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LAosIMJU=M=2 OF OZCLE CONTME 07' AIR NZA THE' EAMIS

12 SSI)VEAL SeaTMonT BY WME S 0 A ,SI4a ABSOLUT ZW.EOD

j l-as is a tral .tlion of a.: add ess preseteod
by A!-Pro& Mmezt to a convoation of the rGU i--
W%3 s.13 an 30 Azuat 1951. Tla af dAeae c& Vea eblxhed
e L '-rQ •eo-.ae leraw a In the e peoreoac. iousr a1 of,

&PA-o a oTreatwI 7•gics, 95, Val pages
169-•95, Pergamoe Preas Lotdo oe

'The lcal ozone concentratroa of atmospherls; aer has beou
nousuaaid aver a period at several stati.on bi seama of a ceakical
anthd wahieh Ia simple in ope•ation. Several charaoteristic series
"of raeultea are gives, oloer4l 01ueetrating the destructien of osea-
in tho geoaM laer and the 4dou eatg influenaee of the w eohaage
of her with higher layers. the netead of ae.aureaeat Us briefly
described.

Z. Body of Ad4EM

Today, chenieical. metheods are 4ea.rio to optical methods tor
aueriat e, the local oss oneeat tratioa lan the ataaphere. • .-r
not!&ad desribed below Is particularly siapl• •a operation boesee
t.he £laeaveoalet use of tandeG• •oluteoa ia reb p.Uee4 son'
aftta Of eUsreat* end their duration Of GOAaMOtLSo AMd 4lao beMAO
sut ffi$ent accuracy ase be obtained with very asall mouats of alt.
These features exa•ble raid operation. Operation of the devices
requires ane speial e xperieeee Isch eeistry re special skille.
3%wihorosee, the result contains only seasily controlled etaMard
quantitiesa so that, even when using differest appexatu~see, absolute
values capabl. of imnodlato coapezisaa are obtaiacti.

The above deoszi'hod fcatures of our method .aeoureged us to
equip &over&!. sta~ioaa with these devices a" a sesas a acLaLtorlag

neaosar the surface of the earth ever a vIAe goographicol area.
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IZlustra.tio I shows the locations oa, the monitoring stations.
Arem&, where Fr Obts aad X(r Vols, carried out be measurements,
was the hi~hent station at 1900 motors. Mr Daubert of the
WUrttenberj;-Hohonzollorn Vloather Sorvice Psrfe'rZed th6 e asure-
ments at TUbingen. In FreoburS Mr Person (Baldevweger Hol) did
the measurements. Xe Is a member of the Sildbaden Weather Service.
X4r Busse, of the same weather service, took care of the stations
in St. Blasien and Staufen in, the Black Forest. At Bad T8lz, Mr
Ungeheuer of the Climeto•-•oical Station of the Weather Service of
the US Zone of Occu;ation carried out the aeasurements.

Ta* exact meteoroloeical data obtained will be mada public
elsewhere. Eore only several characteristic cases from this mater-
ial w1i3 be discussed. 6 express y thaem)= to the several gentle-.
men Involved In askig the neasurement•s for the data they have

.made available to ma. ?he actual values from Arose have been re-
computed to the air pressure of the other stations with a mean
factor for purposes of comparison.

eirat we see in Illustration 2 a cyclonic distribution
wi-zh Susty winds from the weast. In Arosa, the ozone values are
20% higher. The winds abated on 28 April 1950 and the omane con-

" teat dropped in TUbgLngen. The aeasuring station there is located
in & castle about O moeters above the rooftops of eUbigen and is
eoposed to westerly winds.

Illustration 3 shows the following period during which the
weather at TIiiMzgea was cool with light winds and overcast skies.
The da. -ass above the city of.,gUbingen lost auch of it* ozone
ma; there was little movement of fresh air tat* the area frOM

Creater altitudes. In Arose the influences of the ground are much
less am are effective @ea$ when air is traaaported over the efty
and the mnwatoring station from the valley, such a on 3 MYay 1950.

lluetatioe 4 shows a seailar transition period foe wee&e
winds to stagnated eealitiona at TUbingea. The weak therale sui-
resta In the fall seasoa are aet esuftiieat to pro•ide a full
coaeetica with the higher Ulaeve which are not isnueneed bI
the earths surface.

In Illustration 6 we see the &ame thin again* The nightly
increases on 19 and 20 July I S taufea and MUbng are caused by
turbuleace in eoaaeetioa with &toams.

Mintraetioa? soews that, given oveeast sd"es and so wind
La TWea ge during the winter &easoa, there Is sesetiaes so tees
at all of the eenea whisk wa asle ady alight 1 A"&es&. The heated
gaes ef the itarteat•e a visible awe overhead during auk weather
Ma repldly destroy the easna.



Finally, ZIluXtration 8 depiot* an unusual case wherein
Aro&s has leos omone than T1Kbingen or BaldJenwger got near Freiburg
in Breisgau. Here, on 17 Januasry 1951 under a pronounced inversion
(at 2000 meters), a new mass of osone-rich air moved In, while
Aro& and Bt Blaaien were atill under the old, ooene-poor air mams.

These findings clearly confirm the theoh7 wtha osone is
rapidly destroyed on the surfaoe of the earth (1), (2) and damon-
strate once more (3), (5) that mone, a&s a more or les raeliable
component of an air mas, can give important meteoozlogical con-
clusione. Nowever, measurements should not be made In cities on
at ground leveol, but in the free atmosphere. The measuzaents
which we made some time ago froem 'a•raraft 3ioed important basi*
data despite their saall number .(4), (5).

The method of measurement which we develop"e has already'
been publicized (6). In the two years since US& publishiag,
further simplificatioas have been achieved,, the mentien ol which

Swould seem to be appropriate at this time.

Idke many other authori, we ued the Gxyd&4on ot paotaosUm
Iodide by esone in neutral solution .

O3 + 2. + 320-02 + 210R+ Ja

Air In drawn through 3 00 of a 29 W-molutics in small bubbles.
Also added to the solution is NaX&220 which reaot immediately wi.th
*the Iodine reasultift from the M~4at08

a Naea 03 O a- A ~ NOT + N I S4060

The oxydatioD of V through ocone causes a loss of sodium thlo-
Sulphate. This we then measure'.and thus are able to determine the,
amount of ooae which wes drawn iLn. This detour via the sodium
tiasuhphate in necessary because frye iodine J2 is removed from
the soluation b the air stre"a. Sodtun th4e iUiphte &eem net
suffer.this less.

IllustratLon 9 shows the reaction vessel developed for this
purpose. From a reservoir of 2o NJ solution with a sodium thiosul-
phate additive (approxisately I *c n/100 to 750 co U solution),
exactly 3 0e are place. iAto the glass receptaole (4) with a pipette
&ad the receptacle affixed to the glass body (2) with a glass joixt•
NOWf at ir is thdrawa at (3), the air to be eam1ed i4ndrav,
in at I, flows dowwared insAe (A) sad is finely dispersed Into
the s•lution thueUAh the glass fit. The vessel C2) is so cufstruet-
ed thall, even at a pupag rate of 2 liters per aiante, none ot
the olatie.A is splshed oant (3) and all of the Gamae cmeas to
reae"tea IMwsas heehkoed with -eaction vessels eaemee Ia
seeies., seastis starts to become Laesp2.ete below 3 0. In the

winter seet hrtrqthe aim' ISTiAPOM Is throva aaglss

S.. . ... .. . . ." .. .

• '" .;,•, *-
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tul bna moter in length and surrounded by a heating coil with
20 watts and an insulation Layer.

After the coapletion of reaction, the solution is next
forced oack in-to the lowered receptacle (4) by blowig Into (3).
The remaining solution Is flushed into the reeeptacle by s•yutlag
about 3 *o. bi•AstLlled water in at (3).

Now the sodium thiosaulpbate content of the solutio'asult "
be determined and eompared *ith that of 3 a* ot the reservoir
eolution, the differenes is the equivalent of the iodine f•oaed
in the qflutioa through the ozone which was dzoawu in.

f this d1ff reenot is Jy 'iodine, equivalent and if X( liters
of air were drawn through the solution, thea the onea content of
the air Is

00 J (7ioiainul.' 1000[i../ 3

3 XDitei 'a %a [1 d-r`e]
.30

The most signaificant adveaee has been made by developing as
iodine metor with Aeoh iodine in U-selution, as well as sodium
thi os1ipate i-n J-solution, can be measured with very great ae-
"eae anad sensitivity. TWi shas1l be described here briely C7).

It two platinmua e*Ucteodps are immersed in a potassium
iodide solution and a potential which is less than the deeomposi-
tion voltage is applied, so-called reverisible iodine electrodes
with a polariation voltage equal to the applied potential are
formed. Current drops toO0. But if free iodine (precticall7 as
J3 ) is Vresent in +*e solution, we obtains a current which, with
very rapid movement of the solution against the eleetrodes, is
proportional to the coaeeatration of the free Widine in an eatea-
sive (six orders of magnitude) area. The solution is not changed
through this measurlg process., In ou working model, a lause-
phone motor with an rpm contfel burns a holder Uto wthiah the glass
receptacles oan be placed ater being removed from the roaeaeoea
Wase3e. 're -UWlae Ike eleotrode. in the revulviog glassear
the soving sides and apply a voltage of o.08 volt. Pirst there
results a polarization eurent which quiekly drops to a very small
volue, however, If ecess sodiA thi'oslphate is present in the
solutions

It iodine is now added, nothing ohiagee uatil all the sod.
ins thias•uphate is comsued, which of e•ause the added odi"e
Immediately tranaforms into sodium teatathioate.. The aeount ot
iodine kioeh Is aled above the original amoufs of seotum this.
suLphate eqplvaleat efeatqs as Inerasae is t"e Lodi&e oeeae a-
thirn pr "onoias te the ezo"ea amaut amd we O~taia a surest

S•;.~r •,,,•.
. ,° ii ..
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which in olso proportional thereto.

Freoe iodine is not added chemically, but rather we produce.
it through eleotrolysis with a second pair of electrodes.

The wir4n• of the arrangemont is shown in Ill•strat.•o• 10.
The oesctroytio ourent can be read at instrument J and adjusted

,-with the resistorti. Asgotiding to Faradayra law, 1 - of iodine
is prwoipitated in 20 seooode at 38 e.

Illuetration. 11 shows the measurement current over eleo-
trodes 1 and 2 as a funetion of the time after eonnoetoi tar
various eleotrolytie ourrenat, but. always with %he same quantity
of reserve solution and therefore with the sass sodium thios•lphate
content. It is aeon that the eaErent in Wnitially not strong,
but then becomes dec4de:ly linear so that the point of interseootie
of. these risin~g lines with zero current is vory~ well defined.
This, -in addition to increased sensitivity, is the important m.
vantae'over titr-tioA with color change. 2he shaded breaking
point of the uzrves are caused by the fact that, in practiee, the
solution oaAnot be iea13." amx.I at a" tiaes. The e44ioe Is
prodsoed at the anode and must first be nixe4 with the solation.
The smaller the eleetrolytio surreot, the sharper Is the bIeak-

•Lag point, but the longer the aeasuzeseat.

Computation of the vario-s bases yields the same quantity.
of loalns ueh time. Piotured here are calibrated aessuremeats
of a partioular deovle, which w". designed eor rapid aeumaeamt
with an accuracy of 1/10 1 eodin .le oold also be set up for"
an acuroay of 1/1000 y Iodine, C(otoe the exoessive mbers of .
instrumnts and the amount of tite toa a measurment would be
much greater then, howeve•).

UL~uting the selution with water or a different teampere
ture or a slower stirring or an ommeter 0 as is Zustratlen 10
with ditfferae standard constnts have the offeet only of eaheuui
the steepmese Of the rusing Usnes U. the ei-rrent-tLme diagram.
The base which determines the rosult is set laftUemeed by thes
changes, however. This provides a great si•plifteatLos of the
aeasureset. Zash Individual messuremeat is espleted In 3 to
minstes sa• eova be docamseted autatteoally by a reistertag
imtrasent. Fushng the electrodes an4 t-1i- the raedings re-
quires em than half a ulaste it the eloeetrly•pe cuftaet wa
"so seleeted that a simple mseoreis ratio ezists betess the baus
unit of the t1me.•oale ean the quantity aseot.

The senstivty of the Iodine meoer makes it possible
te esa7 out te eane meswesest with less thas I 1iter of eai.
The air to be tested is dmwn I& wth a asmbiene v wb shuts
Ott fauteaatilo y after s et swoop ot teVOIutOnO. In aiditLsa,
a aofer mdaL o4e1tIwee, the meat U shut Ott$ a "I" ftieh

* . . * .

- , - * , , , ;
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switches the pump to a second washing tube. At the present time
we are using 12 washing tubes each in Weibenau and TUbingen.
A timer starts a seasuermeat every two hours, each lasting 5
Minutes.

Thus the twelve soutionas need be replaced sxA evaluated
ony once each day. TIhi ema be easily accompl•iaheo by one person
Im one hour. If the solutiLcas are proteeted from, liht, no error
is incurred, aL the aori se because an additional receptacle is
kept with the washing tubes with the s8ae solution which then serves
Sas be oatrol eleet during evaluation.

The e&lination of standard solutioms is of great advantage
in p•a•tiee. The reliabi•ity of the measuring prcess results from
the. tact that if there Is ao *soe present the value 0 is indieated
and the fact that multiple measurement@ easrred out at the same time
sad Plase will yield results varying at most by 39. -is dispersion
is asixly due to erros in pumpin an exact volume of air. In
practiose, the geatest uncertainty is is the eonversion of the
"IASped Taft*o to airVlumes~ especia.Uy It the aMr must be prep-,
heated. In view of the fluetmutions of weaos eoteat, theme mmla
instrumental eeore awe of ae impow e.

Ia our amea, sterWbeaes ae oueeed oaly whea smoe or
industrial Sa*se eean" ate the masitesng site* Ihe I oetio
must thea bee aulere+••. e me n/1O(NeaIOu, * 1edS . 1e9ar the
seeee asa aflasee eOt z ear be emooeted whisk maot be Iselated
by SPeels meaSUS. The buftfe does met eattest theeee meRasWe-..
mat of the eleotropeLs ofte Is . Ameeodiag to r labeeatery
eaperimeses, aitrie exides 4. net eldise hotne ntral U. Wader
actural ed eitious, we were se able to fad tem Ina aeasurabe
qaufAtltes.

Tor ve7 esuet ahoolste meenareeate eo o"me values, thee
are additional reastles -possb$LMcos between U avid 03 whisk
shoul be eeao 'ost,,o Sftmdes are La progrem e is % e ubSeet
Their inlaluouse souse to be sallI. em aeabrel seautsms, however.

tety of US i a e 6eeim &a ts n*e%"d oee-
*oau'tta CS)voemai. praotieally essaetemt

The losel eemse eeaseatratisa of ataesphe ai was us mesewed
regslar~l om wii a g put"o of time at seveaml stations 4t a
easilY opeated Obseel aemaraif W000"a. ""s Vt",ee suar,"
ane sheosa fram a""s the detreimof "ONm &a the roema lawer
sa" the, d.aiats" laaftuss of air3 sobefge, with blow layer.
eu be eto l r reees o. Ike astod .et mememt as byi"e*eesr~lbed.* , S,.;• .
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Notes (a), (3), (4) sam 0) Pe aeprite isAnuhts A
mauhmaNOS9410te. 1 (u'eports O t"e Ga Weather
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