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Changes in Concentrations of Nutrients and Heavy Metals of Plants and Soils
in Rain Garden Systems used for Non-point Source Pollution Management
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Department of Ecological Engineering, Pukyong National University

ABSTRACT

Recently, there has been increasing interest in the use of rain garden systems as environmentally friendly ecological
infrastructures for controlling stormwater runoff and managing non-point source pollution and information for the
contamination of soil and plants can be essential for sustainable rain garden management. In this study, four rain garden
mesocosms, namely single species planting with Rhododendron lateritium, single species planting with Zoysia japonica,
mixed planting with R. lateritium and Z. japonica, and control without plants, were tested to investigate the change in
concentrations of nutrients (N and P) and heavy metals (Cd, Cu, Pb, and Ni) in the soil and plants used in the rain garden
system. The presence of plants resulted in greater nutrient retention in soil and lower potential leaching from the system.
All systems showed an increase in the heavy metal concentrations in soil. The concentrations of most heavy metals were
found to be higher in the herbaceous plants (Z. japonica) than in the shrubs (R. lateritium). The belowground part (root)
had higher heavy metal concentrations than the aboveground part (leaf) but also showed a potential increase in leaves, and
hence, careful plant management should be considered during rain garden operation.

Key words : Stormwater runoff, Ecological infrastructure, Heavy metals, Nutrients, Mixed planting

1. M 2

22 BAS 9% BEFFY e B9 A S

ANE 9 B FAR e Zebeha 3
$ 5l TR =4 eY BAS oz Ay

FLEA Bk w2 A A5 A

A% % WE
Z

FEotsl= Ay oz FAEAl 41ZksE oF FES- v
Z|A Ft}(Ferguson and Suckling, 1990; Davis et al.,

]

o
A

e

2001). 3t EFFSO] 7k A9 Al 20 EY
FoHA] Hstar, Aol AlFshke ARME 4s]
ol A9 H7Vdolu Aslrslelle s 73
THBalmori and Benoit, 2007).

F2 BRI NBe Al Bl Bol %A

PN
T

*Corresponding author : ksung@pknu.ac.kr
A5 12012.5.18  AAFY :2012.8.31
o] gl E9f :2012.10. 31 7}4]

27

o3 2=

A g Al B{ped 5 AR Ao HAE =
FRI7 e /LA G HIHeAEA H7hS 98 HH#
HBMP)OZA T3 TA] AP HLIDYS g
AelEet dijkes F8rbsdol Hxk S7HE
(Dietz and Clausen, 2005; Dunnett and Clayden, 2007).
nlEs fedE ol edaRE MRednn), ®
A B 2B N, ARANA AT 5 O BHe o
A7) Astel AkES] TR A7t Ao of
" 245} sol Aol Hgd ARIE STk 9

(Wossink and Hunt, 2003; Hsieh and Davis, 2005;
Erikson et al., 2007; Davis et al., 2008).

01__
Py S

Fhel A FHREFS FESHOM 35 Be
B3 A7 F2 FYsO @Y 9 2003 W

AAEeld :2012.9.3



28 225 .

T - FAE, 2004, FATF S, 2007; FA|E - olElE,
2010), HRV7M=H FARE Y] ATERA S5} 4
88 B3 S 7F 540 B AFEIAE 2, 2008;
TR 9, 2009)0F EUS o83t vlo] g IS o]
B8 A= AYE&ET 2, 2009; HAA £, 2010)
5ol F3E v} e}k whde] FrkEY] FeE o
A FE AT K8 BIE Al HEFAN] -9
914, 2007), WYEHZE(Carex spp)2t HINU|H (Aster
koraiensis) & B8 &3 HWVke A8 H7He]
FAH Y, 2009; oIFF £, 2009), HI7R=o] Alet
= 9 AR el vAe 2REIT - A7,
2011) TO2A] ERI7FECIAMS] 2lEolu EYre] 2.4
49 FHjol A3 A= oF Bl o FolR|A] kTt

#I7RET Zo] AEAARA el LAEDS Ed
Bl EAllshe nAEeld A ofste] A AETHSung
et al, 2004). 2152 EYol| Y9 LH9E54S A 5
AV ERPEE Bot AFs|E gt mEgk 2 v
AEo] ks SXNA QFEHe] Belg =91 =
AR FEE T fErs A 7IAY 298 E
9] o)FS AAAFN7I= FKSalt et al, 1995; 1998).
|eFEZL] A A&l st A FrEe 2 4
RF 5453 o] BB 8VFsEr =& FUIe9ER
o] 73 AEol oste] FrEo] AAE 4 o] (Sung et
al,, 2001), EIRV7IEoMA ke A S5 4=
A& A F58t] AAT = AUtk dI7RENA Edel
FUE = FFEAY BelEA e edEde B
52 =AU Bl EAeH SR fEEA] e Al
7 Wl B2 = k. olefgh HI7 k=A<

QA A FUTE 08B B4, oaEa

NN

.

|
== ar =0, H= =
, EF] Eisiebd 549 2L e dT EYEA,
Ao o= AT AT 5 A=5A4, -2
o} AFARY T WhEEol| FEFs A "ok

HelrkEe] F2 EAAL] HE5E RS el
489 Bt 429 © 5
dl vhs Fed 8271 8 4 ok ARAN 0QEa)
ST 53] A FE w2 49 9
G ke Bl AlgEe
7] Wk, AR AIE BeE e Arse F
2 A9655 B9 092 A ol Feo) 441
Hglome Yerkes 9 ) AAH A% 24 7}
S0 iE AT ofd s vl gk wep B A
TolAE A RES SRl gl B A @
@ AAS B W3 Bade] BBk delkEd

i to

J. Soil & Groundwater Env. Vol. 17(4), p. 27~35, 2012

371

M

AAs) Pelo] BT 5 A= sha deh B A7
A3l ARG TR AR AEsE RS 5
Sl wlekee] 84S ol 7198 5 e Ao

2 7|Et

2. Mz o uh

2.1 AE Ex|e 743 2A

dI7IE A olaEe o83t 7IE 04m, Al
2 04m, =°] 08me FAVE AFsld ALgsIT
15cm A2 AF2=3} 30 come ASESEoZ 7S]
Fom EGFAYAE S5t EGTT ALT Aold
2mme] ERES ARttt A5 ool 397t
HAFENE BlE A5 GANA A&HoZ A|2=H
MR 5 IFAIN7] Sete] EYS el 35cem
o] ofalE ZheF SIATHPGCo, 2007; 285 - 71,
2011). APT9] sRtole FE75 AR5l Az
Al o] HIRI7kEdl HES A9F ARy AR
A2 F A== s Aol AMe3 AFde] AL
10-40 mmo|™ ES2 B, AE, HES 3J}fo] 7z}
70.32, 15.65, 14.03%3] AFYES 2mm A2 FF3 &
ARSI ARSSE B 2 B3y B4 o
9] Table 13} 2t}

g7 kel AAshs AES A7kl Agzdog vt
= A7RE Ax8 ez e 5 len did
A9} 71%x70) & Hg3le] Hagte] BREE A%

T J= Fo| vt Dunnett and Clayden, 2007).

met N,

Table 1. Physical and chemical characteristics of soil used in the
study

Parameters Values
pH 773402
EC (mS/cm) 0.76 +0.03
Organic matter (%) 426 £0.06
Sand 70.32
Texture (%) Silt 1565 Sandy
loam
Clay 14.03
CEC (meg/100g)" 31.97+0.3
TN (mgkg) 2184+3.5
P,0s (mg/kg) 63.67+22
Cu 1842+3.4
Heavy metal Pb 23.62+43
Cor(lfrfgr;tliat)wn Zn 86.19+ 1.7
£ Cd 0.20 £ 0.1

UCEC: Cation Exchange Capacity
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Fig. 1. Total nitrogen concentrations in (a) soil, (b) root, and (c)
shoot at rain garden mesocosms. (Letters in the figures show
significant differences among treatments at o = 0.05).

A A= Al QN Rk ST o ge
Ak FEEely] BEY & o ER ol
FARE QI de) o FEAelE Bl Row



HIH . FAHeE AT BV EolN AEd BEY] Y S5 st 31

50.0

a a a
80.0 - ab
70.0 b
F 60.0 |
Eso.o 1
T 400 -
E 30.0 -
200 -
10.0 -
0.0 - T T T T

Initial soils R.lateritium+ R.ateritium Z.japonica  Control
Z. japonica

Treatments

(a)

TP (mg/kg)

R.lateritium | Z. japonica|R.lateritium| Z. japonica |R. lateritium

Initial plants Mixed plants Shrub

Treatments

(b)

160 1

a
a
a ? @
- 80
2
@ 60 1
£
U40_
&
20 A
0_

R.lateritium | Z japonica|R.lateritium| Z. japonica |R. lateritium| Z. japonical

Mixed plants Shrub  |Herbaceous,
plant

Initial plants

Treatments

(¢)

Fig. 2. Phosphorous concentrations in (a) soil (available-P), (b)
root (TP), and (c) shoot (TP) at rain garden mesocosms. (Letters
in the figures show significant differences among treatments at
o =0.05).
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Table 2. Heavy metal concentrations in soils at rain garden mesocosms

e

Cd (mg/kg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg)
Initial Soils 0.20° 18.42¢ 23.62° 86.19°
R.lateritium + Z. japonica 0.84* 26.34* 31.48 £8.77* 114.25°
er 30 d R lateritium 0.91° 26.85% 2928 £8.77° 111.89®
er 30 days Z. japonica 0.44% 25.15% 27.14 £3.54° 108.99
Control 0.36™ 20.83" 25.63" 91.21"™
Superscripts in the table show significant differences among treatments at o= 0.05.
Table 3. Average heavy metal concentrations in plants at rain garden mesocosms
Cd Cu Pb Zn
Treatment and Plant Plant part
(mg/kg)
» Leaves 0.55 11.63 2.26 16.47
R. lateritium
Initial Plant 0.11 29.67 5.65 14.89
nutial Fants Lo Leaves 025 28.60 12.80 2111
- Japoniea 1.44 37.46 1422 32.18
» Leaves 4.03 26.04 18.56 83.66
R. lateritium
. 0.72 46.95 20.40 84.57
Mixed plants
. . Leaves 3.77 42.62 47.57 162.55
Z. japonica
tfer 30 d 6.39 60.14 52.48 157.63
ifier 30 days B Leaves 1.49 18.49 6.08 2329
Shrub R. lateritium
0.22 41.20 5.57 30.74
Hetb ant Z i ) Leaves 3.81 60.28 18.21 167.40
erbaceous plamt -« japomed 7.56 87.24 4138 185.44
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