
Dett"rrnination of Airborne Parlicubllt"
Nickel by AlOrnic Absorption

Spe<-lrophotornt"lry

l. INTRODUCTION

Allhough ni;:kel if, widoly distn"tlUled o,,"r the f>co of the eush, the igneous
r""ks, in whioh i' ""oun, ... no' rudily lu~p,iblo '0 we.thering. The
minollls ... \I'Iu.Uy ,ulfide.. oxides .nd ,ilio.t ... Nickel is ...d primarily in
lho motaUurtieal ind\l'ltry. porticul.r1y in f..,o aHoy •. The amounts of
niokel emitted '0 the ai, from i''''' and "eel plants a,. ..tho, 10... in .;ow of
tho luf' quantll"" of nickel handlod.

Nickel in airbome par'icu]"e. m.y bo musu",d by c",,"'nllonal
polorOll"phy, but ..mple p..paration m\l'lt bo meticulous, o""',...i.. tho
nickel wa.. m.y bo m..ked. Method. Oling anodic llripping ¥OIummotry
show promi>t but mo", plleti",,1 experience mUlt be obtained. TIlt
son<itivit~ of mtthodl u<ing "milli"" 01 X."'~ speonography illow V1d the
acoura<y il affeeted by nu.trix error. l'itkel may be me..ured on cellulolt
filter ..mp," to a limit of Iden'iflc"ion of 0,08 micrOlltlm uling the 11'.1",
ring "".n (I 2, I),

In the m.thod '0 be dmribe<!, airbome p.rticul .... aro collected by
drawing the ai, th,ough. mt." The filt." 0' an .,.al .Iiquot. with toll.ct.d
pattionlattl. ;, diguted 10 p..par" a leu ..mple. fup"alion of thil umple
illimple and lipid. Th. aqueo,," acidic .ample illttutinlud by an atomic
Ib"'ll'tion spectrophotome,er It Ihe ....,..I.nglh of 23l.Onm ""d tho nickel
il o3lcull1.d by r.f."itIi the m••sured ab"'tb""'" to the .ppropri.,e
caJIbll,ion .ur..... Th" nickel ..1_ fouod are up.....d in micrOllr."" pe,
oubit me"e of lir ..mpled. Some pt"'lica1 d.IIi1. of ICOUllCY and pteti.;"n
obtainabl. wtll be found undo' the ...tion "Exp,...ion of R••nlt.'" (9),

2. FIELOOF API'UCATION

Th. m.thod i••pplic.bl. to lhe me..urem.nt of the levels of .n.pond.d
particul". nickel found in ei'hor ambi<'nt Or indnslrial a"n"'f'her••, B...d
upon the flame mod., wa$he<! gla.. filten and a nominal .i, volume of
2,000 oubic metres, one may determine down to 0.0050 micr"i-'lmS of
nickel pe, tubic metre of ai,. For the same condition., but using cellulolt
fillefl, niokel may be measu,.d down to O.0025!'&lm·. Th. g,••I.,
son<i'ivlty of the flunele .. mode .Uows concentration. of O,OOO2S"gfm' to
bo determine<!.
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3. PRINCIPLE

A prepooN t.., ..mple, conlainini 1l1. ino'lanic con"i"",na in aqutOUS
acidic solution, is rtd"""d in 'he n.m. Or gr.lphil' furnac. to the >tomic
SlOt., Th. amount of the .I.menl of int.,.." is mea,u,..d by m.king US< of
ilS properly of '\>sorbing light of itS chorae..ri""' frequency wh." in the
atomic >111••

4. REACTIONS

n.. m",t important ,.action. ,..Iat. to the compl.t. dissolulion of the
porliculate s.ample in acidic media to fonn • h"",OS"n""us Ie" ..mple. A.
micl~f1.m quantilio.. of material m>y be inv<>l~d, I".... due to incomplel'
",Iution, .oI.ot~ity Or oJ",rption mLISt be a""lde<!.

S. REACESTS

S I Air, rom(T<tsM

In p....u.. cylindet$ 0' online.

S.2 Ac.tyk"e,rompresstd

In p,nsu" cylindtt$

S,l G/''''fll"".

Comm.rciaily il.bl. matetial in silt 2Ql by 2S4mm i••xhausli~ly
"'-.shed prior 10 .

S.4 C.llulou /ilter,

Ashle".l<id woshed, analylical Vad., in .ilt 10l by 2S4mm.

S.S ka",'

Distilled all.." 'wi« from pa,. Or qwrn •.

S.6 Hydrofluori€ acid

49'l. RngttH ~l1dt, in polytlhyltnt com.lorn.
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S.7 Nimc<V:1d

71"'. Rugenl glide.

S.8 Slg.ward """'lion ofnkkel

Dissol~ Ig of nickel metal in .boUl 3ml concentrated HNO. IIld make up
10 I Iil~, One ml of ,hi, w.ck "",Iulion COnlOin. 1,000 microgram. of
Nickel. Ni,

6. APPARATUS

6.1 Spttt7'Ophotomel<T. gtomic g!>""rpl;;m

Wilh meIer. record" 0' digital ,udout and monochromalo, wi'li
w,..length dial ,",ding 100.1 nmometre,

6.2 Pipttt".,I4"

MUlilit'" capaci'i... "10 deli.. ,".

6.3 Vol"''''''rlc !01v..
B<Jr<>1ilicate wi'li ground gI....,Oppe'. 25ml capacity.

6.4 Bolllo•. polyflhykno

Screw cap, for Ilorage of ,..t ..mple., 3Om1 capacity.

6,S Bt<Ikm. teflon

Griffin form. l00m1 c.pacity.

6.6 Ikllkm. boro,iliClJU

G".dualtd. Griffin form, w~h ..non COlled rim. 1SOrnI cap.cily.

6.7 Hr>1 pUlle

Elec"ic willi tempell'"," conlrol, lhenn"'''' and ceramic heating .urface,

6.8 BUd'''''' jim"el

Polypropylene. tuMOm made. with .inl.,ed fal.. bollom and vacuum
connection, 216 by 261 by 8Smm in ffee deplh.
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6.9 GrJphilefumoN'

On••ui"Ole inil",menl i....iloole commerci.lly to the M...m<U1n design.

6,10 SlripclUlJ'l.ecorder

To di.pl.y ,nd "'oort! the re.pon~ from the f"rn.~.

6.11 Pipelle•• auto""'tv;

Epl"'ndorf de,ign. wnh c'pooiti.. 10 10 100 m;orolitre,.

7. SAMPUNG AND SAMPLES

7.1 AIJ-S.mpli"l

7.2 Ihpor.rion of Ihe "'boratory sample

C'lIuloo< filte" (S.4) m.y be used without further Ir.atment CI... fib'"
filw. (5,3) are Pl'rifi'd oy pl.dn! 0 group of 100 such filten in Ih, .ped.1
Biiohn., funnel ond ex,,,,cting repeti'i..ly with distilled Wi"'. Mounl ,he
m"r in. c""",,ntiona! high volume or other ..mplor head. Draw ai, through
,he filter ., • flow We be,..-«n 1.13 and 1.60 cubic melre' per minule, fo'
.n .ppropri.te period. ,uch as 24 hou". The islane<' to flow offered by
the cellulo.. fille,,;, much glt.,er lhan fo' gl nd an .ppreoiably .maller
total volume of ii' will be "k.n w;lh cellulo Coloulo" and record ,h.
tOlll volume of.ir ..mpled. in cubk metlt•. "' Ihe product of mean flow
rote and ,im•.

7.3 ""paralibn of,." ""mpH

Cut 0",a1 aliquots from the exposed ,urflce of. frlt" u,ing a droular metal
punch. Th' culling 'dg< of lhe punoh i. OIldu"y wiped with I.n. tissue
between .ich Ule to pre..m carry o""r of contamin,hon from one sample
10 .nother. Pl'"" one or mOre 'uch discs in ...flon belker. ;nili." Ihe
d;s,olutioo of lhe fill., matrix by Ihe dlOpwi.. addition of hoi of
hydrofluoric add (S.6). Genlly warm the conl.nts of lhe beaker, at low
hur, untll lhe hydtofluoric ocid i' almost complelely ..,poral,d. Althi.
point .dd I 10 2ml of nilric acid (5.7) and Nnlinue 10 heal gemly u"lill
few drops of nilric acid are len, Add ,boUI IOml of w.m. bring n""ly 10
,he boil .nd frlter through I "''hatman 41 filter into I gin. beaker (6,6).
Ttan.f" to • 25ml volumetric fluk (6.3). Rin.. down 'he "flon b..ker
wilh anolher lOml quantity ofwaler. worm Ind filler into Ihe ..me beaker.
T"n,fer '0 the 2Sml volumetric flllk and make up tell lample '0 mark at

25'C, Mix lhe conlcn" or th' volumetrk flask thoroughly afler adjUstmenl
to volume. Tranlf" oonlents of volumelric fla.k to I>olyelhylene .torage
bottle (6.4). The I'" sample is now ready for analy,is. The above p'oce<fure
.pplies 10 the dige'tion of gl... fibre fill.". Cenulose fill"" can be digested
Or exlracte~ using nitric .ci~.



8. PROCEDURE

8.1 S4r~,y pUC/J.u,.,m

Follow no",,:01 precautions for the handling of compressed Jases. ~rve
man"fKt"re,', im,ructions on li)ht;ng and ulinJllMing nlml'. TEST GAS
SUPPLY SYSTEM FOR LEAKS BEFORE USE AND EActi TIME A
CYLINDER OF FUEL IS REPLACED.

8.2 T~J! Portion<

8.2.1 Te" por'ion,. name

Inlroduco the test ponion in'o the flame by """lin...... aspiration. th,ough
pol~lhylene tubing. of In IUfrnolJSllm:l ponion of the Int sample. Aspinte
dislill"" Wat., inlo Ihe nlme, betv.'een Ihe inlrodu<liO<l of nch I..t
portion, '0 provont Or<>lS contamination.

8.2.2 TOlt I"mion,. furm.:e

Me.."re and in.." into lhe fumlce, ,est portion. of 10 '0 100 mi<,oIilre,
of Ihe 'est sample uling In ,utomllie pipell< (6, 11).

8.3 Ollib""Ii;m Curw.

8.3.1 Cllib"t;on curve" nlme

Using "10 d~li~r" pipelle., pre".re knooo'n <o,,,:.nlrllion, of niekel by
dilutioo of ""n<la,d .olution (5.8) to cover the ronge of 1,0 10 5.0
mkrogrom. of nickel per ml, Insl:oll in the .peClrOpllOlomel.r and :oIign, if
neceuof)'. Ihe hollow cathod. SOurce for nkk.L Set the w.....length of lhe
mie,ochromllO' II 232.Onm. Using III lir ...cetylene nlltle, ..pinle an
unmeasured portion of elch dilu•• standard nickel solution fo' 10 se<:ood.
(8.2.1). AI tho some lime, ..p;rale inlo the name a blank of distilled ......r.
From tho instrumental "'poIl'" obtained, p..pare I calib,"llon curve of
.bsorbance again" cunetn'rolion of ni<kel in mle",s"m, per lo!. Such I
,.presentlli.'e c.tliblltion curve is Bi"n in Fign.. I (f'l"S. 54).

8.3.2 C.!ibmion curv.. , fU'lIIce

By mans of an autom.olie pipette with pol~'hylene tip, ptoce identic:ol
mierolil.. ...,Iurnes of the dilute stand..d nidel solution. and , distilled
"'Iter blank in lhe fumlC<, M...ure Ind ..cord the re.ponse of e.clIte"
portion fonowing th. pred.,.nnin.d m",uring cycle, CO"'r lhe ,ange 2 to..



12 n"'OCranls nkkel In sttps on n...OIfImI (0.1 .0 0.6 mkfOPl/n$ per ml
for I 20 micro~U' YOIume). l'rt'!'lre • calib....ion cu"'" of re>flO"le. In
.rbit ...., unilO. >pins• .-nUlllon ofnicl<.1 in microcramo por mI. SUch •
repraen'lti"" alibrltiorl. cu ..... Is etven m Fi&w' ~ (PI£e 54).

8.4 Del~riott

1.4.1 DMermialllon,ll>me

St. tho .......JtDtth of tho """"'OdIrom.or •• 132J)m:a. Ob.... i!lI
...dItioGo of 1.2.1 ..4 '-1.1, .... III w • ·red ,ea porboo of ndl
..~ ..... _pit in.o tho Ibmr. R«otd d>e l<$jOOIdI for eadI
...t--. Aspint. diUille4 ..-a 1010 the f1>me be.WftOl eadt~
_ portlao ICI prnnI' c..- ..-_ lol_ tI>e lli<:tel ill 111 tho
-...... .at _PIK wlokh be oeooounodItt4 ICI d>e ,,"iCk:t>&'" 01
!UJloom."d the cormp' 10.. c:aIib....... "'....

1.• .2 Determinotiooo. funllco

_ure iob the furnace. by IUtomatic pi"""'.• oio1ilIJ tat portion of
ach unknown 't$I ..mplo. FoIloo< tho dryinl add heallTll prCl&flm.....
prov\oulJy ",..bliohod_ R«Ofd tho mporIIO fo' ach t<lo' portion in
.rbnn"y unit.. Oori... 1110 ImQWI' of nickel praen. mth< ,........pIo by
,or..rinl .0 the appropriat. calibrltion "" ..........ch ... for .umplo,
Filur. 2 (Pate 54).

80S Bwn/< rem

8.S,1 Ro,~n"

[n p.r-all<ol with proporalion of calibration """"'s. p..p.... a "'CO"t bll"k of
tho acids ""4 dis.iIled wll.r ulOd in tho preplfl.!on of ""lib fit;"" cu""'s
... 4 .0$\ ..mpIK. Olon.- Or pu,if)' "I#n..... ....,.~ry. if blmks >t.
u"s.,,;of'ctory.

8.s.2 RaFn.. plus. fill...

In pllI!IeI with tbe JlRpafl'ion 01 calibfltioa CUfYe:l IIld tal .....pln,
I""'~ Irnl ,OS! poniom from W>t~ rd'et modiIudacribed in 7.3.
lok_ lli<:tellOd uPft'& blinks ill microp..... of Iliclel per mI.

'.I. EXPRESSION OF RES(;LTS

9.1 BSooob

The ...... fiI'et !>bdlr. nh.. for "y eltmmt "'"" OIlY WGiiclo:.1b1y with tho
bItCh. ThiI hal mn ...'Y DOliceIbl< ...th -.pnaolOd beryllrurn. Fo< 1.hIJ.,



,....,n. filte' bl>nks should be dete,mined regula,ly. h should II", be nOled
thll Plrt of the filter blink VII .... " due to matrix Inte,fe,.neu from
.lements preson' in large lmOUnts in th. fiI,., lueh .. N,. 1». Si. CI, In. K

and AI. Azero blank I'IJS been found fo,glm fibre filters using lilt furnlce
mooe.

Q.2 11U1nJ.~1l/.lpucW{m

This il defin.d os tit< $1lJtdl,d d.viation of I numbe' of rep~clte

.xwminllionl.nd is .xp,.....d in mic,ogrom< pt, mL Typical precision' fo'
len ,epUcate determinations on 'tandard sampl.. are: 3,00 t O.OIIlg/ml for
the fl."", mod•. 0.40 t 0.00121lg/ml for the fllIntl... mod', 0fI I 201t1
..mple.

9.3 Mjnim~m mm:swabJ.

9.3.1 eoneenmtion in Ie" ..mple

Thil il taken lS twice lit< bllllk de,iatiOfi. 0' in"rum..," p..cilion.
wlticlt<....., illarger. Thil il 0.02llg ptr ml in lh.. case of nickel fo' Ih. fllInt
mode, lnd 0.00:4<& ptr ml for the nlmel.., mode.

9.3.2 C""cen"..ion in lir

Thil is based 0fI I ..mple ..,lume of 2,000 cubic melre' IIld two I!iquol
disa 36mm in diamete,. Fo' w.....d gb$l. fil.. " lJtd lh.. flam.. mooe. !hi'
minimum menurtbl< concen".U"" il O,OO5() micr<>gronu of nick..1 pt,
cubic metre; for cellulose fill'" the eorr"'p""ding .alue i' O.0025!4/m'.
The added ...nliuvity of lhe ~phi.. fumlC< lowm this ..I.... 10 0.0005
mkrogronu of nickel pt, cubic m.....

9.4 Gz/J:uUzr;,,~,

Tho nick..1 com,nt of lit< test porlion is expre....d in micr<>grom< ptr ml,
X,. The blank X,. in the urn< units, il tub"'Clod f,om X, 10 £0' the
co""cud coneenlflli"" of nicbl in tho te,t ..mple. Multiplicalion by tho
d~uli<ln facto, .....ually 25, p..... the 1<>t&1 qUlftlily of nickel in lhe I..,

..mplo. in mic,ogrtml,
Fo, high .oIume fill .." of nomint! ,,;zo 203 by 254mm

TOll! ..xpos<d f~tet ,u,face • 4.1 59 • 10" mm'
Arel! Ie" portion. 2 x 36mm disc> • 2,o36mm'
Surface mulllpUeati"" facIO' • 20.43
Diluti"" facIo, • 25
Volum. ofli:t sampled, cubic ......,re! • V
Rospon.... UIlknown losl ponion • X,



Re,pon.. , lo"l\>l.nk
Nickel coocentration, in g/m

T .(X,

10. NOTES ON PROCEDURE

•
•

X,)x20.43x25
V

10, I Collection .meierleu,

linle i. known .bool oetual eoIleclioo efficieocies and in melhod, for 1l1e
an.lyms of pOIlicul.l. me..b, th... efflciencies ar. u,ually Ignored. The
p.rtkle ,i,.< of puticula" nithl is alm"'t belw,"" 1 ond 3 miclOn.
accordIng to ue (t 2.2).

10,2 The .ffeet of temperotur< .nd pr.~u"during the ..mpllng period It.o,
bee" l.roely dl".prd.d in lh. pasl. Since lhe.. ftelo" mUSl ho", some
drec, on the mea,ured .;r volume, it n recommended thal lhe.. correcl;ons
be introduced rOUl;nely. Ther. is increasing og".ment. that if ,,,nd.,d
conditions of lemperotu" and pre"ure or. 10 be u..d to Co".cl ,110 final
volume, th.,e conditioru ,,"ould b. 25'C and 760mm liS.

10.3 Although ,he m"hod d.scribed Is nominally bosed upon high volume
samples taken for 0 24·hour ..mpli"g period, ,her.;' no "olid ,.><on why
samples moy no' be laken for ,,"orter Hme period".t .10"'" flow "'Ies, Or
bolh. If high volume samples ore "ken on ".Uulo... il is p.nicubrly
oppropri.te 10 lake oi, ..mple volumes of 1,000 cubic m.tre, or I.~, Th.
lower porticu],te loading"o ooloined. minimize. ponicul... foU..,ff.

lOA It i. cu",omory to ...um. till! the d.er.... in oir flow rU' durir\i
sampling is line., and for u<ual purpost of calcul'tion. lh. mean ..lue of
inili.1 and final flow Tltes is llken. Thi< i' nol oo"eel. ahhough th. error
inlIoduced by lhn o,,""implificallon n nol ordinarily ..rious

10.5 For rh. prel"ration of ar•• ll.,t portion" the u.. of a .It.orp circular
melal die i! 10 be preferred o'/tr lhe u" or "'I""''' 0. ,.ctilin•., l<mplates
of taf\l' perim.ler. Are.lle>! portion, prepared by the.. Loner are iess likely
to be id'ntical in size. A d.cular die, of ~mlted diam.ter, ma"hin'd from
solid meal, is '~'y rigid and Jr••1 oliquolS can be '/try .aslly reproduced
with ,ccu"C)'. In the method d«erlbed, • punch of slainl,.. "ul is used
No nickel COnlominalion has been found to "sull from its u.. so foT. A.
cellulose il. more difficult 10 em lh"" gI.., fib,.. the die <hould be
exceedingly sharp.

10.6 In lhe repetiti.,. and comeculi...,..01 I..t p<Jrtions ,ul from .n
exposed high volume f,lTer, the a"umpllon i. implicil lhot the elemenl or
mlmll is uniformly distributed ~rOSS lhe expostd surface of ,\" li11<r.

"



This ...umplion is ","blished IS fact, It IelSt in the calt of lead and
cldmium melSure<! on high volume mt... (12..3, 12.4, 12.5). Thi. unifonn
dimibution cannot be al>umed in oxfuin "membrane" type HIt." due to

inl>t"'ntly high p,euu", d,op Ind raulty geometry of comme,ciaUy ~Vllillble

filt., hold.... In ,h. cue of .uch m,..., a",al aliquonin£ cannot be used
(12,6).

10.7 It i. h.lpful, wben it is possible, 1o hi'" ..",,.1 Cllib"tlon ru,v.. ,
reloting 10 diff.,en, sen~livitie1. This minimiu-. the pWibility thO! the
conoxntIllion of the melli, in lhe unknown tell ..mple, wUl nol much one
0' another of the Cll""'. see method fo, lead in this ..,i.e< whe.. two
calibration cur>el- a.. gh"1'n for the name and one for lhe fwna.. (12.7).

10.8 Opewinr; wlldirim.. /lome

Th. optimum operating condilion, IrC IS gi",n'

232.o-nm•
~ O.2nm
~ Hollow cathod.
~ A. 'ecommended
~ Air
~ Acet;-len.
~ Oxidizing,leln, blue
~ 0.151'11m1 for 1% absorplion

conlain., befon' ,he cylinder p~re drops below

Wavelength
Spectral band width
",","
Source cunem
Oxidanl,.,
Flame
Sel1Silivily

o.ange the ocetylene
SOM,

232.0nm
20 microlilr..
A,gon Of nitrogen
d,ying (2o.ec, lOO'C)
chl'ling (20se<:, l,lOO'C)
>!omizing (20sec, 2,400'q

The use of I deulerium lamp backllJound compon'."or is recommend.d.

\J$e of the ,,,philt furnac. ,..ul" in incr....d Itn.ilivily, IS wown b;- a
comparison ofFigIlre, 1 and 2. Cn'lt care mus, be liken wilh the llignmenl
of lhe furnace 10 lhl! no re.ponlt i. obtained wi'h a dislilled wate, blank.
Fumlce opo,,"ing condilion"

WI.-.lenglh ~

Sample .ize •
Purging lIS ~

ThermaldecompCGi,ion •

11. SCHEMATIC REPRESENTATION Of PROCEDURE

11.1 Dra... Iobo..,o,y .i, ,"mple,

11,2 Cu' arul ,0<, iX"lion f'om .xpose<l.urface.

"



11.3 D.gt.t .",oJ t••t portioo.

11.4 Adjust dige.t '0 volume 10 gi'~ t••t sampl<o.

11.5 Ailpi.... , ••t portion into n.m•.

11.6 Or.•dd , ••t portion to furnoce, m...ur.d by microli'''' pipett.,
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