
INTRODUCTION

paper industries generated from different stages of paper making. At present, 
Malaysia generates about 1 million metric tonnes of RPMS annually from 19 
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ABSTRACT

the costs are becoming expensive. Therefore, an alternative disposal through land 
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the effect of the composts on plant growth performance. Composting experiment 

accelerate decomposition. During composting, the compost was turned every three 
days to ensure that the material on the outside of the pile was turned from the center 
outwards to dissipate heat.  The RPMS and EFB compost mixtures were evaluated 
for physical, chemical, phytotoxicity and short term plant growth effects. These 
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every year which leads to environmental problems in the country. Current practice 

scarce and land cost is becoming more expensive. Some of the wastes from the 
paper manufacturing mill are categorized under hazardous toxic waste by the 

as scheduled waste and unutilized in Malaysia. However, studies need to be 
carried out to investigate the potential use of RPMS as a value added product, an 
approach that may partly solve the disposal problem. 

According to Das et al.
technology in reducing waste problems by converting complex materials into useful 

 et al
modify the microbial community composition and decrease plant pathogens activity 
by enhancing competition and antagonism among microbes and reducing mass and 
volume, which makes compost suitable for agricultural applications. Several studies 
on the feasibility and the advantage of composting pulp and paper mill sludge have 
been carried out mainly in the temperate countries, especially on the composting 
processes, physical, chemical and microbial characteristics of the compost and 
the suitability of compost for plant growth (Atikinson et al., 1997; Graydon et al. 
1999 and Marche et al. et al.
paper  mill sludge with hardwood  sawdust could be successfully achieved 
with parameters such as aeration, moisture and close monitoring of C/N ratio.

et al.

waste disposal in the country. 
This study was conducted to determine the physico-chemical characteristics 

of composted RPMS and EFB mixtures, their phytotoxicity, and the effect of the 
composts on plant growth performance.
 

MATERIALS AND METHODS

Recycled Paper Mill Sludge and Shredded Empty Fruit Bunches
Raw recycled paper mill sludge from the biological treatment pond was obtained 
from United Paper Board, in Ijok, Selangor. The EFBs were obtained from Jugra 
Palm Mill Sdn. Bhd. at Banting, Selangor, and shredded into small pieces.

Experimental Design and Treatment
The composting experiment was carried out on a small scale by using a polystyrene 

conducted in the glasshouse unit of the Faculty of Agriculture, Universiti Putra 
Malaysia. The experiment was arranged in a completely randomized design 
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content to accelerate decomposition. During composting, the compost was turned 
every three days to ensure that the material on the outside of the pile was turned 
from the center outwards to dissipate the heat.  The temperature in the core of the 
material was recorded. 

Compost Analysis
Compost was sampled from each box during composting for the analysis of 
NH4

+-N, NO3
- -N, Total N and Total C. The composts were analyzed for their 

of volume reduction was calculated by taking the difference between the volume 
of the composting material at the beginning and volume of the compost after the 

determined from the supernatant of the mixed sample and distilled water ratio 

collected from the saturated paste using the EC meter. Total carbon was measured 

Mineral N (NH4
+-N and NO3

-

+, Ca , and Mg
determined by the NH4

Adsorbed NH4
+ was displaced with potassium sulfate solution and determined 

Total PAHs were determined to the method described by Zakaria et al.,
3

(Zarcinas et al.

Test for phytotoxicity of composts

a petri dish with 15 seeds of green bean and sweet corn. Plates were incubated at 

number of germinated seeds and average root length per dish were expressed in 
percentage based on control. Phytotoxicity results were expressed as germination 



index obtained from the percent germination and percent root length divided by 
 et al.

Potting Media. The  effect of  the compost  on  plant growth was 

RPMS: EFB, respectively.  Seeds of chillies, corn and tomato were used as 
test plants to determine plant growth performance at 14 days after sowing.

Statistical Analysis
All experimental data were analyzed statistically using analysis of variance 

RESULTS AND DISCUSSION

Characteristics of Raw Recycled Paper Mill Sludge and Shredded Empty Fruit 
Bunches. 

in Table 1. The raw RPMS were wet, sticky and formed cakes and emitted an 

this condition allows air to pass freely through the compost pile (Suhaimi and 

According to Kala et al
mixtures with sewage sludge resulted in a more rapid rise in temperature.  

liming agent for amelioration of acid soils. The concentration of N in RPMS was 
et al

large amount of ammonia or urea to the aeration tanks to allow for microbial growth.  

-1.  Meanwhile, the 
concentration of dioxin in RPMS was 4.87 pg g-1 which is below the recomended 
value by USEPA. Therefore, RPMS does not pose any toxicity problem to the 
environment. 

In general, the concentration of heavy metals in RPMS and EFB did not 

document for metal contamination for land application of sludge (Commission of 

exceed the limit. Therefore, it is important to closely monitor the effect of RPMS 
utilization as materials for composting as they may pose metal toxicity hazard.

A. Rosazlin, C.I. Fauziah, K. Wan Rasidah, A.B. Rosenani and D.R. Kala
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Compost Characteristics during Composting
The temperatures of composts are shown in Figure 1. The ratio 1:1 of RPMS: 

study, it was observed that the compost did not reach thermophilic stage (> 
et 

al
mixture therefore smaller volume was used. The factors controlling temperature 
rise in a compost pile are type of microorganisms present, materials used for 
composting, amount and height of the compost and moisture content. Generally, 

temperature at the center of the compost heap had cooled down to the ambient 

oxidation phase of composting was considered completed (Hachicha et al.

Recycled Paper Mill Sludge Mixed with Oil Palm Empty Fruit Bunch Compost Quality

TABLE 1

Parameter EFB RPMS *MPC 
Odour nd strong unpleasant odour  
Colour 10YR 5/4 10YR 3/1  
pH nd 7.18 
EC, mS-1 nd 3.08 
Organic matter, % 55.37 38.67 
Nitrogen, %  1.05 4.05 
Carbon, % 44.19 33.67 
C/N ratio 42.08 8.33 
CEC, cmolc kg-1 nd 28.07 
P, % 0.05 0.78 
K, % 1.91 0.42 
Ca, % 1.54 0.53 
Mg, % 0.07 0.45 
Al, % 0.45 2.76 
Fe, % 0.04 0.17 
As, mg kg-1 108 186  
Cd, mg kg-1 1.84 4.09 20-40 
Cr, mg kg-1 29.45 37.01  
Cu, mg kg-1 19.20 88 1000-1750 
Mn, mg kg-1 50.77 325  
Pb, mg kg-1 11.95 177 750-1200 
Zn, mg kg-1 29.88 251 2500-4000 
Ni, mg kg-1 18.61 25.21  
PAHs, ng g-1

Dioxin, pg g 1
  nd

nd
 218

4.87 50
  

    nd – not detected 
   * maximum permitted concentration (Commission of European Communities, 1986) 

a

a USEPA
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The C/N ratio of RPMS and EFB mixture were within the range of 37 to 

(Fig. 2). As the composting process progressed, the C:N ratio decreased because 
a large part of the C was continuously released as CO  while the majority of the N 

The NH4
+-N and NO3

--N are two important components of mineral N presents in 
matured composts. In the early stage of composting, mineralization of organic N
and other nitrogenous compounds such as protein mineralizes N to ammonium 
occurs. Upon oxidation of NH4

+-N by oxidizing bacteria, NO3
- -N is accumulated. 

A. Rosazlin, C.I. Fauziah, K. Wan Rasidah, A.B. Rosenani and D.R. Kala

Fig. 2: Changes in C/N ratio of the composting of RPMS and EFB at different
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Thus, in matured compost, NO3
- -N should be higher than NH4

+-N. This study 
proves that the composts produce higher NO3

- -N compared to NH4
+-N (Figs. 3 

and 4

composting. The stability of the compost occurs when it resembles humus, has 

Recycled Paper Mill Sludge Mixed with Oil Palm Empty Fruit Bunch Compost Quality

Fig. 3: Changes in NH4
+ -N ratio of the composting of RPMS and EFB at different

Fig. 4: Changes in NO3
- -N ratio of the composting of RPMS and EFB at different

 

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12

weeks

N
H

4 +
 - 

N
 (m

g 
kg

   
)  

-1

1 RPMS : 1 EFB
1 RPMS : 2 EFB
1 RPMS : 3 EFB

 

0

3

6

9

12

15

18

21

24

0 2 4 6 8 10 12

weeks

N
O

3-
- N

 (m
g 

kg
   

)
-1

1 RPMS : 1 EFB
1 RPMS : 2 EFB
1 RPMS : 3 EFB



56

respectively. The percentage of volume reduction of three compost mixtures after 

RPMS: EFB. The lower ratio of EFB in RPMS and EFB compost mixture may be 
compacted with RPMS compared to the higher ratio of EFB.

based on their pH and organic matter which are in the range of the regulation values 

was highest in the 1:3 ratio compost mixture and this may have come from the EFB. 

days of composting are shown in Table 3. The heavy metals content of RPMS 
need to be monitored as they may pose a hazard of metal toxicity to crops. Due 
to the reduction in volume during composting, an increase in the concentration 

concentrations of heavy metals were within the recommended level of the 

compost mixtures. Therefore these RPMS: EFB compost mixtures could be 
recommended for land application in Malaysia. Except for Cu and Ni, there 

Zn and Fe in these compost mixtures. However studies need to be conducted to 
determine the long term effect of RPMS: EFB compost mixtures on soil.
 
Phytotoxicity Test

A. Rosazlin, C.I. Fauziah, K. Wan Rasidah, A.B. Rosenani and D.R. Kala
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extracts and the results showed that the three RPMS: EFB compost mixtures had 

germination. The results show that RPMS:EFB compost mixtures with ratio 1:1 and 

index in sweet corn and green beans seeds compared to the 1:3 ratio. 

Recycled Paper Mill Sludge Mixed with Oil Palm Empty Fruit Bunch Compost Quality

Physical and chemical characteristics of the RPMS and shredded EFB at different ratios 

Parameter Compost 
1:1 

(RPMS:EFB) 

Compost 
1:2 

(RPMS:EFB) 

Compost 
1:3 

(RPMS:EFB) 

* Regulation 
value 

Odour Produced 
humus-like 

odour 

Produced 
humus-like 

odour 

Produced 
humus-like 

odour 
Colour 10YR 2/1 10 YR 2/2 10 YR 2/2 
Volume reduction, 
% 

60.96 c 70.45 b 72.12 a  

Particle size (mm) <10 <16 <18 <24 
pH 7.18 a 7.41 a 7.52 a 5.5-8.0 
EC, mS-1 4.84 a 5.56 a 5.32 a  
Organic matter, % 61.62 b 67.67 a 69.19 a >30 
Nitrogen, %  2.68 a 2.38  ab 2.03 b 0.6a 
Carbon, % 52.52 a 44.03 ab 34.90 b  
C/N ratio 19.60 a 18.50  ab 17.20 b <22 
CEC, cmolc kg-1 28.61 a 29.67 a 31.93 a 
P, % 0.71 a 0.73 a 0.63 a 
K, % 0.69 b 0.91 ab 1.37 a 
Ca, % 0.47 a 0.48 a 0.43 a 
Mg, % 0.29 a 0.29 a 0.30 a 
Al, % 2.84 a 0.84 b 1.45 b  

Same letters in the row indicate that the values are not significantly different at p>0.05, according to 
Tukey test. 
* recommended by Council of European Communities (CEC) for compost, source: Zucconi and 
Bertoldi 1987) 
a minimum mineral content (% dry wt.) 

TABLE 3

of composting compared to the regulation value.

Heavy Metal Compost 
1:1 

(RPMS:EFB) 

Compost 
1:2 

(RPMS:EFB) 

Compost 
1:3 

(RPMS:EFB) 

* Regulation 
Value  

As, mg kg-1 150 a 100 a 108 a 
Cd, mg kg-1 2.48 a 2.48 a 2.71 a 5 
Cr, mg kg-1 15.33 a 26.85 a 27.86 a 200 
Cu, mg kg-1 87.71 a 86.09 ab 79.99 b 150 
Mn, mg kg-1 342 a 449 a 378 a  
Pb, mg kg-1 26.94 a 26.97 a 21.45 a 750 
Zn, mg kg-1 183 a 228 a 199 a 1000 
Ni, mg kg-1 20.29 b 24.71 a 21.47 ab 50 
Fe, % 0.17 a 0.20 a 0.17 a  

Same letters in the row indicate that the values are not significantly different at p>0.05, according to 
Tukey test. 
* recommended by Council of European Communities (CEC) for compost, source: Zucconi and 
Bertoldi 1987) 
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Figure 6 shows the effects of raw RPMS, RPMS and EFB compost mixtures 
compared to commercial compost as a potting media on the dry matter weight 
of sweet corn, tomato and chilies after 14 days of planting.  Generally, the dry
matter weight of sweet corn, tomato and chillies showed the same trend. The 
dry matter weight of these plants decreased with increasing content of EFB in 
the RPMS: EFB compost mixtures. This could be due to the lower N content 
and C/N ratio in these potting media. Potting media containing composts of 1:1 
ratio RPMS: EFB exhibited the highest dry matter weight in sweet corn, tomato 
and chillies compared to the other treatments. However, the plants could not 
survive in raw RPMS alone as potting media, as shown in Figure 7.  

TABLE 4
The effect of RPMS and EFB compost mixtures on the phytotoxicity germination test 

of sweet corn and green bean 

Fig. 6: The effect of raw RPM, RPMS and EFB compost mixtures compared to commercial 
compost on the dry matter weight of sweet corn, tomato and chillies after 14 days planting. 
The treatments are: a) C, control (mineral soil), b) raw, raw RPMS alone, c) CP, commercial 

compost and d) 1:1; 1:2; 1:3 (RPMS:EFB) compost ratios.
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Same letters above bars indicate that the values represented by the bars within crop 
are not significantly different at p>0.05, according to Tukey test.  

10% compost 
extract 

Percent 
germination 

Percent 
root 

length 

Germination 
Index 

Percent 
germination 

Percent 
root 

length 

Germination 
Index 

 Green Bean Sweet corn 
Control (Distilled 
Water) 

100 100a 2.00a 100 100a 2.00a 

RPMS 1: EFB 1 100 95.38a 1.95a 100 98.53a 1.98a 
RPMS 1: EFB 2 100 87.72ab 1.88ab 100 79.15ab 1.79ab 
RPMS 1: EFB 3 100 63.51b 1.63b 100 69.46b 1.69b 
Same letters in the column indicate that the values are not significantly different at p>0.05, according to 
Tukey test. 
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CONCLUSION
This study suggests that RPMS and EFB has potential for re-utilization as 
compost for land application. These composts mixtures had no toxicity effects 

In conclusion, compost with 1:1 volume ratio could be used for land application 

Fig.7: The effect of raw RPM, RPMS and EFB compost mixtures compared to commercial 
compost on the dry matter weight of a) sweet corn, b) tomato and c) chillies after 14 days 
planting. The treatments are a) control (mineral soil), b) raw RPMS, c) CF, commercial 

compost and d) 1:1; 1:2; 1:3 (RPMS:EFB) composts ratio. 
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ratio will help the paper mill industry to recycle its waste as more RPMS will 
be used compared to other compost with other ratios which utilize more EFB. 
Studies on utilization of sludge from paper industry are still at an infancy stage 
in Malaysia. Long term studies should be carried out to evaluate the effect of raw 

ACKNOWLEDGEMENT
We would like to thank Universiti Putra Malaysia for giving us the permission to 

REFERENCES
Atkinson C.F., D.D. Jones and J.J. Gauthier. 1997. Microbial activities during 

composting of pulp and paper-mill primary solids. World Journal of Microbilogy 
and Biotechnology

Bre

Brem Methods of Soil Analysis 
(Part 2). Chemical and Microbiological Properties, eds.. A.L. Page, R.H. Miller, 

Agronomy, Madison, WI.

Chan, K.W., I. Watson and K.C. Lim. 1981. Use of oil palm waste material for 

Malaysian Soil Science 
Society.

Co

sewage sludge is used in agriculture. Off. J. European Community L181 (Annex 

Das, 
by-products: scale-up and scasonal effects. Compost Science and Utilization. 

Applied 
and Environmental Microbiology

Graydon A.R. Hackett, Charles A. Easton and Sheldon J.B Duff. 1999. Composting 
Bioresource 

Technology. 



61

Recycled Paper Mill Sludge Mixed with Oil Palm Empty Fruit Bunch Compost Quality

Ha
assessment of composts prepared with olive mill wastewater and agricultural 
wastes. Waste Management

Kal
palm wastes and sewage sludge for use in potting media of ornamental plants. 
Malaysian Journal of Soil Science. 13:77-91.

Marche, T., M. Schnitzer, H. Dinel, T.Pare, P. Champagne, H-R. Schulten and G. 

hardwood sawdust mixture. Geoderma. 116:345-356.
Merry, R.H. and L.S. Spouncer. 1988. The measurement of carbon in soils using a 

microprocessor-controlled resistance furnace. Communication in Soil Science 
and Plant Analysis.

MP http:\\:www.mpob.
gov.my

Response of soil microbial communities to compost amendments. Soil Biology 
Biochemistry

S
N.C.: SAS Institute.

Robert, W. and M. Zeeman. Dioxin / Furans: USEPA ecologist risk assessment for 
land application and disposal methods for paper pulp sludge. Chemosphere. 

Suh
www. 

agnet. Org / library / eb /505 

Tho Methods of Soil Analysis. Part 2. 
Chemical and Microbiological Properties-Agronomy, eds. A.L. Page, R.H. 

Society of Agronomy, Madison, WI.

Un

Zakaria, M. P., H. Takada, S. Tsutsumi, K. Ohno, J. Yamada, E. Kouno, and H. Kumata. 

estuaries in Malaysia: A Widespread Input of Petrogenic PAHs. Environmental 
Science and Technology



Zarcinas, B.A., B. Cartwright and L.R. Spouncer. 1987. Nitric acid digestion and multi-
element analysis of plant material by inductively coupled plasma spectrometry. 
Communication in Soil Scence and Plant Analysis.

Z
Biocycle. 

Zucconi, F., A. Monaco and M. Forte. 1985. Phytotoxins during the stabilization of 

other wastes. Elsevier Applied Science Publisher, London.


