
AD—A 032 560 RICE UNIV HOUSTON TEX r,s 4/1THE USE OF AIR ION MOBILITY SPECTRUM ANALYSIS TO DETERMINE AI R ETC (U)SEP 75 ,J A ARNOLD N00014—75-.C_0t39
UNCLASSIFIED TRO71—757 ML

I I, P
AOEC .

END
D A l E

FILMED

-77



—— ~~~
-
~ ‘~~~~~~~~~~~ 

_____ 

-
.

S~~CU~~IT Y  C L A S S I F I C A T I O N  OF THIS PAGE (Wh,n D.I. Ent•,.1) 
_________________ ___________________

READ lN~. A ~~UC t1OSSREPORT DOCIJMENTAT~ON ~~~ BEFORE COMPLETING FORM
‘ S ~~~~~~~~~ - 2. GOVT A CC E S S I ) N  NO. 3 P E C I P I E N T S  C A T A L ~~~ NJI1~~~~P

I’S’ - 
_ _ _ _ _ _ _ _  

7
4. T ITLE (~~ d S..btI?l.) . pF NL-eftT B ~~tQ 1B-~

~~~~echnica1 /~~~~~~
aj

JlI
~~ 7. AUTNOR(.) - 1~~eO*TuIAGT BR BRA.. . .~~~~ Ft.)

• C\1 ~~~~~~~~~~~~~~~~~~an rno1d 

_ _ _ _ _

I. PERFORMING ORGAN IZATION NAM E AND ADDRESS ~~~~~~~~~~~~~~~~~~ ~~~~~~T. rns..4Br-~~rasK
AREA B WORK UNIT NUMSENS

Rice Univers i ty
P. 0. Box 1892
Houston~_Texas_77001 _________________________

II. CO NTRO LLINGO FFICE NAME AND ADDRESS II ~~~~~~~~~~ J
Atmospheric Sciences Program , Code 465 22 Se~~~~~ ~~ 75
Office of Naval Research IL NUMBER OF PA

Arlington , VA 22217 6(completl.. 1riesis 75 i.j~.
IA . MONITORING AG ENCY NAME B ADORESS(Il dlll. r~~iI Ira., Controfl OII i c. )  II. SECURITY CLASS. (01 11,1. r•porf)

1/ —

/‘~
‘ • ,‘/.c ___________ _ _ _

S.. DE C L A S S I F I C A T I O N~ OOW NCRAD IN~~SCHEDULE

IS. DIsTR IBuTION STATEMENT (of thIs R.pof l) 
I 

..

~

Approved for public release ; distribution unlimited . ~ 
•

. . \

~~~ 
Ck?JI

17. DISTRIBUTION STATEMENT (of UI. .b.t ,.ct .nS., 4 In Block 20. II dJu.,a.( ha., R.por f )  - \  .. .

~~~
‘. —

\~~~~~~~~~~~~~i~~~~~~~

I..— ts. SUPPLEMENTAR ( NOTES

Publication : M.S. Thesis, Rice Univ. Because of length of the thesis and
limited quantit ies available, the technical report contains (1) title page , (~
table of contents , (3) abstract, and (4) acknowledgements sections onl•,. The
entire text can be obtained from National Technical Information Service ,

IS. KEY WORDS (Contlnu. On rlv.r.. sIds SI n.c. .. v Id ldsntIly by block nt ib.,, L~P ’j ngf ie id , VA 22151)

Air Ions, Atmospheric Electricity , Air Conductivity , Mobility of Air Ions ,
Particulates, Air Pollution , Aerosols, Measurement Techniques.

~~~~~~ . -~~.J 20. A B~ T~~A CT (Contlin.. on ,.v.r.s .14. II np~pii~~y id Sd.nUIy by block na.Ib •,)

A coaxial-conical., converging-channel , ion mobility spectrum analyzer  h~~
been constructed and a series of measurement were made in an urban environmer.

~~~ I— In order to determine if air ion mobilities could be used to determine concei- •
>1.— ~~ 2 tration of air pollutions , a regression analysis was performed on the mobili*~

~~~ 
measurements and specific air pollutiant concentrations; some degree of

c.~ ~~~~~~. 
correlations were found but results are inconclusive at this point.

L_..:__(
~:iiiT~,.~ I~Et ITT.T TTTT :~:i:1~~3



-

I
.c- C~r~p/e6~ ?Le~t ID TRo7/ -75-7

RICE UNIVERSITY

Ths Use of Air Ion Mobility Spec trwn
Analysis to Deternine Air Pollution

by

Jon Alan Arnold

A Th ESIS SUBMITTED
IN PARTIAL FULFILU tENT OF THE

REQUIREMENT S FOR THE DEGR EE OF

Master of Science

Thesis Director ’s Signature

Houston , Texas

January, 1974

L _~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



The U~ e of Air Ion ~ z’~bility Sp~ ctr ~~t /ri~ lysi~ to Lz ~tcrninc I it Pollu-
tion by Jon Aiim Arnold

The objective o th~ I ;e~ tI~ a~ Iort was to d t t ~~ri :ine 1f air ion

concentrations could be ur~~d to 4etc~~ j re the cor~c’ LL~~tio~ s of air

pollutants. A coaxial—cord. c~~)., conver~,ing chanuel ~on nobility cham-

ber vz ~z constructed and a ~er~e~ of e:’tc~i~ ive rcar~urc~ ents were nade .

A rcgrccsion i~~aly~;Is was u~ s~d to dctt~rminc if the ion cone t r~t1o~s

werc correlated to the air pol1ut~ nt con n~ rcz~ ons. Some decree of

correintion wa~ 2ound for two iir pol1ut~nts. Th~ potential tine of a~ r

ion n2asurer~cnt~ to deterr.j ne air quality still rcnalns to 1~c provart .
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U

lut ru~ u~.t. io~

In recent years t h e  extent  ari d e f fects  of air  po l lu t ion  have

bc~coTqc topics of t- -zj or interest , One of t h e  greate st  probl~’ii s

as~ ociat~ d wi th a i r  pollution J :; that  of iiion~ tor ing t.h~ qua l i ty  of

the air . It is th~ purpose of this thesis  to investi~ nte  the p oten-

tial of using an aIr Ion onitor  to i~easu re air qual i ty .

~Die ~at -ur .  of Air Ions

Air ions are a natural con~,t i tuen1  of the at rnsp~t c~ e . These

ions arc respons ible, for the conductivity of the atr ’osphere and

possibly f ur  ~. va~ i~ ty of other hicno r~e.na t hn t  arc not a~ well u~’~ er—

• stood. ~o~.’e invest igat loas have been done on the interactions of

air ions with ati~osj;h~ ric po 1lut~nts and ar t i f ic ia l  processc~ which

affact  air quality . These lat ter  works give reason to believe tL~ L

air ion concentration can be correlated to the conc~nt rnt ion  of

atmospher ic contam inants.

Air ions exist ~.s electrically charged part icles of dust , groups

of noleenles , or es single nolecuics. Ions consi.st ing of a charged

molecule are consiciereri to be small , or hi~h1y mobile , ions. An

~~~~~~ nnbil-[ty refer s  to the no.1 velocity an ion will attain in

a un it  e lectr ical  f ie ld .  It has been a~ s~im~~d that  ,dr ions are

singly charg~ d; hence , an ion ’s nobi l i ty  depends only upon its  n:iss ,

shape , d’~n~;ity,  and I t ;  sur rou i td i ;ig  rediuii .  ~ich (l~ 5~ ) him ; lent

• t h ~~ ( r ~’f, I (  •~1 ~~~~~ ~e fr’;’ t(l t h t  • ~~~~~~~~~~~~~ .~f u ’~~~ i ~~~~
j . ’ for  a~~i

— — - -—•--- -————-— - -•-— ~~ ~~~~~—---- •• —~•— -- _ _ __ •~~~_ _ ~_ ____ ~~___ J _ _ —, •,
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ions on ~~~ basis of ~t.-~b l1 i  t > ’ y i . t l i  r e h : t t l ~~i t o  • ! , v ( ’  ar ea :~ .~~i!

charge of the ion .  A more I :  ~~~ N - r ’  ion ‘. .- I Iii onl y i ~~1 •~

will nov&; i.~ore slc:’l y ‘J ;:;ii 
~~ 1 -

• , ;‘::,~::.j v~ lo~i ~.fl t~ . ; : ;i ’~(;  pl~~r’~ ~ j (. ‘l .

field . Ions have i oon cla~;sed a~. sr~~1i , 1iiterr ~~d J a L e , and large ,

or Lang evin , ions . f incc i ons are d l s tr ibut t ~d over the size or

mass spectr um con t itw~~i: 1v , the three c1ass1ficatic.r ~ are arbitrary

and serve only to .>:~~~Ll Lie d 5( i; ; ioo. ‘il ie p rc thi .~; ~ -~~t chmt r ~ r’

carr ier s of the at ; ‘ pi~~ic ar ~ t i c  ~~ ‘i )  1 ~ r ,os cc ~~ r~~irL g of ~ in~ 1”

char ged r.~olccules or 1o~; ; . ~~~ ;; i Jecular a~~ L c ~ate’ . The Langevin

ions are probably c,’ ensat  Ion nucleI v Jth  naSSes thousands of t :T ; r ’~~

greater than the sr s~ll ions . Thcse tuo ;-,rno~ s accoun t for  the gre~~t

majority of air ions. In l9l~ , J’ollacl. (l9l~ ) rc r c ; ~:t:sd t h e  e~ i~’—

tence of internediate ions . Tii~ se ions z~ve su apec~.ed of being ti

it ianal elements in that  they ~;ro~7 to ir~~~’ ions .

!Ieasurencnts of atnospher is  conduc tl v~ t ,’ by early ~,orkcrz; even-

tually led to a more extensive kiiowled ge of the “ion spectrun o she

atmosphere” . This tc~~i refers  to the ca~~:~ ~;~.rat~ o:c of Ions found

at various mobilitites. The n at u r al  at ; ,o.~phere has t~ o princI pal

“spectral lines”; the snail ions and the large ions with the r:~~’il—

ities nentioned above . ~ ctwccn these two p,roup ;~ l ies a region rather

“sparsely and variabl y occup~ od by in te rmediate  ions” and bc:y on~ the

large ion s lies .1 coi~t inuum of “ul t ra—large  ions ” (israel , 1971).

Israel (1971) has c l a s s i fi ed  t h e  ions into fI ’~~ groups according to

tht cir  spectra l rc~~foi i s , as shown in Tab le I.

Sia.ill i c ; r .

~~; dl ioo:; ~ir u ; u i l l v  i~~~~ • .1 l y ~o i .  :1~ &~ r~:.! i . ’ tJ1’. . ,  e~~t.~~~ i L1~;ht
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Cu e? gY ph otons or radioact i’o• part! ci ~~
‘. , P, l i  I c~; st i l l  e i ’• ’~ t• r~~

I;,ol(;CUl es. Thues . io;is alSo Ui i l i uu ia te  fr o n r :~ t io :  L i~ ~ a .~r ’s In  ( i t O

soil and frc: ic c.:i dis~. u r l .~. ce;; such a’; 1 •
~ 

li ti i r i li ;: ‘ 1 CC

tion processes , spashuiuig Y m t ( r , au4 fr i . cL iu ;~al ulectr: c1 ty  p rw lu cu d

by dr ift ing sand , dust , or snow . The concent ra t ions  of s i l  ion;;

are not equal near the surface of the Earth. The su;~]l positive ion

conceetration ge.-ucrally cxce~ ds t h e  crvc ll n~~’~zt ive  Ion cenecmt ,’at ion

due to a space charge formed by the !litrth’s electi Ic lIp id . The

conceiutratiotis of t h e m ’ ”  1,1 Ions un’~i-• i ‘o d i o r u i m i  :ee~;ona 1 vr;’I—

ations and ore al~;c affected by nr’teorologicmul cc’n~ i tlons; ~~~ ~~~~ II.

The r ob i l i t i e n  of the sr.nll ions are a f f e c t e d  by ta;~~;ar a tur e  o~~d Lo ; .~ d—

ity. Humidity s1o~’s the negative ions ~ih -ile the poslt iva ions show

no dependence. Lr ikson (]~~~7) su~~çr s t t . ci that  this ~ s due to ChLt f t r—

ing a f f ’ n i t ie s  of negat ive cnd positivL’ ions for ;:at~ r r.oiecules.

Destruction of sis-ill ion s occurs throubh loss of charge by con—

b ining with ions cf  opposite sign (rc conbina t ion) or by losing its

charge to the Earth or any surface.  Average l ifet i i :cs of sn a i l  ions

vary from a fc~ seconds in d i r ty  air to five n inut c a  in voty pure

air (Isracl~ 1971).

Tnterr ’cl Litc and L•~rj~e Tons

Int ’~rnc’d1ate and large i ons are thought  to he produced ~~ the

attachment of small Ions to the particl e ; of the ati ;ospheric aerosol.

Small ions do not r”dualiy  “grow” to form the larger Ions since the

molccular-’sizccl ss;a].l (p r i in - r v )  ion irr r ’dlatcly fo r r ; the in te rmed ia te

or I “ r oe (oecon d : ir v) I on uF.~~t; a t i -  -:!~~-“ ; ut  to  ~~ ~ .‘ ia’ .01 i ’ar t i c l  a . Tiul

at t ac l , . ’- ’ nt  pri;c; - 1.. :.~ ‘~:&t :.J . ’:~ t~~ ..i 1y l i i  h ’ !; , o ,~ I .  .\ d o tj ~~J t c  



hicteoro l ~tg Ica l
—- 

j ..~r. - . -~~~~r ~~~~~~~~~~~ 
.‘~~-./it2,

hlSnd , S t 1 ( 1 i j ~~L’i ~~~~~~~~ v a r i a t u ’  ut
direction d if ic ; ’ ;; locally , a~~ ord i u g  to

locat ion of stat ion

State of aerosol
General visibil i ty para lle l  variation
h aze lr.~’e rc:d conduct l ’.’I ;”

increased conduc t iv i ty
Dust content par~’d lei var i~ t ion
Fog lowered conductivi ty

Clnu diaoss
H1~~h clouds no appreciabl e ir.f lucne~
Low clouds increased conductivity

1~a in
Ordinary rain nega tive conduct iv i ty  usuali”  hi gher

positive c o n r l i a I v i t y  unch .~n’ ed
Thundur stora rain  strong fl tn t u i a t j  rins; frequc:nt

Inc cases in thu i ’cgati .vc ai ’d
positive conductivity

Tenper atur c , moisture , etc. un cIc~~r , widely varying depcndonces
from j aoint to point

General rieteoro]rtgical conductivity see-n ’. to he gerurally
situation lower in high pressu re areas than

in low pressur e areas

TAflLE i i:  BEIIAV IOP. 01’ TIlE CONIM TCTIVITY UJ’.AR THE GflOU~~1) UNDER
ETEOIi1I.OCICAT. AND O’flIER INFLUENCE S

____________ - :t~~~~~~~ -..~~~~
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-

th c  s ; . i .u ] l  ~~~~~ h t ~ - i r  ~.. to  I ; : ’ , 0: i ’ t . . ( 0 1 ’ i f y .  : i0c:1 the  I -- i- ’’ r

I~~as are [nr : - - d  fTc ) : t L  - ~. ; . i L- . - r c  ~~: ( l . 1 , ‘- - ‘n :  1 0  : . f ) ; k 0~~~o to

use the cxIsL 1a~ s t -  of ul ~e a o l  oso l to g l v z  i n f o r ritior about

large Ions . The only d i f f L r c f l c ,~ ‘~‘ .~ll be in t h e  Ion ’s electrlc;d t’ii:tr ~’u .

Ccnerallv , st udIes of the  aurco:oi lt;.ve f c i tn~i large d i f f e rences  in

t172 CC) flC( ¶
~t r a t  Ions  o~ ‘ ‘ ~~~~.;; . r : ; ’1 10C1 j ; u 1 1 c l -~ (also ~;nc m .is Cloud C 1 n b  a—

S Ot  (l i t  u l . T i C [ ~~~ to ti; ; i ~u 1.’ ci ‘‘: 1 fou n~ Ion) ( (  ;~~nc~ In g  on

the localj t. v . For rei r n~~. 1. . t l v e  n r v h ;~r ;; , scm ~‘rb le I I I .  The acr -~n ; i

concz~ntrat.1un ui : ib ~~’ :’~~i 0 ~c,’ n i i . u ,’tl ~;C. h diurnal \‘~~~1.ttiO1 ;5 . i’~eteoro~ o~t t ~’ai

‘~.nI la t i  eon; arc’ gi’ C -  in T-.L : .~ iv . ‘~ i i n  no- bar &~
;-.~~~~~t~,cs of ~ ;urge ions

arc’ not riuch great er than the dcuis1ti c-~; of small ions; lu c u c e , one can

see t 1~..t s~ Ilcc- th e -~ lii~ I.cs of t b~ large ic::s a~e orders of r .agni—

tu 1.lc )css than t iuc a~.a11 ions , the couiduct :tv ity of tlie aty ~o:~~uc re is

chue to the small ion content . Ho iever~ as thc lifetinics of the sroll

ions are largel y Lern iute d b y t huc  dcn~ ities o f the large ions and

nc.ut r~ l aero no] pa r t i c les , the coni~u~ t iv i ty  follo’..’~ inversely the

I i r c ~e aerosol concent rat Ion s .

anc~ lnrgo ions arc’ lost t lur ou ih  recoalb inetions or

th I r oCughu  u ’ . c reomul-n c ’L r - ; l  :lc~t n s l n c ~ actions such as procip5 . t~.tion ,

gravitat ional  ;;~-t t l t r .g ,  a i ~ i t i a r t i  al separation .

T1 -o rct  i 1 l  Coo - !‘~‘r1r ~ r r t ; (if ~t r -  ‘ ‘ b rlc ~~~~ 1ntc ’r~’c tI n ns

The ionic sta te of t h e  aL; -i,:; l are  is approa ched theore t ica l ly  by

grouping the Ions Iu ’~:o th e three u s u- t i  groups , asnu’ihi ;’, an equil-thriun

~~~ ; ; t t ’  c - 1  5t 0 t i - i t  ~~~~
- L i  !‘~~‘ I; 1 ~ ‘Iclat l~~t ti lt ~ cC~~~0i t .  f . r  I

I I)L tu na ~t i  )‘ P~ ’ - . 11101 1 i i ~~. ~~~~‘‘ , .‘ ~~~ t i :  ~‘sl i i  0 i t a V l l  : 1*: ,, L ( s ’ up t  to 
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~~ :~ thc oppo ~ te ~~C1, n for rtro : ’~
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rri tl o - ii I ‘ c i  1; ~‘I1 I yoo f I S0~~~0 , .t ~~IIt~~’ . I I  -1’ ... 1 O ’ i (  - 1 = - 
‘. ‘0 A r— t 1: 1

l is t  ) f l 1 T h I ’J ” ’ -~~ (io 1 - ’ ~ o (](r,-fl, ~~ ‘o
’ .- r : - o  (l’r11), ; : . .  ( 1 9 5 5 ) ,

Ster~ 1s (1956), ~o Ian ;:od !~~,l c- ~ Lv ( I ’ j 5~;) , I C - u - f .  and 1 071 ( l’H. 2 )

and 1~c’c-fe , N olan , and Rich (l~~59 ) .  -

The theoretical approach 15 not i~e1i ,justf f led ;. anon =~~t I o n o

made ovc r—s i r ’p I i fv  the si tua t ion.  The a., r ;um pt io7is  c. -~= :ite a ~ ii~ ’.i ~

atmosp he re that  al]o .:s e: .i=v stl.: ’r -ta.t I cal ~csct - I pt ion , 1,nt l- = h ’ != i.  d c - - I  I

with air pollution , coT”plex atnosp hicres are u~et where such assu’ pt ion s

do not hold. The assumption of ~qui l ibr ium in esnoclol l y poor as It

is kno~m that  the aorosol and large and small ion coilCeIltr Cl t iOrIs

vary more rap idly t~ dn the tine required to come to equ.Llibriun.

Equilibration times for  large ions are estimated at th I r ty  minutes

(Israel , 1971) and snali ions require a few t ’inutc~ in even mildly

polluted areas (Stergis , 1954) .  SteIgeri~ald (1962) loun d  that  large

changes in aerosol and snali and large ion concentra~~onn occur with-

in a few minutes , thus dispelling any notion of eq ~1I~ -~~iui-i conditions

existing in natural atmospheres.

Stcige~~iald (1962) uses his findings to propose quali tat ive ef-

fects of air po l lut ant s  on air ions. These e f f ec ts  are : (1) SnaI l

ions are very sensitive to pa r t icul a te  cent ~ r-itha n t c .  The introdu ction

of a few thousand condensation nuclei can deercanc the small ion den-

sity b~ as much as an order of magnitude . Since c i ty  air can contain

hundreds of thousands of nuclei, only small concentrations of ntsth l

ions will exist. (2) The controlling parameter of the condci~oation

nuclei i~, the total  sur face  area , not the number den si ty .  The fac tor

r 2Z I n  f r e q uen t l y  cited as cont ro11lu~ n o  1 1 1 on d - - c  v. (t o  nun t~1

r i-u -Iiu :: , Z ’- nuclei coiue, ’l t t ra t  l i a)  . (3) iii loti f 1;i - I o i l  ii; i ’ it  an 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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it1J)Orttuit as the t c - ch - nnot  ( .71 n uc leI  c- 100( -n t r at i r , L I  ~ ij o-” It  Jo j -~ —

volved to only tho po~-ie r in the c qu i 1 I br i ’ .~ ~~~ t i - n . (4 )  !~~~ ‘ r ’~e

ions will have only one elcctro1lic chi:: r ~~’. (5) 1 lT ~ f i o ~ ~
.

seconds for small ions to 3(1 minutes for large lop- ; are nocesc.ary

to reestablish equIlibrium aft er  an u~ act.  Thene connider at ions p oint

out the interdependence of snail ion concentration and par t iculate

air pollution . Using thcne Ideas, instru nen t s C t n  and havt :  been mado

to monitor air pol lutant s  of specific types .

He~ surenent _ of Air Tons rn:~ Pollut ant s U~dm~ /.sp lration Cm’sacitors

)leasu retn et-its of air ion concentrations , mobilities , or conductiv—

ities are usually accomplished with an aspirated capacitor. This device

drawn a sample of air through a stat ic electric field causing the air

ions present to migrate to a ra2asurir~g electrode. The magnitu de of

the current determines the conccntration of the ions (assuming uni t

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

dependent on the s ta te  of advancement of electronics because the

currents are usually In the range of 10—14 to 10—12 amperes . For

this reason , older measurements used aspirated charged capacitors

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

sample.

Devices us ing the principles of wa—ill ion—aero sol pa rt icle coinb ina—

tion have been constructed which allow one to relate air  conta mination

(of cer tain for ms) to ion concentrations. These iiistrun~ nts  generally

employed ion generators to give mccli larger currents  than wou3 d resul t

fr( ’o ur - tur a l  ion concentrat ions . Thene gener at=ed loin ; are then e~~—

t d t Ø  ; tco~~,l~; 
~- t ~ j~~1i ‘~~~‘ ine ui dccl i so  iii th o i n i r  co;L’’-at r ;;tWtl

_ _ _ _ _ _  r~ 
~~~~~~~
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dept-nd iii~ i. t . e  ; ; t i u n o l  c , l ~ t -; t r ; _ t n . Lai n -, - r ~~ - ~~h _ ( I 0 ( . 1)

c , ~.lo yed thi ~ ;il v~: i & t h u o i  in  au ~.:~~~ -~-~~t ioa c.-~ ~~
- - tior t - ’  ~ ‘~~-c~ ~- : o t i —

culate  coilceu ~tr : t Ions . I. cc.ac nrci oily avaiI-t~ l o  ito ~re- i t t  (u-t i r v ,

1960) uses the same principle to detect specific gasroni- contaminants.

l!ere the gases are first cl ;angcd to aerosols by ~u it ~ibJe  c h e m ica l

reactions. Other Instru ;nc r it s  which operate to detect r~ ro~-ui size

and charge arc described by h iurd and ~u l l ins  (3~~~2 )  n~ d !~- o tc- r s  (1~~~ ) .

A new type of ion counter was buil t  for t h i n  inve i~ c:t ien , and

details of its con struction and operation are Included in  this  thesis.

This instrunent monitored natural -ion levels. T h e  eenccint at ion- ;

of air pollutants were found to have some degree of corr~1 oi:Ion to

air ion dcnsities. The ion monitor thus has potential ni-u a simple,

rugged instrument for detecting air quality.

Further information on aspiration capacito ii and ion r ieasurc-r,ent

can be found in Taumnet (1970) , Israel (1971) , 1~ossner oad Yu~ (1973) ,

Mendenhall end Fraser (1963) , Tang and Cast].em:in (1972) , 1!ick~ and

Beckett (1957), ~1asters (1953) , and Stci gerwaid ( 1 9 6 2 ) .  Neasurenent s

of Altken nucleI can he found in Pollak (1959).

Air Ton StudIes

Investigators have done voluminous work on ~~r ion- ,, but very

li t t le has been done relating air ions to pollut ion. In the first

third of this century and after Uorld War II , ruich att e~i t L o r u  was focuned

on the relation of air ions to various bio 1ogic;~i , ph i y t - iological , and

psycholo gical e f f e c t s .  Infor ma t ion here i~ at b ent  Incon sistent .

During the san e per iod , there  cx~ sted none 1n~ • ‘o nt In  0 - n ’  ct~ of

u ; iag .  ai r  ion - to I ; - ~ 1e  e ln ~~- l y  a ; t - z  - tO - f l i-~ ~~~
- i i ! :  H .-; i u  co~’ ! i t I ’ -
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ing v-~ 1)er l I1anth.  h o r ~ .f u i o nii~atio ;i  oil these Lo (.  C. . 1.  J i t - ;  C O I I  be foun d

in Si1’ie r~ :0 ~nJ Kornb 1 u.~h (1957) , K ru ege r a o l  - Ui (1 ‘)59) , Yit~’1ou,

boeja n in , o : I Cht.:itc (19 i1) , Y ::glou , l~randt , and Ib nj - - - t u  (1931) ,

Yaglou and flrandt (1933) , Yaglou (1961), Brandt (1933), Kenline (19r6),

Bccltett (1954), flcckctt (1959) , Nurp hiy (1951) , Hicks and Beckett

(1957), h1ic1~ ; (1956) , Cord icyeff ( 195G), gornbiuoh (1960) , and

Niuchart , David , dnd l~~. ~ . u~ h (I 5~ )

Since t h e  beginning of -ton measurements there lus been evidence

that sources of fine particle air pollution ( a o ~ :e , etc.)  have great ly

a f fec te d sr-nih ion concentrations. Various authors , including Pol]ocl’:

• (1915), ParI:incon (1943), and Wait and Parkinson (1951) have reported

large vari ations In the intermediate ion populations which are con-

nected to changes in wind direct ion.  Apparently the various winds

brough t air—born e pollution to their  T’easur ing sites. Practically

all recent investIgations of air ion levels have taken into consider—

at ion the influence of urban areas. Only a fe~ investigators have

bccn concerij ed directly with  the e f fec t s  of air pollution on air ions.

Phillips, Ahlee , Palc- s and h- ’ocssncr (1955) studied the rise in

conductivity and densities of a n :’ns of air (some 3,000 r;3) as the air

~zas continuously cleaned by -un e lectrostat ic precipitator .  They found

that the negative conduct i .v i ty  increases mer e than the positive con—

- duct ivity  due to the inherently h igher  mobility of the negative ions.

The concentrations of In: -; of both polarities equaliaed since the

chamber used was metnl  and uio e lectric f i e ld  existed inside (hence no

electro de e f f e c t ) .

~ t - i ~ ~~~~~ ( i : r ~~) I i i  - t c y t t e d  t hi ~ c f l . - t s  o f .i~~r u~~nt . t : ~~~r i o t ~; on

a i r  Io ns • It I f I t id m y -  - I iu c 1 ti ’Ied : ln to i  i - u-d -i Li-  jo in, we ri’ not gen era l ly
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foun d iii rur a l ; 1 l e a  - : ; i; c~ - , t I V -  ;d p o- . i t  \o- 1ar ~~.: I - - :  ~; C -  Y.  ( -j n

in conc-~ent_ r~t t I  o-~ In  both i rLo ;.  ;.o~ rural  a i r ;  a d~-c~ cooed sn- i l l  Ion

and an increased inieti:edlat ; e inn and la,-~ r’ io n c o i i c e i - t r -~t~ on In

— urban air as opposed to rural ai r ;  l i tt J e  e f fec t  of relat ive hun id itv

on ions; little e f f e c t  of carbon dio;dde and some e f f e c t  of sul fur

dioxide on sisall ions; and a strong correlation of automobile ex-

haust with large Ion concentration . lT c concluded that auto exhaust

“appears to he the dominant fantor  In the al terat ion of natural  air

levels in urban location ” , lie also set forth a partial objective of

th is thesis “.... the study of ~c1ected air Ion inobilities , perhaps

in conj tmction with other air measurements , may prove valuable ifl the

investigation of specific types of air conta minants or special at: ’o—

speres” .

Steigerwald ’s f inding of the correlat ion of large ions to auto

exhaust ~-ias supported by the findings of Brasefield (1959) and t ’ester—

mark (1961) , both of whom found large concent rations of ions of either

sign in the exhaust of combust ion engines.

Beckett (1959) found tha t  the snail ion concentrat ion decreased

and the inter mediate ion concentration Incre ased during rush hours.

lie found great decreases in t h e  intermediate ton concentration on

weekends and in mountain air,

Cunn (1964), on a cruise over the ~orLh At l ont i c  ocean , rcasured

the small ion conductivity and reported a general dccl Inc fro n pr e-

vious Lleasur cnents m d c  aboard t h e  ~~irne~ 1~~. lie a t tr i !u*t ed t hi s  de

cliiic to an I ncre ase In a i r  p o l lut ion  ( i ’ - ln l. y aero nn i ~- a r t i c l o , ; ) .

Du r l a y  tb. l ’iI . 7 t , lobol - • i - -  - ‘i d o;; of ~:‘ 0-: - , , , o  _ ; - ‘~:~‘r , ( . 1 and

- •~~~~~~~- • • • •~~~~~~~~~ —•
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l-~e1l s (197(t ) made cond ’ic i Lvit. y i ;os u-. . -~~-~ t s  I: ; t h e  o~ t I~ I 1 s t  ~c

~io uthi Pad ~ Ic. Tin y b un-i that  t i n - r e  has be ’-,~ a thcl  i i -  of se.: 2

In the conduc t iv i ty  of t h e  air ove r the  ~otti /L1 ’iotic d i i r i , -~ I ho )~

60 years . Cobb and tlells figured th is  to be equivalent to a dou!~l J n g

of the aerosol concentration. ~1ost of the aerosol , they fel t , was

due to nan—made pollution .

In 1972 , sharp found a relation bet ween , i r  nollut ion arid small

Ion concentration and the germination of fungi spores. The former

finding confirm s Steigerwald ’s predittion (19(-2) that sr.ahl ion con—

centrations would be a more sen~;itive indicator of pollution than the

Inte rm ediate or large ions .

Cobb (1973) made conductivity measurement s I r on ~ auno Lea , hIzn- ;ahi ,

and fro m ocean vessels and found t hat aerosol levels are net incre ’— ‘ ns

in most oceanic areas . lie found h i g h  concentrations o aerosols o f f

the east coasts of the United Statcs and Japan , suggesting that the

aerosol is the result of combustion processes. l b concluded that

cleaner technology will reduce the levels of the anthropegcnic aerosols

and that no s ignificant global climate changes will take place.

M idea that some atnosp heric gaseous contaminants could a f fec t

the concentration of the condensation nuclei and In turn the . concen-

tration of small ions was put forth by Jun ge (1951). Steigerwal d

(1962) ccported that Deleanu (1958) suggested &~nd czper irented with

the use of ion rm’as ure rientc as an index of a ir  qu a l i ty .  T)c’leanu ,

h owever , made no measurement s of a i r  con tamin ant s  in his study .

The ideas of the gaseous contaninat it s  of th e’ air a f f ec t i n g  the

th t- n ’ ; i t  v of th i n  ccind ! i - ~ t~ Ion  p u c l ; - I  c-on 1~ - r i i a r :  i - n  In- I - i ~ ;- ‘~p r cL t t

i - lu -n  o;io l ;iv ‘sE i g i t e~; ( lie c n s y i s i L i - . i ;  of such , ; t o h t - i  • 1 • r ~~n1 (19 / i)
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;t~~ t ~~~:

“In at i -  ~. I n - r i c  a i r , the r ;- -
~
‘
~~~ I -~l~ .:- -.-~ be

a ~ u f f J c iont uu ; hor  of st~ rt i t ig  poin t s  for  cooden—
sa~ion ( t !; o  ~~~~~ ~otj ont-~j condcn~;a’t ion uu~ h- - i )  ,
since otherwise norl ol cloud format ion cannot
be expLJru d. The ory  and experience have proved
that these condensation nuclei are su~pcnsthn~ ,
the radius of uh ich 1j ~~ between l0~~ to l0~~ cm.
It was al so found that the suspensions in the
a trosphi c- are 1;~r~~-ly cer -;oscd cf common sal t
or sea— s -;lt colutions on one hand and nitrogenous
gases or 112504 on the other.

”

From this information , and from the fact that much air pollution

consis ts of 502 and nitrogen oxides, one can see a direct connection

of air pollutants to aerosol detisity. Since combustion processes

accoun t for the majority  of corttaninants entering the atmosphere ,

one can infer that sufficicrit water vapor exists wi th the cmit.tcd

502 or nitrogen oxides to create micro— solutions sunp anded in U.n air.

This point , however , rema ins to be proven . There exists another

phenomenon t-zhich night tic Steiger wa ld’ s conten t ion (1962) of a shif t

in the mobilities of ions (especiall y the small ions) to Jun ge ’s pro-

posal 0951) of gaseous conttani ’iant s influencing the aerosol concen-

trat ion.  That phenomenon is clustering.

Clustc-ring is a process where molecules of atmosp her ic gases at—

toch thc rns elves to an already existing ion . Recentl y there has been

considerable effor t  in this field and general findings have shown that

502, nitrogen oxides , and water vapor play very important roles in

clustering about small ions . The cluster ions may have r ,obilit-tes as

niic : 1; as ~.n order of r.nagnit~ttl e less than the original Ion. This po ints

to 1sit.t - ; t i  al a I r q u - a it t y  1-sm tor by aea~;ur i ng a sh4 it  in sm-dl . ion

i tob il it ics , or an increase or decrease of ccr ta in  s pe c i f i c  ;-~ihi i t t t ;- s .

St Ii a -- - --opt I~; t he I - n ’~I Of in ;, ‘nem~-pIs  pu rl us - I In  1_h h. i~~’ ’~~ t 1—

—

~

---

~

—- - ~~~~ - - -—- “~~~~~~~~~~~ -~~~~~~~~~~~~~ --~~~~—-~~ -~~~ ~~~~~ -~~~~~~~~ -~~~~~~~~--~~~~~~~~~~~~
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get ion. For r a r e Iniorrna t Ton on d ust er in~ pro cecse~ , ns - ’~ I~oh :n ’-s (J ’ i 70 )

F - r ~~ son (1971 , 1971 , 1973) , Fche- ~c,i[e ld and F .-r r :isou ( 1972) ,

Bcyer , and Colonna—i~unsano (19 73 )  , )~e11er ~ud I.il i s  (1)71) , Ni ins ,

hlcimer l , Keller and PucI~ctt (1972),  hio f ~ ort  an d Stt ~wart (1973) , Jhurr an

and KassrLcr (1973) , Castlennan (1972), Tang, ?tunLeiwitz , and Castle—

nan (1971), Ca stlcr in and Tan g (1971, 1972), Castlc~ ati , Tang and !~unkel—

w itz  (1971) , Tang and Cast1c~mau (1972) , and Castlema n , ~unke1szitz ,

and ?-!anowftz (1973) . 

- - - - -— 
_ _ _  

_ _  _ _ _  

_ _ _ _ _ _ _ _ _  
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L ::~- - r i n  ~ t iL ;~i ‘n e ~~ n n j ~ i s  Zi .n~~ ~~~~~~ 1 ’ U;

roy th is  inven ; tig a t ion i , am ion ;-ai~:i] Ity cl~s 
‘~or ;;i t}n r n:- ~la l—

coni cal geometry was constructcd . Previous nea~:urer.~ents hs ”~’t- l’~ en

113(10 by us ing paral le l—plate  or cy lindrical  ~sp i r ’t ed  capa cit or a . In

order to neasur(- the ion mobili ty spectrum , one needs to kn r -y  that

laminar flow t xist s inside the capacitor and that  the vp lr,citv pro-

fi le is the san e along its entire length .  flhv~ous 1v , l-~~w c -  requ ire s o.~.s

are hard to teet using parallel plates or cylindr Ten l  georictry . If

the J~eyflo1d~~ nu . ~ er is bele.~ the cr it ical  value , laminar flc~’ exist s ,

and laminar boundary layers develop along the wal is. which cv~~ tni ~ili y

meet to form tine usual parabolic velocity profile  found in long para l—

id sections. For the tutbuient  flow , the boun dary  layer is ei~ o

turbulent  and so~o~ where downstream the entire flow is turhu lant . A

changing velocity prof i le  is not taken into consideration in th~ e—

qua t ions for ionic current . Very lcw velocities in the chamber arc not.

possible since a space charge will deve)op , not to met itiun ionic loss

by d i f f u s i o n  to tTie  chamber walls. This same d i f f us i o n  ~~~~~ Cs

establishment of a parabolic Profile and subsequent measurer.ant dun

to the necessarily long time of flow through the &naaber intahe system.

Since boundary layers are present in all real f luids , the i r  e l iminat ion

is impossible. h owever , they can he suppressed in a converging ch ;in—

nd design and tht ’s maintain a very constant velocity profile.  Iloppel

(1963) dIscussed boundary layers in Ic-s n chamber~; and found the con—

vnr ;~ Tu f’  cls- nrscl very pr en- ’~ - . as U s e  f b i, ij i l l  r ’ ~o~acb pot~-n tj  a1

(I 5; ~-I ~r_ -~) ’_; - )  f1~~- - ~ ~~ :1 h’ - ’ !l&) 1d 5 5 I~~I~ - h.•rs. in 1’)7~ , 1!~~ 1 ~1~’’pn) 
- - 

- — — - - -— - - - -~~--- -
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LI~~L a c~ ~er of :~u i >:1~~l — c t ,nj c - a1 g ror ’ - L ry  would ül  fer  t1~~ ; s l v . n r t . - ;‘~~(~

Of tbc CuO~~~ 1 ~ -~~~~ c. .~ ..&si :~ si t L-~ cy l i~. J r i  1 
~~~~~ ~~ss . T~; T ~ v- - - 1r- ~~! r::

p rof i l e  i -~ ul~h rc-i-~t in constant yet there would iot be f r in g i n g  e i ’r ~~

tr ical f~ eids or edge effects ,

Serious problenc occur in ion mobility chambers if turbulence dev-

elops inside. Turbulence can occur from crall. perturb ations along the

boundaries , from 1_ ike growth of vortices along the entrance , and from

the transport of cutside turbulence into the cha~-:h er. Popp e] ( 1970)

discussed these problc ms and pointed out that smooth boundaries and

the converging channel largely eliminate the f irst  two causes . Tine

last cause is more difficult to elim inate. Usually the solution is

to install a settling chamber at the uouth of the instrtraent . This

is merely a structure to breal; the outside flow into smaller eddies.

The problcm induced is that the set t l ing charibers provide large sur-

face areas for Ionic d i f fus ion to take place. A conpronsise of area

versus rcducti on of turbulence can be made and the resulting loss of

ions can he calculated ,

Analysis of the Ton ~cshi1itv ~nc ’ctr mrn Acw-t1 ’~zer

A cross—sectional diagram of the Ton ~obilitv Spectrum Analyzer

(TIT SA) used in this investigation can be found In rigure TI .  This

chamber with little modification could be used as an ion counter , a

conductivity chamber , or a mobility chamber. The following anal ysis

of thin chamber parallels that of hloppel (1970) . In order to make a

measureneitt , atmosp heric air is dra~zn into thc c inamb cr  b y a fan . An

l - :~~r i ’  I isid is e . t d ;i l  :h-~d b~- t - .ecn the ou tnt cv i i n i d ; ’ . , of r .d i ’s ;  1~)

and t i: - Inn er  divor~ 1tsj; con:o . The e lec t ri c  field is:

--

- - - . . .;.—- S. — ~~~~~~~
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r (n t h  ~3j (lu~, L.a n -/ i 3 -
~~~~ /? ) (1)

where V0 is the voltage across the cyl ir ;dcr ~n’i Sor e , “ is  ti no ua~ t

vector In the direction o~ the polar angle ~~, r Is the r -i f l a l  din t :-: ’ce ,

— 
and ~ is the angle of divergence ol tIIC it;5~ Cu a€’ . The ion i-~il1 be

subject to two valocity cor~ponents , one a f1u~d velocity ccj :- onic ~ .t ,

v (r ,R) in the posiLivc~ radial direction , and ~s ~l- c:.~ Jcal field

component , k1 , where E is th~ electric fiold 1~ the Io:~ie mob~ 1 it ’ .

The d i ffer ent in] .  equation of time Jon path is:

_______________ 
LV 

____________ ______ 
1. (2)

dr sin f* (log ten ~7 4 — i o g  tan c i - ) ) r~ v(~~~ )

One can define a critical mobility, the mobility an ion riu st possess

if it enters a r 0 , e~o , and in co]lect ed t - t . r~~ .,, 0~ a (the point at

the far end of the outer cylin !er). Usin g th~ ehove d i f f e r e n t i al  c—

quation , one can solve the equa tion of ion p .lL ls.  A sir~ ’lif led solu-

t ion  can be obtained by using the inathod of T — n d s u  and L fsh it z  ( 1 9 5 9 )

where :

V (r ,~ ) f (A ) r 2 (3) - 

-

Fquation (2) now becomes:

f (R ) s lis ~ dO 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ (4)

- ~~~~~~~~~~~~~ --~~~~~~~—- .- -~~~~ ~ ---— -----~~~~~~~ -- -~~~~~~ - -
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~~ . 1~~~~~~t h - :~ (4 )  C - 5  - 1~~ -~ . ~. . 1 1 v .  hi- , i - -
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In the torn :

I
_ 

~l -

______ 
kV I dr I

~~Log t~.u i n/ 4  :i~r t . .
~~~( / )J ~-6 J 1(e) ~ in e dO —

f l I:’
I v(r ,E~L.L si n ~

J 
2 (5)r

and rewrI t ten as:

r~~lkV I
(lo ta n ’ /4 - i , t.-~.~~~72r J dr

J 

v(r ,B) r2 sin ~ dA (6)
C

the last integral can be recognined ar ~ the volum-a rate of air flow ,

ch , divided by I I . The critical nobility is:

1; ~‘ -c 4 j j VC

~Therc
it1______ ______C 4~~~~~~~tmm~~~ /4 — log tan /

i f  we let the m:ebcr of i”n s in the nobility interval  dk be denoted

rn~ 1( k) dk , then the cur rent to the electrode result  lug from Ions wi th

r-~b 11 i t  los t r - r  t ‘: n ~ t i  - l i t - . - -  11 l’s- :

- .-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-- - -~~~~ 
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0,

~ c- f  f ( k ) d ~ (8)
k - ~k 4C

An ion of mobility less than the critical i~cb~ li ty  ‘7111 be cap—

tured only If  it enters the chs~-b c-r at a point T~ and 0 ~I2 ,

where must be less than fl1. Equation (5) becones:

r R
1 1 k v  1

(l og t~ im irJ t~ — io~~~ i~~nr J dr = (9)
l
~i

where is the volume rate of flow between and R1. ~fl~e cur rent

resulting from the ions of m o b i l i t y  k~ is:

n~e f lVkj  (R1—fl~ )
14 n e  — 10~1 i J (log tan ~/4 — log tan tT

~Y

t-zhcre is the density of ions with  nobility k~ . The current due to

all ions of nobility less than the critical nobility is:

cV (r1—R1)
k < k ~ - 

(log ton ~ /4 — log tan £72)

r’~c— e el’ ,

~~~ 
k f ( i~) dk (11)

•
~ L 

- t n t  I. ~ -~ 1 t ’nt Is t h e r e f o r e  :

~ 

--
__

~~~~~~~~~~~~~~ -
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~ 
[ [ f ( i ;)  d~. ± 1/ h f ! ;  f ( I ) (12)

Equation (12) is a st andard form for t ime ez~ ressicn of t ime  current

in parallel plate , cylimidr icsi , converging ch-~n;-e-l , and cooxtal—

conical ion chambers. Only the expression of k
~ 

changes. In a divided

electrode chamber , one elcc;~~~ n 1c’ has an insulat  -! ~ . ~~:snt ~‘isic1i per-

mits the separation of less Int o  dist~ n~ t r clol ) I1J L V intervals . In the

case of the coay :ial—conLcal cha:-be-~-s the insulated ~~. - sLnt is a saall

ring on the out~ j de clecirodo-. l~ith thIs  design , the electrical

capacitance of th~. portion ef the  cute-c electrode (s~ t cmid) in f ront  of

t h e  snail ring ( rin g)  is desigr.~ ted as e1. The ca~s-cim. nncc of the ring

to t I i ~ inner clcct~-odc (c : - - ) is c~~. The c r it lcs l  n o b i l i t y  of the

ch .hc~r portion in front  of the ring, assceiatc-~ ~-~i tb  c1 is:

4 f l cj \~ (13)

and the critical m -~b 11ity of the front  and small  r c ar  portions of

the clma:d,cr associated with c1 + c2 is:

4f1 (e~ ~~ 2) v  (14)

where k~ and ‘ore in cm 2 v~ it~~ sec 1- if ~i’ is In cm3 sec~~~, V is

in volt 3 , and c1 and c2 are in cm. hi oppel and lZr ;ishevil: (l~ ( 5 )  give

eq u ;nt  Ions for f i m i d t n g  a moL J 3 Its ’ d i s t r i b ut  i~~ rr~ -: a dl v ~rd elc,ctrc--h’

i h :~ h - - r e  An 5v - - r :  _ , s t~ d h i  i t ’.- d i : - t  ~i t ~ ‘ - nm c- -~ h- - 1- 

~ —--—-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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The ratio Ld /k c j /c1-1c 2 detera~incm s Lite ‘~resolut 1on” of the charm—
C

‘ cr . As time ratio ~)nr~,,1dles un Ity , f(k )  approaches t1 c~ t rue dis-

tribution , 1(k) . The rn n b i l i t y  d l st r t h ut io n  can he calculated fror-,

( (
~ n 1 1 t iOf l  (15) . hI opp~-l ( 1970) i m ; ~~s a point to point d i f  rc rcntiat ion

to draw the m~ob il i tv  distr ibut ion since equation (15) is denendent

upon the slope of iP’. i~wiericallv ,

ci - c 9______ (I /V) i~~~~~~~ ’~j~ j_ (16)

4 n c C 1C2~~~~1 !:C(1_) ) ) Z  l:~~~ 
— L (i-i)

—

where f 1(h 1) Ic cent ered about k~ — (k1 k~_1Y~ and k~ (k c~ h~~ )~

Time geometric mean centers 1(k) about t h e  correct mobil i ty in an anal-

ysis of io~is with a single mobility. The ion density and conductivity

can be foun d from the distribution funct ion :

n — 
~~~~~ 

f i(k1) 
~~~~~~ 

k
1 l~I

and

A — a ~~ k~ f 1(k 1) (k 1 —

i

Desc r~~ tli,n o  I Appar;itus

Ceutrel to the experIment is the Ion ~obil ity  pe ct rum Analyzer

( ~-\ ) . ‘1 ~ r d~-~’i cc consi’;Ls of an a i o  n i m i s , cone son - e -sled hy  a

centr tcahi.y r c u n t e d  alum inum tube ,. T h e  ou ter  alos- ni n orm tube Is div 1d~ d 

~~~~~~~~~~—~~~ - ---— - - , - ~~ ~~~~~~~~~~
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into two p~’t t ~;, the  fore  i -~~~ 
( - snd  m a s h ~~. -r  ~‘-ct i o -o )  ;~~~ the

and t im e m a -  a ~U5 - I I n t ’ .

Tim e c~- m t  ~-a I eone , si Ichs for -: ; t i me innc~ cli ct rode , I’. roo~~t ‘ -~ ~n

a piece of 1/2” thIck f iberg lass at tached to the outer tub e via tellon

sleeves and p la tes .  The r~caau r i o ;~ r ing ii; a] so t ef l on insu lat ed .

floth the Iaum r cone and the rea sum In c~ r i n g  are bolt -ed to the o ut er  tube

with  coesnon 1/4” steel bolts.  The tef lon sleeves and p l r t e -~: r r r v - a

to electrically insulate the inner cone and t ine ri~asuring ring fro m

the outer tebee Teflon is ztecess~-mr y as resistances mu st. he on ti-a or-

der of io13 to 1014 chri s—mn to mat ch that of ai r .  This form , of ~s - o  ~tr uc—

tion has several ndvanta~ es from an enpineer in g  standpoint . F ir st ,

the cieslr -d coax ial—con ical  gcoretry is obtained without  the nC ’s C- : t V

of a large and expensive outer conical shape. The inner cone fe~- ; ; the

converging channel and the outer cylinder is easily and 1nc::pcnsi ~-~ l--’

obtained. Aluminum tubing of this size (1.D. 5 1/2” ; w~]i th ickness

1/16”) is suff ic ient ly rigid to support the flanges , insulat ing p1atc~ ,

measuring ring, Inner cone and necessary duct ing . The aluminum provides

a conductive surface when treated by a chemical. process known an ir—

r idit ing .  All parts of the apparatus are i rr idi tc—trectc~ .

At the entrance to the PISA is a nett l ing chamber to reduce ca—

— 
tcring turbulence to allow laniner flow through the device. T h s

is relatively important since the flow velocities of 50—100 cm/sec

are rcadi]y altered by wind gusts .

Air flow through the PICA Is provided 1~ ’ a smal l electronic i ,o- ;t ru—

ment cooling fan (nu f f in  Fan , ~!ors’stock , N .Y .) . Ti me o r i g inal  a~ r flow

wa~ m uchi ion great , i t t  ~~‘n - ~ ~ i - c - S t  ~ol ~~~ i ’m ~~~~~~ ‘-• .t ~~ ~i _ .~- l&-  I t -

former , }h~asurei,oe nt s sinew t iost ,  t h e  Inn n - n t  - ‘r t ends to lock Into  I

p

_ _ _  -
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currcnt fr equency thus naint t i im i lng Very cc ~ L s t  a i r  Ii ~
- - - S .

original h ousing for the fan wa~ rcn 0v - - I and 1~ mcn m; o t or  ~s m J f a n  ~s .t  -

iii a special r iount in g in; time ducting followln ;p t k- ~~~~ Tine duct

is prinarilv composed of a 6” PVC sewer p ipe , ;-?1thn a 9iV cibo-’ afld

sOm-r~e intercoonocting p ieces of the 5 1/2” fl •~~, aluninu -n tub In g .  ‘~!“c-

adhesive tape was used to seal all j oInts .  Tim e exi t for  t i c’ a i r  1-;

through a d i f f u s e r  tuhi e made of “rubbcrj~ ad horsehair ” pa ckagIng

crial . This helps lessen the e f fec ts  of external winds. Table V

lists .thc rhoysical , electrical , amid ionic chmaractc ’r istics of the ~~~~~~~~~

The 1~ SA and all attendant t iuc t ing  and electrical apparatus arc

housed in a specially cons ~~ucted cube to protect the equipment f~ c-r i

the weather , electrical noise , so.tar heating, and t emp er ature  varir ’t iens ,

and to put the intake of the l!ISA soste four feet above ground to prc--

vent dust and other low—level pa~ Cic1es from cnterin~ . Time cube is

constructed fror ~i cxtcrior plywood and lined m~ith 3 112” thick fiber-

glass insulation. ]3oth t ine inside and outside of the walls- -are covered

with aluninized mylar to provide reflectivc , electrica2 , and m,eatlmur

barriers. The fiberglass insulation is used to lessen tin e varian~cs’ in

temperature which a f fec t s  the electronic equ-i pnent ins!de. The cub e

performed admirably in protect ing the various equipment from some 20

inches of rain during the t~ mc cif the cxper li-smt.

The heart of tine Tt-~SA i.s time electronic package win ch allows t ime

minute currents encountered to he amplified to a reasonable level.

Timis-packag e consists of an cpc’m-atinn;ml amp lifier from Analog Devices ,

no. 3llJ. Thni ~ op—a mp , in the :‘rrangemsetmt used , will give an ou tput

on the recorder u’;~ d of ~iO , l00~ or WI) [ - r ;~~~n. ps r~- r i n - c u . TIm ~’ ~ :ip—

l i fie r  Is quite capable of h oe in g much more s i n i s it i v e , but eon Inn t ~ ;nsn ’d - 
-

___________

--U -



T~
I t n  in of r!,t ) i  ii ty cio~ ~n er ,
excluding measuri ng ring - 14”

overall length of chamber includin g
w,~-isuring ring a ; d  .ett l ing chamber 19 1/8”

width of measuring ring 1”

angle of convergence , 3.1° , .056 ra~ .

inside diameter of shield
(outer cylinder ) 5 3/ i”

length of settl ing char .nber 4”

velocity of air flow 54 cm/nec

Reynold ’s number 4500

volumetric air flow 8.1 X l0~ cn 3/sec

capacitance of shield and cone , c1 1.7 X 10 11 fd.

capacitance of measuring ring
and cone , c2 2.5 x io~~

2 Cd.

resolution of chamber ,
C]] C1+C2 .87

TABLE V: PHYSICAL AND ELECTRICAL CHARACTERISTICS ()F INSA

t

-—- -~~~~ - -—~~~~~~~~~~~~~~~~~ - -~~~-- —~~~~~ - S-- - - - - - — -~~—— —--— -
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~:-b ili ty Intr:rvjls, ~-ihil it y  ) n t m ’ r — . l
h’ latm: Voltanes , V cm n ’~/V~~ er. . t ! Jd th  

-~~~~~

Run 7

± 360 .10 — .11 .01

± 305 .12 — .13 .01

± 239 .15 — .16 .01

± 174 .22 — .23 .01

± 119 .30 — .35 .05

± 78.5 *1~ .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 1.2 — 1.4 .20

± 19.6 ~~~* 1.8 — 2.2 .40

TABLE V: IONIC CIIARECTERTSTT CS OF PISA

** Thenc nobility intervals t-iere not samp led on runs 7 and 8 to
provide a zero level deter mina t ion . They were cs~ p led on runs S and 6.
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sensi t ivity  only h r lng.i  Inne r ased n ’ ’ oI  ;c’ prob1c:~s. T~i 200 f/ t  r-~-

was used throughout the exper i rent .  Voltage ~-‘1n oc thi s  c i rcu i t  j~: ~;et

at 10, while current gain is be t te r  than iol0 t Deposited carbon resis-

tors are used as they were the only type avairable at the tine of

construct ion. The major disadvant age of these resistor s i~ their

long—te rm Inst ability. h owever , since tine experiments were done only

over a period of a few days , tine resistors proved quite capable . The

output from this electrometer circuit Is fed into a Texas Instrument

dual channel recorder.

The voltage used to create the electric field of the IMSA is gen-

erated from a series of 90 volt bateries m-those output voltage is tapped

from a resistor ladder to give voltages used. The circuitry to put this

battery voltage on the TUSA and switch It to change polari ty and/or

voltage was constructed in the lab . Both the electrometer and voltage

stepper functioned without problems . The output from the vol-tage

stepper Is shown on the other channel of the above—mentioned recorder.

Schematics of the circuitry appear in Figures III , ~V , and V.

In order to minimi ze tine variations in output with temperature of

time electrometer circuit , a temperature compensating circuit In used.

To further stabilize tine performance of the . electrometer the entire

circuit Is housed in a styrofoam picnic cooler with several plas tic

bott 1c~ filled with ~-zater . This arrangement provides for insulation

and a large th ermal inertial mass to dampen temperature changes. Tn

this manner , time electrometer experienced only a 5° C tenperture

variation over a 24—hour period , a variation much smaller than tine

25° C vari a tio n- . m~~m recorded at s im i l ar  roof top 1ocationc~.

The ion loss by diffw;Ion to the wails of tine set t l ing clenither

~ 

_ _
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and tine intake r li e  was estin-rit ed by two methods.  f l i c in  (l9~ O) gi

a method of estisnatiozm , win t ch calculated (or ions of nobI l i ty  0

2 Ct /V~~’c , s o ~~ a b -cs of less than one per cent of t ine Imn c orni n ~

ions . Cobb (1968) did an investigation of ion losses In ion ch m—

her intake systems and Int erpolation fro m his data shows l i t t le, if

nny ,  Ion loss.

~ pc r-lment~ l Toc1migue

All nobilicics tested for were In the range t-ihich Israel (1971)

defj ne~ as ~~mall to small intermediate Ions . Thin range m-ias chosen in

order to prevent the establishment of extremely high electric fields ,

which, it is felt, could easil y alter ion structure. Higher nobilities

were to be observed , but an error in preliminary calculations prevented

doing th is. The nobility intervals were set as a matter of convert—

len-ice In design of tine voltage steppIng circuitry. This m obility range

should show high sensitivity to cluster formation and some sensitivi ty

to particulate tatter. (The nobil-Ities of cluster ions measured in

laboratories are on tine order of 2 crn2 /V sec to 0.5 cmn 2/~’ sec. Par-

ticulate matter will yield ions witim nobilities orders of magnitude

lower.) There was no overlap In the mobility intervals. The nobility

Interval of 0.46 to o.~~i cn 2/V Sec was not sampled twice as the volt—

age stenping apparatus had provisions for only six distinct voltages

at one time. This meant t imat two runs were made , one m-;ith the higher

voltage s (360V — 78.5V) and another with the lower voltages (90V —
l9 .GV) . In all , a total of four comp lete runs were made , t !ne f i rst  and

four th  were the 90—19 .6V r;mnge mmd the second and t inird m- -ere the 3 0 —

78. 5V range . tach run tn~!: about 49 inr mr - ; , Ji m m~P t c h t I~~ ’ some
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separate neanur mentr .  of cacin nob i l it y  lmnt erv al t i - ~~
-e rade. T1e~ i :~~~~~

—

sur fin g period for each lrnt .crv:il ~1am cou-~ five iminutes .  r ponse t I r c

of the clectrc .:c circuLt~ y w~~; about 20 nec, h&~~c¼ - r ’sst of th: f i v e

minute  period ~:a~; used to rc-cord tine ion densi ty .  ~Jith tine five min-

ute sa ipling tir ’r ’ , all six Intcrvah ( f ive  in the b ait e r  two runs)

were measured for ions of both polar i t ies  each hour . This proved to

be a very wr,rhahle system a’; the CiF contr .rmi .namnt levels micro reported

hourly. It is accepted practice 1mm matecrobo~ ical measurements to

samp le for at least three minute~ , wh i ch is a rean mixing tine in a

dist inct  air cell , and to rt~r o r t  hourly variations in the nec~:u rcc~ent ,

as one hour is a mean tine for air cell movement past the car~pling sta-

tion . Forty or more points were desired In order to estabi lcim a

large samplIng ~;pace 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, tine potential

o the IMSA could be evaltm:ited by simple correlation coefficlcnts be-

tween sIngle ion mobilities and air po].lutant measurements and by

multiple corre1at~on co Ificients 1)etween single ion smohilities and

all pollutants. The former correlatIons could dcimnsnstrate that  cer-

tain pollutants form ions of a ch aracteristic mobility or nobilitites.

The latter measurements could show ti me usefulness of the PtSA as an in-

dicator of general air quality. A conputer program m~as used to per-

fo rm the regression anni y!ds. The program was taken from the R io—

medical Research Cor~puter Programs (U~talth Sciences Computing Faculty,

Univers i ty  of ~2 ~1 iforn -f n at 1~. ’r I c l c : v) .

Tine air p~ l 1ut ent  me. tt m ~.-r -~~nt~; m,. -re taken ( m u  three air  qua l i ty

inc~m - I t  t h r in g  ~t it  1onn ~; operated by tin - U n ’ -~-ton D ~-n- t r - -!n t of Pu! ) 1J e ~I~ ;I J tin .

~ 
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The 1~~:;A was instal lc-d on th e  ioof of t i n ?  Public h ealth b u i l d i ng  In

order to samp le tine  same air as t ine n’nni tor ing st at i on  boe ’ted in t h e

penthouse of the sane building.  There are no strong sources of po l—

lut ioui nearby and convective winds mix the air quite m-rcll , hence there

was little possibility of tine I!-ISA sampling air that the monitor ing

station would not also samp le. At tine tine of the Investigation , only

two of the h ealth Departments ’s monitors were operating, those mea—

suring sulfur dioxide and total hydrocarbons. Alth ough only these

two pollutant s were being measured , it does not mann that the results

obtained with tine ~ 1SA are not representative. Sulfur  dioxide is

generally associated with industrial pollutants nnd is t-,ell--known

to participate in clustering and to for-a aerosol particles (Castleman ,

Tang and k~1vit~~, 1971; Israel , 1971) . Total hydrocarbons are

generally connected to 3uto exhausts. - 
- Steigerwald (1962) has already

foun d a strong correlat ion 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 ~uilding, it was decided to ut i l ize

pollutant levels measured at two other stations in the city for comp a r i—

son . The first n-ins located in clom-7ntown Houston some 3 5  miles from time

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 t ine changes in the same

p ollin ta nt s at th~ I~TSA location since hioth locations experience s imilar

t r - m f f c a c t i v i ty  md nei the r  are near ~trong f ixed  sources of pollution . 

-
- S a ~~... -~~ t~ r’ ’ ,:
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The same reasonlnp, was usi~d In includ1i-;~ t i me m-~a-~urer n ats ~r~~-i a

third r .t a t ion  near the Shi p Channel area , ebout Cn miles distant . This

latter station is closer to a large pctroch~mIca1 sad industr i- .]- com-

plex, which introduces uncertainty about the similarity of results.

However, a visual inspection of the rcsults from the three stations

implies that although absolute values are different , changes in pollu—

tan t levels follow similar trends. This Is further confirmed by

statements of the station operators who notice similar patterns In all

three stations • Houston is rather flat , imence co:~vcctive winds keep

the air below the inversion layers fairly well—rmixetL Also the days

of the experimental runs were characteristically fa ir  weather days ,

i.e., sunny , scattered cumulus clouds that disappeared by late morn—

ing, a lot of convective winds in the mid-morning and late afternoons,

and a low but steady wind that shifted direction frequently during the

rid—clay and night .  The pollutants mnc~asured at the timird station were

sul f ur dioxide , total hydrocarbons , o zone , nitrogen dioxide, and total

oxidants.

Other investigators h ave found correlations of ion nobility to rel—

ative humidity (Pcnllock , 1915; Wait, 1935; Erikson , ).927), and

there are knom-in changes in mobility with temperature . These two

atrmosplmeric parameters m-’ere included in the regression analysis to check

their effects on ion mobilitles. Also included u-crc s-rind speed and

direction since local air contamInation can be profoundly affected I’m’

either factor. The wind direction m-’as coded by numbering tine direc-

tions consecutively from nortim to the 5-7e~t (Hl , i~~2 , S’~3, W=4). This

ny steun proved not to be ;ndequate Si i~ c:~- It should have been scaled so

that winds from strong pollution sources would receive time lt tg hn- r
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. I tu ~ - -ye r , since n1 ( ~~;t of the ~~~t: rr .rg c~~~ - ’-~ wo rm ’ 1:0 t i r’ ~s ’nt in —

cast , the system was not totally Inopematt ~;e. A diagram of the

locatIcum~ of the three un oi t itor ing station appc~ rs in rigure VI .

Data Reduction

The data ti~kerm dur Ing  the expcr im~nt was recorded on a dual—chan-

nel chart recorder. One channel reco rded the ionic currents measured

by the IT-ISA and tine other recorded the voltage level and polarity of

the measuring electrode. The tonic currents for runs 4 and 5 were

read from the charts assuming a constant zero . \‘isual inspection of

these runs showcd that the zero point did not remain cons tant ; imence ,

the later runs , 7 and 8, eliminated the lowest voltage steps and gave 
4

a zero line for the instrument at that hour . This proved to be satic—

factory and the data from runs 7 and 8 were used in this thesis.

The magnitudes of the ionic currents were established by-calibrating

the output of (The IMSA. The recorder was then set to give a response

of 200 fcmtoanmp s (200 X ~~~~~ A) per inch . The char t paper was ruled

10/inch ; hence tine currents were measured to ± 10 fA. The electrode

voltage was ci ibrated to give about 90 volts per inch or 20 volts per

inch depending on the voltage range tised in the I~ SA. The recorder was

synchronized with Central Dayligimt Savings Time ; hence , the data from

the I’ISA could be directly matched to the h ealth Department pollutant

data.

The trace of tine ionic currents was usually quite smooth; imowover ,

at tines time trace sh owed continuous variation. This pinenonen~ was

a t t rIb~ztod to m-,iumd gtlulu ; whichi al ten -ed t1n~ air  f low 1mm the instrument.

and the Ion ic i~ol, i l_ it  L s h ’~ lu g n~L~a- ;u red • In t l icne cnmce a , time readi n~~:

_______ A
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were either dLsr . -;~- .rd _ ~d or ~ ~1:.u~ I. nw~nn found If fl( i i ) ]  ~ • ~ o

tine pollutant data fron the h ea l_ tin lk~par t.~cnt was incomplete , and In

these cases , the mcam~urcnnentn ; were again dioregard&-d .

All data taken , including the pollutant measurements by the City

h ealth Department , were reasonable valu~s. Ac would be expected in

an urban atiniospimere , the concentrations of small ions were quite low

while the intermtadiate ions exlmihltcd suinstantial concentrations. No

data on particulate concentration was available ,but a substantial

aerosol concentration which would explain the observed concentrat i ons

of the ions was reported previously. Average Ion mobility spectra

appear in Figures VII and VIII. These spectra were taken from the

average values of  all ion concentration measurements made in Runs

7 and 8. The curves were corrected to true ion eo~centrations by time

method of Hoppel (1970).
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Experir~ntal Resul ts

The measurements obtained with time TJ-Ii~A were correlated to the

air quality and ir.c~teorological p .iran~cter~ i~~stioned before . In nil ,

a total of 27 variables wIth 40 or 41 canimples of each we re used In the

regression model. Samples of the size used ter~~to preclude the possi-

bility of concluding relationships exist when they really do not.

Results of time regression analyses are riven in Tables VI and VII.

Steigerwald (1962) states th at tine i~os t complete information on

the effects of air cont;nninants on air ions could be obtained through

the use of a complete air Ion s~ectrum. lie finds, hot-ever, that comp1~te

valid spectra arc rather difficult to obtain as natural conditions

tend to make time air ion densitios fluctuate rapidly , on the order of

a few minutes. Since his instrument could not obtain readings for

the entire spectrum in that time, he ~-:ent on to search for effects at

specific ion inobilities. Due to much the same reason , this inve s d.—

gation m-zas carried out in time same manner. The instrument used here

is much more sensitive that the one 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 armhiant air as thc purpose of the investigation was to test for tine

potential of time instrument as an air quality monitor.

The correlation coefficients of tine loin mobility intervals to the

sing le atmospheric parameters arc In Tables VT and VII .  A test for

nign .1f icz~nce (tw o— t ~~1l) at the 1Z level de terimined th~rt  a mlntrm ’-~

_ _ _ _  

4 -



TAIILL VI : CC I LAT1O~ C0I ) I-’ICJJ ~I4TS — RU~ 7

Air W b ilI ty Tntervaln (cm2/V ~~c)
Parameter —( .10— .ll) +(.l0— .l1) —(.12--.13) +(.i2— .13)

Public Health
BuildIng 

—~~~~~~~~~

j SO2 —.2402 .1443 . — .1460 .1261

Hydrocarbons — .3710 -.0557 ~.l047 .0899

Temperature —.0985 — .9781 .8797 .9828

Relative humidIty .5469 — .2193 .4244 — .2135

Wind speed — .2840 .2022 — .3523 .2449

Wind direction — .0260 .0771 — .1523 .0666

Downtown

CO — .52 14 — .2267 .0951 — .1583

502 — .0885 .1297 —.0416 .0677

Total oxidants — .6593 .1168 — .2511 .1465:1 NO2 — .1990 .0068 .0211 — .0418

Ship Channel 
-

SO2 .0688 .1252 — .0193 .1003

Total hydrocarbons .3157 .4447 — .3272 .4593

03 ,7208 .1717 — .2817 .1603

NO2 — .0557 .1322 — .2460 .1202

Total oxidants — .6946 .1807 — .3179 .1713

Tempera ture of
electrometer — .2764 — 0125 — .0752 .0164

SAMPLE SIZE — 41

Hinimuri values of correlation coceficient to he sip,nificant at the l~level (two—tail) .41.
~t inIr~nna v~ lite of correlation coefficient considered acceptable for
this I nves tiç~.mtion — .70 .

~ 

— --- ---~~~~~--~~~~ - -~~~~~~~ --~~~~~~~~~~~~~~~~~~~ -- --—-— 
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TABLE VI (cont.): CO I!J~LAT TO~ C0EFFICTJ~ T~ — rP~: 7

Air 1-tobility Interva 1~ (cm 2/V nec)
Parameter —( .15--.l6) (.15— .16) — ( 22— .23) (.22— .23)

Public llealth
Buildin g

$0
2 — .2198 .1563 — .2994 .1795

Hydrocarb ons .0321 — .0851 — .1550 —.0320

Temperature .9065 — .9772 — .2693 — .9659

Relative hunnidty .3399 — .2606 .5105 — .2950

Wind speed — .2664 — .2238 — .1486 .2302

Wind direction — .1538 .1258 — .3411 .1035

Downtown

CO .2012 —.2343 — .3531 — .1812

SO2 — .1162 .1050 — .0129 .1038

Total oxidants — .2542 .1387 — .4674 .1977

NO2 — .0171 — .0106 — .0968 .0086

Ship Channel

SO2 — .1059 .1312 — .0686 .1115

Total hydrocarb ons — .4905 .4855 — .0208 .4658

03 — .3040 .1764 — .3431 .2144

NO2 — .2365 .1368 — .2375 .1559

Total oxidants — .3346 .2015 — .4323 .2317

Temperature of
elec trometer -— .1371 — .0139 — .2319 .0352

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



TABLE ‘/1 (cont.): COKI~11ATTNi CflE J -FJEW T S — RUN 7

Air Mobility Intervals (cm~i
2/ V sec)

Parameter —( . 30— .35) (.30.- .35)

Public Health
Building

SO2 — .1128 .0642

Hydrocarbons .0183 — .0726

Tempera ture .9451 
- 

— .9344

Relative humidity .2107 — .2471

Wind speed — .3538 .3126

Wind direction .0045 .0717

Downtown

CO .2777 — .2755

SO2 — .0520 .1092

Total oxidants — .1739 .0849

NO
2 

- -  .0511 —.0802

Ship Channel

SO2 — .0516 .0088

Total hydrocarbons — .4041 .4621

03 — .2534 .2137

— .1395 .1240

Total oxidants — .2379 .2192

Temperature of
electrometer — .0585 — .0185
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TARLI V I I :  C ) LJ. ArI (d~ C J Fi- 1C iJ ;~; ~ S —

Air Iu bilit y I t ~ rva1~ (c~r 2 /V ~iec)
Par an ’t ~’r — (.40-— .46) ( .4O— ,’~6) — (.4& — .53) (. 46— .53)

Public Health
Building

• 802 — .3865 .3054 — .2244 .6648

Hydrocarbons .2371 —.1416 —.0117 — .1876

Temperature — .4051 .4078 — .4301 .6565

Relative humidity .4109 — .4965 .3900 — .6339

Widn speed .0366 
- 

—.1108 .2412 .1228

Wind direction .2645 — .0120 — .1036 .0314

Downtown 
-

Co — .1635 .1630 — .1288 .0663

so2 — .1755 .1697 — .1235 .2971

Total oxfdants — .3207 .1678 — .2234 .4124

NO2 — .0406 .1627 — .1718 — .0288

Ship Channel

SO2 — .4394 .1722 — .2709 .5132

Total hydrocarbons .2913 .2091 — .1425 .1297

03 — .4010 .2160 — .1756 .4367

NO2 — .0378 .5251 — .0435 .1848

Total oxidants — .1125 — .0625 —.1853 .2468

Temperature of
electri~mctcr — .2212 .4374 —.2527 .3211

Minimum value of correlation coefficient to be significant at the 17~
level (two—tail) .40.
Minimum value of correlation coefficient considered acceptable for

tIiia inves tigation — .70.
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TABLE Vi i  (cent .)  : COItRELAT ION COEFFI c; }~~TS — RUN B

Air Mobility intervals (cxn 2/V Rec)
Parameter — ( . S C— .68) (. 58— .63) — ( . 83— .94) (. 83— .94)

Public Health
Building

SO2 — .2295 .4161 — .4347 .4989

Hydrocarbons .0568 .3111 .1907 — .3608

Temperature — .4328 .4503 — .5299 .6458

Relative humidity .3326 — .4875 .5748 .6769

Wind speed .1989 — .0199 .1476 .1533

Wiud direction — .1439 .0475 — .0709 .0689

Downtown

CO — .0693 .0819 —.0203 .1154

SO
2 

— .1270 .2905 — .3320 .3069

Total oxidants — .2228 .3536 — .3975 .4980

NO
2 

— .1853 .1727 — .1441 .0095

Ship Channel

SO2 — .2899 .5484 — .5074 .6013

Total hydrocarbons — .1463 .1161 .0099 .0302

0
3 — .1398 .3752 — .46 77 .4933

NO2 .0769 .1455 — .2079 .2991

Total oxidants — .1449 .2821 — .1602 .2299

Temperature of
elec trometer — .1353 .3332 — .3522 .4292

-1 
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~ABLL VII  (coat.) :  COIU LLATION an:rI ’~c1I2;rs — RUN 8

Air Nob ility i tecval~ (cn 2/V 5cc)
1~arameter —( 1. 2—1 .4 )  (1.2—1. 4)

Public Health
Buildlqg

SO
2 — .4247 .5312

IIy(lrocarbons .2390 — .2947

Temperature — .6030 .7644

Relative humidity .6055 — .7985

Wind speed — .2048 .0509

Wind direction — .0993 — .1504

Dowa t own

Co — .1313 .2196

SO
2 — .2011 .3563

Total oxidants — .5364 .5085

NO
2 .0031 — .0646

Ship channel

SO2 — .4035 .5556

Total hydrocarbons — .0831 —.2773

03 — .4696 .5812

NO2 — .1976 .1525

Total oxidants — .0567 .0362

Temperature of
electrometer — .3802 .2419

_ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~ 
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value of il- -~ corrclj;tiou r-e~ ff1CJ Ci t of .41 would 1~~ r. I;~ t~ i l ca nt

test , of slgniflcanec ~ho~,’s t ha t  one would reject a “good’s correl~:tion

only one per cent of the t i i~~ as long a ;  the correl ation coeff ic ient

was greater than or equal to .41. Another neasure11-~ent , the coeff 1c:ic~.~t
- - 

of determination (; Ti i~~ i is simply the square o the correlation coef-

ficient) shows how much of the variance (or deviation of the maasure—

m �nts) can be exp lained by the regreuslon. in the case of a correla-

tion coefficient of .41, the coefficient of deternination is .168,

meaning that the regre~;sicn variables account for only 17X of the total

variance in the regression. This iriplie~ that the independent and

dependent variables have little corre1~tion or that variables other

than those in the regression account for the variance. In order to

eliminate dubious cases, the minir :iun value for this invc~stigation for

- i  a correlation coefficient to be considered reasonable was set at .70.

This allows for a high degree of correlation and also explains about

half of the variance in the regression.

Using this criterion only ten correlat ions 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 lari;er ions than to the smaller ions. This can he explained

partly by the mobility interval width.  Since the higher nobility inter—

vals were wider , tlier~ Is less possibility of ioi~s shifting their

mobilitic~i out of the in terval, especially since the temperature

change’ were not severe (i~taadard deviation of about 2~’ C) . That

some of the correlations were po~;t1tivc and others n gat iv~ is not

e:~~il y t :~p l ~~iic d. The i -ul.1 ity 01 ions ~tto u1d I l1~~~~~~~
- .~~

- ;
~~ ~: LLh t - r ~ r.~turc.
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Perhaps the negative correlations indicate chan~~-s in the structure

of the ions.

The two other high correlations were th e mobility interval —(.10—

.11) cn2/V sec to ozone measured at the Shtp Channel (— .7208) and the

interval +(l 2—l. 4) cn2/V sec to the relative humidity at the Public

h ealth building (— .7935). The effects of both water vapor and ozone

on air ions are currently being studied in depth. Both contaninants

are known to participate in c1usteri~~and the winds were favorable for

ozone to reach the experimental station, The correlation to ozone could

also be due to some other intercorrelated variable. ~‘hatever the case,

it would seen that this mobility interval would , in future investiga-

tions, be an excellent range to try to determine ozone concentrations .

The effects of water vapor arc not yet positively known, but this data

could lend some knowledge to the structure and to the existence of ions

of mobilities +(l.2—1.4) cui2/V sec. This correlation is unusual in that

other investigators have found no correlation of positive fons to hw’,—

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

— (.lO—.ll)cm2/V Sec would again he an excellent 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 air ion dcnsitie~ , and

be of use in future investigations of this sort.

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

degree of correlat i on between each, mol~~iil.y interval and all the neteor—

L~ .. — — —,— _-——------- - --- - - -.----~~~ .------— 
- -—-— - -—--- - - _—-------- --—------- —-_--- -- -- .----—--.——— --_-_ ----.-—_- ‘----— — - -‘—- - -—
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ologleal and air quality variables , are given in .~il e VIII . The

correlation coefficients and the coeff ic ients  of det ~,r iIn at lon ar~

quite high , yet caution mus t be exercised before ch~r.ni ng that such

high correlations imply that the variables used in the regression

analyses can be used to deterrine ionic concentrations . and vi ce versa.

The problem is that any two independent variables that are hi~ hly

correlated to the dependent variable can lead to erroneous rc~’.tlts.

The cause is inherent to regression analyses in general . For exarp le ,

in this work both temperatur e ana wind direction were used as indepen-

dent variables and these both are well correlated to shifts in ionic

concentrations and mobilities, These two variables could easily ac-

count for the high degree of correlatiou while the air quality para-

meters account for very little. This indeed 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-

tic shows the correlation of the independent variable to the dependent

variable after all influence of the other variable is removed.) Since

the four above mentioned independent varitables can also accoun t for

most of the variance in the regression , one cannot draw any conclusions

that these high coefficients indicate a high degree of correlation of

ionic concentrations to air quality parameters. Tn 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 . For

those who are more familiar with  regression anaysis, Table IX lists

some of the store r.i~ nificent r tL i t 5c~ c’;:lculat ~~1 fo r  this ~:,rk. 
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TAJILE VIII:  ~UJLTIPL 1 CORRI LATION COEFFICIENTS ANI) COEFFI CIENT S
OF DEn;1~ ~~~~ ION

Multiple h4ulti p li’
Correlation Coefficient of ANOVA

Mobilities Coefficient Dett~rici~ation F—value

—(.l0—.ll) .8754 .7663 4.91

(.l0— .l1) .9858 .9718 51.78

— (.12—.13) .9628 .9271 19.06

(.12— .13) .9923 .9846 95.78

—(.15—.16) .9719 .9447 25.60

(.l5— .16) .9963 .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

—(.8 3— .94) .7445 .554 3 1.79

(.83— .94) .8049 .6479 2.64

— (1.2—1.4 ) .7759 .6020 2.17

(1,2—1 ,4) .9312 .8671 9.28

All F—values are signific ant (I.e., diff erence betwee the variance
of th .’ t ~~~~~~~~ ~nd the v ” r J a n e ~.~ w i t h i n  tbe i-~ ’~re~;~;1oii) to the J~
leve l it the value in  2.96, to tite 5~ i d  if  2 .12 .

- -•

~ 
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TABLE IX: SIGNI Fl CANT IN DEPENDENT VAI AnL1-:s

T Value
Std. Error - Par tial Cumulative

Independent Re~;ression Correlation Proportion
Mohilitles Variable Coefficient Coefficient of Variance

—(.10— .ll) — — — —
(.10— .11) Temperature —22.44 .9770 .9164

—(.12—.l3) Temperature 13.17 .9373 .7986
Relative
humidity 2.62 .4719 —

(.l2— .13) Temperature —29.81 .9868 .9183

—(.15—.16) Temperature 12.82 .9341 .7603
Wind speed 2.21 .4121 —

(.15—.16) Temperature —33.60 — .9895 .8968
Relative
humidity —2 .78 —.4943 —

—(.22—.23) Temperature —3.29 — .5584 —

Hydrocarbons 2.82 .4994 —

(.22— .23) Temperature —22.21 — .9765 .8877
Relative
hum idity —2.22 —.4135 —

— (.30—.35) Temperature 17.94 .9646 .8825
Hydrocarbons —3.03 — .5264 —

Wind speed —2.52 — .4579 —

302 (Dt) 2.28 .4220 —

NO2 (SC) —2 .45 — .4474 —

(.30— .35) Temperature —13.51 — .9401 .8592
Total oxi—
dants (Dt) —2 .49 — .4542 —

—( .40— .46) — — — —
(40—.46) — — — —

— ( 46— .53) Wind speed 259 .4758 —

~~~~~~~~ 

— 
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TAJ’.LE IX (cont.): SIGNIFiCAN T l 1 J P E ~DENT
- VAR1AEL.F.S

T V~ 1ue 
-

S t d .  Error Partial Cunulative
Independen t P~egronsion Co~ reiztt 1on Proportion

Mohili ties Variable Coeff ~ ci~ nt Coefficient  of “ariance

— (.58— 68) Wind
direction 2 ,56 .4712 —

O.~ (SC) 2 .81 .5054 —

N~2 (SC) 2.79 .5032 —

(.58— .68) Temperature —2 .45 — .4552 —

Relative
humidity —2.15 — .4092 —

302 (Sc) 2.64 .4829 .1438

— (.83-.94) Wind speed 2.27 .4277 —

( . 8 3— .94) Relative
humidity —2.17 .4117 —

SO2 (Sc) 2.11 — .6019 —

—( 1.2—1.4) — — — —
(1.2—1.4) Relative

humidity —2 . 6 7  — .4859 — 
-

Wind speed —3.18 — .5531 —

Total
hydrocarbons (SC) —3.74 — .6148 —

SO2 (PHB) —2.98 — .5278 .2822

SC Ship Channel station
PUB — Public Health Building station
Dt Downtown stat ion

1-



Conclusions

The potential of the I}~SA as an instrwnent 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

as guidelines, these statistics can be used in future work to perhaps

find a mobility range or ranges that would accurately follour 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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