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Summary

The most traditional approach used for removing pollutant in wastewater
is activated sludge processes, Since existing processes, however, have
limited abilities in removing nutrient salt so are not able to satisfy the
criteria of water quality which is being strengthened., Therefore, current
approaches propose the treatment systems which are able to be used for

removing the nutrient salt,

The target plant of this paper is equipped with night soil treatment
system using Bacillus sp; This system is fully able to utilize the
previous facilities which are used in activated sludge process, and also
has high efficiency in removing not only organic materials but also
pollutant such as T-N, T-P nutrient salt, In this paper, 1 studied for
finding the optimized operation conditions in night soil treatment using

Bacillus sp, suitable for this plant.

As a result, DO represented 1-2mg/ /¢ when MLSS in aerobic digestion
tanks of this system is 8000mg/ /¢ ~10000mg/ ¢ and the removal efficiency
of T-N, BOD, COD, SS shows very high, greater than 95%, 98%, 92%, 98%
respectively, Therefore, it can be known that the maintenance of MLSS and
DO in aerobic digestion tanks is very important, Also, a number of
Bacillus sp. grown up to FILAMENT are detected in FLOC, and more Bacillus
sp. of endospore near to aerobic digestion tanks 4, The number of

Bacillus sp. in aerobic digestion tanks is 10°~10°me ™.
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Fig. 2. A mechanism for organic wastewater treatment
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(1) AAt3}(Nitrification)
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Ly

NH + 1.50,— NO, + H,0 + 2H" + Energy (1)

a2 (1)ollA ol R NOy -N& Nitrobacterol] 28] NOy -NE XF3}HT}

NO, + 0.50, — NO; + Energy (2)

o] Aol B4 %ol Nitrosomonas\t Nitrobacteri= HAitel 217 oflA|
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Axrst FPgolA dojRl U7t MEFAo o] &EE WSS HIIGEA S
2 Ve o3t 2t

Nitrosomonas

S5NH, 4760, + 109HCO; — CsH,0,N+54N0; +104H,CO;+5TH,0 (3)
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Nitrobacter:

+400NO; +3H,0

Total reaction

NH{ +1.830,+1.98HCO; — 0.021C;H;O,N+0.98NO;. (5)
+1.8H,CO;+1.041H,0

Total reaction

NH[ +1.830,+1.98HCO; — 0.021C5H;0,N+0.98NO; (5)
+1.88H,C0,+1.041H,0
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) &t&3}(Denitrification)
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£ S wA3H(Denitrification)el gch IAol= ol

23 elA 3} (Anaerobic denitrification)® <& FHt} 3 5)
S @oldol ohd B4 WLATE AW Zolw, WM ol B
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SEERL

NO; — NO, — NO — NO — N,

Nitrate Nitrite Nitric oxide Nitrus oxide Nitrogen
o]  Host=  n[BEL Aerobacter, Alcaligenes, Bacillus,

Achromobacter, Micrococcus, Proteus, Fseudomonas 5 TU}¥siti. Z4tslel=
Yol B SR 040 osl WAROE AWHE o] ohleh YvHoE
7178 udE FolA ats il Hitolu} ofdAE HF AAFEAE AL

T e ALEAAE 7 mAdEcletd €AIE 3 4+ Urti(Painter,
)

(3) Bacillus sp.oll 23t AXt3}e} &

Bacillus sp. = NH32} GlutamateE o]835lo] ZFEM
.‘% —yz-l;o;]. —].___1:-“ oI-E!L]o]. z] ALod = 2]
A

Fo= Pt
NH, + Glutamate — —  Glutamine (6)
o] HHolx ZFFEMOIE "rids FFE PHIL, defd Head

&, ZFeE-gehd ofnlwy] FolEAs} PAYTH B3| Bacillus sp. & &

g slgAE BHoAE thest ol akmuelst Wl Abvleld WA A}

5NH, + 3NO; — 4N, 1 + 9H,0 + 2H" (7)
ANH/ + 3NO; + O, — 3N, * + 8H,O (8)
2NH, + 3NO; + 20, — 4N, 1 + 10H,0 (9)
2NH, + 20, —> N, 1 + 4H,0 (10)
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FYY Hil o4 3RS Bacillus sp. ] S w3t AR
ol ol uYE] ZAREOE FOAZA BOD, S, TN, SSE of 90-95%0] 4}
FHOR AN 4R 74Tl AILL D0 BE 0.5~1m/ L & F

Table 2. The first Aerobic Digestion Tanks on this night soil
treatment system using Bacillus sp.

Aeration
Division Size(m) DO range Volume
range

Aerobic digestion
13Wx30L%x4, 4HX1EA | 60~80% | 0.5~1mg/ ¢ |V = 1,705’

tank 1
Aerobic digestion
5WX30Lx4HX3EA 20~40% (0.1~0.5mg/ Z |V = 1,800t

tank 2-4

3) 1, 23 HAXH]

HhS oA AEH NS G- AF et fI% AEE AR AR E
B3 dREHe Aules 1, 22 AHezRE €RFL, A SR g2
2 SEHN AR s JAEHAE 52T SER] AIE LR AUEH 5

Table 3. Settling Tank on this night soil treatment system using
Bacillus sp.

Style Size Volume Area
Circular gravity 924, 9m 402nf
©16. OmX2, 3mHX2EA
settling system (462 i /1EA) (201 m*/1EA)

4) AH2Rr-&=2
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Table 5. Thickener on this night soil treatment system
using Bacillus sp.

Size(m) Volume( nt') Capacity (mi/d)|[Thickener time(d)
® 6.5 X 3.5H 116 88 1.3
7) ¥
Belt Press?} Screw Decanter’} Ax] 9% 3 9l on, Belt Press B/
FUHE sHLAAE DB SAAL ST YrAe Hu, WS 4%
4 EE A20eE 14T AUHC] AL Ak bRzl BASE &
x4 P4TIol Jsted Al gk
Table 6. Dehydrator on this night soil treatment system
using Bacillus sp.
Division Belt Press Screw Decanter
Size 1.5mW X 3 ~ 10w /hr 7 ~ 11 m/hr
Quantity 2 3 (l:reserved)
3. 2mol 84
1) 254
Pro A4S A3ske &4, wWEAGe A%, AYRAL) 27 Sol met
 shaiet
Prol 74E the FHOE Hopq Fiwe] w7k Lilooln nyEe| ult
7ilolth Bk Al NEHE ol okl 474 Hau Bsizel YFAIT
ARzt Subel W3 otk ol Fiol: tiy WEE Sol Eu
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Table 7. Comparison of night soil characteristics

a) Characteristics of night soil

Ttem Unit I 11 I v A\ VI
pH mg/ ¢ 7.7 7.1 7.7 7.8 7.8 7.8
TCOD mg/ ¢ 21,383 | 48,175 | 51,000 | 19,000 [ 9,000 | 19,000
SCOD mg/ ¢ 24,807 | 26,000 | 9,500 9,500
TBOD mg/ ¢ 31,375 | 18,900 | 20,000 | 22,500 | 13,500 | 22,500
SBOD mg/ ¢ 10,430 | 14,000 | 10,500 10, 600
TS mg/ ¢ 44,130 | 41,000 | 46,400 | 30,000 | 46,400
VS mg/ ¢ 27,796 | 28,400 | 34,600 | 24,000 | 34,600
TSS mg/ ¢ 31,925 | 28,910 | 28,000 | 29,600 | 21,000 | 29,600
VSS mg/ ¢ 18,723 | 18,000
Cr mg/ ¢ 3,497 | 4,480 | 5,200 | 5,500 | 5,200
T-P mg/ ¢ 556 325 381 640 1,000 640
T-N mg/ ¢ 6,180
TKN mg/ ¢ 5,024 | 8,870 | 6,230 | 5,000 | 6,230
NHy -N mg/ ¢ 2,730 | 8,380 | 3,160 3,700
E.coli |[MPN/100mg/ ¢ 1.4%10" | 1.4%10' |1.4%10"

I dFoarAeAAde] FdEL A7 1998, 6
II : QFokA] ¢|A A FdEy AS2E 1994.5, 1994.7.

I 8T ExAel 713 W AAEA B, 19939

IV Exf7]8] &3}l cigt 7|8 ZA} B3, 1987, A+
V@ dExR

VI @ BT 2xAeF Ald 23 B3, 1993, T
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b) Characteristics of septage

[tem Unit I I il vV v VI
pH mg/ ¢ 7.4 6.6 6.2 |6.8-8.5| 8.1 7.8
TCOD mg/ ¢ 8,884 | 24,650 | 28,000 | 15,000 | 15,260 | 19,000
SCOD mg/ ¢ 8,627 | 2,880 | 11,900 9,500
TBOD mg/ ¢ 9,689 | 7,863 | 7,900 | 7,600 | 8,640 | 22,500
SBOD mg/ ¢ 3,538 | 1,830 | 4,600 10, 600

TS mg/ ¢ 30,100 | 25,100 | 19,800 | 30,600 | 46,400
VS mg/ ¢ 23,651 | 18,290 | 11,800 | 22,160 | 34,600
TSS mg/ ¢ 26,658 | 19,100 | 18,900 | 7,700 | 24,200 | 29,600
VSS mg/ ¢ 13,900 | 12,100
Cr mg/ ¢ 314 313 1,505 | 5,200
T-P mg/ ¢ 556 133 159 640 640
T-N mg/ 0 1,251
TKN mg/ ¢ 254 1,560 | 2,020 1,556 | 6,230
NH; -N mg/ ¢ 730 2,000 420 3,700
E.coli |MPN/100mg/ ¢ 1.4%10" [ 1. 4%10"
I @ dFoiaAzIAAde] R8s AExE 1998, 6
1 Qteka] 9l e|q FUiy AEaLE 19945, 1994.7.
LA ExAEA V& W AAAEA BIA, 1993.9

D BExR7u S8 iyt JE ZAF B, 1987, BREE
AT BExA e A8 23} R4, 1993, HdL

<=2 E=
i3

(Table 8> EAe|%e] AF7IZ] HZ 4714 (6~9€)5¢e] E= 2 3}

z2UE H2g A4S Uehd Zlolr},
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Table 8. Receiving rate of night soil and septage

(unit : ton)

June July August September
Division
Sub-sum ,\:gnt Septage | Sub-sum ,\:gnt Septage | Sub-sum 'ﬂgnt Septage | Sub—sum 'ﬂgnt Septage
Sum 7002.24 3403.89 | 3598.35 6134.46 3084.26 | 3050.20 | 6344.73 | 3097.71 3247.02 6241.85 2995.11 3246.74
1 255.93 136.84 119.09 220.83 120.69 100.14 234.53 109.39 125.14 251.87 121.29 130.58
2 228.24 107.51 120.73 48.56 48.56 236.58 111.30 125.28 277.80 144.81 132.99
3 263.06 137.24 125.82 181.66 122.89 58.77 239.90 111.35 128.55 132.64 9.05 123.59
4 86.16 8.20 77.96 274.50 169.92 114.58 219.12 82.40 136.72 282,31 160.71 131.60
5 243.74 122.90 120.84 240.76 141.23 99.53 196.08 75.11 120.97 264.00 152.57 111.43
6 245.59 122,85 122.74 253.89 144.49 109.40 34.15 19.12 16.03 287.78 161.38 126.40
7 265.92 143.60 122.32 247.65 130.24 117.41 238.22 148.79 89.43 258.50 145.95 112.55
8 266.35 138.70 127.65 235.45 119.68 116.77 201.67 118.26 83.41 264.03 149.22 114.81
9 262.05 142.60 119.45 100.19 100.19 241.60 128.47 113.13 262.81 144.20 118.61
10 236.85 117.13 119.72 218.91 123.12 95.79 229,22 136.98 92.24 161.57 43.88 117.69
1 122.58 3.57 119.01 256.45 127.03 129.42 235.80 111.59 124.21 48.41 27.02 21.39
12 265.99 144.43 121.56 243.01 120.94 122,07 202.83 92.26 110.57
13 272.06 143.65 128.41 235.09 117.68 117.41 48.47 14.31 34.16
14 252,20 129.55 122.65 228.95 122,02 106.93 236.08 118.75 122.33 165.68 68.56 97.12
15 246.48 123.66 122.82 141.61 98.80 42.81 216.53 95.17 121.36 204.63 82.47 122.16
16 254,54 121.49 133.05 55.25 26.08 29.17 135.87 64.29 71.58 75.82 59.65 16.17
17 256.64 131.70 123.94 164.32 63.83 110.49 245.83 116.70 130.13 102.26 102.26
18 44.79 44.79 216.86 109.25 107.61 230.92 108.31 122.61 247.19 123.73 123.46
19 242,01 121.14 120.87 246.22 121.04 126.18 234.18 109.00 125.18 272.46 139.56 132.90
20 257.33 137.02 120.31 251.96 125.17 126.79 39.00 20.27 18.73 249.40 123.09 126.31
21 281.82 161.88 129.94 200.93 116.49 85.44 201.70 111.49 90.21 264.07 136.00 129.07
22 252.32 124.66 127.66 139.75 107.61 32.14 258.51 130.92 127.59 257.99 122.99 135.00
23 236.07 116.33 120.74 108.68 108.68 257.34 124.57 132.77 233.85 110.74 123.11
24 234.11 110.46 123.65 235.90 110.39 125.51 227.74 103.40 124.34 128.73 7.27 121.46
25 196.86 74.26 122,60 249.57 130.49 119.08 196.76 665.70 131.06 263.47 124.79 138.68
26 244.97 126.80 118.17 217.62 91.30 126.32 235.69 105.34 130.35 268.98 133.13 135.85
27 263.39 127.76 135.63 235.26 114.54 120.72 53.63 53.63 255.63 118.84 136.79
28 267.13 144.79 122.34 254.32 136.41 117.91 247.64 125.38 122.26 257.72 136.42 121.30
29 233.00 89.70 143.30 185.17 87.80 97.37 248.09 155.91 92,18 245.97 130.68 115.29
30 225.06 104.00 47.00 14.60 14.60 259.06 150.77 108.29 256.28 128.11 128.17
31 230.54 106.13 124.41 261.99 138.41 123.58
Average | 233.41 117.36 117.49 197.89 114.23 98.39 204.67 103.26 104.74 222.92 110.93 115.96
Max 281.82 151.88 143.30 274.50 169.92 129.42 261.99 1565.91 136.72 287.78 161.38 138.68
Min 44.79 3.67 44.79 14.60 26.08 14.60 34.15 14.31 16.03 48.41 7.27 16.17
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Table 9.

Analytical
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Temp, DO, pH, SV30,
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2 olg% BuAlgH YL AW JE MBS e
U Qur o Brel 445l wel Helage] Aol urhiel B dFold
£ AIHEEE FAHOR MSS 5E U 00 FES Wsle] w2 o

T-N, 88o] #|AZEL] W3S SHOE Bacillus sp. & o|&3 T=He]F

1. E=AEAHel 29 di4t

1) ¥kEnH] 9} MLSS H%2] Wi}
{Table 10>& & a3 7|7F Eot HIute&xe] a4 7lo|t}

Table 10. Operation results in the 1lst Aerobic Digestion Tanks

Sludge circulation
pryrs [t uentl = i HRT | sRT | Fou (RO end | Average
v | T ADT*.4 | ST".1 | ST.2 | (d) | (d) | Ratio if) (ng/ 2)
—ADT. 1 |—ADT. 1|—ADT. 1 e
12.2 | 0.01
Jun. | 320 |0.9°1.810.7°-1.2/10.4°0.91 11 | Z4g% | G o2 | 0.15 | 12,400
(1.40) | (0.8Q) | (0.7Q) (36.8) | (0.01)
5.2 | 0.05
Jul, | 320 |1 1°2.310.9°1.6] 11 | -48.3 | -0.09 | 0.66 | 10,400
(1.40) | (1.30) (18.9) | (0.07)

3.85 | 0.02 | 0.19
aug, | 320 |0:82.810.6-0.91 11 | -2%6.6 | -0.10 | -0.52 | 8,000

(1.50) | (0.70) (11.2) | (0.05) | (0.36)
0811 12.8 | 0.05 | 0.19
seo. | 320 |Gt o o | 11| 172 | -0.06 | -0.52 | 9,500

(14.7) | (0.06) | (0.36)

% ADT @ Aerobic Digestion Tank
* ST : Settling Tank
% () @ Average
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Removal efficiency of pollutants in the first Aerobic Digestion Tanks
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(Table 11> Bacillus sp. & ©] &3 ExAg[ZHo] AASEH ule] 24
3 AAZEES LER LT
Bacillus sp. & ©o]-&% ExAz]gdyo] FA7/IsE of 2¥9&E2 AARESS

[e)
BOD, COD, T-N, SS Ztz} 1x}ddR|ollA H 98.8%, 94.1%, 97.9%, 99.9%, X|F
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Table 11. Removal efficiency of pollutants

(unit:mg/ 2 )
It Influent Settling Removal Treated Removal
em niluen tank 1 Efficiency water Efficiency
() ()
BOD 4,810. 67 56. 31 98.8 5.32 99.9
CaoD 2,847.59 169. 32 9.1 39.97 98.6
T-N 1,719.1 35.55 97.9 25.72 98.5
SS 19, 500 23.75 99.9 20 99.9

4, Ht2=LUY Bacillus sp. @ ZN=s=

E A7 St AukSR A1AQ] Bacillus sp. &) FASEE ZARE A3}
= <Table 12>8} Zit},

BE WezolNel mss FASEE 10~100/m HEES fAIstolo}
=2 fxstart

(A EBLERS, 1995) sht, BA 3 10°~10°70/n¢ 3
6-7doll= Zz}AtE)], 8-9¥o= filament Ao F A RS Atel Q] Bacillus sp.
o] & & L.
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Concentration of Bacillus sp. on the lst Aerobic

Table 12.
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b) Filamentous organism
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c) Bacillus sp.

d) Endospore of Bacillus sp.

Fig. 18. Bacillus sp.in Aerobic digestion tank
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Fig. 19. Growth characteristics of Nocardioform

bacteria and Filamentous organism
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