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Abstract : This study was purposed and performed to evaluate removal efficiency of non-point source pollution in the process
and system based on bio-retention design criteria regulated by EPA. Basic Column Reactors (BCR) were prepared for optimal
determinations of inflow rate of first rainfall runoff and composition and ratio of soil layers. Removal efficiencies of non-point
source pollution from synthetic runoff and real first rainfall runoff, directly sampled from motor way and parking lot, were analyzed,
respectively. Removal efficiency of SS, BOD, COD, T-N, and T-P were all shown to be more than 80%.
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Figure 1. BCR (Basic Column Reactor).

Figure 2. Pilot-scaled bio-retention experimental reactor.

Table 1. Composition of top soil

Group Sand Silt Clay

(%) 79.17 17.56 3.27

Table 2. Chemical properties of top-soil

Group Sand Silt
pH range 5.0-7.0 6.47
Magnesium (Mg) 100 + mg/L 4,808 mg/L
Phosphorus (P) 150 + mg/L 178.92 mg/L
Potassium (K) 120 + mg/L 2,232.8 mg/L
Soluble salts <900 mg/L 14.8 mg/L

servation Service®] Textual Triangleo] 7|53} S ™, A=2]
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7ol 75 pm ol Eli= YAz AR (sieve analysis)Z 5} L
71 ©0]3}+= Laser Particle Size AnalyzerE ©]-&3}o] 2434
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Table 3. Concentration of synthetic runoff
BOD | CODc” | SS
160 237 117

Group
(mg/L)

® Chemical oxygen demand, using KoCr,0;

T-N
29.7

T-P
20.8

e

SR EREERY

EE Concentration of BOD
V7] BOD Removal amount

140

120

100

Concentration (mg/L)

2.3, AlMME %
A ARt aas 34 715, WA, EECH)E o0
TRt g7 S5 oY 2 VIS WS, drled Sl a0
Yol ot EEwo] FuATT £35S o2k Ao 2
AAs] 2 o] ALSE AL IFRE 1 BAS Table 0
25 50 80 110 150 18.0 21.0 24.0 29.0
ba
4o Aok Inflow (mL/min)
- Figure 3. GlucoseEfficiency of BOD removal with variation of run-
AlSdZd =
3. HedZut 3 B off inflow in BCR.
NERFUY FAE ol§3tol 27149 §559] HAY
FATEFL B oA S 4 vlee AEskRen, o] 2 140 . Concentration of 59
318 7122 stol AR el AT FAE 5o 2 Sl
B el Aease LastAn
) i )
31. 27122 K842 RYKB(BOR M) 2
EoF oA S B AT BAE, S 22 20, 30, 50% E
2 Wgste] PG BHLHENES REDY § E
A AT UA §E50] BEE BAst] 2o & g
URFS =EIAAU BOD AALEE] B9, fuFel 15mL/ O
min7}2] BOD 7 &0] Z71Et7} 71 o] 5ol 253 7t
At AL B 4= 9lth(Figure 3). SS AAELY AL &
o]eFo] 21 mLinin7hA] A& .0.5 2ot 2o 2 2 ot 25 50 80 110 150 18.'0 210 24.0 29.0
. . - iz o] = Lo Inflow (mL/min)
(Figure 4). BOD2} SS= gAof arefste] 22 9] 27]7-5- Figure 4. Efficiency of SS removal with variation of runoff inflow
GE49 $UFS 15 mL/mino &2 AHA 3} T). in BCR.
Table 4. Recommended plant species in bio-retention study
Species Moisture regime Tolerance Morphology General characteristice
scientific
name| Indicator Habitat | P onding Salt Oil/ Metals Ir}sects Expo- Form | Height Root Native Nqn- Wildlife
Common status (day) grease disease | sure system native
name
Euonymus Flat dence
alatus d Sun horizontal
. FAC" | Mesic 1-2 H H H M or . 5-7 |Shallow| - Yes No
Winged branching
shade
euonymous shrub
Juniperus Dry
horizontalis | oy b | n\regies | 12 | MT| B | H | MeH| sun | Matted |, g Deep by High
Creeping . shrub taproot
. Mesic
juniper
Pachysandra
terminalis Evergreen Fiberous
FACU* | Mesic 1-2 - - - M | Shade| ground - - Yes | Low
Japanese shallow
cover
pachysandra

Y FAC : Facultative equally likely to occur in wetlands or non-wetlands
» FACU : Facultative upland - Usually occur in non-wetlands, but occasionally found in wetlands
9 FACW : Facultative wetland - Usually occur in wetlands, but occasionally found in non-wetlands

YH: High tolerance, 9 M : Medium tolerance
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Table 5. Removal efficiency of BCR in top soil (3) : organics (2) :

Table 7. Removal efficiency of plant species in pilot-scaled experi-

sand (5). ment for real first rainfall runoff
Group SS BOD CODcr T-N T-P Division SS BOD |CODcr| T-N T-P
(%) 33 7 50 85 90 (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
Inflow | 129 | 442 | 852 | 54 4
Motor way | Outflow | 0.5 5.6 19.9 1.6 0.39
3.2. EQf O{x =9| M H|E(BCR Al&) (%) | 99.6 | 873 | 76.6 | 703 | 90.2
oF Aol A AHE 99198 15 mLming 7|20 8, Eof A Inflow | 299 | 684 | 958 | 132 | 475
o BEE, 2o 229 Fo A vleE WA F Tl 1 |Outflow| 1 97 | 211 | 23 | 045
gk A AE SR FURFS 15 mUmin® 2 (%) | 99.6 | 858 | 77.9 | 825 | 90.5
AotA FABHHA ZF 4 vl g Hig Helag #4S 5 Inflow | 134 | 547 | 72.1 | 124 | 3.15
Bk AR B AT RAE mefef 74 vlEel 3:2:59 2 [outflow| 1 | 95 | 167 | 21 | 039
H7E 7P Aol S A0 ALIEI AAHS parking @) | 992 | 826 | 768 | 830 | 876
iﬁiﬁi;‘?;fi;j ifﬂ?q?jﬁ fjﬂ:;i; lot Inflow | 108 | 464 | 593 | 72 | 2.65
cos mEmm ST e s TET e 3|Outflow| 05 | 80 | 69 | 17 | 036
shot fARRE A HoIFgrh
Table S Ok AEE Mol=. mals] A M]S| 3:2: 59l (%) | 995 | 80.1 | 88.0 | 763 | 864
mel 271 frEee] Ae ade Bl 9o 2}2221:2; 994 | 82.8 | 80.9 | 80.9 | 88.1
avg.(%)
3.3. MM AME HXE St X7|UR RES XMegE
IRRAY A AU B EEE AR GBS AL A 0] M0 o] A B o] SoE S &
FEF FUFE EW AT 74 H@S HEse] HAA oF D]A(E; _:(EA =314 o]E 714 01?_—?7]‘— ) 581]; i;: Al
FEE scaleup AF FAo] AMS AR 5, 79 Bore] o O T o FO
H3A0e AR Foll, 2714 B4 Aelagg way  h EEES boweention 8ol 7jRIshs AS2 ol A
sttt
g Als 23] Adlo|A AHYE 69102k 15 mL/min 34. N ZTV|UR FE-E MES MelgE
o] s A4 ZHS 150 mL/min®] 1l 0]E, EoF Alth3) : HAE 1A o7 AxH THAF7;-(synthetic runoff) ThAl, AA| &
Q) : BHG)E TAE BoF o2 A3t Aub, AR HO AollA A et 2717 255 ol8-5to] 33480049
= A4 AR] At A7 Ege] 947 Ao® it AT AFL s
(Table 6). ERHI PO A S Aol thete] DA 1A
322 2200 WP A|AZLLS SS 88.8%, BOD 83.1%, COD & 31 33}0] AA A3 Yxraw waten) S BT AT, 3=
75.5%, T-N 85.9%, T-P 96.1%= e} O™ Euonymus alatus 24O 2717 & BV 2 lr—EEﬂ— g =&
9] 7, AABFEo], SS 95%, BOD 86.1%, COD 77%, T-N Ao 2 yEepygTt 27k Ao gk Aeag EHENE
91.5%, T-P 95.8%% HAE|o] 714 923 22| A 8-S Ko Table 70 Ureby it
= Aeg vehgth A FAAAE B AARES vlastd F A
W WSS FES AT O we AARES HolFu
ble & . . ‘ k. AA 2= COD TS A28l 80% o]4fe] ula ]
T oo T ISR e g 9l 2 2
Division S8 BOD | CODer) TN | TP ; gogl:_;;H 1;](): AE Zo ; ;: go o] ErEH A oﬂjorh?’ﬂ:;
(mg/L) |(mg/L)|(mg/L) |(mg/L)| (mg/L) ° o o= ol ee=
Synthetic runoff 117 | 160 | 237 | 397 | 208 Ul o= QAL TR, COD AAEEe] HopAl= gle] 4 e
Euonymus 9 |2215] 534 | 25 | 086 L
alatus
sii?;s hi‘ﬂ;‘gﬁgﬁs 14 |2819] 587 | 42 | 0.64 4. 2ot 0
Pachysandra | =y 13151 | 614 | 58 | 091 1= fdRegel AeAw el ofet mdedd A7
terminalis o} A7)zl AT, £ Aol 2P AHFH(BCR)
Average conc. (mg/L)| 13.00 |27.18 | 57.83 | 4.17 | 0.80 9} mhlal Fre] 2K AE A2E B 27|78 &5
(%) 88.8 83.10 | 75.5 | 859 | 96.1 o5t H Ao Aol AAFEE U AL BAET; nEgAd
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