WJM%L{) H‘Mul:....y‘fajw‘/.:mjumw,.:,uwwg.éﬁuo&,éddm

o5 89y 9 @ pw & ,I8 B,bI (Populous nigra) swewo b 5 (S391 Curdy oy
Sl (g, mlgd 31 aaliiwl b

YL F e . R Y o) .
SyMo Lo jaing 9 5 0 )5 s ghe ¢ 0305l labig ¢ (o o 30 T S0l Budgd

1 s ok 5 4alLLT L0l ¢ o gl o Pl dly edlad 13T o2 (L el 5 elison S skl ()
t1350a@gmail.com
Dl g S g S Al ol 35T ol&ils (wliiSle axdy As )l plidls (Y

Ol S S Aol ot ST alCils L2 5 g 05 S skl (F
Ol S S Aol oot sl3T oKl ¢ ulitSL 08 slead (F

SCARVARERCR AgE A/ VY sl s s

LXVCES

Al p» ddaize 3blie )0 .Cunl (b ol )cun) jl odlaiwl Jaoes losiy YT 51 6l £9 9 e (o S boly s il (S
ey Sl 55 45 5 00 bands Jlo o (g Ly il o] 3 85 9 gm SLE1 33 & (Lo ) o &Y S,
g e CulS o) 59y 9 oy S BLLI ) Jlgld 4 o pgio 8> sl ol aw Glaggy cnl )3 el s (lej S5k 5
Srog S Veg O Jolgd 15 pgio co 0 b ¥ jghate ek 4095 o3l L BLbl S Sagll g, 5 03,5 ealiw] bdycunm loicas
g loow alls pled cogy sladiged 13 .cd)S pbl (gl paiges €83 o jobme SE I 5 ais Gl (lou; g9y 5 o B,
3 ot (S350 e aS ol i Jols ol i et SB ladiges g bl plgd 51 G ym 50 69y g g cbalé 5 05,5 s o
2 o 350 Sllle pled 13 (65) 9 o Gl ol 035 ;K diges 3 SYL GBI 05 13 g sladiges (3 o g S gladiges
35 (65 S lime 4 gy 05 GBS a4y oSt 3 50 (Bl cpl (Jg ol L ]y (dolj8l wey WAL BOAYY. Jle jl dged 93
o=l ol s /o) maw jd aslllas dy50 sl Jlo 5 (59 5 oy Gl o |y )b Gxe (Siunar &)Lai L;L'a)‘,.ll}] Oed yd b slas
Eoy o ) ol il L)w‘)sl @l o aslleo dy90 o‘.:f D89y 9 Ly ul)A.O A 4 g Sk 89y 9 Lyw ul).\.n RBES ) QLM) a8l
bl blod 1 onis aalllas slaaidy )5  Siwsen Hlaio ) 0o o (o8 ((Simwoddgs) (55lo] ol 4 a9 b w plgd o aoau ¥ S s
390 ddlale )3 (59) 5 oy & 039 GBS (el Obd i plgieas plgie |y s 4 €8S wn lgiiee il Al e o ine

2,8 odliiw] adlllao

o Sl by lls pled (oo <> s 5alS 5o jlg

Ol a5 St Of lame 4 51 SC a0 wilsr Aol
s S b Sssm s et yele 2 Gl S S heeens (S0
(Nriagu & Pacyna, 1988) 5,108 .« olul Cwdla O 03 el g Js 5 Bl s gl siS



(s 9 Canmny 2l) VY0 Oliansa ¥ o leis qidd Jlw 0 Xgh o orub plie Olidod dlre /1A

adllas oy, sbaails b b 2t O ed
S ol sy sbail 5 lerd obe as
e 5 (S5 Pnsd bSOl b o
S ol o303 0L el 51 (5ol e e kS
03 2 My Kl 0 o n oy, glaadl> ol
Ow s b Ol Jsb s Sadl Sl bl cer
Baes & McLaughlin, ) ail il glael&is s,

1984; Bondietti et al., 1990; Guyette et al.,
(1991; Long & Davis, 1989

AL 3 s et slaanlas lasl
S s Ll S5 4 Sis w28
sl s gl s~ pde 5 Ol s aly ) alws &
S Osp e Sl O 0S5 A )l
g b Gl By U oyl o Cob s 0500 &
lail> obe e L cayihon 53 eV
Cutter & Guyette, ) Lil wili Jlpotan o)
bl gla s, 5l S Ssoas (1993
oslinal 5 Ol s g,y laails n  Soeens
sl oSl Okt s (gl adlas cpl js &S s,
Liu, ) wlad 25 1) (S ol Wl 0 25800 4o 55
.(2009
b e Sldl Glacdl edd asis 045
Sler e 03 S DLl e B e
dox 3l OlaS Lole 5 K Sl el sl
D e g 53 S Nited o jlame Slas VT
sookd Gl oy sl oS b ol 5 S
A58 o bl Dbl 5 0Ll s 1y sl sons
-~ S s ol rexd (Gee & Bauder, 1986)
e E S g S Sl LAl and s Ll
=5 Gooslas OV pame DL S 6500
Gib 5l okl Ol 5 iy 5 Sl 53 ol
B @ug\ OYAY (gydin) &S sl o108 350 6,05

a5 S Ll ol [l (oK Sl coals

Sl 5 Clas Sobe Sl Olge ol fpl aber )
SOkl ole eS0T o ol S
Sls iS5 ol die b 5l Glelkl b &S taea
Sonemse pole Gl QYL glacble L5l e O
2o A Gl penns

2 s edd ole lasasy sl SlS S
lie 5 b e med OBaSCL s sbasal
Ares SUkx 5 ol el S S
sl Wil e balbi)lS 5 mbo Ol 5 AL
S s ey LAk ole ol 4 S Ss
C)Mal A3l g0 3505 0 liy Dls g 50 b w PSRN
b Db Bms 3 LT 51 S a0l 5 s 51 SIS
S hekae glacly p S 51 (S cl el
Lot VT 51 ol 8 5 Sl ot 4 o R
wdlS js cl anb by Sl eslil oo
Ipa 5o
Sl T 5l S Cad b oegsel Lol el eslind
- oslimal S5 Ol (S0 (6, Seslnl 5 e
.(Soylak & Dogan, 2000) s §

S sk tio ol o

ol b wpaeS hss 0L L b sc
Skt s ol s cilien eV 36 s g
g 250 el gladle s Ol s Ole ol s Lol
Al a aS cl S OF 5l am g cpl (Klas S 1 3
5 3sb e Lol O Y G dine il Ol s 4l
*ﬁg’iﬁdﬁbﬂu“iy@wdukﬂm
2l Ll a5 edelys 8 s plgs S0 4 Ol )
s osnlasl) 558 e Gl Sl gladil> L oy,
sy atl> o Oley dsb s s (VYA O
Lo asl a5 ol oSy e a8y, Ll s
Ales
éuﬁ;u Olgea Ll o baads pl 4o sazme
Devall et ) ail Ol s i8S G jme oo )
Aal., 1991; Fritts, 1991; Schweingruber, 1987



14/ AJL:.JL» ).!|5.) )l o.\Lﬁ.I...;H.ngqdj G59) 9 Ail.'})lf dbb‘ P90 QL::})) L;"?‘T [LIVET-T) =R

318 ol s A0 los b aids Yo e 4 5 o
3o (03,8 S38,) Al sl Dyl b Ok
GLol 55 4 2ol Lsloee 2 e O o lips 05 5
S el Blse (5504 S S5 el 5 A
o3ls Lo S Of a5 b aabsl i e SGoa 2 e
Ol &ised 5 odow) Sae Jold= 4 STy U LS
3w 3l dm i Sl O 1 e Ll BU i
Or b U=ls 55 F) oyl pasls dlo LS L O
Ol oS s b lo S 5 ae Blo 1) ke
o 4 O ) ey 5wy U s 5 s ks
5 Ol i §)y alsls Jshme i okiley
38 B s e el ol oK s
(Pydtt, 1999)

3l s ALS ladi s Slbl 5 St wisel ¥ slaes
Sl 10T Gas Sl 5 (e Sl 1210 Ges
5T slen 53 St glad gai o iulesl s ds a4
Slsedd oo S asm S L e 5 3 S S
L a3l (olie LS o3l Sse (6 ke ¥ I
A eslital plend 5 (Sogd Olo part und g
GASeLl S Sl lawised S 6 s is
A S esbas Aol byl g a JS ol Ol
SaS L ks s g0 e (S ojlas s esbel 51
o Sl ot 03 S el ol o
wb S o n5 sl 5l S Oleo g 5l S
3O ey Aend S Gl Sl eslatad Lals
pH .(Gee & Bauder, 1986) —.i8 x5 clw
4 KCL 5 hie of 5l eslizal L glal )8 s s
Allison & Moodie, ) L& s ,Se3lll 2 pH aliss
oS S0 s Sy iy sl eslizad b JT esle (1965
<3l S slee 5 (Nelson & Sommers, 1982) .
S Bss a5 do)s e S s s
.(Bremner & Mulvaney, 1982) .5 5 -

Lo olSh Sz oo (e a0l 0 S Iy
Gl Sl 5 e Sl e 5 LT 5l a
ol iasy ool s (Soylak & Dogan, 2000)
s Al ples 5o Gy 5 e e Sl s el
S50 3 e S SLBE s Sl b 4 oS iy
L e 3l i Ol s s 3 5 348 e oES Ol
S pobe ol by S Ssdl Wy, 5 535 eslinul
Osmr als OLis a8 GlbI s \YAS LYY JL
Oty s 5 el Ll oSl Ot s s> see
Corl oled 3 dases b oadl> cpis sl oS,
ol s sl (Bayramzadeh et al., 2008)
il s ba VTl 5l eslinal sl 4 tasn
s by sl s 0 s eV g e S

ol sl oalanul

W ygy 9 39
Obsis Sas 5 e S8 GBI > Jlass ol
Wl st Wly Ol G5 kS Vs S
95 Jold eslixul ;)}odaljtguajjaj b S e
L;J;.U,L_S Vo )O J«P‘}ﬁ BE 455);. S 5P S
LSLA;‘<"""1> QL’::-‘)) )‘ .LJ); ol 8‘) Ml}-)ls d\jb‘
Sl 5l e Bl 0 gyl 53 g e Sla Ve
25 Jime JBilel 4 o ek LS 4y
cosled AUl plsd e 5 Lad St sl3T (glse
moslal 3l day AziS A o2 IO B O 5 ek 5,18
Uﬁcﬁwﬁdd|ubo&wbp<osbum_yu6)b
O Sl A e Al s 51 55 55 s
05 Wsal A rﬁ Y WS s K ol clale
byl 51 il e Voo a, e VYO L
O e T o 4 SOAIS dnl 5 S ) A

S Gl Sy s e S Bl sl @

! Hyper Accumulator



(Mgwdg)\f‘\bam} ‘fo)u‘ﬁndu‘o&,&awweuoww /Y

SB 3 25290 oY (a0 o)y
2 S sladged 53 gy s e J5 o2kl
S S5 5 e Sl il odd 0ls OLSTY s
Gos 03 (G aaskS 0) )5 & ooy sladised 5o
0 S ks VPO 5 PO iy S (s 5l V0
Sl e Sl 10T s s 5 S ¢SS s
S Sk eSS s S e MO 5 O/Y0 LS Sa
S Ao ldiges 53 IS oy 5 e chle L
S 6J,:AL;.;L& V0 Gas s (eSS V) Al 8
25 S eSS 5o S e AYIO 5 YVIO s Sy
VIO 5 VA s e S g sl V0T e
Gloaib Gb cwl S eSS s 5 L
Slely oy 5 oy Sbme A= a5 (Yer¥) Prasad
(el 03 S S3N0 5 00 LS ja ) glas
Sl S 5 ashS 0 53 oS aiie ol mlaw S
chle S Ges (a5l b aib e o3l (ol o
S8 5 s Aol js Iy b e mals s YT

O O U P 1 S

5Spss solel iy Sl baesls Lo 5 a3 51

Sl p s eslanal Excel )\Jie\p} 31l ls gl o S
adlas o3 53 Sas 5 D O Soeer 0303 UL
Osls LS ¢l 4 MJ}}}‘)Q}.«J:‘? L;:M?A.ajl
s S eslinad Lia g, glaail> ;s addllas 3550 solis

=W
S 50T 4 by po gl

Vo505l aS S gladises gla S5y 5l &

bl Vdsder 5o sy ol 4y A (6 sls
Sy wges s andlles 540 adke Sl sl
g O (GaBle =Y Gas a4 (e 5lS 0) €l
SIYY Jlesle dsys .l AVP L Ll pH L LS
Sy adlae St 8l 5 LAL e NY S ) Ao s
55 adlas 3,0 adlae Sbt ol o i adlas
Y Ges kS V) A S s aise
Wl AYY Ll pH L U3 8 5 (G e S
NS ol Aoy 5 VY JT el Ao ys e

RCOU PN WSV GO PPN U

Al 390 dilaio S Oladuin 1Y Joaa

3 o3Il 4 s Sesls a3
B % JS;J)' Loy 3 gos Ol 4
sl - - - N (OM%) pH o Ql}&
1) (1) cdow (1) o (N%)
(G askS 0 adlols) L8 4 s 4 sal
R 10 Y# 04 Y V) AYO (e 8l VO-4)
e - A 0 4% (AR \AY V/AA (rasla Y2 =10)
P V210 Y4 /0 £Y AN \/YY AN§S PR
(G ashsS Vv adlols) Sl S 51 5555 4503
Pl VY YA YA QAR \/ay AY Gl + =10)
(”3_@‘: \# AR 00 Y \/YY AYO ();,,J;;Lﬂr._m)
R \0 V0 0V NE \/BY AYY (Sl




Y\ / ML:JL» ).1|5.) )l o.\Lﬁ.Z.uH..le:.dj G59) 9 4.}[5)[{ dbb‘ P90 QL::})) L;.)5JT [LIVET-T) =R

SB gdigad )3 59,9 2w ol Y Jgua

(Sb o S5hS 52 0 S ) 5,50 polis
SRS 0 S 4 Sisp w50
JS e 8w €305 Ol
VY0 50 (ol +—V0)
AO o/ro (o sl 10-¥)

SresS Vo S8 5l 50 Lsed

I s B o “ el Ol
AY/0 YV/O el +=10)
VIO VA (o ssla V0=
u,“:\ ) 5 })‘-’ o el odalis Sy LSJ:"L;"L"" Lagtis) bl:f}:]liidqb,g,o =W
) ) » L SRl ,f) i 3 4T 43 (595 9 @ Oliae Olymdi Wg) (ow
odd Ol laedYl fo 4 bg e Ll 0 s dily (b cilis
€5 WL lacans 4 ado; 5l b &S Al O ol en gLl Rl LS s o DL Y 5 ) (slals ped
u.k> o u’g')f’ 3 J.bb- Oeen a5 Ll Jlaz! Wl 03 S 1Ay Jrals ol u.,\;- eJ&;_‘}ﬂ Ol &t s
el °MM§JJJT AEERIA CLGJ)‘ L a.L.lYT ‘)\.Lia u..v’J';:ﬁ.:_' 456)_9.»4.7

15
S0 3 bl
5208 ) 10
0 -+ T T ] TET e
Yo Y. YN0 Yo-Y.

(,;ab;;l.ﬂ)_u;suéutw

Cliseo SLEWS ) )3 (Roghs V) WS, 51 5 )93 diges )3 (59, 5 e (liwe ol paadS Wigy 1Y yl3ged

15
. e ----------
6)))4;“»-]41-; 10
5305 o)
_ —k_l)u
(pS5ks 5
- em e (55)
0 - T T )

\b,\' V~7\0 YO Yo
(e s8le) o) a Calases L;utu:)\

Cilises SLglis,f )3 (JlaghS 0) W) 51 S35 Wiged )3 59y 9 2w (lwe (21 gy i l3903

e sty a8 ol s S eslinad sl b o Oloj Jsb 15 5959 @y Ol ki Vg (o) 2
5L el a5 gl bS5l g Lyl ensT, DS s e Sl L T T lals
OLE el A S s JlecSy ask s gl Sl e 0L L (K025 53 edd 4 4isel



(s 5 Coms (52le2) VFR0 Olians) F 0)lads ot Jluw 0igd 330585 b olio Sligions aloma  / VY

Rpee DS g ansls ol W, AYAQ B YV JL ) e syl o lal s 4 ® 5 0 slajlssel cdas o OLAS
el S Sl ST wlin 55 0 4t 5 ol 0l 4y S5,18 51 5550 dlols

S S0 Ol oS Ol5 o ool oo ol L3 Sl 503

Trend Analysis Plot for Pb
Linear Trend Model
. Yt = 3.82 + 1.70857*t
q; 15.0 Variable
\ —e— Actual
o — = - Fits
2
Y. 12.54
D
;5,
2 10.0
7.5
5'07 T T T T T T
70.5 75.0 78.0 81.0 84.0 87.5
Time

(o3 B) (55 sad Sl 3 o 3ljwe S pasdd Wi, ¥ fa90d

Trend Analysis Plot for Zn
Linear Trend Model
Yt = 4.99667 + 2.25571%t

Variable
—— Actual
— m - Fits

Zn (SS 20 S L)

Time

(insh ) (55 23905 (Sl 3 (535 ol mn Ol pas gy F fog03

Trend Analysis Plot for Pb
Linear Trend Model
. Yt = 2.25 + 0.85*%t
—25 5.0 Variable
iy —o— Actual
hal — =~ Fits
a
™
4 4.5+
AN
N
2 4.04
3.54
3'07 T T T
80.5 84.0 87.5
Time

(YroghS V+) S aiged (S )3 & ol Oy gy 1D 1903



Yy / AJL:JL» ).!|9.) )l o lazul Lv ul:u) G59) 9 Ail.'})lf dbla‘ P90 QL::})) L;"?‘T [LIVET-T) =R

Trend Analysis Plot for Zn
Linear Trend Model
~ Yt = 3.56667 + 1.65%t
31) 9 Variable
\':\/ —e— Actual
a — = — Fits
B
% o
\
&
<7
-
6
5 T T T
80.5 84.0 87.5
Time

(hoghs ¥ +) S aiges (SJlw )3 (59 (ifjwe et Xig 3 yl3903
b Ls)\b‘_;l;u .19[.5)‘ J...p)b '/'O 6JLAT da‘u DL QLA) 0)_5;_55_.)}..4)6_5) U‘JSAU’ZJ MJ‘ J}Jo-
.MJ& QLLJ J‘)Juw sdalin oS )jdeo.A .MJL;A QLI..: b axlas

Lo 3 o e 5 Sden b 555 5 m Olsee

axdlbie 299 50 2w 9 (59 Ol (ot 9w (S Y Jg

S5 e
</aay ) O gt St
S (Wb 33) s ols gnn o Ny
s sliss
3 «/aar* O o gt St
e (83,553) ols pne law S5
; s slass
A +/a8¥ NPRPHET SR
e e (6,1 33) S5l mn e s
; s slass
Slr LT B laaidy b o) 5 oy plie oo Sl sl Ot 3 AN S5 o

Lo VT 50 oS > 5l e Kaays 1 OIS
OL.“\;'-JQ BE ;JLG )jlﬁ@ PLRGIo| ML:JLN _)'ilﬁz O

Olyen ) 4By 5o ax S1das e 0L (55 5
ETSRCITEY -\ RURSSITISTRVA | FPRE PO SR
Al l3 e S oyl Ll o Al e BT S5l 5 4 ses e sl eiST
e LAY S 2 S S Olge pll Liu b Joely gsdsn cnl oo D50
@K S (Jlo 0w Jle 0) sl 4y Slaks O S sy S elind sl (700)
<‘U50ﬁg;54.>45:}4: o3ly QLS U e al )l aaal>

Saps g Ol F Jsdor ol o3l GLSI Laail

]



(s 9 Coms (521e2) V30 Olians) F 0)lads ot Jlus 0 igd 334285 srpb olio Sligiows aloma  / VF

D dnd ladad 33 (69 9 2 g (o (Sununodgd :F Jgu

Box-Ljung Statistic

a Z
_ Slre Ol Sod 355 Pry)
o3 e C]a.A solsla=s Sl
AvNg \ \/AV, C/YYY /¥ \
AN Y V/440 +/YAQ o/e0¥ Y
+/YOY Y Y/2YY /Y0 —+/YAY Y
Box-Ljung Statistic
a Z
- 5 H - ) a4
Sl e C‘“"‘ EEBIRESH 33 Sore Sl Frer 2 ’
ANY \ Y/Ov. C/YYY C/ONY \
+/YVA Y Y08 +/YAQ VRN Y
+/YVA Y Y/AYY /YO —Y/AY Y

3 e SLIS 5l 5 2 shS 0 Al s 5 St e
05 Al e (Y40 F) Prasad gugail b jlee >
s s S Syse (VANY) Lepp vy &S i
S e 3 Verr ppm Ol w e Sl
BB L on ol &Sl el SoolS eesl
O e Ol 5 3 Slpren 2 G
SL}fbduﬁ‘yﬁﬁiﬁdungﬁw
S SLlS (Lepp) Gims pen B Gb LSl s
oz 5l S polis (Sl G me 3 T glaaty,
T 03 S 5 P Oliee A I3 S 5 o
sl e 5l ks oSt sba e cle
el

Sk L3 o Ol ot o adlaie pl 3
RICCy NEYVRNE. PP VYCI P WS L SR v
Ol (o o) imlosl s St b 030
eIl 5 el LY 53 655 5 e DL S o
=8 L bl ol ol sl oS Sl la
13 Gy (174) OKen 5 g eelod

aleiuty
ssben sl pll gla tags mlt 4 ax s L

ey B0 5 S s 5 ST LSl Ol ks

S5 4o g Loy

S s akl e Sy S Ulsen pseo
AS Cdor 1y bed¥T o 4l wdly LB
Cot s e Gl L Gy s o laedaYT Ol
Sl Sl el ol oS das e OliS bl Ly,
AL e VTV TA ladle Sl e YT

33 ;:)ﬂ &\P\t{ev‘w]wbd{ @Lﬁagae-}?l{
osls Olas sl B s e.,\;{YT Sldde S
@ Olg e s Coys 3l S G OlS e s ol
J@g&jb.;:ﬁmbﬁmlglﬁ)cﬂj&o\y
JJV?: Jou)\ )Jj’uz“-"‘ 9 uh\,{ﬂ da;“« C,SJ>-
sl o liST, Ol s 5y S L lases o, 4il>
- pde Gl gy a4 ol g
woar g b oogd ol s gadlas gl o,
Ol s s oS g,sjf YEY Qlf“d» sdal S do @lsj
Omb slaelll 5 aly) 55 i Say s D e
@dhﬁ&wa\wcﬁw‘.kﬁ@x’eg
juﬂﬂsujlﬁ:-)‘&;:-a.}u .\.:S)Sjal.p; Lgl.hr\.b(
Sl Sales (149A) Xiong = 5 (YY) Oles

Y 52 55 5 e O ool Cose i G



Yo / AJL:JL» ).!|9.) )l o lazul Lv ul:u) G59) 9 Ail.'})lf o_5|)19| P90 QL::})) L;"?‘T [LIVET-T) =R

spruce stem wood and the hypothetical
relationship to acid deposition, Canadian.
Journal of Forest Research, 20(12): 1850-
1858.

Bremner, J.M. and Mulvaney, C.S. (1982)
Nitrogen - Total. In: A.L. Page (Ed.).
Methods of soil analysis. Agronomy
monograph 9, Part 2 (2™ Ed.). American
society of agronomy, Madison, WI, pp.
595-624.

Cutter, B.E. and Guyette, R.P. (1993)
Anatomical, chemical, and ecological
factors affecting tree species choice in
dendrochemistery studies. Journal of
Environment Quality, 22(1): 611-619.

Devall, M.S., Myers, JM. and Koretz, J.
(1991) Dendroecological analysis of a
longleaf pine Pinus palustris forest in
Mississipi. Vegetatio, 93(1): 1-8.

Fritts, H.C. (1991) Reconstrcting large-scale
climatic patterns from tree —ring data: A
diagonstic approch. The University of
Arizona Press, Tucson, AZ, pp. 7-28

Gee, G.W. and Bauder, J.W. (1986) Particle-
size analysis (383-411). In: A. Klute (Ed.).
Methods of soil analysis, Part 1, Physical
and mineralogical methods. Agronomy
monograph, No. 9 (2" Ed.). American
society of agronomy/soil science society
of America, Madison, WI.

Guyette, R.P., Cutter, B.E. and Henderson,
G.S. (1991) Long-term correlations
between mining activity and levels of lead
and cadmium in tree- rings of Eastern red-
cedar. Journal of Evironmental Quality,
20(2): 146-150.

Lepp, N.W. (1981) Effect of heavy metal
pollution plants. Vol 1, 2, Great Britain
press, pp. 257-262.

Liu, Y.T.W. (2009) Trance elements in tree
rings and their environmental effects: A
case study in Xi an City. Science in china
series D: Earth sciences, 52(4): 504-510.

Long, R.P. and Davis, D.D. (1989) Major and
trace element concentration in surface
organic layers, mineral soil, and white oak
xylem downwind from a coal-fired power
plant, Canadiam Journal of Forest
Resarch, 19(12): 1603-1603.

Nelson, D.W. and Sommers, L.E. (1982) Total
carbon, organic carbon and organic matter
(539-579). In: A.L. Page, D.H. Miller and
Keeney, D.R. (Eds.). Methods of soil
analysis, ASA, SSSA, Madison, Wis.

Nriagu, J.O. and Pacyna, JM. (1988)
Quantitative assessment of worldwide

e ol bis Sty (S ol
S e S

&G Nu" A sbka S ool 5 olibs )
S s a5 e > S Sl
(S a eyl

W s Uls &S as 0LLS Llbs Y
Ll

SIS G s g Sotys co3lS il Y
) K e S S s Sy 5 o

Al e 5l i o5y SOy s,

&l
r}:aJLS J';‘ (\VQ\) < &5.&«:—\ 5.3 «A:U‘:\Ji\.{ o ‘J\‘}‘JM-}':;LQ‘A
sl acl byl S ass) Slv g o o St

awll s (Quercus Castanefoila C.A. Mey)

AWV=YE ANV b i 053 5 p sl pmass
6Ly ¥ S 3 (WA L b 50 ol ez wesplasl
P DR S P Y P B o B S L A L

Ao YT (YOAY

oy st s wliselS aalllas (\YAY) Ly (g i
3 e G s 1 s Sl Sl s (SalT o
JL., Pinus eldarica ; Fraxinus excelsior « S
Al ool T oKl e 5 g 2l 53 0,5
Ol «Olidos 5 psle

Allison, L.E. and Moodie, C.D. (1965)
Carbonate. In: C.A. Black (Eds.). Methods
of soil analysis (Part 2). Monograph, No.
9, Agron, Madison, WI, 1396p.

Baes, C.F. and McLaughlin, S.B. (1984) Trace
elements in tree rings: Evidence of recent
and historical air pollution. Science,
224(1): 494-497.

Bayramzadeh, V., Funda, R. and Kubo, T.
(2008) Relationships between vessel
element anatomy an physiological as well
as morphological trains of leaves in Fagus
crenata seedings originating from different
provenacos. Trees, 22(1): 217-274.

Bondietti, E.A., Momoshima, N., Shortle,
W.C. and Smith, K.T. (1990) A historical
perspective on divalent cation trends in red



(Mg [uave) wg_L_.g) 1Y90 gl F o lois ‘I":'“ Jlo 0d5gd 23005 2ub el..n Olidod dloxe

ecological factors affecting tree species
choice in dendrochemistery studies.
Journal of Environmental Quality, 22(3):
611-619.

Soylak, M. and Dogan, M. (2000) Lead
concentration of dust sample from Nigde
city Turkey. Fresenius Environment
Bulletin, 9(2000): 36-40.

Xiong, Z.T. (1998) Lead up take and effects on
seed germination and plant growth in a Pb
hyperaccumulator  brassica  pekinensis
ruper.  Bulletin  of  Environmental
Contamination  Toxicology, 60(1998):
285-291.

contamination of air, water and soils by
trace metals. Nature, 333(6169): 134-139.

Prasad, M.N.V. (2004) Heavy metal stress in
plants (2" Eds.). Norosa Publishing
House, USA, pp. 460-461.

Pydtt, F.B. (1999) Comparison of foliar and
stem bioaccumulation of heavy metals by
Corsican pines in the Mount Olympus area
of Cyprus. Ecotoxicology of Environment,
1(42): 57-61.

Schweingruber, F.H. (1987) Tree rings: Basics
and applications of dendrochronology.
Kluwer Academic, Dordecht, Holland. In:
B. E. Cutter and R. P. Guyette (Eds.),
1993.  Anatomical, chemical, and

/Y#



Yy / AJL:JL» ).!|9.) )l o lazul Lv ul:u) G59) 9 Ail.'})lf o_5|)19| P90 QL::})) L;"?‘T [LIVET-T) =R

Investigation on Pollution Status of Poplar Trees (Populous nigra)
around the Zanjan's Lead and Zinc Factory using Annual Growth Ring

Tofigh Ahmadi'", Maryam Mayahi’, Vilma Byramzadeh’, Manucher Zarinkafsh* and
Vahidreza Safdari’

1) Assistant Professor, College of Agriculture, Chalus Branch, Islamic Azad University, Chalus, Iran.
*Corresponding Author Email Address: t1350a@gmail.com

2) Graduate of M.Sc., Soil Science Department, Karaj Branch, Islamic Azad University, Karaj, Iran.

3) Assistant Professor, Department of Wood and Paper, Karaj Branch, Islamic Azad University, Karaj, Iran.

4)  Professor, Department of Soil Science, Karaj Branch, Islamic Azad University, Karaj, Iran.

Date of Submission: 2015/04/19 Date of Acceptance: 2017/01/29

Abstract

One of the newest methods to determine the amount and type of many environmental pollutants is the use of
natural bio-detector method. In the temperate regions a layer of wood (growth ring) is yearly added to the
tree, in which the growth ring, habitat conditions recorded in the same year are a good option for bio-
detector over time. In this research, the poplar trees which are abundantly cultivated around the Zanjan's lead
and zinc factory were used as a bio-detector to illustrate the process of surrounding soil pollution. For this
purpose, 2 trees were selected and cut from 5 and 10 km intervals of Zanjan's lead and zinc factory as well
as was sampled from the surrounding soil of each tree. The age of the trees was determined through the
annual rings (growth rings). The concentration of lead and zinc was determined in each of the annual ring
and also soil samples. The results demonstrated that the amount pollution of soil and wood samples near to
the mentioned factory was higher than other samples. The amount of lead and zinc in the annual growth
rings of poplar tree showed an increasing trend from 1991 to 2010, but this increase was significantly
observed in the trees close to the factory. The statistical analysis demonstrated a significant correlation
between the amount of lead and zinc with the aforementioned years (p<0.01). The amount of lead and zinc
in the studied soils and trees were also increased per year. Furthermore, the statistical analysis (correlation
analysis) indicated that there is no significant pollutants movement between the annual rings. Therefore, it
can be concluded that poplar trees can be used as a bio-detector for the polluted soils to lead and zinc metals
in the study area.

Keywords: Bio- detector; annual ring, heavy metals, poplar tree.
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