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"The Stabili  and Assay of contact Insecticides", 

eummary 

The ste,bility of three contact insecticides has been 

investigated, with earticular reference to the action of 

ultra-violet light. 	The relative importance of atmospheric 

oxidation and ultra-violet radiatiOn in causing deterioration 

of exposed pyrethrum-in-oil films has been assessed; the 

latter effect was found to preponderate, at least with 

p'yrethrum preparations containing anti-oxidants. 	Within a 

practically important range, the storage temperature does not 

appear materially to influence decomposition. 

2wo_methods of inhibiting the photolytic decomposition 

of the pyrethrins have been investigated, depending respect-

ively on the ability of certain dyes to absorb ultra-violet 

radiation, and the alleged stabilisation afforded by certain 

pyrethrum synergists, notably piperonyl butoxide. 	In the 

first case, only one of the many dyes examined was successful, 

but this substance, benzene azo-0 	naphthol roughly 

doubled the effective life 01' pyrethrum-in-oil films both in 

mercury discharge radiation in the laboratory and in direct 

sunlight. Pyrethrum synergists were found not to confer 

any detectable increase of stability on the pyrethrins; 

reports of such an increase have Dattbab  1 y been caused b 

confusion with the synergist effect itself. 

( v ) 



( vi) 

Se-eral interesting features concerning the mode of actipn 

of pyrethrum synergists were revealed in this investigation, 

for the biological assay of which a new experimental design, 

the "Twin Crossover" method, was adapted. 

An improved method of applying insecticide to filter 

papers on which insects are subsequently allowed to crawl 

was also developed. The test insects used were adult grain 
ct. 

weevils,  Tandra gralkaria L. 

The sensitivity of films of DDT in oil to ultra-violet 

radiation was founr1 to be comparable to that of the pyrethrins; 

DDT can also be partially nrotectee against ultra-violet 

photolysis by benzene-azo-0 - naphthol. Benzene hexachloride 

appears to be extremely stable to light of the frequency 

used in these experiments. 



List of symbols used in the Tables of this Thesis. 

Unless otherwise stated, all figures 	the 
tables are the angular transforms of the pereelo 
responses of batches of 30 weevils, all dre,— 
homogentous population. 
n = number of insects per batch. 

ra number of insects responding to traterc-,. 

P
L 

r percentage responee el batch. 
p = percentage response corrected for 	in the 

control batches. 
— percentage response in the control 
=logarithm df dosage, usually to base e. 

y 	worldng response metamer, usually in pr.. or 
angular units. 

=weighting coefficient, 
Ing.ratio of Potency. 

e 	relat:Ive potency, linear scale of units, 
= Mean square for criterion of departure from 
parallelisn between regression lines. 

= Yean square for criterion of log. interval 
between regreznion line. 

= sums of differences (all positive) of ob.:.!orved 
responses. 

U 	e SUTS of differences (1st. and 4th, negave of 
Observed responses, 

D.F. = degrees of freedom. 
F 	= variance ratio.  
2 	= ?robabilit of correetnoas of ill 
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Lk:Jr a consifterablo period of time .after the introauction 

of the chlorinated hydrocarbon ineectieldq4 the wideopread 

impreecion perosiated that audh stuT,otnacen had au their chief 

advantage over the older organic insecticides- a prolonged 

residual effect under a wide variety of circumstances* 

An a broad generalti, there in of course. nu -t 

truth. in thin ansertion, but its linitationo have in recent 

years become inereaningly apparent. The recent dovelonment 

of interent in the stability of Contact inseetioidee in 

reflected in the reference° appended to thin thoIa, nearly 

half of which have appeared within the two yearn over Which 

the greater part of thin work wee carried out. 

Two contact innecticiden, pyrethrum and nnT, have been 

Choc= 

 

tor special study in this thenin repreeentative of 

the two main groove previously mentioned. It appeared to 

the author that the residual toxicity of the fornor man 

underrated that of the latter Overentiated, under certain 

condition/3o 

The any condition.° which have boon held to inflnLmee 

the decompeeition of the pyrothrinn, have been discuosed in 

detail by Gyadinp;or (113r! 1145), in a critical review. FOr 

this reason the older work on thin insecticide will not ho 

reviewed at length, particularly an with much of At difficult... 

Ion aoeociated with t develoment of the chellical and 
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biological asenys of thie ineecticide appear to be 

inextricably entangled* rd mny of the inventigetions 

reperted by exadingor appear to be somewhat superfieial• 

Potter (eelplene) hae bown that heavy oil eolutione Of 

the pyrethrine exert a prolonged reoidual effect When eprayed 

on interi)r ourfaces under eardhouse conditions, where direct 

illuminatiela of the films of inaecticide by cenliOlt is not 

an important factor in producing breakdown of the active 

cenetituento* This work has been developed into a wit7,017 

used oontrol practice in Great 3ritain* but appears neither 

to have received the attention it deserves in other patee3 

of the world, nor have Its ienlicati-ele -Alen conditions are 

Changed been adequately con oral 	Similar ronulto heve 

been Obtained by (Merrell of al (1rO) nnd also by the 

preeent author for pyrethrum-ineoil filme stored in the dark, 

an it it  neceseary to ooneider the reaseno for the widenpread 

reputation fnr testability which ouch treatmento hwo ecceuiree. 

The factory, v=hich affect the apparent residual toxicity 

of insectieide deposits are undeubtedle oemplexi  but sufficient 

progress has boon nada with their study to enable eeet of 

the more important factoro to be isolated*  and theer relative 

importance under various ceneitions eatimated*  'die major 

categories into which ouch factore may be grouped arete 

(1) 	Thoee which are aetefacts introduced by th2 method 

of assaying the to:deity of the ineecticide by 

chemieal or, more palticUlarl7, biological metheds* 
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()* The chemical or-physical intericttuns of the i.neecticio 

with Ito eolvent, or diluent* nne Of thou° with the 

castrato to Whiah the mntorial i applied. 

(s). Tho chonioal and physical chzuzgos browht about b 

thu tomporattre, humidity, incident radiation, and 

the conetituenta*  particularly oxyloen, of the atnosPhOro 

in ohlah the insecticide in deposited, 

It is the factors of Gro 1  3 to Which particullr attention 

i8 paid in this thosio, the methods of biologica/ asuav 

developed in Soctiont/ and P ha 	boon adopted primarily 

with a vier to reducing the number of relovant ftzetore Of 

Groups 1 and Q 00,0* and of anauring that the essential 

minimum of ouch faeterOvere uneor the suffleiont control 

of the experimenter* 

nith these eoncidorationo in ritnd, it became a 	that 

a coneidorable pnrt of any invootiootion into the stability 

of contact ineecticides 'mol1r? involve the critical examination 

of the biological nena7 syoteme used to determine the toxicity 

of the eopoeits. In particular, a simplo reProduoible and 

rapid method of applying the ineoeticieee was required in order 

that all measur000nte of toxicity mi44ht readily be made in 

terms of relative potency aesays, since with moot experimental 

designs intended to ectimato roUtive potency the ralority 

of the factors of croup I eon be eliminated. For oxanole, 

tolerance fluctuatims of the inseots botooen tho 000actono 

on which the toxicity of a deposit la examined are either 

elimftated. as in ouecessive "fur-point" and similar asoaos. 
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or utilised as the armor viz4tion au in th twin. cross.over 

design. (see Seetien ;).0  

A number of factors atVect the reopen° s of the test 

inoests to the insecticide*  both during and alter treatment*  

and these fat:06 have been ,lven a rather detailed invostigatils 

by pradhan (1,94q11.1949b1) 	treho has also reviewed the 

literature. Such rastors as temperature and humidity during 

and after treatment*  though important in control work*  Should 

be irrelevant to a prol'erly deoipMed ootlaY* 

It le not alwayr easy to uoperate the stors or Gr-. LI 

and P unless the Actual t-AgA,t of the inaocticide aot-arect by 

the test insects can be measured*  iihun Ulla process has been 

carried Out, considerable progress h',1.8 boon made in unrnvelling 

the comp/Gal:ties of blormay systems*  

For flying insoct assays with the; pyrotirins it ha boon 

Shown that the relti,Inahip between the dose applied in, the 

fOrm of a spray and that received by the insects is very 

complicated, kor this type of away system*  and for several 

which involve fungicides*  a detailed but IncImplete analysis 

of the variouo type (I) fasters involved Lao been made* 

llilackith 1950a) 

i.or urn assay system it, which inreot rc Oipped into 

suopenoions of Dr.: cr7:1tals. Nachintoeh (1147) has invostigated 

oome of the factory 'Ihisla influence the relation between 

the applied and received. doses*  fJoie of the difficulties 

which UashInt_osh encountered in interpretinr the data hf.wo 



becr resolved by Utrinr7er (1-3<)1  uoinz a more cImprb,gonatvre 

method or analysing the datn*  in the course of Which the 

importance of the *availability,' of the insecticide to the 

insects was emphasised*  

Amolv the factors of aroup 2 are those ie2aarise from 

the penetration of the insecticides into the sUbstrates  ',/here 

tor may be removed by tranalocation*  or by eaemical • 

incompatsbility with the substances compoelg it*  ale 

virtually complete restriction of tae u;-;0 of the pyrethrine 

to the control of inooct infesting stored products and thono 

cauaing annoymnee to man ha led to a sap in the literature 

on the interaction between pyrothrins and varl'Alu typos of 

foliage*  

F6.11 J"-'40-4) haa ahom that MC La absorbed and to 00m0 

extrt tranalocated on living lovess  Mhilat hadaway and 

l'14')) have discussed the penetration of DM and 31IC 

into nud, .lailett and ilarkin (1947) Lave invectiatod the 

penetration of the forler insecticide into buildinz materials* 

and oug7:o8ted that pmetration could be reduced by the 

spraying application of ouch materia/a  aa aize*  

3arnas (vl41) and JtTarrelksIk0141141) anong nany Other 

authora have shown that the comparative effectiveness of 

insectioidee nay be altered accordin:: to the nature of this 

ellvent an0 aubatrato on .7ii1eh they are tootoci. 	kho findings 

of tese t,o '.7oers on the peratAence of the pyret-12..un alma 

deposited trol oil on wood, rolative t tboae of he 

chllrinated hydz,c,om ro very divergent, and it is not 



invectieide into porous w4botrates h b 4t. 

C *  1 

poosible to Offer ang useful our 	to account or ito  

oxcopt posolbly that the cmtent of the intriination of the 

denolt vu a greater in the forlar caaes  larnes found that 

PYrathma detorlorated after only 3 weekem  Ilrarrell ot al*  

that aoripzAi444 rilms remained toyda for several months, 

41otfor (11W) found that these films remaired tozac f at 

leaiA a weak and possibly a good deal Inner,. 

In the case of this insecticide*  as ilaran and newlett 

f114,41) point Out* information with the Abstrate is likely 

Include chemical docompositin hi any a ':alica present a 

4011 aa tae imryortrant absorption (A-Prot cox to all 

ina,,ntieldes applied in oily solution* Nalker (1951) and 

Tattorefield and riobaon(1g151) have dhown that thergrethrinc 

beelme relati% lv untabla at the 	itE values flscr)oiati4 with 

surfaces cDntaininK comcnts 

The importance of the abenrptiz;,n of the soluti-Iml of 

emphasieod by 

many autl-ors, and ass a good nxrraple nag be noted the obuervat-

ilna of Otrarrell 0 al ta,At or c,:macrete, withciut :)ro-treat-

lent*  VDT, an aril the pyrethrins ware all rendered innocuous 

within a fel'? houre by thie process, Thin 	tant factor 

has been extensiveli studied hi vartmao mrkors at the neot 

rafeefation Laboratnrg( 	) In paprS already 

,Tuoted, mud a partial preventive in the 	of nom.Irrous 

sealing pre-treatments has been offc4rod by thorn, 

Interaction with the solvent, anrAher of the group f!. 

fletIroo. my be exemplified by PArtinte (1n43) obeervetinna 
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pf the greater motivity. of the pYrethrin-I aroup in, eoulaiono, 

Wnere ao in oil oolutims pyrethrine I and II had roughly equal 

potency. A further example bac boon ziven by .eraltt and 

qitchell (1141), Din reaoto at .lonev (attained namontarily 

in a og jnezatcr with kerosene) oo tlult up to3.51! of the 

inaecticide ean be lost, With heavy oil no xoell 1000 Omura, 

snl tho Wrethrins do not react deteetably under these 

conditi-ms with either molvent. 

Soo' of tho taetora in Ciroup 3 %r conveniently 

arrarised 

 

by AT,Nartin (1'49) at /mot al far 041 the 

pyrethrino are c ,1,10,;rredi 	'he obeervationz of Potter 

revious/7 quoted thonoelves fbIlovfed earlier work by Abbott 

(1112) and Yatteroficld, and co.vforkero (i,1', T134), 

which indiented thrt under eortain 	ittno, pyrethrum 

flowers, both around and whole, are more stable than is 

ocamon17 be1t4 	The ae fl ILaunit-hts  even withoUt 

Ito ultra.violet component, in decomposing pyrethrum powder 

was c7early Oholn, and it waz found that blue light was 

olightly nor° active than rod in promoting the broablown 

of the aetivo oUbstancen preaant. Thin indication that 

li,;7,ht of shorter wavelengths .,'!ao more active than vieible 

!,11t rao followed by the v,baorptipmotric studies, of Oillam 

and Vet (1'14'1,1144) Which abed that the pyrothrins had a 

ver 	trmg aba7rp.ion maximn at about 3,100 1,U,, in the 
ultre.violot. 

These workers didnot conuic'or ult 

to be very pronisinr,, but a rapid dothod baeod on Ohio 
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Drimiltie Ms boon evolved bySechic7* -17v,  h alf.J0 

1,.frionlatraterI 	stabilitY or grounl, pyrothral flolors when 

pIntected from the :Light* 	Tbuae tYtC3 hnve been re-:le-c:.el 

recently 	,e (1941 and !.-,arp /Ind P.1,•:,,o1zithf7:-14011) 

Burivino ana tarno (1- ) 1r,rQ t3ihot.:n that -lhoroati dej 

r.,r0;. Vilna nre tair17 ctr.1' 1t n diffune de.ylipTit*  thoce of 

trEG ,-- ne the pyretbrine aro wt.,* In the former cane, the 

volatility of the insecticide =a aural to be the major 

rot,- 	denosits 	ch in the open it 1nFit their 

toxicity rapid17 could be 7.,rg.,,nemPed in ti 'Ictive condition 

Tyr storage in on n,tphcro Fr,thrated rith th ripour or the 

ree ticie54, 	1th the pyre t,hrino, Ln-vrever, /itto  by 7ht h 

one info o difttiee daViiiPst* 'me 

Llano  but it to n -,t wnsible to Trl:e. Tzlntitntlyre ottne 

fr•rrt the aatA,., riven*  nor iz it harm rhether antioxidants 

'Ere present 	the films 8f inoectioidn. 

h 	indicated the pr,orIbIlity of reducin,: 

the pheqejnile o the pyrethrins Tv adding oubetancee Yltiah 

nbeorb 	evi...r as wide v. rQ.n7,c., 	wavolongthzu3 I) -..")13 ib 010  

ana particuarly ovcr the critic:Ill 	 rnnre 

.iontionod proviematy• 	be 	rirzonte ropovt t 	rtin 

n'to ,mre inemolusive but it vac ented 	mith invest Item. 

tionst vfer-e worth further stuy. A net(' 	ed to DoTenico 

tM normieo 	for the tine f eiro Fast G for 

this purpone and further '41Ofltheyec linen is reported in 

noetiDn r Oi tbia thesis, 



l)ovo .r,,A7) has st,r7,Tested that piparonyl bi.tozide  
stabilized "te pyrethrins ae well as syncretising Ultimo A 

oousible mechanism for this proeeos was *tweeted by Page and 

Tilackith 194oa), and its potential importance* if thu cf200t 

wore ye:rifled, 1.1.3 bean strecsed b Par*(1441e, 

a. conoiderable annunt o'ork 
	

seary to ostabliJ4 

fact that the all od effect, if it occurs at all, 1,J, of 

negligeable importance* one interesting side.linea have 

arisen from it Itieh are diecussed, together with tlho main 

point at iolne, in coction mo this thesis, 

fThe Nork 0 ' Dave*  whidi appears tove been  

banis of claims or an alleged stAbilization effect, not only 

'30CD not appear to have been the aUbject of much aritiOal 

thought by ite author* but hf,:s beoome. additionally misleading 

in the c,-- Irno of repeated transer127tins through technical 

journals. The wort orirtinally quoted (Dove '1147)has bow 

rewritten in an article in oPest Control and LianitatiorM and 

thence has!on abstractod b the Editor of Pyrethrum Post 

(volo, !i.1, iO  A)* 	An example is ou)ted ma of:rc4ring 

'ootrtl:Inr e7iaence of the eynorr:istic effect of piporonyl 

butoxide on the pvrethrinme* Vto exam) o quoted may be 

77ritton in the form or a tablet.. 

Inneetieldei 	Concentration, 	Knock-down of 
ng,,t -3c)ra7rod, 	dome:A/cl. 

.L4yrsthrins 

A.perenyl butx110* 	40') 

Mixture 	30m-tweu 



aramination of the above, the zrinly data qut 1 in the 

abstract, shows that the % value for the discrepancy 

between the data and the figures exoctel on the hypothesie 

of indellendont notion, with no synergist effect, is only A#100 

for a einfilo degree of freedom*  The corresponding probability 

of the null hypothesis being correct lies betwcon the r1-" 

V level°, buts, a0 kinney (1947b) Indicates, a )e tcottwhich 

113 the only method avnilable under the. Oirotrzotancoui 

liable materially to covet 	any ‘1,14crepancies from the 

null hypothesis of independent ucti:m, In this iniitansolp 

therefore, it would he rash to deduce even ti weli..knon 

synergistic effect or the to subStaa*Os .1?ron vi-hat Jo described 

as a 

 

'striking emamplo of synergism's, The exxmao, though in 

itself trivia/ apl not meritier detailed considerattm of this 

kind, has been itot t craphasise the need for restraint in 

acco2ting statements Of the type quoted, at thAx fnes 

r!-'re particullrly in the case of the alleged utabilizatin 

effect. 

The special features Of DM id. 	wherein, they diffar 

in stability from tho pyrethrins, are u.Uy discussed in 

Section 7 of this thesis, AlthoueA the ph'144:Jolytic effect 

of ultra.violet light is undoubtailly the uost important 

fac or with DT.7.4. the effect of volatalizatim must also be 

considered. in the oleo of 311c„ this effect is extremely 

oll.n2wn, and its influence on the persistence of sparse 

fits of the subotance already noted, Ath Dg4: thio effect 
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is less marked/  but has been detected by ;71-ohmargi of al  

(114)* 	he authors found, however, that the losses of 

wei3ht fr(Ym heated films or crude I)IYT. wore subtantiallY 

caused by the areater volaility of the impurities, and 

that the beat treatment served mainly to "clean up" the film* 
/ 

ith pure /... _ DM, only a:no c,- , had volatalized after 90 
1 

days heat treatment. at 130°10 

These observations are eonsiotont with sane unpublished 

ones mado by the matbar, when by stuam distilling pure 

IMO and determining the ratio of P.tr: to water in the dietillate, 

it was shown Vhat the vapour presence Of DM at the boiling 

int of water was only 11 mm* The DDT determination was 

carriud out partly by direct weighing of the crystals depo 

on cooling, partly by bi-)logical esay of that remaining in 

wauti-m0  The biological assay wae conducted by itiontringeT, 

against the fourth inetar larvae of Al'eaes aeGypti*L 

Ueldensan et al (1149) have found that, When heated 

much above its molting point, FM =0 rather unstable*  Thie 

doc.)mposition occurred oven with the very brief thrmal 

activity of solutions in an aerosol 4snomtor*  zero the 

tamperature attained ranges flora f100 Ai' to TOO 4 11 The DDT 

decomposition increases from r to 1$,. over this range* 

It wee also observed that the hi r roactin tomperatre 

increased the number of Chloxine atone split off from the PDT 

olecules*  The imflortant effect Of the solvent interaction, 

prevtous17 noted in thio section, was overloed by ti bovo 

authors, Go that in ,liocussing the mechaniem of the tor71411 



e7ocompocit141, reaction with thii o3rn a 	1.:Krrtarlt 

tl%an C.,cral 

Ziu4'aidity is c ff,Lctor vilich might, by the) eatalytio effect 

of water, influence t rattle eV one of the noel:apt:arts by 

which 

 

ti u pyrothrins and ether inskieticides are decomposed. 

insofar au it controls the m'Aoture content or the stored 

I:lowers. and catalyewe the oxidation of the insecticides, 

this topic 4au Investigated 1 'iattorsfieldi its effect on the 

photolytic c.ctiou of the ultra-violet L. .L is examined in 

action 4* of this thesis• Grading-0r (V458) states that 

a;Aattas 	;C;-4-A4I1,to faoilitte pyrotlirinu decomposition!, 

but the evidensl On wh-,sh 	statoisout is bRsad has not 

beou tlacod by ale present writer, 'Istremes of heat (nuar 

freszlne, , n(Li near the boiling points Gt water) were found by 

diner and eo-woeaura to in:c.ibit and accelerate duciloci-

tion mapectively. Over the narrower ranges likely to be 

of practical Importr..nces  ia,n increase of otorage temperature , 

of the burx 001Ut4ons .1t,117,ad with an !Intioxidant from 
0 

ag 	tr) 50t; rsulted in Only* a small inereaae in (L:.,00mpo 

tip after -some 3 mouths* 

errect of antioxidants as detailed in ti (.; literature 

is ormin, and it Llay well be that =my. claino for these 

v'mapoundelp aa fr allect.wd aynergiatJ, have been made 7ithcut 

adequate evidence, ,Tor patont and other D1411°0480 It appears 

that hydro qutuorm i the m..)at universally riweiri od 

Oub!Amnees, zlzd le rcrro uf:ective '4,11,h long storage period*  



than with ohort, (Tatt refield (l'rqfr), 	t t ero field weld, 

tin Vfeat 1.140 flUalliand 	( 19 ) 

enneennus 	fr)inirin, exrrossed Windin ger (100,01 ) 10 

tat blAlk ooltItins of tho pyrethrino aro more easily 

trti1i:'ed by this Metat10 than aro films, and thiLt althowcb, 

many dilute eslutt:vo Noel as 1171*. Spray0 are suffic iontly 

stable witlrrmt suet protoction, tbo additirm of antioxidants 

onnsontrated extra.otn is of wlue, 	 cortaunim 

la fully eonsintent 'with" and in indeed partially based on, 

the work Of ';4artin (114:5), 
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7,vvelppment of bloaapla  System.  

'[lere are tw-o main types of method availablo for the 

assay of contact ineecticilesby biological r.totho'ls, .)no of 

theic meth-pis i3 t:Le type of anay lnvolvinz the flight of 

toot insects thron7h, a mist If the innqctie de diaPeased In 

dr--;p1nta of an oil or 'tor be 	typ of assay h 

th5 advantage that tho gletual 	of insect-It:1,4o accuaulated 

by the tst insect can h€ detcrnit ,.. -7.rect17.0 	I the other 

type If aiii' which involven ineactseraling on a nurl'ace 

Impremated with the toxic aUstancos  It in necessary to ma40 

vari-rus assumptions aly,ut the relr=t0uship b(A-weer the applied 

and received donages. ricl'hapn the moat imp,)rtant of the30 

assumptioun is that the Independent variate, the nQasuro of 

the dosage apolied to tha. .:Isterrl, is linear17 relnted to the 

mean ,rei.11:4 ,31 tonesticiele picli.ed up by the insects, 	This 

aaeumption has beenexamined .7"2-,r.  the flyinz inooct ayotom, anf.1 

for varioue fungicide aasayrt  and )vu been f-und. unreliabl. 

(aackith 1149). In the former ease the relatienahlp 41t1ch 

h 	been eatablinhed is complex and tloponde very subatantially 

on the level of flij,ht activity of the innects, (Page ot  

1'14m, 194)), it ioea not leml itself readily to deterrliwtina 

of relative poten07, such as are frequenti‘! emp2.f...7yed t-our,r,l1iout 

the tho4s. In additirm th(' maaipulati:n Oi e?ray aysteras is 

cuplborsoms, and tIle int:mete wed usually involve fare difficult*  

lea in their 1309.: rearir4; than t -3 neoe ry with any crallinf,,, 

Insects, 
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kor 	purpor,oa of theaaato.a oubaoquently deue:c.11-0 

w a doolded to use rGin ,sociri1, adult c1xdra 

which wore all,)lod to oral or; filtr paptxs im,:rOAtIted With 

an oily solutin of flu, incticie* Theos lAo6oto are aaotly 

bred in tiantitY#  ary thQ tc1ni 	o3. IC r thlz,  wOrk haz 

bettn viE.-J. in several laboratorloa for' ecne yec,rs*  it ha 1oen  

deneribd#  inter alia by -:;Ttringer (1 40b)00 '2.110 ocommic 

t122rtanct&a inc:.:4 their Ilf0...hif -vvy and 40110 of 

t 	remions f7.)r their ae3oetin443 	-cto **z..ays bovn 

rQviewed by the YiTitc3#(1''',.1) 	Lat Papera 

laij on glass Ofteetst atel iabellea i 	d ti1 with a 

code letter* 	',1:ri6 ttat inaocta a c-n:finod on the papers by 

flor cm ring' with vertical aides*  3riginA117* clans r1n7,a 

wore ueedi  wince ealand,re 	itSt2.Dtare 0,m1x4,„ 

trattc c.,iith sil# are unb1e L. c1i 	ti CI3r surfacco#, 

(..'Zifficulty 	roplacinj tIF.e$=,e fragilc ringz#  1.7;.e,;(.:r#  

to their rap1,aocturat by braqa ringo) '411,04 

jth nickel and b4Ting on the Insitde wOZo round tc) he 

4ozoptable aubstitutt:o. 

41e -liter prporc ui thr)uthout th4 work Tare 70M00. 

'Whatman disco* In ITIOW of tilt,  ormaitterablo number Of auch 

pap6rs used, mnd tho fv.ot tbAt no pr,xticuaar advantse eaema 

to be associated with the uu ol* any other type of api. )1, coat 

and av, ilabil'ty indicated the US0 Of t1. . 	rticular type 

There is also the advantage 	beinr a. 

obtained iith it, to those obtained 1)7 	aelb) 



The oil solvent used for the insectilllides, to avoid the 

unaeco1mn77 	 tdherent in the Stony of dr7 depoolts* 

7as ?o,11 5Iv This oil tt 	h1t, roftned oil consintin 

ramost entirely or trattportfirqlio str&irt.....Ohain hydrocarbons, 

of appro71netay the composition of medicinal paraffin, 

boiltag range 2: :7/rn°C, A snoctfiention of this, oil has 

been published by Uobin - n (114',10 

Varioula methods in the past havo 1con uoed to secure a 

uniform deposit on the filter pverov For (=ample, Inter 

modifteationo of the Potter tour method ensure even 

distributi/n of oil vben thin is dispersed n r. mi.ot cbovQ 

the filter papers, and the allowed to settle,(Potter r,41) 

Thin method, )17ever„ is alotI compared Tith direct applicatian 

frot a pipette, nre in the ease of a Inrm senie exptlximent 

invylvinr the application of many different solutirlre mlght 

be prohibitively sto,, 

Elmn11 ali7uoto of..the oil have ten appAed at random to 

or in the centre of the surface Of the paner, qhich was 

afterwards alloved to stand for some houro to all the 

diffunion gradient to disappear. (Strtngor 1o40b) All unto 

have also been applied from Micrpirotto spirally acrose 

filter papers mounted on pirn„ to avid an7 excess spreading 

on to the glass shoots on mf7lich the prinors are conveniently 

laid„Puevine and 3arnoo r47) 
The advantar!es of n,71117ing the oil 	e? iusecticide 

olution diluted with . volatile solvent ar— clnoidcrab_e 

The7 tncludo increased accuracy, on account i2 tho larger 
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volumes used, and the reduced visseoi47 and home drainage 

orroras  and the more even distribution of the insect/ado 

over the filter papero, '41110 toohnirrue appears to have 

boon devised Independently, and rowhly simultaneOualy, by 

LsQsnavies at Last 11Ln iionoareh Mat ion (private 

communication) and by the present authcr„ In the Ion 

case boroono ran =cid an the diluent, but in thlo work 

petroleum ether (3o11inz range 100p. 	',71r46 preferred* 

sAnalsra grade petroleum other ',freed from aromatics", is 

km:ma to volatalize corrletely, but not too rapidly, at 

normal roam temperatures 	rX.he louer boiling ranges OW101)0  

too qUitkly, and, particularly under the sonlitions Of' a 

constant torlerature and humidity cabinet, are iiio to 

caw° sondenaation of water on the papers, dosp to their low 

latent heats, 

The laterally oven distribution of ineoctinide obtained 

with excess volatile solvent has been eisouosed j ausvino 

and 71arnea (('147), but those authors die not abipby a residual 

solvent an well, T1, 	considered it possible that vertiealy 

the diotribution might mt be on satisfactory.. 	in eases 

',There a resiOual solvent in used ally -7ertiaal diffusiln 

gradient would even out* 

'410 

 

elope o nrobit.lor. orTicentration rograaion linos 

obtain0.1 from bioassa-a with tra7ding insects has boon iwia 

by r  vs,riety of authors to he a measure o1 the standard 

deviati-ln of tho distributim o tonranoos among thG test 

insects Annoy 1n47) Tho InMGqua7 of this view han 



itee-irmetttotressod by the wrttor (V49b) ad the nilny fhotere 

rii 004 affect the slept 1T-7.7.0 beer antaysod* Alth'Yueh one 

oan sn7 with kinnoy t.t tno e1n-710 n a r,zrcquition lino is lees 

urvlor the n'-introl of tile mportmentor her en-to other parz. 

motors* ritrin7or .(11421 1 	releAed the rati7,  o eio7les of 

pairs or 11:e- nsmyu to the relative avvliabilitios of the 

Insoctlide ir eaCt )t the pairs. One -env of incronsinA the 

availoyility 6r the insecticide le 	inercnoe tho veAuno 

of roalfThal it plied to t flltor pnporo in the system 

uneliax-  Olocuesiln. The limittst frxtor whidh prevents 

indefinite increnee in this otlf,,ntity in the *control,* 

nPrtality of yOils caused by no 'action of tho oil Altme, 

In the onso of assays with pyrothrlm films, h.exPleuros 

have been 

 

us!, 3nd control rc-.37,insos ousod by oil only Are 

natnrally lees than in tie oamo of IOnser assays =tending 

over sev,3ral da7s$  au?i have often be n used vith dry doponita 

of olms halogonnted h7erocnrbone. It le aim) convenient to 

oomputLtional pur7lsoo te keep the expeetoa control  mortalitY 

to loss thnr / insoot ?or batch, ise. 7ess than throe per eent 

for VIt'hes 1r 10 inesete such ne rtro need her 	Under 

these monaltions there is little 2rAmt in adjusting the 

res?onse rfttee# sins° the very arall adjustrnts will !'e 

very innfloTAntoly estimated itt 	Irdimry 	Tho 

friAo 	onto/ reopInnos in nomft7a illy 1VIYij  VAG 

*twin eVree-overo  doeign luxe boon full7 diseussod in 

provilus pv.poro(alaCkith 1.2f111) 

A preliminary ezportrient Aloe thQt nd to ocamino 
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sptklun ratio of residual oil to volatilo petroleun otb_or 

in the oolvont mixture. 'Zhe optinum tOtal volue of Ii TU1d 

w]licil can he agPlied to 70F1. Ii0,1Wh7,tnan filter p -2,,per is 

.5ml.(Stringer 1.q4.01)) 
	Greater volumes creep bofond the 

1Y.)udariess  lessor vollxnee .may not aari'v the insecticide to 

the odzos of thc, paoer, 

lour solvent ratios were' intlAtded In an experiment which 

could not be made fully factorial en account of the very 

different availabilities of pyrethrum films made tvp 

difforle4 volumea 074' reSidllea oil* 	ZLe layout arld exprime. tal 

data are el.to-. 7n. in 'iable 1,1 elIALso axe .the rogression inec 

fitted to 	..-ocia sets of 	Eti.l1 be observe tllat 

the elope of the rgresslon iic iacreases with the anount 

of r(:.sifTiuzki oil present, at les,st„over - the ro.n17,0 of colvositions 

studied  although these slopes are determined .:ith but low 

Precision. 	Part of Le hetsrogeno14- y of tl'o 	i doubtleSs 

caused by the abnormally lov exposure pL.rio4 uGoq, namely 

hrs. 	Z.his short L.xposure time was chnson to inveatigate 

the slopes of the curves for oil concentratima at ffhish 

control responses become rather hiphi, 	or example, after ,2411r5 

exposure, itringor 11)410) heA3 Shvn that 4lgl031 per 

filter paper or approximately 0,1m1 of a Wen mixture on the 

basis adopted here*  ca.ueessevcre gc7ntiol" mortality, but that 

this level is a critical one*  the r .sonses to oil alone 

being neg. igable below this dosage even at 1 hrs. exposure. 

As a result 01' these investigation, the mixture rIlth 

ann. R0 Petroleum ether was standardized as the somvent 



1,7 
weak 

in all thehdescribed sUbsemiently. In two cases, hover. 

that of tbe pyrethrum slmergists sesamin and n.propyl isomoo  

the solubilities of the substances In the nixture wesclower 

than that m'3ired, eo that part or to petrIloum other me 

replaCed by the volatile co/vont methyl ethyl ketone*  small 

qUantition nf which (1",'1 r,rt-iat17 improve the solvont powers 

of the mixtlire for most orgric comolones* There are 

indications tlAt the reiation between r,?.77Tliod and received 

dose in some crawling inseot tests mav depend to too extent 

on the activity of the insect,(tusvin !Jule, 9arnes*1947) 

thou/h 1.31-01YAbly not to the same ovorriclinc extent as the 

flying insect massifs. 

It was th'1117ht desirable to follow the relation bet'.74sen 

the applied dose and that actually roceived by the Insect*  

Such an inner 	that some substance which is 

included in the oil appliel to the filter papers is to he 

determined fr-,,rf the insects after their responses to the 

insecticide have bean estimated*  Two obvious difficultieo 

tomodistely appear, that of rseovering the suct:Lnoe 

quantitatively fr-..-1 the insect in the minute arrnort preent  

and the likelihood that the tracer eubstcmce T..,nd the 

insecticide may be ac:iuired by trio insect at differant rates 

from the sub7trates  

Soth teso difficulties can be dveroome by using aS the 

tracer substance one 7.ehich is both itself insecticidally 
roadily 

active and contains/detectable total tormin part of the 

molecule, so that this mny he letoroined after the 	1ete 
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o the orfrIlle paterilll of t•., insect by wet 

or dr!' Tet .74s*  A enbotaco iith t 	?rtiosl.ww4 rath r 

1 rtui ,51ecovers1 during an exallinatin ot potentini 

tracer subJtnrcowit 1;:bis mtwial* knoln as ttOZT 6 1  cynsists 

c.L(jJ..,,t,')d copper dexivatim of ethyl aminlzlethylene 

ac.Qtoo.t,44 and ;vag4 51,ipp1io1 AO 	sAution in the tbroaene by tho 

1:In1 uo1 Petroieum Co., throurht the courtosi of Profeseer 

L.-,,,,J1.0011 or lano!,..“4tor Univcreity'0 	21rtglaa1l7*  it was 

prepared as 

 

pt of 1,o my 	' ,ti intn comrunds intende4 

to Inhibit the tornatiln of Igirlff r-).und ploton rth 1r 

internal combustion onff,in3/0  and has the tollowinz str„icturel,,,. 

/ et,  r: 

Ivs 
0  =c • CH3 

etc ,  

/V,  exii, 

eH= Cli 

The pu 	compound 1-11 caid t.7) 	a 

prvertiont with oils. 1'any of 	t -.1t turoirene 

001utton hwsto he elven. a. preltninary invetiation by 

tiore0017.14,)* 

 

Th 	it f' copper deternined in. an insect 

In . comets o that nat.,2,ra127. 	h7 them isa dirtmt 

meac.ure of the .rinunt of intlde:f-..,',,,couriUlatod in the coo 

of the as6ay 	•ti1try thc-.,11artit7 	di:ltriblatiAl. or 

insoctioide in th:„, Lnibetrate c.i . 111- 3tiliAted directly 

whereas invostimatilna based on diroct welphing of wolvontat 



etc*, 	to acourie that the .11,ff1sion of the w7:rIvent 

parallels tht o the inseeticidet AL4eut cilromatoraphic 

eeperation, 

Unpublih.od imveatiantiona by the author In 17,41 

prior to thooe of rcoos  developed method for'determtning 

the copper both from insect and 5'.11,)3trat es 	The i..1.11:."icr,1 

aspecto of the eto 	depend on the eouplet° c:,xidation 

✓ the organic mattr by a mixture of fumiry nitric acid and 

hydrozen peroxide (lo1vo1uo) as deecribed by 17aa,,,e ot 

(1141), 	raaidual ash, ttc coluttm in (1),1,11te 

iz oxtracted wIth :7J. chloroform eolutIY„m of dit177.i:7,ono (diphnyl. 

thinearbazone), rith Which ru%gent t1. 14.;i copper develops ft real 

e,qour 'hitch 'aa'y be compared with a eet of otandards, Det„ilo 

thc,  proccdro 4re desoribeA by llama Clao., 

pi7oettinz a r"/-: ellutiem of copper ethylamimoucthylene 

acetorc in kerosene on to the centre of a 70m0040 Vhatmm 

_filtr paper, in prozreesively inorosaing dooess  it in 

p,z,.soible to d tcrmine the aprad ryf 	incectiolde through 

the filter pallcrs  17)y .c<3tit11.1 it concentration in manual 

o incroing re.dius, 	It rill bo oiorx 1  fron 14c4, 1_4.7 

Ihich showo the r,oulto or a series of ouch xporImentos  that 

the concentratin 	inoectiridoAfl3 orf rnpidly fr7rm t1;° 

e ntro of tne prlpor when applied in tho mnner describcde  The 

t-portarco of applyinc the inactoticide in a manner Ihteh 
dintributes it or the filter paper ovnly lo thus amphsaiseds 

oince th 	ovi/11 d,) ntdiotribute Vhaneolvoo at random over 

the aubotrates  but concentratop floor tho perimeter. 
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Rereaaion co ficients systaa_LmaaLL 	69 - Kerosene, 

probit response 

locc  (pick up of O.R.T. 69) 

" 	( applied concentration) 

Popepticn. 
47' 	'3,  

290 
1.29 
3.84 
2.99 

.Araole o$3 ion coefficient 

V' 

e64 
-3.'14 
- 0.50 
- 0°94 

y On Z 	z on x 

( aviiabi1ty coeff;) 

	

-005 - 04'33 	2.72 	1'54 

	

-0.56a 0'83 	2027 - 0'4 

	

l'79 - 2.13 	1.13 - 009 

	

1'53 - O'17 	1.65 - 0'18 

Part a rcssi 011 0*. if-cie  

0`49 293 -0.14 - 0.86 
0.89 - 1.31 -0 J1 . 0.24 
4.02 - 062 0'84 
1.00 - 0'88 1°19 . 040. 



The offcct nte abr,y,sre iF 	zulatpd that ar the voltue 

of jrjjrApp-Ilt:e is rt,,duced 	that it does not dif-,:use to 

the p;irtmoter of Ulu =closed ckre;;:the toxicity ralle ta 

nuglizeahle value, 	ht r1U. n 	bet.aeen the voluip of 

kerosene soluti,n applied lzr,1 - the 	,ality 	Zrain 

cJnfincid to thp ou trtt after • boars expars le u4o= in 

1, 	It is clear talat Jiez tilsecticida do'es not 

difVuse to the angtaw next to the c= 	riaz it is a:It 

aorluired by Cox, inwectow 	sltuatiAl may be regArdod as 

an extreme elec of tilt) Influence of t:s..c.J. z°,1Ir.,-nt on the 

awAlability 

this probic 	, - ,,,Jratinz i 	4t cot.7L  

phenol) in 4is 	 the insects to 

keep rl'Vi nt;* 	3116.1 an irrittit H.7,4;ht howevvr, be mc1ix bie  

wten prinarT 'eson 	to b used as the criterion of 

iicttotd1 West, 

relation between the apvlica and received doses of' 

Cop(r othylaminTllathylono acetone IvLs 	r-,r;oetved 

fstatchos of ab-alt ZO insuotwraere coofined on vr:t7pas 

oc)neentratione nr copper 4tIviaminoneth7leno ;,00tonelp and 

the 2n3,0 If t',71e inseets 4fter 1Phro 	 'rho 
t$4 

insects wvre 	inlerated, anl t;:ear 	C coppor ptoked 

14) deteiminee for Ladh. batch by the toohnifItiee -drovionaly 

"futlinod, 

it was fouml that the relatinnehi2 beteen pi0X-up and 

spPliod done 'las of the exponential typ diecusaed bytringor 

(14-,P) that iss  the pint nr the log picl,  ) azoinot 1 -*4 



11 

c:›acentratl-,u applied was linec..!, 	elope of the lines 

reProzerting 	1-.7resion of log*p1e111.-up on logo doss la 

the availability coefficiast for this systems  and thi3 

llantity!Ins c.!..lculated by 	lzual regression toahniques 

for each cf t e four populations of insects usod (113hor 1941)4 

The data on !!thich tbo coloulations 'Nero basod r,re xoplicd 

concontrat, 	icnOn3trated graphically in E1, . 

sne,!,2octod festlArc of thisfi717.1.-0 io UA the 

coeffi-rtont for popultion. 8/ is significantly 

11!17er V.1,a1 those 	both (2 i%nd 	• thi--)11Z.,11- all aro 

c'ImAitent with tllo olope of the 1H-:.---,:;ssion relating to 

0< 	velAch was dc 	.id 'Ilth only los 

prec' nlon 	a ituation augrostr.,, -tat for those insecticide
CcL 

 

which hare tc penetrate into thc. s.7.444..e.,17e before reaching 

their site of notion, the avaiL!bility coefficient ir any 

particular assay syetem mAy it2olf he omplicated tunttti, 

flepondsvt tt east iv part on. tl!.e fRetrs !,!."hich eontrel 

iu throw% the insect cuticlos 

lU 110 	in the next sectionl  f-r tho pyrsthrins 

*hich it io 	rot )pcnetrate.the cuticle before 

inducin 

 

pry rsoortoost  thn sl,opes of ,!,!lo.;i;e-response 

re2.3f7,res1or linos 	conatnt for insecto of differing 

rnnrattIns, 

The increase 	pier-uv with s7.!?1_,c).d c -!-ncentration 

can  be  f.nliocd 1.1y chstlical -learn oycr muSh Ildar range 

of looes than ia possible utilifavg biological resonses* 

(Page et al 1941) 	For this reason the mutual variation 

of the res)onse and dose can en1r be determined ithin 
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1111P, 

narrower Itlits and with loK,cr I 'ocision tht,..11 the re/atIlaahip 

just dineussed, Vor the first 	:Cor any crawling insect 

assay, it 11MB proved ponsible to partition tiui simple 

rezreesion of probit reEponso on logedose Into its 

pn.rtial relrxessinns of probit 1.'ersiv:m4e on 104* Pio'" 1.11)  
ani 	appIIeddosage, respoetivu17. 	4:44, 	 oL1-.))5/m 

were oglculatod acoodIng to •the method !„)uIlluod by 

(12.41) vIth tto modifitiOns introduced by :Iney (1147) tn 

deal with nuantal respinee data, 

An attempt wan made to allow tor t40 'urrOrfin dotc1ninc 

the pick-up of insecticide on the insectal4.1e4 is quite 

enm7erab1e to that of the binlogica meastwirlentii. A 

recently introduced modification of 4a1lit i toolin 

_dot crITtinine Mgr° MEL rYri tinefrieits 	both v, h1 aro  

sub j est 	errort Bartlett 	4 J wt4.0 z 	,f 	tbi. purT:,3e0,0  

Although this was the only muthod avallbiu, it -- ora. 

from 	earinusdi vantaes, nviu1rthoLt It doss not at 

present lon7 itself to multin 	*al,. analysis, and, 
cal:=501= 

beim! an appr)ximate r.thod z'o 	lary fracti7n 

of the ftta that reliable results can, only be obtained from 
; 
ft,Ar17 larg. s numbers of pints, Ln thL e.,as under didcuss11n 

the meth,-.4 mast tried nut on the simple a.,;aon of y or 

PoPulati'n f 	with the tollowluz resultst. 

MVOr aesuraud in 7  only, b 
	

0.0175.* 
tti't 	 1  y and 	i= oan4, 

	

lt at the 	lave' 	et. 



IS 

the effect of ailo'ciiUZ fOD 	jAnt error 

lmriabloo to t,.) roduce 't:ae prooision of the euti3MA, 	We 

hy PVIsi apii lance :ion uc4 	14.a 

prohThly applies tn the °War regressiaa 	no lazorla 

pmnose wrIUld be emod by 
	ptngl; to artw 

t-Vm thc -present body of data. 	It ouV lx)1Periqtx,$. be 

intersatinpf: !.lhon tins pdrmits, to 	Q,01:1C ittat 

d2',--77n frc,m tho availability coeffi 	.re n:Yt 

vitiatod by the double,' source: r; 

methnd of appl,ying insecticide to the rilter 

4n, the carl4er part of this osetion 

Copper ethylaminarethylgue acetone iL an inseetieis of 

c'7,m13b1e toxicity to 	modian 	dc73,se 

Coranaria ix of the 	ilrft/mzm: body.rtt  

vabotance suffers fairly rapi 	Itir '41th 

tho fnrmati,m of free eo'per io 	and 	asit fraa kor:y3ene 

solptilns ipso all thsirtiit7 a±tor 	4-1.n 1ot4*s4 The 

sabottlnce 	howaverip triter06ting 	 not rPPerir 

to be tt nerve poin like the prretIlrir: 	TYFYI, 	Pr- r7uces 

deteetable prx7 	ap(,)nseeit 	.4:110 rik_41,th $11* tiw insect ot  

thich tn 	p17.ce t.z;t,  much faster than that rAttLinod 

with loot halogenated hydrocarboL 	th:Y041 not 

quits so rapidly usith pyr4thrinx4 is preceded by 

ohnrt period 	1001040004 1:),Jhou14 	tL 

betwoen t columns headO 	dowt0 anz:Z "Dead" la Table 

10* inilimte* 	It seolAs 	ito ot..111._ity to the 
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close, of o.R,T.69 in mi. g kerosene 
solution per filter paper. 
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- 95XFIDUCIAL RANGE 
PROVISIONAL REGRESSION LINE 
COMPUTED 

2 0 	 2.5 	 3.0 	 3.5 	 4.0 
LOGE(100x PYRETHR1NS CONC) 

F I G.2.1:RELAT ION BETWEEN RESPONSE AND DOSE: SYSTEM C. GRANAR IA- PyRETHRINS -01 L FILM 
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	Lin ** Jativ 

	

eep.1110,att 	1210 

	

GP.nmed data, tO 	ot,63013t 

adv4ntage vAti be 

cYnputattLIn o thy. not 	f orthe 

tat,00. 19480 ao aritIptoti 	biryn,oesv 

in tome 	?Au viliotorial c)officient 

It le nr,t roxnAloary for the vta al tie of 

OC 

ter rlauyets 
(vioi4er 

forsotion that tho data ohm d 	b&;-14 tireo etioeillY to 

elvtorm to t-  x d tahnt inn 1:1,rt, tilt> 	S. 	but that the 

r(aW 	 about 	twe -;zgular unit.logo -410 

regrecwion linv alould be at 1Queit 1 mall 04 Awnp bit mita 

aro fittw14 4b0 Qtatlot,o0. t oois or the use or ti at 

marorrytt 	112.0 twee tilo(tueeed tore fully by ririn 0? (1941°P.: 

1840) Dine b,  the pm:writ author CO 

The bicac)tioal r.:44osy nyotora uu&;d th 
	

ha hem 

enanteed by olinotructing the exilibmtirni 	1r tined LW 

itofc-runce tAritd: 41 4 	ivorityo.fmar 1)2,4 'MI 	 (ie71 le eekeh. 

o..e., drawn r741 al= 	onocneous  	eV  it Go 

and oulijeotedit 	 iftanell‘ veto 	-T) 	lure t-,P% tho 

Irradul sortee 	et' ,0 of the pyrethrims • 	Le N. 1. 

p wort:1m 0 the tiovvil 3 puralyeed after the otealard 

ip hour* elipoou,re per d ‘=.60 ool#ioAted so desoribod 001104-0  

sod Vic poroontege 7E1*mm:fa oonvrtod into both the probit ond 

nmular trunoyorrntiona•  The provioi•lo tinfl corvutod, rqtreasav 



litriber Percent . Ancular 
responclinglosponse transform, 

90.0 
69.7 
64.2 
56.2 
59.3 
56,2 
48.4 
51.4 
49.6 
56,2 
51.4 
49.6 
41.6 
38.6 
41.6 
55.1 
30.7 
35.1 
31.3 
21.1 
21,1 
IC4.5 
17.5 
14.2 

32 100,0 
29 88 
Li6 81 
22 69 
23 -74- 
22 09 
10 56 
19 61 
18 50 
22 69 
19 61 
30 58 
14 44 
13 39 
14 44 
11 33 
8 26 

10 33 
8 27 
4 13 
4 13 
1 3,2 
3 9,7 
,., .,,, 6*5 

AI314 A. • t 
0Oi WutAs of i-,11(!, 	 

paralysici  of C 	t.  alardrl,  

Part 1, 

  

egre3Si0/1  1.ine 

VI the pvrethrins.  

 

   

    

4rethrin1:: 
oonont. 

A 

x= lof.; 	1' 0,) Number of 
inseoV, 

n. 
0,54 3.9 32 
0.52 3,05 NI 
0.50 3.01 32 

3,07 32 
3.03 31 

.4 348 32 
7 3.74 32 

3.69 31 
a 3,64 31 

348 32 
3.53 .51 
3.4,7 52 

32 
C.,;8 33 
0.26 L.;6 32 
0.24 34 
0.22 3.09 31 
0,20 E 30 
0.18 • 19 30 
0.16 a,77 30 
0,14 2,64 31 
0.10 2 AO 3111 
0,10 2,30 51 
0,08 2.07 31 

nmAx2  10.667i7law2x.ny4' 144.6605 Tn- L  2,055,8867 
(il• 	10 .421221ay.-ix•Znw- ?:.3A7i, fop_ : .  (Irma/ 	1,802,34k;;'  

S ,1..,.,.,, 	 SzYs 	7  • 513r4 	s 
..v. 	7 	 1- 

( 2q4.1  

x22 d,f'. 	4.- 	• ..., 

..11 civantiti s in above and suoseadingosul:f;iSlue‘.res" table 
Underatood to be divided by the appropriate a= of weights, 



P:t.'ot it
t ra f ..

1

~ rt I I .

t . n v'p " oot ' d
prob t

77. 2
68 ~

' .9
5 2
5 •
5 . 2
4.-8 .3
5 ..
49 ..
56 .
5I .3
49 . 6
~I .4

7
4I . 4

35 .1
30 t8
35 ~-­

31 .. 4
ax .
2I .'!
10 .8
20 ..3
23

5 . 76
5. 70
5. 5
5 .5
. . 52

0 ..46
5 . -1:1
5 ...38
5 .. 3
5 .,NiO
s .ra
5 .02
.1· . 94
4 .8
..: .7

"'Ji: .63
4 .50

. 5 fl
_.25
4.,.0 6
.e 87
3 . 56
Z 41
;,) .10

,
0 •.0390 "G.I .5
0 .04 I ao.s
Q.039otl I
o. 390 ,57 . 7
0 .0378 .5 . 5
O .03~ 55.0
0 .0590 ,54 . 0
0 .057 ,52 . 9
o. 378 ,J I .
0 .0 90 49 . :­
O.():)78 t 7 . 7
O.0t134 45 .8
o.on9 .0
o. 4- ,4 . ~

o. 90 ,40 ~ I

0 .. 414 !.il .5
0 .578 34 ,,3
0 .0366 3I .G

• 566 ,29 2
o G ~5 .. 4
o. 7 2I .1
c.. oe$e 1..'J .. 5
o. 378 Il .2
O• .57B 5 . 0

I6.ia
:t5. 45
17.00
17. 5
I8 .10
18.. 01
19 .39
!B .()I
r .t2
20 J;O
I~ I
54 .Q5
:3 .. 25
2 .. t
20 .. 02
20 . ,1.,2
IS;tIO
7:-M.

05)
14.14
I B.5:r

9 .00
'I 35
A.'78

4

+ cO
6 • ..,
5 .
5 .
5 .
II 'G· O.u,. o
De15
5 ..<° 8
5 .'20
5 .'A
5 .28
5 ~2 '
4:. 5
c.va
4 .'tl
4 .'oG
4 .3\i1
4 .50
4 .:5
3 ;87
3 ~8?

3 .15
3 .7
3 .. &

., ..... .. ..---...-

O. OI7 •

:<ei ghu d maans . - yll 5 .024:" s: .,' 41.6

xP 3 . ) .3B ,



Part /II, 

Computed Pid 
Limits, 

95% 
Vly4), 	Limits. 

105.26 
94.09 
09,02 
97.99 

'02.08 
104.3C 
99.13 
06.86 
99.44 
110.15 
103.54 
177.06 
98.81 
98.09 
V7.10 
93 .II 
78.92 
79.70 
06.25 
55.00 
48.41 
29.99 
227.93 
17 .83 

.orkin  nwax nwPx 
probit. 
YP 

r5.53. 0.1568 64.32 
=J9 0.1584 6I.03 
='.36 0.1585 OAP 

0.I509 69.08 
0.1448 09.32 

5,50 0.1474 70.35 
5.14 0.1459 72.14 
5.28 0.1395 68.67 
20 0.1376 69.59 

.40 0.1396 71.96 
5.20 0.1334 69.22 
5.20 0.08199 118.15 
4.85 0.1320 68.85 
4,72 0,1335 09.03 
4.65 0.1271 05.27 
4.56 0.1317 64.93 
4.30 0.1168 55.93 
4.57 0.1094 52.14 4.39 0.1058 43.01 
3.69 0.1014 39.1? 
3.87 0,6998 33.03 
3.31 0.0908 22.47 
3,80 0.0809 10.90 
3.73 0.0782 

tc b  949 
IT-17 

moya 

3.0/08 
2.7029 
2.4921 
2.1918 
4.2415 
2.1918 
1,8837 
1.9316 
1.8740 
2.1801 
7..0391. 
6.1440 
1.6140 
1.5/18 
1.6263 
1.4531 
1.1042 
Y=2847 
1.1492 
0.7790 
0,7976 
(43953 
0.76T6 

03,  

7,620 10.533 
0.000 

2.50c 1.731 20.819 
15.365 

3.000 1.446 34.867 
29.881 

3.321 1,057 43.075 
30.4/1 

34,0(c 14886 56.072 
52.--)80 

95% 
x. 	V( yP ) 	Limit , 

2.000 0.0286 3.4591 
2.6720 

2.500 0.0135 4.0165 
3.534/ 

3.000 0.0048 4.5970 
4.3090 

3,435 0.0044 5.1265 
44220 

5.900 0.005163 5.7940 
544966 

09u1 uted rogret,siOn  

a) In angular units:- 

  

P-53.321+ 28.565,x 

Log.L.1)50 t 3,442'11th 95 fiducial liaits 3.515 
3.369 
0,336 
0.291 

b) 1 probit 	yP 0.4353 + I.336.2c 

los.B.D 0  is 3.417 7,44. 1 95$ fiducial 	3,490 
3.344 

" 
	

0. 
0.284. 

Abs.E.D50  " 0.313 " ft 



fl:lio 3 

linos f1tted to the tvro rots or data, '31th a comon logarithmic 

normalising transformation applied to the dooareo  aro Shown 

in Wig. N10 

As la often the C300 !with asaays for IltiCh fairly 

extensive data are availablop the agreament boteen the 

eye...fitted ,)rovisinnal and tile first.cycls computod lines is 

quite znItd, oo that no further cycle of cumgutation were 

undertaken. 

The computed calibration curve in terms of angUlar Units 

Is 	F.11. 171006qn x. ; 	qP, = 54.5n, and in terms of 

probit units 

Yp = 0.430Z + 1 
	

Az.is Z8.101. 

Inspection of A.g. 1.1 or examination of the values of the 

realaual dispersion giver above, or in the model computatiin 

of these data ehown in Table f1.1 akan.11 tbat ti dr4.ta are fittod 

very slightly better hy the angular than by the pvobit 

transformatims  thereby TuotifVing the use of the former in 

caourAims of this %Ind. 

As Finley (1:74711) and iUao and Cattail (14), bane 

pointed out., the al- ves '11, many biologickla aciv,ty systems ahoy; 

much less variation than their positi-inso  and the uniforrlity of 

the altpes of regression linos from the pyrethrins-oll 

manaria ayatem have been estab/ished by the s=min:Ition of 

the respmaus of a number of concretions of weevils brawl under 

to cnnditilro stfotd:.1rdised t'cv this cork, 	11,e eunpoxialm 

.1,letrmen different coneratinna 01' the wecvils la a critical test  



4 

of the hypUle3io that the slopes do not valy, 4nGe it tt.'417.es 

into account components of variation duo to samplin rior, 

populataon differences, and envi,vomuntal an,Jf oencticl 

differences reflected in the vRritii.ln of the tolerance 

distribution fryi one gencration to another. In partioule 

the genreltilno examined in this, instQnee were those from Inidh 

all the insects used in the investigatiuns described in 

tilno 3 to n were drawn. It is these sections which 

contain ex:2)riNerts dependent on the common slope of their 

regression lines for ,the validity or the interpretatin.#  

fOr the examination of 010Pes, f(Yur oamP1002 aubilocImntrY 

referred to ac populatirms, were drawn ,om the four onituree 

maintained to sUpply experimental insects, 11;a0h populati 

,bur batches of no weevils, and W. drawn two wodko 

after the emergence of the cultures in queotilne 

kbur doses of the pyrethrine, equally spaced on r', logari -

scale, wore used to evaluate the ø1v& lf the regression nr 

responce In log. doss 	The responses were subjected to the 

guIar transformation„ and lines of common L.,!C,pe qero fitted 

,y eye to all the 14 sets of four points. ;24 	them linos 

provistTnal angular 'traits were derived, fron which, as in a 

c,virrespondinz probit analysis, the adjustW scores were 

enaonlatod, The dt%ta in, rmestion arc shown in ',cable 

Those adjusted cores were then sUbjected to an analysis 

uGing the appropria to orthogonal polynomial coefficients (Fleher 

and Yates, loo. cit.) to represent the log. doses. This device. 



TABLB 2.2  

sidues for the 24  rs7,rees 	1ries examined 	r.  

Population. Generation: 
F1. 	F2°  F

5' 

1.  3.266 0.191 10.217k  3.367 3.062 ,97 

2.  2.473 0.957 3.699 2,239 3.868 13.47424  

3.  0.133 3.712 0.065x  2.462 8.469x  11077x  

4.  19.377x  3.269 7.257x  1.758 1.391 ;.602 
A 

Upper limit for X based on 2 d.f. 5.991 at 5% loyal of P. 

Lower limit for X based on 2 d.f. 0.103 at 54 litirol of P. 

Residues marked 7  !Lail outside these limits. 

Partitioned x 2 Analysis of the data for the Hom; -1..tl of 
sloe of the 24 regression lines four from each z ...... tion, 

Departure 
from 
Parallelism. 

ii 2 Mean 
square. 

Populations v 18.538 

.......11~100111101111111.1.\ 

6.1793 347,1,49x  

Generations 'J 14.900 2.9800 1.O1 n.s. 

Residual 63 116.387 1.8474 

Total variation, 
excepting 
tolerance flue.. 
tuations. 

71 149.826 



T.' 	A..4. 

djumted Lcore 4 or rigsPon6ea  of 0. •ranaria form suootiivP  

r:ob.oration to the rethrino, Aompioneity of plopeis expt0. 

Generation. _opulation. 	LoG, dose in faotorial ooeffieient3, 

0.1b,4 3. 

28.6 42.2 56,4 54.7 
2.  16.5 30.7 44.7 45.9 
3.  24.5 334 44.7 55,0i 

21.7 57.7 61.0 64,5 

I, 14.2 22.5 45.0 45.5 
.1. 2, £81 22.3 32.0 44.0 

2. 3. 17.5 21.7 4401 50.0 
4.  19.3 20.7 35,0 50,0 

1. 22.5 50.1 59,8 57.0 
2, 20.t. 22.9 43.8 50.1 

3 3.  22,8 33.8 43,4 55.5 
4.  2500 25.6 52,9 56.1 

* /0* r  36.0 37.3 50.2 
I I 24.3 24.4 29,6 
4* tsi 17.7 17.5 32,5 

23.8 37.1 53.1 

48.4 53.3 02.3 59.9 
43.0 50.0 63,0 57.(; 
29.1 54,7 53,8 62,0 
35.1 42.0 49,1 64.7 

57.1 68.1 62.6 7e.5 
26.0 38ii 56.8 65.4 

$0 43.6 41.2 56.9 66.6 
39.2 56.6 6o.6 07,0. 



7hiCh materially Shorten the oa1c. tin, •as not employed 

exactly as suggested by Iiramere (loc, cite) but was intrnduced 

into a multiple regression type of calculation similtIr to 

tat used by /Finney (1941%), since an estimate of the ;e rosidmi 

vulues was required1  au well as nn estimate at the comlou tame 

of thc lines*  

he result of partitiyning the 14- value far the Jbole 

set of 9R observations, tolerance differonose brwinz b 

eliminated by the fitting: Of so:perste regression lincs to coach 

sot of four ob'servatilne. is Shown in Table 1102. 

It will be soon Vrom this VA)lo that the data tken as 

a lholo 	marktIdly heterogeneauS0 Us:an the --ructntity 

mX2jj-v-  (ftI 	as a normal deviate, the total hotorogencit7 

corrovInds to 5. normal deviates fmn tho eXpoCtod valuo*  and 

in thus definitely significant. 

PrIrtitiln of the total hoter.)evnolt7 into,rozadual c'..'mpr/nent 

and one duo tn the dice between gon4zntiana dhows that no 

excessive contribution to the diversion is attributable to this 

lattcx cause but that in tact moat of the sets or four 

obsem•timu are bomogenootios only elx havinz residuals 

lisnifienntly greater ttlani, and one having the rcoiduca 

oioniAcmtly lege thmit  tIA) exp,ctod v%lue for two dezrecill of 

freedom 	VIT th tvientl-four seta of ftfur o 3ZV time, one 

excessively high and am excessively to 	residual ?mid be 

ex-,ccted at the 	level of significance adopted. 

The unexpectodly high diaprrolon encountered in the °eta 

of obacrveti ,no ;hose residuals are n;. od with an asterisk tn 
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Table 2,2 is the more nuzzling since the calibration curve, 

which is based on 24 observations, has a)6 for residual 

dispersion which is only slightly higher than expootntion. 

"otwithstanding the heterogeneity of the data, the compon-

ent of variation isolated for the test of departure from para.. 

llolism between generations is not ignificantly greater than 

the residual variance. 	There is some slight evidence that the 

four populations used have developed separate slopez during the 

course of the six generations studied here. 	It must be remem. 

bored, however, that Viis experiment is much more svisitive than 

any of those which are reported in later sections of this thesis 

and which depend on the results obtained here for their 

validity. 	There is, therefore, evidence to support the null 

hypothesis that the 24 regression lines examined have a common 

slope, and from this statement it may be deduced that the elopes 

of this type of assay system do not vary from teat to test, out., 

side the limits of sampling error, 

iller and 2;imanton (1938) have carried out what appears on 

superficial examination to be a similar examination of the 

slopes of mortality-concentration curves with the pyrethrins as 

insecticide and houseflies as test insect. The marked varia. 

tion in slcpe obtained is in contrast not only to the work 

reported above, but to that of 74urray, which has been convenient- 

ly summarised by Bliss (1939). 	74iller and SimantOn interpreted 

the differences of slope in successive assays to the difference 

in sex-ratio among samples drawn from a continuously emerearg 

fly population. Their conclusions, which weredrawn 



irom the untrankTormoe response data without statistical 
examinatinnw  do not take into account the special prepOrtios 

or the flying inacct.pyrethrins aseay aTste7-2, d the extent 

to which they are ,Iatified la rather uncertain* 

The reater part of the work ilimpippein this thcaia 

mfers to the stability if 4MjAmin "thiCh the pyrethrine are 

the active constituents,. Por the away of this subnce 

it is oracticable to uae the fully reversible responses 

and paralysis*  The division of responses in 

billogical assays into two crAoaories, the revorsible prtmlry 

rE,sponses such a those mentioned above. and t usualy 

irreversible socondary meg-lases suCh aa that of r,I.Atalitys ,has 

been diseusGed by ;31ackiLh On$010 The advantages of selecting 

the pri!Aary reapcmses 4howe these aro avallabie haa hoen outlined 

by Page LL (1940)* 
extent to Ihich paralysis of grain yeevils 17 the 

pyrethrina is reversible has been examinod in 6,etai1*  since vor7 

raw t3irailar investigations are knnwn to the writer* Tenhet(1q47) 

found that sub.lethal doses of the mrethrine reduced the 

atil,aequent oviposittln rate of tot.c.cooluda%. malesr 6,VA7.40war-
sAopte,colow..1SI4 

It 	ouspeotei 	that oercury vap,ur, 	roltively 

von.toxic to dult wrap171.0*  aoele however reduce the Vertilitys  
and possibl7 also the feourdity of gravid females* 1.3,0orrincos  

privtlte comlunication)* 

pith the pyrethrins, howuvorp although ovtirialtion rates 

have not bOOT1 &MOO/finally kitUliOd tht; prirar:ry reap, mica if 



P. 9 

.3e0vils arts completely reversible in that at/la...lethal 

doses do nnt influence t1J) weevillsreoponsos to a second dose, 

then tht have been allowed tr',  recover from the first. This 

fact has been made the 1)asis of an experi!aental design in fdhich 

the test insects are used on more than one ecess1dien1 

4.1e dostn, termed the twin crose.over dosim by its origin. 

atora (amitli eta. .1244) WrIG originally intended for the 2,esay of 

insulin 	rabbits, using as a graded re*pinas the ri./ in blod 

sugvx consequent an the adminixtratian of the rw;. Iy nata4 

the quantal rosporse of paralysis, rith bitches of an weevils,*  

it has proved Possible to admpt this 1' 	of assay to thc 

evaluation of the relative potencies of pyrethrum preparatilne. 

(31nokith 715) b), 

A feature of this design is that the variatiun in the 

tolerances of the test insects between the °coast-ins of testing 

can be used as the error variance instead ot the sawlirg 

aiation, lance the tolerance level of the insects bred mneer 

highly standardized conditions, is fairlv constant for periods 

of a few days, this innovattln results in m considerable imps:Ewe 

in the precision with AdiAlt information can be recovered from sr 

asoay„ 

 

n increase ranzing from3 to 100 times that obtainable 

from the same bo0y of data ansayeed by t ordinary nethode 

usinr the sampline variation OW an error. vciriance, 

This desiegn was used extensively for the ln,thy De2tl ot 

aucv.7e Jbleh were found necessary to invootizate Ue alleged 

stnbi izing action of piperonyl butoxide, and other synerzicte, 

on the pyrethrin84 



ra the dazk.  

AS noted in tbe introeuctory section, Potter (i950) and 

several other workers hare observed that pyrethrtza.in.oil films 

a72711GA within warehouses and elsewhere, odall7itc,4 rcuidual 

of-l'ecits for erne wo6ke, and that tho stability or such i1t37m 

o-)nsidorsbly greater than it been provilamly sect 

The stabi ity of the pyrothrine to the abeenco of 1141t has 

boon confirm:A b7 a series or export:lents in cillich two setulof 
five filter papore each, 'aere toted with Q. ml, of the dilutiA 

insecticide oolution ao that the residtVi pzirethrine concentration 
was 

 

i.O in 0,1 !aoof the heavy ,41,ite oil fnlvont used. 

•:hale sot of five o1 those papors uau storod in Qom:lute 

(iarkness in the constant temperature cabinet used to 000thin the 

papers undergoing assay4  The toeverature at which tht cr.binet 

was maintained was $0°O, arcs t:,0 relative twoidity was =ally 

in the neilhbourhood of 40 	The otllor oot of papors was 

stored, alsoin darkness, in an insulated safe the temperature of 

tit was wt controlled, liA:radings of a tborthmetcr tent 

intervalo throughout the storazo period in thin ivvre indicated thal 

the tomperaturo diei not rise above 17°C mlr fall below 

Initially, tbo tao sots of filter papers -;ert7 assared at 

fnrtaightly intorrals, with batches Of 2y) vesvilus  all drawn 

fzo72 a homogeneous pr7pulation from vhich iv' almples of 30 
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weevils wore also drawn for the purpose of on 4bration against 

a known (rinitration of the pyrethrins. In order to ascertain 

the earliest time at Ihich a simificant diminution of the 

activity of the insecticide could be detected, this reforamme 

encentration was fixed at 1 11  so that direct c!nmparisne with 

tither of the other two seta of wore could be made. Eespties 

by gsitranaria to this c-ncentratiln howevurt  are rather htgh. 30 

that a ck:rtain loss nf sensitivity 'aas terebv incurrods 

qaking use of the results established in tile precodint7, 

oecti-qa, that the re7ression of reelymse or Log* dose is linear 

when the response to measured in angular unite, and that the oloo 

If this t7pe of reression line does not alter' materially fiNom 

aesa7 lin assays  a direct compnrlson nay he made between assays 

conducted at different times. and V7orefore with sarrples of 

insects eirmi tz's poptzlations with different tolermce 

The ICAT) difiCorUnees in ter of the angular transfIrms of 

t: responses to trle standard 	re ,,rence concentration is 

araculated beteen any pair Of assays conducted at difrorent 

ti7os, and spi.:0ifically, between the original calibrator ae3ay 

arc' each of those used in this investigstinn. thach a dirferences  

nay them.be applied as an adlustment to the responses of a 

further set of sauciest from ttwse sulleequant populations, and 

t creby ucod to eliminate the t-Jerance difference heteen thee 

arlf-  the population uaed to construct the calibration curve*. The 

adjusted reoponse may then be referred to the cIrresponin 

concentration. 
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This method to a very rapid one for clestrusting the best 

estimate of a concentration relative to 0071C other standard and 

is particularly suitable for the routiMe measurements described 

in this and same subsequent sectims of this t7v.,esis. Its 

extension to the eliminattm of a second wIriable involves 

little additirwnal complication, and is described in section 

It ,4cul0 be possible0  though clImborooms, to oalsulate the 

fiduciLl liFlits of sueh an estimate. by the aploliellti,Ir 	a 

thepreat of Yieller (1044) on the fidustal limits of a rtAto. 

liowelmri  the exp,$rtmental design adopted here vas selected for 

those experiments in which the oalculLA,tin o fiducial li721its is 

not rtruired, einoe only those ef1,-eot3 Alch acme larTla in 

comparison with the errors attached to the wore of interest. in 

those cases whore fidurtAl 11lits or tests of siglits=se ,Jore 

re Idrod, a rather different set or deoims have been selected 

embodying internal eutimates of the slopes 	linerl.rit7 of the 

re4ression lines used. 

experimental data obtained fro', the several assa7s are 

given in Tables 34 to 15,VI. '.!.he figures given are tho anrular 

trancforms of tae responses of th batehee of 50 weevils used. 

These geguLa. transforma have been :.A.Susted. as hewn in 1,ile 

tables mentimed, so as to be di?ectl','I referable to the 

calibration curves shown in eig, 2.10 Alone serroctud responses 

?awl the consent% tions cormsponding to them obt!AniJd form the 

calibration curve are Shown graphically in 

Vor 

 

the first four assa7o, covorino at equal'? pcco  



differences 
intervals the eight initial weeks of store, no al i1ornt / 

'dere observed between t.,e fredh and stored 1! pYrothrins.in.oil 

Au table $*XX inalcates, the differences ':iere on the 

borderline of signiVicomce at the 01 level after 4 woete etorace 

or tho films, but the likelihood of cbtAnliv:, a borderline 

',Mine positive,' out of l'our such ansays is ,.1,1ito appreciatie„ and 

the into 	of the data in this mnner is supported by the 

fact that 0.t n and 8 weeks, no etleh simificant differences :ere 

obtained, 

The tiro aete of treated filter papers uere then stored tu the 

f1411: for IInger periods of time, under the sane condittms an 

before, and 'lore again assayed against freshly prepared films at 

Th and n1 Teaks after the oorlooneement of the caT)oriment* 

. After 1F weeks, t- ) residual concentration of the pyrethrins 

had fallen to 0.4061 and 044ro? In the oases of the papers stored 

at 17
o
C and 30

o
C respectively* Men the eXpeuure period bad 

increased to 2,1 weeks, the corresponding ilgures '0.6110 s) 05r1  and 

roupettive170 Inspectim of Fia **le Shows that there is 

no reason t' expect from the somewhat liuited evidence of this 

experiment, that the decomposition of the pyrethrins had been 

raaterially hastened by the higher strale temperature, at least 

within the raive exuained„ which severs that normally onoountered 

in light.free instlAlationswhore infestaticos miftht be expected 

exist. CK S. s 
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Locrectin if Fig, Sol, Slows Vint a straight line has been 

fitted to the experimental paints* 	the imPlioation of =Oh a the 

to that the decompositiem of the priretAlno iu proportional to 

the the for wlhieh the insecticide is stored, rd the ole of 

line would indicate that et7mp1ete decompositirm would have 

occurred after 09 wetIrs etorareggei mode of decomposition of it.is 

t7pe is most unlikely on chemical groundot it would be expected 

rather that the concentration of the thatsticide would fall off 

eXconentially With time, s:!ceLs11110. wr. le such curve otad 	f ottsd 

by a m-Jro extensive exmination, hut t ore is ol,vi)usly little 

tustification for fit: 1m such a cl.aftve t the availle date. 

The outstanding conclusion to be dram frOmLt.'64 Is that 

in t absence of light, pviretbrun.in,...oll Vilia exert a very 

considerable residual effect, retaint; a useful dereo of 

activity for periods of tir;s up to six months after ap;)licatim 

It must, of course*  be b->rno in mind that the pyrethrins solutirms 

used were mado up from a concentrate contAmin!!!, an antiimoxidadd - in 

the form of a small concentrati'm of hydrofluindne* 

The results obtain.Q4 with aouti-,ne n,m)t eontaininz an 

anti.oxidant might be lees striking, but the experiments reported 

here confirn and. amplify those of Potter 4a2p* 	and ourzest 

that come cause oter than simple nlAdo,tiNn must be looked 	to 

explain the rapitl detoriorati,n of pyret,hruct films exploed to 1142t 

The moat obyllus such cause is the phcNtolyels of tLe 

Arsecticie, a term which as used In this theists is tatQndod to 

covex any or all of those lirlht.iniuced reactim Which may lead 



to tim l'Iss of activity oV the pyrethrins. A'ng 8Uth renctiime 

oridatiou and poiraxisation appear to b 'most 1/Le3y to ho 

prominont. 

A „.,en4.;sre.1 thy 3t ition oI tho photolysis 1,.1' the pyrethrins 

is given try subsequent sections of this thesis. 



Photolytic dec,mplaition of the 17zothri - 1-, 

(1 
	

Mc IrvAlatim Apparatut. 

mhjr)rity of Ct(.., expoxicnts 6‘ocribc,-1  in this section 

were carried out in 	viAble and ultra.violot 1it, o 

that in inrati7Atinz tho declrlposition of the p7ret)11.1 nad 

other ircecticides 117 this mcAlum, a mral.w.r of expzximents 

were required in orrler to establia4 tit prverties of the 

light oyster used. 

The source 01' ultea-violet 11  

Vr watt hi7h oressurs mercury 	disehar7e iampo  This 

light was unfiltored, ae the outer evacuated glass envelOPe 

of thi:, /amp -,as cut away, .nd the quartz internal envelope 

is sufficiontl transparent to all but the ahortast ol" wave-

lengths. Alb lamp rls used thus yiels a sUbstantivaly 

cantinlvus spectrum rrom about :'OrY) A q. up to tht vial) e 

regin. 

The filter papera to '')e irludiated were supended in an 

ap.ratus soccis117 dined for the pr-so, and orcalal*tin 

a large quartz winkywi constructe4 of '! 72m aheet rolled 

transparent ruart7, amte 'tyy means of a fcround f/Emge tØhe 
7riltsr napErr cntiner, Whirb %Tao constructed in hare$1:yror'," 

glass. The qindokr of the apparatus was approx. 9 cm. diameter 

Do that the vaiole of the filter papt:.rs suLkpended in the 
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o'ntainer were irradiated with unaltered ultra. loletlight. 

A tap was proviOod in the apParatue to pornit of the irradiation 

being carrtl, nut under vacuum, or in atmoapheregother thou air 

The general pt-al of the apparatus is shown in kig4k 44$1, 

The walls of the irradiation apparatus wore constructee of 

asbestos board, painted a matt black to reduce refluction of 

light, and framed with wonaeu slats to provide a faLtnaation to 

which WRO attached the electrical cluipment indicated in the 

aiagmm, The voltmeter* a wVariac* aut.ktransforier wrc 

adecd to the circuit to order to 7Aclasuro ane control the 

excessive voltage fluctuations mot with thraudhnut the work. 

The early expt:,ximents were carried out teho the only A4c. auPPlY 
,gas that fron a omall namp roc, . A•c• convertor, Whose output 

voltage was teout of phse, it co round that no constant 

vol*age tranorkIrTler available . ,c. uY operate satisfactorily from. 

this source of oupp17, so that U 	operated controls 

pore introuredo  (Fig. 4.P.) 

When a mains A.C. supply became available, it reas found 

that the voltage fluctuations wore of as reat a macnitudeft 

thou4. tvt of 50 ireonent occurrence, and in consoeNence the 

voltage control circuit 701ms retined in the apparatue, 

lith the aid o:P thaw manually opera od smtrol, th 

potankaal applied to the tapping of the °holt° actulti,r the 

lamps ehicb was set .1Vxr a nonlnea voltage or latip  ;:tas 
etabiliee4 to Athin a Vet? volts. 

An expri7.1%nt was doeimed to ostMlish tether audh 
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fluctuati-ms would offec. the do ipaiti.i of the p7 

to a detectable etent. 

ems N0,7. '.,illatman filter papers, vore each imprograted 

with 0,t) m1,of the mixed oolvent provVmsly deecribe(4 bo thata 

rosidual cc'ncentration of the pyrothrire of f7f, me obtaiverl• 

These pap(ra zero divided into four equal batches, thiCh wore 

irradiated for 1 min, each at Thl, 	rtm, and 240 ?Olt 

respectively. This range could pot convtiniently bo oxcoed. 

Below it the lamp ume liable to extinctions  and above it thi 

temperature to whiCh the larn is raised after 30 rlin, operation 

i. liable to burn out the connectln vihiCh in the lamp treed 

iii this work, deprixed of Ito outer evacuato6 envolo:oe,„ are 

exposed to atnepheric oxygea. 

Prior to the irradiatint of the filtQr papers, tho lampgra41 

allowed to r for :10 min*  at Its nominal t7.,pDine rating of 

r31;71 volts to *warm ups ar ostabliL soothing ap-roaching a 

steady stato it itu emiselon spectrum, During irradiatilni  

the filter papers were suspended from the glass lev,J)k in the 

anmberi  Qo that the light from the lamp 	normally incident 

upon them, After the fixed period of expaures  thk7,  papore 

wore withdrawn and used 'AO the dubstrates for 94 batelles of 

weevils each, all drl...wri from a Angle bilmogeneque poPUlaticln, 

iio data of this assay are shown in Table 440,-: v,Lcre 

reponsos obtained after tho atandard 12 hours exposure oeriod 

are 17.ien ir terms of their corresponding nngular transforms* 

It will be observed fro-, the analysis of -,.,;:xiapoo of the aata 
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Imo 01 .fJainti input voltage on ultra-violA GXtJ1Ort 
a G. 2. 0, 00sisys Lamps  Ath nomi:onl tzAppine oat at 
235 volts. 

AU papers irradiqted with lamp fo,  10 mini. I1t4r 
Inoreenntion with 2rifi Pyrethrikas solul 

Angular trAm:ormll of batches of 5ki uVi14 ctonf1.n. 
the papers for 1z hrs. 

likilni; veltve 	Iteplie:to 
twolt0 1 2 3 4 5 6 

210 64'2 54*3 06'0 64*2 574'4 587 6113 
220 747 66'0 f36'7 809 47*9 sTil area 
230 6163 56.2 54°V C1'3 42'7 50.6 57'0, 
240 54'9 47 5547 74°7 5:5.7 2ns? wile 

4.villagsk  Vriariees, 

Itan• Liuss of 4,,t1 avnre r*  
Treatnonts 3 348* 116'21 1'841 
Residual 20 1, 972'511 93,62 
Total 23 ' 0 	221'00 

Trootmont effoet are thus not eAgp.ifIsnt et 5, cv I of 
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that tore is no significant treatment effect*  so 1,111t it 

aaront he said that the voltage differences influmee the 

output of ultralet mdlation li't' tho L.mp, althouli that 

of heat and vialble light is mark6dly affected by this facter* 

Ver the latter reason, the applied potential wan stan&Lrdinald 

in ouboec.uent aporimente at frigS Vatao 

(1) 	Effect of irradiatt'm Irith visible 	e pared with  

u1tr..rIo1 cit. 

it han often Seen considered that vicAble light accelentoc 

the deooniraittin of the pyrothrine, oo that a brief et of 

expurinents was carried Out to inveatlIato tLe relative 

delettrloun effects of vielb/b and ultra.violet light, 'Each 

fourtoen 7 am* rbatman 	filtcr par-re me im.pro!7,natol 

Ath i nolution of the pyrethrins in heavy oil Sy the usual' 

technique, and irradiated by the ultra.ulolet lip for porioda 

of up to 10 min*  

The p7rt4/71:1113 ontent0 of tN.1 irradiated papenl, were 

aesayed by the usual batches of DO rMovils, drawn from a 

homogeneous trIpulation, an0 threspmsen obtained, nub:looted 

the angular trawformati.m, are ulin In 'fable 4* :' 	'Ann 

thio table it All be peen that there io a significnt rcATeaaion 

of ronponsen on time of ex.poaure to tho ultra-viet 1141t2  

and that in conaeuence the data eugoet tat tho pyrothrins 

qere being utoadily decomposed hy this af:cncy* 

oottnite the c'llvtribution of thf: vioible fractj of to  
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61:4'0 
31.0 

Anular 
transform 
55'8 
53.8 

Mean. 414 

55"3 55.4 a'82 
59'5 3W8 
45'2 4k1"3 

0 

35'5 35.4 
48'3 44.0 
40'0 30'2  34'30 7.24 
17.3 2407 
22'2 2842 

5 27 9 
10 n9 14 
15 a 12 
20 CO 5 
25 27 0 

nr 

29 9 
29 9 
50 10 
28 11 
51 14 

32 0 

Clt 

Pt 

Controls, 

of ir Pidiatien 

TAT31,3,4, 1 

Effect of irradiating pyrethrum 
Jcurce og 	60 watt pearl 
5 ins; from filter paper to 'iv 
to ultra-violet lamp, 

films with visible light. 
in‘pendoscent lamp, p aced 
c ual visible liR!:It intensity 

7 0  noteignif cant at 5 I 
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Lo 	ot aatra..vi t n t 	r3thruxYL LLzt, 

Tine at irradiation 
(min. 

00 30 30 100.0  
1.0 29 29 100.0 
2'0 27 24 89'0 
3.0 29 26 09.5 
4'0 27 2 02'5 
5.0 30 26 87'0 
6.0 27 23 85'2 
7.0 30 24 S0•0 
8'0 28 20 71.2 
9.0 31 25 005 
10'O 29 18 62.0 
11'O 30 14 46.0 
12'0 30 5 16°7 
13'0 27 6 2212 

Control, 	 0.0 
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lie in the u.ltra..violet•  Ilite result i3 trt unexpected, since 

th.e aboorptl-ltn a,iectrIri of the p7rethrtns 	riaximutaat 

alloutf,.•1,5 4 (61/lan tznel Ilestt  19420  12 4t5) 

It to note74orth t,-,-;1't although tl1G papero irruvilted with 

vihlo 1.i.c.ht only Ia., retained their toxicity apparvat1,1 

vglimpairedt  the colour of the filris rapiel7 dl,atppecxed• 	Th 

nemy cases*  it hos boon observed VPat thQ. 	an1 t 

associated oolrniring faat(;riale diaappm,rod together, (c•f•',tati,.. 

Tun) but alt117.mith a widespread inpressiou exiate that colollrleoo 

filtua are useless, this Impresaion le wt necessarily valid. 

yr.dinger (.1c130 hao pointed out that the colouring ravAtter to 

ucbmors readily oxidized than the p7rethrine t1;te- solvcs•  

Late of deconpoeltiv in ultrr.vioiet 

It to deutrable to 11x1,..omr ;Ithother the deconpooiti •rt 	the 

rrtethrins to proportlorial tin.,  the, time of irmlin,tion aince tho 

presence ot 	rrt.rer of zfliffrent active corstituente in the 

extract ?4th differin7 rates or do o .nnootti .,n •,,,,ould tend t7..t catioc 

thlo ovantity to elliriah" with tirle• 

obvinus ;my of,' earrrine out the exporimont ;ou ho 

to Li- radiate VA:1 Trerrethrins solution° on t.::0 filter 7:pc:rot  

a vri'l t relate t 	reopnnsee ob.k.alned,*  via c. (11'„ 1„ 	t tOr 01,11.-Ve 
to the OrgleontratiOne rennining um:loco:mooed* ao dicustseft in 

the primo oection. 

3uch tuithod. tl b 'leas sonsitivel  •j: 	g 	r 

prezent purposes thc.o a null method, D-nc it
34  

z 	tt, teet 
„01$442/0"“orid 



tiA.:111Z. 

iiAte of deco 	ion , ozi 	 of the pry_ 	 

	

- 	...... 	 o-  et... liAit.  

'iveutf;iont* "haplieato. 

A. •?1:.5 # 0 39.8 	4.1.Z 02 41.0 	46.0 

4506 48.4 	40.! 34.0 	55.1 

0o 40.4 40 of) 	o 4 36.9 	37.8 

4601 43'0 	4106 36.5 	09.9 

Treetraent Pyrothrino eo 
y • 

of 	Treatnt Total,:loan• 
on. 

teu 

A.  C100 0.0 8 	4208 

B.  1.5 6*0 222.0 	44 4 

. 3;00 4.0 208.0 	41.6 

D. 0.5 240 207.8 	41.5 

Of Yar000  
I).?, 	 1.):=3 of squareL. 	Wean NOare. 	F. 

	

TreatoMetit o  3 	28.8I 
•a•ror. 	16 	346,40 
Total. 	19 	 369.27 

7.60 0.351 
21.65 
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of linearity' 	tho re7ression ire hich vill daloreas be based 

on fewer dufwees of free00,1 than a estimate of the probability 

of a null Wpothesie that the treatments given do not lead to 

diffcrent responses, 

A suitabie null-point nethad consists in irradiatior, the 

rir,s of pyrethrins solutions on filter papers for pertlde or 

UTo such that the product of the iltiel concentration and the 

reciprocal of 44i* tine of irradiation romAns constomt* If the 

rate of decomposition of the total active inrodients of the 

p7re hria extract renaine proportional to the period of exposure 

to ultra-vir,Jet light, the residual conoentratin of the 

insecticide after irrndiati-n will then be the sane, vithin 

the limits Of the sampling error of the method of assay in ell 

casee* 

The data :erom an experir,ent designed en these roes arc 

frAven in Table 4,3, whore tA) figures represent the tranefDrnal 

rnspanses or batches of 40 weevils, after the laty:ca ln hr. 

exposure perl,:4„1L 	t'A) irrciatc.d alter 7.17w:4o, 	el:erna oe 

to Table 1.5 dhriws that there is no significant treatment effect, 

and inOicates that the rat( of decompositi-11 of the pyrethrtm3 

is independent, within the li%ited ranges atudscd, of the 

cOncentratiln initially present, and is directly proportiflral 

to the tt:'e of irradip-ti 11 by ultra-violet 

-acts of aborlrption coefficient, tetue# etcl of filtcr 

paper substrates* 



It ems thought deeireble to eerry out oome experimento on 

any poseible variattene in the toxicity nf! filter pepere 

imeregeated mith preterum.immil soluti7ms and presented to 

test ineects either on the irradiated or m the unirradiated Adde., 

Since filter papers differ elietitly in texture On the roug:; 

and amooth aide, according to the wey in Arlioh thee are cut, 

the exeeriment was aloo deeignee to include any effects of this 

factor. A further effect eitudied was the differential amount 

of bent and light radiatin aeeorbed on t1,41 aureeco of eleite 

and blact papers), inee the reflection ooefficienta of papere 

treatod with the various dyes examined in later eectiono of 

tho tesie for protoctant action would be expected to be 

intermediate between theee tee extremes* 

Iteeaspecte of each of the throe fecters rlentiened were 

t.TAugt tested*  giving e5= 8 treat-lents* A comelete replication 

was erovided . to aneree tie experiment nal to provide en 

independent eatimate of the experimental error ehould emy of 

the in fectere give rise to eignifioant treatmeet offente. 

The white filter papers) uned were to 7 cm. Ne.l.whetman 

P Pere nereally uued in tele work, and th4- black papers uere 

represented "hy 7 em. "hezt,nn NO0 	oirelee the vat dyo of 

which ie inoe/uhle in either oil or water* 
mum 

Aa tho analyeis of varienee of Table 4.4. indloetoe/nene 

Of tho troe frCtTr3 or.lrincid eeee rise to any eicnificant 

treatment effect, althoueh in view of the relativele h1 

variance rrA1.0 attributable to the contract between mootil, 

ane roueh sides it wee decided to standardise all eubeequent 



ArrudiAed 
(4) =Jmooth 
(R Rouch 

onooth 
(e  Fough 

Lade of fUtt aps 

id* of filter plper asunyed 

t21. 	.74  Xteta. 
B v 3. 
j v n 
• v e 
Aesiaus 
Totn1 

1 

5*.695 
390690 
06.560 

12 240.207 
15 4V P.010 

-ems of 

Effect of filter papers on ultra-.violet phutolytis of 2';1,  
pyrAhrins solutions*  Ihreo ..faotor exooriment; each frAtor 
at taro levels. 

4hite 
ao10 c '7 aa.ltcr paper 
	

(D Black 

Ancular tranJforms of percentage rusponlJez,  or batches of 
- confined for 12 hrs on irrudi tad prz.,pers, rilke 

of rru; 	1114. 10 mins. 

code lotto 
4. 3. 

W. R. 

W. Re 

(ode letters. D. 

• sponsts, 
• 

50'0 
1066 
2,4"l 
30.5 
25*2 
20.5 
51e5 

R 

Oodo lettc,rs, 
B. J. C— 

B. 

R• 

f. R*  

3 
50'2 
261.0 
20.0 
30'0 
37*9 
20.4  
27°U 

GranA 
Totals 243°U 213.4 240'8 216*6 	$470 200.4 456.4 
banns.  26•07 30'10 864095 	30•015 z6' 3.75 '8525. 

Analjsis r 1 data 

Ms,An 
53'803 
30.800 
00"360 
m.otat  

p, 'oat 
1'902 

In for 
.05 is 
4.75 



assays with the anloth 

Effect o humidity r•In the pI,toittc do 	oattir of the 

P7rethrins,  

A further possible factor influencinr the photolysis or 

the pyretbrins is the humidity of the air in which irradiation 

takcs place, There is certainly a fairly trielespread belief 

moisture accelerates the decompositin of pyrethrul 

flowers, and of pyrothriniced dustx, Nartin 114n) and Tatter 
(15102) 

Tield/fOund that humidity increaced t rate of -)Itidati-,n of 

p7rethrum powder* 

!n experiment -lap eesigned to exmine this effect, by 

irradiating 	solutims of t pyrethrins on filter paper in 

et a1 dr 	tTOt trValiher0 gne *obtained b 

pirming a wnd cf z;;ot cotton wool between the tap of the 

irradiatim chamber w1  tho paper, but precoW into Oho b?.ok of 

the chamber so that, nn direct transference of water took place 

between the vad aryl tho pmner, Ibe dry attrAsphere was secuxbd 

by replacing the cotten wool by coarse irrade, self indicating 

silica gel. In each case the chanber, sealed at the tap and 

the crwrt2 plate, MB allowed to atand for 145 min. et vet', NX0re 

irradiati-T4 	allow the wisture content of the air inuido at 

least to approach equilibrium, 

After irradiation for 10 min, the t 	etc 	p:,crs were 

neasTod as usual and tN; ti ealofor:).0d data are shaqn in Table 4 

Le :1‘once, to this Table indimtes th!",,t althoudh the humidity 

4, 

• 



TABAArA44: 

.11CU6 

 

o  trziozlpheric  , uni.diA7 on the Deeo4oLAtion of 
....o.”wasmar 

the Pyrethrins in Ultra - violet Light. 

Experiment with six replicates. 
2,;; pyrethrins solution in oil irradiated in ahatman 

Nosa filter papers or 10 min. 

Humid Atmosphere,(I00 	Dry Atmosphere ( 0 R.H.) 

43.3 
cg:(3) 48.4 

	

33.8 	 44.4 

	

40.4 	 56.2 

	

51.4 	 50.6 

	

48.4 	 47.3  
Totals. 265,7 298.0 

	

Means. 44.3 	 49.7 

Grand Total 563,7 
" jean 46.9 

Analysis of Variances 

  

ums of squares,  1).Y. Variance, Variance Ratio. 

	

I4.58 	I. 	143.58 	4.534. 

	

310.68 	IO. 	31.67 

	

460,26 	II. 	0.-t4.4.44P1=4096) 
TreatmeWk;. 
Residue, 
Total. 



TABLE: 

?Iffect of %tmospheric HWnidi.t 021 ti 
The 7eyrethr  

(7zperiment with 12 replicate.) 

	

kyrethrins irradiated in 	2% Pyrethrins irradiated in 

	

dry attosphere,(0R,4;) 	wet atmosphere $(100';', R.H.) 

Replicate. 

	

Ts 	50.8 

	

2, 	53.1 
3. 35.I 
4. 46.9 
5. 36,3 
6. 31.5 
7. 33,2 

	

8, 	31.3 
9. 42.1 
10. 36.3 

	

I.I. 	33.2 

	

I. 	41.0  
Totals. 40:6 
Means. 58,9 

52.5 
49.0 
45.0 
43.3 
46.7 
43.3 
46.7 
39.2 
35.1 
37.5 
46.7 

Grand Total t 985.2,Grand Mean 	41.05. 

AnalYsis of VexiaAos,* 

Items. 	Sums of squareo. Da 	v iance. Variance Ratio 

Treatment. 	5b.74 	I. 	55.74 
Residue, 	1026.28 	22. 	48.05 
Total. 	Y082.0 	23, 

t9lysis()  



46054 048 
14,1on 

/0"01PS 	n* 
11,#rnfl7 	\-, , 	....- 

2 
1,1'1  10B 	X = 3.a 	4 	ClIblmed ( 

delrene of free^n is ?,?O0 dr.e6-4‘Lti P. 

a 

• 

1,0 

diffcrence (1.o nst pr'oucer irnifiemnt erVect ti 

Iecompoeitin of the pyrethrins, t-e %quo of the varitaleo 

ratio obtained for this comparison i on th{: bozderline Q 

significmce at the ' 1ovq4 of probability uo that it map 

decided to replicate the experiment on double the ecale* 

1,'110 tranefornud responocu obtainer during the assay of the 

4.rrndiated pcoors frsm t°;e1 re7aieated expertrIont are gilp_n in 

which it 1.7111 be soon tt the ve,ri:ce ratio for 

the csmparison hogs atm, or a doe nnt approach aignific 

flt the v..-r  level of P, 

The combined rmobabil y of ti e trath 	the null hypotenis 

that the atmoophorio humidity does wt im'Auonee 440 rate if 

decompositim of the pyrethrins in obtained fr* both t'ev,,, 
`7. 

everimente by thL method of 1'1allor (14i), in kith uae 

inde of the prop rt that 0. logtpt titrflutod'\ae lc ?z 

with !" dez,rees of freedom.; 

F 7 
Table 1:.4„," 

--logeP V,40,3Y* 

*Ile evidence from tbi' cobiz,od data of ele two  

ennnot therefore be held t cIntradict the null hypotheeiS* 

anet at-lospheric humidity eInnot be trild, on 	ovidetre# to 

influence the rate of deolmpositi'm If the wiretIvine 
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the decomposition of damp flowers is accelerated indirectly 

through the agency of micro-organisms„ and that of dusts is 

due to an oxidative mechanism catalysed by light and moisture. 

(6) 	Influence of available oxygen on the photolysis of the pyrethrins. 

As Martin (124P) has pointed out, the inactivation of 

pyrethrum preparations is frequently attributed to oxidation, 

and certainly the addition of antioxidants improves the 

Persistence of the active constituents of the extracts and 

flowers. 	Inactivation without oxidation is also possible, 

however, and the mechanism suggested by Harper (1949), namely 

a Diels-Alder condensation along the side-chains of the 

alcbholic component of the insecticide molecules, would be of 

this type. A further possibility which reouireo consideration 

is the type of reaction, induced by high-frenuency radiation, 

in which activated molecules are produced, capable of reacting 

with any free oxygen if this is present, but becoming deactivated 

to the ground-state by collision with other molecules if free 

oxygen is absent. 

Experiments were therefore carried out to ascertain 

whether the decomposition of the pyrethrins under ultra-violet 

irradiation could occur at all in the absence of free oxygen,  

and whether, if such decomposition took place, it was in any 

way inhibited by a reduction of pressure of the oxygen supply. 

The atmospheres chosen for investigation wore as follows:- 

Oxygen. 	Obtained directly from a cylinder without further 
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purification. Zhe flange of the triftaition eTt4.7!hor wns 

de-Teased, and the cluRrt% plate bold against CA) filter paper 

c!mtc.irer by t ,1 rubbcx hands, thuo forming in ofVect a roUWW 

tion.return valve* 	?xygen gas was passed into the dhamher 

throu4h the tap umler sufficient pressure to *ore() a vay out 

t 	tile flange joint, and tl:o passao orf the ,c7f3o 

Wittfted for a few tainutas to ensure the removal of the air, 

and its renlacoment by oxygen*  

No special treatment* 

44r0(tectl* ordinary cylinder nitroun contain4 come 1  

qxvgen„ oo that further purificatim was neceosar7* lf the 

liable methods recorded iTi literature*  paosage of tThe 

nitrogen ovi„r redhot copper turnings, o bubbling t!fle gaa 

thrmsAh vanadous sulphate solutions*  have been rocentiv r000m 

moned, (..J,'Icitoo and 1,,,:weites* 	Jlese author° atirzost 

Vtat both the methods noutimed are of approximate17 c ul 
efficiency, but were onlv be to ezpreos this efficiency tn 

arbit,bary units*  Indeed, the detcrmination of oxygen in very 

snail traces in an inert as is a natter of considerable 

di _Acuity, an the only effigient recnt appartus doocribed 

in the litvraturs mu found to be oo conpliented that itu 

ermotruction was ntconoidored prcticable with the rictliticn 

available t 	ti710* 

Instead*  it was thought preferable to rslv on the c;!. 1(.5to 

removal of oxygen by the two methods quotod above, ant) 

ap.paratos woo set up with the two oxygen ren,Dvinr mita' =0 
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deperdent on each methnd*  arran,Yed in soriun*  the nitrogen 

first being circulated over Vbc hooted copper tavue*  and then 

passed throw?h two bubblers c:vntalning va.nadnue sulphate 

ooluti'ma prepared according to the directi los of L, and k ,* 

eltes* 	e cit,  
The design of appa 	e nolly adopted la Shown diamml 

mAlcally-  in Fit.74,2, 0 As no furcmce (it IiultAble deniFA 

was available* a suitable container fcr tie i:Iopper was prepared 

'Prom a auartS lAlitressil" tube r!scm01ong* This tube was heated 

electrically by winding "chromallor Clichrome Aro, 

Are gauge*  round the tube, the wire belling of such a length that 

about 110 watts were dissipated* The wire was he10, j place on 

the tube by winding it In t a layer of fireproof aluminous 

cement Told directly on to the talbe*  and oxternall the heatin 

element was thermally insulated by binding with several oucconsivsl 

lovers nf boatos cl:-'th and tape, It ;las rourid necessary, lan 

order to maintain the internal teraperturo of the tube furnace 

at about ifect t .tit the current to 1,0r-amp*  by means of 

rosistanee* Men nitro?, 	vas all -.:eC 	low throUc'h the 

tube*  and over the titht17 rolled •copper of.rum) with Which it 
2:ac packed*  the heat loot in this way was eonpansated for br 

raising the current to 'lamp by cutting out the exterml 

reolstanco• 

The copper fillinr in tilt; cuartz tube,  consisted or tine 

mesh copper mune rolled into solid cylinders uo'le 7 Om, long*  

Three ouch cylinders were inserted throulth the open end of the 

tube by moans of a copper wire hooted into copper rityw sewn 
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on t the er,ds of the cylinders. These rilv!s 7,,ere also used 

f')r riving the cylinders for rep;onerathn ':fnen othausted* 
1,.eguneration was acoonlished by withdrn.wing tAe red.alot 

cylinders and plunging then into methanol, when tho copper 

oxide coatinr was reduced to copper r4gain. 

After passing throw4h a cooling coil, the nitrocen from 

the furnace vas bubbled through two successive traps containInc 

Pno ri, of 0.1K VINS04 solutine -lade 101 vritt reclurt 
staphrrie acid*  The lilac coloured vmadous salt is 

regenerated, Ifter oxidati. n to the green vanadic sulPhate, 

by reduction mith zinc), The met-Alio xinc is kept tversca 

in the solutions in the bUbblers, and regererati'm 6f the 

eolutima is than easily effected by admitting („4, little or 

the cone. sulphuric acid stored in the °operating funnels 

shown in the diagram, The vanadium was originally introducee 

ac the yellnw dxted pentoxido, but onidati-n by the free 

oxygen in the Tats etroam do0c WA carry the reaction further 

than the vanadic sa/t, Since some reonaration of the 

vanadic salt is alvays occurring on a small ac.11,t, the stream 

of pusified nitrogen issuing from the apparatus i 	ntaminated 

with traces of hydrof7onl  but the presence of this latter rAta 

is not thought to be um'esirable. 	:Ince° of sulphuric acid 

spray from the bubT-31or° 'rum removed in the almeous spray 

trap, and the gas stream ae then nried by passage tl;roudh 

a c,noentrated sulphuric eoid scrubber and than thr-Yugh a 

silica lel drying tower. The rate of flow o th,11 zao cocOa 
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Approximate weik;htu of oxygen :In irrliiiatler, charabor flhi 	Atil various •atmos' ero4;,, 

Atnosphoves 

Oxygen (cyliader) 

Vacuum (0°5 mo4110 
(After 'allinc with 

Litre en) 

Nitrogon (puniac 	;fter 
reperted flushincs 

102 

0•01 

Air. 	 20. 
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Ile approximately Um:It 	the °cage of sable thrugh 

t ,c ncrublvr* 

Vafflalm  Ystem The vacuum oyst 

was introduced to allow the irradip,tin r the filter papers 

in vacuo anti also to ft-eilit-4,te fialior the ilvadtltion 

chamber with purified nitrofwmp The nitromn was alloved 

to bubble out through the escape excew pressure release, 

until the chaml)er had been svacuatedp and then admitted 

slowly into the °Umber, This procoon woo repeated olevezr "1. 

times to ensure, th4 complete absence of residual oliWnenp txceept 

for that remaining on the papers £t an akorhed at'Itcp end 

the try 	riot removed from the cylinder nitrogen,* 

The weight of oxygen renaining in the irradifltion 

(an)or after e•.,!:.cuatiln down to 0.6 rxn*the limit of the 

system used, is still large compared with the quwntity of 

oxygen routed to react Tith tile amount of pyrethrine 

present* (see Lable 4, 7*, Thie difficultv to ovorcrle by 

evacuation after filling the chamher with the purified 

nitrogen* The -amstity of oxygen then preoent tu vor? onall* 

though not easily estimatedp  but it is not likely to exceed 

teat adsorbed on Vie filter papers* 

Irradiati- m of 9--/  solutims 	the pyrothrine on the 

usual filter papers was ccrried out in each of the four 

atmospheres mentioned above*  riv'e replic›,tcs lving mod f 

each atrnaphere* Aftor ir min, irraditAlln with ul vit 

light. the papero wore 	rawn and acmayed in the manner 

- 4own the diarram i(,*4* ") 



orevir!, 	ad'pt tn this work*  except that the dftta 

in 'LAhle 4,F represent the tranaforled respnses of batches 

of 4r weevils*  all the 10 batches used being drawn from a 

single populatinl  

It will be seen fro able 408 that when tho individUal 

moans in the analysis of variance are conpared by the moth 

of Tukey (1g4n)*  none prove to be significant*  thou rlh that 

for irradiation in vacuo representing the swalest 

obtainable residue of oxygen*  approaches significance at 

the Wt, level of probability*  Actually*  when the interval 

between the mean for irradiation in Yacuo and th6 grand 

mean is conv rtod into a normal devi:Ae*  itz valuo le 

104n3, and the filt level at 	being reprcsented*  mu is 701 

known* y  t11.4 value 14'In• 

It nay 11,. c-ocludod t refore that even with this 

traatmont* no signifiemt diminIzti-m or the loss of taicitt 

of the py'vethrins is •scoured*  and since a r -YA.7,h. estte*  

such an that of Table 4,?, of thq. residual ifoio,,te of 

oxygen for each trotr,ont*  Lnlic, tes that the wiliight or 

1.4ft aft erracuation from the purified nitrogen is 

less than one mal * for each mol* of tLe pyrethrtns psent 

on the filter paper, it may tontatim'ely be deduced that the 

decompoeition of tile inoecticide ir ultra.violet light it 

not new...sultrily acr.l'ympanied by oxido,tion. 

It would appear that there are at least two quite 

distinct prleeese* involvincy 1-0c of todc,tt,y during 	rage 



Effect or differot 	,.)aryhero on phstolyti • 60co2apo3it1on 
Q. the pyrti.irlra. 	fliter p4per5 Initi41747' 
irlDrQL;latad with 	rimi nolution, cnc4. ixr 	tior 
3.C; rains,*  

Angular trns-.1%)rm oT porcentgo responge17; of bathes of 
45 C.. crannria confined,7or• la hro. 	filtr mpeT3. 

tmosphcro* 
(For df)t sco Tex 

Renlicate, 

1 2 3 4 5 
40.4 50.8 31'3 4741 

VOMULUAL 4074'9 50'2 49.G 5861 00'0 5W1 

Nitro 45.0 -1.*0 510 45.6 50*2 4C 

Air. 375 55*1 47°5 .13*3 50•6 

Grunel :Corm 47*Z 

 

AnallNio of Vir_aroc  

  

     

     

     

Trcata•it 3 
	247•5C, 	 82  ;:f 	 870 

Re ci olu‹! 	1E 

Tot a 
	 730'58 

"'uz; the trwittiont effocto are not simifi ,LInt t the 5 
level of 1), thourh they do approach it, ` duo T,ainly to the 
contribution of the 'Vacuum :-Itrioaphore. 



of the pyretbrine*  one a al )w atmospheric oxidation*  

Ireat17 inhibited by anti.oxtd-,nte* th otcir a mob lore 

rapid process involving 1...J :,(-1.',1m o lteilt* particu1ar17 

of high-frellzencles*  and yet depenllent on the presence of 

free oxygen*  and therefor not inhibited by the presence of 

anti-oxidants. These te* mechanisms appear to be aufficiert 

to account for the observed fr4cte*  except t'Lv.-Lt in thc e„pafic 

or unextracted pyrethrum flowers*  to action of micro. 

or,-anisma zn play ,1,:m overriding part in Oewroying the 

actie principles*  if the flowere are allowed to becone 

dam,* 

lartin r4n) hae thorn, how cr*  that the accelerated 

(lecompositlis of pyrethrum flrmers in clam; vessels ean be 

inhibited 1.)y replacing the oxyr:enated atmnsphore by one of*  

st,,ty*  nitrogen. Thus the /174t-ar-talysod oxidation difAws 

furfur4amonta12ir fro-1, Vie direct ultru-violet photolysis' 



i 1 	`11 0: tht'4 -tm deition o dynetUfce,* 

  

ffel. 	erualln to tte draar ram the previmay 

reportd expfAI7ents was that 	Vias 

detertorate tittc:.- more radilT in t 	resence of Ut amyl 

in darkness, n.nd this much !.re so if the light elneerned is 

in the ultra.vi'let region of thfk spelt,tran* It ellPemrx4 

logical. thorewore, t ckonoentrate on attempts to minimise 

the efitect of ultra.vi-aet liztht an the inseotieldf,) rather 

than to carr7 out furtber work 	rnti.oxidanteip 

main Itna of work artarori to off ,.r protlieei  Inc 

the chinnatic protection of pyret-rua films bf the addition 

of dyestuff 	soring in the ultln-11,iolet ron, the other 

a method dependent on t-,e 	effect of certain 

pyrethrum synergiste, an clTect suggted tccsist by a 

number of snrkers ir the United States, 2artieular1y DIre 

(ref). 

Many subwancee, het or colurod or not, abaorh 

rmdiatt7In on vari5'7u3 re -ions of the ultra.violet, In the 

the colnured subatancco which eve only farbsidiary 

sheorptIon bands in the ultra.vioret are stable MI irradiation 

whcreas sue ool'urless substances ms the pyrethrins, venial 

ha' e thuir 'in absorption Iliand tn the ultra...riolet, nre 

often unst,,4ble, It we thought that er in dyestufes, 



mixed in solution tth the pyretftrins nliF_Pht serve to absort 

aufAcient of the incir7ont radiation tl prolong the lonroth 

of life of the /moot.(, 

The pyrethrins am decomnoe hi radiatlIn most rapidir 

when spread ir a thin film, are! it is ir this form that the 

insecticide is appli6d Where a rotilual effect is (!esired. 

Oince the insecticide is soluble in ells but not in 'later, 

the prtectivo d 	ctcAl net be so/nble in the vormer. 

type o 	!lvat, snd since in the thin film ito aboorptim 

must be intense to be effective, coneVerable solubility in 

te mediul is --tvoirable•  

tuffs nenGrally have, as a conaemugnosOf their 

complex respn0600 structure, cotkoldcrablo stability o 

"1111-6.7stness", and cov.er a wide range of the ultra-violet 

recion in thoir abeorp ion spootra. On the other han direct 

dyes, particularly those having a etrmliafftnity fel, cellulose 

are obvilusly unsuitable as they will bcone seporatr.4 fr()1., 

-the insecticide by chromatographic adsorption dui 	the 

spresain of the solvent. 

0 insllUblo in oil 0,2'41 hC usokl 	pr,fltcel, %.1.nd indeed. 

Lissamine kast 	11.V4,39, kinaly supplied b the (1,7estuffs 

Oivioim of I,12orial Chonical ine:ustries, Ltd*, gave 

substantial pr-tecti'n uben spread over the test films at 

0411-1-mg, per 13?-,„ cm,, a density corresvnaing to a 401,1 oolUtion 

in the amount c oil pmecnto  It is unortain hOw much of 

this protectant acti n is tlochanicalo i.e. due to rofleetim 



as 
rather than ahorptLn, and

A
in any case the method to 

intrYnvertiont nd probbly uneoonomimal in practice* the use 

of solid protectant substances was wit pursued ftuther 

A much itlrep1ni. substarce is bonze a 	nap -ol 

also known as “3,P,fl Ii1-0(Auble ;ellow% (Al Orange S 74nd 

andanZ Which was first shnwn to Ile effective by A33 4 

Taylor*  11*Sc**  workinA with the present autre'r in 1147. 31 

e-te has now been subjected tO fairly extensive tQats*  

Soluti7no of tiv: dY0 ir the standard toot solution 

adopte0 for •L'Is r1c, namely a 14 pyrethrins (residual) 

solutiln in Fte, petroleum Other and Rol, heavy white oil*  'were 

irradiated in ultra.vicAet light*  and their pyretArins content 

comparcA*  by the bioassay techni-ue previouslT descri'lods  

similarly treated snlution containing the pyrethrins aim) 

The respnnses obtrAined, on per treated with the d7e and 

inDecticide tore ocInverted*  by moans of the angular trans.. 

formatiefin*  into depertlent variates linearly related, througl 

the calibration curves  to the log, dosage. 	ch point*  

cc,rrespondimg to the aditt-,n of a irroqn propnrti'm of the 

dy'e*  was determined by nears of six replicates*  so thmt the 

homogeneity of the test insects could his chocked in each case* 

OorrespoWing to each sot of determinatins On the 

protected pyrothrins*  a eimilar eet 	six roplicte deterMl.n.. 

ati.77ns was carried out on the pyretbrine irradiated :A:Me*  

A t.tost*  or analysis of variance*  could then be carried Ott 

on the t sets of data, This 	of experimental deeina 



fio 4 

was in the first place intenled to eietc‘ct xhether tflo d7,,restuff 

at thel rrremritrati :yr; apnliedo 	•••!tte4;e etzr7 signitiPart 

pr-Acctant effect, and secon4ly, to proville a ,71easum of that 

ofPocto 	ItG U30 MU% adopted primrily 1.1ctI,1120 et° tZto rolttivo 

wvsle -lit.h -Mich it lent tt,7)elf' to rutine c-n7,-,244/011  c  a 

nulb(ir of dyes, 1r dif'.i'Qroot cmcontrat-ne ot onc d7e$1, aggInflt 

tronTIon atrIndr14 

In qditt -n,tf.3 ,c1lson 	enablea m,t only tolerance 

fluctuati-,ns betvoon differ,mt nevasion of testing to be 

eatintc4 and eli*Ilinatod in nInstructin clvoarialns bettgeen 

croteetive materials, but tloo the fluctuatirrn3 in the 

emiesin ap,•,ct,rtri of the diqici..x.re lamp to be elininat?O, 

M19. latter nlirit 	seoured 	co-rparinl each let of respllsosi 

teen pnp(,To irr-Mintisid in IL. q,.1 absence of the dye Atli a 

si711119r oat 	irradin.tGd papers aserweddthfrIziplot 

tbe of.t.ne homol.enerms populattln used in. detormtningtho 

calibratirm curve 	ly 	back through ties 	tro 

trtormedinte standardsl  rncieljustment to hG appliod to vlo 

rstonses to the prntected papers could rapidly be calculated 

fts the ntglo diffevmce tloon the anulqr trvingenrmod 

r4JsrInses to the t.,°.7o intermediate standards =44  whon this 

aq...ustnent had been appliod, the onnecntrations of pvrethrins 

r07,.7,a1ning after -&rradiation could be road oft directly from 

the v:;Ilibratin aurvo. 	'i;hiø method or ;',143nstment 

essentially similar t the nean probit difference metiald. of 

ilnrey(11.47)*  suvested fOr use in tither omtext. hut 
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refers to t 	icu1rr, rat,er than thcl,  pobits  trancrlrmatims. 
win establiahed a method for qsuessiutz the 

'tie 	in rennininI in irradiated papers, it was clearly clearable 

tn ezpr 	the degree of protortant actirm exerted by any Sided 

sUbstance. This reasure mn7 be craw(1111,,nt17 e3ti-l2te4 as 

followet- 

If V = th initial 0011-)sit of pyrethrina. 

deposit of pyrethrins remiring After f 
tfto protected film, 

and rip; depooit ov pyrethrine ren.Lining iXtr irradiat 
unpr-tectod Ms. 

then the 'vrcentage prItectant effect" ory be defined thew 

W1,71) 

Since t.ht areas oV the tAit papers used arc, virtu 	inc1et  
to quentitieu repreacnted in the above expreeal-n c1 b 

cn v Mien y refer to elneentrat T'n as  r thcr than dixvctI7  
to weight depoolts, since it la concontrutions which are 

ootimtted as tho result or the bl10' c:11 assa7s, 

The stabilising effoot o 	i1.43o1Jbie 'fellow apie 

irradiated pyrethrum films is shown in 	ssl and the 

da1 . on vitIldh this graph Aa based are r VOA in tho appendix 

in 4.-ables 	.ST, surnmarised for convenience in 4:able F0/4 

The d7e is soluble to aboul 	in heavy min-ral oil 

At room temperatures, an6 from this c-Incontration do7n to 

aP741,ximatl1y Owfvg the protectin alTordod io vf,41,  cc,nalee 	• 



Protect 

 

effect of D u s„ • 0.1“t • 

TABLE 5.!. 

Oil - soltible yollovi  To on 7r thrun in oil 

  

ailee•waigc..) .111911,01,01.9=1,,ONS. 

       

         

2. 
I r: Pyrethrins 1;.eference response Adj tLi 	lean Corrected AL,  , 	i'erecntage 

Dye. Response Redponse n=5. protectant 
Level, level. 	effect. 

43.42 43,42 0.00 0.00 - - 1.25 
27.92 43.42 15.50 0.01 29.05 44.55 5.09 not sig. 
27.92 43.42 15.50 0.02 30.00 45.50 2.56 -0) 

38.16 43.42 5.26 0.03 41.96 47.21 4.33 
38.16 43.42 5.86 0.05 51.78 57.04 1.81 2$ 
40.88 43.42 2.54 0.10 50.16 52.70 5.29 II 
37.63 43.42 5.79 0.25 61.54 67.31 1.72 58 
35.06 43.42 8.36 0.50 76.58 84.59 4.53 66 
35.17 43.42 8.25 5.00 74.30 82.55 7.10 
40.88 45.12 2,54 1.50. 79.95 82.49 4,79 94 

saturation Concentration of .D.E. Cal - soluble yellow 

in heavy _Lite oil is approx: 

irradiated alone. 	level. 



soi c, this ilmer oGnettiou tve etfetivont•se of tho dye 
fano off rapidly, until the throe ohatxvationc Inado mlo'r 
0.0fil! give protoetant urroots %bioli do nt ditto?,  oimtrican 
from z 

`41-71e minimum cnoellt,rati,:rn. of the dye Which civet) protccti 
irrudiatud pyrethrinu :AKA be aaa)ele,tzid with tho fluantl.t? 

of' dye which i itoolf decnsvosed 'by the ultra-vicIlet 117ht 
during t41.0 exposure period, 	iøf'( 	of oac;.-1-.1p)attion 

not likely to be ao notio eitat the hih2 of:Yncentra.tione„ 
SO CIO deeomp.)aitilnaof tilt) dye in itix1 to be ruch alewer  

Uan that of tho inaeotielde. 
A nylindrieal nxr't cell 	repar:'4 of the eine 

dialeter as the filter pnpur,) nowtsally uaed in these 
expri,7,1ent8 but ap,prixt-l•to'll 3 in, thick. Tho co1lwas 
fillcd with 95 MI of a soluti-m of the dye in heavy *Ate 
oil, of clwantration r),00V,* The vi1bl ltht .becvpttn 
of the cell waz dcttortined in a ripokker ?hotoeleetric 
colorimeter" wing a yellow filter, carlth 003.1 mut Ulm 
insert into the 	 r tu in1.11,i nine pyritic 
as the irradiation chamber norma117 oontTiod,. 410  cell tinD 
irradiatfA P)r. hours, bin z withdrwm at Intervale to 

permit at colorimeter readims bong ta.ken, 'ix° deviation* 
01 tho colorimeter are 3hf11111 in ble1940,, Oren Whit* It 
will ho seen that rnly n unayitterautie Kntl vc4.7 	U. set eir 
(af..vlatma from the inititivl position 771tr• obtained, tboos 
being soli within th sarpooti-.4 *drift,' 1t-,71to of the 



7  

colorimeter, no instrumGnt was a particularly sensitiv€. 

one, ard would have b.o.o.iso'bic of detocting with certain. 7.  

a lose of As little. as 00e of the vleight of dye actually 

present in the cell*  
Oince the dia7!Istero of the cell and the filtr papers 

,:tre the sane'  an. identioal amount of• light fell on eaohs•in 

a lir-en period. Ale lovl concentration and. longer period o• 

irradVvtion of the Attartz Cell produced a cOmpareble rtio 

incident ultra-violet li,!7fht  to that minting to the filter 
6-„T e - 

paper, so that is any appleciable fraction of the taUinr off.  
of effectiveness. with concentration were due to decomposition*  

it should be detectable by the experiments reported above. 

In view of the strongoonvection currents ''j.n the cell when 

irradiated fel, Jive hours*  it seems unlilzply that the greater 

absorption of the solvent in that case would vitiate the 

comparison, Thu loss of protectant effect may therefore be 
attributed main17 to lack of covering jrger of the dye, whtth 

in. turn is probably due to absorption, on the filter paper-

fibres, The roughly loarithmic curve obtained, as recorded. 

in 1414r,, 01,0  it. 	 t.zjtive of 	simple. physical effect of 

this kind.. 

Althow.711 tkere was no evidence that 144D.11.4011.soluble 

yellow dye in ary 7ay influenced the toxiatity of the pyrethrit ft 

the practical pcesibilitics of the protectant actiOn of this 

sUbtance indicated VIA this point should, be iflV c 

furtrler, 

Accordinly., the toxicity of oots of elx filter papers 



laproisnatiA,  with the pyretbrine ai110#  ritth V-Ao pyrethrine 

ad the (We, and with tile dye alfArleo  401:0 COI:,  C'31ried • 	The 

data obtained, ay* 7iven tn tor-Ii. c4 Uioir tinguL.,r tramforrss 

7 0 Ins A t.tost or the rirat two wAumns shows that 

t:go,jvz, for ",n der,reos of Creodom, ee value 41.11ob i less 

ttian unit7. but not si„InifieAntly a,7).4t Aqo itileir is 

ocrvietoly without vfroot on(:',0„;  san4•04,  ultbin the 12 houra 

iwnoure periods woe, in this typo ,r,:x12 4145I-Ay. 

!i116; Jilth Irdo or '440c1 are rather hard to assess• 

12t2W :Nara it 	1L.4ed e.•,t 	t-,'Acr,  wink; a,gont for 0/17 

Zowlstuffao  pn.rtioularly trittorio tiu its use 5,'Or this purvoe 

has 1.aon iliseutinued i 	the qtz4ntity prldvatiln 

diaoetyls  tho naturAl col 	al;ent 

On the other hr-arlo  Kirby' an;1 Pelmoda C1140- ) he -them 

that th,::; Aye i auspc,cted jai bin. i qoak oc,relrogonic alonto 

Nirby(privtAte (r).12-unleatin) bas suggvatod t7mt tjle effect 

,Ilay be eilluftd hi an iFlpurIty, anl the rntter to being 

imatatigatr,id.flu d 	iu 	in lumntity, 

being 'the airspl0et 	the 	 ; 	ver7 '&3:Pensive 

asnufae,ure,,, 

P 	10YG Gil in 	 

Ii viol' of the promiaing propurties of 361,41,011. solubio 

co low dye in inhibiting tho deammeititAon at the pyrethrirs 

in the imber&tory, it 'vet -  decided to odrzy out eentift.fieid 

ooaio trial in the o7)en 	ix .iroot surakIZIA. 



• 

Ti parallel setEof six illtt;r pflper3 were prepare,-  th 

the usual wrs  the one iraprematerl with 1'; T.-..,yretileatte s.z.,Thea  

the other with a similar solution 	taizin ncoqual Conetra-,  

ttio ol the dye. 414;) awls plai,e on which the pc.pers vex* 

laid mix; tr.„posed for 30 min. to al..,rot g 	( icca. total, 

cAliation 00•7 ati. en./ rt.r.) in the open ;Airs  

li4Oxt breeze blovin 	,.1104 rQlative .1-1u5idity viao4 endthe 

shade Vaverature Wt. u 81°4 (A7.':,'''C)• 

papers were then zoraVed to the 1:i .):Jortor7 nnd soelic- 

in the usual mnner. 	A.; it becatio evident that 	naiderable 

measure of pr-..)tect,1-in had boon afforded to tho o pcpera vith 

tigl dye added the assay was tevainat‘xl. at & hr. evooure to 

the weevils*  ao otherwise t1),(,-, r-ol,poo0 tiouLd 	bLen too 

hi 	L'or routionablk:, stmativity, 	1ie 	1itiutitrunacyrn-  d 

percentage reEptIonzte* 'Jere obtaired and 	oho= in. ._able t. 11, 

iudicatia, 01(x;rly the effect o the dyer 

),n the following day at ti-lo ue tine (4 p.-r3, ••tho 

Immo pcpora were .7,ttain e4)r.1..3ed. 	hr. to direct =light 

under eimi.lar coiition t those on, the previotin day, ('eala 

;...adiion 62. oal,/y. 	 , , thcIO .'Et4pPMtUre 

• ) • .ho actual 1.',eriperature c the papers during 

the exp,sure period*  oø ftlr ue could be asoortz-i' .ned. by rrappixt 

One or thew round the bulb oV a tiaamometer, 	in the neigh.. 

bourhood of 40°C. After reooval to tho lab,-.4rator„ the papers 

were aath e.osstyed the; ooncontratioro .:Y17.1 the protected papers 

having itiion to the level required for 	rotroont-11 

30 to he obtaincl- E1 after I), hours al,q),.)-o to tic TCV11O. 



In nrder to rleterzline Lbc rcuidual concentrations on 

the prntectcd films, the rf:,spmses of the weevils wore 

ealibratiA vith not of six papers c7)ntaining 	pyretbrine, 

Thc reaults of V.,ie assay, art, in ilntrertsf-yrinwi 

are giVCintiti.401t. 5 JI. B It win 71,-? ebservoll that tIqe. unprotee 

r.ta.pere had been virtually' c4r2il1eta3.r, deo-mils . 	47, rim 

to reopirmaes not si-7., 1,11.c ntly difQrent from zorl, 	The 

prol,o0ted mftti?xial ik  on the other hand, gave responoGo 

when adjusted, trfulsrmxi and referred V:, t're calibration 

ourvo iroicatod that0,pc,4-' of the pr ubi9 rerarAnciel 

Undfselripo zed* In tam" 	vio ncreentl, '11-ot-octant offcmt 

the ratirv. of te dye at Tol" amaentratian under these 

ormaitimo t 	Min f1oxr0 	ay.? k-r, 13  f,  100417 an 
umlerostirinte, since the virtually cIrrilete docorsvoeitiOn 

of the•p7TrQthrins in the filino without the die ouId probably 

have occurred i,ri to the end of the irradiattLa 

The oweeirlent /as therefore repeateid;der tho same 

condition, with a fresh set of imprognetod filter lx-LP-ral 

exposeci for I hr. ax! V) rain, only. A olIghtly fre4her 

azree..10 tlas blo.vinrro 	aittourll the tntal radiation, ans 

greater than on the previous ocrmelons# the nnerunt of ultr--

violet 11,111 in this radiation fl,e prItyab37. T-1.,:',1.1c,r. owing 

to the occurrance ,-44  a thin iwn,r of 1.1.-1t 	Abe 

Inotooraloricol ciitth Tore 	follfmet,i 	:fl OtW1 liadIztitio, 

08,1•/facl0Ottsihr,, Lole.tive 	 'is  Made Icrverature 

74.8 ke  'Lite data obtained by tbc usual asea7 with 0,- 
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esti 

fo 

in ter ot th 	;ttr 	r tleir resp,Inmess  ars 

givon in able r. 

Th4,  ez:Tocentration o -  insecticide remmining in tne 

unprotectixl 

	

	in obtoimd hr ef-Qrtz)ce to the 

calibratinn 

 

cuzvo as no9V-1,* ar tl-ot r'emining in the 

protected pu.oers 	nsvorl. Thep‘rct-ntego Tirntectilalt 

ettectS Vierefirns 

4 

Th3 voIt o to .7=.41pro0171. 1-'or t,:mn the correoponding 

t101:obtfAniAltr;T nzpstion of /,ig, r*140  and 

to the lablmtOry nrvert7lente -ith latra.viniot 

ill* 	The diftermco indloated thnt n fvnll ..rt o the 

d000mpsition in Vie .7117'00 air Id oeueoe 	nc:o7-13nium not 

o-t.-.)-rative in the 4y.7,uo or the 16:14oratory aroorinftm, 

Nolltrtheleasi the llfe of a Pyrethrins..in-oll 	ie rr,re 

than dollbled 'zr‘,* prItoctilm with ar equal - ight of the dva. 

It -,17 rApt, bc: renermnbli infern?-1 that, t"1.-e derr)mpositt,11 

the pirethrillsLTt strone: alnlir;ht taken plf-1,1.To mainivs  thyuph 

111,  rih1114 01,0 tt rerslt tf1:gmt,51Isis 	ultra.vio3.et  

°f  dae° 

tn view of the pronising properties of as4011-eo1uble 

tellorr dves  it vras decided to test Irlri-)ue otber ayes PIr 

protectunt 	n4aiwIt 

rnr sorting out inGfVuctive 0-es rrom those sort)7 



1'4 

r 	I • 'no  the moat imnortmut • oie rcir 

iltirtkon1 whothlwr there it ny eUricte 

K)rntectant etion wIwn. the r1.7e ti 7a -resent nt half-eaturajaft 

e -Ilcontratirm, t V-11(.1 is low, or at a prmcticable ecormlic 

Btrellrth or# MY, 1-41, 	In moat mote, dyes are 0t11'! cloluble 

lr the heavy 44te oil used in .tee c*pcerirvlote to the 

extort ryt t 	r leen, orcm the point of view or the 

Aortirg,...out invoetlgetions  it Iv ty7t, of nAch imrortNnee 

wheter a dye falla tte teat became its abeorptirm band Is 

veal: o*,Tor the critical range actire in decoupectog the 

rsyretbzina, 	beonuoe the.,  d7e le inoutricientI7 ooluble th 

the  

'icetim7 of th • &tø proceeded in r. 	rxtrilr 

that edoptod 	th6 ter:sio cf the different eincontra.tione 

Of 3.1-'401. 111.30l1blo c3I 	dye, excupt that the 	it 

the nevc;rel. renrrmtve t difTerent dyes)cmff,pered et the amtri 

tie with cri:71r131 stf.%rd 	crowiatinr et' unprOtected 

pyrethrtne. eroo',4174rrszkod by the nothod rtwmtly outlined 

by ,Iikey( 1-141P),,, 	In the oats* or 0-7-eo etpv Anti; rolgpielemat 
66e. 

prote4tnnt ot1i tMo ne rated In torlo o1pexcrntajze 

effect 

	

	 anu to tbnee elrtady ,loecrib-ed for the 

141 alluble 

it 	at i.rM elezt '-'7̀ .7pr ratlacT nirt4t.r3"7 th 
exrunine tluv7.; vaX'i-,uo re t whalf.srlturati 13ei•mcentrations  

in practice the detcuvlintltim of the 

aturcitir_m concentrati'm 1.4 trouhleeotse, and the amount or 
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First comparis on of c1yei for prote tint otion au pyrethri s. 

Test Code No. 	Name of dye, 	Concentration, 

A 	dazoitine 0,,,4 kr,ste 	4Jatuvit1on. 
B B.D.U. 011 so3u17,10 'Blue 	0 

O tt 	n 	Green 	9 

B 14 	r 	Drown 	0 

It Pyrethr.ths only  
7 	011 only 

	

Angular transforms of tee,  or after 	 oxponiO to films 
irradiated for 10 mina, 

Rop1ioato 
Oode VOa 

A 

0 

If 

Total Mean, 

e43°21  30'66 4300 35024 142-56 33iG4  '  
30402 2650 33085 28425 110050 204,091A 	6 
42046 45°00 4403 4005 171'54 42•35/1") 
41.78 2020 32435 20013 129044 32'30 6 	,r 
545 	29:60 25,70 20'35 116060 2V°Li 
0'00 	0 00 0 CO 0400 	0'00 0.00 t ' 

,1.11N14.714.L7Lsy.' Yatilnog. 

Item 	DJ, 	um of qw.re 	Mean 	r 	I? 

reatment 	4 	451'50 
Residue 	15 	390'10 
Total 	19 	Cra.00  

107+07 4.15 
215001 

tAandard error of mean is 2 55. 

Least significant intcavnl between IL ILL3 ArDzmCCd in or0,er of 
itude 

Only treatment C splits off as a distinct group, and the percentage pretectant effect of this dye (B.DX. oil.noluble 
green) is estimated as 21. The inteval betweefl the most 
straggling of the remainin3 ions, and the general mean for the 
population of treatments not already split off is 1054, in terms 
of unit normal deviates, and this quantity is loss than 1.96, the 
Eir1, noint of the normnl deviate. 



„TaLILLA4.2. 

;;eoond Comparitven 

To t Gode No. 
A 
11 

I)  

ntvu;; of dye 

41 	VI 
50- 

awl= IV 
'Will= way 
only 

of dyer; for protectant act 	the pyre' 

Comentrat-aa., 

0°5;7, 
vielet 	autrl 

az* trains:IP-frau Q ea 
rradicted for lf,'; iins.  

r 12 brut XjU, 	f- 

ReplialAio 
Code r4b, 

A eao55 	4C. ,a99 4611 '46 13 5o*?? • -; 404'28 
0 . ,3 41°09 

76 4$.80 44Z• 53 
-An4 374,703i * r.:54•08 554, 79 

0° 00 	, a ,0 000 0.00 

177.75 44«44 
3.94ftsa e.43•72 
154•22fJIf3 
169•17 420,19 
145'0 36•42 

0'00 0.00 

Ttomi 

Treatment 
itoeidue 
Taal, 

stancl -,rd 

.,urit of ,liquares Mean Loquare F, 

4 35198 W*00 4'195 
15 26699 17080 
19 619407 

or mom ts 24,13, 

List simificwat interval between men=a anzed in order Of 
magnitude is 6«36,1  flo croup aeparrIteS 	diZtinCtlY. Tile interval 
between the twat attragellne moan (J) 	63? 	rt,eq be compared 
az :a normal deviate by the method of TUL:cy (1949)* ..tnoe it only 
attains 1.71 conivared with the 5. level of 1494 uona at the dyea 
tested OM be add to i5tvo agiiricent protectien to the ineeeticiele 
atIon tto lattOr IS troaditegl, 



Third comp(Arisyon of dyes for protoo4mAt action on the pyrethrins. 

est Code 110. 	Mile of d7e 	Concentration. 

B.4411. Oil-soluble black 	15 
It 	if 	1 	

Q•5 

0•8% 

1.05 

Angular tram3foms of response after 
rradiatod for 10 twins 

Neplicate 	1 
Gore uo. 

4 

ure to films 

Total 	meaft 

40*4 42,7 51'0 46*1 iss•i 47.3 
461'1 52*5 54°9 43°5 196'8 40'2 
41°6 30 '1 36°3 36.7 140°7 56*7 
563 '",-5.6 4383 40•4 189*6 4 *4 
3'0(ii. 060 0'0 0•0 0.113 

lA4tallr3r  Mg1,1Yato 

Ite, Da• Mean 6quare F. 

Treatment 3 380*30 129179 6•53 
Reaidae 12 230*70 19.09 
Total 15 628°14 

tandard error of mean is 2,23. 

Least significitnt intervnl between moans arranged in over of 
magnitWe is 6.86. This only treatment B splits off, by a bare 
_argint  as a group and the contrast betveen the two levels of 

0U...so1uble black and the other two dyes contributes mo t 
to the variance ratio. 

B 
0 jadan Ill 

P7rethrins alone 
Cil carrier orly 



Item* 

Treatment 
Residue 
Total 

Jukes of Uqunres. 	Varianoc 

3. it 
10 	239'66 
11 	241°0 

• 

1082 
23.97 

TA4t; PA4  

Vaamin:Ition of 114) .it. eil.doluble orqnse for protect  p.rotectant ac 
Pyrethrinse 

Re licatc 1 2 3 4 5 6 Total Mee 
Dye and Pyrothrins (0°5415) 38°1 3649 3103 4607 38.1 434  2344 39°1 
Pyrethrine alone (10) 386 418 4241 35°7 41.6 300 2v.6 30.3 

iMIX04,9_91.„.V  4?i4,11  

There  evidence that the dye exerts :,ny protCCtXIt acti vthatovi  

     

Fifth excaaiw; tion of dyes 

Dye and Oencentration. 
Authiraeito Black 13 Oraf-
Nitrazol Ca. 
Pyrethrine alone 

oteotant scUøn n the x jrothrins• 

Re lic,A,co 	Means,,-.7 
25* 3103.028.7,6644,27•312646. 34.23 
5943,42.1,2847,39°2,21.1,5649: 41°21 
2743,27°3,2240,36°1„4()°4,30°2., 31480 

t • 

Item 	L41:4, 
Treatment 	

., ,r,, 
Resift* 	15 
TOMil 	17 

of 4.(.iwros. 
278,94 

2, M*80 
050°74 

Mean Squex ° 
1394'47 
178.52 

ante the variance ratio for treatment 4 s 	zccuid unity, neither 

of the dyes tested has any useful effect, 



M41- ,'Vvirt 	it 

Sixth examintion at dyes for protect t .1ctior on tho pyrothr 

Teat Code No, 	Name of dye. 	Uoncontration. 

A 
B 
0 

IF; 

Furrol Yellow brown D. 
Dlamine Yellow N. Voider 
Innedial Indone VioletB.Cone: 
' -othrina alone 
011 only 

satn. 
ft 

1/) 

ular transforms of r sponses after 12 hrs: exposure to r 
rradiated for 10 mins: 

oplicate 1 2.. 3 4 50 . Moans 
Code No. . . 

A 51'9 50'E$ 35!1 441!9 00,0 45.0 :53•45 
429. 56,2 429. 3'O 4V+0 38'1 41!53 

B 'X4".7 31'3 320 50.2 30°7 20.0 34*42 
D 32..0 33.1 '.. ..0.(3 )J1•1 3E5"1 33.2 34'70 

0.0 040 0*0 0'0 0.0 	• 0'O 

.4'xelkitp4rIt 	s  .1. 

Item. Da* us of -qu.:res. ilosn 	qu re F. 
Treatments 3 1,427,60 4754,87 205? 
Residue 20 3070334 185.16 
Total 23 5,130-04 

None of the r:lbove ayes hfts any sicnific;Ant proteotant action, 
Indian:tea by the non -sienificant'verinco ratio for trentmentsa 



	

.1214,1; 	p, 

	

Effeet of air* vio 	etnbili y of benzene 
a z0 - (1 -naphthol. 

Tte from start 
of irradiation, 
(hours) 

Colo rimeter 
qtendard. 

solution. 

 

Reading 
Test 
molations 

 

0* 00 19* 9 1909 

0.15 1902 19.8 

1487 19.8 20 5 

50. 25 19°9 2',...1* 4 

5' 5U 1909 19* 9 



Action of benzene ezo -13-naphthol on unirra int& 
pyrethrum films, 

kyrsthrins 	0*Z i'yzothrins 
alonn (not 	1=i; dye (not 
irradited) 	irradiAed) 

Control 	.1.2 Dye •Illone 
(Oil oniy) (not irraliated' 

63°9 62.1 0'0 00 
4666 6211 5 0'0 0'0 
56.6 47.6 0.0 0'0 
46"C 4500 0.0 0.0 
5f.."0 54.7 010 
Al:rs 

r.,ot:11 
316'I 

0'0 0.0 

32411 00 0,0 

Monne 
53 2  .0  

The Aove figures are the angular tv,tneforms of the prcent-
ace res one of batches of 30 weevile, i11 dr-1m from the 
s-no populfAion. For the first two columns, t 0'316„ not 
significant lt the 	level of 2, the 	:/one ms no 
action on the vmevils, over the exposure periods used. 



T3"P/1" 5,  11A 

lhtranstormod p.:.rcentEzso resconsor.1 of hatches of 50 
c, 	 ari .00nitinc!d on filter papers anpevoe, to direet 

(First ItTperVent 11/7/40 	12/7 .49). 
assay Terminated at 5 txs. see text. 

1.;i; kirethrina 	1 yrethrin41: yo 
irradiated) 	irradilted) 

25.0 

15°0 

9°7 

107 

12 t.43 

30.0 

 



Controla 
(Oil oaly) 

cthri 
ated) 

I 	yrotLr1nn41 
(irrRdly,tod) 

C*0 0°0 34. 
0'0 3 *3 

0'O 00 280 

0'0 O*0 21 
0'0 0'0 52*4 

T0'0104'0 
1::(yaula 

170 .1212  

not 
tirmdiAc 

31"5 

T;ILU I) 

oxi percentage reepor,;:ma or bitthe of 50 
	 confined on filter papers exposed to direct 

Wirt 	erljacnt 11/7 	"f49 
	nu d). 



Ancular tnsforms o pereertege rOSZ8C8 of batcho3 of 
weevils, confined for 12 hrs. on ti1tr papere exposea to 
direct ounlioht. 

(second 1-1:xpe iment 28/7/40) 

Controls 1% kyrethrine 1% Pyrothrin 
Oil Orly (irradinted 	(irradiated 

0'0 	287 

000 	10'4 

0'O 	23"0 

52 

0.0 	Ali 
Total 

000 	113.0 	ZG7'0 
Merino 

U*0 	aa.o 

'rethrine 
(not trrudiatedl 

30.'2 

50'8 

35'1 

30'2 

416:,  

205'3 

41'1 

60'7 

54 0 

5 0' 3  

19 1L4  

• r 



s 

work tvo!,1vo4 out ofp...i.oprtiou Lo the utill'y tilt the 

ini"rmati no  At ie wre eanvemiant tv prepare a ezturated 

k -t, fin elevated temperature, ane t:r) vllow the •solution 

to stand in nevLsacA 4th Witc640 ,Q2.1d at ri.-,om temperature 

4r oom tints, 	_hi.,  oolutl-r is tbwr diluted with an equal 

volwe or tbe 	stcok arautilr qf 	py4ottairta 13Wre flee, 

th1;11 giving rloc't1,0. the ree:Juired 	a31ution„ 

together 	aye at halZweeturation, 

oh Laiacd in five 	acts of eompmritons, 

involving aixtwai dyes" with 'j.lesvyvet? rifleA...Ion*, aro gives 

4.L.b/C11t 	7. FOr CVU-vetaiMekir 	rCioUlte Of those 

.trAzU c the. Ia'hice ti,„z.  to Soar, L.,.a couVAriamo ot the 

,,,leantGf ttIo replicatea 	the troatte pyrothrinil are tlado 

Splittizg tr..c ntzna into grt,upe, fry' Utcv ,cuotag eacth 

uesn agrAn3t tIlat 	ttxt; 5ramilp i which it *tsars, The 

uTI,up3p1 tinCtia- 'based on ti-lc eritarlqn of the lomat 

al- rioiJmt int. rval, calculated in t,-.-?‘11,.1 	nad the 

ct.,:muriipona 7ltftive „iirouTo aro on.rriA eUt 	comorting the 

difc'ereneos into apprmimPtoly norm 	Imtee, by the 

methoes stuari-fal by A*01, (oloc*.44) 
	ex_nninod 

uudho  

,,;111 bo oboorvod tt L th.c*z0Q6 uhere a die htve 

*olublo 14 U heuvy 44te oil solvent 

b ':.ostA at both owne and 1,001, the lower oonaqatrattla 

is lit locat as effective ao the hiller.* This result holds 



for 	011.1.1',1ab1e 11,-.410 ( 	1er;•%. ) 
	

Wiltiale 

Black, (,8101(4 04) and ji0.4, 0011uble 	(ilgt,0110  

Thk., efroot la probably aW 	t4tt, -...ovt21.—  7  44r If tlie 

pr,teet:mt, oetlla of tto di o with oosoleaLlqation dhemo in 

A t„,clootia or ZAU0 Iaa divathuiwu.mine, 

if;.p...-etuffili and LatomodiT,ttee ware o 	qrt„; smiplee ftlp 

Cutleell;i4 - ad U,, ;;:::-.AA 'le are indebted to nvk  i7!ittimo  

;iulatoa 137 kL oo1lt4o iozatv 	tl$01r transfer., •  
aaatilouairu '1/4.44a1„, tut 	 apt/Ivo:1*-k'; 

able 

 

3o134111tj ia bath oil and ,lutar 11:34 negliaAliblas  op 

ttat the Ayes vu're first exuaiaz,4 ;:ar 	;301/01.1it 

thaaa agarlagly eola4le in water wore further' eXaMinad 

Or oilooaala4llity 0  

About 041g. of tho dzI44 vox* oolu.-;rod in bqiling 

t 	Ilth d ml* Of heavy qr to oil aul mtantsilvA at 100'10 

2.34 12 41r, 	flaaat oaeoa littlt, Dr uo tv,ar.j.1- 1 

4,41ourred,0 ,12.6 to:144 oupera4.1.Aat, 11 aid moalned 

La eaaa imA4aeos 	 7  ' 02  the 

WO dy(4s. hoviArer, zavo algao of amle elp21-eci 	waubilit7 

In oil, though uot app,r1m6hiag the PIddi ocuplete aelatiqn 

in tba amount or a.,Iveut added would 	iviloateda  Mean. 

dicia wore t4ottA inr prrItectant actifIn viz prztvieuar 

dotter/bed. 	.,; 41 o'nont,rattni 6-4Z7i'5 tho reoulta 

ok the c-zataati..)41 4.re 	Im lablos 	3z4I 110* 

410417 ..taTol realm.' lipase apprr.ladhes elgaifictnnoo in lte 

protootmnt action., not untie of tho dyes e nined t,r1Tmros 



lvf 



J.  

of All 

krelimievy experite4Az hove u -encarried oat to 

axmatia the stability-  to. altra.violot light of the 

a2ly1 homologue Of Oinotin L, aynthAle pyr threid 

also known by the abbreviation Illatkrins tin 1.1..-;•j•) 

d "Allyirethrin I" (in Urea 

A brief survey of the literature indicated that 

little Work of any imp' rtnce had ben done on this 

subject but that there ses probably not much 

different,* botoeen the etcility of the synthetic 

and *literal pyrethroidee 	it 40.4 therefore decided 

to use 0 null point motood to axnmine this 

differenee; i.e., a method in which, after ultra.violet 

irradiation, all the preparations under say Should 

Wave the name toxicity according to the null hypotheee 

in queation* 

The first step in such a method in a prelivAnary 

4eter. itic,a of the rel!%tive potencies of the 

natural and synthetic products. 

The lay ut of this poliminery inventigetion la 

given in Toble6-7/3frora woich it will be observed 

that the exportmentel de ign in the iimplo "4 . p ift 4  

assay., the see of *Isiah le dealt with aVIewhere in 

this Marie, The natand pyrethrina solution was 

diluted vet times relative to the synth tic 
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ncy of ns t r 1 yrethr 1 and j 1 y ,.. t tl n to
~=:;;;;..;;:.;;;.. r.•
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38- 6
35.
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34.4
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:3 9
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34
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5.. . 1
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28.'7
22.8
3 • '1
50.2

•
., '7• .25

28. '7
1 4 2
1 5.3
38. 1
1 .. 4
1 4. 2
~;;). 6
2 5. 8
12. 9

ean,
2(;..27

tao
o

_ s . D. F .

n etic d a 1

J." r R gn: J..
2

r t ure f r
rellclismo 1

of q r a ..

, 1 4 . 5

2 , 0 ..... 9 ~

n ;;,iq r .

1,1 • 5

14 • 77

)t ard
.l!.r r It

3 . 853

4 . 958
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TAB 

  

   

Logi Belative pate y 
(at-* diluted) 

Logs Dilution factOrs  

301e x 33* 853 0'2170 

46'931'3 

Logs Relative potency 44. 
We. 

Relative pc,  tency; (Pyrethrine Allylrethrin) 	86 

..;tanderd e,rory of 	44.27 x 0' 3010 x 57' p96 

2,205 94 

0,3497 

Appro tmat 	5 itiduciel limits for My 

eorrepontLng r lot 

(1* 38t5 
(irik 8670 

(24°3 

uf,  737 

4.00M 0,4*.WW*4***WW..*.40A0*4*** *.... **,,..0......*.**WO. 



P. 	17. 

derivetime ie view of tile eenelelly much lower toxicity 

of the letter to etorce eroducts insects. 	AsToble 5:13  

indicates, this vies rather fortunate assessment, the 

natural pyrethrins proving to be 4.26 times as toxic 

to O. eraneria  as the synthetic material. 	Details 

of th. assay procedure are identical with those 
ete'rees 

described ine - 5. 	The next st- ge in the experiee t 

was to prepare filter papers to which both types of 

Pyrethroid *ere separately applied, in the presence 

or absence of benzene azo - (1 . naphthol dye. 	A 1% 

solution of the dye was used, and under these 

circa et' noes the experiments described earlier in 

this section had shown that the rete of decomposition 

of the natural pyretbrins was almost exactly half that 

occuring by photolesio in the absence of the dye. The 

Allylrethrin I was therefore present at 4.26 times the 

natural ,yrethrins concentration, and the concentrations 

of both active mateviels in the dyed papers were halved 

re etive to the undyed coeparison. 	Four replicate eepers 

were prepered for each of the four classes of insecticide 

specified by the eeeerimental design. 

The null hypothene under examination can thus be eroken 

down into two constituents, the hyeothe- is tn t the tea 

types of pyrothroid photolyse: 



TA, ,141i. 8. 14. 

Relative protective action of benzene *so 	naphthol 
on Irradiated pyrethrum end allylrethrin 

Iidle irradiated for 8 nine. 

Pyrethrina alone* 	1- 	 dye. 

P.9 
	 56P 8 

•1 Mills*. 	 566 8 liesn. 
59* 3 60*1.5 
	 66'4 6U32 

/ • 3 

72 Allylrethrin aLøne. Al1yiretrIn 1 Xi dye. 

9Q.0 
	 64.2 

MO 0 11 eon* 	 63,,  4 Mean* 
84.0 0 Fri.1* 	 68, 	64* 95 
78•5 
	 64* 2 

Anyi of V iale 

Items. ;,• 	. .,;urile 	of 3quar s. bison 4quare J. 
AI* 

I eecticides 

Vrotectent 

'712* 91, m0 91 301  74 

Wt.  
effect. 1 294a 3$ 29436 12" 69 

afiat- 
Interaction 1 29(7 18 29"l5 12.  51 

iieeidue 12 2784, 28 23" 19 

Total. 15 1075* 69 



16* 

at the aame rates and the hypothe le that the ecAlvity or the 

dyed paper* deereeees at half the rte of the undyed ones* 

All the papere were irated in balance order for 8 mine* 

the detnils or the irradition being *a described in section 4 

and tIle !r:lc.,ny procedure we* the emne R3 in oes7qior4F2 - 5* 

The rooults of the aseny are given in Teblebr:4.11his table ere 

the onelyeie of variance , yhich followo it, discloses that the 

synthetic allylrethrin I is definitely nor .0 eteble to ultra 

violet light than the natural pyrethrins col. 	Thu se,xind 

null hypothevis is upheld for the natural product, but oonbiood 

refer ..lee to the eignificent intar„tketion tem in,  the analyeis 

and the mean reit:90mm of .eable45:0- demonstrates that the 

allylrethrin I is sigvificantly lees well protected than the 

natural extract by thedea dye, 	Prea.nab,2.y the critical 

.vevelengtha for the synt etic prodect are different, 

It vey be concluded trait although allyl.ethrin I is more 

able to altr violet 	than the natural complex. much 

of this advantege is .oet when bensene aleo 	neOlthol 

is added 00 a protectant dye, since it pre 	the synthetic 

derivative ieee eell teen the natural co-pound** 

The actual magniteete of tee effect° noted briefly in this 

prelivAnary investigation of ellylrethrin I remain howev-r, to 

be determined by reare det-il d work, as do its reaction, to 

oAY6en etc: 



Stabilization of the Pyr rins by rlur,OL 

lho augmentation of the toxicity of the insecticides 

by other substances requires careful investigation, as throe 

seperate and independent ouant,tties contribute to it. 	These 

( 
quantities are the toxicity 6 the synt2rgist alone in the 

particular assay system used, the synergist effect proper, 

and the possible influence of the synorgist on tho persistence 

or availability of the insecticide. 	Al? three quantities 

may in themselves be complex, and the various components of 

synergistic action have been reviewed by Page and Ulackith (194.' 

Dove (1'147) suggested thatI of the pyrothrins synorgists 

piporonyl butoxide not only increased the toxicity of the 

insecticide, but prolonged its action by stabilising the 

pyrethrins against destruction from light or oxidation in 

the air, 	Page and Blaokith (icc, cit) pointed out that this 

claim could only be properly investigated of the magbitude of 

the synergistic effect, and its variation with different 

molecular proportions of synergist, were established with 

sufficient accuracy. 

The twin cross-over dosi 	vas used for a series of 

relativo potency assays, from the data of which Table 6.3 is 

corralled. 	This table is a list of the relative potencies of 

the mixtures of the pyrethrins and piperonyl butoxide, compared 

with the pyrethrins alone, These flgurec are summarised 

for bt. convenience in Fig, 6,1. 	It will be observed that the 

toxicity of the mixtures increases with addition of the svnergist 



0 0 0 
0 0 

0 
0 0 
0 

0 

0 
0  0  

0 
0 	0 	0 0  0 0 0  

0 

10 

9 

8 

6,1 

0 

0 

> 
7, 4 

U 

--CO--0— pi perony I butox i de 

	 isobutylundecylenamide 

0 	I 	2 	3 	4 	5 	6 	7 	8 	9 	10 	I I 	12 	13 	14 	15 	16 	1B 	19 	20 	21 	22 

molar proportion of synerg ist 

FIG.6.1: RELATIVE POTENCIES OF R4 1kTURES OF THE PYRETHRINS AN D PIPERONYL 
UTOX I DE AND ISOBUTYLUNDECYLE NAM I DE 



	
(3* 	2 

until a 51 1 ratio in favour of the latter is reached, when the 

relative potency is approximately 9 tiiaee that CI the 

insecticide alone, 

The increase of potency over this range is nearly 
71%,  

proportional te4mol, fraction of eyncrgiet ereeeet, This 

fact is associated with two important difficulties. 	In 

estimating a stabilizine notion of the synergist, the rates  

of decempeeitien of the insecticide and synereiet are not 

likely to he the came, when both are, for example, irradiated 

with ultraviolet 1igt, The mo/oculree ratio of the two 

compounds will therefore be different at the end of the 

exposure to lizht from that of the mixture as originally 

made up, and for this reason it is clearly desirable that the 

molecular ratios used in such experiments should lie within 

a range over which the relative notency ie independent of 

the proportions of aynergist and pyrothrins 	Such a ranee 

'vas fount' ftWeesavan, elle! aloo or isobutylundecylenamide, 

by Page and TZackith (lec,cit)and the range of eynergiot 

compositions for piperonyl butoxido and the pyrethrine was 

extended with the hope that suoh a range might be found for 

this synergist also, 

Further addition of synergist, beyond the gri ratio, 

depresses the relative potency of the mixture compared with 

the maximum previously noted, teetil ret the 10 1 ratio the 

relative potency has dropped to 4'5, at which level it 

continues indeoen'ent of further additions of the synergiste  

This depreessnt extlen is net 	ilution effect, since the 



6. 3 

synergist merely replaces an equivalent volume of the solvent. 

A somewhat similar situation has been reported with the 

synergist "Van Dyk 284" (N- 	2-ethyrxyl ) 	bicyclo- E2.24 

-5 

 

heptene 2:3 dicarboximide) where antagonistic action, or 

rather a diminished synergis0t50., is stated to occur when the 

proportion of "Van. Dyk 284" to the pyrethrins exceeds 65:1 

(Hartzell 1949). 

This range fulfils the reiuirement noted above for assay 

of the protective effect of synergists, but an unexpected 

development prevented its exploitation for this purpose. 	Fig 

8.1 indicates that the variation between the results of 

successive assays of the relative potencies of mixtures with 

more than 5:1 molecular proportions of the synergist is consider-

ably in excess of that expected not only for comparable assay 

of other synergists discussed in this section but also of those 

conducted on similar mixtures with lower proportions of this 

synergist. 	This very considerable increase in variation is 

difficult to account ,for, but is of sufficient magnitude to 

render experiments within the range considered insensitive, 

and also, perhaps, misleading. 

The assay off-the protectant effect had therefore to be 

car*ied out on that part of the curve shown in Fig 4%! for 

which the relation between potency and mots fraction of 

synergist is approximately linear. 	At this stage the second 

of the two difficulties associated with this part of the 

curve may be considered briefly. 	If the hypothesis concerning 

the mode of 	
2 ^ action  + -- - pyrethrum synergists outlined by Page 
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TABLE C./D. 

Aabilisation, of thePyrethrin'' 122.  oesamin. 

Lepliaate. 	0.65 	pyrethrins & 	2,0 	pyrethrins alone. 

	

1.33 	sesanin. 

I. 46.1 58.1 
2, 
3.  

56.8 
50.7 

57.4 
64.2 

4.  54.9 51,4 
5.  56.8 61.3 
6, 

Totals. 
51,4 
07777 

43.3 
3.36:17*  

Loan, 53,3 55,9 
Grand Toie.1 655.4 4  Grand i.ean 54.6 

Anclula of 'Va;i4ne. 

Items. 	Sums Of Squares, DO. Variance . Variance Ratio' 

Treatment, 	20,80 	I. 20.00 	0.5498 
Residual. 	Z18,26 	ICI. 37.85 
Total. 	Z,99.06 	II. 

Treatment effect not significant at 5 level of P. 
TAD AR 4.1i, 

Stabilisation of the Vrethrins ilapbutjlunde0Ylenamide. 

Replicate. 	1.18 	pyrethrins & 

	

1.18 	I.N.930. 
pyrethrins alone. 
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2, 46.1 53.1 
3. 37.5 59.2 
A, 39.8 60.0 
5.  4966 A5,3 
6.  43,9 U5.1 

33,8 '63.2 
0. 4,0 4 

Totals, 325-.0 3 	. 
r,eans. 41,0 /15.4. 
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Items. 	oums of squares, D. Variance. Variance Ratio. 
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Trehtment effect aot significant at 5 level of P. 
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TABLE 6.15, 

Test of line:Irity of curve ropro nng the inerea.:;e of 
relative potency Df a pyrethrins piperonyl butoxido 
mixture as the zaoloculr ratio of the synergil4 is 
inereaed to a itl proportion. 

0.2 Prethrina 
PipereArl buteXidel. 

15.3 
15.3 
18.4  
18.4 
3.3 
10.0 
28,0 
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TAL 6 

Molecular weights and parachors of the active 

constituents of the ?yrethrins and of their synergiete. 

Ins ectici 

M 

328 

41, 	?mmohors. 

Pyrøthrin 

Pyrethrin 11 372 798 

Cinerin I 340 730 

inerin 11 38 4 790 

SYllergists. 

Pipe any]. butoxide 399 774 

Piperonyl Cycloaene 230 530 

Sesamin 354 727 

N-isobutyl und©" 	 enamide 211 602 

'n..propyl isome' 522 800 

'Van Dyk 264' 275 644 
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and Blackith is correct, the implication of strict linearity 

would be that for mixtures with an excess of pyrethrins 

molecules, only those of the latter for which synergist 

molecules were available would be exerting toxic action. 	That 

this situation does not occur has been shown. by the experiment 

whose data arc reported in - Table .1.15 from which it will be 

seen that additional pyrethrins molecules, in excess of a 

1:1 ratio with the synergist, do 	exert an indeeendent 

action, 	Strict linearity, therefore, is probably not a feature 

of the curve in nuestion, and indeed it would be expected to 

be concave toward3 the independent variate axis up to a value 

of unity for this eturmtity. 

Taken altogether, it might be preaticted from the effects 

of the two complicating factors just considered that even in 

the absence of any stabilisation of the pyrethains by piperonyl 

butoxide, a mixture of the two substances having initially the 

same toxicity as a given sealution of the insecticide alone 

would, after oclual  irradiation of botkfill.:,s, be slightly more 

toxic than the latter. 

In fact, this situation did arise when a 11 molecule.," 

ratio of the two substances, (0.1(1 each) was assayed against 

a 2,'"f. solution of pyrethrins alone, after both bad been irradiat- 

ed as films on filter papers, exactly as.if the protectant action. 

of a dyestuff were being evaluated. 	Fig. q.1 shows that the 

two solutions used were initially of identical toxicity, and 

the analysis of Table 6,12 indicates that after irradiation the 

synergist mixture vas suporior, 	By comparing the resistance 



of the test insects on an unirradiated sot of filter papers 

impregnated with 0.2 pyrothrins, and reference to the calibra-

tion curve for this system as indicated in the section on 

the protectant action of dyestufJ.`s, an estimate 	the per- 

centage ;Drotectant effect of piperonyl butoxido could be made, 

The value obtained for this quantity 12.1, does not, in the 

author's opinion, juettfy a claim that piperonyl butoxide 

exerts any protectant action on pyrethrum-in-oil films, when 

the factors outlined above are taken into account, 

No simple experiment can be designed to examine this 

difficulty, since the appropriate null hypothesis would be 

that there is no difference between the increased toxicity 

caused by the alleged stabilization effect and that caused 

by the other factors discussed above. 	Since the magnitude 

of the latter effects cannot readily be determined, the null 

hypothesis cannot be examined. 

It was thou ht desirable to extend this investigation 

to other pyrethrum synergists for two reasons. 	Firstly, 

no record of such investigations has been published though 

the possibility or stabilization has been discussed, and 

secondly, the increase in relative potency found with 

Piperonyl butoxide are not consistent with those established 

for sesamin and iso-butyl undecylenamido in the flying insect- 

pyrothrins 4stem, (Page and Blackith 124 ). 	In the latter 

Gases, the toxicity rises to three times that of the 

pyrethrins alone, when a 1:1 mixture of uynergist and pyrethrin 

is present, and remains constant at this level when higher 
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o proportions of the synergists are present. 

The distinction between the behaviour of the three 

syner7i-ts in the two different assay systems might 1)e due 

to any one of the three following reasons:- 

(a) 	Change of synergist. 

(h) 	Substitution of oil-base for water-base irrecticide. 

(c) 	Use of C,Iranaria as test insect in place of A0aXiypti. 

Conditions (h) and (a) could be jointly investigated 

by introducing sesamin and isobutyl-undecylenamide into the 

system in which piperonyl butoxide was tested, 	As for the 

latter synen7is -,, the nockssary first stop in such an 

investigation is to determine the way in which the relative 

potency varies as the synergist content of the mixtures 

increases. 	With sesamin, the twin-cross-over design was 

used to evaluate the relative potencies, for the correspond-

ing assays, whilst with isobutylundecylenamide a simple 

"four-point" design was adopted, on account of a temporary 

curtailment of laboratory facilities. 	The variation 

between these latter assays is of course not comparable with 

those conducted by the twin cross-over design. 

Table 6.fi and Fig. r1,2, show that the behaviour of sesamin 

in the new system is identical with that obtained with 

flying insects and water-base pyrethrum emulsions. The 

limiting toxicity occurs at the 1:1 synergist-pyrethrins 

ratio p and remains at the value there obtained, which is 

three times that of the pyrethrins alone. 

It would appear from this similarity that the effects 
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obtained with piperpn-1 butoxide are attributable to this 

synergist rathEr than to the assay system involved. 

the other hand, when a similar set of observations was made 

usincr isobutylundecylenamide as synergist, the general features 

of the curve obtained in the flying insect-water base spray 

type of assay are maintained, as Table 1,1 and Fig. 6.1,  

indicate, but the liritine toxicity is much less than the 

value of three times that at' the pvrethrino alone which would 

have been expectcd.(seo Table 6.. .n) 	The cause of the change 

of this quantity from a 3 to about 1.3 is probably physical 

in oririn, though in what my the change, of assay system 

induces the change in limiting, relative potency it is not 

easy to discover. 

Since for bath the latter synergist the relative potency 

is independent of the ratio they bear to the pyrethrins, 

provided that they are present in excess, the assay of their 

possible protestant actions is relatively uncomplicated. 

These assays were conducted in the same vay as that described 

for piperonyl butoxide, and the data from them are set out in 

Tables 6.10 and 6.11. 	From these tables it will be observef:,  

that no significant protective action is exerted by either 

synergist. 

Stabilization of the pyrethrins is thus unli:Kely to be 

a general property conferred by the addition of pyrethrum 
synergists, but the investigation was extended to one further 
member of this cIaos of compounds 'piperonyl cyclonene' which 

is a trivial name for a group of alkylated piperonyl cycle- 
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hexenones, related to piperonyl butoxide. 

From the point of view of quantitative work Hpiperonyl-

cyclonene" suffers from the disadvantages that it is both 

sparingly and incompletely soluble in non-attosatic oils, and 

is a mixture of indeterminate composition, the two preponder-

ant constituents being a complex alkyl methtlone dioxyphenyl 

cyclohexenone derivative, and the other a similar derivative 

of carbethoxy ayclohexene(Wachs21947), 

Nowever, as Table 6.4 and Fig 6.e show, the variation 

of the relative potencies of mixtures of these substances 

is of the same :orm as that obtained with sesamin and 

ollebutyllindecylenamide, i,e. the relative potency reaches an 

upperjiptit with a 141 mixture with the insecticide. 	The 

upper limit has a mean value of about 4.9)  which, it may be 

noted, is approximately the same as the limiting value for 

pineronel butoxide,4.6. 	These limiting relative potencies 

have been taken from the graphs, rather from the mean 

estimates shown in Tables 0.3, A.7', 6.80  and 6.9. 	It is 

possible that these latter estimates might be biassed by an 

extreme mean (i94iew or the heterogeneous nature of the data) 

with exceptionally narrow fiducial limits. 

There le, Le.over, no evidence for the rise and fall 

of the curve with mixtures having rather higher synergist 

ratios than 1:1, although the variation between successive 

assays is very marked with piperonyl cyclontlig, as with 

piperonyl butoxide. 

The twin cros s-over design, which was used in most of 



3. 9 

these relative potency determinatins, considerally reduces 

the fiducial limits of the estimates made of this quantity, 
• 

At first sight, therefore, the appearance of such excessive 

variation between the assays might be attributed to some flaw 

in the expLrimental design, such 83 occurs with, for example, 

systematic plot designs in which the inta-replicate variance 

is under-estimated with the result that the inter-replicate 

variance is inflated, 	However, perfectly satisfactory results 

have been obtained with this design Then sesamin was the 

svnergist under examination, and when the possible synergistic 

action of DHS Activator (ethylene glycol ether of pinene) was 

studied, 	This latter compoudd produced no synergist action 

in the assay system used. (bee oahle 6.o, and 1,1. 6,2) 

With the piperonyl derivatives too, the variation is 

quite low for mixtures whose relative potencies lie on the 

range over which this ouantity increases with the proportion 

of synergist present. 	It appears that this excessive 

variation is restricted to those portiorn, of the curves under 

discussion for which, according to the hypothesis put forward 

by Page and Blackith(194”, the orientation of the pyrethrins 

molecules at the peripheral nerve-sheath is determined by the 

presence of the piperonyl compounds. 	Such orientation might 

be critically dependent on an as yet unknown factor brought 

into action 'hen piperonyl synergists are present. 

Such a factor might operate through the instability 
of the postulated film on the nerve sheaths, 	11 )r example, 
Joey (l94e) has given evidence for the formation of 
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intermolecular complexes by penetmtirin into inbertacee. 

The.le cor!.plexos follow stoichiometric ratios, but the ratios 

can be quite heavily in favour of one -r other 01,  the 

components. 	2bus it nay be postulated, admittedly without 

any adequate experimental evidence, that a 5:1 complex of the 

pyrethrins and piperonyl butoxide is possible, but on the 

borderline of stability, and that when piperonyl butoxide 

it, excess of iis ratio is 7.:r sont, the onnplexez breaks down' 

to a ;,Lries of !cal agotia.no of I:n complex, where n, 

to judge from the graphs, is 1,2, or 3., and of ir)t., excel 

synorpoLst i  

Ouch conditions would be extremely tixittx labile, as 

they o-ould represent two ordered assemblies of molecules 

with an extreme of low energy of transition between the 

different states of order, 	If thi.s hypothesis were 

correct, however, it would not on17 account for the fall in 

toxicity from the extremely toxic F:1 complex to the less 

toxic 1:11 assocition, but would suggest that the 

relative potencies of mixtures with more than fi 1 molecular 

Proportions of the synergist would be unstable, as is found 

ho the case. 	Also it would eugr'eet that the limiting 

relative potencies of the 1:11 complexes of pyrethrins with 

piper-myl butoxide and piporon,T1 Orclonene, which have 

similar 	 molecular volumes, should 
he about the same value, and possibly of similar instability. 

It may be of interest to note here, in connection 'with 
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the suggestion that pyrethrum synergists may act by 

replacing the insecticide in a film on the nerve surfaces, 

that most such compounds have molecular weights, and even 

more so molecular volumes, which are within the same 

range as that occupied by the pyrethrins themselves. The 

fiures are given in Table 6,16. 

It must be- emphasised that, in the writer's opinion, 

the experimental correctness of these suggestions does not 

provide critical evidence for the hypothetical situation 

outlined, since this was framed to account for tam, On 

the other hand, the hypotheses outlined by Page and 

Blackith (1949a) and elaborated in this thesis do account 

for nearly all the observed facts, thiist retaining self- 

consistency and a measure of simplicity. 	It is interesting 

to note that welsh and Gordon (1047) have put forward a very 

similar theory to account for modes of action of the 

pyrethrins and DDT, independently oi, and prior to, those 

of the present writer, 

Welsh and Gordon conclude that the pyrethrins and 

DDT molecules are sorbed on to the surfaces of the nerve 
axons in crustacea, prod.ucino.: 	'3incht.,rge of  The rest1n7 

potentiR1 of the nerve surfaces. 	This conclusion is 

arrived at from direct investigation of the impulses 

arisihg from treated nerves, but is manifestly similar to 
that put forward by Page and Blackith (1949a) 

In considering the spread of the pyrethrins along nerve 

axon/sheath int:xfaces, it is interesting to nptice that 

David (1946) has obtained striking evidence of th surface 
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'surface activity of the pyrethrins on an aquedtus protein/ 

kerosene interface, and Crisp (194(1) has given an interesting 

discussion of the transport of molecules along interface s. 
K4.11z0,0)44; /%4- 	 ol4:L Etr-744;*(c.- 
840poi51.10-91/  cwrt-01(9itok-ce 444.  
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7. 1 

The Stability of DPT and BHC. 

Whilst DDT and BM are notable for their stability to 

oxidation and in- the first case to, volatalization, evidence 

is accumulating that the former insecticide is liable to 

severe decompositipn when exposed to direct sunlight. (ilock 

and Haller,1n45). 	In the solid, crystalline state, DDT deposits 

are 1406-TAialy inactivated, and if such irradiated deposits 

arc sprayed with a solvent not cm4atning DDT, any lost 

activity is restored, 	It appears that a protective coating 

of a decompcs'tion product, not 1t3elf incicticidally active, 

is formed on the c:?ystals. (Lixdquist ot al 1(14(3) 	It has bean 

suggested that the incorporation of a volttle solid, such as 

sulphur, would help mechanically to disperse the superficial 

layer of decomposiUon products.(Lindquist  et a1,1045) 

When the insecticide is dissolved in oil, however, no 

such protective layer is possible, and the inactivation can 

be carried out to completion. Lindquist et al (In441 have 

shown that DDT films, made up with a variety of solvents, de-

composed in ultra-violet light at a rate comparable .with that 

round for synergisod pyrethrum preparations, 

Plates of glass covered with DDT as a 5 solun In. 

41*Arrot 	176turt almost completely inactivated after 48hrs exposuxo 

to sunlight, (Hadaway and Barlow, /149), and it was shown that 

in these and similar deposits, the ratio of hydrolyeable chlorine 

to total chlorine had increased, contrary to the result which 



Would be expected if the insecticide had been dehydrochlor-

inated to the obhylenic derivative. Part of the loss of 

toxicity of thee deposits was attributed to tho setting of 

the insecticide to a hard rosin, with a resulting reduction 

of availability to insects alighting upon it, but a loss duo 

to decomposition was also noted. 

Sa ahoy and Androco (1949) have shown that the 

decomposition of DDT 	by sunlight, as measured by its 

residual toxicity to houseflies, is almost entirely caused 

by the ultra-violet constituents of the sunlight. 

The chomictol aspects of the photolysis of DDT have boon 

extensively invcstigatod by Fleck (1949). 	This author 

found that two t7poo of photolysis wore possiblo„ according 

as the DDT solution was irradiated pith ultra-violot light 

in the presence or absence of air. In the former case, 

which will be that to which most practical conditions with 

approximate 4:4 dichlorbonzophenono is the main reaction 
product as was also found by ( -ichmann  et,a1  (1946) although 

in the alsg_sxce of oxygen an intermediate stage in the 
reaction can be lotoctod, in Which 2:3 dichloro- 1;10 :4;0: 
tetrahis (p-ch1000p1iony1)-2,-butene is formed. 	This latter 

substance interferes withtho most usorul cOlourims-tric 

method for DDT eetimation, that proposed by Schechter ot al 

(1945), by producing a red, rather than blue, colouration. 

It is nolieworthy that this substance, which might  

accumulato outside irradiated crystals of DPT, was found by.  

Fleck to exert a marked protoctant action on the intact 
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insecticide and, by precipitation on the walls o the 

irradiation chamber, when solutions of the latter Were being 

irradiated with ultra-violet light, The sequence of 

reactions when D17)T is decomposed by ultra-violet light may 

ho summarised as follows:- 

Flock makes the important observation that irradiation. 

of DDT solutions in alcohol results in the formation of 

acotaldolyde by oxidation, presumably by chlorine liberated 

from the inseeticide, and goes/to suggest that the presence 

of a chlorine acceptor, such as a hydirocarbon oil, would 

accelerate the decomposition process. 	Thus part of the 

greater reactivity of DDT in solution may be due to the 

chemical nature cf the solvent rather than the greater 

mobility of solutes in the film, as compared with crystalline 

oltresinous material. 	It would not, however, be at all 

easy to examine this hypothesis experimentally as there can 

be few, if any, liquids which are adequate solvents for DDT 
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and yet are unaffected by Ohio: formed in the free radicle 

(nascent) condittions. 

It is difficult to follow the decomposition of DDT in 

surface films by determining the amoll_nt of hydrolysable 

chlorine. Even if the cOmplete abzeltct of the intermediate 

butene derivative can be assumed, the change in the ratio of 

hydrolysable to total Chlorine is not a very sensitive 

measure of the decomposition. however, Hadaway and Barlow 

have shown that DDT in kerosene has a higher ratio when 

irradiated by sunlight then when fresh. Thus it appears 

that the photoly-Ac reaction may be partially anaerobic, 

probably cm account of the low solubility of oxygen in the 

solvent. 

In view of *these uncertainties of the chemical methods 

of evaluating irradiated DPT deposits, it was decided to use 

biological assay methods for the work subsequently discussed, 

in which the rate of decomposition of DDT is measured, and 

the effect of BM Oil-soluble yellow dye,(benzene azo-115 

naphthol)as a stabilising agent is debtrmined, As Stringer 

(1948) has pointed out, the biological assay of dry deposits 

of DDT presents a number of difficulties probably the most 

important of which is the very low regression of nrobit 

response on log-dose, whioh renders the assay insenbitive 

Even when the availability of the DDT is increased by the 

addition of a residual oil deposit, the regression remains 

low, 	(Stringer 1949a), and in this ease fixed deposits must 

be applied, and not varied throughout an experiment. (stringer 

1949b) 
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The DDT was therefore applied to 7cm: Whatman 110.1 

filter papers in solution in a mixed solvent of volatile 

and non-volatile oils, in exactly the same way as the 

pyrethrins were a.plied in earlier sections. The sample 
O 

used was pure p-p-dichlordiphonyl trichloret:Iane, m.p.10M 0, 

recrystallized three times from altabl. 	Ilrimary responses 

could not, however, so conveniently be used to assess the 

toxic effect, so that mortality was employed as the criterion. 

In view of the very wide range of DIA concentrations necessary 

to cover the range of incomplete responses, it was decided to 

carry out a detailed examination of the dosage response 

relationship with this type or assay system. The author has 

observed that in 1 number of assay systems the slope of the 

ropxousinn of tramsformed responses on logedose is not constant 

over a wide range of concentrations, as first ono factor and 

then another predominate in determining its magnitude. (Page, 

tringor am Blacicith, 1046,1040., Blackith 1948, 11150a). 

This it obtains with the assay system now under con-

sideration, as the data of Table 7.1 and Fig 7.1 show, 

This calibratory assay was conducted with a considerable 

number of batches of insects, 64 batches of 30 each all told, 

all drawn from th3 same culture jar. 	The insects were kept 

in continuous contact, at 25  0, with the treated papers, and 

estimation of the mortality was made after inspection under 

the 15 watt lamp as previously described. Exp)rience had 

shown that marked heterogeneity was to be expected in this system 

much more so than was the case with the pyrethrum assays 
previously discussed. It was not known a priori  how the 
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"breaks" in the line would be distributed, if indeed they 

occurred at all, and this point could scarcely be investiggtad 

by small scale ex)eri ments, as only the most marked effects 

would t on prove 3ignificant. 

Thy.st important conclusions can be clrasn from big, 7.1, 

together with the statistical analysis of the data of Table 

7.1, 	The first conclusions is that a marked change of 

slope occurs, bef)re vithich the regression of response on dose 

is not significant, although responses considerably higher 

than the controls occur down to the lowest concentrations of 

the insecticide toted, Secondly, the regression of response 

on the hir;her consentrationsis effectively linear, although 

of a mat 	rialy times less than that of the analogous 

pyrethrum system. It is unlikely that the fitting of two 

straight lines properly represents the dosage.response 

relpftdonship. However, with a considerable body of data, 

the comput.onal difficulties are thereby considerably 

reduced compared with the fitting of a continuous curve of, 

say, quadratic form. Provided that the imitations of this 

form of representaien are borne in mind, it is unlikoly to 

be misleadinct), 

The third conclusion to be drawn is that over the I -) .e2s 

range of doses, tie responses are markedly heterogeneous. 

Over this levier range where the regression is non-siglific ant, 

the heterogeneity, and therefore the 95 fiducial limits 

shown in Fig, 7,1, are probably greatly exaggerated by the 

small ex pe ctations corresponding to the vary low levels of 

response involved, but it is aprtient that there is a very real 
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F IG.72: DECOMPOSITION OF DDT-IN-OIL SOLUTIONS IN ULTRA-VIOLET LIGHT. 
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departure from homlgenoity„ On the other hand, to the case of 

the.  regression line over the higher range, the heterogeneity 

is scarcely significant,( 	= '66,P8401 X-1.2.  for C leva 

Of P is :;3o9f14,) In view of the reduction which pooling the 

points with lnw expectations would produce in this quantity, the 

heterogeneity is ruito reasonable* 

Action of /ioht on DDT, 

In order to cover the pnasible effect of DDT concen x 

on the rate of decomposition, it vas deci7ed to conduct the 

exonrimont in a tsorm suittblo for analysis by means of the 

probit plane, (Finney 1947b), rtve rerlIcatin o each of 

'no conttnAtinns rtf tIlree concentrations and three times of 

irradiation were used. The three concentrations wore equally 

sp cod on a logarithmic scale)  an1 although the times of 

irradiation were e(11ally spaced on a linear scale, it was 

thought more appropriate to use the locarithims of these 

quantities in the analysis, since the action of the ultnatviolot 

light is essentially to decompose the DDT, and thereby reduce the 

effective dosage 

The results obtained, together with the provisional 

re,7reosion lines fitted, are shown diagrammatically in 	7.2 

the data on which this figure is based, together with the detail s 

of the computation, of the probit plane, are given in Table 7.2, 

The main conclusion to be drawn is that irradiation under 

the conditions employed decomposes the PDT at a rate :Thich 
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may be estimated from the relative magnitude of the re-Torsion 

coefficients for cesponae on log, concentrations and log. time, 

and corresponds to a reduction in the DDT concentration of abott 

1.554 in 15 mins, Dr 75 of the original DDT present. This 

rate of decomposition is almost identical with that found 

for the pyrethrins under the same conditions, as reported 

earlier 	It must be admitted that the conditions emplpyed 

are nerhaps the least favourable to the DDT, but the comparison 

is at least a striking one, 

The inclusion of replicate for each point of this probit 

plan allows the total heterogeneity of the data to bo 

partitioned in the way shown in Table 7.2. .brom this table 

we ea that the variation between replicates, although 
el  

significantly greater than expectation, is not excessively 

large, and that rest of the discrepancies arise from comparisons 

between doses, Whilst a further cycle of connutatim would 

probably improve matters, there does seem sone evidence that 

the pinto are inadoeuately fitted by a probit plane of this 

*ype, and some curvature of the planel concave to the time 

axis, might be &lawn by more detailed experiments. If such 

an effect existoe, it might badtcato -fl,,t the rate of 

decomposition of the DDT was being dootry accumulated 

breakdown products, 

protectant action of Benzene azo- (3 -- napol. 

In view of the severe decomposition suffered by DDT in 

ultra-violet light, it was thought that benzene azo-(3 — 

naphthol, the most successful of the dyes tested for their 
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protestant action on the pyrethrins, might exert a similar 

effect on DDT. This situation would obviously arise if the 

wavebands absorbed by the dye were responsible for much of 

the photolysis of both insecticides, An experiment was 

therefore designed analogous to the preceding one, one probit 

plane composed of results from papers irradiated with i, of 

the dye, the other without such protectants. As relatively 

low responses were obtained with the papers inprognated with 

005 DDT solutions or irradiated for flo min, it was decided 
ameti%4750,1 

to omit the fornerkInd to irradiate the filter papers for 

3,10, and 15 min. only. 

In spite of these precautions, a considerable increase 

in the resistance of the weevils between the occasions of 

testing caused low responses to be obtained with the lower 

concentration higher time combinations, As a result of the 

peculiar property cf the assay system revealed by Fig, 7,10  

namely that for lower concentration ranges there is no 

significant regression of probit response on log, dose, there 

is no seperation of the points representin7 papers irradiated 

with and without protectiett, when these had initially a 

residual solutionof the insecticide, 	It is perfectly obvious 

from 1,17, 7,3 that no significant °operation exists, statistical 

proof is cuperfluous, 

On the other hand, for papers impregnated with 2,5. DDT 

residual solution, the protestant action of the dye becomes 

cear, and the soperation of the lines in Fig, 7.3 becomes 

well marked. The negative olepe of these lines represents 
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the rate of decmpositi,n of the insecticide, so that the 

eeuation to each line was calculated, 	eine() the points 

representing the responses on the papers not irradiated at all 

arc common to bdIth lines, the latter will obviously intersect 

at that level, and any attempt to constrain them to parallelism 

would be artificial 	Soperato equations were therefore 

fitted to the data of Table 7.3, 

The slope oi7 the regression of response on log.( 1 t 

time of irradiation) in the absence of dye is -0.793, and this 

set of data is ho'aogeneous0  since after fitting the straight 

line 	=12.27850  The similar curve for protected DDT 

has a slope of -0.402, but this set of points exhibits marled 

heterogeneity, X13 =301,01S80  Details of this calculation 

follow those given in Tables 3,1, 7,1, and 7.4. 

Thus, it 	be noted, the effect of lof. -omen° azo-

(3 -- naphthol is roughly to double the life of the DDT films 

in ultra-violet light, since the initial concentration of 

the two sets of pcpers was the same, and a regression 

coefficient are in the ratio 241 almost exactly, The somewhat 

unexpected similarity of DDT to the pyrothrins, therefore, 

extends not only to their rates of decomposition when oily 

solutions are irradiated in ultra-violet light, but the 

addition of benzene azo- (3  — naphthol apnroximately doubles 

the effective life of both sul)stances under such conditions, 

The widely different stability of the two compounds in 

daylight not containing an appreciable ultra- violet component 

which is a generally noted fact of experience (Martin,1^40), 
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would appear explicable on the assumption that this range of 

wavelengths, whilst being much less active against the pyrethrins 

than ultra-violets  is at least slightly active, though not 

causing any decomposition of DDT. That is to says  that the 

loss of photolytic activity of light with increasing wavelibrigth 

is much ,etss rapid when pyrethrins are the insecticide than 

is the case with )DT films. There is, of course, no guarantee 

Ytha the waveband: of the lamp used was equally strong in the 

regions most active in catalysing the breakdown of the two 

different insecticides, which do not necessarily have similar 

absorption spectra in the ultra-violet. 

The action of ultra-violet light on  3.0.4t. 

In view of tho fact that benzene hexachloride is formed. 

by irradiating a mixture of dhlorine and benzenes  the substance 

would scarcely be expected to decompose in ultra-violet light 

with much rapidity. Nevertheless, a slow reaction is 

possible in which the most toxic 
it 4

-- isomer could acquire 

sufficient energy to undergo re-arrangenent to the other less 

toxic isomers, and this possibility was thouf:,ht worthy of 

investigation, 

As with the other insecticides tested, a "calibratory" 

assay was conducted to determine whether the form of the 

dosage-response curve was suitable for further experiments, 

when the pure " 	" isomer of MC was substituted for DDT, 

all the other conditions remaining exactly as for the DDT assay 

previously described. The 	batches of 30  C.granaria  weevils 
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were all derived from a common culture, and kept in continuous 

contact with the impregnated filter papers for 24 hours, after 

which period the proportionate, mortalitymortalitr of each batch was 

determined by inspection with the 25 watt lamp as previously 

described. The metal rings imprisoning the insects were  

not covered for these assays involving, DH00  so as to avoid 

building up concentrations of the vapour which could exert a 

fumigating effect independent of the contact action. Normally 

stored products insects are rather sensitive to draughts so 

that the rings are covered with a second untreated filter 

paper before insertion into the constant temperature cabinet. 

The results obtained are shown in Dig. 7.4, from which 

it will he observed that there is no evidence for any 

departure from linearity of this regression line, and that 

satisfactory assays are possible with this system. 	It is 

noteworthy that the slope of the fitted regression line is 

almost identical with that for the corresponding DDT assay, 

over the sensitive range of the latter, but that the 311C is 

much the more to3A0 to Cogranaria. A precise comparison is 

not possible, shoe in these experiments the relative potencies 

are confounded with tolerance fluctuations, the experiments 

not being docigncd to include such comparisons. Lord (1048) 

has also found the slopes re7-ting to oily solutions of DDT 

old 3HC to be very similar, USIng a crawling insect assay with 

Oryzaephilus  surinamoinsis as test insect. The similarity of 

slope for oil-base solutions of the two insectLcidos has 

also been found by Gersdoff and :loGovran(ln45), using 
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7. 0demeOtica as - -est insect, 	The much lower slope obtained 
oKt 

by these welters with the pyrethrins is probablyertefact of 

the flying insect, system used for the assay, for which simple 

probit analysis is not appropriate, The difference in the 

relative pltencies of the two compounds for the assays with 

flying and crawling insects, 9 and 25 respectively is much 

greater than coud reasonably be attributed to a tolerance 

fluctuationx among the insects, and is probably caused by 

the change of toot system, 

In view of the similarity between the test systems, the 

examination of the action of ultra-violet light on BH0 could 

have proceeded on the same lines as that for DDT. However, 

since it was expected that the effects would be less marked, 

an alternative dosign was adopted. A sot of 12 filter papers 

were impregnated with 0,0e, 
w
/v residual concentration of 

BH0, and divided into four sets of three, each trio being 

irradiated for one of the four periods 0,5,10,15 mins, After 

wards the filter papers were assayed with 12 batches of 30 

weevils, all drawn from the same culture, and the analysis 

of variance, shorn in Table 7,M, was carried out on the angular 

transforms of the percentage responses obtained. As the 

mean square for nTimes of irradiation' is only slightly greater 

than that for error, there is no evidence that the insecticide 

is affected by ultra-violet light, 
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Disc= si on. 

The work reported in this thesis has Shown clearly the 

relative rates at which the pyrothrins and DDT become 

inactivated under the various environmental conditions to 

which they are subjected in practice. 	It is interesting 

to compare these rates for the different insecticides under 

various conditi'ne and to relate the results obtained in this 

thesis to those oC some other workers. 

Qualitatively, there is no material discrepancy between 

the results reported hero and those of earlier and contemporary 
1,15,441 

workers. Quantitatively, oeimcdthorndifferences do appoar, 

although most of those are accountable for in terms of the 

differences in the experimental techniques used. 

For example, Tattersfield and Hobson (1931) report that 

pyrethrum powder aeteriorates at roughly logarithmic rates 

when exposed to both air and sunlight in open trays. Also, 

it was found that the pyrethrin II constituents appeared to 

decompose at a slightly lower rate tan the pyrothrin I complex. 

On the other hand, no ouch evidence is available from the 

work reported, in Section 4 of this thesis, where the pyrethrir 

were found to decompose linearly with time in the presence of 

ultra-violet light. Apart fvom the fact that chemical 

estimation, particularly of pyrethrin II, is not necessarily 

a good index of the birAogicietlly active compounds present 

(Mitchell 1940), a certain amount of "evaular protection" 

is afforded the constituebts most Shaded within the particles 
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of dust, (Martin 1949), The externally situated molecules 

would then be expected to decompose according to the rate of 

the liht-catalysed *action, hose in theprotected parts 

of the grains of powder according to the rate of decemi)osition 

in the dark, Tho graded transition between the tau rates 

would account for the observations (=tad, It does not 

appear likely the the hatural colouring materials, chorophylls, 

ganthophylls, etc., in the flowers and extracts would 

materially reduce the photolysis, since they are decomposed 

so much more rapidly than the pyrethrins that their protectant 

action, if any, would soon be eliminated. 

The work surveyed by L!artin clearl -r demonstrated the 

activity of sunlight in decomposing th4pyrothrins in thLn 

layers althouht the ultra-violet constituents were filtered 

out by exposing tilelayers of dust in glass-houses. Shielding 

the layers from direct illumination reduced the rate of 

decomposition by 1 factor of about 10. Although this factor 

is very much less than that between the irradiated filter 

papers and those stored in the dark, (vide section 4) whidh 

is of the order of 104, the difference between the conditions 

is much less extreme. 

It is possible, as a result of the experimental work 

outlined above, to form a fairly clear picture of the ways in 

which pyrethrum ihsecticideSdecompose„ There appear to 

be four quite distict chemical processes which can be isolated 

by varying the experimental conditions so that one or chther of 

them is predominant, and forms the effective rate-determining 
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process* 

Reaction Mechanizm I. 

Tattersficld (1928) showed that damp whole -pyrethrum 

flowers, stored in the dark, lost activity through the 

development of moulds and fermenting mi4rganisms. With 

dried matorial*  or extracts, this mode of decomposition is 

not likely to be important*  

Reaction Mechanism II*  

Secondly, with flowes or extracts stored in the darl:, 

there is a direct oxidation mechanism which en be inhibited 

by the presence of anti-oxidants, or b' storage of the material 

in an atmosphere deficient in oxygen. 

Reaction Uochanism III*  

In addition, there is the lir;ht-catalysod oxidation*  which 

is subject to thE: same methods of inhibition and also acceler-

ation by moisturE*  These two reactions may involve the same 

or ocperate part E of the pyrethrins molecules, and it wotid 

only be possible to settle this point by chemical investigation 

of the breakdown pr-oducts, an investigation which would itself 

be dependent on the availability of the various pure compounds 

involved in sufficient quantity for chemical analysis* 

Reaction Mechanism IV. 

Fourthly, there can occur a distinct photolytk- reaction 

of tho pyrethrins in ultra-violet light, extencling perhaps 

to a limited extent in visible light, which appears to take 
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place in the absence of oxygen. This ph)tolysie io many 
of the 

times more rapid than anykther processes, and is not 

detectably inhibited by removing moisture or oxygen from the 

surrounding atmosphere, nor by the presence of anti-oxidants; 

it may laver, by materially modified by adding to the pyrethrum 

preparation a dye or other substance which aboorbs strongly 

at similar wavebaids to those of the insecticide. The most 

effiibient such substance which has been inveetigated here is 

benzene aso--(3 -naphthol, which reduces the rate of 

photolysis by a factor of two, when present at about the same 

concentration as that of the insecticiAgiused in this work. 

These conclusions confirm and amplify the tentative 

suggestions by ,aertin(1049) 	For example, the gree-ter 

effectiveness of blue rather than red li:tht reflects the 

trabeition from a type III reaction mechanism to one of Type 

IV, 	Exposure (3:7 dusts to sunlight involves reaction mechanisms 

III and IV, so that anti-oxidants would, undertheee conditions, 

be expected to snow a slight beneficial effect such as Llartin 

found. On the other hand, with pyrethrum-in-oil spray deposits 

in the open air, anti-oxidants were not found effective. It 

has now been demonstrated that under these conditions about 

7CW, of the decomposition is by reaction mechanism IV, when the 

sun is shining. 

Anti-oxidants, such as hydrodluindne, are also well-known 

to be inhibitors of polymerisation reactions ouch as the 

Diels-Alder side-chain condensation suggeuted by Harper( 1048). 

Thts reaction is very similar to that put forward earlier 
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by West (l243) ir which the f - rmation of insoluble substances 

of no inOocticld*1 activity batassaying chemically as 

"pyrethrins vi ro ascribed to polymerisation of molecules 

across the pentulienyl side-chain, Again, the differentiation 

between these tbry possible reaction mechanisms will have to 

await the availabiltiy of pure compounds, and their reaction 

productol (see„ for example, 'illohland et  a]. l94r, ). 
This list of possible reaction mechanisms and their 

inhibitors is not exhaustive*  The alleged protective action 

of piperonyl butoxide certainly does not exist to any mate*ial 

extent when mechanism IV is the rate-controlling reaction, 

Although it is possible that the other reactions might be 

inhibited by a reduction of the free energy of pyrethrum in 

films brought about by the synergist*  it does not seen very 

likely that this effect, shota it exist, mould be Of much 

imnortance*(Page and i3lackith 1049a), 	Another pthint which 

has not received attention 18 the possibility that the 

presence of the Ttsinoid materials associated with the pyrethrinf 

might, influence their etabili ye 	This type of investigation 

is of even greater importance with extracts from dorris and 

the other rotenone-containing plants, where the apparent 

toxicity has beer recognised to be greatly influenced by the 

associated resins. 	.:)ince the stability of 	rotenone and 

its associated compounds is being invstigated by another 

worker, the problem has not been inclWed in the scope of this 

thesis,' 

With DDT, the situation is considerably simpler. The 



K.Persistanco of DDT and BM in soil indt ates that 

microbiological decomposition is not an important factor in 

their stability, F1ock(1944) has shown that reaction 

mechanisms II and III are not of any importance with DDT, and 

it is well known that MC i affected. Reaction 

mechanism IV, however, appears to be as important with DDT 

444441o/A ?4,4 Are71k.ens. Wroo  it may be modifilid 

by ultra-violet absorbing substances to a similar eXtOnt for 

both insecticides. It appears, therefore, that where Din is 

supericsr in stability to the pyrethrins, the conditions are 

such that reaction mechanisms II and. III aro of im-2ortance, 

in bri7,ht sunlight, there is not much to choose between the 

oil-base solutions of the two insecticides. 

This thesis contains the first published analysis of the 

various mechanisms by which pyrethrins and DD.0 can be decomposed, 

The relative roles of oxidation and ultra-violet light are r-

substantially disentangled, and the various methods Which 

have been suggested for preventing or reducing such 

decomposition have then been assessed, according to their 

capacity for reducing oxidation, liffnt-catalysed oxidation, 

or ultra-violet photolysis of the inseaktriides. DDT has been 

shown to be as easily decomposed by ultra-violet light as the 

pyrethrins, but only when the formation of protective films 

of decomposition products is prevented, In this thesis, it 

is demonstrated that the effective life of oil films of both 

insecticides can be doubled by moo orating benzene, az0--(S 

-naphthol in the solution, With both inseettWds the main 
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benefit from such dyes derives from their ultra-violet 

absorption, as 7ryi decomposes almost entirely by ultra- 

violet photolysis and it is shown in 3ection n that about 

70q4 of the deterioration of the nyrothrIns in direct sunlight 

is brouzht about by this moans*  

On the other hand, a dye which absorbs light in the 

near ultra-violet and visible regions would be beneficial 

for the pyrethrins, for which insecticide the light-catalysed 

oxidation is imp‘Irtant*  As the absorption spectrum of benzene 

az°. e  -haphthol is not yet known to the author, it is 

not possible to say how far this substance may be effective 

in this way, It is doubtless this light-catalysed reaction 

which accounts for the discrepancy between the widely held 

opinion of the relative instability of the pyrethrins 

compared with flD, and the narked stability of the former 

insecticide in the dark, noted by earlier workers and 

confirmed in this thesis* 

These problems concerning the stability of the two 

insecticides chiefly studied which have been given in detailed 

examination have yielded quite -definite results. 	In 

much of the earlier work reViewed in the introduction, the 

experimental work has yielded results which are ill-defined, 

and in many Cases the conclusions based on them are of 

uncertain validity and unknown generality*  It seems to the 

author that much of this lack of definition resulted from 

the unccrtainties associated with the chemical analysis 

of the breakdown products of DDT and the pyrothrtns„ and in 
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this thesis the e)nclusims have been drawn enttrely from 

biological assay, Particular attention has been paid to 

the design of these assays, to ensure that ambiguities arising 

from such situati)ne as the confounding of different factors, 

the neglect of interactions, and the biological variability 

of the test insecte did not arise. 

By breaking down the types of reaction by which the 

Insecticides can be elecomposed tho degree of generality, as 

weilae the validity, of many of the conclusions arrived at 

is made plain. For example, one'would net expect an 

antioxidant to be effective in reducing the photolytic 

reactions, which appear not to involve the oxidation of the 

insecticides. 

It must be emphasised, however, that many details of 

the reactions which have been enumerated in this thesis remain 

inadequately investigaled 	For example, the relative 

imeertance of oxidation and polymerization, and the chemical 

nature of there and other reactions has only boon hinted at, 

Such investigations are relatively unsuitable for the methods 

which have been used here, and their solution doubtless will 

await the availability of pure pyrethrum constituents in 

sufficient quantity for the more orthodox chemical methods 

to be applied. 
Particular attention has boon paid to the photolytic 

reaction since this mechanism appears to have been the least 

adeguately investigated, Although not of in-lance for 
longer terms stoe.age of pyrethrum preparations, ultra—violet 
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photolysis is probably the most important factor limiting the 

use of pyrethrum in horticultural and agricultutal control,  

This mechanism is also the on. 	1 of any practical consequence 

y which DDT is inactivated, Of the to methods of inhibiting 

this reaction which have been investigated, ones  the use of 

pyrethrum synergista, has proved comDletely unsuccessful, but 

the work involved was undoubteslly neceesarys  and many 

interesting problems have arisen, which, when time permits, 

it is hoped to investigate further. 



Lefefreoces. 

hot sem to eriinnl form, 

4Abbott, J. S. (1919) 
" A study of the effect of storage, heat and mo6ture on 

pyrethrum". 
U. S. Dept. Agric. BU. No, 771•Page 1+ 

iiidiollsan A. J. Patterson, 4 I. Cliff rd, P. A, Kieth, A. K. and 
Claborno  A. V. (1946. 

"Decomposition and volatility of 	D. T. and some of its 
derivatives". 
jOUrno ASSOC. LIfic. ARric. Cham. 29 (2) 216. 

l'arnes„, S. (1945). 
"Ite Residu.I toxicity of D..T. to bed-bug. 

Bull. f4nt. Rer. 36 213. 

;artlett, 1.4 a. (1949). 
Fitting a straight line when both variables are subject to 

error". 
Biometrics. 5 (3) 207. 

Blnekith0B4 A. (194e). 
"Primary and Secondary Responsect in :;:,.iological Ass 

Na.ture. lel O. 

Dleckith, 	'I,  (194 ) 
"Groin 'Teevilev 

Pyrethrum Post. 1 	28.  

Blac,kith, B. E* (1950 a). 
"Theory of biological assay non-liniar trenaformed regression 

lines". 
Thesis approved for the Diploma of Membership of the Imperial 
College of Scieno4 and Technology. 

Blackith, R. S. (195Q b). 
/Bioassay systlms for the pyrethrines 

!TT "Applicetion oT the Twin Cross-over deign to say pith 
crawling insects/. 
Ann. Appl. Biol. 37 (3) 5(.. 

liss,C. 	(1939), 
"ily spray testing; A discussion on the theory of °wawa 

liquid household insecticides by the Peet-Grady method". 
Soap. 15 103 t sect 

Bliss, C. I. and Cattail, MO K. (1943) 
"Biological assay", a review. 

rflfl '1"ev* l'hysiol. 5 479. 



Refererice  

Bushland, R. 	6chechter o ll. 6. *Tones, H. A. and Kr 
1. I. (1945). 

"Antioxidants for PyrethrumPowders • 
5osp. 21 (11) 19. 

BusTine, J. 	and Barnes, a. (1947), 
"Observation ()a At.sertality among insects exposed to 

dry insecticide Mms". 
Bull. Entom. see. i58 81. 

Chisholm, i. . and Kobiistsky•  L. 1947). 
'afoot of ii ht on D.1:..11, Re idues 

Agric. Chem. 	(Y) 35, 37, 

Crisp. L, J. (1940. 
"Two-dimensional transport at fluid inter-faces". 

TrarlEle Far. doe. 4' 819. 

vid*  W. A. L. (1)46). 
"Factors influencing the interaction of ii-macticidal 

mists and flying insects IX. 	The production and 
behnviour of keros ,me base spray mists". 

1n torn. Res* 1.t57 1. 

Dominica. Y. and Domenico 0, b. R, (194C), 
French Patent list). i361, 3(49. 

Doves,. 	(1947), 
"Piperonyl huuxidet  a new and safe ineetictde for the 

'icusehold end field". 
Amer. Join. Trap. Med. 2 339. 

1.\--anens, C. ,W« (1943). 
7Principles of Biological assay". 

London, Chapman and Hall Ltd. 
Fieller t  1. C. (1944). 

FundzImentaa fonaula in the statistics of biological 
nd some applications". 

.,uarti. Jo ,rn. Pharin. Pb.armacol. 1? 117, 

Sissteys 
 

i J. (1941 a). 
"Principles of Biological Assay", 

Journ. Roy. atstist. 00c. (.1tipplz) 9 46. 

tug, 



h lark 

uitur tanded c 1 

Ref crone 

Piano", D. J. (1947 b). 
i*Yrobit Analysis% 

Cant, Univ. Press. 

Fisher, R. A. (1946). 
”6tatistio.,1 Methods fo 

Tenth Edition. 
61iver and 3o yd, Edinburgh. 

Fisher B. A4 and Yates, F. (1948). 
Notatistioal Tables for 

Research". 
3rd Edition. 
Oliver and*Loyd, Edinbu gh. 

Fleck, 	(1944). 
"Rate of 'Evaporation of D.D.T.". 

Sourn. Leon.ntom. 37 853. 

neck, Es x (1949) 
"The Action of Ultra violet light on D4,1).T.". 

Journ. Amor. Chem. inc, 73. 1U34. 

Fleck 	;44. and aaller o  A. L. (1945). 
ompatibility of D.D.T. with insecticides, fungicides, and 

I ertili zers 
Ind. ling. Chem.37 40. 

Fleck, E. E. and Haller, A. L. (1946). 
"Stability of 1).D.7.0 and related c:1pounds". 

J. Amer. Chem. Soc. 68 142. 

Fogg, G. E. (1948). 
"The penetration of 3:5 diatitroorthocrecol into le - 

Ann. A,ppl. Biol. 35 21E4 

Pryer*  J. C. F. Tattersfieldt  F. ndG ingham„ G. T. (1928). 
"dbglish-grown pyrethrum se an ineectcide 

Ann. Lppl. B101. 15 42';, 
Gersdorff. i. A. and lac. Govrant  E. R. (1945). 

"Insecticide Toxicit 	tudies". 
3oap. 21 (11) 117. 

ill, A. A. and .Vest o  T. Y. (1942). 
"Absorption Spectra and the structures of Pyrethrins and I I". 

J. Chem. Soc. 671. 



Ref er~~ ( .:'I )

Gi l l a m, A• ...... an d ~:le s t ~ Ire :J!' . {19::l4 }.
I t 'bs -:~ rv tio na on the t e s tin g o f py r-e t h rum extra c ts , I I J t- e

us e o f a bso r p t ion a p eot.re ",
J . :' o c . ~l' em.. In d. , 63 :::: ~~.

G:n r:. d i nge r , " C. ,B. (1 9 ~)5 ; .

';l'y r ath r um Fl owerB '.
Me. Ls. u gh ., in ;0r ml ey Ie ng an d Co, .M. i rm eapoLi s t Mi nn ee o t a , U. ...:; . A•

• ad i .ng e r , C. ~ : . (1 9 ·, f.' ) ..
"PyretlL un ,Fl owe r a tt ( Supp l amen t ) .

'ie. Laughlin, (.ro nnl eYt ~Hn g and '.:: 0. £: 1. n eapo Li a , U.S.A.

G-old enson p • No r t on , A. S• .No v'a , C.. }i' . an d :.:las s p S. (l ~ ll9 L

" Decomp os i t i o n of D.D. T. from t h ermal a.e r o ao L d ir-pens ers".
I n d. ':n:.s. Cheu . 41 2 1 ? ~1 .

H'1 da wf1Y t> li. .~~ . an d Ba.r -La"!, .1". (1 :) 49 ) ..
"Furth~r ntud ies on t he 1 0s 8 of i o s s ot i c i J ea by a bs orpt i o n

i nt o mud an J veaeta t i c n R •

Bu I . En tOL e l.c~. 1.2. ( :3 ) 3:~~7-.

Ha rp e r , ':' . 11. ( 1948) .
" 'r (" r p en e ~ 11 •

Ann, Bepir • iro €i . :,: em. ."} :5 1 E:~~ .--
1/

Lne ec t Lc i ca L c on s t I i:jfn t s of :'Y TeL~1 rum

Ha.r p e r , ~) . H. ( 1 9t1 ~~ ) .

fl Ch~'n i s try 0 f t h e
} Low (31' 9 q .

" y r e t h r um ;;O os t . 1 ( 3 ) 9.
I b i d ~ 1> ( 4: ) 1 ;. -

n~ r.-nll ; ( l n ~ G \.. "' .("~ v .:l~ Q , ,t.... o e » ....:r .7 J .

" J f f e c ;.i \!'at1 e s 9 o f .u - ( ;~ - J:!-;t rlyHl..:. xyl ) bi cy c Lo [.::-~ . ~z. 1.J -
5- H6o t en e - : ~ . ;) - Di c 8 vb ox i m:i.cl e on Ho u ~) cf l ie l3·' .

CG n tr i~S • .60 Y C El l'ho1T.l.fHwn l ns t . 1 5 ~'5 7, 'l . , _

fi ev l e t t , • ', . a n a };' n rk i n , t ~. A. (19 4'7) .
t' l 'h f :J r mRt i l)tl o f I nc e c t l c i da l F i l ms on 3 Lu l(li ng :.: a t Gr i a l s I I

'f es t s of th ~ f f i c i el lcy of va r i o us t 'Jg e s of p r e t r e i tm cn t ;
An n. A ,.,91 . .31 01 . ~ ~~~Z 4 .

iJolJ- t 1 . (1 4\ ) .
" New ev t c en c e f or t h e forma t ion of Lrt t e r mo Le c uLar com L ex ea by

pen 6 t r a.ti on "•
.l 'lo t u r c. Lo n d, 1 58 2 8 .

K~. t'·13 . Z;;4/I) I L l! t ~JT"
I . 9'k.~~<- ,~-r~~~~~ vu ' .

.~~~ - j~. :z..t.:Lt6-;-



Kirby, A. P. 4 end 1"- acook, P. B. (194)). 
"Liver tumours ii mice injected with com-creiel 

Glasgow riledieal ournal. 30 364. 

Lindquist, A. IN. Jonee, Ns A. and Tiadden, 
ffect of light on D.D.T. residual 

Agr. 'Ross Achin. Bureau. ntom. 
D. Itleect GontrOl. ittse. 
Report No,, 86 June nist. 

Lindquist, 	jenes, N.A. and Lkadden, AM. (1946). 
"D.,).2. residual-type sprays as affected by lihtu• 

wourn. con. ntom. ES (1) 56. 

Lend. K. A, ( 1948 ). 
"The contact toxicity of a number of D.D.T. Analoguesaadfour 

isomers of benzene Itexaffehlorido to llacrosiphoni 	'.1anboriai and 
Urysasphilus surinameniis• 
Ann. Appl• 3iol. 	-t05. 

ckintoshy A. H. (147). 
"Relation betwecn partic a size and shape of insecticidal 

suspensions and their contact toxicity". 
Ann, Appl. ',die'. 34 .596. 

artin, J. T., (1943). 
"rae preparatiot of s standard pyrethrum extract in heavy 

mineral oil, 444411-e÷i., with observations on the relative 
toxic ti es of the py ethrins in oil and aqueous m1.3”. 
Ann. Aj1. 13101. 30 2. 

Martin, 3. T. (1949). 
".linctors affecting the atability of the yrathr 

Pyrethrtze Post. I (3; 18. 

Meites L. arn , 	"tez,, T. (1248). 
"The 'Removal of ux.y:;en from 

Anal. Chem. 2L.'' 9e4. 

	

crritt, R.P. and .1fitche11, 	(1948). 
'yrtrurDispc,sal with the Todd 

Applicator". 
i'yrethrum 	(1) 15.  

	

Al C. and 6irianton„ 	A. (19:38), 
"14ological .Tiactors in 2 et -Grady 1.4eth.dd"• 
14 (5) 103. 

Litchell, 	(1949). 
"Analysis of Pyrethrum Flowers". 

Pyrethrum 1-'ost. I (3) 7. 

00 d dyes". 

A.H. (194'). 
type sprays". 
and Plant 	0.R. 

4trearas",. 

dal Fog 

0, 



itsferences.(6 

karsos, i. 
Preliminary examination of an insecticide containing 

copper"' 
Thesis approved for the :Diploma of "Ifiembership of the Imperial 
College of ci.P.:tioci; and TechnalogY* 

*Nel, B. G. and i.athewp  G. 4 A. (19404• 
"Toxic effect of pyrethrum and aliphatic thiocyanate upon 

the eggs en45, larvae of ineeetsf'• 
Union of .3outh Africa, Dept. of Agrics and Forestry". 
Scientific Bulletin. 239, 13. 
dintomol, 'Ll.emoir*  2 41. 

O'Farrell, 	Jones, L. :. and Brett, 9. A. (19419). 
"The persistent toxicity under field conditions of pyrethr 

end"ammexane" against pests of stored food'. 
Bull...i,ntora• i.es• 4-j  

rage, A.11.1.-• (1rT ,15111). 
"Ins  

Ann. Aral's. r. . Apia. Ch em. 33 435. 

Page, A..3.1*. (1?4Bb) 
"yriervists" 

,rethrum Post. k (2) 7. 

Page. A.B.P. and Blackith, 	(1949a). 
"1:ioasc3a:,,  syst,N,:s for the pyrethrins II". 
".kiode of ction of pyrethrum synergists' 

36 244. 

page, 	and Blackith, JJ. (1949b), 
"'Control of Pest Infeetation". 

Ann. ep3. 	App. Chem. 34 In Press. 

Pages  A. 	and 3lakith, R.4 (1)'60. 
tabilitation of the Pyrethrin 

Pyrethrum, :Oast. 2 (1) 18. 

3tringer, Ao and Elam:kith, 2.. 
'firruestigation of irlrlectididal spray. 

Vate, 157 BO. 

l'Ef gel  A.. . .3tIsinger t  A. and Blackith, P•Lip (1949 ) 
"Bloa,sepy systems for the pyrethrins I' 
ff.Water-baes sprays against  Aedes asgypti  L and 

other fling inseats". 
Ann. Appi. -Biol. 36 225. 



Ref 
	

e5.V )  

Parkin:, 	A. (1949). 
/vrethrum-in-oil "Zire,ye for Household and aareho.Ase Use 

Pyrethram l'ost. 1 (4) 6. 

Parkin , jeu, A. and Hewlett, 2, G. (1946). 
"rke formation or ino.ecticidal films on building materials I 

Preliminary experiments with films of pyrethrum and 	in 
heavy oil". 
Ann, pp1. 1.)iol. 33 381. 

Potter, 	(1936)., 
"An account of the constitution and use of n atomised 

white cil-lyreth,ram fluid to control Plodin interpunctella  
Hb. and  3phastie elutella Hb. in warehoune.:. 
.Anu. 

Pottn., 	(13). 
"The age of protectiVe films of insecticide in the control of 

indoor in)ects, 'with special reference to klodia interpunctella  
Hb. and .14pcstia elutella Hb. 
Ann. 4%14-. Liol. ;IT 
Potte C. (1941). 

tIA Laboratory spraying epperatus and technique for 
investigating Uae action of contact insecticide* with 3%10 n 
on suitable tc,It innects". 
Ann. ANA. io1. 5 142. 

Pradhake  6. (1944. 
tudieL on the toxicity of insecticide films. II fto 

of temperature on the toxicity of 	films". 
Bull. Entomb tes. 40 (2) 239. 

pradhaA 3. (1944b). 
"ZAutUes on the toxicity of incetAieide fi1r, Ui ffect 

Of P.elPtivo Humidity on the toxicity of films". 
Bun. .4tom* Res. 40 431. 

V•  apd A/Winer; a. V. (1)49). 
Do1c1s4 vsyus akad ltiehe 	Mae& V‘auk irn V. I. Lrnina 

1 it  Vi) 	• • 

rnitb., K. 	irkn 	4 	 4. C. and 15rown ,Ar* A.  (1944) 
"An exiaandad crass-over designant-; its use in insulin 

aa;5py"* 
uart. j 0 U 11146 Pharm. .1?noxoniao01. 3.7 10F. 

6mith, M, 	(1945). 
"2eraistonce of D.r.T 	nd B.H. C. in soil ' 

Ann. 4)pl* 	35 19ii. 



aof ors/moist  (0) 

Stringer, 	(1948). 
"Relation between b o.ssay ystmø and th veluee found for 

the toxicity of D.D.T.". 
Ann. 1,1.). Biol, 3f5 527. 

trinfzer, A. (1949a). 
'The irwecticidal aotion if 30A0 	.. T. datalogues and 

okitprinnted (4-eh1otreplIonyl) 0,hanee". 
Ann. 	1.,i01, 36 ; 3. 

5trinFer A ; (1't).  
imp 1 e zaethod of a:3sayint oor;tact toxieitios of insect c del 

ith reoultc- of teetf 	,ame ogRnio eompound agnints Calandra  
Franari_a L. 
Ann. 	5C 1154 

'.weetsolan t  H. L.  
"The osidual Toxility ofD 	1. 

Soap. 21 (1;) 141, 

AkTatterefifJd, 	(1932). 
"The lotls of acti7ity of pyrethrum dusts on capure to light 

and 
J. 	AP:ri no i'cience. 21 

Tetterefield,1. (139; 
motholt of testin inueoticiCaos". 

Ann. 	13191, 26 741, 

Tatterafiolda 	and iiobori R. k. ().931 
%.;:tracts of pyreMhrum; p'Jrmationce of toxicity and stability 

Of emulsions". 
Ann. Appl. 	1f7' 204 

IPTattersfield, Y. and Martin, J. T. (1934), 
"the .Lo tla of acti,fity of pyrethrum U. 

-44, Agri c. -eince 24 598. 

Tatterafield, F. and Fetter, C. R943), 
"Biolocioel metho6e of dote= ng the ineeWicidel values of 

pyrethrum prepnretion (particularly extroto in heavy oil)". 
Ann, Ala. hiol. 30 259. 

Tenhet, 3. N. (1947). 
“Effeot of 3ub1ethal dosages of kyrethrum on ‘;'-viposition Of 

the eigarette Bo mtles 
J. Zoon. Snto. 40 (,)10. 

Tukey, 4 	(1949). 
nompering indivitual i ns in th 

:;i0metriess 15 90, Ye 



jtererenoest.  

'4011, 144, (1V47). 
"4ynergietio Insecticides". 

3cionce. 11;2.530. 

kalker, A. C. (1931). 
"lnksectioidal value of certain pyre 

Bull Va. Truck. Zxp. 3ta. 75 943. 

;Welsh, J. A. and Go don t  A. T. (1947). 
r.ehe MOde t of eotion of certain insecticides on the 

Aetthrepad Nerve Axon". 
i. Cell. Coinp. Physiele 30 1.47. 

West, si 	(1942). 
'3tabilisgors for oll»Isyrethrum extrt-4,  

(Aeigned to tafford Allen end Sent. 
B. P. 547, 927, 3epto, 17th. 

West T. 	(1943), 
ttct 	in pyrethrin consntr 

Uwe* 	600. 

.11.1% t.xtracte.0 

during ate 



3. 	. 

Toxicity or ,,yrethrum - in - oil flit-1z sto din the dark. 
say conducted after 2 weeks storage*  

Lp1i.cato. Films gtored at Frashly prepared :iLls stored a 
Ir 0* 	films . 	50°C. 
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71. 	 tr. 

9e 0 	80.0  
dibsi .4 

75.S 	SI*  
30.7 

0,::eand total 1.2t;.1 
mean 	80.2TG6. 

y Jio of variancooi hove data*  
1....1.1•91,0 	 *VINO. 

Treatment. 

Totai. 

2A11:46 o' equarc,. 

10403 
o7n,vT 
635.94 

Variance. 

5.01 
56.33 

u.s. 



T4thLIZ 3 fii. 

Toxicity of ;-yrethrum - in - oil films stored in i,he dark. 

Assy cceducted after 4 weeks store. 

epliat. 3:11ra gored at Freshly 1,repared 	1i1v stored at 
'3760.  
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Toxicity of 4rethrum ihcii fthu3 stored in the dark* 

,$sar conduoted ,After 

Filne stored at 
T7.0. 
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Toxicity oJi: cyrethrum in oil fi1i tore in the darks 

Etf oonducted after 8 weeks storage. 
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ItemLe  D,tv og squares. Variance. 

TreatIllaut. 2. ZY6.59 106.295 
Resic.ue. 12. fig84,41 74.951 
Totl. T4. 1141.5.00 

1. 

1,445 
n.s. 



g 

Toxicity of Pyrethmr3 - it - oil firm s stored in the dark, 

!ssay conducted after -5 weeks storage. 

heplieates. .A1r7w btore d at reshl.y prepared Film stored at 
3G:0„ 

5444 610 32,6 
E. 37.t 56,2 41.0 

35.8 58.1 4C.4 
4* 3Qik 64.9 40.P- 
5. 

Total, r-er 59.3  
2f0.6 

55.1 
3j3C.5 

ean. 35.5 59.9 37.r2 
Adjusted mean. 52).6 56.0 56,( 
00tmentrations Ps  

Grand total* 660.6 
mean, 	44.444 

0.  0 	var. anee of abs ata. 

Itens„ Oa. aitias of SquareS. Variancec5, 

TreatatentJ„ 
Residue, 
Teta'. 

3, 

14, 

1,610.58 
188.72 

1,999,k4 

W.)5.46 
15,V266 

57.56 
sig. 	0.00.1 
level. of 

OW MOP* 



3. zr.
Toxicity of ~ ''Yretll1' l '. - in - 0 ; 1 f :ilms ~::1".OT ,,1 in t h e da r1-: .

1 nsay co duct.ed e.i't· r 22 'NO ('.l . -S i.)t Ol"Clge ..

F:ro ~ihly pr e pared
fi is ..

1i'i. 1m stored at
3 0 Ge.

I .
2 .
3 .
,1 .
5 .

lI:otEi_l .
l.~ e !l •
;~dj st;ed mean ,
COl1cent:a ,i ons .

3~) .. 2
33 .2
33 .. 8
S .} . 6
ea .o

aolL fj
'11 . 3
33 .'7

G. ~ ~!5 ~.:

\~ l" -n d
~1

dt t ·:--\ .-
I e.tt.3 . "1 .F . sume 0 - sQ. . 1'61;1 . ill

s: "

Tr,:3:'.; ~~ _ . "!.t : n·~ ;3 ..

I s idi.'!.u .
Tota l .

2 ..
J2 .,
14 41

3 ,IDI7 .27 30 .80
97 .~508 sig . @ o.

1- el of. :-j.



Proteo:ant effect of benzene azo-e-naphthol on irradiated pyrethrum 
films, 

thrina, 

n 

32 

r 

6 

p 

18!7 

AnGulctr trunsform 

25'6 

Vann 

33 7 21.2 27'5 
33 0 50'3 33'4 27.92 • 
32 7 2178 278 15°50 
32 3 250 500 
32 5 156 23'2 

kyretbrinsiL0'01,: 

n r p Ancular transform Hot - 25 
32 9 281 320 
3]. 10 32'3 24°0 
31 5 16'1 23.7 29'05 5'09 
31 8 25'8 30% 
32 12 37:5 37'8 
32 6 10-7 256 
31 0 0'0 

IC.\Controls 

Corroctod moan level 20.05-n5.00 	.55 



nrs! 1 .TO 5 

Protectant action of bonzen 	(3 ..nnphthoi on 

reth • , 	one. 

r03? Table 5, I. 

Pyrethrina -t0"02/:, fire tuff.r::  

n 

32 
32 
30 .-.,,,,, 04. 
32 
32 

r 

6 
7 
7 
9 
8 
U 

P 
3.87 
i'a 

23:3 
28 1 
250 
34'4 

Angular trozwfora 

256 
27e 
290 
32'0 
30"0 
36'0 

Lie= 

30% 

Corrected oaxi level z ',.1;0.0+15.6 

pyrethrin films 



ProtoOt. t 	1' benzene or.c3.(6 

U0V7 mi 5 
3.0 	3r1.1 

44's 31.11; 
la* 
O*0 

of= 

3:g 	Irina -t• • 2. 

 

6 
z 

or% 



TA1 3. v 

Proteotant erect o borne azo,j ..rapthoi on irradi-t 
pyrothrino film. 

ilrethrim ti 

A& for Table 

1% Pirethrins+ *03'7; 1 	tttff, 

p, Angular trzcform 
2 
X 5  

32 15 40'9 tJZ:2 
32 
32 

13 
in 

40!6 
46°9 

42 ? 
43:2 41.05 4033 

30 117 501'6 48 8 
31 8 258 50.6 
32 15 46.0 43°2 

Corrected mean 1 1 11.95 le 5'g 	7 21. 



zt 	r 

313  " 

t..e 

Z:4 15,.,;;;, 

4 

9 t 

3 

tUiyD trInsZorra 
•I'„!Y 

0 

• AZ: 

al**6 
40.0 

t3 

41'77 

otootoant elf cot at bomeno 
rOottakt1 t.,).01. on irradinted 

34; kIretbrinfl 	.015 	14tafT 

;awaltz €,‘,Lef ova 
Sasu 
4610 
eviri 	 57, Xi 
.45*1 
MP% 
40 *7 

gettltrolu 

k:;orrocttel near lovol 	f; * 



n r p 4thm1ar transform 
33 11 331'4 35.3 30 12 40.0 39*2 33 
33 

U 
14 

35'4 
42•8 

35•,,3 
40-7 

Moan 
	

X 3  

:P°03 	0.01 14- 5'79) 

V TAnLn r 

  

Protect,mt effect of benzene azo( 	1 on i dt.ttod pyratcrin filtris•  

lc; 	ns alone, 

15; kyreti!rins *0.25% 	uf,  f•  

31 22 
30 25 
32 23 
30 25 
30 21 
313 27 
32 0 

71.1 	51015 
824 	Gt3•9 
726 0 	50'1 
03*4 	0f3•V 
70•0 	50:C 
at • 0  

Ocaltrols•  

0'0 

p 	Axollar t7.-a.nsfor1i 	Mean 

61.52 	1*72 

Corrected t 
	 61•5:.:1-5'79 	7•31 



t effect ot benzene azo-{ naPhthol on ir 'ottiuted 'pyrct hr1ns

n r ~ C\~:' rrrannf orm

30 11 36· 7 37'·2
31 13 4' ~9 40)~3

52 11 34~4 35 ')9
so 14 4G ~ e t1 tl!" ~ 1-;.) I

•. 2 10 31.~S 34 . 0
31 " 28~8 2S-t
GO 8 26~ '7 31 ~

sa 7 22 -6 28·4-
~)l 11 35-4 i'H} · G

Mean

5::5 -08
(4 :. 8 -36

n r p . .t . gu1!.'s transform

~')l

32
29
29
31
29
'",9

30
ga
B9
27
QG
27

1



f',•.l~ I,\;i .; . VfTT
.--...~. ~ ._.,c ';.:;.

11

29
32
',,0
~30

. 0
50

11
12

9
12
S
8

p

37 ~9
3 '7 ! {)
SO- O
4 0 -0
27 - 5
26- 6

sse o
37 ~ D
$ 3-2
;::)9 -2
aJ.-7
31-0

2

1 -8 2

11 r D A gula.l' :1lr anr ;Corm

29 .:.\9 100· 0 GO ~ O
ae 25 02-3 65 -1
30 29 0 - 9 79 -0

.,. -
~,9 24: b.f:. 9 6!j - 5
29 ~?;8 96-5 ?S-l
30 25 85-5 C.6-0
29 1 3-0

'-... o'c)nt:t·oIt:

82-55



Protcctant offect of bongo= azo- - naph o 
(1 	

diated 
pyrctin films, 

ic Protht1iui  ulone, 

A4 Tor Tub1 5. V. 

1'7,4 I-yr3thrilts 	Dye stuff, 

r p Angulta. trnsf<xora 1",4 

51 20 95'5 75'2 
30 30 100'O 90'0 
32 32 1000 900 794'9 

20 87.5 C9:4 
30 95'8 75,5 oes 99 0 

Cox'octe 	01 	95.j-2 54  

4.30 



78.6 
76.3 
60 5 

205.90 
11397,34 

Differences. 
.334 

9 
29• 7 

57.68 

24.8 
36.9 

01.1 
40,3 

105..6 

+16.0 
-13.7 
-15,9  
11.28 
254.43 

T 26,2 
U 115.4 

13 Z17.10 

vaktiLE 6'. I. 

Eatiouof piperma butoXide to the pyrethrini: 1. 0.2 : I. 
Toot 4olutiom not diluted relative to the Aandardo. 
Twin Orosq-Over te::eigi and malyole of relative potenoy. 

poneea to 
ØIOUPE, Repliw_t atallec.rd. Toast*  ;Ana. 

I. 5/.9 144 7c.3 
is 2*  

S, 
50*A 
52.5 

2'7.3 
attpn 

77.5 
75 3 
221.Y 

iieduoed auag, et 42.10 

IO I1.5 .36,15 47.0 
00.0 3649 36.9 

:3• 22,8 30.2 70 0 

'..eduoe4 ,urtio of 

e4 

I5,3 
I5.3k 

63.4 
4000 

‘fip 

d Atmz of SCAla 

33.8 G.0 

4703 .71.* 4 S. 45.2 ZI*3 
3. 590. 21,1 

'J:tedmoed $uno or 
jUMS of reduced 

equare, 
oUM8 of squarea, 

62 	232.86 
4%39. 

Titerion of pt2v,lieliam 	9.3 
.,:tandard error (1* criterlorl 15.0 
Departure from plmilelism is not Agnifica4t at 	level o ,. 

V 040683 
Y. 046830  

0 	1.0182 
0,0692 

Wit4  0,0047. 

Noteney is 0.0683 with 95: fiduotl Waite 0,1043 
0.0323 

f4 
	

" 1.17 
	1.27 

1.08. 



TABLE 

Ratio ci' pif orog1 lmtoxido to tho pyrottirim :- O.2 ; 1. 
Tint Nautions not (iluted relattfire to t e Aandards. 
Twin. Cross - aver dosim ,z0 maIrsis o relative potency. 

Lesponses to 
t,  

	

407 	NZ *I 107.8  

	

58.9 	62 .7 	III .0 	- .c.4 

	

59.3 	49.1  7) 
.... 

,RoduceZcstriz 	5r 	cjw.re, 8038Li.04 
...7,.., 

4.0  2(46 0109 o4140,u Z9.3 
L. 

6. 
3.6 

Lit3 
65.9 MOS Zi103 1 ,, 	5 

Arts. 
,eduoed sums of oquif: n..76 0,06 

41*I .7ct5 
6 ,7 

* 49.4 79:.5 108.9 
upt$# 

ZO .0 6406 94,8 
44 • 0 

losdtc4,stra.3 DJ'. so:Ares. 445 Y.Z7411, ZYa 

:717 •2 .08.° 
<1: 41t 81.T 115.1 06.1 

06•9 319 	, I2k7 
Sumki. B1514.4 -tuod 

).043e1tAced. f3utn3 of s 	MeV, * 04,01 "LW .02. 
.11r1f" 	reducea 	31.1111'1 of squaw's. 147457 325.41 

'I W21.26 
54.1.4 

it jot of paro.1.101.1.0m 30,7 
. , -kyulettrili error ot criterion 4.60 

•67 sii,:nifloant 
 

t1 	5 1 level of . 
79.6 	 Ise 	042914 

Lt; 	r44 401: 	 (1 ,.914 

1. 

Ok 

5,766# 

4m 
ut  tvinsim 

C 
O.$044 
U 

l'slati7c1 pooniq is 	,a2A111.4 	lits 0.40Z 
0.08Z 

*4 	a it 96 
	 gt.47 

1.644 



Differences. 
-10.9 

-14 

VI* 

£41.05 
504.Ni 

at the 6-  level of 

22*2 
3302 
34.8 
119.6 
85.80 

Tall  

latio of piperonyl toxide to the pyrethrins ;- 0.4 ; is  
Test solutions n.ot dllutcd relative to the ztand:Td:d. 
r:-4n Cy:so-Over dcwign and malyci of relative :Aozoncy, 

Groups, 
W,s,sponses to 

Replierltes, ..;tan4ardi 	Test. 
1. 	39.5 	24.6 04.1 

I. 2, 41,0 2I01. 02.1 
Z. 35.X A ,I 5 

Sumo. 
Reduced atlas of 	ar 33,74 

it 
15.3 
I5*3 

3* 	19.4,  
6turg). 

49.0 
4500 
64.9 

84.5 
150.0 
84.5 

lagrZ7 
Reduced wams of cr., ,wre *  337.03 

-r 	T. 37,5 52.8 
3 4,4 4844 6541 

65,0 68.0 IQ' 
„ 

Reduced ums a. I316.53 

40.7 10.4 05.1 
4# 2, 45.0 204 75.7 

3*  39.4 41,5 7 
;0=4. 

Reduced AIMS Of .:11.1ares. 	30081 
:AXIL of redik:ud JUMZ of equsres. 	6.7I 

2 4.i.../w! 	480.46 
84,14 

critertoll of paralicliom  
t• andard error of criterion 18.92 

Departure from parallelism iz not agnificant 
prob“bility. 

• 33.8 
1J 	96.6 

U2 	072'1096 
t'3 /w 323.2Z  
ut2 	Ibtd4M4 

C 

001003 
0.1003 

1007544 
0,1038 
0.01:04 

 

relative kotuAy 14 0.1003 -attit 	1'1d Uo 11:11„t8 0.1592 
0.0414 
1.44 
1.10. 

Abo* 

 

1.26 



, Differences. 
II' o 06.53 

6.52 
. 0 	07.64  

20,0 
,u.60 

121,63 
123.21. 
6,45 

25.01 05.00 

125.91 55.09 
134.03 45.97 
144.(i3 35.97 
OLIO? 10,05 
164.70 /61.30 

999.56 01.98 
98,68 06.74 

	

',59 	07.91  

	

*(z) 	sa 

	

04.46 
	

19.73 

	

217.70 
	

186.53 

58.37 
56,79 

TAB .2 	eC. 	 

Ratio of piperonyl butoxide to the pyrethrins 	0.5 ; I. 
Test solutl.ons not diluted relative to the standards, 
Twin Cr 	over digy.i and analyUb of relative potency. 

IlesponseLi to 
•„itanderds. Teat. Groups. 	iteplicate

I.  
1. 

 
6„, 
3. 

oULAS * 

50.11 
57.35 
53043 

02.94 
63.87 
6467 

Reduced .4.0.8 of squares.. 

I. 51,63 90.00 
2, 332 .1 90.00 

37,23 79,02 
-Awn. 

lieduced ,,uas or aquar s. 

I. 35.91 90.60 
2.  44$C,3 20.00 
3.  54.03 90.(;0 

Refteed .lium of s:luorle'6. 

It 
2* 

4/3.79 
45.97 

50077 
52.71 

3. 40.09 
Sums. 

,educed sums or squares. 
AM6 of reduced sums 0f squarest* 

50.2G 
1,14 '

fw 
/Nri 

vri4erion or parallelisa 	80,69 
Aandard error of criterion 6.03 
t0(0 da,) is 0.J.I0sicnificant at 1, 1 v1 of 

T 19,8 LI 	0,5500 
U 16.3 a; 	0,5500 

U2  40462.24 0 	1.0386 
165.05 0,4294 

Usk' 40k;9f3.n; 0Mtf" 0.1776 

Log, relative potency i 0 SW with 95"" fiducial itnits• 0.5504 
0.3224. 

4.1511 	0 	,,, 	IC.63 
2,93 



. 64 
Log. 
05. 

is 0.2I: 2 with 95 relative 2ot3ncy riuc11 Udt 0,2774 
0.1540 
1.90 
1.43* 

Table E(. ar. 

Ratio of piparonyl butomide to the pyrethriLs i3 	,.6 
Teat Liolutions dil4ted twice relative to the standards* 
Twin Cross.i.Over 	analysic of relative potency. 

Groups. 
Kesponses 	to 

oplicate i or 	Lltandards. 	Test. 
1. 29.3 1.0.0 

I. 2, 03.7 10.0 
3*  31.9 14.2 

Reduced 5UMG o 	solres. 

18.4 31.3 
2. 2. 14'2 33.$ 

3, 

:educed iun 	of tv,parefJ,. 

22.0 33.8 

I C 10,0 52.5 
C. 20.5 

1442 
36,5 
Iv 

oums. 
educed •1.4ns of squa_ret;* 

56.8 15,0Z 
52.5 10.0 
4040 10.0 

Reduced sums rluarco. 
Aus of reduced rmms of scipArou. 

Ori*erien of p4...raUellm 	7.0 
Aandu.rd error at criterion 8.28 
reparture trot para116.1am 1t3 not significant 

.30.4 Li*  0,0860 
105.4 0'42442 

132  110109,I 1,041.0 
t w 	439.41 

(Llt,a 
0409'. 
0.000 IdifeY.15 

at the 5 level ono 

Junes Differences, 
39.3 	-19.3  

0.45.7 
6 - 

317.12 

49.7 
47.4, 
55.8 

47.88 

62.5 
56,6 
'!9.9  
leg e() 
85*-' 

7z 
02.5 
0 

4,1445 
548.56 

424.6.1 

12.9 
19.0 

35.00 

42,,U 
16. 

-41,5 

.0-39 0 

6.50 
910.94 



Responses 
xr.oups, 	ReU ats, 	Standard. 

to 
Te4it, Atoms*  

55,5 OX.7 T/6,4 
65.4 b.L•ri 

• 6C,6 54, 1144 
Almo, 

ROduoed sum of squares* %70 

I. 28.9 654 114.0 
370 122.4 

3*  37.5 86.1 122 
Oums, 

.,ieduced suns or aquaresi 

I. 26.6 90.0 116.6 
Oik $00 20.0 115,0 

3, A5.0 9040 5.0 
Jumm, 

edwod sun of s 

T, 60,6 65, j:26.5 
C4,51 75,Q ',A;453,09 

mil  
GOA 66,6 129.2 

Difrerences* 
5,8 

L.6 

56.2 
47,8 
47 

W, 417 

545 
T600I 
0,0 

79144 
14,60. 

6„5,4 
65,0 
6510 

120,6 
Y09,4 

:f1.0968_06 
193 se 

11 

eiative potioy is Oa3 

1 Lau 

0.33I0 
Y0318. 

1,0164 

.1119 

5 	:Cid= Lai 	tst. .4064 
e .2690 

IP 
	

2.56 

TAME; 	ei. at, 

Ratio of piperonyl tut 	to the pyrethriazi :.. 0,75 : I. 
Test so1utionu Lot diluted reigtive to the standards, 
IIiIi Cros.ovor deiden and mnslr,IQ of f;Intiw: potency. 

adueed 
	

of 
	

110(::ti 
umn or 7,11!loed aunz, at uqu2reo, 	70.66 302.13. 

-4/w 13.18 

4.riterion ol paraiiallau 	Ic1,03 
tandard arror fcriterion 3,64 

2,C3...1.-ilificaat at the 5,-, level 



Aandards* 
43.3 
46.7 
5507 

15,3 06,9 
X503 04.2 
10.4 

-It 7 13p 

	

7 	2.07 

	

°74,94 	927.60 

T 
13a.o 

19,0.14#0; 
7 	445.41 u.‘ 	irr-q111 _010 

VII 
Ratio of pieronyL butoxide t 	•e Wzethina 	0.8 : I. 
Test solution° diluted twice reXaUvo to tho tAabdardis. 
Twin 0ro3s-Over dimign ;.nd ar 	of ro.Lative potency. 

GrOUps* 1:Zep1icat OS 
T. 

1, 	2. 
0, 

Sums, 
Reduced 6u.rio of s 

6ums„ 
eduoel Am or tiquRrm. 

Tot. 	Differences. 
X5.3 58.6  
15.3 62.0 -31.4 
18,4 	3 

105.03 	25.55 

40.4 74.2 	06.6 
58.1 77.5 	38.7 
30.6 62.2 

4,4.4 
66,4 
54.V 

I. 
2.  
3.  

1;UrAL, 
Reduced '1,ime of 

Iv 
A.* 
0. 

Reduced um of 
„Am',  :A* reduce-6  

24.4 
21.1 
2807 

es. 

71.6 
60,9 
75,8 

Eamsres. 
ELMS of rutros. 

6u, 	20,0 
8705 	45.5 
85.6 	26.2 

226.C2 $47.78 

iv 67,24 
/w 115.96 

i.Amiterion of parzlieliam. 1.4 
Aandard error A' criterion. 8.2C, 
Departure from pcmlleli4= 11,; not ',Azni f 

-0.r0580 
14 	0.2425 

1W24% 
OM*. C.0509. 
0Mig 0.0030 

Los, relativ potency is 0.2425 with 95, riduclal 
	

t3 0.2105 
Q.04% 

1.75 	44 	 1.95 
1.57. 



6>- VIU  

Ratio of piperonyl eutoxide to the pyr thrins:- 1.0 : I. 
Test schlutions not diluted relative tth the standards. 
Twin 0roos-over design and analysis of relative potency. 

Groups. 
Responses 

Replicates. 	Standard. 
to 
Test. Sums. Differences. 

I. 1.  45.92 60.53 106,45 14.61 
I. 2.  48.79.  56.79 105.58 08.00 

3.  54.15 60.61 122.76 14.46 
3$.07. 17557777 

Reduced sums of squares. 187.30 2848 . 	. 

I. 24.04 79.37 103.41 55.33 
2. 2.  24.50 90.00 114.50 65.50 

3.  21.47 90.00 111.47 68.73 
Sums. 39.38 189.56 

Reduced sums of squares. 65.71 97.81 

I. 20.86 90.00 118.86 61'14 
3. 2.  31.05 90.00 121.05 58.95 

3.  24.50 00.00 114.50. 65.50 
SUMS, 1184tilt 

Reduded sums of stia es. 22.24 22.24 

I. 39.23 68.61 107.84 29.38 
2.  52.71 71.56 124.27 19.85 
3.  55.37 61.07 116.44 05.70 

Sums. 48 • bb 54.93 
Reduced sums of squares. 138.56 1,0.28 
Sams of reduced sums of squares. 413.81 338.81 

5J/7j  

Criterion of parallelism 0.02 
Standard error of criterion is 
Departure from parillelism not in 

1' 	50.8 
U 32.5 

ficant at 3Y level of r, 

MI 	0.4695 
0.4695. 

C',539.43 
225.31 

. 14310.44 

C 

ut 

1.0180 
0.4779 
0,2244 

Log. relative potency is 0.4695 With 95. fiducial lit 

7 2.95 
	

'It 



Reaponoee 
Groups.. .eplicates 	Aszdard. 

to 
Test. ,uras. 

1. 63.44 71,85 135.29 
59.41 79.06 158.47 

5, 56.79 63.44 120,23 
41011. 

Reduced sums of squares. 211.52 

1. 41.15 75.00 118.15 
2. 	a, 

3. 
44.05 
45,00 

90.00 
90.00 

154.05 
135.00 
3a.r0 

Reduced oums o1 squlres. 228.8o 

1. 45.92 90.00 135.92 
42,02 90.00 158.08 

3,  59,23 90.00 129.85 
,Ams. 'O9t,•17 

aeduced sums of squares. 22. S 

Is 57.35 64.97 122.32 
21 53.25 75,23 128.48 
3. 83.44 75.46 138,90 

,ums. 389.70 
Reduced sumo of sure. 140.47 
„Am of reduced sums of suare. 6t)1,17 

Differsuc 
08.41 
19.85 
0845 

33.85 
45.97 
45.00 

90.72 

44.08 
47.98 
50.77 
14td53 
22,58 

0742 
21,98 

0 

108126 
321.15. 

tr4./7I 
99,59 

TABIZ 

Ratio of Diperonyl butoxide to the yrethrias :- 1.5 : I. 
Test oolutions not aluted relativo to the otandards. 
Twin Uross.over deslgn 1nd analyoL.,  of relative potency. 

	

442,/w 	100.17 

	

siVvi 	53.51 

	

Criterion of paralleliam 	0.45 
,tandard error of criterion 1.0.01 
Departure from parallelism is not significant at 5 level o 

T 114065 • 	• 0.5412 
U 83077 
	

0.5412 

1,0753 
cat 0.5819 
CMI2  0.1.104. 

io 0.5412 witb 95, fiductU limits0,857 
0 

3.48 dith 05 fiducial iLdts 7.20 
8• 05 

4,066.61 
t w 284.74 

.-17/777  
Log. relative potency 

441a. relative potoacy 



r;roup30 

I. 

iz ;Alla ad 

'4,r.110 

Reduced. 

34. 

Red.- 

Replioates. „Aandardas 
1* 	43.06 
2. 54.70 
3. 44006 

%maw of sq 

14 	,26.56 
4.1. 
	24.50 
3. 	PK.72 

4-,ume0  
;aims of squares,' 

Is 	48.32 
Zo 	24050 
3, 	46.56 

Jums* 
.u) of ovaTeas  

I. 	52,00 
4743 
45.00 

,Am441, 
nedueed auras of uquaL7es. 
oumB or reduced auats 	aquarea. 

0/1,  324.00 
sVu 

Criterion of parailLiALI 	4:7 29 
„itandard error of orLterion 18.00 
De 	from par-1J_elisa ia not 

11.00 
118032 
114" 

11,80 
6105o 
65.50 

7,31 

006346 
r 	0,6345 

1,0462 
0.0658 
004,2/2 

0.634b with 9 	t 0.8175 
0,5100 
6067 
3.460  

Abs. 

U 

tL  
LT,  

Lo r 

174.40 
84036 

116.61 

TADIX •  
atio of piyeronyl b4toxide to the pyrothr ns 	nao I. 

Toot 4olutiows not diluted relative to te utandard40 
TAX4crosa-Over desigi and analy191 of polative potency, 

Teat* .lo, it1orenoe. 
65488 
68061 123031 	13.91 

toe.tas 22093 

75.00 
0 L.)4 

20,00 
90,00 
90,00 iu.a oe 

68,12 120.12 16.19 
66.44 113.35 S7.49 
79,37 144.37 340J7 

6/01 ofT5 
6420 405,71 

124,44 354.7r 

fiat 
	

E6 lcvl of I?* 

113.43 120.9e 

116.56 63044 
114.50 65050 



vaLLA 	4. 
Ratio of piperonyl butoxide 
Test :',olutions not (Muted 
Twin Cross-over design and 

m- 

•pyrothrins %-3,0 t 	1. 
to thc Aandards, 

relative potency, 
Responses 

to th 
relative 
analTzis,of 

to 
Groups. keplioates, 	,Aan(ziard. Test. Aims, Differences* 

I. 46.69 73.68 120.59 26.79 
1. ,' ,.., 

,z ..0, 
49.95 
64.30 

814.3C 
0.20 

131.75 
146.50  

31.65 
0 

Reduced Alms of sire, ;557,62 .74 

I. 234075 79.60 103 .Z3 55.8? 
4 * 2. 24.12 79,28 103.34 55.10 

3 (5,90 63.79 69,09 37.89 
2'76.46 168.96 

Reduced owns of rure3. 751$' 5 4.16 

27,80 61.65 34.65 
g.•0  22.63 71.56 •9 49.02 0, I0.78 a0.87 79.(4 50.09 

262*9d 
educed 6um 	of e- 109.9.1 09.39 

1, /19.60 60.00 09.00 10.40 
4. 46.78 65.444 110,22 16.06 

3, 46.46 75.11 121.77 
Sums. VA1,60 

oduced oums of squlies, 95.96 167419. 
„,umz of reduced suwi of squares. 1,296.52 551.28, 

J:41m 216.05 
s(4/w 	91.66 

criterion of parallolism 	67.03 
tendard error of o:Iterion 14.60 
ts(a day) A 56,sioaiticant at r: 1 

110.67 
44,4.64 

5,542.65 
352,07 

74-irrOr 

f 

0.'1464 
0.7461 

1.1106 
0,8287 
0.6184. 

1,06. relative potency it, 0.7 I with 95, fiduel 	ts IC262 
0.4662 

• 3,56 
	

10.63 
2.95, 



croup 	plicate, 
T. 

I. 

Rodeo 

43.68 
50.79 
39.93 

aquares. 

243.20 
102.59 

56.73 100.41.  
61.27 118006 
6.2v 	6 

637.99 
1,03904 

13.05 
04.40 
16.27 

74.27 
615.72 

Ratio of piperenyl butoxide to the prrethrias 	4.0 1„ 
Test soolutionz diluted twice relative to the atisMAnrds0 
Twin Qrosa-over detdign and naelysio of relative potency, 

'4:4eapowes to 
Litandard. Test. 

49.60 80.4 
50.04 	Y4.77 
53.67 6405L 

z. 

aims* 
130.00 
124.04 

Differences, 
30.80 
24,70 

88 
M - 

256.99 

Redgiced 

Reduced  

I. 
2. 

41ams. 
atm of 8q ae  

I. 
2.  
3.  

UM611, 
r-uma of 	 ILtre  

24,65 
$0.79 
32.65 

00.90 105.55 
85.10 115069 
85.90 I 8055 

 

94 " 

71.95 
80.90 
01.30 

105.45 
/21.76 

56,25 
54.31 
53.25 
ltrUf 

4 • 63 

38.48 
40,04 
59.74 

1311477 
280.04 

I. 
4. 	2 4  

00  
-OAS'  

11:CdUCd ;:;ume of aquares. 
Aims of reduced suns of 

Oriterion of parallellata 	18,53 
tart (Irror of criterion 14.94 

t,(8 d.f.) I.24001ot sii,',1;111fleant at 5,, 

T 133.42 
67.96 

Ifsvel 

0,5009 
0.8919 

1.1340 
0.6701 
0.3960 

Lo. relative pot 	9 t.ith 05, fiducial limits 1.2804 
04158 

14 
	

tt 7, 79 
	

10.83 
5,230 



JUM2,, Differences, 
104.6 10.8 
I03.1 23.1 
II7.9 
72137 

35.7 
777-6 

121.38 31.30 

118,9 
120.0 00,0 
II,? G6.3 

P.2,65 	22.03 

105.2 45.2 
109.1 40.1 
117." 43.1 
6o 
70.29 	Ja.ni 

101.1 
110.7 

05.61  
306.04 

L4.(,) 
1C.9 
09,0  
41S.0 
160.01 
240.90 

T 36,40 
tt 17003 

t4.04yw 
ut2 

TAi3LB Ar. ›()11 

Ratio of piperonyl butoxie to triv? pyrethrins 	5.0 : .1. 
Test Llolutionla 6i1u.ted twice relative to tne ztand:x.1. 
7,;in oroliz-Cvor deflicn and .,nalysi of relative potency. 

Reduced 
:Jum.o,  of 

LAtandarda. TwAs. 
460 57.7 
40.0 05.1 
42.1 7540 

204 00,0 
30,0 120.0 
2307 00,0 

30.1) 75.2 
741.0 

34.6 

38.1 05,0 
46.9 83,8 
53.3 0(,.5 

Groups. 	Re litateis. 1. 
2, 
50 

Redueed JUDA6o aqx.v,rec,0  

x. 8, 

LOdUend ;AIMS Of q u a 

4:41 
5. 

3. 

Neduced :Arm of oquarez. 

I. 
2.  
3.  

ouas of 5q,unkare44., 
redueed Laur.-.4 of sque,rea. 

51.057 
4,14.50 

Criterion of 1x1r3.1:.e1i5m 
atandard urrov of (rriterion 7.00, 
Departure from paralleliL=u i not 13/. 	CL 

	 5./' level of 40  

057 	0 	100455 
	126 	au' 0.909E 
ta • 

 
CM 2  0.9349 

1417, relative poteaey $J,,  0.9448 with 9 	d 

Abs. 	0 e,85 	0 

ry 	0.6638 
0.9448 

limit 1,2097 
0.7593. 

.rg 
	

13.21 
5.36 
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S2•6 OX '7,  
334 

Z7405 5t48 
. 
r, 

.. 

:rt.n"" 

gati0ot iperortyl iAttoxido to thy pyrethrivaa pi. 6.3 
it aoI 10334 elilutolic tiroba rolattiv to the 	abtri,Ati 

itt 4roo4.0.0vor Oos a oat Atulyato at re:o.-Artim ;Vogle,47. 

arouPa. licelie.4too•  

24 
30  

Uitt4 
nit4U0Cid • UZI0ct V2 

esponso6 to 
;ttoxlig4rel z • elltst. 
434 	EZ*6 
.i.i..6 	245.2 
:::015.0 	IsS02 

rifforene 06 
60.S 	.149.1 

6 9 

	

it< 
	 22,7 

	

ir..4 • 
	 48.0 

,041  
cM0640 

ii0dUCte EAati 	4.0,1,rua. 

3 	2. 
ottao. 

Rat .4, AA= of civa 
T. 	43.6 

ft,* 	 Loe 
za. 	39.0 

JIM* 
uWAO Or 6016440u 

,...479', 	rodueed 0.0a6 a 	* 4/ 

,47 u *its 
Gritorion ot iv,rtglelizza 	1.0.4 
tatrkttra. emir t erltor 	544,7 

,f'erimrturo 	paralleItara 	mt 441;tiatielant 
tj  43.0 
13 49.4 

C).3.052 
i'.•7644'.3 

It....424 
00# 0.3110 
GOlt" 0.0430 

Log. relAtive potanoy ia 	.f,;ith 	flattotal itaits t") 
P"...71361.3 

ragi. relutive ilotwoy itt6 l'etwAi/aith f 111am:ix/I Itait.t,i 7.26 
Comi•  

4. :4, 



	

91.1 	1i,-. .7 

	

95./ 	02.5 

	

7 	Q5,7 
	"ro f 
55.04 
117,11:$7 

19 .79 
209.97 

T 67.0 
99,we 

10 0.4475 
g 	049485. 

1.000.5 
OW 0.4509 
(Z113  zoto 

40.16 

TABLE dr- >CU/  

Ratio of piperonvi 7outomide to the pirethrina 30. 7.( ; I. 
Test aolutiono dilutcra twice relative till, the -t6nd(Ard60  
Twin OrOSS4-0V3r deli QM cinalysif.. r reltttive potency. 

Retzponoe t 
Croups, Replicate. atandarde TeSt# SUMS. Dirterencm*. 

$1.9 96.3 
I. 	48.4 	56.2 104.6 	07.8 

1. 	2. 	44.4 	0908 
-4 .... 	43.9 	53.7 	.44 

jume. 

	

lioduc 	. -... -,um.0 of seikares. 

3. 	71,6 
4,

2208 

	

4.. 	20 	29,5 	774I 

• it._ # 
69.54 

3404 
'31,49 
56 7 

AMIE • 
:dueo 3Wt2 ot !aqua 0. 

73.0 I0800 
71.6 103.5 
03.4 94 

39,2 
39.7 

239.50 

1. 	39.2 	31,9 

	

40.7 	49.0 I,  I 

U 	 45.o 	sao 
Reduced GU= of square 
„Alas of reCuced ems, of uares. 

467 44003 
19.558 

Criterion of pertalelitga 
AanAard orrer 	criterion 6.79 
t 1.573,not 016nificant at the 5‘A., Uwe). of k. 

39'06 4.29 

94.4 04E3 
10604 4740 

p$ 
aunt; . 

..).educed t:Atall$ of 

I,9 	730 nil 5 

Logaciative potInay is 0.2485 vith 9 
	

0.7957 
0.70130 

0 	• 5.6X 	 8.25 
5.0% 



go 	to Rozpou 
Groups. 	N 	leatev. otanderd. 	Test. 

3705 
10 	4. 45.0 zoo 

56.7 10.4 
..ans0 

Rod= d us 	aw1 

. 404 
2 4 41.1 
J4 4*4 362  

:JUaa4 
nednOed :AIMS or zoiar 

Ts 3I.3 63.2 
r!,0  29.5 30.7 

31.9 33.8. 
4;uat,i.s, 

"fled c 	:Alms oi 

39.8 45..4 
C7 4, 	s 37.5' 24.8. 
Z. 5148 421011.. 

Realized -Ws or 
Sums of rednoed 

stluarez. 
LUMO or squares. 

2'6.10 
14469 

80.4 
Meg 

06.-9 	t•;12.7 
524 	10.2 

. 	.. 	.,,,,..i. 
23.62 	47.TO 

00.6 
60.0 	01.4 
• , ,. 4.--. .7 . . . . . .. 	. 	-,• 
'o.4; 1. 
48,92 	....7... 

64.9 
60.3. 	-14.07 
• 2 

0.2:020 
0.8100. 
Igte5o 

oat *o.most 
OMO 0.0339 

-23,0 
U 47.2 

am2,1.47. 
tg 2  w 	5 

V,MIS 6'. 

v,atio Ot 1oyLbutoxide to C. 	rethriaa vt,  7.0 : I. 
Tet L'-olutionz diluted ZO -tie to the at-11&,,,r4o, 
'1in CrQLb-ovor doe 	and AntliyaL,  ef relative potency. 

Uriterion or Dam:41011am ..0.8 
L,.t.ind:t..Lre error of parallellam 
Departure ;Cram pelva1ItIlart ii =Pt 018nifleunt at 5; level of 

i,rUtiv poterto is 0.8X80 with 9,fiduoiAl 
	

04747 
0,7613. 

Abaft 	tit 
	

7.50 
5.77. 



itis 00k89b 
007104 

0 I•0442 
01T. C • ' 0. 	...s. 

Mr 2  r„c616 

-boot; 
5205 

'40750025. 
w 

• 

ri_BLII 4r. *Hytit  . 

Ratio ot piperonyl butoilde to tLe pyretariuk 	',10 I. 
Test coluliono tot illutod. relative to the 
5.14m Cross 	&tnand,ra1y3iz ef relative potency. 

.'tep1ief..1;tes 4 

Reepon4,w1 
-:,tanaarU0 

to 
'er-rt0 
2409 5501 

10 
c.e • '100 

-70'3 rC.7 

um0 •404 
teduoe1 8Uti 	of squaaos0 ,L,048 

2800 
C009 
Z000 

200I 
2800 
;n07 

rs*5 
re,7 

1,,.ieduood 	:z7, 

30 
I* 
• 

Irk,7 
brip$ 

"4 ° 
:7,446 

ri( • ta 
74115 

2500 C,:45 
,112,N20 P,7717 

Rod e squIrez* 

5501 7509' 
4.4k. 4I0C 7503 7C•9. 

TO.4 

uf sqUAres 
reduced ou= of squares. 

Vi51'7? 

Parallelium 
:tandard error of criterion 7019 
,)ooarture fwola parellelimn not :;,!.; ifigant t 

,.zolueed 
:1218 a 

iffereuee-30 
"06g74,3 

5, 10,0191 

1/0 

relativo 	with Of'. fiduelal 0,7091 
006214 

,t 0036 
4018 



197.7? 	209,9 

12.9 
.22,6 

02Q*3 

18.4 49.7 
18,4 5944 
21,1 71 9 

253.76 
9470g5 

*4; 27.08 

22.0 44.0 
31.3 49.7 
27.3 5 

46.1 64.5 
6!:1.6 84.0 
53.7 74.  

000 
X2,9 

91.  
27.7 
47.2 

VADIR •  X X  .. 	• . 

Ratio of piperonyl *putoxide to the pyrethrine 	; I. 
Test 1;o1utiona diluted 10 t1te elative to the stand-Ird:. 
Twin Cro6c.ovorddeG. 	analyas of relative potency. 

Responaek,  to 
Group. 	RopLLoite, tandard. 	TeJt. 6uma. 

	

47.9 	v0.0 47, 

	

I. 20 	53,7 	2I.I 74.9 

	

I-) 4 	49.6 	00.0 
mc. 

Neduoed sumo of soar 

	

X. 	22.0 
2, 18.4 

	

3* 	24.4 

Retued 8u of equare 

	

14 	1004 
I8*4 

	

0* 	21.1 
:iuma*  

Reduoed, wa3 of sq .  

	

I* 	3143 
4* 	2. 	41.0 

	

3. 	50.8 
aumm. 

Reduced sums of equarea. 
AIMS of reduced sum of squarer's* 

',' v 150#8,  
104.79 

Criterion of paralleliam 
tamtlard error of criterion. X2.6. 

Departure ro444 pArLllelion lc, not iifW.tnt at : 

Differono 
.114 
.452.06 

I09.5 

11.890.25 	0 	1$0347 
t2S2A0 	r 	all/ 	0,0776 
T.P2 	aul 	o,00m 

Lod. ro1ativ poterey is 0.9250. with 25. fl4ucia. 1imit 0.9820 
0.0674 

' 8.41 	0m 	9.2 
7#47o 



X# 62.0 I.9 
4 2. 49.0 17.5 

49.6 25.6 

46460 
4447 ,17‘ 

4.'F6 
309•90 

TAnIn 	. 

Ratio of piperonyl butoxicle to the pyrethrin#1. 8.5 t I. 
Toot &olatiom dilu-A4 10 to relzvtivo to th,7:7 stondardr,. 
Twin Oro3a.over de on and 	aia of rolative potency. 

hespongleo.to 
,Aattdard. TecA. •;Alma. Differonc 

	

60.7 	25.0  

	

51.4 	2',L403: 	724,5 	mbOoo 

	

69 .23 	43.afr 

2# 
5s  

tAttu a7!" 

ZU.1 
50.7 
29.3 

35.8 
46.7 
40.4 

t.3.7 
16.0 

2. 

Jaw*  
Reducod t,;amo oZ 

29 	. 
28.0 • 
• .4. 

5Z47 
35.1 
43.3 

65.0 
6301 
7747 

I 24.4kIL 

6.4 
7.1 

2.58 

aroupa. Repiiaaten. 

I. 	2. 

Reduced 2UP n o' ;44 tr a. 

4-oodaed 61114k; o,C aquarco. 
of radioed '..iumo of agwrou. 

w 11764 
w 414-18-- 

Criterlom of paraIleiim IOA 
titandarel error of ori;Aorion 8018 
t I,3V7not aignitkoant at t1 •5. leVe4 or r• 

T 
e• 	ri #153 

,5;14,511,/6- 
t2  tiv.t 

vo9.1 3 
Log. relative notono 

nv 	Ar197 
0076-ifo 

0 	1O7.7 
CU*, 	0 .234-7 
Gift")' 	stos-a-. 

9,70-03-with 95' fiduei'A 15.n! 

4403 

o,r324 
o 
4.4.0 
5:as: 



kit . 0,2302 
0,7698 

002323 
Olft 	0.5347 

.67.0 
8705 

U2  7068:1058 
t44s 67.55 
U,2  1/06f5.17 

relative potency.  in 0416ge 

It 5.89 

,,414., 95: fidueial limits 0.7933 
0.7463 

'44 
	

it 
	

6.22 
5,5110  

TJthL 	6. xxc.  

Ratio of piperonyl butoxiie to the pyrethrims 	9.0 : I. 
Test 1.41utiona diluted I0 tL.lete relative to the atandardc" 
Twin Grow,..uvor ,fv.;1,n and analr.ilt; of relative potency. 

hosponzes 
Group. 	*iieplieetea 	,Aandards. 

55.7 
44. 	65.8 
3*  

hed.U.ced zillas of Esquareci. 

to 
Test* 
14.2 
20 .7 
..1•' 

J1=4, 

22.5".t 
101047 

I. 52.0 34,1 66.1 
3k.6 3C.I 67.7 
30.5 tY0( 63,1 

Sams. 
i.othioed awns of squar03. 11050 

1. 40.1 45.9 06.0 
4 34.1 44.4 

SSA ' - 

'Reduced uumz of aqua 

j.. t7.0 Ie•El 7406 
1:40 53,7 20,1 73,8 
6. 57, 20,1 

12Prar 

67,9  
85.9  
71,6  

rdrferoncoo. 

EIC,52 

02.1 
02.5 
ñP 

00015 

05,0 
10.1 
08.5  
1,X.:rd‘ 
09,0 

-4100 
.033'6 

Reduced Liutua of aquertes• 
jums of redueed sum of squares. 

10 020 
237.30 

87.86 76.00 
39.54 
12.66 

.Jriterion of parallaiam 	1C.4 
Aandard error of criterion. elial 
t 1.652not nignifirAnt at the 5,1 level of 



• Differenc s. 

	

65.8 	-29.4 

	

79.7 
	

3 

99.67 155.68 

65.8 C7.6 
69,4 05.4 
64 6 

:3.14 

72,1- 
8043 

35,2: 
170,56 

15V 010 

345444 

U2  
t2s2/w 
usn 

.-Z).72 

3,230.11 
',506.If, 

LI 

0 
MO 

L3,9ii 

criterion o parulleiiaa 	5.34 
atand,ard orror of orLterion 6.Z3 	

V Departure from paralleliam is not algal e 	"). 	of .-nt ot the ! 

- 	-08.4Q 	MI 

01412 

 

: 114W1 

14386 
0.2365 
000536 

Log. relative potency is 0,7731 with 95: fidunial limips 0.7967 
0,7495 
6.26 n 0  5.93 fl II 	0 Abs. 
5.58. 

ozi 

	

tio of piperonyl 'outoxide 	totthe pyrethrins 	10.0 I 
Test solutiono dilw4edI ties relative to the standar 
Twin oross4.0ver de4en and analysis of relative potency* 

Responzes to 
Croups. Rep1ieutes4 ,,te.neards. Test. 

	

47.6 	18.2 

5. 	60.0 	X4.5 
6ums. 

RodrcedsUIS of 

	

29*1 	36*7 

	

02.0 	37*4 

	

2709 	36.7 

46. 

4,10 
0*  

Alms. 
Real 	$m o gue 

740 
77.0 
7540 

12.1 
-05.6 
05,43 
/tilt gn7741 

	

I. 	31.2 	43o3 

	

2* 	1.3 	35.7 

	

3. 	35.2 	40.4 
m:,3* 

_lodueed sums of -cluc;res, 

	

54.3 	1:7.8 

	

60.3 	20.0 

	

# 	 57.1 	13.6 
;.itliZr14.3 • 

Redueed sums of a,lueres, 
:Aims of reduned su.; of square. 

28.48 
fig 	57.55 



3940:Z2 05403 
41,0 00444 
3007e 

*2•11r 	6'. XX a . 
• 

,ztlo c  PtPeronY1 tatoxide to tto i,yrothrino to. 1I*0 
oDt Jolutiong5 iiiluted ton ft.'-eis reirLtive tear 

 tho t,tandardes 
Tvin vvevdesim ind lmIr4a7, 	rolative rvton/Y4, 

Testa 0.410*, '4,ffo., 0 s 
13(1 41 1.4 06436 .0484,10 
04o43  

-,..r. 	' 

Groar4144 RoigofAtet,* ,:dtanilardo 
I. 	03,21 

4. 	 2* 	63444 
3, 	66**7 

, =Go 
kOdUCOd 4atu,  4 f4,44vIicz* 

I. so.no 	.409 '104490 
2, 	2. 	424140 	32.03 75451 

3, 	36.4o3 	4I*150 7 

duetzAtt A oeir 'nue rez, 

X. • 	4C 43 
344 	1.;* 	av 

3* 	4U*34 
.ana* 

'Reduclec7 Akau of squaret,,, 

4* 
61,0? 2 *30 R44,90 
61,00 	7'4'6 '70,Te 
(1008 	J *09 	gi 

I.X.34.3 • 
tio 	;AM At (1,,,porea* 

'7_iumu of 	ucod aum,  of LI ,ttre-* 

JI/w geov 
skiw 

cmitoxion of oarullell= 3,74 
Jtando,rd wIror o oritoeon 5.29 
roperfuro from puralloliarl la not oimVioLnt at the 5: leVol of 

4T 7041 . 
4U 7%12 

141 0,(1.avac, 
.0*0190 

X „ , 	5,34540i,72i. 	0 	1,,,,64,44 
aop ov,644'.1 
als 4' 04,XML4 

Loso ma/AIN° pot.ericy isottelleAth 915 ' riAtioi-1 iiatta o.3692 
O*222a 

3*W.J 



W*09 
40071 
MOO 
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8Is94 
70 Q7 
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041018 
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02039 
710.440 

ZU71040) 

...0Z1J)*701 
.0,a14.130 

?MU 	. XX I  . 

4.Latio or plkoronyl letoside totf.',e pyrethr14* t kE*0 : 
TOpet JeLution6 dilutea ten tiocia relative ti the otattlar;* 
Twin txtuisocver deaign *MI onalyble 	Peiative poten470 

arotwe, 	144tous  4AanA$4'Cas 

Xe 

Tetta, 
2i:41DV 

	

6C,00 	Igs113 
3, 	*U0,30 	2047t1 

i-Aetes  
oedueed Liu= or oquartu 

uma, Dirterete 
$X*03 vot0,00 
70,7* 

3stit 

10 

140 
D.41. 

.01144 
400d IUr; o of 

50 	B, 

nedtifitAi Atte3g; a 0 tif,reos, 

40 

;,..tragis  
Rtted omme of a:km4150, 
,uma (Jr reduood 4funo 	aquaroos 

32nW 

atitertim. 	;sh-f4,ulliaitAa la 4*1sZO, 
i4tankte,a4 am, 	citterlOtt n,VS 
PerartAtro trait paralitairal to riot oiolifteant z,;4 	Itrzel 

T 

1,12  404C,-9 
ta 	g20 
tOv4i 	,171  

0*SW 
0.1.1VZ 

20,Ainr. 
on# ,es:natt 

p0m000 

Loa* re4mtiVo patellar 1G 04060 with VI' "itInel:11, limits 0,3744 
Wk. 

6,015 
3.53, 
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4U0014 
107.e  

Differenc 

96.0 17.6 
100.1 

71.76 12 	1$ 

114.4 65.6 
96,9 40.9 

I. 80.0 36.6 
44 2.  60.0 31.3 

3.  71.6 20.6 

educod i;ums of 
LAta3 or reduced 

OtAaVe24, 
sums of square. 

118.6 	.41.4 
xilia  
9e.2  

TZtf.'t 
20E.75 	30 
5'1-1.60 	'4053.12 

TABLE 4.r. N00/(  

Ratio of ptperonr1 butoxide to the Orethrina t- 14.0 ; 1. 
Teat solutions dilut44 4 times relative to the otandards* 
Twin Groas..ovevdde,licsn :1116 -,nnlAll.s.of relative 1,otcacy. 

Heaponoe to 
Group* Repliokite. ,z>,tandard. Teat. 

1. 68.0 	$9.3 
2. 5800 	39.2 
3. 564 	421.9 

educed sums a squure:i. 

24.4 
Z. 	28.0 
3. 	ae.o 

,Alms• 
Reduced liumz of itquare,°-4. 

90.0 
88,9 
80.0 

I. 	644 50.2 X20.4 
2. 41.1 71.0 11307 
3. 45.0 80.0 35 0 

Jums. 3.1  
ledu.ce4 oims of aquarea. 66.58 /0097005. 

- 85.24 

criterion of paralai= 
Jtandard error of critorion 9.2i3 
t 	2.0Itjurt siolificant at th4 5' level 	'e 

48.9 
175.7 11 0.6865, 

32 15 0 1.0040 

1:10  X4  	,_• t7, 
MO 
on1;2 

0.0916 
0.0077 

Log, irelativo pote 	B '•6805 with 05:" fithiiii. 1itiitr 0,777 
Abs. 	4.86 	FT 	5.99 

3.94. 



TABIZ 	A 
 Vu. 

Ratio of piperonyl butoxide to the pyrethrins g. 15.0 : I. 
Tout uolationa dilated three tie s relative to the standards, 
"Your-point assay" design anA analyuis of rclative poteney. 

Replicate. 	Response to 
Standard. 	Test, 

Lop, 

43.9 88.0 

Lo. 71111, 

1.  37.5 30.7 670.k 
2.  - 68.0 
3o 

Totals, 
40.4 L0,0 70.6 

mor170 f77U 

Ztems. '.Zotalz. 

Jamploso  203.0 
32o, 320.4 
:.loses. 34900 

193.6 
lrand. 523,4 

VeAnr3. 

5Z1,8 
53.3 
54.9 
32.2 
43.6 

< o2 
Itemi, 	 cu, '!,ean square, ,;taldard error 

sampleu it 

 

doses, 	20630.18 	20638.18 	51.38 
samples, 	1 	1011E443 	12118.46  
DCWODe 	1 	10519.70 	/0519.70 	W,98 
Error, 	) 	539.28 	5:1,24 
Total. 	IX 	31177.40 

t* 0.2584 ; 14 0,7355. 

Standar ez'ror of 1  is 59.8 0.3010 1.96 51.38 / 20519.70 
or 0.60042. 

Log. relative potency iu 0.7355 A.th fa. fiduei 1 limit. 1.4157 
0.0553 

11 	5.44 	q 	f`' 	f It 	0 	6.20 
0.114, 



TalLa e( xxvol 

Ratio ot piperow4 butoxidp to the pyrethrinas I541:x tor,  
Test molations not e,iluted reIAlve to the otanaaraz. 
"Fourftpoint unsay" design -tnd itna Ad.:4 or rolativo potency, 

Replieatez. 	•'.r.espon.IA to 
,Almdard. 	Test. 

	

1101, 	 ow. 	, ii. 

	

t4‘0 	56.0 	70.6 
2. 	20.7 	09•7 

50 	71 6 

441;1140  

6..47 
54 t3  4 	J 

Items. Totelu. 

	

fttilDliu ao,o0a, 	54,9 
DI)ses, 248.6 4000 
_.:,ou.4,aii, 	52D*C 	64.1(j 

	

V454.15 	404)  
mnd* M*6 4744  

4a4Ealil.P4HY47 0,0„.. 
Iteat. 	,:hUdei a i"..1c],t1R,44145# Mr intlare. 

doses. 
DOsea. 
,Atuiplee. 
,4rrer. 
4:0te10 

2,74IoriC 
5385.0C 

2/157,40 
/404 

52.5C 
24.16 
46.44 

7414,20 
583080 

2 157,4Q 

	

0 	161,04 

	

II 	20.902.Z40 

0.5786 I! 0'5736 

*56 / 15630 o ,-;:ta-ALIrd error Lf .„4,0  iz 14 &s4 	0.'6010 
or 

log. relative potcacy 14 0,5706 vith 9U , fidueiel 	4E47 
6630 

r potortey it 3071$ with 	Cid ifti limits26.0 
0'45 



to 
Test. 
29.Z 
31.9 
tiL.f) 

ilifferenoes. 

	

00.1 	.21.5 

	

106.5 	-41,7 

;Z06.10 

67.2 106.4 
78.5 Mel 
56.2 

4.46 

,F1.43*0 

4,5.9 

0947 
67.2 
65.4 

66.4 
66.4 

init3 
1010Q4 

116.9 
444 
442.94 

1,e-00.41 

sa*I 
35.4 

108030 

00.0 
-07,1 
8 

ft 
414 

0.0676. 
0.6696. 

0 1,0940 
0.0730 

M12  .00t50 

T 20.7 
/J 924 

U2
. 

10413145 	XAX  . 
Ratio o piironYi butoxide to the pyrethrinc ;ft 16.0 
Test aolu le= dilutee 4 times relative to the stenders. 
Twin Coosa-over design %Id 	t relrative t-otenoy. 

RespOnse 
Croup. zieplieate,:Aandard 

60.8 I. 	2. 	73.6 
6,2 

Sum. 
!edueed u us or :;lwrott. 

L. 39.2 
4) 	 IP ed. 

5 3. 40.4 
Sums. 

Mims of squares. 

41.6 
$4. 	33*0 
3. 	460I 

iums, 
OM of aquaml. 

I. 	66,04 
5. 	47.9 

LAIMI.Jr 
ReAueed oums of a,lire. 
Mims 

 
O 	1UZ =MS of eUU 

Red 

3 

'Mused 

4. 

Oriterlon of ptrallelinm E-42.7 
tndard error of criterion. 1$046 

t 	not igniftcxt Jt the 81;7; lev 

Log, relative potency is 0.6696 .4th 9b, r 0.7643 
0.5749 bs. # *.f 4.67 5.01 
3.76. 



mo, 
93.8 
97.7 
T03.4  
;'394.N 
95.75 

Differences. 
22.4 

-25.0  
12.80 

-03.1 
10.5 
08.4 
44 #..1 fit 

521,44 19606 

122,0 -15.8 
133.2 -18,4 
158.0 -05.2 
5VS.t -Z0,4 
121.72 

1.410.26 320.4E 

Reduciad 

1,  
2,  
3,  

Jums. 
suns of aciwres. 

59.4 
	

56.2 
59.3 
	

75,8 
66.4 
	

750 

115.5 
113.1 

4,  
68.9 
75.8 
7100 

5Z.I 

66.4 

Reduced sums of acitres. 
Ainis of reCuced 2..um.  of c.uares, 

TAELLI: 	25_,n00. 

Ratio of piperonyl tutoxide to the pyrethrins 	17.0 1. 
Test solutiond diluted three times relative to the Aandards. 
Twin 0ros-ov,sx deign and analyAc of relative potency. 

Responseis to 
Groups hoplicates, „,t4ndard. Test. 

T. 	58.1 	3507 

	

62.0 	35,7 
5. 	4.2 	39,2 

Jums, 
Reduced surf of scivares« 

2. 	2, 
o. 

1,edaced ,Irms of 

 

18.4 
31.9 
31,0 

53.7 
69.7 
69.7 

72.1 
101,8 
101.6 
rtrixm 
b7G 

35.3 
Z7.8 
7 8 

svarozi: 

  

50 

218,33 
53,39 

Criterion of parallelism 	13.9 
,tandard tirror of criterion 14.77 
eparture from parallelism not aiGnif at 5:: 1 	of 

T 22.1 1.0 0.0684 
IT 07.5 0,5455 

U
2 00467,29 1.0221 

tasL' 205 09 CM,  000699 
WE OVt 0.0048 

Log. r lative°?oteney is 0.5455 A.th 	fiduc'ial limits 0.5525 
0.5425 

Abs. 	I V 
	

3.57 
3.48, 



TABL 66(. 	 

Ratio of piperonyl butoxide to the pycethri 	I3Ø0 : I. 
Test zolutions diluted three times relative to the standards, 
Twin Cros-over destan and ,Ina 'A.o of relative potency. 

::cononceos to 
Groups, iiQatW.. 	-t 	ard. ,111:a2* Differebe 

I* 	04.2 66.4 130.6 02,2 
1. 66,4 66.4 132:8 00.0 

3. 	62.0 71.0 133.6 (A.0 

Reduced :uji 	oC squares. 54,52 
1.  45.3 90,0 13:).3 46,7 

A, a* 	60.4 75.8 136.5 15.1 
53.1 90.0 .1?-3 • 30.9 

-was* 412.9 
Reduced 1.0.2 or squares, 63.71 340.57 

g0.0 63.4 153.4 -25.6 
75.8 75.8 151.6 00.0 
90.0 80.0 170.0 -10.0 

Jura 417'T.t.) =MT 
Reduced ;',-;..um 	squarec.J. 221.02 361.04 

-,.. 	84.9 .,, 47.9 102.41 -07.0 
4.  

st4 ..... 	08.9 
04,2 
62.0 

125.5 
130,0 

02.9 
-06.0 

131170 =CM 
Reduced :.31mt° of 2quaree. 4.56,66 65.42 
„Aims of reduced nuts of snuare50  721.55 

126.64 
12043 

Criterion of parallcliam -45.1D 
tanduv(i. error of criterion 11.25 

da.) is 4,020 Ugnificant at 5 levul of Po 

T 
U 14.0 

1.1,9 
t43"461„.I2 

•••••••••••••• 

u0'4.266.12 

00010 
0.7781 

neGative quantity, 

d_oi.relative potency io 
0,7761 For fid c 	1iits 	taXt* 
6.00 



‘• 

Ratio of piperonyi butoxiee to the pirethrins:- 19.G ;1* 
Test Eolutiona diluted three tint relative to the ptandarde* 
Twin Croz-over dign and analyas of relative I,Aency. 

Lesponso to 
Groupe. 	1;ep1le t f.14 	endarde. 	Test. „Aims. fforenese. 

Is 65.5 71.6 000C 
It 	 f..) 56.2 7508 10.6 

" r  65.6 714.6 0040 
Or46 

educed atas of squ..trez. 124,06 

14 3105 8000 111.3 40.7 
a, 	2. 31.15 90.0 121.3 5847 

ta* 00.5 109.3  504,7 

Reduced aums of 	r 20e*03 5S.CO 

• 684Q 0040 158.0 22.0 
id 034V 0040 158.9 21.1 
t,S 009 0.040 158 9 '*1 

,ums. 
Reduced Bums o 	aQuErQ. C.54 0.54 

11 aid,*0 63.4 14Z.4 .46.6 
4.4 	 24  

Z4 
004 
7 

615.0 
oa,o7 

145,6 
13744 

14.4 
so.1Z 

aums. '426,21. 
Reduced ;Alms of r4Y,i.uares, 
sumc of retluced .e.quali of civares. 

50424 
E83.4419 

12.C2 
1924U 

4Z5487 

	

V 	Zt0I4 

	

Criterion of parUlclism. 	5.4 
Jtandard error of eriterion 0.53 
Departure from pra1i1i: Ls not sienificont at 5: level of 

T 

tri,a 

t2s 
u12 

/044 
774V 

63.41 

W1 

MA* 

0.2716 
0.7487 

2..0208 
0,2772 
e.0753 j.  05 

Loc, reiRtivc$ poteney i 047487 its 85. fiducliA liaitc 0.8095 
C.6991 

Abe. 	5061 	 6.415 
5.01* 



-04.2 
4.1000 
,OI 

0.1475 
(.1.6240. 

‘;01599 
000236 
1.0841 

CM' 
CM1  

4'1.7 
850I 

t2 s2- 
UO,  

-‘• )(XXIV. 

Natio of piperonyl butoaide to the pyrethrins :- 20.0 : 1. 
Test aclutions diluted three times relative to the standard 
Twin Crosu-avor di cn and analyiki of relrAtive potency. 

pones to 
,tandards0  -seat 

60.7 	33.9 
61.3 	54.9 
4607 	2903 

Groups. 
is 
2* 
34 

wAms. 
MAW:ea sums of squares* 

.1! 

educed tium,,, of squar 

• 

it 	sualz of squarea. 

• 
24.5 
10.2 
76.0  2136.7 

8o0,17 
113.6 
101.

98 Ci 

Di 'ferences. 
-26.9 
-00.4 

.1).0 
213.46 

6500 
50.0 
3014 

31302 
c6Z.414 

0, 
342,62 

141.4 1002 
147.2 12.8 
148,1 31.0 

6'4;9 
J:1089 80.82 

29,3 
	

84,3 
26,8 
	

75,6 
33.a 
	

64,2 

65.6 
	

75.0 
67,2 
	

80,0 
58.1 

I. 
40 

Re used cumz of 
,:..yums or reduced  

80.0 
90.0 
80.0 

uaress 
;una of squares.  

75*8 155,8 
80,0 170.0 
68.9 148,9  

'474.11 
247.31 

1.192061 
40.82 

877.72 

3:98.75 
146.26 

GTiterion of parall.slism 	3.8 
,.,tandard error of criterion 14.10 
Departure from parcileliem not significant at 5,-, level f 

Log. retative poteroy is 0,6846 gith•95: fiducial 	07348 
0.5392. 

lf 
	

5.43 
3046. 
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roupe. en 

I. 

I. 

AA. 

C uecd sum of 

Responses 
Litandardc. 

67,2 
56.0 
ei•Z 

eqmres, 

24,4 
24.4 
22-.8 

squares, 

.:;trae. Diff crane GE 
90.8  

-30.2 
5 T 	,5  

'T I 

100 	I45.31 

Dr..6 
47,7: 57.2  
58.04 

37.5 
t:5 , 	ft, 

zT3 .r3 

02.C, 
.54.9 
08.0 

39,0 
15.4 
05415 

357,V,0 
4 r 

0-r1,00 

-17.4 
•  

14?„!32 
708.77 

Log, xetive 'dotonei •a 0,7350. with S5 	riducial 

5,44 
	

tCV 

r..,,7C50 
r2.6e7o 

.10 
i.„137 

TABLE le. X  XX V I 

Ratio o piperonyl butoxide to tive pyrct'sirins ;- 22.0 $I. 
Test 6-olutiom diluted five titae,v, relative to the standards. 
Twin Gross.erver clenigri r.on n1ycL of relative potency, 

	

24.4 
	

6?) • 4 	bri 0S 

	

2. 	55.2 710 6 Irkt70E1 

	

5. 	60,7 
	67.2 

Sunso  
Reduced sums of square 

2. 
,;5• 

Fedueed ums of equ%re i  
,:Aime 

 
o reduced CM114 of square3. 

41/w 

 

a04 94 

criterion pt para:aeltmt 	-V001. 
atenAmrd error of criterion 14,3L 
t,(8 d..) is 1,9o2inot oimificant 

T 	16.1 
U 134.J 

11.2  , 	18,036.49 
4.53.6U 

Ufa 	;77727.1Ta.  

0,0301 
0.7350 
1.02= 
0.0371 
0.002:3 



Itam3 	Total 

274.5 
230.9 
'31308 
191.9 
5c:5.7 

Log, relative potency Ili 0.19L4 with 05' Viduciai Ua 
Ab 3.  1 4 

C.2769 
• I000 

1.09 
1.29 

TADIa 	XxXv/(1). 

11t10 o 11,obutylundcoyien midc 	1,yretitrina :- 0.3 
et; _olution;:. diluted twice relative to tile atandards. 
wvour-point =Ars doac,n an6 analynis of relutivo potency. 

Veplicatc. ReoponDo to 
/Onto 

agho 	Ufa • I ii.43.• 	Lev. 

I. 4,5.9 28.7 35.1 
2o 4,14 28.0 39.2 

24.4 35.7 

	

4. 	) 4 	2C 	33.7 

	

Totale. 	. 	IttwJ 15 .1  

22.0 
20.3 
10.4 

  

Jf Variance. 

.F. .41.1DZ of ,:aluarel.;• 

  

It(tWo 

 

cn ,tapdard 0 

Jamploo an. doe. 	1,044.97 
mpleo. 	1 	118.53 

Do:AN.11. 	I 	•926.44 
2rror. 	13 	40.54 
TotaL;, 	15 	I.3.51 

104‘.97 
113.53 
926.44 

M.04 

10 0.1076 O. (,Ii?. 
tandurd error of vi:is lo 0.3IO 	E,IiI 04argo 

or 0.0835. 



4300 	28.7 51.0 
4X06 	28.0 44.4 
39. 	24.4 31.9 

-28, 0 me 

890Z 
19.4 
10.6 

• 

3* 
4. 

Totalti. 

Totalo. loam. 

274.e 
255.5 	31.9 
332.0 	41.5 
1980 	L.;411.0 

530,3 
	33.2 Grand. 

Ratio of iz,obutylundoeylenanifle to the pyruthrinos I $ X. 
Toot :,olutiom, diluted taiec relative to tho utndartWs 
"Vour—poin,ty d(1 14711 and ,A3.1yoic; o relative potency* 

14.1plleate. 	* oponeeo to ' 
ardo 	Tout. 
Low* ash. Low. 

of Voria4c0 

Itow. 	 0,14  LK,Ituare';.s. loan aquare. Jtanaan/ arror. 
131Loow 
41247o 

70co 
fl  r* 

33002 
33,40 
1,30 

tamplob n daJoc. 
;Jamplos. 

Brrorw.  

1,12.05 
71,121.70 

7. 9C 
353.34 

Io'sP7.490  

1,.003:2 M 0.2088. 

iAtaittiarC lo L7 22 35.62 
or 0,5216. 

003( 

Lock relative potencry is 0•29n0 Ath0YWucial 1.1m1t3 k020,0 
17.177.4 * 	I119  
000* Abe. TI 



4,6 20.3 39.8 
,%9.3 40,1 

49r1 25.6 
4?.  

26.6 
203 
2U..5 

Ratio of icobutylundoeylenamido to tito pyro4irins :. 1.5 : I 
Test .;olution..; diluted tUee relitivc to the c;td. 
"Four-point assay" cloaca -nd fla.17:4;,.,  o roll:Ave potenuy. 

noplicato. Roqioni'le to 
tandard• Te6t, 

Lou' Vida. Lou, 

L, 
3,  
4,  

Total3. 

Items, 	Totals. 

aimplet3.50I.0 370 
334 

Dozes. 24.7 464 
71:024 24'2,01 

Grand. ti05t G 35.4 

AnalvAs 
new. 

mplm.'=• 6 aorloci. 
13.17, Ouvw of nqpnr 0  

2 (V3 93 
Man ;Iquaro, 

2, •n. 
3tanelard 

44109',1  
29.40 U.4-6 

Dose. 1,994.1.7 T:90 A14.00s 
Ll'ror4 	- 
r7otal, 

Lk41 , 
16, 

IA* 
	

O,03 6 

Jtandrd errar oZ LI 13 	44.49 	240T61  / I,V94.07  
or 0.0752. 

	

relative potonAly iv 0.20At uith 	116ucil 

Abo. 	Iva poteney 1t; 1,84 with 	fiOtclni 
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C.-. X X 	. 

of isobutylunilacylenamide totthe pyrethrino to,  3.0 I. 
Tr.r.;1; tiolutiena dilutal twice reln.tive to the atandprdb. 

.ezert far.-:ala% anti. .4.-si.a.yoL; of roirAtive potency. 

T:eplioato. Reoponse 
tandard. 

to 
Teat. 

Loci) Mit.. LOW. 

elr, 
6:4 4 	50.7 
A.) 4 	fio.8 

=do 
2.,141 
43.6  

35.1 
33*e, 

1,..rr 
za.3 
zza 

Ottl. 13* 10114, 404 

ItuAs• 	',2ota1o f 	T4aartio. 
42 se 

260.3  
Dosea * 	L)6? *5 	ild*7 

;22,43 	Mac,  
Grant:t. 	591.e. 	37.0 

.3  or  

"U3. 	C * 4 ...Azias at (--- tierce. Ma= f..3Quarc . . ,.- eild,,  ,rd ()ma,*  

1es L 00.. 0 s * 	I*  GO *4..-C 	11562 *44' 	00 '60 
'-ample9 0 	I 	7ra.o5 	751,;) 
DokAy,;* 	I 	iIZ.O,5 	811.05 	-20 46 -In 
El-ror,. 	- ,I, 	608•12 	63 .70 
Total. 	- 	2.nco.52 

r.*1 	Z 	; 	1,1 	0,011:2. 

Aiptifj 0030IC2,i1 °II. 05- 
tr 2.2360 , 

Log. relativ rotefloy i 	* ,1112 ih 95" 	uotli tJt 2.2458 
204 4*  



TABLE ‘. 	 

Ratio of isobutylundeoglenamide Po the pyrethrins :- 4.0 % I, 
Test !;olutions diluted 'VAC() relative to the stniadarab, 
"Four-point as!Ay" douiGu ml nalysic of relAtive pot(mey. 

Re39onze3 to 
eplicate. Jtandard. Test. 

HiGh. Low, Vich. Low. 
1. 	74.7 45.0 Moe a,2 
2, 	G5.6 42,1 49.6 39.2 
3. 	63.0 43,0 47.9 4/.2 
A,

,13(341i  40 	r 
Totals. 	(. ,„ , 

 

Itoas, Totals. Lean. 

D0203. 4820,8 600 
Janpleo. 35100 4/.4 
jample„ 453,C 56,7 

359,7 44,0 
Grand.  8130 2, 50.0 

Analgais of Variance. 
:t Pen  DOL. Jam of squareo. net, 	square, Aandae err 

amples and doom..;, ..4022.92 22,92 44094 
1,46940 469.50 38.54 

maples . I 553.42 fj5J.--111 
rror, 13 544.32 41„tN 
'total* 5 2,567.Le! 

Mt 0,1847 
tndard ral:011 of ni i3 en:q.n7 

o7. 0.8813. 
oe. relative l'otenoy i 	II 
be. 4  1.31 

i 7T .101 0.!5)/0 eM•94 

with 9E: fiducial lLite 0.0376 
T,2950 

tot 	41 	fl 	8,60 
0,197. 



TABLE ‘, 
Patio 

	- 

Patio of irmbutylundooylenamide to the pyrethrinss. 5.0 : I. 
Test ',olutionL. 	taioo tolative to tho staulards, 

our-1,oint mJ5a5r,  1oU,A1 aaa nAiis 	Q1.TtiV potency, 

Reaponae to 
,dtandard: Tout, 

Low, 

32,4 
41,1 
4,5*I 

'Dotal.* 

'tom'. 	of 	nmartLli 

_auplos  
394,7 49,3 

DO:;01.1. 	52).c 	65.0 
52(1.2 	41.0 

qrrtattl, e,243,c 53,o10 

A2.1 	ex? 7arlauce, 

It ono. 	. • 6mt4, a Jkihurea, 1:maa square, Jtandard error, 

High, 

I. 'MO 45,0 6600 
c,. 05.00 01,7 

4J,(.., 47,(1  
4 

doqgyc. 
oz. 1 

Douuo* 
Tror. 15 

15 

4,09,4A1 

rriIA 

cio.oa 
3:41.445 

np • 

,),000egm 0,2102. 
d 
	

e i365,14 ...10002 003010 2*T1T / 
0,3C,44. 

reaativ potoney 13 04,101.1 alth 95 -  fiduolui limit 
.4 	1,63 
	

14) 

1324,„0.2 

' 0936 

12.4 
0.21. 



! 

21P
4Zittai* 

j4iPe3  dOSOC4 
I). 

, Uiror. 

155.85 

£0.00 
13 	552431 
15 

i 0.21C o. 

can osAar, ..,tandard orro 

4 155 on •P 	.• 411 145.85 
10400 
43 Oa 

64.46 

Y;JIJZ 	KKek- / 

Ratio of IL-,obutylundecylenamide to thu pyrothriitssz. 6.0 ; I. 
TeLit 	rolAiive to tno ztf1;143rtio. 
"Four-point .,,!!:4" ,icadrz ndana tir, of rokAtive potency. 

Roplioatc. 	ResponDo to 
Aandard. Tc4t. 

Digh, .14, 
I. 74.7 (.45.0 74.0 
3. mie 42.1 74.0 
3* 65.0 	79.4 
4. 	et) 	05 Z 

Total;J. 	e-;• 

Xteuw*  Totals  Voeno. 

	

araplau. 456.5 	50.7 

	

441.0 	55.1 
moos. 576,0 720 

	

Z16.5 	39.0 
Crand 	&94.5 	'.:)5 41'54 

NI 00J43 M k:i0X)68. 

6t4ndard orror of N1 IS 42.50 0.5010 
0.4:238• 

Loe,.rol'Aive potuncv 1z2. t.,43062 A.th grY:: fiducial limita 2.7P00 

1.43 	ti 	5.2G 



I 

Ratio of 16obutylundooylenamide to the pyrethriml :.7.0 1. 
Teat !-;olution.L. Oilut(di twice relative to 	-t,71116nrdt. 
"Four-point acay" dcoicn nd analyao of rolativc potency. 

eplioute• 	Reopon3eo to 
Toot. 

Tao,* Low. niati, Lou, 

2.  
3.  

Totalz, 

45.0 02.4 
(42.1 74.0 
43.0 77.7 
60 	77'7 

0-= 

5Ien 
elo,m 

 

neut.). otalp. Marano. 

	

65Z.5 	:0.7 
Dcoeo. C92.7 01.6 
Dooes. 	95.I 	74.4 

40.9 
Grand. V40.2 00.15. 

Analrao  of Variance. 
WOW 

ite1,98 
317,59.02 

034-adlao dooes, 
:;ooeu. 
zmor, 
otal,  

054.68 
114.06 

7, "39t;•',' • 
A.

,  203.05 ry _$ 
0.0027. '  

,Aandard 
orror. 

0208 
1040 
GloN 

Itmo. 	.F• mrin of squareo, eah squaroo. 

Aandai-d orror zi 1) :to 21.a19 62*(08 0 '05:0 2,131 /  
or 

4)o. rolativo potonoy to 0,3637 ,Jith 95-  fiduoial limit 
" 2,20 	c't 



Table '. K.1,1« 
Retio o ioobutylandoeylonanide to the pyrethrins v- S.0 1, 
met 	cliuted tAce relative to the L,t,liklardo #  
"Four-point frle==Ar deoirtn and anAlyalo of rel::.tive lotoner, 

Rolicate, Rouonse to 
iAandard, Toot. 
:;a41 Loa. Hich. 

74.7 45.0 45.0 
&3, 	0.2.1 01.0 
03.0 4140 
00 	'Q.1 

& 

Itotle. Tota13, r loam. 

Doses. 520.4 65,1 
44,1 

mP1013.453.5 	58.7 
119.7 

OrDnd. 

Doseo n of 
Li.4411,;# 
Donc.,7„. 
Error* 
'rovA10 

Otandard e 

I 
13 
15 

of 'LJ1 is 
or  

14003.10 
97.10 

1,78(3.00 
i,g47.to 

o.0164 
149.10 
2 Am  

on svaro. 

iO3  3.1c; 
07.7,7-1  

478C,, 
T,1 0.7-1 

U 	cW,39 / 

1Lu oe Var 
D* Jtandard 

43.46. 

Jb2#  

relciavica poteze? :c O.2046 uiU fidtviul Urats 2,4007 
117.Q7C0.. 

74 	 :511440,:, 
o*Val. 



74.7 45.0 4140 414 65.6 
63.0 
pox 40..1 	r 

- 

3.  
4.  

Totals* 

42.1 38*D ,1102 
U70C 65,0 

I. relativfl yotoney 1.6 

Abe, 
0.1754 with OW l'idUelat 2.1,31.to 

I•411) !)  
Ts 

0 

TME. ‘, _>( tV 

altic) 	L,Outylth..idooyleiargae ;.,43 tb) pA.0thr, trio z. 0 	$ 
Test 430.1UtiOntls diluted tdeo relative to the utendaz33. 
"Four-point aliay " dOolon 1analyao of rantive potency* 

Leplioate* 	BeUpon303 to 
Jtandr. 	o3t, 

111010 	I Jich.. Lao*  

Item, Tota:Lo• Maris* 

Demos 51007. 044 
296.3 	3'40 

Jamie*. 45340 B 	080 
L5.3E3'-  09 G4 .0 

Grand. 	t31 	t.-0 *C3 

Lmaa21,9  °f  
Item* 	 BMW of aquarec4 Mean 4104w a* ,t-Andard e 

d • astMistik 
8,99708 

054 
)13 	3090.7G 

:270313 
o.xBr,o 11 *LIM* 

hd,andard 01 	ul is anai 00010 faiara 59,46 
or 	3 *C1370 

	

5, V3,004S 	U9 

	

4097.00 	134sn,  

	

05644 	C**41Y:; 
einoz 



"atn ,Lluttres. Aandard error, 
3,171,1 
22000.03 

23.09 

56.32 
moo 
55067 

Ti 

Natio of isobuty lundeoylenaraido to the wrothrins 1.. 10 $ 141, 
TuA ;..olutionu diluted twiot) relative to the standarolom 
'Tour-point !:.suay" .&0;.4cn (lid anaiyao of relative potency, 

Replicate. 	REEvonse To 
titandard. Teat* 

Bit*. Low* Bich, Low*  

1. 	74.7 W.0 5/1.5 34.5 
05•6 42.:: 01.0 (10.0 
63.0 4500 01.0 33.2 
80.O 4Q.X. 043 0 

TotalG, 	-:L7J,, 	,:.:).. 

Iteln. 	'210.1,. 	OcaW# 

4lo30  453.5 	56.7 3uv,I 	48.7 
DOOOD, 	52e47 	06./ 

313,9 	39•2 
Grand 	046.6 	52.06 

flalY4.1-s o   LLEUlaaqi 
Items* 	P.F. Jurlu *f squares. 
Janplos A.' doses. 	3,17/.93 
zAilmplec,. 	I 	291.3,.,  
Do os. 	1* 	21000,63 
Error. 	15 	500.21 
Total* 	XS 	3,472.14 

0.095Y L 0,2055. 
at1rt errrof .iff lo 85.09 00,50Io 	240ia!: 50.32 

or o*2595. 
Log. relative potency is 0.2053 
Abe. relativ-: potency .1.L; I.OI 

• 

with 98 ,tiduoial 3.1.rd.t3 Q,493 

with 95 riducial lir:1M! 3.12 
0.92 
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xi- v u  

Ratio of ioobu 7 undo° lenautide to the pyrethrina 1.12.0 t I. 
Test so2.utionz diluted twice relative to the standarda. 
"Four-point assay" doe*cn and ana oiz of relative potency. 

Replicate. 
Jtandard 

38.6 
3(.i.3 

3 V 

Leapom;es to 
Aen4axd Low, 

33.8 
30.5 as 

Tout Teat Low. 

20.0 
18.0 
20.3 

It cri, '„Nr)talee Mauna.; Totals, Manz-. 

Doaos. 89.4 
6amples.265.1 
Orand* 448.5 

36.2 rym , 770.1 	22.4 
L;C3.4 	2,4 

Item. 

apalycl.  o 	Variance 

Mean square. Jtandard error* L.ums of aquares0  
d 4„,e4 O ft 	31$061 	34.06* 

Liampleo* 300,84 300.04 10.00 
Doaez. 854.77 654,77 
Error* 13 269.71 20.70 • 
Total* 15 ::1485,E2 

U' .0.14640,41d ;).1370. 

tandard cror of Mt ia 20.'!47 2.131 0.3010 
or 0.5427. 

Loe.relative potanoy ia 6.1370 4th 95, fiduoini 
Abs. " 	" 1,3? 

34.06 05407  

rance 0,0797 
47.5943. 
4.73 
0.39t3. 



geallS • 

277.3 F.407 
I97.0 44.0 
265.1 33•3 
209.2 26.1 
/174.3 29.6 

Item, 

• 
a 

Samples. 

Grand* 

TABLE 	11 

Ratio of iobutylun ocylerwlide to the pyrethrlas :.* MO t 1. 
Toot L;olaions diluted talcpa relative to the nitandards, 
"Four-point assay" clesiG-n &ael analysis of rclative potency. 

RepliCate* 	Respowes to 
Standard nicA0 Standard Low* Tekit 111,11* Test Law, 

38,6 	33•C 	37.0 	25•1 
360 	30•5 	25:1  24'.8 42,5 	25.0 	30:0 	igA2til 60  

ApjalwAs of varianco•  

 

It axis. DJ. JUxIOof acitvAres* 'Jlen nun o, Aandard or ors 
Larriples &doses. 377 •90 i.377•90 26.03 

218.07 240•67 15.76 
Doses. 
Lrror, 
Total, 

I 
13, 
tr  

0 • :29(' 

429,27, 
26909 
947.09* 

11 	0.0720.  

429,Z 
20.760 

71 

tandard of 'H is 
or 

2o*7613 0•3010 2.131 26.03 / 489023* 
0.notAts 

Abs, 

-Ise potency Ir.4 0.0720 iith 95'" fiducial ranee 0.0798 
.20,42. 

" Lola 	It 	ito? 	k 	0 	7.50 
0.184. 



3806 H.3,3 2.30 113•0 
36,5 30.5 35.1 £0.4 
42.5 25,0 27•0 3,0 

  

' 	• 

I. 

3* 
4* 

Totals* 

Table dr.. 	  

Ratio o ir.mbutylundecylemanide to the pyrethrina t 1460 : 
Test Lmlutions diluted tA.oe relative to the Aandaras. 
"Fourg.point assay" keoign rid. stalyAssof relative potency*  

Replicate. 	Rosponses to 
tandard. 	Test* 

Nigh* kW. apt, Lou*  

Itons•  Totals, ';eans0  

Dozes*  278,4 340 
18606 83.3 

„Amplee265.I 33.3 
190.9 84.9 orque. 4450 d(oil 

a.149.1.44,L14:  Vakta  

Items, 
nriples a dosw it  

Doses, 
Liaraples* 
error, 
Total,  

auns of squares, 
978044 
504.60 
27:304 
093.04 
191,48 

Mean Jcluare, 	Xamdard error, 

776.44 
	27000 

504060 	22.46 
27504 
	16054 

J04433*  

Mt 	216 IA O*07940 
atandard error of 	300:4133 0,3010 Ka • 3 	27.90 / 504.00. 

or 1.0722* 
Log, relative pecenoy is 0.07V4 Ath 05 fiducial rise 1516 

00020 
14.20 
0,102. 

" 1$2t. 0 



TABIZ, 
	XJx 

Ratio of ,Jecamin to Pyrothrin;2,  
Test .-xslutiono not diluted relative to thc .3tlandards. 
Tuin Cro2o-over dcoin and analytlio of relative potency. 

Dose applied 

Group. Replicate 
1 

3 	35.8 
011041 • 

i 0,1 

 

om3 of squares. 

35.1 49.0 84.1 13.2 
10.0 50.11 66.2 46.2 
2"..- 53.1 5 28 7 

uare  171.40 49  

1V.4 00.7 AI.3 
10.0 43.1 3G.I 
nt,o 5 LI 

* 

39.8 27.3 67.1 
41.6 17,9  5905  

3 	3t.1 
	

00.0 
Arlo. 

noducod sumo of Li . uares. 
3uc13 of reduced 014214 of NU rco. 	934.50 	1,221.64 

0"/v7  
Ji 

Criterion of parallelism 
.;tandard oror of criterio 
Departure from paraliclim i 5j iiffiea 	, level ot. 

140.1 	1:211  0.1701, 
2AG.9 	 0.1781, 

Irelative potency I.51. 

Lmms. 
61,7 
76.5 
65.7 

Differences. 
.7X4*0  

I 
3 

Itoduced L3UrI3 of 

3 
3 

3umo. 
Reduced ulna of squares. 

3773.29 
t68 iv- 

U1'"' J 	• 

C 1.179E 
OW10„. 0.8099 cu' 4' 0.0374 

Log relative potency Jo 0.1781 with Y5: fid 
	

6.3013 
0,0500 

Abs. 	0 	 1.52 	 e* 	2.30 
1.14. 



411:1
20C 

41 II 
54.4 

71.0 
5903 
75.0 

4Q44 	43*Z 
44.1 	50.8 
5404 	31.2 

• 

Natioof -,04Naillto n thrtha s Isl. 
Teat uolutit.,na Lot ti 1u ,d relative to the Ntandarda. 
Tuts% Oroaa-o-Jer deciagn and nalytAa o relative poter;c:74 

onceo to 

	

Gra 	.1;mp11cate. otaaclor? Teat 
1 

X 

litiduced ,-.1Amn of 4i1 

	

2 	2 
3 

Jana. 
Reduced Witi of aqua-ea. 

13 

:411, a. 
Red= msmo or aqu 

I 

	

4 	2 
3 

.Aixane  
1406100a 	of a,,iussresa. 
„imp.f4 of reduce4 ,,Allatri of aq 

4044 404 
26,8 	420/ 
30.3 	45.3 

II4b 	5945 
241  50.3 
X4410 044  

Dif,Venenoe* 
5.7 

 

47.0 
3042 

- 

0.0 
32.2 

209 
8.1 

 

81.03 
/66459 

50.47. 
277.1911 

127.75 
ek 	34,8 

Oriterion of pural).ellun -13.2 
anclard error of criterion noes 

t 1417,not aignifieet a 5 	 ,of 

4? 303.9 
4U a20.0 

5098424 
tLe 164.34 

110x. Drab440(14 

Log relative cteuy is 

if Ablimp 

4300• 

0  

th 951;, T  3hL1t 1 044885 
3-,75 

3 Oa 

irra I 



Group. Replicate. 

I 	2 
3 

4um2 
sums of s 

Ros)on4,es to 
iataadard, Test. 
3902 	15.0 
50.0 	20.0 

2401 	33,2 
X0.0 	47.9 
31.7 	01.9 

50ms 
Mims of &jutrec. 

am. 
54,2 
77.4 

435,35 

57,3 
60.7 

Diff Mt" 
-24.2 
.24.2 

t 

10.14 

09,1 

Ab 

Tea() 	X")--)411  

Ratio of 6esamin to &yrothrins :. 2:1. 
1.1.43,A i,olution diluted thxoe times relative to standards. 
T,In cro o-over (.eo ;land analysis of relative potency. 

I 2701 51,9 
2 28.0 40,0 
3 28,7 49.0 

-Azis 
RedDUeâ sumo of OQUD 

39.2 35.2 
4 2 40.9 26.0 

3 42.1 32.6 
6urw 

Roddiced „maw of squam4 
„Au or redwood 511010 of aquaroo. 

353.2P 

704, 
73.0  

204.70 

24.n 

78.3 2Q9 

30.88 
72.4 .0,0 
65.9 
74,7 .4 5. 

e4 
4,06 49.30 
809.11 294,02. 

eivi 144.81 
8117 49.04. 

Critorion of prallel- am, -10.3 
atandard error of criterion 12.03. 
t 1.30,not Ucnifisant at tho Cr• loyal of 

eL„ 	 1.0 
	

Lie 0.0280 
4U 221.2 
	

M 0.5057 

lative potoney iv 0.605? 	95ç. fiduoial limita 0,5730 
0,4379. 

,1 	 3.7$ 
2,74 

5.431.69 
260.09  

5.X10.00 

C 1.0504 
CW,9.0390 
amibexpoo. 



00.3 
63,4 

• 
‘15 

07.0 
43,2 
59.4.  

15,3 
2 
	

31.3 
3 
	

24.4 
June* 
tium of squaroo. 

3.2 48,5 
40,0 80.3 
30.E 	5 2 

U 86.5r -0.90; 

74822.5 

trIL 

0.003' 
1.0127 
0.0051 
0.0001 

U.47400  WI 

ativo potency to 0.4740 with 05 figuai 1 
ft 	20B 

	
ff 
	 I, 

mita 0.5079 
0,'401. 
3," 
2.78. 

T. 	( t 

Ratio o ,Ariamih to pyrcthrim :- 3:1. 
Test rJolutiono diluted three times relutive to otandards•  

.oz3.3-over (VrdifIn and on/Ayala of relative potency, 

aro4P* Roplio 

 

Resionues to 
tandard,Test. 

ouna. lArreranose. Z104' 

 

3 
6utio. 

Re4upeel .51.az) of 

jUM34, 
Reduced bilOW of 

3 

Redu 

2 
3 

loduced wi of 
jtkaiJ of reduced  

39.2 
	

21,1 
45,0 
	

10.q 
35.1 
	

IO.o 

18.4 	39.2 
10.0 
16,4 	41.0 

37.5 15,3 52.a 
35.1 15.3 50.4 
57.5 10.0 47.5 

150.7 
19.11 
805.55 

13442197. 23.434/. 

oquareo. 

oquares0  

uquareu. 
uumu of oquareti. 

-10.1 
-20.6 

55036 

20,8 
2302 
2.0 

03.M 

T7.9 
17,7 
°O 4 

,D.40 

.22.2 

.19.0 

.27.5 

n0.73. 
140.67* 

Criterion of parnilellari 12.1 
ataadard twror of criterion 11.80 
t• Q4 not - iiGnifiomt at the 5' 1 vel 



13um 
ReduCed sums of aqunres. 

3 
143,12, 
476.280  6um3 of roduend sums of viareL. 

TALL, 4r.  Xl--, X IV 

1:atio of 	escluin to itrrethrins :- 4:1* 
Test 8olutions diluted three tines relative .o the 	tan 
In croos.over Oesign and analyoin of r‘lative potency. 

Responses to 
Groupo. 	Aandare. Test, 	ULM, 	))1rforenocc a  

544 	18.4 	72.9 	.35.9 
2 	4o,9 	27.0 	08.5 	-13.5 
3 	70.2 	2:1.5 	74  7 	-257 

LAvaa 	 41 
Reduced SUMS of sq. 	3 .42 	201.100 

I 40.0 75.4 23.8 
2 	3Z.3 
3 	22.8 

4546  
00.5 

70.0 
50 

14.3 
-OMB 

Noduced UUM 	of o uares. 187.6.8 65:68, 

I 
3 	2 	W.3 

51.4 
55.6 

78.7 
07.0 

24.1 
23.3 

2 	3c.7 
jums 

57.4 20 7 
Reduced suma of squaren. 57.08 6.32 

24.1 4(,.9 

 

70.8 04320 
0 	4Z, 00 

31.0 
 

23.7 
2500 

57.0 .08.2 
0 

42/y4 64.70 
sZi/w 774411 

Criterion of parallelism - 10.1 
Jtandard error of critericn 0.00 
t *24 not sicnifieomt at the 5i: 1eoi of 

4T 4.0 
4T3 247.4 

filt 0.0040 
U 0.4319 

Q 1.0661 
MI* 041005I 
CM'2  0.0002. 

Loc, relative potency 10 0.4819 4th fiduci 41ts (5%) 0.4879 
0. 4759 

Abe relatUc potency lo 3.03 ith fidtvoial limits 	3.0? 



102.56 
00.0 	30.0 
75*1 	42.3 

0 	33.4 

32 . 40.34.  

00.5 
7360 

108,30 
385,00 

rlito 0653„ 
0,4160 

Io 

3.44 
2.56 

4 153.6 
4U 266,2 

U8_7,807.60 

240 
Ut" 

LoCe relative 

• 

• Q.1730 
0.4739 

1.03(.l0 
0111,0.17a5 
ft!'6.0.0509 

0.4737 	)5 iduo 

0 

TAt3L1 ‘. XJ-,X V 

Ratio of •ooamin to D7rethritin 	ea* 
'..'out 6o1utions diluted talc rektivo to standardo. 

in eroJe.evor desien e1 aneXvic of relative pot ono. 
0 

Replicate 
I 
2 
3 

Reduced
ucI  

ounp of DI 

1 

Responses to 
atandraid Tout 

	

45,0 	32.0 

	

39.2 	2N7 
ao 3°,7  

:AM 	Differenwm, 
77.0 	..12.4 
07.0  
72 *5 	0 9 

4710 

M0.7 
043 

33.05 

Ora 

I 

I 
	

29.3 
	

51.4 
2 
	

22,0 
	

50.4 
3 
	

17.5 
	

55.16 
LA= 

1 sups of ogenres. 

I 0 
3 

26.0 
10.4 
27.3 

03.4 
00.7 
00.7 

suas 
our of squares, 

1 	47,3 
2 	39,0 

sums 
sumo of uquarrou* 
redw_tc,;;uns or uquarea* 

60,95 
Ai 46.82 

Criterion oe paralleliau 3.8 
Standar(= error o$ criterion 747. 
Departaro ociparalloli= to no p =,:tgaifiecnt at 

Reduced 

Reduced 
Sums og 

03.2 
03,2 
44,A 



70.80 

14.8 
14,4 
32 

206.29 

03.6 
67,6 

91.9 
67.8 
79.9 

C5. 4 

73.4 
75.6 
rr 

17.00 

.34.6 

.22.4 

'45.54 
305.09. 

TABU (. X2- X v1 

of 6esamin to ?'ot1riR i 1o11 
et oolutiom diluted tl-xce time relative to stanairdt;. 

Tdn 0reass.over decign and analysis of relative potency* 

Group. Replicate. Reopouses to 	„Aims. 
tandard.Teote 

1 	41.0 
a 	54.3 
3 	50.0 

;..iumsa 
Reduced oura of ,Aduarest. 	81.59 

2 
3 

,Ams. 
Reduced suns of  

after= 

39.2 
41.0 
58.7 

81.6 6706 -14.4 
804 80.9 
ate4 75,2 -26 4 

2=7' 

24.4 
20,0 

oquareu. 

26.6 
26.6 
33.2 

L.squaree. 

49.0 
49.0 
49.0 

45.3 
41,0 
400 

,ums. 
Reduced aus= of 

4 	
X 
2 
3 

1,:oducod Gums of equareo 
Sum of reduced 81 of soarer,. 

Sys 74.04 
s As 50,04 

2 
3 

24.4 
26.6 
20.6 

Criterion of parallesism 
6tandard error uf criterica 	0.00 
t 	I,639,not E;ignificant et the level of V. 

IS 77.50 Lt' -0.0222,M 004 

0 062 .250 C 1.0334 

11* 
2/w 	195.076 

aLlt 
0.0229 
0.0051 -500-80.-b74. 

• ie 0.4549 4th 95;., fiducial lialtib 0.5107 
0.3977 

. 85 	. 	 3.24 
2,50, 

146 relativ3 pot 

Abo 
	9 



Groups. ii.eplitylteLi.- Y 

Id.  • 

ms. 
Redwood ,tiume 

Reduned tsuaii of avares. 

It 
eduaed 	of 

„Amu Lt reduced 

80,0 
SL.0 
6147 

iNiAaroo. 
;AWL of squars. 

18644$ 
re4/r, 69.24 

0 
0y22 • -440 

0.0005 

• 1---/X V II 

Ratio of ,i-eumnia to the pyrethrins 	/2 I. 
Test solution dilated t.hree t:LAs relutive to ti staada 
TwiA 1V4 di 	,4nd arialykas or x'e..4iative Ottincy. 

to 
4:est. 	. 	iffereLcs. 

to4.4 	/610.4 

74.7 

SCipci 

£4.19 

107.3 
IC5.0 
Tk;7 

   

.o T.07.0 

46.6 
71,  
74,66 

no3 111.3 
304 115.7 
1144 8- 

4 

741046 
I. /IS. ik.) 	.62. 

Oriteritn or parallelicm, ItL 
lanilard error of orlterian 13.66 
$ 	a 4.10 Is I.1,4hot ri ittcnt t 	lovel of 

Log, relative otrt7 iv u 448 1th 96 tc C.5022 
0  4064 

" 2.06 	 e 3.10 
A•53. 



'AAA 41 	Ailferenees, 
110,5 -36.5 
1401,7 -C6,7 
118.6 -JL;11, 

75-,1,71 
374.4a ,05•3C) 

Group
I. 

 

14 	2, 

s 
educed 1;•tuas of 

Responses to 
, ,tanaards, 	2cat„ 

	

73,8 
	

36,9 
7=1.7 

	

74,7 
	

43,9 

SO.0 
8Q. 

73•S 
71,6 

55,1 
8.5 

41.6 

.48 

13, 
14,3 
12.8 

60

•  
94 

-50,4 

231.48 
ugioals 

TABU 

Ratio O 	to the pyrethrina :- 15,0 I. 
Test so1utiou4 diluted three times relative to the ;i;taridarda, 
Twin crws-over design and .kna1ysis of r.lative potency* 

1. 
4, 

2Irla Qf '4,1W.,re0A1 

B2,0 
59,3 
58,7 

6umei, 
edx el ;Alms of sg. 	a, 

1. 
4. 	2. 90,0 

5* 	9Q00 

Reduced :Alma of s4uares. 
LAI= 01: reduced qms of uartu:, 

An: 
t•;.* 

.,;.educed 

144.03 
138.17 

Oriteriont„or parallolian 	-0,I 
JtandArd error of cwiterion 
eparture frm parallelL,a i not 44  nt at 

.443.7 	-0X594 
Ti 
	

120,1 	0,4177 

FAJ 	 t 	r  fj 
, 	24,421•UI 	isC)::›02 

-(i.0617 
0,00;57 

Los. relative iotency is 1;4,4177 with figi fiducia 

T 
	

P. 

Unit 0,4190 
0,4118 

2,63 
4?..513, 



TABLE 6. )(1.-(11  . 

Ratio of piperonyl cyclohw4enouo to the pyrethrinz ;- 	I. 
Test solutions diluted twice relative to the standards. 
Twin Cross - over desiol and ululysis of 

Responses to 
Croups, 	ep11cato. 	tar £3. 	Test, 

50.S. 	24.4, 
PTT Z. 4.41 	 50,7 

5, 	4V .C1 	21,1 

relatiVe 

•Aims. 
75.2 
09.0 
70.1 

peteney. 

Different:lees 
-26.4 
-27,4 
7 

t3)1.3 
educed wii of wit 191.22 

21.1 61,3 83.4 40.2 
* 2, 40,4 57.4 97.8 

5. 22.5 51,V 74.7 29.1 
eams. tico 2b4.0 

1,educed s 	of sqaares. 293,68 266.41 

31,3 54.9 66.2 23.6 
3. 2. 49,0 EX.3 17,7 

5, 18,4 37.5 55.9 19.1 
jums, t212.4 15(;•4 

Reduced swms of squares. 523.5u 336.34 

1. 46.4 31. 03 79.7 
• 2, 56.8 25.1 81.9 7 

5, 54.9 I5,3 70.2 -39.6 
6uus•  -110.4 

1,zeduced sums of squares. 69.6G 257.06 
,AAM2 of reduced saris of squares. 1,078.00 10424.91 

	

62  w 	179.06 

	

a 	257.47 

Ctriterion of parallelisu - 5.0 
6tandard error of ..)riterion 	IZ.59 
Departure froa prAllelism not significant at 5 	le el of 

7.8 Mt -0.0237 
U 99,0 C.2775. 

U, 
t4,e 

9,80140 
9IL.24 

0 
aut 

it,"102C 
.0.0.02015 

0.L4141  (.0000. gdms.V6 
Log. relative poteney is 0.2775 with 95  fiducial limits 0.3746 

0..1806 

1.89 
	

2.37 
1.52. 



Tmaijs 	x.2_><CK, 

Wttio of piperonyl cyclohexenone to the pyrethriaJ :- 05 I. 
Test solutions diluted three times relative to tix standards. 
Siin Oros. 

Groups. 

over desien ard aralyois of relative potalcy, 

l'esponses 	to 
1,,eplioRt 	6tanderds. 	Test. 	Differences. 

1.  50.8 I8. 5'0.2 -52,4 
41.0 24,4 -16.6 
58.6 22.0 6u.6 

C5.6 
Reduced sums of 	wr 50.64 164,24 

25.S 5,1,4 77.2 25.0 
2, 15.3 55.1 2/,.5 

24.4 45.3 67.7 18.9 
tAlms. 2C0.6 Z9.0 

Reduced sumo of sqlowma. 239.14 25,82 

Xe 28.7 30,7 02.0 
2.  33.2 55.1 68.3 01.9 
5, 213,7 42.1 70.6 13,4 

LAW, 196.5 I/4 
Eediced CIUMB of 	3q.uarcs. 05.19 86.83 

4 
II 
2. 

45.0 
39.8 00,0 

63.4 
59.8 

426,6 
-59.8 

3.  52.5 49,0 101.5 -.03.5 
77r7 Zrfritf 

Reduced sums of squares. 
LAIM.:,  a redueeJ sums of ova 

 

1,945.51 
2 5'56 05 

675.18 
942.07 

420.0C 
157.01 

  

criterion of parallelism 	0,6) 
lAsadard error of criterion 20,62 
Peparture frovi parellelism not signifThnt 

	
5 level of 

7 -18,4. 
U 	74.0 

U2  
t2,1542/;„, 
ur2 

5,47Z.C-0 
515  

4,87A45 

mf -o,o6e7 
0.4104 
1,1'2'67 

aUt *,0.0756 
O&,13  O,005 

Log elative potency is 0.4104 with 9i 	fiduciel limits 0.5190 
0.3018 

Abs. 	 7 
	

1'0 
	

5.31 
2.00, 



TULE 4 . )- • 

Ratio of piperonyl cyclohexenone to the pyrethrins :- 0.75 : I. 
Test solutions dilated four times relative to the standards. 
Twin Cross - over design and analysis of rel-ative potency. 

Responses 	to 
-7zoups. 	neplicates. 	,tandards, 	Test. 	• Almalr 	Differences, 

I. 50,2 24.4 74.6 -25,8 
1. 2, 5:5.7 23.6 77.3 4.30.1 

3. 45,0 17.5  62.5  
Aims, 214.4 8S.4 

:;educed BUMS of squix  T17.1.0 03.30 

33,8 48.4 82.2 14.8 
2. 4.44 23.6 33.8 57,4 10.2 

3, 21.1 37.5 58.6 15.4 
qt1„ z 

Reduced suns cwf squares. 1364.54 ,72 

I. 3541 55.1 70.2 00.0 
00 2. 34,4 30.7 65,1 -03.7 

3. LC).* 53,1 55.4 14.8 
Jums. 7777 3.!3: 

Reduned sans of squaren. 106,60 151,66 

I. 58,7 374 76.2 -41.2 
56.2 14,2 7o.4 -42.0 

3, 50.8 1 .3 66.1 -35.5 
212.7 ',II8.77 

Reduced sums of scLuares. 51.38 21,17 
659,71 

 

,ums of reduced sums of uaress 243,93 
2 	, 

4 
54/W 

Oriterion of parallelism 
otendard error of criterion 

109.94 
40,65 

12.7 
10.47 

t 	I.13, not simificant at 5 , 	level of 

5(,,0 -0.1774 
83 Q.4246 

'CS! 7,191,04 C .3..0223 
t4.E2/w 156.16 CM' -0.1e14 
Uf2  ays2  0.0322 

Log. re1:4tivo ;)otency is 0,4246 with 5 	fiducial limits 6.4765 
0.3727 

2,99 
2.36, 



50.S 
41•6 
46,1 

54.9.  
66,A 
58,1 

105.7 -04.1 
108.0 -14.3 
104.2 -12 
3r7,41 

	

1.134,52 	61.58 

	

287.95 	241.04 

4 

Deuced 
JI.ams.Of 

Sums. 
sums of squares, 
reduced Str13 of swarets, 

TABU . 1-• 
Patio of piperonyl cycloheienont t the pirethrins ;- I ; 
Test solutions not diluted re1ativr.1 to?,thc standards. 

cross - over e.euion and analysis of re1:7.tive potency. 

Groups. 	Feplieatos. 
res.poles 

jtandard0  
to 

:uas, LiffereAses, 
ii 39..e C,c).7 100,5 -29.2 

1. 	2. 27.5 67.2 94..5 -39,2 
el • 4047 60.7 0S.1 

5ums. '002.4 Sla 
Fedue06 sums of square 121.14 73.50 

I. 25.1 L)5.1 
2, 	2. 

3, 
23.5 90.0

80.3 
113.6 
I0I,I 

66.4 
58.9 

3W118. c]9 ,3 
Eedueed sums ocjLare  a1.50 02.16 

1.  EM , 90.3 1I548 64.2 
2.  90.0 117.3 62.7 

18.4 00. 108.4 71.6 
Sums. 

Reduced S WA 6 of squares, 55,79 '48,79 

47:4,4; 
/w 40,17 

Criterion of pqralleIiam 	7Z.7 
6tendard error of criterion 13.927 • 
t 10771  not significunt at 5 level or 

	

1n.5 	Mt Of 680P 

	

79*1 	 M 0,6602 

6,256.81 t2 	51 4.31 
U12 oot,, 

14253 
010 EJ  0.670 
CrYt" 0.4469 

Log. e.ative potenc:i  ii 0.660L with V5 fiducial limits 0.7764 
0.5440 

Aba, 
	 n 4.58 
	

'r# 5,98 



Table 	1,11 

Ratio of piperoxiyl eyclohexenone to the pyrethrins ;- I 1* 
Teat solutions diluted three times relative to the standards, 
Twin Cross over deal6n elle; analysts of relative potency. 

Respon;Jos 
Grou, 	Replioatea. 	tandara 

60.0 
1. 	 2, 	581 

	

3. 	45.Q 
2,111113 • 

1dUced sums of squires* 

to 

33,S 
45.0 
50.8 

_uas. 
95.6 
103.1 

1.,iffc:rene 
-25.2 
-13;1 

nrr 	n 
2n.7 
3S.17 

r<ry 
.0%,000 

P44.39 

18.4 58,1 76,5 30.7 
• 21.1 61.3 62.4 40.2 

:54F 	 30.0 74.7 104.7 44.7 
763.o 

Reduced sums of sq ,Arer. 486.36 19,32 

21.T, 46.7 67.8 2.5*0 
2. 3 	35.7 71,6 IC7.3 35.9 

IF 	 21.1 

-1- edUced sums of squar05. 

71.6 92.7 50.5 TT= 
768,86 316.32 

71,6 92.7 -50.5 
51.9 28.7 8006 -23.2 

3, 	62.7 50,2 112,9 -I0•5 
286. -84,2 

educed sumz of squares, 532.58 832,72 
-.Am of reduced anm 	of squares, T ri4 5 - *99 •  ,C93.25 

507.66 
348,87 

Criterion of parallolium 
Standard error of criterift, 174.54* 
Departgre from paraAeItom i not sireflifieant 

7 42,9 NV 0.'126 
U 114.7 MI) 0.5897 

V.. 	. 13,156.09 0 1.1134 
t2p11/w 1134c,.18 0.1:354 

Ittr75.tif 0102  0.0141 

level of P* 

Log*  relative potency is O*5697 with 	fithtoial limits 0.6985 
Q.48C9 

3.69 	 5.;:x 
3.04* 



, 	i I ( 

Ratiorrn piporonyl cyclohexenone to tho pyrethrins :- 2 I, 
Test solutions diluted four tiues rotative to the stanuards* 
Twin Cross - over desi4n and analysis of relative potQncy, 

Groups. 	.1.Ze licateu. 
1. 

X 	2. 
3. 

ur 
:Zeduced sums of squa Cs  

0 	2. 

Responses 
LAandards. 
46,1 
66.4 
53.1 

33.2 
311,3 

to 
Toot. 
18.4 
23.3 
27.3 

50.2 
43.3 

,uus, 
0_4.5 

9).0 
30.4 

irforeno 
-27,7 
-52.8 
-25.3 

$31.74 

72.4 
74.5 

25.33 

06.0 
12.0 

26, 56.3 83.4 56,2 
Jump. 0.0;.44: 

Reduced rams of squares* 67,76 509.42 

0 38.6 
38.6 

59,3 
61.5 

97.0 
100.9 

Ie.? 
22,7 

3. 34.4 59.3 03.7 24.9 
;511M44, P0P.;.5 t18.3 

Reduced :mak; of 	wires* 114.44 

.4 • 53,7 23.6 77.3 -30.1 
4. 	d..4 • 55.5 21.1 76,7 -31,5 • 54.3 27.3 81,*6 -26.0 

JUus, 
Reduced sums of squixes • 22,14 56.14 
ums ofLtredtced SU215 of squares. 437.80 683,35 

4-) 
I 	72*95 

;.4 	'4 	115.9;J 

Criterion of paralleliaa 	- 17.5 
ZAandard error of oriterion 	3.539 
t 	2.049, not signiTioAnt at 5 tr level of P* 

T 21.8 LP -0.0682 
U 9602 0.5350 

90254.44 C 1.0406 
437.55 -0,0715 

U,4  Tt OM' 0.0049. 

Log, relative potency 	*535J with 95 fi ucial 1 ts 0.6045 
0.4651* 

Abs. relative potency is 3.41 with V 	fiducial limits 4,00 
2.92 



. relative potency ic 3,13 with 

M 
0 

CM'z 

£oz. relative ',495/ 171 , 

4056.10 
1417“0  

4#956.1:6 

,;• 

TALL 

Ratio of pineronyl cyclohexenone 
Teat solutions diluted four 
Twin fjrosa - over des164 

Crou21,. 	op11ct v. 

G. . 

	

the pyrethrins 	2.5 
to the standards. 

of relativa potency. 

to 

	

.1.111W. 	JAfferences. 

to 
times relativ 

und analysis 

2esponses 
andards. 
68.9 45,c 113.9 

1. 	2. 684 54.3 122.3 
40.0 52,5 101.5 

-35.I 
Lcauued sums of surN 207.73 35,is,48 

63,4 74.7 • 138.1 11.3 
* 43.0 59,3 103.2 16.4 

41.6 78.5 
uas, 

ed L,Almsofsquttres. 501.10 
6,27' 

cA•7e,..14 

1. 62.7 CD,6 128,3 02.3 
2, 68.6 5877 TP4,3 -06.9 

02.0 704 0E46 
jums, 

Reduce 	of sy„uar 
77577 
:4.40 

x 0 6 
123.08 

it 73.6 49.6 12.3.2 -24.0 
90.0 541..9 144.9 -35.i 

* 7417 25.8 100.15 -48,9 
77g76 -108.0 

i'A)duced suip of squares, t,73.76 311.22 
uls.s of reduced sills squares. Itsla.SI 14166.92 

4 302.144 
194 482 

riterion of paraliclisn 	£3.4 
•t:.anCerd error of criterion 17.30 
Departure from paraUeIlem not significant t 5 1.0701. of Po  

.01069 
0.4951 

1..1775 
-0,125V 
0,0135 

fiducial 

fidu ial  

limits 0.6309 
0.3595. 

limits 4.27 
2.29, 



TABLE 	eC....% 

Ratio of piperonyl eyclohexenone to the pyrethrin$ 1- 3 : I. 
Testnsolutions diluted four times relative to the standards. 
Twi3 Gross - over resign and analysis of relative potency. 

Groups. 	PeplicateE,, 	:tandard. 
71.6 

	

3. 	65,6 

	

5. 	45.0 
Alms, 

Peduced sums of squares. 

Test, 
35,8 
35,2 
29.5 

ums. 	Differences. 

	

T0544 	-34.8 
98.8  

	

74,3 	-15,7 

546.29 
-85.9 
268.Z35 

I. 28,0 5'4.9 82,9 609 
Z. 33,2 58.7 W1,9 14.5 
3. 31.9 46 . I 78.c/ 14.2 

,Jums, • 55.6 
Reduced suOs of sq -e f . 02,55 106.90 

33.2 5205 85,7 183 
35.7 65,6 101,5 29,9 
40,4 58,7 90,1 18,3 

UL1 56.5 
Reduced ;31k3t3.1 	aqtare .  10300v 501.59 

64.2 54,4 98.6 -29.0 
2. 59,5 3444 93,7 -14,9 

65.4 46.7 110.1 
,uf116, -61.4 

Reduced sums of squares. 141.74 128,19 
Sum of roduced SULNZ of squares, 905,56 10005.03 

150.59 
167.52 

Criterion of parallelism 	13.19 
standard error of eriteriob 7:2.49 
t 1.1131  not signficant at the 5 , leve 

Log. rel:-:tive PetelloY 

T 11.8 
• 86.4 

t2o2  
1112  

2. 

,..0.0417 
M 0.5609 

aL, 	-.Z40943 
0M1ç O •09 
alt4-  0.0018 

0.5609 with 95 

• 3.64 

r P. 

fiducial 

7,464.96 
643.53  

6,NTY.g3 

limits 0,6542 
0.4676, 

4,51 
2.94. 



)....VI

Re t i o of .pipel~ony . cyclohexenone to the py.:rot hr i us : - 4 : I .
Teat s ol ut i ns di l ut ed four t i mes relat;ive to the !:'ltanoil r d s .
j: 'in ~rOSB - over dOE:,i gn and anal~#sis of rele t i ve pot.enoy ..

"" .
3 .

sums ,
BSQuced B rna of squarcs .

"~l •

41 . 6
4I . 6
-!'43 . 5

r1m."'I
0 . 54

D:1. f:r(1r~" naes •
- 06 . 9
- 12.4
- 01 407

.:J\llj1'" •
96 .

T02 . 4
9:... . 7

291.2
9 . 7..:

9 ,.4
J.I 5 . 4
117 . 5

to

us.c
78 . 5
En .. l-

21: ..4
56 . 0
3 '7 . 5

Res ponses
..Jt en' ard .

01 .
57 .4
46 , 7

I .

Gr ou· s .
I .
I .

RepJ.i cat ,s .
I .
2 .
3 .

;J Ul.',llS •
Peduced · tuua of sg t, r s .

I .
3 . 2 .,.,...) .

~ t1ll:\s .

educ e 1 suraa of aquar-es ,

51 . 9
5I , 9
!J2 . 5

74 .7
90 . 0
74 .7

I 26 . 6
l~'l:l . g
DW . 2
0 9•.' . 1
r5'Y.I8

2 ... 8
'10 .l
22 .2

::> . 1
18 '7 . 35

7 . • 7
74 .7
80 .

4 .

lt ec1 uc ed
B s of

1 .
B.
3 .

S UIl'.S .
sums of squa r es ..
r duc ed S 1S 01.' .. qt

2
q I'"'>2 ,.
s / ....,

r a ,

I 08 .. -3
57 .'75

- 4,1 . 5
- 2 - .7
-~;,2. 5

::IYS~'7

101 . 36
"546 . 51

c r t erion of para llel i sm -~., O . 2

3 andard rror of crit r10n TO .597
t 2 . 7I~31 s i gn i f i ce nt at 5 ~~ I l ev e l of 'f .

;T 24 .
U II4 . 2

,:! .. 0 . 0040
o. Gel-

G
OH
v · r .G

r . 01:73
0 .0651
0 .0042

Log , 'al a iVA pot ,noy i s u . 66G1 \~jj.. 11 95 f i duoial 11 t s . 7068
0 . 625 "

J b s , I~ 5 .0
4 . 22 .



10,962,09 
1". 	174.08 

,1-,3117a 

T 	:10,9 
U 104.7 

U2  2,L 
Ul 

ToLL dr. -2177(.717. 

Ratio of ..dperonyl cyclohexenone to the pyrethrins 1- 5 : I. 
Test solutions diluted four times relative to the standards. 
TAn ;.,;ross 	over desioh and analysis of relative potency. 

Responses 	to 
Croups. 	:1:eplicate3. 	Aanclardo, ZumE:. Liffenc  

1. 49.0 43.2 82,2 
I. 	2, 

5. 
47.9 
65.4 

45.9 91.8 
108.4 

-04 
-18.4 

,dums. -A1.2 
Reduced oum of 	 aresm  WOW 119.00 

64, :S6,7 08.3 
2. 	2# 57,4 90.0 149.4 52.6 

)1, 1644 Cv 00 90.4 014 
AL.13, 7711.0 1775 

Leduc:ea suc4s of sqtr, 	,s 1,527,4C 1,42(;.71 

1. 63.4, 71.0 135.0 
ri 5. 

60.7 
58,7 

05,0 
71.6 

126.3 
130.4 

0. 
1: 
4,. 

Reducud sums of squares. 6G.98  

71.6 55.1 106.7 .36.5 
4i 

Alms, 

80,0 
90.0 

21,1 
58.1 

101.1 
1,23.1  
51).9 

-58.9 m- ^ -.4.4.v -pr .., 	...., 
R,duced sums of squares. 39.91 28L.34 
....mous of reduced sums et s4uares. 4134.15 1,335.21 

355.684 
505.63k. 

Criterion of parallelism 
is,tanOard error of criterio 
t 2.755 * significant Jt  

iate4 
level (a' 

#0545 
0,5477 

i.Yact„ 
ant, 
GL14 	(.1.003.3 

Loc. y-elative potency is (,5477 with 95 tiCuoi1 Units 0.6539 
.4415 

2.77, 



3,nI4.80 
717.62  

20 e197.07 
Log. rolsitiv potency 

Tiia dC. 	 

Ratio of piperonyl cyalohexenone to the pyrethrins t- 5 ; I. 
Test solutions diluted four times relative tot the standards, 
T'4.n Crow over desidn and analysis of relative potency. 

Groups. 

Reduced 

Reduced  

eplioat,ls. 
1, 
2. 

)ums, 
tlums of isquares. 

re 

sulas of sqaare.4. 

lasponses 
tanderd. 

61.0 
580 
61.3 

51.4 
47.9 
23.,5  

to 

5G.8 
68.9 
543.7 

78.5 
80.0 
74.7  

_uas. 

127,6 
120.0 
;f4t) . 
50.54 

129.9 
127. 
7 5 571 

9 
93,3 

026.44 

Diff eren.o es 
-04,5 
-10.2 

127.95 
27,1 
3C,I 
51.1  
Ifoi5 
316.99 

Ifb 
	62.7 

Si. 
AIMS, 

Reduced sums of sq"aare4, 

1. 	65.4 
57.4 
72.5 

Reduced SUMS Of squares* 
iuus of reduced Limas ot squarc, 

(i8•70 
Ef'4,0 	186.86 

criterion of parallaism - 1.1 
atandard error of criterion 24.88 
Departure from parallelism is not significant at 

12,0 
20.4 
aI.I 
-1m7s 

53.07 
-10,3 
17.3 

-16.3 
670.93 

It r2T.I7 

5 	level of 

74.7 
74,7 

55.1 
74.7 
50.2 

137.4 
129.0 
123, 
1116 
915.5a 

ritrzs 

116.5 
132.1 
128.7 

.0" 

0.2767 
0.8807 

0 	1.2875 
OY.' 0.3
0 	

558 
01 2  0.1,99i0 

• 0..8807 with. 95 	rid ••ial limit' M.1148 
O. 0466 

? 7,60 	fit 
	 13.03 

4.‘50 
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1") 
Co • 

-so 

90*C 155*8 r.4*4 
CVO 188  

42 	i 
$3500 00'06 

1, 
Li. 

3, 

Reiluccl sum of 

4,6A  
Rntio of p:vro-:#71 ,-,:;147,,o to 'VA, pyrettrins 	8 ; 1. Toot oolutiora dilutiiml four times rcantivo in the ettlrIF'-r. 
Twin ros3-over dcsim and analysis of re) ativo potarcy. 

to 

61'3 1224,6 

6344  Jalla 
345 q 
0213.1 

Resporso!-J 
Uroups, 

1. 	61*3 
1,' IL4 	 •elirs 

3. 	6250,4 

Voiluood sums of squz-Arca,.. 

Diforenooz, 
00.0 
-1301 
000 
70-4 

.47 

Reduced OUM Of  

an.o .115.z, 20•7 
71°6 11•5 11.6 
68•C 	14.1 	.11.c 

.De 	54 0 
2C3'1C; 	CA*54 

73.6 
60.0 
747 

Roducod uuls of uctlrusi 
4;um of vcod 57;:710 of squaron, 

0 	- 101*bl 
100'17 844/w 

5465 1261 
56*8 1364'9  
49'0 	L7.2q. 

9440  
1 • 50'07 

4, 

Oritorion. of parallalimm 	-13.9 
Anndard cror of 12iterion.. 13'005 

4i7s, not elgAtf.letnt a 5','; Iowa 
9'0 

-74'4 

1-g3r,036 
384,80 

utt4. 150°50 

of 13. 

0•Q64 
crozns 

160747 
0603W3 

MIX, 0-0014 

Lo 	reltivo potoy is 0%385 - 1th 95 fiduoial linit 

(0.7,:;13 
(0.5557 

Abo. ft 
	 ft 
	

" 4.3171; 
	 4 	

(5*27 
(34.59 



Gropps. 4Zeplicutc, 
1. 
• 

0 9 
"uns. 

Reduced sums of 75.0varec,is  

* 
4,3 
44 

educed 

Reduced 

/. 

3. 

of squares. 

was of sco zar 

1 	t4.1 
U 6,0.9 

1/2 	6,54-4.04 
t2Y2/14 	058.C.3 oi  
U14 	o$416.78 

4.49 	fok.13:40 
00630v 

CM' 0.04tA 
0  0 1,1928 
(=IL' 0.0014. 

‘• '•277757-(  
• • 

Ratio of piperonyl cyclehexanone to the pyrethrin 	12 : 1. 
Test solutions diluted four times relative to the standards. 
Twih Cross over flesigri and analyc,la of relative potehel. 

„Aims. 
Reduced,ias of square. 
JUU6 of reduced suns of s 

Resnonsml to 
,,tandard. Test. 

	

G8.0 	27.3 

	

54.9 	45.o 

	

48.4 	35.1  

95,3 
09.9 
055  
Evia:/ 
143.12 

110.4 
98.5 
100.9 
fa00t 
68.8'2  

143.4 
115.8 
125.5 

404.91 

404,48 
10111.j4  

Differences. 
-40.7 
-09.0 

570.32 

30.8 
28,5 
85 9 
-85-4 
14.84 

10.6 
09.6 
23.9 

--5r7r 
102.28 

-30.9 

-17.3  
-7t./ 
965.13 

1,052.54 

	

59,8 
	

7v06 

	

35,1 
	

65.4 

	

37.5 
	

05.4 

	

63.4 
	

60.0 

	

53.1 
	

Gk.7 

	

50,C 
	

74.7 

Wei 

	

65.6 	46.1 
71.6 

I85.X2 
ern 	275.42 

Criterion of parallelibm 
tan&ird error of criterion 13.61. 

Departure from pare 	not aiii1ficant a. • 	level of r. 

Log. relative potency - ,,,,,636t, with 95 
	

limits 0.7090 
0.5050 

4055 
	

5.86 
3,19. 



fAIMA 
98.5 
95,0 
115 

,251.60 

119.8 
V5,3: 
111.6 
35575 
104.41 

153.4 
99 

142.5 
134.3 
126.9 

108.33 
5,126.43 

Differen 
-28.3 
-21.2 
06.4  
251,55 

39.6 
54,9 
07.8  
152.'3 
176.58 

26.6 
32,1 
20.8  
79.13 
63.86 

-37.5 
-07,9 
-53.1  
-98.13 
11057.47. 
10549,46 

U2  , 
t2R4/w 

TABU er . 4.).( / I  

Ratio of piperonyl cyclohexenone to the pyrethrin 
Test solutions diluted four times relative to the 
Tin cross - over design and analysis of relative 

16 I. 
standards. 
potency, 

Responses 
Groups. 	Replicate 3. 	8tandard, 

65,4 
1. 	2. 	58,1 

	

3. 	60.7 
JUMAS. 

)..educed UUMS of squares. 

1. 35.1 

to 
Test. 
35.1 
6.9 
54.5 

74.7 
2.  55.1 90.0 
3.  36.9 74.7 

„Alms. 
Reduced sums of sq 

63.4 *0.0 
3. 	20 45.C. 7'7.1 

50.8 71.6 
.Ams, 

Reduced sums of squares, 

90.0 52,5 
4 71.6 62.7 

46,9 

Reduced =3, 	solares, 
Am of reduced 1:unts of squares, 

•Vti 
	520.72 

EJ2 
	

258.23 

Criterion of pe.ralaeliata - 17.4 
Aandard error of criterion 22.82. 
Departure from parallelism is not signi .nt at 5, level of 

T 19.2 
U 12.0  

0.0474 
0.6495 

0 	6.0714 
GO 0.06078 
CM"0.0024 

Log. relative potency is 0.6495 with 95 , fiducial 1iiits 0,730? 
0.56850 

S. ft 4.46 4 fl ft 5,38 
5,700 



40948 152,11 

X* 
3* 	134 

$* 
Sums* 

Bodueed ;Am of equ,-a,  

u6,x 30.8 
b6.0 	77.9 	3*0*7 
mon or) 

1:37.03 

290 

074 	..09.9 04.0 	.0014 
1. , 

X09400 	31.411 
005*C0 091,21 

T 23.2 
V 74.2 

Dig  5$7o9,25 
t2 	200 
17, 	0$,1 

140 0.0907 
c.0907. 

0 1.0439 
at' 0,000 
MAW- 0.0005 

TAUS 6.• 	. 

Untie of D•U.J, activator to the pyrethrlow $* / $ /0  
Test solutions not diluted relative to the standards* 
TJin Crodamovor (,(1E,V7n 	anal:rsic of :.'elative potency. 

Responses to 
•trIndard* 	Test. 	;,uras. Differences* 

73.2 1.14.6 
59.4  

28.7 	66.2 	0009 37,5 
2505 	40.4 	06.2 

	

3 4 	
14.4 

45.0  2 

10548 

Group. Replicato*  
1. 

I. 	3. 
3. 

La4tA4 	41.1c110 of 3( U  

I. 
2* 	2*  

3* 
oume* 

Reduced swill of e 

430 	29.3 
4/*0 

 
18.4 

59 r z. 

I. 

L. 17,i,L; e7 
4. 4.0 • 	33.2 	31.0 

43.9 

Reduced out= ofstuure *  
atm of dneed Mils of squar 

32/w /114.0i 
./u 05,19 

Criterion of parallelism .2.9 
4tandard error of ,7x.iterion 10.710*  
Departure vrom p:ralleliam in not 	ic rtt a, 5 level 

:30.I 

Lec rclative p in o.00es7 with 95,', fiat 

n lo20 V 

a 
17 

04030 
0.0304 
1,40 
I*07. 



64,4.3 
0/.7 

c;,92 

79,6 
50.3 

69.2 
80.1 

S 
0  90 

60,3 
05.4 
56 

27.42 
767•70 

02.4 
19,7 

310.08 

32.04 
28.1 

9 

19,64 

-18.1 
-10.8 

14)) •4, 
07.17 
465,20 

TAfferenceu. 
4.17.7 

78.31 

!in.LLIZ er. ),>: ILI  . 

Ratio of Doldoos activator to th pyrothrin0.0 : T. 
Test solutiont not dilated relative to the aiandards, 
Twin Grow ...over de .1.x) and emalyviLl of ',,AatIve fmttmey, 

Responsea 	to 
Group. 	:eplicate. Aandard. 	Teat. 

1. 4601 	18,4 
X. 	2. 	45,3 	1804 

4 	3. 
awls. 

41.0 	25.1
reu. Reduced 4;uma of ,vritv 

41,0 30.6 
2.  18.4 36.1 

15.3 33.3 

Reduce ',1urin of 4;quarefi;. 

10.4 60.0 
:60  20  30.0 60.1 

3*  29.3 66.2 
Jump, 

Reduce'', sums of evert:ea 

39.2 2101 
040 38.1 27.3 
3.  39.8 18.4 

-1=00  
ms of 

	

TZoduced 	squares. 
Awe 	educed of 	same of squareu. 

v 127.92 
77.51 

Criterion of paralleliaa 	-27 
Jtandard error of criterion II 

,..a 
r 

.2 
.30 

t 	2.4(27, 	Acnificant at the 	lowl of P. 

T 	01.4 	MI 	0.0052 
U 	80.6 	414 	0.0062 

112  G0496036 0 	1,0400 
t2  
Tp2 

497 75 GM, 	0.0054 
C2$2 	0/0000 op 

Loci, Oat 0,0052 A.th 95 	fiduciai 0.071X 
7.9393 

;:tbG ?,1 1.01 1.18 
0.67. 



the lova 

Iv 246.611 
0,140,11 

°Attila= of parellottuA 	12.2 
atisdard orror of ortterion 1544c,  
Darulinto from pazslaweliori neil oirAinorint 

Log rts182 

At* 

a T,OI8.4th 	taducial 11se 

g. :Ls v  

Ratio of D.H.S. activator to the 	Wino s 104 s 7.• 
Toot solut1=43 not ttl.;01totz XttV to the othssf:lardc:,. 
'NU Crood.(ivor decp. Aul. too/pato of relative pntionosf 

tiepliowt 
I. 
2.  
3.  

citric) at to 

60 

32.1 
4,Z 0041 
4$01 5144 
4frela ,t4 

10 
:44 
3# 

1.313 • 
&AM 	tititliOX00. 

.985.7 
4474 20  

3. 
za-so. 

:11136 of  
roduced Loant; of 	IL466• 

I. 
2* 
3. 

=a. 
vum o2 acioureu. 

C143.0 
41.0 

#4, 

54.0 
55.2 

556.78 

104 

afloreno 

.36.9 

23.8 
f)r. 

7,7 

C 
cut 

1, .10.8 
tj 12040 

us 
U,  tm.  



37,5 C4,1 
41,0 600(,; 
56,9 0' 

26,6 
2414 
E4.4 

Reduced 

Reduced 

10.0 

	

2, 
	0000 

3. 

trIZ • 

	

;I) Uri.0 f 	3,11C reai, 

23,3 
4/.0 
7 

45.2 
41.0 

T 48.5a 
U 060? 

U21, 	7•516•09 
eriv./ 66 
Vt/ 

'cog. zoltivo petenor io TO4V1 ulth 	fiduolca 

v34. 	* 0007 

Lti .2,0367 
1,8459 

I' 	1.09 
0.70. 

45. 	irj.  

Ratio ors p; 	4ctivator to the pyretbrine s. 15,C: :1, 
Test solutlow not &iluted relative to the standardo„ 
Twin =ono...over de6ion and analyble of Telative poten 

Oroupoi, -Aeplieateo, 

:Qeditoed .:Ames of equtl.r 

I. 
80  
3. 

„Aims, 
num of  

Heaponzeo to 
Aandardu. Toot, jUMO 
00.3 	1004 7707 
41,0 15. 0603 
;JI03 	10,0 

• 

Differenceo• 
.4619 
.L5•7 

310  

Re4mood ammo of cquares. 
i;,uma of roduce. ::,umxts, of squares* 

/20,511 
alw rola. 

Criterion of paralicliaa .4102 
Amsdard -crror of critorionI10540 
Departure from parTileliola le not ai 

21.1 
2907 
33.0 00.0 

Of P 

MS 	SIL,0667 
'0 	1004I3 

C 	1,0966 
0,-.J 	*,0,0644 
uLt14. 	o.00ss. 
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