
INI~rrnination of Benro[l] py~ne
Ind Benzo[k] nUoranlh~ne in

Airborn~ Parliculales

1. [!,>'TRODUCTION

Ikn:<o [a] pyrtn' Ind l>onzo[k] fluoronth.... Irt rop,...nut"'" of I cl.a~ of
polycyclic lronuotic hydroa.mo." "'"'''' of which, includin&
beuo[.[ py...... (EW'j, 110 clrcioog.nic, S""h hydroclrbon. mlY be ubn
.. indicltors of the hnlrd which upo.u... may pr..... !. [n addition to the
fluor..c.nce "",thod to 1:>0 outlined, olh., method. hove been descri1:>od,
bls.ed on g.. liquid chromatogrlphy, Ihin loy.. chromllog",phy lJId
uhllvioltt .toorption (12.1, 12.2, 12.3). A ~l.an",1 of ~l<lhod. i.l>oinl
p,epa,ed by the Intern.liOlUlI AIlency ro, Re"Jrch on CJnce" in
COTIjun.lion with the lnternalional Union of Puf< and Apphed Chemiury
(l2.4j.

2. SCOPE

Airborn. plrticulat. matt'r i. con~t.d On .uilablt m..n, th. OrgJrtic
mat.ri.aI is extracled wilh I ,uiuble ",I"ntond fluo,escen•• "",,,,urem'nts
are made "" ch'omatOlraphtd f"",'i""..

3. FlEW OF APPUCATION

Th. method i. appliclbl. 10 oi'born. particulat., COll.Cled from ambient
air, indunri.al al"",.pher.. or rn)tor ,"hicle e~h,ul1.

4. PRINCIPLE

A ponion of th. organic .~traCl of In lir ..mple is .h,om"ographed wilh
In aromatic ",I..n" toluen., on I column of alumina which hti bun
Xli_lted II 140·C. Th. c<>ncen".. i"" of BaP in lh••10"";' d.t.rmined
by f1UOfescenc••mission "",,,"remenlS. Th. lro"""i. ",Ivent iI used in
p... r.,."". to In Ilipha1ic 0" "'Ullled cyclic, Ii"". ,hi.....oIts in I more
",pid ch,omatog,.phic ••pl"'lion.
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5 REACTIONS

h is to he nOled, in optical fl""mcme<, that the WI~lenglh poutionl rOl
maximum ••citatlon Ind emWion 'I"<'trl vary with the solvent.

6. REAGENTS

6.1 Cydchexane. ~aro"ad~

Moterill .uitable fo' .llh., fl"",eseenco Of ollrlviol., ....y I, , ••dUy Ind
ch••ply pr.porO<! by percobtlng I aoad fOchnicll grlde through I colomn of
activated carbon. Th. purif"'d mat..ill is .IO'O<! in &1-1...toppered
bo,osilicn. bottles. Technicll cyclohenne produced from benzene i.
unsultlble ...lIning mn.rill IS Ih. high benzene conl.nt nukes it too
e.pensive to purify.

6.2 ACIIl'<lI~ aubo"

A oultlble grlde is lva~.ble f'om Pimburah Chernlcll Co., Pittsborth,
Pronnsylvanil, A column of the 12 • 30 .,ad•. 6.Ocm In dllmet., .nd II 1.lst
4Scm In depth, .no.... th. preparation of'l"<'tr<>grlde cycloheune nth.
rat. of several titre' per hou,.

63 Aluminll

Actival<d lIumnl II pr<por.d by he.ting 100-200 mesh mat.rill tn 140°C
fo' 2411Oul1. A ..titflctory gnde i. Petor Spence type H.

6.4 Tow.....

Reag.nt grad•. wilh Ilow nuor..conco blank.

65 &nzoMpy~n~

II lvaillble from Fluh AG. Buchs. S"i,zc,llnd or the WHO R.f.r.nc.
Centre, Ott...... Canad.t. CAlmos. THIS MATERIAL IS
CARCINOGENIC!

6.6 &nzo{kJfT"",~,hene

This rml.rw is not I""ilabl. comme,cillly. t1mted quantities may he
obtlined fOl instrumem.1 clllbn"ion f'om ,h. WHO Ref.,.nce Centr•.
0111WI. Canldo.
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6.7 SrandJud dilu,i(m, Qf&/,

h.par. soIUlion. or BaP in n""rnctnc,..rr.. tolu... 10 oontain 0.005,
O.oJ 0, 0.01 5, 0.020 Ind 0.025 mkrog"m ptr ml of final ",Iulion.

6.8 S'alV14Td diluliOfIS ofBkF

Prepar. Kllution, of BkF in flu<>..~nee-f... loluto., l<> contain 0.005,
0.01 0, 0.01 S, 0.020 Ind 0.025 microgram ptr ml of ftnal "'lution.

7. APPARATUS

7.1 Soxlll.1 umu:ror'
ut"CIOfS with I oomin1l ",h..nt volume or 30mIand I OYOUOl time on
minut<l ar' u$<d (12.5)

7.2 Ouomtlrovafi/!k ro/wnns
GI... chromatogrlphic oolulTl'U wilh inlegral Kll..n, '<s<JV<>ir at top Ind
t.noo plUK stopcod "' con"ni'n'- Inluoal diameter should be IO.Omm
oY<' .Ieng'h of 3O<:rn.

7.3 f1uotl_lu

A n""rimelel with IOOtor d"",n e~ci",'ion and emiiSioo 1OO0nchromllO"
is required. This 'hould CoY<, the ....""length ""I' of 250 to S5Onm,

8. SAMPUNG AND SAMPLES

Air sampltS It. ' n by d"o.iOl .ir It known flow m. and time 'hrough
rd,." of «llul Of class fibr•. It i1 irnporunt that tho filt." us.td b. free
of orpnk extrlCtoble _ttrial which migh' fluo..",. II the .~citotion

......l~h$ uoed. It h.. be.n round ,hat ,mall quantities of weh f1uoteKinl
material a.. ICtually pr....ot in the comme,r:iIlIy .vaillbl. mlterial and II
may b. ntCtS&lry to .~tflot 'h.... mat.rials from the ftlten b.for. use. High
volume samples may be t....n for 24 hoon in sJaas or ""llul.... fIllO" 8" 10
inohes in ovorlll $i.., If ,h. hydrocarbon·u.-.ir conc.ntmions "" hilh
"""ugh, .l1lIll.r ,""lumes of lir may b. 111:.0 on 4inoh 0' linch filt., drdtS.

9. PROCEDURE

Us~ • do.n ciroular metal punOh, oul 4 '0 10 oiJdtS of 36mm di.met.,
from I high ,""lome mitt, Of I sult.bly loll' aliquot f,om low ""!I,,nt
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lilt.", In the ca.lcuhlions given lal.r. Ih. foetor 1O.S r.f.n 10 an aru
a.liquol .qual to ooH.nth of lhe 10lal ",mpl., PI""" lh. aliquol dj"" in a
Soxhlet 'XIIICtOr on tOP oft w:ld of glal.l "'oolond 00>" with anolh.r wad
of glaJ.l wool to 1= !ht poJ,libility of lhe Cilryovtl of Clloon panides
imo th••xtrlCl, Aft.r 6 houn .xtraction wilh c:y<!ohex.an., .nporat. the
..,h,.m .xlract "refully 102m!. J1 room temperature, using 0 deon oir Or
nilrogen j.t but no hUI. l1>e extract mUst On no "",onnt be a.llowe<! 10
!>«ome dry.

S<!. up th. chromalographic columnl in a fume hood. Carry out the
pr.palltion of column and lh••Iution prc>cedure in the fume hood. Pr.pare
the column by .Iurrying the Jlumlna with toluene and filling the lube to 0
deplh of 12.Oc:m. Place the concenlrlt.d extract. no more lhan 2ml,
Clrefullyon lOP of the alumlna which has b••n covered wilh a Icm d.pth of
glass b.ads. Elute. uSing tolu.ne. Disa'd lh. first 2Sml of .luat. and collect
3m! fraction., th.r.of..r. up to 0 tOlJl of.bout 30 r.."ion., or .bout 9Oml.
&an 'leh f.."ion separal.ly 011 lh. fluo,imel.r and combin. tho..
fllclions conlaining B.P and BkF for a further "",asurement. BaP and BkF
are usuolly elul.d b.twe.n 304SmJ bUI this OJn nry d.p.nding upon lh.
activity of the parlicular botch of olumina in use. Combine all f..clionl
showing BaP 000 BkF, ...po",. car.fuUy without heat, ond moke up to 0
finol volume .uch 'hal ,he con«n"olion. of BaP and IlkF fit th...nge of
the Slondard curve<, Se. Figur. l. U.ually 0 5mJ >olume i> Sllisfo"o,y.
De'.rmin. the fluor.",.nce .mi!.lion 01 410nm by using lh. h.igh"'bo ·
b-o-..line t.chniqu" while exciting at w.....I.nslhs 3Cl9 and 38Snm. Th ..
"oplimum" ",...I.ng,hs w.re sel.ere<! by rUlll1ing lh••xciution .peclrum
of ,h. 0.01 S"gjml "ond..ds for bo'h IlJP ond IlkF. Four ourves ...
obtain.d for ..,Iulions in loluen. as shown in Figur. 2 (Pages 276, 277),

10, EXPRESSION OF RESULTS

lOJ C4Jcub"ions

Since lhe fluore",.""e .mlssion inlell1ity of IlkF i. much greater lhan thO!
of BaP when I .olulion conlaining both hydrocarbons in «jual amount i •
•xcit.d at 309Jlm, lhe re.ding.l this ......l.nglh i.....mially due 10 BkF.
Hlvin8 determin.d lh. concentralion of BkF. on. con c.lcu'!>te the eff.cl of
\his hydtC>Clrbon wh.n I mixlure is .xcited " 385nm, ofl.r whioh the BoP
con""n".tion may be calcllbtod in micrograms per ml,;u follows'

Em,"';on ., 309 .xc.
cone. BkF· Slope ofBkF curve at 309 .xc.

conc. Bop. Emlssion II 39S-<:onc. BkF· slop! BkF curve 38S
Slope ofllU' cu"" or 385 .xc.
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10,2 Pro!",."", ",1""ltHlon

Suppo<e *n .hllte of"" unknown <ample to gi.e. peak heiaht or 14.8 units
at 385 exc. *nd 38.5 unit< at 309 exc. By ...f....IIC. to th. o:dibfOtion Cu....
in Figur. 2. th. slope.. or lh••mi..ion, per ,,~ofwmpound ore:

IIH (309) - 8,800
BkF(385)-1.850
B>P(385) - 3.850

F,om which \h. coocentrltioo of BkF· 838~. o.(X)44jlg{m1,

And the conc.ntrltion of B>P _ 14.8 -(0'~;01 ,8Sl)_0.OO39Il81ml

Concentrltion of Hydrocl,bon, "g/Iram •

"I/ml x 5 x 10.5
p.nkul... w'lght. V-ams

Coocenlratioo of hydrocarbon, "I/l.ooom' •

i!1Jml x 5 x 10.5 x 1,000
.li' volume, m'

103 A<'CIITlJC)'

0.250!<g/ml of B.aP Cln be mel1ured with In accurlCY of ben.r th.n to.OO2
mkro&ram. 0,250!<g/ml of BkF can b. meawre<! with an .ccuracy of belf.,
tho-n W.OOI"8- If the c"""en"atioo of lIaP found;" more th"" twice the
BkF coocentratian, the BkF r..ulu win be in error by. faCIo' of 10%.

II. NOTES ON PROCEDURE

II.! cm/«rtJ,r '/FIei<m;;n

Unl. it known .bout .ctual ooll«1ion dlkienci•• and in ,.paninl \h.
""a1y1ical dat. th fflcienci« Jr, u,ually !&nore<!. Prelimlrllr)' lIndi..
SIlgg<$t 'hal BaP i$ ooaled with very 'min panicl.. and that collection
.fficiency incre.... with colder .mbi.nt 'emperaturo,.

11.2 Tt1ItpuglUFt ""d pre$JW't

The err.." of lh..., l.Ompling ....ri.bles Iw bun 11'1"ly ditreprded in the
pUt. Sine. Ihese facIo" m"" hO'. "'me .ff.c, on the accuncy of tilt
ntOilSurro air volume. il is recoll'lm<nded lhat th... <:<mection, be
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imroduced '<>Utio~ly. Th~.. il. i""r~ ••ing ~r~~mrol, that if univ~rP!

..f~fOt>C. condiliO/U of t.m~rltu,~ Ind p,cuu,. are to be used to ron.ct
lbe /inal voIumr. th... condillons <!Iould be HOC Ind 760mrn Ma.

11.3 Although Ihe mrrhod <le"'ribed i. nominllly b...d upon "hiB/t
"01umr" samples IIk.n fo, I 24-hcu, samphn, ~riod, th... ;, no vahd
'.Ison why samples may nor b. token fo' shon., limr ~riodl, or sIo.... '
flow notes, Or borlt. low" pankul.l~ 10.ding$ obllioo<l wi,lt lmall., air
'0'0lum<S minimize panicullt~ fall."rr.

11.4 Jl i. c..tomary 10 .....",. thaI Ih. d."'.... in al, flow ,"I~ during
samphn, is hn.., and fo, ",ual purpose. of ciloulition. the m..n value of
inilial and final flow ... Ies i. liken. This is not rorr«l, allhough the 'rrO'
introducod by this ov.rsimplificltion i. not ordinllily serious.

I loS For lhe preplralion of ar~all"l pollion•. the we of I sharp dlculor
rnetal di~ is 10 be pr.ferfOd ove, th. u.. of 1Ci,oors 0' r«tllin.., I.mpllles
of llrg~ II" b<CI... of cr~I1" r.produdbUilY Ind ICcuracy of th~ I..al
aliquot obtlined.

11.6 In lhe US< of "plic... and con..culi.... .,.11 tesl porrion, cut f'om In
expooed high volumr filt~r, Ih~ ...umption io implicit lhat th~ mat.rial of
lulerul is Uniformly di.l1ibuI.d lero", the .xposed ",rflC< of Ih. frll.,.
This can be Icc.pt.d .. flCl in rh of "high voIum." m..n(l2.6). Thi.
uniform di1tribulion clnnol be u""d in Ol,tlin """mbrlne" Iype mien
due 10 inherenliy high pressur. drop Ind flully glOmrlry of contl1\lrcially
IVlilabl. fih~, hold~r1. In .uclt c.... il II n"....ry 10 US< the compl.le mter
(12.7).

11.7 Sample puparation

Soxhlel extrl,tion. u.<ing organi< oolven11. is most wid.ly used 10 obllin Ihe
exlrlCl of the organic mal.rial in the limom. pankullt••. Sublimltion
proc.du,... which ,equi,. ou oolvem, "" worthy of ronsid<rltiOn (12.8).
R«ently, uhrasoni< agililiou of lite SImple in Ihe p,esence of I oolv.nt i'
said 10 b. very lipid Ind ~ff'Cli,... The proc~du .. shuuld b~ desigr><d Iu
Iv<>id ""politico II much "' poSlibie, because of ",wility I"..... HOII
sltuuld r>01 be wed Ind extnc11 ahould neve, be III~d 10 become dry.
~re is no blank problem wilh good quality 11'" 0' cellulose mt<rs bUI. IS
""olioned. lit< lbsolule colICClion .rrlCi~ncy is unl<nuwn.

11.8 Optimum waw.le"llllr$

The oplimum ....velenglhs l'IIIy va,y l<Irll<whll <k~odin8 upon th~

inslrument used, Tho Vlh," Jiven Ole inllnd<d only IS guid... sine" beelwe
of inslru""mal vlrillion,"cIt labolltOry musl ..tlblish Ih~ "l"imI wltich
are obuiMd under thei' ...Mlld coodiliuns. Co1ib ..t;"o I;\lrve$ similar to
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Figu,. 2 ... obtlin.d for 'lInd"d solutions in cycloh.~.n •. The sensili'ity
is IOmewhll I in ,olu.ne thon in cyc!<>heune. H<>wever, tM loluene-
based BaP me.." ment i. somewhat !>eu.r tluln 0 BaP me..u...menl "",d.
in cycl<>h.ltlne !>e<luse the .mission of BaP II 385 .~c. i. Irish" lh.n the
<million of8kF., 385 exc.
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13. ANNEXES

F""... 1, F1uor....""..milSion 'peclra. for Ilandard polycyclic hydJOClrbon.
<:Umrued with the .peetra obllined on ai, ..mple .,Uraca. This illuSlJlte.
lh. lO-alled buehn. method of peak height measu,em.nt (PaS' 216).
Flflin2 Four llindord CUfYel .re Sivw for !>e1llO[I]py...ne and
benlo[k]fl""nnlhene solutions in loluen. IS each st.ndard solution is
extracted u'ina the '~I"Clion wavelen&ths 309 lnd 38Snm (Pag. 277).
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