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Inhibition effect of silica nanoparticle on the oxygen
uptake rate of activated sludge
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Abstract : Nanotechnology has become one of the fastest developing technologies and recently applied to a variety of
industries, Thus, increasing number of nano materials including various nanoparticles would be discharged into wastewater
and consequently entering a biological wastewater treatment process, However, the impact of the nano particles on biological
wastewater treatment has not been estimated intensively. In this research, we investigated the effect of silica nanoparticle on the
oxygen uptake rates (OURs) of activated sludge used in a conventional wastewater treatment process, The inhibition (%) values
were estimated from the results of OURs experiments for the silica nanoparticles with various sizes of 10-15, 45-50, and 70-100
nm and concentrations of 50, 250, and 500 ppm. As results, the inhibition value was increased as the size of silica nano particles
decreased and the injected concentration increased, The maximum inhibition value was investigated as 37.4 % for the silica
nanoparticles with the size of 45-50 nm and concentration of 50 ppm, Additionally, the effect of size and concentration on the
inhibition should be considered cautiously in case that the aggregation of particles occurred seriously so that the size of individual
particles was increased in aquatic solution,

Key words : Silica nanoparticle, activated sludge, OUR(oxygen uptake rate), toxicity, inhibition
FH0 : H2Ft Lie Xl #MEeX], MLSEE, 28z, MeliEa)

1.ME EQF o Foll viEE 7heAdol Aok A E &
7] o] ulgka olate] #7] o] Hofo| uk H| GA oA v & Yl A= shpufA] BEE
_ wtef o] 5ot HFHORE= ShpEFUAT AL
2 AF7F o]Fof AL glom oJof AlE, 3HA
= - ~ do2 {H ¥ s5hd 5 AAdFAR WREHA
&, B8 5 okt EopolA YrjeE A3t
. Elth (Brar et al., 2010), ole] whe} 2 =AY H]
A FEEo0o| AAE L Qlt} (Barber et al., 2009). = " )

Aol Y252 As 542 flaldel el
Al F T E2 AT o] R AL 9lon E3] <l
A L o2 {718 EA ] v fEAdol et o
T7F ASH o8 o]FoA Yt} (Handy et al.,
2008; Nel et al., 2006).

hA:: R 4= H=x%]7] o)A ulxz|ul ct
* Received 14 January 2014, revised 05 February 2014, accepted 10 February 2014, il . A= HiE=7] ol mpAH ‘j
* Cortesponding author: Tel - 02-3408-3970 Fax : 02-3408-4320 E-mai : jrmoocho@seiongedu  A| Q1 A2 A oA S-AEE= U=dA7}T A

ol2fgt AlFoll= thefet 271, 24, =42 Ad
Ui dabso] AREE AL Jlow A4k A
MM FRolE &2 &E ol FHE 7], =,




4' Journal of Korean Society of Water and Wastewater Vol. 28, No. 1, pp. 47-54, February, 2014

b 2AHA 9] =2 A 4
= shrA Y
s Aol ot el
SOl Yojd Aor Q]%ﬂ‘ﬂ ZF Uglof uf
ko] gt A7F Bt o2 g Eo] @
Qlt} (Chang et al., 2007; Dobbs et al.,
1989; Jacobsen et al., 1993; Limbach et
al., 2008). |52 9] stA 2] A|AF]o] AE3}
A YL R] BHS ALt 9 Aol A
FUE = U= dA7E n A= Zd o Asia
1o = 2Hg3tttH o3l nEEY R
o|Fol%l Y& A9 MA ATl FFS
u] 2 Zolw weks A kA g Bg At E
= 24 24 EAEE dod = = ks
Aoltt, webA 2| Tol= TiO,, SiO,,
ALO,, ZnO, 4= 59 Y27t &4&e
A 9] g ol uX= ol thsiA] A-tE L
Qlt} (Choi and Hu, 2008; Hui et al., 2011;
Xiong et al., 2012), 3}A|TF A7 A5 9]
23t U= QR27E FollA o] 24 EAR A
ok o s Aol v A= flsi/del diste]
B2 ORaL Qi
weba] 2 Aol A WAL FollA
ol 24 =4o] ofd YA A=Y 2T
o} EAEH A9 AT oudt A5 aAE
H) 2 =A] A A gk, o] & fI8ke] thefRt
2719] 77178 A7t Y= dA= sh4=A 2o
A AR EAeH AL A AIE HE F Ak
355 (Oxygen uptake rate)2] H3l=S =45t
o2 U e Z7]9] E-o] o]&AJo] ofy
PAHS AHloll A= EAEH A2 EATof o
3 L A Aol R Bk Alelgh v
JAHE A e s AA3E o] f+= A7t ¢
A7) ol A w9 sHEE =35 YFEo] 9]
240 &2 ZA5HL 22 YR FRo|EA

B2 EAst7] mZolt.

(ST P T (oA A

01' o[-J
oo S
é
<
ot
:
=)
ox
Mo o
M
N

Aol & A

A7

dr = g
o
~
>
~
B>
o
2=}
ol
i
_O|L
r{r
o
= flo
_>L

22 A2} LR}

227} Y= A= Snowtex AFe] ST—30—
(10—15 nm), ST-20L(40—50 nm), ST—-ZL
(70-100 nm)E T (SNOWTEX®, Nissan
Chemical America Corporation) 8}o] AF-8-3}
Q1 7 27] W2 %52 50, 250, 500 ppm
o2 g2 st AT FES S5 A
2]7} Yeolxle] m37] 9 Qe R (size dis—

= O

tribution) =L MalvernAl?] Zeta sizer
2 o|gato] Zgaloli shet 24 AL 9
3] FT-IR (Fourier Transformed Infrared
Spectroscopy) £4-2 Nicolet 3802 ©|&3}

G3sich, FT-IRS] Peak 2730 SlolA
Scan3l4= 128, Resolutions& 4802 A3

asict,

22 x> o558 5 H Moz ot HE 3

A5 85 (Oxygen uptake rate, OUR) Al
-2 OECD 209 assay protocol (OECD 1993)
e} egskgiet, OUR A
sho) g ok At
peptone 16 g/L, meat extract 11 g/L, urea
3 g/L, NaCl 0.7 g/L, CaCl, - 2H,0 4 g/L,
MgSO, - TH,0 0.2 g/L, K,HPO, 2.8 g/L. At
A S5 E AL JLoxE Yo AlE iy} v}
Er_O‘X]-— 272 ¢S tffZx<(control) 27H=
=o] =85ttt Eol EA g A A A=

o flo

_l
O:I:‘
Olt



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 28, No. 1, pp. 47-54, February, 2014

il

3,5—DCP (3,5—dichlorophenol) & F3}1L
&R o et A aNS F71E H=619
tl, OECD 209 protocole] W= 3 5—DCP
o] A% 53-155 mg/Leo| % oo A
LA 9 358 50 %9 AaNE Hol=
ﬂoi AA = o] itk wheba 3,5—-DCP o df

g BAHEYA 2E5E Adas IETe =
= ‘?i oA RYE= AP AlFEE A
S0tz FAI0 A7 U= dAboll ot Asia
7}

o} 3,5-DCPo]| 2J3t A|anS JFHoz
1

M 4 gk BEE 53 9% FAH
3
=}

-
o
rlo
_V|L
ille
& 11

A 3} 2}, 9lgsts: g9 16 ml
£ SRTE °183te] 300 mI7F HEE 34
stal A FAEHA 200 mlE F7tE A
Fsto]l & AlE7F 500 ml7}h H =5 “*%E}. a

(Dissolved Oxygen, DO) OE—J %ﬁ]% DO
2422 (FORSTON LABS®] LabNavigator)
£ o835t ST 71EF AlFEA ] ARFE
OECD 209 protocol®] HiLs}= vlo| o] 75}
AFE skt HFH R A=)+ ot
A1) AHgste] F s} 5ot

alle

2R
K%)=(1- m)XIOO 21(1)

05

0.4 4

0.3 4

0.2

0.1 4
OH CHao w
0.0 ‘/L -

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm'w)

Fig. 1. FT-IR analysis on silica nanoparticles (10-15 nm)
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Fig. 3. Oxygen uptake rate of the activated sludge as contacting silica nanoparticles and 3,5-DCP with various size and concentration
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