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An Experimental Study on Water-Purification Properties in Cement Bricks
Using Effective Micro-Organisms and Zeolite

Wha-Jung Kim,” Kil-Jun Choi,” and Jun-Seok Park"*
YSchool of Architecture & Civil Engineering, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT The purpose of this study is to use organisms or micro-organism functions for eco-friendly water-purification of
cement bricks, utilizing bioremediation. Many researches have been performed in the past to improve water quality by using effec-
tive micro-organisms in construction materials. In order to purify water using micro-organisms, this research used soybean paste
bacteria, an effective micro-organism that was identified through 16S rDNA sequence analysis performed in Daegu S. Environment
Protection Institute in addition to Natto bacteria that was studied in the previous research. With these effective micro-organisms
with water-purification ability, this study examined their water-purification possibility on cement bricks. This study used Zeolite
to immobilize micro-organisms to bricks, and confirmed that the micro-organisms were attached on Zeolite from SEM analysis.
The experimental results showed that specific micro-organisms can be used to effectively remove contamination an used to develop
eco-friendly construction materials. The study on micro-organisms for material purification shows great promises as a future

research topic.
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Table 1 Physical properties of cement

Compressive strength | Blaine | Density

(cm’/g) | (g/m’)

Setting time

(min) (MPa)

Initial set| Final set| 3d 7d 28d
240 340 225 | 31.1 | 40.0

3,318 | 3.15

Table 3 Chemical component of zeolite
Chemical component | SiO, | ALO; | K,O | Fe,0, | Na,O,
Content (%) 66.8 | 132 | 3.02 | 1.68 | 1.16

Fig. 1 Micrographs from SEM of Immobilized micro-organisms
in zeolite(A: zeolite, B: soybean paste bacteria, C: natto
bacteria, D: daegu S: environment protection institute

bacteria)
sl & 4 glon, YRS RN ALl Ex
A ohpde] pxel ge] F2 Hol e AL &

2.1.3 &% (raw water)

o] A3 /\}‘QQ '°L£|:-°/] /‘1‘3%% e o SSHEAL
JolA HF F A dHES AAT e AHESt
Rom, /‘3%‘@}79. Ak R?%t(blochemlcal oxygen demand,
o|3} BOD), 3}8-4 4k4 @ 3 (chemical oxygen demand,
o]3} COD), & ZAx(total nitrogen, ©]3} T-N), & <l(total
phosphorus, ©]3} T-P), 8% kA (dissolved oxygen, ©] 0}
DO), - &4 (suspended solide, ©]3} SS), &N 4=
o] % AF(pH)E =74 A= Table 49} 2t}

2.1.4 A HHXl R 2=

o] Age A}-8-3+ wjA|= TSA(tryptic soy agar)E Ak
3t om, TSA wjx|e] 2L Table 59F 2t TSA
HjA] A2 121°C(15 pound/in®, 1.05 kg/em® )l 1587}

Table 4 Characteristics of the raw water

BOD |CODy,| ™N | TP | DO SS H
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | P
849 | 70 | 1278 | 5 52 169 8

Table 2 Physical properties of crushed stone and stone flour

Sand Grading Density (g/m’) | Water absorption ratio (%) | Unit volume weight (m’) |Ratio of absolute volume (%)
Stone powder | 1 mm below 2.62 0.8 1.6 59.9
Crushed stone 1~2 mm 2.59 1.7 1.4 56.9
Zeolite 1~3 mm 1.97 13.8 0.973 56.2
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Table 5 TSA medium composition

Medium name Medium composition

(distilled water 1L)
- Tryptone (15.0 g)
TSA medium - Soytone (5.0 g)
- Sodium chloride (5.0 g)
- Agar (15.0 g)

LEZHolE dd HslL 60°C A=Z ¥4s & ¥
¥ W HAl(petri-dish)oll oF 15 mL? 335} A&
sk Tk
o] A% H ugEe] BEEe GERZS #
%H AE GEF et ¥ E g S SPAR A
EE AFsIT AR 30gS e SHT 270 mL
Hheh ., Ak /S 7R o] A2y le
=2 TSA iAol 10 mL F&keh. o 7]el] gk SeA 5
(bend glass)S ©]-&3t = o R HF33Tt. o] Ay
ANE HES MAES 16S IDNA H71ME E4190
3 sAE MAEES ol&sien, F4E MAEE
Table 632} 7Ht}.
nAE 54 4 F 16S tDNA G714 <E B4e 7]
Eo gEA dE vAES BAE dolEd oty #
F7H] T FAM=(similarity)2} 138 ARlE AlLEe)
of EAFEY, dvkzg oz ugES 1,300~1,400 bpol
97] WiES BA3te] A (identification)3Hc}. #3742

Table 7 The calculation method of micro-biological evolution
distance

K =—-(172)In{(1-2P-Q)(1-2Q)1/2}

K : micro-biological evolutionary distance

P, Q :denotes the replacement ratio for each metastasis type
and changeover type among rDNA replacement ratios
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A EEY, e 2 goz Ay sl Yoju
A Aoz deA Aoh” o] 42 olRE st W
=01 AolH, mld=e #yd B wEw QI7ko] X
A =5 FRT #FE 4,00099F AHA] ot
Fe] 4T FARETE 98.5% olst 4 W AFY s
°of 2 o2 Hi .

2243 4y

2.2.1 N XI=
o] Adolx AgE AHE HE(190 x 90 x 57y 713t
A A sl on, vt E Table 82+ 7t}
Al mBES FEA7]7] flste] &4
T2

3 vy
S o BAAA 3

i)

= TS ¥ HEZE MRS BES &8
35 FAMEE Table 79 PIAE 57k XskA Az AZ1aL, 2 ol 7HE BE AFeE & 2447be] gl
ALl oJa] A HYeH, =7t st Are A ANGAE dFL7E FBAA Table 99k 7ol AAA 9
SHE RS 2R
Table 6 :;]lst 01; r;ew effective micro organisms considered in Fig. 2] ©] A3} 545 WHoz =47 ny=S
is stu . N _
d ABA FHAIE FHL R
) T
Samping place| No. Name Slmi arity
(%) 2.0.0 Al K| QI HpH
D101 lliaallus alro'phaeus' 99.93 A% Ao A o] eme wheze] Fes ZA 5%
D102 | Bacillus amyloliquefaciens | 99.86 HlAS o) AZEA e xe PHATD. o] A
Soybean | D103 Bacillus cereus 100
paste D104 | Lysinibacillus fusiformis | 99.59 Table 8 Mixing design of cement brick
Unit volume weight (kg/m’)
D105 Pseudochmba‘tctrum 99.9
saccharolyticum Ww/C Sand
Cement -
S101 | Lysinibacillus sphaericus 100 Crushed stone | Stone powder | Zeolite
S102 | Lysinibacillus fusiformis 99.59 0.23 | 641.223 1295.27 80.794 242.382
S103 Aeromonas encheleia 99.19
Dacgu S S104 | Bacillus amyloliquefaciens | 99.86 Table 9 Test specimen name and curing condition
environment | S105 |  Klebsiella pneumoniae 94.52 Teli;rspei:cgnzn Curing condition
protection | 5106 Aeromonas media 99.44 ooreviatio -
o n
mstitute S107 | Raoultella ornithinolytica | 99.93 WB Water + cement brick
Pseudochrobactrum DB Water + cement brick + D101, D102, D103,
S108 . 99.92 D104, D105
saccharolyticum
Water + cement brick + S101, S102, S103
S109 | C thiooxid 99.86 B ’ ’ ’
o 0’";”“’;‘” ‘Z”;” s 2953 5 S104, S105, S106, $107, S108, S109
; e .
Natto donT som NB Water + cement brick + N101, N102
N102 Bacillus tequilensis 99.91
*Water : tap water
RS 0|ME3 MS20|EE 0|88 AIHE HES| =& M3t S40f 2t MEH 47| 333
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Fig. 2 Schematic diagram and photography of curing process
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Al Al CODy,(70 mg/L), T-N(100 mg/L), T-P(5 mg/L)
o] FFHo=E o] HY W FUsHA 3HY FAHT
A3 CODy, = Ht 693 mg/L, T-N= 99.8 mg/L, T-P
= 52mg/Le] A#E YepUT 72 24 F53 &
Al W Table 109 VeSO, 4 37 7]F 2
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RAW WATER
« <

WE, DB, NB, SB

Fig. 3 Schematic diagram and photography of batch test

Table 10 Analytical Items and methods
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Table 11 Concentrations of DO in BLANK, WB, DB, NB, SB

Analytical item Methods

pH pH meter (P15)

BOD BOD sensor system
DO DO meter (DO-30N)

CODw, Reactor digestion (HS-2300Plus)
T-N Chromatropic acid (HS-2300Plus)
T-P Molybdo vanadate (HS-2300Plus)
SS SS meter (AL250)

334 | st=Z232|EstE] =27 233 M35 (2011)

Item | BLANK WB DB NB SB
Date (mg/ll) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
0 52 52 52 52 52
64 6.3 6.3 6.4 6.3
6 6.1 6 6 6.1
10 6.2 6.1 6.2 6 6
14 6.1 6 5.9 6.1 6.2
6.41
6.2
3 e
£ )
Q 58 .
—4— BLANK
561 & WB
—5—DB
541 —e—NB
—o—SB
> 0 2 é 16 14

Operation Time(Days.)

Fig. 4 Changes of concentrations of DO in BLANK, WB, DB,
NB, SB



Table 12 Concentrations of pH in BLANK, WB, DB, NB, SB

Item | BLANK | WB DB NB SB
Date (mgll) | (mg/L) | (mgl) | (mgL) | (mg/L)
0 8 8 8 8 8 g
2 8.2 9.3 9.1 10.2 9.6 e
6 8.3 106 | 113 | 119 | 116 g
10 8.3 9.7 10.4 11.7 11.1 E
14 8.2 9.8 108 | 117 | 108 @
13
% 2 6 10 14
19. Operation Time(Days.)
* ? Fig. 6 Removal efficiencies of SS in BLANK, WB, DB, NB, SB
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. . Al BIER A o] A3, Wi F5E 7?%11 U= E*ég
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Operation Time(Days.) 385 RY F 7] WEeE AlEd 183 DBE &
Fig. 5 Changes of concentrations pH in BLANK, WB, DB, NB, &3 e AFHLE SSEETF AAaHIAA N, WBE
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FES Flo] 2= oﬂ CO,E Z&HEl7] Wi 7] S 3.2.2 Q1o A AL QAZ OIX= S
A EHOE fdEE COZ%E Hop 27/ ofgh AR Zkzho]l ujA & 9% AHE HES HE39S F
o] &7] ot} COy= =79 2 &3] ¥ CODy, &% B A7 &&-2 Table 14, Fig. 73 2},
=it At Qiﬁkﬂl wed, ol|d co, Hae BLANK®] ¥h-g25 Aurw &4 7|7k &2 CODy,
&0 dZe|x JES HCO oA COy 3 OH FEj= Tt gacte A4S UERSTE ol A5 A€
AN 73, pHE A7 2902 AlgEn” Ao AESH whgozn g 718 EE f71E
gl A FAEo] A AHg-o] WA st CODy,l
2RRERYdRIIEEMA G2 HE FFE M= AoE AddEn. WBE A8 A= 6
A 7HA= BLANK®] whgxHTh 538 A& o
32181 220 0IXl= & ERA RAA 9 1074 FEl = H]s2gh AAES el e
7# 94 A E] gk AIME HES A E3AS FT A AAES H+ 134% © 58 A345 YRS
SS H% 2 A7 T&-S Table 13, Fig 63 7t} BLANK t}. DBE &3 49-E= WBS H|5=8 A4 285
o MR E AYEW, & ¥sle UEA S3AT = B, A AAES B 297% =JA Z 2
Table 13 Concentrations of SS in BLANK, WB, DB, NB, SB Table 14 Concentrations of CODy, in BLANK, WB, DB, NB, SB
Item | BLANK | WB DB NB SB Item | BLANK | WB DB NB SB
Date (mg/l) | (mgL) | (mg/L) | (mg/l) | (mgL) Date (mgl) | (mg/L) | (mglL) | (mgL) | (mg/L)
0 169 169 169 169 169 0 70.00 | 7000 | 7000 | 70.00 | 70.00
2 160.33 89 87 52 55 2 7244 | 5908 | 5241 | 3846 | 3746
6 166 109 85 65 41 6 6028 | 4138 | 4047 | 39.13 | 2740
10 172 91 79 56 33 10 4054 | 3761 | 3697 | 3334 | 2737
14 176 78 72 35 21 14 3820 | 3578 | 3579 | 2657 | 2197
S D|MED M S20|EE 0|88t AHE HE9| & Mot EM0f| 2tst MEH o7 | 335
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BOD 5% % A|A §&-2 Table 15, Fig. 82} 2t} BLANK

[¢] =
o] MEEE AunY 2 717 < BOD %7t #
Aate A4S U ol A AACA 9] A&
A RkgomA P FUE Ee f71E nAE]
A FA= o] 28 2-g-o] HAste BODe d&FS v
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=F A

FAshes A4S UER) o, BLANKS] WH&-%
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Table 15 Concentrations of BOD in BLANK, WB, DB, NB, SB

Item | BLANK WB DB NB SB
Date ™| (mgL) | (mgl) | (mglL) | (mgL) | (mglL)
0 84.9 84.9 84.9 84.9 84.9
2 38.9 252 25.7 18.6 20.2
6 304 214 20.2 16.3 15.1
10 15.8 13.1 10.8 93 7.6
14 159 11.9 10.1 7.6 5.6
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100

80t
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5 6ol
G
>
]
g
& 4of A
g —4— BLANK
o —o— WB
20} —=—DB
—e—N\B
—&— SB
0 2 6 10 14

Operation Time(Days.)
Fig. 8 Removal efficiencies of BOD in BLANK, WB, DB, NB, SB
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Table 16 Concentrations of T-N in BLANK, WB, DB, NB, SB

Item | BLANK WB DB NB SB
Date™ | (mglL) | (mgl) | (mgl) | (mgl) | (mgL)
0 12.78 12.78 12.78 12.78 12.78
2 13.92 11.92 14.09 9.10 9.91
6 14.30 9.37 10.62 7.93 6.18
10 13.73 8.00 6.38 4.30 3.10
14 13.08 6.87 6.73 3.52 2.03
100 :
4 BLANK
8 wB
& DB °
- ® NB
£ 60 —o—SB
k7 _
2 —
S f
s 3
4
z
0

-20
0

Operation Time(Days.)

Fig. 9 Removal efficiencies of T-N in BLANK, WB, DB, NB, SB



Table 17 Concentrations of T-P in BLANK, WB, DB, NB, SB

Item | BLANK WB DB NB SB
Date™_| (mgL) | (mgl) | (mgl) | (mgL) | (mgL)
0 5 5 5 5 5
2 487 4.15 3.56 2.68 3.58
6 4.70 2.83 3.14 2.31 1.04
10 5.35 2.72 1.95 1.31 1.30
14 5.11 2.80 1.73 1.13 1.11

100

Y -®
9 / B —
< / c
o / - -
H & < &
£ g i
° =
4 e
o
[
N 1
Y
-10 - ¢
0 2 6 10 14

Operation Time(Days.)

Fig. 10 Removal efficiencies of T-P in BLANK, WB, DB,
NB, SB
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