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Noli«'

The u.s. ful\il'OllIJleJltal Proleclioo A8ency (EPA). through iu: Office: of Rcsan:h and
~elopment. h3'I fmaDCially!lUpponod and ool13borated in !he t'Jllnlmural program
cksc:ribed ben:. This doallDCllI has been peer reviewed by the Agency and I'llCOITlIIlmde for
Jl'Ibl>e rdc:ase. Malt;"" ufl1ak names or commercia.! pruduro does _ constitute
eudo",ement or m:ornmendMioOII by tile EPA for use.
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The U.S_ Envi.......rneouJ PnJtection Agcocy(EPA) is ctwgOO by Conll~with protoctin~

the n:llion's 'lir, water, and Iand~. Under a mandale of national enviroo""""lalla",-s.
the I\i,alcy sIIivcs to fOf'tOOlate and implemcntllCtions le;lding to a <XlIT1pltible balance
between human .:tivilic:s and the ability of natural SY"leffiS to SlIppoI"l and nurtun: life. To
meet this mandale. the EPA's orrlCC of RcsealCh and Developmclll provides dala lIJId
scicocc SlII'P'W1that Cttn be used to ,..-,Ivc environmental prubk:rrll!" and 10 build thc ocientilic
knowledge base",,-,,-'dcd to m:ln;lge oor ecological re'\\IUTce~ wisely. to ulllier.ltand I10w
fXlUUlanls affect oor health, and to prevent Of rcd""-"e environmcnTal risks.

The Envinlllrnenial Technology Verification (1.'1'V) Program has been eIltahlbhOO by the
EPA to verify the performance characteristics of innovative environ11lcntallochnt>logies
across aU media and 10 retXJrlthis objeclivo: informalion to permillers, buyers. and lLSCf'l of
the technology. Thu~ subl;tamially aced"",t;"g the enlT:lrloCe of new cnvirorllucnlal
technologies inTO lhe marketplace. VcrifiClllion OIpni7..auons 0VftSee and report vcrificalion
lICuvitics based on testing and quality~ protocols developed with inpul from major
S1akchoklcrs and CU!ltomcr groups associauxl with the I"""noIogy llIn. ETV oon5i~ or
JeVm enviroomcnlallcdJnology CCJlICQ. information aboul eadI or Ilx:x CC:IIICQ QfI be
fWDd 011 the Intcmet at hIlp:l/www.epa.pfnv.

EtTecliVll: verifICations or moniloring tcchllOJlocics lII"C needed 1lI-.t environmental
qu:ilily and 10 .supply COllI and paformance dOlla 10 select the IJJOiSI appropriate lechnology
for that llSSCMment. In 2002. EPA CC\13h1imed the BUIlding OecOIllarrunaliOll Technology
CCIIler al Balletic. Batlelle plan$. coordinatell. and conducts vcrifK;lluon tcstS or
dr:coolaminaliOll technologies and repons Ihe =u115 10 !be community llll3I);C. Information
~oncemingIhi, speo:ilic environmental technology area can be fwnd OIllhe fnlCfllC1 at
hllpjlwww.epa.gov/et~/""nK"fl<!ecnlcr<).hlnll.
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Chapter I
8ackground

The U.S. EnvimnlDl:otal Pro«x:l:ion Aseocy (EPA) supports !be Environmental Technology
VerirlClbon (ElV) Program 10 raciliwe!he deployment or innovative environlDl:nlall«h­
nologoes lhrough performance verirocalion lllld dissemination of informalion. The goal of the
!!TV Program i. 10 furtbcrenvironmenlal proteclion by accclcra1ing the ac:a:ptilllL'e and use
ofimproved and «E-dfecti~ledlnologies. f:.TV seeks to achieve this pi by providing
higb-qualily_ poer-reviewed dala on lochllOlosY perl"urmance 10 lbosc involva! in Ihe design.
diJiribulion, financing. pen1lining. purchase. and usc or enviromncmallOCMologies.

l.TV works in partnership wilh n:cogni·ll.'d le>llinlj: organizalions; with Slakeholder WOOP~
COltsiSiing of buren;. vendor organizatioll.~,and permiUL"I'l!; and with lhe full participalion "r
individual technology developers. 11Ie program evalual~S the pcrfonnanee or inll()Vative
lechnologies by developing tcst pl~"s thm arc responsive 1Il the needs of slUkeh'Jldc~, cun·
dueting field or Jaboraw.'Y tc~lS (as approprime). collecting and analyling data, alld
pl'L-paring pccNcviewl.'d reporL~. All evaluatioos are ,;undueted io aa;ordancc w;lh rigolllus
quality assumnce (QA) pnllOC<.lls to ensure Ihat data uf known and adequale qualily are
generatoo aod that the re;ullJi aro defensible.

The EPA's National Ri.>k Management RC$CU'I::ll Labooltory and ils verirlClllion
organization panner. Ballelle. operale lhe Building Do:coniamiIUllion Technology (BOT)
Caller under ETV. The BOT Cenla" recenlly evaluated !he performance of lhe CERTEK.
Inc.. Model' 1414RII rormakkhyde gas genr:r.atorlneutndizer fordcconlaminaling
buildings.



Chapter 2
Technology Description

l1Ie obje<.-1ive of the ETV BDT Center is to verify thc pcrfommncc characteristics of
te<:hnologie«;lhat can hoe used to decorllaminatc indoor ,urfaces in buildings contaminated
with either chemical or hiological agent, a, a result 01 an intentional attack. This vcrifica­
lion report provides results for testing the CERTEK, Inc. 1414RH foonaldcl1ydc gas
gCIlCTlllOrfnculralizer. The following is a dCc'<Cription of the I414RH unit, based On

inforTnalion provided by thc vcndor.
The infonnation provided below was
nOi verified in this te,1.

The 1414RH unit gcnCTllte:<
formaldehyde gas for dL't,'1)ntam­
inating a scaled area, Fonnnlas in Ihe
opcruting manual arc used to
calculate the appropriate amount of
water, parafomllildcl1yde, and
neutrnli""r (ammonium carbonate)
ba.'<ed on the volume of the SpaL"
intended to be docontaminated. 11K:
1414RH unit generates the appro­
priate relalive humidity (SO to 90%).
then generute, fonnaldehyde gas for

Figure 2-1. CERTEK, Ille. # 1414KH an opemtor->clectw contacl timc,
and Iinally it generale, neutrali,,,,'T

into the decontaminated space, The he~amethyleneletramineformed by Ihe reacti"" of
fOITlllIldchyde with the neutralizer is a white powder with a slight 'fishy" odor,

The 1414RH unit has a capacity of 240 grams (g) of parafonnaldehyde per canister. Ba.sed
upon Ihe r",;omrnenrlation of the U.S. Al1ny Medical Research Institulc of lnfe<,.1ious
Diseases (USAMRl1D), 0.3 g of [l<lraformaldchyde per cubic 1001 should be used to
decontaminate Bacillus anrhraci,·. 1bcrefore. 240 g of paraforrnaldehyde is sufficient to
treat an encto"ure of approximately 800 cubic fccI (23 cubic mete",). Thc operation of the

1414RH unit can be TTJ<XIilierJ to utilizc a sccoud canister filled wilh 240 g of
panrformaldehyde; therefore, 480 g of rarafonnaldehyde can treat an enclosure or
appro~imately 1.600 cubic fcct (45 cubic melers). T1te 1414RH unit weighs 55 f"Jrmd,

2



(25 kilograms.). and i$ 12 inches (in) IJOcenlimders (cm)] ..ide by 20 in (51 an) in dqIlh
by 12 in (JOan) ,n height

The 1414RH unit wu altldlod to a P1u-L:ablI CompacI GloYe Box (Model No.8Jl).ABC)
mOOif..... for IhiJ vaiflCatioo IC$I (see Section 3.5.4.1). Theoonoedioos beI_ the
1414RH unil and lhe gkwc boI c<.>nsi~<>f l1elliblc SlJpply and delivery puinl hoses
conned.,.] 10 high-efrlciency particulale air ttlEPA) Iiltenl. A fonnaldcllyde moniloralso
was connected 10 the glove bOJ: 10 mea.'<Ure the ~'01lCl:lltr.llion <>f formaklehyde during each
run of thi~ vtrifocaliOll ICSI. A lIygrometer Wa!l aUdetl inside of lhe eJove box 10 rnr:a'!u",
"'lalive lI11midily.

3



Chapter 3
Test Dcsign and Procedures

3.1 Introduction

I<"igure 3-1. Test Materials.

lnduslria I-grade cmvet (IC)
Hare ""xxI (pine lumllL>r) (BWD)
Gla'S (GS)
Decorativc laminale (Ot.)
Galvani1cd metal duclwork (GM)
Painted (Ialex. flat) wallboard paper
(PW)
Painted (latex. semi-gloss) concrete
cinder block (PC).

•
•
•
•

•

•
•

Thi, verifieationte,t was conducTed according TO procedures specified in Tile Test/QA l'ltm
for Verification of Formaldehyde Vapor Technologies};;, Decontamimtfing Indoor Suifaces
Contaminated with Biological Or Chemical Agellts.(I. Thc biological and chemical agcnTs
thai pose a threalto buikling:< include to~ic indusTrial chcmicals, chenucal warfare agcnTs.
and biological warfare agents (including
biotoxin!i). The biological agenT selected for
thi, veril"ication tCST waS lJa"ill",' anthracis
(Ames strain). In a<kJition, two biological
surrogate, were used: B. ,'ubtilis (ATCC
I%59) and Geooocillu, "Ieorothemwpl,il",.
(ATCC 12980). Seven materials
representing indoor ,urf""es eornmonly
found in huildinp were u>eU for lhe
verification tesling. The ind,~,r ,urfaoo,
Ie'led (Figure 3-1) include

The objectivc of the verificaTion Te,ting wa., 10 evaluale the efl"icacy of the 14 14RH unil 10
decontaminate a biological agcnt or surrogate. Efl"ieacy wa, lesled by applying a biological
agent allu sunogates to the "U1Jaooe. of tc" coupon. and. after using the 1414RII unit,
comparing the numbcT of viable ,pores on deconlaminaled and control (non­
doconlaminated) samples. Visual inspecTion of lhe physical integrity of the test materials
was performed. and observations were recorded before and after using the 1414RH unil in
an effort 10 detect any degradation or chemical deslru~lion of the material itself.

,



3.2 Test Deiigo

Coupon. werecut from larga pieoc:$ oflhe 'q>icsu.taUvcml1crials foreach of the seven
indlu surfaces (Section 3.1). These coupons mc:asurod 314 x 3 in (1.9 x 1.5 em) and varied
in thickness from about 1112 in (0.079 em) 10 lIB in (0.95 an). dc:pcndinll upon the mI1eriai.
In tripliale, the coupons wae pbood into a btoIog;caI &gall af~y hood. and aliqoou of an
aqueous suspemion of the bdoJicaI agent were Jddcd 10 the surfxe 01 each coupon. Bawd
upon the concmlJation 01 the splRS in the lIQUOOUs suspension. the number of spores added
10uch coupon was calailalcd. The couporlll Wl:re allo'«"Cd 10 dry OVC'mighL Ana drying.
the inoculalCd coupons inlCndcd for dcconlaminauoo '""C!"e lDlldmul inlO a custom­
modified glow bOJl and placed horizonlally on a wire rack. Bolh blank (ullCOIllaminaled:
N='2) and conlrol (iooculalcd with IpOmI. btll nOl da:ontami.....cd: N"<.1) 00UJl0lIlI­
P't'Jl'lrcd. tllf!"lht:r with the inoculalcd CIlUpOI1$1haI were 10 be decontaminated (N=3).

Efficacy of the 1414RH unit was oocm1inetl by comparing the number of viable SJl'OR"l on
lhe CI;JI1twl CUlIponS (llOl dccOl1llminated) to the numocr p=nt oo1hc dccOl.taminated
COllponS. expressed as a log reduction. Following extraction of ~porcs from the tellt. c:omrl,)/,
ami blank COllporlS, efficacy Wll'i further cvulultCil for c:ac:h biological agcnt or sufTOt!:ate by
transferring each coupon into liquid growth medium and assessing bacterial growth allcr
I and 7 dap.

I'h)"lical dcgr.Kiatioo of thc indoor matcrial~ used as test surfoces was cvaluated ;nforrnal1y
in conjunction with theeffieacy tcsting procedure. Af't.". d",.'ootaminating tile tCSt coupons.
lhe appcMaIl<:e ufthe docootaminatod coupons w<l.'l observed; and any obvious changes in
lhe color, n::flcctivity. and appaICOl rooghncss of !he 00UIJUfI .Il.irfoces W\':f1': noo::d.

l'he following biological agetlt wali used for vaifx:alion lestiOg:

• 8aciJlusonlJrmcis~(Amcss~p).

To provide oorrelaUoos with lhc bioloticalqcpll'Qll.if$. Iwo biolopcaI~ abo 1l'Cl'C.....,
• Bocillus 1Mblilis spora (ATCC 19659)
• GeobociIlIU$Ica~~1IU spun::II (ATCC 12980)_

Biological illdicalOnl and ,;pon:: litrips lhal~ used 10 cvalu:uc dn:ontamin:llioo cffiClC)'
illCludcd:

,



• Biological indicalon (Apa: Labonlories. ApeJl. North CaroIil\ll). approximately I x lcf
"p""" rach: Budllws JMbIili.< JATO: 19659) and~l.u nt'llroiMnnopIUbu
{ATCC 12980)spores 01\ >il«J disks and seaIet.l Ty>'et: pooches

• Spore 5triJl" (RaYal BiologicailabonlOl'ie$. Om.:aha. Nebrasb.): WlUl Bodll.u
atmphtwu (ATCC 93n) spores, approxill\3te1y I 1 Icf spores per $trip on '" fil~ paper
malrill in .....Icd glassine c:nvelopos.

3.4 Test ~uena

In Tallie 3-t. a sumlllary of It.:. verification testing of the 1414RH unil i~ presented.
Verification tesling was perfomJed during a 7-wcek p<:riod !hal commenced in Novcml>er
2003 and concluded in13nuary 2004.

TableJ-l.Test~andPa~

T~

,." 'owe
S',' ' ..I.__T~

........'" F.noI...nl

F~

Il I .i.
Il_

a.a '. ,"(=

.... 0.""'10 t'lld

Vi<ua] obocrYa!;o" ul """')' "'" C<IUpO<l in all
tM<>'''llioal crroca:~ 1<:01< bd_..-.d..-Ioo"
d<aloIIamilUlioD

----

l.iqooicI Qllnore__ uf....~ PIJoiliwc/iqaliw:~ ..,..,. II _ 7~)

8._A.....u

1f._U.
c;. __IfM~/...

Ilioh'l!ical ;..........""""""'. otri~

Il.•..IHiIi.

G. "",ro'hmroophiJ",

Ii. "'''JPN''.'
Dam"l/O 10 lost ""'1"""

15 COOIpoo.$tale Tesli>l):

Coupoo-«:aJe Ie$tJn8~ \l3ICId '0 C"Y<Iluale the deeontamilliltioo eff>cacy of!he 1414RH unit
by atndinl: aDd measurin8 the v\aNe bioIosjca! spes 00 leSt coupoIl!<.

3.5.1 PnptUfllio_ ~fTQlMaJnitdf

Coupons used fOl'bioIogical age>l' da:ontaminafion wen: CUl '0 about1l4 ll) in (I.9x
7.5 em) and~ as shown in Table 3-2 by BaI'clJe staff. TesJ coupons weK visually
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inspeeted. and lhe condilion of cacti coupon W3.'l recorded. The length. widlh. IIId Ihick",,"
of lhe \C$I coupons were measured and nxon:led. OIain-of-cusrody forms were used 10
en$lln: lh;tl the lest COI¥JIIs~ ltICl:able IhmughOUI lI1J phases of testing.

r..c, Blte:fl.....
M ....ufldurtrl A~lt

MIIn'iII ASTM Ne., ... e-~Siu, MlkrilIJ ..........tiM!.-..... Soo~1
o· • NI_ L " W'-..j,-{......~ , _1\01-..1 """"'"'" ,. '" w"""' ......~ ...... •

'-- ....... :.btI: I:;Mdo ""'"GoMNed .~itVAC - "'" CI<.-.l wt\h.--: wiped

""'" ..e-bnI24 Goal". .......... willi 7O'J, iwp_....

"",- GaMooi..... SloeeI

0'. c,~ ._- "'" {."-.d_~wiprd

..iItl 7IJli, iq...;'l.....
Inil"""",.· _ Td,

SIIa... rnil.......... "'" wiped "'''h 711'l1> ""."""_..... &uTcl6 ,..
""""". M~"'" Wel'n,1:< ,. '" llruoh ond rollc' r-i1Ob:d oil
{."\ndn Bklc~ .Mb. One CUOI1 "I<oI1i. Sc......-

I...x prj""" (lfIl-llll5) 0"" <l»<

rool P"'Ie' .'.un" I.tex """li·
B..... fini'" ('-'19): wipoxj ...ith
7rt%iM~

W.lll,,,.r<! ll5-IIi-OJ; Sct·F~ Unil<..,J StOle> 3<)/4 R"lle. poinlc<.l..., """ ,ide usitll
l'>poo- 493: Rull·3 vYI'>",n Morlin s.:...,... ['aintS. One

C<.onp.ony prin",. (f71.11HSj on<! ,...,

fin':1 :flM' 17U·1(I(1l) coa'"
wi with 7IJli, . lUI

w.. , ;:-:,<=1 M;:. Ki..,.-.....od " '" Wiped willi 7O'f, ioop<",,","~
' .... W<IOd ""- ,

35.2 Appi~Q/;01fof~IUJ to Tm Coupons

Biological :;Igenl t<:sl coupMS wcrc laid flat in I 8io1ogK:al Safely Cabinet (BSC)C\Is$ III
and contamill<lled at challenge kvcl$ oflppfm:illlllidy I I utspon::s per coupon. Working
Sloc:l::: 5Uspmsions of the spon'S II the required concmlJalion were lI"InSferred 10 tbl:~
using I nUcropipeItc by pbcin& the At$pCIlsion 0'V'f:S the surf.x u small dn:lp.lm. MIlT
conwnillllion wilh btokJcical agenl or wlT"Ople suspension. the ICSI CCJUPOIIS we:re allowed
wdfywcmigbl. lI0rn....rbed The nal day. the illOC\llaud IeSIlI'liUriah intcfldcd for
dccoolantinuion (and one bbnk) we:re lnll$fcrmllO the I!~ boK th;II_ attadlcd to (he
1414RH lIDil (Jee Section .l.S.4.1). The conlrOl inocuWcd lCSI m<IIC:rilI/$ (.... intended for
deoontaminalion) and one blank wm: len undiSlufbcd in. BSCCIus II.

To confirm the applicalioll densily of lhe biological agcnl alld 5UfItI£llle«.. lhe H. QIl/hmris
IIId lIUrrogatC spore suspensions lI$ed w conlaminale the coupons were serially diluled and
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plated eoch day of usc and enumerated the following day. The plating and enUmL'Tat;llg were
carried out a~ described in Section 3.5.4.3,

1.5.4 Decan_ina/w"

}.5.4./ Verificatio" Testinl: Apparatus and Parameters

A Pbs-Labs O>mpoct Glove Box (Model 830-ABC) was miliu:d as the test chamber
(Figure }.2). The parameters used for lhis tcst. as specilied by CERTEK. Inc.. were
according to the Cf.'RTt:K Model/4!4RH Formaldehyde GenerafOr/Neutraliur Operating
/'mtncol.(2) SpecifICally, the k'TllpCnUUre shoold be between 60 and 90"1' (16-32"C) and the
relative humidity must be held between 50 and 90%. The concentration of parnfonnalde­
hyde and contact time (0.3 g ofpamfonnaldehyde per cubic fOOl treated volume wilh a
Io-hourcontact time) were recommended by the vendor and based upon the
reconunendations of the USAMRIID (as stated io the CERTEK Model/4/4RJ!
Fomwldehyde Generotor/NeUlmliZl'r Operating Proto•.YJ/),

r'Or this veriticariOlltcsl, it was difficult 10 generate the required relalive humidity using the
capability of the RH 1414 unit at the opL'rdting level as statoo aoove. To solve this problem.
Battelle staff conligured a series of six nebulizers (Figure 3·3) inside the glove box to
generate water vapor without using the capability of the 1414RH onit. These nebulizers
were joinooto a IIEPA filter that will; conncctoolO an air pump. Air was pumped through
the ncbulizers at 5 10 7 psig (gauge pressure), and a relalive humidity of75% was achicved
within 5 minutes. The 1414RH unit has a HumidifylBypa,s switch. enabling initiation ofthc
Formaldehyde /mul mode once 75% relative humidil)" was a<:hievoo.



Nebulizers _
•

_.
/

G"ao; Sampling
Line to Monitor

-Gasln,

Fil:uct 3-2. Overview of Plas-Labs Compact Glove Rox

,



Figure 3-3. Nchlllizcrs in the Pla~-LabsCompact Glove Box



Figure 34. Formaldehyde Monitor

3.5.4.2 Formaldehyde Measureme"r

A previously developed loonitol") was used to mea~ure the formaldehyde eon~-entralion

within the PhiS-"Labs Compacl Glove Bo~ during each run. This monit"r (Figure 3-4) was
developc<J to meaSUre formaldehyde eoncentratioos within a range "f approximately I pari
per billion (ppb) to I part per million (ppm). f'Of" this verification test, the coneenlmtion of
formah.lehyde within the glove box is much higher than I ppm (theoretical calculation of
appmximatcly 8,600 ppm); therefore, this monitor had to be mooified to dilute the gas
sample from the glove box approximately 1: 10.000. This dilution system wm; dc;igned as
two identical I: 100 systems in series. wherc each subsystem was made up of a Sierra
Instruments rna" now controller (MFC) and a fluid Metering. blC. (FMI). valveless
'otating and r=ipmealing piston rnet~-ring pump. In the I: 100 dilut.ion subsystems. the FMI
pump" arc scI to ex,""tly 10.0 milliliter per minute (mUmin) tlow rotc. The first FMt
subsystem pulle<.1 10 mUrnin from the giove box, which was mixed with 990 mUmin air
gm; stream from a ga.' cylinckr controlled by the MR::. From the exhaust stream of the first
PMl. the second FMl sub.,ystem pulled 10 mUntin. which was also mixed wilh 990 ntUmin
air gas stream from the same ga.s cylinder controlled by the second MFC. 'rne sample from

"



the glove bo.. was then diluted I: 10,(XIO. All gas now, were calibrated against a Buck
bubble meIer.

For approximately 15 min prior to operating the 1414RH unit, !he glove box was monilored
for backgrouod f()l1l1aldehyde COTICentration (ppm). Once a badgroond ba",line had been
established, the 14 14RH unit was opcraled acconling to the vemlor's instructions. The
formaldehyde concentrmion in the glove box was monitored in real-time throughootthc
complete operational cycle of the technology. and lhe data were recorded on a strip chan.
Using a formaldehyde standard and the known dilution factor. the data from the strip chan
were calculated and expressed as ppm f()l1l1aldehyde.

3.5.43 Decontamination Efficaey

Biological agent or SUrTogale decontamination efficacy wa.~ 'luantified by measuring the
viable spores on both exposccl (tcst) and unexposed (control) coupons. Each coupon was
placed in a 50 mL tC'St tube containing 10 mL of sterile phosphate_buffered saline to which
0.1 % Triton X_1OO had boon added. The purpose of the Triton X-IOO wa, to minimize
clumping of spores. For spore extraction, the tubes were agitated on an orbital shaker for
15 minutes at room temperature. Eaclltube was then heat-shocked at 60 to M"C for,me
hour to kin vegetative bacteria. Following the heat-shock, 1.0 mL or each ""trdct was
removed. and a series of dilutions through 10.7 were prepared in sterile water.

Spore viability was determined by dilution plating, using both the umiilulc<1 ""tracts and the
successive dilutions of each extrael. One hundred microliters of the undiluted extract and of
each serial dilutiou were plated onto tryptic soy agar plates in triplicalc. allowed to dry, ~nd
incubated overnight at 35 to 37"C for B. amhracis and B. subli/is and at 55 to 6lf'C for
G. J'learolhum0l'hU"s. Plates were enumcrated the next day, aod the colony-forming unit,
(Cru)lrnL were determined hy multiplying the average number of colonies per plale by the
reciprocal of the dilution. \)ata were expressed as a mean:l; standard deviation (SD) of the
number of crus observed. To calculate the erJieacy of the de<;onlamination treatment. the
number of spores remaining ,m the decontaminated test coupons was compare<.! to the
!lumber of spores on theconlrOl coupons. Efficacy for biological agents was expre'sccl in
tenl1S of a log reduction.

An additional qualitative as""",ment of the 141 4RH unit efficacy was conductc<1 following
spore extraction. Mtcr the extr<lction pr<>ee.,.< de.,eribcd above, each coupon was tr:msf..."I"T'ed
to a sterile 50-OIL tube eomaining 20 mL of tryptic soy broth culture medium. The vials
were sealed and incubated on an orbital shaker at !he appropriate temperatures (sec above)
for each organism. At I and 7 days post-decontaminatiOTl, the tubes were visually assessed
'lualilatively for viability as "growth" or "no growth." The biological indicators and spore
strips were also evaluated at I and 7 days post-decontamination lOr "growth" or"no
growth:'
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FoUowing deconlaIJlination, eadl tesl surface was eumiood vi!lU3lly to ~ablish whether
deoonlamllla!ioo using !he 1414Rll unit caused llIly obviow< damage 10 the surf:ace_ 'lhe
couJ'ODll Wl:1'C observed immedialely after (oolpleting the deconlamination~ but
before posl-decontamination sampling. The surfoce wa., in~lt:d by (ODlpilring lite
deconllUllinatcd tesl ,urf"",e with control coupon~ of the same test material. Differcnce~ in
color. retloctivily. conlra't. and rooghne,.< were QSsc~SC<1 and ra;onJ<Jd.
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Chapter 4
Quality AssuranccJQuality Control

Quality a"urance (QA)/quality control (QC) pmcedures were performc<J in oc<::onlance with
Ihe Qualily Management Plan (QMP) for the BOT Cenler") and the te><l1QA plan for this
verifiealiun lest.'" QNQC procedures and resulls are des<:ribed below.

4.1 Equipment Calibration

All equipment (e.g., pipelles, incubmors. biosafety cabinets) used at the time of testing Was
verified as being certified. calibrated. or validated.

4.2 Audil~

Two types uf audit were perfonned during the verification test: a te<;hnical systems audit
(TSA) oftbe verification tcst perfonnance and an audit of data quality. Audit procedures are
described below.

4.2.1 Technkal Systenu Audit

The Ballelte Quality A.ssurance Unit conducted a TSA on JanUiU)' 21. 21t». to ensure that
the verification test was being conducted in 3CCQf'dance with the tesl1QA plan(1) and the
HOT Center QMP.«) As pari uflbe TSA, tcst procedures were compared to Ihose .<pecified
in the testlQA plan. and data acquisition and handling procedures were reviewed.
Observations and findin!?" fro", the TSA were documented and submitted to the Battelle
Verification Test Coordinator for response. None of the findings oftbe TSA required
corrective action. TSA rcconls are permanently stored with the ETV Qualily Assurance
Manager.

4.2.2 Audit ofDaliJ Quality

Al 1e",,1 10% of Ihe doto l>C<Jui<c<l during the verification Icsl were nuditcd. A Ilallette
Quality Assurance Auditor tlaCed the data from the initial acquisil\on. through reduction and
statistical analysis. to final reponing to ensure the integrity of the rcpo11cd results. All
calculmiOlls pcriormed 011 the data undergoing the audit were checked.



4.3 QAIQC RtPO"ing

Eadlloudit __ 6oc:umen1cd in I.lXOI"dance with Scctioa 33.4 of tbeQMP for the ETV BOT
Ccntn".141 0nl:e the -.tit reports '"'"" preparocl.lhe ll.auell!: VmflCl.lioll Tesl Coordill3lor
c:n$llJfti that a~ was provided for each adver3c findillg or potenli<tl problem and
implemented any~ follow-up correctiveaetioo. A Banelle Quality Assurance
Auditor ensured that follow-up com'l:tive llCIion _ ",k.,lL

4A l>lo.ta w..,,,io:..

Record, genemtcd in lhe verificalion test rwcive<.l a QCllechnicaJ review and a QA review
before lhey were usOO 10 calculate, evaluate, or repon verificalion rtlI<ullS, Table 4-1
summarius lhe tYJlCS of data recorded and reviewed. All data were recorded by Bal.lelle
siafr. The person perfonning the QCJlechnicaJ review added hislber initials and lhe dale l<> a
hazd c<JPY I" the ra;ord being review<:d.

o..... 1'It; .- "''''m DlJ, it_'"
• .. • .. • .. -D.3. --.<JI1Qt

~-
SoanIoowI til 1<31., _ IlIl l.lioDII ...., u .-- _~.....,<JI._ ...110;-,..........._- -T... p""mtoetl« ..... ...,- """"'" ret ... c............ Uocd .. orpr,ueJdiIc:<:t ....

surroplc ioltnlilJcs. .. --.. '" w.:..- lhc talOb; IlWlNIIy '''..01 .... _
COIIoI%Illrat-' <at ......."'- ........................-::;:a- \c;I condil__ .....,
Sa"'f'liQI d.... Pol. (Of..... AI1cuI WI Jl...v.Rd nl U...., wurpn'''''''''cd le';I

,d"""..,.. "","pk, .00 .. "","ko: _ .....,ly ;'O<'''l'')f»1<d
"""h d,,,,,b'" .". I.... ;nh..""'><W....1. os _essatY

l1eler
Biologk:al ,,"u">era/ion l>ala (0flDII 'lllfO\lB"''''' ..."",Ie l'"""rtmJd 1<> ~o;bccts
aJld liquid cult"", loandlin. and 1UIlI1Y";'
.ue,""""'. clWn.,.. .....
<UIfod •..-d ..."Ill

~-
Pri_ (""" Ih< - ~~ I.IId ..mmarind '"

~""I.I.tUl ,-- i""'kultJ........... lhc ""J'POI1 ""'" II••''',.......-- ....~data I. 1.1tl1 """

~
,-...- .....,"'- lJfcd 10 lIUO:l$-.oi_

I I l ...............• ..... _oltllo
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Chapter 5
Statistical Methods

The statistical rnethoos for evaluating the efticacy of the 1414RH unit are presented in this
chapter. Qualitative observations also were used lO evalnate verification test data.

Sol I:':mC3CY ClIlculations

For biological agenL~ and surmgale.~. decontamination efficacy was calculatoo as the log
redud;on in viable organisms achieved by the 1414RH unit. 'The efficacy (E). {If log
redudion, for the biological agent, or sumlgatcs Was calcuJatoo as

E 00 log (N"IN)

wh"", N° is lhe mean numher of viable OI"j;anisms recovered from the control coupons (i.e..
those nol sufljectoo to tl""ontamination), and N is the number of viable organisms recovered
from each test coopon after decontamination. For decontaminated samplel; where viable
organisms were not detC<:IOO, the efficacy was calculatoo as the log ofthc mean number of
viable organisms on the mnt",1 couJXHls. Using the calculated log reduction for each tcst
coupOll, the mean log redudion (efficacy) ± SD was calculated.

Percent recovery was calculated for each type of lest mak>rial inoculatoo with each
biological agent or surrogale. Pcr~"Cnl re<;overy (mean ± SO) was calculated fly dividing the
number of biological organisms in tbe treated sample fly the number of biojob~ealorganisms
in lhe controls (non-<JcconlaminatedJ.

5.2 Statistical Analysis

F'oreach material and species combination, log reduction was calculated as 'le.scrihed almve.
resulting in a lOtal of 63 log reduction values. [n cil--;es where no viable colonies remained
afler decontamination, one colony was assumed to he presenl for the purpose of Ihis cal~'Ula,

tion. A two-way analysis of variance (ANOVA) model with main effects for Ihu:i11us
species and test mat~rial and interactions was fitted to the log reduction dma. This model
was used to compare each mean to =0, compare eacb surrogate 10 B. Ollrhrad< (witbin
malm,ial), and compare each <orrogate to R tmthmcis for porou< and non,f'O"O''" malenats.
T-tests or statistical contrasts were used for the comparisons, with no adjustment for
multiple comparisons. The ANOV A model ....'as filled using the SAS (Version 8.2) GLM
procedure.
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Cbapter6
Test Resulls

111<: =ull. of the v~,;ficalion lest of tile 14 J4RH unit arc presented in this section.

6.1 I!fficacy

6.J.} lJ#eilllU altlltnxis ....mn Sporn

Exposure of material te!>l coupon. conlaminaled with B. unlhrocis Arne.< SflOR'lllo!be
1414RH unil, resulled in da:ont3minalion thai varied according 10 !he type of lhe Icst
material (fable 6-1). The IQClIn log rroucUon ofdetectable vi.t>k: R. tul/hlllCis Amc:s spores
nrnged from 5.17 107.86 llCf"05S all oevm tdt materiab. Three g( the. lest matmab (Ie.
BWD. PC) can be «lIlSMk:ml~ (oa !he inocvlakd .wrf:acc). while the otlla four te:&l
~ «(i.... Ol. GM. P'N) <;an be~~ (on the inoeu.l.MaIsurfa::e). The
log reduction in viable spores delcacd on !he porotII materials was ~7.00. :<!'7.61. and 7.15
far Ie, BWD.and PC. ~tively. The "" mloc1ion in riablespon::s detected on the_­
porous malerial. wu 2:7.71. 6.47. <':7.86. and 2: 5.17 rarGS. DL. GM. and PW.
=tJO'divdy. For the PW, the lOS mlocl.ion in viable spon::lI w3lH'akulalcd 10 be 2: 5.17,
although 00 yiable spore.! "'"'''' deleelcd during the enumerations. Thi. Stlgge.'lts that the
2: 5.17 calcul:l.t«Ilog rOOuclion may not atlCul"Illcly rcfko;:t the deo;:ontaminatiotl process. bul
may be a ""ult of tile low recovery rate of 0.16%.

A liquid cullure growth a~scssmenl at I and 7 days P'J't-decontaminalioll wtlS pcrfOt"mcd 10
deten"i"e whether viable B. ant/rmciJ Ames spores remained on the te.~t mataials following
Ihe ""traction s\~'P (T_bk: 6-2). The extraction efficiency fOt".pores on all seven test
malenal. was Ie.... than 100%; l~fOfe. it was as.Stlmcd that viable spores cuuld remain on
the test malerials.. Each tcst material wn wiped with 70'1> isopropanol prior to inoculation
(or noo-inoculated blanks) willi B. aNltlUCis Ames lIpon:li; howt:ve:r.thill isopropanol wash
dna not guarantee merilily. especiaUy ..'lth the porous mafcrials. lbcleSl materials were not
:Wlocla¥Cd due to lhe risk of the materials being daJl1a#d during the autocl;mn, .,....:xss.
1llaefore. 10 mainWn equivalco1 t/t::at1nCft1 and band1inll of the test materials. a 7O'l(,

l"""opaIOI 'Il'Ipe ..... uxd. nx \iquiII utU.." .......''''''''1 _ iDlUodud IOdctcd -'f>OI'U that
~mained01 the ten material fotlowilll the Dtnaion step. i-Joweva'". since the materials
-.= not ste:rili7.lllll by autoe:laYing, this typent a:sxssmcnt may not dillCriminal.e bet_ tbe
growth of 8. Dntltrocis and/or other mict'OOlJllllisnw.
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Table 6-1. 1414KII Unit Decontamination ofBncillus anthracis Ames Spores'

" ,"\3 pre> ()

effLcacy r3llge;' "'own in parcnl1'lc".•.
"NO! Appl,cable

Te;t Materlal Tnoado", Totlll No. S • Em~

lndu,trial-G",de C.r-pet (IC)
CORlrol ~.33. 10' 1.0\"'0,37'10' 108",3.98 ·•
Decontaminated ~.33. 10' , , <: 7.0l! '" 0 17.1)11
Blank (oonlrol) "

,
" ·

Blank (<loconl2minalcJ) "
,

" ·

B,.,.. Wood (BWD)
C,"'lml 1.02.10' 4.()3 '" 0.24. 10' 39,5", 2.37
llocontami""led 1.02.10' 0 , <:7.61±0(7.61)
lJI.nk (OOIlt",n , , , ·
lJI"ok (o<:<"o,"o,iMloo) , , , ·
<:I..., (GS)
Cootrol 9.33. 10' 5.naI.42,IO' 55,0",15,2
Ileconwmin;tcd ~.n. 10' "

, <:7.7Ia017.71)
Ill,"~ ('''''trol) ,

"
,

Hla"~ (<Ieoonlamina"'d) , , ,
111"'0"";'......mlDate (1)1.)
Omt",1 U)2. 10' 4,58aO.(()'·IO' 44.9 a 5.89 ·

Dcc<lflIaminated 1.02. 10' 4.87a5.8I,10 <O,(lO()1 ('.47 '" Lin (5.61_7 .6l,)
Illank (mn\ml) , , , ·

Hlank ;:kc<>nt.min.ted) , , , ·

c..I,.nizrd MctalDuct"",k
«;M)
O>owi 1.02, 10' 7,24±L5().10' 71.0 ... 14,7 ·
D<conlominated 1.02.10' , ,

" n6.t II (7.M)
Blank (conlJol) , , , ·
Blank (dccOlll.minotcd) , , , ·
1'".unl«l Wallooan:l Papu (PWI
C",.. m1 9.1'\. 10' 1,49±0.43.1II' 0.16aO.05 ·

l.\x""t.",iR.ted 9.:13' 10' , , <:5.17±0(5.17)
lJIMk(eumrol) ,

" " ·
IJlank (<Icwo'l.' 0; ,..<cd) , , , ·

Painted (;,,,,,,rrte (I'e)
Coo'roI LI)2 , 10" 5,76±0.25,10' 56.4±2.45 ·

llecOlltomin'lCd 1.02, 10' 2,23±'H7.iO < 0.0001 7.151 1-')5(593-771,)
Blank (c<>nm~)

, , , ·
Illank (c1c,."ontaminalcd) , , , ·
.~ -" >cd as roc"" • ill ,ota] number of • rcenl reco,-,c . and eff",", , reduction .~
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51 Somplc I
S2 • Sa.nf'lo 2
SJ.Samp~3

81 • IIlaM (11(II illOCllblcd ..mh B 1JIIIltrari. Amcl """""I
-*-. powIIo: "0-", DC> VJWIb

.." .."
T<5lMaM....

" " " " " " " "1000usll1.I-(;..... Cacp<1 (1<..1 ~ · · ·
D"COo1ll1mj..I<J · · · · · ·

1:1... W,~od raw\)) C",,'ror • • • • • • • •
1kwn..,ru".!C<l · ·

G...... l(~l """"" • • • · • • • ·
Dtt<_naood · · · · · -

_""I ..... (Dl,) ~ • • • · • • • ·

""
, - · - · · · ·

~MehI'-_I{;Mj ~ • • • - • • •
"""'"""'"'" · · · - · -

I'Ioi.'''' w........ hl'C'" (f'W) """"" • • • · • • • ·
Do::contanN_ - · - - - • · •

Ploiftled (;oll(:r'de (PC) 0,.. • • • · • • • -
Doc",'t<,mh..leJ - · - · · · -

-•

Following the C;O:\nIC1ioa 5lql. c:ac1l1e5l~ was pIaI::ftl illlo IiqulCl ClII~ III~
~ pmilWion. t.Ilcnby erWIing the ....,gd3live~ to pnllifCl'llIe. Growth ......,.
delcnnined iflhc liquid culture medium wmed cloudy. while llI,I growth was delrmlined
when the liquid medium renwncd clear.

None of Ill. liquid culture sampld for IC (bolh f,;orurol and decontaminated) CJlllibilcd
t>acterial growth. The brand of Ie used fOJ thi~ rcsi (ontain. a pru<Jul;\ koown ...' RorSepI.
which is considered a broad ~pc<:lnJm antirnicrobialthal is effective against Gram'f'O'Iilivc
and Gram-negative b~cria. a.'l well as mold amI fungi. II appears Ihul, uoocr the condjlion~

employed for this verification It'St. Lbe I'IorSept may IlOI be spoOcitbl ~;1lCC viable
B. ""throeis Anlell sporcII wele extnered rroo" the IC and culnu-ed on lryptic SO)' 19ar plate5.
Therefore, i. is possible fhal. in the liquid cullUm:. Ro.Sepl may lnhibi. growth of
~.Iivcc:ell~den ...... from pmi....lion of th" 8. <HUhrucis A..- o;porec. This gIOWlh
inhibition was abo obria"VCd for B. sublilis, with the a.ccp6on 01 one CUltrol umpk M
7 dI.)'$ (Tab\c. 6-6). m G. uMroIIH:mtOfJJlillu {Table 6-(1). growth was obsaved in one
OOIItrol $IlnpIt: II Day I. and all 3 roDtroI santpIc:s at Oily 7.
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Qualitative assessments of biological indicators and ,pore strip' are ,twwn ill Table, 6-3
and 6-4. Por all test., u,ing H. anthracis, the control (not exposed to frnmaJdehl'de)
biological indicator" arnJ _pore ,trips exhibited growth in the liquid mltures al both I and
7 days. Growth in some of the liquid eUliUreS was also observed at 1 and 7 days ror the
biolO£ical indicators and spore ,trips ,ubj.x:[ed to foonaldchyde eXp<Jl;ure using the 14l4RH
unit.

Table 6-3. Liquid Culture Assessment or BiologicallndicatorslSpore Strips (Week I
B. anlhracis DecoI1taminJIllnn)

""S2 = s.,mpl< 2
Sol = Sample 3
"+~ = g<OWl~: "-" = Il(l groWlh

"" , ~"
hwlkalor (0'1!aoism)

" " S3 " S2 "
BiololPcallrwlkal.... (B.•abtilis ...TCC 19fi5'l) C....trul • • • • • •
Ili(JIOl:kJl lIw1i«llor (G.•Wuoihernwphi/". A'['CC 12'JllfI) Cootm) • • • • • •
Spu,.., Strip (B. otrophu.", ATCC 9372l Control • • • • • •
Bi'~Ol:icaIIDdkal.... (8. ,,,htiJ.. ATeC 1%5') DeconlMnioatoo · • •
lJiol"l!kallndi"""'f (G. "",,,,,h~Nff"l'hilm ATCC 129$) De<ootamin,<e<l · · • · ·
Spo... Strip (8. alrophu.". ATCC 9372) Dccoolaminal«l • •
SI~Sam

,

Table 64. Liquid Culture Assessment of 8iologicallndicalor!iSpore Strips (Week 2
8. an/hrad< J)cclIntuminatlon)

'""S2 = Saolf'lo 2
S3 .. Satnp)o .1
'"+" ~ growth; "." • "" groWlll

~" ~"
lndk"tor (OriIo"......l

" " " " " "
Bl~llndicat.... (B.•ubi/li> ATI."C 1'J6S9) Con"'~ • • • • • •
lJiol~J IndicIlIOf (G. ,H:<uOlh...",,,phi/,,, ATCC 12980l Cootrol • • • • • •
Spore Strip (8, "troph<u"" ATce 9372) Coo'm) • • • • • •
Di'~ogical Indicator (B. • "kil" ATee 19fi5'l) Dc<onu.",i".IOO · • •
fliolOl\k_1 Indicalor ((;. • tearo<h..-",ophi/", ATCC 129SOj Decofit.>mioa!oo · · • • •
SpOT< Strip (B. otrophu.... •\TCC 93121 Dc<onlamio.loo • •
Sl ~Sa , ,
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6.1.2 Bacillus subtilis (A rec 196.';9) Spore,,·

Exposure of tc,t coupon, contaminatoo with B. ,,,,bl'li., spores 10 Ihc 1414RH lmil resulted
in dccontam,ination that varied according to the type of test material. 100 log reduction of
detectable viable B. "lIblilis spores ranged from appmximarely 6,02 10 <': 8.04 for all seven
test materials (Table 6-5). The log redU<.1ion in viable 'pore., detected on the poro",
materials w"",, <': 8.04, 6.58. 'Uld 6.02 for lC.I3WD. and PC, respectively. The k'8 reduction

in viable 'pore' detected On the non-porous materials was <': 7.79. 7.29, 6.24, and <': 7.(ill for
OS, DL, OM, ami PW, respectively.

TlIble 6-S. 14141UI Unit OtlContamination ofBacillus subrilU Spo~s'

Dol..... c'p..:,scd "-, lTkO"n (± SD) 100ai nUll""" <Jf Sj:>OfeS. re c< roc< very, and "ffkocy (lOll rcductJoo). The
• fficley ""go;' I'h<lwn in rarcn<hc""
"Not Applicable

T..tMat<rW. '"""l.Ilu", Total No.5 • '-'Ind",tri.l·(;n1d. ea• .,.l (lq
Cootrol 1.2~, 10' , lllo"n.<<<, Ill' 8K~"~.2r. •
1><000"",..,,,,,,,,1 1.24, 10' , ,

~ 8.04 ,,(I (8.1;.1)

Bl",,' (c,-,"ln~) .,1\
, , ,

Bllon,- oh;onwniT\K'<l , , ,
I"", Wood (BWD)
~"~ 1.0:;,111" 1.21 ,,(lAl , Ill' 11/.,,3.91
De<x""am;",,1iXl 1.0h 10' 1.10.1.91,10 < 1),(1')01 fc58 ,,1).~8 (~.57_7.1«)

llI"'" (<oo"'tr) , , ,
131.n' (,iw.m..",j,""'d) "

, , · --
GI... (GSI
CO"...... 1.24 < I(~ ~.21 ,,2.18, W' ,\0.1,,17.6

De<x""am1 tl:lI<d 1.24 , 10' , , "" 7.7'J "tI (7.7'J)

01",. (''"''~tr.1
, , ,

Blank (downlHnl;r>aI<dj , , ,
Ilo<o....li,~ Lamin.k (01.1
Coo~ I ,I)-t , 10' ~.52 " 1.27 , II!' ~~.1,,12.2

Deron"",,"""d 1.04,10' 2.23 • ~.87 , II) <0.ll101 7.2!J "O.7~ 16.311_7.7~)

H1""l ~7'1n~1 1«1)
,

" "81,"" dcro"'.m;rIlU«I ,
"

, ·
(;.Ivam",d M<t><IO"ct_rt;
(GMI
Coo""l 1.01.10' 7.~2" 1.!l9' 10' 71.4,,18.2
1l«~n1.",;,""d 1.04.10' 1.89" 1.65 , 10' ~O,OOI ~,2.4" 1,42 (~.39--7.81)

B~Lnk 10000'rul) " "
,

Blallk dcrol".rrun"ted) " "
,

- --
Painlod WaJlboanl P.pe. (PW)
(~",Irol 1.24,lif 4,82,,1.22,10' 38.9"9.81
1),:<;,,,,[",,,;,,,,,,,,1 1.24, 10' ,

" "" 7.6l!" II (7,foX)
Blook (control) " "

, ·
Ulank (,loroflbm,""l<d) " "

,
Painted C-O.......oto (PC)
Coo",,1 1.05,10' 5.17,,0.43,10' H,I ,,~.I0

Otl·",""m'"""'d 1 ",\, ",' ~m .~71> 10 " 0 frr>1 MY!: "O.~\ ('1.~I~.22)

Olan' ('.....Iml) " "
,

~ 1<lJ,k (oc.:O"ta"U ""t<d) " " ", "' •



Illiquid culture growth asscssment al I and 7 days P'lI<t-<.Jeconlaminalinn was perfnnncd 10
delennine whelher viable B. sub/ilis sron:' remainaJ Oil the test materials following !he
extraction step (Tablo 6·6). As staled above, each te,t material (or non-inoculataJ blank)
was wiped with 70% isopropanol prior 10 inoculation with H. .cub/ilis spores; however. this
isopropanol wash docs nOi guaranlee sterility. especially with the porous materials. There­
fore. growth observed in some of the lest materials not inoculated with H..<ubtili.< <P',,-e,
may have resulted from growth of OIher microorganism, nOi aITeclaJ by the 70%
isopropanol wash. Ths type of assessment may not di",riminate between !he growth of
B. mtthracis and/or nlhcr micmorganisms.

Table 6-6. Liquid Culture Assessment of Bacillus suhtiJi.< SPOro'i

•S2 ~ ••",,,", l
SJ ~ s..n'l'lo::l
BI ~ 01.... (OC<f i""",~,," w.h B. ,oJ«lis '1"''''''
"." _ wov-thc "." _ 00 j,rov-th

~, , L1ay 7
T••t Mat.,;...

" " " "' " " " "Indnstriat-G ...,,'" Ca<pct (Ie) Controt · · · · · • ·

ll",xll' (lim i..,ed · · · · · · ·
8a""W_(BWD) C,,"'ml • • • • • • • •

llec<.Hamj""ted · · · · •
Gt""~ (GS) C()IIlrot • • • · • • • ·

DocoolOlru"ated · ·

lJ<:roral;n l.ami ...~ (DLl Coolrut • • • • • • •
[).=Iarlli"ated • ·

Gat"'lIIiud. Mol'" Ouch",rk (;M) Cootrot • • • · • • •
l),;,contaminated · · · · · · · ·

l'llinled Wallboard P.Jl"r(I'W~ Cootrol • • • · • • • •
DewItl.minaled • ·

l'aint<d Conom. tpc) Cootrol · • • · • • •
Dc"<.'Olllan' ill.ted · · ·

SI."" .,
Qualilative asscs~mcm of biological indical,,,,, and sP'''-c Strips are shown in Tables 6-7.
6-8. and 6-9. For all lest. using B. sublilis. !he biological indicators and spore strips not
exposed In formaldehyde using the 1414RH unil exhibited growth 1111he liquid cultures at
both I and 7 days. No growth in Ihe liquid cultures was obM-'TYaJ al I and 7 days for lhe
biological indicat<m and sP'''''' slJip, subjocllo fonnaldchydc exposure using the 1414RH
unit. Wilh the exception of a single sP'''''' slrip exhibiling growlh al Day 7 for week one of
testing.
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Table 6-7. Liquid Culture Msessmcnt of DiologicallndiratorslSpore Strips (Week I
B. subtiIis Decontamination)

SI S.~1c I
S2 ~ s."opl< l

".."- J:I1l"'"' "." - on iN""'h

~" ~"Indklltor (0'l:OnlS01)

" " " "
Bi,~ogi<"llndiclOl"" (B. ,ublili> AT(.'(; 1%591 C.....rol • • • •
~ Strip (II. wop""~usATCC '372) CoollJol • • • •
BloIOI(lcoIIn<ll<ator (tI'. s.blilis ATeC 1%5') D<=n'lIJ1linale<l ~ ~ ~ ~

Spon: Strip (II. Qlropl.-"" ATee '372) Dcc""\<",,i ",,,,<1 ~ ~ ~ •
.

Tahle 6-8. Liquid Culture Assessment uf DiulngicallndiratorslSpore Strips (Week 2
B. subtilu Decontaminatioll)

~
S2 ~ s.,~,,, 2
".." -Iro",h: "." -,., 1"''''"

~" o..y7
Indlc.tor (OrgllnUm)

" " " "- Biol<tgic1lllndklOl..r (B. ",Mil" ATCe 19659) Con'rol • • • •
SIlO'" Strip (11. "'mplw.••• ATn: 9372) C""tro! • • • •
BltJloglcallndk.tor (8. • id>liI" ATCC 19659) Dl""""'milllitcd ~ ~ ~ ~

Sror< Strip (H. <llmplw.••, A'rce 9372) I:l<>cuo"o."j ",lC<I ~ ~ ~ ~

Sl _So "
Table 6-9. Liquid Culture As.'<e'iSIIlCnl of BiologicallndicatorslSpore Strips (Week J
B. s"b/il;,,' DeconUtmitullion)

~" ~"l...ueator (O'llllni"",)

" " " " '" "Uiolop;kal I"dkat.,.. (8. sublili< ATn: 1%59) Conr",l • • • • • •
Spo,"" Strip (8. "tr<",_us ATCe '372) C",~",I • • • • • •
Biologiclll In<lieal.,.. (B. subtili> ATee 1'ffl9) I)cCOIll>min.lC<I ~ ~ ~ ~

Spore Strip (8. aWpl.-"" ATce '372) 1Jocot",,",;"at"" · · ·
., _ ••mpl<'

82· Sonvk l
&3 _ Sompl<}

"+". p'".'h, "_" ~ "" !",""h
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&..posure or lest COUpons oonUlminalOO wilh G. Slt!WVI~rmophilw (ATCC I~80) Spores
10 the 1414RH Lmit resulted in variable dcoonlarnill31ion. n.e log mdudion of dctOCUlblc
viable G. Mnlrtxhmllophil.u spores (ATCC 12980) ranged from ~imaldy 5.68 10
~ 7.64 f..... all KVeD Its( roaIerials (Table 6-10). The log raloojon in vQbIe lfl'JIe detcctod

011 the~ lNIIlmu. was 5.68, ~ 6.82. and 6.20 r..... lc. BWO. and PC. respcaively. The
log nxluctioo. in viable~ dd«tcd 011 the nonil'J".lW lJIlderials was ~ 7.2A, ~ 7.12,
~ 7.64. anti ~ 7.19 r..... a.<;. Dl..., GM. and PW,~..ay.

T.btr 6-1L l..l ..RH Unit I.leoontIonM.OOa o((A 61 iJ11lS~lUSports"

..
S.68", 1.JO(~.s1·1.18)

8.\l'h2.14,,,

Ij(hO.I""lo'
1.22 .. 111.10',,

1.)), 10'
1.))' 10',,

Teo! H ·'~W~;~;;;;-l-,..-o;;••-",,+J""",,""'"
I...._~CO..,.., (1(.)
C-..t 1.10 0 10'
1_...... uno 10'
11_ (""""01) II

11....(-.'.0·,..,"----1--"
11_ Woud riwO)
0...
ll'OConu<ni",oc<I
flloo'I<,,"troI)
ll"-", (do<>:.~.",i~)
GI... (I:S)
,~..
~,,,,,i,,,,,,,,,

lllW:(_l

II.... (<1<.:<......""""'"

UO, 10'
8.110,10',,

1.74 HI.Qb 10',,,
2;112",0(112)

O!: 7.' 20(1.l'1l
11_4 '" 1.)0,,,

l.s:lJ:O,lOo 10',,,

434 '" 4.10. to',,,

1.31 ",(U'I. 10' 17'1~R.1Il, ,, ,
+--~''----+-'

UOo Ill'
UOo 10',,

l.:u.IO'
1.)). 10',,
1.».10'
1.), 10',,

1_", t.......te (Dll

""""--lI...kl_J
11_1_)
GooJ,........M_~....
W.ftll
~

l)ocwo_ d

a_\-.I.I-\­hhlMWd" d"-frw)
~o • . : 1

11_1_1
lI_t,. l)

...-e-_11"Cl
e.-ul l.ll. 10' I"" '" QbOo 10' 16.j '" US
1>0.:0__ l.JJollI' 11.01'" 1JJl>. 1<1' <lU,lJ'
11_1_) 0 ° 0

1:1_1_) ° ° c!~;c;;'f;;",d-""c;;;..,'Dola"", v.l'f<3lI"'J lIS (~ Sl)lld:ll .......... d "PO'"": .-.-.~._ rlI'oa<:)' (los redu<:,....). The
dTaoy .....~ i._ ;.,po~
'sOl Applicol>k
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A liquid cull",", growth assessment al I and 7 day! pcBI4ecoolaminaliOll was performed 10
detCllllinc ,.,helher viable G. S/ftJroIhcrmophiJIU SfJOR'" ......aiDed 00 the lesl materials
following the CXIral:tiOll 51ep (Table ().II). As. staled previoosly, each 1C5I malerial (or noo·
illOOOlll1Cd blank) was wiped WIth 1'0'1> isopropaool piorlo inoculalion with
G. stmtl'JlhcmrophiJ..s 1IpOll:'S; however. lhis isopropanl>I wash dol:s D(JII~ Slt:lilil)'.
cspcci~y with lhe porou' mauriaI$.. Th<nfon:, prnr.1h observed in IiOI1le of the lell
material. IIOl inoa>bled ..ilh G. ~~mtOJ)IUUu "PO"" may h....c ~ltod!'Tom J'O"'tll
of«her mi<:roorpnisms BOt afT«Ced by !be 1'0'1> ...".q:wool wash. Thillype ofl$$C$$ffiCnl
may D(JII di5CrimirWc bd\Wt:n the growtlI of B.....dmrir andkJrothe>" miclOOlpllismL

­$;hs-pkl

~:=~.. ! I-.G. __'.,_,.'.'__'••• ......... ·.·K ......-

~" ~"TOOl: MalflW

" '" " " " " " ", .....rW-G..... c..,.... fie) "'"" ~ • ~ • • •
I)o;,:""..",naood · · ~ · ~ · ~ ·

II... Wood (lIWlJj 0",,,. • • • • • • • •
1",,"'OOW'n i..1ed · · · · ~

~...... (GS) C""'''~ • • • · • • • ·
0""""10",; ".\<>.1 · · · ~ ·

Ilotcar'1lUve I...ml""te (D1.) C""ln,1 • • • · • • •
O<>c<.onl.,."i".led · · · · ~ · ~ ·

\;aI....ib.... Mdall o.d--"tGMI ","W' • • • · • • • ·
l)cc:onl.1nlifwtd · · · ~

....nled WoIlMont r...... (PW) ""'''' • • • · • • • •
1_............ ~ · · · · ·

.......~(PC) ""'''' • • • · • • •-- ~ ~ ~ • ~ · ,

"
,

Qualitative enl of biolQCicaI indicaton IIld :I(JCR strips is lihown in Tables 6-12 and
6-13. Fur a111csb ing G. stftJnJI~nMPIJilw. the biological indiClllaS and sptft strips not.
exposed lO fonnaldcbyde using the 1414RH unil abibiled growth in the liquid culUU"eS al
both I and 7 <bY". Growt.b in the liquid cullUres was obseM:d for one of lhe blOlOgll:lIl
indicalOl'll 31 day I and Ihlcc bioklgical indical0l'll31 Day 7. No growth was ob$erved lOr !be
spcwe 51ril'" ...bjecled 10 formaldehyde ellposure using the 1414Rllunil.
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1"ahIoe 6-12. Liqllid Cldlo~AS!ifS .......1or 8fokJcicaIindicatQn/Spore SCrips (Wftk 1
G.sJ~lJiJu Drconlarninatioll)

"">' , "">',,M' , (Orp--) $1 51 S:l " " "f!ic+>lrbl 1..........IG.~ATct: Il9IOl a.~ • • • • • •
Spoo-o< Strip (8. -.,.100... ATee'.J12) ~ • • • • • •
Bk>IoP;al 'Niaol"'lt~ _'OIAt~ ATt;c 12M) 000>00Iarni1>Oled • ,

Spon Sllip (II. "1"",*,'''' ATee '311) o.";",,l,"mi,,~ , , , , ,

SI~~1

S~ • 5",,",,1<2
53. Sal",.. )
.~-._....' .... il"".M

TalMe 6-13. Uquld Cultu~A.tir:55lDrftt orB~ IndieatQn/SporeSCrlps(Wftlr. 2
G. SI«Irolhel1lWplliha Dl:oHltamioalioo)

­Sh~~
SJ~~J·.·E...,.....·_·..,_~

"">' , "">',, 1M I. (o.-,;am-)

" " " " " "Bit ''''1 • , ((0. • .", ,' ., ATCC 11911I) ~ • • • • • ••
~Stri,(.... ,• ..ATCC'J72j e-.. • • • • • •
B' t ,; 01 t

U 'MCG.., , ,'1 ATCC 11911I) D , , , , • • , •
I Spon-Strip(8. ........... MCCnn) .......... , , , ,

-". ,

6.1.4 SUlJistkal AIUllJi;J

Table 6·14 pr<."'SC"I~ Ihe mean log reducliun in spofCS s.orted by material lype. Significant
dilTerences am dcnolcd in Ihe !able as well. All means were significantly dilTetent from ;.cl'll

indicatillg lhallhc IOChoology dc:oont3JTlinaled stlltist;cally signiflOlfll nUl"nbcrs ofspores on
these materials.

26



Table 6-14. Statistical AlUlly.~is of Mean Efficacy (Log Reduction) for Spor...

.\1c"" "gnLnean,ly ,1Iffcrc'" frurn 0 al I" (I <: 0,0. )

'Surrogate 'ignifLcanlly dilkrc-nL froo" 6. "",hml"i.' lor 'I"'dlicd malenal (P <: O,05j,

Material II. amh""," II.•~ G.•tmroIhenrwphiJ...

h,"",,1r1a1-Gra<k Carpel (Iq ;'7,00'
" 8.('"

5.68"

P..m"" !'.oinled Cone,..,.., (pc) <:7,J~' """ 6,2lf

II....., W.."d (IIWD) <:7,61' 6.58' " 6.82'

Gha"" (r.S) <:1.71' 27.7'1' " 7.24'

N",,_ V.....·"th'. '-ami_Ie (DI.) 6.47' ,,, 27.12"

Pn""" 1';Dnted Wallbo",d Paper (I'W) 25.rr 27.68'" '" 7.19'"
Galnni.... Melal Vuch...r~ (GM) 7.!!6' 6.24"" <: 7.64'

, , ,

While there was no significanl overall effect of spore 'pedes ulilized. a signifieanl
inleracti(Ml between Ihe spore species ulilized and the te,l coup<Ml malerials was nOled in Ihc
ANaYA model (P=O.fXXll). Overall comparisons of the porous and the non-porous
malerials were nOl useful due to this inlenletion, as opposing interudi"ns appeared 10 =.1
each other out. Th~1 ii;. il appears Ihal each of the three spore species interacts with cenain
tcst CO\Ipons in such a way that the cfficacy of the formaldehyde decontamination is
inl1oollCed. These spore-coupon interaelions differ. depending on the spore type; for
e;.;ample. the log redUdions for H. .,ubti/is and G. srearot!lermopJrili., ""' similar f", PC
(6.58 and 6.82. respectively), but B. omhmcis was reduced to a greater extent (7.61).
Comparisons wilhin each material indieatoo that the 1414RH Unil decontaminated
significantly more 8, .lUbtilL, ami G. sle«rolhemKJpilUus spores than B. lllllllr«eis spores for
PW: significalllly fewer Y. "ubtilis -'pores Ihan B. «nlhrocis spores f", OM; and signific;mtly
fewer G. slearothemwphilus sfl"-"'" than B. lmthmcis spores for Ie.

6.2 Damage to CoUpOIlli

SUbsequent to dccolltamination. the tesl coupons were evah,aled qualitalively for visible
surface dam~),'lJ. No damage (e.g.. change in surface lexture, color) and no visihle changes
to any of tre test materials were obscl"\'oo during this verification lest,

6.3 Other ~'lIctors

6.3./ Operation ofthi: 14f4RH Unit

The t4 t4RH unit wa, opera led for approximately 140 hours during this verificalion test. Hy
foltowing the u,,-'I" manual. the 1414Rl t unit W.1S ."'1 up for operalion willUn minutes, 'l1le
only maintenance that was reqnired for the t4 t4RH unit during this verifICation lest was Ihe
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addition of ncw paraformaldchyde and neutralizer at the beginning of each run. At the end
of each run, the hexamcthyleneletrdmine formed during the neutralization slep had to be
cleaned from all surfaces within the Plas-Lahs Glove Box prior to Ihe St:l.r1 of the next run of
the 1414RH unit. A towel dampened with ethanol wa, used to remove the
hexamethylenctetramine powdct.

TIIC formaldehyde concentration was monitored in real-time, and the data were recorded "n
a strip chart. Figure 6-1 is a graphical repreJ<entatien (If the real-time formaldehyde
measurement from 0 to 11.5 hours. Par...fonnaldehyde wa, addod to the 1414RH unit at the
specified eOlK"CJltMion,lcading 10 a theoretical concentration of formaldehyde gas in the
test chamber of appro:timale\y 1l,&J) ppm. The observed measured concentration of
fonnaldehydc gas in the test cha,nlJer averaged approximately I, I00 ppm. Therefore. it
appears that the majority of the formaldehyde wa, deposited On aU surfa("es within the tcst
chamber. This deposition seems po"ible since a film formed on all surfaces within the tcst
chamber during operation of the 1414R II unit.

AI; described in Section 3.5.4.1. a nebuli~r 'Y'tem had to be utilized to achieve the
appropriate relative humidity (50 to 90%) within the Plas-Labs Compact Glove Box for
each run uf the 1414RH unit,

6..1.1 (}perntor RillS

Due to lhe automated eapabi1itiC:'l of the 14 14R~1 unit, there is liule room fur uperator errOr
although operator error was nOi evaluated in this verification lest. Once the appropriate
cani,ters were filled with their respective eomponenls (e.g.. paraformaldchyde), the timer
was wt for the appropriatc COUlnet time (10 hours fur Ihis verification tc~t). Next, the "Start""
button wa., pressed and the 1414RH unil ran through Ihe decontamination cycle. The
decontaminati\Xl and neutralization steps were run overoight and shut off the next morning;
therefo"", a total run time from start to linish was approximately 16to 18 hours.
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t1gure 6-1. Representali~e Cycle Purameler Data (rom a Single Experiment
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Chapter 7
Performance Summary

''(W tlli~ -,focUion lest. the 1414RII unit de:nlOrlSlfUed drx:Qnwni.....ion efflClCy for
8.(Ut/hrocu Anv:s. R .wbtilis (ATCC 196.59), and G. sl_roiMrmnplriJsu (ATCC 12980) on
all seVCII IeSl malalal:s. The le.'</: .<howtd thaL for all three ocganisms. nlaleriallype appeared
10 innuence dc:conlamination. 'The 1414RH unit prom<JIed a ";gniflC:llll~ in viable
spores for all three organism< QD a1lloCVCl1lCSl materials.

The ETV teMing to mea.wn: lhe err~'Cli~flCSSof Ihe 1414R Hunil ror inoctiVllling
8. Im/hroe;s Ames strain and sumJgate.pores on IlCvcn indoor surfaces provided a rdllge of
results. A quanlitative evaluation or the Il:.'lUItN indicaled that the log l'eduction value.~ for
deteclable viable B. a"'hmcis Arnt:ll spln"S rdllgW from 5.17 1O:l: 7.1l6 aclllS$ all seven test
malerials. The log nxIuCliOll values for deteclable viable B. sub/iliJ spores mnged fmlllli.02
tu R.04 fur all SCVCtl tesl materials. 1lte k>g rc<Juclion values for detectable viable

G. steam/hemwphilas spores (ATCC 12980) ranged from 5.68 to 2 7.64 for all seven lest
malerials. For the porous malerials. a sign; tiOlUlt difference in cffJCllCy was observed only
be1~n 8. a"'hmeis and G. steamlhnmcphilus on industrial carpet. For l\OI1·poroos
malerials, signitieattl differences in efficacy betwl:Ien R anlhmciJ and both SlllTOgales were
olnerved roc painted wallboard paper. and a significant difference was observed between
8. multra<:is and H_ subtilisoo galvanized metal. N<:><1aJnage was obsecvOO ror any of the
test materials ....bjecled 10 the 1414Rll unit

/II, qualilali~ evaluaLioo of the performance of the 1414RH noil "'lIS pcrfcnned using
biological indicaJ.or.I and liiJ'OIe strip$. r«)l" all proca:Iwr;s for- this vaiflCllliOllle$l.lbe coouol
(not UposcdlO the 1414RH unil) biological indiealor.l and spore strita used in this teSl
displa~ growth in the liquid C\lllul\'$ al boIh 1 and 7 da)'li. When~ biological indil:a«n
and "flOR strips~~bjeclOO lO~ by lhe 1414RH uniL grmWl""$ observed in
tolfIC oflhe liquid C\l11nrr:s lIl. 1 and 7 days. For thc:sc~ the ntlIIIIscrof Ampb
t.lhibitmg gr'O"llI varied among the dMes of upcrimenr3tion. and no clQr u-d .....
obsa.cd. The 1414RH lUIit~ pu1ill1y $l1lOOCS5l'ul in i-=rivaing both the bioklPcal
indica«n (containing B. uJHiJu and G. suarolJ,.ur"opJrilus) and spore strip< (containing
R a/~), aD ofwtlich coown spn loads of appnWmalcl)' I ~ ld' sptlla per
indicMOr or.pore ouip_ II i• .,....il>/e that Ibis par'tial i.-:tiv.uion """,I"'" frQln lhe
biological indicalllrs and spore strips n:rnaining in lhe 5oClt1ed 1)"vd: and lla<:sine pouI:hcs.
respttlivcly. The Tyvet and g1a.'<Sine may ha'"C inhibited the penetrdLi..... of formaklchydc III
Klnle CllICnt. Ihc:rl:by peeventing OOlIlplclC illaCtivalion of the biological indicalon; and spore
SHips.

30



,

The 1414RH unil was SCI up and ready forop:nlion in !he labornJ.ory y,ithin ,ninula. The
1414RH unil is 001 able 10 Il'lQSlIft: pIlIalIlC«:tf 5UCh n .dative humidity and fonnaklehydc
~ Witbio!be P1u·LaIl!l Compaa G\ove 6ox.~ relative humidity was
determined by using a tIaceable bYJfOllld«. and thef~WllS measun:oj usin,"'
formaldebyde mooillll'. 'Thei~ c:I ClpmlIQf d:ill level 10 using the 1414RH unit•
....Iule 001 verif>ed in Ibis leA. should be miningl due 1O the awomaled capabilities 01 the
14 r4RIIIDlit; ....bidlleft link room for opcnlOr error_
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