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Douglas-fir Bark as a Trickling Filter Medium
for Animal Waste Disposal Systems

MYRON G. CROPSEY and PAUL H. WESWIG

ABSTRACT

Douglas-fir bark, 3/4 inch and 1 1/2 inch in size, was tested in recirculating
trickling filters 1, 2, and 3 feet in depth, hydraulically loaded at 2.27, 4.54, and
9.08 gallons per minute per square foot (gpm/sq.ft.) with 2 and 4 percent poul-
try manure slurry at 70° F. Preliminary tests indicated the necessity of allowing
the heavier waste particles to settle by gravity. Samples collected at the begin-
ning and at intervals during the run indicated that the reduction of biological
oxygen demand (BOD) followed close to the formula BODt = BODo10-tt. Also,
as the depth of filter and the rate through the filter increased, the rate of removal
of total solids increased. However, the rate of flow through the filter had little
effect upon nitrogen removal, as this was influenced by the length of time cir-
culated and the depth of the filter bed. BOD and total solids concentrations low-
ered at a faster rate when the larger bark was used. There was no indication that
the bark increased in either nitrogen or phosphorous during the tests. The tur-
bidity on an average improved from 75 to 4.3 JTU (Jackson turbidity units) for
the 2 percent concentrations and from 157 to 16.4 JTU for the 4 percent con-
centrations in 23 hours.

INTRODUCTION

Trickling filters have provided one of
the most satisfactory methods of second-
ary sewage treatment because of their
efficiency, dependability, ability to with-
stand great variation in loading rates, and
ability to perform without close technical
supervision. Usually large or crushed
rock has been used as a filter medium.
Burton (1959) and Carpenter (1966)
reported on the use of bark as trickling
filter medium. However, very little has
been done to evaluate bark for this
purpose.

Bark is a cheap and abundant material
in the Pacific Northwest. It offers sev-
eral advantages when compared with
rock. First, it is considerably lighter in
weight when dried and can be easily re-
placed or floated clear when the filter
becomes clogged with particles from ani-

mal waste. According to Bollen and Glen-
nie (1963), bark can absorb consider-
able nitrogen and phosphorous. They
found that bark saturated with nitrogen
is a good soil amendment.

A number of investigators have used
the trickling filter as part of a waste dis-
posal system for the treatment of animal
wastes. Painter (1957) compared do-
mestic waste with cattle wastes in which
a trickling filter was used as a part of the
treatment system. He found that it was
necessary to settle out the heavier parti-
cles of cattle wastes either by gravity or
coagulation, and that dilution or recir-
culation of the effluent was required to
reduce the BOD to an acceptable value.

Bridgham and Clayton (1966) treated
dairy wastes with a trickling filter. They
found that the trickling filter effectively
reduced the polluting qualities of dairy
manure effluent, and that temperature



significantly influenced the efficiency of
the treatment.

Mulkey (1971) experimented with
effluent from swine wastes using an in-
,lined plane trickling filter. He proposed
the formula BODt = BODo10-` for pre-
dicting the value of BOD at time t.
Mulkey's formula was used in this ex-
periment.

It has generally been acknowledged
that the removal of organic matter by a
trickling filter is dependent upon the
micro-organisms present, the applied
concentration of organic material, the
surface area of the medium, the time of
retention of the liquid in the filter, the
temperature, and the oxygen present. In
order to increase the efficiency of a trick-
ling filter, there has been an increase in
the use of plastics and terra cotta as a
medium because the size and shape of
these materials could be designed to in-
crease the surface area and the volume
of void space.

Douglas-fir bark has an irregular shape
that cannot be described by a mathe-
matical model in spite of being graded
by size through a screen. One objective
of this experiment was to determine how
this medium compared with plastic,
stone, tile, and other materials. Another
objective was to determine the practi-
cality of using bark for providing a clean
effluent from a liquid manure manage-
ment system.

METHODS

Preliminary laboratory tests indicated
that when poultry manure was thoroughly
mixed with water and the mixture was
poured immediately through a filter, the
filter usually became clogged. Therefore,
it was necessary to allow the heavier
particles to settle by gravity before run-
ning the poultry manure slurry through
the filter. An experiment was designed to

determine the time necessary to allow the
heavier particles to settle. Poultry ma-
nure, at the rate of 2 and 4 percent, was
thoroughly mixed with water in six 50-
gallon plastic cans. After standing for
four hours, one day, and three days, the
upper portion of the slurry was decanted
to 2 inches from the bottom. This effluent
was then circulated through one kilo of
Douglas-fir bark 2 inches in depth and
3/4 inch in size at the rate of 2.309 gal-
lons per minute (8.74 liters) for 48
hours. The biochemical oxygen demand,
turbidity, total solids (TS), nitrogen, and
phosphorous were determined initially
and at the completion of the experiment.
The results of this experiment are shown
in Table 1. Four hours of settling were
nearly as effective as three days.

Three filters were then constructed of
pvc pipe 8 inches in diameter. Each filter
medium was supported upon a plaster
grid which in turn was supported upon
metal lath coated with epoxy paint. Be-
neath the support eight 1/4-inch holes
were drilled in the 8-inch pvc pipe for
ventilation. The filter was then placed in
a 50-gallon plastic garbage can and sup-
ported by 8-inch-diameter terra cotta
tile. A small electric pump circulated the
effluent from the bottom of the tank to
the top of the filter. Douglas-fir bark was
added to these 8-inch cylindrical filters to
levels of 1, 2, or 3 feet. The bark was
graded for size by running it through a
chipper and then through a gyrating
screen. The upper limit for bark size was
determined by the chipper and the lower
by the size of the screen.

A homogenous lot of poultry manure
was prepared by thoroughly mixing it
with a hand paddle and storing it in
plastic-covered buckets at 35° F until
needed. A sample of manure slurry was
prepared by weighing the required
amount of poultry manure and water and
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Table 1. The effect on slurry of the number of days of settling

4-hour settling
2-day filtrating

1-day settling
2-day filtrating

3-day settling
2-day filtrating

Poultry manure' Finish Finish Finish

2 percent
BOD (mg/1) ------------------ 97.0 9.6 203.0 14.0 387.0 21.0
Turbidity (JTU) ------------ 142.0 24.8 206.0 24.8 162.0 24.8
TS (mg/1) ---------------------- 1,250.0 300.0 1,800.0 500.0 2,300.0 100.0
Nitrogen (ppm) ------------ 87.0 50.0 87.0 40.0 92.0 30.0
Phosphorous (ppm) ______ 10.0 7.0 10.0 8.0 10.6 6.0

4 percent
BOD (mg/1) .................. 240.0 73.0 407.0 18.0 703.0 21.0
Turbidity (JTU) ------------ 172.0 63.0 254.0 24.8 117.0 39.0
TS (mg/1) --------------------- 2,700.0 500.0 2,700.0 900.0 5,100.0 500.0
Nitrogen (ppm) .............. 174.0 120.0 174.0 70.0 184.0 100.0
Phosphorous (ppm) ...... 20.0 10.0 20.0 13.0 21.4 26.0

' BOD (mg/1) : biological oxygen demand, milligrams per liter;
JTU: Jackson turbidity units;

TS (mg/1) : total solids, milligrams per liter, remaining after drying at 103° C for 8 hrs.

thoroughly mixing it with a wooden pad-
dle. After the slurry remained quiescent
for four to six hours, the upper layer was
decanted to 2 inches from the bottom.

The pump was regulated for flow by an
adjustable spigot on the plastic outlet
pipe. Rate of flow was determined by the
time it took to fill a liter-graduated cylin-
der. Samples were collected at the start
of the run, at the end of the run, and at
selected intervals during the run.

Tests for BOD and total solids were
made according to Standard Methods
for Examination of Water and Waste-
water (1965), pH was determined by
using a Coleman pH meter, total nitrogen
was determined by the Kjeldahl method
(Official Methods of the Association of
Agricultural Chemists, 1965), and total
phosphorous was determined by the
Fiske-Subbarrow (1925) method. Tur-
bidity was determined by a Hach turbid-
imeter in JTU (Jackson turbidity units).

Each filter was allowed to come to
equilibrium by feeding it daily at the

approximate rate that it would be tested,
and by operating the filter for a mini-
mum of 14 days. The experimental design
is listed in Table 2.

RESULTS
The removal of total solids increased

with the depth of the filter, the size of
bark, and the rate of hydraulic loading.
For example, by taking averages from
Table 3, it can be seen that the average
total solids removal (milligrams per liter)
from solution are: 317 for 3/4-inch bark
and 439 for 1 1/2-inch bark; 295, 367,
and 466 for 1, 2, and 3 foot depth filters;
and 304, 402, and 423 for 2.27, 4.54, and
9.08 gpm/sq.ft.

These data indicate that the removal
rate of total solids would be greatest for
bark 1 1/2 inches in size, 3 feet deep, and
flowing at a rate of 9.08 gpm/sq.ft.

It is difficult to evaluate the effect of
the various parameters on the nitrogen
removal due to the fact that only traces
were observable in several instances



2.27.

Table 2. Experimental design of filter tests

Depth of filter (feet)

Small bark Large bark
gpm/sq.ft. (3/4 in.) (1 1/2 in.)

2 percent solution of poultry manure
(low concentration-150 BOD)

1 1

2 2
3 3

4.54.. 1 1

2 2

3 3

9.08.......................... 1 1

2 2

3 3
4 percent solution of poultry manure

(high concentration-300 BOD)
2.27 .......................... 1 1

2 2
3 3

4.54.. 1 1

2 2

3 3

9.08.. 1 1

2 2
3 3

(Tables 4 and 5). The rate of nitrogen
removal was not increased significantly
by increasing the depth of the filter over
one foot for small (3/4 inch) bark (Table
4). However, with large (1 1 /2 inch)
bark, increasing the depth of the filters
also increased the removal of nitrogen
(Table 5). The flow rate had little effect
on nitrogen removal, although the mini-
mum rate was the most efficient (Table
4). However, for 1 1/2-inch bark (Table
5) there was a definite relationship be-
tween length of time recirculated and
removal of nitrogen.

The BOD results were analyzed by
fitting each run by the method of least

squares to an exponential decay curve of
the form BODt = BODo10-"t, where t is
equal to time in hours, BOD0 is the ini-
tial BOD, BODt is the BOD at time t,
and k is a constant to be determined.

An index of correlation was calculated
for each run to determine the fit of the
curve to the data. There was a high index
of correlation between the data and the
fit of the curve BODt = BOD0 `t (Table
6). The low index of correlation for 3/4-
inch bark at 3 feet (2.27 gpm and 150
BOD) may have been due to the fact
that it was the first run and the filter may
not have come to equilibrium by that
time.
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Table 3. Reduction in total solids (values in milligrams per liter)

Depth of Time
filter (ft.) interval

1 ................ Start
23.5 hrs.

2 ................ Start
23.5 hrs.

3---------------- Start
23.5 hrs.

1---------------- Start
24 hrs.

2---------------- Start
24 hrs.

3---------------- Start
24 hrs.

gpm/sq.ft. - 2% solution gpm/sq.ft. - 4% solution

9.08 4.54 2.27 9.08 4.54 2.27

3/4-inch bark
930 840 8401 1,010 920 910
850 840 610 660 580 600
950 830 830 1,020 1,120 940
730 650 660 670 650 600
960 800 760 940 1,200 910
170 560 630 410 550 580

1 1/2-inch bark
720 650 600 830 1,290' 850
480 410 520 290 650 380
820 690 660 760 1,230 750
240 450 300 370 410 470
940 650 690 720 1,200 910
440 370 310 220 480 370

'Time interval for this column was 21.00 hours.
'Time interval for this column was 27.83 hours.

Table 4. Total nitrogen concentrations (milligrams per liter) of water filtered
by small bark (3/4 inch)

Depth of Time
gpm/sq.ft. - 2% solution gpm/sq.ft. - 4% solution

filter (ft.) interval 9.08 4.54 2.27 9.08 4.54 2.27

1 ......................Start 40 50 75 100 100 70
Finish 20 10 10 20 40 Trace

2 ......................Start 40 40 65 110 100 70
Finish 10 Trace 10 20 30 20

3 ......................Start 30 40 75 90 100 60
Finish 10 10 10 10 40 10

TOTAL TIME (hours) 23.67 23.5 23.5 24 25 31

Table 5. Total nitrogen concentration of water filtered by large bark (1 1/2 inch)'

Depth of
Total nitrogen (mg/1)

filter At After After After
(feet) start 4 hrs. 13 hrs. 31.5 hrs.

1------------------------ 90 80 60 40
2------------------------ 90 70 50 20
3 80 50 40 10

'At 2.27 gallons per minute per square foot.



Table 6. Index of correlation for fit of curve BOD, = BODo10-,kt

Index of correlation

gpm/sq.ft.

Depth of
filter

( feet)
Small bark
(3/4 in.)

Large bark
(1 1/2 in.)

2% solution of poultry manure
(low concentration-150 BOD)

2.27 ........................... ....... .................... 1 .9413 .9904

2 .8642 .9929
3 .5707 .9935

4.54 1 .8834 .9735
2 .9417 .9428
3 .9138 .9678

9.08 1 .7575 .9873
2 .8599 .9838
3 .9904 .9038

4% solution of poultry manure
(high concentration-300 BOD)

2.27 1 .8595 .9748
2 .8846 .9723
3 .8682 .9476

4.54 1 .9837 .9938
2 .9658 .9924
3 .9836 .9763

9.08 1 .9423 .9940
2 .9599 .9660
3 .9760 .9794

Also, there was a greater removal of
nitrogen as the depth of the bark in-
creased. Possibly, with more exposure to
the air in the case of the 1 1/2-inch bark,
more nitrogen went off as NH3 in the
early part of the run.

The averages of the values of constant
k for size of bark, depth of bark, and
rate of flow through the filter are shown
in Table 7. It is obvious that as the ab-
solute value of k becomes larger, the
rate of reduction in BOD would increase.
The reduction in BOD was greatest for
1 1/2-inch bark at a 3-foot depth and a
flow rate of 9.08 gpm/sq.ft. Although the
difference between 3/4-inch and 1 1/2-
inch bark was not great, it was statistic-

ally significant. Also, there was a signifi-
cant difference between the 1-foot and
2-foot depths of bark for reduction of
BOD.

The turbidity results were analyzed by
fitting each run to an exponential decay
curve of the form JTUt = JTUo10-",
where t is equal to time in hours, JTUt is
JTU at time t, and JTU0 is JTU at the
initial time. An initial JTU and a JTU at
23 hours were then calculated (Table 8).
With the low concentration and small
bark, the JTU's were reduced below the
U. S. Public Health Service limit of five
for drinking water. The 1 1/2-inch bark
also markedly reduced the turbidity to
an average value of five. With high con-
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Table 7. Analysis of biological oxygen demand (average of BOD exponent k)'

Type of filter

3/4 in. bark
1 1/2 in. bark --------------------------------------------------------------------------------------------------------
1 ft. depth bark
2 ft. depth bark ------------------------------------------------------------------------------------------------------

3 ft. depth bark
2.27 gpm/sq. ft --------- ---------------------------------- --------------------------------------------------------

4.54 gpm/sq. ft- -----------------------... .....
9.08 gpm/sq. ft- ----------------------------------------------------------------------------------------------------

' From the equation BODt = BODo10-'t, where t = time in hours.

.0805

.0839

.0661

.0683

.111

.083

.0613

.1020

Table 8. Turbidity at the start and finish of 23-hour run

Depth of
gpm/sq. ft. filter (ft.)

2% solution of poultry manure
(low concentration)

Jackson turbidity units

Small bark (3/4 in.) Large bark (1 1/2 in.)

Start Finish Start Finish

2.27 ---------------------- 1 71 5.5 105 5.0
2 56 3.5 97 3.8

3 27 1.1 81 3.5

4.54 1 95 4.1 82 6.2
2 79 6.0 92 8.8
3 62 4.6 71 6.6

9.08 1 69 2.5 92 4.0
2 50 4.5 89 4.4
3 56 1.0 79 2.7

4% solution of poultry manure
(high concentration)

2.27 ...................... 1 170 14.6 123 11.9
2 178 15.8 125 8.7

3 152 9.3 96 3.9
4.54 1 199 20.3 179 31.1

2 195 26.0 172 29.9
3 169 16.5 161 15.4

9.08 1 204 14.7 136 18.1
2 190 20.4 125 18.8
3 142 11.0 116 8.4

centration and small bark, the turbidity large bark. Differences due to the rate of
was reduced to about 10 percent of the flow were inconclusive. There was al-
initial value, but the depth of the filter ways a slight color to the water at the
did not have the lowering effect that was finish, but no tests were made as to
observed for the increasing depth for the color.



The use of Douglas-fir bark for a trick-
ling filter medium is compared with rock,
tile, and plastic in Table 9. This compari-
son may not be valid because poultry
manure wastes were tested in the case of
Douglas-fir bark and domestic sewage in
the case of rock, tile, and plastic. Never-
theless, it does provide a concept as to
how effective Douglas-fir bark might be
under similar circumstances.

This comparison was made by using k
(Table 7), in which the decay curve of
the remaining BOD followed the equa-
tion BOD1 = BODo10-'1, starting with
BOD0 = 300 mg/1, and determining how
many pounds of BOD would be removed
by 1,000 cubic feet of bark in 24 hours
with 90 percent removal of BOD.

If we make allowance for the differ-
ences between types of effluent in the
filter, it appears as though Douglas-fir

bark is superior to rock, but not as good
as material such as plastic or tile shaped
especially for the purpose.

The nitrogen and phosphorous con-
tent of the bark was determined before
the bark was placed in the filter and at
the conclusion of all runs. No significant
changes were found in either the phos-
phorous or the nitrogen. This was prob-
ably due to the high rate at which the
filters were loaded hydraulically.

DISCUSSION

Results of this study show that Doug-
las-fir bark could be used as a means of
cleaning the effluent from an animal
water flush system to a point that the
effluent could be recycled or safely dis-
carded on a limited land area provided
the heavier waste particles were settled

Table 9. Comparison of bark with standard filter media

Material

Douglas-fir bark (300 mg/l BOD) - 90% removal
Size

BOD removal
(lbs. per 1,000
cu. ft. per day)

3/4 inch ---------------------------.....-------------.........---...------...---...........-------------------.- 52.2
1 1/ 2 inch .................................................................................................... 51.6

Depth
1 foot -------------------------------------------------------------------------------------------------------------- 81.5
2 feet ------------------------------------------------------------------------------------------------------------ 42.2
3 feet -------------------------------------------------------------------------------------------------------------- 45.7

Rate of flow
2.27 gallons/sq.ft . ........................................................................................ 51.4
4.54 gallons/sq.ft ......................................................................................... 37.7
9.08 gallons/sq.ft . ........................................................................................ 63.0

Other materials
Standard rate trickling filter (rock) . ............................................................ 15.0
High-rate trickling filter (rock) . ................................................................ 30.0
Tile (shaped for the purpose) . .................................................................... 100.0
Plastic (Dow Pac) 97 percent removal....................................................... 100.0

1 Haskell Street, Manual for Sewage Plant Operators, Texas Water & Sewage Works As-
sociation, Lancaster Press, 1964, p. 237.

2 Ron McKinney, Microbiology for Sanitary Engineers, McGraw-Hill, 1962, p. 210.

10



out by gravity for an hour or two. To be
used in such a flush system, Douglas-fir
bark would have to be enclosed in a bin-
type container with holes in the bottom.
The container should be constructed so
that it could be easily handled by a fork-
lift truck or a front loader on a tractor.
This bin could be placed over a tank of
manure slurry and the manure slurry
pumped up and sprinkled over the top
of the container. By recirculating, the
effluent could be cleaned to a point ac-
ceptable in a water flush system.

As the bark becomes saturated with nu-
trients or solids, it could be removed,
spread on the land, and replaced by a
new supply. This has the advantage of
easy replacement of a material that would
ordinarily become clogged.

CONCLUSIONS

These results indicate that in general,
as the depth of filter increased and the
rate of flow through the filter increased,
the rate of removal of BOD and total
solids also increased. However, the rate
of flow through the filter had little effect
upon nitrogen removal, as this was de-
termined by the length of time circulated
and the depth of the filter bed. One-and-
a-half-inch bark reduced BOD and total
solids at a faster rate than 3/4-inch bark.

The rate of removal of BOD by bark
averaged higher than most media and
high-rate trickling filters but was not as
good as plastic or tile designed for this
purpose.

The reduction of BOD could be de-
termined by the formula:

BODt = BODo10-kt.

No significant changes in nitrogen or
phosphorous occurred in the bark during
the tests.

The authors wish to thank Raymond
A. Currier of the Forest Research Labor-
atory of Oregon State University for
furnishing and grading the bark, and Dr.
Robert W. Dorminey of the Poultry Sci-
ence Department of Oregon State Uni-
versity for supplying the poultry manure.
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