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Abstract

This study investigated the chemical properties of Organic Soil Amendments (OSAs) made from organic
waste. It also assessed the effectiveness of using these OSAs in the soil layer of Green Infrastructure (GI) to
reduce stormwater runoff and non-point source pollutants. The goal was to improve the national
environmental value through resource recycling and contribute to the circular economy transformation and
carbon neutrality of urban GI. The OSAs used in this study consisted of spent coffee grounds and food
waste compost. They were found to be nutrient-rich and stable as artificial soils, indicating their potential use
in the soil layer of GI facilities. Applying OSAs to bio-retention cells and permeable pavement resulted in a
reduction of approximately 11-17% in stormwater runoff and a decrease of about 16-18% in Total
Phosphorus (TP) discharge in the target area. Increasing the proportion of food waste compost in the OSAs
had a positive impact on reducing stormwater runoff and pollutant emissions. This study highlights the
importance of utilizing recycled resources and can serve as a foundation for future research, such as
establishing parameters for assessing the effectiveness of GI facilities through experiments. To enable more
accurate analysis, it is recommended to conduct studies that consider both the chemical and biological
aspects of substance transfer in OSAs.

Key words : Green infrastructure, Non-point sources pollution, Organic soil ameliorant, Recycled resources,
Stormwater runoff
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1. Introduction

20417] olF FAT 47N Aol &2 22 E44
v 2o F7ksh 3 e dFEAESS oF715HATHGeyer
et al., 2017; Schaffartzik et al., 2014; Zhang et al., 2022). &
S, BAEA e AL g 2] AA Y S dET
E8& st AV 2 Y 7rEse] 2P dTFE F
L AtKSarkar, 2022). H o2 AFES &5}str] sl
ML AEES TP U EE 12 ZAE AFE Ol
gt &84 A(Circular economy)29] Ago] SH4Fo2 QF
3 lth(Jacobs et al., 2022). #HGY, 714 EA] 1Y
% 7] & (Organic Fraction of Municipal Solid Waste, OFMSW)
9 HAEG Ade HVl= FFY Jass Adol&res
FENE F e A AA S F PR EF 3 th(Paritosh
et al, 2018). OFMSW= =AXYAVE T 7HE =2 Hl&
S AAT Byt oplg diFH oz g FHE JfAo] Tt
S FAGo] o] FHNFEE AT ThFS Fofd AT H
12 889 4 tHAI-Ghouti et al., 2021).
g xZFQ1 OFMSWY 3l A= 8k(Spent Coffee Grounds,
SCGs)& oA wid A&FHor F7t 59 HAHeh
S A9 FUFS 20161 71 1T 4HEZHA O 722
Aol AYRNAY] U= W& B ol A SEA
Al F30%E aHT BER BAlY JFE /7148 #7150
thNam et al., 2017). S2]& 228 7](Food Waste, FW) E3F
HEAQ OFMSW & stz ZAAH 7H(F A4 $1
willion)7h 3 AFHFHCE Frid FHLATIE WE
FF 6.8%)S F7] el UNY A&7tsd Hd 519 F
2 opTh2030d7HA] 1913 Ayt R S Ad=E
F=2 #E7F S35 KSlorach et al., 2019).

71E8 OFMSW # A2 7M5ALE, Holeds ¥
Aqur o8 Hostedl FE 2FE Fo FTHPour et
al., 2021). 2 % Food Waste Compost (FWC)2] ©]-&3 %
2 771 EG/NFA (Organic Soil Ameliorants, OSAs) 24
Hulst A% 7129 4725 ol IR IFE AT 4
242 HZHoz AR $A HAdhikari et al., 2009), 3
T7tske A8E Ao dal 59 A
=2 SAA HH| 9 dhE Ax g = ATt
ATk A F 5k Y THVobérkova et al., 2020). ©]23 Fol
Al 71 &8 A dd 8L - 78, FL, TR 3F
o] E4% T9Y olfE AHET F e AEVbssta vHst
¥ #8A SRE T MR A1AFH gEATNEe] 8
3}tH(Tchonkouang et al., 2023). o]& g & Jol] =3 A
AH 0SAs9t =A] 281 Z2KGreen Infrastructure, GI)<}H2)
Y S AL FEES A 24T F e AH
% 3lUZ £FIItHChen et al, 2014). GIE= =A] AFYE
2R3 JFH EFTS B g2 ES3 9% =58
gFolyt &4 ARl fr&& gstsiy] 9 A
2 Q AHEst Holth(Xu et al, 2022). $17]1A4, A
AE OSAsE 298 BHETE LR 8 B, &

& A, LA AA, BEG JY Aolst 22 T8 7w
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& FIE F A= FAEE 7 K(Paramisparam et al.,

2021). 1Y o] HEWHL EGHETES 7Wez &
9 7tA] B8 S ATA (A AESH S5 T, FE F
€9 a8 )9 AHEF Y7 D3 8tth(Deeb et al., 2020).
ageE Bt ol JZH2 A7 OFMSWE
A&7Fed ol &3 ¢3EA FHY 2L &4 FH A
Aol A FH o2 =g 7FX7} Utk

wekd, B Ao SCGs9 FWCE E83le] ZES
A7HAE FFATIEL daFHA 714 F e BA GI
24 71€9 A8 ZHE A A A st 2 AT
oA FHHLZ thFE= FEE2, 1) SCGs¢ FWCE 7]t
22 3 0SAsY Az M olgs B4 24, 2) AAH
0SAs?] Gl EF3 A& wE 2 #2548 &
EPA SWMM Ed9] LID Z5<& &83 HF L9 ER &
Aotk A AT A4 E d7= ARAY 3
T EHoA B3 B9 AXE FFHJL ¥z
Aol et 7IZARE E8E F UG A2E Addrt

b

2. Materials and Methods

21 OSAs M= & o7 &M

0SAs9 A =E $8 batch Fel ] BEWHZ7](25 L)E 9
£35ko] Q1F3 F35EA(Meso to thermophilic) 710l A
- avtsted Az AEWHSIIE 25.5-48.6°C, 10
pm 274 104 9, 104 YAZ 7 Aok A8AL
o Are EAFGAA 2AE OFMSW & GIddlA &8& 7t
T AR YHE SCGs% FWCE FAHRR s5lon,
Al 2 #AE Al AZ e A Eww)el wE 2F
IR THOSAOL: SCGs 80% + FWC 20%, OSA02: SCGs
40% + FWC 60%, OSA03: SCGs 20% + FWC 80%,
OSA04: SCGs 10% + FWC 90%, OSA05: FWC 100%).

pHE FHEMES FHRFE 4 FE1:5FY AA
(MultiLab IDS, YSI, USA)Z Z73 33 th 4E(Moisture) 2
8 5% Y IYE(Volatile Solids, VSww)= 2+t
105°C 24217k, & 550°C 6A1ZF &< ash-free dry weight
(AFDW) & o] &8t} 57182 (Organic Carbon, OC)
= EMAIF(1.8)E A4S THPribyl, 2010). Ax §XHEE
(on)E AZE AEY AFH o9 vg2 ZFHUT 4
FdE(e.g, TN, P,0s, K,0) ¥4 5&75F HE2EAY
(A12011-465)°] At FFsHA T C/NH= OCFH TN
BTERE FZshA

H=5E(Porosity) < AlMA(1-8HLE/YALE) 02 4F
Fom, B (Field capacity)= Ahn et al. (2008), 9Z4
(Wilting point)< Nourbakhsh et al. (2005)8] A2l wigt
o K= OASsoll tis] Ag4 729 falling head method 2
EZ3ATHMETER Group, Inc. USA).

22 HIE2HEE /&
AAAL S &&5 GI7]
# S5 Loty 5ty FirFAAle X%
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Fig. 1. Study area of this study.

S AR EE AT Y A9z AFgsdnh AAWA
2 349478 haZ, WA % 60%7t BFF A9e=
R oH, YA 40%E FETYE, AF2A 522 F
5ol ATthFig. 1). Park et al. (2016)14 F33F EPA
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Fig. 2. Model parameter verification.
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o] AA st Hl&S AHT F Utk TZFE FFE 2F
A L HE AL2ZA T3y 2IYE, of2ZE 9 £5F
o2 FHHH, FHIAA AFE ZeHET/ #9EHL
olE AFZTLE HAF (Percolatlon)E]‘:]' AFS2 ABAF
A, B8 T BF 1HHe oA JFE FeRET

. R? = 0.8782

£

2

i1

©

8

3

g

S

S

[72]

2

T

s

S

=

801 10001 2001 2101 22001 23001
Date
(b) TP

Journal of Korean Society on Water Environment, Vol. 40, No. 3, 2024



134 o2y -

fo

Surface E

Soil

jl
(Drain)

Storage

(a) Bio-retention cell
Fig. 3. Concept of GI facilities used in this study.

Table 1. Parameters of the soil layer for GI facilities

\ |\ Surface

Soil

Storage

T

N

(D?ain)

(b) Permeable pavement

Parameters Description
Thickness Typical values range from 18 to 36 inches (450 to 900 mm) for rain gardens, street planters and other types of
(inches or mm) |land-based bio-retention units, but only 3 to 6 inches (75 to 150 mm) for green roofs
Porosi
oro§1ty The volume of pore space relative to total volume of soil
(fraction)

Field capacity

Volume of pore water relative to total volume after the soil has been allowed to drain fully. Below this level, vertical

(fraction) drainage of water through the soil layer does not occur.
Wilting point Volume of pore water relative to total volume for a well dried soil where only bound water remains. The moisture
(fraction) content of the soil cannot fall below this limit.
Conductivity (K . .. .
(i(r)ln/hruc();wty ( )) Hydraulic conductivity for the fully saturated soil.

Conductivity slope | Average slope of the curve of log (conductivity) versus soil moisture deficit (porosity minus moisture content. Typical

(unitless)

values range from 30 to 60. It can be estimated from a standard soil grain size analysis as 0.48x(%Sand) + 0.85x(%Clay).

Suction head
(inches or mm)

infiltration model.

The average value of soil capillary suction along the wetting front. This is the same parameter as used in the Green-Ampt

7} AREE FHLE HaF FFo| E AEE FPE

GIA A F71 AL o2 A{FF ARE F-rET

7} ¥lEEH = Al $Al &8 (Underdrain system)©] 1122

T Jeu, AFHYAY ES FHe T G50l M @

A&stdch HEa ESNE
q o

<2 ‘Type D’0]7] @] o=
ALEEZA S 2RH R A5t

ALe T2 A TS Y

Table 2. Installable area for GI facilities

71 f18l GIrAde EYZel FHEste Aoz aHFHAT
EPA SWMM U EZZolA LHE wiAds 55
Table 13} ZTthU. S. EPA., 2015).

ARGl A AE, FA,
I Qe T T Y TFE olgY Ade AX
[e=]

L

A
& ddsdlen, 544 23S 442 + A

Sub-catchment Available facility types | Usable area (ha) Sub-catchment Available facility types | Usable area (ha)
A05 PP 0.217 Co4 PP 0.083
A06 PP 0.030 C06 PP 0.045
A08 PP 0.066 C08 PP 0.180
All PP 0.230 C10 PP 0.013
Al3 PP 0.045 D02 PP 0318
Al6 PP 0.042 D03 PP 0.213
BO1 PP 0.323 D05 BioR 0.706
B04 BioR 0.876 D09 PP 0.040
B05 PP 0.088 F05 PP 0.010
B06 PP 0.011 F06 PP 0.302
C02 PP 0.048 GO03 BioR 0.197

Note: PP means permeable pavement. BioR means bio-retention cell

IS EHALS|X| H40H H3S, 2024
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A Permeable pavement
é Bio-retention cell

Fig. 4. Available sites for GI facilities in this study.

FAFLz A jote] A& Th T 0SAs9] d5S 9
A5kl st HEHE GIAA L AU A AA 28
7bFed TEE 7Pt L, GIAde] HEH s WEET,
2 EAA 2 HXAA G Fig. 49 Table 201 E715H3Th

3. Results and Discussion

3.1 0SAse| EMOIX} 2ME St B niyfHST AN

EPA SWMM$E &8&35t9 GIAIAY tigh JE&a7 £
o MidESE AHEsr] st AxE 0SAsY &St
Sz ENES BEASA Table 391 YeRAUth Ax=H
OSAstE ARHH ez U4 FE FH9.5~19.7%), E2 on
(455.6~504.6 kg m”), ¥L VS, (70.2~82.9%)9 #71&
E4e Btk 9FHESZHA 0SAs9 TN, P,0s, K0
27y 22.7~40.6, 3.5~162, 6.5~82 mg g'& UERAAUTH
&]7]14, NPK HI &2 4.2:1.3:1 FFo|om ArZF T
A AEY oA FYH FEME2:HT FAEIELER
Gl A Ao 28 715d Aoz FGE A KBora, 2022).
714, SCGs & F7l= E2 0C 5= A3 TN, P,059

AZJA AH} CNY F9st F7tel 71ttt 234
B35t A ESHE 9Fg g (Biological stability)S #HE
A= AF C/N H7F 10~209& 1HT w(Sanchez et
al,, 2017), OSA01 S A Qlatx BF wtEst= Ao E eyt
pHE #7132 FHHE 543~581 59 4 =
S ESth dvtd oz Hu|siel 22 A ESH £33
of 7lqst= PAEEY €4 pH "= & A7 FARG
550~8.00 L2 fadd A2 e s Bafo f2T ¥
T o}y Z(Dantroliya et al., 2022), A SF& gt
¢ 22 F7HAQl 715 E 719 ¢ s AL=E #dEHIY
TH(Rosal et al., 2012).

OSAs9 #&o] 13d EGTE A4 d4& AT +
AE AFEFETA (Engineered soil mixture)Z T4 5 o}
Table 4°1= EPA SWMMS &3 GIANAEY H5H7tE 9
3 2 AFeA EAE AlUB ¥ 0SAsY £ 8HetE nj

I ot

S

Ads ke deiglt 25, EFEL F9RE5Y AR,
A%, 249 JG5m, B MARSES 214 B9
b 9Ee Foha g

E59 AAALH B8 Fa
A

A tHLeimgruber et al., 2018). ¥ AFolA =& OSAs

Table 3. Physicochemical properties of five different OSAs used in this study (n=2~5)

- . Odb VSww oC ™ P,0s K,0
Description Moisture (%) pH (ke ) %) (mg g’l) (mg &) (mg &) (mg o) C/N
OSA01 9.5+0.8 5.81£0.07 | 504.6+16.9 | 82.9+2.4 | 498.2+11.8 22.740.0 3.5£0.5 6.5+0.4 22.0£0.9
OSA02 14.9£1.3 5.51+0.09 | 469.0+4.7 | 80.1+2.8 | 507.3x14.1 28.1+0.8 8.0+0.8 7.7+£0.6 18.0+0.5
OSA03 19.542.7 5.43+0.11 | 455.6£22.1 | 75.5£3.2 | 489.2+16.6 32.4+1.3 9.1£0.4 8.2+0.3 15.1+£0.9
OSA04 19.241.8 5.76+0.16 | 499.9£19.7 | 70.842.6 | 462.5£9.2 36.5+0.5 15.1£2.9 7.9+0.3 12.7+0.1
OSAO05 19.7£1.1 5.69+0.09 | 501.2+7.7 | 70.2+1.1 | 463.7+13.3 40.6£1.9 16.2+0.9 7.7+0.3 11.4£0.5
Table 4. OSAs values as the soil layer parameters for EPA SWMM simulation
Description OSAO01 OSA02 OSA03 OSA04 OSAO05
Porosity 0.68+0.01 0.71£0.00 0.72+0.01 0.69+0.01 0.69+0.00
Field capacity 1.10+0.08 1.04+0.04 1.00+0.09 1.03+0.07 1.06+£0.06
Wilting point 0.37+0.03 0.38+0.00 0.36+0.00 0.34+0.01 0.35+0.00
K, (mm h™) 1.240.9 3.0£0.6 3.6£2.0 6.1£5.4 21.6+2.8
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o] B MiNEFES A4 &2 Porosity (0.68~0.72), &
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olEFES Y& AEQ K, &2 1.2~21.6 mm h'9]
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7 e ALE No OSA’Z sto] ELATAZ HEH A
U2 £(0SA01~05)E Haath. 1 2d, ZFeFETe
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