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ABSTRACT Two 1100-L primary-secondary sludge (3:1 by volume) samples
Sfrom an RMP/CMP newsprint mill were composted for six weeks using a
static-pile, forced-aeration process in insulated reactors with different control
regimes. The raw sludge was nonbazardous and was easily composted
without a bulking agent or urea amendment. Composting rate was
unaffected by moisture content over the range investigated. Little change in
mass or volume was observed except for water loss. The six-week-old composts
produced in the two reactors were similar, with physical and chemical
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Dproperties suitable for plant growth. Germination of lettuce seeds was similar
in extracts from both composts and from peat moss. The growth of tomato
Dlants in soilless media amended with six-week-old composted sludge was
comparable with growth in a peat-moss-amended medium. Two variables—
cation-exchange capacity and total bumus content—uwere strongly correlated
with compost age and plant growth. This suggests that these two physical
properties could be used as predictors of compost maturity in an industrial

compost facility.

The U.S. pulp and paper industry
generates approximately 100 1b of
sludge per ton of pulp (7). With an
annual pulp production of 80 million
tons, this works out to 4 million dry
tons of sludge per year. The vast
majority of sludge is now being land-
filled (70% in 1988) (1), but environ-
mental concerns and governmental
regulations have made landfills more
expensive to operate and much harder
to site. Consequently, alternative
methods of sludge management are
being evaluated.

Sludge incineration is the most
widely practiced of the alternative
disposal methods, with 21% of the
sludge being disposed of in this
manner (1). However, the high water
and ash contents in sludge make it a
poor fuel and cause furnace fouling
problems. Land application of raw

sludge has been practiced for years
and appears to be a safe, economic
alternative to landfilling (2-5). Ap-
proximately 8% of the generated
sludge is currently being land applied
(1). However, concerns about the toxic
effects of the organic residues pro-
duced from chlorine-based bleaching
processes may limit land application
of kraft sludges. The EPA recently
proposed a rule that would limit
TCDD/TCDF (tetrachlorodibenzo-p-
dioxin/tetrachlorodibenzofuran) soil
concentrations to a maximum of 10
parts per trillion (6).

Composting is a third alternative
that could find increased use in the
future. Composting could be used to
reduce sludge mass and thus hauling
costs, reduce odor, degrade com-
pounds that are toxic or inhibitory to
plant growth, decrease C:N ratio and

prevent nitrogen immobilization
when applied to soils, potentially
biodegrade chlorinated organics, and
produce a higher-value material
suitable for horticultural and agricul-
tural applications.

Composting is the aerobic decompo-
sition of organic matter into a stabi-
lized material with a higher humic
acid content. Such materials can be
used as a soil amendment (7, 8). All
types of organic wastes can be com-
posted using technologies that range
from simple windrows to highly
controlled in-vessel composting sys-
tems. Industrial composting processes
include static piles (windrows with
periodic turning), aerated static piles
(piles with air distribution pipes), and
bioreactors (vessels with controlled
aeration, moisture, and temperature).
Composting time can vary from a few
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weeks to several years, depending on
the intensity of the process and the
compost quality desired. The rate of
decomposition, stabilization, and
humification depends on the organic
substrates present. For example,
highly lignified, cellulosic wastes will
compost at a slower rate than food
wastes and municipal sludge.

The rate and extent of composting
are governed by several variables,
some of which must be within specific
optimum ranges to promote microbial
activity, pile heating, and rapid sta-
bilization of the organic materials.
The important variables include
moisture content (40-70%), C:N ratio
(20:1 to 40:1), aeration rate (5-15% O;
in pile), temperature (20-60°C), pH
(5.5-8.0), and particle size or porosity
sufficient to provide aerobic condi-
tions in the pile (8).

The composting process has four
distinet phases involving mixed popu-
lations of bacteria and fungi: initial
mesophilic phase, thermophilic phase,
second mesophilic phase, and curing
phase. During the initial mesophilic
and thermophilic phases, a large
amount of heat is generated when
bacteria rapidly metabolize simple,
low-molecular-weight compounds.
During the thermophilic phase,
temperature must be maintained
below 60°C to avoid thermal inhibi-
tion and death of the microbial pop-
ulation. Transitions from mesophilic
to thermophilic and then to second
mesophilic phases are distinguished
by changes in bacterial population at
approximately 40°C. As simple com-
pounds are depleted by microbes, a
second mesophilic phase ensues dur-
ing which the compost cools. Fungi
become more important during this
phase, as they attack more-complex
components such as cellulose and
hemicellulose. The curing phase lasts
from several months to years as the
organic carbon is transformed to
stable humic compounds.

Stabilized compost is typically
neutral, with a C:N ratio of <30:1. The
composting process oxidizes simple,
carbon-containing substrates to car-
bon dioxide, thereby decreasing the
carbon-to-nitrogen ratio in the com-
post. When used as a plant growth
medium, compost will not contribute
to mineralization of nitrogen in soils
as commonly occurs in land applica-
tion of fresh, uncomposted, lignocellu-
losic wastes. In addition, compost
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improves soil properties and plant
growth by increasing soil aeration,
improving water-holding capacity
and water infiltration, and reducing
bulk density and surface crusting.
Compost has been used in horticultur-
al and agronomic crop production,
land reclamation, vegetation estab-
lishment, and erosion control (8).

Previous studies of sludge
composting

In the future, composting processes
could be used in the pulp and paper
industry to reduce sludge weight,
moisture content, and C:N ratio. With
a lower C:N ratio, the compost could
potentially be applied to soil at much
higher rates than raw sludge. Several
pilot- and full-scale studies have
demonstrated the feasibility and
advantages of composting combined
primary-secondary sludges from a
kraft pulp mill (9-17). For example,
Crown Zellerbach conducted pilot
composting studies over 236 days on
a combined primary-secondary kraft
sludge. Wysong (9, 10) reported vol-
ume reductions of 34-52% and total
weight losses of 32-46% (mainly water
loss) and projected that composting
could cut transportation costs by 50%.

Boise Cascade (11) is currently
composting a 65%-organic/35%-ash
primary sludge with a moisture con-
tent of 77-83%. Paunch from a slaugh-
terhouse is added to increase the
nitrogen content, and the amended
sludge is then composted for several

months prior to disposal in a landfill.’

The primary purpose of this compost-
ing process is to reduce mass and
volume, which conserves landfill
space. Potential leachate problems
are also reduced (12).

P. H. Glatfelter Co. (13, 14) devel-
oped a commercial process in the late
1970s to compost a bleached kraft
primary-secondary sludge containing
40% ash and 70-78% water. Sludge
was first shredded, mixed with bark
to improve porosity, and then placed
on plastic aeration pipes. Aerated,
static piles were composted for three
weeks and then cured for several more
weeks. Pile temperatures of 60-77°C
destroyed any potential pathogens.
After composting, the material was
screened, and the bark was recycled
as a bulking agent. The 65:35 blend
of sludge compost and bark fines had
a pH of 6.8-7.2 and could be used as

a farm soil conditioner at 75 m3%acre
to loosen clay soils and as a substitute
for peat moss in horticultural appli-
cations.

Einspahr et al. (17) conducted the
only study to date on the effect of pulp
and paper sludge compost on soil
properties. This study compared a
raw recycled-paper primary sludge, a
raw chemimechanical primary
sludge, and primary sludge from a
kraft pulp mill (raw, composted, and
vermicomposted or worm-worked).
All five sludges significantly im-
proved the available moisture and
cation-exchange capacity of the soils
and thus would reduce irrigation and
fertilization requirements. The kraft
sludges that were composted and
vermicomposted provided the great-
est improvement in soil properties,

Research needs and project
objectives

Although research to date on compost-
ing pulp and paper sludge has been
encouraging, many important practi-
cal and fundamental questions have
vet to be addressed. Research is
needed to evaluate (a) process varia-
bles that could be used to control the
composting process and (b) physical
and chemical changes in the compost
that could be used to follow the course
of composting.

Future research also should include
plant growth bioassays to monitor the
rate of disappearance of toxic or
inhibitory compounds during com-
posting and to demonstrate that the
compost is suitable as a plant growth
medium. Greenhouse and field trials
should be conducted to gain regula-
tory approval and to demonstrate
compost value and potential markets.
Research is also needed to determine
if composting could be used to biode-
grade chlorinated organic compounds
in primary, secondary, and lagoon
sludge, as suggested in recent field
research on chlorophenol-contami-
nated soils (18). The results of that
research showed that after four
months of composting, chlorophenol
soil concentrations were reduced by
86%, from 212 mg/kg to 30 mg/kg.

Mechanical pulp and paper sludges
should be particularly amenable to
composting because they are nontoxic,
and their coarse texture facilitates
aeration. The objectives of this project
were to develop a composting process



1. Reactor 2, designed to control moisture and temperature of composted material
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for RMP/CMP (refiner mechanical
pulp/chemimechanical pulp) sludge
and to evaluate the compost as an
amendment in a plant growth medi-
um. Specific goals were to monitor
physical, chemical, and inhibitory/
phytotoxic changes in the sludge over
a six-week composting period in order
to evaluate the extent of composting
and compost maturity. Germination
of lettuce seeds and bioassays of
tomato plant growth were used to
compare plant growth responses as a
function of composting time.

Experimental procedures

Sludge coliection and preparation

Two 1100-L samples of fresh, serew-
pressed sludge were collected from an
RMP/CMP newsprint mill pulping
mainly spruce, fir, and hemlock.
Combined primary and secondary
sludges (3:1 by volume) were
shredded on a Royer soil shredder,
loaded into two 1560-L pilot-scale
bioreactors within 5 h of collection,
and composted for six weeks using a
forced-aeration, static-pile process.
Sludge in Reactor 1 (Compost 1) was
amended with urea from a C:N ratio
of 33:1 to 20:1, whereas the sludge in
Reactor 2 (Compost 2) was un-
amended. The combined sludges con-
tained adequate moisture (565% and
60%) and porosity, and thus neither
parameter was adjusted.

Reactor design and control
The bioreactors consisted of tapered

cylindrical fiberglass tanks with a
height of 91 em, a bottom diameter of
145 em, a top diameter of 152 c¢m, a
total volume of 1560 L, and a working
volume of 1100 L. The tanks were
covered with hinged wooden tops and
insulated on all sides with R-19 fiber-
glass insulation. The reactors were
aerated with compressed air distrib-
uted through 1.6-mm holes in 2.5-em-
diam. PVC pipes (header and lateral)
on the bottom of the tanks. Reactor
gases were vented through a 10-cm-
diam. PVC pipe and scrubbed with a
fine mist sprayer to reduce odor.
Temperature in both reactors was
measured and controlled with an
Omega CH 320 temperature con-
troller and a single J-K thermocouple
located in the central upper third of
each pile. Time-temperature profiles
were recorded on a strip chart re-
corder.

Reactor 1 was designed to control
temperature at 60°C or below. When
temperatures were below 60°C, Reac-
tor 1 was aerated with ambient air
using a 3-min-on/15-min-off cycle.
When temperatures rose above 60°C,
the pile was cooled by continuous
aeration. Air flow rate was adjusted
manually to maintain a maximum
temperature rise during the initial
mesophilic phase. During the second
mesophilic stage, air flow was man-
ually adjusted to maintain approxi-
mately 10% oxygen in the pile, as
measured with a Bacharach Fyrite I1
gas analyzer. Moisture content of the
compost in Reactor 1 was allowed to

decrease naturally as the internal heat
and aeration dried the compost.

Reactor 2 was designed to inde-
pendently control moisture content at
60%, oxygen content above 15%, and
temperature at or below 60°C. Figure
1 is a schematic diagram of Reactor
2. The initial moisture content of 60%
was maintained in the pile by using
water-saturated air for aeration. Air
was bubbled through a water reser-
voir maintained at 1°C below the
compost temperature by a differential
controller adapted from Sikora et al.
(19) by Scheirman (20). When reactor
temperatures exceeded 60°C, the
compost was cooled by overriding the
heater and circulating water through
an external and an internal heat
exchanger in the pile until the temper-
ature dropped below 60°C. Reactor 2
also had the capability to fully control
the time-temperature profile and
simulate a desired composting re-
gime, although this function was not
used in this study.

Compost sampling and analyses
Twelve random samples of equal
volume were collected weekly from
four quadrants of the reactors at three
depths and then mixed to yield a
composite sample. The quadrants
were rotated by 60° each week so that
the pile was uniformly sampled.
Physical analyses and tomato growth
comparisons were conducted using
fresh compost, whereas chemical
analyses and seed germination tests
were conducted using compost that
had been frozen for one to six weeks.
With the exception of the elemental
analyses for sludge and tomato fo-
liage, all chemical and physical analy-
ses were measured every week in
triplicate and then averaged.
Available P and K (21, 22), electri-
cal conductivity (23, 24), C:N ratio
(25), pH (26), cation-exchange capac-
ity (27), extractable cations (28), and
total cations as obtained by nitric/
hydrochloric acid digestion (29) and
analysis on an ICP (Leman Labs
Model PS 3000) were measured by the
Analytical Services Laboratory at the
University of Idaho following stan-
dard procedures for soils. Extent of
humification as measured by the
fulvie acid, humic acid, and total
humus content was measured using
the method of Sugahara and Inoko
(30). Total carbon and organic nitro-
gen in the compost-water extract (31)
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Bulk density of the compost was
measured in a 2.0-L container by first
filling it to the top, dropping it four
times from a height of 8 cm, and then
refilling to the top and striking level
as adapted from ASTM E 873-82.
Moisture content was measured ac-
cording to ASTM D 2016-74, and
volatile solids and ash content were
measured according to ASTM D 1102-
56. Air- and water-holding capacity of
the container media used for growing
the tomato plants were measured in
15-em-diam., 13-cm-high pots as
described by Holstead (32).

Bioassays

Compost extracts were tested for their
effect on lettuce seed (Lactuca sativa,
“Bentley Simpson’s Curled”) germi-
nation using three replicates per
extract (33). Twenty grams of oven-
dry equivalent compost and peat moss
were extracted with 2560 mL of dis-
tilled water at 60°C for 1 h with
shaking. The extract was decanted
and then filtered through a Gelman
fiberglass filter. Fifty seeds were
placed on Whatman No. 2 filter paper
in petri dishes with 5 mL of compost
or peat moss extracts and 2 mL of
156mM KH:PO. buffer (pH 6). Dis-
tilled water (5 mL) plus 2 mL of buffer
was used as a control. Petri dishes
were covered, sealed, and incubated
in a growth chamber at 28°C under
continuous light (225 umole/m2s). A
germination index was obtained by
counting the number of protruding
radicles after 24 h, 48 h, and 72 h.
The effects of composted sludge on
plant growth were compared using
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(Lycopersicon esculentum, “Dombi-
t0”). Individual tomato seedlings were
planted in 15-cm pots with five plants
per treatment in a medium amended
with sludge compost collected at
weekly intervals. Potting media con-
sisted of a 1:1:1 mixture by volume of
silica sand (20/30), perlite, and com-
post or peat moss (control). The pH of
the peat-moss-amended medium was
adjusted with dolomite as in U.C. mix
E (34) to pH 5.5. Tomato plants were
grown in a growth chamber under a
16-h day (28°C and 285 wmole/ms2s)
and an 8-h (23°C) night cycle. Each
plant was fertilized weekly with 250
mL of Rapidgro® solution (mixed as
recommended for tomatoes) and wa-
tered as needed (almost daily).

After 30 days, plant growth indices
were measured to determine the
effects of the potting medium on
tomato seedlings. Leaves were re-
moved from the shoots, and then the
shoot was detached from the roots.
Roots were washed free from the
growth medium. Leaves, stems and
roots were dried for 72 h at 70°C in
a vacuum oven and then weighed to
obtain total biomass. For foliar anal-
yses, stems and leaves were combined,
digested, and then analyzed on an ICP
to determine elemental content (35).

Results and discussion

Bioreactors and time-temperature
relationships

The pilot-scale reactors used in this
project were unique in size and de-
sign. Reactor 1 controlled tempera-
ture at 60°C or below during the
thermophilic phase using intermit-

illustrated in Fig. 1, controlied mois-
ture content (=60%), oxygen content
(>15%), and temperature (<60°C).

The time-temperature relation-
ships observed in the two reactors
were similar, as seen in Figs. 2 and
3. Both reactors progressed through
the typical mesophilic, thermophilie,
and second mesophilic phases over a
three-week period. Maximum temper-
atures were reached in approximately
72 h, dropping to 30-35°C after three
weeks. During the thermophilic peri-
od, Reactor 2 was controlled effective-
ly at a maximum temperature of 60°C
(+£2°C), while Reactor 1 ranged some-
what higher (60-67°C).

The rapid temperature decrease in
Reactor 1 for days 7 through 12 was
due to excessive aeration and subse-
quent cooling of the pile. When the air
flow rate was reduced on day 11 to
provide 10% rather than 15% O2 in the
pile, a second temperature rise was
observed. This lack of control in
Reactor 1 demonstrated the advan-
tage of using continuous aeration with
saturated air at compost temperature,
as in Reactor 2. However, the gain in
control required more hardware and
produced wet regions in the pile near
the surface of the heat exchanger.

Figure 4 shows the moisture con-
tents of the two reactors over the six-
week compost period. Without humid-
ity control, moisture content in Reac-
tor 1 dropped from 55% to 34% over
the course of the experiment as water
was lost during aeration and pile
heating. Reactor 2 maintained a
constant moisture content of 60%
except between weeks 2 and 3, when
a thermistor failed on the differential



4. Compost moisture content as a function of compost time

5. Cation-exchange capacity as a function of compost time
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controller. After the error was cor-
rected, the compost moisture content
was readjusted back to 60% with
distilled water. Compost moisture
content remained constant thereafter.
Based on physical, chemical, and
plant growth characteristics, the
composts produced in Reactors 1 and
2 were very similar, which implied
that moisture content, over the range
investigated, had little, if any, effect
on the rate of composting. In an
industrial composting process, reduc-
ing the moisture content of the com-
post would reduce transportation
costs and increase the heating value
if the compost were to be incinerated
or used as a fuel.

Siudge and compost properties

Chemical characteristics of a typical
primary, secondary, and combined
RMP/CMP sludge from the news-
print mill are shown in Table 1. The
raw sludges had a near-neutral pH of
6.4 t0 6.6 and, as seen in Table IT, the
concentration of heavy metals in the
sludge was comparable with that of
average soil and much lower than a
municipal sewage sludge. Table III
compares the physical and chemical
properties of raw sludges (zero
weeks), composted sludges (six
weeks), and peat moss. The pH as well
as the total and extractable elements
in both composts were essentially
unchanged throughout the compost-
ing period. Both composts contained
higher nutrient concentrations, such
as phosphorous and potassium, than
peat moss. Based on the chemical
composition, raw and composted
sludges could be used safely and
beneficially in agricultural, horticul-

tural, and forestry applications.

Electrical conductivity of the raw
sludges was 0.53 dS/m for Compost 1
and 0.98 dS/m for Compost 2. For
comparison, the electrical conductiv-
ity of peat moss was 0.51 dS/m. The
difference in electrical conductivity
between the two composts had little,
if any, effect on plant growth.

Only a small portion of the organic
matter in the sludge was oxidized to
COa. Total dry mass of the compost
decreased by only 2% over the six
weeks of composting, as shown in
Table I1I by the slight increase in ash
content and the slight reduction in
volatile solids. A previous study with
pulp and paper sludge (9) found mass
losses of 32-46% (wet basis) and
volume reductions of 34-52%. Our
results indicated that most mass losses
observed in composting this sludge
were due to water loss rather than
carbon loss. The results were reason-
able, since wood and its components
(cellulose, hemicellulose, and lignin)
would be relatively resistant to rapid
decomposition over a six-week period.

Odors were produced during the
composting process, as is common
with most sludges. After the second
week, however, the sludge had an
earthy odor. Bulk densities as well as
air- and water-holding capacities of
the container media remained essen-
tially constant over the six-week
period. Both composts had an average
bulk density of 0.27 g/cm3 (dry basis).
Container media amended with Com-
posts 1 and 2 had an average air-
holding capacity of 20-21% and a
water-holding capacity of 10-11%. For
comparison, the peat-moss medium
had air- and water-holding capacities

of 17% and 13%, respectively.

The rate or extent of composting in
Reactor 1 was unaffected by amend-
ing the sludge from a C:N ratio of 33:1
to 20:1 prior to composting. After six
weeks of composting, the C:N ratio
increased from 20:1 to 30:1, suggest-
ing that most of the nitrogen in the
urea was lost through ammonia vola-
tilization. The C:N ratio in Compost
2 was essentially unchanged over the
six-week composting period, which is
consistent with the small reduction in
volatile solids (2%). Neither the C:N
ratio nor C-total:N-organic ratios in
the water extracts showed meaning-
ful trends that could be used to predict
the extent of composting.

Cation-exchange capacity and total
humus content for both composts
increased with compost age, as seen
in Figs. 5 and 6. The increase in
cation-exchange capacity was proba-
bly due to oxidation of organic com-
ponents to carboxylic acids that are
capable of exchanging cations. The
cation-exchange capacities of both
composts increased from 50 meq/100
g and 55 meq/100 g to approximately
90 meq/100 g after six weeks of
composting as compared with 144
meq/100 g for peat moss. The increase
in cation-exchange capacity would
improve retention and availability of
plant nutrients. Although total humus
content in the sludges increased with
composting time, the PQ index did not
change significantly. The PQ index
estimates the change in the molecular-
weight distribution of the humic
materials (ratio of humic acid to
humic acid + fulvic acid). These
results differed from an earlier study
(30), which found the index to be
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correlated with composting time for 1. Chemical composition of a primary, secondary, and combined RMP/CMP raw mill sludge

Solid-waste Dis

municipal sludge and thus an indica-
tor of compost maturity. Component Primary Secondary Combined (3:1)
Plant bioassays pH 6.36 6.63 6.43"

: : Ash, % 4.2 9.9 5.6*
Seed germination and plant growth | g vl i de/m 0.19 3.90 112"
experiments were conducted as a | Niyate-N, 49/g <04 14 0.7
funetion of composting timg in order | Ammonium-N, 1g/g 124 948 132
to evaluate compost stability and | Suifate-S, ug/g 155 265 183*
potential inhibition of plant growth. %&?ﬁtﬁg&”- S?é g 329 11,600 779

. : ) B

Germlnatxgn of lettuce seeds was Phosphorus 580 7.700 2.360"
equivalent in compost ?.nd pgat—moss Potassium 120 2,000 590
extracts. All extracts, including peat Calcium 2,100 6,300 3,150*
moss, inhibited seed germination as Magnesium 610 2,300 1,030
compared with the water control. The gﬁg:ﬁm 1 ggg ;’ggg 5 ggg
inhibitory effect was unaffected by ’ ’ ’
the time of composting, as seen in Flig. | *Data obtained by calculating a composite average based on a 3:1 primary:secondary shidge ratio
7. After incubation for 72 h, seed rather than being measured directly.
germination in extracts of compost

and peat moss approached 80-100% of
that in water. The germination rate
in peat-moss extract was 83% at 72 h.

Il. Chemical composition of uncomposted RMP/CMP sludge, a typical soil, and municipal

Total biomass (leaves, shoots, and sludge
roots) of tomato plants increased with
compost age, as seen in Fig. 8. This Typical sludge Average  Municipal
response is also typical of other com- | Element Primary Secondary Combined {3:1)*  soi sludge®
posts in which inhibition of plant
growth decreases with compost time | Lead, ug/g 60 110 72 10 500
(37). Tomato plants grew very little | Nickel, no/g S 10 6 40 80
hen planted in media that contained Copper, ug/g A 45 7 20 800
when pla Cadmium, ug/g <05 <08 <06 0.06 15
raw sludge or sludge composted less | Zin, ug/g 30 126 54 50 1700
than two weeks. However, in weeks 2 | Chromium, ug/g <12 30 17 100 500
t.hroug h 6, dry blqmass increased *Data obtained by calculating a composite average based on a 3:1 primary:secondary siudge ratio
linearly; and after six weeks of com- | *Data obtained from iterature (36)
posting, plant growth in compost was

90% of the peat-moss control. The
improvement in plant growth with
time of composting could have been
due to the leaching, degradation, or
volatilization of inhibitory or phyto-
toxic components, the increase in
cation-exchange capacity, and/or the
decrease in easily metabolized organ-
ic compounds, which cause rapid
microbial growth and immobilization
of nitrogen.

Leaves and petioles of tomato plants
grown in five-week compost contained
higher concentrations of N, Na, K, Zn,
Mn, and Fe than those grown in peat
moss, as seen in Table IV. Nutrient
stress of tomato seedlings was ob-
served for plants in peat-moss-
amended medium as early as the
fourth week of growth, but none was
observed in the compost plants, prob-
ably because of the higher nutrient
content of the original sludge. This
reasoning was confirmed by a qual-
itative test using peat-moss-amended
medium fertilized at twice the orig-
inal rate and eight-week-old Compost
2 media fertilized at the original rate.
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Hl. Chemica\l and physical properties of the raw sludges, six-week-old composts, and peat

moss
Compost 1 Compost 2
Property O Weeks 6 Weeks 0 Weeks 6 Weeks Peatmoss
pH 8.5 6.7 6.6 6.9 45
Maisture content, % 55 33 60 60 ..
CEC, meg/100 g 50 N 56 89 142
C:N ratio 20 30 29 28 35
Bulk density, g/cm? 0.268 0.249 0.261 0.272 o7
Volatile solids, % 95.1 93.5 94.1 921 .
Ash content, % 49 6.5 59 79 57
Air capacity of
container media, % 22 19 18 20 17
Water capacity
of container media, % 13 12 10 12 13
Extractable elements,
meq/100 g
Potassium 12 13 15 1.6 0.01
Magnesium 360 310 390 360 01
Sodium 170 170 150 170 0.01
Calcium 710 450 780 650 03
Total elements, ug/g
Potassium 480 448 544 576 64
Phosphorous 267 386 238 265 27




6. Humus content as a function of compost time

7. Germination of lettuce seeds in Compost 1 extract as a function
of compost age and seed incubation time. (Germination in water control

=100%.)
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8. Change in tomato plant biomass as a function of compost time.

(Growth in peat-moss control = 100%.)

9. Relationship between cation-exchange capacity and plant biomass
for Compost 1 (2 = 0.92)
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10. Relationship between total humus content and plant biomass for

Compost 1 (r2 = 0.89)

11. Relationship between cation-exchange capacity and total humus
content for Compost 1 (2= 0.94)

110
100 |
—— 90 - A
£ wf 4
o
S 7wt
S ot
2 sof .
@ awof
3 wf
S »f
o
10} .
0 n , . . -
700 750 800 850 900 950 1000
TOTAL HUMUS, mL KMnO,4

95
0 F
o
8 &1
b
S s}
13
Q st
o
70}
65 L . s A "
700 750 800 850 300 850 1000
TOTAL HUMUS, mL KMnO,

September 1991 Tappi Journal 1 89



lid-

So

Under these conditions, seedlings in
the peat-moss medium lacked visible
nutrient stress, but the sizes of plants
grown in peat-moss- and sludge-
amended media were similar to those
in the six-week tests. These results
indicated that the sludge and com-
posts contained more plant nutrients
than peat moss and therefore needed
less fertilization.

Correlations

Neither the C:N, C-total:N-organic
ratio, nor PQ index could be correlat-
ed with compost age or with plant
growth. In contrast, cation-exchange
capacity and total humus content for
both ecomposts could be linearly corre-
lated with plant biomass (weeks 1
through 6), as illustrated for Compost
1 in Figs. 9 and 10. Cation-exchange
capacity correlations with composting
time were 72 = 0.92 and 0.94 for
Composts 1 and 2, respectively. Hu-
mus content correlations with com-
post time were 72 = 0.89 for both
composts. Cation-exchange capacity
and total humus content could also be
linearly correlated with each other, as
seen in Fig. 11, which depicts data for
Compost 1. (72 = 0.94 for Compost 1
and 0.97 for Compost 2.) Recent work
by Inbar et al. (37) also suggested that
cation-exchange capacity and humus
content could be used as potential
indicators to predict the extent of
composting. These results suggested
that cation-exchange capacity and/or
total humus could be measured peri-
odically at industrial compost facili-
ties to predict maturity and plant
growth responses.

Conclusion

Two 1100-L primary-secondary
sludge (3:1 by volume) samples from
an RMP/CMP newsprint mill were
composted using a static-pile, forced-
aeration process in insulated reactors.
One reactor controlled temperature at
<60°C and moisture content at 60%,
whereas the other reactor controlled
only temperature at =60°C. Raw
sludge was nonhazardous and could
be easily composted without a bulking
agent or urea amendment. Compost-
ing rate was unaffected by moisture
content over the range investigated.
Little change in mass or volume was
observed except for water loss. After
six weeks, the two composts were very
similar, with pHs of 6.7 and 6.9, C:N
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IV. Elemental composition of leaves and petioles of tomato plants grown in media amended

with peat moss or five-week-old composts

Elements Peat moss Compost 1 Compost 2
Calcium, ug/g 10,596 8,702 8,566
Potassium, ug/g 15,788 17,321 17,044
Magnesium, ug/g 5,423 5,988 5,574
Phosphorous, ug/g 7,780 8,798 6,526
Manganese, 1g/g 49.1 167.9 127.3
Copper, ng/g 10.64 945 6.92
Zinc, pg/g 60.78 79.09 74.74
iron, ug/g 57.10 79.96 118.13
Sulfur, ug/g 1,217 1,256 1,618
Sodium, ug/g 1,094 1,778 1,973
Nitrogen, % 473 5.88 5.56
Data obtained using composite samples comprising five plants

ratios of 28 and 30, ash contents of 5%
and 8%, and physical and chemical
properties suitable for plant growth.
Growth of tomato plants in soilless
media amended with composted
sludge improved with time, and
growth in the six-week-old composted
sludge was comparable with growth
in a peat-moss-amended medium.
Germination of lettuce seeds was
similar in extracts from compost and
from peat moss. These pilot-scale
results demonstrate that sludge from
a mechanical pulp and paper mill can
be rapidly composted into a material
that probably can be used safely and
beneficially in agricultural, horticul-
tural, and forestry applications.
Cation-exchange capacity and total
humus content were strongly correlat-
ed with composting time and plant
biomass. Thus it may be possible to
use these two physical properties to
determine compost maturity in an
industrial composting facility.O]

Literature cited

1. Progress in reducing water use and
wastewater loads in the U.S. paper
industry, NCASI Technical Bulletin
No. 603, National Council for Air and
Stream Improvement, New York,
Feb. 1991.

2. Hatch, C. J., and Pepin, R. G., Tappi
J. 68(10): 70(1985).

3. Shimek, S., Nessman, M., Charles, T.,
and Ulrich, D., Tappi J. 71(10):
101(1988).

4. Diehn, K., and Zuercher, B., Tappi J.
73(4): 81(1990).

5. Simpson, G. G., King, L. D,, Carlile, B.
L., and Blickensderfer, P. S., Tappi J.
66(7): 71(1983).

6. Dioxins, Chemical Regulation Report-
er, No. 0148-7973, May 10, 1991, p. 177.

7. Haug, R. T., Compost Engineering—

10.
11.

12.
13.
14.
15.

16.

17,

18.

19.

20.

21.
22,
23.

24,

Principles and Practice, Ann Arbor
Science, Ann Arbor, Mich., 1980.

. Golueke, C. G., Composting: A Study

of the Process and its Principles,
Rodale Press, Emmaus, Pa., 1972.

. Wysong, M. L., Pulp Paper 50(9):

112(1976).

Tappi 596): 21(1976).

Mick, A., Ross, D., and Fleming, J. D.,
1982 Environmental Conference Pro-
ceedings, TAPPI PRESS, Atlanta, p.
93.

Ross, D., and Benar, C., personal
communication, Boise Cascade Corp.,
Wallula, Wash., Jan. 1991,

Smyser, S., BioCycle 23(3): 25(1982).
Carter, C. N., Pulp Paper 57(3):
102(1983).

Gunnarsson, L., and Ljunggqvist, L.,
1986 Proceedings of the International
Conference on Biotechnology in the
Pulp and Paper Industry, STFI/SPCI,
Stockholm, p. 137.

Valente, C. A., Vaz, A. R, and de
Carvalho, A. P., BioCycle 28(6):
46(1987).

Einspahr, D., and Fiscus, M., 1984
Environmental Conference Proceed-
ings, TAPPI PRESS, Atlanta, p. 253.
Valo, R., and Salkinoja-Salonen, M.,
Appl. Microbiol. Biotechnol. 25:
68(1986).

Sikora, L. J., Ramirez, M. A., and
Troeschel, T. A., J. Envir. Quality
12(2): 219(1983).

Scheirman, J., personal communica-
tion, Southwestern Oregon Commun-
ity College, Coos Bay, Ore., 1990.
Peech, M., and English, L., Soil Sci. 57:
167(1944).

Murphy, J., and Riley, J., Anal. Chim.
Acta 27: 31(1962).

Diagnosis and improvement of saline
and alkaline soils, USDA Handbook 60
(L. A. Richards, Ed.), U.S. Dept. of
Agriculture, Washington D.C., 1969,
p-8.

Bower, C. A., and Wilcox, L. V.,
Soluble salts, in Methods of Soil
Analysis (C. A. Black, Ed.), Part II,
Agronomy No. 9, American Society of
Agronomy, Madison, Wis., 1965, pp.
900-40.



25.
26.

27.

28,

29.

30.
31.
32.
33.

34.
35.

36.

37.

McGeehan, S. L., and Naylor, D. V,,
Soil Sci. Plant Anal. 19(4): 493(1988).
Diagnosis and improvement of saline
and alkaline soils, USDA Handbook 60
(L. A. Richards, Ed.), U.S. Dept. of
Agriculture, Washington D.C., 1969,
p.84, p. 102.

Chapman, H. O., Cation exchange
capacity, in Methods of Soil Analysis
(C. A. Black, Ed.), American Society
of Agronomy, Madison, Wis., 1965, pp.
891-99.

Methods of soil analysis used in the soil
testing laboratory at Oregon State
University, Special Rept. 321, Oregon
State University, Corvallis, Ore., April
1971, pp. 11-12.

Acid digestion of sediments, sludges
and soil, Method 3050, Environmental
Protection Agency, Washington, D.C.
Sugahara, K., and Inoko, A., Soil Sci.
Plant Nutrition 27(2): 213(1981).
Hirai, M. F., Chanyasak, V., and
Kubota, H., BioCycle 24(6): 54(1983).
Holstead, C. L., Grower Talks August:
60(1983).

Yates, N. L., and Rogers, M. N., J.
Amer. Soc. Hort. Sci. 106(5):
589(1981).

Bunt, A. C., Modern Potting Composts,
Pennsylvania Press, London, 1976.
Marten, T. D. et al., Determination of
metals in fish tissue by ICP atomic
emission spectrometry, Method 200.11
(Revision 1.3), Environmental Protec-
tion Agency, Washington D.C., April
1987.

Criteria and recommendations for
land application of sludges in the
Northeast, Pennsylvania State Uni-
versity, Pa. Agric. Exp. Sta., Univer-
sity Park, Pa., 1984, p. 21.

Inbar, Y., Chen, Y., Hadar, Y., and
Hoitink, H.A.J., BioCycle 31(12):
64(1990).

Contribution no. 589 of the Idaho Forest, Wildlife
and Range Experimental Station.

Received for review Feb. 14, 1991.
Accepted June 19, 1991.

Presented at the TAPPI 1991 Environmental
Conference.




