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Stud)y of the effect of atmospheric relative hUmity (RH) on the adsorption of para-
f'oridei~hd(e-generatedI formaldehyde gas on various surfaces and the efIfect of the
adsorbed formaldehyde on the death rate of bacterial spores showed that increasing
the RI] caused a corresponding increase ol'formaldehyde levels on aill Surfaces. The
a11mounlt peaked at 83' f RH. The levels obtained at 100, RH were slightly below
those at 831, RH. Cotton cloth had at Much greater affinity for the gas at all RH
than either glass or stainless steel. The death rate of bacterial spores on surfaces
containing adsorbed formaldehyde wats high for the Iii st hour after removal fromn
the forimildehyde atmosphere but decreased rapidly thereafter. This held true for
both cotton and glaIs' Surfaces. Also, formaldehyde levels of 15 to 27 -Pg ml of'
nuitrient broth caused inhibition of bacterial growth, but levels above 27 Aig till
rendered broth sterile.

F-ormialdehyde hats been Used for years as at organisms after the surlace is removed from the
%alpor-phase decontaminant to treat biologically formaldehyde atmosphere.
contamlinated enclosures. However, it has run The study reported here wats initiated to (ij
into disfavor from time to time, primarily be- determine the levels olf adsorbed formaldehyde
cause of its ease ot polymierization and the acquired froml vaporized paraformaldehyde and
difficulty of polymier removal. In most or' this Formialir on several surfaces as at function of'
wvork, ['ormalin waIs used its the source of for- RH and chemical concentration, (ii) determine
maldlehyde. Both the inadeIuate method of the level of formaldehyde reqluired to inhibit the
dispensing the liquid and the lack of air circula- growth of' Bacillus .suhtilis var. nigei- in broth, and
tion were undoubtedly the main causes of exces- (iii) dletermine the rate that microbial spores are
sive polymerization. Because of its low vapor killed on variouls surfaces by residual-adsorbed
pressure, formalIdehyde must be mixed rapidly formaldehyde.
with air to prevent condensation and 1)01)n me-
zation. Recenttly, the thermal depolymi -ri/at(ion MATERIAL.S ANt) NIII'l IOIS
of dry paralorilaldehyde in small electric skillets The choice of' test surfaices wats based onl tile ma-
has gained faivor ats at means of' dissemninating terials rouitinely Used by our laboratory for bioindica-
formaldehyde. This techniqlue necessitates the use tors when decontaminating building interiors and in
of' many skillets when treating at la-ge enclosure 'I"cecral't sterilization studies.

(2).Altoug th tehniILI i- vey fmc-on~~in- -Test A %%as perfornmed to determine formaldehyde
2. Athogh he tchnqueis ery imeconum- adsorption levels onl cotton -cloth patchies. lDetermina-

ing and requires many electrical circuits, it does lions %were made after variouls l1ormaldehyde concert-
have the advantge of (lisseminating the chemnical trations, RHd levels. and exposure times. Test 1; wits
at many locations, giving at more uniform distri performedCL to determine adsorption levels onl stainless-
bution and less condensation and polymerization steel surfaces. Test C investigated aidsorpt ion of I'orni-
in the enclosure. An unknown quantity in the aldeh3 de onl glass surfaces. Test 1) determiinedt tile
tise of' foriwdehse for enclosure decontamina- levels Orf Ormaidehl de required to inhibit bacterial
tion is thle etetnt of' chemical adsorption by var. gro\s lb. lest I determined the rate at whlich bacterial

ioussuracesa'.a fuctin ofreltivehumdity sios %%ere killed onl cloth and glass surfaces h) resi-
R111) and chemica concentration. The amount of' dual -adsorbed f'ormatdehi de, and Test ; cmpre

formldci~d adsrbe li a srfae wll afec tie adsorption ol' paraformaldlehydre and Forma liii-
f'oraldh~ i' dsobedh a urlce illatfcct generated formaldehdeI i onttt)1 -Cloth patches.

the rate at Mi ich microorganlisms aire killed on Trest A~. Cottonl clt pa"tche, (5 8 inch diameiter,
thiat stirface. I-utrthermorc, the 11mountI Ot adsorp ca. 1. ,59 cm. MY)t yg were esp~osed to paral'ormalde-
tion %till alfect the kill rate of' residual micro- tIldc sapors igaseouis formaldctisdei inl 9-I-liter tlesic-
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c hloride pot assmi L ii ric c \ ailideI coldor ties cloi min it
I .Absorption %ttd\ readi al a itaciceIIiI ot, ;20

TesCt 11. snliall Niailiess dccd platc.s h I ciii, tteie
C\ pi ised to I .1r tLl I mci C1CI rat ins 01' h in iIl IcI'.ti
at different IMil iii ii cs corresponiiing 1it) est, A r.I'lhe
cx po iure lime itkta'. held tim stn ail at iniii. ( )nil. oiie,
sitde ofcac h plate \I "aCxii sctl tie ot her sitdc \,I-as Iiat
aga inst tilec tlcsicca br, hO! 101 U. I orn I dcILI C I t a
rciiiox cd l'roii tie siiriacc antd an ahcl~ inl the Sam ie
maaner at- inl test A. W10 he at Cr mii tlI1 itN11M si110c li

t'i irma llch\ CIL! pres~cil i no iwcr coinccli"I t ills iii

Iitiiiiliditics \%ere tLiSt.
lest C. lest C was pcri~iriuctl ill thle %,tit 1mnl

ats tcst It, cxccpt ihat plass plates 1 1.4 h\ I A4 cmii %tcic
Uisetd. Thec plates "ere cut irominiiiicorrtisi~c hard
ttlavs iiiroscopic slideis.

Test 1). For determiining thc leveli orfrialch tic
ai t hiich growthi inhibition occurred. cotton patchcs
with t'arious levels of at!sorhcti f'Ornaltlehlltc t crc
plaeICtL in l ctril 1 tiltm nut rivni broth Wiank s. The
blanlks \c sedeti with 10, Bacillus suh/ii.A val.

NiIOgTS iprsatid a~cotI( !tiat 37 C. Vcriod ic v isual
FIt. I(. I-ialthelzidc v-"i'sun' chambehir. chccks iFor CIOtldiness of' the broth confirmeid grntithi.

Aftecr incubhatiton for I (ft\, I tilt fromi c~ic h hlank

C at ors fitz. I . i acli tisccat or lt, \%as equ iipped wi thi ShOtxiag 11o CIOLKII W;ti iIL 10s wa0110 atMc toano 11i i

two stopctiek-conitroi vecntilatioin I~,es Im purging the sterilc broth hlank . The Iiniial portion of' hroi it' %as
Itiosmc xiharo otoit RH and a grotititi- iLIcat ilied ats -A-* hrtit. tice diti uei portioan ats --i13

clas sopcrt wit arm cot iltolc n ~ yi broth. Both Samiples %%ere thcei returneti to thc incuha

cri/c thc paralforiiIaLICh1\tie. All patches were tor so thati growtth rates etiilti he compa~tred.
conditionctd for it tiniiiur of' 48 hr at thle htLI~i(Iit Test E. Tiic ell'cct iii' adsorbctd IbrmiltICl1)IC icli
Iecl cil atxhich tilc\ \%ere to he tested. Then, thrce the rate tf' kill of /?. suhtiis var. ,iger spores was

paiclics per test kscr c tplacctd oil tiw endl tif pills set I dtermcinedt onl cottoni patelics kilti la sktSSiudres. r17iC
incial plates til tie hottom or' tile desiccator. Air with, Stquare SUrfiaes 4.5 b) 0.5 inch. 1 .27 by 1.27 ciiii were
tilc propcr RI-I was ilusliet through tilc tdcsiccatoir COMlitm inaled. preccontlitioncti to 53' , RH. antd then
thrmigii the x c1illat itm tubhcs 1 r1 a hit iitlil Of 15 exposet ito tipIrtixiilialel 5 mg or' lorii1,lal(lete
111i11 hdOc 'ieIcch cx pOSLireC. la ra imrmadch% dc was I froma parat'orma ltdiy tii per liter t 53'( RUi- anti

tt cighctid Into a smallII glass hiiat that liftcil into tilc 25 C for 30) min Thc secction or a short exposure was
tICSICCator1 Sitic dril. Thc Sitdc armn was Iien Scaled baseti til preiiiiittr\ experiments. to give a rcasc.iablc
willi a groiiiid glaSs. stoppicr. 'ro comipenisate ror timle for firallh ti atdsorption b)' the SUri'micc yet

c'CY ccss pcsNsrc during vapori/ation or' tile para result in only about11 90' ('kill of 111C COntILiiilating
]tiIlIlatidcli\ .tic a xatcr- HIlt 1ma11110111,40 tub1c%,I xx s ~i'ct' At thle end of thc 31-mmil cxp)OSure. til icurfiace!x

conaclctcti to tue \cat ilat ionl oultet that Stopcock were remotvetd froiit thle rornaitIdehyde iIlIOSpherc
r-cu~iiiict opcnl tUrilg tiic heatinig period. i This placed inl open putri tiishes Surroundedt ()\ \%et tiwels

p~rocedure prceeatctt tbc ticssicator lid froml being tL) raise the RH tt 50 t) 60' , anWd allowedto L ~ac
Homl o il if, thc oriatiiicwas Iccidciitl\ ignitedi After 0, (1.5, 1. 2. 4, 6 or 7. anti 24 hr of acrat itn, tile

iihrough lto vigtorous iieatiiig or' the sitic ami Tile various miaterials were assay et for viable spores.
pdraiirilailcitieSta theni vaptiri/Cd b) ~I 2 ConicurrenitI[. sur'mtceN were also .i.sattl [or atdsorbetd

lilil oi!t' gciitic hing o f1 tiltSe it-l %t tblsn l'o aitieh~ti eIcmpa r 1sca of lorma Ileli te con
ha rncr . -riming of tice exosr began lte ratriL ce tiill Atith detiathi rate oii eachi material.
titil ",as coitpieteti. RH levels o' 1.. 50. 83, aid Te'st F. The adsorptioin of' formialdehyde genierated

I(XY ' 11itd C\piOStlic1 tilesC oii 30. 60. anti 120)111 mi kerc fromi paraibormaldeh% tic and from F'ornialiii waS
Usetd for cac ii f' tic kiilost i g parafir iia dch\ tIU, corn Petl under like conitioins Lii R H an vt a por1

i ccii r at iIis. it.0. 5.3. 21.7. 11:5. anti 0.1 I ng, lier. coincentIration. ( )iill\ cloth iipateches were uIsCti ill tii

I Or echld 'sct ill cIItltiOIINiis tree patches "ecre exposeti StLitt.

anit aiiah ,cd I or iiiriliai1dii% ti.

thle patches bi\ \igorOas agitaionl t h 5 to i0t) ilt of, All concentrations, shown ill the tables 11tid

1101pnticitCL LiZile[.i Fiplcei10 10' coce tt ofe %%Ies grap)hs represent an ax erage ill' three Separate
0iIIkIaCh~Ii dtoli get ait staet'Iir' INOIrpV0I NiMraI deteriiial ions.

.11:: I~ ll N- cl~ockp \%il it siiailuls'h formaldehyde concntrin ate I, tiven hige tilt
'Spcl (wpi(i0Mic :11 I)ltcli t tI ailie11 1 11 tin- t \ ptLre timei. the amore f i a 11,1ICi dhic ad sorbeti
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Vi .t 1.1 I . . 111p/u, /i P1/ pip rilpa/c'Idp ildxO/I-b 11 rA IILI 2.. Amntitt, of qormaldch'/idc, a/xorhed',
0/foP) /1(1 t' / PIJP' IWO4011( /i.' lls /4/i.Vffl 0/l'-poli-Led s/a j~th'...t A /j p/Uic hfX i ASO wi i exf '.VpO IoPj'/

/p(I ?'al 01*0flP(/hIIA larioul PIU '141 in' / vaoporized

I ,ajuI j lep-ur :jjim., f .
-W[ no'l"0 tild-I

"111 ii (mt I)111j 121 11161

0.12 1.5 4 5 6 1 .5 10.6 Trace
50 25 63 70 50) 2.7 0
S131 731 94 215 SO5.3 4

50) 10.6 140)
.53 1.5 14 14 16 83 0.23 0

501 113 207 317 83 2.7 0
8.3 250 .473 5283 5.3 48

83 10. 6 187
217 1.5 27 31 42 1(XW 2.7 4

50) 507 587 670 100) 5.3 17
83 1,394 '.758 1,6501
11)IN 612 8g?) 763

rIAlIl.! 3. .- tl n / d l/ f irn i/ieh rh,i adeorwul vii
5.3 1 .5 25 36 46 lais. phit's i 60 min/ 0/ 4'.V/OS/Ir, /0 ilIaralpp

50 N 17 993 1,150) pr/p'h///mt.. awriz' ra] rtnalde/,vp/,'
83 2,.550 2.483 2. 4WX
IM 1,)I 250) P;I 1. hit~ N' I i 1. I IIN., dIt. I ttI cIIv.

101.6 1 .5 70) 125 153 ~j j~ltj

50) 1,267 1,430) 1,783
83 3.233 3.6(X) 3.938 1 .5 2.7 I

1(X 783 2,0)91 2.616 1 .5 5.30
______________________________1 1.5 101.6 Trace

50 (1.23 0)
50) 2.72

400 83% RH 51) 5.3 32
38001 50 10.6 182
3,00'* 83 0.23 0

340083 2.703200 * 100% RH 83 5.3 45[20 83 101.6 217
3000- 1M (0.23 (1)
2800- 1(m) 2.7 20[M 5().3 642600
'2400-
22.

220 .7on a patch. Also, the f'ormaldehyde concentration
-,000 ./on a patch inereased with fimec (Table 1, Fig. 2),

1-00---- 50% R4 but the rate of' adsorption was mueh higher the
.1600., first hour of' exposure and tenided to decline

.2 1400-IA- rapidly af'ter that period. Abot 80' , of' (he 2-hr
1200- / otal was adsorbed by the end ot the first hour.
1000 .Most prol'ound wats the effecct of* RI- on the
8001 am1ouint of' formialdehyde adsorbed onii patch
'S0[ / (Fig. 2). At RH levels as high as 83' ,, patch
4001 adsorption increased with increased humnidity. 01'
200 It .Ijihibition of growlit the humniditieS tested, peak adsorption was

___£1.5% RH reached at 83, 11H. At 100t)' RH, formialdehyde
0 10 20 30 40 _ 50 07b 8b096016601 1203140 levels f'ell between those at 50 and 83', RHI,

Exposure Tim, minutes probably because more moisture at 100' , RI
I .110u'ml 4,11I, owidhy I /,e'l, )U0,l eniabled (he desicceatIor S LIrfilces to comiipete with

dc id/, Ii/i/OI/C4 #01 c(111 plltc(ht' %i 8 hh ca. 1. the test surfaces for formaltdehyde.
cm1 . I apol, (01114 1111'alhjj j% 10.4pA. nk,, ier air. Test It. Stain less steel Nhowed the least f'or
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TAII.I 4. hihiion in broth hMA v

fl. uh/,,ili, gro wth mt initiail I'ci 4 fmgnal ih', ,nin , ]of 1,r,,Ih)

I )et ernm in. t in
r t I , 12

A Ii \ It I It 1 I .% It

(rovlh I day -+ + + +
Growth 2 days - + - -

Growth 3 to 7 days -- 4- - 4 -

Resceded at 7 days; growth -4- -

within 2 days

" A = initial I0 ml of seeded broth; B = I ml of"A" diluted with 10 ml of Iresh broth after "A" was
incubated for I day.

maldehyde adsorption of the materials tested. 100
Detectable amounts (at the humidities tested)
were found only at 50',I RH and above and then
only at the higher formaldehyde concentrations.
As with the cotton patches, maximum adsorption 1
was at 83'; RH. Table 2 gives the values obtained 10
for stainless steel surfaces (I by 1 cm).

Test C. The amount of formaldehyde adsorbed
on the glass surfaces, although slightly higher
than for stainless steel, was still of the same order
of magnitude. Highest concentrations were again " - Cloth
found at 83' RH. However, the formaldehyde --- Glass
levels were still far below those found on cotton 6
patches. No formaldehyde was found below an

RH of 501. . Under the conditions of 83 and 0.1

IX), RH, at concentrations of paraformaldehyde
of 5.3 mag/liter and above, formaldehyde appeared
to be preferentially polymerized on the glass test
surfaces. A thin white lilm appeared on the test 0.01
surfaces that was not visible on the petri dish
cover holding the samples nor on the interior
surfaces of the desiccator. The sample surfaces
were washed thoroughly with soap and hot
water, and the exposures were repeated. The 0.0010 2 4 6 8 10 12 14 1-6 18 2-0 2 2 24 26 28
same results were observed, although not to the
sane extent as in the previous exposure. The Aeration Time, (hours)
lormaldehyde concentrations reported in Table 3 FI(i. 3. Rsihlhial activity vf adsorbed lowthrldlhvde
are those found on the washed surfaces. a,.4 ,insl 1). sbtilis rar. niger.pore.

Test 1). Cotton patches with formaldehvdce
concentrations of less than 15 ,ig ml of broth "est E. The results of test E are shown graphi-
had no noticeable effect on B. suhtiis var. niger cally in Fig. 3. As expected, the spores continued
growth in nutrient broth. Growth, as evi(Ienced to be killed for a time on both cloth and glass
by cloudiness of the broth, was apparent after surfaLcs after being removed from the formal-
an incubation period of 24 hr. Patches with 15 dehyde atmosphere. During the lirst hour of
to 27 jg of formaldehyde per ml of broth retarded aeration, the death rate due to the adsorbed
growth for as long as 7 days. However, I il formaldehyde almost equaled that for spores in
taken from the 15- to 27-Mg group ;md added to the formaldehyde vapor itself (where 84 to 93';.
another 10-mil broth blank consistently showed were kil'cd in the 30-min exposure). After 3 hr
growth sooner than the mother broth. Form. of aeration, however the death rate decreased
aldchydc levels above 27 'ig ml rendered the rapidly; only a minimu11m or kill occurred there-
broth sterile. These results are summnar;zcd in after. Although the data are not reported here,
Table 4. an additional test was prformed to assure our-
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TABuLt 5. .- I,,un1ni Of frimnaldell).te aidsorhe'c (in of the total formaldehyde vaporized wa% present
Cot1oll cloth patches exposed for I hr to vapor in the condensed areas.
frtpm piarafirniahlelivde and Fortual in at 25 C

Amit Avg adsorption per patn iiug DISCUSSION
ieaie of formal-

i llnity dehfydfe per The results presenled show that surfaces
(m) maidelsyde Formalin readily adsorb formialdehyde, the amiount being

(zag) _______ - dependent on the nature of the surface, the RI-,

100) 50 1,250 852 and the exposure time. Suich factors should be
8 ~ 50 2,483 1,459 considered when establishing the protocol for

50 50 993 537 decontaminating an enclosure and assessing the
_________- ______ -_________ - ________ eff'ectiveness of the procedure. It is evident that

cloth is not a desikable surface for a biological
TABL: 6. Desorption of formnaldehyde fromt colt indicator when evaluating the effectiveness of

patches and glass squares at 25 C formaldehyde gas.
Amt f 11HO er ptch mg)It is interesting that the death rate of micro-

I m fIIIO e ac orgatnismis due to adsorbed formaldehyde is the
A~rjton tme (r) -same whether on glass or cloth, yet th'e amount

Cloth Glass
_________ _____ _________-- of adsorbed formaldehyde is more thon an order

55 36 of magnitude different on the two surfaces. The
0.5 445 25 sporicidal activity ceased after the concentration

19NO 21 dropped from about 500 to abou t 36,O pg on cloth
2 350 9 and after dropping from 36 to lesF. than 20 pg on
4 255 0glass. The vast difference in conce:ntration may be
6 188 associated with the difference in surface area of

24 24 the two materials; therefore, at any particular
isolated point the formaldehyde concentration
could be the same regardless of surface. This

selves that the death of the cells was (Iue to would explain the similarity in death rates shown
formaldehyde adsorbed on the cloth and glass in Fig. 3 for glass and cloth surfaces.
Surfaces and not just adsorbed on the bacterial in general, less formaldehyde was adsorbed on
sport. surface In this experiment, the cloth and cloth whcn the chemical was generated from
glass patches were first exposed to the formal- Fornialin than from paraformaldehyde. The
dehyde atmosphere for 30 min as before and then difference is probably entirely due to the con-
exposed to an aerosol of thc bacterial spores for densation of some of the Formalin after vaporiza-
15 min. The rate of kill of these spores on the tion.
formaaldehyde-containing cloth and glass was in
the same order of' magnitude as in the above ACKNOWIEIXNENT

experiment. Table 6 shows desorption data This investiwitioi was sujiported by tfhe National Aeronautics
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Test F. Table 5 shows the comparison of tlhe Decpartuacnt or the Anny.

adsorbed formaldehyde concentrations on cloth
patches when the formaldehyde was generated LITERtATURE( CITED)

from parafornmaldehyde or Formalin. At all 1. itternalional Union of Pure and Applied Chemistry. 1962.

three RI-I levels, less formaldehyde was adsorbed Methods for the detiermination or toxic suibstances in air;

fromi vaporized Formalin. Actually, during the Formnaldehyde. p. 7.2. Butterworth's Scientific Publications.
vapoizaion rocss, oni liuid ondnsedint 2.London, England.

vapoizaionprocsssonc liI~ld cndened nto Taylor, L. A., M. S. Ilarbeito. and G. G. Grernillion. 1969.
small droplets on desiccator surfaces that were Piarafornia [del ycle For surl'ace sterili7ztjo and detoxifle.,.
not accessible to heating. It Was found that 12r% lion. AppI. Microbi,,l. 17:6'14-618


