests thst undcr'tho

propcr'couditions results cospsrobls to thoos obsssvod tor

evaporotsd ssoplss night to ootsissd.g ' ,

A It was sppsrsnt that tho sssovsl or sotivitx by

too column sss notoosolots.- Tho oolusn.srflosnt nativity.

ss dstsctsd by tho procsssot svsporstion sod counting

idsntinsito that ussd torprsporstioo oi’ tho blank“

”1531!: media-on 20.9% to 89.91 of tho activity 40-

tsotsd.tor the blsnk.. is s rssult‘ tbs totsl sotisit:

dstootsd.cy tho oonhiostion of oolusn oporstioc sod

sttluontIsvsporstion rsnasd tron 59.5fi to 186.3$~ot tbs

sotivity detectsd.rros tbs blsnk.:.

Anothor'chsrsotsrlotio or column opsrotion

_‘,_

obsovvsd in ssrly investigation: was thst column removal

offioisnor‘dsoosssod oignirioontly as tho ssmpls volume

inoroassd. -Hhsn on additional rivs liters of sonpls‘;

rsinmotsr‘uoro panned through columns union had rocoivsd

ton litsrs or somols previoucly, the unit sotivity“

(CPHVI) dotsctod on the columns decreased by spproiinotoly

19%. The unit activity or the final five liters of
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effluent showed on increase of from 28.7% to 107.3% over

3 the unit actiVity detected in the initial ton liters of

~sffluont.mmThs.oauos of this increaso in offlucnt activ-

.lti nos tho foot that tho columns worn boing Operated

toyond their breakthrough oopsoitv snd tho sctivity

_ originallyrotsincd on tho columns was being slutsd into

tho effluent by nonradioactive ions with shigher affinity

for theossin. ;‘ ' ' "' ' '

Thoao csrly invsstigations indicstsd that column

uniformity should be studied snd stops tsksn to snsuro

uniformitr‘ofnssoolss used for purposes of comparison.

”ilso,.in order to bottor svolusts column performancs sith

'rospoot to tho svsporstion osthod. s study should to nods

; sith roasrd to soonotry sffsots snd tho rslstivs sffi»

cicnciss of_ths two asthodo. Finslly, ens sdvissbility;

o'oprrooosinz'furthsr investigations should be dotsruiood

L by conductinkltssts on actual rsinnatcr ssmplss snd‘

j svsluoting oolunn psrforoancs with rocpoot to tho svsporso

tion‘usthod.;'lsbls 6 shous tho results obtained from some

of tho osrly columns tested.

3-: :fl‘i— ...——

golunn Unifornitz

its uniformity of column preparation has been

investigated by conducting breakthrough studios on six

sets of columns. Each column not consisted of four

idsntiosl option columns containing 1a 3. of rosin
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Table 6. Results of Early Column Investigations.

Condition Investigated Column

A B C* D

Ionic form of cation resin. Na+ Na+ H+ ‘H+

Ionic form of anion resin. OH' Oh" CH' OH"

Feed rainwater pH. Neutral Neutral Neutral 2.5

Activity, 10 l. rainwater

evaporated (CPM/l). 32.42 32.42 32.42 63.15

Activity detected on column

(liter 1-10) (CPM/l). 18.29 32.93 26.6 24.35

Activity detected in effluent

(liter 1-10) (CPM/l). 6.66 27.53 29.18 19.6

% of blank activity detected

on column. 56.4 101.5 82.0 38.5

2 of blank activity detected

in effluent. 20.5 84.8 89.9 31.0

Total 1 of blank activity

detected. 76.9 186.3 171.9 69.5

Activity detected on column

after 15 l. (CPM/1)~ --- 26.82 38.2 19.64

Activity in final 5 1.

1 decrease in unit activity on

column after passing 15 1.

compared with unit activity

after 10 liters. --- 18.6 --- 19.4

1 increase in unit activity of

final 5 1. of effluent as comp

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 ratio or 1.531. anion to cation by ex~

change capacity. The resins were in the hydroxide and

hydrogen ferns. respectively. The arrest of pH on column

capacity was studied at the ease time by analyina read

solutions or different pH and connectivity to each of the

sets of columns. '

Measurement of effluent conductivity nae chosen

as the criteria of column performance because it offered

the advantage of being a simple test which required no

tins-consuming procedures. as would evaporation and

activity oounting. Conductivity measuronont is also a

test with a relatively high degree of sensitivity,

especially over the range of particular interest to this

investigation (the conductivity range of rainwater).

Conductivity measurements. in dilute solutions. are

directly saluted to total ionio content of the solution

tested.

Test solutions were preoared using to; water

diluted with distilled water to bring the conductivity of

tho food solution to the desired conductivity levels p3

adjustments were nods with nitric acid. Conductivity and

pfliof feed solution and effluent wars measured at one

liter inorsnsnts. Conductivity measurements were nods

filing to Industrial Instruments Comnany ”Solu Bridge“.

and'pfl usasuroaonts were node using a Eastman “zerooatic“

PB Inter.»

The first four sets of columns tested demonstrate
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the degree or column uniformity which can be attained

through careful oolomn yrooorotion and Operation.n Tho

firwt eel otIoolooos roocixed,a toad Solutionhavin3 a

natural 93 otI' ormrivtolv 3.7. ‘ Soto two Em tome

oooivod food solotion: which more nearly ooutval, and

got four recoivod a food solution of approxiootely 3. h.

Sgt! liva and six oars utilized to show the effect of

disturbances W1thin the column on ontofloity..

Column 28 of set five wan utilizedafterthe

controlteodItubohaobo~on moved oaoain3 diatooboooo or

the rosin.‘ columns 32, 33, and.35 or set 311 roooivod

food nolutioo_a:tar’nir bobble: hidboon allowed lo form

at tho battenorthe rooin.**ln both inataneea channeling

roouited causingearl; bocabthrouah or thoI ooluooo with

a resulting toneunitormity of rosulta.I Tables 7 through

l2 show tho rosults of column uniformity asteroiontionl.

. I: should be noted that the unit 9: ooooootiVity

measured tor‘columu nlobar: 10, 11,12. ond 13 is in

micronloa/ko.I The unit of conductivity meaaurod for all

other column: in in ppm 3333. The data of column

nuoboro 10 throogh 13 was obtained using a Bolu.Bridae.

flhioh opou nub-equent calibration was found to xiv. road~

logo which were not a linear function of the ionic con-

tent atthe Iolution tootoo one data or this not of I

tourcolumns is therefore not comparable uith that or the

tooaiaing rive not. of ooloona. The observationl obtained

are useful. however. for the purpose of demonstrating
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Rh

~column uniformity within the act.

Conductivity.reaiinga for column numbers 14

. through 35 were obtained mains a different Bolu.Bridgo

i from whish confiuctivity readings were ohtained as ppm N863

(or me NaGR/liter). Reaaings obtained from this meter

1 nova a linear.funetion 0t ionic consentration of the

. solution tested.

The data of 288183 7 through 12 are plotted in.

Figuma 5211:6851. 10. {the Crfiinfi‘da or each 6162: (v i 0,)

represents the product of the volume of feed solution '

: passed through the column times the conductivity of th

sad solution. when conductivity units expressed as ppm

; HaOH era use}, the orfiinate valusa rspraaent a; 8833

applied to the column.

’ p The abssiasa at each plot re resents the removal

i efficiency of the column, fiefiued as (1 - Ce/Ci) x 100.

’ C. a Column effluent conductivity. 4

C1 2 Column influsnt conductivi y. .

From the date. 666-81866 it 1a evident that 861......

~ can be prepared with a satisfactory degree of uniformity.

Auequate cars in pvspanstisu is required. however, to

. avoid disturbances within the bed which may cause channel-

ling or fluid through the resin. Prsvidsd that pauper oars

.‘is taken during column prspanation and operation, it 13‘

l the author's conciusisn that sufficiently uniform results

can be obtained tram upflow solemn operation to be latit-

tactorw for the purposa of radienuelifia concentration."
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Ma

11511:. 11 is a plot or the average values obtained

In. the column breakthrough studios of tables 8 through

; 191-. the plot apnoea“ removal efficiency vc. ionic load.

. [(1 «- CJCfl a 100 vs. V x 0;] and demonstrates the effect

of ya on ma! efficiency. At approximately neutral. on.

tho total calm capacity is substantially reduced co co.-

pu'cd with removal capacity at lmr 93.

It should be not“. however. that a schematic).

' portion or the solution ionic concentration applied to
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the «1m operated at low pH levels cons tron the acid

and to reduce the pa. 168mm moon). of radionuclide-

” low pl in tho result of conversion of boo-ionic

colloids to an 101110 (on which 1. hold on the min--
I
I

I

I

I

i
-

W (330 p‘ 1087).

?WW

I

I

I

I

It“. on I ”min; 8:61.“ and ultraviolet 1am. on used

1

I

.

I

the method or sample proper-ouch pronoun:
/ r I

I 6.4....“ in can noon-Icon for gm. mum.- at uquic

mucus-ml couples consists of concentration In

evaporation. m who are placed on a shoot of plastic

to «mute the couple to cryon- (rigors 12). the

panic 211- 1- than 1M. coma tightly. m gum

I1: a piano mn- ma nu mm as. an as tho count-
‘s

in: 5mm (113m 13). Sonic ”In.“ up to m lit-u

can to placed in each section or the crying um. ”I
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Figure 12. Evaporating Table for

Drying Liquid Samples on Plastic

Pile.

‘-'i.

IIIIIIIIIIIIII 

Figure 13. Upflou Column (right)

with foldod plastic sheet contain-

ing 10 liter evaporated sample to

be placed in 17 .1. plantic bottle

for gamma analysis.





5%

a plastic enact ccgcble of‘occonnodcting e ten liter sample

in placed in the dctcctor crystal the entire volume or tne

well it Eillcd. This rccultc in e geometry effect due to

the poor counting conditions near the toc of the crystal:

Figure l“ rclctca detected activity to variation

of depth for e source of constant activity. Ton al. I

sample: of an ieotOpe solution were diluted with dietilled

uctcr to the depths indicated and the naczticg count

rotor observed. Extrapolation or the curve to zero depth

reenlto in o theorctioel count rate of approximately 6&0

count. per cinctc. Th1: ia approxiuotoly 136 percent or.

the count rate observed at full vellIdcpth. Selt-obecrp~

tion nithin the ecnple he: not been concidered. .

Sample preparation which diatribotee the nativity

o: the canple throughout tho full volume or the cry-tel

sell reaulte in thin some type of geometry effect. In

the docign or the optics ion exchange column tnie geometry

effect has been oininiced by concentrating high activity

cclideerticleo at the bottom of the column.

gyclcction of chplc Pgeggggtiog flognggg .

The evaluation of option column performance uith‘

respect to the practice or concentration by evaporation .

on pleatic sheet: has been carried'oct with both natural

and artificial cccplen. In one eerie: of tectc, ten cl.

portions or e nixcd icctocc solution were gcnna counted

in the well or the ecintillotion detector to dcteruine
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Figure 14. Variation of Count Rate With Sample Depth.
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tho effect or various foctora on total count rate. The

following is a summary of the oonditiono ctudiod and the

results obtained.

(A) Ten ml. or a uniform iootopo solution core

placed in each of throo polyethylene bottles. identical

to those ucod for upflow columns. The solution was

diluted with distilled voter to a north or too inchoo

(approximately equal to tho dopth of rocin in prepared

upflou columns). Fort3~oinuto gamma counts of each

scoplo were torch.

Tobie 13. Gamma Activity of Aqueous Icotouc Solution.

Sample Number Gamma Activity

B-l 633.9 cs:

8-2 675.7 695

B~3 618.7 CFfi

iverogo 63h.4 C?h

(B) Ton ml. of isotope solution were mixed with

ouch of thrco onc-litor volumoo or tap water and passed

through three option columns. Each column woo gamma

counted directly and the effluent from each column was

ovcporotod to dryness on plastic film and gamma countod

in a small 17 ml. plaotic bottle. Forty-minuto gamma

count: were taken or each sample.
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Table lh. Gonna Activity Removal iron Tep voter.

Gamma Activity aamoa Activity

Seaple flueber or Goluen or Effluent

PB-i 2189.6 cm £163 om

$3.2 580.3 CPfi 8.7 CPfl

23-3 62h.7 CPW 6.7 CPfi

mm 551.5 cm 20.6 cm

(c) The tee: or‘eeoiee '3‘ IDOVO‘III recon. ;

eubetituting one liter of dietilled later for the tep

voter in eeoh case. All other condition: lore identieel.

Table 15.M Gamma Activity Rooovel Prop Dletilled Voter.

canoe Activity Genoa Aotiviti

Seeole’uuebev‘ er Column ' or Effluent 1.

“ a not. " 587.1 cm: -. . ‘20.8 on

JIB~5 595.8 6!! 0.‘ are

PB~6 534.8 CPfl 11“.! CPR

ivorege 572.6 CPR hb.8 CPR

(D) ion 31. of isotope solution were added to

each of three one-litertvolumee of tap IItOB'IDd evepo-

roted to dryneoe on plastic filo. The pleetio eel than

trimmed. folded, end placed in small (17 e1.) pleutio

bottlee ehich were gamma counted directly. It ehould be

noted that the folded plastic ohoeto for one~liter eeeplee

extend ooly 3/h or en inch ebove the bottoe or the cry-tel

loll. They thue provide e relatively good counting see-e-

trv. lorfly-einoto geese eounte of each eeeple wece teken.
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Table .16. am Activity in Ono-Liter Evepooeted

Samples.

'Soople Rumboo : Gamma goiivlty '

51-1 873.1 com

' 31-2 “  ‘ 90h.o con

21-3 M 912.§ coo

Average 896.5 6PM

(3) Ten ll. of. isotope «lotion eel-e “doe-to

m5 of three ten-alter value. if no outer [end

event-ecu to «when on pluoio till. the phone no

then trio-ed. folded. end.pleoed.ie‘polaeihyleee eon:

telnere identieel to those used for eoloeo.preoeretieo.

The pleetio.eheete extended to e height or.epproailetely

toe inlhli‘(CQII1 to the dopth or reein io.e propered

column). roaoyneloooe scone coonoe or eeoh eonple were

semen.

Table 17. Gamma Activity in Too-Liter Evaporated

Samplee.

m1. Rumba:- Gem Activity

~xlo-l 658.7 ova

. 310-2 626.6 cm

filo-3 637.7 cm

Mex-ego 6M3 cm

A ooopariaon or those results providee e good .

picture or the effect of canola geometry and oooooeitioo

on total obeorvod count rate for the methods of couple
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preparation under invcotigction. i?0r*puroceoc of connexi-

loo it ie eecuood that the results or eerioc “D“

(evaporation of one liter of.eaople containing 10 el. or

ieotope solution) one the Option- roculte expoctod. the

average count rote cbeerwed.tor'thie method eel 895.5 0PM.

The unnerved everege count rate for eerie. “A'.

in which tho some eetivity ace dieoerood in noterneoloticn

to e depth or too inchee. lee 6th.! can. The detected

nativity on! 71.35 of tho eeeuned.optilul.‘ thin lednction

in eotiVity ie in eloee agree-eat with that entioipetcd

{mace etteote of counting geometry. Self-‘obcorption

within out: one ctemle in e rector contribution to

eount rate Induction: thin effeet bee not been tally

eveloeted in thin etudr. ". ‘

The count rutee detected in Ieriee “B! and ”c“.

“to: main: one-alter ponim ei' tep Deter end die-

tillld.llteva reepeotivelr. through it 3. colunne. ere

61.6% end 63.35 or the eceueed 'optieuo value. The ob-

eorvod eppcront incroeco in effluent activity with the

dietillod.eeter eeaploc ie bolioved to have been conned

by lookcgo due to channeling outbor tnnn by actual column

breakthrough. The {not that tho evorowacoluon count

veto ie higher for column: rooeiving distilled rotor than

for those receiving tap water ie ettributcd to the foot

that  the high ionic content or the top actor has caused

inor. cooploto dietribution of eotivity throuruout the

depth a: tho column. is e result, the effect of counting
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geometry has rcincnd the obsor‘ed count rate for the tap

water nannies.

_ Berle: ”El in n direct evaluation at the nethodm

of evaporation of lawlltee-eanplee. The reeulte obtained

indicate an apparent efficiency of 71.8%, which 13' m '

_identicel to that obtained for e uniform diapereion of r

the activity in neriee "A“. The close egrcenent or the

rceulte obtained by these two counting nethode indicate

that the effect or eelf-ahaorption within the plentic ‘

sheet in approximately the name he that which result:

from eeltonhsorption by water.

_ Leakage of activity from the columns tented in

:_eeriee “B“ end "C“only partially accountefor the de-

iicrneecd detection efficiency observed. _The epperent

effect of colt-abnorption ie in the range or from three

_to .131é3?9.9t3¢ Further investigation in rennired to

' fully evelnntn this effect. I

a.» . ---—-__ -fi— ...—o— 1.- ——.-

ColumnPerfprnenoe with natural sanplee

After inventigeting column uniformity end perform

nenoe characteristic: using artificial nemplee. en evelne»

tion of column performance was conducted using treehly

collected rainwater. Two cete or four columns each were

run neing rainwater which had been ndJueted with hydro-

fluoric eoid to n nolarity of 0.00? H. Identical ten-

liter eanplee were passed through each column or the not

and a fifth ten~liter enmhln was evaporated to dryness on
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Columns #37, 38, 39, and 40.

Rainwater Activity Determination by Column Method.

Resin Ratio 1.5:1, anion to cation by exchange capacity.

 

Condition Investigated 7 Column Number
 

 

 

 

 

 

 

 

 

 

 

 

 

  

37 38 39 40

Ionic form of cation

resin. H+' H+' H+ H+

Ionic form of anion

resin. 0H7 OH" OH? OH'

Resin proportions anion

to cation by exchange

capacity. 1.5:1 1.5:1 1.5:1 1.5:1

Weight of resin (3). 14 14' 14 14

Feed rainwater pH. 3.0 3.0 3.0 3.0

pH adjusted with HF to

molarity. 0.007M 0.007M 0.007M 0.00flH

Flow rate ml/min. 10 10 10 10

Activity of feed, 10 l.

rainwater evaporated

(CPM/l). 33.93 33.93 33.93 33.93

Activity detected on

column (CPMll). 34.28 48.50 36.43 32.26

Activity detected in

effluent (CPM/l). 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 Z 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 1:1, anion to cation by exchange capacity.

Columns #41, 42, 43, and 44.

 

Condition Investigated Column Number
 

 

 

 

 

 

 

 

 

 

 

 

 

  , activity detected.     

41 42 43 44

Ionic form of cation

resin. H+ H+' H+ H+

Ionic form of anion. _ _- _ -

resin. OH OH OH OH

Resin prOportions anion

to cation by exchange

capacity. 1:1 1:1 ..1:1 1:1

Weight of resin (8). l4 l4 14 14

Feed rainwater pH. 2.9 2.9 2.9 2.9

pH adjusted with HP to

molarity. 0.007M 0.007M 0.007M 0.007M

Flow rate m1/min. 10 10 10 10

~Activity of feed, 10 1.

rainwater evaporated

(CPM/l). 13.40 '13.40 13.40 13.40

Activity detected on

column (CPM/l). 11.17- 11:98 11.74' 12.28

Activity detected in ‘

effluent (CPM/l). 13.83 12.49 10.38 9.38

% of blank activity

detected on column. 83.3 89.4 87.7 91.6

Z of blank activity

detected in affluent. 103.1 93.1 77.4 70.0

Total Z of blank

186.4 181.5 165.1 161.6
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plastic film. Tables 18 and 19 show the results of this

series of tests. aeain proportions were adjusted in an

attempt to determine if column performance could be

improved by using a larger percentage of cation resin.

The average results for the four columns of each set

no. I

Table 20. Average Rainwater Removal. Basin Ratio 1.5:1.

anion to cation b‘ exchange capacity, Columns

#37: 33: 39: and 9o

. Activity of 10 liter blank 33.93 CPa/l

Activity detected on column 37.87 CFfi/l

Activity detected in affluent 17.63 CPR/l

Table 81. Average Rainwater Removal. Rania Ratio 1:1.

anion to cation b4 exchange capacity, Column:

#131, 42; £13; and an

Activity of 10 liter'blank 13.40 CPR/l

Activity detected on column 11.80 CPH/l

Activity detected in affluent 11.52 era/i

Who activity detected on column: 837 through 40

was 109% of the activity detected in the evaporated blank.

Those columns contained an anion to cation rosin ratio

or 1.531 by exchange capacity. Columns #41 through 44

contained an anion to cation resin ratio or 1:1. The

activity detected on these columns was only 83% of that

detected in the evaporated blank. These resultnaoon to

confirm the observation of Swaps (23) that higher renoval

efficiencies are obtained with anion to cation resin
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ratio: grontor*than 1:1.

The. "cults obtained from thin «out of tutu

are similar in one respect to the result- or the early

column not: using rumour, in that the In. or the

activity detected on tho cola-n and in the connotatod

01':an in grotto: than that «new: in the evaporated

blank. m can or the nativity denoted on tho colon

and in tho affluent nag“ tron 136.55 to 216.85 of that

detected in the blank. Thin effect :- undoubtedly tho

result of a variation in counting otrioiooo: for the too

Iothodl. ~

Although account. an in not available for on

one: efficiency determination to: noon mom. «mm

starvation: can to man man will only explain thin

.appaloot increase in activity. First, it to evident that

tho cola-o in not capable o: Quantitativoly concentrating

on. activity tron ton liter-o or rel-um- :m. it i.

nonnative: tho toot that than to activity you.“ in

the ammo. The county pining tho-om the calm in

ionic in rm um: than particulate. aim the «ablation

of glass tool and main bod for. an ottootiu film. It

in hollowed out the activity pound into on “flu" to

tho noun 02 «lm breakthrough in think: ion: of ion

article: for tho rain are passed into the affluent first.

A Induction in local. volulo should occult in quantitative

rouoval.

A second factor which help-o to explain the
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apparent 1noreaao 10 activity observod 1a that the rosin

column 1! very aftic1ont for the oonoontrnt1oo or part1ou

ulatc matter at the bottom of the column. The h1gn

aot1v1tj aoloolated.n1th to. no11d3_tooa rainwater samples

1: therotoro concentroted by the upflou column in tho "

poa1t1on or 0pt1ouo oount1ng geometry 1n the bottom or

the aryatol v.11. Figure 1% 1nd1outoa a l1near  :¢1at1on~

ahip between count rota and depth or anup1o for oaoplel

or donatant aot1v1ty over the rang. of depth. 1nvout1gatod

(O.93 to 2.Ab 1nohcl) Th1: otrnight 11h. rclat1onohip

has been cxtropolatod to taro depth roau1t1ng 1a a pro-

d1otod u1o1nun thooootiool count rate equal to 136% or

that dotootod a run ory’otal well (tooth. For 0:731:11

Hell! 1n uh1on depth 1: largo comparidlu1th uall rnd1ua.

however. tho act1v1ty detected would ha expooted to in-

cross. at an 1noreaoing rat9 to the temple depth 1n

reduced. A! a result, when h1gh aot1v1ty solid part1aloa

are rota1nod very near the bottom of the ooiu-n. the

oot1v1tywdetcoted may be high enough to roau1t 1n the

apporont 1noreaoca in sample count rates cxpar1enoad.

Tho ionic aot1v1ty retained on tho cola-o and

that alutod 1nto tha effluent and detected by oount1ng

tho p1aat1¢ nhoot 1a dlaperoed throughout tho volume of

to. «annual and therefore 1: affected by both

goo-ntrw and nelt-aboorptlon effects.
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wemos -

The Itudy of factors influencing tho dovc10pocnt

or I system for tho coontltatlvo cooccotrctloo of radio-

nucl1doo {too l1qo1d Invlronmeotolfloomploo tor-dlbcct

gamma ooolyo1o uoing tho cocnting ocu1pocnt ovalloblo

hon accompllohod the basic Iorko for.ochlov1ng its

objectle. Tho upfloo column dovolopod provldco for tho

concentration of I11 port1cu1oto Icttorrproaont 1n tho

oamplo ood.tbo ocJor*portlon 01 Ill 1on1c toroo up to

column breakthrough. Upfloo column doolgn uln1oltoo tho

Itrocto of counting geometry 1n tho crystal roll of gamma

Iolctlllotlon Iqulpmcnt by concoctrotlos Ionplo oct1v1ty

It or coop tho bottom of tho column uhoro  9931!&' count-

log 1o oohiovod. filltrotloo or Iolld ootorlolo 1o

effectlvoly Ichlovod‘ulthout tho bulldup or I not or

oolldI ovcr tho rcolo ourfoco ohlch obstruoto flow (II

has been cipIr1oncId Ilth downtlou columno). Ubfloo

coluooo coo bo robrlcotcd to acct tho ooqc1rooonto IIt by

ovc1loblo count1na occipmcnt from 1noxpooo1vo. rood1ly

Ivo1lcblc notcr1olo. Column_prcpcrct1oo lo I1aplo and

uniform columno can bI proparod.ooo1ly.

Tho Ilco llaltotlono 1opoocd by tho ovalloblo

cryotol roll hovo lloltod the I1cc or column ou1tod for

dlroct counting to oucb on oxtont that tho rooln copoclty

1o Ixcoodcd when tcn~11tcr rolouatcr oomploo III pIIIId

through the column. L1o1tod exocrlmentol results ladlcoto

66'
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that I Iooplo otoo or (too ttvo to Iovoh lttcro or roto-

Iotorrohould not oxoood.tho copoclt: of tho 14 g. colcono

tootod." Additlohol 1ovootlgot1oo lo Iocc1rod to actor-loo

ooro prooloolytho ooxlooo Iooplo I1oo Ippl1ooblo. Tho \

octhoo'toolo that tho column oloo'11o1tottoo to tho IIJor

toctor>rootrtct1n3.otllloot1oc of tho uptloo cola-o too

ooocchtrothI Ind dlroot zoooo ooolyolos Tho oothod con

to utlllood Iocooootullr oath lorzo voluoo oomploo 1: I

lorco voluoo cryotol ooll 1I,Ivollob1o to Icon-Iodoto tho

column Itoo rooulrodt; 1

thou Inch Ioulpoooo,1o hot Ivolloblo. tho pooct1cc

of Ionplo ovoporot1on co ploot1c {ll-wolth Inboooooot

diroct,oochtlh3 ot_tho p1oot1c IhIIt~on ho uttllood to

lfifllntOSCI tho Ivopcrotlon oothod.ooy‘oloo II utlllcod

toc*ooopor1Ioo or oocclto obto1cod.troo'ootloo oolooo '

oporotloo.;

;L. Booh Iothod orforo cortoln IdIIhtIgoo ovorlthe

othor¢_ Tho uptloo column otter! Iovtnzo 1o tloo of

oooplo proporotloh Ind opooc requ1rooonto II coooorod to

tho ovoporotton mothod. sooplo hoodllng during proport-

tlcn to not rocutrod I1th uptlou coluono II lt-lo to tho

totaling Ind (cloth; 0: ploot1c cheats rolloolha ovopooc~

tloh. _!ho Iocplo container 1o cooplotcly cloood during

ooluoh‘oporotlon. uhllo tho Ivaporctloh prooIII rocu1roo

that tho Ionplo to proccd to tho atmosphoro and Iotlvo

1:1 It! to loot or.ca1ncd 1c the form of duct.

- ~-1ho Iohoohtrct1oh or Icl1do at tho bottoo of tho
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nan” column my meal: in nu samurai; high count. rate

21303 cm: {on 0: “thus, but 11' “1mm «pant: 1: mt

mum and well volun- 1. «trident to 33va muon-

ubla counting country to: tbs out”. down atrium this

off.“ should ‘50 mm. In this rapt“ the duper-a-

non “thud prone” that Wanna. of 1 completely unl-

tora “mph in ma particulate ind ton“ “that”

In annex-:11 dispel-«d; m "mum count “rat. in

trauma “not“ «17 “W 80m”: and alt-abrogation.

Sum). of tho ”metatuuul tn flu ovulation

0: com per-roman with figure in tut «wont-Ion

“that!m nativity mum"in men of than ‘

9:!th by Immune“ variation! in. to {aim} 1.06pr

«on. m amt. “nut: and cannula; pound an

chasm in man slay u to produce an ”pasted variation

in nouns at. of 10“ tm out pox-cont I’m mama: an

I1. sump. ”latte! m1“. " In 0131“” or that fact,

aunt: mutant for xaatmu :3th should an

"oz-use variation of appmnntely ton um» unions the .

Camus ultcd. f mun other tutors (met: an sun -

ammo! mutability manta; rm taunt-«tun manna:

filth“: m «flaunt and any» afl'oou) In} a”. com- ,

tribes“ to Icnflty variation: to the “who count“,

the: “Jo:- uuu at much «mum in unwed to In"

"Calm no. I lain: at autumn: of In»)... ~ Examination

at tho noon lump. mama rm union tho tn :1. par-

um I”. um unload the pram“ o: a tors of
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biological north. Tho annex-lion or thin 3mm Im not

hmacnom tad mutate annex-u unpl- prepmtion was

not pastime. Although m min papa-ed lacked the

605m of uniformity «and. interpretation of tho

maul “tuna an Inn until in «dating the

unfilled- Mr imituttmh

Tht Inflation cm: to it owns um: t1"?-

um- um»: unpu- mun; a mu «nut: or 29 0234/1

and “loan A forty-nun. counting ported Inn 325 am

New :- ”Sinai-tux 3.53.. autumn; ”nanny

nu be team: using um: lupin tau-u 0! huge:

«nun: potion. summit: an an In human 1:

“In. unfit: 1. 31350th 25 03M. but It an “an

this ,0va to I. About tho 10101 at “cant: 9mm: in

minute: Imus. ' - ‘

Genital-nth: hit Mon at": to "it!“ tutu!-

nuuu to tan dam and (trauma: tho apnea.

«1m. a- mu loan tom «um: «no chosen and

upon the high “11319) or noun 503 m Duo: 1 ”It!!! 123

tho bras-om and hymn- tom to: an of th- “an

tom woman: round in animal-nu: “up!“ containing

.1104 run» products- A new at. of apps-aunt.” un

I11. pot “an“ m “not“ um: calibration 209 both

ion cums. nuticn tu- nqumuntl and mph pro-

nmna time. The” two factors have been balanced in m

effort :0 chum tau-tutor? etchings motions «mun a

manual. pmcutng t1...
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Adjultllnt or Slavic pfi,lovnll to approximately

3.0 has boon curried out using hydrofluoric acid. The

lmvins or on has tun ohm by ctMn to produc- non

convict. wool o: radionuclide- tm muons couples.

in. on of Mercator“ coin to: on adjustment act-vo-

tuo additionol porno-cl. It fort: an anionic canola:

with lirccuinlwlnich can to cocanntnntod on union alohlnso

stain. But to tho low toloctivity coefficient-of Dora: 1

in the bureau i'on for th- floor“. union. on want-

Ilnt mag hydrofluoric acid manta the mat of 03-

ohanao capacity tokon up no nonlldioantlvo anions ‘

annotated with Other-octo- utiliud tor 98 Induction.

Farthin- imtigntion “tn“ sum «no: is mound

to.tully «volunto tn. incroIOI incapacity Obtainod.

it. onion to cation rosin ratio chosen for nixcd

bed operation has boon based upon similar investigations

by Sncpc (23) in'nhich one proposes the one of on union to

cation rosin ratio or II ouch an 331 (by voluno). the

author not utiliznd an anion to cation rosin ratio of

approximately 2.531 (by volume) or 1.531 (by exchange

capacity). It is tolt that booing the resin ratio on ex-

change capacity rntncr than volume in more meaningful in

roapcct to the reactions taking place. and it in I turn

‘uhich can to rocdily translated from one rosin type to

another.

The can of an union to cation rosin ratio greater

than lxl it oppcaed to the logical expectation that alone
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most radioactive ions are cations n icoaor.prcporticn of

cation rosin should be utilized. This can apparently the

reasoning of Soul (1), but Swaps (23) hac ahown improved

rnmoval (while aaoriticing camolo cizc) coin; a high

union to cation ratio in a mixed bed.

Elutpiation of activity from tho uprlow colcmno

for the purpocec of rodiochcmical separation or further

analytic has not been attempted. but such a procccn should

to no more complicated than the reverse flow clutriction

or normal donation columnc. A slightly higher percontcgo

of the particulate mnttcr from tho sample may be rctcincd

on the column duo to deeper bcd penetration, but all ionic

activity should be readily displaced from the column

simply ty reversing tho direction of flow in tho clutrda-

ticn atop.
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The eveloaiioo of tho upflou ion exchange column

developeo io thin atody has led to the follooina conclu-

sions: : ,

1.. Upfloe ooluuno can be proparod with sufficient

uniformity to be catiorootory for radionuclide concentra-

tion provided that proper'oare ie taken during column

preparation and Operation.

2. solid particlee tron environ-ontel eaoplon are

ooooontratcd at the bottom of the resin column ehero

counting conditione ere Optical.

3. Limited result: hove shown that an anion to

cation roein ratio of 1.511 (by exchange capacity)

produces lore complete removal or activity tro- rainwater

at low on than doee e resin ratio or 131.

b. ihe ll 3. roein oolomoe ltudied did not heve

eutticiont exchange oopeoit: to quantitatively concentrate

the activity from 10-11t03*lanplel or rainwater.

5. Due to the lieitetiooe impoaoo by available

oryeiel sell dieeneione. the 13 s. upfloe ooluone investio

gated would noi contain euttioient resin to be ootiorao-

torw for ooooontrntioo or stream «atop aaoplee.

6. The method of evaporation employed offers the

advantage of producing e uniform oaoplo. The contribution

of particulate and ionic activities to the total obeorveo

activity ie a direct function of tho quantity of the two

72
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foroo present.

1. Sample evaporation on plastic sheet: can be

utilized for any type or liquid environmental aomylo.

8. Tho evaporation method may ho utilized as

the method of sample preparation for direct analysis

when column capacity would be exceeded by the aanple

voluoo requirod for statistical reliability.



3mm DIES

Both lemon of «mole oreperotion etuoieo require

further inveeoiaution. ‘ The following etudiee would no

undortokem ‘ ‘ _

l. Uptloe oolm'orouktnrough oeoaoiti tor reim-

wntor amine should be dotomined.

2. nu «do: on total oolueu «may mo

hydrofluoric eoio is used tor of! mutant. u wound

to the use at nitric eoid; would be evaluated.

3. The optimal anion to nation rue-in retio for

removal oi' radionuclide: from environmental eauplu would

be unnamed. - ' I I .

1!. Helm“ man he unloved in the utiliza-

tion or eeuplu prepared for some eaelruie fu-eubuomnt

beta analyoie using liouio Iointilletion moonwonio

methods. Resin oompléo oould ho treated in several ways:

A. Activity held on tho oolm could be

figfiggagro- the colon in I reverse

‘ B. The reeio could be out or or: earned

prior to heu omlo preparation.

. 5. , he evepention “mo of unple preparetion

should he collated nimmt to would! uniformity and

oountin; eti'ioieooy;

6. sandman“ or both the ion exchange resin

and plastic sheet utilized for annexation ohould be

detominod.

7“
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