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Research on Chemical Control of Fungi

in Green Lumber, 1940-51"

By Anvavr F. Verrary, poethologist, and Pave V. Moor, asseciate pathologist,
Bureaw of Plani Industry, Soils, and Agriculiurel Engineering, Agricullural
Research Adwinisiralion
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DEPGSITORY

INTRODUCTION

Eﬁensivc tests on the chemical control of fungi in green lumber
during air seasuning, by Mcheffer and Lindgren (7) ® and associates
of the Burean of Plant Industry, in 1928 to 1933, led to the general
adoption by the lumber industry of the more important produeing

: Submitted for publiention Moy 18, 1631,
*Iindie mmmbers in parontheses refer to Lilersiore Citod, po
963588 —Hi—a
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countries of certain organic merenrials and chlorinated phenolates
for fungicidal treatment of green lumber. Among the organic mer-
curials, ethyl mefcuric chloride was first used but laler was veplaced
by the more water-soluble and less volatile ethyl mercuric phosphate.
Among the phenolates, sodium tetrachlovophenate and sodium pen-
tachlovophenate are most extensively used. In addition to these,
borax is wsed in gertain countries, but in the United States its vse is
largely as an adjuvant to permit reduced concentrations of chloro-
phenates or to maintain alkalinity.

Fach of these chemieals has linntations. Under eertain condlitions,
the organic mevcurials permit molding {/4). The phenolates tend
to cause skin hrritation. Seodiwm tetrachlorophenate is not, always
cffective on southern pine, nndd For cortuin uses, ns on wood for food
eontainers, 1k is Jikely to impart objectionable odor and taste. Borax
is effective only on hardwoods and 1s usunily considered too bulky for
general nse.  Forthermore. any of the curvently used chemicals oe-
casiorally permit objectionable stain development during profracted
peviods of warn., wet weather that are conducive to yapid fungus de-
velopiment and slow =easoning,

The studies here reported wore made in un attelnpt to improve chem-
ical eontrol Ly (1) a =enrch for new chemienls, (2 exploving inore
Tully the eflectivencss of nuxtures of two or thiee components, and
{(3) appraising more necurately some of the factors inltuencing the
effectiveness of chemical control,

The Yiterature up lo the mud-193% on siain. mold, and deeay oe-
curring on green woud and their coutvol was exhaustively sumiarized
by Scheiler und Lindgren (7). More recent literature hiax been ve-
viewed by Verral) (2.2). Consequoentiv. ne general Titeralure review
is included in this bulletin,

METRODS
Tyres aoF TesTs

Al the tests were casentially the same.  IFungicidal values were
determined by exposing to mttural infeelions freshly sawed green
supwood that had been dipped for 3 to U seconds in wiater solutions
of the fungicides.  The wmount of sain, moeld. and decay developing
m 4 fo 6 weelss. or oecasionadly Tenger, was nsed gx the budex of
fungicidal effectiveness.  Adthough mutreated control materinl was
incinded in exch {est. the miin compuarizons were ninde aguinst one
or more chendenls in current widespread commereinl use,

Three types of lests were tsed: Open-piled aod elose-piled snaldl-
seule tests and hirgeseale toste. For the open-piled sinall-zeale test,
1- by 2- by 1ineh wood sainples were wsed o the treated wood was
placedt in aniniature seasoning pilee. The pites were pliaeed outdoors
on platforms about 4 dpches Ligh tfigs 1) The ess pieces in eaeh
horizontal Luyver were spaced one-fourth to one-hialf incly spart, and
succeeding vourses were sepurafed by dey wood steips aboul one-fourth
to one-hail ineh in cros seclion. AN Geeatiments under test were
placed in one pile but so disteibated © within the pile as o minimize

I Detailed informeniion on equalizing varistions wirhin and among (reatinenis
ig digeussed i the Anpomd, s,
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To veduce the drying rate, the completed pile was covered with roll
roofing, usually extending over the upper one-third to one-half of the
pile, and the rest covered with boards. Winfer test piles were left
fully exposed to the warming effect of the sun, whereas summer test
piles were shaded fo prevent excessively high temperatures within
the pile.

Smali-scale close-piled fests were like the open-piled, except that
the samples for each treatment weve Placed in one or two groups with
as little sir spuace as possible between samples. Thus, the samples
were subjected to severe woisture conditions.  Also, lavger sizes of test
samples (1 by 4 by 28 o 1 by 8 by 24 inehes) were used in some
ases.  These fests were desigued to simmlate conditions encountered
in shipping green lumber or in bull piles of lumber waiting to be
placed 1n seasoning pites. Reeords were taken after + 1o 6 weeks, and
the sminples vepiled for 2 or neore months in order to wet data on decay
control.  In some tests saniples were withdrawn periodically from
close piles Tor subsequent aly sessoning or sfrength tests,

For the large-seale tests fullsize lumber was Ureated and stacked
in commercial seasening vards,  Piling methods prevailing at the
particalar yurd were followed, exeept that boards were spaced some-
what closer fogether horizentally to reduce wiv elvedlation nud deying
rate (fig. 2). Al test pies were roofed fo prevent rainwash,
Readings were tnken after G0 fo $0 daye

Large-seale tests sre often unsalisfactory becanse: (1) TUsually no
more than 6 (o 8 freatments can be included in n single {est if boards

P,
Fravug 2—TLarge-genle best pileog of pine 200 ind sweetfam (2 in conmereinl
seusauning yards, The wwethads of pillng save convontiondl, exeent that the
horigonla! spacing of Phe aereds = eloses tn In conbnereial opeeitions,
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CHEMICAL CONTROL OF FUNGI IN GREEN LUMBER

with different frealments are to be subjected to comparable diymg
conditions; {2) there is difliculty in getting uniformity of woo
amony treatments; (3} they are time L(}nsumml‘r, and () theve is
no assurance that conditions will be severe enough to get valid com-
parisons in movre than half the tests.

The small-seale fest removes many of the disadvantages of the large-
seale test. The objection has been raised that the small-seale tests
are too severe, but thix ebjection was renmoved by incduding in 21l {ests
standavd mtownv(‘ treatments with which all other treafments were
compured.  The small-seale test may eliminate some treatments that
wonld give fair control under most contmercial conditions. but im-
pmwm(‘nt in fungicidal cifectivenesy 1s needed mainly for the oren
sional severe conditions conducive to slow deving,  OF course, it mus:t
be remembered fhat neither the small-seale noy large-seale tests heve
deseribed yield final conclugions ax o the commercial saitability of
treabiments. 1t s helieved, however, that (he small-seule test is the
cheapest and Tastest meanx of sorting out ineffeetive treatments and
of devising new treatments up to the stage where they are ready for
commercial trinl.

In botl smadl-reale and large-scale {ests, velatively farge volumes
of trealing rolution were used so thal in «lipping test snmples no
apprecinble reduction in volusie of the solution uuunwl Thig
eliminated from the tests the effect of reduced concentrations eaused
by adsorption of solutes as ovcurs it connmerciad continuous-dipping
npem[mm t47).

In addition {o the regdnr stain-contrel test=, 0 mouber of speeia)
tests were made. the deseriptions and results of which are discussed
later in this bulietin or have heen published separately. Phe methods
were sindlar (o those deseribed Tor the smali-senle tests, except that
eertain variabions were introdaeed to siudy specifle probilems.

Woon Usep

The test material consisted mostly of sapwood of ~outhern yellow
pine and sweelgwm ( Ligeidumbar stygraeifiun 1,30 The speeies of
Pines seldom could be deterwmined it probably were nostly Jonglead
(2% mns pabusteis MiTLY and slash (80 enpibace Morelet), althoneh
lohlally (/% fuede Ly shortiead (70 kil ML) Cand sprwce pine
(8 glabra Whalll) wore wised in some tests, L\ few fest= included oak
{Qm PeUs Sppg . ash (Frawimes spp. . dogwood (Cornies florida 1),
hickory (Crerya sp.yoand yeliow-pophar ( Liviedd pidron Fulipifera 1),
Swoeetginm was chiosen as the niadn test hardwood beenuse of its high
‘mlp\\f}n(l content il Uie readiness with which it «tains.  As chemical
conirel of fungl i~ easily attained with havdwoods, hewever, most
Lests were nade with the sore refractory pine,

Sxcopt for some of the large-scale tesis, the hoards were Trom Tresh
green Jogs free of visible fungus infoetions.  In order lurther to avoid
dt'ep seated infeetions o maximi me of 36 hours was sot Tor the
interval between sawing from the log and chemieal treatment. In
most eases The interval was less than 12 hours. The longer delays
were considered permissible only for \\'inlm‘ tests,  Throughout the
estublishmoent ol a {est. the wood was kept covered with rol roofing
as much as feasible to delay surfnee drying,
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NuasEr anD Locariony or TesTS

Experience has shown that there is considerable varintion in stain
level and in effectivencss of ¢ given trentiment from test to test. Con-
sequently, u Jarge number of tests involving relutively few samples
pei‘] treatment were made rather than a fow tests of many samples
each.

Although the majority of fests (52 of 83) were estublished near
Saucier, Miss., others were nade ob Misgah Vorest, N, C.; Port Saint
Joe, Fia.: Bellumy and Chapman, Al Crossett, Avk.; and Lallulah,
Ciarks, Onkdale, and Natalbany, Ta. A mest loeations tosts were
ectablished during both simmer amd winter, They extended over
the period 18371 This distribulion of fesis sanded differences in
effoctiveness of {reatments eaused by poseible varintions in fungus
floras, wood. nnd enviromental eonditions ax (hey were influenced
hy loeation, season, wiud year.

Types o INrFEcTiONS Recoenizen axp Mervnons or Raring Asoust
ETATN

Stain incloded any fungus infection diseoloring the wood below the
surface.  From Imited culturing and from observations on surfnes
fruiting there was no veaxon Lo believe that the bine stain encountered
in both treated and unlreated wood was not Targely cused by the
common staining fungei (14). I o oonber of teat= 2 purple stain
occurred. This was repraied out Frons Bue stain hecise 1018 seldomn
encountered in commereinl operalions,  Fuserin have been reported
isolated Lfrom pink to purple blotehes on pine 12022 6) and adso were
isolated From purple <ain in these tesls, In soiie enses stain was
somewhat obseured by molds, but by spot cheelding noder the molde)
surfiee thrs difliculty was laraely overcome,

Stain was rated on (he basis of perceniage of unplaned surface
visibly stiined. Ta thie st fostx pereentage of aren stained was
estimated directiy. For nrost of the test= statn wis measured in square
inehes of surface and converted to percentage of aren, .\ cheek an
these two methods inlieatod close agreement,  In generad, the stnin
ratings ave believed subjeet (o only soadl errors of extimate.

Y

Because of 1he slower development of decuy Tangd many early in-
fecttions were probably wissed ov elissed ax “miseellaneons mobds,”
particalarly in tosts of less than G weeks" dueation. Moxt deeay ralings
were hased ain wells of visible viyeelivne or enlov changes, pacticularly
bleachivg of stained areas.  Softening was need o seme instianees,
In general, the estimades of decay were probubly low,

Mo

Molds ineloded fungi that impaeC color maindy by the presence of
surfaee growth, which s removed when the lmnher is planed. The
chief molds recorded were Pendeillinm tprobdily mostly 2. eyelopiim
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Westling}, Zrirkoderma vivide Fr., liernarie, and an unidentified
orange mold. l{ternaria is a borderline fungus between a mold and
a stamer.  Lhe orange mold Is seldom found m commercial seasoning
piles, '

~ Other molds and miscellancons fingi, many of which were uniden-
tified and usually in too small amounts to be separated out, were clas-
sified as “miscellancous molds.”  The fotal amounts of miscellancous
molds were usnally insignifieant except on untreated conirols.

The dala from the carrent tests on the speeificity of niolds For cortain
chemival treatments hitve been roported separately (7.2,

Mold peeurrence was rated on an aren basis in (he Rist fow tests,
but this proved difficult.  An avhitenry seale. therefore, wis devised
whicl wis based on aven molded and luxurianee of erowth, Six classes
were used 18 tnone), 1 (very lighoy. 2 dighe), s omediomy, + (heavy),
and § {very heavy).

In general. the mold ratings are considered less velinble than these
for stain, The rtings could not well be standardized and had to be
bused on the judgment of the individial making the veadings. In
order to mininize e influence of personal varation in judgment,
all treatments in any particalar st were pated by the same person.

Citeducans Usen aap METtons oF DESICNATING CONCENTRATIONS

Most of the ¢hiemienals used in mixtures were those that have been
used commereially for stain control mid for which effective concen-
teations for usual seascning conditions have been determined.  For
simplification, these asual concentrations  were considered  “fyl)
strength™ and concentrations in mixtnres were exprossed as fractions
of these,

The main chemicals nsed and their fulistrength eoncentrations ave
tHisted in table (.

TESTS OF CHEMICALS

Aommnber of elieniieals were fested ina searely for one that might
equal or surpass in effeetiveness those in conmereind use Tor sltain con-
trol and at the saone time have fewer objectionable properiies, Chem-
wal profaeturers and others, asked 1o snggest chemicals, responded
renerously, and a Jarge mmber of semples were available for (rial,
These included several of the newer Tungicides on the market for
other purposes and w munber of ehendeals i the developmendal stage.

Adlthe new ehenienls were treivd in simall-seale testz on pine and,
i many caxes, niso on gunt. The vesulis are presested in (able 2.

None of the new chensieals tested proved sufliciently suitable to be
recostinenided for genceal use on wood oy to jusiity Turther {rialy at
the present time.  Cost. dack of solubility, or objectionable chemical
coloring of the wood militated againet some chemieals, while ochers
facked suflivient funeistatic vadue aeainsd the fungi thal atiack wood.
Maost were fested at conventrations expected fo involve costs of one
and two times those of the curroatly used treatments, and it could
well he that some of these Tungivides would he effeetive at higher con-
centrations. Earlier tes{s 17) showed that the general fungicides,
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as bordeaux mixture and lime sulfar, are inetfective on lumber when
used at concentrations costing about the same as currently used treat-
nents,

Many of the listed chemicals were tested but once. and there may be
some «onbt of the justificution of exclnding them from further trials.
In most cnses, however, chenicals showing any promise of superior
fungicidal value and having the other desirable qualities were retested
al lenst once. A few trentments listed in table 2 might, after further
testing, prove usable on green lumber for certain purposes.

Tanne . —Chemivale used and theiv full-sirength concentralions

: o D Composition of eommerclal T Full strength, pimount
] : 1 e : . i ,
Chewnben) : il e : privivett ! per 50 pnllans

Alercurinls: i T X :
Fthiyl werewrie i Taghngun CGEA pereent vilwd merenric T 1 pound (S pereent
phate, . o phegpliate plus WAL pere- nwrenriall,
I Coovat neets Groetallie nge-
. eury LT pereenttl, :
Oliee wrgnoie merearil: . . F . . AiE pereent meredrial,
Chlorinated plienokies, '
andine pentachivro- . Dowieide {For Santo- 73 pereent soditan pentae o 4 pagnids,?
phinnte. Liike. vlthiraplnnte s W opes .
: ol of other ehiloropie. |
natts, Sl exeess atkali.
Gther elivrophenclales. - Vurlons Dowicides, R . oo Da3
AdJuvanis: : ' .
Hoox e : - Tovhmicaf powilere] beas BB poindds,
Sode. L . . Micbyre of toehinieal sedinen 28 ponds,
. virbertte sl st b=
curluimde.
Fortmatoy liss Tophrtivad  soilivnne pendn- 3 patnds,
eldurapleine U uereeat,
plus hrres G0 pereeat 4
Sondgne L Teehutival  sihium puenie- 1a,
g'hhn'upht-n.m- o |u-:vvnll,
s . . wirn AN pereent, sl sl
Comuwreis produels 7 heroeni - :
R (A FSTH o Teehinivnd s ek 2 pocsls,
vhilaropheete S0 pereend,
vt l merenrie phosplite
136 pereent, inerts 48,44
X lereent,
Miseelluneotts new cheme. . .

A
JIIILN

T nomposition Basel madnly ool oo eoenger Tibels, T gedne igstanees these Gt were ol Bisd
Uy fether fuimenestian seecivm! from tae eenulaclirees.

¢ Drowielde O ol Saptalaribe are ondinanly dsel o1 (e taleof 35 puntinels e G pallons,  {oomiest of e
U8 .5 o nels wove nsed §n rodervawe: pres e nts, gl isanne varly tests o ponands were itsed. Brese tiere
woe very L hedfferenee e Ui e iTeefosetessonl Hie two eorteen e o, botl wers inelueded as =ml] strength,”
Al peeiter!| eonventrations i mntnes ape v pressad 0 feactions of 4 pouils.

I pormrimerciad prociioe the virions ehoroptenodstes e gsed o Bues of § Te 3 pannds ’;u‘r M pidlans,
Nowoever, for Litese tests Tt strenmst v s eonsselored 1 peseels e ) eses, so than all wonld fe coanparahle
Lo surinm perGiehlorophienate.

4 Alter Lhese Losds wore slactmd, Wie comjwsit ot of Pornalas 105wk elimged o teebiniend sodtum ywenta-
ehlarnphepile & pereenl, phus bocs wh peceent.

& The mpmafactirers skated thise the prapaezions of the ingedienas are belog elaoged.
B X u filstreng Ll coneententions woese estalilisled, Coneeidralions ngprossnd Qs porieaLpes,

SCREENING TESTS PRELIMINARY TO THE STUDY OF MINTURES

Beenuse several chlorinated phenclites, organic mercurials, and ad-
juvants were available for use in slain conrol, the number of possibie
combinations of chemicels and concentrations was enormous, There-
fore, 3t was necessary to seleet the most dikely chemieals and retative
propovtions of these fur use in extensive testing, "The test data upon
which selections of adjuvants, phenolaies, aml mercnriats were based
are included in this section.
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Tavre 2.~New {realmenls unselisfaclory on yreen lumber at the cancentrations indicated—Continued
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Sodium dimethyldithiocarbamate. ... .
Sodium 2quethyl, S-dsopropyiphenslate . .
Sodium 3-methy], S-dsoprapviphenolate | ... .
Sodium salt of 22" dibydroxy 3.5° dichlor-dipk
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Sodium sall of 2-ntereapiobenzotidazale .93+ .51
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! Pereent concentration by weigh? unless otlierwise indicated:

2. Amount of stain o pine treated with full-strengthsodivm pentachlorophendte in ihie sume fest, In the one test in whicls it was included on gum, sodium pentachiorophenate
allowed only 8 trace of stain. .

3 On an arbitrary scale of 010 5 based on area nolded and Jusurianee; () Indieates a fricoe.

4 Saturated.

5 By volusie,

¢ Relative proportions pot known,
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CHEMICAL CONTROL OF FUNGT IN GREEN LUMBER

EFFECTIVENESS OF DIFFERENT ADJ UVANTS For Usg Wrrit MERGURIALS
AXD PHENOLATES

The comparative eflectiveness of bovax, soda, magnesium silico-
finoride, and trisodium phosphate as ndjuvants with ethyl mercuric
phosphate and sodium phenelates was determined in a few small-seule
tests,

Trisodium phosphate al the rales of T and 13 pounds plug sodium
pentachlorophenate, 1 pound per #0 guilons, proved ineflective on
both pine and guny in one test. This Tailure, plus the low fungicidal
value of the phogplate wlone ngainst both stain and mold, seemed
sullicient to exelude this matertal from fuvther trials, This chemical
wis nlso listed as inelleelive in previous tests (7. lable 24).

Magnesium, sodinnt sl copper silicofluorides gave floceulent pre-
eipitutes when mixed with phenolates,  Nevertheless, the followiig
nmixtures were ineluded fnoone test:

Sodimn telrachlorophenaie 13 strength plus magnesium silico-
Inoride. - pounds per 50 gailons,

Eihyl merewrdic phosphate 1 strengtlt plus magnesivm silico-
fngride, 4 poinds per 50 gallons,

IEthyl mereawie phosphute by strength plos borax 34 strength plus
magnesivm silicoflveride, T potd per 50 wallons.

Effeetive stain control vesuited, but there was no sssurance that this
wis e direetly to the dip: with all three treatients it may have been
the result of au antibiolic effect of ihe heavy growth of Trickoderme
that commonly develops in the prosence of Huorides,  Because of the
low solubility of (he renction product with phenoiates plus the heavy
mold hazard, the silicoflluorides were excluded from subseqguent tests.

IProu the start. the two most promising adjuvants were horax and
soda.  Both were kuown (s have appreciable fungicidal vatue on
wood (7). Iteam previous information. borx ceemed best, On hard-
woodls, horax alone had proved effective while soda hiad not (7). Ou
pine, horax was effeetive against all fongi el the smoky mold ((Lier-
aetpeery s colll salutions of =oda were only moderately effeetive to in-
effective,  Fuli-strength salutions of borax when used alene were loss
bulky than soda (16 pounds ax compared with 20 pounds for soda).
L eeler co obtain some experimental didaon the comparative ollect of
Dorax anel soda, comparative mixiures of these with sodium penta-
ehlorophenitie amd ethylwercurie phosphate were ineluded in 3 smadl-
senle tosts, The resultx are given in table B OF the 18 comparisons
listed, borux was better in L1, soda in b, and the two adjuvants
equal in G0 Considering all the data on pine. the better showing of
the borax was significant ai the 2-pereent probability Tevel. It shonld
be remembered that the comparisons listed in table 3 ave on u basis
of full strengths when used alone. and not pound for pound ol borax
sl soda, This means thiant the seda coneentrations are about 1.8 Limes
those of bornx for ench compari=on,

Considering ali the evidenee, it was decided that borax was o
superior adjuvant (o nee in duplex amd teiplex mixtores with mer-
curials and phenolates,  Further trinls were therelore lmited to borax.
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‘12 TECHNICAL BULLBTIN 1046, T. 8. DEPT. OF AGRICULTURE

TanLe 3.—Comparative effectivoness of borar and sodu in miziures with ethyl
mercurie phosphate and sodium pentachiorophenale in conirolling stain on pine
and gum in 8 open-piled small-scale lesty ’

SODIUM PENTACILORDPHENATE

Constitteents Watud

solulion’eompasition Averaye orea stuined

Tuest No. Lneation of tesl T
Adjuvant

Chewmibenl | (sadu or

Iiatns]

Sweotium

Borax | Soilz | Boray | Soda

Sreagih Streagih  Percent| Purcent | Perecnit | Pereend
41 thg ] 13

cam tlty

- Clarks, la

_| Supelnr, Miss
[P { [ Y
Clarks, T

ETHYEL MERCCIRIC PIIUSPIIATE

Snteder, Mlss. ...
S Mwllalah, Lo.,.

Menn values 2.

I Congentrations expressed os fravtions of full strertgths, of Usted I tuhle 1,
2 Baddn coneentration semewhnt Bighoer e [ndlealid,
1 3lean vulue computed by converting pecentage of sindn io cueh egt o e equivatend wngle and res
co!n'}r‘erting the tacan of Uhe nngles to 8 pereendige,
TCe,

EFFECTIVENESS OF INFFERENT MERCURIALS

Scheffer and Lindgren (7. tables 4, 7, 9, 12) reported tests with sev-
eral ethyl mereurials and two phenyl meceurials, Fhe ethyl nevcu-
vials were somewhat better than the phenyl mercurials. but the
differences weve not of practieal importance. The data showed no
practical differences among the cthyl mercurials. A few mistures of
clthyl mervcurie chioride or oleate and nonmercurials were reported
(7, tables ¢ and 11), but there was nob enough information to be of
value in the selection of a mercuvial Tor mixtures in the present tests.

Tronm the avnilable information i was decided to use only cthyl
mercuric phosphate to vepresent. the ethyl mercurials.  The phogphate
ig now the only ethiyl mercurial used commercially for stain control.
1t has a much higher water solubility and a Jower vapor pressure than
the previously used ethyl meveurie chloride, both of which are factors
influencing suitability for use in stain control.  Because of the lack of
information oun the stuin-control value of different phenyl mercurizis,
two were chosen for frinl, inclwling phenyl mevcuric acetate, the
cheapest compound nand the one frony which other phenyl mevcurials
are manufactured.

Two acetylated mevenvinds, designated as ¥ and M, were also ob-
tained. Although these appeared sutisfuctory for stain control in
tests conducted by a commercial concern, they have not been developed
commercially.

L ,.A.“_...‘-,_..._.uavvd
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CHEMICAL CONTROL OF TFUNGI IN GREEXN LUMBER 13

The relative stain-contrel values for different organic mercurinle
nsed alone and in mixture with either borax or sodium pentachlovo-
phenate or with both are Hsted in table +.  For compurative purposes,
the concentrations uve given as fractional parts of full strength, which
is 0.015 percent meveurial. It is realized that this does not give equal
concentrations of metallic mereury, but the dufa do not indicute a close
correlation between toxicity and concentration of metullic mereary,
Although analytical duta were not available for all sunples used, it
u])pe:wed that the metallic mereury contents were ethyl mercuric
phosphate 77 percent, FL T8 pereent, M 74 percent, phenyl mercuric
horate 65 percent, and pheayt mereurie acetate 60 pereent.  The order
of mercury content was not the ovder of eflectiveness as indieated by
thie datn, particularly in the case of mixtures.

Ethyl mereurie phosphate seems to be slightly superior to the other
mercurinds in stain eontrol. But for practical povposes, the ethyl and
pheny! mereurials can be considered of about equal elfectiveness. AL
the mereurials lested were inelieetive agninst Penreiftivin, In stain
control the two neetylated nercurinls (M and H}Y were inferior to the
olher mercnvials when used in duplex mixtares with borux ov a
phenolate; therefore these were not further tested.

As the ethy? and phenyl mercurials appear to have aboul equal
fungicidal vatues, their velative suitability Tor stain-control use must
be determined by cther factors.  The following are the comparisons
Tor which the Division of Iorest Parhology has imformation,

Tanuk \,— Comparative effectivencss of different orgenie mereuriols used alone or in
wmictures for sfavn condrol on pine in smoll-sewde open-piled lests |

Constituents 3 nul saleridon
’ vontpsition :

Average aroa staltud

4 ! : HEETI. A 1I
: - Bodlum Ethsl eyt 'lienyl ¢ (neety- l (nocty-
SMereuthal Ll merenrle okl erenide - nted Tt
comi- ¢k Rorax  phipsptinde el codotead B dnkod
pounis ehinraple- . i acitate,  horale, Fmereurlal’ mereurial
5 nawe Lhgrgsan  BURE opures o eom- o com-
R : Coponnd] o ponad)

Tesl Nao?

. . i 1}
) Sl‘rm;rﬂ; < Keength 0 Streagth | 1":1'«:'1'1'#l U Percent | Pereent | Percent
. i eeeew eaeemawud v L1 i .

2B A il bl Bl =-1 M

IH

21

i

1A few potprprsong of ethyl wmerenrly phinsphate sd phenyt mercazie seetude alone and inomixtnres oo
pinn all gave low perepninpes of stala, mastly tence do 1 porcent, Gy in Liest were the two tantehed . I
this the proeontope staln with ethyl wereucle phesphnte b, plos pentachloropbionnte by, plus borux 34
wis -F, snmy mixkbue wilh plienyl mereurie neotote, oo stain,

1Al 1e8ts were ol Soveler, Miss,, exvepl fest N, 14, which was od, Clarks, Ta,

1 'fllunt.flnlrullmls exprossed s nelions of the ol strengfhs, os lsted o Lo 1,

1 Troce.
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{1) Wuater soliehility.—Ethyl mercuric phosphate, phenyl mercurie acetnte, and
Phenyl mercuric borate nve all suiliciently soluble in witer in the concentraiions
needed for use on lumber, Lhyl mercurvic phosphate, howevor, ig inere soluble
than are the phenyl mereurinls,

(2) Wettabitity.—I3thyl merenric phesphate, in Tignusan ai least, is readily
wettable, The phenyl mevenrints, on the other hand, nre welted with cynusider-
able difficulty in the pove forms used. This van be overcong by digsolving in
Lok water and pnssibly by fhe use of wetting agents,  Two wetting agents tried
Iuiled o overcome the ditticuliy of wetiing.

(3) Boluwbitity of the N-mercnrie pentachlorephenales~—Thonyl mercuric pen-
tachlorophenate is insolubie in water. When 2 phenyl mevenrial and sodiam
pantachloropiienate dre mixed lu wuter, o (lueculett precipttate i produced which
does not form u good susperision after settling and heing restiveed.

No qelinite informuation on the solulitity of ofhyl merenrele pentaelhiorophenaie
is avatiable. dlxtores of ethyl meredric phosphate and soditim peninzhloro-
phenate in waler do nol setile ont any more than solations of the phenolate lone,
What sediment does Form on stinding is ensily stiveed inte o good suspensiao,
which settles ont vory slowly,

The fests indicuted (hat auy of the meveurials tried would give good
stain control if used alone,  Ilowever, In mixiures, ethyl mercuric
phosphate would seemt the supevior meveuvial,

Conmmpereial expericnee with mcl.'t'llI'l{ll-])llt}ll(ﬂu[‘ﬂ mixtures has been
Iimited to three produets. The composition of these mixtures and
their effectivencss in small-seale tests are given in tuble 5.

Tamrw S.—Comparalive cffectireness af 3 ecvmmereidd miclures of wmercurial and
sodivm peatachlorophenate in contrelling stain on pine sepwood i smatl-seule
fpen-piled Lests

H 1 b . N i
i Congerptrations of misuee | Avorage aven stulhicd 1

COr 10N LS i

. e

Soditm
ata-
chlaraphe-
not-

Lroated 2
'

u | l .
Troduel i !

NS T S 11 H TR .
Moredriy eltorophe- | Teeqls
nake 2

Mlisturp-
reated

] 050 gat, - L0 gnt, o Lhiifged, | Nuuer frereend

A S 91 g 07T .
A (Lastrengiby ... i 300
i - LN . 'l

4.0

LAverage compiitnd by converd ing peveentage of stiin ineael test (o e eonivalent anele and reconverling
Lhp et of {00 angles 100 percentgr,

Full streppeih, 3.5 pornuds g 60 gallons of water,

# Bodivm salts of prrhe ol para ot of edrexy phens? mereorie Dydrosbde.

1 Also to<ted onev vn sweetgnr, in whicl) ease (e mixtore allowed 103 pereent stain and (ullstrength
spdinnm peatachlurophenade, 3.5 ereent.

Ayl merearie phospdnte.

Products A and B were inferior and were soon withdrawn from the
market. The outstanding point in these data is the effectivencss of the
niixture (C) containing ethyl mereuric phosphate in comparison with
those including other merenrinls (A and B).  This held even for the
ase 3n which the nonethyl merenvial mixiure contained move phe-
nolate.

Lrrecriveness oF DivFERENT CHLORINATED PLIENOLATES

Sodivm pentachlorophenate was used as the phenolate in the mix-
tures tesfs. Previens tests mul conuveretal experience had shown that
sodium pentachlorephenaie is morve effective than sodium tetrachloro-
phenate an southern pines, althougl the two ave of ahnost equal
effectiveness on southern hardwoods and some western conifers (/5).
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CHEMICAL CONTROL OF FUNGI IN GREEN LUMBER 15

Sodium tetrachlorophepate has the disadvantage in that it is lilkely to
impart an objectionable odor and tuste to foods storved in containers
made from trented wood.

Another phenolic material, sodinm chloro-2-phenyiphenolate, is
used commercially for stain control in mixture with sodium tetra-
chlorophenate. This mixture {Dowicide P) has given satisfactory
stain control imnder commercial conditions but hias no advantages over
sodium pentachlorophenate. I o few tests, Dowicide I* proved less
effective than sodium pentuchlorophevate in mixture with borax.

Sodivm orthophenylphenolate and sedium chlovo-2-phenylpheno-
late were each tested 1 mixture with borax in a few tests and found
inferior to sodium pentachiorophenate.

TaE ErreEcT oF THE RELATIVE PROPORTIONS OF MERCURIAL AND PHENOLATE
N MINTURES

An early question in mixing mercurinls and phenolates was whether
they should be mixed in equal proportions (as 14 plus 34 ot full
strength) or in unequal proportions (as Yo plus 25), and it mixed in
unequal amounts which constituent should be favored. Some mix-
tures with unequal proportions were included in bwo early tests, and
it appeared that, within the limits fested, the important factor was
the total fractionnl concentration and not the velative proportions in
which the {wo components were mixed. It was not until later, how-
ever, that data were obtained from which direct comparisons could
be muade.  These data are presented in table 6. ,

Tannk G—Comparalive effectivencss in vontrolling stein on pine sapweod of mix-
tires of elhyl mercuric phosphale end sodium pentuchiorophencte in which the
relative proporiions of mercwrind wmd phenolaic arve 424, 220, I, 152 and 124 din
terms of full-strength values

Cuneendriationd ]I Average aren slained

Unegainl pro-
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1 1)
Bnuuner: Strength S:'rruﬂfﬂ-‘ Sfreupth Frereenf i f'ereent ] Peorcent
20 Tagamd s [ g and Ma | 42 20
Lpwand In i oamd 1§ 3] I
: ]LJ &

I
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e
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Lin el 1 L }f} nnd 1§
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Lpnmd M » Ui mul L
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Ll 35 Tanu] 14
Iganit 24 Ta and b

L L
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i
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ry whnter tosts in thi period Noverber

1 Sarmet Lests Iewd Uteir sdd poind in the perlxd May (o Oelabe
Lo April, .

7 Expressed as fractions of Nl strenglhs, ug Bsted in uble 1.

Trace,

oo
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Considering all 28 comparisons without regard to season or to which
component was of higher concentration, in ¢ cases the unegual mix-
tures were superior, in 14 ¢ases the equal mixtures were better, and in
5 cases the unequal and equal mixtures were the sume. In many of
these eases, however, the differences were small, and if the data ave all
averaged the wmounts of stain i the waequal and equal treatments
are almest identical.

Of the unequal mixtures in the summer test, the solution with the
higher proportion of phenolates was superior in three of the four
cases. . For the winter tests, in six cases the high mercurial mixture
was superior, in fwo cases the high phenotate was superior, and in two
cases the two were equai.  This fits into the general picture of greaier
comparative cllectiveness of mercurials duving the winter and of
rhenclates during the summer.

In the summer tests the mixtare of equal proportions was superior
to those with high meveurvial in 3 of 4 comparisons; in the winter
tests it was superviov in 2 and equal n 2 of the 14 comparisons. The
equal-proportion mixture, in suminer fests. did not surpass the mix-
turve with high phenolate in any of the 4 compuarizons: in the winter
tests it was sapertor in 4 and equal in 3 of the 10 comparisons,

Considering the low magnitude of most of the differences heveto-
fore pointed ong, the imdientions are that in duplex mixtores of mes-
curials and phepolates in any eoncentrations likely to be wsed for
stain eontrol it would malke Tittle difference which component was
used in higher proportional part.  For year-round use there might
be a slight advantage to mixing the two in equal parts (on a busis
of usual concentrations when used alone}. An advantage would prob-
ably vesalt from wsing n higher propertion of the mercurial during
the winter und a higher proportion of the phenolate for sununer, hut
sich a practice probably would not be practical for the average
commereinl opeyvation,

When borax was added as a third component, the datn were Timiled
to two tests {tabnle T). The Tomited comparizons in fable 7 suggest
that the addition of borax does vot change the above conelusions.

TESTS OF COMMERCIAL STAIN.CONTROL CHEMICALS AND OF
EXPERIMENTAL MIXTURES

The early tests reported in this hulletin were miade during World
War 1T with the express purpose of finding micans of extending ihe
available supplies of stain-contvol chemicals (77), This pressure,
particuliarly when coupled with the lnek of inforntation on the be-
havior of mixtures, prevented inclugion in most of the carly tests of ald
mixtures for whieh comparisons aro now desirable. Becinse these
tests were established in different loculities, yeurs, and sensons, 4 mass
of data was built np in which compavisons hetween wmany {rentmonts
cannot be validly made with orlinary statistical welliods.

This mass ef uncorrelated data might have been handled by adjust-
ing the raw-stain percentages o reduce varistions due to the Qiffer-
ences I stain hazavd among the fests. Three possibilities for
adjusting were tried in a limited way and the following conclusions
veached : -
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1. Adjusting through the percentage of stzin in untreated controls.
There was only a wealk correlation hetween severi y ot a test and the
amount of stain in the untreated controls. Consequently, such
.lclju&tment did not, seem oi' much benefit; in fact, in some cases the
anata were niore distorted than in the raw- ])Ll(.en[.l.“'l. form. TUnder
severe conditions, decay often bleached stain {rom the controls and
abnermally low stain readings resulted. This was definitely shown
by pericdic readings on the sae pieces in bulked material.  Tn other
cases ik appeared “that extrancous organisms exerted an antibiotic
effect, and low stain resulted in the contrals but not necessarily in
the treated wood.

2. Adjusting on the hasis of vesults obtuined with standaed treat-
mentz.  Ethyl mercurie phosphate and sodium pentachlorophenate
were incTuded in most teses, but it was found that the mercurial varied
in relative ellectiveness with season, The phenoluie seemed more
responsive to the severity of test conditions and somewhat less likety
to permit ovensional, unexplained higlh stain ovenrrence. It was feli,
however, that an awdjustment made on (he basis of one ireatment
followed by a formal statistical analysis would be doubtfetl,

3o Adjnsting by means of several of the better treatiments.  There
were altogether too many tests in which fwo or more common better
treatments were not present 1o use this methed. It would heve neces-
sifated {he uge of a system of interlocking treatments leading to
doubtful corvections.

Later, when relafively few mixtures had been selected as most
promising, a series of fests were made in which all mixtures to be
compared were ineluded in each test. Beeanse of the nature of the
data, they are presented in twe sections.

1. A tabular summary of all tests, both the heterogencous and the
later matched-Ureatment tests, in \\]11(|I the average percentage of
aren stained with each (reatment is listed along with the aver uge
nereentage of wren stained in the wood (reated with full- H!l(‘l!”‘“l
sodiun ]mnt.uhlmr)])]u nate in the sime tests, Thisis given in les
B and 9,

A tabulare presaation of the data from the laler tests in which
all the better mixtures were ineluded in each {est. This is given in
tubles 10 and 11

Tamne T--Compurative cffectiveness of mictures of ethyl meveuric phasphote and
sodivm pentuchioraphenate in summer and winder lesls when borae was added to
muh.’rm
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TABLE 8~Staint on pine sapivood lumber dipped in aqueons solutions of various chemicals compared o amount of stam on lumber dipped in
usual concentralions of sodiwm pen(achloraplu,nalo in the same tests

COMMERCIAL PRODUCTS

Treatment % Numiber of tests and relative amount of stain

INHOEL Q[

Small-seale open-piled tests

Constituents * and solution composition () Large-scale-gpen-piléd tests
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i Eulch, figure is.an average of all tests exeept in. the sodivm peitachlorophenate column,  The latter averages include only tests in ‘whicl: the other treatinent being compared
oreurred, )

1 Concenirations expressed as fractions of full strengths, as listed in tablo 1.

LA verage computed by converting pereentage of stain jn epeh test 1o the equivalent angle-and reconverting the mean of the angles to'a pereentage.

4 *z=gignificance at S-pereent level; **==significance at I-pereent level, - | i

s Angles a and b refor to the-average angles of the stain percentages for the treatment in column (A) and its corresponding soditm pentachlotophienate control, Negative num-
bers-indicate superior control by the solution showi-in column (A} and positive numbers indicate superiority for the strajght sodium pentachlorophenate,
i Ge}in ggjgut 35 of the cases, the untriated controls were-dipped fn water, 'In.§ tesis both were 1:6d, and the average percentage of tires stained was: Undipped, 58.3 percent; water

pped, 55.6 percent.
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¥ Ench figure is the average of all {ests except in the soditm pentachlorophenate coltimmn, “T'he Iatter averages include only tests in which the other treatment being compared
oceurred, . .
#The Jumber was sapgm excepl 101 rgeseale test (vellow-poplar],
¥ Concentrations expressed us fraetions of full strength, ns listed in table 1,
L Average computed by -convertimg pereentage of stain ju each test tothe equivalent angle and reconverting the mean of the angles to a pereentage. .
~ BAugles o and b refer to the average angles of the stain percedtages for the treatwent in column (AY and iis corresponding sodium pentachlorophenate éontrol. Negative num--
hers indleate superfor control by the solution shown in columu (A ) and positive numbers indieate superiority for the straight sodium pentachlorophenate.
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TasLe 10.~Comparative effccliveriess of 6 experimental mirtures and 5 commercial products in conlroiling stain on pine sapwood in 10 small-
) scale open-piled tests

COMMERCIAL PRODUCTS

Constituents and solution composition : Average area stained in tests No- ] Mean values !
' f

¥
Eibyl _— Sodiumi - Adjuvants o : i
Bihyl mercurle phoss  pentn<: i : i . ! L : .
phate i.ehloro- j ! ; 4 ? : 38 All tests Tests 31 to 38
ipbenate’ Borax  Soda -, : )

i N H [ e} Joven
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! Concentration expressed as fractions of full strengths, as listed in fablp 1, ? Least significant difference at 5-percent level 4s 3.42,
¥ Mean value computed by converting percentage of stain in-ench test to the pguivalent * Least significant difference at 5-pereent level is 4,97,
angle and reconverting the mean of the angles to a percentage.
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Table 11.—Comparative effectiveness of & ezperimentnl miztures and 3 commercinl
produzts tn confrolling stain on sweetgum sapwood in & small-scale open-piled tests

COMMERCIAL PRODUCTS

Constituents 1 and solution composition Aversge area stained

ELhy! mereuric phosphale ! ch'i’("“m lornx N'f& .\'lol.n‘;ﬁ ‘ }:[;'7321? i ‘\'-I{]‘:Séﬂ N';(fs::‘] of nll

yrophe- | I tosts T

naie }

? t i

. ; s

| Epullten i Meonsg
1
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]

Strength Strength t Strenpth | Percent |Percent | Percent {Percent 3 Percent i Pereant
P R g ! A4s 1.5 n3! 0.1 0.4 1.5 0.7
fmsasas imman s iemmmrammns ] - e
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| S

ENDPERIMENTAL MIXTUUES
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4
e,

CONTROLS

Unitrenied ... . .......,.i e 850 Al : 8.5
. . 1

! Coneeplradons expressed us fractions of Joll strengths, ns listed in talile 1

t Mean valur for all tests mm!)uml by converting percentage of stain inench (est lo the aquivalent anghe
and reconvertlng the mean of the ungles oo percontage, .

3 2ignifieantly prester Lhon the other values at the 5-pereent level, but this (realment was ot b disndvantege
heenizse ali Lul one of Lhe tests were Juade in suntimer (see seviion o the vifeel of seasun oa control).

The pereentages of aren stained were much higher and more variable
in some experiments than in others, 1§ (he raw percentages wera
averaged, the fests with high infection levels would bave an excessive
influence an ihe conclusions, Therefore, in order to give the different
experimeniz more nearly equal weights, ench raw percentage wus
transformed Lo the equivalent angle (are sine v percentuge) before
avernging (8. pp. 447=430) and the arvithmetic mean of these trans-
formed back to a percentage. Because of the progressively eramped
distribution of the raw stain pereentages at vlues below 10, the use
of the angle transformation inereases the validity of significance tests
and gives the different tests more nearly equal influence in the
conclusions,

The small number of differences that ave marked as signifieant is
largely caused by the small number of tests of each individual mix-
ture. In pine the frequency of occurrence of positive differences for
the weakest ntixtures and negative differences Tor the strongest ones
that contain sodium pentachlorophenate leaves no reasonable doubt
that the mixtures with (he higher sodinm peatachlorophenate content
were superior to the full-strength sodinm pentsehlorophenate that was
used as reference frenlment, agreeing with the evidence of table 10.
The hardwood results in table 9, on the other hand, agree with thaose of
talle 11 in indicaling that the advantage of he strongest mixtures
shown was neither mathematically nor practically signifieant.
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Oren-PiLep TesTs ox Ping
COMMERCIAL PRODUCTS

Boards treated with the combination of 4-strength sodimn penta-
chlorophenate with 34-strength ethyl mercwrie phosphate, nsed in only
seven tosts (table 8), had the sume average ampunt of stain as bonrds
treated with full-strength sodinm pentachlorophenate alone, and in
ne test allowed as much as 10-percent stain, Witli the other com-
mereind produets used af recommended concenfrafions, there was more
stnin,  ‘The difference between the standard-sivength sodium penta-
ehlorophenate und the other products was Targe enongh (o be mathe-
matically significant only for the mixture of 13-strength sodivm pen-
twehlovophenate with borax and soda s when this pradne! was used at
i coneentration that raized s soditm pentaehlorophenate content to
one-half strength, the average pereentage of slain in (he trealed bonwds
was the sante as for the full-slrength solution used #lone in (he three
texts in whicli this comparison was possible,  The degree of con-
sistency of the observed differences can e judged from the stain per-
centages shown i table 10, which gives the vesults for each of the
individual tests in which all five praduets had been included.

Foue other conmwreial staiv-control productz wore tested, "Twa of
These werr mercurinl-phienclaie mistures (table 3) whieh, beeanse of
fheir ineffectiveness, wore witlilrawu feomr the mavkel.  Muoiliev.
sodinm salt of 2-mereaptobenzothinzole, proved ineflective (table 2)
andd was withdenwn fron the market, The fourth, containing sodium
dimethyldithiocavbamate snd sadium 2amerenptobenzol hinzole. also
was unsatisfaetory on pine in these (ests (table 2y, One ingredient
of this product had previously been reporied to liave low Fungicidal
value on green wood (7). and (he ofher Ingredient was fested alone in
the enrrent tests and fomid {o be of doubiful valie (table 2).

MINTLRES OF JODICM PENTAGHLOROPHENATE AND BOBAY

OF the 20 mixtures of odium pentarhlorophenate and hoenx lisfed
in (able 8, those with sodinm pentachiorophenate 14 strongth or less
were generally poorer wnd those with sodinm peniachlorophenaie 14
strength or more were genernlly somewhat hetter than Nall-strength
sodinm pentachtorophenate nlone, Tn na ense, however, was the
difference significamt ot the f-pereent probability level.  Appuwrently
mixtures of this type do noi afford the superior protection desived Tor
sovere seasoning comlitions, Many of the more eflective phenolate-
borax mixtnres bisted ure too bulky for convenient commereinl use,

In three fests, sodin pentachlorophenate was used at Vg, 14, and
14 stvengths with 0015, 85, 5, and 5§ strengths of horax,  Only in
fest No. 17 wag Lh-strength sodivm pentachlorophenate used with all
borax conventrations, aml, therefore, for compantive purposes the
date Tor 1i-strengih sodinm pentachlorephenate mixtures had fo be
adjusted.  For each borax concenfration the mtio of the average per-
centage of stain for sodivm pentachlorophenate at ¥4, 14 and 14
strengths in {es(s Nos. 13 and 16 to thid in test No, 17 was determined.,
The geomelrie mean of these ralios was delermined for pach borax
roncentration,  These means were used fo correct. by proportion, the
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percentage of stain for the Lbo-strength mixtures obtained in test No.
17, Anindication that this adjusiment was sound is found in the fact
that the adjusted percentage of stain for sodium peniachlorophenaie
¥ Dlus borax 3% derived in this way from its lest No. 17 value was
almost identical with (he average of the percentages of this mixture
actually obtained in the three tests, it being the onTy 1h-strength mix-
ture ineinded in i these tests. The average effects ol different borax
additions (o 1{4. 3%, 11, and 2% strengths of sodinm pentachlorophenante
are shown in figure 3, It shonld be kept in mind that the graph for
Lo-strength sodinm pentachlorophenate is based on only one test,
exeept for the 34-borax point.

Ifor all the sodium pentachlorophenate concentralions, mavked im-
provement in eiffectiveness oceurred with the addition of 3§, 4. and
5g strenglha of borax, and all thiee conrentrations had about (he same
effeet.  Ior the pentaehloroplienate solutions {thal appear too wenlk,
1oew Ty and 15 strengthe, borax 17 allowed appreciably greater stain-
ing. For the two better concentrations, L e.. 75 and 34 strengths, borax
14 was almost as good as 3%, Theve were no tests in which direct
comparisons could be wade betwoeen sodium perdachlorophenaie 14
strength plus bovax #y, ¢ Permatox 1488) and sodium peniachlorophe-
nate 15 strenglth plus borax 17 srength.  TTowever. it appears (hat
mteh of the beneit Trom borax additions ro 1o-strength sodium penta-
chlorophenate is derived from the fiest 3y, strength of borax; thore
seens to be no warrant Tor nsing more (han 8% sirength,

When both effectivencss and bulk ave considered, it appears that
Permatox 10s {xodium pentachilorophennie 14 strength plus borax 344)
represents the most eflicient of the sodium peatachlorophienate-borax
mixtures for general commereial use.

Should a need arise for a solution partieniarly Jow in sodinm pen-
tachlorophenate content, as for unuzual aveudanee of skin lrritation.
a mixture of sodinm pentachlorophenate 14 plus borax 3% wounld rob-
ably give satisfactory control. .\ mixture similar to this (sodium
penlachlorophenate 17 plos borax 4] was recommended for emor-
geney ause during (he war, when i was doubtful whether safiicient
quantities of the phenolates wounld be nvailible for siain eonlrol (17).

MIXTURES ©F ETIHIYL MERCURIC THOSPHATE AND BORAX

Tn general, the ethyl mercurie phosphate-borax mixtures were loss
effeetive than the sodium penfachlorophenate-orax mixtures of the
same fractional concentrations. The superioriiy of the sodium pen-
tachlorophenale-borax mixtures was statisteally highly significunt
for 19 or 35 strengths plus borax and significant Tor (he 135 or 34,
strengths plus borax in the simnner tests. For (e winler tesls, al (he
two low concentrations the ethyl mereuric phosphaie appeared betier
than the sodiom pentachlorophenate. while ai {(he higher concentra-
tiens it wag somewhat inferior,

The small numbers of tests involved with wost of the individual
ethyl mercurie phesphate-borax mixtures lisied in tabie 8 raise doub(s
g Lo the significance of theie relative effoetiveness in comparison with
full-strength sodinm pentachlorophenaie used alone. When gronped
on the basis of mercurial content. those contuining 14,. 14, and 1

953558 -~51——-
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Frourg $—"The effect on stain confrol of additlons of 3, #§-, ¥ nind 64-strength
borax fo Ya-, Y~ Y- and Weslrength sodinm pentachloropbenale. In the
snrne rests, fuli-strength sodinm penthehlorophennte aliowed 7.3 pereont sinin,
{ Penin=sodinm 1)('!11‘[1{’]1lUl‘Gl]hulll‘lt{!.}
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PERCENT STAIN
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% % % % %
STRENGTH OF BORAX
Fravn 4.—The effeet o stain control of ndditions of -, -, ¥~ and 35-strength
borax to Yo, Y-, %-, and W-strengh ethyl meveurie phosphate. In the same

tests, Dnll-strengib cihyl soerenvle phosphale permitted L1 percent siain.
{TIg=ethyl woercarie phosphate.}

strengths ave significantly different from full-strength sodium penta-
chlorophenate.

‘The effects of different borax additions to 144, 14, ¥, and 34 strengths
of ethyl mercurie phosphate are shown in figure 4, which gives average
figures for small-seale tests Nos. 13, 16, and 17. An adjustment, was
made in percentage of stain for J4-strength ethyl mercuric phosphate
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similar to that explained under the sodium pentachlorophenate-borax
mixtures in the preceding section. In the cuse of ethyl meveuric phaos-
phate, the effect of borax additions was more uniform than with the
sodium pentachlorophenate. With all concenlrations there was a
marked improvement in stain control with the addition of i -strength
borax, and 34, 14, or % strengths of borax did not materiaily increase
the effectiveniess.

The ethyl merenvic phosphate-borax mixtures retained the green-
mold hazard of the mereurial nsed alone.

The data indicate that mixtures ot ethyl mercuric phosphate and
borax offer little promise for superior stain control.  They could, how-
ever, be used for emergency purposes, with a saving of mercary, as
recommended during the wav (17).

MIXTURES OF SODLIUM TENTACHLOROPHENATE AND ETHYL MERCURIC
PHOSPIIATE

Of the sodium pentachlorophenate-ethyl mercurie phosphate mix-
tures listed in table 8, those containing 145 or ¥ strengths of cach
component were signibicantiy less effective, statistically ; those contain-
ing 1 or 24 strengths were equal; and the one containing 14 strength
was significantly superior to foll-strength sedium pentachlorophenate
on the basix of average percentage of stain for all tests. Had wmore
fests Leent invalved, it is probable that the 8% plos 3% mixture could also
be shown significuntly betler.  Tn none of the tests did the 84 plus 3% ov
the 15 plas 14 mixtures permit an average of 10-percent stain, while
tull-strength sodium pentachlorophenate permitied 10 percent or more
stain in o tenth and a fifth, vespectively, of the tests involved in the
two comparisons.  When the concentntions weve reduced to 34 plus
Yia the mixture permitted 10 percent or more stain in a quarter of the
tests, while full-strength sodium pentachlorophenate allowed similar
amounls of stain in a Heth of the tests,

One of the commercial products listed in table 1 is o meveurial-
phenolate mixture contaimng 4-strength ethyl mercuric phosphate
plus ¥ -styength sodiwm peniachlorophenate. The total concentra-
tion of hoth componenis is the same as in the 34 plus 3 mixture. In
the data thereis little difference in effectiveness between the two. The
slightly better showing of fhe 34 plas 34 mixture is probahly duc to
the lower mevcurial and higher phenolate content of the egual mixture.
This weuld lend to give the equal-proportion mixinre the advantage
during the summer, when most of the fests were made.

MIXTURES OF S0PIUM PENTACHLOROPHENATE, ETIHYL MERCURIC PHOSPHATE,
ANPD BORAX

In the few tests in which they were included, tril}lox mixtures con-

taining sodium pentachlorophenate 14, strength, etivyl mercuric phos-
phate M4, and horax 34, and another containing sodium pentachloro-
phenate 355, ethyl mercuric phosphate ¥, and borax 34 did not prove
mariedly mferior to full-strength sodium  pentachlorophenate.
Nevertheless, such low concentrations could not be considered safe
without further trials, in view of the poor showing of such mixtures
when used without the borax component.



http:ppntaehlol'ophena.te
http:phosphn.te

CHEMICAL CONTROL OF FUNGI JN GREEN LUMBER 29

The mixture of sodium pentachlorephenate 34, ethyl mercurie phos-
phate 34, and borax 34, which was previously recommended for emer-
gency use {71), was extensively tested and found nearly but not quite
equal in average effectiveness to full-strength sodium pentachloro-
phenate.

The mixtures of sodium pentachlorophenate 314, ethyl mercuric
phosphate 414, and Lorax, and of sodium pentachloropheuate 14, etlyl
mercuric phosphate 14, and bovax were penerally hetter thun full-
strength sodium pentachlorophenate regardless of the borax content.
When all borax concentrations were combined, the superiority of the
416 Plus 3¢ plus borax mixture was not significant at the 5-percent
probability level. but that of the 14 plus 14 plus horax mixture was
highly stmificant. N

In vrder to get a better idea of the eflects of various borax additions
in triplex mixtures, the data for small-seale tests No. 13, simmer;
No. 20, winter: and No. 23, winter; weve singled out for special
anulysis.  Only in these three tests was (heve sullicient spread in
borax poundages to permit any detailed analysis.  The average per-
centages of stain in pine treated with 145 plus 144, 14 plus 4. and 14
plus 14 strengths of sodium pentachlovophenate and ethyl meveuric
phosphate, respectively, with 0, 1%, 14, or 3% strength of borax are
shown in figure 3. The addition of &, 1, or 3% strengths of borax
greatly improved each mixture. One-fourth strength borax was
about as beneficial as 2§, except with the 144 plus 144 mixture, where
the 34 strength still caused improvement over the 1.

The inference from Hgure 5 is that in triplex mixtures there is
little advantage in adding more than 14 strength of borax per 30
gallons,  One-eighth strength appeared 1o be too Jow. '

In four other small-seale tests on pine and sweetgum, (riplex mix-
tures with 34 or 14 strength of borax were {ried.” The datn from
these fests ave given in table 12, Without exception, the mixtures
with 3 g-strength borax guve better stain eontrol on pine than those
with 14 strength. .\ progressive incresse in stain on pine (vealed
with increases in bhorax coneentrations has been observed in a number
of tests whether the Dorax was applied alone or in mixtures. This
increased stiin is thought to be eaused by A ernarie, whicl is resistant
to bovax (23) and perhaps favored by the suppression of competing
organisms at (he lngher concentration.  On sweetpum the mixtures
with 14-strength bovax appenved better, but probably this is not of
prachieal inportance; as control with the #; strength was nearly
perfect. '

Orex-PiLen Tests ox Harowoons

In the hardwood tests (tables 9 and 11}, all the commereinl products
and experimental mixtares gave adequate stain confrol.  Beeause of
the smalt nimbers of fests and the general low average of stain read-
ings, none of the dilferences fornd ean be consideved significant. The
date indicate that some of ihe weaker mixtures may be more elleciive
on sweekgum than on pine.

Experience has shownr that good s(ain conirol is relatively cagily
attained with chemieal treatment of fresh green sweetgum. It was
for this reason ilat most tests were made with the more refractory
pine, In commercial hardwood operations, serious problems of stain
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Hg 4+ Penta %
Hq !g-f Penta 55
Hg 4 + Pento &

PERCENT STAIN

‘s

STRENGTH OF BORAX

Meaure 5—The effect on suun control of additions of 3§-, -, asnd ¥-streangth
Imm\ to M- plus Yg-, 34- plus V-, and ¥- plus %- sttength mix{ures of sedinm
peatachlorophienide and ethyl mercurie phosphate, respectively., in the same
teses, full-sirength clhyt mercurie phosphate and sedium pentachlovophicnate
permitied 6.0 and 7.3 percent of stain, respectively. (Penbi=sodimn penin-
chicrophenate; Hy=cthyl mercuric phosphate.)

Tanue 12.—Comparative effeetivencss of Ye- und Y-sirength boraz in triplez miztures
ON PINE

Constitients? nmi selation cmnnwtmn Avernge nroi stabid
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! Mean value for oll tests compited by converting perconloge of stuin iy ench lest to the equivalent
nm.,I!:‘: and reconverting the meon of Lhe sagles Lo n wereealspo,
raco.
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control arise. In the South most hardwood logs come from areas iu
which continuous lozging is diflicult. This has necessitated, ov at
least cncournged, heavy logging during favorable periods and longer
periods of log storage. Hardwooed logs stain rapidly, and as o result
much hardwoofl Tumber is already infected at the thne of sawing.
Surface treatmnts do not kill such intections. It is possible that
a superior tredtment, as sodiwm pentachlorophenate 34 with ethiyl
mercuric phosphate 5, would be more effective in preventing internal
infections from being manifested on the surface. Nevertheless, the
hardwood-stain problem probably dees not ¢all for better trentments
as much as tor better handling procedures.

Crose-Pit.en TesTs 0% Pixe axp Marpwoon Luaser

Freshly treated lumber is commonly close-piled for periods vary-
ing from a few howrs to a few days before being placed in seasoning
piles. Also, during periotls of lumber shorfages and to o less extent
1 normal times, Inmber may be sliipped green.  When ocean trans-
portalion is involved, the lnmber may be L‘ﬁ]ﬁ(’-[}”e(l in a green condi-
tion for & month or more. Several small-scale tesls weve eslablished
to determine the eflectiveness of chemical control uniler these severe
condilions.

Sweetgum was used in two summer tests and two winter tests. Oak
anid hickory were ench included in one winter test. The amount of
stain that developed in these tests is listed in table 13 and the amount
of decay in table 14.

Tantl 13-~ Comparative effectiveness of ravious fungivides B condrofling slain on
hardwond Tumber close-piled for & lo 10 weels in 2 summer ond J winter lests

Cunstitnenls Eamd soliedn eamposiiinn | Averige area stalnel ¢
! i ; Ll
fodfum | Sodionm Adjavauts :
Ethyt mereurie phosphate |:IL'I].]l'.IL'h|ﬂ- =lul1}uchluru-: wemee eomee— Gk oweeks) 10 woeeks
roplicnate , pheaate oo
; i By

Jala

sitr.ngth Ntreagffe © Strength St k Strength .”rr‘n Wi . Ferceat
1 .. . M : 13

Ay R

. i- tan .

4y . . [ 15

iy - . L . . X i

', . . L . A

I e 1

iy rn - ' . (LN

1 1 . LTy . ) o
Unereateed contomls. . e e e e R C . 58 152
! 1

| Paneent et ions pxpressed as enetions of Tl steenpthes, us Disted dncfable L

3 A vorge corpputod Hy converung pereviiluge afszae booeach test Lo the vipdvalent angle amd reconvertbig
thie e of e unghes oo precenkage.

1 ' rape,

e Aatain eaehed by deeay,

Mol was too light to warrant listing: it averaged none to very
Jight for the vavious trepiments. In individual tests, mold ratings
exceeding L0 percent occurred only on ank treated with ethyl mer-
euric phosphaie (2.1, on unireated ok {(L.9Y, and on untreated
sweetrum { L4 inone of four tests).




TanpLe 14— Comparative effectiveness of parious Jungicides in controlling decay in hardwood lumber close-piled for 5 Lo 80 weeks

Constituents ! and solition comyposition

Sodiunt

Ethyl mereurie phosphate penitachlorophienate

;- tetrachlo-
rophenate

Adjuvants

s S+

Sodium

Borax Soda

Average area showing decay ?

Sumuner 3 (2 tests)

i B e ks 2t b, e, A i

Winter 3 (4 tests)

S ———

5 Weeks W weeks Stosweeks 10 weeks

- -

Strength

B T LR vy SR

Strenpth.

R

T

e e

]

Cntreatod controls oveooioieomn s 2unn.

S RO e

t Concenteations expressed as fractions of full strengths, us lsted in table 1.
# Fipures in parentheses ara percentage of number of snmgh-s showing deeay.
3:*§‘ummer tests had their midpoint in the period May to

Prace:

b

Strength Strength |

Strength :

Pervent

' (5)’
q

Percent Pereent
{4 14 (50)

renimrnansa]

Percent
0

- 5 (35): H

. V] 3 (25) 0 i Q

lgy cemm s b A F b seal] ! 0

[ ¢ TR

S TR
L (5 47 (85) 1 (39)§

30 wieeks
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Percent
1 (25)

ctober; winter tests in the period November to A pril.
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Al the freatments were effeclive in preventing stain for 5 weeks
and, with the exception of othyl mereuric phosphate, for periods of 10
weeks nlso. The data are iosuflicient to warrant any distinebion in
effeciivencess wmong the treatments. Fhere was no  diffevence in
stain-conirol level belween summer woud winier conditions in these
tests.

In the winter tests all treatments effectively controlied decay lor
5 to 10 weeks, For most treatments, small amonnts of deeay were
obscrved with 30 weeks of close piling. The mixture containing
soda secuied least effeerive.  In the summer fosts, sinall amounts of
decay appeared in 3 weeks, and the test saniples seemed ta he well
infected by 10 weeks, Noftening was evident in many of the infected
saples, also,

Adthough data were obtained from eight fests with close-piled pine,
a number of the treatments were included in only one or {wo tests,
Also. there was considerable variation in siain fevel among the differ-
ent testx, In all test=, readings were taken after T month’s exposuvey
in some cases no readings wero taken at 2 months, and afler longev
periods nsually deeny ratings only were recorded because stain was
bleachied by decay funei, Therelfore, average values for stain and
decay are of Tite vidue in comprrisons exeeplt with similar averages
for wood tronted witl foll-strengih sodium pentachlorophenate and
exposed In the sume tesis,

Thie average amounts of stain and decay occurring in close-piled
pine are listed in tahles 13 and 16 Al comparisons should be made
with the syverages for full-sirength sodivm pentachlorophenate in the
same (es(s

Thuring the winter practically ne stain developed within 1 month,
except in the untreated saomples and (hose treated with the mixtue
contiining soda.  Two months' exposure altowed relatively small
amonnis of stain 1o develop, exeept in those dipped in the mixture con-
taining sod,

In the stnnmer tests with pine, the stain Jevel ot T montl voughly
equalted hat ai 2 maonths in the winter series and nsually was high
after 2 months, Most of the mixtures appenred soperior {o sodium
pentachlorophenate ai ethyl mierenrie phosphate of full strength atfier
I montls and 2 months’ exnosure.

Mol ratings neually woere slighily less than those Tisted in table 18
Tor apen-piled pine.  The only exveptions were for lumber {reated
with ethyl mereurie phosphate, full and double strength, which showed
a Digher mold rate. With the exeeption of ethyl mercurie phosphate
adone e v mixtire with horax, mold control wis good.

No visible deeny ovcurred in any of (he frewded pine during the
winfer affer | monih,  Visible decay occurred only with (hat pine
treated with the sodinm pentachloraphenate-soda-harax mixtore after
2 entles and with ethy]l mereurie phosphate and the sodium penta-
chlorophenate-soda-horaxy mixture gfter -+ months, Similarly, in the
summer Lests no deeay or only insignifieant amountz developed in 1
and 2 monih=. Fone (o3 monihs' exposure allowed some decay, which
ina few cases amounted to10.to 100 percent of the number of samples;
after 7 to S months, only double-strength sodium pentachlorophenate.
{he higher strengths of triplex mixtures of sodium pentachlorophe-
nate, othy] weveurie phosphate. and borax, and the higher sirengths
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of mixtures of sodium pentachlorophenate and borax gave good decay
control. The special effect of borax additions in plcventnw decuy
appeared in connection with this trentment.

The above-described tests do not take into account one important fac-
tor. At the end of 2 to 3 months in close piles, the wood is stil] wet
enough to stain and deeny.  Any infections present would have addi-
tional time to develap during subsequent aiv sensoning, Yn three of
the pine tests, samples were withdrawn after various periods of close
piling and placed in open sensoning piles. 'Fhe seasoning piles were
partially enclosed with boards {o reduce drying rafe in an attempt to
approximate that of full-size lumber under commereial conditions.
The resulis of these three tests are given in (able 17.

TanLe 17.—Slain deceloping in close-piled pine sapwood and during subscquent oir
-'1{’[‘!&(!!?“1!?

- Avoemye nren slofued after sen-
Averape ¢ '.rr'ia;.st.ihwdnllt-r elose . “sonlng subsenuent to lose

i 1N for— pilfug Irlr -
Sepaomz, U lest Nog sudd brealment ¢ L L L e e e e e
B Gtn 7 n oo 1 Gtn7 1l
werks  weeks  works weeks T oweeks  weeks | \\(‘('I.R wieks

. ]
Freecent Percert Percend Percent Percent’ Perce n! , Percent’ Pereent

Summner, N 1 . :
Ethy! mereurie phosphate 1.4 . L8 . - nyr s .
Sadium pent mhlnmlpllomlvlu ! .1 4 e 5 4.3 ...
Ethel mierenrie phosphate 1 . i

ping boray 5 i 0 . -] a7t
seeliin pent: ulllnmphwntv 11 . ’ .
plas borox iy L. . 37 i R
Untrented, r]osovnihu! A : - : ]
1 nlrv'uul ol close- p:ImI ¢
Winter, N
I-.tiul umrmnr pliosphale 1,
Suium u('ut:whlnmnlu‘uutt l b
Ethyl mieregrie phosphinte 14
plus borax 3. .
st ponl‘mhlnmph:mu 1
lus hom\ ..
Tatrpnted . .
Winter, No. Li:
171 1::,'1 mereurie phosphate 1,0
Sodivm pentachiorephenate 10
Lyl mereurie phosphate Ly
Hus bormx 3%, . .
Sodlum ]1(‘]1|"]I"h]01‘0|)|li‘llﬂl£‘ iy
pus bomy 3y _
Untreated, L!ase-pllo:l-... . 12 .. oo -
Vntrealod, not elose-led 4 L 0 L0 oL 0 oL .l Al ¥ L.

¢ ]fllll;ﬂ'lf‘r ll'.sts h“lll I.hl‘ll' lmlij}nml. in the pvrfu:l May Lo Otlo}mr. \\:Illli'l‘ tosts i the pl'rind Novembor
0 Apr
? [;mm nirations expressed s rnetions of full strengtls, gs Usted o tabie 1.
aile

' Fresh green sapword eul af the ond of the dlose-pled poriod,

At the end of 2 andd 4 weeks of close piling, the wood contained
essentinlly the same amount of moisture as at the bcfrinninn' of the test,
indging by general appearance, and in test No. 13, bv actnal w mn‘hiq
At the end of longer close-piling periods, there had been noticeable
moisture loss but not enough to slow fungus activity (79 percent mois-
turcin test No. 13). In fests Nos. 10 and 13, the test samples were air-
dry (20 percent or less moisture} after 2  to | weeks in the seasoning
pile. Tven with this rapid seasoning the amount of stain increased
appreciably during seasoning. ‘Fest No. 11 differed from the other
tiwo tests in that the board ends were given a moistureproof conting
after the fungicidal trentment to r cdluce (he drying rate.  The Anount
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of stain showed a marked inerease duving the sensoning period.  This
test probably indicates what might be expeeted during commercial
air seasoning wider conditiong more severe than average,

Mthough the data ave not conclusive, they sugaest that fungicides
at the strengths ordinarily ased on hoaber will give good fungus
control during 2 weeks of close piling followed by air seasoning, But
that in the South the fungicides cannot be counted on for longer
periods.  Bven ander winter eonditions longer periods of close piling
may lead to exvessive stain during seasoning, Lumber to be lkiin-
dried dlireetly after close piling probably ¢an salely be close-piled
For 1 menth during the sunmer and 2 months during normal winters.
L1 lumber is (o be close-pited for mere than a few days. the safest pro-
ceddure wonld he fo treat 10 with concentralions 1.5 10 2 (ines those
ordinarily used on Tuther ta be nmediately seasoned.

T one pine test staeted on September Tonatehed samples were re-
moved from close piling after L2 b Tre TLoand TE months, and
qutieldy air-dried.  These samples were tested for tonghness!  The
relative Lloughness vilues of the vreated and untreated material alter
varions pertods of elose piling are shown in figure G, The untreated
wood showed loss in strength with 1 month's storage, while in the
ireated material only one freatment showed n slight loss after 4
months, A samples showed appreciable loss alter 715 mouths” ex-
postre,  The strength losses and visnal deey ratings for the 4 lo Lk
months' periods were poorly correlated. This was largely eaused
Ly the variations in fonghness measurements in entirely sound woaod,
but also indieated the diflieulty of visaally delermining the unonnt
ol deeay From sielface manifestations,

A further precaution is necessary ininferpreting the data of these
slose-piled tests. AL the hawber uzed wax {rom fresh logs Tree of
infections that wonld eseape killing by Tungiehdal treatment. This
i+ not always teae in eommereial operations, partdeabirly with hard-
wonds that were most easily proteeted in e test~ Minor inlections
nrior to cliemien] treatment may not develop 1o serious proportions
during normal ~easonmg. bt 1f seasoning s delayed by any pro-
tracted elose piling, serious develapnient may result. Thevefore, even
though the dabi fmdieate that Tungieidal treatment may permit close
piling Tor appreciulile periods, the safest procedive would be (o season
lymber as soon s practienble after treaiment, and when elose plling
for apprecinble periods ‘s nnavoidable hetrer-than-average drying
conditions shindd be provided Fopr subsequent air seasoning,

AMorn Coxrrol,

Provious wank 73 andd the enreont tests have shown that the im-
povtant molds on seasoning bmber s the South arves (1) L'cndcillivm
on mercurinl-treated pine, (23 LU rnarin on bhorax-treated pine. and
(3} Pehodle rmea on pine Greated with Meovides and =ome other chemi-
els and slso on lumber cut frony old logs, particularly those stoved for

S@errgrrar, P 0L nhkd Dirovw, Jo T OUGHNERS OF TREATED ANEB UNTREATEN
SOUTHERY PINE SAPWOOL AFIEE BLLE PICING GREEEN FIROAM THE SAW KOl L TO 14
AINTHS AT RALCIFR, MIRs.  sSO0UTIHERN SPRCLAL TEST No, 21 U 8 Bar. Mlant
Indus,. Noils, sl Asr, Biein, il U, % Foeest Peod, Tabe 6opp, iluse 1047,
1 Unpblished report )
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long periods in ponds.  As was pointed out in a separate report (19),
these molds are actually favored by some chemnical trealments. In
conyuercial air seasoning in the Seuth, molds are seldom bothersome
on trented wood exeept during adverse deying wenther,

The average toial mold ratings for pine 1y open-pifed small-seale
tests are listed in table 18,  Also listed are the highest total ruting ns-
sighed each treatment in an individual test,

iy,
o
=4
L]
3
=
z
o
o
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=1
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x
o
e
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=
a
2z

RELATIVE TOUGHNESS

| | |

2 4 6 8 10
LENGTH OF TIME IN TEST (MONTHS}

Fieent Go~Loss in loughness of plue sapwood Lreanted with fuli-sivengil othyl
mercuric  phosphate (1), bolbsirength  sudimn  pentachlorophenaie  plus
Ma-strength borax (), Tull-strenglh sodium peatachlorophienate (), or un-
trented (43 elose piled for yoriouy lengths of time.  These are compared Lo
soum] eontrols (X)) nol exposed to Infeelion, The fest was staried on
September 1.
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The high ratings for mold, when lumber was treated with elhyl
mercuric phosphate, reflect the tolerance of Pendeitliune for mercu-
rials, This tolerance of Penicillium was shown ulse when ethyl
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mevreuric phosphate mixtures were used as control treatments. How-
aver, when the mixtures were used, the molds that developed were
molds other than Pendeiliium, whmms Penieillium molds showed the
highest rating of ineidence where merenrials alone were used.

Tanue 18.—Comparalive effectivencss of different (reatments in contralling mold on
pine sapweod in epen-piled smail-srale lests

Canstltuents ! and soltitban composition 1 Muaid raling ?

% | Asdjivauts

o e 2
Bodlum 1 Average
i
i

Ethy! mercurie phosphnte ! |:o|1]m(-hlo- . | Auexlumn
rophenate

i
' b oras Foely Suumwrl' Winter 4

i
1
Strenyths . ! “frcnym ;

freapth I Streitgth

o

Litods
Matods oL
Lytods ..
g lcl'{k PO

L L
b
e

A R X e

Intatat
£ G0 3 G el = D e D T L T O R

.

e,

b 2ty £ D R e B2 B0 ED = kS D

Untretled tiontrols. ... ..,.. .-

—

} Concentralions c-\prt-sswl ns rmetluns of (ol stre m.ihs 1% Hsted in luth

t Maid rotings on s nrbilirury senle of § (none) ta 5 Cvery henvys,

A Hysedd on M kulnrm'r tests sand 19 winter 1osts,  All trealmonts werp nnt ineladed o ull tests,  Most
HYPLILes based on B op mnpe tosts,
. '\"‘lll}llilll(‘l" tests tad thelr midpolst In the period May to October: winder Lests, in the period November
0 Apr

With the exception of ethyl nierewrie phosphate alone or with borax,
the proprictary chemieals and expecimenial wixtnres afforded ade-
quite mold control, .1\'(’1(lrr1n<r a trace to very light infection. The
highest mold ratings for Ereatnients containing sodiwn pentachlovo-
phonnip were for orange mold. This mold was found largely on
plicnolate-treated wood. Only traces of orange mold have heen ob-
served in commercint operations. "Uhe data bere presented, in addition
to that ina e [-\'1011». report (14), '-,umresl that inereased conecentralions
of mercurials increase molding, inereased concentirations of sodium
pentachlorophienate reduce molding. nnd thai borux has less adjuvant

virlue ngningt molds than wepinst stain, and especially decay fungi.

T general, molds seenm of loss 1m|)mt.tm'e on hardwoods (ha on pine
in most, commercix] operetions.  This observation was substantianted
by the uniformly lew mold ratings on hardweods in the currend tests.
For treated w{m(l atings aver: nfvd 0 to (LG, with the maxinnun rating
of 1.0 in any individual test. Untreated hurdwods averaged 10
with a maximum of 2.4,

Molding of treated close-piled wood was somewhat less than on
the U])E:‘l-pl](‘ll with the exception of that treated with ethyl mereuric
phosphate. This chemical permitted somewhat more molding on
close-piled pine and hardwood.

Tug Errecr oF SEasox ox ConTioL

Commercinl experience has shown that, in general, stain develop-
ment is grenter during the warmer months. Extensive observations
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in both commercial seasoning yavds and in tests clearly prove, how-

ever, that in the Gulf States control measures eannot be relaxed during

the wirter if degrade by stain is to be prevented. Sonte operators do

not dip during the cooler months, preferving to save the expense of
dipping even though this periodically permits apprecigble staining. ®
By contrast, at a number of mills vegulnr-strength solutions ave used
during the winler and 1.5 to 2 tines regular strengths ave used during

the sunnrer,

The relative cifectiveness of different chemical solutions against
mold during the summer and winter has not heen reported previously.
Lherefore, the test duta were nnalyzed to determine whethor finpar-
tant sensonal dilferences in eflectiveness do exist, .\ preliminaey
analysis had shown that ethyl merenrie phosphuate was loss effoctive
during the period May to Octaber, and more efleetive during the
period November to April, inclusive, than was sodium pentachloro-
phenate.  Consequenily, all the tests whose midpoint occuned during
the period May to October were arbitearily classed as simmer tests and
all these with a midpoine November to April were classed og winter
tests.  ‘I'he daia for 12 freatments in Hmu]ll-sv::le open-piled pine tests
ave given in table 19,

For all trentments except borax, stain and decny wore apprecinbly
less in winter (ests.  Mmong the melds, . 2ernaric was distinetly
more prevalent during the winter on borax-treated wood and Penui-
cilliwme was somewhat more prevalent in winter tests,  Kor the other
molds, the ratings were generally slightly higher during the summer,
but the ratings as « whole were so Tow and the differcnces generally
so small that they probably are of no significnnce. The signifieantly
lower avernge stuin yafings for wintor lests strongly snggest thal in
avernging stain daln from different tests. season must be considered.

The data in table 19 show the relative development of stain, mold,
and decay in winter and snmmer but do net show relinhly the com-
parative effectivencss of different treatments in differont sensons, as
the figures are not always based on the same tests. Other anilyses
showed that when compared with lull-strength sodimn pentachloro-
phenate in the sauwe (ests, the only treafment that showed a clear
diflerence in relative effectiveness with senson was ethyl werenrie
phosphate, Tlowever, when ethvl merenric phosphate and the sodium
pentachlorophenate were used together in mixtures of unequal pro-
portions (as meretrial 14, and phenolate 34, or mercurial 24 and phe-
notate t4), there was an indieation (tabile G) that those with a higher
proportion of ethyl mercuvie phosphate were more effective in winter
tests and Toss effective in sunnmer tests tha were those with 1 higher
sodium pentachlorophenate content. This was also true when borax
was added as a third component. There was nlss an indication of the
same difference In relafive offeciiveness with serson when mereurinl-
horax and phenolnte-borax mixtires wore conipared.

In order to bring out more fully the sensonal differences for ethyl
mercurie phosphate and sodium pentachlorophenate, the data wore
nnalyzed from 49 small-seale and Turge-soule open-piled and ¢lose-piled
tests in which both chemienls were ineluded. Figure T shows that
in the majovity of tests on pine, ethyl mercurie phosphate gave better
stain control than sodium pentachlorophenate dinding the winter, and
the reverse was true during the summer. The type of test Qid not




Tanng 19—Slain, mold, and decay on treated and untreated open-piled pine in winter (W) 1 and swinmer (S) * small-scale tests 2
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¥ Summoer tests had their midpoint in the period May to October; winter tests, in the period November to April.

2 Molds were not separated out by species in the 1949 tests. -Therefore, these tests are excluded from the table.

3 Concentrations expressed as fractions of full strengths, as listed in table 1. ’

3 Mold ratings: 0 (none) to 5 {(very heavy). - . :

5 Average computed by converting percentage of stain in each test to the equivalent angle and reconverting the mean of the angles to a perceritage. )

6 In thecase-of borax, there was some difficulty in separating Alternaria and bloe stain. Therefore, the raiings for these two categories are less positive than for other ratings.
Altc_r%zria causes a smoky mold, shallow staining.
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Froure T.—The comparative effectiveness of full strengths of ethyl mercuric
phosphate and sodium pentacilorophenate in controlling stnin on pine during
the summer (May to October, inelusive) uand winter {November to April, in-
clusive), Solid symboels show winter {ests, open symbols gannner tests, OCivcles
indicate smnllscale strip-piled tesls; squares, ¢losed-piled fests; and trinnples.
large-senle testy,  (Pentu=sodium pentachioroplicuate ; BMP=ethyl mercuric
phosphate.)

seem to influence the relationships. The superiority of sodium penta-
chlorophenate in the summer tests was significant at the 2-percent
probability level ; the supeviovity of the mercurial in the winter tests
was almost significant at the 5-percent level (¢#=2.095, £.05=2.131).
The difference for the winter tests probably would huave been more
significant had more fests been involved, because a lavger proportion
of the winter tests followed the trend than did the summer tests, The
seasonal relationship in effectiveness of the mercurial and phenolate
also held for hardwoeods.

Of the 23 tests on pine for which temperature records were obtained,
5 summer tests did net corvespond to the stain-season relatiouship
when separation of season was on a calendar basis. When the sepa-
ration was made on the basis of temperature during the test period
(average daily temperature of more than 70° F. considered summer,
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and less than 70°, winter), three of the reversals were corrected but two
new ones appeared. Most of the irregularities came with tests whose
midpoints oceurred near the beginning or end of the arbitrarily set
summer season. Variations in the amount of shading of test piles
and in the methods of covering (whether with roll roofing or boards)
would influence temperatures mside test piles. Fad temperntures been
recordecl inside piles rather than for outside aiv, & closer correlation of
amount of stain and temperatuve probably would have been obtained.

The testing methods did not result in appreciable reductions in
solution volumes and the resultant gradual reduction in strength {24)
as oceurs in commercial use. The lowering of the concentration of
ethyl mercuric phosphate in a commercial dipping operution could
easily counterbalance the greater relative eflectiveness of the mercurial
at full concentration during the wintor.

SPECIAL CONSIDERATIONS
TuEe InFLUENCE oF DETAYED Dirping

The deluwy in dipping, i. e.. the interval between sawing from the log
and chemieal treatment, is an important factor in lumber stain con-
trol. It i essential that the fungicide be applied before fungi have
penetrated the wood sufficiently to avoid being reached and
killed by the fungicide. Previous laboratory (5) and field (7) studies
have indicated that with a 24-hour delay, stain fungi will rarely pene-
trate deep enough to escape killing by fungicidnl dips. These studies
led to the general vecommendation that the maximum delay per-
missible is 24 howrs, but it is recognized that under some winter con-
ditions longer delays might still permit adequate control.

With the trend in the South toward the small mill whose output is
trucked to concentration yards for treatment and seasoning, the prob-
lem of delayed dipping has become increasingly important., Some
further test daia, particularly in velation to season, seemed desivable.
A separation of season is important, net only hecause temperatures
vitry hut also hecause of the seasonal dilferences in fungus floras,  Iso-
lations have shown (10) that sone of the fastest growing stain fungi,
notably Diplodia natalensis 1. Evans and Ceratostomelle ips Rum-
bold, are more prevalent daring the summer months.

METTIODS

All tests were smail-seale fests with pine.  These varied from the
regulnr small-scale tests as follows:

L. Each board furnished one test piece for each trestment ta elimi-
nate variation due to differences in susceptibility of dilferent boards.

2. The pieces were close-piled for varying lengths of time before
treatment.

3. Adter treatment the samples were again close-piled until all treat-
ing was completed, then open-piled as in'a vegular test.

4. Stain readings were taken, after 4 to 5 weeks, on the cxterior sur-
faces. Then the test picces were cut lengthwise, and the amount of
internal stain read on the 1- by 14-fuch internal surface exposed.
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The results of the four tests, all af Suncier, Miss., are given in
table 20. Suriace stain_control was adequate in all tests, regavdless
of delay in treatment,  With the summer tests, objectionable interior
stain resulted during a 24-hour delay, Lut not in a 12-hour delay in
one test in which this interval wus incinded,

Tarue 20.—38lain developing in green pine sapwood dipped of various interpals ofter
being sawed from the log
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1 Pruge,

With the first winter test, objectionable inlerior stain oceurred dur-
mng 48 hours” delay but not in 24 honrs: in the second winter test evern
a T2-hour delay did not permnit apprecinble stain. This difference re-
flects the variability of winter stnining conditions in the South. Dur-
ing the first test the weather was warm, with maximmm daily tempera-
tures of 70° F, recorded during much of the test peried. 1In contrast,
the other test coincided with a ecold spell with freezing temperatures
during many nights and maximun temperatures seldom exceeding a°,

Sweetgum was included in the February test, but since only traces
of stain occurred the data are not presented. Tn one laboratory test
1- by 1- by 2-inch blocks of fresh sweetrum sapwood, surface sterilized
in boiling water, were inoculated (3 blocks per fungus) with spore
suspensions of Ceratostomelle pluriennlata Hedge., Graphium CT
Diplodiy. nutalensis 1. Evans, Kndoconidiophora viveseens Davidsor,
. moniliformis (Medge.) Davidson. Alternaria sp., and Curswdaria
geniculata {(Leacy & Barle) Boed. Twenly-twe homs later the Wocks
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were dipped in a 1-percent solution of a H0-30 mixture of sodium
tetrachlorophenate and sodivm 2-chiloro-getho-phenyliphenaie and in-
cubated in glass jars for T days, The temperatore during both in-
cubation periods was 80° {o 85° I, At the end of the incubation the
intevior of practically every block was completely stained and the
inoculated fungus reisolated.  This sue test is not conclusive. particu-
larly becanse of the small blocks with a disproportionate amount of
end grain that were used.  Lowever, it sugwests that sweetgum may
react to delayed dipping in the same nanner ax does pine.

The evidenve here presented indieafes that tor best slain control
Tumber should be dipped rhe day it is sawed from the log or with a
maxinunn delay of 12 hours, 1t ix not desivable fo make separate
recommendations for smmmer and winter conditions i the Deep
South heenuse of the uncertainty of winter weather, Flowever, nnder
mosf winter eonditions a deiny of 24 houwrs would be safe, and when
maximum daily femperatuees do not exceed 307 T delays of 48 (o 72
hunes should be sufe.

shoulidt eonditions preclude dipping within 12 hours or even 24
hours atTter Tnmber is sawed. dipping <hould still be benefieial beeause
the slower growing decay tfungi nught he killed or greatly rednced.
When the delay is more than 24 hours, seazoning: practices favoring
more rapid dreying arve desirable,

In a concentration-yard operation it wonld seemt that every efforg
should be minde to induce the produeing sawmidlt to treat the lumber
at the sawmidl rather than delay treatment until the Tumber is trans-
ported to the coneentration vard., When treabment at the sawmill is
not feasible, every effort should be mnde to insure prompt delivery
of the lumiber after siwing and prompt frentment afier it is deliveved
to the yavd.

The Tresrsext oF Sveracen Oreex Lovser

Diring the war and the postwar Inmber-shorlage periods, ap-
preciable miounts of Tumber were surlaced. shipped. and nsed before
seasoning,  Uoder normal conditions a certain nmwonnt of Tawber is
so handled.  Ofthand, it seemet] logieal to assome that sorfaeed
Tumber would retain Jexs treating =olution and. consequently, less
effective stain condrvol might result.

Lip o pretininary Taborteey test, 25 small, matehed pleces each of
snrfacod and of rough pine were dipped in o fudl-strenatlh solution
of sodinm pentachlorophennte for 10 seconds mind the excess solution
allowed to denin baele ino the treating vat. The rongh aond surfaced
pieces had the same surface aven.  The rouch waood removed 1.8 times
ax mueh solutton as did the surtaced wood.

Three simall-seale tests wore established ab SBaucier to gol Farller
information on the protection of rongh and surfaced pise. These
tests were made v conjunction with the four delayed dipping tests,
ancd the procedore varied only i that the “smooth™ samples were
planed (o ndepth of 75, of an inel, The resulis are given in table 21,

The data show that smooth lumber was more diflicult to proteet than
was rongl fumber. even wille the higher-lthan-usual conrcentrations
nsged. Presumably. (his was beeanuse of the vetention of less solntion
hy the smooth Tumber, When Tamber is surfaced green, i is almost
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TapLr 21.—Stain development in pine lumber trealed rough and lumber trealed after
surfacing end exposed in small-sealé open-piled tests
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invariably shipped or stored in this condition and may not be seasoned
until placed in use. Under these conditions the indieations are that,
in the South, appreciable staining. and possibly incipient decay, can
be expected.  Nevertheless, treatment is reconunended for whik pro-
tection it affords. T'robably concentrations of selutions for use on
surfaced green Jumber, at least during the summer, should be increased
to 1.5 or 2 times those recommended for use on Tumber for immediate
seasroning.

TR, TREATMENT 0F LARCE SawED TIMBERS

The use of fungicidal sprays and dips for treating large sawed
fimbers has not been widely adopted by the lumber industry in the
sonthern Tnifed States.  Some mills have installed power spravs to
treat timbers with antistain chemicals as they leave the mill; a few
use dipping vais for this purpose.  Proteciion has een variable. from
good to poor.  The miain factors responsible for the poor results ap-
pear to he: &

(1) Use of weak solutions. The common antistain chemicals prob-
ably should be used at 1.3 to 2 tines the concentrations commonly
used on /4 lumber, )

(2) Incomplete coverage. Most spray rigs observed in operation
have been partially clogged with sawdust., splinters, and other debris,
so that one or more fuces of the timbers were untreated.  Adequate
screening of the dreained =olution before being veturned (o the tank,
and frequent eleaning of these sereens, should prevent clogging of
nozzles and valves, '

(3) Dressing or sizing timbers soun after treatment nnd bhefore the
surface moisture content is too low to support fungus growth, Seme
mills have the conveyors so located that any timbers sized on lenving
the mill are re-trented after sizing: this practice is recommended.

(4) Poor storage facilities on the timber deck. Mills obtaining
best protection of timbers are those stickering the timbers on the deels
to promote rapid surfuce drying betore shipment.

bn]y one published report of experimental data on the effectiveness
of fungicides on large sawed timbers was found.  Chapman and

Il
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Scheffer {1) reported two commercinl-size tests in which ovganie
meveurials (1.3 to £ times full strength) proved relatively ineffective
but sodium 2-chloro-artho-phenylphenclate (1.5 to 3 times full
strength) quife effective in controlling stain during shipment of
lumber to ogland.

Two fests woere estublished {December L3 and April 1944), and
several solulions were used on southern yellow pine timbers & by 6
by 24 fuches inosize. The material was livgely sapwood and was
treated by sprinkling with a watering enn within 24 howrs of the
ttme of sawing. The ends were conted to reduce water loss. Tn the
first Lest the pleces were close-piled Tor 2 days stickeved but fully
exposed for o3 days. und then roofed Tor 1 davs. For the second
test the mnteriat was close-piled and boxed in for 14 davs: then elose-
piled and exposed to {udl vain for the next 22 days: wud close-piled
and roofed for 25 day<. The material was finally stckerved and wen.
soned for 30 days under o root.  ITn both tests five samples per treat-
nwent were wsed.  The resiults of the two tests are given in table 22,

These test data support the observational evidence that double
sirengths of the common fungicides used on lumber e effective on
Inrge timbers and that there is no particulay prolilen in protecting
timbers. It is necessary only Lo observe the usual precautions for
freating lnmber,

Becanse of the slow drying rate of large inbers ad of deving checks
that expose the untreated interior, surface (realiments cannot be
expected 1o prevent all intertor stain and decay during complete
seusoning under fully exposed conditions. Seasoning under cover
would seem (o offer the only possibility ol complete protection. Many
Targre timbers are nstalled as beams in builtlings in a partiadly sea-
soned condition, =o 1that they are protected from rainwazh during
much of the netual seasoning perixd.

Tanne 22 —C'om prraiic rjft'ph'rm!fm: n_l_' chm_.'u'm! {roatments in condrotfing stain
i saared pine mbers
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Tre FuNcielpAL VALUE oF CHEMICAL-SEASONING AGENTS

Chemical-sensoning agents ave uged (o cqualize interior and surface
drying vates in both air seasoning and kiln drying, and thus reduce
degmﬁe by honeycombing and other physically induced troubles asso-
eiated with rapicd deying or with omlinary deying of thick stock. It
seemed desivalile 1o obtain some information on the Tungicidal value
ot two common chemical-sensoning agents, urea and sodinm chloride.

In one small=senle test, pine was dipped in solutions contaluing -t
and 8.5-pereent wrea, for approximately one and two times the cost of
commercially used stain-control fungicides. At these concentrations
uren complelely Failed to control stain and permitted very heavy mold
development. In another smali-seale test, pine was dip-treated with
urea s commercially used for chemical seasoningn I, . with a 50-per-
ceut wuter solution plus t2d-pereent borax and 2.16-percent corn-
starel, costing in all several times as much as the usual stain-control
solutions. The wood thns trested acquired L-percent stain and a mold
rating of L3 : comparable wood in the same test but treated with full-
strength sodivm pentaclilorophenate nequired 2-pereent stain aid a
mold rating of 04\ previous report (4) showed considerable
fungicidal value of urea at higher concentrations.

A proprietary seasoning agent confuining hi-pereent sodium
¢hloride plus S-percent earvosion-Jnhibiting naterials was tried in
two test=. one on pine wil one on sweetguny,  The salt was applied
Both drey and as a dip containing 54 pounds of =alt o 24 pounds of
water ind thickened with stareh,  Regular small-seale open-piled tests
were nsed, exeept that the wood treated with the drey salt was close-

piled For 4+ days 1o permit dillision into the wood hefore Leing open-
piled.  In one test, the salt =olutions were Tortified with horax and
sodium pentachlorophenate,  The amount of stain and mold occurring
after 3 weeks is listed in table 23,

Tavnk 28.—Stain and mold deecloping on pine and sweekgruemSsapuwoodilreated with
0 e refal sod i ebloride seasoning ogent
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U Trwee.

Apparently the salt wdone does not always afford adequate profection
to such stain-sseeptible speeies ax pine and sweelgum,  However,
there is a possibility (hat on less stain-susceptible species 1t woulkd not
permit appreciable staining.  The addition of half-strength sodium
pentachlorophenate imparted the necessary fungicidal properties. It
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is unlikely that chemical-seasoning agents will e generaily used ex-
cept on high-grade lumber, ’J‘hewtow the addition of at Jeast half-
strength sodium pentachlorophenate would seem  advisable and
Feasible when the Jumber is to be nir-seasoned. When the salt is ap-
plied as dry erystals, the lumber conld be dipped in a stain-conivol
solution priov to the salt application.

Errect oF Ruanwas oN TREASENT EFFECTIVENESS

The common recommendation is that treated Inmber be protected
from ramwash (7). Emphusis has been placed on protection at the
green chain, particularly from roof runolf outo buggries of lumber and
m the seasoning piles. “The only experimental data on the effect of
rainwash on stain oveurrence ave for roated versns unroofed sensoning
piles (7). Unrooted seusoning piles pernitied appreciably ﬂlt'dtL’
staining in the npper parls of pjlea The data, however. do not in-
dicate whether this was due to loss of the Tungic idde or to the uction of
rain in maintaining moisture conditions conducive to staining for
longrer periods.

The fungicides used on green humber are waler soluble. and it is
assunted that they can be removed by rainwazh except insofar us they
ave altered Ly phisical and chemical changes after application. The
organic mercurials probably are strongly adsorbed to wood fibers (14},
and the adsorbed fraction n: ay be resistant to leaching, Tt is know n
that the chlovinated phen{)l'tle are readily converted (o the nch
less soluble phenolic Torm in an acid wedinn, A& pFL 6 most, and at
pH § practically all, of the phenolate is converted to the pla(‘nol #

Most. weod iz acid, Preliminary  colorimetrie  detemninations
showed that fresh green southern vellow pine sapwood had a pli of 4
to 4.3 for summerwood and LG to 4.7 for springwood. whereas sweet-
g has a1 pH of LD to 3.0 Fungicidal solations Tor dipping green
nmber ave made alkaline in owrder (o keepr most of (he fungicide in
solution. avoid corrosion of dipping wnd conveying equipment. and
avold iron-tannate discolmrations on some species of wood. Dipping
solutions vsually have an itial pIT valne higher than 8.

A few colorimetrie determinations of pine sapwood treated with
ordiutry conventralions of sodium pentachlorephenate alone or with
borax showed that the moistiwre at the surface ([mppml toa pl of ¢
or below within an hour or less after dipping. A1 this pll, most of
the phenolate should be converied to the phenol.  Higlier-than-usoal
concenirations had more lasting efloct on pE aud probabiy eake longer
to converl to the water-insoluble Torn.  Sweetgum appenred much
better buffered thun pine. Despite its higher initial pll, (reated
gum soon after dipping had a lower pIT value than pine.

Several Teaching tests were conducted af Sancier. With the first
three fests no defiuile records wore lkept of the tine interval helween
dipping and (he beginning of leaching. In two of the tests, and
with most it not all treatments in (he third test, the time nterval
exceeded an hour. Therefore, it is assined that el of the phe-
nolate hidd been converted Lo the plienol prior to leaching,  For test
No. 18 the treated samples were spread ona Hal sereett and subjeeled

®information From he Dow Chemieal Oa,
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to washing with tap wafer (slightly alkaline) from an ovdinary
shower spray with a gravity fall of ¢ feet. Awmounts of water cal-
culated to equal 14, 1, and 2 inches of raintall were used. Jor tests
Nos, 16 and 18, the trented smnples were bundled ftogether by treat-
ments but with small wood geparators Letween (he pleces. These
bundles were immersed for various periods in a slowly fowing fresh-
water stream with » pH of aboul 6.0. The average areas stained
after -k Lo 7 weeks’ exposnre in the test piles are shown in figure 8.

TESY No.i6 TEST NO.18

o
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Fravne SB-=The amoennt of stain developiog on fvcited pine subjected to loach-
ing aboul #n hour after freatment in running wolee for 8 (43, 15 (51,1 (£,
241y o b 18 howrs or to arfificiad ralnwash equal (o O (2), 3% (G, 1 (H),
or 2 (1) inehes and (hen pliteol o open-pilet, small-seale (osis for - to T weeks
{entitasodinm penthelilorophenaie; EMP=cikyl mercurie phosphate,)
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In bwo subsequent tests {Nox, 37 and 38) (he material treated with
ench solution was divided inlo three Jobs: The fiest was unleiched. the
seeond Jenched for 2 hours afler standing for 1 hour {(test No. 37)
ot 2 hours (test No. 38), and the thivd Jeached for 2 hiours starting
5 seconds (test No. 37) or 3 minutes {test No. 38) after dipping,  The
samples for test No. 37 were leached In running tap water {shightly
alkatine} amd for tesl No. 38 were Jeached in a stowly Howing stream
(pF 6. The data for these two fest= are given in figare 9,

Although the data from these lenehing tests are not altoge(her con-
sistent, they suggest that treated pine subjected to moderate jeaching
would pot Be more stnin suseeptible than unleached wooll wiless leaeh-
ing started soon after treating. Vhere was some indieation that pine

Lo b o o i

PENTA 1o EMP 10 PENTA %*  PENTA %+  pENTA i+
BORAX ¥ EMP %4 emp Vi s

BORAX 4

TEST NO. 37

(PERCENT)

AMOUNT OF STAIN
ATLLLATATELLALATAVA A S AL LA NN

B RN ASAN SR RR R ESRERNNSSY

s

PENTA 1.0 EMP Lo  PENTA %+  PENTA %+  PENTA %6+
BORAX ¥  EMP % £Mp Vi

@ aorax Y

Frovng 9 Relative sipin developinent e treated pine wateachied i:0)id bar),
Jonehod within 3 mimntes or ess of the thoe of trearient fopen by, or Yo 2
Bioars aller (pealment eross-haiehsd boey, and (bhew osposed in seadl-seate
open-piled  tests Lor abont 30 days. A Pentac-oseilinm pentachlovophenate;
I spl iyl mercuric puosplinie)
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treated with sodium pentachierophenate, ethyl mercuric phosphate,
and borax in duplex and triples combinations was somewhat more
influenced by leaching than that freated with full-strength solutions
of sodinm pentachlorophenate alone, The differences, however, were
mostly small.. When leaching was staeted within 3 minutes of dipping,
all freatmenis showed wloss ineflectiveness,

Untreated pine was subjected to leaching in fwo tests. Tn one {est
anleached, untreated samples hiad 32 percent of their area stained
while the samples loachied for 2 honrs had 5 porceut. .\ progrossive
deerense in the amount of stain resulied in test No. 19, in which
untreated sanmiples were subjected o vareving amounts of leaching
(fir 8). It was assumed that this was caused by the rentoval from
the wood of sceluble material wsod ax food by stalning fongl. This
lessening of stain suseeplibility in Teached, unireated wood compli-
eated the interpretation of the data. There i doubt as (6 how muely of
the apparent nonleaching of chemicals was (he resuli of aelual reten-
tion ofF the chemical and how mueh was dite to lowering of (he stuin-
susceplibility level of the wood. The comparisous between immediate
leaching and delayed Jeaching tlie. 9) wonld indieate that chemical
retention was the declding factor,

The data indieate thar treated lumber needs most protection from
rainwash immediately affec dipping,  Greatest Lenefif probably would
arise Trow prevention of roof nmoll onto hoggies of freshly dipped
Tamber at the green chain, The data Turdher indicate (hat the pre-
vionsly reported greater sfain hazard in nneovered seasoning piles
may he eised more by eain seepeze. which maintains maoisture con-
difons suitable Tor staining, than by aetnnl los< of 1he chendenl.

SR Tarrramioy e sen oy TREATING SOLUTIONS

Both the mereurials miud the ehlorophenales ave highly poisunons
(7. Users should avold hreathing fumes or dust from 1hem or skin
comtact with them, except with (e weak =alutions preseribed fov
dipping. Skin wnd eluthing should be washed with soap after ceaeh
exposure. I hand dipping ot nonmeclnoized mitls, o wateeproof
apron shoutd be worn Ter protection against splash.  Waterproof
aloves nre desirable hut seldom used @ coflon eloves should ot be used
alone, beense (he solutions dey i them and become canvent rated,
Some individuals are especially sensitive to one or another of ihese
chemicaks and they shonbkd not be enploved in handling finber dipped
willy soluftons thd eouse o skin brritation.,

The mixtures deseribed in this haloting in which encel of (he chemi-
eals s wsed Inoreduced coteentrations, have mueh ess feadeney o
eanse skin frritation.  The mereavinds enuse Tess <kin irritation than
the ehloroplienaies, but they have heen suspeeted of eanxing eumula-
tive internal injurs. The possibility of internal injury in men wio
handle dipped Tumber has never been thorooghly investigied, but
the Tavge-seale tse of the chentieals for miove than 13 venrs without any
authentiented cases of such injury, even withoul some of the advised
procations, eads to the belief that when properiy used there is no
apreciable hnzned.

Tn any consideration of possibie hasards, it should be kept i mind
that becanse of the difforential adsorption of mereury (£4), the solu-
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1ong In which mesl of the actual dipping is done contain more nearly
0006 percent Wy than the 0012 percent that is Initially put inio the
vat. Iowever, men who regularly handle treated tumber before it
is planed should have g hiealth cheele by o eompelenl physictan once
or fwice a year.

Wood contrining appreciable quantities of these chemieals or of
borax shonld net be used in contuet with food.  Telrachlorophenate
is move Hkely to affeet odor or flavor of Foods than is the Jess volatile
pentachiorophenate, Boxears and ships’ holds in whieh the dipped
fumber s being shipped green should be ventilated. Mereury volu-
titized during fives can be very haemful, it the amount remaining
ou the Jumber after drying is believed to be too smnll to eanse concern
on this necount,

DISCUSSION AND CONCLIUSIONS

No new chemicals were Found that combined Tungividal effective-
ness mikd other desivalie qualitics needed for use in protecting green
humber daving the aiv-seasoning period.  Among the commereial prod-
uels, only those containing =odium pentuchilorophenate, ~odiwm tetra-
chilorophenate. or ethyl merenrie phosphate were effeetive in small-
seale tests, A of the materials Ut have bees thoroughly tested ave
fanowen to have some disadvantagoes,

Nodium e ntachlorophe nade 15 generlly effective agninst all fungi,
Dut at the wsuel lwmber-dipping concentrafion it is somewhat rrifat-
firge to the skin, and ad the eoneentrations needed for very moist sitna-
tis o for timbers or surfaced honbere it iz still more o,

Fthyl merenrie phosphodc is effeetive agaibst all Fungi except the
mold Powleidlinm. AU reeommmended eeyeentedions this product ap-
patren{ly has eauxed litte skin irrication, but the dry powder ean caose
severe s,

Notdiume pewbuelduvoplecnate Vo stocigth plies borar 3. This prod-
aet. as tested, was alimost a elfeetive as fdl-strenglh sodivm penta-
ehloroplienate alone,  However, the new fompulation (able 1) was
not ineladed o thiese teste. This praoduct has remeved most of the
skin-jrritnting propertios of full-strengih sodiisn peniacldorophensie.

Nodivm penluchlorophcnnte Uy strenuthe plus cilogfd e eurie phos-
Phate ta s zelalively new on thie markel and las not been extensively
tested, Ly Hhindted testing, 36 was highty efleclive.  Tlas prodiet has
tlse been peported as effcetive Ty tests on pine iy New York (76),

Neddiume pradacilopoplie pade 3¢ sbeength plus horae V5 plies soda Ty
T low slkin-treitating tendencies and has given good mold conlpol.
in stain control 1t was tess effective on pine under the severe condi-
tioms of (he swall-seale test, probabiy beeanse of the low phenolute
coutent,  The wse during the wirm, swef moenths of inereased con-
centrations showdd overcome thix diitiendty. The proportions of the
tgrredients of this commercial prodoet see heing revised {iablo 1),

Nedium tebrarhlorophenedc 35 effective on sonihern hardwoods
certndn west cotst coniferows woods, bt not on sonthern pine {7},
dr has Jess tendeney to enuse skin irritation than the pentachloro-
phenste. When wootd freaied with tetrachlorophengiv is used for
foud contziners withowt preliminary planing, H s more likely than
the other chemieals constdered to impart objectionuble odor and tuste
o ecrlain foods.
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With the exception of the commwercia! product containing ethiys ™
1 g .

mercuric phosphate plus sodinm peatachlorophenate, whicll as yet
has not been extensively tesfed, all the commercial products ocea-
sionaily failed to prevent mold or stain under the severe conditions of
the small-senle test. The percentages of small-seule open-piled tests
on pine in which eacli product at the recommended concentration al-
lowed highly objectionable staining (10 percent or move ot avea} und
failed {20 percent or more of avea statned) were, respectively: Sedinm
pentachlorophenate, 13 and 31 ethy) mereurie” phosphate, 19 and 5;
sodinm pentachlorophenate 14 plus borax g, 29 and 6; sodium
pentachlorophenate 15 plus ethyl mercurie phosphate 146, 0 and 0; and
sodinnt pentuchlorophenale ¥ plus borax 14 plns soda 44, 40 and 20,
In the ease of the mercnriul, all cases of objectionable stain or failiure
to prevent stain occnrred In sumuner ests; 1 winter tests this product
wig superior to the pentachlorophenate,

The most satisfactory means found for reducing the frequeney of
such prevention failures and at the same time for reducing the skin-
frritating tendenes of the pheolates and the mold hazavd of {he
meverwials was to use mixtares of chemicals,  The most elfective und
otherwive salistuctory mixtures were mixtores of sodium pentachloro-
phenate with cthyl meveurie phosphate or borax, or with both of these.

Métures of ethyl meveuric phosphaie and Dorae appeared to vetain
the mold hazard of the mevewriad adone and showed Bittle or no pronise
of superior stain control,

Mivtures of sodivm pentachlorophennte wud borar at the higher
concentrations of sodium pentachlorophenate 17 ur 14, plus bovax 85,
o higher strengths, prevented ebjectionable stain, When bhoth offee-
tiveness and bulk are eonsidered. the commmereial product containing
sadim pentaehiorophenate 14 plis Dovax 844 appeared (o be the most
efficient mixture of this lype.  lts advantage was that it reduced skin
ritation even though 1t was not superior 1 controlling stain,

Mivtures of sodivae pentacilorophenate and cthyl nereurie phis-
phele ave superior stain-control  treatments, give good mold
conlrol, are Jow ju bulk, and have low skin-ievitaling properties.
Although there was sonie ovidence that belter stain confrol with suech
mixtures migh{ yesulr i relatively higher merewrin) content was used
in the winter and higher phenolate confent in (he swner, 1t is deubt-
Tul whether thix is practicable and he advantage probably is nol
great,  Therefore, mixtures containing equal relaiive proportions of
the twe seem hest,

Mixtures contnining 1) strengths of each component werve about
equal in effeetiveness (o full-strength sodium pentachlorophenate,
while (hose coutaining 8y ov L strengths of cach component were
supertor,  The Jatter (wo never allowed objectionable amonnts of
staiin I any open-pijed {est. The veeen(ly introduced conunercial
mixtyre {ethyl mercarie phosphute 15 plas sodinm  pentachlovo-
phenate 1) was abont equal i eifectiveness (o the 3% plus 35 mix-
ture, but if did not show the high degree of superiority that the 3% plas
15 mixture did.

Mietures containing sodivm pentachiforophenate, ethyl mereurie
phosphate. und borur also showed considevable promise. The 34 plus
s pius B¢ was equal in aversge effectiveness to Fotl-sbrength
sodium pentachlorophenate and in the pereentage of fests with objec-
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tionable stuin. The 344 plus 345 plus 344 and the 34 plus 3 plus ¥4
mixtures avernged move effeciive than the full-strength sodium penta-
chlorophenate and only slightly excecded the lntter in bulle (3.9
pounds and 42 pounds, respectively, per 50 gallons compured to 3.5
pounds recommended by manufacturers for the pentachlorophenate
alone}.  The 3 plus 14 plus 335 mixture never allowed objectionable
stain in any open-piled test: the %, plus 31 plus 844 mixture in this
respeet was equal to the 1§ plus 15 plus 35 mixture.  There was no
indication in the test data that increasing the horax concentrations
beyond #14 strength added to the effectiveness of the 3, plus 3 plus
borax or the 3 plns 1 plus bovax triplex mixtures. The main ad-
vantage of the teiplex mixtures les i their high degree of control with
very fow concentralions of phenolute. and the resultant low skin-
trritation hazamd,

Theovetically, the high fungicidal clliciency of the beller mixtures
might be explained as doe to synevgism. Fhere is 1o evidence, how-
ever, that this occwrs in these mixtures, and it would be diflienlt to
prove because of the mulriplicity of fungus species attacking green
sipwood.  The more ]cgi(*u{ explanation is that individual fungi vary
in their telerance of specifie tungicides so that wlhen used alone high
coneentrabions ave needed to exelicde all harmful fungus species; with
wixtures, the speeies tolerant of any single chemical would be ex-
chuded by the other components of the mixénre,

The above-discussed diflevences in effeefiveness among tveatments
were more marked in tests with pine than with sweetgum Tumber, A
larger momber of hardwood fests might have shown some significant
differences, particulmdy in deeny control in elose-piled tests.  Experi-
ence with hinrdwoods ndicates that hinaber ent Prom stain-free logs
is more easily protected chemieally (han is pine lumber, The main
diflienlty with stain control in hardwood-lamber milling operations
is not luek of fungicidal effectiveness of chemiceal Deatinents but rather
bandling practices that mdlify or veduce the elfeetiveness of treal-
menis, (‘Hlio'l’ anghe these appears to he seazonal logging necessi-
tating long periods of log storsge and consequent infeelion betore saw-
ing.  Some hardwood species aequive iron-tannate stain where the
wet wood comes in contaet with ivou. When this ocenes, additional
alladj should be used in the dipping solution Lo nentralize the wood
asids,

Theve Tas been only Timiled conmereinl expericnee with mixtures
containing phenolates and merenrials, with or without horax.  There-
Tore, mixtures of these types cannol be given ungnalified reconmenda-
Gon for general commercial vse. However, they warmnt commereind
trink. Under avernge conditions and daring muel of the {ime in the
South as well as in other pavts of (he eonntry. most of (he curvently
available commercial stain-control chemicals alford adequate protec-
Gon.  When seasoning conditions ave abuormally severe for short
periods, any of the eommereially available breatments ave less Tikely
to fail i1 concentrations wre increazed.  Under such comditions the
use of conmercinl mixtures seems preferable to the use of incronsed
concentrations of phonelufes ov wercurials alone,  With mixtures,
superior effeeliveness can he athained without hreveasing skin irrita-
tion or mold hazard.
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Although fungicides in some tests guve good protection to lumber
in close piles for long periods, the data indicate that, for best vesults,
lumber, even with the best treatments, should not be left in close
piles. In general, the data suggest that, fov good stain and decay
control, treated lumber shonld mot be close-piled for more than 2
weeles in the summer or 1 month in the winter if it is to bhe air-
seasoned.  Luniber to be kiln-dried probably ean be safely close-piled
for donble these periods. TWhen close piling beyond a few davs is
unavoidable, treating concentrations might well be incveased fo at
least 1.5 to 2 times those ordinarily used on lumber that is to be
seasoned immedintely,

With the advent of the concentration yard to which the output
of small mills is trucked for treating and seasoning, the problem
of delnyed dipping has beeome particularly important. How long
aninferval between sawing and treati- _ is sate depends mainly on
prevailing weather conditions,  During the sumnier, when growth of
staiming fungi is st a maxinnan and when some of the faster growing
species are more Prevalent, stain fungi may penetrate firther into
wood in 24 hours than de subsequently applied Tungicides. Conse-
quently, lumber should be trented the tlay 1t i swed ov at the latest

“the following day. Iiven in the winter tests, deluys of 48 hours led
to excessive inlecior stain in sowe tests, Troating after delays longer
than those listed ahove should =il result in gome henefi i3 stain control
might be poor, but the slower prowing decay Ffungi might still be
controlled.

The practice of shipping green-surfaced lnmber is particularly
hazardons beeause it entails not anly the dangers of elose piling but
also Decanse smooth Inmber s more difticult to protect than rough
lumber.  Swifaced Tumber retaing much less {reating solution on its
surface, and it is thought that this is (he main reason why it is more
difficnlt to protect. In treating swrfaced Tumiber, concentrations
should be 1.5 o1 2 times those used on rough lumber.

Ag Far ax could be determined from the few tests made and from
observations al mills, the chemical profection of large, suwed tinibers
presents no special problen. With good handling praetices and (veat-
mg solutions 1.5 to 2 times as strong as used on L-ineli Inmber, satis-
Tactory protection should result for the usual periods timbers ave
held at mills. The chemien] seagsoning agent uren was ineffective at
concentrations that would be cost-competifive with the regular stain-
control chemicals, hut at the much nmore expensive seasoning con-
centration (50 peveent) proved effective against fungus deterioration,
A sodium ehloride seasoning ugent. although hindering stain develop-
ment, did not give good protection. The addition of half-sireng(h
sodiun pentachiorophenate o the =alt solution gave good protection
in the one test in whieh it wus used.

Al the treatments tested seemed to Tose some effectiveness when the
treated wood was subjected to Teaching immediately after dipping,
If washing was delnyed until an hour after treating, the effect of
lezching was remarkably small. Tt is believed tlat this resistuance to
leaching is eansed by the conversion of phenolates (o the less soluble
phenol by wood acids and to the adsorption of mereurinls to the wood
fibers. There was some evidence that the experimental mixtures con-
taining horax might be somewhat more subject to Jeaching than sodium
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pentachlorophenate alone, but the evidence was not consistent nor the
difference sullicient to seem of practical impovtance. The greatest
need for protection of treated lumber from rainwash would be im-
mediately after dipping at the green ehain.

Data obtained duving (these tests but published elsewhere (14}
showed that solutions of ethyl mereurie phosphate Jost strength with
repeated use much move rapidly than those of sodium pentachiore-
phenate or mixtures of these and Dborvax. Reasonably effective
strengths appavently can be maintained in dipping vals 1f replenish-
ments with regulae concentrations ave made cach time the amount of
b gsolution drops to 80 percent of the full working eapacity, As
there was very little reduction of solution volume in the small-scale
tests, it 15 likely that the mercirials in conparisons with ¢hlorophe-
nates rated somewhat higher in the smnll-seale tests than they would
in conunercial nse.

Mixtures of the general types used for the test rveported here also
have been tried in the Pacifc Northwest (/5). The mixtures and the
comnercial produets tested pretected close-piled western coniferons
woods against stain and decay for mueh longer periods than in the
southern tests.  Whether (his s due to differences 1o fungns {loras, in
elimatic factors, or te both s not knowa. It isapparvent, however, that
some of the datu presented in this bulletin do not necessarily apply in
other soclions of the country. Teenuse the Seuth probably presents
the most severe conditions. reconunendations based on southern tests
and experience should, in general, he safe for other pares of the country,
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APPENDIX

SomE Factors IsFLUENCING THE ESTABLISHMENT oF TESTS FOR TILE
CoxTrot. or Furyct ox Greexy Woon

WOOD VARIABILITY

General observations over a period of yenrs indieated that some
boards ave more susceptible to stain than are other hoards of the same
wood species,  Beeause this has a distinet bearing on experimental
destzn, Tsmall-seale, open-piled test was established in which the wood
nsed consisted of 10 boards from 10 different pine logs. One test picce
from each board was used for each of the 16 (reatments, Treatments
consisted of 3 chemical dips applied at various times afier the lumber
was cuf, In another test, nine boards from five diflevent logs were
distributed se that one sample from each board was used for each
treatment. The treatments consisted of 3 chemical solutions and 3
leaching periods. or a total of 15 treatments. Itor both tests the wood
came from mills eutiing mainly longlenf and slush pine, but the actual
species could not be determined.,

The average amounts of stain in each hoard in hoth tests after
weeks” exposure to nalnral infeclions nre Tisted in table 2. Analvses
of varinnce of the data are given in table 25.

The data show that the varintion in the amount of stain attributalie
to differences hetween logs was significant; differences among hoards
from the same log were not significant.  As all the material was from
Tresh Jogs and was handled similarly throughont the fest, it is ns-
sumed that the data show inherent diffevences in stain susceptibility
among the different log samples.  The vaviance hotween hoards, used
as the errov term for “hefween logs” in test No. 9, is based on too few
degrees of freedom Lo deserve full confidence.  However, (he two fests
when taken together are regarided as strong evidence. For any re-
fined testing, specimens from diflerent logs should be equally dis-
tributed to the different treatments.
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TasLe 24— Differences in stain susceplibility of lumber cul from different pine logs

E Average nrea stained ! in—

; T
Log No. - Test No. | . Toest Na. 2

Boare! 1 1 Bomd)  Honrd 2 Teard ¢ Averige

Squngre : P
inches . Pereeat Hereent Fercen
g L5 L0 .. . .
1.1 . . e
AN
.y

. 1 Every pvermge In tost No. 18 bused on 10 pleces. cacly with & dBTerent treatinents in test No. 2, on 18
pleces,

TapLiE 23.—Analysis of variance of data {suwmmarized in table 20} on susceplibilily
of different L rards lo sfaining

. T " Degreosof © Sumol ;0 Mean
Bpuree of voginige heocdom . squares? - sihittre |

Test No, i:
Herween Jogs . oL e -
Fetween toestniwents . e e e .li.’. .
e . B

9, 16813 240,00
6, 657.15 |

1.

2, 500, 1
LT COE

Hotween logs (. . ..
Within dops (1w . .. .. .
Treaiment {714 .. . ..

) The dats were teansforined (0 pee sine ~ pereentape for nnaly sis.
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PISTRIGUTING TEST SAMPLES AMONG TREATMENTS

Variations in stainability among different wood samples were
equatized among trealments by three methads: (1) Al saumples were
cut from one log or tree, (2) equal numbers of test samiples from ench
Board were used in caeh treatment. ov (3) a partial randomization was
used. The first method wis seldom pracGeable under commercial
mill conditions, and the second method often was eliminuted because
the time limits or the arge numbers of treabiients involved precluded
any careful matehing technigue. Therefore, in most cases partial
randomization was nsed,

As the hoards were eut into test samples. the samples were placed in
vorlieal ters.  The sumples for each treaiment were vemoved in hori-
zontal sequence. thus providing a fair distribution of samples from
dilferent hoards :unong the lreatimentz, Inencly of two tests the pieces
Trom two bonrds were marked andd handled in the asuad method fol-
bowed in partial randomization.  The distribution of these marked
samples among the treatwients was subjected Lo a chi-square test. The
Povalues for the boards were ahout 6.9, 0.7, 0.3, and 8.5, Thus the
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samples from different boards were not always so well distributed
amony treatments as wmight he desived, hut it appears that no mavked
bing was introduced.

With full-size lumber v lavge-seale tos(x. it wag seldom feasible to
distribute sunples among trealments so that there would be any ns-
surance that variations between logs weve equalized among treatments.

DISTRIBUTION OF TEST SAMPLES WITIHIN A CILE

I ull types of tests, ull treatments weee placed in one test pile and
distributed, atJeast asmueh as was Feusible, so as o equalize variations
in stain hazavd among the treatments,

T eonnnereinl seasoning pile, stain hazard was relatively low with
the cutside boards in each course and the boltom corse or two, venched
wmaximum at about one-fourth the lieight of the pile, and above this
grudm\]]‘\-’ dropped ofl until the top of the pile was reached (7).
Therefore, nontest boards were used for the hottons few courses, the
edyres of all courses. and when possible several top courses,

For several Inrge-seale tests estiblished in 1937, the treatments were
distributed in Latin sgnares. This procedure proved undoly cum-
bersome mnd served no useful purpose, hecause it was found that in
any six to eight adjacent conrses in the test paet of the pile, the higueest
differences w slain ocemrrence were in the hovizontal pesition n a
course and not between courses, ‘Therefore, by restricting the num-
ber of treatments (o eight or less, making all boards in each horizoutal
cotrse as one treatiment, and using bloeks of conrses equal to the num-
ber of treatmentx with these yandomly disiributed in each block,
procedure wis greatly simplified without hringing any biss into the
beat,

A partial mndomization was used in distributing treatments in
stvtll-renle open-piled tests, Offentines Howas possible to use one
picce of each treatment vandomly distributed in each horizontal
course,  Thus the pieces for weh trontiment were randomly placed
hovizontalty in the pile: the only restriction was that only one piece
of each trentment shoull be placed i ecach course. When the num-
ber of treatments wus either too small or great to couvenivntly use
only one piece of each treatment (o a cowrse, one picce of ench troat-
ment was randomly placed, then the second piece of cuch (reatment,
and sa nu, until the whale pile was completed.

No Indication has heen noticed of any bovder elfoct of one chemical
treatment on auother. Even when unfreated vontvols or pieces
treates with a poor fungicide produced heavy fruiting of stain fungi,
no noticeabic eflect on adjacent treatents was defected in open-piled
tests. When materind was elose-piled. poor treatinents sometimes did
merease the level of fungus atinek on good freativents divectly i con-
tact with them. TIn most eases divect contaet between boards with
different treatments was avoided,
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