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INTRODUCTIOTT 

It is common knoaled a that certain heusehold 

namely, clothes moths and carpet beetles CR1110 consid- 

erable damage to upholstered furniture, woolen. goods, 

rue7a, carpets, rurs, felt and fabrics of all kinds. The 

object of this invost.gation was to determine to insecti- 

cidal value of various moth -proofing Chemical compounds, 

most of which arm nov used in some form or another against 

tese injurious insects. 
The work was stimulated by the increasin ̂ economic im- 

portance cif these insocts throughout the world, and by the 

fact that the application of moth-proofing co pounds to in- 

fested fabrics is a relatively new commercial process or 

household pr c ice and one of prowinr intereat to textile 

and furniture manufacturers as woll as to the general pub.. 

lic. 

The extent of the inju. y caused by the feeding of 

those more common clothes pests is evidence of the great 

need of an efficient uid economical moth-proofing treat- 

ment. Yeckback (1921) estimated the worldes total loss 

of wool duo to clothes moths alone at twent -two and one- 

half million pound weight per rnr alt Better Fabrics 



s. 

League of America, in 1927, estimated the annual loss 

trough noth-damaged fabrics at 100,000,000 dollars, or 

approximately one-sixth. of the value of fabrics proc,Iced 

in this country. 

Roark (1931) of tl h United ;states Department of Agri - 

culture listed in his "I ,dex of Patented Moth-Proofing 

naterialsw over 700 moth-proofing prolx..rations that had 

been patented. This large number of diverse materials pro- 

posed for proof iry7 wool against insects is an indication 

that none was completely satisfactory, or that tlere may 

be main kinds of suecessful compounds. 

The experimental work from which the data ecerded in 

;his raper wore tal:en extended over practically on calen- 

dar year. While a year's investigation is no doubt inad- 

equate and many points remain to be investigated, the re- 

sults obtained gave rather definite indications concerning 

the insecticidal value of to various moth-proofing com- 

pounds tested. 
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MATEhIALS AND METHODS 

The task: of oetainine specimens of the more common 

fabric pests in sufficient numbers to conduct the tests 

effectively wes foure to be the limiting :rector throughout 

the experiments. 

Dun 1932 06, clothes moths and carpet beet* 

were foune to be more plentiful than other insects ehich 

infest upholstered furniture and fabrics such as tobacco 

beetles and drug store beetles. The two kinds of clothes 

moths used in the experiments yore the two more commonly 

known species consisting of the case-making clothes moth, 

Tinea zpllionella L., and the webbing clothes moth, 

Tineola biselliella Pummel. The three species of carpet 

beetles found to be abundant i this vicinity and chosen 

as te ones to be used in the tests ineluded the black 

carpet beetle, Attagenus piceue Oliv.; the cannon carpet 

beetle, Anthrenus sceophulariae ; and the varied carpet 

beetle, Apthronus verbasci L. No specimens of the tapestry 

moth, Trichopha-,a tspetzella L., or the furniture carpet 

beetle, Anthrenus fasciatus Pbst., were collected, since 

thee do not occur commonly in this section of tee country. 

In most cases the larval form of these insects was collect- 



ed. It as found relatively easy to keep the larvae 

flourishing by feeding them undyed wool yarn, woolen cloth, 

or fleece-wool. 

Iee cream cartons of pint size were selected as suit- 

able containers in which to place to sample to be tested. 

,lese cartons were absolutely ti7ht-fitting and no re- 

pellant odors were coming from the material of which the 

cartons are made. These small containers were kept in 

closed pasteboard. or wooden boxes, since, in their 

naturel habitat, the larvae of these clothes pests prefer 

darkness. The boxes containing the cartons were kept in 

the greenhouse insectary, where the temperature rnged from 

70° to 85° F. and t-e relative humidit7 from 45 to 55 per 

cent, because this location was the nearest available to 

the natural habitat of these insects. 

In all of the tests, the material treated consisted of 

small pieces of woolen blankets of the finished and unfin- 

ished type. The finished blanket pieces bad a fairly 

heavy, soft nap or both sides, while those of the unfin- 

ished blankets were pla5.n17 wove' together without a nap. 

The Samples of the blankets were obtained direct from the 

Carolina Cotton and Woolen Mills Company, Spray, North 

Carolina and the Nashua Manufacturing Company, Nashua, New 

Eampshire, in order to be certain that they had not bon 



treated previously wite some chemical compound. 

The pieces of woolen blanets used in the experiments, 

were cut into rectanguier samples four inches long and two 

inches wide. After treating and drying these semples, they 

were folded lengthwise, five active larvae of the same 

species confined within the folJ of both finished and un- 

finislled samples, and the three open sides closed by moans 

of paper clips. In one corner of each treated sample was 

attached a tag giving the date, the kind of insect used., 

and the method of treetment. This information made it pos- 

sible to keep a reeerd of each test separately, and also 

avoided any confusion es t t'e method of treetment of each 

sample. 

After an interval of seven to fourteen days the first 

examination of the samples was made, and the number of lar- 

vae alive or dead, any apparent feeding, and any other im- 

portant information were recorded. From time to time fur- 

ther examinations of the seeleles were made and the results 

recorded. The various tests were continued over a period 

varying fror three weeks to three months le length,. 

The moth-proefing compounds used in these tests may be 

grouped in two classes, namely; those which. are toxic to the 

insects when ineested even in very small amounts, and these 

which act as a repellent to the insects. The first class 
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includes such chemical compounds as sodium fluoride, the 

silicofluorides, te arsenicl preparations. Included 

under the second class are such materials as the urea de- 

rivatives, quinine derivatives, such as the cinchona alka- 

loids, P,n,_ those that contain pyrethrum oils such as Konate. 

Tests were made with the following compounds: 

1. Sodium fluoride 
) saturated solution in cold water 

2. Sodium fluosilicate) 

3. "Steuben Chemical Compound" - a h droflnoric acid so- 
lution 

4. "Larvex" - contains silicofluoride compounds, the 
toxic material berg sodium fluosilicate 

5. "Century Moth-proof" - contains small amounts of 
sodium arsenite, sodium fluoride, and hydrochloric 
acid 

6. "Berlou Yoth-proof" - similar in content to the 
Century moth-proofing solution 

"Konate" contains oil of pyrethrum 

The moth-proofinm solutions were either spr-3ed on 

the fabrics by means of a hand-operated atomizer, or the 

samples were completely immersed in the solution for a pe- 

riod of ten minutes. The moth- proofing preparation was 

applied by means of the atomizer in sufficient quantity to 

moisten thoroughly the entire surface of the samples but 

not to saturate it. The different methods of treatment of 

t e samples are given in the tables. 
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IK. ITUE EIN;. OF LATR 

In an early account of clothes moths, Marlatt (1908) 

has written that the common species of clothes moths have 

been associated with man from the earliest times and are 

thoroughly cosmopolitan. They are all probably of Old 

World origin, none of them being native to the United 

States, althouah they were introduced into this country at 

an early date. 

It is only the larval form of these insects that feeds 

on fabrics and thereby causes injury. Clark (1919) has es- 

timated that the larva of a clothes moth may destroy a 

weight of wool approximately twelve times its maximum or 

full grown weight. Although this is a very small amount, 

the damage resulting from a heavy infestation of these 

pests would soon reach a measurable quantity. For instance, 

it has been estimated t1 -at 9272 pounds of wool or other ma- 

terial would be eaten by the progeny of a single moth pro- 

duced during the period of one year. 

In the testing of various moth-proofing compounas, 

Moore (19 .30) found it better to use feeding larvae, espe- 

cially when a toxic material is applied, since with fully 

grown larvae, damage to the cloth may result from the habit 
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of cutting fibers in tic) formation of cocoons. This cutting 

has nothing to do wit1 the feeding habits of the larvae, is 

not poisonous to the larvae, but permits them to pupate 

and finally emerge as adults. 

The control measures as suaaested by Marlatt (190?,) 

aopresent the earlier methods used to check the ravages of 

clothes moths and carpet beetles, which are still effective 

if applied in a thorough manner. "In order to protect car- 

pets, clothes, furs, cloth-covered furniture, etc., t' 3y 

should be thorou'hly beaten, shaken, brushed, id exposed 

as long as practicable to the sunliaht in early spring." 

He recommends that te best method of protection and the 

one now common17 adopted by dealers in carpets, rugs, and 

furs, is tat of cold storaae. A temperature maintained 

at 40 - 420 F. renders the larval or other stages of these 

insects dormant, and is thoroupthly effective. Back and 

Cotton (1926) reported that several hours exposure to zero 

or subzero weather will kill all stages of clothes moths 

or carpet beetles. 

In the experiments conducted by Back and Cotton 

(1920, Cloy have shown that a temperature of 125 - 140° 

F. maintained for a pc iod of ten to twelve hours will kill 

all insects that attack furniture. Chests made of heart- 

wood of red cedar, if in aood condition as regards tiaht- 
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ness, were foun- by Back and Rebel: (1922) to be effective 

in protecting fabrics from clothes moth attack. 

raphthalene and paradichlorobenzene are said to be 

effective in killin- cloths* meths anl c-rpet beetles. 

However, three things are #prative in this treatment if 

it is to be successful. to use enalr,'- of the runt- 

-7,ant; second, to U30 it in a t enclose l space; and 

third, to use it for a sufficient length of tin:. Back 

and Cotton (1223) stated that both naphthalene and para- 

dicIllorobenzene aro very effective if used in amounts suf- 

ficien t to cause t'e eyes anal nose to smart when ono enters 

the storage room. The tests made by Herrick and Griswold 

(1931 and 1933) showed that naphthalene and paradielloro- 

benzene are toxic to the egfts and 1 rvne of clothes moths 

and carpet beetles. -'est results are obtained when the 

fumigants are applied in the flake form and scattered 

loomay among the clothiy 

Funitrations, if con ncted constructed 

fumigating rooms or vaults, result in the quick, effective 

destruction of insects damaging fabrics aro. upholstered 

furniture. Back ancl Cotton (1928) rocorr,ended a nu of 

fumigants that :rive proved useful in treating furniture. 

Among then rare be mentioned hydrocyanic aci0 gas, cl:loro- 

piczin, er,nogen Cloride, carton tetra& lor3de, carbon 

disulphide, ethylene dichloride-carbon tetrac121cride mix- 
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Lure, and et Ilene oxIde-carbon 

these, hydrocyanic acid gas 

dioxide mixture. 'Pito of 

Ve ethylene dichloride- 

carbon tetrachloride mixture, aro in most common use it the 

present time. Thc:: groat drawbac to any effective fumiga- 

tion of fabrics or upholstered furniture in tnn: no fumi- 

gant is known that will render the treatej piece immune to 

future infestations. 

A combination of fumigation are moth-proofing services 

as a means of preventing reinfostation after fumigation is 

recomnended by Back (193,1). A number of moth-proofing so- 

lutions are not; available, the most effective of them being 

the fluoride, cinchona alkaloid, ulan, and Rotenone so- 

lutions. Solutions containinn arsenic in any form are not 

advocated. Tho use of arsenic in this manner has boon 

disapproved by American Medical Association (192 )1, 

since several cases have been reported where the application 

of an arsenical moth-proofin prepration to a fabric has 

resulted in an irritation of the skin upon later use of the 

fabrics. The experiments conducted by Moore (1930) shoved 

that moth-proofin. preparations containing cinchona alka- 

loids have a much gre ter repellant effect than those con- 

taining arsenic or silicofluorides. His experiments also 

showed thiat larvae feeding upon cloth treated with a sili- 

cofluoride or with a preparation containing arsenic will 
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die, usually before t73 ny lave sufficient tie to cause 

appreciable damage. 

:::inaeff and ;right (1929)0 in tests made in the labo- 

ratories of the Laivex Corporation, have lInn'n that a group 

of chemicals consistirr, of different inorganic fluorine 

compounds are most effective. Two core 'inations of fluorine 

moth- proofinµ formulas were used: First, one based on 

neutral fluorides or sodium fluorides; and second, one 

based on complex fluorides or silicofluorides. 3odium 

silicofluoride was found more effective than sodium fluo- 

ride even when t t. latter was apJliee in solutions of doub- 

le concentration. With the sodium silicofluorioe combi- 

nations best results are obtained in the presence of alum- 

inum ions, .hic. greetly accelerate the process of absorp- 

tion. 

samples treated with sodium silicofluorides resisted 

rinsing in water much better than those treated with so- 

dium fluoride. Only after three hours was the fluorine 

compound sufficiently removed so that larvae would damage 

the fabric, while samples treated with sodium fluoride 

lost much of their immunity after only five minutes rins- 

in, In further tests conducted by Linaeff air'. ,right, it 

was shown that wool shows a much stronger affinity to sill- 

cofluorides than to neutral fluorides. A one-tenth concen- 
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tration of sodium fluoride does not give a sufficient moth- 

proofine, while the sane concentration of sodium silico- 

fluoride does. They recommended that Larvex moth-proofing 

cemicel be applied either in concentrated solutions with 

silicofluoride con ent of 0.6 per cent and over, or in di- 

lute solutions with silicofluoride content below 0.1 per 

cent. 

A study on tee toxicity of fluorine compounds was 

made by 'eareovitch (1928). In laboratory experiments with 

clothes moth larvae, he showed teat they reedily succumbed 

When fed on raw wool which had been dipped in a 1 to 200 

solution of sodium fluosilicate. A gallon of Larvex, sold 

on the market at four dollars, contains about one ounce of 

sodium fluosilicate, worth less t!7,an one cent. An effec- 

tive home-made "Lervex" may be produced by dissolvin- one 

ounce of sodium fluosilicate in one gallon of water. A 

numerel toxicity value for certain fluorine and arsenical 

compounds, RS worked out by Mercovitch, was as follows: 

Sodium fluosilicate - 34.5 
Sodium arsenite 4. 13.1 
Sodium arsenate - 4.8 
Sodium fluoride - - 4.0 

For insects and lower organisms, sodium fluosilicate 

is more toxic than sodium arsenite and at least eight 

times more toxic than sodium fluoride. On the other hand, 

to man and the hieher animals the arsenicals are at least 
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nine tines more toxic than sodium fluosilloate and thirty 

times more to is than sodiun fluoride. The fluorine co?n- 

poun j s do not seer: to be repellant to insects, e d are 

therefore in many cases, more effective than arsenicals. 

The arsenical and fluorine compounds are much more effec- 

tive under high temperatures, especially above 1Q& P. 

Eulan, which contains an inorganic fluorine compound, 

is a colorless, odorless, non-ireitutine, non -poisonous, 

and non-inflamnable solution. iieckbaek (1021) is the orig- 

inator of t.e. Allan meth-proofing compounds. 1:ulanized 

cloth is saiu to withstand steaming, naphtha cleaning, and 

a reasonable amount of washing. Treetment a Eulan so- 

lution does affect subsequent dyeing or otLor treatment, 

nor is the handle, color, or appearance or goods affected. 

One and one-half ounces of Eulan are uissolved in ono 1.111- 

lon of eaLer, or one pound in ten gollens, by boilire for 

fiie to tun minutes. Lerfs (193 ) Listed the following nee 

preparations of Eulan now placed oil the market: 

Eulan New - (for use in the dyebsth 4 ) 

Eulan NE - (for aftortrestment) 
Sulen = fP xtra - (used for furs) 

hite (1929) made touts with Eulan F ::xtra and Eulan At 

and both, proved to be satisfactory moth. -proofing solutions. 

In the experiments conducted by Jackson and Wessel 

(1927), they found that the cinchona alkaloids or their 
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compounds in either water or petroleum naphtha solution are 

commercially suitable for treati .7 materials by int ersion 

in or by spraying with the solution. Cinchona alkaloid 

oleates 'aye had a successful history as moth-proofing 

agents over a period of six years. Petroleum naphtl-a so- 

lutions of t, e cinchona alkaloid oleates are true moth re- 

pellents, and protect treated materials even in the pres- 

ence of a choice of moth food. T o properties of cinchona 

alkaloids which make them valuable as moth /apellants are 

as follows: They are (a) salt forming organic chemicals, 

(b) bitter substances, (c) intestinal irritants, (g) ger- 

micides and antiseptics, (e) astringents, and (f) local 

anestleetics. 

These workers have shown that petroleum naphtha pen- 

etrates wool fibers much more readily than acetone or water 

solutions, and that to cinchona alkaloids have basic prop- 

erties which make them attach themselves to a woolen fiber 

like a dyestuff. after many tests, quinidine salts, a fat- 

ty acid compound of the cinchona alkaloids, lave so far 

proved to be the most economical to use industrially, con- 

sideri) a the initial cost, evaporation loss, fire hazard, 

and penetration. T. The most useful "dry solvent" is a spe- 

cial heavy petroleum naphtha, sufficiently volatile that it 

evaporates in a short tine from materials tre-tel. 
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In conductir- these experiments with the cinchons al- 

kaloid compoun's, Jackson and Wessel (1927) found t' at 

there nre desirable properties which a desirn,de 

moth-proofing material should possess. 

1. It should eit ,er repel or poison clothes moths 

carpet beetles, find otmer insects infosti f-brics, or 

render the fibers proof against, larval danage. 

2. It should not affect adversel- the physical prop- 

erties of the textile fibers. 

3. It should be odorless. 

4. It shoul not be removed by dusting. 

5. It should not discolor t',3 goods or form any com- 

bination with any dye stuffs already in the fiber which 

would be Harmful to the cloth. 

6. It should be simple in its apilication and adhere 

evenly to the fiber tre,ted like a d;'rostuff. 

7. It should be non-poisonous to human bein.rs in the 

small amount of toxic materiels which are employed, r,nd 

should not have any irrita;inr, effect on the skin 

8. It should be available commercially at a reason- 

able cost. 

The use of Rotenone as an i-sectic3do is described by 

Turner (1932). Fe found that Rotenone deteriorated quickly 



17 

in the presence of soap and water, but was apparently sta- 

ble When it was dissolved directly in oil-soluble sulfa- 

nate. = =s a contact inaocticide, Rotenone in small amounts 

as highly toxic to several insecta. However, it was not 

so effective viaen applied to insect eaaa. Ttotenone is a 

ahly effective stomach. poison for insects. 

Back and Cotton (1929), in lisoussing the effective- 

ness of various moth - proofina solutions and the claims 

made for them, said that laboratory experiments of the 

United States Department of L griculture have iralicated that 

no usable solution Is now on the market that will "perma- 

nently and absolutely render treated fabrics moth-proof". 

Hoover, it in equally true that some of the better solu- 

tions, if properly used, do impart a moth rosiatanae to 

fabrics that can be of real practical value. The effec- 

tiveness or ineffectiveness of a moth-proofing solution 

depends a great deal on the manner and thoroughness; of ap- 

plication. Solutions must be applied so that all parts of 

the fabric are saturated, that is, over fiber must be 

thoroughly soaked with the solution. T1-,erefora, moth- 

proofins! solutions cannot be recommended unless applied by 

immersion or with the aid of a power spraying machine. 

Back and Cotton (1927) stated that moth-proofing or moth- 
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resistin soluAens belonrr to that class of products tat 

fail to 7rield results in the hands of the averw7e person 

because of i7norance, misinformation, or carelessness. 

ny firm claimin7 complete moth-proofnss for an in- 

definite time as a result of the use of its product de- 

serves to have its claim looked upon with suspicion. This 

danger of false advertising, such as manufacturers guar- 

anteeiT, that one application of their moth-proofing com- 

pounJ will prevent moth damage for life, is commented on - 

by Beek and Cotton (1929). These writers considered that 

moth-proofing solutions dad not as yet made good all the 

claims made for them b7 the manufacturers. However, more 

companies are usin7 the solutions today than formerly, and 

more are offerin7 guarantees of moth immunity. It remains 

to be seen whether the laboratory experiments that have 

been conducted will be borne out by practical experience in 

tne business world and in the home. 
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11KPLeNATIOU OF PES 

The presence of live larvae after a considerable ex- 

posure to the treated fabrics was noted in eeverai of the 

tests and my be explained ie two ways. First, the carpet 

beetle larvae, especially those tLe varied carpet beetle, 

are known to be carnivorou3 ene will devour their own kind. 

in this manner, one or two vigorous larvae could exist for 

several months. eecon*, ik) larvae of these fabric pest, 

especially those of the clothes moth, may pass into a peri- 

od of dormancy or inactivity lasting as long as eight to 

twenty-four months. During this period the larvae will 

neither feed nor move about appreciably. Later, however, 

they will become active, feed, and continue their Irowth. 

Throuel out all the tests, the results indicate teat 

the larvae of the carpet beetles fed more often and caused 

more damage to the fabrics than did the larvae of the 

clothes moths. Eleven instances of feeding were recorded 

for larvae of the throe s;:ecies of carpet beetles ad only 

five for larvae of the two species of clothes moths in 

these tests in which the moth-proofinr compounds were ap- 

plied. Therefore, it appears lively that the lervae of the 
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carpet beetles are more hardy and vip.oro,ls and more re- 

sistant to the toxic or repellent properties of the moth- 

proofirr, solutions tested. 

The Fenter attractiveness of the larvae to the fin- 

ished typo of fabric is indicated by the fact that in all 

the tests in whic. the various moth-proofina7 compounds were 

apnlied, only two instnrces of larval feeinc: on samples 

of tho unfinis!leel type of fabric were observel ns comir,red 

to fourteen instances on sarlples of the finishel type of 

fabric. 
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Tablo I. ')'.,:fficlency tests nsin7 five larvae each of the more common clothes posts on fab- 
rics treated with the Steuben Chemical Compound, a h7drofluorie acid solution. 

Test No. of Method of 
:)ates No. samples application 

Finial d Fabrics Unfinished Fabrics 

ov. 10 
Feb. 11 

Jan. 7 
Mar. 7 

Doc. 1 
Feb. 14 

Dec. 22 
14ar. 9 

Nov. 25 
Feb. 25 

1 

2 

3 

4 

5 

11 

6 

8 

7 

12 

Txtersed 

Sprayed 

Immersed 
then dry - 
cleaned 

Immrsed 
then 
washed 

Untreated 
(check) 

: 

: 

i:ebbing 
clothes 
moths 

:Case-mak/he:Black 
:clothes :carpet 
:moths :beet-es 

:fat on 
:carpet 
:beetles 

:Vnried 
:carpet 
:beetles 

%,ebbing 
clothes 
moths 

:Case-eaLkingtBlack 
:clothes :carpet 
:moths :beetles 

:Common 
:carpet 
:beetles 

:Varied' 
:carpet 
:beetles 

alive:dead 

0 : 5:0:5:0 
1 : 4 
0 : 5 

0 :3,2m 

0 5 
2 3 

0 5 
0 5 

0 : 5 
2 : 3 
2 :12m 

:alive:dead 

: 0 t 5 
0 : 5 

0 5 

: 1 4 
: 

: 3 2 

: 0 
: 3 t 

1 : 4 

:alive:dead 

: 5 
: 

: 

: 0 : 5 

: : 

: 1 4 

s 3 t 2 

* 

:alive:deed 

$ 

0 5 

a 

: 

:alfieldealfs 

0 :3,2m*: 

0 

0 13,2m : 

: 5 t 

: 5 t 

s 2m 

alive:dead 

0 :4,1m 

1 4 

: alive :dead 

: 0 : 5 

5 

2 

fl 5 

:alive:dead 

: 0 :4,1m 

0 :4,1m 

: 0 5 

3 : 2 

:alive:dead 

: 

: 

: 0 : 5 

0 :4,1m 

:alive:dead 

: 0 :3,am 

em - larvae rated as missine when they coul:i not be found, either due to beinq devoured by 
other larvae or to their disintegration after death. 
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Ho feeding occurred when the fabrics were immersed in 

the Steuben Chemical Colnpound usig the recomlended diluted 

solution of 1 to 9, 1 degree Baume. In the second test in 

which the fabrics were sprayed with this conpound, a slir:ht 

amount of feeding was noticed on on17 one sampl3. 

When the fabrics were dry..cleaned after the applica- 

tion of the Steuben Compound, a s11 amount of feedirg 

was apparent on two samples. However, when the fabrics 

were thoreughly washed after being treated, feeding was 

more Er,Tident and occurred or three samples, two of the 

finished and one of the unfinished fabrics. In the dry- 

cleaning treatmort, Stodard's solvent, a gasoline prepara- 

tion was used; while in the washing treatment, the fabrics 

were thoroughly washed in warn water using Crystal White 

laundry soap. 

The number of dead larvae and the slight amount of 

feeding occurring in the check test gave sufficient evi- 

dence to indicate that these insects, in their natural 

habitat, feed very little during the winter months. 
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Table II. Efficiency tests using five larvae each of the more common clothes pests 
on fabrics treated with a saturated solution of sodium fluoride, a flu- 

orine compound. 

Test No. of Method of 
Dates No. samples application 

Jan. 7 
Mar. 7 

Finished Fabrics 

ebbincr :Case-making:Black :Common 
clothes :clothes :carpet :carpet 
moths :moths :beetles :beetles 
inVe:dead : alive:dead :a1AVTaiii111 ve: ea 

1 10 In versed 0 : 5 : 1 4 : 0 : 5 0 : 5 

May 30 2 8 Sprayed 
July 14 

Jan. 10 3 
:jar. 10 

14 Untreated 
(check) 

0 : 5 : 5 : 

1 : 4 : 

0 : 5 : 

2 : 3 : 

1 : 4 
3 :1,1m : 

:3,1m : 3 : 2 : 5 : 0 
: 3 : 4 : 1 : 4 : 1 

3 2 

:Varied 
:carpet 
:beetles 

: 0 : 5 

Unfinished Fabrics 

Webbing 
clothes 
moths 

: alive:dead 

0 :4,1m* 

:Case -making; 
:clothes 
:moths 
:alive:dead 

3 : 2 : 

. 5 : 0 : . 

. . 

: 4 : lm : 

: 5 : 0 : 

*to - larvae rated as missinvr when thi; could not be found, either due to being devoured by 
other larvae or to, t5'[cir disintegration after death. 

0 5 1 

:Black 
: carpet 
:beetles 
:alive:dead 

0 : 5 

:Common 
:oarpet 
:beetles 
:alive:dead 

4 : 2 :2,1m : 

:carpet 
:beetles 
:alive:dead : 

1 4 
: 

3 

t 

4 : 3 :1,1m : 

s 



Table III. Efficiency tests using five larvae each of the more common clothes pests on 
fabrics treated with a saturated solution of sodium fluosilicate, a silica- 
fluoride compound. 

Test No, of Method of 
Dates No. samples application 

Finished Fabrics 

+.1.11100.0 

Unfinished Fabrics 

Robbing 
clothes 
moths 

:Case -making :Black 
:clothes :carpet 
:moths :beetles 
sa ve a ve 

:Common :varied 
:carpet :carpet 
:beetles 
:a v a :a 

ebbing reakingtBlaok 
clothes :clothes :carpet 

: moth* imotha :beet' 

:Common 
:carpet 
:beetles 

:Varied- 
:carpet 
:beetle 

IVO 

Feb. 21 1 12 Sprayed 0 5 1 4 0 : 5 0 : 5 1 s 0 s 5 0 :1,4m : 

Apr. 21 3 2 : 0 : 5 2 : 3 t 2 0 :2,3m 1 
0 5 3 :1,1m 2 2 2 

May 29 2 10 Sprayed 0 5 0 : 5 s 1 4 4 : 1 
July 14 0 5 5 : 0 : 2 3 : 2 s : 2 :1,2m : 

2 3 1 :1,3m : 2 2 

June 10 3 5 Sprayed : 0 5 : 2 : 3 
July 12 then dry- t 1 : 4 s 0 :4,1m : 2 0 

cleaned 2 2 

June 10 4 5 Sprayed 3 2 s 2 3 2 2 
July 12 then 2 4 

washed 1 4 s 4 1 s 

Jan. 10 5 14 Untreated 1 :3,1m : 3 : 2 t 5 : 0 3 4 : lm s 
Mar. 10 (check) 2 : 3 4 t 1 : 4 : 1 5 : 0 s 0 5 1 t 4 : 2 s2,1m 1 4 : 3 :1,1m : 

*m - larvae rated as 
other larvae or 

missing when they could not be found, either due to being devoured by 
to their disintegration after death. 

2 2 



C.2,5 

Injury to the samples W9.3 observed in two cases in 

the tests vith soaium fluoride. Two or three small holes 

were cut through: two ef tee samples of finished fabrics 

which were sprayed with the solution.. Very conclusive 

evidences of feeding were apparent on the untreated materi- 

al used as a check. ?en out of the fourteen samples used 

in the check test showed the results of lerval feeding. 

In all the tests using sodium fluosilicate, the solu- 

tion was sprayed o: the fabrics. The first test was con- 

tinued over a period of two months, and the second test 

extended over a month ,an: a half's time. No feeding oc- 

curred in either test, although. a considerable number of 

larvae, especially those of the carpet beetles, were still 

alive in the first t7,4, tests after a fairly long exposure 

to the trested fabrics. 

?he results of the test in which the fabrics were dry- 

cleaned after being sprayed with sodium fluosilicato indi- 

cate that this compounJ adheres well to the fiber, and that 

the dry-cleaning tretment apparently does not affect ad- 

versely the moth-proofing properties of this compound. 

However, the thorough washing of the fabrics, after being 

treated in a similar manner, removed a sufficient portion 

of the compound free three samples so that larval feedieg 

occurred. 
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Table IV. Efficiency tests using five larvae each of the more common clotes pests on fabrics 
treated. with the Contury moth-proofin7 compound, an arsenical preparation. 

Test No. of Method of 
Dates No. samples application 

Mar. 6 1 

June 6 

June 9 

July 10 

10 Sprayed 

Untreated 
(check) 

Finished fabrics Unfinished fabrics 

Case-makinf7:Black 
clothes :carpet 
moths :beetle 
a e: ea :aive: 

:Varied 
:carpet 
:beetles 

ea :a. ve:dea 

::Case-making:Black 
::clothes :corpet 
::moths :beetles 
::a v ead :a ive:dead 

: 4 : 1 : 4 : 5 : 0 :: 

0 : 5 : 0 : 5 : 1 :2,2m :: 

0 5 : 

0 5 4 

4 : 1 : 

5 : : 

2 : 3 : 

0 : 5 : 0 
1 : 2 

S 

S. 

:Varced 
:carpet 
:beetles 
:alive:dead : 

. 1 : 4 : : 2r* : : 

. . . 
: . . 

. 

. 
. 

: . 

. . 

. . : 

° 

: 

: 2 : :1,11, : 

. 
: : . . 

. 
: * . . 

*m - l7.rvae rated as missing when they could not be found, eithr due to beLr. devoured by other larvae 
or to this disintegration after death. 



Table V. Efficiency teats using five larvae each of the more common clothes pests on fabrics 
treated with Berlou moth-proofing solution, an arsenical preparation. 

Test No. of Method of 
Dates No. samples application 

Fin.:. Fabrics Unfinished Fabrics 

June 26 
July 14 

June 9 
July 10 

1 

2 

10 Sprayed 

Untreated 
(check) 

ase.-ma 
clothes 
moths 

n : Black 
:carpet 
:beetles 

:carpet 
:beetles 

: :Case qma IFg:Black 
::clothes 

ths 
:carpet 
:beetles 

:Varied 
: carpet 
:beetles 

a ye 

0 
1 : 

0 : 

0 

4 : 

5 : 

2 : 

ea 

5 
4 
5 
5 

1 
0 
3 

:a 

: 
: 
: 

.VO: 

: 

: 

5 
4 : 

oa 

1 
3 

0 
1 

:a 

: 4 

5 
3 

ve :C 

: 

: 

ac 

lm* 

0 
2 

::a 

4, 0 

C 

: 

ve:dead :a11ve :dead 

: 2 :2,1n 

3 2 . 

: 2 

3 

:1,2n : 

:1,1111 

*111 - larvae rated as missing when they could not be found, Bit'. >r due to bein7 devoured by outer larvae 
or to their disintegration after death- 
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Slit evidences of feedin7 were apparont on three 

samples of the finished fabrics on which. Century moth- 

proofing compound was apnliol and. on two samples which 

were sprayed with Berlou moth-proof. However, on each of 

the five samples on Which feeding occurred, all the larvae 

were 'Ailed, thus showing the toxicity of this material 

on Vie fabrics. 
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Table VI. FdTiciency tests using five larvae each of the more common clothes pests on fabrics 
treated with "Larvee moth-proofing solution, a silicofluoride compounj. 

Test No. of Method of 
Dates No. samples application 

Mar. 23 1 

:ay 23 

June 9 2 
July 10 

Finished Fabrics 

Case-rrkin:Blacir 
clothes :carpet 
moths :beetles 
alive:dead :alive:dead. 

:Varied 
:carpet 
:beetles 
:alive:dead 

Unfinished Fabrics 

:Case-makina:Black 
:clothes :carpet 
:moths :beetles 
:alive:dead :ellve:dead 

0 : 5 : 2 3 :1,1m : 1 : 4 : 1 : 4 
10 Sprayed 0 : 5 : 0 :4,1) : 1 : 4 

0 5 

9 Untreated 4 
(check) 5 

2 

:Varied 
:carnet 
:beetles 
:alive:dead 

: 3 : 2m 

: 1 
: 0 

3 

: 5 

: 4 
. . 

0 : 5 : 0 : 

1 : 3 : 2 . 

- Larvae rated as missing when they could not be found, Olt!. 
or to their disintegration after death. 

3 : 2 3 1 , 117, : 

r duo to being dovoIrod b7 other larvae 
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Table VII. Efficiency tests usinc five larvae each of the more common clothes pests on fabrics 
treated with Konate moth-proofirw solution, an oil of pyrethrum compound. 

Test Ho. of Method of 
Dates tvo. samples application 

Finished Fabrics Unfinished Fabrics 

March 21 
Apr. 21 

June 9 
July 10 

1 

2 

10 

9 

Sprayed 

Untreated 
(check) 

ase ak ng:B ac 
clothes : carpet 
moths :beetles 
W7Ive: ea :a ive: 

1 : 4 0 : 

0 : 5 : 2 
1 : 4 : 

2 : 3 : 

4 : 1 : 5 : 

5 : 0 : 4 : 

2 3 

ea 

5 
3 

0 
1 

grie 
:carpet 
:beetles 
:a ye: 

0 : 

: 3 : 

5 
3 

ea 

5 

2m* 

0 

::ease -may; 
::clothes 
::moths 
::a ivo: ea 

:: 

:: 

TT:Bieck 
;carpet 
!beetles 
:a ivo: ea 

: 3. : 4 

2 

:carpet 
:beetles 
:alive 

: 

ried 

:dead : 

0 : 

3 :1,1r) : 

*m - larvae rated as missing when they could not be found, eit 
or to their disintegration after death- 

due to devo),red by other larvae 



The results recorded in those test in which Larvex 

and Konate moth- proof-, solutions were use, co ibined 

with the fact that no evidences of foed.i e were apparent 

in either of the tests, indicate that te application of 

those two compounds was fairly effective in preventing 

the injury caused by these fabric pests. 

Since the Konate moth- proofing* solution acted mainly 

as a repellant, t ,e larvae confined on samples treated 

with this solution eventually died of starvation rather 

than feed on the treated fabrics. This compouni is non- 

poisonous and does not contain any arsenical or fluorine 

compound. However, this moth -proofing solution has one 

disadvantage in that after the fabrics have been "Ko- 

natedn, the surface of the cloth. is left. quite oily for a 

time so that dust and other foreiftn materials may readily 

adhere to it. 

Larvex contains a small amount of sodium fluosilicate 

which is a toxic material. Fabrics treated with this so- 

lution will quickly kill these clothes posts if feeding 

occurs, or will render they fabrics sufficiently :distaste- 

ful to the larvae so that starvation results. 
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SU1MAFY AHD CONCL1JSI073 

The results of the tests, Which were concerned. with 

te investigation and determination of the insecticidal 

value of various moth-proefig chemical compounds, indi- 

cate that the compounds tested offered approximately com- 

plete protection t3 tie treated fabrics against clothes 

moths and oarpet beetles. In mny cases, this protection 

eitr caused directly the death of -the insects confined 

21.17,3:An the treated samples or resulted in their starvation. 

Drv-cleaning and 'washing removeci a sufficient portion 

of te 3teuben Chemical Compound and t e sodium fluosili- 

cate from the fabrics to permit the larvae to cause appre- 

ciable damage. Similar tests were not conducte with the 

other moth-proofing compounds used. 

The results of dry-cleaning and washing tests :r1- 

dicate t1 at life time guarantees or claims of clothes 

moth. or carpet beetle protection upon one appliostio of 

any particulflr moth.-proofing compound are to be looked 

upon with suspicion. 

Complete im-ersion of the fabrics gave sli7tly bet- 

ter protection than the application of the moth-proofin7 

solution as a spray. The application of moth-proofing, so- 



lutions by moans of immersion or with the aid of a power- 

sprayiee machine is recommended, 

The finished type of fabrics was damaged be the 

larvae to a greater extent than the fabrics of the unf 

ishcd t7pe. 

The toxic moth-proofing materials, which consisted of 

to arsenical and fluorine compounds, useall7 killed the 

larvae of these clothes pests when feediee ocenrred. 

The moth-proofing solutions whic'e contain on arsen- 

ical compound shoulfi not be used due to their toxic ef- 

fects upon human beings. 

Larvae of th clothes moths were killed more quickly 

by the moth-proofing compound tested than were the larvae 

of the various species of carpet beetles, tho latter being 

apparently more resistant to the toxic or repellant ef- 

fects of these compel/m:1s. 

From the results cf the experiments, it appears that 

the general public coul advantageously pureease sodium 

fluosilicate in bulk, prepare a saturated solution in dis- 

tilled water, apply It thorouFhle either 1)7 immarelon or 

sprayine, and &Asia * hieh degree of success in the pro- 

tection o. clothine and carpets against these fabric poets, 

in addition to large economies over purchasing proprietary 

compounds. 



34 

The methods used in testing these moth-proefing 

compounds are believed to have boon satisfctory and can 

be recommended for adootion where similnr tests to be 

made. 
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