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Abstract

This manuscript covers the results of field investigation and lab—scale experiments to design a double—layered biofilter system
to control urban storm runoff. The biofilter system consisted of a coarse soil layer (CSL) for filtration and fine soil layer (FSL)
for adsorption and biological degradation. The variations of flow rate and water quality of runoff from a local expressway were
monitored for seven storm events. Laboratory column experiments were performed using seven kinds of soil and mulch to maximize
pollutants removal. The site mean concentration (SMC) of storm runoff from the drainage area (runoff coefficient: 0.92) was
measured to be 203 mg/L for SS, 307 mg/L for TCODg, 12.3 mg/L for TN, 7.3 mg/L for NHs =N, and 0.79 mg/L for TP, respectively.
This study employed a new design concept, to cover the maximum rainfall intensity with one month recurrence interval. Effective
storms for last ten years (1998—2007) in seoul suggested the design rainfull intensity to be 8.8 mm/hr Single layer soil column
showed the maximum removal rate of pollutants load when the uniformity coefficient of CSL was 1.58 and the silt/clay contents
of FSL was virtually 7%. The removal efficiency during operation of double layer soil column was 98% for SS and turbidity, 75%
for TCOD¢;, 56% for NHs =N, 87% for TP, and 73—91% for heavy metals. The hydraulic conductivity of the soil column, 0.023
cm/sec, suggested that the surface area of the biofilter system should be about 1% of the drainage area to treat the rainfall intensity

of one month recurrence interval.
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&2 gHAHo] Stk wheba] S Aol BHEE Bk of A
o 774 9 AA 71EE rkAsks Flo] Fas Adstoltt
SHA thekeh Bl e A=A L] A E Sl AlbEE o
gl 7 M T ESoldls (Biofilter
Bioretention)> AT AAGZE SHolA 73t
BMP (Best Management Practice) & 5] < EZ2 3 ‘?:L
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=ZY WS o83t 9 FAVI(STEC, Korea) 2t
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A gElael A8 60 Bt A E Y &

A ARKlS] A 5SS ol gate] AEsr,

ru{N

212 Y Al BZ 55 (MO 3
g ol A Y=

o1 20076l S OH 5 FELE B HE
>
[e)

N
w
nx
X
O\I
H
O\I
H
R
02

B
M
%
flo
N
o
o
1o
jin)
o
i)
=
o
>~
[

Ir
ol

)
A
o
[ FE?
rode
jnj
O
T
T, of\
S
5
off
=
iy
ol
2
ol
2%

@
b1 o

o
ol
Fr
S
o

£ ol
poh
Es=
=
ﬁr&r)«

X 2 b

o] % 2004). o]#]
75 %%? ARzE AABHA
| A2g=g AAIE b= 48 7Fsst
o) Afxo} 03_7415-4 A A2 AYAEE
Q3 wEba] 2 A
g-of g ﬂtﬁ AR A= Et R
;}01 olF TR Al A WAS
VJ%J dlolElHlo] A F 199964 2008
A 10 W 4 AR = 1 AIRE 3 A EE
tﬂ USEPA (2002) o] 227810 6A17k2] H-7-%-
S G O AP O R nokom F Aol

PRl 9 dal e BAe st

re 2 ok
2
Ty
2,
o
o
>
ol

4o £ o o qo
2
rlr
o
L
o
o 1>
_\9
o
é
N
ﬁd

2,
%
r =

O 2,
°"_\'\’>Tf°.LO\I_EN
32 5T
oo N
NI
mm:io
fols
nIf

i
kY

N
ol
o 32
rlr

N o
o1 N

3

s

2
3
o

o

N
o
=}
o
O
Hm
<}
il
>
nx
-

x

B oM 7] Al Aol
Btk B2 24 A2 548 183 (0] 5, 2006),
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DE f249 7 UEF sfo] A4zl ii?/l 35 FuAZ FYsto] 74 218 7elA 120 rpmO = 1ARF a5 &
4 AT} (Cho et al., 2009). & Al2~El2] 79 Alhd Bk & 1 CODg,, TN, NH,"-N2 =433t}
T8 Fhehs el 10€ e ol sk = Ao ® ZF EQke] ool wiks® =74 (Cation
ZFE A £ EF A WaS AYssith Exchange Capacity) E il@r‘ﬁ o] &3kt o
Al g & TFTE AESTE F 1 M9 oMENER
23 AEA 72 EF o{nt ZYH AH (NaCOOH)%oug °l*°~oP°% L‘rEE o]0 % F3PAIZITH
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Pollutants Value Constituents
pH 7 HCI or NaOH
SS 200 mg/L Drainage sediment
SCOD 70 mg/L CH3COONa
Ammonium-N 7 mg N/L NH,CI
TN Nitrate-N 3 mg N/L NaNOz
Organic-N 2 mg N/L Glycine
TP 1 mg P/L NaoHPO4
Cu 0.1 mg Cu/L CuSOq
nHAZ?;)é Pb 0.1 mg PblL PbCl
Zn 0.5 mg Zn/L ZnCl,

o) 7 2984 H FEE B Ao =43 iR 9l
SMCell Z731] Table 13} o] Zdslod ARg3R3ict A
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Nitrification Potential = —

1
M1 —w)

N.—N+N,
A —— b><(V+—]lZw)

X

V)

o714 Ni= 27] NH N9 5% (mg/L), Na= ¢ Azt
wjok 3 NHy -N9| 5% (mg/L), Nyt thRAIES] vk
FNH, -N9| 5% (mg/l), TA= §49 33 (1), M
Bk 89 A (ke), wi= EYARY 48 (%), o=
25 ° CollAl 2] W% (0.997 kg L) E 242} oJujgic},

24, 24 2

CODg, TN, NH,"=N, TP, SS9 ¥%i= Standard
Methods) 213 57331503 AW A ol Amrle
ERE
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o] YH-E oF 11559 BAE 7] i) Ao welt, 312 X9 B 2YST (SMC) Ay
hH Fig. 20014 AAJgE wie} o] 27 iee)l 29 % v e A Al AVde drbA o s 9, A8
Frko] A= AYAIT 0.67 AEE AOFOoE v AL, BEA o] & 5 theFst Jakiate] oaiA A A
AE BAE BT B oA e A fE2AT7 271 k= 49 =) g B A Wslel Qs 1 AlAR
w o]l 7 Re] AIREAR] Wste] 7 frE o] Wztet o] A #9427 Utk (& 5, 2007). AR £ A9
Al Mgkl 4= Qlek ARk 2 Aol g fEES 9 B vhefet BoF Tl thall wdst el o3, &
37100 <8l A o ® 7 Slol| vl 49w 153 2k g A5k el B 295 AAS A
FQEe A 73g-gel| 28l AP EIS7] whiEell gt HIE 5402 shal gl v BEolMis Al u
TAZY Aol Hlojd = QUL ol= A7t T2 A 2T s 9 G Wshs Al St F
TE US TRk d5Hh ol FEAoR 7]7]9] 73lel AR dZzAel ogt 7 - EMC ¥ SMCE
7 stlof] 7]1s Ao Z ujH e XEAAde] Gt 9l APgst A= Table 2¢] A|AIg vke} 2} (Song et al.,
ojA AAst 7719 AL Fos vy 22t 9 & otk 2007). EMC® 7% SS& 46~458 mg/L, TCODc =
(USEPA, 2002). 95~495 mg/L, TN% 5.69~19.57 mg/L, NH,"-N<&
0.2~14.2 mg/L, TPE 0.24~1.36 mg/Le] % W=
Cher e,
- 8000
= s}
o 7000 Fy=220.01x 313 MA LT MF
£ 6000 | R=0.6701 Se] 9] dkAQl v]d 99 A Ao tisk A 7)F
* 5000 | o ollAi= (DER, 1993) 47| *+2] 4922 71€0% A4
£ 4000 | 0] WA e AT s3Itk oE So) AMwER
2 a0 | (007l 3 1912) 80% Z-AM Shgol shdehe
9 2000 ¢ Ao A A §EIT A A 7.4 mm oS
2 1000 | He)at 51 @i } %ﬁ 745 (2006) M= A% 5
r mm °’4¢] TX %ﬂ% T == gkl Jlok
0 5 10 15 20 25 30 sk o] = E LH Jg‘—y of| 749 FEFE AR AFE
Ao of 2k Al €]

Rainfall Intensity (mm/hr)

ARl 4 23] Aete
AFA % AAHXE A3 A8 TPtk s QFUE
e w0 ool A9 et of A5 FUH

Fig. 2. 29 ®#&% LMD ZeZTo| Mza MMd2 }
HE mERaE Hed FAZ Ao AT 2 2 2z
7] B A0 797 Ml S 54 A ARE 29
Table 2. CHAX|Y 29 RETS LAY HEsEet XYY T 55 (Song et al., 2007)
Date Jun. 14 Jul. 10 Oct. 22 Nov.13. Nov.27. Dec. 18 SMC
SS (mg/L) 265 118 128 N.AZ 46 458 203
TCOD (mg/L) 382 217 492 162 95 495 307
TN (mg/L) 8.40 6.02 19.57 14.86 5.69 19.40 12.3
NH4"~N(mg/L) 0.20 N.A. 6.64 11.29 407 14.22 7.3
TP (mg/L) 1.10 043 1.03 0.60 0.24 1.36 0.79
Rainfall Amount (mm) 63.0 19.0 215 3.0 12.0 25
ADDs’ (days) 2 0 3 5 5

# N.A. : Not Analyzed, ® ADDs: Antecendent Dry Days
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Table. 3. M2 X2l 2 104 RS 3=
Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Event 44 43 38 51 54 37 51 44 65 4
Table 4. A&4A #2 EQF ZBAIHN AFSE EYo| =2| - 2= &4 (Cho et al., 2009).
D dio? P Silt/Clay CODg¢r TN NH4 =N CEC
(mm) Content (%) (mg/kg) (mg/kg) (mg/kg) (mea/100 @)
Soil-1 0.15 455 10.1 34.0 149 3.1 5.25
Soil-2 0.30 472 9.2 67.8 13.6 24 6.13
Soil-3 0.16 2.22 7.2 N.D.° 7.0 55 1.98
Soil-4 0.25 2.59 3.6 20.0 4.0 9.5 2.77
Soil-5 0.28 2.53 2.2 N.D. 24 3.7 2.13
Soil-6 0.35 1.84 2.1 N.D. N.D. N.D. 2.01
Soil-7 0.33 1.58 0.7 N.D. 55 42 2.76
Mulch 0.31 3.71 2110.0 514 285 46.0
%o effective size, "U: uniformity coefficient, °N.D.: Not Detected
FEE T ARE7) Al the 397 B el
100
e, T
719 AV arglske] B ATl = AR 9 AAIs) g 80
A & AAde] LS fJal A A3 AEE VIR A g
=
o WA AAsIdet olF $J3l AR A 10 g %
(199813~2007) 7ke] % 48170¢) Ha75o tjelo] s .
(Table 3) vl 49 B9 FALBRLE WEaloirt 3
(Fig. 3). ©]E wigo® 1712 Wx (+42E 75.1%) E®
At} 2975 8.8 mm/hrE AP 2 Q1] 47 ©
WS A8 Aol 11D MR Wk 29 1% ’
T AFE AT 5 e 54o] Aok
Fig. 3. ngl o9l
32. EY EMY 2AHEZ HAHAEE "I}
321, EQF EM EM Z3}
E9pe] 9173 ¥ 9 3514 542 Table 41 AN
hek 2tk (Cho et al, 2009). 7 B8 vl FHAY 2 A7) AN Sily/Clay W&} Fol& mEsY 7
(USDA) 9] 715 74 Sand ¥+ Sandy Loamel| 3fld-3}3laL of] oFo] ATA (A 0.76) 7F Q= Aoz LFERE
TS5 A= 1.58904 4.72, Silt/Clay v]E&2 2.190A4 o} 53] HA B s Bk nlg] 953 & ol wEt
10.1% W9l Siek dukd oz £k a9 U 5 THE Hled, FAEE g Fu AR 2dstn
1 = 554 1 ol B&S AR U Silt/Clay W& 9 oS Pzo| ofole o] smdk 247
< 8 o5 digt Fasel & IS = AoR (Fuctional Group) 7} th E3tEo] Q= Aoz A A

24 2t} (Hsieh and Davis, 2005, Cho et al., 2009).

9lt} (Jang et al., 2005).
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Fig. 4. 484 729 chs 9 2 MsolM 25 %ol GE TCODy, SS AHEE 2 MEE sl

322 EY Z7 49 2HEA MHs H|m Hit 2Ho7 3 AHd BEYFY S AAs] g8 A
WA, B 7ol whE SS¢ TCOD) AAZAE-S A A= Fig. 5ol AASl=t, 942 Silt/Clay vl&o] &
1 Fig. 40l #AAek vel w7 A 2 35415 3~45 7] TE PR old Aol tist Fakso] Tk Zo® #
TOFZ o8t zlolE #5T 5 UQITE F A AT SHAcE ot AEehA falsel st A2 Aals)
ol w SS AAEL 95% oo e 11 o5ke] ERVES S A A g old Al gk F3ks
W AFNAE T ApolE Holx] ¢ka1 80~85%2] AlAE 7} FUet A FRISIGI vjxHAo] F HE W HE
o] #=H Itk kAW Fig. 4(c) ol AAIEE vle} 7ho] #5 o] Hgo] F4% A3} Hl*ﬁ%ﬂ Aol 2 f& QIR Lo}
AG7F S7VEG5 ofA] W A&7t H18] fhaehs 310 73 Aa0] F2 ek op} Eok v AEe] -3 ul A
2 Yepdth webd o3E 53 2 Hal AAE HFH o %E] st 7oz d#A 2tk (Song et al., 2008; Cho et
3 YA BEdSols FRAG 7P A 13 EL ., 2009). AT 2kA A5 A3} v 2 Silt/Clay
A AL QAME TA "HofA|A] A= 15 AlF 1.589] 1 o] 7% o4 wel= 5 AIF7} 30]7do] Hof Ek
Eofo] 7P At 2 o7 faE ek o)n] Eok HE A U A&7t oF A4 o)) FhAdhe Z1o® vERY AlfA
A o] &3 A =T A7 AEskE v, 25 Sl Bk AL Silt/Clay Hl& 71522 7% Wel2 22
A1€] é‘i&‘ﬂ A 71% oM % (Hsieh and Davis, st Zlo] Agsitta & 4 QS
2005) F4do] W Sandy loam AE9] B Aty
otk (DER, 1993). 323 0|52 £ ZEoMe 2HEE MHS FIt
b S5 o=l digt F3 2 AR s TS ok o7 A Al AnE v R A% o)F
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B Removal in FSL

Fraction (%)

= E9F o3} A7) x4 2k= Fig 691 A5t nhe} 2ok
Ae Ay} SS @ B 989%, TCODe 75%, Yol A4
56%, 21 87%, 5545 73~91%2] B43 AAZAE
RIS 7] A= =] vl e Aejalde] AA
& PaE AAREE, 2007) S WS B ozl 7)E
o] A AFRellA Bl A3 (Hsieh and Davis, 2005)
BT} 93k 7102 Uepgth tiye] e 237
BTl AAE = Aoz e o] uhe} gl <l
Aol ¥ ez sk Aow gl (37 ¥ o],
2005; Tuccillo, 2006) &2, 2572 AlA A=
94 EdTo] T3 8-S sglek vk 84 E491
FEUold iy A ESTH AHA EYSolA A
o] Y3t o] AAHGY. FEF 74 SS 3 me/L,
TCOD¢r 22 mg/L, YEHoMd A4 1.49 mg/LE YER}
A AR gigte] FEskrAgAEe] R A

.
NEE MESE AOR ek,

S thE e dEdvhe e Ak AAl el o
717E5ekol] f-9l=2] Huf 2~3u) oA} =7 YRt o]
St 2 Al FF el disiAle #He] Al
Az Aiskar 9t} (Cho et al., 2009). AAM] Are=
Ot B U2 vEe] 2dakgol o) A1AE &
of Rt BT Yol dapgeld] oS & 4 gl
E7o] A7) wjite] AESHAQ Fnkgo] F3] Yo
T = Eo] obd Flojrk whba] o AFlelA] Eoko]
HEal QR Yoy Ao Ailsls Bl AdE At

o)

A

1=

e 4 o

e

o

I A A7AE G Aabd Ade) dfgh W= AAEES
Rk v} 9t} (Hsieh and Davis, 2005). B3-S E3t
A AL AAE FX38H7] 21814 Kim et al. (2003)
< Folut 7l T8 Aol AE el Sl gAS
< = SRl AR5l A Al vl 9l o]k Wb
Al

=
i

[e}
st -85 B3l A Aol Ui AAEES T

4719 o]5% BoF AHoM ) 8 s &
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