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ABSTRACT

The final pond effluent of palm oil mill could not be discharged to natural
waterway due to its dark brown color and the presence of phenolic compounds. Therefore,
investigation to decolorize and further treatment is needed. The final effluent had pH 9.5 and
contained 1,586 mg/L. COD, 3,840 mg/L total solid, 43.01 mg/L total phenol and had dark brown
color (2,417 color unit).

Feasibility study of using fungi for decolorization of the final effluent from palm
oil mill was conducted. Phanerochaete chrysosporium ATCC 24725 were cultivated on agar plate
containing the mixture of the final effluent and decanter effluent (as a nutrient source) in the ratio
of 1:0, 1:1, 2:1 and 3:1 and incubated at room temperature (30+ 2 oC) for 30 days. Decolorization
occurred only on agar plates with the mixed effluent in the presence of P. chrysosporium ATCC
24725. Neither growth nor decolorization occurred on agar plate containing only the final
effluent.

In liquid culture, P. chrysosporium ATCC 24725 was cultivated in the final
effluent supplemented with the decanter effluent in the ratio of 1:0, 1:1, 2:1 and 3:1 under aerobic
condition on a shaker (130 rpm) at room temperature for 15 days. The mixture ratio of 1:1 gave
the maximum decolorization of 50.2% and phenol removal of 52.4% after 9 days cultivation.
Studies on the effect of aeration and no aeration condition revealed that the decolorization
(64.6%) occurred only under aeration condition after 3 days cultivation with phenol removal of
51.2%.

For decolorization by physical method, the effect of palm ash concentration was
tested on a shaker (125 rpm) for 48 h at room temperature. The optimum values were 20% (w/v)

palm ash and 8 h reaction time. The color removal efficiency was 57.9% with phenol removal of



(8)

55.5%. Using sugarcane bagasse as color adsorbent, the decolorization was 25.3% and phenol

removal of 21.8% after 10 h incubation time at room temperature.
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Table 1. Characteristics of effluent from various steps during palm oil extraction and mixed

effluent of a palm oil mill

Parameters’ Sterilizer condensate ~ Decanter effluent Mixed effluent
Color Dark Brown Brown Brown-Blackish Brown
pH 4.05-4.62 4.84-5.35 4.61-4.89
BOD 54,750-60,000 22,800-41,985 21,000-45,375
COD 80,523-115934 45,360-80,146 38,246-67,567
Total solids (TS) 49,063-88,508 26,367-76,733 25,634-47,242
Suspended solids (SS) 18,500-52,000 2,600-6,100 2,900-20,300
Nitrogen

- ammonia 27-61 7-66.3 22-23

- organic 551-1,172 22-1,287 518

aExcept for color and pH all other parameters are in mg/L

A @ a 4
Ny ﬂﬂ!tﬂﬁﬁ%?ﬂmuqm ﬂﬁglﬁﬁﬂﬁﬁiw uazae (2533)

Table 2. Composition of the mineral in sterilizer condensate and mixed effluent of a palm oil mill

Mineral Mixed effluent Sterilizer condensate
Dry wt basis Wet wt basis Dry wt basis Wet wt basis

(ppm) (%) (ppm) (%)

N 689 1.73 944 1.83
P 160 0.31 152 0.36
K 1645 3.19 1300 3.09
Na 31 0.06 22 0.05
Mg 970 1.88 1020 2.42
Ca 110 0.21 140 0.33
Fe 50 0.10 18 0.04
Zn 13 0.025 15 0.035

11 : Hwang uagaae (1987)
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Table 3. Ligninolytic enzymes and reaction

Enzyme Substrate, mediator

Reaction
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Aromatic ring oxidised to

cation radical

Manganese Peroxidase, MnP Mn, organic acids aschelators,
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Mn(II) oxidized to Mn(III);
chelated Mn(III) oxidized
phenolic compounds to

phenoxyl radicals

Laccase Phenols, mediators e.g.
hydroxybenzotriazole or

ABTS

Phenols are oxidized to

phenoxyl radical
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(b) 0, Laccase Mediator Lignin

Mediator Oxidized residues

(a) 0, Laccase Lignin
H,O0 Laccase Oxidized residues
H,O Laccase §

Figure 2. Laccase-catalyzed redox cycles for substrates oxidation in the absence (a) or in the
presence (b) of chemical mediators
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Figure 4. Step movement of molecular adsorption by activated carbon

111 : Eckenfelder (1981) 919 Tasdud analse (2546)
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Figure 5. Adsorption process
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2. m5iszneviluea (Substances Reducing Folin’s Phenol)
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3. malen (Chemical oxygen demand, COD)
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Table 4. Characteristics and chemical composition of the final anaerobic pond and decanter

effluent of a palm oil mill

Parameters’ Final Effluent Decanter Effluent
Appear color Dark-brown Dark-brown
Color (OD,,,) 2,417 20,000

pH 9.5 4.3

COD 1,586 95,000

Total solids (TS) 3,840 64,600
Suspended solids (SS) 2,170 27,332

Total phenol 43.01 700

Total nitrogen 277 1,101

“Except for color and pH, all other parameters are in mg/L
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Table 5. Effect of ratio of final effluent : decanter effluent on mycelial growth of Phanerochaete

chrysosporium ATCC 24725 cultivated on agar plate at 30 £ 2°C for 30 days

Colony size (cm) of P. chrysosporium ATCC 24725 on agar plate for 30 days

Days 0-5 6—10 11-15 16 -20 21-25 26 -30
Ratio
1:0 - - - - - -
1:1 1.5 1.8 3.9 6.4 8.9 8.9
2:1 2.0 2.6 5.0 6.8 8.9 8.9
3:1 2.2 3.0 52 7.0 8.9 8.9

(-) -Negative result

Table 6. Effect of ratio of final effluent : decanter effluent on decolorization during cultivation

of Phanerochaete chrysosporium ATCC 24725 on agar plate at 30 £+ 2°C for 30 days

Level of Decolorization

Days 0-5 6—10 11-15 16 -20 21-25 26 -30
Ratio
1:0 - - - - - -
1:1 - + + + ++ ++
2:1 - + ++ +++ -+ 4+
3:1 - + ++ +++ -+ -+

(+) -Positive result; Increasing decolorization level, (-) -Negative result
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(a) (b)

(c) (d)

Figure 6. Effect of final effluent : decanter effluent of 1:0 (a), 1:1 (b), 2:1 (¢) and 3:1 (d) on
growth and decolorization during cultivation of Phanerochaete chrysosporium ATCC

24725 on agar plate at 30 + 2°C for 30 days
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Figure 7. Time course of pH changes during cultivation of Phanerochaete chrysosporium ATCC

24725 in POME : decanter effluent of 1:0 (a), 1:1 (b), 2:1 (¢) and 3:1 (d) on a shaker

(130 rpm)
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Table 7. Profile of dry cell weight of Phanerochaete chrysosporium ATCC 24725 during
cultivation in the final effluent: decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker (130

rpm) at 30 + 2°C for 15 days

Dry Cell Weight (g/L)

Days 0 3 6 9 12 15
Ratio
1:0 0 0 0 0 0 0
1:1 0 0.9 0.11 0.13 0.16 0.16
2:1 0 0.5 0.7 0.8 0.8 0.9
3:1 0 0.6 0.8 0.8 0.9 0.9
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Table 8. Profile of color removal of P. chrysosporium ATCC 24725 during cultivation in the

final effluent: decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker (130 rpm) at 30 + 2°C

for 15 days
Color (PtCo)
Days 0 3 6 9 12 15
Ratio
1:0 2,697 2,508 2,994 3,209 2,994 2,589
1:1 20,916 11,504 16,314 10,458 13,177 12,549
2:1 15,167 13,347 14,105 13,195 11,224 10,617
3:1 10,333 8,266 8,679 8,473 9,713 9,609
100
80
kE
g
=
z
=
18
Time (days)
-40
—=—ratio1:() ==f=ratiol:] =—fe=—=ratio2:] =—=@=ratio3:]

Figure 8. Time course of decolorization during cultivation Phanerochaete chrysosporium ATCC

24725 in the final effluent: decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker (130

rpm) at 30 + 2°C.
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Table 9. Profile of phenol removal of Phanerochaete chrysosporium ATCC 24725 during
cultivation in the final effluent: decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker (130

rpm) at 30 + 2°C for 15 days

Phenol (mg/L)
Days 0 3 6 9 12 15
Ratio
1:0 104 97 110 115 107 101
1:1 918 817 450 597 423 597
2:1 599 515 569 515 479 485
3:1 471 457 466 400 438 452

100 -

Phenolremoval (%)

Time (days)

——ratio1:() =—f=ratiol:] =—pe=—ratio2:] =—=@=ratio3:]

Figure 9. Time course of phenol removal during cultivation of Phanerochaete chrysosporium
ATCC 24725 in the final effluent: decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker
(130 rpm) at 30 & 2°C.
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Table 10. Profile of COD removal of Phanerochaete chrysosporium ATCC 24725 during

cultivation in the final effluent: decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker

(130 rpm) at 30 & 2°C for 15 days

COD (mg/L)
Days 0 3 6 9 12 15
Ratio
1:0 3,333 3,933 3,833 3,966 3,399 3,599
1:1 37,866 31,807 19,312 18,554 19,690 16,661
2:1 32,933 27,664 30,628 25,029 21,077 18,772
3:1 28,533 26,536 24,824 20,544 15,693 16,264

100 -

COD removal (%)

Time (days)

—=—ratio 1:() =f=ratio]:] =—pe=ratio2:1 =—=@=ratio3:]

Figure 10. Time course of COD removal during cultivation of P. chrysosporium ATCC 24725 in

the final effluent : decanter effluent of 1:0 1:1 2:1 and 3:1 on a shaker (130 rpm) at

30 £2°C.
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Table 11. Comparison on color, COD and phenol removal efficiency during cultivation
Phanerochaete chrysosporium ATCC 24725 in the final effluent : decanter effluent of

1:0 1:1 2:1 and 3:1 on a shaker (130 rpm) at 30 + 2°C for 15 days

Ratio 1:0 1:1 2:1 3:1

0 15 0 15 0 15 0 15
Days
Color 2,697 2,589 20,916 12,549 15,167 10,617 10,333 9,609
(PtCo)
COD 3,333 3,599 37,866 16,661 32,933 18,772 28,533 16,264
(mg/L)
Phenol 104 101 918 597 599 485 471 452
(mg/L)
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Figure 11. Effect of aeration on color removal (a), phenol removal (b) and COD removal (c) of

the final effluent of palm oil mill
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Table 12. Comparison on color, COD and phenol removal efficiency in final effluent from palm

oil mill under aeration condition and no aeration condition

Days Aeration No aeration

Color Phenol COD Color Phenol COD

(PtCo) (mg/L) (mg/L) (PtCo) (mg/L) (mg/L)
0 2,697 64 2,456 2,700 65 2,478
1 2,238 60 2,284 2,673 65 2,626
2 1,699 57 2,259 2,727 65 2,651
3 970 54 2,137 2,808 66 2,676
4 970 49 2,063 2,781 67 2,750
5 943 42 1,867 2,781 66 2,755
6 943 38 1,596 2,754 67 2,750
7 943 31 1,768 2,754 66 2,750

4. MINIAAUVBINNIGANBAILITNINIMENN
d
4.1 wavesSunaudithay
a 9 4 d' a J 2‘ tg’ Y =1 ci =
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maaudhdauiuganiuan naemsnilgnier 8 ¥21ua (Table 13) wu maiad 1y
a S I 4 o w
150 1, 5, 10, 15 uaz 20 wosisua (wiv) NANNEIWTIUNTAIAT  22.5, 32.8, 36.0 52.6
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ez 57.9 1WosiFua a1y (Figure 12) MINATNLUMLoNM sty aulsunaudithaw
A A d? . o v A 9y 9 J v ~
MANVY (Figure 13) HonvInMsmIaduaamthandsey 15oand1sdsznouiuoa lagana
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18 4.4,23.8,36.2, 52.8 uaz 58 1WefIFuA MUE1FY (Figure 14) tazand loa I 13, 21, 35, 48

J I 4 o w .
ez 52 lesFuAn U 19U (Figure 15)
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Table 13. Effect of palm ash concentration on color, phenol and COD removal of final effluent of

palm oil mill after 8 h incubation time

Palm ash 0% 1% 5% 10 % 15 % 20 %
conc.
Color (PtCo) 2,670 2,104 1,807 1,726 1,267 1,132
Phenol (mg/L) 60 61 50 42 31 29
COD (mg/L) 1,427 1,379 1,253 1,031 825 761
70
®
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ki —
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g
*
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Time {h)

——Ctrl -0—1% ——5% —8—10% —<x—15% —e—20%

Figure 12. Effect of palm ash concentration and incubation time on decolorization of final

effluent of palm oil mill
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Figure 13. Comparison on color of final effluent before by using 0, 1, 5, 10,15 and 20 % (w/v)

palm ash, respectively
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Figure 14. Effect of palm ash concentration and incubation time on phenol removal of final

effluent of palm oil mill
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Figure 16. Effect of sugarcane bagasse and incubation time on decolorization (a), phenol removal

(b) and COD removal (c) of final effluent of palm oil mill
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Table 14. Effect of sugar cane bagasse on color, phenol and COD removal of final effluent of

palm oil mill after 10 h incubation time

Control (Palm ash 20%) Sugar cane bagasse
Color (PtCo) 1,087 849
Phenol (mg/L) 28 23

COD (mg/L) 746 662
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Table 15. Summary of palm oil mill final effluent by biological and physical treatment

Final effluent P. chrysosporium ATCC Aeration Palm ash (20%) only Palm ash (20%) +
Parameter 24725 (ratio 1:0) Sugar cane bagasse
Color (PtCo) 2,417 2,589 943 1,132 849
Phenol (mg/L) 43.01 101 31 29 23
COD (mg/L) 1,586 3,599 1,768 761 662
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Table-Appendix 1 Preparation of standard color solution concentration 0 — 500 color unit

Standard color solution conc. Volume of standard color solution 500 unit

(color unit) (ml)
0 -
10 0.5
20 1.0
30 1.5
40 2.0
50 2.5
100 5.0
150 7.5
200 10.0
250 12.5
300 15.0
350 17.5
400 20.0
450 22.5

500 25.0
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Figure-Appendix 1. Standard curve of standard color solution by platinum cobalt standard

(OD,..) method
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Figure-Appendix 2. Standard curve of standard phenol solution (OD,,)
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