
Detenninalion of Airbome Particulate Copper
by the Ring Oven Technique

l. I)\''TRODUCTION

Airbome panicula'" ronuining cOl'I"" ....m g.n.nlly conlil' of the me,a!
oxide but occasionally o,ho, <opper saltl may be present depending on the
..:>urC". Manufacturing oper>tions involving copper. serve .. tho principal
lOur"" of panko!>le <:opper ;n amb;"n' air. Incill<'rI,ion of coppe,.benin&
"""etUlo can abo be on .m;won $Our",. Th. a~rlg. conCt'nlrlt;"n of 'ho
metal in 'mbient Iln>o$phor.' wu gi",n .. O.09I'&lm' in tho U.S. in
1964-196S 'nd lho maximum conCt'nlntion r.pon.d during 11", 11m.

period ..... 1000&lrn' (9.1). A,omic ohoorption 'peClrOl<0PY mUll' be
<ornide..d Ihe m.,hod of 'hoico in 'rilieal $ludic, for tho determination of
copper in airbom. panieulot... Olhor method' .u,h U neu,ron ac,iVltion.
•m,,"'on We"""",opy. polarography and $pect,opho,orn'lry may abo be
....d. d.pendinl on tho " ..ilobility of faciliti.. and .quipm.nl and tho
$Ophi.ticalion of ,h...,lInkal ,"ff, "The ring """n technique ..r",.
Jldmirably ho .. fi.ld m.thod, It. required or ...I>ore cir<UmSlan,u die ..,.
••-in" the of 'ho mo.. IOphiltic,t.d technique•.

2. SCOPE AND fiELD OF APPLICATION

The ring ""en m<thod fOl d.t.rmining trace. of coppe' i' wen ,uited for tho
ana!ysil of airhorne panicu',,' $Omple.. II may be ,pplied for d.t.rminin&
the quality of the ambien, air and i' il pankularly _n $ui,.d for n.1d
:lUrvey. and $1'0' "h.d,. It i' not ,",om mended for routine monitoring
beca"'" of tho l.dium invoivcd in I"oc<"$ing largo numbe ... of sample•.

3, PRISCIPU

"The m<lhod is b...d on ,he 'pph",'ion of tho rinl O~n t<chniq ... 10
sample, ,oUcctod on fdtor m.di••uch .. fih.. pape, tape,. All proceuing of
the ,ollect.d ..mplc .nd ,h. d"erminllion it..lf i. performed on ,h. flit.,
paper. The dUll' ..mplc is proc<" .... by 're"m.m wilh pol"';um cyanide
which d"",l..., copper .. 'ho cyano oomplex. Th. complu;, w"",.d 10 tho
heated ring Ion. who.. i' i' depo<it.d .. a <h..ply defined rIng. P"..ible
intone,.,.""" d"" 10 olhor pollutants ,h.t may be p....nl are masked by
cyanide and m2lomc acid ",·hich is p..5tt1, in lho ,.ag.n' ilself, The
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d.,.rmination of the amoun, of copper p~l<nt is pe.fonned by adding I
Slturat.d solution of di,hlooumld. in .thanol c""'aining 2~malonk acid
which ruclI .pecifically with copper to prod""" a dirk greenioh.blKk ri"i­

Tht inltnsity of tht nmple ring i. oomPl~d against I se( of slandard.
p~PI~d in a .imilar mann••.

Th. ring oven technique "'" introduced in 19$4. :u a m.an. of
OOIlduoti"ll ..para'icn, and ..mpl. ronoen"atlOns on mt., pape, (9.2).
The ,echnique "'''' a p",;;minary ltep fo. 'PO' tes' analysil and "'Ill u..d
also III a m.ans to p,ovid•• complete quali..ti.. ",hem. of "pa"tions and
lItllYlis fo' ,"",pI.. '" ......n :u a 'ingle drop of unknown (9.3). Re«nt
""'Ii: hi' d.mon"roted ,he effec'l",n... of the me,hod for quanti"'i..
lIIa1y.... In this reglrd. it is plnlcull,ly attracti", os a mellli of d..e""initlg
signlf",an, """a1~c .peciel. p n' in sample. of airborn. panicul....
(9.4). Pref.rably. these ,"",pI collected on mler pIper upe. u.ing
..quentW Ilpe SImple". Alternallvely, SImple. <on be oolleo'ed by m.an,
of hilh .oIum. sample,., and ,hen a ,nitable oreal aliquol of lhe ..mple i'
plK.d on mt.r pipe, and processe<llOcorditli to Ipp'opri... pr"""dures.
Th. ring oven m<'1hodl are usullly ..Ie"i.. or "?n ,pectfto. The m.thod,
.re ",ry oensiti'e. IpplYilti generally to the microgtlm to nlll"llram rlllge
and Iccuraci.. a~ comparlble with those of oth.. standard trIce InalYliol!
procedure.. The Sen."l co",truction and appearance of a ring oven is
shown in Figure 1. Th. "'P' in,oI",d In ,h. prep.tllion and o,"ly.i. ofon
ai.borne partlculat. sample i' .ummari:ted in Figure 2. It i. oft.n pouibl. 10
perform four o. <>en more "pltll< determinationl on one SImple by
simply cUlling .. m.ny ..clotl of the ring 1I th.... are det.rminaho", to be
perfonned (Figur.. I and 2. Pille 124).

4. REAGEI'fTS

4, I SllIl1dlUd eoppe. wlulKm

Dissolve 1.000s of electroly'ically pure copper mell! in minimum amoun'
of nitric odd and ••apOtlte 10 dryn.... Dissol.. the ,nid... in dislilled
",oter ond dilute to lOOmL This gives a copper co",..n"..ion of IOmgfmL
Suillbl. d~utionl Ore made from 'his "ock sclullon to obtain a copper
coooenttltion of ICIOllg/m1 (or O.l"g/"O,

4.2 Dilhio(m,mide'tat"nI

Mak. a satura"d IOlution of dilhiooumi(\e in absolute ~thll\ol l1ld add
enough malonic Icid 10 that tile ftnal lolution "'ill hIVe 20% ",/, of malonk
acid. AU chemicals. used would be reagent B.ad•.

4.3 Ammo"'''''' «~f(Jf~

Dissol.. lSg of rusent grad. ammonium acetal. in dhtilled "'lit! lIId
dilute to lOOmL
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4,4 Po'''''ium cy""iJit

DiI<OI,e O.Sg of ,ugenl vade potwium cYlniM in distilled wOle, and
dilute to 100m\.

S, APPARATUS

S.l Rirl8Ol'tn

Preferably with a 33mm ring Ind an adapter with nmm 'ing 'i" for ....
with lin Ind ll-in duslapot respectively.

S.2 Sequential tlpe urnpl" or high ,olum...mpler.

S,3 \\"batman 41 or Mun!<,.iJ, ()() frlter l1pes Ind filler papen, lombd.
pipene, iIld capill.ry tu~,.

6. SAMPLING

Sequentill tlpe sampkn ar< pref.rred for sample colleot;on. Colloot O.S to
2m' of ..mple (depending on the le",,1 of the dust bu,den) on ..mpk tlpe,
Center dult 'pot on the rinIO,",n.

In ca.. of urnples collect.d u'ing ahii,h ""lume ,ampler, arell ..mple, of
,u;table sizes ore p\ll1cbed out. and placed dust side down on lhe center of.
filter paper and placed on the ring oven,

7. PROCEDURE

7,1 Add 30,,1 Immonium .c.tale (1S%) and will to the "lli :oon. with
diuilled w.t.r.

7,2 Add JO,ll1 ammonium ".lat< (15%) Ind 30,ll1 pot."ium oranide
(O.S%). Will 10 the ring Ion. with di"illed wat". remO"" from ring wrie
and Iet;t dry It ,oom temperature

7.3 Spray ti"i :oone with re'-i,nt (..turated ",lution of dilhiooxamide in
20% malonic acid in et!unol), Dry in a jet of cold ait, Compare 19aintt
'tandarda. Limil of iMntiflcation 0,08"8. Optimum range: 0.1·1 .81'8·

8. CALIBRATION AND EXPRESSION OF RESULTS

A set of Slil"dard rings, oomlining 0,1, 0,3. 0.7. 0,9 Ind 1.000g of oopper is
prepued by Iddin~ ~P\lfOpri~\' amounts of I It.,,dard cop,,"' solution
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containing IIXl:<&lmI (or 0.111&1111) of copper and foll....ir\i the .00....
proced~re 7. The eSlimoHon or.n unknown i. m.de by vi.ual comparison
of lhe intemi'ie> of tho unkno ring 10 lilt .,andud linp,

In lilt cut of lhe tlpe p1os 'he lIg/m' of copper;' dirt,lIy obtained
by dividing tho 'I,im.'ed microgt.m ..il>O by tho m1ume of air ...... pIed.
For tho ltiVt volu"" samples, it is gi""n by lhe fonowing rel.lIon:

1I1lm' of copper· Eltirn.,.d II!

Total .rt. of ItiJh \'olume SImple rIlttr
x Ar.. ofdil<:

x Voiume of .i,

assuming uniform deposition of tho pollutants on tho mte,. Very oflen this
.. not the c"e. Theftfo.. , I .uitabl< numbor of disc> should bo p\ll1cbed oul
of the i'll' rIlt.r It random. uch di.c Inaly$td ...bo.... for tho copper
content .nd I me.n \'oll>O of "g/m' shUIIld be calculued. Tho error for the
delerminllion ""lies bctween 10 to 20%.
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