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OIL TAR CREOSOTE FOR WOOD PRESERVATION

Introduction

Wood preservation in the Pacific Northwest timber in-
dustry occuples an increasingly importent position. Within
the last thres years, two salt tresting retorts and one
crecsote retort have been added to the plant facilitles in
the Northwest. With the addition of these retorts there are
now 28 retorts for crecsote, 5 retorts for salt treatment
and 5} nan»p?aaaur& tanks available for traahiﬁg operations
(2).% B8ince the Pacific Coast has about 62 percent (32) of
the Nation's sawtimber stand and about 2, percent (37) of
the forest land area of the United States, wood preservation
wlll continue to be an important phase of the timber in-
dustry in Oregon, Waghington, Californis and Idsho. ZEven
after the large stands of mature timber have been harvested
there will slways rexaln the smaller pole and sawtimber
products that ere admirably suited for rallway tles, poles
and other types of treated construction materials. Recent
developments in the field of pre-febricated wooden struc-
tures employing creosote trestment and ring connectors have
put wood structures in a position capable of competing with
steel and reenicrced conerete construction. This is an es-
pecially important developmsnt for rns Simber and preserve-
tion interests because it opens the field for wider use of

the product.

# Numbers in parentheses refer to literature citations.

-
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There 1s at present an actual demand for creosote for
wood preservation in the Pacific Coast to the amount of
about 12,000,000 gallons ennually with a potential demand
of even greaster amounts. The United States g8 & whole has
used up to 150,000,000 gallons of ereosote annually for wood
preservation (22). Depending on the demand, 30 to 50 per-
cent of the annusl requirement is imported from England,
Scotland, Belgium, Japan and Germany. Since the imported ‘
oil must reach the consumer in cargo shipments, over 50 per-
cent of the oll that is used in the Pacific Northwest is im~
ported.

The following teble shows the origin of the crecsote
01l that is used on the Pacific Coast and in the entire
United States:

Coal Tar Creoscte Used in Wood Preservation,
Based on Report of R. K. Helphenstine,

American Wood Preservers Assoclation
Proceedings, 1938

Pacific Coast ‘ 1936 1937
Origin: , ;
Domestic distillate 5,%65,1;09 4,726,306
Imported distillate 7,830,427 17,501,293
United States
Origin: o
Domestic distillate 12,456,892 82,137,128
Imported distillate 30,256,107 35,225,781

The U. 5. Department of Commerce reported 58,189,527
gallons of creosote imported in 1937. It is assumed in the
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ebove tabulation that the difference in the two totals 1s
accounted for by the fact that some of the imported creosots
was resold as domestic creosote. |

4 loepgl supply of ecreosote would have many advantagea
over an imported supply or even over & supply from the
eastern Unlted States, There would be no particular need
for lerge inventories of oil at the tresting plants, no need
for anticlpating needs over a long period of time and no
disruptions of the operations should the imported supply be
suddenly shut off, s wae the case during the World War.

In ssarching for another supply of creosote oll, it is
found that a creosote may be produced by distilling the tar
residue resultlng from the crscking of asphaltic base
petroleum olls in which artificlal fuel gas 1s the mailn
produet. The plant of the Portland Gas and Coke Company has
& potentlal annual producing capacity of asome four to five
million gallons of this oll tar creosote. The oll tar
creosote produced at thiz plent can be made to meet all of
the specliflicaticns of the Grade I creocsote as written by the
Americen Wood Preservers’ Association, (3) with the excep~
tion of the clause demanding that the creosote be of cosl
tar origin.

Since there are only very smell amounts of tar aclds
and bases present in oll ter crecsote and since the presence

of these constituents, se beneficisl ingredients in pre-
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serving wood lg open to much question, the asction of these
factors will be discussed at length later in Part II of
this 9a§&r.

Likaﬁiaa, in order to show the relationship of oil tar
erecsote to other wood preservatives and in order that the
reader may geln a rational viewpoint of wood preservatives
in ganarai, the historlcsl developments ss well as & resume
of the manufacturing processes of ereosote and the theory of
preservative sction is included.

Since oll tar creoscte, ag menufsctured by the Portland
Gas and Coke Company, has never been gsnerally placed on the
market, many comparlsons will be made to show its relative
value 8s 8 wood preservative. The closest approach to a
product similar to oll tar crecsote is found in water gas
tar creosote. However, as will be shown later, the two cre-
osotes are not synonomous,

Ganaiﬂﬁr&blﬁ effort was made to determine the posaible
value of oil ter crecasocte. In answer to correspondence,
Hunt (25) of the Forest Products Laboratory at Madison,
Wisconsin, Inecluded the following remsrks: "We heve made no
recent studles on tars or creosotes obtained from petroleum
used in the production of fuel gas and are not prepared to
say to what extent the product you have in mind differs from
the water gas tars or crecsotes used in tests started yesrs

ago. The difference between such oils from different gas



plants is probably sufficlent, however, to make 1t unsafe

to generalize very much about them. If the oll about which
yaukinquira is avallable in sufficient volume and uniforme
1ty to be of local importance 1t should be worth while to
determine 1ts toxlcity end its other properties that bear on
its abllity to nreserve wood satisfactorily. ¥We have for a
long time felt that a survey of the loeal tars and creosotes
and thelr sultabllity for home trestment would be useful and
would enable us to be more specific in our recommendstions
toe the residents of any reglon, but we have not been able to
undertske such a study.”

The preliminary studies seemed to justify a more com-
plete and extensive study of the toxicity and related
properties of the oll tar creosote. The methods and re-
sults of thils portion of the study are contalned in this
paper under the heading of pathologioal atudy. It is the
purpose of the pathological study to show the comparative

toxlclity of coal ter creosote and oil tsr creosote.

History of Wood Preservation

Wood is one of the cheapest and most readily avallable
of all bullding meterials. Under sertain conditlons of use
and climatic conditions, it is subject to decay by fungus
organisms. It is also subject to attack by certain Iinsects

and wood borers. It i1s true that some woods suvueh as Western

-




Red Cedar, Hedwood, and Black Locust will naturally resist
attack of these wood destroying orgenisms because of the

- toxie Infiltrated msterials within the wood cells. Most
specias, however, do not heve these natural toxleants
preasent and to render the wood durebls 1t must be sriifi-
elally preserved in order Lo make the use of the non-
durable speciles econcmically fessible. It has been found
that untreated crose~tles have a life of around flive years,
while preserved tles have a 1life of twenty-seven years (26).
It hes alsc been shown that untrested marine plling may not
last & year, while creocscted »iling mey have an indefinite
life Jdue to its ablllty to resist decay and merine borers.

Treating wood serves a two~fald purpose. Filrst, it
prolongze the 1llfe of the structure which msves the use of
wood economically possible and second, preservatlion pre-
vents weste and therelore undue drein on the natursal foreat
resourceg, When wood ié used under conditiong that favor
fungue ., Insect, and borer attack, preservation 1s‘the answer
to consumer satisfaction.

With the advance of science 1t was only natural that
the bullding trsdes turn to sclence in an effort tw find the
snswer Lo wood preservation. As early ss 1705 (26) mercuric
chloride was used as & wood preserver. Oince that time many

different types of trestments and meny different materials,
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including organic and 1norgénia, have been tried. No real
satisfactory substitute has been found for corecsote oil for
any and all typss of work.

In the United States, the first tresting plant was
erected in 1865 employing the Bethel process. In 1902,
Reuping obtained a patent for the so-cazlled empty celi
process for treating woocd with crscsote oil. This method is
still widely used. In 1906, Lowry obtained & patent for
another method of empty cell treatment. Although many re=
finements in the mechanies end techniques have since been
developed, the use of the Boulten, Bethel, Lowery, and
Reuping processes are still esgentlally the same today as
when they were first employed.

The use of petroleum oll has been suggested from time
to time as a wood preservative, but it has been found that
petroleum oil in i1tself, is non~toxic. In order to trest
many ltems more economically, such as cross tiles and piling,
petroleum oll 1s now widely used as a dilutent for oreosote.

Water soluble salts of a toxic nature are widely used
88 wood preservers. Among the best known are Einemghlar1é¢,
sodium fluoride end copper sulphate. The salt treatment has
some sdvanteges ovar'nraoggts in that 1t is possible to
paint over the salt treated wood, and that the welght of the
salt in the dried wood 1s not such an expensive item in

transportation costs. However, for all outside work, the
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selt treatments cannot be recommended as being ss effective
&s creocsote because of thelr susceptibility to leaching with
water. The railroads only use zine chloride in extremely
dry climates such as New Mexico and Arizona.

Toxic chemlicale In organic solvents are a comparatively
new development in the wood preservation fleld. Perhaps the
best known of this type of preservative is the ?@rgatal, de-
veloped by Dr. Hubert of the Western Pine Associstion. The
use of Pentachlorophenol in the Permatol solutien has sug-
gested the poseibilities of using thls chemical in oil tar
¢reosote with the possibility of obtelning s much better
product for wood preservetion than 1s now available in cosl

ter creosots,

Requirements of a Good Preservative

Toxielty. The first and most desirable recuirement for
a4 wood preservative is that 1t must be toxic to the organism
which feeds on the wood, such as the common fungl, or to the
orgenisms thet may use the wood for s shelter such a8 the
marine borers, the toredo, snd xylotre.

Permanence. In addition to the preservative being

toxie, it must be permanent, that ig, not subject to leach~
ing by water, or subject to volatilization. 4 substance
like carbolic acld may be extrenely toxic, but since the

bolling point of eerbolie acid (phenol C ¥ 0) is 18l degrees
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€. (30), 1t lacks atability as compared to the other frac-
tions of creosote. Hercurie chloride 1s known to be ex-
tremely toxle, but is readily scluble in water so thet it
esnnot be considered as a stable wocod preservative,

Penetration. In order to be effective, & preservative

must have the capacity for deeply penetrating the wood,
Penetration is of course commercially affected by using heat
to lower the viscoalty of the liquid and by pressure to
force the preservative intc the wood. A preservative which
will not penetrate offers little advantage to the wood
which may subsequently develop checks below the penetration
line,

Non-corrosive and non~harmful to_the wood. Pressrva~

tivesg should not be corrosive to metal fastenings, nor
should they affect the strength of the wood. 4 preserva~
tive such se corrosive sublimate i1s somewhat corrosive to
metal, and zine chloride, if not properly handled in the
treating process, may affect the strength qualities of the
wood. (26)

Safety in handling and use is a factor in the selection

of & preservative because it is desirable to prevent undue
loss of the wood and treating equipment from fire as well as
to prevent the toxic effects of certain chemicals on the
human system. Highly inflsmmsble msterisls must therefore

be svolded and precautlions taken in the handling and use of
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such toxic meterials as bishloride of mercury, lead and
arsenic compouris.
Readlily available st low eost. In order that wood

may be treated economiscally, the presbrvative must not
only be inexpensive btut also resdily svallsble in zuffl-
elent guantity to jJustily its use.

Theory of Preservetive hotion

Twe fsotors making oreosote & desiredble preservative
are first, the btoxic or killing action of the creocscte, and

scuond, the mechanicel wotion of the oll tending to exclude

molature and oxygen,

48 hes slready bsen menticned, the firet quality of a
good preservabive is thet 1t must be toxiec to the orgenisam
ahieh it le lntended to #ill. The toxlc weterial must be
sufiiclently solubls in the body fluldes of the atbvacking
orgenism te kill. The body flulde of these orgenismes are
water soluble, thereiore the preservative must be at lesat
pertislly weter soluble, Curtin (1) hes aﬁﬁwn that the
sotion of fungl producee an acid condition esgual %& ph§‘ It
followe, thereiore, that slthough a preservative may not be
gaf{lciently toxioc under neutrsl condlitions, the slightly
a3ld condition caused by the fungus secretlons mway render
the preservative soluble enough to be effective, Eaﬁa&#a

(7) concludes in a sumsary of bis work on experiments with
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the toxicity of hydrocarbons: "It seems likely from the
data presented that the hydrocarbons are at lesast four
times as toxlc, molecule for moleculs, as the correspond-
ing phenols. Thst is, benzene 1ls more toxic than carbolic
acld, naphthalene 1s more toxic than beta~naphthoel. Hydro-
carbons which of themselves are not toxle enough to inhibit
fungus growth may aild to e very considerable extent when
combined with other hydrocarbons."

Likewlse, a compound which in itself may be only very
slightly soluble, such as pentachlorophencl, with & solu-
bility in water of .00l percent (31,13) may be so highly
toxic that there is suifficient chemical present in solution
to produce a lethal dose.

The concluslons reached by Bateman and Henningson on
the toxic principles of creosote (11) contain the following
remarks;

1. ™"The essential toxic material of coal ter creosote
mey be divided into two groups, viz, the hydrocarbon olls
boliling below 270 degrees C., and the tar acids and bases
bolling sbove 270 degrees C.

2. "The hydrocarbon oils distilling below 270 degrses
C. are much more toxic than any other class of material in
coal tar creosote, and they may be conslidered the essential

toxie materlal of cocrecsote oil.



5. "Ihe hlsh bolling tar scids and tar beass msy be
consldsred the essential toxice muberis) for Lizh bolling
d1stillates sush as carbolineums. In this case, the hyiro~
earbons, altaouzh potentlally very toxle, are rendered in-
effective by thelr los solubillby, lenving ths work to fhe

lecsg tazle, bul smore soluble sonstitusnts.

fxoerpbes of some of the dispuseion regarding the con-
slusicns of thle peper wre given on psse 35 of this report.

In addition to the toxic setion of preservatives,
bherds wmay xleo be the meshanicsl acklon in the preservative,
particularly in the olls. Lunge (30) polints out that there
are sppreciable eifescts from the mechanital polint of view,
eiting the work of Geldonschur, who found that the neutrel
¢ile ol srecscie were as equslly effeetive s;sinst certaln
orpanisas a8 when the %&r(a@iﬁa and bases were left in. In
other words, the presence of the oil in the wood and around
the fiorilis in the oell wall prevents the entrence of wsber,
whileh is of course pecessary lor fungus prowth. It is une
coubbedly true thaet there is & certslin amcunt of sealing
actlion whioh tends te close the pit spertures and cut down
the frec flow of water, and aleo 1f the cell wall 1s filled
te refusel with oil, thare is lees likellhood of appreciadle
smounts of water being pressnt. Thess fucte, coupled with
& sufflclently toxle materiel in the oll will srohidit the
fungus growih. In wddlition, the flow of the reserve matorial
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from the 1nzlds of the trssted Slubsr %o the outslde w«llows
a8 safrisliant concantration of the toxle meberlianl So bs
srasomt An the avsag mest 1ikely to atidesh. I3 must Do
nointad oult, hovewver, thet the character of tha osreosnote
oils chenge during pueriods of gervice. Thls shange Lwg an
affect on the ability of ihe crecavite to soh ax a‘ﬁﬁéiﬁw
faotory preservatlive over £ period of tilme. fhis le %&iﬁ%&ﬁ
oub by Sehnltz, von Dehrenlk, wnd Danumerer tha; who ﬂ@?&lﬂﬁﬁ
smory other thinse thet, “As repostedly @&Snm&ﬁ out pre-
viously, ebsrngee in the cheraciey of the ﬁfﬁmzﬁt%a in
trostod wood ocour furing the perlod of E%?vip%¢~‘ %@fﬁ
ghanges are more pronounced in the outer layere &i %@g
trested wood snd sre lese exlensive in ﬁ@@ Saaper ﬁﬁéﬁrgvar
the treated wood.™ Also, "The centd naaﬁ protostion @fkﬁh&

uter layers of the wood, whore the toxielty of the mg&ﬁgaﬁa
12 low, apoesrs to he dus  In pard a% lessh, o the ﬁév&Qx
ment of tha toxle constitusnts of the oressote in the lnner
layers te shat in the outer laysrs of wood."

Pormensnee 1s related to bouh the oheraster of e

toxle msterial and to the mechanleal sotlion of the sreserva~
tive. As hag slresdy been shown, pormapenss of Lhe preser-
vative In the wood 1s » fenction of Ifs solublliiy end its
volatility, In order te be effective ower o lung period of
time, the preservetlve muet be soluble encugh to Inhibil ov

k11l the growth of fungi, sand yet inscluble erough to pre~

- -
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vent exceesive leaohing. It elso loglcelly follows that the
preservative shonld not be wolatile under service condil-
tiona, From & volatilidty stendpoint, sn organio substance
sush as pentechlorophsnol 1s san excellent preservative.

This ehemloal pives & loms of 0.00003% grame per sguare inch
per hour at 50 degrees C, (31). In the case of creosote oil
the bolling point of the verious substances hss & direct
bearing on the volatility and hence the permanence of the
ell., &lle;

murs (1) polnts out that: "It sppesrs therefore
that light olle, bolilinmg below 205 degress C. will not stay
in the tisber, bul that the hesvy oils contsining & high
percentoie of snthrecene cile wi1ll remein almwst indefinlte-
17 and pretect the woud frem decey snd boring enimels. Von
fenrenk (L4) slso peints out thet the high bolling constitu~
ents of creoscte heve hilgh toxic vslues. Tessdale (L5)
studled the volatlllizatlon of the different frasotions of
srevacte, and fownd that after tresting loblolly pine sep~
wood that the fracticu up to 205 lost 3L.7 sorcent of the
original amount of oll after two months, frsotion II, 205
to 250 lost 1.3 pureont after twoe months, whils the orlzin-
&l creosote oil lost only 5.1 percent. It is ardy logleal
to believe thet the higher the bolling poini, the less will
be the volatility.
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Common Wood Preservatives

A few of the more common wood preservatives, including
galts, olls and chemicals, will be discussed in order to
show the general characteristliocs of each and the limitations
éf each type in thelr ebllity to act as a wood preservative,

Water Soluble Salts

A pumber of weter soluble toxiec salts are now generally
used as wood preservatives. All of the preservatives of
this type depend upon & solution of from li to 10 percent in
water as the carrying medium. It follows, therefore, that

the wood must be partislly dry in order that the deeired

_penetrations and absorptions can be obtsined. The water may

be subsequently dried out, leaving approximetely one-half

‘pound of dry sslt per ocubic foot aehamorption. 4 few of the

more common salts of this type are as fellows:

Zine Chloride. This salt possesses most of the quali-

‘flcatlons of & good preservative except that 1t lecks per-

manence dus to 1ts susceptibility to leasching by water. The
toxle or killing point 18 reported as being .35 percent in
agar (38). Zine chloride bes been used more extensively in

the United Ststes than in any other country. During and

-following the World War meny users of crecsctse had to twm

to zinc chloride because of the laek of en adequate supply
of creosote from European countries. Chromated zinc chlor-

1de is seld to be composed of 80 to 82 percent zine chloride
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while the remsinder 1s sodium dishromate (R6). It is
elaimed thet the additlion of the chrosmates makes the pre-
gorvitive more resistent to leaching.

Sodium Flouride has many of the same properties as

sinc chloride. The ftoxle pelnt ls reported ss .25 porcent
on agsr (30). In sddition to the tendsncy of this salt to
lewoh ie the alsadvantage of having sodium {louride form an
insoluble precipliiste with eslelum. This fact prohibits

the use of scdlum flcuride in contect with limsatone or lime
water.

ercuris chloride., Dus to the high toxiclty of this

salt reported ae 005 percent (%), only & one peroent solu~
tion ils genorslly used in the treating fluid. This selt

has been widely used in Germuny. Poles so lreated have been
reported (26) to give from 1 teo 16} years service as come
pared to sreosots of 235 years service.

Copper rsulphate, with a toxie polnt of less than .065

percent in sgar (9). Copper sulphate, like mevcurie chlor-
ide, ls corrosive to iron end stesl and therelore regulires

s

speciul treeting

aprarstus. Also 1ike sodium flouride, it

wlll resct with celoluwm to form precipitates.

Fresorvative Olis
ihe prescrvativs olls sre probably the best end wmost

widely used of 21l wood preservatives. TGhe bebter olls



17

fulfill all of the regulrements of & good preservative and
unlike the scluble salte, the olls sre more resistant to
leaching. 7The better-imown olls sre briefly discussed in
the followingy perapgraphs.

Conl tar crsoscie, cbtained mainly from the heavy oils
in the distillation of coal tar have been set as ¢t he stend-

ard for the olls used in wocod preservation., As will be
shewn later, creosoie oll 1g a solution containing meny in-
dividual hyﬂva&avh&ﬁﬁ 81l of whish secn te be more or less
toxic to wood destroying Qrganizmﬁ,‘ar at least produce
conditions whlch Inbibit ths srowth of ewch organisme, The
toxic peint for goal ter oreosote has been varlously re-
ported. The mein oblection %o the use of creosote sppears
to be the odor and the fzet that wood trested with orsosote
cannot be readlly painted. 4lthourh after the wood has bYeen
exposed to the sir or weater for a ghort tise the ofor is
meterislly lessened.

Anthracens olls or osrbolineums are cosl tar dletillates
of hisher gravity and higher boillng points then ordinery

creoscte and boosuse of this fact sre lese toxis then

stralght oreosote. Thess o¢lls find thelr ;restest use in

tho open tank trestments whers Joss through volatility of
erdinary orsosobts ls o Isctor.

wator gas ter crecsobe is prodused by the distilletion

of the lars Iormed in the manufacture of water gus. Waber
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gas tar creoscies cannot be distingulshed with certalnty
from cosl ter crsosotes by any known chemical or physlcael
tests (26). Water gas ter creosotes do not conteln the

tar scids or bases normally found Iin cosl tar creosotes.
Unfortunately, no great amount of work has been done on

the constlbuents of waber gas tar creosote, end the toxle
point of those oils studled nave shﬁwn‘a gresater percentage
of coucentration than the ordinary run of cresosotes. The
temperature at which these tars are formed no doubt hes some
bearing on their toxlc properties.

Coal tar ls not wldely used as such Ior g wood pro-
servative., Its toxiclly ls somewhat lower than coal tear
creoscie, snd unlform penetrations are hard to obtain. It
is nséﬁ, however, as & dilutent for coresosote oil and finds

conslderable use in this manner. Crecsote coal tar solu-~

tione are lncluded in the American Wood Preservers'! Asso-
clatlion speciilecations (3), but the specifications do not
permit the usé of more then 20 percent of coal tar.

Gater gas tar, or solutlons, 1s not included in the

specificatlions of the A.W.P.A. except for the use on paving
blocks.

Peproleum olls as a class are non-toxic. <They cennot

in themselves be recommended for preservatives although the
sealing action of the heavier olls may for a time inhibit
the growth of fungl.

o
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Creosote petroleum mixtures sre smployed for the

treating of tles and other timbers. Bateman (6) has shown
that the toxleclty of the mixtures is reduced more than 1In
direct proportion to the amount of petroleum added. The
main reason for such dilution is lergely a matter of cosi,
although some beneficlal results may result because of the
leesened tendency of tles to check when the petroleum is

added,

Chemicals in Solutlon

Although organic chemicals have not been widely used
a8 wood preservatives, conslderable work has recently been
done on their use for this purpose. Hubert (2L) has shown
that excellent resulis may be expected by bthe useée of penta-
chlorophenol, tetrachlorophenol, and 2-chlororthophenol in
oll solutions. Yood (42) has suggested the use of beta-
naphthol in petreleum oils. Hunt (27) end Snyder treated
posta with dinltrochlorobenzene, dinitronaphthalene, tetra-
ehlorophencl, with petroleum snd placed them in service in
the canal zone to measure their respective resistance to
termite end Ilungus attack. After six years of service, the
posts treated with 13.6 1lbe. of grade no. 1 creosote were
all sound, whereess the posts trested with 7.1 1bs. absorp-
tion of tetrachlorophenol were 100 percent destroyed. Also,

the posts treated with 30 percent B-naphthol, 10 percent
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pine oll, and 87 percent vetrolewm ollwere U7.5 percent
destroyed. Thils test would Indloate that heither the
potraleun or the phenclis cempounde were very sucsessful
in preventing termite attack. Heports of cresylle scid
(1) belng added to getroleuwnm olls In the ratio of 5%
oresylic acld end 95% potreleunm ms & solution to preserve
rellvay tles hao been mede, This preservative dnown as
eresoll bas falled o give sdsquate protection, indleating
that the tar acid content of creosote may not be the prow
tectlive medlum, or 1f se, the chemicel nature of the miz-
ture 1s not stable. This does not in ltself moan that the
eresylic scld in snother mediuwm closer to ite moleouler
structure such 8z the sromstie hydrocsrbons, would not be

gtalle in the wood.
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PART II

Comparison of oil tar, coal tar end water gas tar creosotes

The crecsotes obtained from the distillation of tars of
different origin have meny properties and constituents in
common. There 18, in fact, no known means of distinguishing,
with certeinty, whether a creosote may be of coal tar or of
water gas tar origin (26). It is slso true that oll tar
creosote cannot be dlstingulshed from the other creosotes.
011 tar crecsote can be made to meet all of the requirements
of the speclfications for coal tar creosote.

Since the source of the distillate ls petroleum, the
tar acld content is extremely low and the specific gravity
may fall below the specifications as now written for coal
tar creosote. With the exeception that the creosote be of
coal tar origln, the oil tar crecsote can be made to mest
all of the specifications for coal tar creosote.

The specifications for Grade I Cosl tar crecsote, as
adopted by the American Wood Preservers' Assoclation (3),
The Amerlican Rallway Ingineering Assoclation, and the
A.5.7.¥. are as followsa: |

1. The ocreosote shall be a distillate of coal ter or
coke oven tar. It shall comply with the followlng regquire-
ments:

2. It shall contein not mors than 3 percent of water.
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3. It shall contain not more than 0.5 percent of
matter insoluble in bensgol.

li. The specific gravity of the creosote at 38 degrees
C., as compared with water at 15.5 degrees C., shall be not
less than 1.03%,

5. The distillate on a water free basis shall be with-
in the following limits: |

Up to 210 degrees C., not more than 5 percent.
Up to 235 degrees C., not more than 25 perocent.

6. The creosote shall be made in accordance with the
standard methods of the American Wood Preservers' Associa-
tion.

| Relative to the detection of the presence of tar acids,
Hunt (26) points out: "This specification does not 1limit
the amount of residue above 355 degrees C., although creo-
sotes containing high residues generally have higher vis-
cocitles, lower toxicities, and greater tendency to bleed
from the wood than those having moderate or low residues,"”

Other grades of crecsote oil are recognized by the
American Wood Preservers' Association. Among these are the
specificationa for creosote for brush or spray treatments
which specify higher gravity and higher bolling poiants for
the different fractions. This oil when used in the open
tank trestment will not volatilize so readily end hence

there 1z not sa‘great 2 loss as with ordinary creosote. The
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anthracenes olls or carbolineums alsc have spproved specl-
fications., These olls have some of the sollids (enthracene
and phenanthrene) removed so that they are liquld at
ordinary temperatures., These olls are quite generally used
for open tank treatments becsuse the high bolling, high
gravity oils, as stated above, zive low volatility.

Water gas tar creosote. The American Wood Preservers!

Aaaéeiaticn and the American Rallway Englineering Assocla-
tion do not recognize any standard specificstions for the
treatment of ties end structurel timbers with water gas tar
ereosote. The American Wood Preservera' Assoclation, how-
ever, do have & specifilcation for water gas tar creosote
when mixed with zinc chloride for use in the Card process,.
This specification 1s included in thils paper becauss 1t may
Justly be argued that oll tar creosote and water gas tar
ereosote have many properties in common. The speclficstlons
are as follows:

1. The oil shall be a distlillate of water gas tar and
shall comply with the following requirements:

2. It shall contain not more than 3 percent of water.

3. It shall contain not more than 0.5 peroent in-
scluble in benzol.

li. The specific gravity of the oil at 38 degrees C.
compared with water at 15.5 degrees C. shall not be less
than 1.02. -
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5. The distlllats, baged on water free oll, shall be
within the following limlte:

Up to 210 degrees C., not more than § percent.
Up to 235 degrees (., not more than 25 percent.
Up to 355 degrees C., not less than T0 percent.

6. The oll shall yield not more than 2 percent of
coke residue.

T. The foregoing tests shall be maede in accordance
with the standard methods of the American Wood Preservers!
Agsociation.

It will be noted that the residue above 255 degrees C.
cannot exceed 30 percent which is an effort to guard'
agalnst the excesslve smmounts of high boliling oils which
Bateman (11) points out are apt to be of low toxleity.

Since oll tar creosote, as such, has never been placed
on the merket nor has 1t been used sas a wood preservative,
no speclfiicsetlons have ever been prepared. It appears
likely, however, that the grade 1 coal tar creosote aspeci-
flcations would be sultable for oil tar creosote except
that the specliic gravity specification could be lowered
allghtly without seriously aeffecting the quantity of the
high boiling fractions.
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Comparison of Manufacturing Frocesses

In order to point out more clearly the character of the
tars resulting Ifrem the different manufacturing methods
under consgideration, & brief resume of the maln manufacturing
processes will be included., Thls inclusion 1s also con~-
sldered necessery to point out the difference between the
distillatss from oll bar and from water gas tar.

011 Ter Creosote as manufactured by the Portland Ges

end Coke Company is a dlstillate of the oil tars formed
durding the proosss of making gas from California fuel olls.
The process can perhaps best be followed by referring t¢ the
flow chart of the gas plsnt. (Plate I)

The gas generators are heated until the temperature
reaches approximately 1800 degrees F. The heat that passes
cut of the generator in the exhaust gases 1s used in the
waste heat bollers., As the generators reach maximum temper-
ature, the air bleat is discontinued, the valve leading to
the waste heat bollers is closed, and the stoek valve is
clogsed. The fuel o1l is then sprayed into the generator as
the gos "meke" starts., The gaoe "make” proceeds for approxi-
mately 18 minutes, when the zenerator is azain heated and
the process continued. The gas, upon escaping from the gen~

| erator, passes throuzh a wash box where lampbleck is depos-
ited, thence passing up through a serubbing tower having a

system of baffles, over which & continmuous stream of water

H



25 A

—
VO LHOIT TV, NFTWHL WA WVN OL —
TOINEF (T TRTIVHI W

TieWM
QINSVAM ODW
ANTDI Yae OO

s aL 790778

2T s
VL NO/E TN, 77us 10 MGV
sovross o onyL Mo SNva INTTVRLHIVN, 10 1H81T
U 7 Wn 79w ¥OLS

. } 700 LMD IS
o 5t R 70 frsvat
PNIAA14D3 »
orVvad ewaw : |
TNy WOLOW aynd o
§OUVLIOV .
i —————] FovHos 708 H
JHT FONSD .H
TOINGINE IS NOVHWDIA— |
HOATANOD YOAZANOD
ANO. SHOUIN MO PAIc O |
OnINIVE W70 F ONIANG CeTIRS _
A¥ViON F
SYOAIANOD T TRV LNOS A
ONILAY UV 7S OWLCI NG
s
YININNHL
oo s Py I PRIV T M
SNIFY. . y
e b / _
2 .
£3 FOVAYUS Vi . . évmw\u\dwk..w‘k |
i
s g 7OVICUS 5 _
s \
ia
SYQUVYHIAN.
o o = SNOLYYVIIS
s Qs rvs yre |
ML | SYILVIN
20
Seng 10
s7x06 ﬁ
- s7x0@ bvi HEVM
1 SHOLY YINTD ]

Swo

Sy /412
Qw0

ﬂ [l RS FE
L ———" SL INAOHS AG 8 ONIMNLIVAINNVIN SVD
£5201% | Sk >
« =] T WwdovIO MO7

ANVYIWOD ZMOD B SVYO ONVTLYOI
*I HIVId




26

is passing. The tar recovered in this process flows out
into the tar sepersting vats, where the excess water is
removed. From the geparating vats, the tar Is pumped into
the steam dehydrators where precticelly &ll of the water is
removed. The tar is then ready for the distillation pro-
eess which 18 e¢arried on in the conventional manner.

?&a tars obtained in this process, by virtue of the
high eracking temwperature, are practically a«ll of the
aromatic series. No complete analyeis of the different in-
dividual oils exlsting in either the creosotes or tars of
this origin could be found. However, it is only logissl to
baliavafthat the crecsote olls are almost as complex as the
coal tar creosote, with the exception of the phencls and
bages. 11 ter creosote cen be expected to approsch morse
closely the water gas ter creosotes in zeneral composition
except thet by virtus of the higher cracking temperatures
mors aeromatics and higher boiling oils will result. Deans
and Downe (15) 1n studies of water gas tar found that 1t
contained thlophen, benzens, toluene, xylene, mesitylene
naphthalsne and anthracene. In fact, every similarity
exlsted between the oll which they exsmined snd coal tar
ereosote, execept for the absence of ter aclds, bases, and
lesger amounts of free carbon. Lunge (30) cites a number of
references on werk that has been done with water gas tar and

goue work ﬁ&im&‘ﬁas been done on straight oil tars. Accord-



Lunge, the “gos oil" wes crecked by nassing the ve-

pors throuth red hot tubes or retortas, durine which process
the vapors are dettnposed Into more volatils bodies., A
portion of the oil spcapss decomposition and can be trapped
in & rescelver wmhile ancther portion iz converied inte aro-
metle hydrocsrbons. Lunge slso roporte the studies of
Purth {Untersuchungen einee Clgesteers, bunchen 1904 ) whe
found all of the conetituents of soal ter, Including even
phenocls and truces of heses, but 414 not Find carbon dioul-
phide or acridine.

seveman (0] 1n his Qiscuszion of oil tars says:
"lLike coxl vars, these flulds are excosdingly complex
mixturss. The character of the hydroserbons depends pregbe-
1y upon the tempersture ot whileh ths tars were formed.

Like the high tempsreture coal tars, the hirh tempersture

- oll ters srs very complex nixtures of sompounds. The hydro-
cerbons are chiefly of the rromatic series. Henzene,
toluene, nephthalons, phenathrena, and methyl snthracene
have heen found in themy dubt so far re is known ne trae
anthracene has been ldentified in the American oll tarvs,
They are further characterized by the slmost entire absence
of tar sclds and ter basss, snd this secus to &amati%ﬁte
the chief difference betwean thie type of tars and high
tempersture coel tsp.®

Further work iz needed to establish definitely the in~
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dividual components of California petroleum tars. It is
sufficlent to say, howsver, that the oil ters formed during
the high c¢racking temperatures such ss are used at the
plant of the Fortland Gas and Coke Company are chiefly
aromstic end that the creosote obitained therefrom is suf-
ficlently hizh boiling to escape any more then averase loss
through volatilizatlon,

Hater gas tar creoscie 1s obtalned from dlistilling the

tars aceumulebting from the production of water gas. Water
ga8 tar mey be consldered an oll tar, ut the procedure used

in producing the pas snd tar is similer, vet guite different

from the procedure used by the Portland Gos and Coke Company.
The typicel gas producing uwnlt consists of three parts:
the generator, the carburebor, snd the supsrhester. The
generator is loaded with coke or coal and the latter Eﬂat&d
Lo lncandescence by meanz of an alr blast. The zases
generaved durlng this heeting of the coal ars of course
partislly combusted and pass on through the carburetor and
superheater, An additicnal sir supsly in the carburetor and
superheater allow complete combustion to take place,
theroughly heating these parts which, according to Bateman
{8}, reuch a temperature of 1L61 degree F. at the bese of
the superheater. 4is goon us the correct iLemperature has
been reached, the escape vslve 1s closed, ‘he gss holder

velve 1s opened. Steam la blown throuch the coke bed which

o
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results in the formation of carbon monoxide and hydrogen.

48 the resultant gas enters the carburetor, gas oil 1s
spreyed on the hot brick and "eracked."™ The cracking con-
tinues in the superheater, ylelding the zas snd suspended
tar. The var ls of course removed In the scrubbers and from
this tar the distillation procesds. The tar formed 1n this
process is not s product of the coal reaction, but is {from
the cracking of the oll, Zn&uffiais@t oracking, of course,
will result in a lower yleld of gas and a greater amount of
paraifin in the tar.

In comparing the process of Gasco oil tar and standard
water gas tar, 1t must be pointed out that the Gasco tars
are formed at higher temperatures and are not subjected to
guite as great o tempeprature drop during the “gas make."

the manufscture of coal tar creosote. Creosote, as

defined by Lunge (3}, ..... distillates frem'aeal tar which
are midway between carbolic oil and anthracene oll. These
are, in the first plece, the fraction of coal tar distilling
directly vetween 240 and 270 degrees €. and besides, from
either side, the residue from "o manufacturs of carbolic
aaié,lﬁaphthalaﬁa and enthrsacene.®

The tar, of courss, 1s obtalned from the destructive

distillation of coal in the following general menners
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Coal
; ; . ; ,
Gas Tar Coke
3

Light 011  Hesvy Oil " Plteh
H
Creosote

The tara which are formed during the cuarbonizatlen of
the coal vary cver gulte wide 1lmlits in thelr properties de-
pending on the type of retort, temperature aprlied znd the
orlzinel cesl., For thls resson, 1t wmay be well to briefly

congider the main types of ovensz and retoris uzed together
with the temperature anslied and vesultont propertiss of
the tars.

There ere three general methods exployed in the pro-

uetlon of coal zas, bar and coke, Theme srs descrlibsd in
detaill by Lunge {30) and more briasfly by Feteman (8). The
horizontal retort has the coal shamber lying Ia & horizon-
tsl plane. Ths coel chamber 1z usually about 18 inches wide
by 15 inches high by 6 to 18 fsst long. The retorts may be
heated by dlrect heat or by zas to the regulred Lomperature
until complete carbonlzation has taken place. The vertieal
retort employs a vertlosl coal chamber so thst the conl may
be fed and the coke removed by gruvity. The small retort is
then hented by adlecent vortical flues and sontiaued at the
desired temporabure until corbdonization Ls cumplets. The

inclined retort Is an adaniation of this seme meihod. The
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coke oven, of which there are several types, is the type of
producer most widely employed in the United States., The
oveng are somewhat long and rectangular in shape, belng from
3 to 9 feet high by 17 to 19 inches wide and up to 35 feet
long. The coal 1s heasted by meens of flues adjacent to the
oven while the gas passes upward into the gas main,

Fisher (16) shows, by means of & table prepered by
H. M. Spiers, not only the propertles of varlous tars when
produced in different ovens, and retorts, but also the
properties of low temperature ters, In general, this table
shows that the speciflc gravity of the tar 1s the highest
in the horizontal ovens, closely followed by the coke ovens;

considerably lower in the vertical retorts, and the lowest

" gravity was found in the low temperature tars., This same

general order prevailled in the relationship of the percent-
agea of the higher boiling fractions of the distillstes,
that is, the horizontal retorts gave the grester percentage
of higner bolling distillsate, etc,, in the order named
above, The reverse order held for the percentage of crude
tar aclds. Fisher also shows by graphic representation the
effect of carbonizing tempersture of Pratt coal on the
yield of the wvarious hydrocerbons. In the range of 932 de-
grees F. to 2012 degrees F., the yield of aromstics in-
cregsed in about the same ratio as the pafaffins decreased

with temperature rise. In the unwashed coal, the sromatics
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vielded about 47 percent of the distilla te at 932 to a
maximum of 8l4.5 percent of the distillate st 1632 degrees
¥. The olefine content changed only slightly. The tar
acld content decressed from 17 psroent at 932 degreses f.

to about 2.3 percent at 2012 degrees ¥. This shows quite
clearly the effect of temperature on the composition of the
tars whioch salso holds true, in gensral, for the effect of
teaperuture onh the constituente of oil tars. It also
ghows qulte clearly that the grsosotes produted from the
various types of tars sre very likely to possess guite vary-
ing charucteristice and quite different compounds. & part
of this warlatlon is of ¢ourse cvercome by means of the

hE.F.a. specifications,

Ihe Controversisl Point of Tar scids and Tar Bases

1t hes long been felt that the rer acids in crecaocte
o1l was not the essential toxie materisl. authorities have
disagreed upon thies eubjeot, Dut as w11l be sew from an
sxamination of the following extrsctions from the litera-
ture, tar acids are not, In the mailn, thought to be respon-
sible for the toxic astion of orsosote olls.

The term ®Tur holds® is applied to theose comstituents
of tar vhich are oxygenized. These oxygen contalning some
pounde may further be divided into the acidle compounds
andd the neutrsl compounds. Fisher lists 23 separate aoldls
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compounds and 12 neutral compounds. 1t is the oxygen con-

taining compounds in the asecidie group that are fregquently

,hald to be the more effective toxlc element in coal tar

ereosote. Chief of these compounds are as follows: (30)

Compound CHO Boiling Polint
S | Deg. C:
Fhenol b~ 6= 1 181
o-g¢rescl T~ 8= 1 191
m-eresol 7= 8= 1 202.8
p-cresol %~ 8- 1 201.8
1~R~E«~Xyl§nel 8-10- 1 21
1~2mi # 8+10~ 1 225
Iw3a2 " 8~10- 1 212
1=3a]y " 8-10~ 1 209
1-3-5 " - 8-10- 1 219
1-i1=2 " 8-10=- 1 209
a-naphthol 10- 8= 1 280
benaphthol 10~ &~ 1 286
¢-naphthol 1L-10- 1 395396

The term "Tar Bases" 1s applied %o those constituents
of tar that are nitrogenized. These nitrogen compounds,
like the tar asclds, may be further divided into the true
bages or amuonle derlvatives and the neutrsl nlirogen com-
pounds. The percentage of tar bases in crude tar 1z relae-
tively low (30), and for that resson, not so much toxie
benefit ls ascribed to the tar bases a&s to the tar aclds.
Fisher (16) listas L8 sepsrate emmonia derivatives and h‘
neutral compounds found in coal tar. The following is &
list of the more generally scocepted compounds found in

creosoLey
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Compound CHE Boiling Point

I}Qg. 3’
Pyridene G- 7= 1 113 {Other pyridenes
Quinoline 9= 7= 1 238 at higher R.P.)
Acridine 13« 9= 1 3L6

It 1a known that some of these bases are toxlie to
bacterie and fungil, but the specificstions for coml tar
creosote makes no reference as to the necessity of tar bases
being present In order to quelify for any srede of creosote.
In this paper, therefore, no further discussion of tar bases
is necessary.

It has already been shown that the tar ascid content of
coal ter is larzely dependent on the carbonization tempera-
ture and to e leaser degres on the type of oven and the
coal used. Since the normsl coke oven operatesz at about
1000 degrees C., most of the tars willl be expescted to
yield around four or five percent of tar scide. Unless the
tar aclds are extracted from the tsr to be used for by
products (which 18 s usuel procedure), the tar secid content
of the creosote might be expected to yield considerable
guentities of ter ascids. The tar scld content of normal
lcommarcial cosl tar ereosobe, however, can be expected to
yield ground [ive percent tar acids.

The tear sclds in creosote have been the subject of
meny investigations and discusslons) perticulerly concerning

their value ag toxic agents and thelilr permanence in the wood.
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The early workers ascribed the value of ter scids to thelr
ability to coagulate albumen end hence prevent decay. This,
of course, was exploded after the era of scientific investi-
gations by such men eas Lister. Since about 1885 suspiclon
has been directed towerd the beneficial effects of tar acids
in ereosgote to be used in wood preservation. It is the ob-
ject of this porticn of the paper to point out some of the
opinions and findings of those who have directed thelr
ensrgy toward flnding the truth concerning this mstter. The
following extractions are therefore used for this purpose:

Larkin (29}, commenting on the work of Bateman and
Henningson (11):

"The toxic principles of (reosote.” Referring to the
work of Colsneand, teken from ¥Preservation of Timbers by
Use of Antlseptics® (1835) by Samuel Boulton; Colsene used
5 samples &s follows: 1, one with 15% tar aclds; 2, another
with 15% tar acids; 3, one with 8% tar acids; li, one with L%
tar acids and 5, a speclally prepared oil with no ter scids.
The last sewmple of o0ll produced better results than any of
the other ells.....&lso concludes thet tar aclds are vola~
tile and vory soluble in weter. Also, Boulton's experiments
on pleces of ties in service from 16 to 32 years, when
analyzed, showed 1, no tar acids detected by ordinery means;
2, in 1} of 17 seamples, the semi-solld constituents of the

ter oils were present; in 12 ¢f them naphthslene; and 3,
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only small percentages romained of oils distilling belew
450 degrees F. In a majority of cases, from 60 to 75 per-
cent of the total bulk of the substances reteinsd in the
wood d4id not dl1still until after s temperature of 600 de-
grees F. had been reached. "It 1s clear, therefore, that
those solld tlmbers had been preserved by the sction of
the heaviest snd most solid portion of the tar oils, and
thet the other constituents hed dleeppeared.” (Hartmen,
Ee Tey A.9.P.A. Proc. 1923; page 100, slso refers to this
saneé work of ¥, Uolisene,)

Hartmen, E, F., (19}, referring to the work of
¥F. Zeldenschur, Stendal, Cermany in 1909:

"Anthracene olls consisting almost entirely of neutrsl
snd high bolling oile has & greater antiseptic strength
than creosote oll containing considerable quantities of tar
ecids.” Also referring to extract from Federsl Specifica~
tions Board: "Yet the highest boliling fractions which are
the least polsonous stand up best in actual service becsuse
they reslst ovaporstlion and leaching."”

Allermon, Dr. Cellert, "Quentity and Character of
Creosote ln Tell Preserved ?im%ara"‘(l):

It 1s worth noting that these long lived American
plles contained more anthrecene oils than nsphthalene. Per-
heps the most striking thing is the disappesrance of the tarp

aclds. It 1s certsinly conservative bto place the original
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ter aclds at 57, yvet the extractod olle shiow but & tenth of
this amouvnt. It ie possible thet these compounds on
account of thelr hydroxyl groups have been vxposed to vary-
ing amounte of wster and elr, to the resctive lignin por-
tion of the wood end to the numercous compounds present in
crecscte. On the othor hend, these Phenol bodles may have
been voleatilized or been washed from the timbers.

It sppesars, therefors, that light oils, bolling below
205 degrees C. will not remain in ihe timber, but the heavy
olls, contelining a high percentage of anthracene oil will
remaln slmost indefinltely and protect the wood from decay
and borlng snlmals..... The velus of bar aclde has appar-
ently been overestimsted by many persons, for although it
has not been proved they are velueless, they have been
ghown to possess poor staying qualities.

Von Echrenl, Hersman: "Slignificence of Toxielty Deter-
minations from a Practical Stendpolint" (L6):

(1) Pointe out that American e¢reosote practice has
been bullt on Turopesan przetice, |

(2) fuctes from Furgeson's paper in Soulton's, ¥4
Century of Wood Pregervation.” 3tlll expressing the view-
polnt of most of uas, Hr. Beulion calls ettentlon to the
numerous spesificetions for creosote differing wldely, each
from the other. Today, thanks to the work of individuals

and egocleties, these are rendered to & Tew in number., The




fads and theories of earlier yesrs have also glven place to
sound common sense views. Today, neither naphthalene, nor
tar acids, finde 1tself exalted to the most essential cone
stituente. The heavier oils are preferred, but it 1= undep~
stood that te obtaln at a regseonshle price a commercisl
erticle which is the by-product of another industry, consid-
erable latitude in constituents must be allowed. Good re-
sults have heen obtailned with creosote differing widely in
their composlition.®

(3) High boiling constituents of creosoie have compars-

- tively high texic values,

Tunge, George: "Coal Tar snd Ammonia," 5th B4, 1916,
D. Van Wostrend & Co., (30), Seldenschur (Zangew. Chem,
1901, ». 1i37):

¥Made numerous bacteriologleal investigastions upon the
efflclency of conl tar 01l from which the scld constituents
(the phenols) had heen removed, for pressrving weod, com~
pering its actlion with thet of zine chloride. His experi-
menta, esrried out with the smployment of penicillium
glaucum and Yucor mucedo, showed that the destroying action
of tar olls on these orgsnisma has no connection whatsoever
with thelir content of pehnols. It is indifferent whether
the oils contain much or 1ittle or nothing at all of these
"tar solds.” The sction of coal tar, deprived of the acide

on those fungl wes three tinss as gtrong as that of zine
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e¢hloride. ILater on Seldenschur {Chem Zeit., 1909

» Bo. 77)
imprepnated wood sleepers wxﬁh\g@@@f&ﬁﬁiww‘Qﬁan%iklea of
acid free tar olle and exposed to the wood destreyling fungi,
to dry rot fungus {Herullus leorymens) and to polyporus
veporarivg. The oil was smmlsionatsd by rosin soda soap,
the emulsion containing the eguivalent of & percent tar oil.
The experiments showsd that the epplication of 0.8 kg. of
tar oll per slespsr suffleed for proteeoting the siseper so
that the Lepregnation of the slespers on the large soale,
when they talte up 7 kg. of oll affects & ninefold security.
From impregnated sleepers whioch had been in the rallway
track for 16 yesrs and showed & trace of deterlorstion by
rot, sn oll was extrscted which consisted wlmost entirely
of high boiling hydrocsrbons, containing neither phenols,
nor bases, nor low bolling hydrocarbons.

Eesves, Chaerles 5., A.%W.P.A. Proe, 1928, pages L2.-50,
{35}, “The Determination of the Toxielty of %ood Pressrva-
tives,”

This work wes conduoted on wood flour snd sives the
toxlic nointe of warious pressrvatives, snd sraphs of zrowth
over fraetiens of different olls. In discussing the re-
enlte, Reeves says: "The most toxlo meterisl seems to bDe
roneentrated in the olls (ecoal tar distillates) boiling be~
tween 2B0 degreses and 320 degrees C. It 1s of partioular

interenat to note the relative inorsass in toxiolty of oil

B
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no. 1 after extraction of acids and bases (known as oil no.

2) which 48 & clear demonstratior of the bizh preservative

value of neutrsl hvdrocerbons.®

Forest Products Laboratory Report, 2.7.F.A. Froc, 191k,
page 216. (17)

This report deals with speclally nressred olls wiish
were used for observation for attack of morine horere. The
specimens of piling were treasted with frocilons of crocsote

by re-distilliing a pood grads of conl tar crsoscie us

follows:
Fraction I 0-20% TDeg. C. Ter aclic olla
; 11 Z05~250 ¢ ¥ Haphthalene olls
v I1I 250-2085 ® # Desd o011
" v 2y5-320 & ® Anthracene oll
# VY Above 320 ® W Residue

In addition, a cosl tar crescrote 2nd 2 wohter ges tey
creoscte were used., Plleg were placed in sevvice Maroh,

191l;, exsmined Januery, 1916, with the following resulte:

Fraction I Very severe attoek by torsdo
" It Very severe attack by toredo
H IIT Medium sttack by toredo
¥ v 811zht attack by toredo
" v Practicslly zound

Yaher gas tay Slight attack by toredo

Coal ter creosote Praebticelly sound

Huodes, . d. and Garcner, ¥F. T.: "Removal of Tar
icids and Bases snd Toxiciity," Ind. and Eng. Chem, 22: 167,
1230, (39)

"The neuiral nydrocsrbons were found to be fully as ef-

| fectlve as the phenolic compounds of the seme dlstillation

R
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range, while the tar bases were found 5o be only compara-
tively slightly toxlis. The suthors bellsve that the de-
sirabls effects of the pressnce of tnr ascilds in cressote
o0ll are not due to the high fungiecidal power of the tar
aclds, themselves . "

Schmitz, Henry, end Buekman, Btanley: "Toxic ifcition of
Coal Tar Creosote with Special Reference o *ths Txistence of
8 Barren Non~toxic 011." 1Ind. ¥rg. Chem.. Vel. 2k,
772, July 1932. (1)

The authors, clting the diversitry of ¢pinion reserding

paze

&

the presence of a berren or nor~toxie o011, nctably the opine
iong of Batemen, Nowotny, Moll, snd Dehnst, dlrechsed the
study toward the establishment of the vresence of & nor-
toxic o1l in cosl tar ecrecsote, The rummerization of their

work 1s cited: "In cosl tar srecsote, there sve subg

sote which are essentlally non-toxle, the procence of lurge
amounts of non-toxiec substanses has vet to be demcnstrated.

"So-ealled barren oll cannot proverly be considered as
non-toxic to wood destroying fungzi. Althourh hizgh ceoncen-
trations of barren oll do not completely inhibit thelr
growth, even relatively smnll smounts exert marked boxic
effects.”

The method in this study wae to sansrate tho orisinal

i

H
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01l inte L fractions, from which 8 other prepurations were
made. Only ore of these will be discussed here 1n order to
show the generel trend,

"Attentlon has alraa&y heen oallad to the hioh toxlcity
of the fraction distilling below 285 decrees ©. Washing
this fractlon alternately for 2 hour periods with 30 ner-
cent sulfuric acid snd & 15 percent solubtion of sodlum
hydroxlde, and removing & white orvstaline material vhich
formed on coolin: did not greastly chance its toxicity M

In the same paper, the suthors point o the worl of
Charitschoff (J. Russ. Phvs. Chem. Soe., bl 3h5.8, 1912)
who "showed that slthouch the phemol snd nitrorsznouns come
pounds oceurring in corl bar ereosste by themaelves are
gulte toxie, thelr presense In crecscte only 2lirhtly ine
creases the sntlseptic powers of the latter.?

Alao in the same peper 1s referencs %o the work of
Dehnst, Z. Angew., Chem. L1, 355-5, 1928: YSuffice 1t 1s
to say that Dehnst concludes the toxicity of canl Lar sreo-
sote towards Coniophora cerebslla is nnt grestly chansed by
the removal of the tar scilds, tar bases, nanhthalene, raw
anthracene, the olls bolling below 285 decrsen ., and the
water soluble products.h

Schmitz, Von Schrenk and Karmmersr (12}

In their studles of the cuelity and toxicity of coal

tar creorote oll extracted from red ok ties sfier lons
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periodse of service found that the erecsote extracted fronm
the varicus zones of the tles examined: "No cousistent
diffarencer were spparent in the tar acld content of the
extrected creosotes. In many cases, the tar pcld content
of the creosotes extracted from the outer one~half inch of
the tle woe high or hizher then that of the creopote ex-
tracted from zones 2 end 3." (This smourted to from 0.5
percent te 1.% percent) yet the authors voint out thet,
"One of the most interesting facts dbrourht out by the
study of the toxicity of the extracted creosotes is the
comparstively low toxleity of the creosotes extrected Irom

the outer cne~half inch of both tlee." In this ceee there

seems to be 1little cerrelation between tar scide ond
toxicity.

Fooler, F. 8., snd Howell, Dr. 4. M., and Bunt, O, H.:
Discussion from fleor A.W.P.A. Proc. 1925, p. 108. (3L):

Fozarding ties treated with an oll of petrolewm pas
houee origin, Indilecating e long 1life from 1511 to 1925--
no ties removed from the track.

The above references of the work of soms of the
better lnown workers in the fleld would seem to justify the
followlng conclusions:

1. The presence of tar geids In creosote olls mavy not

necessarlly be sn index of the texicity.

o
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2. The phenols found in coal itar creosote, although
initlelly toxic, do not tend to stay in place after the
wood 1s put into service over long perlods of time. No
doubt this ls becsuse thelr solubillty 1in water 1s seneral-
1y high end the bolling point somewhat low.

%. The removel of tar aclde snd bases from cosl tar
creosote does not eppreclsbly affect its toxicity.

L1, Creosote extrzotions, after longz vericde of service,
and Iln spite of their tar scid content, are likely to show

comparatively low toxle cualities.

Previous discusglon has shown thab the characterisiiecs
of ters are dependent on seversl facters. 1t has been ghown
that the aliphatlc or saturated hydroscsrborns found in
petroleum olls can be chenged to Lhe sromaile or unsaturated
hydrocarbons by high temperature cracking. In other words,
the non-teoxle hydroscerbons can be changed to tovxic hydro-
carbons by subjection to nish tempersturcs. In the case of
coal tar creosote, the yleld of tar aclds decremses with the
yield of aromstic hydrecarbens. Thus 1¢ 13 shown thet the
presence of swall amounts of tar aaiﬁs-may indlcate larger

emowunts of the more toxic aromatic hydrccarbons.

Addalticns of Petroleum 011 and Miners] Solvents

Petroleum oll ond meny of its derivablves eveé not toxie

to rungl snd wood borers when used slone, 'or muny yoars
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{26) petroleum dilutents for creosote oll have been used by
rallroads for treating tles and other purposes. lhe use of
these dilutents has been mainly for the purpose of reducing
the cost of the treating fluid. The use of & 50-50 mixture
1s guite a common solution for treating tles end of course
when 50 percent fuel oll ls added, the cost is reduced
materlally.

The additions of petroleum oils will also reduce the
toxiclity becsuse they themselves sre not toxic. Sehmitse
(40) concludes that with the samples of e?&esata tosted, &
50-50 mixture will reduce the toxicity 1/7th and a 25-75
wizbure will reduce the toxlielty 1{35th, ete. ln‘addiﬂian
to the disadventage of lower toxicities oi these mixtures
18 also the fact that the mixtures will not penetrate the
wood so readily because of the higher viacosity of the
mixture.

it has been found, however, that the mixture has &
tendency to reduce checking of the treated m&ta?ial because
the surfece of the wool remsins in an oily condition and

prevents rapld changes in the surfece moisiure content.
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PART IIX.

Physical Properties of Each of the (reosotes Tested

In order that a common ground might be had for evalu-
ating the abllity of oil tar creosote to act as a wood pre-
servative, some of the physlecal properties of this oll will
bs compared to a standerd Grade 1 coal tar crecsote. These
properties include the specific gravity, dlestillation,
viscosity, penetration, absorption, volatillzation by hest,
leaching by water and the flash point,

As Bateman {8) points out, "The similarity of water
gas tar creoscte and coal tar creosote makes 1t seem very
probable that in general the hydrocarbons found in the
highly aromatic water gas tars are the same as| those found
in coal ters. Benszol, toluol, xylol, naphthalense, phenan-
threne, and methyl anthracene have been identified. The
most notable difference between coal tar creosotes and water
gas tar creosotes i1s the almost complete absenge of tar acids
and tar bases in the latter and thelr presence|in conslder-
able amounts in the former. Because of the lagk of these
meterials, the odor of water gas tar creosotes| is more oily
than the odor of cosl tar creocsotes.

"The chemlical properties of water gas tar| creosotes are
in general the same as thoseé of coal tar araasZZaa from

which the tar scilds and tar bases have been removed. Only
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& very small propertion is reascted upon by cesustic soda or
dilute mineral acldsz. Concentrated sulphuriec acid forms
meny sulphonic acids which are identleal with the sulphonic
acids produced from coal tar ecrecsobes.

"Because of the great similarity between water gas tar
creocsotes and coal tar creosctes, the physical properties of
one meteriel would in general be the same as those of the
other. The same solvents can be used for both."

Color. 01l tar creosote remembles water gas tar creo-
sote, but as has already been shown, there 1s more 1likli-
hood of & greater percent of aromatic hydrocarbons in the
oll tar creosote because of the higher craakiﬁg temperature.
The oil tar creosote was found to be & greenlsh brown color,
remarkably free of sny sludge or precipitstes. The color
imparted to Ponderosa pine sapwood blocks was decidedly an
olly green,

The coal tar ssmple used was found to be a very black-
ish brown. Considerable amounts of suspended material,
which in the solutlion gave the appearance of free carbon,
was found to be present. The color lmparted to Ponderose
pine sapwood blocks wes almost coal black.

Odor. Both crecsotes carried the familiar tar odor.
Ho great difference in the character of the odor could be
determined. If anything, the oll tar creoscte had & more

penetrating sromatic odor than the coal tar crecsote.



L3
Specific Oravity

Specific gravity determinations were made {18) of the
two creosoctes at different temperatures. Results are

shown in the following table and accompanying giaph.

011 Tar Creoscte Coal Tar Creoscte

Temp.® C. Specific Gravity  Temp.® ¢. Specific Gravity

250 10 22 oft
22 1.9k 259 1.00l

Temperature~speclfic gravity relationships are plotted
on the following graph and sre essentlally straight lines
over the ordinary range of temperaturea,

It will be notesd that the specific gravity at 58“ C,
1s approximately 1.02, slightly lower than the A.W.P.A.
specifications which c¢all for a specific gravity of not less
then 1.03, or a difference of .0l. This lower gravity may
be compensated for in part by the nature of the percentage

of the higher boiling fractions in the dlstillate.

Distillations

The following distilletions msde by two different
laboratories sccording to stendsrd procedure agree falrly
closely In the results. As will be nocted upon examination
of the graph, the asccumulative distillation up to 270 1s
approximeately the same for both samples of creosote. Above

270, however, the oll tar creosote shows to be higher boil-
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ing., From 315 to 355 there is a Aifference of about 10% in
the curves for o1l tar and cosl tar creosote semples ex-
amined.

This difference in the distillation range shows up in
the volatilization tests, particulsrly in the watch gless
tests, vis., the hig:er bolling oil shows less volatiliza-
tion.

Distlllstion of the semple of coal tar crecsote sup«
plied by the Pope and Talbot Lumber Compeny and the oil tar
creosote supplied by the Portland Gue and Coke Company were
made by the Department of Chemical Engineering of the
Oregon State College (18). The results follow:

Coal Tar Creosote

Fraction Temperature ¢ by VWelght Tar Acids Accunu~

No. _ Deg. C.  over % _lative
0-210 6.69 0.09) 6.6

2 210-235 .1% a,gég 82
ﬁ 235-2T70 35 17 0,521 29 .0%
, 270-315 2%.82 0.5117 2 85

2 315-355 ‘ii'gg 0.729
Rﬁ&!iﬁu& Al tl? Q.GQ@ 105.03

above 355 ,
1.84%
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Gasco Ter Creosote

Fraction Temperature % by Weight Tar Acids  Acounm~

No.. Deg. €. over % Jlative
1 04210 h 72 0.0 L.77
2 210-235 0.1 0.0 19.93
7 235-270 31*9 0.103 36.89
Lo mE o et 2
2 T 30 007 93.53

sbove 355 I
0.367

 "Since the tar acid determination upon the emall frac-
tions 1s not too mccurate, it was aaaiéaﬁ to make deter-
minations on the semples themselves without distillation.
The coal tar creosote gave 3.62 and the Gasco tar crecsote
é*36 percent by weight of tar scids., XNote that the deter-
mingtions on Gesco checked the totals of the fractions
whlle the determination on the coasl tar ereoscte was appre-
cilably higher., %his 18 due to the fact thet the coml tar

materisl tends to form an emulsion when treated without

.ﬁistillatiea and the residusl tar oils which do not satis-

factorily separate build up volume which sposars as tar
acld. I believe the value of 1.8l percent to be represen-~
tative since the CGasco materisl checked so closely.®

The following distillations were made in the laboratory
of the Portlend Gas and Coke Company (L3). In general they
check rather closely with those made at the State College.
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011 Tar Cosl Ter AW.P.A.
Creogote Creosote = Specifications
Water, % by Vol. 0.1 2.6 Not over 3%
Hatter insoluble 0.01% 0.3% Not over 0.5%
in Benzol
Specific Gravity, 1.019 1.062 Yot less than
38/15.5 1.03
Distillation | | -
up to 210 L4.5% Wb,  1.7% wt. Not ever 5%
to 235 15.1 8,2 Not over 25%
to 270 57‘3 Zé.
to 315 52 . 60.8
to 355 72.7 81.5
Regidue 26.2 17.0
Loss 1.1
Coke Residue, 0.11 1.76 Not over 2%
% of Original
Tar Acids, % by Hone b7 Hone
Volume

Volatility--Wood Block Tests

in order to determine the relative resistance of the

preservative to volstilization after being injected inko
wood, and to devermine the sffect of this volatilization on
fungue growth, four wood blocks, prepared as described
under Pathological Study, were preparsd with eash of the
following preservatives:

1. Coal tar crecsote - 100%

2. 011 tar ecreosote - 100%

5. Untreated control

Fach set of these blocks was plassd in the oven and
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held at a temperature of 160° F. for 2l hours at which time
they were removed and welghed. They were agalin placed in
the oven and left for another 2l hours st the same tempera-
ture, removed and welghed. The percent loss in welght wsa
then computed on the basgis of the orlginal welght in order
te show the conparatlive volatllity of the preservatlives
under examination. The temperature of 160° F, was used for
this test on the basis described by Hubert (2L) for the
maximum temperature likely te be found as o direct result
of exposure to the sun's rays.

Exsminetion of the following table and curves shows
that the oll ter crecsote as used in these tests is of
about the same volatllity as the semple of cosl tar creo-
sote tested.

The blocksz thus treated were later used in EKolle flask
tests to determine the effect of volatility of toxicity.

No attack by the fungus was noted.



T T TF L
H i K

T
. y
T ey v
r R T T
gest:
1]
1
{

T
Tt
T
.
T
™
.

s SENNR SR
__w - ]
31T ! s
RN RN INES
Crire B T 3 1
t ot R
1 Sase/y
[ Y ARNNNRA
ARnan AR ] ]
N
1 BNEREN
s
1 T
4 - y I - .‘
T i
ol
BE R AR
+ - ! .
1 T
45 { T
i T - - -
7
bl ! : g




53

| Ssmple Preserva- Wt. of % Lost ¥t. of € Lost

| tive taken Pres. in Pres. in
up left 2 ors. left L8 nrs.

| %t. in Grams after after
2.90 1.6l L2.5 1.277 56.0
o Creosote 2.680 1.52 5 1.27 2.2
Ave, 2.727 1.563 1.8 1.287 53.6
2»8 6 l.52¢ ; . 1.0 .0
Coal Tar 3:19 1. 9 ﬁggg 10%0 L '5
Creosote 3.348 2.134 36 é 1.576 l@g .0
2.697 . 1.629 39.6 1.129 56.0
Ave. 3.033 1.796 L41.0 12;,52 51.1

Preceding table shows the result of volatility tests
on wood blocks preserved in the ususl fashion snd placed in
an oven at 160 degrees F. for B hours. Weights taken at
the end of 2l and 48 hour perlodes. It was essumed that the
moisture in the wood blocks was almost entirely evaporated
after 2 hours at 160 degrees F. The calculated oven ary
welghts were therefore used as the basis for computing the
percentages expressed.

In order to further evaluate the two samples in respect
to thelr resistance to volatilization snd to check the re-
sults of the wood block tests of volatility, wateh glass
tésta were made according to the following procedure:

Twenty cc of the preservative fluld, as nearly es could

i be measured with a burette, calibrated in tenths of & co,

i wae measured out into open glass dishes which had previously

L o
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been carefully weighed. The welght of the fluid and con-
talner was then taken and recorded. The four dishes were
then placed in & drying oven at 160 degrees F. and left for
2l hours. 4t the twenty-four hour period the dishes were
weighed and replaced in the oven. At the end of another 2l
hours the welghts were sgeln taken on each of the four
samples and the percentages computed. The results are in
the followling table and graphe:
Wt, of fluid Wt. of fluld ¢ Loss %t. of fluld ¥ Loss
in zrams be- in grems at in grams at
fore placing end of 2l hrs. end of L8 hrs.

in oven
011 tar
creosote ‘
20.869 16,97 13,88 15,37 21.0%
Coal tar
erecsote

21.20 | 17.40 - 18.39 » 15.898 ,;35‘Q9

Leaching Tests with Water

Leaching tests were made under conditions similar to
those used by Hubert (2li). Ponderosa pine sapwood blocks
were cut to & size of $ x 13 x 2 inches so that the blocks
could be subsequently used in Kolle flask tests. The
blocks were conditioned in a desiccetor over & saturated
neutral salt solutlion until they had reached an equilibrium

of 12.2Li% moisture content. Six blocks were selected,



55

welghed and then treated in the way as desoribed under
Pathologleal Study with the following:

No, of Blocks Preservatlve

2 Coal tar crecsote 1L00F
01l ter crecsote 100%
s Untreated controls

48 soon as the excess preservative had been removed
by plecing the ireated blocks on clean blotting paper, the
welght of each block was again taken and recorded. The
blocks treated with the same preservative were then placed
together In quart Jjars, and clear tep water was run into the
Jars at the reate of 20 changes per hour. The blooks re- |
mained submerped in the water naér the top of the jur and
wore held in that position by the hose whieh eupplied the
water. All blocks were subjected to this method of leach-
ing for a period of 1l duys except that on the fourth, sixth,
elghth, eleventh, and thirteenth day the blocks were re-
moved and placed in the atmosphere of the laboratory and
left to stend for a period of eight hours. after which they
were returned to the weter leaching process. It was thought
thet In this way the alternate wettlng and drying would more
nearly approximate service conditions.

At the end of the leaching process the blocks were
dried at room tem@&raﬁﬁre for I8 houre and replaced in the

desiccator until they had reached an equilibrium moisture

o
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content. Thisg was verifled by the wai zht of the untrested
control blocke. After resching egquilibrium the blocks were
agaln welghed and the amount and percent of the preservative
- lost during the leaching process waé found as shown in the
following tables

Preservative Original Wt.of PFinal Wt. of ¢ Lost Ave. %

xyas@rvat&va Preservative Lost
il tar crecsote 5,020 2,175 27.98 ,
3,060 2,572 2h.20  26.09
Coal tar creoscte 3.25 2.h1

, 22.7
2,805 28 25.55

Untrested Control 0.000 0§600

fhe sccompenying bar chart also shows the ralaﬁianshiy
ol each of the pressrvatives so tested to the percent of
welght lest. It will be noted that there 1s no striking
difference between any of the preservatives tested. The
coal tar creosote shows o slight aﬁﬁantaga In the matter of
reslstance to leaching.

The leached blocks were then placed in Kolle flasks
cultures and incubated. The results sre shown later in the

report.

Penetration and absorption

Penstration snd absorption are affected by seversl
fectors such éa tempsrature of the ligquid, viscosity of the

liquid, pressure used in the application and the tirme under



51

treatment. In the iniltlal investigations of oil tar creo~
sote 1t was found that the oll flowed freely into the wood.
Ag an initlal study of the penetratlon, two short pleces of
2 x 6 Fonderosa pine were sawe& from the same board:; one
plece wes set on end in ¥ inch of coel tar creosote end the
other set on end in % inch of oil tar creocsote and allowed
to stand for twenty minutes, after exposing to the air of
the laboratory for two weeks, the pleces were split longi-
tudinelly and the end penetration noted. The average depth
of penetration parsllel with the graln was 1.25 inches for
the coal tar creosote and 2.5 inches for the oll tar creo-
sote., These penetrations are shown in plate 2., It waa
belleved that this was a falr measure of the comparable
penetrating abllity of the two ereosotes tested. However,
1t wos deemed advisable to continue the study of penetra-
tlon end absorption under commercisl pressure treating
conditions,

Thirty-one Douglaes fir posts were selected and treated
at the vilot plant of the Pope and Talbot Lumber Company
ereosoting plant In St. Helens, Oregon. The log of the

treating operation is as follows:



PLATE NO, 2

End penetration of coal tar creosote (left) and
oil tar creosote (right) on 2 x 6 Ponderosa
pine during 20 minute dipping period.

S
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R. H. Rawson

- TREATMENT REPORT

FOR Oregon State Collerse at St. Helens, Oregon
- ON_ Teet Posts o 9/?9 L 1939

CLIENT'S ORDER NO. S PLAR? OHUEER NO. &

OUR HO. ; PLANT REFORT NO. f

gxﬁeﬂm OF BATH
Started, Date 9/20/39 Hr. %:30 p.s. Ended, Date

Hour Hours in Bath

TEMPFRATURE VACUUM

At Start 190 peg. F. liln. Vecuum 2}y Inches
Maximm 190 ¥ Kax. 2l "

At End 190 ¥ " , ;
AIR PRESSBURE OR IWITIAL VAL
Started 7:30 ¥nded 8:30 Lbs. Ins. 50 Hours 1
01l PRESESURE
Started 9/21/39 ir, 8:4% Ended 9/21
Hr. 9 Hours under pressure i
PRESSURES TEMPERATURES UNDER PRESSURE
At Start 5 lbs. At Start 13%
At End 130 " At End 13§
Hoximum 135
EXPANSION BATH
Started 9/21/39 Ir. 9345 Ended 9/21/39
Hr. 1:45 Faurs in Exp, Bath
TEMPERATURES
During Expansion Bath
At Start 135 deg. F.
204 ¢ %

Kaximum
4% End 208 *» "
FINAL VACUUKM

Started 12 N Ended 1 p.p. Total 1 hrs. 00 min.
Hax. Inches _Hin. Inches

TOTAL TREATING TIWE Ars. 19 Min. 30

‘ NRTERIAL
Fo. Pos. Dimensions Length Lin.or Bd. F&. Cuble Ft.
31 Lzl Ly 210! 17.5

Portland Gas & @oke Company oreosote used in trestment of
this material.



Plece Volunme

No.

P~
P~
P~
Pe

E0 D b

Pw
b 2
P”

P b
P~ 9
P-10
P-11
P12
P-1%
P11,
P-1
P-1
P-17
P-1
P-19
P-20
P-2

P-22
P-2
p-al,
-2t
P-2
p-2
P2
P-29
P-30
P-31

L* x L* - 510" POSTS
TREATED WITH GASCO CHEOSOIE

Green

Aversge
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reated Nolsture Gain Galn Correc~ HNet
in Welght nggggt yzrgent # #/CF téﬁggin Gﬁén
cu.ft. in # in # Before /CE Py
5% . n " - @}‘2
0S80 01305 ksl ek 1o’ Bl 1Y AR
0.589 2h.125 22.625 32.1 -22; 2.3 LI 7.04
0.608 15.750 20.875 35.19 3.225 3.52 3.5§ -3
0637 h7se S27ed 2531 0e3 1B 3 L3
Qu‘ ° ) E ~‘~ 25 o - ¥ l: ‘#‘ {
cl gk Bk kBl g 08 1h
o.¢o 221*53 26.000 3h.05 2.5@9 L1 .55 5. 66
0.590 23.500 25.250 36.02 1‘g§ ,ig a8
0.590 23.750 25.625 55.12 1.875 5.01 5'8~ "7h
0.622 25.750 27.000 36.5 1.250 2,04 5.25 ?"6
0.2 .13 aA7ad 3k 3R wdp 232 L8
0:223 20.625 23.375 9.6 2.750 n.ﬁg Zf?g 3-19
0.576 22.000 2L.000 29.29 2,000 3,58 3.3 -8
0.627 20.000 23.000 30.90 3.000 .7 2.69 %‘12
0.627 20.875 23.500 29.82 2.625 L.19 .37 (-16
0.609 22.500 25,000 29.00 a‘ch g,%é 5.Qg §‘@e
G’%%? §%~Zgg %Z‘??g %5‘58 1’2%& 1‘39 0L 10.03
00 - . ) ] g W L334 - | » \ - , '
0.655 22.375 25.375 37.05 2.500 5.62 2.81 g.gg
G.@yé 22.125 25.250 20.8 3.125 L. b .?a ;._5
0.646 21.125 aé.ooe 32.36 2.875 L .45 3.5 -92
053 26.195 2799 2811 1.y 18s 2 1
3:’3? §?f753 26.500 32.63 _.750 1.20 L.81 .01
Total 1%53% 715.500 779.500 61,000 o

3.35 L.27 T.62

After 18.22
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These posts, whioch were placed in the Oregon Btate
College School of Forestry Test grounds,have retalined an
averaze abgorption of 7.62 poundes of preservative per
cubie foot &s speciiled Wy the fecdersl speclilcation
TP-%~556 snd the Amsricsn ¥Food Freservers' specliication
4 or 5 b (1933,

How thai bhe yesults of absorpilion under the glven
tresting cenditions heve been obpurved 1t becomes deslipe
sble Lo Anvesilgute the corrasponding penetritions. FPoate
nes. 26 mnd &85 wers out in even foot lengthe Lo orcer to

were pecerally cbssrve the penetration. These puinis. &s

ehown by the dlagramatie cut, show tha fellowling peneirs-

x*‘!’

L1008,

The folleeins teble shows the depih ol ponetretlion of
e P an o g, o I w2 F
posts no. 20 and ne, 20. & wpfler wap gown from the eross
sostlon of seeh pomt gb one foot intarvals ascerdlug Yo

e [ollowling dlsgram:

Points 1 2 2 I



61

The penetration waa {then measured midway between the

corners as follows:

The incisor marks showed a penetration of epproximate-

ly four~tenths of an inch from the surfece.

Poat 28

Point 1
A .65 inches
B 5
¢ 60 *
D .80 "

Ave. .TO inches

B o
-

Post 26

A .6C inches
3 8o ¢

¢ b5 0"

D Bo oo

Ave. .71.2 lnches

Polnt 2
«65 1inches
B85 00
60 7
’:.égn "

. 725 inches
.60 inches
.80 ¢
80 v
;ég” "

<712 inches

Polnt 5
+55 inches
50 R
S0 "
;8& ]
ST12 inches
.65 inches
75 "

B0 ¢
ﬂ ]

737 inches

Point
.55 inches
B0 0"
L7000

.85 v
725 inches
.80 inches
b5 ¥
65 "
LZS” "
.70 inches



POST NO. 26

Treated with oil tar creosote under commercial conditions. The section here
showvn corresponds to the désignated points mentioned in the table. Point 1
is at left, reading 2, 3, and L, left to right.

POST NO. 28

Treated with oil tar creosote under commercial conditions. The section here shown
corresponds to the designated points mentioned in the table. Point 1 is at left,
reading 2, %, and li, left to right.

¥ 19
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An examination of the included photographs will con~
véy a genersl ippression of the depth of nenetration se~
cured. It is thus shown that the oil tar creosote, in
spite of the higher than normal percentaze of hipgh bolling
oils, st1)1 mainteins & very fluld state 1n which deep
penetrations bsve been secured.

One of the factors which bears on the penetrating
ability of & liguld iz the viscosity. Tests on the
8avbolt Viscosity st verious temperatures for oll tar crso-
sote and for the coal tar crecsote tested are shown in the
following table and sccompanying greph. The difference

Indicates a better penetrating ability of oil tar creosote.

Coal Tar 011 _ \ Gesco

Temp, @ .  Saybolt Sec. Temp. © ¢.  Saybolt 3ec.

22.0 5 Lé
7.0 ZS f Lo
2.5 37
150 21 5 3l
0.0 5¢ 32

It was not considered advisable to carry the deter~
minations to a higher tempersture hecause of the approach

to the llmlt for the Saybolt instrument.

Flash Point

Since safety in hendling snd use of a preservative is

one of the requirements, and since rires are a hazard about



the cereoscting cperatlions it was thought aBivisable to in-
vestigute the reletive flzeh points of ths two creosoctes
under invesbigatlon. The flash peint, determined by the
“levelund open cup method (10), was found Lo be Coal Yar

Creoscte il 215% F., 011 Ter Creosote oll 175° F.



&l
PART IV.

Pathological Study

&

The onjoecvive ol this portlon of tue stuldy was Lo de~
tormine the relative toxleliy of coal ter creosote and oil
tar creoscte. 1lie procedure and results willl Le found in
the f{ollowlng dlscussion.

The study hore ls divided into two parts, the £lrst
serles or orisntatlon ssries was conducted in order to de~
teralne 1o s generel way, the relabtive toxicitles, After
comploting the Iirst serles of teoste 1t was decided that
in order Lo maike the study comprshensive snd thorough, =
check seriss would be highly desirsble. This was done and
certeln dlfferences In procedure were followed in the
socond seriles than in the Tirst. The procedure of the
second serles snd tabulation of resulits thersfore follow
the description and btavulation of results as found in the

el " oty B SO R O
Firat soyles of tests.

Selection of HMethod

In searching for a satisfectory method of determining
the toxlelty of a preservetive ag well as the ability of
the preservabtive to resist lesching snd volstilizetion fron
the wood; two general wetheds were studled.

One of those methoda, the petrl dish method, has been
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widely used for the determination of the toxle point of
preservatives. %his method, known also ss the americen
method, has beoen the basis for most of the toximetrie
determinations made by Americsn investigetors. Humphrey
ané Fleming (28) describe this method quite rully. Some
varistions a8 to the type and preparatlion of media are used
by different invesbigators, but all mix the preservatlve
with the medis and inoculate with the desired fungys.

The other msthods, #nown as the wood block method, o
the Furopean msthod 1ls quite generally used by the Furopssn
investigators. It is claimed as Hunt (26) points out that
the Wood EBlock Method is more desirable sincs 1t more nears
1y measures the condltions under which wood will decay In
gervice. Rabanus, adolph (35) concludee tnat the wood
block mebhed is the bebier of the two. Waberman and assc~
ciates {II7) of the Bell YTelephone laborsitories have used &
special mdaptation of the wood block method, belleving It
superlor % the agar or petrl dilsh method. Habfleld,
Shumard, end Flemming (21) describe the general method of
procedure in uslng the wood block method. Hubert (2h) has
also used Lhe Yoot Block method with excellent results.

Since the wood block method in Kolle flasks seems Lo

be held in hig

favor by Furopean investigators, has become

increasingly important in the Unlted States, and has bDecoms

a generslly accepted procedure (33) among workers in the
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Unlted States, it was coneluded that this method would be
most logleal and most productive for present and future
comparisons of data. It has been estimated by some workers
that the procedure followed in this study may give results
comparable to 25 years of service. It follows, therefore,
that in lieu of service tests, this procedure is the best
one available for obtalning not only the toxicity but alseo

the sctlon of & preservative over a perlod of time.

Selection of Wood for the Host

In order to comply with standard procedure, Pondeross
Pine sapwood was selected as the wood to be impregnated
with the preservatives and subsequently subjected to the
action of fungus. The pine sapwood was obtained from
Shevlin~Hixon Company, Bend, Oregon. All of the samples
used in the first study were from the same board, the wood
of which ehowed a specific gravity of .506 and 29 rings per
inch. Since Ponderosa pine is generally considered non-
dureble, especially the sapwood, it was believed that this
material would represent about the worst condition in re-
spect to the effect of the inhersnt durebility of the wood
to show In the results. Also 1t was believed that by se-
lecting all of the material from one 12 foot board, all
samples would have equal propertles, thereby eliminating

several variabls factors.
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Preparation of Wood Bemples

The wood was allowed to season for one year in e
hested room. The molsture content reached by this season~
ing was approximately 10 percent. The 2 x & x 12 was then
ripped and planed to 13" x 2¥ from which % inch sections
were cut by mesans of & band saw.

Conditioning of Samples

In order that all of the sample blocks be of the same
moisture content, both for determining the moisture content
on the oven dry basis as well as for aliminating the factor
of ununiform molsture content st the time of lmpregnation,
350 ssmple blocks were placed in a desloccator over & satu~
rated solution of sodium chloride snd left to stand for
four weeka. It was found that by this procedure a uniform
molsture content of 11.97 percent was obtained. Holsture
content wes found by welghing every tenth block and placing
in a drying oven at 10l degrees C. until no further loss in
welght of the sample could be detected. The percentage was
then computed on the oven dry basls, and this percentage
was used for computing the oven dry weight of the impreg-

ngted samples.

Selection of Fungus

After examining the work of a number of Investigators

who have done considerable work on toxicity of wood pre-
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servatives, and upon the recommendation of Dr. Hubert,
Lenaites‘trabea and Poris incrassate were selected as the
two orgenisms with whiech to work. The basis for this
selection was the fact that both of these fungl are gulte
generally found 1n actual service condliions, both react
well under laboratory condltions and both have been pre-
viously used in experimental work. In splte of the fact
that the strain of Fomes annosus, known as Madlson 517,
has been more widely used in experimental work than the
two selected, 1t is seldom found under general service
conditions,

Cultures of both fungl were obtained from the Forest
Products Laboratory, Madison, Wisconsin.

Preparation of Flagks and Medla

The malt agar media was prepared by the followlng
formula: (U.8.D.A. Bulletin 346)
1000 cc distilled water
25 grams Difce malt extract
15 grams agar
One hundred ec¢ of the prepsred medis was poured Into
each Kolle flask. The flask plugged with cotton and the
fiasks then sterilized in an autoclave under 15 pounds gauge
of steam for a perlod of 20 minutes. The flasks were then
covled and inooculated with the desired fungus. The fungus
was allowed to grow for 1 days under incubation at 26° C.
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at which time most of the flasks had developed a mat over
the entire surfece of the ager media. A few flasks in-
ceulated with Poria inerassate required slightly longer
for the fungus mat to completely cover the surface of the
media, All contsminstions were rejected and new medis
prepared for the contaminated flasks. At the end of the
two weeka' incubation perlod most of the flasks were ready

to recelve the preserved wood blocks.
Treatment of Wood Blocks

The wood blocks were taken from the deslccator and
welghed on a delicats triple beam balance. A number of
welghts were checked on the analytical balance in order to
eliminate any error. Since the welghts shecked almost
1dentically, thls method of welghing was used., After the
welphts were taken and recorded, the same wood blmeks wore
immediately placed in s Jar fitted with a separstery fun-
nel and hose outlet for & vacuum pump. The dasiréd number
of blocks were placed in the jar, covered with glase beads
and the top of the jor sealed. The vacuum pump was then
started and s vacuum of 2.2 inches of mercury drawn for a
perlod of thirty minutes. The preservative of the desired
concentration was then let into the jar without breaking
the vaecuum after which the wood blocks were allowed to

stand in the preservative for thirty minutes. After im-
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pregnation the blocks were removed, placed on glass rods
and allowed to drain and stand ror 2l hours in the labora~-
tory after which the blocks were replaced in the desicecator
for 72 hours ﬁafara welghing the second time. The second
welighing was, of course, for the purpose of determining the
amount of preservative taken up in each case.

In order to get the dilutions, Stoddaré Solvent was
used as the non-toxic oil. All percentsges are expressed
in percentages of welght. The specific gravity of each
material used was determined and from these specific
gravities the number of ml reguired of each substance wase
computed. |

The following concentrations were used:

Coul Tar Creosote

Bo. Percent CC Crscaote ce salvqnt
i 192 109. 0 |
A
g :6 1. ag 273 3
19 7 397.91

10 o l;l@? 25 ~§9

i 3 Ez 298

15 % 1 193 i

a -05 1499.73

After condltioning, weighing, impregnation, and sgein
conditioning and welghing the samples were placed in the
\ Kolle flasks., Two impregnated samples were placed in each
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flask, and in most cases s third block of untreated wood
was placed in esch flask to act as a control. Transfer of
wood blocks to the flasks was msede In a sterile transfer
room in order to avoid contaminations. The 3 millimeter
glass rods which were placed on top of the funzus mat to
recelve the wood blocks. The untreated blocks were
sterllized in bolling water before placing in the flask.
The impregnated blocks were not sterilized becsuse it was
thought that if the concentration of preservative was not
sufficlently strong to kill any fungus spores shich might
be on the surface, neither would it kill or inhibit the
fungus to which 1t was exposed. The glass rods were used
in order that the wood blocks would not pilck up an ox-
csgsive amount of molsture from the sgar, which would in-
hibit the growth of the fungus. Aleo, the surfsce of the
wood beling free from the agar would better accommodate ﬁhﬁ
growth of the fungus on all six sides of the bloock.

Four wood blocks were lmpregnated wlth esch of the
concentrations listed on the preceding page, two blocks
being placed In the flask with Lenzites trabea and two
blocks in flask with Poria incrassatae.

Results

After Inocubstion for a period of eight wesks at 26° C.,

the blocks that were exposed to Lenzites trabes werse removed
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from the flask. The blocks exposed to Porla incrassate
were removed from the flask at the end of the tenth week.
‘éha surface myceliwm, 1f any, was brushed off and the
blocks placed in & desicoator over sulphuric acid snd
allowed to stand unitll no further loss in welsht could be
detecied., In order to sllow for volatility during the in-
cubation period the following procedure wes used: 20 un-
attacked blocks were used for the basils:

Original Preserved Welght ~ oven dry welght equals
weight of preservative.
Finished Freserved Welight ~ oven dry weight eguals
welight of preservative
at conecluslon of tests.

Originel welght of preservative - final weight of

preservative x 100 equals Original welght of

preservative.

Percsnt of Preservative Lost During Time in Kolle Flask

This percentage of loss was then applied to each
treated block to meke the necessary correction for vole-
tility.

The molsture free welght of the wood blocks as found
as described above was then used as the besls for computing
the percent of weight lost from the wood blocks. The per-
centage 1s based on the original weight of the block before
it was placed in the Xolle flask.
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i

\ The results are given in the following tables and
|

| eccompanying graphe:

Table showing loss in weight of individual sample
blocks impregnated with different concentrations of
Coal Tar Creosote after incubation period of 8 weeks
with Lenzltes trabes.



(i

Ave,
% Loss

Loss in

after in- Weight

@ubatian

Weight

Computed Adjusted Molsture Pewaant:
Yelght
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Table showing loss iIn welght of individusl sample
blocks that have been impregnated with dlfferent
concentrations of Coal Tar Creosote and after an

incubation perlod of 8 weeks with Poria incrasssta.



tration ple

Concen~ Sawe-

Compated Adjusted

Oven Dry Oven Dry

76

Nolsture Percent Ave.
Free Wt., Loss in ¥ loas

percent Yelght Welght after in- Welght
; __cubatlion
100 A RN 6.31 6.4
B 1;.‘372 6.30 6.2 ,
G liba2 heps 3 —
B L3163 5.31 g ~ P
: ‘ « e « L 1Fi%y =
B &.6%9 ugﬁ L7l = .
e— gggg . o E%g 2.
c uag . a.gﬁ, L5.6 .
L A L. 6% L& ,;.62
B lf.- 8 l.ln? J.ietg .
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& TY ALkl deid 25
‘g .38 L1457 .
] g‘ ‘ l{t,@g - ﬁfg ;% 25.7 2{'} |
R
6 l.eso 5.00  36.0 —
5 A L.779  L.788
g li.913 h.923 —
N TR N '+ 36860
_c !Lk&é ~ 3.l 29.3 | e
B L .586 3 .66 20.1 20.1
c 5.198 2,62  L9.5 —
2 A 4779 5.25 26.1 .
B 3;.,13 5,27 27.5 26.8
. J P 3 &bl o
B g ¥ 23 o I8 1! 2l » g&az
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Table showling loss in welght of individusl sample
blocks that have been impregnated with dilfferent
concentrations of 0il Tar Creoscte after an incu-
bation perlod of 8 weeks with Lensites trabea. C

is control.



Concen~

Computed Adjusted

78

Molisture Percent Ave.

tration ple Oven Dry Oven Dry Free Wt. Loss in £ Loss
percent Veight after in- Welght '
| N cubation
A 6.27 6.04
B 357 643 NE—
¢ 5.078 5.0
A 5.07 5,11 o
B .11 Z.m 8
A 1. 1486
5 517 8
A :.509 .95 L 1g 9.2 5
B (e G Lol T * ) -
R R P -
A h.L76 L.58 h.231 8.08
B 4.507 L.541 3.16 30.4
¢ i;i.zrég I%Z 0 s.hg | 52;,5 -
& 1‘0,'3 * 1 311 s 3 ¢9
B l(.u’ ‘ L o i}, '16 38. 28»2
c_. h,ggg , ﬁ 58 g &7 m;g .
§§ zzi:a% ﬁag}rg 2;26 25.3 ,
¢ h:gga_ | %2292 3?3 Zﬁia £2:2
I R © T R
c i;z%lc: 4o i.:ag 330 —
3 4 : 5- 21,
B 410 L0 22. 22.1
¢ I %‘.gis 6.0
5 L.691 3.13 33.2 33.2
¢ .03 301 332 7
A %23% 3«»3@ ﬁ-é |
e 2 | «d} 2 »
] i B a2
3 %‘25 | %é'z. 2li.5
c_ 3:57 5’323? -
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Table showing loss in weight of individual sample
blocks that have been impregnated with different con=
centrations of 01l Tar Creosote after an incubation

of B weeks with Poris incrsssata.



8o

Concen~ Sam- Computed Adjusted Molsture Percent Ave.
tration ple Oven Dry Oven Dry Free Wi. Loss in ¥ Loss

percent Welght Weight  after in- Velght
, IR . gsubation
100 A L.616 5.88 6.09
GB L.290 5.62 5.71 —
50 A I,.503 5.10  5.10 D
B .59 5.15 20 —
= ¢ 3;.19;2; T .99 o
: A RN .56 «51 o
B 2 106 5.231; ? £ .
o G 5.128 , .10 a
R
- G ;iligsg - E ]
‘ A 11119 L1196 .53
B . 701 L. L.8
G glég - Lphﬁ | ;
1 A - »§g7 14 ok, 06 5055 19’:
3 b LBl li.562 3.7 17. 18.6
o 131 AR X I '
B 4.607 | 22& ,gé 16.1 18.9
. c i;;@_, i g. 1 &8% .
o A 4702 4.713 3.33 29,4
B }4-&' P S i e 5 166 1%1‘6 2 * |
3 opm NS gg 48 s
B L.0L63 L3 3,74 i6.L 21.8
b R ——
. ‘ Lo 5. 321 +93 wetb .
I é.za " ho.8 WL
3 A h.za'? 3.23 26.3
B HLL 3 .65 21.5 23.9
& pr2ul 2,82 28.5 ,
- i‘%‘%% ver %E\% 20.5 20.5
o %@5 ,a‘lgs 551% ~
o1 A . .55? :}.l 0 16'
B li.532 3.99 11.9 .2
5 c %;.41521; 2,03 3;%1:: ;
05 A Goaiizd %.T1 16.1
B l&.df;a E.Gé 13%.1 g ‘E
c ,&4535,« 3.2 2&-%
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Table showing the percent of welght of untreated
wood lost when exposed to 8 weeks incubation with

fungus in Eolle flasks.
A, Lenzites trabes

Same Origz. W, Computed Dry Wt. % Loss
nle at 129 oven dry &t end of
¥olature wt., of 8 wke,perlod
Content wood alone ,

Control A wet  5,0C% Toke 81 1.2
ez 57 TP iy 8 2
Flask 1 4 L.5L8 ‘L;.J.gw ‘

B %2 t 08 20
A N
B, Poriz incrazeata
Flask 3 A 2.53 L.918
,a ¢ 0923 }4;* 86
G 5.58 hfgf? | |
Flask Ik & 5347 L.76 L.o1 15.8
c 5.018 L.G72 3.65 _1B.3



ggﬁak, or Second Series of Kolle Flask %eatg‘

Objective

The objective of this series of tests was to determine
wore closely the comparatlve toxlclity of the two creosotes
at the lahibiting polnt.

Thece tests wore made bessuse it was found that the
number of samples near the Inhibiting point were not suffi-
clent for determining ecourate results. It was also necesg-
gary to choack the motion of the golvent in the first serles
of tests because 1t was found thet the mixture of petroleum

solvent and aromatlc creosoie formed o precipitste almost

luwwedictely In the case of the coal tar creosote and within
a few days with the oll tar crcosote. ’
~Pre¢edure

Certain changes iﬁuyrﬂca&ura were followed in the second
series of tests in order to comply with the gitandard pro-~
cedure (33).

8ince these chaenges &ﬁémﬂé desirable the procedure for
the second series 1s ziven in brief form:

1. Eiln dried ronderosa pine blocks, 1-3/8 x 2 inches
cross section by 1/ ineh in thickness were ieed.

&. Blocks conditionsd for 21 éﬁys>in a éesiceator over
a saturated solutlon of sodlium bromids st & temperature of

2% degress (.,
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3. After aanﬁitiening, the blocks were welghed to the
nezrest 1/100 gram.

i. Culture medis and test fungus prepared as in the
first series. Only one funpgus, Lenzites trabea was used
since it apparently wes more resistant to the creosote
than Porla incrassata. This also allowed a greater number
of samples to be taken.
| 5. Preparetion of Preservative, Both coal tar and oil
tar creocsote were dlluted with benzol on the basis of weight
to give the following concentrations: |

1 percent Creosote

5 L )
é " "
8 " "

These concentrations were used for straight toxi-
clty tests. For volatility and leaching tests the following
concentrations were used:

5 percent  Creoscte
10 # 9
100 " Benzol was used in treating
four control blocks in order to study the action of benzol.
6. Impregnatlon of Test Blocks. After weighing, 1l
blocks were placed in a one pint flask to which a separa-
tory funnel and vacuum line were atteched. The flask was
exhausted for & perlod of 30 minutes at & pressure of L
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inches of mercury. After exhsusting, the treating solution
was admitted to the flask through the separstory funnel with-
out breaking the vacuum and the solution sllowed to stand
for 20 minutes., The flask was filled to capacity in order
that all blocks be completely covered with the solution.
The blocks were weighed immedistely after being removed
from the treating soclution.

, T+ Reconditlioning. The treated blocks were placed
on glass rods and dried 1l days in the laboratory alr after
which they werse replaced In the desiceator over the sédinm
bromlide solution and allowed to stand for 7 days. The blocks
were then removed from the desicecator and welghed.

8. Incubation. 10 of the 1l blocks were placed 1in
kolle flssks on 1/8 inch glass rods. The fungus in the
kolle flesk had grown for a perlod of over two weeks and
farmed & met over the surface of the media. The four re-
maining treated blocks were placed in kolle flasks over
sterlle egar. The blocks will hereafter be referred to as
reference blocks, and in the tabulations, will be marked R.
The flasks were then placed in an incubstor at 26 degrees C.
for 6l deys. Seventeen conditioned untreated blocks were
also incubated with the fungus to serve as control blocks.

9. End of test. AL the end of the incubation period
the blocks were removed, the surface brushed fres of mycell-

um and oven dried. The oven dry welght was recorded.
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10, Computations. The computations were made in ac-

cordance with the following proportion formula:

Welght of re- Weight of re- Oven Dry Welght
conditioned t conditioned 3 of reference 1 X
treated refer- trested blocks blocks

enceé blocks

{

Thls computation geve the computed oven dry welight of
the treated blocks as they were before submission to the
test fungus.

Knowing the computed oven dry weight of the treated
blocks, the percent weight loss of the blockse due te fungus
attack was then computed ss followa:

Computed Oven _ Actual Oven 5 31pp
mnyg %eight’ _Bry Velght
Computed Oven Dry Welght

2 % Loss in Welight

11. Results. These are shown in the tsbulated form
and also in graphic form by plotting percent loss in welght

over concentration.

Realstance to Volatilization

1l2. Twenty-sight blocks were trested with & 5% and
alao 28 blocks were treated with a 10% solution of creosote
in Benszol.

13. The treated blocks were dried for 1l days in the

laboratory alr on glass rods, replaced in the desiccator and
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conditioned as in item 2 for 7 days. The blocks were then
welghed.

i, The test blocks were exposed to a bemperature of
160° . for 2l hours. The blocks were agaln reconditioned
for 3 days as under item 2. Four reference blocks were oven
dried and welghed. Ten of the blocks were incubated with
lenzltes trabeas as in item 8, Computations as in item 10.

15. FHResults. Shown in tsbular and graphic form.

Resistance to Leaching by Water

16. VUsing the blocks sub jected to the volatilization
test (1ltem 1), 1l treated blocks were placed in & one guart
container, a vacuum drawn for 15 minutes snd the vacuum
broken with 1000 ce. of water. The water was then changed
every hour for 7 hours the first two days, and every day for
the remaining three days. The water was drained off at the
end of each dey, leaving the blocks in the closed flask for
the 16 hour period. At the end of the fifth day the blocks
were dried for a perlod of four days in the laboratory air,
and then reconditioned for seven days as under item 2. The
reference blocks were removed, oven dried, and welghed.

The remainder of the blocks were incubated as in items 8
end 9,

17. Results. Shown in tabular and graphis form.
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The following tabulations show the progress of the in-
dividual semple blocks from the time they wers fipst welghed
from the deslccator after belng conditioned, tp the time the
blocks were removed Irom the oven and the geré@nt loss In
weight of the blocks caleulated.

The first 8 tables concern tne toxlicity tests made on
blocks treated with 1, 3, 6 and 8 percent solutions of the
creosote in benzol. The following i tables show the progress
of the blocks trsated wlith 5 and 10 percent solutlions of
creosote in benzol. The first 1l blocks in the 5 and 10
percent tables were used for volatility tests and those
numbered from 15 to 28 inclusive were subjected to the
leaching tests as well as volatility.

The last table shows the progress of the untreated
control blocks snd the benzol trested control blocks in the

same maliner,
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Coal Tar Creosote 1% Sclution in Benzol

Block Origlnal Wt.After Wet wt. Computed Oven % Loss
Ko. Condition~ Treating end Oven Dry ?
ed welipght | | Weggyt W,

C-1-1  l.p 10,36 1{3.22 4.10  2.10 50.0
C-1-2 L. Z 10.46 8.2 .oy  1.92 23.@
c-1 10.58 .18 n
Cnl:h k- %6 m.é& .28 R

Aver., l.555 : Aver. 11.23%

Lh06., co Benzol
2.67 ee Creosote

011 Tar Orsosote 1f Solution in Benzol

Block Original Wt.After Wet wt. Computed Oven % Loss
No. Condition- Treating end Oven Dry Dry
8d welght Weight  Wt,

0-1=1-x }.5%3 10.12 8.2% L.18 2.71 35.1
0-1-2 L.53 10.54 5.32 .18 2.90 30.62
0-1-3 k.22 10.07 5.58 3,89 a.ég 32.1

Q=1 60 10.28
Q" 1"% &h . :‘28 1@ o 55 k g
hver. l.59 aver. l.2
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423.9 cec Benszol
23.2 cc Creosote

011 Ter Crsosote 6% Solution in Benzol

Block Origin- Wt.After Wt.After Wet Wt. Com~ Oven ¥ Loss
No. al con~ Tresting Condition- End puted Dry
dition- ing Oven wt.
ed W, _ bry wt.
L I, B8 7.9l .9k 5.8 L.h6 3.86 11.2
R0 < SO0 S s o 3198 9.5
ﬁ L.35 T-47 L.L3 L.00 3.46 13.5
.39 7:35 hvké 5.00  L4.03 3. % 9‘5
[ L.l 7.60 z;,%a 60 L.03 3.66 g.l
1 L.50 ?& L.B6  6.37  L.39 3.30 2.8
o g30 bt I 2 B 1R
10 ﬁe&; 7.95 3291 6.00  L.h3 383 133
11R ‘62 l6‘ [ =W 3 G ";2'
b pd Lk B
y R .85 7.82 2373 k.20
Aver .R 4.736 .82 Aver.Uven Dry R L.347

R = Reference Blocks
Molsture Content « 10.27 and 10.47%
See also M.C. on 5% oil tar = 10.9L%
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| Results

The results of the second series of toxicity tests are

i given in the following tables. The results of the first
serles are not tabulated becsuse 1t was decided that the

| first series was inconclusive due to insufficlent sampling.
The @@raanﬁagea which are underlined have not been con-
gldered ss true samples because of probable experimental
error, elther the samples had taken up too much moisture
from the agar, were dried ocut during the incubation peried,

or had deviated top fer from the mean.
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‘ Sumary table showing the percent loss in welght of
wood blocks treated with different concentrations of
ereosote mnd subsequently exposed to Lenzites trabea

] for 6l days.
i 011 Ter Creosoted Samples
Block No. ... CGoneentration of Treating Solutlons

1% 3% 6% 8%

1 35.1 52 . 6 1l.2 8.8
2 52.63 gﬁ.& 9.9 5.2
a 32.1 35.2 13.5 2.2
2ok 9.7 el
5 11,1 9.8 L.3
6 Z"i"‘é zzl 7.3
: 3.7 5 3.6
9 32 .2 128 2.2
10 26.5 1%.3 0.0

Mean 32,61 37.03 12.16 3.78
Coal Tar Creosoted Samples

l 0.0 8." 0.0 .
z 60.2 57.2 g&g l.%
2 "‘215'”“:7 5.0 3.3
80!{. Qva 5»6
g m.g Z'? 3.l
10, 3 2.0
9 35.3 0.0 2.4

Kean 53.L 37.57 1.43 2.61

The above data is also shown on the accompanying graphs.
The results of the first or orientation series is also shown

on the same graph.
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Owlel ORIGINAL BLOCK 100 % BENZOL
. PREATED CONTROL

Ow3e3 O0=3=6 0=3=9 0-3=1
BLOCKS TREATED WITH 3 % SOLUTION OF OIL TAR CRECSOTE

Oubel 0-6=3 * Debm6 0-6=9
BLOCKS TREATED WITH 6 % SOLUTION OF OIL TAR CRIOSOTE

SECOND SERIES

REPRESENTATIVE OVEN DRY SAMPLE BLOUCKS AFTER EIGHT WEEKS INCUBATION
WITH LENZITES TRABEA IN KOLLE FLASKS. BLOCKS NOT SUBJECTED TO
VOLATILIZATION OR LEACHING. (Key no. below each block corresponds

to nnrreqpnﬂdimoj L'py no. of the bhloeck in the indicated ta.b.la)
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The results of the second series of tests on volatiliza-

tion end leaching are shown in the following table.

Table showing the percent lose in welzht of treated
wood blocks after volatilizabion at 120 degrees P,
in the oven for 2l hours and subssquently incubated
with Lenzites trabea for B weeks.

0il Tar Coal Tar 0il Tar  Coal Tar
Creosote Cfeosote Creosote Creosote
5% Solution % Solution  10% Solution 10% Solution
3 12,; 0.0 2.6
'51.0 3;,2 fl;.e .2
3%% 27.3 1.8 &2
3L.6 33,1 a.g 9.7
327 3 % 2. 11.9
36.2 s, 2.5 12.6
a§.a z .1 ‘.g 18.2
6‘5 3)9 60 20.
Lost 48.3 22.2 23.1
Mean 36.7 33.1 5.92 16.56

(Samples above the horizontal line rejected on the
basls of expcrimental error, 1.e., sewples varied
too greatly from mean due to high molsture content
of semple during incubatlon or dessication of
sample during incubation.)

The ebove results gre shown in the accompanying Bar
Chart. Each horizontal division on the chart indicetes

one sample.
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Table showing the percent loss in weight of treated
wood bloocks after volatilizstion at 160 degrees F.
for 2l hours, leaching with water for 5 days, and
subseguently incubated with Lenzites trabea for a
period of 8 weeks.

011 Tar Coal Tar 01l Tar Coal Tar
Creosote Creoscte Ureosocte Crecsaote
Selution  5f Solution Solution 10% Solution
0.7 .l 0.0 17.8
1.2 1&.5 1.2 23.g
1.7 18.1 1.9 23,
1‘7 2 cg 2:0 aéca
202 26- '6 §119
3‘88 27.0 12.0 22.%
.1 27.% 17.h Bl.1
1‘0.%» 34.8 5_1»5 9~Z
. 51‘.08 2'27‘  ‘n‘
30.7 Lost h2.5 L.k
Mean 27.65 28.71 37.26 33.1,8

(Samples above the horizontal line rejected as
shown above.)
The above results are shown in the accompanying Bar
Chart. Each horizontal division on the chart indicates

one sample.
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Discussion

in Inspsction of the deta indicates two significant
facts: first, that the initizl toxieity of the coal tar
creosote 1s slightly greater then the oll tar creosocte, and
second, that although the cosl tar creocsote may be somewhat
more toxle it 1s less likely to stay ln place under service
conditions. It must be remembered that these studles are
mede with dllutions of the creosote oll beyond any pracii-
cal commercial applicstion. Under commercial treating con-
ditliong 1t is doubtful if these differences would become
significant. The fact that the oll tar creosote is more
resistent to volatilizaetion ls definitely & point in favor
of the oll tsr creosote. This resistance to volatilization
can be correlated with the fact that the oil tar creosote
hes a higher percentage of high boilling olls than the coal
tar creosote.

in examinatlon of the dete shows that tuere is no sig-
nificant diiference in the attack of the fungus when the
blocks were treatsd with concentrations of lesz than 3 per-
cent. In fact the percent of wood lost through decay in the
samples 80 treated exceeds the loss in the untrested control
blocks. At the low concentrations the grester percent loss
may be attributed to the stimuleting sction of the dilute
solutions. This stimulation has been established by other
workers as-a likely happening. (2l)
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Ag shown by the data the inhibiting point sterts some-
place between the 3 and & percent concentrations. In the
absence of complete data 1t was assumed that an increase in
concentrstion between % and 6 pereent solutions would have
& proportionate effect on the percent loss in welght of wood
due to fungus sttack. At the six percent concentration the
oil tar creoscte lost, on the average, 12.1¢ percent as
agalnst 1.43 percent In the csse of the cosl tar trested
samples,

Exemination ¢f the treated blocks showed definlte decay
in the 6% coal tar trestsd blocks, While the remaining 5
showed no lose. Three of the samples at this concentration
were eliminated because of excessive molsture content at the
end of the test. In the 6% oil tar crecsoted blocks there
was one sample, namely no. 7, which showed an excessive losas.
Although this block was out of line with the remainder of
the blocke at this concentrstion it was included in the aver-
age because it was bhought desirsble to get as severe a test
a8 possible in eévaluating the two olls. This in spite of
probable error.

According tc the datae presented here the average loss
in the coal tar creosoted blocks, using an 8% solutlon was
more than the average loss in the wood blocks treated with a
6% solution of coal tar erecsote. A4 recheck of the computa-

tions and of the oven dry weights was mede without changing
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the results. However, 1f the standard error of the average
is considered the apparent discrepancy ls reduced to .55
percent which ls an error that could be attributed to varis~
tions in molsture content due to insufiiclent tlime in the
desiceantor after tresting. Eowever, the standard procedure
was Tollowed throughout. The blocks trested with the 8 per-
cent solutlon of coal ter creosote showed no apperent dis-
integration due to decay.

4n exsminatlion of the blocks trested with en 8f solu-
tion of oil tar ecreoscte showed blocks no. 1, 2, and 6 to be
definlitely attacked by the fungus. Fone of the other blocks
gave sny surface indlcation of decay.

In the blocks sublected to the volatilization tests,
there appezrs to be a signiilcant difference in their re-~
sistance to decay.

The aversge percent loss in the blocks treated with &
ten percent solutlon of oll tar was found Yo ve 5.92 as
agalnst an average loss of 16.56 percent in the blocks
treated withh & 10 percent scolution of coal tar creosote. In
analyzing these date some of the samples were rejected on the
same basls ac mentloned previously, namely, molisture condi-
tlons or probable error. The rejected samples are shown a-
long with the sccepted samples on the bar chart in the un-
colored portlon of the chart. There appeared to be no signif-

lcant difference in the samples treated with a 5% solution
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of 0il tar crecscte on those trested with a 5% solution of
coal tar creoscte.

In e leachluog tests, on the basls of the acceptsed
samples, the dliference, 1f sny, sppesrs to be in favor of
the coal btar creosote., The basis of rejecting these samples
was scmewhet empirical but if it 1s assumed that the maxiw
mun losses (or the severe conditions) should govern, the
basis for the rejection ls sound. It was rounﬂ,von thls
basis that the oll ter erecsoted semples lost 37.26 per-
cent &s against a loss of %3.48 for the coal tar creosoted
samples. A differsnce of %.78 percent. It is believed that
this difference is not significent. However, if sll of the
samples were to be used in computing the average, the average
percent loss in the oll tar would be 15.1% end in the coal
tar 32.3%7.

Insofar as leaching is concerned one mlznt resson, on
the basie of these results that it would be better to treat
with & 5% solution Instead of a 10§ solution. One of three
poesibillities mizht account for this apparent dlscrepancy:
1+ Insufficlent sampling. 2. Improper interpretation of
the results. 3. Uhe stimulating effect of some part of the
creosove oll wihlch was present 1ln sufficient gquantitles in
the 10 percent treated blocks but not in suriicient quentity
in the 5 percent trested Llocks bo cause sctive stimulation

to the fungus. The maximum lose of 38 percent in the un-
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treatod contrel blcoks as conpared to the maximum loss of

L7 percent in the blocke treated with the ten percent sclu-
tlon of comrl ter oreoscte would lead one to believe thet the
latboer cuse was the woei probable answer. Further study
sould be desirable in order to clarify this point.

It 1s very interesting to note thst in &ll cases in the
volatilization and leaching iests that the maximum loszes in
both the concentrations appesr in the coal tar creosoled
blocks.

Sn the basls of these results it appesrs that the oll
ter creosote studled is equal 1f not superior to the coal
tar croosote sample studled in its abllity to aet as s wood
preservative. This ls on the basis that & wood preserva~
tive must not only be toxic bub have the abllity to stay

in plsce under service conditlons.



PART V.

Conclusions

1, 4n examlnation of the literasture regsrding the
beneflicial action of tar ecids and tar beses in ereosote
0il to be used as a wood praservabive leads one to believe
thet their presence may not be essential for r long lest-
ing preservative. Thie opinicn 1s substantiated by the
pathologlcal studles in Pert IV of this paper.

2. The compasrable volstility tests show the followe
ing significent points:

A, On the basils of the Kolle flask tests azminst
the test fungus Lenzites trabea, the 0ll tar cre-
osoted blocks proved to be superior to the coal
tar creosocte.

B. The percent of the welght of crecsote lost
from wood blocks trested with the whole creosote
o0ll wag found to be approximately the same in both
creosotes tested.

C. The percent of the weight of crecsote loct
from open dish volatility tests wae found to be
appreciably more in the case of coal tar creg-
sote.

3. The comparable leaching tests, baped on the percent

of welght of creocsote oil lost from Impregnated wood blocks

showed no significant difference in the two creosote oils.
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On the basls of Eolle {lask tests agalnst the test fuagus
Lenzltes trabes no significant differences were determined.
‘he actlon of lemchilng on the toxlc qualities is not entire-
1y eleur, but it ie believed that the conclusions, Lused on
the test sswmples, are conssrvative. Further tests would be
desireble to clarify this point.

L. %ne initial toxieity of the cosl tar crecsote
Cooted eppesrs Lo De somewhnatl higher thun tas o1l tar creo=-
sote. The inhibiting voint for the growth of Lenzites
trades appsers to be slightly in excess of an elght peroent
treating solution for doth oils. The inhiblting effect of
coal tar creosole uppesrs to be slightly greater thon the
o1l tar crecsote when the wood dlocks were treated with both
the 6 and § percent concentrations. The dilutions were uade
entirely ror the purpose of studylng the relutive toxlcitles.
It ls belleved that the higher concentrations used in com-
mercicl trestmenis would glve adequate protection for nany
yeaers.

5« lProm a study of the samples of wood used in th
penctrestilion tests 1t ie shown that tne oll tar crecsobe
possesses good penetrating qualities. Uood penetration was
sccurec when Louglss {lr posts were treabsd with the oil Lar
creosocle under coumercisl conditiong. The viscosity of oil
bur creosote was found to be lower than the seample of conl

tur tested. This was especlally vrue st room temperatures,
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This factor 1s of importance when considering the dispen-
slon of the oil in the wood ofter the trecting process.

6., The cil tar crecrote possesmes 21l of the reguirve-
ments of the Amsricsan Wood Prassepvers! Assccistion spesclii-
catliong for Grade 1 creosoie with the exceptlon of the
gueranty of coml ter oripgin, snd a specific pravity differ-
ence of U1,

T. The hipgh tewperstures used in the ecracking of
petrolenn oll residiwm produces a2 tar which contains a very
high percentage of srommtle hydrocerbons. Ase has beon
showr: by literature cltations, the sromatic ydrocarbons
are more toxic than the phenole.

B. It is belleved that the oll tar croosote possesses
61l of the recuirements of & pood wood preservabive. It is
t#lmost ae toxle as the standerd grade 1 coal tar creocscte
tested yet 1t Is 1lkely to stay in place beiter because of
greator reslisztance to volatlillzation., It possesses sood
penatrating guelities and a lov viscosity. It can be mede
In commerelal quantities and ls readlly available for
Paciflc coest consumption.

9. I% is euggected thet further study of the leachling
characterictios wenld he desirable in order to clarify the
results of this study. 4 stﬁﬂy of the llterzbure dld not

reveal any comparable tests by the Kolle flusk method.



iid

&1so 1t 1s sugeested thet studles which would show
the resistence of o1l tar creosoted wood to stisolk by
marine borers snd termites would be desirable. These
studies would be in the nature of substsntlating evidence
because as has boen shown, the oil tar creosole POBESS8ES
cheractsristics which are entirely comperabls to conl tar

creagote.
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APPENDIX A

Statistical Summery

In order to determine the slopne of the curvs as well
as determining the probable acourscy of the data, the curves
were balanced and the standard deviation, probable error,
and standard error of the average computed.

An axamiﬂatian of the toxicity curves for the irst
series of tests azsinst both Lenzites trabea and Poria Iin-
crassata wlll reveal the absence of signifilcant date above
the 1% concentration point. It was declded therefore to
use the data sbove 1§ merely as control points for the

samples between O end 1% concentrastion.

It should be explained that the standard deviation 1s
8 messure of the gtouping of the samples and of céuraa the
emaller the deviation the greater is the probability that
the data represents an sccurste average.

The probable error as computed from the standard de~

viatlon indicates that aspproximately 68 times out of 100,

any random sempls talken under similar conditions will fall
either below or above the true averasge, within the 1limits

indicated by the computation.

The standard error of the average means that no matbter

how many samples are taken, the sverage of all of the samples
taken will not move, either above or below the present aver-

age, more than the units indicated by the computation.
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Statistlcal Analysis for 01l Tar Creosote
againet Lenzites trabea
between O gnd 1% Concentrations

Daviation Deviation®

- g 88: 6

- RQQ .1}1

- 1‘2 2.28

bl Q" ¢36

0.0 0.00

0.0 0.00

17 3.8

2.2 hisz

2.8 g.gﬁ

2.9 8.41

7.2 51.84

7.2 51.84

9'? E.IJ:;G?

L67.02

Standard Deviatlion = /= 5

v
) ﬁ,g 2!

Standard Error - 6Th5 x 5.24

Standerd Error of Aversge = Standsrd Deviation
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- Statistical ﬁnalyéia for Coal Tar (reosote
agalnst Lenzites trabea

Peviation Deviationd
n 19.35
- 2*1 i l
- 2&3 7‘
- s 20.25
£ 5.1 26.01
{ 0.0 G.0
hd »L!. 1&60
- 5.2 2?;9&
~ T+7 59.29
£ B.Z 12.59
;"l 20‘ *gg
; s 3..«
/8 !

215.56

Standard Deviation = / £2

]

L9

Standard Irror = .19 x .67h5
s 2.726
Standard Frror of Averaze = /*“gww
- li.1
s 1.116

The samples st 058 doncentration slthough plotted
were not used in the average because the media had
dried out and hence were not characteristic samples.

One sample each at .3 and .6% concentration were not
used becasuse they had obviously plcked up molsture
from the agar and hence were not characteristie
samples.



Statistlcal Analysis for Coal Tar Creosote
againat Porda incressste

Standard Deviation =

tandard Error of aversge = L.83

Note:

Teviation

» 145

4

IO 00 b BT ONONN b b
" ». 3 ¥ »

3 STt B3 © BN OO

L3

L S

MO P

»

ﬁﬁvigtiona

s L.53

= .67TW5 x L.B3

= 3.2578

Three samples showed only comparatively

small lcess
sonditlons

11

in welght due to molsture
znd hence were not used in

the average.

1

20
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S8tatistlcal Analysis for 011 Tar Creosote
against Poria incrassata

Deviation Daviahi&na

- 11.2 125.&
19.0
Li2.25
15.21

*

. :{:"-‘“’ X
fot

1
310.96
3%g.gg
18.49

1.0

&

DG O O O OO ©
Y

-

MMNGR T sk
G0 G

1607.38

Stendard Deviation s /1007.28 = / 67.16

1%
= 8.19
Standerd Error = +6Th5 x 8.19
= 5.524
Standard Error of Aversge 5”25 m§~5§
) /15 3.88

s 1 &}.}2?
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Btatlstieal anelysls for the curves, tho second series
of tests of the toxlelty of creosobe agelnat Lenzites

traben.

011 Tar Crecsote Curve Cosl Tar Creosote Curve
Deviation Deviation2 Deviation Deviation?
- '2 - ) bl 43 &09
- .6 156 - 3 .09
d ‘7 wzg} - 2-5 2*29
- 1«9 1;@@ - 5;85 1 ig‘ié
- 1«:0 1@0{} - ﬁcgﬁ 16&56
- 1!6 2&56 b 5»25 1ﬂ156
- 1&6 203,6 . 3&25 19056
- 2.2 i - 3.25 10.56
- 2.L}. 308}% had 5»2{9 11»56
- 2¢5 025 had §¢Q llvé
- 3,1 .61 £ .50 .gk
- 3.2 19.;@ # 1.05 1.10
3 b TER
- 53 12:21 W z,:é%
- L.0 156.00 7 1.5 2,2"

- L7 aagz ¥ 1 2.5
552 it 718 52l
f E .%6 ;i:i:é 3 :
i 2 fif 4 2.15 %:‘ae
7T b9 467 _bilj:89
7,5 13 1:2 159.17
- 5",
7 3.5 12.25 8tandard Deviation s/jcc
A% Rt | 4
¥ ]gg 19%,;02 = 2.63
‘510,16 Standard Hrror = 1.7739
Standard Errmr of _ a.ég
Standerd Deviation = *‘%‘;5; h.os o TeTRES /23

Stendard Frror = 4,05 x 6745 = 2.732

Standerd Error of average = L.05 = 727
4 31
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APPENDIX B

Cresol-Creosote and Pentachlorophenol (reosote Solutlons

The Addition of Cresylic Acid and Its Siynifiocance

In order to meet all of the requirements of the tests
for tar acid content sg set up by the Amcrican Wood Preserv~
gra! ﬁséa&i&tim&, ir their requirements ior creosote oil, it
has been suggested that cresol, probably better known as
cresylic acld, be added to the oill tar crsosote.

The addlitlion of 5 percent by welzht of cressol would
8t1ll make the manufacture of the ¢ll %ar creosote possible.
As has been shown, howevsr, by Gellermen and Schmitz end
Rhodes, the presence of cresyllc acid mey not be one of the
aaln attributes of creosote oll.

It was proposed, therefore, to make & series of com-
pargble determinations between the siraight oil tar ereo-
sotes and o1l ter crecsotes with the addition of 5 percent
cresylic acld, the results of which are shown abt the end of
this report.

Past experiences with ereyslic acid added to petroleum
fuel ¢1l to form the proprietary vreservative lmown as
"Cresoll” have not been too encouraging (12,48). However,
it must be polnted out that in the first place, petroleum
fuel ¢il islalmgst entirely of pareffin compositlon and in

1tsell not toxie. Cresol, on the other hend, belng an ero-



12l

metic would have somewhst different churacteristies which
would affsct its miscibility with the parsffins as compared
with what could be expected with misciblliity with other
aromatlcs., "Aromatics are more miscible with sromatics
than with paraffins' {18), It therefore follg&a that cresol
In mixture with the aromstle oll tar crectote would be more
likely to possess staying gualities then 1f mixed with
petroleum fuel oil a8 13 the case with "Cresol.™

In order to more elegrly show the compoaition of ere-
sol, the following excerpts from Splelmen (Lh), ere ziven:

Commercial crerol or cresylic ecid contains the fol-

lowing lsomers:

Iaomer Parcent in Bolling Point

‘ Comuercial Cresol Dog. €.
Orthocresol Lo 191
Perscrescl %5 202
Hetacresol 25 202

The strueture of cresol, 67330, is shown by the follow~

ing arrangement;

Urthoeresol Metacrssol Paracresol
C C CHz

H H H H H

H H H QH H H
H ' 0

The speclfle gravity of the crescl used for admisture

with oll tar creosote for the purpese of this study was foumd
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to be 1.02l; at 22 deg. . Supply furnished by Van Watere
and Rogers, Ino., industrial chemists, Sesttle, Washington,
and Portland, Oregon.

Dr. Hubert (2l;) used pe-eresol in his studies on the
preservatlion of mill work. Although 28 chami%alﬁ and 18
proprietary preservatives were tested, the list ¢id not ine
elude either coal tar creocsote or water gas tar creosote.
In order to arrive at any comparable basis for these creo~
sote olle, more work, such as this present siudy, was found
to be needed. Hubert's findings on p~crescl are glven here
for the purpose of dewonstrating the effectiveness of
stralght p-cresol as & preservative.

Toxleity in %ood (Kolle flask method):

Full treatment: Percent lose in weighh - 29
Untreated: " ® .» t .3

Volatility (arter exposing to 160 deg. F. for 48 hours

and 2 months 1n {lask):

Full treatment: Percent loas In welght « 26.8

Untreated: " " # 52.8
Leaching by water:

Full treatwent Pergent loss in welght - ha.2

Untreated: " " " ' k7.5

On thls basis, it would seem that the lesching effect
of water on p-cresol was much more effective in reducing the

toxlecity than the high temperature.
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The Additions of Pentachlorophencl and fts Sipgnificance

The work of Dr. Hubert (2Li) and others have demonstrated

- the effectiveness of orzsnlc chemicsls in mineral solvents.

1f it 1s true that organie substences in mixturs (as shown by
Zehl, L1) have a toxlelty equal to the summation of esch com
ponent, then pentachlorephencl sdded to & creoscte should be
equal Lo the summetlon of the toxiclty of both the crecsote
and the pentachlorophenol. The!work of Bateman does not
wholly agres with that of Zehl, but he concludes that the
toxleity 1s grester than when each is ussd alone, Alsc when
one organic and one inorganic or & mixture of two inorgenle
substances are used, Zehl found that the effect of the tox~
loity was greatsr than the summation of the components of
the mixture. I%t follows, therefore, that pentachlorophenol
(CgUlgOH) added to oil tar creosote would be very likely to
have e toxicity grester than when each was used peparately,
It bes been shown by Batemsn and Brechler (9) the kill-
ing point of pentsachlorophencl is .0UZ against Fomes annosus.
“hles iz an especiclly low concentration when considering the
s0lubility of thls chemicsl. The solubility is reported
(31) to be 0.001k percent at 20 deg. C. The solubllity facte
or plus the low volsbillty, reported as not messurable st
25 deg. €. {(32), plnsg the high toxlclty lends significance
to the use of penlechlorophencl se a wood praservative under

any end all conditions. It has also been found that penta=
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ahleraghanalyis resdily soluble in oll tar ¢recsote.
Sohwarz {}i3) reports a maximum solubility of LU percent snd
1t hes been found in the laboratory that 2% to 5 percent
solutions »re not difficult to obvtsin at room temperatures.

Bubert (2l) bhes prebably done more recent investiga-

ive work on the use of chemicals in solution thsn any other
worker. Of bhe large number of preservatives used in hls in-
vestizations, nentachlorophencl waes rated es the best pre-
servative on the bhasis of toxielsty (eper and wood) vola-
t1lity, lezching and cost., Other preservatives in order of
rating were: 2, t@ﬁréehlarayhsnal; %, p~tert - Butylphenol;
and Ly, phenyl mercury oleste,

Using Whe resulis of Hubsrt's investlustions 1t was con-
eluded that pentechlorophencl would be the best of gseveral
possible chemiesls to usge in mixture with oil tar creoscte
for producing a preservative of high toxicity, and permen-

21ce &% & ressonalle coszt.

Volatllity Tests on Wood Blocks

Tests, identlcal with those deseribed previously under
wood block volstllliy tests, were rmade using the followlng
comblination of sresorvatives:

1. 01l ter crecsote = 95%; Oresol -~ 5%

2. 011 ter creosote - 974%; pentachlorophenol - 23%
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The following table shows the results of volatility

teste on wood blocks pressrved In the ususl fashion and

placed in an oven at 160 dez. ¥. for }B hours. Weights were

taken at the end
assumed that the
evaporated sfter

oven dry welpghis

of the forty-elsht hour perlod. It was
moisbure In the wood blocks was entlirely
2ly hours at 160 deg. F. The calculated

were bherefore used as a basisg Jfor compube~

Ing the percentave of welsht losk.

Senple Presor~

Wt.of Pre- % Lost Vt.of Pre- % Lost

vatlve servztlve in servative
taken up left after 2L hrs. left after
Th. in 2h nrs. LE hrs.
~ Orams
01l Tar hﬁ L2
Crecscts 2.%33% 1.3l .2 1.096 53,1
7 2.5% a.igs 1.575 36.2 1.191 §2.0
Penta~ 2.501 1.539 s8.h 1.185 Zf_h
chloro- 2.36% 1.339 %9.0 1.320 1193
phenol . | R
011 Tar  2.013 1.126 Ll .06 .506 ;‘g
Creosote  2.090 1.206 574 1.232 R
7 5% 1.9 1.270 55'3_ 1,18 Lo.o
Cresol 2:@51 1 gﬂﬁ‘j ‘ 55« o 1t0§ : 56»1

The following graph shows the mverzge percentage of

welght loet during ithe volatilization perled as compubed

from the table zhove.
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hateh Gless Volatlilty Tests were made according to

the prosedure previcusly outlined.
in the Zollowing tables:
Wt.of Fluid ®s.of Fluld

in Oraus be~ in Lramg et
fore Placing lnd of 2l

in Oven

¥ Loss

The results are shown

wt.of Fluid € Loss
in grame at
End of 48 hrs.

0il Tur Urecsoctie
£ 2.5% Penta-

chilorophencl

20,608 16,&68 15.71 1,503 2k.23
01l Tar Crecscle
4 5% Crescl

20.39 15,08 26,1l 13,935 30.72

The accowpanying curves show quite readlly the com-

perable volstllitles or these twe mixtures.
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Leaching tests were made according to the preocedure
described in the main report to ascertaln the comparative
resistance to leachlng of the two solutlions: orecsote plus

ecrssol and creosots plus pentachlorophencl. The results of

thegse tests oe as follows:

Presorvatlive Srizinal Final %t.of % Lost  Aver.

WL, of Preservative % Lost
Freservative

$il Tur (recsote 2.87 2.13 25.75

£ i Cresol 5.076 2.173 25.07  27.ia

011 Tar Creocsote 2.091 2.155 20.2

¥ 2.5% Fenta- 5.G94 2.417 21.51 ,

¢hlorophenol o o - 2b6.5

The following bar chmrt shows the compuarison of the

peresniags of welght lost due to lesching by water.
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Table showing the loss in weight of wood bloeks when
treated with varying amounts of Pentachlorophenol in
solution with Stoddard Solvent and exposed to incuba-
‘tion for 8 weeks with fungus.

Teble A. Lenzites trabea

Preservative Sam- Qrig;%t‘ar Wt.alter Computed Wb.at#
Pentachloro- ple 12% Block Treating Oven Dry end of
__phenol . _VWeight 8 weeks

5 % 5.012 ,;134:‘1' L.88 L5z
Bose  Boe s A
2.5% '

‘.061 | ‘ﬁgsa h .5
I 4
=

DO
e
han
X

-
,[ng;

L. 9hL2 890
hoiz b8

4.9 |
Lis3”

Lo

GElabineie ok (e

R R R
)

1
Rl 208 2o ohr g
025% 5.30: 5.270 zh? 3.15 s
; , 5.17,  5.130 631  2.66 sus

Teble B. Poria incrassats

5 %
2.5%
1 £
T.2%
5%

RS

*
g | B O
Ol

=i\

»*

w 3 Fhou

K

*

%i—'
R Lk R R vkt

owrlurlorlorlor

# Dried in oven
i 3&6% loss
Lo A ¢ tS% 1‘9&3
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Table showing the percent of welght of wood lost
when wood was treated with 1% oil tar creosote
plus 1% Pentachlorophenol snd exposed to Foria
incrassata for 8 weeks in Kolle flask. C 1s un-
treated control.

Sample Oven Dry Wt. Adjusted Oven Wt, at end ¥ Loss

, (Computed) _Dry Weight of Test
;e 4w g
c Rlzﬁ - 3 2,51 39.3

Table showing the percent of welzht of wood lost
when wood was treated with 8% oil tar creosote plus
1/10 of 1% Pentachlorophencl and exposed to Lenzites
trabea for 8 weeks in Xolle flasks.

Sample Oven Dry Wt. Adjusted Oven Wt. at end % Loss

__{(Computed) _Dry Weight of Test |
A }.351 .60 L.hoos -
B 5.119 5.228  5.20 #

# Dried in oven
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Table showing the effect of an incubatlion psriocd
of B weeks on the retention of preservative in the
wood sample blocks after the pressrved blooks were
expoeed to leaching by water. No attack on pre-
served blocks. C 1s untreated control.

Preser- Sam- Orig.Wt., Wt.after Wi.after Computed Dry Wt.
vative ple et 12% ‘Treating Leaching Oven Iry at end

¥olsturs ~ Wt.of wood of B wks.
| Content , | alone Perlod

100% 611 4 8.4l 60 +86
Tar Creo- B s.ggs 8.%%5 %.822 ﬁ bi 2
sote L. ¢ 783 L.261
trabea — ;
Creasgza B g.%g 8.898 %.195 % 81 6.%5
5% Cresol ¢ 5.065 L1z 3,56
L. trabea , ’
011 Tar A  S.4h4 8.531 ?.593 li.856 62
Creosote B 5.431 .235, 7.75 L.768 6. Z
2,56 Pen- ¢ 5,327 L.7h6
tachloro-
phenocl
L. trabesa et
gml Tar g 2.$2 8%‘{ 1.63 la,g%g 632
rec tve e | * n"ti L2 >4 « {

103% ¢ 5.?21 7 935 L.901 g.c:l
L. trabea ; | . |
Untrested A 5.01 5.01 L.4yq2 3,65

B
¢ L.os2 - h.pa2 2.97
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Table showing the percent of welght of unireated
wood lost when exposed to 8 weeks incubstion with
fungus in XKolle flasks.

A. Lenzites trabesa

Preser~- Sample Orig. Wt., Computed Dry Wt. @ Loss

vative at 12% Oven Dry at End
Molsture Wt. of ¥Wood of B Wks.
Content ~  Alone  Period
Control A wet 5.000 sl 5,81 1.2
P A - I
Flask 1 A L.848 L.319 |
B 5.25 1_;2 7 3.48 25.4
¢ 5.258  L.68L 5.18 32.1

B. Porias inerassata

Flask 3

B 923 386

c___ 5:38 st
Flask I A 347 L.767 L.o1 15.8

¢ 5.018 b7 Z:65 16.3
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Table showing effect of incubation period of 8
weeks on the retention of preservative in the wood
semple blocka. After the blocks were exposed to
160 deg. F. for LB hours. No attack on treated
blocks.

Preser~ Sam Orig.Wi. Wt.after Wt.after Computed Dry Wt.
vetive ple at 12% Treating 160° for Oven Dry at end of

sata

and i@, L8 hrs. Wt. on ineubatlon
Fungus , ; .. Wood alone

011 Ter A 5.20 8.10  5.91 L.633 - 5,85
Crecsot B 5.088 8.06¢ 3. 9355 5 .89
103%9 ° 4] 2.39 3 3:9% ﬁ,%%g %,eg
L.trabea , 4 ‘ , ,
011 T A 5.16 220 5,639 608 1+ 76
Erecsige B 2.882 Z.?Oﬁ g,ag ﬁ‘§52 g.gé
5%Cresol € 5.34 L.757 5.03
L.travesa ‘ — R
011 T A 35 .82 * 6 " 6&16
&racagia B g.gz; ;.868 g,g'é ﬁ.%gg 6.19
2,5 Pen- C 5,317 , k.737 2.85
tachloro~
phenocl

L.trabesa v ; —

e t : TR ) 3% 14  J- e dl 2o

133% ° ¢ 3.52% ? ? 2*231 2.2%

{)11 T § A &6}. ;~;G R l AR 8 o 15 « L2
Creosggs B 2,372 g*ggﬁ g.O L.78) g.ﬁ&
100% P.in- C 5,703 5.081 LT
crassata — , _
011 Tar A L.g23 6.905 5.l Ly .308 .56
Creo. 5% B 5.295  7.38% 2.9 L. 717 2:323
Cresol P. € 5.505 L.90L L.76
incrasssta . ,
011 Tar A 5,00 8.191  6.155 l;‘z;gh. 5+99
Creo.2. B 012 968 .8 o T2
bencasiiong  Znne (958 58T LG 5.
ophenol P.

Incrassate ; ;
c lT A ‘¢€}O f e a“ whie Yol #6’
Greo.200f 3 2.353 1938 dm Lo 23
P. ineras- C 5,627 5.01% 3.2%




Table showing effect of incubation period on the
retention of preservative in the wood sample blocks,
Blocks treated wlth oll tsr crecsote and varying

amounits of Cresol and incubated with Lenzites

trabea for £ weeks. No attack on treated blocks.

Preserva~ Sam- Orig.Wt. Wt. after Computed Actusl Wt,

tive ple at 12¢ lmpregna~ Oven Dry  at end of
Cresol 4 Xolsture tlon and Wt.of Weod Incubstion
Content desiccator Alone Period
5 A 50214 02§3 ZLQ 4] é:bg
B 5q21§ ‘ _2.2@5 _L.e72 .23
2.5 A 5,336 8,550 kg%z Te13
c +.9L6 4129 s
1 A .83l gaa& 1296 5,4l
B 5.42 .09%5 _L.8ho 7.3k
5 A E:lll 8.000 L.572 é'ﬁﬁ
.025 4 L8 7.h22 14330 6.21
B__£6.022 __ 9.038 ___ 5.351 7.85
Table same as above sxcept that sample blocks were
expocsed Lo Poria incrassata. No attack on tregted
blocks.
5 % Lol 7.185  L.h2h .72
1 A 5L &6 6.91
B 2.8 §.L5
.5 A i.@§9
B 97 N
1 A 5.101 6.61
B 5,16 6.86
¢ 5.50 k.89 »
B i.észa 5.98

# Untreated
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Table showing effect of incubation on the retention
of oreservetive Iin the wood semple blocks. Blocks
trected with ¢ll tar creosote and verying amounts
of Pentechlorophencl. Ko attack on trested blocks
when incubsted 8 weeks with Lenzites trabea.

Preserva~ Sam- Orig.Wi.st W, after Computed Actual Wt.
tive % Per-ple 12% Mole- Iimpregna- Oven Dry at End of

tachloro~ ture tion and Wh.of YWood Incubsatlon
rhencl in Content desiocator Alone Pericd
mixture - , ;
5 A .98l 6.1
B 5.169 6.32
1‘0 E 1‘-!9?3 9 60{)0
. B 7.188 T 18& 5,95
.5 A 5. 31 6.9
B ?,22;%5, 3 ?.gw 6.8
.1 A h.79 5.027
- B ___7.713 _ 5.899 -
L25 A 5.00 5«59 B ,8¢
B 7.112 5}83. 265
c , . .30

Table same as above excspt that sample blocks were
exposed to Porla incrassata. No attack in treated

blocks.
5 A i.m 7.851  L.602 6.4
B L.821 7.235 L.332 ___ 6,03
2.5 A 5.096 g 51 L. 565

— B 5.669 005 85,067 |
1 A 5.511 7 73 ; 5 6.65
ol A 5'2 GG 7?3 wd}”
' B i.égi Te azi | Zl: 596 é,ﬁg

. A 00 16 11 5.90
B 5.155 g ol i% f’; Z EZ?

.02 A 2 91 .20
S T ¥ T %i e &R




INITIAL TOXICITY TESTS
Left, Coal tar creosoted
blocks 9 and 10

Untreated Control
Blocks

ON BLOCKS TREATED WITH 6% CREOSOTE
Right, 0il tar creosoted blocks
i, 5, and 6

Benzol Treated Control
Blocks

TQ

SECOND SERIES




VOLATILITY TESTS ON BLOCKS TREATED WITH 10% CREOSOTE
Left, 0il tar creosoted Right, Coal tar creosoted
blocks 1, 2, and 3. blocks L, 5, and 6.

sl
e St
1 ;"A_". ,

LEACHING TESTS ON BLOCKS TREATED WITH LUj% CREUSOTE

Left, 0il ter creosoted Right, Coal tar creosoted
blocks 21 and 22. blocks 15, 16 and 17.
SECOND- SERIES




PHOTOGRAPHIC EXHIBIT OF RESULIS

SECOND SERIES



LEACHING TESTS ON BLOCKS TREATED WITH 10% CREOSOTE
Left, Coal tar creosoted Right, 0il tar creosoted
blocks 2% and 2. blocks 23 and 2.

SECOND SERIES
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PHOTOGRAPHIC EXHIBITS OF RESULTS



100% OIL TAR CREOSOTE .1% OIL TAR CREOSOTE
TREATMEN T TREATMENT

FIRST SERIES

1
100% COAL TAR CREOSOTE .1% COAL TAR CREOSOTE
TREATMENT TREATMENT

GROWTH OF LENZITES TRABEA ON PINE BLOCKS IN KOLLE FLASKS
AT THE END OF EIGHT WEEKS, SHOWING EXTREMITIES OF FIRST
TES% S?RIES. (Lower block in each flask is untreated
contro
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UNTREATED CONTROL BLOXCKS ON CULTURES OF
PORIA INCRASSATA FOR A PERIOD OF 8 WEEKS.

UNTREATED CONTROL BLOCKS ON CULTURES OF
LENZITES TRABEA FOR A PERIOD OF 8 WEEKS.




