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ABSTRACT

Filamentous bacteria are one of the causes of foaming and bulking sludge
problems in acfivated sludge wastewater treatment system of rubber latex processing plant. The
characteristics of wastewater were analyzed during November 2007 to April 2008. It was found
that there were 3 main factors to proliferate the overgrowth of filamentous bacteria such as low
pH (pH 4.52-5.21), low dissolved oxygen (0.25-1.65 mg/1) and low ¥/M ratio (0.02-0.19 g'BOD;
/g'MLSS-d). The laboratory model of activated sludge wastewater treatment system was consisted
of 10 L-acration tank with 0.12 L-selector and 1.5-L sedimentation tank. The start-up was
operated until the bulking problem occurred. Then the effect of pH adjustment of influent on
bulking formation was investigated. Adjusting pH to 7.0 resulted in the reduction of SVI in
aeration tank from 199 ml/g to 62.8 ml/g. However, in the experiment without pH ajustment (pH
4.5-5.5) the SVI decreased from 202 ml/g to 113 ml/g after 10 days of operation. Furthermore,
the effect of controlling F/M ratio of 0.01-0.1, 0.2-0.4 and 0.4-0.6 g'BOD, /gMLSS-d was
examined. It was found that F/M ratio of 0.2-0.4 g-BOD, /g-MLSS-d gave the good performance
in the reduction of bulking and the highest COD removal. In the experiment using aeration tank
with selector, SVI in the aeration tank decreased from 185 ml/g to 58.9 ml/g and COD removal of
98.8% was achieved after 8 days of the experiment. While the experiment without the selector
tank, SVI in the acration tank decreased from 195 ml/g to 62.0 ml/g and COD removal of 95.4%
was achieved after 8 days of the experiment, Morcover, the effect of aeration in the selector tank
was studied comparing to non-aeration in the selector tank, It was found that the SVI and COD
removal were not significant difference {p > 0.01). Besides, the effect of bactericide; sodium

hypochlorite, at the concentration of 0, 28, 140 and 280 g/kg-MLSS were examined. The result

(5)




showed that the highest COD removal was 95.8% at 140 g/kgMLSS after 15 days of the
experiment. Finally, the experiment was conducted at the activated sludge wastewater treatment
system in a rubber latex processing plant. The effect of F/M ratio controlling at 0.2-0.4 g'BOD;,
/g MLSS-d under the real situation was investigated. Before starting the experiment, the F/M ratio
of the system was operated at 0.12 g-BOD, /g'MLSS-d. After 40 days with the control of F/M
ratio, the F/M ratio of 0.21 gBOD,/g-MLSS-d was achieved with SVI in the aeration tank
decreased from 175 ml/g to 107 ml/g and COD removal of 96.8%. It was found that the control
of F/M ratio did not affect on the efficiency of organic removal except efficiency of

sedimentation of microorganism.
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Figure 4. Characteristic of floc-forming microorganism obtained by Scanning Electron

Microscope (SEM)
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(a) (b)

Figure 5. (a) : Filamentous bacteria Micorthrix parvicella (b) : Filamentous bacteria Type 021N

and Type 0041
4
1311 : Xie Uasamg (2006)
Finnegan (2007)
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Table 1. Type of filamentous bacteria which cause of foaming and bulking

Cause of foaming and bulking phenomenon Filamentous bacteria

Low Dissolved Oxygen Sphaerotiusi natans, Type 1701 and
Haliscomenobacter hydrossis

Low 005144 F/M Microthrix parviceila, Nocardia sp., and Types
0041, 0675, 1851 and 0803

Septic Wastes/Sulfides Thiothix T and I1, Beggiatoa spp., Nostocoida
limieola 11, and Types 021N, 0092, 0914, 0581,
0561 and 0411

Nuirients lacking

- Nitrogen Thiothix 1 and Il and Type 021N
- Phosphorus Nostocoida limicola HI
Low pH Fungi
High Grease/Oil Nocardia spp., Microthrix parvicella and Type
1963

31 ; Richard UAZANE (1985)
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Figure 6. Morphology of Microthrix parvicella before bactericide addition.

AW @ Xie uaznme (2006)

Figure 7. Change of morphology of Microthrix parvicella after bactericide addition :
(a) Chlorine (b) QAS

191 : Xie uazamy (2006)
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¥
18 6 seduiudonss Table 2

Table 2. Level show volume of filamentous bacteria which cause bulking problem.

Level Filaments Sludge volume index

{ml/g) (mean)

0 None 60
1 Few 70
2 Moderate Amount 100
3 Many 135
4 Vary Many 265
5 Extremely Amount 700

131 : ATV Working Group 2.6.1 (1989)
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v

DAP, TMTD,Zn0O

rubber pond stay tank

Line bowl

latex skin rubber cake
l l washing l
concentrated latex squeeze, cut precipitate
packing skim block squeezer
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Figure 8. Production step of latex.
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Figure 11. The activated sludge process treating pulp and paper mill effluent.
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Table 3. Parameter for wastewater characterization and analytical methods.

samples parameters Methods
Influent BOD Dilution Method
Effluent

Influent COD Closed reflux Method
Effluent

Wastewater in aeration pond DO Acid modification Method

{4 point)

Influent TS Gravimetric Method
Effluent

Returned sludge MLSS Gravimetric Method

Influent TKN Kjeldah!l method
Effluent

Influent Phosphorus Ascorbic acid
Effluent

" Influent Sulfate Turbidimetric Method
Effluent
Wastewater in aeration pond SVI Imhoff cone

(4 point)

Influent pH pH meter
Effluent

Influent Temperature Thermometer
Effluent

Aeration pond

7111 : APHA, AWWA and WPCF (1985)
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Figure 12. Diagram of wastewater treatment system of rubber latex processing plant.
(1: wastewater pond 2, 3 and 4 : aeration tank 5,6,7,8 and 9 : natural pond)
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Figure 13. Process of activated sludge wastewater treatment system in laboratory,
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Figure 14. Activated sludge wastewater treatment system in laboratory. (1) aeration tank

(2) sedimentation tank

Figure 15. Selector located in aeration tank.
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Figure 16. Foaming and bulking in aeration pond of rubber latex processing plant on November

2007.
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Figure 17. Foaming and bulking in aeration pond of rubber latex processing plant on December

2007.
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Figure 18. Foaming and bulking in aeration pond of rubber latex processing plant on January

2008.

=y -~

I3 o 3 & 1
W*BTifl-nﬂ'lﬂWﬁf‘ni’)iﬂﬁ1311ﬂﬂ!aﬂymgﬂﬁ\iuqiﬁﬂlulﬁﬂﬂuﬂi'lﬂu 2551 UM

o A1 = E | 3 a1 e & ' 3 A o
foduusn Ao Meenduvazate i lude lemeiiad #eludeldonafiiiaeendiou

]
4 T

azmwdnd 1o adnfudeans sz ldgdunidnguiiihudulonigdvialddningued

¥
1o

o d - g o 9 = &4 @ A t
u‘i’liﬂﬂﬁumﬂﬂﬂﬁﬂﬂ‘ﬂﬂﬁiuﬁzﬁmﬂﬂﬂ:ﬁﬂﬂuﬁﬂﬂﬂm ﬂﬁ]ﬁlﬂﬂﬂu’lﬂﬂ ﬂ'ﬂ’mﬂ’é'lm‘ﬂuﬂiﬂ-ﬂﬁ

9

voshideseudhdrzuutitia Sedsfianmuilunsneg oH 492) Snilefeniladenaiiv
Fadauasennis BOD : N: p USwnaluTasuludouunsnw 2551 dlenfSouifivudaday
BOD : N : P yudiildadmweslulasmuuinnindoungainieu 2550 uagdausuany
2550 agnafiaztoulifiude svi Tudeuunsay 2551 Mudunn 107 fadaassendy
Tudeusuaau 2550 W 151 Tadaasdeniy uanshanuaunsalumsudrvewnsneuy
sunidlussuvanaunneinuafiGudulofuanniy FulsinuuuafiGudulosaogly
51 3-4 (ATV Working Group 2.6.1, 1989) As Ju/SunauwnfiGedulunniauing
ﬁ’ﬂymmmﬁuﬁa‘lmzwmﬂﬂms'aﬂsza"uﬁauqumﬁuﬁ2551 WU

by §
’ﬁﬂ'ﬂﬂ!&‘l“dEl\iﬂ']Laﬂelu‘]Jﬂmn’f)']ﬂTﬁLﬂﬂﬂ:ﬁﬂﬂuﬁﬂﬂuﬁgﬂﬂ\i’?ﬁj1’3&1??3?!’131%1?1115&‘3'&!% BUVDIUD




43

wuone Taglduaneds Figure 19 éq"lﬁ’?mswﬁfhehaqﬁafj’ i lodvasindenouunsnds
asthiiamn 8,750 + 21 dadniudoansuas 350 £ 4.2 TadnSudsdasatudidy, Ard lod
vesi uderounazndenstia 14,830 + 21 Haanfudodauag 430 £ 2.0 Haaniunoans
muddy Aadludefidudlsz@nsammaiiiail Tefuasd ledmd 96.0 ledfuduas
07.1 WeFdudmuddy, smesndnuazaisii (00) Turelderme 025 « 0.01 Fadniude
fin3, A1 Snsrdau F/M mi 0.14 n¥u-BOD, deniu-MLSS-Tu tagmanumilunia-a1eueq
1511?'7&1ﬁaumﬁ’njwwﬁﬁmﬁﬁuﬁm% 4.9 +0.02 FafiamuiunsauasmduiTasagney

(SVD) 19U 156 Haaansaonsy

Figure 19. Foaming and bulking in acration pond of rubber latex processing plant on February

2008.
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Figure 20. Foaming and bulking in aeration pond of rubber latex processing plant on March

2008.
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Figure 21, Foaming and bulking in aeration pond of rubber latex processing plant on April

2008.
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Table 4. Characteristic of wastewater from activated sludge wastewater (reatment system of

rubber latex processing plant on November 2007 to April 2008,

parameters Months

November 07  December 07  January 08 February 08 March 08 April 08

Influent (ing/1)
BOD 7,320%15 5,55244.0 5,600+82 8,750+£21 7,850£25 6,850+ 522
CoD 12,050+17 10,550+17 14,215443 14,830+21 9,900+13 13,575£12.0
Nitrogen 1,195+10 1,315437 1,800x20 1,650£7.2 1,21045 1,679£17.0
Phosphorus 77.1+0.6 76.5+7 §2.2+0.32 73.76%1.18 81.10.9 753403
Sulfate 8,800+25 8,500+28 11,800415 11,195+16.5 10,551471 8,973+21
pH 4.52 £0.04 4.75 £0.01 4.92 +£0.01 49+0.02 5214001 5.12+0.04
Effluent (mg/l)
BOD 28.4+0.2 23.340.6 25044.2 350442 31543.5 197+4.5
CoD 360+7.0 33044.5 605+1.2 430420 545+1.5 860x7.2
Nitrogen 21.540.4 27.6+0.6 20.6+0.15 29+0.6 43 840.5 35+1.5
Phosphorus 59.440.24 50.140.4 49.5:+0.64 47.1+1.1 47.140.57 47.120.7
© Sulfate 180+ 0.6 21540.5 380412 325425 275+£1.5 37540.6

In aeration tank

DO {mg/1) 1.2540.01 1.45+0.01 0.75+0.01 0.25+0.01 0.65+0.02 1.65 +0.01

SV ml/g) 106 107 151 156 126 117
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parameters Months

November 07  December 07 January 08 February 08 March 08 April 08

MLSS (mg/1) 5,910435 7,655x47 11,116+55 9,606£85 8,410+124 5,790+80
BOD:N:P 100:16.3:1 100:23.8:1.4  100:32:1.5 100:18.8:0.8 100:15:1 100:24:1
F/M ratio 0.19 0.11 0.18 0.14 0.14 0.018

%BOD removal 99 99 | 95 96 96 97

COD removal 97 96 95 97 94 94

efficiency
Filament level* 2 2 3-4 3-4 2-3 2-3

A1 ATV Working Group 2.6.1 (1989)
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Table 5 Characteristic of filamentous bacteria in aeration tank of rubber latex processing plant.

Type Gram stain Neisser stain Length of filament Septum  Branching

positive  negative  positive Negative

1 | / / 100 pm / /
2 / / 120 um 0 0
3 / / 80 pm 0 0
4 / / 70 pm / /

/ = Occurred

0 = No Occurred

wuafiGuduloriaf 1 fleferunsuuasfoumn Neisser wuduiiay @y
lodinnwenadszaina 100 luTasiuns ﬁwﬁ’aﬁuswdwLclm5&;azﬁu’:’7’umemﬂaﬂmmmﬁu
lo wunfisodulosilad 2 Wofouunsunazdounn Neisser wudidhan @ulefinnwen
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Figure 22. Filamentous bacteria from aeration tank of rubber latex processing plant with Gram’s

Stain results, {(1000X): a) Type 1, b) Type 2, ¢) Type 3 and d) Type 4
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Figure 23, Effect of pH adjustment on Sludge Volume Index (SVI).
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Figure 24, Effect of pH adjustment on COD removal efficiency.
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Figure 25. Effect of /M ratio on Sludge Volume Index (SVI) in the experiment without selector.
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Figure 26. Effect of F/M ratio on COD removal efficiency in the experiment without selector.
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Figure 27. Effect of F/M ratio on Sludge Volume Index (SVI) in the experiment with selector.
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Figure 28. Effect of F/M ratio on COD removal efficiency in the experiment with selector,
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Figure 29, Effect of oxygen addition in selector on Sludge Volume Index (SVI).
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Figure 30. Effect of oxygen addition in selector on COD removal efficiency.
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Figure 34, Relationship of SVI and F/M ratio
Table 6. Results of SVI, EERG T F/M, COD and COD removal efficiency.
Day SVI F/M ratio COD {(mg/) % COD
(ml/g) (gBOD/gMLSS.d) Influent Effluent removal
0 175.44 0.12 12418 +£93.0  275+£25.7 97.8
10 164.9 0.12 11569 = 46.5 266 + 3.0 97.7
20 157.67 0.15 10648 £ 37.6 288+24 97.3
30 125.08 0.18 11673 £18.7 314 £59 973
40 107.75 0.21 13540+ 7.1 420+ 7.6 96.8
50 105.23 0.25 11894 +15.4 365+ 1.8 96.9
60 99.65 0.28 13498+ 134  325+10.1 97.5
70 101,78 0.24 12537 £ 65.4 286 £8.7 97.7
80 101.34 0.29 11472 £ 13.0 236 £2.5 98
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Table 7. Effect of F/M ratio adjustinent control (0.2-0.4 gBOD/g-MLSS-d) of activated sludge

wastewater treatment system of rubber latex processing plant

samples parameters resulis % removal
before after before after
Influent BOD 7,451 £15.7 mg/l 6,883 £ 12.4 mgA 99.5 99.6
Effluent 31.42 £ 2.3 mg/l 24.46 2.6 mg/l
Influent CoD 12,418 £ 93mg/l 11,472 £13 mg/l 97.8 98.0
Effluent 275 +25.7 mg/l 236 £2.5 mgft
Wastewater in aeration DO 0.85 +£0.01 mg/l (.65 £ 0.01 mg/l
pond { 4 point)
Influent TS 13,340 £34.2mgA 23,370 £ 78.5 mg/ 38.0 723
Effluent 8,270 + 26.4 mg/] 6,470 4+ 29,5 mg/l
Influent TKN 1,625 + 10.2 mg/i 1,741 + 11 4mg/l 98.2 98.3
Eftluent 28.4 4 2.5 mg/l 29.8+ 3.5 g/l
Influent Phosphorus 80.6 £2.0 mg/l 74.6+2.3 mg/l 359 29.5
Effluent 51,6+ 1.5 mg/l 52.6 £2.4 mg/l
Influent Sulfate 12,870 = 101 mg/l 11,870 4 85.7 mg/l 97.1 97.3
Effluent 376 + 1.60 mg/l 316 £ 1.79 mg/l
Returned sludge MLSS 7,160 £ 39.0 mg/l 4,600+ 28.7 mg/l
Wastewater in acration SVI 175.44 ml/g 101.34 ml/g
tank ( 4 point) MLSS 4,270+1,40 3,520£1.54
Influent pH 5.52+£0.01 5224002 -
Effluent 7.90 +£0.02 7.40+0.11
Influent Temperature 31°c 2°
Effluent 32°C 32'c
Aeration pond 32°C 34°c
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Table 9. Volume of sample for dilution ( approximate BOD and compare %COD)
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2. i tedfdvon lAnagas lunnanududuniinistes s

3 ¥ 3 1
Indinvarudarii Tean lduandamufiun 20% WBdaaniuiie ummzafiuenadaty 1

4
<@

AU 20% UURABAUM T

4. IEMIN Total Solids, MLSS (Standard Methods for the Examination of Water and

Wastewater, 1992)

T *
= ]

3
Total Solids (TS) feflsimAvegnundimsszmorivonsunuauazoylh

uafigoingll 103-105°C

1 e
ar

1. théaensuiosiiiminasiiudi9n dessicator 1n9a  aun@ldihmdn =
A Nl

2. audetahitthFuiugans Taoldnssuenaas 100-200 va.l51ash
WsumSnamewdaludn Wdlugaensaiosts 1 ldssmouisialoreuud

=

¥ 1 3 1 ]
3. thienszdiesiisemaiududs T dludouiiflgumgd 103-105°C 1o

G

3
Taanuduuiuilszana 1w, udni1 v ldiBuly dessicator

A o 8 o & = o
4. IDIBULAIIUINYFY FUNUA =B A7l
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TS, mg/l = (B-A)x10°

ml sample

] ¥
Mixed Liquor Suspended Solids (MLSS) Wanedd aauh liazats i)
o = 1 g ¥ v . dy
nnamnnenIzuvIuasy Guspend) ogluiild wildlnonisnsesiredinhdonszay

F=y

nsaaloua (glass fiber filter, GF/C) udh o l¥udehioangii 103-105°C

k1

= Al

1 hinseaunsed GR/C indalaindosdenzion aundléimmin - c ndy
ﬁ“lll‘ﬂ"l”lﬁ‘i_ll‘levaporating dish 158 petridish Tc‘slilig}l

2. 2NTTANLNIBIANIY Buchner's funnel Fadtodhfumosquoimelagld
ﬂmﬁuﬁﬁsam‘l%’i{mﬁ"uﬁﬁmuﬂszmynsm‘lﬁa’i’mLé’ﬁfﬂﬂ'ﬁug}ﬂmmmﬁa‘lﬁmzmuﬂim
uHuEHNAf NIy

3. faladaegian1 50-100 wa.WSmsildRufveud wnaesldy 1d
Thnnsgmunsestiastosndeniudatiugaemammenifusudnszaeliion
NITATHNTD

4. 1%'151ﬂﬁ"uﬁﬂﬁ’wﬂuﬂm%‘aﬁﬁ@atji’f’lqm'wﬂuﬂuﬂuaximuﬂ'iwzuﬁ'mﬁ"ﬂ%’
1hnf segquBunssmunseseenmi Uz ilddy

5. i llouluialugouiifigamgi 103-105°C wmidszana: 1 d2lua udavh

T W
WHduTaold 1y dessicator udnirluFnimisin aunild = p ndu

SS, mg/l = D-0x10°

ml sample

5. 3FMIMmM SVI (Standard Methods for the Examination of Water and Wastewater,

1992)

Sludge Volume Index (SVI) H18H91511059049 Activated sludge 1 AT (U,
wie) defialianngnoulunm 30 1@ mieihy mlg 1114 Ty

L deininndufuensldly mhoff cone nioNsZUONANYIA 1
fias e B anngnoudhiom 30 wii endldiSias - F il

o
2. prudediailumsuz lude 1 Widhvud udawdlSuim Moss auvdld

=G gl
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A1 SVI

I

F mi/l = F/G ml/g

ar svi ezuaaldifiualsz@nsanlumsanesnouusy solids Tudadu

g1ne dmnves SVI geuasshinsanaznou i azneuervanuds liminildiidm

¢
=1

3
dhailades a1 svi awsavenldnin o dafi

fan svidszainm 50 dsz@ndamilumsanaznou aun
SVI  “ 100 « A
SVI ¢ 200 “ wold
SVI ¥ 300 * 1310

6. IsmsmifSanalulnseu

¥
A or

3

Jugoumsm U3 lulnsinnd w3 Kieldahl method AeiifD
1. M3898 (Digestion)

2. MINaY (Distillation)

3. ﬂ'l‘itl‘}’llﬁiﬂlmﬁﬂ’l'if?l“lu’.lm (Titration and Calculation)

1. msdeg (Digestion)
[ o 1 =) A a as = ar 1 1 g
Toagilszasdueanisdesne Wevhmedusuniivesdtonne iy Wo Y
4 d a ' , ) . | &g
uie  dhudu WomeduTuanades 1wy amino acid  waznlfew Tuanadesruily
wou Tanflouusanea (NH, radical)
b
FFmsife Wdegenn 12 5y ldaslunaoatey (digestion tube) 910114
=y A s 3 1 bd Sy S sy
Wumsmilifiedesdiedie]ldun nsadayTadudy (Cone. H,80,) Yszwm 10-15 Tadtas
3 = J= a =1 @ A - ~ | =)
vinusunte lldmGsudanla (K,50,) Wefivgungiiveimsges(> 376 ssruyaikod)
A @ | o o 3 o a A ] “ aan It 3 o
oldmsdovaSeauysel udulunzasdad (Catalysifossninfalgnsountl imiuih
vinoadosldasluniosdon (digestion  block) udufiugungilAdegavesnisdosaniy
Usezanm 370-400 parugsaidva uazaruquamngi Idashlsyua 1 Falue iWeldnisdes
=1 ¢ Y o a ] cfd sf Qs L] = .
wivauysal dedAnluvuaunisdesiiie dotniuquiandIuvenIaLAINAD(acid-salt

.\ g W ‘ T =S o o an N Y3 9f 3
ratio) tagaamgil Mg aumstesiaezhal §dso ldagndesnudens
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2. m‘Jﬂf‘;’N {Distillation)

msnduszdiunsuonier  Nirogen (N) senvnveunadlunasadey
(digestion tube) 13T USu pH vowesunadlunasadesldiilunarsdrelm@on loasen
o (NaOH) (flonffion NH," (ammonium ion) 1#i5ly ammonia (NH,) sintunduon
NH, Hldeemmufisudamsar ez anluiiuveaszun Kieldahl System 11usz1dnsa
V93N 4% (Boric acid) Wluda§u No, 1lay ammonia vzsamwfunsavesn nmediy
swou luiisnvonEm

3, MTUATALAZNITMUIN (Titration and Calculation)

3.1 mslamsa (Tivation) HumimilSuae  Niwogen  Tnzine
wonTaflengnin I lunsauesanlamsnfuasazaminasgy  Standard Tican) 1
HINgay ‘ljJuﬁEJ 0.1-0.4 N Hydrochloric acid Taold mixed indicator (methyl red LB
bromocresol green) Lﬂuﬁ’&ﬂﬂﬂﬂﬂqa (End point)

3.2 MSAMUIN (Calculation)

e Nitrogen 1118 Tnoms1dgasdadl
1lodiFud Nitrogen = 14.01 x (S1nasvoansaf lamsafuiietis - USinasnsai lasasad
Blank®) (At Normal u84n5a) x 100/ ¥1M1ind286% x 1000
* Blank fie voamanf Idninn1s ddarsnnaialiumuaums Kjeldahl gnidy Sample
msunfSaTlsin mssuasmmiBnaTdsduhonnmGn Nitrogen
3 Tavndudaludredeia 9lusefitSne Niogen oY 16% fadhi Factort  wes
Nitrogen 1111580 = 6.25 (100/16) wefidudTis@iu = 6.25 x nlesiFusd Nitrogen
* Factor Y04 Nitrogen WT1lsfu evafdonldluemisinswila Wy wuasndadioed

Uy U6 Factor = 6.388130392TlA Factor = 5.7 Hludy
7. momnziSinavleamnlinh (APHA, AWWA and WPCF, 1985 : 448-450)

Ascorbic Acid Method
=t
M5l
1. sazamensafmegdy 5 uesia
¥ ]
wion Tng@unsadmziududu (Cone. H,80,) 70 adans asluthndu @iy
v 1)
WINAUIUATY 500 Hadans
2. tsazateuoud luil InusaSoununsn
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w3 Tavasarguoud luil Tnuamdoununsn - K(SbO)C,H,0,.1/2H,0)
13715 n$u Tusind 400 fiadas @uthnduenlguinas 00 Tafans fuluviauds
3, mazmeuen Tudon Tuduen
wFowTasazauenTutilow Tufumen (NH,)Mo,0,, 45,0 20 a3y huhnd
ATy 500 Taddas duluaanaadng 4 esrumaifea
4. gsnzaronsaeanssin 0.1 Tuars
wieyTavavmunsauaaasiiia 1.76 n3y Tushndu 100 faddns Seanses
ogia 1 onfiad dufud 4 serneradon
5. o (Combined reagent) 100 Jadnns Usznovday
- 50 fiadans 5 weduen nIaduzy
- 5 {indaas rsazaeueud il Tnunaduumnunsy
- 15 Unddans arsazanouey ludloy Tudwmen
- 30 {indans MsasmensalloanaILn
gwuﬂﬁmﬁ1§wauﬁuﬁamﬁgﬁﬁm f’ﬁﬁmmﬂjmﬁﬁi‘fuﬁﬁ’amamasﬁmmuﬁ‘[uﬁ
Truna@oumuasn nieuen Tudloy Tudman Tadwdafia sz 2-3 w1i dheses
ogf14 21w
6. msazavafenoaile
w3ow Taeth Inunaioy lalaTasnurlodwln KEPO, anhydrous 219.5
fiadnu @uindusunsy 1000 Taddas 1 Taddasvesmsazanoniify 50 lulnsnsa PO,P
7. dsazavinasyiuoia
wiouTasiiasazarvadonrloanla 50 Taaans Buwihinduen’s 1000

o A o oy W at
fladdns 49 1 Taddasvesmsazaremiiy 2.5 Tulagndu po,-p

el
B3

Linseunavnasyiuvedeasladudu 0.1, 0.3, 0.5, 0.8 uay 1.2 Tadndy
veavlosadediag Iastlaasavasumsguroania 2, 6, 10, 16 oz 24 Saddas ldluvin
ar = o oy o g’ P A A A o T Y9 3 !
Inlsuasviuia 50 Gadaas duhndusudedansimue wa ldidsuudimarsazarold
1 3 raea a = o Y = o o oA g o
vangilsuuia 125 daddas Builuednmaudu-Anmes 1 noa dudaduasliven 5 ues

] ¥
uoa 1,80, 04 llsunszisdunmo il ifiniiensan (Combine reagent) 8 faddas wildidh
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or 3 ‘:g‘, ﬂ:'i = =1 Q u 1 { "&
funshiald 1030 wifl e ldiind 1l SanmIganduumsfinnuerad 880 wrlumns
@ @ 4 = '
ArunnduansanuduiuisznhalSineslearlaazanisganiuues
e d ar 4 o 1 { o an
2 Inngvdedilaslddedsiidonsldvungan  so  Faddas  uds

AnrzvaitmaaTouniinasgvesloans

0.8

0.7

0.6

0.5

0.4

OD 880 nm

0.3 - y=0.0297x+ 0.011
0.2 | R?=0.9986

0.1

0 T T T T
0 & 10 15 20 25

Concentration (mg/i)

Figure 36. Standard curve for phosphate analyze,

3. MIfeal
mg/IP = (mgP x 1000)/(Uaa8n5 Sample)
mg/IPO, = mg/IP x 3.06

8. MIIATIEHA RN (Suifate)

C\t:l:;'l

A = e . [ d
1011435 Turbidimetric Method muITnnguasazaIni s
mdaniadfinadn 1da (iadamnlugag 140 TadnTudedas ) Srdamlaiifinagedin
3
se¥ 18 TasmsPaanadotiai

A <
nyesiieuazgilngal
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1. IN589NIMENTaZIBULIMEN (Magnetic Stirer) uMenIUmIAZATY
LUDMIHAN (Magnetic Bar)

2. iﬂ?ﬂﬁ Spectrophotometerﬁ 420 W1 TR

3, WIFINIIULIE

=4 =y

4. Founaehilnug 0.2-0.3 Nadiwas

LRETLEY
1. 19503 Conditioning reagent lAgMTHANADIFDTOA 50 Taaaainy
msazauiilszneudaonsamiadudi 30 Tadans Hindu 300 Tadaas 95% wilweans
goad 100 iadans uas lwdounas'lsd 75 nsy
2. BaCl, Crystal 23-30 mesh
3.vm'%‘aumsagmﬂmmgmeﬁamlmiﬂammzma Na,S0, (Anhydrous) 147.9
fasnduluhinduond5iias 100 Fadndu wieTaunshinsadiuzdu 0,02 wediamn

Fa ]
10.41 Hadans @ininausu 1dUTuas (00 Taddas (1 Tadaas = 100 Tulasnsudamla)

o aim ¢
WhaH
1. Formation of BaSQ,
@ndedne 100 Haddns ldvaagalnsisuia 250 adans nawldidinulae
: =] T 1 @
Thindesnaumaudmdnuazuiuninaudin ness@y Baso, Crystal 1 Fou Funame'ld 1
g 3 of =4
i ldvgaauiui
2. Measurement of BaSO, Turbidity
mensazawnnde 1 aaly Absorption Cell Y94 Spectrophotometer IAF1A71Y
19 30 Wil Whuna 4 wifvazezegdaia 10 i Ieminnfiganenldlu 4 1
3. Preparation of Calibration Curve
wisumInzatsuaIgudaniafiinnududu o, 5, 10, 20, 25, 30, 35, 40

o ] =y

ilndnyudenny lnemsiula o, 5, 10,20, 25, 30, 35, 40 Hadansvesesazarwnasgudas

14 T
o

ot
@ininausuldlTuas 100 Taddasuazdmpduneumumaaioudieds
ad v oa . .
9. InmIgalaiiif Neisser ( Jenkin ef.al, 2004)

[l
BAFIEY

0z A
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1. mBaduug 0.1 AW
o - ¢ o oaa
2. EVNTIUORA 95 iesidua 5 dndans
3. DTHANLAN NANFYA R GRLE
B2 r
4. 918U 100 Haaans
asazany B

1. ASada 1 1oude ( 10% whv in 95% cthanol) 3 Tadans

< o o o any
2. [ONT1Ua 95 1lesurua 6.7 inaans
v ]
3. 11nau 100 fianans

152810 (1)
HANEITaZA A oz B F9h 2 dawlentSinasves A Su 1 daulag
5umsuos B
mIazay 2)
L. fanfa unnd C gH,gN, (1% w/v aqueous) 33.3 Hoddas
2. i 66.7 Tadans
IEmadion Neisser
L indodeiidesmsbosnsaladidreazon Aol luenn (laidins
a3 Inurimlan 1yl
2. vigaasazans (1) vudemindelszanal 30 311 d1edoond-eiiudanen
d1azae ) udadeeendioi Uaeeldudwudns19810nd099anI3/MTLLY Phase

Contrast H1899878 1000 11
10. 3En15dfonTat ( Jenkin ef.al, 2004)

A A o o 2 ay w & & w &

1. smear WoNAvanIsfauatuua laanazeia naliuis vintiuasefuwad

9 1 E o o =) o [ 3 9 ¢ Y A o T I'd
arwnsenuilad I (selawaduan) miesuradzsie Ifwaduidatuurunszens lag

g ¥
2. oM Ammonium oxalate crystal violet UUFOHN smear WIUUTTINM 1-2

¥

-~ =t
1 udaundnig

v

L
3. yeaairazay lo laauanas lhinutseus 2 wf udamfis msazany

~ 1 =1 dtg
ToTeduaszseFraddondad ldaau
5

¥
4. Tunouilond1 Decolorized Tnan1sdnaaooniaoanoed 95% w1y 30

a A ¥ vy J
TV UGIVINUNIYUINAN




Y 3
5. HoA® Safranin DUEOWMI53U8 15-30 S §198809 udaTaues

LR 9 d
MIARHTUN NN DIYaNITIAY
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