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now CON'rACT INSE(XrrCIDES KILL. 

III. Helating evidence, further, of certain properties of carbon disul­
phirle, gasolinc, and a few other fiui(ls, as well as tcmperature and some 
dry powdered contact insecticides, by mcans of which the insecticidal 
action of thesc agents is accomplished after theil' absorption into the 
insect tissues, or after merc application ;- also brief suggestions for 
possible practice, by nrorge D. Rhafer. 

INTRODUCTORY STATEMENTS. 

(a) FOR1\mR EVIDENCE. 

Til a ronnel' paper on lIte subject, "How Contact Insectichles KiU-:':-," 
it has been shown that many gase01l:'l or volatile contact insecticides 
mainly become erredire after being taken up by the insect tissues. 
Certain color tesis and act11:11 YOhmlr llle<lsurrments demonstrated that 
gaseous imlecticides, (. ncll ;1~' ] I~~, HCN an(1 ~II, ) and the vapor of 
carbon disulphi(lr, as ,yell a~ ihat i'l'OIll lllany yolatile oils (e. g. kerosene, 
gasoline, benzine, tm'pen tine) al'C absorbed by the tissues of insects. Much 
evidence was poin ie(l 011t which indicated ibat vapors of ga:soline, carbon 
disnlphide and i he ]j ke, after absorp1 ion , accomplish their effect upon 
insec l-s through some tendency tIleh' presence exerts to prevent oxygen 
assimilation in thc tissues. 

If the vapors 01' the insecticides mentioned (10 interfere with oxygen 
assimilation, upon what do they act in the tissues to bring about thnt 
condition? 

At the time i hr 1'01'mrr bulleiin was w]'iHcn notlJing had been done 
111)()n this latl(,1' phase of the prohlrm. It is with facts that seem to re­
late to this phase of 111 e question i llat the prC'::-;en t Imlletin has to do. 
Careful examination was made of the orgam; of tl'C'ated insects and many 
histological SilHlifR were made. \Vhen an hu.;ecticide, ~mc1t as gasoline, 
was present in abundance, it ,vas found that after several hours the 
fally tissues went more or less into Rolution. InRecls were cl'1lShed and 
an attempt Y\Tas llla(le to (letect cl langes which carbon disulpllide, kero­
seTIC', gasoljne and the 1 ike might have 11pon the tissue-pulp. It wm; 
easy here also to notice the solvent action of gasoline, kcrosene and carbon 
disulphide upon ihc fats and fat-like suhslanres in the pulp. The action 
of cm'bon disulphi<lc upon protein in tIle pulp could also be seen. The 
concentrated vapor of cm'bon disuJphide would, in time, coaguJate and 
whiten cer1ain p1'otrin~. Egg-albume1l readily shows this action of car­
bon disu IVh illc vapOl', afLel' a few 110111'S confmement wi th air satu1'(ltcd 
at about GS o to 70 ° F. wiill that vapOl~. Studied in thj~ way, however, 
using only such amounts of the agents in <]uestion as were necessary to 
kill insects, there was no visible effect on the tiRsue Pl11p whi.ch might 
be held as a sufficient cause for rapid death. 

*Parts I and II, Tech. Bulletin No. 11, Mich. Agr. College Exp. Station. 
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J .. :;; already pointed ou t, 11o\ye\'cr, a l"isc iu[ lJ e l'el-;pi rat 01 '.'" nit io (lUl 'in~ 
tIle time insec [s W('1'C d yi 11 g, alfm'dcd [he s tronges t c\' i d Cll C(' 0 I' (11\ j n It i 1 ri­
tion of oxygen al-;Silllilalioll. Jt wm; dccided , thereJore, io <1de1'1111n (' i he 
r espirator} (>xcllallge oJ fl" (' :-;li i nS(lc:[- i is~m c vnlp and to Ree w11 e lll el' ill i:-; 
exchange becam e illlhl e11ced 11," gas()linc, for exampl e, in th e f:i mne ma ll ­
nCl' a s had a11- (> <1d." })(l(' Ll fm lJl(l 1' 0 1' il1 R('Ct s ille1ll selves , 'l'hat the pulp 
does have a llec i\1e <l 1'(':-;p il ';l! ()J'Y ('xc ll ;m g(', ;11\(1 i ]1(\[- tllis 1S inftuenced by 
gaso1jne ya1)() J' i ll t ll(' 1-;;1 Il l( ' lll,\Il 11 (' I' :I I-; the la Uel' iuflll el1 CCS t he r espi1'a ­
tion of' iu:-;eci:-; ]II(I.\' b(' RPcn by ('olllpm'ill g i able 1-. \ with table V of 
par t I, Tech , Hull. No. 11, 

TABLE I. 

A. 

of P aI3Sa / U8 COTlwlus. l )(' ri od , 

_
__ E_~x_.t_n_lc_t _11_11_1 P_ O_f_t_iK_' '_UE'_S __ I __ 'l_'I_e_a L_ll_le_D_t._I_T_eI_n_p_eI_a_tl_II_e._1 __ I_1_eS_'Pi fat o ry 

5 c. c. ,.1 Gasoli ne ..... . I (j 111'';. 

f) c . c. same sam])IE' . . ·~· ·· I~ne .... ... . NaIl IC . . . . .... 1 Ra,Jtl l' . 

5 c. C .•.... , . (:asoliIlP ... 24 .2° C ... 7 ~ hI'S 

5 c. c . Ran1€' S<LllIp le ~ oll e . . ~alll (\ .. Ralll e ... 

,,) C . C . Ga~ol i n c.,.... 2.') .,1° C . IG ~ 1m·;, 

5 c . c . sam e ~rL l n jJ ]P . None . . 8'LIll C .. 

------------- --- ----------_ .. _---

Extrac t pulp o f ti ssu eR 
of ]> (1 88 0111 8 ('o·,nnl u 8. 

5 bee Lles ( Ulli llj u rpd ~. 

Sallie 5 b eet l ee; .. 

5 beetles _ . .. . ... . . 

5 b eetles . .. . .. . 

None ... . 

Ope ll P(l and 

B . 

d igpsLi ve t raels 
l'PlI1o v cd . 

20 .Ro G . . . ... 1 

21° C . .... . . 1 

Rall l('~ ..•. 

H.r~ pi r;11 Ill',\' 

Jl l ' ri od . 

1 JI r .. 

] 111' . 

Ik iiI'S 

(j ii I's .. 

2 . I 

('O ~ 

o ~ 

- = ] .7 
1 . 2 
2 . k 

o.\) 

(l . tI 
0 .5 

L. O 

:1. 1 

= O. R2 

= 2 . 2 

= 0 . 5 

- = 2.:3 
1 . :3 
' \ 
- = 0 .8 
.') 

:L~ 
-- = 0 . 71 
1 .4D 

I 0 89 
-- = J . 1 
O.R 

(i.4 
- = O. Rl .. . ' ) 

~ . 7 
- = o . !) 

2 n 

Ga~: o] i lt (' " -(1 :-; ~wl<.'c:i ed for makin g ntis teNt 1>(, CalI8 (> oC all the volaiile 
illsect jci(i es elll pl oyed, i t pCJ'mitted of thc most accurate volull1etd c dt'­
terminat ioll :-; o f i t:-; o ",n \, ;1])01', :md 0(' tll (' oxygen, carbon dioxide a 1)(1 
nitrogen 1)1 '('1-' ('11 1 a t []IP hegillllillg alld a( the end of ·thc i eFlt. Th e ap­
pal'atus an d til P Jll l'l l)()(l (' mJ>l oYl' ~ l ['O !' lll ~ lkili g ill c ga:-; dderminatiol1 R ]1<1 1-; 
hecn desnibed jll J)m·t- 1 of th e JOI'11H'I ' 1I1I1I e lin, 'fhe i1lsect-ii :-ss lH' p ILip 
was contained jll a Rma ll, f-ltc l'il e, ope1l ghl:-;S st ender dish which fioate(l 
OIl t he lIlel'CU1 'Y in th e l'eNph'ation cont ai nel'. The pulp, 01' crudc tissu e-

HOW CON 

extrart , "'<II-; ]ll'cpan'(l :U~ f( 
wi th :Ibl-;oln/e clleo1101 :Ind :1 

W:lk lllOl-;tly mwd, t 11(' wing" 
the djg('~djyc l1 ' ;IC'is \H)H ' ('i 

1'('111:1 indcl' of 1 Ir (' i iSI-;1l('s­
(':lllle t hOl'Ollghl,r ('gl'()lllld 11' 

It wjll be 110[jced tll;lt 
PXll':ld of jllRed i iSN1l(lN' ])1 '( 
(';II-;C 1'01' lle;lltlty, 111linjm'(>d 
1'1111 , 11sing jl1sed lH)(lics 1'J 
JIlO\' ('(l. '1'11 C 1';1 t io 0 f C<ll'lJ( 
ill ihis casp, also , a littl e hif 
heetlrs. (R('e n, i~lbk n, 
cxicl'lwl llIuiilation, 01' till 

lto\\,('\,el' , g'a\'c a l'a/in for 
llP:l1t hy n01'1)1al b('c lles. HI 
N:.1l111'ill cd with ga~10 1 in e \':1 
Nc ln'N', wit It i hc ti~l-;lle -pl1Ip 
c:.msed a dec ide ll }'is('in tI 
Name jn:-lectR, iiR~m e plilp, 0 
i [' \\'11 a t CH'l' hod i CI-; w('I'e 1)1'( 
r;llT,Y i'onnll'd t he l'e~pira 
i1l(, III :-;<.>1\'('1-; as " n 'spil'atOl'Y 
(It lcmd, ill th e in :-; (-'c:[ 1issll 
\\ 'h('l'(' (he effects or lIl e i]lf.\( 

(b) OX1DANIDS} ('A 'l' .\L;\'kl~ 

Ln the ]mlp ~1Il(1 jll the 
\'edcbl'crt e and 01 her ;mim: 
dE'f4(']'ibcd enz,Ymcs\"hi clt a 
Jll'ocesscs in the ]>111p 01' ex 
th e oxidat ion of cl'J ·tain otl] 
i ,\'1'osi]1(' , etc" ",li en 1li('ke 
enzymeS' lI::we recl'iYed 1 be 
pose he1'e to giYe a di~ Cllssi 
Riblc functions jn the ]iring 
enzyme-like bodi es ; Imt a 
of tIle eXlletillJents wlli clt fo 
ba\'e been obtained jn a kl 
been lem'neu of t]l(~ i]' l)l'OVCl 
so tlwt they have gellel' ~ll1 .r 
or bodics upon \\'ltich they 
]I,n1:1sPN, phenola FlcR, or lac( 
Hot a1"'ays in pulp or ii~S ll ' 
fOll11(l peroxidases, cat:11nRc 
oxidases of tisslle ex LJ';l('I :-; 
;lll' substan ces whj('11 ([('tin­
gt'll ])Cl'oxide to ('h:llJg'(' ill s' 
fplTcd 10 gW1lac, (,;llI:-;illg' ()) 
idases He1Te :1S ac:linl10l ':-; I 

hee oxygen from the pel'oxi 
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C'xtl'<lrl, \\ ' a~ prppal'p(l:1~ r()]J()W~: 'rll(~ illr.;;('("I~ W('l'n I1lol'(JlIgl11y cleaned 
wi/ II :ll)l-lohd e :11('01101 :mel a clo/ II. In 111(' ('nl-le or J)(( 88({7118 (J01'l/n! liS, which 
"':II-l 1Il0~tl.r 1I1-l('d, t hp wing-eo\'('n.: :lIJd \\ ' illgS WPJ'P Jil'r.;;t l'elllOYe(1. 'rlten 
Ill c digcl-lli\'P iracls w en' c:ll'c>I'nlly ]'(\ lllO\'cd cni ir(', ~llld discan1ed, 'rhe 
I'elll;l indel' of I he i iSl-ln cs- blo()(l, 1':1 I, l1111scleS, 11('l ' \ ' OUS i iSl-lne, ('(C.- he­

('aUle Ihoronghly "gl'011lH1np" ill a lllOI 'I :ll' wi(h a liiile tli stil led water. 
11- " 'ill bp lloliced ih:t( 111(' l'c:-;pil'alOl'Y J·;t (io o f' (hc 1mlp or wa(PI' 

(lXtl':ld of jllscd iissnE'f.;' 1)l'O\'('d 10 he l,:tlll('l' Ili gll e L', oftrn, ih an was t JI C 
c:l~e i'Ol' 1ll';ll I hy, llllinj11l'('d 1>eell('~. ...\ I'ew l'('~pil'aiioll expel'j lll en ts wcre 
1'1111 , w;;ing' ill ~ect 1>oclic:-; hom wlliell Ihr (lig(':-;li\'e i1'<1cts kId bcen re­
JIlOYC·{l. 'rIle l'atio of ral'1)()]1 (lioxid e gi\,(\ll off (0 oxygen taken llP was 
]n this ca:-;c, a 1:-;0 , a Ii( t Ie II igllel' llSlWlly i1wn I It(' nliio for nOl'mal healthy 
heetlrR. (Ree H, i:lble I), ~Iecll<lllic;l1 illjlll',)' , illl 'ollgh Cl'11slLing witltoni. 
extel'lwl llllliil;ltioll, 01' ihl'CHlglt pithing the heeUcs with allOt need]e, 
lto,Ye\'el', g~wc a ]'al io fOl' ilJe l'c~pin1tOl''y cxchangc ]owcr iban ilwt of 
heal i h'y 110l'mal bectles. B11 t lIS has alrcady })(,<.'11 ]lointcl1 out, when ail' 
:-;a t11ra ted with ga~lOljne vapQl' was 11 sc(l ei I h el' wil It the insecls them­
Re]Yc's, wiill i11e tis~'me-p111p 01' with the c nHl e watpl' cxlrad, it rcg11larly 
nlllsed a drcide ll ]'isc in Lhe respiratory ]';11 io above t h at g iven by t ll C 
same in sec lR, ii~Rlle ]l111p, or ctude ex h'acL '1'l11lS it hcgalJ 10 apP(':tl' al-l 
if Wll:ll c \' (,l' bod ies "'Cl'C ]l] 'esclJt ill ihe liyin f!,' ill:-;(,(, I ii:-;:-;ll(,:-; 10 ~dad: and 
r:11']',)' J'Ol ' ''' ;\l'd i ht' ]'c:-;pi)'atol'Y J)I'o('e:-;s- III(':-;(' W(' I'(' ahk 10 lllail1taill 
(11(>111:-;('1\ ' ('1-1 : 11-1 "]'(':-;pil'alol',V hodi(':-;" (",illl lililil ed :Icii\' ily ) rOt, :t (illl<.', 
:It 1(,; 1:-;1 , ill Ihe in:-;('(' I li:-;:-;\Ie pilIp :tlld ill 111( ' ('1'\1(1(' vx!l';1d or the pulp, 
" '11('1'(' /ll (, ('/r('cI~ or iht' in:-;('('jiti(lvN ill qlll'~li()1l llligh( :-;(i ll 11(' :-;( rl(l icd. 

( II ) OXLDA:-;gR, CATALA:-; ll;S Al\ j) ItEDl' ("['.\:-;gs 1 N A~ 1.\1 ALS AND 1'L,\N'J'f-;. 

In (h e pulp an(l in tllC w aicl' cxt ract or ",Il'lOW:; iisR11eS' ()f llJallY 
ycrtcbl':1te an(l oill l' l' anill1;ll s and in many plant tissues, W01'kel'8 11ave 
desc]'ibcd em~ylJl es which al'e ahlc not only 10 can,)' i'm'ward ox idation 
proccsRes in t h e pnlp or extract itself, but al so to iniliaie 01' accel el'a(-c 
"/118 oxidation of cCl'tain oth er bodies; snell a:-; gmll gll:liac, 11)'(ho{]llillOnC, 
t,)'l'oRille, eic., ,vhen tlle~e are :ldde(l ill ~ohtl ion to Ihc ('xlract-, ~11 C] 1 

enzymes' It;l\'C received thc gencl'al nallle or oxid~lscs. rt i~ nol the pur­
pose h el'e to glye a diRCllSR10U of oxi(l<t:-;ie l'llr-ymcs, iheir kinds aud pOR­
sible fUllctions in the ]irill g tissl1eR in cOlllwd ion \\ ' ilh oi li er enzymes 01' 

enzyme-like bo(lie:-;; bnt a i:'1101 ' l :-;h.tlelllent \\'ill llIak{' clear ihe import 
of the exped m elli:-; Wllich 1'o1]ow in IlliR COlll l('clio]). ~olle 01' Uw oxidases' 
have been obtained in a kl1()Wll l)1l]'e and isul<ltcd 1'01'111, yet much has 
ueen leal'neu of tlleh' IH'olH'l'ties, a nd of tllCil' 1I1 0l'e 01' less Rpecific action, 
so tlwt t11ey IwYe generall y l'ecciYed nawl's accoH1illg to t hc kind of body 
or hodi es upon "which tIle,)' have been fOllllc1 io act- as alcoh ol ases, alde­
llydases, pll (lnola ~es, or laccasP,I ,no~: il1(\Re, ele, ARRociated genel'al1y, if 
Hot a hyays iu P111p or tiRsue-ex( I'ad ,,' j( h oxi dnseR, v:nious 'vol'l~ers lla \'(. 
found peroxidases, catal a~e.', and 1'e<111cl a sp (01' re(lll ctases), 1'hc pel'­
oxidases of t jssuc eXL-nl(,I 1-1 (wIl en i hey clem'1.\' :-; lIow them~:elv('s 1)l'C'sent) 
:l l' e s ubstanCPR whl ell :\('/ h ';\l e pt'l'Ox i(h,:-;--fo\' PX;I111pl e tJH''y ('an 1-1(' lIy(h()­
gen pcroxide io cll:lllge ill :-;11('11 ;1 way I it ;li ilH ()Xygt-'ll m:1 Y ])(·C<.IIIl(' inlllR­
rerred "10 gnaiac, (,:'l1I~ing ()xi(laiioll of' Ille 1;11(('1' II) gll;li:l(' bIlle, Pel'ox­
idases SelTe:lS He livai-OJ ':-; 1I1e]'el,v; ilt e,r do not C:.llll-le the libentiion or 
free oxygen from the peroxides, Indecd an oxi<lasc is now looked upon 
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hy most workerS' in Ud:-; field a~ :1n Ol'ganic pel'oxhle, ur :111 oxygenaRP, 
(i. e. a substance capahle of Ijuickly forming an organic pel'oxide hy 
uniting with oxygen frPIll air) working ,\"ith :1 peroxidase. Tlt~ ]alpha 
:1nd beta (':1 i"alaR('r-:, :1:-; (leJllonst raterl by Locw, arc en7jyme~ WhlC 1 are 
r;II):11,](' or bl'e:lkillg dm\"ll I[~(}~ into 1I1()le('11l;11' oxyge1l and water, the 
oxygen coming off ill 1)111>bl<>::.:, 1i'in:111y, tisSl1C pulp from plants ~nd 
from animalR has brrll fOllll<1 to ll0:-;se:-;:-; :1 more 01' less strong reducmg 
power. ThiR power lIas h(,(,11 grl1('nllly :11 h 'ibnted to reducin~ enzymes 
ralled l'<>duC't:1Res. Knowledge of ill(~ fml('I-ions :111 d propertIes of the 
('Jl7j)'lll(,R mentioned aboye is, as yrt, yell'.\' incomplete. Satisfactory proof 
h:1S' Hot been obtained in some ca:-;es, and i here are those who heljeve thai" 
reductases and caialaseR are not cnzymes at :111 , As experiments and 
observatiollR accnmulate, however, there seems to he a growing number, 
among thoRe actively engaged in invest igation of the subject, who ?e­
lieve that in the oxid nses catal aRes, and ]'C'dllCi :lfWS' we have to do WIth 
a part, at h>ast, of the ;nachinery which acc011lJ) ljshes oxidations ann 
respiration in the pl'oi"opla::.:m or living celJs. ..\ lexi:" !3.ach, fOl' examp'le, 
has gone so 1'<11' (ill Hl1:1) .;.;., in a diRcuR:-;ion n.r- oXHhsmg and reduc.mg 
enzymes, as i () rX1H'e:;;:-; 11 i~ b<:'l icf ill theil' role III I he process of respIra­
tion rather d('finit('l:.'. E, F. Al'llIstrollg in I lie ".10111'11. of the Ohem. 
Soc. 104, Pm'l r. p. G:l::~, <lln·;(]'(lcIH Bach'H conclu:",ions as follo:vs: . 

"(1) In o1'(le1' to ntilize the oxygen or the mr to effect ?xld~tlOn, ~he 
cell produces an en7j:yme (an oxygen a::.:e) - a subf;tance wInch ]s readlly 
oxidized fixing JllOlCClll:1r ox,)'grn to fOl'Jll a peroxide. (2) A second 
enzyme '(t.IJe l;cl·ox.rdase) accelerates the oxidizing action of the perox­
ide actinO' on them ill the sallie wa'y as ferrouS' slllphate does toward 
H Zo'2' (3) l'he ])eroxides m'e readily tranf;fo]'me~ hy hydrol~sis i.nto 
H?O.., which is also fonned as a primm'y product durlllg hydrolytic oXlda­
tion.- Owing to its rapid rate of difl'usion, this accumulation of HzO z 
might damage the cell protoplasm, To guard against this, t11.e cell PtI~O­
duces an enzyme-catalase, which rapidly decomposes R:!O:!. III i"o wa er 
and inert 0.,. Catala~:e thuS' acts as a regulator of the l ' r~pll'atory pro­
cess. (4) -'ro eITect llydrolytic oxidation, an enzyme-pel'll'ydridase-is 
present which accelerates both oxidation and reduc~ion .i:1st as do the 
metal, ' of the platinlllll groul>. '.I'l1e reductase consIsts of tll~ enz~me, 
water and an oxidi:-;ahle substance which fixes the oxygen derIved from 
tIlC water Iemrjlw the lrnhog'<'11 1\ce 1 () er-fect reducUon." 

In vim~ of tI~e impol't;:lll\:e \\'11 ich physiologists begin to attach to 
oxidizing aJld reducing hodieR' in tiRslle exteacis of animal:;; ~ll1d p~a?ts, 
and because of the infJuence Wllicll cel'tain of the contact lllsecticlC1rs 
are now known to have upon the I'cspiratoI'Y exchange or insects, it seemed 
worth while to investigate th('::.:e bodies in insect i iSfme extract and to 
study the efrect of gasoline, carbon dif:iUlphide, an<l some other contact 
i Ilsecticides upon the activity of those found to be present. 

(c) OXIDIZING AND nEJ)PCIN<J nODIES IN INSECT '.rrss rJE PULP OR EXTRACT. 

The method used in pl'epadn~ jnsect ijsue pulp for study has already 
IJern described. In prepar'ing the cl'1Hle exiract t he pulp wa~ gr01111d 
up with a small amount of steI'ile distilled watel~-us~ally about twelve 
to fifteen cubic centimeters to five or six adult speCImens of PassaJus 

* (Arcb. Sci. pbys. nat., 1013, vol. 35, 240-262). 
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If to abollt 1 c. c, of the crll 
solution of alcoholic gllaia( 
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began to tUI'n reddi sh brow 
appeUl'ed ve),y dal'k bl'o\yn 
odor of quinone, Yel'DOn'f 
turet was tr'ied, and this, t 
indophenol. Fina]]y, the 
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cornutus. Then the extract was pressed 011 t thl'ongh Swiss muslin. The 
nude extract obtained in this wny was whitish or cl'eamy in appearance, 
at first, due to fat and very tiny pm·ticles of ·tjssue which came 
through the nll1Rlin. vVhen this extract waS' filtered through 
heavy filten.; Un(lel' i wenty to 1 wenty-five pounds pressure, a clear or 
HlighiJy st]'U \V-c010l"ed. fi.ltl·a le was obtaineu, and (on the filter) a con­
:-; id.eraule residue. vVhen ei lhcl" i he Cl'lHle extnlct or ihe filtrate was 
allowed. 10 slaw1 i'()]" a iinw, 111<" l-i1ld';H"(~ jn ('onta<..:i withlhe air tm'ncd 
dark whilc tbc d.eepel' pads 01' I It(' l1u id remained as at first for hours­
for m01'e than a day if kept cool or il"eah:d with a little of s'ome weak 
antiseptk like chlol'ofOl'll1 , sodium flnol'idc solution, toluol or ether. 
Whenever w01'k with lhe eXlI'act exlclHled over several hours, some such 
antiseptic ,,,as used provided ihe natln'e of ihe expel'imcnt ,vould. permit. 
If to about 1 c. c. of the crud.e exb'act a few (~ io 5) drops of a saturated 
solution of alcoholk guaiac WCl'e added, llle milky mixture would begin 
to show a tinge of blue within one or two 11) tnutes, and would gradually 
develop a beautiful deep blue coloration. , ;\Then about 1 c. c. of a stand­
ard hydl'oquinone s01uii011":-:- W<lS added to 3 c. c. of the extract, it slowly 
began to hn'n redd.ish urown; and after several hourS', the entire mixture 
appeared vel'y dark lJrown 01' peI'haps almost black, giving off a decided 
odor of quinone. VC1'llOn'l-i allllla-naphtllol pm'aphenylenc-diamine mix­
illl'e-r was h'ied, <llld (]Ii~, 1 h(' ('J'll(le exll'ael l'aFi(lly oxidiz('(l to l lle ulue 
iudopbenoL Ii~illaJ].r , ille c'xltad W<18 able to slowly oxiLlize tyrosine 
(Merck) unlil after a few 1Iom's one obtained a lwavy black 01' melanic 
pigment. It was interesting to (hop a small pinch of tyrosine crystals 
into a littl e exhact from P. (;())'}mtu8 tissue, and then watch the black 
coloration dcvelop about it. 'l'he exll'act cleal'ly possessed oxi<lasic prop­
edies. Moreover, tile JiJtl'ate alld the waRllCd retlidue left from filtering 
the crude extract under pl'es~nl)'e gave ihe I'cactions showing the presence 
of oxidasc8. That is, oxidases so]uule in ,vater and insoluule in water 
were present. Likewi:-:e two calalases, one solulJle in water and going 
with the filtrate, the other insoluble in water and remaining in the 
washed residue, wme 1'onndlo ue ])l'esent as firf.lt def;O'ilJed hy Loew:!: in 
ibe touacco plant, and both wete VCl 'Y actiye in 1 ibCl'ating bubbles of 
oxygen frolll lIychogen peroxide. 
~ome of the her-Ill exLl'art "'hich bad jll~l- (lal'1-:ellcd was confined in 

tbe abseuce of oxygen, and it beC:111le ulpidly changed. uack to the appear­
ance it had befol'e it had clal'keued. If a few dl'OPS of a metllylene blue 
solution WC1'e added io some of tile exl1'act aud iben the lattCl' were con­
fined hom (l IC oxygen of the ni l', the lJlue colO1' became entirely reduced. 
Heducillg hodic~, t hel'cfOl'e, seemed to he ]Jl'csen t; and besides, the I'e­
dudiou of lllel llylclIe hlue took. place whcihcr it was <.:onnlle<l with lhe 
filtl'ate oJ the ooude exll'act or wilh t he washed ]'esi(\ue. TJlllH,oxidases, 
cui-alases, and l'educiug uodies wel'C all found to exist ill t he pulp and. ill 
the cI'ude water cxi l'<:ld of 1>. c()}'nlltt~s jn l \VO fonlls, one ueing solu hlc 
and the olllel' illsohlble ill ",aiel'. It ihel'efore secmed desirau]e to make 

*This staml,lrcl solut ioll \\,:I N 1Il~1l1(' up by dhsolvillg 1.1 gl'ams of hy<lroqninon c in 100 c. c. 
of <listillea watcr. 

m 
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10 EXPERIMENT ST..:\. TION BULLETIN, 

n flll'lher stu(ly of thCRC oxyc1ns ic an(ll'educlng bodies of P . co)'nutus and 
to detel'minc tbe e lrcd of Romc of t he contact ill seci icides upon their 
activity, now, for exmnp]c, would gasoline yapor or t Ile vapor of car­
hon dislll]dli<le aired tIle l';l/(' at which t he cI'uclc water extract could 
oxi<li7.c a f.:OhlLiolJ of hy(hoquilloue? 'Vhen pl 'Cl-lent in concentrateu 
~1I110unt~', 1lle )'ntc aL Wlli(']1 oxygell W:1S ab~:m'bcu hy insects and by crude 
lIlRCCt t]R~\I('-t'xtJ ' :1d 'I\':l~ ]owt'l'p(l II,\' lll('~(' ill~edicjdcs, 'Vou}d they re­
(lucc ~lJ c l',-lIp :1t w]li('hlhe oxyd:\~(' :-; ill 111(' ('x/1';l('1 ('ansed gllaiac or by ­
dl'OqlJlll OIW 10 be('ollle oxic1izc(l? 

THE EFFECT OF GASOLINE A l D SOME OTHER CONTACT INSECTICIDES 
UPON THE OXIDASE, CATALASE, AND REDUCTASE ACTIVITY 

IN EXTRACTS OF THE TISSUES OF p, CORNUTUS, 

(a) EFFEC'l' UJ>OX OXID),-SI C AC'L'I\TrL 

It haR' been pointe(l 011t ihat: bOUl Ro lllbl(' and illRo]nblc oxi<1a~es were 
f01md to be pl'CRent in Ihc exlrac'loE jJ, (,{)),/Ilflus, 'l'he iw.;ol11hle oXl(lase 
(oxydolle":') l'ema inc(l]n 11le lllixe(l ]'c~i(hl(' on 1he lH'ess111'c iiliel' afler 
fillp] ' ing lll(' tl'lHle CXll':l('i , whil(' lll(' ~olllble fOl'I11 \\'(>lIt illl'ongll in the 
ckal' 0\' si l' aw-co10l'(' (] lillJ';l/('. " ' hell t]l(, Llt/('] ' W;I H hC',llc<1 with ;dco­
hoI 01' ~allll ' at('d willi :1111111011illlll ~lllll"al(' lllltilllJ(' p)'oie ill R W('l'e ih)'oWIl 
(10\\'11,111( ' oxi(las(' ~{'p;II'aled willi llJelll :1lI<1 C0111(1 ll('fill( ~ n~<1 (mt, '1'hc 
()Xilb~it ;l(,/iviiy of' thi~ alcoholic 01' alllllloninlll sll]]lhate pl'(~cipitate 

co1l1(1 UC ])1'('sen'c<1 for 1HH1l'H ()l' (' ycn d;l.r~, if I lit' l)l'et ipi taic we) 'e 1,ept 
1II 0 i ~t :111<1 tool; l)11i (hying, (' \ 'PH at 1'00111 iell1]l(']'aillJ'c, almost if not 
ent irely dt'f.:tl'()yecl i ll e acliviiy of the oxida:-;c in a few h()1ln.;, On the 
ol-hcl' hallu, wllcn i11c wa~lle(l ]'( ' ~idlle ('olll:l illillg' i 11(' oxydonc was moiRt­
enc(l af't('l' haYill g heell (hied :li' l'oom il']ll])el'atm'p 1'0l' :~G hmns or cvcn 
lOllge)' , it f'xhibj te<1 oxi(lasic actiolt to\\';ll'(l al coholic gu ~iac almost un­
diJllilli shc(l, }\Ton~OY(' l' , in the (11';)' cOll(li I iOll , the ox,)'(lolte W;l~ ve] ',)' r es isi'­
:lilt to lJeaL It couldtll en be kepI at ~)Q 0 10 lOO ° n 1'01' :In hOlll' withont 
(]('RlJ'o,Yillg' al] or il s acli\'i1y, 'Vhl'n llloi:-;l , ;IS in tile nude exi l'act, ]J()W­

('\'('1', bolll ill t' oxi(la~(' mltl ille OX,)'<-I01W \\'(-'1 '(' deRtl'oypd if kep t aL a boil ing 
11('aL fUl' 10 1lI illlli {'N; alld Heal'ly all oxy(lm.;ie adi\'i ty was ucs tl'oyed if a 
('1'1]([(' ('Xi],(l('l \\ 'e'l 'p k('pt at ~O' ) io Sl o C, 1'01' 15 llI illuies, \tVlJ en kept at 
m~u l() (in ') (), I'm' 011(' 11(1))', sllch :m vx/1,;td W;I~ !) 10 () times longer i ll 
oxidizing' a1tollo] i(' g'll:li,I(' 111,1ll a ('lic('k kepL ,It ]'()Ol ll tempel'atlll'e fm' 
the same ti lll C, ] It JIl:lk ing' III i~ ( ' ())IlWll';!l in' h'Ht \\'i t II alcoholic guaiac, 
thc same amollllt of ('xLl',ld \\',lS 11S('d ('()l' l ll l' {']IPt,k a~ 1'01' the heate(l 
l )ol'tion, and nt t Il e end of tll(' kst ])('l ' iml a ('('l 'I;lin 1l1llilher of drops of 
/lIC guaiac Rolut ioll 'IH'l'C a(l<1ed 1 () each pod iOll, '1' lI cn the timc l'equircd 

10 oxidizc ille g1l<liac in 111 c heal ed an(l ll11tTNlted exi'l'acts to the salll e 
dcpl ll of blll(' (,0] Ol ':tl ion ""(lR ]101 ('<1, This W,IS a meihod by which on ly 
well mm'ked <l i fft'l '(']1('('s llliglrl be cOlllpared, 1111 t by ] t:-;, lIse one con l<l 
easily see (tl so 11 1,1 I ~()Ill t iOl1~ or 11,)'<1roc11 l()] ' ic acid, honlx, Ro<1iulll illloi'ide, 
ni cotin e (io-hak-i11c ) :111(1 a llllli ollia all exerted a mOl'r ol'lcR~ harmful 

,*[ n solul) IC O~.YdilS('S in anilllal lis:<\l('s :H(' l'l'[('rr f'll , to as "oxy(lo ll ('s" by Balclli , anll (Mll c) 
LIIl:l StCl'lI. l:l()c il c llI , )I;('i I s(' il , JUli{, [i ,!, 1', 22(;, H.( 'V, in J , o[ eIICJl!. SO('. \'ol s, 103-104 
pi , i, p, mw. 

'l'Il(' \VOJ'k oj' (Iit's(' illl'(' s lig'"I!)!' s dill 1101 ('0 111(' t o 111( ' Il oti('p or 111(' !luIIlOL' 1I1lUI cnrly in 
J!I"I , WII(,lI Ihi s pililSC o[ lli s oll'n work \v:lS ilt'<lI'ly Jillisil ('l1- ila\'in,!;' ilPCll bpg ll tl ill 191~, 
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i nfl lIe]lCC 11 Jlon I he abiliL\' 0 

10 lhe ail') wll el1 Uley 'I~'e l ' 
and tlle OXydOllC W(ln~ affec 
I inc, alld hy(ho('y<tni c acid 
("ase of cfll'boll di~ulJllli(lc 
and 11l e Jiquid of each flui( 
in ~dr, ~md the Jiqu]ds at 
ihm'oug-Illy mixcd io an elT 

Cm'bon disu]phide detel 
greatly;-sometimcs the bJ 
aftel~ t,,'o llOlns, wh en t he ( 
yap01' Ol' willI thc liqllic1 1'0 

(,:11'lwll di su]plLide was mo 
em ulsioll, 

'r1le ]n!1nence of cOllcen l 
tieR of an CXh,Ic:l , aR Rtm1 
YE'l')' dedded, Uoweyel', i 
(lestl'uti i y C to t li e ox]dase, 
io he NliglJt]y ac id ]11 l'ead 
neui1'a] , 1hc Ijqui(l g<lRo]]n( 
' ('ollceni nlied Y;lPOI', In f [ 
wel'C llscd 'I\'ii It ped'cclly f 
li <I:-:l(>nI1le hin ilto' of O'll<li~ 
il:-;elf Oil ~(allc1in~' :Il()~e ]n 

Tll llle casc 0[' II rdl'ona 
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a color cLeck wa~ <Jlfol'ded 



HOW CONTACT INSJ£CTL C I f)l;jS KJLL, 11 

intlll('Jl('ellj!OJ1 Ihc fll,ilily of th c cl'llde cxll ,:\(, t 10 oxidiz(' gll:li:I(' (ex po:-;('d 
10 UI C :Iil' ) wll cn th c'y \H'l'(~ nd!l('d ill sllI:lll <111101IIlI :-;, Bolh Ih(' oxi!l:I:-;(, 
:1Il<l /lIC oX,nlol1c W('l'(' affected, 'r ite ]U[I1ICIl(,(' of ea d)()n di:::mlphidc, g;I!"!)­
lin(" alld hydJ'o(',Yanic ncid ga~ w el'c studied in th e f.;f\ lllC llHl1l1l C1' , Tn (11 (' 
(',l:-;e of (,:11.'b011 difmlplli(le :1u(l gw.;olill e, Ihe influel1 cc of both tlte \,;lPOI' 
aud tlJe Ji({llid of each iluid \nlS' sl1ldied-llP,ing" the "npo1's to sn /lll'ai]OIl 
in fliJ', aIHl the liquids at the l'aie of tlnee dl'OPS to 2 c, c, of ex tJ ':I ('( 
1 It Ol'ougb ly mixed to an emn] sioll, 

e :11 'bon dif.;u]])hide delcl'l'cd i he ox i(lal ion of glt::1iac hy 1 li e' cxt1'ild 
gT('atJy;-sometimes thc blue ('ol ol 'a tiOll (1 i <1 not bcgin to develop 11lltil , 
af( ('1' t,,'o 11 mil'S, wll eJJ Ille ('xlJ'n d l llUl b('(,11 i l '('ni ('(1 wi III tJl(' ('Oil ('(,111 ]';\te(l 
":IP01' Ol' willl Ih(' Jiql1i(1 fOl' a few lImn:-; hdol'rlp:-;Iillg, 'I'll(' illfltwl)('/' of' 
(';11'bon disltJplti(le \\' as lIlof.; i nHu'ked wltrl1 ihe ('Xl1';ld W;IS l'idl ill f';t!­
cmu]sion, 

'I'ltc inJlncll('e of COlH:Clltl'al-c(l gasoline vaj)ol' on 1hc oxidasic propr l'­
ties of an cxhacl, as f'(ndied by ihc aid of alcoholic gllai;l(', was lWH'I' 
\'e] 'y (lcei dcd, llowever , the liquid gasolillefil'st u:;;ed ap]1NIl 'c(l qll i 1(' 
<1cs(nldi,'e 10 1he oxidaf.;e, but that sampl e of gasoline was l:l(-e1' fOlllld 
to be f41igllll y acid in ]'C:1ci ion; alld when t his acidily was l'VIHlcl'C<l ,im-: I 
ncu11'al , 11le li quid g:lsolille thell acted f.;c:lITcly mote It:lnllJllll y (11~m Ille 
cOllcenil'aled \,:1 POl', III LId if eithel' ill(' \'ajwl ' 01' 111(' liqllill ga~ol ill(' 
w Cl'e m.;cd wi/It ]led'c(' I I.\" fl'('~11 milk," exll'acl ( l'i('11 ill f;\ ( ) i l f.;('(,III( 'd 10 
llai-:lell ille hhling 0(' guaiac- ol' (0 11:tS(,1l iJl(' (l:l l'Id'll illg of (11v eXlr;I('1 
iiself' Oll :.;(audil1g :liOll(' ill ail', 

III (he c:lf-ie o[ lty(lt'o(,Y:l lIi c :I('ill g:IS, il W;I:'; rOlllld 111: 11 if' all CXII ':I (,1 
,,'(, l'ples(cd illllll('(liniei\' a1'iel' bpill~' 1'(,lIlO\'('d ('1'0111 111(' II'e:tllIll'nt. Ille 
gU:1i:w bhl e(l \'('I'y lII11 clt'1lI0l 'C slowly' (11:11l in (lIe ('II PI' /.: , U, hOWC\'Cl' , 111(' 
(I'eatcd cxh'ad wel'C nllo",cc1 (0 siand ill :IiI' I'm' :lIt ]10111' 01' so lluiil iI 
l)(,(,:IIIIC 1'l'("C j'1'Ol1l (h e odor of hydl'OcY:lllic ;\('i (l, ill(' gll:tinc Idll('d allllo:-;1 
:I~ I'apidly 11]1011 heillg added a:-; in (lie ('11('('k eX(I';I('(. 

BOl'ax (:1 gT:IlllS in 100 (' , (', (li:-;(ille<1 W;I/PI') W:I:-; n'l'y (l (':-;II'll{'(i\'(' (0 
/JoUllll c oxid:l:-;e <111(1 (he OXydOll(', wll ell ali (/1<, of Iltc 1::'0111 L iolt \\,;1 :-; 

sltaken up wiLh tJlC exll',ld :111(1 all()\\'cd to slallcl 1'01' :1 f'c,,' 1IIiltll/(>:-;, 
~odiulll flll()l'itlp, in sail1l'a(-pd sohllioll, " -f\S 11:-;('(1 , II 1'(,(:I1'(lc(l Ihe <1(' ­

yelOplll ell t o[ guajac-bluc whell :Hld('d in ('oll!"i(l('I ':lhle ,llJlO1lllts io all 
extl'act, bu/ c,'en 1 c, c, of iltp sol u lioll lIIix~ ' <1 " 'itll 1 (', (', or lite exb'ac t 
d i (1 not pl'evPIl t ill e dp\,(' 1 Opl II <.'11 (" () (' i he b 111 (' ('01 OJ ':II i Oil af( el' ;tn ]1On l' or 
l\\'(), ,Vll cn fldded ill ollly f.; 1 11(11 I :IIllOllll(S 10 ;1 fl'(lslt ('x (},(I (' I , so(limn 
flnot ' ide solnt iOll seelllP(l 10 ll<l:-;I <,,!t II!(' blniJlg or gn:li'I(" Likc\\,jf.;e chl ot'o­
-rOI'1ll ,mIl elll(' I' (li(l llOt ~('(:'llt 10 injlln' (lIe oxi(Ltsi<.: (1('( idiy of ihe t i .'f-il1C 
exl l'ad rO\\':ll'(l a1colI01i(, gnai<l(" ('X('('p( \ ' ('I'y I-:Iigltlly \\'11(,1l ihcy ,,'el 'e 
11:-;('(1 iJl Im'ge ;1111011ut:-; ,11\(1 L1lol'()1IgI11y ~11:lk('1t 11]) wilh i lte ('x(nlet. 

'l'ltif.; silHly ,,' itll alcoholic gll:l i :l{, "';I~ in!"11'11('(in'. Im1 a llIcthod \\,:lS 
:-i/mgltt \\'11 kit won] d Hhow by r o llllli C JIIC(lSIt )'(' JnCII/S of I hc oxygen t::1kC11 
up ,iu:-;t wha(- inflnellc(' cm'holl (li~ltlpuidc awl g(J~()lille (l'Ol' examplc) It,H1 
npon the J'ale at \\']Jielt oxygen ,nl :-:; absol'llc(l by i]1f-iect- (if4 r-;ue-cxtl'nrt p111S 
f:OlllC othCl' f-iulJr-;lJ-a/e IlI:IH gll:li(\(', Hy(hoqllillone f'olni-ion was ~pl ecicd 
a ~ 111(' snbi-i II,:tI e to he' oxi(l iz(,(l 1:('('(111f4(' i I \\'Hf.; P:If4,V I () k eep a ('oll1Jwr­
;lli\'('ly ('0l1i-i1allf, cl em', s/:lIIII;[1'(l f.;o lnliOlI rO] ' SOlllC iil ll (' , a 1111 h('U111S(' as 
111(' oxidation to qninollP 11I 'O('('('(1<.'d, Uw ('0101' of' i l l(' .' l1lnli u ll <"l1:lll,!2;ed 
progJ'(-~s~:ively fl'Olll a l't'd<l i:-; ll 10 a (1<IJ'I ' (,I' :llId (l ,I1'k('l' ('olol':li iou , TItUS, 
a color check was an'onl('d, upon tue volnlllC of oxygen used in the case 
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of treated (with insecticide) and untreated extract samples. (See Fig. 
1, Plate 1.) So many factors were involved that it was necessary to 
use extreme precaution in order to be at all sure that a difference in 
volume of the oxygen absorbed by hydroquinone-extract-mixture in air 
and hydroquinolle-extraet. in gasoJine-vapor-ail' was due alone to the 
influence of gasolhle vapOl'. It was necessary always 10 thoronghly mix 
:t fairly concenlnlietl eXlJ'acL :1n<1 then to' remo\'c iwo equally measured 
~;;amples for the expel'iment at as nearly as possible the same time. 
Furthermore, exactly ('(pUll llleaSUl'CS of a standard hydroquinone solu­
tion must be added io the b\'o samples at the same time, and then the 
tests with the two eqna]]y prepared mixtures must necessarily be run 
(the one in air and the other in gasoline-air) under like conditions of 
temperatul'e for the same period of time. It would not do to run the 
tests for equal periods, merely. They must cover the same period as 
nearly as that might be made possible. The reason for these precautions, 
if not apparent lJere, will be noticed later in the discussion. Another 
difficulty presented itself. Oxygen was absorbed rather slowly in the 
tests, and so it seemed advisable to find some method of measuring 
directly the entire amount of carbon dioxide that might be given off, 
as well as the entire amount of oxygen taken up, rather than to depend 
upon percentage estimations from samples. No method was available for 
removing and accurately estimating carbon disulphic1e vapor from air 
used in a test, al1(l f;0 it Reemed necef;sary to be able to measure the oxy­
gen taken up and the carbon dioxide given off in the presence of the in­
secticide employed during the test. Finally, an apparatus was devised 
,which complied very well with the requirements just outlined. The es­
sential features of the apparatus are represented in Figure 1, and a brief 
description follows here. 

The apparatus (Fig. 1), consisted of bvo systems which ~ere almost 
exact duplicates, e;1('h made up of a gas-burette "a" connected with a 
mercury-mug "b"; a gas-C'onia iner "c"; a potash absorption flask "d"; 
a mercury manometel' "e"; a bUl'eHe "f" (graduated to O. 1 c. c.) for the 
hydroquinone solution; 31H1 a circulating pump "g". The gas container 
was of about 300 c. c. capacity, with two two-way cocks above and a 
wide mouth (2V2 inches) beneath. The wide rubber-stopper for this con­
tainer was connected with a mercury-mug "h", and a hooked U-tube also 
passed from the stopper to connect with the hydroquinoneburette "f". 
Mercury could thus be n~ed not only to seal the mouth of the gas­
container, but to float the Rtender dish up under the hooked end of the 
U-tube. The gas-burette of each system was connected by tubes (with 
airtight sealed joints) through the correRponding gas-container, absorp­
tion-flask, mercury manometer and circulating pump of its system, as 
represented in the figure. Between the "pump-gas-con tainer connecting 
tube" and the "absorption-flask-pump connecting tube" was a cross tube 
with a stopcock "St." Fig. 1. This cock was kept closed when the pumpR 
were running. It was opened as soon as the pumps 'vere stopped, and 
always, before the manometers were adj usted, the circulating wheel of 
each pump was given a quarter tnrn backward. ThuS', any air that might 
be compressed in a pocket was released into the upper air-chamber, leav­
ing the pockets filled with mercury. 'fhe circulating pump of each 
~ystem was actuated by belts from the same double pulley of a reducing 
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gear "j", which was run 1 
was thus possilJle to start 
at the same time and to 
found, on the market, a s 
did not come in con/act 

- ------ --'----

Fig. 1. Apparatus used iu <lei 
upon the absorption activity fo r, 
(Duplicate systems) a = gas bul'c 
absorption fiasks; e = mcl'cury 
g = circulating pumps; b = mcl' 

pump. In these experimel 
gas exchange could take pI 
represented in Fig. 1 wer 
Each pump was filled 'Ivitl 
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gear "j", which was run by a small motor not shown intlle ftgure. It 
was thus possible to start and stop the pumps (which were duplicates) 
at the same iime and to nm tilem at the same speed. There was not 
found, on tile lllm·ket, a sma]] pmnp in which the gas to be circulated 
did not come in contact wi th the boxing of ih e pulley-j01unal of the 

--------
--'--------------

I<'ig. 1. Apparatus u::;c<l ill detCl"lllillillg tlle iul lucuee uf ga::;uliue all(l C:tl'l>,);1 di::;1l1vltide 
upon the absorption a<:1ivity fur oxygen of illscct tic;c;lH'-cxt raet plus 11ydroquinolle SOlUtiOll. 
(Duplicate systems) a = gas burettt's; LJ = IllCl·cu ry mugs; c = gaB-container s; <l = potash 
absorption fiasks; e = mcrcury lll<LnOllll'lcrB; [ = iJU1·ct teB for bydroquinone solution; 
g = cir culating pumps; 11 = m er cury mugs; j = reducing gear. 

pump. In these experiments, it was necessal'y to knotO that no leak 01' 

gas exchange could take place at that lJoint. 'fite two circulating pumps 
represented in Fig. 1 were, thel·efol'e, designed to meet the necessity. 
Each pUlllP was filled wit h mel"cm·y to a cei"Laill level as shown by line 
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":l-C", Fig. II. The cil'cnlating wheel " w" J)o i llh~J 011 ( in 111\' S(]mefiglll'e 
was llla(le to revolve in the lllercul'Y in the direction of the I:\l'ge ana '". 
Each pocket ill (he wlI eel ihm; cm'] 'ied gas fl'om t h e air-ch amber in the 
11])1)('1' p<l1't of tllc plllllp <10WI1 into the mel'cm'." io ihe position "p", 
","ell (-lit' ail' e111pjj(1(1 (()\\ ' ~11'(1( lie' centcr (dn e to its I-en (l ell cy to dse in 
tJJe llH~]'CU1'Y ) and ("lI11 C alIt lllio nlC O1tt-]f't tube "0" as s hown in Fig. 
IT H. '\' 11(' p1lmp W;IN I1I(,l '('/'()I'e ;lb]p io circulate ai l· :1!!Jl inst a pressUl'(' 
equal (0 (lIP llH'l"('UI',Y-Il('ight ';~ - I" , ;111(.1 lI lC confill('d gas ill thc p um p 
('0111(1 nOl (,OIlIP ill (,Oll bId wi II I Ihe lm ll ry journ, ll " j " llndpr any (' i, '­
(' lI Il ISlan('('s, Hill(,(~ UIC 10w('~1 1('\'('1 "s", (0 wl11ch t h e me l'cm ",Y COlli d be 
hl'O \l g h t , W:1~ ltigltel' I kill the p1111ey-jOlll'DaL As a P] 'CCal l LiOll , a Rlllal l 

! ! 

t 

s 

p-

r' i ,';. II . l ) i; I.~"J' <l III I I I;! I i<' 1<I"j <'(' li OJ IS or III< ' \I'()rldllg pari s iii g<ls-cir("u l ;Jl i ll g- [Jnll l p (spe 
"g" J<' ig·. 1),.\ Ni d ('-p r oj<'(" l io !l ; 1: - l <;<I ,l!,"('- [Jl'oj(' (' lioll ; iI - ( ' = J(·\' cl or mercury; W= 
c:ir cnl:lting wl 1('(' I ; ]I - pnsilioll or :lil' pO('l\ I' l wil l' ll.it elllplies loward til e center; p' = air 
p octet ; 0= o ll t l ('l I·n l )(':,.; /I(' :lr i llg :II'Ol l liti ti ll' ( '0Jl11l1 0 n (' (, Illral outl e l [o r th e a ir pockets 
in til e circul:lling wil ee l ; j ,- pu lley j OUl"lw 1. 

cup was Re t besidc rndl lllllllp (when in lIRC) .illSt. lWllenth the boxing 
'ok" ~ . If:l 1I)C1'C111'Y k :1 k Rllollld lla\'e orc111Tcd fl 'om lliis point, t h e vo l-
11111(' ()f tile lcnk c0111(1 h(l\'(' b('(,ll knowl1 al O]1('e fl'olll t h e Jllel'cll],Y cau gh t 
in (lIP ('up, 'Yh en Ihe avvm';lll1R waS' set up, lllllClt houble was expcl'i­
pll('('(l jn gd i illg' ~111 e011llE'ci j(ms scaled gas-tight, 'rcsts werc not begull 
with t Il(' ('X t l':H': I , l!()\\"('ye1', 111liil the appm'atus waR able 'lO stand, for 
se\'el'al lIOlll'S, Un(l(,l ' ,1 l)l'eSSUl'e gleate] ' (11 an any t lwt 111 ight occur in 
the l'egn1al' eXpCl'ill1(,ll (~ , wi (llOlll- showing a mens m'ahle ]pnlc Moreover, 
ic~t eX]}('1'il1lCll IS wel 'p l'llll wiill samplps o[ the snme eXl1';Ic(- in air in 
lIo ill gas-coll tainel'R of' Illc flJ>]lm'n Lus 11111 il compal'<l I ive1,Y nni ('01'm resu lt8 
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wrrc given. The \VOl'king 
~~ .\ ' s(-ems of th e aplI;1I"atl1S 
infl1wll ee of g-ll:..;ol i1l0-Y<lJ 
hy(hoqn inoll ('-ox i <l a:..;e aCI 

1'1111, ('qnal S;lll11'l('s hom 
o[ (wo :..;(,]·ile f-;(('IJ(lPl' (lis 
intl'odlH.:e(l in to (liP t,yO 
\\,;lS ll\;I ;:lr ,I t the' 111011 tit 0 

ll(-~d('d wilh (h(' llydt()(]11il 
ll1llg" :ll1dl he hc(', openil1 
(aillcl', Clf-; 11111('11 illsectici 
ftom a sep,n;lLe f-;Iock-coll 
ihai , (lie cocb; or (he g 
im';lant 1lllliL boilt Jllel' C'1~ 
\\,~I S ]'('corde{l, 'rlll'll tIlE 
~:(ad('(l, so iha( ill (he L\\' 
until i(was llllil'Ol'lllly III 

Uli~ ''',Iy S('\'(' 1',1 I i i 111(':"; (p 
if nrcef-;~<ny) lmlil {lIe m; 
'nlC' ('o('k~ of I h(· g:IS-COll I ; 
<111<1 hydl'oqn i II ()ll(' ~: ()111 ii( 
lluti1 it l'ruclJ()d (Ill' ope]] 
dishes ill the I ,YO (,(lll(ail 
c. c. of hydl'oqnillollc soh 
Ul'ed into each CXI nld ~;(t' 
pl'eSSlIl'e manolllC'(en.; ~: t()1 

I ainel' \\'el'e doscd, TIlE' 
,'eLHli11g and the ] ' ca (1il)g~ 

"ppm'aim; (hell stood dll 
whr]'c (lIe ( ' l1l])('I'([l11l 'C r :J 
('on1(1 b e f-;nn~ (luI! ho(h sy 
;1 tm'c w1l('l1 l'C'ad ill :~S oj' ( 
jest PCl']O(l, 111(' ('o('\;:s at-
I I) conncd (:',1(:11 ('Oil iaillel' 
hlll'ette\\'(ls (pli('kl,)" manl 
leve l , and I-JI(' l'p;ldings 0 

('ocks "st." <111<1 "~L/" wert 
or air ill each ::;y~Lelll \\"8:­
flasks until trial ~llO",ed 
ShOl't l'1m s of Llie pumps ) 
and "e" Nlood aL zeto, 'J 
l'ecol'ded. Thus i lJel'c wel 
l<lining thc insccticide-Lre 
]'cading ill e;lch set SllOWC 
l'ccOl'ded condiUollH of Le; 
::;howed the voJUllle aHel' 
iIlg lly<11'()(11llnOlJ e soluti( 
1ll0ved; an(l the' iilinll'e[ 
Pl'OdllC('d d1ning tile exp{ 
hydroxide l1ask and abs 
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w(,re given, r:rhe 'YOl'king difTc1'encc wIliell migld 0('(;111' hdw('cn the two 
~:,n;tel1ls of tlle appnl"atus wns ahout 0,3 c, (", \\'lIen a lest to ohtain the 
in{lul'll ce of gasol ill C-Y<lIJOl' 01' C',I dWII dislll ph i\le YnpOl' upon the 
1I ,r<hoqui11011('-ox id<lse <lc(j"i Iy o[ insed I issllc extnl("t "'<lR to oe 
l 'Ull , <,qual salllples from i li e S,llllr t isslIl'-pxl l'a("( W('I 'P pI aced jll cach 
of two :-;tel,ile st('11 d('l' dislll's of :\(; ]II. 111. (li(\lll('il'l', lllld the dishes "'E'l'C 
intro(hH:l'd jnio 111(' t\\'o g<1s-('onlailwl'R "c," "e.", Fig, r. MC1'CUl',Y Real 
\\'elS ll\<H\(' <11- IlIr 1ll011tll of (',It'll g:U-i-('()l\lailWI', ,ll\(l Ill(' I T-tubeswere COll-
11('('/('<1 wi I h I 11(' 11~'<ln)(l1!illOl\(' 1n1l'('t I('s, '1~1I(l1l, by lllemlS of tIle mercury­
Illllg' :llId ill(' fl '(,p o]H'llillg' of 0lH' of' Ille 1"'0-\\,<1,\' (,Ol'ks of' Olle ga~-cou-
I ,li II ('1', <IS 1IIll('11 ills('('li('id(' \';\]lOl' <IS W,ls wall/I'd (,()1I1(1 1)(' intl'oduced 
fl'om a s(']I;I]"II(' slock -(,Olll,lill(']' of ('Oll('('lll] ',lkd ills('('li('i(l(' y,q ,Ol', ..:\fte1 ' 
ihai, 11l(~ cocks of III(' g,U":-("Ollt,lill(,1'S \\'('1'(' op('lled 10 Ihe outsi<k an 
illshllll- \lILiil hoill 111('I'("11I'Y Ill:1110l1IClel'sl'('ad le\'('l. 'l'll(' lernperallu'e 
\\,;IS ]'('('ol'cled, 'flll'IL the cod:s \\'('] 'e ;111 ]I)'UP(')'],)' foi('l and the motor 
:-;(ad('(I, so ihal in tllc l WO S.rSh'l llS ille g,t~ OJ' nil' \\',Ifoi lll<ldc io circulate 
llll t il it \\'LIS 1111 i fOJ 'IIl1 y mixed, 'I'll(). mol ()l' \\'(IS foitopp('(l <llId started in 
thi::; \yay !-i('\'(' 1'<1 I timps (pl'('s:-:nH' <ldjusi1l1('1IIs iJping ma(lt' hetwecn times, 
if neces:-;;JI ' \,) mil il tll(~ 1I1<l1l()IlIC'iel's slood 1('\'(·1 MI('l' (',Iell sho l,t jutel'val. 
'rllc ('o('J.i:s ;>1' 111(' g;tS-(,01li;lill('I':-; \\'('1'(' 111('11 quickl.\' 0p<'1Ied to Ihe outside, 
and 1Iydl'OQllil101l(, :-:nllJiioll \\'<IS (';tI'('l'lllly 1('1 <!O\\' 1I 1'1'0111 III(). burcttes 
ll11til ji 1'<'<-1('11('(\ 111(' ol't-' llillgS of 111(' lIool\.('(l ( '- 1111)('s nllo\'(' Illl' foit('ndel' 
(lishe " i n the I\yo (,0lIiaill(,1 's ·'e." "c," . \ 1I1(',lSIlI'('1l ;\III01mt , u:-;ually 2 
c. c. ot byd]'oql1iIlOIl(, sollli iOll to ;) c, (', of 111(' tisslle ('.- Lract, waf; mcas­
'ul'ed into eacll l'xl l ':I('1 :-dt>l1(kl' <lisll, rl'('si \\',IS again lll;l<lc 10 see Lhat the 
}neSSUl'c m~moll)et('l's ~: tO()<1 I('\'el a11(l 111 ('11 hoi II cocks 01' eacll gaR-COll­
I ninel' ",el'e dosl'(l. The /('IIl])p]'(d 111'(' \\';IS ;lgni n 11 01 (.(\. 'rhe barometer 
I'C<Hlil1 g aUlI tile ]'(';H1 i IIgs () fill(' t \\'0 gm:-lnll'('1 I es' W('I'(, l '('col'dcd, 'fhp 
:tppm'aius 111('1\ sioo(l lhn'illg (ltp (lpsil '('(l llrl 'io<l of 111(' i('st in a l'OOlll 
\\'1IC']'c ill(' i( ' lllp(')';lIl1l'(~ ,'a]'ied Iml lill!e- ;lllt1 only \ ' el'Y slowJy- and one 
('onl(l lw !-ill 1'(' tll:tl holll S,\'St(,1IIS ()I' 111(' <IP]l<lI',tlmi \\' ('l'{' al the S;lIllC trmper­
:dlll 'c ",lIt'll l'("tdillgs of 111(' g;ls-blll'(JII('s \\'('I'C lll;ld(', .\1 lltp ('lid or the 
Ipst pel'iu(l, 111(' ('o('ks al ill(' top or lllp g,IS-('01\/;lilH'I 'S \\'rl '(' Im'ned so as' 
I!) conn(,('l (',1('11 ('ollia ill el' witll ii':..: 0 \\,11 sysl('1I1. 'l'l\p lI\('I'cm'y in each gas­
hlll't'He was (Illick ly l1lUniplllate(1 so :lH 10 bring I lI e lIWI'Clll'Y llIallometers 
Il'rcl, and rjle l'padings of the lwO gas-lnll'('tt('S \\'erc tak('ll, Then the 
cocks "f4l" aud ".'l'" were closed nIH1 Ilw l)lllllPS ",el'e !--ital'lcd. 1'he gas 
01' ail' in eath sy~tel1l was IIl1ls llHHle io Cil'clliai e th]'()1lgh (lie abf4orption 
llasks until tl'ial showed. I hat i he l'cadjngs of the gas-bureHe < (after 
sllOl't l'l111S of (lIC PUllIjlS) WC1'e ('ouBianl, when Ute two lHullomeLcl's "e" 
,md "e" sio()(l <I L ~('],(), 'L'Jle n~ading of eadl g<ls-lnll'cLle ",as t bCll again 
1'('cOl'ded, 'rJI1lN ilte)'e \\"el'e t111'ee gas-\,ohlllle l't';ldings for ilt(' s,r:-:;lem con­
t<lining Ille illsetUcidc-LI'eaLe(l eXll'ad aJl<i Lhn'(' for (lip ch('cJ.i:, 'rilc first 
l '(',.l(]ing ill (,;tch set :-;lIow('(l ihe cOll!--iL:.1ut volmllP o[ the gas under cel'tain 
l"('COl'ded cOlldi lion s 0 [ ieJllpe]'allll'e and h,lI'Olllel l'i c pl't'SSlll'C; the ~ccond 
~lto\\'ed ihe volume anCl' oxygen ahsorpiioll (1, p, by LIte extl':lct coniain-­
ing ltydl'O(lllinolle solution), befol'c allY carboll dioxide lUHl bcen rc­
llIO\'('d; :.In(l tlt(' thinl readil1g gave the \'o11llII (> afh~l' (lIe cal'l)()ll dioxide 
1'1'oouc('(l dUl'illg the expel'iment pCl'iod ]1;1<1 bel'n Cil'tllln/('(l through the 
llydl'oxide fl<l!-ik and nbsol'bed, Tile I'eallings WC1'e all r(,duced to the 
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volume which would be given at O°C, and 7GO m, HI. mercu]',Y pressure so 
iJlat they might be safely compared, The second reading, then, minus 
the third (in each Ret of reduced ]'eading:-:; ) showed t he volume of carbon 
dioxide produced dluing the lH:'],jod; and since no carbon dioxide was 
l)l'eRellt at ihe beginning, t ll e [i.l'~t reading minus the t hird gave the 
volumc of oxygen tllat lJad oeen ausodJed dlll'ing the test, The volume of 
oxygen absOl'bed in the case of the insedicide-trea ted "extract plus 11y­
(hoqllino]le" and the volume of oxygen absorbed by the untreated "ex­
I J'~l<'/- plw~ llydl'oquinone" could thus be compared directly; and it is 
believed that any diffcrence must be attriuuted to t he influence of t ll e 
in secticide IH'csent, since other conditions were kept as nearly as P08-
f-; ibJ e the same, 

Checks h'ied separately had shown that gasolin e and c~ll'oon disul­
pll ide vapol'~ WCI'e not appl'cciably affected by tllc potassiulll IlYdroxjde 
:-10illlioll 11:-;('(1, an<1 Ihat ihey did not ill/Pl'/'e]'e wi/It its ~lhsol'l)tion of 
(',II'lJOJl dioxit1e, 

'rill' l'l'(,()) 'd:-; of .1 /t':-;/ m'p gi\'('ll 1IC1'(' :1:-; i11(',Y \H'l'P kept :i'm' a I'cgnhll' 
('X pPl'ill1 ell ( : 

·I';xp. 7. l:sed.'i c . c. of an extract (made froll! 4 ]al'go "white gruus" in 20 c . c . distille(l water, 
]l lll s :l drop.; of TolIlOl) ill each of tlle two cOlltaill e r.~-r;gtlt and left . 

N . 
lLLl! pUlllP at illtervals IIntil readings b ccallle constant. Added 2 e . e . or JOU hy<lrO(llllnOIlC :>0 111 -

tiOIl Lo eactl. Ran pumps short interval- readings were cons tant . 

Started 17 Aug. 19]2, 1:4!i P . M . 
Ended 18 Aug. 1912, R:OO A. M . 

At start - Bar. = 740 m.m .; Temp . = 19.2° C . 
At e lld - .. = 73 /1ITl'l11.; •• =20.4° C. 

Ext . =Left-ltand system (CS2-treated). 

Gas-burette reading 
27.5 c .c. 
20 . !i 
27 . 5 

Ext. = Right-hand system (no treatment) . 

Gas-burette reading 
20 . 5 c.c. 
23.5 
20 . 5 

Readings reduced to 760 m.m. mercury prcssure and 0°(': ­
Left-hand system (CS"- treatec!) . 

430 ('.c. = VOIlilllC of left-hane! system, exelus ive of gas-hurt'l Ie . 
27 5 e .c. = VOlllIllO of gas inleft-h[Ll1d gas-burette. 

,; 57 . !i c' .c . = Total I'oluille of ll'ft- li alld systelll tLL Hta rt . 

·1:-'7 (7-10 - I (j . (j5!i ) ~7;l 

'iGU (273 -j HU) 
4:W . Oc .c. 

:3U . 5 

460.5 = Total vol. at end of t cs t ; before C02 had been LLbsorbed. 

460.5 (734 -17 .R26)273 

760(273 + 20.4) 

430.0 
27.5 

=403 .7 c.c. Vol. before C02 had bccn absorbed (reduced) . 

457.5 =Total vol. at end of test (after C02 was absorbed). 

457 .5(734 -17.826)273 
=401.1 Vol. at end of the test (reduced). 

760(273 +20.4) 

Then 406.6 
401. ] 

!i. 5 C.c . (h ahsorbed during test by the "extract pIllS hydroquinone" in the presence of CSz _ 
vapor in air . 

and 403 .7 
401.1 

HOW CC 

2.6 c.c. C02 givcn ofT during t 

Right-hand System (chec 
120 . 0 c.c. = Vol. of right-ha,nd syslel 

20.5 = Vol. of right-hand systel 

140.5 

-140.5(740 -16 .655)2n 
= 301 .7 C.c. V 

760(273 +19.3) 

120.0 c.c. 
23 5 

443.5 c.c. = Tota,l vol. at cnd of test 
443.5(734 -17.826)27:3 . 

=389 .3 c.c. a 
760(273 +20 .4) 

420.0 c .c. 
20.5 

440.5 c.c . =Total vol. at end after ( 

440.5(734 -17 .826)273 . 
--- ----- = 386 .6 c.c. a 

760(273 + 20.4) 

Then 394.7 
386 . 6 

8 . 1 C.C. 02 absorbed during 

and 389.3 
386.6 

2.7 C.C. C02 given olI during 

8 .1 -5.5 =2.6 c.c. more 02 abosrbi 
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and 403.7 
401.1 

HOW CONTACT INSECTICIDES KILL. 

2.6 C.C . C02 ~iven ofT during tC'st in the Cfh -treatf'd gas-ronla.illC'r. 

ni~lit-hand System (clierk). 
1\ ~O. 0 c.C. = Vol of rigli L-hand system, exclusive of g<ts-bu rettc (at start.) 

20 . fi = Vol. of right-ha,l1( l syste lll gas burette. 

1\10.5 

HO.5(740 -16.65fi)27i3 

760(273 + 19 .3) 

420 . 0 C.c. 
23 5 

=3!H.7 e.c. Vol. <tt Ht.art (rcdllced ). 

14:1.5 c.c. =Total vol. at elld of tc~t (bC'fOf(' C02 had 1)('('11 a Itsor\l('d.) 
443.5(734 -17.826)27:3 

=38!).3 c .c. above vol. (reduced). 
760(273 +20.4) 

420.0 c.c. 
20.5 

440.5 C.C. =Total vol. at end after C02 had been absorbed. 

440.5(734 -17.826)273 
_______ = 386.6 c.c. above volume (reduced). 

760(273 +20.4) 

Then 394.7 
386.6 

8.1 C.C. 02 absorbed during test by the check. 

and 389.3 
386.6 

2.7 C.C. C02 g iven oIT during tcst lJy the check. 

8.1 -5.5 =2.6 c.c. more 02 abosrbed in case of the check (I. c. not treated with CS2 -vapor). 

17 

Note was kept of twenty-one experiments carried out in adjusting and 
in learning to manipulate and use the apparatus to obtain trustworthy 
l·csuHs. It wa fonnd that thc grcatest carc must be taken to be surc 
ihat the two systems of thc apparatus wcre at thc same temperaturc. A 
dOO1', opene(l 1'01' a ~hOl · t i illle i () admit ai I' of a ditTcrent tempel'ature 
from one ,' idc of thc ]'OOJll, could cause a vm'iation in ihc volumc of thc 
gas in the t,,·o systems which would cntirely yitiatc ]'csult if readings 
were made at that iime. It was discovere(1 also that a. yadation in the 
influence of the insecticide-vapor occurred, depending on whether the 
extract ,vere used immediately after it had been prepm-ed, or not until 
a few hours later-this seemed to be especially true when gasoline was 
used. This fact served to emphas-ize the necessity of taking, from the 
prepared extract. the sample to be treated with the insecticide and the 
check sample at the same time, and of carrying out the tests with the 
two during the ~ame pcl'iocl-although tbe reason for the variation men­
tioned above was not appl'cciated nntil later in the investigation. If the 
insecticidc "apo!' in the air nsed in a.n expel'iment was ncar sa tm'ation, 
then H was neCCSf-lUl'Y not to allow the room temperainre to fall below 
that at wbich the cxpel'illlcnL \"as started. Othenvise somc or the in­
secticide-vapor w011I<1 be cOlHlensed and the vapor tellsion of the gas­
mixture changed. COlTection 1'01' change ill vapor-tension of water vapor 
due to a change in tempcrature could be readily made, bnt no method 
was at hand f01' making a simi.lar corredion in case of gasolinc 01' carbon­
disulphide vapor when the apparatus illustrated by Fig-. r was being used. 
Furthermore, it was fonnd that high concentrations of the insecticide 
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yapot' w erc necC:;;~"J")' io ~ Il () ,, - a lIHlI' ked inl lu('ll('(" p~q l('('ia ll.\r if t Il e watc)]' 
con tent of the ('xi)";tcl ,,'(,1"e lligh . 

Aftel' i ll (, pH)lilllill:11"Y i('!-·d~, "Titlc' lI J'(\col"(l "';IS kepI o /" 1II OJ'C t h a n 
l-hil' ly (,Xl'PI"illl(\iti:-;, inchld illg (':1111 ion:1 l·.\' c !l eek ('xpcl'i ll1(,IlIH, w h ich weJ'e 
llwdp 10 get 111(' jllfllwll('(, o/" g:\:-;oli ll f> ;\1 1(1 ca r b()1l (l i ~:1l 1 p hi (lp YilpOl'S upo n 
1li(' o xygeJl :tlno,oJ ' pl ion ad i\' i I y of "iw.;eC'i pxi l':ld pl m ; ll yd l'oqu inOlle :;;0-

lut iou". ~Olll(, of I h(\~p pxpPl'iJJ Il'll ts ,,-e l'e lled'01'111ed (] 1ll'ing :lS mallY 
as t h n'c sllcc('s~iye pCl·io(ls . In all o f I ll ese Le~ts 11111('ss otlj{I] 'wise srate(l, 
the f-lien<1el' (1 ish of (laell gas-cont~1iJler ll eh1 5 L ('. of illsed i ifif.;UC extract 
('I'OJI I tl le ~:mlle slock (lxt l'ad m ixeu " ' i t ll :2 c. c. of:t ~t;ll}(l<ll'(llty(l1-oquillOlle 

sol ulion (1 .1 g'l'alllS of 11)'(1I'O(Ju inOlll' in -100 c. c. of (li~till(l(l water. ) 
Itepl'esen lative l'eslllt8 of (l1<'se C'XI)('l'illl('llis .11'(' gin)ll ill table II. 

'1'he fin-it ten results in -tl le t:lhle l'('l:tle (1il'()('lly 10 i h e inlhlellcc o f 
c:-lI ·bon dis1l1phidc or of g<1so1ill(' YapOl ' llpOll l11e :1ctiyity of "insecI 
I i~:~me ('xi l'act plllS lIyul'oqllillon(' ~()hll i O]l" fo]' OXyg(,ll abfiOl'pl-i on . 

.\ ~ill(ly of the iahl() "'ill sllo\\- 11lat tll(' lligll (,l' concenhation;.; o /" 
inspctic i(k \'apm's ('(l11sed :1 lll:lI·k('(l l·('(l11C( ion in oxygelJ :1vi(1ity lllH1el' 
that s11o \\ '11 hy ill(, ( ' ()]'l'('~P()II(lillg dH'<.:ks . \\reak cOll centl'ations of il l (, 

insecticidrs, 011 tll() OOWI' 1\(111<1, ~e(>lll('(l to accclerate, vcry Fi1ightly, l'atl IPl' 
1hall to l'etanl oxygen absol'plioll. OllP lllay appl'eciale the infh lC']l('(, of 
ilwills('eliei(le, l)(>l'11aps, 1)('li('1' by ('OJllp:n·jng the lot-al ~ml l of 11l(' oxygell 
abRol'ptj()ll~ in ill(, ill. ~:('di('i(l(' ('ll:tllllwl' ,,, i lll tlt(' lot:11 CO I ' I'('~P()lldillg :d)­
~Ol'pt iOllS in ill(' ('ll<'c).;: gaf.;-c] lamhel'. 

III ca~(' or e:11'\)oll di~u]phide \'apor tltC ralio i:-; ().7 c'. ('. 10 1 D.l <:. c. 
[n o(11el ' "'Ol'ds, Olily ahollt 7/ 20 as much oxygen w:t~ .\l)s()l ·hed um'iug 
Ihe Rel'iC'~ of ieHi:-; in thc carbon (li~ll l pltj(le c llfllllhel' :IS \\"1S absol'bed in 
Ihe check g::u.;-chmllhel' w itll ail' "lo11e pl'(,~(,IIL )i'm' gaso1ine-nlj)Q1' the 
ratio is 1 O.~ c. ('. o j' oxyg(, 11 <1h~o r be(1 ill 11t(' g;I~()lill(, (' It:ttllheL' to l:3,n 
c. c. jn the 1)111 '(, ;I il' c\t;lllJil('I' (i. p. ;t!tonl 7 10); :llldif IIIO~(, le:;;is ill 
,ylJic:1t Ilw nlpO l' \\ ' a~ ill 11igh ('Oll( '('lllnilioll ;11 ' (' ('oll:-;id('J'(\<l :I\olle, illel l 
bm'cl.r (In'l' Oll('-Jl<ll1' :l~ IIlllch nxygPlt '\';t~ ;d) l"ol'/)vd ill IIt(' g;tsoline-Y<1])Q I' 
clJ:llJlUel'. '1'11(1 l·,t! io of (';ll'I)OJl (lioxi<l(1 gin'" 01'1' 10 Illt' oxygell abRorbed 
by the lllixhll '(l of "insed t i~~\l e- ('xl]';l('( alld llydroqllillOll(' ~()h!lion" a~ 
expn~ s~e<l l)y the lo(als I'm' (It(' in:-;eelicille-tl '(,<lled ,' alltp]e:--; is 0.8+ , and 
the :--;iwilm' nil io :l~ eXjll'(,H~:<:'<l by the lota1:-; rOl' lite cOlTespouding c11eckH 

is 0.4, That is, ihe l'e~pinliol'Y ratio of Ule ·'iisf.;ue-('xtract plus h,)'dl'o­
(luinone Fiolution" ]l]'oye<l to b(' dpc:idedly highet' in the presence of shong 
ga80linc Ol' cm'uo]) uj~u1]lhide \'apol's tItan \\';1H fOlllt(1 io be the case ill 
)Jlll'e air. No"r, as has <l1J'eady bcen ]11('ni iOllCd, :m ox idase in thc insecI 
tissue-exl.l'act iH able, it i~ heJieYe(l , to ac:ce]entie ihe oxidation of hydro­
quinone to quinonc and wat-eL'- i he ql1 inone f.; h owillgits pl'esenee by i t~ 
odor and by a change in color of iltc cXll'act-f'501utioll, If, then, an 
oxidase in the extl'act does cause that kind of an oxidation of hydro­
quinone, it would natul'ully follow that an exb'act to whic:lt i hc laUcr' 
h ad been added might i ake up 11101'e oxygen in a given Ve1'iod than it 
oth erwise would, and that the added hydroquinone " 'ould ihe]-,cfo1'e de-

crease the respiratory J'atio (cg:) of t he ext l·act. :\Tote the J'atio 0.4 
above, which if.; 11111Ch helmv i hat f01m<l fO l' Itp:lllity 1)('('i les hI pure air­
the laUer ratio being about 0.7;). 'J'l lc lasl Ull'PC 1'('H11] lR given in Table 
1 I are precalltionm'y checks on the lIl:111Ill'l' in whiell bydl'oquinone is 
o x i(jj7,ed by extract of the tissue~ of e. COJ'nui'us. To each of the stock 
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TABLE n .-I NFLUE NCE OF GASOLI NE AN D CS2 VAPORS UPON THE ABSORPTIO N ACTIVITY F OR OXYGEN OF I NSE CT TISSUE-EX­
TRACT PLUS M -I0 HYDRO QUINONE SOLUTION.* 
*(1.1 grams of hydroquinone in 100 c. c. of dist . water.) 

~ EXPI Stock extract from :-N o. Insecticide. 

Check gas-chamber. 

0 2 used . 

In,,,,Ucide chamb,,_ .1-----------­
C0 2 given off .1 

P eriod . 

0 2 used . IC02 given off . 

0 .6 c. c .... 

------

2 .2 c. c ... '11 

1 .9 c. c ... . 

2 .8 c. c ... ' 1 
0.5 c. c . .. . 

1. 3 larl$e white grubs and 20 c. c. water .. .. 
2. 3 whIte grubs, 15 c. c. water. (1 hr. old). 
3. 4 whi te grubs, 20 c. c. water (Ext. 5 hrs. 

old) ......... . ................... . . . 
4. 4 white grubs, 20 c. c. water (ext. 6 hrs. 

old ) ......... . .......... . ........ . . . 

CS2, rather low concentration .. . ..... . 
CS2, high concentration .. .. .... .. ... . 

CS2, nearly saturated ........ . .... .. . 

CS2, nearly saturated ............ . . . . 

29 hrs .. . .. . 
21 h rs ..... . 

5.5 c. c ... . 
0 .3 c. c . . . . 

6 .4 c. c .. " 1 . 6 c. c. 
4 . 9 c. c .. " 2 . 4 c. c. 

3 .9 c. c . . " 1 .4 c. c. 

3. 9 c. c .. ' . 0 . 9 c . c. 

16 h rs ...... 1 0.3 c. c .... 

24t h rs ... . . 

Totals ................ .. . . ... . . . ==================================1 6 .7 c. c .... , . . .. ...... . . 1 19. 1 c. c . ........ . ... . 

5.=1 
6. 
7. 
8. 
9. 

10. 

1 large and 6 small white grubs, 18 c. c. 
water ........................ .. . .. . 

8 Allorhina grubs, 20 c. c. water . ..... . . . 
6 Allorhina grubs , 20 c. c. water ... . .... . 
6 large Allorhina grubs, 20 c. c . water. .. . 
8 Passalus cornu/us, 30 c. c. water .. .... . 
8 Passalus cornutus, 30 c . c. water ... . .. . 

Totals ..... . ...... . .. ... ... . . .. . 

11 . 5 Passal1ls cornutus, 20 c. c . water . ..... . 
12 . 4 Passalus cornutus , 15 c. c. water ..... . . 
13 . 4 Pas salus conwtus, 10 c. c. water . .. ... . 

Totals .. ... .................... . 

Gasoline vapor, low concentration .. . . . 
Gasoline vapor , high concen t ration ... . 
Gasoline vapor about i concen t ration . . 
Gasoline vapor, low concentration .... . 
Gasoline t reated . ..... .. ........... . . 
Gasoline treated, but no insecticide 

6hrs ....... j 1 .9C. C .... j 1 .3C.C . ... 11 .8C. C .... 1 .3c. c. 
16 hrs . . . . .. 2 .5 c. c .. " 2 .0 c. c .. " 4 .5 c. c .. " 4 .0 c. c. 
17 hrs. . . . .. 2. 1 c. c . . " 2 .8 c. c .. " 3.3 c. c .. " 2.3 c. c. 
4 hrs. . . . . . . 1 . 2 c. c .. " 0 .8 c. c .. " 1 . 1 c. c ... : 0 .7 c . c. 
8 ~ hI's . . . . .. 0 . 6 c. c .. " 1 .0 c. c .. " 1 .6 c. c .. " 0 . 4 c. c. 

p resent during the experiment ... .. . . 16 hrs ... .. . 1 . 6 c. c .. " 0 . 6 c. c. 

13.9 c. c .. . 

No insecticide used . .. ....... ..... .. . 
No insecticide used ........... . ..... . 
No insecticide used ........ . ..... . .. . 
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extracts (before samples for t he tests were taken) four drops of weak 
ammonia (0.9 sp. gr. diluted five times) were added. This amnLOni;\ 
had the effect to reduce the carbon dioxide excreted to a very small 
amount:r.- The influence of oxidase in causing the hydroquinone to take 
np oxygen in the manner described might therefore stand out promin­
ently. The total oxygen taken up and the total carbon dioxide given 
off in each case is given in the table, and although the ammonia used 
kept the ratio (Co~ = ~ :!-) dow]} to (L~{5 j 11 t he extract containing no 

hych-oquinone, tbe value was brought down lower stil1 (CO~2 = ~ : ~) to 0.25 
by the incl'eased amount of oxygen used in t]le extract plus hydro­
quinone mixture. The larger value of the ratio CO~2 = 0.8, as found above 
for the "extract plus hydro quinone" in the insecticide cbamlJer', must 
therefore point to the fact that the gasoline 31H1 c:ubon djsulphide vapors 
used were able in some unknown manner to inhibit or lessen the acceler­
ating (catalytic) action of the extract-oxydase in bringing about the 
oxidation of hydroquinone. A further TH'ecaution which was observed 
should be explained here. Tissue-extract was brought to a boiling tem­
perature (about 15 to 20 minutes) to destroy the oxidasic enzymes. It 
was then allowed to cool and t1le regular amollnt of hydroquinone solu­
tion was added. Tests "were then made using the apparatus as in other 
experiments, and no measurable amount of oxygen was taken up during 
longer periods than any used in the regular experiments. It has already 
been explained that the hydro quinone stock solution would remain clear 
for days. However, if the heated "extract plus hyuroquinone mixture" 
had been scarcely brought to the boiling temperature or had been heated 
only a short time before it was allowed to cool, it often showed a very 
slight reddish or cherry tinge after twenty-four (-0 tlJil-ty hours- indicat­
ing that the heat had not been suflicient to destroy quite all of the 
oxidasic activity. ThuS', t lJ e appearance of i his peculiar reddish brown 
color was an even more delicate test of the oxidation of hydroquinone 
than the volumetric measurement of the oxygen used, and mention has 
already been made of how the reddish brown tinge deepened progressively 
as hydroquinone became oxidized to quinone. It was interesting and 
confirmatory, therefore, to note that in all ten of the experiments listed 
in table II the deeper color was found to be in the stender dish of that 
gas container where most oxygen had been taken up. One must see 
that in the extracts used, a slight respiratory exchange exists, and the 
influence of the insecticide agents upon this exchange has not been 
eliminated; bu t the respiratory exchange in such a treated extract (a few 
hours old) is very low indeed as shown by the CO 2 given off- and the 
evidence just enumerated leaves no doubt that ill studying the compar­
able oxygen measurements, we see mainly the influence of the agents in 
question upon the oxidase activity toward hyd)·oquinone. Two experi­
ments (not recorded in table II), carried at once for short periods with 
gasoline vapor in high concentration, gave results contradictory to all 
the rest as far as gas measurements were concerned- that is, the meas­
urements seemed to show that most oxygen had been taken up in the 

*See effect of ammonia on (~~2) . Tech_ Bulletin 11. 
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gasoline-treated chamber. Nevertheless, when run for longer periods 
afterward, the "extl°act plus hydroquinone" mixture in the gasoline 
chamber showed a reddi 8h brown color not nearly so deep as that in 
the check gas-chamber containing air only, and the volumetric results 
tbeu agreed with the results of the other experiments. The reason for 
the apparently conhadiclory results of the first and second parts of 
these two experiments was- not understood until later. About a year and a 
half after these first experiments had been made (i. eo after the effect of 
gasoline upon the tissue reductase bad been studied) it was decided to 
l°un a few more tests "with gasoline-vapor, using a different method, in 
order to find out more surely jf possible, tbe infiuence of tlli insecticide 
upon the ab orpUon activity for oxygen of "insect tissue-extract Vlus 
hydroquinone" olution. The method decided upon was the old one 
(described in Part 1, Tech. Bull. II) in which the percentages of the 
gases present were determined at the beginning and at the end of the 
test period; but a different arrangement of gas-containers and gas- bur­
ette was made to adapt the method to this problem. 

'l'he arrangement of containers and burettes in the apparatu. used is 
represented in Fig. III. As may be seen, the apparatus is' an 
adaptation of t hat shown in Fig. 1, with the cjJ'culating pumps and 
absorption flasks left out. There were two duplicate systems-gasoline­
vapor-air wa used ill the gas-chamber of one ystem and pure ail' in the 
other. Dydroquinone bureltes enabled one to introduce the hydroquinone 
as described in the case of apparatus Fig. I. The two gas-containets had 
each two two-"way cocks, and these enabled one to adjust the mercury 
manometers and to take gas samples for estimation from each container 
at the beginning and at the end of test-periods. The gas-burettes per­
mitted one to keep close check upon changes in gas-volume in each sys­
tem, the readings being made at the known temperature and barometric 
pressure. From the percentage determinations (since the cubic c01}.tents 
of each system ,vas known) one could figure the amount of oxygen used 
and of carbon dioxide given off at 760 m. m. pressure and 0 °00, as well 
as the exact percentage of gasoline to which the "insect-extract plu s 11y­
droquinone" solution had been subjected in the test. A set of result:s ob­
tained with this arrangement of apparatus is given in table II L The 

, total oxygen absorbed in the pure air chamber exceeded the total oxygen 
absOlobed in the gasoline-air chamber, and the ratio C~2 was a Ii ttle 
higher in the gasoljne-air chamber. By this method, as with the former 
method, howe\-er, it was found tbat if fresh extract were used for a short 
period, the result might be contradictory to that given for a much longer 
or for a later peloiod with the same extract. 



~
~
~
~
 

en
 1

11
1 

g.;
! 

2 
o-

I-J
 c

:1
!'l 

t:
!c

c
e

n
 

p
;
-
~
g
p
~
 

Jo
o

I'n
-C

':l
tn

 
H

 
t::

l 
r
t
~
 

c?
 

• 
(
t
)
0

 
t:! 

~ 
~8

"c
't

n 
:
0

0
-
0

0
-

~
'
"
1
<
D
U
J
o
 

:o
-,

-,
o~

 
:;

1«
 0

'"
 e

n 
...

. 0
..'

" 
,-,

 
...

. I
-J 

t:!
 (

t) 
0

-
o

-o
(t

)I
-J

P
 

~
(,)

I""
"'t

-""
":"

' 
p

c
 .

...
 ..

,.
..

.,
 

~
'
(
!
l
 

Jo
oI

o 

13
 '

" 
o.

.t:
! 

0 
(t)

 §
 

p:"
"" 

~ 
Q

 
~.

~~
 

c:: 
<"

'+
)-0

1.
 

~
~
~
~
~
 

13
 ~
~
 s

·'S
 

p 
o
'
~
 r

.n
~.

 

gt
:!

8;
;,

~ 
13 

0,
:;]

 ..
.. 0

 

8-
I-

JS
~r

g 
I-

J
e

c
,-,

en
 

..
. 

o,
C

Iq
 tt

 "'''1
 

;8
"
 p

:.o
 

'11
 ~
 p

'.t
:!'

g 
t:! 

0.
.I-

J 
;>

0 
II 
5'

~ 
~ 
~ 

8"i
€ ~

 
g §

.g
"g

.g
 

~~
ro

g.
2.

 
...

. 
P

'e
n 

(t
)o

o
..

c.
..

.,
 

~
 
~
 

.....
.. 

C'P
 0

 

:;
'(

t)
~~

 I-J
 

II
~S

P.
'2

 
0

"
 
o.

.~
~ 

c 
13 

c 
en

 .
....

 
~
 
~
 ••

 t
:J 

~
 II 

~'
p'

o<
 

;;8
"S

II g
 

o<
g"

o<
aq

 ..
.. 

P
' 

P
'P

't
:l

 
~(
,,
)o
oC
/J
t:
::
:D
 

8§
0"
0-
~ 

'-
't

:!
c
c
",

 
P';

"<
':) 

"1
 
'1

,-
, 

• 
:4
.~
~<
D 

)-o
I'
r-

t-
1""

"'t-
t:

l(
l)

<
':

)o
 

aq
 •

••
• 

....
, 

3 

0 
~
 

~
 

• 
::

r 

<
:r

 

.to
 

.. 
~
 

T
A

B
L

E
 I

rI
.-

E
F

F
E

C
T

 O
F

 G
A

S
O

L
IN

E
 

V
A

P
O

R
 O

N
 
T

H
E

 A
M

O
U

N
T

 O
F

 O
X

Y
G

E
:'-

J 
AB
SO
RB
ED
~B
Y 

I:
'-

JS
E

C
T

 T
IS

S
U

E
-E

X
T

R
A

C
T

 P
L

U
S

 H
Y

D
R

O
. 

Q
U

IN
O

N
E

-S
O

L
U

T
IO

N
. 

(M
et

h
o

d
 o

f 
p

e
rc

en
ta

g
e
 e

st
im

a
ti

o
n

s)
. 

ci Z
 ci.
 

'<
 

R
 

l.
 

2
. 

3
. 

4
. 

S
to

ck
 e

x
tr

a
c
t 

fr
o

m
:-

G
as

o
li

n
e 

v
ap

o
r.

 

8 
P

. 
c
o

rn
u

t1
t8

, 
2

0
 C

. 
c.

 w
at

er
. .

.
..

.
. 

4
.6

%
 .

..
..

. 
{ 

a.
 

9 
P

. 
c
o

rn
u

tu
8

, 
1~

 c
. 

c.
 w

at
er

..
 .
. 

4
.3

7
%

 .
..

..
 

I 
h

. 
9 

P
. 

c
o

rn
u

tu
8

, 
10

 c
. 

c.
 w

:1
te

r.
..

. 
..

 
. .

.
..

 
9 

P
. 

c
o

rn
u

1
u

8
, 

15
 c

. 
c

. 
w

a
te

r .
.
..

..
. 

6 
7

%
..

 
. 

f
:1

. 
15

 P
. 

c
o

n
w

tu
s
, 

2
2

 c
. 

c.
 w

a
te

r.
..

 
6

.9
6

%
 .

..
.

. 
'

1-
., 

... 
T

l 
.
.
.
.
.
.
.
 ..

...
. 

P
e

ri
o

d
. 

1
6

} 
h

rs
 .

. 
5 

h
rs

 .
..

.
. 

If
) 

h
rs

 .
..

. 
17

 h
rs

. 
6 

h
rs

. 

In
se

ct
ic

id
e 

ch
am

b
er

. 
C

h
ec

k
 g

as
 c

b
am

b
er

. 

R
e
m

a
rk

s.
 

O
z.

 
C

O
z.

 
O

2 .
 

C
0

2
. 

2
.2

 c
. 

C
o

 
0.

6 
C

o 
c 

..
. 

2.
8 

c.
 c

 .
..

 
0

.1
 c

. 
c 
..

. 
0

.6
 c

. 
c

. m
o

re
 0

2
 a

b
so

rb
ed

 i
n

 t
h

e
 a

ir
 c

h
a
m

b
e
r.

 
2

.6
9

 c
. 

c.
 

0
.2

 c
. 

c 
..

. 
1.

7 
c.

 C
O

o
. 

0
.4

 c
. 

C
o

O
. 

0
.9

+
c
. 

c.
 

m
o

re
 

0
2

 
u

se
d

 
in

 
th

e
 

g
as

o
li

n
e 

ch
am

b
er

. 
2.

3 
c.

 c
 .
. 

0
.0

6 
c.

 c
. 

2
.7

2
 c

. 
c 

..
 

0
.5

 c
. 

c 
..

. 
0.

4 
+

c
. 

c
. 

m
o

re
 O

2 
u

se
d

 i
n

 t
h

e
 a

ir
 c

h
am

b
er

. 
2

.7
 c

. 
c 
..

. 
0

.4
 c

. 
c.

 
2.

9 
c.

 c
 .
..

 
0 

. .'5
 c

. 
c 

..
. 

0
.2

 c
. 

c.
 m

o
re

 0
2

 u
se

d 
in

 t
h

e
 a

ir
 c

h
am

b
er

. 
1.

31
 c

. 
c.

 
0

.9
 c

. 
c.

 
1.

73
 c

. 
C

 .
. 

I 
0

.3
9 

C
. 

c 
..

 
0

.4
2 

c.
 C

. 
lT

IO
re

 0
2 

Ll
se

d
 i

n
 p

u
re

 a
ir

. 

t>
:)

 
l-

';'
 

trJ
 

X
 

"'d
 

trJ
 
~
 

.....
. 
~
 

trJ
 

Z
 
~
 

U1
 
~
 >
 

~
 

.....
. 

0 Z
 

t:J:
1 C
 

t'"
 

t'"
 

trJ
 
~
 

.....
. ~
 

~
 

0 ~
 

Q
 

0 

, 



TABLE IlL-EFFECT OF GASOLINE VAPOR O~ THE Ay'[OU~T OF OXYGE~ ABSORBED~BY I~SECT TISSUE-EXTRACT PLUS HYDRO­
QUINONE-SOLUTIO~. 

o 
Z 
0. 
~ 

l. 

2 . 

3 . 
4 . 

5 . 

(Method of percentage estimations) . 

Stock extract from:- Gasoline 
vapor. 

8 P . cornut1tS, 20 c. c . water. .. . .. . 4 . 6 % . .. .. . 

{
a. 9 P . cornulus, 15 c. c. water.. .. 4 .37 % . .. . . 

h. 9 P. cornutus, 15 c. c . 'ya ter ...... . ... . .... . 
9 P . cornutus , 15 c. c. water .. . . . .. 6 .7 % . .... . 
r a. 15 P. cornutus , 22 c . c. \vater. .. 6.96 % . . .. . 
l b. 15 P . cornutus, 22 c. c . water. ... . .... . . .. . . 
15 P. cornutus , 22 c. c . water. . . . .. 5 . 9 % .. . .. . 

P eriod. 

16 } hrs . . . 
5 11rs .. .. . 

10 hrs . .. . 
17 h1'S .. . 
6 11rs . 
14 s hrs. 
17 hrs .... 

Insecticide chamber . 

Oz . C02. 

2.2 c. c . .. 0.6 c. c. 
2 .69 c . c .. 0.2 c . c . 

2.3 c . c . . . 0.96 c. c .. 
2.7c.c ... 0.4 c.c . 
1.31 c . c .. 0 .9 c. c. 
0.72 c. c .. 0.0 c . c. 
1.1 c . c . . 0.72 c. c . 

Totals .. .............. . ... .. ......... ... . . ..... . .. 1 13.02 c.c .. 1 3.78 c. c. 

Check gas chamber. 

Remarks. 

O ~. C02. 

2 .8 c. c... 0.1 c. c .. . 0 .6 c . c . more 0 2 absorbed in the air chamber. 
1. 7 c. c . .. 0 .4 c . c.. . 0 .9 +c. c. more 0 2 used in the gasoline 

ch amber. 
2. 72 c. c .. 0.5 c. c ... 0.4 +c. c . more 0 2 used in the air chamber. 
2 .9 c. c . . . 0 .. 5 c . c ... 0.2 c . c . m ore Oz used in the air chamber. 
1.7:3 c . c .. 0.39 c. c .. 0 .42 c . c. m ore 0 2 used in pure air. 
1.6 c . c . .. 0.9 c. c . . . ' 0.88 c. c . more 0 2 used in the pure air . 
1.6 c. c ... 0.52 c. c .. 0 .5 c. c. more 0 2 used in pure air. 

15. 05 c.c .. 3.31 c . c. 

Totals, leav ing out Ko . 2, a .. . . . .. . ... ....... .... . . .. 1 10.33 c .c .. 1 3 .58 c. c .. 13.35 c .c .. 2.91 c . c .. " 
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24 EXPERIMENT STATION BULLETIN. 

This is illustrated in tablc III by No.2, where in the first five hours, 
the fresh extract used O.!) c. c. more O2 in the gasoline chamber than was 
used by its duplicate sample in pU1'e air. vVhen the same samples had 
then run undisturbed for nineteen hours, it was found on the other hand, 
that the pure air sample had taken up the most oxygen by 0.4 c. c. In 
No.4 the stock extract was about five hours old when the samples were 
taken for the test. Note that in this case, while the first test period of 
ix hours sho"wed more oxygen used in pure air, the longer second period 

gave an increased excess of oxygen used by the pure air sample. These 
results, taken with those obtained by the former method, seem to justify 
the conclusion that carbon disulphide and gasoline inhibit or lessen the 
rate of oxidation of hydroquinone in solution in the tissue extract of 
Passalu,s cornuttts. Furthermore, in the case of gasoline, the effects on 
the rate of oxidation are not marked, unless the extract is a few hours 
old at the beginning of the test; and if perfectly fresh extract is used 
for a short period the results may be contradictory- apparently. As 
has already been mentioned, however, the serie. of experiments, resultR 
of which are recorded in 'rable III, were run after a study had been 
made of insect tissue reductase and of the effect of gasoline upon the 
reductase. This latter study, it is believed, affords an explanation of 
{he apparaniely contradictory results obtained when gasoline-vapor actR 
for hort intervals upon freshly Inade "insect-tissue extract plus hydro· 
ql1inone" solution. (See page 28. ) 

(b ) I NFLD El TCEJ DrOl J '.rHEJ ImOUCING AC'l'IVI'l'Y. 

Some evidence ha already been given of the existence of a strong 
reducing power in the fresh extract of Passalus cornutus; namely, the 
reduction (when air i excluded) of the dark melanic pigment which 
develops in the extract through the influence of the oxidasic enzymes 
when tissue-extract has been exposed to the air for a while, and the 
reduction of methylene blue to leuco-methylene blue ,vhen ah' is ex­
cluded from extract to which a little methylene blue has been added. 
Still other evidence may be given. If comparatively fresh "extract plus 
hydroquinone" which has already oxidized enough of the hydroquinonc 
to quinone to give the solution a reddish-bro,vn hue, is then confined in 
the absence of air or free oxygen for a few hours, the reddish-brown 
quinone will all be r educed; and if a little perfectly fresh extract is 
added before excluding the air. the reduction takes place more rapidly. 
Fre h extract stained blue with a little indigo carmine will reduce the 
stain to leu co-indigo carmine in the absence of free oxygen ; and then, 
the reduced color body will oxidize and turn the extract solution blue 
again, if air is admitted- just as happens also when confined extract, 
holding Jeuco-methylene blue, is once more exposed to the air. After 
fresh extract has caused alcoholic guaiac to be oxidized to guai.ac blue, 
if the entire mixture is then confined from free oxygen, the reducing 
bodies show thejr presence by reducing all guaiac-blue back to its former 
condition. Likewise, after tyrosin has been oxidized to the black melanic 
pigment, the latter can then be reduced by the extract, if air is excluded. 
In every case after reduction, oxidation may again be brought about jf 

"/ he confined extract containjng the reduced body is once more exposed 
i o ai.r. 
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It should be explained here, perhaps, that the strength and persistence 
of the reduction-activity varied a little with different lots of beetles, and 
that it always seemed to be best in the case of beetles showing the great­
est strength and vitality. 

Before discussing the effect of temperature, gasoline and other agen­
cies upon the reductase, it win be best to describe briefly the method 
used in confining insect tissue-extract in the absence of air so that a 
study of its reductase activity under the influence of the various agents 
and conditions could be carried on in a manner which would permit 
of comparisons being made. As a l'ule, it was necessary to use small 
amounts of the extract and a method was needed by which tJle air cou ld 
be excluded as completely as possible-and excluded quickly. After 
various means had been tried, the fol1owing plan was found to sel've 
well. Small glass tubes of the same diameter and of practica]]y the same 
length were heated and drawn out at each end to a fine capillary bore. 
The extract to be studied could be quickly drawn up to fill a tube, and 
then the capillary ends could be 'sealed at once by touching them in a 
hot gas flame. Fig. 2, Plate I, is a photograph of such a sealed tube. 
Methylene blue was the "substrate and indicator" most often, used in 
making a study of the reduction activity. A standard solution of 0.1 
gram of methylene blue in 100 c. c. of distilled water was employed, 
Unless otherwise stated in giving the results, six drops of this standard 
solution from the methylene blue pipette were used to 4 c. c. of th(l; 
extract. (In most cases this ratio was found to be best.) 'l'he stain 
was thoroughly mixed with the extract and then the extract was divided 
into two equal parts- the one part to be treated for a certain time with 
the insecticide and the other, held as a check. Or, if two equal portions 
of the extract were taken at first, an equal number of drops of the stand­
ard methylene blue was added to each from a graduated pipette at prac­
tical1y the same time. At the end of the treatment period both parts 
were again shaken until they became a uniform blue. Then , from the 
treated and untreated stained extracts, tubes were quickly drawn full 
and sealed. Note was made of the period of time required for each tube 
to become reduced entirely free of the blue color. 'fhe time intervals 
given by this method for tubes of treated and untreated extract thus 
furnished the means for an instructive study of the influence of insecti­
cides (or temperature, etc.) upon the reductase activity of any extract. 
Methylene blue showed a very . Jight deteriorating influence upon the 
reductase, it was found, but in the method this is not to be regarded 
since the stain was added to the treated (with insecticide) and the un­
treated portions of the extract at the same time in equal amounts as 
explained-an other conditions being the same for both portions of the 
extract, except the one condition under consideration. 

By this method the influence of temperature, chloroform, ether, alcohol, 
gasoline, formaldehyde, carbon disulphide, hydrocyanic acid gas, toluol, 
ammonium formate, sodium fluoride, borax, mercuric chloride, pyreth­
rum, to-bak-ine and white hellebore was studied. Representative results 
are given in Table IV where the ratio between the time required to re­
duce methylene blue in the check and the time requird in the case of the 
treated extract may easily be obtained. 
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TABLE IV.-INFLUENCE OF CERTAIN INSECTICIDE AGENTS ON THE REDUCING 
ACTIVITY (ON METHYLENE BLUE) OF EXTRACT FROM THE TISSUES OF PASSALUS 
CORNUTUS. 

(Solution of Meth. Blue = 0.1 gram in 100 c.c. of dist. water .) 

o z Agent . 

Time extract 
was treated 
before being 
drawn into 
tube and 

sealed. 

Time required Time required 
to reduce to reduce 
Methylene Methylene 
Blue in the Blue in the 

treated extract. check extract . $, 
~~I-G-'.-a-so-I-in-e-,-0-.s-c-.-c .-t-0-4--C-'C-'-O-f -th-e--ex-.t-ra-c-t-.-.-.. - .-.':-1-0-m--in-.-.-.-.-. . -.-

1

-3-s- m--in-.-.-.-.-.. -.-:-7--m-in-.-------

2. Gasoline, 1.0 c.c. in3 c .c. of the extract . ..... 3 min .. ...... 17 hrs ....... . 14 mi ll . 
3. Carbondisulphide,0 .5c.c.in3c.c . ofextract ... 3 min .... . ... 1 hr. , ]6 min .. 14 min . 
4. Carbon disulphide, 0 .5 c .c. in 3 c .c. of extract . .. 23 min . .... "1 3 Ilrs ., 21 min . ] 9 min. 
5. Alcohol, 0 .5 c .c . to 2 c .c. of extract . ......... 5 min . ... .. .. 6 min .. . ..... I} min . 
6. Alcohol, 0 .5 c.c. to 2 c .c . of extract . ..... .... 15 min ....... 

1 

10 min ... . .. . 2 min. 
7. Chloroform, 0.5 c .c . to 2 c.e. of extract . . . . . . . 5 Jnir~ . . . . . . .. 48 min . . . . . .. 8 min . 
8 . Ethervapor,saturated ... ... .. . . . .. . ... . . . . 30mm .. . .... 5Jl1 in ........ 7min . 
9 . Ether, 0 .5 c .c. in contact with 2 c.c . of the ex-

tract ... .... ..... . .. . ... .. .............. 5 min . . .. . . .. 17 min ....... 9 min . 
10. Formaldehyde (40%) 3 drops in 2 c.c . of ex-

11. 
12. 

13 . 

14. 

Hi . 
]6 . 
17. 

18. 
19. 
20. 

21. 
22. 

tract . . . ... . . ... . . ................... . . . 5 m in .... .. . . 

Tobakine, 1 drop to 2 c.c . of extract ....... " 5 min .... .. . . 
HCN ., (from KCN and H~S04) strong cha rge 

10 min. [aired 20 min .].. . . . . . . . . . . . . . . . . .. 10 min ..... . . 
Treated in a very strong Cyanide bottle, 2 Ius . 

(aired 5 min.) . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 III's . . . ... . . . 
Beetles treated for 15 hrs. in Cyanide bottle, 

and then aired ~ hr. before extraction ............ . ....... . 
Toluol, 3 drops to 2 c.c. of extract. . . . . . . . . .. 4 min . . . . ... . 
Toluol (same as above). . . . . . . . . . . . . . . . . . . .. 15 min ...... . 
Pyrethrum, 0.5 c.c . dry powder to 2 c.C . of ex-

tract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 lnin ... , ... . 
Pyrethrum (sam e as above) . . . . . . . . . . . . . . . .. 27 min ..... . . 
Pyrethrum (same as above) . . . . . . . . . . . . . . . .. 2 hI's . ....... . 
White Hellebore, 0.5 c .c. dry powder to 2 c.c . 

extract. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 min .. . . ... . 
White Hellebore (same as above) . . . . . . . . . . .. 10 min ..... . . 
White Hellebore (same as above) . . . . . . . . . . .. 97 min ...... . 

23 . HgCb, 1 drop of saturated solution in 2 c.c. of 

Still quite blue 
after 24 hrs . . 10 min . 

10 min. . . . . .. 10 min. 

30 min ... ... . 4 min . 

1 hr. , 50 min .. [ 55 min. 

5 ~ min . . .. . . , 2 ~ min. 
]8 min . . ... . ' 14 min. 

30 mill .. . . . .. 15 min . 

4 min . . . . . . .. H min. 
38 min . ...... 6 min. 
18 Ill's. ... . . .. 1 hr., 25 min . 

4~ min . . . . . .. 3 min. 
16} mill . . . . . . 5 min . 
Between 16 

and 18 hrs .. 1 hr ., 40 min . 

extract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 min . . . . . . . . No apparent 
reduction 

24 . 

25. 

26 . 

27 . 

28 . 

29 . 

30 . 
:31 . 

NaF (sat. solution), 1 C.c. to 3 c.c . of extract; 
5 drops of Meth . Blue . ... . ......... .. . . . 

NaF (sat. solution), 1 c.c. to 3 c.c . of extract; 
5 drops of Meth. Blue .. . .. ..... .... ... .. . 

N aF (sat . solution), 1 c .r . to 3 c .c. of extract; 
!5 drops of Meth. Blue . .................. . 

Borax (3 grms . in 100 c.c. water), 0.6 c.c. to 
2 c.c . of extract . . . ..... . ......... . ..... . 

Borax (3 grms. in 100 c.c. water), 0 .6 c .c. to 
2 C.c. of extract .............. . ......... . 

M 
Am. Formate, 1 c.c. of -- solution to 2 c.c. 

1000 
of extract ... . ...... .. .. . ...... . . . ... . .. . 

T emperature 58° C .......... .. . . . . .. .. . . . . 
Temperature 0° 1<' . for 3 hI's . . . ............. . 

8 min ....... . 

25 min . . ... . . 

65 min ...... . 

10 min .... . . . 

30 min ... . .. . 

g ~~::~ : : :::::: 

:12 . Temperature 70° F. stood for 3 Ius . . . . . . . . . . . . .... , . . 
33. 'Carbon tetrachloride, 4 drops in 4 C.c. of ex-

tract ... . ......... . . . ........... . ... . ... 15 Inin . ..... . 
34 . Air saturated with vapor of caruon tetra-

chloride at 70° F . . . . . . . . . . . . . . . . . . . . . . .. 40 min . ..... . 

at all . . . . .. 20 min . 

6 min ........ 3 min. 

8 min. . . . . . .. 10 min. 

21 min . . . . . . . 1 hr., 50 min . 

27 min . . . . . .. 10 min . 

] 111' . , 50 min . 16 min . 

]5 min . . . .... 5 min . 
About 10 Ius. 211rs. 
After fi rSL A vera,ge of 

~~n,!ing, fresh ex tra.ct, 
3 t mlIl . I} min . 

6 hrs. 1 mill . 

70 min ..... . ' j18 min . 

3i hI's .... . . . . Ii hI'S . 

The results as givcn hcre are designed only to show whether the in­
fluence of the agent upon the reducing power of the extract is marked 
or not. The reducing activity of the tissue extract of P. C'o1'nutus may be 
entirely destroyed by a continuous temperature of 100° C. for ten to 
fifteen minutes. ,\Vhile this high continuous temperature is necessary 
for cOlnplete destruction, the greater part of the activity is quickly lost 
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at 58° to GO ° C. A low temperature tends to conserve the reducing 
activity-indeed, it serves, at once, to conserve and to inhibit the reduc­
ing power of the extract. No. 31 of Table IV gives a trial with extract 
kept for three hours at 0 ° F. When this extract was quickly but gently 
warmed to room temperature, it reduced methylene blue in 3112 minutes, 
whereas extract that had stood exposed to the air at 70° for three hours 
required six hours to reduce the color. The checks of fresh extract at the 
beginning reduced the same amount of methylene blue in one minute and 
in 1112 minutes. The reducing activity of fresh extract seems to be 
best at a room temperature of about 70 ° to 80 ° F., but it rapidly 
deteriorates during the first five to six hours after extraction (at the 
room temperature) ::md grachwUy, more slowly afterward. This is true 
even when the fresh extract is confined from the air. For example, a 
certain check of perfectly fresh extract reduced its methylene blue more 
than six times faster than another portion of the extract (A) which 
was tested after its confinement from air for 11/') hourS' from the moment 
of its extraction. Nevertheless "A" was 2112 ' times faster in redudng 
its methylene blue than a third portion (B) of the same extract which 
had been exposed to the air during the 1112 hour period. One might think 
from this that confinement from air tended to conserve the redudng 
activity. It is necessaJ7 to remember, however, that a dark melanic 
pigment developed in any extract (as "B") exposed to the air, due to 
the influence of the oxydase present, and that a portion (as A) confined 
from air could develop no pigment. ,Vhen "A" and "B" were finally 
given the reduction-test with methylene blue, then (at the end of 1112 
hours in this example), the reductase in "A" had only methylene blue 
to reduce while that in "B" attacked the dark pigment as well as the 
methylene blue. It seems Jikely, therefore, that the longer time for the 
reduction of the methylene blue was required by "B" because of the 
greater work in reducing the mel anic pigment in addition to the li1ethy­
lene blue, rather than because its reducing activity had become less than 
that in "A". 

1\1en tion has already been made of the fact that when fresh extract 
is exposed to the air, it darkens first, only in a thin film at the surface. 
Also, if the fresh extract is allowed to stand after it has been stained 
with methylene blue and shaken so that the color is uniform throughout, 
it will be but a few minutes until the surface only will be blue-a re­
duction of all color in the deeper portions of the container having taken 
place. After a th11e, however, the blue coloration will begin-slowly at 
first and then more and more rapidly-to extend deeper into the con­
tainer; in the case of the unstained extract, the dark melanic pigment 
will gradually form more rapidly as time goes on. It waS' soon found 
that this increased rapidity in the reoxidation of the methylene blue 
and in the formation of the melanic pigment coincided or tallied with 
the deterioration in the activity of the reductase of the extract on stand­
ing. That is to say, when the extract was new and its reductase still 
remained strong, it visibly held in check the work of the oxydase in the 
same extract. This proved as well to be the case when alcoholic guaiac 
or hydroquinone Rolution was used in the extract as the agent to be 
oxidized. Now, as may be seen hy ::Nos. 1 and 2 of Table IV, gasoline was 
found to be quickly and strongly deleterious to the reducing activity of 
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fresh extract of Passalus corn/utus . r:rhe influence of strong gasoline­
vapor upon the reductase was decided and much more marked than any 
influence upon the oxidase-activity-furthermore, the resultant-effect of 
gasoline-vapor upon the oxidasic action in very fresh extract was plainly 
due, jn pad, to the deleterious effect upon the reductase, since the latter 
wa s an inhibitor of the oxidasic processes. It was evident that in 
nearly elminating the reductase activity In the treated portion of a fresh 
extract, gasoline-vapor removed at once a greater inhibiting influence 
uIJon oxidasic action than it could itself exert-while in the check portion 
of the extract this inhibiting influence of the reductase continued for a 
Jew hours until it gradually disappeared through standing. Hence, a 
~hort period test of oxida~e activity was sure to show that most oxygen 
had been taken up by the gasoline treated portion of a fresh extract. On 
the other hand, when the test with gasoline-vapor was made ,vith extract 
that was a few hours old before the test began (and had thus already 
lost its strong reduction-activity) the inhibiting influence of the gasoline­
vapor upon oxygen absorption in the "extract plus hydroquinone" solu­
tion became readily apparent in either long or short period tests. Thus, 
an e.xplanation was afforded of those apparently contradictory results 
obtaIned when studying the action of gasoline-vapor upon hydro quinone· 
oxidase activity. 

Table IV hardly shows the true extent of the deleterious effect of 
carbon disulphicle upon the reduction-activity of fresh extract-since 
in makjng check studies, it was found that methylene blue was' slowly 
reduced by carbon disulphide alone, in the absence of air. However 
that insecticide had little or no eLfect on indigo carmine, and when tb~ 
latter was used as the test agent (112 grm. in 100 c. c. dist. water), it 
appeared that carbon disulphide was much more decidedly harmful to 
the reduction-activity of the extract than the study with methylene blue 
would lead one to believe. 

It will be noticed from the table also that the amount of ether-vapor 
taken up by a water extract seemed to slightly increase or stimulate the 
reduction activity-whereas a small amount of liquid ether shaken up jn 
the extract brought about noticeable deterioration in the reduction 
power. On the other hand, immediately upon bein o' added in small 
amounts, a slight drop in the reduction-activity was ~aused bv sodium 
fluoride, but after that it tended very markedly to presel've the

V 

reducing 
power of an extract (Nos. 24, 25 and 2G of Table IV) . 

The t.able (IV) ~tself, perhaps, gives sufficient explanation of the 
results for the remall1der of the agents tested in this connection. 

( c) EFFECT UPON THE CATALASES. 

Brjef mention has already been made of the presence of soluble and 
insoluble catalases jn the tissue-extract of Pass((;lus CO'l'nlltus. Loew 
found t~lat the alpha (i. .e. insoluble) catalase of tobacco was slightly 
soluble III water after a bme, and this appears to be true of the corres­
ponding catalase in the insect tissue extract. 'fhe soluble and insoluble 
catalases .seem to ~e afI~cted alike by heat and other agents, except 
that the lnsoluble form IS a little more resistant in most cases. The 
tissue-pulp or crude water extract of P. COJ'l1/l-li'Us mav be dried without 
destroying the ability to liberate oxygen from hydr~gen peroxide, but 
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long continued drying injures that ability. A temperature of 5~)o C. 
for 10 minutes is sufficient, usually, to destroy almost :111 the catalase 
activity in the pulp or crude water-extract from this beetle, leaving the 
oxydasic power of the same pulp or extract still very active toward 
guaiac or tyrosin. Sometimes an extract was found to sllow a little 
greater resistance to heat; and ill any case, if one 'wished to be sure of 
destroying absolutely all catalase activity toward hydrogen peroxide) so 
that small bubbles of oxygen would not appear even after several hours, 
a temperature very near the boiling point was required. It was possible 
to separate the soluble catalase from its solution but not to free it from 
proteins. The catalase was calTied down with the protein precipitate by 
either balf or full saturation with ammonium sulphate or with the pre­
cipitate by alcohol; and the precipitate from full sattwal'ion with am­
monium sulphate was found to contain practically all of the catalase. 

In maldng a quantitative study of the influence of insecticide agents on 
tue catalases one could obtain a little more uniformly constant results 
by using a fairly clear solution in which any insoluble particles present 
would be extremely fine, so that they would remain in suspension for 
hours. The results given in 'rable V are therefore taken from a study 
of the influence of certain agents upon the catalas-es in such an extract 
solution from the tissues of P. co rwut'lls. The beetles were extracted 
in the usual way (i. e. digestive tract removed, etc. ), using distilled water 
at the rate of about 12 c. c. to G beetles. r:Che crude exttact \vas filtered 
through linen of very fine mesh. Two cubic centimeters of this filtrate 
were then measured out and diluted to 10 c. c. with distilled water. 
In this wayan almost clear dilution was obtained in which the fine 
particles- remained in suspension for hours; and by agitating the dilu­
tion just before dividing it, one could obtain entirely uniform samples. 
In every test, 2 c. c. of this diluted extract were measured out into a 
small stender dish and submitted to the treatment under consideration 
for the required time. A check of 2 c. c. was also measured out. In 
some cases where gases or vapors were used, the stender dish with treated 
extract was allowed to air for a certain period before the final test with 
hydrogen peroxide was made. For measuring the amount of oxygen 
liberated from hydrogen peroxide by the treated portion of the extract 
and by the check, the apparatus represented in Fig. III was used. As 
has already been explained, this apparatus \vas in duplicate so that the 
test with the treated extract could be run in one and the check in the 
other duplicate. After t he tender dish of extract had been introduced 
into the gas-container. meJ'Cl11'Y seal was made at the mouth of the 
container. The mercury manomder was adjusted level, and 
the reading of the gas-burette taken. 'rll en 5 c. c. of hydrogen peroxid(e 
were drawn in form burette "f)). As oxygen was liberated and the volume 
of the gas in the container iucreased, the mercury in the gas-burette 
was lowered until the manometer was once more level just at the end 
of 10 minutes. Then the reading of the gas-burette was again taken. 
The increase in volume less 5 c. c. (L e. 5 c. c. of H2,02)' represenJ;eu) the 
oxygen liberated. Any variation in the volume of oxygen liberated by 
the treated extract from the volume liberated by t he check, 
therefore, was due to the influence of the treating agent, since all the 
other conditions were the same for both extracts. After an extract was 
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38. 

TABLE V .-INFLUEKCE OF INSECTICIDE AGENTS ON THE CATALASES FROM TISSUES OF P . CORNUTUS. 

Agent. 

Strong Cyanide bottle .......... ............. ..... ..... . .. . ... . . . . 
Strong Cyanide bottle ... . ........................ . ......... .. ... . 
Strong Cyanide bottle ...................................... . .... . 
CS2 (Air-Sat . vapor) ........................ . ... . ..... . ... . .... . 
CSz (Air-Sat. vapor) ... . ............................ .. .. . ...... . 
Air sat. with gasoline vapor, 41 % .......... . ...... . ......... . ..... [ 
Air sat. with gasoline vapor, 41 % . .. .... . ............ . .. .. . ... ... . 
Carbon tetra-chloride vapor. Sat . air ................. .. ... ...... . 
Carbon tetra-chloride vapor. Sat. air ... .. . ................... ... . 
Chloroform vapor (air sat. at 68° F.) .. . ... ...... .. ................ . 
Chloroform vapor (air sat. at 68° F .) ........... ' ...... . .... . ....... . 
Ether v ap . air sat . at 68° F . . ............. .. ... ... . . .. . .. ........ . 
Ether, 0 .5 c . c. shaken up with 2 c. c. of ext . ......... ........ . .. . . . 

Ammonia (0 .9 sp . gr. -2 c . c. diluted to 1do c. c.) 0 .5 c. c. of dilution 
to 2 c . c. of ext ... . .. . ................. . .. . .... . . .. .......... . . 

Am . vap . (100 c. c. air sat'd . from 5 c . c. am.-water of 0.9 sp . gr.) .. . . 
Tobakine, 1 drop to 2 c . c. of ext ................. . ......... . .... . . 
Tobakine, 1 drop to 2 c. c . of ext .................... ..... ..... . .. . 
Alcohol abs., .05 c. c. to 2 c . c . of ext . . . ......... .... . .. . .... . .... . 
Alcohol abs., .05 c . c . to 2 c. c. of ext ..... . . . .. ... ........ ... ... . . . 
Alcohol abs. , 1 c. c , to 2 c . c. of ext .... . .......... . .... .......... . . 
HgCI~, 1 drop of sat. sol. to 2 c. c. of ext . .. . . ..... .. . ..... .... . .. . . 

1 c. c. of N / 100 HCI to 2 c. c . of ext ......... . .. . .... . .. .... .. . ... . 
Same treatment as No . 22 . ...... . ..... . .. ....................... . 

NaOH 0.2 c. c. N / 100 to 2 c. c. of ext . . ................. . ......... . 
Am. Formate (M / 1000) 1 c. c . with 2 c. c. of ext . . .... ........... . . . 
Am . Formate (M/ 1000) 1 c . c . with 2 c . c . of ext ................... . 
Formaldehyde 0 .3 c . c. of 40 % to 2 c. c. of ext .................. .. . . 
Heat 52° C .. .... ................ .. . ......... ... ... . .... . ... . .. . 
Heat 56° C . . .. .... . ...................... . .... . .. . .... . ..... . . . 
Heat 59° C ...... . ... .. .. .. .... . ... ... ........ .. . ... ........... . 
Heat 59° C . ................ ....... ..... . . .... . . .. . ....... ..... . 

Pyrethrum powder, 0 .5 c. c. by measure to 2 c. c . of ext ............. . 
White Hellebore , 0 .5 c. c. powder to 2 c . c. of ext .. ............... . . . 
White Hellebore, 0 .5 c . c. powder to 2 c. c. of ext ... . . .. ....... .. .. . . 

Time agent 
was used . 

17 hrs ....... . 
Same 17 hrs .. . 
Same 17 hrs .. . 
2 hrs ........ . 
Same 2 hrs .. . 
1 hr ........ . 
16 hrs ....... . 
16 hrs ....... . 
Same 16 hrs .. . 
16 hrs ...... . . 
Same 16 hrs .. . 
i~hr '.' ...... . 
Iv mm ...... . 

5 min . . ..... . 
1 hr . . ...... . 
10 min ..... . . 
i hr ........ . 
10 min ...... . 
60 min ... . .. . 
45 min ... . .. . 
5 min . ...... . 

After 
treatment. 

Aired 5 min .. . 
Aired 2 hrs .. . 
Aired 8 hrs .. . 
15 min . ..... . 
16 hrs ....... . 

.. .. . ..... .... 

.. ~·ired '1'0' mii-l·. : 
Aired 1 ~ hrs .. 
Aired 5 min .. . 
Aired 5 hrs .. . 
20 min. airing . 
Aired 2 hrs. 
until ether was ' 
evaporated ... , 

. Aired io' mii-l·. : 

10 min .... ................ . 
Kept cold 19 

hrs ....... . 
31 hrs ....... . 
20 min ...... . 
5~ m~n .... .. . 
Iv mm ...... . ::::: :::::::::1 
5 min . ... .. . . 
5 min ....... . ::::::::::::::1 
2 min .. .. ... . I ........ .. .... 
10 min ...... . 

40 min .. .... . 
5 min . ... ... . 
30 min .. .... . 

0 2 liberated 
from H 20 2 by 
treated ext . in 

10 m in . 
period . 

O 2 liberated 
from H 20 z by 

check in 
10 min. 
period . 

5 .5c. c ...... 1 5S .0c . c .... . 
17 c. c .................... . 
26 .2 c . c ... ··1 55 . 0 c . c .... '1 
2 . 0 c . c. . . . .. 55 . 0 c. c .... . 
1 . 0 c . c ...... I 55 . 0 c. c .... . 
40 . 0 c . c ... " 1 38.0 c . c .... . 
36 . 0 c . c . . . .. 36 .0 c. c .... . 
56 . 5 c . c .. '" 62 . 0 c . c .. '" 
57 . 5 c. c. . . .. 62 . 0 c . c ... . . 

!~ : ~~:~ ::::: i ~g : g~:~ ::::: 
60 . 5 c . c ... . . 60 . 0 c . c .... . 

58 . 0 c. c . . . .. 59 . 0 c. c .... . 

47 . 2 c . c . . . .. 56 c. c ...... . 
0 .5 c. c ...... 56 c. c ...... '1' 
65.0C. c .... ·1 63 . 5c.c .... . 
54 . 0 c. c ..... 61.0 c . c .... . 
50.0 c. c. . . .. 49 . 0 c . c ..... , 
48 . 0 c. c . . . .. 53 . 5 c. c . .... , 

t-~ ~·e~~lir·ab"le 53 . 5 c . c .... ' 1 
amount . .. . 1 54.4 c. c . .. . . 

2.5 c . c ..... . 1 54 . 0 c. c ... . . 

0 .8 c. c .. . .. . 54 .0 c . c . . '" 
35 . 5 c . c .. . . . 32 .5c.c .... . 
32 .0c. c .... . 61.0c.c ..... , 

61 . 0 c . c .. .. . 1 

41.0c . c .... . 
31.0c. c ... .. 
0.5 c. c ... .. . 

54 .0 c. c . .... 1 

54 . 0 c. c . . . " 1 
61.4 c . c ..... 

1 

47 .0 c.c ... .. 
13 . 0 c. c .... . 
11 . 0 c . c .... . 
Amt . scarcely 

measurable .. 61.4c. c ..... ' . 
23 c. c ...... . 51.0c.c ..... ' 

55.5 c . c .... '1 
55 . 5 c . c .. .. . 

57 c. c ..... . . 
53 . 5 c. c .... '1 

Ratio of 
treated to 
untreated. 

0.1 
0 .3 

0.47 
0 .03 
0 . 01 
1.05 
1.0 

0 .92 
0.94 
0 .81 
0 . 83 
1.0 

0.98 

0.84 
0 .008 

1.02 
0 .88 
1.02 
0 .89 

0 . 089 

... " 0:04 

0 .01 
1.00 
0.52 
0.50 
0.01 
0 . 87 
0 . 24 
0.17 

. ....... 0:45 
1.02 
0 .96 

-\, 

TAB LE V.-CoNcLuDED.-IN F LUENCE OF I NSE C TICIDE AGE N TS ON THE CAT A LASES FRO M TISSUES OF P . CORNUTUS. 

Agent . Time agent 
w as u sed . 

B orax (3 grms. in 100 c . c. water) 0 .5 c . c . to 2 c. c . ext ... . . . ...... . . 1 Used 20 min. 

Borax (3 grms. in 100 c. c . water ) 0 .5 c. c . to 2 c. c . ext .. 
N aF, 0 .5 c . c . sat . sol. t o 2 c. c . of ext . .. . . .. ... . . 
NaF, 0.5 c. c. sat . sol. to 2 c . c . of ext . .. .... . 

b efore testing .. 
! hr . . ..... , . 
15 m in . .... . . 

.......... , 45 m in . . . . .. . 

After 
treatment . 

0 2 libera t ed 
from H zOz by 
treat ed ext . in 

10 min. 
period. 

Oz liberated 
from H zOz by 

check in 
10 min. 
p eriod . 

49 . 0 c. c . ... ' 155 . 0 c. c ... . . 
60 .5c. c ..... 61.4 c.c ... .. 
11 . 7 c . c . . . .. 60 .4 c. c .... . 
12 . 0 c . c ..... 56.0c.c .... . 

R a t io of 
t reated t o 
unt reated . 

0 .89 
0 . 96 
0 . 19 
0 . 21 
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TABLE V.-CoNcLuDED.-INFLUENCE OF INSECTICIDE AGENTS ON THE CATALASES FROM TISSUES OF P . CORNUTUS. 

Agent . Time agent 
was used . 

Borax (3 grms. in 100 c. c. water) 0 .5 c. c. to 2 c. c . ext ... . ........ "1 Used 20 min . 
before testing .. 

Borax (3 grms. in 100 c. c . water) 0.5 c. c . to 2 c. c . ext . . . . . . . . . . . . . . t hr ........ . 
NaF. 0.5 c. c. sat. sol. to 2 c. c. of ext . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 min . ..... . 
NaF. 0.5 c. c. sat. sol. to 2 c. c . of ext .. . .. . . . . . . . . . . . . . . . . . . . . . . . .. 45 min ...... . 

After 
treatment . 

.............. 

.............. 

.............. 

... ... . . .... .. 

02 liberated 
from HzO z by 
treated ext. in 

10 min . 
period. 

02 liberated 
from H 20 z by 

check in 
10 min. 
period. 

49 . 0 c. c . .. . ' 155 .0 c. c .... . 
60 .5c. c ..... 61 .4c.c .... . 
11.7 c. C ••••• 60 .4 c. c .... . 
12 .0 c . c .. ' " 56 .0 c. c . . ' " 

Ratio of 
treated to 
untreated. 

0 .89 
0 .96 
0 . 19 
0.21 

~ 
0 
~ 
(") 
0 
Z 
1-3 
> 
0 
1-3 
H 

Z 
en 
t:=:l 
0 
1-3 
H 

0 
H 

tl 
t:=:l 
en 

~ 
H 

t'-I 
r 

C>:l ...... 



r 

32 EXPERIMENT STATION BULLETIN. 

a few hours old (i. e. after the reductase had become weak) there was 
little chancre in the catalase activity during the next 24 honrs (or even 
48 hours if the extract were kept covered at near freezing). On this 
account it was not always necessary to run a check for each test in a 
series ~hen treated extract- amples from the same dilution were used. 
I nstead, a check could be made at the beginning of the series and another 
check held until the end. If a perfectly fresh extract were used, however, 
the checks had to be run more often, because the strong reductase present 
inhibited the catalase a little; and as the former weakened on standing, 
the catalase was able to liberate more oxygen in a tell-minute period. 
For example, in one extreme case, 2 c. c. of a fresh extract dilution gave 
(with 5 c. c. of hydrogen peroxide) in 10 minutes, 54.5. c. c . . of oxygen, 
while 2 c. c. of the same dilution kept at 40 ° F. over nIght lIberated. 61 
c. c. of oxygen in 10 minutes. In another case using t he same method, 
2 c. c. of a fresh extract-dilution liberated J2 c. c. of oxygen while its 
check 3 hours later (at room temperature) Jiberated 34 c. c. of oxygen. 
It should be added that after this rise due to the passing of the reductase 
activity, the ability to liberate oxygen from hydl'ogen peroxide gradually 
diminished during longer periods of timc. 

About 75 quantitative tests were carried out by t he methods described 
above to determine the effect of certain insecticide agents upon catalase 
activity. RepresentatiYe results of these test are recorded in 'Table V. 

In discussinO" the infiuence of hydrocyanic acid gas on the oxidasic 
activity of th: insect tissue-extract toward alcollOlic guaiac, it was 
stated that when the test was made immediately after treatment, the 
o'uaiac turn'ed blue very much more slowly than in the Cll cck. On the other 
hand when the treated extract was allowed to stand in the air for a while, 
the influence of the cyanid e gas gradually passed off until the heated 
extract would oxidize the guaiac almost as rapidly as the check. In 
other words, there was a partial progressive recovery. Table V shows 
that this insecticide agent behaved in the same manner toward the hy­
droO"en peroxide catalases. In t he experiment, results of which are given 
ok' in the table, a little more than 6 c. c. of extract was "'ept In a strong 

cyanide bottle for 17 hours. At the end of that time, it was removed 
io the open air. After airing only 5 minutes, a test was made with 
5 c. c. of hydrogen peroxide and in the following ten-minute period 2 
c. c. of this extract liberated only 5.5 c. c. of oxygen- the check, in the 
same time, libcrated 55 c. c. of oxygen. Aftcr airing for 2 hours, 2 
t. c. of the same treated extract Jiberatcd 17 c. c. of oxygen; and after 
stall ding in the air for hours until almost all odor of the cyanide gas 
bad disappeared, 2 c. c. of the tJ-eated extract caused 2G.2 c. c. of oxygen 
i o separate from the 5 c. c. of hydrogen peroxide in a ten-minute period 
- the check giving 55 c. c. of oxygen. Other tests gave similar resuIt1s, 
~;o that there is no doubt of a partial, progressive recovery of the catalase 
activity toward hydrogen peroxide in an extract treated with cyanide 
gas upon standing in the open air. Furthermore, the results of these 
tests seemed to show that both the soluble and insoluble catalases in 
the dilute extract had been affected and that both had recovered the 
greater part of their activity after the passing of the poison. In order 
to make more certain that t hi s was the case, a few experiments were 
hied in which hydrocyanic acid gas (from RNC + dilute H 2S04 ) was 
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made to act upon ihe two catalase. separatcly. The crude extract was 
filtered. Then thc clear filll'atc, containing' the soluble catalase, was 
diluted and treated by the method al ready described. The re~idue on 
the filter was washed as neat]y free from t he soluble catalase a. ])Ossih] e, 
nfter which it was shaken 11p in a 8111:1]] amount of distilled water. This 
wuter containing the insoluble cata]n. e in suspension was t hen divided 
into equul samples to be treated ns ill t he other experiments. Cbn.rge~ 
of hydrocyanic acid gas suffiCirll t to l'ende1' specimens of P . cornu,{,ns 
helpless and quiet in 3 to 4 minu trs wel'e used. Such a charge of cyanide 
gas is much stronger tha11 i.1wt uHcd in onlillal'y fumigation. The charges 
were npplied 40 io 45 minu tes. ('I' ll is was a Jonger timc t]lall was reall y 
necessary to kill specimens of t he 1)('c Uc.) The experiments showed that 
over 95 %- of tbe activity of the soluble tata lasc and ouJy about 52% of the 
activHy of thc insoluble catalase was sW:ipended at the end of a 45-min ute 
peJ'iod. '1'here was 8 )~ recovery, or more, (after the treated exil'act 
stood 15 hours at about 34° F .) in case of the soluble catalase, and 
about 21 % recovery of the activity of the insolubJe catala e to \vard 
hydrogen peroxide. 'rhe insoluble calalase seemed to show t he gl'eater 
resis tance, but once it.' activi ty had been ]l indered by the poison, great­
er permanent injury resulted Ulan in the similar event wil II solnb]e 
eata]ase. 

A number of iesls were made (0 delcl'udne whether any ~nch l'ecovery 
of thc calalases in an extract would ,obiain, .1Eter treatmcnt with hydro­
<:hJOl.ic acid insLead of wiih hydrocyanic aeid gas , In pl'cpnl'ing a treated 
extract and its check for thiS' tcst, when 1 c. c. of I~O acid was added 
10 2 c. c. of extract, then 1 c. c. of d istilled water of the samc tempera ture 
as the acid was added to the 2 c. c. check extract in o1'(ler to keep the 
same dilution in the bvo portions. The tests were run in t he apparatus 
already described. Jumbers 22 and 23 in Table V show that Jl'o hydro­
ch]oric acid wa quiic destructive to the catal asc; and there was no 
apparent rctoyeJ'y, c,~cn upon long :::;tanding, if the treatrd extract and 
its check werc kept at: a iempcl'allne not fae abo"e freezing during the 
long period of treatment. Upon standing after the first dec)'ca ~c in 
catalase activit,)', ihree cases of incl'c(lscc1 actiYit,r for liber <1 hng oxygen 
from hydrogen peroxide did OCCUI' in some of the early tests with hy­
droch]oric aCid. However, the in CI'case in these three cases was l'cally 
brought about by decay which (in a ,,-arm room) the weak acid used. did 
not entirely prevent, for long, in the extract. ,Vith the precaution of 
keeping the extracts in the cold (near freezing) during the treatment 
period, no example of increase in cata]a;:;e activity at any time sfter 
treatment with bydrochJoric acid, up to 10 hours, was observed. It 
may be added that the deletel'ious action of this acid upon the reducing 
power of the extract wa not so gl'eat as it was upon the catalasc 
activity. 

The series of tests, results of which are recorded in Table V to show 
the effect of beat upon the catalases, are for sh01·t-interval periods only. 
Other experiments showed that when the treatment-period wa. lengtlt­
rned, temperatures :ret lower than 32° C. showed appreciabJc injury io 
I-he catalase activity. FOl' example, at a tempernture ranging from 45° 
1-0 46° C. for two h0l1rs, the l'atio of the volume of oxygen liberated in 
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a test by the heat-treated extract to that liberated by its check was 
75 

8G = 0 .87. 
Some of the agents readily showed a slight acceleration of the catalase 

Rc~ion, when used. in small amonnts. Attention 'may be called to gas­
olIne and alcohol In the table (V) as illustrating this fact. The manner 
in .. whi~h son:e. of the insecticides. (especially gasoline) appear to hasten 
OXIdasIc actIVIty because of then' deleterious action on the reducing 
powe:', when they were ~rst applied to fresh extract, has already been 
desCrIbed. It seems very lIkely that the slight acceleration of the catalase­
action, at first, ,vhen an extract was treated with small amounts of the 
a.bove insecti.cides, may have (in part at least) much the same explana­
tIon. T.hat IS, sl~all amounts of gasoline, alcohol, and perhaps a few 
others, In attaclnng the reductases deleteriously before they attacked 
the catalases, removed a stronger inhibiting influence over the catalase 
than they themselves exerted, so that a resulting initial acceleration of 
~-he c~t~lase action immediately followed. Strong treatment with t he 
m~ectICldes, h~,,:e,-er, so greatly hindered the catalase (as well as the 
r~ductase), actlvIty, that there was a lessening of the volume of oxygen 
11 berated from hydrogen peroxide. In the case of alcohol the deleterious 
effect of strong or more prolonged treatment was quite decided. Nos. 
J 8 and 20 of ~rable V show that while 0.5 c. c. of absolute alcohol added 
to 2 ~. c. of extract .cause,d mor~ oxygen to be liberated from hydrogen 
peroxlCle after a penod of 10 nunutes treatment, 1 c. c. of alcohol in 2 
c: c. of extract for 45 minutes before the test brought the ratio of oxygen 
lIberated by the treated to that liberated by the untreated extract down 
to. 0.089. T~at is, the stronger treatment not only overcame the lead 
of the first Increase, but reduced the catalase activity much below that 
of the check. The effect of strong, prolonged treatment with gasoline 
vapor was not so marked; it was sometimes barely able to overcome the 
first lead or increase in catalase activity-(the lead or increase which 
was due, as has already been suggested, to the removal of the inhibitinO' 
reductases). This is illustrated by the two experiments recorded i~ 
~rable V, Nos. 6 and 7. In no case of strong treatment, with gasoline 
vapor was the amount of oxygen liberated brought much below that of 
the check. 

Ammonium formate and ammonium oxalate were used in the series 
of .tests because they a~'e kno"~n to be products formed when hydrocyanic 
aCId gas breaks down In air. Ammonium formate in any amount tried 
perm~nently ~njured the .cataJytic action of the extract toward hydroge~ 
peroxIde, as IJJustrated ~n the table (V). Ammonium oxalate, on the 
other hand, served to slJghtly accelerate the liberation of oxvgen from 
hydrogen peroxide by the catalases. ~ 
. The influence of the other agents, so far as tested, are either made clear 
111 the table or may be referred to Jater in discussinO' powdered solid con-
tact insecticides. 0 
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DO THE CONTACT INSECTICIDES UNDER CONSIDERATION ACT UPON 
OXIDASES, CATALASES OR REDUCTASES IN THE LIVING 

TISSUES OF INSECTS TO CAUSE DEATH? 

The experiments just described showed that the contact insecticides 
under consideration did interfere with the activity of the oxidases, cata­
lases and reductases in the tissue extract of P. cornutu8. In the con­
centrated form, such insecticides affected all three of the enzymes (if 
they may be so called) but usually not in the same degree. It was clear 
that carbon disulphide, for example, affected the oxidases and catal ases 
more strongly than it affected the reductases-while gasoline, on the 
other hand, had its most deleterious influence upon the reductases. 

Trial showed that oxidases, catalases, and reductases cxisted in thc 
tissue-extract of many caterpillars, pupae and adult mot hs, as well as in 
the adults and grubs of various beetles. Also, reference has already been 
made to the work of Batelli and Stern"- in relation to oxydones in insects'. 
These authors, in the same year (1913), again described tyrosine-oxidase, 
polyphenol-oxidase, and oxydones in several forms of insects. Besides,­
a few other scattered references in literature briefly (often covertly) re­
late the occurrence of oxidases in the blood or in extracts from various 
lepidoptera, beetles and diptera. Loew has recorded t he presence of 
catalase in three different beetles. In fact, the occurrence of oxidascs, 
catalases and reductases in extracts appears to be as gencral among 
insects as among other forms of life. 

Further experimentS' showed that extracts from tomato-worms did 
not give the test for oxidase with alcoholic guaiac but hydroquinone­
oxidase and tyrosin-oxidase were clearly present as well as reductases 
and catalases. Moreover, the influence of gasoline and carbon disulphide 
upon the activity of extracts from white grubs (both Lachnostel'na and 
Allol'hina) and tomato worms was similar to that already recorded in 
connection with extrads from specimens of adult P. cornutus. 

With these facts established, the question remained as to whether 
oxidases, catalases and redudases in the living tissues of P. C01'nutus 
became deleteriously affected by contact insecticides used in such 
amountS' and for such periods only as were necessary to kill. That 
catalases and reductases, as found in the tissue extract of the insect, 
really existed in the living tissues (and were not after-products of the 
tissues in the extract ) seemed reasonably certain. If hydrogen peroxide 
were introduced directly into the tissues in any part of the body of a 
living beetl e, oxygen became liberated at once with great energy; and the 
reducing power of living animal tissues, genera]Jy, for methylene blue 
is well known. In technical bulletin 11 (this station ), page 52 is refer­
ence to the fact that living beetles, in the absence of oxygen gas, reduced 
Jarge amounts of indigo carmine and methylene blue which had been 
injected into the body tissues by means of a fine hypodermic needle. Even 
in the open air, a small amount of methylene blue, injected into the tis­
sues of a beetl e's body, became entirely reduced. 'Vhen the reduced 
(leuco-) methylene blue was collected for excretion by t he cells o-f the 
Malpighian tubules, however, it became oxidized to the blue color again 
in those cells. Still, this reoxidation of the color-body did not neccs-

*Batclli and Stern (B iocbcm. Zcits" HJ13, GG, 59-77). R ev" J. of the Cbem, Soc., Vol. 
103-104, part i, p. 1272. 

6 
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Bfltily imply Oi' prove the pN~selice of oxidase uctivil:y, and rio elitirely 
satisfactory method of visibly tlemOllst1Tlting oxiduse activity in the 
ti8sues of living uliinjured irisect~ was fouiieL Upon studYIng the . case, 
however, there wQs neve~rtheless fouiid to be visi ble evidence of almost 
positive oxidase activity naturally present in certain living cells of 
1110St insects. 'rhe facts which set forth this evidence follow:-

The wing covers of newly emerged adults of P. C01'J~utus were almost 
without color-pure w~ite. 'l'hey gradually began to brown, becoming 
darker and darker untIl they finally appeared jet black-and by that 
time, they were entil'ely dry and liard. vVhen the dry, black wing covers 
were crushed and tested they were found to contain catalase and an 
(.al.most) insoluble tyrosin-oxjdase (see Fig. 3, Plate I); reductase ac­
tl~lty was practically absent. The dark coloring matter of the crushed 
:vmg-covers appe~red to ?e identical with the dark pigment whicb 
formed when the Insect-extract or blood was exposed to air. Moreover 
this melanic pigment in both cases was like thelllelanic pio'ment ob~ . ~ 

. talned when tyrosin, in solution, was oxidized by illsect tissue-extract. 
(Tyrosin is a protein derivative). TIle wing-cover pio'll1ent as well as 
both the other pigments ,J'ust meutioned could be red~ced by confinin o' 
. . I ' ~ It In t le absence of oxygen with fresh tissne"extract which ·was rich in 
red~ctase activity. The coloration of newly emerged insects could be 
entIrely ~topped at any stage by dropping the insects into boiling water 
and keepIng t~em at that temperature for about 20 minutes. AO'ain if 
white, newl'y moulted insects (Pcriplaneta A mcricnna, was used) w'el'e 
submerged m CS 2 and k.ept there, almost no dark coloration developed. 
Als.o (as has been gene.rally found by expel'jence) in order to presel've 
whIte grubs and pupae m. aIcob.ol without darkening or discoloring, tbey 
first had to be treated \vlth bOIling water. 'rhat is to say, some means 
(such as h~at) appea.red to be necessary to destroy the oxidase activity 
before plaCIng the whIte adults, grubs or pupae in alcohol' otherwise the 
inhibiting action of the strong reductase IJresent in the livinO' body 'dl ,~ . , 
rap? y passed after death, and the oxidase (which is injurerl but not 
entIrely destroyed by alcohol) then brought about oxidation and blacken­
ing. of the tissues.. Like,,:ise, since an oxidase which could oxidize ty­
rosm was present In the WIng-covers and outer integument of P. cornutlls 
and the co~kroach (PeTiplanelcl .flnwrieana ) it appeared that the cutic­
ular excretIon poured out from the hypodermal cells beneath the old 
inte~'ument befor~ it became moulted-the excretion which uent to form 
the. mte?,ument of the newly moulted insect-contained not only the ty­
rOSIn-OXIdase but also a tyrosin-like derivative (1. e. some similar orO'anic 
derivative ) which oxidized, under the influence of the oxidase to form 
the brown or melanic coloration of the integument. These ~dded in­
~ta~c~s of the activity of an oxidase did not, so far, prove its presence 
In In:m¥ cells. 'l'be evidence showed, however, that in blood exposed to 
the aIr, In extract of tbe tissues exposed to air, in the cuticular integument 
of the newly. moulted adult beetle and in the tissues of the dead grub 
and p~p~ (kI~~ed by some means that does not destroy an oxidase) a 
very SImll~r, If not an abs~lutely identical, melanic pigment developed 
under the Infl.u~nce of an OXIdase in every case- and more rapidly as the 
reduct~se actlvlty passed. l\foreover, these instances of melanic pigment 
formatIOn served to call to mind the fact that in certain cells of the 
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compound eyes of insects, and of the ocelli of insects and spiders, and 
in the hypodermal cells forming the circular boundary of ocelli, there 
was to be quite commonly found a melanic pigment which had its origin 
in the cells during ontogenic development. ln view of the proven cases 
of melanic pigment formation through oxidase action cited above, the 
inference that the development of melanic pigment in certain eye and 
hypodermal ce]] wa an example of a imilar oxidase acting upon some 
constituent of the ce]]s, themselves, seemed to h ave justification. Other 
imilar evidence might be giyen all tending to show that melanic pigment, 

in animal tissues, develops through ihe oxidation of some organic con­
tituent of the tissue '- under the influence of an oxidase-:<- acting after 

the tissue-reductase has been either 'weakened or destroyed by some 
means. 

In order, then, to leal'll something finally concerning the effect of a few 
contact insecticides (when used only in such amounts as were necessary 
to kill) upon oxidases, catalase and reductases in the living tissues of 
P. cornut'u8) the method of study was varied as follows: 

Insects were killed by the insecticide agent to be studied, using various 
amounts of the agent for ihe length of time necessary to kill. The bodies 
were then extracted by the method all'eady described, as soon as the 
insects were con idered dead or beyond recovery, and the strength of the 
oxidase, catala e a 11(1 r eductase actiYitie. in thi, extract wa compared 
with that in a fre It exh'act imiJm-ly pl'e]Jal'ed from the ame number of 
untreated insect. 'fe ts were made in this manner using heat, hydro­
cyanic acid gas, chloroform and carbon disulpltide. It will be appre­
ciated that it was impossible, to check the factor of time, original 
strengths of catalase, oxidase and reductase in the extra ts, etc. by this 
method as accurately as they could be checked in the former method 
where samples were taken at the same time, from a single extract, for 
stUdy. Nevertheless, the results showed certain things very satisfactorily. 

The extract from gasol ine-vapor-killed beetles waS' alway much weakel' 
in reductase actjvity than i he check, while the catalase and oxidase 
activity remained much ihe . all1e. For example, when two beetles were 
treated with about 3% gasoline vapor 1'01' 20 hours, it required 4 hours 
1'01' the treated extract to reduce a cel-tain amount of methylene blue 
- the check accomplishing the same reduction in 10 minutes. Prac­
tically no diefel'ence could be seen jn the rapidity with which alcoholic 
guaiac was oxidized; and a check-extract-sample liberated only 2 c. c. 
more of oxygen from 'jhe standard hydrogen pero. ide than a similar 
sample-extract of the in~ecis killed by gasoline. 

The extract Il'om beetles killed with cal'bon disulphide was always 
quite white or very light shaw color at first and it remained so for two 
or three hour, usually, before it began to dm·ken. That is, oxidase 
action always appeared to be almost en tirely absent, at first. After a 
few hOUl'S, however, this acthrity became partly recovered. Catalase­
action was usua]]y injured one-half or more, and the reductase much less, 
so that it was relatively strong, at first, as compared with the oxidase 
activity. 

Reductase in the extract of beetles treated 2112 hours with strong 
*Hammarsten (Mandf'l) in bis "Physiological Ch emistry" quotes FUrth with Schneider and 

Prisbram, Gessard, Neuberg and Dewitz as having" shown the presence of tyrosinases in 
insect-tissue and sepia, in melanotic tumors and in pigmented skin . 
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cll1oroforlll-air was found to be, at i he end of that time, 16112 times 
weaker than the check. The oxidase was apparently nninjured; some­
times it seemed a little more actiye than in the ched::. 'rhe catalase 
showed but little injury. 

Hydrocyanic acid gas caused great interference with the activity of 
the oxidase. For example, three beetles were treated in a cyanide bottle 
15 hours and then aired one-half hour before being extracted. Tlth, 
extract remained light or whitish in appearance for 2 hours before it 
began to darken at the surface in contact with the air, and before it 
would begin to show any indication of bluing guaiac. The check re­
quired only about 2 minutes to bring about a decided bluing of guaiac. 
'1'he catalas.e-adivity was quite strongly interfered with, at first; bllt 
the reductase required only about!) times longer to reduce its methylene 
blue than the check. 

Extract from beetles kept at 44° to 4G o O. for 2]/2 hours, until dead, 
showed little loss in catalase activity- but more in it oxidasic and 
reductase activity. The oxidase was about 7 times slower and the 
l·eductase about 21 times slower than the check. ' 

Olearly, the results given by the last method corresponded. very well 
with results obtained by the former method where the effect of the 
insecticide upon oxidase, catalase and reductase in tIle ready-prepared 
extract was st udied. It is true that in every case the beetles were killed 
by the in ecticide agent without. the entire destruction of anyone of 
the three enzymes- but never without greatly injuring one or more of 
them .. AI~o, as will be observed, if the reductase were strongly injured, 
the oXIdaSIC enzymes were usually little injured or apparently not at all . 
and convel·sely, if the oxidase and catalase were greatly injured by th~ 
insecticide, the reductase was little injured. '1'hus, the natural or normal 
balance of catalase, oxidase and reductase activity was disturbed. 

The question may now be repeated: Is this deleterious effect of the 
insecticides studied, upon the oxidases, catalases or reductases the cause 
of death? It is hardly possible that the three enzyme-like bodies named 
in the question could be so universally present (with activities so ap­
parently c~or?ina.ted) in tissue extracts and in the living tissues, if they 
were not of VItal Importance. They surely accomplish oxidations and re­
ductions in the living tissues and much evidence indicates that they 
m'e a pal·t, at least, of the machinery of internal respiration. I t has 
beeH shown that P . C01"1'//utus cannot be killed or rendered beyond re­
COVel·y, by cel·tain contact insecticides studied, without decided injury 
to one or more of the three activities- oxidase, catalase or reductase. 
'rhis fact, taken in connection with what has been shown to be true of 
the influ.ence of tho.se arne in ecticides upon the respiratory rate and 
the respIratory-quotIent, supports the view that oxidase catalases and 
reductases have to do with 1he starting and carryinO' forward of cell 
respiration. If that view is true, then the deletel"iou~ effect of the in­
secticides (named in this connection) upon oxidases catalases or re­
ductases in. i~lsects must ?e an il.uportant factor-perh~ps, in some cases, 
the deterrn'tntng factor-m c::msmg death. 

No special study has been made of the influence of various contact in­
secticides .upon the protoplasmic activities which carry forward life­
process~s In the nervous tissue cells of insects. Such a study in this 
connectIOn would appear to be of next importance, since all the volatile 
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insect fumigants are more or less narcotic in their action. Shiro Tashiro 
lws found, by means of his new apparatus for esUmating exceedingly 
minute quantities of carbon dioxide produced in nerve fibres, that e1 her 
and urathane "diminish CO2 production from isolated nerve fibre')-;(-­
although he was not working with insects. 

CONCERNING THE INFLUENCE OF' GASOLINE-VAPOR, ETC., AND LIME· 
SULPHUR SOLUTION UPON THE PASSAGE OF OXYGEN, RESPECTIVELY, 

THROUGH FAT OR LIPOID, AND CERTAIN WAX MEMBRAN;ES. 

It lws been made clear 1ltat gasoline deleteriously affecte<1 the re­
ductase activity far more quickly and sever-ely than it did that of the 
oxidases; and further that, since the presence of a strong reductase 
tended to partly hold in ch'eck oxidase-activity, the quick lowel'ing 
of reductase-activity in a gasoline-treated extract caused the latter to 
show greater oxidase power for a while than an untreated check of the 
same extract. This was true when the test was made with fresh extract 
in the presence of gasoline vapor. But in such tests as the last, made 
with extract tlJat had already lost the greater part of its reductase­
activity, the fact will be remembered that a less amount of oxygen was 
used by the "extract plus hydroquinone solution" (and less quinone was 
formed) in the presence of air containing gasoline vapor than by the 
check in pure air. 

When an extract a few hours old was treated vel'}' strongly with gas­
oline and then test was aftenyard canied on in fresh air, however, 
oxidase activity did not appear to have been greatly lessened. rrhe 
suspicion therefore presented itself that the lessened oxidation of hydro­
quinone occasioned by the extract in the presence of gasoline-vapor, as 
well as also the lessened use of oxygen by insects deeply under the in­
fluence of gasoline-vapor, was partly due to some other cause than injury 
of the oxidase or reductase by gasoline. 

As has been mentioned several times, the first and most noticeable 
fact in connection with the tissues of an insect strongly treated with 
gasoline vapor, as well as with tissue-extract so treated, was the solvent 
action of the gasoline upon the fats and fat-like bodies (lipoids); or, 
looked at from the other point of view-the insistent fact was the solu­
bility of the tissue-fats and lipoids for gasoline vapor. Lipoids were 
found to be present in or around the cells of insect tissues. For example, 
a semi-transparent lipoid residue was obtained by extracting the washed 
muscles of P. cornutt"s with ether containing a little alcohol. This was 
perhaps to be expected, since the almost universal occurrence of lipoids, 
especially such as lecithin, in animal cells and animal fluids has been 
recognized for several years. This lipoid residue obtained from the 
washed muscles of P. cornut'us absorbed gasoline readily. The condition 
therefore seemed to obtain that wherever the lipoidsl might be found, in 
the body fluids (blood )-where they certainly were present-in the 
protoplasm boundary layer of the cells (Overton) or in the complex of 
the cell-protoplasm itself, gasoline \vould surely also be present in an 
insect under the influence of that insecticide. In any such case the 
insect tissue cells would be enveloped by blood holding gasoline in solu­
tion; the ends of the trachaeoles would be permeated by gasoline. Could 

*Am. Jour. of Pbysiol.., Vol. 32, 1913, No. 11, p. 117. 
See a lso same Journal pp. 137-145. 
See also same Journal Vol. 34, 1914, pp, 405-413. 
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~t be t~at this. re~dy solubility for g~soline of the fats and lipoids of 
lllsect-tIssues furnIshed a means for lunder-ing t he absorption of oxygen 
b:y .the tis~ues, or lessen~ng t he oxidation of hydroquinone by the oxirlase 
of Insect-tIssue extract III t he presence of gasoline? It seemed that such 
might be the case, if in fact it should be found t hat gasoline held in 
soluti.on by fats and lipoids, less~ned t heir solubility for oxygen~and by 
so domg, lowered the rate at ,"vluch atmospheric oxygen might pass into 
an extract, or from the trachaeoles (or by any path ) throu a-h the fluids 
ba.t~ing th~ cell~, on into the ce]]s to those agencies whi~h (in life) 
utrlrze the lllCOnllng oxygen. Accordingly plans were made to determine 
what ch~n~e the absorption of gasoline-vapor by a lipoid membrane, such 
as a lecItllln membrane (or by a fat membrane) would have upon the 
rate at which oxygen passed through it. For the series of experiments 
to be made in this connection, it did not seem necessary or even desirable 
to use the fat or lipoids derived from in sect". Clearly, the advantao'e 
would lie in eliminating all possibl e vadable quantitie . On that accou;t, 
a comparatively pure fat ::llld lipoid , each of which would be uniform and 
e~sily ~btaine?, was desir~d . Several preliminary quantitative absorp­
t]~ns of .ga.solme-vapor,. usm g de,finite all1o~nt (3 grams) of lard, lan ­
olm, ]ecIthm, choles~errn, and (Jor comparIsou) egg-yolk and egg-albu ­
men were first carrIed out. Some representative results of a few of 
these absorption tests are given in Table VI. ~ehe apparatus used was 
that represented by Fig. III, except t hat the hooked U-tube "u" and 
the b~rette "b" were not ~eeded. Th e 3-gram quantity of lecithin (or 
eggwlllte, etc.) was placed In a standard s tender dish- so that the ~ame 
absorbing-surface was exposed always-and t he dish was then floated 
upon mercury in the gas-container "g. c." Most of the tests were made 
over rather short periods, during whicb the barometer and thermometer 
remained practically constant. Checks showed t hat in pure air the 
volume of gas enclosed with the absorbent (fat, etc.) which was beina­
tested remained unchanged over similar periods of time. In the test~ 
a loss in volume as shown by the gas-burette was t herefore the measure 
of the "gasoline-vapor" that had been absorbed. At the end of each test 
the percentage of gasoline-vapor still present was determined from a 
sa~llf,le taken fr,om _~he ~as-container-u sj?g t]~e "Nordhausen sulphnl'ic 
aCId method of estImatIOn already descrrbed In the fOl'mer bull etin. 

TABLE VI.- COMPARATIVE SOLUBTLITY OF GASOLI NE-VAPOR TN 3 GRAMS, RE­
SPECTIVELY, OF LECITHIN, EGG-WHITE, ETC. 

1. 

2 . 
3 . 
4. 
5. 

6. 

Temperature. 
Per cent Volume 

gasoline vapor measlIre of 
at end of test . gasoline-

vapor absorbed . 
Time u i:led . Material. 

la o Lecithin ......... ... ... 22 2° C.... . 3 0 % ........ 1 2 7 c c ... { . 
b . Egg-albumen ... .. .... . 22 2° C ...... 3 0 % ...... 0 6 c c .... ·1 dO mIn 
a . Egg-album en . . . .. . . 24 1°C ... . . 3 0 %. . .. ... 0 7 c. c . .. . . . 
b. Egy;-YOll< (fresh ) . . . . . . .. 23 7° C .. . .. 3 . 0 % ..... . .. 1 0 1 c. c .... : J 40 mm . 
Egg-Iyo k .(fresh ) .... ... .. . 25 0: c.. . . . 3 .'5 0/" ....... () 1 c c.. . .. . 60 min. 
Choesterm ...... .. ........ 268 C .. ... 30 % ....... 06 c.c... 20min 
Egg-yolk (fertIle egg) a fter 41 ' I .. , . 

days incuba~ion .. .. .... 24 . 0° C ...... 4 .4 % ...... 1.0 c c . .. 60 min 
EgfYOlk (fertIle egg) after 5 . . . . 

ays incubation.. .... . ... 22 4° C ..... i 4 . 0 %........ 1 8 c c...... 30 min. 

. The lecithin (H. P. from e?'g, Merck) ",vas used, as received from Merck, 
III the form of a paste; and m t he rase of cholesteriu the soft dry powdeI' 
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was used. The ready capacity of lecithin to absorb gasoline-vapor, from 
air containing it, is i llustrated in the table. In connection with the 
solubility of egg-white for ga olin e, it must be remembered that even 
egg-white is not pure albumen, but that it contains a mesh of extremely 
finc membranes of keratin and a very small amount of fats, lecithin, and 
cholcsterin. The largest absorption of (3%) gasoline-vapor by 3 grms. 
of egg-albumen was that given hl Exp. No.2 (0.7 c. c.). A surprise 
came in finding thc compm'ative olubility of fresh egg-yolk for gasoline­
vapor as shown in the tablc. Thc results obtained in connection with 
fresh and incuh:-tted egg-yolk wj]l be refcrred to again under the next 
heading. 

After the. e prcliminary te~(s and oUler trials, lard was selected as 
thc fat and lecHhin as t he lipoid which seemed best adapted for the 
purpose (accOJ'ding to the plan mentioned above ) of being spread into 
mcmbranes to be used in dctermining the effect of gasoline-vapor upon 
their permeability to oxygen of tuc air. However, a few tests were made 
with membranes composed of a mixture of lard and lecithin, and also 
with lanoline mcmbranes. All these membranes were prepared, and 
manipulated to obtain thc results required by the plan, as follows: 

A very light India muslin was used for thc sustaining fabric, and over 
this tbe lecithin (or lard, etc. ) ,,-a · spread in a thin sheet enti rely cover­
ing the fabric and fiDing its mcshes to form essentially a lecithin (or 
lard, ct c.) membrane. In making use of such a lccithin membrane, for 
example, it ",a~ phlcc<1 as a cover over the mouth of a small preparation 
dish (4 cm. in diameter), which had been almost but not quite filled with 
concentratcd lime-sulphur solut ion. The cover was then fastened down 
"lecithin tight" with a thin metal band, thu enclosing a small air space 
above the lime-sulphur in the preparation dish. Great care was used 
in order that the lime-sulphur might not wet the lecithin cover, and 
the dish ,,-as fl oat ed up on mercury in the gas container of the apparatus, 
Fig. III. I n this position, the covered preparation dish was allowed 
to stand a few hours. Then the mercury manometer "m" was adjusted 
level. The thel'll1ometer and barometer readings, the time and the read­
ing of the gas-burette "a" were all recorded. After a certain definite 
period all t hese readings were recorded again, the mercury-manometer 
having been first leveled once more through adjusting the height of the 
mercury column in t he gas-burette "a". In this manner, the rate of 
volume-decrease of the air in the gas-container "c" was determined. The 
decrease was due to a decrease in t he amount of oxygen in the air of 
the container holding the membrane-covered dish of lime-sulphur solu­
tion. This was definitely proven by determining the percentage of oxygen 
in the air from samples taken hom the container immediately before 
the tests pegan and immediately after the last set of readings were 
recorded-the volume of air used in the container duting the test being 
known. Since the conditions of the experiment have been outlined, it 
will be clear that tbis rate of decrease in oxygen was the rate at which 
oxygen was passing tluough the Jecithin melnbrane- or whatever mem­
brane was used to COVCI' the preparation dish. From the beginning of 
the test , the lime-su]phnr solution absOl'bed oxygen gradually and stead­
ily from the small air-space above jt. Just as constantly, oxygen was 
given off from the uncleI' side of the membrane (to the small air-space 
above the lime-sulphur ) and taken t"P or absorbed by the upper surface 
of the membrane from the air of the container-the volume of which was 
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comparatively large. The prime condition was (it will be remembered) 
that the lecithin cover (or lard, etc.) closed the preparation dish "lecithin 
tight." No oxygen could pass into the air space of the dish except it 
passed through the lecithin itself. vVhen the rate at which oxygen passed 
through the membrane from air had thus been determined the mercurv 

"b" . d 'u mug was raIse , cocks "a" and "c" were opened and as much of the 
air a~ pos~ible was caref.ully expelled.''{- Then, from a stock preparation, 
gasolme-mr was drawn mto the container as the mercury mug "b" was 
lowered. At first, gasoline-vapor was absorbed I'apidly by the lecithin 
l~lembrane. By making tests (as already described) at intervals, it was 
found that the rate of decrease in volume would finally settle down to 
a fairly un~form rate. That is, the membrane would finally become 
saturated wIth the gasoline-vapor, and the decrease in volume after that 
wa~ due to the loss in oxygen absorbed by the lime-sulphul' solution. 
l'hIs last r?te was then determined as accurately as possible (just as has 
been explmned when the cup was in air.) Here :11so, the di l'ect method 
of measuring the loss in volume of oxygen could be checked bv takin 0' 

samples of gasoline-air at the beginllin o' and at the end-mavkinO' d:­
terminatiOl~s of the percen tage of ga;olhle and of oxygen pr~sellt 
at each time and thus figuring the rate at which oxygen had 
been absorbed. Now this last rate in the loss of oxygen, it will be 
observed, was the rate at which oxygen passed through the same lecithin 
membrane after the la tter had become saturated with gasoline-vapor in 
the presence of gasoline-vapor-air. l'he rate at which oxygen passed 
through the lec.ithin membrane in air might therefore be compared with 
the correspondmg rate when the membrane was under the influence of 
gasoline-vapor. In many of the experiments, the covered preparation dish 
was takeI?- from the container and aired until as much as possible of 
the gasolme-vapor had evaporated from the lecithin cover. After that 
the dish was carefully replaced in fresh air in the container and the 
;~t: at which oxygen passed through the membrane again determined. 
Ilus w.as ~one, a~ .a check, to learn whether the lime-sulphur solut'ion 
was stIll In conchtIon to absorb oX}Tgen at a practically uniform rate 
when the membrane was exposed to pure air.. Further precautionary 
c!lecks were made by finding the rate at which the uncovered dish of 
lIme-sulphur absorbed oxygen in pure air and in gasoline air. These 
c.hecks showed conclusively that at the end of the series of tests the 
hme-sulpl.lUr solution was still active enough to absorb oxygen much 
more rapIdly .than the lecithin or other membranes could take up that 
gas a;ld pass It .through to the absorbing solution, either in pure air or 
gasohne-vapor-mr. In aD cases, the temperature durinO' anv series of 
tests was kept as uniform as possible. 'Vhen the thern~ometer or bar­
ometer changed appreciably, or whenever the tests extended over mOI'e 
than three hours, all gas-volume measurements were changed to 0° 0, 
and 760 m. m. mercury pressure before comparisons were made. 

Over _3? .trial experiments were made with the apparatus in learning 
the b.est thIckness of D~embralle to use, and the time-limits (ill order that 
the hme-sulphur S.OlutlOll should not be weakened too much), as, well as 
many other detmls. Thereafter, bvelve series of tests were run to 
determine the influence of gasoline-vapor upon the rale of oxygen transfer 

f *?_'be t1dge of ~be metal ba~d, wbicb \~as used arou nd tb e top of the preparation dish to 
as, ~n ~ _ cove,I-membrane tIghtly. prOjected above tllC surface of the latter enou h to 

entnely protect It from damage by the top of the contain er when the air was being expel1ed. 
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through lecithin, lecithin-lard and lanolin membranes. 'l'he lecithhl-lard 
mixture was made of about equal parts of lecithin and lard thoroughly 
mixed together. In half of t hese both methods mentioned were run to 
gether-i. e. the method of total gas-volume measurements, and the 
method of percentage determinations of the oxygen, gasoline-vapor, etc., 
present at the start and the end of each separate test in the series. The 
cautionary checks were also observed. Four series of tests were run to 
determine the influence of chloroform-vapor upon the rate of oxygen 
transfer through lecithjn membranes. These four serie of tests were 
carried out by the one method only- namely, that of the total gas­
volume measurements at the beginning and end of each test. 

The results of all tIle experiments by both methods pointed directly 
to the conclusion that, in the presence of gasoline-vapor air or chloro­
form-vapor air, the membranes named permitted lesS' oxygen to pass per 
unit of time than they permitted in air only. 

Note that the experiments with the covered preparation dish of lime­
sulphur were carried out under the conditions encountered regularly by 
the tissue ceHs of an insect subj ected to fumigation by gasoline-vapor or 
chloroform-vapor. Just as oxygen reached the lime-sulphur for absorp­
tion at a lower rate, when passing through the lecithin membrane in 
the presence of gasoline-vapor or chloroform-vapor, so, it may be judged, 
less oxygen would be able to reach ihe oxygen-absorbing protoplasm of 
the cells through the surrounding body fluids (blood) etc., the lipoids of 
which held gasoline-vapor. So also, in the presence of air containing that 
vapor, less oxygen would be able to pass through the surface of an 
insect-tissue extract (containing hydroquinone, for example) into the 
extract where it could be utilized by the oxidase in oxidizing hydro­
quinone. 

Now, the actual percentage of oxygen present in the gasoline-vapor air 
would naturally be lmver than in normal, pure air through dilution by 
the gasoline-vapor, but it appeared that this alone could not fully account 
for the lower rate of oxygen transfer through the membranes. Attention 
may be called to the fact that when the percentage of oxygen in the air 
of the container, for the "air only" tests, was made as nearly equal as 
possible to the percentage of oxygen in the gasoline air used (see Nos. 
3 and 4, Table VII), the rate of oxygen transfer through the membrane 
remained lower, nevertheless, in the presence of gasoline-vapor. In Exp. 
3 (':rablc VII) the oxygen percentage was 20.2 at the beginning, and 
18.26 at the end of test No. 1. In test No.2, carried out in "gasoline­
vapor air" mixture, 18.26 per cent oxygen ,vas present at the start and 
17.5 per cent, at the end. 'rest No. 3 of Exp. 3 was started after the 
covered preparation dish had been aired several hours. All the gasoline 
ll:td not been given up by the membrane, however- and by the end of 
the test, the small percentage of gasoline-vapor shown in the table had 
been given off to the air of the container. A very thick lecithin-lard 
membrane had been used. In Exp. 4 (test :No.1) of the same table, the 
percentage of oxygen at the beginning was 15.13, and at the end, 13.2. 
In test No. 2 of this experiment, the gasoline-vapor air contained 14.6 
per cent oxygen at the start, and 13.11 per cent at the end. The con­
clusion in regard to this point must be, therefore, that the gasoline-vapor 
which was taken up by the membranes rendered them less permeable to 
oxygen. Rcpresentatiye resl1Hs are given in Table VII. 



TABLE VII.-SHOWING THE INFLUENCE OF GASOLINE-VAPOR. CHLOROFORM-VAPOR AND LIME-SULPHUR SOLUTION UPON THE PASSAGE OF O2 THROUGH CERTAIN 
SPECIFIED MEMBRANES. 

Exp.Lest Membrane cover used . Insecticide­
vapor used . 

I Excess of 02 passing 
Per cent of I 02 absorbed , or 02 through membrance per 

Insecticide- T C t Total time Total O2 passing through 10 hr. period in pure 
No. No. 

1. 
2. 

1. ~ 1 t 
5 . 
6 . 
1. 

2. ~ I 2 . 
3 . 
1. 

3. ~ 1 ~ : 
4 . 
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vapor at emp. en . expo ran. absorbed. membrane per air over that in 
end of test. period of 10 hrs. insect.icide-vapor-

I air mixture. 

II Lecithin ...... . . Air only . . .1 -. ---- I 23.2° c. to 22 .6° C.. 2t hrs . .. 3 .8 c. c. 13. 8 c. c. l Average 
LeCithin .. ... Aironly ....... 23 .3° C....... 1hr . 1.5c.c. 15 .0c.c. j 14.4c.c. 
Leclthlll ......... Gasoline vapor . 280/0. . 24.2° to 21.4°. 15hrs .. 6.1e . c.. 4 .0c.c .... . 

I 

LeCIthin . .... .... . . . . ...... Gasoline vapor . 3 .5<;"0. 21.4° to 20.4° . 3i hrs .. . 2.42c.c . 7 .6c. c. 
No cover . .. . ....... Gasoline vapor . 4 .4%" 1 26.0° to 25.6° . 3thrs.. 3 .8c.c .... 1O .8c.c. 
Nocover ........ ........ .. . .. Gasoline vapor . 4 .4%.. 1 25.6° .............. t hrs .. ..... 0 .8c.c ... 10.6c.c .. . 

~~~:J~~~~ : : :::::: ::::::: : ::::::::::: :::: : g:~~~~~:~~~ : .' ~~~. ~i:~~HH~ ::::::: Y~2~:: :::: LE<~ ::- t~~:~ : ..... . 
A thick Lecithin- lard cover .. .. . .. . .. .. .... Air only ............ .. I. . 25.2° to 24.4° .. . .... 24 hrs.. .... 2 .4 C. c.... 1. 0 0. c .. .. 
A thick Lecithin-lard cover. ............... Gasoline vapor . .. . .. 5 37% 25.0° to 27.2° ....... 24 hrs . .. . . . 0 .46 C. c ... 0 .191 C. c . 
A thick Lecithin-lard cover .. . . . . . . . . . . . . .. Air (gasoline vapor) ... 0 .55%... . . 27.2° to 24.0° . . . . . . . 24 hrs .. . . .. 1.17 c. c. .. 0 .48 c. c . . 

r~ci~hi~~i~;d .· : : : : : : : : : ....... : : : : : : : : : : : X~s~~l~. ~apor : : : : : : : : 5.7%.... .. ~~:6~ .t~ .21 .. ~~ : : : : : : : ~ ~~~ : : : : ... ~ : ~7c~~ c : : '. ~ : ~~ ~: ~: : : .. 
Lecithin-lard ............................ Gasolinevapor .. .. .. .. 4 .54%. 26.6° ............... 6hrs .. ..... 1.43c.c ... 2 .38c.c ... .. 
Lecithin-lard .... .. .. .... . ... .. Air again .. . ....... .. . . , 27.2°t026.6° ... . .. . 6hrs . .... .. 2 .05c. c ... 3.4c.c .. . .... . 
No cover . . . . . . . . . . . . . . . . . . . . . Gasoline vapor . . . . . . . . 1 %. 22 .8° to 22.0° . . . . . .. 4 hrs. . . . . .. 1.98 C. c . .. 4.95 c. c .. .... . . 

E~Ci~~~~~ :::.::::::: :::: :::::: 8t£i~~: ·~~~~~ :· · · ·· :::::1 ~H~ :: :: ::::::::::: !~yrr .. :,:::: t~~:~ ::: : 1 ~~ogc~~~:: ::::: .. . 
Lecithin .. . . . . ......... " . . . . . . . . . .. Air only .. . . . . . . . . . . .. ... . .... ... . 2.5.2°.......... . .. .. 1 hr . . . . ... 1.6 c. c . . " 16 .0 C. c .......... . 
No cover ..... .. .. Air only...... . .. ..... 25.0° ............... 2 hrs ...... 3 .7c.c .... 18 .5c.c ..... .. .. 
No cover ......... Air only.... ...... 20.00......... 111-12hrs .. 2.3c. c .... 12 .0 c.c .......... . 
Leci thin .... ..... . . . . Alronly. .. . .... . .. . .. 20.00' . ... .. . .... ... , 2hrs . .. .. . . 2 .0c.c ... 10 .0c. c .. .. . . . . . . 
Lecithin ...... . . . .......... . ... Chloroformvapor . .. . . 21.00t021.4° . ... ... 1hr ....... 0 .6c.c .. . 6 .0c.c . ........ . . . 
Nocover . .............. Chloroformvapor .. .. . ........ .... 19.8°t020.00 ... .... 1ihrs ... ... 1.5c. c .... 11 .2c. c .. ....... .. 
Bees wax membrane ....... . .......... . ... . Air only. 27.0° .. . .... .. ... . .. ~ hr ..... .. 1.2 c. c . .. . 18 .0 c. c . . . . .. . ... . 
Bees wax membrance wet with lime-sulphur 1 

solution .......... . .. . ............. . .... Air only ..................... ... . 25 .2° ............... 48hrs ...... 18.46c.c ... 3.8c.c .......... . 
Nocover .. ............................... Air ... 25.20. ....... ..... .. 1hr. ...... 1.2c.c . 12 .0c.c .. 
Shellac........ . Air . ........ .. .. . 26.0° .. . ........ .. .. 1 hr ....... 1.4 c. c .... 14 .0 c. c .. 
Shellac wet with lime-sulphur . . . . . . . . . . .. Air . . . . . . . 25.6° to 25.4°. . . . . . . 2t hrs. .. ... 1 .6 C. c. . .. 6.0 C. c . .. 
Shellac wet with lime-sulphur . Air .. . .. .. 1 250 .......... .. ... 7-12hrs .... O.lc.c .... 1.7c.c. 
Shellac wet with lime-sulphur . Air. . . . 25.0° to 24.8°. . . . . . 50 hrs. . . ... 1.1 c. c. . .. 0 .22 c. c. 
No cover at end.. .. ..... .... Air .... 24.8° to 25.0° . 1hr ....... 1.7c.c ... 

1

17.0c.c . 

10.4 c. c. 
. ... .. .. .. . 

6 .8 c. C. 

. 4: 7 . ~ .. ~ ........... ... . 

' 0:S09 ' ~"~""""'" .. 
0:52 .~ .. ~" .... ....... . 

3'. 45 c. c. 

11 .0c.c. 

4 .0 c. c. 

14 .2 c. c. 

14 .0-5=1.1.0 c. c. 
14 .0-1. 7=12.3 c. c. 
14-0 .22=13.78 c. c. 
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Before figuring the rates given in 'rable VII, all gas-volumes were 
reduced to 0° 0, and 760 m. m. mercury pressure. Since al1 tests were 
not run for equal periods of time, it was necessary to figure results to 
some certain period-a ten-hour period was used. Results of experi­
ment with gasoline-vapor are those obtained through estimating the 
actual amount of oxygen present at the beginning and end of each test. 
Where two or t hree determinations were made, the value given under any 
test number hl the table is the value which came nearest the average. As 
has already been mentioned, however, all determinations (by both meth­
ods) led to the same general con Clu sion already stated. 

In this connection, it occurred to the author that a good opportunity 
bad presented itself for testing the effect of lhne-sulphur, itself, upon t he 
permeability of a wax membrane to oxygen. Accordingly two series of 
tests, results of whicIl are given under Nos. 7 and 8 of Table VII, were 
carried out, using bees wax and shellac membranes. The membranes 
were formed by dipping tbin India linen in melted beeswax, and in 
melted shel1ac, until membranes of tbe desired thickness were obtained. 
After tIle tests with a dry membrane had been carried out, the prepara­
tion dish (over which the membrane was fastened as a cover) was in ­
verted and shaken until tIle lime-sulphur in the dish had thoroughly 
wet the surface of the membrane inside the dish. Before test No. 2 
of Exp. 8 was tried, the preparation dish was only shaken. It was 
again thoroughly shaken, before test No.3; and before the fourth test 
the dish was inverted-the lime-sulphur solution being left in contact 
with the shellac membrane, thus, for 25 minutes. In that time, the 
solution had "taken hold" and thoroughly wet the membrane. Note 
the decline in t he rate of oxygen transfer. Both sets of tests showed 
that much less oxygen was absorbed (i. e. passed through the membrane ) 
after the membrane-surface, inside the preparation dish, had been wet 
with the solution. TIlat is, the lime-sulphur solution rendered the wax 
membranes decidedly less permeable to oxygen-less able to transmit 
oxygen. 'l'here seems to be no reason wIly Jime-sulphur':(' would not have 
the same effect upon tIle wax covering' ofa scale insect, such as t hat of 
the San Jose scale. 

A few experiments had been made a long while ago with living grass­
hoppers (JJJ elanopl1us) in air containing very strong fumes of osmic acid. 
These insects were darkened, and 'vere rendered clumsy in their move­
ments, but tIley lived for many hours in the fumes of the acid. It seemed 
a wunder that they could thus withstand the fumes-and that the fumes 
did not penetrate. In addition to the membrane-experiments just re­
cited, therefore, one set of tests was carried out to determine the rate at 
which oxygen from air could pass through a lecithin-lard membrane 
before and after the membrane had been exposed to strong osmic acid 
fumes. Oxygen passed t hrough the membrane at the rate of 1.3 c. c. 
per hour before treatment with the fumes. The membrane was treated 
(from one side) with tIle fumes for over three hours. It was then aired 
over nigIlt, and on tIle next day, in t he three tests made, the darkened 
membrane did not transmit oxygen at a greater rate than 0.2 c. c. per 
hour-i. e. the rate was about six times slo'wer than before the treatment. 
The lecithin-lard membrane was penetrated by the fumes but slowly. 

*Some other scalecide properties of lime-sulphur are given in Tech, Bull. 11. 
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(The very poor penetrating power of osmic acid fumes, when used as a 
histological killing agent, are. well known.) It may only be suggested 
here that perhaps the first effect of osmic acid fumes in blackening lipoids 
and fats in the experiment-membrane (or the surface of a living grass­
hopper, etc.) is to establish a black surface-membrane at once which is 
not only a little less permeable to oxygen, but also much less permeable 
to the osmic acid fumes, themselves. 

THE EFFECT OF TEMPERATURE ON THE CAPACITY OF LIVING INSECT 
TISSUES FOR THE ABSORPTION OF CERTAIN 

GASES OR VAPORS. 

In Table VI results are given of gasoline-vapor absorptions by 3-gram 
samples of egg-albumen, and also by the same amounts, respectively, of 
fresh unincubated egg-yolk and of fertile egg-yolk after four and five 
days of incubation. It was a surpdse, in these tests, to find that gas­
oline vapor was about six times more soluble in egg-albumen than in the 
fresh egg-yolk, although the latter contained fat and fat-like material 
in the greater amounts by far. All other tests, so far carried out, had 
shown fats and lecithin to have greater capacity for the absorption of 
gasoline-vapor than egg-albumen. The exception, therefore, seemed 80 

interesting and so possibly significant that it was decide<l to test the 
absorption capacity of the yolk for gasoline-vapor after certain periodR 
of incubation. The yolk of infertile eggs, even after several days of 
incubation, was found to give the same results as yolk taken from fresh 
unincubated eggs. In the case of incubated fertile eggs the young, de­
veloping embryo was stirred up with the yolk before the 3-gram sample 
for t he absorption test was taken. A comparison of such results of yolk­
absorptions as are given in Nos. 2 and 3 ,vith those given in Nos. 5 and G 
of Table VI seemed to show that the solubility, for gasoline-vapor, of fats 
and lipoids in the yolk changed greatly in the four and five dnys of incu­
bation. The first few hours of incubation did not bring about a measur­
able change in the capacity of the yolk to dissolve gasoline-vapor. All 
the tests with yolk samples as given in the table were made at a room 
temperature of 25° to 2G o O. Four tests with yolk samples of only a few 
hours incubation were made in a small incubation room at 103° F. 
r:rhese gave practically the same results, as to absorption capacity, as 
shnilar tests at the ordinary room temperature; if there was any in­
crease in that capacity, it was not great enough to measure. As is well 
known, on about the fourth and fifth days of incubation the embryo of 
the hen's egg begins to show quite decided respiratory activity, and a 
period of rapid development begins. It was at this period of incubation 
that the decided increase in the capacity for absorbing gasoline vapor 
was shown by the embryo-yolk-mixture.-x- Here was an interesting change, 
(an increase ) in the absorption capacity of the yolk-mixture for gasoline 
vapor, which seemed to be related with the changes that made for active 
development in the embryo. As long as the embryo remained compar­
atively dormant (or, was unable to develop through non-fertilization, 

*Attention sbould be called to tIle fact that absorption results in 5 and 6 are much greater 
than tbe absorptions given by egg-albumen (i. e. egg-white). It would seem that the change 
in tbe embryo-yolk-mixture, which occasioned an increase in the gasoline-vapor absorptions, 
was probably a change in the fats and Jipoids. 'l'he amount of alcohol-soluble material in 
{he embryo is said to increase rapidly with development. 
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when incubated) the capacity for absorbing gasoline vapor remained 
comparatively low. These facts surely seemed significant in connection 
with the behavior of gasoline vapor, and the like, toward dormant in­
sects. 

H is a well known rule that dormant insects are harder to kill with 
fumigants (such as gasoline Yapor, carbon disulphide, etc.), and that 
they are more resistant to sprays of kerosene emulsion and the miscible 
oils in general than are active insects of the same species. The question 
naturally arose in thi connection, therefore, as to whether insects in 
the dormant state, from cold say, might not absorb less gasoline vapor 
under a given fumigation charge than they would absorb when in the 
active condition. In view of the close relation ,vIdch the question bore 
to the main problem of how contact insecticides kill, experiment were 
planned to determine whether dormant insects would take up less of such 
a fumigant as gasoline vapor than would be taken up by the same in­
sects after they had been brought into an active condition. 

Hibernating Luna moth pupae were selected as the first insects to be 
m~ed in these experiments, and gasoline vapor was the fumigant ChOSP,ll. 

This fumigant was used again in this case for the reason, already men­
tioned several times, that it permitted of accurate percentage determina­
tions of itself and of i he oxygen and carbon dioxide present in ihe air 
in which it was used. The pupae bad been kept in the cold room of the 
insectary all fall and winter unnl the experiment wel'e first underlaI\:en 
December 17, 1913. The apparatus represented in Figure III (except for 
the hooked U-tube, ::md the burette "f") was moved into the cold 
room six to eight hours before an experiment wa to be begun, in order 
that everything might reach the temperature of that room. Among the 
accessories was a separate gas container with a stock supply of gasoline­
vapor-air, and a little water to maintain saturation with water vapor. 
The dormant pupae were floated up on mercury in the gas container "c", 
Fig. III. The meJ'cury in the container was raised until almost all air 
was expelled and the pupae were near the top. The outlet cock "t" 
of the container "c" was then connected with the stock-container or 
gasoline-vapor-air and the required amount of gasoline-vapor-air was 
quickly drawn in with the pupae. 'iVithin the next half minute, a sample 
of the gasoline-vapor-air with the pupae was drawn off above mercl11':y 
into a separate gas-container, to be kept for percentage estimations. The 
mercury manometer, "m" Fig. III, was quickly leveled and the apparatus 
was then watched until the first rapid loss in volume had passed, and the 
manometer showed that no more gasoline vapor ,vas being absorbed . 
Then, a second sample of the gasoline-vapor-air confllled with the insects 
was drawn off for estimation in the same manner as the first. Both the 
samples (one taken at the beginning and one at the end of the test) were 
removed to the laboratory and allOlved to stand until they reached the 
temperature of the room and of the apparatus (1. e. gas-pipettes anel 
compensation burette ;-x- (see Fig. 4, p. 27, Tech. Bull. 11, this station) 
used in making the l)ercentagc estimations. After that, the percentagc~ 
of gasoline vapor, of carbon dioxide, and of oxygen present at the be­
ginning and at the end of ihe absorption test with the pupae were de­
termined. From these results, knowing the volume of gas pre ent wi th 

*By mcans of this burcttc, dircct volumc mcasnrcmcnts at OOC. and 7GO m. m. mcrcury 
prcssu re, with propcr watcr vapor-tcnsion corrcctions, could bc madc. 
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the insects at the beginning, the amount of gasoline vapor present at 
the start, and the amount absorbed, could be figured. 

At the end of the absorption test, the pupre were carefully 
removed from the container and aired. They were then brought into the 
laboratory, where they might 'Val'm up and start active development. 
After their actions, taken in connection with respiration test, showed 
that they wel'e in an "active state", an absorption test with gasoline­
vapor-air (using a neal'ly as possibl e the same percentage and the same 
amount of gasoline vapor) was carried out in the warm room by the 
same method as in the former case. 

Two separate experiments with Luna moth pupae, entailing the com­
plete sets of estimations just outlined, were carried out by this method. 
Hesults of these two experiments are given in Table VIII, Nos. 1 and 2. 

TABLE VIII.-INSECTICIDE-VAPOR ABSORPTIONS OF COLD (DORMANT) AND WARM 
(ACTI VE) I SECTS. 

----- ----

EXP./ Insects. Vapor usf'c1 . Temperature. Volume of Time. No . vapor a bsorbed . 
I 

I 
6 Pupae of Luna moth; 15 gnn s . Gasoline vapor 

1. 2 . 6 % ...... 9 . 2° C ...... . 0 . 38 c. c .. .. . 2 hrs . 
6 Pupae of Luna moth; 15 grms . . 2 .8'1 ........ 24 . 6° C ... ... 1 . 13 c. c . . ... 2 hrs. 
9 Pupae of Luna moth; 20 grms . Gaso ine vapor 

2 . 

I 
2 . 12 % . . ... 7 . 2° C ....... 0 . 35 c. c ... .. 1 hr . 

9 Pupae of Luna moth ; 20 grms . . I 2 .4 % ........ 24.8° C ...... 0 . 89 c. c ..... 1 hr. 
5 Passalus cornutus, 10 grms ...... Ether ........ 0 . 6° C .. .. .. . 1 . 2 c. c ...... 10 min . 

3. 5 Passalus cornutus, 10 grms ...... Ether . . ...... 0 . 6° C ... .... 
14 C C-I 

30 min . 

I 

5 Passalus cornutus, 10 grms . .... . Ether ........ 22 . 2° C . ..... 6 . 0 c. c . .. . . . 10 min . 
5 Passalus cornutus, 10 grms .. .. .. Ether. ..... .. 22 .2° C ...... 7 . 5 c. c .. ... . 30 min . 
5 Passalus cornutus, 11 .2 grms .... E t her. ...... . - 1 . 0° C ... .. 2.40 c . c . .... 10 min . 

4. 5 P assalus cornutus, 11.2 grm s . ... Etller. ... .... -1 . 0° C ... .. 2 .45 c. c .. ' " 15 min . 
5 P assalus cornutus, 11.2 grnls .... Ether ........ 23 . 4° C .... . 5.2 c. c ... . .. 10 min . 
5 Passalus cornutus, 11.2 grms .... E ther ...... . . 23 . 4° C . . .... 5.4 c. c ...... 15 min . 
5 Passalus cornutus, 10 .5 gun s .. Ether. ....... -2. 0° C ..... 0 .7 c. c ...... 10 min . 

5 . 5 P assallis cornutus, 10.5 g rin s. Ether. ....... - 2 . 0° C ..... 0 .8 c. c ...... 20 min . 
5 Passalus cornutus, 10.5 grms ... . Ether ...... .. 24 . 0~ C ...... 5. 1 c. c . . . .. . 10 min. 
5 Passalus cornutus , 10 .5 gnn s . ... Ether ....... . 24.0° C ...... 6 . 0 c. c ...... 20 min. 
5 Passalus cornut us, 10 gqns ...... Ether ........ -2 . 4° C ... . . 0 .4 c. c ..... 10 min . 

6 . 5 Passalus cornutus, 10 grms .. ... . Ether ........ - 2.4° C ..... 0 .5 c. c ... "' 1 20 min . 
5 Passalus cornutll s, 10 grms .. ... . Ether. . ...... About 20 .0° C . 1 . 2 c. c ..... . 10 min. 
5 Passalus cornutlls, 10 grms . ... .. Ether . . . . . " 1 About 20.0° C . l. 5 c. c .. . ... 20 min . 

---~ ~ - ------

At the beginning of Exp. No.1, in the cold room, there were 2.08 c. c. 
of gasoline vapor present in the air with the pup::c. r~rhe 1:;able shows 
that 0.38 c. c. of thc vapor was absol'bed- that is, only 0.18 of all the 
gasoline vapor present at the start was absorbed by the six pupae. The 
latter were all alive when brought into the ,yarm room. They were kept 
in moist air and their activity increased. ily the third day, the respira­
tion had increased to more than three times its rate in the cold room. 
On the sixth day, the rate was about the same or slightly less. The 
pupae were kept in the warm room 17 days, in all, before the last absorp­
tion test was made. Since, by the method used, not all the air was . 
expelled from the container before gasoline-air was drawn in with the 
pupae above the mercury, it was impossible to make sure that the per­
centage of gasoline vapor used in thc warm room was just the same as 
was used in the cold room test. As may he seen by the table, however, 
it was possibl e to make the percC'nt ages almost or Iwaet'icaJly the same. 
In the warm room test of Exp. 1, there were 2.24 c. c. of gasoline vapor 
pJ'esent in the air w;;ed, and 0.5 + of ;111 this ,,'as abRorbecl by the same 
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pupae which in the dormant stage had abs'orbed only 0.18 + of the 2.08 
c. c. of gasoline vapor placed wHh the air used in the cold room test. 

When the nine pupae, used in Exp. 2, were removed from the gasoline­
vapor-air at the end of the test in the cold room, they had become quite 
sensitive to tonch. They would wriggle actively when touched. The 
gasoline vapor seemed to have stimulated them. 'rhey were removed to 
the warm room and kept there about 15 days before the second absorp­
tion test was run. In this expedment 1.96 c. c. of gasoline vapor was, 
present in the air at the beginning of the warm room test, and 0.45+ 
of this vapor was absorbed by the pupae a~ against only 0.2 + of the 
1.7 c. c. of vapor present in the air during the cold room test. About 
80 c. c. of gasoline-vapoJ'-air was present at the end of each test. The 
l'atio of the auso1'ucd gasoline vapor to the whole amonnt present was, 
in both expel'iments, greatest in the warm room tests where the insects 
were undergoing active development. All the pupae recovered at the 
end of the tests, aud the first moths began to emerge about five days after 
t he last tests in each experiment. Adults emerged from all the pupae, 
although none were very pel'fect moths. A Her the above experiments, 
it was decided to use adult PasSaltLS cOrntLt'Us in absorption-tests made, 
first, when the beetles wel'e quiet and dormant from cold, and again when 
they had become ac I ive in t be wann J'00111. These beetles were chosen 
because, [IS has been explaine(l ill Bull etin J 1, all of the air could be 
safely forced out from around these insects by mercury. Thus, it was 
possible to introduce samples of the same stock of insecticide-vapor-air 
into the container, unm ixed ,vit h other air, in the cold room and in the 
warm room. Air that was almost, but not quite, saturated with the 
insecticide vapor at the cold room temperature was kept in a gas con­
tainer above mercuI'y as the stock-supply. One could, in this way, be 
sure that the percentage of insecticide vapor present, in both tests, was 
exactly t he same. With ibis assurance that the same percentage of the 
insecticide vapor could be placed with the insects in the two different 
tests, it was not necessary to llse a vapor which would permit of accurate 
quantitative esUmations of the percentage presen t at t he beginning and 
end of each test. Thus, different apparatus alld a different method migLt 
be employed. 'fhe method of measuring tlle iotal rapid decrease in vol­
ume could be depended upon, it appeared, to show the volume of insecti­
cide va'por aLsOl'bed by the in. ects. lDxperience had shown that most of 
the vapor-absOJ'ption would take place in an interval too short for 
respiration to make an appreciabJe change in volume. Moreover, in the 
short interval necessary, barometer and therometer readings remained 
practically the same. The apparatus used for maldng the gas measure­
meni-s was the com]Jensation-burette just referred to' (Shown in Fig. 4, 
Tech. Bull. 11, and a gas-container of the type shown at A., Fig. 7, Tech. 
Bull. 11 of this station. 

A certain measure of the insecticide vapor to be used was transferred 
from the stock supply into the compensation burette. The beetl es were 
fioated, dorsal side up, on mercury in a gas-container, and the mercury 
was raised until an air was expelled from around them, ~rhe container 
was at once connected ,vith the compensation gas-burette, and the ac­
curately measured sample of insecticide vapor was quickly drawn over 
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with the beetles. After 10 minutes the whole remaining volume was 
returned to the compensation-burette and again accurately measured. 
The first reading minus the second reading of the compensation burette 
showed the amount of vapor that had been absorbed by the insects. The 
gas could thus be transferred back and forth at intervals to obtain ab­
sorption value. at 10, 20 and 30 minute intervals, if desired. At the end 
of this test in the cold room, the beetles were removed to fresh air; and 

. after an hour or two were brought into the warm roonl along with the 
apparatus and the stock supply of insecticide vapor. After 18 to 41 
hours, when the beetles had become active and everything to be used 
had reached the room temperaturc, absorption-tests were again carried 
out with the same insects- using a sample of the same insecticide vapor 
under the new conditions. Now, gasoline did not produce a very high 
percentage of vapor at the cold room temperature; and a fluid which 
would give a higher percentage of vapor at the low temperature seemed 
desirable. On that account, ether was selected for the new trials instead 
of gasoline. 

Four expel"iments wel'e carried out in the lllanncr just outlined, using 
P. cornutus, and thc vapor of ether in air. The results of all four of 
the experiments are given in Table VIII. In no case, as may be seen, 
were the absorptions less than two times greater in the warm room, 
where the beetles were active, than when the latter were dormant in the 
cold room. In experiments 3, 4 and 5, in the cold room, the small amount 
of absorbed ether-vapor stimulated the dormant insects until they 
twitched the antennae and moved the legs. On the other hand, in the 
warm room tests of Exp. 3, the active beetles had become entirely 
motionless (anaesthetized) jn 10 minutes; at the end of Exp. 4, only a 
bare movement of the antennae could be noticed, still; and in the warm 
room test of Exp. 5, the active beetles were completely anaesthetized by 
the end of 20 minutes. In the case of Exp. 6, the beetles were entirely 
stiff and helpless at minus 2.4 0 C., and they remained so even under the 
influence of the small amount of ether absorbed. vVhen these insects 
were removed from the first test, they showed no movement whatever; 
and they recovered from the cold, only slowly, after being brought into 
the warm room. They had been kept in the cold (at minus 2.4 0 C.) 
only a few hours in all. A different stock supply of ether-vapor-air was 
used in Exp. 6, and the five beetles absorbed only 1.5 c. c. of the vapor 
even in the warm room in 20 minutes. 'rhis was barely enough of the 
ether to place t he insects in the excitement state-they were more active 
at the end than at the beginning of the last test. 

In order to show how nearly constant a certain volume of pure air 
remained during a period of 30 minutes with five beetles, a single check 
may be related. The five beetles u sed weighed 10 grams. The 50 c. c. 
of pure air was transferred from the compensation burette to the con­
tainer with the beetles and back again three times during the check, 
with the following results: 

50.0' c. c. at the beginning; 
50.2 c. c. at end of 10 min. (after first transfer) ; 
50.0 c. c. at end of 20 min. (after second transfer) ; 
49.9 c. c. at end of 30 min. (after third transfer). 
The six experiments (Table VIII) were carricd out with such care, 
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and 'H' l'e check ed ill Nucll a 11l;lLlIlPl', jt i s be1ipvcd, :I~ to lUake till' ClPf)(U'­

('nt cOll("lnsioJl secm 1111(1ouble(1. III 111(' dOl"llHwt couditjoll, tlw ill :-.:ec ls 
absOl:be<1 leNs g:tso]illc Yal lO l' and kSN or tIl(> YapOl' of eUll'l ' t11<11I (lid 
1lJe S"IllI(' illS('cl N WII P Il acljrp, 'rite dil1'el'P1]('C ill ~Olllbi1il\' of il l e ill~('('li ­
('i(le Y:1] 10l'S ill 111(' dOl']ll:lllt <\]](1 ill tll(l ;ldjve ill~eds, w;;s so gl'e;IL that 
ol"d in til'.\' ("ll<ll'W)~ of fll(' iJIN('(:1 i("i lle:-: ll~pd di(ll1ot In'ing the COllCelJ iI'al iOIl 

of 111(' in~('c(icide, \\'itllin 11ll' lJo(1y I i ~N1H' of t11e dOl"JII;ll1t insects, to tIl e 
dallgel' pOill(, 'J'J 111 t-;, ilt e lo\\"(, l '('(l a) INOl 'pi ion capncity, which ;lCCOlII ­
p<lllied Ibe <lOl'lll:llJt COlul itiOll, ]11:1,'- (' :INil .\' f'nl"l1ish 111e chief explaIlat ion 
of tIle 1':.1<:1 Ihat iH ~C("IN. don!I;11J/ fl'Olll ('old, <\1"(' hankl' (0 kill h'y ol'llium''y 
1'1ll11ig:tlll s ;Ill l! by ()I'dill:Il ',\- llIiscillll' oil. ('oll(;ld ~p l 'a.r~, 

JDvidencc klS b('(']I gin'lI Ikd 111(' (i:-:sllc fail-; awl ]ipoi(ls oC liyillg jll­
sects S110111(1 b(' ('ollsid('l"('<l ;IN tilt' }ll'incip:l1 sol\'ellis or such jlJ~edi('i<1('s 
<I~ gasoJine mld kCl'm.;enc yavon:i, et ll l' l' alld the like, l'11e !::iuggestio ll 1llaue 
in ("mlllect iOll wi Lh egg-yo] k altsol'])( iom:, illel"el'Ol'e, seems In'opel' Ilere, 
~(lln el.r , the cbmlgcs, which accolllpauie(l ]"(:'spectiYe]y au actiye OL' a 
dOl']llan t :-;t:11 C, occ:lsi()lJing an illCI'l"lse Ol' dccl'e~l se in the capacity for 
<lb~ol'pL jon of insect icide vapot's, " -:1:::; ]Jl 'obably a change in t hc cOlldi t ioll 
of tIle (iNS11(' fniN <11](1 lipoidN--m', ill Ihpil' relaiiol) 10 ihe o(Il(~ I' cell 
('Oll:-: Iii lIell (s,. 

IN REGARD TO THE MANNER IN WHICH BORAX AND SOME O'rHEH. 
POWDERS (SOLID CONTACT INSECTICIDES) BE(,OlVfIG 

EFFECTIVE'] AGAINST CERTAIN INSECTS, 

MentiOll haN <11I'c::1(ly 1)(>('11 JIl ade ('J\'('lluical Bulletin J1 ) of ('el 'ta il] 
dry powdel'eel No li(!:-.; tllal' lllay lIe applied as coutact inspdicid(~:-;, III tIl e 
car.;e o f PYJ'Ptlll'1l111 )lowdeJ', a1 ient-j on was ("aUed 10 111(' Lid (11:d, .1:--; ap­
pJi r<l in 1I1():-:(- (":l:--;es, ihe l)]'ill (" ip ~ t1 illiinell ('(' of llii:--; ill~('('li (' id(' is <llie (0 

Ill(' \'olalil(, h(}(li('s li('ld ill 111<' pmnlcr, 'rId :.; iN \'l )I'Y ('Iral' wliell til(' 
inr.;e('1 jN ('olllill('d ill :1 W;lnll 'lil'-:-:pacc willt ~()1Il(' or III() ]>O\\'<lCl', Ilo \\, ­
(-,,'cr, eCl'taill ill:-:('('(s (1'01' ('x<llIIpk <1jp1(,I':l ;!I ld gl':tS:-:IIOP1)('l'S) llla," NOlll('­
l imes bc on' I'COJllc- l'Ol' a iim(" ;11 I(,;I~I - lIy dl!~lillg- II IPi]' ho(lies ~with 
tli e 1)0\\'(1('1" ('YCIl ill Ill(' OjtPll ;Iil', \Y II Pll :-:l1cll iUN(,("(S ;11'(' e~ ' allliued, one 
111<1,)" of(ell oll:-:c I'Y(, ,,-jill a bill()(,lll;lJ' lllinON('O]l<' (liat NOlllr o r ihe powder 
bC('OIIl('S l odg('(l ill (Ill' (11-." \'('sjilmk or tlJ p 1I,:tclip;p wiihin (-he r-;pil'acles, 
aud 110 (1011111 til(' \'()Ia( il(' 1;odit':-: h'Olll tILl' ]>O\nlel' c]I:1l'ge tIle ail' in the 
(1';lcll cal sY:-;('1l1. TJle po i ~() 1l in I .. mell (':IS(':-;', 1hm'efol'e, renll'y becoll1e~ 
ahsOl'ued a:.; :t g;\~ OJ' \,;IVOl', K C\'(,l'OI<,lesk, jt is possiuJe in the case of 
:-:OlHC illHed:-; 1'01' cl'l'tail! dl'y Jloll-\'olatilc vowdel'S 10 become effective as 
contact lllNl'eljei(les, \Ylli le 11('lh'})() l'C ( nltlloug'h j( contains a sligh(-l y 
yol:l1il e bod\") (lo(,N Ito ! kill illN('<:I:-: ('()]tfinc(l in ihe ail' wi(-h H at ordinal'\' 
(CllljJCI';J(un:N, pl'o\'i(]('d (II('~- do llol ('Oll lC ill COl] bltl with the poison~ 
01' uo not (la( it. It i:-: \\-('11 kllO\\,1l i1i:l/ tile fl'l'slt llcllcbol'e powder is ;l 

:-.;tOllWtll ])Oi:-;Oll to illS('Ct:-;; it Jllay he o}'S('l',-ed to ue effective as a ('011 -

tact insecticide also, willi JIloi:-:1 ]'ose NlugN. I Lave watched many young 
l'ose slugs that did n ot (ft/ c1I1j ) t 10 eat aftel' 1heir bodies had been pow­
del'ed wjih fl'CRh hdJehOl'e. Jf LLey attemvted to crawl, t he hody seemed 
to be c]mmw as jf 1 he Jly])()(l el' lllaJ sen se organs Jlad hern nnmbed; and 
llRlla1Jy, the slugs would fall f1'om the l eaf. ~1ugs, in this condition, were 
k ept fOl' nu'ying l ell gtll A of 1ime (up 10 ncarly two days) until t hey died. 
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It- was clear that ihe body secretions llad dissolved SOIne of the Ilellebore 
and had moistened more of it so that it stuck as a white crust on th~ 
body. The indical iom; were that but ve1'Y little of the hellebore dis­
solve~ in the body secretions, had been absorbed through the cuti~ular 
covenng- only enougll to render tlJe oul er surface of the body numb and 
Cllll~lSY. In the final st?ges, the insect seemed to be dying, more from 
(lr~l1lg awl fl'om starvatLOll than anything else-yet it was the hellebore 
WI11Ch firf::t ]'endered the animal in an unfit condition for normal life­
processes, 

Borax }Jowder and fin(>ly powdered sodium fluoride have been used as 
effective agents against cockroaches. It was known to be not at all 
necessary to place these powders on a bait that should be eaten by the 
roaches; the dry powders became effective jf they were dusted in loca­
tions where the insects were sure to run. There seemed to be nothin o' 

appetizing about the powders, in themselves, and it was a question ho~ 
they ,became effectjve against roaches. 'rhe large American cockroach 
(Penp!anct~f, /l1l1cl'ic~(t.l1a ) and i 11(> smaller croton bug were available for 
study 111 tIns connecilOll, 

In the first tests, a ljil le (hy powder of borax, or of sodium fluoride 
was sprinkled on one-half the holtom of wide flat o-lass-cove]'ed culture 
dishes. 'rIten single I'oaches were introduced ~nd ~~tched. It was soon 
noticed that when a roach ran through either tIle borax or the sodium 
fluoride, a litfle of tIle .dry powder stuck to the lower part of the body 
and to the legs-especIally at the bases of the legs, and between the 
sternal plates. Also, the insect was almost sure to get its antennae 
dusted with the pmvder as it waved them about. If left to itself, a 
roach that had become powdered in the manner just descdbed would 
soon settle down and begin "cleaning 11))." In this latter process, the 
long antennae ,,-ere drawll across I he mouth and licke(l clean- the feet 
and legs and body were licked. After a time a J'oacIl that had been 
cleaning itself of either of the powders named ~yould beo-in to show un­
easiness and iIT~tabi.lity .. It was apt to become sick, alter a time, and 
exude a drop of salIva irom the mouth. Finally, the insect would be­
come dumpy, often remaining quiet for long intervals, only to start 
up suddenly and nervously, and then lapse again. Such actions were 
u~ually followed b~ partial paralysis of the hind and middle legs. The 
vnngs and feet bYltched at intervals, and gradually the body became 
more helpless untIl death r~sulted. This might all take place in any­
where from four to forty-eIght hours; and the length of time before 
death would result seemed to depend in great part upon the amount of 
pow~er the roach had cleaned from his body. As a rule, the sodium 
flUOrIde acted very much more rapidly than the borax-requiring only 
four to. twelve ~10urs. Sometimes a roach that had taken only a little 
borax, In cleanIng t!le powder from its body, would pass through the 
first stages of unemaneRS (an(1 apparent stomach-sickness) and then re­
c?:e: so .tar. as to eat, and act normal for four or five days, perhaps-­
af.ter whIch It would become clumpy. It would then eat no more. The 
wmgs would quiv.er when toe insect was disturbed; paralysis of the legs 
~ollld fina]]y set .m, and gradually the body would become more helpless 
m every case untIl death resulted. 

Observations were made, and record was kept (from treatment to 
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death) of the actions of 45 of the int:;ects heated wiih bOl'ax, sodium 
fiuoride, or om'ax and p}'l'etlll'um mixed. A few tests W(,l'e made by 
com.pulsm'y feeding of ihe roaches with a ve)'y ]jttle b01'ax 01' sodium 
fiuoride from the point of a slJlall knife-blade, In every case t1e syrnp­
toms were much like t10se det:;cribed above and the insects finallv aied. 
'rhese last tests made it deal', thel'efol'e, that both borax and ~OrliUlll 
f1uoride could act as stomach poisons in ihe case of the cocl\Toach. 
MoreoveJ", it seemed. vel'y likcly that in cleanillg either of the powdered 
poisons f)'om aniennae, feet and body, the insect wOllld eat enough of 
t1e poison io kill. Finally, visihle J)]'(w/' was ohtained that })oW(lel', 
licked f]'o111 various pads of i he hody, wat:; s\\'allow('d. ~o{li 11m e;U'minc 
was very thorougllly dried aud JHl]VCI 'iz(>d with bOl·i.1X, and with sodiul1l 
fluoride. Insects wm'e placed wi til thit:; s taillC(l »0\\' <1(')' , and sevel'al 
hours after they had cleaned it from their oo tlips, dissed iOlls WCl'e mnde; 
the red stain was found in the contents of i]le tl'Op. 

The question still remained, however, at:; io whether a little of the 
powdered insectiddes might not be dissolved in the moit:;t exudations at' 
the bases of t1e legt:; and uetween the sternal plates, and tben absol'bed 
tbrough thet billllel' body integument ill i be locations named. It seemed 
possible also that tbe VC1'.)' fine lJowder might enter the spiracles. That 
is, it was sun a questioll as to ,,'hethel' the J)()\\'del"s under consi<lel'ation 
might not ue contact illsedid<les as 'well as sLomach poisons when used 
against I'oaelles. In Ol'del' to gel at the solution of this question, it was 
found to be aosoluiely necessary to devise some way of preventing the 
insects hom licking their bodies after ihey had uecome dusted with the 
powder-without, at the same time, infiicting any serious mechanical 
injury in tlle use of the preventative device. The desired result was 
accomplit:;hed oy means of card board collars, which 'were pl'epared and 
used in the follmving manner: 

'rhe collars ,Yel'e made from single pieces of flat bristle board of about 
the weight of c)l'dillaI'Y medium index cm"us. Each collar was four to 
foul' anu Olle-half intlleH ill diameie1'- L e. Im'ge enough to fOl'ln a 
cover over ·a sha]]ow glass sLender dif-ill. A slit was cut in lhe circulm' 
can.l fr01l1 ihe eil'culllfe)'ence to Lhe centel', ",1Ie1'e a HlllaU smooth hole 
was punched. 1'his ceull'al opening was large eU(H1gh io tUl'll freely 011 

the neck of :.t cod-Toacll, hut j L was vel'Y lllUeh smaller than the animal's 
head. .A ftel' t 11(' (,0] lal' ll<l(l 1)('('11 "el'y (,(I]'(lJ\llly placed around the neck 
of a l'oacll, a thin RtJ'ip of papc1' was aftenv:J.l'd pasted over the slit. 
The flat col1m' COlii d then be placed nYCI' [he slende1' dish, containing a 
little powdel' to Lc tested, so ilia! the illscd's 1>ouy l'<:,sted upon the uol­
tom of the dish, and the head slud: up above the collm' outside the dish. 
The fluttel'ing wings and snambling Jegs would thoroughly dust the 
animal's body witlJoui any of the lJowdel"s reaching the lleau or mouth. 
Fig. No.4 of Plate I ShOWH tile lJOsitioll of the head of a cockroach wear­
ing such a collar, In check tests, unheated l'oaches wel'e made to wear 
collars for eight, eighteen, and e\'cn ninety-eight hours without any 
serious injlll'y. After these spccimcns were released, they were kept 
under ouscn'alion for ten to nineteen days, and during that time fed and 
behaved 110 L'lU ally. In all these expel'imellts tIle roaches wel'e permitted 
to have moist food when no insedicide powder was lH'csent and they 
were not weal'ing a collar. 
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In order to be able to see just -",here the powder went, when it rame 
in contact\vith tbe Lo(ly of all i 11::::;('<.:t w("l1'iug a coHar, both borax alHI 
sodium fluol'ide ,,'etei:; 1;1 iIH:, (l \\'it 11 e itl1 el' sodium cm'mine, or indigo 
carmine, aftel' whi ch they werc tlwl'onghly <hied and pulverized 10 a 
powder. In it Jew cm.;es, wllel'e disse<.:i ions \\'en~ lO he made under water', 
Hudan II [ W,IS 11SC<1 a:-; tile sLain fort ill' ill:-;ecLici ~lc po\Hlel", Inllividual 
exp(,I'illlellt~ \\-('l'p ('nni(l(l oni \\' illl 1Il0l'e tll<lll I'm'i,\' ill:-;(-'ct~ a('<.:ordillg' 
10 Ule OlIi,lill e jnst gi\'(-'ll, ;md all tll('~C wen' ill agl'(-'('ll1ellt as to the qll(,~ ­
lion <.:om;iden'd, It- ,,' :l S 1'01111d ihat ]lO\y(len'd bOl',lX aud powdel'ed sodiull1 
iluol'llle could lll'ing about tILe deal It of )'oa<.:hes i 11l'OUglt being dusted 
thoroughly on theil' bodies, ,viillout ('vel' havin g cOllie in contact "'ilh 
the lllouth. The dusiing of the body was (lone tln'ongh the efforts of 
the insect itself, in sCl'ambling and J-Inttm'ing witlt the legs and wings 
in the manner already explained. Borax l'equi)'ed two to ten days to 
<.:ause death tll1'ough rontact or the powder alOlIe. Hodiull1 f-Illoride re­
quired £l'om five to t\\'e11 ty-two 110m's. Tn earh case I he aven1ge time 
was much longer ihan wa~ )'eqllirc(1 Lo In'ing alwut (leath when the insect 
had eaLen i:;ome of t be l)()wdcl' ill deaning ih e S<.lHIC £l'om its bouy. 'rIte 
~ylllpLol11i:; following' toni ad alone -wel'c mmally V<'l'y ~illlilar to those 
which fol1owed whell tlJe poison had been ealc1!. .. \s a l'ule, thc period 
or pal,tial paralysis arHI helplessness was ll1Udl lllore prolonged when 
the powuel' IJad been n~eu only as a contad illsedi('i<.le, 'rlle eXlHlatioll 
which caused ihe POWdCl' to si ick io Lhe ronch'i:; ho(ly was nearly always 
sufficient to dissolve enough of the hOl':_lX 01' sodi1ll11 fluoride to cause 
incrustation at the bases of illc legs, lJet,,'een i he ~lCl'l1al plates, etc. 

In seventeen of Lhe expe1,jlUelli~ in which ihe sl(1ined insecticide powder 
(sodium carmine was the i:;ta ill mostly used) h:1d been employed, the 
insects were d1'opped into a hot alcoholic fixing fluid at about the time 
or death. Aftenvanl, p~ll'ts o[ the bodies of ihesc insects -wel'e embedded, 
and sectioned. A stuuy was made of the mjscrofolcopic section s prepare<t 
in this way, in onler io lem'n by lll e~m~ of the stain j[ l)Os~iblp,\yh(1til('r 
ihe powder had enten_~ u ihe spin:lclcs- ol'had passe(l, artel' ~()llli ion, 
into the jnscd'fol lJOdy flll 'oug]1 ille Ihinl1cl' p01'1 ions of tll(' \lotly wall. 
rrhe sections showcd the ill(TU ~latiom; or illt' si <lin al- thc bases of the 
legs, lwiween the sLel'nal l>l,\i('~ , :lIHl ( ~(Jlll('iilll(-,~) .i1l~1 withill ille spi l'­
aclcs iu i Iw \'e~1 iJHlk rrom wllic11 t lip i 1';\<.:1\(';1(' , 1I'i~('; bll t no sl aiu was 
fonnd fllrlhvl' \\'i j llill lile il·al.:h(',l' , ;11l(1 IlO ~(~{ ' Iioll:-; \\'el'( ~ fouud wIdcll 
showedlllld()llbleu (,\,idt>lU'l' Ihal lilt' ~taill h<:UL ]lclwil',l/(>(l tllc integument 
to stain tlle hYI}()(l('l'lll(11 n'II~. 1ft lie ('11 ticnla was }Jt'l'me<.lble to the 
stain and to thc 001':1X 01' sOllimll f11101'ide soln IiOllS ill the same degree, 
then jt il:; Ct>] 'i:lin tllat only a YCI'y limited llll101111t or the insecticide 
passed into the allilllal'i:; body tlll'ougll thet l1in11el' llol'Lions of the body 
integument. The latter, however, seems to have uecu the possible and 
probable pn I h. No indication was fOllnd that the stained insecticide 
powder had ellicl'ed the bodies of cockl'oach t>fol we<.ll'i11g the collars, ill 
any othel' way. It lllllSt be l'ememuel'cd that the sodium ttuoride rendereu 
roaches helpless and pl 'aeUcally dead in some cases within five hours­
i. e., during ihe Lilllc the illseci-f·; wel'e weal'ing ihe collars, and sections 
showed no trace or sta in in the C1'OP:-; of these illRecls. Tt took the borax 
so long to kill by contact that in tl lc nl'i:;t tests, the l'oa(:11es were bl'11slted 
a :-; clean as possible after six to eiglt t lIoul's t]'eatmen t, and were then re-

HOW CO~ 

leased from the collm's. I 
do; the insects licked the 
the body so thoroughly tll 
Rtained. In other ,YOl'ds, t 
they might be eating enou~ 
method, therefore, wai:; to 
were no longer able to ]icl 
of au insect so teen ted \\ 
powder brought in contac 
coIl ar (or othenvise) was 
treated insects in co]]al's, a 
tract. 

The evidence gained fro I 
iion, therefore, may be SUill 

When cockroaches 1'11ll 

borax and pyrethrum mix 
and often to the antenna( 
solved jn the exudation at 
portions of the OllieI' illte~ 
anu unea:::;iness; tllC illseci 
from ihe body oy licking i t 
brought into the lllonth, <'1 

fl'om five 110111':-; tot ell d<l 
with no lesi:; cel'taint-,r ill 
llowdered b01'ax an(l Rodiu ; 
any of the poison's having 
hardly possible that any 
ihese powd.en.; witi10nt also 
poison. Roih powdels (Ire 
f han they m'e as routad j 

Table:-; IV awl V COlli;: 

flllence uf bontx, i:iodilllll (-I 
I('{lntias('s auu c;](-alase~, 

qnite injlll'lollsly 011 Ille <If' 

d Lhe catalase. TIle sa nJ 
('xcepL t Itat the p,neillnlll 
<ldivity of Ille (';1I(11;1~(, i 
Nodiulll fhlOl'idl' was 1liOS 

t () pel'£ectly fl-eslt extl'Hci, 
l'cductase activity; after i 
its reductase activity vel 
Both sodium fluoride ane 
slightly, if Olle may )'egan 
this case. 

An aHellJ]>t W:1S made tc 
fluoride Ul)()ll tIle )'e:;;pitat 
fluence of i lt ese poisons, b 
so much 1'01' the roachcR i 
'rhe intestinal haci:;; or til 
the coni-enis of ihe intest 
with infusol'ia, etc. 'rhjs, i 
irregular respiratory ratio 



HOW CONTACT INSECTICIDES KILL. 55 

leased from thc coll:ns. Pl'oof was soon obtained ihat th ifl would not 
do; the insects licked the j oini fl of their legs and ot h er l'ough pal·ts of 
ihe body so thoroughly that th c contcul fl of t h e Cl"OP bccame decidedly 
~taincd. In other wOl'dfl, the inseci~ did Ihcir cleaning so carefully that 
Ih ey might b c eating cHough o f il}(' hOI'ax powder to kDl. 'rhe only safe 
llI ct hod, theJ'efol'e, wa~ to lea\'p t he ('olla'I'~ o n t h e animal~ until they 
were no longer able to lick \ ' ,Il'iml~ ])<l1'1 ~ of t h c bor1.)'. 'rhat t he death 
of au insect so l]'cat cd "' lI~ <111 (' pl 'i 1Il<lI'ily lo i h c influcnce of horax 
powder brough t in cOl/l aci "'illl (11(' hody, :In(111o t 10 injnry from the 
collm' (or otbenv]s(') was s h ow n hy t 11(' clJec k :-; cani('d out with un­
treated insects in collan~ , and hy l il e 'Ibs('lln' of allY ~taill in lh c digest ive 
tl·act. 

The evidencc gaincd from the CXpel'lllH'll i~ canied 011 t jn this COllll CC­
Hon, thel'efore, lllay lie sUlllm ed IIp in thc following statcm en ts: 

When cockroaches 1'un t hrou g h ])()\\'(l crcd bOl'ax, sodium flnoride, ot' 
borax and p yretll1'Ulll mixed , th e dry l)()wd el' s ticks to tbe l egs, body, 
and often to the anlennae. Some of the p o \\'der i~ mojst en ed 01' <1i 8-
:-;olved in th e eXlldatj on about ihc bases of the legs and UJl (he lhinnel' 
pOl'Uons' of tllc 0111 PI' ild egulll('u L 'rhi s ~ePlll ~ to cam~(' SOll ie i nila ('ion 
lind 1l11 (',IHill(,HH; Illcill:-;ec(' :-;0011 bpg-i1J:-; to clean til e 1ll0i:-;1 C1W Il powdc]' 
fl' om illp body by licking' iL In doillg Illi:-;, PIlOllgh of' li lt' POi:-;OH maybe 
brollglJt inlo (he JIlollllI , :JIlIl :-;\\'.I1IO\\'ed, to kill ,lfll'l';1 p('l' io(} vary ing 
rl'Om fiY(~ llOll1 'H to 1('11 daYH. BO]';IX ac(:-; llluch 11101'(' ~do \\' l'y but kill r-; 
with no ] er-;~ ('('1' ( ailll y IlI;lIl :-;o(liUlIl fl1]o]'ide, ll i:-; possible for both 
powder e d. borax an<1 Ro d illlll fillOl'i<lp (0 kin J'mH' IH's II.\' co ni act (without 
any of the poi~on'~ ]lflvillg b eeH s wallowed), bn t ill ad ual F t actice it is 
11 ardly possihl e t llat an y roach evel' gel8 its ilo(ly (1nst<.'(1 wi (h one of 
Ill ese POWd(,l 'S wit h01l t al~o ] icking ;md swa llowill g- ~Olll(' of /lIC powdel'ed 
poison. Rolh pow<1en;; al 'C 1ll0l'C ]' ,lpi(1 in thpir .1 (' 1 iOll :I~ ~ I()llla('lt poisonr-; 
11Ian (]l ey .ll'(' ;1 :-; ('0111<1('(- i1l ~('('iic id e~ , 

'fabl cH 1\' alld \ ' ('oll(ain I'PPI ' I'~( ' III;liin~ ]'I'Hllll:-; illm,dl'al in g ill(' in­
fluen ce of l)()I' .IX, sod illJlI thlOl'iilp, PYI'(' lhl'll lll :111(1 \\ ' Ili/ (' 1l( 'I I(' h()1'(~ on t he 
1('<111cia~(' :-; ;\11(1 (',ti<11.u·;p~, l'O':lll'( 'l i\'('ly, of ill~I'('1 ('xl l"I ('I. BOI'<.IX acted 
qllite in.im'iollHly Oil nl(} :Iclh' ily or 111(' ]'('(lIlCI:IH(', .11 1(1 \'PI'Y li(II(' OIl that 
()r tilt' ('alnlnH(' , 'I'll(' ~ 'IIIl C W,IS 11'11( ' or /l IP hl'llt'ho}'(' .Illd p yrelhru1I1 , 
('xcept 111:11 111(' F\T()(hl'1ll11 :-;{'(,III( 'd to illlvl'l'('I 'e .1 lilli e 1I101'C with t he 
;1('livily or 1111' 1'. t/:\l;IHP l11a1l ,lid ('iUl('I' nl(~ hO I';IX 01' 111(' h ellebore, 
~odilllll thlOl'ide \\" IS Jllmd (ldl'illlt'It/'11 (0 111(' cal;tiaHP, ,,' Ilell a<l(led 
10 p eJ'fec tl.r -('1'(':-;11 ('xtJ'aci-, the :-;otl ill 111 fh.101 'id(' (';1 \l~('\l a :-;1 igll t drop in 
1'('dll ctm:c activity; anel' t hal- ]IO\\'C\'('l ' , sn ch a t I'('~ I cd cx t ta ct retained 
it s J'edu cta se actirity vel'y 11111('11 helie)' ih;lll di<l 1ll1(I'(,a1e<1 exhact. 
B erth sodin1l1 IhlOl'ide and ho ]'ax in (ed(,]'pd ,,,i III 111(' oxi(1<l~e activity 
~lightly, if Oll(' lll~y 1'I'gal '<1 UI (, :1lcoll o lic gnaiac 1e~1 ~I:-; an indicator in 
th is case. 

An ai telllpt " ' :IH llladc to d('/el'lllillC Ih e infhwl1cc or hOl'ax ,111(1 RodinlH 
fluoride 1l1)Oll Ill e ]'l'~p il' al()l'y nll io of ('()(' kl'o a('ll e~ <lying nll(l (, l' th (~ in­
fluence of i lle~e pOi~Oll S, bnt 111(' 1101'mal l'('Spi l'ai ory l' ai io, ii s('lf, varied 
so much for Ill c 1'0<1clwf-; that no <lreided infm'mal iOll ('Ollld he gained. 
'l'b e intestillal tl 'ac(f-; o r tit!' ~p('cim(,llR llsed ,\'('l'C a p t io he g,lseou s , and 
thc contellls of i h e ini esi incr-; \\'Cl'C n " llall~' fonn(l (0 1) (' w{'llinfested 
with infusOl'ia, etc. Thi s, i t war-; hrlievpd, migh t :ICCOlll] t for the normany 
irregular respiratory ratio, 
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SUGGESTIONS Fon POSSIBLE PRACTICE, 

(a) SOLID AND LJQUIO APPLICATIONS. 

It will be ohRelTcd that whell thc insecticides gained entrance into 
the insect 1 issu('s as pm'ely contact agents, they did so, ultimately, in 
1he fluid conditioll. Powdered soljd coniact insecticides gave off volatile 
hodies to be alH.,ol'l)('d hy ihe insect, or clse the powdcl'cd agcnt became 
moistened and pm'l]y <lisRolyctl ill exudations on thc i l)sect integument. 
Experiments showed that gaf:lCR 01' vola tjlc insccticides gained entrance 
io the insect tissues most rapidly. The "Illiscjble oils" usually combined 
vol atile and purely Equid agenif:l. 'rIle liquid or 1he finely powdered 
solid oftcn O'a1n('(1 entl'ance t]u'ongh tlte spil'acles i 0 the larger tracheae 
w]H'I'e any '1~)laiile bodies i11a t m ig;h l be c:.llTi('d by tllC insecti cides could 
illcn clr~l1"o'e ihc nil' of ihe il'acllPal ~.rsi()n l. Inihe C,lse of tIte powdel'ed 
solid con ~lCt j IlRcci iciue, tIl(' ;Hh";lJl i ;lg(' <,yiden La]]y lay in having the 
powder so fille and Ul'y 1 hat H w,mlld :Hlll~']'(' 'I'I~cll and c?nl.d sift readily 
into all c1'cvices-cven into the silgmaia Mille lllsect. Sllllllarly, a weak 
sud'ace tension 1'01' a liquid illf.\('C( icide enabled it to now into all ir­
reO'ularities of thc area treaie(l , and io penetrate ofien inio the larger 
tr~cheae of thc insect. Even in the case of lime-sulphur wash- which 
kills scales, pel'haps in most cases, wHhont e\,er haying aciually come 
in contact with iIre lJody of the insect HseH~it would seem to be 
advantagcom.; if Ihc wash C0111d be gi\'('n a lowel' sndace tension. '1'he 
,'olutioll C0111(1 I h pll flow ill io CI'(,yj('(,R of i Il c l!;I1'k alld thoroughly wet 
thc scalc-co\'el'lllO' oj' jnsec i!" tllai miglti· oUwl'\\'lse csenile. A.s is well 
known soap C:'U1~ot be used 1'01' (lIC pl1l'pOSe, since it causes in the ]ime­
sulpllll~' solution a gl'easy lillle-.~o~q) pl'ecipitate. A numbcr of tests 
were can'ied out with the idea of finding agents which might be added 
to lime-sulphur, without injlll'y, io lower the slll'face tension and cause 
it to spread on the bm'1\: of plants more l'eadily. In order to be able to 
compare the "spread" of different samplcs of lime-sulphur dilutions 
l'eadily in ihc laboratory, H'R()]'i was had to what lllay be termed the 
"(l1'op' lllei hod ." FOl' exalllple, i lie ll11111bel' of drops in 5 c. c. of water 
\\'cr'e cOllllled :1:-; 1hey came :h'Olll a piJ)ei ip. 'ehe samc pipette was then 
w:Jshed ont wjlll jilllc-su]plun' Pl'('p'II'e<1 by dilutillg a concentrate "dtll 
a water solutioll of ihc agent (0 be 1('~i(>(1. r:rhc l1ll1llbce of <1I'OPS ill 5 C. 
t. of LIle laiter lilJ1<'-suIVlllll' dillli ion wpre ihen COUl1tp(] f1'om 111e pipette, 
and illC ]'atio of ille 1ll111d}('], of (]1'O]l:-3 nI' '1,,;rlel' io the number of drops of 
lime-sulplnl1' dilu (ion was obi ainc(l. .i\ s long as lhe temperature of the 
liquids was ln'ad ieal Iy thc same and 1he dl'OPS WCl'e coun ted from the same 
dealled pipette, ille l'atio betwecn ihe number of drops in equal vol­
umes of water and any lime-sulphur dilutions of approximately equal den­
sii ief:l afIon1cd a liil'ed means 1'0]' comparjson of spread in the various dilu­
tions. Actual trial on a ttee covel'ed with scale insects, showed that 
when this ratio equalled about O.SG·::·, the "Agent plus L. S. solution" had 
sufficient sprea(l;' that is, the spray l'eactily flowed into crcvices of the 
bark and wet the waxen scale covel'ings. rrhe method was adapted from 

_ __ y umber drop~n~('::...£~~ w:1~er , . " = 0.85.) 
* (e. g. Number drops in 5 c, c, of "Saponin-w:1ter-dilutlOn of Conc. L, S, 
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tMansier, M ., 15 Jan. 1908, Bullet 



· I 

[ 

HOW CONTACT INSECTICIDES KILL. 57 

Mansier'r who first suggested counting the dropR in equal volumes of 
liquids under propcr conditions of temperature, etc., for lT1Hking- a study 
of their surfacc tension in cOlJ1leciion with insect icides. Ii: was found 
that gelatinc, g]uc, soluble albumen, and saponin C011]d all bc used in 
limc-snrphur io inCl'CafolC the "spread" on the b~1l'k of a t l'ce. Thc vari ­
OllS agcnts were dissolvcd inlhe proper amount o[ warm watel', aftC'l' 
which thc solution ,vas added to concentl'ated limc-sulphur in maldng IIp 

the proper dilution. Glue and gelatine had io he llserl at the rate of 
about one pound to elc>yen gallon. of lime-slllpll11l' wash as diluted rcady 
for usc. The expense, t h el'C~fol'e, would be 100 gl'C'atlo make their C'111 -
ploymellL ]n·aeticaJ. '1'11i s ,,,as i I'ue also in I he easC' of allllllllell :lIu1 
saponin. Except 1'01' i is cxpense, hOWCYel', saponin sC(,llwd to be hC'RI of 
an the agents tried for the purpose. It (lissolyed readily, and a COlH­

paratively small amount added to thc lime-sulphur increasetl the 
"spread" to the desired point without any apparent injury to the oxygen­
absorbing power of the wash. Tests wel'e made of this last point in the 
following manner: 

A measured amount of the solution of flapollin in water was added to 
a measured allloun t of concenil'a1 cd 1 illl e-su 1J,]I111' in a s1 ender dish of 
standan1 volume and djameter; ill('ll, an Pflual sample of the same con ­
centrated lime-sulpll1lJ', in a dif-;lt of tIl(' ;';<1111(' diameier, was diluted with 
a volume of dislillp<l \\'atC'l' equal io 111(' saponin solution used. Thc hvo 
dishes wel'e intl'o(hlCcd in (-o exactly ~imi]ar containers with equal y01-
Ullles of ail' haying the same known pel'centage of oxygen. At the end of 
a certain period of time (G hours, for example) the oxygen percentage 
in each air-chamber was again deiel'mined, and from that, the volume 
of oxygen that had been absOl·bed. The yo]umes of oxygen absorbed in 
the saponin-lime-sulphur and in the check were practically the same­
Ill e g'l'eaipst difTel'enrc in tllJ'ee successive tests being no greater than 
I-he possiblC' eXpC]'illlen lal enOl' of the apparalus. 'Vhen the dry pow­
dpl' " ' (IS slined dil'cdly inlo ilH' linw-sl1]phul', howc,'el', the oxygen-ah­
sOl'bing abHity of the i·wllll ion wa~ qui Le appredahly weakened. This 
was due no doubt to oxidation of the i-iulpllides by air canied in with the 
dry pOY\Tder. It was best, tbel'efol'e, to disi-iolre ihe saponin in water, 
and tben add that solution to the concentrated lime-sulphur. 

Four tests were carried out to determine the influence of adding sapon­
in, upon the rate at which water would evaporate from lime-sulphur (i. 
e. influence upon I'ate of drying). In every case, the evaporation was 
found to be a little more rapid from the lime-sulphur to which saponin 
had been added-as might be expected from the weakened snrface ten­
sion. The difference, however, was not great-amounting to only 0.1 
grm. of water fl'om an area of 10.17 cm. in seven hours, on the average. 
This difference could be largely eliminated by adding salt (Na 01) to 
the saponin-lime-sulphur solution. 'l']wt is, salt had the effect of retard­
ing the evaporation of watc'l'. ·Tt was 11SC(1 at about the rate first recom­
mended in the Ol'iginal lill1e-i-iu]phur salt-wash (1. e. about 18 1h8. to 
100 gallons). Except in extremely <hy weather or in a normally dry 
climate the salt would not senTe a useful purpose. 

Finally, an the test. · hied seemed to confirm the first imprrssion that 
saponin would be the ideal agent for lowering the snrface tension of 

tMansier, M ., 15 Jan. 1908, .Bulletin-de)la:Soci6t6 des Agr. de France_ 
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lillle-sulphllt" (0 old ,lin "~I)f'l':I(l,"ir ollly il were lIot ~() eXjwll!'liv(', AIIlIe 
pdce of cl"1H1e ~;qtOlljll, ",lle11 IJIC'se lesls wcrt> can-ied (mt, it wonld :1<1d 
about $1.50 to jlle exp('llse of e~lcll fHly-f-i\'(' galloJls of lillle-~"11l1j)1IUl' Wai:-:;]l 
diluted l'eall,r for ll~e agaiusl- ~an .Jose s("ah' . '1'1Ie (TlHle ~aponin, ho\\'­
Cyel', was jm,d 'IS gO(Hl fOt" I It(' 1'111'])()Se <IS the lmre ollhlilled fl'om ::\fel 'ck 
:1(- a co~(- of ]\lOl'(' Ih,ln jive tillles the pdce of tlte cl 'n{}e l1l'o(luct. Now 
the dry p]:ln(-, 8Ul)oJluri([ ofticillulis 01' "bOll1lcill,fJ bet)) was known to con­
tain from illil'ty io I'm'iy ])(>1' cellt of extractives and it OCClll'l'ed to the 
:l11t1101' t1l<1i l)el'klps ihe phllti-, i(:-;clf, could be llS(,U in tllis connection . 
U01l ILcillY bet gl'()W~ about lllllny Ln-lll Y;ll'US, ol'chm'ds, or g:ndens, COlll­

ing up year after ye;u' hOUl llJ1(1ergrouud stolons. It is quite hanly, es­
caping cultivation awl growillg hy l'oau:-;iues, often, qnite t hi ckly. If the 
pl1al'Lt coulc1 be 11sed, theref01 'e, the ol"chanlist mig'ht ll::lYe a plot planted 
to bou-J'lcillg bet) anu pl'eJlal'e his lime-sulphur-saponin waf'h with on ly 
the extra expcn~l' of cllHing, stOl'ing aud extracting-which need not be 
g'l'(,::ll-, it was ill01lg1ti. .\('cOI'(lingl)" SOllle plants were cut and dried 
in the em'ly f,111 and l'llJonllm',\' exp(,l'illlelli~ W('1'(' calTied out to ne(-er­
mine whe(-hel' " IJ01111Cillg hp/ 1t,IY" ('ol1Jd 1)(' ll~('d (0 sati~fadol'i]y in­
u'ea~c ill(' s]l]'(',ld of lill\( '- ~1l1j11111I' w:l~ll. ~1;J(('(l In'idly, 1'esnl(s prO\-er1 
th,d~ an ex('rlh'ld lil\l(L~l1lpltl1l ' ~pnly llIixtun" :IN n)gal'(1s f'qn'e::Hl, etc., 
('mild be obt:lill(' (l l~y i 11(' W":(' of' ,111 ('xl 1':1('( of ei (11('1' I he gl'(~ell Ol' t]le d;l'Y 
stellls and 1ea\'('!-i or brlllll(;iJl,l/ ()('/. ~\. good llIC'ill()(l of extl'action W<lH ::I~ 
fol1ows: - ihe pl:ll\( ll\;l(el,i<ll \\.:I~ !-;o:lkec1 ill lime-waiel' ovel' llight (12(0 
18 hOllrs, ~:lY ) :l1'1-PI' \\-ltivll i( \\':I:-i boih'(l <I bOll I ::0 1lIjlll1/e~ ;1]1(1 I-Iten 
pre::;sed (m ( ;)ll(l st 1':1 il.H.~ d. 'L'II n~ ;HI ('X I 1'(\('( \\';l~ ]ln~pared by using i be 
dl'y ~((>1I1!-; (\]1(1 i<' < ln ' ~ of VOIIl/rillY liet ;t/- (lIP 1':1/(' of ~~n-,:..;. or Ihe pla1l1 
mate]'ial (11)(1 lGI\)~. -::· of rl'('~111y ~1;l('kl'(l liml' to GO g<llloll~ of \\ '<I/-l'1'. 'l'lljs 
extract <.:on](1 be llsed to dih1te ('()ncel1(I'at('<lli1l1e-~rllpI1l11' (of 2G o Baullw' 
al1d up) i hc I'cqnin'd :11l I 01 III t 1'01' 11~e :lgain~( ~;ln ,To~e f'ca le; giving ill(' 
spray Illixtul'(~ a \"('1')' ~aLi~l'ari01'.r ~pn·;ld. 'l'he ;1(1(1e[1 ]julC in the ('xlnlc( 
shoulfl. ll"O\'P ll~dl1l, alRo, ill ;ls~i!-itillg Lhe lillle-~1l1pll11l' io RoUen tlle "'<IX 

about the 11l:U'gillS of j lie s(':tle-coyel'ing-s- in ad(lit ion to (he f::tet il1:1 ( 
il Sel 'ye::; as ;1 find cl:1~~ 1I1:\I'I\.e1' io 1'1110\\' whethel' ,111 pads of a tree han~ 
l'ep11 coyered. 

'Vhen cxtnl<.:i ,,'<tiel' ['1'()]11 bOllllcilly b('t , PH'P;11'C(1 ,I~ exphtiucll :ll!O\' C, 

\nl~ llsed in (]IC pl;1('(' of or(lillfI1',\' W;llPI' ill ih(' 01(1 fOl'l1mla (l11111p lime 
~O lb~., :-;1l1phm' 110m' 1:-; H,s., ,,';lin ii() g:tllo11!-;) a II01Ilell1;1(le \\,(l~lt 11:1\·­
iug- a yety lligh deg n >(' or ~pl'l':\(l 1'(,~llHl'd. ~\ lil (-Ie of S11Cl1 a homemade 
wash 'V<lS 1iHen'd. (ltl(l ill(' Illllllhpl' of dl'o]ls ill G C, c. of w;lier divided 
by the numhe r of (hops ill G ('. c. of the fLltrate eqllalled 0.7~. One home­
ll;ade lot of 1ime-HulpLur ,n1S pl'(~pm'c(l (in a smaller amOllllt than i:;; 
called for by the fOl'nlll]a ) ",h ile t11e pl ant matcl'j a 1 W;lS still jn tl,le 
water. 'l'he i'ol'll1ula fo]lowR: lime ~O ll)s. , ~nlpll11r 15 ltlR., waier 50 gal ­
lon~, and 22 ibs. or ihe dQ' leayes (111(1 steHls of bowLCiny bet to which 
enough water to wet nlelll thoroughly h::td Jil-st been added. 'l'he mix­
ture ,vas kept boiling for fOl'ty-five minntes, after which the liquid was 
pressed out, and s t rained thl'ough coar~:e cheese cloth. ']'he lime-sulphur 
appeared to have cook-efl rl}) in goo(l slw]1e and t he "(hop ratio" for the 
spray solution w::ts 0.78. 

Whether these sugges tiolls WOll hI ad nillly p1'ove profitable ill orchard 

*Lcss lime m ay bc u sed.. H i s not absolutcly n ccessary but it a ssIst s in softcning and 
digc.sLing thc plant and in othcl' ways. 
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practice may be learned only by experience. If they shoul(l prove to be 
so, it is likely that cOlllmcrC"ial companies might produce a cl'lHl e extract 
of bottncillg bet-incorporating H in lime-~nlpll1lr concentrate, cheaply. 
A single t0st cxtending- ovcr sen'nll mouths ilHlicat('(l that s:lponill, in 
it~elf, di(l lIot cam;(' lillH'-f·mlplllll' (0 drtel'iol'nie, 

h, IPL.i\ ] ] (lAN'I'S. 

'rile advantage 01' (11(' 1'11111 igall (- i. (', \'(11)0] ' or gascous- colltact 
inseciicides are g(']lcnllly rccog\li~w(l, Likcwi:-;C', (lisadvant:lges are 
equnlJy well k11 U \\ ' I1 , (ll'll(']';I11y :-;p<'ak ing', g<1:-;ps (1 i (l'llS(' nlp i(lly nnd 
often penetrate whcre ])o11-,'olai i Ie liqu i(l:-; c(>11h1 ne\'el' pcnetrate with­
out damage- as in store(l gTai]] , clothiJlg, etc, Also many gascs or 
vapors are mOl'C )'a11i(11y ahSOl'b(><1 1),Y [lc(i\'c insects tl lan are any non­
volatile liquid insecticides. A disachan (age, su<;:h as difflculty of con­
fining a g;tS fOl' tIl<' lle('cssm',r pm'io(l of 1i1l10, 1I1:ly 11e ovel'come; but 
<langeI' from fire an<l explosion in the case of cm'bon disnll)lllde, and diffi­
culty of application because of i tS' danger to ihe OlJel'ator in tbe case of 
llydrocyani c a('iu g;IS al'e disac1 vantages ll eye l' en 1 i I'e ly eliminated. It 
was in ihe hOl 1e of iinding i'llllligall (s· ,dli('h might: he f-:afely sllhstitute<l, 
in sOllie ut ~es, for (he two fUlllig;llli ill~('('i i ('i<1('s jll:-;j 11<11l1e<1 (ha( ((,fi(' 

\\'Ol'k was can'i ecl on witlt 8111111011 ia alld ( . ;tJ"l)()1l (('( ]· ;t -clllo] 'i (l(', 
Ammonia. Expcl-iencc ga ine<1 with aJlIlllOlli:l as ;ltl ill:-;Pcli('i(le, dm'­

illg thc time H~ inflncll cc llJlon the rcspil ·;t( ion or ill~(,('(~ W;IS bcing 
f·dudjr(l , lc<1 to ihc brli ef tll:l(- IH.'l"ltflps 8111111()]li;1 g:l:-; j'n)J1l ('()lllpl'r~srd 01' 

I iqnifie<l ammonia Illight be applied as an ills('ct ['11111 ig;m t with gl'cater 
ease and with less dangcr ihan hydl'ocyanic a<.:i{l gas, EXpel'1l11Cllts car­
l'ied out with Galandrc~ g1'anar"'ia, Silvanus SII1'ill(f,}II Clts is, and la]'\'m of 
T enebroides 1nauritanictiS encloscd with a EttIe chy wlleat in tight 
glass reccptacles sllOwed t ltat thc iu scci~ c01l1d nll ue killcd with three 
(0 foul' per (:(-'111- a11111101l iaill (wen ty to (\\,('111Y-( \\'0 110111'S , ;m(l with nine 
to ten pel' cen t iJl six to S('\'('11 11 0m's, Tn 1';1('/ , i j W;lS p()~sihl(' 1 () kill in 
Illost cases at ]0\\,(,1' pel'cen (:lg'('f~, :1ll(1 ill ~ll()l'( ('], pPl'io(ls wll('n liking j he 
Iligher percentages of <-1l111ll01lia- Imt .1(';1111 \\";IS ;II\\,;I.\":-; ('(' l'(; lin wh en 
('he gas was u sed at: tll C )'n(cs giVCll, 

A few gC'l'minaLioll i('s ( s WC1'(' made wi l!r (11-.\" \\,11(',1 ( (1'(':ti('<1 wi (II dif­
l'el'e11t pel"(: entage~ of ammonia, :100 gTHillS heillg l1:-;edin C':I(:h ('hcck au(L 
ill each h'cateel sa lll)l e. H was fOlllH1 t hat wh(,I ' (~ tl\{ ~ IH']'('('nt:lge of am­
monia wak kept up io nhou( :L2 for ~:J honrs the g<'l'llIill:lt-iOll was l'llillCd, 
At 10 to 1:3.5 per c('nt for an internll oC eiglt l 110111':-4, lt owcyer, f il e pel' 
('ent of injlll'Y fL'om ammOll ia (0 ge] 'llIina( ion was 1<>s:-;j han onc; for ten 
hours at 11.9 ]}er CCllt the injlll'Y wa s over fil'ty l)el' ('(·nt. 

Following t hc variolls laboratory tests, two 11l1lligaiiollk of tllc college 
JIlill-I'oom wel'e cal'l'ied 011 t with ammonia g:l~ del'h'('d fl'Olll cyl in<lers of 
tompressc<l and p:.ll'tl y liqllcfie(l ammonia. '1'l1e ]"()Olll wa s closed a:-; 
(ightly as any plastel'('d room with closely fit ting win(lows may be c1m;­
e<l. '1'be i)'on tube of ammollia was placed on a plclifol'lIl bal:.lllce 0 11( ­

sitle, and the ammonia gas ,,' as condnctcd t h rough ;1 (nbc (]}l'Opel')Y fit ­
ted under the door) almost to the ccntel' of thc l'OUll1. '1'\\'0 wirc cages 
of insects were left in t he ol)('n whcrc i llcy could he ~, ('en from thc out­
side through tlle glass of the mill-l'oom dOOl', 'l'\\,o other cages werc 
buried three and six inchcs, respectively, in (11',)' whp:l L Tllere were 
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about fifteen bushels of sacked wheat, and a little corn in the ear stored 
in the room. In the fi]>st test (Oct. 7,1911) ten pounds of ammon'ia were 
passed througll the tube. Since tIle air-space where the gas expandied 
was 7166 cubic feet, the percentage of ammonia was about 3.1 in the 
early part of tIle test. The experiJllen (- ran between nineteen and twenty 
LOUI·S. A caged spedmen of i he hlL'ge Alllel'ic:11J cockroach was still 
alive at tIle end of the test, bu t he was so under tIle influence of ammonia 
ihat he dicd fl'oUl ihe pff(l('ls later. S. sU1'1llamcnsis :1nd C. gl'an(lJ'ia in 
Olle of the exposed cnges were motionless. Some of tLe Coland1'a recov­
ered in freRh air enough to move their leg:..;, hut none ever recovered en­
tirely. All the beetles in the two cagcs buried in the wheat were active 
at the end of the test and were still alive and nOI'mal three days later. 
The next day living specimens of tbe saw-tooth grain beetle were found 
between the gl'ains of the corn in the ear. 

On November 21, 1911, the mi]] was again fumigated with ammonia in 
the same manner as in the fiJ'st test; but this time 32.5 Ibs. of the com­
pressed ammonia were used-i. c. , one pound of ammonia o-as to 223.9 
cubic feet of air space. ':Chis gaYe about ten pee cent of aml~onia in the 
room. One hour aud fifteen minuteR were used in introducing the 
charge, and the room was kept closed (over night) for seventeen hours. 
Wire-caged insecis llad bee11 intI'oduced again, as wen as several laro-e 
sacks of infested whcat. About twenty bushels of new corn that was n~t 
ver.z d1>y was prcsent also. The latter became very decidedly darkened 
?ur~ng ~be ~est. vVheat was always more or less darkened by ammonia 
fumlgatlOn In the laboratory tests-as wcll as in the mill test-but the 
drlcI' the gUIin, the le~s noticeablc was the dnrkening in every case. In 
111 IS iest, a ('aged ('ock]'oacll (P. cMncricana) became quiet by i he time 
the charge had been two-thirds intro(luced. The l'oach was dead at the 
e~d of the test, as were also the caged beetles left in the open. Mice were 
kIlled. One mouse was seen to come out on the floor and die when fuml: 
gation had been going for forty-five minutes. Insecis about one inch 
deep in the wheat were killed, but caged beetles (saw-tooth oTain beetle 
and grain weevil) bUl'ied in the center of a sack of wheat ~vere active 
a t the. end of t.he test. In both th e min tests bl'as~ and copper parts of 
lbc ,111111 I1?aChlner.y we]'e covered with vaseline, which protected them 
]Jedectly from actlOll by ihe ammonia. ':Che compressed ammonia was 
('ed-ainly convenient io apply; and at tlll'ee io four per cent fumio-ation 
cuulu be can·jed on wilh ille gas at a ]'emmna.ble cost, since' iron ~ylind­
en; of liquefied ammonia could be oblained at iIwt iime Jor lwentv-nine 
teui:-; 1Je1' pound. Consideraule of ihe ammonia was ausOl'bed uy the 
graill; but after a few haUl'S ail'illg, the odor disappem'ed. The' dark­
ening of Ihe gl'ain seemed 10 be an unuesirable feature, llOWeVel'. :Mr. 
Hpnlgg of tlie FanH UI'01)S Depadment prepared fI ·OUI' fl'om tlIree kinds 
of wheatLJ:eated in the liJ-st mill experiment-and also, from the t1u'ee 
cOJ'l'e~:pon(1Jng check samples of whea t. There was no taste of amlllonia 
on any of tbe flom', but that from two of the treated samples of wheat 
w~s quite nuticeab~'y d:ll'ker than ihe cOlTesponding checks. A Lansing 
uuller, who was kmd enough to slick the samples of flour and judge 
them, decided that the aclioll of the ammonia all the wheat had undoubt­
edly injurcd its milling qualities commel·cia]]y. To be sure, the grain 
wa:..; really darkened, noticeably, to a depth of only two or three inches 
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in a large conlailler; bllt nl that depth, the insects' ,,'el'e noL killed. For 
the reason ju~t stated tbe mill exprl'inH'll( s with aJ1l1110lJ i a were dis· 
couraging- although it appcm'ed that thr g<lf', in some im;;tmH'eR, llIight 
prove to be a desirable fumigant for insect~. 

Oarbon Tetrachloride. Early in the yeae 1 ~no, Professor Pettit waf.; 
urged in behaH of thc Michigan MilIcI'S to find, if possible, some volatile 
non-inflamable liquid which migh t take ihc placc of carbon disulphide aR 
a fumigant for grain ill bills. It was suggested to him by ProfeRRor 
Kedzie of the chemistry departmcnt that pcrhal)S cm'bon tehachlOl 'i de 
might have the qualiticf.; desil·cd. Fol1owing 1lliR ~mgg(,f.;tion, a sedes of 
comparative teRI R wi th c.whon d i~11lpltide and cm'hon tetracltlOl'ide were 
carried out by Pl'ofef.;sor Pet (i t, M 1'. 1\1. ,A. YOtllC'I'S' (who was connrc le(l 
with the depariment at that lime), anu the writel', working iogethel'. 
1'he tests were llI:lde ill 1aro 'e gl.lSS flaRks witlt rubber stopperf' . Among 
the insects in ihe infested gTain 11Red in these tests were the following 
beetles detel"lllined hy Pl'of. F. n. Chittenden of ihe U. R. Bureau of 
Entomology: 

Rh'izopertha dom'inAc([.) 
Lathet1"clls ol"vzm. 
f A [(' III () jJ'11 1 ({ (' /I 8 7m 8 i 7 , If 8 , 

Oalandl'a oJ'Jjzm, 
'Pr'lboli'tt.1n jer1"lf,fJ'lu(,1f1n. 

A great mauy Silval1us 8If1'lJl((1lZCIlSis \\'el'e alf.;o uRed. lll( hCRe t-ei'lts 
carried out in ihe tigh(- glaRs flasks, pl'aciieally all lJeclll'R were killed 
by carbon disulphide used at lhe rate of ];,,_ dram io a cubic foot of air 
space. It took 1]/~ drams of tlle tetrachloride of carbon to accomplish 
the same result (at abont 70 ° F.). 'l'hat is, cOlnpa1'ed with cm'bon dj~uI­
phide, six iimes C1R 11\11('11 carbon ieh'achloride was refluired to accomp­
lish effective f1l111iga (ioll. '1"lte ieRI s were l'un fl'om seYen teen to twenty­
four hours. It Rl)(l1ll<l 1)(' ~da(e<l illat the JiquidinRccticide hI eveTY case 
was dropped upon a ildn pircr of' al>Rol"llCll t cotton, which 'waR f.;IlRpended 
at the center of the fI:1Sk. 'J'hl1R, i he hl'o:Hl ~lll"face or (lie coii()n C'lInble(l 
the fluid to evaporate rapidJy. The liquid cal'iwn ietracltlOl'ide wm; 
found to he entil'ely non-inflamlllahle- and ilR Val)()l', non-explosive. 

Results of ihe expel'il1len tR jllst deRc']"ibe<l were not pnbJiRlte{l at the 
time-mainly bccanRe i he expense for effective fumigation with carbon 
tetrachloride seellled RO great [IS to be almost prohibHive. Dr. Bl'itton 
of the Connecticut Experiment Riation had given, in 1908, his experi­
ments with cm'bon tei-l'achlOl'ide uRed as a fmnigant agail1Rt scale in­
sects on n u l'sery treeR. -):. 

Later, Feb., 1!J10, Mr. A lbel't P. 1\[orse pubJj~~l1cd a 110te on "Cm·boll 
1'etrachJorlc1e YR. Carbon Disnll)lJid" as a fmnigant used in the con trol 
of grain and ll[lilll'al history pesis .. i" 1\[1'. 1\[Ol'Re stated -(hat "for large 
caseS' a strength of one qll:1l·t to fifly cubic feet is desirable-practicaVly 
twice ihat of carbo11 hhmlV]lid, or wllirh a pint to fif'ly Cl1bic fret is 
sufficent." 

In OctolJer, 1!J11, Pl'of'eRHol' F. IT. Chittenden and MI'. C. n. Popel1oe 
of the U. S. Department of Agriculture publisbeu a p:1per on experi­
ments carried out 'with the same chemical llsed :JR a substitute for car-

*Journal of Economic Entomology, Vol. J. No.2. p. 1J 1. 
tJournal of Economic Entomology Vol. 3, No.1, p. 104. 
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hon bisl1]pltid ill rill II i~;at i 011 ;Iga iw .. ;1 illf'eelf'." 'rhe ;lld hO I':-; ronnd i 11;11 
"jf the lluliel·j(1] "'(' 1'(' a tlIP:IP Pl'o<1u("l, -it might PI'OV(' ~I f'lIhstitute fO l' 
cal'bon bislllphid if 11f'cd ill f'il'(,lIgllt gn':1tcl' th"ln tell pOllnds to OlJe 
thousand cuhit f('('/." 

Later ~dill (May, 1!)l:l), l'I'Or('~S()1' 11. n:ll'lll;]n or ihe Kentucky station 
~.dated i11:1I, as 11t(, l:lq.?:('~( :1111011111 or C;ll'hOll tcl1':I<'11101'i(1(' n~('<1 ill a sel'jes 
of tests, :20.8 O)l;S. 10 JOO ('lIllie 1'('('1 kill('{1 100 pCl' (,l-'Jlt or (lIP insects ill 
11 ille cases on I or i ,,'ehC'.t 

Tn thc ~pl'illg or ]!)Ll" a l'Pqll(,St camc from Ih(' ."1. 'V. Knapp ])epa]"(­
llIeut SiOl'e of LmlsiJlg, l\fichig:l1I, <lsking for some safe lIIC;I11S of inslll'­
ing valuable fun;, ~tOl'('d ill a slllall l'()O1l1, ag~linst lllot h s dIning the ~m lll -
1IIer. The "1\n' 1'oom" was 4xGV~x(j1/~ feet-the f-;id(' w:111s tightly Imil l 
of matched ]umbel', the ceiling of gla!:;s. It was 10cate(1 in the lal'ge 
doak and coat dep~nilllent room, where H was very accesf-;ible; but allY 
fumigant used had io he m; inotfew;i\"e as pos~ibl e, w jihout especial dan­
gel' io 1n11I1:111 lil"(', alld without (lte entailment of ('XlTa (il'e ]-isk. C;:ubol1 
letJ'<lcl1IOl'ide Sllgg('s('cl i(self ~lS (lte Jlo~~ihle, salisr;lC(Ol'y rUll1igant ill 
IlliR ca:..;e. FIll'/lIPI' ](11)()1 -;t/()I'Y I('sls h;l(l Sil<n\"ll Ilt(, \\Til('l' ill,lt with Ol' ­
dill~ll'.r woodell ('ll('ioSIll,(,S, which we 1'(' 110( ]>]'adil';IIIy g<ls-(igld (as was 
the case wil-II illc gi:lss (I;I:-;].;S), I)('I'/'{-d fllllligatioll (,0111d not' hc obtainccl 
at usuall'OOJlI /(']IlPC1·;til1l'{)S ((;S O (0 70 ° F), e\'(;ll whell ihc cm'bOlI 
tetrachlOl'idc W;lS cxposcd ill a \\ ' i{1e H'ssel. Thc \':1]>01' ~lo,," l y cscaped 
fI'om tIle walls of" sllcil cl1closm'('s , and c\'apo1'<1(-i011 did not go on rapidly 
cnough at C"'en 70 ') Ii'. io lJ]-il1g" :lbonl ihc neces:..;al'y cOllccnll'ation 1'Ol' 
ped"ect fUlllig;lt i011. J I W;IS llec(,s~:ll·.v 10 usc ]1(',11- and \'apOl'i)l;c the liquid 
quickly. ])1'. Hl-iltoll ll:ul {'xpel-iellccd a sOlllewlwt f-;imi l a1' d ifficulty ill 
vol atilizing /llis li(111il1 ill his ('xpel'illll-'uis with lllll'::;el'Y slock. He final-
1.Y resol'tecl io tllc 11:-;e 0(' hc;liecl (' .. lsl in)H }lan~ for gene l'ating the vapol' 
11)OI'e quickly (titaiion gi'-C ll '-Ibon». HeCOJlllllCllclal'lOn wm, maJe in this 
i n stance, tltcl 'crOJ'e, tllat six pOllnds of cm'bon tetl'aehlOl'ide be vaporhed 
from wide, heated pans placed neal' the cei ling of t h e "fur room"­
and that ihe chal 'ge 1w ~t:ll·tcd immediately after closing hours in the 
l'Yelling, .. \.cconling 10 this recommelHl:1tion, the l i fJuid carbon tetnl­
ch lOl'ide W:1S 11:..;rd at (lie n1j'e of ahollt ::l .G3 pounds to 100 cubic feet of 
l'OOlIt SJ):l(,{'. Hea( i'm' ,-apOl·i7J;li]oll W:IS ~llpp]ic(l by 110(-, flat soapstolles 
l ::1i(l on inm hl 'ilck{'(s. 'rile wi(]e l ):1l)S of cadlon tdl':lcltlol"ide were set 
on the ho(- so:tjll-:tollC'S ,-llH] iJlC ]'OOlII '\'(1 S (]11ick].\' closc(1. In the casc of 
ihe fil-st ch:nge i ]']ed, (]l(' ~(ones 11;1(1 not hecn l1liH1c hot enough and not 
quite all the Jiqlli(l ins('ct ici(1e ll(l(l {'\';IJ)()]'alcd e\'e11 anCl' twenty-four 
h01UR. ~en'1',-11 a<lnll moihs ('f'ji/CO biscllicZZa) had been placed in a 
w iI'e cage] n the 1'00111. Thcs{' \\"{'I·e <r llid wIten the cage was l'emoved a;b 
th e end of the iwcniy-fOlll' houl's pel'iod, 1m(- after abOllt fonr llOurs in 
f l'esh air i wo moi lis l'ecO\'el'cd CllOllgh to he able io move t h eir legs . How­
ever, nOlle en']' ]'eeo\,C'1'c(1 en tirely. Another charge was made with six 
pou nds oft]lc cm·bon tell'::tchlOl'ide, and this time the soapstones wel'C 
made vel'y hot so ihnt ihc 1i<]lIid vapOl'ized l'apid ly. A cage of moths 
could bc Ohs('l 'Yed illl'Ollg'h ille gla::;s roof" of ille roolll. ']']ley qnick]y bc­
cmne quiel. Bdol'(' 1ll0l'ning all Ill(' 1 iqlli(l insetijc i(le 11 ;1(1 heen vapOl' i)l;­
cd. 'rhe c,-lge \\'tlS l'('1110\"c<1 :1 ftCl' (]I il'ty-six lt01l1'S, :1ll<1 (lIP moths wen ; 

*Bullctill No. DQ. ]'art IV. 1D11; Bllr(';111 o[ JI;Illol11v!og-y, U. S. Devl". of Agriculture. 
tKclltucky Sta. Bullc tin No, 172, p. 200. 

HOW COr-

kept under observation al 
~howed any recoH'l'y. (f 
iehachlol"ic1e 111)oll l'('(hlct: 
secticide yarOl' W:lf-; COllsi( 
fumigations wel'e m;ldc' (II' 
from }\fay llllii1 Odobel' . 
locatcd, W(lS well ,"cui ilal( 
P\'cr cxpel'iencefl f]'OJll tIle 
Smllmel' in fine condition, 
C'd ihat ihe same llIdho(l j 
mer of J f)15. }\fOl'PO\"('l', 
that this metllod of c:ll·iIH 
'cold stOl'age"; and ill ad(l 
cOll\"enicnce in haying the 
hon teh'achlOl·ide {'osi ilte 

c. F 

Pi IIa]] y, f-;uggestions ]'el 
('aU attention to hrat as 
(lascs, catalaRes awl l'e(ll 
yadOllS otlier iDscctH lias: 
more pfficic]lt m(,:lll~ tlHlr 
tieR of theRe thl'ee agc]l(' 
when specimens of p, ('0 

118at ihat rOlll(l 1Ir efrec( i\'( 
and r,l (-:llase~ W(,l'e injlll'(l(l 
fel'ent d egrce:-; of beni ill c 
mal iiRRllCS is well known, 
thc insect~, and noiiccnhlE 
ellzyme-like hodi('~ nal11('(l, 
nat ion of l)1'otC]n took plr 
Tn case of clem'. fillel'C(l 
wll icll \\ 'Cl'C ll('ated II]! WI' 

f:ho,,'e<1 its greatcRt lo~s in 
laHer 10Rt iis pl'incipal :1cl 
Ol' largest protein precipH 

'rIlc fatal temppl'aim'e, i 
thc species and wiih i11c 
inseci R werc tried, howe\ 
i e111])('I'atnre of 11101 'e th 
(lll'C'C hOl1l'R to callSC' 
11~ua lly 1'csn11e<1 <}11i('kl.\'. 
I {,ll1p(ll'ahll'e and many ])1:1 

atlll'es for p,en'l'a 1 1Il illll tCi 

known tll:lt cablwgp ca n e 
than call the comlllon "cal 
ing, h;l1'dly allY S:1('rl' or h 
1101)](' g:u'c1en js l)] 'ad i('('d 1 

f-ivp or six yean:, PI'of(>sso 
lege ~m<1 Expel'iJllent Si-a 
cheap and efficient metllOc 
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kept uncle I' olJsen'atiolJ at intervals fO l' on c day; HOtH' of Lite insect~ 
showed any reCOY('l'Y, (Ree 1 ablcs IV and V fOl' thc cf'feci of carbon 
tetrach101'j(le 11pOll n'(h l ctaf.;e~ and til tala~rs), 'rll if.; 18 st chm'ge of in­
secticide vapOl' ,,-as ('ollsiden'tl s al isfaciOl'Y ; and following it , f.; imibn 
fumigati oll~ wrl'e ll1f1dp .Ii inj('I ' \'(lls of ahou t five weeks, on the avenlgc, 
from 1\f fly 1111i il Octohel', The h1l'ge ]'00111 , in wJli eh the " fur room" W::lS 
locatcd, WclS well ven1 iJal eel and n ot lIing or a d is :lgTceablr 1\(1 t ure wn s 
ever CXllC]'icnce(l fr011l tll e fllllligatioll, All th c' flln.; C::l 11 1(' 1-1l rollglt thv 
Summer in fine ('o ]Hli liml, '1'11(' C(l lllpallY 11Ial1::1gc men t was :-;0 well plea~ ­
cd t hat iItc sallie Jll('UHH1 is bl' in g lI RP <1 ,,-illt 1he flll'R agnin in ihe 81llll ­
mcr of ] f)1 G, Mon'o"(,l',:;\f I', A l"lW,;j 1'01112:, wllo "'fI~ ill rll:1I 'gc, ]'('pol'tcd 
th::lt this metllOd of uU' i 11 12: j'(JI' (llr flll'S 1I;ld Pl'OV(,11 10 hp ('ll('~q)Cl ' l hall 
'cold storage"; and hl :1 ddil iOll, it al1'o1'(l('d /lIe H'l'y gl'C:t1 :I(h:mtage of 
conycnienec ill havillg lite 1'lln; \\ ' l!('l't' (ll cy wen,~ (':Isil.\' :ttcess ihle, Oal'­
bon tch'aeltlol'i(h' ('osl 1he (,OJllP:lllY I \\'Pll r \ '- ~P\:PX\ ('('ut~ pn )1011lH1. 

c. HEN.r AS ki\" INSl£CTJCIDJ~ , 

Pin ally, suggP~tiOllS )'('1 a I illg to 110~: .. ;ilJ l e pr:ldi ('e sho1l1(1 re]'tain 1y 
('all attention -to heat :IS :lJl illsef'iiei<l(', '(111e d1't'd of lll'at llpon oxi ­
dascR, ratala:-:(,R (1)\(1 l'('(] uel ;I~w:-;ill 1'11(' I i S~lWS of p, eO J'n /I[lt8 <lll(l 
yari Oll ~ 0(11('1' i]ls('('I~; 11<IS al"(':ldy lH'('l] gi\'('l1 ('<u'l i( 'I' in (ll is 1>;1]IC1', No 
more effkicnt llW:ll1~ 111(11] 11(':ti "''':-; ('ollll!l for (l(' :-;i l'Oyi]lg 111(' a<'liv i­
tiCR of tllPRC t1I1'('(', ilg(']]('i(':-; or ilH' ii~Sll<' ('ells; it ",as RltOWll i lla l­
when specimenR of p, ('O},I1/ItI/S " 'Cl'(' kill('(l h~r (lIP ] ('a~t drgl't'c o f 
h eat that could 1)r ('ff('('lin>l~ ' H:-\('(l, (lw adiyilieR or l'ec1u('ht~('~, OX i(la Rl'S, 
and ratalas('~ wrn:' injm'('(l jn ;1 gn':1 I ('1' 01 ' leRs <lC'gTec, rrll(, d1'('('i of d i r­
fe1'ent d egr pes of ll cflt ill coagulatinglhc Y:ll'ionR solubl(' Jl1'Oj('ill~ ill :mi­
mal tiR~ll('F; i~ ",<,11 known, H Rhonhl bc ilddcd lH'l'C ihat fal:tl illj11l',Y to 
thc insrclR, and notirC'ahl('injlll'~T 10 011e or- 1ll01'e of the 1]I1'er kin(l!;.i of 
enzYlIl C'- l ik(' ho(l i(':-; ll:lllH'(l. ~('('lIH? (l i 0 O('CIll ' jm;:(- bdOl'C' th(' fil 'i-1 I <.li2Jd III i­
nalion or lll'oiein look l)l;lr(', '1'11(' l'C'<ll1cl::lsC vnlR Ih(' mosl- S11Rr('ptil)lp, 
Tn r:lse of elP:1l'. fi 11 (']'C'(1 "':lle1' ('xll'ncis or 111(' lis: .. ;np[-.; or p, ('or l/IIIIIS, 

" 'hidl "'(,I'C lI Pal<.'<1 llJ) H ' l'y R101,'ly :1lH1 p,Ta<lnall,' -, 111(' :-:ohlhl (' e;ll" l:l s(' 
f:hOlYc(l ji~ grC':lt(,Nt lo~s in :l('1h-il)' (' ;ll'liPl' (ll:lll 1li(~ i2,'naiae oxi(l<lI-'(" ')111c 
1 :l'U r r lost its p] 'i n c ip:l1 :lctiyi(y ;ti -I h(, 11 I Olll ('11 t- of f'epm'a l ion of' (-11(' ('hid 
or largcst protein p recivjtate , 

rrllc faial tCllllll'rat1ll'e, in -the raRe of hlsec/ s, ym'ied C'onRi(lcrably witll 
th(' ~ l)eC l eR and with tlle lcnglll ofl illl e /lI e inflrds wrre, expo~ed, No 
insects WC1'C 1I'jed, 1I0\\'('\,c1' ( in ~lIlall cllc1os111'e~), wldch J'equl1'(ld a 
tcmpm'ai1ll 'c of ll101'(, 111 ::111 1~2 ° F, lllaintained for a p eriod of 
tll] 'cc 110Ul' ~ to Cal Ise dca(ll; :ll1d al- that tempel 'ature, <lcnn l 
llRlWll y rrRuHed quickl,'" Now, 1:22 0 F, lR a cOlllj)aratiYe1y low 
rCll11Wl'al1ll 'r :lTH1 lll:ln)' plall(~ crm ~1;11l(1 PXpOSlll'r in eycn high cr temTJel'­
atlll'eR ('01' F,PYenll JIliUlltCf.; ,,'i(]Wllt :lllPl'('ciahleilljul'Y, It i s vcry w('11 
knowll t11:1t cabhage C:l n endlll'P h ot waiel' or h ot Ro apsnc1s much l)('/(rl' 
than call t1lc rommon "cabbilge W01')II." III fact, when cabbage iR ll f'ad­
ing, ltan11y allY Rnf'(']' or hrl t(,I' lll c ill O<l i'm' killing r;lh11;lg('-\\'Ol ' 11I:-; ill (lIe 
1101lll' g:-I.l'dp]l j~ ]Il'adi('('d 1hall Ill(' ll ~(, of llo( ROa l'[-';I1(1~, 1hll'illg 111(' l:l si 
live 01' six: ye:.nr-:, rrof('~SOl' 1)(':111 of' 1lte Kal1sa~ ~Iat(' A g'l'i ('lIHlII'a I Co l­
Jcgc :lnll ]DxpCl'illlellt 8hliion lIaR' jnt1'oc1llC't~(l 1Ieal- :l~ a COlllp:ll'a Livcly 
cheap and efficient melhod of control] in g all c]asscs of mill-infesting in-
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s('cls, -:f- '1'l1e method has been put to the (-cst hl Reveral other states and 
is now recognized as Ule beRt melhod of control1ing insects hl well built, 
steam-beated mills, 

In view of tbe a110"e facts U- has seellled to the anthor that perhaps 
heat migh t be applietll 0 advan I-age as an ini'iecticide for many insects 
in situatiom~ where it has neYer been the pl'actice to URe it, A few, more 
specific suggestions may be m:lde, 'rhere have nrver been any extensive 
h?Rts carried ant (so fal' flS we have been able to find) to determine 
w11ethel' hrat might not- he used profitably in certain inR(-anceR to clean 
some killds of lllHRel'Y stock of insect f)estR, One opportnnity was af­
forded tile author of making a limited test of the posRihilities along' thiR 
l ine, Forty-fonr one year old appJe-stocks were given by the Depm'tment 
of HOl'ticulture for the test. It bad been found by h'ial that San Jose 
scale on thickly infested twigs could be killed by submerging them for 
five minutes in waier healed i 0 ] :~O O F. ']111e green apple aphis was killed 
wiihin ol1e-J lalf minute ill water at Ulat tCllllleratlHc. 'The test with the 
<1Pllle -siock~ was can-ied ou 1-, therefore, to learn f-;omething of the dIed, 
nlJon the stocks tllelllsel\'es, of dipping them in water at cert-ain tem­
peratures fOl' cliff'el'ell t J)e1 'jodR of tillle. 'The hUlldle of stocks, wrapped 
in Rphagnlllll, had been kept all ,,-intel' ill the bm;ement of the cold stor­
age plant at the co]]ege. 'l'IJCY were still almost entirely dormant on 
May 4th, 1914, when tJle iest was stm'ted, ~ren average stocks were 
picked out for a chel:k- llot 10 1)e ireated, lHIt planted just as they came 
from the stOl':lge. The rellJaiudel' were giYen treatment as follows:-

(1) [) stocks-tops, only, dipped at 130 0 F. for 5 mins. 
(2) 5 stocks- tops, only, dipped at 130 0 F. fOl' 10 111ins. 
(H) [) stocks-tops and roots dipped at IBO ° F. for G miuR. 
(4) 5 stocks-tops, only, dipped at 140 0 F. for 5 mins. 
(fi) G stocks- tOllS, only, dipped at 140 0 F. for 15 mins. 
(G) G si"oc1n;;'-topR <lll(l )'ools dip]H'd :It 14-0 0 F. for 20 mins. 
(7) 4 stocks-toJ)~ and roots (lipped at ] 50 0 F, for 10 minutes, 

An the stocks wel"e 111e11 pl;micd ill a J'OW clo~e iogether at the sallle 
deVl1l in (-lIe sallie killd of soil. 

'.nLC checkR OJ' ullhealed r-;tocks lem'c(l out several days ahead of the 
treated plants, hut all of tile laUel' finally cal1le into leaf, and were still 
alive in the fall- except the four stocks which had been treated jn 
\Va I el' at ] 50 ° F, 1'01' 10 minui('r-;, Tllose foul' pl;mts liad been killed, 
eddently by thetTeatment, Examineel on ~Iay 21, I!H5, most of t he 
yonnO' app](' trees were ill allllo;.;t fn11 leaf'. The dead and injured trees 
~ou l(flJe eaRily l'ecognize(l. Nine of the lJ'eef-i in ihe check were alive and 
one dead. By numbers, tIle condition of the treated trees was as fol­
lows:-

( 1 ) 5 trees ali ve. 
(2) 4 trees a live; 1 tree dead. 
(3) ~ trees alive; 2 trees dea(l. 
(4) ~ trees alive; 2 treeR dead. 
(5) 5 trees alive; 3 of ihem wiLh 3 or ± inchcs of slock dead at the 

top. 
*Bullctin No, lSD, lD13, Kansas Agr, EX11t. StH lion, 
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(G) 2 trees alive; 3 tre 
(7 ) These trees ,vere al 
It will be observed that: 

er temperature for a longe 
Jose scale, This test is nl 
It is descl'ibed here in 01'( 
tLat possibly a cal'(~ful and 
lines might be wOl,th while 

Most household pests su 
of one of the common clot 
killed at 11!)o F. A hot 
meaDS of killing the larv<l 
practical and safe means o· 
clothing in chests or closei 
sibilities for heat, as an i1 
systematically tested as to 
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Reductases, catalases an 
in the insoluble pulp of t1 
Moreover, almost certain e 
enzyme-like bodies exist in 
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(gasol ine, carbon -d i su1 ph i( 
etc.), when used at a COlle( 
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such activities. 
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evidence indicated, ihen t11 
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some cases, the tletenl1'in, 
insects. 
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connection. 
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(6) 2 trees alive; 3 trees dead. 
(7) These trees were all dead last Fall. 
It will be observed that some of these plants sLood exposure to a Ligh­

er tempe]'ahn-e for a longer pE'l'iod than would be necessa,ry to kill San 
.lose scale. r:ehis test is not offered as in any way conclusive, however. 
It is descl'ibe<l llere in onler io better call attcl1 bon to the suggestion 
tlJat possibly a nu'C'flll and ihol'(mgh investigation along thi:;;; and similal' 
lines might be wol'ih wllile. 

Most household pests succumb ]'el:Hlily io Ileal-. FOl' example, adults 
of one of the common clothes-mo (he:;;; (T1i7lcn bisclliclla) may be quickly 
killed at 110 0 Ii'. A hot flat iron lw s oUen been ]'ecoll1111ended as a 
meaDS of killing the Jal'\'m of motLs in cloilling- but might not some 
practical and safe means of applying hcat bc arranged to insure valuable 
clothing in chcsts or cJosets against moills? Thus, there are many pos­
sibilities for heat, as an insecticide, tlwt have ncvel' been carefully and 
systematicaJly tested as to theil' Im'gel' lH'aclicability. 

GENERAL CONCLUSIONS. 

Reductases, catalase'S and ()xidases wel'e found in water extracts and 
in thc insoluble Iml}) of ihet iSSllCS of P. Oo)'nnius and oiher insects. 
Moreover, almost ccdaill evidence indicated illat the same ihl'ee kinds of 
enzyme-like bodies exist in the ill tact (jssucs of J i viug im;ects. 

Heat of cel'lain intensities, and ihe scycral contact insecticides studiell 
(gasoline, carbon-tlisulpllide, hydl'ocyanic acid gas, sodium fluoride, 
etc.), when used at a cOllcelltI'atioll sufficient to kill im;ecls, deleterious­
ly affected the aciiyiOes of reductaHcs, catalascs and oxidases-usually 
in lme(pl(\ 1 dcgl'ce, ill1ls dishll'oing tIle nai ural or 11Ol'mal balance of 
such activitie::;. 

If the cata IaHe, oxidaH(" and rcductase activities m'e actually of as 
vital ill1pol'tance io ihc hfe pl'ocesses of the tissne cells as certain 
evidence indicated, ihen ihe delcicl'ions ~lctioll of (he contact insecticides 
studied in this counection lllust he an illlpodant factor- perhaps, in 
some cases, ihe dctcI'Jl1'iniJlf) fact01'- in cansing the deaHl of treated 
insects. 

A study of the inflLlence of ihe val'ion:;;; contact insecticides npon the 
life ]Jl'ocesses in lI('1'V01IS i issne <:ells 8celllS of next lmpol'tance in this 
connection. 

Fat or fat-l ike JIlelllbJ'ances (e. g., lanl and lanol i lie) abs01'bed gasoline­
vapor (and d l101'ol'Ol'lll -yallOl') f1'()111 ail' clta1'gcd with that vapor, and 
the abs01'beu vapOl' ]'endcl'e<l (he mcmln'alles Jess pel'll1eable to oxygen. 
This finding may, in pm't, account for iIte fact ihat less oxygen was used 
by an insect deeply undcr thc influcnce of gasoline, since a similar con­
dition existed-in tlwt, uudel' suclL circulllstances, the lipoids of the Jiv­
ing, oxygen-absOl'bing cells, and of the hody fluids surrounding them, 
were imprcgnated with gasoline. So a lso, the same finding may help 
to explain the fact i hat, ill the pl'esence of air containing gasoline vapor, 
less Lydroquinone was oxidi7,cd in an "insect tissue extract plus hydro­
quinone solution" (in which the reductase had mostJy passed) than 
was the case when thc same extract was in pure air. 

Waxen membranes which had been thoroughly wet wUh lime-sulphur 
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soJution W81:e found i 0 be Jess pel'llleable to oxygen i h::m before they 
were treated with tll(~ ~:OJu ti O ll. Thus lilllC-su]pll111', in add ition to Hs 
effect as descl'ihed in a 10nnel' pape1', would render i lie waxell covering 
of a scale ill sect ] ess pCl'meau 1 (' i 0 oxygen, 

Pupm of t he L nna moth, und ~HI llHs of 1~(fs8(lllls ('())'IIIIIIiS in a dormant 
eowlition fl'om cold , absOJ 'uc(11ll11Cll less ga:-;oline-yapOl' 01' \'~IP()l' or eihel' 
ln air than did Ihc samc insects wilen t l](',)' \\'('l'r 1Il 0st actin', ~lt a warm 
]'oom tempc1'atUl'C', in air chargc(l ,,'itlt IH':lct icallyt l1 e sall1(' ppl"centage 
of vapor. This lowe1'ed absorpiiou capacily, which W:'IS foun(l 10 aCCOlll­
pany the donnnn t condition, may flll'n is lt" Ill e cll irf oxplnnal ion of t hc 
fact that illsects, dOl'll1ant from coI{l, m'e hm'der to kill hy ()]'dinal'Y 
fumiganis and by thosc contact sprays "\yhich depend Iwrtly nuon vola­
t il e insecticide ingreuien ts for their etredi \'eness, 

It was fonnd t hat cel'iain non-volat il e, lJow(lered solids wen' able to 
act as effective con tact insecticides when l1f.Jed 0 11 ccrtain insects. Such 
dry, powdered insecticides stlH:k fast in eX1Hlat ions on portions of the 
insect bolly, where they becamc pattly dissolved, after which they ap­
pe::ned io ue s lowly ahsol'be(l tln'ough ille bo(ly-integml1ent. 

Both powden'u hOI'ax awl souinlLl Ituol'ide lIlay ki 11 coduoaches in tilc 
m anner of pm'ely C011 tad agen 1~, un t 1l01'lnally Illl',\" becolll(, ~tom:lch 
poisonf:l a~ well-sincc the ]'oa<:ll(:'s ]'(~gu l ad.r lick and swallow S01110 of 
th e powdrl' ill clealJillg j t hom t heit, bod ius , 

Iu the ca~e of ])owd(']'ed ~oli d conl,ld j!ls(>el i{'ides, [lie ,Hlvantagc 
~;eelll ed io li e in llCl\' ill g tlJepmnh'l ' so !ill(, ;mel (hy Chat it conld sift 
l'mHUl y i11to a l L nevices ,md ('ould a(lllel'(, \\'('Il. Hi ll1il :ll'Iy, oLhcr t hings 
being equal , a w eak slll'fac:c iCllsioll g;Iy(' :l li<ll1id con/act insecticide an 
a<1vantagp, enabl illg i t I {) I hOl '011g111y \\"('[ Ille b()(l ies 01' insect~ and to itow 
into all il'l'l:'gn hU'jt ipf:l of i li e ,UT;I (1'(~;lled, 

Among s('\,{'I,;t l s llbstall(,ps wlliell WCl'e fOlllHl to jn c t'case t he (':spread" 
of limc-snlpllll1' solnlioll, S<I})()llill 01' ('xil'acls iakcn dil'ectly fl'om t hc 
stems and J('a\'(:8 of /'i( fj J()/Iur i(( o/ti(;iJlulis ( IJ OIlH (; ill.fj bcl) s{,{, lll ed to be 
best. It is sllg'gesLp{l i 11;11 p{'l'1I ~q)S the l1~e of exl l'fl cl s h01ll "bollneing­
bet bay" winl 1 illlt'-~,.;t11 )lInn solni iUll m igll t l)1'or (' P1'O fi I a llll' ill orch ard 
sprny-pracl icc, 

Expcl'imenis wil h <11111 II Oll iiI ( (l e l'i" f'J frolll cll'.\' I iq 1ll'li{>(1 <l lllll lOllia) i:H; 

a fllmi ga n t 1'01 ' mill ills('cls '''(11'(' ]'allJ(' J' (li:-;;I)lpoillling; bilL /lll' liquifie(l 
:tllllllonia W<lS (',lI"Y I () ;tpply ;Ill(l 111 iglll 11I'O\'{' i () 1)(' ;1 d(,Ni l'ahle fUllllgalll 
fOl ' ill~C'('tl" ill some illl"lflllces. 

\V1I e11 cm'bon rei I'CI(,!IIOl 'i,lp W;IN (,Oll IPClI'('(1 wi tit (';I1'U011 dis1l1pJlide as 
to it~ action on gnlill illseclN ill lighi 11;ISks, ~ix: limes as lllllCh of the 
forme]' "\vas n~qu ired i'm' effect i \'t' fnm ig;tl ion. TI le (,al'bon tet 1'(lcltloride 
waR YalW1'izcd with h en t :l11cl sat i~fact01'il:v 11sed, ai the rate of 3.55 tbs. 
('OJ ' 100 cuhi c feet of ajl' space, to in sUl 'C flll'f-; agaim.J 1ll0tils- f11luigatioll 
1It.'Lng ]'eJ){'alptl e\'Pl',v fiv e weeks elm'ing the Sllmmf'r 1l10nih~. 'rhe charge 
as used J.;ille<1 adults of Til/en biscllicZln. 

Evidence indjcates t hat hent wight ue applied to a(lvantage as an in­
secticide in many sil l1 atioll s wh erc it h as n eyer been [he practice to use 
i1-. 
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PLATE 1. 

Fig. 1. Sample of thick creamy extract in the left stender dish was 
treated strongly with CS, and ~ hydroquinone was ::tdded ]atel' in 
the presence of the C82 • 

Check extract to the right (not trea ted ) had the same amOlln t of 
hydroquinone added, at the same time a the treated extract. 

M 
10 

The darker COIOl' of the check shows th e greater oxidation of the hydl'O­
quinone to quinone. 

Fig. 2. Shows the fOl'm of sealed tulle in which the reducing action 
of insect-tissue exhact tmyard methylene blue. indigo carmine, etc., was 
studied. 

Fig. 3. First cup to the left shows the dm'kened solution of tyrosin, 
oxidized under the influence of a crushed elytra (thoroughly cleaned 
with alcohol) of an old adult P. C01 'J1UtUS. 

Middle cup contains clear unoxidized solution of tyrosin with Cl'ush­
ed elytra which had been heated to boning for 10 minutes, 

Cup to the right-check, containing only tyrosin sohltion ,ybjch re­
mained clear dlll'ing tbe 7 days of the test-. 

Fig. 4. Cockroach (P. americana ) , showing the head and arrange­
ment of the white bristol-board collar to prevent the insecticide powder, 
with which the body was treated, from reaching the insect's mouth. 


