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Ere!

I pllntio surrrq, uas aoo. itt Sts[obosch, alq t p

traDs€sts. m vag goutb€ast tDd tbe o'tber Dltb.€ast ol tbe

Grrobridr brickftela - tb. focal Doi1t of ttrlg eierdy. Plne 'nd

oaf, tre6, Cha$aDth leavs aod llcDmq EEs us€d as

bio-lndlcators for thig sunrslT.

Ite lerrels of flrrride aDd su1phrr dseas€d ritn dtstare ftto

tbs m{n ptlntio eGf,rrroB. ArcegtioaUy hlgb lara1s utrB

rer{ed iD tlo PiD. rnr{ Oak ttees rithiD 1.5 h fra tba

bric:hpr*s.

ms availability of calcirn rnrr ppssirn in tbe leareg of Pire

lDd OaI tJ€ qearea to De Dryatit sly aff€st€d AD to tlair
biDdiry urith f- to folo insluhle oqo1nAs. 'llbs bric*fie.Id

ptrt r€d to b. a najor $urs. of eryectat$ @FP€r and lm, as

tbeir lercIg iD tb brrt uaterial dseas€d vitl ireeasiry

dLstreg. Lad te\r€18 u€trg fotDd to b. €mlatsdl vith

\rdLtqrfar tsaf,tlc tD t!3 tlREl. l$etI ras sr evid@ tiat tb.

ttr l.Y€fs EtrB aIrc lirrkad to tbg lere mtratios tD tDo

batt.

ftp rnd nargigl di+bar:k o! Cha$anthe leave mre Airectly

ltdreal to tbg ffrcrid. mtlatl,os of tDB l€Ev€.

It chlorcpfill dagrlaatati@ ratios of tbe fictos @fid tbat

tle pllqLio €ffest, uas gmeatest Dear ttro briclfield. lts

dtgtritrrtio of licbos uas closely lid3€d rith flrrride "d
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srlphE diqide gnllutio.

OEIIIIG

't AeoeOefirysryre is iD gtallobosch larys tre trans€kts

g&, rt Grz$rlck-Dclrst€aanlq as die fofiuryunt. Dle @
transek uas sui&os @ die andar a rclG vanaf die ;urt.
Dre o EiIfu, Chasanthe blara @ ltgoe is as

mitorplanta ln dle qnm g$nrlf.

Bemdene kE rnardea vll flrcri€d o strlfaat is iD beide dia

dilr'E o eilt&, bi.m 1.5 b vanaf Cle bakst@,nrq',
aaryetelro. Dd.t bd, hlerna afgma d toomdb afstanal

vaDd 6drie.k.
Oie bektlbaartetd vaD kalgirn o nrrrrresirn bflt nqatlef

Deimrloed te rcr{ danr hrl mtlile vebiDaliry ret flrcried, co

mpfoeDara lrcqrlekso t \ror[. Dle hmsotsasLe van lc4er o
ystc tn dte uaterlaal bet afgm d, toom(b afsttill vanaf

Clo aulegr. uie lod Ims@Easie tn die plaataateriaal bfyt

gafqpof ts us .-n Dtor v€rvo€r tn dle g$L€d. Die nestrltato

to6 aar drt dur ,D rresand Ls trrsso dle yEt€r o lod
kosotrnsies van Cie bas van dLe E. uie gnt- o
Uf@ \raD Cbasanttra blare vas dirk getro;pel. aen

die flrrrieA kmsotrasie nan die blarg.
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uie cDlorcfil-@ tr dic ligoe Det bevesUig

dtt die Ueoedeliry die erEsts uas lD dle mlddeli*e qeufry

lran die balrstrcaanlq. Ilar las 'n gpeie rrerband trrss@ Cle

Ii@ o Cie srlfaat- o flrrcriedbcoede.Llry.

fglrcr{s3 FIIutio,

di€idg

oak 'nd PIDB t$€, Eltprlde, Sttfp[ur
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1.1 IMEIIII

Atr plluLto is ptrSlbD, rcn frlgDtolry tDan uatar pllutJ.o

as far as lts dtrect' oflests @ tb' I[D!a boQt are rcmed
becanse E arre forted to bs€atb tba plluted air of orr citJ.es,

rhile E can nsually snold otast ultb pollutedl rtvers or

strcus (ueiriryxafe, L9721.

ID a co\remst report,, ilr pttutio vas defi.D€d as folldB:

Ilr pllutio ty tbe mrntty ts tb preare i.n tne qo air

of substarc placed tb.m tUrotS tnman 4luqy tn

m,usc'-tios sufficiot to intslterc afrecUy or indlrect.Iy

sitl t.De qnaioe, safdy or b€attb ol nelobens of tne

mroity or tls luIl use or aJoymt of tDair BrcP€rEy (em,

19?1) . ft ia eryeiaUy dhring the Past fs deadea tDat p€cE le

brt/e bere DEB rnd DrB sare of tba eff€s+ that

irdrstrializatio Das ball, Dt o.ty o tbair bealth, trrt also @

tbetr anrmndingu.

d.rmtal plluLio ie nsutly Adetuinett Ey raDs oC

pUyefe<*nfcaf rtbds, rsrdtq m,...*ttos of todc

srfenaots and tneir oqqnas h tb. alr. lte alternatlrn, is to

n*e use of biologrical 6fbds, Ylth the balp qf lio-{rlricators

(eodzinslrr, 1982).
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I nub€r of Eurqrean Glntrle bane gme so far as to establish

aD ertaslrre btologd.cal @itorfry Eysta to mitor or detest

tndstr{.at pllutants, fon .-'n"ple, rtals, flr.prida, $rIPhE

did.de .nd nitmrs o*laae (Sadlers, 1985).

Ustry plants bas tbe aai,a|$ry tbat tEI, rurC tb crnltati\Ie

toric aff€st, of pllutlo (Iteilsar, L982i eodzi.Dstca t L9821 , W
cbariacteristlc rcqlose sy4rtcos. Ita effects oC \ o plant

pro&rc{i.viq,, rnd atgo poosibly oD hnus, EI? occur oEl

tir-gcatea of mt!s or yeare aDd ths rsrttant datge ls thrg

fi to tbe aeurtatlo of fi2 or lts darltrate Arrtry so
p€riod of tire (Giarsed, 1985). llhis Ls rct refLested rrbo usiry

eqntEEeot to t ks atr sqlles. as moeaa to usi-q

ptsysio-cbeoical rtbds to dstami.m todc ocryqnAg ln t.be ail,
rrbiclh ane nalatlrrely eqrostrrc becans€ opositre instrltrctatfoa

is required, bt@ttortrg te relatlrraly si.tple, quicls aDd

inryosfrc (oodziaslra, L98i21 .

of rrl tlo pllutants, tDB effest of o3r 8% aDd flrpride o
vrytaUo, alo or l.u dinatio, ls prsably attsac{.iry tbe

Dst attatlo (ticlaryUfD rnd Baru, L975, t lcl€aa 9& g!.,

L982, ttaDdl et 4., 19?5, Kataim gG aI., L98?i Raiclb 9E 4.,
1986). llbs qrtic.le is believed to be qa rlnrcst i-qereable

bqrrier to watar vq,qrr, carbo dlodde aDd gasans atr

pllutaats, €Erc€Irt UyCrogo flrpri(b (Carlm, 1985).
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1.2 8il1tr dd,G

lbesbn (19?0) states tDat hlstor1cally, @.It€rs hl\r€

otrlbrted tbe gmeatst @nts of aUfUs GidE to ths

afuq,berc. EE alp referg to FEt lao. i! 1960, rrb€m it uas

stat€d tbat 6aI trruiry uar reoogtritrtr as a najor otrilrrtor

to ail pllntto, h.dlrcds of I'sars Defore t;bs rrrdrrctrial

Revolulio. It pr€s@t\, (1960) amntad for so 60 t of tbe

sulpfiur Ctcd.de gnllntio.

alsoe st g!. (1973) fqDd tbat at Ifl s2 rutrattos, tbe

stdltr tod to stsy oIro. Ihder tbe i.uflrrc of rclatitraly

bigt g2 @,L.s6r-tios, ttr pDotosyatIetic rata ras fqDd to

bilre dreased dranrLically Gatalm 4 al. , Lg8fti SotIfeU ar',r

tlarolqi, 1984r. lrhis Elld thrs i-nflu@ tDa gtroyth of tDs

plant negatlrrcly.

N Eurs antbrs (ctrrodzirslGa, L9812i ilohs€o and Socltiry t L973i

8tairy, 1969) rqortedl tbat a gigiticant or"ralatio betrro

tb. lsy€l of g2 iD the atr td tbs FE of t.re bsrt eaist€al.

en irc€ase tD tls 8% oorcotratiou of tDa abqfnre led to

a dsease iD 8. Bease ths tre bar* E€rlaias ill alr

orrirmt for E!rI, yara, tt rsrds fatrly Prefsely

atuqharic cUaqea oqlriry tr ttrls ovirmt ad lt thrg can

bo an reepttorrarfy sensitfirc {rwr{gato3 of tbe ovirmtat
acidity. lts scaEcity of licDpr ia pllutail arealr is a mJ.l

(bqmted pnrymtl. tlary fmrstfgatfos Datte sE{D tbat
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&2 Ls reqmsible for tD. Cfa4pearau of ltcrbos tn attd

arqd rubln aDd tdstrial oqfl-te (Iii*, 1982). t ridg

laqp of cihlorctic aDd rmtic nafitrys ara fod W

dfiotyleffirs plants .tr. to srlphrr Ctd.d. aeurlatLo.

Lut€ injury tearrq to tbe (batb of ells, lDd tD. area tDo

rye.rs to be mtanoaleC, +JrI aDd gafipeo (Eallrncbs,

198a). lfbe rcet prwrnced spgtc ol sulphrr aEd.e iajury

oD ueedtelsved 6r€trgl€s1 ltrB tb. r€ddtstsbrurn dls@loratl'@

of leaveo, eurhtage of tissrs, tDd early defoliatlo. llEie

cooootraLLog of srlptsur dtoodde Adry elruer, can lead to

rrosis rrhics EI, 4flear as tip bm, bandlngr, or basal htra.

IDjury reqlos€s of mootyf&rg plants to sulpUrr Cid.d6

ftrst apDears as t diffuso glqap€ disololatLo of the

leaf-tip. rip ad urgild rcis ig ofEo aooqanieat Ey

EE ott€d, inteweinaf fleks or lesi@s betrpeo tDa Eidrib and

tbe urgins (fnesbtr, 1970).

As far as tDs €ffoct, of tbe pollutaat on hmaa bairys is

oolianad, Ottuy (1930) rqnrtd tbat 8% .rr. Ltg derirrats

attar:E soslttv€ oell fayers eeoeea to air, for eq[e, the

ouJtutf.rn of t[3 eI€, aDd 61110 eryeta1ly tbe qfltbeltu

tiairy tbe alvall ol tbs lrqs.
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1.3 ILwL&

Eeat/y ooutainatlo arltb ffqortr clin ocur t-n tD. a3ea

idiately surrqDdfDg ar tldrststat PUrt, !d tbat is

eryeially tnD cloee to briclkft61d, alrni.nltn oltars, ao
pott€r, factorle, pboqlDatt fartorle lnd glass rnrr stel
indrstrie (LtIo, L9?1, GilDert, 1973).

Zi.lna!ilan .rrd Eitchoc,k (1956) shcrpd tlat tbe tiln of Gl.adiolug

leane nay otai.u 25 to 1oo tLrc as Ercih flrcride as tbs bqsal

s€gti@. Gts, oios, pir neadfe and rtsDes sbn tbs s@

tdlcyz; naryiDs of fnrit tre lecve nay otain 2 tD 3 tlrc

as ErcD flrnride ag tbg b6al DdIf, aDd t[3 EaryiDs 2 to 3 tir

DEIB tban ths c@tstr. It uas BbrID tDat tb€rg ras t ortalatio

bstrr€ tE mnrt ol ttp td nargiDal Cie-bar:k ad tbe

mtsaLlo of eqectally flrrrl(b Pteot iD tbe t.lsstro

(6gto aDi n@rt,, 1960i BEst€r gE aI., L95?; @ulter €E !I.,

1935). Cbqr and 1$.qlso (1956) reortaA that ql to 60 t of

tb tllDrl& surlated by D!\raI osaqB leavee ras @taat€d

tD tb clhlonqflasts.

ftd.c ocotratios of flrpridFs t! tbe lea\t€g of broaiFles\r€d

ryeie crrl cans€ charactsrlstic tr.Jury spPtc msiatiry of

rcis, chlorcsl.sr oE bot[. l[te sptcos ara \r€trfz prtnirot

at tns leaf tip aDd naryi-u. I wat€rsoalcdlr arr 1r flr{fipao
dlgoloratio of tbs tisstD |s tba earliegt sign of fnJury ia

$G sositine spel,e. f sbarply &fi^Ded DIEFr, ofta
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rcddish-Eom baDd seerat€d tD. Dae€rLtc tis$D fro tba

afrjamt DeaItEy tissrn. Sylgtcos ol flrDrtde tcicitlt o
reofffe&rcus plaats trt eeattalty slntlar to tbe o

broaaFlegvd ryactes (SotIXaIt 6t rarofql, 198a). ChlorctLc

qnts a.Iso dernLqr predot.nautfy alq tb nargfDs of oertain

plaats, q. €rD ''rd rctgbn. EttDrtde td.city slEIrtG @

needlea of oifers oslat of rcis begtrt-q at the t.ip of

tne curzrat fzoarrs needlea, aDd progt€ggiry t*aril t!3 b.s€.

lts aeadles are Dst sositi\rs uba tbey are elqetiry rrra

energiry trr ryrfry (Tresborr, 1970). Talzlor and Basabs (198{)

rqnrteit a redrct'io b glottth tr lnrylas &1r, AD to tbg

iaflrrc of re.latively higb fftrrldc lqrcls. trltbgD rct as

orcn as gz, f, sas alo sha to bc dstrimtal to tbe

cmtiurd qi.stlncp of llcibrrrr fu a parttcrrlar alreE Gillers@

'nd lfesbu, 198a).

lGrjst8if (D85) stat€s tDat tt lg u€Il-l@m tbat fltpr
(frlDrrt6. ocryouas) affests tDe as{tviq'i ol ozlte tbat are of

ubst fryort 63 iD t!3 Prc468 of assimilatlo tDd

qfratfo, aDd i! tDs qzatbeta of cario[drats, prctains,

url€Ctdaa aDd urcIetc acl.dg.

1.1 &ll1ihr Di.d,O na ttls!!

gisee et, aI. (19?3) fqd tbat at lor 8% retraUios, tbg

stco'ta tdl to stry ofla' ucrjstrlk (1985') rrrd otb€trg rqnrtea

tbat Er oters tbe lesve naialy tfm$ tba stcuta.
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9-

It is tno logictl rly tDe odiDati@ of tbce h pllutants

Esutts ir rcEE leiog tDaa ubo tley are 4plt€d s€pera,Efy

GanAI gG aI., 19751 .

1.5 (E

Significant quaatities of otrcffi pr€s@t irr qrr i.dtata
qntrmt are fod cDcrts{ly ty tbe actlo of ultrariold,

li$t @ nftrogo diodds. olrcnl fomat.lo ts gmeatest tn

ur:blD qv&mts, rrtsre tb. rcsaq, cbcnlcala for tJa

reas{tog arE fqd. I Erltttrrda of ocobrstlo PFoEss€s inr

sourrses, eqeially tDe irffieiot intenat orrnrrrcti6 qi.rc
of antobiles, daily cmtt tos of vaste UyUrocatos as Fll as

nitrogo Gid6 irto tL afuqDere rrhtcD crn bs cbenically

qverted to ozm (Tresh, 1970).

OzM otars tDs plant tnrqrfi tbe qo stooatl of tbe leaves

(TreEbu, 19?0, Eaylor, 198a). tblst eurtaae tD tb. nesqtsyll

ttsar p&,vlde tla dlrn t! uhtctr {Iasqrs o'zfrM can dissol\r€

pEeyatEis, reryirattor !d otber dabolic prooeseo, lra

intinatafy aterined rittr t.bs tnttl,af ef,f€sts of etm o tb
stoutal rehmto aDd tbt P@€f-rat.i@ oC ot;c ilto tbe plant.

nuy iryainnrrU of stcnatal ql@iry linits gas a'r'harga aDd

airectfy aff€sts rlrl, subs€qrgt netabolic prc€s€s ttLicdr

depoAs on tbe a\railabiltW of car$o Aicid. or oryTl@

(lbesbn, 19?O). Ftt sunteyea by Ualbrta aDd Xhan (198a),

http://etd.uwc.ac.za/
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Bbrpd tDat: otzm crn canae ettDer !D lEBease or a drease

in atrc acid otot o! plautsi !r t@s. or dmase tr t!.
lerrel ol soluble algars ad car:boh1dntc t.n tbe lettres of

opoeea plants, ani astinatlo ol tbo ozlrrc tE\rolved t! Pb@f

retabolis t 41.. polypbol d.da$ aDal Ftrddls€, rhtch HrId

stlurlats d.datto of Pb@fs to gr'{;raoag urd canse

accrnrlatio of tDets plyrerizatio ;xodrcts. It€s. proart-l

qtld be reqmsible for tba necptie apP€arlarc of injured

l€a\r€s.

1.6 Id

It was fqDd that el&anst frrc, fru antdiles, is tbe najor

*rurqe of abqlbaric lead pllnLio (Earrio aod Im, 1981i

Gslen gE aI., 1986i @d, 1981).

lts aenrtatio of Ield rnd lts eff€st, o hnang bas b€o

gtrdtd quft qtosively. lret{iry to @ler gt al. (1986),

tb gtorry of leqd is crurrative. lt'bsl7 ale fdDd tbat blood

lqd lsvgls Ere re.tatdl to rrehlcrrlar t.tlaffLc. m. best

&qlated eff€s+, of lead o blod ls its i.utanterrc ritb tDg

bioslzatbeais of btGu, rLictr ts esotial for tbg prodrd,ion of

UaryfOna (tbe zed @ pigt in red blood

ells) (Earriso aDd I&n, 198U. 6$l€tr gg aI. (1985) fqnd

that efmryrfpaf (htir crrl @trut r4l to 5 tir tDra

l€ld than tb. totat dotL11g. Ita E€t profond off€s+s of lead

pofsofry arc rn&rlbtad[y tbee assoclated rttb as\rrstrro e'nrga to
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t.b. sstaal rrn us sI,EtGE. At htgt levals of qpsulo to l€ad,

neurzJ. (braf-D) eq'g€ nay reult t^u siepor, mvulsLos aDd / or

oa ad ErI, Drqlress to daath (gurta@ lDd Ie, 1981).

1.7 E inr. d fodto ol elrlllz rrr-

A biological pllutio sun €,y ras do"F alq a NE aod E
tJraDs€st, (nlg. 1.1) fru a Eickft€fd in Stalloboectr rr q,o

Tcnt!, Sflth Aftd.ca. Its bric:kflefd uas concl{sfil to bs tb.

focal point in thtg strlllz.

Bart ad lsne of opmrs ad Pirus sEEL€, as rnll as

chas.ntbe leqne aDd ltcDs,rs mre us€d to ddelot.r tb. I6IEI

of plln;tto tD tDB rnB!. llhe deease or lrcnaaso of f- aod

sufpUate aDd / or srlphE tr the utarlal vith irceasfry

distarc fru tDe pllnt.io *rrrqo, rrbem 4plicable, mm alo

silildi€d. mo poesiblc sff€s*, of thc pllutaats o calcitm,

nrgnaelra, rcdltn, lntrssitu, Lrco, €pp€r ad zirc

mtrattog uas G!@iD€d. lts effest, of DtoHr&icls
.dlrrErt, fic o tDs leaal rutratio tD tIe plant eqllea ras

iurrcstl,gat€d. Fllut Dt effests on tbe ctrlorcplast pigmts

EEIE gtrrdl.ed. lfte presre aod alludas of ll'ebms alory t'be

sfiI sst tnns€st, Ea iurrcedgated to sE tt tbetr€ uaa trIT

erzelatjo betrro licbm alrndlam ad pIlutio. ChlorqrEtll

OegnAatfo , as related to pllutlo 1111 bo dl.s<rss€d.
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So tlpograp[ry of tb lrts qlltratntcs tn eff€ct, of tbg

pllutaats, beanse Stallobosctr is ln a rralley surtuudetl tty

tnre Entaiurs regios, uhicth carss tbe enissi@s to reinai.u

iD the basiD ia tDa aEe of air E\n@t.

Ge of tD. ui! rersns for &iry this sililt1l, Es to ec if tDo

situatlo in Statlobosch baal rcrsod sir a prevlans stilCy

(1978 -Rritt, pera.o) yas &s. If it bas, t.bo tDg

pllutants heing sst fre into the atuqDere, qrld [,ose a

lra'rth bazard t.u tbg s|rrolDairy F[rrlated rErer.
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2.1 IIEuEIItrII

Cb&cterizatio ol qnirmtal pllutio ritb tba aid of

bio-ldlcators crn be siryle, quiclk ad ch-rEt. A big rdvantage

ig t.bat tD. orgaDiss tbaselvu rsrd tD. crurlatino tsic
eff€s+, of plluLio (eodztDska, 198:l), instead of perfonlry

potnt rasua@ts ustry Dtc,hl,r. t nmbar of Eurq€la

qmtrla use quite qtasine btologtcal "'.nitoriq, systeus to

detect, iqdhr^€#ria1 pllutio c 4/. rtals, flrnride, strlpfiur

dtoddb aDd rritrqs d.dr.s. Gerolrry for hstare useg a rtd.
rrarfety of ldlcaton plants (8andarg, 19851. Yarlqrg antbrs

Datle fqnd tDat trc caa De used as Diologicaf indicators ir
plltrLto sun€I,B (&rracs, gG a1., 1982).

It Lg usudly rrgnr{ad tDat pllutants dsraase rit.b dtstare

fru t.bo $urcE of pIIuLlo. tlhLs stildy vas fua to detsui-E

il tnt! ts ale tDe case l.o Stelloboscb.

Sanru of plluLio in tlrls arca lrc,lude a uder of td.mriea,

tb Pfar-kobnry Irdstriat rrol ad tD. H,ckfield. It
brtclkfteld Es msidared to b. tb. focal potat of ait
pllutaot -"{ggio iD tDe lEeE. mparea to tDe otDsr

tnru€trt€s iD ths area, tDg bric:kfiotd rE.leas€d large quntitie
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of rdanal @kB.

2.2 rctrIl8 N) tGEr

1!b. six eafiry stt€ EEt located at 4ptdDrte.ly 500 u

iaterrrals, @ a ScrrtbEastarly (88) tr:aos.st, fra thr briclrfield

(Fig.1.U. Eadh gqltry glte ms a natrrm ot[ t.m. Sqrles

Era ollestad at rautLly tntenralg, at the s@ tLr of tbe day

osurtry tbat tb. learc iateroal retaboIl.s Etld be at tbe

su phase OfaDsftold aDd eatth, 198a).

Bart rnd l€af uaterlal of oremrs spetes , ras ellectedl, trt
i-nto b[aD paper bagB, rrlr dried at 65'C for glrnqrt r

rnrt.trgls. hesh lesno FDe also storcd ia plastic bags, at

-7l2"Ct for chlorclfitt1 strar;tLo.

IDo dri€d b.r* Es gmqd rltb tbo ai6 of a Retseh Ba[l ttiII,
uhlle tb drtd l€.f, natarlat ras glotd rith a rlIeryt

Intdtate tdtlf to pass thrct$ a ts.l0 nash sieve, ad tn€n

stomd ln s@tql mtaLrrs.

gtrrdert t-t€ts sm usad to c$€ck lor stgntfLcant Clffere,
i.u tDe data &taiaed.
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2.2.L Det€riratl@ of bart EE

Io dotamin tb. 1iE of tL batt, 5 g of gmqlod bqa* uas

add€d to 25 Gr3 of Ct8tt11€d det@is€d vatar, aod

ott-unsly sttrreal lor 4ptrdnat€ly 2 ErrB. It PE

rralrs FBo ddanind ry DrDs of a @inatio EE

Etectrods rnd g RaAiCgr I@ 85 lna.lyzer.

2.2.2 Elanqt4l lnalvsis

2.2.2.L Eltri&

Aft€r lavifliry variqrs retbds for tbg analysis of flrcrlde

il plaat naterial (em, 1980, coks et 41., L9761, it ras

deid€d to use tb. selestfir€ lo electrcds dH (B) as

desciD€d ry em (1980). Bor tb. qtrastl.@ ol F- ,

0.25 g of tDe natsrlal uas EigDd into 1oO cD3

vtatffirtDsC plastlc @taLrra. tro thls zo .n3 o.o5 N

EID3 ms addd .rr(l tDe @talrr plaoed @ e D4pet.ic

stltr€r rd sttrred for 20 Eitrrt€s ustry a TeGlrcateal

eUrrtry bar. Aftar thls period, 20 cu3 0.1 N EB rag

t&sd 'nd tbs soluti@ furtben lgttated for an a*rrtioal 20

dnrtr. ro t[Ls, 5.0 ca3 sodfuD cttnta solutJ.o,

@ttiniql 1 ry.&-3 f,taCjustea FE to 5.5) aDd 5.0

cD3 o.2 N ED3r rts afid. A Ranicter r@ 85 r@

analper yitb a @laatlo Etrcrl(b ELes*rode uas us€d for

tbs detanoinatio of tbe flrcr.idb @tnti@.
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euDtdc rr. SuulrE

Ihs grcNDd plant sqrl6 Em dried at 70'C tor 2 hrrg for

tDe Oeteninatio of srlpUate try raDs of a Dlu 1000i

EgfC. lta elutlo Iutfer rrs l ntxtnm of 0.0018 l,t

%@g rnd 0.0017 l{ lIaE3. It o.10oo g of sqrle

was boil€d fon 5 Dirut€s, ftltercd tUrqril fDatnla 1b.52

ftlt€lr pryer rnd Dade up to 1OO cD3 rittr det@ts€d

Cistttl€d uater. lse EgtC vag callErated usiry a sulpbate

anio sttdud of 1.50 FEn rrra thc calcrrlatio

t tnio = ry.&-1: tOO

10r1000xDass

was us€d to dbtanrim tbe percotage of rater soluble anios

pE€sot iD th3 pltnt aq[e. For tbo $rlphlr .rlrlELgl 1.1

to 1.7 qI ol tDs plaDt aqfle fru tDa aqrtfl tqr bottlel
Es drld prlor to nlgDlng. a Carlo EEba ELutal
lnrl1zer, lbdet 1106, ras us€al fon tbs rnrtvsis. lta
ealtEatlo uas perfoud rith a €rttfi€d lboaDthli@€

gtdertl rtt.h 0.8a8 t &ifptur ad ras ctredkeal aftar 6r€ry 10

dst€riDaties.
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2.2.2.3 Gakirlt, hooit-,

a[s me 1g

-rr-
masdrr, edfu, Im, Oq[r,

Of, ealcih aqlle, 0.5 g uas fold€d ttr ctgarctta paper, prt

iDto a Atgrestto tilDo 'ne 6 cn3 of a EtO3sElOa (2:1)

nlxtrrrp ras aflaC. I fr glase beads EB! aI$ eddd to tDs

trD6 to curb ressive lrairy. llbs dtg€sti@ Irrcoess uas

osldard oqflete nto a olqrrless solull@ uag &taiDed.

Dd.sttUed det@ts€d ratar ras add€d to tDa tilb€ rnd ttrB

slutio altcnd to oo1 &m. It yas tla filtar€d tUrqryU

Schleic$er and 8chrtl 1595 filt€r prper, aDd nade ql to
vo1rrc iD 1oo @3 nolrretrLc flasks ritb dai@is€d

dtst.lU€al rat€r.

I Pye tnlca 8P9 Atolc lDorl,tto @ was

us€d to detaoi.re tbB mtratios of tDe nariqrs naJor

catLog .nd tsae eluts ptrBot tn tbg plaat natarlal, as

decrtDed DIt ]I1o et, gI. (1986].

2.2.3 Chlorolllll qtracLto

Ib chlorqEllll estraseio rtbdl us€d i! thls sirltyt is a
rcdttlcatlo ot tns m used tsI? hE aod Galun (198{) for

tDs lic$o Rmafipa arriasi (Ib lbt,.) ilattr. f,ble oak

Ieare, to nirinize deryo of tls c.hlorqflasts, nBEs

taserteat tnto lo o3 vla1s, tDd sutnargea in eo cn3 of

oirtUyf 8utfd.deGle). llbo vials mre tbo rrrt into a

ratar batb atr 65'c, tD tDo dar*,, for a5 Diurt6. Ito
qtract ras transfe[€d to 1oo cn3 rrclr,utrlc flasks ad
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tb prcoes rqreat€al terle rEE eul e,r^-h qtrac{ ddd to
tb fhst. Its oluLlo mc tbo na& ql to 1oo .r3 *itU

Et&. All ortrastiog mm &e tn tripllcato. nhrs cn3

of tbe qtrast, uas Ctluteal uitb 5 cn3 DU*) aDd thig

olutio yas us€d in tDc detauiaatto of tbg aDeorptio of

tDe chlorqlStll pigts at 135 ud 665 u. A1I reafErys

Etrg dd"re ryafnst a blaok of ItE, usiry a varlan ![echtru

l,bdgl 635 IHibIe nea @. EIE) vas uscd to

ach{qro a rniforo retbd for all c.hlorqfiyll ertractsios,

ircfttdiry tbso 6f flctr,prq.

2.3 E8IIIEB D UIEUBSET

2.3.1 EE of CX Bart

Ilh. EE of tD3 oll bart (Ei.g.2.Li ltablc 2.1) uas fqd to

oeur tD a DaEDov band fm IlE 3.80 to IiE 1.90. lte Ea at

A 1 Es hfghly aigtflcantly lmr tban tbat at E 6

(t(zr1= ?.32i P< 0.00005). l[bo Esults etained to years

earller, X,y Rritt (permaf mnicatLo, $padir 1), sbrt

EE of tbs bar* to be gimilar, tut aligLtly higD.r. lts pE

urs als tr a Drrpr bad rd trcaasd rlth dtgtare fm

tb. brickfield. lte distrihltio of L[..bm. orelatadl

hf$Iy eigiftcantfy rith bart pE, altbt$ tDe raqe uas e

DlaEr (819.2.1; Elg.5.6). RrcikEtt d aI. (1973) stat€al tDat

an l.ndlmct eff€s+, of soz tn frntgatd atrEls, Le tho
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graOJaI rd&t.t@ iD DE ol tDe anrtae soils aDd otEr

$betratt o thich ftcDmr lErfl. At tDo lmr 1lE, dlsolved

g2 is t €ry, trd.c, s tnat ll'cDrt fuqlryute Erld sttDd

llttle chrtr6o of survlvlry t! t!. PrE@ ol tDg

pllutaot. ltis qrl6 tffiDt fon the dsease iD licfios

arq.rnd tbe briclkfie.ld (se Cb4rttr 5). It€lg uas a higtty

sigpificant peitirrc errclatio betm batt 1a aDd

digtare fru tDs briclkfle.fd (r(7e)= 0.575i 50.00005; p

3.99501 + (0.138500)r). ilobs@ ual Sodt-iry (1973) fcrDd

tr tlair siledy, tbat as tbey Er€d qloeen to tbs city tDg

bart pE dreased fm pE 5 to pE 3 rittr an irease in

ubiot sufp[nrr Cla"ti6" levelg.

2.3.2 Elergrtal loalysts

2.3.2.L Ehute

llsjstrf[ ($85) stat€s tbat it is rnIl-bra tbat fltrr
(flrDrldb ocqouoas) affests tDa as{tvity of ozl'ug rhicrr

ar. of ubst fryortar ta proesea of assi.Eilatio andr

nqltratto, Ln tb. eyotbsts o! cariotsldrate, protaiDs,

n5f€ti,lFs .rrrr nrclel,c tcids.

I higtly sigtficant Imr f mtratio ms preot in

tDe brr* at sit€ s 5 t.Dan at sita 8E 1 (fl9.2-21i

t(21)= 8.85? and Ix o.oooo5. lte eqfles fro 8E 3, sbred

ao intediato f ocotrat.io as HrId be eqnctad.
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lto f etrsqbly origiDated fm tDs Brtclkflefd - tbrs
befry rc otbar factorles arqd that uso ra uterlale rrtrtc,h

otaia tr-. ntglrrc 2.2 lndlcate tlat tbe r-

mtsatio randd i.n tb. bart at I 1 uaa tD. higtast

Arriry tn6 etrer mtbs, eqltGtob.r 1988 to abort llarcdr

1989. llto drq ln f l6te,1 lor oct&ar ad lE\t@or 1988

qrtd prOaUfy be lt-Dked to a uaJor drq iD tfe proarEio

as{irriq?, and h@ air pllutio (Etrie, 1985).

I sinilar pattem of r- dtetrilrrtlo qfld be eqleEed for

tbe leave, lrt prsably at a Erctr lmr mtratLo,
bsrse tDe leaves are @ t.bs tr€ for a Bbrt€r period of

ti.re tIaD tno balt. lfDodfr 2 ldlcate tbat ttr6 higEst

li. oootrrat.to ras fdnd rithtn t.ba ffust kilctar
fm tb. H.c!kft61d tD 19?8 (Raltt, E€trs. @.). :thls

idicated tDrt tbe brtc:Eiefd ms ertainly tb Drin *rrcE

of F p11ntto. Nrcmls artbre, i.rc.Itdiry ldaclean et

gl. (198:l) ad uctaryttlrn et al. (1975), peffod EF

trutgatio qert.mts @ tb lecv€o of rrarlqrs qleies.

fhtt qerimts mre per{omd oner relatirn sbrt, P€riods

ot tlD to se tD. effect, of F- o tbe pDotoqzatbeltc

rmaratils of tbs plaat. fnis prrjest, bmver sas rirEd q!

tbs caurlatlns effect of EF 6 tbo vegetatl@. Beanse tbe

leaveg are o.Iy o t[g tae6 for a ltmtt€al tLr, tbq'/ 6qrld

rct gtrrc tbe Grurlatlne r€st[ts ovar a f'aar, as bat* uay'
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2.3.2.2 &rl3lEta d errytE

l€nltry to tdlrsch€r (1986), ttr3 anlp[nE requlrmt for

cpti.nal gf,qrth, 1g botrpo 0.2 aDd 0.5 t of tDs dry r€ight

of plaats, trrt arerCiry to Irrcber (1980, tb rcquir@t
is o.O5 to 0.8!t. E al$ statg tDat t[g srlptate otat
of plaats is a Dn eosttttn ln {cator of tbe &nrtritioal
statils thar tbe totll 8--otot. lIhE b€st {nd{cator beiry

th€ pnqnrtio of sulpbate sulptnE to total 8-€Dtrst.

Etgura 2.3(a) idicats a differw betrra ttra stUpUate

mtsatio etatnad at tn narlqrs sl,ts. eqriairyIy

tb sqfle ollec*edl at EE 3, halt t!3 hfgD€st suU,Date

oootrratio, follcned try tbo of 88 1 rrhlc,h ras gttll

stgntftcar*Iy hfgbr tbau 8G 5 (t(2a)= 2ts5/li F o.o2r2l.

llbe r€$rlts of Elg.2. g (b) rffest, tfiat Yas eopet*vd in

Elg.2.3(a) as tDo bart at S 1 bld tDs higtest peraotagB of

gufpUr proot. .!tr differc bstrra Dart I mtats at

8E 1 m! 8G 5 uas hfgUly slgtftcant (t(23)= 3-976i

rE 010006). ID L9?8, Raitt (pers. elno) fqd tbat tb3

qUpUata @tratt@ itt tb. blrt Gnpoair 3) and tDo

lsvs G5poafr a) mre hlgDer Yithir tho fist kilreter
trc11 t53 Ej.c:kft€.Id. 'Ih13 re again ioilcatedl that tbe

brlc:hpr*s Lg tbe DaiD strro. ol I tn tDa aEsa, b$ tDa

quirat rur{ed rralrs are urcb lmn tDD t! L978,

possibly idicattry that a hl$er gnrade of ea.l qrld batre

b€ us€d i.u th. dryiry prcoess.
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2.3.2.3 nrtriat stltrre of tb tru6

2.3.2.3.L Cakftr

figlrn 2.1 clearly fudtcatsa tlat tb. calcitl mtratio
of tb baat at 8E 1 ts tb l€irgt lor tbe duatio of the

pryject (alo se ltahle 2.21. Id-Er regreasio sbrled tDat

tbetr€ ras a higLly sigpiflcant psitino omlatlo bstrm
tb Cz'2+ mt.ratio of tDo bat* aod digtare fru the

pllutlo eourEe (r(76)= 0.6855, y= L1.223? + (5.696u)xi

y0.00005). fhlg toaocry omlats v€r], 811 rtttr tba

ttsease of ItE fqDd tn tDe sqlle ollected (s*tt@

2.3.U at rrariqrs Aistarc fru tbe briclcfield

(t(5)= 8.22i IE o.oooa). ltig grryasts possible 1em't{ng of

ca2+ at a 1o EtE. A stgtftcaat psitine om.latLo
botrm tbe Ca2+ led retratio (819.2.5) , ;4!

distln fm the focal poiDt ol tbis stilCy (r(51)= 0.3225,

F 10.7880 + (1.62259)r .td F 0.0185r, ras &s€Err€d. lto
ca2+ mt,rratlo tn tD. bart ts marly &rblc tbat i.n

tb lqvs tor G 1. st-r Ca ls mtatirrely i.dlle tD tDg

$Ioa (RavE, L977 ad Ctar*go aDd EaDs@, 1980), l.t can

tlut otLun to accrurlate tn tDe leave tr tDs foto of

pretpttatc rnd crystals. lte crautals trcse la eize

ad nnber as tDs lesves utarre ad are pEEfEt h uulz

dleidnus plants Just prior to lotf fall (Baker, 1983).

ltis qrld ""$ain t.bs nar:tait ii.'r€asa iD tba @'2+

omtraLto ol tbe lennes tsarrls tDe od of the tpwfq,
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a{s 0lay1. }11a (19?l) 'stat€ tDrt cr2+ b phnts ie

easotial fon ryical lDd rcot denefqnot "r. aeurlaEe in

€Il rra[s as e-rciru pec;tato. ca* reacbe tbe learrcs

vh tDe traosptratio gtrs rn r ls rct ro.tocated ag it ls a

relatirraly i.dlle elqt. nDcnrlcs gt aI. (198:l) f€nnd

tbat caz+ traDsport acLfdff rtsc tD tDe rqio ol ell
sDrnsio and, subeeqatly, dcllre as tbo ttssD DEtlrrts.

c'rclrn bas a Ii[it€d rcle as aD azltuLic o-fagtor

(Cfarlrs@ aDd EaDs@, 1980), lut acer{try to EaDs@ (1983),

tb€re is srryedt.i\r€ 6rta@ tDat ca2+ Das regutatory

rcIes i! gmth, dernlqmt anil aarytatio to eutrir@al
perluUtfog. 'lth3 ldlate effect, of fltrrtr @ tDg

rtabolisn ol tDs plalt lc cased ty t!. preipttatto of

ca2+ irr th. fou of cztr,2o uhic:h ts ingolnble and can

ranlt t.n a ca2+ dbftciqqr (tt€rjstrif, 1985) . Es rr so

strtss tbrt tf tb. ca2+ preipitata, tDe uapestrn

preat tD tIB chlortptsyll rclanle eigtt be si.nilarly

af,fectodl.

2.9.2.3.2 -- rn-lrr

tb pattaro uas fqDd to agl st tn npeafti cornpntrationq 6f

tD3 bafi (E1g.2.5; lable 2.2) oven tDB p€rioat of sq[i4r,
or sitb pllnt.lo. llargch€tr (1986) rqnrted tDlt rrbo the

16r€l of 7xxiz+ ralr deftciotl oE tno6 a3EE resfire
16t€.1s o! X+, tbe riDore grhntts dlsslat€al aDd

p8ot6i! syatDeis ceas€d. rtErre 2.7 brsv€r, iadLcatc a
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st€ady irc€lse t.rl tDe lriz+ @t.rati6 of lsvos fm
rrbo tbEI art fod. Cf tE, beLq d*ianrs, looe

tbeir lsne drrtry xrtlq/rlntar ad staft, foatry H ora
rith tDe oset of lprlry. tfta graAnf trc€lse qrld
prOably Ds ascrlDeal to lodtitry dr tD6 tranqltntio
stEsu. ry2+ la a frtryal part ot tbs chtorqfil1l

rclanle (Bi&rBlI, 19?9). lEbe irportlu oC tfi+ iD tDe

leave ls aI$ neflec;tad D'y tDB higb€r lev€ls iD tDe leanea

tban in tbe but (Elg.2.6i 2.71. ttarEcher (1986, @ftd
tbe Clarlrm ad EaDs (1980) gtatmt, tDat tbe fimct.t@s

o! wi2+ iD plants eDe nalated to its dlIlq,. qlstefur

lt:g72l stat€s tDat *i2+ is an acvtirrator of rcm @zl'nr.s

tblD auyt otbar el@t. Ctar*m rrrtr Ea35 (1980) nqnrtail

tbat OegoAiry @ tDs relatfira atrndare ol t', Wlz+

vlff als otrilrrtc to tbe urt.rallzatLo ol $ryar

PDoqrb*e, st{1ar nrclotldeer lDd onganlc 6gt r'n{rr. acids.

llbry also state tDat *i2+ ftUs tI6 D€€d for a sall,
gtqty elec{rqooitve dirratot catio rrhtc$ te readily

d,le ytth lLuit€A grtotric distorilo rrbm ilrrohr€d iD

lotc bdlLug.

2.3.2.3.3 Etagsd.lr

It€rs is D pattera iD the Atstrilrrtt@ of tbs mtratio
of f iD the bqr* ryst tbe sit6, rrith tlm or aighre
(Elg.2.8i llab1e 2.21. lte f mtraLio ol t$o leg\r€

(PL9.2.9) ig alrcst tDE ttr hf$er thar tlat of tJe
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bar*,. Aremtry to Sallshra aDd Ess (1985) potasstu is

aD activator of uat, ozlrrc tDat rrs essotial for

pbotslzatDeois rrrd qltratto, td tDat tt alo aotitrats

ozl'r needsd to folo starch rd enrtatns (EvaDs aDd

Sotger, 1965). grtela lL9?21 strt€s tDat f ts tbe oly
nsncryrrol catLo essot.tal for erl hfgDar plaats. lts
€.f tt.ot is a naJor otrllrrtor to tbg ootic ptottal of

e.Us aDd tbsrcilora to ttratt trrrgor Imsslre, espeta[y in
rqtrlatiry etcoataf Ev@t. 11 rrre{g[6 t' fs also us€d

iD pE stabilizatio (l.larschsr, 1986). Ee alo nqnrts o
mrt ,iloop iD 1968, nDstr€ lt ras fqDd tDat tDs role of f
iD prttein slzatDesis ls Deftest€al tD tbs a61urlatio of
goluble nitrogo ocqqnds (€!r. arirro acids, aid€s aDd

nitrat€) in ptassftDdefictat plaats.

2.3.2.3.1 gdltt

lts gr4Ds of nLgr: 2.10 4pear to be divldt€d tato t p

sec;tl,os, tDo lattar hrrf of 1988 ebrlry high€r lla+

*o.attraLtms tDln tD. early balf of 1989. lttg Ctffer@
Er fqnd to be hfgLfy signlftcut (t(5)= 7.L3i ;= 0.0008).

I,b E€qdirys rEo relatlvely @staDt rith rc naJor cUarys

at aryt of ttre giteg. Pigun 2.tt (oal leale) brever sbrg

rc slnilar ;nttanm. eodirD qrIC asslst (togstb€r ritb
t't i-n naiatainiry tbe solut pototial , oC tbe DaB

str€ssed leave, at a ertaia letrsl 90 as to osure nsi-un

t{rtlke of @, for pbtoslzatbasls. O,ll.arfng the rralts of
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a 1 lDd I 6 (l€af part of Iable 2.21, lt uag fqDd tDlt A
1 Dd a stgtftcantly higt r fU+ qmtratto tDln I 5

(t(s)= l.o27i F o.oo38). :ttt! ts brrnr Et tb. case Ylth

tD. b!r*. EI,stat.n (Lg?21 el.rlld tlrt Na+ lg Et
goarally rqtrfnd Ay qpeo pluts, @€pC ba.lqQtaa ad
pEysiologically gtntfar plaats. It ms fqd tDat tlaf can

ca,te€ glo1rth stlnrlati@, rnr{nllr !,y its effec+, o tba rater

balare of plants arrd tbeneifore, oell equnslo. tlal ctl
replae t' iD its otrilrrtLo to tJs solut pototial ltr
tbs vacrcles (l{aschar, 1986r.

SiJlrritf- 
-rgst 

tb Etlf tc

ms levolg ol @EDer rnrr 4[p, are sligttly hf$6r tD bar*

tban i.u lesne (Tablc 2.21 d tD tbe case ol im, tD.

rralrs rurded by tb. b!rt, redd tbse of tb leilr€a lE,

far. m6 ttu .nd oqnr, tut Dt tDe h mtrattog i.u

tb bat*, trceasd orrar tDe last t.hre mthg of sqlltry
(Elg.2.lll 'nd z.Llr, rhlle tb ztrc mtratto raai.red

tb e@ (819.2.16).

2.3.2.3.5 Im
t lmr iru mtratio tD tll bart rr*r lsrrca fuas

&erved t! tbe lesa plluted areas (fable 2.21. fign
2.L3 idicataa a narted ig€ase i.D tb. tru mtratto
fm octder 19s8 wards. lrcrdlry to SaltstrEl, rrrr,r $gs

(1985) tru plap an t4nrtant rcle l.n €rt t.n ozyrc aod
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rDrura Frotsirs tbat carry el*{mg Orrl.ry pbotryathssig

ad qliratio. ilaosso rrrd oarilL (1956) fqlDd that

rrbelrs tDe aply of tru ts varl€d, tD€E ls oft@ a Eood

otrc.Iatio bdm tru ocotratto artd eLlorqfitl
otot. I hfgbsr ttu mtratfo la tb. ltv1ry leef

utarlal ts thrs qroctcd, rben rctlvr pbotogyatDeis aod

respiratto o€rreo Ihis is brs\r€r rct tDe case (ftg.2.t:21

rnd altematively tt caIr be ryanlated tbat an ortemal

surco ie ms4msiJrle for tJs higD€r tro mtratio tn

or o tbs bat*. b ad 8ai (1988), fqd elqratad l6/€ls of

Iod, @F[rar, Lm, zlrc, Drqar. rrr.r ca&irn ia roadsidg

eoll aDd flrass, lDd thig @raelated reIl ritn tbe tnffic
voltrc. llbo lettr€ (Iable 2.2) at 8E 2 cl€arly rurded tbe

hf$€st 16r€.1 of tu; thLs orz€lats rell rith the lead

rralrs (Iable 2;2r. It tr@ rralrn for tbe bart ollestd
at 8E 2 la algo HgD, hrt sttU lmr tDaD ttrat ol 8E 1.

rt3 batt ol I 1 bld a higLly atgilicaatly higbEr im
ocotratto tbu tDg br* at 8E 6 (t(2a)= 3.a99i

F o.oo18) (Iable 2.2i Elg.2.1l2). A highly sigrtficaot

qetlvr em,latLo, d.st€d bertrs tD. iru
mtraLto of tDo bqrt sqfle rnd Ctstare fru tbe

pIIuLio *rlrro3 (r(76)= 0.l86oi y= 3.27121 - 0.520593)rt

IXO.000O5).
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2.3.2.3.6 Oq[tE

1'b. variatio iD tbc eED.r @traEi,@ of tbs leaves

(Ei9.2.15) ts loas eratl,c tDu tbat o! tb Dtrt (Elg.2.ll),

ftic,h q[d be !n fus{sfi[6 tbat oqpar &6 Et ptsy !s

i4ortlat a rcle ln tb Dqrt ar lt e€ iD tDe lettr€a. lEhB

higt rralrs qrld rnfy D. a mflectlo of nrr{ae

ads4ltio of tb €Ep€r betry ast fre in tbe polluted

!rrs. lts btr* c.los€st, to tb. plluted zm (S 1) tuld€d

a hfgbly stgtltcantly hf$sr €Ep€r mtraLio tDan

tbat at S 5 (t(Xl)= 3.1Ui; 1= 0.0089).

2.3.2.3.? |fiE
Ihs zLw mtratio for tbs p€riod eepteoUer to Deoeober

1988 qDears to be sltgbGly bfgbor thaa tbat for ilanrarlt to

iIrD 1989. ZtE uas ptr€ot tn a htgber mtratio tn

tb. bqrt, (PL9.2.16) t.baa tn tD. Ieclre (819.2.17) (als sc
thble 2.21. tlb rgnersc uac !.rtilrlly qetd, aeiry that

tD a&ttto to sirc b.fry attDer a ostitlmt or all

rtlvator ol ss\r€ral @zyr, it alo plap aa tqnrtaat

rcIo t.u rog[attry tbs l6rsl qf rrplrr tD tb. plaat ($ptein,

L9?21. It srld ths balr€ aa lnflum o tDe gr*rth of the

plaat. ttlg Ls reflested ln Elgure 2.17 (lecve). h
Os{eer to fcober 1988 tn€E is a urteilly higDer zirc

16ts.1 t.u t,be lesnes ocryareC to tbs P€rioal irarnrl'/ to l'Iay

1989. lEis qrld be AD to tbe astlttu gontb of tbe leave

to Ea.!b t[eir ftttl pDotoslzatbelc c4nbiltt1t.
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2.3.2.3.8 Id

It @tEatio of lead tD tb. bqrik (819.2.181 .'td tle
leave (819.2.19), ts rolattvely lfl. m l€ad

@tratt@ ol tba leave rn,r !6sf at 8G 2 (Iablc 2.21 Le

higLly sigifica*fy bigter tDan tDat at tba rest of tba

sit€. &ls qrIA bc attrllrrted to tDg fast, tDat tD6 tree

is sitrnt€at at a fornray-st4 rb€rc a relattvaly ht$
mnt of edanst ftrc (mtaintry lead) lg rel.eas€d fau
tbe rrehicle. @ (1984) referg to rcrt ttrat ras 6o
prertosly, ubam tt was fciDd tlat i.nt€ma1-ocohrstt@

qri.rc rra @ of tDe rnr{n sslrrpea of lead pllutto. b
ad [at (19ss) ale sbued that thlg orrlatio d.stdl.
I'b btr* sbrd a htgt€r letrEl of lead tDu tb lcne,
pesilrly Dscanse it is ptrEot @ tbs tre for a lqer
p€rlod tDln tbo leEv€s. llo rcrc le'e rill be trryeit tsy

the rolatfin mgL tqtrrrd bqrt tIaD Ey tbe rc.latttre.ly

ooth lerr srrtaoes (Little ad liffo, L977,.

2.3.3 l^lgtt eborlqrc !,v tb ChlorqrtrvU P[@ts

Md,135nd665L

Etgrra 2.2o indlcates tbrt tDo @Dt of ltgLt abeotbsd ty

tD€ piamrts rcoained re.lattrrely @stant fon tbe perlod,

segtdor 1988 to feDer 1988, afbr uhtcb lt dreased.

ltia dsusa uas fqd to b. stgtficaot (t(3)= 2.199i

F 0.0878). A 1nssible qflanatLo ts tlat th. flrcrlde dtd
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Et irritiatly EDrt ury na*eal eff€st, o tDe ld2+ ios at

8G L, trrt thLs eff€c+, ras ofy qreas€d aft€r Decder

(819.2.20) . Beans. viz+ b a fDt€$al part of tba

chlorop$ilt pigmt, leg ptgeots ytlf b. fod, Decanse

less *i2+ riu be arallablc for thl.e ;urPose ocqareit to

the leavss at S 6 gloniry t.a a rolatively lnllutio fre
eurrimt. lflris rans tblt tbe chlonqflasts rtnained

agtine fof a Er.!b loqer tim tDrD at 8E 1. g)2 qrld

alr mtrilrrte to tDe dreasa ir tDs pbtoqzatbaLic

abifiq of tDs leune (Black and lhsrcrth, L9?9i xataim et,

aI., 1987).

mat is t€ry &niqrs rbeo oryariry fl9.2.2o rith 2.21, is

tDat Dr\s abeorbare of ligDt took plaoe at l35m (sbrter

warsfofit) rthrn at 665r. Ch"g aDal ltcrys@ (1965) fqDd

tlrt c.hlorqflasts qr1d otain tp to 5o t of the fltprids

i-u tD. Ieav€s. .|l.be d*Itr tD tbs ligtt abeolbed,

e+ectaffy W tD. leancsatslandE2 (Elg.2.zo t2.2L

fm f 1988 ryar{}, 6rld be a Ait€st, re$rlt of tbe f-

;nllutlo.
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So rqrlts eatmd tr tlts
filDrLd., anl5lhr, I€ad, Lm,

lnllutto oocurs rlttriD tb. ara.

Both

finEt

rc€t

trt9l.

ot f-

sUdy clearly sEr tDat

€p;er d poaeibly godltn

EF aDal &2 Ipllrrtto ig \r€q, svidot rttbtn tDs

1.5 h fm tDe brickfield, lDdicatiry that ttrtg te

prOaUfy tbs Datn *nrrroe of tDese pllutants iD tba

Rattt (persoaf ret) also lqlod tbe Atstrilrtt@

ad I to be as nqnrted t.n this &cr.mt.

l[te pE rralrs tiereas€d o rcrri-ry uay fru tba brlclrfleld,

ad thlg orreryods Etl ritb tbs iharease in ca rralts

Otainaat tD ttrts stldy. hgrrians antbrg (Stsiry, 1969,

Eutele 198:l) Drrr€ Elataal aD i.rrcase ol 8% mlese, to

a dmse irr tbe DE of trE bqt*. Iakfry bto
mgtdaratto t$at @at is us€d tr tb ba}fry proee of

H.cike, thts cm be sa as oE of tbs D!i-u $urees of 9"
(%sf ), ntlcih tu turn car I€ad to a dsoase tn tbs Fu

of tlo bart on gdtfry Etrer to tb. *lltrooz aa uas

regnrted elseiter i! tlis &<rmt. It 4f,€ars as tf o.Iy

ca2+ rnrr *i2+ of tb. Eajor elmts, aro aaversery

affest€d lry ery*ially ?-, as srggest€d Dry ttgjstsff

(1985).

http://etd.uwc.ac.za/



-li2-
of tb borrry rtals, 6dd@ Es fqd for i.m, oqlnr ad

led lnllntto vlthtn tDc lEtElo lllb bqrt, tD all cas€,

@€pt lon Pb, rurded Oesasiry mootrattog of tDg

elffiits yItD frceagfry dstan fiu tbe pllullo

*rrrreB. ID tDe cass of ttr tbrgD, tD elevat€d

mtratio uaa lqd tr tb. Da* ollected at E 2. Ihig

orteqlods 811 ritn tbe elevated letra.l of Pb tbat vas

fcuDd itr t,he bart at thLs site. I.he 6ridace stgpsts tDat

it yas prinarily tbe rctorryehic.le ttrlt Ere tbs uir

scnrrcB of t pllutto tD tD. arrea, as aggestad D1t & rnd

Tai (1988).

A DEe (btail€d lerr pfgd, qtractto qtld ahed rcre

ligh! ou tb. Oegradad@r ot Et, ol tbe pigmts.

&ibcellrrlar fras{toatto of tbe leare (Cb.ry and 'Jttolts6,

1966) Erld aleo @fir, or Eject, whether tbg

cLloncplasts a$t tb rnr{n sitt of f, aenrtatio t.u tba

GI lsve.

lDatcrntcal aOrytatfos agaiDst pollutaats Erld pr$ably be

tb plartre fint dsfose u:;banio. Atl anatolcal siilCy

ErId srrely rrveal it slrtr clFnfrea Dd ttko plae, ev@ if
tDe qmrra tl.r ts rclatlvely sb!t.
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Table 2.1: pH of Oak bark at different sites.(n= 13)

S ITE pH (x+sd)

SE
SE
SE
SE
SE
SE

1
2
3
4
5
6

CONTROL

4.1s
4.t6
4,.20
4 .40
4 .49
4 .43
4.99

+ .083
+ .115
+ .256
+ .116
+ .2L0
t .l-01
r.L24
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MAGNESI UM CONCENTI?ATION (g/Kg)
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3.1 IIEf,lEIIrcIT

Biological @itorfry of anlphr dld.do, flrrrJ.de, nitrogo
eid6 oqanas lDat bsrrrl, rtal pllutlo bag iroeas€d o\r€r

tDe Fst fq &ad6. Bark aDd leaf eqlls of tJrs ars

usnlly aoalped for tbe pllutants (gtaniiry, 1969,

R€uoa , L982, ilohso aDal 8o&tiry, L9?31 rLile tDs eff€st,

of t,bs pllutants on tls pbotsyatbetic cryarity of tbe

Ieaveg has als b€a sfiltted quit€ atosively (Soilrtali rna

fardlq,i, 1984i Bla.t and lhsrcrtb, L9?9i fatrim €t d.,
1987). l[bo aalvantqe o! tbe btologd.cal et.bd is tbat tbo

oryEniss tbeosalves rer{ tIs Grarlatins td.c effest, of

pllutio, ad tt ts sLq[e, quick aDd tn4osive
((il,odziDsf,a, 1982), as moaeC to tbs use of instnmts to

rer{ PoiDt or lntrrrral tn€,io'rr.nn8tts.

Brllutl,o $uro6 tr tD. stufy area ircluds a u.uber of

rtlrrlea, t.Dp PlaDkobnry Iadrstrial arrea ad a brd.ekfiel6,

rhiclh tD this snil0y uas taf€o as tbe focal poilt of

pllutant enisgi@. me silady araa in Stalloboech

ocryrts€s a vallcry surzqDd€d ty thre Errtaiux regd@s

casiry tha amissios to aeurlate iD tbe basin AEiry tb.

http://etd.uwc.ac.za/



-70-
&B@ of uind. fhfs pb@ trc€ass tJe ellest ot

pllutauts ir t.b rralley. I.b hantr eqrfatio itr tbs rcrst

plluted araa of stslloboecD, Ls Lilaly to bs DEIB

sscqrtiDle to @o ailmts bcase oC tbs urltlple
surtog of 1nllutJ,o tD tb. EETEE.

Tle€s bate beo ridafy us€d as biological indlcators, iJr

plluLio $rlrsys (t(o\racs et, al., L982i 8taniry, 1969). ID

this paper, dtstritrrtio rDd quantittea oC pllutants

abeorbad Dry pi-u tr€ ara discussed. lIbB eff€s+ of

gnllutlo olr tb. nimral ocryoottio aDd tDo cblorqflast

pigots of tDee t.rc are also osidered.

3.2 mtrtf8 N' TEXIE

nhrc sAliry sit€s @ a rbrtbEast, (NE) trans€st, feadiDg

ryqt, fro tbo bridsDrlrs (Fi9.1.1) rem sel€st€d for this

strdy. Eaclh aqfltry sits ras a nature Pi.r tre, rith t$e

Ctgtare botrro tr€ beiry ryrei.utafy 506. Each trE
E! sqfld at mtL1y iatarva,ls, at tbe s@ tLr of dalt o
as to sqilc lesne rith Dre on lee tDe s@ tateraaf

utabolio (l{usfi€.ld and &aith, 1981).

B!r* ad needles Era ollestsdl, rDd dri€d for at tsast 5

drys iD a l@rt ovlo, at 65'C. Ersb needles rare also
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storcd iD plastlc bagu, at -lJ2'Co for chlorrqQrU

eortracti@. tlbe dried bar* was grand yith ths aid of a

Retsch Ball !fi[, nhilc ttre drl€d needlc uatarial uas grcrnd

to Pass tUrqryt a tb.l0 Eh us{'g I Ultey Intedllata
l(ill. eqDd utrriat uas storcd la gcr*t4l otrimrs.

IDs data for tb6 variqs eluts, at NE 1 aDd tG 5 rere

stDjest€d to t46ts2 becanse t.bry rcpreof,ra tDe sit€g

clooet 6, ad tbc turtbest fru tbe brickprts (polIuted

lnd rtra5Dlluta(lr).

3.2.L Deteruination of badr A
Bor tbe pE Ooteninatlo of tha brr*, 5.0 gtras of grumd

batt was Dired iD 25 cn3 of Atstilled dai@is€d ratar, and

otiniorsly stir€at for 4prdnatefy 2 hrrg. A siryle

detamtnat.to Es d^p. loa aarih sq[e. lfto pE rralrs Er]B

detetoimd !ry raDs of a mbiaat.io g Efectrode rnd E

Radtcter I@ 85 toa.lper (trIlo, L97tt 111o 4_EI. r

1986).

3.2.2 Elqlata1 lnalwis

3.2.2.L ELrDrte

Variqrs retHs (lm, 1980, eoks d, ,ta!., 19?61 uero

re\ricrr€d for Etrnrids ryrelfrgig. ma F. +-rmnfuiatio of

tbe uterial ras detelot:led ustry a SCLestlve Io Elec;trcde,
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rtbal (B) as d€criD€al by em (D80). For tb ertras{to

of f,, 0.25 g of tbc uatsrial ms Eigbd iato a 100 cm3

rideurtbad plasttc @taimr. ift) this, ZO o3 O.O5 N

EIICa uts ad..d ud tD. otairr plaed @ a Dqlretic

stfuEer ad gtirtd rltb a l[eifleelt€dl ua6petic stirriry
bqr for 20 nLurt€s. lfter thfs Berioal, 20 <n3 0.1 N E
EEIB add€d rnd tbs soluti@ firrtben agitat€d for aD

a/&r{ti@al 20 [inrt€s. To thLs, 5.0 cn3 sodirn citrate

soluti@ @t i^utry 1 ry.&-3 F- (acjust€d pE to 5.5)

aDd 5.0 cD3 o.2 N ElD3 Erre !dd€d. It€ netbd ralr

airyIe, quick and asrrate as data uas easily reprodrced to

rittrin $t of ttre idtlal dstelrLnlltL@. A nanicoeter I@ 85

loalyzer yith a hblaatio Elrpride Etegtrode was used for

tbe dgteuinatio of ttrs f, mtratio.

3.2.2.2 aUl5ate d eflllur

!1t. plaut aqfles Ere dried at 70 'C for 2 brrs for tbe

anlphate deteoinatigo, aDal of eaED sqfle Or10OO g ran

Efgb€d ert aacerate.Iy 'nd boild for 5 mirut€s. lte sqfle
uas tDo filt€E€d, uslry D 52 EDltran ftlt€r pry€r aDd Dade

up to 1oo Gn3 usiry ultra prrc rater. EhB Uiq loooi

EgtC ms ciri.brat€d usiry a nrlphata anlo staillarlt of 1.5o

ry.G-3. 'ItB alrrtio ltqldd used, yas a nixterro of o.oo18

l,I lla2@3 aDd 0.0017 t{ ttaEr. Ite calclr1atLo us€d to

http://etd.uwc.ac.za/



-73-
ddaloim t ardo uas !a follcrg:

Its iDst.nmt

dsterli.Drtios.

t tnio = qr.&-3 a 1OO

.10 x 1000 x mass

Es trc,IiDrat€d after 6r€q, 10

For tbe sulphu rnrrysisr tbo plant sqfles uere ueigbed

afrectfy - fm ths scr+top @tairrs vltbrt furthr
dtylry. lte sqlle ueigfuts tdro for analyste varied betua
1.1 lDd 1.7 qI and a Caalo 6s glansttal loalyzer, lbdg.l

1106, was us€d. lts tastnm$ vas realtDnt€d aft€r 6r€q,

10 rnrlvgls, usiry a aeEttfi€d pUoaotnre stailtard

mtatniq, 0.818 t sulphrr.

3.2.2.3 Glcirr, Elrrraairr, &Cirr, Massi.lr, Ocrltr2 Im,

8ir E fd

Of eacb sq;te, 0.5 g uas uetgbed, ofolded tn cigarstt€

Irql€r ad dlig€st€d iD 5 Ga3 ot EDa:EIoa (231).

Cllasg Da.& Etrs used to crrr! rcsive trqriry. rtg

Ctgesti@ Exo€s ras osid€EeA ocryleta rrDo a olqrrless

slutLo uas &tair€d. Di.sttUed dat@is€d uatar rag added

to t.bs trb€, ad tbe rcIutio aII€rEd to eol &rln. It vas

tb€o filtemd tUrugU Schleic$or aDd gclhrll 1595 filt€r
ptP€r, rn/l Dds uP to 1OO CE3. lts oooootratim of

calcirn, nagnesirn, sodirn, lntrssitn, Lm, oqper, zirc

'nd lead vas detanoi.ned ritlr a $e lhica aP9 Atoic
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lbeorpti@ @ ([11o t& al., 1986).

3.2.3 Chlomhrll qtractL@

A rcdificatlo of tbs utbd us€at ry ho aad Galtu (1981)

yas us€d. NEedle mm crrt tD balf s ts to fit tnto t!3

rri'rs rLic,h Etre 4fltrdutely to cn3 l.u sl.ze. l['bs needte

tLssrD Ea gurerg€d tD aDcut go cm3 of didtstll *rlfcids
(Dlqr), aDd tba vlats beat€d i.o a ratar bath at 65'c itr tbs

dar* for 15 d.urt€s. Ite ertractrnt ras stor€d Ln 1oo GD3

flasks. ms prccess ras tD€o repeatedl trrloe aDd €ach

qtrastlDt arri€d to tDe fiEt. 1Eb6 flask otot ras tho
Dd. t4l to 1oo Gn3. ntne ca3 fm tb6 1oo (n3

€Eftr'actaDt FrE dlluteal rith 5 cn3 frcsh [t& rrr,r used tn

tbs quantitatto of tDe chforoptltll pigmts at 135 m and

665 E. ALL reaAirys rem &e ryailst a blaok of El&,

usiry a Varian Secbt.m tbdCl 650 W-visi.ble

@. DIE) rag us€d as tba qtrasti@ ditn
lor EII chlorqEyll qtracLtos (Gf leare, PitD needles

d Llclbos).
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3.3 EEEE D UIEUESUtrI

3.3.1 lte EE of tDg PiB Bart

ftgure 3.1 {vlrisafs tDat tDeE uas Dt a ver], larrge

rnriatio ir pE ryEt tDe diffelat bart sqlle. Ite
rralrs etaid ar€ iD tbs rary€ of 1tE 3.0 to DE 1.2.

cmarally, bal*, sqfle oUect€dl at tG 1 ErrE hiSly
sir'ttificantly loss rcidLc tban tloso fm tG 5 (t(21)= 3.1?l

aDd F 0.0020) (Table 3.1). It qf,€ars tbat tb pE of tDa

Pir bart Ls lq (aciCtc) tD goeral (Erlrsrrth urd bse,

L9761 rrLicD qrld posibly rlllaia rty ficsFns are rct
oc@o oD th. blrt of pir ttrrs. Erwkdt gG al. (1973)

ralatdl tns irc€aso tD 8% ,ith a redirstio iD tb. pE of

tbs strl:fae of ollg and other slbgtratc o uhich lichems

plaot. Itsy stats tDat at lmr pE valrs dissolrr€d fi1, Ls

\r€q, td.a, to tbo atot that a lleDo prqrqnrle Etld
std ltttlc chrrrce of suryiviry tD tbe presre of ttrs
plutant. tb ltc$os EEIB qridht on au]z ol tbe tr€
aqfled.
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3.3.2 Elutal lnalwis

3.3.2.1 fhuie

ErrtdoBy flrcrtde is an csottrl elmrt for lri$€r
rnirmrs, hrt it &6 rct qtrnr to ba ss@tial for plants.

Eea\ry F- otainatlo carr occur iD ttre area lnrnaa{ata.ty

srrtorDdiry arr tnd,rotrial plant. ttie ig esp*ially tnn
for Eickft€fds, alrnLnir.u slt€rs, re porttery factor{.e,

aDd fac{orie fu\Dfv€d tD tb naufacturc of glass rrrrr

eraics (Alleo, L9?1, PurrrB, 1985). GrB of tDe

ocqfltcations associated ritD tr- dary to rrqdatio, is
t.be abtltty of vqetaU,o to asurlats F- ir hi$
mtrattos. tltis nay rantt iD F- td.cft1z to glaziry

m{rnrr s. 8iE tbe actrll iajury to vqatatio go€ra[y

o€urs Decasa of gradnl f, aocrnrlatio, tDe &ulatio of
qlpsura, aod abqberts concsrrtratlonc, rIII deteuire tbe

ss\r€rity of fajury (Naagelc, Lg?ll. Re.Latirrely hl$ F-

ratios rhic:h Atd rct drq belo 100 WM Erre

rerded tD tDo bar* sqfle ollestedl at lG 1 (819.3.2).

YCIrs eatd for sq[ea ollected at NE 3 and lE 5 iD

I6trnry ad AprII 1989, qrld poeaiDly be attrihted to
pro0rtirriQt of t53 briclrfiefds (ItsnLeg, 1986). lme datt

(819.3.2) sbrra a stgificantly hlgb€r 16r€t of f- near

tXB briclrfiefd (t(21)= 3.26{ti 1= 0.0001). A drql ir tbe

f- mtl:atio of tie bart oll€Gt€al fm tG 1 qltd be
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ar I nrl{ satll6 ol a drlP tD tD. IrroArtivlty of tle

bric,kfl.€Id. ltig errelat€d uell vtth tbe drcp r.rcrdd for

oaf, Bart (F[9.2.2, Cb4vtar 2). ltts atryly aryesta tDat

t.ben qrld htrr bean a dscqs. ta proO.ptf@ ac{tvitlt at

tb. brlckft€Id (Errl€, 1986).

3.3.2.2 Stifffiate and Strlptur

Significantfy lrigbar $rtphat€ rralrs rem rerded at lG 1

tbln at tG 5 (Eig.3.3a) (t(I2)4,.633i 8E0.0219) rrLictr

stryl,y srryasts tbat the higb€r srlpbata rralrs (lE 1)

qrIA De atretty related to tbe bricilsfield. lfta s'-.
naterial ras aDaII,s€d to sbou tba srlphr otat, aDd ttr6

rlgrr1ts in lcated tbat lG 1 bait a highly significantly

higber gtrlDhrr @trlaEi@ tban NE 5 (Elg.3.3b

(t(10)= 3.8il1i F 0.034). :!b. gr4,h of tbe sulPDate rralts

of tE 1 (Elg.3.3a) stqfy reg€Ebls tbat ol tbs f
rralrs rerded at NE 1 (E19.3.2), eryeially tDe higt

srlpDat atd f- rralrs r.rcrdad betrrs lErr. 1988 and Jan.

1989 (819.3.2 ad 3.3a), indicatiry tDat rcre briclB qrld

bilro beo pro0rced Arriry ttris period (IlEtries, 1986). l[bess

ruanlts @pare faurabfy uith tbe of Figures 2.2 ad 2.3

(Cb4lter 2).
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3.3.2.3 nilEfd, stdrE oG tb E

3.3.2.3.1 Clcfur

Ecrrttt ad eith (1975) r:fer to tb eewatio naib D,y

Elorell, tbat qufts EilI tu@ts of ca2* nesult€d iD

msidatzble ati-uflatt@ of tbg louatlo of nitoc-hdria ia

rbeat rcots as ueII as atl irc€lse t.tr tbei.r protein

otat. rssy also stata tbrt ca2+ is prOaUfV

urltifustioal iD tbat lt ls requind for ni*rr e lnnl]66

of €11 valls, orgamlle m'Eas, utrIear s$strus{ilr aDd

as a bqss equirralot for ircrganic anlos of oells. ca2+

tmmeafy hrq urltlple funs{tog la e.Ilular retabolis.

of tb€ae the agtlvatlo ol Ery oryr and m'bram

st$ility are pr$ably tDs rcst i.q,ortrnt.

A highly stgntficaat orzdatio ras fqd to r{st bettrs

tDe ca2+ mt,ratio o! tbo bqrt, ad tbe distarc fi@

tb bnic:Eiefd (r(Sg)= -O.5L8?i Ex 0.00005) (Fig.3.l). lltis
Es t!. q4mite of nhat uas fqDd tu tI6 oak tr€
(fl9.2.a). 'Ihls als ryearec to erzalate well ritb tDg

dssase in DE rbo Eviry atay fm tbe bric:kfiefd

(819.3.1). :Ih. cz'2+ @t,ratlo of t!3 needlee

(E19.3.5; ltabIe 3.2t , bwver, sffi a sigtficant peitive

orrelaLi@ rith dtstam (r(fc)= 0.3395i 1= 0.0!8il). ltlrig

Cifferc qrld be eoplaineil t y lrsjstritrs (1985) firEiry

tD* tbe idiata iaflrrc of ftrrri.r o plant urtrltto
ls cansed tsy tDe preipttatto of ca2t tn tbe fon of
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i.D$ltrble @! r€sultiry l! ca2+ defl,cley.

3.3.3.3.2 '- rrnirr

lte bu* at tE 1 aeurlat€d r bighly slgiftcantly higb€r

*i2+ oorna<yrtratiou ocqlaraA to NE 5 (trLg.3.6

t(21)= 3.050i F 0.0055). lb Ettbolic signiftcare caa

ac{enlly be attrched to lt, seeiry tDat tho ftrces€s t-u

rLtcrh Wlz+ partalre, are in liviry €118. ltg
mtratio of lqql2+ uas higtly signtftcantly hf$sr fr
the needles ellected at NE 5 thaa at NE 1 (819.3.7

-t(21)= l.l?i nEo.0002). :[tl.g uas eqncted, seiry ttrat t$e

bealthier dles ErrB located @ tDa gl(b ralt fzu tbe

pllutio sita. Beanse *j2+ sDarcs tbo s@ r'banicnr

c$aractertstlcs alr cz.2+, it is eoeeta tDat tDey Erld
bebave iD tbe s& ral7. ![ho, acordiry to ]lsjstrif, (1985),

:ri2+ crn lou fasofubic ocqrl-res rith F-, rdertry tt
nnrnailable for cDlonqrQlll fouatio. lt'+ Das a

crltic.r Fl. i.n tb stnrc{ilre of tDe riDomat pariicfea

qnsihle for prortatn slzatDesls. :fbs rl@ mslst of

2 oa DrE *tsSurticle rrbss associatlo ta a fucti@al

Dmr ls Acpoaot o ttrs omec;t r.rf+ retntJ.o. It
Das beo crl<rrlated tDat thg tD vttrc mtra'Llo of

chlorqfillI, rDd therefom of *i2+ ir chlorqflasts ig

abilt 0.2 ll. ftts is s.rn 20 tt.g gmeaten ttratr tne E\r€ltagB

aetl @o@trati@ nrd tt Ls tb€lrefols rct sprtsiry tDat

t.b. first effects of W defic,iclt an ofta s1rytrc of

chlorcsLs (loss of cbloropLyll). nf+ fs a readtly
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dissocLable lolc actfi/ator for D!u1, ozyr, frrt it is
pr$aUfy best bD for ltg plc la tbs cblorqEyll rcIsrle
(Earttt aDd eith, 19?5).

3.3.2.3.3 Ftaggi.t-

lts potassitr mtratto tr tbe uadte (Fi9.3.9), ig

atrcst thEE ti-E higDelr tDar tbe t' mt.raUo in t.bs

bart (Fi9.3.8). ![tLs Justtfiably indlcates tba tryortare

of t' t.n t.bs De€dles. FtassirD Ls an agtinator of nauy

@zI'H tbat are essotial for reqrir:atio. It also

activatg @zl'E aeeded to foro star=h ard protains in

Ilvi^q naterLal (gafishry t bss, 1985), rDd becanse bar*

ls dead utrrlal, a htgDer ff mtratio is eoqr€ct€al in

tbe liviry naterial. l@rdfry to EDst€iD (Lg72l, t' is
tb. o,ly rerralot catio egol ial fon all lri$er plaats.

r+ 1g a nJor otrltrrton to tbe retLc ptotlal of

e.Us .'td tbgrfoE€ to tbgir vatar pototial. A hlgben f
rralrn ErIA ths be oqlcteil for tbe neadlea, becarse tb:ry

d to qulats tbir vatar pototial. lfho bar* ollecteal

et tE L, 2 atd 3 rur{ed t.be htgt€r t' mEation,
fuid{cattry a paslDle lnflnm Ey tbe briciktpl*s.

3.3.2.3.1 OCitr

lft. ua+ @aatErtt@ of tDa bar* (Etg.3.lo) 1g lmr tban

that of tbo needles (Elg.3.Il), e*eially for tDe sqfle

ollec{odl at tG 2 aDd ttg 3. lEab1c 3.2 Ldicats tblt tb. Ua

rralrs etaircd for tbe aeedleg ollested at lE ! rrrrr lE 5,
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aD. sltgDtly higbsr tD.a tbc of, tbe bart. Estoir llr972l

errr €ry€d tD. rcet of rnrLqrs antbra rd b. reldled tbat

Na+ ig rct goerally requind !ry geo plaots. gcrrLtt .nd

Sith (1975) stat€d ttrat tDe boaflctal €ffests of tta* ia

tb abs@ of r,reqrr-te t' lte t.n tDe abtlity of na+ to

srrbslLitut€ for f tD *r ozlr sletos. na@rdiry to

BrumeU aDd GosslaDd lL972l, higDer plaats tDat Dilr€ thg

Ca treo of pbotoqzatDests g@eraUy batrs aD absolrrt€

E€qrril@t for Uf.

3.3.2.3.5 Im
lts hi$er iru mtrrattog rem rer{ed at tE 1 aDd tG

2 (lhble 3.2r , rlth rU Z runlt-ry a stgiftcantly htgber

it@ m,usc-Lto tban tL bart at tG 5 (Elg.3.lll

(t(24)= 3.731i I= 0.001). :['his orzeqtods Fll ritb tbe t
rralts eatnad for tD. brr* ollectedl at thl.s alta

(819.3.18), srygestiry botb to be AF to traffLc. b aDd

rat (198s) fcnd a stry errelatio betrm tbs

logerlthtc mtratto of tDe nstalg (lead, @pp€r, zirc,

l,IB, Dqlre) .''d tDe logarithic tsatfic volrre, in

tDelr sirdy. Im plays !a imortaat rclr t.n ertail
ozlr ad u.rrous prctdns tDat carrlt electrus Arrfrryr

pUotosl'atUsfa aDd reqllratto (8affs!url, aDd bas, 1985),

sfgnifld-q its realatine iryortlrc tD tbe D€€dles. Ilhts a

higD€r ir@ mmtratio vas q*ted ir tbo dles, tban

that r.rerrlad ll1' it, tn nLgre 3.13.
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3.3.2.3.5 OTp-

mo 16r€l of @1pqr iD tL pir D€€dfoa rrrr{ batt, G rct

differ \r€q, ur:b (Etg. 3.1a t 3.1!i). lret{i.q to Salistlry

aDd Fss (1985) e oqrPar fg ptr€ot ta ee\r3!a} oz1tre aod

Ptrot€iDE trvolrr€d tn cd.datto .rrd E€aiEU[@, eqlelatly tDe

neqiratory ozlrc aad clrlorqflast pllteLDs.

3.3.2.3.7 8LE

Botb ntglues 3.16 ad 3.L7 sbn tba srrr5 traits. thLil

abqrt fEtraber 1983 tb. distrilrti@ of zi-rc i:l tb€ bart

(Fi9.3.16) aDd needles (819.3.17), uas rrerlz enatic, ad
tbo fm fEtrciler 1988 wards tDs distrtlrrtio of zirc

src to hatrs gtabilized (Fi9.3.16 t 3.17). Stabilizatio

of the zirc dtstrllrrtio ir tb needle occurzd (F19.3.17),

sith a significant drql in the mtratio (t(l)= 3.6?i

F 0.0211). Elrtel.n (L9?2t E\rl€ird rcrt &e btz varios

afi.brs ra! f6;Dd tfitt s{nr. plala aIt ieortant rcIa in

rcgulatfry tDo l6re.1 of a*lq tr tb. plaat. It 6rlal t.hs

Danrc aD lnftrrc on tb. $'orrth of tbe plant i.s. D€€dLe

gmfth. !fto p€rfoal fru Jtrly to fder 1988 ls prOaUfV

cmsiaf to tbe danlryot rd grontb of tbe needles,

tierefora tDe Cistrllrrti@ of zirc as sbrtr t.u figre 3.t7.

b aDd Tai (198s) @ tD6 otber hand, fqDat tbtt a

orrelatio Fist€al betrreo zirc mtratio tDd thg

\roltu of traffic, nLlcib ras rct p evtdot in ttris atxly.
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3.3.2.3.8 rd
Ir tbe case ol tE 1 tD. gqliry mg 6s @ tDe slds of tbg

tre ryal, fm tb. Fad, trrt tD tbc dires{io ol tbs

brtelmrts. lfhls Es ats tba cagc tor lG 2. f,lttr NE 5,

tDe rcad uas @ th. Bide ol tb tre trcE rhic:h tbc sqlle
Etrre ollested (ttr tD. Ctnctl@ of tbc brlckprts). b tnd

sat (198s) fqDd elevated levels of lead iD ror&ide soil

atd qEass h Ufgily uDanised !rre!rl. lts datr represotea

iD figure 3.1,8 and 3.19, srryg€st tbat Dre lead Tall

absoe€q/adso&€d by tls sqiles aod t.bat a orelatio
ddst betrrg tDe ir@ @trati@ rDd l€ld mtratto
at NE 2. It€re is a clear differue betns tbs lead

cpocgDtratto i! tDo sq)Ies of tG 1 aDd llE 5, ery*ialIy
toards the latter hrrf of this rrt. 1fh6 needlea at lE 5

bad a hi$Iy stgiftcantfy hi$Er learr mtratio tban

tbEt ollectodl at lG 1 (t(21)= 3.363i IE 0.0026). Its hfgh

l€ad (819.3.18) le\r€.Is rprdad tD tbg bart at NE 2

emelatad EIl sith tDe htgt l'ru values rurdsd at tbls

sttc Gftg.3.l2).

3.3.3 Ligttt absorbance Dr dlorqttsylf piSpeots

rcd,a35nd665L
Ero october 1988 to rprll 1989 tbara uas a otiuns
dreas€ iD tbe @Dt of ligtt (435 r) abso$oal ty tbg

cblonqlast pigmts (tri9.3.20). mts qrld definitify rt
be as a rssult of tDe ;nllutlo, butso tDe 16rel of
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atsolDry of tb D€aAl€ at NE 1 aDd NE 5 E[€ DEa or 16s

tDe B@. It qrld bpver Dsve bryoed tDat t'b D€edles

ollegted at lE 1 EE older tlrn tbe ol1ect€al at lE 5,

whicfi 6rld 
-laia 

the Cltferc botrpo tDe aEo$are

valts. l.be pattem of abeorptto lon 819.3.20 dlffers lm
tbat of E19t.3.21. men El ar L@s. tD tDo unt of

Iigtt abeo$ed try tDe c[tonqlast pigeots eortncteil fm
sqfles o[ect€A bdss Oct&er aDd F$ruary 1989

(819.3.21). It l6rEI ol abeorltJ.o Lg brever uxtr lmr
tDan tDat of 819.3.21. &is indicats tDat rcre light is
absorDeal at t.Ds lmr d of t.bo spet-nn for

pbtooyatbeal,s. mo oryaring Pi9.3.20 vith Fi9.3.21, tb€E

is a1 {nrrqrqe tD t.be @rat of llgLt absorbed at 665m rith
tj.r, whereas tbs fi$t abot$edl at tbe sbr+ar ysvefqrth

(a35m), is urcD highor tban that at tDa lqer va\t€Iqlth

(665r).

3.' CNEIIEIIIT

Eluride aDd $rlphtr did.de are ertainfy tbe einant
pllutaats in tbs araa that ras strrAled. !!ban mne aIrc

defi.nito signs ol iru rtrr lead gnlluLio.
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rlth tDe ilisttitutl@ of f and srfplnE atq tbo

triaDs€st, it @ 4par@t tDtt tls brickfte.Id area yas

dlaftaltaly tb EtD Eource of tDEe tro gnllutaats.

Ralatively higt ls\rals of f EBE rerted ia tbe pi-r
bqrt vtthia tbe firBt ktfoter lro tD. bricEiefd
(819.3.2). I gidlar dtgtrllrrtto pattara ms ele &enrcd

for srlphr (Fig.3.3a).

a@dfry to 8!b1e 3.1, pim tes ge6ra11y banp a 1o bart

I[. mo higt€st pE tralu ras &td!€d iD tb6 vichity of tbs

M.d$prlcs (tU 1) ad tb€ l€nest at tG 5. Btaning (1969)

errelated a drease tn bart 1iE rtth aD iDcreas€ b SZ

iD the abqDere, aDd tDe dsease fD pE eryeriooeit in
tLts strrdlz vas mtsadictory to ber flndfugn.

IDsm uas a ocryaratfve stnilaritlt betnea a dscase in

ca2+ mt,rratto rnd a dspase tD tDg bart FE rith
dLst&. lha raedle @ tb6 otb6r bad sbnd a steaffr

t-u:qse yitD Ctstarc fru ths brlcikfield. Ihis qrtd
prOaUfy b. drc to less F- beiry anailable to foro tDa

lnrcltrble CafZ t-u tbe D€€dles of tDs ts6 firrtbar traf7.

ms ilportarc of Uf* f" tDa De€dlea yas reftected iD tDg

Ligb€r rer{ed mtraLio iD tb. needle ocryaraa to tbo

bqr*,. rhis was alo furtDar s$strntiateil Dtt tbe higber

rer{ed mtrattos furtbar dal, fm tbg lnl.lutlo
KE.
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t hfgDsr @trati6 of t' raa rurdsd tsy the bqrt In

qrld batrc b€o tbe canee of tbl.g.

Ir@ pllutJ.o ibfiaitely errred afq tla traos€s+, ult!
tbg rsl{ed ba* tr@ oooaantrattm at tts 1 !d lE 2 bei-ry

tbe higDest. OFiE.artrrg Figr.3.lil sitb 3.18, tbo 1er181 of fuu
rerted at NE 2 orreryods ritb tbat of tbo lead

aenrlatad at thtg site, thtle fiErre 3.1:t rDd 3.19

iadicatc tDat lE 5 accrurlated tDs rcst fuu aDd led
re*sttvely. Ihis 6rld@ srggests ttrat

iatemaf-ootusti@ qiD€s arra reqmslble for a lange

p€rc@tage of iru !!rd Isld pltutio tD t.be anea. lta
6rid@ @fid rrbat & acd ral (198S, fqnd tD their

strrdy.

nn anatcnical ailerdy, of tb. needles, qrld rsvaal if aqz

stnrc{aEa.l c.Uaryes oeued tu Eqmse to tba plltrtio
tDnlt.

Elrprlde 'nd anlphu pllutio ls qeially aigificaat
vltDi! t.be first 1.5 h lru tDs brtc:hprts, yltb Fe ad t
plltrtto reflec{iry trafflc ratDer tban tnAstria1 sqrrc€.
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Table 3. 1: pH of Pine bark a-u dif f erent sites. ( n= 13 )

S ITE pH (x=sd)

NE
NE
NE
NE
NE

1

2
3
4
5

3.77 t
3.74 r
3.70 +
3.70 +
3.50 +

.186

.145

.180

. L82

.193
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3.5 EmtrE8

lLIiEN, 8.8. L971. rt-n{cal loalyaia ol E@logd.cal t{aterials.

BlaclnnLl Scieotific Publisbarg. Orfor6. Iodh.

AEIBI, 8.8.1

rnllfrslig.

CntrltEmf, f,.}i. AID Knfllf), l.P. 1986. Cbenical

ID: l,lst.boals in ptaot Eo1ogry. Eds. l,bolel P.D.

aDd Cb4man,

rdh.
8.B. Btac.hnLl Sciotific nrblisb€rs. Go!d.

eIrI 1980. In: Official tbtbds of lDaU'Bis of tbe lssociati@

of Official lDalyttcaf Cbcnists. 3r{ EdD. E6. bmitz, F.

Publisbed by mC. fashirytm. IEB.

Bf,EK, Y.if . IlE) IIIISKIRE, !1.8. L979. Effests of lq
mcotratios of sulphE Ctorida @ Dst pnoteyatUesis ard

dlar:k reqliratio of Vieia faba. ar.E.Et. 303 a?3-83.

m{EIrIr, P.F. Il[) cmglll[), C.iF. L972. !fte requirut for

rcCftn ra a nimrtriot W ryeiea Dildry tlo cl

dlica$cyltc pDotoeyatbesis pathnqr.

ELut Dts1do1. 19. 791-?9?.

@XE, J.A.; iIGlEN, Irl.8. ll[) IBVISI, A.f. 1976. DderiliDAti@

of flrrri.da iD vqetatior A rerrler of rcdern tachiquea.

Evim.Ellut. 11r 257-268.
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BVIE8, F.B.td. 1985. fu lq f31a ctrngae h fftpride otat

of Xaatbria parlotlna groriry tn tD. vlcinitlz of t'D.

Bedlordshiro briclrflelds.

Eg{.rr. Flhrt. (8er D 
',2z 

2OL-2O7

EP8IIEIII, E. L972. tttrral nrtrttio of PlaDta: fftmtpl€ rd
earryectfves. iloh filry aDd 8os. IiEY yolt.

GMDZIMBKA, K. 1982. lhitoriry of air pllutaats b1z rcese and

tE bart. In: lhitoriry of Ait Fllutants by Plants.

I'btbds aDd Eoblems, Eds. Fetr1zl B.f,., BaddCleryz; t1.8. lnd

Emksmrthl D.L. ms Athlm Pness lhirrcrsitlt of lodbo.
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I.1 IIMEEIIII

It is ue.Il etabltsh€d t.bat ait lnltuLio @ oqrr i.D t.bs

Statloboech rDEa (Ctryterg 2 ..d 3), eqleially flrcrtde

aDd $rlphrr Ata,"l& plluLto. Gladiolw .nd Cbasantbe are

botb @rg ol tDo tatly Irldaer (DIr6r, 1976). It is
t.hs pesible tDat tDry qrIC reqloA slntlar1y to Clffemt
pllutants by drrrhitL4, c'baracEeristtc sl,Ptctls, to
eryetally F- pllulio. Beanse f- tg v€q, oluble, it
Eves fairly e'oily ir tb. tranryiratio stru. fittr tDg

ev4nratio of rater fru tbe leare, tDe flrrrlde teds to
aeurlate at tb. Ie'r tip and Dugi^rs (Erener €G aI.,
1957). ls a Desu1t of tDe todc effest of tDe *cess F ,
regi@g of dLe-barlk lmoar: a1q tle uargiDs of tbe 1€av6.

IDo FrEFse of thts silerfit ns to uale use of plant qleie
afreaCy grarfry h tD. Staltabogc,b erea, tDat arp bm to

D. gogitlve to pollutlo (qecd.ally to f), ad to use

tla as {rrd{sgtoi plaats. t[Duls p*rers bar€ b€€o

nUfsUeCr @ tbe etfest tlat tr- r''. o Gladio1ns plants

(Crft€r gg aI., 1985, BarrEr gG aI. 1966 rnd nardrl:r gG aI.

1958). lIb orelatio Dotrro lerr tip di+back aDd

fltprl(b @tnrtt@ yllI be Cis<rssdp !s reU as tha

ralnetral ocqooitio of tbe Cbasanthe l€srre.
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1.2 Elltr8 llD ElErDg

IID to t.Ds lact ot Cbasaaths at aII t,Dg sitc, o.Iy tbe

folloiry fqrr glte Ea! used: ScutFeast(8E) 2 sas

sitrat€al Dst to a rcad, tbat rag rt rnry urch us€d; EE I
was in tD. StslloDosctr hfv€rsity Eotadcaf Gar{h; 8E 6

ras beside tDe drivaalz of a brss ad tDe Crolrtrpl Bite uas

at tDs barik of Oetzoturg Stailiu (F19.1.1). At earb sit
th€E€ uatrtt betns 5 aDd 10 plants, aDd a sqile msistodt

of a utrturs ol leaneg crrt Arriry a particrrlar sqlli-q
p€riod, mrn{rrg tbat o.Iy oD sqfle per sit€ ras

ellested. llbo dl+bar:k (Elg.t.l) of 10 leqnes ras

reasurcd befom lt ms drL€d.

8or 1988, sqlllry ms frrF Arriry iruly and ngrst. Drriry

1989 brevur, sq1lry ms .^o. tn ttay and il\m.

So utarlal ollegted Adry 1988 fod tba basls for this

silelly, nhlle the uterial ollec{eil AEfry 1989 ras used

o.fy to se if tb€re ras aul, differre iD tbe f

rutratto of dtlfemt s€sti@r of tbe 1errr6. frp ssts

of leaf uaterial mm ollect€(I, tD6 ftrst 7 cu fm tha tip
of tDe Ierf, bla& (t), rd tb. DCt 7 cu belo it (b).

http://etd.uwc.ac.za/
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1.2.L DleBar:k of tDe leaf tifp .nd nargtns

Iaavea Ere raomfy cbo to Esrs tbe tjp dl.o...E.

me leaveg Err. taitJ.alfy crrt of Just bela tne qd.o of

dl.e-bac.k, or at a lagrtb of 10 cu ArIry t.bo 1988 aqfllry.

sq,ury for 1988 uaa rrarrr arrt.Dg inrly tDd lUryrst. |[ha

rqtio of Ci+bar:k rall ttro reasred in tle laboratory fru
tne tip of tba le'r to tDa drr of tbe di+back ngd.o.

1.2.2 ELurtal lnllwis
It leaf uterial ol1ectsalp M drl€d at 65.C for at least

5 days, before lt ras griqDd ylth a rlley Int€!ileAlato t{i11,

to pass tUrqryt a E.l0 rcb aieve.

1.2.2.L Ehrte

S. flrcrl(b @a@tratt6 of tbs lesneg yas detalnined ylttr

a Selec;tive I@ Etestrode (l,Etbd B) r E deacriDeal tsy nm
(1980). ![tl.g dH uas preferred to tbg ma rqrianed try

Cd. €t 4. (1976). For tDe ertractto of f,, O.23 g ot

tD. utarial yas EigD€d tDto r 1oo cr3 yidlffirthed

plastlc €otairr. Io this, 20 cD3 o.o5 t{ Ettca uas

tdd€al aDd tbe otaimr plaed o a n4nettc stin€r rith a

Tefteoated nrgr'"tic stirlar bar for 20 uLurte. lft€r
this period, 20 cm3 0.1 lt EE vas addsd aDd tb. solutlo

http://etd.uwc.ac.za/
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furtber ryftat€d fon aD rer{t[6[ 20 Dtnrt€e. ft) thls,

5.0 Gn3 sodlrr cttsat slutl@ otaintq 1 ry.&-3
f (acjust€al I8 5.5) rd 5.0 GD3 o.2 x nrr3 ras

rrtr{€i. 153 rnrlygLg parforln! o tbr nateriat ollestsd lA

1989 uas (ho to s€ tl tbetro Es rrrt, dilferc ir lF

mtratio botreo tD3 tlp d Dasal secti@ss.

1.2.2.2 &il5iEe, nlffie me Ql6iS

For th. rtbals us€d tD Oetemi.nt-q tbe &ve...mti@€d

substanoes tD ths leave, s€ Ctryt€r 2. Ito sqfie
preparati.nrs for ntEat€ .nd cihlorLda rere tDe srtE as for

srlpbato, tut ttro staillarde us€d to caltEat€ tD6 EgtC Ftre,

1.00 ry.&-3 aoa 0.30 ry.&-3 ncpectlrrely.

1.2.2.3 qfrfir, bandrr, Hsgi.tr, gdftr, Im, Gq;re,
q{r. d Id

o( tb drt€d leaf natarlal, 0.5 g yas tDo Etgted qrt

erratafy oto ctgarctte p!p€r, ofolded rithta tDd tho
placed tD a Aigosti@ tube, aDd 6 Gn3 of a Et !ED3

(2s1) DtatilE ldded. lsr€ glass beds mm addad to crrrr,

ressi\r€ lr4iry Arrlry baatiry. Ite dtgeotto prcoess ras

msiderad oqfieted nbeo a olqrrless liquid uas &taiD€d.

Dtgttlfffet@ts€d rater ras tbo M, ad tDB teibc left
to @o1. Ib resrltiry olulio rag tbo filterd tnrqgt

8ctr1etc,b6r rnd 8chr11 1595 ftlter pryelr lnto foo <n3
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volrrtrla flasfis, ad ude qr to t ohD. Ihls Daterlat Es

tbo gtomd tD bEnE pfasH.c bottlc till futtbar use. lts
dllfefgt qfannrftS, CrrCltne n'gaai"n, Iptasgll!, gOdilD,

im, @F[rEr, Etrc ad 1€.d, nre ttro datanoined usLq a

D}t Eirr & 9 rtcla rrr .EDrtiao @(ltlo
gg a1., 1986).

..3 EEIIEB D UISUBStrII

a.3.1 Di.FBaG:k of tne leaf IiE ad Uargitrg

As sas qectea (Elg.l.t.), tDo logtt of tbc urghd
dle-back dseas€al hfgh1y stgrtftcantfy dth f.rceasfry

Cistare lru tDe bric*fie.Id (r(6)= -0.8137, F 0.0085). A

g@eral ti.'E€ase of tbe die-back qio, orrer tbe sqliry
p€riod uas qncteil, seiry tbat tDs Isne mro eqlooed for

a lorEer Berlod of ti.B. lts Eults eainsd Cidl iryly
thLs. t Ciffarrc iD ttre qe of tbe lelv€s qltd eqllatn

tD. variable rqrtts tDat mm etained lor & 6. rcr* &g

W Er;rls g$I. (1958), indlcated tDat tbem waa a

Cifferre tD tbe sosittvlty, ffiigst lsves o tbe s@

plant. s ocqllets aD qlert.mt of tlts natrrre DEs

aeuatafy, @ ErId Ds€d anfficlot leal uterial to be

able to sel€st, leaves of tbe s@ qB.
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1.3.2 Elanqtr,l lnalwlg

a.3.2.1 Ihule rytrztto of tb lsve
6pt6 rrld Rrert (1960) Efemd to E!:k Aona t.u L952,

lDsE it Es rqorteil tlat @.Iy salt @Dts of flr.prlde

are usnlly aDeol:bed ftt6 tD. rcil, lDd tlat al ola oaller
@tDt is traosportea to tls lea\r€s. !&s f ooor.arrtratio

of tDe leare ollec;tedl at 8E 2, fot inrly anal Atgust 1988,

is EIGD gmeatar tDan iD tbe leare eUect€al fru tbe ortDer

sites (PLg.t.2a). ltis Es qncted, e+irrg tnat tba sito

ig sltilated c.Ioact to tb. M.Grkfield, a naJor sanrce of

f plluLio (hrie, 1980). I sigiflcant n4atlve

orclatio uas fcrd to slst Dotrm tha F-

mtratto iD tbe lesne yltb afistarc (r(5)= 0.8363i

F 0.097). I hfgEy sigtltcaut poeittrrc elrelatLo
adst€d betrrcco tDe narglual dl+baclr ad tDs f
rutratio ol tDe lettres (r(e)= 0.8552, [E 0.0068) r a
Ea fotDd ir Gladiolw Ey 6pt@ rrrrt R@rt (1960). A

hf$€r F. rralrn ras eryetea for t.bo sqfls ollect€d

Adry Arryust (E 2) tDlD t.bs e rerded driry inrty 198s

(Ererrr d d, 1957), tut tb dsses€ fr f oootratio
qrld bs attrllrrted to t.be ryB of tb leavee sqfled

Gledrf:r gba!., 1958). lrctber pesi'Jrle qflanatl.o, Ls

ttrat tns fttrrtde Das bqd to tbe Ca of tbe leave,

rderlry it lnsoluble, thls rordtry a lmr rralrn o
qtractio (usj*rlf, 198s).

http://etd.uwc.ac.za/



-xui-
Lsv€s ollected AEIJry lfiy rne ar\p3 1989, tDd analysed for

f,, {rr.isafal ttrat tb. top ? cr(t) of tlo blade Dall a

higter f mtratto thln tb folloiry ? cu (b)

(Fig.l.3b) as uas lcid tsy otber reere.Ders (Ocryto andt

Rrert, 1960). tlcn lF asurlatdl AEfDg J\D 1989

tlan Arriry tlali 1989.

1.3.2.2 gU$*e

C..1 1g lulat, at tbe brlc:kfte.lA to baxs tDs bricl€. Brcln

tD. hrairy grcoess, $r1phu Aid.de gas is set fre, rhtctr

is t*e r4l W plants. In tDe plant, &2 can be

qvefted to srlpDate GhflanQ,, 1980). tfbe sulpDatt rraluea

reflect€dl iD ntgre t.3, sbrr tba qeteA pattern of

distrilrrtio. lfho sqfle ollestedl at 8E 2 sbrr tha

LigD€st, st2- rralrn lor bth mtbs, ytth a gradnt

dEItDe tryar{s ttre @tsl gtta (El.Erre a.3). Ite dsease

uae fq.d to b. sigtftcaot (t(6)= O.7Uiai IE 0.046). ![tis

Es qnctaC, seiDg that tbe bridrflefd yas tbe DaiD sqrrcs

ol 8%.

a.3.2.3 drfrrtlda

ms chlorl(b otat of tbe ChaoantDe leare at 8E 2 Bas

eigiltcantly lmr tlan tDat of tbe mtrol sits
(t(6)= 3.615i F 0.0356) (Etg.l.l). Gstrb (L972t fqDd trat

ehloride ls closaly fi-Dk€d to tbs chlorcplasts as cihlori.na

uas tDo rcot ratly @fid essottal elalrot for higDar
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plants. m tbe Fil, $nrsy€d tsy ttarscher (1986,, lt ls

ryarot tblt clhlorld. ts pmfetrotfuIty aacrurlated i-u tD.

dhlorqflasts. Bi&Ell (1979) refers to tDe rcrt of llm,
rrb daiqr€ftated aD abolut rcqufFimt for cihlorlde iog
in tb6 photosyatDefs ol tslated eblorqflasts. lErrs uaa a

significant emefatto Dctrm tb {leesiry r-
mtratio lDd tbs ireeasfry ehloride omtratio rith
distare fm tlo pllutio (t(11)= 2.?6Oi EE 0.0281).

r€€piry ir ni-Dd tDlt ctr.rrg aaal lhcryeo (1966) fq.Dd ttrat

F- alp lrrq tb tdogy to accrurlate i! t.De

chlorqflasts; @8 HrlC ep€t a hlgber ctrtoride mtot in

tbs Dealthier leaveg (fiutlsr ualz fru tbs brtclkrprts) tDaa

yag fo.ucd.

1.3.2.1 llittllta
Elg.a.s ldlcate rfiat qfl€lrs to be ra lreass tD tbg

DiEats otot of tD. Iesvus tbo uo\rbg analz frrn tbe

brLdkfLelC. me hi$ar tdtrat otat of tbe leaves at S
2 for .Jtrly ad Aryust, !d 8E I fon ltryust qtld be

attrllrrEed to a differrc h qp of tle leave. f,b6

lookiry at t.bs variqs sit6 of ollectio, tbo plants at

t.bs otpl site grcn tD tbo sbd. rhilst the otD€r gitag

Ers relatively eqneed. Frt nrnle1red tsy uarscher (1986),

revealed tDat nitrato redrctase as.tlvft1l ls lorcr rnder lo
Iigtt iDtosity. 6[d thig pamrye barre b€co reqnnsiJrle

for tDe mlatlrraly hig[ rdtrat 16re.I at tbe otrol sit€a
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t gmeeter nd€r of rqillcats qlC D*t sDeal DEtc ltgDG o
tbo t€$Its tDat Fr &talD€d.

a.3.2.3.1 6fc&r
calcitn ig an iryortant gtruc{ilEl ocql@Et of ell walls,

rnd crn aff€ct, tDe peuaUfffty ol tDe e.ll mlbras
(Bi.&EII, L9?9, Rav6 gg a1., 1986 tod Satisturl, aDd bss,

19s5). It vas ths ql*teA that ca2+ Erlal be preoot in

qufts higt @Dts s€Eiry tDat H €.Il fonatio rnrr

eqlaoslo ac{ive.Iy tat(6 plae tn t.ha toP part of tDe

l6res. I lmr ca2+ mtratto ras qctcil tD tIa

lettres at & 2, o.rna,rea to tDat of tDe otrcI sit€

(Elg.{.6), .lre to tIs possfbilft]l of ca2+ bafry lesg

fely anailable tn tbe pllntad zo beanse of its Dodfry

yitb f G{sjstrir, 19g5). trbs t.r@d of ca2* irceasiry

t-D tb. Ie'r naterlal o rcrriry uay fru t.bs brtc:kfiald

(CSryt€r 2 ad 3) r ras Dt clearly &s€trv€d i! tbB

Chlslpthe lsav€s. lte differc ia aga qrld prOaUy

Dan playd a rcle in tDs Bults &ttir€d.

1.3.2.3.2 rrrrna8flrr

wi2+ b Dt as i.dile iD tb phlocll as ea2t (Sattshrrl,

tnat lbs8, 19s5). 'lfbe rEtrlts rsl{ed in sestio 1.3.2.3.1

(ca2+) EBa all i.ndicatLo of rlbat qtld be qnc{ed for

inrly 1988 (E[g.a.?). llb3 rratrs rerted for Irgust 1988,

bevar rarrB rcre rftat ras eqncted O'a to tbe ilflirc of

f. A Btgiflcaat lnsitfire ormlatLo uas fcnnd to 't'|lst

http://etd.uwc.ac.za/



-al8-
betere-r tIo lfri2+ ruttntto dttr yltb dtgtare fru tba

brtdhptts (r(O)= O.?038i F O.O51lr. Cb!ry alrat Itrys@
(1966) fqDd tDat up to 6ot ot ttre li. abeoEbcil !ry Nar/at

oraqrs lernre, aeuilatail i.n tL cLlorqflasts, thrs

iryairing its ptr€p€r ttncUotry. ,!hir qrld be related to

tDe fas* ttrat *i2+ bas gtatlar tota ptrA€rti€ to ca2f,

aDd Etld ths be af,fest€d aimilarly ry tr. $,bjst.rik,

1985). I€ss astirrc chlorqttsltlf rclqr1es HrId be cvailable

for pbtoayatDaais. I poostble qflaaatlo for tb. hlgh

i,friz+ mtuntio at gE 2 for it\rly, qrtd b. tDtt tDg

Ir bail rct I,eE rearvted grlth tba #*, or tbat tie leanes

sqfld ErE Dre Datnrs t$an tlat at tls otbar sit€
(Ocqltm and Rmrt, 1960).

a.3.2.3.3 Ettgsitr
IIbs rotrt Es\ri€ir€d W candh lL9?21, lndicated tDat plants

raquind t' i.u relatlrraly largp @Dt,s as ualr fqnd tD

thls sirdy (Fig.l.8). mrt @ try Ear{t (19691 1 @

EryaEcar, revealed that a dbttc.ia.r.y of t' dreased

trusfocatt@ of labalted ptotosyatnata fru ttra leaves to

ortbr porttos of tbe plaot. Taffry i.nto osidaratlo tbat

cbasanthe ia a geqlhlte, tbo plant ytU D€€d to traoslocat€

tts gDotoslptUate to tDe @rr. ArcrUiry to Fig.l.8, tbere

Ere D najor e.narys iD tbe t' mtlatLoo of tbs

leaves at tba nari@s sites.
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1.3.2.3.1 gCfur

In tbs litentilE€ srrueysd, tt Es fqtad tDlt na+ nay

partialfy arH.ttrrta fon t' ((hrc!h, Lg?21, aDd that it tg

rcstly bosf:Lcirt to Dafffia (Bl.&pLI, L9?9 ard

l,larscher, 1986). Elgnrn 1.9 ldicate tlat t!.8€ Ls an

irease ir tDe Ur+ @fJati@ aa @ rrvaa uay fm
tDs brlclcfie.lA, vitb tDe leanes at t.bs mtrol site

rortiry a signiftcantly Lt$er Uaf rralrn (r(Sr= 0.6628i

EE o.o7321. It was fqard tbat tn tDe leaveg of plants, in
nbtctr a hi$ prqnrtio of t' ras replaced by t!a+, ttro

starch otat is Imr, trrt tba otat of soluble

aatorydratas, partierlarly sucrcse, is ErGtr higber. llris

siIl tbo fanrur both €11 cqunsio aad phloeu tranryort, to

sinlrs srx:b rs atoqe rcots of srryar b€st (Earlor 9E 4.,
1971). 'lfhis caa per!rys al$ be tDa case ultb Cblsapths.

1.3.2.3.5 h
Itc ir6 rralrs ol tDa lesne, ollecteil at tbe diffenot
BLt6, sbrt a decrease as om Eves ray fm tDe brlctcfield

(Elg.l.lO). rt€E ras a sigpificant drql tD it@
mt.lrtto at tbs \rarlqrs stt€ ytth tseasiry Cistrc
(t(6)= -0.6395i F 0.0877), lndlcatlry tbat tls brtckfialal

prOaUy ras a naJor s4pller of thts EtrI in tho Ene!. If
tiis vas Dt tbe case, m urld ban opeted a higDer iru
ocotratio iD the rcre bealthier leare furtber uay fro
tbe pllutlo eotrrreE. Iru is essotial iD tis foroat.io of
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c[lorqlEzll, aftbryt tt ts Et part of tb. rclsrle
(Bi&r€ll, 19?9) aDd tt ts thrs qeteO that tb tru
@tratto Eigtt be htgt ttr tbe rclr Daalt{ leares.

1.3.2.3.6 OoIDE

Ilbs €Dp€E rralrs rerrled (plg.t.Il,l ga to be @staDt

tUrqryAot ths sA1irry sits, 'nd rl.ti tLr. :&e tarrease

iD @pp€r for A.gust, orrrer ,n[y, qrtd grOaUy be

attrilrrted to tbe gr.lorri-q prcoess ol tbs l€arras. Ognr is
ptr€sot iD tls ctrlonqfiasts (Bidtnll, L9?9, Balistnry rnd

Fos, 1985). A highar @pp€r mtrati,o iD tb DealtLier

leanre, rba ctrrtonqllasts arc rct Effost€d l,y tDs F-, c.n

be eqncted.

1.3.2.3.7 Zir:

figtrre 1.7J2 {rrrllssl6s tDat tI€E lg !r iu€ase ia zirc

Orriry Arryust cqareO to illrly. Iterc is als a gradraf

dseass iD zirc mtratio frrco 88 2 to tbo otrol
sLt . Iasnes of diffeneut agrea eutd pestbly be t.bo raason

lor thls pattenr. ta@rdfry to BI&EII (1929), a b
deftct-tey nal, tgult t.n a anbetaDtial tucasa la soluble

nitrog@ oqanAs. OcEptriq, tbe valrs of S 6 aDd t.hg

otrol stte of Eigrreo t.l ad t.7J2, tI6m sc to be a

erzalatio betrm tbe relattrrely I* zlrc mtraLi,o
tDal tDs ralatively hf$ p€tr€tags Dttrata ptrB@t tD tbs

Ieaf uterlal.
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a.3.2.3.9 Id

IID to th. IDsttt@ of I 2, DCt to a rcad, aDd 8E 6, a

re.Iatively hfgbsr lead mtrlaLio iD tDe leare, at tbese

sitea, ocryareC to the lesne fro tb otben slt€s Ere
q*tea (ffttarce st g!., 1985) . purrru (1985) strt6 that

l€d otai^uatlo of rcll tm abqhartc lnllutio is
tnAfteafy tbe rcsutt of artrrrrct tlr. me rsults
etaiaed (Elg.t.l3) & rct sa to hdlcate this. It caa bo

tblt tbe plants ana strbJectedl fp e{rrrrct ftrc for to sblt,

Friod of tLr. A largrer nmber of neplicats ErId
oertainfy bave g[vo a clearen pictrrre.

ANTUIEIrcTT

llb€ rcsults Otalned $ryg€st tDat afucpberic ;nllutaats ara

rFrrnfirl to tb rartabolLo ol CbaslDtbs.

qrlter st al. (1985) relatadl EF @rler-ti@ to lerr
rcLs, s ori. c'rr lt-Dk tbe @rut of nargiDal dl+back

airectfy rltb tDe @Dt of f absoseal by t.be plant

(Fig. 4.1 ad 1.21. lta r€srlts @ftr this

ralattoship. Chaslpths lec\res als sbred tbe d.stare
ol 82 pollutio. Ito tL rarlts eli-D€d tsy Rattt i-n

1978 (pers.m.1 , it lpFars tbat tbe mnt of f-
aacrurlatad ty tDs leatres did Dt trc€as€ draatlcally.
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Eb. lerreg ollestad at & 2 rsr{ed a

16la1 than tD. ret o! tb. sits.
hfgDsr st2-

Bearss Ct- aDd lF aE! o aLntlar tD tleil actlvJ.ty, .'le

tDe rearr1ts $rygest tDtt rbare If (hl.nate, Cl-

dsease, aDd vie varsa, it cnn be 4lsrlated tbat EF

replae tba Ct- clee to tDs DatD source of Ii-

1nllutio.

elthr$ Ca2+ sbsed rc r€qmse to tDe F- 1nIlutio,
tbe wiz+ mtratio in the leare increased sitb

distare fm tbe pllrrted zoDe. Ihls orzelatad m.ll ylth

tDE data etaimal ia ctrytarrs 2 aDd 3.

Ilhs briclGield qparotly uas tJe neia sorr€ of iru iD tb6

lrEiz uith tbe rutrattos rerted ty tbe CbrsntDs

lesves 0reusiry rittr AtstaD€ fru tbe brlctrfield.

ID goeral tD. pllutio did rct aarersefy affect, t.bo

ntmral stabs of Chasanthe tDat urcD. llhis qrld part4s

bc nelatd to tbs fact, tbat na leaves are fod etr€q,

fnerr, uhile tla old oe die off. DD to tDe la.:k of plant

naterial, tDs Esrrlts for tbe nirraf statils of tbe plants

qUO Dt bo \r€rlfid, statistically. Bo & a detail€d

sililly of tLis Daturrs, e Das to grw 1loua ora plants ln a
pllutaat free oyirmt, aDd se to it tlat tDe plaats
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tti! of rEE or leeg t!. au fitatologtcal qo. Eryb
plaats shrld be gtrm to b. ttrlEjoct€at to plluLlo at

rlarlcrs sit€s, so ttrat leane of tDo gu level (lmitio
frEE base) qrtd bo used, rd thr3 t infttry tDe runter of

variable thtt qrld tnflrrc tbe resrlts.

Its ilrrrisati@s are tbsre tbat flrpri(b pllutio oqrrs i.n
tDe aret ad t.bat tIe urginaf rcis ig a di:rsct, nestrlt

of it.
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5.1 IIEIIIEITIT

In araas nb.E orzelatios ritb tpllutant lgtr€ls batra be@

stablisDedr 11..ho" patterDs crrl De tafo as €stirat€ ot

tDe I6teI of plrtiqrtar pllutaats (ffimrth md bBOr

1976). lfibs lteborg potlrlfotsydrus natlro fadfttat€ t.De

accrurtatlo of Ltgt lerrelg of dissolrr€d nrlphrr Cld.de rnd

tbeneforo it is rct surprisiry that tD6y arE rrnaqJ tDs rcst

sosLtlv€ plants (llichardso, 1981). l(hemfore tJry Dlv€

bea ridely used as biologJ.sal {rrdrcators of, 82 pllutio
(Eitlgra aDd Erss, L9?5, EatrsrcrtD, Lg?Ll. ID a*r{tlo to
$2, lJ.rrbanq Da1, als b us€d rs idicator plants for

UYarogo Elrcri(b (E) rnd fltpr{re pllutio. nqtries

(1982) reIuded tbat tbs daage eeibited b1z xantbria

nariotina 6rfd mly b€ attrllrrted to too hi$ fftnride

mtrattos, seiDg tbat tt yas grlcrfry close to a

briclspdcs. !f'b. varietsy of biologlcat parudars us€d to

asses pltuLto daryes to lifirms, lrcludo pDotosl'atbeis

(PtEkstt gG al. 1973) and chlorqtsl'Il degriadati@ (ho ad
Gtsfru, 1984).

L,icboa o@ryf a qleiaf plae ir tbe plaat rcrld, ArB to

tb fact, tDat aa,eU llcbeo Ls a &lrble otgEnL$ oqrisiry a

firyus rnd e or $ctir trn algas. 'lIhB firyus aDd tDg
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algae arrc goeralfy agad to llvo sf&fot,icaUy aftbtr$
tisDe ts re &bEte &qrt pesible Fradtls o tbe part

of tb frngus. 8t-r t!. lingf Drvr rc chlorqfitll, ttre

a.tgae a.le arc reqosiblc fon pDotocryatbesfs (*1te, 1979).

ID tDe Sta.lloboec.h sirGy rrs, Iiclbos aro uainly fqnd o
tDe brlk of tb. orl tr€ tDat grw tbem. ma tt.s
sltdi€d oqtrrled ir a scutHastarl,y Cirecti@ fm tbe

bridkpdg.

I! this pqler ttre effest, ol tbe pllutants o tbe liclhans,

ir rtlatLo to tbe dtstarc fru tbe Btn source of

plluLto, is Ciscuss€d. llho lnflrrc of tbs lnllutants o

^rrglppftyll Aryraaatfo as u€IL as tb €ver atrndare of

tbg ltcD'ta o tbs tetnntrs, is dl.scrrssed.
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5.2 Elltr8 N IEIE

Bar* atd branctr sq@ts, oootrirtql uainly t!6 fiabots

' radLia rnd + Rantlna, Fre ollestedl. l['hl.g

natarial ras tDE Ctvtdsd lDal ;rrt qrt t.u six brys of ryIo
Ebtlpe naterlal s tDat €!.tr bry Dall a rqlreotatftrc

sqfle of tba abo\r@Li@€d l{cibalrq. ltlg netbd ras

preferzed to tDs e used Dy I€ BIarc eEL. (1971), rb cut

cLmrlar, Il.cboontaiatry dtsks fru trc. DrrLDgr early

flrly 1988 each bag ras r'rrB at a baigDt of bdrm 3.5 aDd

1.5 Et€rs @ tDs tr€ rcpreoUng tbe sqfliry sites

(Pi9.1.1), oD tDs gide faciry t.be brichptts (GilDelt,

1985), Orrlry early illrly 1988.

. - Itallus of folioee foEn, prcstlata and rcm or less

c.Iooaly crcepiry, g@enUy attaribed to tDe

subetratrD try rtizlnae, trrt Ecrretirc ry a si4[e

otral ,bldfast, or attac.Et Polnt, or by rcst of

Imr srrfae;

+ - ltallrrg frrrtleee, erect or podat, attar$ed oty at

tDs base tnd msistt-q of bmnchiry ld€s, rc116 tud
or flattasd tr crlgFg€sti@ or IiIs st€os uith

oralloid laterals (elvln, L9?71.
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5.2.1 PbtoEqlhic stilAy

tlbs effect, of tbe pltutants vag rul{ad PDotogryhic-rlY.

lss bar* ad branctr srymts Etrl arraaged nst to each

otber rwt tba pUotoEpqUea. l!h3 pDoto{flpDfc aiedlt uas Et
iataded to sH tba li..b.p. Iost OD to plluLio, trrt o.ly

to sbu tbe 6ff€ct ol pllutlo o tbe lLcDo olqrr ad

stnrstue Ardry its tLm of qf,oslrlre. ltis uas &e re
6rerI, tDrB mtbs uto naterial ras roved for <tblonqfitl

qtrasti@.

5.2.2 ChlorotrItll Ertractio

lts netbd of €ortracti@ ras tbe sm as tbe oe used $z

nm€o rnd CiirIrD (198{). llhig retDod doteuis eryetally

tbe Oegrad*i@ of cbloropLlzll a rclsrles. llh€

degradatio ratio @l35/@ff5 refers to tbe absorptto of

1l'9bt W chlorqQD r rnd pnaeqlUyUtn a rclsrle at

rra'lglogbts a35r aDd l15ro. It uas sbrlo tbat rc otben

pigmts tnt€rf€rcd yitb llgLt abeorptto of ctrloncphyll a

at tlce ylt el€oghts. ls tbe cblonqfilll a ig subjest€al

to DD. pllutio, DEt ciLlonqE'Il rclsrleg bere

taao{tvateal aDd ths less able to abeolb ltgtt for

pbtooyatbesls.
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5.2.3 l^tc:bo Sutrrev

I licDq slrl:r q, Uas al5p &rD. alq tbe uft,tseasterfy

traDs€st, to sterCy tbe dtstrllrrLto of tb Ilchos. Ib

Clfferut ry*ic EBe ldotifiod, ad tlelr Frcotryg
@var atpadam o tbe tre bqrt ms dstrri-Ded b1t reaos of

tI3 BrarBhquet, rtbd as dscrlDeal W 661,ranhrltg d,

al. (1988).

5.3 ESITEB D XIIrcIESNI

5.3.1 mog4Utc Eei@
UparA to tbe grqrgrc.D Raaliaa, failIia aqs {nrtlally

gre,yish iD olanr, ad both bail oft tslilE. At tDs @d

of tba sqllfry p€dod, tDe WrigLt Raatiu tas btad, rrLile

tX. Padlia b*u leatbery. Ihert mg little rcticeable

ehrrys irr tb olqrr ol bottr Pare.lla and RmafiDa aft€r tbe

Itrst gir mtbs of qnsurt to t,b. pllutants (Fi9.5.1 a t
br. Ilrrlry ths l,tarcn eqfliry, a (bfinite ctu.ng€ i.u tDs

olqrr of tbeso trp ltctros ras 6rideot. BlEdLlne badl a

yslltrlsb olanr, aDd Pamlla vas off-rlhite. :[lis rag

amierated lty inm 1989. 'lfte olqrr clu'ngg of Raaliaa

orelatadl uelI rlth tbe daganOatio of tbe ctrfoEqhyll

rcIqrlc (Fi9.5.2). lfb3 erelatLo bfrm cblonqh],lI

dryradaUio and tba cfrrrqe in elcnrr uas rt o ryarot in

tDe Padllas (819.5.3). ![hl.s orrelatadl Ell rttb tbg
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dtlferot sosittvltte of tle trp llclbas to plluLto
(fbr*tns lnd lltlltr, L98? a & b). ch'rIl .rr.r ?Ilbcqpo (1966)

sbrled that r erralatio Flst€d bstrp@ ..hlorqrtut rnd

flrcrt(b aocrurtatlo tD NEval OEary€ lea\r€s. Bears€

cL1orqfi1tll Oegraaatf,o dsrqs€d rrylduy vlth dtstare fru
t!. brlc,kfi€ld, it or'l safely b. assd tDtt EF rts
uainly reryosiDle for the ctrarrge in olqrr as lt was a \rerl,

Iocalized effest, (eberts rnd ltcqm, 1980). EvL€s (1986)

fqnd ttrat tIeE€ sas a orelatLo betueo tbe flrcrida

m,usc'-tio iD Xanttprla aod tbe Cistlrc lm tbe s(f,rrce

of pllutant enLssio.

5.3.2 rrrlOtprrrlfl I fgalattO

DB bqgB mtatntry tls ltcDos uene prt qrt thriry early

iltrly 1988. mE msults &tatD€d in Segt€Eber 19SS t.hs sbu

tbe effests of l{cDarrc that Das b€ suEjest€d to

ryruinately f mtbs plInltio. l[bs chlonophlzll

d€Sadati,@ ratl,o of Ru.lina, at 8ts 1 (819.5.2), dreasad

vtt! qposrr€ tirc. Ocryarlry tle rasrlts of tbe variqrs

stt6 (tr.9.5.2), it ser !s tf tIE &ward tsdl yas

tollqrcd ir Dst c!!rre3. fbem ttris trdl Cid Dt c,ccur, @
can prOaUy ascriDe tt to ths qlosurc of tDs lf.bcrs fp

tb. pllutants. 'lIbo dilferc tD tDo Oe$adati@ ratioa

betrreo 8ts 1 lDd tD. otrcl sit€, ras htgly stgnifl€nt
(ts 6.708i F o.OOO5' Table 5.1) (ho aod G51ru, LglBli

carty sG aI., 1985). A aignlfiaant differc ras fqd to
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Fist betrm tbe degraOatf@ ratlos of tle Pau.liag ol 8E

1 rDd tDa qtrol Bite (t= 3.60?i IE O.OllUli Elg.5.3; Itble
5.2). ltg dlrta @fias tDat rcn pllutlo oqrrred at 8E

1 tla! at tbe qtrol sit (cuty gE sl., 1985) . It is tDg

chlorqtsyll a ptgn'qt tDat ggts OryaAea (tr66 rrrd ClahDr

1981, c.rty et rI., 1985). Se Cllfere fn dryraAatio

ratios ErB DrE profand iD Raali.nt (FLg.5.2) tDan i!
Parm.Lla (E19.5.3). Ibsrdcrus antbrg batle fqd that

frrrtloae ficrranc EDe rln6 gusoeptaUfe to lnllutant-s, tbtn

folioee llctrnr (Ittktrc aDd trlillar, 1982 a aDd b,

SilDerst€in .ld Ga1tu, 19gg). llhis is @fid by tba faot,

tbat tber€ sas a rcro significant dilferc betns s 1

aDd the otrol eite degradatJ.o rralrs tD tbs case of tbe

Raaliras, tbat tbe Padllas. lfho otrcI sit valls for

both Rm!.Iipa ad Padlla (8i9.5.2 rDd 5.3), shled rc

4parot latafferrc yttb tIs chloqlhyll I rclanles

ritU tLr. lto r€srlts eained intr{sat€ tbat tbere ras

DEo chlonqrEtll pr€s@t tlr Rmaliaa tDln i! .EEdLLe.

Ilr'Ckh gt EI. (198?) fqnd tDat a orelatLo erist€al

bstna tDe @tra'tl.@ of e[? ad tbs chlorqb1tll

0ryraaatfo ratlo (ODl35/OaUi). It€ry fqDd tDat IEP

mtsaLio of the ll.ch Rmatipa Arria€i ralr a Dlsa

sositi\ra Fr@t€r for tbe @itori-q of pllutto iD

tranqlautell lic.bos, tban chtorqfitlI degradatio.
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5.3.3 f.te Ci.stdlrrtio rraog tb ErtDast trrect

th. reulta etabd clearly iaAicate tbat tD6tr€ uas !D

iu€ase i! tbe unben of ltcibdr qleiee (Elg.S.l) ag mll
aa t.beir p€trEotap @\r€r (Elg.S.?) ylttr an tuease tn
Cistarc fm t.bs pltnllo BCIETE!. Eigtt lt€DE'' spetea

EIIB ollested at tDe mtrcl sito, uLlle o.ly tro ryeie
ErB randed at 8E 1. llte erze.latio betrpeo the umber

of species rith Cistancep sls foDd to bo higtly sigificant
(Plg.S.l) (r(5)= O.88l7i F O.OO81; F 0.0589589 +

(1.57193)x).

ms lresultant per€tqrs @var, of tDe llcb.ria, paralle1s

tba dspase ta sp*iea rnb€tr. ltam uaa a narted i-'r.iE€as€

i.u tDe p€Eatqp @\r1Er @ tDs tr€ be1d tbo 1.5 h
Ctstarc fru tbe Eidrflefd (F19.5.5). llhLg i"t masa

betrm 8E 1 aDd tDs otrcl gite ras sigificaftfy higbr
(t(6)= 2.978i gB, O.O2l7l.

Deteloiratt@s of tbe pE of tbe bar*, sbrred a highly

stgntflcant orelatio batrm tbe tuease irr blrt pE .trd

dLstare, (E[9.5.6; r(l)= 0.9638i F O.OOO5, fE 3.92660 +

0.253209r!). ma lesults etained iD chrytsr 2 of this

&Cr@t,, lrrdisal6 a ds.*sc i.n t5" PE of tDa but in tbs

pllutert zrm,. ilobso aDal Socihti-q (1973) a1s fqmd tbat

tXEtr€ yas an imr€rse rolatioship botrm tbe naber of

ltcDq qrctea aDd * pllutio. Eartsrcrth rDd till
(198a) stat€d tDat at tDe lmr pE vatrs (belo ll, fiZ

ls verlt tmic, hrt at IlE ttahres tbo\IE 5, it is urc:b l€ss so.
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t htgbly sigrilicant elrefatio betrpo tbe brrt FE ad t.b
umber of figboo 4*ie (E19.5.7) ptr€sot uas fqrd
(r(5)= 0.8849i F 0.0081i E a.03810 + (0.1110833)y,

y-- -23.2980 + 5.98153x).

5.I @Tf,IIEIItrT

Ilhe c$ary€ itr olorr, of tDe licibos, oner tbe tire p€rioal

ol this silrll1l, qrld o.ly be attrlhrted to air pllutio
tbat oocrrrs i.n the rRBl.

ftis c:btrys in elqrr ras UEU a4lnrted l,y the chlorqfi1tll

degradati@ Estr1ts tDat uErs eained (fi9.5.1 t 5.2 aDd

table 5.1). ms rgu1ts also @ftr tbrt tDg frntiese

ll.ciho, Rmalina, uae DrB suseptable to p1lutJ.o tbaa tbs

folLose llcho, Padll.a, as aggesteit D,y Eedrils anil l,tlllar

(1987 a ad b). Ite oerelatio betrtg tDo mrntar of

steL€s, thstr percot gc @esr &ndare, tD. trik pU raa

dLstare, uas higtly gigiftcant. It Erld batr€ ba
fatonstf.q to s€, if tler€ ras a erzelatio beilrpo lf,?

m,usa*Li,o aDd @l35/ODI1!i aa far{tsb d, 4. (1987)

re;nrted.

8iE tbe stildy was ocqlleEd, tD. bric*fteld bls eased

acti\r€ qerat.io, aDd it rilf be ifortaDt to keep o
nonrtodry for llcDrr rgrqetatfo, if auy.
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fu lic:Dos @r agafD prg r€d to b. a v€E:r sosltfir€ gufdb

to tDe dryle. ol pllutlo tbat oeurs la aa ana. !Ih.

aEm shrld clearly be an !.Iaro afgla1 as to tDe qudity

of tbe alr s hatDs.
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Tab l-e 5 . I The chrorophyl r cegradation ra'ulo in Ramalina arong
a pollution graciienc (SE I neares: poIIur_!on
sourcer fl = I3).

SITE AVERLGE (x + sci)

QE l

SE2
SE 3
SE4
SE5
SE6
CONTR.OL

0.830
1.1i6
1.135
1.140
1.100
L.392
1 . 37 i

.136

.199

. L22

.238

.050

.0 32

.032

0.752
1.052
0 .836
0.904
0.991
1.075
1.088

. L23

.037

.242

. L69

.095

.0s3

.070

t0
+0
+0
+0
+0
+0
!0

Teble 5.2 The chlorophyrJ- degradation ratio in par:neJ-ia arong
a pollution gradient.(Site SE I nearest pollution
source/ n= f3)

Q'E' 1

SE2
SE3
SE4
SE5
SE6
COIiTR.OL

+0
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rr. €Epe.ially a.1rrn{ngly hf$ afq tb trp tJtaDsestg

ritht-n 1.5h fru tbo brtdhpl*g.

Ea tbs rartts &taiaed, tt ls gafe to as$D tbat tbe

s\ratfabifiry ot botb ca2+ !d *i2+ aro n4atirrely

alf€st€at drre to tD. Hnetng ylt[ t to loa insolubte

ocqflcoteg.

Eigb itq ad €pp€r mtrattos rem aIrc zanrled ln

tbc Ldlata 'nfcfuity of tbe brlc:kprts, aftar rhich tDeit

mfuattog dssased. I6!d pllutto tD tb. area uas

PErr\r@ to bo m.Iated to rctor-rnhicl€s. Iru aIrc sbnd to
be elose.ly liDl€d uitb tbe ]e're pollutJ.on, as vas srygsted

Lry b rnd ![ai (1988].

btD fl,gun 5.1 aDd 6.2 indicato tbat $2 effec{ively

pollutes ov€r a larger arrEa ttrln is tbs case rith F-.

ttlg relugto ls drm rtm ate*fffry tbe ralattvaly sdda

drql tD tbe lF mtsratto tD Dotb lat+tro 6.1 aDd 6.2

ocqlqred to tbo re.laLively gaanf drq iD tU su4tate aod

$lphlr cnnsrttatlonc.

1!b. rsrrlts eaiaed in tbis snilily idicate tbat tbe sttlphrr

dicide lnllutJ.o bilt evldotfy dseased. ll'his c'rl

poasibly bs &D to tbs usa ol a higDer $iad. €al rhicD &6

rct nalease as nrch sulptnrr nbo hrrat. lfbe e\ridocs also
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t.ntervotio of ooor-raed reldots of tbs lrtgr. It ErId

th5 be l.r€,.r to hgr1p a foll6pqr sldy tD tbe fifirro to se
tbe c$rry€a tbat d$t oocur, tD tbe mtsatio of

fltprl(b ad arlphrr/anfpUate tD t!. vqstatim, ad tDg

rrel@izatlo of llc,bos tr t!. !rrs.
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