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STMLIAISOUS MTASURINENDS OF O2CNE CO;“.'"."-‘..;\}‘ OF AIR NEAR TZE'BARTE -
AT SEVIRAL STATIONS BY MIANS OF A-SINFLZ ABSOLUTE METEOD

/Folilowing is a translation of z address pressnted

by AlZrad Zhmert o a eo::.va:.:—.io.-. ol the JGGU i
Brussels om 30 Asgust 1951. 2e alérass wes publiashed
in thu Gesza Jng-.aca in tha pariodiocal goumial of

atrial Paveics, 1952, Vol z;n;u
1 5. ‘or‘mon Preas 1Ltd4, Loxzden _7

1+ ALstract

T28 lacal oszona coacentration of atmospheric alr has been
veasured over & period at saverzl stations by mesns of a chemical
mathod whieh is ainple in oparation. Several characteriatio sexdes
af Tosults are given, oclearly iMlustracing the dastrustion of ossae
ia the ground layer and the doainmating influence of the exchange
of air with higher quor-. The nethod of mcasurament ia wriefly
deacribed.

2. 2ocy of iddress

Today, chezical aetaods are suparior to. optical sethods for
socsuring tho local osone concentratiom in the ataocsphare. Our

aotzod Cesoribad bdelovw is particularly siample in operation desause )

the incoavenient use of standaré solutions is replaced dy seasure-
aerts of currents and their duration of conneoction anéd also beocauas
suflfielent socuracy can be odtained witd very szall amouats of air.
These features enadle rapid operation. Operation of the devices
requires no spesial experisnce is cheaistry or special skille.
Furtherzare, the result coatains only easily controlied atandaxd
Quantities so that, even wien ueing d¢iffereat apparatuses, adsolute
values capable of immediate coaparison are cbtained.

The above described {catures of our aethed ncouraged us to
cquip sevoral statioss witk these devices as a acdas 3¢ donitoring
oso2o ncar the surface of the esrth over a wide geographical area.




Illustration 1 shows tiae locations of the aonitoring stations.
ATOB&, Wheors M- GOtz and Xr Vols carcled ous the measursneuts,
w&s the highest atation at 1500 metars. ir Daubert of the
Wiirtteaberg-Eohasazollern Yeathor Sarvice perloraed the mesasure-
mants at Tibiagen. Ia Freiburg Mr Person (Baldenweger Hof) did
the zeasureuents. e 1s a zexber of the Siidbaden VWeather Service.
#r Busse, of the sane wecther sarvice, took care of the stations

_ in 8t. 3lasiea and Staufen ix ine 3lack Torsst. Al Bad T6lz, Kr

Un;e..euar of the Climatological Station of the Weatier Service of
tae US Zone of Occupation carried out the measuremesnts.

Tae exact meteorological data obtained will be made pudblic

_ eisewiere. Eore only several charccteristic cases froa this aater-

1al will be disocased. I exprass ny thaxks to tha several geatle-.
@ea involived in making the xsasurements for the data they have

.made available to me. The actial values froz Arosa have besen re~

’

coaputed to tae air pressuce of the other statlons with a mean
Tactor for purposes _or couparison.

First we see in Illustration 2 a oyclonic distrioution
wish gusty winds from the west. In Arocsa, the ozoma values are
20% higher. The winds abated on 28 April 1950 and the osone con-

.* text dzopped in TUbingen. The measuring station there is located

in & castle about 20 aeters above the rooftops of Tilbigen cnd is
axposed 80 weaterly winda. )

Illustration 3 shows the following period durlag which the
weather at TUbingen was cool with light winda aad overcast axies.
The air nass adove the city of Lidbingen lost amuch of its ozone
aad there vas little movezment of Iresh air iato the area Irona
greater altitudes. In Arosa tbe influences of the ground are nuch
less and are effective only vhen air is transported over the aity
and the monitorimg station 'froz the valley, such as on 3 Nay 1950,

Tllustrasicn & shows a simllar trensition period from west
winds to atagnated oconditions at TUbingen. The weak theraic eur~
rents in the fall season are not sufficient to provide a full

occunection with the higher layers ma are not iafluensed \'0‘ S
the earth's surface.

In Illustration § we see the sane thing again. The mightly
increases on 19 aud 20 July in Staufen and Tibingen are caused by
turbulence in connection with storas.

Illustration ? shows that, given overcast skies and mo wvind
ia TUbingea duriug she winter season, there is scmetismes a0 trece
at all of the ocscne whieh was alresdy alight in Arcsa. The Reated
ganes of the sityrsreate a vinidble smog overhsad during sush weather
and repidly destrey the esons. .




- would asem to be appropriate at this time. . .

Finally, Illustration 8 depiocts an unusual case wherein
Arosa ha3d leas osone than Tbvingen or Baldenweger Hof near Fraiburg
im Breisgau. Here, on 17 Javuary 1951 under a promounced inversion
(at 2000 metars), a new mass of ozene-rich air moved iAn, while :
Arosa snd St Blasien ware still under the old, csone-poor air sasse

These findings elearly eonfiram the theoyy that osone is

.rapidly destroyed on the surface of the earth (1), (2) and deson= ‘.

strate once more (3), (5) that osmone, a8 a more or lecs reliadle
compounent of an air mass, can give important metoorelogical con~
clusions. Rowaver, measursments should not be made in oities 0a '
at ground level, but in the Iree atmosphere. The measuraents o
whioh we made some time ago from ‘aircraft ylelded important basie /. < .

data despite their small aumber (4), (5).

The method 0f measurement which we developed has already
been publioised (6). In the two years since this publishing, -
further simplificaticas have been achieved,. the mention o2 whioh

Iike many other authors, we used the oxydation of potasasiun
iocdide by osone in nsutrel solution e

Oy + 2KI+ H,0~40, ¢ 2K0B+ Jp o

Air is drewn Shrough 3 oa® of a 2% KJ-solution in amall bubbles. L
Also added to the solution is Naz8,0y which reacts immediately with -
the iodine resulting froa the pg;;datiom : . oL T

2)!;2830’ + 3, 2R+ xuzs,’os .

The oxydatiop of KJ through omone causes & loss of sodiun thio- .
sulphate. This we then aeasure -and thus are adle to determine the
amount of osone which was drawn in. This detour via the sodium .
thiocsulphate is necessary because frve lodine J2 is removed from -
the solusion Ly the air strean. Sodiums thiosulphate does not ‘
suffer this loss. :

Illussration 9 shows the .z"uetion vesael developed for this
purpose. Froa a reservoir of 2 KJ solution with a sodiua thiocsul-
phate additive (approximately 1 oo 2/100 to 730 oo XJ solution),

_ exagtly 3 ec are placed into the glass receptacle (4) with a pipette

and the receptacle affixed to the glass body (2) with a glass joint.

Now if air is withdrawa at (3), the air to be examined is drawr

in as §, flows downward inside (2) and is finely dispersed into ‘-

the solution through the glass frit. The vessel (2) is a0 constructe-

ed tha“, even at a puapiag rate of 2 liters por minute, nene of

the solution is splashed sato (3) and all of the oacne cemes %o

reastion. This was chesked with: reastion vessels sangessed ia

series. Reastien starts %0 decome incomplese below 3°C. In the

wiater season, therefers, Ahe air 1s drawa ia through & glass
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tube 022 weter in length and surrounded by a heating codil with
20 watts and an insulation layer.

After the completion of reaction, the solution is next
forced osck into the lowercd receptacle (4) vy blewing into (3). ~
The rensining solution is fluanhed inte the rocoptaolo by spurting
about 3 co bidiuuhd water in at (3). _

Now the socdiuam thiosulphate content of the solution must’
be determined and compared with that of 3 cec of the reservoir
solution. The differcnce is the equivalent of the loding formed
in the solution througk the osons which was drawn in.

It this difference is Jo ‘Lodine equivelent and if N liters °
of air were drawn through the ao...ntion. then the osona eontent of
the air is .

. 3 [71od1m]"° 1000 [iter/a’] 1.93(7% ~'
°°3 ¥ Dites] « 5.23 [ﬂ_'g!%;r =3 [ 5]'

* The most significant sdvancs has been made LY developing an
dodine meter with which iodine in XJ=solution, as well as sodium
thiosulphate in XKJ-solution, cen he measured witd very great ac-
ouracy and sensitivity. This shall be desorided here briefly (?).

If two platinum electrodas are imaersed in a potassium
iodide molution and a potential which is less than the decompoai- -
tion voltage is applied, so-called reversible iodine elactrodes
with a polarisation voltage equal to the aprlied potential are
formed. Ourrent 4rops to 0. But if Iree lcldine (practically a»
J3) is presest in the sclution, we obtaine a current which, with
vory rapid movement of the solution agaiust the elestrodes, is

_proportional to the conoentration of the free 10dine in an exten-
sive (six orders of magnitude) area. The solution is not changed '
through this measuring process.' In our working model, a gramac- N
phone motor with am rpm coatrol turns a holder iato which the glasa
receptacles oan be placed after being removed froa the reaciion
Vessel. We i{sherae the electrodes in the revolving glass near

the moving sidea and apply & voltage of 0.18 volt., Firet there
results a polarisation current which quickly drops to a very small .
value, however, if mon sodiug thiosulphate is present in the
solution. . .

If Jdodine is now added, nothing changes Until all the sode
iun thicsulpbete is consumed, whioch of courae the added iodine
immediately transforms into sodiua tetrathionate.. The amcuns of
iodine whioh is wdded above the original amoun$ of godiua thio=
aulphate equivaleat ereates an inorsase in the iodine comsenbre~
sioa mmm \o th uulq nmt n‘ n e‘r-m a nrrnt \

l.-f 3
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which 48 also proportional thereto,

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

The wiring of the arrangement is showa in Illustration 10.
The electroytic current can be read at instrument J and ldj\utod
‘with the resistord. Ascoréing to Faraday's law, 19 of iodine
is precipitated im 20 asconds at 38 /u.

Illustration 11 shows the measurement curreat cver eslec=
trodes 1 and 2 sa & function of the tiame after connection for
various slectrolytic curreats, but. always with the same gquantity
of reserve solution and therefore with the same sodiua thiosulphate ..
content. It is seen that the current im initially not astrong, . -.
but thea becomes decideily linear so that the point of intersecsien
of these rising lines with zerc ocurrent is very well defined. .
This, in addition to incressed sensitivity, is the important =A< . . .
vantage over titsration with color change. The shaded breaking '
point of the curves ares causcd by the fact that, in practice, thc
solution cannot bhe idealliy amixed at all times. The iodine is .
produced at the anocde and wust first be mixed wish the solution. ' -
The smaller the slectrolytio surreat, the sharper is the break= . ...
*ing point, dut the longer the asasurement.

© Computation of the various bases yields the same quantity -’
of iodine each time. Platured lere are salibrated measuremeats
of a particular device which way desigaed for rapid messurement .
vith an acouracy of 1/10 7 lodiav. It could also be set up for
an ascuracy of 1/1000 y lodine., (Notet the sxcessive aumbers of
instruments and the amount of time for a utnnnnt wonld be
such greater tln. however).

' diluting the solution with water or & diffarent Semperes
ture or a Slower stirring or an ammeter G as in Illustration 10
‘with different standard constants have the effect only of adanging
the atespness of the rising lines in the enrrent«time diagrea.
The base which deteramines she result is nos influenmsed by these
changes, however. This provides a great simplificatioa of she
seasurensnt. Rach individual messuremeat is ecompleted $in 3 to &
ainutes and cua be dooumentsd automatically by a registerisg
instrusent. Flushiag the elecsrodes and takiag the resdings re=
qQuires less than half a miaute if the elaesrolytio curreat was .
80 Selested that a sinple mumerisal ratio exista betwesn She basdse -
‘unit of the time-scale axd the quantity soughs.

) The umtmw of the Lodime meter sakes it possidle
toumwtthomumﬂﬁﬂlunﬁn1&hru!m.
The air t0 be tested is drewn in with a nembrens pusp whied aduts
off autenatically after a set aunber of revelntisns. Ia additiea,
.m-qduum.»nomcnmm. 4 valve vaieh

- 5 - A

'-l_ill




switches the pump to a second washing tube. At the preseat time
we are using 12 wasking tubes ssch in WeiBenau and Tibingen.

A timer starts a measurement every two hours, sach lasting 5
ainutes.

Thus the twelve aglutions need be rophe«l apd svaluated
only once each 4ay. This can be easily accoaplished by one person
in one hour, If the soluticas are protected from light, no error

is incurred, all the aore 80 because an additional receptacle is

kept with the washing tubes with the same solution which then serves
‘as the control element during evaluation.

" The elimination of standard solutions is of great advantages
in practice. The reliability of the messuring process results from .
the faat that if there is no omone present the value O is indicated
and the fact that maltiple measurements carried out at the same time
aad place will yield results varying at mocst by M. This w
ig mainly due to errors in pusping an examot volume of air. In .
practice, the greatest uncertaloty is in the oonversion of the e
puaped volume to air volume, especially if the air muat bde pre=
_bheated. In view of the fluctuhtions of osone eoateat, these small

instrumental errors are of ae importance. °

In our area, disturbances are caused only whea sacke or
industrial geases con Se¢ she moaitoring site. IThe solution
musts thea be buflered /1 oe /10(RagEPO, + X o Xear the
ocean an iafluence of ean be axpected whish musts de 1sclated
by apecial measures. The Vuffer does net affests the csone measwre~ .
sent of the slectroyeis of the K¥. Ascordiag se sur laderatory
experinents, altrie oxides do ot oxidise the neutral KJ. Under
patural conditions, we were no% nbh to find thea in neaswrahle
quansitien,

Yor very exact absolute asssurenents of escae values, there

are additional reastisa possibilitics between XJ aMd O3 whied
should be esasidered. &%dies are ia pregress ea this subjest.
' Their iafluenss ssems $o bo small ea acusral salutiens, however. '
Our meathed hos the advantage Shat very listle of the added quan~
_ Sty of KI 40 consumed 4a Vhe reastisn apnd the Mydregua-dea sea~
emtration (pil) remains punum oouun.

3+ Aumaary - :

The local osens eshssatratisa ot atasspheris alr wes asasured
regularly over a'leng period of tise at several statisas with aa
saslily operated chemisal msasuring process. BSeme \ypieal examplas
ars shown, frea wvhich the destruetion of esone ia e greund layer
aad she damisating faflusass of alir ewtsdange with Xigher layere
mumm mwuum is Wiefly
deserided. ' . S
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mumtion 10.' Iodine meter.
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