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Abstratl

This report covers test stake results primarily from southern pine sapwood

2 by 4 by 18 inches in size, treated by pressure and nonpressure processes/and
installed by the Forest Products Laboratory and cooperators in our decay and

termite exposure sites at various times since 1938 at Saucier, Miss.,
Madison, Wis., Bogalusa, La., Lake Charles, La., Jacksonville, Fla., and the

Canal Zone, Panama. Also included in the tests at Saucier, Miss., are smaller

pine stakes and those of treated and untreated plywood, particleboard, modified

woods, laminated paper plastic, pine infected with Trichoderma mold, plus other

selected species such as oak, Douglas-fir, and Engelmann spruce.

Southern pine untreated control stakes have had an average life of about 1 year

in the Canal Zone, 1.8 to 3.6 years in Mississippi, Florida, and Louisiana,

and about 6 years in Wisconsin. Superficial treatments by 3-minute dipping

and brushing with preservatives such as coal-tar creosote and petroleum oils

containing copper naphthenate, zinc napthenate, phenyl mercury oleate, and
pentachlorophenol have added a few months to 4 years to the life of the

untreated stakes. When appropriate retentions are used, the creosote, penta-

chlorophenol, and selected waterborne salt preservatives are giving excellent
service.
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By

L. R. Gjovik, Research Specialist Wood Preservation
and
D. I. Gutzmer, Physical Science Technician

INTRODUCTION

The results of an international termite exposure test- have indicated that
pine sapwood stakes 2 by 4 by 18 inches furnish an effective means for testing
the protection provided against decay and termite attack by various wood pre-
servatives. The Forest Products Laboratory during late 1938, in cooperation

1/ Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.

2/ This note is a continuation of progress reports by the same title

issued periodically from 1950 to 1962 as Forest Products Laboratory Report
No. 1761 and as USDA Forest Service Research Note FPL-O since 1963.

3/ Hunt, G. M., and Snyder, T. E. An International Termite Exposure Test.
Proceedings of the American Wood-Preservers' Association, 1930, p. 318-334.
Annual progress reports published in the above Proceedings each year from
1930 to 1949, again in 1952, 1956, and 1957 (final report).
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with others, treated test stakes of southern pine sapwood with several preser-
vatives for installation at the Harrison Experimental Forest at Saucier, Miss.
Replicate sets were treated for installations at Madison, Wis., Bogalusa, La.
Jacksonville, Fla., and the Canal Zone, Panama. Since 1938, additional pre-
servatives have been added to these tests, principally at the Saucier, Miss.,
station Also installed at that station, so their decay and termite resistance
could be studied, were stakes of treated and untreated modified-wood products.,
such as plywood, impreg, com-reg, staypak, papreg, laminated acetylated wood,
cyanoethylated wood, that with thiamine destroyed, chemically modified wood,
wood infected with Trichoderma mold, embedded fiberboard (western hemlock
strands in portland cement), and particleboard.

In 1967 an installation including 11 standard wood preservatives was made in
cooperation with the Wood Products Insect Laboratory, Gulfport, Miss., at
Lake Charles, La., in an area infested by the destructive Formosan termite
(Coptotermes formosanus), and for comparison at the Harrison Experimental
Forest.

\Stake tests are useful for screening out ineffective materials. They can be
used to advantage as a means of further exploring the preservative properties
of materials that show promise in laboratory toxicity tests. The limitations
of these somewhat accelerated field tests must be recognized, however, by
those who wish to make use of them. They should not be considered as a sub-
stitute for actual service tests 411ull-size products such as ties, poles,
or posts. Furthermore, the results obtained in stake tests are applicable
only under the set of conditions existing in the particular test. Factors
such as exposure conditions, preservative retentions, preservative distri-
bution, heartwood volume, and size (surface area in relation to total volume)
all tend to influence the performance of treated wood. With small stakes,
these factors are much different from those when treated products are used
under actual service conditions.

This publication is a progress report on the condition of the modified-wood
products and stakes, treated with the various preservatives and oils, at the

time of the 1980 inspections. The tests at Panama were completed with the
final inspection in January 1956. Those at Jacksonville were terminated in
December 1960 and those at Bogalusa in December 1958. The tests in Wisconsin
and Mississippi were completed with the final inspection in October and
December 1963, respectively. The tests in Lake Charles were completed with
the final inspection in December 1979. Progress reports showing the condition
of the test stakes in 1947, and during the years 1949 to 1969, 1971, 1973,

1975, and 1977 were prepared previously. 2'
/

4/ Blew, J. 0. Comparison of Wood Preservatives in Stake Tests.
Proceedings of the American Wood-Preservers' Association, 1948, p. 88-119.
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PRESERVATIVES AND MODIFIED-WOOD
PRODUCTS TESTED

Table 1 lists preservatives and other products tested, and refers to existing
preservative specifications in cases in which specifications had been issued.
Table 1 also refers to tables 2 through 58 in this report, in which test data
on the various materials appear. Formulations of treating solutions and
descriptions of the various test materials are generally given in these tables.
More complete information as to the source and composition of the various
materials can, in most cases, be furnished upon request to the Forest Products
Laboratory.

SELECTION AND TREATMENT OF STAKES

The stakes of modified-wood, with one or two exceptions, were 4 by 18 inches
with variable thicknesses. The wood stakes were, for the most part, 2- by
4-inch (nominal) by 18-inch southern pine, uniformly seasoned, surfaced four
sides, and selected, as far as possible, for freedom from heartwood, wane,
objectionable knots, and other visible defects. Five installations included
stakes of smaller size for comparison (tables 6, 35, 37, 42, 45, 54, 56, 57,
and 58). The stakes, before treatment, were identified by a number, either
stamped on the ends or marked with lumber crayon.

All preservative treatments were by pressure impregnation unless otherwise
indicated in the tables. Waterborne preservatives, unless otherwise noted in
the tables, were applied by.the full-cell process, while preservative oils
were applied by either empty-cell or full-cell methods, depending upon the
retentions required. Complete penetration is desirable and is usually noted
in the pressure treatment used. For this reason heartwood material was
avoided in the southern pine stakes unless specially noted (tables 5 and 51).
In most cases, preservative retentions were computed for individual stakes
from the difference in weight before and after treatment. However individual
retentions are not included in this report because of limited space. Surplus
preservative was permitted to drain from the stakes before the final weights
were taken. After past experience or exploratory treatments had indicated the
correct treating schedule or the treating-solution concentration necessary to
produce a desired preservative retention, twenty 2- by 4-inch stakes were
treated for each test variable, from which 10 acceptable stakes were selected
for installation. By discarding those stakes with retentions higher or lower
than that desired, the 10 stakes selected by this procedure were usually found
to have preservative retentions within 10 percent of that desired. The stakes

not acceptable for the test provided material for checking preservative pene-
trations. For stakes treated in liquefied petroleum gas (tables 42 and 45) it
was impracticable to follow this general procedure. The stakes installed were
treated at a commercial plant during the presence of a Laboratory representa-
tive and retentions were determined from the analysis of either sections of
test stakes or from extra matched stakes included for that purpose.

The test stakes were usually identified by a numbered metal tag nailed
(riveted in the case of thin modified-wood products) to the wide face
approximately 2 inches from the top of the stake.

-3-
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INSTALLATION AND INSPECTION OF STAKES

The stakes at Madison, Wis., and Saucier, Miss., were installed in plots by

the randomized-block method.- The stakes were set in the ground in an
upright position with about half of their length (9 in.) in the ground. The
soil in the plot at the Harrison Experimental Forest, Saucier, Miss., is
Norfolk fine sandy loam with a pH of 4.85. That area was cleared of trees,
mostly scrub oak and gallberry with a few longleaf and slash pine, before the
stakes were installed, and the ground cover is now mostly wire grass. The
Madison, Wis., plot, until late 1956, was located in an area of clay loam soil
partially shaded by various hardwood trees and sumac. In October 1956, it was
necessary to move the stakes to a new test plot near Madison with similar soil
but without overstory of trees or shrubs. The soil at Bogalusa, La., is sandy
loam, and that at Jacksonville, Fla., is sandy. Both plots are partially
shaded. The plot at Lake Charles, La., is located on an open area partially
covered with broom sedge and marsh grass. The top 10 inches of soil is sandy
with some streaks of clay, below which is a heavy muck and a high water table.

The 1970 and 1974 inspections at Lake Charles, La., and the final inspection
of stakes installed at the Canal Zone during January 1956 were made by
representatives of the Wood Products Insect Laboratory, Gulfport, Miss., and
the Forest Products Laboratory. The final inspections of the stakes at
Jacksonville and Bogalusa were made in 1960 and 1962, respectively, by
representatives of the Chapman Chemical Company and the Forest Products
Laboratory. The Madison and Saucier installations were inspected by repre-
sentatives from the Forest Products Laboratory.

In these inspections, the stakes were removed individually, scraped off to
facilitate inspection, examined, and then returned to their original place
unless their condition indicated removal. Following the examination, the
stakes were given a numerical and a letter rating according to decay and
termite attack, as follows:

Decay Termite attack

1, no decay A, no attack
2, slightly soft or suspicious B, nibbles or trails
3, partial or limited decay C, limited attack (penetration)
4, bad decay 6/ D, heavy attack 6/
5, removed because of decay- E, removed because of termite attack-

In tables 2 through 58, stakes listed as "Good" had an inspection rating of
one of the following: 1A, IB, 2A, or 2B. Stakes listed as "Serviceable but
showing some decay" had one of the following inspection ratings: 3A, 3B, 4A,
or 4B. Those listed as "Serviceable but showing some termite attack" were so
classified on the basis of a field rating of: IC, 2C, ID, or 2D. Stakes

5/ Fisher, R. A., and Yates, F. Statistical Tables for Agricultural and
Medical Research. London. 99 p. 1938.

50 pct or sore of cross section destroyed.



]sted as "Serviceable but showing some decay and termite attack" were given
one of the following ratings: 3C, 3D, 4C, or 4D. Under the foregoing system
of classification, stakes showing limited and heavy decay, termite attack, or
both are grouped together. Undue emphasis is often placed upon this classifi-
cation, in which the stakes show some deterioration but are not necessarily in
serious condition. In making comparisons between preservatives, therefore,
only the stakes actually destroyed should be considered.

For stakes classified as "Destroyed by decay fungi and termites," both forms
of deterioration must be rated at least with bad decay or heavy attack ("4" or
"D") in the inspection. In other words, a stake rated in the inspection as
3E would be considered as destroyed by termites rather than by decay and
termites, while one rated as 5C would be considered as destroyed by decay
fungi. The system used in the tables for classifying the destroyed stakes
therefore emphasizes the major factor of factors responsible for damage, but
it ignores those that may have been noted but that have not seriously con-
tributed to the destruction. In estimating service life prior to 100 percent
removal of stakes it has been noted that the average life is approximately
at the time when 60 percent of the stakes in a group have been removed.

The foregoing system of classification is considered well suited to the
requirements of tests rated on the basis of visual examination. Such methods
of examination do not appear to warrant the use of elaborate or precise methods
of rating or classification.

Tables 2 through 58 show the condition of the test stakes at the most recent
inspection. Table 59 is a summary of results obtained in Mississippi on
2- by 4-inch pine stakes treated with wood preservatives that are in general
use.

SUMMARY OF RESULTS

The results of the tests thus far can be summarized as follows:

Southern Pine and Plywood Stakes

Untreated stakes.--The untreated 2- by 4-iach southern pine sapwood stakes
have had an average life of approximately 1 year in the Canal Zone, Panama,
1.8 to 3.6 years at Saucier, Miss., Bogalusa, La., and Jacksonville, Fla.,
and 4 to 6 years at Madison, Wis. At Lake Charles, La., 90 percent of the
untreated control stakes were destroyed by Formosan termites giving an average
service life of 2.3 years. Untreated 3/4-inch pine sapwood stakes in
Mississippi have had an average life of 1.4 to 2.1 years.

The untreated Douglas-fir plywood stakes installed at Saucier, Miss., have had
an average life of about 1 to 4 years. Those glued with phenolic and urea-
resin glues have lasted somewhat longer than those glued with casein glue,
which have had an average life of 1 year. The stakes cut from Douglas-fir
lumber and of thickness similar to that of the plywood have had an average
life of slightly more than 2 years. Untreated plywood stakes of yellow birch,
sweetgum, and tangile have had an average life of less than 2 years.
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Untreated plywood stakes of Engelmann spruce heartwood have had an average
life of 2.6 years and untreated Douglas-fir heartwood plywood stakes gave
an average life of 3.2 years. Southern pine plywood stakes that contained
about equal amounts of heartwood and sapwood have had an average life of
2.8 years.

Pressure-treated stakes.--In the newer installations and in those with the
more effective preservatives only a limited number of stakes have thus far
been removed, and the average life of stakes pressure treated with various
preservatives cannot yet be determined. Estimates on average life were made
for preservatives with significant failures at the time of the termination of
several installations (see tables 2, 3, 4, 5, 8, 12, 18, 38, and 47). In the
Canal Zone, stakes treated with several retentions of chromated zinc arsenate
were destroyed during the 15-1/3 years of exposure. Stakes with 0.22 pound
per cubic foot (pcf) (oxide basis) of the preservative had an average life of
9.2 years, while those with approximately 0.69 pcf (oxide basis) had an aver-
age life of 15.3 years. Stakes treated with chromated zinc arsenate to reten-
tions of 0.22 pcf (oxide basis) to 0.70 pcf (oxide basis)had 70 to 100 percent
failures in Wisconsin after 40 years, while in Mississippi failures have been
noted only with the lower rententions (table 4; see similar comparison in
table 20). This may be attributed to the presence of arsenic-tolerant fungi
at the Wisconsin test area.

Stakes treated with retentions of from 0.30 pcf (oxide basis) to 0.63 pcf
(oxide basis) of chromated zinc chloride lasted, on an average, about 5 to
7 years in Panama, 14 to 20 years in Mississippi, and 17 to 18 years in
Wisconsin. In Panama, stakes treated with fluor chrome arsenate phenol with
average retentions of 0.12 pcf (oxide basis) to 0.19 pcf (oxide basis) had an
average life of about 3 to 6 years. With stakes treated to 0.37 pcf (oxide
basis) the average life in Panama was 14 years. In Mississippi, stakes treated
with 0.12, 0.19, and 0.37 pcf (oxide basis) of fluor chrome arsenate phenol
had an average life of about 10, 18, and 24 years, respectively. Stakes in
Wisconsin treated with similar retentions of that preservative had an average
life of 14 to 16 years.

Of the waterborne preservatives in test (31 to 36 yrs in Mississippi), the
formulations containing either copper and arsenic (amoniacal copper arsenate,
table 14) or copper, chromium, and arsenic (chromated copper arsenate,
tables 15 and 20) are better performers with no failures with retentions
of 0.29 pcf (oxide basis) or higher. Again the overall performance of the
arsenic containing preservatives (table 20) is better in Mississippi than in
Wisconsin.

Results thus far on installations of pentachlorophenol with similar retentions
(approximately 0.2 pcf) and with different hydrocarbon solvents (tables 17,
42, and 45), show better performance with solutions containing the heavy
solvents such as heavy gas oil, lube oil extract (table 17), No. 4 aromatic
oil (table 22), and AWPA P9 heavy petroleum solvent (tables 42 and 45), than
with volatile liquid petroleum gas (LPG) or light oils such as Stoddard sol-
vent (mineral spirits) (tables 17 and 42). Preservatives such as rosin amine-
D-pentachlorophenate (tables 22 and 23), tributyltin oxide (tables 36 and 41),
and copper-8-quinolinolate (tables 38 and 43) also show better performance with
the heavy petroleum solvent than with the light Stoddard solvent (mineral
spirits). The above-mentioned heavy petroleum solvents have the following
properties:

-6-
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Distillation
Penta

API Flash Viscosity solvency 50
gravity point SUS at at IBP per- EP

Petroleum oils 600 F (PMCC) 1000 F 750 F cent

(OF) (Pct) (OF) (OF) (OF)

Heavy gas oil,
No. 101 8.3 345 167.4 20-22 600 700 734

Lube oil
extract 5.1 295 196.4 28-30 440 696 736

AWPA P9, heavy 23.8 225 38.4 15 480 538 647
No. 4 aromatic 6.8 230 72.6 10+ 458 592 Cracked,

(85 pct)

Coal-tar creosotes installed in Mississippi during 1940 and 1941 (tables 4, 5,
and 6) have shown better performance than those installed in 1948 (tables 18
and 19). In the latter installation, 10 coal-tar creosotes with a retention
of approximately 8 pcf showed only a few serviceable stakes after 20 years and
the average life was determined or Estimated at 14 to 21 years. Creosotes
installed earlier showed only 20 to 100 percent failures in 39-1/2 to
40-1/2 years.

Stakes pressure treated with the fire-retarding formulation containing ammonium
phosphate and ammonium sulfate lasted, on an average, only 2 to 3 years in
Mississippi. With these ammonium salts plus borax and boria acid, the stakes
installed in 1943 lasted on the average about 4 years. The fire-retarding
formulation with borax and boric acid alone has provided protection against
decay and termites for an average of about 6 years. The addition of zinc
chloride and chromium compounds to combinations of boron and ammonium salts
in fire retardants improves protection against decay fungi and termites.

Douglas-fir plywood stakes treated with 6 and 12 pcf of coal-tar creosote have
performed somewhat better in Mississippi than those treated with 26 pcf of
1.1 percent or 2.25 percent pentachlorophenol in light solvent (table 8).

The results of stake tests in Mississippi show copper naphthenate is providing
greater protection than zinc naphthenate with similar retentions.

Stakes pressure treated with various concentrations of phenyl mercury oleate
in naphtha have lasted from 5 to 9 years in Mississippi. This chemical alone
did not perform as well as did a proprietary product containing a water
repellent.

Rosin amine-D-pentachlorophenate in Stoddard solvent is performing less satis-
factorily than is pentachlorophenol with that solvent and similar retentions.
Naval stores products such as rosin oil, oleo resin, and drop liquor concen-
trate with petroleum solvents appear to have limited value as preservatives
but are improved by the addition of pentachlorophenol. Urea (table 10) has
also shown limited protection. Stakes pressure treated with 5.8 pcf had an
average life of 9.1 years in Mississippi. Other products showing limited
preservative value in the retentions used are acrylonitrile (cyanoethylation),
ammonium hydroxide (thiamine destruction), amyl phenyl acetate, capric acid,
copper-8-quinolinolate (in Stoddard solvent), diamyl phenol, DDT, dodecyl
amine, nickel stearate, and tributyltin oxide (in Stoddard solvent).
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An indication of the influence of size of test stakes can be noted in table 6.
With a coal-tar creosote retention of approximately 8 pcf, 1/2-inch-square
stakes have been destroyed in 21-1/2 years with an average life of 17 years,
I- by 1-inch-square stakes have been destroyed in 39-1/2 years with an average
life of 23.5 years, 1-1/2-inch-square stakes have been destroyed in
33-1/2 years with an average life of 26.6 years, and 2- by 4-inch stakes show
60 percent failure after 39-1/2 years.

Nonpressure-treated stakes.--Southern pine stakes and Douglas-fir plywood
stakes treated by superficial applications, such as brushing and brief dipping
in coal-tar creosote and solutions of pentachlorophenol, copper naphthenate,
zinc naphthenate, and phenyl mercury oleate, have, in general, lasted 1 to
4 years longer than the untreated control stakes. However, stakes dipped for
15 minutes in coal-tar creosote had a life of about 8 years in Mississippi.

For the plywood stakes in which the veneer was treated by dipping or long
soaking in the preservatives before gluing, the results have generally been
more favorable than for plywood similarly treated after gluing. Stakes soaked
18 hours in solutions of pentachlorophenol or mixtures of chlorinated phenols
have lasted 5 to 10 years in the Canal Zone. In the United States, the stakes
soaked 18 hours in these solutions lasted 8 to 16 years. Douglas-fir plywood
stakes treated by brushing, dipping, and 18-hour soaking in chloro-2-
phenylphenol solution, however, have lasted only a few months longer than the
untreated plywood control stakes. Douglas-fir plywood stakes treated by
soaking 18 hours in pentachlorophenol solution had a life of 5 years, while
those similarly treated with coal-tar creosote have an estimated average of
24 years.

Pine stakes treated by soaking in urea solution have lasted about 1 to
1-1/2 years longer than the control stakes in Mississippi, while those
similarly treated with ureaformaldehyde solution have lasted about 3 to
4 years longer than the controls.

Pine stakes with higher retentions of copper chromate and with copper arsenate
applied by double-diffusion have continued to perform well after 39 years in
Mississippi. Failures thus far, however, are attributed to poor penetration
of the preservative (table 9).

Modified-Wood Stakes

Plywood stakes impregnated with phenolic resin (impreg) and impregnated and
compressed (compreg) have been considerably more resistant to decay and termite
attack than untreated plywood of the same species. Plywood stakes with a low
resin content had an average life of approximately 7 years and those with a
high resin content lasted 12 years. In Douglas-fir plywood stakes with
phenolic-resin-impreggated faces and untreated cores, an average life of about
3.5 years has been obtained, and s -ewhat bet er results have been noted when
the edges of the plywood have bee -- iter' . with a phenolic-resin coating.
Southern pine 2- by 4-inch stakes iw'- Va. d with a low resin content had an
average life of 12 years while those with a higher content of phenolic resin
have lasted somewhat longer.

Laminated paper plastic made with phenolic resin has shown limited resistance
to decay and termite attack, with the life of the stakes averaging about 6 to
8 years. hat-stabilized birch and maple plywood (staypak) stakes have lasted



about 4 to 6 years. The staypak with veneer of 1/16-inch thickness has per-
formed better than that with 1/8-inch veneer, presumably since the thinner
veneer permits a better distribution of the phenolic-resin adhesive in the
plywood.

Acetylated birch (laminated veneer) has had reasonably good resistance to decay
and termite attack with an average life of 17.5 years in Mississippi. Deterio-
ration is due primarily to decay fungi.

Untreated stakes of aspen particleboard installed in 1973 are now destroyed
with an average life of 2.0 years. It is interesting to note that this mate-
rial treated with chromated copper arsenate and fluor chrome arsenate phenol
is showing less degradation than those stakes treated with pentachlorophenol
in light solvents. Stakes treated to 0.22 pcf retention of penta gave an
average life of 5.4 years (table 49).

Butylene oxide stakes treated to 17 to 22 percent weight gain had an average
life of 4.2 years, and those treated to 37 to 40 percent weight gain are
showing attack after 6 years. Approximately 50 percent of the butylene oxide
stakes treated to 31 percent weight gain are showing attack after 2 years.
Propylene oxide modified stakes are showing various degrees of degradation from
67 to 100 percent failure depending on the chemical loading (table 51).
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Note

This publication reports research involving pesticides. It does not contain
recommendations for their use, nor does it imply that the uses discussed have
been registered. All uses of pesticides must be registered by appropriate
State and/or Federal agencies before they can be recommended.

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable
plants, and fish or other wildlife--if they are not handled or applied
properly. Use all pesticides selectively and carefully. Follow recommended
practices for the disposal of surplus pesticides and pesticide containers.

Crankcase oils may contain chlorinated naphthalenes, which have been reported
0Q contribute to "X-disease" (hyperkeratosis) in cattle. These oils are
therefore not recommended for preservative treatment of wood with which cattle
may come in contact.

I
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Table l.--Index to materials tested

Materials Existing specification Table No.or AWPA reference

Chemicals

Acid copper chromate Fed. Spec. TT-W-546; AWPA P5 15, 16, 46, 47
Acrylonitrile -- 36
Aldrin -- 41
Ammoniacal copper arsenate Fed. Spec. TT-W-549; AWPA P5 14, 47, 51, 52,55
Ammoniacal copper borate 52
Ammonium hydroxide 36
Ammonium sulfate-phosphate Navy Spec. 51C38 13
Amyl phenyl acetate -- 14

Basic zinc chloride 26
Basilit UA 30
Boliden salt S-25 -- 24
Borax-boric acid Navy Spec. 51C38 13

Capric acid 14
Chloro-2-phenylphenol 5, 8
Chromated copper arsenate Fed. Spec. TT-W-550 Type 1; 15, 47

AWPA PS; AWPA P5, Type A
Chromated copper arsenate Fed. Spec. TT-W-550 Type II; 20, 47

AWPA PS, Type B
Chromated copper arsenate Fed. Spec. TT-W-550 Type 111; 48, 49, 51, 55, 57

AWPA PS, Type C
Chromated copper fluoride (CFK) 58
Chromated zinc arsenate Formerly in Fed. Spec. TT-W-538; 4, 24

AWPA P5
Chromated zinc chloride Fed. Spec. TT-W-551; AWPA P5 2, 16, 25, 35, 47
Chromated zinc chloride, copperized Formerly in Fed. Spec. TT-W-562; 31

AWPA PS
Chromated zinc chloride (FR) AWPA PIO, Type B 25
Copper arsenate AWPA Proc. 1941; pp. 23-31 9
Copper chromate AWPA Proc. 1941; pp. 23-31 9
Copper-chrome boron (CB) U.S. Patent No. 3,007,844 46
Copper-chrome-phosphorus 48
Copper formate -- 34
Copper naphthenate AWPA P8 7, 12, 16, 17, 29
Copper-8-quinolinolate AWPA P8 38, 43, 54
Creosote, coal-tar Fed. Spec. TT-C-645; AWPA P1 4, 5, 6, 8, 16, 17,

18, 19, 20, 31,
35, 47Creosote, coal-tar (English) -- 18, 19

Creosote, coal-tar (low temperature) -- 28
Creosote, coal-tar (Texas lignite) -- 32
Creosote-coal tar solution Fed. Spec. TT-C-650; AWPA P2 18, 47
Creosote-petroleum solution Fed. Spec. TT-W-568 18, 47
Creosote toluene -- 6

Diamyl phenol -- 14
Dichloro-diphenyl-trichloroethane (DDT) -- 14
Dieldrin -- 41
Dodecyl amine -- 14
Drop-liquor concentrate -- 27

Fire retardants -- 53
Fire retardants AMF. PlO 25
Fluor chrome arsenate phenol Fed. Spec. TT-W-535, Type A; 2, 33, 37, 47, 49

AWPA PS
Fluor chrome arsenate phenol Fed. Spec. TT-W-535, Type 8; 47

AWPA PS
Fuel oils -- 5, 17, 27

(Page 1 of 2)
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Table i.--Index to materials tested--continued

materials Existing specification Table No.or AWPA reference

Chemicals--continued

Heptadecyltrimethyltetra-hydropyrimidine 44
(HTP)

KP (copper oxide and chlorophenol) -- 35
Lignite-tar extracts -- 39

Mercuric chloride -- 12
Minalith AWPA PlO, Type C 25
Nickel-chromium-arsenic salt -- 15
Nickel-sterate -- 14
Oleo resin -- 27

Paraffin -- 32
Pentachlorophenol Fed. Spec. TT-W-570; AWPA P8 5, 8, 12, 16, 17, 22,

23, 27, 29, 31, 32,

33, 41, 42, 43, 45,

47, 49, 54
Petroleum oils (various types) -- 17, 18, 21, 23, 45
Phenyl mercury oleate -- 12
Pyresote AWPA PIO, Type D 25

Rosin amine D copper acetate complex -- 27
Rosin amine D pentachlorophenate -- 22, 23
Rosin oil -- 27

Sodium pentachlorophenate -- 2, 5
Sodium tetrachlorophenate -- 2
Toluene -- 6
Tributyltin oxide -- 36, 41

Urea -- 10
Zinc-arsenate-chromium salts -- 20
Zinc chloride -- 2, 4, 20, 26
Zinc naphthenate -- 7, 8

Modified woods. particleboard, plywood, and paper plastic

Acetylated wood -- 14
Butylene oxide U.S. Patent No. 3,985,921 50, 56
Cyanoethylated wood -- 36
Embedded fiberboard -- 40
Epichlorohydrin 50
Heat-stabilized wood (staypak) -- 11
Laminated paper plastic (papreg) -- 11

Impreg and compreg -- 3
Mold-infected wood -- 31
Particleboard -- 49
Plywood -- 3, 8, 16, 33, 51
Propylene oxide U.S. Patent No. 3,985,921 50
Wood with thiamine destroyed -- 36

(Page 2 of 2)
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Table 2--Condition of southern pine stakes (2 x 4 in. nominal x I0 in). treated with chlorinated phenols and with flor -hroe arsenate
phenol--Type A. zinc chloride, and chromated zinc chloride, after 15 to 25 years of service. Stakes placed in test at
Baro Colorado Inland, Canal Zone. September 1938, Bogalusa, La., Decesber 1919; Jacksonville, a., January 1939;
Harrison Experimestal Forest, Saucier, Miss., December 1939; and Madison Wis.. .Nove ber 1939

Condition of stakes late n 1963

Lreservatin oflsa lt.- Mus- Serv iceab le but De st royed by --

Lo- Retention of salts her showing s

tiu Decay Total Average
M - tax m Average ts Good Decay t "n r ved lifestb Go Termite and Decay Terte and r

Decay attack erite fun attack terle
attack attack

........ Pcf ........ ............ Pct -- - - --- Man- Pit Yr
ter

Sodium pents- Canal 0.24 0.28 0.26 10 .. .. .. .. 100 10 100 6.9
ohlorophenate La . 24 .20 .26 10 .. .. 10 -- 90 10 100 9.2

Fta. .25 .28 .26 9 .. .. .. .. 11 -- 89 9 i00 14.2
Kiss. .24 .20 .26 . .10 I 20 70 10 100 11.9

Win. .24 .28 .26 10 . . 100 .. .. I0 100 12.5

Canal .45 .54 .50 10 .. . -- 20 R0 10 100 11.2
La. .45 .53 .49 10 .. .. 30 -- 70 10 too 100
F-a. .46 .55 .50 10 - -- 20 -- . 00 8 22.0

d

Miss. .44 .54 .49 IO . . 10 -- 90 10 100 19.4
Wis. .44 .53 .49 10 .. .. 100 .. .. I0 100 16.4

Canal .69 .01 .75 ID .. .. 10 20 70 10 100 11.7
La. .69 .5 .75 0 .. I0 -- 90 10 100 15.6
Fla. .8 .82 .74 Io -- 40 10 =- 50 6 h 22.0
Miss. .69 .84 .76 10 .-. 40 -- 60 IO 100 21.6
Win. .67 .81 .76 10 .. .. 100 .. . 10 100 21.0

Canal .92 1.06 .98 10 .. . -- 10 90 10 100 14.3
La. .93 1.09 .99 10 .. .. .. -- 10 -- 90 10 100 16.2
FI. .92 1.00 .98 10 -- 60 10 -- 30 4 40 --
Miss. .93 1.09 .97 10 .. .. 20 - 0 10 100 25.0
Win. .06 1.01 .90 10 .. .. 100 .. .. 10 100 23.4

Sodium tetra- Canal .24 .27 .25 10 .. . -- 60 40 IO 100 4.0
chlorophesate La . 23 .27 .25 to .. .. 20 -- 8 10 100 0.1

Fln. .23 .28 .25 9 . . 22 -- 70 9 too 11.3
Miss. .23 .27 .25 10- .. .. .. .. .. 10 90 Io 100 10.7
Wis. .24 .27 .25 10 .. .. .. .. 100 -- . 10 J00 11.4

Canal 0.47 0.56 0.51 10 - 20 00 10 100 9.9
La. .46 .55 .50 10 .. . .. .. 30 -- 70 10 100 10.9
Fla. .67 .55 .51 I0-.. .. .. .. 10 IO 1OO 15.3
Hiss. .48 .58 .52 I0 .. .. .. .. 100 10 10 15.1
Win. .47 .55 .50 10 .. .. 100 .. .. 10 .00 14.5

Canal .70 .13 .76 10 .. .. .. .. .. .. 10O 1 tO0 13.1
La. .71 .03 .77 I0 .. .. 30 -- 70 I0 100 11.9
Flu. hR .3 .76 9 .. . - II 89 9 100 16.7
Miss. .68 .82 -5 10 .. .. .. .. .. -O0 100 10 100 19.7
Win. .67 .01 .75 9 .. .. 100 .. .. 9 100 16.7

Fluor chrome Canal .18 (0.11) .22 (0.14) .20 (0.12) 10 .- .. .. .. - 100 -- 10 O0 2.9
arsenate La. 19 (.12) .22 (.16) .20 (.12) 10 .. .. SO -- 50 10 100 9.6
phenol--Type A Fla. 10 .11) .21 (.13) .20 ( .12) 10 .. .. .. . 50 -- 50 10 100 13.9

iss. .10 1 .11 .21 .13) .20 .12) 0o . . 10 50 40 10 100 10.2
Win. .13 (.08) .22 (.14) .20 (.12) 10 .. .. .. .. 100 .. .. 10 tO0 13.8

Canal .28 (.17) .33 (.20) .30 (.19) 10 .. .. .. 30 70 10 100 6.4La. .28 ( .17) .32 (,.20) -30 (,.19) 10 .. .. .. .. - 20 -- D0 10 100 13.7
Fa. .29 .18) .32 (.20) .30 (.19) 10-.. .. 100 .. .. 10 100 15.6

slan. .29 (.19) .32 1.20) .30 (.19) 10 .. .. .. .. 10 -- 90 10 100 10.0

Win. .27 (.17) .30 (.19) .28 (.17) 10 .. .. I00 . - 10 t00 16.5

Can 1 .53 (.33) .66 (.41) :60 (37) 10- - - - - - -.. 40 -- 60 10 100 14.2
1. .36 (.35) .64 .0) .60 (.37) 1o .. .. .. .. 50 -- 50 10 100 15.6
Fl.. .57 (.35) .65 .60) .61 1 .0 ) 10 .. .. 100 . . 10 100 17.3
Kiss. .57 ( .35) .65 1 .40) .61 *.3) 10 .. .. .. .. 60 -- 40 10 00 26.1
Wig. .59 (.36) .68 (.62) .65 .0) 10 .. .. 100 .. .. 10 100 1.0

(PassIof2)
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Table 2--Condition of southern pine stakes (2 x 4 in. nominal x 1 tn.), treated with chlorinated phenols and with fluor chrome arsenate
phenol--Type A, zinc chloride, and chromated zinc chloride, after IS to 25 years of service. Stakes placed in test at
Barro.Colorado Island, Canal Zone, September 1938; Bogaluss, La., December 1939; Jacksonville, Fla.. January 19397
Harrison Experimental Forest, Saucier, Miss., December 1939; and Madison, Wis., November 1939--continued

Condition of stakes late in 1963
c

Loca- Rhoetio o saServiceable but Destroyed by--

Preservative tioo in shltsn gn Decay Total Average
Prsatlm Average tnth Good Decay Decay Termite fungi removed life

Decay Termite and and
attack termite rutS attack termite

attack attack

SPcf Pct --- - - -- - --- ---- m- Pct Yr
her

Sodium penst- Canal 0.52 0.55 0.54 10 .. .. .. 30 70 10 100 8.7
chlorophenate ad La. .46 .53 .49 I0 .. .. .. .. 100 10 100 13.3
sodium chloride

e  
Fla, .48 .54 .50 I -- 50 10 -- 40 5 so -
Miss. .46 .53 .49 IO 100 10 100 16.3

Wis. .46 .53 .50 ID .. .. 100 .. .. 10 100 16.8

Zinc chloride Canal .44 (0.26) .53 (0.32) .47 (0.28) I0 .. .. .. 30 70 ID 100 3.9
La. .45 ( .27) .55 ( .33) .50 (.30) 10 .. .. 30 -- 70 I0 100 8.1
Fla. .45 (.27) .53 (.32) .49 (.29) 10 .. .. 20 -- 80 10 10 12.9
Miss. .45 ( .27) .54 ( .32) .50 (.30) 10 .. .. 40 - 60 10 100 15.4
Wis. .45 (.27) .53 ( .32) .49 (.29) 10 .. .. 100 .. .. 10 100 18.2

Canal .70 (.42) .82 (.49) .76 (.45) 10 .. .. .. .. 100 I0 100 3.9
La. .70 (.42) .78 ( .47) .74 (.46) 10 .. .. 40 -- 60 10 100 12.1
FIa. .71 (.42) .82 ( .49) .75 (.45) 10 .. .. 40 -- 60 10 100 13.5
?iss. .70 (.42) .79 (.47) .74(4.") 10 .. .. 20 I0 70 ID t00 16.7
Wis. .65 (.39) .87 ( .52) .75 (.45) 9 .. .. 100 .. .. 9 100 18.9

Canal .94 (.56) 1.08 ( .64) 1.00 (.60) 10 .. .. .. 40 60 10 100 4.0
La. .94 (.56) 1.08 ( .64) 1.01 (.60) 10 .. .. 70 -- 30 ID 100 11.6
Fla. .95 (.57) 1.08 ( .64) 1.02 (.61) 10 .. .. 20 -- 80 ID 100 I5.4
Miss. .94 (.56) 1.07 ( .64) 1.00 (.60) I0 .. .. IO -0 90 10 100 17.3
Wis. .93 (.56) 1.13 ( .68) 1.02 (.61) 10 .. .. 100 .. .. IO 100 19.0

Canal 1.40 (.84) 1.62 (.97) 1.49 (.89) 10 .. .. .. I0 90 10 200 7.3
La. 1.44 (.86) 1.63 ( .97) 1.52 (.91) 10 .. .. 40 -- 60 10 100 I1.1
Fla. 1.41 (.84) 1.62 (.97) 1.49 (.89) 10 .. .. 20 -- 80 10 100 15.7
Miss. 1.43 (.85) 1.63 ( .97) 1.52 (.91) 10 .. .. 60 -- 40 10 100 17.9
Wis. 1.36 (.81) 1.74 (1.04) 1.59 (.94) 10 .. .. 100 .. .. 100 16,7

Chromated zinc Canal 0.45 (0.28) 0.55 (0.34) 0.49 (0.30) I0 .. .. .. .. 100 10 10 4.9

chloride La. .46 (.28) .55 .34) .49 (.30) 10 .. .. 40 10 so 10 100 8.6
Fla. .45 (.28) .53 (.33) .49 (.30) 8 .. . 25 -- 75 8 100 14.3
Miss. .65 (.28) .S5 (.34) .49 (.30) 10 .. .. 30 10 60 10 10 14.2
Wis. .43 (.26) .53 (.33) .47 (.29) 10 .. .. 100 . . 10 16.9

Canal .70 (.43) .81 (.50) .76 (.47) 10 .. .. .. .. 100 10 100 7.2

La. .70 (.43) .80 (.49) .76 (.47) 10 .. .. 40 -- 60 10 100 10.6

Fla. .73 (.45) .81 (.50) .77 (.47) 9 .. .. 11 -- 89 9 100 14.3
Miss. .72 (.44) .81 (.50) .76 ( .47) 10 .. . 40 -- 60 10 100 20.2

Wis. .70 ( .63) 86 ( .53) .80 ( .49) 10 .. .. 100 .. .. 10 100 14.7

Canal .95 (.58) 1.11 ( .68) 1.02 ( .63) 10 .. .. 10 -- 90 10 100 6.6
La. .93 (.57) 1.07 ( .66) 1.00 ( .62) 10 .. .. 40 -- 60 10 10 1.
Fla. .86 (.59) 1.09 (.67) 1.02 (.63) 10 0-- 1 20 -- 70 9 90 17.0

d

Miss. .96 .59) 1.09 ( .67) 1.02 ( .63) 0 .. .. 50 -- SO IO 100 20.1
Wis. .89 (.55) 1.13 (.70) 1.02 (.63) 10 . . 100 too 10 100 18.2

Untreated controls Canal .. 10 .. .. .. 100 -- IO 100 0.7
La. 0- I0 .. .. 20 20 60 10 100 2.9
Fla. 0- I0 .. 10 90 I0 100 2.8
miss.. 10 .. .. . 60 60 10 10 2.9
Wis. 10 100 . . 10 100 S.7

a Retention values in parentheses are based on preservative oxides.

b 10 stakes were originally installed at each test station. This nmber has since been reduced either because of failure to locate the stakes

at the time of the inspection or because of damSge by fire.
c Final inspection at Canal Zone, January 1956; at Louisiana, Decembet 1958; at Florida, December 1960; at Wisconsin, October 1963; and at

Misaisippi, December 1863.
d 1stimate based on percentage of stakes rmlmiang after final inspection.

• Retention values based em sodim pentachlorplssate only. Sodium chloride added ws equal to 20 pct of weight of sodium peatachlorphenate

in solution.
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leir -f-oclto tbte plywtood -take. -dl rest,,- greanaied 55tt5r, set January 1940 on Sthe Harrisn
J-pertmeetal Forest, S-utter, Miss .after about 27 1-a, t service

of stake. Janua.ry 1967

Apprnt As o hte Destroyed bty-

r s~~ t.thr out T-tahr te- tt Average
I. :t remo.d life

reet 1o.ts Termite Detay Termite a

n.a ta'h lus& attacr deay

PcI-- -- -- -- --- Prt--- - - - -- - Pct ye

1 I-I-4D to itach ply tmpregnated with a 50 pvt aqueous (0 0 a - - - 38 - 62 8 100 12.4
10-4.0 soutu of ph..oftr rentn, "lly

d-t4. an rd for I day at 
2 0

. 1
S hed.ded ut ph-nltc-rentn fit..

2 2-:-40 to Same as group I except that a 25 pct 
t
t to -. - 60 -- 40 10 (00 6.5

2-10-40 noluttu ..a. used.

3 31-40 ,o Iare plies impregnated as in g, tp I and lo0 (0 too -- -. - (0 -- ( 100 3.3
fti -40 bonded to us untreutted core w

4 u-i-AD t pFace p
1

tntprexnated an in group 2 and 5h 10 1- - - 00 - Ic 100 3.5
40-40 bodto an utreated core with

S 5-I-AD to Same a: group p2 ...tept that edge. of 10" (0 - - - 30 70 - lo 10 00 4.9
-- A npecmenn vr- .,esaprotectitoe treat-

ment by dptt tt a phnol te ren
7unist~n 1i 5 Pot achl

bi-I-AD to Same a ;. 4 -.tcep, tiat edges were so 9 - - - 22 45 33 9" 10 9.3
6-ID-AD protect to ns group 5.

? -1-40 to Untreated pit. b..ded wtith pbenotr- - f- - to -- - 70 30 10 too 1.9
( -(10-40 rents m. 1

A 8-1-40(t, (jntretei pli bonded withb bt-press - tO -0 - - 70 30 to t00 1.9
.-10- lcea rsttt

9 9-f-4D tn Untreated pltes ondef with -auin Alue -- I -0- - - 90 I0 I G00 i.0
9_ 0- 0 ( FPL fo atla 48)

ID ID-1-AD So Untreased plis (yellow ittethi boded 10 -- - - 10 30 h0 10 100 1.9
to-IS-AD stth phenol .c-e..ttt [.I.

11 Il-I-AD to twteaelonro(--t d to s- 1 - - - o 20 ID 100 2.4
I-IA Il/A it, A by 8 ttt.( t

STAKES fjfln
8 0

)C

12 12:-A te ImpuegnattI same an grtttp I. to 10 -- 10 IS so 30 g so 19.5tf

13 13-I-AD to Impregnated sa- as gt-up 2 5 f0 50- - D - 50 (0 100 11.7

14 :4-:-40 t.e. fuluu- oaild - 10 - u -- 20 so I 100 2.?
14- 0-0

CSIIPMSSILD PLYWOOD (CDIIPREG)a

Is IS-f-40 to heugla-It--affd pites tmpregnated us in ID 3 fO100 u - -
IS-I-AD sru .. I. dote and a .seble wsthsut the

us, .f glee .n a b press at 330* [ uadd
.000 pu..nd. fp-i...nr per qn.-r inch.

ftt-AuA0 to Y'Ilo-plar-aI plien imregnated and 10 3 - -u 33 u 67 3 100 19.5
I%--AD rnm.Pr....dShe som as fur Douglas-fir.

Specimens tn Soups I So 9 are 3-ply Dng - i. gs rsup 10. yell-o hit ch. Thy are 1/4 s 4It i 8n. in site and made .f ff16-is. fae.s
u an~.d a fIR-n o Specimens in group 11 are solid Oinlasnufir. I/h u 6 x I8 in. USsz.

b I rea bused n. t e.ted fuces.

r Deteetneati on princially in core..
d
Some sepurut ... of plies had also uccurred.
Spetmerns are southern pine supsuod, 2 . 6 (nminsal) o IS is. in nize.

f Bsed on estimated life of 2 remaining stages.
Specimens of both Douglas-fir and yellow-poplar made nf ISI1/16-in. plies. compressed to a *thxchness of 3/8 in. SIne of opecimes

3/g 5. a 14I in.

MM -uStakes remaining after the 19S2 inspectiom were takes up and reset in the sam general area.



Table 4--Condition of southern pine stakes (2 x 4 in. nmiual x IS in.) treated with chromated zinc arsenate (koliden salts).
zinc chloride, and coal-tar creosote after 15 to 40-1/2 years of service. Stakes placed in test st Madison, Wi.,
September 1940; Harrison ExperLmental Forest, Saucier, Miss., June 1940; and Barro Colorado Island, Canal Zone,
September 1940

Condition of stakes December 1980
a

Average Serviceable but Destroyed by--
Loca- retention Number showing some-- Total Average

Preservative --- in ............ Decay removed life
Oil Dry test Good Decoy D Tefmi te aundl

saltbD yTermte and fu t and

salt Decay attack termite attack termite
attack attack

- - - - Pcf .- - -- - .-- -- t-- Pct ---.-.--- ------ Number Pct Yr

Zinc chloride Win. -- 0.50 (.30) 10 .. .. .. .. 100 .. .. 10 100 14.8
Miss. -- .50 (.30) ID .. .. .. .- 60 -- 40 10 100 14.2
Canal -- .49 (.29) 10 .. .. .. .. .. .. 100 10 100 3.0

Wis. -- 1.03 (.61) I0 100 .. . .10 100 19.8
Miss. -- 1.02 (.61) 10 .. .. 60 I0 30 10 100 14.4
Canal -- 1.01 (.60) 10 .. .. .. .. .. .. 100 10 100 3.6

Wis. -- 1.51 (.90) I0 .. .. .. .. 100 .. .. ID 100 22.3
miss. -- 1.51 (.90) 10 .. .. .. .. 60 - 4 40 10 100 18.1
Canal -- 1.49 (.89) 10 .. . . .. .. .. 100 10 100 4.5

Chromated zinc Win. -- .33 (.22) I0 .. . . . 100 .. .. 10 100 19.6

arsenate (Boliden Miss. -- .33 (.22) 10 .. . . . 30 -- 70 10 100 33.0

salts)c Canal -- .33 (.22) 10 .. .. .. .. .. .. 100 10 100 9.2

Wis. .44 (.29) 10 ... 100 10 100 26.5
miss. .44 (.29) 9 -. . . 22 11 -- 67 7 78 -_

Canal .44 (.29) 10 .. . . . 30 10 60 10 100 11.6

Wis. - 60 (.40) 10 -- 10 .. .. 90 .. 9 90 --
miss. -- .58 (.38) 10 .. .. .. 80 10 "~ 10 2 20 --
Canal -- .58 (.38) 10 .. .. .. .. 60 60 -- 10 100 14.6

Wis. .78 (.52) 10 10 .. .. 90 .. .. 9 90
miss. -- .78 (.52) 10 .. .. .. 100 .. .. .
Canal -- .78 (.52) 10 .. .. .. .- 100 .. .. 10 100 15.1

Wis. -- 1.06 (.70) 10 -- 30 .. .. 70 .. .. 7 70 --
Miss. -- 1.06 (.70) 10 .. .. .. 100 ... .
Canal -- 1.05 (.69) I0 .. ..- lO .. .. 10 100 15.3

Coal-tar creosote Wis. 4.3 -- 10 -- 20 -- 80 .. .. 8 80 -
Miss. 4.2 -- 10 .. .... 60 -- 40 10 100 17.8
Canal 4.3 -- I- -- 40 -- 60 10 100 13.4

Wis. 8.0 -- 9 -- 89 -- il . . 1 11 --
Miss. 8.0 -- IO 50 30 -- 20 5 50
Canal 8.0 -- 10 -- 60 10 30 .. .. 3 30 19

d

Wis. 11.8 -- 9 22 78 ... ..
Miss. 11.8 -" 10 s8 10 n 10 2 20 --
Canal 11.8 10 60 40 . . 4 40 Is

Wis. 16.3 -- 40 40 60 ... ..
Miss. 16.5 -- 10 - 100 .. .. .
Canal 16.5 -- 10 -- 90 ...10.

Win. 1.8 -- 10 .. .... 100 .. .. 10 100 12.4
Miss. 1.8 -- 10 0-- S 30 60 10 1o 7.7

k Canal .
e  

-- 10 .. .. 80 20 1o 1oo 4.8

Wis. .710 -- 0 -- *. 10 100 8.0

Miss. .76 -- IS .. .. 50 so I0 100 6.2Canal .76 -- 10 .. . 90 10 t0 100 2.5

Untreated controls Wis. -- 1-- -O -- IO0 .. .. I0 100 6.2

Miss. -- -- IO .. .. 50 50 t0 I00 2.2
Canal .. .. 10 .. .. 90 I0 10 100 1.1

hFinal inspection at Canal Zone, January 1956.
Retention values in parentheses are based on preservative isides.
etention based upon total anydrous salts; ZnSO4 + M3 AsO0 4 + no*

2
N4O * N 2 Cr2 0 7 .

Estimate based upon percentage of stakes remaining After final inspection.
15-mis dip at room temperature.
Brush treatment, 2 costs.
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Tl.li, S -- dond tio. l southern pine stakes 12 x 4 in. nomrial x IS itI. treated sith chlorinated phenols and )*1-tar -rrosite, alter
V, to 40 years of service. Stakes placed in test at Barro Colorado Island, Canal Zone, February 1941 ; kogalu-t , La.

Marob 1941; Jaksonvile l, .F . arch 1961; and Harrson Experimental Forest, Sauier, 4su , , February 1941

Condition of stakes December 1980c

betemt . of Serriceable but Destroyed by--

Loca- a o cr showing so - Total Aerago
Pte.eraie o - pra.ervat a r Decay re d

D .ty Termite 0uni
Min-m Ma.mum- Average tent

h 
'7 erdle tnd 

1
ani

Deoy ete(, and u attak

attack attack

. . . . . P, -. . . . . . . . . . . . . . . . . pil . . . . . . . . . . Nu - Pit Yr

ber

S.,liim peit iihloropbeiatc Ca..l 0.23 0.27 0.2 0 . . .. . O 60 40 10 o0 6,4

La. .23 .26 .25 10 10 -- 90 10 100 g0.0
Fla. .23 .26 5 . . ... .. 1O0 9 tO0 16.
Sits. .23 .26 .2S 10 .. .. .. .. 20 -- 80 10 100 lb.9

Cainal .31 .At .33 Io .. .. .. .. .. 10 90 10 100 10.9
La. .31 .34 .33 10 00 tO :G0 10.4

Flo. .32 .34 .33 8 .. ... I 812 8 8 100 16.3
hfcs. .31 14 .33 Io .. .. 20 " 80 1tO 00 19.5

Canal .47 .55 .51 10 . . .. .. .. .. 20 80 0 100 12.9

La. .48 .S4 ,l tO .. .. .. .. .. .. .00 O ;00 1:5,5
Mla. .47 .54 .50 1 --. A0 4. . . 90 0 90 21 0
Sins. .47 959 .1 ISO - .. .. .. .. I0 -" 10 10 100 21.+3

Canal .73 .81 .77 tO . . .. .. .. 90 20 30 1 100 14 3

La. .72 .82 .77 8 -- 50 .. . 1 4 10 22.0
Fla. .72 .83 .77 1 0 "- 80 .. . 20 20 2 .0

Mis, . .72 .83 .77 10 - * 10 2.. 100 tO 100 2b.2

Caial .92 1.09 .99 10 .. . 70 10 I0 to0 14.2
La. .92 1.:09 .99 7 -- 57 4. . 43 3 43 23,0

d

Flo. .91 1.10 .99 9 - 100 .

Sn,. .93 1.08 .99 10 to 30 30 4= 40 7 70 -.

Sodium pertaclilorophenate Canal .41 .67 ,44 t O .. .. .. 20 80 10 lO0 11.1

and sod, ". chrmate; La. .41 .47 .44 10.. .. .. .. I00 10 10 10 56
'hemilt ratio Fla. .40 .4! .44 9 .. .. . .- 4 .. .. 56 9 96 20.3
1. 2,; Sins. ..0 .47 .46 10 .. too 1I0 100 23.0

Sodi ms pentachlorophenate Canal . .b2 .58 O . ... .. .. .. .. 100 O t00 12.8
and boron; chemical ratio La. .94 .62 .98 9 .. .. .. .. II -- 89 9 100 1. 

1 0.76 Fla. .53 .62 .57 8 .. .. .. .. 100 1 100 17.9

Siss. .54 .61 .58 10 .. .. .. .. 20 -- 80 tO 100 21.0

12 Canal .71 .80 .7 O 0. . . . 100 10 100 12.2

l.a. .71 .81 7 I0 .. .. IO -- 90 10 100 9.9
Fla. .72 .82 .76 1O . .. .. .. 100 10 lOo 12.'

1iss. .71 to .75 10 -. .. .. .. 10 10 100 18.8

11,52 Canal .78 .88 .83 10 .. ..- 0 90 10 tO 3.0
La. .71 .88 .83 tO .. .. .. .. 30 -- 70 tO 100 10.0

a .79 6 .82 9 .. .. .. .. 100 9 :10 16.7

Smss. .79 .87 .8 1 0 .. .. .. .. .. .. 100 1O 100 189q

1!3 Canal .91 1.06 .98 tO .. .. .. .. .. .. 100 11.9
La. .90 .07 .98 t .. .. IO -- 9il 1 100 90
Fla. .92 1 03 ,q8 0 .. .. .. ..- 100 10 1 00 13.2
Sins. ,92 1.06 .98 t0 .- t0 -- 90 10 100 16.1

1:2.27 Canat I.00 1.19 1.0/ 10 .. .. .. .. .. .. too 10 100 12.7

La. 1.01 t:b .09 t0 ;o. 20 -- 80 IO 100 9.9
Ha. I 01 1,10 1.09 0 .. .. .. .. .. .. 100 10 100 196

Mis.. 1.01 1.10 I 09 1 O . ... .. -. .. - 100 "0 I00 18.0

I:1.50 Canal 1.17 1.12 1.15 I0 .. .. .. .. tO -- 90 10 100 12.01
La. 1.7 1.32 1.2 I tO .. .. .. .. .. .. 726 10 tO0 1.6

Fla. 1.17 1. U I 10 20 ;0 -- 70 IS 80 t t0 11.5. .17 1,33 1$ 2 0 lO . . . . 0 10 go "1 .00 10.9

(Pmae 1 of 9)
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1.,. -- tnltafl of .o-thern pine stakes 2 4 on. noinal x8 in.). treated with chlorinated phenol, and coal-tarrenaut. ater
15 t, 40 years of service. Stakes placed ti test at larro Colorado Island, Canal Zone. February 1941; Bogalu.a, I.,
lril 1941; Jarksonvile, Fla., March 1941; and Harrison Eserim-nta[ Forest, S....er, Mass.. . ruay 1941 -- iottnor.

Coaia tion of stakes Deceiber 1980
¢

etet ion of Nuo- Serviceable hut Destroyed by--

Preoca- aobering - Total Averaget n n preservat ives D" - - lifetay

it.. . .__ _ood Dca ay Te e l. tang
Manasa. -axia. Average test Tesitt and Dec andDecay attach tereie fnt a t 1tach

attack attack

..... P! - - ............. Pc - ----- - - - - - ---- - - - -Ni_-"7 P't Yr
her

5 pt ientachlorophenoJ Canl] 4.0 5.4 4.7 In .. .. .. .. 40 -- 60 10 I00 13.0

La. .0 3.4 4.8 10 .. to.. .. . 100 10 S00 166
It fu l oil' Fl . 4.0 5.6 4.8 10 .. .. .. 40 60 6 6O 20.0

?hss. 4.2 S.4 4.7 10.. .. .. .. 100 10 100 21.0

Canal 8.6 10.3 9.b I0 .. .. .. .. 30 -- 70 10 100 14.La. 8.4 I0.9 9.6 7 .. .. . - 7 .. ..- .3 3 .3 23.0
d

FLa. 8.8 10.9 .6 9 .. 67 . .-- 41 , 40
d

N s. 8. 10.5 9.6 10 .. .. 10 -" 90 10 100 27.2

Canal 14.0 16.5 15.3 10 .. .. .. 40 10 - 0 60 15.0

La. 14.2 16.3 15.3 7 .. .. .. 100 .- .. .

Fla. I4.Z 1b.3 15.3 10 .. .. .. 100 .. ..

Mans. 14.0 16.3 15.3 10 .. .. .. 70 20 -- I0 3 30 --

Canal )8.6 21.5 20 I 10 .. .. .. I00 .- .. .

La. 18.2 21.7 20.1 7 0 . -00 -- -.

Fla. 18., 21.7 20.1 9 -- 22 -- 70 .. .. .

Miss. 18.2 21 .9 20.0 10 --.. . . 90 . . tO I 10

t pct peatachluropheol C.nal 4.2 3.0 4.9 I .. .. .. .. 20 "- 80 0 1O0 12.6
I pct ihloro-2 La. 4.4 S.8 4.9 18 . . .. .. .. .. .. I00 I 100 14.2

fine vlpheo in fuel oil' Fla. 4.4 S.8 4.9 9 .. .. .. 22 . . 78 7 78 20,0
Mint. 4.2 3.8 4.9 t0 .-.. .. .. 100 to 100 19.2

Canal 9.1 10.9 10.0 10 .. .. .. .. 30 -- 30 10 00 17
La. 9.1 10.9 t0.0 6 0 . . 67 .. .. 33 2 33 247

d

Fl.. 8.9 11.0 10.0 5 .. .. .. 75 .. .. 25 2 25 25.3
Mi s. 8.9 I1.0 0. I0 .. .. .. .. ID -- 90 10 100 24.4

Canal 14.2 16,3 15.4 I0 .10 0 o 9 90 
1 2

d

La. 13.8 16.3 13.3 * .. .. .. 100 .. .. .
Pla. 13.8 34.3 37. 7, 9 .. .. ..- 100 .. .. .

Miss. 14.4 16.1 1.3 10 .. .. .. 30 30 "- 40 7 70 -

Coal-tar creosote, 8rade I Canal 3.5 6.7 4.7 10 .. .. .. 10 90 .. .. 9 12.
d

La. 3.3 6.7 4.7 6 .. .. .. 33 -. . 67 4 67 2.
Fla. 3.3 6.5 4.7 9 .. .. .. 33 33 -- 34 6 61 19. 0

NIss. 3.5 6.53 4.6 I0 .. .. . .-- 40 .. 60 10 100 21.3

Canal 8.4 11.h 10.0 10 -- 00 -- 20 10 -- IO 2 20 20.0
d

La. 8.6 11.2 40.0 4 --... 23 1 25 26.6"

ls. 8.6 11.4 10.0 10 .. .. .. 90 10 --.. 1 10 --
Miss. 8.4 11.4 10.0 10 .... . 30 40 -" 30 7 70 --

Canal 13.3 13.4 14.4 1: 10 90 . . - ..
La. 13.3 I3.9 14.5 6 3O 16 17 I? .. ..

Fla. 13.S 15.9 14.5 9 22 30 -- 22 .. ..

miss. 13.3 16.1 14.5 10 10 .. .. 90 .. ..

FPel il' Canal 8.2 11.9 9.9 10 .. .. .. .. .. 60 40 10 I00 5.9

La, 8.4 1I.i 9.8 10 .. .. .. .. 40 -- 80 10 100 .4

Plo. 8.2 11.7 9.8 8 .. .. .. .. 12 -- 88 8 100 9.7

Miss. 8.2 11.7 9.8 10 .. .. .. .. 20 10 70 10 100 6.3

Canal 18.2 21.0 19.4 T0 .. .. .. .. .. 30 70 10 I0 7.8
Ln. 18.2 21.4 :9.4 10 -5- " . . . 50 "- 50 10 108 11.9

Fla. 18.2 21.4 19.4 9 .. .. .. ..-- . I00 9 tCo 12.4
m

i.S. 18.0 21.9 19.4 10 .. .. .. .. 38 I0 60 10 tO0 9.1

(Pao 2 of 3)
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tatle 5--Condt ion of s..ittfn rice stakes (2 . 4 in. nalnal 1an.), treated sith ,hlorl"atel phenols ard roal-ta- resote, alttr

IS to 40 years of sesrsce. Stake% placed in test at Batro Colorado Iand, Canal Zone, February 1941; Boraluaa, L..,

Ma-al 1941; JalkhsovaIlle, Hla.. March 1441; and Harrison Eapr.mental fnces . -S-1r. ians., February 194l--tautned

Condltlon of stakes Dereber 1980

rtervceale 
but Destroyed ty--

etoeLoonn aI m-er bowing soe- 1,taI Avrage

Ir eva r ovia preseroatas 0 Good - O etay rcessivet t

Decay Deon Drae loaga _ d lin Deloo r-tay D'(-y Ter-ite unngi l

MIana M.musicam A erage test
b 
Go D.. In .nd asd

Decay Lnmate adtainga attack tecitr

attack starkI

. Pt -c-- - - iicf . . . .. . . . . . . . . . . . p . . . . . . . . . . . . . " P t r
npr

lla-t pentachlonophenol in Canal 0.5 Ig4 0.8 10 .. .. .. .. .. 90 10 0 l0i 2.7

La. .5 .2 . 10 -.. ..- 30 -- 70 It 100 4.2
f del al p ad saahtha: FIa. .5 1.2 .1 8 .. .. .. .. 12 -- 88 9 00 .0

-raainte dip i , .5 1.2 .8 10 .. .. .. .. 10 20 701 j0 1i00 J.2

ili h .inr oakang Canal 2. 1 2.5 2.4 10 .. . - - o0 0 :Io 9.1

La. 2.1 2. 2.4 9 .. . . . II -- h7 a i0 84,

MIa, 2.1 3.0 0.4 .. .. .. .. 100 0 00 i .9

MasU. 1.9 S.0 2.4 73 .. .. .. .. .. .. I00 70 O 12.9

S ratipentachloropahetol as, Canol .7 1.2 .0 .. .. .. .. .. - 700 -- I0 Oar 1.1

noytian oil. lahtha agd La 5 12 9 I- - - - -- . 50 -- 50 I0 lOC .1

f e l 
0  

l a . .5 1 .6 .9 ' . . . . . . . . . . -7 l 8 . lO0 5 .4

-e n i p dI, -i. .7 1.2l .9 1 .. -- , 40 77 100 4 9

R-.or oaaking Canal 2.1 I.? 2.8 71 .. .. .. .. .. .. 100 70 O 111.

.a. 2.1 3.1 a 10 -.. .. .. ..-- 3 -- 70 il 104) . 0

F!a. 2.3 3.2 2.7 10 .. .. .. .. .. .. 100 7 60 1 2.2

Mi.• 2 3 3.5 2. 0 I-.. . lOl I8 100 10.3

I-h-ur soaking
8  

Canal 1.I 3.1 2 171 .. .. .. .. 10 70 777 111O 70

la. 1.8 2 6 2 0 O .. .. .. .. 20 -- 10 7 0 10 . 3

Ia. 1.8 2.8 2.3 8 .. .. .. .. 12 -- 18 8 103 9 8

Nts. 1.1 2.8 2.2 10 .. .. .. .. 10 to 80 10 100 11.

l pcs pentastilOnphena n 2 
1
iit Canal .9 -.s 1.2 00 .. .. .. .. Ito -- Hi 0 0 23

ihloro-2-phienyl pohelro In La. .4 .6 1.2 10 .. .. .. .. 40 -- 10 10 700 4"

Hpatha and uel F. .7 1.6 1.2 10 .. .. .. .. 10 70 80 I0 100 5.0
salta ad tiIol as.+ 5 1.8 1.2 iO .. .. .. .. - 20 20 till 10 100) 5.7

l-minute 
dip

IS-ho ir oakanak Canal 2.5 4.0 .1 10 .. .. .. .. .. 10 90 70 700 5.0

La. 2.5 4 0 3.1 0 .. .. .. .. 70 -- 0 10 111 7.2
la. 2.3 3.9 3.1 8 .. .. .. .. I2 -- 88 0 l0p 10.8

lis+. 2.0 4.4 3 100 I 1 00 il

3 pct pentachloophennl 2 pot Canal .5 .9 .0 tO .. .. .. .. .. 90 10 10 10 7

chlors-2-phenylphenol in La .5 .9 .7 t0 -.- -- 1 00 - 70 10 100 1

solient of 80 pat aineral Ha. .5 .9 .8 tO .. .. . . 2 70t0 10 70 tOO 2.5

spirits anl 20 pot raisture M it. .5 .9 .8 1o .. .. .. . 20 30 5o to 100 I 3b

repellent :

78-h or .oa king Caal,] 2.7 5.8 3. 0 -. -. -. . . -- 90 70 10 10 4 0

La. 2.3 4.h 3.4 I0 .. .. .. .- -- ,00 0 0 9.2

Ha. 2.3 4.9 3.4 10 .. .. .. .. 40 -- 80 10 I00 9.6

Mist. 2.3 5.1 3.4 70 .. .. .. .. .0 tO 70 70 100 72 7

Ostmntredos ¢ nitsin Canal .. .. .. 10 .. .. .. .. .. 100 - I0 :00 7.2

La. - . .. . 10 .. .. .. .. 50 2 0 7 100 2
Hla. -z . i. I0 20 70 70 100 1.8
Hass .. .. ..- 0 .. .. .. .. 40 30 10 IO 700 .1

a Boned! opon neatght of try chiecica Itor soldic pentachlocophenate alone or mixed itsh other checlial and ,u weight ot solal)U to oI ier

treatents. Values for stake originally installed.

0 10 stakes were origanally installed an test, This nmber has since ler redaic'd either hecause at falalre to I 1, -tl se ,takcs at she tine

of the spectan or because of dage by fre.

Final inopeltint ot Canal Zone, January 1956; ai Jacksonville, Oeaaller 190; at at roalor.I. Dececrer 1962.

d Etimate based upon percentage stakoc resaining .itvr fin.i inspection.

Pnrchannd and reported earlier as No. 2 fue oil has hnu snla heec found to have a distlllattOra nge lower than that lot typlcal Ijo. 2

fuel oils.

f Solvent contained a part reybean ni! and 9 parts each of fuel oil and naphtha by voluie.

i Spechlraco contained sone heartwood.

(Page 3 of 3)
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Table 10--Condition of urea-treated southern pine stakes (2 x 4 in. nominal x 18 in.) after about
11 to 16-1/2 years of service. Stakes placed in test on the Harrison Experimental Forest,
Saucier, Miss., February 1942 and December 1946, and at Madison, Wis., April 1942

Condition of stakes late in 1958

Total Average Destroyed by--
Treatment Loca- retention retention Number Total Average

S Lion of urea of urea in Serviceable Decay Toal Ave
or or test Good but showing fungi

solids
a  

solids
a  

some decay ermite and
fungi attack termite

attack

Lb Pcf .-------- Pct - -------- Num- Pct Yr
her

INSTALLED 1942

2 days' soaking
b  

Miss. 4.7 3.4 10 -. ..-- 10 90 10 0OO 3.4

Wis. 4.7 3.4 10 .. .. 100 -- - 10 100 8.1

4 days' soaking
b  

Miss. 6.9 5.0 10 .. .-- 20 80 10 100 3.3

Wis. 6.9 5.0 10 - . 100 -- -- 10 100 8.0

6 days' soaking
b  

Miss. 10.2 7.4 10 --.. .. 20 80 1o 100 2.9

Wis. 10.2 7.4 10 -. . 100 -- -- 10 100 6.0

B1 c (thermosetting) Miss. 9.9 7.1 10 --.. .. 20 80 10 100 4.5

2 days' soaking Wis. 9.9 7.1 10 ... 0 -- -- 10 100 12.5

8 c (thermosetting ) Miss . 11.2 8 .1 10 ...... .. 100 10 100 5 .1

4 days' soaking Wis. 11.2 8.1 10 .. . 1 -- -- 10 100 13.1

B1 c (thermosetting) Miss. 11.7 8.4 10 -- ..-- 10 90 10 100 5.6

6 days' soaking lis. 11.7 8.4 10 -. .. 100 -- -- 10 100 15.2

Untreated controls Miss. -- -- 10 .. ..-. 20 80 10 100 1.8

Wis. 10 -- 1 -- -- 10 100 4.8

INSTALLED 1946

Urea resin,i d
pressure Miss. -- 5.8 10 .. .. 10 -- 90 10 100 9.1

a Calculated total retention of urea or solids for 22 stakes.

b Treating solution made up to 1.15 parts of urea to 1.00 part of water by weight.

r Solution made up of 380 parts urea, 344 parts of 37 pct formaldehyde solution, 231 parts of water, 6 parts of
sodium hydroxide, and 39 parts of borax by weight.

d Treated with buffered urea-formalin mix (2 to I formaldehyde-urea ratio) at a resin solids content of 30 pct.
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Table Il.--Condition of high-strength laminated paper plastic (papreg) stakes (1/8 x 4 x 14 in.) and
heat-stabilized plywood (staypak) stakes (4 x 18 in.) of several thicknesses after 7
to 8 years of service. Stakes placed in test on the Harrison Experimental Forest,
Saucier, Miss.

Condition of stakes
December 1950

Num- Destroyed by--
Stake Composihion ber Average
number in Decay lifefungi

test Decay Termite and

fungi attack tri
termite

attack

Num- Pct Num- Pct Num- Pct Yr
her ber ber

LAMINATED PAPER PLASTIC (PAPREG)--INSTALLED DECEMBER 2, 1942
a

I to 10 37.0 pct phenolic resin + 2 pct hardener,
4.7 pct volatile matter 10 7 70 -- 3 30 7.4

11 to 20 31.6 pct phenolic resin
a 

+ 2 pct hardener,
4.4 pct volatile matter 10 3 30 1 10 6 60 5.6

21 to 30 41.0 pct phenolic resin
a 

+ 2 pct hardener,
4.6 pct volatile matter 10 7 70 -- 3 30 8.0

31 to 40 37.0 pct phenolic resin
a 
+ 2 pct hardener,

4.7 pct volatile matter with surface
sheets using 42.6 pct phenolic resin,

4.6 pct volatile matterb 10 7 70 -- - 3 30 7.2

41 to 50 37.0 pct phenolic resin a + 0.5 pct oleic
acid, 4.7 pct volatile matter 10 4 40 1 10 5 50 7.6

HEAT-STABILIZED PLYWOOD (STAYPAK)--INSTALLED JUNE 4, 1943

19-1 and 20 plies 1/16-in. birch bonded with
19-2 phenolic resin and compressed to thick-

ness of 1/2 in.; specific gravity 1.37 2 1 50 1 50 4.5

HEAT-STABILIZED PLYWOOD (STAYPAK)--INSTALLED DECEMBER 6, 1943

S-I to 32 ples 1/16-in. birch bonded with
S-5 phenolic resin and compressed to thick- c

ness of 1 in. specific gravity 1.33 5 2 40 .. .. 3 60 6.0

21-1 to 10 plies 1/8-in. maple bonded with
21-5 phenolic resin and compressed to thick-

ness of 5/8 in.; specific gravity 1.36 5-- 5 100 4.3

a Alcohol-soluble.

b Single surface sheet on each side, coated side out.

c Heavy swelling at edges due to moisture absorption.
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Table 12-Condition of southern pine stakes (2 x 4 in. nominal x 18 in.). treated with phienyl mercury oleate, pentachloropbencl,
copper naphthenate. and mercuric chloride. at final inspection after 20 years of service. Stakes placed is test
December )943 on the Moarrison Experimental Forest, Saucier, Huss.

Condition of stakes December 1963

Average Number Serviceable but Destroyed by-- Toa AvrgPreservative Treatment retention in showing some- oa vrg
of - Decay removed life

solutioan tetGood Decay Dea eie fungi

Decay Termite and fug tak and
attack termite ugatck termite

attack attack

Pcf------ - ------------ Pct- -- ------ ----- Num- Pct Yr
her

Plienyl mercury oleate
(percentage is naphtha
solvent)

0.4 3-mis dip 1.40 10 - - - -- 20 80 10 100 3.8
.4 18-hr soaking 3.20 10 - - -- 10 30 60 10 100 5.0
.4 Pressure 5.90 *0to- - - -- 10 90 10 100 6.7
.1. Pre ..ore 12.10 to - - - - 30 -- 70 10 100 g.g

.2 *8-hr soaking 3.10 10 - - - -- 10 30 .60 10 100 4.4

.2 Pressure 6.00 *0 - -- - -- 30 70 10 100 5.6

.2 Pressure 11.80 10 -- - - - - 30 70 10 100 6.2

. 8-bc soaking 3.60 10 -- - - - - 40 60 to 100 4.5
.1Prssre5.90 10 -- - - - - 30 70 *0 100 4.7

.1 Pressure 11.60 10 -- - - - - 40 60 10 100 5.2

.'3-mis dip 1.20 10 -- - - - - 60 40 10 100 4.0

.118-hr soaking 6.00 *0 - -- - - -- 20 80 *0 100 5.5

.1Pressure 6.10 *0 - - - -- 10 40 50 10 100 6.2

.1Pressure 12.00 t0o - - - -- *0 90 10 100 8.4

Penturblorophenol (5.0 pct ii.
pine-il naphtha (1:12)
solvent) Pressure 12.10 t0o - -- - 40 20 -- 40 6 60.0 ob

Copper napbtbeoate (0.5 pct
copper metal in naphtha

s ol. v e n t ) P r e s s u r e 13 .10 10 -- - - 70 2 0 -. 10 3 30 2 5 .0 6b

ecuric chloride (1.0 pct
in water) 3-mis dip .014 10 -. - - -- -- s0 50 10 IGO 4.8

(dry .&It)

18-br soaking .072 10 -- - - - - 20 80 10 100 7.5
(dry salt)

Untreated controls --- 0 -- - - - - 60 40 10 *00 2.0

aSolution contained 16 vnt solidsa a wiater repellent.
6 Estimate bused on percentage s takes remaining after final inspection.

NOTE: The stakes remaining in test after the 1952 inspection were tabes up and reset in the taegeneral area.
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Table 14--Condition of southern pine sapwood stakes (2 x 4 in. nominal x 18 in.), treated with various chemicals, and of laminated

acetylated yellow birch sapwood stakes (0.4 x 3-1/2 x 15-3/4 in.), after 36 years of service. Stakes placed t test
on the Harrison Experimental Forest, Saucier, Miss., December 1944

Condition of stakes December 1980

Serviceable but Destroyed by--

Average Number showing soie .Tt v

Preservativea retention of in Decay removed ife

prese rvative u es f
or drat test Good Decay Decay Termite 'ungiordysl etTermite and and

Decay .te fungi attack ed'

attack temite teraite
attack attack

Pcf -. - .------ Pct - - - - - ---- um- Pct Yr
ber

PINE STAKES

Amoniacal copper arsenate
(Fed, pec. TT-W-549)

(percentage in solution)

0.612 (
0
.5 ) 

b  
0.25 (.24) I0 .. .. .. 60 40 .. .. 4 40 --

1.29 11.24) .53 (.51) ID 80 ID -- I0 .. .. .. .. .. ..
2.57 (2.48) 1.00 (.97) 10 100 -.. .. .. .. .. .. .. .. ..- -

.21 ).10) .29 (1.25) I0 100 .. .. .. .. .. .. .. .. ..

Antyl phenyl acetate

(percentge in Stoddard
solvent)I

0.37 .10 10 .. .. .. .. .. .. 1O0 10 100 b.7
.q3 .25 10 .. .. .. .. .. .. 100 10 OO 8.5

1.85 .50 1 0 40 60 Io 100 10.0

Capi acid (percentage in
St, Idard solvent)

0.37 .10 10 .. .. .. .. I0 30 60 I0 100 5.0

.93 .25 I .. .. .. .. IO 20 70 I0 100 5.3
1.84 .50 t0 .. .. .. .. .. 10 90 10 100 5.5

(iDamyl phenol (per-entage
in Stoddard solvent)
0.37 .10 I0 .. .. .. .. . 10 90 10 100 5.8
.90 .25 I0 .. .. .. .. .. 10 90 10 100 8.4
1.7b .51 I .. .. .. . - 10 90 10 100 11,4

DIfl (OuDch) ro-duphenyl-

t i ,i crt ha)ne
(perentage in Stoddard
sol(vent )

1.25 .35 10 .. .. .. .. 100 -.. 10 100 7.1
27 .74 (0 70 -- 30 10 100 3.0

Dodlecyl aoe (percentage
it Stoddard soevent)
0.17 .00 O .. .. .. .. .. 20 80 10 0 5.4

.93 .25 10 .. .. .. .. .. .. 100 10 100 5.7
1(85 .50 I0 .. .. .. .. .. 10 90 It 100 o.8

Nickel stearate (percentage
in coal-tar naphtha)
0.33 .10 10 .. .. .. .. 10 -- 90 10 100 5.6
.93 .27 10 .. .. .. .. 30 -- 70 10 100 4.9
1.85 .52 10 .. .. .. .. 10 10 80 10 100 5.5

Untreated controls - 10 .. .. .. .. .. 40 60 10 100 2.1

YELLOW BIRCH (LANINATED)t

Acetylated -- I0 .. .. .. .. 90 -- 10 10 100 17.5

Untreated controls -- I0 .. .. .. .. 10 20 70 10 100 2.7

a All stakes except laminated yellow birch were pressure treated.
b Amoniacal copper arsenate solution and retention figures in parentheses are oxides (Cun and As205).

c Prepared from 6-ply, parallel-lamlnated, scetylated 1/16-in, veneer glued with hot-press phenolic resin. Average acetyl content
19.2 pct based upon ovendry weight of wood. Untreated controls prepared from untreated veneer.

NOTE: The stakes remaining in test after the 1952 inspection were reset in the same general area.
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Table Ib --Ciid ii -o stake. of niglas-ltr plywood, treated iltb several ood preoetatines. either beflr ir alter ulting It hr - eneter alter

15 years ot terwi Stakes placed o test Dee.her 1945 on the Harrison Coperirnlal Fort. .au.irr .t~tu

Condition of stake. Decemier It)

Ply ..da NowSe-teable but Destroyed by--

Average itr shtoini a Total Averane

Treatment Number Veneer retention of nIay le y

of thick- b.c Good Decay T fungt r- d ie

plies ess peevstve
b  

test TrDeap Termit andDecay Telt n ungi attack
attack terstte tert te

attask atltik

In. Prt ........... -- - umber Pct Yr

PLYWOOD FROM VENEER TWEATED BEFORE CLUING

Coat-tar creosote Pressace ,3 1116 40.9 :0 I00 .

Peessner d 1/8 30.9 10 90 tO --

Heating and I-hr cold bath 7 1/8 12.6 i0-.. .. t0 20 70 10 100 i 2
Cold soaking, 24 be 13 ;/16 12.9 0- - - -- 100 .. .. .

Cold soaktng. 24 hr 7 I/ 8.4 to -- 00 .. .. .
Dipptng, 10 sec 13 I/l 5.1 9- - - -- 10 .. .. .

SPl.og, 10 sc 7 1/8 4.6 9 1-- -- 10 .. .. .

Copper napbthenabe, Prestore 13 1/16 15.5 9 tOO . . .. .

(2 pbt copper Pressure 7 I/S 10.2 10 50 ;0 -- 40 -. .. .
metal to coal-tar Heting and I-hr cold hathd : I/8 b.7 0 20 1O 60 tO .. .. I tO --

napbah Cold soaking 24 hr 13 I/lb 10.1 tO 70 10 10 tO -- .

Cold toaking, 24 be 7 I/8 6.2 to 40 t0 -- 30 20 .. .. 2 20 --
flipping. 0 sec 13 1/16 4.2 10 -- 90 -- 90 -. .. .
Dipping, n s3ec 7 I/H 2. tO--- 40 40 -- 20 6 60 --

Pensachlorophenol. Pressure 13 1/16 21.4 to - - -- t OO -- --

pct in No 2 Pressure ds110 11.2 100-- 10 I1 tO 2 20 --
toel oil Heating and I-he cold hash

d  

7 I/ 10.3 O- - - -- 60 . -- 40 4 40 --
Cold soaking 24 hr 13 116 2.6 10-- - 80 12 -- 10 2 20 --
CtO--- t 1 tO 70 9 90 --
Oippng. to sec 13 1/16 09 0 - -- 40 20 -- 40 6 40 --
Dipping. tO sc 7 I/tie' 1.0S-.. . 10 -- 90 to OO 15.8

Chriiat1d tine Presoure 13 1116 1.02 %0.621 7--- 86 .. .. 14 1 14 --

chloride Pressare d I/8 1.06 165 I-0.. .. .. 40 hO tO oO 2oo

Heating and I-hr cold bath 7 I/O ,98 O O1 .6 10 S so 100 101
Steeping, 24 he 13 1/16' 1.07 1 bS 1 12 88 .. .. .

Steeping, 24 hr 13 I/I? 1.04 11.128) -- 00 . .0 .
Steeping, 24 hr 7 I/H .59 .361 2- .. tO 90 tO tOO 17.0
Steeping, 24 hr 7 I/H 1.30 .791 10-.. .. tO 20 70 tO 100 23.6

Dtppirg, I0 sec 23 I/lb .61 10.371 tO-.. .. 30 tO tO to 100 22.7
Dipping, IV ne0 13 1/16 .66 .40) IO -.. .. tO -- 90 10 tOO 22.1
Dipping, 20 aei 7 I/8 .35 21) i

0  

.. .. - 20 go 10 I0 10.8

Aid copper chromat e Pressure 13 1/16 .76 3 ) 91 22 45 33 --. . .

Pressure dI/ .79 1 9) 9 22 -- 45 II 22 .. .. 2 22 -
"rating and I-hr cold hath

d  

7 1/ 1.07 .531 10 20 . . 0 20 -- 10 3 10 --
tfeeping, 24 hr 1 1/tb 6 88 1 4 70 100 44. ..
Steeping, 24 hi 13 1/6 1.89 t.) tO 80 10 to .
Steeping, 24 hr 7 1/H .54 .27) 1 Sb -- 22 II II .. .. I II --
Sleeping, 24 hr 7 1/8 132 .65) tO 90 1 0 . ..

Dipping I0 ne 13 1/16 .07 1.43) tO -- -- 70 30 .. .. I 30 --

Dipping. 10 sec 13 l/lh .61 I.101 t-- -y 30 . . 7 38 --
Dipping, 10 sec 7 I/g .27 1.1) 70--- 20 -1 50 10 100 18.4
Oipptng, 10 nec 7 18 .38 .19) 10-.. .. 30 10 60 10 100 22.2

PLYOOD IEATED AFtER GLUING

Cnsl-tar crensote Pressure 5 1/d 19.6 t8 o0 .. . .
HOt bath, I hr. and cold
hath, I hr 5 1/8 2.0 10- - 100 -- .

Cold soking, 24 hr 5 1/8 5.3 II-- -- 20 30 50 t 00 11.3
Dipping, 10 see 5 1/ 1.O .. .. .. 50 50 8 I0 5.4

Copper naphthenate, Pressure 5 1/ 2.9 1o- 20 40 10 30 0 Ho --

(2 prt copper Hot bath. I hr, and old
at tn coal-far bath, I hr 5 1/8 1.2 0-- -- 60 -- 40 10 100 12.8

naphtha Cold snaking, 24 hr 5 1/ 1.1 .. .. 50 -- 50 I0 I00 73.8

Dipping, 10 nec 5 its .4 -- 60 -- 40 I0 100 to 5

Pentachloropbenol. P-assnre 5 1/D 12.5 10 -40 20 -- 40 6 60 --
S pet in No. 2 Hot bath, I hr, and cold

fuel oil bath, I be 5 Il 2.1 18- - - - - -. .. .. 60 60 10 100 8.t
Cold sking, 24 hr5 1/8 2.0 I- OH tO 70 10 100 8.1

Dipping, 18 sec 5 i/ .7 I0- -- I O 10 28 7 1 00 7.8

Chromated ntnc Pressure 5 l/B e62e .38) ;Oa-- 40 -- 60 0 0 00 179

chloride Steeping, 24 hr 5 / .35 .21) 80- -- 10 30 60 10 100 82

Dipping, 10 see 5 I/ .03 .02) 1- - - -- 40 60 10 100 4.0

Arid copper chromate Pressure 5 ./8 46O .23) 10 O0 48 20 -- 30 5 so --
Steeping, 24 hrS I .28 14) I0 ---- tO 40 5 10 100 5.3

Dipping, 10 sec S /11 .06 .03) IO --- 10 60 30 10 tO0 8 2

None Untreated 13 1/16 .... .. 50 50 10 t0 37

Us treated 7 I/s I.o 50 to 100 3.6

a Plywood lUted nith ot -press pherol ir-resin adhesive.

b
0
Oil or dry salt absorhed by 21- -is, plywood panel. I skes. - cut ene pst& 1d pastls aser treatment, andall edgs eponed durlng offing nere dipped

in the preseenatine before instIllation f the stakes.

Retention values in parentheses hosed en peeservative aides.

Veneer heated in dryer and thl submerged for I hr In anheated preservatlve.

f Veneer treated prior to drying.

2 specimns delamnated and nare eltminated fram test.
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I.thle. I 7--Coedit ti o vtitlern pe.e stakes I n Iomial . 10 in.) treated sth various petroleum tels, petalr.pie-I stluttuu,, ofpl

tpliltheniat solutiois. toal-tar tleot.e. and mixtures of these preservatives. alter 
abtut 12-/112 years oI ersit Stakes

plated inI test 'ne the Harr.ott .pertlini-tal 
Forest. Saucier, Miss., and at Bogalu.a. La . April 194D8

Condition of stkes D-teber 9 8 0
b

Serviceable ltt Detroyed ty--

H Ier sht tsp som- --. a Ovre age .
I preraeLta- Average remov.. lifeoll ,r preservat ve tlon -t rGtoodo Iii fun

rete n est Gdecay Dcay Termite and
iTereite and kD itLak termite Lfn ee te

attach attark

Pt-f - . .------- Pit -..-.------ Nm- Pit ,r

te r

nortified petroleum oi: I
Commercial aromatic solvent .les. el ID -. .. .. .. IS -- 90 I0 100 2

(Mid-United States) La., 4.1 IS .. .. .. .. .. 20 00 I0 lO 2 0

Stoddard solvent (Mid-United States) hiss. 4.0 ID .. .. .. .. In 20 70 I0 IOl 2 2

La 4.0 IO -. .. .. .. I0 20 70 I lO0 2.8

No- 2 fuel oil (Mid-Unitri States) Mess. 4.1 ID .. .. .. .. iS II) 00 10 100 .te

La. 4.0 IO .. .. .. .. 70 -- It ID IOU u.l

Heavy thermal side cUt Mes. 4.2 I0 .. .. .. .. .. I0 00 I0 I00 i 5

(hid-United States) La. 4.2 10 -- . . .. iS -- 70 IS 0 0 ' .6

No. 200 Diesel oil (West Coast) Miss. 4.0 IO .. .. .. . 20 20 bO iS I00 4.8

La. 4.0 10 .. .. .. .. 0 -- 20 I0 IO .

Catalytic gas-base oil (West Coast) Miss. 4.0 I0 .. .. .. .. 45 -- 60 ID it) ,7 t

La. 4.0 10 -.. .. .. ..- S -- . 10 oO 7

Miss. 8.0 ID .. .. .. -- 10 -- 70 I O10 14.s

La. 8.0 tO -- IS -- 00 20 -- 20 4 40 --

Miss. 12.0 10 .. .. .. .. 40 -1 2O IO lO0 I1.1
La. I1.0 0 -- 25 6- 1i 12 -. .. I I2 2-

No. 300 fuel oil (West Coast) sv. v.
2  

i .. .. .. .. I0 -- I0 I0 100 .1

La. 4.2 iS .. .. .. 20 s0 .. .. 5 85 vt

No. 400 fuel oil (West Coast) Miss. 4.2 IO .. .. .. .. 60 S - 20 t ) ] .8

La. 4.2 to .. .. .. .. M0 -- Io I I00 S 5.5

Light gas oil (Hid-United States) miss. 4. ID .- .. .. . 50 - so 0 I O0 t- "

La. 4.1 I0 .. .. .. .. 60 - 40 Io IO0 6.0

Denver Nv. 3 blesd (50-50 topped crude miss. 4.0 1O .. .. .. .. 60 -- 40 ;0 10 b.

residual and recycled overhead gas oil) La. 4.8 tO .. .. .. .. 80 -- 20 1 100 5.9

Heavy gas oil (Hid-United States) Hiss. 4.0 10 .. .. .. . 100 I 100 12.9

Lu. 4.0 ID. O I .. 68 40 60 4. 4 40 --

Miss. 7.9 IO0 .. iS 70 .. .. 7 70 -

La. 7.1 9 -- 33 -- 67 .. .. .

Hiss. 12.1 ID .. .. .. 98 10 .. .. I IS --

La. 12.1 5 60 40 . .. .. .. ..

Lube oil extract (Texas) Miss. 4.1 ID .. .. .. .- 120 .. .. IO 1 2."'

La. 4.2 S . .. .. 63 25 - 12 3 37 --

Fortified petroleum oils and Mixtures:

Coereal aenutic solvent (Hid.

United States with 5 pot Hiss. 4.2 tO .. .. .. .. .. .. i0 10 100I1.9

pentachlorophenol La. 4.2 10 .. .. .. .. IS -- 90 ID 100 8.5

Stoddard solvent (Mid-United States) Miss. 4.0 10 .. .. .. .. IO -- 90 ID D I0 .7

with 5 pot pentachlorophenol La. 4.0 ID .. .. .. .. 20 - 00 180 a.

No. 2 fuel oil (Hid-Unit' States) Hiss. 4.0 10 .. .. .. .. 28 Ia 80 20 :0 14.c

with 5 pot pentachlorophensl La. 3.8 ID .. .. . 20 .. -. 50 5 80 12.5

Heavy thermal side cut (Mid-

United States) with S prt Hiss. 4.0 I0 .. .. .. .. 20 -- 80 10 100 16.0

pentachloropbenol La. 1.O ID .. .. .. .. lO -- 90 I0 100 20.6

No. 200 Diesel oil (West Coast) with Hiss. 4.1 In .. .. . . 10 . 90 10 100 17.0

5 pot pentachlorophenel La. 4.1 I0 .. 50 *- so 5 50 -

Catalytic gas-base oil (West Coast) Hiss. 4.1 10 .. .. .. 100 10 .0 16.1

with 5 pet pentachlorophesol La. 4.1 .8 .. .. .. 12 .. I 12 --

His. 8.o 10 .. 90 t 100 21. 1
La. 7.9 8 -- 12 .. ... .. ..

Hiss. 12.0 ID .. .. .. 20 0 -- 60 8 8 --

La. 12.0 9 -- 56 -" 4 -- -- .

(1 e of 2)
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Table I.--Condition of southern pine stakes (2 x 4 nominal x 1 in.), treated with various petroleum oils, pentachlorophenol solution, copper
naphthenate solutions, coal-tar creosote, and mixtures of these preservatives, after about 32-1/2 yeors of service. Stakes
placed in test on th Harrison Experimental Forest, Saucier, Hiss., and at Bogalusa, La., April 1948--continued

Condittof. of stakes December 1980
b

Serviceable but Destroyed by--

) or preservative Loca- Average Number showing somee - _ Total Average
tion retention in, ........... . Decay removed life

test Good Decay t fungi
Termite and Dray Termi and

Decay attack termite fungi attach termite
attack attack

P -f . .-. --- --- Pc -......-.--- Num- Pct Yr
her

Fortified petroleum oils avd
mistures --cost tned

No. 300 fuel oil (West Coast) with hiss. 4.0 to .. .. .. .. 8O -- 20 10 IO0 14.6
5 pet pentachlorophenol La. 4.1 f -- 12 -- 51 12 -- 25 3 37 --

No. 400 luel oil (West Coast) with Miss. 4.2 10 .. .. .. .. 40 -- 60 10 100 13.9
• pet pentachlorophenol La. 4.2 9 .. .. .. 22 22 -- 56 7 79 12.5'

Light gas oil (hid-United States) with hiss. 4.0 10 .. .. .. .. .. .. lO 10 tOO 15.6
5 pet pentachlorophenol La. 4.2 10 .. .. .. 50 .. .. 50 5 50 --

Denver No, 3 blend (50-50 topped crude
residual and recycled overheud gas hiss. 4.0 10 .. .... 70 -- 30 10 lo 19.5
sit) with 5 pet pentachlorophenol La. 4.0 7 .. .. - 86 14 -- 20 9 14 --

Heavy gas oil (hid-United States) with hiss. 4.1 9 .. .. .. 67 .. .. 33 3 33 --
5 pet pentachlorophenol La. 4.1 8 -- 12 -- 88 .. ..

hiss. 7.9 10 .. .. .. 90 10 .. .. I 1O --
La. 7.9 6 -- 53 - 67 .. ..
Hiss. 12.0 IO - 10 -= 80 IS .. .. I 10 --
La. 12.0 5 60 .. .. 40 .. .. .

Lube oil extract (Texas) with hiss. 4.2 10 .. .. .. 30 60 10 7 70 --
5 pet pentachlorophenol La. 4.2 8 .. .. .. lO ....

Catalytic gas-base oil (West Coast) with Hiss. 4.2 1S .. .. .. .. 70 10 20 10 100 14.3
copper naphthenate (0.5 pet copper La. 4.2 10 -- I -- 60 1 20 3 30 --
metaI)

Catalytic gas-base oil (West Coast) with Hiss 4.4 8 .. .. .. .. 75 -- 25 8 IO0 17.4
copper naphthenate (0.75 pct copper La. 4.2 8 13 13 -- 62 12 .. .. 1 12 --
metal)

Coal-tar creosote hiss. 4.1 10 .. .. .. .. 70 -- 30 10 100 14.2
La. 4.1 10 .. .. .. 55 40 -- ID 5 50 --

Coal-tar creosote, 50 pet, and catalytic Hiss. 4.1 10 .. .. In 50 -- 40 9 90 --
gus-bane oil (West Coast) with 5 pet La. 4.1 8 .. .. 62 .. .. 38 3 38 =-
pentachlorophenol, 50 pct by volume

Coal-tar creosote, 50 pct, and catalytic Hiss. 4.2 10 .. .. .. 10 90 .. .. 9 90 --
gas-base oil (West Coast) with copper La. 4.3 I0 90.IS -- . . i to --
naphthenate (0.5 pet copper metal)
55 pet by volume

Coal-tar creosote, 25 pet, and catalytic hiss. 4.1 IS --. .. .. .. 90 -- ID 10 1O 14.6
gus-base oil (West Coast) with copper La. 4.2 8 .. .. .. 50 38 -- 12 4 50 --
naphthenate (0.75 pet copper metal),
75 pet by volume

Catalytic gas-base oil (Vest Coast) with Hiss. 4.2 10 .. .. .. 20 20 IO 50 8 80 --
5 pet pentachlorophenol, 50 pet, and La. 4.2 9 .. .. .. 100 .. ..
catalytic gas-base oil (West Coast)
with copper naphthenate (0.5 pct
copper metal), 50 pet by volume

Untreated controls hiss. -- tO .. .. .. .. 20 20 60 10 100 2.2
La. IS -lO .. .. .. .. .. .. 100 IS 100 2.8

10 stakes were originally installed at each test station. This number has since been reduced because of failure to locate the stakes at
the time of inspection.

b Final inspection at Bogalusa, November 1962.

cEstmate based on percentage of stakes remaining after final inspection.

(Pogm 2 of 2)
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Table 18--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with various coal-tar creosotes and creosote
solutions, after about 32 years of service. Stakes placed in test at Madison, Wis., October 1948, and on the
Harrison Experimental Forest, Saucier, Miss., December 1948

Condition of stakes December, 198 0a

Serviceable but Destroyed by--

Location Average Number showing some-- Total
Preservative Day v

retention test wood Decay Decay Termite fungi remv A

Termite and and
Decay attack termite fungi attack termite

attack attack

Pcf -- ---- ------- Pct - ---- -------- Hum- Pct Yr
be r

Coal-tar creosote
Low residue, straight run Miss. 8.0 I0 .. . . 3D 60 -- 7 70 17.8

b

Wis. 8.0 I0 -- 70 -- 30 -- 3 30 --

Medium residue, straight run Miss. 8.0 ID -- I0 - ID 80 -- 8 80 18.8
b

Wis. 8.0 I 0 - 90 .. .. DO -- I I0 --

High residue, straight run Miss. 7.8 -- 20 -- 20 60 -- 6 60 20. 3b

Wis. 7.8 10 I0 90 .... ..

Medium residue
Low in tar acids Miss. 8.1 I0 -- I0 -- 20 70 7 70 19.4

b

Wis. 8.1 I0 to 90 .. .. .. .. ..

Low in naphthalene Miss. 8.2 I0 -- I0 -- 50 40 .. .. 4 40 2 1.3b

Wis. 8.2 I0 -- 90 .. .. 10 .. .. I ID --

Low in tar acids and Miss. 8.0 I0 .. .. .. 30 60 -- ID 7 70 18.9
b

naphthalene Wis. 8.0 to - 1 100 .. .. .. ..

Low residue, low in tar acids miss. 8.0 I0 -- I 0 - 20 50 -- 20 7 70 19.2
b

and naphthalene Wis. 8.0 ID -0 70 .. .. 30 .. .. 3 30 --

High residue, low in tar acids miss. 8.2 10 - I -- I0 70 -- I0 8 80 20.0
b

and naphthalene Wis. 8.1 10 2 80 .. .. .. .. ..

English vertical retort Miss. 8.0 10 -- .. .. 30 oO -- 10 7 70 18.9
b

Wis. 8.0 10 -- 100 .. .. .. .. ..

English coke oven Miss. 7.9 10 .. .. .. 70 -- 30 I0 I00 13.6
Wis. 7.9 I0 -- 40 -- 60 .. .. 6 60 --

English coke oven, 50 pct, and Hiss. 8.1 10 .. .. .. ID 40 -- 50 9 90 16.9
b

English vertical retort, Wis. 8.1 10 10 90 .. .. .. ..
50 pct by volume

Medium residue, low in tar acids Miss. 8.1 10 20 - 10 70 .. .. 7 70 20 .4b

and naphthalene, 70 pct, and Wis. 8.1 10 100 .. .. .. ..
coal tar, 30 pct by volume

Medium residue, low in tar acids Miss. 8.1 I0 -- ID -- 20 70 .. .. 7 70 19.6
b

and naphthalene, 70 pct, and Wis. 8.1 10 -- 78 .. .. 22 .. .. 2 22. --
petroleum oil (Wyoming residual)
30 pct by volume

Petroleum oil (Wyoming residual) Miss. 8.1 10 -. .. .. . 90 -- 10 10 100 3.4
Wis. 8.1 10 .- 10 10 100 14.8

Untreated controls miss. -- 10 -. .. .. . I0 10 80 10 100 1.9
Wis. 10 -1- .. .. . I00 .. .. 10 100 5.6

a Final inspection in Missisaippi, November 1968.

b Estimate based on percentage of stakes remaining after final inspection.
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Table 20.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with zinc-arsenic chromium and chromated copper

arsenate salts, after about 31 years of service. Stakes placed in test at Hadison, Wis., November 1949, and on the

Harrison Experimental Forest, Saucier, Miss., December 1949

Condition of stakes December 1980

Serviceable but Destroyed by--

preservative Average Number abowie saw-- Total Average

Location retention in Decay removed life
test Good ec y be. feungi

Termite and sy erit
Decay attc it e fungi attatk terit

attack attack

Pcf -. - ------------ pt -. P- - ---------- -um- pct Yr
her

Zinc-arsenic-chromisu salt (S-32)* Via. (0.96) 10 -- 90 .. .. 10 . . 1 IO -
miss. (.96) 10 20 20 -- 60 .. .. .

Wis. (.74) 10 -- 70 .. .. 30 .. .. 3 30

miss. (.72) 10 -- 30 -- 70 .. .. .

Via. (.50) 10 -- 10 .. .. 90 .. .. 9 90 --
Miss. (.50) 10 -- IO -- 90 .. ...

Wis. (.35) to 100 . ... O 10 100 18.5
Miss. (.35) 10 .. .. .. 100 .. .. .

via, (.22) 10 -- 10 .. .. 90 .. .. 9 90 --
Hiss. (.22) 10 .. .. .. .o80 .. .. 20 2 20 --

Chromsted copper arsenate, type I Wis. (2- 0 3 )b 10 90 10 .. .. .. ....

(Fed. Spec. TT-W-S50) Hiss. (1.04) 10 100 .. .. .. .. ....

vis. (.78) 10 too .. .. .. ..
miss. (.79) 9 100 .. .. .. ..

Wis, (.52) 9 22 78 .. .. .. .. ...
Miss. (.52) 10 90 IO .. .. .. ....

Vis. (.37) 10 -- 100 .. .. .. ....

iss. (.37) 10 100 .. .. .. .. ....

Wis. (.26) 10 -- t00 .. .. .. ....
Hiss. (.26) 10 10 30 -- 60 .. ...

Z i n c c h l o r i d e W i s . 1 .0 3 ( .6 1 ) 1 0 .. . . .. .. 1 0 0 .. .. 1 0 1 0 0 1 2 .8

m i s s . 1 .0 4 ( .6 2 ) 10 .. .. .. .. 2 0 s- 8 0 1 0 to o 16 .9

Coal-tar cteosote Wis. 8.4 10 - 9 90 .. . 10 .. 1 10 --
Miss. 8.3 10 .. .. .. 80 10 -- 10 2 20 --

U n t r e a t e d c o n t r o l s W i s . -1 0 .. .. .. .. 1 0 0 .. .. 1 0 1 0 0 7 .0

m i s s . -- 1 0 .. .. .. .. 1 0 3 0 6 0 1 0 1 0 0 2 .8

& ZnO, 97 parts; CrO
3, 170 pats; and As205, 213 parts.

b Retention fiaures in parentheses are based on preservative oxides.

I
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Table 27--Condition of southern pine stakes (2 x 4 in. nominal x iB in.), treated with naval-stores products, after about 29 years
of service. Stakes placed in test on the Harrison Experimental Forest, Saucier, Miss., March 1952

Condition of stakes December 1980

Serviceable but Destroyed by--

Preservative Average Number showing some-- Total Average
retention iremoved life

test Good ecay D ecay Termite fungi

Termite and and
Decay attack termite fungi attack termite

attack attack

Pcf ..---.-.-------- Pct - - ----------- - umber Pct Yr

Rosin oil and No. 2 fuel oil (2:7)a 4.1 10 .. .. .. .. 30 -- 70 10 100 6.8
8.0 10 .. .. .. .. 60 -- 40 10 100 5.8
12.3 10 .. .. .. .. 20 -- 80 20 100 9.3

Rosin oil and No. 2 fuel oil (1:7)
a  

4.0 10 .. .. .. .. tO -- 90 10 100 5.6
8.0 10 .. .. .. .. 50 -- 50 10 100 5.8
12.1 to .. .. .. .. 40 -- 60 10 100 8.6

Rosin oil and No. 2 fuel oil (1:7)
a  

4.0 10 --"- .. 20 -- 60 10 100 11.4
8. 1 - - - - 20 to 80 10 100 14.8with 2.98 pct

a 
pentachlorophenol 12.1 10 so... .. 10 -- 40 5 50 so

No. 2 fuel oil 4.1 10 .. .. .. .. 30 10 60 10 100 6.2

No. 2 fuel oil with 2.92 pct
a  

4.0 10 .. .. .. .. 10 -- 90 10 100 11.1
pentachlorophenol 8.0 10 .. .. .. 20 -- 80 10 100 12.8

12.3 10 .. . . so - . . SO S SO --

No. 2 fuel oil with 4.94 pet
5  

4.1 10 .. .. .. .. 50 -- 50 10 200 12.4
pentachlorophenol 0.0 10 .. .. .. .. 40 -- 60 10 100 13.2

12.0 9 .. .. .. 67 33 .. .. 3 33 -

Rosin oil and Stoddard solvent (1:7)
a  

8.0 10 .. .. .. .. 50 -- 50 10 100 12.5

with 3.21 pcts pentschlorophenol

Oleo resin and No. 2 fuel oil (2:7)
a  

4.0 9b .. .. .. .. .. .. 100 9 100 6.1
8.1 10 .. .. .. .. 40 10 50 1o 100 6.8
12.2 10 .. .. .. .. 30 -- 70 10 100 10.7

Oleo resin and Stoddard solvent (1:7)
a  

8.2 10 .. .. .. .. 40 10 50 10 100 10.4

with 3.11 ta pentachlorophenol

Drop liquor concentrate and Stoddard 7.9 10 .. .. .. .. 20 -- 80 10 100 8.7

solvent (1:7)" with 2.99 pet
a

pentachloropbenol

Oleo resin and No. 2 fuel oil (1:7)a 4.2 10 .. .. .. .. SO -- 50 20 100 10.0
t h o n 80 10 .. .. .. . 30 -- 70 10 100 13.5

with 2.94 pcta pentachlorophenol 12.0 101.O 10 .. . . 0l 20 -- 70 9 90 -

Drop liquor concentrate and No. 2 fuel 4.0 10 .. .. . .. 10 -- 90 10 100 6.8
oil (2:7)' 8.0 10 .. .. .. .. 20 -- 80 10 100 7.812.0 10 .. .. .. .. .. .. 100 10 100 10.2

Drop liquor concentrate and No. 2 fuel 4.0 10 .. .. .. .. .. .. 100 20 100 12.2
8(1:7) with 3.03 pcta 8.0 10 .. .. .. .. 30 -- 70 10 100 16.3oil (:)wih.0pt

a
12.0 10 .. .. ..- 20 20 "* 70 9 90 --

pentachlorophenol

No. 2 fuel oil with 5 pet
a 

rosin 4.1 10 -. .. .. .. so -- 50 10 100 8.0
amine D copper acetate complex 8.0 10 .. .. .. .. 50 -- 50 20 100 9.6

12.1 10 .. .. .. 1O 60 -- 30 9 90 --

Untreated controls 10 .. .. .. .. 10 20 70, 10 100 2.8

a Ratios and percentages on a weight basis.
b I stake missing, eliminated from test.
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Table 29-Condition, after about 27-1/2 years of service, of southern pine stakes (2 x 4 in. nominal x 16 in.) treated with Preservative
oils and conditioned by vapor cleaning and steaming to remove residual solvents. Stakei, placed in test us the Harrison

Euperimental Forest. Saurier, Hiss., April 19 5 3
'

Average preservative
retention

Irnm oigts Condit ion of stakes Decemiber 1980

bef'or and. antalayss _____ i________

Co-di- Hum- after b aftr Servceable but Dest royed by--
Prsraietinning her treatment ftr-soigsm- ---

Preervtiv ater in mea____Decay Total A-e o

treatment test Pent.- "a; Good aOe ay loste fng, rem.v. I I

rbloro- . Dea Trit n
Snl- phenol olor.- DecY a.ttack termit tt.,k t
tiXn or Phnlattack aittack

mtl metal

E-c - - P -ot--- -- - -- -- Pot--- - - - - - - - m- Pot Nr

Pentachlorophenol, Hone 10 4.2 0.105 0.0612 - - -- 20. 110 70 :ID 700 I

2.5 pct in ligbt oteaming d 1 0 4:2 .5 .9 1 1- - - - -- 90 0 00 12

aromatic solvent'
Pentaibloropheno. Vapor 10 4.1 .102 .069 - - -- 10 10 80 10 100 11.

2.5 pot is I lit c ,,,,,,e

-rmtic rsolvent .

Pentacblorophbeoo1, Steamsn 10 4i.4 .206 .139 - - -- 30 -- 70 10 100 10.8

4.5 po t in light
.ir ...tir solvent

0

Pentacblorophenol1, Vapor 10 4.5 .225 .136 - - -- 20 8- 0 10 100 14.-'

5pot in light oleaninge
aromatic sulveut

Pentachloropbeol. Hone it 10 4.6 .230 .16 - - - 10 -- 90 10 100 14 1

5 pct in lit oteamiagd 10 4:6 .240 .222 1- - - - 10 - 90 10 100 7279

aromtic solventr
Pentachlorophenot. Vapor ID0 . .300 .173 -- - - - - -- I 10 100to 12.1

5 prO in i ght cleaning'
aromati c solvent

,.entachlorophenol, Steaming d 10 4.4 .400 .319 - - - 20 10 70 6 0 -

9.1 Po t is Itght
aromatic solvent

0

Pentacblocophenol1. Vapor 10 6.6 .600 .397 - - - 3D - - 70 7 70 -

10 pot in Ight cleaninge
aromatic solvent

Pentachlorophenol, Hone ID 6.2 .310 .121 -- - - -- - t-10 10 100 It

5 pot in No. 2 Stea.mingd ID 6:6 .330 .14 to-- -- 20 - 70 'I 9 - _

foel oil Vapor 10 7.2 .360 .111 - - - -- 20 so 66 1 100 ti f

cleasinage
Copper saphthesate.Hn 10 4 6 .023 .020 so so- - 50 - 0 10 10 I

0. rt coppr In ih steamiod1 10 4.5 .22 .020 ;o- - - 4 - 0 1 l( 2

aromatic solvent Vapor e 0 4.6 .023 .016 --8 - 40 60 h 10 10( Go

cleain
Coppe r sapbithen. Ste'ag 10 4.4 .026 .023 - - - - 3 - i 0 10 7

0.59 pot coppe r in light
aromatic ..olv.nt

Copper naptithentiel, Vapor ID 4.2 .029 .021 - - -- 30 -- 0 10 100 11.7
0.7 pot copper in light cleaning,

aromaticr solvent
;ttreat ed ..ontrol. 10 -- -- -- - - - - -- hO 40 10 100 2 4

aIn cooperation with the Bureau of Ships, Department of the Navy.

bPrior to conditioning.

cSolutin contained 5 pro ester gums (by weight) as a bloom preventative.

d Ihr steaming with masimus, temperature 259' F and I hr vacuum, following whirh steaming and v..um period. were repeated.

eI hr heatng is vapor of aromatic solvent with maximum, temperature of 280* F. and I hr vacuum. following which vapor heating and vau-~m

periods wre epeatd.
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Table 31.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.) of uninfected and Trichoderma mcid-infected
wood, treated with coal-tar creosote, pentachlorophenol solution, and copperized chromated zinc chloride,
after about 26 years of service. Stakes placed in test on the Harrison Experimental Forest,
Saucier, Miss., December 1954

Condition of stakes December 1980

Serviceable but Destroyed by--

Preservative Average Number showing some-- Total Average
retention in Decay removed lifetest Good Decay Decay Termite fungi

Decay Termite and Decay te and
a termite fungi attack termite

attack attack

Pcf - ----------- Pct - ------------ Number Pct Yr

STAKES FROM WOOD WITHOUT MOLD INFECTION

Coal-tar creosote 3.9 10 .. .. .. 40 50 -- 10 6 60 --

(high residue, 7.8 10 .. .. .. 100 .. .. .. .. .. ..
straight run) 12.2 10 -- 10 -- 90 .. .. .. .. .. ..

Coal-tar creosote (low 4.0 10 .. .. .. 30 20 50 7 70 --
residue, low in tar 8.0 10 -- 10 -- 80 .. .. 10 1 10 --

acids and naphthalenes) 12.4 10 40 .. .. 60 .. .. .. .. .. ..

Pentachlorophenol 4.2 10 .. .. .. .. 10 20 70 10 100 16.7
(4.7 pct in No. 2 8.1 10 .. .. .. 20 20 -- 60 8 80 --
fuel oil) 12.1 10 .. .. .. 90 .. .. 10 1 10 --

Copperized chromated 0.34 (0.20)" 10 .. .. .. .. .. 20 80 10 100 16.t
zinc chloride .73 (.45) 10 .. .. .. 80 20 .. .. 2 20 --

1.15 (.71) 10 .. .. 70 20 .. .. I0 1 10 --

Untreated controls -- 10 .. .. .. .. .. 60 40 10 100 2.1

STAKES FROM WOOD INFECTED WITH TRICHODERMA MOLD

Coal-tar creosote 4.0 10 .. .. .. 30 40 -- 30 7 70 -
(high residue, 8.0 10 .. .. .. 80 20 .. .. 2 20 --
straight run) 12.0 10 .. .. .. 100 .. .. .. .. .. ..

Coal-tar creosote 4.1 10 .. .. .. 20 60 -- 20 8 80 --
(low residu, low in 8.0 10 .. .. .. 80 10 -- 10 2 20
tar acids and 12.0 10 -- 20 -- 80 .. .. .. .. .. ..
napthalenes)

Pentachlorophenol 4.2 10 .. .. .. 10 20 20 50 9 90 --
(4.7 pct in No. 2 7.8 10 .. .. .. 20 10 70 8 80 --

fuel oil) 11.9 10 .. .. .. 80 10 -- 10 2 20 --

Copperized chromated 0.34 (0.20) 10 .. .. .. 20 -- 20 60 8 80 --
zinc chloride .74 (.45) 10 .. .. 10 80 .. .. 10 I 10 --

1.17 (.71) 10 10 -- 60 30 .. .. .. .. .. ..

Untreated controls .. .. .. .. .. .. 10 30 60 10 100 2.5

a Retention values in parentheses based on preservative oxides.
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Table 33.--Condition of Douglas-fir, sweetgum, and tensile plywood stakes, treated with peetachloropbenol and with fusor chrome arsenal.
phenol type A. after about 25 years of service. Stakes placed in test on the Harrison Experimental Forest. Saucier, Miss..

January 
19 5 6

a

Condition of stakes December 1980

N- Serviceable but Destroyed by--

Ave rag e be r show n s some - Total Aver s
Species Preservative Treatment retention Decay removed ife

test God Decay T f,. Irtnin " God Termite asd Decay Te meand

Decay attack temits fungi attack temite

attack attack

Pcf- - -- ----- Pct- .-.---------- -- - - u- Pct Yr

her

PLYWOOD FROM VENEER TREATED BEFORE GLUING

Douglas-fir PentachLorophenol Hot and cold
c  

10.0 9 .. .. .. 33 22 -- 67 8 89 --
Pentachlorophenol Cold soaked 6.3 10 .. .. .. .. 30 -- 70 30 3OO 8.2

Fluor chrome
arsenate phenol
type A Hot and cold .52 (0.32)

d  
10 .. .. .. .. 50 -- 50 30 100 12.3

SsIeetgum Pentachlorophenul lot snd cold
c  

15.1 10 .. .. .. .. 30 -- 70 30 100 7.4
Fluor chrome
arsenate phenol
type A 6 Not and cold

c  
.62 (.39) 10 .. .. .. .. 60 =- t0 30 300 8.5

Tangile Pentachlsropenol
b  

Not and coldc 9.4 30 .. .. .. .. 60 -- 10 30 100 6.8
Fluor chrome

arsenate phenol
type A Hot and cold

c  
.59 (.37) 10 ..- .. .. .. 300 .- .. 10 1OO 10.4

PLYWOD TREATED AFTER GLUING

Douglas-fir Pentachlorophenol Pressure 9.6 10 .. .. .. 20 20 -- 60 a 80 --
Pentachlorophenol

b  
Cold soaked .9 10 .. .. .. 20 10 70 30 100 5.3

Pentachlorophenol Cold soaked 1.4 30 .. .. .. .. .. 20 80 I G 30 7.1
Fluor chrome

arsenate phenol
type A Pressure .61 (.38) 9 .. .. .. .. 22 22 56 9 300 38.'

Sveetgsm Pentachlorophenol
b  

Pressure 30.6 0 .. .. .. .. 70 -- 30 30 300 6.3
Fluor chrome

arsenate phenol
type A Pressure .55 (.34) 30 .. .. .. .. 50 10 40 30 30 7.6

Tansile Pentachlorophenol
b  

Pressure 10.4 ID .. .. .. .. 70 -- 30 30 1O 13.5
Fluor chrome
arsenate phenol
type A Pressure .60 (.37) ID .. .. .. .. 90 -- 10 ID 300 15.0

UNTREATED CONTROL

Douglas-fir to 0 .. OO to 300 3.6

Sweetsm ...... 30 .. .. .. .. 0 3o so 30 300 1.4

Tansile ...... I0 .. .. .. .. 60 -- 60 30 100 1.9

In cooperation with the Bureau of Ships, Department of the Navy.

b Five percent solution conforming to NIL-W-161|2 (SHIPS) specification 27 August 1954.

c Consisted of heating in a veneer dryer and immersion in unheated preservative solution until desired retention was obtained.

d Retention values in parentheses are based on preservative oxides.

e One stake by soft-rot fungus.

NOTE: The stakes were of S-ply veneer, 5/8 x 4 x 18 in., and cut from panels 24 x 48 in. For item 30 the stakes were cut from the panels
and then treated. For other treated items the stakes were cut after treatment asd the edges exposed in sawing were brush coated with the
preservative.
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Table 35--Condition of southern pine stakes (2 x 4 in. and 3/4 x 3/4 in. nominal x 18 in.), treated sith KP
a 

preservative,

after about 22-1/2 to 23 years of service. Stakes placed in test at Madison, Wis., May 1958, and on the
qarrison Experimental Forest, Saucier, hiss., December 1957

Condition of stakes December 1980

Serviceable but Destroyed by--
Avrge Nmber obowing some--Toa Avrg

Preservative Location Average in Decay Total Average

retention test Good Decay Decay Temite fungi removed life
retentionn D ecy Trie and

Decay Tetrcite and fungi attack terit
attack termite trmite

attack attack

P- - - - --------- -- Pct- -- .. -.--.------- - Nm- Pct Yr
be r

STAKES 3/4 BY 3/4 BY 18 INCHES

9
b

preservative Miss. 0.09 9 56 II 33 9 100 9.5

Miss. .19 8 .. .. -- 38 50 -- 12. 5 62 --
Miss. .28 9 22 - 22 34 22 .. .. 2 22 --

Miss. .37 10 50 .. .. 30 20 .. .. 2 20 --

Chromated zinc chloride Miss. 1.20 (0 .73 )
c  

9b .. . . 11 11 67 11 8 89 --

Coal-tar creosote Miss. 11.6 9 II -- 22 M 11 -- II 2 22 --

Untreated controls Miss. -- 10 .. .. .. .. 40 -- 60 10 100 2.1

STAKES 2 BY 4 BY 18 INCHES

KP
a 
preservative miss. .09 10 .. .. .. 20 50 -- 30 8 80 --

Wis. .09 8b -- 12 .. .. 88 .. .. 7 88 --
Miss. .19 10 .. .. .. 70 30 .. .. 3 30 --
w i s . .1 8 1 0 - - 5 0 .. .. 5 0 ... s 5 o - -

Miss. .27 10 50 -- to 20 20 .. .. 2 20 --

Wis. .26 9 it 67 .. .. 22 .. .. 2 22 --
Miss. .37 10 70 10 .. .. 20 .. .. 2 20 --
Wis. .35 9 33 67 .. . .. . . .. . .

Chromated zinc miss. 1.16 (.71) I0 . - tO 40 .. .. 50 5 SO --
chloride Wis. 1.21 (.74) 8

b  
25 12 .. .. 63 .. .. 5 63 --

Coal-tar creosote miss. 10.2 I0 20 10 10 60 . . .. .
Wis. 10.2 10 40 60 .. . .. . . .. . .

Untreated controls miss. -- 10 .. .. .. .. 20 80 10 100 2.5

Wis. -- 10 .. .. .. .. 100 .. .. 10 100 3.6

a Copper oxide and chlorophenols.

b Specimens found broken and eliminated from test.

c Retention values in parentheses are based on preservative oxides.
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Table 41--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with tributyltin oxide and
pentachlorophenol solutions with heavy and light petroleum solvents and with and without the
addition of Dieldrin and Aldrin, after about 20 years of service. Stakes placed in test on
the Harrison Experimental Forest, Saucier, Hiss., December 1960

Condition of stakes December 1980

Serviceable but Destroyed by--

Preservative Average Number showing some-- Total AveragePresertativein -Decay rmvd lf
retention test Good Decay Decay Termite fungi removed life

Termite and and
Decay attack termite fungi attack rmite

attack attack

Pcf ..--.-.-.------- Prt - ------------- Hum- Pet Yr
ber

SOLUTIONS WITH STODDARD SOLVENT

Tributyltin oxide, 0.3 pct;
and Dieldrin, 0.3 pct 8.0 10 .. .. .. . 90 -- 10 10 100 4.9

Tributyltin oxide, 0.6 pet;
and Dieldrin, 0.3 pet 8.0 10 .. .. .. .. 90 -- 10 10 100 6.9

Tributyltin oxide, 0.3 pet;
and Aldrin , 0 .3 pct 8 .0 10 .. .. .. .. 90 -- 10 10 100 4 .6

Tributyltin oxide
0.3 pct 8.2 10 .. .. .. .. so -- 20 10 100 4.5
0.6 pct 7.9 10 .. .. .. .. 50 -- 50 10 100 7.0

Tributyltin oxide, 0.3 pct;
Dieldrin, 0.3 pet; and water
repellent, 4.7 pet 8.0 10 .. .. .. .. 100 . -- 10 £00 6.9

Tributyltin oxide, 0.3 pct;
Aldrin, 0.3 pct; and water
repellent, 4.7 pct 8.0 10 .. .. .. .. 70 -- 30 10 100 5.3

Die lu rin , 0 .6 pct 8 .0 10 .. .. .. .. 90 -- 10 10 100 4 .0

Pentachlorophenol, 5 pct; pine
oil, 5 pct; and water
repellent, 4.7 pct 8.0 10 .. .. .. 100 --

Pentachlorophenol, S pct; pine
oil, 5 pet; Dieldrin,
0.3 pct; and water
repellent, 4.7 pct 8.0 10 .. .. .. 100 .. .. .. .. .. ..

Water repellent, 4.7 pct 8.0 £0 .. .. .. .. 80 -- 20 10 100 4.3

Pentachlorophenol, 5 pct; pine
oil, 5 pct; Dieldrin,
0.3 pet; stabilizer wax,
2 pct; and water repellent,
4.7 pct 8.0 10 .. .. . 100 --

SOLUTIONS WITH IEAVY PETROLIIUM SOLVENT (AWPA P9)

Tributyltin oxide, 0.3 pet;
and Dieldrin, 0 .3 pet 8.0 10 .. .. .. 60 40 ..-- 4 40 --

Tributyltin oxide, 0.6 pet;
and Dieldrin, 0.3 pet S.0 to .. .. . SO --. . 20 2 20 --

Tributyltin oxide
0.3 pct 8.0 10 .. .. .. so 20 -- 30 5 50 --

6.6 pct 5.0 10 .. .. .. 70 -- 30 3 30 --

Pentachloropbenol, S pct 6.0 10 - . .-- 100 .. .. .. .. ..

Pentachlorophenol, S pet; and
stabilixer wax, 2 pct 7.7 I0 10 . . 90 . . *-.. .. ..

Petroleum solvent controls 8.0 10 -- .. . 60 .. .. 40 4 40 --

UNtIrAT& CONTEOLS

gone-- 10 .. .. 70 30 10 t0 3.1
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Thle 42.--Condition of southern pine stakes (2 x 4 in. nominal x IS in. and 3/4 x 3/4 in. x I1 in.). t reated with peniachlorophenol in
liquefied petroleum gas and in heavy and light petroleum solvents, after about 19-1/2 years of service. Stake instLiled
at Valley View Test Plot, Madiso, Wits., and on Harrison Experimental Forest, Sautier, Miss., July 1Q61

Average retotii Condition of ntake. December 1980

Num- Serviceable but Destroyed by--

Byegt By Hmsoig oe-- Tntal A,rar
Preservative L.oa By wight analy- her showing soeecay o e

ion Peuta- si , 'n Good Decay fungi removed life

Solo- ;enta- es Decay Termite
n chlro- Decay Termi d fungi attack an

phenol attack termite termitephenol attack attack

. . - - Pet P cf- - - - - - - - - - -Pt- - - - - - -um- PcL Yr

her

STAKES 2 BY 4 NOMINAL BY 18 INCHES

Pentachlorophenol in liquefied hiss. -- -- 0
1 b  

0 .. .. .. 30 -- 7. yo --
ere a .. .. " ID -. .. .. 2D ID -" 60 7 70 -"

petroleumga .14 IO 100 . -.

.. ..- 58
b  

10 .. .. .. IO .. ..
Solutions with AWPA P9 (heavy
petroleum solvent;
Pentachlorophenol
3.5 pct (by weight) 3.0 O.l .14 ID .. .. .. 90 .. .. IS I 10 --

4.5 19 .22 I 0 .. ...

4.2 pct (by weight) 6.8 .29 .32 I0 .. .. .. IOO .. ..

16.0 .67 .69 ID 90 -9 -- I .. ..

Solutions with Stoddard solvent
Pentnchlorophenol, 4.0 pct; 3.h .14 .14 I0 .. -- -- IO -- 90 Io ISO 13.8
paraffin, 2 pct; and 4.6 .18 .1 10 .. .. .. IO .. .. 90 9 90 -
Pestalyn-H, 10 pet (by
weight)

Peotachlorphenol, S pcit; 7.6 .38 .39 I0 .. iOO .. ..
paraffin, 2 pct; and 13.5 .67 .70 10 IS ID -- 80 .. ..
Pentalyn-H, 10 pet (hy
weight)

Untreated controls .. .. .. IO .. .. .. .. 30 30 40 I0 IO0 2.1

STAKES 3/4 BY 3/4 BY 17 INCHES

Pentachlorophenol in liquefied Miss. -- -- .l5 0 -- .. .. . 40 -- 6o I G IO 5.5
Wi - .. .. .. 100 is tOo 15.0petroleum gass iss. -- -- .19

"  
B .. .. .. .. -" 50 B IGO 4,bWi. =- -- ,

19
c 

1
d .. . . .. I0 ...- 1 I0-2.Wis.c

c 9 1d 100 14 joy i2 o
Hiss. -- -- 31, 

9
d .. .. .. .. 22 II 67 9 100 12.0

Win. -- -- .31 
13
d .. .. .. .. 1OO .. .. 13 100 11.9

Hiss. -- -- .48 d 
8  

.. .. .. . 38 12 50 H lO 15.1
Wis. -- -- . I8H 10

d  

-- 50 .. .. 50 .. .. 5 0 -- I

Solutions with AWPA P9 (heavy Hiss. 3.2 .13 -- 9 d 1- 89 110 14.6

petrnleum solvent) Win. 3.3 .14 5d .. .. .. .. 1 -- - 5 100 4.7
Pentschlorophenol, 4.2 pct Hiss. 3.8 .16 -- d .. .. ID S ,0 70 9 90 --
(by wright) Win. 3.9 .16 -- 7

d  
.. .. .. .. 100 .. .. 7 ISO 1b.1

Hiss. 5.7 .24 -- 
4  

.. .. .. 50 .. .. 50 2 50 --
Win. 5.5 .23 -- 7

d  

-- 14 .. .. 86 .. .. 6 86 --

Hiss. 16.7 .70 -- 
9
d 56 II -- 33 .. .. .

Wis. 17.2 .72 -- 4 -- 75 .. .. 25 .. .. I 25 -"

Solutions in Stoddard solvent
Pentachlorophenol, 4.0 pct; Hiss. 3.5 .14 -- 

9
d .. .. .. .. 45 I0 45 9 IOG 5.b

paraffin, 2 pot; and Win. 3.0 .12 I -li- . 100 -- -- II 100 I1.4
Pentalyn-H, 10 pct (by Hiss. 3.9 .16 -- 

1 0  
.. .. .. .. 30 -- 70 ID 150 4.9

weight) Win. 4.0 .16 -- 13, 1. 00... 1] lo( 10.0

Pentachlorophenol, 5.0 pct; Hiss. 6.4 .32 - 9
d  

12 22 66 8 88
paraffin, 2.0 pct; and Wis. 6.6 .31 -- 

14
d .. .. .. .. lO . . IA lOO 14.6

Pentalyn-H, I0 pct (by Hiss. 14.4 .72 -- to .. .. . 100 .. ...
weight) Wi. 14.6 .73 -- II

d  
-- 91 .. .. 9 .. .. I 9 --

otreated controls Hiss. - .. 10 .. .. .. .. 40 IO 30 I0 lOo 1.5
Win. -- Is .. .. .. .. OO .. .- Is 100 4.11

aIt has been reportod that the formulation of treating solution in Iliquef ied petroleum g.. has boe- thnkedl --nte the stakes ter -ttd.
From the analysis of composite sample of cross-section wafers taken at midpoint from ten 2- x 4- x 1-in. stakes and matt ed to the

I0 stakes treated for installation. Since retentions were not determined for individual test stakes, extra stakes were uot treated to provide
a selection, according to retentions, for the test installation.

Based on analysis by Bell Telephone lahoratories of 2-in. sections cut adjacent to the test stakes.

dStakes injured mehanically and eliminated from test.
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Table 4S.--Condition of southern pine stakes (2 x 4 in. nominal x I8 in. and 3/4 x 3/4 x 16 in.) treated with
pentkchlvrophenol in liquefied petroleum gas and in heavy petroleum solvent, after about
17 years of service. Stakes placed in test on the Harrison Experimental Forest,
Saucer, Hiss., December 1963

Condition of stakes December 1980

Aver e Serviceable but Destroyed by--
ber showing some-- Total Average

Preservative Penta- in Decay removed life

Solution chloro- test Good Decay Decay Termite fungi
Termite and Decay and

phenol Decay attack termite ungi attack termite

attack attack

- - - Pet - Pct---- - -- - -- --- - um- Pct Yr

bar

STAKES 2 BY 4 INCHES

Pentachlorophenol -- 0.34 O 10 80 10 10 2 20 --
in liquefied b -- .49a 10 .. .. .. 100 -- ..- -- --
petroleum gas -- .658 10 .. .. .. OO .. .. .. .. .. ..

-- .39ac 10 .. .. .. 100 .. .. .. .. .. ..

Pentachil4ophenol,
5 pct in heavy
petroleum oil 10,6 .53

d  
10 60 -- 30 30 .-- -. -- --

Heavy petroleum oil 8.0 -- 10 -- -- 70 10 -- 20 3 30 --

Untreated controls . -- 10 .. .. -- . ZO - 80 10 10 2.5

STAKES 3/4 BY 3/4 INCH

Pentacklorophenol .34 a 1o .. .. .. 10 60 -- 30 9 90 --
in liquefied b -- .40 a 8e ..-. 75 -- 25 8 100 5.1
petroleum gas -- 9" a

e  
38 38 24 5 62 --

-- 70a 9

e  
.. .. .. 67 22 -- 11 3 33 --

Pentachlorophenol,
5 pct in heavy
petroleum oil 10.8 .54d Ie 25 .. .. 63 -- 12 1 12 --

Heavy petroleum oil 8.3 -
e  

-- -. 75 25 -- 8 100 6.6

Untreated controls .-- 10 .. .. .. .. t0 1o 40 10 100 1.4

a Dy X-ray analysis of samples from pieces from which stakes were cut.

with cosolvent of isopropyl ether.

c Treated in commercial charge with poles and crossarms.

d Computed.

e Stake mechanically damaged and eliminated from test.
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Table 47--Condition of southern pine stakes (2 x 4 in. nominal a 18 in.). treated with I1 standard wood preservatives,
after about 13 years of service. Stakes placed in test in November 1967 at Lake Charles. La., in an area
infested by Formosan termites, and on the Harrison Experimental Forest, Saucier, miss.

Condition of stakes December 1980s

N Serviceable but Destroyed by--

AWPA Loca- Average her showing some- Decay Total Average
Preservative standard tion retention in Good Decay Decay removed life

t tGodecyDecay Termite a te funey lai entetTermite and and
Decay attack termite fungi attack termite

attack attack

- - Pcf----------- - - Pct ------------- Nun- Pet Yr
ber

Creosote, coal-tar PI-65 La. 4.9 10 10 10 -- so . . .. .
10.2 10 90 10 .. . .. . . .. . .
15.0 10 100 .. .. . .. . .. . .. .

Miss. 5.1 10 10 .. .. 90 . . .. .
9.7 10 70 10 20 .. . . . . . .

15.4 I0 100 .. .. . .. . .. . .. .

Creosote-coal-tar P2-68 La. 4.7 10 30 10 -- 60 .....
solution (70-30) 9.9 10 100 .. .. .. ......

14.9 10 100 .. .. .. ......

miss. 3.9 10 20 10 10 60 10 .. .. 1 30 --
10.6 3o 90 .. .. 10 . . .. .
16.2 10 100 .. .. .. .. .. ....

Creosote-petroleum P3-67 La. 5.8 10 40 10 -- 41 . . 10 1 10 --
solution (50-50) 12.1 10 90 30 .. .. .. .. ...

18.3 10 100 .. .. . .. . .. . .. .

miss. 6.0 10 20 10 - 70 .. . . .
12.1 t0 100 .. .. .. ... .. .. .
18.5 10 100 .. .. .. ... .. .. .

Pentachlorophenol, P8-64 La. 5.8 10 40 10 "- 50 .. . . .
5 pct in heavy and 9.9 30 90 .. .. 10 .....
petroleum P9-67 15.1 10 100 .. . .. .. .. . .

Miss. 7.0 10 10 .. .. 90 .....
9.5 10 60 10 -- 30 .....
14.6 10 100 .. .. .. ......

Acid copper P5-68 La. .50 (0.25)
b  

110 0 .. .. 10 20 60 30 9 90 9.8'
chromate 1.00 (.50) 10 20 10 -- 50 .. .. 10 1 10 --

1.49 (.74) 10 50 20 -- 30 .. . ..

miss. .51 (.25) 30 40 .. .. 10 40 -- 10 5 50 --

1.01 (.50) 10 70 .. .. .. 30 .. .. 3 30 --
1.54 (.76) 10 80 .. .. .. 20 .. .. 2 20 --

Aoniscal copper P5-68 La. .25 (.24) 10 10 .. .. 20 50 -- 20 7 70 11.4'
arsenate .46 (.44) 10 .. .. 30 90 .. . ..

.67 (.63) 10 10 30 -- 60 .. . ..

miss. .26 (.25) 10 30 t0 -- 50 10 1-- I 0 --
.48 (.45) 10 100 .. .. .. .. .. ....
.70 (.66) 10 100 .. .. .. .. .. ....

Chromated copper P5-68 La. .40 (.23) 10 20 30 -- 40 .. .. 10 1 0 --
arsenate type A .76 (.44) 10 70 -- 20 10 .. . ..

1.11 (.64) 10 100 .. .. . .. . ...

miss. .39 (.22) 10 90 .. .. .. 10 .. .. 1 10 --
.76 (.44) 10 3o0 .. .. .. .. .. ....

1.14 (.66) 9 d 100 .. .. .. .. .. ....

(Page I of 2)
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Table 47.--Condition of southern pine stakes (2 x 4 in. nominal x I in.). treated vith II standard wood preservatives,
after about 13 years of service. Stakes placed in test in November 1967 at Lake Charles, La., in an area
infested by Formosan termites, and on the Harrison Experimental Forest, Saucier, Kiss.--continued

Condition of stakes December 1980a

N Serviceable but Destroyed by--

Preservative AWPA Loca- Average ber shoDng Average
standard tion retention in Decay fn rovd leageGi-dca Trmteremoved lifetest Good Decay eyete fung

test Termite and and
Decay attack termite fungi attack termite

attack attack

-Pcf----- ------------- Pct- -- ------------ - ii- Pct Yr
her"

Chromated copper P5-68 La. .25 (0.23) 10 10 30 - 50 .. .. 10 1 to
arsenate type 8 .44 (.40) 10 70 20 - 10 . . . . .

.65 (.59) I0 90 10 .. .. . .. . .. .

Miss. .25 (.23) 10 so .. .. .. 20 .. .. 2 20 --
.42 (.38) 10 100 .. .. . .. . .. . .. .
.61 (.55) 10 100 .. .. . .. . .. . .. .

Chromated zinc P5-68 La. .76 (.46) 10 .. .. .. .. .. 80 20 10 100 6.0
chloride 1.02 (.62) 10 .. .. .. .. 10 60 30 to 10 7.2

1.50 (.92) 9 .. .. .. .. 10 60 20 9 100 9.4

Kiss. .76 (.46) t0 .. .. .. 50 10 -- 40 5 50 --
1.02 (.62) 10 .. .. 30 30 40 .. .. 4 40 --
1.57 (.96) 10 10 .. .. 60 20 .. .. 2 20 --

Fluor chrome P5-68 La. .35 (.22) 10 -- 10 -- SO -- 20 20 4 40 13.4'
arsenate .50 (.31) 10 .. .. .. 60 -- 10 30 4 40 13.8'
phenol type A 1.11 (.69) 10 -- 20 -- 70 10 .. .. 1 0 --

Kiss. .35 (.22) 1o 10 90 . . ..
.51 (.31) 10 .. .. .. 80 20 .. .. 2 20 --

1.16 (.72) 10 40 10 20 30 .. . ..

Fluoc chrome P5-68 La. .35 (0.21) 10 .. .. .. 60 - 1 10 30 4 40 13.4'
arsenate .50 (.30) 10 .. .. .. 90 .. .. 10 1 10 --
phenol typlB 1.12 (.68) 10 20 -- 10 60 10 .. .- l 10 --

Kiss. .33 (.21) 10 10 10 -- 70 -- 10 -- I to --
.51 (.30) 10 20 10 20 50 -..

1.19 (.72) 10 70 10 -- 20 - . ..

Untreated controls La. n10 .. .. .. . 10 90 -- I00 2.3

Kiss. 10 .. .. .. .. 30 20 50 10 100 2.0

a Final inspection at Lake Charles, La., December 1979.
b Retention values in parentheses are based on preservative oxides.

C Estimate based on percentage of stakes remaiing after final inspection.
d Stake damaged by falling tree eliminated from test.

(Page 2 of 2)
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Table "I.--Condition of southern pine, Douglas-fir, and Engelmann spru(e heartwood stakes. treated uith atsnria(al
copper arsenate and chromated copper arsenate, after about 5 y'ars of service. Stakes placed in
test at Madison, Wis., May 1976, and on the Harrison Experimental Forest, Sautier, Miss.,
December 1975

Condition of stakes December 1980

Num- Serviceable but Destroyed by--

Preservative Loca- Average her shG'ing Decay Total Average
Lion retention in Gecay removed life

Good 0 Decay Decay Termi te ugtest Termite andan

Decay Trm rte fungi attack and
attack termite termite

attack attack

Pcf ..- -.-.-.------- Pct - - - - -------- - Num- Pct Yr
her

SOUTHERN PINE" 
b 

2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Chromated copper Miss. 0.23 10 100 .. .. .. .. .. .. .. .. ..
arsenate type III Wis. .14 10 100 .. .. .. -. .. . --.. .. ..

Miss. .28 10 100 .. .. .. .. .. .. .. .. ..
Wis. .19 10 100 .. .. .. .. .. .. .. .. ..
Miss. .47 10 100 .. .. .. .. .. .. .. .. ..
Wis. .30 10 1OO .. .. .. .. .. .. .. .. ..

None Hiss. -- 10 .- .. .. 60 10 -- 30 4 40 --
Wis. -- 10 80 20 .. .. .. .. .. .. .. ..

SOUTHERN PINE" b 2- BY 4-INCH NOMINAL BY'18-INCH INCISED

Chromated copper Miss. .27 10 100 .. .. .. .. .. .. .. .. ..
arsenate type II Wis. .19 10 100 .. .. .. .. .. .. .. .. ..

Miss. .47 10 100 .. .. .. .. .. .. .. .. ..
Wis. .30 10 100 .. .. .. .. .. .. .. .
miss. .61 10 100 .. .. .. .. .. .. .. .. ..
Wis. .37 10 100 .. .. .. .. .. .. .. .. ..

SOUTHERN PINE' 3/4- BY 3-1/2- BY 18-INCH PLYWOOD

Chromated copper Miss. .39 10 100 .. .. .. .. .. .. .. .. ..
arsenate type II1

c  
Wis. .38 10 100 .. .. .. .. .. .. .. .. ..
Miss. .80 10 1 00 .. .. .. .. .. .. .. .. .
Wis. .78 9 lOO .. .. .. .. .. .. .. .. ..
Miss. 1.21 

10  
100 .. .. .. .. .. .. .. .. ..

Wis. 1.17 9 100 .. .. .. .. .. .. .. .. ..
None Miss. 1% -1- .. .. . 10 10 80 10 100 2.8

Wis. -- 9 -- II .. .. 89 .. .. 8 89 --

Chromated copper Miss. .36' 10 90 10 . .. .. .. .. .. .. ..
arsenate type Il

e  
Vis. 36f 10 1 00 .. .. .. .. .. .. .. .. ..
Miss. ?.74 10 100 -. .. .. .. .. .. .. .. ..
Wis. .74f 10 100 .. .. .. .. .. .. .. .. ..
Miss. 1.62 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.62

t  
10 100 -. .. .. .. .. .. .. .. ..

Chromated copper Miss. .36' 10 100 .. .. .. .. .. .. .. .. ..
arsenate type 111 Wia. .36' 10 1 00 .. .. .. .. .. .. .. .. .

Miss. . 4f 10 100 .. .. ... .. .. .. .. .. ..
Wis. .74 f 10 100 .. .. .. .. .. .. .. .. ..
miss. 1 62 f 20 200 ... .. .. .. .. .. ..
Wis. 1.62f 10 300 .. .. .. .. .. .. .. .. ..

(P.:ge I o l 6)
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Table 51--Condition of southern pine, Douglas-fir, and Engelmann spruce heartwood stakes, treated with ammoniacal
copper arsenate and chromated copper arsenate, after about 5 years of service. Stakes placed in
test at Madison, Wis., May 1976, and on the Harrison Experimental Forest, Saucier, Miss.,
Decqmber 1975--continued

Condition of stakes December 1980

Nm- Serviceable but Destroyed by--

Preservative Loca- Average ber showing some-- Total Average
tion retention in Good DecayDecay removed life

test G d e Decay Termite fungi

tet Termite and and

attack termite fungi attack termite
attack attack

Pcf - ----------- Pct - ------------- Hum- Pct Yr
ber

SOUTHERN PINEa
'
b 2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Ainoniacal copper Miss. 0.31 10 100 .. .. .. .. .. .. -.. .. .
arsenate Wis. .07 10 100 .. .. .. .. .. .. .. .. ..

miss. .30 10 100 .. .. .. .. .. .. .. .. ..
Wis. .16 10 100 .. .. .. .. .. .. .. .. ..
Miss. .42 10 100 .. .. .. .. .. .. .. .. ..
Wis. .26 10 100 .. .. .. .. .. .. .. .. ..

SOUTHERN PINEa
'
b 2- BY 4-INCH NOMINAL BY I8-IRCH INCISED

Amsoniacal copper miss. .14 10 100 -. .. .. .. .. .. .. .. ..
arsenate Wis. .07 10 300 .. .. .. .. .. .. .. .. ..

miss. .30 10 300 .. .. .. .. .. .. .. .. ..
Wis. .15 10 100 .. .. .. .. .. .. .. .. ..
miss. .65 10 100 .. .. .. .. .. .. .. .. ..
Wis. .39 30 100 .. .. .. .. .. .. .. .. ..

SOUTHERN PINE' 3/4- BY 3-1/2- BY 18-INCH PLYWOOD

Amoniacal copper miss. .39 10 100 .. .. .. .. .. .. .. .. ..
arsenatec Wis. .38 10 100 ..

Hiss. .80 I0 100,
Wis. .79 10 100 .. .. .. .. .. .. .. .. ..
Hiss. 1.19 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.15 9d 1 00 .. .. .. .. .. .. .. .. ..

Ammoniacal copper miss. .38 3 I0 100 .. .. .. .. .. .. .. .. ..
areateWis. .38 f 10 100 . . . . . . . . .

arsenatee Hiss. .77 30 100 .. .. .. .. .. .. .. .. ..
Wis. .77f 10 100 .. .. .. .. .. .. .. .. ..

I f0Hiss. 1.08 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.08 to 10t . . . .. . . . . .

Ammoniacal copper miss. .38 1 0 100 .. .. .. .. .. .. .. .. ..

a rs e n a te W i s . .3 8 f 10 10 0 .. .. .. .. ... . .. .. ..
Hiss. .77 10 100 -. .. .. .. .. .. .. .. ..
Wis. .77f 10 100 -. .. .. .. .. .. .. .. ..
0 3s . i .08f 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.08f 10 100 .. .. .. .. .. .. .. .. ..

(Page 2 of 6)
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Table 51.--Condition of southern pine, Douglas-fir, and Engelmann spruce heartwood stakes, treated with amoniacal
copper arsenate and chromated copper arsenate, after about 5 years of service. Stakes placed in
test at Madison, Wis., lay 1976, and on the Harrison Experimental Forest, Saucier, Miss..
December 1975--continued

Condition of stakes December 1980

Hum- Serviceable but Destroyed by--

Loca- Average her showing some-- Total AveragePreservative tion retention in Decay removed life

test Good T e Decay Decay Termite funi
Dcy Termite and and

Decay attack termite fungi attack termite

attack attack

Pcf ...........----------- Pct - - - ---------- - um- Pct Yr
her

DOUGLAS-FIR 2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Chromated copper miss. 0.66 10 100 .. .. .. .. .. .. .. .. ..
arsenate type III Wis. .55 10 100 .. .. .. .. .. .. .. .. ..

miss. 1.24 10 100 .. .. .. .. .. .. .. .. ..
Wis. .82 10 100 .. .. .. .. .. .. .. .. ..
Miss. 1.62 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.41 10 100 .. .. .. .. .. .. .. .. ..

None Miss. -- 10 .. .. .. .. 10 10 80 10 300 3.7
Wis. -- 10 60 40 .. .. .. .. .. .. .. ..

DOUGLAS-FIR 2- BY 4-INCH NOMINAL BY 18-INCH INCISED

Chromated copper miss. .66 10 100 -. .. .. .. .. .. .. .. ..
arsenate type III Wis. .56 10 100 .. .. .. .. .. .. .. .. ..

Miss. 1.28 10 100 .. .. .. .. .. .. .. .. ..
Wis. .96 0 100 .. .. .. .. .. .. .. .. ..
Hiss. 1.88 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.28 10 100 .. .. .. .. .. .. .. .. ..

DOUGLAS-FIR 3/4- BY 3-1/2- BY 18-INCH PLYWOOD

Chromated copper miss. .62 10 100 .. .. .. .. .. .. .. .. ..
arsenate type ill

c  
Wis. .62 10 100 .. .. .. .. .. .. .. .
Hiss. 1.25 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.22 10 100 .. .. .. .. .. .. .. .. ..
Hiss. 1.88 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.83 10 100 .. .. .. .. .. .. .. .. ..

None miss. -- 10 100 .. .. .. 20 20 60 10 100 3-2
Wis. -- 9d -- 22 .. .. 78 .. .. 7 78 --

Chromated copper Miss. .60f 9 100 .. 10... .. .. .. .. .. ..
arsenate type ll

e  
Vi. .60f 10 100 .. .. .. .. .. .. .. .. ..
Miss. 1.22f 10 100 .. .. .. .. .. .. .. .. ..
Wia. 1.22 10 100 f. 0. zo. .. .. .. .. .
Miss. 1.82 10 100 .. .. .. .. .. .. .. .. ..
Wia. 1.82 10 100 .. .. .. .. .. .. .. .. ..

Chromated copper miss. .60
f  

10 100 .. .. .. .. .. .. .. .. ..
arsenate type IIg Wis. .60 to 100.. .. .. .. .. .. .. ..

Miss. 
1
.
2 2
f 

1 0
d 100 .. ... .. .. .. .. .. ..

Wis. 1.22f 8 00 .. .. .. .. .. .. .. .. ..
Miss. .82_ 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.82

t  
10 100 .. .. .. .. .. .. .. .. ..

(Page 3 of 6)
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Table 51--Condition of southern pine, Douglas-fir, and Engelmann spruce heartwood stakes, treated with ammoniacal
copper arsenate and chromated copper arsenate, after about 5 years of service. Stakes placed in
test at Madison, Wis., May 1976, and on the Harrison Experimental Forest, Saucier, Miss.,
December 1975--continued

Condition of stakes December 1980

Serviceable but Destroyed by--Hum- soigsm- oa

Preservative Loca- Average ber showing some--Average
tion retention in fungi removed life

test Good Decay Decay Temite fungi
Termite and and

tetfungi attack anDecay attack termite termite

attack attack

Pcf ------------ Pct ------------- - Hum- Pct Yr
her

DOUGLAS-FIR 2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Ammoniacal copper Miss. 0.70 10 100 .. .. .. .. .. .. .. .. ..
arsenate Wis. .61 10 100 .. .. .. .. .. .. .. .. ..

Miss. 1.42 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.29 10 100 .. .. .. .. .. .. .. .. ..
Miss. 2.14 

10  
100 .. .. .. .. .. .. .. .. ..

Wis. 1.95 9
d  

100 .. .. .. .. .. .. .. .. ..

DOUGLAS-FIR 2- BY 4-INCH NOMINAL BY 18-INCH INCISED

Ammoniacal copper Miss. .70 10 100 .. .. .. .. .. .. .. .. ..
arsenate Wis. .62 10 100 .. .. .. .. .. .. .. .. ..

Miss. 1.41 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.26 10 100 .. .. .. .. .. .. .. .. ..
Miss. 2.17 10 100 .. .. .. .. .. .. .. .. ..
Wis. 2.00 10 100 .. .. .. .. .. .. .. .. ..

DOUGLAS-FIR 3/4- BY 3-1/2- BY 18-INCH PLYWOOD

Ammoniacal copper Miss. .63 10 100 .. .. .. .. .. .. .. .. .. -

W is . .62 10 100 .. .. .. .. .. .. .. .. ..

arsenateC miss, 1.30 
10  

100 .. .. .. .. .. .. .. .. .
Wis. 1.27 9

d  
100 .. .. .. .. .. .. .. .. .. -

miss. 1.97 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.93 10 100 .. .. .. .. .. .. .. .. ..

Amoniacal copper Miss. 164 I0 100 .. .. .. .. .. .. .. .. ..

t e e W i s . .6 4 f 9 1 0 0 .. ... . .. ... . ... .. ..
arsenaMiss. 1. 30f 10  

100
His. 1.30f 9 100 .. .. .. .. .. .. .. .. ..
miss. 1.98f 

10  
100 .. .. .. .. .. .. .. .. ..

Wis. 1.98f 9
d  

100 .. .. .. .. .. .. .. .. ..

Amoniacal copper miss. .64f 10 100 .. .. .. .. .. .. .. .. ..

arsenateg Wis. .64f 10 100
Hiss. .30 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.38 10 100

I fHiss. 1.98 10 100 .. .. .. .. .. .. .. .. ..Wis. 1.98 
f  

10 100 . . . . . . . . .

(Page 4 of 6)
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Table 51.--Condition of southern, pine Douglas-fir and Engelmann spruce heartwood stakes, treated with amoniacal
copper arsenate and chromated copper arsenate, after about 5 years of service. Stakes placed in
test at Madison, Wis., flay 1976, and on the Harrison Experimental Forest, Saucier, Hiss.,
December 1975--continued

Condition of stakes December 1980

Serviceable but Destroyed by--

Preservative Loca- Average ber showing some-- Total Average
tion retention in Decay removed life

test Good Decay fungi
Termite nd Decay Tetack and

Decay attack termite fungi attack termite

attack attack

Pcf - ----------- Pct .------------ - Hum- Pct Yr
ber

ENGELUANN SPRUCE 2- BY 4-INCH NOMINAL BY I-INCH UNINCISED

Chromated copper miss. 0.31 10 100 .. .. .. .. .. .. .. .. ..
arsenate type III Wis. .21 9 100 .. .. .. .. .. .. .. .. ..

Miss. .50 10 1oo .. .. .. .. .. .. .. .. ..
Wis. .40 10 100 .. .. .. .. .. .. .. .. ..
Hiss. .64 10 100 .. .. .. .. .. .. .. .. ..
Wis. .48 10 100 .. .. .. .. .. .. .. .. ..

None Hiss. -- 10 .. .. .. .. 10 10 80 10 100 3.3
Wis. -- 10 -- 80 .. .. 20 .. .. 2 20 --

ENGELHANN SPRUCE 2- BY 4-INCH NOMINAL BY 18-INCH INCISED

Chronated copper miss. .40 10 100 .. .. .. .. .. .. .. .. ..
arsenate type III Wis. .28 10 100 ... .. .. .. .. .. ..

miss. .66 10 100 .. .. .. .. .. .. .. .. ..
Wis. .56 10 100 .. .. .. .. .. .. .. .. ..

miss. 1.02 10 100 .. .. .. .. .. .. .. .. ..
Wis. .86 10 100 .. .. .. .. .. .. .. .. ..

ENGELMANN SPRUCE 3/4- BY 3-1/2- BY 18-INCH PLYWOOD

Chromated copper Hiss. .71 10 100 .. .. .. .. .. .. .. .. ..
arsenate type 111

c  
Wis. .70 9 100 .... .. .. .. .. .. .. ..
miss. 1.38 10 100 . .. .. .. .. .. .. .. ..
Wis. 1.34 10 100 . .. .. .. .. .. .. .. ..
miss. 2.03 10 100 .. .. .. .. .. .. .. .. .. -
Wis. 1.82 10 100 .. .. .. .. .. .. .. .. .. !

None miss. -- 
10  

-- 10 20 70 10 1O 2.'
Wis. -- 8 .. .. .. .. -O . . 8 100 5.1

Chromated copper miss. 54f 10 100 .. .. .. .. .. .. .. .. ..
arsenate type Ill

e  
Wis. 54 9 89 11 .. .. .. .. .. .. .. .
"iss. 1.25 10 100 .. .. .. .. .. .. .. .. ..
Wis. 125 f 10 100 .. .. .. .. .. .. .. .. ..
miss. 1.76 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.76

t  10 100 .. .. .. .. .. .. .. .. ..

Chromated copper Hiss. .54f 10 100 .. .. .. .. .. .. .. .. ..
arsenate type 111  Wis. .54! 10 100 .. .. .. .. .. .. .. .. ..

Hiss. .2 
10  

100 .. .. .. .. .. .. .. .. ..
Vis. 1.25f 9

d  1OO .. .. .. .. .. .. .. .. ..
miss. I.76f 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.76f 9 d 100 .. .. .. .. .. .. .. .. ..

i
(Pagle 5 of 61
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Table 51.--Condition of southern pine, Douglas-fir, and Engelmann spruce heartwood stakes, treated with mmoniacal
copper arsenate and chromated copper arsenate, after about 5 years of service. Stakes placed in
test at Madison, Wis., May 1976, and on the Harrison Experimental Forest, Saucier. Miss..
December 1975--continued

Condition of stakes December 1980

Hum- Serviceable but Destroyed by--

Preservative Loca- Average ber showing some-- Total Average

tion retention in Decay removed life
test Decay Decay Termite fungiTermite and DeyTrit d

Decay aTmter fungi attack emit
attack termiteteme

attack attack
Pcf ---------------------- Pc-Pt ------------------- Num- Pct Yr

ber

ENGEIAJINN SPRUCE 2- BY A-INCH NOMINAL BY 18-INCH UNINCISED

Amoniacal copper miss. 0.26 10 100 .. .. .. .. .. .. .. .. ..
arsenate Wis. .20 10 100 .. .. .. .. .. .. .. .. ..

Miss. .63 10 100 .. .. .. .. .. .. .. .. ..
Wis. .50 10 100 .. .. .. .. .. .. .. .. ..
Miss. 1.03 10 100 .. .. .. .. .. .. .. .. ..
Wis. .75 10 100 ... .. .. .. .. ..

ENGELMAN SPRUCE 2- AY 4-INCH NOINAL BY I8-INCH INCISED

Ammoniacal copper Miss. .42 10 100 .. .. .. .. .. .. .. .. ..
arsenate Wis. .30 10 100 .. .. .. .. .. .. .. .. ..

Miss. .97 1
0
d 100 .. .. .. .. .. .. .. .. ..

Wis. .81 9 100 .. .. .. .. .. .. .. .. ..
Miss. 1.41 10 100 .. .. .. .. .. .. .. .. ..
Wis. 1.61 10 100 .. .. .. .. .. .. .. .. ..

ENGELKANN SPRUCE 3/4- BY 3-I/2- BY I8-INCH PLWOOD

Ammoniacal copper Miss. .70 10 100 .. .. .. .. .. .. .. .. ..

arsenatec Wis. .68 10 100
Hiss. 1.42 10 100
Wis. 1.3. 10 100 .. .. .. .. .. .. .. .. ..
Hiss. 2.-4 10 100 .. .. .. .. .. .. .. .. ..
Wis. 2.8 10 100 .. .. .. .. .. .. .. .. ..

Aamoniacal copper Miss. .65 10 90 -- 10 .. .. .. .. .. .. ..

a r s e n a t e 
e  

V i a . .6 5 1 0 1 0 0 .. ... . .. ... . .. .. ..
Miss. 1.29 10 100 .. .. .. .. .. .. .. .. ..
Wa. 

1
.
29
1 9 d 100 .. .. .. .. .. .. .. .. ..Miss. 2.02 10 100 .. .. .. .. .. .. .. .. ..

wa . 2.02 10 100 .. .. .. .. .. .. .. .. ..

Axmoniacal copper Miss. .65 10 100 .. .. .. .. .. .. .. .. .
arsenate Wis. .65f 10 100 .. .. .. .. .. .. .. .. ..

Miss. 1.
29
f 10 100 .. .. .. .. .. .. .. .. ..

Wia. 1.29f 10 100 .. .. .. .. .. .. .. .. ..M~. 2 .02 f I0 100 . . . . . . . . .fWin. 
2
.02

r  
10 100 .. .. .. .. .. .. .. .. ..

a Some southern pine contained a small amount of sapwood, and the southern pine plywood was mixed heartwood and sap.

b Resin content of the southern pine ranged from 0.87 to 27.4 percent.

c Treated as 3/4- x 3-1/2- x 1-inch stakes.

d 10 stakes originally installed, eliminations were for causes other than decay or insect attack.

e Stakes cut from treated 2- x 4-foot panel.

f
Retention-by-weight of panels from which stakes were cut.

9 Stakes cut from treated 2- x -foot panel, all cut surfaces given a liberal brush coat of a 4.5 percent solution
of the preservative the panels were treated with.

(Page 6 of 6)
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Table 54.--Condition of southern pine stakes (2 x 4 in. and 3/4 i 3/4 in. nominal x 18 in.), treated with pent&-
chlorophenol in light cycle oil and copper-Squinolinolate, after 4 years of service. Stakes
placed in test on the Harrison Experimental Forest, Saucier, Hiss., December 1976

Condition of stakes December 1980

Serviceable but Destroyed by--

Preservative Average Number shoving me-- Total Averageretention t Decay removed lifetest Good Decay Decay Termite fungi
Decay Termite and c a c t and

attack termite fungi attack termite
attack attack

Pcf --- -- ----- ---- Pct ------------------ - Num- Pct Yr

2- BY 4- BY IS-INC STAKES

Pentachlorophenol 0.48 10 90 .. .. 10 .. .. .. .. .. ..

Copper-S-quinolinolate 1.12 I0 30 30 30 10 .. .. .. .. .. ..

Untreated controls -- 10 .. .. .. .. 30 20 50 10 100 2.5

3/4- BY 3/4- BY 18-l1I0 STAKES

Pentachlorophenol .21 10 20 -- 30 50 . - .. .. ..

.31 10 100 ... .. .. .. .. ..

.33 10 90 - 10 .. .. .. .. .. .. ..

.47 10 90 -- 10 .. .. .. .. .. .. ..

.67 10 100 .. .. .. .. .. .. .. .. ..

Copper-8-quinolinolatea 0.34 9 0 .. .. . 12 44 44 9 100 3.3
.38 10 .. .. .. 10 20 30 40 9 90 --

.50 10 .. .. .. 50 10 10 30 5 50 --

.94 10 .. go -b 20 -- 2 20 --
1.16 9 11 -- 22 56 11 .. .. 1 I1 *-

1 .3 0 
1 0  

.. .. 1 0 8 0 1 0 . 1 1 0 - -
1.84 9

b  
-- 22 -- 67 11 -- 1 10 --

Untreated controls -- 
b  

-- 12 -- 25 38 12 50 8 100 2.4

a Copper-8-quinolinolate is a water-soluble form that contains 1.07 percent copper metal (PQ-8).
b 10 stakes originally installed, eliminations were for mechanical damage or causes other than decay or insect

attack.
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Table 57--Condition of southern pine stakes (2 x 4 in. nominal x 18 in. and 3/4 x 3/4 x 18 in.) treated with chromatel
copper arsenate type C lising conventional full-cell (FC) process and Mississippi State University
(MSU process--empty cell), after 1/2 year of service. Stakes placed in test on the Harrison
Experimental Forest, Saucier, Miss., April 1980

Condition of stakes December 1980

Num- Serviceable but Destroyed by--

Average her showing some-- Total AveragePreservativeretention in Decayreenio i f removed lit,

test Good Decay Decay Termite ungj
Termite and and

Decay Tm te t fungi attack ani
attack termite termite

attack attack

Pcf ...........----------- Pct ..- ..-.-.-.------- Num- Pvt Yr
her

2- BY 4- BY 18-INCH STAKES

Chromated copper arsenate type C
Full cell 0.135 10 100 .. .. .. .. .. .. .. .. ..

.275 1o 100 .. .. .. .. .. .. .. .. ..
.396 10 100 .. .. .. .. .. .. .. .. ..

.624 10 100 .. .. .. .. .. .. .. .. ..

.788 10 00 .. .. .. .. .. .. .. .. ..

3/4- BY 3/4- BY 18-NCH STAKES

.140 10 t00 .. .. .. .. .. .. .. .. ..

.273 10 100 .. .. .. .. .. .. .. .. ..

.402 10 100 .. .. .. .. .. .. .. .. ..

.612 10 100 .. .. .. .. .. .. .. .. ..

.815 10 1O0 .. .. .. .. .. .. .. .. ..

2- BY 4- BY 18-INCH STAKES

Empty cell .1 35a 10 100 .. .. .. .. .. .. .. .. ..

.275 10 100 .. .. .. .. .. .. .. .. ..

.396 10 100 .. .. .. .. .. .. .. .. ..

.624 10 100 .. .. .. .. .. .. .. .. ..

.788 10 100 .. .. .. .. .. .. .. .. ..

3/4- BY 3/4- BY 18-INCH STAKES

Empty cell--continued .
1 4 0

a 10 100 .. .. .. .. .. .. .. .

.273 10 100 .. .. .. .. .. .. .. .. ..

.402 I0 I00 .. .. .. .. .. .. .. .. ..

.612 10 100 .. .. .. .. .. .. .. .. ..

.815 10 100 .. .. .. .. .. .. .. .. ..

2- BY 4- BY 18-INCH STAKES

Untreate controls 10 20 20 10 50 .. .. .. .. .. ..

3/4- BY 3/4- BY 18-INCH STAKES

Untreated controls 1) 50 30 10 -- 10 -. .. I 10 --

a The retentions for the empty cell treatments are estimates based on the full cell treatments.
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Table 59.--Summary of 2- by 4-inch-stake test results obtained in Mississippi
with wood preservatives in general use

Preservative Average Data from Average Remarks
retention table No. life

Pcf Yr

Acid copper chromate (Fed. Spec.
TT-W-546) 0.26 (0.13)

a  
15 11.6 --

.30 (.14) 46 6.1 --

.51 (.25) 47 -- 50 pet failed after 13 yr

.52 (.26) 15 -- 20 pet failed after 35 yr

.60 (.29) 46 4.6 --

.75 (.37) 15 -- 40 pet failed after 35 yr
1.01 (.50) 47 -- 30 pct failed after 13 yr
1.54 (.76) 47 -- 20 pet failed after 13 yr

Ammoniacal copper arsenate (Fed. .25 (.24) 14 40 pet failed after 36 yr
Spec. TT-W-549) .26 (.25) 47 10 pet failed after 13 yr

.53 (.51) 14 -o No failures after 36 yr
1.00 (.97) 14 -- No failures after 36yr
1.29 (1.25) 14 -- No failures after 36 yr

Chromated copper arsenate .26 (.15) 15 70 pet failed after 35 yr
Type I (Fed. Spec. TT-W-550) .25 (.23) 47 20 pet failed after 13 yr

.50 (.29) 15 -- No failures after 35 yr

.78 (.44) 15 -- No failures after 35 yr

Type ]l (Fed. Spec. TT-W-550) (.26) 20 -- No failures after 31 yr

(.37) 20 -- No failures after 31 yr
(.52) 20 -- No failures after 31 yr
(.79) 20 -- No failures after 31 yr

(1.04) 20 -- No failures after 31 yr

Chromated zinc arsenate (former Fed. .22 (.11) 24 -- 80 pet failed ,fter 29 yr
Spec. TT-W-538) .33 (.22) 4 33.0 --

.44 (.29) 4 -- 78 pet failed after 40-1/2 yr

.38 (.20) 24 -- No failures after 29 yr

.77 (.40) 24 -- No failures after 29 vr
1.01 (.53) 24 -- No failures after 29 yr
.58 (.38) 4 -- 20 pet failed after 40-1/2 yr
.78 (.52)

to
1.06 (.70) 4 No failures after 40-1/2 yr

Chromated zinc chloride (Fed. Spec. .49 (.30) 2 14.2 --

TT-W-551) .76 (.47) 2 20.2 --
.76 (.46) 47 -- 50 pet failed after 13 yr

1.02 (.63) 2 20.1 --

1.02 (.62) 47 -- 40 pet failed after 13 yr
1.50 (.92) 25 -- 80 pet failed after 29 yr
1.57 (.96) 47 -- 20 pet failed after 13 yr
2.91 (1.78) 25 -- 40 pet failed after 29 yr
6.00 (3.67) 25 -- No failures after 29 yr

Copper-8-quinolinolate
Stoddard solvent .01 38 5.3 --

.02 38 4.2 --

.06 38 5.6

.06 38 7.8 --

.12 38 7.8 -

Copper-8-quinolinolate
AWPA P9 heavy petroleum .014 43 -- 10 pet failed after 17 yr

.03 43 -- No failures after 17 yr

.059 43 -- No failures after 17 yr

.124 43 -- No failures after 17 yr

(Page I of 3)
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Table 59.--Sumary of 2- by 4-inch-stake test results obtained in Mississippi
with wood preservatives in general use--continued

Preservative Average Data from Average Remarks

retention table No. life

Pcf Yr

Copper naphthenate
0.11 pet copper in No. 2 fuel oil 10.3 7 15.9 --

.29 pet copper in No. 2 fuel oil 10.2 7 21.8 --

.57 pet copper in No. 2 fuel oil 10.6 7 27.2 --

.86 pet copper in No. 2 fuel oil 9.6 7 -- 70 pet failed after 39 yr

Creosote, coal-tar 3.3 6 24.9 --

4.1 17 14.2 --

4.2 4 17.8 --

4.6 5 21.3 --

7.8 6 -- W, pet failed after 39-1/2 yr

8.0 4 -- 50 pet failed after 40-1/2 yr

8.3 20 -- 20 pet failed after 31 yr

10.0 5 -- 70 pct failed after 40 yr

11.8 4 -- 20 pct failed after 40-1/2 yr

13.2 6 -- 20 pet failed after 39-1/2 yr

14.5 5 -- No failures after 40 yr

16.5 4 -- No failures after 40-1/2 yr

Low residue, straight run 8.0 18 17.8

Medium residue, straight run 8.0 18 18.8

High residue, straight run 7.8 18 20.3

Medium residue
Low in tar acids 8.1 18 19.4 -"

Low in naphthalene 8.2 18 21.3 --

Low in tar acids and naphthalene 8.0 I 18.9 --

Low residue, low in tar acids and

naphthalene 8.0 18 19.2

High residue, low in tar acids and
naphthalene 8.2 18 20.0 ""

English vertical retort 5.3 19 -- 70 pct failed after 32 yr

8.0 18 18.9 --

10.1 19 -- 40 pet failed after 32 yt
15.0 19 -- No failures after 32 yr

English coke oven 4.7 19 16.3 --

7 9 18 13.6 --

10.1 19 -- 70 pct failed after 32 yr

14.8 19 -- 70 pet failed after 32 yr

Fluor chrome arsenate phenol type A .2 (0.12)' 2 10.2 --

(Fed. Spec. Tr-W-535) .3 (.19) 2 18.0 --

.35 (.22) 37 -- 88 pet failed after 21 yr

.50 (.31) 37 -- 70 pet failed after 21 yr

.61 (.38) 2 24.1 --

.75 (.47) 37 -- 10 pet failed after 21 yr

Pentachlorophenol (various solvents)b

Liquefied petroleum gas .14 42 -- 70 pet failed after 19-1/2 yr
.19 42 -- 70 pet failed after 19-1/2 yr

.34 42 -- No failures after 19-1/2 yr

.34 45 -- 20 pet failed after 17 yr

.49 45 -- No failures after 17 yr

.58 42 -- No failures after 19-1/2 yr

.65 45 -- No failures after 17 yr

(Page 1 of 3)
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Table 59 --Summary of 2- by 4-inch-stake test results obtained in Mississippi
with wood preservatives in general use--continued

Preservative Average Data from Average Remarks

retention table No. life

Pcf Yr

Pentachlorophenol b
(various solvents) --cuntinued
Stoddard solvent (mineral spiritsl .14 42 13.8 --

.18 42 -- 90 pct failed after 19-1/2 yr

.20 22 9.5 --

.20 17 13.7 --

.38 42 -- No failures after 19-1/2 yr

.40 22 15.5 --

.67 42 -- No failures after 19-1/2 yr

Heavy gas oil (Mid-United States) .20 17 -- 33 pet failed after 32-1/2 yr

.40 17 -- 10 pct failed after 32-1/2 yr

.60 17 -- 10 pet failed after 32-1/2 yr

No. 4 aromatic oil (West Coast) .21 22 -- 90 pct failed after 31 yr

.41 22 -- 30 pct failed after 31 yr

AWPA P9 (heavy petroleum) .11 42 -- li pct failed after 19-1/2 yr
.19 42 -- No failures after 19-1/2 yr
.29 42 -- No failures after 19-1/2 yr
.53 45 -- No failures after 17 yr

.67 42 -- No failures after 19-1/2 yr

Tributyltin oxide
Stoddard solver .015 36 6.3

.025 41 4.5 --

.030 36 7.2 --

.045 36 7.4

.047 41 7.0 --

AWPA P9 (heavy petroleum) .024 41 20 pet failed after 20 yr
.048 41 -- No failures after 20 yr

Petroleum solvent controls 4.0 17 7.6 --

4.1 17 4.4 --

4.7 17 12.9 --

7.7 23 -- 90 pct failed after 29 yr

7.9 17 -- 70 pct failed after 32-1/2 yr
8.0 45 -- 30 pct failed after 17 yr
8.0 41 -- 40 pct failed after 20 yr

8.0 17 14.6 --

8.1 18 3.4 --

8.5 43 -- 30 pct failed after 17 yr
9.8 5 6.3 --

12.0 17 17.1 --

12.1 17 -- 10 pct failed after 32-1/2 yr
19.4 5 9.1 --

Untreated stakes -- misc. 1.8
to
3.6

a Retention values in parentheses are based on preservative oxides.
b See tables 5 and 17 for pentachlorophenol in other solvents.
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Compares wood preservatives used on test stakesof southern pine sapwood on five different sites.
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