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Special feature: Natural Water Purification Technology
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Assessment of the Applicability of Convergence Technology
for Reducing and Blocking Pollution Loads to Rivers through
the Utilization of Waterfront Spaces
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ABSTRACT: Water purification facilities utilizing three technologies - a detention pond, an artificial wetland and an ecological
revetment — were installed in waterfront spaces, including river embankments and watersides that have so far been left
neglected, and then their water purification levels were analyzed in this study. The water purification facilities were found to
show average removal efficiencies of 48.6% in suspended solid (SS), 30.5% in biochemical oxygen demand (BOD), 18.4% in
total nitrogen (T-N) and 27.3% in total phosphorus (T-P) during rainfall. The removal efficiencies during non-rainfall were
33.2%in SS, 28.6% in BOD, 13.7% in T-N and 17.3% in T-P. These results showed that the water purification facilities using a
detention pond, an artificial wetland and an ecological revetment can be used as a useful natural water purification
technology in in waterfront spaces.
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Fig. 1. Photographs showing water storage in pilot-scale
detention pond (a) and a simplicity treatment system
in a pilot-scale detention pond (b).
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Fig. 2. Photographs showing the pilot-scale wetland (a)
and the pilot-scale revetment (b).
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Table 1. Mixing design of porous concrete used in this study.

Weight (kg/m’
Porosity W/C* gt (kg C ) "
(%) (%) Cement Water | Microorganisms 0arse aggregaro Admixture
Crushed stone Pumice
15 25 516 116 12 1,311 48 1.034

*Water / Cement ratio.
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Fig. 3. Schematic diagram for the linked treatment used
in this study.
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Table 2. Characteristics of the test river water used in this study.

Item Value Item Value
Temperature (°C) 16.7 pH 8.2
Suspended solid (SS) (mg/L) 18.5 Biochemical oxygen demand (BOD) (mg/L) 7.40
Total-nitrogen (T-N) (mg/L) 2.38 Total-phosphorus (T-P) (mg/L) 0.15
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Table 3. ltems and methods of chemical analysis used in this study.

3(4): 238-246

Analysis items

Methods

Note

Suspended solid (SS) (mg/L)

Vacuum Filtration

Glass fiber filter method

Biochemical oxygen demand (BOD) (mg/L) DO meter (YSI 58, USA) 5 day BOD
Total-nitrogen (T-N) (mg/L) Ultraviolet absorption spectrometry -
Total-phosphorus (T-P) (mg/L) Ascorbic acid reduction method -
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Fig. 4. Change of suspended solid (SS) (a), biochemical oxygen demand (BOD) (b), total-nitrogen (T-N) (c), total-phosphorus
(T-P) (d) concentration with the passage of time.

22329 9 84 (8- 1292 4717 % A9 D o] ot &
A RS A 10U LA W As] 2RSS AeleH 58] (A, B,C, D, E)2 %
QBRI AN 5 8URE 10 B TALACR L 9o chsto] 76927] SEAANE 2ARKE % T3]
247168 9 D B 2 38)H 251E, 18] ARE AR (FEA, S8 108, 155, 308, 605 2
274 % 3740) AlR AAISIO] A HEUOR S 12083 5] S, BOD 9 T-N, T-P 54 210,
gom], YA SR 5S4 24 WABSE S B, 7 232 Fig. 40] ek
Qo] L 144 1= 1942 A3k EA B A Al o] elo] M, BODE A9Jal S, TN, T-PL
RO AADANL AN W e 2 o] B9 ARle] ATESE 0 At WA Bk
Fajo] Aole] AR, 20 B4 GEIPPAS o] oFI5E T/ S S Hylon, T olfol 4

TR Table 37} . A 223101 ARl AT vl 5 S et
A5k EREBODS) 395 7227125 g 3247
3. Zat ¥ ma the 57101 A4S BAoU R0 vale] 2 2
o= LA elsiet:
3.1 deRErel 54 B
2 QA7 AuEd AXIS g)k-l m 7
HFS DI SRS JE Y S Eas S8
AN ARATE el ASA SR § 3.2.1SS AASA 97}
sk o) BAS BB Sk 5 AE7RIE 55519179 (A, B,C, D, Bt uleA



B.K. Kim et al. / Ecol. Resil. Infrastruct. (2016) 3(4): 238-246

48-Detention Pond -&~Wetlands -@-Revetment
70 -

60 -
50 -
40 -
30 |
20 A
10 r . . . .
A B c D E
(@)

-@-Detention Pond -&-Wetlands -®-Revetment

SS removal eff. (%)

60 -
50 -
40 |
30 -

20 A

SS removal eff. (%)

10 —Tr—TTT—TTT—T—T—T—TT
0 7 14 21 28 35 42 49 56 63 70 77 84 91 98
Time (day)

(b)

Fig. 5. Change of removal efficiency of suspended solid (SS)
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7} @ 471449 SS A3 A7}E Fig. 5a, Fig. 5b 2 Table
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with the time passage in storm (a) and non-Storm (b).

Table 4. Concentration and removal efficiencies of pollutants in storm and non-storm events.

SR WA 0.2 ARARI] 1 A ] vl ol

: Influent Effluent Amerfiee (0
Pollutant Reetz;atll ltem (mg/L) (mglL) Removal efficiencies (%)
min-max min-max min-max average
Detention Pond 517 - 109.6| 232 - 469 | 548 - 58.7 56.4
Storm Wetlands 232 - 46.9 1.1 - 221 494 - 593 53.0
Suspended Revetment 111 - 221 6.8- - 148 | 332 - 428 36.3
solid (SS) Detention Pond 170 - 244 118 - 170 | 243 - 31.0 28.4
Non-storm | Wetlands 11.8 - 17.0 70 - 123 279 - 438 36.9
Revetment 70 - 123 40 - 94 216 - 524 34.4
Detention Pond 57 - 235 45 - 171 215 - 3.2 27.4
Biochemical Storm Wetlands 45 - 171 25 - 89 366 - 480 42.8
oxygen Revetment 25 - 89 20 - 6.8 186 - 234 21.2
demand Detention Pond 52 - 110 37 - 79 210 - 321 26.1
(BOD) Non-storm | Wetlands 37 - 79 23 - 57 | 273 - 388 33.7
Revetment 23 - 57 1.8 - 45 196 - 37.9 26.1
Detention Pond 420 - 7.82 3.80 - 6.80 95 - 165 12.5
Storm Wetlands 3.80 - 6.80 280 - 500 | 255 - 36.1 28.3
Total-nitrogen Revetment 2.80 - 5.00 244 - 442 8.0 - 205 14.2
(T-N) Detention Pond 111 - 4.00 0.90 - 3.80 38 - 238 12.3
Non-storm | Wetlands 0.90 - 3.80 0.62 - 3.20 112 - 352 22.4
Revetment 062 - 3.20 0.60 - 3.00 28 - 135 6.3
Detention Pond 019 - 045 015 - 035 | 102 - 241 20.1
Storm Wetlands 015 - 0.35 0.08 - 0.21 400 - 545 49.1
Total-phosphor Revetment 0.08 - 0.21 0.07 - 018 | 100 - 153 12.9
us (T-P) Detention Pond 0.04 - 0.31 0.03 - 0.28 50 - 272 14.0
Non-storm | Wetlands 0.03 - 0.28 0.02 - 0.20 15.7 - 425 28.3
Revetment 0.0 - 020 0.01 - 0.18 28 - 200 9.6
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Fig. 6. Change of removal efficiency of biochemical oxygen
demand (BOD) with the time passage in storm (a) and
non-storm (b).
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Fig. 7. Change of removal efficiency of total-nitrogen (T-N)
with the time passage in storm (a) and non-storm (b).
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A5 oAl B SpibA I O] G2 H|EH AT}, of 7€)
Si0, CaO 52| /g /g0 = A 9 Qlo] F2he] L A
=1to] PO JE5AIY AlARE] 7 =4 Ut
w702 gtk

SAAsksEe BNt om 1 Ak et g,
FUBNE BH2 2RI B9-RE o

T AR AR A BB A SHOR §

sl B 9-RE0e] BAL B stk § 57

O

fr

A (8-129) 9] A7 |15 7973 Bl 7ol Wol &
A3)7| 2kt A5 A|LJst 53] (A, B, C, D, E)2] 7
Sof| thgto] 73-9-27] FEXHTE 243t F 73]9]
NBE AH] (S22 A, 55 105, 155, 305, 605, 120
)3t 5 SS, BOD Y T-N, T-P 5448 24513ict
BODE #|€J3}SS, T-N, T-PE= 719275 A|7to]
AAEE L AsEr A FTIst] R 155§ 7 =
25 Helom, 11 o]Foll= MR fraste] 2417k
o= &2 vl=3t s et o BODE)
78 271 HE AR FRAVA tha S 74
e Hol oy 72710 Hste] 2 Afoli= UEhbA] oF
o

H5-E54 (SS)9] 57 Aut ZF9-Al & BIZFe-Al o thst
o] AR Hit 56.4%, 28.4%, ABLAI= 53.0%,
36.9%, AEIT RS 36.3%, 34.4%2 LFERGT 7194]
o= AFAI} QE5A1 Y] AAEEO] tha w0, A
e 5oto] 7P -2 A EE-S UERAG O B]78-Al o]
£ B HSSAA S-S e QI g AFAL 4
SEAE AL BIRA o AA o] Es) AlolE
Hol= Ak g e k0] - 73--Al2t v7-A 9]
AAEEo] F2to|E Kol ¢hotrt. o & arakste] B
QAFFA] 0] - Yol HlA vt 2R o7 5S @
7 H T Bl o2 JRAA7|A =k, AFA] 2] 79
Z-Alolls AFRolIA Fp-EEo] FHER= Al Hlste
HPF-Alofliz ARRE AXA] AL Zrol A2 A dof|A 4=
BRI 0 & REElE o) iRl Aol AR
2] AAEEo] il HPF-Aloll= A et A o=

2

#71=4 (BOD, T-N, T-P)9| &7 A3} 7H-9-Al 2+ &
270l thieh -f-dar ] fE0] AAES #1749
730 27.4%, 12.5%, 20.1%, QA35219] 7S 42.8%,
28.3%, 49.1%, Z9F0] 74$-21.2%, 14.2%, 12.9%= 1}
ERgom HIZRARE ARR]Q] He- 26.1%, 12.3%,
14.0%, Q1E5A2] 74-2-33.7%, 22.4%, 28.3%, Tt
749-26.1%, 6.3%, 9.6% & LET) 7 8}l A] o1
FAE a0 7P =8koH o]= QlE<5A] o142 Si02,
CaO 32| T/ dw-0 & A dl ¢lo] F2E] 1 FE1} 3
Jo = QIR mgEe] BEH EE o R Qlsto] f7]E
Zo] A A A o= HHEr.

ZS-A F BEAof i @ AEE A AES AT E
H, A2 0. 2 H|7Re-A| Hok 71 of| AJA &-Eo] =9k



246 BK. Kim et al. / Ecology and Resilient Infrastructure (2016) 3(4). 238-246

O], 55| SS9 75 K| H79-A] 0] A A T L 7o)
7}8les] Lpebieh EEHBOD 8 TN, T-P2] 790l
A5 Al 23401 Bl glgkort, Q1A 9 A
QHe AT go] this 20| 5 Mot otz ulh9A] mrk
79 A =] QAT )BT, A5A] U AR

o) 3114 B Q147 Y] of ) 2 Bk
F0) 71918t Ao giee,

weby £ AT Ak 2 A5 9 lgaA, AR
2 At} RO 9] 9 HZEe Al LA
ol b FHF AA LS Motz A0 e
T, 12 o)) A7 Estol, At of4)
9§ Al wh A g sl ot FHEH 3}
F7H R A0 ARRER 25 BT AT ol
ool 8 Ao gieke,

A =

Qi FESjORE BRI TAIRlel Aot} <)

o] Bt A A1 At <GREEN
RIVER) (12714:3141002)] ¢h] A|9le] ]3] 428
Heigsuch
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