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Demand for Dissolved Oxygen Exerted by
Finely Divided Logging Debris in Streams

Stanley L. Ponce and George W. Brown

Water quality has become a primary concern of most Americans in the last decade,
initially for large rivers, and more recently for the small streams originating in our forested
areas. In Oregon, much of this concern has been focused on the timbered coastal watersheds,
which serve as prime producers of anadromous salmon and trout. These streams provide most
of the spawning and rearing habitat for the State's multimillion dollar commercial and sport
fisheries. The maintenance of high water-quality standards on these streams is essential for
continued production of the fisheries resource.

Quality of water is dependent to a large degree upon the condition of adjacent land. As a
result, timber-harvesting practices may have a direct impact on quality of water in streams
draining logged watersheds. The majority of research to date has dealt with the effect of
logging on temperature and sediment. Water-quality standards along with guidelines for logging
practices necessary to achieve these standards have been developed from the research findings.

Little attention, however, has been given to the impact of logging debris on quality of water in

mountain streams.
West Coast Douglas-fir, because of its regeneration and growth characteristics, is harvested

by clearcutting. A byproduct of clearcut logging, as well as other timber-harvesting methods, is
slash, which is composed of Limbs, branches, and needles or leaves of trees. Often this material
moves downslope impelled by gravity, or may be deposited directly in the stream. In general,

most large debris, such as logs, limbs, and twigs, is removed from the stream after logging.
Finely divided material, however, such as splinters from the limbs and logs, pieces of bark,
small broken twigs, and needles and leaves, often remains.

Finely divided material may cause some serious problems in water quality in mountain
streams if it accumulates in large quantities during spring or summer. Material deposited in an
Oregon Coast Range stream between early fall and late winter generally causes only minor
problems. During this period, freshets generally occur and high volumes of water provide the
stream with sufficient energy to flush debris through the system and quickly dilute chemicals
leached from slash. If the material is deposited between early spring and late summer, however,
the probability of degraded water quality is much greater. During this period, streams are

generally at low flow and do not have sufficient energy to transport debris or dilute chemicals
leached from slash.

Finely divided organic material may reduce the quality of mountain streams during
summer months in many ways. Most apparent is reduction in dissolved oxygen levels. When

finely divided logging debris is left in a stream, the sugars and phenolics it contains leach out.
This material is organic and therefore subject to biological degradation. The degradation
process is one of simple oxidation by microorganisms present. Growth and metabolism of
these organisms are limited only by their ability to process this material. Because the sugars are
oxidized easily, organism populations and metabolic rates increase rapidly. As a result of these
changes, oxygen demand is accelerated. When demand for oxygen exceeds the stream's ability
to supply it, oxygen concentration drops to levels that may affect fish and other aquatic life.
Oxygen problems are usually most severe during summer months when streams are warmest.
Not only do organism populations increase, but the oxygen-holding capacity of water
decreases as water warms.

Fish, as do other living organisms, require free oxygen to carry on their life processes. If
the dissolved oxygen concentration in the water is reduced below 4 or 5 milligrams per liter,
fish present will be subject to an oxygen stress that inhibits their growth and development. If
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the oxygen concentration falls below 1 milligram per liter for a prolonged period, death will
probably result.

A useful means of determining the amount of oxygen required in stabilization of
decomposable organic matter is the test for biochemical oxygen demand (BOD). The BOD test
is used extensively by sanitary engineers to determine the pollutional strength of domestic and
industrial waste and to predict changes of dissolved oxygen in receiving streams. Its application
may be expanded, however, to serve as an indicator of pollutional strength of any organic
material in water, including logging debris in mountain streams.

At present, little is known about toxicity of leachates from finely divided logging debris
to salmon or trout. In addition to lowering the oxygen level, logging debris may contain
organic toxins that could be released into the stream by leaching. These materials may be
directly toxic to fish.

Although forest scientists and fishery biologists are aware that oxygen deficits and direct
toxicity may occur when logging slash is deposited in small streams, few quantitative studies
dealing with these problems have been completed.

Purpose of the study reported here was to quantify the impact of Douglas-fir
(Pseudotsuge menziem [Mirb.] Franco) needles and twigs, western hemlock (Tsuga hetero-
phylla [ Raf. ] Sarg.) needles, and red alder (Alnus rubra Bong.) leaves on dissolved oxygen and
toxins, and thus, the quality of mountain stream water for production of fish.

The study consisted of three parts. First, the long-term BOD under conditions of constant
temperature was determined for the material to quantify the amount of oxygen required by
microorganisms and the rate at which they used it in the oxidation process under standard
conditions. Second. a short-term BOD was determined using simulated stream conditions in
which the temperature was fluctuated daily to replicate conditions observed immediately after
clearcutting where slash is allowed to accumulate in the headwaters of a coastal stream fully
exposed to sunlight. The third test was determination of toxicity of the leachate to fish.

METHODS

Sampling Methods
Water used in this study was obtained from a small forest stream. We assumed that it

supported established populations of microorganisms that would consume the test material.
The vegetation-sampling procedure was determined experimentally to eliminate sampling

bias because of differences in tissue chemistry in leaves of different ages and crown positions.
As a result of preliminary experiments, a sampling technique accounting for differences in leaf
chemistry by vertical crown position. crown aspect. and age was developed for each species
(4). We used whole Douglas-fir and western hemlock needles, red alder leaves cut into
2-centimeter squares. and Douglas-fir twigs cut into 2-centimeter segments and quartered
longitudinally.

Analytical Methods
The long-term BOD of the material was determined at 20 degrees Centigrade (68 F) using

the Hach manometric technique (3). Four grams of material per liter of water was used in the
test containers. The test was run 90 days for the leaf material and 45 days for the Douglas-fir
twigs.

The 5-day. fluctuating-temperature, BOD test with leaf material was performed in a water
bath in which the water was mixed continuously. The standard dilution technique (t) was used
to determine the BOD values. The temperature range and cycle selected was 12.8 to 35.0 C
(about 55 to 95 F) over an 8-hour period, followed by a drop from 35.0 C to 12.8 C over the
next 16 hours. This temperature pattern replicated values observed in clearcut watersheds of



the Oregon Coast Range (2) and probably represented the extremes of temperature

encountered there.
The test for leachate toxicity was contracted to the Pacific Cooperative Water Pollution

Laboaratory, Corvallis, Oregon.
Specific details of all these tests are described by Ponce (4).

RESULTS

fable I gives the results of the long-term BOD test run at standard temperature (20 C)
with leaf material. Examination of the mean values shows several trends between species. After
90 days, Douglas-fir and western hemlock needles exerted an oxygen demand 40 and 57

percent less than red alder leaves. Within each species, the mean BOD values for 5 days
represent only 54, 21, and 27 percent of the BOD values after 90 days for Douglas-fir, western
hemlock, and red alder. The BOD for each species after 45 days represents about 90 percent of
the value after 90 days.

Table 1. Cumulative BOD Under Standard
Temperature Exerted in Milligrams of
Oxygen per Gram (Dry Weight) by
Douglas-Fir, Western Hemlock, and Red
Alder Leaves in Stream Water.

Time, days

Bottle 5 !0 20 45 60 90

Douglas-fi
1 7

r
1 74 74 80 82 82

2 5 9 81 120 128 135 145
3 7 1 106 134 140 144 150
4 5 0 51 78 82 82 82

Mean 6 3 78 102 108 110 115

Western he
6

mlock
34 76 132 192 197 202

7 40 124 175 194 197 197
8 40 70 99 170 176 178

9 30 68 68 79 79 79
Mean 36 84 118 159 162 164

Red alder
11 77 108 148 220 266 282
12 81 152 216 278 278 278
13 79 121 156 216 262 278
14 79 126 174 278 289 309

Mean 79 126 174 248 274 287

Controls
5 0 0 5 8 10 10

10 0 5 5 10 10 10

15 0 5 8 10 22 22

Mean 0 2 6 9 14 14



In the BOD test for Douglas-fir twigs, first-, third-, and fifth-year twigs were examined
(Table 2). The first-year twigs exerted the greatest BOD over 45 days, slightly more than 13
percent of their dry weight; third- and fifth-year twigs followed with a BOD equal to 9.3
percent and 7.8 percent of their initial dry weight. The BOD for 5 days was equivalent to
about 25 percent of the BOD for 45 days for all age classes, and the BOD for 20 days was
equivalent to about 65 percent for third- and fifth-year twigs, and about 90 percent for
first-year twigs.

Results of the 5-day BOD test run under conditions of fluctuating temperature are given
in Table 3. In 5 days, red alder leaves exerted an oxygen demand equivalent to 23.7 percent of
their initial dry weight, and Douglas-fir and western hemlock needles exerted a demand
equivalent to 19.0 and 9.7 percent of their initial dry weights.

Toxicity to fish of chemicals leached from needles and leaves was determined using
guppies and steelhead trout fry. A standard solution was prepared using the leachate from 50
grams of needles or leaves per liter of water, about 10 to 20 times the amount of leaves or
needles expected from slash in a small stream after clearcutting. This standard solution was

Table 2. Mean Cumulative BOD Under
Standard Temperature Exerted in Milligrams
Oxygen per Gram (Dry Weight) by First-,
Third-, and Fifth-Year Douglas-Fir Twigs
in Stream Water.'

Twig.

age. 0

Time, days

15. 20 30 45

Year

First 39 74 89 116 127 132

Third 21 37 48 62 81 93

Fifth 18 31 39 48 63 78

Control 1 1 1 1 1 1

'The mean of three replications for each
age class.

Table 3. Mean Cumulative BOD Exerted in Milli-

grams Oxygen per Gram (Dry Weight) by Douglas-
Fir, Western Hemlock, and Red Alder Leaves
Under Conditions of Temperature Fluctuation.'

Time, days

.Species of foliage 2 3 4 5

Douglas-fir 51 67 131 187 202

Western hemlock 29 60 88 104 109

Red alder 77 136 191 219 249

Controls 5 S 7 12 12

'The mean of three replications for each
species.



used to prepare-8 series of diluted test solutions. Fish were placed in these test solutions and

survival was measured after 96 hours. Fifty percent of the guppies tested were able to survive

for 96 hours in the Douglas-fir leachate diluted to 35 percent of the standard concentration, in

the western hemlock leachate diluted to 65 percent of the standard concentration, and in the

red alder leachate diluted to 18 percent of the standard concentration. Fifty percent of the

steelhead trout fry were able to survive for 96 hours in the Douglas-fir leachate diluted to 26

percent of the standard concentration, in the western hemlock leachate diluted to 7.5 percent

of the standard concentration, and in the red alder leachate diluted to 25 percent of the

standard concentration.

DISCUSSION

BOD curves were constructed through the composite data from Tables 1, 2, and 3 using a

least-squares fit. We assumed that the decomposition of the leaves followed a first-order

process, which may be expressed mathematically as:

y= L(lc-x1t ). 1

where y is oxygen used in mg per gm of material at time tin days, L is the BOD concentration

in mg/gm, K, is the reaction rate coefficient (base e) in units 1 /days, and e is base of the

natural logarithms (2.71828).
The reaction rate coefficient, K,. simply indicates rate of oxygen demand by

microorganisms in the decomposition process. A high value for K, , such. as that for domestic'.
sewage, is characterized by a reaction that has a very high initial demand for oxygen, followed
by a very low demand For oxygen. In other words, the material is oxidized quickly by the
microorganisms. A low value for K, , such as that for forest tree leaves, is characterized by a

moderate demand- for oxygen over an extended .period; that is, the material is not oxidizabli ,

quickly by the microorganisms.
The reaction rate coefficient was determined by solving equation I for K,

K, = (in L - In L,)/t, 2

where Lt = L - y, and the rest of the terms are as defined previously.

Results of the least-square fits are illustrated graphically in Figures 1 through 4. Each
curve for mean BOD is bounded by lines or envelopes that provide a general indication of the
variability of oxygen uptake within a species. As any bioassay technique, such as theBOD test,

is the result of a multitude of complex interactions, we thought that the composite curve was a
good representation of the BOD process if all the data plots fit into an envelope that deviated

no more than 30 percent from the mean at day 90.
Figure I gives the composite BOD curve for Douglas-fir needles. The values for BOD at 90

days and K, are 1 10 mg/gm and 0./25/day. Nearly all the plots fit in the 30-percent envelope
at day 90.

Figure 2 gives the composite curve of BOD for western `hemlock needles. One sample

(battle 9, Table I) exerted a BOD much lower than the other samples. The BOD of this

atypical sample was nearly satisfied by day 10 and completely satisfied by day 40. The other
three samples are relatively consistent in their oxygen demand, so a more precise estimate of

the BOD at 90 days for western hemlock needles probably is obtained using the first 20 days
of data to construct the composite BOD curve. There was close agreement among all four
samples during this time period; deviation of the fourth sample did not begin 'u'ntil after day,
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Figure 1. The best-fit BOD curve with a 30-percent envelope (dashed fine) fit over 90 days
through the Douglas-fir composite data. Each dotted fine represents one sample.

10. The composite curve projected from the 20-day period estimated the BOD at 90 days as
200 mg oxygen per gram of materials, with a K, of 0.049/day. The three similar samples are
included in a 10-percent envelope about the composite curve.

Figure 3 gives the composite curve for red alder leaves. The values for BOD at 90 days
and K, are 286 mg oxygen per gram of material and 0.047/day. Variability of the data plots
was low over the entire interval, and all the plots fit within a 10-percent envelope at day 90.

Figure 4 illustrates the composite curve for Douglas-fir twigs. The estimated values for
BOD at 90 days and K, are 110 mg/gm and 0.056/day. There is a high degree of variation
among samples. Four of the nine samples are not included in the 30-percent envelope; two
samples are much higher than the other seven. Seven of the nine samples are bunched closely
and dominate the shape of the curve.

Results for BOD at the standard temperature (Table 1) clearly point out that finely
divided logging debris has the potential to exert a substantial demand on a stream's oxygen
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Figure 2. The best-fit BOD curve with a 10-percent envelope (dashed line) fit over 20 days
through the western hemlock composite data. Each dotted line represents one sample.

supply. Douglas-fir needles exerted the lowest demand over 90 days, 115 mg/gm, of the three
types of leaf material tested, but at the same time had the highest reaction rate coefficient,
0.125. In studies such as this, emphasis generally is put on the total quantity of oxygen
extracted by a material, but the rate at which oxygen is extracted is often more important.
Because of the high value for K, , the oxidation process for Douglas-fir needles occurs rapidly;
nearly 95 percent of the BOD at 90 days is reached by day 20 (Figure 1). In other words,
Douglas-fir needles are most likely to create a substantial reduction in the dissolved oxygen
concentration the first 20 days in the stream. After 20 days, the BOD exerted per day is low.

Western hemlock needles and red alder leaves both exert a BOD over 90 days much
greater, 1.8 and 2.5 times, respectively, than the Douglas-fir needles. The reaction rate for both
species is slightly less than one-third of the value for K, for the Douglas-fir needles. As a result,
the oxygen demand exerted by these materials is initially lower per day than for the
Douglas-fir needles, but after 20 days it is greater. This situation results in a relatively

0

0
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Figure 3. The best-fit BOD curve with a 10-percent envelope (dashed line) fit over 90 days
through the red alder composite data. Each dotted line represents one sample.

continuous demand on a stream's oxygen supply, as illustrated by the shape of the BOD curve
in Figures 2 and 3.

How does the oxygen demand by fresh needles and leaves compare to the oxygen demand
exerted by other materials commonly regarded as pollutants? Using some average values for
BOD over 90 days, we find that about 4 pounds of fresh Douglas-fir needles produce about the
same oxygen demand as the untreated daily waste from one person. About 0.2 pound of
Douglas-fir needles exert the same oxygen demand as the treated waste from manufacturing 1
pound of Kraft paper. About 16 pounds of Douglas-fir needles exert an oxygen demand
equivalent to the untreated daily waste from a 1,000-pound beef animal in a feedlot.

Douglas-fir twigs react in much the same manner as the western hemlock and red alder
leaf vegetation. Note that the BOD over 90 days for Douglas-fir twigs and needles is the same.
Douglas-fir twigs, however, have a value for K, about half that of the Douglas-fir needles.
Twigs exert much more of a continuous demand over the first 50 days, as shown by Figures 1
to 4. This relation clearly illustrates the importance of considering the reaction rate coefficient
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Figure 4. BOD best-fit curve with a 30-percent envelope (dashed line) fit over 45 days through
the Douglas-fir twig composite data. Each dotted line represents one sample.

when discussing the BOD of a material that may be present in the water over an extended
time, such as logging debris.

Neither the values for K, nor the values for BOD over 90 days were determined for the
BOD data collected under conditions of fluctuating temperature, because of the short time the
test was run. Some general conclusions can be drawn, however, by comparing the mean values
of BOD for 5 days obtained using fluctuated temperature with those obtained under standard
temperature conditions. The standard-temperature values for BOD for 5 days were taken from
the best fitting curve for BOD over 90 days through the composite data. The mean BOD for 5
days of leaves exposed to conditions of fluctuating temperature were much greater than those
exposed to standard conditions; 75 percent higher for Douglas-fir, 58 percent higher for
western hemlock, and 76 percent higher for red alder.

These comparisons show that organic debris exposed to conditions of temperature
fluctuation comparable to those observed in a small stream exposed to solar radiation by
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clearcutting have a much higher demand for oxygen in 5 days than the same vegetation
incubated at standard temperature. In other words, clearcutting may affect the rate at which
oxygen is depleted as well as the amount of depletion.

The toxicity levels found were considered by the fisheries biologist who conducted the
bioassay (George Chadwick, personal communication, final bioassay report, December 1972)
to be extremely low for such a concentrated sample, so low, in fact, that they probably would
pose no threat to fish in a flowing stream. Demand for oxygen by the leachate probably would
be responsible for death before the direct effect of the leachate constituents.

MANAGEMENT RECOMMENDATIONS

Results of this research can be used to help prescribe logging practices along small streams
important for the production of fish.

Keep trees and slash out of these streams. Fresh slash, especially finely divided
material, has a high demand for oxygen and can rapidly deplete the oxygen in water
necessary for aquatic organisms. Jacking trees, cable-assisted felling (tree pulling),
leaving high stumps above the stream, or using buffer strips of standing trees are all
measures that can be used to keep slash out of streams. Avoid yarding across
important stream unless logs can be flown clear.

If logging slash enters an important fish stream, it should be removed quickly.
The rate of chemical release and oxygen demand is highest during the first two
weeks. It is particularly important to remove large accumulations of finely divided
material as well as large debris. Removal of fine material should be done by hand.
Under no circumstances should machinery be placed directly in or run up and down
the stream channel to remove accumulations of fine slash.

Take extra precautions in spring and summer months to prevent entry of debris
into the stream channel. During this period stream flow is generally low and
temperature high.
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