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A study on Nitrogen treatment and Reduction of
sludge for waste water of steel industrial using

Microbiology

Dae-Choon, Seo

Department of Civil and Environmental Engineering

Graduate School, Korea Maritime University

Abstract

The purpose of this study is the evaluation of treating capacity of
the BM (Beneficial Micro-organism) lab scale tests for steel industrial
waste water. The test was designed on similar condition with field

facility and performed with three kinds of waste water as follows;

1) Fish farming waste water.

2) Steel industrial waste water.

3) Mixed waste water ( Fish farming and steel industrial waste water).

AS the result of test, the average BOD removal efficiency rate
was 91% and T-N was 83% at low level of C/N rate. It was
confirmed that the amount of sludge generation was affected by the
MLSS concentration of the system which was in accordance with the
removal efficiency rate for each waste water. As the MLSS
concentration was increased, the amount of sludge generation was
increased at initial time. But the sludge generation rate was

decreased as time goes by because the group of BM was mainly

_Vi_



activated.

As the result, the enough possibility of the treating BOD, T-N and

Sludge reduction with BM lap scale equipment was confirmed.
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Figure 2-1. Waste water Nitrogen cycle [2]
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BEYolE olEiA AAE WIAJ)E EF+ FE Nitrosomonas ©] 1L,
AN AAE W3l X715 EFE Nitrobacter ©]th.

NHs#+ + 1.50, — NO, + H,O + 2H" (Nitrosomonas)
NO; + 050, — NO5 (Nitrobacter)
NH;" + 20, — NO; + H,O + 2H" (Total Reaction)

dE Yol Aae} ofdiA AATF AAA FAZE A4S EHA gk
ZAikst dhg glole] AAAS 9k A TS s A+
t}. NitrosomonasS} Nitrobacterol] 23+ A|E3HA whg-2lo ez 7t}
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A3} vhg glote] MEFAHS Edsle FZA L ey 2t
NH," + 1.830, +1.98 HCO;

—  0.021GH7ON + 0.98NOs™ + 1.041H>O + 1.88H>COs
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Table 2-1. Genera and characteristics of the chemoautotrophic

nitrifying bacteria [9]

® Ammonium oxidizer

Genus Morphology

Growth
range

Habitat

Gram-negative
short to long rods,
motile poral%lagella

or nonmotlle ;
peripheral membrane
systems

Nitrosomoans

5~40C
pH 5.8~95

Soil, marine,

fresh water

Spirals, motile
(peritrichous

Nitrosospira flagella) ;
noobvious

membrane system

25~30C
pH 7,5~8.0

Soil,
will not grow

in sea water

Largecocci, motile ;
) vesicularor
Nitrosococcus )
peripheral

membranes

20~30°C
pH 6.0~8.0

Soil, marine,

fresh water

Pleomorphic,
lobular,

compartmented

Nitrosolobu cells ; motile

(peritrichous
flagella)

15~30C
pH 6.0~8.2

Soil




@ Nitrite oxidizer

Genus Morphology gzogxgth Habitat
short rods ;
motile
Nitrobacter with a single 5~40C Soil, marine,
polar pH 5.7~10.2 fresh water
flagellum or
nonmotile
20~30C
Long, slender pH 7.0~8.0,
Nitrospina rods ; grow only Marine
non motile in 70~100%
sea water
Spherical cell .
v i 20~30C
cytomembranes pH 7.0~8.0,
Nitrococcus forming a grow only Marine
branched in 70~100%
network in sea water
cytoplasm

Table 2-2. Some characteristics of nitrifying bacteria [9]

Feature Nitrosomonas sp. Nitrobacter sp.
Cell shape Ovidtorodshaped Ovidtorodshaped
Cellsize 1x1.5um 0.5x1.0um
Gram test Negative Negative
Generationtime(hr) 8to36 12to59
Autotroph Obligate Facultative
Yield (gVSS/gN oxidized) 0.04~0.13 0.02~0.07
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Table 2-3. Half-saturation valves of the specific growth rate

on the nitrification process

Organism PKo, mg/L Reference
0.3 Loveless and Painter
Nitrosomonas 0.25 Peeters et al.
0.5 Laudelout et al.
. 1.84 Peeters et al.
Nitrobacter
0.72 Laudelout et al.
0.43 Stankewich
Activated Sludge 20 Nagel and Haworth
0.45, 0.56 Stenstrom and Song

DO9} A4rs} whgate] BAE WETH A process®] SHA E 2
Z70] wgt g=2t13]. &, SRT, DO AZ& F FakA3 Fo JgFS
o wAE AFAAHIE B 2 FEAA AHA g 29l o
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e Aol 249 SRTE AA $9%o] sl W AR
o

FEZQ0 A4stll= 2mg/L ©]4e DO s=7F &75H¥, DO= X
712 ol &3] EghEoloF gt

NH; + 20, — NO;y + H + H,O
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BAhgog f7)|ES o83 Nitrobacterd A& o] 7ledro] HauxE ot

o] AFAE A3 exdE A HIAZGER £H4S Table 2-49
e AT A4kst kg0 Qlojx] kol oJg FFS 30T

A= Van't Hoff-Arrhenius 2ol #A&Fm ddtzoz HEHY] o
A 10C7F 571l whey AFEo] 2w o] 57

Van't Hoff-Arrhenius 2] & Z &5+ 5~30Co| A= Nitrosomonas©l
o3t Akstgo] W HORE FIEY 30~35To| ol Ae 23]8 i
S B FHTH20] 57 = ZHAME FAbs
7}t dE 7heshy dAIRE(B0T ol d)ol e @] Ihx
= 2o g AGHAT. 3 ZFASE ghEox RrESIEEAT (Ky)
TEAGAM T R FoW, Knowles [21]0] 2oJ3] &%= 2]t o
2 U5 2oz AtHA

Ky= 10 ( 005IT - 1 149

o

r]I.
olo
2
H
Lo

o714, TE TeolH, 10, 15, 20T ANA Y & Z+z+ 0.23, 041, 0.74mg
/L ©]%lt}h o]= Chudoba[22] &< A+ ZF! 041mg/L(20T)H=
Z d A g



Table 2-4. Effect of temperature on maximum specific growth rate

with nitrification process

. a0, day
Source In, day a . s
10C 15C 20
Dowing (s 0.29 0.47 0.77
Dowing (e - 0.10 0.18 0.32
Hultman nf e e 0.23 0.34 0.50
Barnard (e laMry et 0.10 0.18 0,37
Painter T el 0.12 0.18 0.26
Beccari 0.27
Bidstrup 0.65
Hall 0.46
Lawrence 0.50

At H) HAAZELS pH 8ol-}t Blm Al pH 7914 <F 50%
7 AaEs B2 d7AEY d7dHE #skila pH 7.2~8.09]
WO e 2 Aol7t il pH 7.20]8t M E AXAHo g A 3
A% [23] pH 6394 & Hitst wkgo] FAgthe AFAAE B
H ATt [24] pH 7.20]8}ollA A2ks}e] vA = FFS T Zo] &
&

ln ,pH=( uN ,7.2 )[ 1-0.833( 7.2- pH)] (A1)

Ix ,pH=( 1N ,7.2') ( 235) P* 72 (#12)

(A1) B (A2)9lA pH 659 B¢ H4kst&2 pH 720014 B 2z}
42% 2 55%°] At} Nitrobactere] ALkstel s pH 659014 Aitsh&2



pH 759149 oF 60%HE ©|ASH[25], ASHA & HAEY o]&
Al 20C &AM pH 690149 dAFsh&2 pH 790149 oF 84% = 4
Gt 257t 15TCAE 2%E ZA A L5571 =5 wjro
w$o A pHO 92 U A #FEHATH26].

Nitrosomonas®}  Nitrobacter®] % pHv 7.5~85°]H(US. EPA,
1975) A4ksl 282 pH 6.0 osloll A+ = ETH27,28].
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Table 2-5. Ammonia and nitrite concentration range for nitrobacter
inhibition as function of pH(T=207)

NH,"-N range, mg/L NO2-N range, mg/L

pH
6.0
6.5
7.0

30-330
88-1050

210-2100
70-700
20-210

260-3320

7-70
1-20

7.5

8.0

o0
ce)

o}
NV

C(as BOD5)/N(as T-N) 7} Z7}gte] upe}

o

9l C/N H|

!

a2 UEhge,

0.054 ©]

C/N BI7} 3%1 745 ALbshte] vl&©] 0.083 o4

o
-+

C/N H|7} 5014 H

L
T
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Table 2-6. Optimal conditions of nitrific growth

© 2 YEdTH34]. Table 2-6914 Aats} upgejole] A= B3] 28
ZUES

Characteristic Optimum range
Permision pH (952 Nitrification) 72~84
Permision temperature (95% Nitrification) (C) H=h
Optimum temperature (about} (T) 30
DO (ng/L) >1.0
MLVSS (mg/L) 1,200~2,500
Interference metals of nitrification
: <bme/L

(Cu, Zn, Cd, Ni, Ph, Cr)
Interference toxic organic matters of nitrification

halogen replacement phenal compound Omg/L

halogenic organic solvent Ome/L

phenol & cresol <20mg/L

cyanide <20mg/L
Oxygen Demand 46
(Ib Oy/h NHs-N + COD) '

3N 722 39

AN AL wAsen @k ARsE 9de Anse gasel o
B ABSRH Az AANN FLB RS FADT AR A2 A
At Rzl Ba® 29 a5 Ao F2 olgHrk 53 A
£ ae AL 425 A 79 2 V18 AolgrE A8 B9,
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g4 Asrto]2S NO, NO, NoZ #9AIA A A= 7
B8 Achromobacter, Bacillus, Brevibacterium,

Enterobacter,  Lactobacillus, =~ Micrococcus,  Paracalobactrum,  Pseudomonas,
Spirillum & ©lth °l& PIAEES FTEIYE HAECIH o5 T7]
4, B4 F714, @714 o2 gdstAt AAdAC EA k= 80%°]
ol BAEVNEeE dHA Utk oE WAEELS RUISEES A
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165 rRNA target probeE A&t HPS &3 thE 223} bacteria
% Paracoccus F°] 8 R AHE Foto] FEHA38]. 223} B
gelol 5 7 dd AA4Me &2

aeruginosa, P.denitrificans)®t Alcaligenes= E ¥, &, oA &3] A

=t}39,40].

I

Pseudomonas(P. fluorescens, P.

N,O= #HgolA 2238 vk & AAdHo] 2o Badg A

=

A
g fxdte drledd Fd BdE AgstEz, o B4S Had
& 2a7 vk 54 =3 sheld Aahe] 8% 7HA17F N,OZ %
=, 2 449 3x70L& @& COD/NOs;-N H|, -2 SRT, @& pH

o] Tj41].

2222 ©&3A3} w39 JFgAA

G243 AT dAFEAR FAEstezE -85t ATy A
g T 9E3H Monode A4S wEth

nAEe] 58 A HAF A FE&AE AT AAdEY ¥ 283

Z
oltt. EF3L Agte AL EA Al AAHe] EAY W Hu

(570kcal/mole glucose) U] B2 A oHYAE WE<HTH(686k]/mole
glucose)[42]. T3 =2 DO T 24 39 345 IAT 4+
oh wEbA] FabA 279 g & A< g3 whgo] dojd
o a8y #Hg¢ W DO 571 Blud w2 Aoz 243t whee

+ oAA dojed = 3l Wl DO



2o A NOs-N, NO,-N¢ DOE EF f71&5S &H3H4 H+ed o
) NO,-N¢ DO Z+ 1mge NO;-NY¥o g2 zZ+7+ 0.63% 0.35mgol 433}
= 7155 AvY|gt4]. D. Wartchowol] 9J3hH A &S o] &3k &
8 B¢ 4mg/Le DO7F EAstd® @487 7hesital st
M Z71¥ 349 B-+= 05mg/L o|ste] DO xxoA &4ty o
o dt}(Pilipot).

@) F71E

243t Aol 243t vgS P57 A A FAAE 2
8= 3t Ax FAAZE oHHE T 3

=, nAe AP, 4F A HEGE A8, ), 4E 2
Y8, £ ANNAMOX 40H Baste ¢y S0 o4 % 3l

Il

159 AMds 243t A7l=d 5/689 wghgo] Fasih e
U Hgge] dRes AE TFY AX A ol &HTh weky Azt
Ao A AAE WSS/ AAY BZE oF 259 W do] XTh4s8].
7178 AR ABeAE 265 o]Fe] HIEoA A A AAd
A A(99.8%)7F LolvbH[49], o] HIZ}F 3.0¢ W A3 23S dojd
T =49 (U. S. EPA, 1975). 8334 e 4o 8iXAdE s
A AmsEE g frlES o2 vk o @i =
HargolNe Aot Ak 108) 01449 sxrt EAst o} gl



4) pH

ng
mﬁ

3 pH 7.0~85 Atololx 7bd A& o g o]FojxH, HZF
°F7.00]t}H48,49]. & &slo]| wel dZAF =

o2 1mge] Aol AAVIAZ Fdd o 3

E gt a2y AA FAAA Al s AAES
A4tEt) (U. S. EPA,1975).
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gdsl= 35~50TCAA dojg & o 32 25(5~100)dAM %=
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23 AESFH AAAAE f3 A=A

BE AR Ak AA FHEe ABIHA AN} Dofd &
e E/1ES} GANS AT FALES BAE G

231 BEF}F AdaAAE AT TA

AESZA AgHyEs  o&g HAAAA AFE  Ludzack[51]3%
Ettinger[52], Wuhrmann[53], McCarty[51] G°l <& Ei¥E o] = 7
& o] whgxFo] Wl Single sludge process, Dual sludge
process, Triple sludge process &©°] JB&E AL, oLz 4T
Bardenpho process, Oxidation ditch process 5©| AT}

Intemal recycle
iflugat, L | Effuent
Anoxic Onic 2" Sed.
Return sludge aste sludge

Figure 2-2. Single sludge process (preanoxic)
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Carbon source

Influent Effluent
— — s
Oxic 15t Sed. Oxic Anogic | 2 Sed.
Retum sludge | Waste sludge Retum sludge | Waste sludge

Figure 2-4. Dual sludge process
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157 JSAFEL )2 BA ) AAS}E HETH AT F
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A/O WY FHoT Frdxe 37|-8F Atold 228 #3k FAb
A2Z2E Fo AisER JFE T Al AASE FAHH. &
Zz2RE 92z 8 o/ Y59 100~300% 23H <
AAELS A/O FA Hlg] HoJAY 40~70%9 ALAE AA & F
Atk

Recycle
Y
Influent Fffluent
> Y - »
4 Anaerobic Anoxic Aerobic
RAS WAS

Figure 2-5. A20 process

2) Five-stage Bardenpho process

A/O, A20 3AZ Z 2 {f7IE FslA daAAY &

Eol7] el HAAE AeEZH 7]E9] Bardenpho &Hl 7=

A
74l = AAD 5 JA e Tl
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Figure 2-6. Five-stage process

c
@
;{
of
o
flo

ol
N
oX,
i)
1B
BN
fru
Jo
o
i)
rr
2
off
kT
ok
3
Lo
i)
[
oX,
i)

) T D

=
opx
QL
E
=
e
@
ofy
flo
—d
[
B>
BN
=2
>

Recycle 1 Recyele 2
] L
Influent Effluent
: L e —
Angerobic | Anoxic | Anoxic | Aerobic
i
RAS WAS
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241 £¥ A 44 2 X7 IF

2411 €A A L HE A

ol F& o]&HHh o] T F&§& 1A LT
HEOo 24 16.0% ©1%, AA FALFrH(LAS)S AHs 7

X 8.0% o]Are] AZo] AlL=T),

A WANIES HEFATASHA>LTFE AFAL hehg,

Table 2-7. The sludge generation rate of rivers and Reservoirs

in domestic [54]

TS Turbidi Sludge '
Region Pugiﬁcatlon s SS/TUR Generation Un31 ¢
ant (NTU) Rate (%) (/M)
RiHan 4 places 25.93 0.77 0.00275 27.5
ver
Nakdon 3 11 e 16.21 1.31 0.00278 27.8
g River
RlKum 3 places 16.21 1.31 0.00278 27.8
ver
R Large 2 places 19.68 1.40 0.00324 32.4
eservoir
Recomall 2 places 8.78 0.98 0.00112 112
eservoir




2412 €A AE v$ 92 o J3F

selA = 74 g7 S g3t gAolar AstEn
80 - 70%) AatE gFAolaE HNE AGAAd 2y
HAY (AEA ), 27422 o]FH o] ~7hAe Hoh

1) zeA AR W§TA

- WA AR 10,

S

00 - 30,0009 /&

- AZA 28 7] g HE, AR, X
- #H71E AYFA AV EA o8 - HF,
S RAAE AAER] - A
- LT, 71 - AN FEE (20139 A UTET) AHEFA H)
A AE HES A WY AolRte AE Gad we Wt
7 Adta Awule] 4L iyAde] AME RS SRR FAE
o £YAE AR WHAE St A5 LAV duATE
BEHEAY 1991971 2& H]-&o] 80,000-90,0009 /E7A] 455
T Ao 19919 9€¢ 26 JHAE HIIEHER AN BAFHE &
A7} et 71 EE AEFEHHEA 20,000-30,0008 /02 FEH AT}
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242 €A #FE Ve

EHA AP 7]EL dAA IA 3RESRZ &
2 A, o AFH sRAe o3t —2—31%1 bl aF 7k o)

2 o) 3
A7 ol AYAYT. 53 5] HEAA A WAl o] &
Ao WYFE AGAIN] AAAE A BoW go] A5 =

7
% WA ARAGE AFAA BHEUAY 4703 FAA
e gHol 3 umot, Tr1x9 40| tiFRololof s, F
ol FiEy] WEe] it ARAME 87 el W7ol
o agy Aot 2949 BAFe APAY g8 AAAE
Nzel HBAANANAY, YALHAE AFHANA Br)xo wEA7)E
WY Sol AE T glehss).

:ﬁ

1) LEL ol 8T 28 #a

p

2AEHATAH e S8AE IAF Wolo] eEow A3 &
o A olE F7xE £ vkFsA S8 A9 FEFEE =T ¥
ol AAl Aggel HE&H ATB6]. ©] THL SHAE LEToE
AegozA SAE AETHer 23 H7] Aw =2= HIAA
F7)12M e s EaAI717] Wl FrIEAA ot SBA
HES

7 BAG olFfAE el Atk ey LeAg eEe
A3 57] 98 wHel Aol HAR dolglon, AeE
ZAe 98 AR A 287 BAMeR AT Yok,

1-0 r-\



18 Gl AgAUAN SelHel Fhesel BAGE AL )
F2E AREE AFE olgdle] HAES AE8HAA olF T4
Nz &8 HEAA 49 Asht Tl ALHT ATH57,58].

Bacillus stearothermophilus SPT2-155 &&|st 12 57| £¢]A &3}
zoAM EHAE F713 F 7HEEAIITY SSAEES THEEE 2 30~
40% 8=, 2= FAE A% dUA e Ta5H Ay FHo ¢
& 9tE e ARl U

3) ULASH [59]

ULASH 2 A& @id 3 22 L4 710 ts =2 £3
]

T89S AYa A= Bacillus.spoll F&531 w3 HFEIZ & A
AE = F71E9 &S A2A7| £ A AAe F7185 AT
o] 3 =

Bacillus.sp®] EAsHE XA F /A2 W50} Bacillus.sp 2
Azt e AR EHAE UL AR AEHo 7 E7] 37
wol o] @AM &5Ae A74Ert 9. aea 23S
HrEE o] Z7]x oA wol, gsHA o
7

=

o T
m —
) o] FAAE AT RE Y ZHAE du A FAA,
2

1) AAAE o] &7 W [60]

FAES 22 HI7HE 24X HFAA AY Vless
Hogx S8A TAZFS F2ATNAY SiOe B2 4F HVHE
A7vstel €A 9 MAES A TIAY A7) AEeEs SHAA &
H A o] B FS A 7IE FHel]ls AEFHIL Yt} o9z i

2] AR g AFS T eHA FAFRE AL Ave2].
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= wgol mAY oz oz Aue] L4Ql mAEolth 17
& =<1 Antony van Leeuwenhool] &J3)] A#
S

dFToz AAF BxFd vAEot X9

@ 4kt (Lactic acid bacteria)

A S BEFA Ao dFow JES fatog nipE 28-S
aot e e Had @ gE-gAss 540 ok 18574
Pasteur’} Hzx=Z @74, <l L nyEe

2
ﬂ
J&ﬂ

S
i

@ w243 (Actinomycetes)
WATS AP AEAH WMol Jhe Egs AU o] 443
olth. @A 5000F<] WAl FAH A=, olF
o] Strepomyces A oltt. EY F %
oM A= T AP EHLS AP
©® A&t (Filamentous Fungi)
At =2 A B F A= FFClFeE AR gy dAke
FAE g wEojdt AR
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Al 37 AFRA R AAWH

31 49 #A R FAAML

B oATeE Ul Holeo AR PAMY 23 W 29 S &
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A EBM)S o] &3] Scale 1:300,000 Bl AF FXNE THst <&
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B Ao Apgd 43 AXE Fig. 3-10] BS upe} o] A& A
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Figure 3-1. Flow Diagram for Lab scale Pilot



Figure 3-2. Picture of Lab scale Pilot
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321. F¢ s

) A=A g A5

2013 08¢ ~ 2013\ 9¢¥ 7}A] of 270 hzte] A@VT F F AT
2ev HA 17C, HA 25THeH, FUF A2 Table 3-19] U
Bl A 2ok pHeE i 73 =2 FYHAeH, 6
HAAE HAY FY9FY Ho AVILd9EZY FEE  BODs
85.2mg/L, CODc 121.1mg/L, SS 64mg/L ©|Rom™, Ao} Q1o Hit
fYdsEe T-N 103mg/L, T-P 1.2mg/L °|th. U5
BODs / T-N BlZ+% H 83, CODe / T-N BIZ2E H 1182 e}
Wk

J

o
i

Table 3-1. The influent characteristics of Fish farming Waste water

(Unit : mg/L)
[tem Max. Min. Aver.
Temp. €} 17 21
pH 6.9 7.5 7.3
BODs 112.5 57.9 85.2
CODc; 144.2 98.0 121.1
SS 94.7 33.3 64.0
T-N 12.1 8.5 10.3
T-P 1.3 11 1.2




2) 274 H<s

2013\ 0849 ~ 2013 9€¥ 71A] oF 270 dzte] AL T YT

2Ev HA 22T, Ha 28CHeH, F459 42 Table 3-20] 4
el 27 2ok pHE 31 68 FE= %%‘El?ioﬂﬂ, 64 ~ 729 W

T+ BODs 29.4mg/L,
glr o) g] Jﬂ;(- OO]l-:T:

at

o

5 Bt AT HE 7] LF9ER
CODc: 40.2mg/L, SS 52.2mg/L °|on, AAi

T T-N 1249mg/L, T-P 0.1mg/L °|%ith. 42 C/NHI= BODs /
T-N HI2% Hi 023, CODe / T-N HIZ2E #Hit 0322 yehgon,
gdstol] dag gago] RIste] oR dado]l desivdes As
¢ 4 AUtk

Table 3-2. The influent characteristics of Steel Industry Waste water

(Unit : mg/L)

Item Max. Min. Aver.
Temp. 28 22" 25

pH 6.4 . 6.8
BODs 32.5 26.3 294
CODc: 50.7 29.7 40.2

SS 68.3 36.1 52.2

T-N 137.2 112.6 124.9

T-P 0.15 0.05 0.1

3) =% #H=

=

Aol BE3 HAGHE S AHYE Y 7ER FAF HeE £
3t 20134 09€¥€ ~ 2013 11€ v}x oF 37H °J7¢sq Ao, 243

A F S BALEE 2



HAS Bt F959 Ha f7] L9EZY FE+ BODs
114.7mg/L, CODc 137.2mg/L, SS 76.4mg/L ©]ow, Ao} <l9]
Hi FYsEE T-N 1279mg/L, T-P 1.2mg/L °IJth. FA42 C/N
H= BODs / T-N HIZ& ¥ 09, CODe / T-N HEZE HiF 112
e

Table 3-3. The influent characteristics of Mixed Waste water

(Unit : mg/L)
Item Max. Min. Aver.
Temp. 22 20 21
pH 6.8 7.6 7.2
BODs 1243 105.1 114.7
CODc¢; 141.3 133.1 137.2
SS 94.3 58.5 76.4
T-N 134.3 121.5 127.9
T-P s 1 1.2




Z71Z 4 DOY HEE 3~4mg/LE FA3H
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s

A4 Ad 24 H 1
41 ¥ FFE AL

411. AR H<=

427 49 BODv  Hu1125mg/L, FHA579mg/LE  Hit
85.2mg/LE AHeZI+= Figs-13 o] AHgs B 207mg/L= oF
89%¢ AALEE YerlAT 2719 e AHE 2&2 #§& WA=
(BM)e] o}# <tgst HA ¥ FAoE AWHH, of 599 A F
BOD¢] Agago] 43 Folgs & + =d o7 g #F& w4
E(BM)°] kA3t =Hdokar Az E o] HE X MLSS 58 H
W ¢ e, Figd-2¢] vEbd mbel o] %7] MLSS s=7F ¢F
700mg/LY w Rt} 1200mg/L ~ 1400mg/L A== EolS w, A
gagol FolgE ¢ F v o] #W, F/M (kgBOM/kgMLSS.d)=
0.05°] At}
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1000 S r\ %ﬁ
80.0
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1 2 5 F 9 31131315 1719 21 JF3 25 2F IO

Figure 4-1. The result of BOD removal in fish farming waste water



TN 7%, Figd-29} o] o57%9 Hz|a&e vehdn. Z7)de
S AYaES BolAW, & MAEBM) A3 GAdAREHE
FA3] Agago] Folds IF F AN 1YY FAFS TNF
=7F B 102mg/LE vol FF3 A ass dAdsiroe odu
1 AR EY. 284y Figd-39] MLSS X9 Agage #AdAN &
=7 moldaE Agago]l FoAe AFE I T F ATk
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Figure 4-2. The result of TN removal in fish farming waste water

Fig. 4-391X= MLSS F&=7F Ya o By =7t 5555 A&
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Figure 4-3. The Sludge generation relationship with BOD, TN, MLSS
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A7 #49 BODE HW325mg/LE wl$- vron, Adizoez TN
ol Hit 1249mg/LE =535 & T At A¥EH /U1E F4
o] dol §& vAEBM)Y BEH F4 AATE AR o] FolAA
e Aoz AZEo] At BODE 9H44%9 AYEE&S YER I,
NS °F 36%° Agass Uetido. (Fig. 44, Fig. 4-5) o] u,
F/M (kgBOM/kgMLSS.d)&= 0.03 ©|%lem, C/N(kgBOD/kgT-N) &
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Figure 4-4. The result of BOD removal in Steel industrial waste water
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Figure 4-5. The result of TN removal in Steel industrial waste water
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Figure 4-7. The result of BOD removal in Mixed waste water
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