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EOREWORD

The reswarch reported hura rapresants 4 praliminary effort to evaluate
Lha posmibls impact cn quantitative aexrobiological studiem of che air ton
contant of the testing environmant, It i in keaping wicth a pravious report
that aummar inad prasant~day knowisdge on alr ion effects and listed & .
numhar of poasihle resesrch applivations (Technical Btudy 40, fab, 1962).

" The suthote wish te acknowledgs tha teohnioml ameistance of Profeawce
Dominle Graco aud My, Sam I', Bailey of Safmry Division,

, ABKIMCT
' affeot of ponlcively and negatively-charged alt ione on asrosols of
5.:13113 wAh svaluatad by comparing rates of axponantial haoterial
mcuy. lona of both polaritian ware remponsible for significant inarsaases

in chs mean cugnnunttil decay rates when compared wich & nooslonimed
ambient stmoaphers, Nagative ion atmowpharss wers shown to ba alightly
more active than pesitiva fon atmompheraes, which is probmhly dus to a
greater blologloal sction of nagative {ons, PFurchar study of the action
of alr 1one on sloroblal serosola unday condibionn of (noveassd quantita-
tlon will annwar somd of the quantions raisad by thim praliminacy atudy,




DIGERT

Kecent axpatrimentation on tha hiologloal sffects of air ionm has demons
atratad beyond veamonable doubt that under cartain cirsumstances adr lona can
ocause or ars associaced wich changms chat, although not of graat magnitude
are both quantitatively aswessable and raproducible, The studies reported
hare ara a praliminary affort to detarmina if the magnituda of tha affects
of aly fona on microbisl aeromols im svfficiont to justify neasurement or
aven cotrol of this phenomanon during quantitmtive asroblologleal atudies,

Tha rata of expomantin! dacay was usad for statistinally comparing the
affect of poritive and negative xir ions on asroaocls of ﬂlg[|ﬁ11 DALGesCAnN
and di=sodium fluorsscain, singly and in combination, during a 12=minute
interuction pariod, Oontrol tests were carvied out without artifleially
produped air ionm, Analysis of the data from )4 complato asrosol trialm,

sach with a positiva flon test, a negative fon test, and & control (no added
ionn) reaultad In the following signifioant Findings:

(a) Xxponsntial decay of I,IIISAI DALGaNcans asroscla was two to thres
timas greatar in tha prasenca of positiva or nmgative wir Lfons than the
decay undar the control or ambient conditions. Negative fons affected
total devay to & premcer anteant than did peaitiva iom,

. (h) Both the addition of bacterial sasrosols to ionieed air and the
fisneration of lons in an sxisting asvosol resulted in wignificantly graater
ixponantial decay ratas compared with those of tha controls. Moreovar,

ith nagativa lona, the longar contact with asrvosols obtained by adding
aarosols to {onimed atmonpheres produced wignificantly greater decays than
the later addition of lons to the asvosol, That this result was not obtainsd
with positive fonn suggests a baslc differonce in the natura of Lhe action

of tha two {on polarities.

() Using melective pavticole smize ammpling devices, 1t was shown that
the ganera!l wige of the air-borne particlns did not change with aeroaol age
(up to 12 minuten) or with air {on trsatment, [n all oasms the ailr<borne
particime wers leas than fiva microns in diameter. The sise of tha
particims that asttled out during the experiments was not determined,

(d) GComparing physical asrosnl decay with hiological asvospl decay in
the premanca and abumnce of air {ons showed that most of the Lncresse in
aaroavl decay with air lon expoesura was due to {norsssad physical decay,
Positive jons caused no inerease {n blologival decay., MNagative lons produced
significently greater sxponentlal blologival decey ratews than the control
or poaitive lon trestment.

From these reaults (1w voncluded that high concentrations of afr fonw
wignificantly affect afr-boron microblal pavticlos. lops of both polatities
will regult in wignificant {ncreasms {n the awponent{al ratew of physical
dacay, In additicon, negative fone appear (o have blologieal activity in
that they will Increnss the blalogleal componant of the wxponential decay vats,




Bince thage axpuriments wore not carriad oul under ldesl conditions,
0ok The tempsratura and humidlty wara not eontrollad, the ramults shonld
be conaldered tentative panding further exporiments with wore refined
equipmant and tachniques, The resulis do indioate, howaver, that further
ntudy of the action of alr ions on Gueititasive soroblologlonl myatbama
{o warranted,
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Ko ANIRODUQTION

Qurrant intevast in remsarch on alv=borna infeskion and In tha teghnology
for axpctlmantal antobiology an {llusteated by the recant Qonflarance on Alr-
Borna Infaction’ amphanimes the importance of conkral of snvironmental
variahlan during laboratory studien with microbilal asrosols. Tha environs
mantal factors genarally considersd as requiring measursmant and centrol in
quantitativa biological aerowol radsarch are tamparature and humidicy, To
& laspar axtent, the eaffacts of Light and ai: pollucants hava baan considared,
The predent reasarch sonmtitutes & praliminary wffort to avaluate the -
possibla influance of ;nlouul air {fons during exparimental studina with
miceobial astroaole,

Air fonm have bean defined as -Lnetrlcllly nhnr.ud pubmirroscopic
pavtiv lew of gawsous o welid makiep,”  Poidtlve lone ave orsaiad by the -
removal of an slagtron From an atom or mulnoulud nugative Jons are Formad
by the additlon of an sisctron, Krusger, gk apoak of small air ionm s
consinting of "pin.ln Jonland molnculen about whtn clunter from 4 ko 12
unchargad moleoules, "

Binos 16 wan fLPat demnintratad in LBYY thac oharged air qfrutnlul are
responalble for khe aineirissl conduntivity of the atmonphers,* invastigators
in & number of dinciplinen have conducted studiss on tha tn!lucnno of air
ionm on livtnﬂ mattey, Claime made by many saxly invescigators, whp were
hamparad by the lack of propar means for ganarating and measuring air ions,
gava rise to muoh wonkvoversy, some of which exiats to tha predent time,
During the TIIL dacads & conniderable incrassa 4n aly don ~essarch was
mades ponaible by the davelopmant of adequate inctrumentation, From the
acoumuinted waight of chess studies there can be Little doubt that air {ona,
when applied in controlled axperiments, are rasponaible for certain ra»
producihiu hiologiea! and phywical changas, although it is |lnnrnlly
balisvad that thame changes are of ¢ Low order of magnitude,® Tha momt
convinging nvtdnnu- of the bioleglonl effmctm of aiv lons is that davaloped
hy Krusgar ™" Thane atudies have shown that air fonm have a ~ignifieant
and reproducible wffact on the clliiary haat vabe, che mucous flow rate, and
the rasctdion Lo trauma of the Ceachea of lahoratory snimkle. Motaover,
these (nvastigators have shown that negativaly charged nxggnn molesulas
and ponftivaly nhnt?nd cathon dloxide moleculas are probably the medimtors
of air Lon afEnctm. Recaitt work by this group® indicates that efifects
in the traches depend upon the ability of powit¢ively charged carbon dioxide
fona to cause o tocal sceumulation of B«hydvoxytryptamines in the (lasus,
and the ability of vegativaly charged oxygen fona, acting on eylocheome
ok{daan, fo acealnrate the oxldation of frea Nhydroxytrypeamine, Krueger's
Wiudles have obvious ralations to problend of axporimenta] respiratory
{nfoct lonm that are not treatad in chis papoer,

;

Othar recant ressarch on aly lons has represanted brosd intwrests,
kKoenblush and hiis aswociaten have nvaluated nagative sir {on thevepy for
pat lante with hay faver, hronehial asthma, and certain respiratory
Aiffieuttteat™ and hava ved aogative lon tharspy dx an ﬂd}uu;t in the
proatment of burned patientn,1™ Othar veennt atudles on the hlologival
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sffecta of air ionn have included affacis on the rate of growth of tissus
culture celin,'4¢)P hlood pH, carhon diowida combining powar of animal
plamma,'® and human work performance and visua) reaction time,!” In wost
studien the magnituds of the reported changen ot affacte wan not large, .
although thera wan yachsy ganaral agresment that positive ilons are assooiatad
with harmful ar undasirable affects and nagativa lons stimulate or are
ampoaiated with hunefioial effects., Other ramearch has bean soncarned with
tha physias of air fons and their interastions with non=biological air
constituenta, Thase have sdded mugh to bur pressnt knewledge of supeoted
ambient air fon danaitien,'™ cha affects of air lons on inert asrosols,'®
and the effects of asroasls en air ions "0 '

Although & number of authora hava reportad that alr lons affect micree
organiams, the only quantitative study to date in that of Kruegar, Bmith,
and Go in 1937~ Fhera {nvastimators measured the sutvival of ]ﬂﬁ;gigngul_
l!illﬂll var, gl in droplein placed in porsalain microbitration dishes
and expoand to ailr Loim at conoentrations of 1 x LOY fons per square

" centimster par amcond or graater. 1In the absense of amog, exposurs to

positive or negative fona incrensed the death vate of the staphylosoet”

in the droplats, apparently by divact aation on ths hacteria and by inoreaning
the droplat evaporation rate, In the preasence of amop, 4! lone ansrted a
protmocive effast on she bartarin by redusing the droplet evaperacion rate

and dalaying the drop in pH, The sxperimants aluo indicaced that the

sotion of the air iona on the calls could be partly reaversed by sxposure

to tntenss vinihis 1light,
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A. EXPERIMENT DESION

Asrosnis of facrabis a‘fﬂ]‘sﬂn‘ and di-podium fluprascain aingly and in
combinat fon ware ganavated (0 & J63=1itey chambar contalning a genarator
capahle of producing negative or positive air fone. The asroscl dansit

wan memmiirnd at dewdgnated intervals during the 11fa of tha cloud. Uac

teat connimtad of thres traakmantnr negatd- . lone, ponliiva tons, and no
added lone, The ordsr of the treatmenka van randomimad throughout all

teate and w.omufflclent number of veplloats tente ware parformed to satahlish
statintioal validity, The objactives of Lhe axparimenta wera

(a) To measuie Lhae rate of dacay of ssromols in the premance of
MEC)folally produced pomitive and negative alr lona ax compaved with tha
rate of decay obtained whep no ionn wars added,

(b) 'To decermine whather the Following tactors alfect these ratas

(L) Rawntdunl effects emanating from the lon«ganerating uqutpﬁun:

- (oontrol test),

(2) 'Time at whish sir lom are added to the test atmosphers.
(3) Parcicle aims mpectyum of the bacterial asromols,

(4) Pliysical veapsus bhiologloal chavacteristics Af asrosol decay,

B, AIR ION UENERATING AND MWAEURING'EQUiPMENT

A Millco Modal RO=4 genevatory capable of producing air ions of elthar
polavity and aquipped with & small fan wan uweed throughout, The loniner
unit wem placad Liiside the asroscl clhamber with Lew controls and power
aupply unit on the oubelde, ‘fha maximum oubpul wetting was umed for all
taata, Using the Philco Modet (COF-8 fon countar, tha approximate maximum
alr lon concantration in tha chambar (without seroso!) waa 900,000 par
cuble ventimetar of &ir, During all testm the gendvator Fan wam used to
maintain homegenoiey in tha asvoasnl,

A iiico Gorp,, Oommundestlon nod Wenpona Diviafon, 4700 Wisathlckon Ave,,
Philadalphia 44, Pu,
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G. PRODUCTTON AND SAMPLING OF AMROSOLA

The bacterial ssrosol genaritor wam a aimple two«fluid apray tube capabis
of disaeminating a total of ons milliliter of liquid material. Aqueoua
solutionn of 0,1 pay acnt‘di~|od1um fluorenoain ue broth suspsnaion contain-
ing approximately 10 x 10" viable cella of ||tg‘r‘| ||:g,|i$n|,woru used to
charga the aarcaol gensrator, In soms teste & mixtura o worascein and
bacterial cells vas uaed, After asrosol geanaration (rn:utrlng ahout thrue
saconde); namples of the asrosol were taken at 4, 8, and 12 minutes to
datermina the amount of fluorsscein and/or the numbera of viabla organisms
alr<horna an unic volum of air, HRampling was dons with all-glaws im=
pingera® (AQ!) containing 20 mitliliters of sterils physiological maline
and opsrated at a sampling vate of 12.3 litars par mindata for ons minuta,
The collaating fluld containing tha sntrappad microorganisms was assayad
for viable call concenteation by praparing asrial dilutions and plating
samplas A0 quaduplicass on the surface of agar plates, The sslective
nuteiwnt agar used wan Difoo Paptons Agar#¥ to which was added 0,001 per
oent Actidiona®wd to tnhibit Fungal contaminanis and 230 microgtame par
liter of brilliant green dya ko inhibit Gramepositive micraorganisme,
Fluorssvein collected tn the wampler fluld was assaysd photofluorometrically
hy oemparison with asandard solutions and the resulta exprassed in micro=
grams of Pluorancain par milliliter,

Following asch teat, the miorvoorganiamd remdining air-borna wara raduced
to an insignificant order of magnitude by irradiating the iantevior of the
chambar with a 1%-watt ultraviolat Lampiwww for five minutes with the mining
fan operating.

D, METHOD OF ANALYNID

Conatdatrable variation ocourred {n the concantration of alr=borne
Illflﬁil colln ohiained during the fivat sampling period of the
various replications, Howavar, minue we wera primarily interested in
comparing decrsass of concentration with time, rather than psr cant vecovery,
the atatintical annlysin was confined to decay ratem.

% ALL-Giann Impingar Bamplar, Aca Olaws Gof Vinaiand, N, J,
w* Difoo Company, Dackaic, Michigan, -
wiw Upfohin Pharmaceucical Co,, Xalamaxoo, Michigan,
wawd Ultraviolet Lamp, HO-15, Westinghouss Elsctric Corp., Bloomfiald, N, .J.
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Irom theoretlcal connideratlonm, (it was expected that the ghange in
nerorn! concontration with time would he proportional to concentration, l.e.
do_ -
de " kL (1)
where € = asrosol concantration, te time, and ke proportionality constant,

This glves vire to the model okt
C-Coe e (2)

whore C_ = {nit{al concentration of ameroso! This was found to damcribe
the datd oxtremely wall, The exponential decay vate is defined aw 100 k,
exprossed ae per cent par minute, where k is taken from the model above,

Taking natural logarithms of Equation (2), we have the linear form
In C'InCo-kt.... (3)

In this form k L» readily racognizad as the wlope of the linoar regression
of the logarithm of concentration versus time, Discussions of the use of
this dacay parameter (n sercsol mtudies have bsen pressrnted by Fosterd!
and Palmer/?

Over the range of concentrations of air-borne matarial observed {n this
study, the decay parameter was indepandent of initial concentration, therehy
parmitting valid treatment comparimons to be made on the hasis cf the
exponential decay vates alone, Btudent's "t" test wam used fcr treatment

comparinons, '
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ALl ARSULTE

A, RENIDUAL EFFECTS OF TON GENKERATING EQUIPMENT (Contral Tests)

Sivce the don genevator with itw fan and salactrical Lead wirar remained in
the aerosol ohambar during all tests, it wan necessary to determina if the
{natrument :ti.lf and iltm enargined circuitry affected the dacay of Ilrblolla
Tents wara dons, therefore, undar |1*n;gsgg positive, Hiﬂﬂll&!ﬂ nagative, an
oontrol conditionn with the corona tip of the genavating probs covared with a
plastic snvelope to preclude dissemination of air ilona, 18 {owar aupply and
palarity switohas wers oparatad in the unual mannar o that all eirculta
wora snetglend up to the proba tip as they would be in the ususl exparimenc.

Wa unad the Phileo Ion Qollsgtor to datarmine that no air lons wera released
through the plastic anvalope into the serosol chamber,

Data obtained from aix trinle, each with vandom-ordir traatmants, are
shown in Table 1. No significant diffavences (n axponantial deciy rates
ware nhtained| therafora, it was concluded that Lha inatrument itaelf and
the anargimad cirouita (not including the proba) would not affact the decay
of asrosols in subsequant exparimants,

+

TABLE I, ANALYSIS OF RXPONENTIAL DECAY RATEE OF {. m AZROSOLS
AR APFEQTED BY REBIDUAL EFFREQTE FROM THX ION

Number - - !5 tnr dant

of Standard Confidence
Traatment Tagtn Mean Error Limics
Ne¢ Addad Ions 6 20,6 5,84 1,45 ~ 16,8
Negative lon Oircultry 6 24,6 7.81 1844 - 32,8
Poaltive Ton Clroultry ) a1l 4,18 12,9 =~ 99,6

Trastment Comparisons Computed t Approx, Probability

No added ionm yj negetlve ciroultry 1.01 NEw
Nuo added lons yg pomitive clroultry < | N
Nogative cirocultry yg ponitive clruultry LA NB

T No wignificani diffarance,
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K. DECAY OF I'LUORESCKIN AERDROLA

Although the removal of inert saroscis by interaction with air Lonm haw
hasn reported, it wam of intmrest to test Lhe effects {n these invawtigas
Lions, using the gensration and sampling saquipmant deseribed, In Five
raplicate teutn, with vandom-order tremtments, mir lon gansratlon wan startud
Elve minutes hafore aercgolimation of & 0,1 par cant asolution of di-sodium
fluoragesin, After opsration of the asroscl gensrator, samplma of the
fluorescein contant of the air wara obtalned at 4, 8, and 12 minucen,

Undar the vontrol conditlona (no addad alr lonn) the cxponnﬁtill decay
vates for di-sodium €luoveacein were considerably lews than thoss For B, .

n*;gﬁgggnl asronnls, This was sxpacted hecauss of the hiologica! nature of
the latter,

The prassnos of pomitive or negative air fons In the chambar
ouuned a fivafold inoresse in the exponsntial decay rates of fluoramonin
asrosols that wan significant ac lems than the 0,00 lsval, Thers wern no
nignificant diffarences ln exponuntial decay ratas betwasn the twe lon
polarlcien, Tha decay rates obtained and thelr analysis ara shown lh Table J1,

TABLE 11. ANALYNIS OF RXPONENTIAL DECAY RATES OF FLUORENCEIN
AERONOLS IN THK FRRNENOK AND ABKENCE OF AIR TONN '

ﬂumg-r Eg éﬂt‘ alnt

ftandard Confidencs
Tredtmant TanLu Hennn Brror Limita
. No Addad Alr Tons 5 6.3 1i12 a9 . 77
Negatlve Tonw 5 1.1 8,98 25.7 ~ 40,5
Fonitlva Tons S T 6.0 b= 384
Treatmant Gomparisons Computed § Approx. Probahility
No added {onm yg negative {ona D.HY « .01
No added lonw yy positive {ona v,32 -~ 0,01

Nogative [one y§ poaitlve lons « N8




0. DECAY OF SERRATIA MAMCHSQENG ARROEOLE

The wffucta of ailr fons on thse total decay of air<bornm bacterial calls
ware anti{mated by analysis of dats obtained from 18 replicate trials, sach
with three air ion treatments arrangsd in vandom segusnce, In  these tests,
ee In the [luorascein testw, ganerAtlon of afe Lona wes bagun flve minutss
bafors creation of tha f' m,;ng%gl?l asrpaoi.  Although from day to day thars
was gonsiderable variation in the {nitia! concentration of asrosol producaed,
probably hacause of tamperatura, emlative humidity, and othar variations
that could not ba controlled In tha amrosol chambor, conduct of all thras
traatmants during sach day provided a basis for comparing the data cheained,
Haveral triain wira discarded In which tha rasults of ona of the thras treap.
mantu on one day wars lout bacauas of malfunciion of aquipment,

Tt wan svident from che rasults chak the decwy of §. matgesgans asroscls
was mora rapid {u the prevence of arcificially ganaratad air loha of atthar
polarity than in their absance, Table 1I1 showa the mean viable esll concens
tration in the aerosol at the 4+, 8<, and L2-mibute pampling times for tha
Ghree Creatments, CQonversion of the sercwol conceateatlons frem individual
teutn to axponential decay races and analysis of ths means of tha rates, as
in previoun teska, showad the exponential decays in donised air to be from
two to thres timan that of tha control. Thin analysis, shown Ln Tabla 1V,

" whow that ot only ware the exponantial dacay rates in hoth test atmoapherss

significantly higher than the control decay rates, but that the negatively
chatged atmoapheres vasulted ln highar exponential dacay rates than positively
chargad atmonphares. A graphical comparison of the decay of §.

naropol wich time for the thres traatments ia shown {n Figure L, En tﬁln
tilunteation the derived k valuas ware usad, taking the inltial regovery a
100 par ocmnt,

D INFLURNCE OF TIME OF ADDITION OF AIR TONS

In the pravious teats tha fonimsr was Lurned on [ive minutes prior to
asrosol ganaratian, It wan determinsd that during this pariod an equilibrium
voncentratlon of alr lone (approximataly 900,000 per oo of adr) was
natablinhad, Purther, ([t wan pontulated that f such an Inftially high 1ion
level warm necesnary to obtain the obsarvad reaults, allowing the gepgypl to
come to squilibrium bafora introducing &ic fone might i{mprova the wurvival of
asromolizad bactaria.

The influsnce of Lima was tested in & series of alght tests [n which the
lonigar wao nok turned on until fmmediately after the four-mlnute wample wan
tuken, A sayies of ten tests from thows {n Table 1V, which wara done in the
preavious two weaks and In which the {onlsar was turned on prior to garosollza«
tion, wam uned (or comparteon, Mean axponential deony rates for the two serilow
of teats are shown In Table V. In sach enrien, nogative and positiva fon
traatmonts produced exponsit il decay ratas Wigher than the controls, bub we
fallad to demonstrate sipniflcant differances batwean ratns {n degat ive aa
compared wWith porfrfve {on atmoupherns,
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TABLE 11T, MEAN AEROSOL REQOVERY OF §, ugggiﬁgnuy IN THR
PREAENOE AND ABSENCE OF AIR TONK

Trantmant ‘ A Minutas 8 Minutus 12 Minutea
No Addad Ionm 269,113 122,227 42,597
Nagativa Tonws v 61,114 3,363 557
Poaitive lona 70,013 1,707 C 1,208

A, Mean of 1A tants.
)

s  TANLE 1V, ANALYALN OF KXPONENTIAL DEUAY RATXA OF §, wmm;
AERONOLS IN THE PRESENOE AND ANSENCE OF AIK IO g

NuEF!elﬂﬂlﬂ11ll.ﬂlllX.Blllla.ll&-llﬂl.lﬂlvglp*#laiﬁr.

: Rtandard Confidance
Traatmant Tultl Maan Revor Limita
No Addad Iona 18 27 03 19,2 « 16,12
: Negative Ions 18 78.1 L ba,d = 93,8
Pouitive lona 18 338 6.1l 30,6 = 36,7
- Treatment Comparison Computad & Approx, D'robability
No added fonm yg negative Lona 7,21 < 0,01
No added fonm yg positive Loms 14,10 < 0,01
Nagative {one yu positive fona 1,21 < 0.0l
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Comparison of means from the two mevien, also shown in Table V, indicatad
that, for both controls and positive fon armoapheras, the influence of time
of addition of alr {fons wams negligible, For negutivae fon atmospharens, how-
ever, addition of air ions hefore aeromollration resulted {n a highor
sxponantial decay rate than when air {ons were added after serosolization.
Thua {t appears that time of addition of thn {ons is important for negative
fons but of little imporiance for positiva ifonm,

TABLE V, EXPONENTIAL DXCAY RATES OF §. MARCHBCENS A8
INFLUENCED BY TIME OF ADDITION OF AIR 1ONS

Ions Added Beforw Ions Added Aftar Comparison
Aerosolization Aaronolization of Meana for
(10 sptimates) (8 Igiimlﬁlli — Time Air Iona
Mean Bxp. Mean Exp, Addad
Ducay Rats, Decay Rate, Computed Approx.
per cent per Std, per cent per Jud, t Probabilfty
Treatmant minute Krror minute Error
No Air Ions 24, 7.30 20.4 4,37 L7 NA
Negative lons 75,6 29.51 30.6 9.5 2,52 < 0.03
Positive lona 33,4 5,81 35,7 21,69 1 NS
Comparisona Computed Approx, Computed Approx.,
t Probahility t Probahility
No Alr Ionm yvp
Negative lona 5,32 < 0,01 8.80 < 0,01
No Air lonm yvs
lositive lons 10.50 < 0.01 4,51 < 0,01
Nogative vg
Ponitive lona 2,12 NS < i NS
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. DECAY IN RELATION TO AEROBO!. VARTICLE HIZE

The seroscl gansrator wed produces parkielen that wre Initially smaller
than five micronm in dismeter, The AGL wampler is welective for asrosol
pavtiolan of approximately 17 miccons and amallar. The addition of a pres
impinger to che AGL providuw a samplar chat is selactive for particlas of
five microns and smaller. Thus, operation of tha AQl simultansously with
the AGL plus pra-impinger provides & convanient method of partitioning
ansrosols Into two siwe rangas, This technique was ussd Ln further experimants
to determine Lf the wire of the viable partioclen In the air changed with
tiw during the lonisation trestwents comparad with thoms in tha contrel., It
wan hypothesined that L£, during lonimation, the wine of the adrsherns
particles tendad to inorsase with tims compared with tha control; incressed
agglomaration by air fons would result in increased wattling and be one
machanism remponsible for the inorenssd decay vates, In foutr teats of thres
. trmatmants sach we mampled the sevomol similtaoeously with the AGL and with
tha AGL plum pra«impinger, 'Tha aerosol concentyati{ons from the duplicata
sanplen at aach sampling period were not aignificantly diffarent, Exponantial
decay rates wera almo comparad (Table Vi), There ware no significant
differences in the rates whan the two sampler reasulta for sach traatmant
vare comparnd, 1t was concluded, thevafors, that within tha sccuracy of
tha sampling devices, the alr-fon-treated ssronoln did not differ in particle
alke range from the asromola In the control environmant for as much as 12
minuten of zerosol life,

TABLE VI, COMPARIHON OF EXPONENTIAL DHCOAY RATES OF §, IN
ATR TON ATMOSPHEREA 1N RELATION TO PARTICLE Dum A

. . .
*0% Samplur, Aal + Frnulmp!nxur ﬁlmpllr

17 mievronm S mioronm and leap
Traatment and lann
No Addad Air lonm 17.2 21.6
Nagativa lonw #9.2 64,8
Posliive Tons 52,3 59,4

[}

Traatwment -
Gompited  Approx,  Probabi ity
[
No Added Alr lons Lok NH
Negativa Tona Y N§

Por it fva Tona I 74 N8
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¥. PHYRICAL VERSUB BIOLOGICAL DECAY

Prom & comparison of the exponential asrosol decay rates of fluorescein
(Table I1) and §, eng (Table 1IV), it Ls obvious thar the decay functimn
of the latter can ba composed of a bioclogical component (death of the cell)
and a Yhyllnll component (svansscence), The final tests ware porformed by
asvonolining a mixture of fluorescein msolution and §. maycoscenp cultura to
alley similtansous aanasemant of both ingredisnts. The purposa of the teats
was to obtain an satimate of the proportions of the total dacay of 8. mprcesgens
dus to physical fallout and to biological denth, In four raplicate testws,
the order of the theee treatments was randomimed and the genaratinn of air
{ons wan begun five minutes before aeromolixation, The fluid from each
sampler was analynod firat for number of viahle calls of §. marceacens and
then for fluorescein content, Reduction of viahle air-horne 5. marcescens
an a function of time wap taken as an estimate of totel decay, the reduction
in fluorescein as physical decay, with the diffarence hetween the two
raprenenting an estimate of blological dscay,

The results are shown in Tables VII and VIII, In the control teata
(no added ions) about thress=quartsrs of the total daca was dus to biological
death, biological d-cnx baing |l1nicianntly highsr than physical decay.
The total decays and the phyniesl decays under the {niluance of air ions were
slgnificantly higher than (n the controln, Tn comparing hiological decays,
howaver, no significant [novxaus over the control by powitive Lon treatment
(17,6 yg 27.8 par cent per minucs) waw noted, although negative ion trestment
produced a aignificantly higher blologliual decay than the control. But
when the combined effects of physioal and hiologloal decays in the prewence
of sach {on charge wers compived, no aignlficant diCflerenna was noted,

Thesa toests show that the major part of thé dévay of §.
asrosols in the absence of air ions is dus "o biological docay; in the
pressnce of air iona, a greater relative amount of physical decay occurs,
Moreover, there appears to ba a salectiva differance In the biological decay
resuliing from positive and negativa ion exposura, with nogative fons heving
a greatsr biological effact than positive {fone,



TARLE VII, HESTIMATES OF RIOINGICAL AND PHYSICAL ABROSOL DRECAYS
IN PHIEC ABEENCE AND PRESENCE OF AIR TONE

lﬂmn,&xumnuu_ﬂ ITHIDL.P.E.;NM‘TN:”
Troatmank Phywical Dmcay ploglonl Decny - Decay

No Addad Tona 6.4 17.6 © 24,0

) Negativa Tona 27.4 48,7 7.1
Fositive Touna 22,7 ana 30.%

TAMLE VITI, ANALYH1S OF DIFFERENOES RETWHEN EATIMATER OF RIOLOOIOAL,
PHYSICAL, AND TOTAL AEROBOL DECAY RATEA IN THE ARRRNGE
AND PRERENGE OF AIR IONS

Treatment Comparison ahility abllity L abliity

No Added Tonw yi ;
Negatliva lons 3,24 < 0,08 2,80 <« 0.08 1,40 « 0,08

No Added lonn yg
Positivae Tonm 1,63 NB 1299 < 0,08 4.0 < 0.05

Negatilve Tonw vy .
Pogitive Tonas 1,92 N8 < | Ng 1.3 N8 -

Phyalcal yg Mologleal Deoay

Treatment Computad | Approx, Probahility
No Added lots J.04 e 0,05
Nogalive Jong 1.OH NH

Posftve Tonn vl N8
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I, _DISQUESION

Although the results roportad here must ha considered proliminary until
confirmed under more refined test conditionn, a basis is provided for further
hypotheses, both of a practical and hypothetical nature.

On the practical side, the magnitude of the increased decay rates of
bacterial mnerosola associatad with exposure to ifonized air suggests that the
posaible effects of variations in air jon concentrations In asrohinlogical
rensarch should be considarad, Moreovar, methods by which air lons may be
{nadvertantly produced in those snvironmants should be consideved, For
example, air ion generators have beon made and used that employ nomeles and
apray principlea not vastly differant from thosa umsad with some biological
asrosc] disseminators @®r2¢ 1t im known that the air ion content of the
atmosphere varise within wide limits and in mavkedly affectud by air pollutantws
industrial gasss, motor vehicle exhaustr, and other by-products of man's
technology # Epidemiologically, innofar as sir-borna diseanes avre con-
carned, it is important to detarmine to what axtent these varying air {on
environments contribute to the survival or destruction of air-borna pathogens,

From a theorstical point of view, the dsmonstvation that negative alr
fons increams biological death of air=borne bacteria wiy realate to the many
referances showing improvemant from dimease conditions and improved body
functiona in patients exposed to negetive air fons, The effect of air fonwm
on seronol infectivity eshould be atudied quantitatively,
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V. _CONGLUAIONH AND RECOMMENDATIONA

The moat lwportant concluadon drawn from thess studlon {n that artificlally
produced alr lons will inoresws to & wignifleant extent the exponential decay
ratas of asromoln of §. perceascens and di-modium flucroscein, Exponential
decay viluwn, definad aw 100k and expramdad aw par cent par mioute, ware
increased twofold to Civefold by alr fonas,

Anklyals of tha 34 agroanl trials, aach with positive ion, nnnntlvu ton."
end control treatments, resulted in the following [indingmi

(n) The enatgined clroultry of the lon~ganevating apparatus in the asrosol
vessel did not affect the devay of asrosols under the vonditions of Lhe teatn,

, (h) Aaroaols of di«sodium [lucrasealn in tha presancs of negative or

posliive alr fons deacayad at &4 vate approximataly Five Llnes that obtained
undar control conditlonn, Thera wau no salactive diffarsncea hetwaan the
metlon of negative and powltive lons,

(¢) Berratia mﬁ asronola not in tha prossnce of added alr Lons
showad sxponantial dacay vaten approximataiy four timas graatey than fluoreaceln
asrosole without atr ionw. Under the influwnce of aiy fons the axponentiml
decay tatas for §, jﬂ{ﬁljﬂ]?l wera Ingroasad from approxlmmtaly 23 per vant per
minuke for the control Lo % par cent par winuta for positive lonm and 78 par
vant per minute for negative Lons, The actlon of negatlve Lona wan signi€lomntly
greatur chan chat of ponitiva fomm, B

(d) Whan the procmdurs of adding sevorol to an utmonphers already contailning
alr Lons whe compared with the additlon of fons afrer aerosol gensration,
there wap no diffarence {1 decay vatap with ponitive Lons, Howsvar, with
nagative Jonm, lonfeetion of the chambar hefore aernsol gonsvatlion rewilted
“An aignificantly highar exponantin! decay rates, ‘This nuggesta that a hasle
diffarance exinta In the mechaniem of wetlon of powit{ive and negative air
fona on mieroblal asvonoln,

(o) Am indicatad hy comparinon of sevosol samples collactad simullaneously
with the AG] sampler and the AGI plus pra- Implngar sampler, no slgnifilesnt
diffarences ware detmetod (n the alee of Lhe alr=borne particles in the
chamber during tha trials, ‘he gonerator producad devial particlan chat wern
pradominantly lena than [lvae microns In diameter at the 4~, B, and [l-minuto
nampling {utervala, Toniwation did not changn the gonaral size range of the
particlon in Lhe aty dueing thoke Intervala. The ralatlva diameter of the
fatiout particion dincing the varioun treatmnintas was pob asmesnad,
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(£) Puetitlon of total oxponantisl decay Into fte blological and
physical componanta, hy simulvansous assewmwnt of floorescein and 8.
mgxngjﬁln; asrvosole; whowad that most of the increasa Lo total decay hrought
about by alr fona 1a reflectad in the phynical decay componant., Positive
fon traatmeant did not inoreass axponsantial bioligloal decay an compared
with control teate, lowevar, [n addition to Che inoreaws 1o physical
decay, negacive lons producad & mignificant incraase in hiological decay.

Thees axperiments show that decay of astosols an a function of inters
action with air Llons can ba delineated {n a - lmple amyonpl cest facility.
The magnltude of the Licreased axponantial davay under Lhe conditions
spacified in chase teste was wufllclent to characterime alr lone an o
paramater posalhly demsrving control. Although most of tha chasrved
increass in decay can be aald to ba diug to tha phyeical action of alr fona,
thare was rapaatad svidance that nsgatively Liwrged lons, in contrant Lo
poaitivaly chavged ions, are responaible for & wignifioant amodnt of bhio» \
logioal astomol death, ' . S

One Limicatien of this study wam tha faot khat tha action of various
alr lon densities wap not tested) in all teats the {orimer was oparated
at maximum output. Another waw the fact that control of the tempsrature
and humidity in the asronol vessal was not posaible,

Tha poanible implications of the action of alr {fona during marpbhiologionl
studias should be further Lnvestigated under more pracise tast conditions
and with the une of infectious microbial asromoln, The latter will alao
allow asmimament of any changen {n organiam infectivity,
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