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A study was conducted to determine the quantity and character

of substances leached from logs floating in water, and the rate of

leaching of these substances. The species of wood studied were Doug-

las fir and ponderosa pine. The research was carried out in a con-

trolled laboratory environment with log sections 14-inches in diameter

by 20-inches long. The study included log sections submerged in both

tap water and saline water. The holding water was chemically poison-

ed to prevent biological degradation of the leached materials.

The analyses performed on samples of the holding water taken

at specified intervals during 40 day leaching periods included chemical

oxygen demand (COD), Pearl-Benson Index (PBI), total solids (TS),

total volatile solids (TVS) and total organic carbon (TOC).

The data showed that ponderosa pine logs contributed measur-

ably greater quantities of soluble organic materials and color-producing



substances than Douglas fir logs. The following COD and PBI values

were measured after a leaching period of 20 days: ponderosa pine -

4. 3 g COD/ft 2, 15 g PBI/ft2; Douglas fir - 3.2 g COD/ft2,
11 g PBI/ft2.

Leaching rate appeared to be affected by the concentration of

soluble organic materials in the stagnant holding water; however,

experiments showed that, in flowing water, the leaching rate was

nearly constant.

Extrapolation of the laboratory test data to field conditions result-

ed in an estimate of nearly 800 pounds of COD per day contributed by

approximately 8 million board feet of floating logs to a typical log

storage water.
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POLLUTANTS LEACHED FROM SELECTED
SPECIES OF WOOD IN LOG

STORAGE WATERS

I. INTRODUCTION

The leading industry in the state of Oregon and the Pacific North-

west in terms of dollar value is the forest products industry, which

produces lumber, pulp and paper and many other products. Approxi-

mately one-third of all the forest products manufactured in the United

States comes from this region (17). The value of the forest products

manufactured in Oregon alone in 1967 was placed at over $1.5 billion

and annual log production from 1958 to 1968 averaged 8.3 billion board

feet (20). There is little likelihood of production declining in the

future; the demand for forest products is increasing and modern forest

management techniques should allow the timber growth rate to exceed

the rate of cutting by the year 2008 (5).

The two major forest industries are lumber and pulp and paper

production. Logs are transported from the forest to the mills by

truck, train or water conveyance. The seasonal nature of the logging

operations dictates that large quantities of logs be stored at the mill

sites while awaiting processing. Logs stored dry for any appreciable

period are subject to "checking" at the cut ends and attack from wood-

boring insects. End "checking" involves longitudinal separations or

ruptures in the wood tissue which affect the shear strength and provide
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convenient access channels for insect attack. These problems, to a

large extent, have been overcome by the industry by keeping the logs

continuously wet. Two methods are used to accomplish this objective.

The logs are either stored on land and sprinkled, or they are floated

in a nearby river, lake, estuary or man-made pond. Figure 1 shows

a typical pulp mill with rafted logs in storage.

Figure 1. Typical pulp mill with rafted
logs in storage.

The pollution resulting from log rafting is relatively obscure

when compared with such visible problems as smoke and floating

debris. The soluble material which leaches fr,oxn floating logs,
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however, can have an important effect on the quality of the receiving

waters.

Thus, while log rafting is a convenient method of storage, it can

have a deleterious effect on other industries which are important to

the economy of the region. Two other major industries which might be

affected are tourism and fishing. A report published by the Oregon

Department of Commerce (20) states that "Oregon has many factors

favoring its growth. Among the most important is the availability of

abundant, pure water for industry and human comsumption". This

region also produces a wide variety of commercially harvested fish

and shellfish which are distributed throughout the entire nation.

Consequently, it is very important to the economy of the Pacific

Northwest to maintain high water quality in its streams and estuaries.

To help accomplish this objective, a thorough knowledge and under-

standing of all potential sources of pollution must be develciped.

Objective and Scope of Study

The objective of this research was to determine the pollutional

contribution of the soluble materials which leach from floating logs.

The study was carried out within the confines of a controlled labora-

tory environment to minimize the number of variables involved. Four

different water quality parameters: chemical oxygen demand (COD),
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Pearl-Benson Index (PBI), total volatile solids (TVS) and total organic

carbon (TOC), were used to quantitatively evaluate the importance of

this source of pollution.



II. LITERATURE SURVEY

This study was primarily concerned with the materials which

diffuse or leach from wood into the surrounding water. Therefore,

some knowledge of the structure and chemistry of wood is essential to

the interpretation of the analytical data.

Trees grow both in a longitudinal and a lateral direction. Later-

al growth is attributable to a growing layer, called the cambium,

which is located between the bark and the wood (22). The cambium is

the major pathway for the flow of nutrients to all parts of the tree.

When the tree is cut, the cambium is severed transversely to the flow

of water and nutrients, providing an unhindered path for the removal

of these substances.

The components responsible for the structure of the wood are

divided into two general categories: (1) those compounds that make

up the cell walls, and (2) extraneous materials. The chief component

of the cell wall is the polysaccharide, cellulose. The structure is

strengthened by the presence of lignin and hemicelluloses which tightly

bind the cellulose molecules together (18). These substances are

insoluble in cold water and neutral organic solvents (23). The extran-

eous materials include such compounds as tannins, carbohydrates,

sterols, resins, proteins, waxes and certain lignin related compounds,

and are generally soluble in water (23). These compounds are
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normally referred to as extractives because they are easily removed

from the wood (8). The distribution of the extractives in an individual

tree varies from a low percentage in the sapwood to a very high per-

centage in the heartwood. In addition, freshly felled wood reacts dif-

ferently in an extracting medium than does the same species which has

been stored for several weeks (23).

Tannins, which are water soluble, appear mainly in hardwoods;

however, they are also present in softwood barks (8). Kurth and

Hubbard (12, 15) state that the bark of ponderosa pine contains from

5. 6 to 11.4 percent tannins and Douglas fir bark as much as 18 per-

cent tannins. Kurth, et al. (16) found that ponderosa pine tannin ex-

tracts contain approximately ten times more soluble sugars than

Douglas fir tannin extracts.

Kurth, et al. (14) report that Douglas fir saw logs average about

12 to 14 percent bark (by volume) whereas Henriksen and Samdal (10)

place the bark content at about 10 percent. Wright (25) found that the

accumulation of sunken pulpwood and bark in the slow moving sections

of the St. John River in New Brunswick after a spring drive, reduced

the available dissolved oxygen content by 65 percent. Henriksen and

Samdal (10) found that the extractives from fresh bark exerted a chem-

ical oxygen demand (COD) of 42, 200 mg 0/kg bark (19, 200 mg 0/1b.

bark). Thus, it is likely that bark extractives play a significant role

in water pollution near log rafting areas.
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Research has been done by Ellwood and Ecklund (7) on the effect

of bacterial attack on ponderosa pine logs. They found that bacterial

attack occurred primarily in stagnant ponds and was favored by anae-

robic conditions. They also found that 0.5 ppm mercury added as

ethyl mercuric phosphate provided complete control of biological activ-

ity for an immersion time of one week but no control for a four week

immersion time.

Woodard and Etzel (24) working with Kraft process black liquor,

showed that the lignin-like polymers exhibited a zeta potential and

found, through the use of electrophoresis techniques, a net positive

surface charge at neutral pH. They also showed that chloride ions

were very effective precipitators of the lignin-like compounds.

McHugh, Miller and Olsen (17) concluded that the pollution level

of ponds containing only logs without bark and those containing logs

with bark was nearly the same.
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EXPERIMENTAL STUDIES

Methods and Materials

Equipment

The equipment used in this study consisted of the following:

6 - 150 liter plexiglas tanks
2 20 liter plexiglas tanks
8 - magnetic stirrers - Model No. 65904, Precision

Scientific Co.
1 - Spectrophotometer, Beckman Instruments Inc.,

Model No. DU-2
1 - Laboratory Carbonaceous Analyzer, Model No.

137879, Beckman Instruments Inc.

All tanks were fabricated from one-quarter inch clear plexiglas sheet

stock (see Figures 2 and 3) to allow visual observation of the logs dur-

ing the leaching period. Water-tight joints were achieved by cement-

ing the sections together with dichloromethane solvent. The tank

dimensions were chosen to maximize the size of samples within the

space available. Two shelves to support the tanks were constructed

in a walk-in incubator and the magnetic stirrers were mounted in

holes cut into the shelves such that the tops of the stirrers were flush

with the surfaces of the shelves (Figure 4).
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OCT 69

Figure 2. Experimental Apparatus.

Sealants

The products tested were:

Teflon spray - "CHR Rulon Spray" supplied by Connecti-
cut Hard Rubber Co., New Haven, Con-
necticut.

Epoxy sealer - "Gluvit" supplied by Travaco Laborator-
ies Inc., Chelsea, Massachusetts.

Paraffin wax supplied by Union Oil Co. of California.

Silicone Lubricant - supplied by Dow Corning Corp.,
Midland, Michigan.
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These products were chosen to be tested for possible full scale appli

cation after determination of their general properties and sealing abil-

ity.

Analytical Methods

Total Organic Carbon (TOC). Total organic carbon analyses

were made by means of a Beckman carbonaceous analyzer. The pro-

cedure used was that recommended in the Beckman instruction booklet

(26). The sample size used was 40 microliters rather than the recom-

mended 20 microliters, in order to increase the sensitivity of the out-

put. The acidification of samples to eliminate carbonate interference

was not necessary since tests run on both acidified and non-acidified

samples indicated that the difference was negligible. The instrument

was calibrated using acetic acid standard solutions as recommended

in the Beckman manual (26).

Total Solids and Total Volatile Solids. All total solids and vola-

tile solids analyses were made in accordance with the procedures

given in Standard Methods (2). The volumes which were evaporated

were limited to 100 ml due to the size of the samples available.

Chemical Oxygen Demand (COD). All COD analyses were made

by the Jeris "rapid" COD procedure (13). Hoffbuhr (11) showed that

there is a very close correlation between the standard method COD

and the Jeris rapid method for log pond water. He found that values
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obtained by the Jeris method ranged from 96 to 100 percent of the

standard method.

Pearl-Benson Index (PBI). PBI was determined in accordance

with the standardized Pearl-Benson, or Nitroso, method (4, 9). The

PBI is a colorimetric measurement of the quantity of lignin-like and

or tannin-like material in the sample. It is normally used as an indi-

cator of the quantity of spent sulfite liquor (SSL) in waste from pulp

mills. The colorimetric measurements were made by means of a

Beckman DU Spectrophotometer which was calibrated with a series of

different concentrations of "Orzan+" (a standard calcium SSL in powder

form) in tap water. The standard SSL was obtained from Crown Zeller-

bach Corporation, Lebanon, Oregon.

Evaluation of Masking Material

Introduction

Floating logs present two different types of surface for contact

with the water; the cross-cut end section and the cylindrical surface.

Evaluation of the relative leaching rate from each type of surface re-

quired sealing of one of the surfaces from contact with the water. The

cross-cut end section was the surface which was sealed since its uni-

formity facilitated this operation. The required sealant could not con-

tribute any carbonaceous material to the water, but still had to prevent
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the water from coming into direct contact with the wood.

Four commercially-available products were tested (see Methods

and Materials section). The effectiveness of each product was evalu-

ated by total carbon determinations on the holding water. Other im-

portant factors considered were: ease of application, durability, seal-

ing quality and product cost.

Experimental Procedure

Plexiglas Blocks. An evaluation of the contribution of carbon-

aceous material from each sealant was made by the following proced-

ure. Several pieces of plexiglas were cut so that each had a total sur-

face area of O. 4 square feet. Plexiglas was selected since it was a

readily available material and the amount of organic matter leached

into water from it was negligible as determined by immersion of a

blank plexiglas block in water. Before beginning the experiment all

glassware and all plexiglas blocks were thoroughly cleansed with a

chromic acid cleaning solution (2). This precaution was taken because

erratic results were obtained from a previous experiment in which the

glassware and control blocks were not rigorously cleaned. Each

product to be tested was then applied to a separate plexiglas block.

Two blocks were prepared for the epoxy sealer to determine the effect

of any solvent which may have been present in the mixture. One block

was air dried after application of the sealer and the other oven dried
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at approximately 103 oC for 8 hours. A blank plexiglas control was

also included. The plexiglas blocks were then placed in 1000 ml.

beakers containing 850 ml. of distilled water. Two mg/1 of mercury
++

(as Hg ) was added to the water in the form of a solution of mercuric

chloride (HgC12), to prevent any interference from biological growth.

The temperature was held at 20oC + 0. 5o throughout the experiment.

Samples were taken from each beaker and tested for total carbon con-

tent.

Wood Blocks. Another experiment was designed to determine

the sealing quality of each product. Several uniform cubical blocks

were cut from the same Douglas fir log. The total surface area of

each block was approximately 0.73 square feet. Each of the four

sealants was applied to a separate block so that the surface was com-

pletely covered. Each block was completely immersed in 1500 ml. of

water poisoned with 2 g/1 Hg++ and held submerged by a clamp. An

unsealed control block was also prepared and handled in the same

manner. The temperature was held at 20 oC + 0. 5o throughout the

experiment. Samples taken from each beaker were analyzed for total

carbon content.

Results and Discussion

The total carbon data (Table 1) for the plexiglas blocks showed

that the silicone grease contributed the least carbonaceous material.
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Table 1. Masking materials TOC data

Plexiglas Blocks

Time
(hours) A** B C D E F

0 0

24 30. 3 25.4 70.5 23.5 25.4 39. 2

96 6.9 38.2 109. 36.2 7.9

154 5. 9 18. 6 95. 0 45. 0 27.4 8. 8

Wood Blocks

Time
(hours) A***

0 0

31 171 34.3 16.4 37.3

72 243 38.0 16.2 61.5

120 280 29. 8 15. 1 62. 8

* All data expressed as mg TOC

ft of surface area

** A Blank plexiglas block
B - Teflon
C - Epoxy sealer - air dried
D - Epoxy sealer - oven dried
E - Paraffin
F - Silicone grease

*** A - Uncoated wood
B Epoxy sealer - air dried
C - Paraffin
D - Silicone grease
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The other sealants, listed in order of increasing total carbon contri-

bution, were paraffin, Teflon spray, oven-dried epoxy sealer and air-

dried epoxy sealer.

Total carbon data for the wood blocks, however, showed that

the greatest total carbon contribution was from the block sealed with

silicone grease, and the least contribution was from the paraffin-coat-

ed block (see Figure 5). The total carbon value for the epoxy sealed

(air dried) block after four days immersion was approximately

30 mg/ft2 or about twice that of the paraffin covered block for which

the TOC value was about 15 mg/ft2 (see Figure 5).

Teflon spray was eliminated from practical, full scale applica-

tion because it was non-viscous and failed to seal the cracks in the

wood block.

The total carbon contribution of the epoxy sealer compared favor-

ably with the other products only after pre-drying in an oven. Since

this method of drying was not practical for the large log sections and

because of the possible detrimental effect it could have on the leaching

characteristics of the logs, the epoxy sealer was eliminated from

consideration.

The total carbon data for the wood block indicated that the sili-

cone grease did not seal effectively. A possible explanation for this is

that the silicone grease remained in a highly viscous state and there-

fore was easily displaced when the sample was handled. This problem
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could probably have been reduced by covering the sealed area with a

plexiglas sheet, but this was not a practical solution considering the

time and materials involved.

Paraffin was chosen as the most desirable sealer because it

satisfactorily met the requirements of low carbon contribution to the

surrounding water, excellent sealing quality, ease of application and

relatively low cost.

Log Leaching Study

Introduction

This study was designed to simulate, as closely as practical in

the laboratory, the conditions existing in log storage areas. Certain

limitations to this simulation were necessary, however, to obtain

meaningful quantitative data. The species chosen for study were Doug-

las fir (Pseudotsuga taxifolia) and ponderosa pine (Pinus ponderosa),

since these are the species most prevalent in Western and Central

Oregon. The log sections studied were chosen as being representative

of the conditions found in a typical log raft, and included the following

samples:

1. Submerged in fresh water
a. exposed end sections
b. sealed end sections
c. bark in place
d. bark removed.



20

2. Submerged in saline water
a. exposed end sections
b. bark in place.

Sealing techniques were used to enable differentiation between the

amount of material leached from the end sections and that leached

from the cylindrical surface.

The log samples were held at 20°C + 0. 5° throughout the test

period to provide a consistent basis for comparison of the analytical

data. This temperature was selected because it approximated the

summer water temperature surrounding existing log rafts in the inland

and coastal waters of Oregon.

Mercury (Hg ), prepared as a mercuric chloride solution

(HgC12), was added to each sample tank to prevent biological degrada-

tion of the organic material leached from the logs. Other methods of

inhibiting biological growth were considered including pH extremes,

heat sterilization and organic biocides. These were rejected due to

the uncertainty of an effect on leaching rate and measured parameters.

Magnetic stirrers and Teflon coated stirring bars were employed

to provide thorough mixing in each tank and to simulate the natural

water flow across the surface of the log as occurs in log storage areas.

The log sections used were cut from freshly felled trees. The

ponderosa pine logs were obtained from a sawmill near Klamath Falls,

Oregon and the Douglas fir logs were obtained from Oregon State
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University-owned land on the eastern slope of the Coast Range Moun-

tains near Corvallis, Oregon.

Masking Procedure

The logs were transported from the forest to the laboratory and

cut into appropriate sized segments. The ends of six log sections

were sealed with paraffin to prevent contact of water with the wood.

This was accomplished by dipping the end of each log in liquefied par-

affin and allowing it to solidify on the log. A double boiler arrange-

ment was used to melt the paraffin and to keep it at a constant temper-

ature of approximately 60 o
C. While the paraffin was cooling on the

log, any bubbles present were rubbed away by hand. This process

was repeated until a coating of paraffin approximately one-quarter

inch thick was secured on the log end.

Leaching Procedure

The first phase of the leaching study involved six Douglas fir log

sections. These sections were pretreated according to the schedule

shown in Table 2. Two small blocks, cut from the center of a log

section, were set up as controls. One block was completely sealed

with paraffin and the other was left uncoated. These controls served

as indicators of the organic material contributed by the sealant.
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Table 2. Number and condition of logs used in
setup number 2.

No. of logs Treatment

2 unaltered

2 bark in place; ends sealed

2 bark removed; ends sealed

The logs were prepared as discussed above, measured and the dimen-

sions recorded. They were then placed in the tanks and attached to

the holddowns. Each tank was filled with tap water until the log was

completely submerged. The volume of water required to submerge

the log was recorded and a mark was placed on the tank corresponding

to the maximum water level.

The appropriate volume of mercuric chloride solution to provide

a concentration of 2 mg/1 of mercury was added to each tank and the

magnetic stirrers were turned on. After approximately five minutes,

samples were taken from each tank, including controls, and held at

4
oC prior to analysis. The analysis of these samples provided initial

values for each tank. A plastic cover was then placed over each tank

to minimize the loss of water due to evaporation. This experiment

was terminated after a leaching period of two weeks due to the presence

of biological growth in the tanks as shown by turbidity in the water and

verified by a microscopic examination.
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A separate, qualitative study was undertaken at this point to

determine the concentration of mercury necessary to prevent biologi-

cal growth under these conditions. This study is described in Appen-

dix C.

The second experimental setup was identical to the first with the

exception of the concentration of mercury added. An appropriate

quantity of mercuric chloride solution was added to bring the concen-

tration of mercury in each tank to 25 mal and the initial samples

were taken as before. The total leaching time for this experiment was

37 days. During this time no turbidity was observed.

Both Douglas fir and ponderosa pine logs were used for the third

experiment. A method was devised to determine the relative effect of

the organic concentration in the surrounding water on the leaching

rate. One log and tank of water from the second setup were retained

and used again. The log was removed from the water in which it had

been leaching for 37 days, and placed into a tank to which fresh water

was added. By comparing the data from the first leaching period with

that from the second (same log in both cases) it was possible to deter-

mine the effect of the depletion of soluble materials from the log on

leaching rate.

A freshly-cut Douglas fir log was submerged in the tank from

which the leached log was removed. This provided a comparison of

the leaching rate for a freshly cut log in fresh water and a freshly cut
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log in water which contained a high concentration of organic matter.

The four remaining logs used in this setup were prepared as shown in

Table 3.

Table 3. Number, type and condition of logs used in setup number

No. of logs

1

1

1

1

Douglas fir

ponderosa pine

ponderosa pine

ponderosa pine

unaltered; saline water

unaltered

bark in place; ends sealed

bark removed; ends sealed

The tanks were filled by the same method as used in the second setup

and the same initial concentration of mercury was used. Additional

mercury was added after two weeks because one of the tanks appeared

to have a trace of biological growth. The initial samples were taken

as in the previous experiments. The leaching time for the third ex-

periment was 40 days.

The saline water was prepared by dissolving sodium chloride

(NaCl) in fresh water to a chloride concentration of approximately

9500 mg /l. This concentration is approximately equal to 50% of the

chloride concentration in sea water (27). No other constituents of sea

water were added since NaCl constitutes the major portion of the

solutes and the only effect of interest was that of total salinity.
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Possible interferences from the other sea water components were also

eliminated by their exclusion.

Grab samples were obtained from the surfaces of the tanks and

composited to a total of 400 ml., the amount of sample required for

the COD, total and volatile solids, and PBI analyses. Floating debris

was pushed aside during sampling to insure that the samples were uni-

form. Samples for total carbon analysis were obtained separately

because the results of this test can be greatly affected by the presence

of solid particles. Samples of approximately 10 ml. volume were

taken with a volumetric pipet.

Experimental Results

General. In order to facilitate the extrapolation of laboratory

findings to field application, all experimental results were reported as

grams of pollutant leached per square foot of exposed log surface area

submerged. Duplicate runs were made to determine the reproducibil-

ity of the experimental results. Close agreement was observed for

the duplicate samples as :shown in Figures 6 and 7.

Color-Producing Substances. The yellowish-brown color of the

log holding water shown in Figure 2 is due, predominantly, to the

presence of soluble tannins and lignin-like substances leached from

the logs. The accumulation of these substances in the holding water

was measured by the Pearl-Benson Index (FBI). The results of the
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PBI test were expressed as grams of equivalent spent sulfite liquor

(SSL) per square foot of exposed log surface area submerged.

Nearly all of the color-producing substances in the holding water,

as measured by the PBI, were contributed by the bark. For ponder-

osa pine logs with bark intact, a PBI of about 15 grams per square

foot (g/ft2) was measured as shown by the results plotted in Figure 8.

This plot also shows that a very low PBI (about 4 g/ft2) resulted from

the log sections without bark (ends sealed) after 40 days of submerg-

ence. There was a 25 percent higher PBI for the unaltered log sec-

tions (see Figure 8) which indicates that the ratio of end area to

cylindrical surface area is very important and must be considered in

any extrapolation of laboratory results to field application.

The ratio of end area to cylindrical area was abnormally high for

the experimental log sections. This "end effect" was corrected for by

subtracting the PBI value for the log section with bark in place and

ends sealed from that for the unaltered log, thus resulting in a PBI

value (g/ft2) for the end section alone. Then, using this value and the

PBI value for the cylindrical surface alone (also from Figure 8), an

estimate was made of the color-producing substances contributed to

holding water by a hypothetical log section 30 feet long, 24 inches in

diameter and 50 percent submerged. This was accomplished by multi-

plying the contributions per unit area of the experimental log sections

by the respective calculated areas of the hypothetical log (a detailed
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description of this method and sample calculations are given in Appen-

dix A). A summary of these estimates is given in Table 4 for both

species of logs, with bark intact and with one-half of the bark missing.

The values in Table 4 indicate that ponderosa pine logs lose about twice

as much lignin-like material as Douglas fir logs of similar size and

degree of submergence.

Table 4. Magnitude of pollutional indicators contributed by Douglas fir and ponderosa pine logs two
feet in diameter and thirty feet long floating one-half submerged.

Log Water COD PBI TVS TOC

species exposure (g) (g) (g) (g)

period 50% 50% 50% 50% 50% 50% 50% 50%

(days) Bark Bark Bark Bark Bark Bark Bark Bark

Douglas 10 144 163 265 204 164 174 48

fir 35 331 332 683 522 278 249 71

ponderosa 10 210 183 710 555 211 154 98

pine 35 403 344 1375 915 349 268 161

Soluble Organics. The loss of soluble organic material from the

logs was measured by chemical oxygen demand (COD), total organic

carbon (TOC), total solids (TS) and total volatile solids (TVS) tests.

Experimental results obtained during the 37 and 40 day submergence

periods are presented graphically in Figures 9, 10, 11 and 12. Each

graph shows that ponderosa pine logs yield at least 50 percent greater

quantities of organic matter per square foot submerged than do Douglas

fir. logs. The estimated contributions of COD, TOC and TVS leached

from fir and pine logs are summarized in Table 4 for soaking periods
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35

of 10 and 35 days. Pine logs contribute about twenty percent more

COD and nearly twice the TOC than do fir logs of comparable size and

submergence.

The leaching rate of soluble organics during the first three to

four days of soaking appeared to be influenced by the presence of bark

on the logs. Figures 9 and 10 show that the logs with the ends sealed

and bark removed had a higher initial rate of leaching than did those

with the bark in place; however, the difference decreased with time.

A considerable portion of the soluble organics lost to the holding

water came from the exposed ends of the logs. This is shown by Fig-

ures 9 and 10 upon comparison of the COD and TOC contributed by the

unaltered logs with those from the logs with bark intact but sealed ends.

By use of the calculation method outlined in Appendix A, 7.5 percent

of the total COD contributed by a 30-foot long Douglas fir log 2 feet in

diameter is estimated to be released through the end section.

A high percentage of the total solids leached from the log sections

was found to be volatile. This relationship is shown in Figures 11 and

12. Volatile solids constituted over 80 percent of the total solids

from the Douglas fir logs and over 60 percent from the ponderosa pine.

Saline Water. Some of the most common areas for extended

water storage of Douglas fir logs are the estuaries and bays along the

Pacific coast. A laboratory experiment was undertaken to determine

if the leaching rate of substances from logs held in saline water (as is
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found in the estuaries and bays) is measurably different from the rate

for logs stored in fresh water.

A saline water solution was prepared by dissolving enough sodi-

um chloride in tap water to achieve a concentration of 9500 mg/1

which is about fifty percent of the chloride concentration in sea water

(27). Nearly identical unaltered Douglas fir log sections were sub-

merged in both the saline preparation and in an equivalent quantity of

fresh tap water.

Figure 13 (bottom) shows that COD-exerting subtances were

extracted from the logs at nearly the same rate regardless of the

character of the holding water. There was less than 10 percent differ-

ence in total COD between the two logs after 38 days of submergence.

Figure 13 (top) shows that about twice the amount of lignin-like

material was present in the fresh water as in the saline water after a

submergence of 40 days.

The Effect of Holding Water Quality. There are two important

conditions which occur in log rafting areas that were not represented

by the experiments described above. The first condition involves the

continuous flow of fresh water across the floating logs such as found

in a stream or estuary. Consequently, there is little possibility of an

increase in concentration of organics in the water surrounding the logs

affecting the rate of leaching.
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An experiment was designed to approximate this condition in

the laboratory. An unaltered Douglas fir log was taken from a tank of

water in which it had been submerged for 37 days, and placed in a tank

of fresh water. The rate of release of COD-exerting and color-pro-

ducing materials was measured over a 40 day period.

The results of this experiment are plotted in Figures 14 and 15.

The COD data show that the quantity of soluble organic material leach-

ed from the log section during each submergence period was very

nearly the same. This indicates that a uniform rate of leaching is

likely to occur if the leached substances are continuously carried

away by fresh water, during at least the first 80 days of soaking.

A second condition which occurs in log storage areas involves

the quality of the water in which the logs are placed. Logs which are

stored in stagnant log ponds or in small lakes are subject to very little

exchange of water over their surfaces. Consequently, the concentra-

tion of leached materials in the surrounding water may reach very high

levels.

A laboratory experiment was devised to try to determine the

effect of polluted water on the leaching rate of a freshly cut Douglas

fir log section. The polluted water used in this case was the water

from which another Douglas fir log section had been removed in the

previous experiment. A freshly cut unaltered Douglas fir log section

was submerged in the polluted water and held for 42 days. Figure 15
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shows the results of COD analyses performed at specified intervals

during the leaching period. The plot shows that nearly 5 grams of

COD/ft2 were contributed to the fresh water after 40 days, whereas a
,similar freshly cut log contributed only 1.7 grams/ft 2 in the polluted

water.

Discussion

Color-producing substances, such as soluble tannins and lignin-

like materials, and soluble organic matter, which diffuse from floating

logs can result in a significant deterioration of water quality. Soluble

organics can create a dissolved oxygen (D. O.) demand on the water

which will adversely affect fish and other forms of life in the aquatic

environment. If :the amount of organic matter, as measured by the

COD, TOC and volatile solids analyses, reaches high levels, the D. 0.

demand can become greater than the natural reaeration capacity of

the water, yielding a condition detrimental to the stream quality.

Color-producing substances, as measured by the PBI test, result in

a reduction in the aesthetic quality of the water, thereby reducing its

value for recreational purposes and as a source for industrial and

municipal water supplies.

The reaction kinetics of importance in this study were (1) leach-

ing rate; (2) biodegradation rate; and (3) the net reaction rate of (1)

and (2), Evaluation of the true leaching rate from net reaction rate
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data would have been very difficult since there was no practical meth-

od of determining the rate of biodegradation. Therefore, in order to

eliminate any biodegradation of the leached materials, all water used

in the floating log section study was poisoned with mercury (Hg
++

).

However, poisoning also eliminated the possibility of evaluating bio-

chemical oxygen demand (BOD) and toxicity of the leached substances.

The experimental data show that more color-producing and sol-

uble organic materials were leached from ponderosa pine logs than

from comparable Douglas fir logs. This observation is consistent

with the findings reported by Kurth, et al. (16). They found that the

extracted tannins from pine bark contain nearly ten times more soluble

sugars than those extracted from the bark of Douglas fir.

As was expected, the log sections with the bark intact imparted

much more color to the water than those with the bark removed. Bark

is known to contain many water soluble extraneous components, includ-

ing tannin and lignin-like materials which can produce color in the

water (22),

The exposed cut ends of logs tend to expedite the release of

color and soluble organics. A comparison of the data for the unaltered

logs with those for the logs with the ends sealed (Figures 8, 9, 10 and

11) clearly shows this relationship. This observation was as expected,

considering the physiological flow pattern of water and nutrients longi-

tudinally through a living tree (22). The quantity of material leached
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from the end section only is indicated in Figure 16.

The leaching rate of soluble organics from floating logs does not

appear to be affected by saline water (Figure 13), The data in Figure

13 also show a significantly smaller value for PBI in the saline water.

This may be explained by the phenomenon of precipitation of net posi-

tive surface charged lignin-like substances through formation of a

complex with chloride ions present in high concentration in the water

(24). Andrews (3), during a study of Kraft pulp mill discharges into

sea water, observed this phenomenon.

The length of time that logs remain immersed in fresh water

(up to 80 days, at least) does not appear to affect the rate of leaching

of organic matter or color-producing substances (Figures 14 and 15).

This observation is significant since logs are frequently held in stor-

age for periods of 80 days or longer.

The leaching rate from logs immersed in polluted log ponds or

lakes is much lower than that of logs in fresh water (Figure 15). This

implies that a point may be approached where the concentration of

pollutants in the holding water would be high enough to retard the rate

of leaching from the fresh logs placed into it regardless of the number

of logs present or the immersion time.

The high volatile content (60 to 80%) of the solids leached from

the logs indicates that they are mostly organic in character. This is

significant since many microorganisms can readily metabolize organic
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material and create an oxygen demand on the water. Wood contains

some organic materials which are not utilized by microorganisms,

such as cellulose; however, these are also insoluble in cold water

(23), hence, should not be in solution in the holding water.

Stepwise multiple linear regression analyses were run on the

experimental data. The results of these analyses are tabulated and

plotted in Appendix B, and show that the leaching rates are not linear

but tend to be more closely related to first or second order curves,

depending upon the parameter analyzed.

An estimated 780 pounds of COD per day is contributed by

approximately eight million board feet of rafted logs to the water in

Yaquina Estuary, Oregon. This estimate is based on log storage

data provided by Williamson (28) and is described in detail in Appen-

dix A.
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IV. CONCLUSIONS

1. Ponderosa pine logs lose significantly greater quantities of organ-

ic matter than Douglas fir logs when floating in water.

2. Intact bark tends to reduce the initial rate of loss of soluble or-

ganic matter from floating logs.

3. The concentration of soluble organics in holding water affects

leaching rate.

4. The extraction of soluble organics from floating logs occurs at a

near constant rate in flowing waters for holding periods of 80

days or less.

5. Bark contributes most of the color-producing substances leached

from floating logs.

6. Cross-cut ends of log sections tend to expedite the release of

color and soluble organics to the holding water.

7. High chloride ion concentration in the holding water measureably

retards the accumulation of soluble color-producing substances.
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APPENDIX A

METHOD OF EXTRAPOLATION OF
LABORATORY TEST DATA

TO FIELD CONDITIONS

The purpose of this laboratory study was to obtain data which

could be extrapolated to field conditions, thus providing a method of

predicting the quantity of pollutants leached from logs rafted in

streams, lakes and estuaries. An equation was derived, as follows,

to provide this means of extrapolation.

The ratio of the cross-cut end area to the cylindrical area was

much greater for the experimental log sections than for full-sized

floating logs in a log raft. Therefore, to correct for this end effect,

the materials leached from the end section were expressed as
grams leached
ft2 of end area
face were expressed as

2
grams leached The contribution of

ft of cylindircal area
leached materials from the end sections are given by the equation

, and the materials leached from the cylindrical sur-

where:

D = f
2

(Ff
1

- B)

D = grams leached from end section of test log
ft

2 of end area

F grams leached from unaltered test log
=

ft2 of total area



B

f2

=

=

d =

L =

grams leached from test log w/bark (ends sealed)

ft2 of cylindrical area

total area of test log
+

d
cylindrical area of test log 2L

cylindrical area of test log 2L
end area of test log

diameter of test log

length of test log
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fl is a factor which is used to convert the units for the unaltered test

log data from

grams leached grams leached

ft2 of total area ft2 of cylindrical area

and f
2

is a factor which is used to convert the units

g to rarams leached gms leached
ft2 of cylindrical area ft2 of end area

The total pollutional contribution of a full-sized log is given by

the following equation:

where:

T = DAe + (x)CAc + (1-x) BAc

T = total pollutional contribution per full-sized log
(grams)

Ae
= submerged end area of full-sized log (ft2)
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grams leached from test log w/o bark (ends sealed)

ft2 of cylindrical area

A
c

= submerged cylindrical area of full-sized log (ft2)

x = fraction of bark missing from full-sized log

Sample Calculation

A sample calculation of COD for a full-sized Douglas fir log

24-inches in diameter, 30 feet long and one-half submerged for ten

days with fifty percent of the bark missing is as follows:

From experimental data

d = 14 inches

L = 20 inches

x = 0,5

C = 1.8 g

B = 1.4 g

F = 2.0 g

A
e

= 3.14 ft2
f

1
= 1 + = 1.35

Ac = 94.3 ft2 f
2

2L = 2.86

D = f
2

(Ff
1

- B) = 2.86 [(2. 0)(1. 35) - 1.4] = 3.72 g

T = DAe + (x) CAc + (1-x) BA
c

= 3.72 (3. 14) + 0.5 (1.8)(94.3) + 0.5 (1.4)(94.3)

= 12 + 151

= 163 g COD
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Quantity of Pollutants Leached from End Section

The percent of pollutants leached only from the end section of a

floating log is determined by the equation:

where:

DA
% pollutant leached = e x 100

D
grams leached from end section of test log

ft2 of end area

= submerged end area of full-sized log (ft2)

T = total pollutional contribution per full-sized log
(grams)

Sample Calculation

Douglas fir log

length = 30 feet
diameter = 24-inches
submergence = one-half
bark missing = one-half
time submerged = 10 days

% COD from end section

3.72 (3. 14) x 100
163

= 7.5%
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Total COD Contribution from Floating Douglas Fir Logs in Yaquina
Estuary, Oregon

From unpublished data obtained by Williamson (28):

Average quantity of logs rafted 8, 000, 000 bd. ft.
Average fraction of bark missing 0. 63
Average fraction of log submerged 0. 70
Board feet of logs per ft2 of rafted area 4. 8
Total end area submerged per 1000 board feet 7.2 ft2
Total cylindrical area submerged per 1000 250 ft2

board feet

From previous equation:

T(grams COD) =

D =

DAe + (x)CAc + (1 -x)BAc

g COD

ft2

A
e

= 7. 2 x 8, 000 = 57, 500 ft2

x = O. 63

(1-x) = 0.37

C = 1. 8
g COD

ft
2

10 days

10 days

A
c

= 250 x 8, 000 = 2, 000, 000 ft2

B = 1. 4
g COD

ft2
10 days

T(g COD) 3. 72 (57, 500) + 0. 63 (1. 8)(2, 000, 000)
10 day + 0.37 (1. 4)(2, 000, 000)

= 214, 000 + 2, 270, 000 + 1, 040, 000
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3, 524, 000 g COD g COD
352, 40010 day day

352, 400 g Lb CODT(Lb. /day) = = 777454 g/Lb day
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APPENDIX B

REGRESSION ANALYSIS OF DATA

Stepwise multiple linear regression analyses were performed on

the experimental data through the use of a computer program supplied

by the Oregon State University computer center. The purpose of these

analyses was to develop equations for the leaching curves of the vari-

ous pollutional parameters. The following is a description of the

method used.

Six different variables were selected and the following theoreti-

cal equation was established:

where:

P = A+B 1T+B2T +B3T3 +B4T +B
5

e
T+B

6
LnT

P = pollutional parameter under consideration

T = time

A = constant

Bl-B6 = coefficients

The variables shown were chosen as functions which could possibly be

involved in leaching rate. The data and variables were fed into the

computer and the resultant data are listed in Table 5 and plotted on

Figures 17 and 18. Figure 19 shows a very close correlation between

the theoretical and experimental COD curves.
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Table 5. Log descriptions and theoretical COD equations.

Log No. Description Equation

1

2

3

4

5

6

DF unaltered

DF- w/o bark, ends sealed

DF - w/bark, ends sealed

PP - unaltered

PP - w/o bark, ends sealed

PP w/bark, ends sealed

COD = 0.41 + 0.18T + 0.001T2

COD = 0.49 + 0.12T + 4.9 x 10 -17 eT

COD = 0.52 + 0.017T + 0. 49 LnT

COD = 0.53 + 0.18T - 6.8 x 10-5T3 0.40 LnT

-5 3
COD = 0.09 + 0. 23T 6.8 x 10 T - 0.58 LnT

-5 3COD = 0.18 + 0.22T - 7.2 x 10 T - 0.52 LnT

DF = Douglas fir PP = ponderosa pine
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APPENDIX C

QUALITATIVE STUDY OF THE EFFECTIVENESS
OF MERCURY AS A BACTERICIDAL AGENT

The first log section leaching study was terminated prematurely

due to the presence of biological growth in the tanks. Two mg/1 of

mercury (Hg
++ ) had been added (in the form of a solution of mercuric

chloride) to these tanks. Therefore, it was necessary to determine

what concentration of Hg++ would inhibit all biological growth. This

was accomplished by the following method.

A sample was taken from the tank which appeared to have the

most biological activity and was filtered through a Millipore Filter

Apparatus using a pore size of 0.45 microns, to remove all microor-

ganisms. A fifty milliliter portion of the filtered sample was placed

in each of five different test tubes. Different concentrations of mer-

cury were added to each test tube as shown in Table 6.

Table 6. Concentrations of Hg++ used.

Tube No. Mercury Concentration (mg/1)

1 2 original concentration

2 3

3 5

4 10

5 25
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Each test tube was seeded with five drops of the unfiltered sample and

placed in an incubator at 20°C + 10 .

The tubes were observed after 4, 8, and 25 days of incubation.

After 4 days, significant growth was observed in all samples with a

mercury concentration of 5 g/1 or less, but no growth appeared at

concentrations greater than 5 mg/l. The same results were observed

after 8 and 25 days of incubation. A mercury concentration of 25 mg/1

was selected on the basis of these results for use in subsequent exper-

iments.



APPENDIX D

LOG LEACHING STUDY DATA
COD

Setup No. 2 Setup No. 3
Time Tank** Time Tank***
(Days) 1 2 3 4 5 6 (Days) 1 2 3 4 5 6

0 0.19 0.10 0.26 0.31 0 0 0 4.79 0.34 0 0.16 0 0

1 0.79 0. 78 0.88 0.88 0.40 0.57 1 4.99 0.19 0.86 1.17 1.02 0.54

1'76 1.66 1.42 1.36 1.12 0. 37 0.51 11

t

6.18 1.67 3.20 1.46 3.53 2.13

13 2. 32 2.17 1.65 1.50 1.43 1.60 18 6.30 2.78 3.56 1.86 3.12 2.70
`Y1

21 3.82 3.03 2. 82 2. 65 2.66 2.64 41 6.42 5.13 4.60 2.54 6.90 4.00

29 4.53 3.84 2.87 2.90 2. 91 2.88

37 5.50 4.56 2.56 2.43 3.08 2.84

*

grams of pollutant leached
All data is expressed as:

2
ft of exposed surface area submerged

The log conditions for setup no. 2 are:
1. Unaltered, D.F.
2. Unaltered, D. F.
3. Bark removed, ends sealed, D.F.
4. Bark removed, ends sealed, D. F.
5. Bark intact, ends sealed, D.F.
6. Bark intact, ends sealed, D. F.

***
The log conditions for setup no. 3 are:

1. Unaltered, D. F. , polluted water .
2. Unaltered, D. F. , previously leached 37 days,

fresh water.
3. Unaltered, D. F. , saline water.
4. Bark removed, ends sealed, P. P.
5. Unaltered, P. P.
6. Bark intact, ends sealed, P. P.



PBI

Time
Setup No. 2

Tank Time
Setup No. 3

Tank
(Days) 1 2 3 4 5 6 (Days) 1 2 3 4 5 6

0 0.24 0.19 0.15 0.05 0.07 0.04 0

1 1.62 1.37 0.84 0.35 0.53 0.70 1 26.7 0.95 2.93 2.80 3.58 2.79

6 4.97 4.44 0.92 0.70 1.71 1.74 11 23.9 19.7 6.71 4.95 1 2. 2 9.35

13 6.12 5.28 1.01 0.85 2.86 2.50 18 23.9 20.0 7.44 4.20 1 3. 7 7.53

21 10.7 10.3 41 20.4 43.1 12.1 3.87 1 9. 5 14.3

29 17.1 23.8

37 23.5 30.7 1.54 1.18 6.32 3.60

TOTAL SOLIDS

0 1.44 1.15 1.82 2.23 1.98 1.75 0. 3.57 0.42 8.10 1.39 0.69 0.74
1.2 1.18 2.35 1.67 2.42 1.70

1 1.20 0.82 1.78 1.61 1.22 1.75 1 4.23 0.69 27.6 2.25 1.96 1.66
0.99 0.73 1.44 1.47 1.43 1.68

6 1.43 1.51 1.58 2.06 1.66 1.56 11 4.84 2.05 23.1 2.41 4.26 3.48
1.42 1. 45 2. 33 1.93 1.54 1.64

13 2.73 2.31 2.92 2.97 2.83 3.17 18 6.07 3.25 29.0 3.68 5.07 3.79

21 3.00 2.37 2.54 2.40 2.50 2.54 41 7.13 4.94 31.6 4.66 6.95 5.94

29 3.19 2.72 2.39 2.26 2.88 2.77

37 3.98 3.33 3.06 3.25 3.42 3.80



TOTAL VOLATILE SOLIDS

Time
(Days)

Setup No. 2
Tank Time

Setup No. 3
Tank

1 2 3 4 5 6 (Days) 1 2 3 4 5 6

0.98 0.65 1.66 1..44 1.19 1.20 0 2.57 0.09 1.50 0.28 0.18 0.30
0.83 0.70 1.74 1.33 1.93 0.68

1 1.06. 0.43 1.59 0.97 1.09 1.55 1 3.24 0.08 9.25 1.49 1.30 1.13
0.72 0.42 0.75 0.93 0.77 1.23

6 1.37 1.58 2.03 0.82 0.94 11 3.15 1.00 9.20 0.83 2.54 1.88
1.32 0. 98 2.03 1.46 1.54 1.25

13 2.31 2.09 2.06 2.20 1.84 2.43 18 4.53 2.80 20.0 1.09 3.16 2.98

21 2.76 1.96 1.75 1.77 2. OS 2.05 41 5.41 3.31 16.8 2.06 4.34 3.31

29 2.62 2.22 1.55 1.62 2.22 2.41

37 3.40 2.98 2.35 2.58 2.99 3.45

PARAFFIN CONTROL

Time
(Days) COD PBI TS TVS TOC

0 0 0 0.58 0.36 0

1 0 0.06 0.34 0.22 0.02

6 0 0.06 0.30 0.18 0.02

13 0.03 0.04 0.42 0.34

21 0.18 0.25 0.21 0.04

29 0.16 0.24 0.23 0.08

37 0.03 0.06 0.78 0.59 0.04



TOTAL ORGANIC CARBON

Time
(Days)

Setup No. 2
Tank Time

Setup No. 3
Tank

1 2 3 .4 5 6 (Days) 1 2 3 4 5

0 0.04 0.03 0.09 0.04 0 0.008 0 1. 80 0.009 0.19 0.10 0.06 0.07

0.3 0.18 0.25 0.26 0.23 0.09 0.10 1 1.83 0.08 0.59 0.48 0.43 0.29

1 0.28 0.25 0.35 0.32 0.12 0.14 2 1.94 0.14 0.79 0.61 0.76 0.48

2 0.37 0.26 0.45 0.44 0.19 0.19 3 1.98 0.21 0.85 0.67 0.87 0.55

3 0.44 0.37 0.49 0.52 0.22 0.24 4 2.03 0.26

4 0.48 0.41 0.51 0.46 0.22 0.41 5 2.08 0.40 0.95 0.75 1.08 0.6S

5 0.59 0.56 0.67 0.61 0.34 0.38 11 2.16 0.68 1.27 0.62 1.47 0.99

6 0.66 0.59 0.67 0.62 0.36 0.38 18 2.20 1.09 1.38 0.71 1.78 1.10

9 0.61 0.42 0.30 0.46 0.36 0.38 41 2.33 1.82 1.92 1.09 2.52 1.65

21 0.74 0.66 0.19 0.27 0.45 0.64

29 1.00 0.90 0.54 0.41 0.53 0.51

37 1.17 0.37 0.42 0.71 0.70


