
Detennination of Airbome Particulate
Beryllium by the Ring Oven Technique

l. INTRODUCTION

Airborne porticulote, COntllning b..yUium, will gon<ro1ly consi't of til<
metal oxide,. fluonde$, chlond... <ulfates, and the melll fume. intlf.
BeryDium is commonly encountered as In atmospheric I'OUutant within III<
confines and in the p,oximity of industrial plonts prodUcing 0' usilli
beryllium .ub""nce" The m.jor "'u,ce. of beryllium in the olm",pll<re Ire
the ind\l$lri.1 pH,,,,.,ing pl.n" .ngogtd in the ,x,,"ction, ,.fining,
m.chining and oIloying of 'he me"!. Th. combu.tion of co,a), containing
smoll quan'iti.. of b.ryllium and the p,opos<d U>e of beryllium a. an
Iddith'e in r<>cht fu.ls. Ir< al.o pos.ible sourcea. The "ulgt .mbien'
concentration of tht m.tal in U.S. in 1964-65 was reported "' Ie", ,h.n
O-.OOO5~iJm' wilh til< mlximum concentralion found to be O,OlQp~m'
(9 I). The determination of beryllium in .irbome p>rticulattS is be,t mlde
by using ItOmiC ab"'rplion sptct,otCOpy. Other melhod. such as fluori­
melry, ,pectrophotometry, emistion speCtrO'copy 'nd oeutron octiv,uion
m.oy \>e used deptndUlg uf'On the •••il.bility of faciliti., and t",ined
pe",onnel, The ring oven method i' recommend<d for u'" where circum·
"on"" did.te ag.inst the use of mo,e sophiSticated technique,. The 'ing
o"en technique se,ves .dminbly where fleld method,.re reqUired Ind it is
01", u«ful wtoere only occasional sample, "" to be run IIld standby
equipment and pt""nnel ar. not ""ilable.

2. SCOPE AND FIELD OF APPLICATION

The ring 0 ..0 method for d"ermining trIce. of be,yllium is w.ll ,uited for
the onol}~" of ai'borne particulate ..mples. It m.y be applied for
determining the quality of the .mbient 01, Ind it i. particularly well 'uiled
fo' use in field ,urve}~ Ind 'PO' checl:t, Where I.rge numbers of samplet
m"" be pr<>ct ...d the melhod becom.. tedious .nd thi' impo,", SOme
rest,ictions on itt use fo' rou"oe "udie"

3. PRINCIPLE

The method i' b_d on the application of the ri"i o",n technique to
samples con~"ed on filler media \uch as filter p~ptr 1>ptl All proce<sing of
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Ibe ronecud sample and II>< delermination it..lf i> performed on lhe filter
pope,. The dust ..mple II p,oce»ed by "eatmen, wilh ammonium a""rale
...hich dissolve> Nl'}'llium compound' by ,he formation of polynuclclr
acetale complex... The complex is washed 10 the ""lied ,in~ ,one with
deionized waler. whe.. il is deposited in a .narply defined 'ing, Possible
interfe..n"" due 10 Other pollulants thO! m.y be p",,,nl ..e m..ked by the
addition of EDTA w1ulion. The d.,ermin.bon of be,yllium p",,.,,t is
performed by applying moon "'agem 10 tl>< 'ing "'l'It "'d washing it in a
bath containing ammonia and m"hano1. 8el'}'Uium «acn "'ilb morin 10
form a yeUO"''I",en fluo,"""nt product. the Intensity of which e>n be
compa«d against those of 'l",da,d unde, a IN lunp.

111< nng o'-.n techniq"" was introdtlC<d in 1954, .. a melJl. fo,
conducting ..pam"'n••nd """pie con",nlr>tions on fLit., pope, (9.2).
The ltrhniq'" ...... p«llminal'}' "ep fo' .po' t..t analy,i, and was used
abo .. a me.n. to p,o>ide a compltlt quui,.live scherne of ..pa"'ion. and
uulysi' fo, """pi.....maU a. a sinpe d'op of unknown (9.3). Recem
work,," d<mQrllltoltd ,he errecllven... of the method fo' qumtit..i..
anuY1<" In Ihis regord,:t i. particularly attracli .. ala meanl of delt'min"'g
significant mellUic ,pecie. 1""""1 in ..mple> of ai,l>ome
panicul".. (9.4).

r...ferably, lhe.. sample. or< collecled "" nil., pape, lOpe, \fling
seq",nlla1 lOpe I1mple". A1t<rn>tlvely', I1mples can b< colieoted by mean,
of high volume ..mple" and lhen a .uitable a",a1 aliquot of the ..mple i'
pla""d on frlter pape, lJld proceS.led according 10 approp'iate proccdu",•.
111< nng oven method' a.. !tOnally ..I<oti .. or e..u <peciflc. The method.
a...... l'}' ..",ili.. , applying generally to the mic,ogram 10 nanogram ,ange
and a«utlcle, a.. comparable wilh those of olh.. standard no"" "'a1}'tkal
p,ocedu,e•. The general conltruCtion and app..,.n"" of a ring oven i•
.nown in Figu.. I 111< ",ps involved in the prepora'ion lJld lJlUI"Ii. ofan
ai,bom< panic"l.,. sample il.um"""iud in Figure 2. h i. often po»ible 10
perfonn fou, 0' .... n mO" ..potlte determination. on on< ..",pIt by
limply cuning .. many "clors of the flng .. th..e.f< det"min.tion. to be
perfonned (flgu,.. I .nd 2, Pog< 124).

4. REAGENTS

4.1 Sumd4rdbn)'lliumwlurion

Dil",l... 10.42 of 8«NO,), . 311,O in deionized wote', acidify ...i,h lml of
nilnc acid "'d dilute to SOml This £i•., a $Olulion ""nuinlng IOmglml of
beryUium. Suilable dUuti01lS .'" mad< from thi' "od< ",lution looblarn
bel'}'Uium concen"'l;on of IOJ.r!lm1 (or 0.01ug/u1).

4.2 Morin re~nl=yon

Mell. mixlu,e of 1.lg Ofpaflffln WI> and 3,5g of s!y""ryl,te ..ale in. lell
tub<, Slowly add 50mg of monn (J,5,7,2,4.penuhydroxyflavone) into th.
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hot melt, wilh comant agiution until1~ morin d"101v« in the m.lt and
b<oomes homogenou, .nd tran'parenl. Pour the melt into a pl..tic strow.
Aft" the W'O' is <ool.d .nd ",lidlfied. it i. <Xj>OSOd ., "..d,d, by p«lillg
off th, protecll.. pl.nk, ond us<d by rubbilti its tip On the depooil in lhe
nng,

4.3 Ammonium aulote

Di""lve 15g of ".gtnl g",de ammonium .COl.t. m diStilled WI"r .nd
dilute to 100m!.

4,4 POIa.,fum cyanide

DilSolv< O.Sg of ....g.nt g",d' potu.ium cYlnide in di'tilled w.ltT and
dilute to 100m!.

4.5 Elnyltnetfiamln'''''raacerk acid (EDTAi

Dissolve Jg of re.gent grade EDTA in lOOmI of diStilled .... ler (OJ M).

4.6 AmllWnil> - Melham>l wal!r >olulion

MIX 50ml of concenlrated .mmonium hydroxide (approxim'I.ly 58%) .nd
50ml ofmeth.ne>l .nd "il weU.

S. APPARATUS

S.1 Rlngo"en

Pr.f".bly with. J3mm ring .nd an ad.pter with 2"mm ring Ii'" fOT use
with lin and lIin dUSl 'pol respecti..ly,

5.2 Sequ,mialt •.,. sampler or high volume sampler

S.J II-ll.,man 41 Or Munktell. 00 filter t.pes .nd mter p.apers. lambd.
pipetle> .nd capill.ry lube.,

6. SAMPLING

S<q",nti.l ..pe samplers .... preferred for sample collection. Collecl 0.5 10
2m' of sample (d.pending On lh. ie..l of the du,t burd'n) on somple l'pe,
C.nler du" ,pot On l!le ring o"en,

In ca... of Ample. tollecled u,ing. hlsh volume s:unpler, aroil samples of
!IIil1b~ sizes are punched out, .nd plocod on rhe ring o..n.
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7. PROCEDURE

7.1 Add 30;.1 of ammonium '''''tat~ (15%) and wash to the ring zone with
distmed water.

7.2 Add 3O!,1 ammonium acetate (15%) and 30!'1 p<>t..'ium <y.nide (0.5%)
and w.1h 10 the ringlMe with dhtilled water

7.3 Add 3O),l1 of EDTA (O.lM) and wuh 10 the ring Zone with distilled
water and dry It.

7.4 Pl<lce the dried paper on the oven ,urface and carefuUy .pply a thin
co.ting of the reagent croyon to th. ring.

7.5 So"" th~ sectOr in th~ ammoni...n..hanol barh for awut 5 minulU.
Dry the .ectOr in a current of worm air. Examin. the inten'ity of
fluore",ence under. UV lomp and compare ag.inst 'tand.rd, pr<pared in 0
sim~or woy. Limit of identific.tion: O.Ol),lg. Rani<: 0.03.Q.2"g.

8. CAllBRATION AND EXPRESSION OF RESULTS

A.e1 of 'tandard ring>, <on"minK 0.03. 0.05, 0.07, 0.09, 0.1 :and 0.3),lgof
berynium i' ptepared by adding oppropriate omoun\> of a standard
beryllium ",Iulion containing 10),lg/ml (or 0.01"g/!'1) of beryllium and
followin. Ihe .bove procedur~ 7. The e,limation of.n unknown i' m.de hy
';<001 'omp'rison of the fluoreSC"nt int~nsitj~, of the unknown ring to the
'tandard ring,. under I UV lamp.

10 the C1se of the tip" sample,. the "g/m' of berytlium i1 directly
<>blaine<! by di'iding the estimate<! microgrom volue by the volum~ of ai,
$Ompled. For th~ high volume wnpl~" it i' given by the following relation

),lg/m' of bery!Uum E E,timo"d "g

TOlll area of high volume sample filter
" Ar~a of alOC

x Volum~ of air

....uming uniform dtpo$ilion of the pollutants on th~ lilt~r. V~!Y often thi,
is not th~ Clse. Therefore, a ,wable number of di'" Ihould be punched OUt
of th~ larg~ ft]t~r It random. each disc analyled a, above for the beryllium
contenl and a mean value of "g/m' Ihould be calculate<!. The errOr for the
d~lermi...ion vari .. between 101020%.
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