
Determination of Owne in the AtmO§p~re

I. SCOPE

The method ;,. umple, oefll.itlve and spedf", fo' the dete'mination of owne
in aiI. It rnpond. only to O"""e and is no, aff«ted by o'her oxidizing 0'
rodudJl3 agent>.

2. FIELD OF APPLICATION

The method" U'leful for the detorminat;"n of ow~ In the amblem 0'
polluted air. Ozone can be """'i'ored continuously when this method is
IISed in combination with a formaldehyde monilOt. Th;" method hu pro~

to be ve1)' t1$eful for ~et"mlning low ron«ntrltion. of ozone In ozoni.. ~
air produced in 10OO"'oti.. whe.. lhe a.ir U'le~ Is not ..1)' pu,e.

3. PRINCIPLE OF THE METImO, REACTIOl'S AND SP£CIFICITIES

The method pre<nlltd here i. bu.ed on the reac,lon of ow~ with
4-a1lyl·2·methoxy phenol (eugenol). Owne pref..entisny .ttackl Ihe
olelinic bond In all}'l group and ..I..... an equl..lent amount fot
fot"",ldehyde. The re,ultan, formaldehyde i' collect«l in distilled Wltor and
determined by a slight modification of ""..t-Gaeke method for ....Ifur
dioxide (9.1).

4. REAGENTS AI'D MATERIALS

I'3ra·roSlnUine hydrochloride (Fisher Scientilic Co .• Calalog 1'0.42500).
Me",uri, ,hlOfide. sodium duoride, sodium hydroxide. potassium iodide,
sulfamic acid and standard formaldehyde ",IUllon (I ,OOOrnU1).

4.1 Sodium utr«hloromercuratelJ vJ:.tkm

This solut;"n w.. prepared by dissolving 13.6g of mercurk chloride and
S.8g of sodium chloride p<r liter of d;"tiUod ",.. tOf.

4.2 Sodium dkh/oT(>-suJflto """CUt<lre fllClution

Oissolve 0-.258 of sodium sulfit< in SOmI of sodium t<trach!oromercura,e II
solu'ion. (This rugen. i. u!UlIble and should nor be used over 24h~).
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4.3 P"rtHoJ(JniJiM ~"t

Prepared by dinolving 0.161 of parHounlline hydrochlorid. in 24m! of
conc<"'r>ted HCI, Ih.n dilutini to 100m! with dillilled wat<r.

4.4 Alkaline iodide J()/utkm

Ten grarrtl of KI and 40g of NaOH were dissolved per liter of water,

4.5 AcldifylllK"",ent

Five g of .ulftIlll< .dd we,.. di<sol~ed in lOOmI ofwat.. , then 84m1 ofg5%
pho.phoric add we,. .dded and the mixtu,.. w>< m.d< up to 200m!.

4.6 Prep<t'fltkm ofo'onhed "ir

The ownIud ait used In laborotory ..... produced by p...itll! pre-purified .ir
through. brown gl... "pir1tor bottle of Sliter c.p,city in which a
germicidal lamp (41'.' Germiddll Lamp, G.E. 024511) w.. fixed, The mouth
of the bOI1I. "....lied with a cork throui/! whtch the leld. of th. lamp
and an outlet tub. were pa..ed as shown in Figure l. lnitlall}'. the lamp " ..
kept on for. week so th., it could generot< enough owne '0 react with any
of th. orpnic matter that might b. pre..nt in th•••pllltor. After this
oqullibTlttion, 'he lImp wu turned on .."Ory morning" 1'1" In hour before
any ..mpl.. "e,.. ozonized. An OlOne conc<ntr..ion of 0.5 '0 l()ppm "...
obtained .. d••ired by controlling th. ilow of air throui/! the ..pi ..tor.
lower conc<nlrotion., down 10 0.05ppm, "'e,. obtained by panially
co"ering the lamp with aluminum foil .nd keeping it on for ten day. to
oquilib"'. for Iny possible react ion of owne with aluminum foi!.

4.7 l'urljkar/(m ofeuge",,1

Eugenol ......11 ...11 other l..lken.. tried .... re found to con"in
fofTtllld.hyde IS impurity. TIll. J1llly b. due to the exposure of the
compound. to Itmo.ph,ric o'on'. Each compound "'O, purified jus' befo'e
use, by puslng it over 3in column ofru," d,y sodium .ulfit< cryOUl•.

4.8 Apparotu,

Ga, ..mplm (described by Wartburg, Pate and Lodge, 1%9), midget
impinge" (MSA C.,.log No. 46984); .ir flow met'" (Fi,her Ind I'<m.. Co"
CI"log No. 4SMI S); DynH'lC pump (Cole. Parmer, Cat.log No. 7(64);
lleckmin I).B, SpeCl!opllotom~ter.



5. SAMPLING AI'D SAMPLES

The I:"mpli"l! oquiprnent wu ..t up as sho..." in Figo.. l. The gl' ..mpl..
shown ....m obtained f'om me Nllionl1 cem.r for Alf!lO!;phtrit R~arch,

Boulder. Colof1do. Midget impinge" were .110 fried ond found to be
..risf><tory. T...'O ..mpHng bubbie" used in seri... One wu used lS.n
impingOl in ...-hich .ir conr.ining o>one s impinged UP011 the su,flco of
eugenol pllced in the contlinOl: the .."ond. contlining 10m! of distilled'"
""'l<', ""IS used a. 10 absorbe' fo' form.ldehyde. AiT in the first Imping.,
Wl$ pUS<d through .n orifice of lmm diun<t<tll. me of 211m. 'The jet
velocity h.. been ..tim>tt<! to be 44m/sec. With 1m! of eugenol in the tube,
the .pacil\l! tip ond the .u,f"e of th. eultnol ......, Smin. In the ...ond
bubble' lhe orifi". m.}' b. replaced by I frit ""hkh must be completely
Imm<,..d In the .... ter for 'Mo,biog the fo,maldehyde (P2ge 229).

6. PROCEDURES

6.1 Del<Tm;lII1lkm offOT/widehyde

T'NO "Ii.ble methods .re ....ilobl. for ,he d..",ninOlion of fom"Jdehyde:
(1) The method developed by Lyles <1 II. (9.1), Ind (2) 8y the use of
chromotrop;c .cid (9.1), The chromotropic .oid m.thod "'I' tried, but
",me vopo" of eugenol were ,,,tied into the Ii, olons with the
formaldehyde formed or<! interfeTt<! ...'th the determinltion of formalde·
hyde. Moreover, the ..mplitli solution used in the lotter method (O.1~

,hromotropk lcid in .on<:entrlled .ulfuric odd) i'! <:erllinly not. d..irable
one to "",rl: with. The method of L}'l.. <111., "'hkh is blsed on the ,,'''roe
of the W..t·Goek< method for oulfur dioxide, has been found to be simple,
..liable, ond ..tisro.tory for the determin.tion of form.ldehyde formed by
the o>onolylil of eugenol. To l<n milliliters of aqueous "'lution of
formaldehyde. add one milliliter of sodium dkhloro-.ulfit<>-mer<:urlle II
",Iulion ond mix t~O,ooghJy, Add one millililer of parl-!o..niline ",Iulion,
mix and allow to ".nd for 20min. Determine ob"'rb.n.. II 56Ontm, ond by
the use of standard calibration curve determine lhe total amount of
formaldehyde In 10m! of ..mplitli "'lution,

7. CALCULATIOI'S

Convert the volume of air ..mpled to the volume 11 .landard condition. of
2s"C, 760mm Hg'



VR • ",Iume of ai, It 2S·C ,nd h'IDO.ph.re.
V E ",Iume of all ..mpl<d, liters.
P • barometric pr...u,e. mm Hg,
t • tempe,ature of .ir ..mpl<d, 'C,

Ordinlrily, th. corr<'Ction fo, pre"ur. is slight Ind may ~ negl<'Ct<d,
If "'. asSU"'" I; I stoichiometry for th. 1% neu"al buff.,<d KI method

(10.6) for ozone, the follo,.;ng .xp,t$1iOn sh""ld be u><d fo' d.t<rminirl!
orone COflcom"UtOf\$:

j,ll HCHO found x 124

S, STOICHIOMETRY OF THE REACTION

Owne concon".,i"n in an air containi". al>out 2ppm of oroo' .....
d.,.,mioed b~ th. formaldeh~de method, the oe"tr.1 iodide method and
the alkalin. iodide method. The "me oroni..d air und.. euc,ly simil..
condition. "''O. used in aU ,h..e determin"ions, The follOWing ..sui" _,e
obtained'

O:one eo""emfl1,ion (ppm)

"US
UO

,lfttlrtxl Used
Neutral iodide
Alkaline iodiM
Eugenol,fOrrna Idehj'de

A recent 'eport "n stoichiometry of iodide meth<>d. by Boyd.,.1. (9.4),
pro'id<d evide""e Ihat the alkaline iodide ""'thod to ~ield one iodine
mol<'Cule for '~ry one molecule of ozone .bsorb<d Ind Ihlt 'he ne"tral
iodiM method .ctullly yield. 1.54 molearles of iodine fo' e~ry one
molecule of ozone ab.orbed. On the contrary, the ,,,,,,I,, obtained by
Kopay,mld .nd B"falini (9.5) <how ,hat in n.utr.l Iodid' metbod one
mole of iodine is rele..ed per mol. of ozone. Rnults of this study a.. in
complete all'..""'nt with tho alkaline iodide melhod (9.6). lleca"", of
W1availab:lity of .tandard ozone concentrltion. it is difficuJ' '0 decide .. to
,,'hid method yield. true r..wts, Olviously, a ,,"ndard """hod of
generating known concentration of owne is bldly needed.

S.I &1","';""';0'" ofozone 4/ di/f....n, ronce",",'k", In><ls

Ozone "'as determined in ..,....I SImple. of ai, cootlining OZOtlO in the
flInge of 0.05 10 2.Qppm, Euh coocen1fOtion le~l ..... determined th,..
ti"",. by alkaline Iodide "",rhod •• weU .. by eugenol.form.ldehyde.
Results ar< given in Tlbl. I.
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TABLE I

Compamive >Iudy of eugenol.formaldehyde me,hod alld alkaline iodIde
method.

Owne """-o..,,,.,ion (ppm)·

Alkaline iodide
~,..,

0.045
O. II
0.18
0.25.."
1.20
l-SO,.'"

Eugenol.formaldehyde

~""'

0.050
0.10
0.1 '1
0.25
0.92
U5
lAS
1.~0

"1l...1" .."....,'" ....oent<> of 'lire< ..",.,It<.

The eugenol.fo,maldehyde me,hod yield. comparlble re.ula to tMse
obtained by .1I:.line iodide me,hod of Byers and SalIZJ1Ul1 (9.6), ...11
ooncentrations wi'h Ihe 'lOse of 0.05 to 2ppm OLOfO: concemmion, Since
O1-OJIe is nOl hkely '0 exi.t In concentration> highe, 'han 2.ll-ppm in
ordin.ry .Im:>'pherrt. high" ooncentrllion. were no, studied. A few hiah«
concen,ra,ions, in 'he range. of 2·5ppm of OlOne. "'ere determined by
eugenol.formoldehyde method, bu, no comparison ;va, made with iodide
method,

8.2 Semit;";!), of the m<tlwd

The sensi'ivity of the me'hoo i. exactly ,h, ..me 1$ ,h., for formaldehyde
melhod of Lyle, e, 01. (9.1). since each mol..,uJe of orone )'ield.
proporlional arrount1 of formaldehyde. Ozone eoncenlr.tion of O.02ppm
can be enily d""mined by ..mpH... lhe li' for 40 minule.1I I me of ,we
h,e" pe' minule.

8,3 5oI«';;'i'y of the m<tlwd

The eugenol·formaldehyde method desc'ibed seems '0 be specific for orone:
only formaldehyde "'ill interfe",. Simuhoneo", d"ermiruotion offo'molde"
hyde muSl be corried out and the ooncen""ion of formlldeh)'de mU>' be
.ublrocted from Ihe conc""rotion of ozone obtoined.

Since fo'moldehyde can be de'e'mined wilh Ihe some lechnique by
removi"l! ,he fi'" imprnge<, ,hi. would prese"1 no diff>cnhy w~tsoeve,.

In,erference eff«1S of hydrogen peroxide (3%) IOd perac<li<: acid were
studied by ,pro);ng 'he 'wo solution' ;n'o ,he air beins IImpled, Neither
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hyd'''Ion peroJ.ido """ pefl«'ic acid I've lJIy fOlfnlldrilydo when ,_led
with ",.001. Sulfu, dioxido _ 0'''''' reduclnl ",oou pl"""'l in the ail do
no! uu..f"...

8 .• Fwld fflIdkf

11>< -'hod It _ beirc f .....<I lOr _. dtl<rminatiolls of 0l0IDt,

PIeti:rlinary SlIOdia iBdlcI't lhal Ibt _thocI """'*' be quilt Mtllblo to<
fidei Sllld... <9.7). Any rornmlcltb)do monitorial equtpaIOO' CUI be dy
1d0000td rot lnlIftitoriQa 0l000. A mi<lc<1 ""fUl&O' contIimna ImI of
......,a is aD WI~ be COIUI<CItd 10 lhe equlJ'lfll'n' to _n it 10 IJI

"..,.,. monuOl'.
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