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Dust is among the sohst;~nces usually referred to as pollutz~nts allecting lichen 
grt>wth and occurencc. Dust splashed or blown on to roadside trees and shrubs 
usually lc;~[ls t o  ;I reduction o f  bark acidity, thus ellcouragir~g lichen ;~ssemblages 
c11ar;lctcristic o f  plants with ;llkaline hark (i.e., X; t~~t l ior ion)  (H;iwkswortl~ and Rose 
1976). Dust froin limestone quarries and cement and l ime works i s  also alkaline a r ~ d  
has the same ncutr;llizing effect on bark, p run~ot ing  the development o f  l ichen 
species norm;illy conlii ied l o  limestone rocks (e.g., Phjsc in sl~p., X;~~iLhul ia  spp.). 
A number o f  methtlds are used t o  estimate the effect o f  a i r l~orne  pollutants on 
licllens. Cl~;~nges i n  the r;ite o f  photosynthesis, chlorophyll content ;lnd c l l l o ro~~hy l l  
degr;ldation ;ire ~ l ~ ~ r r ~ l a l l y  more inlormative than par;lmctcrs such ;IS species 
c~ ,mlx>s i t i~~n i l l ld COYCI ( I l c  Wi t  1083). 

I l l e  picsent work w;~s designed to examine tlrc relative sensitivity of  tile epiphytic 
l ichen Physci;~ ad,scc~~der~s (l'r.) Oliv. to dust emitted from a limestone quarry i n  
the rnelropolit;~n ;Ire;i of Thess;lloniki, North Grecce. 

T l ~ c  study was carried out ; ~ t  Asvestocllori ( "L imesto~~c Vill;igcn), 15 k m  NE of 
'l'l~css:ilt~niki, C;reece. l ' he  source o l  air pollution was :I limestone qu:lrry located i n  
this v i l l i~ge ;III~ operating tliere LII- over 50 years. 

I h e  foliose licllen I' i~ysci;~ ad.sce~~~lens (Fr.) Oliv. growing on i~r:~nches and twigs 
! ~ f  O ~ ~ e r c t i s  cr>ccifei-;i L.. cvcrgreen slirubs was collectetl ill l;lte M;lrch IOU0 from 
five sites, all located ill tI1c 1)ro;lder area of Asvest i~c l~or i  (Fig. 1). I)ist;~nce f rom the 
soi~rcc o f  dust emissiolr is 5 k in for site A facing soutl~west. 3 km for site B facing 
st~utlr, 1 k n ~  for site C lacing north and lcss il lan I k in  for sites D ;~nd  E facing west 
and soul l~,  respectively. 

Vor lc l~<: l  specilnens o f  the licllerl were dcpositetl at tl ie h e r b ; ~ ~ i u ~ r ~  o l  the University 
o f  ' l ' l ~css~ lon ik i  ['I'AU). The twigs were transported to the labolxtory where the 
th;~lli werc rcnlovcd for p ig~l lent  determination. C l~ lo ro [~ l l y l l  was extracted 21s 
desdril)cd l>y I liscox :III~ I s r i ~ e l s ( i ~ i ~ ~  (1970) wit11 r n i n ~ r  m~dif ic: i t ions. Tl lal l i  (10- 
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2.11 111g) WCI.C I~IIICL!~ ill vi:~Is c t ~ ~ l l i ~ i n l ~ ~ ~  4 1111 DMSO (Mcrck, Cicrni:tny) n ~ l t l  
i ~ ~ c i ~ l > i ~ l c d  in l l lc  d ~ l r k  i ~ t  05 ['C I o ~  1 IICJLI~. Cell tlcbris wes ro~noved 11y c e ~ ~ l r i l ' i ~ g : ~ t i o ~ i  
i ~ t  15,000 g lo r  I niin. 7'he turbidity u f  tl ie cell.lrec extr;lcts (Axl1) wiis < 0.003. The  
ccll-l'rcc cxtrt~ct wes ~nci~surut l  with ;i LI<H Ultrospec I1 s ~ ~ ~ c t r ~ ~ l i o l ~ ~ ~ i i e t e r  :I[ Llle 
a111,~qu iatc w;~velengtl~s, Total c l ~ l o r t ~ l ~ l ~ y l l  a,ntetit w;~s detcr~~:incd i ~cc t~ rd i ng  Lo 
Jcl'li-cy ;III~ llunil)lrrey (1975) using O M S 0  11s a11 extr;~ction solvent (I-liscox and 
l s ~ ~ ~ ~ l s l ~ t n ~  107c)). ~ ~ l ~ c ~ ~ l i l ~ ~ ~ ~ ~ ~ ~ ~ l ~ y l l  t u  ~ ~ h : t e o ~ ~ h y ~ i r i  rat io was tlclerzt~iriccl by taking t11c 
~ a l i o  111 l l l c  ; ~ l ~ s ~ ~ r l ~ i ~ ~ i r c  i t1 435 i ~ n d  415 nm, ;according to Roncn i ~ n d  G;lIun (1984) 
~ I I I~  110~~1i~1r:1g~ib (1987). D;I~;I were expressed as percrntages due t o  vari;~bility i n  
1io1ii1,crs o f  liclreli ;!lg;lc u,it11i11 i~ tli i~l lus (I'lunlmer and Gray 1072). 

. l ' l~c d i s ~ u l ~ l l o n  o l  ~ ) l ~o t r~sy~ i t l i e t i c  Iirocesscs has i ~ e e ~ i  so filr c~l r re latcd to the 
concctitr;!liol~ ~ l s u l l ) h u r  dioxi<le i n  tlie air (1 lawkswortli and RIISC 1070; N;~sl i  1970; 
M(lsct. c t  ill. 19XO; K i l l l l l l~ i  and Mikkoven 19HO; De Wit  1983; K; l~dis l i  et ;tI. 1'187; 
I t ~ i ~ r t g i l ~  1987; McCulle IOHR) ~I I I~ i t  is attribtttcd 111 e i t l ~ c r  irreversible 
c l ~ l o r o l ~ l ~ y l l  o x i d ~ ~ i i c ~ n  ; ~ t  p l  1 3-4.5 or c l~ lo rop l~y l l  co~lversion to pl i ;~eo[, l iyt i~~ at even 
IOWC~ 111 1 V~I~UCS. 'I'll(: I~I.c:I~~owI~ 01 c l~ lo rop l~y l l  t o  ph;~eophytin i n  11l:lnt l isst~er :IS 

i~ ICSIIOIISC: to  i i i r  [ i o l l u t i o ~ ~  /hiis l1ce11 ~ I c ~ ~ i o t i s t r i ~ t e d  by I lorr ies (1932) i111d Nils11 
(1973). 

C:l i lorn[~l~yl l  ;~nd  l i l ~ ; ~ c o l ~ h y ~ i n  conlelitswere used :IS the criteria l o r  i ~ ~ j u ~ y  c;~used by 
' 

: ~ i r  [ ? t ~ l l i ~ t i r ~ n  to i ' l~ysci i~ i ~ t I , s c e ~ ~ ~ l e n ~  (l';~l)le I). 7'lle cl i lor i~pl iyl l  c t~nccntr~t t ion 
(lcr~c;cscd, while t l ~ c  11ercc11t;)ge 111 pli:teophytin incre~sed wit11 decl.casing d i s l ~ ~ n c e  
I ~ o t i i  thr: [x)llution s t ~ i ~ r c c  si~:l collsetlilently i~lcrc:lsi~ig l o i ~ d  t ~ l  dusi (T;~l)le.l). Th is  
i ~ i~ l i ca tes  111:1t ;~ i r l?or~ ie  p o l l i ~ t i o ~ ~  rcs111Is ill tlic c l a t r ~ l c i c ~ i ~  01' c l i l ~ ~ r c i ~ ~ l i y l l .  The  
avirle~lcc prcsentad liercr sllows 1Ii;1t the de r i r uc t i o~~  of cliloroy~hyll ill rhc iliialli 01 tile 
l i c l ~ c ~ i  call also occur ;IS ;I result 111 11<1llutio11 l>y limeslone dusl. 

Sites 'I'~II;II c l i l o r ~ ~ l ~ l ~ y l l  concc~itl-. ,I I' 1~111 Porccnl p l ieop l~y t i t~  i 

111g/g dw, I~~<:;III?SE, II= IS rneankSE, t i=  15 -- 
A 2.52+_0.211 19.6422.17 

li 2.54+11.25 2 1.57i:2.64 

<.' I ,'IS 2 11, I X  34.1111t2.XS 

I) l.'l3tO.l6 27.74 i: 1.20 

li l.l~'l~O,l~ 30.43 2 2.30 

. l ' l~e l > a ~ k  o f  OIICICIIS ci)cciler;~ Ihas ;I 1111 v;ilt~e o f  a l~out  5 ill :Ire;ls I'ree of a i r  
~ ro l lu t ion  (~~erson:~ l  data). I t  is ex l~ec ta l  t11i1t ill the sites neighboring :I l i~neslone 
qufirry, I I ic p l  l wi l l  I lc  l l i g l ~c r  bcci~usc r i l  t l ic neutr:~lizing cflect o l w i ~ i d s ] ~ r e a ~ l  dusl 
pi~rt icles w l i i c ;~  ;ttc rich i n  ;~sl~no~ti;tles, ~>hosl~li;~tes and 11itr;ite:;. A t  1114 values 



I ~ i g l ~ c r  tl i i ln 5, c l~ lo r t~p l i y l l  i lest ruct io~~ occ~lrs ;IS there is irilerrcrence wi th l l ie  
~ ~ l i o l ~ ~ s y n l l i c l i c  e lcc l ro~ i  tr;~tisliorL spsle~ii (Il;~wkswortli ~IIICI I<<ISC 1976). 

'I'lie ~ ~ r r i c ~ s s  i i fh i i r k  i i i l r i l i c i ~ t i o ~ i  due ((1 nitropliytic effccrs o f suc l~  dust l i;~rlicles h;~s 
I>euli rclio11~1I 10 lie o11ti111i1l :it p I  I 6.8-7.3 ;~iiil non-existelit below 3.7 (J:~lnes 1973). 
.l'l~is eutrol>hic;~lion is gcner;~lly reflected i n  tl ie occurcnce o f  l i c l ~ e ~ ~  associ;~t io~i 
S i ~ ~ ~ r l ~ i ~ r i o i i  (J;IIII~S 1970), i v l ~ i c l ~  ;~clu;~lly occurs i n  :III 111 l l ie  study sites ;~ntl  is 
rcixesrnled 11i;linly ihy I ' l ~ j ~ ~ c h  ;~dscendcns ;lnd Xar~rhor i ;~ p;rrieriri;r (L.) 'I'll. Fr.. 

III conch~sioli, i t  ;~ppc;~rs lli;~t air [ ~ o l l u l i i ~ i ~  11y l i~nes to l~c  qu;lrry dusl ~ i ;~r l icu l ;~ les led 
111 tl ic I'orm;~lioii o f  t l lc X ;~ r~ l l r r ~ r i nn  cornln~~i i i ty ,  a cornmu~ii ty w l i i c l ~  is no1 nor~n;~l ly 
lol lni l  i n  such i ~ i l ; ~ l i r l  silts, ;~ l l l i oog l~  tl ic represe~it;~tivcs o f  this conimunity ;Ire 
negatively :~iiectetl hy dust. 
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