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Brouillette, M., Trepanier, L., Gallichand, J. and Beauchamp, C.
1996. Composting paper mill deinking sludge with forced aera
tion. Can. Agric. Eng. 38: 115-122. Static pile forced aeration was
used as an alternative to mechanical pile turning to compost paper
mill deinking sludge. The experimental set-up consisted of two pile
heights (2 and 3 m) and three aeration pipe spacings (no aeration,
I-m and 2-m aeration pipe spacing) resulting in different aeration
levels. Aeration was provided for 10 consecutive months. Results
showed that 3-m piles required longer aeration times to maintain
temperatures in the required range. All aerated treatments maintained
temperatures between 50 to 65°C compared to 30 to 40°C for non
aerated treatments. Temperatures in aerated treatments were
maintained between 50 to 65°C even when the temperature of the air
injected into the material was as low as -20°C. Water content re
mained within the optimum range (60 to 71 %) for efficient
composting for all treatments. Fibre levels gradually decreased dur
ing the experiment with cellulose being the most degraded. The
compost fibre contents was only affected by depth within the piles.
The degree of composting, as evaluated by the light absorbency test,
was higher for aerated treatments, especially for the I-m pipe spacing
treatment. Depth within the piles also affected light absorbency
measurements. More nitrogen was converted into the organic form in
the aerated treatments, especially for the I-m pipe spacing treatment.
Composting deinking sludge with forced aeration is feasible in East
ern Canada even under winter conditions. Keywords: aerobic
composting, automatic control, temperature, deinking residues,
sludge.

Un systeme d'aeration forcee a ete utilise pour Ie compostage des
residus provenant du desencrage du papier. Le dispositif experimen
tal etait constitue de 6 traitements differents formes de 2 epaisseurs
de residus (2 et 3 m) et de 3 espacements des tuyaux d'aeration (sans
aeration, tuyaux d'aeration espaces de I et de 2 m) correspondant a
3 niveaux d'aeration. Les resultats ont demontres qu'apres 10 mois
de compostage les traitements de 3 m d'epaisseur necessitaient une
plus grande aeration afin de maintenir la temperature au niveau
dcsire. La temperature du compost s'est maintenu entre 50 et 65°C
dans les traitement aeres, meme en conditions hivemales ou l'air
injecte avait une temperature d'environ -20°C. Dans les traitements
non aeres la temperature du compost variait de 30 a40°C. La teneur
en eau des residus est demeuree dans la zone optimale pour Ie
compostage (60 a 71 %) dans tous les traitements. Les fibres en
general, et la cellulose en particulier, se sont graduellement
degradees tout au long de I'experience. Le contenu en fibre des
echantillons preleves ala fin de I'experience a varie en fonction de la
profondeur. Les analyses colorimetriques ont demontrees que Ie
degrc de compostage atteint etait plus eleve dans les traitements
acres. Les resultats des analyses colorimetriques ont aussi etc influ
ences par la position verticale des echantillons. L'azote a davantage
ctc converti sous forme organique dans les traitement aeres, particu
lierement pour les traitements ou I'espacement des tuyaux d'aeration
ctait de I m. Finalement, les resultats obtenus demontrent que Ie

compostage des residus de desencrage par aeration forcee est real
isable en conditions hivemales de I' Est du Canada.

INTRODUCTION

Growing environmental concerns and the need for efficient
resource management have led to an increased use of recy
cled paper. In Canada, the proportion of recycled fibres used
by the pulp and paper industry increased from 4.6% in 1965
to 11.4% in 1990. Since 1990, the demand for recycled fibres
in newsprint production has steadily increased. Inks must be
removed from used paper before it can be efficiently recy
cled. The deinking process produces a waste by-product,
called deinking sludge, that contains mainly paper fibres,
clay particles, and inks. Johnson (1992) has estimated that by
the end of the decade, the world production of deinking
sludge will be more than 8 million tons per year.

Different strategies are used to dispose of deinking sludge.
Landfilling is the most popular option, although costs are
increasing. Burning is used to generate energy for many
factories, but may lead to air pollution. Direct application of
fresh sludge on agricultural land is another option; however,
extensive land areas would be needed to receive the large
amounts of sludge produced (Carroll and Gajda 1990). Com
posting is one of the most promising avenues to recycle
de inking sludge. Composting reduces the volume and stabi
lizes the sludge so it may be economically used for
agriculture, landscaping, and horticulture.

The biological process of composting, by which an or
ganic substrate is decomposed, can be divided into two
stages. The first stage is characterized by a high exothermic
microbial activity and results in temperatures around 50°C.
In the second stage, the microbial activity is reduced, result
ing in lower temperatures and enabling the degradation of
refractory organic material by mesophilic microorganisms.
Certain conditions must be met for efficient composting to
occur. Water content must ideally be maintained between 40
and 65% on a wet basis, but may be as high as 85% if
sufficient porosity is maintained (Haug 1993). In the high
activity phase, temperatures should stay in the range of 48 to
65°C (Golueke 1984). Moreover, the C/N (carbon/nitrogen)
ratio of the sludge should be between 30 and 50 at the
beginning of the process (Thambirajah and Kuthubutheen
1989; Thorstrup 1985).

Since microorganisms need oxygen for organic matter
oxidation, composting requires sufficient air supply (Lau et
al. 1992). A number of systems can be used to ensure proper
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aeration. They range from simple mechanical turnings to
complex aeration systems. Optimal aeration conditions are
difficult to achieve with mechanical turnings at large com
posting plants because in the first stage of composting,
optimal management could necessitate more than one me
chanical turning per day (Mustin 1987). Static pile forced
aeration system is an interesting alternative due to its rela
tively low cost and simple operation and maintenance.

The objectives of this research were to verify the technical
feasibility of a static pile aeration system to compost deink
ing sludge and to evaluate its effect on the quality of the
resulting compost.

MATERIALS AND METHODS
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Fig. 1. Plan view of the experimental setup and
abbreviations for the six aeration treatments.

piles of sludge. Because the amount of air required for heat
removal exceeded that needed for oxygen supply (Psarianos
et al. 1983), the ventilation strategy consisted in preventing
excessively high temperatures that could lead to the inhibi
tion of the composting process (Lau et al. 1992). It was
impossible to control independently the temperatures of the
four aerated treatments. Temperatures were controlled by the
datalogger in the I-m pipe spacing treatments of each pile
height, knowing that the temperature control in the 2-m pipe
spacing treatments would not be optimal. Aeration was pro
vided under three automatic modes. The system operated
under mode I from November 1992 to February 1993, when
outside temperatures were most of the time below freezing.
Ventilation was stopped during the night to avoid freezing of
the composting material. This was particularly important at
the beginning of the composting process because tempera
tures in the piles were low. During daytime, between 10:00
A.M. and 3:00 P.M., aeration was provided when the average
temperature in the 1-m pipe spacing treatments exceeded
55°C. Aeration was stopped when the average temperature
dropped below 53°C. Moreover, a 10 minute ventilation
period was imposed at the beginning and end of the daytime
period. Because temperatures of the composting material

T3

T4

T1

T2T6

Experimental set up
The static pile forced aeration procedure uses a ventilation
unit to force air into a perforated pipe system located under
the composting material This induces air convection move
ment into the material and delivers oxygen to the
microorganisms. These systems provide computer controlled
ventilation and have been used to compost other types of
residues (Kutter et al. 1985; Riffaldi et al. 1986; Van-Oos
trom et al. 1991).

The experimental site was located at a composting plant
near Quebec City, Quebec. Experiments were carried out
from November 1992 to September 1993. Residues used for
the experiment were a mix of 95% fresh deinking sludge and
5% composted sludge for inoculation. The deinking sludge
came from the Daishowa newspaper recycling plant located
in Quebec City. Deinking sludge was characterized prior to
the experiment to identify compounds that might cause con
tamination problems in agriculture. More than 150 organic
and inorganic components were analysed, including heavy
metals, PCB, and hydrocarbons. Results did not show any
contamination problem. The fresh deinking sludge had a C/N
ratio of 330. The C/N ratio was lowered to about 30 by
mixing 8.3 kg of mineral fertilizer (26-13-13) per cubic meter
of sludge.

The experiment was carried out using two pile heights (2
and 3 m). For each height, aeration treatments of 1-m pipe
spacing (T3, T4), 2-m pipe spacing (Tl, T2) and no aeration
(T5, T6) were used (Fig. 1). One 2.2 kW blower was
used for each pile height and operated under positive
pressure. Aeration was provided through 100 mm
diameter perforated plastic pipes located at the bot
tom of the piles. For each aerated treatment,
temperatures were monitored at three locations with
thermocouples installed at elevations of 0.5, 1.0, and
1.5 m above the bottom of the pile for the 2-m pile,
and at 0.5, 1.5, and 2.5 m for the 3-m pile. Tempera
tures were measured at only one location in the
non-aerated treatments at elevations of 0.5 and 1.5 m
for the 2-m pile and at 0.5, 1.5, and 2.5 m for the 3-m
pile (Fig. 2). Temperatures were recorded by a
Campbell CR 10 datalogger using two multiplexing
devices.

Aeration strategy

Aeration was controlled by the temperature in the

o AERATION PIPE • THERMOCOUPLE LOCATION

Fig. 2. Elevation view of the experimental setup.
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RESULTS AND DISCUSSION

Table I: Monthly avarage, maximum, and minimum air
temperatures

Temperatures and ventilation times
All aerated treatments maintained temperatures from 50 to
65°C compared to 30 to 40°C for non-aerated treatments.
Compost temperatures were maintained at that level even in
winter when the monthly temperature of the air injected into
the compost was as low as -20.9°C (Table I). Figure 3 shows
typical temperature variations for a non-aerated and an aer
ated treatment. Higher temperatures in aerated treatments
were the result of higher exothermic activity of microorgan
isms. The oxidation of organic matter is an exothermic
reaction and temperature alone is not the best indicator of
microbial activity. Heat production would be a better indica
tor of the composting activity. Non-aerated treatments
maintained relatively high temperatures due to the heat accu
mulation in the compost pile, but the heat produced in the
aerated piles was always evacuated by forced convection.

depths. For convenience, depths were labelled from 1 (top of
the pile) to 4 (bottom of the pile). For aerated treatments, four
series of samples were taken above the aeration pipes and
three at mid-spacing between the pipes. For each non-aerated
treatment, seven equally spaced series were sampled with
four depths per series. All samples were analysed for water
content and light absorbency (Morel 1982). Light absorb
ency, an estimation of humic and fulvic acid concentrations,
is measured by comparing the light intensity coming in and
out of a solution of compost extract. Light absorbency is
unitless. The higher the light absorbency, the darker the
sample, and the higher the degree of composting. For fibre
content (cellulose, hemicellulose, and lignin) and insoluble
ashes, 16 samples per treatment were analysed (two series of
samples above the aeration pipes and two series between).

Bulk density, porosity, and free airspace (ratio of gas
volume to the total volume) were also evaluated at the end of
the project. Four series of samples were taken at 7 depths in
treatment T2. Wet bulk density was calculated by dividing
the wet weight of the sample by the volume of the cylinder
used to get the samples. Porosity and free airspace were
calculated (Haug 1993) with a sludge density of 1250 kg/m3.

-4.2
-10.2
-17.5
-20.9
-11.4

-0.1
6.0

10.6
14.4

13.8

Minimum

2.5
-2.5
-7.5

-10.2
-0.1
9.0

16.9
22.4
25.1
24.6

Maximum

Temperature (oC)

-0.9
"-6.5
-12.5
-15.6

-5.8
4.5

11.5
16.5
19.8
19.2

Average

November
December
January
February
March
April
June
July
August
September

remained around 55°C, even when outside temperature was
-200C, the system was set to mode 2 in February 1993. In this
mode, ventilation control was completely automatic with
start and stop set-points at 55 and 53°C, respectively. By the
end of May, ventilation times had decreased for the 2-m piles
and mode 3 was set to provide a minimum level of aeration
to avoid anaerobic conditions. In this mode, four five minute
aeration periods per day were added to mode 2. This mode
remained in operation until the end of the experiment while
the 3-m piles remained under mode 2.

Sampling and analyses
The maturity of a compost is important if it is to be used
successfully in agriculture (Inbar et al. 1990). As no single
method is currently available to estimate compost maturity,
a combination of chemical, physical, and bjological parame
ters is recommended (Riffaldi et al. 1986). Commonly used
parameters are the C/N ratio, the fibre content (lnbar et al.
1990; Jimenez and Garcia 1991), and the color measured by
light absorbency (Morel 1982).

Periodic measurements To eliminate side effects, tempera
ture readings and samples were taken at least 2 m away from
the edge of each treatment. Temperature readings were col
lected every five minutes at locations shown in Fig. 2.
Average hourly readings for each depth were recorded along
with starting time and duration of each ventilation period.
Once a month, compost samples were taken in each treatment
at two random locations and at five equally spaced vertical
positions. Samples were analysed for water and fibre content.
The evolution of fibres (cellulose, hemicellulose, and lignin)
and insoluble ashes were measured five times during the
experiment by the methods of Goering and Van Soest (1970)
and Van Soest and Wine (1967). Results of fibres analysis
were expressed on the insoluble ashes basis (grams of fibres
per gram of insoluble ashes).

Final measurements The final sampling was made with two
objectives: I) to compare the level of composting reached
in each treatment by composite and grid samples, and 2) to
evaluate spatial variations in composting by grid samples.

Composite samples were taken from two exposed cross
sections made in each treatment. Between 10 and 14
continuous samples (from top to bottom of the piles) were
mixed thoroughly to form a composite sample. Sub-samples
from each composite sample were used for measurement of
carbon and different forms of nitrogen. Total nitrogen and
carbon were determined by oxygen combustion with a Lecon
CNS-IOOO. Concentrations ofNH4-N and the combined form
of N03-N and N02-N were determined by distillation. Elec
trical conductivity and pH were measured on composite
samples using a compost-water solution of I:20. Results of
electrical conductivity were multiplied by 4 and expressed on
a ~:5 ratio to be compared with values from the literature.

The objective of the grid sampling was to quantify differ
ences in composting due to the aeration treatments, and to
allow the identification of preferential composting zones in
the aerated treatments. Preferential composting can be caused
by variations in aeration level due to the relative position of
a given volume of material with respect to the aeration pipes.
Samples were taken in each treatment at four equally spaced
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Fig. 5. Evolution of fiber content vs time (average from
the six treatments).

the compost. When the blowers restarted, temperatures were
high and more air was needed to evacuate the accumulated
heat. On August 13, a power failure caused the blowers to
stop. The same increase in ventilation was observed when
they restarted 8 days later.

Evolution of composting material

Water content did not vary significantly during the experi
ment. It remained between 60 and 71 % for all treatments,
which is near the optimal range for efficient composting. In
this range of water content, microorganisms can easily move
from fibre to fibre in the aqueous environment with enough
free airspace to provide sufficient oxygen mass transport.
The composting process resulted in mass reduction of the
material. Because the mass of the insoluble ash remained
constant during composting, fibre content was expressed on
an insoluble ash basis. Results showed that there were no
significant differences in insoluble ash content between treat
ments. For all treatments, fibre content decreased
progressively (Fig. 5) with cellulose degradation being the
most prominent. For all treatments, 43% of cellulose, 15% of
lignin, and 39% of hemicellulose were degraded during the
experiment. The average insoluble ash content for the six
treatments increased from 14.3 to 19.6%, which resulted in
an average mass reduction of 27% during the 10 months the
experiment lasted.

Effect of treatments on the degree of composting

Carbon and nitrogen Table II shows concentrations of total
carbon and different fonns of nitrogen for each treatment at
the end of the experiment. Mineral fertilizers added at the
beginning of the experiment remained mostly inorganic
(NH4-N, N03-N, and N02-N) in non-aerated treatments,
while part of it was immobilized by the biomass and trans
fonned into organic nitrogen in aerated treatments. Since
nitrogen remained in the inorganic fonn in non-aerated treat
ments, losses by volatilization may explain lower total
nitrogen concentrations in these treatments. The concentra
tion of NH4-N decreased as the aeration level increased and
the total of N03-N and N02-N concentrations were slightly
higher in aerated treatments indicating better aerobic condi-
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Temperatures remained in the thennophilic range for the four
aerated treatments until the end of the experiment. The meso
philic or maturation stage, in which temperature decreases,
was never reached. Organic matter such as lignin, hemicellu
lose, and cellulose is difficult to degrade (Thorstrup 1985),
which may explain the long thennophilic period. During the
ventilation period, the air flow in the 2-m height pile was
evaluated to 7 and 12 m3/min for the 2-m and I-m pipe
spacing, respectively, and to 5 and 9 m3/min in the 3-m
height pile for the 2-m and l-m pipe spacing. Ventilation
periods are shown in Fig. 4 for each control mode. Under
mode 1, ventilation periods were similar at about 50 min/d.
Under mode 2, ventilation periods were higher for the 3-m
pile than for the 2-m pile. Ventilation periods were around
100 min/d for the 3-m pile and around 30 min/d for the 2-m
pile. The lower ventilation rate for the 2-m pile indicated a
lower heat production, which was probably due to the smaller
compost volume. After July 1, several fluctuations in venti
lation periods were experienced due to different technical
problems. Blowers accidentally stopped for the first time
when aeration pipes became filled with water draining from
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Table II: Results of analyses on compost material at the end of the experiment
------------

I-m pipe spacing 2-m pipe spacing Non-acrJted

2·m height 3·m height 2~m height 3·m height

Nlola] (mg/kg):1 9030 9290 9 140 8860

NI·14-N (mg/kg)" 522 S52 I 960 2030

NOJ.N02 (mg/kg):l 220 31 254 95

Norg (mg/kg):1 8290 8 ~OO 6930 6740

Clolal (mglkg):1 374000 381 000 382000 390000

C Ilolal ~2 ~I ~2 M

ClNorg ~5 ~5 55 58

Insoluble ashes (9c) 20.33 19A7 19.26 18.83

Cellulose. (gig)b 1.49 1.65 1.63 1.72

Lil:!.nin (f!.1f!.l 1.38 lAO 1.~3 IAI

J-1~niccilulosc (g/g)b OA7 0.~4 OA6 OA6
Light absorbency 0.206 0.202 0.142 0.125

Elcc. condo (illS/em) 2.0 ~.O 2.8 3.6

pl·1 7.3 7.1 7.2 7A

(I Dry basis

b grams of fiber per gram of insoluble ashes

2-111 height

7490
4410

32
3050

376000
50

123
20.68

IAI
1.33
OA8
0.083
4.4
7A

3~m height

6240
5290

35
920

380000
61

413
19.73

1.33
1.37
0.53
0.069
4.8
7A

Fig. 6. Cross section of dcinking sludge at the end of the composling period. Treatmcnt without aeration is
presented on the left side and with aeration on the right side.

tions. Composting cxperimcnls conductcd by Riffi.lldi ct al.
(1986) and Morel el 'II. (1986) also showed a rise in nilrate
concenlralions with aeration. This suggests a more efficient
composling in aerated IrealmenlS. The C/ ratio is com
monly used to assess the maturity of a compost, where N

indicates all forms of nilrogen. A C/N ratio below 20 is
gCllcr,llly a sign of stabililY. Howevcr. this ralio can vary
according to the lype of subslrale used. In Ihc present experi
ment. the final C/N ratio was lower in aerated treatments.
implying a greater stability of organic mailer.
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Table llI: Light absorbency (dimensionless)

1-m pipe spacing 2-m pipe spacing Non-aerated

2-m pile height 3-m pile height 2-m pile height 3-m pile height 2-m pile height 3-m pile height

depth 1 0.113 0.144 0.109 0.083 0.188 0.181
2 0.154 0.211 0.119 0.119 0.077 0.031
3 0.224 0.225 0.125 0.181 0.032 0.032
4 0.332 0.230 0.216 0.117 0.036 0.032
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Fig. 7. Effect of depth on fibre and insoluble ash for
aerated treatments.

Fibre and insoluble ash Analyses of fibre (cellulose, lignin,
and hemicellulose) and iqsoluble ash were performed on
samples from the grid sampling at the end of the experiment.
Average values for each treatment are shown in Table II. No
significant differences were found with respect to aeration
level or pile height.

Electrical conductivity and pH Electrical conductivity is a
measure of soluble salt concentration, which is used to plan
adequate compost utilisation. Once converted to a 1:5 ratio,
electrical conductivity values were between 2.0 and 4.8
mS/cm (Table II). Results of electrical conductivity indicated
that, for all treatments, composted material could be used for
gardening, for potting with filling material, or for incorpora
tion into soil (Northeast Regional Agricultural Engineering
Service 1992). Measured pH values were between 7.1 and
7.4, which is comparable to values mentioned in literature
(Mustin 1987).

Spatial variation in the degree of composting

An analysis of variance indicated that only the vertical posi
tion within the piles had a significant effect (ex = 0.0 I) on the
degree of composting. The effect of the vertical position of
the samples in the aerated treatments is presented in Fig. 7 for
insoluble ash. These results show that samples at the top and
bottom of the piles had a higher ash percentage and a lower
cellulose mass. This can be explained by a more important
organic matter degradation occurring at these locations
caused by greater oxygen availability near the aeration pipes
and near the pile surface. The effect of depth on lignin and
hemicellulose degradation was negligible.

Another way to assess compost maturity is to compare the
C/N ratio in which only the organic nitrogen is considered
(C/Norg). Using organic nitrogen instead of total nitrogen
excludes mineral nitrogen added at the beginning of the
experiment and gives a better idea of the biomass evolution.
Table II indicates that the C/Norg ratio is directly related to
the aeration level. For the 3-m high treatment, C/Norg values
of 413, 58, and 45 were obtained for the non-aerated, 2-m,
and I-m pipe spacing, respectively. In the non-aerated treat
ments, a difference was observed between the 2-m and the
3-m height pile average C/Norg ratio, which were 123 and
413, respectively. The difference can be explained by the
presence of a 400 mm thick layer of well composted material
on top of both piles (Fig. 6), which represent a relatively more
important proportion of the total material in the 2-m than in
th~ 3:m height pi~e, an~ r~sult~d in a lower average C/Norg
ratio m the 2-m pde. Wlthm this zone, oxygen was provided
to microorganisms by air diffusion from the atmosphere.

Light absorbency Average values of light absorbency for
each treatment (Table II) indicate that the aeration level
affected light absorbency, which is related to the degree of
composting. After 10 months, deinking sludge from non-aer
ated treatments was less composted, with an average light
absorbency of 0.076. Average values of 0.134 and 0.204 were
found in the 2-m and I-m pipe spacing aerated treatments,
respectively. In aerated treatments, the lower light absorb
encies found in 2-m pipe spacing treatments are most likely
caused by non-optimal aeration since the aeration strategy
was based on temperature control in the I-m pipe spacing
treatment. The lower rate of compostiqg in the 2-m pipe
spacing treatments could be related to lower microbial activ
ity caused by an excessive heat accumulation. Light
absorbencies were always lower in the 3-m than in the 2-m
height piles for the same aeration treatment. The lower light
absorbency observed in the higher piles indicates a more
difficult air movement in the material caused by a more
compacted material at the bottom of ~he 3-m height piles.
However, the influence of the pile height on the light absorb
ency level was much smaller than the aeration level.

The effect offorced aeration on the color ofcomposted material
can be seen in Fig. 6, which shows the boundary between the 3-m
pile height non-aerated treatment (at left in Fig. 6) and the 3-m pile
height with 2 m pipe spacing aerated treatment (at right in Fig. 6).
The last aeration pipe ofthe aeration treatments is located between
the two poles left of the shovel. The boundary between the two
treatment can be clearly seen in Fig. 6 and is outlined by white
flags. It indicates the position ofthe left most airflow line originat
ing from the aeration pipe.
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Fig. 8. Effect of depth on fibre and insoluble ash for
non-aerated treatments.
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Averages of light absorbency measurements were com
pared to detennine whether sample depth and position (above
or between aeration pipes) had an effect on the degree of
composting. Table III shows that depth had an important
effect on measured light absorbencies. For aerated treatments
with a I-m pipe spacing, the degree of composting increased
gradually with depth. Samples closer to the surface were less
composted than those at the bottom of the pile. These results
contradict those from the fibre analyses (Fig. 7) which show
that composting was similar on the surface and bottom of the
piles. According to Swift and Heal (1985), the progressive
decomposition of organic matter is characterized by different
decomposing organisms that invariably change during the
process. In this experiment, different mushrooms and plants
were observed on top of the piles. Their presence on the
surface may explain differences in nutrient use, as measured
by fibre content, and humic production as estimated by light
absorbency. The effect of sample depth was also observed in
piles with 2-m pipe spacing. However, in the 3-m pile height,
the most composted samples were at depth 3, whereas sam
ples at the bottom of the pile (depth 4) were, on average, less
composted because less aeration between aeration pipes.
These less composted zones resulted from unequal air distri
bution due to the wider pipe spacing.

1
(Top)

2 3

SOMpllng depth

4
(BottOM)

For non-aerated treatments, the effect of depth on fibre and
insoluble ash content is shown in Fig. 8. Closer to the top of
the piles, where oxygen diffusion from the atmosphere oc
curred, ash percentages were higher and masses of all fibres
were lower indicating better composting. In the surface layer,
treatments with no aeration have higher percentages of insol
uble ashes (25%) and lower masses of fibres (0.75 g of
cellulose per gram of insoluble ash) than in the aerated treat
ments (21 % and 1.4 g of cellulose per gram of insoluble
ashes, respectively). Organic matter degradation on the sur
face was therefore greater in non-aerated treatments than in
aerated treatments. The concentration of nitrogen added as
fertilizer at the beginning of the experiment remained rela
tively unchanged for non-aerated treatments. The greater
degradation observed on the surface of the non-aerated treat
ments may explain why the overall average content of fibres
and insoluble ashes was almost similar to those of the aerated
treatments.

Results from light absorbency measurements from non
aerated treatments indicated that samples closer to the top
were darker than the others. In the surface layer, oxygen was
brought to microorganisms by diffusion from the atmosphere
allowing better composting. These results are consistent with
those from the fibre analyses: Average values measured on
the surface layer of non-aerated treatments were higher than
those from the aerated treatments. These observations con
finn that surface composting was better in the non-aerated
treatments than in aerated ones.

Bulk density, porosity, and free airspace Results of wet
bulk density, porosity, and free airspace measurements are
presented in Table IV. The 3-m pile height was 2.3 m high
after 10 months due to compacting and mass reduction. Pro
gressive compacting influenced the wet bulk density which
increased linearly with depth. Free airspace results were be
tween 29% (bottom) and 66% (top) which is adequate for
proper aeration according to Haug (1993) who mentioned
that free airspace should be at least 30% for proper oxygena
tion. According to these results, deinking sludge composting
pile should not be higher than 3 m to maintain acceptable free
airspace at the bottom. To compost higher piles, a bulking
agent would be necessary to provide structural support and
maintain sufficient air spaces within the composting matrix.

Table IV: Wet bulk density, porosity, and free airspace
. in the treatment with 2-m pipe spacing and

3-m pile height

Depth from

surface
(mm)

200
500
800

1100
1400
1700
2000

Wet bulk

density
(kg/m3)

429
521
593
711
705
780
897

Porosity

(%)

90.0
86.4
84.1
80.8
81.1
79.7
77.7

Free airspace

(%)

66
58
53
43
44
38
29

CONCLUSIONS

The following conclusions can be drawn from the study.

1. Composting of deinking sludge with forced aeration is
feasible in North-Eastern Canada even with oustside
temperatures as low as -20°C. For aerated treatments,
the temperature of the composting material remained
between 50 and 65°C. Higher piles had a larger mass
and produced more heat while composting resulting in
longer ventilation times to maintain temperatures
within the desired range (53 to 550C). Temperatures and
heat production were lower in non-aerated treatments,
indicating lower microbial activity.

2. All measurements of fibre content decreased with time
while cellulose was the most degraded fibre. There was
an average 27% mass reduction of the piles.
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3. Aeration improved microorganism activity as supported
by light absorbency and C/Norg ratio data. Treatments
with I-m pipe spacing were most composted, whereas
no effect of pile height on composting was observed in
any of the treatments.

4. Organic nitrogen was higher in aerated treatments. This
reflects a higher microorganisms activity and increased
deinking sludge degradation.

5. Fibre and light absorbency analyses indicated that the
degree of composting varied with sample depth in the
piles. For aerated treatments, light absorbencies and
fibre contents analyses showed higher degradation near
the aeration pipes. However, composting of the surface
layer was also more efficient in non-aerated treatments
than in aerated ones.

6. The free airspace value at the bottom of the 3-m height
pile was comparable to the lower acceptable limit for
efficient composting. This result indicates that deinking
sludge piles should not be higher than 3 m if a bulking
agent is not used.
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