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RADICACTIVE DECONTAVINATION PROPEFTIES OF LABORATORY SURFAQES

T. GLASS, STAINLESS STEEL AND LEAD
ABSTRACT

The determination of the sasesptibility of protective coatings apd
structurai materials to radi@mcantaminatibn and their subsequent ease
of decontﬁﬁination is essentially s new Pield buﬁzoae which the authors
feel will become move important in the future, A serious attemph has
been made to develop infermmtion in such a way thet it will contribute
te the ultimate @@nstrmﬁﬁian of standard tables so that decontamination
properties may be included smong the physical and chemical properties
of & material, The primsry function of this paper is to establish the
~baéis_on which subssguent work is to be reported, Materisls used for
these preliminary studies were glass, polished stainless steel, une
palishgd stainless stesl snd lead. The effectiveness of various P
agents in removing radi@wenntaminétian,from.thése materials isylisted‘
in Tables I - IV, and & “standard® reagent for the removal of P32, Bal4O.
1AM ang 1131 ¢ selected. The degree of decontamination necéssary in
order to work safely at various levels of sotivity is listed iﬁ Table ¥V,
As 2 basis for comparing other products, the standard &alues achieved on

these generslly accepbed strustural materials are listed in Table Vi,



ATTON PROVERTIEDS OF LABURAT O“V SUBFACES
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fne of the major problems fzoed in the comstructicn of radicchemiscal

Teoilities is the selechion of ral meterisls and surface coatings
which permit resdy oleand

which have beoome avsceyp

listed. s follows:
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of adsorption area and penebrebion)
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3. Resisbanh to sovpos alkalis, orvganic solvents
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b ho heat
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These poinks sre the

the maberiales themselves,

bility, and the mewmer of sonsbruction {be oracke, ete,) ‘have been suggeste i

in more extenzive

of this paper o reporh

glass, polishad ainiess steal {Sypﬁ

316}, and isad, materiala uﬁmally

Q.x
;sq

suggested for ra Thess ex;ar;mentw bave led

to the davp opment of cebility of different mﬁter:als

working with Fﬁgg Ba*éﬁy and

shes, ete.y (3,3,4) oo the gupr—

S

- hath the susceptibility of ithe

t sase of deconteminmation. Therefove,




an effort wag made Lo selest maberials thut were vepresentative of the
pptimum conditions thaﬁkmxgﬁv regsonably be expscted under pormel labora-
tory conditions, Purther sxperisncs under a variéﬁy of werking conditions
ust be gamaed befors o true evaluabion can be mads, Weanshile, 1t is
hoped that a bedy of staﬁﬁardixaﬁ dste safh be built up whieh, in conjunchion
with known anemleal sarunturai and nhermal propertiss, will aid in the se-

leetion of surface matnrlalm amed in xadz@#n@msbai Taborabor

HATERIALS

The nuclides were %arx%%rwgﬁw& ove {pH o3l

e "(-

%A ) - e u e oy ey = &
Ba*ﬁQU&E in HO1 solubion {pH 23 . swiution (pH~8}.,
AT P . . s e e BAEY g
P32 ang T4AL are used in biolsgioal apd wedivel work, while Bet4Y resembles

saleium, This combinstion alse permiis differences hetwsen anions and

sations to be stuﬁieﬁﬂ“Thg 8 WAV m02“ﬁ1P$$ were inotope shiprents as
received from the Osk Ridge ﬁaiiaa&i Tshoratory ;SE, poresimsbely 100 -
200 pe of activity was applied a8 coubaminatios iu sach nase.
REAGEHTB

Acid reagents ware’prepar&r wy diluting thn appropriste volume of The

snsentrated €, P. seid with dist iwvi water, Obher voag

pared by dissclving the solid material in 43 fabiiled water sod dilubing to

100 ml, Thus 108 T.9.P. indissbesz thet there ave 10 g, Ne PO, per 100 nl.
. i e

ol solution.

PLAgHE&

tasbed, The plagues were cub in balf for the adsorption tests, giving strips

Le25 x 2.5 inches, The edges wers smocthed to minimize adscrpbion,



METHODS FOR TESTING

AIR DRIED CCHTAMINATION

The ?iaéuas wore contaminated by pipetting O.1 ml;Aqf the active solu~
tion onto the cenber of the area., 4 one-inch funnel was mounted in such a
position that it could be lowered over the drop of solution to within a few
millimeters of the plaque, {Fig..I), A vacuum was applied through a filter
to the stem of the fummel, The air flow through g;he furmel was adjusted to
a velacitykwhich prevented the solution from flowing near the tim’of the fun—
nel, At this rate; it was possible to evaporate the solution to dryness in
approximately one hour. .

The 0.1-ml, sample contsined around 5 jg. total solids. The solution
3pread ovei an grea of~€1.em2.oﬁ'ﬁdﬁﬁetting surfaces to as much as 2 em®
en an easily wet surface, Therefere;/tﬁe general solid distribution was
sbout 1 - 10 pg./em? of surface,
ABSORPTION TRSTS |

The sﬁseeptibility of a surface tawafa contaminstion by a particunlar
ion is indicated in part by the adSOfption of that ion from an agueous
medium, One tenth (0,1) ml, of the éctive golntion was pipetied onto the
surface about 3/4 inch from the end of a 1.2% x 2,.5~inch plague. The entire
plague was covered by an inverted wateh glass and allowed to stand for 1
hour, after which the solution was carefully sucked off with a transfer pie
pette, Thé plaque was washed immediastely by immersion in 4 successive 30-m1,
volumes of water in a 50-ml, beaker-for's‘seaond each, It was:then soaked .
10 minutes in a fifth 30~m1; volume of watér afber which it waé dried over
(‘3&13(32P before monitoring,

’The percentage of the radiomiclide adsorbed was calcnlated from the

equations

Percentage adsorbed = Activity sdsorbed) » ypp Equation 1
: Activity applied
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This sguation was derived from the more general equation:

« / g 2 ~ o
Percentage &ﬁserbed/hc/émzzg&eii?lty adsorbedjem of surisce ‘)'x 100 Ee
: \Act./ce, sol, applied x co/ew? surface covered

Under ﬁhe conditions used, the activity per s, of the sclution applied was
directly proportionsl to the total activity since s censhant,vblﬁme was used
’thraugheutu Also, the ares contaminated was identical Wiih the area cmvereé
by the solution so thét Equétion 2 reduces to Equabion 1.

.DEC ONTAMINATION | ;

A Ste?misa decontamination promﬁﬁure gimilar to that used in laboratory
cleaning was used for much of this work, Reagent deconbamination without
serubbing {Stép'i) was ﬁﬁed first to lower the sctivity level as much as pos—
sible before persénnél exposure bescame necessary, Ome~fourth {0,25) ml. of
the reagent was aéplie& to the affected ares and allowed to stand approxi-
mately 2 minates. When two different reagents were applied, an approximately
equal volume of each was used; the total resgent volume remaining constant,
The plaque was rinsed wiﬁh”a‘spray of water, blotted dry, and menitored.

Bach subsequent atiempt at decontamination (Steps 2, 3, ste.) was accomplished
by applying 2 ml. of resgent, aﬁd brushing manually with & lpﬁyi 1;5~inch BYY-
gical brush for 1 minute, Radicautographs have demonstrated that the activity
was rather uniformly spread over the contaminated ares, and that less than 1%
of the activity spread to other portions of the plague during the brushing
process (930 |

The data ave reported in terms of the desontamination index, D.I.:

D.I.=log

e , , erninX6]
(%ﬁﬁl?lty on surface bafore aieanxn%j Bquation 3

~Abetivity on surface afier clesning
Since the area coversd by the radiomuclide was unchanged by the cleaning pro¢e
e8s, the decontamination index represents the fraction of the radiscnueclide ra-

moved per unit of surface ares,
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The piag&e@ were monitored aﬁth:an endmwiﬂdaw'ul4g9rwﬂﬁoi{ar tube en-
closed in s lesd shisld with standard shelf positions, and & secaler equipped
with a seals of 1024, The plegue was placed on & 2.% X 3.25-inch eard, and:
inserted ipﬁa one of the shelf positions in the.laaﬁ ghield, & new card was
used for sach dstermination to miniﬁize the pfmbabilihy*@f conteminating thé
inside of the lead shisld. When the rasge of the G- tube was exseeded, th§
activity was determined in an fonization chamber by comparison with a control

of known astivity muantau under ths same conditisns,

RESULTE ARD DIECHISIN

ADECRPTION TEST

The adscrption test described in ﬁhe &iperimanﬁal 5a@tinﬁ’is used o
investigate the suseeptibility of thé véxi&u& énrfgaéﬁ Lo @ontémimation;
that is, the eztent to which the fdﬁ?@@&uﬁﬁﬁt besomes abbached to the aurfaéen
The method by whish the aﬁ%amhment ocours is *mmatgrial The radicelenent

P

in the general zase, may be hel& oy v%*mxsarmtaen {e.g. ion exchange) with

surface valences, by vhysical adsoretion or mechanisal means {diffusion into

*, o

cracks and pores on the swrface). The form in shish the radnoaiement ooonrs
on the surfase (.., ionic or collicidal spyregates) depends i&rg&ly'an the
composition of the mediam from which it is deposited,

Siﬂeﬁ‘@hﬁ radiocelements exist as ions im'tﬁeES@thimng used asg thé teduis O
tamina@ing medium for this work, and sinece the surface materials were se-
lectad beeéuse they provids & relatively spell specifis surface area, ion
exchange and chemisorption are ths predowinact phenomens in the warticular
studiss reﬁmrt@d here,

The resulis ave shown in Tabls 1



Several tesis with different shipments of the carrisr-free isotopes as
recaived ffom Osk Eidge showed thal the percentage adsorbed from different
solutions of the same element waried by a factor of 2 or 3. The carrierw
free samples were used beaauée they reprosent the'higheat dilaﬁimns of the
alement 1ike1y te be met and should give the highest pefeentage adsorptiano:
Except for the fact that the adsorption of Baldl % 12340 on lead was unex~
pectedly highg the comparative figures for each element on Fyrex glass,
polished stainless steel, unpolished stainless stesl and lead seem reasonable.

The general similarity between glass‘and pelished stainless steel has
been known for some time; and:is usualiy“attribntsd te the very smooth sur-
face which they presént«0 The‘différen@a between polished and unpolished
stainlgss éﬁeel probably reflaéﬁs the reiativs sperific surfaces of the two
materials more than ﬂifférsnee& in cowposition, |

The inereasing value for 33P32Q@ between gia&s and lead as well as the
higher adsﬁrptimn of T° on Pb as compared e I7 on glass or eiﬁher variety
of steinless steel was anticipated vn the basis that the f@rmaiicn of in-
solable salts should incresse the %pparen% adsorpbion. |

Since:%he prmaadure'uééd to derﬁvgrthe gdsoyrption figures has been
adopted in our laboratory as a routine test for the susaeptibiiity'of dif-
ferent materisls to sontamination, it secems worth while to cmﬁsider its
derivation in greate% detail. |

Separation of porecus from nonporous surfaces by this proaéduﬁ“ is noet
difficult, Several prelinminery experiments demonstrated that ﬁba suscepbi-
bility of a porovus surface %o conbamination by a golution was feflem%ed by
an apparent sdsorption of greater than 1%, The nonporous maﬁ&fials for which
we were locking should feke up much less than 1%, often 0.01% or less,; except
when specific chemical reactions ecour between the surface msterisl and ﬁhe’

radicelenant in the gsolution,



..llg

A one~hour contact time seemed suffieient to elassify (wiﬁhin an opder
of magnituae) the relative adsorptive power of nonporous materials bacauge
of the general character of the adsofption isothern: which are followed,

To illustrate, & typical curve for the adsorption of H,p%20, on frosted
glass(7) (see Fig. 2) has been chosen as the basia for discussion since this
system will be used later in the re§6r£ to show the basic principles of the
aubsequent aecontamination eycle. In this experiment, the frosted end of a’
microgcope slide was immersed in a solution of 33P32@ s remouved at intervals,
rinsed in éuecassiv@ changes of distilled water a#d monitored..

It should be noted that a very rapid phase of sdsorption depoaitad an
amount equivalent to a few tenths to s few per cent of the ultimste squi-~ |
librium amount of P32 within e matter of seconds after the solution and sur-
face were brought together, This is a typical feature of the adsorption or'
polar iohs on different surfaces and is attributed tb electrosﬁatic adsorption
or ion excﬁange at the outer surface of the eleciric double layer abt the solidw
solution interface (10).

Two slower phases of adserption:were found when the isotherm in Figure
2 was replotted as log (1~F) versus time where F is the fraction of the equi~
1ibriun(®) value., These phases were represented by two streight lines with
half times of 10 minutes and 9 hours., The l0-minute step was essentially
complete after the first honr, the total activity at this time being about
25% of the squilibrium velue., In thé adeorption of polar lons, such steps
commonly follow the rapid initlal adsorption at the surface of the double
layer and are usually sttributed to succesgsive steps, one of which is probe
ably due to diffusion of the radiocelement through the double lsyer (10,11).

The fact that the semilog plots were straight’lines, of course, indi- |

cates an exponential equation for the lines, This is in accord with the
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Figure 2

ADSORPTION OF P32 ON GLASS
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observation of Boyd et al., that an exponential egnatien is obtained when
the reaction kinetics of the exchangé occurring between a solution and an
ion exchange resin is ecaleulated for either a diffusion controlled or a
chemical exchange mechanism (12). An exponential equation is also obtained
for the exéhange between & radionucli&e and its stable isotopes in the same
ionic farmkwhen,the stable ion is initislly in exéhange equiliﬁrium in two
or more compartments, and the radionuclide ig introduced into 6ne of them
(13,14) . ‘Because of the widespread occurrence of stepwise exponential G~
sorption (10,11,12,13,14) it is logical to expect that adeorption quite gen—
erally will show initially rapid with later slower stages and that each :
stage will be exponential in eharactér, 1.8, the form of the aésarption
curve observed in this experiment wiil»prove to be the rule rather than the
exception for the adsorption conditions used in these studies, |
By selecting an "adsorption" time of one honf one is making comparisons
gt a time when the adsorption is proéeeding rather slowly althéugh only |
around 10 to 25% of the equilibrium distribution may have beengreached. A :
more exact comparison at a later time is notlnecessary because the important
point to the laboratory worker is the ratio of the adsorbed activity to the
#tolersnce® activity permitted on the surface. For example, if the maximum
activity permitted on a given surfaee is 100 e/m with 2 particﬁlar instrument,
and the maximum activity which can be adsorbed is 102 ¢/m, about 10% ¢/m will
be taken up in a matter of seconds. This will riée to ghout 2:or 3 times 107
¢/m during the first hour. When one is choosing between two possible materials,
it makes little differsnce if one must reduce 106’c/ﬁ to 100 or 5 x 10° c/m%
to 100, The two must differ by a faétor of 10 or more befeare one surface
has a real practical advantage over the other. A difference tﬁis large canv

be identified by the ome-hour test.
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DECONTAMINATI O

The results of the daeantaminaiion test'desciihed in the section on
experimental procedures are given iniTables I - IV, The tests were run
in duplicate and were repeated in sevéral instances with diffefent ship-
ments of the radicelement, The over-sll precision obtaiﬁed waé t0.3
decontamination index wniis. BSeveral observations of interest are evi-
dent in the general pattern of the iesults,

The most consistent feature is _'the fact that the cleaning action of
any reagent is, for all practical pﬁrposes; eampléted at the end of the
second step in the deaontaﬁinétian preﬁééuraG ~Also, the first‘figure of
the decontamination index‘(ige,,‘the exponent qf.the decontamination factor)
is set at this time, and fufther attempts to reduée the contaminant on the
surface are relatively unprofitable. Thua,‘it caen be found almost at onee
if the decontamination index on any'périieulaf plaque is going to be 2, 3,
or 4, ste. |

Lesg‘éonsistently observed, but equally interesting is the fact that
the indices for the efficiency of & variety;gf‘reageats ugsed on Some Sur-
faces are remarkably similar, For exgmple, the decontemination index for
21l three elements on Pyrex glase is around 4o regardless of the cleaning
reagent selected,

,Finaliy, there is ﬁ@ striking benefit demonstrable from the presence
in the reagent of carrier lsobopic with the radioelement on the surface,
Those effects which were observed were far less than they should be if the
radioisotope were exchanging significantly with ﬁﬁe carrier in the cleaning
reagent,

Thesetresults3 as well as sume of the finer points, are gualitatively

explaineble by a simplified picture of the decontamination process, One



TABLE T

REMOVAL OF AIR-DRTED CONTAMINATION FROM PYREX GLASS
BY STEPWISE PROCEDUERE ‘

D. I, Per Step | Totel D, I.
| | | Initial A1l
Isotope Reagent Step 1 Step 2 Step 3 Step 4 Step 5 | Reagent Reagents
p32 1% Mulsor 224 | 2.9 1.5 0,23 (32,50 e b >7.0
3N HNO~3H HyPO, Tob 0.6 0,35 0,11 0.08 | 4.6 4k
Sétde Calgon 3,0 1,0 e e o 4o0 40
én o, 34 Ded 0.3 0,33 (273 42 7.0
1% Sapamine 2.7 Ood | s —— N 3.1 3.
Bal4l | 1% Sequestrens 1,9 2.1 0% 0.4 | 409 4o9
ev mo, 2.8 L3 {0102 — — 4 42
1% Mulser 224 1.9 1.8 0.2 (.52 o~ | 3.9 42
10% Amm, Cit. 2.5 0.6 (0,150 (2.7 — 3.1 D60
1131 56% HI hol 0.9 = 0.3 —_— —t 5,3 503
| 102 manso, 3.5 L0 0,38 {0o2M% e | 47 4u9
Setd, KI |
- 1% Sapamine 3,0 1.1 0,11 (0.8)2 —_ LoZ 5.0
| Satd, NaHSO, 302 D8 0.2 {0,339 —— | 4o2 4.5

1. Reagent changed to 5% NH&FGHF whi@h_dissalvgs the surface layer
Z- Reagent changed to 10% Ammornium Citrate

3o Reagent changed to Chromic Aeid Cleaning Selution

4. Reagent changed to é}ﬁ HNOy

5. Reagent changsd to iéﬁ/ﬁﬂﬂﬁ
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TABLE 1T

REMOVAL OF ATR-DRIED CONTAMINATION FROM

POLISHED STATNIESS STEEL

. BY STEPWISE PROCEDURE

Do I. Per Step Total B, 1.

: ' ' : | Initial All
Isotope Reagent Step 1 Step 2 Step 3 Step 4 Step 5| Reagent  Reagents
p32 3N HNO,-3N H3PO, 2.7 0,5 0,04 (L5 0.6 | 3.2 5.3

68 Hﬂea ' 2.3 o4 0.3 e onmcotmai 3,0 3.0

1% Sapamine 2,3 0,23 (0.8)2 0.3 0.3 2.5 3,9

340 | e HO4 500 0,7 e e e 5.7 507
| 10% Amm. Cit, ;

| 10% NaOH 263 1.1 0.6 {0,232 0,18 440 bods
1131 56% HI 4o 1.8 —_— = - 6.5 605

6N HNO
10% NagSOB 207 205 hnastend S etmax: 5&2 5&2

1. Reagent changed to Conc, HC1

£

2. Reagent changed to 6N HC1

3, Reagent changed te 1% Sequestrene
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TABLE III
REMOVAL OF AIR-DRIED CONTAWINATION FROM

UNPOLISHED STAINLESS STEEL
BY STEPWISE PROCEDUNE

D. I. Per Step*  Total D, I,
S - o | Initial  Al1
Isotope Reagent Step 1 Step 2 Step 3 Step 4 Step 5| Resgent Reagents
P2 | HNO, £2.0 0.6 (0.5 02 @ — 2.6 3.3
| 3% ENO4-3N ByPO, | <20 0.5 0.0 —_— — 2,5 2.5
1IN HO1 £2.0 0.5 (0,0} —— 2.5 2,5
1% Wulsor 224 <2.0 0,3 (0.2 0.6  — 2.3 346
Bal40 | e HNO3 2.8 L1 004  — - | 39 39
6N HC1 2.3 1,1 (0,512 — — 3ok 3.9
1% Sequestrene <1.8 0,6 | (1.5 — —— 2.4 3.9
10% Amm, Cit. <1.8 0.3 (0.3}  —— e 2.1 2.4
1131 | osegEr 38 L1 0.3 0.3 0.0 5.5 5.5
10¢ NaCH ‘
10% NaHSO, 2.7 1.0 {0.4)2 - —— 3.7 hal
10% NaHSOy o :
Satd, KI 342 0.5 (0.7% 0,19 0.08 | 3.7 4e7
N W1 20 1.0 (0332  ~—  — | 3.0 3.3

,}_h; Reagent chanped to 6N HO1
g.; Reagent changed to 5% HEAFOHF
2; Reagent changed to Cone, HC1
4. Reagent changed to Cone, HNO,
2o Reagent changed to &N HNO,

¥  The ioniwation chamber was not available at this time, The acbivity
was close to the upper limits for the G, M. tube.



REMOVAL OF AIR-DRIED CONTAMINATION FROM LEAD

e fye

TABLE IV

BY STEPWISE PROCEDURE

. ! D, I. Per Step Total D. I,
| | Initial  A11
Isotope Reagent Step 1 Step 2 Step 3 Step 4 Step Reagent Reagents
p32 W ENOs-3N H3PO, | 2.8 2.0 0 - 5.2 5.2
6N HO1 27 15 (02nd — 4o2 445
6N HNO, 26 1.1 (0,342 — 3.7 4.0
10% NaPO, {2.86  0,3 0.3 —n 2.6 2.6
Ba0 | en mro, 3.2 1.0 0.8 — 5,0 560
Conc. HNO; 20 L9 L0 e 429 49
| en mO1 <17 1.0 0.0 —_ 2.7 2.7
10% Amm, Git, 2,0 0.4 0.3 — 2,7 2.7
1131 56% HI 3.0 1.1 0.2 0.1 ok o
6N HC1 <2.0 0.3 0.3 0.0 2.6 2.6
1% Sepamine {20 0.3 (0.7 0.3 2,3 | 363
1% NaHSO; - | |
Setd. XI~ <2.0 0,3 — - 2,3 203

1. Reagent changed to Gone, HNO

o

3

2. Reagent changed to 5% NH; F . HF
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would expect that the first action of a liguid resgent would bé to simply
dissolve any salts of the redioslement that might be lying loose onr the
surface. Another immediate sction would be the rapid adsorption of solute
ions originally present in the cleaning solution, and exchange between the
surface an& sqluﬁion whére such sxchange is possible,

Part of the cleaning effect wili depend on héw fast these ions can
reach the surface, and on the degree ;t-m which they can resct with the sur-
face valenées in competition with the ioms of the radicelement., Thus, the
effect of acids is primarily due to the B4 and secondarily due to the anion,

The radicelement will ultimatelﬁvbeéome distributed betweén the sol-
ution and the surface in the proPQrtions detefmined by its distribution co—t
efficient Be%ween the cleaning solveﬁt and ﬁh@ maﬁerialg Howeﬁer, the rate
at which the equilibrium is attainﬁd'might well féllow an expgﬁential law |
since the various rate eguations mentioned in connection with adsorption
hold for both adsorption and dessrption steps. If a aiffnsion:process (e,g;,
diffusion from micropores) is inveolved in the decﬁntaminationgfa slow rate of
exchange cquld easily result because of rapid replacement of solution would
not occur at the sites of contamination'ﬁe&p in the pores. ’

Regardless of the explanation,'if'the,eicﬁange rate were élew enough,
it would appear as if the radioelemeét were irreversibly atbached to the
surface, it would also account for the repeated gbservatiom tﬁat isotopic
carrier contributes far less to the displacement of the radioelement than
one might éxpeet from its concentration in the reégentg

Two eﬁpariments were, therefore, set up Lo determine the éx%ent to
which exchgnge rate; might be importént in the reagent decontamination
progess, In the firet experiment , 5éme of the slides which had been equili-

brated with a PR solution for the adsorption experiments were then cleaned



by immersion din $00 mi. of 2 3 HEC, - 2N H.PO

]
'y
7
" - s

\

b¢§~1;ow which was continue-

susly agitebed. In the seoond experiment, slidez on which the sz Lad been

allowed to dry overnight over Usd8, were cleaned by the same procedure,
. I:é'm

M w4
Thun BLlloss

abarvals, rinagﬁ, ay and nonitored.

The resplis of {yerzwvrwa are shown in Figure 3, In the

firet sxperiment . aboot 928 of Lhe ﬁmwwrm#Q activity was removad during the
2

o

The actividy then came off with a halfetime of about 70

of around 9 howrs, Prag-

minutes followed by & thied step with 2 ﬁ?

~

%i@ally‘allitbe dessrption obbained ﬁﬂfiﬁg*ﬁh& Lhehour rup was obtained
during the firﬁﬁ % howrs zh which time the decontamination index was 2.4 as
compared to only 2,7 &t 5 hours., The faet ihat the S«hoor slope was pot

sred by changing to {resh reagsnt nr@vagrﬁ@nﬁiasively thetl the exchange
rete was the limiting factor, and that the ‘pesition of the ultimate ggpili-
brium had Jithle or ne influence on the rave at which the P34 atoms wers
remsrwed from the glass. 1 oos needs to rem@vﬁﬁ in a short Yime, 99.9% of
the activity remalining after & mcurwﬂ’i@ will be necessary to attack the

gurfese itself,

i changes none of the g5~

- discwgsion. In this cass, the decon-

impereion,; end only 5.2 alter 1S

b

tamination indew was 3

hours ., Txe flerarn

first fow minutes a5 it CV*7€ I% shouid be

cadiire

2 spme mat

were wsed,
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Pigure 3

DESORPTION OF P32 FROM CLASS BY IMMERSION IN 3N HNOy=3N HiPO,
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TYPICAL STEPWISE DECONTAMINATION SEQUERCE; P2 FROM PYREX GLASS WITH 3N HNO4~3N HPG,
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vonditions are to he surveysd systematically. Ao exemination of Tobles T = IV
indicates ﬁhm't no single wisaning resgent is oubstending for all the 6;1ementé
on all ths surfaces, However, with sach element, there is at Eyéaat- one re-

agsnt which appears we i.i up on the Esz‘:‘wiaﬂmy iist of reagents for the removal

of that element from esch of the four different materials, Therefore, a "stand-

ard reagent® has been selected for sach slement as follows:

o3

For F::"’“‘f; AN J{wz w3 H P{}p

3

For @<1§§? &N II“

& oto uge ?muse particular reagepts rege

T, PrapS i g 3% e pory
oone wonld hardly s

glariy for k eawing Tisors and tablss, they do provide s shandard against.
whi ok Mmdﬁr reagenis {e.g., detzrgonts} san be uumpam%d 28 weil as a %andw
ard throagh which siher sslected werishles may be compared,

It should be poipted out that, as is shown in Table I, 1‘}}34 FHE ig the
most effective clesning reageat nown for glass, }’Iﬁ’ﬁ.ﬁj@@'ﬁ experience hasg

demonstrated that when jedicicesly used there iz no recoguizable resulting

damage {19

sguived o glve reprodns 1%3lf’ gontaminating conditions

s

was deternined bWy the fwoestep prosedurs with the standsyd rosgents using

plagues that had beso shored for difTerent leng ”ma of time. On the basis of

e =
b o

these resaile, shown in Figurs 9, a standerd doying time of 18 %o 24 hours

EZYNTHREIE OF THE REZULTS

slon and data make It possible to begin the task of

e

Forpation, & oo fpa ison of different materials
is desired wilth pespesl to fwo bwoad situstions. OGne iz ths problex of eleaning

an area, sush 28 g bood, where the condamingtion will ocowr primarily through
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swall drops which have subsequently dried. The cher is an evaluation of

w ommeh activity is likely te remain after a major accident or spill has

i and the garface has besn eleanszd within a short time {an hour or

sfterusrds,

For comparison af materials, it is necessary to obtain a decontamination
index, This index must be cblalined undﬁr conditions which hava‘been shandard-

norespect to the rrn*amxﬁatlﬂg conditions (Lngg element, compositicn

spd form of the conbaminabing medium, and method of application) and also with

reus,

process of cleaning {i.e,, reagent and praaeémre used) .

zurface hefore olsanin
bt x 2] shbainsd under such utandari SOh~

- sarface after cleaning |
celiled 3 Yohandard? decontamination index [D. Epﬂ) The autbors

l

propese thet DI,y for the removal of a particular elemen@ from &
siven material be defined as that decontaminabion index which ig obtalnmed a%

ap in the stepwise clesning procedurs whem the oo

C\k

the end of the seoond st

taminant hat been drisd on the surfece abt roosm demperature for ln = 2, DOUrE

and the surface swbsenuently clsansd with the %sianderd reagent® for the

Tr svaluating the second zase {f.e,, a spill) it is dPSlrabgc o not onAJ

astimate how maeh aat1thy will be

.

rocess,  The most aconrate procedure would be o row-

i

I by the adoorption best, and oblaln the ratioc of

aming progedure to the total ae)uvlﬁy applied in

bing solution. This methed is technieally impracticsl

uive bhe use of wery %hot¥ Initisl soluticas to lsave

he sl o get an adeurats count, Therefore, an estl

of thy desired ratio bas been obiainsd indirectly from the percentage ad-

-

on and the atsudard decontemination iodex ipn the follewing wayy



s He'w

w3l
{Aet, after cleasning spill ﬁ@ﬁ, sdsorbed \fAct, after aleaming‘XEq 4
Total act, of sample (goﬁal act. of samplef \ict. before cleaning

Fraction adsorbed \ .
= Bquation 5
Decontamination factor

T# this equation is written in the logarithmic form, it becomes:z

ot, after ol o ] o | v
log 4 sfter ¢ @&nlng spili = jog fraction adsorbed — D.l.p3. Eguation
Total azt. of sample ~ : : .
where D°I°Ads is the index obtained from the sarféce contaninated by ade
gorption,
The term on the right side of Bgustion 6 will always be pegative.

Therelors, the suthors propoese that a mew term, called the spill index

{8.I,) and defined as ~loz Act, after cleaningl o spiroduced as a measure
Total activity

of the sitﬁaticn that would be ﬁreated in case of an asccident,
The inv decontamingtion index sveilable is thpt obtained from ths
nse of the air-dried conbaminating test, whereas the one that sheould be
sd hers would be obtained from applying the ean%am:nant by adsorption,
From Flgure 3, and obher izperlmentsg it has been estimated that the praper‘
index would usually be 1 te 2 units less than that obtained by the air-
drying progedure. Tbaféfﬂrey te a réugh approximation, the D“I°Ads is
simply twe uoits less than D.l.y. The same numerical resuld is obtained
From Equation 4 4f the fraction adsorbed is expressed as the percentage
adscrbed and the logarithm of this value is computed. This, in effect,
adds 2 units be the logarithm of the’fractien adsorbed and z velue for the
spill irdex may bs csleulated directly from the reéalts ef Tables I-1IV by
the equation: |

Spill Index (8.I.)s ~{log % sds, -D.I..) Equation 7



Thus from Table VI, the percentage aﬁsevption‘mf I Ty anpolished
stainless steel is 0.06%, and the sbandard decontamination index is 4.9,
Therefors, the spill index for lodize with anpolished Stalnles5 steel is
w{=1,2 = 4.9 or 6,1, Thus, if ons s@illed 2 sample contsining 10 me.
1130 on this surface, he wight expect to find aboul 0601“ycﬁ 1131 tert
firwly attashed to the surface if the spill were ¢leansd wp in one hour

or less us1ng 5 reagent as effec as 56% HI.

@

The scbsﬁale prosented in Table ¥ has besn used to estimate the spllil

index and the standard daﬁnﬁ*ammﬁ&tlan index that a material shonld have

¥

for work at different levels of aativityb If the freguency of wmrk at

high levels is low, a lessz sablasfactory matervdnl can be sconomizally used

because the probability of serious conbemination is less and one can afford

to utiiize surface erecsion for the ultimebte cleaning vocaesionally. Thess

values shou 4 be interpreted a2 representutivse of what the bese material

itself can ashieve, Superfisial coabings mf,fs tons kinds can be used to

e

raise the activity capable of being hendled adegu é l y by the b&se material,
TMamwaEM’ymw»&@ _lmé?yﬂz“ﬂemmnl.?éMm1%3ﬁaimm

polished stainless sizel # 316, and te add *1onutyet&inlezg stéel samples

# 302 have been summarizéd in Table ¥I., The authors consider that a dif-

ference of 0.5 wndts in elther the spill index or standard decontamination

e
X-t,

index is probably signifizant, end thet a Aiffererence of 1 unit iz certainly

sipgnificant. Isss spenificiiy towerd the redivelsment is shown by Pyrex

v

glass than by either lead or steinless sbeel, ALl of the siainless sieels

3 2

are less satisfactory when used in cenjuncobion with P~ 140

than with Ba ot
Il3zo &lso, some specificidy with mespect to the iype of stainless steel
& shown toward both barium and lodine,

The high standayd decondamivation index chzerved on lsad i3 due primarily



3 e
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TABLE V

APPROXIMATE SPILL INDICES (S.I.) FOR DIFFERENT LEVELS OF ACTIVITY

35 Io

Approximate Level 8, I.

Less than 1 me ~3 2

1 pc - 1 me {(Low Freguency) 5 - é 3 -4

1lpme -1 me {(High Frequency) 7 - g 5 =86

1 me ~ 100 me (Low Frequency) 7 -8 5 -6

1 me - 100 me (High Frequenay) 9 - 10 7 -8

100 me = 1 ¢ (Low Frequency) 9 - 10 7 -8
9 - 10

100 me = 1 ¢ (High Freguency)

11 = }2
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TABLE VI

STANDARD DATA ON SUSCEPTIBILITY AND CLEANING PROPERTIES

OF GLASS, STAINLESS STEEL. AND LEAD

_ Spill Index Percent Adsorbed

Miterial  Isotope - {8.1.) in One Hour D.I.g
Pyrex: Glags p32 5.9 0,02 &o2
‘Bal4l 408 0.2 4ol
1131 bod 0,04 5,0
Lead ’ P32 209 80065 &58
B l40 3.9 2.0 4o
1131 3.6 360 bol
Polished Stainless Steel p3R 3.7 003 302
Type #347 : Bal4C 703 0,04 5o7
1131 8.7 0,007 645
Unpolishad Stainless Steel p32 2.5 0.8 205
Type #316 Balsl 4ol 3.8 3.9
| 1131 8ol 0,06 49
Bonded Steinless Steel p32 3.9 006: 37
Type #302 Bal40 559 0ok 5,5
| 113 4o9 0,03 306
Wicro Rold Stainless Steel P32 ho2 008 3,9
Type #302 Balbl 6.2 0.2 5.5
, 1131 409 0.1 3.9




Lo uh& fact that the olsaning reagents attack the surface. In this, and

vlar eases, the guantity of activity removed per step does not neces-
sarily level off gz fast as it does when the zuﬁfaée is not stbacked,
However, 1o the later stages of resgent clsaning, the fraction of the
activity removed is pob et all commensurate with the degree to whish the
“gurface i& eroded .

A comparison of Teble V with the data of Table VI indicates that any

b used rowbinely wp o the me level of aobivity

although wore wigorsus tresiment would be required to keep lead cleaned,

P \ . . -
and difTioulty would be encountered when POY is msed dn conjunstion with
stainless slesl, IF %h@ lnboratory is subjected tooa & heavy work losd (h;gh

'frequancv gf wweratgeﬁ} at this }&ve}; the tims spent in mainten&nue and
1@3n;n: xouzﬁ provably e excessive and auxiliary‘proteativeJméasures such
88 those recomnended as auar& radiocchenical pfa@th& would We mandatory
L the 1ab¢ratméy.i§ to be vaad effizlently.
If thess wmaterials are usged W&th Ligher su a;vlty ievels, Qﬁe must be

<

proparsd bo finish earh oleaning operation by a nros

nre which rewmoves
some of the surfaes layers, 4 possible exmeption'may'bevthe use of Typé
:>3}§ o 3&?'$taiﬁlé55 sﬁ&@i,wiﬁh leiu‘ The verﬁ'gmad fiﬁures obtain@a with
pai}ﬁhﬂd stainisss steel are due inrgely to the mirror finish which,

unfortunately, tends to beccwe tarnished by laborstory fumes, Therefore,

the net benefit hardly Justifies thw additions 2l post,

ave cheapar, more sasily fabricabed and move easily

" i ; I A -

cigsted must be fopod 3f the onet of sstisfectery facilities for Phot®
za?J:atari s is to be reduced. Such a surface should be smooth, nonporous

and althaugh uheml&a¢iy'ze“s$tant3 it should be possible to remnove prac-

tzﬁally maﬁ@mele&ular levers without pititing or roughening the eleansd |



arez. In view of the famel that geod reagent deconﬁaminatian.ﬂepends prie
mafily an preventing surface reaetiény water repellent properties should

be high on the list of requirements for a deconteminable surface.

SUMMARY
It has been shown that the exchange of a radionuclide betwsen surface
and swlutiqn is an inberently slow process. Desoﬁtamination of a surface
depends largely on the removal of radionuclides which are not attached to,
oOT Are 1@asely teld by the surfsce. ’Simpﬁe tests:whieh.permit:aempariscna
between surfamess cleaning reagents and contaminaﬁing monditiohs have been
developed, & few conclusions rega?&ing the suitability of glass, stainless

steel, and lesd for radiochemical laboratory surfaces have bsen drawn,
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FOOTNOTES
Based ou work done in the Bislogy Diwvision, Cak Ridpe Nationsl Lsboratory
under Contract No, W405-eng-26 for the Atomic Energy Commission,

Present address, Navel Radiological Defense Laboratory, San Franciécos'
Celifornia. : .

Isetapesﬁmivision$ Ltomic Energy Commission, Osk Ridge, Tennessee.
Contamination® results from the attachment of a radiomuclide to a solid

surface; Yecontamination® involves its subsequent removal. By common
usage, a waterial is considered a "decontaminable material® when it can

be cleansd by liguid Solvents without undue deterioration (5).

No isobopiec carrier added deliberately during the production. The total
solids were of the general order of 1 mg/25 ml.

» Antivity on the surface before sleapingl .
Th tio bttt b igs o
& Tx (;et1v1ty on the surface after cisgning 38 galled tée
Decontaminetion Factor, D.F,

Frosted gless was used for this particalar sxperiment so that less active
P32 golutions could be used. The frosited glass provides a better
sdsorptive surface than smooth glass, : '

It is sufficient for our purposss tu copsider the redicelement to be in
exchanpe equilibrium with the surface when the activity adsorbed main-
tains a constant vaiune for 10 heurs with the plague. immersed in the
golution, This value was reached at about 20 hours,





