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Table 6  Charateristics of decanter effluent from two palm oil mills

Decanter effluent

Parameter

Trang Palm Oil Co., Ltd. Sricharurn Palm Co., Ltd
pH 4.5 4.5
Appear color Dark-brown Dark-brown
Color (OD,,,) 24,000 20,000
Total phenol (mg/1) 3.60 1.80
Soluble COD (mg/1) 87,000 55,000
Total solid (mg/1) 113,370 67,460
Kjeldahl nitrogen (mg/1) 1043 957
P (mg/1) 324 238
Cu (mg/1) 0.20 0.09
Fe (mg/1) 114 66.42
Mn (mg/1) 9.19 10.88

Analysis from 1 sampling of each palm oil mill



{ a f( oy Qy @ oy o 4 1 a o w y
M5NAN 7 BavesaNuTuTuvesasounidluhnglssnuanainiuthavdemsnsyuagmssiad lumsnes Lentinus spp. ag P. chrysosporium

3 = < o
VUDINITUUIN 30 +2°% L‘]J‘L!L’Jﬁ1 59U

Table 7  Effect of organic matter concentration in palm oil mill effluent on growth and decolorization during cultivation of Lentinus spp. and

P. chrysosporium on agar plate at 30 £ 2 °C for 5 days.

Dilution rate 1:0 1:1 1:2 1:3
Colony size Mycelia Decolori - Colony size Mycelia Decolori- Colony size Mycelia Decolori - Colony size Mycelia Decolori -
Microorganisms (cm) density zation (cm) density zation (cm) density zation (cm) density zation
L. polychrous LP-P-1 2.5 4 - 5.5 3 - 5.5 2 + 6.5 1 +
L. polychrous LP-P-2 2.5 4 - 6 3 - 6 2 - 7 1 -
L. polychrous LP-PT-1 2.5 4 - 5 3 - 6.5 2 + 6.5 1 +
L. polychrous LP-BR-11 2.0 4 - 4.5 3 - 7 2 - 6 1 +
L. polychrous LP-SW-3 2.5 4 - 4 3 - 7 2 + 6 1 +
L. polychrous LP-WR13 2.0 4 - 4 3 - 7 2 + 6.5 1 +
L. squarrosulus SQ-B-3 3.5 4 - 55 3 - 7 2 - 7 1 +
L. squarrosulus SQ-B-4 3.5 4 - 7 3 - 7 2 + 8 1 +
L. strigosus ST-B-1 2.5 4 - 5 3 + 7 2 + 8 1 +
L. strigosus ST-K-2 2.0 4 - 4.5 3 - 4.5 2 - 6 1 +
L. strigosus ST-S-3 3.0 4 - 5.5 3 + 6.5 2 + 7 1 +
L. strigosus ST-Y-4 2.0 4 - 6 3 + 6 2 + 7 1 +
P. chrysosporium 2.5 4 - 5.5 3 - 5.5 2 + 7 1 +

(+) -Positive result, (-) -Negative result; (1-4) —Increasing mycelia density level; Results from 5 duplications
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Table 8 Growth, pH and COD removal of Lentinus spp. and P. chrysosporium after 12 days
cultivation in 1 fold diluted decanter effluent (COD 43,500 mg/l) on shaker (200

rpm) at 30°C.
Microorganisms pH Growth COD removal
(g/Vday) (%)
L. polychrous LP-P-1 5.6 1.77 51.49"
L. polychrous LP-P-2 5.5 1.64 49.21"
L. polychrous LP-PT-1 6.3 1.79 51.32°
L. polychrous LP-BR-11 5.4 1.81 48.90"
L. polychrous LP-SW-3 5.7 1.69 44.62°
L. polychrous LP-WR13 56 1.74 44.18°
L. squarrosulus SQ-B-3 5.1 1.35 33.44"
L. squarrosulus SQ-B-4 53 1.48 69.52"
L. strigosus ST-B-1 53 1.24 57.85"
L. strigosus ST-K-2 5.5 1.55 68.94"
L. strigosus ST-S-3 54 1.59 48.42°
L. strigosus ST-Y-4 5.1 1.23 37.88"
P. chrysosporium 49 1.31 41.41°

Means within each row sharing a common superscript are significantly different (p<0.05)
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Table 9 Comparison on treatment and decolorization of decanter effluent (COD 55,000
mg/L) by immobilized Lentinus spp. and P. chrysosporium after 12 days cultivation

on a shaker (200 rpm) at 30°C.

Mycelia COD Color Phenol Total solid
Microorganisms pH dry weight removal  removal removal removal
(g (%) (%) (%) (%)
L.polychrous LP-P-1 6.5 13.44 32.82 38.79 66.95 39.81
LP-P-2 5.0 2.06 7.79 22.71 44.72 19.77
LP-PT-1 5.9 21.65 48.21 58.82 73.77 52.95
LP-BR-11 5.9 23.86 22.05 36.92 57.72 37.65
LP-WR-13 6.9 29.57 54.35 56.56 75.00 52.83
LP-SW-3 5.5 19.68 41.47 34.75 61.31 46.16
L. squarrosulus SQ-B-3 5.9 21.02 44.76 39.90 73.56 45.85
SQ-B-4 6.6 23.86 56.92 51.27 77.04 56.05
L strigosus ST-B-1 5.4 27.36 38.50 33.92 65.41 40.71
ST-K-2 5.0 16.80 32.89 36.46 60.26 37.04
ST-S-3 5.0 28.37 44.10 58.59 78.48 52.21
ST-Y-4 5.5 8.93 18.74 38.26 69.10 28.05

P. chrysosporium 4.5 11.42 9.16 33.70 42.69 14.77
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Table 10  Results of agar - plate screening showing the abilities of Lentinus spp. and

P. chrysosporium to oxidise ABTS and oxidise manganese.

ABTS oxidation" Mn’" oxidation”
Microoganisms Forming of Change time Forming of | Change time
dark-green (days) black flecks (days)*
rings of MnO,
L. polychrous LP-P-1 + Within 15 min - -
L. polychrous LP-P-2 + Within 15 min - -
L. polychrous LP-PT-1 + Within 15 min - -
L. polychrous LP-BR-11 + Within 15 min - -
L. polychrous LP-SW-3 + Within 15 min - -
L. polychrous LP-WR-13 + Within 15 min - -
L. squarrosulus SQ-B-3 + 1 - -
L. squarrosulus SQ-B-4 + Within 15 min - -
L. strigosus ST-B-1 + 1 + 8
L. strigosus ST-K-2 + 1 + 8
L. strigosus ST-S-3 + 1 + 7
L. strigosus ST-Y-4 + 1 + 8
P. chrysosporium + 1 + 8

+ Positive result
- Negative result
* Laccase and peroxidase activity

b . ..
Manganese peroxidase activity
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Table 11  Effects of nitrogen sources on treatment of decanter effluent from a palm oil mill by

immobilized Lentinus spp. after 12 days cultivation on a shaker (200 rpm) at 30C

Microoganisms Nitrogen Final Myecelial Colorremoval  COD removal
sources pH dry weight (%) (%)
(0.1% wiv) (g
L.polychrous LP-PT-1 No nitrogen 5.8 24.78" 23.44" 32.15°
NH,NO, 5.2 232" 41.53° 32.52°
(NH,),S0, 53 22.15" 28.11° 30.49°
Urea 7.0 28.50" 25.64" 50.00"
L.polychrous LP-WR-13  No nitrogen 5.2 26.70° 36.52" 37.17°
NH,NO, 5.7 27.46° 21.98" 31.35°
(NH,),SO0, 5.1 25.50° 24.96" 18.56"
Urea 6.4 21.23" 32.20" 4431"
L. squarrosulus SQ-B-4 No nitrogen 5.7 25.25° 43.95" 43.59"
NH,NO, 5.9 27.12° 16.36" 53.25°
(NH,),SO0, 5.9 30.42" 36.12" 56.51"
Urea 6.6 24.22° 30.15" 58.94'
L strigosus ST-S-3 No nitrogen 4.9 26.24° 40.50° 40.02°
NH,NO, 4.9 27.25° 41.23° 26.29"
(NH,),SO0, 5.1 29.38" 40.55° 38.35"
Urea 6.2 30.17° 32.71° 48.78"

Means within each row sharing a common superscript are significantly different (p<0.05)
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Table 12 Effect of urea concentration on treatment and decolorization of decanter effluent

from a palm oil mill by immobilized Lentinus spp. after 12 days cultivation on a

shaker (200 rpm) at 30'C

Microoganisms Urea conc. Final Mycelia Color removal*  COD removal

(w/v) pH dry weight (%) (%)
(g/

L. polychrous LP-PT-1 0.00 5.1 31.13° 44.05° 53.53"
0.05 55 33.65" 34.66' 55.08"
0.10 59 33.31" 12.70" 46.09"
0.20 7.2 34.78" -17.18° 10.25"
0.40 7.9 33.36° -66.67" 14.09"

L. polychrous LP-WR-13 0.00 5.0 25.24° 42.31% 21.57°
0.05 5.8 31.00° 38.82’ 56.67°
0.10 6.0 30.93" 19.68° 45.00"
0.20 7.8 31.51° -3.07° 10.25"
0.40 8.3 31.90° -17.68° 16.23°

L. squarrosulus SQ-B-4 0.00 55 20.93° 40.52’ 63.52"
0.05 7.6 18.29" 19.78° 53.24"
0.10 8.2 20.07" 16.12" 58.33¢
0.20 8.0 21.90° -23.04" 50.00"
0.40 7.3 23.53° -90.30" 48.72"

L. strigosus ST-S-3 0.00 6.0 17.05" 41.18% 43.02°
0.05 5.4 21.78" 43.03" 64.17"
0.10 6.2 26.78" 25.03" 53.33"
0.20 7.1 22.97° 2.35" 47.01"
0.40 5.8 31.24" 475" 48.72"

*Negative color removal is the effluent darker than the initial effluent

Means within each row sharing a common superscript are significantly different (p<0.05)
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Table 13 Effect of metal concentration on growth of immobilized L. strigosusST-S-3 in the

decanter effluent after 12 days cultivation on a shaker (200 rpm) at 30°C.

Metal types Metal conc. Final pH Mycelia dry weight
(ppm) (g/l)
No metal added 8.7 21.83
Cu 1.0 4.5 22.53"
1.5 4.4 26.42°
2.0 4.4 23.58"
Fe 1.0 45 24.98°
1.5 45 24.95°
2.0 4.4 23.02"
Mn 1.0 4.4 20.37"
1.5 4.4 24.47°
2.0 45 26.62"

Means within each row sharing a common superscript are significantly different (p<0.05)



ONo metal

OMn
OFe
NCu

No metal

Cu

I,

2.0 ppm

.é\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

1.5 ppm

®

1.0 ppm

0 ppm

L5pPm 2 0 ppm

1.0 ppm

0 ppm

80

70

T T T
o = >
e < el

10

T
(=3
N

60

[eAOWAY %

COD removal

Color removal

7 .
5100 L. Strigosus

=

Y
WNIAUAUND

v

o
'

A

v A
NIAATVDN

[

@
Y

aomsilaa

£000UN

Taw

NMNN 7 WaUDI

[
= [

81 (200 OUNDUIN)

[

Y
o

=1

[

N 30°%

U HANIN 12 IUVULATDIUY

oq
Figure 7 Effect of metal ions on COD and color removal from a decanter effluent with addition

=

ST-S-3 NYNAITIUY

% urea by immobilized L. srtigisus ST-S-3 after 12 days cultivation on a shaker

of 0.05

o

(200 rpm) at 30 C



Y a S a ~ Yy 9 =\ A a 9)
UHNMIAKANDDOUNANMANAIY 1.0-1.5 ppm UatiumM s yueuduly
1 = 1 = =) 1 = = g v A = 1 a =) 1 =\ 09} Qsj
ue lilinanelszansnnmsann® lod Nidaunadenollszansninmsaania i
= 4 1 ~ < g’ ay A v a ~ A Aa o 1A ~
Auaumes uaasnmsimanlmimasuaululSnangs (66.4 Nadnsuaeans, luasnem
a a & Yy v ¢ A A a ] v o a 4 a
6) WisanwoMiFoaunsnldadueu lainiomomsnigveuduls daiumsauvandeouas
Y Y
Tenvaildlszansmmmmsiniauazfidadvuesiinianadn1nmsvavINnINTIUAT
Y
fniaveauie
S A
2.2.3 NAVDININHADOOU
A A 9 a L4 =} o a A
uusmialinanszdumanaaou lsitanmaauazuusmilalosoondman
= 9 o o v A o 3’ Qy = <Y 9 < . ~
NedeeanumMsmIag 1nmMsnaasstiatimneauaunesatodulomia L. srigosus ST-S-31
= g’ a ~ 9 g’ @ 1 a a ~ [ Y
gnassuuneai ugisesosas 0.05 Tasthminaelsues uazdumuamilagama 191
a PN I~ ~ 1
anudutuvemiiadosuamilu 0, 1.0, 1.5 1ag 2.0 ppm (519N 12) WLNNAMWY
Yy 9 A A =\ 9 [ o @ v A = = A 9 ~
WU aaeu organienainaiiia 12 Julaulasuulasnniessuau (o
4.5) Yovan (4.4-4.5) minsgveudule binanawsgnnaauuag luduTavzuusmiie Use
Aa A = = 9 A A A Yy 9 & 1
ansnmmsanaid lofgege (Fesaz 61.25) Muusmiladeounanududu 1.0 ppm Fagalu
uanaINganIuAN liAuuemiiadeou (Fooaz 61.66) daumsand (MU 6) WU M3
ANUNIMT ABRRUANNITNTY 1.0 1Az 1.5 ppm Amdanad luana1aiy (Feeaz 19.09 iaz
20.58 M 19D) uadinganIugui hidudeou Tan (Sosas 41.53)
Y Y
Buswell azaaz (1995) 51811 IM AN a 119115 @sUFeNanDn1g
a 4 4 A <
wasweu lsiuuamilanloseandiaa (Mn-peroxidase) UBUNAN O (L. edodes strain L54) A1
Yy 9 4 dy Aa a = Yy Y 1 dy
Wuduvevou lmigegalumsdesnims@uuuaniiendudu 1.1 ppm 1AINNITNARDINNS
a A A a @ Y 9 <; = 1 a 1T v A = 1
@uLIMiladoaunszaUANMINIUAT (1.0-2.0 ppm) MilinaneM 5Ty uanaulinadone
Aa A 1 1 4
Uszaninmmmsaaduazd1oavea L. strigosus ST-S-3 ignase senudnmmilanlesoen
a & g S A 9 @ o v Ao 9y A 2+
Faauazuanmasuilueon lsifneidostumssiiadgnnszqulunnizinil Mn™ (Fuer al.,
Y
1997 ; Steffen et al., 2000) & 11MTNAADIUNAUNUNNTIANULINTTDDUNNAITIADNT
a 2 2 A 22 a ~ vy ' ~ a ~ A
andlnime erviennlihmaluemiaegudiueaIn (113199 6) MIauuNINI iy
Y} = a Y A o s A Y o a
W lioniinanananssuvesmsasansonauve sy lminneidesiunmsand
9 9 A = ~ o w o w A 2’ Qy =) o
ANANTNABDIV AN BITauNgUNaNITINTALAL A9 TUBIHINIALAUIADS
o U d‘d S = =) 1 1 a
dmsugamsnaaesniimsan lane vaz lilimaauTave wuiganiuan (i Tany

goou) Hilszaninmmsandlodgega (Fovaz 63.1) uazaamd gege (Sooaz 41.53) M3



a a 0’/’ a A a A = 3’ Qy 9 a d'd
wuTavzopound 3 sualnaanlszansnnmsaad luinsveadule Tnslavzosouniina

= 1

= A = A A A 3 a Ia
IHYADNITAATUINNGAND LUINTUTDDOU TOINNIND wianeeoutazaelillosoesuny

o w v

=\ =\ 1 A a9 9 [ S A 9

AV UAUHALTIADNITANAIY oA (308aY 57.5-58.75 MU LINNUNDDOU T8 60.0-
o [ 3 a Y o [ Ja = 3 9 @ Qs}l
61.25 AN ITY IManvoduLlae 598ae 59.38-60.50 d1UITU ﬂﬂﬂ!ﬂi’]i@’ﬂﬂu) INSNANUBY ANUU
= A d‘ A Ta Aa qﬂjl a
ﬁnmaﬂﬁm’;zwmmzama“lm@maaauTamm 3 ¥UA
= a v
2.3 NAVOINIDHBIINAY

H Y £ v
denmamenminiinanensnsyuazdveuimefeditos 1nminaasiiiniai

Y
a A I Y

9 < . = = oy a Sy
ﬂﬂﬂllﬂulﬂﬂiﬂ%ﬂlﬁuﬁlﬂmﬂ L. strigosus ST-S-3 ﬂgﬂmqumm MuYLIgInga 0.05 LUay
v A Q‘ 9 YA [ B-Y YA a oy Qy =1
Usviemsuanlaiauniny 3.0, 3.5, 4.0, 4.5, 5.0 1ag 6.0 laglyNFANVDIIING (WY 4.5)
I = = A v A A A g9 3
L‘]JH“I;@L‘]J?EJ‘]JW]EJ‘]J Nﬁﬂ”liﬂﬂﬂ@ﬂllﬁﬂﬂu@ﬂﬁﬁﬂ 14 WUINTNAQINUNOWTUAWT U 3ua

a Y A 3 v A Y} a A o A v A Y1y
4 Wli’)clfq@‘i/l"lﬂﬂﬂ"lﬁﬂaﬂlaﬂu@ﬂ Ll.!i’)\iﬁnﬂlf’fu(lﬂllﬂ"liﬁliiyjﬂﬂTﬁlﬁ]ﬁﬂlﬂuﬂﬂﬂﬂﬂﬂ waa"lmnﬁu

v A

=Y 1 d'd = [ 3 a dy o [ g} Qy = o’d' ]
r:lEJulillﬁliiUu UFAINNNDY 3-4 UNAYUYINITITYUDUYD mmﬂummmmummm”luﬂi‘uw
Aa v A A 9 I 1A Y A = a
% tagnIMsUsvmemsuailu 5,6, 4ag 7 WUNWDFFANIYUAIFION 8.4 LLASNITITY

voudule hinanaasusu@ety mMsnSaues Geotrichum sp. Aspergillus sp. 0% Candida

v
a a

22 v o a2 ~ 24 2 g9
tropicalis Twihnanlssnuanaisiuugnen MINUINIVNDYFIVU iHenae lunsa
a A 3} ay . ~ A 1 a A A = 3} ay =2
duNTgluiing (Fadil et al., 2003) WRFNIHUIZAUABMTRTUADNIOY 4.5 (WDVUDIUING) DI
~ = [l ] ~ Y A [ o 4 [ 4 = 1A ~
Ny 7 cm’aﬁﬂumm%ammmmamaawm ATUY IWYTTAU (2538b) HFIWUNWLOFN

1 a < 1 1 a { {

IMNZANADMIIVIYUDI IHAYNIN (L. strigosus) 081U 5 - 9 tazIyAngan Wiow 6
2’ Qy d' ] [ =1 =} a' Y = = = 9 d! 1 1 [}
e lidsodies (Remsudu 4.5) iamsasdloAgegadoosas 61.66 4 liuana1any
oy Qy A (o A I
wnendSuiiessudwiu 7

A A = = g‘ Qy ~ 1 g‘ Qy A o A A 9 I

wennsanmsnlasuulasadlnime (mwn 8) nuinihnanlsuiemsuauilu 3

X A AA Y o P Ay ~ o o q Y 2 2 a

Hag 4 FINAMFFTUAUMDNATUAUVDIYAAIUAN (WFAII 1N FVD1IIN9191909) tazAUDd

g’ 2 R ~ o 1 3’ 2 AN 1 (o A =\ A o o A
HIMNUAIAINEa0a 12 U mummﬂ”luﬂsuwm% (WO 4.5) WUMTAATHAIINIUN 3 VYD

dy 9 A o Aov A ) Y] oy Qy A o A A Y I =l
ﬂ"lﬁlﬁfl\uﬁuﬁlﬂllagﬁﬂﬁﬂlﬁﬂEJG] AFZNIAINIUN 9-12 dmsuihnandsunessudwtus-7a

F4 9
=2 o =

A v 2 2 ~ A (o A Y A
L'imumaﬂmmqwumuwmwﬂsmwmu aganaoa 12 3um@ﬂﬂ1ilaﬂﬂlﬁu18 ﬂﬁl,‘]Jﬁflu

=) 3’ Qy = d‘ Y A [ A = g} Qy z:! 1 d' Q‘ dy
LL‘]JZN'ﬁsll't’)\‘luTﬂﬂﬂgﬂllﬂﬂﬂiﬂalﬂﬂﬂﬂu AD FUDIUINMNAAAITEYS VT UINDUNILINNVULLAT AN
2 qg./‘ = ' g} g A (v A 3| 2 t;y QSI o A Y =R A ,32} o A
BNAI CHQWTJ’J"IQIHHTTNVHJT]JWL@GM‘]JH 5 ﬁﬁummmaﬂaﬂu’mw 3 LLﬁ'Ji]\TLWlJ"UuGlHTJUTI 6
o ;I = 9 A g/ QSI A (o A I = g’ Qy =2 o A Y =2 ]
Wﬁ\‘lil']ﬂuuulluﬂiuﬂﬁﬂﬁﬂﬁﬂﬂ"] Tnandsuntewmtlu 6 TUDIUITNAAAIDIIUN 6 IGREN ST

v
<3| 2 o A =

A 2o T I T Vg o A y & o
INUAYUHAIDINIUN 9 1FUREINVIININ M T Y 7 TU0911N99Aa99UDIIUN 9 HAIINH &



cyayd QJQ'd?oJ lonyL!'QJQ'yd I A = 2
maqmmmmﬂumwmu Funainandsusvaunesu Wew 5.0 I¥emsand (Glu

k4 v
%Uﬁlliﬂﬂlﬂﬁﬂﬁaﬂﬁ) dunniey 6 Laz 7 Naﬂ”lﬁﬂﬂai’)\iﬁﬂﬂﬂ’gﬂ\iﬁ‘]_lﬂ”lﬁ/lﬂﬁi’NﬂJfN



~ =\ a 9 1 o w g; Qy = A A a S 9
ATNN 14 HATDIWDFITUAUADNTUIUAUINNALAUADINUNTIANYLITYAT 0.05 Iﬂ‘c’l
[ Y ]
L. strigosus ST-8-3 igna3auuoi ndanin 12 Juuunieud (200 o160
a A o
UIN) N 30 %
Table 14  Effect of initial pH on treatment of decanter effluent with addition of 0.05% urea

from a palm oil mill by immobilized L. strigosus ST-S-3 after 12 days cultivation on

a shaker (200 rpm) at 30 C.
Initial pH Final pH Mycelia dry weight COD removal
(g (%)
3.0 33 2.24" 454"
4.0 4.0 5.70* 2.53"
4.5% 8.7 21.83° 61.66°
5.0 8.2 24.51° 51.59"
6.0 8.4 25.22¢ 57.41°
7.0 8.4 21.29" 58.54°

* Control is initial pH of the effluent

Means within each row sharing a common superscript are significantly different (p<0.05)
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Table 15  Effect of temperature on treatment of decanter effluent with addition of 0.05% urea
by immobilized L. strigosus ST-S-3 after 12 days cultivation on a shaker (200 rpm)
at30°C.

Temperature Final pH Mycelia dry weight COD removal

incubation (°C) (g/D) (%)

30 8.7 21.83" 61.66
35 4.4 44.62° 53.40"
40 5.6 15.16" 11.34"
45 43 0 0
50 43 0 0
55 43 0 0

Means within each row sharing a common superscript are significantly different (p<0.05)
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Table 16

Effect of aeration rate in air-lift fermentor on treatment of a decanter effluent with

addition of 0.05% urea by immobilized L. srtigisus ST-S-3 after 15 days at 30°C,

aeration rate 0.5-2.0 vvm

Aeration rate | Final Color Color COD COD Phenol Total solid
(vvm) pH (Units) | removal | (mg/L) | removal removal removal
0 0
%) S %)
0.5 45 | 39200 | -34.40" | 40,800 | 26.09" 59.54" 31.79"
1.0 6.0 | 14,167 | 51.15° | 17.494 | 68.19° 62.68" 61.80°
1.5 50 | 26,150 9.83" 31,800 | 42.50° 62.99" 51.93"
2.0 53 | 26,042 | 1020° | 32,031 | 41.76° 63.02" 51.54"

*Negative color removal means the effluent is darker than the initial effluent

Means within each row sharing a common superscript are significantly different (p<0.05)
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Figure 11  Time course of ligninolitic activity: (a) laccase (b) LiP (¢) MnP (d) MnIP (¢)
CMCase and (f) xylanase during treatment of a decanter effluent with addition of
0.05% urea by immobilized L. srtigisus ST-S-3 cultivation in air-lift fermentor at
aeration rate 0.5-2.0 vvm, 30 C for 15 days.
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A: Decanter effluent after biological treatment for 15 days

B: Decanter effluent after biological treatment for 15 days + 1%polyferric sulfate+ 1%CaO

C: Decanter effluent after biological treatment for 15 days + 0.5%polyferric sulfate + 0.5%CaO
D: Decanter effluent after biological treatment for 15 days + 0.25%polyferric sulfate + 0.25%CaO
E: Decanter effluent

F: Decanter effluent + 1%polyferric sulfate + 1%CaO
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Figure 14 Chemical sedimentation of decanter effluent
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Table 17  Effects of polyferric sulfate and CaO on sedimentation of decanter effluent after 15 days treatment by immobilized L. srtigisus ST-S-3

cultivated in air-lift fermentor at aeration rate 1.0 vvm at 30°C and A: Raw decanter effluent B: Treated decanter effluent by immobilized

L. strigosus ST-S-3 in air - lift fermentor (3 L), aeration rate 1.0 vvm, 15 days at 30 °C

Polyferric CaO A B
sulfate (%) (%) Sediment Color removal COD removal Sediment Color removal COD removal
(%) (%) (%) (%) (%) (%)
0 0 55 -0.32 23.71 6 -34.40 22.84
1.0 1.0 70 -235.04 28.88 95 88.17 60.30
0.5' 0.5' - - - 47 49.53 68.00
0.5° 0.5’ - - - 82 53.93 54.44
0.25 0.25 - - - 18 5.44 54.28

' First precipitation with 0.5% polyferric and 0.5%CaO

* Second precipitation of the effluent from first precipitation with 0.5% polyferric and 0.5%CaO

- Not analysis
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Table 18  Effects of raw meal from cement mill on sedimentation of decanter effluent after 15 days treatment by immobilized L. srtigisus ST-S-3
cultivation in air - lift fermentor at aeration rate 1.0 vvm at 30°C and A: Raw decanter effluent B: Treated decanter effluent by

immobilized L. strigosus ST-S-3 in air - lift fermentor (3 L), aeration rate 1.0 vvm, 15 days at 30 °C

A B
Raw meal
(%) Sediment Color removal COD removal Sediment Color removal COD removal
(%) (%) (%) (%) (%) (%)
0 55 -0.32 23.71 6 -34.40 22.84
2 30 -94.40 24.17 5 -25.28 32.42
4 - - - 8 -25.76 34.05
6 - - - 10 -31.52 30.86

- Not analysis
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Table 19  Chemical characteristic of influent and effluent of each treatment steps

A B C Total

Parameters
Influent Effluent %removal Influent Effluent %removal Influent | Effluent | %removal removal

pH 4.5 6.0 - 6.0 9.2 - 9.2 11.96 - -
Color (Units) 24,000 14,167 40.97 14,167 7,150 49.53 7,150 2,288 68.00 90.47
COD (mg/L) 5,978 17,494 68.74 17,494 8,560 53.93 8,560 3,900 54.44 93.03
TS(g/L) 67.46 25.76 61.81 - - - - - - 61.80
Phenol (mg/L) 2.0 0.75 62.66 * * * * *® * 62.66

A: Treated of decanter effluent by immobilized L. strigosus ST-S-3 in air — lift fermentor (3 L), aeration rate 1.0 vvm, 15 days at 30 °C

B: Treated of precipitation A steps effluent with 0.5% polyferric and 0.5%CaO

C: Treated of precipitation B steps effluent with 0.5% polyferric and 0.5%CaO

*Can not analysis

- Not analysis
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