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PREFACE 

The beekeeping iD:iustry has an expensive annual replacement of 

beehive equipment from losses due to fungous diseases and insect attack . 

This loss has greatly increased in the South during the last t enty 

years due to the e:xhaustion of the virgin stands of cypress timber 

which was resistant to wood destroying pests . With the proper appli

cation of wood preservatives beehive equipment constructed out of inferior 

woods can have their life greatly extended . The problem is more than 

merely wood protection. .A good wood preservative acts as an insecticide 

as well as a f ungicide, and f or this r eason care must be exercised in 

selecting preservatives for beehive t r eat ment, s ince the honeybee lives 

in contact with the hive . The purpose of this study is to evaluate 

various wood preservatives as to their use in hive preservation. 

In 1948 the writer became interested in this beekeeping problem and 

through the encouragement of Dr. Donald .Ashdown, then Associate Professor 

of Entomology at Oklahoma Agricultural and Mechanical College, investi

gational work was begun in the fall of that year . This study is three

fold; first , to determine the relative toxicit y of the vari ous wood. 

preservatives to the honeybee, and t he ef f ects of various air drying 

periods on their toxicity; second , to determine the cost of treating the 

various beehive parts with the different preservating materials; and 

third, to develop and evaluate a satisfactory treatment program for the 

beekeeper through the use of accelerated stake tests • 

. . 
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INTRCl)UCTION 

Beekeepers are in need of a satisfactory wood preservative for 

treating beehive equipgenb. This is especi~ true in the Southern 

States. Until recent years beehives in the South were constructed of 

heart cypress, a wood very resistant to deca;,v am. insect attack. Cypress 

is a VflrY slow growing tree, and once the virgin stands are removed the 

supply of heart cypress w.lll be exhausted~ The sap wood, which makes 

up the majority of the second growth trees, rots about as fast as 

second growth pine. The loss of heart cypress as a rfJJ,1 material for bee

hives has created a problem for most Southern beekeepers. 

Beehives remain in the open the year around. Not only are they 

subjected to wetting by the elements, but during the winter months 

considerable moisture farms in the hives. The moisture hastens the 

rotting of the hives, perticularly at the jo.ints. 

In many parts of the Southern States, beekeeping is a migratory 

business. In order to obtain maximum yields tram bis colonies the bee

keeper must move his bees three to :fom- times a season to locations 

which have sufi'ieient nectar producing flowers to make a surplus of 

honey. In moving hundreds of colonies, maJ\Y' beekeepers do not carry 

hive sta:rxls, because of the extra load. This practice places the bottan 

boards of the hives in contact with the soil. Wood in contact with soil 

remains moist ard this moist comition is conducive to rots and termite 

attack. 

1 



Economic Importance 

The ~bee, ~ mel.lifera Linne, is an .important part of America ' s 

agriculture~ T~ production of honey in the ~ted States during 195?-

v~s 259~006,000 pounds with a value of over $50, 000,000.1 In addition to 

the productiop of honey, the honeybee aids the .American econontV with vax 

production exceeding 4, 700,.000 poums annu.aJ4, with a value ot aver 

$2 ,100,000. In addition to the cash re.turns the beekeeper receives for 

the honey and wax produced, the hor.eybee is maey times more valuable as 

a. pollinator 0£ crops. Grout2 estimates the value of the honeybee as a 

polli.nator of agricultural. crops in the United States to exceed tventy 

times its value as a producer of honey run vex. This billion dollar 

benef1 t of plant pollination is mostly contributed free to the American 

farmer by the beekeeper.. However , in lim1 ted sections of the country, 

the fruit grower, vegetable grover , and legume seed producer realize 

the importance of the honeybee in the pollination of their crops £or 

m.a:xi'lltlln yield and they have entered into agt"eements vi th beekeepers for 

this service. 

The problems of beekeeping, like other branches of agriculture , are 

Jlla?zy'. The maintaining of good beehives t<:> house the colonies is an 

annual expense or the beekeeper . In 19513 there were 5, 581, 000 colonies 

of bees in the United States. The life of o. beehive, umer aver• 

weather and maintenance conditions, is appro::xim.a.tely ten years. This 

1mnA, Bureau of .Agrictiltural Eeonomics, ~ Florida Honey Report, 
Orlando, Florida, 1952. 

2-aoy A. Grout, l'!!2 ill:!.! ~ ~ Honeybee, pp. 223, Illinois, 1946. 

3tBDA, Bureau of Agricultu:t""al Economies, Honey Repat"t - July~, 
Orlando, Florida, 1951. 



means the beekeepers in the United States have an equipnent replacement 

of 558,100 beehives annually. Each .10-frame Langstroth beehive consisting 

of a bottClll., brood nest , wo shallow supers and a cover, contains the 

following n1.m1.ber of board feet, bottom 3. 34, brood ne-st 5. 0, two shallow 

supers 7 .o, and cover 3. 5. This makes a total of' 18. 8 board feet in each 

hive, In terms of the 558,100 beehives lost each year through decay end 

termite attack, over 101500,000 board feet of the best grade clear 

11lmber is required to make this replacement . At a conservative figure of 

150 dollers a thousand board feet, the loss in lumber alone exceeds 

1,500,000 dollars a year . This does not include construction costs or 

time and momy spent in painting and replacing the deceyed and destroyed 

parts . If these items were included the cost would be over two millio11 

dollars annuaJ.l¥. 

Beekeeping is an agricultural pursuit , end for any phase of agri

culture to pey a satisfactory return to the operator costs must. be considered 

on every activity and held to a minim.um.. The replacing of hive parts that 

become unserviceable must be kept at a low level if the beekeeper is to 

be success£ul. Painting beehives is expensive and does not adequately 

protect them. Today ma:ey- coouuercial beekeepers consider the mmual painting 

of their beehives as too expensive an operation. Therefore , much of the 

beekeeping equipnent in the United States is given two or three coats 

of paint when first installed and used until it is necessary to replace 

them. Hive replacement is a problem of the beekeeping industry. Proper 

treatment 'With a satisfactory wood preservative before painting would 

greatly redlltle this annual expense of the beekeeper. · 

The objects of this stu:ly were to evaluate certain wood ireservatives 

from the stanipo1nt of toxtcity to·- honeybees, resistance to rots am 
termite attack, and whether they were economical for use in the beekeeping 
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industry.. Such information is needed before a general recommendation oan 

be made to commercial beel!8epers . 

Characteristics of a Good Wood Preservative 

Some characteristics of an ideaJ. wood preservative far beehive treat

nt are listed below. T ireservatives studied in these experiments 

were O'V'al.ua.ted according to thts list of ideals. 

1 . Non- toxic t o t 1e honeybee . 

2. An effective long lasting fungicide preventing vood rot . 

3. An effective a.gent in termite pr-oteci;ion. 

4. Penetrate wood easily and quickly. 

; . Inexpensive . 

6. Non~austic to the operator. 

7 . Odorless after a short pn-iod of airing, so as not to affect 

the taste of honey. 

8. Should not affect t he final outside coat of paint. 



REVIEW OF THE LITERATURE 

The author m.ede a search of the literature at the Library of the 

Oklahoma Agrioultural and Mecham.cal College and at the Library of the 

University of Florida. No articles were located dee.ling specifically 

with the relative toxicity of the ~ious camnercial wood preservatives 

to the honeybee . Ntmlerous articles, some of which are cited in this 

report, wre found dealing with practical. recamnendations of wood 

preservatives as hive treatments . Most of these articles wre by practi

cal. beekeepers who had tried a given preservative without noticeable 

effect to his bees. These recammendatio~ wre based on very limited 

observations. Articles of this type, though interesting, were of little 

or no value to this st'lily. 

The literature in the field of wood preservation is voluminous. In 

t he many articles read in this field the writer was unable to find any 

mention as to what effects the various chemicals would have on the 

honeybee. A few of the articles in this field were pertinent to this 

study and are given in the cited literature. 

5 



GENERAL Otn'LINE OF EXPffiIMENTS 

This study was divided into three parts . Each part will be discussed 

separately• with a general discussion appearing at the end of the paper. 

Part olle deals with a study of the various wood preservatives as 

contact insecticides to the worker honeybee . Worker honeybees were 

caged against 51Wfaces of wood. which had been treated. with various wood 
"' 

presene.tives. The effects of variou.s air drying periods between treat

ment axld exposure of the honeybees were evalu.{lted. A series of tests 

were run to determine if certain of the toxic wood preservatives acted 

as fumigants as well as contact poisons, 

Part two presents the results of a study of the cost of using the 

various preservatives for hive treatment . The. c~micals were evaluated 

on the basis of the different hive, parts. 

Part three iresents data collected over a period of two am. a half 

years to determine how effective the various wood preservatives were when 

placed in contact with the soil. In this study the te.st panels wre 

given a five-minute soak, a treatment which can easily fit into the bee

keeper ' s work pt"Ogt"am. 

6 



TOXICITY TES~S OF SOME WOOD PRESERVATIVES TO 

THE HONEtlEE 

The iroblem. of lengthening the life of exposed wood is tvo-i'old . 

The vood must be protected from the action of fungous diseases and also 

protected from wood feeding insects. Since maey of the vood preserva

tives act as an insecticide as wll as a fungicide , the effects of such 

a preservative on the honeybee is a vital question to be answered. The 

honeybee lives in direct contact with the beehive, therefore , any chemi

cal with insecticidal properties ,mich is applied to the surface of the 

beehive by a dipping method would came in contact with the bees in the 

hive . A preserving material highly t oxic to the honeybee on contact 

could be very detrimental to the coloey-. For t his r eason a series of 

contact cage tests wre run to evaluate the various wood preservatives 

studied. 

The author recognizes that the behavior responses of bees in smaJ.1 

cages differs from those of bees in normal colonies engaged in field 

activities. In addition t o the confinement , the l ack of a queen, combs , 

aDd colocy organization, as well as a change in food af'feot s t heir 

behavior. Caged bees are subjected t o treatments they vould not urxlergo 

in their usual envirol'llllBnt . Nevertheless cage experiment s often give 

fundament al information t hat cannot be obtained otherwise . 

7 



MATERIALS &ID EQu''IPMElfl! 

List of Chemicals Tested 

!fo , attempt .. was made to test all woQd. xreserva.tiye~ av~abls on. the 

pres~ market. . Repre.senta.tive s~p);.ea· of ,rater oo1'1ble Md . oil soJ.U;ble 

materials wre included tn the~e t~ata~· One .OOH' presel'Vat:tve, eoppar . 

. 3:--p~nyl$elioyle.te uas included:" .· ?he matei'ial.P te'Sted. e:r&. :readily- avail

ptble and ara,)moim to ha'1e: }tQQd tr.:ssw."Viug pt-operties • 

. The folJ.atdng qre the ~1~ea:Ls US$d in tl1e toxicity studiei:t: 

1· •. Carbolinoum 

2.. ee:Lcure 

3. Ohronated zinc e1'-..1at"ide 

, 4. 'tlooJ.-ter creosote 

$.. · Cop,;er .3•1:me:tWlsaf.!aylate 

6. · Coppe1" na.phthe1late 

7. Ouprinol ·N(:), ·7-0 .... Brmm Sttdn 

s. Penta<lhl.Ol;ophenol 

9. Zinc · na.pht'.heµate. 

Ludtea test$ ~ .~bl;lerv"tttions were made on the follo$g me:te:;,."ials 

wbieh · are, used as protective a.gents., 

1 .•. · White paint ·. 

2 •. Ka1ley•s Rot Proofing -Compoll.nd 

,;. Sodium. pentachl.arophenate 

4 • .Asphalt 

5. Ooa.1-tar· creosote and crankcase oil 
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List of Sol,rents Tested 

A aeries of te:Sts 1,rere ·maii.e to determine if -ce:rtain solvents, which 

mq· be 1lSGd to dilute wood preservativeat vould aff'eet the honeybee. the 

sol.vents included in these teats were as fol.lows: 

i. Mineral spirl trJ 

2. Fuel Oil 

4. Acetone 

5 !I 'Tm~11entine 

6-. · ti.hi te · gasoline• 

7. Xylene. 

8., Isopropyl alcohol 

9. Amyl acetate 

Test Panels: One bf tour,. number iwo grade, pine boa.rd'S were out. -·· .,··. 

into te,at panels. Each panel.. was approximately eight inches long, three 

and a ·half inehes wide ·and tbree ... fourth of au inch thick. The te$t 

panels were free of knots and resino~ areas. A one inch staple was 

· dl,"iven in otll;l e?Jt! qf eaeh test panel to .facilitate hanging in a shad~d 

looati.<m: fr/¥! ~ ~g ,. A metal nmnbe:r was fastened to es.ch panel at 

the time of treatment for easy identification (Plate 1)" 

!est p,!g!s: 'The· test ea.gas were made from pine strips £i:ve-eights 

by three-eighte of an inch~ Each cage bad eJ1 inside :measurement of two 

inches wide,: five inches long and five-eights of .an inch high. The top 



Plate 1. 
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of the eage was covera1l with screen wire. Ilither a piece of black wire 

screen with a. raesh of eight by eight, or a piece of regular fourteen by 

eighteen galvanized tr.ire .screen wa.s stapled to the eage. The large mesh 

At one encl of each eag,a a three-,dgl1ts ineh hole was drilled a.'tlti 

fitted 'With a cork. Test bees were put into the eag~s through this 

opening. '?he test cages were fastened to the treated test panels tdth 

two one and o-ne-fourth inch wu-e nails. iJ.'he three...ieights inch opening 

was placed at the opposite end :from the staple to allow for the easy 

cG.gin.g of the test bees. 

A special double sCl~eened c.age was used in the f'tilnigation tests. 

This cage was the same size as the one described above, but had the top 

and bottom covered with screen. Between the bottoru of the cage and the 

test panel a one•fot'lrth inch strip was fastened to prevent the test bees 

from eoming in direct contact idth the t'reated surface of the panel. 

Older bees usuru.l:9· lose raost of the SQtoo on the thorax and abdomen 

tlu"ough field activity .. 

the test cages~ Thia candy was ma.do by adding confectioners t sugar to 

honey for:ming a thick pas·te. The ca:ndy was kneaded until all lumps 14'0:re 

removed~ Sufficient st1gar was added until the candy had a oonsistene"<J 

of fondant or a pu:hty thrxt would spread well. 



gover!Pg ,for C9i!~ !?Jlt'iwg ~ ,:est, Period: ~e ··ay five e~s :., 

were :used to cover the test cages containing test boos. The c~aa were 

nsed t:o aimulate conditions· of ·the hiv~ by reducing, the amount ·of light 

in the cage. as vl'$11 .as· possible au"" OU1Tf.n1ta. 

. Contm.ners · fat .. Jioocl Pceserve:tivetH · Ten pound honey ean.G, vhieh held 

five*"'Si.xths of a gallon,. tien used f<>r st·oring the wood preservatives 

am t~ dipping the test panels. . 

::Pm,)io-hJ!P4i:i£sph:, A ooven tiq· Bristol thern10-hutddigraph l'lla.ehine, 

Model ~" 11as used f-or obtaimng tEIDiperature anrl humidity recora:s. 

§Sale.§:. All uood ireservatives reqtt.U'ing dilution.and the £fol.vents 

were weighed on llarvard trip ha.lances with a sens.it:tvity of 0.1 gram 

rmd' a caps.cl.tr of "tito kilogramfiJ. 



In. ordor to reclt1.co e~erinental error to a min:llllum each of the ten 

se1"ieo of expe1"J1<10111ts omered i:n this section of the report were scr!J up 

independently of ea.ch o·ther and each se!"ies r.res run o.s a separate ur.d:t .. 

Each 1,e1":ies contained. three replications of eeeh wood presez-vative i..u. the 

t;;'3st i!i'.11(1 three checks. In Ser.iea I, II, anii. III there lfere U.iree repli

caticr.as of each t1000 preserve,tivc.:i tested ru1d three checks for e~ch of 

the tlu"ae ail"' clrying :p.:,riods. Each of these serier., co1ri:.c.d.11Clci rdnety 

·[';est pwc1ls. The nur,iber of wood p:t"esorvatives tercited ttorc liru:hed to 

rune becc.1.we of the difficul:t..1 of es·kblishing ru1£t obooz-ving a greater 

numb0r than :ninety test p.921els in ez1y one s:e;:·ies of e::q;;erimei'.l'h. 

Each series uas randomized by placing u card eo:ntair.dng the oo:mo and 

the rep.,lic,J:tion 11i1:mbc1· Ol': each chGiuiccJ. and the check iri a jar. The 

earda were irlthdr~im 0110 at u ti2:1e end the loca:tion of each teerli ponol 

1:tms assigned fC!X' tho e21)0~'l!l'.'O period. In thio FRi'lU1er ·tr2a loco.tion of 

each prescrv<7,tivo in relation to each other was 1ei''t to cha.nee. 



Method of Treatment 

For each series of' e::.,:ieriments the test panels t1er!!I give11 a nwber 

and the nurabers 1-rore assigned to the va.riou.<J wood preservatives as 

mentioned above. At the tme of treo.tment,, the e~J::i.s of uooa. pr:ese1"'Va

tives were pl.aced· 011 a long 11ork 1Jenoh am the test pa:riels :were placed 

in front of' eaeh can according to the 0:1.cy··_erimentaJ. design. Before 

treatment the !'.:umbers were cheeked with a record sheet :me.de for each 

wood presercvative to ma..li:e c:0rtmn the.t there uere no errors.. Three test 

panels were di.Rl€'t1 at a time. The dipping 1.11 the wood r,;r.eservati1.!'e ues 

for five 1.nn11.te.s. The panels 11.rere agitated once eve~r 11!111.tte :1.11 order 

that ill parts of the panel vrotud 1:Je covered with the preservative, e..~ 

no penels could si.d.ck together pre,1entii-1:::~ 1:T.eifo1"'.m coverage l'lln r.enetrution. 

After the five minute soak, the panels were aJ1 oired to drain over the can 

of :preservative fc,,r a. f'e1J secon.ds w..d then lrung in en open tin eovered. 

b'ltlld:tng to 8:.ir dry until the t-t:me of e:rpomtr?e to tl"!!9 test bees. 

!lethod of' Air Drying the Tetr(J. Panels 

Cr.oo of the obje.ctfJ in thir:i :t•erst~8rch wt11J ·to determine wha:t IDffect 

air dl'jl'ing ol wood trea-ted uith th~ preservat:i.ves wotilcl have on its 

'.!'hey ,rere or1e tl~t after ·t;rentme1:rG, seven df~y'S after treatment, ·ti:renty-

. eig,1ri:; days at'to:i:~ trea-i;:ne;nt and six moni;hs or upprmdr:iately 180 d~1's after 

t1"eatme:nt. R0.:rely wou.ld it be :necesso.ry fol" a 1:i6ekeGper to use treated 

hive eqnipm_ent on tho bees th'3 ~emo ck~r lt was h•ee.ted with the wod. 

preservative"' l::i£ost repair and hive replacement uork is don.e dU!."ing J11he 

itlnte:r months when the hees are inactive and the 'beekeer,er does not 
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manipulate the bee.s. Hive parts ara tisu.e.lly painted before ttse, thorefore 

one week or .longer is availabl~ fo·r the air drying oi' the tree.tea t,Jood 

before coming in contact with the hive 'bees •. 

A.11 .test panels were given at least. twenty-four hoi1rs eir ~ring 

before bees were caged s.gtti.nst the treated surface. In the frmdga.tion. 

tests and. the series of solvent tests the bees 1-rere oagec1 at the end or 
the tuenty"'fow hours airing period only.~ .After the £iva ninute soak 

in the vood preservative the panels t'1e!'e hung i:n an open tin shed. Each 

series uas 1:1epm-e..ted into grm,.pa as to one dey af"ter tree.:tment, seven 

de.ye efter treatment e.nd twexxty"'<3ight deys .after treat:ment. All test 

panels cerried. a code nml-»:t· \."hereby they uotv.d be identified at ell 

times as to tref!,tment and tiroo of ah· t:1.rying period. The tin shed pro

tected. th& panels from ra.in and dire<rt sunl:1.ght" Mr circulated freely 

through the building, which removed aey volatile substances su.eh as 

solvents or preservative material.a t-d.tlch sv.hlimed. 

Hethod oi' Caging Test Bees 

After the air dl'jl'ing period the test pan.els were removed from the 

hooks near the roof of the shed and test cages trere nailed to tlw treated 

SUl'"i'.aee. Gare woo taken wld.le handling the various panels to pi:-eve11t 

the treated surfaces oo:ming in contact with each other. This pt"evented 

one chemical from cont®ninating another. Thirty panels: w.i th ea.gas were 

taken to the apia"r'y a.t a time and filled with test bees. The test bees 

in each series 11ere obtai1'led from a singlo hive.. This was done to -pt"event 

as far as possible arr.y- vvriation in tri...c te~.rt boas. A hive va.s opened and 

a frt:"!Jlle with bees was placed a.eross the top of the hive. By lightly 

smold.ng the bees on the frrune they would start engorging with honey. In 



Plate 2. 

Dip ing test panels 1n the different 'WOOd preservatives 
for a five minute soak. 





Plate 3. 

Parts o.f a series of test panols air drying 
before use in cont act t oxicity t est s . 





ibi~ pos~tioa,, 'With i;heµ:- heed$ ui ~ c~ll of hone1'1;, the.irorker bees 

.tzouJ.d. ·~ quic14y ex~ £<:rt pube~cenee and eS43ilY picked up by the~ 

wing~11 . A bee prQPer~ bit-id 11,r her ~our 1d.ngs vas tmable to ,$ting at'ld 
... . ' '! ' . .-

lS 

tfhe~ ~ld .. ip this n~ it us.0: easy to $tart t11e bee head first thrcm.gh 

t~ ~~igh'fµJ inch· o~m,ng irl t~ ·ta.st c~ (Plata .4.)., 1l'~n bees trere 

put ~ ea~l1 of.the te$t cage~ .•. The inside of th~ test eege, mo.aurhg 

we; by :t:tir~ inQhes, ·aovered ten square inches of the treated surface. A 

c.age. of this s!m allowed om square inol1 of tl. ... eated .surface to each of 
. . . ' 

the i;(3n bees eaged. kl. area 0£ this size fer each bee :was standa-rd 1n 

all of the toxtoit} .. tests. Bees irhich uere injured, or· thau@.t to be 

injur~ in the h~"'J ing process, or · vb:ioh ware e.ble to insert th.air 

stinger. t¥ere removed from. the cage. This uas done by completely re1110ving 

the cage, allo'trlng the bees to fly out~ The cage vas then replaced and 

ten 1l$V bees a&led. Variations in bees may have _affected the unif9l'mity 

.0£ the results of the e...~iments, .but ~ 6.i.f'i'erenceB di.rec~. attriba.

'tahle to this faotar were observeci. As each group of thirty' cages WGr$ 

filled with teat bees they were ta'k$n into the building ani arranged 

according iio the rs.ndontj.zed plan. A th.ree l:rj' five :inch index card was 

pleced ®ei: ea.eh oege. ihe crther panols in tlle tes-li series tcrorG. then 

f'illed ui.th worker bea.o in. the same .manner as described. 

As soon .as ell o~s in the teat series were filled 'tdth bees they 

were fed lf.1:i.th. hotiay-cai'ltiy.. Three methods: uera used :b1. feecling the hone.7-

.h~-ca.nily which were £o.stened to· .M inside corner of the test oage. 

before :it waa nailed to the test panel. The containers wre made cnzt of 



Plate 4. 

Caging test bees by picking them up by their wings 
and heading them into the cage" 
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l1eavvJ alwni:m1m. foil mid measured · one-half by one-half by one inch. This 

1uethod 1-ras unsatisfactory because it was impossible to refill ,~oo · con

tainer during the test period. A second method used consisted of maldng 

a s-.mall roll o:f the honey-candy by Tolling th® fondant-like ev.ndy until 

it was one-fourth inch in dia111eter and then cutting it into pieces one 

inch long. 11,ia pieees of candy irere placed o:n top of the screen irlre at 

one end of the cage. Thia bees fed on the candy by eJctending their :mouth

pa1. .. ts throu.gh the holes in the w:i.re screen. This method was satisf'o.ctory 

during dr;r wathe:t... During rainy and clamp 1reuther, the sugar candy 

absorbed su.ff'icient moisture fro:111 the air· to oatwe it to melt and r~1 

into the cage. The tl1ird method. of' feeding was a combination of the two 

qlrea~y ment:toned i.-n th.at the honey-candy was placed in small containers 

which wore placed on top of the t'1ire screen of the oag-e. Plastic stoppers 

from Kimbal vials with an opening of 15 mr1. were used to hold the honey

candy. These stopperg,; heft a holl<::1&1 a:i'.'ea one-half inch in diameter uhich 

was filled with the honey-candy. With this contai11er only 011e side of 

the cand;v was exposed to the air, and this side was continually fed upon 

by the bees. The candy did not absorb moisture fi-0111 the air and soften 

to tha point it would rv.11 .into the ea.ge. At the time the cages 1<1ere 

ex:;ll!1inad :for mortality oounts., the sraall plastic tops were removed and 

refilled idth the .soft honey-candy. 

During dry ueather water was give11 the caged bees with a.11 eye 

dropi:er. T\i'o or three drops of water wel:'e placed o:n the screen wire 

vrhere it could he taken by the bees. During the seven day test periods 

water was never given over tw or three times. 



Plate 5,. 

A sories of cages dtiring the saven-dey exposure period. 
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1'.lethod of E:irat:tln:tng the Test Gages 

The test .cages -were examined at tt.ienty-four hour intervals dur'ing 

the seven--d.ey E'll~Os"l..'lre period. In preliminary tests, in whieh sa.tis ... 

~actor:, methods trere developed., c~o-es were examined tor five., seven, ten, 

and fourteen jey-s. It was decided after these prelimi.I""l.ary test$ that a 

to:::d.c material. irould have ldlling effect on the test bees Yi.thin seven 

days; tharefore the e~nation period was ste.ndardized at seven days. 

·The test panels W-l"e examined by removing the tbrse by five card 

and cotmting the number of dead and living bees. 'The nwber of dead bees 

was recorded on the data sheets.. The plastic conta:L11ers frere cheaked for 

honey-of.ll'ldy, and were re:filled Hhere needed. After the examination the 

card was replaced. At the end o.f seven days the eages were emptied and 

discarded. 



1'he ten series .of experiments conducted to determine the relati11e 

toxicity of certain wood preaervatives are given in outline form so that 

treatment .. dates, e:fporimental numbors1 air drying periods and observation 

dates will be NCOl"ded in this papm:-.• 

Series I: Series one contained nine vood prssei:.Vatives. liinety 

test pani!ls t:.rere used :ln tlrl.s series •. Test; numbers one, two, nnd three, 

each eontaining thirty test panels, vere assigned to this series. Three 

air 017ing periods were il1cluded. . They were one day air drying ( test 

number one)" seiren days air drying (tei:it number ~to), and twenty-eight 

d~s air ch~L"lg (te:,rh 11u.mber tm"oo .• ) The test panels were treated Ma.y 12, 

May 61 and April 15, 1950, respecti'tTely. Each test contained all nine 

chemicals replicated three times and three cheeks. The test bees i1ere 

caged on Mey 13, 1950,,. and were observed for the period of I,tq l4 to 20, 

1950. 

Series II:: This series was a duplication of Series I. Test numbers 

were assigned as, t'ollotvS :· One dey airing, ~est number i'our; seven. days 

airing, test number five; and twenty-eight dqs airing, test number six .. 

The test panels were treated October 12, October 6, .and September 15, 1950, 

respectively. The test bees were ea.gad October 13, 1950,. and. tl".le oages 

were observed during the period October 14 to 20, 1950. 

Series nI: This series was also a duplication of Series I and II. 

1fest numbers 11ere assigned as .foll011s: One d~ .airing, test nu:mber nine; 

seven dl\YS airing, test number eight; and twenty-eight dey-s airing, test 

number seven. The test panels were treated April 25, Airil 19,. and 
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Mm-oh 29, 1952, respectivel~r. The test bees were caged April 26, 1952, 

end the eageE, 11ere observed. dur:h'lg tho :period April 27 to Ho;v 3, 19;2. 

Series IV; T!lis series contained 'thirty test p.mels 1s.thioh were air 

dried .for a period of' si,:; 1i1on.ths. ,All nine eh:emiea.ls were incl med :tn 

·this test. Eael1 elwmieal was roplioa;iied ~tilll'ee times and t~ere ve:re three 

checks. The test number r~ this series was number te;;.1. The panels 

'Were treated on MarQh 29,. 1952, and the test bees caged on SeptGmber 29, 

1952. Tb;, CUi:,GGS were ob-served during tl1e :period of September ;Oto 

October 6, 1952. 

Series V: This o.eries ims a duplication o:f Series IV. The test 

nu.mbe".e assigned was number eleven. The test panels wre treated on 
' . 

April 19, 19;2, and test bees caged on October 22,. 1952. The cages were 

obse:rved during the period of Ootober 23 to 29, 1952. 

Series VI: This series via.s a replication of' Series IV m:ic1 V. The 

test number was twelve.. l'1le test. pm'le1s were treated on April 251 1952, 

.a.no. tea-~ bees lJel"e caged on Ootoher 25, 1952. Tho cages were observed 

during the period of October 26 to Ifovo:mber 1, 1952. 

Series VII: This series. was set up to dete1~m1ne if the wood preser-

vatives which had shOW11 toxicity to the test 'beos in the contact cage 

tests caused death by fumigation.. Four 'W'ood. preservatives, replicated 

three times and three cheeko were included iu this series. The wood 

preservatives aero corbolineum, coal-tor creosote,, copper 3-phenylsalioylat& 

and pe:ntaeh..-1orophe11ol. The test panels wre treated October 11, 1952, and 

the test bees were oaged on October 12,. 1952. Observations were made far: 

five deya1 during tho period o:r October 13 to l?, 1952. Special double 

screened cages were used in this test. 

Series VIII: Ten solvents and a check were included in this series. 

Each solvent and the cheek vrere replicated. 'three times. On ?fovember 81 



Sm"les 11C: This series was a duplice:tio:n of Series VII.. The teat 

ptll'.'..els 'W'Ell:"e treated o:n Hovembez• U-, .1952., ar~d tes·h bt)e.S wex·e CSJ.ged 

19, 19;2. 

Series lt: Thia series inclt?iled tests of variou"'l preservatives which 

1:1ere obse1•vet1 ever a limted pe:i."iod of t:une. In this s&"ies the following 

material:5 t4'ei"e tested: white paint, Kelley• s Rot Pro.ofing Compom.1.d, 

soditlill pe1:i.t1.;1,0l:ilorophena:l;e; asphalt :md a Y!L't:~ture of coal.-ter creosote 

and erwJr;case oil. These tests uel'e pa-.ci'or:med i11 the f'dl.l of 194c~. 



In the tonci.ty experiments nine uood preservat.ives uere thoroughly 

tested tt.itb sufficient replica-liions to determine what effect they had on 

hoi.wybees caged against a. treated surface. These wood preservatives idll 
' • J • • 

be discussed separate]¥ and COli'lpared tdth the check. A discussion as to 

their relative· to:xioi ty to each ot;h.er ui.11 be to~antl a.-t th.a $M of tho 
. . 

individual discussions. 

Carbolinem 

The name oorbolineur::t. l:TSS first applied to antlJracorw oils by 

Avenarius in Ge:t"ma.ny a1:i-ot1.t 1S75, Ave:na.rius recommended the use of 

chlorinated anthracene oil as a wood, preservative which was sold under 

the trade name of n Aver,..e:eius Carholineum. '* The product used in these 

tests was Avl'lna:rius Carbollneum, nH.mufa.ctured O'IJ tho Carbolineum lloorJ 

Preoorvil:1.g Compar:iy of liTiluaulceo, Wisconsin. In the United States the 

nsrae carbolinem is applied to oertain of the heavy coal-tar oils~ especially' 

to anthraoone oil. 

fbYsiojl JFop;,r;ties: Carbolineum is o. coeJ. ... tar fraction coming off 

between 270-400 c1egl."ees oontigTade. The 01Jeoific gravi t:r is higher than 

coal-tar creosote. .It is a. d:::ir'k fu:ow liquid, which stains trood a deep 

bro-im to near:cy- black.. It has a vary disaureeable odor, vhioh disappeat"s 

with tine. ttA.vena.rius carbolineum.•• penetrv;tes wood ra.pid4'". The nw.nu

:f'aotU!'er claims it to contain 90 per cent permanent oils and 10 per cent 
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volatile oils Ot' uaste prcd:u.cts. Tli-11 s is consir1.crD.1:ily Mcrlwr t1'10.n erao-

control. . . . f 

Dilution and X£:ent~~, In these e:r:pm"iments the test panels wre 
.', _:· . . - . . : . 

given a five .i!'.d.m?.te. soclt in the comm.eroial r:tt'Oduct uith no dilmioo .• 

The ma:'Gerial is mesey to hm1.dle, diffi:cv1t to 1'to.sh :a~om tho hands with 

so.::i.p and 'ttater., but easily removed with ldneral opir:l:bs. The test panels 

we:t--e stained a very det"k 'bromi, to neor).y black .111 color. At the end of 

twenty-four !101.1rs air drying the }:tt'eacrvative had not completely pene

trated the wood,. W1.d. the panels looked stie!cy. The c.arboll.neum would 

eD.sily rub off °'"'l your hands when the panels were handled. Considerable 

odor could be noticed wren handling the treated pm1els~ 

T~~: Carbolinoum l~ .in.eluded i..'1'1 ill of the to:x:tcity studies. 
l.· 

Fort't.r-tt:10 panels urere treated ·with this 1,reservative. line test p.mels 

were included in each of tlw fo1..'!.' air drying p,riods. Six pm1els we..-re 

included in the fumige.tion studies. 

Obsel"Vation~ .!i!P Resulj§: Test b.eee- e·aged against panels treated 

tr.l th carbol:Lneum vere very exc:i ted. Tney ran over the treated surfaee 

and the wire screen of the cage. They continually f&"llled their tdngs 
. . 

during the £-l..3:'st f.ew hours of exposure to tbe treated m!t".f'ace •. The test 

bees aonsuned v~r little oi' the honey-c:aII.QY given them. as i'oo~ during 

the seven-dew observation period • 

. . 1.1:ha resuJ.ts of theme tests ore given in Table l. Dea.th occurred 

faster on these panels than mw of the other chemicals tested. On the 

test panels given twenty-.fo1.1r hours airing forty per eent of the test . b@es 

uere dead at the end of the first twenty-four hours, mid. all uere c:1ead .ar 
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dying at the end of forty-eight hours. At the end of threo deys all ot· 

the test bees were dead. On the panel.:s given seven c1eys airing, there 

was a :g:r-eat reduction in mortality dtn."ing the :first three dey-s ;. hcn-,ever, 

84.4 per cent. were dead at the end o:r the seven-dey exposure pel"iod .. 

twenty-eight dl\?'s eJ.ring al-so reduced the mortality rate 'With zero 

mortsllty during the first forty--eight hours and only 38.-8 per cent dead 

at the end of the seven-d~ observe.ti.on period. There uas little or no 

difference between the twenty-eight da;y panels and the one htmired and 

-eighty day panels. When compared tdth the eheaks on untreated panels, 

ce:rbolineum co.used tm.ce the mortality rate as th& cheeks, even after 

180 dey-s ·.airing. Fig,:ire_ 1 shows a. ·comparison of all panels w.th different 

air drying periods with thB check 'by dqs ~ 

Celcu;re 

t1Cel0Ut"eft is a patented wood preservative. The first trmted States 

patent yas issued in 1928 to Gilbert Gunn of Scotland. This patent 

applied to the use of •ta slightly acid aqueous solution of a soluble 

o.bromate and a soluble copper salt. 0rl A second pa.tent covering a dry 

.:formulation. was taken out in 1936 .and since that date ttcelcurett ha.s been 

available in both a liquid and a dry form. The product used in these 

tests was manuf'actlli"ed by the Celoure Wood Pres&rvative Corporation, 

Jacksonville,. Florida. 

PbYsi~a;L Pro:p£ties t 0Celoure8 is a yellow colored solution of the 

preserving salts in a water carrier. A typieal solution is composed of 

;.6 per cent potassium dicbromate, 5.6 per Qent copper sulphate, 0.25 

1o. M. H1ll'lt and G. A. Gm:'ratt, Wood Preservation, McG;raw-Hi.11, Nm, 
York, Nev York, 1938. 



Tabl e 1 

·Per cent Dead Bees by Dqs When Caged Against Pine 
Panels Given a Five Minute Soak in Carbolineum am 

Air Dried for Different Time Intervals 

Test Dqs Air Test Per cent Dead Bees in Ceges by De.ya 
2 3 4 5 6 7 No, pried Series l 

1-1 1 l 60 90 100 -1-16 l I 40 100 
1-19 l I 20 100 -
4-1 l II 80 100 
4-26 1 II 100 
4-30 1 II 30 100 
9-30 1 III 10 80 100 
9-22 1 III 0 60 100 -9-12 1 III 20 50 100 -
Average of Above in Per cent. 40.0 86.6 100 - -
2-24 7 I 0 20 80 90 90 90 90 
2-7 '1 I 30 80 90 100 -2-14 7 I 0 0 0 0 0 0 0 
5-8 '1 II 0 0 30 50 60 60 90 
5-29 7 II 0 0 30 30 60 60 80 
5-30 7 II 0 0 80 100 -8-9 7 III 0 10 60 100 
8-4 7 III 0 10 40 80 90 90 100 
8-30 7 III 0 0 60 60 70 100 
Average of Above in Per cent 3.3 13. 3 52.2 67.7 74.4 71.7 84·4 
3-22 28 I 0 0 .,., ... ·O·· 0 10 10 10 .... ,.~.,.,. . 

3-15 28 I 0 0 0 0 0 0 0 
3-9 28 I 0 0 0 0 10 10 10 
6-6 28 II 0 0 0 0 0 20 40 
6-15 28 II 0 0 0 30 50 50 70 
6-30 28 II 0 0 0 10 40 60 60 
7-22 28 III 0 0 10 10 10 10 10 
7-21 28 III 0 0 10 30 30 40 70 
7-9 28 III 0 0 30 @ 60 70 80 
Average of Above in Per cent 0 0 5.5 13.3 23. 3 39.0 38.8 
10-22 180 IV 10 10 20 40 40 40 40 
10-21 180 IV 0 30 40 50 70 70 70 
10-9 180 IV 0 0 0 30 30 fl) 50 
ll-'9 180 V 0 0 10 20 30 50 60 
ll-4 180 V 0 10 10 10 20 20 30 
11-30 180 V 0 10 20 30 50 50 50 
12-30 180 VI 0 0 0 0 0 20 20 
12-22 180 VI 0 0 0 

' 
0 0 0 · o 

12-12 180 0 0 10 10 20 20 0 
Aver e of hove in Per c 1.1 10.0 28. 8 
Checks in Per cent 0 0. 3 2,5 ll.7 
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Mortality Curves in Per eent Dead Bees by Days 
When Caged Against Test Panels Treated with 
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a light yellow color. It :to not objection.al to use rold does not irritate 

very poor penetrat.ion properties -when tJ.Sed as. dip or brus..h treatra:ent. 

Honever" the licensed dist:i.•ibutors reeammend this ty'pe of tl .. r.utt?w~nt for . 

wood pr0se1"'Vation. Wood ilnpl'egnated 'Hi.th "'celcuron: ~ the pressure 

treating method has beld up very satisfactorily una.ei~ i'ield t.est conditions. 

s:ihe ·mam.,facttlt"er claims the solution deposits i11solu'ble toxic ecmipounds 

to the cell ualls 0£ the treated t-100<1. However, the pt'GSOO."Ving salto 

have a te1we11cy to leach ;rapidl;y out of the. wood when placed in a wet 

place er in contact with the soil. 

Dilution and Tree.tment: Liouid ttceleure" was 'llS@d in tests tdthout --~~ ..... - . . 

dilution. ·. After the scale treatment the panels dried quickly staining 

the uood a yellow color, Ther0 wii.s no odor or objectional feature .in 

hand~ng the pt"eservative. 

!eats: ncelcure" was included in all of the torlcity experiments 

with the exeeption of the fumigation studies. It was not inoluied. 1n the 

£1.mligatio:n studies because of its lack of' toxicity to the test bees. 

Thirty-sbc panels ·were treated irith this prasenative. Nine test· panels 

t1ere included in each of the four air drying periods. 

Observation aml Results: Table 2 shows the mortality rates of the 

test bees t-1hen caged in contact with "celo.ure'' treated wood. The test 

bees caged against the panels treated }r.itb ttcelcure'·• haii mortality rates 

slightl;r above the checks. There was little or no difference in the 

mortality rates between the different air drying periods. At the end 0£ 

the seven-d:iw' exposure period, panels given one dq air drying and those 

receiving 180 d:qs air drying had the same mortal.ity rate of 25.5 per cent. 



Table 2 

Per cent Dead Bees by Days When Caged Ag~st Pine · 
Panels Given a .Five Mi.nu.to Soak in Celou:re . ru:w. Ji..ir 

· Dried for Different Time 'interva.ls · 

Jest Days Air Test 
tfo. Dried Seri.es 
,J.~10 l I 
1-14 l I 
l-..2S, l I 
4~7 1 II 
4-9 1 II 
4-17 l II 
9~ 1 III 
9~ 1· III 
,2:A .. • ..1.. ;p:I 
Average or Above in Per Cent 
2-15 . 1 . I . z' 
2-4 7 I 
2-5 ·7 I 
.5-10 'i II 
5-22 7 II 
5~5 1 II 
8-1 7 III 
s~.; 7 III 
s-12 :z . .. Jil 
Avera.~ of Above in Per. C,nt 
3-5. 28 ·I 
:3-30 28 I 
3....S 28 I 
6-9 28 II 
6-13 28 II 
6-28 28 II 
? 0•17 28 III 
7•5 28 III 
l;-J , 2,8 . . . . IJ:I· 
1Lverage of Above in Per Gent 

_,rer cent Dead Bees i..'11.. C§W:!S l:r.£ Df;\IS ',. 
1. 2 3 4 2, 6 7 
0 0 0 0 0 10 10 . 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
O O O 10 !ID· 40 40 
0 0 0 0 ID ~ ~ 
O O O 10 20 50 60 
0 0 . 0 10 10 10 40 
0 0 10 10 ·10 20 40 
0 . 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 · 
0 0 0 0 ~ ~ ~ 
0 0 0 0 0 0 0 
0 D O O W ~ ~ 
o o 20 20 20 50 ;o 
O O 10 10 10 10 20 
0 0 10 20 20 20 JO 
q o 4.4 ·· ~-s .. s.a 1;;.J 20.0 
0 0 0 0 0 0 0 
0 · 0 0 0 0 0 0 
0 0 0 · 0 0 0 10 
0 O 20 30 60 00 90 

10 10 10 20 20 20 . 40 
0 0 0 0 0 0 0 
0 0 0 0 10 10 20 
0 0 0 20 30 40 40 . 
0 , 0 0 10 10 20 30 
1 .• 1 1.1 . ,.2 s .. s . ;u.4 1,s.s 21,..1,. 

10 20 20 JI)· 70 80 90 
0 0 0 0 0 10 10 

10 10 10 10 10 . 30 60 
0 0 0 0 0 0 0 
0 0 0 10 20 40 40 
0 0 0 0 0 10 20 
0 0 10 10 1:0 10 10 
0 0 0 0 O O 0 
0 0 0 0 0 0 0 



end of th@ $0Vei1-<ley obs~,c·tiou peri,. d. 

Fro..rn the ~taudpoin1; of mo1 .. ·ttli'i:;y alone, noel<.n.wet" would oo considered 

panelv in per cent hY.dtWS f('Jr the varioun ail' drying periods as compared 

with the cheek. 

Cl1romuted Z.ine Chloride 

DU1."ing the early history of the preservation of vood with chemicals 

z.ine chloride w·as a standard treatment along with creosote. During 1921 

the domestic consumption of zinc. Qlilaride was over 51 million pounds. 

has drop:ped to practically nothing. Thia drop was duo to the leaching 

ohat"acteristios of this chemical along with its caustic action on metals. 

In 19.34 a new formulation of zinc chloride was developed called ehromated 

zi110 chloride. This ilnproved wood i}lreSel"Ving solt mixture contained zinc 

chloride and nodiur.t dichromate •. The p:t .. 0tl11et used in ·l.ihese· tests was 

ehromat.ed zinc chloride supplied ~r the E.J:. du Font de Memours mld. 

Cora~, Wilmington, Delaware. 

Pm[sical .Jl'.9mrti!)~ 1 Chromated zinc cltloride is an orange eolored 

crystalline po1rder which readily dissolves in water. The a.:f'£1...Tlity for 

ua:ter is such tiw:t the powder must be kept in "tight containers, othertd.se 

concentrated solutions tdl1 be formed :from the moisture in the air. 
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Chromated. zinc chloride :tmpai:ts a light orange color to treated wood. 

Aoco1e.ratec1 field tests have showr.1. it to be a very satisfactory wood 

1:rt•eservattve when used 1.zy- the pressure treatment method. Strong solu-

zinc chloride ,.,m~"i3 tt.'!!~..d in these tests. The solutio:ri was made 'fr.v d.is-

aolvin.g by i1eight on.e part of the preserve,tive :tn nine parts of' water. 

Th~ salts dissolved qp.,tl.okly forming a light orange liquid. The treated 

pecnels e:tr dried ::rv.piclly leaving the wood a slight orange col01·. the 

ti;1 oonte.iner in which the solution was kept :rusted 'badly from the caustic 

action of the chemical. There was no objectional odor or othe1" featt'tl."e 

:ln handlin..g the ten per cent solution. 

Tests: Cbroxrrated zinc chloride was included in all of' the torleity 

:not inc1u.ied in tho ftlr",.i.gation st1.tdies because of its lack of toxj.city 

to the tes't hees.. Thirty ... six penels l<rere treated with trJ.s preservative .• 

Nine pal"..els were included in each of the four air drying periods. 

2J. o. B1ev,. J1"'.,, peveloroent~ in~ Preservatives, Chemical 
Industries,. Febrt1ary~ 191,;"9. 



i:n the c1if'f'erent series.. Series 

The· 

ht1midi ty cou:td have 

The:ru 1;m;s no signi:l''.'ioont difference between ijhe :morteJ.ity ratea of 

'th<SJ chromatsd zinc c!tl.oride pm1elo ~nd those of' t:he cheek. Figure :, 

shows the mortality rates of t1'.lis p.resei"'Vative in per cent by d:r.ys for 

the various air drying periods as compared uith the check. 

Moll. Creosote :may b,; obtm.11r~d from other tors thm1 coal, such as- wood 

others; each one bei:r...g s-omeiwhat cUfferent from the others. Tho word 

ncreosoten is often unad o.s syno:r.y:motts with creosote otl. Creosote oil 

ce,m~ into com.mm1. 1.-me in the United States dttring the last half of the 

19·hh Cen:tury. Dt1I'i2lg ·the last fifty years coal-tat" solutions have been 

in colll!11on use. The solutions are made by diluting the more expensive 

creosote oils with less e:xr;ensive distillates. In addition to the 

reductio1:. :t:n cost of the creosote oil, the solutions also tend to J;'.(t'event 

dor..e todl';l;y is with the c1iluted creosote oils. 

Physia£1 Prope:rtleiJ: Coal-tar is c1isti1J.ed into several products 



Per c~1t Dead Bees by 1Je,71s lmen Qaged . A~ainst Fine 
P~el.e Given. a Five xrunu.te Soak in. ~~~c};~ff!ta\ Zinc 
Gbloridie arid J\:i't' Pl"led fo~ D:U'fe:rent Time Interval$ 

2 .. 23 7 .. I O O O O O O O .. 
:t,..20 7 I O O O O O O 10 

·2--26 7 I O O O O O O 10 
5-3 ., U O O O O O 20 JO 
S•l.2 Y It O O O 10 20 20 40 
;-a, 7 u o o o 20 30 70 ® 
$-8 7 lJI O O O lO 20 20 40, 
e;..7 7 :at O O O O O O 20 
a,..., 0 0 · 0 ft 10 0 10 

Z,-2.5 . 23· . .! . . • . t .. 0 0 0 0 0 0 0 
~6 28 i O O O O 10 10 10 
3-10 21 l O O 10 l,O l.O 20 20 
6-2 2$ 11 0 0 0 0 10 20 30 
6-10 as it o o o 10 20 20 40 
6.22 29 11'. 0 0 0 .30 JO 30 60 
7--20 aa 111 o o · o 10 10 10 10 
7-2 2$ 'l'.I:C O O Q O l.O .).0 40 

't,i,2 2$ 0 0 0 10. 0 

0 0 D W 
1V O O O 0 
IV O O o o 
V lO 10 20 20 
V O 10 10 70 
V O· 0 20 20 

n o o o • u o o o e 
o r o o o 
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each coming of'i' at different temperatures. creosote oil distills ft-OE 

the tar between 2L~o-270 degrees centigrade. Rigid specifications fOT" 

creosote eoaJ.. .... tar solutions ha11e been sat by the government and industry 

:regulations.. These regulatiol'ls require the coal-tar product to be at 

least eighty per cent from n distillate of coal-gas ta:t' or coke-over tar 

and th~ :remainder twenty per cent filtered or refined eoal-gns tar or 

coke-oven tar. The amotmt of distillate and other lov boiling fractions 

are llid.ted to not more than 25 per cent.. Solutions ooxmot have more, than 

six per eent eoke residue. The specific gravity at 38 ~$grees centigrade ,, 

is between 1 .. 05 and 1.12. 

Creosote is not a pleo.aant material to work with. It has a strong 

odor, had .staining properties, and a. blistering effect on Xi1f.UW individuals 

when it comes in contact with the skin. Mu.ch of the preserving pl"'Operties 

oi' oreosot$ oil are volatile. this characteristic great)1' reduces its 

effe.etiveness as a brush or dip treatment. Creosote is objeotional. al.so 

in that treated surfaces cam.wt be satis£aetarily painted. The odor 

remains for a long time and .in closed buildings mqbe detected for many 

months. Trented timbers are dark brotm ell! black, and bleed when subjected 

to high te:mpera.tt1res. For certain types of wood prassna.tion pressure 

treatment with coal-tar creosote solution is very satisfactory. Reil road 

cross tires, piling, bridge timbei·s, etc., fit into this categ'Ol'y. 

A num.be;r of' bee~epers h?ve used coal ... t~ c;i:-eoeote for hive preserva• 

tio:n. Ma.doc' in England tSUgge.sts severe.1 weel"..s airing after treatment 

before use. This beekeeper found the strcmg smell of' creosoted hives to 

cause the guard bees t.o be confused and allow robbing. Hive parts which 

3E. ti. D. Madoc, Creosote !\€! .! ~}-V,! l_reservative, Amerioim Dee 
Journal, 69-79 FG'bru.a.Ty 1929. . 



had aired six weks m:id. theri used smelled so strong of creosote o:n a · 

warm d~ that robbing 'iras :ft serious. ··r&ctm". Ariot11ev oojectici..ii ·tci ereo .. 

soted hives · is the . dwk ·color which it.tll ·not take paint .. · The t'\lark col.Gr 

absorbs heat rather: than :reflecting it, thereby ca.U$ing the ·combs: to· 

melt down on {). hot a~ •. 

'.Diluti.on ·: and· ffea;tmnt t' •The· eoe.l-tar creosote oil used. in ,these 

teata vas obt.aimd i'r001 the Wead' P.rodueta ·Laboratory of ,the Univer,d:ty or 

Florida.. It was .a oo.mm.ereial grade •. · Far. treatment .of tho test pa,nels ·· · 

the· creosote oil was ailu.ted vdth equal perts of Number :2. f'ttel oi1 •. Th.Ei ·' 

test r,ane.ls were giv.an the standard five minute dip trea:tment. 

lfests: ·. Goa:t. ... tar creosote was included in a.11 ·6£ the tox:t.oity 

studies. Forty~o panels wre treated with this preservati,ra. mine· 

t.est panels were inalttaed in ·each of tlw four. mr:tng periods. Six panels 

were. inoluded .in .the. ·ftmligation studies. · · · 

Observ~tions ,and Results: !he panels treated. with c.oal..-diar creosote 

solution were stained .a liglit 'brow1i.; They 110.d a decided odor even at the 

encl 0£ the 2~~ air' <~ing per,iod. · 'fhe bee$ :we:re ememel.7 nervous 

whe11.:first ca~d· ageinst the treated ~ls. They :ran ·over' thtl surface . 

rapidly'$ ·:and continued to fan their ldt'lga .for several hOUt"s. . Thq con

$Ulllecl very little of the honey--oandy given them as .food d1;,1t"ing·the 

$.l,.~ per1.od •. ' 

·!he .1"esul.ta 0£ these tests are given :tn Table Ly. Mortality el tlle 

test bees im.s· gree?ti-ost 011 too pan.Glac given one d:w''s m.:ring. Farty..:two 

per cent o:f'.' these bees were dead at the etd of twenty .... rour hours and 

ninety-five . ,per cent vm-e. dead at the em of five dnys. There 11as • a 

~a.dual reduction in the, mortality rates with the. increase of the air 

if17ing'. per!~ .. , A,,t the end of the £1GVen~ay obserY'~t~on per-lodrt the. 
' . 

panels given twenty-eight dEWS airing showed a mortality of forty per cent 



Per ~en.t Dead Bees by 1:1«'1'$ '!1fhen Caged Against Pine . • 
l'anel.$ .Given ·a 11'1.ve kbuta· ·Soak. in f~o§l 1£.ar Creosote 

and Air ll"'1t$d fo:, I>ifterent 'lime Interw,l,$ 



an the panels given one undre and eighty dcys a.iring bad o~ 28. 8 

per cent . In all series of tests coal-tar creosote shotted greater 

~ortoll ty than did the cheek. 

Coal-ter creosote was next to carbolineum, -which is a higher fr c

tionate from coal-tar, in test bee mortality. Figure 4 shows the mor

tality of the coal-bar creosote solution 1n per cent for the various air 

drying periods as compered ,dth the check. 

Copper 3-pheeylsalicylate 

Copper 3-pheyVlsa.liCflate is a nev preservative monuf'actured by tho 

Dow Chemical Compmzy- of Midland, Michigan. This material shows promise 

as an effective preservative for t1ood in contact with seeds, plants, 

fruits and vegetables.4 Copper 3-pheeylsallcylate was developed primar~ 

as a textile preservative £or application to materials such as canvas 

awnings, tarpaulins, ~hoe liners, shade cloth, fish nets,. etc" Field 

tests imicate this material to be resistant to rots and molds. Tests 

are in in-ogress to determine its effectiveness as a termite control. 

Physical Propertiess Copper :3-pheeylsalicylate is an odorless, 

non-'9olatil.e , tan crysteJ H::ne material. It begins to coalesce at 145 

degrees centigrade and decomposes at 148-152 degrees centigrade, It is 

soluble in certain of the organic solvents, llOh as acetone, amyl acetate, 

benzene, :xylers., etc., . to at least five per cent of weight . Tests con

ducted on 2()0 human subjects failed to show &:rr/1 skin irritation am pro- · 

duced no skin sensituat:1 on.5 Toxicological tests on laboratory animals 

Ar. J . Meyer , Copper J::phenylsaliczlate A~ Preservative SSE. the 
Greenhouso and ~ ~ Imustriep, Biochemical Research Department, The 
Dow Chemical Company, 1950 

5cpppar 3-phenylsallcylate, The Dow Che.mi.cal Compaey, 1949. 
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by tho Dow Chemioa.1 Company. I.Jo inst:ructi01w were rcceivod on how to· 
,I ' ' 

pt"Oporo tho chemiool for wood trea-'anlOnt·. In e1erietf I 011 s:tte1J.pt wo.s nade 

iro.s star+...ed .for the other preservatives it was included in tlns, serios: :tn 

this chemical. In all other tests the diluted preservative was made a.a 

follows: 100 grams 0£ copper ,-phanylsru.icylate 't'TaG dissolved b1 1"00 . . . 

grams of' arrwl aootats. When oompletely dissolved the resulting solution 

was: diluted w:.t:l.h 1500 gTat1s of rrd11e1"al spi.t'its. This made a flva pm .. cent 

ool:ution by weight. 

T'.his preservative stained the test pm,.ols a light tw. wlth ~ f:aint 

trace of pale green.. They drioa quick:l;y, were odorless? em cle~:1 to 

handl.~ • 

. 1est;t: Copp!£ 3-pheeylsalicylate was incJ.tlded in all of the to:tleity 

studies. Fcr-cy--two test panels We!'e trented iJit.h t·hia pl"eservo.tive. Nino 

test ~ls uere included in ea.eh of the £om- string :period.a. Sb' panels 

. were inclilded in the .fumigation sttl.dies. 

~£!!?-tio~ ~ Resu.\1J.!: The test bees c~~d a.go.inst pane1s 

treated uith copper 3-phecyl$o.lieylate shoued very erratic mortcl.ity 

had idr~d sevo:n days ranged iron 100 per . ~ent at ·the end 0:f twenty-tour 

bout'~ to zero i:er cent at the end .of seven days exposure to the treated 



45 

fhooo in.th tw1r'iry~ight d~rs airi11.g had 56.7 P3r. · oent .mortality. After 

100 dtW"·S ai.ring the ;mortru.ity rate dropped to 13 •. 3 per cent for ·this same 

exposure pe.riod. With the exception of the 180-dey airing period~ there 

wes a. gradual increase. in morteJ.ity 1tl~h the lo~ae!' a.iring periodo. 
'c ) . ' I 

' Fi~e ; shows the e.djttsted mo.rt:J.J.:ity in per cent, ba'3ed ou Series I!I, 

for tha variottS a-i,.. drying periods es eo:mpttt>Gd .with ·the eheck. 

The ol'icy' axpla.ne,tion the w.ri ter has for the veriations in these 

data is. the .. pess:tbility of· the copper 3-p'.herzy-lsalicylato Cr'IJst.ellizing 

on the surface of the treated p.:-mels there by ino:reasmz the. to:&iei ty to 

the test bees. Aft&?' a certain point is reached, i.thioh was not deterI11.ined 

in the.se tests, the ohemiecl loses .its toxioitrcf to the point that after 

100 deya afte:t,. treatment it is approximate~ eq-ual.· to the eheek. Ft'Tther 

studjr needs to. be madG idth t'.his ehemicru. to dete1"1lliri..e tl'lese points. 

Copper l\Japhthenate 

It has been used for aver forty years in. Denmat'k far the preservs.tion. of 
' . 

fishing 12ets. It was first 1ised. in the United States in 1930 as· o. rot 

pt>eventi-ve in irooden timbers buiJ:t into commeroial truck ehasis~ Large 



Per cent Dead Beee by Dap en Caged ainst Pine 
Pan.is G1vea.i a Fi w finut• Soak 1n ~ J:PMVlr 
•!Y:czle:• and Air DJ'1ed tor Ditfeniit"'H e J.ntenal• 

est 1)&19 Iil" Teat t fer pt Dold §ft! in Cage• bz D,n 
I O. Dri.ecl Seri•• I 1° I . 2 t . ., . I • . ' s , 6 l i . z I 
l•2l . 1s1;. I* 0 · 0 0 0 0 0 0 
l-8 1 I 50 10 90 90 90 90 90 
1 .... 30 1 I O 40· SO 60 6o 70 70 
i.,...3 1 n o 10 ,o 30 60 100 -
4--19 l II 10 10 10 lO 20 60 SO 
4,-21 1 U O O O O 10 10 20 
9-8 l Ul O o o o o O o 

is 1 m o o o o 10 10 :a.o 
9:! 1 ff . 0 ~ 0 ~ ~ 10 ~ AYeraij pf AboTei,r cm.t . p;6 · .4 20;0 zj..j. _2 ,, 38,B•L 
2-1 7 · 1 · o o o o o o · o 
2-..28 7 t O O O O O O 0 
~2S 7 I O 10 20 70 70 70 70 
>°i"l ? II O O O O O 10 20· 
~5 ? Il Q O O O 10 20 20 
5-26 7 ll 100 "" - .. - - -
8-24 7 · Ill O O O O 10 10 20 

2 ? . m o o o 20 20 20 30 
8-14 . ,7 Bl . . OJ: o; ~ i 10 . 10 20· 20 · 
AUK! oi Above Per cit a ~ 2 · ;:_!!,2 24.4 27,7 a,i.. 
3- 2 . I 10 90 90 100 - • 
l-19 28 I O O 10 10 10 10 10 
)-21 28 I O 70 90 ,0 90 90 90 
6-8 28 X:t lO ,0 60 60 60 tlO 80 
6-13 28 II O O O 10 20 20 20 
6-27 28 II O O O O O O l.O 
7-28 2S III O O 20 20 30 ;o 60 
7-U 28 Ill O O 20 JO JO SO SO 

Wrm g • f!:si s;w ~.a D.1 !fa : la tt~ ~J 11] 
o.-28 1 lV . . 0 10 .10 10 20 ,0 

lo-U 180 lV O O 10 20 40 40 40 
10.16 180 ff O O 20 20 JO 40 40 
ll,,,,,24 180 'f O O O O O O 0 
ll-2 UIO V O O O O O O · lO 
U-14 180 V O 0. 10 10 10 20 20 
l2-8 180 V1 0 0 0 0 0 0 0 
U-.l.8 iao n o o o ·o o o o 
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o.- dip or peint treo:~L1er.t copper nttph,thon.'lto is use<2 on f1ato. rum .benches 
' '. . 

in g.reenl:i.ou.$es. It does .:n.o't i:ri.11ibit .the ()."clrth of plm1ts t:;:l"mm in .· 
- . ,. ' 

tl1ena.te solutions., Fi0ld tests hnvlz). shown t!rl.{'.1 chemeeJ. ·. to. give good 

FOtE!tction i'ran rota and tel"mite utta,e1r. 

~·. ~o~,Lt~§.§ r Copper l'l.aphthenat.a is produced by adding a 

copper: solution to aodim • na.p!ltb.onato~ I.t ia so1ubJ.~ in ~garo~c solvents 

and decom.poses in the pt"'esenee of strong attld or alkali.. It eydt'olyzes 

slowly to form copper hycb.-oxtcl.e · au,l :f're~ oophthen:te. acid, l:1oth of whioh 

ore tone to wood-destroying :t\m.gi ... It is insoluble in water and does 

not lee..ch from treated wood placed in contact wit}?.. the soil. 6 . Copper 

naphthenate eannot tie used on <E near rubbsr proe:1n:ots as the eopp¢r i~ 

the solution breru1J1 dmm the rubber• 

ye:xee"' It is ·used in concentration$ from on.a to · five per- cent in ar:gmd.e 

solvents. The highel' concentrations are u.sed f01J the brush treatment, 

a'l'ld the lower ones for dippil}.g nm pressure treati:ng. The copper naphthe

nate solu:t.ion is a bright green coJ.o,;- and imparts a gtteen color to the 

treated mteria.1. It will bleed tbrou.gJ.1. the first coat 0£ paint;; but not 

through the second or third coats. Beehives dipped in copper naphthenate 

.solution wen given the first coat of white paint had a pa.le green color; 

however, the aeaond eoat of tirhi.te pt:dn.t remained white. Not all ecmmercial 



p~parations of· coppe:l'*, 1iapht'.hena:!m. solutions arc green in colctr. Me.nj ·. 

ha.ve · ~titres oi'' asphalt.· soit1tions pro sent, t:rith copper· oophthenate' 't.::fldeci 

:111 concentrations of 'fu;10 ·bo tl1reo · pm:.. cent., .These soltttioo..'3 ere brow. 

h1 eolor• end i.-inpart ~ 'brown color• to the tre~.ted· su:i:-faoo. They emmot 

be ·, satisi'actci:.ily' pa...11.tcd : aver: tr.l th', light co.l.ored' pD.ints .. 

. Copper ~hthenate soli.rllie>n.<:l have been reco...r:i]iendetl for the treatment 

of beel"i.:ives · both in this .country. and in England. · '.Bar court''/. has reconmended 

UCup!'inol., ~ et e~reial pt'Opm:at:ton consisting 0·1' a. solution of eopper 
< '· ••• • • • • 

~ zil?,~ :~p11tl1ep.eta:~· 1Ie ~ac~nded. trerat'ing both th~ inside . am oiitside 
• ,_., • • 4· ' I .•: • \ l i · ., ' 

of the: b~ldve. . H$ reported no robbing occur.red with tl19 naphthenate· 

treated hives, as v.tth' the creosoted 'hivan. 

Dilutions and ~ea.1;men:t• · nculTinol m.mber lo," a five per ae&t 

. qopper . napbtoona'iie S'olution mt.th ·uater repellent added,· was · used in 

Ser1:et1 t., ttl1 IV, V, and VI,. It i~s.obtained from the Oup.rblo1 Division, 

Da"Florthl . :tnc •. , S:mabucy', ·Connecticut. · The panels in Series !I tTE!::re · 

treated Yith ·a 2.1i, per cent' copper naphthenate solttfrion made' by ttsing So 

parts· of Jl'Seligen Copper ·8%tt am 70 ,parts ot minera.l spirits by weight. 

«sollgen Copper 8%« i.s · a• product of . .Advs.neea. •Solvents and· ·OherueaJ.: corpora

tion; Mew 'Yorlt 26, N£ria Yark~ 

· Tho 'copper naphthenate solution. penetrated the· test· panels rapidly 

and ~er fa,torable weather com1.t1ons · d:ried 'quicilay ··Staining tl'ie wood ·.a,· 

bright green. , Both fOl'mlilations ·we;re· ·eeq ·to work ·nth. They cli<l not: 

irritate tbe •· sidn nor. have a very mpleasant oner~ The treated wood had · · 

a slight mustz,- 13mell i'<lt" ·eeve:ral dqa after treatment •• 'Thill~' odor. 
. . . : . ' . 

' ' 

wotild.'linger Ol:l .C'l.othes· tJrid· b.an:ls '£Cffi several hours if :they WGfll; allowed'.' 
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to come· :in: eotr&act w:t~th th(;} solut:icil. · · Copper rw:.ti1tlwno:lie beintr ilwoluble 

111 \it:srter cam1ot ' be removed ±roiJ the hands' with soap ,'md: wo.toi~. ; 11:tneral . 
. ·. 1: .'·, 

',' 

: , · · !t'es-ts: . Coppei"' naphthe11.&te uas incluclod in oJ.1 of. t!w toxicity , ·. 
. . 

atudies w:i:th the exception of ·the :tur.rlga.t.ion te~ts •. · Tb;:!.r-~1·...:six. panels 

wel'"e tremted td:bh the p!'etenitHve;, nine for each .of the a:tr·' drying 

perioc1tl~ 

· Obsariations a:od. Restllts·:: · The ·test· 'ooes caged ar,'ilnst ~is· treated 

_, ,d.tb' oopper 11apb.thenate sho't1ad: ver;1 · erretic .mo:r.tality .rtr"beo~-· Death tatas 

cf teat· bees on ponels given one day' aiz- drying ·ranged fl:>~·· 100 per dent 

· at the ·en.a· ot the tuenty~fou:r hours G!'POsti'.re to no mOl"tw.ity o.t ·the and· 

or sev~:n a qa f5ixpostl1"e. Sei .. ie~a n: hod a r.d.ghm.-. mo:i.~taH ty rate . ·than did 

Series I ana· Ill... !bis eould have: been due to ~to reasons. Sel.;ies- Il 

was. prepa...-..ed, by dilttfdn.; .. .a coppe:r naphtlwna:fif.i .. concentrate$ "'Sollgen 

Copper'. a,t·, uith mi.nera::t,, spirits,. anti there ooulcl have been :a difference 

in the 'ooncentratQ solvent •or ceri'ia.ill impurities. The ·rgorliaJ:lty taw with 

Series II'. was 'highest on the, 1JO.l'lEUfl given oria .end seven dfWS airing indi

<.-ating the toxic -element 1"$llained' on· the t-roai ct~ these Jllli•i.oos.. · Attei- · 

28 · dcqa · airing,. tl~re u.aa llttlG or no difference betw~n series· II ruJ.d 

the, othel" · WO· ~ies... . !ho panels. gi119n only 0~ n::iw tdrillg in Sories . II 

· v~ 'H·et: looldng a~ the· ~·the bees· were eaged; Thia indicated the 

soiviarit had not e/V'al>O!'atea· as··~ as it hncl· in the ~ series, .. · 
. - ' ·-·,. . . . . . . . . . 

. -~-The write?" helie-ves tbe data obtained in Series :t a.t1.d ·uI give en· 

accurate aneot.int of· th.is ra-eserving. r.:-0~a1.. In one .or the pre~ 

,~$ts ~ on tretober a, 1948,. wing f1Qo.p.t-1nol1' on 'the test: pam1s'whieh . ' . . . . 

' 
·of the solvent, · tlw · mcn-tallty r~.t,$ ran 100 per cent e:li. the encl or · twnty'-

·- - ' . . . . . . . . 
. ' ' 

fQUr hottTs, while panels tr~ated during tl1e so.me month under favorable 



·' ·(. 

m1e, dey, airiilf},. ::3'5' ~"' cett1i of the test bees T<.-ere. dead' ''tlq. th save~ .deya 

iliitlg. :36.? ~,. ce:1t, t,~nty..aient d.ay~ airh~ 20-~ 001-tt, .:md wi:th ?80 

clo;rs airing 28.8 pea.' cent were d~oo, Figure 6 $'hows ·tho Eot"'t8.1ity of 

id.th :the .clie.ek.: ,· Table 6 €;~vet:: the de;to; in par cent for. nll tests.run-14th 

eoppa' · mphthena.te:. 

' Using data obt~..ec1 frO?ll 8el"ies II which tr.il.S traatea td:th diluted 

«.Soll.gen ~o~ · ~~'-' ~re i'~_ the mortr.l!ty ~atet:t ~ i'ollcvs;:: . one: dO¥ . · 

airing1 96.,6 paa?· eent; seven aa;rs ~il,g,. 7ts.6 per i;:ent; and· twnti.r-eight 

deys tdr!ng~. /!J.O pz::r· eent. ·Tho re$t1.:lta of tl'da series.; clear:W i~cate 

th~ neceosi ty for on: ai11:p1(3 aU> dr:st!ng period far this . i'at'multltion. before 

the .U$e of, t~e~ecl_ beellive eq.1.ttpµe;nt~ 

«ouirinol tfum~ 7<1t fa a brown staining wood ires~ative that 
contains copper nt\pn,thenate as one of the peeserving 'agents. The stdn 
:is, rec~~ 1:~ outside-~ w~ is not t'o be·~nted. ~.s a' 
sucoe1;1sfut British beekeeper, recom_~~s to!own cro.p.-1nol as a treatment 

s' • • l I 

tor beehive~ in plaee of ~eosote ·W painting. His- :reaoons far the brown 

stain ws .it &U.mred the hive te ~ up quickly· by the sun dtai!ng vbltm." 
• ~ '.; • I 

. .. .. . 

ap1ariea"" In England the .dark color mq· be desirable,. but in 'the U1litecl · 
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Mortality- Curves in Per cent Dead Bees by Day.a 
When Caged Against Test Panels Treated with 
Copper Naphthenate (Cuprinol) 'With Different 

Periods of Airing. 

-- l day after treat.ment •. 
--- 7 days after treatment. 
- --28 da,;.vs after treatmmt • 
. • -- - - -180 days after treatment. 
== Check - no treatment •. 

O Days l 2 .3 4 5 6 7 



melt dmm the C".oilbs. 

· ;t:'1]~:P~ f!-.onert!.!i?.: rteuprinol Numbm· ·7<1' - BroH'i.1. Stain is ·a ·derk : : 

,prown ~,rood . pre~ervative rd.th good p:one'trating Foperties.. · ~he fft'eSG!'Va

tivo :ts• Pfl'ten,ted and. the exact. :tngredi(:)nts t?l."O .Ul'l..knmm-.. 'Tho actiVO 

,preserving oh~ical is eoprer, r.nphtlwnnta iiS.ssolved in an oil so.tvent. 

~Cttprinol· I1ur.iber 7(1.l 11as eas<tJ to irork vtitn and did not havf;I a very un"' 

pleasant od<>r •. The staill :ta c!if'fict1J.t to .lla$h from the lw.n.ds~ but is 

easily removed With mineral sp:L~ts • 

. ~lqtiont!· !:;'f\d ~~~tll~~. tt·Chtprinol number 7(11 .. uaa ttsedwithout ,· 

dilution~ , The t,est pm-Jelo eta!nod a dark b.re>m.'l and dried q'Ltlo~ ru.':tter 

trea:t~nt •.. The mate~iru. used ·1n these: ttsts t.1ao obtained from the 

Cuprincil Division., Dorworllh; Incorporated~ Sd.J11sbucy-, Connectic'Ut .. · 

. hets t ttCu.prinol Number 70u bromi sta:tn was in.cl1'!.ded in all of the ........ .,. . . . . 

drying periods~ 

. Obs5Xati:9P,S o.nd Resttltst fhe test bees C~!'Scl nr.1.&.inst• panol~ treated · ii. -._. . .... _ ~ ., ,.,.....,.. ' '-Q . . . ' 

; : .. 
with. JtOupri:oo1 l3'11n1bei• 7flt: hnc1 m.oi~al.ity rates co~eble with the checks,. . . . 

, ' . • • • I , • 

fable '1 showa the rae>J;-.ta.Uty rates of these tests. . There ms little . or. 

'!10 difference in the lilOl."tality :rat9$. between the . different air· ~Ang . 

:periods. At the encl of seven dqs El:?.pe~\U*e the m~ali'ty .rates were. as 
. . . . . . ' 

follows: . ·One de;:, airing, 16.6 per cent;.~. dqs airing, 21.l per oe,nt; 

twent,.~ighi; &ws. ~J 26,.6 .per eentg .Gm tt!G hunclred .. Q!Jd. eighty ~ 
. . - .· , 

. - . ' . . ., : : . 

ail"-ing,. 21,-1 ·per CEtnt. Thero tir:m no .sigrd.ficant: diffe.renca between the 

~o~au:ty ra~es or the checks ana 'Uupt"~1 Mttmber 10. n . ngore 1 ~itr.ia 

the mortality ot bees in per. eJ9nt for the various air drying periods as 
> • • • ' •. : 



'.Pe:r cent lleM ,~es .bY ... navs When Caged. Aga:tnst. ~e 
Panels, Given. a Fi.vs l>bute So~ ~ OttQdnol Jgo~ ,19. 

a.t:ad Air Dffl4 fo:r Mllewent !irn1 lnt~rva.ls 



30 

20 

10 

0 

Figure 7 

Mortality Curves in Per cent Dead Bees by Days 
When Caged Against Test Panels Treated with 
Cuprinol No. 70 with Different Periods of 

Airing. 

1 day after treatment • 
- - - 7 days after treat.ment. 
--- 28 days after treatment. 
--------- 180 days after treatment. 

-~- Check - no treatment. 

Days 1 2 3 4 5 6 7 



Pente.ehlorophenol 

The use of pantaehlorophenol is a rather recant development in wood 

p,."eservation... It vas .first produced com.mercialq in 1936. It is usually 

applied as a five per cent solution in oil fat" the treatment of seasoned 

lumber againS't the attacks of termites, ·powderpost beetles, and m,:qr wood• 

rot organisms. This material overcomes the objectional .features of creo

sote;, namely, its eolor, odor, and laelt of persistence"' 

Accelerated stake tests have shown pentaohloropbenol to be a very 

satisfactory wood preservati've in resi·sting wood""!t"ots. and termite attack. 

In 1947 the d:omesti-c conSllTllption of this material. for wood preservation 

mnounted to 6i}09,000 pottnds.. It is used ae. a brufih treatment, dip 

tl'eatment and in pre.sst1re treatment of ltmtber ·and pole.s, Mu.eh mUlwork, 

te~pbone posts, fence. posts, am other wooden articles are treated with 

pentaehlorophenol. Me.l\V comm~reial. .formw.ations of pentaeh1oropheno1 

-contain a water repellent and sealing material. A formulation of' this 

na.tv;re ,,ras: used in these tests. 

Pentsc~ophenol ha$ been suggested as a treatment for beehl::ves by 

Dfoe.9 Be suggests the dipping oft~ hive ~sin ·the solution and 

allowing to dry one to two weeks before usei R~ ,~a •there i.s no indi<,;, 

catioll that penta.cbl~ophen.91 i.s m~e ha;-r.d'ul t.o bees than ereosote.o ~ In 

unpublished d.ata of :the a •. B. Is~ds. Com!)al\1 of· tiatertmm, Wisconsin, 

pentachl.arephendl. · was found to be as follows t relatively non-tone as 

far as h'!llilallS were ·eoncerned, a pres.ervative that would not taint the 

honey, and one that would in no wa;y inJure the beas. '.Che fact that certain·. 

individua1s developed dermatitis when eaning in eonta:et with wood treated 

9g. J:. Dyce, 1951, jlood Preservatives .am their .A:eBlieatiop, Amer·ican 
Bee Journal; Vol 91, Jfo. 5, pp •. 192-93. 

\ 



u:.tth pentachlorophenol caused this_ company. to use a diff'e1"ent preservative 

·on their manu.fe.otured. beehive equipment. that is treated for rot resistance. 

No expa;rimental data has been found in the literature as to the relative 
' ' 

toxicity of this material to the honeybee. 

Pm,sieal f;roP@jies: Pentachloroph.enol is a white crystalline 
. ' 

eompound m the pure form.. In the teobnieal gr.a.des it is darker colored 
' ' . 

with a slightly lower boiling point.. The crystals .are needle shaped and 

sublime with a cheraeteristie odor. It weighs approximately 55 pounds 

per cubie foot, and crystalizes aroum 180 degrees eent,:lgrade. It has a 

low vapor pressure and almost .insoluble in vater,. both of which make it 

a lasting vood preservative. At 86 degrees eentigrade the vapor pressure 

is less than 0.0005 m. of merottey, and its solubility in water is less 

than 0.002 psr, cant. Pent-a.clll.orophenol is soluble in organic solvents 

in various amounts. Light fuel oil takes up 2.5 to ,.; per cent., pine 

oil 32 per cent, and 95 per cent etlzy'l alcohol, 4 7. 5 pa- cent b;r weight. 

A thousand boarcl feet of dry lu:m_ber will absorb twelve to fifteen gallons 

of five _pal. .. eent pentaehlorophen?l solution when immersed for three minutes. 

One objection of pentachleit'ophenol is that it is m.ore or less irrita• 

ting to the skin and mucous membranes if sufi'ioient contact is permitted. 

It · is reoOl.iltilended that operators using this preservative ttSe prote.etive 

gloves, aprons,- eta •. , made ·Of s;y-nthetic rubber. The writer noticed no 

detrimental effect :f'rOlll using the ; p.er cent solution in dipping Mve 

parts. The material eallle in contact 1-r.lth his hards, and no- redness or 

ra-sh occurred. Somo people, however, are very sensi t:i.ve to penta.oblcro

phe~l and break out ~ a serious rash upon contact. 

Th~ U{lt~ ~9l~"t:i~ ~{>di~ salt of pentaohlorophenol, sodium penta~ 

eblorophenate,. is also used a~ ~ w~pd protectant, especi~ :f'or pottd:er

po~t ,'.Q~etle~. ~ . uoo4 staining fungi.. ';rhis :material doas not have the 
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perotro.t:tng pt."operties into wood as the. oil sol1.1ble pentaehlorophonol •.. 

Dilution aw Treatment: The pen'liachlorophenol used in th~se testo 

tras. suppllecr l:ry ·hho Chapman Chemical Compan;v, Memphis, Tem1essea. The 

trade !IWJlle vas •:ee1 .. rnatox wa.u It cont.~ined five per oent penta.chlctt'ophenol 

and a, water repellent ma;teri-OJ., in att oil solvent. The material was ready 

to uae nnd· tra.s used v.tthou.t dilution. ·"Permatox tfflll can be had :tn a two 

to om and o. threG to one concentrate, which aan be diluted with mineral 

spirits 1dth satisfaotary results. No d5..i'£0re11oe t1ao detected by the · 

i-1riter in the affects of the too materials on the honeybee. Good pene ... 

tration ws obteined by the fi,re.-.1tlntite dip treatme11t. The test panels 

when i,ret had a slight ttm. c~lo;r, Yhich graduolJ:.r £ailed auau during· the .. 

air drJing period. There wa.s no objecti.onal odor (j£' other features noticed 

in ha.'l'J.dling the .UPermatox: WR" solution of pemachlorophenol.! 

7esta: Pe:ntaeblorophe:ool was included in all of the toxieity 

stud.ies. Fo...~-y-tvo test panels vare treated with this preservative. ?line 

test pw.1.els u:ere .included in ee.ch of the fO"Jr airing periods. Si."'t panels 

:were ineluded in the f'udga·Gion stUd.ies. 

Observations and Results: Tlw test bees caged against the panels 

treated with pentachlorophenol had a gradual reduction in mortality 1:d:th 

the ir.creaie of the ·air .dry-.tng time. At the end 0£ seven d~s e:..>posure . 

. to the t:reatocl panels that vere given one d~ airing therG was. seventy-oll& 

par cent mortality. After seven d~s airin& the mortality 11a.s i'ifty...nine 

per cent and after t·r,:renty-eiglr'G dezy-s airing tl:e morteJ.i:ty was redu.ced to 

· tb..1.r~·'""·o;;l.$ per cent, . After m,renty-e,ight deys a:1:ring there was no, sig,?llifi ... 

eant difference between the treated .panels. and the cheek. In the laQ...dey-

'teats there uas an increase of thirteen per cent in mortality aver the 

panels ei,ven the twerrty-sight deys airing period. this veriation t.ffi.S 
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·Table S. gives ·bhe data in 1,ez, .cent :tor ull 'besiw :i.•tm. ·wlth 1:'0n·to. ... 

clilorophenol,!', !fhere U'CO some dil'.f'ereuce il'l raortality of ·hest boos in the 

'Vt:Jltious series. 'Th1?..re uas a ffi"atiual !ncrea.oo ·h:1 moltimlity l'rlth the increa.so 

.in c:iq;,osura tim_e to the tretl:'Ged pm1&ls"' T'cl.s occurred iu all series and 

in all ai.r drying per:tods. ~e S shows the mortali~tls of bees. on penta ... 

eblorophe110l :panels in per cent fCil· the various a.ir ch.ylng pel"iods af'J eom

pared 1d.4ah the oheel,. 

Zinc Haphther1ate 

Zinc naphthenate is one of the newer preservatives and ia V@::"<J 

similar to coppar ne.phthenate. It has been used. in place of copper 

naphthenato where a. colorless preservative was reqmred.. Zinc napbthenate 

is superior to copper 1n the treatment ·Of cordage imioh must come in 

contact ttltb rubber goods. Copper eorn.pcun.ds cause rubber goods to break 

clown, and far this reason they are unso.tio.fa.ctoey for :materials that eom.e 

in contact '.t-rith rubber.- Dt1ring World War II net and guide rope.s of' 

barrage balloons were t:reated with zinc naphthenate solutions. Zinc 

napbthenate is not used as a vood preservative as much as copper napb

thenate is. .It is used. I)lt"im,a.rily to treat tentage, eordage, shade cloth, 

reaper bands·, and. like :materials .. 

tbzsieal fromrtieJ!& Zinc naphthenete combines the lesoo:t .. fun.gioidal 

a.otion or zinc metal with the aetive ftmgicidal action of the naphthenio 

acid radiooJ.. In solution zinc no.ph.thenate is p:,aotical.ly colorless, is 

water rep:,J.lent and is resistant to leaching.. It has good penetrating 

poi,rer vhen used Yith low iriseosi ty solvents. It is readily soluble in 

low cost petroleum, solvents, such as mineral spirits, kerosene, lubricating 



Per oent Dead !ees bf Da,s llhen Cfaigecl Asl;l:tnst Pine 
P$nela Given a Five Minute Soak in Pentachlorophenol 

and Ailf Dried tor Diff.era.1t Time l:lrrte:rvals. 

Test · Days Ai:r 'i:est : Per ,cent Dead Bees a , .a/re:; b D 
19. . ~ried . Series t l • : 2. · f l .: lt : · i : 
l-23 . . · 1 . I 100 ... - . . -l-12 l l O O lQ lO 10 SO 60 
1-6 l l O 10 10 _ 20 30 50 60 
lrlO l 11 10 40 70 00 90 90 100 
4-12 1 ll O 10 .20 20 20 20 40 
4-13 l It o 20 ;o 60 00 100 -
,-.i6 l XIX O O 20 40 70 100 .. 
9 ... 20 1 III O O o l.O 10 10 20 
9::17 _·. . . l , _ . III . , . 0 CL ,,ltr lO 20, .. Z,O . !Q. 



librta.lity Curves in Percent .Dead Bees·b1 Days 
When C$ged Against test Panela Treated with 
Pentachlorophenol wl th Di.ffermt Periods of 

Airtng. 

l day a..tter treatment. 
7 deys afier treatment. 
2S days after treatlu.ei't. 
180 days .after treatm(Ut .• 
Check ... no treatment. 
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oil, :ra.ste crank case oil, and paint drying oils.10 

Zinc naphthenate is used as a preservative in concentrations of 

from one to fi"1e per cent as a solution in organic solvents. The concen-

trate used in these tests berore dilut-t.on had a metal content of eight 

per cent zinc, i.ieighed 8. 1., pounds to the gallon, had a specific gravity 

of 1 . 01, a solids by weig.1t content of 6J per cent and a flash point 

mininrmn of 110 degr.•ees F. 

Dilution ,!:'9£. Treatment I The 3. 2 per cent solution of zinc naph

thenate used in these tests 't-ras made by uo1ng 40 parts of 11So1igen Zinc 

Napht~nate f!f!}t concentrate with 60 part s of mineral spirits by weight . 

The "Soligen Zinc Na.phthenate" concentrate was a product of Advanced 

Solvents and Chemical Corporation, New York 16, Uew Yark. 

This solution of zino napll'thenate penetrated the test panels rapidly 

a.nd um.er fa'IJ'orable weather conditi ons dried quickly. The test panels 

were not stained, em after drying looked similar to untreated vood., 

This form:ulation was pleasant to 'W'ctrk with and did not f!.'le an objectional 

odor ncxr did it irritate the sldn. 

Tests, Zinc naphthenate vas included in all of the toxicity studies 

with the exception of the fumigations tests . Thirty-six panels were 

treated with the preservative for these tests. 

Observation~ Results, The test bees caged against panels treated 

with zinc naphthenate had a .mortality rate equal to the obeck with the 

exception of those in Series I which had air dried for only one dey. This 

one aeries had a mortality rate of 90 per cent at the end of the seven-dey 

exposure period. While far too same air dry'f_ng period Series II am Ill 

10 
Copner No.ppthenat e - ~ Naphthenate, Ad.vs.nee. Solvents & Chemical 

Corp. y Neu York1 1947. 
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, was 19.7 per oerrh, which was two per ce1'2:li ttoro than the. mortality that 

· Table 9 gives ·hhe da:1.ia. :tn 1:)0:r· cent. for s.ll tes'ts run with the zine 

naphthe1.1t;1.te aolut:lo:i.:1. Figcire 9 shous .ilihe -mortslity of the· test bees on 
zinc naphtthenate treated pu."'lele in per cent far the various air dr.;rlng 

periO(ls an eompm:•ed uit!1 the check. Table 10 gives the data in per cent 

\ 
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T bl 9 . 

Per cent 

1 9 
1-2 l I 20 
1•9 1 I 40 
1r-2 1 n o 
/rll l II 0 
4-23 1 I .I 0 
9-25 1 Ill 0 
9-14 l Ill 0 ·;.a o~ RQw frer c;i\ if ;i. 

,-29 28 I 0 
3-l 28 I 0 
6-11 2S II 0 
6-17 28 II 0 
6-20 as n o 
7-428 m o 
7- 19 2S III 0 
i-~ 28 . ~I o 

70 70 70 70 70 70 
60 SO ,0 100 • -
0 0 0 0 0 0 

10 30 30 30 30 30 
0 0 0 0 0 0 
0 0 0 0 0 0 
O 20 30 40 SO 70 

#¥.1 £,a g;,. ;£,6 3¥:2 J .• 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 10 10 
0 0 0 0 0 0 
0 0 0 0 20 20 
0 0 0 0 0 lO 
0 0 lO 20 20 20 
0 0 0 30 40 40 

g :& :: ti 1, 1t~ ~.7 
0 0 0 10 10 

0 0 0 0 0 0 
0 0 0 0 0 0 
O O lD 30 30 30 
0 0 0 20 )) 50 

10 10 lO 20 20 20 
0 0 10 10 10 10 
0 0 10 10 30 30 

i,r i.i Z., !,r ti:3 ii:1 
0 0 0 0 0 0 

30 40 40 '10 90 90 
0 0 0 10 10 10 
0 0 0 0 10 10 
0 0 10 10 30 ,0 
0 0 10 10 10 10 
0 0 0 0 0 0 
0 0 0 0 0 10 

t~ ,t; f.f · tt, B:t d:~ 
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l!:Tortiality Curves :in .Per cent Dead Sees by Dqs 
When . Caged Against Test Panels Treated with 
Zine Naphthenate with :Oi:f.'!erent Periods 0£ 

Airing. 

-- l day atter treatment. 
- - 7 days after treatment. 
---- 28 daqs after treatmem.. 
------ 180 days a.ft.er trea.t.ment • 
. - ., . ·. = Cheek .... no treatment. 
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Table 10 

Per cent Dead Bees by Da;rSc When Caged Ag~inst Pine 
Panels w:i th no treatm~ • 

Test Days Air Test 

1•17 
1 ... 11 
1 .... 27 
4 .... 6 
4,.-22 
4-29 
9-l.O 
9-ll 

Dried Seri~, 
1 r· 
l .I 
l I 
l II 
l I:t 
l IX 
l. XII 
l JII 
1 n 

2 ... 1 7 I 
2•12 '1 I 
2 ... 1.3 7 I 
5 ... 4 7 ll 
5•13 7 II 
5•2$ 7 lI 
g...12 7 III 
g ... 25 7 III 
~21 ..... 7. ···.· .. !II 
Averase o~ J\b.o.!f;l in Per ~~t, 
3--23 2 . I 
, ... 1s 28 I 
.).3 28 I 
6 ... 14 2S II 
6-16 28 ::tl 
6 ... 29 28 U 
7•l2 28 III 
7 ... 27 28 II.I 
7•~0.. 2S ..... III. 

10-J.2 180 IV . . 
lo..:n 100 IV 
1()..$0 100 IV 
ll-12 180 V 
11 .... 25 100 V 
ll-21 lSO V 
12.,..J..O 180 VI 
J..4 ... 21 .100 VI 
J.2...7 180 .... ;VI , .. 
Awra . e of Above. in ... Per cent. 

0 0 0 0 0 0 10 
0 0 0 0 0 0 O 
0 0 0 0 0 0 0 
o o o o oo ~ ro 
0 0 0 0 ~ ~ ~ 
0 © 10 10 40 50 $0 
0 0 0 10 10 30 .30 
0 0 0 0 ~ W W 
0 0 20 0 0 

o . 14 2.a '.Z,Z . :t:J._tl lJ,'j 14.tlt 
0 0 0 0 O O .. 10· 
0 0 0 0 0 0 0 
0 0 0 0 0 ,o 50 
O O 10 2.0 20 20 20 
0 0 0 0 ~ ~ ~ 
0 Q O O W W ~ 
0 0 .90 .90 30 30 30 
0 0 0 D W W W 
0 Q O 20 . 20 20 20 



COMPARISOlJ OF WOOD PRESERVATIVES T'i.:STED 

The comparative results of the nine wood preservatives tested are 

given in Tables 11, 12,, and 14,. The analysis or variance for t..he mor

tality rates tor Series l, II and III,, is given in Table 1.3. A summa

tion of' the effects of the different air drying periods for all 

preservatives is shown in .Figure 10. 

Comwrison .;2l, ~ one-day m drying nerioq: Three of the \"JOod 

preservatives caused mortality rates which were highly significant when 

compared with the cheek when test bees were eXposed to treated panels 

after one day air drying. They were carbolineum, coal-tar creosote, 

and pentaehlorophenol. Oarbolineum caused the highest mortality rates 

with 100 per cent dead bees at the end or a three-day exposure against 

the treated panels. Coal-tar creosote caused 95 .5 per cent and 

pentaehloroph.enol 7lel per cent mortality at the end of seven day exposure. 

Copper naphthenate had a significant difference causing a mortality rate 

of' 55.5 per cent at the end of seven days exposure. (Table 11). There 

were no signif'icant differences between the check and the other five 

preservatives when given a one day airing period. (Table 14) • 

Comparison £! the seven-day !i£, drying per.iod: Two materials were 

highly significant and one was significant in causing mortality rates 

after seven days air drying be.fore contact with the test bees. Car

bolineum and coal .. tar creosote were highly significant causing mortality 

rates of 84.4 and 65.5 per cent respectively, at the end of seven days 

exposure. Pentaehlorophenol had a significant difference in mortality 



with 58.8 per cent. There vias :no significant difference between the 

check and the other six materials. 

Compariso;n .2f the twent;v-e~gh_:t. s.t~X air grying period: Copper 

3-phe11ylsalicylate was the only materfal ·with a significant difference 

in mortality when the test panels were given twenty ... eight days air 

drying before exposure to the test bees. This material acted differ

ently from the other preservatives in that the mortality rates increased 

with the longer air drying period of twenty-eight days. At the end of 

one hundred and eighty days, however, the mortality rates caused by 

this material were equal to the check. The preservatives which were 

highly significant after one and seven days air drying showed no 

significant difference from the check after the twenty-eight day air 

drying period. 

Comparison !Jl, ~.! ™ hundred fil!i. ~iC!ht:,i: da;ys !!i£ drying period: 

All preservatives tested showed no significant difference :in test bee 

mortality when caged against panels which had air dried one hundred and 

eighty days. 

Summary:: Four '.\tVOod preservatives included in these tests showed 

no significant difference from the check in the four air drying periods 

(Table 14). These materials were ''celcure,11 ch.romated zinc chloride, 

«cuprinol # 70,11 and zinc naphthenate. Two materials, earbolineum and 

coal-tar ereosote, showed highly significant differenees when test bees 

were caged against treated panels which had received one and seven-day 

air drying periods. Pentaehlorophenol caused mortality rates which were 

highly significant on one-day air dried panels, and a significant 

difference on panels air dried for seven days. With the exception of 

copper :3-phenylsalieylate, the toxicity to test bees was gradually 
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reduced with the increase of the air drying time. This material was the 

only preservative that caused a significant increase in mortality rates 

on panels air dried for twenty-eight days, but it was equal to the check 

on panels air dried for one hundred and eighty days. There was no 

significant differences in mortality rates on panels treated with the 

nine test preservatives and air dried one hundred and eighty days and 

the cheek. 



Per cent Dead. Bees by .Da1s When Caged Against Pine 
Panels Given a Fiv$ Min.:u.te Soak in Various Wood 
Preservatives mod tdr Dried £01" D·i£:i'erent Time 

Intervals 
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l 42.2 77.7 90.0 94.4 95.5 95.5 95.5 
Coal-Tar 7 22~2 · 37.7 41,.l 50.0 56.6 62.2 65.5 
Creosote 28 o.o 3 • .3 10.0 l5.5 26.6 34.4 40.0 

100 1.1 • . • 10.0 2s.s 



· Table 12 

Comparative Average Mortality or·various Wood 
Preservatives to Check 

Preservative ... Days Air Dried Before • 
Used 1 7 28 

Carbolineum 30.0 2;.3 11.7 

Celeure 7.7 6.0 7.3 

Chromated Zinc chloride 9.7 8.0 8.0 

Coal-tar creosote 28.7 19.7 12.0 

Copper .3•phenylsalicylate 12.7 9.3 16.0 

Copper naphthenate 16.7 14.5 9.0 

Cuprinol /f70 5.0 7.3 8.0 

Pentachlorophenol 21.J 17.7 9.3 

Zinc naphthenate 12.3 ;.:; ;.3 

Check 

Least ditferenc.e tor significance (19:1) - 7.4 
(99;1) - 9.8 

Exposure 
180 

ll.7 

7.6 

6.o 

8.7 

6.7 

8.7 

6.3 

13.3 

;.3 

72 

.. Average • • . . Total • . • 

19.3 

7.2 

7.9 

17.3 

11.2 

12.2 

8.8 

15.4 

7.0 

7.1 



Analysis ,of Val."~nce. for Rate o£liortalit;y in Series I, II, 
and III for ~j:p.e W:O.od P.reserv~tives 

·source ot Variation Degrees. of. Sum of 
Freedom Squares 

fotal 89 6,624.5 

Series 2 678.2 

Treatment· 29 .. 4,170.5 

Preservatives 9 2,684.1 

Time 2 509.6 

Time Preservative· 18 976.8 

Error 58 1,775.8 

73 

lliiean 
· Square 

.3.39ol 

143.8 

298.2 

254.8 

.30.6 



Table 14 

Summary of t,he Effect of All Tested Formufations on 
Mortality Rates of Test Bees 

Days sfter Treatment •rest Bees Caged 
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1 Day 7 D~iys 28 Days 180 Days 

Carbolineum 

Gelcure 

Chromated Zinc chloride 

Coal ... tar creosotG 

Copper 3-Phenylsalicylata 

Copper naphthenate 

Cuprinol #70 

Pentachlorophenol 

Zinc napht,henate 

** Highly significant. 
* Significant. 
- non significant. 

(99-1) 
(19-1) 

** 

** ** 

* 

** 
... 
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Figure 10. 

A Comparison of the effects of di:f'ferent air drying periods 
on n:ille wood preEiervrtl:i;i;ves on. contact bee mortality. 
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The fumes given of£ by some of the W<1od preservatives vJere very 

notfo,st:ible i11 the dipping and handling of the test panels. 'l'est, 

on panels treat,ed with strong smelling prese:rvativos ran rapidly over 

the sur±'Slee of the cage and beat their wings rapidly for several hours 

after being caged. This activity was very noticeable in the test cages 

which had the highest mortality rates.. To determine whether the test 

bees vJe:re being killed by contact, with t,he treated surface or by the 

fmaes given of';f by the trGlated surface, two series of tests, Nu.mber 

VII and IX, were conducted. 

Equipment ~ !\i!ethod.s; The test panels and the methods used in 

these tests were the same as those described for the contact tests. 

The speeinl double screened cage was used to prevent the test insects 

from. coming in co:n.t,act with the treated. s'.Ul"'face. Four wood preservatives 

and a a."1eek were ineluded in each of these series. The wood preserva ... 

tivelS teated were carbolineum, coal-tar creosote, copper 3-phenyl

salicylate and pentaehlorophenol. The 'test panels were given a five 

minute soak in the preservative and then air dried for twenty-four hours. 

After the air drying period; the double screened cages were nailed in 

place, and the test bees caged. Each preservative and the check were 

replicated three times in each series, making a total of JO test panels. 

The ti:lst bees caged against the panels were handled in 'the 3ame manner 

as already described,· except, the exposure period 1;ias :reduced to five days. 

76 



The e:xposure time ·was red.uced becrruse 'the 11n"'iter felt if tmric fu.mes 

waro present they would affect the bees within a five day period • 

77 

.Qh~(!l"Vab1Q!'!~ .§.B,d Re~ts: 'The t,est bees immediately after being 

caged ovel' the wood surfaces treated with carbol:il'.lei1.!'J.l e.nd coal .. tar cre

osote were very excited ~:nd nervotrn. They ran over the su.r.face of the 

cage and made a buzzing sound with their wings £or several hours .. 

Those materials were coal tar derivatives and smelled very strongly of 

e!'eosote. Bees i..."'l these cage.s f·od very little during the fi.·lie-day 

period. At th0 end of the first day mQny of the test bees were found 

on the bottom screen 1.mable to walk.. Their legs e.nd month parts moved 

slowly and they remained on their backs unti.l they died.. Carbolincum, 

·which had the stronr,er odor, affected the activity of' the bees more than 

did the coal .. tar creosote., The bees caged over the other test chemicals 

ran over the cages for a short time after being caged, and then started 

feoo:i..ng ,,n the 1:.n:igar candy. With the exce!;rtion of the carbolineum and 

coal-tar creosote cages, it was necessary to· a.dd candy to all the other 

cages every day during the exposure period. .Apparently no feeding took 

place in the creosote a:nd carbolil1eum cages after the second day ... 

The results of these tests are given in Table 15. They indicate 

that wood preservatives eonta.ining coal-ta;r products produce fumes 

that cause an injurious effect on bees when caged near a treated surface. 

Carbolineum caused greater mortality than any of the other preservatives 

tested. The mortality caused by this preservative at the end of the 

five-day exposure to the :t"tmos was an average of 85 per cent for both 

series. Coal-tar creosote was next to earbolineu.m causing a mortality 

of 62 per cent for the same perioo. Copper .3-phenylsalicylate was equal 

to the check, and pentaehlorophenol was slightly above the cheek, causing 
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Toble 15 

Summary of Series VII and IX in Per Cent mort<i<lity Caused by Fumigation 
when Test Bees were C.eged :In Spocfa.1 Double Screened Cages on Pine 

Panels Treated with Various ?Iood Preservatives and Air Dried One Dity . 

~;;;~1-
kv= .. 

Preservative 

Carbolineum 

Coppe1~ .3-Phenyl
salicy late 

Fentachlorophenol 

Cheek 

~~ 

Teet 
Series 

VII 

IX 

Average 

VI! 

IX 

Average 

VII 

IX 

.1\verage 

VII 

IX 

Average 

VII 

IX 

Average 

Per Cerrt 
1 2 

10 23 

10 37 

10 .30 
~~ 

3 .3 

0 .30 

l H> 

3 3 

.3 3 

.3 .3 

0 0 

0 10 

0 5 

0 0 

0 0 

0 0 

rrortaiity -by IJays 

l 4 2 

40 67 ?O 

63 97 100 

51 82 85 

10 10 37 

53 67 87 

31 38 62 

3 10 20 

10 17 37 

6 1.3 28 

0 3 17 

2.3 37 57 

11 20 37 

7 13 17 

10 17 40 

8 15 28 



1 

;,~!iit"1)~J!ilc,~,~Jl,m.ol 
1JopprJr 3~er~ltiiril1e..;ll~to 

/ 
/ 

I 

I 
I 

., , 

I 
I 

/ 

, 
" 

" 
, , " 

, 

, , 

/ / 
/ 

/ 

, / 

/ 
/ 

/ 

/ 
/ 

, , , , 
,·, 

_,,.,,."' .· a;;;,/ 
........... 

......... 

, 
/ 

;7' 

79 



80 

mortality rates of 28 and 37 per cent :resp0ctively. Figure 11 shows the 

mortality by days in per eent for the two fumigation series for each ot 
'. ·1 

the four preservatives and the check. 

These tests indicate that preservatives whid1 produce strong odors 

should be thoroughly air dried uhe:n userl LWi treating beehive equipment. 

'l'hay also in,dicl:'4te that the i"u.'l1es produced by eoal-tar wood preserving 

proo:ucts apparently have ad etrimental effect on bees. Preserv2,tives 

such as copper 3 ... phenylsaliaylate and pentoehlorophenol did not produce 

toxie fumes which were detrimental to. the honeybee. These two chemicals 

caused mortality rates which were significant when test bees were caged 

in contact with wooden surfaces treated with them. 



Limited tests were made in Series I with wocd protecting materials 

that have been used by beekeepers. These tests '11.lere to determine if any 

or·these- chemicals or treatments were toxic to the honeybee on contact. 

The following materials were tested in this series, white paint, "Keiiey•s 

Rot Proofing Compound,.8 sodium pentaehlorophenate, a mixture of asphalt 

and white gas, and a fifty-fifty mixture of coal-tar creosote and used 

crank ease oil, 

Discussion and Results, These tests were conducted in the same . ___. . 

manner as those described. for the oth~r ·series. Results or the experi

meilts are given in Table i6. 

White paint for a number .of years has been the standard protective 

material £or beehives. The regular practice is to paint · the outside of 

the beehive riith two or three coats of the best grade of white paint. 

This protects the outside of the beehive from weathering and helps keep 

tb.e ins:ide of the hive cool during hot weather by reflecting the heat rays 

of the sun. However, white paint does not have a wood preserving additive 

to prevent decay and termite attack. Painted hive~ begin to deeay at the 

corners after a few years use due to the high humidity of. the hive which 

encourages wO<Xi-rot organisms. Two cage tests were made. The test panels 

were painted with one coat of a number one white paint manufactured by 

Davis Paint Company, Balti.~ore, flaryland. Test bees were caged against 

the treated surface after a one day air drying period. White paint was 

non-toxic to the test bees 1n these contact tests. When compared with the 

81 
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Table 16 

Per cent Dead B~es by Days When Caged Against Pine Panels 
Given a Five Minute Soak in Various Wood Proteetants. 

Wood Days Air .. Fer cent Dead Bees in Cages by Days • 
Protectant Dried . .l .. 2 : 3 • 4 : 5 . 6 : . 7 . 

. . • • . • 

White pa.int 1 0 0 5 10 10 

1 0 0 0 0 0 0 0 

Kelley's Rot 1 5 5 5 5 15 
Proofing Compound 

l 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 

1 0 0 0 0 10 10 10 

5% Sodium l 0 0 40 95 95 
Pentachlorophenate 

1 0 0 0 10 (:fJ 80 100 

l 0 0 10 30 50 80 

l 0 0 10 40 80 100 

7 0 0 10 40 90 100 

7 0 10 10 100 

28 0 0 0 0 0 0 0 

10% Asphalt 1 0 0 0 0 5 

20% Asphalt 1 0 0 0 0 0 0 0 

5cm Coal-tar 1 0 0 0 10 .30 
Creosote and 50% 
Crank Case Oil 1 0 0 0 10 10 10 

1 20 90 100 

1 0 80 100 

'7 0 70 90 100 

Cheek 0 0 0 0 10 10 10 



untreated check, at the end of the test period, the mortality was less 

than that of the check, being 5 per cent with the check 10 per cent. 

l1Kelley 1s Rot Proofing Compoundu is a commercial product sold by 

the Walter T. Kelley Company; manufacturer of beekeeping supplies. 

8.3 

This material is sold to beekeepers as a concentrate for hive preservation. 

The active ingredients are not known by the writer. Kelley recommends 

for a dip treatment one part of concentrate to five parts organic solvent 

such as mineral spirits. The concentrate is a tan viscous material that 

imparts a light color to the preserving solution. It is odorless, non

staining and apparently non-irritating and non-caustic. It did not stain 

the test panels and after drying was not detected on the wood. Four 

cage tests were made with this product. All tests were air dried for 

one day.. This material was found non-toxic to the test bees. At the 

end of the test period the mortality rates o.f bees caged against panels 

treated with this material were equal to the checks. 

Sodium pentachlorophenate was used as a five per cent aqueous 

solution in these tests. Sodium pentaehlorophenate is one of the water 

soluble salts of pentachlorophenol. It is widely used in the lumber 

industry for the control of blue stain and other molds which attack 

lumber while air drying. The product used in these tests was manufactured 

by the Dow Chemical Company of Midland, Michigan, and is sold under the 

trade name of 0Dowicide G." The po,nder is readily soluble in water. 

This material was included in these tests because water solutions are 

considerably less e:xpensive than oil solutions. Sodium pentachlorophenate 

is very irritating to the eyes and nose, and disagreeable to mix and 

use. However, it is considered relatively non-toxic to humans. Like 

pentachlorophenol, it may cause dermatitis on some individuals. 
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The test panels were given a five minute soak in the.solution and 

given three different air drying periods.. These were one day, .seven 

days and twEinty-eight days. After drying the panels were covered with a 

coating or .f'ine crystals of .the salt. Sodium pentachloro-phenate was 

highly toid.e to the test bees after the one and seven day airing periods. 

For these two tests mortality rates were approximately 100 per cent at 

the end of' the test period. After twenty ... eight days air drying, the 

t:,1.ortality rate was equal to the check. Sodium pentachlorophenate at a 

tive per cent solution is apparently more toxic to the honeybee than a 

fiv·e per cent solution of' pentachlorophenol in oil., It is doubtful it 

th:i.s material should be used for treating beehive equipment. 

Hot asphalt has been suggested by beekeepers as a treatment for 

bottom boards o:f beehives. In these experiments a ten and a twenty 

pe1~ cent solution of asphalt in white gasoline was used as a cold dip 

in place of hot asphalt. This is a very cheap treatment, but has the 

disadvantage of leaving a sticky coating of black asphalt over the sur

face of the treated. wooo. The asphalt has a tendency to soften during 

hot weather, and when moving hives during the summer would be very dis

agreeable~ The asphalt treatment as .used in these tests was non-toxic 

to the test bees. Mortt,llity rates for both dilutions were equal to the 

cheek. 

A mixture of fifty per cent coal-tar creosote and fifty per cent 

used crank csse oil has been used by Florida beekeepers for treating 

bottom boards. For this :reason five cage tests were made with this 

mixture. .After a five minute soak in a mixture of this na.ture the 

treated panels were very greasy and had a strong creosote odor. The 

odor was present after seven days air drying. The test panels were air 
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dried for one and seven days. Mortality rates were· high in three of the 

i'ive taste. ·After seven days airing 'the mortality rate was 100 per cent 

· after four days exposure. The mortality rates for bees caged tagainst 

, wooden s'lirfaees treated with the coal-tar creosote and crankcase oil 

mixture were comparable with those of creosote diluted· with £u~l oil. 



EFFECTS OF VARIOUS SOLVENTS ON THEHONEYBEE.· 

Many wood preservating materials can be bought in a concentrated 

form to be diluted with locally obtained solvents at the time the wood 

is to be treated. By purchasing the concentrated material the user 

saves on freight and container costs. In some instances the cost 0£ 

the preservative may be reduced by half". In using the concentrate it 

1s necessary to obtain a solvent that will dissolve the preservative 

and also have good penetrating properties into wood. 'fbe beekeeper 

needs in addition a solvent that is readily volatile to prevent injury 

to the hive bees. Since most good preserving materials are insoluble 

in water but readily soluble in the aliphatic oils and aromatic hydro-

carbons several of these compoungs were included in the test. 

This .study was made to det~mine vihat ettect the various solvents 

had on caged honeybees. 

Discussion and Results: . Ten solvents a:n.d a check were ineluded in ---------
these tests. They were mineral spirits, fuel oil, carbon tetrachloride,<

acetone, turpentine, white gasoline, 2Ylene, isopropyl alcohol, amyl 

acetate, and kerosene. The tests were handled in the same manner as 

previously described. The test panels were given a five minute soak, 

and then air dried £or twenty-four hours. Test bees were then caged 

against the treated surfaces and observed for a seven day period. The 

panels were randomized to prevent any possible build up of fumes which 

could effect the results. 
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A summary of the mortality rates by days is presented in Table 17. 

These da.ta indicate that solvanto which are readily volatile ~ere less 

toxic to the test bees than those which volatilized slowly. Materials 

such as mine!'al spirits, carbon tetrachlorid0, acetone, white gasoline, 

amyl. acetate, xylene, and isopropyl a.lchol caused less mortality than the 

slowly volatile compounds which remained longer on the surface of the 

wood. Kerosene and fuel oil caused higher mortalities than the other 

chemicals, the rates being 53 and 37 per cent respectively. Turpentine, 

which retained a strong odor for several days 1 . caused a mortality rate of 

27 per cent. Isopropyl alcohol caused a mortality of 10 per cent at the 

e:nd of the first day and 27 per cent at the end of seven days. The 10 

per cerr& mortality on the first day wa~ probably due to injured bees, 

since all dead bees were in ·che same cage. 

Records were kept on the amount of honey-candy consumed by the test 

bees during the exposura period. There apparently is a relationship 

between the amount of food consumed and the rate of volatility of the 

solvent. Solvents such as fuel oil, and kerosene apparently had a 

narcotizing effect on the test bees, because they showed less activity 

than the other caged bees and consu.'!l.ed less food. Cages which had the 

least mortality consumed the most food, and the bees were active through ... 

out the test perfod. Bees caged against a panel treated with xylene 

were s"t-upii'ied by the vapors of the chemical at, the end of the second 

day. They remained on the bot·~om of the cage and moved their legs and 

ant.ermae very slowly. On the third day they were more active and eight 

o:t the ten bees returned to norm&l by the fourth day. These symptoms 

are typical responses of high vapor concentrations of J<y"lene, benzene 

and related compounds. 
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· Table 17 

A summary in per cent dead bees by days when caged against pine panels 
given a .five.minute soak.in·various solvents and air dried .for twenty-

£our hours before exposure. 

Solvent : Per oent Mortality by Days 
Tested • l 2 3 4 5 6 7 .. 
Mineral spirits 0 0 3 3 3 7 7 

Fuel oil 3 3 7 10 13 2.3 37 

Carbon tetrachloride 0 3 7 7 10 10 10 

Acetone 0 0 0 0 3 3 3 

Turpentine 0 0 0 1.3 23 27 27 

White gasoline 0 0 0 0 0 0 0 

Xylene 7 7 7 13 . 17 17 17 

Isopropyl alcohol 10 10 20 20 27 27 27 

Amyl acetate 0 0 0 3 3 7 13 

· Kerosene 6 27 27 30 43 50 53 

Check 0 3 3 3 7 7 7 



mo solvent tested was considered highly toxic. to the test bees. 

The highest mortality occurred ·near· .the end of the exposure period. 

Highly to:xie materials should have produced high mortalities. on· the 

first and second days~ .The data· in Table 13 shows lit~le or no mortality 

occurring dur,ing the ,first ·three days of the test ... These d~ta indicate 

· ·that all ten solvents are safe for diluting wood preserv::.tive concentrates 

for beehive treatment, provided a sufficient airing period .is allowed 

for volatilization. Kerosene and fuel oil should be air dried longer 

than the other solvents tested • 

. Figure 12 shows the per cent mo1~tality after seven days ~xposura to 

panels dipped in various solvents and air dried for twenty ... four hours. 



Figure 12 

Per cent Mortality after Seven Days Exposure to Test Panels 
Dipped in Various Solvents and Air Dried Tv1enty ... four Hours. 
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THE .EFFECTS OF HUMIDTI'Y AND TF.Ji>'!PER.t"\TUBE ON THE TEST PANELS 

Temperature and humidity records were kept during the periods the 

test panels were air drying. This was done to determine if varfatj_ons 

in temperatv.re and humidit,y would have any effect on the removal of 

volatile substances from the treated wood. l-1.f'ter the f'ive minute soak 

treatment the test panels were thoroughly wet with the preserving 

chemical. During periods of dampness it was noted that some panels 

remained wet looking f'or several days. Due to the failure of the re

cord.er on certain days, complete records a re not available for all of 

the air drying periods. In Table 18 will be found a summary of the 

humidity and temperature data for Series I! and III. These data are 

for a seven day air drying period and give the per cent relative 

humidity and temperature as to high, low an::l average for each day with 

an average tor the seven day period. These data sh.ow that the air drying 

period for Series II was during a period or relatively high humidity, 

with the average per cent relative humidity for the period 73.7 per cent. 

The air drying period for Series III is considerably lower with an over 

all average of 65.0 per cent relative humidity.. This difference in 

humidity is apparently reflected in the mortality rates of the test 

panels for the two series. Series II had a mortality rate for all nine 

preservatives of.55.7 per cent and Series III had a total 41.7 per cent •. 

Table 19 presents a summary of' the mortality rates in per oent for the 

two series by days for the different wood preservatives tested. This 

table shows that sbc 'of the nine chemicals tested caused higher mortality 
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Table Ie 
Humidity and Temperatut•e Records by Days During the Seven riay .. 4:ir 

Drying Period for Series II and III. 

• ,. October - 1950 .. 6 7 • 8 9 10 11 12 13 Aver.age Series II ---·---------------,.~~~ ....... --~ 
High 

Humidity Low 

Average 

High 

Ternp(0ratv.re l,oyJ 

Aver.]ge 

" • 
Series III . .. 

High 

Humidity L.ow 

Average 

H:igh 

Temperature Low 

Average 

82 82 gg 91 83 84 

63 (:i) 58 130 40 40 

76.2 7.3.2 76 .. 1 84.9 60.3 71 • .5 

75 82 8:3 76 80 S2 

64 66 70 70 60 58 

68.2 73.5 75.2 72.9 68.9 68.6 

April ... 1952 
19 20 21 22 2.3 24 

80 80 ?'] ro 80 78 

36 48 46 34 45 54 

57.4 61.2 61.8 59.5 6.3.2 73.2 

78 74 78 83 rl4 u' 78 

52 57 60 62 62 66 

65.0 67.2 69.2 72.J 72.l 71.l 

~Recm'de:t" failed to record· humidity during these days. 

·-* 

...... 73 .. 7 

8.3 79 

56 59 

68.9 68.2 ?0.6 

25 26 lwerage 

84 86 

51 53 

71.2 72.'l 65.0 

$1 77 

68 65 

72.1 69.1 69.s 
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Table 19 

A Comparison of fJiortality Rates of Serles II and III by days Using 
data from Test Panels Given Seven Days Air Drying. 

Preeervative Series Per Cent Mortality by Dayt1 
Used Nmnber l 2 •. 3 4 5 6 7 
Cat"bol:ineum II 0 0 47 60 73 '13 90 

III 0 7 53 80 87 97 100 

Oelcure II 0 0 0 0 10 13 27 
III 0 0 13 17 17 27 33 

Chroraated Zinc II 0 0 0 10 17 3'7 50 
Chloride III 0 0 3 7 10 10 23 

Coal Tar Creosote II 5.3 73 77 80 87 90 90 
!II 3 10 17 37 50 6.3 70 

Copper 3-Phenyl- II 33 33 33 33 37 4.3 47 
salicylate III 0 0 3 10 13 17 23 

Copper Naphthenate II .3 3.3 3.3 33 40 53 70 
III 0 0 3 17" 23 33 33 

Cuprinol, II 70 II 23 33 33 37 40 43 50 
III 0 0 3 10 13 13 13 

Pentachlorophenol II 0 3 7 23 47 57 67 
III 0 0 0 7 17 27 40 

Zinc Naphthenate II Q,. 0 0 0 0 7 10 
III 0 0 0 3 2.3 37 40 
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rates. on panels air dried during a period of high humidity than on panels 

that were air dried during a period of low humidity. The preservatives 

that caused higher mortality. to bees o:n the panels air dried during the 

period of high humidity, with the increase in per cent, were as follows: 

chromsted zinc chloride, 27; coal-tar creosote, 20; copper .).;.phenyl• 
. . . ' ' . ' 

salicylate, 24; copper naphthenate, 3?; 11 cuprinol No. 70,.tt 27; and 

pentachlorophenol, 2'7 •. Although the data ir.tdicates three materials to 

caUS$ less mortality on panels dried during a pericd of high humidity• 

thewitar cannot account ·ror this difference. It is interesting to note, 

that with the exc.eption of zinc naphthenate, the differences in mortality 

of these preservatives were small. They were ten per· eent f'or ca.rbo

lineum, s1x per cent for 11celcure,u and thirty per oent for zinc 

naphthenate. 

Tp.e . average temperature tor these two periods was relatively the 

same• In Series II the average temperature for the seven day period. was 

70.6° ·,., and :in Series III it averaged 69.8° F. Although there is a 

dif'i'erenee of eight .. tenth:J or a degree F. it is interesting tonota that 

· in Series III with the lower mortality, the temperature and relative 

humidity were also the lower of the two series. 



In 11tcld...'l'lg a.11 economic stw.y· o:l the use of 1,:,rood presenatives for 

treating bcekaep'lng equipment, the cost of treating the various hive 

p3:rts shou.ld be taken into consideration. tfood p.reservatives vary in 

cost a.'l'ld in their ability to penetrate wood me:terials. Preservatives 

vtl·th greater pe:n.etratin.g power give longer protectioi,:1 and i•equ.il'e l,arger 

qua.nti·tieo of the chemical to tr~nt tc'\ given pioco of equipment. Sd.nco 

1JeekeepL"1g is ro1 a.g:.rieultm~al ir1.dustry wl:dch m:ust kee:o opcratil1.g costs 

to a m5nimum in order to shou ~. sa:l,isfactelji profit to the beekeeper, 

·the preservative cost f'.or treating the hive parts is of considerable 

importance., 

In ill c:iqx;r:fme:nta in this study a stm1dard fivc-rd.r1u.ta dip in tho 

preservative m:w gJ,ven to all test panels a:nd all pieces of equipment 

treated. A dip treo:tment of this leilgth of' ti.;:1e allows s-r1fficie11t time 

for the PL"ese1"Vative to enter the cracks and jolnti".i of the ltlve pm-ta 

and. i."'.l ad.di tion fits satisi'aetorily in.to the beekeeper I s assenhly pro~an. 

Most hi"tre putts are :ra-ass pi:"oduced in tho beekeeper's wood 1,10rking shop, 

or obta:hwd fror11 one of the bee su.pp~v honses in a knock-do1m cond:ttion .. 

1'ha assembly uo:rk of pi1tting toe;,rrthor &"'1.d nailiri.g tho verious precut 

boards is U.'':.n1ally done at om time of too year. In working ou:t a 1,rood 

prose:rve,tion prog3."am for the beekeeper, the treatment of the -uooden parts 

should take .f:. minil1nl!lt of ti,"110 end fit cn::;ily into the assembly pr:oe;i."am. 

Since, it :r-aquireo appro:id.nately five minutes to assemble and :ntdl a tUut 

or beehive equipment, a five-minute soak or dip in the presei"Vat:i.ve would 
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completed i-t ooulc1 be cl-1"opp:,c1 itr'Go the wood p;c•,-3se:t'Vntivo ·ta.nk vhe".ee :tt 

c9:iil.d r,$mB.1.:n until the ne:'itt ttn.i.t Ha{;l const:ructea, at wll:tch tii:ie it oov.1,1 

b? ~e-1119y$d and allowed to exai.h whilo ~~ho seconcl iU:.dt soslrod, W:l:~h 'thiP 

'.kind. of a p:-o~J;J.m :1.n trir1C1, a se1"'ies of testir we1•e 0011di10ted to c1ftce,1•.ttl.ne 

p.!guipp:t: A · special galvrutlzed tonk uas construo·!;ed f01• use in 

these. tel3ts~ This tank had inside meast:irements of twenty-four inches. 

for ;length, nineteen a.11d one-fourth inol1es for width, and :f'om•teen inches 

for depth• It uoo . wile .QU't of 16-gauge .. galva..'1.ized . iron and . had . a lip 

extending. out a-rolll'ld the top one .end one-half' inches tdde. A t a1ik of this 

size a.cco:mmodated .eas.ily. the v~ions pieces of a stai."ldard .La.'1gstroth 'bee

hive., The :tank t-1as made this. sizo so that one gallon of preservative 

would. fill the tank to a depth of exactly· one-hall' inch., 'Tiu~ .. ma.de · 

possible . a·. simple r,1ethod . of meam.a-ing 0the · an1aiJ.nt of p!."eservative v11Jich 

would• be soaked up cy the hive parts. . A three-qUt:n"ter inch pipe nipple · 

wa.s welded into ooo end of the t!Jllk at · the botto111, into "Which 11tas scr~~d 

a faucet for draining the pr:-eservatives. A C(Jfler Yas made <;>ut of' .the se.ma 

gatige gal"Vmu.zed iron a..."'il meG.surod twenty-three .. by· twenty-sev.en inches .. 

Three sides of the cove:1'"" · were tm"md . up· for · three-fourths .. o:r an inch .. · 

The cover 1:r.ras :made .to fit an.ugly oga.i11~t the lip of tho tank. ~Jhen the 

tank ·was not in use the cover prervanted the rapid ew. pora:tion of the .sol

vent, ·and when the tank 11as in use it acted . as a . drsinbom:-d. A tank · of' 

this general size .. and constr.i.otion would bo sat.isfacto:ry for. use on a 



Tb.1y uere, eru."bolineu,1:1, tteelcure,.n a ten pa" cent aqueous solution of 

cliromatei:1 z:.ttic orJ.01 .. ide, aoppe:r: z1aplrthent.:rl::0 .(cu.:pl'inol #10), 11cttp-t>inol 

Methods 
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Coc1e letters 111ere · a.as:i.good to . e.aoh preservative a"'ld before treatment 

·. I!lea::n . .u .. od as to depth with a. steel ruler gr•w:1.1.e.ted in thirty seoords .of an 

· inch.· ill measurome:nts were ma.do in the :r:tght hand corner .•. Three .measure ... 

the tank. The depth was reoorueci on a dirba sheet. Tha hivo p.arts wore 



Plate 6. 

Dipping shalla.r supers in the special dipping 
tank filled with wood pt'eaervative. Note the 

tank cover being used as a drain board . 
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Tb"i s :made por1sihlo !!10re rapi,1 treet:men.t :tn th.ls size tank, filI".\C. v.l::ii;: 'the 

ttsa .of: smoJ.le:c a"no1mts of tho t,1st p.ror.:erycc1;ivee, o,s it was not :i:1t0ecsi:,a:r.y 

to .fill thlS: ta11lt. .At the end of the f'ive-::ninute poe.k, the l1ivo pa1~tr~ 

.'terere p1t::cae1 on tho drro...~ ;there they rei.1ainod fo::r five to ten minu:tos. 

After drai..rJ.ng the t:r.'e.ated hive parts uere stacked anc1 allo\·ted 'to air 

clry before twe on the hivGs (-See Plll.to 7). Uhe:n, t1w last 1tl:ve pa...-t had 

fir..ished draining, and the rn-eservo:tive had ssttlecl.,. -tm depth of the 

preservative was :mee.S".xred a..."'1.d. record$d.. The difi'arencre in the depth of 

tne .prese:,:vatiV'e determined the $!10itt1:t tho.t had soaked into t1ie wood,. 

With. preservatives such o.s %Ji'lntnchlorophe11ol, ooppar naphthei'ltrte., and 

carbolineuro., synthatie :rubber · gloves were used to prevent the ra.-eserva-

ti ve coming :ln contact with the opert.'l:iox·•s hando4! The tai.ik was thoroug.ltl.y 

cleaned w:'!:lih mi11er.el ~p~:i.ts or imter, dep-end.ing on the type of preserva

tive,. before ati0ther ~servat:tve wo:s placed in the· tank. In all dipping 

tests five or ten hive parts were treated before the depth of' the solution 

was :measured. 

01Jservat:ton and Discussion 

In theae tests to determine the amount of material reqiu..roo to treat 

the V'ariou.':l '.hive ports, t1:10 hundred and fifty-five \Utlts uore ·treaterl. · 

They consisted of. forty deep 1,:n.1i,ers, one htmdred and sL"tty 1:11:'i..alloH' supers, 

forty-f'ivo bottom boards rn:xl t.011 wood covers. The rr,ambe:t" tl"ee:b~t11dth 

each pres$rvative. is given in .'l'ablo 20.. Carbolinm.:un 1Jtl(:l used only on 

bottom boards 'beca.1100 of the toxio ri.atttre of the rnatcri@l. aiil. ·the dark 



Plate 7 

One hundred and thirty-three shallOII supers am twenty 
bottom boards air drying after a five-minute dip treatment 

with various wood preservatives bei'Ol"e use on beehives. 





Table 20 

The lllumber ·and ~Jpe of liiva Parts Given a Five•M'inu.ta S,oak 
in Various Wood Preservatives to DeterrJine the Unit Cost. 

Wood Preservative 
Used . . 

Celoure 

.Gbro1nated Zinc Chloride 10% 

Copper Naphthe:na:te (Cuprinol #10). 

Cupr:inol #70 

Kelley's Rot Proofing Compound 

Pentachlorophenol 5% 

Zinc Naphtheuate 

Total 

Deep 
S;t1J?!:?l"S 

-

... 

5 

10 

10 

; 

40 

Shallow Bottom 
' 

SuJ?§rS Boards 

~ 5 

30 

30 

30 5 

5 

10 .... 

50 15 

160 45 

101 

Wood 
Covers • 

-
-
... 

-
10 

10 
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color imparted: to tho wood. !fo attempt 1:ms mad.a to treat the am.ne m:miber 

of hive pm:'ts with each preservative. M.ore hive parts were treated with 
. . .. 

. 5 per cent pentacblorophenol because this is an effective mate-rial and 

the most ·eoonom:tool of the oil soluble ireset•vativea tested • 

. Amount £>1 F_teservative pse,.g: The amount of preservative, required to 
' . . . 

treat the va:rious biv~ parts is given. for ea.eh of the eigl1t :materiais 
' ' 

' ' 

in Table 21.. Tho oil solutions as a rule penetrated more into 'the wooden 

. hive parts thoo did the uater solutions. A steady stream of suoll bubbles 
' . . . 

was noticed coming from the corners of a super being dipped dud.ng the 

first two or three minutes it l-Tas held llllder the oil tj"PO preservative. 

This was not noticed when th0 treatment uas made '\dth the aqueous solutions. 

AJ.thm'tgh these testr;i are only np:proximate due to the variations in the 

kinds of vood .and different alllou.nts of heart and sap 'ti!Ood in the hive 

part, the data obtained. are helpful in determining the amount of preserva

tive requir&d to m."eat the va1~iou.s hive parts.. Preservatives have a 

tenrle11oy to penetrate sap wood readily, but little or no penetration is 

ms.de into seaso:t.1.Cd heort irood. Soft voods like pine take up more of the 

preservative than the lk"\rde:i:' close grain woods su.eh as e,.rpress •• In these 

. tests copper naphthena·te required more preservative to treat a given hive 

part th&1 ~ of the other preserva.tive.s tested. An average 0£ eleven 

:ald ·two-tenths ounces. of ooppe1 .. naphthex,-2.te mas soo.kod up 'by a deep 

supo:;r, Hhile only three ru1rl two-tenths ounoes of tteeleuren were soaked up 

by the se.n.e type aquipm.ont. A ootto.~ boat'd required 9.6 o'l.ll'lees of ca:r

bolineum and copper naphthenate for treatment, with .only ,;.2 ounces ,of 

cbromated ziuo cl1loi'1.de being i"equired. The bottom boards· treated· ·with 

e.1.U"oolinew had :much of the .ohemioal adhering to the att'faoo of ·t.he 

lumber, and. :required appro.."dmate4'" 21:. hours to dey. The copper naphthenate 

treated bottom board had little of the solution on the surface af' the wood, 
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· Table 21 

The Aver¥ Amount of Wood Preeel"Vative in Ounces R.eq'l.1:iN:d to Treat . 
T~ Hive Parts £en- a Five-Minute Soak far Eight Woad freservat.ives 

Preservative 
Used 
• $ 

Carbolineum. 

Celo'Ure 

Chromated zinc chloride 

Copper naphthenate 

Oup.rinol Number 70 

Xelleytrs rot proo.fing 
C6lllpoutia 

Pentaetuorophonol 

Zinc naphtbenate 

, . ·~· oi' ffive Parts. ,t;:eated 

- .... <J6 

32 21 64 -
-· 16 ,2 -~ 

112 4' 96 -
32 32 so -
go 32 ~ -
·96 1'l 80 

.96 48 64 
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and was gener·o11y <.1ry to touch in 1eos th$l'l an hott!'.'. W:t th f au e:rmeptions 

lt! retftrl.rec1 app:,"'o:iwiately twice. the aru:ount of preservative to treat z, 

deep $tlp.lll" ,!$ i:'..; did e,1. shn.llou super. The amount used in treating a 

hottm:1 i1oci•c1 Wl'.lfJ :;,1ligl1tJ.y less thru1 that needed for a deep super. This 

is in dil~eet rels:~i.01:1 1:o. the rmri'aee orea of the hive poxts. The iu .. ite~ 

ca,.~1ot acooui1t for deop supora a:'1C1 shallow s1.~pe:rs reqti.i..i:-mg the same 

an1otttrt o:f.' ncup.rinol /}-7(:Jt fol" treatment. The only diffe1•enca wen the deep 

supers were m.e.de of 1:.resten1. pire cu1d the sha11ou snpers were rae.da of 

foz• th.i.s vario:1.iion ii1. the data. Tho number o:f supers available for treat

Tll.Ont was 1:udted, therefore the tost tre...'3 not :t'epeated. As previously 

r1ontio11ed the a:m:ou.nts of 1:a.·eservativa required are approxbm2te, e.nd 

should be used on.1.y ~s a gt:dde. 

Cosi .9! Prooorvut:l.ves Used: The cost of tho pt1eoe1"Vatives u.sed in 

these ·l:iei:rts varied from twenty eento v, g~llo::1 for tho ten par cent chro

ma-'i:;@d zitic c1:J.oride solution to that o.f' i'our dollars and seve21ty eent.s a 

ga11 on for tho CliprLri.ol pl"'oducts. The cosiE per ga.1.1011 of the eight pre

servat,ivei:J were obtaiood :from the m{l.nufacturers during the la.st part of 

1952. Che;iliccl c~npotmds flu.ctuato in :i;xr:tce, ru:id the p-.!'iees given in 

Table 22 shoult1 ba used as a eonparison or guide only. Ther~ is a varia

t:i.011 in the prio® of wood_ preservatives based on qu.a:i:1tity p11rchases.. Jlor 

this reas011 the prices of both snall qua._"1,tities &r'.1d barri:!llS were computed 

in ·this stull;y. l~ p!:"Oservutives oa.11 be obtained, as o. concentrate- to be 

dilirhod D"J the u.ser. Thero io a oo:nsido:rable dif'f'erenoe il1 the price of 

~t;he retl.dy-to-use preservative and. tho diluted concentra;t;e., In the ease 

of pentacl>.J.aeophem.ol in Om:.'l."el lots t'ho cost of the diltrted concentrate 

1,ms less ·bhru:1 1:ielf of' the :t."Cady-to-tiso :meterial. Copper naphthe:nata oan. 

also be olrta:lned ao u c011cm1t-rat,3 and. ·when diluted cost appro,o.mately 
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Table 22 

The Cost in Cents of Treating One Hive Part with a Five-4"1inute Soak 
fo"!: Eight Dif'fe1·ont Wood P-.0eservatives. 

Preservative -·$-~e.ntliy"'rr:tcc Deep Shallow Boi'iom-~ 
.... u ... s ... 0 .... d, __________ ie'? .... · ... 1"-G._til..,J._o,.... :ti ...... ___ s.,.1:_1.r_·;e.t~ .... r ... , __ s .... u ... ;;:r_"'_r ... a __ n.,..0 o,..c_.:i_:u ... 1 s_-_,..9overs 

1o;J c1-n-..-,om,:9,tea 
Zinc ehlor:tde 

5 -·1.60 
55 ... l.0:$ 

60 - 0.20 

-

---~ 

-
1.72 

0.25 

1 '· {,,'Ji ~~·"\Jlc· 
10.88 

8.00 
5.25 

0 .. 50 

--
~ ... 

__.,,_.., __ ~--.. ··--·~~-~------·---------------------~-. .....,,.... 

Coppe1" Hap!l'thei:i.ate 
(Cuprinol t~lO) 

Ke1lc:{1'S Ro·t 
Froofil:1g Cor:tpm:rnd 

Zin!' 
lfaphthenate 

1 - 4 ?r, ••. '1._j 

55 ... 4.20 

J. - 1.,..?0 
55 - 4.20 

,. 
0.75 ' -55 -0.50 

:-?- 1.31 
55 - 1.13 

3 0.60 5 -
55 -0.55 

5 - 1.00 
55 -o.oo 

4J.. 1?. ' ·•-;J 

36.75 

11.?5 
10.50 

,G .• 69 
3.13 

0 r:',"; 
.1 • t..:i; ..... 

8.4,8 
4.50 
4.13 

7.50 
6.00 

15.79 35.25 -14.11 31.50 ·-
ll.75 29.3g ~:~ 

10.;o 26.25 ~ 

l •. f!sl ~-

1.25 ~ ~ 

~-~ 

:,. 7fJ n 1<~ -
0•...i,...0 3.27 

3.:27 7.04 2.e:; 
l.7!';; 3,,75 1.50 
1.59 3.44 1 • .38 

·-~1ttqa,t, _.,....., ........ ~ 

) "'!t::_ . • (.)1 5.00 ~4.J 

3o00 4.00 -
~ice '00:i'..' g!'J.1on when bought in f'i\•c O? fifty-five gal.1011 conte.iners. 
~.ice per gallon of the ready-to...iuse eol!lmercial. product. 
"".Price oor gcJ.lot'l of p:311·l;a-ehlorophenol coneo:ntro:to 6lilutetl with minerD.1 
spirits. 
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. 'l'lle cost o.f tro~rbmg· th~ V~"ioua hive pa:i:·ts ve:rietl f01J bottom: boards 

from 35.:z:5 cem;s each for copper na;bthena.te (cuprinol /}10) to oru.y o •. ; 
' ! ' '.•• I I : j ' ' ' ,. -:. .' ' " ' • ,-

.0£ a ee:i,1.t for 10 rer cetr!. cl11~.omated zinc chloride. · Goat \faria.tions 
' . . -.... ' . ' - - - . . ' . ' 

. ' ' ' ' . . ' . . 
I . ; I I . . , , • 

cost £or the different ht,re JWrts traat.et1 b;j,~ the eight Feservut,ives .is · 
~ • • > ~- ' f / " , c • ~ • , \, • ', : • '- ' o •• ' , • •' ' ' ' f 

t~::e11 into c.onsidet"o.tion. .TI~e eight presa,;-vatives .can .oo g:r,ouped acc<.,rd

in,1 to cost•: Su.ch a gt'ouping would place copper 1i.aphtheno.te {cuprinol. /110 

P.00 ~f70}~ as 'VG'J:ff e.i."tpeD.S:i:.VG preservatives; Cl)l'boJ.iDJ3Ulll1 "celcurett and. the 

1~ecdy-to-u.~· pantaeblorophenol is a group cf mediUlJX priced :inat.erial.s; e.nd 

chrome.ted zinc e1llorido, llKell~yts Rot P'.coof:l.ng Com)?o14'1d,U Zino nap1tffb,enate - ... , ". . . ' ' ' ' .·' ' . ' . ,, ' ' .. . : . :: . ' ' . :··- .. 

From· an· economical. point of v:teu a preservative which cost ovel" five tp · ... 
•• • • • , • ; .• < , •• , C; '. • , - - :·. '• • ' . i ·. · ' , . ' ' , 

ten cents pei- tutlt t:reated :i~ tpo e,rpens:t11e for t!~ beekeeper, since 

sat:1.s:f.'actory materials are availo:ble witMn this price range • . ' . . . ' . ; ' .·• . ,, ., ' .. ' . 



SOIL CONTACT TESTS 

This study .of the toxicity of the various wooo. preservatives to the 

honeybee and the cost of trea'.ting the different beehive parts l'tere both 

based on a f'ive-aro.nute dip treatment. It :ts recognized that a treat ... 

me:nt £or a longer time would be more e.ffeet:bte due to the greater pene

tration of the t-1000 preservative into the wood; however,, a longer 

·treating period wouJ.d not fit as satisfactorily into a beekee.per's hiv$ 

eonstruction routine as well as the five-:m:tnut.e soak •. Sinoo beehives 

are continual~ exposed to weathering and mmw tii:'lles to soil contact., a 

thorough study of ttood prese:t-vatives for beehive treatment sl1ould include 

field. e:xposure tests to deterl'.lline the effectiveness of the proposed 

treatruent. 

In this study, aecelera:ted stake tests were used to evaluate the 

e£fectiv.e:ness of a dip treatment or this. nature for the pt'eservatives 

tested as to their .rasistance to wood rots and termite, attack. 

Methods 

In M~, 1950, a field exposure experL"llent vas begun to test eight 

different wood preservatives e..s to, their e:ffaetiveness in pl"Elventing 

fungous deca;y and. t.ermite attack to pine panels given a five-minute 

soak treatment. The ex:per:1.me:nt consisted of' three series of 27 panels 

ea.ch, in whioh the eight preservatives ·and a check were :replica-ted ·three 

times. :rhe preservatives tested were oarbol:tneum, 11celcure,'' cl1ror1tated 

10"1 
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zinc chloride, coe.l-tm1 creosote, copper 110.phthenate, ncupri:nol #70,ft 

pentachlorophenol, ru:id zinc naphthenate. The test pDnels were n-t'llabered 

according to a randomized design. 

The treated panels were el:::posec1. to so:n. contact and weathering con-

ditions in a termite infested woods 011 the campus of the Univei"sity of 

Fl01"id.a. This area was first tested for "c;he presence oi' termites by 

scattering pieces of' boards over the gTou.nd and examining them two to f'our 
' ' 

weeks later. At the time of examination many of ·t;ho boards were inf'e.sted 

uith term;ltes which indicated the p:resen.ee of mruzy ter1rd.te colonies in the 

area. Appront1atel;r tue:nty feat from the exposure area tms a a.mall 

stream. The grom1d remained moist. xaost of the time and the humidity was 

w.:;ually high. Trees she.ded the area and uithin a few months time grass 

and leaves cc11t.:ai"ed the panels~ 

At the time of placing ~he panels in contact with the ground, the 

grass a.'l'.1.d. leaves wer~ removed from three strips six' inches wide and eight 

feet long. Tha panels were placed in these strips two to three inches 

apart according to the randot1ized design vrl.th one end in co11tact t-dth the 

soil. A wiro was placed over tho top of the panels and fastened to each 

pan.el with a staple three-fourths of an inch long. The driving of the 

staple i11 ·!;he top of the panel helped force it into the ground. At the 

end of' the rows of panels a.n tmtreated two by two inch stake vas driven 

. held the panels i.n plaoo during th@ e:rposuro period. Tho panels were not 



was treuted irltb the pt-esorva:Hve. The treated area ua::i divided into 

middle third of the treated area, a:tl.d the top third of the treated area. 

Ohsei--vation .. and. Diseussion 

tlu.•ee of the eri..d stakes :had been co:rapletely riddled by ter:r.tl tes and oasily 

bro!re off a:G 'hhe grourld level. The 1»e!llai.:nin.3 stak.e tms i1n£ested and half 

consum~d 1:t"J terr1ites. A number of the test panels twro hollot! shells, 

having been almost eompletaly consumed by te:rraites. Table 23 swmnarizes 

the inj't.tt'y by deca;r and termite at to.ck for the thre@ series by ehemianls. 

The effects 0£ tha thirty months exposure on the panels 'IJ'l....ll be discussed 

separately fr.Jr each of the preservatives in the test. 

Ca.rboli!l$um: At first exmaination the ponels which were treated with 

carbollneum: appeared to be vrell preserved. Two of the panels showed out-

wards .signs of decay id; A 01~ the ground levelo, However, upon closer exami-

nation :m~ of the panels showed signs of decey and termite attack. Only 
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Table 23 

The Effects of 30 Months Exposure on Pine Pru.iels which had i::ieen Given 
a Five4,a.nute Soak in Various Wood Preservatives and Placed in Contact1 
with Sandy Soil in a. Terrllite Infested Area. Inj~J in per cent Dam.age 

Chemical 
treed 

Chromated 
Zinc 
Chloride 

eoeJ.-tar 
Creosote 

Series 
No~ .. 

I 37 

II l;t. 7 

III 17 7 

I 6? 22 

II /;2, 17 

III 13 3 

Average 41 14 

I 66 3 

II 

I!! 25 

Average 30 

I 27 

III 2 

Average 21 

0 

8 

4 

0 

0 

4 

0 8 17 17 17 17 23 

O 15 0 0 

3 15 25 17 

1 13 14 11 

7 12 32 )0 

0 10 5 0 

0 O 16 

S O 23 

8 5 22 

30 27 57 

8 21 

5 10 8 7 3 12 

9 16 13 13 13 30 

0 a 33 1, o o :;1 

0 63 7 

7 17 25 20 17 13 :33 

2 9 40 14 S 15 31 

0 12 0 0 0 0 10 

5 13 

0 2 

2 ll 

7 

0 

2 

7 

0 

2 

7 

0 

2 

0 1 

-----~ __ .....,. __________________ ......,.. ________________ _... ______ _ 

Copper 
Maphthenate 

I 

I;t 

III 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 0 .. 5 

0 l 

0 0 

0 o.s 



Te.:ble 23 (Continuad) 

Chemiea:t Series ... Inj:e2: ·11z. Decai: .. ~njg. ·12z. :,;:ern;tt,e, 
p~eg . No •. A B C D A B C '.D 

I 83 ? 0 7 17 8 0 0 

Cupr~:nol ti10 I:t 38 0 0 5 0 0 0 0 

III 1$ 7 3 :3 0 0 0 0 

Average 46 5 1 5 6 ' 0 0 

I 12 0 0 5 3 0 0 0 

Pentaohloro- II .12 0 0 0 5 0 0 0 
phenol 

III 2 0 0 0 3 0 0 0 

Average 9 0 0 2 l,~ ·o 0 0 

I 0 0 0 0 0 0 0 0 

Zine II 0 0 0 0 0 0 0 0 
Naphthen.ate 

III .0 0 0 0 0 0 0 0 

Average 0 0 0 0 0 0 0 0 

I cf 0 0 '7 100 96 s; 77 

Cheok II 0 0 0 0 100 100 80 75 

III 0, 0 0 0 100 72 63 57 

Average 0 0 0 4. 100 88 '76 0 70 

Syste:m . of recording data: A ... Bottom third of treated panel. 
B ,,.. Middle third of treated panel. 
C - Top third of treated panel. 

·1.m · D .... Untreated top of panel. 
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Total 
D,gil!M"~ 

30 

10 

8 

16 

5 

Li, 

l 

li, 

0 

0 

0 

0 

91 

89 

7'$ 

s; 

·•. lest panels were divided into i'our parts for recording injUl.7. 
2.Area destroyed by termites and no record of injury by decay could be 

made. 
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two of the nine panels wel"e fou:nd freo of i:.1.jt!t'y in tho preservative 

treated erea., Tlu-ee had inside da.mege eausea by ternites., Tue of the. 

panels shO'wed signs .·whe-.ce. termites ho.d attemptoa to e::rtor, but 2.ppcrcntl.y 

were unable to get through the tree.tad surface., Six of' the panels were 

soft i..-1 areas A ar.it'i B, indioa'ting fungus penetration.. For the three 

series, Area A showed an average of 32 per cent inj1..u-ed. by decay a1.1d 14 

per cent by termites. The over-all darila.go to tho oarbolinemu. treated 

panels was an average of 21 per· cent. When compared with the eheok, which 

averaged 85 per eent of all panels damaged, oarbol:tnetEl. showed some wood 

:p1 ... oserving properties; however, five of the eight woad preservatives 

·t;ested had less damage. Plate 8 shows two views of the nine exposed 

panels.treated with this ohemionJ. under the.letter A. The middle pictu:ro 

shows the penels out through the middle. The &"1101.ll'lt of penetration of the 

carholineum intp the wood can be seen by the dm-k areas. 

Celcure: Three oi' the panels treated with 11~elel:(t'e11 were infested 

vrl th termi tea 2.t the ti100 of e1~ination. Two of these were completely 

riddled and one wa.s :!.nf'.ested in ereas A and B. Six of the pan.els were. 

rotten i11 .Aren .A. The water soluble salts of tho. »oelcuren treatt1en.t 

apparently leached out through contact with the soil. Three of the panels 

showed no injtiry to the area treated with the chemical. The average 

over-.!11.l damage to all panels 1ms 30 per cent. That section of tho panels 

in contact 1:dth the soil had. a corll:bined injucy irJ cfaeey and ·termites of 

57 pe1" cent. The condition of the treated panels is shown in Plate 8 11.nder 

B. Only one preservative had a. higher .:i;:,ex• cent injury than ttcelm.:tl."e,11 e.J.'ld 

that 1:r.t only one per cent. The dip treatment ui th ttce1cure11 in these tests 

was not satisfactory. 

Ohro>.J1ated !j.J:!Q chloride: All nine of the panels t1--eated with Cnromated 



Plate 8. 

Test panels which had been given a five-minute soak 1n a wood pr;-eserva-
tive and exposed far thirty months in a termite infested area. 

A - treated w.l th carbollnem 
B - treated vith "'ce1eure11 

J - untreated check 
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zi11e chloride were <lvmaged.. Seven rre:re infentod uith terr:d.tes ai1.t1 two 

1tre:re in .. jttre,1 by ceccy. Th.a inju17;1 1;.m.s mor0 severa in tho arei,t in contact 

vi1ih tho soil. An a:i:re1"age of ?O pe:i."' cent of this erea wa..':1 destroyed, 

T1'.ree pm:iols uere riddleel lrtJ "termite[: from top to bottom. 'I1l1is materi.o.l 

had' the hi.ghes·t po:rcent1c1.ge of dmt1atJO of' the presol"V'rctives tested. The 

ove:t""-aU da:mage was 31 per ce11b fer o.11 pauels in the three series. 

Cln.•omated zinc chloride, like 0 celeuren showed signs of leaching of the 

preserving salts at the e,Tourid level,, A five~nute cltp ti"eat1nent uith 

uater soluble pr,<:Jsarvrrhives was not sa:Hsf'actory for uood placed fri. con

tact 1.dth the gr-ou.nd. The :!.1ljur'IJ to these test panels is shoim in 

Pla;te 9 'unde!' c .. 

Cc~u-tm" Creosote: The exposed panels ·hree.ted wlth coal-tar creosote 

uero similar 'ho those treated ttith co.rbolir.-eum with little or 110 G1.lrface 

i:njm.--1. However, seven of the 1,ine panels were soft from de cey in the 

area which had been il1 eontac"c with ·bhe soil. One pruiel was attac},ed 1:r3 

termites wrJ.ch hat:'& eaten out u section of -'Gha cotrter. Two of the prowls 

were appe.rently :fi--e0 from i11jtwy.. A s1.mnno.ry of ·t-he deouy do.:mage fen.'"' the 

three series fm" the area in contact with the soil was 21 pe:i" ce:rrt. The 

'.total damage to all pan0ls vJa'3 12 pe-t' cent. The i11jury to the cocl-t~ 

creovote tree:hed panels is shown in Plate 9 un'le:r :D. 

Go:i,ner '.iJanhthe:nat~: 1:Ji th the exception of the small e!.!lotmt of deeey 

(O. 5 per cent) fotmd on the tm·lirat:rhod top 0£ tho pru1.els, those treated 

w1th coppel" napht,henate wera in excellent corrdition. T'.aere. tJas no. visiblG 

evidence of de-0ey ·0'"5: i:nsect at·bnck to ·the t1"'ea:toc1 s1irfaoe... The b:i."'ight 

groe:n eolOJ::' on tho surface of the wocit }1acl faded, but when ·the panels 

trere sawed throi1gh ·!;he middle, there was a faint green color throughout. 

Penetration into 'l;he wood was excellcmt.. Plate 10 shows the copper 

naphthenate treated panels uniler F. 



Plate 9~ 

Test panels which had been given a five-m.nute soak in a wood ireservative 
am exposed far thirty months in a tEn"'lllite infested area.. 

C - treated id th Chromated zinc chloride 
D - treated -with Coal-tat" creosote 
J - untreated eheck 
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llCuprino1 #?on: This matai. .. iaJ.,- which is a brow stain containing 

copper naphthenate, as not satisfactory in pl."oserving tho port of the 

test panel that came in contact uith the soil. Seven of tho tost onols 

were soft from doc°"9' in the are that yas touching the soil. One panel 

m.s infested with termites. Two panels showed r.o injm-y. For the three 

series, 52 per cent of area YO.S destroyed with an over-o.11 damage to 

aJ.l panels of 16 per cent . ucupt>inol #70, 1t which sells for tho same price 

per gallon as copper naphthena.te, did not gj.ve the same degree of pro

tection. The injucy to these teat panels is shown in Plate 10 under G. 

Pentqch1orophenol a The panels treated with pentachlarophenol vere 

in good condition with the exception of a small amount of the outer sur

face which ras in contact with the soil . On six of the test panels there 

,1a,s evidence of termites feeding on the surface , but they vere unable to 

enter t he wood . The over-e.11 damage to the panels treated with this 

che:nical in all saries was only four per cent. There was no inj1D."y noticed 

to the inside of the test panels. Plate 11 shows these panels under H. 

Zine Naphthenate : Thero was no injury noticed on axJ3' of the panels 

treated with zinc naphthoru:,:te . This material was equal to copper naph

thenate in preserving the pine panels . Plate 11 show these panels under I • 

. Results: FigUt'e 13 shows the total damage to the test panels in per 

cent for the eight pc-esorvatives as compared 'with the check. Of the 

materials tested zinc naphthenate :md copper naphthonate gave · the highest 

degree of protection. Chromated zinc chloride and "celcuretr gave the 

least prot ction. Preservatives containing coal-tar products did not 

protect wood when placed in oontnct with soil. AlthoUP.)l the active in

gredients in Ucuprinol #7<:J a..-e not known, this preservative in these 

tests acted sittlla:r to the coal-tor :preparations .. Pentachlarophanol gave 

protection naxt to the naphthenate solutions in these tests . All injury 



Plate 10. 

Test panels which had been given a five-minute soak in a wood preservative 
and exposed far thirty months in a termite infested area .. 

F - treated with copper napbthenate 
G - treated with "Cuprinol /}7<:J1 

J - untreated check 
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done to t e panels trea.te with t ·· s mate.,. ial was on t he surf ace and 

totaled onl 4 per cent . All panels in t e c 1ec_ wexe complete)¥ de strayed 

ui th an estimated . age of 85 per cent . Due to t e almost complete 

destruction by tarmites,, it wa3 inpossi le to deter .line the amo1.mt of 

injury decey cause to tho checks. 



Plate 11 

Test panels uhich had been given a fiv0-mimrte soak in a wood · preservative 
and exposed for thirty months in a termite infested area. 

H - treated with pentachlcrop enol 
I - treated with :z;inc naphthenate 
J - untreated check 
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'l.1ho · Per Cont of. ?cea;tcd :Panelo Deat:::-oycd h>J Daetv~ and tl'e:riai te J;;ttao!c 
~tor Thirty Months Contact with S~y Soil :i.n a Termite Infeoted Area 

. . . . 

P.t'eaervative 

Chrome.tad zinc 
, chl~ride 

,. 

Copper naphthenate 

· Zinc· na.phthe:nate · 

l.O 

-

20 . 40 .. 50 .. 60 . 



'.RP..Til;J'G OF T1IE WOOD PRESERVATIVES TESTEll 

An O'V'er..a1..l 1 .. ating of the nine wood preservatives studied in these 

t~sts .is given :in Table 24. !his rating is based on the following points: 

toxieity to the honey-bee on eon.tact, th& effects of .air drying on the 

various chemicals as to to:doi ty., the penetration into. wood wlle:n given 

a five..;minute soak, the protection a.f'!orded f.rom deea;r and insect attack, 

and the cost• In order of their over-all effect.:i:vensss by this s.rstem of 

rating, with a possible scor& of three, the preservatives were as follows: 

sine naphthena.te,, 3.0; pentaehlorophenol, 2.8; copper na.pbthenate ·and 

copper 3-phenylsalioylat·e, 2.3; tte-a,pri:nol ~{70,n 1.8; eh'!?oll1ated zino 

chloride a:nd eoaJ.-tar m~osote" 1.6; and earbolineum em "oelcure,:tt 1.;. 
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Table 24. 

' 
.. 

Wood (M_ w ---~ it: B 
>a ~, Jl 0 •ri 

.,.i O'l ~ Preservative, .P.P: ~ ,;p C!) ii u •rl . .p. . . ., t)---· .p- . S,i 
ct! Q (I) t) , 0) ~ Cf) "l'4 ..p 
1til ~ a:U •.P I 'b ~ C '8 1J 1:. .t~ 0 Cl) 
000 ft.4· At~! "ii! &:. E'f 

0 G) o--. ~ -i'li 
0 E-1-.P t"il . -~ P-t 0 ~it; 

•Zinc Napl1thena.te ' 3 ' 3 ' 3 ,.o 
,· 

Pentaehlorophenol 2 3 3 .31 3 .3 2.s 
·copper N:a,..'t;l]:1thene:te 2 ) 3 3 3 ·o 2.3 

Copper S-phe2\"9'lsalieylate 2 2 3 3 :3 l 2.3 

Ch.lP,t'inol /J70 ~--
;;. :;- 0 2 :3 0 1.s 

Gbromatad Zinc Chloride 3 3 0 0 l 3 1.6. 

Cod-t~ Creosote l z· 1 2 .2 2 1.6 

Ca:rboline~ l 2 0 2 2 2 1 •. ; 

C$loure 3 :3 0 .0 l 2 l-.5 



SUMMARY AND CONCLUSIONS 

This study of wood preservatives in relation to beehive treatment 

was made during the period 1948 to 195:3.. The objectives were threefold: 

(a) to d.etermine the relative to:xic.ity of various wood preservatives to 

the honey'bee as a hive t1"eatment, ('b) to determine the coat of treating 

the va:rio11s pa:i;"'ts o.f beehive equiplllent with wood preservatives and (c) to 

develop and evaluate an economical treatment program for use b."l the bee ... 

keeper. 

The experiments conducted to deterndne the relative toxicity of 

certain wood preservatives were made v.nder laboratory conditions.. Pine 

panels were given a five-minute soak in the preserving material and then 

a.ir dried for foitr c1ifi'erent 1:ieriods of time. The air drying periods were 

one day,. seven days, twenty--eight days, and one hiu1dred and eighty days~ 

Sma.11 cages were ;f'a.stened to the air· dried. treated panel al'ld ten worker 

bees We!'e caged. against the treated surfaces'. Observations were made 

over a seven-da;y- period .and mortality counts taken. The _test bees were 

fad boney...aandy during the test period. Ten series of tests were conducted 

'With caged bees, each material tested in eaeh series was replicated tl1ree 

times with a check. The wood preservatives thoroughly tested were ca,.:·bo"."' 

1:i.neum, 1'Jceleure,1t ebromated ~in~ chloride, coal..-ta:r creosote, copper 

3-phe:rzy'lsalicr.rlate, copper"naphthenate, ttcu.pri:nol nun1ber 70;tt penta ... 

eb.lorophenol, and zinc naphthenate. Observe.tions were :made of limited 

tests on the follo1dng materials: white paint, ttKe1ley1s rot proofing 

compound./t sodium pentachlorophenate, asphaJ..t, and. coal-tar creosote 
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diluted vdth crankcase oil. Fumigations st1J.dies were conducted with 

carbolineum, coal-tar creosote, copper 3-phe11;v-lsalicylate, and penta

chlorophenol. In addition to these tests contact mortality studies were 

ra.ade uith ten solvents 1-:rhich are used as cm•riers i'or wood preserving 

cheraicals. 

Eight wood. preservatives were studied as to cost in treating the 

dif'f'ere11t beehive pro:ts. Two hundred anc1 f':tfty-f'ive pieces of beehive 

equipment 'tfere treated in determining the unit cost. To evaluate the 

five-mi11ute soak treatment of hive preservation, suggested from these 

studies, accelerated stake tests were conducted for thirty months with 

eight wood preservatives in a termite inf'e::r'Ged area. The differe11t 

preservatives were replicated nine times and. were evaluated as to losses 

due to decay and termite attack. 

The results obtained from the contact mortality tests cleorly indi

cate the 1wcessity of an ample air drying pe1"iod of treated beehive 

equipment before use. Wood preservatives derived from. coal-tar were 

more to~dc to caged bees than any of the other preservatives tested .. 

The 111ortal:ity rates of caged bees were h-igli!..y significant on pc'U!els 

trea.teJ. 'With cDrbolineum, eoal-tl!l' creosote, and pentaehlorophenol uhen 

air dried for one d~. With the e::itception of copper 3-pheeylsalieylate, 

the toidci"ty to test bees gradv.al:l¥ reduced ·with an increase .of the air 

dryia-1.g time, until there 1:ms no significant difference between the cheek 

and the other eight. preservatives at the em of twenty-eight dews air 

drying. The fumigation studies indicate coal-tar derived preservatives 

produce fumes which co.u.se honeybee mortru.ity. No solvent tested t1a.s 

considered highly toxic to the honeybee by these contact tests. 

When usi11g a five-iilinute soak, a treatment tho:f:; easily fits into the 
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f'1•om 0!10-hol:t cont each for ch1•oma·b0ct z1.nc ch.lol~iao to tM.i--ty-,five nonti::i 

£01-. eopps1~ 1m:p1rtheni:the., Prese:rvativeo r1is~olvec1 i11 oil f.\olve::1ts p3ne ... 

t:;.~atetl the uoo::1 peneln more reru:1i1:r m1d reqitlr0c1 r:1ar-0 materiel for 

treatHcnt tha.'1 the aq1.1.eous solu.ticms.. P'.rese:rvative cost ranged :f'.t"on 

twenty cents a ga11on to foi.T dollars and seventy· cents, and the dif'fer

e11ce .in p:l'}eservativo cost :lo reflected i11 the cost of treat::lng the bee

hive parts,. When evaluated from cost .9,lone the following wood preserva

tives i1ere oon-::lidered satisfe:.c·i;ory: zinc naphthen.ate, pe12tae'.hlorophenol, 

ttKelley1S rot proofing con1po1Jnt1,n ohromated zinc chloride, w..d "celc'Ul."e.n, 

Studies to evaluate }Fotectior.1. given treated wood fro:m docey and 

ter1:1ite ad:i'!;ack :i.ndicate that oil solt1ble presorvat:i~Jes give :more :i;rcoteetion 

thrui those dissolved in water. DaxnageJ that ooctr,~red to test ponels placed 

in colrte.ot with sanely so:ll in a. termite infested a:r·ea for thirty months 

ranged from Zel"O for zine ro1d copper 11.:;1,phthermte to eighty ... f:tve per cent 

for tJ.10 VJ:itreated en.eek. Iri order of their resistru1ce to wood rots ro1d 

termite a.tte.ok, uith per emit d<?lllage, the preservatives were zinc na.phthe-

11.ate, O,; copper napl:rthenate,. 0.5; pentachlorophenol,. Li.; coal.-ter creosote, 

12; "ct'l::pri..':'lol #70,n 16; carbol:'Lneum, 22; '~celcn:!re," 30; eu'ld chromated zinc 

chlorid~, 31. 

Wine of the uood p.t'ese1"Ve.tives wore rated according to toxicity to 

the honeybee, effects of' air d:i.j,dng, protecti01.1 from decey and termite 

ettaek, pcmetratioo and cost. In order of their effeci:.iveness by this 

system of' rating with a possible score of 3,. tho };O:'ese1·vatives uere e.s 

follows.: zinc :n.aphthenate, ;l; pentac.hloropheno1, 2.8; copper naphthena.te, 

.and. copper 3-ph0nylse.liC"'J1.ate, 2 • .3; "cUIFinol //.70, 11 J .• 8; chrom:stted zinc 

chloride anc!. eoe.l-tar creosote, 1.6; a,'lld carbolineVl!1 a."1.d "celcmre," 1.5. 
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