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Abstract

This research studied wastewater treatment of rubber industry using commercial
photosynthetic bacteria (Super PS). Wastewater was obtained from equalizing pond that collected
from processing of concentrated latex and block rubber. The effects of inoculum volume (0, 2, 4,
6, 8 and 10%, (v/v)), photoperiod and sulfate concentration (3,247 - 9,000 mg/L) on growth and
organic removal were studied. The results showed that the inoculum volume of 6 % (v/v)
(1.6x106cfu/mL) gave the highest efficiency for COD, sulfate and TSS removal of 92.9, 82.5 and
75.1%, respectively, after 10 days cultivation. The maximum MLVSS was found to be 2.10 g/L.
The kinetic coefficients for organic digestion were determined in the following parameters.
Michaelis constant (Km), the maximum rate of substrate degradation (k), yield coefficient Y),
bacteria decay rate (kd), maximum specific growth rate (Jlm) and half velocity coefficient (Ks)
were 8.56 mg-COD/L, 0.44 mg-COD/mg-MLVSS/d, 0.009 mg-MLVSS/mg-COD, 0.0107 mg-
MLVSS/mg-MLVSS/d, 0.88 mg-MLVSS/mg-COD and 27,041 mg-COD/L, respectively. Also it
was found that the photoperiod at 24 hours gave the highest growth and organic removal.
Lighting from two sides and top of reactor gave higher MLVSS and COD removal than only from
two sides of reactor. Moreover, it was found that at higher initial sulfate concentration gave lower
COD and sulfate removal. At the initial sulfate of 9,000 mg/L, photosynthetic bacteria could
slightly grow but they still had efficiency for COD, sulfate and TSS removal of 49.1, 55.0 and
26.9%, respectively. MLVSS was found to be 1.04 g/L.

The effect of food to microorganism ratio (F/M ratio) (at 4, 6, 8 and 10 mg-COD/mg-
MLVSS/d) on the treatment of concentrated latex industrial wastewater using micro-aerobic SBR
(Sequencing Batch Reactor) was carried out at hydraulic retention time (HRT) of 10 days and
organic loading rate (OLR) of 2 g-COD/mS/d. The optimum condition was found at F/M ratio of 8

mg-COD/mg-MLVSS/d, which gave the highest efficiency for COD, sulfate and TSS removal of



)

94.4, 82.5 and 75.§%, respectively with MLVSS of 1.04 g/L. Moreover, the experiment using
sludge from aerobic pond of E-Hub Huad Company was operated at F/M ratio of 0.4 and 8 mg-
COD/mg-MLVSS/d compared with using Super PS at F/M ratio of 8 mg-COD/mg-MLVSS/d. It
was found that removal of COD, sulfate and TSS with the sludge, that had been acclimatized in
the activated sludge system in the laboratory, was lower than the experiment with Super PS. Also,
the efficiency of wastewater treatment using Super PS under sunlight and the light from a
tungsten lamp was slightly different. These results indicated that the commercial photosynthetic
bacteria were effective for treatment of wastewater of rubber industry. This might be the option
for wastewater treatment and reduced the energy consumption required for aeration. Microbial
community in wastewater treatment system using denaturing gradient gel electrophoresis (DGGE)
was investigated. It showed that purple sulfur photosynthetic bacteria (1 strain: PSB1) and purple
non sulfur photosynthetic bacteria (2 strains: PnSB1 and PnSB2) The raw wastewater (at the
initial stage without Super PS) had 7 strains; Escherichia coli, Pseudovibrio sp. JE062,
Desulfosarcina variabilis DSM 2060, Streptococcus suis 98HAH33, Desulfomonaspigra ATCC

29098T, Desulfovibrio desulfuricans and Desulfovibrio vulgaris.



(10)

a s

aanssudszma

3 Y Yt s a w ol

dhwdrvenswvennszan fiomans1n1sd as. Jozsan yayuas 0191567150
a o ¢ Yo o ‘3’ ¢ o aw o o o kY 4
MYIUNUD 'Vlﬂ?il!'ﬂﬁﬂ'lllﬂ%ﬂ'] %uuzuuamﬂumsmna uaznﬂumm"lﬂummummaz
o a = d  as dy ) a o o ¥ 4
MINPIUANUIRVUU saummnmuuﬁ"'lﬂflumswaummuwumauﬂ VYOUDUWITAM T3

o o 4 = = 4
AR AT.WUFY ﬂizlﬁiﬂﬁii‘w UsgsrunssuMsaouINGIUNUS 5')1]6\1‘5@\3
L4 £ v A A v A ° °

AR AT.ITIN YOND m“sumsQ’Lmuummmmmfmﬂ;imﬂﬁmuu:muamﬁ’mmu

a a ’q ¥ Y o X
uﬁ'"lsu:mmuwuﬁ“lﬂgﬂﬂmuaxﬁuysmﬂwu

o o o

YovBURMdNINNUNBINUETUAYUMSITY (an1.) SmTunuITsumTusa and.

9

awinomaniuazimaIulad (TRF Master Research Grants:  TRF-MAG) fiaiuayu

L o = o

NuMsAnY YUty Yadainods uminedoasvaiuaiun’ dusunuganyums

9 Y aa =2 a o =Y o I'd o ar Ha ¥ @ a o
AHAIIIIVY TIUDIUTEN L%Sﬂjiﬂﬂﬂﬂl"ﬂﬂ)ﬂ'ﬁ 1NA (UHIYU) w“lwnuﬁunaqumsnu ua

yplnlesfoaildlumsive

v
s a o ~

(Y @ o o o
YpUBURW NITUNITATANTT nazid i Inysym wiglaaduaieinis $ida

<

a o o

(UNYY) LATUSENDE

y °

uem 1A v Aasfuayuiagdy uazdeyanishiItealshnaen

Y

d A

U YOUYBUAUAUSYATINNITUINYAT UNIINVIAVAIVAIUATUNS mamﬁaﬁmuﬁuaz

Q

gunsel lums¥iisy

1 a
YONTIVYBUNITANUDI150 1UNIATFUNA TUTadFININQATINNTIY ALY

d

gATINAIIUIAYAS yndudoavaiuaiuns NdszdndssamIsimiediu
A ¢ % 1 o < o < Ay v
ma TuTadFnw uazvens LYo UNITAUBINIIRIATZALBYIAIUTITZAUgaUANY 114
g 3 a A = ' v ¥ a Y o ¥
woun1u§ Al luie vieuvuainaieg uazitlalenmaldldndrda ndh ad
2 vy Y g & = o
werageen savdseusu I itunilsluaufvesdenu
YONTIUVDLUNTZAN AUND fEILN HazgnAa dmSunmsamivayudumsitu uay
o o w 5 A EY @ A
fuddalelunisfinunlaenasn uazvevouqu fiq theuq Weeq tudndnymnau wae

@ o

= ¢ Aa (] 9 a Jd 1 :;’o d Y A
HIWBITSYIA AFTSAUA 'meumu“lmwmuwumauummﬁuy‘mmm

Ao o
AUNITIV IBIINY



(11)

a1sley
%
KB
VI D oo e 5
oY1 = Yo A 8
AN T U TN P e 10
DVTTD.vvvovreresseeesseeessee s e sssene s sss e ss st 1
L3 O T 7N & 5 13
B A O] T 2 (€ 10 2 S 14
U
1K 112 TSR
o ¥ A'
STE YR 1 VTS K RO USROS NSRRI i
NIATINDNATS
¥
- B INTIANAZOIAUTENOLUBMIIIWIT Yoo 3
v
S DTEUIUMITHAMU IV U oo 5
BT et e s e e e s e eesesesesee e eenee 9
b A o o g‘ =t :’ 9/ =
- m319na Tu Tagihianiude 159 e asun e Imn. ................. 10
a 3 o .
- ITVUUBNAUNAT am’ (Activated Sludge System).........c.coceeveeenan.n. 12
I'd
- szuueaiions (Sequencing Batch Reactor)...........coevveviviniininnnnnnn. 13
LA IFUAT VAL oo 16
b1
- mahuuanSedaunsizdinas ll¥mssiaindorazvoaude. ... 23
t a I'4 [] =y a2 o ==t
- MFUYTZANTIAUNAFNAATUDINITHBEADYAITOUNT & lAguLANITY
o s
R R R 11T FOUS TSRS SR 24
- AN Denaturing Gradient Gel Electrophoresis (DGGE).........cococvevuennee 30
w s Ay
2 Y09 Unsal Az EMsnaasy
- Jaq 33
- gilnsal 33
an a ¢
- BMSANTIEH 35

- EMISNAB0Y 40



(12)
M131eY (A0)

4
B
3 HANSNABBILAZINTEL
v £ 4
3.1 dnvazvoaindonnnsyuiumseamiiesdunazenamia.. ... 48
v Ed
3.2 USmavestlales ieaimmzaudmiumsnTyluinde........... 51
T o a = L4 ' = -
3.3 Fnwmdulss @nsvaunamansvosmsdesaasd1sounidlag
HUAREOFUATIEITUA. e 58
= J a I
3.4 AnywavouasromM s uasles M. ... 65
< [ v 2 Iy
3.5 An a0 aAAa NI T YUBUABTNIB e 75
] Y o o = A o 9 @ ~ d o
3.6 AnwmtlszanEmmmssdacsdunidlagledalgnssisiia
Micro-aerobic Sequencing Batc Reactor.................oool, 80
4 ajumamInAaeg
= UNATU s 98
 UBMEUBUE ..o 100
DMTITONIBY. ..o eieeteeeiee e eteeieeee s ettt ettt ettt e e 101
VARUIN ..o eee e et ese ettt ettt e e 106

UTETABIBOU . ..ottt e 111



Table

10

11

12
13

LIST OF TABLES

Components of natural rubber latex

Characteristics of wastewater from concentrated latex industry

Characteristics of photosynthesis bacteria

Characteristics of wastewater from wastewater treatment system at E-Hub Huad

(67 000 5 s K S

Effect of amount of Super PS as inoculums on efficiency of wastewater treatment

Specific rate of substrate degradation for 6% (v/v) Super PS in rubber industrial

wastewater treatment in batch system

..............................................................

COD and MLVSS in rubber industrial wastewater system with 6% (v/v) Super PS for
as ax

determination — and —
Xt

Xt
COD and ¢, in rubber industrial wastewater system with 6% (v/v) Super PS for

......................................................................

determination § |:—-¢°——] ..................................................................

Kinetic coefficients in rubber industrial wastewater treatment in batch system with 6%
(v/v) Super PS

Effect of light direction on efficiency of rubber industrial wastewater treatment

with 6 % (v/v) Super PS at light intensity 4,000 TuX.........coovvveiiiiiiiniiinininn

Comparison of wastewater treatment system between ctivated sludge from E-hub huad

Co., Ltd and SuperPS. ...
Efficiency of wastewater treatment between the sun and the light from a tungsten lamp...
Sequence analysis of dominant bands excised from DGGE gels derived from bacterial

16S rDNA gene amplicons (% - percentage of similarity between the 16S rRNA gene of

dominant band and the closest relative in the NCBI database)

.................................

(13)

Page

21

50

57

58

60

62

64

75

90

94

97



Figure

10
11

12

13

14

15

16

LIST OF FIGURES

Concentrated latex production and wastewater resulting from the manufacturing
Process

Activated Sludge system

Cycle of sequencing batch reactor

Brief classification of anoxygenic phototrophic bacteria

.........................

The shape of the photosynthetic bacteria through a microscope
Moving on to the polyacrylamide gels of DNAby Denaturing Gradient Gel
Electrophoresis

.................................................................................

Diagram of reactor for the culture of photosynthetic bacteria

Reactor for the culture of photosynthetic bacteria with tungsten light..................
Diagram of micro-aerobic sequencing batch reactors with tungsten light at 4000 lux
Diagram of all the experiment.............oooiiiiiiiiiiiciiiii s
Diagram and sampling points (1-6) from the wastewater treatment processof E-Hub
Huad Co., Ltd., Songkhla, Thailand.............c.ccoiiiiii
The growth of commercial photosynthetic bacteria (super PS) on the G-5 medium

Effect of commercial photosynthetic bacteria (super PS) on the efficiency of rubber
industrial wastewater treatment (a) concentration of COD and (b) % COD removal
in batch system with the whole day lighting at intensity 4,000 lux.....................
Effect of commercial photosynthetic bacteria (super PS) on the efficiency of rubber
Industrial wastewater treatment (a) concentration of sulfate and (b) % sulfate
removal in batch system with the whole day lighting at intensity 4,000 lux............
Effect of commercial photosynthetic bacteria (super PS) on the efficiency of rubber
industrial wastewater treatment TSS removal in batch system with the whole day
lighting at intensity 4,000 TuX.......oooiiiiiiiiii
Effect of commercial photosynthetic bacteria (super PS) on MLVSS of rubber
industrial wastewater treatment in batch system with the whole day lighting at

intensity 4,000 lux

............................................................................

(14)

12
12
18
19

31

34

34

35

47

49

51

53

54

55

56






Figure

26

27

28

29

30

31

32

33

LIST OF FIGURES

Efficiency of Super PS (6,8 and 10% (v/v)) with lighting on 2 sides and top of
reactor on TSS removal of rubber industrial wastewater treatment in batch system
with the whole day lighting at intensity 4,000 lux.........c.oociiiiiiiiiiiiiiniiieene
Efficiency of Super PS (6,8 and 10% (v/v)) with lighting on 2 sides and top of
reactor on MLVSS of rubber industrial wastewater treatment in batch system with
the whole day lighting at intensity 4,000 TuX...........ccooiiiiiiiiiiiiiiii e

Effect of sulfate concentrations of Super PS on % COD removal of rubber industrial

wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch

1 15 1 1

Effect of sulfate concentrations of Super PS on % sulfate removal of rubber industrial

wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch

R 5] £ 1 ¢ P N
Effect of sulfate concentrations of Super PS on % TSS removal of rubber industrial

wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch system......

Effect of sulfate concentrations of Super PS on MLVSS of rubber industrial
wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch system......
The MLVSS in Micro-aerobic SRB at F/M ratio of 4, 6, 8 and 10 mg-COD/mg-
MLVSS/d (OLR 2 g-COD/L/d, HRT 10 day) reactor 1-4 (with Super PS addition)
and reactor 5 (control, without Super PS addition) and F/M adjustment at light
intensity 4,000 TUX......oiiieeiiiiiiirre et ern e st e e e e e e rnrrenaes
Effect of % COD removal in Micro-aerobic SRB at F/M ratio of 4, 6, 8 and 10 mg-
COD/mg-MLVSS/d (OLR 2 g-COD/L/d, HRT 10 day) reactor 1-4 (with Super PS

addition) and reactor 5 (control, without Super PS addition) at light intensity 4,000

...................................................................................................

(16)

Page

73

74

76

71

78

30

82



Figure

34

35

36
37

38

39

40

41

LIST OF FIGURES

Effect of % sulfate removal in Micro-aerobic SRB at F/M ratio of 4, 6, 8 and 10 mg-
COD/mg-MLVSS/d (OLR 2 g-COD/L/d, HRT 10 day) reactor 1-4 (with Super PS

addition) and reactor 5 (control, without Super PS addition) at light intensity 4,000

Effect of % TSS removal in Micro-aerobic SRB at F/M ratio of 4, 6, 8 and 10 mg-
COD/mg-MLVSS/d (OLR 2 g-COD/L/d, HRT 10 day) reactor 1-4 (with Super PS

addition) and reactor 5 (control, without Super PS addition) at light intensity 4,000

Color of wastewater before and after with and without Super PS................coooei
Comparison wastewater treatments using sludge from aerobic pond of E-Hub Huad
Company between F/M ratio as 0.4 and 8 mg-COD/mg-MLVSS/d at DO 2 mg/L,
OLR of 2 g-COD/L/d and HRT of 10 day.......coooeiniiiiiiniiiiiniiii e
MLYVSS concentration of micro-aerobic SBR system with 6% (v/v) Super PS under
sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-MLVSS/d,
ORT 2 g/L day and HRT 10 day).....c..cvuiueuiiniiniiiiiniiiieie e eenenseneens
Figure 39 Effect of % COD removal in Micro-aerobic SRB system with 6% (v/v)
Super PS under sunlight and the light from a tungsten lamp at F/M ratio 8 mg-
COD/mg-MLVSS/d, ORT 2 g/L day and HRT 10 day)........cccooevvriiniiiiieneninnnnen.
Effect of % sulfate removal in Micro-aerobic SRB system with 6% (v/v) Super PS
under sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-
MLVSS/d, ORT 2 g/ day and HRT 10 day)........covvevnininiinriniieeiniinieenennnns
Effect of % TSS removal in Micro-aerobic SRB system with 6% (v/v) Super PS
under sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-
MLVSS/d, ORT 2 g/l day and HRT 10 day........ccoeiiiiiiiiiniiiiiieieneiineenanes

oY)

Page

85

86
87

89

91

93

93



(18)

LIST OF FIGURES
Figure Page

34 DGGE file, M: Marker; Lanel: Untreated wastewater; Lane2: Super PS; Lane 3- 7:

wastewater samples from micro-aerobic SRB at the cultivation of 7, 14, 21, 28 and



o ¥ d‘l
UninaULIod

I a Ao w o a
samsniuinasvgfndylumaldveslszmalng ek ldiRagaamnssy

v

~ o U ¥ 1 ] o J
U1ﬂu1ﬂﬂlﬁﬂ']%ﬂﬁﬂﬂﬂ"ﬂw15'} YU mme%’u SN HILRY NTUAIU Qﬂﬁﬂfnﬂ YITIDYUA

y ¥
v o A @ v

2 S d Y a ¥
pazudIusoous 1Wudu 3 2550 Uszimea Inods0ons1awI5INITU 2.050 AIUAU YOAINS

v

3 Y

[ ° dy I g a a
devengad 153,429 duum Tagludmauiinihunieressssusna 0.027 Audy 1eevu

=y

0436 R1UAU 019UNT 0.681 RIUAY UAZHIITITUVIADYU 9 0.148 A1uAu (d1inuITe
a 2 ¥ Y P a ¥ ]
IAsugRIMIINYAT, 2551) Falssnugadmnssnhendussiiinnusnumalaseudisuay

manz Jusonvuaslszna

3 v 4 2 a

g o = z o Y a LI Y
miuﬂsg1Juwnﬁﬂuazmmwuwuﬂauwﬂa'lﬂmﬂmmuvlu'mzmzmumsma

E 4 £ ]
° °

3 = a o a A 1Y o o 9 A A a 3
MANUATOIA NITRAUATAY 1FU ﬂiﬂ"]ﬂﬁﬁ’)iﬂ ma‘l‘nmmw‘um uJuﬂu FIUNTUNINAVU

R

Vo

] ,O‘ g g = ¥ 1
RS mmvesdamags wu dudoninTssnuniiondu laniideiiaalorsyglusis 3,500-
14,000 Hadnsuredns Meveylusia 3.7-5.5 TlSuadamasglusis 500-2,000 fodniuse

a o ¢ ¥ 1 a a o " a
9935 (Mohammadi et al., 2010) Llﬁg‘lﬁll'lm“lfﬁvlﬂﬂ‘ﬂﬁﬁuﬂ fl"é)ﬁﬂ’ﬂ 1 yaansuneans (NIu

otlwnm’ Y o

o o (3 4 =~ a
AIUANUINY, 2548) M idinaniy laTasisudaliavulunisdinin onnaney

o g; [ : a o (3

1glasioudalidsassazfudimaauvowuniiGongundaiimu Mldtsdinmi
A4 o @ a aa o B @ A 0 q ¥ a '
gunwanas uazilohMydanmiil laTasieudalddlumadimw s iiiamsgnien
4o
YOUATOIINT
o o o g ,O'
Jagudimsitoweaunis lumsmuuamainimindeningaamnssuinndy
@ d o & o v 3 4 a
msluuafiBedunrsiiaathunnmailslumsiniminge msldgleihon wanlae
a o a o J o o 2 d A & o w ¥ a da
¥3n wigylnasmuaiomis $1aa wwivw) Sulumadennilslumstiiaindeiidinu

o ¥ Y A J A o A VoW 4 ~
ﬂlawmﬂﬂqwmisNmmmwu luﬂﬂi]'lﬂ“ljﬂlﬂﬂiwm’d l"lJ‘ulL‘lJﬂ‘YlLiUﬂQUf’N!ﬂﬂm’lu’d\‘m



o

1 4 H r'd
Usgdansnmlumsisamy lalasnudaind dasadenidulny Litignisanseu ludlu
funedaIndeonlusssuma

a e -1 [ 's a e a [ d o o
MUY TIU vlﬁliﬂﬂ?']llﬂiglﬂi'lzﬂﬂ'lﬂﬂiyﬂ N?i’giﬂﬂﬂm“ﬂﬂ’lﬂ'ﬁ 109 (WHI1TFY)

A o L) 3

o o o ° & oo
werhmsanyims I9glleiRealunmstnimindoningaamnssuthotsdu Fameusin
o 1 o a o @ a a o o o A
fana1 esmbhwamsise hefuayulssantnmvesgilos e nazduilumsimu

1 o ] N o 's o o = Y I'4 o w =
T’ﬂmmﬁE)"]smmmmuwwammmmm UIYN L%imiﬂﬂﬂmm@’lﬁ'ﬁ NG (WHIVU) f)ﬂ?’a{'JU






crude latex

add NH,, TMTD/ZnO

add DAP
Centrifuge the latex
water > & —> wastewater —
Concentrated Latex skim latexX ——» serum ———

add sulfuric acid Skim rubber

Tanks latex

water ———p Skim rubber process | —p wastewater—»

!

Skim Block / skim

Rubber trap
v v

wastewater Scrap tires

v

wastewater treatment

Figure 1. Concentrated latex production and wastewater resulting from the manufacturing process
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Table 2. Characteristics of wastewater from concentrated latex industry

Parameters Values
1 2 3 4
pH 5.72 1.56-2.15 4.7+2.7 4.25+0.04
Temperature (°C) 30.0 25-27 28.742.7 -
BOD, (mg/L) 4,430 1,482-2,500 3,867+1,687 7,320+15
COD (mg/L) 7,996 2,245-5,700 5,537+1,005  12,050%17
Total suspended solids (TSS) (mg/L) 1,128 265-468 501.3+129.9 -
Total sulfide(mg/L) <1 - 28.1+8.2 -
Hydrogen Sulfide (mg/L) <1 - - -
1,102 - 2,167+424 8,800+25

Sulfate(mg/L)
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Figure 2. Activated Sludge system
i Thonglimp et al. (2005)
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Figure 3 Cycle of sequencing batch reactor

137: Metcalf and Eddy (2004)
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ansi Toauaz®lof 98.6 Haz 89.3 % mud1a uandaninaalush 12 luawnsoaai lodua
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samulszansnmmsand lonen 89.3 111 92.8 %
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weaInsndestazuuniaY sazannsasssialuaning Yemeald ﬁsmfmﬁmmﬂ
#3lonaolsHad (bacteriochlorophyll) LAY A 15fuewd (carotenoid) nsdanseuaaiuny
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purple non—sulfur bacteria (PnSB) Funuaiiioduns oA \1%1W’Jﬂﬂuﬂwu‘lﬂ
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ia uﬁm‘lumwﬁ 4 (Sasikala and Ramana, 1995)
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¢S A P Y ' /o a o Y a
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(physiological) an¥MENWA T wazguauianieduail oen'ld 3 nqu fe purple
phototrophic bacteria, green phototrophic bacteria It0& Genera incertaesedis (Staley et al., 1989)
ansoagyI&fmsedi 3
7.2.1  Purple photosynthetic bacteria

v A q a d a J
suanFenguililuiuames Tonns IsHaaieuaz D 3 397 (Staley e al., 1989) AD
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¥ ~ . v qy a add ' o A4 o
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Anoxygenic Phototrophic Bacteria

Purplie bacteria Green b!cteria Gener! Incertae sedis

Chromatiaceae Ectothiorhodospiaceae Purple non- Green sulfur
Sulfur bacreria bacteria

Genus Gerus Genus Geis
Chromatium Ectothiorhodospira Rhodospirillum Chlorobium
Thiocystis Rhodopila Prosthecochloris
Thiospirillum Rhodobacter Pelodictyon
Thiocapsa Rhodopseudo- Ancalochloris
Lamprobactor monas Chloroherpeton
Lamprocystis Rhodomicrobium
Thiodictyon Rhodocyclus
Amoebabacter Rhodoferax
Thiorhodovibrio Rhodoplanes
Rhodovulvum

Figure 4. Brief classification of anoxygenic phototrophic bacteria

#1: Sasikala and Ramana (1995)

Milticellular filamentouse
green bacteria
Geis
Chloroflexus
Heliothrix
Oscillochloris

Chloronema

Pa—

Herio
bacteriaceae
Genus

Hellobacterium

Heliobacillus

A\

Genus

Erythrobactor

Roseobactor
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wielsTedamaidludWa@nasoulunsduane e waalzlsaviou naw nazguinded
dus o Tasmsuaninio vien1sutada indoudild waz 18 InTafidadu-himadediag
una oS gluaniw lifioondnuutaniniidmiiouluanimiieendiou HAUNNINTT
MA0I-1987 A20819LUANG ﬂna:miaaf:"lﬁ'ud Rhodobacter, Rhodocyclus, Rhodomicrobium,

Rhodopila, Rhodopseudomonas Way Rhodospirillum

Figure 5. The shape of the photosynthetic bacteria through a microscope

u7: Staley tazAME (1989)
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7.2.2 Green bacteria
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7.2.3 Genera incertaesedis
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7.3 Metabolism
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Funszriumegaduuas 1dA1um23 800-900 w1 Tuimns (Sokatch, 1969) Tasdmlnauundity
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(photoheterotrophs) VEL T‘Niﬁ@’ﬂﬂgﬂﬂui‘ﬂﬂ (photoorganotrophs) (Suwasa, 1990)
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Hydrogen donor : H,O
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Hydrogen donor : Organic compound
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10. (MAUR Denaturing Gradient Gel Electrophoresis (DGGE)
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Figure 8 Reactor for the culture of photosynthetic bacteria with tungsten light






36

2) COD (Closed reflux method)
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4) Solid (Gravimetric method)
s ¥
A5 U1v8LIINIMNA; TS (Total solid)
o 9 A 4 a a g &

puRethedaunsuiiivafigumgil 103-105 saruwaida Wuna 1-2 $2lu
4 < a d o ¥ @ ~ o ' ¥ a aa ' 1
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T a o o 1 A =Y a |
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& 2 = a 4 s 3 o o Y

1 $2Tus Reltisulwadniames udrdaimiin (A) AnnslSnavewsinmug

TS (mg/L) = (A-B)X10°

3unsae1e (Hadans)

AR INEIveS SUIABIRANLA; TSS (Total suspended solids)
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Wiuluadmnaed suiminounedi 8) ndantunsesdasdini 30-50 Haddas Ao
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hat 1 2 Tuanalmidulundnned udadarimiin (a) sunadnsveudauiuasy
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TSS (mgll) = (A-B)X10°

Bumsaete (iadans)

-MVLSS (Mixed liquor volatilesuspended solid)
1 a o & 2
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a an 4 I'4 %’ & o 4 =
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s Slunat 1 92 TuenaldiBuluadnames udrsnimin (A) nasninduiinizany
P a o & 4 a &
nseslUimniigungil 550 esruaaiEoa iwnan 1 F2luaeltiBuluainimnes udqd
H o o
Wmiin (C) muanSin MVLSS

MVLSS (mg/L) = (A-B)-CX10°

uniaiotie Giaaans)
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5) Ysmnadama Tao353anuu (Turbidimetric)
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nugama (mgL) = Bunudamanomnns i (lulasni)
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6) Winaudalva (Iodometric)
inhidefrumsidensdaniindutinns 200 faddas Aumsazaneded
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ldnduasllurmlRewdadinbindu s 100 Saddashmsinseitinudalid
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Pnada i lualisen =a-b Naansuauy
130 =(a-b)(17) Hadniu H,S
30 = (a- b)(16) Hadnsu S

¥
ar

¥
Nailileann 1,8 = 17 fadnsuduya uaz S =16 inaniuduya

[ a ¢
7) SanaIULIMIsABYAUNIS  (F/M ratio)

@ J 1 LY a a d ¥ a A
F/M ratio 14nwﬁmmmaummumunmsﬂumU“lummﬂm{l’ﬁ:nu

" o \ o’ 1 ‘o’ o
(ﬂIﬁﬂiilﬁlﬂ’Ju) aoumuUNazNoU (Kaewsuk et al.,, 2010)

v ' - 4 H > a add g V@
'E)ﬂi‘lﬁ’)‘uﬂ’m'liﬂﬂ‘mu‘niﬂ =1NMHUAYDIAITOUNIENNITSUUADIU

¥ = v =
viminvesgduviddlusufverne

%’ ) A 9 o a s o
=1viinves BOD iihiilun Tansu/iu

¥ Py [
simiinues MLSS lusaduena@ laniu)

v v 9 '
8) nMPNUEIRY (HRT) fessuzinmmindesyluszuy

a [ ¥ o L4
Taen padauil = 1511A3Y9303 (RPUIANIAS)

@ H ¢ o
aﬂi"ﬂ'ﬁ'l'ﬂ a'llmml?w (gﬂu’]ﬁﬂluﬂi/')u)

s d
9) FMIAMITUUNAEIIOUNIE (OLR)
S o @ a  ad L jas A ¥ a4 9
s sasimssuasdunidluzldled sinduden lnarh deysuias
a aaa w t o b a a
voefall§isen 1 awy. Tuszezna 134 ldmisudlu nn/au. (RYFSNS 131I003,2538)

OLR = AT UYBY COD

HRT

10) 1u)sun331 SPSS (Statistics Package for the Social Sciences)

Sample T-test ¥94 TUsUn33 SPSS WunsnaaeuA syl 2 guMIiAIY

.
s -

uansaturiel sgraihisdignisadafissAuanuideiu 95% (b > 0.05) Tasmsilon

v g K4 = o .
Yoyanslu work sheet lasuiiuilu 2 aeauu M5ANIIEA IiBoNY Statistic\One, Two,

y ' o ]
Multi-Sample tests\Pair T-test  9Invuidonguesdandsiidesnsafioudioy ududen
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A J d Y LY A @ o £ ) a G4 LY
yfom — annsmez ldanudunsmiedulszanimaniguoagaunsy (Y) asyann

A W a o d
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. 3 ° o o
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9.
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o ga 4 -]
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Figure 11. Diagram and sampling points (1-6) from the wastewater treatment processof E-

Hub Huad Co., Ltd., Songkhla, Thailand.

Note: Aeration pond 2 is used in case of the excess wastewater.
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Table 4 Characteristics of wastewater from wastewater treatment system at E-Hub Huad Co., Ltd.

Parameters Position
1 2 3 4 5 6
pH 5.7 5.7 6.9 6.9 6.9 6.9

BOD( Biochemical Oxygen Demand ) (mg/1) 26,587 6,942 1,865 116 73 58.9

COD (Chemical Oxygen Demand) (mg/1) 38,100 11,346 4,663 326 286 251
TS (Total solids) (mg/l) 5,824 5,824  1,78523 757 698 469
TSS (Total suspended solids) (mg/1) 1,235 1,235 547 259 169 135
Sulfide (mg/) 21 18.6 <1 <1 <1 <1
Sulfate (mg/1) 3,247 3,125 1,250 923 852 799
% COD removal 58.9 93.9 12.2 13.7

% sulfate removal 60.0 26.2 8.0 6.3

Note: position 1: effluent from EQ tank, position 2: after adjustment of COD concentration,
position 3: effluent from aerobic pond, position 4: effluent from sedimentation tank, position 5:

effluent from oxidation pond and position 6: effluent from wetland
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Figure 12 The growth of commercial photosynthetic bacteria (super PS) on the G-5 medium
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Figure 13 Effect of commercial photosynthetic bacteria (super PS) on the efficiency of rubber
industrial wastewater treatment (a) concentration of COD and (b) % COD removal in

batch system with the whole day lighting at intensity 4,000 lux
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Industrial wastewater treatment (a) concentration of sulfate and (b) % sulfate removal

in batch system with the whole day lighting at intensity 4,000 lux
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Table 5 Effect of amount of Super PS as inoculums on efficiency of wastewater treatment

Parameters The amount of Super PS as inoculums (%) (v/v)

0 2 4 6 8 10

COD removal (%) 40.9 659 721 929 882 871
Sulfate removal (%) 31.3 63.5 65.8 82.5 796 794
TSS removal (%) 19.1 31,0 446  75.1 63.1 499

MLVSS (mg/L) 1,178 1,378 1,543 2,102 1,911 1,908
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Table 6 Specific rate of substrate degradation for 6% (v/v) Super PS in rubber industrial

wastewater treatment in batch system

Day  COD effluent MLVSS 1/U cop]” %COD removal
(mg/L) (mg/L) (mg/L)"
0 38100 1,235
2 22725 1405.18 0.18 4.40x10° 65.9
4 15453 1525.59 0.42 6.47x10° 72.1
6 10908 2037.43 0.89 9.17x10° 92.9
8 5432 2478.17 0.91 14.81x10° 88.2

10 2701.3 2647.67 1.9 37.02x10° 87.1
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Table 8 COD and ¢, in rubber industrial wastewater system with 6% (v/v) Super PS for

determination S —¢L——
[1 + (kd X ¢c )]

é, COD effluent (S) ‘ S|: é. ]
(day) (mg/L) 1+(k, x4.)
0 38100
2 22725 43777.6
4 15453 57424.7
6 10908 58718.8
8 5432 37696.0

10 2701.3 22680.9




NN

1Y a a L
k, Mu10D9 6A3INIA18v0IRAUNEH (31)

P=3 Yy 9 a Aa o S a1 a
S KUY ANULVNVUVDINTITDINIT (Nﬁﬁﬂﬁu‘ﬁiﬂﬂﬂﬂﬁﬂi)

NAAUMIFUATIN 180N T I (MINA 19) ANUFUVDINTIHININY 1.1299

HAZIAAALNY y 1MPY 30729 aInhIAININ L itag Ks

v o a d o
@, nuNeDa 5ztjznmnmﬂnmnauqaumﬁmzuu (M)

n, = ANUFUNTIN )
= 1.1299"
aooa [ = =] d' A' 3 t ) ar
= 0.88 ifiadnTunaznougdunidimuiiuaeliadniuaznou
yauvisdmdeluszuudeiu
Ks = PAAUNU Y x L (10)
= 30729 % 0.88
= 27,041.52 Haaniud loAnoans
60000 -
*
50000 -
£ 40000
> 7 y=1.1299x + 30729
& e
X 30000 - * R:=0.9178
¥
i
X 20000 -
g
106000
o 1 1 I i |}
0 5000 10000 15000 20000 25000
COD (mg/L)
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Table 9 Kinetic coefficients in rubber industrial wastewater treatment in batch system with 6%

(v/v) Super PS
Kinetic coefficients Constant
Maximum rate of substrate degradation, k (mg-COD/mg-MLVSS/d) 0.44
half velocity coefficient, Ks (mg-COD/L) 27,041
yield coefficient, Y (mg- MLVSS/mg- COD) 0.009
bacteria decay rate, Kd (mg- MLVSS/mg-MLVSS/d) 0.0107
Maximum specific growth rate constant, Ll (mg- MLVSS/mg-MLVSS/d) 0.88

Michaelis constant, Km (mg-COD/L) 8.56
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Figure 20 Effect of lighting period on the efficiency of rubber industrial wastewater treatment

with 6 % (v/v) Super PS at light intensity 4,000 lux (a)concentration of COD and (b) %
COD removal
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Figure 21 Effect of lighting period on the efficiency of rubber industrial wastewater treatment

with 6 % (v/v) Super PS at light intensity 4,000 lux (a) concentration of sulfate and

(b) % sulfate removal
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Figure 23 Effect of lighting period on MLVSS in rubber industrial wastewater treatment

with 6 % (v/v) Super PS at light intensity 4,000 lux
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Figure 24 Efficiency of Super PS (6,8 and 10% (v/v)) with lighting on 2 sides and top of reactor
(a)concentration of COD and (b) % COD removal of rubber industrial wastewater

treatment in batch system with the whole day lighting at intensity 4,000 lux
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Figure 26 Efficiency of Super PS (6,8 and 10% (v/v)) with lighting on 2 sides and top of reactor
on TSS removal of rubber industrial wastewater treatment in batch system with the

whole day lighting at intensity 4,000 lux
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Figure 27 Efficiency of Super PS (6,8 and 10% (v/v)) with lighting on 2 sides and top of reactor
on MLVSS of rubber industrial wastewater treatment in batch system with the whole

day lighting at intensity 4,000 lux
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Figure 28 Effect of sulfate concentrations of Super PS on % COD removal of rubber industrial

wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch system
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Figure 29 Effect of sulfate concentrations of Super PS on % sulfate removal of rubber industrial
wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch system
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Figure 30 Effect of sulfate concentrations of Super PS on % TSS removal of rubber industrial

wastewater with 6 % (v/v) Super PS at light intensity 4,000 lux in batch system

T4 . a o a a o v ¥ a
m‘)ﬂmﬂﬁmi’)‘nﬁ]ﬁ’Jlﬂﬂzﬂlﬁu'lﬂl?ﬁu‘nitﬂugﬂ‘llﬂd MLVSS 9423015311 uauuge

4 a o g L) g '
mnmsmamwmwﬂ?mmi}au'ﬂ‘%tﬁuszummmiumﬂunﬁﬂisqnummaa’futmztmu'm

4 &
SINNY

2 o A

uludud 2 D93ui 10 (00 31) ganrugu Snudamaisudu midy 3,247

<2

Qo s

a p] a ) ~ o o o 2 o ]
aaniuaAndas) TSuugdunidluszrmnniiga ndamstniafSunagaunidluszuueg

f=4]

ar L)

ot a a @ 1 a A [ ar H v o a a

7 2,105 YAANITUADAAT meﬂmﬂomvﬁ'm?'u‘Uﬂwmﬂm‘ummnﬁmmmJ 6,000 HaaNIUADIAT
@ o w ld‘ a a o T a d' o Y 9

naamstdadsuis MLVSS 111531J1J8Q'YI 1,202 4aNINADDAT taziodSuaNuIUNIHYDY

ar %’ =t v oas a A "oa o/ o o ':;

FalnvoduTonIN 9,000 HOANTUNOANT naan1siadsuis MLVSS 11«!53U‘U9Q‘ﬂ

1,041 fiadnsunoans

¥
Qv o o =)

13 " A = =) i)
aniudamalinanenisin’ guesgluleieailosnindilinisiiyveuniite

)
<2 s @

s a o a :; (] -t ° |l Iy
SRS AN (SRB) TuilSuanmuzaslussuy goulinisminuauasudanulazn

st A o

sennnuaideduaeviaazuuaiE o Adaaima (SRB) (Honda, 2005; Madigan ef al.,

[]
=y

& o 1 = &’ ’u’
2000) TIADANRDINVHANINATDIN 3.6.4 TumInTeiaNuraInnawveuso i uden

g

v o & \ ] a o 3
Nirumsinia aulngidlunuafiidadfddama (SRB) 14UA Desulfosarcina  variabilis



79

DSM 2060, Desulfomonaspigra ATCC 29098T, Desulfovibrio desulfuricans Wo% Desulfovibrio

. aa aa o ° Y A a o o ¥
vulgaris LUANEIAIGFaIA (SRB) szviminAtsengaundIsdsenoudamanilv

td' 4 ~ 1 o/ é N4
nlavusalraneglugilvesleTasivuda lWd (1,S) (Honda, 2005) FelaTaswuda lwa (H,S)

aa X Aad o ¢ yd| o q yYa d o P
nnavu nuanisedunsizvnatsslsiludllvoanaseulumsdunsievuds (Staley er al,

) P=} 9 9 Y - p=} ° Y a =~ A o
1989) Lmmaclu5zUuummwmuﬂmwmwwum 11Nﬁ‘ﬂﬂ’ﬁLﬂﬂﬂﬁ&%iﬂﬁl@ﬂlmﬂ‘m EJ Ay

r=} = 5 s o L d' o a’/ o
Fala (SRB) luszuudsmannanu 'l ulludmsddgi hldudimsmhauvesaaliles

o

= a LY ' A Aaa Jdo a S o o A ' a
WY LHAZLINANTITUVIVU IS U INUUANIIYTAIY awlsmmzQaumwﬂsﬂmwmaiumsuqu

N

g ’ ’0’ = Nl [d
asomIsuenniidalisiesiun minindelinnududuvesFarage sz W sulfate
3

v ¥
reducing bacteria 199 Wm;mu°7|uazﬂaaumswymwmmmitgeum PnSB (Honda, 2005,
4 =) a a o @ = o Jd

Hansen and Germerden, 1972) uagtiiofSsuiiovdseaninimaistitaaisounsgvss
- a o & ot ) ot o ¥ a & v X a oo
younsggnlesmea sy minlfinadamalnindoGuaugeu dssdnsammsoan
Py a o <] 5 P ?,’, :’l’ =1 o s J

% 1of Farla 1Az voIIUVIUADININUAGADRS (NTWN 28-31) NIUKNAIINYAUNTEYN
o & = 3 ' 1 o 4 ] -3 a a J o
Fugamsniey (A1 MLVSS aaasedianiuldsalunmi 32) edelsiamqaunsdyplules

o %’ 4 o a a o VA a

wadiaunsawigld lnindontifSuudamagde 9,000 Nadniudedas (szdninmms

Y

o ) r=}
ANCEAGT

o

[~ g‘ [ Y]
ae 1Az S U IUVDWVUVIUABINIHUA ININD 49.1,  55.0 AL 26.8 %
o o s 5 o d o o %’ =Y 4 v

auday) andiulumsisegnaldgplidesfiealuszuniniminaesss imanulsmuls
voellSuadamanoudrauin o1nru JUSuiuFamaminy 8,800 Hadniuneans (1.
a o ¢ o 4 =1 1 Sa 3o o a o o w ¥ a o A
353an Sunines, 2552) setrunglalesnieandativssanimmlumsiniavuie wazdell

% ] ] o a o o s
Yszaniamihtamsdunidianimslildyglulesfea @szdnimmwmsihiadled
[Y) [~ 5 1 @ o @
Fans 1azl5UIUVDWVVIUABENINUA INAD 40.9, 31.3 HaL 19.1 % MUY 1NN

MINANBIN 3.2)






81

A d A -

sauvisdniayldnniigmlszine 2,450-2,500 Tadniudedas Tugamsnanesfilimaiy

hosRiod (Reactor 1-4)

o

1 a Y o = 1 aa g ~ s g YA ~t
PFIUTUAUITTUY (28 IU) L‘]Ju‘lf'NVﬁJﬂ'l'ilﬁUQi]‘ﬂu‘VliUiﬂnﬂ%lﬂﬂuWUQWQLLﬁz

a IS =

o ’o‘ 4 o o 4 o ' a =34
ﬂUNTL%U‘?\ﬁlﬂQﬂ1SU1Uﬂ 5883“5ﬂﬁi}ﬁuﬂiﬂﬁ'lu'ﬁﬂﬂﬁmﬂuvlcﬁuOE)ﬂN'IEJEJEJﬁfﬂUﬁ'ﬁ?)U‘VﬁU

Y ' o ' v 3 a ' d A o Ea) 4 '
s uaszuudllannsosuindveiaudui frsnsel s, 2546) iessuuidganiy

AsH (Steady state) iSlursafigaunidudeus wazauysel Funa I8 S name o
sthasani lugaiiiimsdugluleifiea ez inand madsulasdandietueld
1 dlefims¥ems Aewdude) uBnand qﬁu"n‘%t‘fﬂ:ﬁﬂ?mmtﬁu%muﬁafgﬂ?'lmms
'I:J'tﬁmwwiamwﬁ'mmsﬂumq?\uﬁ%Jﬁtﬁuﬁu gufusasmsianazmsnwezlndifeaty
(Wy51n591 908, 2546) mﬂmsmaawzLﬁuiwsznuémaﬁusﬁ?’anwii"uﬁ 14 WuN luganis
naaesRTimsEuLLARG sdunsziuaamamsh galuleded (Reactor 1-4) 5TULAWIIH
a3 lofe1n 20,000 Tadniudedas indellszunni 3,900 - 4,200 adniunodns

=

a o o a d iy 4 =
Uszaniamussnsiiniadiunad Tedamiii 79.0-80.5 % uazluganmiananssh hilimsiay
Aaa o 4 ¥ o A = a
nuaidedunssduaeneametglidesiied (Reactor 5) szvummsnaninuGlenn
20,000 Hindnudeing mdiolszan 13,302 faaniureanslszansnmmnstiian® lodfa

[ o {
ilu 33.5 % uaRIRInIvg 33
4 J [ a T .
1BNINTINUI Oxidation-reduction potential (ORP) Tude1l§nssixtia Micro-
. . a0 ¥ U P a a Jd o 19 = =
aerobic Sequencing Batch Reactor 10 lusa4 275 fia 240 find 10a Ml hideslinmsau
o A a ) 2 Y & '
faluTasudu@nlumsine ORP daeandeIn1sAnyIvee Izu et al. (2001) FINUN
' ' a - d o
MnTiN15AIUANA oxidation-reduction potential (ORP) 1¥Bond1 200 Had 1204 A
wuafiFungu PasB W3gpnnndmuafiedus luszuy uagA1 OLR Aimmnzaundseglusn

300 1a -200 Taa 1nad (Kaewsuk et al., 2010)

[y) d
3.62 ONINAVBIBNTIAIUVBILINIINGYAUNIE (F/M ratio)
MWaveIMsENAuszuuluganINAaesdi 1 (Reactor 1-4) ANNILUTUYDY

Buuaznouydurss (MLVSS) gagasgh  2,450-2,590 fiafinfudoding (il 32) uae

@ =

‘lr ::T a 3 a & g Y a a 1 a 8 @ ' '
FUIUY loAYDIH AT ULTUAUININD 20,000 uaaﬂmﬂaamﬂmﬂuamﬂmummmwwm')
o

- ' o oA g o

a 4 [ Y a a o Y o ] o
Y8UNTH (F/M ratio) i1 8 fiadniud TodreiiatinSuiuueniiomadan iy atnelsnaw'ld

a ey

.} v oo 1 4 a N 0w ’o’ a ’o’ 9y a1
uiwamfnammau«umamﬁﬁaqaumuw"lﬂussuummmmuisNmmmwunm

] o/ oY) o i o, s i ] o o g’
Wy 0.4 Taandud TeAdediadniuiduuendioaeado i (Thonglimp ef al., 2005) AUy



82

4 [Y) » ] a d v ar a a o Y A a W =1
mimamﬁmmﬂ%’amﬂmu‘ummmmaQau‘n‘%mmnu 0.4 fiadnsud ToAnalaaniuwou
= [] o 9 o o 9 g o =y s ¢ =

neademoanssundd suiludeudsalSuuasnougdunid (MLVSS) ludSummunn

-{ 4 o ' . VoW A a o a a1 a a « 4 =
UOAINEIINMWA 32 HaadliIF U F/M ratio iNAV 8 Tadniudlednsliaanivonea’

L] o o o %’ o’ %‘I 3 o
waoase Ty dusotitarude1dssuin 80 % dniulumsnaneaiiininiinaaes

[ U = a o

$n31dIUVDIOMITABYAUNSE (/M ratio) 4 A1 AD 4, 6, 8 A 10 fiadnSualodns

a a o o = 1 o o a g @ a 4

SadnsuEuueaSiomoadsiu mudidu lunmsnaasseziinmsideenznouliludaljnsel
= 9 4 [ .Y v 1 a 4 .

«ila Micro-acrobic SBR dhsouiieldlunisuiusasidiuvesermsaeyaunsd (F/M ratio)

-3 a o o [ y 9 =y = A d

srpzanfunn (HRT) 10 Ju Tasihmsdiuanududuveslsuunznougaunsd

o o d o o A o A v {

MLvsS) Tudalfnseiaiia Micro-aerobic SBR Tuiudi 30 MAMNITUUIGANITAIN (Steady
| Y a a o v a a o d ' W

state) 918 F/M ratio Whiu 4, 8, 6 uag 10 finaniud leRdedadniudunealiedioansiu

UAAIRININD 32

m} F/M adjustmemt
+ < x ¥ ¥ x T T ¥ £ T T _E.X
5000 §ip T T ¥ ¥
4000 4 Start-up I
D e I
P TTTTTTT‘[ITTTTTTTJ
3 gnwu.wqamung.u.wu.q.wusav
2 3000 -
=
et - * %5 gt = gen = 3 -ttt
-
,"“ > i I 5 €4 L. T
2000 - w, lwlia;‘f
%)
w> % = R
1000 # T i
0 i
L] L L] L L L] L L] ¥ 1 1§ L] L} L] ! L] L) L] L] L] L] L] ¥ L] L] L) L] ¥ ¥ L] L]
02468101214161810222426283032343638404244464850525456586062
Time (Day)
—iyweReactor 1 (F/M 4)  ~3=Reactor 2 (F/M8) et Reactor 3 (/M 6)  —s4—Reactor 4 (F/M 10) ~si=Reactors

Figure 32 The MLVSS in Micro-aerobic SRB at F/M ratio of 4, 6, 8 and 10 mg-COD/mg-
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Figure 37 Comparison wastewater treatments using sludge from aerobic pond of E-Hub Huad
Company between F/M ratio as 0.4 and 8 mg-COD/mg-MLVSS/d at DO 2 mg/L,

OLR of 2 g-COD/L/d and HRT of 10 day
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Table 11 Comparison of wastewater treatment system between ctivated sludge from E-hub huad

Co., Ltd and Super PS

Parameters F/M ratio (mg-COD/mg-MLVSS/d)
Sludge from the plant Super PS
0.4 8 8
% COD removal 60.4 26.7 94.4
% Sulfate removal 62.1 33.1 81.0
% TSS removal 52.5 26.5 752
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Figure 38 MLVSS concentration of micro-aerobic SBR system with 6% (v/v) Super PS under
sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-MLVSS/d,
ORT 2 g/L day and HRT 10 day)
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Figure 39 Effect of % COD removal in Micro-aerobic SRB system with 6% (v/v) Super PS under
sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-MLVSS/d,
ORT 2 g/L day and HRT 10 day)
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Figure 40 Effect of % sulfate removal in Micro-aerobic SRB system with 6% (v/v) Super PS
under sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-
MLVSS/d, ORT 2 g/L day and HRT 10 day)
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Figure 41 Effect of % TSS removal in Micro-aerobic SRB system with 6% (v/v) Super PS under

sunlight and the light from a tungsten lamp at F/M ratio 8 mg-COD/mg-MLVSS/d,
ORT 2 g/L day and HRT 10 day

Table 12 Efficiency of wastewater treatment between the sun and the light from a tungsten lamp

Parameters Sun tungsten lamp(hr.) *

Period 1 Period 11 24 16 12

COD removal (%) 80.9+1.23 549+1.03 944+1.76  61.112.51 46.2+1.46

Sulfate removal (%)  78.240.97 58.9+1.38  81.0+1.09  54.840.92 58.911.09

TSS removal (%) 64.2+0.85 523%1.76 7521%125  62.51+0.88 49.410.97
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Figure 42 DGGE file, M: Marker; Lanel: Untreated wastewater; Lane2: Super PS; Lane 3- 7:
wastewater samples from micro-aerobic SRB at the cultivation of 7, 14, 21, 28 and 35

day, respectively (F/M ratio 8 mg-COD/mg-MLVSS/d, ORT 2 g/L day and HRT 10

day)
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Table 13 Sequence analysis of dominant bands excised from DGGE gels derived from bacterial

16S rDNA gene amplicons (% - percentage of similarity between the 16S rRNA gene

of dominant band and the closest relative in the NCBI database)

DGGE Band Closest relative and accession number Identities
(%)
i Escherichia coli 89
2 Pseudovibrio sp. JE062 78
3 Desulfosarcina variabilis DSM 2060 83
4 Streptococcus suis 9SHAH33 78
5 Desulfomonas pigra ATCC 29098T 79
6 Desulfovibrio desulfuricans 81
7 Desulfovibrio vulgaris 71
8 Escherichia coli 89
9 PSBI1. 86
10 PnSB1 89
11 PnSB2 74
12 PnSB1 89
13 Desulfovibrio desulfuricans 81
14 Escherichia coli 89
15 PSB1 86
16 Desulfosarcina variabilis DSM 2060 83
17 Desulfosarcina variabilis DSM 2060 83
18 PnSB1 89
19 Desulfosarcina variabilis DSM 2060 83
20 PnSB1 89
21 Desulfomonas pigra ATCC 29098T 79
22 PnSB2 74
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