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Abstract

The application of nature—based solutions, such as low impact development (LID) techniques and green
infrastructures, for stormwater management continue to increase in urban areas. Plants are usually utilized in LID
facilities to improve their pollutant removal efficiency through phytoremediation. Plants can also reduce maintenance
costs and frequency by means of reducing the accumulation of pollutants inside the facility. Plants have long been
used in different LID facilities; however, proper plant—selection should be considered since different species tend to
exhibit varying pollutant uptake capabilities. This study was conducted to investigate the pollutant uptake
capabilities of plants by comparing the dry matter and nutrient contents of different plant species in roadsides, LID
facilities, and landscape areas. The dry matter content of the seven herbaceous plants, shrubs, and arboreal trees
ranged from 60% to 90%. In terms of nutrient content, the total nitrogen (TN) concentration in the tissues of
herbaceous plants continued to increase until the summer season, but gradually decreased in the succeeding periods.
TN concentrations in shrubs and trees were observed to be high from early spring up to the late summer seasons. All
plant samples collected from the LID facility exhibited high TP content, indicating that the vegetative components of
LID systems are efficient in removing phosphorus. Overall, the nutrient content of different plant species was found
to be highly influenced by the urban environment which affected the stormwater runoff quality. The results of this
study can be beneficial for establishing plant selection criteria for LID facilities.
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Table 1. Planting location and analysis of plant parts
) location of plant Analysis of plant parts
Vegetation type Plant name -
LID Roadside Control root stem branch leaf
Rainbow pink O O O O
Herbaceous plant
Korean wormwood O O O O
Shrubs Satsuki azalea O O O O O
Bridal-wreath O O O O
Dawn redwood O O O O
Trees -
Oriental cherry O O O O
Ginkgo O O O O
Cheonan
Highway

Bioretention
- Korean wormwood
- Bridal-wreath

[C] BuILDING
[l LANDSCAPE AREA
EEH PARKING LOT
[]roaD
[] SCHOOLYARD
@ Control

- Ginkgo

Rain Garden
- Satsuki azalea

Road s
- Oriental cherry

Fig. 1. Location of LID facilities and plants.

Table 2. Characteristics of LID facilities

LID facilities

Tree Box Filter

Rain Garden

Bioretention

Infiltration planter

Operating year(yrs)

10

9

7

7

Vegetation

Dawn redwood

Satsuki azalea

Bridal-wreath

Korean wormwood,

Rainbow pink

Runoff source

Parking Lot

Roof

Parking Lot

Roof

Sand, Soil, Bottom Ash,

Media Sand, Gravel, Woodchip Sand, Soil, Gravel Woodchip Sand, Soil, Gravel
Dimension (LxWxH), m 1.5X1X1.3 3.7X 1.5 3X1.3X1.2 2X2.5
Storage volume, m® 0.71 6.26 2.32 0.98
Catchment area, m? 379 161 139 81
SA/CA, (%) 0.3 6.9 2.4 2.1
SV/TV, (%) 36.6 38.3 48 40.0

SA/CA=ratio of facility surface area to catchment area; SV/TV=ratio of storage volume to total volume;
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Fig. 2. Monthly variations of dry matter percentage in plants of LID, roadside, and Control area.

SEEAIEE A233 A=, 2021



o
Jo
oy
M

39

32 LD, E28 U ZATZH MA AlBajjo| ZAMTN)  #FL 69714 Zasidst o]F Zrleh:s g B
3} A of. LIDO] A48 ZFrhRet GAg el TN gepol =
H] 3] Hf = F olg]st ATEAL E
Fig. 32 A2 02 Egedd AEcigs A2 £ izﬂlb}lﬂr? %é%f%gq;_j;ﬂ !; £q50] ;j
THE TARMND S 2ATL ST 220 590 g5 voize) Hua 34 B4 A8z st
= ﬁﬂ‘j’uols’} &L Q E‘:]' oA TN o=F Fo] =2 A =23 U Qi@%ol oF 1.2~1.6H lﬁ_o]-;q% ;ﬂgg B
o AR Aol FAA TN FEE I olF gy,
A% il 898 AdeR dache FAS AU gao) sspe desolels 283 Rolgel WA
SFl %2 68E gHom gachs FAS BAT E o0 TN gapel 27180} ¥ Eow 47874
B2 wi 2eFel AT 4GS BelA 2R A L e g v e By oled 54 B U 2k
7ol 4%ol HFdA 4 TN &3 e ¥ A L mag 595 ofHo] AVAE FEL R o] E5luA
Sz ueytth LID AAW AAE sfi=golet &2 dix =0 Ln 2 Ho|y, oo Se B 9l
woll ¥stol TN &afol &7 vetdt. =, 2271 52 o] 717 Y TN ZHeFo] olze Ao Hris|olct.
SR i EER AeREsTt fdse LD 2 W1}l oLl RL 2jeko] HlWsA Lol Eaw
2R7F dlath wotsols dixdt 227 B¢l &2 2 T} 2}eFo] kS Wz ore RA(RAZIVY AAH
& FdEdE Bolo Zo| diste] BlmBrPL SAHL. B2YR A
e wmo] Lok 2HUF BER Sshe A TN 52 Z7|oAHc} 1.38) &7 Uephgdon, 230
€ AW TN FF2 FAS dFdFe Edo. =T o] TN gHerdsti mebyFtololel QA A B
o A&l = 7H7EA 9] TN ool €719 TN &= oot debA|Fololet MEIFRO} Zho] mEE| £5}7]
Beb oF 130 A dereth 2HURe GA4E TN ab aupsp dejs equrs 24 Ue] TN gl e

TN Concentration (mg/kg)

TN Concentration (mg/kg)

——DC(IP) Root =~ DC(IP) Leaf ——DC(Control) Root -+~ DC{Control) Leaf

3500

8
8

g
8

1400

1200

600

400

200

—— AP(BI) Root -+ AP(BI) Leaf ——AP(Control) Root -+~ AP(Control) Leaf
2500

——SP(Bl) Stem === SP(BI) Branch ——SP(Cantrol) Stem === SP(Control) Branch

2000

1500

1000

500

TN Concentration {(mg/kg)

TN Concentration (mg/kg)

March April June Aug Sep April

Rainbow pink (Dianthus chinensis)

(a)

May July

(RG)

Korean wormwood (Artemisia princeps)

=+-RI[RG) (RG) ——MG(TF) Stem -»- MG(TF) Branch ——MG{Control) Stem =+~ MG(Control) Branch
2500

March April May June July Aug
Bridal-wreath (Spiraea prunifolia)

(b) ©

——PSC(RS) Stem =+~ PSC(RS) Branch ——PSC(Control) Stem = PSC(Control) Branch

RG) (RG) RG)
——Ri(Control) Stem -~ Ri{Control) Branch —+—RI(Control) Root

200

1500

1000

TN Concentration (mg/kg)

500

2500

2000

1500

1000

TN Concentration (mg/kg)

500

March Aprl May June ™ ™ sep March

Satsuki azalea (Rhododendron Indicum)

(d

April

Dawn redwood (Metasequoia glyptostroboides)

Way

June luly Aug Sep March April May June July Aug

Oriental cherry (Prunus sect. Cerasus)

©) ®

——GB(RS) Stem -+~ GB(RS) Branch —— GB(Control) Stem -~ GB(Contrel) Branch

3000

2500

2000

1500

1000

TN Concentration (mg/kg)

March

Apil

WMay

June July Aug Sep

Ginkgo (Ginkgo biloba)

(g

Fig. 3. Monthly variations of TN concentration in plants of LID, roadside, and Control area.
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Fig. 4. Monthly variations of TP concentration in plants of LID, roadside, and Control area.
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