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Analysis of Heavy Metals in Annual Rings of
Pinus thunbergii at Air Polluted Area'
Jong-Kab Kim? and Ki-Chel O°
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ABSTRACT

Heavy metals(Cd, Cu, Pb and Zn) in tree rings of P. thunbergii growing at Onsan Industrial Complex
of air polluted area were analyzed to study the condition of heavy metal pollution. The tree ring width
began to decrease after operation of factories and decreased abruptly at Onsan Industrial Complex after
1991. Cd contents in tree rings showed 119.4ppb to 867.0ppb level and suddenly increased after 1991.
Cu contents showed 309.5ppb to 3686.8ppb, and Pb contents 911.33ppb to 7997.1ppb and fluctuations of
those were high after operation of factories. Zn contents showed the highest level of 3528.7ppb to
23826.7ppb and largely ascended after 1960, and increased suddenly after 1992, as compared to former
tendency. On the other hand, heavy metal contents in tree rings of P. thunbergii at Gosung of non-air
polluted area were far lower than Onsan I, C., and there was a wide difference between both areas
after 1990.

On the heavy metal contents accumulated in bark of P. thunbergii of both areas, it was higher to 10
times in Cd, 1,000 times in Cu, 285 times in Pb and 133 times in Zn contents at Onsan than at Gosung.
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In the heavy metal analysis for circle plate and cores, heavy metal contents in cores were generally
higher than those in disk and Pb contents showed specially high difference, but pattermn of variation by

tree age showed a similar tendency.

Key words : heavy metal contents, P. thunbergii, tree ring, air polluted area, cores.
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Table 1. Synopsis of sample trees for analysis of heavy metals

Site Tree age DBH(cm) Height(m) No. of sample tree
Onsan 51~58 34 12 3
Gosung 30~35 30 15 3
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Fig. 1. Annual changes of tree ring width of Pinus
thunbergii. at Onsan and Gosung areas.



432

YRAY 5 7] dEel 5 27 4
Fdlol¥ A" AL e A2 Agdd.

2. piRKO S3E By

zt AEY 49-g A 2 dFE 39H
AAES F8 FF45Y =g, 7Y, @, ok
< gz #4314 ck(Fig. 2).

AEEe] e i SAREdR el 119.4
ppboll A 867ppb #F22 Jehgtod, 19703
B 1988371X)= 4AT sFo)dont 19803

KOG FR FR S KB FiT

HE Frhste 1929 ¥He 43 Flse A
golglet. ole WrFe =7t 4 2 ANA
Aog el £4" FF5] Relo A =5
o ¥+ &l Fo8x dsE XAk,

¥d I e s 2 AFH 32
At zpelzb gghow, 1980dth 2 o) F ¥
B F7hste A%l glov FAIgl 244
g3tz Aelrb @gtrl. 2y doz A4A
ZAtell o8 F7he 99& AR 80 &
Rez AR,

1000

%0 b ~—e——Onsan
— @~ Gosung
Ee]
7m0
5 &x
:d
2 sw L
3
v
w0 b - - ,-.._-__\.
10 .~ .a s
o i = oy
a ALTANN L] 0~ 105 1 086~ 88 95~ 9

e Qnsan
I —-B=- Gosung

Cu tnorg)

Pb (ngrg)
P

1080~ 70 1970 79 1904- 00 1995 97

year

~—e&—Ongan
- -8 Gosung

Zn (/)
@
3

Fig. 2. Heavy metal contents in tree rings of P.

1969- T0

year

thunbergii at each area.



mEEAE 83()%. 1999F 12R 433

FAAY e dFS59 FeFREE 4971
+ 1000ppb °l&t2 7}3 ¢

oo, 19704 =& A9Ed doy¥
2000ppbel o2 ¥4 Jehgc, 53] FAe] 7t
235 o]l 19809 olF9Y ALAHUL vt o
1298 dgo 3 £ gl 19603
9] ¥& ey Adsrirt o8k, vledAy
ol 7ARAFGY FelEE 33} 492.4ppbellA 3
i 1306ppbE A vehgon, d&tds & 2
o]7b gelent 1980 e FukRele =Y F7h
e A2 Jepgdcl,

dE%0 @ ¥FrE FdAGdqe 911.33
ppb(1941-1943)<l 4 7997.1ppb (1995-199N)& +
e, mAAGd = 819ppb(1992-1994)-14
2045ppb(1995-1997) 2 vieht FHA G s 2ol
7} gstch, TRAIgdA e FtEFHE 2 1970
g 23E E7bsty] Aagled, 7089 2
He Eiadd 2718 stgdey 3715 ds
Flch.

a8y A A E 19929014 1994 ] &
=2 Ao ¥E/ A A ¢ 24
o] ojAle A9 gl&e ¥ & Uk AT
Ao A IEolFe] HF ¢ FEe vlasd
4ul) o)Ake] zlolrl yiebytct.

AF &9 olqde] rri T4 3528.7
ppb(1944-1946)°1 A 23826.7ppb(1995-1997N) 2 v+
ehtont AeRE AL 7 FAE Rl
o 1970\4%€] 1980 B7AE AdsFe] W=t
sjrizl 19924 % Ele oAl FASE Al
o}, 39 AN E HF 6922.2ppbE FLAY
9 1/34%02 ggtow, A dFEd 2¥ £
3o Z3be] HRlE aAx @it

Fukuoka 5(1997)8 F4T9%A1q Takehara
A9 AR AF5e FF4 gEEAA EE
315} 600ppbeilAl 3z 5000ppb2 ZAMEA R, 7}
=E2 120ppbelstE, oted-2 300014 6500ppb
2 Jeh} FaaAdece A ety 23
gtgdeh, 2 ole 2AMFHAG Mo AHE
greo g LAFohabe elrt Al

Unbg o g $Eo F&o] FLHE A2 @
of ol F4ot #99 FHEZRE YA
F4, a8l <A & 5 FF 5 It
A2 A7y 4 glei(Lewis, 1995).

W71%E 334 AgHez AXH §A4YH

2 43 Mo #F FFEe] FA=HAAG. =

@ & off

¥ r1Fe FIFES WM AR ERez
25 e A ¢RHEFSLY £AHFE T3S T
HHeo g 2Age A2 gl oA 5A4%
FF4e £ Aade §3ed BEdgde
2RE B F4E 4 glon, FAYd £3
Hed gleld AR & FHE dke AL o]
ct. 47 Fuo FARE= FEFHE F
Z olEHoR 1, ERNY d¥ e F
H7) 5 g}, SAR FAsE AN FF
%o die 2AEHIE o ety SR
F4%eke BAR Boi7)r]) A o8 sHA &2
Ao FA=EE AL A F&Eqse] &40
t}(Robitaille, 1981).

#9E Ble] PP FAREHOR e
F47 Z29s]olf@cH(Lepp and Dollard, 1974).
Ragsdale and Berish(1988)& &< ¢ ¢
7 ERA $E ZHAZ N felHU Aol

£g wAslg e, Laaksovirta S(1976)% 4
U2 AFSAAY F FEE & 29964 A=
7t djA4E Fagon aEge] YR AY
= Z7tYctz ¥ wslgch, Kazmierczakawa
Z(1984)2 viEyh}F o] Ex3sle Cd, Pb,
Fe, Cre] 224 7t 299 29T Wi3¥
% et AF5Y FEFHLYY JdAHY A
1-e 23] HArE vehAl ZRcda o,

Meisch 5(1986) d&49 oldd mlavw
o] gape Atelslel FtE <l oiz] Fel W&
5 olade] rxel vl$ YR dFe] o,
REAOZE= ARIEY HAlE 7)EYcE B
ok, dutHog FFTo]l B Adn I
Ao = FEAG vis] $£5 d5%e] 5
o] Egtth(Martin, 1997).

w3 77, &, olde AEE9] FAARL v
2949 2 g HelA o}F HAH LR vehyd
t}, =, vedAddde FEESTSe] AT
dgucl §3950)e Wyl ¥4 ehge, &
ARG e APL 7hEolF FIEYF) F
7}at7) AlRsteled, B3¥ ¢ gEedde F
AAERATH 7HEol ¥ Holrt g A F 24
o] A7 E& ebirt.

Robitaille(1981)¢ ARFR 71Ee1F w7l
dx G AL GAAYE AFSY 2o ¥
TE ldppmo A ul2gdx ol vl 3w} o]
A Eored, Fele F&o) 7H5ol¥ 15ppm °|
Hoz negxde) vae 4w} o} FSkA,

ol



434 REFGRMMS F F£6 52 KB o7

ofdytF= FA 71gol¥ 30~50ppmo2A ]
292199 5ppmic} v o]AF Estow, A
A¢z F4o) 715 Adle FAge] v)sslgde
b FAE olFole 24999 WA RS]
Aol B A= T YdF Aol @il
3 B aslgcl,

el e 4= Ue FFEE MY
A3 Fig, 33 R2ci(Table 2).

T $AH e FEFSL g
A H71Ee FE45ed HYE o= HE 2
& £ 9l& AHolr}, 2l

oX

=
A G v g
ARG A4 soldd HAHA Y FFS
F AG7E zolsb i wsten, I e
59 FE45 @l visld wg Egich sl
FellAde 297k 1009 xlo)E vepyon, T
= 1000e0¢] zo]E vielilel s @& zolB
Booh, =3 Foll A 2858, olede e 13300
2] xolg BTl o] F AojolH 2ALETe
FE5F 299 d3& gHer FHYE 5 9]
A},

2AEEY g dESH 249 5L B
Zro] 71ER olAHu} ojF g o] HFy A
(Table 2), F#e] 7158 o]F7} RE FF %o
A wA veld, 3] J1EE 0% 34 2
de] Frlz A FF4 2499 dgez 4}

2 o R

Cd,Cu,Zn,Pb(uga/g

factor

Fig. 3. Comparison of heavy metal contents in
barks at each area.

BEc}. 53] o) FgepelA 3] AEe 2ol E
vehy Jht w2 2ol & Rgew, 1 g 1.5
wje] polE Mok =¥ FAILEF o) ¥} wje
Al zAgA viws vE 0% $e A
ol7F vehd g o F gled, 53 sl=go @
ZFollAe 69l ol ol vetlin),

3. A HPK 8l coretiB 42| SF4 Him

HBAHE & WAl e o) 3l
7] WEel coreRAol g AFH9 FFEEY
9 g3AE fsted, o NG URIH cored
HH3le AEEe FF45 g 249 A9:
Fig. 49} Fig. 59 2t}. core?] £A4 % 3d7HY
dAbet FF4-& FAstgont 2AEAR A9
198613 %-€] 199737419) AF-L cored] WAFE
o] wj9- Fo} 5 <l g FAF ),

[AFEA| Ao gletA, Fl=F ek dE 1971
QA 1979 Eekg Aldsiw un Ay o
2 8te %S e, Tl Ads Auky
2.2 coredllA el velyion dRFex zte]
7 vheb ot ARE wikdigict, g E
core®] §FoA L A Jehgeod Az
9] gk Aoz} 714 weo) et ont F3e o
B oS fabslgdcl, olde] M= A
9 ¥EE Addu SR v AFEL el
ded, 79 HAE o § fAlsld 2 o) B
Xolx| ¢kgte},

ARG AN =g do gefelAd core
o F3 Ag £9 =k Alolst wopc).

53] ] oA zlo)s} wol yelyton
Ft= gl corest YB3 AFH =7t o
B-L o) fAbslgoh, Fele) FakolME core
o] Fape] Hbxoz Ftor}, 197193 1992
9 F=E Aesize ko] BFE w)Ssld )
A A A%E Jeigdt. ofd e ey

Table 2. Average contents of heavy metal in tree rings and barks of P. thunbergii at each area

Cd Cu Zn Pb
Onsan aver. (ng/g) 388.365 1825.691 14673.060 3559.717
Onsan 1941-79 (ng/g) 324.327 1574.961 12298.241 2284.064
Onsan 1980-97 (ng/g) 527.116 2368.936 19818.510 6323.633
Gosung aver. (ng/g) 84.536 911.910 6922.195 1581.900
Onsan bark (ug/g) 9.626 5272.606 2636.180 3798.783
Gosung bark (ug/g) 0.966 5.436 19.799 13.258
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Fig. 4. Comparison of the heavy metal contents in circle plate and core of tree rings at Onsan.
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