
O:III""lioll alld lXlermillalioll of Sulfur Dioxide
IllCorpol'll!ing PermeaTion and lhe W"I-Gael:e Procedure

I. SCOPE AND FIELD OF APPUCATION

1.1 Thi' melbod (9.1) plovid.. a ledlnique fot ..mpblli and d.lOlminlllg
the .....'age con«nlrltion of wlfu, dioxide (SO,) in lh. "",bient
atmosphe,. for period. from 6 h""n 10 1 1:. Th. method i1 ..1ech"O,
..n,,;ti..... ",producible .nd .uil>ble for field u S.mplillJ i. accomplished
by pennulion lhrough • ,~icoll< memb",n. wilh .ub..q""ot Mtennin.lion
by Ill< W",-Ga.l:. Method (9.1).

1.2 The "'wor limil of del.ctlon fo' • 24h, ..mpling period i. Sll&!m'
(blS<d on twic. the "."d.rd dcviltion of the bt.ol:) whil. the .nllytk.1
rang. is from S 10 L(XX;II,g!m'

1.3 The pr.ci""o is 2 10 J% ,,'hen repelilive sampl.. .,e run by lhe ..m.
opemo, under laOO"'tol)' conditioo,. Th. IeCUrlC}' unde, field condition.
is primltily hmiled by .. rilhons of lll1bient lCmpefllu",. V.n.tion, of
~IO·C ..,11 co"", ."0" "0 g","" lh.n S~.

1.4 The method i' pankulo,ly ..·.11 wiled for uJdlll! 24m- ",'crag.. whIch
a", often 'tipulated by vo,iollS regutltin! bodie,.

1.5 Al cooce"rrotioo, of 6OWgim' of hyd,og.n .ulfide. SiX4l&!m' owne
and JiX4lg!m' "itrog.n dioxid•. no significant inwf.",,,c.. occu,.
Po"icul.,.. should no' in,.,f.", ,,"ee 'hey c.onot pe"".... ,h. m.mbTl"e.
At 4,SCIO;<&!m' of hydrog.n .ulfide dorl:.nilli of th. ,ilicon. m.mbtlne
occurs. Thi' i' accomp.nied by ,he fo""o'ioo of ~'elJow .pots 00 'he
memb,an••nd pinhol., 'h'ough ..-hich liquid moy leol:. Pe,m..tion d..ic..
with cl.o'l:e"ed m.mbron...hould, 'herefOT<, be dhcord.d,

2. PRINCIPLE

2.1 Sampling i1 ""compli<hed with. 1'0""""00 device con.i"ing of a .....
lUbe with • silk""e rn.mbtl'" aero.. ""••nd. Sodium t<lf.chloro­
me,cunte (11) is pl.ced in.ide the tube in conti" wilh the "..mbriO'. When
the lube is exposed, SO, .fler pe,rnu'illl! 'he siliCOn< membrone is
.bsorbed..,d "obiU"d OS lh< dichlowwlfitornelCura" (II) COmplex (93).
The amount of so, ab.orbed in a gi""" .rnQuot of lime "''' lhen be ,.Ialed
'0 ,he a""rag. concentmion bec.U>t 'he tI" of p",m..hon of SO, is
di",clly prop"'tiQfu,1 10 the con"n""io" of so, 10 "'hleh the device i'
.xposed,



2.2 The abwrbed ,ulfur dioxide i> analYl<d by Ihe tr.lditional W.,t-G,eke
method by addition of acidified pararosaniline ""d fotmaldehyde. The
aboorb.nct of the magenta colortd product i'lhen read .t SHnm and 1I1e
.mount of So. in th••boorb~ 'olution is founll on a calibration ,hall.
The .mbienl ooncentr3tion can be calcul.ted f,om the amount of SO,
'boorbed by use of , calibration 'onOl,nt that Ju, been I'Ieviously
Mtormlned for the p.nkul.. perme.,ion d"'ice used. TIl. Mvice i'
calib"ted by exposing;t to a known ooncen"";on of SO,.

2.3 The <Iichlorosulfitomercurale (Il) decompose, on expo,ur< to direct
...alight. A light shielding box i. rned to mount the permeation devict to
p,ot.et th. solut;on.

3, REAGENTS

3.1 Reagent gr.de chemic.l••h.n be used in.lI "'" and >hall conform to
the .pedfic31ion. of the Comm;11~ on An,]y'ic.1 R'agents of th. Ameri'''''
aembl Sod.ty,' wh".., 'uch ,pedfic't;on. art avail.bl•. Other grade'
may be used, provided it is fint """":lined that the "::'gent i. of
.uffkiently high pu,ily '0 perm;' its u.. ",ithou, le...n;ng the accurocy of
llie delermina'ion.

3.2 l'Im'tyo[".,uer

High qu,i;ty deioni,.d wit" should be used;n .1It..l solutions. War" must
be free of oxid""n,

3.3 Sodium 1etrachloromercurale (!f). 1.0 JlI

Dissol" 272g of mercuric chloride (HgCl,) (C~ution: Highly poi",nous),
and 117g .odium chloride (NaCI) in w.ler md dilute to I lit"-

3.4 PararoJaniliM itydrodl/mic vlutOJn

[)Wolve O.1g of par"""""iline in 240ml of conctnuated hydrochloric add
and w.t" .nd dilute to I liter. D~"te 20ml of thi' oon",n"ot. to 1000l
"ith w.ler. Thi> solution i> stable for at le..t thrt< months. The conctnt.."
i> 'I'ble for'l le.'t • year. The .... of impure p".,o"n~ine may re'ult in
high re'4lent bl.nks. Blank, (vs. water) of approximately 0.02 ab"'rO:lll'"
units <hoWd be obtained for lcm «lis if the rtagenl i. of .cceptable quillty.

3.5 Fomwldohydo.O,2%

Dilute O.Sml of 37% formaldehyde 10 l00m1 with deionized water. TIli>
soI"tion should be prep. red daily.
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4. APPARATIJS

4.1 Per",ealltmdt>'ice

The pe'm<llion de~ is prepa,ed by sea.lin8 a 0.OO25cm Ihl<k mm
of ";n&le back.d (poly.-.,or) ,~icono rubbo,' to the end of a 41mrn
O.D x 80mm lona Blo" tubo u''''81ilico... ,ubbor cernent. 'Tho memb~ne

backin81hould bo on the ..,.rior of tho flni..... d de'icc. For cahb~tron> tho
de';« i' imert<d into I rubbo' "opper, Aft" ca.lib~tion. the Blasa tubo
i' wrapped with 10PC 10 help p,olect obso'bod So, from .unliiht, A one
OOk rubbor "oppe, with an 8cm lolli Imm I.D, capillary ins-nod inlO il
is innoned in lhe top of lhe dem '0 eliminat. inlernal pressu,e•.

4.2 Sitelm

A 1'&1>' shieldinl box i. used 10 moonl lhe pe,m"lion de'ke. There
shonld bo free mO-emtn' of ai' 'hrough lhe box ond the permuhon dMcc
.hould bo mounted "ear lhe lop of 'he «nler of the box.

Dry test meW" or rollmele" wilh an a«uracy of '2% should bt used for
cal,broli"i mtmbron...

A <:alibr.. ion chambet into "'hich ,he pe,meohon de"-;cc can bo placed
mU'l bo used.

4.5 i'1wlo",eler

Mosl ,peClropholom<ler., colorimolt,. and filt.. pholomtlt" O,e
..'i,foctory. The p'eci,ion of 'he pholomclfic readou' should be beucrlhan
~ be''''een 0,3 and 0.5 oboorbanee uni".

S. SAMPUNG

5 I Collection 0/stl",p1e

Place 10rni of I M sodium ft{uchloromtrcu",'e (11) in tho perm.al'on
de"-;cc. Exp<>sO ,he de"-;ce to Ihe ambient olmosphe" in lhe ""'llor d..igned
for rho d...-i«. Norma.l exposu,.. '01)' from 6 ""un 10 7 d.y, (_ dou,"
8,1). If more lhan half lhe ",Iu,ion ","pome, during the expos"" period>
rhe 10...houid be mild. up with deioniud wOl...
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S.l AI 'he end of th. exposu,e po,iod tran,f., tho "mple to , CQntainor
,ui'abl< fot tron'ro,tin& 'he ..mple. During lhi< "ep, and ,uccoeding 'tep',
th.<Odium "',..chlorome"ural. (II) must be protccl.d from ,unllgh"

6, PROCEDURE

6, I Safety prt'C"-UrW1U

if wlulioll'i cont.ining 'odium tolrlchlo",mtroulOle (II) I,.. ,pill<d on 'kin,
num with wa"r immediately. MereuI}' W..,l .. 'hould be ",,,,vol.d whon
possible by additi"" of lOOg of zinc to 1 liw of tho 'pont <Odium
t.lrachlotom.lCuII1C (II) wlution or by other proc.dure, (9.7, 9.8) .nd
..nllo I '.proc..",r (9.8),

6.2 lkl<rmi"",io"

Adj..t lhe volume of the lrappod ..mplo '0 IO.Ornl by oclding .n
appropriate .mount of w'ler, Add lml each of tho pararosaniline and
formaldehyde ",lulion, .nd <tir vigorously. R.oclthe .bsorb.nco" S7Snm
.ftel 40t 10 mmul., .."US I ",ag.nl bl.nk IrulN! id.ntically as the
..mpl. and find lh. totol ~8 (w) of SO, in th. ,"mplo f,om • "lib"'lion
plot. Samplo, .bo.. lh. rang. of c.libration can b. dilulod ....rol time.
with th. reas.nl blank 10 oblain .bsorbance ".dint!' on .cal•. but ,hi.
ex.,,;'e should be c.rried oul only to .".., ...mpl•.

6,3 Ollihrorion and $I""dard,
6.3 I Prep.rotion of011ndard .ulfur dioxide con"ent,..,ion,

C.librate perme.tion tubel 'hll contoin liquWed SO, gJlvirnctrically Ind
use to prepal. ".n<lald ronoemral;on, of SO, in air (9.4. 9,S, 9,6). Use
the.. "and.,d concentrotions of SO, to "lib",. the porm••tion dC"leo II1d
plOp.,.. known 'olution' of SO, ;n 'odium ,.,rachloromerou,"t. (IT).

Pr.palO or ob..in' In FlOP fluorocarbon lUi>< lh.t emi"". rotc of 3 10
6;l&!min, Urge, tube, Or • group of tube. may b. u..d for clHbralion of
.... ,,1 of lh. porme.llon d"i~, a' ono tim•. Mlinlain lh. lUbe und., •
ll"'.m of o1••n d<)' air Or nitrog.n (IOOml/min) with the t.mpo,otU,..
controlled 10 ~O.l·c. Th. porm...ion tub<: m.y then be imme,...d in ,
const.nl lOmpora'",. b.th. C.lib"'te th. lube (to a plOdliQn of 12%) by
weighing the tub< about every fOUl day,. The 'ube .hould b. w.igh.d to
:oO,101g .nd ,h. time rc,ordN! to lhe nca,."" IOrnLn. Th. "lO ofp<rme.tion
will be given by !he equation.

Rat. E Weifht to" (~g)
Tim. (mm)
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Fo. u.... a ,'andord IKHu'O" of so. lftc..... tho now rat. I<> bt,"'.... I
an~ .1 ~1I1UI and allow '0 equUibnl' fo, 5mb!. A r;on""n'fIloon of aboul
J,llOOI<I/m' Jhou]d I>< F'od_~.

6.J~ Co.liIl..""" """" (Of .::>111""" ' ....doluiOl'..'curat. (II)

A!IoodI~ of so. hoal the 1tm4m1_ 10.'0 l'iOrnlof I N...cIIum
..,tK:!lIornmnc-ut~(II) ..... a ~S(Io.II bullloIo. eqllipped ....t11 .. n,n
cmn< ftil. Afto. C<IlI«:tiom, lramlor III< umpIe qlWluwnd) to a 250m!
001......... flask ..... ""0 10nli po<UOOII of..,.poa'<! -m.a InrxllJoro.
:ntmItll.. (II) and diu.. 10 001_ ....th thb _ ""'1. ThB Jdvtiool Is

stable f... I "'''''''' if "fnpnlod.
P'tpr. pcha.<d anowm (....II .. 0,.1,4,6. S, JDd Illml) of tho abcM

uan<l.anl ...d ....."t:SpODd'"" _IS of tIDaJ'O'"'I ,..n<hJoro.
IMI'cunr' (II) ",U>. _01 ~$ml Erlnlaxytr f1aK> Of ,0>1 rubn '0 II" a
'ouol mi.....,. of 10mL Thm odd Ill< mnabUrtJ...".... dO>Crib<d .. tilt
procell.... (1ft do... 6.~l ud ploIlbtorbOOClf (0). blank) ..._, the '01,1
~ofso, Th. pl", b llOI bnou Ilbo'ft"'" &«50,

6.J.J Cahlltllllon of per""","on dnl"

Flow "ondud so, in ." m,o",," ,h. caUbll,lon thaml><f for S mlnu'.,
Add IOmI of sodium '."..hlo"'....'cull .. (11) '0 the p"rm••'lon d...."".
In.. " tb. devi" in,o tl1. callbrOllon chamo., ond no.. ,b. tim•. Rom"'"
.ftor:1 bour> ond ...Iyu .. ducribod in Ih. p'OC.du," (so. clou.. 6.:1).

7. EXPRESSION OF RESULTS

7.1 c"kr.okltio<l ofarlilwrt,It". ron",,"
Calcu1ll< lbc arbbll""" """,,",,,. follow>.

,."... k· calibnl>Olll _,"',.
, .. ..._ UIDI, hi

... • ...qbt 01 so, ablotlitd, Ill-
P • nt< 01 ....... so, b) p"......uao.ubo/l& ......
, .. flow III< of au at calilIntioll 'anprnlu", 0I>d~

7.! c"bb'itt#o of-aIIIr.

CakulllC llu: tIKlmI!llUOlI U so, lIlau • follows
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~, • ,,"'k
SO,.IJ...m -­,

w~..<: • txpmUrt '1m., hI.
w • ",eight of So, ~brorb.d. jJg.
k • c.lib,.!ion com[onL

The ."",tont k. inc.-u.s O.S% for I ,'e IlI<r.... in [,m",rotur<, there fort,
if lh. average '."'pemurt thai ,h. d.,ice n exposed to varit. g,.atly fTOm
the lO"'peIJIU,. th.1 the ~I;btalion was c,ormd Oul It "'-ouid be «>m:<ted
for '.mpe"" ..... A compenl>tion 1<> ..1.,. dUI to the standard 760mm of
Hg may .Iso be mad. by 1M follo"';0l ~u>.'ion

,.• 76Qk
" --,

• calib..'ion """110m .. pr...... , p.
• >".rage .'m""phOTic Pf<UUrt II ..mplinglocilioo.

8. NOTES ON PROCEDURES

8.1 Sclut/Q" rontalni"l{ SO,

Slmplil\l! solution. of dich]o,,,,,ulfitomtrcuralO (It) .,. lOmowhat ",,".blt
..ben $'o",d " .k..t.d l<mpeTllu,,,. The,.f"... long exposure period. 11
bith tempera,o",' "'ould be lvoidtd, A 24·1;""" ""mpling period =. in
general, b< toltraltd except ."der utrtmtly hanh c:ondiliO<l$ (temp',a,"""
g",a,e, tIl.n 4Q·C). At 40· ""d 30· lh. 10= of .ulfur dioxide are 3.0 and
0.5% per dlY. At lower lemp",.,urel the r.le of 50, 10$$ i. pro'tically
""glibible. For .. tended 'lOrage (more thln 1 "....k) 11>< sample, should be
refrigenled.

8.2 h-Ni,ion QM Il<'<'UrQcy

The prernion i< 2 10 3% wl><n repelilive wnple, Ire run by 1I1e same
operator und'" lobo",tory condition$. The ..Curley under ne1d condltionl
is primlrily limiled by .. ,Iolionl of .mbient lemperolu,e. Vlrillion. of
t1O'C will CIU$O '''Orl no Ire",,,, than s%,
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FOOTNOTE5

I. ""'....nt Ch<miclls, A",.,icI" Ch,,,,icII SocIoty Sl"dlhtlo""', A"'. Ch<ntkll
So<.• WUhlnf"'" D.C. h, ',,","""" on 'ho ""inI 01 '''I,n'' no' li,,'" by tI"
A_ricoo Ch<"'i<'l Soci<'}', .« ""'<>1'"' C!>e",i<al, '"d St."d.«l,n, hy Jo",ph
R."m, D. V.n N""",". Co" In<" N.,... Yo,," N.Y" 'nd 'ho "United Stat"
l'l1u"'OOOl"ia".

1 Silko", ruhbe, fdm """io«l fro'" G'n<",l E_ric Co. hal 1>«n {OU". to be
"tilfMOty.

1 Perm<uJon I~\>«.r< .,..ilah'" r,o'" II>< US. BUr<'u of Stan<l......'1e""""', In<..
3201 Pon" D"", Pa'" Alto, 00.10"';', 94104 an<I Pol,.."","", CO,!,,, P,O. Bo'
791, Eva",ton, lIhno;" 60104
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