Bacillus sp.& ©|£3% &9 1A

A Study on Advanced Treatment of
the Landfill Leachate using Bacillus sp.

EEEE £ C K

20024F 2AH
TR R KR
+TREE T EZH#H
M

piil



o i — 0 00 O© >~ 0 O & © O NN O

] EHSL} z}%oﬂdx} H]f’_
A A

o
°o]-&
]

3

70
-

=K

i)

s
a
H

ASS
[€)
£

1ol
2
7(()]

A=
=
H
=
E
=

5|
“
[€)

]

3} — & Ao sk
271 Bacillus sp. & %

e}

B

O] B3 A A AT wreverrrrrrr
o
a
H
=

94
94
)1\_]__
XE]
317
=
¢}

1 2]
o]
o]
;g
=y
IRE|

M,L._ _ZTd 1)_A|O _ZU ﬂﬂ _ZTd
=g

4]
<
T
=1
=
*
2. |
2211 =833 Ag
Sl
51
$
::]—j_

2212 A&
=
: =
2.4.2 AAA
2.5 Bacillus sp
5
bh2 &7
A
2
2.6 Bacillus sp
2.7 Bacillus®] ¢
2.71.1.1 Bacillus sp.
2.71.1.2 Bacillus
272 XA

1



7.3 TLTFG A i s 33

2.8 Bacillus sp.2 0] &3F HZdr AT BA e 34
D.8.1 B3 - ceeerrrrnertet e 34
2892 B3 a}% oﬂ /\-] Bacillus Sp.-o/] /\3 ;é]-}_zj ......................................... 35
O A AR T HFE s 37
31 AL HF R correresseeressssssessss s 37
3.2 F S A A s 38
3.3 AT U e s 40
3.3.1 Bacillus Sp.o] "B e 40
332 kEYo} Fxkoll W& Bacillus sp.®l S22 FENsHa Ws} 4]
3.3.3 Bacillus sp. W20 A8 HZ2 A AT} WMEF e 49
3.4 FATBFEL Tl HEE] o 43
IV. A T TLZ s 45
A1 Bacillus Sp.Q] BT e 45
4.2 kRl o w2 Bacillus sp.2l S P W S; e 46
421 NH, -N9| Fxel wE Bacillus sp.2l 22 gesta W3- 46
4.2.2 NHs' -N¢] %o wE Bacillus sp.2l 22 &4 ¥3}- 50
43 ZF GAE A G ALY B e 51
431 S AR BB} 51
432 HESAY HB} e 52
44 AE3HA Ze]}tl’f’:]‘, o] t)3F FBFOIA FAE wereerererereninieieieins 54
4.4.] OFAAE Z2Z] e 54
442 AESA ABFEFAo]| 98k O TEO] A} e 55
45 A7 S Ao WE A 55
V. B ottt sttt s sttt se st seses e st sesas b eset sesesatene bt asasatene e ssans 57
VI, SFLE G v 58



List of Table

Table 2.1 Variation of municipal sanitary landfill leachate constituents,
along the landfﬂl ages ................................................................... 4
Table 2.2 Effective factors influx on landfill leachate generation ------* 6

Table 2.3 Comparison of free energy about oxidation and

denitrification Of nitrogen ............................................................ 18
Table 2.4 Denitrifying bacteria and their taxonomic affiliations - 20
Table 25 Morphology of BaCﬂluS SpeCieS .................................................. 29
Table 31 Charateristics Of Landfﬂl LeaChate ............................................ 39
Table 32 Operating COl’lditiOl’l in plot plant ............................................... 43
Table 3.3 Summary of Analytical methOdS ............................................... 44

Table 4.1 Change of Bacillus sp. shape by ammonia concentration -- 48

Table 4.2 After do processing plant establishment quality of water

_iv_



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

List of Figures

21 treatment methOdS fOl" landfﬂl leaChate ......................................... 9
2.2 Phosphate transports in and out of bacteria in connection
Wlth BPR ............................................................................................. 15

2.3 Proposed medel for the anaerobic ammonia oxidation
(ANAMMOX) of Brocadia-like  microorganisms. HH:
hydrazine hydrolase, HZO: hydrazine oxidizing enzyme, NR:
nitrite TEAUCING ENZYINE ++rwvreeressessessssssmssisiiississis s 16

2.4 NOx cycle. Hypothetical model of the ammonia oxidation by
Nitrosomonas. According to this model, N2Os is the oxidant
for the ammonia oxidation. Under oxic conditions oxygen 1is
used to re-oxidize NO to NO: (N2O4). Hydroxylamine is
OXidized to l’lltI‘lte ............................................................................... 17

2.5 Sporulation. Phase-contrast microscopy of cultures grown in
Difco sporulation medium examined at approximately 12 h
after the initiation of sporulation is shown. Clockwise from
top left, B. subtilis PY79, Lactipan plus, Subtyl, Biosubtyl

"Dalat,” Bactisubtil, and Domuvar, = «ssesssessssesmssssinsisineens. 28
3.1 Flow scheme of the process for treating Landfill Leachate - 37
3.2 Picture of Pilot plant for treating Landfill Leachate ===+ 38
3.3 Trend of leachate characteristics during the study -« 40
34 Meth()d flr Gram_Strain Of BaCillus SP. e 41
4.1 SEM photograph of Bacillus sp. from reactor ««-«-«-seereeeeee 45

4.2 Bacillus sp. growth curved line by NH; -N concentration -+ 47
4.3 Bacillus sp. growth curve by concentration and time - 50

4.4 Leachates contaminent concentration curve of experiments

unitS ....................................................................................................... 51
4.5 Leachates Influent nitrogen concentration «:««:sseeessseeesseneeees 52
4.6 The change of BOD, COD in treated water «---seeeeeeemseneeeees 53
4 The charge of nitrogen In treated Water --:-sesseeeerssereeesseeeeens 53



Fig. 4.8 The charge of alkalinity in treated water «««:wwerreermermeeenee
Fig. 4.9 Flow scheme of the Change-process for treating Landfill

Leachate ...............................................................................................

_Vi_



A Study on Advanced Treatment of
the Landfill Leachate using Bacillus sp.

Sang-Ho, Park

Department of Civil and Environmental Engineering

Graduate School, Korea Maritime University
Abstract

The leachate from municipal waste landfill in Korea, is partially
treated only to remove organics in the Conventional Leachate
Treatment Plant. But it is necessary to remove nutrients from the
leachate in the landfill site to keep up with new regulation
established on 1996.

Several processes have been developed to remove nutrients from
leachate such as CSTR(Continuous Stirred Tank Reactor),
UBF(Upflow Bed Filter), Membrane Separation (MF, UF, NF, R/O),
Photocatalytic ~ Oxidation (UV/Hs, O, UV/Os, EB) and B3
system(Bacillus sp. process).

However, it has been often noted operational troubles in the above
plants owing to high concentration of ammonia and non-biodegradable
matters of leachate.

In this study, a Plot scale experiment was conducted for 1 year to
evaluate the applicability and several factors in treating leachate with
bacillus sp. style biological treatment process, which recently
developed in Korea.

The results of experiments can be summarized as follows :

(1) If enough reaction time and organic matter are given, nitrification
and denitrification happened at the same time in reactor.

(2) The pH and alkalinity was increased and the removal of nitrate

- vii -



was decreased in accordance with increasing the concentration of
ammonia. The pH range occurred nitrification was between 6.3 to 8.7.
(3) When the concentration of NH; -N is more than 3000ppm, the
growth of bacillus sp. was stopped.

(4) When the inflow concentration of ammonia was extremely high,
it was confirmed to be needed pretreatment process, such as pH of

flow control.
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Table 2.1 Variation of characteristic of municipal sanitary landfill

leachate according to the landfill ages

( Unit : mg/2¢)

Age of Landfill

Parameter
1 Year 5 Year 16 Year
BOD 7,500~28,000 4,000 80
CODcr 10,000 ~40,000 8,000 400
pH 5.2~6.4 6.3
TDS 10,000 ~14,000 6,794 1,200
TSS 100~700
Conductancex* 600 ~9,000 -
Alkalinity(CaCO3)  800~4,000 5,810 2,250
Hardness(CaCO3)  3,500~5,000 2,200 540
Total P 25~35 12 8
Ortho P 23~33 -
NH4-N 56~482
Nitrate 0.2~0.8 0.5 1.6
Calcium 900~1,700 308 109
Chloride 600~800 1,330 70
Sodium 450~500 810 34
Potassium 295~310 610 39
Sulfate 400~650 2 2
Manganese 75~125 0.06 0.06
Magnesium 160~250 450 90
Iron 210~325 6.3 0.6
Zinc 10~30 0.4 0.1
Copper - < 05 < 05
Cadmium - < 0.05 < 0.05
Lead - 0.5 1.0
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Table 2.2 Effective factors influx on landfill leachate generation

rainfall
surface water
Water resources
underground water

water in trash
surface vegetation

kind of soil

Surface condition of landfill surface landform

temperature & humidity

abundance of water

. . storage facter
Reclamation condition ]
. .. conduction
& soil condition

porosity
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Bacillus sp.& ©]&3 ZALAA FAS Aynd d4E&E8A
Arst —» GRS AHete] Aart AAHE 3AY g2 3
e Azl AAEA olfol e 37EA 9] A ¢
A A F .

251 &3pargol 9% AaAA

NH; -N — AW &4 (Glutamine & Asparagine — Amino Acid)
O dRYole Fslztgo] HA #AAqst= FHAoer FFEY, €548
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A, 2FENIEAAsA, ged E9a 84, SFEN-gEd oY)
Holgavt #ojsl= Ao ddHA At}

@ =FEY FAHAAL glutamate dehydrogenaseo] 2ol&] UEHES a
-ketoglutarate= ©] &3} glutamate 373
@ SFER @Al o FEES glutamate® ©]Fdt] SFENIES

3

NO,
NH,OH |
5H'
Cytoplasm NR
Anammaoxosome HZO
——
NH, 4H'
N,H, N,

Fig. 2.3 Proposed model for the anaerobic ammonia oxidation
(anammox) of Brocadia-like microorganisms. HH: hydrazine hydrolase,

HZO: hydrazine oxidizing enzyme, NR: nitrite reducing enzyme

2NH, -N+20.+H; — Ny T +4H,0+2H" AG = -435k]/mol of NH4 (2.23)
2NH, -N+20,+4[H] — 2NH,OH+2H.0+2H" (2.24)
2NH,OH — No+2H,0+2H" (2.25)
8NH, -N+602 — 4No+12H,0+8H" AG = -316kJ/mol of NHy'  (2.26)
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71 gdEYole] 2t ol Fig. 259 4 (227)9 wel 4F
27 A= AHel A AEs 7 dojuitt hydroxylamine® NO+ S XHAA
Eo]il hydroxylaminet™ oFEAMEANAH T WA AbstE I o}l H Y S
NO(N2Oy) 2 AFs}e o,

NH;+N>O4+2H +2¢e — NH.OH+ 2NO+ H-0O (2.27)
2NO+ 05 — 2NO2(N20y4) (2.28)
NH;+ 02+ 2H +2¢ — NH,OH+H,0 (2.29)
NH,OH+H,0
NO
0,
NH, NO

)

\K/ NOy

Fig.2.4 NOx cycle. Hypothetical model of the ammonia oxidation by
Nitrosomonas. According to this model, N2O, is the oxidant for the
ammonia oxidation. Under oxic conditions oxygen 1is used to

re-oxidize NO to NO; (N:O4). Hydroxylamine is oxidized to nitrite.
253 dwrAQl kst — g4 Ao ok ArAA

Qe 1Rt Wi R Qo] AAHE Zo)x ALde] 4
M e g Aol AW oslel AjH E/YE A Mg S
pEshe AeolnR HWsg — BANYS FRetel ast AAH
12 44F 5 Ak Ty AA@FAA 0%olde] Ahst AA

i o\
S o

L

= 3E

e F7|2 A1IAdA S4¢ JAALY RV AvrER SAYE
Ao 2 Mol Bacillus sp.g& ©l-&% oA ZAitsl 3y — G
ozt AAaAAE Mg A ¢ F U



NH4+*N i NOzifN i NOgifN i NZT
AG = -349k]J/mol of NH,' (2.29)

254 A2tstel ddel] Bk Aol A Mla

olgfe] Table 2.3 &7]gZ % Anammox¥ ol o3 HAALA A =}
oAU #S YERA Ao mA dmtAor HAksE A g g9y o
Aol A A gho] -349k]/mol of NH, & eI = A3} HluL3}e]
57] gd@fRAGo] o3 AFAUA G -316~-435k]/mol of NH,,
Anammox¥ Aol AaA AL AFolyA  FHS -297~-358k]/mol of
NH, 24 dRbAQl Aiksts ZAfe dd34ge] Afollv=] gk vl
g Holk z7]gdolyt Anammoxd] ©d HAAAWEE E7Hs A

Fe A & 5 UrhU0).

)FU

Table. 2.3 Comparison of free energy about oxidation and

denitrification of nitrogen

Reaction Reacti AG (k]J/mol [N2 Composition
NO. caction of NH,) (%)™
5NH; -N+3NO3 -N
1 . =297 5 25
— 4No+9H,O+2H

2 NH, +NO, — N»+2H-0 -358 100 0

3 2NH,4 +202+H, — No+4H0+2H" -435 0 100
4 SNH; -N+60; — 4Ny+12H-,0+8H" -316 0 100
5 Observed 98.2 1.7

%16NH,, 14NO; WA 59942 o83 &3 7lxaye AN E
of =3k gk
A gho LA AEjo Al NHy -N3# NOs -N& AF&-3F DATA
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Table 2.4 Denitrifying bacteria and their taxonomic affiliations.

(AfterZumft, 1992)

Taxon

Habitat

Comments

Archaea

Several extreme halophiles
including Halobacterium
mediteranei

Proteobacteria
Subaclass—u

Phototrophic bacteria like

Rhidibacter spheroides
Budding bacteria like

Hyphomicrobium spp.
Helical bacteria like some

Azospirillum spp.

Gram-negative aerobic rods like
Agrobacterium tumefaciens,

Rhizobium spp.

Gram-negative cocci and
coccobacilli like Gluconobacter spp.
and Paracoccus denitrificans
Subaclass—

Gram-negative aerobic

and facultatively anaerobic

bacteria including Pseudomonas spp.

Gram-negative cocci like Neisseria spp.

Subclass-T

Gram-nrgative aerobic bacteria like
Moraxella spp.

Pseudomonas spp.

Zoogloea ramigera
Gram—negative chemoautotrophs
like Beggiatoa alba
Flavobacterium group

like Empedobacter sp.

solar saltern

sewage

water

soil

soil

sewage

and soil

soil and water

anamals

commonly

animals

range of habitats

sewage

fresh water

sewage

Produces N» from
NO:g or NOg

Not all strains denitrifying

Uses C-1 compounds as

energy sources

Not all strains denitrifying

Some produce N2O which
is then used as an e
acceptor by others

N: and N2O produced

Some reduce NO; to gas

NO; and NO; reduced

but not always to gas
Metabolically diverse

NOs; reduced to No
Sulphide-dependent
reduction of NO3; to N2

Not understood
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Taxon Habitat Comments

Gram-—positive bacteria

Endospore-forming rods like many .
) . . range of habitats . .
Bacillus spp., including some . . Metabolically diverse
including sewage

halophiles

Non-spore—forming bacteria like NO; utilized by some
humans .

Tsukamurella paurometabola isolates

Fig.2.4 Sporulation. Phase-contrast microscopy of cultures grown in

Difco sporulation medium examined at approximately 12 h after the
initiation of sporulation is shown. Clockwise from top left, B. subtilis
PY79, Lactipan plus, Subtyl, Biosubtyl “Dalat,” Bactisubtil, and
Domuvar.
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Table 2.5 Morphology of Bacillus species (Sneath,1989)

o Width of | Length of |Sporangium| Spore Spore
Characteristics ..
rod(¢m) rod(ym) swollen shape | position
B.substilis 0.7~0.8 2~3 - E C
B.acidocal-darius 09~1.1 2~3 + E T
B.alcalophilus 0.7~09 3~4 - E T
B.alvei 05~0.8 2~5 + E C/T
B.anthracis 1.0~1.2 3~5 - E C
Bazotoformans 09~1.0 3~10 + E T
B.bodius 0.8~1.2 1.5~4 - E C/T
B.brevis 0.6~09 15~4 + E C/T
B.cereus 1.0~1.2 3~5 - E C
B.circulans 05~0.7 2~5 + E C/T
B.coagulans 06~1.0 25~5 d E C/T
B fastidiosus 15~25 3~6 - E C/T
B firmus 06~09 1.2~4 - E C
B.globisporus 0.6~1.0 15~5 + S T
B.insolitus 1.1~15 1.1~25 - S C/T
B.larvae 05~06 15~6 E C/T
B.laterosporus 05~0.6 15~6 E CL
B.lentimobus 05~0.7 1.8~7 + E C/T
B.lentus 06~09 1.2~4 - E C
B.licheniformis 0.6~0.8 15~3 - E C
B.macerans 0.5~0.7 25~5 E T
B.macquariensis 05~0.7 2~6 E T
B.marinus 09~1.2 2~4 + E T
B.magaterium 1.2~15 2~5 - E C
B.mycoides 1.0~12 3~5 - E C
B.pantothenticus 05~0.7 2~5 + E&S T
B.pasteuri 05~1.2 1.3~4 + S T
B.polymyxa 0.6~0.8 2~5 + E T
B.popilliae 05~0.8 1.3~5.2 + E C
B.pumilus 0.6~0.7 2~3 - E C
B.schleglii 06~0.8 25~58 + S T
B.spaericus 06~1.0 15~5 + S T
B.stearothemophilius | 0.6~1.0 2~35 d E T
B.thuringiensis 1.0~1.2 3~5 - E C

E : Elliposoidal T : Terminal C : Central CL : Central and lateral

- 1 90% = negative d : 11~89% positive + : 90% > positive
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Fig. 3.1 Flow scheme of the process for treating Landfill Leachate
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Table. 3.1 Characteristics of Landfill Leachate

\@ . Dom.estlc Ehing Chisteneen | Robinson
Section Kimpo Nanjeedo | Sanggok

DO 58~175 74~176 75~8.0 53~85 45~9.0 6.2~74
BOD | 500~16000 | 580~650 |971~12805 | 100~90000| 20~40000 | 2~ 8000
CODcr | 1500~ 22000 | 1300~ 1350|3760~ 22700(150~100000| 500~ 60000 | 66~ 11600
CODww | 300~ 2300 570~ 1500

SS 80~900 275~ 4880

Cl- 200~4900 | 3540~ 4085 | 1688~2810 | 30~4000 | 100~5000 | 70~2777

T-P 1~17 2.71~3.2 2~30 0.1~30 0.1~30

T-N | 200~2000 766~2000 | 50~5000 50~ 5000
NH; -N| 100~1800 | 1400~ 1450 | 53~ 2000 1~1500 30~3000 5~1730

Hg 0.007 0.0002~0.05{0.0002~0.05

Cd ~0.04 0.014~0.018 0.0005~0.14/0.0005~0.14{0.005~0.01

Cr ~0.3 0.54~0.545 0.03~1.6 0.03~1.6 10.0056~0.14

Pb ~05 0.008~1.02 10.0008~1.02{0.005~0.22

7n ~2.2 0.026 =1 0.05~170 0.005~0.95

Ca ~ 320 10~ 2500 165~ 1150

Mg ~290 9.5 14~41 50~ 1150 20~1150 | 12~4801

Na ~ 2300 50~ 4000 50~4000 | 43~2500

Fe ~58 2~ 32 0.4~ 2200 3~2100 | 0.09~380

Mn ~96 0.4~50 0.03~65 |0.32~26.5

CN ND 1 0.04~90

As ND 0.005~1.6

K ~ 1700 10~ 2500 20~ 650

Fig. 3394 el dg 471359 ®stE Yehd . 53,
o] EHo %o o3 #9449 BOD wx7F dA3 #AarHE AL &
F7b gtk e, eld wEl §95E FARTN) o BEE A
A 717Et dASA vEldE AS & FUF o 53], 9939 10€ 9
© Y%= BOD %9 TN F%=7F A9 li= dey &3 o
2 g JE59 A Faide] FYdS He= s s &
Z7F 2tk 945 CODergt BODE W7} AAFd Lz 22 11 A
£ %40 Ho] Agwe] By ¥ nEA Bl £FHo YL
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(D) d7A=

Ao AFEHE A = HA A=A 0.8% FEFE T 08% =FA
25 E3dte] Az dEYeld HAANH, -N)O H7ME 915
NH,.ClE o] &8t sk wE ®stE st 98 22 0, 100,
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Pilot plantell A E2]3F =2} A9 Bacillus sp.& AH&3F ¢}

(2) A4

D Azxe v NHCIES s=E2 ond H7hek & d@asrh(121C,
15min)

2) BrE S5F 59 Bacillus sp. wAE HF3o}

3) Bacillus sp.°] $A@sta xxe A4sE 98] EA T (80T,
10min)

4) Bacillus sp.7} A7t 752 34 A121th(10°~10%

5) "B Al 7l v x|l 8 Al 7] Bacillus sp.& 5 &3t}

6) Shaking incubatorol Al #] gt} (35C, 200rpm.)

7) spectrophotometers ©| &34 AZFEE ODgpos S48l AW A

(OLYMPUS BX40)©. & Bacillus sp.2] 24 HZ Azt

1,
fr
s
bk
rot
e

3.3.3 Bacillus sp. ¥F-&Zxo Ao A& g2 A3}

Bacillus sp. A E|A| =8-S o] &3t AEF9 F71E9 A4 AATHS

Hr et A ZAL 229 Table. 3.29] 2 9Fs}%tt.
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Table 3.2 Operating condition in plot plant

Division 1 reactor | 2 reactor
1 room 1.1 1.1
DO 2 room 0.6 0.7
3 room 0.4 0.4
4 room 0.2 0.2
1 room 7.7 7.6
2 room 7.6 7.6
pH 3 room 7.5 7.6
4 room 7.6 7.6
precipitation tank 7.6 7.6
1 room 7121.4 3164.3
2 room 6828.6 2828.6
MLSS
3 room 6728.6 2750.7
4 room 6907.1 2968.6
SS mg /L 6896 .4 2918.0
Return sludge mg /L 10727.3 5309.1
Quantity of flow m /day 0.8
Return of sludge m /day 1.0
Inside return m /day 2.6
Excess sludge m /day 0.1
SRT day 74.7
F/M kgBODs/kgMLSS - day 0.034
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34 A&

= (o]
d SAHE

= ATz Aege &%=, pH, DO+ v

R

333, SS, CODcr, CODn,
Alkalinity, TKN, T-P, BOD+

2HH o Standard Methods 3
P& th3-9 Table. 3.3 vebdidct.

NH; -N, NO; -N, NOs; -N, CI, SO,

F 28 A4S,
AAEW ol uheh 939 chU9,50).

a I
<)

FAAL EA

Table 3.3 Summary of Analytical methods

Items Methods
pH pH Meter
YSI Meter
DO )
YSI 85 Dissolved Oxygen
CODcr Open Reflux Method
CODmn Potassium Permanganate Method
SS GF/C Suction Filteration
NH;-N Nessler Method
NO»/NO3/Cl/SO4 Ion Chromatography
TKN Kjeldahl Method
T-P SnCl; Method
Cd, Cr, Cu, Fe, Pb, Mn, Mg, Zn | ICP-AES Ultrasonic Neburization
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V. 23 2 uz

4.1 Bacillus sp.9] %4

Bacillus sp.= 9 E Fo v]F3Ad Aol &t 283G Ao
A aggd A ZE BEpdolyg ga2Aoz  gAaleo]  HTH4Y).
X

HA T AEdHE EAEa

Fig. 4.1 SEM photograph of Bacillus sp. from reactor
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Fig.4.2 Bacillus sp. growth curved line by NH; -N concentration
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Table 4.1 Change of Bacillus sp. shape by ammonia concentration

Ammonia concentration Bacillus sp. microscope observation

&) {
Oppm ;

1000ppm

3000ppm

5000ppm

10000ppm

NHs -N9| F%7F 10000ppm% 7ol OppmEth o =& MAFe] F
ok A

A BAT WA BAA Fejdozs Ao FAReATh A
of AojAsE AAFe] F7w Ad Fidel PE JFE AW, e
3, e Be 27 B o] §E EABE sh= A7kl @kuh

NH, -N9| s=7} 3000ppm% 7ol ol Aol M= Bacillus sp.9l
Sl A 7Hg g Aow EEHJT NHy -Ne F%=7F 5000ppm e
Ag-oll = dryole] AA|ggo g MAGF FA o] ol

ol AdS Fghsl B NHy -No v%7F 2S935 Bacillus sp.2
THAEEE AaHAY 9A % o] NHy -N10000ppm) el A=
Bacillus sp.®] 27F @olH A i S4o] Al wqvt. 1efar, A A5
NH, -N% % (3000ppm) ol A1 = Bacillus sp.7} A gAl o o] &3] 7|
F7h T7hEE Ao pEFHFHoZM NHY-N&E7F Oppm% 4 §-1

o o %2 Bacillus sp.2] S4o] #&AHATY, w3t AT S7FE <
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Fig. 4.3 Bacillus sp. growth curve by concentration and time
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Fig. 4.5 Leachates Influent nitrogen concentration

Fig. 44¢} Fig. 456 A7 5 A=st4 Aol wdd d=s+
o] 4 Fo]ZA CODcr : 3,760~22,700mg/ ¢, BOD : 971~12,805mg/ ¢,
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A AFAL FHo R e JFo R AEF F HIAL AR St
7F dEtew, A@7tt F FY ZEF T 10mg/ ¢ o]tz &4

=] A},
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Fig. 4.8 The charge of alkalinity in treated water
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S = Nitrosomonas+ 10~150mg/ ¢, Nitrobacter= 0.1~1.0mg/ ¢ ©]

Gl Akt njA =l A 2E& st Aem Huda Itk

WEF A2AAA w2 1ge] NHy -N7F ZAbsts =4 58~
6.8gel dZe=7t 2HlES & F UM o= vAE Aol 4ndE

NI/ -Nel 42 nedtes dide o2A Tigrth 47 2ul

pH ®sto] W& FAFsE =o]7] f1sto] ok Fig. 499 ol %

5 AAste] Agase] Wats dHRdt FY
o] pHE 7.0~80 Atol2 A S st AAHZA A5 F=59
H3sk= BODZF 300mg/ ¢, COD7} 560mg/ ¢, SS7F 100mg/ ¢, T-Neo] 93mg
/4 0ola T-P7} 1mg/ 2 ©lst= YEFSTE  Table 4.29F #o] Al %A

A Sl ] AP FEE dE 5 AT
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Table 4.2 After do processing plant establishment

quality of water change

Influent Effluent Efficiency
BOD 6888 300 95.6%
COD 13230 560 95.8%
SS 2578 110 95.7%
T-N 1383 93 93.0%
T-P 16 1 93.8%
Quantitative o

Screen Pump

Regulator

Centrifuge Flow
Influent Equalization

_| Tank

Blower

Effluent

u il [ ATA
an il
& ] N ! 4N
~
-t Pt | .
Pretreatment Bacillus Process Chemical
Treatment

Fig. 49 Flow scheme of the Change-process for treating Landfill
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