
Delermination of Airbome Particulate
Lead by Alomic Absorption

SpeclropholOmelry

l. lllo'TRODUcnON

Lud in ~i, .nd bi"'ogIcal m"eriah may be measured by dilhiton. m'lhod,.
These melhoxl, ,uffer from pH d.pendency and in",b~i'y of developed
colours. Pob',..,..phy may be used. hu' unle.. lhe ,ul ..mple is ""'Y
ar.fully prepared 10 e1imin". alllr>e<' of orpnic m'leri,I,. 'h. I.ad waY<'
moy be rnuk.d .nd I••d lhough, '0 be absenT. Me,hod. using .nodic
Ilripping vohomme"Y Ihow promise bul mOre p",clical experience muS! be
<)blained. The sensili.ily of melhod, using "",iuioo 0' X-ray .peClfOlJophy
is low Ind lh. ICcuracy is affecled by ounix '''0'. AIimil ofid.nlifocllion
of0.11'1 ofl.ad io ....h.d by using lbe Weisz ring OV<'n (I 2.l l·

In Th. m"hod 10 be deocribed. airborne porhcuble. Ire collected by
drowing 'he .ir Ihrough. filt.r. The filter, or an areal aliquol, with collect.d
parhculal", is digesled to prepo" a lest sample. Preparllion of lhis sample
is ,impk Ind tlpid. Th. oqueous Kid;,; ..mple is KrUIinizll'd by III IIomic
Ibsorptlon .pectrop!>olOmeler al I suillbl. """velength Ind ,he lead is 0:01.
culo."d by ref."lng the ab«lrbonce found to the Ippmpriate ..llbrotlon
curve, By lhe use of I gllpllite fumlC<, Iddition.l sensili';ly m.y be
ochie",d beyond ,h.. of lhe u,u,1 n.me mod•. The leld levels found are
.xpressed in microg...m, per cub;,; metre of IiI sampled. Som. PI..'i..1
delOll. of .ccuncy .nd precision obtain.ble wiU be found under tlte seetion
"Expression of Resul,," (9).

2. FIELD OF APPUCATION

Th. melhod i' applicable to ,he me.,ure"",nt of lh. concenl... lion, of
airborn. po"icul". Iud found in .ilher ambienl Or InduSlrl~1 OImO$ph.,...
The method is nOT Ippli..bl. 10 lh. ""'",uremenl of Ie.d compounds in
....por fonn, ,uch as "'~lhyl 0' 1"nm<lhyll.ad. Th. method ouy be
r..dlly .d.pled 10 lh. m...u..m.nt of ,euxthyl Iud in gasoline. A. lif'
borne ",,"icul". I••d may m.ke up I '0 S% ofaifborne ",,"icutate m.ner.
>nolyli..1 ",nsill';ly is ordin..i1y nol I problem. B.",d upon Ih. name
mode. ,,-ash.d glass fille" IOd ~ nomin.1 air sample ",Iume of2.000cubic
melre,. le.d is rnelSutlble 10 0.010 m;,;rogr:am, per cubic metre. A slighl
lmptovemenl in sensil;";,y resuhs from lite .... of cellulose filte". or down
'oO.007S microgram, per cubic mel"'. For ,he .."", lesl sample, the use of
lhe !1.m~lm mode inereml the ..n~tivity ronsidtnbly.



3. PRISOPLE

A prtp;a,.d ,." umplo, oonlaining the inofglllic oonltituenu in aqueOUI
30die lOlulion, il ledueed in Ih. flam. or graphi\< furna~ 10 Ih. atomic
.1Il<. Th. alllOunl of Ih••Io"",nl of int....t is ",...urod by making us< of
;t. propmy of absorbmg Ughl of in charlet..islic froquency ..'lI<n in Ih.
atomic .101•.

4. REAC1l0NS

11>< mOSI important ,..eliO<l' ..Ia .. to th. compl<t. diuolurion of tho
p.a.rtieulat...mpl< in acidic modil. 10 fonn a hom",.n.o", t." sampl<. A.
microgram qu.anlil;o,. of mll<rial may be invol....d, I""," due 10 inoomplct.
$OlutiO<l, volatility, 0' a<horptiO<l musl be lYoid<d.

S. REAGE."i'TS

S.l Av, c<>mpuss~

In P,.ssut< cylind<,. or O<lbn•.

5.2 A«l)'iI'~., rompressod

In P,.ssur< cy~nd<,.,

5.3 Glo.ss /iltus

C"",,,,,,rc;,,lIy a"~lbl< m".,,.I, ;n liz< 203 by 254mm, is .xhau'liV<ly
wash.d prior 10 uS<

5.4 Cellula.. IUIUS

Ashloll, acid ..-ash'd, analyticll gr:ld., in liz< 203 by 254mm.

5,5 W4'er

Dhlill<d" l,,"lwic. from pall or qu.aru.

5.6 HydroflooriClldd

49%. R.all"nt grad<. in po!y<thylonc: contain....

5.7 Nitrk4dd

71~. R.~.nt ir:ld•.,



5.8 Stu1!<hJrd $Olutlon of Iwl

Diuol"" 1.598g of lcad nit rat. and m.k< up to 1 litre ...ith 1% nitric add.
1ml of this st""k ",lution contlin, l,i)()(ljlg of Icad, Pb.

6. APPARATUS

6.1 Speclroplwtometl!', Qtomic ubJOFpt;on

With m..... ,ecord., or d,git>l rudout lIId monochromato, ...ith "'ove,
longth di.l re.ding to 0.1 nanomct"'.

6.2 i'ipell"" gklu

Mmihtre capaoiti.s. "to d.li""r"

6.3 Vol"metrlt:jIQ,b

BorosiliC;lt. with ground gl... stop""r, 25ml c'p>eity.

6.4 &;ul.,. po;ynhyl.n.

SCr.... cap. for ItO'ago of teot ..mplos, 3Om1 capacity.

6,5 Be<1ken, roj1on

Griffin form. 100m1 capacity.

6,6 Bmb,.. bororl/iC<lt.

Groduotcd. Griffrn form ....ith tCnOn coat<d rim, ISQml c.pacity.

6.7 Hot pJo.t<

Elcctri<. with t.m""lOtU'" control. (herm".'.t and ceramic hcoting surface,

6.8 B~chner f,m-url

Polypropylen., c\IOtom modc, with ,intcr.d faJ.. bollam and ....ccum con'
nectton. 216 by 267 by 8Smm in f",c depth.

6.9 GropMu ji",,,,c'

On~ .uil:lbl~ in\t!umcnt i. 'V'lil:ib\~ commerd.lly 10 the Iohwn.nn design.,



6.10 Stripclurtnr:onJ"

To dilplay and r.cord lh. r<$poIISt f,om lht r"",ou.

6.11 I'ipen... lrulO_ric

Eppmdorfdesipl, with caporil'" 10 to 100 mil:ro6uts.

7.2 ~I"" 0{ 'M Mbt:n""" ....,..
CriIuIooe frhen (5.4) ..-y be lIKd -.., f"'d.... Ual_. C1aII fIbr.
filters (U) •• purirlOd by~ a croup of loo,udl fill<nillthe speclol
Bildrnor fWlll.I and ex"xtiIIC "'pe'i'i..ly ."dJ d"tillod ....I.r. Moun' lht
filter ill a I;OII.... llonaI hiP wolume Of other sampler held. Dr.... tlr throll$h
the m'er It I !\ow rile bet-"ffn 1.13 d 1.60cubic melr<$ pe' mlnu", for
Od Ippropria" peOOd, ludt "' 24 hou The ",";"an~ lo n_ ofTe"'d by
,he ceDlIIooe fill'" i' much J"'lt.. than for &Jus Odd an Ipprecllbly sml!ler
'oral ""'um. of tI, will be Uken ...ith cellulose. ClleIllat. and .. .;on:! lh.
'oral volume of Ilr nmpled, In cubic m.lte>, .. the product of m.an now
"I' .nd Hmo,

7.3 i'reporlltioll (Jlml 14mpie

Cut .real ali'lOOIl from the exposed ,01f10: of I filler lIIinl" drcul.. m.ll!
punch. Th. "uulnl .d~ of the pun"h " arefully wiped with Ienl 'ilsue
bet....en .ach .... to prevent a,ty over of c"'nomination from one nmple
to ..011..1. PIxe one or nKlre wc:h dilcl in I teflon beak.... Initilte the
di:laolution of the filter mlnu by the drol""Ue addition of Iml of hydro­
fluorioc Idd (5,6). CAnlly .... rm the conl.nlS of the beak'I, at low heat,
unt~ the h~dronllOtK aad "al..-t «IIIlpler.ly .....pon.tod. A' th" poutt,
add I to ~mI of NlrlI: acid (S.7) llDII <onURue to hea, FIItly "ntd I few
drops of lIi,rlI: aad Ire left, A<IcI aboul 10m! of ....te•• brtna neltly to the
boil and rd,•• tbro<r&lt I ....hatman 41 mr.r "no I p.., beak... /6.6\. Tram­
f., to I 25m1 ...x-ttK n.Ir (6J). Rrnoe down the t.flon beakel ...,do
..OIber 10m! 'I.-my of ....le., ...........d rd'.r ill'" me .... beak••.
T!3mf•• lo lhe 25ml O'Ol-.ric l1rtI.t""" mal. op .... _pie to _k II
H"C. Mix the I;OIIleOtl of the~ flasIr 1horouIhIY aft... adJ""n,,...1
to "'""'". T!3mf.. _1tlIll of Wll-.ric l1rtI.t 10 po/yt'thylme 1l0fll0
b01l1e (6.4). The ' _ploo .. y (Of -wr-. lbe Ibow method

app\ieo '0 the d tiOll Ol ..... fib... (d..... CeIIuIooK (d..n _ be d","od
or ",,'",Clod usma ollne acid,

•



8. PROCEDURE

8.1 S4f<ty prl!('Qutiom

Follow normal prec.u'iOlU fo' the handling of comp,,,sed gas", Obse,,,,,
manUfaCIU,.", instruction. on lighling I/ld extinguishing flam'_ TEST GAS
SUPPLY SYSTEM FOR LEAKS BEFORE USE Al'D EACH TIME A
CYLINDER OF GAS IS REPLACED,

8.2 T'" FOr/ions

8.2.1 Test portions, n.me

Introduce the te't portion into th. nllIl. by (rlminuous osprulion. through
poly.thyl<ne tubing, of an ""mwurM po,tlon of the t..1",mple, Aspirate
di"iUed w.1<I into flame, between the introduotion of each tell portion, to
pre""nt cr,," contamination.

8.2,2 Te't po,tio,,", furnae<

M...ure and in..rt in the furnace. ,est portion. of 1010 100 mkrolltrel of
the te,t ..mple u.ing an .utomatic pipette (6.11)_

8.3 Cillibrallon c"twj

8.3,1 Callbratio" CU"''', flame

Using "10 delivd' pipen.. , prepare known concentrationl of lead by dilu­
tion of ...ndud ",'ution 5.8 to CO'/" the ,.nge of 1.0 to 40.0 microgrom.
of lead pe, mi. Install in the monochrom.tor and allgn, if nOCO"ary, the
hollow ca'hode ",u,ce fo, lead. Set the wavelength of the mont>ehromator
at 283.3nm, Dung an ai,-acetyl.n, flame, a.pi,.te an unme.,ured portion of
each dUute n.nd.,d I,.d ",lution (8.2.1). At th...me time, ..pirate into
the fum' a bl>nk of distilled water, From the instrumental ...po.....
oblained, prop.,. a c.libration curve of ab"'rbance again,t c<>ncentralion of
Iud in microg,am, per ml, Such a ,.p....m.ti'" curve i. p",n in Figure I.
U,ing the "'m< d~ut, "and.,d ",'ution. of lead, and a dtltilled 1""" bl.nk,
prep..e • ,im~", callbrolion curv, with th, wavelength of the moot>ehro'
molor ••" at 2l7.Onm. Represenutiv< cu'v", covering wavelengthll17.0
.nd 283.3nm, ore given in Figu", 2 (pag. II).

8.3,2 Calibra'k>n curve., furnace

8y mean. of .n lutomatlc pipette willi pol~""hylene tip. place id.ntical
m;«oll'''' ponion. of th, dilute standard I.ad ",Iution, .nd I distilled wlte,
blink in the furnace. Measure and reoord the "'.ponse for ..oh tost portion
follol1.ini the Illl'determmed mea~urini ~yc\e. Co,e, ,he rwgt Ito S nWG-,



l"'ffiJ Iud in ,teps of 1 nanog",m (0.1 '00.5 micrOl",m. per mI for 110
mkroh'rt volume). Pr.pare • oalibrltion OUM of rupoonse, in arbit ...y
unilS, again.. ooncen,,,,,;on of lead in mklOf,f.m' peT mi. S""h a represen.
,",ive CUM g Jiven in Figure J (I"l.ge 12).

g.4.1 De'ermination, flame

50, the wave1<ngth of 'he mon<><:h'om"or at 283 ..lnm. Observing ron·
di'ion' of 8.2.1 and 8.3.1, .,pirate an unmeasured poor'ion of uoh te"
sample into the flame. Record ,be response for uoh unknown. Me..ure the
lead in all lhe unknown tn, sample> which can he a«ommodl,ed '0 the
calibra'ion ou"'" for 283.3nm. If 8I<..er sensid.i,y is required. ;hi, mlY he
obtained by mea,uring at 217.Onm, "' 'he cos, of more eleotronio noise. If
,be Iud oonlen, of. given ,e" poor'ion should be '00 low for bo'h calibra.
tion curon, i' ..·m be ~c<... ry to use 'he f1ameless mode. [f ,be lead
content should 1"0" to be tOO hig, for "'e 217,Onm ourve it will ,hen be
""ceSSiry to d~ute the In, sample.

8.4.2 Delerminallon, furnace

If insufficient sensi';vi'y i1 ...;J.ble in the f1.me mode, me..u," into 'he
furnace, by .u'omaho pipette, • sim~.. test poortion of e.oh unknown te.'
sample. Follow the drying and he"ing programmes previously eStablished
Record ,h. r.spoonse for each ,e" ponio" in arbitrary unilS. If. tu' portion
of 10 microhtr.. should provide in,ulT",ient ,e'poonse, ,epeOl the me..ure·
ment usin8 1a'8e, test portions. Deri''" ,he amount of lead pruen', by
ref<friO/! to ,he 'pprop,iale oalibrllion curve, Figure .I (l':Ige 12).

8.S Blmt Te",

8.5,1 Reagents

In parallel with preparation of oalibration CUM', p,ep.... ,eagen, blank of
the .dd, and distilled ....ter used in the preparation of calibration cu"'"
and ,est SImple" Ch."ge or pUrify ,eagenlS... nece,sary, if blank' are
unsoti,for:,ory ,

8,5.2 Reagents 1'10' mt.,.

In p.ralle1 with lhe p,eparotion of calibration tu",e, lOd ,est samples, pre'
pare .real t..t poniollS from onnposed mter media .. describ.d in ,.3.
Me..ure Iud .nd e~pr<ss blanks in micr"lram. of lead pe' mL

•



4,159 X lO'mm'
2,036mm'
20.43

9. EXPRESSION OF RESULTS

9.1 Bkmk,

The gIu> fill" blank valu. for ,n,. elem<o' ma,. vor,. con'id.robl,. with ,he
I,",ch. This hos bttn vel)' notice.bl. with mang.n<:$< and ~,.Ilium. For 'hi'
reason, ml.r blank> should be d'l.rmined regularly, II should al'" be not.d
,n., p.rt of ,he fill., blmk valLlt I' due 10 m.tnx in,erf'r<Ilc", from .1.­
menlS pro..", in la'ie .mounts in 'he filler .uch as N., 110, Si. Ca, ln, K
and Al.

9.2 {""rumemal precision

This i' d.fined U the uoudord d"ialion of a number of "plical' deter·
min.,ion' .nd i' e'p"'''d in microgram' per mi. Typical prod,ions for ten
repe.t d.termin"ion, on standard sample. are: 15,00 ± O,04"g/ml for the
name mode; 0,40 ± 0.0093j!g/mJ for the n.mele.. mode, on a 10,.,1 "mple.

9,3 Minimumme,,",uabM

9.3.1 ConcenUation in Ie" ..mple

Thi' i' laken os twice the blank rlevillion, or inmumenl preci,ion.
,,"'hieh.ver i' lorger. Thi. i. 0,04 mic,ogram' per ml in ,he c... of lead. in the
n.m. mode,

9,3.2 Concen'ration in .ir

This i. bosed on ...mple ,'olume of lJlOO cubic met"', twO aliquot d&s
36mm in di,me"r and the u.. of lh. fl.me. Thi' minimum me..u"bl.
concentr",ion i. 0,010 microgrom. of lead per cubic met" with gi." and
0,0075 microgram, per cubic m"" with cellulo...

The lead con"nt of the "" portiOll isexpr....d in microgram, per mi. Xl'
The blonk, X,. in 'he "me unilS. is ,ubtr.cted from X, to gel 'he corrected
concentr.tion of le.d in the t..t sample. Multiplicatlon by ,he dUuliou
f.ctor. wu.lly 25, gi.... the t01l1 quantity of l••d in the t.,1 s.omple. in
microgram•.

For hlih volume filt<" of nominal .i.. 203 by 254mm'
To,al exposed fill" .urf."" •
Areal te" portion. 2 x 36mm dIsc, •
Surf.ce multiplicotion r.etor • ,



Dilution foctof
Volumt of Ii' sampltd, cubio mtlr<'$
Respon.. , unknown t..t portion

Rcspon.., tota! blank
~Id concentration. in ~m'

,. ,(X,,~"X"L)v~'""""'L;"""

10. NOTES O~' PROCEDURE

•
•
•

•

"V
"
",

10.1 o>ll«,;,:m ~ffldmrit:S

uttl. is known about octUil colle<tion efficienci.s, Ind 'h....ffici.nd•• Ir.

u,ually ignored in m'lhod, for tho analysis of pa"icul". meliis. The
partid. size of partkulat. IUd i' below I micron Iccordi"i to 1.<. (12.2).

10.2 'The eff<ct of temperlture on4 I"U.Uf. during ,I>< samplina period h..
been largely disr<gard.d in tho pasl. Since th... focton mUlt hi'" """,•
•ff.et on tho m.lOured Ii' volum<, it i' r<commended thlt th... cofrec'ion,
b. introduced ,outin.ly, Th.re i' incr ;", q;,..m<nt that if Itlndard
conditi"". of t.mperature and Pf<SSur< to be u..d to oorr«t ,I>< fino!
voium•. ,h... conditiQll$ ohould be H'C and 760mm HI.

10.3 A1lhough til< m<'hod d..o,ibO<! is nominally bloed upoo hish volume
samp'" tlk... for I 24-hour ..mpling period, th." is no valid ,.ason why
sample, m.y not be laken fo' short" time period.,.t ,low.. now ,".., 0'
bolh. If high volume Ilmp1<t.", ,""en on c:ellu\ooe, it is paI1icubrly opp'o­
prilt. to like air Ilmple volumes of 1,000 cubk m.t",s or I.... 'The lower
particular< Ioa<ling, 10 obtoln<d, minimiz<1 p"'licul.o'. fall-off.

10.4 It i. customary '0 •.,ume '''''I Ih. d<c,...e in .i, flow lit. dU'iI\3
Slmplina i. tino.. and fOf U'lSIt purposos of oalculltion ,h. mean ,..lu. of
initi.1 .nd final flow ,II•• ;,. tlk.n. This is no, COIT<cI, "'hough ,h••"0'
int1od"""d by Ihis oversimp!ifioahon is no, ordinlrily ..rio",.

10.5 FOJ the propantion of .,... ,...1 portions, 'he u.. of a "'afp circul..
metll die is to be proforred over tho u" of scisson 0' reclUin.ar t<'fl1pbtu
of brge perim.ter. Ar..1 t.st porlioos p"'p....d by theselltt.r aro 1<.. lik.ly
'0 be idenlial in si.... A circuli' die, of limil.d diamot<', mlChin.d from
"'lid melli, is ...ry ri.gid and ""''' .liqOOlS oan be vefY enily r.produoed
wi'h ,«urloy. In the method rleK,;bed, I punch of stainless 1t..1 is u..d.
No Iud contamination Iul. b<-<n found 10 resul' from its use,

10.6 In Ih...petiti"" and cof\$e<Outh-e are.t lest portion, cut f,om In .x·
P'W'd high ""lum. flit.', til< assumption i$ implicit that the .Iem... t of
UtI...." is unifonnly dis,ribu..d ""rOSS til< .xpooed su,r""" of III< filter,



Thi' .ssumption is .'tablished a.I f.C!, .. Ie..t in th. a .. of Ie.d and
admium m...ured on high ""lume mw.(12.3. 12.4. 12.S). ThIS uniform
dislribmion canDOl be assum.d in c.".in "membrane" lype fill<r' dut to
inherenlly high p,essure drop and f.ulty l00metry of comme,cially IVOilible
fiiler holders. In lhe a .. of ,,,,,h filters, areol .Iiquollil\ll anno, be
nwd{l2,6).

10,7 It i, helpful, wh.n it is po..ibl•. to hay.....,.1 Clliblllion CtIf\'tS,

rebtlng to different ..n.ilivitlcl. This minimi2tl tbe p""ibilily tJut the
cOrt.,.nlr.ll!on of tbe melol in lhe unknown ,.st ..",pie will nol mltch one
0' lnolh., of the curves. Thus, I cenlin ..-n.i",i'y i< ...ilable ., 283.3nm,
• high., "n'itivity can be h.d II 217.0nm, .nd I "ill higher ..n'ili'ily by
using ,h. furnace. see Flgu,ts 1. 2 and 3 (l':Igts 11.12).

10.8 OpeTQli/11i condirio,,",)1:_

W.....1.lli'h • 282.3nm
Spec'rol bind width • 0.7nm
Sour'" • Hollow athode
Sou,ce cu,ren1 • A're<:ommeod.d
O,idon' • Air
Fuel ~ Acetylene
Flome ~ (h!dilioK,I.ln. blue
Sen,;tivi,y • O.S4><gJmI for I'jl.lbsotphon

Olongt acetylene containe, before eylind<r pre"ure d",1" below 5Opsig.

10.9 G'apJrite {lm",ce

•

•
•

283.3nm
10 mio:;",lllre,
Argon 0' nitr<li.n
dryil\ll(lS..c,IOO·C)
clwring (I S.... 49Q·C)
.tomwl\II (lOsee, 2.400'C)

Th. use of a d.ulerium limp b"l:gro[lfld compensator is recommend.d,

TIle aliblllion cu..... fo' the nom. mod. obey, 8t<,', Low up 10 and
beyond 40 microgram. ptr ml for w,,,,,lel\llth :!83.3nm .nd up to 10 micro­
arsm' ptr m1 for ",...I.I\II,h 217.Onm .. shown in Figure, lind 2. A rtpre·
sentll!.,. eu ..... for l.ad, m...urt<! by the a"phil< furnace, i' gi""n in
Figure 3, which show' gr.ltly in,rtast<! ..n,itivi'y ove, ,he nome, Fumlce
optro1rng condl'lons:

Wl....lerrath
SImple size
PtrrginUIl$
The,ma1 decomposition •

II. SCHEMATIC REPRESENTATJON OF PROCEDURE

11.1 Dllw l.borolory I;, IlImpl•. ,



11.2 CutlrtaJ ,..t portion from exposed Cdt., .."f.",.

11.3 Dige.llrel! t..t portion.

11.4 Adju" diseS! 10 volume 10 Ii"" ,,,, ..",pie.

11.5 ....pint.'..' portion inlO flo"",.

11.6 Or, odd 'e.t ponion to fum....
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