
I)t,Wnn.... tion of Airbome Particulate Lead
by the Ring (h-m Tedm)q~

L 1:<.'TR00UCT10l'l

AiJbome panicula'" ccnllUUtl& IUd. wllI fIMr1lIy <l)IISil" or tlw ....1.11
oxid<. dtlorldn. bronOOa Of dllorob ......idts. The mojo, SOurce of airborne
Iud itI oubIn ll'U~ 1$ ,he combuslion of leaded S-litI•. H""'....,'. othe'
sour.,.. ~l>Ch .. m&l\uraetu1in& 0p"raliOlll inyoh.... Ie"', u.. of i'H'icldef,
combustion of cOlI, Incineration of "rUst, .IC" are .ho ~it;nifianl. The
.""r:oae 1mblenl con""o".,;on of 'he me"lln U.S. ill 1964-6S was ,oponed
os O.79I11!m~ with 1110 mlximum con""n,,.tlon found to 1>0 S.6O;<i/m'
(9,1). A'omic ll>lolJ',ion Ip"ClroKopy mllSl be oOlUide,.d tho mo,hod of
choioo in ai'icol rtudics for the de'..mln.tion of Ie'" itI airbome
panicula'e" Othe, method. ~uch II M\l'l1ln "li....'i"". emiulofl
"p«trllSCOl'Y. pollJ<llJ1.phy and .pec'rophotometry mlY oIso be .-d
dopondin, on tho ...~.bilitY of fldlm.. -.d "'Iuipmm' ..d !!Ie
sophisticltion of "'" ,..,bnicoJ rr. Tho IUI& """" kdutiquo ia
--..d04 for _ who,e rnnmt dleu" opiDIl. "'" use of ,he
_ ot>pb.la,td tedutiqtleo. Tho ""I te<:ltniq_ ,,"non odmirlbly
........ forld -u.ods _ requUed. illl.._er",..-henonl)- . '"
..mpIa _ 10) k .... lIIICI ...-by oqYipaleaI ond ponocmeI __

""'...
2. SCOPE AKD FIELD OF APPLICATION

lbe rift, ewen me,hod fOI do'.,m;";n, tr..... 0)( lead is " ..11 .uitod fOI the
...olyUs of .irborne parlicul"e sampl... II may be .pplied flK d.'.rmlnil'll
the '1Ullity of the Imbien, .i, illd it is plrtkola,ly ...n .0ilOd fo' lield
.ur""y. Ind .po' checks. It i. oOt reo()rllmend<d fo' 'ootine monllo,In,
1>0<;10" of the ,edlum invot",d in procellln, ItJje numb<-,~of ..mple"

3. PRINC1Pl£

Tho method it b-.l Oft tlw application of !!Ie rin& ...." Iodu>iq... 10
_pies colIeaed 0lI flto. modia sadI .. fillel papo. tapes. AD pro<:ellirJ& of
!!Ie colIea.d sample 1M the dmrm"'tion IlIdf II pe-rl'ormtd 0lI "'" .....
Iilla PlPOI _Tho lead lis !!Ie _I _pie III<1lubi1iad 1»' ua......., with

ommon;.... ....'ll•. Tho lead ....lil< pseudo MI' f<lmftd io....tled to the
on
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_ltd rin. lone ...ho.. j, is ~po<i'od In I IlIIrply def""'d rin.. r-ible
iJI..rfe"oDII d.... 100lller poIlUlInl>.m, mly bot p......, ... .-kod by m.
ocIdIlioa 0( poWliWll oylllide Tho de,......mtion or m. load pr<ttn, II
pnfonl>O!d eolorinlotrio<:ally b)' spra)..... cl.nhw- ..bicb forms I brid<.,..j

~ """"plelL Tho eMal 01 ....s odin tokIbk "",cion. ......osbod
off ....nh I ....... tokI_ """'"i1 cyIIIide Ift4 ImmonJa. Tho ooIor ..,
~Iopod. is """"""fOci. ..-st saodanll pn'pIJ'C'<I ifIllU11i1r "... .

Tho no. 00ftI lodloiq...... m'rod\lCtd III 19S<1, as I for
...-Iue:tirlJ wpon,iom "'" IIIIII'lo <ODOftl,nllOl1l 011 flIler paP"< (9.2).
Tho i«M"'....... I proliminU} Slt'P for spol lat .,..~. Irlcl. ... -.I
Iho II I mtans 10 prooide I .omplole qYllnluoe schmIc of KJ>IllltiOlllIlld
Ift3IysiI; for IImplcs as unIII IS I J.inIle drop 0( Imknooon (9.3). RCWll
....n: hIS denIontl111ed ,be crr«ll....C$I of m. .....lIIod for qUlnUlll;...
...Iy .... In 1M ....rd, 11 is pani.uIlfly IllrICl;.. IS • mcons of determ;".,.
,"8/',fi••n' .....'"Ilie .peciC'> prncnl ;n SImple. of .iroome pankullt"
(9,4). Prefe..bly, lh... IIrllpt re .oll«ted on filter p.pct "PC. udns
..quenl;,1 tope Slmplen, AI ..rn.ti ly, ~mple. Olll be collected by me.n.
of hiJh _olume umple" .nd then ••uit,blt "e.1 .liquol of lh••:unplt ;.
pl.ced on rut., ",per Irld prO<:e...d Icrordln, to .pproprill. procedure..
The rin• .,..,n .....,hod. Ire o.ua1ly ..leoti... Or ....n .pecifio. The "",lIIod•
... ""f)' Itflli,ioe, .pplYinll"nnllly 10 lhe mic'nsnm 10 nlrlOlJlll1 till"

IIId .r;curldoes "" comparlbl< ..,lh lhoH of other .lInud ll'ltt ..lIylkil
procedures. The I"MraI Conslrtld.iOll ...4 Ippell2Da! 0( • nne ",,"0 Is
"""'" in flaulll I. The "e", lD"*,,,d 10 m. prep....tioII and .....ysiJ of III
Ii:bomt p.nicub.. II111ple is summonmd III~ 2. i' is ofI'"~ '0
perfo fOUl or ......,~ oepan'••'mnill_ OIl .... sample by
"mpIy lUII II _y oeot01'l or m. .... tIM:re 1# doetenl>iftItiou '0 bot
petformed (F........ 1 _ 2,~ 1:4)

4. RfAGE!\ITS

4.1 S,Pdrd Iertd 1<JIt./ioft

Di...,I... 1.00flI of rel#nt ,rlde Iud ,11 in minim..., 1l1l0000l ofnlll'io
acid .nd e"'POrI" '0 dryne.. , DisooI lhe ...Id ... In dl..Uled ....... and
dUu," 10 lOOmI. This p ...... lead ",na!nlr.'lon of IlJrnsfml. Suitlble
dilution••re mid. f.om thlt ..ocx solution to oblaln , Iud concen'fIllon
of lClCljli/m1 (or 0.1 ~II~I).

4.2 Dirhl:O<lt

Diss<JI>. 0.0051 of Ie.... ' pode diphenyhhJoc:orb&W1le (dl'ltizonr) III
100m! of atboo ""ldtIoride.

4JA__••tr

DiIsohot ISJ of Ill....' .,..x ............... _111. on ofutilled ........ -.I
Bull' 10 100ml.

IH



4.4 POllmium C)"Qnide

Di..olve 0.5g of 'eogent g~e po.a..ium cyrnide in distilled water rnd
dilute to 100m!.

4.5 Sodium thiQrul{4le

Diwll.. 5g of '..gen. grade sodium thiosulf.te in lOOmI of di1tillod wat...

4.6 Cytznide.,.",.}, lOiulioIt

Diuol.. 0.2g of polaWum cyanide in di.,illed w.t... odd 2ml of
<""«nt,ated ammooium hydroxiM lI1d dilute to lOOml with di1tiiled
"",t...

5. APPARATU5

S.I Rinzo.en

J>nof.,.bly with 0 33mm ring and an "".pt., with 22mm ring liz< for use
with 1in and lOin du.t 'PO' ,npeetlvely.

S.2 Soqu<nli:olupe wnpler Or ltigh volume sampler.

S.3 ""'h..man 41 0' Munktells 00 filte, t.pn .nd filte' popers. lambd>
pipel1nand <opill.'}' tubes.

6. SAMPLING

Soquontial tope ..mple" are preferred for sample CQUoo,ion. Collect 0.5 to
2m' of ..mpl< (depending 00 ,he le..l of ,he dust bwden) on sample !>pe.
Center dust .pol on ,he rin& oven.

[n cue of sample< <oIlOOled llSin& 0 high ""Iume wnple, ••,e.1 ..mple. of
.ui"ble 'iu' are plll1cltod QUI••nd pl.«d dun 'ide down on the <ent'r of.
mte, paper and pl.ced on ,he ring oven.

7. PROCEDURE

7.1 Add 30><1 .mmonium .cetote (1 Sit) and 3Ojl1 sodium thiosulf..e (Sit).
Wah 1<> ring '0"" with distilled W".r.

7.2 Add 3Olo1 lJl1m<>nium ... tote (lS%) .nd 30,,1 potOl-lium cyanide
(O.S%). Wuh to ring .<>ne with dinillO<l water.

m



13 Re""".. lapt from the rin~ own .nd ~pr:oy lin! lone "'ilb dilbi.to""
(Cl.OOS% in camon mr:ocbloride).

7.4 Remo,-e UCO$$ dilhi.tone by dippin! tapt in cy.nide "' wlulion for
1 minute. Fin.Uy. "'ash up< in runnin~ t>p ...,tI. p btl",«n filter
paptn 10 ..m"" exen< "....,. Air dry and compore wilh ~Iandarth. limll
of de..ction' Cl.05J1&- R.nge: 0.1·1 ,~

8. CALIBRATION AND EXPRESSION OF RESULTS

A sott of'l.ndal'd nngs. conlainin~ 0.1. 0.3. 0.1. 0.9 and 1.0;Ia oflt>d is
p..pared by addin! .ppropriate "",ouna of a 1landard It>d soInlion
containing lOO"g/ml (or O.l"gll'1) of Iud and followin! the .bo....
proctdure 1. The tstim..ion of an unknown ;1 maM by vhual comp.nlOn
of Ihe ;nteo,ilits of the unknown ,in! to the standard ,inp,

In tilt CUt of 'he tap< "mplt, ,he ,,~m' of lead i~ direc'ly obtained by
dlYidina the estimated mic'''llJam val... by the volume of." wnpltd. For
the high volume "mplts, it is (Ii...n by lhe fo1l0"""1 .. l.ttion'

/.la/m' of le.d· E'timated /.ll

Total .... ofhigh volume ..mplt mar,
Are. ofdi>c

,
x Volume of .ir

ISSumin! uniform depo>ilion of the pollulan'l on the m,er. Very often lhi~

is nol the c.... The..fort .• 'uitable numb.. of disc> dlould bt puncht<1 001
of the Large fil'er at random. uch disc analYZIOd ...boYt fo' the It>d
«>ntenl .nd mean val... of /.la/m' ohould bt calculated The error for ,he
determination varie' btt"'«. 101020%,
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Determination or Airborne Particulate Cadmium
by the Ring (hen Technique

1. INTRODUcnON

Ai!l><>m~parl;culue, <ontain in, cadmium ...iIl gonetllJy conUS! of lhe m~lo1

oxide 1:>ut oc,;:"lonllly cldmium ,ulfide or o1/1er cadmIum wI, may be
p....nl. dependin, on the 'OUr<:eo, M,nuf~c,urinl "pero,I,,", in..,lving
cadmium..."'" a, 'ho princip.ol poIIutanl sou,ceo. Cadmium i' qui'~ wldely
u",d In pigmenlS. seml<onduclors, 'touge b~1!eri.. lnd in ele"'rop"tlng.
The loerqe concentration of the ....talln lm1:>ient "m""plle... was g1..n ..
O.OO:4'llIm' in 1964. with lhe maximum concentration found to l:>e
O,3SlN.&!m' (9.1), The determlnalion of cadmium io lirl>oro~ pmicull1e
<ampln is ben made ..lnB ~tomic ~bso",'ion 'pectr=opy. Neutron
actiVltion, X-ray tluo<e",ence, emission 'pe",,,",,,opy. pol~rogr~phy, ,nd
,pectrophotomelry may Ilso be used dependinl on the I..Uabmty of
fleililie' 'od t"ined po"onne1. The ring o,,"n '<ohniqu< serveo odmillbly
where field method' ore ..qui red 0' "'lIore ... il.billty of flcUlh.. and
technicll 'l~rr im)XlOO' ..'lnCli"",,

2_ SCOPE AI'D FIELD OF APPLICATION

1"he riJl& oven Imlhod for d~lorminin,lrae<' of admiurn i, ... 11 ,ulled for
lhe l11Jlyu, of li,b",oe panicubte ..mple" It moy be .pplied for
doterminlng Ihe qualilY "f the ~m1:>lonl .1, ond It Is plrticul~rly wen,uited
fOI .... in field ,u"",y, on<! 'PO' check.. Whe.. lifie nurn1:>.., of <ample<
mUl' be pfoce...d. lhe method becom.. ledl"", JIld Ihi' impo'.. 10me
r"lrittion on in us.e for ,outin< 'tudie,.

3. PRINCIPLE

The m<thod i, b.s.ed 00 ,he ,ppliatioo of th~ ri0l oven techniqllO 10
Slmpl.. collected on filter media. ,uch "' filte' ",per til"". All processing of
the collected ..mple 'nd 'he determioation it.. lf i' porform"" 00 the filter
p.lpor, The dU'1 SImple is processed by " .. tm",,' ...itll polusium cYJllide
wllkh di<solve' the cadmium .. ,he <yano complex_ The complex is w..hod
to the heated ring 'one wile.. it is del""i'ed as • ",.,ply defioed 'iog_
,~



Possible interfe,en~. due 10 other poI1uU"lS Ih.1 m.y be p....nt lie
nasked by the addi'ion of lOdium phosphate. The dele,mlnari"" of the
omo""t of cadmium present i> performed by addillf; fenous dipyridyl iodide
...hich form. a hi&hly colored .ddi'ion comple~. After ucou rugent i'
washed out, the colo' i> compa,ed again" '1Il,,,wd. prepa..d in • Iimil ..
manner.

The ring o....n 'echnique ... is innoduced in 1954, IS • me.n. fo'
conductilijl "plra'i"", and SImple concentrlliotl$ on frltor paper (9.2),
The lechnique was a pre~minuy .,ep for .pot l..t ano/yS±S and was u..d
a1", IS a mel'" '0 provide. complete qrali ..'i.. «heme of"pamion. and
anol}'li. for Slmpl.. IS .mall IS a single drop of u""nown (9.3). Recen'
work hIS demonstrated 'he effectivene" of ,he method fo' qrantiati..
analyse•. In tltis .qard, il i. particularly all"'Cli.. lSI mean. of determining
significant metallic .pecie. presem in ..",pI.. of airborn. p.nicul....
(9.4). Preferlbly. the>< samples .re collected on filler paper tope, usilijl
S«lutn'i.) lIpe ..mplers. Altem.lI..ly, .....pIn cln be collected by me.n.
of hi&h .olume ..mplers Ind then a ,uil.ble .teal aliquo, of the ..mple i.
pbccd on filler p.pe, .nd proce=<l .ccording 10 .pproprille p'o«dure•.
Tbe ring oven method. Ire u.ually seiecti.. or even .pe<:ific. The method.
a.. ''eIY "nsitive, .pplying gener.Uy to 11>0 mic,ognm 10 nanog..m range
and leeuneies are compa..ble with Ihose of other ,,,ndard tr.c< an.lytical
procedures. The gene",1 con,truelion and appelrlnc< of a ring o"'n Is
shown in Figure l. Tbe Sleps in'olved in the prep...tio" and lIlolysi< of an
airborne p.rticul.te ..rnple i••ummarized in Figure 2, It i. often pos.ible to
perform fou, 0' e..n more "'p".te delermin.lion. on one ..mple by
simply cuning IS m.ny seelors of the rin'lSthere Ire determination. 1o be
pe,formed (Figure. I .nd 2, !':lge 124).

4. REAGENTS

4.1 S'a..mmJ (Qdmium soWtilm

Diml"" 1.00g of teagenl grlde codmium me..1 in minimum amount of
ni'ric acid. , ..porote to dr)ne.., di....... the residL>< in distilled wl\er and
dilute 10 lOOmL This ptt. I cadmium oolulion of con""ntr.lion IOmgtmL
APP'Oprill~ d~u'ioll$ Ire mlde from 1his cadmium stock ",Iulion to obl.in
wo,king mndard ",Iution of c""controll"" llllJl,lgtml (or O.I~gjl'l).

4.2 FeTTOU. diPJ'rldyllodid< *urion

0.2Sg ", ,,'-dipyr;dyl and 0.1 %g f"to...."If.te .re di>«>l"'d in SOml of
distilled ... "er, 109 po,..';:um i<XlKle is .dd,d .nd .fter sh.king vigoroully
fo' 3 minutes th' ",Iulion i' filmed. The [Fe{",o'.<Jip), '1,[ ",lulioo
contlin. <xc", iodKle ions to ."""mpllsh the fo""at;ou of the [Cdl, r ion'
....nli.1 to the cadmium t..1. Th' '0l&'"n1 i> stobie fo, 5 d.ys. Ifit be<:om..
Mllid on long standing, it .hould be filtered before ",e,



4.3 Ammonium ""ttutt

Di!solve 151 of r..gen, Vade ammonium ",'"te in 1000l of dj"Ulod
wiler,

4.4 PotasJium eylUlide

Dissolve 0.5g of reagent g,we potwium qanide in 100mi of di1'illed
water.

4.5 SodiJJm p/lOlphou

Di!sol.. 109 of ,..gem l,we tm,xhum phosphate in lOOmI of distilled
wOler.

4.6 Ammonium hydroxide

Use concentraled ammonium hydroxide wluIIOJl. App,oalmltely 5~

wlution.

S. APPARATUS

SJ Ri"l(J~n

Prefe"'bly wilh I Hmm rinl and an adapl<r of 22mm ring.ize fo, ... wilh
lin and \!.in dUSI.pot respectl",ly.

5.2 Sequenlial tape "",plo, OT high volume sampl...

S.3 \l,lhOlman 41 or Munktelh 00 filler lap" and filter papers, lambda
pipett.. and capillary tubes.

6, SAMpU:-iC

Seq""ntiallape sample" are preferred for sample colleclion, Collect 0.5 to
2m' of sample (depending on the level of the dust burden) on sample 'ape.
Cenler dust .pot on the ring oven.

In cue of sampl.. coll....d ""ing a high volume sampler, a",a1 sample. of
.uilable si... are punched out and pl.ced du" .ide down on the c,nte' ofa
fIll<r pape, and placed on lhe rina oven.

7. PROCEDURE

7.1 Add 30jJl ammonium ..,etale (15%). I\'aoh to rirIi zone with diotilled
W:nel.

""



7,2 Add 301<1 ammonlum .cot... (I 5%) .nd 301<1 p<>t;l$>ium CYllJ1ide (0,5%)
w>$h '0 ring lone wi'h distilled w.tor.

7.3 Add 30;1.1 of 10% 'risodium phosph... llJ1d wuh i"o the ring rone.

7.4 Dry 'he ring and expose it to ammonia fum...

7.5 Add the te.gent (ferrons dipyridyUodide) '0 'he ri1\& u,illg. c.pill.ry
pipe'. Af,.. ,en $<<l,ndl. w>$h in 'je' of distilled waler for 30 second,. Dry
in • cUrren, of warm tiro Compar••gainst S1l1ldardl. Uml1 of identifi""tiOll:
0.08,,£. Optimum range' O.I"g.2.0"g.

8. CALIBRATION ANO ExPRESSION OF RESULTS

A se, of llOnd.rd rings, contoining 0.1 , 0,3, 0.7. 0.9 .nd 1.000g of c.dmium
is prepared by .dding .ppropri"e .mauna of. Itllldard c.dmium ",Iution
conttining l~glml (Of 0.1,,£,,<1) of cadmium .nd following the .b""e
proceduf< 7. The utimation ofan unknown il dOlle by .i.u.l compari>on of
the in,.nYtie' of the unkno".... ring to ,h. ".ndud rin£lo.

In the CO$< of ,he tol'" umpies, the "glm' of ""dmium is direcl1y
<>blained by dividing ,he e"imal.d microgram .a1ll< by the volume of.ir
..mpled. For ,h. high volum. ump''', the "glm l of ""dmium il Iliven by
the following ..lallon:

"gJm' of Cd" u,im.t<d "g

To'.I .... of hiah volume .ample mt..,
Ar•• of disc

, 'V'O",":~,'°0',0,',,-
assuming uniform deposillon of the pollulllJlt. on ,he m'er. V.ry oflen this
is nO! ,he ..... The.. for<,. 'uilOble number of diocllhould be pundJ.d out
of th. I.rge m'er " random, ••ch disc .,aiy>:<d ...bove for the codmium
COn,.n, .nd • ~.n YlIll< of ,,&1m' 'hould b. calcul.t.d. The ."Or for the
determin.tion vones be'ween 10 '0 2~.
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