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Abstract
Prasertsan, P.!, H-Kittikun, A’ and Chantaphaso, S.’
Comparison on decolorization of palm oil mill effluent by biological,

chemical and physical methods
Songklanakarin J. Sci. Technol., 2001, 23(Suppl.): 807-819

Decolorization of palm oil mill effluent pretreated by enzyme from Aspergillus niger ATCC 6275 was
investigated. The culture filtrate after separation of suspended solids was used for decolorization by biologi-
cal, chemical and physical methods. Results indicated that the chemical method (using coagulant) was more
effective than the biological method (using commercial peroxidase, two strains of white-rot fungi Phanerochaete
chrysosporium and Coriolus versicolor) and physical method (using activated carbon, pararubber seed and
sand filter). Studies on the effect of coagulant concentrations on decolorization revealed that using the com-
bination of 10 ml/l polyferric sulphate and 10 g/l calcium oxide gave the highest color removal of 84.5% and
organic matter (in term of chemical oxygen demand, COD) removal of 86.5%.

Key words : decolorization, palm oil mill effluent, peroxidase, fungus, coagulant,
activated carbon
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Table 1 Effect of peroxidase concentration on color removal
of enzyme-pretreated palm oil mill effluent by incu-
bating the enzyme peroxidase and 2 mM hydrogen
peroxide at 40°C for 1 h

Peroxidase conc. Color Color#* Color removal
(unit/ml) (unit) (%)
0 Dark brown 11,936 -
0.5 Dark brown 13,936 +14.3
1.0 Dark brown 15,484 +22.9
1.5 Dark brown 17,034 +29.9

* Color was measured at 475 nm wavelength

X X do o | a
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Winvas lusinnvaaaadntios (6.2%) WIRUNLTNNLLY
1 1 Qs s a { ¥ &’ >3
Nen 9 oy 14.02 nSw/aas Wadeaaeuiu 6 Ju
Iasaniaranadiiegianiias (nwey 3.35 1w 3.12)
1 d 1 a &‘ 1 a
qummsmaaaﬁiuﬁmimu 13013 Lie linEe
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& o -4 @ A (% X X
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. o o X X
5 Tu wazlamANIIN 4.54 104 4.80 HAIN1ILALLD
o A’ ! .
6 U ANWANIINGNRIUL AN P. chrysosporium
wrsald 13ermnsiRegludinnenidiunisindadae
v Ll et
. & X .
FWNANSNENLD P. chrysosporium
BKM-F-1767 figmwqil 37°C (Table 3) wuitluza
Aa a & & 4
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X <) o/ ! [l aad 6
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Table 2 Effect of nutrients on growth and enzyme production from Phanerochaete chrysosporium BKM-
F-1769 cultivated in enzyme-pretreated palm oil mill effluent at room temperature (30+1°C)

for 7 days
With nutrients Without nutrients
Time
(day) pH DCW Activity (U/ml)  Color removal* pH DCW Activity (U/ml)  Color removal**
(g/l) peroxidase laccase (%) (g/l) peroxidase laccase (%)

0 3.35 0 0 0 0 4.54 0 0 0 0
1 334 0.72 0 0 0 4.53 0.52 0 0 0
2 334  2.09 0 0 0 4.54 1.71 0 0 0
3 331 5.47 0 0 0 4.55 4.45 0 0 +1.8
4 329 9.87 0.73 0 -1.6 4.58 4.82 0 0 +1.8
5 325 13.69 1.41 0 -1.6 4.60 7.36 0 0 +3.6
6 3.12 14.02 1.02 0 -6.2 4.80 7.08 0 0 +3.6
7 3.03 13.86 1.25 0 -6.2 4.72 6.76 0 0 +3.6

* initial color value 14,154 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 3 Effect of nutrients on growth and enzyme production from Phanerochaete chrysosporium BKM-
F-1769 cultivated in enzyme-pretreated palm oil mill effluent at 37°C for 7 days

With nutrients

Without nutrients

Time
(day) pH DCW Activity (U/ml)  Color removal* pH DCW Activity (U/ml)  Color removal**
(g/l) peroxidase laccase (%) (g/l) peroxidase laccase (%)

0 3.35 0 0 0 0 4.54 0 0 0 0
1 335 1.74 0 0 0 4.55 1.13 0 0 0
2 332 459 0 0 -1.6 4.55 2.15 0 0 0
3 328 9.33 0.85 0 -1.6 4.54 7.02 0 0 -1.8
4 324 14.17 2.20 0 -1.6 4.82 7.43 0 0 -1.8
5 321 2143 1.89 0 -1.6 4.82 11.93 0 0 -1.8
6 3.12  19.04 1.85 0 -6.2 5.04 11.43 0 0 0
7 3.07 18.50 1.63 0 -6.2 4.80 10.50 0 0 0

* initial color value 14,154 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 4 Effect of nutrients on growth and enzyme production from Coriolus versicolor cultivated in
enzyme-pretreated palm oil mill effluent at room temperature for 7 days

Nutrients added No nutrients added
E;:;; pH DCW Activity (U/ml)  Color removal* pH DCW Activity (U/ml)  Color**

(g peroxidase laccase (%) (g/l) peroxidase laccase (unit)
0 6.28 0 0 0 0 4.54 0 0 0 0
1 6.13 0.35 0 0 0 4.54 1.41 0 0 0
2 5.76 4.62 0 0 -1.7 4.56 1.82 0 0 0
3 5.19 7.70 0 2.4 -1.7 4.60 1.96 0 0 +1.8
4 4.89 8.13 0 3.0 -1.7 4.60 2.13 0 0 +1.8
5 4.73 11.38 0 6.6 -33 4.62 2.38 0 0 +1.8
6 446 12.77 0 53 -33 4.62 2.77 0 0 0
7 444 1194 0 2.6 -33 4.62 2.94 0 0 0

* initial color value 13,267 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 5 Effect of nutrients on growth and enzyme production from Coriolus versicolor cultivated in
enzyme-pretreated palm oil mill effluent at 25°C for 7 days

Nutrients added No nutrients added
'(l;ll:]y? DCW Activity (U/ml) Color removal* pH DCW Activity (U/ml)  Color*#*

(g peroxidase laccase (%) (g/l) peroxidase laccase (unit)
0 6.28 0 0 0 0 4.54 0 0 0 0
1 6.14 0.56 0 0 0 4.56 1.68 0 0 0
2 5.69 7.42 0 6.6 -1.7 4.56 2.40 0 0 0
3 5.01 14.72 0 10.0 -1.7 4.62 3.33 0 0 +1.8
4 4.84 16.60 0 12.6 -1.7 4.60 4.17 0 0 +1.8
5 4.76 19.70 0 13.3 -1.7 4.60 4.43 0 0 +1.8
6 477  20.24 0 6.0 -1.7 4.60 5.24 0 0 0
7 4.77 20.08 0 5.3 -1.7 4.60 5.80 0 0 0

* initial color value 13,267 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 6 Effect of polyferric sulphate and calcium hydroxide or calcium oxide (30 g/l each) on pH, color
intensity and amount of sediment occurred in the biopretreated palm oil mill effluent after

leaving for 3 h

Polyferic Ca(OH), CaO

sulphate  pH Color  Color removal Sediment pH Color  Color removal Sediment
(mi/l) (%) (ml) (%) (ml)
0 12.35 brown 52 1.0 11.96 brown 36 2.0
1 12.34 yellow 56 1.5 12.18 light brown 38 1.0
5 12.30 yellow 76 2.5 12.32  light brown 54 1.0
10 12.28 yellow 80 2.5 12.26 light yellow 79 2.0
20 1226 light yellow 87 35 1224 light yellow 84 25
30 1219 light yellow 89 35  12.16 light yellow 86 25
40 1216 light yellow 90 3.5 12.05 light yellow 85 2.0
50 12.08 light yellow 88 25 1135 light yellow 79 1.5
60 1171 light yellow 82 25 1134 light yellow 68 15

*Color was measured at 475 nm wavelength
Initial color of filtrate was 9,750 unit
Initial pH of filtrate was 4.54



Songklanakarin J. Sci. Technol.
Vol. 23 (Suppl.) 2001: Oil Palm

Comparison on decolorization of palm oil mill effluent
816

Prasertsan, P., et al.

lﬁl o =S = a tﬂl a 4
ORI INUSNI NN NuaslnaeS-
Sndaanazinluldsuasedediasdniatsdiunuans
37901 19508 WU InawasIndaWe 10 Na./aa3 win
Pmwiima: an e lag wisaaadianuduves”
1& 80% annmsusuiandlsnaavaenlansanlad 30
Q a u./ aa = = a
NSN/ANT ANBIEVDILANIN RaY NUSN1aseznan
WD 2.5 W8, NN MUSN Mg 10 N8./803 b
1315080USNImN T N sSndanald 30 wa./
a a a ‘3 U 1 4
895 warNUSuaznanNAAULaLNIN VULNN1TANRS
| Ao a o & ANd o A o
Pa9AN ANy 14% @911 1SLANNAALRN bIAN
X oo S 4 .
mMIneassitazdiUSunmainiinanulas Migo uas
ame (1993) @aldlnanasinlaasanladusum 4%
(USN93/U58103) TawiuuaasdeNeanbas 30 nn/
a0 ANTDANA " UBITNINNIWNTELIWAITNAY
waanagas el 9 .0 93% lunsmndainislduaaide
& A o A a a a &
pan kRN USUNeY USuiasfiuane uaslnawmwas-
Sngaalunistinluldude 10 88./803 @9 1190
anALdiNas i 79% T9Andne 9 a (86%) e
7% Waudan 12.26 1NaaznandInins 2 88, 8318911

! v a 6 a |3
']']ﬂ']il“ﬁLLﬂﬂLeﬁElNaﬂﬂvLsﬁ@LL@&LLﬂaLGﬁUNﬂﬁavLﬁ(ﬂ ni3

-

' '
v aAda =

130 AN AN Vuﬁta“ﬂ“\‘lﬂ’j’l 13 (Migo, et al., 1997)

(%

L Do

LY I

W0920e 9 9anlseen Aasinuindndenuas
naanstndashalnawmeIndama (10 wa./d03) 38
fuuaaidenaanlad (10 n$n/aas) w el Figure 1.
2.2 WavedIMsIly 155IeANASNU
221 wWaravrnauasaNdNdwuny 19
PIWANALNO
INNITAN 1TTILANAENDULUARE
wilaaslusinfisinmnnstntadsewladfssduaiy
Windin 0.5, 1.0, 1.5 waz 2 n3u/ans (Table7) N3k
pgiiftangaine wad dane waindae wWain-
analsd uazeapSwaannatilesy  Aeadadu
0.5-2 n5W/aas Awaldan” anudnues” uasiiaw
anavANANNLTNd LD Wiﬁ?ﬂ@]ﬂ@ltﬂau‘ﬁlm\‘iﬁu el
13 wrsaaaanudinaas luinildidowsoudiey
fugeeauaw Tailiiasanlervasinnedeuinad
e (M 4.54) Ssorauluiendldwnnz u log 13
wiudazaiaazlise " nBnndd afiniondremie

1 a

Witk u ogRiflandaiianiies 6-7.8 Wa3in-

Analsanney 6-8 wassndainanien 9 wasds -

|

Figure 1 Color appearance before and after treatment using 10 ml/l polyferric sulphate with

10 g/1 CaO
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Table 7 Effect of type and concentration of coagulant on pH,
color changes and sediment in the enzyme-pretreated
palm oil mill effluent after settling for 10 h

Chemical pH Color Color* Sediment
(gl (unit) (ml.)
AL(SO)),
0.5 5.66 dark brown 8,289 0
1.0 5.40 brown 7,580 0
1.5 5.17 yellow 7,380 0
2.0 4.96 yellow 6,870 0
FeSO,
0.5 5.70 dark brown 13,012 0
1.0 5.67 dark brown 12,303 0
1.5 5.56 dark brown 11,150 0
2.0 5.28 dark brown 8,535 0
Fe(SO,),
0.5 5.71 dark brown 9,575 0
1.0 5.27 dark brown 9,354 0
1.5 4.99 dark brown 7,225 8
2.0 4.77 brown 6,595 12
FeCl,
0.5 5.13 dark brown 14,232 0
1.0 4.81 dark brown 11,748
1.5 4.08 dark brown 11,394 12
2.0 4.08 dark brown 10,773 18
Chlorinated
copperous
0.5 5.73 dark brown 11,571 0
1.0 5.66 dark brown 11,194 0
1.5 5.62 dark brown 11,082 0
2.0 5.46 dark brown 10,225 0

* measured color at OD s

initial color of decanter effluent was 5,495 unit; initial pH of decanter

effluent was 4.54
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