Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
Vol. 27, No.4, November 2025, pp.471-479 DOI https://doi.org/10.17663/JWR.2025.27.4.471

Tl ZFrETel AR ARE et s 24 235k MY

287" - oI’ - OIS E" - A3eY - Yoy

27|32 of

Jo

H
g
oH
AN

cjstw A

Estimation of Design Influent Water Quality Concentrations for Large-Scale
Storage of Post-First Flush Stormwater Runoff

Yugyeong Oh™ - Gahyun Lee - Dong Hoon Lee™ - Keugtae Kim™ - Leehyung Kim™

*Department of Civil and Environmental Engineering, Kongju National University, Korea
**Department of Biological and Environmental Science, Dongguk University, Korea

(Received : 14 October 2025, Revised : 17 November 2025, Accepted : 25 November 2025)

e to
12

ATE TAAY FeaEs SAELS TFEHoR By, 2717498t 2717F$ o]F &5 Fratolg
AeFstoto] it Z|otAFRE AAlY et FU5 FEEAE Aot Al =Pt ol& ol el = 28-S
EXste] Exjol @ (=2, 21, W3 EMC B4 271709-0-308) ¥ o]F 7o) e dEd s vuwsiych
B2, 27173 FAE HAA 29751 50~80%7F HE5 = TSS, COD, TN, TP® otygt Zn, Cu, Pb &
Fa&ol F45] 7ok As 27173 d o] ERIESI A 27174 o]lF fEae dHHez tHd HAE
Hyo} ofHd] 52 QHEH s g Bt mats, iR AstAFxe] ¥ AAsE+ TSS 30— 150mg/L, COD
25-80mg/L, TN 2-6mg/L, TP 0.20-0.80mg/L, Zn 0.10-0.30mg/LZ AF =t} T3t 515y, S4 A,
PN E, EEEAY 5 W HAA 4 v dE-EY9 A HAEE S5t tiiR AstHFReE B
2|geAAdo] obd AT AE R 75 lof ghe sHlsteith B AR ATE TARS ged A EA-E SA] A5
et AR AA-99] VxR &4E 5 Aot
K3

=
HARO| 1 BHAS, R AARE, FUHE BsE, 27149, 2049 olF 424

T

Abstract

This research analyzed the water quality characteristics of urban stormwater runoff and quantified the differences
in pollutant concentrations between the first flush and the post—first flush period, with the aim of presenting appropriate
influent water quality ranges for designing large—scale underground storage facility. The analysis revealed that 50 -80%
of the total pollutant load occurred during the first flush, with high increases in TSS, COD, TN, TP, and heavy
metals such as Zn, Cu, and Pb. In contrast, pollutant concentrations in the post—first flush period stabilized but
still remained relatively high concentrations. The average design influent concentrations for large underground storage
facilities were estimated as TSS 30-150mg/L, COD 25-80mg/L, TN 2—-6mg/L, TP 0.20—-0.80mg/L, and Zn
0.10-0.30mg/L. In addition, a review of Korean legislation and U.S., Japanese, and German case studies confirmed
that large—scale underground storage facilities should serve not only for flood control but also as water quality
management infrastructure. The findings of this study provide basic data for the design and operation of underground
storage facilities aimed at simultaneously reducing urban flooding and improving water quality.
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Table 1. Key Characteristics Extracted from 28 Urban Stormwater Runoff

Category

Extracted Key Findings

EMC Ranges (General Concentration
Ranges)

Provided representative EMC ranges for TSS, COD, TN, TP, and metals in urban runoff
(e.g., TSS 12-305mg/L, COD 24-200mg/L), highlighting land—use — dependent differences.

First Flush Effects (Initial 0—30 min)

Confirmed that 50 -80% of total pollutant load occurs in the first flush. Strong early spikes
observed in TSS, COD, Zn, Cu, especially at roads and bridges.

Particle Size, Sedimentation,
Hydrodynamics

structures.

Identified particle size distributions (2—880 #m), settling velocities, and metal association
with fine particles. Provided design foundations for sedimentation—based BMPs and detention

Transportation Land Uses (Roads,
Highways, Bridges, Parking Lots)

High TSS, Zn, Cu, Pb concentrations observed in transportation corridors. Traffic volume,
brake/tire wear, and roadway dust accumulation strongly influence pollutant levels.

Modeling & Predictive Analysis

Developed regression and statistical models for predicting EMCs. Demonstrated that pollutant
wash—off exhibits nonlinear relationships with ADD and rainfall intensity.

PAHs and Heavy Metals (Special
Contaminants)

pathways.

Showed that PAHs and metals are predominantly particle—~bound and discharged rapidly
during early runoff. Identified transportation—related sources and sediment—associated
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Table 32 =X A WEAH (R, FA, i 5)oA
Aot A4 A-REo e
d EZolgor FolA e@EdE FEER EIESIGUrh
TSS&= 12-305mg/Le] W2 ®{lolA Bxstglon, B4
5ol M9l 60-150mg/LE Bk TSSO &2 skt
WEE, TN B, =2 2O HAHE F4 =0t §=&
T0] Beot ] e HEE Fhol 2 IS 717 o
Rolth, §7189 A¢, BODE 4.8-51mg/L, CODE: 24
—200mg/Le] H91E Hi=t f7E =¥ 54 54 {7
4 A=, A wi7I7Es 4AE, R Fol A Al
Z57] g&oltt, YA F TN 1.0-10mg/L ¥, TP
£ 0.10- 1.50mg/L Bl BExslg o, dutxoz TN
3-6mg/L, TP 0.3-0.8mg/Le] H+3t WIS HAh =
Al BeRESY] AT W71-A, AF E71d BF
i, 2 HAHE T e Aol A Al BEFHor
FEF 7] diolth. 845F+ 5 ¥Egel 7P A
vehgon] Zn 0.02-1.236mg/LE 714 We WS
Hgon, Cut 0.003-0.928mg/L, Pb 0.001-0.344mg/L
HOIZ AAEJT}E FHFH =2 Zn2 0.10-0.40mg/L, Cu
+ 0.02-0.10mg/L, Pbt 0.01-0.05mg/L ++22 =&

Table 2. EMCs for different transportation land uses

oo} nhm, Beflo]R W=, FH4 A,

2 5 1% 7] o9l B99E40] F5R
o] A4H 0% GFE A7) foltt. olelst LEA
4 719l 9 @BAe] EMCE A 298550 dat 5=
Hglol7] HEe] MHe A ZHe] Fash] neiH: x
77S EMCot AsZeelA] gelsls 27149 olF 2

& HHE flailAE EMC 287t gasict

3.2 H[¥=2HaE| 2He| 27|44 EMCs

TA FegEFolA 27179-0-308) #3te] EMC &
T v FATAIA AA A Fasttt Table 4= 271
7% W EMCe] ®$91E gt Aot FRFEH (TS
717497 AFE A% 7P AT s Ase BolH,
gt m2op o] ApeF olF 3t npmeizte] FHo] g
2144 150-300mg/L oA g Z7151%th BODE =
2 39 % 9 Ao FH4" /47148 DAHEY] 22
glod 271789014 15-40mg/L H 2 Yebdth. CODE
200-1,000mg/Le] wj¢- & FEAto]E Hol=t FAA
=, 935a 5 okt §71- 5718 27]/30] ¥dlo]
ot 271749 W GFAF(TN, TP)+= 2 vi&E, 7] H
HE, B2 EHE 5 O 2ddo] dloln, TN 3~
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[e)

&

=
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Land use TSS BOD COD TN TP Zn Cu Pb
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Roads 20.7-1285 4.8-51 24-160 1.2-10 0.10-2.61 0.043-1.236 0.003-0.928 0.001-0.344
if‘trskmg 12-33 10-20 31-70 1.0-2.5 | 0.10-030 | 0.02-0.052 | 0.003-0.017 | 0.001-0.011
Bridges 30-305 10-32 90 -200 2.3-5.4 0.39-1.15 0.09-0.175 0.033-0.112 0.03-0.16
Mean
EMCs 95 21.3 85 3.0 0.60 0.269 0.183 0.091
Table 3. EMC ranges of urban transportation land uses
Overall EMC Typical Mean
Pollutant Range (mg/L) Range (mg/L) Notes
Large variability observed across road, bridge, and parking lot sites. High
TSS 12-305 60-120 values (100—-150mg/L) common in highways and bridges; parking lots
typically lower (10-30mg/L).
B _ Represents organic buildup and wash—off. Urban roads commonly show
BOD 4851 10-25 15-20mg/L; parking lots around 10— 15mg/L.
oD 24— 200 50— 100 Higher in bridges and highways (80— 150mg/L). Parking lots generally range
between 30— 70mg/L.
™™ 10-10 3¢ Stable across land uses. Typical EMC is 3—6mg/L; upper values (8 — 10mg/L)
' occur under high ADD or heavy traffic.
TP 0.10-1.50 0.30—0.80 Mostly particulate phosphorus. Strqngly correlated with TSS; occasional high
values (> 1mg/L) observed on major roads.
_ _ Tire wear and galvanized surfaces are dominant sources. High EMC
Zn 0.02-1.236 0.10-0.40 (0.20-0.40mg/L) typical in highways and bridges.
3 3 Mainly from brake pad wear and metal corrosion. Average EMC generally
Cu 0.003-0.928 0.02-0.10 0.03-0.07mg/L; occasional peaks >0.1mg/L reported.
b 0.001 —0.344 0.01-0.05 Though u.nleaded fuel reduced Pb levels, ﬁng sedm}ent still carries detectable
Pb, especially during early runoff or at bridge sites.

SRERISIE(R| A27 H4%, 2025



-212E)- 2oy 475

8mg/L, TP= 0.3-1.0mg/L H2 Yeltt SA(TP)2
TSSOl 7] &k e} FASHA &Zolm, 7] A& L.
YA el A A FItole EAS Bost S35
F(Zn, Cu, Pb) FlA Znd Z717%-01A 0.5-1.0mg/L
= Ko tiiE glojo] nik, T2 ¥ I3}, 5% FX2E
B2 Sof|A 7]9lgttt. Cux 0.05-0.20mg/L ¥, Pba
0.02-0.10mg/LE Yet=d, ol 247 d5E 1Al
PAHLT5 um)oll F2Hel Fei= EA o] wi2oll A¢ 271
P2 FE A FAlC BEEE AoE UERT o
e 27179 W 2= silfle HHede &

DA A vehtE gl E2Z 9 EMC HYE A At
o} TSS+= 30-300mg/L H9E Hlom, BODE 10—
60mg/L, CODE 25-150mg/L&2 Yehgch olzlgt ghel
W= 27170l el Alzte] Hatghel whet FrH o=
SOl AT oH35] shd Ao dFe 2A;T £ Ade &

=Y oujettt. FEFYI TN 2-12mg/L, TP= 0.2

HolA v eqdAAAE A sz 82 5 A

- L5mg/L HelolA @ eH, ol neds, t71A

Table 4. Ranges of EMCs in first flush periods

Ranges of EMGCs
Parameter in first flush Evidence & Explanation
(0—30 min)
TSS (me/L) 150 300 Sharp spike during the first 10—30 minutes across bridges, highways, and parking lots. Bridge
& study reported 150—250 mg/L — decreasing to 40—60 mg/L after 30 min (strong wash—off effect).
BOD (mg/L) 15— 40 Early—stage BOD L'S'typlcally 2—4 times h1gher than basehne due to organic buildup, microbial
wash—off, and initial detachment of particulate organic matter.
3 Bridges showed extremely high initial COD (1,004 mg/L — 476 mg/L after 30 min). Parking
COD (mg/L) 200-1,000 lots also showed COD 137 — 76mg/L. COD is one of the strongest early flush indicators.
Bridge measurements: 5.9mg/L — 2.3mg/L after 30 min. Nitrogen increases in the early
TN (mg/L) 3-8 . . . .
stage due to buildup from atmospheric deposition and roadway residues.
TP (mg/L) 03-1.0 Elevated part'lculate phosphorgs in early runoff. Bridge TP ranged 0.39—1.15mg/L. TP strongly
correlates with early TSS spikes.
Zn (mg/L) 05-1.0 Bridge Zn: ~0.98mg(L - 0.41 mg/L after 3Q min. One' of the most sensitive metals in first
flush, associated with tire wear and galvanized materials.
Cu (mg/L) 0.05—0.20 Copper increases rapidly in the flrs-t 10—-20 min, commonly 2—4X higher than later phases.
Dominantly attached to fine particulates.
Pb (mg/L) 0.02-0.10 Lead co.ncentr%tlops increase during ea.rly Wash—off due. to strong binding to road—deposited
fine sediments; highest values occur in first flush periods.

Table 5. Ranges of EMCs after first flush periods

EMC Range After
Pollutant First Flush (mg/L) Notes
TSS 30— 300 Suspended solids; remains relatively high on roads and bridges even after the initial
wash—off peak.
BOD 10— 60 Organic matter indicator; stabilized concentrations after excluding the early first—flush
peak.
Oxidizable organic and inorganic substances; decreases from early spikes (>1,000mg/L)
COD 25-150 . R
and converges to this equilibrium range.
Nitrogen from atmospheric deposition and roadway residues; generally stable after the
TN 2-12 . .
first 30 minutes.
Mostly particulate phosphorus; follows the trend of TSS and remains present at moderate
TP 0.2-1.5 .
levels after first flush.
7n 0.10—0.40 Derlve.d from tire wear and galvanized materials; represents typical concentrations of
post—first—flush inflow.
Cu 0.05—0.20 Orlglnates from brake pad wear and metal corrosion; persists due to attachment to fine
particulates.
Associated with road dust and legacy fuel residues; remains detectable after first flush at
Pb 0.02-0.05
low but steady levels.
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476 27|22 ol 24 FeRErol U2 A

= L3 A A
28 9 RYL WA AUSE MY

Table 6. Avg. design concentration ranges for post—first flush stormwater treatment

Mean
Pollutant Concentration Notes
Range (mg/L)
Typical stabilized range after the early wash—off peak; highways and bridges commonly
TSS 30-150 e
exhibit 60— 120mg/L.
BOD 10-30 Represents organic matter washed off after the initial peak; most studies report 15—25mg/L.
Early spikes (01,000 mg/L) drop rapidly, with equilibrium concentrations typically between
COD 25-80
50— 100mg/L.
Stable across land uses; generally 3—6mg/L, with occasional values approaching 810 mg/L
TN 2-6 . 2
under high ADD conditions.
TP 0.20—0.80 Dominated by particulate phosphorus; follows TSS stabilization trends, excluding outliers
O 1mg/L).
74 0.10-0.30 Tire wear and galvanized surfaces are key sources; average post— first flush values generally
fall within this range.
Cu 0.03-0.10 Mostly associated with brake pad wear and metal corrosion; typical means between
0.03-0.07mg/L.
_ Bound to fine sediments; persists at low concentrations after first flush, typically
Pb 0.01-0.04 0.01-0.04mg/L.
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Table 7. Legal basis of water quality control for post—first flush stormwater treatment facility

Legal Framework

Necessity for Management
(Disaster Perspective)

Water Quality Management System
(Key Provisions / Functions)

Water Quality Management
Methods (Tools / Measures)

Sewerage Act (Act /
Enforcement Decree)

Preventing urban flooding caused
by sewer overflow and preserving
water environment is a core legal
purpose (Art. 1).

20—year Sewerage Master Plan must
include flood management, rainfall
response, and water quality elements
(Art. 5).

Requirements for sewage storage
facilities (capacity, inflow
treatment methods), effluent
quality testing, and operational
standards (Enf. Decree Art. 7-2,
Art. 15).

Urban Stream Basin
Flood Damage
Prevention Act (Urban
Flood Prevention Act)

Addresses large—scale floods and
urban inundation driven by climate
change and urbanization (Art. 1).

Establishes the Urban Flood
Prevention Master Plan (design
floods, flood distribution, hydraulic
criteria, facility linkage) (Art. 6).

Operation of Integrated Water
Disaster Management Center and
Urban Flood Forecasting System
for real-time monitoring and
response (Art. 14—15).

Act on the Promotion
and Support of Water
Circulation (Water

Cycle Promotion Act)

Responds to distorted water
circulation, drought, and flooding
to restore a sustainable urban water
cycle (Art. 1).

Designation of Water Circulation
Promotion Zones, formulation of
Basic/Master Plans and
implementation plans, defining
water—circulation facilities
(infiltration, storage, reuse) (Enf.
Decree Arts. 2, 3, 5).

Application of green
infrastructure (infiltration,
storage, reuse) and
watershed—scale integration of
LID — storage — reuse (facility
certification included in
subordinate regulations).

Water Environment
Conservation Act (Act
/ Decree / Rules)

Preventing public health and
environmental damage caused by
water pollution, managing
nonpoint pollution sources (Art. 1,
Art. 2).

System for Total Maximum Daily
Load (TMDL) management,
water—quality alerts, nonpoint
pollution reduction plans and
designated management areas;
monitoring networks (multiple
decree/rule provisions).

Nonpoint source reduction
facilities defined (Rules, Annex 6);
water—quality alerts, buffer
storage, mandatory
improvements, TMS remote
monitoring for inflow and effluent
conditions.

Framework Act on
Environmental Policy
(parent framework
act)*

Provides the national water quality
standards and special
countermeasure zones, forming the
basis for stricter requirements in
other laws—e.g., stricter effluent
standards in the Sewerage Act refer
to special countermeasure regions
under this Act (Art. 38).

Serves as an upper—level
environmental standard for urban
planning and sewerage plans,
requiring consistency with
water—quality environmental
standards (referenced by Sewerage
Master Plan requirements).

(No direct facility requirements)
Functions as the top—level policy
framework guiding the Sewerage
Act, Water Environment Act,
Water Cycle Act, and Urban Flood
Prevention Act.

4.2 2 ol thtR AREIt 271958 44 Helshs LID
7IRF AR A= EE, 27] olF diF flE=
B Q7L gAY 7#99E20] 2HUENS HAG, vl Aol fEas A% HA- A sop vt

271499k 2717%% 0% f&%5 WstE vmstel fir e e BejEnt
AstARZ A0 BaF FAUNE s st A = fobeet,, ISR RAN,, TR AT,
FE|glon] ey g ARL wasiyrt EEEAY) 5 oY MARE HESH], iR
1) 271790 - 305) 7oA TSS, COD, TN, TP, Zn, Aot T FYda0] sATert HA-ANHo R o
Cu. Pb = 59| 0@BHo] o ko i (] 4292 serstlet. si2] Aol A% ] NPDES-
B5lo] 50-80%)2 HIEEE 7t 27|7S @Atol CSO A%, d&o] g74 47 Ad Z=1d, 54
stol=|olth, ¥HA, 27]71-0 o] % FrloAlE QAT DWA A-128 7| T°] BF ARZEE d=d 244
7} frastel AgjHoz obdE Wz SFstgct. do] obd AP AL R P3| skl e o

2) 271744 o|F $&42] EMCE TSS 30-300mg/L, JoFsie.

BOD 10-60mg/L, COD 25-150mg/L, TN 2—12mg/L, 2 Aol A AR 2717 o] & FeRETY FY F
TP 0.2-1.5mg/L, Zn 0.10-0.40mg/L, Cu 0.05-  =H?= FF tit AskAFxo] &30k AA, ¥7
0.20mg/L, Pb 0.02—0.05mg/L H$IE Liepytet, o FAZIE A, AAY 34 &Y, vl Fot A
3) ttR AstARRe] Ba AASEE TSS 30 - 150mg/L, 2F d 5 O A 7)s RobllA &8 7Rt 71x2A

COD 25-80mg/L, TN 2-6mg/L, TP 0.20-
0.80mg/L, Zn 0.10-0.30mg/L 522 A=<t

Journal of Wetlands Research, Vol. 27, No. 4, 2025



e

7122 of

ok

478

@y 22980 (R 3

= = A A
28 9 RYL WA AUSE MY

rol

AL At

This work was supported by Korea Environment Industry
& Technology Institute(KEITI) through Technology
development project to optimize planning, operation,
and maintenance of urban flood control facilities, funded
by Korea Ministry of Environment(MOE)(RS-2024-
00398012)

References

Bertrand—Krajewski, J.L., Chebbo, G., and Saget, A. (1998).
Distribution of pollutant mass vs. volume in stormwater
discharges and the first flush phenomenon, Water
Research, 32(8), 2341-2356. doi.org/10.1016/50043~
1354(97)00420-X

Geronimo, F.K., Reyes, N.J., Choi, H., Yano, K., and
Kim, L.H. (2021). Selection of appropriate nature—
based solution for stormwater through multi-criteria
performance indices, Desalination and  Water
Treatment, 219, (2021) 392-398. doi.org/10.5004/
dwt.2021.26959

Jeon, ]., Hong, J., Jeon, M., Shin, D., and Kim,, L.H.
(2019) Assessment of hydrologic and environmental
performances of green roof system for improving
urban water circulation, Desalination and Water
Treatment, 158(2019), 14-20. 10.5004/dwt.2019.24020

Kim, LH. (2003).

concentrations and first flush criteria in urban runoff,

Determination of event mean
Environmental Engineering Research, 8(4), 163-176.

Kim, L.H., and Kang, J.H. (2004a). First flush characteristics
and criteria of highway runoff, /[ of Korean Society
on Water Environment, 20(6), 641-646.

Kim, L.H., and Kang, J.H. (2004b). Event mean concentration
and unit loads of highway stormwater runoff, /. of
Korean Society on Water Environment, 20(6), 631-640.

Kim, L.H., Kayhanian, M., and Stenstrom, M.K. (2004).
Event mean concentration and loading of litter from
highways during storms, Science of the Total Environment,
330, 101-113. doi.org/10.1016/j.scitotenv.2004.02.012

Kim, L.H., Kayhanian, M., Lau, S.L., and Stenstrom,
M.K. (2005). A new modeling approach in estimating
first flush metal mass loading, Warer Science and
Technology, 51(3—4), 159-167. doi.org/10.2166/
wst.2005.0587

Kim, L.H., and Lee, S.H. (2005). Characteristics of nonpoint
pollutants and dynamic EMCs from parking lot and
bridge stormwater runoff, [ of Korean Society on
Water Environment, 21(3), 248-255.

SRERISIE(R| A27 H4%, 2025

Kim, L.H., Ko, S.O., Lee, B.S., and Kim, S.G. (2006a).
Estimation of pollutant EMCs and loadings in
highway runoff, /[ of the Korean Society of Civil
Engineers, Ser. B (Environmental), 26(2B), 225-231.

Kim, L.H., Lee, E.J., Ko, S.0., and Kang, H.M. (2006b).
Trends of pollutant runoff by storm duration in
asphalt—paved highways. J of Korean Society of
Road Engineers, 8(1), 99-106.

Kim, L.H., Lee, E.J., Ko, S.O., Kang, HM.,, Lee, ]J.G.,
Lee, B.S., and Im, K.H. (2006c). Comparison of
EMCs and grab samples in stormwater runoff from
paved areas, /. of Korean Society on Water Environment,
22(1), 104-109.

Lee, S.Y., Lee, E.J., Son, H.G., Kim, C.M., Maniquiz,
M.C., Son, Y.G., Kim, J.H., and Kim, L.H. (2007a).
Sediment characteristics in parking lot ditch, [ of
Wetland Research, 9(3), 43-49.

Lee, S.Y., Lee, E.J., Kim, C.M., Maniquiz, M.C., Son,
Y.G., Kim, J.H., and Kim, L.H. (2007b). Physico—
chemical characteristics of sediment in sedimentation
tank of infiltration trench and filtration system, /. of
Wetland Research, 9(3), 35-42.

Lee, S.Y., Lee, E.J., Maniquiz, M.C., and Kim, L.H.
(2008). Determination of pollutant unit loads from
various transportation land uses, /. of Korean Society
on Water Environment, 24(5), 543-549.

Lee, S.Y., Maniquiz, M.C., and Kim, L.H. (2010).
Determination of the number of storm events representing
the pollutant mean concentration in urban runoff,
Desalination and Water Treatment, 171(1—4), 529-542.
doi.org/10.1080/19443994.2013.781002

Marsalek, J. (1978). Pollution due to urban runoff: unit
loads and abatement measures. PLUARG Report,
International Joint Commission, Windsor, Ontario,
Canada.

Maniquiz—Redillas, M.C., and Kim, L.H. (2016). Understanding
the factors influencing the removal of heavy metals
in urban stormwater runoff, Water Science and
Technology, 73(12), 2921-2928. doi.org/10.2166/
wst.2016.153

Mercado, J.M.R., Maniquiz—Redillas, M.C., and Kim,
L.H. (2015). Laboratory study on the clogging potential
of a hybrid best management practice, Desalination
and Water Treatment, 53(11), 3126-3133. doi.org/10.1080/
19443994.2014.922287

Reyes, N.J., Geronimo, F.K., Choi, H., Jeon, M., and
Kim, L.H. (2020). Utilization of berm technology for
reducing sediment loads from construction sites,
Desalination and Water Treatment. 200, 450-458.
doi.org/10.5004/dwt.2020.26128



-212E)- 2oy 479

Sansalone, J.J., and Buchberger, S.G. (1997). Characterization
of solid and metal element distributions in urban
highway stormwater, Water Science and Technology,
36(8-9), 155-160. doi.org/10.1016/50273-1223(97)
00605-7

Son, H.G., Lee, S.Y., Lee, E.J., and Kim, L.H. (2008).
Runoff characteristics and relationship between

nonpoint source pollutants from national road, /. of

Korea Society of Hazard Mitigation, 8(5), 59-64.

Wee, S.K., Kim, L.H., Jung, Y.J., and Gil, K.I. (2008).
Washoff characteristics and correlation of nonpoint
pollutants in bridge storm runoff, /| of Korean
Society on Water Environment, 24(3), 378-382.

Yun, Y., Park, H., Kim, L.H., and Ko, S.O. (2010). Size
distributions and settling velocities of suspended
particles from road and highway runoff, KSCE J. of
Civil Engineering, 14(4), 481-488.

Journal of Wetlands Research, Vol. 27, No. 4, 2025



