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# # 4172324423 : MAJOR CHEMICAL TECHNOLOGY

KEY WORD: CHITOSAN MEMBRANE/ TRICKLING FILTER/ MINICIPAL WASTEWATER / ONSITE SYSTEM
NUNTACHAI SRINAPAWONG: TREATMENT OF MUNICIPAL WASTEWATER WITH COMBINED
MEMBRANE-TRICKLING SYSTEM. THESIS ADVISOR: ASSIST. PROF. Dr. KHANTONG
SOONTARAPA, 91 pp. ISBN 974-130-857-4

Municipal wastewater is a main cause of water pollution. This research was aimed to manage
wastewater with an onsite treatment system. The combined membrane-trickling system is a modified trickling
filter by an additional coated media bed with biodegradable polymer at the bottom part of the unit and
followed up by the conventional uncoated media bed. Low rate trickling filter was designed. A diameter of 50
cm and 1.15 m height unit was fabricated as the studied unit. The media materials were rigid PVC elements of
0.5 inch diameter and 1 inch length making into a perforated wall of 35 opening (5 opening/rowX7 rows)
each. The membrane-coated media was prepared by casting chitosan dope solution synthesized from shrimp
shell on each piece of media as a thin membrane layer. The characteristics of the synthesized chitosan dope
solution were as follows: viscosity 4200-4500 cP, degree of deacetylation 84.4% and molecular weight 1.8
MDalton. Raw municipal wastewater was taken from the equlization tank from Sipraya Water Quality
Improvement Factory. It was after bar screen and rotating fine screen by which large and fine objects were
removed. The BOD loading, COD loading, N-loading and P-loading were 0.03-0.124, 0.119-0.269, 0.01-0.025
and 0.019-0.03 kg/ms.d, respectively. For the combined membrane-trickling system with coated media bed of
10 and 20 cm, it was found that the organic and nutrient removal efficiency in terms of BOD, COD and T—POf’
increased from ~50%, ~55% and ~8% in the conventional trickling filter system to ~60%, ~65% and 15-20%,
respectively. Little improvement on total Kjeldahl nitrogen removal was also obtained from 31-35% to 36-50%.
The removal mechanism at the viscosity of coated media bed was due to the appearance of more
appropriate biofilm to the wastewater characteristic. The chitosan membrane coated on the media lasted for

12 days operation.
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2.3.3 neruqun1intTadufidaes (Secondary treatment)
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- sruuellfuaes (Stabilization pond)

- FXULATLANANIA (Aerated lagoon)

3
- SYULAENAZNAWLN (Activated sludge)
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- seuuTdsanges (Trickling filter)
- s2uue1§T (Rotating biological contactor; RBC)
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2.5.2 1inwe9i9llsensad [2,10]
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AN9199 2.3 Nsutiatsennaasdalisansaaniunig e [2]

25

Application/objective Influent wastewater Total organic loading
[kg BOD/(m”.d)]
Roughing Screened wastewater or 1.3 -35
primary effluent
Carbon oxidation Screened wastewater or 0.7-1.5
primary effluent
Combined carbon oxidation and Screened wastewater or <1.0
nitrification primary effluent
Separate stage nitrification Secondary effluent NA®
°Not applicable
N34T 2.4 nsutiatsvinnaesdalilseinsaana Loading [10]
ltem Low-rate Intermediate High-rate Super Roughing Two-stage
rate high-rate
Filter medium Rock, slag Rock; slag Rock Plastic Plastic, Rock,
redwood Plastic
Hydraulic loading 1-3.7 3.7-9.3 9.3-37.4 14-84 46.8-187.1° 9.3-37.4°
[ms/mz.d]
BOD, loading 0.08-0.4 0.24-0.48 0.48-0.96 0.48-1.6 1.6-8 0.96-1.92
[kg/ma.d]
Depth [m] 1.8-24 1.8-2.4 0.9-1.8 3-12.2 4.6-12.2 1.8-2.4
Recirculation ratio 0 0-1 1-2 1-2 1-4 05-2
Filter flies Many Some Few Few or Few or Few or
none none None
Sloughing Intermitten | Intermittent Continuous Continuous Continuous Continuous
t
BOD, removal 80 -90 50 -70 65 -85 65 -85 40-65 85-95
efficiency [%]
Effluent Well- Partially Little Little No Well —
nitrified nitrified nitrification nitrification nitrification Nitrified

131393 recirculation
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luntseenuuudvidsansesdszinnsnednldinasiaanuuy (Design criteria) lumn
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n.) neldsansasdmanmn (Low-rate trickling filters)
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1)) feldsansesdmsnan (Intermediate-rate trickling fiters)
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A.) falisensaeamnags (High - rate trickling filters)
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1.) faldsensaedmagannn (Super—rate trickling filters)
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q.) telUsensaguluLAaese (Two — stage trickling filters)
feldsensesuuuassdamunzdiniunisindnun@anacnandanaeudnege ssuuil
azifianisnndatilenananludeldsansesn 1 uazazifinnszuaunislumslinduludelsy

N79499 2

a.) talisangasiuumany (Roughing trickling filters)

1 4
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faldsansasuuuvenuiluszuunidnn luadnsenundiuazainiseilasndsyu
gendnszuvan nezuy seuuiadlusiasdinisguiin lwasundunaie)ads deldsunses

d”d a a 1 1 ° 1 a an qI/
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2.5.3 AianaN ( Media )
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ANHUZAAIAINAIN M AZH DT 1A DAN RN LN
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Hadndasamiieinimnsge 31A1gn

Y
WATHARUENN ANHOITURIFINANTUAAIUARAS AN 2.5

AN919 2.5 ANHULARIAINANaN I luaallsensad [2]

Medium Nominal size Mass/unit Specific Void space
[mm] volume surface area [%]
[kg/ms] [m2/m3]
River rock
Small 25.4-63.5 1250 — 1440 56 — 69 40 -50
Large 101.6 - 127 800 - 990 39 -164 50 -60
Blast furnace slag
Small 50.8 - 76.2 900 - 1200 56 —- 69 40 -50
Large 76.2-127 800 - 990 46 — 59 50 -60
Plastic
Conventional 610X610%X1219° 30-95 79-98 94 - 97
High-specific surface 610X610%X1219° 30-95 98 - 197 94 -97
Redwood 1219X1219X508° 145 -175 39-49 70-80
Random pack 25.4-88.9 50-95 125-279 90-95

*Module size
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2.6 lanuwazlalmawgy (Chitosan) [11]

2.6.1 anmauzialdaaslaiunaslalmnum [11]
lagiu Wunedwassssnais Nilunaausannlss (Polysaccharide) Hgnstasaaing

Tnevinlladnandsiumaglas Auanslugii 2.4

OH OH
e
q_l o
)
NH NH
c=0 F=D
CH3 CHg
Chitin
i V& 27 — y
OoH oH
e
q* 0
0
NH> NH3
Chitosan
~0H A0OH OH
e
0 0
HO qu-lﬂ
OH OH OH
Cellulose

317 2.4 Tnseadsluanavaslasv wazlalawn alsaumeusy viaglag [11]
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AU WTan19ARidn Pon—B—(1 ,4)-2-acetamido—2-deoxy-D-glucose [12] 138 Poly
N-acetyl-glucosamine warignavialiiflu (C,H,NO,), Usznaudae Arfusuianay 47.29
vLEIIﬁ?L@M%@EI@ﬁ 6.45 VL‘L&IG]?L@‘M%@E@$ 6.89 LAY @@ﬂ%wu%’@mz 39.37 LL@%Lﬁ@ﬁ@’]?M’]’Q’m

gralassaFaeslanunudnlamuduansluanaanalilszq (Nonelectrolytic polymer)

1
ol al

aiu unedimeMaannlusssuani Wususiuaesesanisaglas wuldvialuluds
1330 Inaanizedneicludng ludndaznulafuninauuinniassiudannauen
(Exoskeleton) 184@m 911 Phylum Arthropoda Inetannzeeinedielu Class Crustacean l8ur
fia 1) A FanuBinadlafuieleras 85 maanaulu Class Insecta Mur unasany Fagdaq
Tugu wenannitganuladuldmnmilumaaes tin 91 tazdad andae laAudusecudsls
azangluin nanideans sevadeanuazidudu daneged uaziinazansBuridau ud
ansnsnazanglilunsaun dw nanlalasnaein nandanin naanesnasnaududuiesas
78 - 79 neanesfinfimAaantiy wazd1saratevigealsdaneged

nTnuan ifueyiugaeddafiu 1daann1sia Deacetylation lafiu unenedanlaln
T3 “Deacetylated chitin” Lﬁmmﬂug Acetyl (CO-CH,) aa4lamu gninaanmaailumg
Amino (-NH,) ianfuausumisiiaas Inesialufams Acetyl gniavisasanlulszunonfenay
60 laAuargnizandnlalnwgy waztinuy Acetyl gneinvisenga lltlszanou¥eray 90 - 100 Az

iFandn  “Fully deacetylated chitosan” g@niiAnagtaiiazn1eanianinead lafuuaz lalmuauy

LAANAY  MN39N 2.6



30

AN9197 2.6 daxTANIARLaznantan nwaedlaRuLa s e Tam [13]

Characteristic parameter Chitin Chitosan
Molecular weight (Dalton)” >10° (Native chitin) (1-5)X10°(commercial product)
(1-5)X10°(Commercial
product)
Degree of polymerization 600 - 1800 600 - 1800
(Average no. of the repeating
unit in a molecule )
X-ray diffraction (Peaks) 8" 58' - 10”26’ 8”58 - 10°26'
19° 58' - 20° 00’ 19° 58" - 20° 00’
Idealized composition CH,,O.N C,H,,O,N
(Empirical composition)
Nitrogen content (%) 6-7 7-95
(Commercial product)
%Moisture (Air dried product) 2-10 2-10
Extent of deacetylated (%) 10 60 -80
Viscosity (cP) Insoluble 250-2500 (1% in Acetic acid)
Non-Newtonian and shear thining
%Ash at 900° C <1.0 <1.0
Transition metal’, [lg/g <0.5 <0.5°

* Molecular weight and degree of polymerization (DP) is variable and depend on the source.
The commercial products have low molecular weight and DP because of degradation
during extraction process.

° Excluding Fe which is present but not detrimental to application

¢ Crab chitosan contain typically (},Lg / g): V=0.12, Cr=0.04, Mn=0.09, Ni=1.3, Cu=1.03, Ag=0.02,
Cd=0.22,Hg=0.025 and Pb=0.15
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TasuuazlaTauguwans1eiunsaing Carboxyl (-CO-) wazuy Amino (-NH,) 811190

maradalalag IR spectra WAz NMR spectra Aauandlugilil 2.5 uay 2.6 Aua 61

: jﬂﬂi‘}'ﬂﬁ (@2 ua vlaTmuau (
P,
FY ] ) .’J/J‘

lalauauiidenieiaiian Poly-B-(1,4)-2-deoxy-D-glucose uazdlaniifnuans1eann

oY

& = o

a s A P A A ~ oa
W@@LL‘ﬁﬂﬂ’ﬂﬁ'm M?ﬂ@’]ﬂﬂiﬂ?ﬂﬂﬂ@’ﬂﬂm NHUINNU INL@Q@QQﬂu"Iﬂﬂ vl;ﬂT[ﬂLL“ﬁuN@NU[ﬂLflu

Cationic polyelectrolyte 1asanlalaunuing Amino 8452 (-NH,) NAIUNLIAITUAUALN
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anfanan Milalnuguannsoazaelfluarsazanensn lAun ansazae@unsdsing o
NazateNnfaadlalanmy Ae 217azanansanasin AN NTWFILAZataz 0.2 — 100 Tagl
130197 uanannillalnuaudaanuisoazane sy a13azaannlalnsAansnianand 419
a A Y @ v a v v %

AazaNenNIn  lusIniaaans warazanglaantaslu a19azanansanaanasn ANt udusas
az 5 Inet3unmg wildazats ludaniazananidlunatavizaiiunng loun faniazansdunsel

1 :I/ o [ d‘ b2 v d‘ a v d” 1
5i19°) FaNTeanTaraeEnIndanin lidnandnduls ngungiives uenainitlalawauly
aunsaazae i i Araanidungasiagandt 6.5 18 Aauainsnlunisazanavesia

TnugnluansaranenIaninsiauandfiamsne 2.7

ﬁl’ﬁ"Nﬁ 2.7 mfmmmmlummzmmm%‘imLLsnqum@@mmﬂmmﬁmf;iw]ﬁ AN N

1BINTARNG]Y [13]

FUAUDINTA AN LIANATAZANENTA ( VIV )
1% 5% 10% 50% >50%
Acetic + + + +
Adipic T
Citric =
Formic + - + + +
Lactic F + b
Malic - - -
Tatalic - +
Hydrochloric + - -
Nitric + - -
H,PO, - £ "
Sulfuric - - -

+uaminlalawsuainasnazanals - wasasdnlaliumnliansnsoazane|s
* gangdnlalanauldanunsnazatslalunsndaninuazaanesn uiarunsmazaislaly

neanaanas AN NI UNIATiaENTN 0.5%
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2.6.2 N9 ldszlamiannlaRuuazlalauwam [13]
anslddssTamiannlafunaz lalnuautiuatanainlaasnandneannyg deandeaauiis
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lugaainnssunisnaanszae dnasldlaiuuazlalauay uanass
W (Additive) LﬁlﬂLﬁ'ummLL“}“]QLmslﬁ’mmm%ﬂmmnﬂﬂﬂLL@zLLﬁq (Wet and dry strength)
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”\‘iwudﬂm‘imLLsnm:ﬁﬂﬁmmmﬁﬁqﬁﬂuﬁ%mmﬁmmww&i@miym% (Wear resistance)
i leuuay e tnusudainasrin i un s Anns sl uinuadaanisnuarenn
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a % a o v v dl o a v F7l é{ 1 al
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¥

ann ludulodansed lun1ana Sizing Audndaeinanteslalauguazn WA uE AR AN
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]
ey Al
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3. UAIAATNIINLATNTUNNET
- Rowndaiigs (Synthetic skin)
%3 Qi a a é’ ndla o v
nsfnEnUIALNaiiaaNNNsREAmaNHauils sl nduazunannaaily
nuasgN1ta MR nTunanluniesnen s lalnuauas@inm (Chitosan acetate) 41119040
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LATIFU (Ammonium salt of keratin) AlFANNIULNLLALAB AR A UD LT LHR (Collagen acetate)
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~ussiuguag (Surgical sutures)
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- Artificial biomembrane for encapsulation of enzyme and cell
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5. 9MUAWLNTTATIN

avRatunurauaesat lwindauniniulszqay doulalauguiilszquan
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6. ARANMNITNDINNG

lafinuarlalaumuduan s lifiwasdaonlasndanazinunldlugaan
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Stabilizer kaz@17 N NANNUEN 198711179 TIWLT1 Micro crystalline chitin azHaNTRANGN
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Micro crystalline cellulose RERAINUHANINNTY 10 ~20 1711 NUFDgNRNEMTLNI%HTe
waznisududs wazldinistn Wl ldldsunlamamuBuinsliiuaun e Wesainiaaiy
arunsnlunisduiuinlan daulilsiunazanflulansanuaauaanat luindsaingnain

n77:adua N0 1 e T gt lun i e AuNn 1 92 Tt sl 16y

2.7 mmsﬂgﬂuﬁ'\ﬁmun'\sﬁﬁﬂ’muﬁ’q

ANYRINIATIIUUITNEAAIINITHUAZAINEIANFGIRAANAIAN TN 2.8 uaz 2.9

FI199T 2.8 ANNIATFIUENTINEAATMINITHUAZAINEIATTE [14]

Parameter Unit Industrial Building effluent standards
effluent
A B C D E
standards
COD mg O, /L - - - - - -
BOD, mg O, /L 20-60 20 30 40 50 200
Nkjeldahl mgN/L - 35 35 40 40 -
Ptotal mgP/L - - - - - -
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Building type Size Level of Remarks
standard
1. Condominium Less than 100 units C

100 but not more than 500

500 units or more

2. Hotels

Less than 60 rooms
60 but not more than 200

200 units or more

3. Dormitories

From 10 to not greater than 50 rooms
From 50 to 250 rooms

250 rooms or mare

4. Massage parlors (or equivalent)

From 1000 m’ to not greater than 5000 m’

5000 m” or more

5. Hospitals

From 10 to not greater than 30 beds

30 beds or more

6. Schools, colleges, universities or

institutes

From 5000 m’ to not greater than 25,000 m’

25,000 m’ or more

7. Government offices, state
enterprises , international agencies,

banks, and office buildings

From 5000 m’ to not greater than 10,000 m’
10,000 m* to not greater than 55,000 m?

55,000 m” or more

Working area
only(excluding

central service)

8. Department stores

From 5000 m’ to not greater than 25,000 m’

25,000 m’ or more

9. Fresh food markets

From 500 m’ to not greater than 1,000 m’
From 1000 m’ to not greater than 1,500 m’
From 1,500 m’-to.not greater.than 2,500 m’

2,500 m’ or’more

> w O Of(>» W|>» W O>» W|>» W|W O/ O O|l>» W O|>» @

Dining area

10. Restaurants and food shops

centers

Less than 100'm’

From 100 m’ to not greater than 250 m’
From 250 m’ to not greater than 500 m’
From 500 m’ to not greater than 2,500 m’

2500 m’ or more

> W O O m
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3.4.2 szuusanigay — falilsansas (Combined membrane-trickling filter)
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IIUNUTNFINANAINNANDULARD L LA NAILAADL AALNMIN LA LA LILA LARALLVRIAINA
Nanue AalutuineassAaTule 0.0136 nsu wuAH A1 InAAeaTUARALre 1UANT19N 4.2
dl 1 ’6/ o dl 1 z al v % =S

ANAFN 4.2 1ag 4.3 nuduninaeslalpumeasaaul A In AR Lanans

ANHNANANAUNNTARRLRAIAIAINA 71N WRINITDAANANTZY ULHadanAN a1 1d N

Tunnsaaaunalyls

4.3 HANISANEINISNINULRINANUTENTRIEITNANUT e N e UNUTEULTINLEDLLEU-09
Tusensaq

N@ﬂ’]ﬁ‘ﬁm:ﬁL‘]ﬁ?ﬂllLﬁf;l‘i_lﬂq?‘V‘]’N’]Ll‘ll@\‘]?3‘1_I‘1_I<|:‘]_I?Hﬂ?'ﬂ\‘1ﬁﬁ‘§‘3~l@’1 Ay ﬁ‘tUU‘é{‘JNLa‘ﬂLLN‘u -

feltsensad LAPIAIAITIN 4.4
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dl = o o ! dl 1 o
13NN 4.4 ﬂ’]ﬁ‘L‘Lr‘}EI‘LILV]EI‘LIﬂ’]ﬁ‘V]’]\‘I’]u?.I@\‘]?ZUUIﬂ?ﬂﬂ?@Qﬁ??Nﬂ’]ﬂU?SUUﬁ"JNLﬂ‘ﬂLLNu B SIME

NI

Unit type Conventional TF Combined Combined
membraneTF membraneTF
Media depth [m] 0.8 1 0.8:0.1° 0.8:0.2°
Run number 1 2 1 2 1 2 3 1 2 3
BOD, Influent 51.4 39.6 62.4 22.8 22.2 36.2 42.3 18 40 42.85
[mg/1] Effluent 25.1 20.1 34 10.1 o/ 17.6 16.2 4.2 252 | 17.25
Efficiency [%] | 51.2 | 47.3 | 455 55 743 | 515 | 617 76.7 37 60
Average eff. 49.2 50.2 62.5 57.9
COD Influent 84 120 136 84 76 116 96 80 88 60
[mg/1] Effluent 36 54 70 32 28 40 32 32 28 16
Efficiency [%] 57 55 48.5 62 63.2 62 66 60 68.2 73
Average eff. 56 ots)- 63.7 67.1
TKN Influent 9.86 8.96 12.9 6.72 11.2 5.2 9.74 12.1 11.9 9.1
[mg/l] Effluent 694 | 594 | 10 | 358 | 72 | 19 | 548 | 101 | 627 | 5.04
Efficiency [%] | 29.6 33.7 | 225 | 46.7 | 85.7 | 655 | 43.7 16.5 | 476 | 446
Average eff. 31.6 34.6 48.3 36.2
TP Influent 2.7 11.9 11.4 13.2 10 10.58 | 10.9 12.9 13.8 10.7
[mg/] Effluent 1.5 10.9 10.1 | 1256 | 9.3 9.7 7.88 10.1 1.4 7.9
Efficiency [%] 9.4 8.2 114 4.85 6.7 8.3 27.7 21.7 174 26.1
Average eff. 8.8 8.1 14.2 21.7
BOD:N:P ﬁ"!QUWd Tia3nns 100:11.1:4.6 100:10.2:4.6 100:16.3:11.6 100:15.8:11

2y = o oAy My A P \ = 3 y Al A ,
AR ﬁqqﬂﬂﬂm‘ﬂ\?meﬂ@q\?@rJuWiNimLﬂ@@uLﬂﬂLLNu:ﬂqqﬂﬂﬂﬂ'ﬂ\?mQﬂ@q\iﬁqumLﬂ@@ULﬂﬂLLNu
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4.3.1 NNIATIRADLNITADNULILIILLLNARD

ANATT 4.4 azifiudntnderdngesusiaznnmaansdlAn laiwinA Hesannesd
Usznevaerin L%ﬂqmuﬁﬂuﬁwﬁ%ﬁuuuﬂu FaruAsdesiansanlszAnsnmaesdalise
n3a9melsz@nsN1nnIgniam (Removal efficiency) N UA AN T 09T R 8 AT

ugaslinan Organic (BOD, COD) loading, N-loading waz P-loading A9m19199 4.5

ﬁl’]ﬁ"]\iﬁ 4.5 LLE“EIULﬁﬂﬁ_lﬂ’]'j"ﬂ'ﬂﬂLLT.I‘].Iﬁ‘zuu%ﬁ@@ﬂﬁu‘ﬁ@ﬁ’muﬂﬂﬁiﬂﬂﬂLL‘]_IU

Unit type Conventional TF Combined Combined
membrane TF membrane TF
Media depth [m] 0.8 1 0.8:0.1 0.8:0.2
Run number 1 2 1 2 1 2 3 1 2 3

BOD, loading [kg/ms.d] 0.102 | 0.078 | 0.124 0.045 0.044 0.072 0.084 | 0.03 | 0.079 | 0.085

COD loading [kg/ms.d] 0.166 | 0.238 | 0.269 0.166 0.151 0.230 0.190 | 0.16 | 0.174 | 0.119

N—Ioading[kg/ms.d] 0.019 | 0.017 | 0.025 0.013 0.022 0.010 0.019 | 0.02 | 0.023 | 0.018

P-loading [kg/ma.d] 0.025 | 0.028 | 0.022 | 0.0260 | 0.019 0.021 0.022 0.03 | 0.027 | 0.021

pA9edl 2.4 Selsensasuun Low-rate ARsRAN BOD, loading ¢/ luta4 0.08-0.4
kg/m®.d wardA Hydraulic loading ®tiluma9 1-3.7 m*/m’.d dleuRaufaudy BOD, loading
Ja352ULAIRANNSANEN ?@lqﬁm@%’slwﬁqq 0.03-0.124 kg/m’.d IeidiFnLedevintu 0.074 kg/m®.d
WaZA1 Hydraulic loading 1Ny 2 m/m”.d Aanana lduanluiade 3.3.2 LazLanIN1IAIWIL
lunnAran 9. azifiuin BOD, loading Tesssuufivnnisinnildnsuilediautuamunge]

IneiAn BOD, loading 2@4szuuaz i IndiAtsiuinmainagnaas BOD; loading AN ) T4

1
k% ] =

= E oy o = o > -
NmL‘Mﬁlmﬂ@’)ﬂuﬁL@EP]HL?J’WILﬂﬁ@i:ﬂﬂ%%’]ﬂﬁ?ﬁﬂ‘]ﬂ iﬁmu"ﬂumff’mﬂ’]?‘]ﬂumL‘I_I@\‘]mumn(l:ﬁ\‘l
~ |

v 1 1
TntTauNdadnsseanuda dawaa Hydraulic loading 1893z uuiAneiA1ag ludieaaann

U

Hydraulic loading A1uva =] 1Wesa1nldrA1 Hydraulic loading Axma )il Criteria Tuns

% o
aanuuuaFetellsansas
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AR 4.4 ANNNINHLABTAN9184 Effluent luusiazsrunilupniiianisiands
anszuudhgninzasiauda Seldrraznaazinns 1 - 1 fu Tnefiamugainnnsanasesen
COD %)n°] % U aunsziaflAnagd wanadnszuuliidngninzaesoudn ﬁqmmiugﬂﬁ' 4.1
ammTidanlden oD luﬂﬁiﬁmmwquLquﬁmLﬁﬂqmﬂi%ﬁizmmmlumﬁmm:ﬁﬁz%uﬂfiﬁmi
F1A31291 BOD 1N gﬂﬁ' 4.1 Lﬂuiﬂgmmi:uuéquLﬁlmmu—ﬁqiﬂmmm ﬁ'mm@q 0.8:0.2 cm
lneBeuiiuy COD 7idhsruLua: COD Testnldsieenannszuy o IANFN] Tneinded

WinszuuiAl COD loading Winfiu 0.12 kg/m”.d

COD loading = 0.12 koo

a0

CODin

CO0 [mgf]

FEALIA7 ()

gﬂﬁ 4.1 Txtlﬁmﬂﬂimﬂﬂ%ﬂéﬂﬂﬁﬂﬁﬁﬂ
4.3.2 ANHIEANININIUI AT LU AN EA

1. ssuulisenseeassaien
- T . o a4
NA90UIMNIN 4.4 s2uLTLIENIBINININARBIN 2 ANNEIAD 11 0.8 LUMT
dl ! o ° o a = ¥ a a dl ° o
was?l 1 A9 NUINTEULAINITDNINTANARasaunael i tnedszAnsniniadslunianidn
BOD, 1R3443 0.8 uaz 1 1ume 1l 49% uaz 50% Auady uazlsz@nsninaaslunis

N14n COD NAYINES 0.8 Uay 1 AT LW 56% waz 55% A1Na16L wananiszuuldsansas

4 ! 1 i
faansanidnasenmnsluindelsd Tnafdszdnsnimadslunieinda TKN NA91ug9 0.8
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waz 111m9 1 31.6% uaz 34.6% doutlsc@nsnineanlunisnada T-PO,” N1AN1149 0.8

uaz 1 1uA9 LK 8.8% LAY 8.1% ANNANAL

=

NM93LATEidRsdauaa9 BOD:N:P Nqaunstdsainisluszuullsansas

vy

NEINAINGS 0.8 LNAT WAZ 1 LuAT WUFIHANTIW 100:11.1:4.6 WAz 100:10.2:4.6 AMNAAL

394n918m31da1 BOD:N:P Nmsnzan lussuniaaamnznauisarialy (Conventional activated

=%

sludge) AaWinfL 100:5:1 wamadnluszuuidsensasdnmnanunsanIanansauyise- lingiau,

wanlne-lulnsiau uazeanaialig

2. szuusaNitieus-delistnses

ST TNARET 2 ANNEAUTURLOTY AE v‘hﬁquwmﬁfJﬂ@NMu
findauiioududu 0.1 wrs uaz 0.2 was taefilipangrassanardiuiillfndeude
WUASTIT 0.8 13 RANTTNAIEIGT 4.4 WudrssUaRNsaTNnsindaansBuvidlE Taenlss
ansnmiadelunnsinda BOD, IRINNES 0.8:0.1 WAz 0.8:0.2 1mms iy 62.5% waz 57.9%
AN wazdszAniniwiaielunisinga cop ‘ﬁlﬁ’NNQ\‘i 0.8:0.1 Ua¥ 0.8:0.2 M3 1u
63.7% WA 67.1% AMNANAL BenaInEsruLsasifie udu-falusunsedeanansanndnans
anshwidelfiiatu Inefissansamadelunasinda TKN fiAv NG9 0.8:0.1 uaz 0.8:0.2
wn 11 48.3% uaz 36.2% davtsz@nsnimadelunisinga PO, A NGe 0.8:0.1 WAz
0.8:0.2 lm7 11U 14.2% uaz 21.7% AINA6L

FletAnzflumenses BODN:P fiA38ge 0.8:0.1 ims uas 0.8:0.2 RS
{A1lu 100:16.3:11.6 uaz 100:15.8:11 MANATAL ﬁ@'aqqndf]ﬁm’]zﬁ'qu BOD:N:P TuszuuTilse
N7895953A1 KARINNTUNLTITWEanansludauasesidutusanansinderiafaelaln
W mm'mﬁﬁmmﬁuvﬁrﬁmmwmmﬂuﬁqLz'?ﬂfnqmuié’mn‘%u Inganiznisnndngns
2913 aalaenAgeenisszuu g 3 (Tertiary treatment) AearnszuutinTadud 2 u

v
N7rUIUNITLATATN L'Zl?;l

aquldinszuusandeuiu-delisansealdnennlunistirndndegendn
seuulilsansassssunn Tnantmndanansdunselumanans BOD, waz COD aasszuulilse
mmﬁiiumﬁﬁmaﬁmfﬁ 50% uay 55% AMNAGL dautesssunsanfeudu-felsansesd
mmﬁimﬁ 60% uaz 65% MINANTL N3R TKN Tasszuudamifaudu-falilsanseafiss

ansnnlunnanidngandnzesrunitlsunsesssuaanTey naAINNILAIN 31-35% (i
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36-50% nsnndnneanaiasesszuullsansessssunnillss@nsninnisindniadsathn 8%

douresszuuintiaudu-iellsansesdilsz@nanmnisnidnaaa et lutdes 15-20%
4.3.3 NATBIAIINGIFDANTIOUTNITNNIUURITTLL

AMNENTWN 4.6 N1TaRdUANNGIIBFINa1s luszuLTisansed59INANRS 20 TH. T
M lilsz@nBnnlunn9nnanansBuyadias 4198111919992 ULLAA9 AATIATINGY 0.8 LNAT

WAL 1 11A7 UsAN3nInn19n19m BOD HA119zdins 50% wazilss@naninnanidm COD |

ATz 55% AauilseANEAINNIINNEA TKN Renlazanns 30-35% Lazilss@nsninnig

o o

N4 WaanaFalAlseunnl 8-9% FUULALNNT NG LA NI TBIFINANTILARD LIEIB LAY

4 v 1
=X o [ % A A

A1 10 1. Wi sz AnBnnaesssuusunIua 19334 1ATY AaNAIINES 0.8:0.1 RS

o

o

LAY 0.8:0.2 AT Usz@nTN1nn19nN14m BOD HA11svunns 60% Lazilsc@nsn1nwnisnian
COD HA11l3zu10s 65% @9U1l32ANTNINNTNNEA TKN HA11seus 35-50% wazilsc@nd

nwnndanagnasalAflszinns 15-20%

AN997 4.6 agUlAtlseAninnimanidaeanaasszunlilsensassssuanFaumauiussuy

oo " e 4 o ;
fuLEaud-ellsansasnseaL AHEIFNN

TUATDITLLIL sruulisansas TTULIIN
A990A" Fousiu-alilsenses
ANANFINATS [M] 0.8 1 0.8 :0.1 0.8:0.2
BOD removal efficiency [%] 49.25 50.25 62.5 57.9
COD removal efficiency [%] 56 55.25 63.7 67.1
TKN removal efficiency [%] 31.65 34.6 48.3 36.2
T-PO43’ removal efficiency [%)] 8.8 8.12 14.2 21.7
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4.3.4 nalNN1I9Ia9sLIUTNiE aau-t Tl sansag
Y < F 78 1 dl 1 % = a a
anndeyanimaassaziiulddnszuudantioudu-telilsensasdlszanininlunng
ANAAANIAUNTETLALA17ANNNT W AN UUTITU 28 NTAIMUUAIINAN HIAIAINTZULIFINLED

v ! !
weiu-falisansesiiu sianawdaunilldgnindeulaglatauasuiadululanedwes vinliiiden

a a A o

qauvzdiRsnALinlddeuuiaresianawasiuaduvsENNsiuaniIazandannsdan

q

AN929989 N 1EANAINND TUNNTE At AR AN TR UNTITLAZA1IDIUNTUBNFE L LTINEI DL -0

Tsansesntundnszunldsansessssunn Astiunalnnisinauaadufagli 4.2 duimeaiy

' 1
1 o =

sruuTilsanseailnd neusRRduEauHEINuiTae IR allanaduristimunzaniuanIw

v v
UIARBNLITLI LTI

Tath EAN O ANN NAN
’
»

Mediia e &= | | |
v |
surface L | ‘ I
- 4 | I |
v » |
- ‘ | <
) | | ;
- |
/:I - . Alr
Membrane Bacteria Wiasteuater

717 4.2 Aelanisi s sry fsdeusdu-aaU sanses

4.4 nsAnsINIsYITeIlugags ez
d4 N1 4. JL 1 gVl ] y
wauwsunldlueudsaiiiiannlalaumusadunedwesiauisagnedaaaaisldine
a a e KR A % ¥R [ a o o 901 al ] 1 dll o 1 dll
qaurise asiengnslden Wanminanisanfiunisindennd@aedssiediasiussuusonite
welu-teTilsansas aunsyianudntsz@n5n1nn13ni4n BOD 1sa COD anadatinauINaIne

waziInslsziiuengnis e IWnansfneuansfiamsem 4.7 uazgli 4.3 uaz 4.4
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F1979% 4.7 waneALsrAnsninlunisindnzeA s inesine)iussaziaanninisingn

9222ANNIN9LNLRA Us2&NBAIWNIN4aA [ % ]
(Fu) BOD COoD TKN T-PO,”

4 60 73 44.6 26.1
8 54.8 74.8 51.6 21.2
12 547 50 44 4 12.2
16 16 9.5 72.6 7.9
20 47 25 56.7 9.24

200

= OO in

% 150 ///

% 100 S BOD |

E / 1y | — - -

& 50 2OV, % - o COD ot

m el A

o o * T s TETee e A BOD out
CI [ [ [ [

{ 5 10 15 20 25
Times (day)

g'ﬂﬁ 4.3 BO0D UAX COD mlﬁmmwﬂ@mﬁmﬂmmrsiw"]&rmﬂﬂ?ﬁﬂﬁ'm
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a0
& 60 — TKR
& + BOD
E 40 - \\\
o : > CoD
= 20 - ‘ N
w M T-p0-

0 T T T T

0 5 10 15 20 25
Times (day)

gﬂﬁ 4.4 ﬂi‘zﬁ‘ﬂ?.ﬂ"I‘ﬂﬂ"liﬁ"l'%i'ﬂ&rmﬂ"lﬂﬁLl‘é'l'aifl‘ﬂ"‘r\i‘]ﬁ"}_lTmn’m"lﬁﬁ"lﬂ"ﬁ'ﬁ"lﬁ'ﬂ

]
v ] I

A7n31U7 4.3 wudadn BOD uaz COD 2831iidenidngssuuiuuainluiianianen

k1l

=y

il ABLAAY BOD 441701 A1 COD AAzdAIgIAIAINAYE 1iuReaiuAl BOD way COD

v 1
YAUNAENAANANNTLLA

AngUN 4.4 wudnludeausnaesnistiata (4-12 4u) ArdszAngnannistindnsie
A BOD, COD, TKN way T-PO,” HAfAaud19AsALiniy 57.3512.65, 61.5111.5, 4813.6

WAz 19.1516.95 mg/l PwAIAL aantuAtlsz@naninlunisiidnseasiAanaset1ean
TneianzAn BOD waz COD (8ntdu TKN) iWediunistndaly 16 du engnisldeuveste
welwlaTauauindy 12 41 SadatinfanaNdauiARe LLE LN UNIATIA g WU B LN LEIY

Innraauuuiasanasinisaaisinigaaan

| ¥ 1
NIANTRIES TKN Tudaga09n1909TRnsend 19907 13-16 uivanasatfluadnsily

1
a el [

999 NINTUR 17-20 WFAUALANAINITD MIN1INAAF1TDUNTENALNALADNATINTL 111341

v 1 1

el = ' p ao X & oy A P
?ﬂﬂ{]m‘j‘mv}umu% sﬁx‘iﬂqwﬂﬂLﬁu‘ﬂ"ﬂﬂ‘]_lwm“ﬂ’ﬂ\‘i\i’]u']@ﬂu LLWGLL!L‘U@QmuuuqquuﬂQquqﬂﬂq?

nWasuuiasannaaessiauuaiize Taaifia Autotrophic bacteria ¥1nn41 Heterotrophic

o o

bacteria 1111 TKN lutin@daving llunnau anueNasaunaannnnan e tasad LaAnadaniiy

a

o v a A , o = P A al R o
?gﬁ‘]_l‘i_lﬂ@:fmq'éﬂﬁm@]@ﬂ@ﬁ“ﬁu@u'ﬂﬂwL??JSL‘MN @uﬂ?xmﬂﬂ@ﬂ@ﬂmﬂﬂmuﬂLLUﬂVIL?ﬂLmuL@ﬂQﬂUIu

seuulilsansasilng Waelalnuauninaauuudanansgneasaanslilvue
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lalaugunsanlAannauddaniian waluanawiniu 1.8 X10° dasu Anuutiawiniy

4500 [uANaLd WATIDUATNIINNAANYDLTAAWINAL 84.4

£ A,

dwmingeslalauuiindeuuuistesiananedlmindifoeiu Sedednnisndeuiinldedine
asinguelunnianans

szuusanideudu-foldsansesfisr@ninanluniasiada BOD gendszuuldsanses
8991A1 AnUaznnns 50% U dsznnns 60% uazdisz@nsnnlunisnnda COD gandn
iuALaiAR ANLlsyanm 55% il 65%
seuultlsensassssuandAndaz@nsninlunianidn T-PO, Tiszainns 8-9% dauszuusan
Fousiu-elsensesiitsz@ns nanlunnsinda T-P0,” Winaw 1l 15-20%
angnseureadeudulalnugulszann 12 5u
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NMARUIN N.

MFMNAnE Uzl lAlALGY
N.1 NMTUIANMNUUA (Viscosity)

ainsal
Brookfield Viscometer model LVT serial U89nN1A3TNARMATRA ANEINLNAIART

NaaNIINMNINENAY

aal
ENAAD
= ndl 9 Uy WY aa
1. wianasazare lalnudunaanudniuiesas 1.0 lugnsazanensaasdmanaany
Wndudasas 1.0 (Ipaurutinseizuamns) Usunad 200 Jadans ldludninesauis
a aa [ a o 1 val = =S QI o o
250 HadaR? Inguunafaas1 A szNIM 25 agaLaTiaa R9ENNINNIAR
2. siadiuwes 2 Wanuunuaeseiasdn Usussaudalisednag lusyimaaaiuio

PUNUBIFIBEIN

3. U5UTEAU eM9N593URARNAT (rpm) 28dtATad i N AN AdeIn17 Tl aurTee Uy

1 [
a

Autl udndlntunawmes (Moter) Widiunyuauanaulani T9lunis naaesld

181 1 W udaguAn e
n.2 N19411 Degree of deacetylation

ainsal
Nuclear Magnetic Resonance Spectroscopy (NMR) masaneiinalulatlavzuazian
YLl
ac
28N1INAAD
47 Degree of deactylation TngllrTas NMR azldansaizaaansniili peak aanuimg
ﬂ‘ﬁ' n.1 muﬂmumaunmﬂm 2.6 wummwnuwmwuwﬂwu CH, mmmﬂ‘m 2.6 1891

Degree of deacetylation L1 100% @11 Degree of deacetylation 109f0e 19N n lAR AT W

84.4 SRR LR RN Bad

Degree of deacetylation = 100 - [ (0.156X100)/ (1) ] = 84.4
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n.3 ﬂ"li‘lﬂ"\N’J'RINL'RQ@

aunsad

=g

Gel permeation chromatography (GPC) 1esautimalulatlanzuazdasueis

'Jﬁﬂ']i“Vlﬂﬂﬂ\i

Conoentration
l'mm

LY
12
R
164
18

a0

=2
Minutes

by =
Potpdisgmruity =

”memmmmwﬂ n.2
1313 Fri il 87 2000
Liribarms -

JoTa =i
INE |

ﬂﬂ']‘lJ‘LL’J‘VI

MoRcuN Wl Averages
ATERE55 Mz =

B3
33m003 Mzl = FOgeRAnT
VEGTHHG My = 1 e

5481 Poal Area = Mg

917 n.2 uannsaasziAuaaluianaveslalausulaaiepsas GPC

u



69

MNMARNUIN .

nsaanuuunaldsansas

Design Criteria: Hydraulic loading 1 m’/ m”.d, Media depth 1 m

nuue: duRuAugna1922989 0.5 m.

AN Nuuteage = T = TT(0.5/2)° = 0.196 m’
o 3 2 2 3
8M91N9Ma = (1 m/m°.d) X (0.196 m°) = 0.196 m°’/d
=136 cm’/min
agldsllsensasidnaanislua 136 cm’/min, @0 1 m, WukwAuINa1e 0.5 m wsiia
ANANUILFAINAY Tneiaazadalilaeingaalnssamadnsinig lwawiniu 136 cm/min faiiy

Hydraulic loading 284uidagivnfiy 2 m*/m’.day

fms1n13 A 0.196 m’/day, WANTARES 0.196/2 m”
Hydraulic loading = (0.196 m’/day)/(0.196/2 m°)

=2 m3/m2.day
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MARKIN A.

o o § o o @ & o o
nszurunsintndndslnalsetittunundad@ngzean [22]

T Llseads

Teatiniavin@ednszanaaauiterinn RETTUANBIANITLEAUN 1A TNA Tl
luiuiunedausesanduiuiaed wannan waztanilandsudAngnig lnaazanisnan
UTHNUANIBUYITE U0 ARDILANNHN LAZARBINIILIA edensaiuustindmezen duns

AANANEN N AU R wazen e

?WﬁlﬂzLaﬂmﬂ@\‘ltﬂNﬂ’]?

Taatntiannde@nszengaanasniniau@anseuaguiui 2.7 anseilawmns Tnad

Anurutlszansluinuilszain 120,000 A aru19n3eeiudAe L 30,000 gnunAriumsse

v

Fu Aunaealsatinia 2000 A998 FeatjanalINAsBINAANEN sruUNTAu AR 1A

IS 1 v

Aa Contact stabilization TNRANNAATIAATIURY 464.4 G1ULN BFNNIN191ITATNLA eI WA

£ 1
o a a )

auNNgIAN 1994 aulsilaqiils H@siaunnstnLaesasgusiinidnezen

AN el

1. T2UUIIUTINUNLAL LU UL Combined system AANaN170 TUNNTFLUN
\&21 3 DWF (Dry weather flow) tngiini@aquauuazinelui lnaasiaszunguniman azgnansag
desnundsliluadiviasusanindadnglsaindnundamein liindnseli ssuuviesy

Y [

sundetlsenausig

- yiag9UsINUNAL (Interceptor) NUBNgINENAMNLNLFTINM 2.275 Rlawns

- Yiaruraniinde (Interceptor) nundnsza1AINenalszanns 1.2 Alamns

- 1lannlde (Interceptor chamber) 81 18

- annflguanin (Lift station) 1 Wik

|
a

2. Tsatintimunide (Wastewater treatment plant) Wasainiunnaadialaunn
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afim aglgaanuuuanAInRszuLINTAUNAsEa WU 3 F1 ANaN1TD Tun9tNTRALNLR e
10,000 gNUNARNAT/AW/AU 993 30,000 gnuAums/dl szuutintnudeluusazduiiniag
o o %:/ al U [~1 a o o %’ = o o o

11TAUNAEATUEIUAINNTELNUNNT BaziTuadszienanfu nnsunuds liindenn lelaenis

1 AzesguinianIsguinaintesausNds e llintnluusazdu

dl o o
nzuauNIN M lun1tnLn

nezuqunnstntalusruutnTat@en1939090 (Biological treatment) AMNATLL
nsuuudnNdauazeiasaane (Contact stabilization process) @atflunszuqunisiisaulasnnann
NITLIUAZNAULTN ANHNTDLAANAIELHUAIN 9317 A.1 NezuaunstnTad Al sznausag

TunaLRal

1. NN9UNTANINIELAN (Physical treatment process) 1sznavfag
- LATENANUE U AEINL (Automatic bar screen) MNUENRANTLIZUAZIBIUTIT

= | Y o
Haunalunjaanainiids
di [ % a a . o 3 dl o <3
- IATaNANAEETHAAZIALA (Fine screen) MiNNTNNANULIZAUIALAN

ST 5 o L o o da o T o o s
- dadfuaninunigs (Equalization tank) NN UTNUAE LAz UFudan NN

L7
o o o

= o o = o —y ¥ oA ¥
e R AN LR e iWiiens A1 luTATedNIUN AN AN e NAUN AN Ae)

- UeANATIANGIE (Aerated grit chamber) NNUENNLENNTIANIIBRBNANNU
@eflunstlesiulailfiasasdnsTuszuuianasingmdauie Inanisld Air liftpump wennam

Nn9eaan lulng

) o = . . g
2. n17uUnTANI9TININ (Biological process) Usznavumas

1 o o o &

- induila (Contact tank) Ainutiidudufnainialinznouqaunae luszL

°o o o o A o A Ao A o 5 oA A o '
UNTAANEA AU 1139 @ﬁsﬁ‘]_l@qﬁ‘@umﬁ‘ﬂﬂﬁ‘@@\?@ﬂﬂﬁ‘ﬂiuu’]L@ﬂmmquﬁnﬂqluﬂ'ﬂ
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- Uamnmznaw (Clarifier tank) vinudnfdludennaznau lanznauqaunsday
o a a ¢ 1Y o = dll d' o [ al'
Aua198uNTE azanasgiugs nelulirTesninnznau (Scraper) T9ALNIUENNNIARZNDY
Tisnsanetlunsaiuds tladouuuazlvaduuazgnilsesasguuasiinansisne

- Uadiilsehin (Spray water tank) My AFULNNE1RNNINTARAR e TN L 1
Uszlomilnaine Idannesluduminenis wazqudsniiutdensamaie (Sand filter) iazinlu 14

ludnlagn, Tntlaanny, aranululsesuvizasaiinsalsl

- Untlas@anie (Stabilization tank) M AHludeANe N ALARUYTIN Y Y
a o dl % a a oAl 1 a a o A al
Reundunnlussuy e lingnauafurstiszevinan lunistesaanaansauvisdvisadeanian

Tin@eaunun
3. NITUALNITANAARZNDWAIULTL

- danlimeneuidndy (Sludge thickener tank) MNuE A NA N Nd U0
prnaulaanisldnaaiasios lunisdudiuresnznanlaidqaau prnaun ldaindetazianiy

-

Waduseannd 2-3 wlefidus
-dufufnuazeeanznau (Sludge storage tank) NN NLALAN 91594
ALNAUAIVINLLALNANILBLAAHUNALNALLNAY taane ludein sRNaInATlasiung

wduresnzna

dll = . . o L4 aid goj ¥
- 1ATasIARENaU (Dewatering machine) MNuHNNIALNEaNaNAZNaWine liwe
AN 19 LA UAZNAVLLNAANAINYN YAIANNENUNNTTALAANAN Solid content Useunny

20 wlasidus
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4. nn3inaalsa(Disinfection)
13znausasLia@NAaa3u (Chlorine contact tank) MU N WL ALANARDTLLND
Maneiielsn neullassasguuasingansisuy aaesui e luglaes NaOCI ludnsn 4 ppm

el pasruanAe Ll 0.5-1 ppm.
A.5 Design criteria

o ¥ oo
- Aneuznds el gTuy
undsnewdagesuuiiag BOD szunn 150 Haaniu/ans, Suspended Solid
Usznnn 100 Haaniu/ans, pH aglitas 6.5-7.5 uazianaanisiua 30,000 gnuIATNAZ/AAL

1
a A o

- ANFOUSUNANNNWANTUN A LAY

1
a

PAeRNIun91dnaaldAN BOD asndn 20 SaanFu/anT LazNen

Suspended solid #a8n31 30 AAANTN/ARI
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zriEy
WETER i WA STENAT ER TREATMENT PROCESS
M Sarne as 1™ FL.
KRUNG KASER ROAD £l "
INTERCEPTOR S
WERAWTED
GRIT GHAMEER
a“FL WA STEMAT ER TREATMENT PROCESS
HETER Garne as 1™ FL. ~
} REGLAIM
R WATER
||||||||||| PURPING STATION AERATED > \ v,
GRIT CHAMEER 17FL. T SPRAT MOZZLE FOR PREVENTING FOhk IN AERATION
SAMD FILTER
SR HETER CONTAGT TaHK CLARIFIER ThHK
b< N W%
-+ -+ SPRAT WATER
2
HERATED
GRIT CHAMEER I STHEILIZATIOH TAHE 17 SLUDGE THICKEMER
FIME SGREEM t Takik:
3
FLOCCULATION 3“ FL
TaNE
CONTACT STAEILIZATION PROCESS oMEL
r b
LR l
ERUALIZATION
TANK *
CHRSE SCREEH “—D— -
=4
SLUDGE STORAGE TAMK
9
b b
SIPRAT i RORD - W EFFLUENT
INTERGEPTOR -
EFLT PRESS
PHYSIGAL TREATHMENT PROCESS Y~ | | |
— CHLORINE  STORWGE CHLORINATION
PRE T TAHE GOMTAGT TAHK
I—_‘lll' SLUDGE DEWATERING PROCESS DISINFECTION PROCESS
HIR ELOWER

519 A1 wnunwnszuunstidndderasdsahtnudednssen
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MARNUIN .

NFMANANANLTRAUBIULRE
4.1 Biochemical Oxygen Demand (BOD)

aingnd

1. BOD bottle 11419 300 {aaan7 Wienanlnain

a

2. Air incubator FspauANguMARIFT 20 £1° 1 wazdesiiaieilasiunisiia
DO annausg lupaaeng

3. |Aa0ailnannAA e dia DO TutiniAeans e i B unailsmenaanzes
a1 5 Fu

4. 1p3999m DO YSI model 5000 115v Uag YSI 5010 BOD Probe

theniadl

1. ¥hndu Fesfinmunngunszazdeddisiumindmiunndeans asinesuns
H$aundn 0.01 Jaaniuredans uazilsAann AaeTR AAeI1AL Caustic alkalinity #1981
LATNIA

2. ansazanenaamatinines: azane 8.5 N3N K,HPO,, 21.75 nd K,HPO,, 33.4
NN Na,HPO,.7H,0 uas 1.7 N5 NH,CI lurindw 500 Aadans Haninduaulddsunns
ATU 1 ART pH Ja3810ZantiAazilazanns 7.2 Tnelaidae5y

3. gnsaraauuntifandamn: azae 22.5 nfu MgSO,.7H,0 lurinngu udaiis
tnduanLBinasasy 189

4. ansaraeuAnLTNAan 198 azane27.5 N5y CaCl, lutndn Baninduay
I Bumsasy 1 Ang

5. arsazaeiesnanlss: azane 0.25 nfu FeCl, .6H,0 i withnduan

1F3umeAsL 1 Ang

ad
hIAMENYM

= 901 o o ¥ A
1. N9zaNnd iU lEiaaans
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- painndualunms 2 ans WludnineMazenn

- Usugaumnivesinlsivindu 20414

- Whennafszena e Funneendiauliin esnatas v $alug
-Angnrarateedwntnmes uuniidendas wuniidannaalssd way
wafinaaelsfanusdu WWansavanausazaiia 1 faaanIsetnaaand

1 [RI9

o A
2. NMINNARANY
- ThalminAqeting 20 Haaamn3 ad11a9m BOD 300 NARAMT
a %; o o = [~3 1 a ] ] val
- N duiuiagaNauinge e Tnameeiulduinetnliinesena

v 1 1
- YinsatgisrnalildnA DO NduENAY

3. NTMNZLALN (Incubation)

wnziaentaefiufagegi@deaslugifiuinaamagi 2011°%4 Wunan 5 9u A

1 1
o a

7NBANNITAAT DO N394 5

4. n13RANTINALINE AU NAY BOD

nanvnmenauazas lda1uausalilfiiu azfasiAniuns DO waaatating

o

ARNSU/ANT LATARINNITAALTNIL DO adliatinetias 2 Naaniusa

)

a8l 1

e

k%

a o 1 dl o A =® ° A dl o 9/:1/
aRT 1R9FAE1NNIN1TIRea19a9az1 AT BOD iAnuaueanun ldiugnsias

a

)

4n

5. NNFATUIU

mg/IBOD = 100(D;-D,)/P ( ldiHnuita)

'
a %

o 1 dl ¥ o A ¥ dlv
D, = DO ‘I.I‘ﬂ\‘ilﬂ'ﬁ‘ﬂﬂ’]\‘i‘l/]iﬁﬂ/]’]ﬂ’]ﬁ‘mﬂ@’]\iLL@Q‘VIQ‘LLL?N[F]H

D, = DO 7esaad19ldnin1siaaansuaqLiunan 5 5u

P = wefifusfaas Sample #1ld = (S/300)100
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4.2 Chemical Oxygen Demand (COD)

a1lngnd
1. Reflux apparatus 432nau@qg flask N UNAN 250 HAAARNT LAY
Condensor 500 NaaamnT

2. Heating mentle 138 Hot plate

thenadl

1. a1sazaraninsgulddadenlnlasim 0.25 uafilia: avas 12.259 N
K,Cr,0, (eul9usfeft 103°% ifhuian 2 dalus) Tuthndu udadnrihaulésunms
1 am9

2. NFANINZEW: 1AN 22 N3N Ag,S0, a9l H,S0, Wudu 2.5 g Flaiha 1-2 Fu

3. ansazaneNnsg e auenlutandamnm (FAS) 0.1 uasia: azane 39 niw
Fe(NH,),.6H,0 luiind 1Ay 20 fnaans H,S0, Mudiuaglil Mnlduusaima

UNNALAUATL 1 AR

3EN1TMN

1. Fiutindatneadly 20 fadans (u?@fi@ﬂﬂfiﬂLLﬁf;Lﬁuﬁﬁﬁmumu 20 Haaan9)
s HgSO, dszunns 0.5 niu ldaglu Flask

. iPugsazane HgSO, Hamgiay AgSO, asliliFauasida 2 Andans ey

a

AN 10 Haddans @ansazananInggu K,Cr,0,

a A~ W N

. 59 Flask W1 UgANAYW LALANANTAEAE H,SO, +AgSO, 28 NAAAAT N19ATY

LULBITANAY

6. TanLlszanne 2 dalug Uaasy i

%
a °

7odntnauaslil 60 HadARg ﬁm@mﬁqmwmmmmmgm FAS 14 Ferroin 11l

=X

a a '8 dl aa dl a A [~ %’
BUALALART Lu@m&gmﬂqmmuﬂ@ﬂumnmmm 1ﬂLﬂu@u’Wﬁ@LLﬁﬂ

8. 1 Blank Iag/ 191N nAULNUFAENa

v
Tuuensmatagasldaunnfiaatnauin wFatiaandn 20 NaaaRT F91 A48

4% v o ¥ e o N .
wasuiuinuaAm N Ndurasing AN N a9 e e Nuuua U ne1umnie19 9.1
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19N 9.1 dnidnuazanddnduresieeinldivaunvessiaet1esinge
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Sample 0.25N Conc.H,SO, HgSO, Fe(NH,),(SO,), | Final volume

Size (ml) Standard + AgSO, (9) (N) before titration
Dichromate(ml) (ml) (ml)
10.0 5.0 15 0.2 0.05 70
20.0 10.0 30 0.4 0.10 140
30.0 15.0 45 0.6 0.15 210
40.0 20.0 60 0.8 0.20 280
50.0 25.0 75 Im@, 0.25 350

N19ANUIY

mg/l COD = (a-b)XNX8000 /ml sample

O
oY)}

8 Nadansuas Fe(NH,),(SO,), Nk lun1s#imas blank

8 NadanIaad Fe(NH,),(SO,), Ml lunsfimem et

o))S

6 o/

A uafilaanaas Fe(NH,),(SO,),

Z U

4.3 Total Kjeldahl Nitrogen (TKN)

4 A
LATANNA

1. Digestion apparatus 1sznausag Kjeldahl flask 211 750-800 NadamT

3 heating device duiulFinanusau

2. Distillation apparatus Usznausag Kjeldahl flask 8nszilizdneuu uaz

Condensor MkiaAa

H =
UENLAN

1. Digestion reagent: aza8 K,SO, 134 nfu TutNnauw 500 HadaAT LaLNIA

H,S0, Windii 200 Haaans WunFaniuAua1TazaNa89 HgO (red) 2 niulu
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o

nsm H,S0, 2 uafiia 25 Aadans Mnliaisazatanlairaansfaatiindauauls

313 1 ams Lﬁuﬁ@mmﬁ@;qndﬁ 14%4 iedlaafunismnuan

2. gnrazansWuednnIANBLAAAeS

3. NaOH-Na,S,0, reagent: axa1gl NaOH 500 N3 Uag Na,S,0,.5H,0 25 niu lu
vnduuasinlfideanaily 1 ans

4. Mixed indicator solution: azaNguNTALIABUAAKAES 200 Haansu 11 95%  Lan
51484 100 NARANT WAZAZATELNNEAAULA W 95% lans1uaa 50 HadAmT
nanTaransTagesdn gty W Eurasiney

5. Indicating boric acid solution: aZa18NFALATA 20 NFN Turinndu Ay Mixed
indicator solution 10 Tladans uazAntNAualgEms 1 AR

6. Standard sulfuric acid titrant 0.02 N

as
A9N19%1
N = o 1 A o 1 dl 173 4 ! 9;
1. ns@ansuamgsaa1e iwenldinamnsuaslag19nasldanna1919919a191n
¥ o

udaldlu Kjeldahl flask 2una 750 Ragaans dnanidulininisiaaanasiaesnan 14

FnetiNNAUAUPTNIMT 300 NARAMT

AN914 4.2 dadaumanududuaadliinsaulusaasraiulEun nsnasinein 14

Org-N in sample Sample size
(mg/h) (ml)
0-1 500
1-10 250
10-20 100
20 - 50 50
50 - 100 25

a

2. Digestion Uass@enwmaaluaianauliifiu i Digestion reagent 50 NaRaRT

o

¥ ' aa A o Y a . . QI a aa
fnsnateaurrdansiulnsiauunnlfifiy Digestion reagent LN 50 WAAAAT
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sianfuresarsiidurasudslufaasng uanlfidaiu udadneies Digest deat)
Tugpdu Fuaunszicldansazanula 1 Digest siadn 30 unit nelslduiRanin
navuadltl 300 fnaaART WuuednaL 0.5 Dasans weirlfidnfu Hy NaOH-
Na,S,0, aslil 14 50 Hadans sia Digestion reagent 50 NAAAMT 7l el
AN eingslidn

3. N9Nd: NAULATIUdILANAUeanun 200 faadRs N ldRaaesnInLesA 50
Naaamng

4. funsmvnauen s ludouindueenuadae 0.02 uesila H,SO, AUNIIA
G e

5. 911 Blank Tnerldvinduuasninndunewmideuldsaating

N1IATUIU

mg/l TKN = (A=B)X280/ml sample
A o Aaaans H,S0, 74 lun1sfinsmsaeeig
B

a Nafans H,80, N4lun1a7wan blank

po))s

4.4 Total Phosphate-phosphorus (T-PO43')

atnsnd
1. Spectrophotometer WiaNAae Infrared phototube

2. Digestion apparatus

theniadl

1)4nsasa18nan H,50, 5 wasiia: sl H,S0, Wit 70 fiaaans aslihhnauudn
FrtinauauAsL 500 AaaaRs

2. weuAlnillfaEuammsm: avane 1.3715 n3u K(SbO)C,H,0,.1/2H,0 luth
ndw 200 NadaAs FHrtnauauldLEnms 500 Taaans Fuluranuia

v |
3. ansarasnanluiantuauen: azae 20 nFN (NH,)Mo,0,,.4H,0 Tutinnau

500 Radan? wnuluaanagini 4
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4. Ascobic acid 0.1M: a¥a"8 1.76 N54 ascobic acid JUWINAY 100 HARANT

1
a c ¥ & (o]

ansazauiazeyfaszanns 1 enfind EALAT 4%
5. Combined reagent: paNtne AT ludAgaud ML 100 TadART 1NN
3andil 50 TaRans H,S0, 5N, 5 Aadans ueuAludludadaunimm, 15
faaans wonTuflonTuauien uaz 30 f6aans ascobic acid Aarhnanadivan

¥ v

aa ¥ = a a v =< o
tielauliguugivinguugiiesasasnaniv

6. Stock phosphate solution: €4 Anhydrous KH,PO, 0.2195 n3u araeluiin
néu annThuRNTNnduaLlE BinnsaTy 1 AR Anudadonaedansazanase
naumeanesaldssil 1 ml Stoek phosphate solution = 50 |Lg P

7. Standard phosphate solution: W&~ Stock phosphate solution 50 Haa@amT U
Pnauli Ruamsmdl 1 Ans azlddn

1 ml Standard phosphate solution = 2.5 llg P

ad
A9N19%1

1

 ANA98EN9 100 Naaans 1dlu Kjeldanl flask

2. 1N H,80, Wind 1 1adans + HNO, indu 5 Naaans 14 Glass beads 4-5 1Wn

~N OO o A~

. 1114 Digest AuilBunmInndaesamaetszuins 1 TaaaRT Digest Aaauans
azangla Uaeeliduauminugnmgavies

Fntnndu 20 fadans AaiuedinnFuBLRenes 1 ven

.18A 1 M NaOH AuAN7aza g ATNants

- tansaranagulvinsasnen ANt &l R 100 fadans

Tulasnegrefisnenld 50 Faaans 160y Flask 1unn 125 Tadans aAntumen
5N H,S0, auansazaoiuaenadiuliia

1y Combined reagent 8 faaans wein 1 dArin fanald 10 uAd waldifiu 30
unit ansavatsaznlasufudrinGudn vl saa Absorption 7 880 nm. 1a¢)
Lﬂ"'ﬁ‘lm Spectrophotometer

.11 Blank tagldtinnau 35nnsimdaudaetinanilsznig
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ﬂ’]ﬁ‘Lﬁﬁ‘ﬂNﬂ?’]WN’\ﬁ]?ﬁ’]u

1.wﬁﬂllswndamjphospWﬂesoMﬂonﬁmQﬁ;u%u%uﬁWQWH?uﬁm35oﬁ@EEMiid
14 Flask 2110 125 Aanamng

2. lFiN Combined reagent 8 Aafams g Faiald 10wt ustlaiif 30 1

3. 1i1114m A Absorption 71 880 nm. LieunsWsErIneANEd L uaslaanaaiy

ATN17 Absorption

N13AIUIY

mg/l P = mg P(from graph)X1000/ml sample
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ANANUIN A,
nalisensag

2.1 TAYAAUUDILARLNITNARDY

F11979 2.1 dayaRuLeaN1mnNAaeaiallsensasuuLesINmT NANgY 0.8 1HAs ATIT 1

No. BOD COD TKN TP

DO DO BOD Std. FAS COD | 0.02NH,SO TKN | Abs. TP

4

Oday | 5day | [mg/l] (ml) [mg/l] (ml) [mg/1] [mg/l]

[mg/1] | [mg/l] BK S BK S

In 1 6.7 3.08 54.3 25.7 | 23.65 82 0.5 8.55 9.02 | 0.808 | 12.5

In 2 6.7 3.47 | 48.45 | 25.7 | 23.55 86 0.5 10.0 10.7 | 0.821 | 12.7

Average 51.4 84 9.86 12.6

Out 1 6.7 5.06 | 2475 | 25.7 24.8 36 0.5 7.2 7.48 | 0.840 | 13.0

Out| 2 6.7 5.00 255 25.7 24.8 36 0.5 6.2 6.40 | 0.646 | 10.0

Average 25.1 36 6.94 11.5

v
o

F11979 2.2 TayaRAULeIN1INARSITIlLFENTRIULLEITNAT NAINES 0.8 LA ATIN 2

No. BOD COD TKN TP

DO DO BOD Std. FAS COD 0.02 N H,SO, TKN Abs. TP
Oday | 5day | [mg/l] (ml) [mg/1] (ml) [mg/1] [mg/l]

[mg/l] |- [mg/1] BK S BK S

In 1 9.07 6.37 40.5 254 224 120 0.5 8.5 896 | 0.774 | 11.9

In 2 9.07 6.49 38.7 254 22.4 120 - - - - -

Average 39.6 120 8.96 11.9

Out 1 9.07 7.44 20.1 254 24.0 56 0.5 5.8 5.94 | 0.706 | 10.9

Out 2 9.07 7.44 20.1 254 241 52 - - - - -

Average 20.1 54 5.94 10.9




511974 2.3 dayaRULeIN1INAReItalLENIBIULLEIINAT NAINES 1 1AT ATV 1

v
o

84

No. BOD COD TKN TP
DO DO BOD Std. FAS COD | 0.02NH,S0O, TKN Abs. TP
O0day | 5day | [mg/l] (ml) [mg/1] (ml) [mg/1] [mg/1]
[mg/l] | [mg/l] BK S BK S
In 1 8.2 388 | 648 | 259 | 219 136 0.1 11.2 124 | 0.672 | 104
In 2 8.2 420 | 60.0 | 259 | 219 136 0.1 12.1 134 | 0.802 | 124
Average 62.4 136 12.9 11.4
Out 1 8.35 6.12 | 33.75 26 24.2 72 0.1 9.1 10.08 | 0.646 10.0
Out | 2 840 | 6.12 | 34.2 26 243 68 0.1 9.0 9.97 | 0.647 | 10.2
Average 34.0 70 10.0 101
1914 1.4 %’@H@ammmiwm@mﬁqiﬂmmmLmummm ‘T"]‘WJ’WQ\‘I 1 AT ﬂ%ﬂﬁ 2
No. BOD COD TKN TP
DO DO BOD Std. FAS COD | 0.02NH,SO, | TKN | Abs. TP
Oday | 5day | [mg/l] (ml) [mg/l] (ml) [mg/1] [mg/1]
[mg/1] | [mg/l] BK S BK S
In 1 9.08 | 756 | 228 | 254 | 233 84 0.5 6.5 6.72 | 0.854 | 13.2
In 2 - = - - - - - - - - -
Average 22.8 84 6.72 13.2
Out | 1 912 | 845 | 10.05 | 254 | 24.6 32 0.5 3.7 3.58 | 0.812 | 12.56
Out| 2 - - - - - - - - - -
Average 10.05 32 3.58 12.56




M1919 2.5
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1 d‘ 1 o dl
UUAIN1INAARITT UL IEB LN U-T9TU 2N 989 NAITHEAN 0.8:0.1 LluRm?

No. BOD COD TKN TP
DO DO BOD Std. FAS COD | 0.02NH,SO, | TKN | Abs. TP
Oday | 5day | [mg/l] (ml) [mg/1] (ml) [mg/l] [mg/l]
[mg/l] | [mg/l] BK S BK S
In 1 8.29 | 6.97 19.8 25:9 |l 28°96 78 0.5 11.65 | 125 | 0.730 | 11.3
In 2 8.29 | 6.65 24.6 25190123795 74 0.5 9.3 9.9 0.562 8.7
Average 225 76 11.2 10.0
Out 1 8.28 7.87 6.2 25.8 25.1 28 0.5 6.9 7.2 0.601 9.3
Out| 2 8.28 7.93 5.2 25.8 25.1 28 - - - 0.601 9.3
Average 5.7 28 7.2 9.3
A1974 2.6 %ﬂﬂﬂ@ﬁﬂﬂj'ﬂﬁﬂ’]i%m@ﬂ\ﬁ;‘mufﬂmLﬁl'ﬂLLﬂiu—ﬁ\iIﬂiﬂﬂﬁ"ﬂ\‘l ﬁqua 0.8:0.1 LluR?

No. BOD COD TKN TP
DO DO BOD Std. FAS COD | 0.02NH,S0O, TKN Abs. TP
Oday | 5day | [mg/l] (ml) [mg/l] (ml) [mg/1] [mg/1]
[mg/l] | [mg/l] BK S BK S
In 1 749 | 4.82 40 26.4 | 234 120 i 6.3 4.03 | 0.653 | 10.1
In 2 749 | 533 | 324 | 264 | 236 112 2.7 8.4 6.38 | 0.715 | 11.06
Average 36.2 116 52 10.58
Out 1 7.68 6.60 16.2 26.4 | 25.35 42 2.7 4.25 1.75 | 0.627 9.7
Out | 2 768 | 6.41 19.0 | 26.4 7| 25.45 38 2.7 4.5 2.05 | 0.640 | 9.9
Average 17.6 40 1.9 9.8




M131N A.7
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1 d‘ 1 o dl
UUAIN1INAARITT UL IEB LN U-T9TU 2N 989 NAITHEAN 0.8:0.1 LluRm?

No. BOD COoD TKN P
DO | DO | BOD | Std.FAS | COD | 0.02NH,S0, | TKN | Abs. | TP
Oday | 5day | [mg/l] (ml) [mg/1] (ml) [mg/l] [mg/l]
[mg/l] | [mg/l] BK S BK S
In | 1 | 927 | 645 | 423 | 254 | 280 | 96 | 03 | 90 | 974 | 0706 | 10.9
In | 2 - - - | 254 | 230 | 9 - - - - -
Average 42.3 96 9.74 10.9
Out| 1 | 932 | 824 | 162 | 254 | 246 | 32 | 03 | 52 | 548 | 0.510 | 7.88
Out | 2 - - = 3 5 2 = - - - -
Average 16.2 o2 5.84 7.88
M1919 .8 %’@H@ﬁmmmimmmixuuéquLﬁlmmu-ﬁa‘lﬁﬂwmm ﬁmm@a 0.8:0.2 LMT
Kafi 1

No. BOD COD TKN TP
DO DO BOD Std. FAS COD | 0.02NH, SO, | TKN | Abs. TP

Oday | 5day | [mg/l] (ml) [mg/l] (ml) [mg/1] [mg/l]

[mg/] | [mg/l] BK S BK S
In 1 8.10 748 | 18.75 | 259 23.9 80 0.5 10.9 11.6 | 0.827 | 12.8
In 2 8.10 753 | 17.25 | 259 23.9 80 0.5 11.8 12.6 | 0.840 | 13.0
Average 18 80 121 12.9
Out 1 8.08 7.94 4.2 26.1 252 32 0.5 9.5 10.08 | 0.639 | 9.88
Out| 2 8.10 7.96 4.2 26.1 25.2 32 0.5 9.7 10.3 | 0.667 | 10.32
Average 4.2 32 10.1 101




M1719 R.9
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1 d‘ 1 o dl
UUAIN1INAARITT UL IEB LN U-T9TU 2N 989 NAITHEAN 0.8:0.2 LluR?

No. BOD COoD TKN TP
DO | DO | BOD | Std.FAS | COD | 0.02NH,S0, | TKN | Abs. | TP
Oday | 5day | [mg/l] (ml) [mg/1] (ml) [mg/l] [mg/l]
[mg/l] | [mg/l] BK S BK S
In | 1 | 877 | 60 |4155| 262 | 24 | 88 | 3.3 | 150 | 13.1 | 0.892 | 1338
In | 2 | 875 | 6.18 | 3855 | 262 | 24 | 88 | 3.3 | 1285| 10.7 | 0.892 | 1338
Average 40.0 88 11.9 13.8
Oout| 1 | 878 | 7.10 | 252 | 265 | 2575 | 30 | 33 | 9.85 | 7.35 | 0.879 | 13.6
Out| 2 | 884 | 6.85 [ 268 | 263 |2585| 26 | 3.3 | 7.95 | 519 | 0595 | 92
Average 26.0 28 6.27 11.4
m13714 .10 %’@H@ﬁm@qm?wm@m@:uuéqmLﬁ@LLﬂu—ﬁaTﬂ@ﬂﬂiﬂq ﬁmmzﬁq 0.8:0.2 AT
pe7 3
No. BOD COD TKN TP
DO | DO | BOD | Std.FAS | COD | 0.02NH,S0, | TKN | Abs. | TP
Oday | 5day | [mg/l] (ml) [mg/l] (ml) [mg/1] [mg/l]
[mg/] | [mg/] BK s BK s
In | 1 |1085| 805 | 42 | 257 | 242 | 60 | 08 | 89 | 91 |0695| 107
In | 2 | 1085 | 7.95 | 437 | 257 | 242 | 60 - - - - -
Average 42.85 60 9.1 10.7
Out| 1 |10.85'| 963 | 183 | 257 | 258 16 *| ‘08 | 53 | 504 | 0511 | 7.9
Out| 2 |10.85 | 977 | 162 | 257 | 253 | 16 - - - - -
Average 17.25 16 5.04 7.9




.2 dayan Stability 1a3lalauduluwsaz batch
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N3N 2,11 LAANTRYAT9TE LU BUNL-TTU8N 909 209099 TUENFY - Tuil 4

Parameter In Out (day) Efficiency
(ma/h) 0.5 1 15 2 2.5 3 4 %)
BOD 42.85 - - - - - - 17.25 60
COD 60 28 20 32 16 16 20° 16 73°
TKN 9.1 = e - = - - 5.04 44.6

TP 10.7 - - - - - - 7.9 26.1

A ULsTENE NN

1 v v 1
® ANUAUAN AR AL LA LU1RDNFIUFATUN 2-4

R34 .12 LAANTRYA 18I LU aUN-191156N909 20919957 5 - U7 8

Parameter In Out(day) Efficiency
(mg/l) 77 / ¥ 3 (%)
BOD 71.7 - - - 32.4 54.8
COD 164 o 48 44 76° 74.8°
TKN 14.34 - - - 6.94 51.6

TP 11.07 J - = 8.72 21.2

“lyidnnAanaulsdansaan

® ANUIUANANLAALUBNUNLA L UNDANFAILFATUN 6-7
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R399 .13 ATy a1e9sruLIINEauNL-19l8N909 2091995U7 9 — Fui 12

Parameter In Out(day) Efficiency
(mg/h) 95 | 10 11 12 %)
BOD 14.25 - - - 6.45 54.7
COD 84 44 36 40 48 50°
TKN 8.06 S 3 ¢ 4.48 44 .4
TP 1.7 - - = 10.27 12.2

? ANUIUAINANRAL DI LA UNRANFILATIT 9-12

F1974 A.14 uansdagaradssuusanitauniu-a1llsansas 9891993u% 13 - JuT 16

Parameter In Out (day) Efficiency
(mg/l) (%)
14 15 16
BOD 26.1 = 2 21.75 16
COD 84 68 76 76 9.5°
TKN 8.2 - . 2.24 72.6
TP 12.6 = = 11.6 7.9

? ANUIUANANAALIUDILNLALUNDDNFAILFATUA 15-16



;1319 .15 LAANTaYA1ass UL N EauNL-1lUsaNn 909 2099995uR 17 — Ui 20

Parameter In Out (day) Efficiency
(mg/l) (%)
18 19 20
BOD 23.7 - - 12.45 47
CcoD 80 60 64 56 25°
TKN 7.5 - - 3.25 56.7
TP 11.9 - - 10.8 9.24

? ANUIUANNANDALIBNUN LR UNDANAILATIN 18-20

90
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UszIngilae

wadunde ATUN19A NATUN 2 A9AN W.A. 2519 NAINTANTINNNNIUAS
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