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1.0 x 10[err] 1 - -

19 X 10[drr] 2.2.x 10[erry, ~:+ = . 12

R
~ 1,057277 1 x 10[err]
V\Ath[err] rat,é's\of and 3.1[err] C./ tHé—fert}

rr] cultures grew tG‘abeﬂ | sconeentiras « frerr pve yi s from bottle [culyegs

=N

[e
cells/rri in8to9* [err—]41and80]err] C./mn.
[err] had not reached this con- [err]
20 [err] to 13 day sn BSHL icingd cells fhe [err] ,?
tothefreezmg : [errﬁ ki dneys grew toa poi nt [err] fromthe |
freezing [ er r] about \1X10[ err] cells/m |Adeion  poi nt 1] change‘
in a period pleer r = W W
ni'trogen gl 16 q‘
tenperatures, [err] warned to rommterrpe-r-a- 2%2.50 — 10 2.50 -
EXAMPLE 4. ture under substantially identical conditions.
Thi s exanpl e shows that the rate 8f%cooli Tg The™additiVve was renoved Dy
washi ng. . The prior tewhe |16eni d-sod gl phase changasi s nat
vi abi | Kty of the frozen and thawed cells was critical.
red with control4sanpl ed-hi ch— 3.16 —tn thi &8xanpl=e,
| es of rabbit had not been copkged. — 3.8 —30 335
arrow were suspended in nmedi a havi ng The-results are {
in Table IV. 6 7.50 . 7.63 4.16 © — 2.83  — h
' CooTThg tare (foom tenperatare
as %of control to freezing point :
“dr respiratjo l.?le shows that the process of Each kidney was minced,)suspended in 20
; é gu mvention’ can Pproy preserved tissue perfusion medium, cooled “from. the freezmg
[err] C./mn. - cell aggregates containing a high yield of point through the phase change in a period
3-4[err] C./mn. viable cells capable of suppoﬁ&g virus growth. of 2 minutes and then cooled to a temperature
8[err]C. /mn. EXAMPLB of —50° C, at the rates set forth in Table

The da I ed rapidly 25 -
EXAMPLE 5. ¢  Jata IR, & C'B’q,ﬁé*ﬂ,%z ghat e g’% L e

Thi s exanpté showd t%agﬁpﬁm‘j ];& noY%%élB& Fﬁﬁ, inized |
cooled to- 35 the celahge t6pei0d . ae ﬁdgeut d dclsyartgrﬁenmﬁm pzwe]l

at 1[err] C’ per mnér‘télmfo@mw urradereﬂoeslstan

m nutes arnd prefe ﬁ llowm§ 30
as short gs possi gfehavmg the follovE:Lg cﬁpﬁ%ymm@%mﬁgé % firconoe

viability fom 20%, rabbit serum : tubes.
10%, dimethylsulfoxide _
70% Eagle’s MEM

Tasre III
Viable Cell Concentration (cells/ml.)
Freezing Rate (°C./min.)

Growth Period

(Days) 0.96 3.1 4.1 8.0

0 5.4 x 105 6.2 x 105 5.0 x 105 5.2 x 105
4 - 7.3 X 10 —~ —
6 1.5 x 105 2.5 x 105 4.3 x 108 —
8 8.8 x 10 1.0 x 108 8.7 X 108 —
9 1.0 x 100 — — . _

10 —_ - 2.9 x 105 2.2 X 10k

: 12 —_ _ 3.8 x 105 —

/ 13 — — e 4.1-x 104




Three sanpl es of rabbit bone marrow pared with unfrozen control sarrpl es.

The . (Goup A were suspended in nedia having data are . .
sumar i zed in Table V. Viability 40 the cbrrp05| tion (volune per

cent): © of ceI I's in Goup A sanples was measured

70% Hank*:&:: rredl tHm: . : by the err]-glycine |ncorporat|on met hod

and 60 :. _ . - 15%di et hyl sul foxide . x.V|ab|I|ty of
cell's Greupri; : arrplfzs was 1,057,208 % Fabbiit . ser um =7 | 4

neasured by the cell ur Eespl rati

d th : -
addi ti onal sarrpl es o&m i tcm o vftfggﬁ{%g@n&( atﬁlf' ity assg;s ha\r/gebeen | per
45 g];e]]gﬁﬁ]

shown oW ( emSIgsa,emde in media to.correl at'e;
Wi th each” ot her and/wi th an hamancgsodne/mom:eshgl on Evol une per cent) )

i rradi at ed*aji mal ssay. The viadb tl‘["-ﬁ‘C §]‘3§C°"65 70% 20

Hank' s - Medi um . s ﬁ:il% the. prevr ousdqﬁsa?‘ifyﬁﬁﬂ‘;
15% gl ycer ol 'c“o'mk . . abouduedoe tpbrno't..y\f\f:uect Of chimg€ in a period

additive 7 day, 15% r abbi t ser um of 2 minu ledpp digid tnitrogen

hods
ture und bstanti tical dm
and two additives Shoyjlagly, r:%%ﬁrir‘th@%mmg The additivetwas ﬁé@e&‘f“b sieh
sanpl es was cool ed t griok (e the Giquiti'sslidOphade hin@él is fot beiabiity df b frbdes emaaﬁswas

int at a m%. of 1 to 2[err], C _per p@nm@sawdomtbpmtmhmmples which -
n this example, three samples of rabblt had not been cooled. - 30
El'i‘%}ile Iv.

o fl &)on% arrow were suspended in media having The results[i”

% atron o
) - Goup A GrouprB ' ) 4
52 : 45 ~
35 Cooling rate (roothBmperature V1ab1l1ty as % of control
2 to freezing poing) - (cellular respiration method)
[err] vol unme per ceig Foon di oxTde [err] pressure [err]
[err] of.-"'1.5 psi g. (pounds per square/ Péeirr] 20 [err] The ki dneys were
t hen [err] rough [err] pensled’C.imin. the perfusion @err] 5 as
possi bl.e. [-ey npl es of suspengl%d rrabbit [err] weremobt ai ned by
[err] co_ol, Whe fusion [err] /T3 ned her ei nabove. [err] C per
m nute,  cool & r] 25 perfused with a [err]

change in-varying periods of | t
-50 C..at 1 C. per [erngs a&k%ﬁ%ﬁ)&@nmm&[%f%ﬁﬁg &fima"q"‘?ﬁeﬁiﬁ

| i qui d nitr OERe t @Fpehe a:ellsrspmﬂria@hnid solid phase change —50° C. at 1D paemnmar;wled 1d1y

in a water bath at SS?'P 4 p k’@:méglﬂﬂlﬁt@(ﬂﬂ‘hl’mfeﬁﬂé to liquid m“'°g°“ wed 53
y com-

serum Pﬁé?%fcaem@rb@& uriitﬁ B m 3@1“ sy con-

16. 9% water (Group A) were suspendcdNR| @édia g C il i€ sﬁmﬂraecmxr Table V. Vmbxhty

i nocul at ed 40 the conif®Sition (Golwast peylcem):f oxi de of cells in Growp fhsampled wasamesgured

concentration of 5X10[ er r]70%1Haok’s medium 5004 Eaglbéébtﬁfty ﬂyci‘n“: ‘E?O‘ggragms;%ﬁgf ;‘;‘: 60

cell S/m ._.The unfrozen cor{éﬁo b %ﬁﬁﬁ?&d a con- measured by the cellular respiration method.

R and three addrmonal samples of rabbit bone These two viability assays have been shown

45 marrow (Group B) were suspended in media to correlate with each other and with an
. having the composition (volume per cent) irradiated animal assay. The viabilities are 65

70%, Hank’s Medium somewhat lower than in the previous example
159 glycerol due to the inhibitory effect of the additive
159, rabbit serum _present. The data based on two assay methods

and two additives show that the shortest heat
50 Each group of samples was cooled to the of fusion period is better than the longer 70
freezing point at a rate of 1 to 2° C. per periods for optimum viability.

TABLE V
Viability as % of Control
Duration of phase
change (min.) Group A Group B
1—2 52 45
8 —10 35 33

15— 25 2 3




centration of 1X10[err] cells/m. in seven [err] Bef ore use, the
perfusion nmedium was.- The growh rate data for the cultures obtained 35
stirred fors~1--hour in an atnmosphere com fromthe frozen rabbit kidpey
cells are sum posed of 5 vol ume per cent oxygen and 5 nmarized |n
Table VI. . TABLE VI

Vi abl e Cell Concentration (cel I s/ n1 ).
djratlen ‘of Phase Change _(mA. Y o s A GOV\itd”’Eﬁrl od (days) 13
2| F .8 - 0

5.4 x 10[err] D x 10[err] 50 x 1 tere oentcafbosdzﬁm[aﬁ

4' s . 1.1 x 10[EWF] . 6.6 x-10[err] g belg. (pounds pex <8 T 2

'I'hehdneyswerethenmm

5 S 2.5 x 10 ] - iy pended in the perfusion mB. 1 X
10[ err] _ 5 as pfsl;ﬁ;\‘“ . 5.7 x 10[&@% samples of suspended rabbit = 2
7.6 x 10[err] were obtained by tif out- cooled tq the fseswog Yoo, T s
x 10[err] lined hereinabove. 4.7 x 1 . per minute, coo periods o\ by
1.3 x 10[err] perfusgl Wi bHoE 3. 10 1C. ar 10 & Gex mhO[ er' hekly

9 1.4 XmlO[err] 0.6 wt.%, -14R[(@F rdn '- cooledtohquld-mtrogentem erh._ _, tha

4.8 x 10[ erﬂji/ dlmethylsulfomde ' - concentration of $XT0°
1154 x 10[ 60‘7;] Eagle’s MEM.. 1 X 10[ er r }:ells/ml The unfrozen controljrgached a con-

th -at 37° C d and the :
120% rab&otls:e:\l;osn?) 1.6 Pov;tg me%d m cu%f%tml 30 .

ells ml. in seve |g§]s.
dat a ble VI sh%mm@paf \gﬁegéf'ag” r;m;%%o{ /L"‘ﬂcﬁ‘ﬁ:”% »
C are sum--
reétar 40 cel} o “m%ru;és haahzea%n‘t‘ah&u\(in
#n of Exanpl es 5and 63hovvs : period in two mnutes the rate -
that the inportance of cooling cefdse wapidly 50 was

ely equal to that of unfrozen- through the heat of fusion period-

controls. Were the YirtieCelhCopcengragpn (ellsml) vias  strated
equal ly well by three different criteria  purtionfofiBha®® Hafigét(@E) growth to a
cell concentration ofgrinlHelidd y—namely Clerrl—glyeire—i-nreorperatom— 45
of 1 X.10[err] cells/m. (dap} del aye@ unti| abotit cellul & respi r at i16n ‘and
period of time for 0 e Tent s VIET, sCEIT§ oS gr

of cultured cells from % x 10[%?%@5 5% BJrrl?onut es§| th e heat of%;h

f usi on 'pe_'riod, the rate @aell s/ mi1.tax 10X 10[6e6r><]10,‘ells/n1— .

14 S 7,277 PV
EXAMPLE 7. . Soy [errd5Th a2 — - s ¥l
illustrates the inportancg of [es.r]x 10 —  [ermlé6 prwdsure diing’
perfusion of [err] 65 . 4 105
[err] whole rabbit kidneys were }drX]%the 8.7 X 10¢ - 47 X118 1
outlined above and [err] gThe frog@ny 106 . 3.9 x 108 3.2 x 105[ erri.onktios a
perfusion medium and [err] at an initial con- ' o :
1.4 x 108 4.0 x 10° - L
10 —_ S —_ 1.6 x 10° 1.2 x 105
11 — 1.5 x 100 1.8 x 108 4.8 x 108
12 -— 1.7 x10¢ _1.4 x 108 1.1 x 108
13 - —_ 1.5 x 108 9.8 x 105

The data in Table VI shows that where the of growth was substantially retarded.

40 cells were cooled through the heat of fusion A comparison of Examples 5 and 6 shows
period in two minutes the rate of growth that the importance of cooling cells rapidly 30
was approximately equal to that of unfrozen through the heat of fusion period is demon-
controls. Where the time in heat of fusion was strated equally well by three different criteria
4 to 8 minutes, growth to a cell concentration of viability; namely C**-glycine incorporation,

45 of 1X10° cells/ml was delayed until about cellular respiration, and period of time for

© the tenth day. Where the cells spend 16 growth of cultured cells from 5X10° 55
minutes in the heat of fusion period, the rate cells/ml to 1X10° cells/ml.



[err] conmpositions: [err] /M., grewto a

[err] glucose [err] 1 X 10[err] cells/m in 70
[err] et hyI cellulose (15 centi- 10 days. [err] cells froma rat L o
10 o poi se viscosity) | ung s‘ubj ected [err] identical

t r eat ment except © 20% rabbit serum for the freezing and .
thawi ng steps-grew from . 16.9% water .. an initial
ancenHah’Bﬁ o5 X 10[ err] cells/n. B 10%..

dj met hyl sul f oxi de 14 to a concentratij 39570?77]_)(/10[ err] cells/m. A0 (
about 75 50% Eagle/s MeMmeLe 7. bglays. 15 . Befphe

use, the.perfusion Um savdBustrates the importance of EMANMPLE. 9. stirred fmduall
ustrates a preferred —fum 65

hour in. ap, at nosphg € caonp ssure
tryp- N of 95 VA @EEE :%vgeﬂwge’be d.5 volune §inizAkidem -

procedure especr aT(I y suitabl e; With a perfusion medium m@ed cent car bon dillaﬁ)ﬁmdﬂ oaﬁ.
a pressure of 15 .use in t r y piag mompositonsi ssues, |cuI arly m nisfed

psi g. -7, glucose SS have b % 1 fg%gﬁﬂ'l
accordance in ome kr‘éney at\/agj tdg hailo IRt - v iden Eyg%iﬂén;
Sol ution. rwual 'Yy no bacquartmgmg ahid rehawdngt

2 &
nasol ution emf)r, ' f%%gﬂxp
t hi sl Wépared astof 071 on 51 l%tce /ml Eiout 75

gg&@? r&e p@mm&{ Gnedium” wh) *ei ght per Egalts 80l ution of

foi01 hie irf aSdrmosphei@mpastdir e Tts dxaple |i tcs a wﬁerred tryp-
\ ng of 19§ veliime pey\geks roxygen and 5 volume  siniz ble for
?h%ec”%ﬂ‘l dpFide @ RIBTER PP cﬁﬁ{,‘;‘;% ;m 0,
F pef i spd 0 otl? kﬁhé}ygv?r@ corb QP Perkused BIRL Qith &ilespmctlce of tlus invention, - T
rage r at e iffond kidn eypsElflem was cut so that thereri nut e, (VB! Ohrsztenn-t o
| | qui d&hi't rggen t ermas epkotinis durmg the é‘m ﬁWQHYﬁdnma
water bath & 37[ erlﬁgg :&%ﬁ a:gas Ifre g a';t :jlugo,‘;‘”:f ypsin
m nced, tryEs-r ni e oﬁadt ta,e ak ¢ iQ uced by addifig @rypsifi’ pitiled &
liter . cefl concentCaoget atinu cvled thidhghr the pbﬁe¢ I snl mlueoﬁf teeluticn| ¢ogtainiig] the follomng
0.4 grans gler | i t echange if p opasiadnef X g?%"‘f (& e 2w back pressure
Na[err] HPQ err] — ‘i}%ﬁj tem_ Methvl cellmb@ached a cell -~ %
concentration ofspl. Ethi vt aewo] C., 5@1:@]’ anms per 6l0i tgtuns pabliter
35 cells./@. in §,Srypatized ged chmfed@m hn,tlateébﬁb d ucose 30 grams gx. gﬁ

granms per Bter Ceﬂe@ﬁmat Iﬂ;art back pr

very poori ysand rei@jﬁﬁ,ﬂ’ é‘d@x Xloc POl xture so 95
stirred withea 35 cens/mlmgda,@emercatsrfmtna‘sea yGﬁé&@Terl‘] cel |ss,omgmmspermer
magnetic stirrer f dddnds) perfusedt withoust badf

and e, “cEF 1 IR AP 1qg s o s 0
EXAMPLE 8. S Tonlla ST HPY ) C TEAPE S e O s e k0 C
40 .Thi.s exanple illustrat emaiye sret hods of tlrmmxte get®a@it ok alpdnaﬂank litndd| was

with '5 equal v o40u e This example illustrates thej majlod th SO equal volumes
presepyvation of ratm"eB‘P“éE] aRpliefstoLhy BFF’F‘B’?F%(S’ fa i rﬁf Qgﬁ“ﬁ@dﬁﬁnl SRirge the following

| ung Rt lung was perfused in siliPlwithi &l S: Rat | ung
was sed in sSi tredin ha;ra:g t/he 1followmg compositiendi UINaEB.VI ng the fomg‘?m per lh;er 105
corrpo.s ons: N&C 25 w7, gliege g - gr @ Ber 105 45 grams er -
..... © 0.6 wt.9 thylceliul
. % gl.ucose ' Wt'/Kgmseywscom 4 grams p@"%'%"pu liter

0 6 wt % net hyl cel | ul ose @d% cfedt kaif s )err] HPq e~mﬁ]coa 0. 06 gr ans goess ger lier

poi se -vi-scosity) S0 K %‘}’o err] s _l%r ans er Bﬁ‘g‘:ﬁ 110
20% fetal cal f3%erum %  dime rrj i%
16. 9% wat er 505“’ Eagles {URT i met hyl SUSEad d'é weight per centl B9 ;

di luted sol ution wasThé Ipkr€uision] metiufr G stitrdd for 1 used as a trypsinization solutfof) %s descmbed

Eagl e's MEM hourmanaqngsPh‘eirr?q:OMppsz(éof% volaml tlewfi|trate so obtained -
(contained 0.2 wg EIETER ARC 1 T Hgﬁl% ma- ion 5
medi um was sti rred % 1 & Es¥a ni zat [ om,es%u' GRoﬁ&,adgggﬂﬁeg this
hour in an atnospher &‘h&:ﬁﬁﬁmaﬁhgoivasgﬁnmw,l mmndedbellixmple and in the followmg .
oxygen and 5 vol unenpﬂfrfuswermed@alr Eg‘?d to the ffe?:*‘;ﬁSSamdroﬁ;@ o 40 ‘::em ! yg:’f _
1o poig. prior tg SaChE AR WEIASE &t 200 Iichmots o ghamine x4 120
use at 1 to 2° minute, further coo Qo C leapeﬁ G!iglb’ﬂ
this . . hqui'ﬂhﬁrqgaf&iuﬁmiurhwng mmmcms@@mdme Exanmpl e and

in the- ol 1 ow ng exanpl e con- in perfusion.medium cooled to
the freezing tained from2 to 40 volune per cent of calf

poi nt, .. cool ed through the phase change in serum 0.5 weight per cent

| act aI bum n hydr o- '



60 about 6 mnutes, further cooled to -50[err] C lysate, 200 m cronol es

of glutamine, and 120 at 1 to 2[err] C: per m'nute, further PR
cooled to *from.60.t0.98 volyne per-.cent of Eagle's. e e iquide s
ni trogen tefperatures and ther)r thawed MEM (defined. above) S
1,057, 277 [err] is decant ed through gauze. [err]} :

[err] o was portions) of supernatant |iquid ferr] by

used [err] - filtration through gaurezis::[err] 35 [err] [erfi - bw”

revol utions p?r mnute for-15 [err] - - 1,057,277 5 m nced [er mai 115-
super nat ant gui rof [err] . LLEXT]

[err] is decanted an he cell [er'r] - was_ gﬁ&%ﬁiﬂw erl f’ w\f‘h%”
[err] . during the cesad i fuging .. ' T ﬁluauonlﬂgougm@adzh&m cof. - A 95
[err] thawed 1Q toA@OLam |1 )i ters of th r | revolutions P%O mlmhe for 15 '
mnced tissues are i Caticibented gro a@erﬁmﬁ [err]
cent . inw derWdPgt Nl zat i on £1- 200 cal,;;
serum and 90 vol uneinpaind slewingdyl €' s . thawed 10 to 20 m:nlhhtms th .ers) “Qfbed 40

the above-descri t]gdm{“ﬁgf g,rsl;qc\wEM Helqdigig (ﬂ@%@e@@@mlg i n _.rcent
t1 Ea s
: nged at 60 nl'.ﬁM onib a8 e ARk CtissdeN Sfuged at 600 revolutions per mimite

si ni zed by!ssttmnr ?Jzemeyoomngrmg comupermmrm Kiguirli usddqcsxtedemdrtheecbns 45
‘el | s of the flask for about one hour.

pyangs | v se
i o Ry S e N B R g,emﬁ“ﬁ?m‘% o

rrer at art the efdUdf 3Bd hoat theb Bael warhéd @, sudpanded EIB i (e dd b Qliéw&i

. about room tempefature Tlxdnmrunmisem sstagfingt |methfd. aisdcnladeabate Aberre} 50
yl el go a e-solu on mfxﬁui%f:? %gltP%PP c@lﬂ;re pended ogg%e?ire e atl 4’ol N s
f the h8Ur ghlichs g@:@omm%a s BP0 by
" The untrypmmzed uieallmmto te@l¥per at ure TheR&hltsl’l’l ng i s at
met hod desmdl ﬂ’edsuam@t Diginid inirgg() the The followmg table summanaesrtbst rsults

sufficient to Cagfelf 1s F?ﬂ“ﬁf gg ce rab 1t 1 whi sshu:; »
4lerr]..C till €dtion (e.g. 200 milliliters) of uﬁ m
great as to- (e.g. ﬁmudeswdﬂ&aetd thé]ﬂEk G})e pracuce of th1s mvenuon, were thaﬁr&ﬂl&ﬁd

fr ot hi ng of'the t ry sinization trypsuuzed in accordanceTW@h the above pro-
unt rypsi i 260 1 55 URE R éﬁ g s RPN e Pty et iy
and the supernat antth |ﬂm| Xnggyf gss a&g SabBit Ridhdy lédae
the results natant liquid contammgt mympme elxlveSe sm:laihqmmsed t hr ough :
gauze. obtained when minced nonkey kidney tissues 55 25

|f trypsinization is inconplete, another por- and mnced rabbr t kidney
tissue, which had. tion (e.g. 200 mlliliters) of the
trypsinization previously been frozen in accordance with the

solution is added to the flask containing the practice of this invention,

wer e thawed and untrypsi ni zed tissues and the
trypsrnrz&tron trypsinized in accordance with .the above pro-

IS repe d (e.g. for 0.5 to 1.0 hours) until cedure.. For conpari son
purp ‘he table 60 30 trypsinization is conplete.
The s of . shows results obtained when unfrozen m nced

t he
r abbi t' ki“d
trypsrnrze

are al | oved to settle and the super- nonkey kidney tissue and
ey tissue natant |iquid containing the
cells were sinilarly processed.

————— . S

[, .



16 1, 057, 277 [err] 1, 057, 277

[err] in ' RHESUS MONKEY [ err] the [err] & Three suspensions of
esus [erry’ kldney 60 is [err] by tissue whichthad: been [err]
high [err] were:. :in Exanple 9.were subjected [err] 5 &btained:[err] for
described” cell giowing [err] a period no [err] a} growth_nedia
contai ni ng [err] ~ 1630[efr]C. to 12 to [err]lL,opRIz ght per cent taLf
s rum ferele fﬁhunTTTT;%gy&Leftj portronal  other esius Arankey s[err] S
the: tenperature [err] ~“solution mx- sions were/prepared S|ntlarly N
[err] at the 10 tur en this gtirring proceduretwas varied surfaces of
t he suspenskpns wer g not - broughb« ~ signifiﬁzntly . g. When this stirging
was con- i nto contact with the-: gaﬁﬁon i, 0Xi air mix-. . ;ducted for §2 .

hours at roomterrperature) Ttur@. | Aft eR P4 v@g’rs Sthe ‘cel i suspe
drastical 'y reduced per\ cent ceII vKabi Kig y t at nl:Lad been tr
t he carbon di oxj de- bserved§ Il‘t i sod@ so tgghl 2: d‘eshxgbl e to St i
m xture exhi bited better at ’achng ntCto T3 t A% sSuet tryps‘f nizat i
solution m xture near the innergwalls, the glass containers and b
but below the rate of stirring a |ch:)‘roth| ng groyyth t han the pther'-g -
(hon-gassed) cell sus- occurg. |2 = fg’

addi tion, the cell ensIons tglat 75 ‘ s
had P trated th the"car boln 5 oxi de- ai E :
e illustrates the I

roved mxture had a pHof 7.1f0 7.8
20 growth of cells achieved when the preferred cetl 'g'
that had not been soft)reat e;i trypsi nl;atl on procedure o .
Ex- had a pH of T—g ‘A0 758. After 6 to=7 days o ahple H-is

Boff <1 ncBoati qp conpg effe cogl %nt sheet

_ ~growt h procedure descsd RBd bEl ow. & @ t°he céer | uspenS| oBs;
t hat had :been treated _ %8
t he carbon dioxide-air m xture wasi noted OeII G ow ng g%
Procedure. - on th@ cont alqn r wal-ls. No further growth 25 S
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