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ABSTRACT

This study was conducted to evaluate the heavy metal content (As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn) of
forest soil and of Lonicera japonica and to understand the correlation in contents of heavy metal
between forest soil and L. japonica near the Onsan industrial region. The content of As, Cd, Cu, Pb
and Zn was higher in the industrial region than in forest regions, but Fe, Mn and Ni content was
higher in forest regions than in the industrial region. Among heavy metals, the content of Cd, Cu, Pb
and Zn in leaf, stem and root of L. japonica growing near industrial regions was significantly higher
(p<0.05) than in forest regions. The content of As, Cd, Cu, Pb and Zn in L. japonica tissues showed a
positive or negative correlation with those in forest soils. Correlation coefficients of Cu content
between forest soil and organs of L. japonica ranged from 0.93 to 0.99 (p<0.01). It was concluded that
L. japonica could be used in heavy metal (Cd, Cu, Pb, and Zn) decontamination of forest soils of
industrial regions. ’
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Fig. 1. Location map of the survey area in Onsan industrial
complexes.
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Table 1. Description of investigated sites
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" . Slope Alt"! Depth of A Depth of B Dominant
Site Parent material Aspect ®) (m) horizon (cm) horizon (cm) vegetation

A Hornblende Granite NwW 22 30 3 26 -

B Granite Porphyry NE 40 82 5 34 Pinus thunbergii

C Andesite SW 18 88 5 26 P, thunbergii

D Andesite S 17 77 6 28 P, thunbergii

'A: Kyunggi Chemical Co., B: Mt. Oh, C: Mt. Dolbak, D: Mt. Tacbong, respectively

"1 Altitude

Table 2. Chemical properties of forest soil in investigated sites

. pH EC OM. TN. Av. P05 Exch. cations (cmol/kg)

M mo)  @m % %) mgke) Ca Mg K Na

A 4.03 0.12 4,49 0.15 204 0.74 0.27 0.19 0.03

B 4.14 0.05 5.17 0.16 27.1 1.36 0.54 0.52 0.04

C 4.29 0.06 321 0.12 31.8 142 0.77 0.49 0.14

D 423 0.04 5.52 0.16 38.7 1.74 0.75 0.44 0.19
23 (Inductively Coupled Plasma, Atomscan 25, 2 3733} HA8E-2 Eqk) FUsin] 3ukE2 4
USA)E S48t Alstsct.

23. Mg 24 . 2z ¥ 0

HEA Age B AR 3R G AR Yo
A a1 HFOE E¥3lL Je JTHEES AE 31 ARIEYS S5 #E
2 JduEignt. 84 £4E 4% idEY IsE LAY AEAY HRHEY F %‘:L <(As,
2 ERNFE AFT FAolX 327 plotE AXIEF  Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn) &S Table 3

l

o o - E7] - FeE FE3}A fresh sampleS 515}
Aok A g AEA Edlo Bo] gl BAS
AAs) 98l 28] FREH FHTE 33 A F
AZIZ §0°ColA 12AZF AFANFA BAE T AR
o] 4319.2H, tenary solution(HNOy:H,SO,:HCIO=10:1:4)

& olgdlel gaRe ¥ FRAY Fezr) B

=

[

o] epidt. @A SevetelA E%&‘”‘«l 7¥Eel
= F24& e7l(Cd, Cu, As, Hg, Pb, CnE A
Aol =], & ZAIME HgE Al9J3E Fe, Mn,
Ni, Zng F7Ho2 FA31
FEEEE AVEY UA As R FuA|Go]
2.7 mg/kg, AFHA|Ho] 0.8~1.5 mgkgE #A 301 &

(Inductively Coupled Plasma, Atomscan 25, USA) ©x|do] AFx|DRT} fo)Fo g =g ks 1}E}
Table 3. Average heavy metal contents (+sd in parenthesis) of forest soils around Onsan industrial complex (unit: mg/ke)
Site’ As Cd Cr Cu Fe Mn Ni Pb Zn
A 2.7a 1.5a 0.4b 594a 153b 112b 1.4b 38a 191a

(0.45) (0.24) 0.11) (41.9) (19.7) (18.4) (0.41) (5.08) (21.3)
B 1.5b 0.2¢ 0.5b l6c 187b 155b 1.7b 13b 28¢
(0.24) 0.11) 0.07) 2.4) (24.5) (29.4) (0.29) (2.44) 3.7
C 0.8¢ 0.7b 0.3b 23b 71c 362a 3.1a 5¢ 112b
(0.18) (0.12) (0.13) 3.1 4.8) ©1W)) (0.83) (1.91) (14.2)
D 1.3bc 0.2c 0.8a 10c 244a 133b L.1b 10b 21d
(0.41) (0.08) 0.17) @27 (31.9) (21.2) (0.17) (1.74) 2.8)

*Refer to Table 1 for A, B, C and D of site. Each values represent mean of seven replications. Means with the
same letter are not significantly different level at the 5% probability by the Duncan's multiple range test.
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Wit Cdel 739 FEAG] ACE71818h ZAF
Al 1.5 mgkgQE AFEAY] BRAY, CE¥, D
BB ZAEE] 02-07 mghkg B & Ao
FAEACE Bowen(1979)Y% 2GR ok AHHAES
9] Cd ¥ 035 mygkgoldk Bg vl glom,
Alloway(1990)= H| QGRS AHHEUL BE | mg
kg o139 CdE 3Tt Baugh vl gtk B A}
291 &4F FAGe Cd FEke oK} o wil
B R AR Aol Eded 87IE(Cd 1.5 mg/
kgl 3= ZoR Hol FRA|Y] cd ¥ H
He Rew vepidt cde B Helld 713 olsA
o] & 2% 5 3hjol=Z (Alloway and Jackson, 1991;
Schmitt and Sticher, 1991) FHA|YoX ] Cdo} F
Efo]] thaire A|&AQ] Bo] B Ao 4%
T} Cr &% D RAE AP Fux97 2]
AE 7l o491 Alole VERA] 9)th Cu &
ZFe TR Ho] ARARGRT 26~608] HxL] T2
S vehdo} A4l kol cwl 2AEY A-E
Ao FA=o] v AoE EAHUCH, Lee and
Koh(2003)0] T4 B9 Cu 3R JX]A|Hoj
HIsl froj¥ o #& RS Uehidite Bare) o
At FH ARG Cu F310~23 mgke)y
B QEEYS] Cu T 30 mgkg(Bowen, 1979)¢]
A el le Aog EAEUTE Fe T2 AHRIAY
2 DS} B A FRAYRT 52 sz By
Haitk. Mn e ARG ¢ AT R &
O™ (362 mgkg) AHBAGR] B, D FAFEE FHA
o ZAFEY 22 & Mn S UEhigieow
FrfH 2ol epA] ettt o AL &4t F
W AEEY] FEE BA0A Mn 3R 30
AGET AEAGA AN o =4 ASHATE B
3l(Lee and Lee, 1995)9F fAIGH Ao=E Jelyhor}
2835 Aol viEiMe olF I UA AR gt
Ni g2ke A=A ¢ A} 3.1 mgke® 7
=2 TS ey} FEA90 A A A
HRHQ1 B, D ZA e f2l&<l zpo)7t v}
UA) estth 398 A ZARES] Ni $HeRe ot
9] 10.8 mgke(Kim er al, 1998, 1999b) H.T}
e Fo g PAE oY, AHRIXGL kX)) F
EEY T Ni &% 1.23~1.52mgkgKim ef al,
199927 AR %S Jepiitt. pbe 299
38 mg/kg 2 AFEAYY] 513 mg/kg BT} FolHos

F£& FFE eI FEAG A 24 Pb
e 2T AFAGY EF F Pb ¥ 39~
67.6 mglkg (Lee and Lee, 1995)R U+ Tha W&
Ao & et Kim ef al(1999b)2] A-gdt 3
Wol Bk 2 pb T 42 mgkg T RIS o)
Aot Zn T FEAEA A A 191 mg/
kgE 71 & S Jepigien, A9 ¢
ZA7E 112 mgkg, B D 22X ZH2F 28, 21
mgkgC 2 FAE0] 7n2 Z2 AHX| ol st}
T ZARl wet Holrt A% AoE el

3.2. MEXN | B35 &8

£ 2o EEs 2 SR} B8 ¥
FEAEQ QIFHEY o, e, 7] HEE& A8t
o 713 FE& T HIUS 0183l AR
7] frolide #4931 A Table 49} 2Tt

TEEEE AuEE UA Ase A3 o) e
2 ZAN Rl fo)3Q1 Aol7h ehA] ekghon,
Z719 olME FEAYGA A A 4.6 mghkgS
2 APAYGQ B-D ZAMEY] 1.5~2.7 mgkgHrt &
o8 Fe IS EMIT Cde JTFZe]
%, £7), 2] R FEAE] A A TE
ZAFO) Bl8| felHes wo kS Rtk A
AGel X 2t e DeEEe] B cd e
TR AfolE eriA] ekt Crd Yt Halol g}
oA AgA|o] FHRAHHL} FojFoF B Cr ¥
Fe BAh Cue 5P EY BE 9o A =
AFEEFEAIG YT 229~596 mg/keE B~D ZAFEAHY
A9 10~33 mgkgHet Hdl 60 A= ¥ &
Z& JePQIh Fe A3 £7] 29oMe 38R
&(526~634 mgkg)°] AHER]%(75~366 mg/kg)H T} of
F 2 TS B e B9oxe iz AR
A1%(220~292 mg/kg)e) FHA (144 mgkg)Eth &
< o2 Yelth Mne AR Sl zPAgstaL gl
T UsHEY ko) FHEXHM Aske ARt
FrojF s wA veben, 2P ke A, 271,
Bz]o] ot} Pbd Znd FEAYR! A FAI}
AHAGQ B-D RAED fFojH o R 2 T
AT H91E P P FVA A B, ),
?, 99 wollon, AbAGME= B} D FAM
7 e, o, 2719 o2 Jehgtt J15dzEe] B

AE 7n TS FEAHL F7], e, ol Fol
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Table 4. Average contents of heavy metal in leaf (L), stem (8) and root (R) of Lonicera japonica in Onsan industrial complex

(unit: mg/kg)
Site*  Organ As Cd Cr Cu Fe Mn Ni Pb Zn
A 34a 3.9a 1.8b 229 634a 135¢ 4.8a 24.2a 658a
B L 3.0a 1.1b 2.5ab 18b 140c 362b 4.1a 4.6b 69b
C 2.6a 1.0b 2.6a 14b 212b 452a 3.9 5.0b 71b
D 3.2a 0.9b 33a 13b 83d 167¢ 3.7a 5.6b 45¢
A 4.6a 6.8a 82a 596a 526a 95d 10.6a 47.3a 825a
B S 1.5¢ 1.6b 4.5ab 13b 150c 240b 3.4c 2.4c 118¢
C 2.7b 1.7b 6.6b 14b 366b 419a 6.5b 6.3b 155b
D 2.5bc 1.4b 3.2bc 10b 75d 171¢ 3.6¢c 3.7 76d
A 32a 3.3a 27c 247a 144c 57c 4.4c 33.0a 804a
B - R 32a 2.4b 11.5ab 13¢ 292a 240a 8.2b 6.9b 287b
C 3.5a 1.4c 11.9a 33b 259ab 187b 11.4a 7.3b 250b
D 34a 1.3c 8.1b 13¢ 220b 147b 7.4b 7.2b 228b

*Refer to Table 1 for A, B, C and D of site. Each values represent mean of five replications. Means with the
same letter are not significantly different level at the 5% probability by the Duncan's multiple range test

om JARAYL He, £, Y] w02 & I
< HYth Cd, Cu, Pb, Zn9] 73, AEA W9
AA] 34 F=9 Hee Cd 02~0.8 ppm, Cu
4~15ppm, Pb 0.1~10ppm 28] Zn 8~400 ppm
AEolRoss, 1994), T4l 299 EGoIA 2}
= A8 W9 $54 =< Cd 5~30 ppm, Cu
20~100 ppm, Pb 30~300 ppm ZZ|IX Zn 100~400
ppmoE AR lti(Kabata-Pendias and Pendias,
1984). FEA| Gl A ZAFoA ARSI Y= A%
g9z 4, 27, ¥ Cud} Zn FHS I
229~596, 658~825 mg/kgZ H-4iFlo] b}
H AR HollA] 2P Qe IFHES B U
Cudl Zng AEAe FRsk e AoE VERt
o} E3F Markert(1994y= 1A Mn, Fed] §F
£ Z}z} 200, 150 mgkgoletal Bl ul g=d,
2AFHAY AFYPF Mn, Fe ¥ Z+z
57~135, 144~634 mg/kg O 2, Mn e dubzAdH
o} Wgkon) Fed WnkrAdnn 2 Zog BAE
otk 3 ARG QoA Fe FrERe Eevt
220~292 mg/kg L& AvkRART} EQtoy} Y3t Z7)
HoloMe F3ig Zado] vERtA| e4gke™ Mn &
2R D ZAFY) dukpAET Yo o g vehgt)

215A4] WollMe] F35 T He>AUriA>27)
o] o & Yepm, B9 A LA £
3h= Zn, Mn, Ni, 7|8} Bl | Bo] ¥}
= Cu, Cd, 1831 70l For gl gifEo]

E¥3l= Pb, Cro2 83 ul QJti(Adriano, 1986).
JEHFe 7| F5& FHFE Cr, Fe, Ni, Pb,
Zn®] 7% Bel>Z7)>9, cde E7)>%E>9, Mn
& P>E7ee ¢FoF e} Zn, Mn, Ni
Pb, Cr 52 Adriano(1986)2] X9} Axjsh= 7Agk
< BPr} Cudl Ag FERGoMe E71>4E>9
9] oA AR oM A F oz -S> &
718) &0 2 ERGTE Cd, Cu, Pb, Zno] 2184 3
9 3}2KS Han er al.(1998)2] olAmlsdAl = 2]
o] FE Fad e AES uet 1 A7)
t2vke Bislke Adold Fom Jeith g
Cd, Cu, Znol N3 Jung et al(1993)°] o}HF4t
Fol] 2MYEhs opYAE (@R, arke), WX, Euk)
o] AEA B9 5 Tkl dish dFelA Cd
£7], Cuc ¥a], Znd B9} Q9] o] Erim
Hargk uf Qrh ole} Zo] AEA R FF&5 ¢
Fo] OE AL AETY F313 549 xjojnt o}
U2} 3743200 weihs 849 34 F59 7
8 E4o] gepA]7] wfER] A o2 g€t Baker
(1981)¢} Punz and Sieghardt(1993y= AAI} H& &
FEIHS 7RE A8 A4 E(accumulators), A1
Fo| F3F& o) EY 7 g vlEEle A8
ZIA| S & (indicators), X3RS S5 e EYY
stgal BAIQle] YASHA B AEL A E
(excluders)2tal H gk vl i}, ARFHR|G(A &
AR QlFEEe B AToA E4E EE SEE
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(As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn)d] o3l ]
R3] & oz e S AER] Aow %
BE S

33. SN MEH| L] S35 kol Aa|
23 A AHRIEYT QITHEE o, &), B
o] 71 FE5 R ARWAE B4g A
Table 59} 2T} Cr, Mn, Ni 52 A3 234 o
A BEY 7 g AsEE AEA 71w g
el Ao ABe 7HAE ASE e AsY
$- Q3 E7Me 242 r=0.783, 0.833 (p<0.01)2
2 A% A9 A9s Jeridou Beldxe 2o
A (r=-0.754, p<0.01)& 7HAE= Ao= BAEch
Cuc £ 7oA M F55 FolA B A&
A 7 2l P s B dRs e
Aoz Ut Fed] A9 E7104 Fof A
(r=-0.608, p<0.01)S 7}, U7} HaloMs EF
% Fe I3 JAaAr} 48sHA ¥ Aoz v
Stk Mt Ni& ES 5 5853 2184 119E &
ZF olle T8 AP} gle Ao EMEge,
Pb BIA & Ao ATr=0.671~0.814, p<0.01)
& BT Znd Z7)9) Belxe o AT
(r=0.657~0.711, p<0.01y% HF o} Yol Faish
TAY ERI=R] gttt olde] A= Cd, Cu, 7Zn,
Pbo] 7%, EYE 5 2A W] TS5 T ik
9] zlolE Slovt giFE Aol e 7FIths Han
et al(1998)°] A} dx|sl= FHoE Ueldo) 1
2|3l Zn, Cd, Cus EYY $55 35 8004

Table 5. Correlation coefficient between heavy metal
content of forest soil and leaf (L), stem (S), root (R) in L.
Jjaponica

Lonicera japonica

Forest soil

Leaf Stem Root
As 0.783" 0.833" -0.754"™
cd 0.537" 0.582" ns
Cr ns ns ns
Cu 0.958" 0.986" 0.929"
Fe ns -0.608" ns
Mn ns ns ns
Ni ns ns ns
Pb 0.703" 0.814" 0.671"
Zn ns 0.657"" 0.711"

ns: not significant, ““significant at p<0.01

o] Fadr TFE 088 AFY w2 S /A,
PbE r=0.522 AjFoz o AHS Jehite
Ross(1994)9] Ri1obe AX|3h= oIt Cu, As,
Pbe] EY T i QewE 355 o= 1o A9
e EYY] 55 go] A8 U] S5 ol
FEE PRITE AL BT Ao|1, o= »ly Uit
W EY 3 235 Q= TFES 5 280 §
T8 F v AL Yujshs Aotk BEY T T8
FFAR= A8 g3 SAoY EYxA B
oz O ok QS ol I EEe S5 e
ARMEYS T g £ AHS RAFo 2 EY
o] QABEE WA 5 = FLOE o]8d F 3]
S 7o FATL B3] Cu, As, Pbo} e E
& 2950] e AGdl i AEELe 9
S ASEE o183 F AUE Ao AlgHn)

B AR akgds) o] I e U8
e Ao A AF7RE F2 71l <3t
FEo| ssjolet o] RHA ghor} tlr|edER
9] A&HRI A U2e] felo= Qis) 2Ays)
© ERMs) a2 B S} AlsiaE 9
FARICE A8 = S Ao FHHuZ EY)
A3} 2] wslel] tigt F71HQ] Tdo] o] FoiA
of & Zlojct. mgt, FuA|dH o] Tl o
Ededo] $ise AGoME 2eid x|l tigt
Wdo] 3%t 28-S o835 IFAHN Hiries &
Hal7) PRiMEle 58 o183 254 5l B
g A7t ASFHOE o)FojFol & ZoZ AR
L3]=3

=
Fe, Mn, Ni, Pb, Zn) &S H48ln ANFEY
AEARY S5 e JATAE sl J24
B JISHEE FE5 L9949 EY 3 2 A4
Bl tigt 7)1z A5E AFshetl] o) gtk E
*FE4 F As, Cd, Cu, Pb, ZnS FTEA|Fo} A
PAGHT} fojFoz o TS vehd ¥ Fe,
Mn 2 Ni &S AHgR|Ho] FHAGRT} feojFo
2 F& Aoz Uehgtt $84 F Cd, Cu, Pb
Zne AFPI ¢, 7], ¥l UM FER|Hd)
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AN Ak AEA1Y Tl AHAe Feku frof
Hog & A0T vEhgth AEWY As Cd,
Cu, Pb, Zn 335} ANz 7138 ke =2 A
9] 2 §o g BAFen, cwt ARIES
AsEE 713 el 0.93~0.999] 71 =& A
TE EhiSIT e AEAY R W 22 F
4 FE JRESHS 5 AWATE 1ElE,
AFFEL FHAYF o] F54(53] Cd, Cu, Pb
S} Znpll ¥ AREDIAN FAER 0188 &
Vg Aoz e}
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