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ABSTRACT: Heavy metal pollution in soil, such as lead contamination, has become an area of interest in Korea because of
urbanization and atmospheric deposition from neighboring countries. Therefore, in this research, eco-physiological
responses such as chlorophyll contents, antioxidant enzyme activity, photosynthetic rate, biomass and phytoaccumulation
abilities were investigated for 4 commonly used native roadside tree species to suggest suitable tree species to cope with lead
contamination. The target species, Ginkgo biloba, Prunus yedoensis, Zelkova serrataand Chionanthus retusus showed lead
toxicity by significant changes of chlorophyll contents and antioxidant enzyme activities on treatments over 200 mg Pb/kg.
However, biomass and photosynthetic rates only showed significant responses of plants in the highest level (5,000 mg/kg)
treatment. Especially, G. biloba did not show any significant changes of antioxidant enzyme activity, photosynthetic rate, and
biomass even in the highest level treatment. In low level — environmentally realistic treatments, G. biloba and P. yedoensis
showed the highest phytoaccumulation rate of lead from soil. Selecting and planting species like G. bilobawhich have good
phytoaccumulation abilities and resistance to lead contamination by further research will be required to deal with emerging
lead contamination.
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Fig. 1. Chlorophyll contents of plant leaves (SPAD-502 unit) after the lead treatment levels (mg/kg). A) Ginkgo biloba,
B) Prunus yedoensis, C) Zelkova serrate and D) Chionanthus retusus. Symbols and error bars represent meantSE
of nine replicates. Symbols having the same letter are not significantly different at p<0.05 (Tukey's HSD test).
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Table 1. Antioxidant enzyme activities (superoxide dismutase, SOD) of plant leaves 1 week after the lead treatment

(meantSE, n=3).

Treatment SOD activity (U/mg protein)
(mglkg) Ginkgo biloba Prunus yedoensis Zelkova serrata Chionanthus retusus
0 85.7+0.9 72.3+0.9° 67.0£1.5° 78.0+0.6°
100 84.021.2 75.7+1.2° 67.3+0.9° 76.0£1.5%
200 87.0£1.2 80.70.9° 84.7x0.7° 78.741.5%
500 85.0+3.8 86.3+1.5° 85.0£0.6" 81.7+1.5%°
1,000 84.7+4.3 91.7+0.3° 84.3+3.8° 86.0£2.5%®
5,000 90.7+0.3 95.7+0.9° 86.0+1.5° 86.7+1.5°

*The means within a column followed by the same letter are not significantly different at p<0.05 (Tukey's HSD test).
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Fig. 2. Photosynthetic rates (umol CO, m?2 S7) of plant leaves after the lead treatment levels. A) Ginkgo biloba, B)
Prunus yedoensis, C) Zelkova serrate and D) Chionanthus retusus. Symbols and error bars represent mean+SE of
three replicates. Symbols having the same letter are not significantly different at p<0.05 (Tukey's HSD test). (PAR,

photosynthetically active radiation)

Table 2. Biomass (g) of plant leaves per individual 5 months after the lead treatment (meantSE, n=3).

Treatment Biomass (g)
(mg/kg) Ginkgo biloba Prunus yedoensis Zelkova serrata Chionanthus retusus

0 15.8+1.8 9.6+0.1° 12.9+1.0° 14.5+0.1°

100 16.9+1.0 10.3+0.4° 11.9+0.3° 14.9+0.4°

200 15.7¢1.5 9.4+0.8° 11.9+0.3° 15.8+1.1°
500 15.8+0.5 9.3£0.2° 13.141.2° 12.2+0.9°
1,000 15.8+0.5 6.840.1° 12.8+0.2° 13.0£1.3%
5,000 16.30.4 6.4+0.2° 8.0+0.4° 9.6+0.9°

* The means within a column followed by the same letter are not significantly different at p<0.05 (Tukey's HSD test).

AT 840 O HURE Aofstiis HEIL WGk

TcTAAE 2
Aoluhx) gF ol e Holw gtk of Aol ol
=|

o 2= 9It} (Table 2). o|FLpILe] A9 2

oFUIAIEE 500 meke H2E Wl 3

AEAAE WS 4 &0 len v 1 ol Wi Alow wol
et al. 1997) Th2 7o vwsl| & o A2t Z}o] o S} AS 1w AE Yo dgko| Lie}
7t YR Al S RPAE AmEe] ol A= 2B U] Bk SHAIRE thER o] AEolA, PR &
&5 WAL 9E 7RsAdel . Ab} fi2 WEGAAE o] JRRS LheRiE 200-1,000

| ABHOR Q0 HEFL A SYITE AL moke Aol 2] Mol et Ao]
A A5o) o] GFS

7t gl

© A% HoFomH AEs0] TR



H.E. Kim and U. Song / Ecol. Resil. Infrastruct. (2015)

2(3): 237-246 243

Table 3. Lead contents of plant roots (mg Pb/ kg) 5 months after the lead treatment (meantSE, n=3).

Treatment Lead contents (mg Pb/ kg)
(mg/kg) Ginkgo biloba Prunus yedoensis Zelkova serrata Chionanthus retusus
0 1.8+0.1 1.8£0.2 2.1£0.1 1.9+0.1
100 3.61£0.1 4.4+0.1 4.2+0.3 3.7+0.1
500 13.6£0.6™ 14.5£0.4% 14.7+1.12 11.740.2°
5,000 74.0+1.8 75.4+1.8 70.2+1.1 72.9+1.0

* The means within a column followed by the same letter are not significantly different at p<0.05 (Tukey's HSD test).

Table 4. Accumulation of lead in plant leaves (mg Pb/kg) 5 months after the lead treatment (meantSE, n=3).

Treatment Phytoaccumulation rate (mg Pb/kg)
(mglkg) Ginkgo biloba Prunus yedoensis Zelkova serrata Chionanthus retusus

0 1.7+0.1 1.320.2 1.840.2 1.420.0

100 2.8+0.1 2.6+0.2° 1.6£0.1° 1.8+0.1°
200 6.740.2° 6.3£0.1° 45+0.2° 4.9+0.1°
500 9.6£0.1 7.74¢0.1° 6.8£0.1° 6.7£0.1°
1,000 11.320.6° 11.240.3° 7.740.2° 8.4+0.0°
5,000 66.9+0.8" 68.0+1.6° 66.8+1.0° 75.8+1.3°

* The means within a column followed by the same letter are not significantly different at p<0.05 (Tukey's HSD test).
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melo] Fa4 YFS 34 FRRE] o
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A7E A|Z3Ic} Table 32
A% o] o] ROl
o B ‘EP ] Aol FE
= Iy A4LE
2= ARl BhgolA o3t Aol S K
dsiech SN thzto] Eofo] 12.4
mgkg 0]F-SS 7RIS u) 27t Aol A2 &
2agko] WS EOR| Y =rE U 71S b mak
® 2T 0.153, 100 me/kg A 2T 0.040, 500
mg/kg 2T 0.027, 5,000 mgkg AT 0.015
2 nEEg 722 5290 "oz AL o 4
ek el 71E 9TE WE gl A9 RAL 9
7] wizo] Fefol v SA= 7 (KFS 2002) #
A|Ezo] Mg o] Az Ye]&2 o] Y 0]%52] (apoplastic
and symplastic Pb transport) A= 0 2 28510 B
2ol o e Bwr} gerky muEw goit
(Verma and Dubey 2003) £ Lo A= 219 =4
23} (Table 4) H2]9] Z2{2Fo] (Table 3) 9 A&
of BlajA = ztol7} QIQlt). Qo] Baeke wig| o]
o L=o] B (translocation factor) T
0.5-0.1 Ate]e] gk& Holal Ql=d| (Table 5), o=
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Table 5. The translocation factor of each plant species by the lead treatment. The translocation factor is calculated

by a metal concentration ratio of plant shoots to roots.

Treatment Translocation factor*
(mglkg) Ginkgo biloba Prunus yedoensis Zelkova serrata Chionanthus retusus
0 0.94 0.72 0.86 0.74
100 0.78 0.59 0.38 0.49
500 0.71 0.53 0.46 0.57
5,000 0.90 0.90 0.95 1.04

* Values > 0.9 are in bold font.

5} (Yoon et al. 2006; Verma and Dubey 2003)
58 gh Boln gick Belel Fsgo] uls) Aol &
o] AjHOR Erhe AL T AEE0| Halg
Az Ae] 2ol %ohs AL ojufsh=d] (Yoon
et al. 2006) & ALoflA] SFPUY] B9 K= A
TollA 0.7 olFe] ghe Holal qltk Ieal iEE
A 2l4-¢l 5,000 mgkg AP ToME He A=l
0.9 o]9] ghs Holal Ql=d), o= AlE0] o=
9] 0]F& AA|BHEE (Verma and Dubey 2003) 3}
7] Hrh= QO] AR o]Fsl= HIEo| molAl= A
57 FA=EC) (Hall 2002). 0|48 7[24-2 &85}
7] 1Al el thet A% S askA|9 B
Al HE E5ot] Yo R viEsiA B9 ASkE A

= 4 9= A58 (phytoaccumulation) 53 =
S8 Aot 53] ol AEg, AE A%k
Aug 8 E, 1820l Bk A3t 7hsskal
(KFS 2002), 7kl a5 7 99e AT
oBH AAH 0T X&T7HseE g3} AL A%
2 Zoltt. waby Qo] o] FEE FR5) Sl
oA E8 7HsT FESA Fel 2 9y

2
LU 5,000 mgkg 2 A€
oF 2= A2, 53] AR &M e 4 Q=
100, 200 mgkg A2|HflA 7Y w2 EO F5-A]
2 =8 o 1 Q). wela] AR 722}t Alo]
oM £ s B Aoz
of 9= W wkol A 23T o

o

4
oy M
o,

ﬂ’;go
HE
T
T
. 1o

o dlo it
o
N

0R £& F4EHE Ho|u glov] oY
9 AFEOAE A e F45ES Holxg

5,000 mgkg HeTHE 7V S Br5S W
ol3 glck B QA7 24 ofse] wBololx] A4
ARSE AAEE ol T AR RS £5Y
29 Bl gerd 7RsAel itk kA B
89| 539 oo M EHS vl F1 £
2 32 47} glol lZo] 5T TgAW B A

;

O__1>

(o]

AN AHHOE 52 7HeAE 2031 9IS o]
th olefat | B4 elo] G 7kESE AT U
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4. A =
A& J240] A2 100 mgkg ] Tol|A= T
2k} 2fol7) Glat gpaksl mAo] H-ow ojEht

HE ALJstale z2to|7F §lom F3AdE 500 mgkg
olstoflA] zfo|7F UERA] o= A 7HetstH AA|
2 g FEe] AR A= B Fe FE7t 100
mg/kgS AA] FobA tiEe] & A & A
7bE7) & Ao R Btk vla P ES A E
¥ 7EE AES 702 120 mgkg ©]7] 4
=ofl (USEPA 2005) HHFA o 2= W= 504 &
EAZE G AoE HRIt AT tf7] 5 B3
A& 21 Fa4 F2o] dojdridrl, o 29
A= A7 E 4 A3 7HsAdol 7] wiigol ol
g AE ety Ut At F Follale
7S o 4o dinlsly] £ Foletal 3 4= Qi
E3E vl=r S RIHO 27 gt EU H 7Y
7d% 11 mg/kg, Z752] % 56 mgkg - A<t
St A= Hato] 35 mgkegs W2 2T w9 &
2 (KOSIS 2011) o]n] =2 S=<=olz} & 4= 9lrh
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