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Id..Uy. it would b. desirtbl. to oh..oct<riz. ,h. otmo,ph.rio ••wool .. 10110....'

(i) iden'ify th•••00ian du.t oompon.nt (d"';"d from ..id 'esion,)
(il) loo..e th. a".. of itt otilin.
(iii) ..,im.t. itt ttl. of d.poo;!ion to ,h. pound (in<ludirtl; in'<tcoption by

"JOmion)

Suoh inform.tion would ..>ill '" undtntandin& th. Input---<>Utput dy..mi•• in and
around d...rt> indudinl 'esional du.t trllnspcn and indioat••ny dry·nuohinl
.11«" on the P'odu<tiYity of '<i.,.hon rocoi""l dust inputs,

Taoe-ol.m.nl analy.it h......n uoed in .Iucidatin. it.m. (j) .nd (il) .bo", .nd
for all tho.. it<m1 .bo•••• riou. ltin<ls of troditi",," dry d.posit pu,.. ('.1- fllt<t
pape, pad.) and dustfan collocton h... botn usod.

This paper oxplo'.. tb. l"O"Sibl. \ISO of sPOCially cloan.d IlOlpl .. of ""'.
containo<! in n.t, nylon-moall .llYelopes (moo.b..,) .....bo,jru'a for '11_ pUln

Idoa-bap .f'''rr inoxponsive '" ptodU«, c'o I>c sont ...~y by postal ..!Vi« to
.00lytical labot.,ofie. and thus can 1>0 used in I"•• numb.n to m.k. wide-Kal•
•ynoptic surv.y.. Th.y oolloct ...0001 in terllU of pank1. Ii••• and quantity per
unit .... with an offici.nC)· dosely .imil.. to that ofobort pus sward, withou' th.
1lou""o-off, 'blow..,ff Of turhul.""••ff.ct> shown by certain typa of dry'd'posit
PUI', ...bkh m.y tend to und mpl., ape<:iaUy ot ~., ..-ind.-pccdo.

loIooscs 110... hilh catio 1Io1ll< capacity and th... io vir,ually no 10.. of
metallio cl.m.nlS .von und.r period. of int.n.. t'linf.l1. They can thus b< used ..
to,a1 (....., and dry) collce'ors. This u.. fuIly .void. the ne<d '0 o.rry out ..parot.
,ainfall .naly... '0 .110... for ,h. leaohinl of solubl. troCHI.m,n" in dUIt·fall
pu... Iollowini ,a.i....piood ...

!'Tid,n« so far cop.Cled indicat .. tllot n",.>-bap ori,'"atod ".'lIcaUy to face
..nons COMPUS direction. oct "" ........b.. like 'dipol< • .,ials' "" that, for poUutants
"' I..." dioun' emisoion .ourc.. can be Io<:ated. The possible ut~ity of thi, for
id<ntifyinl tho oriiPrU of tr.nsported dust it also diocu".d.
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ILl INTRODUCTIOS

s..JwTilll D!<sr

Ahhough du.tflll bu:km ..d .ariou. o,h., kind. of dry..Jq><>sit (00) lIld
,olll..J.po';, (TD) ooll""tion de.;,;e. hive t>een "'idel)' "ltd in the pu' 10 ..mpl.
lI'1e e'mo.pherto ..",soL ,,,,,en' imp'o....men" in di,eo' lir·ftltrl,ion equipment.
inoludin& iookul.,;,; and hlgh·""lume wop/e" IIltve pro....d o.pabl. of pro>id,nl
mo,e unbw.od <stimlte. of "'mospheric: consti'u.n'.. Addilionolly. ,he veltly
inc'....d ..nsi,i";ty of mod.m ch.mkal aoaly'kal m.,hod. h.. reduo.d ,h. r.«d
fo' Ih. \"'3" wnple, form..1y ,equired fOf ..aly.is. thus further dec....inl depend.
•noe 00 deposition sampl.",

However. a11hough Ihe dim"ultie. of ..Io"na 'he r..ul" obtained from deposi'
10ul" '0 'he at,ual conoootrl'io", of airborne oon"IIu.n" in tl1,"mbien' ..mo..
phere are ..,.n kno...". ,hOIelIe thre< principo.l ,.lSOn. why d.p<>tit goug.. ,,~1 lilt....
• u..ful pan '0 ploy in our undersWldina of ..rial trll1'port phenomena:

(I) They do nol depend on 'he IVI~lbUI'y of el""ric:a1 po..... $Oppll" Ind
although by no me.., a ",ln1i'u'. fo' 'he d~,,,, meuur.men' of lir COn­
""n"a\lOn (AC). they do 11 Ie." p.e some Ide. of lirhome o<><u'i'uen" In
,.mOte pI""...

(2) Unhke AC pug••. th.y II' not f",.d .olume sampl.". Thu•• in thi....peel
they do no, ,...mble ,he human lunl .nd he""e cannot be "" oooverneruly
..llad to medical ",udie. "' AC pu,,, Oln. How.... r. ,hey do ..n..,t ,II<
nl'ure IIId quarrtitie. of ai!\>om. oon"il"'O" hkely '0 be interoep'ed by th.
gIO>und (indudin, .urflC< Wl1<". ooib and ""g.tI'ion). Hence 'hey Ir< opp,ox·
inta'. me..ur•• of tbe atmospherio inpot of nu,ri.n" ""d poIlutan" 10 Ih.
food·dtlin. In thi! r"p«:lthey ,.llt. u.. fully to oJticul'u,a1. fo.."r)',"'o­
.,.".m and ....ter-qua!i,y "udie, of ch.mical distribution.

(3) When in'''';'''inl Ihe nUM' of lirbo",e material. f,om ..rt.. of meuu,em.n"
in tim. ""d .pace, deposit pUI''' con of'en be mOre infO"""live ,han AC
gau," .. 'hey ""n sholli' the net eff..,,, of aerill trlllSport from on. piaoe '0
1I10'her.

When ,be.. f..,u,", lie leen in ,h. context of "'OIO;.trlO.pol1 studi<. in Ifid
""''', d.pooi' gaUl!<' m.y be uoeful in .ludyin" (aj lb. dry nushin, eff«, ""
",icullural .oiI. of ~irbor11e mat,onulri.n" IOd "'." elom.nt, (IC. Ca, Mg. N, S,
Mn, II, Co. Cu. ln, <1C,) d.ri..d f,om duer"; (b) the ,.neoi. of leohan .oib IIId
(0) ,Ite input/outpu, dynamic. of v"""d-wrflCe ma"rilh in and IIOUn<! duet".

The enwinl paper hiJIiligh" 10m< of the abo..·menhoned differe"".. betlVun
AC, DD IlId m method.lOd e..min.. how fll nat, nyl",,·me<ll plCke" con1linin,
epiphytK: 0< ombfOtrophic ""'" (mOlS-b'p) migh' be lVQ,th trying out .. a
con.enlen' Ind inexpensive .ubstitute for lhe mote tradi'ional type of dopoJi'
p.ugelnd their po>sibl. u.. in fUlure arid zone stud ..._

Urtlo,. otherwise lt1t.d, ,h. 'ype of deposit gauge. being compared ~re ..
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f<>llo.... ,

(a) TOlizl ,Npolir f/1"rt (TD). This i. Uk. a ram pugo with. polyth."" fUM.1 (th.
mouth is ",,..n.d with O.S mm t'ryIen. m.... to exdud' insect.). It d.li.."
d'po$it.d dust and prt<ipitation into a po!yth.ot coUocting bonit (Co..... and
I'tinon 1972),

(b) Dry dq>o:sir pur' (DD). T1ria i. ~tially • flot horilonta1 pod of f~t.,_paptr

pr01ttttd .bo.. from rain by a >h••, ofpersptx, but Opt1Ito winds Ofl all sidt,
10 th.t blown paniclt. can dtposi' on the m,., Inper su'het (Co"....nd
Pei""n 1972).

(0) Moss-bat (MB). Thi. is a flat 10 ~ 10 em tn..lope of] mm nylon-mesh oon_
taining .ptcially duned m"" (u.ually Sph~num gcu(i!olwrn aggt<gat.),
.....nly pack.d to OC<UP}' the whol••urface area of the pocket which is
otientottd horiwn..liy or ""tinily to f.et. particular dirtction or hung fr~ly

,u.pendtd from a n)'I00 th ...d

All lilt pug.. a,. normaliy posi'ioo.d ISO em abo.. the pound ,urface. Tht air
<oo<entTOtion wop/or with WhICh they a.. <<>mpartd sucked air throul/l 0\\11'1­
man mter_paper at the ,ale of approx. 5 Ifmin (C...... ."d Pi.non. 1972).

11.2 MOSS--BA.GS

11.2.1 o....lopmnl oltllt mothod

Epiphytic mo.... rt<.ive aIllhei' mineral nUlrienl. from the ai, (Tamrn, 1953),
."d th"ero," any metallic: subsla""t in lhe """" mu.t como from lhis medium.
Followinil lhis premi.. , Riihlinll and Tyitr (1910) show.d how ..rying metal
eoncentTOtiofl$ in nalu,ally l'O",nl epiphytic mo.... In S",ed.o might rtlltet
prevaililtJ lerial metal bur<l=.

In... nlgalion. in lhe Lower S,,'...... Valley area (Goodman and Robert., 1971)
showed .bnormally hi&h 1...1s of ..veral heavy moals in lilt tpiphylie mo..
Hyp""m cup~'sifomt.,both from natural population••nd ai,o in roo.. eoli«ttd
from 01• ." a"...nd hungoul in nylon mesh ~al atmospheric.liy poliuled si ... ,
Eit.ated m..al levels first appeared 10 km WSW (upwind) from Swan.... T1>e..
rO.. 10 aboul 4-20 tim., tho 'normal values' found in and around lhe City of
Swan,.. and " ...dily feU off 'gai~ to 'normal .00u..' 25-30 km h'XE (downwind
of Swanua). Thi. was lht fi"l "udy usi", """,-0.11 and l~t m.thod w"-,
dtvtloptd further and h.. been u..d tXIUlsi..ly by tho prostnl 'Utho".oo oIso by
olh.. work.".

Ot.n Sphagnum moss (Sp/I",num tU:utiloliwm ....g"'.) is eoU<eled from ru:ral
..... in Wale" away from indu"'ial activily. F<>IIowing three wadi.. in 0.5N I-U'O,
for lh..e day., tho ""'" is roaktd and wOlhtd lh... lime, in double-distill.d wal.,
sutpl", water removed and rhe mo.. mix.d 10 obtaIn .. homogenoo. a materiai ~
pooIibl•.



Approximat.ly 10--15 I (.qui.aI.ntlo aboUl 2.0--2.5 IdlY w.i81U)is lben-..
inlO nil 10 x 10 cm n)ion Illtlh bags of app'QXimal.ly 2 mm "",1lI"'e (obllin.d
f,om HenlY Simon. lype 18 CC:-") W l$ 10 oceuJ'll th. wIlole inl.mal ar.a of Ih.
has. Th. bas is position.d in l!le ~nlr. of. ci,<;UI.r loop of pll$tic-roV<,.d wir.,
held at lb. <omen hy four nylon lhr.od...ch ofwl1i<h i. b"d to the loop.

Aft'" exposure to lb. air al th" lesl ';t. (uaually 00 a bamboo <"". It 150 <m
above lIouod for 2--4 ..'••k.) th" hap ... dried II 4{J'C 10 <onslanl w.illhl. The
,urf",. 'rea of ""'" is accurat<ly me.sured ....d lhe moll theo r.mo..d <ar.fully
into Kj.ldah1 nub Ind ....ighN. FoDowinl w.t dileslion in IS m1 of I mixture of
'Aristlr' srade nilric IIld per<h1oric lcid. (4: I ratio), the lOIutions are boiI.d
GOody down 10 a f.w milWilre. and mad" up 10 25 m1 volume.

Th< solulion.... then analy..d for melals by atomic IblO/ption SPOCllo­
phorom.,ry usins a T.ch"on mod.1 AAJ (Meltury is analYJ<d osi.. I f1l11lelu.
technique).

After coneclion for the ""illinal ""'tal conlenl of unexposed moss, tlte lIIloont
of metal deposil.d ....d ",.in.d on the hiS is cal<uloted in lerr"a of~ m.tal per
cm' per mooth.

Furtlter d lopmeOl work showed thlt lite moll·baS appear.d 1o b. I IIS<ful,
inexpen5i.e m;..quantitative indicator of metal poUU,.olle..i,and <Ill be IIS<d 1o
monitor r.lotm chanies in ai1bome """al hurdens;n .pace and lime.

11.2.2 UaiIlS moos-bop 10 locol< OOUftt1 (April 1971. lsoplelh .urvey)

In an .xperi"",nl f"'IO<N by th. N>lural Environm.nt Ros"'eh Coonoll and
tl!< Univenity of Wales. 10 arJ1.Y of mo.......p WI' sel up in lhe (.ooo·.r Swansea
VaIl.y, UK. II a n<t"'ork of situ, for a period of on. month (10 April_ll May
1971). Al .ach lit<, four bap .... ,. fuely suspended 2 m abo>o the l'oond·$Urfa:;.;
twa hap contained H (Llpul1if_ ....d the ollter lwa <ont&in.d Sph<1,rnum
tlCUli[olium a"'"I"r•. At the .nd of tlte period. bag. from 80 siles wor" analys<d in
order to dixo>or how far:

(.) meaniolful spatial patt.ms of "",tal dis"ibu'ion ..'oold "mer.. ;
(b) th" ,.SulIS from lh" HYPIlUIIl IIId SpMfrlwm ball' ..... comparabl•.

Th< I<lul" sho..·.d that "Kula' pattern, of metal distribution could be dearly
dix.m.d, aJlO1IIing Sites with similar metal values 10 be join.d by isopleth Unes
!ioins • lYPO of 'contour map' of int.rr.ptod airhOfn. metal 1..,..1•.

Masn'sium isopl<lhs show.d a t.nd.ncy to incr.... p.rallel to th. <out "' the
50. is .pprorsch.d, III .Xlmpl. of th•• by now, ",.n documenl<d mo.rin. 'Ource of
airborn. masn'sium. Oth.r """al. f.U into t..o distinct lIouP'. One lIouP, nickel
and cobalt sho...d a ,0uKhly concentri(: ~onation of isopl"ths with lit< hillJt.1l
\'Slues centred close 10 I nickel r.nn.ry. tbe ollte, groop zinc, I.ad, IOd codmium
show.d a h,oodly sim~ar pm.m wilh l!le h111t." values conn.d some 4.5 km
farth.r south, <10.. to a zinc "".lte,. Th~ coppor isopl.th. hod a doublt COOlie.



T1t~ u,~ 0/Mou-bqJ in A~rOkJiMon/'on",
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'"
FiaUTe ILl (a) Lad.nd (b) I'jd.1 <lepolition
onto Sph.olllum mOD-bap e.poO«l dum.. April
1971 (..pr<sO«I •• 11& em -, day -, )

indioatins some ""PPO' OIllpllt by bo<h works. Th< ...u1ts c1.uty shO'O·.d t~OI

m<tal .mi>&ion...: (a)wind-blown dum frOn'l the old conurnin.",d solls ond
.....t..lips of former industry; (b) urban smoke; (c) vehicle exhausts and (d) ot~er

industri..; " ..... of far Ie.. /.iw!if",on"" thon ontidpattd ,,'hen comport<! with
outpUt from <h. two OOi"inS ind"'trie•. Fisum 11.1(a) and 11.1(b)sho... isopleth
maps rot pt, l1ld Ni "'sp«!ive1y.
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Th••bove condu,ion, "",,,,.d i'''''p«liv, of ",h'th., lh. mo ...b.,. oon"in.d
Hypnum Of SphaptUm. Th. 1..,1 of ,.oh motal ., .. ,h <ito, obtlin.d f,om a

HYPllum ml.d b~~. oomj>aT'll clo,.\y "';lh thal obllm.d f,om • Sphag""", mid
b.g. All Hypllu'" d.,......n tit< by .t<, corr.latN m. highly siJflilkan, w.y wilh
tilt cO""poodinl S~IIU'"d.,1 indil:a1inllhal c1o..ly "mil., ;",pltth pict"'.. of
m<lal dillribut;on .,. oblamN irr.,pective of which moss i' u..d.

11.2.3 V'ina m_-t.p to folio... airl>otlloe-mtlll ,h:llllts with timo (~m\>tr
1971. bopl,'11 ...,,~)

Th. u.. of mo...baS' as • ,.Illi". mo""". of ,h. I'<>graphical dIStribution of
mot.11 around an emi,,;,,n ""'Tt' ch.ngt' in .pac, t.n b< poraJl.I.d by 'hoi, u..
'0 follow dllHla" wilh lim•.

A ~ood oxomplo " .., p,ovidt<! wt'n in mid·~I.y 1971 tilt line """It.. in ,h.
low" Swan... V.Uoy m'n'ioned Ib""'. clo>ttl do,,-n followin~ industrial f.. truet­
urinl by th' company concern.d. Th. IIk..1 "o'h. 4.5 km north of ,h. tinc
,m.It." continu.d to opt,." IS uSll.L Tho 'fftct of thi, w"tdo..-n on ""tal
bUfdon' ill lilt .,,', was monilo"d by "lul1T samphng. In p'rrittlllT • "COlld
13'1• ...,01. mQSS-Ool ,u","y Lldng tho .."", <il.. as in April 1971 ..... carri.d Out ill
Dec.ml>t, (10 D«<mbor-7 January 1972).

Although Dto.ml>t' pm.rn, fo, lho se<>1V.phital dimibulion of all lh••I.m.n"
",.rt basically "mUir 10 lb"'" of Ap,U 1971, i... .,.ntr.d ",ound lht two m....
wo,ks cone<,,,,d. ,lit.. w.,. mOTktd qu",rril.,ivt diff".nc...

Tho '''''''8' ....nhon of nick.l and cob.1t b)" m<>lll-boS' doubl.d durinl lh.
Dec.mbt, poriod. Th". appuf<d '0 bt • 'lIt,plllg·up· .ff.ct of !\, and Co i1O\'ltth'
around ,h. n;c..1 "'o,ks (Fiiufe 11.2(b)). Thi' m.y h.... botn c.lJ><d by,
(.)illC<....d pfoouclion ., ,lit wo,ks (conoid.rod unlikely): (b)lh. pre-'oiling
win'" ..·..thor b.i.. 100s f• ..,u",bit fo' lbo disp'rsion of .. ,ia1 p'rlicubt..; and/or
(c) til< domp" .....,h" c.using incroosed illlt'«ption 011 l!>e m""-baS' bt<olU..
thty ".yod moisl fo' long" ptriod.. Th" 1,,,oT phenomonon. i......., m<>lll-bop
brinl mo•• emcitnt illlt"'ptors, wlS demonsu."d b)" CllImb.rl.in and Oough in
wind-tunnol ••ptrim.n" with mo...bag, and is limilar to "'hll would h.ppon ..;th
moist lP0llltd "g<1I1ion. Changtl in wind ,pot<! and dit<ctioll " .. ro lar&.I)" di..
""un ltd •• b.ing of any im]X>rrancc bee.u...parr f,om. slighl inc ...... in Ooflt.,1y
and nonh..u,.,n ..'in'" in Dtccmb<,. wind·",.. dou for lilt April poriod """e
.ub.unti.ny the ..fIIt as tho" fOT lb. D«<mb<' ptriod.

In warp conI"'" to tltIs inOf..... tinc, I..d.•nd ••dmium 1",.1. f.1I in
Decomb<r. by flOtors of .4_10. to much less lhon l~e Ap,il 1..·.10 (Filur<
1I.UaJ). AccoTding tn lb.......ult•. lbo .ro.....I 110 long" .rrocl<d bl 'PPf<ci.bl.
foll",ut of nnc. I••d and c.dmium.nd lh. "100,..1of lho ' ....mpil\i off«t of th"
omission SOUTO< .nabl.d <ublidiafY ,mi.<ion """c.. 10 bolocaled, •.g. wind-blown
d...lS f,om lh. old m".l·,ich ",as'" of form" indUSlTjl "OW cOntribu«d di1O<TII·
ibly to tho i,npl.th•. n", can bt seen IS. lOll nR i",pl.lh 1 km :>:orth ofS ....n...
(FiRUre 11.2(a).
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,.,
Firurel1.2 (a) Lead and (b) Nickel d~

pooilion onlo S9ha",um mo.bap •• p<>otd
durin1 Oocombo' 1911 (••pr....,;! as oJ em -,
doy- )

(

The oopper isopleth map now 10Sl is double untre; III< lingle err«liv. Centre
now being dO$!! 10 the nidel works.

A [unh.r f••tur. of ""at inte,..t "'"1Slhal lh. mou "'$Od had. very hiJh c..ion
ex"hanl" .apacity. Th ..., elulion of wlUlions of metallic .It'''''Ol' through <<>Iumn.
of mO$$ " ..ined virtuall)' .1Ilhe dissol""d ""'talon tilt mo Uktwise. moss-<.ap
expoted to drtnchini rain (both nllurol and simulated) , inod both III< meullic
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<I.......nll a1,.ady d.posilod Oft Ill. bigs and also ,110 solobl. IIIOlall in tho rain i'solf.
In 'iow of 'boi' """PnHl., and Ill. lihlihood of th.i, bMiVlnll Itk. l &lUs surd

U 'tp,d. plrticl. interc.ption ('loop. 1974). mo<ulgs might be .uitabl. for
routln. n..,,'o,k sampling and mOfti'o,ing. A .pocial ad,""tag. is that 'bese <an
...ily be ..nt in poIytb.n. baS' by louer poll to a cen, ..l analyticallabortlo,y.
Thi. mak.. 'b.m more co"","i'nl 10 bandl< tban TO bOllles. However, further
informa'ion on rhe b.b.vioor of moll-bill al a d'posilion pUg< is tequired. It i.
natural '0 ask:

(a) How Ib.y ,.1... ro tho .xi"inl more naditional m..bod.(TO, DO and AC)'
(b) How 'h.y and ,h. I..d"ional pUg<I ,.111. 10 inl.rcept;on by pound "'8"

lO';on?

11.3 COMPARISON OF MClSS-ElAGS 1I1TH OTHER GAUGES

During Ih. p<riod 1 lun. 1972-31 May 1973 a .Iudy of molll d.posirion Oft '0
mCllS-bags (MEl). total d.position (TO). dry d.pos;tion (DO) laug.. and me.,ure·
m.n" of air conc.ntration (Ae) ....,. mad. II nj"••;t.. Ul Soulh Wal•••ponso,.d
by tho W.1sh Offic., The l>amral Envi'Oftmen, R...arcb Council .ponoored a Iludy
of a further so>"" Ii'.. (six in Ihe UK and on. in the Netberland.). MEl m.asure·
IIIOnll ",er. mad. by tho presonl u,h"" and the Olllor 1IIO......menll (TO, DO, and
AC) by AERE Ha",,·.lL Th' foUowlngl.,,'.n m..all 'O'er. analysed for all pug"
Co>. Cu, F•• Mn. Ni. Pb. ""d In. This '"obi.. comparisoo. to b. mad. belw••n
aithorn. metal deposition on '0 ntO..-ball and 'h' other 'hr.. pUI'I. In Iddl'ion.
tbe relationship betw.." metal "'""tion by ""'..-bags alld a va.. SWlrd was
'XlmlIlod,

11.4 FACTORS INFWENCING AIRBOJU.:E METAL DEPOSITION ON
GROUND VEGETATION Al'\'D SA.\lPUNG GAUGES

Ex"nsi'" worl: hal b«n carried out by OI.amberlain and Oough (Chamberlain,
1966a a"d b; Chamberlain and Chadwick. 1972,001111>. 1973. 1974) usinla wind
tunn.l I<> in.utilP" tho beluviou, of mom. panid.. during thei' deposi'ion on
r"".plO' ,urfaces (t~Y' of g,a...wa'd. 'ray, of mcss. lI>OSH>OII and lhe filw pap<'
IlI.rfaces of dry deposit lPu,.,). This shawed thaI lb. proportion of morne
JIIllicl" "rained by ,he "cep';'" surfaeel of the V:ISI ,,,..ard and tllo thr.. types of
PUS' dependl upon:

(a) The "ltnti.. clIaracterisli<:l of the r""eptor lu,face ('bainneas', ",",neal. Of

stickittess).
(b) Facton affetli"l the d.~.ory of panicles 10 tho "ceptor '\ltfacu (wind 'l"'d.

tu,bIllence),

In tho foUowinglummlry it mult be borne in mind tbat, IS indical.d in 'he
lnuoducti,", 1I, 1 abo.., AC gi"" a ,oop "limo" oflung burde" whillt TO. DO Ind



MB 111 p,o';de .pproximale guides 10 food cltai~ burd.... I'i4 ""l!<1.tion inte,·
ception.

h "'ould be .mplluiud at lhe oU"'I, h"""••.,.tltal lh. deposit pug.. (TD and
DD abo....) we.. not onainaDy designed to aimul.te • g....,ourf.... but to pr"';d••
u~fuJ me'''''" of depoailion bdla";olU of the ••rio... dements in the atrnOS!'heric:
aerosol (C.".... and I';enon. 1972), SunU.rly.lhe mou-b.g pug. wll d.,ign.d 10
simw:u. depolilion to natural populatiom of moO! growinJ, epipbytically on ....U.
or lr~. (Goodma" and Robert•. 1971), How,,,',,,. lm<e th_ ar. the ""Iy con·
....nionl, ine.pon';.. method••....n.ble to ua for .,limalinl d.posi'iod 10 &round
~talion, it is clearly desirable to del.nnin. how lhey rd... 10 on• ..,Olher ..,d,
.. far .. possibl., 10 disc.,.., how ",.11 they ..n""l int.,ception by g.... .....rd. or
olh.r groWld ....getal;on.

(I) Do.pit. lh. ap9&..nl design diff...nces in th.... thr.. I;lUll'" (TO. DO. MB).
th. phyti:aI principles "".... minl deposition on their r.l.nti urf..,•• a,.
basic.Uy the ........ os lho.. conlrolling ;nl.rception by. V d.

(2) Th. physical properh.' which ""'I:< d.posilion .urf""., eff"'ient interceplors
of oirborne p&nicl<a or' 'hoirln ', ....tl\01$ or ,"ckines,. l1>e OD filler p.per,
which is I:<pl dry and is r.llti ly 1J'OO00h, would not be expected 10 lrap
panicl.. os .ffldmtly (V,)' .. uus which i' ·hoiry·. and poriodic:aUy wet.
Moas-Mi" "'hiehgtl periodically Wet to aboUI th exlent .. lhe grllO at

lhe ail. who.. !he mou-bag is expo..d, and are r.lali ly rar mo.. hairy lhan
".... would be expected 10 l"p paniclel more emcr.nlly than ...... l!«.=
of ;ts l.ryI.n. m.'" <over. tho flIter funn.1 of lh. toUI deposit gauF ""'y
po..ibly bo more .fflC;.m lhan the flIt.r pape' of the dry d.posil pUF. 11 is
usually ..,umed that dry d.posilion on the flIl., poper of tho dry deposition
pu.. (DO) is <quinl.nl 10 that 01\ lh. ,>in funnel of lhe tou! d.posilioo
pugo (TO) for .qual projected horlzonloi ar....

(3) /':articles of dirferent ';'0$ ar. nol retained on lIly of lh.... de",,"li"" ""f>cOl
with <qual errlCiency. Thus. for flIt.r-papo•• largo, panicl., «. 10 pm)..,d lhe
smallest «.0.1 pm) ar•••tlined moat .mci.otly (hiah V,). wilh inlermediate
Iliud parlJoies mOlo'inla s/wjl minimum in the proportion relllin.d al c. 0,5 lim

diomOl<r (low V,~ Thi. gi..... I pronouIIC.d V-alupod curve for the prOPOffion
of parlJcloa ~toi ...d with inor..'in& parlide 'iz<. GrllO .warda and mOllS-~

Ita.. I cl....ly ';mU.. pmkk Iiu ~lOnlifMI <urve which i. """"what lh. """e
as that for flit•• I"pet bul more U.ahaped, i.•. tho.. io a n.n....d trough at lh.
minimum bol.....n parlicl•• of0.1-2.0 j.Im ~ .., important sin fraction in oit.

v • q.... till' <>oa 0' ..) <1<"",,1«1 PO' C1II' 01_04 '",f..../_
I q"...dll' (0, 0' ftI) """'raiDrd ;,. I C1II' of bi<.r oi'

Vd""lI' or ~opositio. oi 'ho ...m""'l;". 0' dI. pr"".... 01 ';"", impocrlo. It>CI
4iffu_ (i.•. ~'l' doposi'iool~
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TlriJ di//<TmriJzI numiotl 0/ rh~ """"'.... p,mick siza by TV. DD aM MB
mMns rhal th~" am bt no simpk [lXtd leI.lrlonthip /><II...."" oir-ron"n"o,wn

<ll1d dtposi'ion 10 grOOM "'grloli'm or dtposilion on 0 K'f"l<'. In lhil nsp«1
1M t"1lPS would ~ 0 btu<T ttj1tcttJn or .qnottJn ttlmllon rltt.n wo«ld b.
pro.idtd by Ih. oir-eon<'tn/rQ!ion lIP"" which d,..,., on unbiastd ",mpl. of
o;rbom. ,,"U1l. indq)mdrnl ofp"."llilinz '<ind I{Htds.

(4) Th. proportion of p.rtkl.. in the "",0001 «t.in,d by the depoSItion surf.ce in
• wind tunnel is ",ooJl-Y inc.....d with In"eO$ing wind .peed. Sin" wind
speed inc:,..... logarithmically with height lbo... po""d. the gauges pla<;od.t
150 cm helAltt will be '~po..d to 100" wind than lhe po........ rd.

\\-'tnd speed••bo", 5OOcm/""'. (II mph. lluurort 3, gentle \>fee..), at
1SO em, rn.oy Clu" par'iel.. c. 30 "'" to boune< off the film paper of th. DD
put< 0' to blow "ff .pln if .It.ldy d.posit.d ...~tr under Ie" WIndy
condition•. This 'ffect i. no' "" import.nt .t normal .it.. whet. partkl.. Ire
uaually <101"'1, but could be ""ry important at breezy .i,.. dose to ."
emission ""urc•. It i. n'iliJiblt for mo..-lngs but could ",d~ tltt deposjlioo
on to DD. By con".". the ai,,,,oocentWion gauge wnpling at. co"",'11 rate
(c. 5 I/min.) is ind.pend""t of wind speed.

(5) AhhouAlt i' is "r:- difficult '0 q""ntify llJe integra led .ff..,,, of ,h. pli}'licl!
f.atu,.. of the ""1"0' surf",,, If/d wind speed upon relention .ffid.ncy, it i.
possible 10 make • very 'oush ••tim.t. f,om th... wind tunn.1 ob"rv:a,ioIU ..
foU"",•.

Th. filler pape' dl}' d,po.it puge would mo.t Uktly und"'tsti"",,. input to
• pas. JWOfd by • r"IOr of 1_10. Th. vttrbllm""'-lng pl..,.d", 'i&tJt.ngl"
to an totission ""urc. would be Uktly to o"..... limott input to I gra" .wud by
a fICto, of 5-8. Thus, th. ""lhods flight be ..pee ted to diff.. by • rac'or
within the rang•• to-SO .. 1)<1......" "",...bags .nd lh. AERE dry <ltpooition
puge, with. cenlrol ,~ndtr\C)' of c.• 30.

(6) Th... is tvid.flCt tha' doubling tltt wind spe.d in I wind tunntllpprlD<ima"ly
doubl•• th. proportion of 0.5-1.0 "'" p.rtid•• retain.d by. mttr paper pad,
moss-bag or vass s...ard. BeaUS" the physical charact.ristic. of the moss-b.g or
gr........ 'd make th<m hiAltly re"nli.. compared with filter paper (x 10-30),
doubling the m.ll! input to V'" Or moss.bags reprt~nl> ....ry largt .rith·
metle increment comp.red with a relatl...ly small increment 10 mttt POpeL

(7) Both moss-b'I' and 1lJ. tot.l deposit gauge suff., from 1lJ. di..d,'.nt.,. that
rebti"" to a gr........ rd, althoush ther. is a soaling f.ctor [~e (S) .bo.... ]
ope..ting for dl}' d.position, it is m<>stlik.1y thal no SO.1in1 f.eto, operate. fOl
""t.1 d.posi'ion in ..in, i.e. tb. quantity of ""tals re""i".d in rain/em' of
,,,,,eplo' .",f",,~ is Ibou, the some ror mltr paper, m~'F. and gralS ......'d.
Thus, if metal input f,om washout i. mher .,.,iabl. and I.rge, b"'h pug..
could giv< vel}' mtsltoding results. Sin"" wa.hout of industriaUy d.rived metals
is beli....d to contribut. only a .mall and rel.!i,·.ly Co"'tant perc.ntlge to totl!
deposition (10-10%), llJis problem is not 'ho"Alt' '0 be • ""er. on. in
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p,aetic<, ~nkularly for th. moss-bal whicl1 o"'''<limates dry d.posi,i(>n.
110........" tho only way '0 Ovtroome it thoroughly would b. '0 usc d,y and
tonI poges lo,.th., or p.lrs of moss-bap, liM by lid., ",hich ar. txp<md to
lnd 1b.11.,.d f,om ,"ill,

11.5 FIElD TRIALS

n .... 'porim'n1,1 flndLng. in tho wind !Unntl nt.d ,-.nfictdon by fi.ld 'rial>
and in panioou1ar IUU'" tht foUo..in~ qlltStiOlll:

(a) Do th. "lulll in th. fi.ld ind;"". thlt all pU8<1 or. IImplina ,h. prtvailing
airborn. m....ts mueh os th.y do in tho wind 'unntl. L•. AC dfOwinS 'n
""biased IaJtlplt of all pa"ioolt sil.ts and thUl &ivinS mt,.1 ,esuhl IOmewh..
dilT.rtn' from .\111. TO. and 00 (all throt of ..hich ond.,~pl. in tho
int.rm.dill. partido lilt ,ang. 2.0-0.1 "m)?

(bl Do ,h. \lll, TO. "nd DO m.... ",,,,Iu luggtl1 tI'" th.y ••ch ..mpl. ,h. ,.. riOUI
panid. lizt! '0 .bout th. Urnt .xttnt. i.'. limila' d.V'" of und.namplinl of
inttrmtdll'.p.rtkles (s<mila' umplinl qulLli'y)?

(c) Do mnss.bap coUOCt mo,. m....lIuni' or•• 'han DO 0' TO, and TO mo,. than
00 in' sivtn 11m. ptriod (..mplinl qU3l11ity)?

(d) If 10, is this. f,.til. fOti(> (MilITO; MIlIOO; TO/DO. tic.) i"tspoetiv. of monlh
O"tl<?

(.) Dots motal Mposi'iQII in a m:>u-bq bu, any "I,"on '0 d.position on to a
1'"'" ....ud in Ih. fi.ld?

I 1.5.1 Comparina ,h. quolilll,h-e ch.rx,.rislics of dirf...n' pu...

This .an be done m:>1t con....nl.nlly by co,relalinl tbe qU3l11ilics of oJI sc".n
mu,ts (Co. Cu, F•. Mn. 1'1. Ph, and In) .....in.d by any ''''0 tj'pO' of PUI' in any
month 0< II any."'. AI an tx.mpl•. it .. pol'$iblt It 1l,1nMrm.re in Jan ...ry 1973
'0 compa,. Ih. con,tn, of th. sc\'tn 0'1..01. I1IIlysed fo< in """,...bal' ..;,h th.
amountl of ,h. corre'panding ,""tats "tain.d by th. 'olal d.position 8103'. If Ih.
1....1of tacit ""'Lol f,om tho mou-b'g h.. th.....me fix'd ''';0 to th. 1...1 of ,h.
<o"espondinl ""'tal f,om tho 'Otal d.posil pugo (....r)' metal valu. from lh. m",,·
~l is, ....y. 3.s lime. ,,"'tt lhan 'ho 001"" of tho <olr••pandini meu] f,om ,h.
10UI d'po$il pug<) lO1I meUI val"". will tit 01""1 a l1,aighl tin. wh.n lraph.d.
Thol' clo...,.", of fit 10 lintori'y will b. g;....n by'r' (r· 1.0 fo, a pe,fOCl fit 10 •
''',islu tine). This <an be most Uy rt<:OIJIiud by Ih. dtglt<: of Oll1istkal
lignific.nc.: XJlXX I]l<O.OOI)· ry good fi,: xXX (P<O.QI)-JOOd fit; xx
I]l <0.02)- "".p...blt fit: x I]l <0.05)- ""is'ioooJly lin.or bUl nol 'tp,dod ..
"".p,abl. in this study, In this "'ay. I.", can b. mad. at .ach oil. fo' .&Oh mon,h
comparinl m''''1 values on 3I1y Pllr of pug<•• '-1, MB. TO; ~lB • DO; MB• AC;
TO • DO: TO • AC: DO. AC. If th. ,esull' nomully faD along a lIr21lltt lin., thi$ is
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TABLE 11 I Summary or Sil7lirlunco weI< of Correla'ion C"dfi6tnto (,)
b<l.,~nVor;"u, Gault P'L" f'" All s.'..n Meun In~ AU Site. and M""'h'

Sill\;!i,..«
1"",1, MBITD ~!B DD TOIDO ~tBIAC TOI.o.C DO/AC

uxx U U " " n "'" " " " '" " '""
, , , .. " ", , , , , , ,

N,S. • ,
" .. " '"NO 0 , , , ,

Tolli '" '" '" '" '" '"
1'0'" .,,"'."'" '" ,. • , ""i>ticolly lif,nir""n' " , <: 0-001 . 0.01: O.Ol:.o<I 0.05
...,...";,,,1, _
NS· • ,"" ....i_o" N.D • no. """'Oll....

1I~'n to mean:
(I) Each JUlpon<kd partide """!.lim one or olh.r (mor. ra,ely tWO Or lh,...

,,,..th..) or lh. diff",,,! metols lIId both putt' under C<>ml'"risolI are thou
..mphlll the .arious po'licl. ,iu'lIld hence the mtlll .. ,<>soI in I conformoble
ITI1nn., (i.t. limilor amount, of over or cnd.rumpl;ng ....'iou••i.. f'Klions).

(b) The diffe't"t analyticolt<chniq .... usod to m"'ur< lilt .."", ole".,.., (In mil
as<, 110rnk absorption .pe<lrophulo"",try for mo...bap, by the authors,and
"",,,lIon >eli....'ion Inol)"I., X-ray 0001'''''000 and colorimetric method, for
roo DO. and AC. b}' AfORE H.,,,,oU)uo 'Y'...nati<;ally cornpOlibl •.

Tlblo 11.1 ,ummariu, lho signif",anco of c<",ol"io". front tho ni.... lit .. in S.
Walt. (...... fo' a 12-rnonth pe,iod and t"", fo,.ix monlM nch) and 110" f'ont
Windom.." (&rid "f.,onc. SO 362974; "~n months) SlyHup (Arid "f".",e SK
606989; eiJbI moolM) and Pellm (Nelh.,land.; We ntOnlh,).

Th. "'ult' .how I hig, doV" of tinu';ly in all ro"'l'.ritoIu invoh'irti MB. roo
and DO an of which a,. distir>clly ""',. line., than ""mp.risort, of any of the..
with AC.

This is "'hit would l>e upectod if MB. TO. and DO.,...ntpKni in I sintillr
'1ual""iv< man ....r but no< irI '1uito tho '""'" woy .. AC. It is I$$umed thlt lhis
,"suit is Clusod by lhe unbw.d sarnplini of AC IS COOllISlOd with tho olhe, lIuges
which lend 10 undol'Sllllpl. It inteft1lCdiJl< pm",l. sius 10 Iboul th. Ame alenl.

I \.S.2 Qu.,lliutiv< ..mplinlclwxl....6c1 ofthe P""'"

What lhe abo.. ,.,ull, do not show is ..'hethe, the aclUa! '"tios of ""'Ills
,.lIined by .lCh pai' of P"I" is the umc f,orn monlh to ""'nth Ind sile 10 sil<.
At In ...."'pl., if",...II"",h on the mo...t>&llfO, ny. l.S time.vealer thin lbose
on the TO II"" for F.brull)' 1974 for Slyrrup, will lhit f"lor b< tho samo fOl.ll
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oth., month' and oil other lit.,? Or wiU it dlange f'om mon,h '0 month and lite to
,ite? Thus. although .... know 'h" puge e<>mpari1on, ~tw«n MB. TO. &nd DDa..
line.. , we do oot know whether th. dope of ,he line ,laY' e<>ns"lJlt or ch""g.. f,om
lit. to lit. or mon,h '0 month. 0' d.pending which 'ypes of pUg< ... being
e<>mpllred. 111< following fac'o" >te 'houBht to be most lik.ly to infiuenc:e
the slope

(a) Sampling rlle. of ,he 'W<> pug., being compa,ed...peeidly .. innuenced by
inc..a"ng wind apeed..

(b) Ptoximi,y of .....plinglite '0 main metal emillSion ",ure••.
(t) Reb'i.. imporla""" of ..rial diffusion p,ocessn ....rsu ...'ind Ir>nsf.. for ,he

....'ious p 'icle li.... of the melallic .. rosol.
(d) F..que ;., ""d " ..ngth of 'h. variou, ...ind direction•.(.) ""sI. of mo".bq o,ientalion in ,elotion '0 main mouek .mi,sion soorce'.
(f) F,equency of "in ,;,0....".

n- may int<f1lCt in such a complex wo.y thal It sums unlikely 'ha' """'will be
constan1.

Tobl. 11.2 """""'ri.... iflformation on dope$ (gi..n as geometric mean. of
monthly lin... regtess>on coefr.,i.",,) for 'i&ht of the ute, in Wale, and 1Il0.... WI!
tIlio, v:ary wid.1y from sit. to .ire ""d depending on w1ikh puge pai' is h<ing
e<>mpllred. n... foil in ratio, FJ1<rally ob..rved wh.n r.ading f,om I.ft to right of
the ,.bl. ar. expecl.d from the diff.,.nt .ff«tiv. sampling ..tes of th. Ilug•.
which in doc,...inl order. or.: MB > TO;> DO> AC.

TABLE ILl Ceom"ric M.an. of R'a«uion Coef{jci.n" fo' M.tol Conl.n' of
VlriOU' G,ure Pli"

GAUGE
COMPARISO~

StTE MB/AC MB 00 MB/TO TO AC TD/DO DO/AC

Port htbo' 48.86 1J.74 7,12 6,86 1.93 4.80IT.. l>onos 7,87 4,SO ,~ 3.08 US 2.17

Kid ....lly 6,9S 4.74 4.51 1.88 1.4l I.J 1

St.....n '" '" '" '" '" '"
Penml.n 4.02 4.21 1.62 ,.64 2.67 0.97

MOUnt PI....nt 3,24 2.48 0.93 3.54 2.70 1.29

Uln..ml<t 2.61 '.6S ,.14 1.44 US 'M
ayd.lch 2.60 ,.14 0.9i J.l6 1.91 I. I7



TABlE II., Roposs!on ("oeffie;'nt. for .11.,.1 ("on"n' of V.riou. G.us< hi"

VMB VMB '"' "M' II~I B VMB 'M' m m 00-- -- -- - - -
11MB " " 00 00 m m " Dn "

POri T.lbot ,., "4.6 ~4, 1 16,4 S, ., 2.7 •• " ••T..bon", 2.l 1)3 .. " "
., ,, '" ,. H.. ,

Poom.on
"

.. 52 I S4 " " U
"

19 •••
.~"', \ .. ,j,co) ",.,...bo,. (V" B' ~'<r< orion"t<4" ri&ht .IIJ'.... '0 p"",lho; m,,,1 ","",n '0 Ji..
"",""um ·.lpuI<· .rr...·\, R.,·,p"" ..,foe< " .. I, ,II< <>m' r"r .U ~ nod ""''''''0' "' 1>0';'00,,1
_t>opill\l"),

Tho flti'" 11\0 tend 'v foil from t~p '0 bollom of ,h. t.bl•. Th. eighl silOS " ..
"""n/;<d plrllj ,ubje<;'il 01\. in doc..asi"~ o,dor of "'indine .. (nv wmd d.tl " ..
ulil.oblo fo> $0>.,&1 $i''') as folloW$; Pon T.lb", )0. T«ban'" .. Kid Uy > Skewen
> Pen mIen .. Mount Pl<l..."t .. Uans.oml<1 .. Oydach. The dt< ;ng .Jope wilh
dt<reu;ng windi".,. ;s in w:om;lf\ee ....th "pee,"'ion for aU pugo compo.'ison.
in>"ll'ing AC which ;s l o"n".nt lO,e ..mpl« wll..... \lB, TD, .nd DD .re .11
eXp<Oled 10 be wind ..n.itive, Thif empM'iu, 'ho faa 'ha' MH. rD, and DD
","'"' l:I1moo, b~ U,N '" d~tnmln~,,!N;,,"ComTIJ./i(m diT«tly,

The ra'io, MB/no ond ~'IlfI'D 'PP''' '0 show ..Jl1itivily '0 wmd ~d.>

"p«iolly It the wind .. ., .it< (port T.lbm);lf\d one oxpI.nlliOll fo' thi. m.y be
tlr>t larger panicle.... boing bounced off or blown off 00 .nd TO pugn und..
the vt'Y bre.zy rond;';',", of thi' mo" poOut<d Pt. whe", Ia,ge p,aniole. are moot

Uhly 10 be pr...nt.
Anoth" important flO'O' is th.t a numb<' of uperim<nts hove 01>0"", Ihot

verticol moos·hap may .. rio",ly underumple 011 p.rtide oil.. wilen not "'i...."d
at right angle. 10 the main ""'tol eminion ><>uroe. This 'dipole' q"'~IY m.y b< ",.d
to !ocote emi";on sou'o<' but the "p'rUnen" .ho....d th.1 i<so-bi...d .<tim.,.. of
metal d<position can be obt.mod by usinl horiwntoUy ori..lOttd bog•. An ind~

Cltion of th;s " given (Tabl. 11.3) by I com~'"tivt <tudy of venicol and
horiton,,1 nIOa'-bap which wo. nu.d< ,o.."h.. with ,,,,.1 dopositiOll, d,y·
d<posilion and .ir..,oncentration dUring Novtmb<r 1972 _~loy 1913. at wm' of Ihe
';t.. U"ed in Tlblo 11.2 abo..... All reg",.iOlI coeffICients "'0"'" in Table. 11.2 ;If\d
113 wo.. ookubled "$ing Ihe foUowing unill; VM8; HM8: TO ;If\d DO-/4
""tal/em' /month: AC - III ""'''11m' .ir.

11.6 METAL ",("(I \llLATJDNO" MOSS·BAGSASOGRASS SWARD
IN THE flEW

A number of pI"'ic ..ed 1<,)'1 containing olt.n (unpoUut<d) .oil ",e.. SOIVU wilh
the pus Fo.lUr:tl 'ul"" ;If\d allowed 10 grow in on unconllminated mvironme-nt.
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Fi,ur. 11.3 W..kly depoJl'ion of Fe> Mo, Zn, Ind Pb iJ<lI ern -'j
U m...ure<! by mo b1¥ (.-><) .od Vi...~-.rd (O~~
"I'<''''d from I 4 kl.! PO" Talbot, Sootl, W.I<5 ('0" ""rtical
scale diff....=)

Whrn the va" was lbou, 6 em IUgh lit. nlY' ".r. placed in I rolat;v.ly polluted.i,. toileth., with • "umbe, of mo..-t>ap =ponded at ,he samt height al",.. ,h,
ground .. ,h, ,ray.. Each "",.k I fIXed .,andlord ..... of 1m> wu cut from the
oenl,. of each 'r:ly '0 ....ithin I em of ,he SQ~ surface and the whole analy..d. At
'h, .."'" limo_ m""'-bags w.... remo,.d lod tnaly..d. Flln,. 11.3 sho,,", I
comparison of weekly accumulation of Fe, Mo. In, Ind PI> per unit .,ea of Jr'"
.......d and moso-bag.

The mo...bap ,I' rouply twice ll$ men,i.. _the 11'0$$ sward f", 'hest melll...
This is In iood agrumen, with ,h. work of Clough (1974) ... 110 ["""d thai in wind
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lunn.1 uporiIn<nll II lh. WlIt wind lpo.d" moso-bap .... r< about lwi« as
r.lentivo as 1''''' .....'d,. Further ...ork ovor Ionr'r period. indioll.d cltlrty th..
Iran ands to 10,. about SO por c.nt of its intercepl.d Ir""...... l.ls 10 the ground.
This makes ho,ilonlSl mon-bal ",tenlinn about the same as Alus ""d.r oimU..
conditions.

11.7 EFFECTS OF WIND DIRECTION AND STRENGTH

If I melll is beini .milled f,om I portlcular point source. wind' blowinS ontO
lhe woplilll,;te hom the direction of lhe source will deli..., lhe tirbome mo,oI '0
lilt pUF'. This could be quilt Importanl fo, larg.r ",bor"" panicle....her.
diffwion 1"<><:<.... Ofe Ie.. Impo'Wtl for tran.port bUl ",her. lh. tumul.nt ai, in
I"onl wind. ~ould ~.. ry the parliol.. Ionl dist.nces from the sour«. Such
COlISide,.lions would indio..e lh.. ..:.. tmOunl of mellllCcumul"ed by I pUF
each monlh win be proportional 10 the numbe, of nul.. of wind (i.e. f,equency or
dUrltioo ..ch mooth ~ lpe.d ofwind)J>lSsios 0....' lh. p"lle f,om lh. diruhoo of
tbt tmissioo source e""h month. No such con.lltion would exist for wind. ftom
othe' dir«lions and I n'pliv' COIT.lalinn for winds from tbe oppooile di,ec'ion.
wttich would blow the I'Ml.l .w.y ftom the puge. This ,ituI,ioo thould be
port;cularly IppUclbl.to wind...... sitive puae,"nd to '''Ietltion.

It was nol posIibl< 10 moni'or wind dirution Ind ,,,enl'h al e""h of lhe nine
,i,.. in S. Walt•. In....d lhe present Study reUed upon ob.. rvalions of wind lpeed
and direction m.d. daily" the Fenm..n site by M, J. Powell and upon th...
hourly wind dau collected on the ._tI! plain ntar the 1'<>11 Tolbol oile (OS Ref.
SS 789867) and kindly ,upplied by th. M<1eorolop:al Omce. B'ICkn.ll. In bolh
...... lhe da.. ~. "''"''Fd to V.., lhe numbor of nlu'ical mil.. of wind passinS
ove' ,he meloorological "'lions Penmaen and I'o,t Talbot ftom various poinlJ of
the compus (reponed as compass bnrinp in int<rnI. of dope..) e.ch monlh fo'
tit< 12 month period. Each Itl of wind daU wa.th.n co".bttd wi'h the monthly
melol lc<;umWalion on lh. pu... 11 the cone,pondinl sileo eor",lalion coefficients
for moss-bags. 101.1 deposil and dry d.posil pu... all'orl Talb-oland FenmunOl'
summariud in Tlbl., 11.4 and 11.5. Al Port Tilbol. both mo"'Ng and lotal
d<pasil pUF' Uto", lhal the high.r the amount of motll depo.il.d. the p ..tU the
number of wind mil.. recrived from lilt "'W (260-340·). 1I,1nd, hom this direction
polS over two larae ison and "eel worh (I}'inl al 290' and 310' rt$pecti,ely) and
copper and nickel works (Iylnj; 310-320'). Neph.. cond.tions for mo...bap Ire
nb..rved wilh wind mile. hom the opposil. direction. The.. Ipp<ars 10 be a lead
source in the Sf (140-160") 01 prestnl ""iodentifiod. t1I<!st r..u1" ... in aood
ogreement with expec,.,lon.

Preliminary anoly.is of th. pu... al P..,ma.n th""'ed activity in the SE
(70-140') and ~"W (320_360'). Only thelt diseclioo' Ife r<paned in Table 11.5.
Sianiflcan' conela'ion. for Fe and Mo. pano::u!arly for mo",NgS. lIe "en from
70-140' and for Cu It 320-360'. lb. lwo iton Ind .1••1wo,b refut.d to lbo..



TABLE 1L~ Summary of Stoli.he.lly S'pirie.nl Co"el>l100, (;) belW~O lItonlhly Wlnd·mn.. from SI"ed CO"'p... Be.,inl.nd
lItonlhly IItcl.1 Con'cn' of (;,"&<"1 1'''''1 T.lbo,

C"mp... be.rinl (0' .. 1'; 'lQ' ~ E; 180' ~ S; 270' .. W)

". ,,. ". "0 ". ,.. ,,. M· ,,. ,.. ,.. ,,.
010' ,",' 010' '00' IlO' 'W· ,%. 220' 250' 280' liO' 340·

IItOSS BAG,. N.S. nn

" • 0

" N.S. 0 xxxx

•• •
" n,'. n N,S
Zn N,S,

TOTAL 1lI!l'()SITION,. N,S. n 0 0 N.S.

" N,S. 0", N.S.•• -N.S. 0

"' N.S, ...
'" un N.S
Zn n • N,S,

lJllY 1I!:1'OsrflON

'0 NS • N.S.

"'" • -n 0

•• -NS -N.S. N.S,

"','.
" N,S,.,. "XX, 'xx, XX" ., """'''''''' """ifK'.n' ., I' "o.os,,, om, "0.0 I. "O.OI'I "..-""'"
N. S, .r " O-J-OO bo' "'" ".,,,,""',,, .....if""'n" .oep,;.,,""'.....'.'n
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TABLE I 1.5 Summlry of St.ti,tic.lIy SiJl'ifo<ant Co..e"';on, (,)
bot"..n Monthly """"I..m~.. (,om Stated Comp>.", Bearin, ond
Monthly Melli Content of G.IIJOS at renmaen

Compo"' bearin.
(N-O·,E-90 ,S-t80·,W-HO·)

MOSS BAG
<.
Ni
~,.
""

TOTAL DEPOS1TlO)<.'
~

Ni
~,.
M.

DRY DEPOSlTtON
~

Ni
~,.
M.

-.

,.
110·

m
m

n.
140'

""

•

•

3 !(l.
360'

-.
No'e; '"'' "" ",., • , " ..;"ic>ll)' >i&ninunt ..... < O.o!. < 0,01; <O.Ot,

< 0.001 ".".,,,..1)'; _ • toepUve 00''''"'''''''

He bet".." 70-90· The Cu roU'''e to the S\\ i' not l<nown The inte'estin,
featuI< of thi••ite, ..Ieet«l as "" unconu.min"ed 'b><I'iroond' site i' the extent to
which it is .ffeeted by indlU'rial soo,<;o'.

From the correlations presonlOd >bove i' mal' be conduded tim the mo..-baa is
sornowhlI more respon'ive to lhe qUllltitj' of wind from the d"ectKm of an
emi";on .ou"e of airborne ""'tab than TO••nd ID more th1l1 DD.

11.8 POSSIBLE USE OF MOSS-BAGS AS TOTAL PARTlCUu.n GAUGES

The re,uI" 00 far indica1e thaI """,-bop rnay be u..ful in obtaining ,.."",ably
quantitative e",mate, of tho to'a1 amounts of ai'borne metallic elemen" in,er_
cepted by a I.... ,,,,ard. It is of inter..t to <:onsid<r "..he,h.. they oould be u..d '0
..ltmllte 10tal pa"ide depo';tion. Th" cannot be done by direct ",e,alJinl befme
and af'er e.posute b","uoe in windy oi,e" ."...U frogmen" of mo.. m>y become
deta<hed f,om ,he moss-bag and blow aMy durinl exposure.
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TABLE 116 Obotrved Mont~ly WelJ/ll. y"l of Dust' ,n TO Clu,e
CompO,ed ..... l~ Eotim.... Rased on Con lent <>f V.riou. Metll. ' ..pe<"vely
Q<l M"",·bap (All FIJU'''''' re'dm' Horizon..1Depoollion Su,f",)

Month 0 •. Estlmlled 'dust ba"d on meul ,n.ly.1s
'0",.-

1976· " in TO " "" '" ~ " M...n

,.. 40,7 47,0 68.0 34.0 11,0 70.0 481
S<pt.
~, 5.,0 95,0 52.0 67.0 54.0 65.0 ~,

)1;0•. 63.0 700 41.0 780 85.0 144.0 83.6
~,. US 60,0 42.0 .6,0 35.0 60,0 48.6
Jln. 53,9 44,0 49.0 81.0 30,0 47.0 50.2
Feb. 38,9 60.0 40.0 31.0 :6.0 310 38.8
.'.l.,oh 30A % • 31.0 390 39.0 3.0 39.0

M..n 47.0 "'.• 41.0 5S,0 4:.0 ~. 52.4

1I"""""'r. if In InlY of moss--b.p "'ere e~posed durin~ the ..",. pe,iod of time
.. one 0' two tOlll depo1it pug"', tM TD pu,es could be used 10 delermine lhe
COl\Ctnlrl';"n of VInous trICe met>!. In lhe 101l1-<1,e",,1i1 mllerial and by workini
b.ok ...·.,d•. the Wei"l of dUll intercepted by tM mo..·bo, mi"t bo e.umlted from
the tOlll metl] contenl of the b., it"lf. Th;, of coun< I<$~"'" rhol the com­
position of Ihe dusl int<t<epted by moll-bli and TO p~g< "mains unlff<c1<d by
the nalur, of ,ach type of ,"",pler. Data .ummorized In T.bl' I LI obo~ dlow thl'
10 b,I'fi,ly <O,,,ot.

In work oo,,;ed out at I very .heherod ';1<.tllo Chol... Ph)""< Glrden. l.ondon.
UK. the weight of tOlll depO$I1 ...mpled mQ<llhly for 8 months (indudlni dwt>l..d
mote rill in the p"dpilltion oolle<ttd by the TO pU8e without 0 ttryl,n,
oovered funnel) oo,,,loled .;gnlfloantly (P <0.001) ...'ith Ca and Mi values t..peot­
i..ly in moss-bags co"..pondingly e~posed under both wet (romple"ly "I'"n 10
lhe 1tmo<p/'lere) ond dry (>h,llered from pre<lpitllion by • horizontol .heet)
<ondil Ion•.

This ,uIISe'l,d that it mi"t be ""..ible 10 estimate lotll parti<ulale iNerception
ooini mooo--bap... ,u",,$led obo...

At the ..",. <ite. the omount of p.arti<ulole interception on moos-b.p WI'
calcullted. bl..d on I monthly r:ornp.artson of the ooncentrltion< of F" Mn.!'b.
C•. IIld Mi '''pe<tl..ly in the TO puse IIld the t0111 llTlount of ..eh of the..
m<111. depo,;ted on I mo..-bai for each month. Table 11.6 <omp.... lhe..
eslimltes hued. on eaell meW for the period AUIU'I 1976-M.,oh 1977 with the
total weight of materill rectl..d by Ihe m p.use.

l1te lint ,esull< look p,omi.lni, The mooo-bli lives deposition value••ppro~·
imately equal '0 the TO pug<. ThU ;, what would be e~pe<ted in a very <heltered
,lie. ~lore relultSlre netded before d,,";nl! firme' <onclu"",,< .. 10 whelh" lhe



approach mithl bt worth ,ryinl und., arid-zone eondilions. A. ind".,e<l •."Iie" il
is unlikely ,h.. the m<»<.b>~ ...illiose dUSl ill "ind or ll.in-<:pilOO•• and 00 it might
bt ,xpe<led 10 pe,fo,m adeqwI.ly even under ..ilI 0' wni... rid condit""".

11-9 CONCWSIO:-;S

Con$ider:oble "sea"h "'c,k h.. been do.... en IIllerc.ption of ai,bo,n. partida
by gra...u,f",e. and cther oo..ade, and d.,pite thei' differ..,t d<l.igm, Ih.
phy""a1 principles llOve,nlnR d.posilion on aU puga (MEl, TO, OD) I,e,h. ume.

Labomcry wo'k by Oumbtrllin (1966I,b) and Cloogh (1973) ulin8 ..ind
lunn.l, has shoWfl Ih., 'hairin.,,, and "'e1n<'$S are impo"anl p'09"rties milinR
OOje<lS efflcien, int."ep"''' of airborne pan"I.. , (\e.."", grass ......ard and olh..
pound ...",'"'i<>o, \IEl. TO and DD Ire all differenl for lhe.. Chl'lCle';'I"" ..ch
wi! tend '0 retlin airbo'ne part,,1n wi'h diff...nl 'eff"'iencies' in lemu of
the propo"ion of lirborne particl« re,Iined and also exhibi' I lend~ey '0 re,"in
putid.. of different liz.. in different p,oporti"", ",nlplred wilh their <xcu,renee
in Ih. ai,. Doub~nR ..ind q>e.d was found 'oughly to double the proportion of
plnicles retain.d "" "Retation, MEl, TO. and OD

Eleuu.. AC;, qUile independe", of wind ,peed and .xulell an unblued "mple
in lCrm, of Ih. dlff.rent PJrticl. size f'lc\i(ln'. Ihe", can be no simpl. relatiomhip
be,ween AC and d.position '0 Ifound ...gelation 0' to MEl, TO, and DO. 71Iu.,
theu lalftt "'«11" cmllOl be uud 10 detmnine a;,.ro",eMrI1lion directly,

M.,.I ,,'"ined on MEl cone!a1ed ..'eO with melal ,"lIined b)r TO Ind DO at e>eh
IiI< fo' each monlh. Cort.luioos btt ......, AC and MEl, TO, or DO wer. 1... loed.
Thil is tak.n II ..idence for the flel tha' MEl. TO and 00 are all ..mpUnlthe
ch.mical composilion of the leroool in similar qLlO!itati" wlys but nO\ Iboolutely
representati"ly, a. don. by AC. This may b. ,"uled by differ~,ill ret~,ion of
diffe"nl PJrticle .w.•. It n abo eviden~e fo' the quanlitali.. ~","Pilibililyof Ihe
differenl <:hemi,,"l analyli.::a! ,ecbniqll<l uled by ltl< au,ho" for MB and AERE
Harwell who analysed for TO, 00, and AC.

Th. m.tal alios obtained fTom comparing pug. pili" lh"",ed WIl ComPlriSon
of MEl Of TO or OD "'ilh AC .... r:ltio.thal ...... highes' for ...indies' sil... This is
IS expect.d, th. Pllles btlOl wind dtpendent where.. AC is I fi~.d "t. sampler.
O'her compl"",ns p ... ,",ios MEI/OD, MElITO. and TD/DD IS npeeled from Ih.
g.rel1er proportIOn of Iirho,.... parr,,1ts ,..ainod by MB lhln by TO and OD. Eacb
of Ihe.. lilt 'hru ralio. varie. dependinl "" mon,h and .ite. HiRher ratios .... re
gen,raIly associlted ..'uh th' most .xposed (and polluted) sit< {port Tllhot~ One
e~planation might be Ih.. 11'1"' particle. (c. 30"",) of simil., chemica! COm·
posilion to the smaller parricle, "'er. beinR retain.d more dftcienlly on MEl and 10
.1.... ' .. ten, on TO 0' DO wh.", Ill.)' mil bounce off '" blow off. The ....y lbe
moss-bag is p'e<en,ed 10 the air i. abo imponanl, hO<ium111 baF Ii'inlle.. blued
resultl thin .. ,tical hal'. This 'dipole' .ffect can bt used to pinpoint mela!
emission SOIlrcel.



Sirona wind> and mn .pisod.. do 001 I.mo~ porticles alr.ady deposil.d on lhe
moss-bap. Soluble co.tions sr. h.ld on th••",hon8!'-su,faces of the moss so th.ot the
soIubl. melll is nOIIo" foUowing rain.

Trays of the grass FtslUl!~ "'1Jr~ pI""ed at th. same h.ight above ground H
horizontal ~1II at Port Talbo' and umpl.d kly fOI • month ""cumulated
about the same quantity of metll. per unil.urf.~ dtd m""·b.... The srI.<>
1 l".t half of this .mount of metal to the ground ""f""e naking mnu Il1d
gr ,••ulusimiltr to th<>lO found in th. "';nd tunn.l by (1ough,

The ,e.u1" indio"e th.ot lhe mo..-Nj. iI .....fto! puge prooiding informat;...
metal deposition figures in lOrm< of sp."" and lime. It i. ,.l.. i.ely inexpensive and
can be used for extensi~ 'U"'''Y'. It is wind-seruili .. like IlfO""d ngelation and
othe, deposit gauge>. Furth.r en'ict! 'tud~....hich would indude wind dlr~tion

and strength.•nd lainflll m.asu",ments are d.,irable to quanlify funher lhe
mou-bal H • reli.ble index of metal input '0 •.,.... "...rd. Th. ""uI" obt.ined
from ,he stUdy describ.d above indicat. thll such critical .xperiments would
further ••lidlte the bon.ental mo.·h.ol" a r.a_ably """,UII,e deposition ..ugo
Ind the "'rtical bag .. an indic..or of emini"" sou..,...

Pr<limin.ry ..idence indic.... th.. il mi!ilt b. possibie,o use ~13" HtOtt!
'dust' monitors in arid-wne condilions bUl thil need. '0 be ..rin.d ••perim.... ulJy.
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