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CENTRIFUGE TYPE OF ULTRAFILTRATION APPARATUS
by

T. T. Toribara
ABSTRACT
A one-piece all-glass centrifuge-~type ultrafiltration apparatus has
been designed., This equipment has been in continucus use for over three
'y'eara end has proven to be especlally valuable for the study of the clearamnce

of various ions in bieclogical work.

Eox & B

In the study of the clearence of various ions in biological work,
ultrafiltration is a very valuable technique. Feldman et al., (1) have
degeribed an éll—gla.ss centrifuge type of ultrafiltration apparatus which
eliminated a mumber of undesirable festures of other types (2,3,4.5). The
apperatus described here maintains =1l the desirahble features of the all-glass
apparatus, and in sddition its one-plece constriction makes it simpler to muae,

v . Apparatus: COne end of o borosilicate glass straight sealing tube with

.. coarse fritted disc (Corning Mo, 39570 - 25 mm, diameter with 20 mm, disc) is

sealed off and a2 6 mm. glase tube is sealed on mt an angle near the disk
{(Figure 1 A). This tube serves as the outlet for the removsl of the filtrate
and as a meana of maintaining the same stmosphere above and below the fritted
h&isk when connected to the glasa tube at the top wlih tygen tubing duriﬁg
centrifugafion, The n;.hber stopper to fit on top should be cut out with a
shoulder ms shown, The apparatus is centered in the largesi cup (Cat. No.
373) for an International centrifuge, size 2 by use of the ring shown in
Figare 1 B, This consists of e brass ring made from sheet brass with the

proper size wooden blocks attached to keep the ring in place.
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The solntion to be filtered is placed in & piece of Visking seamless
cellophane dialyzing tubing ms has been previously described (1), It was
found most convenlent to place in the apparatus the previocusly scéked tub ing
doubled so that both open ends ere on top. After filling the tube, the open
e;a;_a¥e tied of doubled =nd cloéed by means of rubber bands. The filterad

solution is withdrawn through the sidearm by meens of a pipet with the tip

.

R

drawn out to fit,

This apparatus is in regular use for filtering dog blood plasma at
speeds up to 2000 r.p.m, In actual operation, the materisl collected during
the firat 15 minutes is discarded — this eliminates any dilution which might
be censed by surface moisture on the cellophane, The size shown will handle

convenlently up to 20 ml, inmput, and for larger quantities e larger size

| sealing tube may be constructed in the same manmer., If an apparatus very

mch -larger than the one ghown is desired, it would be preferabdle to start
with g fritted disc funnel {(Corning N¥o. 36060) which is mede of mmch heavier

glass, In the latter case, a bulb is sealed ontc the stem which is thickened

-and-enlarged for strength, This apparatus is aleo msed for drying precipitates

~

by centrifugation.
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Figure 1.

[l

(A} Filtration apparatus made from stralght sealing tube, 25 mm.
diameter with 20 mm. fritted disc.

(B} Top and side views of centering device.
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A PARTTIAL EVALUATION OF THE HAZARD FROM
RADON AND ITS DECRATATION PRODUCTS *
by

Jacchb Sheplro and William F. Bele

ABSTRACT

Radon in the air is sccompanied by radioasctive daughter substances of a

.few minutes half 1ife, usually attached to dust particles., Experiments

have been performed in which rats were exposed to radon and these accompany-

- ing daughter products. Results indicate that most of the radiation doee to

the lungs i1s produced by these dsughter products, removed by the lungs as
particulates from the air, rather than by geseous radon and the degradation

products of the radon molecules decaying in the lungs. Implications of these

results in deciding wpon maximm permissible levels from redon in the air

of mines and industrial plants are discussed.

x Kk ¥ ¥ ¥

The existence of radon has been known for more than f£ifty years. We
have realized only recently, however, that the major exposufe of human

beings to radicactivity today may be from exposure Yo radon mnd its degrada-

“tion products. This exposure is predominantly to miners In unventilated

uranium mines or mines that penetrate uranium and redium bearing rocks.

Investigations of exposure levels have heen conducted jointly by the United

States Publis Health Service and the Colorado State Department of Public Health.

¥ This paper was given December 30, 1952 at the St. Louis meeting of

ths A.ALA.E ag a part of a symposium on radiaticn hazards.
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It should not necessarily be assumed that radon levels in the
mines are high enoﬁgh to be injurious to the health of exposed miners.
ﬁe do not lmow of any evidence that injury to American miners has occurred.
The levels are high enough, however, if measured in terms of acceptable
levels in other parts of the atomic energy irdustry, to warrant further

investigation.

Data on which present Maximum Permisgible Concentration Levels are based.
v s - There is undenisble evidence that among miners of the Schneeberg
.and - Joachimsthal regions qf ce;rtral Europe there existed in the early 20th
-century a very high :lnc::l.d.ence of cancer of the lung. It was probably one
of the mejor causes of death to miners of this area, These mines ware also,
in general, reéions of high radon concentration. Todsy this high rate of
. cancer is generally attributed -to radon in excessive emoumts. The available
data 1is probadly not good enough, however, to exclude ccmpletely the
ixportance of other carcinogenic agents or to demonstrate conclusively
that radon is the primexy cause.
According to Robley D. Evans a summary of published data indicated
a value of 2.9 x 1077 euries radon per liter as an average for measurements
made on these mines (1), The measurements are given 3n Fig. 1. The median
value ‘of published measurements was 1.8 x 1072 curies per lit_ér. It seems
0 be largely on the recommendation of Dr. Evans that a velue of 107
curlies radon per liter has been widely accepted in the radium dial painting
industry as the maximum permissible concenmtration level for radon. This
is about 1/1C0 the concentration Dr. Evans ;:onsidefed common in the mines.
Thus this mexirmm permissible concentration level is based primarily upon
human exposure data and depends for its validity upon the accuracy of the
IR
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radon levels as reported for these European mines and on the assumption
that these lung cancers were in fact radon produced. It may be pointed
out thet mine radon values were accumiiasted at the time a high incidence
of lung cancer wes recognized and may not, even i1f accurate in themselves,
be representatlve of the effective concentrations encountered by the
miners over the many years of exposure presumably necessary to produce

the dlsease.

Figure 1
Radon Content of Air Samples From Mines in Saxony and Bohemis

Redon Concentrations per Liter

of Air
Range Average
NO. Of —9 _9

Mine Samples -+ 107 curies 10 7 curies
1 g 0.6 ‘!.:0 3.2 1.9
2 5 0.4 to 18 5.5
3 8 1.2 to 212 106
4 6 2.0 to 8.7 5.6
> T 0.7 to 1.8 1.1
6 6 0.3 to 1.8 0.8
7 6 2.5 to 8.8 5,0

Average 2.9

Data taken from Evans (1).

Caleulations of radistion exposure from radon and its degradation products.

Seversl investigators have in the past made calculations of the
dosage delivered to the lung by the alpha particles from radon itself and

from the degradation products of the radon molecules decaying in the lung.
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-On the basis of one type of calculatior (1) published by Evans, for

-example, & concentration of 10~9 ci:.r'ies/liter' of radon bresthed L0 hours

- -per week would leed to a dosage, averaged over the luzg, of 5.03

LM b e

mrep/week or, on the bases of & 1 to 20 ratio of rep tc rem, 100.6 mrem.
This iz F% of & wldely used tolerancs figure for human tissuss of
300 mrem/week.’

Other calculations assume that the importart radiztion dose is
to ¢ells lining the bronchial Passageways. On the bagis ¢f a caleulation
of this typeﬂ ‘(_2) ‘the _ajre__ragem ébsa.gp for = :E'or't_y hour wesk at & ;evel of

10'9 curies/liter is 172 mrem or 57% of tolerancs.

Radiation dosags from the radiocastive daughter products of radon.

It wag recognizcd rccently : perha.pa f irat t‘y one cf ‘t,ne. authors
of this paper, that the radiation dosage o the 11.m,g produced by the
short. lived degradstion prodﬁets of rador: may b2 manry times more important
than the dosage from redon itself. These degradation products comonly
remain in the é.:Lr irn conslderahle concertrations, ususlly attached 1‘;,0
floatmg nicroscopic dust .particlez ani are drawt. izmts tne luangs along
wlth radon. The radon is meostly oreatbed out on the nexs exhalstion,

but the dust parbiclcs on the contrary can be sporeziabiy retained iu the
Iung. Thus in time the degradation pre¢ducts can reach i the lung levels
of radicactivity far exceeding that of radon 1tself.

Figure 2 shows the decay scheme ¢f radon aznd 1ts daughters,

" -Othcrrudiationsarcﬁegligible “in thci:'--cf‘féc't-—-as'cmpe.rcd witk the alpha

€0

.-;Iia.ys.. We note that up to the 22 year half 1ife raiic-lead thers are three
alpha emitters, radon itself, itz immediate daughter Railum A with & 3
mimute half 11_'Ee, 'and“finally Ra CO'. Radium A de¢ays to Bz B, a beta-gamme

emitter with a half 1lite of 26.8 minu =:, Ra B io Re 7 with hsalf 1ife of
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19.7 minutes which in turn finally decays to Ra C'. Ra C' emits an alphs

ray almost instantaneously; its half life is sbout 1.5 x 1074 seconds.

Figure 2
Decay Scheme of Radon
RADON 222 ' |
3.8254| o
Ra A
(Po218)
5005]!1 a

. B;y RacC!
(szlh) 2Eé (B;L21h) 19 T (Po2lh)

1.5 x 10'1*3 a

Rh D B
(Po210) 2y

These daughter substances, no longer c¢hemically inert gases like

“their mother substance, radon, seem normally to be deposited very largely .

upon dusts and other matter preser_l't'in the atmosphere where they are
produced.

John Ea.rley' of the New York Operations Office of the Atamic Energy
Copmission, reports in & yet unpublished thesis (3) that in en exposure.
chamber, essentially a small airtight room, the concentration of these

degradstion products in the alr varies in the range of 10 to 75 percent of
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“ - the equilibrium velue. Experiments he reports indicate to him that the
humen respiratory traet retains about 50% of such sir-borme degradetion
producté. ‘

Wa have recently earriec:L out experiments in which rats have been
exposad to :’adgﬁlz‘i.ﬁnén expééﬁfl_;;};;;ner'about 4 by 3 oy 6 feet. Our dats
indieates that at a given redon concextration the radiation exposure of the
rat lungs waz dependent upen how thoroughly the air hed been élea.ned' of dnst-.

Flgure % 1s a photograph of our expesure chamber. In one set of
experiments radon was introduced with mo precautions to remove dust normally
present in the air in the chambel;. Rats were exposed for 2-1/2 hour periods
et intervals from & few hours up to sevaral dayz after the radon was ‘put in. -
The chamber atmosphere was not artificlally aglitated. At the amd of the
exposure periold the radon concentratlon and conzentration of degradation
products that were removable by a—;iil;.i)cre 'fi_lte.z;'“tb;e'.-::é 'd:étezﬁihed. Radon
wes measured with & vibrating :.f_ef_ad el_ectrometer, d.isintegratioﬁ products
by an alpba seintillation coumter and a well type gamma seimtillation

 counter following the design of Anger (4). -
Op removal from the expogurs chamber the ratz were anesthetized
nith ether and 'i;he ;l.ungs rap_:i.;ﬂy removed Geumna, counts were made using

'bhe well _type_ couter slerting __a.bo_u_t 20 _minu'bes_ a_._f_ter the a.nimal was re-

ng_pved f_rcnn the cham:tger. N

Earlier calidbration expériments using redium, F359 and _I.l.al.j.ndica.ted
., & counter efficlency of about 10% for the geometry of these experiments for
5 guma. ray spectrmm simller To thﬂt from Rediom B apd C in equilibrium with
ra.d.on. Decay curves indicated an sffective half life of about 55 minutes

for this gamma activity iuv reasonsble agrsement with theoretical calewle-

tions. Bassd on thess assumptions comcerming counter efficiency and radio-
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active decay rate, the experimental data in gamme quanta per minute is

given in the second column of Figure 4, corrected to the time of removal

of the rat from the chamber.

Figure 4

Results of Rat Radon Inhalation Experiments

Atmospheric Dust Not Removed

Rote:

ag measured with a vibrating reed electrometer.

Aetivity
Of l\lﬂgﬂ, ' .
gamsa Radon Come. Ra C?
Rat Wt, guanta/min. curies/l1iter  Cone.
£mS . curies/liter
1 188.6 20,650 24.0 x 1079 13.6 x 107
ya 2%3.2 66,500 23.3 10.6
3 196.9 20,600 18.7 8.7
L 299.6; 15,150 18.3 7.9
5 189.7 15;020 15.6 h.h
6 177.0 11,030 b7 4.4
Experimenté performed over a period of three days.

The third colum gives the radon concentration in the chamber air

The fourth columm glves

the concentrations of Ra C' in the chamber jJust before the rat was removed

ag obtained by an alphe count on the dust removed by a millipore paper

as a known volume of chamber air was pulled through it.

From calibration experiments we know with reasonable accuracy the

relation between lung gamma activity and the total dose in ergs to the

lung from Ra C*' alpha particles derived from retained degradation products.

We can also estimate the alphs exposure produced by radon iiself plus the

products of the radon actually decaying in the lungs on the assumption

. Slova o
I
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of complete retention of thess degradation products. These results are
shown in Figure §. We can also compute the average dose to the lung tissue
. from both “these sources of raldiation providing we know the weight and

volume of our rats'! lungs.

Flgure 5
Ergs Per Hour Imperted teo Rat Lungs

Atmaospherie Dust Not Removed

.y Dogage from (2)
Dosage \1J Adrborne
Bat from Rador Danghters Ratio
1 0.785 8,22 10.48
2 0. 945 26.50 28.10
3 0.638 8.20 12.85
ly 0.666 6.03 9.06
5 0.51% | 5,18 10.10
6 0.452 .38 9.72

(1), This iusivdes the dosage from daughters of radon atoms decaying
" in the lung ou the assumpiion that they are retained and undergo
radipastive deeay thers.

(2) Thbis dosage is compated on the assumption that the gamms activity
of eolwm 2 Figure b ig dus to sirborme daughters of radon
retained by the rat luag.

Followlng Stckinger et al {3) w= assume this weight to be
0.0043 times the body weight. Tue rat lung volume was computed assuming
it to be six times the tidal volwmes caleuwlated in ce as 0.0074 times the
rat weight in grams by the formmla o Guyton (6). Figure 6 shows the
results of such computstiouns foor animals of ths first series. It is

' interesting tc note that 1f we extrapcolsts these results to & rat exposed
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40 hours per week to a concentration of 10™? curies radon per liter
the disintegration product dose is L65T nrem. At a level of 10™H1 for

168 nours, it is 196 mrem per week,

Figure &

Dosage to Rat Lungs For Radon Conecentration of 1077 C/L

Atmospheric Dust Not Removed

Dosage from Radon (1) Dosé.ge from Deughters (2)
Ret MBEP /hr x 20 MBEP/hr x 20
.1 8:68 ' 90.8
2 8.75 2h5.0
3 8.65 111.2
L BTk 79.1
5 8,71 88.0
6 8.68 | 8.5

(1) See note 1, Fig. 5
(2) See note 2, Fig. 5

We have also conducted experiments in which we endeavored %o
meke our exposure chember as dust Iree as possible before arimals were
exposed. This was carried out by lining the chamber with glycerine coated
glossy paper and blowing in air through a millipere filter. Figure 7
éhows the resulits of this experiment. You will note that the ra.dioa.c‘tivi‘by-
of rat lungs was dramatically reduced. The rat which was receiving 1+65"{.
nﬁ'esln per wgek in a pormsl atmosphere now receives at the most, 86 mrem/

week from the air-borne daughters.

UR 02061



16.

Figure

Dosage to Rat lungs For Radon Concentration of 1077 g/L

Cleansd Alr Usged

(a) Air Still

Rat Dosage from Radon (1) Dosage from Daughters(g)
- MREP/br x 20 _MREP/hr x 20
T 8.65 16,1
8.60 15.1
f_g : 8.62 15.4

(b) Alr Stirred with Paz

10 8.72 ‘ 2.38
1 8.7k 1.73
12 8.70 2.45

El). See nots 1, Figure 5.

2) See note 2, Figure 5. The measured activity in rats 10, 11, and 17
may in fact be dus 2lmost entirely to the dasughters of radon
deceying in the rat lungs.

The resunlts cf thesé rat siperiments dc ternd to confirm the
generel idea that it may w=li “e air-xrne degradation products of radon,
rather ther rsdson itself, that reprszsent the mein hazard to humans apsocia-
ted with radon in the alr,

It 15 interesting teo see what, if anything at &ll, we can deduce
from the results of these rat expsriments as to the maximm permissible
level of radon and its daughters in air.breathed by humen subjects. We
note that figures obttained oz rats iz the first grouvp.breathing atmos-
pheric eir which has not been cleaned show that at & level of 1.53 x 10'11

curies/liter cf rodoi, the avsrags dos: to tkhs lungs would be 300 mrem

per week with eoniinmuous exposurs.
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There are several important qualifications that mist be made in
considering this value as a tolerance figure, even for rats. .Two of
these are: .

1. The actual pattern of deposition of radicactive material may be
such that the dosage delivered is very non-uniform. In-partieular this
means that some areas or tissues of the lungs may recelve far higher doses
than the average calculated above,

2. In our experiments, about 10% of the suspended daﬁghter pro-
duets were deposited in the lungs. This mey be characteristic of our
experimental setup rather than typlcal of all conditions thet might commonly
exist. One can easily suppose that retention might run as high es 50% under
somé conditions.

When we endeavor to extrapolate to human subjects additionel uncer-
tainties become evident. The percentage retention in the human respira-
tary system may be higher than in the rat lung. As noted eariier, Dr,
Harley found a value of sbout 50% on humen subjects. A difference may
conceivably exist between rats and men for small particles deposited
largely by Brownien movement caused by the higher respiratory rate in the
rat allowing a shorter time for lung deposition. The ratio of lung weight
to ventilﬁtion rate nay also be different in rat and man. Some of these
voints are the subject of further investigation in ocur lsboratory.

It will probebly be possiblé by means of radioautography and other
techniques to map out the distribution of deposited radiocactivity in rats
and larger animals. Work 1s also starting at Rochester on the determination
of the lethal dose of redon in animels with a proper eveluation of the
contribution of airborne degradation products to this effect. Surveys and

evalustions of actuel humsn exposures in mines and manufacturing plents
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are being carried forward by the United States Public Health Service and
the New York Operations Offié:e of the Atomic Energy Commission. The Naval
Radiologicai Defense Labvoratory in Sarn Francisco is also conducting lnterest-
ihg work in this general field,

Finally w2 may note that radon eventually decays to-a 22 year half
1ife radio-lead, which in turn dedays to 120 day half 1ife polonium.
Since lead can be stored in bopes for long periods while i:olbnimn is excre-

ted, it may turn out that polonium excretion in an individual!s urine may

.be & useful measure of his overasll integrated radon exposure. - Preliminary

meesurements carried out by Miss Mary Sullzer and Pr. J. B. Hurah’-'i_n our
laboratory on urine specimens of wranium miners furnished by Dr. Duncan
Foladay of United Stetes Public Health Service indicate that in fact such
polonium excretion is measureble and fer higher ‘than £rom unexgpoged

individusls.
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FREPARATION OF CHROMTUM(VI) SOLUTION HAVING LOW IODINE BLANK FOR
PRI DETERMINATION
by
W. B. Mason and 5. Coco
ABSTRACT

Chromiwn{VI) solutions wirich ere essentially free of iodine (less
then 1 x 1077 g. I per g. Cr) cun be prepared by converting Cr0; to Cr0OCL,.
The crude chromyl chloride can be mixed with water snd used directly with
concentrated sulfuric acid for wet combustion of serum in the protein-bound
icdine determination.

L EE R

One of the annoying problems encountered in determination of serum
protein-bourd iodine {PBI) lies in obtaining reagents which are themselves
sufficientiy free of iodine. Three ml. of serum normelly contain roughly
150 x 10"9 grams of protein-bound iodine. Reagents necessary to determine
the FBI in this emount of serum, using & procedure employlng dialysis,
wet combustion with EpSOy end Cr(VI), liveration of I with EyPO,, and
estimation of I by its catalytic effect on the reaction between Ce(IV)
end As{III), usually contain 30-50 x 10-9 grams of iodine. Most of this
occurs in the chromium, of which 3-4 grams are required.

Both Cr0z and Na,Cry0; can be obtained having s little as 5 x 1077
g. I per g. Cr, but the value 1s often much higher. Of various procedures
tried for preparing Cr{VI) solutions which sre esgentislly free of iodine,
conversion to chromyl chloride has proved.most satizfactory. Using the

1

method recommended by Fernelius™ for prepering crude chromyl chlorids,

1. Inorganic synthesis, Vol. II, p 205. W. C. Fernelius, editor. McGraw

Eill Book Co., Inc., 1946.
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neavily contaminated CrO5 containing 88 x 10~% g. I per g. Cr. for example,
was converted to Cr0oCls containing 1 x 10-9 g. I per g. Cr, with & yield
of 66%. Studies utilizing I-131 (as Nal) added to the initial CrOz sclution
confirmed the efficiency of the separation by indicating at least a 50 fold
purification.

The crude chromyl chloride can be mixed with water and used directly

‘with concentrated sulfuric acid for wet combustion of serum in the protein-

bound icdine determination.
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VARTABLES AFFECTTNG DEGREE OF T--~ BINDING
IN IN VITRO JODINATION OF RABEIT SERUM PROTEINS
by

Irving Spar and Wiliiem F. Bale
ABSTRACT

An experimental study was carried out in which the degree of
1
iodiration with I 31 of rabbit serum proteins and gemme globulin was
measured as a function of variocus experlimental varisbles. The general

191 o6 received from Osk Ridge to KI solutionm,

procedure wag to add the I
oxidize to free I with NaNO» and HC1, and add this mixture to the protein
in borate or phosphate buffer. Additiocnal NaNO,, is necessary to oxidize

2
34 as lodide during shipment.

the NBHSO5 added at Osk Ridge to keep I
Too great an excess cof NaN02 greatly reduces 1131 binding to proteins.
Otger variaples studled were the amounts of other reactants end the
effects of temperature, pH, and duratlon of reaction.

A prqcedure was deve=loped for icdinstion at room tempersture of
2 cc rabbit gamma g;obulin present 1a borate buffer, pH8,.at a concentra-
tion ofllo mg protein per co. To oma cec of 2 1 4o § dilution of Oak

131 .
Ridge 1 > is sdded 1 drop O.C1MET,5 drops 0.071 N NaNO.,, and 3 drops
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Todination of proteins with I--L is now a widely used technique for
lavelling protezins for biclogical experiments. Chemical iodination of
proteins has been studied exteasively (1,2). Fmnerous investigators havé
deseribed methods they uged to secure the degree of iodination with I151
necessary for their experiments. They have however reported little in the
way of experimental studies as t0 conditions under which icdination does,
or does not, take place, or as to varlations in the degree of utilization
of 1131 with variations in experimental copnditions. This is particularly
true for the caese in which a2 high concentration of 1131 per unit weight of
protein is a aesir&hle'objectiva. We are therefore reporting here experi-
nental studies on this subject, not because they are exhaustive or complete,
but simply because we hope other investlgstors may find our data e useful
guide 1n setting up their own jodination procedures.

For tracer purposes a minimm denaturation or cther elteration of
the protein that would cause the lodimated protein to differ in its
chemicel and biclogicel behavior from the umicdinated native protein is
usually desirable. Various authors have reported that alterations of
tkis type ersz minimel when the iodination does not exceed four atoms
iodine per molecule proteir, bnt that such alterations become significant
a2s the smount of attached iodine sapproeches 8 to 10 atoms per molecule
protein (3,4,5).

It is gensrally assumeithat useful mild iodination of protein

involves coupling of iodine ton tyrosine residues of the protein to form

di-iodo-tyrosine. The reaction equation is usually written (1):

B
B g I -I -
. ;EI%EQ?‘ . -;aﬁI
rrotein Protein

02068
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131
The mest commonly reported method for using I as received from

Osx Ridge for icdimation inmvolves as a first step the addlitlon of the
1151 received as iodide to & solution of iodine and potassium iodide in
water. Exchange reactions convert & portion of the radicactive icdide to
fres iodine. Thie solution 1s then in turn added o the.protein, present
usually in & buffered, slightly alkali, water solution (6, 7, 8, 9, 10).
Under proper conditions this method is widely reported as satis-
factory. A limitation to its general applicability depends upon the fact
that the 1131 as received from Qak Ridge is present as iodide maintained
in the reduced state by excesz scdium bisulphite in basic solution. In
the reaction mentioned &bove the excesslsodium bisulphite will reduce an
eguivalent amount of the iodine of the IE-KI solution to iedide. This is
of no great consequence 1f the I,-KI is present in such large amounts
that the percentage of free ;odine in solution is not greatly reduced
by this reaction., If, however, it is desirable to keep the amount of
chemical iodine small, as in meking & small amount of préteiﬁ highly
radicactivs, then this reducing substance may destroy all, or nearly all,
the free iudine and reduce the resulting percentage of icdination to 2
very low value. Fressmarn has described and used a different\method in
which the Oask Ridge Il51 solution, after the addition of some non-
radiosct ive KI as carrier, is largely oxidized to free locdine by the addi-
tior of sodium nitrite followed by ecidification (11). After adjusting
this solution to pH8 it is added to the protein solution in borate buffer.
Fine and Seligman (4) have described a method in which the radiof
active iodive was distilled as free iodine into CClh and this solution
mixed with the protein solution that was to be iodinated, This method

wag particujarly ussful when the starting masterial was a cyclotron target,
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but would also be useful as a means of getting rid of excessz reducing sub-
gtances in en fodide solution.

Todineldl from Osk Ridge is cwrrently shipped (1952), acecording to
the shipping memo that accompany thssé shipments, as in chemical form
carrier free lodide in NaHSOB solution. Total selids are reported as about
4.5 mg/cc, The pH varies between 11 and 12. Radioactivity at time of
shipment 1s about 10 millicuries per cc.

Assuming that RaHSO§ accounts for the major portion of total sollds,
the amount of this material at time of shipment would approach 0.45 mg per
millicurie. As the Ilsl decays the ratio will of course Increasse. AL our
laboratories typleal values when lodinations are carried out are up to
twice these values. In order to get reasonable iodination values probably
the sodium su}phite ought not to reduce more than half the Ffrees. iodine of
an I-KI golution. Therefore, on the sssumption thet one molecule of

NaHEO3 can reduece one molecule-Iz,-the I .-KI solution used ought to con-

2
tain 2.2 mg I per millicurie 1131 at time of shipment, of which 50% might
be expected to remain free iodine and take pﬁrt in lodination. Assuming
that one-half of this iodine is reduced o fodide as iodination of tyro-
sine residues take place, the iodine iIncorporated in protein would be
0.55 mg. The amount of protein necessary so that only four atoms of
iodine will be qtfached to one protein molecule of molecular weight
160,000 is 0.176 grams.

There are many potential experiments in which this maximm degree
of labelling, 0.95 mc I per gram protein, is an undesirably low activity.
Experimenta.carried out in which we reduced the amount of Iz-KIIabouf

ten fold from those glven above confirmed that under these conditions the
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amount of iodination was small; arcund one to two percent of the iodine was
firmly bound to the protein.

In principle, a more attractive method for achieving a high degree
of specific radicactivity seemed to be that of Pressman and Eisen (11},
mentioned eariier. The experimental work reported here is a study of iodin-
stion achieved using various variations of their basic method.
Experimental:

The tegt system utilizeéed. In order to do mumerous experiments a pro-

cedure was sought that could be performed in test tubes and without the
necessity for dialysis. As s substitute for dialysis, on completion of the
iodination, proteins were precipitated by bringing the solution to a 6% tri-

chloroacetic acid (TCA) concentration by adding 100 grams percent FPCA.

The general procedure f£inelly developed was as follows: pyrex culture tubes

13 x 100 mm were used. An iodine 131

preparation was used, made by & series
of dilutions of the stock solution from Oak Ridge €0 & final concentration
of about 0.1 microcurie per cc, using as & dilutent distilled water to
which had been edded NaESO3 in an appropriate amount.

Ope ce of the sbove solution was pipetted into each test tube of an
experimental series. Solutlons of othe; resgents, l.e. EI, Haﬂoz and HC],
were made up in drppping bottles in concentrations so thaﬁ-the desired
amount of a reagent would be contalned in a few drops. Imm;diately efter
adding the HZl, a rubber stopper was put in the tube and-the contents mixed
by inversion. After a waiting period, usually two minutes, the protein
solution 1n buffer was added. After another pericd, usually 30 minutes,
sufficient 100 grams percent TCA ﬁaa added to glve a & TCA concénﬁration
in the splution; this precipltated the protein. In most experiments the

addition of TCA was preceded by the addition of excess NaHSO3 to convert
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the fre2 jodine fo icdide.

After cepbrifugation the supernatant was removed by aspiratibn

- )
and the I_jl in the precipitate determived by genme ray counting in a well-

type scinmtillation couster similar to that described by Anger {12). The
precipitate was wasbed again in & 2e 6% TCA, centrifuged, apd the precipi-
tate again counted. This washing cycle waz reveated two or three times
until the loss of sctivity was small. Iodimation was cowputed as the per-

131

cent of the original I added remaining dn ths final vprecipitate.

GROUP I EXFERIMENTS. Effects of varying smount of KL, NaRO- and HC1 on

percent of iodination.

]

17 |
To each tuba ) cc of ecarrier fres I in ©.715 g/l NaHSO, was edded

3
first. Thisz iz 6.87u equivalents of sodium suwlfite. XI was added from =
0.01 molar solution, NaNOE fram a 0.071 ¥ solution, and HC1l from a 0,178
solution. Two minutes latar twn cec of 2 serum protein solution was added.
This solution was prepared by dialyzing rabblt eerum against a borate
buffer of pES made.by adding €.16N NaOE to a solution O.2M in E:'BD3 and

>
0.16M in NaCl {11), apd then dlluting the dialyzed protein with au additional
six perts of the borate buffer. The finsl concentraticn was 8.6 mg protein
per cc. If for porposes of calzulation w2 made the crude sssumption that
the protein was all of molecular welghs 160,000, the two cc would contain
C.107 micromols of protein. Afjsr rapld mixing each solution sat thirty
minutes at room temperature to allow iodination %5 teke place. Then HaHSO3
wag added from a solublon contairing 5.01L pe par &rop, in smounts equive-
lept ©o 1.5 times the NBNCE originsliy added. Precipitation, washing, and
radloactive meagursment of the protein was then carried cut according to

the genersl procedurs cutlined previously. Tha resulis of these experiments

are shown in Table I, Column 5 gives the radicactiviity in the precipitate
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after centrifugation and removal of the first sipermatsot; columm 6 aftar
the first wash with &% TCA., Colum 7 gives the radicasztivity after the
second wash with TCA, and probably rspresents the percentage iodination
achieved. |

The data o Table I shows that too great an excess of Naﬂoz can
greetly reduce the perceﬁtage iodinsntion with 1151 ag compared with more
optimal amounts. Other experiments {See Exp. 3, Table IV) chow that
1ittle or no iodination cccurs if KalNO» is completely cmittedn Increaé-
ing the amoumt of chemical iodine seems ¢ gilve a higher percent binding
of 1131. Too little HCL can reduce the lcdination achieved.

In order to check that the I131 remaining in the prezeipitate after
the second washing was a true measure of lodination as mz2asured by other
methods, Experiments 8 axd 16 were rgpeated except that double portions
of all resgents were used for the reacfion and that after the bkalf bour
wait for icdination no NaHSO5 was added, but instead the protein solution
was emptied into a cellophane dialyzing sack and diluted with an equal

volume of borate buffer used as a test tube wash making a total volume of

12 cc, In the repeat of Experiment 8 the dialysis sgaiuvst two liters of

0,85 of saline wes carried ont for 19 bours at k° C. Axn alignot portion

of the protein solutiom wes precipitated by bringing the solutibn to a 6%
TCA concentration snd the I171 content determined. The icdination
achieved by this measure was 27.3%. In the repeat of Experiment 16, the
dlalysis was carrled on for 15 hours, a portlon removed for assay, and
the remainder dialyzed against a newv portion of saline for an additional
8 hours., No measursments or corrections for possible changss 1n volume

of dialyzed protein solution were made. The 15 hour dialyzed sample had

131 .
an I 2 content indicating 16.8% iodination, the 23 hour sample 18.2%.
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The Zigure of 27.3% is considared i reasonably grod agresment with 31.5%,

and 16a8¥ and 18.2% 1s resgounabls agresmpent with 13.5%,
Experiments 17, 1%, and 19 were run later with a new preparaticon of
R 5,2 . .
dilalyzed rabbit zerwm. The reason for the nigher I vinding is not knowm.

-

GROUP IT EXPERIMENVIS. Relation between amount of HaHSO;_addeﬁ bafopre

protein precipitation and Eseudbbbiﬂding or 2131 to protein. In early

experinents similer to those deseribed io Group I, but in which no HEHSOs -l
was added juet prior to protein precipitation,.there wes mish more Il31 pre=
sent in the protein precipiisied and vashed with &% TCA than fn similiar
protein preparations dizlyzed against salinas. Naither adding Nel to the

TCA washing solution, dissolving the protein presipitate with NaCH, and

then re-precipitating, or combinations of the two procedures consistantly

“brought ithe test tube icdiration values close %5 those cbtained with

dlalysiz. Addition of NaE803 Just before protein precipitation turned
out te be usefxl for this purﬁose. In Table IT ayperiments are reported
in whick the conditions of Exparimert 16 of Table I are rapeated but with
variations in the amount of sulfide added vefore protein precipitétion.
In Experiments 2 through 11 = HaHSO3 3olutip; of 4.5 grams psr liter was

used, end in Experiments 12 through 19, 10 grams per liter,

GROUP 11T EXPERIMENTS. Relation tetween psrcemtage inzcaportation 7131

in protein, and varietions in temperature, time of rsaction, tuffer compo-

gition and pH. These experiments, except where noted ctherwise, were répgf

titicons of Experiment 17 cf Table I, exsepting that the reaction time for
Experiments 10 through 15 is fifteen rether than thirty wmivutes. Double

values Lor jodination indizate duplinate experimants.,
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Teble II

1 2 3 4 5

4 added I'° in precipitate
# egquiv,

Exp. added Supernate 1st 2nd
Ko. NaES03 removed wash wash
1 0.0 83.2 3.5 68.1
2 2.3 79.1 69.7 6k.9
z 6.8 Th.0 61.9. 56,1
L 1Lk 66 .4 53.6 48.3
5 13.7 67.3 50.8 b1
6 16.0 62.8 3.0 35.3
7 18.2 62.8 Lk 37.6
8 20.5 35.2 25.1 22.h
9 16.0 67.6 52.6 h3.0
10 18.2 68.8 Lk, 7 35.k
1. 20.5 33.2 25.0 21.7
12 15.0 66.1 50.6 Lko.6
13 20.1 63.8 br.7 39.2
14 25.1 28.0 17.1 15.5
15 30.1 29.0 7.1 15.5
16 35.1 29.k 18.5 17.%
17 ko.2 29.4 18.0 i?.h
18 k5.2 26.6 16.1 14.5
19 75.C 33.2 26.2 22.8
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Table IIT

% 1 in
final washed
precipitate

21.0

25.3

29.0

2.2

22.2

25.8

23.1

26.2

26.9

29.5, 28.6
- 22.8, 22.8
- 21.8, 22.8

28.6, 26.6

31.5, 2T.4

32.5, 28.6

15.0, 18.9

E?fﬂ Deviation from Exp. 17, Table T
1 Reastlon time 5 winmates instead of 30 min.
2 Resction time 2 bhowrs instead of %) min.
3 Reaction time 5 mimztes S° C
L Reaction time 30 minutes 5°C
5 Reactlion time 2 hours 5° C
6 Reaction time 5 mimites
T Reartion time 10 minutes
8 Reaction time 15 minutes
9 Reaction time 20 minutes
10 .1 molar phosphate bpuffer pH 7.5
11 .1 molar phosphate buffer pE 6.55
12 .1 molar phogphate buffer pHE 7.0
15 -1 molar phosphate buffer pH T.75
14 .1 molar phosphate buffer p 7.95
15 .1 molar phosphate buffer pE 8.15
16 .1 molar phosphate buffer diluted with 6
parts .1 molar KHZ?O,I;
17 3 ec gerum added at 7 times usual protein
" eoncentration, and 1.7 cc borate buffer
added 1/2 hour later
18

1 cc borate buffer added before adding 1 cc
gerum at LTwice usual protein concentration

5.9

25.5
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The gen=ral concelusicn from experivenis reporied in Table IIT

is that the percentage iodipation achieved is not very dependent upon

the nature of the buffer, borate or phogphate; the temperature, room to
5°C; or reaction time, from 5 minutes upwardz to 2 hours. TITodipation is
probably somewhat increased with incressing pH in tke range 6.55 to 8.15
end significantly reduced at lower pH values as shown by Experiments 16 -
and 17, Experiment 18 seems to indicete that the fodinating solution can
first be brought to a pH of § before the addition of protein without

greatly affecting the extant of iocdination achieved,

GROUP IV EXPERIMENIS, JTodiration of Rebbit Gamma Gicbulin., Rabbit

gemma. globulin was prepared from normal rabbit serum using on a larger
scale the method of Jager and Nickerson (13). It involved precipitation
by adding saturated amogimn sulphate in an smount equal to half the
volume of serum, and later washing the precipitate with one-third satu-
rated ameonium sulphate solution. This precipitate was disgolved in
borate buffer and dialyzed agminst borate btfer. Finally it was diluted
with borate buffer to the same concentration ag the servm proteln used
previously.

The icdination experiments reported in Table IT were comducted
under the same conditions as Experiment 17 of Table I, excapt for the
uée of gamma globulin and veriations noted in colum 2 of Table IV,

A dialysis experiment using the procedure described for the disly-
81s experiments with serum protein was cé.rried out on 2 gamma globulin
preparetion iodinated by the progsdure of Experimeat 1, Tabla IV. The

131

binding of I achievad was 34.4% atter a single dislysis for 16.5 hoursa

against 0.85% saline. This result, when compered with Experiment 2,
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Table IV

Todination of Rabbit Gamma Glcbulin

9 ]._131 in
Tinal washed
Exp., No. Deviation from Exp. 17, Table I precipitate
1 Ko deviation 32.2, 33.9; 35
2 N¢ NaES0, added before protein 8.
precipitatiqn
3 No NeNO, added 1.3
L 3 drops 0.071 HaHOz 35.
5 2 drops 0.01 M KT 39,
6 2 cc of protein at 1/k usual ko.
concentration
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again indicates thay eddition of NeHSC, before TCA precipitation is
2 _

' necessary to bring th: resuliz of this type of expsrimsct into conformity

131 :
wlth a messuremsut of I > bindlzg ae determined by dialysis. Experimert 4

indicates that iocdimstion iz pot sharply ixereased by further reduction 4
NalC> used. XHxperiment 3 shows soms N&KOE is ne=cessary. Experiment 6 indi-
catez the degres of 13’51 binding achieved 18 pribably not geeatly dependent
upon the amourt of protein used, We do not kuow whether o not the some-
voat greater apparent iodine birvding in this Experimert & is »eal and

reproducible.

Procedure for Iedinstion cf Rebrit Camma Globully. Beged Upor These

Experimental Results. Toe methei for ledination of ratbit gamma globulin

i current use in our expsrimemtal program is essetisliy that of Experis
ment 1, Teble IV, Carrier free iodine as recsived from Cak Ridge 1s

diluted with sbout & parts diztilled water s bringipg the 1131 0 2 concen-

tration of about 1.7 mec per cc. In a typiead shipmest the s0lids were

3.25 wg/ec, the pH 11.0. One ec of the dlluted materisl containing 0.65
mgfee solid was Pipstted infto & pyrex culture tube, T this was added
1 ércp 0;01 molar KI {.53ue), 5 drops G.O7T1L § l\Ea.l\'JOE (18.85us), aud X drops
C.178 I EC1 (27.%5us}. Following each additior the £luids wers mixed by
gentle sheking. After addition of the first two drops of HO1 the fiuid
remaiped colorless. O addition of the third drop a slight iodine color
ws8 shown by visual éamparison with a weler euutrcl against a white back-
grousd. A rubber stopper was put Into the tube to minimize loss of iodine
dur.ir.g a two mimts wait ing period,

Freviously the rabbit gemms glovulin solution to be iodimated had
been dialyzed agaiust borate bufter and brought to & coneentretion of 10 mg

Per cc. At the emd of the two minuie waiting period 2 so cf this protein

UR 02080



L (‘u "

“remained colorless. On sdditiom of the third drop s slight iodine color

3k,

egain Indicates. that a.ddi'bidn of NeHSO, befors TCA precipitation is

3

- necessary to bring the recults of this type of experiment Into conformity

51

_ 1 .
with a measurement of I bindiug as determined by dialysis. Experiment L

indicates that iodinaticn iz not sharply imereased by further reduction 4

. Hali0; used, Experiment 3.shows some NalO, 15 necessery. Experiment 6 indi-
_catez the deg:ee__of.._t_l_?_ﬁl Ptinding achieved is probably not greatly dependend

_vupon the emount of protein used. We do not kuow whether or not the some-

vhat grester apparent icdine binding in this Experiment 6 is real and

reprodusible, . . ..

1 arop .01 moler KX {.53pe), 5 drops 0.071 N Nal0

_Procedure for Iodimation cf Rsbbii Gemms Globulin Based Upon These

Experimnté.l Results. The method for iodi;m‘tion‘c;f rabbit gaxma gilobulin

1n current use in our experimental progrem is essentlally that of Experis

ment 1, Teble IV, Carrder free lodine as received from Cak Ridge is

_@iluted with about & perts distilled water, bringing the I'-L?l to a concen-

tratlon of about 1.7 me per ce. In a typical shipment the aolids were

_ mg/ec solid was pipetted.into & pyrex culture tube, To this vas added

2 (18.85ue), and 3 drops
C.178 ¥ HC1 (27.35ue). Following each addition the flulds were mixed by

gentle shaking. After S.déitio:i of the first two drops of HCL the fluild

wsg shown by visual comparison with a water epmtrol against a vhite backe

ground ) Arnb‘bar stopper was put ioio the tube to minimize loss of icdine

dmricg a two mimvte walting pefiod,

‘ ' Previously the rabbit gamma globulin solution %o be lodinated had
pean dialyZed ageinst borate buffer and browght to & concentration of 10 mg

per cc. At the emd of the two minute weitirg pericd Z ec of this protein
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s0lmbE0a7 (0,126 jmoles on the essumption of & molecular weight of
| "160,000) wac pipetted intc the culture tube, stoppeved, and rapldly
¥ mixed 'by inversion. After 15 minutes the protein solutiom was poured
inte a cellcphane tubing dialysis bag, and 3 cc of borate duffer, first
i used as s reaction tuhe rinse, was also poured into the bag. Dislysis,
ST with -geﬁﬁl'e étirriﬁg , was carried out For 18 hours at L* C against two
“*7 liters of 0.85% NaCl and then for an additional 8 hours against a fresh
.por'bion of saJ.ine Analysis of the final product indicated 20.1% of the
1131 was 'bcnmd to protein. On the basis of these results 0.108 pe of
chetdeal jodine was bousd to 0.126 unoles of protein, or on an a.vera.ée
2 0;86 atoms 1odine per molecule protein. The fadioac‘t’ivity of the
- protein ifg the equivelent of '17.1 me 1151 per grem protein. '
2° ' A second iodination of rabbit pgemma gicbulin with a different
~-l :.[l 3 prcpa&ation gave 55.7%"in.¢orpmticn of Ili"l meder similer condi-
“£1%na’ to those dedcribed above. |
€t 'In'a.nﬂ'hht_:r iod_.ina.tibﬁ attempt, conditions were the same except
‘that two drops, rather then 't';hree of BCl were added, end no perceptible

- 1odine color appeared. The perceut of 1151 binding to'prot_ein was &%.
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Symposium on Radlobiology. The Basic Aspects of Radiation Effects on Living

_Systems by James J. Nickson (Editor). Oberlin College - Jupe 1Lk-18, 1950. Joha

Wiley end Soms, Inc., kO Fourth Avenue, New York 16, New York. 1952. xii h6s po,
15.5 x 23.5 em. Price - $7.50

Reviewed By H. A. Blair

This symposium was organized under the auspices of the Natioral Fesearsn
Council. to reviez the more fundemental aspects of radiobiology, beginning with
the processes of absorption of radistion by matter and proceeding through the
consequent chemical, blochemical and eytologleal chenges to a consideraticn of
certain physiclogical, genetic .and lethal ;ffects in the mammal. The ultimate
objéctive of .relating 8]l these phenomeﬁa satisfastorily is prowatly = distant one,
but & definite edvance was made by critical summarization of those fastors which
appear to be established_gnd vy designation of those gaps in present knowledge
vhich might be filled in.readily.

Of twenty-three pepers the first eight deel aboui equally with physical
and chemieal interactions of radiation, insluding particles, witkh matter. This
is followed by = long chapter by Platzman on that topic of especial pertineunce to
bioclogical systems, the absorption of radiation by water. The sur:iceding five
chapters review the findings in biochemlecal systems ineluding stadies of faztors
pltering radiosensitivity in organisms. The papers of the three Europesn
contributors Dale, Hevesy and Latarjet are in this group. Thres ¢f the final nine
chapters deal with hereditary protlems, chromosome gherretions, gene mutations
and memmalian -genetics. One of these is a full expression of Milier's views on
gene mutations. The remaining papers are on separate topics inzluding factors
modifying the sensitivity of cells to high energy and uliraviolet radiation,
discussions of the effect of the rate of energy loss slong the patr of icmizetion,
ithe development cf a diffusion theory by Tobias whish azcounts For the different
sensitivities of differert ploidys in yeast, the influente cf quantity and

quality of radlstion on the tiologle effect, some physiolcgical efiects on
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mammsls and finslly, a concluding chapter by Erues and Sacher glving an analysis
of marmalian radiastion injury and lethality using, in part, the Gompertz
equetion and in part, a function developed previcusly by Sacher,

Owing to the arrangement, the editing and the discussions following each
subject, the continuity of the story is much better than is usual in an effort of
this kind. For this reason students will find it useful for orientation although

it is not sufficiently detailed for a text. However, there are over 700
references leading to originsl sources.

Teachers and reseerchers in this field will find the volume very useful

" Por reference and review,
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Abstract of Paper Presented at the 12th Anrnuel Meeting
of the Institute of Foocd Technology - Grand Repids, Michigan - Juns §, 1952

TOXICITY TESTING OF (FEMICAL ADDITIVES
by
Elliott A. Mayrard
The steps involved in testing the toxicity of chemical additives mre

described snd illustreted, The need for more rapid testing wetheds is re-

ported and a possible solution for some cases is describded,
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