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"iel'l 
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;rK* :,lls _r (cl-, Soa--, No3-, NHan Ca2*, Na*, K*) q;r;ts ,14;i ;tt; ;r

Pb r,:LL aS t-:f oz;:-.r,rt"( 6\al-r,l i-;+ !...,ruj, +:-t5 (Pb,Zn, Mn, Al, Fe)

;l ob-.;[L 1.: ; .:11.: r3>_9 Jlrg et5 ti s* -l> 1: r:-l 6V-k; .:rl;U ,1 a5
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(+r5;6+.5Jt,)Jlr# 6| .1:;;14 65 JLi.2r J Ls+-t o:j.3j )G ,e.:t

4,oJ-Co

;h*, ca) 6145r;i;'U i+j -,, cS,.r!.-. .:Gj; a.:![- a-3r .gLal,i5 ',,r

Jl.Ji J $:- "L+ ;l to;_15 .r't s c*l ,;of o:f u^5 j;a S::

6* CU' F. t,S+-l .Stel-,! jl .i--.r e,, lg u!:j)i ,l ,Srt"-r dJIJL*t

,-gr,e,tl 
"p: , )re y)r:-,1L1.r./"J-- Jt- q b;Ui tyS 6 G-t*...lllo-r,r

(\flq ,o!1"7") c-l o"t^; J^d. cS+"1 c5k,l_)\ t\ -t y*S 6t{K^a

6^aV 6t*",,-9trl: .r+F .ux LSil JlJ,^ J<)ji s:t ts-r;r .:lJt!,
e5 .:-l *-S o:-yo JX "+; g jJ;*- oGj; r.fJ.e ;,1 -1r ..--l

tJ.=J @/Y ,t ;J pH ! .r',l!) ,-s+-l csk,l-,ti d-S utt- c,l-raLi .-,"L1_r

u-')'a L-_i 6 6-S-t ;r.i; g;"r1.-a .(\fW 23,5 u-\t") c.*l a*jib

,, 
"*-,! 

)t sJzJr:oW s lyo.gl-a.;r:,)i,-)\t' l^i, lt.7.il f:O StU; yaS

.(\YVA ,.ry.S u-)\-a) *-t-S cs-:t jtp'c;L:*

tl t. 6 (Dry deposition) .(;; ?y-:.r15 J5..-i J) a1 s? ,S-r"-l ,J"lf
,.rlr! ,t J^:, 5 (Wet deposition) f =s-:; 

.u::i"f ,t) Gss J !it-

Jt- q l.t dh" r)el; c*:'-as s jft orX ;KJ. cSkS';! ;r sk-1r jS J5-3

! !F_,1 9(Pinuseldarica Medw.),)lr{, et5, t-i J;5r^<.:; r;l> JJ;
tt '5 

t-11 6.qi ,Jlr:" "dlL' : ,-'l-,! .rJ : -4 *J LJG, ,.g-rr-l .:rY3i

dl:e o:-;r .(ay ;K-. S)L )1L:" U-+.u-S :\; ,rst,:y" SV j otS

cFe r".a;.: A. :3-F glJ.(j eS .J,-tf ill.ul o1 gV +y t o--y, tt

.$r.ro Js-:J \ SzJr JK,q.trU" ,r^F



\fAf ,(l ) Y ,rrl,,-l elt J l4J<b c-!Li- J .- rte .rLir,cr; 6:r,rh'^)V.

l+ift g clg.

,r,"Kir ss+ *\sl 1l 6j:1eJ3i :-.€ :6f cr)l_r jl ,5-2lr;+j3,*j -\
slyL.gfstll J jli.Ji o7.-;: ufXs!.tL-, yr LA d r.i a:-L y €l-b
d:t oLj G\,-y-: jl .r.lr )-P, y.r);' +il 6lra) t"-t-SrS S:sif
! s ol:-s c-*; .t"*" c-}U- rtL;L. -l*l; q y;Sj, "lK:-r .(-Lirt l_r= 6S_r\

.c-l .J,)rS ,_-r (Fl ol-y,

*; j.U I -Yl;, .ft-; ,.rl vy/A/\, ti Vl/A/\, 
C_rU 

jl JL .i- -,-r" .,!
.-ri-ui a,_;-{ EC 3 pH ,t+ii ,ldJtjt' ,b ,l s $f urs* 6.11:r,+,1i(r1:! _r

cl-, J NO3- SO42- J*t-r Q*i : Kn, NHo*, Ca2*,pb,caco3, Na* ;u:: t.6jJ:;t5

.C+l or3r

6x-,\dt s t;r 6!*;l -,:" \qo. b \ov. s.'1 5_,!.r-l _,rr 1U;11 
crlr*;

S)L L.^".C-l oryt*1."\'YY jlj- a.yy/Al\, UVl/A/\, 
e_rU jl JL.i_

.U!.f JU<a t \ \ r3-b ol c_^-L- 3 ,:" \ yylv

,SJ)r ..ful_r 6 1:^ _,: .:L ,,,_-r .-,1-,1r :.(:; A19*34t bl'', A-Srjl$l _y

C--ySt. s,-s-t:l orLi:-l !.r-s.f ?s-: u^6 ;;y, J ;r-) 7\ S:, )-
; 1J),:';,--r,.(Baba, 199$ t":r{ trjiy. oi Jr s S:siCo (Leaf washing)

lr.. alr[!b (.-.-!! "L+.i.rti3il j) JK^z 6h &.91-nl yl ;_ir 0* k\*
,_,-Ll-r ly-j ..1*:; gt+,1 t+',llr,1u_rn J :rt.*;jl cJ,r) e 6ff C) )l 6-
.-!-:i ,:tr;" ;!: ji 5; jl 

^J,ate ul-tyl L 5 13, ,ti t ,f t trJ, .:Le>l!l

.(,- c;;r f sl 4;;l:r'L_t". Glt.(Hicks, 1986) .lt,_r" ,:;ar5 ,g3,7 .ft;

.4r-S r;;,.; hL *i t J.t5 ,,* yj o-L-l .9;tj5.:-)G e .:H:il S, *,
0,, L-i olL3r -[!r3, o-ul a:^*-1, I ,g-Vt. a:a) )J) \", .--j,j< jl .r+ .r,*



(+Jt JS,+.tJt,) ll,ji ia. y Jlra:615 0L;v: J .s+-t olJe j ju gttt,

,r o5 .rr-t+-:*ts: k-ri dil J-+.$ri; {*'i J"S t* a' }L :1 -ilJ*
dri; {.*-x L(Bredemeier, 1998) -t'i:-.1 orr5 ?-y-)S-t es-, e:.-:i< "[" -5.r,]

,y;:, .tfu-[^ ;i ,' c-Hi i# elt s s:si eq .r=L-JlA 6W-h I ,L]':i -,r

.t, 6rK,;lxl Cy r 
- 

J S t P,rs-t y-l-lr .$$

J#i .t<--l 61 -rr ,ilr'# eK iJL:;Jr eV t rl :'t"5 c^t! ;l ,5-;lrrrri3*i -Y

il^2t-i u r^ jl r- o. . iL'L! t (; t-)i Ci )r) J<r. 61i? 6! at-qt ;l o-r,-1,

cdi-;) 6U cgt+^*, lH -rt yb,* 3l Alt..-tf Jst' 6-Si:.' q5; Y"'

t, t41i ,rlrf "<.= -ll cr-, J or,J c-'ilr; 3, ;Ls- dL^c--6a I 3 L'-3 'u--L

"rb-i ,r.l AitloL;L "tfu-U;i , {-)24 pt+;l c-<.t -r or-5 )f J L};"
.l-x

jl iL 5t- gl.e-ri -, Le,rK *J 5 .r,-t+i 11 :.58 11 6i;'1{sn -L

r,21.: ,_rC- 5t- pH q .il* cJJl*" o|t J c*l oJ::S S+.1 ,|ly
lL. rgtas J*t-: Ji<" i: .J4tf gt+-l 5t-;l 6-,1b;aj-9J (Watmough,1994)

ci;) ,; ,t**-\ 9r 1 (-r.l'L.r" C-i-;r p il eV 5 ':-l 6laL3^' )JYb)

3 .ri oSL..rfjf r:"U c/)J t.rl:^t 4-: ;,i+ U -* ^i-S -,li -,' 
(^<a :il

.(Radzi, 1992) ,t;lt i (Throughfall) .-i nt:

-11 ;1iL \. - Y, J. - \' cgLel -1! toil ,.5ti ca+;s et,tl,6\1,

6vltgt+jL\". - [. JY. -Y..\. -Y. r. - \.3(c;Jr.'1)-l!tgu;

.ft; ;r )Fy dQ-1"itS -l Le,-roi 5t- L-;; 1r .rirx +i1:: c,;1; 1-j

.(Hicks,l986) :g ua-:-.tLb I o.t:S 6.1-l ,!ty -oE i; .-r-i.5f";lJl

,,4;5 '^L,\ crr,1ji c-"r, ,gly :islt$ eS E t cf ot"ca'c; c/)i, -0

dt-gt-" 3 .rlJri 1"u,1 (Lo,+'Ji c-AS; .J:^ts ll) Jf :t jl ,-r-U -,r3: 3 ellr"6i 6t5



\fAl .(t) Y ,,,rll-l elf JlgJgb c-.bU> J c"-L> crlira'o P:h'^4

.fi ^t|-S A] yr \..

6;i* tyJ) q ,,.9slsr'a.j* Gl-t J- \ " .-lrLj' *-:bill elt

'--S J^.r3it;tr-;t.r-- J 4;L* d-,--Lr , o7i ! -r "r_5 "[-c.rsrta 
.<rtt""-

,rU-<,- L-p Ct' o, ,4;b^' (oL-r.y Cf \ o,5 t;: tl3^ fl.r- ,r"--)

,r.(Moore, 1998) -r,_rf oa>:r up>|a" iHj Y Cf f J) d?-.Ij fa-J
L- 3 ujU:" 66i-6 ,J-J ,LJ) a,.6 tjl rl.e'\' ofi ,s-sJ d[:tyr r1-r-.; j-.-o

t"- ) "l'-:rS Oa;-:. a-!ij ,g11 ,gy\tr'a"3* dt€l- .i^-l o)y db ,-rr:r y-[

.:lr; .*; 6yig,- o ;JL*: J;J+ -.r: ,ilr# el.t 
gL;;.:.**5 f L4y ,|\:"

a5 c*l -5i ,-liU ..l; oJ,^--; .(-:; .:Y3;-,1r lao'ru,-Yi c,J!); l.\J". Jr ,J"le ra

.-tJr3, or.-i 4iit5JL-<,- jL_.1 ir3-r-"=" 4,,,r ,jl,{, els gt=yr i.|5

o16; ,g\;b 51! * tt o1:! +L-*_l t d-q.-l .:):;, crj: 6 .t-Q-l tl

.-r*:-j ,a+ot<"1 Jt-aF

61Li

;G".r*,-|.:J S<p J<* 5-,1" -r, JK- rt )t 6L-)\ u4 : u^S .*-tt\
or_.er .r.!i t> y 4)ljt Fl -,, ,-r1:! pH ,-Ll ;1r" .-t"i c--r, \ ;JL-j J:-Lr !
.t-t-! o-LaLj.r (pH =0 ) .s+-1 pH ,J$r! ,_gl-ril 1r J: Utf U 2/Y) c-l

#, q Jy c*t ./-)ti J- ;r (NO3-) JIJL ;J::5 .9J.-1 ,J"t.e .JiI; ;;-^-a

-, (;! tt 1f ,)* YV U r ) f.--15 dea or5 dW J*lJ' qgYL .--'l"Ic r;l=3

.IL.r G:; r>- r: pH ,;lrL -,, (l tt pf J* Y t-; .ifv) NH4*



GaJJ JtK,+.sJt-) Jl,4t $; 9 btra:6t5 l1t3.1s t cs\-l .>li,3y ;U nra

c--- E) * | (.f) y.:4 esi .rLl-r 6 s-VAi : k:rlS ol;".

,yLlt .(Y ;Jl^-r J:,r+) *-S :lf ar-sJ s_s_f (.<^:r .:!r_,) JS Lr"

,1 a.Lat-r .rlr-lil ! tdti ,, t+_r.:K qq NHo* )JJ, ',1) _tr .. s,f t- GW_:t.

ls_f _st c-*-;S C-\ .:_yrf a;-6 nr.-.-' r* r. i{ji c^Eb.ll;". jl J-Sr;

,_;i c-+-l 
"+_lil 

st s $_*€ pH ,bS .:-^"q 6 Cl J NO3 ,SOa 6ta,e.1i

.c--l uz-*". g)lj ryba,,*_slt

E c-)-S o:t' (.-rt:-rr 6 r) J4 eS e\3 c-jq t_j+, ,Qt ,_tp 1l

.r^t"< cj! ,s l..o;u_)i ;t ;1 jL" tddts tA s.gr-l 6t-ao-u_Yi c-**;,
,13;- :j3" -tl sf ,.,or,i c*-r, e_li cJ-LlJ, .(Y iJL-.: J-r,rr) )F ,c-:t
a*6 JrKly rl a-LaLs.rt-l;.il t{ t-6*!.,j J -rob jti- _sl ,tf_f s ojs;J

.t_*rl

irJ ..5E pH a5 $r.r, ,)t-! eftt -,, Le_::i I t+y.,K *J ,r{t u1U"

.lllj y c*l .5t- 2: .):; *J F! pU ;[L ,_r,l .c--l ,::;" y/?A ti ylfy

,J'_f-rS 5t- r1l3 t- ;l "15 g+-l ,J,l:" ,g.:[ ;l-rr" ni"l f", a, 6 J.a:..r,

.(f ;JL-: J:-ta) r.S o, L;- \ ;z; cJi- .flr .r-W J,"tr, .:;+: #, !
,j.t ,-rL-lyl q 5t- CW_*i -r t+y..S :l;l _r OJO: ,SO+) ".r:5 .9-r"-l ,f,ly,c

,, k:*5 :4,;1 -e f * .:-r-,_f n-.t5 t*li ,tl;" jl "lf st _11 tI^eU J .tt-
*. _tr jl .:13"" ,,_l )J)J J 51.- .gLo-t1_ JK G"L- -ri-t .*lp q c5ti ,J*t- L)
,)lr# eit uis otoat"a- LerJ jl ,j-f 6-$ 0 i_,1*: J-r-b 1r .c*l cft--

$-r[o 45 .J,-)JS ,rt4 ,"';U ? o-l-lJ dl,d et5 .F :*;:.c-1 o-r-i 4-ilJl

J5 {i-rt ,;<r5:; r.a, (3r J*,ev -b,+ At LVj yr ci rr_j,lr--:yt

L/)J 43' ollSsa. 
-,11 

d.atr t k-ztU o'-l L'.\il c--*, c^..,-l -,, .eU 7l;::l:
dLrtr d&l;rl ti ,Jl,'6, eS dS ol1*cre; G*^.-^a ^t \+J, j,-J, .J"14:ef )lf



\fAf ,(\ ) Y ,U.rr-l il/ J l43q c-9li- r c.-L> crl.i*; ,r-^:t a+"

L6rl -,61;1Li:;l 6la.a;V s-s-r,J-l;r.i*1 *-S :lS a'143 :13,, J-S:t 
-,1

4t'aL! ,_.,.ilil q ;-- rilb qg3! t frt-' gldqlt J-S tt rl aI,al! 
"i{l}l ! J5

Jf t-t _,11 +Letr 
"!lil 

ti J-t5^:t rej J.trt-.f 
"ilil 

l+a;tt 
"r.l 

.rlj."

A\ 3 t J* : 4tLj trl {:t eV.;L-x .rllr dt -s ,-/-f* Slolt:

.-ur.r.r^: .rLij lt Jf tt rl +t-o6 \ et;-:e F*-^

(ttEt

-r .J;t, -,r (Dry deposition) ,-(.:; cr):; L./)J.;r oJri c--1, 6-bJ t o-i q

a}1l_: ,4\,g ,.:.aK l-oori_Vi ,lt;- olr4 r+t s J-!.:-t jl ,-r-ul ;3r L +5 ;1
.(Heck,1987) +.tf dtL' "ljKr,.jl (.tr: s1t j olfi CS u4.>t=era;
ge..- .r; E ,eV Fe 11 61$ya2* g;W* 9 :l-t.j l.ul ;yl; ;l'

S*a' ,r,ti.il 6ly. .fi d-S -E;) \ . . JIJ '/\ JrL, 6tt; -Flv q njJ*;

!: "r-5 ,j.c up:ta:.<tL-^-- ,g-Si:*.fs: Y.911:r,+J;*i.91r.,.f* \"

U- .r.5 :a -,rr +i:p JeU-- .,i-") -',; J^ rrjit ,|,;t.r-- J oj.Lb.-:--L- t qt

i-Uj Y Ct' f r) Lr?-.r"i {'J Jt--<," l*iJ Cr" o' , qi'L* (oL-y,-t C:"
.(Moore, \ {1ut )-r,"lf oa>u .rrrl,o;

.(:-- .i):j -,rr [aoJii-)i c^ED tlJ ] qlU-;r cJ,S J*te ,o .:lr*:

i.[f oJ-i C:sieq .ilty-tl CLlr. ai .:*l .,5, .1..i6 &'7.*a ..t*; or*:-

$lol: {.-ft-t JL-S,- u1l';64t* 4 -,r ,ilr# et5 
gki;:

ra*. ol-"-i; .gl_,1b 5,,1[ P tt.ll_r! ll.--r q 6+-l .r)y] dJ) J_ff

JLATJ ctii5 t. Qi -;t rr:.- i-.(- dl,rL ol,"-a .gl^.-u-Yi ;l 611"1 irLi:-t ,.:j"J

td-1,;tl : V,*i y.rLL ,:aK J. L# o-t"i c*.t lgLaorb .rLl-r .rjj t-1,-Jt<"1



Gzt ;tg+.Srq) ,:)l,4t ia- "2: ;tlras eS ![*r, J. 6+-l ,>lJ3S f'V n.,y

,llr# CtS cr45 iLlr ,"\r11y.jl .l-u:;3r t;f; ol;U -r 5-u-l i;u_!i rly"" 1

c-l o.-l.; oa;, "l-f:t jl aJ.zlit s

J eLS Fa t--{,gl7l ! ohl,,-,r gr;1,-l -**"^ ?r^e rrb* u*.
: g:l-u ;l ,-5:-r.c -,t - .i- ,f t;-l ,rfu^.^^ ?-,? .l*i c=d Jf ,t _,11 +I^at-r

,.,:. &.1;5 -t-X orLi;*"l c4; ,y-l )l --:* ;1 ;l .-r5,r" :t-_l l; 4LlJ lt<*:-l
L-i --r* J) 

",,-l 
oq-t*" pta.l .r; Jti Wi e), J at3, u,L; * l^-:o

,l a.L"at-e *('*^ 6rl"i Ulz a,lrl ;r .c--l e:sf o:F SpSS .g;Li ,ltlf I
:tf .S 4jljl illi eK c-+5 5\--;L; : Jf :;

;<:-.-^a ?--ra rlrL AtLi;J:l ltdrl s Jf :t yt al^aG _r"- J) )rJ,:)
Jy-t+ ,*LG J: ,Ii;b ,-yK* 5laL1\ j:u )) 6 .:-l -./YoYt cf:6-l
l-t Gp elQ\-t;[L ;-l ,_f :;-l 5\+:1 ;!;-...-"a ?-'a 6-t"e:t -Utjj O ;JL*j

L6:l s 6t-; 1U;;l ! dcl_, ;r ._r^i!..r- ;b.r:* '1.6 )'1.\ C*_ ,rs rrr,.* dL:-l

+./1Y[o 3 +./11Y. ;lIL 
-J, 

q ,f:;-l ,JKi*".a ?--re',J-al] J.IJ. _,, JS

?-r.a /.0 1'/.\ et- J) y' r) il: r, t .u!.r o\t: Stt ,S-f ;\. q5 U!.r
.-*l ;1.:.ri-

a5 .:*l -.7ooto _,IJL ,fr;-l .jK:*"_^ ?,ra ;<JS:; J,a)) ))J, ))

;SJ^{,:; rlrc. rl "lf ;t;l +J,.at-r ,:"_til ti .,:n .c*l ,gg .r-f* .t: 5,e
,rrtl.rf**a ! ^41_, 1.: .c-l ;b;*'1.\ j'l.o *,, _ra,r):.:y*.r, +it5

5<^:-.;y" 5 c-l+./'\1Y ,:":;-l ?-,a )l$, "\j<)?.rl +Lat-e :3t J*
! o4l; yr .c*1 ;<r---^a t' 6lt c/*G.ty" .<,- J .-^^-; a\\1 S,- glrl

l; +./11Y0 j +,/\Lot r,:LL eI^aG ! cj ,t-r"lr*. J eE -b "(;-^=-^ 
?-,a

..*t .S.f tJt* ;a:" ;: ,r* 1-, .!1-, yt -<>;.* .ty" ,4. ):-r J5 r-^ 6 g'1lr

/.\ j /.0 C_fu :t ?-re 3 r;1: ,rr: .;!! ,j*.-.-"-a Lo-=1" .l!" 6 ,:-



\fAt,(\) Y .,.117-l gl,r Jt4)<4 Sl;2 t c,-L> crL4*2.; 
'*:X,"4

rllL 4t[-i ,Jjl 1ti;yl s J-!:t -,11 
a.l^etr -,:"] :r ! ohl-r ;r .d+l ;lr;-

.;J: ,JJ1b €-€* elo\I: :*l:" st ai c*l -'lYoYt drt \ J:*"-a ?-r'a

Alo\\t;lri" ,,1 ,fgl 6la;1 ;!:'**-a ?--rz 6t2)t .tlij J:-h .-rLl-t

6b l|,i;yl ! o!l-, -,.: .r-l!.r- ;b;- 'l.d 
J'1.\ aF tts ra).,^j r.llli l-r tJj

3 +./11Y, -rlJL -/ 
t ,.fgl -<-*^ ?--r2 "oJ-'"b tll:, JS {i'::l :

J'/.\ e-. i.: y' ,,rr il: ,, s t;\r; o\l-: Slt. 6-f ;* e5 ri'ti./ +'/1Y t o

..:*l :lr.r* ?-J*'/.0
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