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Site Assessment for the Water Purification Effect of Porous Concrete
by using Effective Micro—organisms
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Abstract

In recent years, a rapid growth in the population and urbanization led to an increasing industrial growth. The inadequate
treated-wasted water from industry and various non-point sources causes significant negative effects on the stream water. For past
few decades, extensive researches have been performed on water purification process. The purpose of this study is to investigate
mechanical performance and water purification properties of porous concrete by using effective microorganisms through the site
assessment test. The mechanical performance evaluation results showed that the increase void ration caused an decrease in the
strength. The optimal mix rate was found to be 15% void rate From the site assessment, it was evaluated that the porous concrete
improved the quality of the water and the purification ratios are 34.1 for SS, 14.6% for BOD, 34.9% for COD, 11.4% for T-N,
and 12.6% for T-P. The porous concrete and the related purification technique can reduce the non-point pollution sources flowing

into the river.
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Fig. 1 Application mechanism of microorganisms
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Fig. 2 Application method of microorganisms in mixing process

Table 1 Physical properties of coarse aggregate

Aggregate Grading ?;/Zfrllt%/ absoﬁ?(ﬁr ratio \ye]:ghr 0(1‘32%
Comrse | 5~20mm |  2:80 08 1720

aggregate 5~13mm 2.81 0.8 1.690

» ;Sgate 5imm 2.50 - -
Pumice 5~8mm 1.04 16.1 0.392




Table 2 Properties of chemical admixture Table 4 List of EM used in this study

Appearance Density (g/cm’) pH value No. Identification Homology (%)
Dark brown liquid 1.08£0.3 6+1 DSO01 Bacillus flexus 99.2
DS02 Bacillus flexus 99.26
) " DS03 Bacillus flexus 99.6
Table 3 TSA and TSB medium composition -
DS04 Bacillus flexus 99.93
Medium name Medium composition DS05 Bacillus firmus 99.86
[ Distilled Wate(r 1L ]) DS06 Bacillus firmus 99.79
— Tryptone (15.0 g . K
TSA medium ~ Soytone (5.0 @) DSO07 Brevibacillus agri 99.36
— Sodium Chloride (5.0 g) DS08 Bacillus circulans 99.31
~ Agar (150 g DS09 Bacillus circulans 99.53
[ Distilled water 1L ] DS10 Lactobacillus farraginis 99.59
— Pancreatic Digest of Casein (17.0 g)
. — Papaic Digest of Soybean (3.0 g)
TSB medium — Dextrose (2.5 g)
— Sodium Chloride (5.0 g)
— Dipotassium phosphate (2.5 g)

= ) SAF Al AT AETFAIE ARSI o) 1
EXL Table 29} 2t}

224 wiA] W gt
o] Aglo AM-¥ A= TSA (Tryptic Soy Agar)2} TSB
(Tryptic Soy Broth)E ARE3IS1 o, 7 wlj#]e] 4] Table [ [ 2

33} ] @« \
o] Aol AFol FEHL Y vhdesA 4] - :

A& (Effective Microorganisms, EM)& ARSI v]AlE £

o] Rl AlE 30gS WS 270 mLol| HolA wuket 3, s

Ateh | 71 rlel 29310 % TSA iAol 10 mL <

Stk of7e] Akttt ZebAE (bend glass)= ©]8-3F =

o= FFeleh. =5 2ElE v diste] pH 1101 o

o] ez A AL AAsle] Wl oA 2] n| s A= Fig. 3 Porous concrete and Pocara ordinary concrete

e skt & Aol 16S 1DNA 971449 4

Hol olal £48 Mg olgagion, S vags 3 A WA A R duRgs et

2 Table 49} 2t} (Park et al., 2014). _
232 AIEA A 9 g

23 Nl Mz & AIS

23.1 A& 14 ZEQl ¥TRHEES AFd A YAME ol8ste] 28

AFAE dueaER Aftd eS80 A oR F 403t ERsto] AlAslinh AlftE e
B9 A3 XA EER 0T o] ARkEiglon, FAYEE FAAE 24A17F] 717104 F 28U7F 2043C
747kl VRS el EATAREESES T/ A oA FEsIAon, dEAEE 8AIRK] T
o= Py HE ASAS Ay A 2 245 = AR F 280710 V1A S AT 27t wigi
9% o] AR ERRY] = HAEHAL 0.69m’, = Table 59} Table 6 WERH nio} 2k

0.12m’], & HEAAL 1.38m’, 0.24m’°]t}). thS Fig.

sEAxErTex eZss =28 AM19H M1z@01s. 1) 111



Table 5 Mixing design of porous concrete

Unit volume weight (kg/m°)

Porosity | W/C Coarse
@) @ | v w2 MW aggregate Ad?

cs? P

5 25 611.8 138.1 154 | 1521.0| 625 2.44
10 25 526.1 118.3 13.2 | 1521.0| 625 2.11
15 25 438.0 98.5 11.0 | 1521.0| 625 1.75
20 25 349.9 78.7 8.7 1521.0 | 62.5 1.40

%]1) C: Cement, 2) W : Water, 3) CS : Crushed Stone,
4) M : Microorganisms, 5) P : Pumice, 6) Ad. : Admixture

Table 6 Mixing design of ordinary concrete

Unit volume weight (kg/m®)

W/C S/a

(%) (%) o W Aggregate

C A3) S4)

Ad”

40.0 39.5 437.5 175.0 1078.1 682.8 5.25

%]1) C: Cement, 2) W : Water, 3) CA : Coarse aggregate,
4) S : Fine aggregate, 5) Ad. : Admixture

= ;\]smhzﬂ oz 11]0]:8]— 2
X*%'M 40}0% =431t (JCL 1995). 35S 2 (1ol

oJsto] Ak
A(%) =1 (W, — W)/ V>100 M
A : Porosity of concrete
W, : Submerged weight of concrete

W, : Air-dried weight of concrete

V : Volume of concrete

112 s=rzsrogxzelzss =28 M192 A13(2015. 1)

Flow direction

Fig. 4 Site test construction

Table 7 Characteristics of test river

Item Test value Item Test value
Velocity (m/s) 0.28 Temperature (C) 9.8

pH 7.8 EC (us/cm) 245.0
BOD (mg/L) 2.30 COD (mg/L) 5.50
T-N (mg/L) 5.95 T-P (mg/L) 0.08
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Table 8 Chemical analysis items and methods

Table 9 Range and average of water temperature

Ax.ltalysys Methods Note lem Influent (C) Effluent (C)
tems min~max average min~max average
Water 1 CH meter (oH 330, WIW, Germany) |direct measurement In site test | 14.6~226 224 150~260 | 225

temperature
- In lab test 10.2~14.3 13.0 11.3~14.8 135
pH pH meter (pH 330, WTW, Germany) |direct measurement

EC(m/cm) | EC meter (HI 933100, Hanna, Portugal) | direct measurement

DO ) Winkler {(sodium) azide modification} _ Table 10 Range and average of pH

mg/L method
N N Influent Effluent
o Glass fiber filter Item
SS(mg/L) Vacuum Filtration method min~max average min~max average
BOD(mg/L) DO meter (YSI 58, USA) 5 day BOD In site test 7.3~9.1 8.0 7.6~8.8 8.1
idizing - In lab test 7.2~7.8 7.4 7.5~8.4 7.9
COD(mg/L) Potassium permanganate method oxidizing agent
KMnO4
T-N(mg/L) Ultraviolet absorption spectrometry -
T-P(mg/L) Ascorbic acid reduction method - Table 11 Range and average of EC
Influent (um/cm) Effluent (um/cm)
Item - -
min~max average min~max average
25 - ; 14 Rati - 20
= = Compressive Strength  —-Vold Ratie In site test | 155.0~375.0 | 287.3 | 160.0~368.0| 2819
a
£ 20 4 | 15 In lab test | 341.2~362.1 352.2 378.2~402.5 410.2
£ g
%ﬂ 15 - .é’
& I 10 E
g 10+ = Table 12 Concentrations of heavy metal elution
a =
5
E s Zn Pb Cu Cr
S . . 0 minimum N. D. N. D. N. D. N. D.
3 10 13 20 max N. D. N. D. N. D. N. D.
Target Void Ratio
average N. D. N. D. N. D. N. D.
Fig. 5 Compressive strength and void ratio of porous concrete #N. D. : Non—Detection

by using EM
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Fig. 6 Change of DO concentration with the passage of time

Table 13 Concentration and removal efficiencies of DO

Hem Influent (mg/L) Effluent (mg/L)
min~max min~max min~max average
In site test 7.7~15.5 7.8~14.7 -19.6~+3.8 -4.0
In lab test 8.5~9.1 7.3~8.9 -14.1~-2.2 -8.1
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Fig. 7 Change of SS concentration with the passage of time

Table 14 Concentration and removal efficiencies of SS

mm Influent mm Effluent
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Fig. 8 Change of BOD concentration with the passage of time

Table 15 Concentration and removal efficiencies of BOD

Hem I(nﬂm;/ef)t E(:Ifrfg/ei;t Removal efficiencies (%) ltem I(nﬂmg/eil)t I?fg;f;t Removal efficiencies (%)
min~max min~max min~max average min~max min~max min~max average
In site test 6.5~56..2 4.2~30.8 11.1~59.0 34.1 In site test 0.7~8.2 0.7~5.7 2.6~30.5 14.6
In lab test 10.7~32.7 10.7~32.7 39.0~85.9 72.6 In lab test 2.7~5.8 2.1~4.1 13.1~38.9 24.8
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Fig. 9 Change of COD concentration with the passage of time

Table 16 Concentration and removal efficiencies of COD

Hem I(I;rfllg/Luer;t %ifz/%t Removal efficiencies (%)
min~max min~max min~max average
In site test 3.1~11.1 2.1~6.1 20.8~53.6 34.9
In lab test 18.0~32.0 4.8~15.3 13.5~75.1 58.0
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Table 17 Concentration and removal efficiencies of T—N

Hem I(nﬂm;;l/est %iﬂsg/ir;t Removal efficiencies (%)
min~max min~max min~max average
In site test 2.9~6.7 2.8~4.4 3.1~35.8 11.4
In lab test 1.78~3.10 1.41~2.75 4.7~41.5 13.1
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Table 18 Concentration and removal efficiencies of T—P

lem I(nflm:;ch;t I?Ifrfg/ei;t Removal efficiencies (%)
min~max min~max min~max average
In site test | 0.058~0.120 | 0.048~0.100 | 3.4~28.2 12.6
In lab test | 0.061~0.091 | 0.045~0.075 | 7.2~37.6 15.2
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