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Accumulation of Heavy Metals(Cd, Cu, Zn, and Pb) in
Five Tree Species in Relation to Contamination of
Soil near Two Closed Zinc-Mining Sites*’
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ABSTRACT

This study was conducted to evaluate heavy metal concentrations(Cd, Cu, Z, and Pb) in the soil of
two zinc mines and to correlaté heavy metal contents between the soils and trees growing near the
mines. Soils and leaves, stems, and roots of five tree species(Corvius heterophylla, Pinus rigida, Po-
pulus albax glandulosa, Rhododendron mucronulatum, and Robinia pseudoacacia) were collected from
Sambo Zinc Mine located in Hwasung and Gahak Zinc Mine in Kwangmyung city in Kyonggido. Soils
near two zinc mines were not seriously contaminated by heavy metals, but Zn and Pb concentrations
were at toxic level. The heavy metal concentration in soils decreased in the order of Zn, Pb, Cu, and
Cd, and decreased with increacing distance from zinc mining sites. Among the five tree species,
Populus alba* glandulosa showed the highest heavy metal concentrations in the tissue except for Pb.
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Particulary, leaves of the species contained the high concentrations of heavy metals to reach the max-

imum of 91ppm Zn.

The roots of Corylus heterophylla contained high concentrations of Cu and Pb.
The order of heavy metal concentrations in the tree species was Zn, Cu,

Pb and Cd. The concentra-

tion of heavy metals in the tree tissues showed a positive correlation with that in soil in which trees
are growing. The ratio of heavy metal concentration of trees to that of soils(concentration factors :
CF) was highest in Zn and lowest in Pb. Populus aiba~ glandulosa had the highest CF value among
the five tree species. It was concluded that Populus albax glandulosa, based on the high metal uptake
ability, could be used for decontaminating of heavy metals from contaminated soils, and Prnus rigida

could be used to reflect the level of contamination in soils.

Key words : Corylus heterophylla, Pinus rigida,

Populus alba x glandulosa, Rhododendron mucronula-

tum, Robinia pseudoacacia, decontamination, concentration factor
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Fig. 1. Average concentration of heavy metals in

Sambo(A) and Gahak Zinc Mines(B)
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Table 1. Average heavy metal concentration(ranges in parenthesis) of leaves, branches, and roots for

five tree species at Sambo and Gahak Zinc Mines (unit : ppm)
Site Species Cd ‘ Cu Zn Pb
. . 0.74" 11.2%° 50.56% 2.71°
Corylus heterophylla | 13.'9 37y (5.31~17.37) | (15.84-79.78) | (0.19~7.03)
Pinus vigida 0.95” 9.31° 44.88° 7.83°
Samb & 0.07~-3.65) (4.20~23.12) (23.23~92.87) | (0.89~58.16)
dIMpPo - :
Populus alba > 6.44° 14.14° 68.20° 3.10°
glandulosa (0.1~19.7D) . (4.20~35.20) | (37.37—96.24) = (0.95~-11.33)
Rhododendron 0.46° 9.21" 46.01° 247
mucronulatum (0.23~0.78) | (4.89~21.10) | (16.44~73.93) | (0.58~10.19)
o 0.64" 31.5° 59.17%* 13.63°
| Comvlus heterophylla | g7-1 66) | (10.83~84.29) | (31.70-74.92) | (4.14~81.20
Pinus rigida 0.67° 10.84° 50,22 3.80°
s g (0.54~0.73) | (8.32~14.30) | (41.10-536.61) | (3.69~3.94)
Gahak Populus alba < 1.62° 23.61° 71.49° 4.45"

B glandulosa (0.66~2.96) (12.34~41.58) | (61.03~79.40) (3.27~5.79)
Rhododendron 0.38" 18.82" 53.62° 4.92
mucronulatum 0.12~1.30 (7.31~41.34) (35.55 ~71.68) | (2.52~9.04)

Robinia pseudoacacia 0.81" 21.51° 58.09" 8.43°
| (0.11~3.93) (7.00~56.44) (25.67~78.98) | (3.11~49.19
* Means within the same metal with different letters indicate significant difference at p=0.05.
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Table 2. Average concentration(* sd) of heavy metals in leaf(L), branch(B) and root(R) of five tree

species at Sambo and Gahak Zinc Mines. (unit : ppm)
N . Plant . |
Site Species parts Cd 3 Cu Zn Ph

Corvlus L 0.34 + 0.20b |12.0 + 2.65a | 43.20 +15.45a 3.09 = 2.58a
heterophylla B 0.57 £ 0.42ab | 9.72 = 0.69a | 51.29 £24.04a 2.41 + 1.57a

R 1.30 = 0.84a | 11.98 -+ 5.21a | 57.20 =29.89a 2.62 + 2.95a

L 0.71 = 0.75a 9.20 + 2.39a | 47.37 *+18.47a 2.54 + 1.53a

Pinus rigida B 1.37 £ 1.57a 8.44 + 2.27a | 45.83 t19.72a 2.22 * 0.91a

Sambo R 0.76 + 0.96a | 10.27 *= 8.68a | 41.43 *+34.31a | 18.73 = 6.79a
Populus L 110.79 + 9.05a »20.74 +11.83a @ 91.00 ¢ 5.61a 3.16 + 3.00a

alba glandulosa B 2,99 4+ 1.89a . 14.73 *13.90a | 50.06 +10.47ab| 1.74 = 0.80a

R 6.28 * 6.2]a 8.60 = 3.70a | 64.70 +£20.54b 4.07 *+ 4.04a

_ L 0.35 *+ 0.14a 9.42 = 1.28a | 49.33 *=14.06a 2.31 + 2.54a
5:“‘("2%52’; B | 0.51 « 0.22a | 10.16 * 7.46a | 37.37 +24.46a | 1.65 + 1.48a

’ R 0.51 = 0.26a 8.05 + 3.3la |51.33 *+19.86a 3.46 + 4.49a

Corylus L 0.41 + 0.14a | 22.17 + 9.10a | 52.68 * 5.4a 5.58 = 1.28a
heterophylla B 0.65 * 0.28a | 18.06 *+10.09a - 70.13 = 1.88a 4.91 + 0.81a

Y R 0.87 * 0.7la | 54.28 +38.49a | 54.70 *21.74a | 30.38 *= 4.05a

Populus L 2.06 + 1.27a | 40.01 = 2.22a | 78.44 * 1.36a 4.87 = 1.31a

alba> glandulosa B 1.80 + 0.74a | 16.24 = 5.51b | 69.74 * 3.59a 3.68 & 0.57a
Gahak & R 1.01 =+ 0.49a | 14.58 * 2.66b | 66.30 = 7.4ba 4.80 £ 1.24a
Rhododendron L 0.19 ~ 0.06b | 13.13 + 1.65b | 54.04 *+ 9.8la 4.21 = 1.25a
mucronulatum B 0.97 + 0.0%b | 14.84 *= 6.26ab| 60.85 * §.53a 4.98 = 1.0la

R 0.67 + 0.48a ! 28,51 *=13.81a 45.95 * 9.74a 5.59 + 2.37a

Robina L 0.66 *+ 0.58 | 15.70 % 4.63a | 60.13 +21.72a 4.19 *+ 1.15a

" pseudoacacia B 0.59 + 0.58a | 23.00 —22.42a | 58.10 +£22.96a 5.80 + 2.23a

} ; ¢ R 1.18 + 0.84a | 25.83 =21.39a | 56.05 =19.6la 4.22 = 0.51a

Table 3. Correlation coefficients between heavy metal concentration of soil and that of plant tissue in
five tree species

Species T* Cd Cu Zn Pb
Corylus heterophylla 0.31 0.52* 0.53** 0.19
Pinus rigida 0.88"* 0.72* 0.88" 0.53
Populus albax glandulosa 0.83** 0.38 0.28 0.77**
Rhododendron mucronulatum 0.21 0.45* 0.60*" - 0.57*
Robina pseudoacacia 0.87** 0.47 0.40 i 0.59"

* means statistically significant at 5% level and ** means statistically significant at 1% level

4. 1% E&B MK EEM REMS 48 9wl AAsE Cust Zn ZFeIA wlE
LT d e e woFelrh, §3 vlnadre
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Aag dehged, Cde Sldavk, WA & FESE ARH. Pbe @i, A
G, olrbAb el e 4 4w vk A, ANl o) > e o
Cush Zne el Ashbs, elvlehaky, A% wd Je e warh Bepel sl F35 BE
el el AFe drhitdl, e AhbE = AEede] FEE wRs S ¥ 4U
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Table 4. The ratios of heavy metal concentration of plant tissue to that of soil(concentration factors :

CF) of five tree species

Species Cd Cu Zn Pb
Corylus heterophylla 052150 | 049159 | 0.5 0.3 0.08-0.69
Pinus rigida W16 | 0517 0sBmw | 080
Populus albax glandulosa (s.aflfigg.se) ©.97-21.40 (o.sels(-iisz'?.om (o.ogfg.m)
Rhododendron mucromddatim | (0 6% o0) | (0,35 .50 | 0.48-50.00 | ©.07-050
Robina pseudoacacia (1.4§f§.78) (1.4? 31.42) (1.4542180.59) (0.393%.40)

Boldl, 714 F& ARE Role AL In,
Cd, 2l Cuz (.884, 0.883, 0.8759 Ata
A4E RFgloen, Pbd wiad & A%
r=0.517)¢ Jehlie 7oz 233G H(Ross,
1994). ¢lgjdt Ade B FIFH9 Fxs)
Al BN FF4 5o g vXT gL&
R Fe),

Chamberlain(1983)2 A &4 W9 F34 F=
2 Eofi £34 FE A[TAFE dohir)
Ao M EH EFe) FF<4 FZ¥)(Concentra-
tion factors : CF)& o]4-3l4i},
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Fig. 2. The ratios of heavy metal concentration of plant tissue to that of soil(concentration factors :
CF) of five tree species growing at various distance from main tunnel of zinc mines.
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