
Delermination of Sulfur Dioxide
b)' Ihe West-Gaeke Method

I. I"'TRODUCTION

Th. d.l.rmin.tion of .ulfur dioxid. in .ir n compli"lod hy Ih. prn<noo of
oxn'" .nd th. c"",i"on,. of o,h.. pollu'.nlO.•uoh .. th. oxidants
(0.0 .... ' oxidos of nitroton) Or "duo,.n,. (hydros<n lulfid.: di.ulfid.) that
oi,h.r ....ct ....ilh ,h••ulfur dioxid. il""lf during ..mpling ."d .tong. or
in,.,f.,. ....ith ",b""quon, anll},tical P=<$O$. Acidio .nd/or b..ic
,uh'l1n... in oir funh.r c<m"ibult to lhe compl.Jtily of lh. d.wmin"i"".
The l<Chniq.....mp10y.d for ,h. d.t.rmination indud. condu,'om'lry;
polJrogrophy. ioolm.try, acidim.try, go. chrom.,ognphy, fl,mo photo.
"""ry. ooulom.lry .nd 'I"'CUOpooIOm.try. Of filth< "",thod. prop<>sed.
tho 'p<ClropholOm.tric m.lhod introduced by W.II Ind C••k< in 1956
(12,1) ..main. lh. choiet for crilicliltudi.. hecau'" of I" ,.lal"'. frredom
from inl<,f.renc.. , its seruli!i'ilY .nd it. oc<unoy.

Th. 'ptOtropho'o""'trio m<thod hu bten ,uhjec"d to oxh.u"i"" study
by many 1.bomori•••nd ,«pon'ibl. >g.nd.. Ihroughoul ,lit "",rid. In
g.n.rJl. ,o1lJb,m!i,.. studj.. h,,'. compl".ly "",in.d Ih. ,.hohlll'y of Ih.
melhod. A number of minor modmca!ion. of lhe orilinJi procedure h.""
be.n propo$td mainly in lh. form of concentr.,ion chong.. of ,.agen".
Ho....,..,. Ih. modlfioOlionl h.,.. , .....rolly introduced oomplio.,lorl1 "'d
hI"" don< linl. '0 impro"" Ih. m.thod, The prooedu,. reoommffidod il.
th.,.fo.... Ihe origin.1 one modifi.d only in mino, d...ik

2. SCOPE AND FIELDOF APPLICATION

Thil is Ih...f.r..,.. method for Ih. dot.rmin.otlon of 'ulfu, dio,id•. It
$hould be Ll$td for critical lIudi.. of Ii' qualily .nd, ",h.n .uiubly
modifi.d. it can he usod for d<l.rminlnl b....hne ,..hw" for "unpollul.d"
,u""'pho,.•. It iI • prof."od """hod fo' c<mlinuou. Ii' monitoring,
provid.d Ih. in"rUmenlJ1ion .mploy.d is of round d..ign and con.truetion,

Th. m.thod ca" he uud fo' lpot <Md,. monitoring. n.ld .urvey..
"",thod. ond i"mumont "itib'''ion ,nd .uch other .pplication... reqUire 0
se,,';'i,.., ,«un', .nd reli.bl. melhod fo, 1M d.l.rminJlion of 'ulfur
dioxide.

3. PRINCIPLE OF TIlE METHOD

The W.".c..kt ""lhod is b...d on tho obro,p'io" ",d I"biliution of
,u1fur dioxide from air by • rolution of sodium (0' pot>"ium) '.t,,,,,hloro.
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",.rtu...t. II, to form ,h. diohlo,,,,ulfitom.rcurote lJ complex. The ,ulfito
complex ,e,im oxidation by atmo,phe,io oxnen ond 10 e"'n ,"ble in the
pre",n", of ,m.n amounlS of Sl"'ns oxidanlS 'uoh IS own< ond the oxide,
of njllog~

Quan'itative dot"min.,io", of the ""llooted 'ulfu, dioxide h
accompli,hed by adding ocid·bleached para"">niline hydrochloride and
formaldehyde to the ,ulfito oomple, and me..u!ins the int<n",iy colore<l
p,r.o","'niline m<lh}'loulfonio .tid so proou"ed.

4, REACnO~S

4.1 Te"oohlo'om«cu"te II i' producod by adding 2 mol.. of ~aO (or
KO) to I mole of HgCI,

2".C1. HgCl, - 2N'. !HgCl. r
4.2 Sulfu, dioxide is "opp<d .nd 't.bill"d th,ough complex.,ion

so, • [HgCl.I- ~ H,O - [HgCI, SO,]-' 2H·. 2cr

4,3 Formation of the colo' proouCl. pararo"'niline methylsulfonic odd, See
12,2.

S. REAGE.-':rs

S.I DiJlilled ""m (or de.,nized Will.,)

MU>t be Cl, fr...

5.2 TelrQchloromtrClmm If, TOIt, 0,1 M

Dissolve 0.1 mole of me,cury I! chlo'ide (27.2g) mole of sodium chloride
(I 1.7g) in w.ter ond dilute to I li"r.

53 Forttlllld.hyde,02%

Dilute 5ml of 37% formaldehyde to I liter with w",,- Prrp.rr doily.

5.4 l'aTl1ro<t1niline Jlock solution

Mix O,64g of par.ro,aniltne hydroclllo,ide with 24Om1 of concentrated
hydrochloric odd. dilute to I liter with "·at,, and ,tir un,il dissol..d, Thi'
",lulion is st.bl, for at I...t 2 yeo" and impro"" with age but. new
calibra'ion shuuld be corrie<l out" le..t once each ye.,.
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5,S PararoraniJw'~nt

Dilute stock ",Iutioo 1:4 ...dh "'"le, U nuded. Suble", lelst 2 months.

5.6 Sulf~mk Kid. o.J~

DissoJ.. 0.S8 .ulflmic Kid in wlte, ."d d~ute 10 100m!. Slable fo ..e~ral
dlY. 11 room tempe...tu,e 0' ..,.....1weeh if ,ef!'iie"'led.

6, AFPARAl1JS

6,1 Ab.,../><"

A midget 0' othe' ffined bubble' should be u..d.

6.2 Ail" """'itori'll t:quipmtnt

A .uit.ble metering val ... in conjunction wilh I wet 0' dry te.t g.. meter 0'
rotlmttef mlY be u..d 10 me..ure lad conlfoll~Ii, 0",,'. With ",..metors
the m.,.ring I'I!... should be pll~d down.tream of the flowm.ter.
Ah.mll;~ly calib"led hypodermic nudl•• may be u~ .. critiC>! Orifl~'

with 0 pump thlt cln mlinuin grt.te, thIn I O,S Itmo.phe,;c diffe'entill
KroSS the orifice. A membllne filter should be pllced ups"e.m of "'e
critkll orifice to protect the Oliflce from pluggifIJ lIld the filter <Itould be
~hnged" regulo, in ..mh.

A 22il"uge hypodermic needle will delive, 10",,' of lbout 1 liter/min
while I 271!.uge needl. S/8,n 1o,,! will d.li....' I nO"> of ISO to lOOml/min
(123)

7, SAMPUNG AND SAMPLES

Add IOml TOI to I midg.t bubble" Jnsen the bubble' imo the Slmpling
.ystem ul""elm of the oir mOtering equipmtnt. The Slmpling; p,obe m"y
consi$t of glass or TFE·Tdlon Ind sl10uld be .. short .. po<ublo. conect
oboUI 30 liters of SImple at • Oow of between O,S and 2,S liters/min
tYP;clny I lite,/mm fo' 30 minu,o•. Twenty.four Mur SImpleS moy be
ooHeeled using 20ml of TCM ond • flow rate of .bout 200mI!min. Wiler
IOSl by eVlpo..tion ""ould be f<pl.ced.

The TCM ..,lutioo should be sl1ielded from lunlitl" during 'od ,fte,
SlmpUna IJId extended exposurt to tempelltu,", Ib<n.. 30·-3S·C should be
I""ided, Jf I10'ed fo' mo,e lhln I to 2 dlY. the SImple should be
refrige.. ted. At 25'> 30· md 40·C, losse. of .ulfu, dioxide occu, at the
IOSp<:CliVli lItes of 1.0. 25 >lid 12% pel dlY. ..,



8 PROCEDURE

[f • p",oipi,.t< i, ol»<rv<d in t~• ..mpl•. it 'hould b< remoll<d by

centrifugalion 0' nitration. Allow 20 minute, betv.'een s:ompling and
>lilly';, to en,ure deeompo>ilion of any o~one t~>l may be p,e..nl. To the
..mple and I IO.OmI TOt blank add [.Oml e""h of I~ pa'..o..nilin< >lid
the form.>ld.hyd. I<IIUllo", >lid mix. AU"", 1o .t>lld fOT 30 minut.. >lid
rud l~e ablOrbance relali.. to the blink 01 560nm. If ~only afte' the
addition of formaldehyde and pa"ro..niline an IblO,bance ..Iu••bo.. I~'

an.lytioal ""S. appe". lik.ly. tit< s:ompl. Ihould b. diluted with an
additional lOmI of TeM tOllether ",i'" l.f)ml ponion' of pl"ro..n~jne ItId
formaldehyde

9. CAUBRATIOSCURVES

""'meation tube> conl.inin! l;quid sulfur dio.ide may be u,ed (12.4) to
p,epar< c.libration curve, (a..il.ble from t~< U.S. Bureau of Standard...1>0
Metronk•. 10<:" 3201 f'<>ner Driv•. Polo Allo. C.>lifoma. 94304 and
f'<>ly'd.ne< Corp .. P.O. 80. 791, Evan"on, 1IIiooio 602(4). Th. permea'ion
tube should be m,;n'"n<d under a .....m of d<1tI dry air 0' nitrogen
("I00ml/min) wi'h the tempe"IU'" controlled 1o rtI.1°C. C""veniently.
the penn.ali"" 'ube m.y be plaoed in a 250ml bubble, and the bubbleT may
then be imme""d in • 00",1101 temperltu,e blth. Colibral< 'h< lube
gravimetrically " ,~. in'end.d DP"rati"l! temperatu'" (to. pre'i.i"" of
±2%) by weighing 'he tube .boUl .very fOUf day•. The lube wlu,~ should
emit .ulfur diol<id. at. me of 2 to S,,~m;n ,~ould b< weigh.d '0 :O.lmg.
Note t~. time 10 th. nearesl S minutes. The ro'e of perme.tion w~1 b< p"n
by the equalion,

Rile. Weii;ht Lo.. (;i.i)
Time (10m)

1000re... the now' rale o"r 'h< 'ube 10 I li,er/min Ind all"'" to
equilibrate fo, S minute., AblO,b the emitted .ulfu, dioxide in 10 to [5101
TCM wi'h a midget bubbler whil. mainllimng ,h. WO' now fll<. R.move
the bubbl<t Ifter ablO,bing 250ilg of,ulfu, ~io.i~e. QUlOt;tat;.,.ly tramf.,
the l<IIulion '0 I lOOmI ..,lum.tric nuk. Rinse ",. bubbler ,wice wilh
""npooed TeM .nd dilut< to ..,luIll< w'ilh Ih;, ,elllen1. Dilute 2.4,6 and
8m] .>liquou of 'Itil 'tandatd which comaim 2.Si'VrnI .ulfur dioxide 10
IOml with ftesh TCM, Aloo take IOmI of ,he undiluled l1""dlld. "'n.>lYle
the IOlulion, by the melhod !i..n ;" ,h. procedure ..ction (8) and plot "g
,ulfur dioxide pe, 10mi oolUlion VOrlu' .blO,bance. Altemlli"ly,
IOhyd,OUl «Ill.n' grade sodium ,ulfit. m.y b< uled 10 'tlOdudi.. lh.
method,

""



10. EXPRESSION OF RESULTS

Convert the volumt of air IOmpltd to til< voium. at ,und"d condition. of
2S'C, 760mm H!;

, ""
VR-Vx 760 x (I+273)

VR - volum< of air J1 25°C 100 1 >tnmph...
V - volum< of liT mpled, lite"
P - b.,ometr;o pr u.., mm Itg
t - tempeflltUre of air "",p1ed,'C

Ordinlrily, Ill< correction for p....ure
;, s1i!hllnd mly be neglected.

Oerermine the con«ntm;on of 'UlfUf dio,ido in the "",pie by the
following formula:

w
So, ,lltJrn' -V;;

Where W - ~g SO, 110ml found from ",libflllion cu".
10' • Conve"ion of lite" to m'.

Where desired. values mlY be reported in ppm,
ppm SO, _,,~ SO,/m' X 3.82 X 10"

11, SPE(IALCASES

If high level> of nitrogen Ollid.. (2 ppm 0' above).re oxpe<tod Iml of
,ulfarnic ocid mlY be Idded to tht wnple 10 minut.. priot to lIIaly.u
(12.5. 6), Llr~e lmounts of IOmt be.vy mell! mly interfer., lhe..
inlerferen"" moy be eliminotod by the oddltlon of 0.07& of EDTA
(ethylenediaminetetflllcetoto...tflloodlum salt) per liler of TCM prior to
Ampling (12,7, 8). If the.. modiflc>t;ons .,e to be used, ",liblll;OO curve,
employing them ""ould also be mode.
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