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The Use of Air Ton lMobility Spectrum Analysis to Determine Lir Pollu-
tion by Jon Alan Arnold

The objective of the investipoation was to deternine If air ion
concentrations could be used to detcimire the concentratiovs of air
pollutunts, A coaxial-conical, converging channcl fon mobility cham-
ber vas coustructed and a series of extcnsive measureuents were made,
A regression enalysis was used to determine if the ion concentrotious
were correlated to the air pollutent concentrations. Some dogyee of
correlaticn was found for two air pollutents, The potential use of air

ion measurements to deterrine air quality still remains to be proven,
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Iutroduction

In recent years the extent and effects of air pollution have
become toples of major intcrest. One of the greatest problems
associated with alr pollution is that of monitoring the quality cf
the air., Tt is the purpose of this thesis to investipate the poten-

tial of using an air fon ronitor to measure air quality.

Tha Wature of Adir Jons

Air ions are a natural coastitucnt of the atrmosplicre, These

ions arc respansible for the conductivity of the atrosphere and

possibly for & variety of other plenomena that are not as well under-

stood. Some investigations have been done on the interactions of
ajir ions with atmospheric pollutants and artificial processes which
affect air quality. These latter works give reason to believe that
air ion concentration czn be correlated to the concentraticn of
atmospheric contaminants,

Air ions exist as eclectrically charged particles of dust, groups
of molecules, or as single molecules. JTons consisting of a charged
molecule are considered to be small, or hirhly mobile, ions. An
ion's mobility refers to the net velocity an fon vill attain in
a unit eclectrical field., It has been assumed that &ir jons are
singly charged; hence, an jon's mobility depends only upon its nass,
shape, density, and its surrounding medfum. Rich (1959) has lent

theoretical verdiication to the asovmption of unit chorge for air

e




e e L

i

ions on the basis of ctability with relation to surface area and
charge of the ion. A morc maccive fon with only its single chargs
will move more slovly than a leas massive ifon in the same electrical
field, 7ITons have been classed as small, internediate, and large,

or Langevin, ions. Since ions are distribiuted over the size or

mass spectrum continucusly, the three classification are arbitrary
and serve only to cxpedite discussion., The predoniucnt charge
carriers of the atmosphere arc the small ions consisting of singly
charged rolecules or low nmass wolecular agprecates. The Langevin
ions are probably condensation nuclef vith nasses thoucands of tires
greater than the small ions., These tvo groups account for the grect
majority of air fons, 1In 19215, Pollacl. (1915) recoepnized the exic-
tence of intermediate ions. These ions are guspecied of being tronc-
itional elcments in that they grow to lerye ions.

Measuremants of atmospheric conductivity by carly vorkers even-
tually led to a more extensive knowledge of the "lon spectrum of the
atmosphere", This tera refers to the conccntration of icns found
at various mobilitites. he natural atwnosphere has twvo principal
"spectral lines"; the small ions and the larpe Sons with the nobil-
ities mentioned abeve. Detween these two proups lies a region rather
"sparsely and variably occupted by intermediate ions" and bevond the
larpe ions lies a continuum of "ultra-large ions" (Israel, 1971),
Israel (1971) has classified the fons into five groups according to

their spectral regions, as shown in Table I,

Small {cusn

Srwall fons are usually foried by fonfziug radiations, either Ligh




Mobility Mean

Hmua.nm 4 Size Concentration mobility, Mean
Designation cn“/V sec lixits extrena cn?/V sec concentration
Small icnms k > 1.0 r{ 6.6 X108 em n¥ 100/cm’ K= 1.4 nt= 450/cn3
i 3 - 3
n= 2000/cm k™= 1,75 n = 425/cn
Small 1.0>
intermediate k2
ions 0.01 6.6 { r <78
Large 0.01> 78< ¢ { 250
interrcediate k >
ions 0.001
Langevin 0.001 >
{ons k2 250 € r € 570
0.00025
Ultra-large k < 5
0.00025 r > 570 (up to r= 107 cn)

TABLE I: MOBILITY AND SIZE LIMITS OF INDIVIDUAL ION TYPES IN THE ATMOSPHERE

SRR 37

AN v




p——

i
energy photous or radioactive particles, vhich strile pneutral gas
molecules. These ions also originate from radioactive gases in the
soll and from lccal disturbances such as lightring, X-rays, corbus-
tion processes, spashing wveter, and frictional clectricity produccd
by drifting sand, dust, or snow., The concentrations of small icns
are not cqual near the gsurfacc of the Rarth, The suzll positive ion
concentration penerally exceesds the snall nepative fen concentration
due to a space charpe formed by the Lartli's electiic field, The
conceatrations of the small fons underco divrnal and seasonal vari-
ations und‘urc also affected by meteorolegical conditions; see Table IT,
The mobilities of the small ions are affected by terperature and hunid-
ity. Humidity slows the negative ions vhile the positive iens show
no depeandence, Lrikson (1927) supgested that this je due to differ-
ing affinities of negative and positive ions for water molecules.
Destruction of small ions occurs through loss of charge by com=-
bining with ions of opposite sign (recombination) or by losing its
charge to the Larth or any surface. Averace lifetinmes of small ions
vary from a few scconds in dirvty air to five minutes in very pure

air (Israel, 1971).

Intcrrediate and Large Tons

Intermediate and large fons are thought to be produced by the
attachment of small ions to the particles of the atwospheric aerosol.
Small ions do not gradually "grow" to form the larper ions since the
molecular~sized snall (privary) ion immediately forrs the intermediate
or larpe (secondary) fon upon attachrment to an acvosol partiele. This

attachirent process {s shown schenatically dn Figere T, A definfte
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Meteorological

— . paraneter

Wind, strength
direction

State of aerosol
General visibility
Haze
Foehn
Dust content
Fog,

Cloudiness
High clouds
Low clouds

Rain
Ordinary rain

Thunderstorm rain

Temperature, moisture, ctc,

Generzl meteorological
situation

TARLE I1: BEHAVIOR OI' THE CONDUCTIVITY NEAR THE GROUND UNDER
METLOROLOCICAL AKD OTHER INFLUENCES

Behavior of conductivity
o AS R B Bk 3 T

parzllel warfation
differs locally, according to
location of station

parellel variation
lovercd conductivity
inereased conductivity
parallel variation
lowered conductivity

no appreciable influcnce
increcased conductivity

negative conductivity usually higher
positive conduciivity unchanved
strong fluctuations; frequent
increases in the necative and
positive conductivity

unclear, widely vorying dependences
from point to point

conductivity secms to be gencrally
lover in high pressure areas than
in low pressure areas




snoronu
UOTIUSUTDUOY

295 /ud
100°0 43120734 295/ud ¢°T :£3F00To) =

uoy @32v7 2aTaedoy uocy Tiews &=
SAT3LICU ITqEIS 9[noITOoR ITV o

i & T L AHHV =

=

L3yo070a ySty Laoy
UO0X309T9 d9xjy

ny
19

ATHOSIHRY

1
.

1
.

a[nosyod IFV

FAENTAT10!

Particle or bLesm of radioactive

matter, or coumic radiation

snoTonu ; W

U0 3LLUIPUO) J9S /WY 6°T SAJFOOTOA W

uoy TTLS -

oATasOd oTqe3cun :

UMU\.‘U ,H.n
/90 1000 :AITROTRA

UOF 23181 9ATF3IFSOd o295 /ud H°T 43120794 -

Uy [TUUS a[noajocu itV _

dAararsod ITqess =

< + +~—) g

i N »

= e N e i T e A R . S




e

minjounm concentration of lons of mobilities In the ranpges betweecn
the small and intermediate ions confirms the theory., Sinee the larger
ions are formed from the atmosplheric acrosol, it seems reasonable to
use the existing studics of the aerosol to give informatior about
large ions. The anly difference will be in the ion's electrical charpe,

Generallv, studles of the acrosol have found larpge differences in
the concentrations of suspensten particles (also knovn as eloud conden-
sation nuclel dve to thelir role in cloud formation) depending on
the locality. TFor representative nurmbers, see Table III, The aerosol
concentration undergoes seesonal and diurnal variations. Meteorolegical
varlations are given in Table IV, The number densitics of larpe ions
arc not much greater than the densities of smell lons; hence, one can
see thuat since the mobilities of the large ions are orders of magni-
tude less than the small icns, the conductivity of the atmoszphere is
due to the small fon content. Novever, as the lifetimes of thc small
ions are largely deternined by the densities of the large fons and
neutral aerosol particles, the conductivity follows inversely the
large aerosol concentrations,

Tntermediate and large ions are lost throuph recombinations or
through mateorological cleansing actions such as precipitation,

gravitational settling, and Incrtial separation.

Theoretical Considevatfons of Atrmospheric Ton Tnteractions

The ionic state of the atrosphere 1is approached theoretically by
grouping the jons into the three usual groups, assuning an equilibrium
state exists and then writing sinple equation that account for jon

foruation and recorbination. Numerous authors have nade attenpts to

|
|
|
|



Mean Mean Absolute Absolute
Measuring point Mean maxinum niniumum maximun minimem
Conter of larpe city 147,000 379,000 49,100 4,000,000 3,500 |
Sdge of large city 34,300 114,000 5,900 400,000 620 .
Land, interior 9,500 65,500 1,050 336,000 180
Land, coast 9,500 33,400 1,560 150,000 0
ountains, 500-1,000 m 6,000 36,000 1,390 Hmu.ooo 30 § ]
Yountains, 1,000~2,000 m 2,130 9,830 450 37,000 0 |
Ysuntains, above 2,000 m ©59 5,200 160 27,000 6
T:lands 9,200 43,000 460 109,C00 80 , _.
Ocean 940 4,630 840 39,800 2
TAZLE III: SURVEY OF THE ADUNDANCE OF CONDENSATTON NUCLETY AT VARTINUS MEASURING FOINTS, IN -3 m m




Reference clement

Wind, strength

direction

Aerosol state; visibility
Haze
Foehn
Dust content
TFog air

Precipitation, normal rain
Thunderstorm rain

Alr masses

TABLE IV: THE DEPENDEUCE OF SECOLDARY TONS ARD SUSPENSTON CONCENTRA
TION IN THE ATMOSPUERE ON METEORLOGICAL 1ACTORS

Behavior of coudensation nuclei (4)
and eccondary iors (N)

— et e S —

Vorictions in the same scuse for lov winds
and in the opposite scnse for strong
winds
Latabiliches the direct relatioaship with

o E
and dust productiun from populate

ion in the opposite scnse

High nucles and secondary ifon concountration
Low concentrations of Loth

Variation in the same scensc

Nonuniforn; usvelly a redvcilon in Z &nd N

Z and N usually dccrease
N increases

Dependence in dercely populated areas and
cities is wecak, clearly recoenizehle in
sparsely populiuted arecas;  behaviors in
city and rural air are sonctimes motvally
oppocite, .

s
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mathematically analyze fluctuuations in ion concentrations. A partial
list includes: Chalmers (1957), Neuberger (1951), Guna (1955),

Stergis (1954), YNolan and Doherty (1950), lecefe and lolan (1962),
and Keefe, Nolan, and Rich (1959).

The theorctical approach is not wvell justified as the assumptions
made over-simplify the situation. The assumptions create a simple
atmosphere that allows easy matlienatical description, but when dealing
with air polluticn, complex atnospheres are met where such assuriptions
do not hold. The assumption of equilibrium is especially poor as it
is knovn that the acrosol and larpge and small ion concentrations
vary more rapidly than the time required to come to equilibrium,
Equilibration times for large ions are estimated a2t thirty minutes
(Israel, 1971) and smali ions require a few minutes in ceven mildly
polluted areas (Stergis, 1954). Steigervald (1962) found that large
changes in aerosol and small and large ion concentrations occur with-
in a fcw minutes, thus dispelling any notion of equilibrium conditions
existing in natural atmospheres,

Steigersrald (1962) uses his findinpgs to propose qualitative ef-
fects of afr pollutants on ailr ions, These offects are: (1) Snall
ions are very sensitive to particulate contaminants. The introduction
of a few thousand condensation nuclei can decrcasc the small ion den-
sity by as much as an order of magnitude, Since city air can contain
hundreds of thousands of nuclef, only small concentrations of small
ions will exist, (2) The controlling pavameter of the condcnsation
nuclef is the total surface arca, not the number density, The factor
r2Z 1s frequently cited as controlling small {fon decay (r= nuecled

radius, Z= nuclei concentration), (3) Small ion formation is not as
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inportant as the condensation nuclef concentration since it js in-
volved to only the 7&'powor in the equilibriun equation, (4) Large
ions will have onlv one electronic charge. (5) Tires fronm a few
seconds for small ions to 30 minutes for large ions are necescary
to reestablish equilibrium after an upset. These considerations point
out the interdependence of small ion concentration and particulate
alr pollution. Using these ideas, instruments can and have been made

to monitor air pollutants of specific types.

Heasurement of Air Tons and Pollutants Using Aspiration Capacitors

Measurements of air ion concentrations, mobilities, or conductiv-
ities are usually accomplished with an aspirated capacitor. This device
dravs a sawmple of air through a static electric field causing the air i
ions prescent to migrate to a measuvring electrode, The magnitude of
the current determines the conccntratioh of the ions (assuming unit

charge for cach ion). Development of ion counters has been quite

dependent on the state of odvancement of electronics because the

currents are usuvallyv in the range of 10-14 to 10~12 amperes. For

this recason, older measurements used aspirated charged capacitors

which lost their charpe according to the amount of ions in the air

sample, |
Devices using the principles of small ion-aerosol particle combina-

tion have been constructed which allow one to relate air contamination

(of certain forms) to ion concentrations. These instruments generally
employed ifon generators to give nueh larger curreats than would result
from natural ifon concentrations. These genervated ions are then ex-

posicd to acrosels wvhich cause a decline in the inniec concentration |
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depending on the aerosol concentration, Lanpor and Radnile (1961) i
employed the above method in an asplration capaclitor ta dotect parti-

culate concentrations, A commercially available instrunent (faley,

1960) uses the same principle to detect spécific pascous contaminants,

Here the gases are first clianged to acrosols by suitable chemical

reactions, Other instruments which operate to detect acrosnol size

and charge are described by lurd and Mullins (1962) and lesters (1953).
A new type of ion counter was built for this investication, and
details of its construction and operation are included in this thesis,

This instrunent monitored natural ion levels., The ccicentyations

of air pollutants were found to have some degrce of correlation to
air ion densities. The ion monitor thus has potential as a simple,
rugged instrument for detecting air quality.

TFurther information on aspiration capacitor:z and fon mcasurement

can be found in Tammet (1970), Israel (1971), Kassner aand Yue (1973),

i
Mendenhall and Fraser (1963), Tang and Castleman (1972), Hicks and i
Beckett (1957), 'tasters (1953), and Steigerwald (1962). Mcasurements |
of Aitken nuclei can be found in Pollak (1959). ?

Air Ton Studies

Investigators have done voluminous work on air fcns, but very

little has been done relating air ions to pollution. Tn the first

third of this century and after World War II, nuch attention was focused
on the relation of air ions to various biolopical, physiological, and
psychological effects, Information here is at best inconsistent,

During the same period, there exicsted some interest in aspects of

using air ions to more closcly appro-tinate ovticor alr in alr conditing-
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ing experiments, lorve information on these two topics can be found
in Silverman ond Kornblueh (1957), Krueger and Smich (1959), Yaplou,
Benjamin, and Choate (1931), Yaglou, Brandt, and Benjamin (1931),
Yaglou and Brandt (1933), Yaglou (1961), Branét (1933), Kenline (19606),
Beckett (1954), Deckett (1959), Murphy (1951), Hicks and Beckett
(1957), Hicks (1956), Gordieyeff (1956), Kornblueh (1960), and
'finehart, David, and FKorabluch (1%58).

Since the beginning of fon measurements there has been evidence
that sources of fine particle ajr pollution (smolke, etc.) have greatly
affected small ion concentrations. Various authors, including Polilock
(1915), Parkincon (1948), and Wait and Parkinson (1951) have reported
large variations in the intermediate ion populations vhich are con-
nected to changes in wind direction. Apparently the various winds
brought air-borne pollution to their neasuring sites. Practically
all recent investigations of air ion levels have taken into consider-
ation the influence of urban areas. Only a few investigators have
been conceriied directly with the effcets of air pollution on air ions,

Phillips, Allee, Pales and Vocssner (1955) studied the rise in
conductivity and densities of a nass of air (some 3,000 n3) as the air
wvas continuously cleaned by an electrostatic precipitator. They found
that the negative conductivity incrcases more than the positive con-
ductivity due to the inherently higher mobility of the negative ions.
The concentrations of {ong of both polarities equalized since the
chamber used was metal and no electric field existed inside (hence no
clectrode effect).

Stelgeruald (1962) dnvestipated the effeects of afr contaninants on

afr jons. Is findings Included: intermedfate fous were not generally

i

g

iaiaiy itk ettt it s o it S MJ




-
found in rural arcas; negative and positive large fons were cqual
in concentration in both urban and rural air; a decrcased small ion
and an increased intcimediate jon and large fon concertration in
urban air as opposed to rural air; 1little effect of relative hunidity
on ions; little effect of carbon dioxide and some effect of sulfur
dioxide on small ijons; and a strong correlation of automobile ex-~
haust with large fon concentration, UIe concluded that auto exhaust
"appears to be the dominant factor in the alteration of natural air
levels in urban lccation". Ile also set forth a partial objective of
this thesis ",... the study of sclected air iocn mobilities, perhaps
in conjunction with other ailr mcasurements, may prove valuable in the
investigation of specific types of alr contaminants or special atumo-
speres”.

Steigerwald's finding of the correlation of large ions to auto
exhaust was supported by the findings of Brasefield (1959) a;d Wester-
mark (1961), both of whom found large concentrations of ions of either
sign in the exhaust of combustion engines.

Beckett (1959) found that the small ion concentration decreased
and the intermediate ion concentration increased during rush hours.

He found great decrcases in the intermediate ion concentraticn on
weekends and in mountain air,

Gunn (1964), on a cruise over the North Atlantic ocean, reasured
the small ion conductivity and reported a general decline from pre-
vious measurements made aboard the Carnepie. He attributed this de-
cline to an jucrease in air pollutfon (nainly acrosol particles),

buring the 1967 global expedition of the Ocesnocrapher, Cobb and

- IOROV——
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Wells (1970) made conductivity mcasurenents in the lorxth Atluntic and
South Tacific. They found that there has been a decline of sone 207
in the conductivity of the air over the Noth Atlantie during the last
60 years, Cobb and Vells figured this to be chuivnlent to a doubling
of the aerosol concentration. Most of the aerosol, they felt, was
due to man-made pollution,

In 1972, Sharp found a relation between sir pollution and small
ion concentration and the germination of fungi spores. The former
finding confirms Steigerwald's prediction (1962) that small ion con-
centrations vould be a more sensitive indicator of pollution than the
intermediate or large ions,

Cobb (1973) made conductivity ncasurcments fron !auna Loa, Hawaii,

and from ocean vessels and found that aerosol levels arc net incressing

in most oceanic arcas. Iile found high coucentrations of »serosols off
the east coasts of the United States and Japan, suggesting that the
aerosol is the result of combustfon processes. le concluded that
cleaner technology will reduce the levels of the anthropogenic acrosols
and that no significant global climate changes will take place.

An idea that some atmospheric geseous contaminants could affect
the concentration of the condensation nuclei and in turn the concen-
tration of small ions was put forth by Junpge (1951), Steigenvald
(1962) rceported that Deleanu (1958) sugpested snd experirented with
the use of ion measurements as an index of air quality. Deleanu,
hovever, made no neasurements of afr contaminants in his study,

The idcas of the gasecous contaminants of the air affecting the
density of the condensation nucled can perhaps be better appreciated

vhen one fnvestfpates the composition of such nucledi. larael (1971)
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Clan Ceoxc

statese

"In atmosphieric air, there must always be

a sufficient nunber of starting points for conden-

sation (the abovenentioned condensation nuclei),

since otherwise nornal cloud formation cannot

be explained. 7Theory and expericnce have proved

that these condensation nuclei are suspcnsings,

the radius of vhich lies between 1078 to 1073 en,

It vas also found that the suspensions in the

atmosphere are larpely composed of common salt

or sea-calt colutions on one hand and nitrogenous

gases or 11,50, on the other.,"
From this information, and from the fact that much air pollution
consists of S0, end nitrogen oxides, one can sce a direct connection
of air pollutants to aerecsol deunsity. Since combustion processes
account for the majority of contaminants entering the atmosphere,
one can infer that sufficient water vapor exists with the emitted
S0, or nitrogen oxides to create micro-solutions suspcaded in the air.
This point, however, remains to be proven. There exists another
phenomenon which might tic Steiperwald's contention (1962) of a shift
in the mobilities of fons (especially the small ions) to Junge's pro-
posal (1951) of gasecous contaninants influencing the aerosol concen-
tration., That phenomenon is clustering.

Clustering is a process where molecules of atmospheric pases at-
tach themselves to an already existing ion. Recently there has been
considerable effort in this ficld and general findings have shown that
505, nitrogen oxides, and water vapor play very important roles in
clustering about small fons. The cluster fons may have mobilit{ies as
much as an order of magnitude less than the original fon., This points
to & potential air quallty noanitor by measuring a shift in small ion

mobilitics, or an increase or decrease of certain specific wobilities,

Such a concept 15 the basis of weasurements perforped in this {nvesti-
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gation. Tor more information on clustering procegses, see lMohnen (1970),
Ferguson (1971, 1971, 1973), Tehaenfeld and Ferpuson (1972), Keller,
Beyer, and Colonna-Romano (1973), Keller and ﬁiles (1971), Niles,
lleimerl, Keller and Puckett (1972), anfur; and Stewart (1973), Thurman
and Kassner (1973), Castleman (1972), Tang,Munlkelwitz, and Castle-

man (1971), Castlcran and Tang (1971, 1972), Castleman, Tang and Munkel-

witz (1971), Tang and Castleman (1972), and Castleman, lMunkelwitz,

and Manovitz (1973).
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Experinental Technique and Apparatus

Introduction

For this investigation, an fon mobility cliarber wvith coarxial-
conical geometry was constructed, Previous measurenents have been
made by using parallel-plate or cylindrical aspirated capacitora. In
order to measurc the ion mohility spcetrum, one needs to know that
laminar flow exists inside the capacitor and that the velocity pro-
file is the same along its cntire length. Obvicusly, these requirer2nts
are hard to meet using parallel plates or cylindrieal geometry. If
the Neynold's nurber is below the critical value, laminar fleir exists,
and laninar boundary layers develop along the walls vhich eventually
meet to form the usual parabolic velocity profile found in long paral-
lel sections. Tor the turbulent flow, the boundary layer is also
turbulent and somewhere dowmstream the entire flow is turbuleont., A
changing velocity profile is not taken into consideration in the e-
quations for jonic current. Very lcw velocities in the chamber are not
possible since a space charge will develop, not to mention ionic loss
by diffusion to the chamber walls. This same diffusion prohibits
establishment of a parabolic profile and subsequent measurerent due
to the necessarily long time of flow throupgh the chamber intale systen.
Since boundary layers are present in all real fluids, thelr elimination
is {mpossible., llowever, they can be suppressed in a converging chan=
nel design and thus maintain a very constant velocity profile. Hoppel
(1963) discussed boundary layers in ion chambers and found the con-
verging channel very promising as the flow will approach potential

(vouviscous) flov at high Reynold's nusbers,  In 1970, loppol proposcd
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that a chauber of =zoaxial-conical geometry would offer the advantages

of the converpging channel and the cylindrical designs. The veleocity

profile vould remain constant yet there would pot be fringing elee-
trical fields or edpe effects,

Serious problens occur in jon mobility chambers if turbulence dev- !
elops inside. Turbulence can occur from small perturbations along the ;
boundarics, from the growth of vort;ces along the entrance, and from
the transport of cutside turbulepcc into the chamnber. Joppel (1970) ;
discusscd these problems and pointed out that smooth boundaries and

the converging channcl largely climinate tlie first tuo causes. The

last cause is more difficult to eliwinate., Usually the solution is
to install a settling chamber at tlie mouth of the instrument. This
is merely a structure to break the outtide flow inte smaller eddies,
The problem induced is that the settling chanbers provide large sur-
face areas for ionic diffusfon to take place. A compromise of arca
versus reduction of turbulence can be made and the resulting loss of

fons can be calculated,

Analysis of the Ton '©bility Sncctrun Analvzer

A cross-sectional diagran of the Ton Mobilitv Spectrum Analyzer
(IMSA) used in this investigation can be found in Figure TI, This
chamber with little modification could be used as an jon counter, a
conductivity chamber, or a mobility chamber. The following analysis
of this chamber parallels that of Hoppel (1970). In order to make a
measurement, atmospheric air is drawn inte the chamber by a fan., An
clectric field is established betveen the outer eylinder, of radiva Ry,

and the inner diverging cone. The electrie ficld is:
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r (sin 8) (log tan /4 - log tan ¢/2) (1)

AN
where V0 is the voltage across the cylinder and cone, & is the unit

vector in the direction of the polar angle 8, r is the radial disfaonce,
and € is the angle of divergence of the inner cone, The ion will bhe
subject to two velocity components, one a flufd velocityv component,

v (r,8) in the positive radial d}rection, and an electrical field i

component, KL, where E is the electric ficld and k the ionic mobility,

The differential equation of the jon path is:

a8 kV : b 2
dr = sin & (log ten 7/4 - log tam €/2) r< v(r,5)

One can define a critical mobility, the mobility an ioun nust poscess
if it enters a2 r=0, 6=0, and is collected ot r=R2, e= a (the point at
the far end of the outer cylinder). Using the sbove differential e-
quation, one can solve the equation of ion path., A sirplified solu-
tion can be obtained by using the method of T.ondou and Lifshitz (1959)

wvhere:
v {r,h) = f(g)r2 (3)

Pquation (2) now becomes:

'\ v & U
. H Sl T e e W s ettt e 0 s —— i - .v‘—- e ]
f(®)sin 6 dp (Tog tan */4 = Tog tan 735 4 (%)
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Lepuation (4) can be solved exactly. However, if it is expressed

in the form:

Ry . Hl2
KV o L AR
(log tan 7/4 = log tan  ¢/2) rh f(B) sin ® ¢0 =
0 ‘

(%
72
v(r,_ ) sin 0 de
t2 (5)

i‘ £

and revwritten as:

%

kv Ly
(log tan #/& ~ lop ten €/2) 5 r

1172

/ v(r,8) r? sin @ dp T(6)
€

the last integral can be recognized as the voluma rate of air flow,

i ¢, divided by[l. The critical nobility is:
ol

! ¢ 41 vC

i vhere

a

4 Rl

4 (loyg tan 7/4 = log tan ¢/2) €

1f we let the number of fons in the robility interval dk be denoted

as  f(k)dk, then the curreat to the clectrode vesulting from fons with

mobilities greater thon the eritical mobilfty will bes
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] = de f(k)dk (8)
k >1:c

~

An ion of mobility less than the critical rebility vill be cap-
tured only if it enters the chamber at a point Ry and 8 = 52,

where R; must be less than Ryj. IFquation (5) becones:

R
kv 1
(Tog ten 7/4 - log tan €/2) dr = cbj (9
R
i

wvhere cbj is the volume rate of flow between Ri and Rl. ‘The current

resulting from the jons of mobility kj is:

(log tan */4 - log tan t/2) 10)

where n:l is the density of ions with mobility kj. The current duc to

all ions of mobility less than the critical mobility is:

l % eV (Py-Ry)
k<k.  Tlog ten =74 = log tan t/2) Z“jkj 3
K
% e d 2
5 ¢ KE(K) dk (1)

The total cerrent is therefores
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e
| = d e ,r f(i) di + IILC/( k (k) dk (12)

“k YO

Equation (12) is a standard form for the ezpressicn of the current
in parallel plate, cyliundrical, converging channel, and coaxial-
conical ion chambers., Only the expressicn of kc changes., In a divided
electrode chamber, one electrode has an insulated seogrent vhich per-
mits the separation of ions into distinet mobility intervals, In the
case of the coaxial-conical clhianbers the insulated scement is a small
ring on the outside electrode, With this design, the electrical
capacitance of the portion of the outer electrode (sliield) in front of
the small ring (ring) is designated as cj. The capacitance of the ring
to the inner electrode (cone) is ¢y The eritical mobility of the

chamber portion in front of the ring, assoeiated with cj is:

o
c 4T cqV (13)

and the critical mobility of the front and small rcar porticins of |

the chamber associated with ¢y + ¢y is:

d

%" BTG Fep v (14)

where k, and kd are in en? volt™l gec=! 4f @ iy in cnd sec'l, V is ‘
in volts, and c¢; and ¢, are in ems  Hoppel and Xraankevik (1965) give
cquations for finding a mobility dsiribution from a divided electrede

chanher,  Ar avercpe mobil ity dlatribuet fon ean be deflneds
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The ratio kd/k = c1/c14c2 deternines the "resolution” of the cham-
¢

ber., As the ratio spproaches unity, f(k) approaches the true dis-
tribution, f(k). The mobility distribution can he calculated from
equation (L5). Hoppel (1270) uses a point to point diffcrentiation
to draw the mobility distribution since equation (15) is denendent
vpon the slope of TI/V. Numerically,

cq + ey : (I/V)j - (I/V) 4l (16)

Fally) e TR IR e 1
S s ! 4[Icc1c2(kc1 kc(i_l)fz

1 -k
ci c(1-1)

—— e —_——— s L
where £4(kg) is centered about ky = (k4 \;i-l)-i and ki = (kci kdi)z- .

|
|
%
3
|
1
|
8
|
i

The geometric mean centers f(k) about the correct mobility in an anal=-

ysis of jons with a single mobility. The ion density and conductivity

P

can be found from the distribution function:

n= 21: f1(ky) Oy =k, )

o s st S Sl

i-1
and

A= e 21: Ky £30g) (kg = Ky 9).

Description of Apparatus

Central to the experiment fs the Ton Mobility Spectrum Analvzer
(17I5A) . This device consists of an alundnun cone survounded by a con-

centrically mounted aluminum tube,. The outer aluminum tube 1s divided
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into two parts, the fore part (and much larger section) ag the shicld
and the mcasuring ring.

The central cone, which forins the inner electrode, 1s mounted on
a picce of 1/2" thick fiberplass attached to tﬁc outer tube via teflon
sleeves and plates. The measuring ring i{s alco teflen insulated.
Poth the inner cone and the reasurine ring are bolted to the outer tube
with cormmon 1/4" steel bolts. The teflon sleeves and plates ccrve
to electrically insulate the inner cone and the measurineg ring Tfrom
the outer tube. Teflon is necessary as resistances must be on the or-
der of 1013 to 1014 ohms-n to match that of air., This form of construc-
tion has several advantapes from an engineering standpoint., First,
the desired coaxfal-conical georetry is obtained without the necessity
of a large and expensive ovuter conical shape., The inucr cone forus the
converging channel and the outer cylinder is easily and inecupensively
obtained. Aluninum tubing of this size (I.D. 5 1/2"; vall thickness
1/16") is sufficiently rigid to support the flanges, insuvlating plates,
measuring ring, inner cone and necessary ducting. The aluminum provides
a conductive surface when treatcd by a chemical process knowm as {r-
riditing, All parts of the apparatus are frridite-treoted.

At the entrance to the TMSA is a settling chamber to reduce ca-
tering turbulence to allow laminar flow through the device. This
is relatively important since the flow velocities of 50-100 em/sec
are rcadily altered by wind gusts,

Air flow throupgh the IMSA is provided by a small clectronic instru-
ment cooling fan (nuffin Fan, Woodstock, N.Y.). The original air flow
was much too great, but speed control is pyovided by a varjiable trons-

former. Mcasurenents show that the fan mwotor tends to lock into the

T
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current frequency thus maintaining very constont air flovs,  The
original housing for the fan was rewoved and tihe wotor and fan inst. lled
in a speclal mounting in the ducting fellowing the IMSA, The ducting

is primarily couposed of a 6" PVC sewer piﬁc, ;ith a 90° elbaw and

some interconnecting pieces of the 5 1/2" 0,D. aluninun tubing, ""{de
adhesive tape was used to seal all joints, The exit for the afr is
through a diffuser tube made of 'rubberized horsehair" packaging rmat-
erial, This helps lessen the effects of external winds, Table V

lists. the physical, clcctrical,'and ionic characteristics of the 1MSA,

The 1MSA and all attendant ducting and electrical apparatus arc
housed in a specilally cons tructed cube to protect the cquipment ficn
the weather, electrical noise, solar heating, and temperature variations,
and to put the intake of the IMSA some four feet above ground to pre-
vent dust and other low-level particles from entering. The cube is
constructed from ecxterior plywood and lined with 3 1/2" thick fibor-
glass insulation. Doth the inside and outside of the valls-are covered
vith aluminized mylar to provide reflective, electrical, and veather
barrierss The fiberglass insulation is used to lessen the variance in
temperature which affects the electronic equipment inside. The cube
performed admirably in protecting the varfious equipment from some 20
inches of rain during the time of the experinent.

The heart of the TMSA {s the clectronic package which allous the
minute currents cncountered to he amplificd to a reasonable level,
This- package consists of an operational amplifier from Analog Devices,
no. 311J. This op-anp, in the urrﬁnacment used, will give an output
on the recorder used of 50, 100, or 200 femtoarps per fnche  The anp-

1ifier is quite capable of being much wore sensitive, but an increased




length of mobility chaiber,
excluding measuring ring et 14"

overall length of chamber including

measuring ring and nettling chamber 19 1/8"
width of measuring ring 1
angle of convergence, 3.1°, .058 rad,

inside diameter of shield

(outer cylinder) 3 5 3/8"
length of settling chamber 4"
velocity of air flow 54 cm/sec
Reynold's number 4500
volumetric air flow 8.1 X 103 cn3/sec
capacitance of shield and cone, ¢; 1.7 X 10711 f4,

capacitance of measuring ring
and cone, ¢, 2.5 x 10712 g4,

resolution of chamber,
c1/ cyt+ey .87

TABLE V: PHYSTICAL AND ELECTRICAL CHARACTERISTICS OF TMSA




Mobility Intervals, Mobility Interval

Plate Voltages, V cmé/V sec .« Vidth
Run ?
+ 360 10 ~ 11 .01
+ 305 A% = .13 .01
+ 239 A5 - 16 .01
+ 174 «22 = ,23 .01
+119 .30 - .35 .05
+ 78,5 ** 46 - .53 .07
Run 8
+90,0 40 = 46 .06
+76.3 46 - .53 .07
+59.8 .58 - .68 .10 ’
+ 43,5 .83 = 94 11
+29,5 o2 = 1.4 .20 i
+ 19,6 #* 148 = 2.2 .40

TABLE V: TONIC CHARECTERISTICS OF TMSA

** These mobility intervals were not sampled on runs 7 and 8 to
provide a zero level determination., They were sampled on runs 5 and 6.
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sensitivity only brings increased vofse problems, The 200 fA range

was used throughout the experiment, Voltage gain of this circult is set
at 10, while current gain is better than 1010! Deposited carbon resis-
tors are used as they were the only type available at the time of
construction. The major disadvantape of these resistors is their
long-term instability, MNowever,; since the experiments vere done only
over a period of a few days, the resistors proved quite capable, The
output from this clectrometer circuit is fed into a Texas Instrument
dual channel recorder.

The voltape used to create the electric field of the IMSA is gen-
erated from a series of 90 volt bateries wvhose output voltage is tapped
fron a resistor ladder to give voltages used. The circuitry to put this
battery voltage on the TMSA and swvitch it to change polarity and/or
voltage was constructed in the lab. DBoth the eclectrcmeter and voltage
stepper functioned without problems., The output from the voltage
stepper is showvn on the other channel of the above-mentioned recorder,
Schematics of the circuitry appear in Figures III, iV, and V.

In order to minimize the varjatious in output with temperature of
the electrometer circuit, a temperature compensating circuit is used.
To further stabilize the performance of the.electrometer the entire
circuit is housed in a styrofoam picnic cooler with several plastic
bottles filled with water. This arranpement provides for insulation
and a larpe thermal inertial mass to dampen temperature changes. Tn
this manner, the clectrometer experienced only a 5° C temperture
variation over a 24~hour period, a variation much smaller than the
25° € variations ve recorded at sinilar reoftop locations,

The fon loss by diffusion to the walls of the settling chanber

i
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and the intake pipe was estimated by tvo methods. Rich (1959) gives
a method of estimation, which calculated for ions of mobility of

2 cm2/Vscc, shoua a loss of less than one per cent of the inconing
fons, Cobb (1968) did an invest{igation of 1$n losses in {on chame-

ber intake systems and interpolation from his data shows little, if

any, ion loss.

Experimental Technique

All mobilicies tested for were in the range which TIsrael (1971)
defincs as small to small intermediate ions. This range was chosen in
order to prevent the establishment of extremely high electric fields,
which, it is felt, could easlly alter ion structure. Iligher mobilities
were to be observed, but an error in preliminary calculations prevented
doing this. The mobility intervals were set as a matter of conven-
ience in design of the voltage stepping circuitry. This mobility range
should show high sensitivity to cluster formation and some sensitivity
to particulate matter. (Tiie mobilities of cluster ions megsured in
laboratories are on the order of 2 cm2/V sec to 0.5 cm2/V sec, Par-
ticulate matter will yield ions with mobilities orders of magnitude
lover,) There was no overlap in the mobility intervals. The mobility
interval of 0,46 to 0.53 cm2/V sec was not sampled twice as the volt-
age stenpinp azpparatus had provisions for only six distinct voltages
at one time. This meant that two runs were made, one with the higher
voltages (360V -~ 78,5V) and another with the lover voltages (90V -
19.6V). 1In all, a total of four complete runs wrere made, the first and
fourth were the 20-19.6V range and the second and third were the 360-

78,5V range. Lach run took about 48 hours, in which time some 40-44
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separate measurcments of each mobility interval vere made, The nea-
suring period for each interval vas gome {ive minutes, Response time
of the elcctronic circuicry was about 20 sec, hence most of the five
minute period was uzed to record the ion dcﬁsit?. Yith the five min-
ute sanpling time, all six intervals (five in tle laiter two runs)
vere measured for ions of both polarities each hour, This proved to
be a very werkable system as the air contaminant levels vere reported
hourly. 1t is accepted practice in metcorolorical measurements to
sanple for at least three minuteé, vhich 1s a mean mixing time in a
distinct air cell, and to report hourly variations in the measurement,
as one hour is a mean tire for air cell movement past the sampling sta-
tion., Forty or more points were desired in order to establich a
large sampling space where a statistical "t" distribution would be
valid. The "t" distribution is used as a basis for multiple regression
analyses, The experimental data were correlated to air pollutant
levels from standard measuring devices. In this manner, the potential
of the IMSA could be evzluvated by simple correlation coefficicnts be-
tween single ion mobilities and air pollutant measurcments and by
multiple correlation cocfficients between sinpgle ion mobilities and
all pollutants, The former correlations could demonstrate that cer-
tain pollutants form fons of a characteristic mobility or mobilitites.,
The latter mcasurements could show the usefulness of the TMSA as an in-
dicator of general air quality. A computer program vras used to per-
form the regression analysis. The program was taken from the Bio-
medical Research Computer Programs (llualth Sciences Cowmputing Faculty,
University of California at Perlelay).

The air pollutant measurements were taken {rom three air quality

monitoring stations operated by the louston Dopartrent of Public llealch,
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The IMSA was installed on the roof of the Public Health building in
order to sample the same air ag the monitoring station located in the
penthouse of the same building. There are no strong sources of pol-
lution nearby and convective winds mix the air quite well, hence there
was little possibility of the IMSA sampling air that the monitoring
station would not also sample, At the time of the investigation, only
two of the Health Departments's monitors were operating, those mza-
suring sulfur dioxide and total hydrocarbons. Although only these
two pollutants were being measured, it does not mcan that the results
obtzined with the TMSA are not representative, Sulfur dioxide is
generally associated with industrial pollutants and is well-knowvn
to participate in clustering and to form aerosol particles (Castleman,
Tang and Munkelwitz, 1971; 1Israel, 1971). Total hydrccarbons are
generally connected to auto exhausts, .‘Steigerwald (1962) has already
found a strong correlation between auto activity and ion densities.
These two pollutants can well indicate the major sources of pollution
in the urban atmosphere,

Since only two pollutants could be obtained from the air quality
monitors at the Public Health Building, it was decided to utilize
pollutant levels measured at two other stations in the city for compari-
son, The first was located in downtown Houston some 3.5 miles from the
IMSA station, Pollutants measured here were carbon monoxide, sulfur
dioxide, nitrogen dioxide, and total oxidants. It was felt that these
measurements could give a good indication of the changes in the same
pollutants at the TMSA location since both locations experience sinmflar

trafiic activity and neither are ncar strong fixed sources of polluiion,
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The same reasoning was used in includlng the meacurements fronm a
third station near the Ship Channel area, cbout G miles distant. This
latter station is closer to a large pctrochemifal and industrizl com-
plex, which introduces uncertainty about tﬁe similarity of results,
However, a visual inspection of the rcsults from the three stations
implies that although absolute values are differeat, changes in pollu-
tant levels follow similar trends. This 1s further confirmed by
statements of the station operators who notice similar patterns in all
three stations, llouston is ratﬁet flat, hence couvective winds keep
the air below the inversion lavers fairly well-mixed. Also the days
of the experimental runs wcre characteristically fair wvecather days,
i.e., sunny, scattered cunulus clouds that disappeared by late morn-
ing, a lot of convective winds in the wnid-norning and late afternocens,
and a low but steady wind that shifted direction frequently during the
mid~day and night, The pollutants mcasured at the third station were
sulfur dioxide, total hydrocarbons, ozone, nitrogen dioxide, and total
oxidants,

Other investigators have found correlations of ion mobility to rel-
ative humidity (Pollock, 1915; twait, 1935; Erikson, 1927), and
there are known changes in mobility with temperature. These twvo
atmospheric parameters were included in the regression analysis to check
thelr effects on fon mobilities, Aleo Included were wind speed and
direction since local air contamination can be profoundly affected by
either factor. The wind direction was coded by numbering the direc-
tions consecutively from north to the west (N=1, D=2, S=3, V=4). This
system proved not to be adequate since it should have been scaled so

that winds from strong pollution sources would receive the higher
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values, lHovever, since wost of the strong sources vere to the asonth-
east, the system was not totally inoperative, A diagram of the

locations of the three monitoring statien appesrs in Figure VI,

Data Reduction

The data taken during the experiment was recorded on a dual-chan-
nel chart recorder, 0ne channel recorded the ionic currents measured
by the IMSA and the other recorded the voltage level and polarity of
the measuring electrode. The ionic eurrents for runs 4 and 5 were
rcad from the charts assuming a constant zero. Visuval inspection of
these runs showed that the zero point did not remain constaatj hence,
the later runs, 7 and 8, eliminated the lowest voltage steps and gave
a zero line for the instrument at that hour. This proved to be satis-
factory and the data from runs 7 and 8 were used in this thesis.

The magnitudes of the fonic currents were established by-czlibreting
the output of the IMSA. The recorder was then set to give a response
of 200 femtoamps (200 X 10715 ) per inch. The chart paper was ruled
10/inch; hence the currents vere measured to + 10 fA. The eclectrode
voltage was clibrated to give about 90 volts per inch or 20 volts per
inch depending on the voltage ranpge used in the TMSA. The recorder wvas
synchronized vith Central Daylight Savings Time; hence, the data from

the TMSA could be directly matched to the licalth Department pollutant
data. :

The trace of the ionic currents was usually quite smooth; however,
at times the trace sheowed continuous variation. This phenomena was

attributed to wind gusts which altered the air flow in the ingtrument.

aind the fonic nobilitics being wmeasured, In these cuses, the readings

"
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were either disregarded or a viswal mean found if ppeosible, Sone of
the pollutant data from the lHealth Depar tuent was incomplete, and in
these cases, the measurcments were again diuregardcd.

All data taken, including the pollutnn; neasurcments by the City
Health Department, were reasonable valuzs, As would be expected in
an urban atmosphere, the concentrations of small ions were quite low
while the intermediate ions exhibited substantial concentrations, No
data on particulate concentyration was available,but a substential
aerosol concentraticn which would explain the observed concentrations
of the ions was reported previously. Average ion mobility spectra
appear in Figures VII and VIiI, These e¢pectra were taken from the
average values of all {ion conccnﬁratiou measurenents nade in Runs

7 and 8, The curves were corrected to true ion concentrations by the

method of Hoppel (1%70).
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Experimental Results

The mcasurements obtained with the IMSA were correlated to the
air quality and mcteorological parawmeters ncnticned before, In all,
a total of 27 variables with 40 or 41 samples of cach were used in the
regression model. Samples of the size used ten‘to preclude the possi-
bility of concluding relationships exist when they really do not.
Results of the repression analyscs are given in Tahles VI and VII,

Steigervald (1962) states that the mos t complete information on
the effects of air contaminants on air iona could be obtained through
the use of a complete air ion spectrum. He finds, hovever, that complcte
valid spectra are rather difficult to obtain as natural conditions
tend to make the air ion densities fluctuate rapidly, on the prdcr of
a few minutes. Since his instrument could not obtain readings for
the entire spectrum in that time, he went on to search for effects at
specific ion mobilities. Duec to much the sare reason, this investi-
gation was carried out in the same manner. The instrument usced here
is much more sensitive that the cne used by Steigerwald; hence, it is
able to examine the small ions and small intermediate ions, which
Steigerwald could not reliably observe. All measurements were made
on ambiant air as the purpose of the investigation wvas to test for the
potential of the instrument as an air quality monitor.

The correlation coefficients of the ion mobility intervals to the
single atmospheric parameters are in Tables VI and VIT, A test for

significance (two-talil) at the 17 level deternfned that a mininum




TABLE VI: CORRELATION COEYFICIENTS - RUN 7
Air Mobility Tntervals (em?/V sec)
Parameter =(.10-,11)  +(.10-.11) ~(.12-,13)  +(.12-.13)
Public Health
Building
S0, -.2402 JGA3 .« =,1460 .1261
i Hydrocarbons -.3710 ~.0557 -,1047 -.0899
1 Temperature -.0985 -.9781 .8797 -.9828
b Relative humidity . 5469 -.2193 L4244 -.2135
; Wind epeed -.2840 2022 -.3523 2449
Wind direction -.0260 0771 -.1523 L0666
‘ Dowvmtown
f AR -.5214 -.2267 .0951 -.1583
' S0, -.0885 1297 -.0416 0677
Total oxidants -.6593 1168 -.2511 1465
X0, -.1990 .0068 .0211 -,0418
x ' Ship Channel
% S0, .0688 <1252 -.0193 .1003
% Total hydrocarbons .3157 4447 -.3272 4593
! 0, -.7208 1717 -.2817 .1605
No, ~.0557 <1322 -.2460 .1202
Total oxidants -.6946 .1807 -.3179 1713

Temperature of
electrometer -.2764 -,0125 -.0752 .0164

SAMPLE SIZE = 41

Minimum valucs of corrclation coceficient to be significant at the 17
level (two-tail) = .41,

Minirum value of correlation cocefficient considered acceptable for
this investdpation = ,70.
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TABLE VI (cont.):

Alr
Parameter

Public Health
Building

so,
Hydrocarbons
Temperature
Relative humidty
Wind speed

Wind direction
Dovmtotm

co

50,

Total oxidants

NO2

Ship Channel

S0,

Total hydrocarbons
%

NO,

Total oxidants

Temperature of
electrometer

-(.15-,16)

-.2198
.0321
.9065
«3399

-.26064

'01538

«2012
-.1162
-.2542
-.0171

-.1059
=-.4905
-+3040
-.2365

~-+3346

-=41371

Mobility Intervals (cm?/V sec)

(.15-.16) °

-.2343
+1050
.1387

-.0106

«1312
+4855
«1764
.1368
«2015

-.0139

CORRELATTON COEFFICITNTS - RI™ 7

~(.22-,23)

-.2994
-.1550
-.2693

.2105
-.1486

e 3411

-.00686
-.0208
-.3431
-.2375
-.4323

-.2319

£-22-.23)

.1795
-.0320
-.9659
-.2950

<2302

+1035

-.1812
.1038
1977

.0086

«1115
<4058
<2144
+1559

«2317

.0352

e
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TABLE VI (cont.):

Air
Parameter

Public Health
Building

S0,

Hydrocarbons
Temperature
Relative humidity
Wind speed

Wind direction
Downtown

co

S0,

Total oxidants

N02

Ship Channel
SOZ

Total hydrocarbons

03
O,
Total oxidants

Temperature of
electrometer

CORRELATION COEFFILNTS

- RUN 7

Hobility Intervals (cm2/_v sec)

-(030‘c35)

-.1128
.0183
.9451
«2107

-.3538

.0045

. 2777
-.0520
-.1739

.0511

-.0516
-.4041
-.2534
-.1395
-.2379

-.0585

(.30-,35)

+0642
-.0726
-.9344
-.2471
«3126

.0717

-02755
1092
.0849

-00802

.0088
4621
«2137
+1240

«2192

-00185
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TARLE VII: CORRELATION COLFFICIENLS

Adr
Paramoter

TYublic lealth
Building

SOZ

Hydrocarbons
Tempcrature
Relative humidity
Widn speed

Wind dircction
Downtown

co

50,

Total oxidants
NO,

Ship Channel

50,

Total hydrocarbons
03

NO,

Total oxidants

Temperature of
electrumeter

Minimum value of correlation covefficient to be significant at the 1%

-(-[;O’-[‘(’)

-.3865
.2371
-.4051
4109
.0366

. 2645

S 01635
-.1755

-00[406

-.4394

#2913
-.4010
-.0378
-.1125

-.2212

level (two-tail) = .40,
Minimum value of corrclation coefficient considered acceptable for
this investigation = ,70,

(o[‘O'o’f(P)

.3054
-.1416
L4078
-.4965
-.1108

. =.0120

.1630
1697
.1678

.1627

«1722
.2091
+2160
«3251
~.0625

L4374

- RUN 8

ifobility Interwvals (cm?/V gec)
~(,46-.53)

-.22644
-.0117
-.4301
.3900
.2412

-.1288
-.1235
-.2234

-.1718

-.2709
-.1425
-.1756
-.0435

-.1853

’02527

(.46-,53)

4448

-.1876

-.6339
.1228

.0314

.0663
«2971
4124

"00288

.5132
.1297
4367
.1848
.2468

.3211

e

i e

RN 1




TABLE VIT (cont.): CORRELATION COEFFICIENTS = RUN 8

Alr Moblility Intervals (cm2/V snec)
Parameter -(.56-,68) (.58-,068) -(.83-.,94) (.83-,94)

Public Health

e

Building

S0, -.2295 L4161 -.4347 4989
Hydrocarbons .0568 -.3111 .1907 .3608
Temperature -.4328 .4503 -.5299 .6458
Relative humidity +3326 -.4875 «5748 .6769
Wind speed 1989 -,0199 1476 1533
Wind direction -.1439 .0475 -.0709 .0689
Downtown

co -.0693 .0819 -.0203 .1154
502 -.1270 .2905 -.3320 .3069
Total oxidants -.2228 .3536 -.3975 .4980
Noz -.1853 1727 ~-.1441 .0095
Ship Channel

s0, -.2899 5484 -.5074 ©.6013
Total hydrocarbons =,1463 .1161 .0099 .0302
03 -.1398 .3752 -.4677 .4933
No, .0769 «1455 -.2079 +2991
Total oxidants -.1449 .2821 -.1602 «2299
Temperature of

electrometer -.1353 «3332 -.3522 4292
" —— I ——




TABLL VII (cont.): CORRLLATION COL¥FiCILNTS =~ RUN 8

Adr Mob{lity Intervals (cmz/V sec)
Parameter -(1.2-1.4) (1.2-—1.4).

Public llealth

Building
so, -.4247 . .5312
llydrocarbons .2390 =.2947 2
Temperature -.6030 « 7644
Relative humidity .6055 -,7985

Vind speed -.2048 +0509

Wind direction -.0993 -.1504
Downtown

co -.1313 .2196

50, -.2011 .3563
Total oxidants -.5364 ;5085

No, .0031 -.0646

Ship Channel

50, -.4035 «5556
Total hydrocarbons -,0831 -,2773

05 -.4696 +5812

o, -.1976 «1525
Total oxidants -.0567 .0362
Temperature of

electrometer -.3802 2419
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value of the correlation coefficient of .41 would be signtficant. This
test of significance shows that onc would reject a "good" correlation

only one per cent of the time as long as the correlation coefficient
4

)
(ng

was greater than or equal to .4l. Another measurement, the coefficien
of determination (vhich is gimply the square of the correlation coef-
ficient) shows how much of the variance (or deviation of the measure-
ments) can be explained by the regression. Tn the case of a correla-
tion coefficient of .41, the coefficient of determination is ,168,
meaning that the regresslion variables account for only 177 of the total
variance in the regression, This Implies that the independent and
dependent wvariables have little correlation or that variables other
than those in the regression account for the variance. In order to
elinminate dubious cases, the minimum value for this investigation for
a corrclation coefficient to be considered reasonable was set at .70,
This allows for a high degree of correlation and also explaigs about
half of the variance in the regression.

Using this criterion only ten correlations were significant., Of

these eight were correlations with temperature, which is quite well-

known, There seems to exist a higher degree of temperature correlation
to the larger jons than to the smaller ions. This can be explained
partly by the mobility intcrvat width. Since the higher mobility inter-
vals were wider, there is less possibility of ionis shifting their

mobilitics ocut of the interval, especially since the temperature

changes were not severe (standaxrd deviation of about 2° C). That
some of the correlations were postitive and others negative is not

casily cxplatned. The wobility of {fons chould fncrcase with temperature.
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Perhaps the negative correlations indicate chanpges in the structure
of the fons.

The two other high correclations were the mobility interval -(.10-
.11) cn?/V sec to ozone measured at the Ship Cﬁanncl (~.7208) =and the
interval +(1,2-1,4) cmzlv sec to the relative humidity at the Public
Health building (-.7985). The effects of both water vapor and ozone
on air ions are currently being studied in depth, BIoth contaminunts
are known to participate in clusteri?)and the winds vere favorable for
ozone to reach the experimental station, The correlation to ozone could
also be due to some other intercorrelated variable. VWhatever the case,
it would seen that this mobility interval would, in future investiga-
tions, be an excellent range to try to determine ozone concentrztions.
The effects of water vapor are not yet positively known, but this data
could lend some knowledge to the structure and to the existence of ions
of mobilities +(1.2~1.4) cm?/V sec. This correlation is unusual in that
other investipators have found ne correlation of positive fons to hum—
idity (Israel, 1971),.

There were a number of other correlations that were quite high
and yet not greater than the .70 limit set. For instance, the range
-(.10-.11)cm2/V sec would again be an exccllent range to test effects
of some fraction or all of the total oxidants concentration (correlation
coefficient = =,6946). Hany of the other correlations can possibly give
some qualitative idea of contaminant effects on alr ion densities, and
be of use in future investigations of this sort.

The multiple regression coefficients, i.e., those determining the

degree of correlation betwveen each mobility interval and all the neteor=-
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ological and air quality variables, are given in 1cble VIIL, The

correlation coefficients and the coefficicnts of determination are

quite high, yet caution must be exercised before deening that such
high correlations imply that the variahles‘hseé in the regression
analyses can be used to determine fonic concentrations. and vice versa,
The problem is that any two independent variables that are highly
correlated to the dependent variable can lead to erronecus results,
The cause is inhercnt to regression analyses in general, For example,

in this work both temperature and wind direction were used as indepen-

; dent variables and these both are well correlated to shifts in iecnic
# concentrations and mobilitiez. These two variables could easily ac-

count for the high degree of correlation while the air quality pera-

meters account for very little. This indeced is the case for Table IX
shows that temperature, relative humidity, wind speed and wind direc-
tion have the highest partial correlation coefficients, (This statis- ' i
tic shows the correlation of the independent variuble to the dependent
variable after all influence of the other variable is removed.) Since

the four above mentioned independent variables can also account for

RIS S PSRRI

most of the variance 1n the regression, one cannot drawv any conclusions ‘
that these high coefficients indicate a high degrec of correlation of

ionic concentrations to air quality paramcters, In order to find if a

correlation of air quality to ionic concentration did exist, more work

would have to be done where the meteorological variables are excluded.

The limits of time prohibited doing this in this investigation. TFor .5
those who are more familiar with regression anaysis, Table IX lists

some of the more significunt statisties ceoleulated for this work,
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TABLE VITY: MULTIPLLE CORRELATION COEFFICIERTS AND COEFFICLENTS
OF DETERIINATION

Multiple Multiple
Correlation Coefficient of ANOVA
Mobilities Coefficient Determination Fevalue
-(.10-.11) .8754 .7663 4.91 4
(.10-,11) .9858 9718 51,78 j
-(.12-,13) .9628 .9271 19.06
(.12-,13) .9923 .9846 95.78
-(.15-,16) 9719 s J9447 25.60 5
(.15-.16) .9943 9837 131,10 |
-(.22-,23) 8124 .6600 2.9
(.22-.23) 9864 .9729 53.85
-(.30-.35) .9821 +9646 40,85
(.30-.35) .9678 .9367 22,20
=(.40-.46) .6684 4468 1.16
(.40-.46) 7647 5847 2,02
-(.46-,53) 7429 <5519 1.77
(.46~.53) 7846 .6157 2.30 )
~(.58-,68) .8162 6661 2,87 :
(.58-.68) 7847 .6158 2,30
-(.83-.94) 7445 5543 1.79
(.83-.94) 8049 6479 2,64
-(1.2-1,4) .775§ 6020 2,17
(1.2-1,4) 9312 .8671 9.28

All F-values are sipgniffcant (f.c., differcence betwee the variance
of the renression and the varfance within the regression) to the 1V
level 1f the value 15 2,94, to the 5% level if 2,12,




TABLE IX: SIGNIFICANT INDLEPENDENT VAIABLES

T Value
Std. Error _ Partial Cumulative
Independent Reg.ression Correlation Proportion
Mobilities Variable Cocfficient Cocfficient of Variance
-(.10-,11) - - - -
(.10~,11)  Temperature ~22,44 9770 .9164
-(.12-,13) Temperature 13.17 .9373 .7986
Relative
humidity 2,62 4719 -
(.12-,13) Temperature -29.81 .9868 .9183
=(.15-.,10) Temperature 12,82 .9341 .7603
Wind speed 2,21 4121 -
(o 15- * 16) Temperature "33. 60 -.9895 ° 8968
Relative
-(.22-,23) Temperature -3.29 -.5584 -
Hydrocarbons 2.82 4994 -
(.22-,23) Temperature ~22,21 -.9765 .8877
Relative
humidity -2,22 -.4135 -
=(.30-,35) Temperature 17.94 . 9646 .8825
HNydrocarhons -3.03 =-.5264 -
Wind speed -2.52 -.4579 -
N0, (SC) -2,.45 -,4474 -
(.30-,35) Temperature -13,51 -.9401 .8592
Total oxi-
dants (ht) =-2.49 -, 4542 -
-(.60-.[.6) - - - -
(0‘.0‘.46) - - - =
-(.,46-.53) Wind speed 2,59 4758 -
(.,‘6..53) - - - -
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TALLE IX (cont,):

STIGNIFLCANT INDLEPLEDENT

VARIABLES
T Value
Std. Error Partial Curulative
Independent Regression Corrclation Preportion
Mobilities Variable Coefficiont Coafficient of Variance
~(.58-.68) Wind
direction 2,56 L4712 -
0, (SC) 2,81 .5054 2
(.58-.68)  Temperature '«2,45 -.4552 -
Relative
humidity -2.15 -.4092 -
S0, (sC) 2.64 4829 1438
~(.83-.94) Wind speed 2,27 42177 -
( . 83" . 9‘.) Relative
humidity -2,17 -.4117 -
50, (s0) 2.11 -.4019 -
'(102'10“) = = = =
(1.2-1,4) Relative
Wind speed ~3.18 -.5531 -
Total
hydrocarbons (SC) =3,74 -,6148 -

SC = Ship Channel station
PHB = Public Health Building station
Dt = Downtown station

Y




Conclusions

The potential of the IMSA as an instrument capable of measuring
air quality remains to be proven. Though firm conclusions cannot
be drawn from the results of the investigation, tendencies can perhaps
be discerned, Many of the ion concentrations had significant regres-
sion statistics with respect to the air quality parameters., Taken
ag guidelines, these statistics.can be used in future work to perhaps
find a mobility range or ranges that would accurately follow the
concentrations of one or several air pollutants. The usefulness of
the IMSA as an indicator of overall air quality awaits a more refined
regression analysis technique.

This investigation did show that an IMSA can be built that is
substantially simpler, more rugged, and less expensive than present
air quality monitoring instruments, If it is found the the IMSA can
be used to measure air pollution, then it should prove a valuable in-

strument due to its inherent simplicity, ease of automation, and lower

costs,
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