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Abstract This study assessed the feasibility of odor removal by the application of Bacillus sp. that has many
advantages in sewage treatment to sewage sludge. The NH3 removal rates in the treatment of primary sludge using
only aeration were measured at 24, 48, and 72 hours of treatment and the results were 12.5 %, 12 %, and 42.1 %,
respectively. The NH3 removal rates of a reactor injected with BIO-CLOD made by solidifying Bacillus sp.
concentrated 10 % together with other substances were measured after 24, 48, and 72 hours of treatment and the
results were 43 %, 70 %, and 81 % respectively.

In the cases where the Bacillus sp. cultured in NB medium was injected into the primary sludge reactor to reach
injection rates of 0 %, 1.7 %, 3.3 %, and 6.7(v/v%), the TVOC removal rates measured when 72 hours had passed
after the injection were 59 %, 71 %, 88 %, and 98 % respectively, which were higher than the NH3 removal rates
as the NH3 removal rates measured at the same time were shown to be 29 %, 25 %, 31 %, and 48 %, respectively.
In the sludge dewaterability conducted with various Bacillus sp. injection concentrations, a Bacillus sp. concentration
of 4(v/v%) was considered to be suitable. The Bacillus sp. concentrations and reduction in the bad odor substances
were correlated with each other. The results showed that aeration and Bacillus sp. injection will assist biological
oxidation so that the bad odor substances can be removed. Based on the SRF values of the primary sludge and
digested sludge, in which Alum and PAC were used, the appropriate amount of Alum aggregate reagent was judged
to be 500 mg/L, and when PAC was used, 6 mg/L was judged to be appropriate.
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Table 1. Characteristics of the sewage sludge used for the

experiment

Item primary sludge digested sludge
TS (mg/L) 8,000 ~ 15700 29,300 ~ 29,285
VS(mg/L) 4,000 ~ 10900 23,300 ~ 23,310
SS(mg/L) 6,140
VSS(mg/L) 5,000
T-N(mg/L) 135 1,700
T-P(mg/L) 6.7 470

pH 7.24 7.0

(D Sludge storage tank (2 Peristaltic pump () Diffuser @)~ D Reactors
Fig. 1. Schematic diagram of experimental apparatus
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Table 2. Summary of instrumental and analytical conditions

Item Operation condition
NH: UV/VIS UV-1201, SHIMADZU
Detector UV/VIS, 640nm
GC GC 6890, Agilent tech.
Detector MSD
Column HP-1(60mx320 /m x1.0 ym)
TVOCs Carrier gas He
Column temp. 40°C(5m)140 C(5m)250 ‘C(2min)
Interface temp. 300 C
MS scan range 35~300 amu
GC GC 6890, Agilent tech.
Detector FPD
H.S Column DB-1(30m x 320m x 3/m)
& Carrier gas He
Dimetyl  Detector temp. 250C
sulfide  Qyen temp. 50 C(3 min)—130 C(8 min)—
Injector vol 150 mL

NH:& 270¢] &5 el 2t 7+ 4H8-94(0.5%) 50 me
Ao Ho & 38 59 WE(LP-12, Buck Inc.)E o]

43 5 LPMQ] &2 5EIF F3lo] 25 LY A=
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o]3}of| A Wﬁ# st9om, A48 §99 HE-yE

2 FEAE YEF §93) AoldiUESF &4 7t
ato] erilgol23t Wk ato] A= P4 ke 9
o] FFEE UV (UV-1201, Shimadzu)Z
640nmell A A4S HME
volatile organic compounds)> TVOCE &7
HE(MP-230 mini  pump, Sibata)% o] 83
mL/min® 2 30&7F ZHH 3 = 6 LS 1A T
(Tenax-TA)ell F2A1Z1 i TEINE oldH B
T 29 E g2FEAA GC/MSD(GC 6890, Agilent
technologies)2 #4138}t A3 Alg= 7l we
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F8A9] g4 HA T (Specific  resistance to
filtration, SRF) A3 o2 A7l o, g4 Ag 7
<] Biichner funnel 72 7 cmo]i T2 AT &
2 100 meo]H, o] #AZ Toyo 5CE AHSFALE &
AEe 9s 6719 wwk FXE ZEE Jar-Tester(Dae
sung scientific co.)& AFH§-38le] 3lEEX] 100 mLol
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center of microorganisms) KCCMI11316 Bacillus
subtilis©]™, 0] %2 Nutrient broth(NB, Difco)<}
Lactose broth(LB, Sigma)i| | & o] &3} o™, ] &2
T 37CelA 24, 48, 2AIZ & w59 FEE ZA 3
Atk ot ZALE A E 4719 v 2 1
2] 3Lel i) w5 vl 0, 50, 100, 200 mLE
stol 24, 48, 72N - ofF SA4 I Sl
< 3

A8+ BIO-CLOD(Biomeca Inc.)= Bacillus sp©ll
S 2t JdeE HE 9 RAES 2 S AeE
C 27.9 wt%, H 1.12 wt%, O 45.4 wt%, Si 9.7 wt%,
Al 4.1 wt%, Ca 3.6 wt%, N 2.8 wt%, S 2.0 wt%, Fe
1.6 wt%, P 0.7 wt%, “12]3l T 8.56~12.4 wt%,

TT o
ZAT5 2.4x10° ~1.6x10" cf/g o2 o] ATHT).

ol _—,I_il-
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Qu Aok 25sh dwel WA fesE o
bol 7k qloml, XA Afahe

waL vk

k=)
=

AASS oz} ou] A3 o)A
S ZE 84 F9 123 ¥ NHss
34.4 ppmo]S1.oH, 24A7L, 48A17Y, T2AI%F A3 3}
29.8 ppm, 27.1 ppm, 214 ppmS = NH;A 7
13.4%, 21.5%, 39% °]%t}. BIO-CLODE <)
71 E E8A F9) 1A17F F 29.8 ppmol| A A7t

= 16.4ppm, 9.7ppm, 10.4ppm .2 A|AEL
45.0%, 67.5%, 65.1%°] 31t}

=
[OR==

B Ao Mz 37| FFTCR 24A7Y, 48217, 72
A3 Fo NH;AAEL o] Ago|A e} o
26.1 ppm, 26.2 ppm, 17.3 ppm AAEL 12.5 %, 12 %,
42.1 %S YERRa, BIO-CLODS F¢ 3F #k-g-Zo|
Ae €97 Y F 1417 5 29.8 ppmel A 17.1 ppm,
8.9 ppm, 5.7 ppm NH3AI A& 43%, 70%, 81%2] Al
AeS Yo ZA o] BIO-CLOD®O] 74 A& Zd
10%E X33 Bacillus sp.o] §Z° 9 AAZ Bl

tK(Fig. 2).
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Fig. 2. Removal efficiency of NH; and HS in primary
sludge.
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12} iAo A e NHsA| A &0l 438} £2]Ao] 13
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EA 02 detection limito]3t2 FHEH A gkl

HSAAEAA = 14 £8A ] 7] T 24
AIZY, 48AIZE, T2AIZE A3t Foll 47 %, 4.2 %, 554 %
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Table 3. Chracteristics of malodorous substance in primary sludge at HRT 48hours (unit : ppm)

e NH; H.S TVOC Methy mercaptane Dimethy sulfide
Reactor
Duratid aeration | BIO-CLOD | aeration | BIO-CLOD | aeration | BIO-CLOD | aeration | BIO-CLOD aeration | BIO-CLOD
0 hr 29.8 0.12 6.6 ND ND
24 hr 26.1 17.1 0.114 0.078 6.52 3.0 ND ND ND ND
48 hr 26.2 8.9 0.115 0.048 3.71 1.75 ND ND ND ND
72 hr 17.3 5.7 0.054 ND 6.34 44 ND ND ND ND
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Fig. 3. Microbial growth phase on cell cultivation with NB
and LB medium
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Fig. 4. Changes in NH3 and TVOC concentrations in
primary sludge according to Bacillus sp. dose
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Fig. 6. Effect of Alum on SRF in primary sludge and
digested sludge

W Fig. 78 12} 2149} 48} £2{A]o] PACY] &
EE5 0,2 mg/L, 4 mg/L, 6 mg/L, 8 mg/L, 10 mg/L =+
dots weo] HAAQ wAIATF %o WsheS
75x10"° ~ 0.79 x10" mkgEAH FYE 6 mg/LolA
62 x10" m/kg SFORAITI7E 9] &0 trobA|w H] A
AF e S7kete]l §4&S "ok webA 13}

17)9] PACS] HAHL2 6 mgLZ Hokow, 48 &
HAME FAHEF 0 mgLy w HAIASE gho]
2.9x10"m/kgol%lal, FHHE F7MAIIE HIA AL
ghe Hap Zasitil F9% 8 mgLolAl 5.0 x10°
mkgZ EoFHO RN 6 mg/Le PACS HAFOR B
= Aol Hgsltia At (Table 4)
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Fig. 7. Effect of PAC on SRF in primary sludge and
digested sludge

Bacillus sp. = = 13 SEAol A2 W 3.3 (viv %)
F Al HAZAS gh2 1.09x10" mkg o] 2 FHe
HOlBZ Bacillus sp.TUL2 3 AAY vz SHA
% PAC FYZFE 6 mg/Lo] =T

Table 4. Comparison of specific resistance on primary
sludge and digested sludge

Alum Dosage primary sludge digested sludge
(mg/L) (m'kg) (m'kg)
0 1.19x10"° 8.95x10"
200 0.99x10" 1.7x10"°
400 0.79x10" 0.94x10"
600 0.36x10" 5.52x10"
800 0.25x10" 7.51x10"
1000 0.099x10" 10 x10"
PAC Dosage primary sludge digested sludge
(mg/L) (mkg) (kg
0 0.75 x 10" 2.8 x 10"
2 0.72 x 10" 29 x 10"
4 0.81 x 10" 2.6 x 10"
6 0.62 x 10" 2.5 x 10"
8 1.07 x 10° 5.0 x 10"
10 0.79 x 10" 2.5 x 10"
4, 482
—“55 ATNME sk AegelA BAEE s A
& et A AsiAeln ShpAldl we 3o
%]\E Bacillus sp.& 3t €8Ael A&3o =4 o3

AAN e S

o 2~
< T AdAh

HEst] thew g ABS A

1) 12

2) NBHll Rl A % Bacillus sp.&

3

~

4)

[2]

B3]

[4]

B3]

[6]

s Ao F7] FF3 Bacillus sp.2l +
ofgt B AA 7Fed APlAM= 244
4817, 7217 73 $-9] NH3AIAE2 12.5 %,
12 %, 42.1 %5 YERNA L, Bacillus sp. 5% <
10%%} 718F 24& Ho] 133171 BIO-CLOD
5 FUT oA = NHsAIAE©] 43 %, 70
%, 81 %2 AAEE B

el
zt,

= 12} <A Uk
710l FYste] ofF A A S Lol BI)9
3l 908 0%, 1.7%, 3.3%, 6.7(v/v %)ollA 724
ZF A3 39 TVOCAAES 59 %, 71 %, 88 %,
98 % WERAIIL, NHAIAES 29 %, 25 %,
31 %, 48 %=X TVOC A7&o] o] =9

12+ & A19l Bacillus sp. W% 9] 5 =0l HJrw
e Ao M= Bacillus sp. 538 &% 4(vv%)°ll
A sl AFe FE AoRE YT
Alum¥ PACS AH&¢ 12} &81A] ¢} &sk&e|A|
o] SRF#2Z Alum®| A4 HFS 500 mg/LoZE
PACS 6 mg/LZ T3 A o] gdsitta ddt
ATk
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