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Investigation on Water Purification Effect Through Long-Term
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ABSTRACT The purpose of this study is to investigate water purification properties of porous concrete by using effective
microorganisms through the long-term continuous flow test. To solve the problems such as desorption of conventional
microorganisms, in this study, tertiary treatment of the effective microorganisms identified by 16S rDNA sequence analysis was
adopted per each step in the manufacturing process of porous concrete. And concentration for optimum continuous flow test and
operation conditions through basic experiments according to retention time were investigated. Based on the experimental results, the
porous concrete applying effective microorganisms showed no toxicity on the biological water quality and exhibited excellent
removal efficiency than normal porous concrete. Therefore, contaminated water quality would be improved by treatment
performance investigation of contaminants through long-term continuous flow test. If problems are complemented during the
experiment process, it is expected to be able to reduce the non-point pollution sources flowing into river.

Keywords : effective microorganisms, complex process with microorganisms, porous concrete, long-term continuous flow test,
water purification
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Table 1 Physical properties of cement

Setting time | Compressive Blaine Density
(min) strength (MPa) | (cm*/g) (g/em’)

Initial | Final 3d | 7d 284

set set 3318 3.15

240 | 340 |22.5|31.1]40.0

Table 2 Physical properties of coarse aggregate

Coarse Gradin Density |Water absorption| Unit volume
aggregate £ (g/em?) ratio (%) weight (t/m’)
Crushed |5 13 m| 281 0.8 1.69

stone

Pumice |5~8mm| 1.04 16.1 0.392

Table 3 Properties of air-entraining and high-range water-
reducing admixture

Aopearance | Demsity | Alkaline Chloride ion
» (g/em’) |content (%)| content (%)
Dark brown | = ¢ 0.9 <001
liquid
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Table 4 Concentration range and average of each
concentration of influent water

Low Middle High
concentration | concentration | concentration
Item - - -
min min min
average average average
~max ~max ~max
SS 8.0~ 18.0~ 25.0~
mg/L) | 150 | 198 | 290 | 226 | 330 | 272
BOD |3.06~ 5.80~ 19.23 ~
(mg/L) | 4.01 34 6.20 39 35.44 253
COD | 6.0~ 8.0~ 38.0~
(mg/L) | 10.0 8.0 22.0 13.6 50.0 424
T-N |[2.46~ 3.96 ~ 10.61~
(mg/L) | 3.31 28 4.95 4.3 19.58 148
T-P  [0.041~ 0.051~ 0.660~
(mg/L) | 0.067 0.054 0.079 0.062 0.816 0.727

Table 5 TSA, TSB medium composition

Medium name Medium composition

[Distilled water 1 L]

- Tryptone (15.0 g)

TSA medium |- Soytone (5.0 g)

- Sodium chloride (5.0 g)
- Agar (15.0 g)

[Distilled water 1 L]

- Pancreatic digest of casein (17.0 g)
- Papaic digest of soybean (3.0 g)

- Dextrose (2.5 g)

- Sodium chloride (5.0 g)

- Dipotassium phosphate (2.5 g)

TSB medium
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Porous Concrete

using Effective Microorganisms
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Table 6 List of EM considered in this study
No. Identification Homology (%)
DSO01 Bacillus flexus 99.2
DS02 Bacillus flexus 99.26
DS03 Bacillus flexus 99.6
DS04 Baci 9.
50 acillus flexus 99.93 Fig. 2 Schematic diagram of continuous flow system
DS05 Bacillus firmus 99.86
DS06 Bacillus firmus 99.79 Table 8 Analytical items and methods
DS07 Brevibacillus agri 99.36
Analytical
DS08 Bacillus circulans 99.31 ieyr;lca Methods Note
DS09 Bacillus circulans 99.53 Water pH meter (pH 330, WTW, Direct
DS10 Lactobacillus farraginis 99.59 temperature Germany) measurement
n pH meter (pH 330, WTW, Direct
Table 7 Mixing design of porous concrete p Germany) measurement
Unit volume Welght (kg/m3) EC (I[lm/Cm) EC meter (HI 933100, Hanna, Direct
Porosity |W/C Portugal) measurement
o o Coarse aggregate ; : ;
(%) (D) C |W| M Ad. DO (mg/L) Winkler {(sodium) azide i
Cs P modification} method
15 25 |438.0(98.5(11.0 | 1521.0 | 62.5 1.75
- - SS (mg/L) Vacuum filtration Glass fiber
C: Cement, W: Water, M: Microorganisms, CS: Crushed Stone, filter method
P: Pumice, Ad: Admixture BOD (mg/L)| DO meter (YSI 58, USA) | 5 day BOD
. Oxidizing
— COD (mg/L)|Potassium permanganate method agent - KMnO,
v Ultraviolet absorpti
icroor an;sms+ - I'pthl’l -
| microora ; Tse | T-N (mg/L) spectrometry
[ Cement + Coarse aggregate +ﬁd. + water + Microorganisms Ascorbic acid reduction
\ ] T-P (mg/L) method i
| Curing 1 Microorganisms | - -
Heavy metal Atomic absorption i

Fig. 1 Application method of microorganisms in mixing process

spectroscopy
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Table 9 Concentration range contrasted with each item
between influent and effluent water
Influent HRT 30 HRT 60 | HRT 120

Item water min min min

min~max | min~max | min~max | min~max

SS

10~94 5~13 7~13 1~6
(mg/L)
BOD
1.46~5.84 | 0.24~0.52 | 0.20~0.97 | 0.13~1.06
(mg/L)
COD
18~25 8~10 2~7 2~3
(mg/L)
T-N
1.52~3.38 | 1.42~2.01 | 1.24~193 | 1.17~1.70
(mg/L)

T-P 0.033~ 0.043 ~ 0.041~ 0.027 ~
(mg/L) 0.082 0.063 0.059 0.062
Table 10 Removal efficiency range and average per

detention period
HRT 30 min HRT 60 min | HRT 120 min
Item | i~ min~ min~
average average average
max max max

SS | 61.5~ 60.7~ 64.7~
@) | 869 | 70 | gaz | 748 | 9753 | 86
BOD | 64.4~ 724~ L | 81.3~
@) | 858 | 0% | gn | 313 | ggn | 347
COD | 50.0~ 61.1~ 85.0~
(%) | 63.6 >8.7 91.7 814 90.9 88.8
T-N | 22~ 7.6~ 13.2~
(%) | 28.2 148 36.0 194 24.8 196
T-P | 3.8~ 7.5~ 18.1~
%) | 23.2 150 22.6 160 29.1 216

Table 11 Removal efficiency range and average of each

concentration of influent water

Low Middle High

concentration concentration concentration
Item - - -

min min min

average average average

~max ~max ~max
SS | 40.0~ 44.8 ~ 48.0~
@) | 875 | 78 | 833 | B | 454 | 04
BOD| 114~ 43.8~ 40.6~
%) | 277 203 508 | 407 | s 474
COD| 16.7~ 20.0~ 30.8~
(%) | 60.0 330 ) g5 | O3 sag | P
T-N| 59~ 5.5~ 6.4~
%) | 222 139 24.4 149 37.8 183
T-P| 2.1~ 114~ 7.1~
%) | 314 189 39.2 219 20.9 138
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Table 12 Range and average of water temperature, pH, EC

Influent Effluent
Item - -
min~max |average| min~max |average
Water
; rature (C) 9.6~17.6 | 12.5 | 102~179 13.1
pH 7.1~8.0 7.5 7.3~8.7 7.8
EC (us/cm) |331.4~381.3| 358.2 [359.2~447.6| 414.1

Table 13 Concentrations of heavy metal elution

Zn Pb Cu Cr

Minimum ND ND ND ND
Maximum ND ND ND ND
Average ND ND ND ND

Note) ND: Non-Detection

10.0 -
9.0 A
8.0 A
7.0 A

6.0 —-Porous Concrete using EM

DO conc. (mg/L)

—&—Porous Concrete

50 +rrTrrTTTTTTTTT T T T T T T T T T T T T T T T T T T T T

Time(day)

Fig. 3 Concentrations of DO in porous concrete and
porous concrete using EM
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Table 14 Concentration and removal efficiencies of SS

Removal
efficiencies (%)

Influent Effluent
Item (mg/L) (mg/L)

min~max | min~max | min~max |average

Porous concrete| 10.7~32.7| 6.7~24.0 |55.8~79.0| 66.3

Porous concrete

using EM 10.7~32.7| 2.5~11.1 |39.0~85.9| 72.6

825t THA BI2EQ| M7 HLSE Al

100.0

80.0

60.0

40.0

—&-Porous Concrete using EM

20.0 —+—Porous Concrete

SS removal eff. (%)

Time(day)

Fig. 4 Removal efficiencies of SS in porous concrete and
porous concrete using EM
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Table 15 Concentration and removal efficiencies of BOD

Removal
efficiencies (%)

Influent | Effluent
Item (mg/L) (mg/L)
min~max | min ~max | min ~max |average
1.8~4.8 10~43 26.7

Porous concrete| 2.5~6.1

Porous concrete

. 25~6.1 | 04~3.1 |25.6~91.1| 61.1
using EM
—&-Porous Concrete using EM
100.0 4
——Porous Concrete
g 80.0
% 60.0
K
2
a
O 20.0
2]
0.0 T T T T T T T T T T T T T T T T T T T T T T

Time(day)

Fig. 5 Removal efficiencies of BOD in porous concrete
and porous concrete using EM
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Table 16 Concentration and removal efficiencies of COD

Removal
efficiencies (%)

Influent Effluent
Ttem (mg/L) (mg/L)

min~max | min~max | min~max | average
Porous concrete|16.0~36.0|11.5~282| 6~30 18.3

Porous concrete

using EM 16.0~36.0| 4.0~19.0 [14.3~81.0| 62.1

100.0 ~l-Porous Concrete using EM

—a—Porous Concrete

COD removal eff. (%)

1 16 31 46 61 76 91 106 121 136 151
Time(day)

Fig. 6 Removal efficiencies of COD in porous concrete
and porous concrete using EM

Table 17 Concentration and removal efficiencies of T-N

Removal
efficiencies (%)

Influent Effluent
Item (mg/L) (mg/L)

min~max | min~max |min~max|average
Porous concrete| 1.58~3.321.50~3.09| 0~10 4.1

Porous concrete

using EM 1.58~3.32|1.07~2.9942~484| 152

—&-Porous Concrete using EM

—&—Porous Concrete

T-N removal eff. (%)

1 61 76 91 121 136 151
Time(day)

Fig. 7 Removal efficiencies of T-N in porous concrete and
porous concrete using EM



Table 18 Concentration and removal efficiencies of T-P

Influent Effluent Removal
Item (mg/L) (mg/L) efficiencies (%)
min~max | min~max |min~max|average

Porous concrete|0.054~0.098 |0.051 ~0.095

Porous concrete
using EM

0~7 4.1

0.054~0.0980.041 ~0.088| 6.4~41.0| 17.2

w
o
=)

—a—Porous Concrete using EM

—&—Porous Concrete

~ w &
o o o
=) o =)

T-P removal eff. (%)
-
14
o

g
o

1 16 31 46 61 76 91 106 121 136 151
Time(day)

Fig. 8 Removal efficiencies of T-P in porous concrete and
porous concrete using EM
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