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The ropoarch reported here repramante a, pralimLia ay aiUvt to evaluat-
Lhe pomible impact an quantitative nsroblologiLal studies of the air ton
content cif the testing onvirantmnt, It is in kmmping with A previous report
that muumnriNed prament-day knowledge an air ion effects and listed a
number of pooible rosarch Applolunstin (Teaolical Study 40, fob, 1962).

The authors wish to Acknowledge 01" technical mota~tanva of Professor
Dominic Greco anrd Mr. lam P. Bailey of 054f y Division,

'Lhm aff.ot of positively And negatively..chargd air tona on Aeroaols of
i a evaluated by comparing rates Pf mxponmntial haotertAl

deAy ioi 071oth polarities were responmible for sotnificant inoreassa
it he rmn exponential decay rate. when compared with A non-Louiind
ambient atmosphere, Negative ion a1tmopheres were shown to be IL1ghtly
more active than positive Ion atmospharesm which to probably due to A
gnater biologioaL Action of nagLakve Ions. further study of the atilon
of Air ion$n o. mitrobial Moeto under conditions of incrmsed quantita-
tion will answer some of the questions rained by thtm preliminary study,
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Revent experimentation on the h~ologioal affects of air Iona has demon-
strated beyond rasonable doubt that under certain circumstances air tons Umn
CAcuX or are associated with chainges that, although not of great olinitude
are both quantitatively sossable, and reproducibles. The studies reported
liars ae a preliminary effort to determine if the maginitudn of thu effects
of air tone on microbial aerosols in sufficient to juntify tioasurimant or
even v-introl of this phenomenon during quantitatlva asrobiologicAl studios.

The rate of expontantill decay was used for Ntatistifally comporing the
offset of positive and negative air inns on asrosao of lra
and di-odium fLuoreacunn singly and in eombinatlonj during a 12-minute
interaction po riod. Control tLt# were carried out without irtiflially
prulduus air ions, Analysis of the data from 34 completo aerosoil trials,
each with a positive Lon test, a negative ton tolt, and it control (no added
tons) resulted in the following significant findinjis,

(a) Exponenti.l. decay of UrIrakis arc-aGana aerosols oso two to three
timles greater ini the presence of positi ve or negative air ions thin the
decay under the control or ambient conditions. Neglative tons affected
total decay to a greater oxtent, than did pomitive ions.

(b) Ilott, the addition of bacterial marosois to ionised air and the
aenorAtIon of iotim in an existing Aerosol resulted in signIficently greater
uponentiAl decay rates compared with those of the controls, Morenor,
oaith negative ions, the longer contact with aeroola obtained by adding
aerosols to ipnimod atmospheres produced significantly greater decays than
the later addition of tons to the sevceol. That this result wasri ot obtained
with positive Lons suggestso a basic difference In the nature of Lhe Action
atf the two ion polarities.

(c) Using selective particle sizo sampiing doviceos, it was shown that
the ginoral mise of the Air-borne partieltis did not chtia with aer'e4ol. aget
(up to 12 minute.) or with air ion treatment. En all naes thn air-burne
particisso weirs Less than five microns in diameter. The mlne of the
particles that settled out during the exportmonto was not determined.

(d) Comparing physicail a.rrostil decay with buoolal. aerosol dicay in
the preseanoe And abssnce of air lone showtd that most or the increse in
aerosol decay with air ion ONPOSUrs was due to iicrossed physical. decay,
P~ositive tone caused no tnerease in hioloriglAl droay. NagativeR ions produced
stiniiftoonLI y greater oxponontl blulogice I d~xny ratii-p than the control
or positive Lon trestnstit.

Promt these rssii Ito it io cont Iude-d Lho hI Ii g contrio I I ns or air inns
algnlricaihtlty aiffict air-hornn microllIPl partiec. lonem or both polarities

il realult In MIN111fludoli nvrnasm III the MKpDoneot aI- rates of physical,
dnes y. III i tlion, n'rgAt ly totls appomr toI havep hdoloica IsIAEtivity in1
thAt: thmy will. incteono trho Ibilit IVA I CcnnP0xlont OF OI oa1ponui tiA I dveay rt-,.



N mi l1*i Most; iporiltsIfL Wuril nol: carrud ic ul. undeir I dual ium ft. limm
-K, , I lit) teiliporaLuro urtd Imms dty were tnti control lad, tho romuid t:n mhoti I

ho umixt darad tnAut i vm pending furthur expori monts with mom reft nod
04q11jPMant1 anid tachiniquem. The rautt dur 1Lndiuats, however, that ruirthur
xtudy of the action of~ air Luno n- i4ti arobiological myotanms
lo warranited,
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1, INTRODUCT19N

aurrent intavmt in research on ai -borne infe oIn and in the technology
for expeimental amrobhology am 'llue taled by the recent onfearemnce on Air.
Pomne Infeiont emphiam isam the importance of control of environmental
variables during Ilbor atory etudiee with microbial. aerosols. The environ-
mental factors generally conaidared a. requiring measurement and control in
quantitative biolngtal aevol research Are temperature ond humidity, To
m Iameor extent, the offecta of light and l., potlutanto have been conmidred,
The prement research oroetlitsue A preliminary effort to evaluate the
poeuible influence of gaueoau Air tons during ex rimnental studiem with
microbial meroanoL,

Air tons have been defined am electrically charmed ubmirnecopC,
partices of masuous r . L ar, , PmuIWd mri. u. re alhad Ly tahe
removal of an eeuctrttn from in atom or moleouli nuativm ions live formed
by the addition of an eleceron. Krueer, Al IL apeak of Amll air Lons M
conivaiLng of "Pingle tonlmmd moleaule About which clucter ftrm 4 to L
uncharged molecu Les"

linam it wet fiis deeolitated in 11I9 that charmed air Pprt c te are
reesponsble for hoe flevoeut l conductivity of the atmoopheer invetigatori
in A number of diociplithn have conducted studio# on ohe influence of Air
lone on living mati-v', 0latim made by many early invtetigatorm, who were
hampered by th ImAluk of pruip r means for generating And meamuring air ions,
laa rime to much cuntrovewey, same of which es ists to the present time.
During~ ~t~hepat decade a conederable increase in air ton ossearch was
made poessb a by the development of adequate intrummntation, from the
accumulaoed weight of them otudiso there can be little doubt that air ions,
when Applied in controlled experiments, are emponible for ert in re-
produothla hiotlgoal mnd physical changes) although it is generally
bmitvad that theme changes are of a low order of magnitud, 5  Tha most
conviinlng videnus of he biological effetse of air tone to that developed
hy Krun r, " ' 1 n  0hem ettcidi have shown that air tone have a -Ignifiaantand roproduotlLi oIaffect on the olelfry beat Vto, the mucous flow rate, And
the rael ion to trauma of the Lracheam or laborato r tnikAlii, Moreovor,
thoo. Lweantgattorm have shown that negatLively charged oxygen molsouLee
and pomi ively oha lard carblI ,I-oxLde mioi.ejoul.&N Ar probably the mdiator.
of air ion effetm. I Recent work by this grouV inluatas that eueaote
in the Ltacheit depend uipon the abillty of portivwly chArged carhon dioxide
ionl to camue a locAt en iimnulatIon of 5-hydToxytryptamine in the tJ, ptlo
and tho ability o negativeLy uhiargud oxygen tuti, co Llg oil cyLauromh e
O~Idden , to alor~ltaLr the oxidlLlon or rran 5-hydroxyryptamiln, Krupsarlm
otudles he1vo obvLoum rfaLaLonm to prohl.nm of ixperlmentfl respiratlory
in OUt .Inns that er@ not trimatfd in Lhs pApti,

()Li r ¢ ont resmearch on Atir ions has repre nn ted broad litert etN.,
Korblu'd lhid hltm &maelalea have ovattiated nogatlvp air itln tharepy for
petIontoJ WILh l hay rnvur, hronhhil esthmn, Anud o ettin rtapirmtory
di.r , ult' ,t i r l nd havn tued mu1 t 1,1 tv ol Lhwrapy Oil Ail an d.jilivt In the
irv'stilwin l f hur lod pat ilrn t

, Other ro#int, iidliu (in' the h Lu logirl
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effeats of air ion have included effects on the rate ot growth of tissue
culture .olla,1i6 blood ph, carbon dioxide combining power of aniLma
pIsRnM,11 and humain work performanue and visual reaction time,' In most
tudisi the magnitude of the reported chanNOn or efetso wans not large

although %here woS rather general agrement that positive tons aeasoaiatoad
with harmful o undesirable effoolt and negative tons atimul4ta o are
aesoclated with benefioial effect. Other research hkae been conerned with
the physic. of air tone and their interaotions with non-biological air
constituents. Theme have Added mph to our present knle ege of slipcted
ambient air ion dansitimeam the Iffecto of atr Lan on inert Aerasols,"
and the fth ts of Aerosols onei r ions.l 0

Although a number of authorn have reported hat ir ions afect miaro
organilms, the only quAntitative study to date i that of rue, ith,
and Oa in j1 5 7 k . ranaeiat mesauted the survival of irlaj
UORM1a411 va r au in dropleto placed in porceilainmaoiaiiF u.
an expond to iom at aonaentration f of I X 10' ions per aquare
aentieter per second or reater, In the absenoe of ImoS expolUre to
positive or neative ions incraelad the death vat* of the taphylooaot
in the droplet., apparently by direct action on the bacteria and by increasing
the droplet evaporation rite, In the preseno of amOeg if1 lons oxorted a
protmotive effoot an the bamteria by reducing the droplet evaporation rate.
and deLaying the drop in pH, The iepftimants also indicated that tho
action of the air ions an the calle could be partly revedsed by exposure
to inteflao visible light.
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A. .XVNRIH NT D98ION

A Aerosols of L .AUnd d ti-cdum fluorescein singL y and in
combination were Menattii [11 li tl chamber oontalning a iinrator
capable of producing neative or positive air ione, The aero ol dnit
was iesoirmd Ai da soinatod intiarva-la du ingi the life uo the cloud. rach
toot consisted of three troatmentim nelati ,  ions, pniltive tontt, And no
added tone, The order of the triaLmants woam randomiaed throkiihout all
Lasts and au.,mfftelent number of replicate testa Ware performed to establish
statiLsltoil validity. The objectives of Lhi experiments worst

(a) To measure the rate of decay of aereaols in the premmnce of
Aftifictaiy produced positive and negativi air iona as compared with the
rate ti deay obtained when no ions were added,

(b) To detramine whether the foIlowi t factors amfect these ratasl

(L) Residual effects emanaking from the ion ener-ting quiipnunt

(2) Time At which AiL iw Are added to the test atmosphere,

(3) Particle miss spectrum of the bacterial aerumoli,

(4) Physical versus biological charactmristios Of aeol decay,

0, AIR ION URNIKRATING AND IIKAOLIRING SqUTIWNT

A Philco Model K(1-4 Sansvatr* capable of produclng air ions of either
plrIty and mquipped with a smalL Enn was uemd throughout, The tonlixer
unit was pliced iluside the earsoail, chamber with its vontrols And power
supply unit. on Lha. oulLdo, T he MAXimum OULpLt Nettitng wAs timid for all.
Lamto. Using Lfhe Ililco Nodol lUF,.6 ton uountar, the apprinixrats Mxlmim
air ton cunomntration in thi ciambor (witihou l al roul ) weg 90O,0O0 pay'
cuhlb ,entliiietr of air, Dktrlng all tests Liia gonirutor fan Wos ied to
mointa n Iivmogsno ity in the Rarv I .

-Co url,, U],rnuia;i; , ' poo.. ivislon, 47T00W -i-(h-Ji' k.on Ave,
lii. fidl~lphin t j4, Pot,
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C. PRODUCTTON AND R*APLING DY AEROSOL

The bacterial aerosol penerator was a simple two.fluid spray tube capable
of disseminating a total of one millilitor of liquid material. Aqueous
solutions of 0.1 per cent dinAadium fluorescein ur broth suspension contain-
ing approximately 10 x 1O' viable calls of lorrutiagrTilug were Used to
charge the aerosol Venerator, In ionm tte iliture of fluoresceln and
bacterial cella wan unad. After aerosol generation (requiring about thrue
Pseondo)i samples of the aerosol wave taken at 4, I, And 12 minutes to
determine the amount of fluoresoein and/or the numbers of viable organisms
air-borne per unit volume of air. lampling wea done with aeL-gloa Woo
pingers* (AO* ) containing 20 milliliters of Iterile phyeioolgical MalLne
and operated at a sampling rate of 12.3 litekrper minute for one minute
The collecting fluid containing the entrapped microorganisms was assayed
tot viable cell concentration by preparin serial dilutions and plating

-mpla; In quadupLicato on the aurface of Ajar plates. The selective
nutriant alar used was Dino Pephone Alar** to which wa added 0,001 per
cent Aetidione*** to inhibit fungal conkAminanks and 250 miaograme per
liter of brilliant green dyo to inhibit GOim-aaitve micraorganisms.
fluoresnein collected in the oampLet fluid was assayed photafLuoromtrically
by c mparisan with iuifndard solutions and the reAultk expi-esed in micro-
Iteams of Luoreacein per milliti st,

Following aach test, the morori ma i Psmtnino air-borne were reduced
to an insignificant order of manitude by Irratimtinl the inherior of the
chamber with A 15-watt ultraviOlMt l mp**** for' v minute with the mixing
fan operating,

D, l.UTHOD Or ANALYIM

Considerable variation occurred in the conoentration of airm-borne
hu pfL j tfu % cells obtained during the first sampling period of the
vriou p otone, However, ninoe we were primarily intereited in
comparing deurease of concentration with tito') rather than per cent, 'covery,
the statistical Analysis was confined to deCay rates.

*77T-;-fi tmpinger sampler, Ace Cla Co"'Fhl and, N. J0
W Difo Company, Dttait, Michigan.

*0 UpJohn Pharmaceutical Co., KWnanwloc, Michigan.
**** Ultraviolet Lamp, HC-15, W.mtinghousa Electric Corp., Bloomfield, N, J.
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Irrom thoorcLical cotimidarationo, it. wan expected that the change In

uorosol convaiiLratinn with time would be proportional to concentration, I.e.
dC . C I

where C - aerosol concentration, t- time, and km proportionality constant.

'rhls given tire to the model -kt
C = C 0 . . . . (2)

whore C - initial concentration of aerosol This was fond to dame.ribe
bhe dat extremely well. The exponential decay rate in defined aN 100 k,

expressed an per cant par minute, where k is taken from the model above.

Taking natural logarithms of Equntion (2), we have the linear form

In C m In Co  - kt .. . . (3)

In thLis form k is readily recognized ats the Slope of the Linear regression
of the ilogarithm of concentration versus time, Diacussions of the tie of

this decay parameter In aerosol otudis have been preamnted by Poster0

and PaImer."

Over the rang or concentrations of air-borne material observed in this

study, the decay parameter was independent of initial concentration, the'rehy

permiLttng valid treatment comparixons to he made on thu basis of the
oxponential decay rates alone. Student's "t" test wAm used !Cr treatment
compa rIona.
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A. RXIIDUAL lFVUCTI Or ION OININATING SQUtiMNT (Cont ol Testa)

line the ion Ianarator with its fan And electrical lead wires remained in
the aerosol chamber during all tests, it was necessary to determine it the
instru e t itself And its onargioed circuitry affected the decay of Aerosols,
Testa ware done, therefore, under imgll_ l poive, nafali{Vu lad
oontrol conditioni with the corona tip of tho generating pIobe covered with a
plastic envelope to precluds dissamiflation of air ions. Thi power supply And
polarity switchs were raperated In the usal manner so that All circuits
were inerli ed up to the probe tip as they would be in the usual e 1 priment,
We used the Philco Ion ColIlct or to dettermine that no Air lon# ware released
through the plastic envelope into the aerosol chamber.

Data obtained from six trials, each with random-ordir treatments, are
shown in Table 1, No signtficant differences In exponential decay rates
were obtainadl therefore, it was concluded that thie In trument Itself and
the enerlimed circuits (not including the probe) would not affect the decay
of Aerosol$ in subsequent experiments,

TARRE I, ANALYIZI OF IXPONINTIAL DICAY PAT 01 Of, mI NUj AIIOIOLI
AS AFAICTID BY R111DUAL IYVUOTI FROM THi N

lunnpoisiDecy Rtes nr auni nor 401tok
Number 95 per cant

of Itandard Confidence
Treatment Toets Mean Irror Limits

No Added lone 6 20.6 5,14 15 - 26,1

NegatiVe Ion CircuLtry 6 24,6 7,81 16.4 32.8

Positive Ton Circuitry 6 21,1 a,11 2.5 - 29.6

Treatment Comparisons CompuLted 1 Approx. ProbabiLtity

No added ions yji na tive virultry 1,01 N1*
No added otio Ug pooLttlv eirc utry < I NS
Nagative cirmuitry y poiit~v Jirvuit.ty I NN

~ No~ianttcenI ~jfsrr~L'.



I. DI)K(AY OF IhUOftESc3IU1N AIR(OBOr

AWLh1ii 1h the raiImvai| oft i t aerooiJm hy int eraction wi Li ir ionm hM
hon reported, I.t was of interest to tit the effect tIn theme inveutiga-
Liona, umini the eneratin and mmptnlig quipment described, In five
roplicate tos, with random-order treatments, air ton generatian warn ertud
ELV. minutes before of0olimati 1 of a , per cant solution of di-oodtum
fluoremcein. After oparaLton of the aerosol Manerator, oAmpile of the
fluorescein content of the air were obtRined at 4 8, and 12 minut e.

Under the control. gondLtIn (no Added air tons) the exponential decay
rates for di-modium ftuw.esoin wore consideraly lss than those for (,

m ~glinl eroonls, 'Thi wari expectod hmunume of the bioloical. nature of
thula mter, The presence of positive or negative air tons in thu cham.br
caused a fivefold Increaen in the exponential decay rates of. flunreeoon
maereole that was mignificant at taes than the 0,01, level, There werm no
ni fi!icant differencme n axponential dscay rate betwien the two ton
poLariti, The, decoy ratIo obtained and their anmLysiL are nhow in Table 11,

TAILS 11. ANALY1I11 OF IXPONINTLAL DECAY RAT S Or ,LUOUM EOIN
ANNOOOLM IN THM PRMIONO AND ANIENCK O AIR IONi

AxpansnUi&. LIGAe Satur, r Rk I .rnit nna1g min4ut
Numbor 93Pn Poent
of Itandard confideno

Treatment Tests Macos Irror Unmits

No Added Air lons 6.3 1,12 4.0 - 7.7

N"Mative Ions 5 33.1 5,98 i,2 - 40,5

PositIve Ion 5 31,9 6,0,5 24.4 - .4

TregitrmnL comnpluarjorM cumpiuted L Approx. Probahll I I ty

No liddod .on1 'J naItl Ivp Ioie 1). H3 .0)1
No addod Iona y polntivi ln,32 f(lm0.0l
NnKuLIvU Iuiiii 11 poeitiV l1nFJ I NH



0, DE~CAY OF AxMRom"L

Tho ofacta of air tons an the total decay of atr-borns bauterial. calls
were estimated by analysts a! data obtained from IS replicate trials, each
with O~rals Air ion troatmepto arranged In wendpm oeqmno. In theme tests,
as in the fluoreseain tootij generation of air tons was begun live minutgs
before creation of the 1.~ mardeil~n mort~ol. Althou~gh from day to day there
was oonoidprablo variatioan in the initial concentration of aerosol produced,
prollably because of tmmperature, relative humidity, and other vpariation.
that could not be controlled In the aerosol chambeur, conduct of all thre
treAtmento during each day provided A basis for comparing the data obtained,
leveral trials. weirs discarded In which the results of one of the three treat-
ments on ane dayiwsrm toat because of malfunction of equipitent,

It was evident from the resultsa that the decay of 5. jngj ojarosals
kwae move rapid In the presence or arttfictliy gsnarated iros of either

polarity than in their absence, TabLe 1.11 shows the mosm viable cell conoen-
tration In the aerocol at the 4-, 1-, and 12-minute sampling times for the
three treatments. Conversion of the aeouooL conuentrations from individual
teats to exponent ial day rates And analysis of the means of the rate@, asm
in previous testa, showed the exponential docaiya in tonad air to be fromttwo to three, !ms that of the control. This analysis, shown in Table 'IV,
s... hows that not-only were the exponential decay rates in both test a tmosphmromI mignificntiy highe~r thin the control decay rates, but that the negatively

P charged atmospheres resulted in higher exponential decay rates than positively
charged at~mospheres. A graphical comparison of, the decay of ua an.Iae4rcool with time for the three treatments is shown tnolfigure 1 nthi
illustration the derived k values were lived, taking the Initial recovery as
100 per cent.

D. INYLINCI OF TUO4 OF AMMT~ON OF AIR TONI

In the previous tral- the toniser wan turned on five minute prior to
Aerosol generatinn. It warn determined that during this period an equilbrium
cocnentration of air ions (approximately 9001,000 par cc of air) was

I mmjabtlosd, Purther, Lt was pomtula...c that It such an Initially high1 ion
level were nitoaary tn obtain te obooirved rmoult'e, sllowing the AU I to
come to equilibrium before titrodUl.-llf air kin. might improve the survival of
4sropolied bacteria.

'rhe inflenes ,f Lltie was t.~aLea in a var lea of eight tests In which thle
tunizar waun not turnd oni until 4111urdiste y after the fair-minute sample wall
token. A stato of' trai ifeats from thaose In Toblit IV, which wern donn In thle
Izrsvlous two wamll, and in which the lonilar was turned on prior to surasultzae
t inn, wait uarld far compmri ann. Mnan aponnnt iii deoav raUs for thr, two oirina
of tomto art, shown In Tahki V. In icali ir item nvg4t.Iv-, and~ positiVe In
tr*atmnntm Jpr4dilmad npnit11druegy r.stnm fi igi r than dhin uult rota, bUt We'

I.iad rl iin m tnral mignia 1 enti Fl :ndlfirnom ns itnn retp 'a inP t0PP Iv. o
comiparr d wit oiii Ju'Si n I ii o4twf15phur im.
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TARL9 111, MEAN AJOIROOL REOwNRY OF MM059H IN THE
PRIBNNC AND AISIRNOR OF AIR IONS

S, amnh gq 1m. mr 1.t"r of Air
Tree tmenl 4 MihAuUl N uroal I2 -MLU

Tramnt4Mnuas Minutes 1"minutes

No Added Ions 289,333 122,227 42,597

Neptive Iona 63,114 5,363 557

Positive Iona 70,013 7,707 1,238

A. Mean of tl W emm

TAILS IV, ANALYNKI Of UXPONINTIAL OAY RAT1I OFl. " INGuI
AUROIOLI IN THA PEIlNI AND AISHNCI OF AIIIOI -

Exponential Doav RAti, al pot nr minutm
Number .. pe cent

o Itandard Confidence
Treatment Toot# Mean Iffor Limts~

No Added Ions Is 22,7 7.03 19.2 26,2

Negative Ions t8 78,1 31,71 b,3 - 93.8

Poittve Ions 1.8 53.6 6,LL 50,6 - 56,7

Tra manL oompArioun Computed ,E Approx. ProbAbil.iy

No added Iona I iegative Iunn 7.22 < O.01
No added tons yj pooilv;ve Luia 14,10 < 0,01
Negative irma yj piailtlve ill 1,21 < 0.01



Is

U

Kii II'4Ii V Ii 'In'

III I /4
'I-I
U

0I z
U

I

-

tie-
0

AbaAomfl ~us~ ~'d



19

Comnpariseon of! means from the two 'serien, almo shown in Table V, indicated
that, for both controls and positive ion xitnwuphereu, the influence of time
or addition of air lon# was negligible. For negativa ion atmompheremi, how-
ever, addition of air ions before aerosol .Kation resulted In 4 higher
exponential decay rate than when 4ir ions were added after aeromotlization.
Thus it appear# that time of addition of tho tons in important for negative
ions but of little impnrtance fot positivn iatin,

TABLE V, EXPONENTIAL D!%CAY RATKS OF1? . MARC91CKNS AS
INFLUENCED BY TIME OF ADDITION OF AIR IONS

Ions Added Bhforei Ions Added Af4tnr Comparison
Aerosolization AeromoliMntion of Means for

(1 s~mtej(8 vsiMatim) Time Air Iona
Mean Kxp. Mean Exp. Ad§d
Decay Rate, Decay Rate, Computed Approx.
per cent per Std. per cent per JU., t Probability

Treatment minute Error minute Error

No Air Iona 24.5 7.30 20.4 4.37 1.47 NO

Negative Iona 75.6 29.51 50.6 9.50 2.52 <~ 0.05

Positive Iona 55.4 5.81 55.7 21.69 1 NB

Comparisons Computed Approx. Compuited Approx.
t Probability t' Probaility

No Air Ions yj
Negative lons 5.32 < 0.01 8.80 < 0.01

No Air Iona ye
Positive Ion; 10.50 < 0.01 4.51 < U101

N0gative V4
Positive lones 2.12 NS < NS
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K * I*CAY I.N RELATION TO ARROMM, PIADI SIZ

The aerosol. generatolr tioed produc~es p~rLt13I.m Lhat Piro Initially smaller
OiAn f We microtis in dtia tar. The AOL sampler to seleative for Aerosol.
1241tiolas of Approximately 17 microns And smaller, The Addition of a pro-
impinger to die AOl provides A samplar that to maectiva for particles of
five microns and smaller, ThUs, OPuratioll Of the AOL MIMUttanNUaslP With
the Aol plus pro-impinger provides a convenient mothod of partitioning
Aerosols into two mine ranges. This technique was used in further experiments
to determine It! the lmectir thp viable particles In the air changed witht
time during the lontgation treatment& oompared with those in ths control. it
won hypothesised that If, during tonteaion, the mine of the Air-borne
particles tended to tnarease with time compared With the. controli increased
agglomeation by air ions would result in inureseod eattlin. and be one
mechanism responsible for the increased dewny rates. In four toots of three
treamemnts each we sampled the marool aimultaueoualy with the AOL and with
the AOL plus pro-Impinger, The aerosol. concentrat tons fromi the duplicate
samples at Aach sampling period were not significantly different, Exponential
doy ras were also compared (Table VI), There were no significant
differences in the rates when the two sampler results for each treatment
worn comparmd. It was concluded, therefore, that within the accuracy of
the samapling devices, the air-Ion-treated aeoous did not digger in particle
eise range from the aerosols in the control environment for Ai much Am 12
minutes of aerosol itfe.

TLABLE VI, COMPARINON Or 1XPONNNTIAI1 DMAY RATM OF NmLfl IN
ATM TON ATOOPIhARKM IN MILATION TO PARTICLE DIMWT

t4!aU Ioxgunentlat Decay Rates ceor oQ nt offi miute
AOL Samipler, AOL + Pro-Imp inger lampLor
P7 mitrons 5 mivrans and leos

Treatment and lens

No Added Aft~ Ions 17.2 2.

Negative Ions 8,):2 64.5

Positive Ions 5213 5912

Traut~mont AGl vs AOL + Pra-wuiata
Cu iii te d Ap prox., Pr ohst) I I I t

Noi Added Air lanm V. 10L N8
Nogat:Iva 1411M 110 NH
P'ON It Iva Ung I171 NH
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. PHYSITCAL VIRSUS BIOLOQICAL DICAY

From a comparison of the exponential aerosol decay rattma of fluorescein
(Tahle IT) and . marces un (Table IV), it i obvious thaL the decay functlnn
of the latter can be composed of a biological component (death of the call)
and a phymicat component (evanescence), The final tests were parformed by
asromo iting a mixture of fluorencein solution and 1. MLuaogj±n culture to
aliv Owtiltansous assessment of both ingredients. The purpose of the text@
wail tn obtain an setniMts oe the proportions of the total decay of 1. niL,.1aa
due to physical fallout and to biological d,.tth, In four replicate tests,
the order vf the three treatments was randomised and the goenaratinn of air
tons was begun ftyw minutes before aerosolimation, The fluid from each
sampler was analysed first for number of viable calil of I. ZarSejSi and
then for fluorescein content, Reduction of viable air-horne jl, nILWI~n
an a function of time warn taken as an estimate of total decay, the reduction
in fluorescein as physical decay with the difference between the two
reprementing an estimate of biological decay,

The results are shown in Tables VII and VIIT, In Hie control tests
(no added ions) about thre-quarters of the total dece,, was due to biologicial
death, biological decay being iInificantly higher then physical decay.
The total decays and the physias decays under the Inl'luence of air ions were
significantly higher than i0 the controls, In compartnK hiological decays,
however, no significont tnocls over the orarol by posLtive ion treatment
(17,6 Vl 27.8 per cent per minuItm) wgi noted, although ,eiMativs ion treatment
produced a significantly higher biological decay than the control. hut
when the combined effects of physocal arid biological decays in the presence
of each ion charge were compired, no signifIcant ditferenna was noted.

These tests show that the major part of tha diu..y of . MLUi L
aerosols in the absence of air inns is due 1:o biological decay; In the
presence of air ions) a greater relative amount of physical decay occurs.
Moreover, there appears to be a selective difference in the btologile decay
resulting from positive and negaLiva ion exposure, with nonative Ions heving
a greater biological effect than positive ione.
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'TAILIC V1I, MOTIATER OF fl101OGICAL AND PIIYICAL AEROSOL DICAYS
IN TIII AIIMNVIC AND PRUEIgNCS OF AIR TONE

K n. ntigl Diaa itates, pa r ant 0mg minuJe -Total

Treatmnt Phymica Decay yplol uly D004Y

No Added Iuna 6.4 17,6 24,0

Nagatve Iona 27.4 45,7 71,t

PoitLivw Tons 22.7 271, 50,3

TABIE VIT, ANALYSIS OF DHPFFRNOIiI ROTWIN MITIMATEI OF1 IZOLOO70AL,
PHYIICAL, AND TOTAL AXWOROL DECAY RATES IN THE A ONNON

AND PrXMiNal Of AIR IONA

Prb-Prob 5o--

T'reatnant Comparison a ability hi abiILL), .I ability

No Added Iona v,
Nmpilivo Iona 3,24 < 0, 05 2.80 < 0.05 1,41 < 0,05

No Added ionm Xg
PoitLive Ione IMi No 1,39 < 0,05 4.6n < 0.05

NmMLivm Ionna 2A
PaoLitiv Infix 1.92 NB z I NO 1,55 NO

'Ihysll al yj J Blniotal Deoay
'l'ruiLint (ompultod . Apprux. Prolbail ity

No Addad lotm 1.)4 ' . 0,0)5

Nunaive Ina . 14 NH

111111 1LI lvr Iong I Ns
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IV, DISOUSSION

Although the results reported here must be considered proliminary until
conftrmed under more refined test conditiotin, a basis is provided for further
hypotheses) both of a practical and hypothetical nature.

On the practical aide, the magnitude of the increased decay rates of
bacterial aerosols associated with exposure to ionixed air suggests that the
possible effects of variations in air ion concentrations In aeroh)nlogical
research should be conaidared, Moveover, methods by which air ions may be
inadvertently produced in those environments: should be considered, For
example, air ion generators have been made and used that employ nnmalto and
spray principles not vastly different from thoee used with come biological
aerosol dimseminatora,2312 4  It is known that the air ion content of the
atmosphere varies within wide limits and is markedly affectud by air pollutant.
industrial &ae, motor vehicle exhaustp, and other by-products of man's
technology." Epidemiologically, inoofar as air-borne diseasem are con-
cerned, it is important to determine to what extent theme varying air ion
environments contribute to the survival or destruction of air-born. pathngend.

From a theoretical point of view, the demonstratiun that negative air
Ions increase biological death of air-borne bacteria , y relate to the many
references showing improvement from disease conditions and improved body
function@ in patients exposed to negativa air ions, The effect o; air ions
on aerosol infectivity should be studied quantitatively.



Y,- CONMUUMION1 AND HICCOMtjtj DIOUj

The 01(30L important Lcunc htis lo drawni froiu thasia sxiiullu Is that Art ifi itIly
produced air tua wil I Increase to a migniL~rua~t; extent the exponential decoy
rates of acroalm of A, MjArgamcons and di-modtum ftuciracin. Uxpanentil
decay vatluea, defined as 1.00k aind expressed ase per cant per ininut., wers
Increased tworoid to fivefold hy air tons,

Anulyata of the 34 earosol trials, each with positive ion, nosgative ton,
and control treatments, resutiLed tit the fal Iowlnji fiuidingoi

(A) The oearigined vIrouitry Or die ion-janerating apparatus in the aeraool
vessel did not ottach: Liii decoy of aeromota under the coinditions of E testas

(h) Amrosoils of dl -sodlumn flutorocein IiiElie prasnum oit nagAtivi or
positive air fons decayed at a rate approx~lmete~y five Lttes that obtained
tinder control vondittons. Thera warnm no selective difference hetween, thrn
Action of lnegotIve mild Positive Ions,

(0) AIXXt~Ar'U1QIIji aeromols not In thts preranum off added air Lan$
aliowled a xprnentia. decay ram approximatealy four time. greater than fluoramcain
Aarosos withilu Air ions, Uuidor tihe Influence of Air ion. the exponentia[
dicay, rates for JL. ii,~~iwere tnoreaseci from approxim~ately 23 per usor per
iiute for thes control tit .11 par Lant per minutel tor positive Iona and 7M per
want per inute for negative Ions. The action ar neglativel tons was stgniftostiy
arsiatur than that of positive louis.

(d) When the proveohlrp iii dding Aerosol to ali xtunompliera already containing
Air Luna Wma uoilpad with thd Addition oP louis aifter aerosol geuiarationj
there was no diffatouc tii deay rates wiL1h Posit ive tanis. 1nowever, With
negative Ionas, I anisat on of the Lohaiiihsr Wo~rm aarnooli generation sain itod
tin significantly highear ewponontil decay riatem, This eliggesto thot A basic
di fference exists tin the involiuulo iii m) uitton tit pos itI va and negative air
Ions on microbial. aerosols

(a) As iuiimad by Voniparl-son Pf eurosni aemplom ui mcud si"I Lanenutely
with thie AGl samlpler Andi thn AMl pills prao impIngar sallpler, tn PignifiosAlt
differences were datevtad iilli elane MJo r J.liw A ir-luotn particla ti Eio h
chasmber ditring 01A trials. '11hu guuorntor prodioin iicr~n ItiArL icl ins ti wern
prodomitnai. Iy loom thani fiva ni ronll iN tilamtir kt Iliu 4-, 8-. slid I 2-ine nuta
samp I log ii o'rvn im, Ilo lo n dilullo ucuingr the goira I ate range (if the
pai-l V . 010 041th .I thiilug tiisU Ituorvalm The 11 re Inliva diaiemet rfinh
railoiit partlvlo cu iinlg I ho vuirtoim tren~uilwuam wiia j~L nssessed,
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M) Pori oll o f LOWa expollnol MIdoviy En In t. Up int nmicl And
physialco ~mpantau fly Nimul.Eandu (if M~'~Iu liioronuA ii And J!.

poru~polli oroolmallwed thlat moot of the Inereaso tit OnIM decay IarotiglhI
Abou byairion isreflected 111 018 phYllic04l decay VOMPUII~nt. PON it tV

ton troatnentt did not increase exponential b~ologtoa deacay AN uompared
with control tests. However, lII Addition to die itureare in ihynkAi
decay, negative ions produced it uiV-llioant Increaern 1.1 biological decay,

Thoe experiments allow that decay of merol~p cim a hinction of Inter-
Action with air ione can be doeIineated tit - Inaplt aprogol, text fNeI ity.
The matanituds of tha increased exponential dacoy under 00a conditins
specified in theme test# was sufftcient to characterltms air ion s 4ma
parameter poomthly deuerving control . AIltimaag nnL of the nheerved
increase In decay can he maid to he dum to I-li physical action of ai~r Ioni,
there wac repeated evidence that negatively tharged ions, in c'ontrast to
poaltively charged Lone, are respo~nsible fur A elgnificleant amatint of bloa
logical aerosol death.

One LimitAtion of thie study Warn the fact that the nation of variomo
air ion dmnsities wArn not teutai tit a11 tent* the toi'trer waoo operated
at maximum output, Another warn the fact that control of the temperature
And humidity in the Aerosnol vasoal warn not possible.

The possnible implications of Lhe action oE Alir ions auring mavobloogioil
studies should be further inveetigatud Lander more prue.a toot conditions
and with the urn. of infectiouso microbial maraoo. The latter will also
allow Asseussment of any chan~ges In argantam infectivity.
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