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Abstract

As the impermeable area of soil increases due to urbanization, the water circulation system of the city is deteriorating,
The existing guidelines for low impact development (LID) facilities installed to solve these water problems or in previous
studies, engineering aspects are more prominent than landscaping aspects. This study attempted to present an
engineering and landscaping model for reducing pollutants by identifying the effects of vegetation on rainfall outflows
and pollutant reduction in bioretention and the economic aspects of planting. Based on the results of artificial rainfall
monitoring at Jeonju Seogok Park and the literature on vegetation rainfall runoff and pollutant reduction performance,
the best vegetation for reducing pollution compared to cost was Lythrum salicaria L and Salix gracilistyla Miq. was
the best vegetation for carbon storage. If you insist to design plants with only these two plantation, there is no choice
but to take risks such as biodiversity. Herbaceous plants such as Lythrum salicaria L can be replaced by death of the
plants or pests if considered planting various plants. The initial planting cost could expensive, but it is also necessary
to mix and plant Salix gracilistyla Miq, which are woody plants that are advantageous in terms of maintenance, according
to the surrounding environment and conditions. Based on the conclusions drawn in this study, it can be a reference
material when considering the reduction of pollution by species and carbon storage of vegetation in LID facilities.
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o] HtH(Moon et al., 2006). Yokt £=AE A L]t =TE9
22.4%7} HlEo] AHER] Eohe ERTHAR] AR FAL
=] cHChoi and Cho., 2013). EF4= W& 9] Z7t= )
71 Eol AFsh] Zgor Tk EAREES HiHe
A= STl e eEed, A Mg WARIE 3Ot A
7] Mg} 5ol floH o]z Qs E=gt AAZE ofetEa gl
(Carle et al., 2005; Roy et al., 2003; Wang et al.,2001).
o} HEo] 7| eHstR Qo At At S0k
W 73 AR Aashe S ga ok g-71dred
71585t A9 713 d5AtR] = fevete] A 7

7¥stglom, ofdd] 2ol “AF(Rain Squall)' 1 -2 =274
S0 WY Wit 1970 tiH] L6HI7E SolHTial jiet. o)
g 7190 Wtz Qlof =i o] e dEH o] FAHE 7|7t
ZojA 1 7Fege] D7k FFEol sk 4] e@Rste] 7t
EGH tfFE I Qlek 53] A Aol WS A e
LR e 2RSHA 0 2T H e Qs E=e] dAt

S O O= A1
o] $HHE Be fESFE Q2
o
AA

4% 7iE(Low Impact Development, LID)A[4-& 2]}
715k Aldo] 2t 9] B8] n|AE IS FAslehH, TA|
EFsHZEcR Q7 HIHeH TS A3l 4= Uk AT
e AALID)Y] HA A FF2 U= B 5% (United
States Environmental Protection Agency, EPA)ofA 7idleh
SWMM 2de me s 283t LID A9 24 /& 213
A LFEA A 4T A5 I LID Al W A R
H IR o A= A o A s = It T
tiorot A7 AP Itki(ee and Gil., 2021; Lee et
al,2021). o] & FARAet FY, E2 ¢ 3P 5 theFet 2o
AA 4 glom W8] B2 AAIRAE A dAtollA
Tt Aol Bt fE ARES °F 85%, LH9=E A
QI TSS AAES 95% olVde Y A2 §E3 29 #4
of gytAo|tH(Lee and Gil., 2020).

LID A2 oot Z2j2eld 9l BEshA 7]zt s 0y
45 AR Y= LA v, sig 9ol
Hg7hsRt BEAAET BAISE oo Tl So& <lsto
Hl-§ 584 LID 7|&9 AA= 47 gk 5] A8
& HEo] dopH, LAEHY] fgdFel ¥ 11 =0t Z2
LID A9 EAE st AT 4 ols A T2 ¢
stofof stRR FEI AE St HlojHE 42
Al g sof EIstoF stt(Hong and Kim., 2016).
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Fig. 2. Plantation arrangement in Jeonju Bioretention.
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Table 1. Rainfall characteristics of Bio Retention—1

3.1 AEARAl 2UEY Aot
ps|

A AR A8 AFAY] F 128 RYEF At
=4 B4 ATE Table 19+ 20 7|1Ask . 123] 2YH
g o 7F9=ke 3.7~87.1mm, 77T 4.1~32.9mm/hr

R

Event Antecedent dry days Accumulated rainfall Rainfall duration Rainfall intensity Times to peak flow

(day) (mm) (hr) (mm/hr) (hr)
1 6 87.1 2.65 329 2
2 4 42.5 3.98 10.7 35
3 7 63.8 4.22 15.1 3.1
4 - 3.7 - 4.1 -
5 - 5.6 - 6.1 -
6 - 12.5 - 13.6 -
7 - 20.9 - 22.8 -
8 - 28 - 30.6 -
9 0 14.7 1.34 11 0.6
10 9 60.8 6.1 10 5.7
11 15 70 5.8 12 5.4
12 3 42.5 11 3.86 6

Table 2. Rainfall characteristics of Bio Retention—2

Event Runoff duration time Influent volume Storage capacity Effluent volume Effluent reduction efficiency

(hr) (m*) (m?) (m?) (%)
1 1.1 19.1 16 3.1 83.6
2 1.8 9.3 8.2 1.1 88.3
3 2 14 11.8 2.2 84.1
4 - 0.4 0.4 0 100
5 - 0.6 0.6 0 100
6 - 1.3 1.3 0 100
7 - 2.2 2.2 0 100
8 - 297 2.27 0.7 76.4
9 0.3 3.23 0.81 2.42 21
10 5.7 6.45 5.96 0.49 92.4
11 4.7 7.42 6.95 0.47 93.7
12 6 4.51 2.87 1.64 63.6
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S AT Holt AL T 4 An

3.2 HHAIRA| 2GHH 40 Dl2ls AVd=

AHE, LBEHRE 8|0 RARE oz o AP =5
=01 ELL gl AR AAdSut 47 tE %1135& Zﬂ
71&E e Slot. AAS<] TN TPO| Al7EL
7 ohE w0 fUsR #E sl 8959 %Eﬂ
o5 AlEe] HS w7 vebdth Fig 33 4= A4
ARA) eA=d A dmet Aedee] RUHY A3k
Jef= Aot Aol

TN(g)
Rainfall Intensity
{mmyhry

Monitoring Events

s Inffluent TN(z)  wwm Effluent TN(g) Rainfall Intensity(mm)

Fig. 3. Comparison between inffluent and effluent TN.

Table 3. Concentration of inflow and outflow pollutant of monitoring

Event Influent /effluent Rainfall (mm) Rainfall intensity (mm/hr) TN (mg/L) TP (mg/L)

Infl 21 347

1 puent 87.1 32.9 3 0.3
Effluent 2.75 0.14
Influent 6.58 0.712

2 42.5 10.7
Effluent 2.36 0.07
Influent 4.38 0.474

3 63.8 15.1
Effluent 1.96 0.15
Infl 2. .05

4 nfluent L8 20 39 0.059
Effluent Not occured Not occured
Influent 2.38 0.064

5 2.7 3.0
Effluent Not occured Not occured
Influent 2.36 0.058

6 6 6.6
Effluent Not occured Not occured
Infl 2. .057

7 nfluent 101 110 36 0.0
Effluent Not occured Not occured
Influent 2.54 0.055

8 13.6 14.8
Effluent Not occured Not occured
Influent 2.57 0.051

9 14.7 11.0
Effluent 2.4 0.1
Influent 3.34 0.6

10 e 60.8 10.0
Effluent 2.69 0.18
Influent 2.9 0.52

11 70 12.0
Effluent 2.32 0.03
Influent 4.78 0.860

12 42.5 3.85
Effluent 3.64 0.140
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AR e A7 mde A d7te] A9 = AlRte] 4

A W= 77 Istone Tels

osto] %/h 7] ATt

ARAFA LAAA el vAlE AAE Bk v 3.2.1

T} 3.2.2, 3.2.340] A2Iskelh

3.2.1 MHE(Salix gracilistyla M)

Seo 9] AFFIEC] PRt AFofA AMES] QAE A|A
£ st f9=e 2] Tote] 2 flFellA AlA
HE dryopy A, Ay AA J=1 iidel s
elstat st Table 4= A3 AT AMES] o4
= AAES AT molth. 44 Wl NHi-N =& H&
0.310f14 e 23.37mg/L9] FE& HASHE ©] FollA
G945 27t M E=UE 23.37mg/LolA AAE0
15.527%/h2 7V &3kt A8E29] NO;-N AAES 54
at7] fgt 494 el NOs-Neo| srh 24 1.442 Xty

Table 4. NH;~N, NO3;—N, PO4~P, TN removal rate related to
inflow concentration in Salix gracilistyla M.

Inflow Concentration Removal Rate

(mg/L) (%/h)

0.31 0.346

0.95 0.457

NH;-N 2.81 1.395
7.74 3.576
23.37 15.527

1.442 0.179

4.28 0.153

NO;-N 12.659 9.89
34.234 25.161

110.425 77.721

0.332 0.179

1.127 0.153

PO,-P 3.695 1.211
8.758 3.349

26.818 10.305

1.752 0.525

5.23 0.61

N 15.469 11.285
41.974 28.737
133.795 93.248

110.425mg/L ‘5% 7}7] thg -gHg olgste] Adstgir).
o] & NO:-N9| 7M &2 AAEL §Y4 Wl =7t
110.425mg/LY W, 77.721%/h 3¢t PO,~P7} g5
GolS AWER T4 9¢] Fro] M4 0.332g/LollA o
26.818mg/L2  #U5e w7t EEHE AL
10.305%/h2 w2 AAES Holfth olF HiEgo=r
NH,~-N2t NO3-N9| 5ot AAE&S Altoto] §4 sxet
AHEo] 71z TN AAE&S Agstaltt. TNel| digh AAE
ET 3904 FETt EE4E AAEC] BdE I 4 A

(Seo et al, 2005).

3.2.2 L2EXI(/ris pseudacorus L.)

Seo 9] AT Yang2 L@EHRLO 09 A A2
RISk Sl =7t thE Als= AdE Jgstairh Table
S5 Ad AT 23 5 LFEERY 0 HEd Hd AAES
AeEet oo}, A E ] TN A7t 52 Ao do|
Row, ofFo M =2 AAES BYlrh @2 EY o
TN AAEL 12.83%/h=Z Yt LadZgawo] TP A
AR §Y979 FEE 747 =27 sto] o9 AR A
SRRISHIHE TP AAEE §9 LH=d s=d= t=7

B 16.27%/he] TP AAEE HoAFUHSeo et al,.
2004,; Yang, 2011).

RS

Table 5. Average removal rate of TN and TP in /ris pseudacorus L.

TN TP
. Removal . Removal
Concentration - Concentration -
(me/L) efficiency (me/L) efficiency
e (%/h) e (%/h)
1.12 12.83 0.41~1.74 16.27

3.2.3 BXZ(L salicaria)

Kulun 9] I7XE2 BAHEY AARES S745H] fldl,
NOs", NH," 1331 H,PO, 9] goflA] §HH Fieof Zfo]
£ 5O ¥ RoA AT} Aol AREE Fia= A
2 g 273 g wlgeo|m, Table 62 A3 A4 Axte]
RAZ o A9=4d B AAES Fg Folth NOs 9 4d
SR NOs™ &7t el et AAEE &4 S7tst
Fovt ulggk Arox I NHy 899 A, s
AAE2 NOsoF 2A ztol7F yA] kot A oz w
Re 735 13.3mgd] AolE & & AUtk POLO AAE A
d A3k 21.18%/holeh= AlAES HYo® NO;y, NHy'
Hop g2 AIAE&S Hole AXY Holuf A7) A9 o=
o] mEsHlo] B2 HES AANHULL E s gleZ g &
A Kulun et al, 2021).

Fig. 5= 3.2.1, 3.2.2, 3.2.340]4 Tt 217} 214e] 0 g8
A 27 &85 A agzoelnt. ol& Fo AR TN A
& BE2 Al AE BF HEch TP A &l lojAe=
BAZ(Lythrum salicaria L)9] 28 7 &0 7P Hol

A
ok 2 % 99l

T
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Table 6. The concentration and removal efficiency of NH4", NO;
and PO, by L. salicaria

Before After | Amount of Removal | Removal Rate
Removal | Removal (mg) (%/h)
NH," 1000 4233 576.7 14.42
NO; 1000 410 590 14.75
PO, 0.1 0.0153 0.0847 21.18
30.00
25.00

[
=
=
=l

—
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=
=3

10.00

Removal efficiency (%)

o
=]
=]

Salix gracilistyla Miq.
B Removal of TN(%)

Iris psendacorus L.

Removal of TP(%)

Lythrum salicaria L.
Fig. 5. Removal rate by Vegetation Type

3.3 AAfjB[20]| W2 Ald=0t
Fig. 6 A3) dtoflA] 2+ ABE2] TN, TP A|lASw A48
52 Im’S AA A Tagh v8-ES APgste] whEolW ey
L2 QAES /M AAH R AAT & e A Zaat
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Salix gracilistyla Mig Tnis psendacorusL Lythrum salicaria L

G0 Removalof IN(%)  E=3 Removalof TR(%)  —— total cost

Fig. 6. Planting cost by vegetation type.

O Salix gracilistyla Miq. 8 Iris pseudacorus L
Lythrum salicarial. ~ ® E.T.C

stk A Al 8= B8-S AHsh] Slof A1A39] vl
23hE L RHlE 202095 2EolA] Farstelar Al o] 7
S L Ago] 7HA2 2Tt g AR Afo|Eof| A st
o} ZAME] TN, TP AlAE-2 34.36%/het 21.41%/h.0.
AR E 30.72%/h} 34.14%/h, BAZE 34.91%/h<}
44.45%/h k. 1m* 1me] HAE g Ao =ah xAdqictar 7t
Jotole o g vl-8-2 AHES] ¢ 200,1369, =2
T 71,49690] A85Qlon, BAZS AT 3¢ Im’E
A7) 918l 42,936900] 48 5]9]ct. Fg 62 F3l 712 iy
BE0] 7P 2 AL BAEUS U 4 AUTHEEH,2020)
(FHIE, 2018%74UHA) (xplant, 2022).

AAIFA 2] TN, TP AlA 888 Kot st mhels)|
oAl Al 7] Dot A2l fdo] Hol fZFo]
=2 gotd dolHE ALlsta 7P fEAAEC] =2
Event 111 dlo|elE tixEz A5t s dlolee] 4=
Z|AAIZIRY 4.7 hrot 27 AP AT EYRE Ao oJ3t @
FEA AT A 7|o=E A% FAah A4 E TN TP A
4 A 719 = Fig. 73k 24t TNQ| 7ol HA %o 7}
=2 48.0%2 7| g HYon TPE FAE3} Lg2%
7} 37.4%9} 35.3%= vl 71ole S BTt Fig. 69141
LreRH AAIFR oA 2] ZF AAo] mlAf= JRke HiEo R
A8 A, VY AAEC] & AL FAZeR TP A

fgo] ke WekETt Fig 7oA 714 ol B Aolhe
AT} 2A%0] Stk TPS] ZAHIEL A7go] e
3} ulelete] 4710] 2 5 b e HEE AAF) oot
2] 249 A8 TN TP AAE Fol4 F20hE A
Q1o 24 Aol 7)elizel W7k e ok,
APAFAC] BEE Nem7lEoR ol AREH 47
POz o)FolA 9t Lee 9 APAE k= EFo] A
FAL BAste] B Rl B A5e Adstar.
TN HE 20cmE 71222 oF 14.62%2] A & Hol
o, TP= EE 20cmE 7|E22 oF 25.74%9 AZ a3
Both #F Aol Avke ol AR A% AWE Ad =
B9 QAR AR G Holt 2o HE ofges
A wste] w7t ARES AT AGARAKS ®
GA%0] 2 Apol7) Qe @ o] A AL E Az

olnz A Bl ot YFEF & BE olHt W

Ko
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Fig. 7. Estimated planting ratio in modeling Bioretention via TN and TP removal efficiency.
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ZAow FAH. wetd AAFA S L A=d AA 712 F
Egel o3t AA 7122 1 JFo] & A= HYstt
(Lee et al, 2008).
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